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Companions of fragments in admissible enrichments

In this paper, model-theoretic properties of companions of fragments of special subsets in admissible
enrichments are considered. Admissible enrichments are understood as enrichments of a signature that
preserve the basic syntactic properties of the Jonsson theory under consideration. The study of the properties
of companions of the Jonsson theory is related to the classical problematics of studying inductive theories,
which was determined at the time by one of the founders of the theory of models A. Robinson. In this
paper, the main properties of companion fragments of definable subsets of the semantic. model of a given
Jonsson theory is categoricity and it is considered.
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Let us single out two directions in the development of model theory. In the well-known book H.J. Keisler
they are called the western and eastern theory of models, since one of the founders of the theory of models
A. Tarski lived on the west coast of the United States since 1940, and another founder A. Robinson - in the east.
Western theory of models develops in the traditions of Skolem and Tarski. It was more motivated in theory,
analysis and set theory, and it uses all formulas of first-order logic.

The Eastern theory of models develops in the traditions of Maltsev and Robinson. It was motivated by
problems in abstract algebra, where the theory formulas usually have at most two blocks of quantifiers. It
emphasizes the set of quantifier-free formulas and existential formulas. Unlike the Western theory of models,
which studies complete theories, Eastern model theory generally deals with incomplete thorium. The class of
incomplete theories is wide enough, so we can confine ourselves to inductive theories ( V3-axiomatizable). In the
sense of completeness of the theory considered, the maximum requirement, as a rule, is V3-completeness. All
these conditions are satisfied by the Johnson theories. Thus, we conclude that the study of Johnson’s theories
refers to its essence to the problems of the «eastern» theory of models.

This article is related to one of the branches of Model Theory, and more precisely to studying of Jonsson
sets. This part of Model Theory is.concerned with the study of incomplete inductive theories and more precisely
Jonsson theories and some of their generalizations [1]. Actually it examines the model-theoretical properties of
Jonsson subsets of semantic model of some Jonsson theory. In particular the lattice of special formulas of such
sets is considered.

In the study of complete theories, one of the main methods is to use the properties of a topological space. In
the case of a fragment of a Jonsson set, one can consider a lattice of existential formulas, which is a sublattice
of Boolean algebra. The main goal of this article is to develop the basic concepts and methods of that part
of the theory of models; which will provide an opportunity for fruitful research of Jonsson theory and some of
its generalizations, taking into account modern developments in model theory. Our technique is standard for
studying incomplete theories. The method of research consists in translating the elementary properties of the
center of Jonsson theory into the theory itself.

This article discusses the method of studying Jonsson theories, first proposed by T.G Mustafin in [2]. The
basis of this method is the natural connection of the class of models of arbitrary Jonsson theory 7" with the class
of models of the theory T*, where T* = Th(C) and C are T'— universal, T — homogeneous model of the theory
T. The'model C exists by the Morley-Vaught theorem [3], thereby C is semantic, and T* is a syntactic invariant
of the Jonsson theory of T'. The weak point of such an approach to the study of Johnson theories is the presence
in the proof of the Morley-Vaught theorem a hypothesis about the existence of a strongly unreachable cardinal.
To avoid set-theoretic problems allows a change in the definition of the semantic model (T" — universal, T —
homogeneous model of the theory T'). This was done in the work of E.T. Mustafin [4].

In the future, we will adhere to the method proposed by T. G. Musafin in [2] only with a change in the
definition of the semantic model in [3]. Designations are standard as in [5]. All indefinable concepts here are
considered known and can be found in [5]. We give the necessary definitions of the basic concepts of this article.
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1 Preliminary Information on Jonsson theories

Consider the theory T of a countable language of first order L.

Definition 1.1. A theory T is Jonsson if:

1) theory T has infinite models;

2) theory T is inductive;

3) theory T has the joint embedding property (JEP);

4) theory T has the property of amalgam (AP).

Definition 1.2. Let kK > w. Model M of theory T is called x-universal for T, if each model T with the power
strictly less x isomorphically imbedded in M; k-homogeneous for T, if for any two models A and Aj ef theory
T, which are submodels of M with the power strictly less then x and for isomorphism f : A4 — A; for each
extension B of model A, wich is a submodel of M and is model of T" with the power strictly less then x there is
exist the extension B; of model Ay, which is a submodel of M and an isomorphism g : B — B; which extends f.

Definition 1.8. A homogeneous-universal for 7" model is called k — homogeneous-universal for 7" power
model x, where k > w.

The following sentences can be found in [6]:

Fact 1. 6; 0.1]. Each Jonsson theory T has k™ — homogeneous-universal model of power 27. Conversely, if
the theory T is inductive, has an infinite model, and has a w* — homogeneous-universal model, then the theory
T is a Jonsson theory.

Fact 2. [6; 0.2].

1. Let T be a Jonsson theory. Two models M and M; k-homogeneous-universal for T are elementarily
equivalent.

2. If there exists a model M k-homogeneous-universal for [T of cardinality s, then it is unique up to
isomorphism. In addition, the model is M k-homogeneous, i.e. any isomorphism between two submodels A
and B of a model M of cardinality is strictly less than s, which are models of the theory T, extends to an
automorphism M.

We show that in the framework of the definition ofthemogeneity and universality from [6] the following is
true:

Definition 1.4. A model C of a Jonsson theory T is_ called a semantic model of the theory T, if it is
wt-homogeneous-universal in the sense of [6].

Definition 1.5. A model A of the theory:T"is called T-existentially closed if for any model B of the theory T
and any existential formula ¢(Z) with constants from A is A |= 3T(T) provided that, A is a submodel B and
B = Jzp(T).

In connection with the definition 1.4, the following fact is true.

Lemma 1.1. The semantic model C of the Jonsson theory T is T-existentially closed.

Proof. Let C have cardinality x > w. Let M be some extension of C' cardinality 2”1, which exists by virtue
to the fact [6; 0.1]. The model M is isomorphically embedded in M; by virtue of ] -universality of M;. Then
C' is isomorphically embedded in M;. Let m € C and M = Jzp(x,m). Then M; = Jzp(xz, m). therefore, by
virtue of [6; 0.2]. (1), My and € are elementarily equivalent. So, C' |= Jxp(x, m). Thus, C' - T-exsentially closed.

The following fact was considered in [6].

Fact 3. [6; 0.3]. Let. T be a Jonsson theory. If T* is model complete and £ > w, then k is homogeneous -
universal for 7" models r-saturated; if T is not model-complete, then no model is w*-saturated.

In the'framework of the new definition of the semantic model of the Jonsson theory we give the following
definition,

Definition=-1.6. A Jonsson theory of T is called perfect if each semantic model of T is w*-a saturated model
of T

Theorem 1.1 [6]. Let T is a Jonsson theory. Then the following conditions are equivalent:

—theory T is perfect;

— theory T is a model companion of theory T.

Consequence 1.1. Let T be a Jonsson theory. Then the following conditions are equivalent:

1. ModT* = Er.

2. T* = T/, where Er is a class of T-existentially closed models, T/ = Th(Fr), where Fr is a class of
generic models T (in the sense of Robinson finite forcing).

Moreover, you can notice the following:

Remark 1.1. Perfectness of the Jonsson theory is equivalent to the model completeness 7.
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2 Countable and uncountable categoricity

The purpose of this section is to give proof of two results (Theorems 2.5 and 2.9) related to the countable
and uncountable categorical nature of the center of some classes of Jonsson theories. We define the concepts
and related results necessary for the proof of Theorem 2.5.

Definition 2.1. The inductive theory T is called the existentially prime if: it has a algebraically prime model,
the class of its AP (algebraically prime models) denote by APr; class Er non trivial intersects with class APr,
i.e. APT ﬂET # 0.

Definition 2.2. The theory is called convex if for any its model A and for any family {B; | ¢ € I} of
substructures of A, which are models of the theory 7', the intersection (., B; is a model of T'.

Definition 2.3. Let X be A — cl-Jonsson subset of semantic model of fixed Jonsson theory and let
cl: P(X) — P(X) be an operator on the power set of X. We say that (X, cl) is a Jonsson pregeometry if the
following conditions are satisfied.

If AC X, then A C cl(A) and cl(cl(A)) = cl(A).

If AC B C X, then cl(A) C cl(B).

(exchange) A C X, a,be X, and a € cl(AU{B}), then a € cl(A),b € cl(AU {a}).

(finite character) If A C X and a € cl(A), then there is a finite Ay C A such that aa € ¢l(Ay).

We say that A C X is closed if cl(A) = A.

Definition 2.4. If (X, cl) is a Jonsson pregeometry, we say that A is Jonsson independent if a ¢ cl(A\ {a})
for all @ € A and that B is a J-basis for Y if is J-independent and Y C ael(B):

Lemma 2.1. If (X,cl) is a J — pregeometry, Y C X, By, By C Y and each B; is a J — basis for YV, then
| B1 |=| Ba |.

We call | B; | the J-dimension of Y and write Jdim(Y) =| B; |.

IfA C X, we also consider the localization ¢l4(B) = c¢l(A U B):

Lemma 2.2. If (X, cl) is a J-pregeometry, then (X, cl4) ista J-pregeometry.

If (X, cl) is a J-pregeometry, we say that Y C X is J-independent over A if Y is J-independent in (X, cla).
We let Jdim(Y/A) be the J-dimension of Y in the localization (X, cla). We call Jdim(Y/A) the J-dimension
of Y over A.

Definition 2.5. We say that a J-pregeometry (X, ¢l) is J-geometry if cl(0) = 0 and cl({z}) = {z} for any
zeX.

If (X,cl) is a J-pregeometry, then we can naturally define a J-geometry. Let Xy = X \ ¢l(0). Consider the
relation ~ on X given by a ~ b if and only if el({a}) = cl({b}). By exchange, ~ is an equivalence relation. Let
X be X/ ~. Define ¢l on X by cl(A] &) ={b/ ~: b € cl(A)}.

Lemma 2.3. If (X, cl) is a J-pregeometry, then ()A(7 cAl) is a J-geometry.

Definition 2.6. Let (X, cl) berJ-pregeometry. We say that (X, cl) is trivial if cl(A) = Yyeacl{a} for any
A C X. We say that (X, cl) is modular if for any finite-dimensional closed Jdim(AUB) = Jdim(A)+ Jdim(B)—
—Jdim(AN B)

We say that (X, ¢l) isdocally modular if (X, ¢l,) is modular for some a € X.

Definition 2.7. Welsay that (X, cl) is modular if for any finite-dimensional closed A, B C X

dim(AU B) = dimA + dimB — dim(AN B).

Definition 2.8..1f X = C, then the Jonsson theory of T' is called modular.

Theorem 2.1..Let (X, cl) be J- pregeometry. The following are equivalent.

1) (X el) is modular;

2) if A C X is closed and nonempty, b € X, and = € cl(A4,b), then there is a € A such that = € cl(a, b);

3) if A;B C X are closed and nonempty, and = € cl(A, B), then there are a € A and b € B , such that
x €¢l(a,b).

Definition 2.9. [7]. A is called (I'1, I'2)-the atomic model of T theory, if A model T and for each n, each n-k
elements from 2 satisfies some formula from I'y, which is complete for I'y - formulas.

Theorem 2.2.1If L is a countable language and T is a complete w-categorical theory, then T" has a w-categorical
model companion.

Definition 2.10. Let X C C. We will say that a set X is V — cl-Jonsson subset of C, if X satisfies the
following conditions:

1) X is V-definable set (this means that there is a formula from V, the solution of which in the C' is the
set X, where V C L, that is V is a type of formula, for example 3,V, V3 and so on);
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2) cl(X) = M, M € Er, where ¢l is some closure operator defining a pregeometry [8; 289] over C' (for
example ¢l = acl or ¢l = dcl).

Definition 2.11 [7].

1. A ag,...,an—1 =1 (B, by, ..., b,—1) means that for each formula ¢(xq, xa,...,z,—1) of ', if A = ¢(a), then
B (). i ) i

2. (A,a@) =r (B,b) means (A,a) = (B,b) and (B,b) =1 (A,a).

Definition 2.12.

1. A is called a ¥-nice-algebraically prime model of T', if A is a countable model of T and for each model of 5
theory of T, each n € w and for all ag, as, ...,an—1 € A, by, ba,...,bp—1 € B, if A,ag,...,an—1 =3 (B,bo, ... br—1),
then for each a,, € A there exists some b,, € B such that A, ag, ..., » =3 (B,bo, ..., by).

2. A is called a Y*-nice-algebraically prime model of the theory T, if A is a countable model of T and for
each model B theory T, each n € w and for all ag,as,...,an_1 € A, bg,ba,....,bn_1 € B, ifA, ag,...,an_1. =3
(B,bg, ..., b—1), then for each a,, € A there exists some b,, € B such that A, ag, ..., a, =3 (B, boy-.., by ).

Theorem 2.3. Let T V3 theory be complete for existential sentences, and let A be a countable.model of T
Then (1) = (2) and (2) = (3), where:

1. A- (3,%) is atomic;

2. A - X*-nice;

3. A is existentially closed and Y-nice.

Theorem 2.4. Let T - is a theory complete for existential sentences. Then any two countable (X, ¥)-atomic
models of the theory T are isomorphic.

Now we consider the admissible enrichment. An enrichment is called admissible if it preserves a definability
of the type in any existentially closed extension. The following { P} U {c} - enrichment is admissible.

Let T be an arbitrary Jonsson theory in the first-order language of the signature o. Let C be a semantic
model of the theory T. Let A C C be a V — cl- a subset in T theory, where V = V3, ¢l = acl and at the same
time acl = del. Let op(A) = o U{cyJa € A}UT, T = {P}U{ec}. Let T{ = T UThys(C,a), € AU {P(c,)|a €
€ A} U{P(e)} U{"P C"}, where {"P C"} is an infinite number of sentences expressing the fact that the
interpretation of the P symbol is existentially closed submodel in the language of the signature or(A) and this
model is the definable closure of the set A. It is clear that the considered set of sentences is not necessarily a
Jonsson theory, and this theory, generally speaking, is not complete. The reason for the no jonssoness is the
lack of amalgam in some cases, i.e. there are counterexamples of enrichment by the predicate of the Jonsson
theory, which do not allow amalgam. In the case of modularity, there is amalgam. Therefore, in the future, the
considered theories are modular.Let T be'the eenter of the Jonsson theory T{ and T* = Th(C"), where C’ is
the semantic model of the theory T'§.

Below we give the results of [Theorem 2.5, 2.9] on countable and uncountable categoricity in the framework
of the above enrichment of the signature of the Jonsson theory. Relatively prime Jonsson theory without
enrichment, the first author had previously obtained similar results [9; 104].

Theorem 2.5. Let T be'a modular convex Jonsson theory complete for V3-sentences. Then the following
conditions are equivalent:

1. T* w-categorical;

2. T w-categorical.

1) = 2) Let T* w-categorical. Then, by virtue of the theorem 2.2, T* has a w-categorical model companion
T*'. With the virtue of ¢onsistency the model T'{ u T*, T* u T*', T*' the model of consistency with T'{, therefore,
T*' is a model. companion of T'¢, in particular, T*' is model complete. By virtue of the model completeness of
T*" any formula in the language T*' is equivalent to some existential formula. Then, by the Robinson theorem
on the uniqueness of a model companion and by the Jonsson theory 1.1 criterion of perfectness, it follows that
T* = T* . Since T*' w-categorical, its only countable model is countably saturated and belongs to M odTE, since
ModT* C M odTE. By virtue of 1.1 ModT*' = Ep and in E7 there is one up to isomorphism a countable model
A, where (L, L) is atomic (in the sense of 2.2), where L is the whole language. With the virtue of convexity of T
hence A is (3, X)-the atomic model 7%, because of its model completeness (T* = T*’. Due to V3-completeness
of the theory T, for any n E,(TY) = E,(T*), where E,(T{) - is a lattice of existential formulas of the theory
TS of n free variables. Then A - (¥, Y)-atomic model of the theory T¢. Then, by Theorem 2 the model A
¥*- a nice-model. Let B € ModT{, |B| = w. We show that B is a (3, ¥)-atomic model of the theory 7. We
prove by induction. By virtue of V3-completeness of the theory TAC we have the theory Tg J-complete, and
therefore A =3 B (induction basis). Suppose (A, a1, ..., @n-1)as,....an_1e4 =3 (B, f(a1), .., f(@n-1))as,....an_1€4,
where f - is an isomorphic embedding from A to model B. This isomorphic embedding exists because A, being
(X, X)-atomic, is algebraically prime, that is, is isomorphically embedded in any model of the theory TE. This
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fact follows from [9]. And since A is ¥*-a nice model of the theory of T, for any a,, € A there is such b € B,
such that (A, a1, ..., Gn-1,0n)ay,...anca =3 (B, f(@1), ..., f(@n=1),b)ay.....anca. Let f(a,) =b. Hence A <3 B, Te.
B is an elementary extension with respect to existential formulas. Therefore, B - (X,3) is the atomic model
TY. Otherwise, since A belongs to Er, A will not be (X, ¥)-the atomic model of T¢. Then, by Theorem 2.4 we
have B 2 A. Since the model is B arbitrary, the theory T{ w-categorical.

2) = 1) Let a theory T w-categorical. Suppose that the theory 7™ not w-categorical, then there exist
non-isomorphic countable models A and B of the theory T%. But, since Tf C T*, then ModT* C M odTE.
Therefore, A u B belong to ModT§. We obtain a contradiction with the w-categorical of T .

We define the concepts and related results necessary for the proof of Theorem 2.9 [9].

Definition 2.13. The formula ¢(7) is called a A-formula with respect to the theory T, if there arerexistential
formulas ¢ (Z) and 12 (Z) such that T |= (¢ <> 1) and T = (- <> 1)

Definition 2.14. We will say that the theory T admits R, if for any existential formula ¢(Z) consistency
with T there is a formula ¢ (Z) € A consistency with T such that T = ¢ — ¢.

Definition 2.15. A countable model of the theory T is called a countably algebraic universal model, if all
countable models of a given theory is isomorphically embedded into it.

Theorem 2.6. Let T be a universal theory, complete for existential sentences, having a countably algebraically
universal model. Then T has an algebraically prime model, which (3, A) is atomie.

Theorem 2.7. Let T V3 theory be complete for existential sentences, admitting R;. Then the following
conditions are equivalent:

(1) T has an algebraically prime model;

(2) T has (X, A) is an atomic model;

(3) T has (A, ) is an atomic model;

(4) T has A-nice algebraically prime model;

(5) T has a unique algebraically prime model.

Definition 2.16. Let A, B € Ep and A ; B. Then a B.is called an algebraically prime model extension of
A B E7p, if for any model C € Er from the fact that A isomorphically embedded in C in its own way, it follows
that B is isomorphically embedded in C.

Definition 2.17. [10]. A model A is called a prime own elementary extension B, if A Z B and for any model
C such that C Z B A is elementary embedded in"C.

Theorem 2.8. [11]. A complete theory T wj-categorical if and only if any of its countable models has a prime
own elementary extension.

The following theorem describes theproperties of T{ in the above enrichment under the following conditions.

Theorem 2.9. Let TE be a modular convex Jonsson theory complete for 3-sentences, for which R; is executed.
Then the following conditions are‘equivalent:

1) theory of T* w;-categorical;

2) any countable model in ETE has an algebraically prime model extension in Erc.

Proof. 1) = 2) If the'theory.is T™ w;-categorical, then it is perfect by the Morley theorem on uncountable
categorical. Then, by wirtue of the criterion of perfectness of the 1.1 Jonsson theory, we have that the theory
T* is model complete and ModT* = ETE' If the theory T s model-complete, then any isomorphic embedding
is elementary. Since T is a complete theory, then applying the theorem 2.8 to it, we obtain the required one.

2) = 1) Applying the 1.1 lemma to the C semantic model of the T{ theory (it exists because T -
Jonsson theory); we obtain that the model C is w-universal. Its power, generally speaking, is greater than
the-counting one. Therefore, we consider its countable elementary submodel D. Since TE is a convex and the
model C is existentially closed, its elementary submodel D is also existentially closed. Hence we have that it is
countably algebraically universal. It now remains to apply Theorem 2.6, according to which the theory T has
an algebraically prime model Ay. We define by induction As1, which is an algebraically prime model extension
of themodel As; and Ay = [J{As|6 < A}. Then let A = [J{As|6 < w1}. Suppose that B = T and |B| = w;. To
show that B ~ A, decompose B into a chain {Bs|d < w;} countable models. By virtue of the jonssoness theory
of TY this is possible. Define the function g : w; — w; and the chain {fs : Ags — B|0 < § < wq} isomorphisms
by induction on §:

1. goioandfoiAoﬁBo.

2. gx = U{gsld < A} and fr = U{fs[0 < A}

3. fs4+1 equals the union of the chain {fJ|y < p}, which is defined by induction on 7.

4 f9 = fs. fRo = fs = ULf10 < A
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5. Suppose that fg s Agsty = Bsyr If ng is a mapping on, then p = . Otherwise, by the algebraic
simplicity of Agsy+1 you can continue fJ, ; to fg_:'ll s Agsgry+1 — Bsga.

6. g(0 +1) = gd + p. Clearly, f = J{[fs5|0 < w1} maps A isomorphically to B. Now it remains to apply the
theorem.

7. By virtue of the convexity of the theory T and since B is an arbitrary model of the theory 77, and A
is the only algebraic prime and existentially closed model By virtue of the condition and construction, then it
follows that ETE in uncountable cardinality has a single model, which means the semantic model of the theory

Tg is saturated, i.e. the Jonsson theory of Tg is perfect. It follows that ModT™* = ETE' Therefore, T#-w; —
categorical.
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A.P. Emkees, I'.E. 2Kymabekosa

BaiibITyma pyKcaTrThliIbIFBI 0ap doparMeHTTEepAiH, KOMIIAHBOHIAPbI

Makasiazia pykcar eTiireH 6aiffibITyIapAarbl apHAREI MK XKUBIHAAP/IBIH (pparMeHTTEPIHIH MOIETbIi-TeOPUsi-
JIBIK, KacueTTepi KapacThIpbliabl. Pykcar erinren OaitbITysiap HOHCOH TEOPUSACHIHBIH HEri3ri CMHTAKCUCTIK
KACHETIH CAaKTaiiTBIH CHIHATYpaJaFbl GailbiTy perinme Tycimmipinmi. MoHCOHIAD TEOPHSCHIHIAFBI KOMIIA-
HBOHJIAP KACHETIH 3ePTTEy WHAYKTUBTI TEOPUSIAP/IBIH KIACCUKAJIBIK MOCEJIECIH 3epTTeyMeH Oail/IaHbICTHI,
SIFHU, ©3 yaKbITBIHIA MOJIEJIbIED TEOPUACHIHBIH, Heri3iH Kasaynbuiapabiy 6ipi — A. PobuHcon aHbIKTaraH.
ABTOp/Iap KAPaCTHIPBLIFAH HOHCOH TEOPUSICHIHBIH, AHBIKTAJIFAH XKUBIHIAP/IaFbl KOMIAHBOH (bparMeHTTePiHIH
KacueTi KaTraH 00JIa bl JIereH KOPBITBIHIbI YKACaIbl.

Kiam ce3dep: HOHCOHIBIK TEOPHsi, CEMAHTUKAJIBIK, MOJIE/Ib, SK3UCTEHIINAIbI YKall, MPEAreOMeTPUs, MOJIY-
JISIPJIBL TIPEJIT€OMETPHSI, MOJEbII KOMIAHBOH.
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KomMmnaHbOHBI (bpaI‘MeHTOB B AOIIYCTUMBIX OGOI‘&H.IGHI/IHX

B craTpe paccMoTpeHbl TEOPETHKO-MOETbHBIE CBOMCTBA KOMIIAHBOHOB (DPATMEHTOB CIEITUATBHBIX ITOIMHO-
JKECTB B JIONMYCTUMBIX oboramenusx. [log momycTumbiMu oOoramennsaMu TOHIMAIOTCS OOOTAIEHNsT CUTHA-
TypPbl, KOTOPbIE COXPAHAIOT OCHOBHBIE CUHTAKCUYECKHE CBOWCTBa PacCMaTpUBaeMOll HOHCOHOBCKOM TeOpHUN.
W3ydenne cBOCTB KOMITAHBOHOB HOHCOHOBCKOII TEOPUM OTHOCUTCS K KJIACCUIECKON MPOB/IEMATHKE H3Y=
YeHUs MHIYKTUBHBIX TEOPHUH, KOTOPYIO OIpeJie/ My B CBOE BpeMsl OJWH U3 OCHOBaTeJeil Teopuu Mo/ieseit
A. PobuncoH. ABTODPBI CTATHU MPUILINA K BBIBOJY, 9TO OCHOBHBIE CBOWCTBA KOMIIAHHOHHBIX (DPArMEHTOB
onpenendeMbIX IOAMHOXKECTB CEMaHTUIECKOU MOJe/IM HOHCOHOBCKOM T€OPHUU KATETOPUYIHBL.

Kmouesvie cro6a: HOHCOHOBCKAS TEOPHsi, CEMAHTUIECKAs MOJIE/b, SK3UCTEHIINAIBHO TPOCTOH, IPeIreoMeT-
pus, MOAyJIApHas IpeAreoMeTpPus, MOJEJIbHBIN KOMIIaHbOH.
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