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In this article, within the framework of the study of Jonsson theories, the model-theoretic properties of
cosemanticness classes belonging to the factor set of the Jonsson spectrum of an existentially closed models’
subclass of some Jonsson theory in a fixed language were studied. Various results have been obtained. In
particular, the properties of the cosemanticness of models and classes of models are considered; some results
concerning the Jonsson equivalence in generalization for classes of existentially closed models are obtained;
a criterion for the cosemanticness of J-classes in connection with their Kaiser hulls has been found.
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Introduction

It is well known that in modern Model Theory, the issue%efstudying incomplete theories occupies
a special place due to the small number of suitable methods and techniques. Anyway, this is a very
difficult task, so, as a rule, model theorists use varigus limiting conditions to obtain results concerning
incomplete theories. One of the relevant direstions M this sense is studying Jonsson theories. The
relevance is determined by various reasons, andWthefmain one is that the Jonsson theories are of
great applied importance in algebra due to the presence of many classical examples linking these two
mathematical areas.

Traditionally, the Karaganda Schoollof Model Theory uses the definition of the Jonsson theory given
in the Russian-language edition of [FJ\ln'reCent years, the apparatus for studying Jonsson theories has
been significantly expanded, whi€hgs,demonstrated by the number and variety of approaches in the
works [2-9].

At the same time, one @f ‘Qur-éssential areas of research in this area is not only to obtain results
describing the propertiés offsthe Jonsson theories, but also to generalize these results. In 2018,
Yeshkeyev A.R. introdueed™he concept of the Jonsson spectrum of a fixed class of models, which is a
special set of Jonssom, theories. When considering the Jonsson spectrum we also use the notion of the
cosemanticness relation proposed by Mustafin T.G. Cosemanticness is a specific equivalence relation
that generalizes and refines the elementary equivalence in terms of researching Jonsson theories. It
is well known that equivalence relation is a classical instrument for studying and constructing the
classification of theories in Model Theory. In this matter, in [10,11], Yeshkeyev A.R. and Ulbrikht O.I.
obtained some considerable results on abelian groups and R-modules concerning cosemanticness and
other related concepts, such as consemanticness classes.

Thus, studying the properties of the cosemanticness classes of the Jonsson spectrum is of great
importance not only for the development of the apparatus for the study of Jonsson theories. Firstly, this
area is of interest from the point of view of research in Model Theory. In addition, it was found in [12-16|
that the Jonsson theories and their cosemanticness classes in the Jonsson spectrum of fixed classes of
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structures have interesting structural properties that are important for Universal Algebra. In [17], the
lattices of existential formulas of a fixed Jonsson theory are considered in terms of syntactic similarity.
In this article, we present some basic results that demonstrate the relationship of the cosemanticness
classes of the Jonsson spectrum with fixed classes of structures and the specific properties of Kaiser
hulls of these classes. These results are the forerunner of the study of Jonsson theories from the point
of view of lattice algebra and other related fields.

This paper consists of two sections. In Section 1, we give some basic information on Jonsson theories.
In Section 2, we present our results obtained for cosemanticness classes of Jonsson spectrum, so-called
J-classes of structures and their Kaiser hulls.

1 Preliminary information on Jonsson theories

In this section we describe the apparatus of the study of Jonsson theories. Let us start with some
basic definitions.

Definition 1. [1] A theory T has the joint embedding property (JEP), if, for'any models A and B
of T, there exists a model M of T" and isomorphic embeddings f : A — Mylg : B> M.

Definition 2. [1] A theory T has the amalgamation property (AP), ififonany hodels A, By, By of
T and isomorphic embeddings f1 : A — Bj, fa : A — Bs there are Mg and isomorphic embeddings
g1 :B1— M, go: By — M such that g1 o f{ = gg 0 fo.

Originally, the properties of amalgamation and joint embeddingfare algebraic notions. However they
play a crucial role in studying various classes of structures in Model Theory, especially for incomplete
theories.

There are syntactic criteria of AP and JEP. We gigfe two €lassical theorems of them.

Theorem 1 (Robinson). [18] For the first order theory” of the language L (of arbitrary cardinality)
the following conditions are equivalent:

1) T has JEP;

2) For all universal sentences a, § of Imif T FH aV S then THa or T+ S.

It is well known that the given thedremyis equivalent to the following statement:

Theorem 2. Let T be a theory of the fitst-order language L. Then T has JEP iff whenever T'U {¢}
and T'U {1} are consistent sets, fwh€pe ¢ and 1 are arbitrary existential sentences of L, T'U {p A 9}
is also consistent.

Theorem 3 (Bryars). [18] The following are equivalent:

1) T has the amalgamation property;

2) for all aq (Fyad(Th € V1 with T + oy V ay there are (1(T), B2(Z) € 3y such that T F 5; — «;
(1=1,2) and T F 1\ @5.

The following theorem plays an important role in studying Jonsson Model Theory.

Theorem 4 (Hodges). [19; 363] Let T be a theory of the first-order language L, and let T" have JEP.
Suppose that A and B are existentially closed models of T'. Then every V3-sentence true in A is true
in B as well.

Now we recall the main definition of our study.
We are working within the framework of the following definition of Jonsson theory published in the
Russian edition of [1].

Definition 3. [1; 80] A theory T is called Jonsson if the following conditions hold for T":
1. T has at least one infinite model,;

2. T is an inductive theory;

3. T has the amalgam property (AP);

4. T has the joint embedding property (JEP).
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There are a lot of algebraic examples of Jonsson theories. Classical examples include
1) group theory;
2) the theory of abelian groups;
3) the theory of Boolean algebras;
) the theory of linear orders;
)
)
)

W

5) field theory of characteristic p, where p is zero or a prime number;
6) the theory of ordered fields;
7) the theory of modules.

In [20], it is proved that the theory of differentially closed fields of the fixed characteristic is a
Jonsson theory as well.

It is important to note that, by Theorem 4, we can see that, for any Jonsson theory T, all
existentially closed models of T' are elementary equivalent by V3-sentences.

Further we give the notions and statements that are of great importance in research in Jonsson
theories. Definitions 4, 5 and Theorem 5 were introduced by Mustafin T.G.

Definition 4. [21; 155] Let T' be a Jonsson theory. A model C7 of power WL Nis called a semantic
model of the theory T if Cr is a |T|*-homogeneous |T'|*-universal model @f the,theory 7.

Theorem 5. [21; 155] An inductive theory T is Jonsson iff it has a [T fshermogeneous |T'|T-universal
model.

Definition 5. [21; 161] The elementary theory of the semarnftigmodel of the Jonsson theory T is
called the center of this theory. The center is denoted by, 7%, i%e. PR(C) = T™*.

Now we move to the central notion of this work.

Let L be a first-order language of a signature ayand lethx’ be a class of L-structures. We consider
a specific sets of theories for K that is called a Jonssén Spectrum of K. The Jonsson spectrum can be
described as follows.

Definition 6. [11] A set JSp(K) of Jonssdn theories of L, where
JSp(K) = {T |T fis &Jonsson theory and K C Mod(T)},

is said to be a Jonsson spectrum ofel"

Jonsson spectra are well-described in [12,22-24].
In terms of studying Jonssémmtheories, the notion of cosemanticness relation plays an important
role. Let T} and T3 be Jenssen theories, T} and T3 be their centres, respectively.

Definition 7. [21; 40T "and T, are said to be cosemantic Jonsson theories (denoted by 77 > T5),
it 7 =1T5.

It is well known that the cosemanticness between two Jonsson theories is an equivalence relation.
This means that, when introducing the relation of cosemanticness on the Jonsson spectrum JSp(K), we
get a partition of JSp(K) into cosemanticness classes. The obtained factor set is denoted by JSp(K) /g
This technique allows to obtain many significant generalizations when considering the cosemanticness
classes instead of single theories. As it is mentioned before, applying this technique is the main idea of
this paper, which will be revealed in Section 2.

2 The properties of Kaiser hulls for J-classes

In this section, we present the results of generalization of some well-known theorems published in
different papers of the first author of this article. All of these theorems one can also find in [21].

Let T be a Jonsson theory in L, K C Ep. We consider the Jonsson spectrum of the given class
K. Let us introduce the cosemanticness relation on JSp(K). As it is well known, this relation is an
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equivalence relation, and therefore divides the spectrum into cosemanticness classes. Thus, we get a
factor set JSp(K) g Next, we will work with some fixed cosemanticness class [T']. It is clear that all
the Jonsson theories in this class have the same semantic model, which we denote by Ciyy. In this
section, we will work with this fixed class K, unless otherwise specified in the terms of the theorems
or definitions.

Here we introduce the following notation. Let T' € [T, [T] € JSp(K) /s, A be an L-structure. Then
A = [T] means that A |= T for any T' € [T]. Similarly, this notation is generalized for the class of
models as well, i.e. K’ = [T] means that A =T for any A € K’ and any theory T € [T].

Note that we only work within the framework of the fixed language L of signature o.

Now we give the definitions of some necessary notions, which are actually generalizations of some
well-known concepts from [21].

Definition 8. The class K’ of existentially closed models of the signature o is called a J-class, if
the set of sentences Thy3(K’) is a Jonsson theory.

Definition 9. The theory Thys(K) that is a set of all V3-sentences of L true for each model of K,
is said to be a Kaiser hull of K. We denote it by T°(K).

Note that the theory T°(K) is Jonsson, if it admits the amalgam@®ion\property, because it has
infinite models, is inductive and, due to 3-completeness, admits JERF Morgover, in case of AP, T°(K)
is a maximal Jonsson theory of K, and all theories T" such thatd, § 7" C T°(K), where T is some
Jonsson theory of K under consideration, are Jonsson.

Lemma 1. Let [T] € JSp(K) sq consist only of 3-coniplébestheories, and let in JSp(K) /g there be
such a class [T”], which consists of extensions of theoriegmf the class [T in the same language. Then if
p(Z)UT is consistent for each theory T' € [T'], then B(Z YW T™%s also consistent for each theory T € [T7],
where p(Z) is the set of 3-formulas.

Proof. Let us consider an arbitrary theory T' € [BJf According to the condition of the Lemma, there
is T' € [T"] such that T'C T". It is obvious,that if 7" is an F-complete theory, so is T". Let T'U p(Z) be
a consistent set of formulas, for any T &4&], @nd 7’ U p(Z) be inconsistent, for any 77 € [T"]. It means
that there is 3gp(Z,y) € p(T), wherteso(Z, 7) is a quantifier-free formula such that 77+ =37235¢(Z, 7).
Consequently, T" b VZVy—p(Z, §) Land¥ - VZVy—@(Z, §) as well, due to its V-completeness. The latter
means that 7'U p(Z) is inconsistenf; §o we obtain a contradictory. Thus, for any theory T € [T] and
any theory 7" € [T"], if T U(E). is €onsistent, T" U p(Z) is also consistent.

The following statementyis‘ene of the important properties of J-class.

Proposition 1. Jet JI"Ne/J Sp(K ) jq consist only of I-complete theories. Then any class K" C K
of infinite models 13\ J-¢lass.

Proof. 1t is clear that K’ is never empty, as soon as, by the conditions stated before, K consists
of existentially closed models of some Jonsson theory T, which are infinite. We need to show that
K' is a J-class, i.e., according to Definition 8, Thyz(K') is a Jonsson theory. Let us check it through
Definition 3:

1) K’ contains infinite models by the condition of the Proposition;

2) It is obvious that Thys(K') is a set of V3-sentences, so this theory is inductive;

3) Thys(K') is always an existentially complete theory, so it is easy to see that, by Theorem 1, it
has JEP;

4) Let Thys(K') F a1 Vg for any L-formulas a;(T), as(Z) € V1. By JEP, it means that Thys(K')
ay or Thy3(K') b ag. Since every T € [T"] is an inductive theory, 77 C Thy3(K'), for all T € [T"].
And due to the fact that each 7" in this cosemanticness class is 3-complete (and therefore V-complete),
T b aq, if Thys(K') b ay, and T' b ag, if Thys(K') b agy. Every theory in [T”] admits AP, so if T -
then T' = a1 V o and, by Theorem 3, there are 51(Z), 82(T) € 31 such that 7" F 8; — «; (i = 1,2) and
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T+ 1V By. The same is if T” + 5. Therefore, Thvg(K/) FBi — a; (i=1,2) and Thvg(K/) F BV Ba,
which means that Thy3(K’) admits AP.
To prove some further theorems, we need the following lemma.

Lemma 2. Let Ty and Ty be L-theories and let T/ =Ty VT = {p V) | ¢ € Ty, ¢ € To}. Then
Mod(T") = Mod(Ty) U Mod(T).

Proof. Firstly, the inclusion Mod(T1) U Mod(T2) C Mod(T") is true, as soon as all sentences of 7"
are deducible both in T} and T5. Now we show the inclusion Mod(T") C Mod(Ty) U Mod(Ts). Suppose
that it is false; then there is a model M € Mod(T") such that M ¢ Mod(Ty)U Mod(T5). It means that
M ¢ Mod(Ty) and M ¢ Mod(T5), which is equivalent to the fact that there are ¢ € T} and ¢ € T, such
that M ¥ ¢ and M ¥ . But according to the condition of the Lemma, for any model M € Mod(T"),
M E oV for all p € Ty and ¢ € Ty that is a contradiction. Hence Mod(T") C Mod(Ty) U Mod(T»)
and Mod(T") = Mod(T1) U Mod(T3).

Now we demonstrate the result that concerns to the lattices of Jonsson theories in terms of
cosemanticness classes in the Jonsson spectrum.

Proposition 2. Let K' C K, [T] € JSp(K) ., and let Cip) be a sem@ntiesmodel of [T]. Then
T' € [T, where

T'=T%K") VI (Cry) = {p Vo | ¢ € TUK'), & STACH)}-

Proof. Firstly, we note that, according to Lemma 2, Mod(T" W=/ od(T°(K')) U Mod(TO(C[T})). In
addition, for any theory T' € [T], T C T’, which means that T%istasJonsson theory cosemantic to any
T € [T]. It remains to show that 77 € JSp(K). Since K CoEopwnk’ C K, then K’ =y3 K, which means
that TY(K) = T°(K"). Hence T°(K') € JSp(K).

Now let us consider some specific relations betweensgtructures.

Definition 10. [21; 174] L-structures A andWB arg called Jonsson equivalent, if for any Jonsson
theory T the following holds:

ART < BET.
Definition 11. |11] Structures A and”BWare called cosemantic, if JSp(A) = JSp(B).

The following theorem also presengs $he'result of structural approach in studying Jonsson theories
and their cosemanticness classes.

Theorem 6. Let T be ahyarbitrary inductive L-theory such that A =T for any A € K, where K
is a class of infinite L-strugtuies, and let the cosemanticness class [T'] € JSp(K) . consist only of
3-complete theories _Thén [T} € JSp(K) /w, where

[T"] ={T" | T" =T UT for each T' € [T}.

Proof. Firstly, we should note that all theories of [T”] are consistent, as soon as, for any A € K,
AT for each T' € [T"], and A =T, hence A = T" for any T” € [T"]. Let us consider an arbitrary
T" € [T']. Tt remains to show that 7" = T" U T is a Jonsson theory. We do it by Definition 3.

1) All models in K are infinite, consequently 7" has infinite models;

2) Obviously, T” is an inductive theory;

3) T CT" and T is -complete theory, hence T” is F-complete as well. It means that 7" has JEP;
4) Here we use Theorem 3 again. Let 7" F a1 V ag for some L-formulas aq(Z), as(Z) € V1. T” has
JEP, it means that 7" F aq or T” F as. Since 7" C T" and T” is F-complete, T F aq, if T" F aq,
and T' F ag, if T" & ag. T" admits AP, so if T" F a1 then T” - aq V oy and, by Theorem 3, there are
B1(T), B2(T) € F1 such that T" + B; — «; (i = 1,2) and T" F 81 V B2. The same is if T" - «y. Therefore,
T"F B — a; (i=1,2) and T F 81 V B2, which means that 7" admits AP.

In [21], it was introduced the definition of cosemantic models. Now we give its analogue for classes
of L-structures.
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Definition 12. Let K; and Ko be some classes of L-structures. Then K; and K5 are said to be
cosemantic (K1 1 Ko) if JSp(K1) = JSp(K2).

Now we move to the main result of this paper. Theorem 7 is a criterion that connects the cosemanticness
of J-classes with their Kaiser hulls.

Theorem 7. Let K, Ko be J-classes. Then the following conditions are equivalent:
1) K~ KQ;
2) TO(K;) = T(K3).

Proof. Since K1 and K3 are J-classes, TY(K7) and TY(K3) are Jonsson theories. Let us prove (1)
— (2). If K1 > Ko, then JSp(K1) = JSp(K>), which means that T°(K;) € JSp(Kz) and T°(K3) €
JSp(K1). But it follows that TO(K;) C T°(K2) and T°(Ks) C T°(K1). Then TY(K;) = T°(K3). The
implication (2) — (1) is trivial due to inductiveness of Kaiser hulls and Jonsson theories.
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BekiTtisiren moaeabaep kJjacblHbIH Kaiizep KaOBIKIIACHIHBIH,
KOCEMaHTUKAJIBLIBIFbI

A.P. Emikee, . O. Tynrymbaesa, A. K. Komekoa

Koadarbarv, mamemamura uncmumymao, Axademur FE.A. Boxemos amuwindazv, Kapazandv, yrusepcumemi,
Kapaeando, Kasaxcman

MakaJtasia HOHCOH/IBIK, TEOPUSIHBI 3epTTey OapbICHIHAa OEKITIreH Tijijge Keitbip HOHCOHIBIK TEOPUSTHBIH, K-
3UCTEHITNAJIIbI TYHBIK MOJIEIbIEPIHIH IIIIKi KJIACBIHBIH, KOCEMaHTUKAIBLIBIK, KJIACHIHBIH, MOEThTi-TE€OPUSIIIBIK,
KacueTTepi 3eprreliii. OPTYpJIi HoTHuXKeIep aJabliabl. CoHai-aK, MOJIE/IbIEP MEH MOJIEIbIEPIiH KIacTaphbl-
HBIH KOCEMAHTHKAJIBLIBIK, KACHETTEP] KAPACTBIPBLIIbI; 9K3UCTEHIINAJIIBI TYWBIK, MOIAEIbIED KJIACHIHBIH, YKaFf-
JAMBIH/IA, YKAJTBLIAYIAFbl HOHCOH/IBIK, SKBUBAJEHTTIKKE KATHICTHI Kefbip HOTUKeIEP AJIbIHJIbI; J-KIACHIHBIH,
Kaitzep kabbIKIacbiHa 6aiIaHbICTBI KOCEMAHTUKAJIBIIBIK, KPUTEPHUili TabbIIIbI.

Kiam ceadep: HOHCOHIBIK TEOPHUsI, KOCEMAHTUKAJIBIIBIK, KOCEMAHTTHI HOHCOH/IBIK, TEOPUIAD, HOHCOHIBIK,
CIIEKTP, KOCEMAHTHUKAJIBLIBIK KJacTrapbl, Kaiizep KaObIKIIachl, HOHCOHIBIK SKBUBAJIEHTTIK, J-KIacc, Mo-
JeIbAEPiH, KOCEMaHTUKAIBIIBIFDI, KJIACTAP/IbIH, KOCEMAaHTUKAJIBLIBIFI.

KocemanTuaHocTh obosiouek Kaiizepa pukeupeBaHHBIX KJIACCOB
MoJieJien

A.P. Emkeen, 11.0. Tynrymbacena, AX. Komekosa

HUnecmumym npukaadnot mamemamuru, Kapazandunaguiyrusepcumem umenu axademura FE.A. Bykemosa,
Kapaeanda, Kasazemanr

B craTbe B pamkax m3ydeHusi HOHCOHOBCKUX TEOPUMNOBITI PACCMOTPEHBI TEOPETUKO-MOJIE/IbHBIE CBOCTBA
KJIACCOB KOCEMAHTUIHOCTH, TIPUHAJIEXKAIITIX (PAKTOP-MHOXKECTBY HOHCOHOBCKOT'O CIIEKTPA MOAKIIACCA IK3U-
CTEHIMAJILHO 3aMKHYTBIX MOJIeJIeN HEKOTOPOHIOHCOHOBCKOI Teopru Ha (PUKCUPOBAHHOM si3biKe. [losyuenbr
pas3yinyHble Pe3ysIbTaThl. B YacTHOCTH, WBYHMEHBI CBOMCTBA KOCEMaHTUIHOCTU MOJEJEH U KJIacCOB MOJIEJIENt;
MOJTy Y€HbI HEKOTOPBIE PE3Y/IbTATHI, \KACAOIIECST TOHCOHOBCKOI 9KBUBAJEHTHOCTH B OOOOIIEHNN HA CJIydan
KJIACCOB 9K3UCTEHINAJIBHO 3aMKHYTHIXpMOJIEJIEl; HalIeH KPUTEPHUil KOCEMAHTHYIHOCTH J-KJIACCOB B CBS3H C
nx obosoukamu Kaiizepa.

Kmovesvie crosa: HOHCOHOBCKAsS TEOPUSA, KOCEMAHTHYHBIE MOHCOHOBCKHE TEOPUH, MOHCOHOBCKHU CIEKTD,
KJIACChl KOCEMAHTUYIHOCTH, 0bosi0uka Kaitzepa, HOHCOHOBCKAs IKBHBAJIEHTHOCTDb, J-KJIACC, KOCEMAHTUY-
HOCTb MOJiesieil, KOCEMAHTUYHOCTDb KJIACCOB.
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