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Forcing companions of Jonsson AP-theories
This article is devoted to the study of the forcing companions of the Jonsson AP-theories i e
signature. It is proved that the forcing companion of the theory does not change when expalﬁin theori
under consideration, which have some properties, by adding new predicate and constant symbo he
language. The model-theoretic results obtained in this paper in general form are sup xamples
from differential algebra. An approach in combining a Jonsson and non-Jonsson theories i onstrated
In this paper, for the first time in the history of Model Theory. This will allow o) evelop the
methods of research of Jonsson theories and expand the apparatus for studying i ple eories.
Keywords: Jonsson theory, perfect Jonsson theory, AP-theory, forcing, forc nion, enrichment of a

ially perfect field.
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Introduction

from various areas of mathematics. Thus, many signi
differential fields of zero and positive characte lished through the use of model-theoretic
methods in the studies of D. Marker, L. Blum JK. , and others. At the same time, there is an
Theory, especially in the study of incomplete

which are incomplete. Examples of Jo eories are the theories of well-known classical algebras,
such as group theory, fixed chara d theory, linear order theory, etc. are provided. The
methods used in the study jf this largely demonstrate their usefulness due to the numerous

results obtained by B. Poizat

In [1], the authors be e y of the Jonsson differential algebras: results were obtained for
differential fields of char tic 0 and p. Here we continue to develop this direction while expanding
the language of these[the d considering forcing companions in a new enrichment.

In the framew tudy of Jonsson theories, earlier works [2—4] considered theories obtained
as constructions son theories. In this paper, we work with a theory that is a union of two

theories, wh the t one is Jonsson and the other is not.

1 Preliminary information

We s with the main definitions and facts concerning the subject of the study. Recall the
definitions of a model companion and a forcing companion.

Definition 1. [5;156] Let T and Th;c be some L-theories. The theory Tysc is called a model
completion of the theory T if:

1) T and Th¢ are mutually model consistent, i.e., any model of the theory T' is embedded in the
model of the theory Ty;c and vice versa;
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2) Thc is a model complete theory;
3)if AT, then Thrc UD(A) is a complete theory. The theory Th¢ is called a model companion
if conditions 1) and 2) hold.

Definition 2. [6; 129] Let T be a theory of the language L. A forcing companion of the theory T is
a theory T7 which is the set of all sentences of the language L weakly forced by 0.

The following results were proved by J. Barwise and A. Robinson:
Theorem 1. [6; 133| Let T7 and T» be the theories of the language L. Then T} and T5 are mutually
model consistent if and only if Tlf = T2f .

Theorem 2. [6; 134] Let T be mutually model consistent with some inductive the Then

T' C T7. Therefore, if T is an inductive theory then T C T, ®
Definition 3. [5; 80] A theory T has the joint embedding property (JEP) if for& IsU, B
n

— M,

of the theory T' there exists a model M of the theory T and isomorphic emb
g:B— M.

Definition 4. [5; 68] A theory T has the amalgam property (AP) if fortany els U, B1, By of
the theory T" and isomorphic embeddings f1 : U — By, fo : U = Ba t e = T and isomorphic
embeddings g1 : By =& M, go : Bo — M such that g; o f1 = g2 0 fo.

Since the work relates mainly to the study of the Jonsson theories) we give the main definitions
concerning them. More detailed information about the Jonssen ies can be found mainly in [7].
In works [8-11], newer and more specific results have bee N@d, and the apparatus for studying
Jonsson theories has been expanded.

We are working within the framework of the fol
Russian edition of [5].

Definition 5. |5; 80| A theory T is called Jo
1. the theory T has at least one infinite model;
2. T is an inductive theory;
3. T has the amalgam property (AP);

Many classical objects fromPAlg
1) group theory;
2) theory of abelian gro
3) theory of boolean algebr@s;
H

)
)
)
4) theory of linea

) field theory

)

) :

: oncepts and facts play a crucial role in the construction of a model-theoretic

apparati iated with the study of Jonsson theories.

finition of Jonsson theory published in the

theory of

model of the theory T if Cr is a |T|*-homogeneous |T'|*-universal model of the theory T
Theorem 3. |7; 155] T is Jonsson if it has a semantic model Cy.
The following definition was introduced by T.G. Mustafin.
Definition 7. |7; 155] A Jonsson theory T is called perfect if its semantic model Cr is saturated.

Definition 8. [7; 161] The elementary theory of a semantic model of the Jonsson theory T is called
the center of this theory. The center is denoted by T%, i.e. Th(C) = T™*.
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Theorem 4. [7; 158] Let T be an arbitrary Jonsson theory. Then the following conditions are
equivalent:

1) the theory T is perfect;

2) T* = Th(C) is the model companion of the theory 7'

The following theorem is of particular importance for this study:

Theorem 5. |7; 162| Let T be a perfect Jonsson theory. Then the following statements are equivalent:
1) T* is the model companion of T
2) ModT™* = Er;

3) T* = T, where T/ is a forcing companion of the theory 7.

Theorem 6. [12; 1243] Let T be a Jonsson theory. Then for any model A € ET 0 A) is
Jonsson, where TY(A) = Thys(A).

We can see that in the case of the perfectness of T its center T* is also a J n theory.

The following definition will help us to specify the class of Jonsson theori i will deal with

in this paper.

Definition 9. [13; 120] A Jonsson theory is said to be heredita, in“any of its permissible
enrichment, it preserves the Jonssonness.

As mentioned before, Jonsson theories should have joiw embedding and amalgam properties. At
the same time, it is known from [14; 270] that these two propert1 generally independent of each
other. However, theories with AP and JEP form speci belasses among inductive theories that
are of interest for studying the internal structure m asses. In work [1], A.R. Yeshkeyev
introduced the following concepts:

Definition 10. [1; 130] A theory T is calle AP-theory if, from the fact that it has the amalgam
property, it follows that T" also has the joint em i roperty, i.e. AP — JEP.

Definition 11. [1; 130] A theory T is éalled a JEP-theory if T' has the joint embedding property
and this implies the presence of the a am property, i.e. JEP — AP.

ry TVan AJ-theory if the properties of the amalgam and the
AP+ JEP.

and the theory of differentially perfect fields of characteristic p,
AP-theories.

2) Ag 18 a hereditary Jonsson AP-theory that has a model companion, which is also Ag.

Based on the conditions set, we can draw the following conclusions. All three theories are mutually
model consistent, because Ag is mutually model consistent with both Ay and As, for which Ag is the
model companion, which means that A; and As are mutually model consistent with each other. At
the same time, according to Theorem 1, the forcing companions of mutually model consistent theories
must coincide, which means that A{ = Ag . Ay is a perfect Jonsson theory, while Ay = Th(C) = As,
C' is a semantic model of Ay, which follows from Theorem 4. In addition, Theorem 5 gives us reason
to assert that Aj is also a forcing companion of Ao, i.e. Ag = Ag. So we get A{ = Ag = Ag.
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Consider the following extensions of the theories A1, Ag, Ag in various language enrichment L by
adding new constant and predicate symbols ¢ and P. Let A; be a theory extending A; by enriching
the language L with the predicate symbol P as follows:

A=A UAU{PCY,

where {P, C} is an infinite list of 3-sentences and interpretation of P is an existentially closed submodel
in model of Aj.

Let Ay be a theory that extends Ay when a new constant symbol ¢ is added to the language L and
defined as follows:

A_Q =AU Ag U Thvg(c, C),
where C' is a semantic model of Jonsson theory As. Since As is a hereditary Jonsso‘ &,Ag 18\ also

a Jonsson theory. ‘\
Here we pose two questions:

1) How will the addition of new symbols P and ¢ to the language L an e subsequent expansion
of A1 and A, affect the forcing companion of the received theories?

2) When combining the theories A1 and Ay, can a consistent theo t
its forcing companion?

The answer to the first question is the following theore@.

Theorem 7. A_lf = A{.

ed and what will be

e theory, A; C A{ . This means that
{P,C}. Since the set {P, C} consists only
inWiniversal formulas, which means they are
mutually model consistent. As is known from the forcing companions in this case of these
two theories must be equal. At the same time, ich is a forcing companion of Ay and Ao, is
= Aj. Hence, Ag = A_lf = Ag, and A_lf = A{.
ompanion of the inductive theory A; does not change
h a new predicate symbol P.

Proof. According to Theorem 2, because A i
A1 U Al = A{ = Ajg. Therefore, A; can be written
of existential formulas, theories Az and A

Thus, we can conclude that the f
when enriching the language of thi Ty

Theorem 8. A_gf = Ag.

roof of Theorem 7. Since As is a Jonsson theory, it is inductive,
C Al and Ay UAL = Al = A3. So Ay = Az U Thys(C,c). All
¢ V3-formulas, which means that theories A3z and Ay do not differ in

)

universal formula,

forcing compani
This_me thagythe addition of the new constant ¢ to language L did not affect the forcing

comp [ anding theory As to Ag.

he second question, we recall the Robinson’s consistency theorem.

of language L such that Ly N Ly = L, and theories T} and T5 are consistent extensions of theory 7' in
languages L1 and Lo respectively. Then T3 = T1 U T3 is a consistent theory.

Now we can formulate and prove the following result.
Theorem 10. i) The theory Aj U Ay is consistent.
ii) (A UA,) = A =)
Proof. i) As noted above, A = Az U{P,C} and Ay = A3 U Thys(C,c). Applying Theorem 9,
we will consider Agz as the theory T, Ay as the theory T, acting as an extension of Az by adding a
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new predicate symbol P to the language, and 75 as the theory Ay, which is an extension of Ag by
adding the constant symbol ¢ to the language. In this case, L = L N Lo, where L; is the language of
theory Aj, Ly is the language of theory As. Therefore, the theory obtained as the union of Aj U A, is
consistent.

ii) Obviously, A; U Ay = A3 U {P,C} U Thy3(C,c). Theorems 7 and 8 allow us to assert that the
forcing companion of theories Az U {P, C} U Thys(C,c) and Ajs is theory As. Hence, (A; U Ag)/ =
Al = A

8 Application of the result to differential algebra

The results formulated above, described for the general situation in model theory, reted
using examples of differential algebra, namely, when considering the theory of rential fields of
characteristic 0, the theory of differentially closed fields of characteristic 0, the the erential

fields of characteristic p, the theory of differentially closed fields of characteris we will give
the basic definitions and theorems concerning these theories. All concept definitions are not
given here can be found in [1].

We use the following notation: DF' for the theory of differentia ds, F for the theory of
differentially perfect fields, DCF for the theory of differentially cleseddields; The lower index 0 or p
indicates the corresponding characteristic of the underlyin%ﬁeld.

Definition 13. [15; 7] The differentiation of the ring A is célle apping a — D(a) rings A into
itself satisfying the relations
D(

Definition 14. |15; 8] A differential ring is a co
is given.

e ring with a unit in which some differentiation

In the case where the differential ring is a\field F', we will talk about a differential field. Differential
fields are models of the theory of diffe elds DF, given by the axioms of field theory and the
following two sentences:

(z +y) = D(z) + D(y),

\Vy D(zy) = 2D(y) + yD(x),
where x,y € F.

The language o study differential fields is the language L = {+,—,-,D,0,1}. Here the
a lays the role of a single functional symbol.
differentially closed field was first proposed by A. Robinson [16; p. 2]. However,

Definition 15. [17; 9] A differential field F is called differentially closed if whenever f(z),g(z) €
F{X}, g(x) is nontrivial, has a nonzero value and the order of f(z) is greater than the order of g(z),
there exists a € F such that f(a) = 0 and g(a) # 0.

Thus, the theory of differentially closed fields DC'F' is a theory consisting of the axioms DF and
the following two axioms:

1) Each nonconstant polynomial from one variable has a solution.

2) If f(z) and g(x) are differential polynomials such that the order of f(x) is greater than the order
of g(z), g(z) is nontrivial, then f(x) has a solution not being the solution of g(x).
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The following are some basic facts about the theories of differential fields and differentially closed
fields of various characteristics.

Theorem 11. |18; 581| DCF, is complete and model-complete.
Theorem 12. [19; 131] DF} has the joint embedding and amalgam properties.
Theorem 13. [19; 128] The DCFy theory is a model completion of the DFj theory.

Theorem 14. [18; 578| The theory DF), of differential fields of characteristic p does not admit the
amalgam property.

The author notes that the main reason is the absence of roots of the p-th degree in some‘gonstant
elements of the field in the general case.

tion.
Definition 16. [20; 92] A differential field F' is called differentially perfect if any o extensions is
separable.

Theorem 16. |20; 92] In order for the differential field F' of charactexistic p e differentially
perfect, it is necessary and sufficient that p =0 or p > 0 and F?P = C.

Thus, the theory DPF' differentially perfect fields of characterist s@iven by the axioms DF
and the following axiom:

Theorem 15. [20; 92] DF), has a model companion, but does not have a modeffco

Vz3y (D(z) =0 — yPe=
Theorem 17. |18; 579] DPF, is a model consistent extensiomyof DF),.

Based on this fact, it is easy to see that theori F, are mutually model consistent,
since each differentially perfect field is a model of th and there will always be some model of
theory DPF),, in which any differential field stic p can be embedded.

Theorem 18. |18; 578| The theory DPF, of
the amalgam property.

Theorem 19. [18; 581] The theor of differentially closed fields of characteristic p is the
model companion of the theory D Fgadiffer | fields of characteristic p and the model completion for
the theory DPF, of differentially @ fields of characteristic p.

In work [1], the following s'related to the theories described above were proved.
Theorem 20. [1; 131] fect Jonsson theory.
Theorem 21. J1; 131] Fy'is the center of the Jonsson theory DEy.

Theorem 22. » is not a Jonsson theory.
Theorem 23.

132 DPF), is a perfect Jonsson theory.
2| DCF, is the center of the Jonsson theory DPF,.

25. |1; 132] DFy and DPF, are Jonsson AP-theories.

Due to the above facts, we can project the results described in the previous paragraph to the
case of differentially closed fields of zero and positive characteristic. However, while in the case of
characteristic 0 the results are trivial by virtue of Theorem 20, the situation with differential fields of
characteristic p is of greater interest. As the theory Ay, we can consider DF},, which is not Jonsson, as
stated in Theorem 22, but inductive (because of universality) and has a model companion according
to Theorem 19, which is DCF,. The role of the theory Ay will be played by the Jonsson AP-theory
DPF,, whose model completion (and, consequently, model companion) is DCF),. As is replaced by
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DCF,, which is the center and the forcing companion of DPF,. We additionally impose a condition
on DCF,, considering it to be hereditary Jonsson theories with respect to enrichment with a new
constant symbol c. Since DCF), is the center of DPF,,, and also due to the saturation of the semantic
model C' of DPF,, the heredity of DCF), is sufficient for DPF), to be a hereditary Jonsson theory as
well. According to Theorem 17, DF,, and DPF, are mutually model consistent (which is also clear
from the fact that they have a common model companion). We obtain that, by virtue of mutual model
consistency, the forcing companions of the theories of differential fields and differentially perfect fields
of the characteristics of p are equal and represent DCF),:

DFJ = DPF! = DCF,.

Since we are going to add a new predicate symbol P later, it will not affectyt utu odel
compatibility of these theories in any way, because P does not generate new elem 1 dels
DPF, and DCF,. The situation is similar with the new constant c: since comnstant can be
represented as a single predicate symbol, mutual model compatibility is pres e new specified
theories.

Finally, by enriching the language of differential field theory with redicate symbol and
constant, as was done in Section 2, we can obtain the following theor

DF, = DF,UDF] U{&, (1)

DPF, = DPF,UDPF/ & c). (2)

Thus, based
conclusions:

Theorem 26.

Theorem 27.
Theorem 28. i

In the future,
framework of construeting the central types in the Jonsson theory and the Jonsson spectrum in the
sense of the Werks [24;-23|.

Acknowledgments
This arch was funded by the Science Committee of the Ministry of Education and Science of
the Republic of Kazakhstan (Grant No. AP09260237).
References

1 Yeshkeyev A.R. Connection between the amalgam and joint embedding properties / A.R. Yeshke-
yev, L1.O. Tungushbayeva, M.T. Kassymetova // Bulletin of the  Karaganda University-
Mathematics. — 2022. — 105. — No. 1. — P. 127-135. DOI 10.31489/2022M1/127-135

Mathematics series. Ne3(107),/2022 169



A R. Yeshkeyev, [.O. Tungushbayeva, M.T. Omarova

2 Yeshkeyev A.R. Properties of hybrids of Jonsson theories / A.R. Yeshkeyev, N.M. Mussina //
Bulletin of the Karaganda University-Mathematics. — 2018. — 92. — No. 4. — P. 99-104. DOI
10.31489/2018M4/99-104

3 Yeshkeyev A.R. Small models of hybrids for special subclasses of Jonsson theories / A.R. Yeshke-
yev, N.M. Mussina // Bulletin of the Karaganda University-Mathematics. —2019. — 95. — No. 3.
— P. 74-78. DOI 10.31489/2019M2/74-78

4 Yeshkeyev A.R. On Jonsson varieties and quasivarieties / A.R. Yeshkeyev // Bulletin of the
Karaganda University-Mathematics. — 2021. — 104. — No. 4. — P. 151-157. DOI 10.31489
/2021M4/151-157

5 Bapgaiic /Ixx. Teopust Momeseii: cripaBodHasi KHUTa [0 MaTeMaTHaeckoii joruke. +— Ygb, / k. Bap-
Baiic. — M: Hayka, 1982. — 392 c.

6 Barwise J. Completing Theories by Forcing / J. Barwise, A. Robinson // AnnalSjof Mathematical
Logic. — 1970. — 2. — No. 2. — P. 119-142.

7 Emkees A.P. lorconosckue reopun 1 ux kjiaccel mojeseit / A.P. EmgeesfM.T. Kacbiverosa.
— K.: Uzx-Bo Kaparanza. roc. ya-ta, 2016. — 370 c.

8 Yeshkeyev A.R. Companions of the fragments in the Jonsson emfichmenty/ A.R. Yeshkeyev //
Bulletin of the Karaganda University-Mathematics. — 2017. 5 854 No. 1. — P. 41-45.

9 Yeshkeyev A.R. The atomic definable subsets of semantic modely/ ATRY Yeshkeyev, Issayeva A.K.,
N.M. Mussina // Bulletin of the Karaganda University;Mathematics. — 2019. — 94. — No. 2. —
P. 84-91. DOI 10.31489/2019M2/84-91

10 Yeshkeyev A.R. Companions of (ni,ns)-Jonssongtheoryy/ A.R. Yeshkeyev, M.T. Omarova //
Bulletin of the Karaganda University-Mathematics™®:- 2019. — 96. — No. 4. — P. 75-80.

11 Yeshkeyev A.R. Method of the rheostatder studyig properties of fragments of theoretical sets /
A R. Yeshkeyev // Bulletin of the Karaganda Uniwversity-Mathematics. — 2020. — 100. — No. 4.
— P. 152-159. DOI 10.31489,/2020M4/152-159

12 Emkees A.P. JSp-kocemanruunocts R-mopyseit / A.P. Emkees, O.11. Yiabpuxr // Cubupckue
3JIEKTPOHHBIE MaTeMaTuueckue m3seerms. — 2019. — 16. — P. 1233-1244.

13 Yeshkeyev A.R. An essentialfbaseépof the central types of the convex theory / A.R. Yeshkeyev,
M.T. Omarova // Bulletin of,the Karaganda University-Mathematics. — 2021. — 101. — No. 1.
— P. 119-126. DOI 10.31489 /2021M1/119-126

14 Forrest W.K. Model Theory fer Universal Classes with the Amalgamation Property: a Study in
the Foundationsof Médel/Theory and Algebra / W.K. Forrest // Annals of Mathematical Logic.
— 1977. — T, — P. 263=366.

15 Kamnanckmii M. Beenenne B auddepennmanbuyio anrebpy / U. Kammanckuit; mox pe.
M.M. UocraukoB®; niep. ¢ auri. — M.: WIJI, 1959. — 85 c.

16 Robinson®A. On the Concept of a Differentially Closed Field / A. Robinson. — Jerusalem: The
Hebrew University. — 1959.

17 MarkerdD. Model Theory of Differential Fields / D. Marker // Published online by Cambridge
Univérsity Press. — 2017. — 2. — P. 38-113.

18 Wood C. The Model Theory of Differential Fields of Characteristic p # 0 / C. Wood //
Proceedings of the American Mathematical Society. — 1973. — 40. — No. 2. — P. 577-584.

19 Blum L.C. Generalized Algebraic Theories: a Model Theoretic Approach: submitted in Partial
Fulfillment of the Requirements for the Degree of Doctor of Philosophy: 06.00.1963 / Blum Lenore
Carol. — MIT, 1968. — 180 p.

20 Kolchin E.R. Differential Algebra and Algebraic Groups / E.R. Kolchin. — NY and Lond.:
Academic Press, 1973. — 446 p.

170 Bulletin of the Karaganda University



Forcing companions of ...

21 Yeshkeyev A.R. The properties of central types with respect to enrichment by Jonsson set /
A R. Yeshkeyev // Bulletin of the Karaganda University-Mathematics. — 2017. — 85. — No. 1.
— P. 36-40.

22 Yeshkeyev A.R. The J-minimal sets in the hereditary theories / A.R. Yeshkeyev, M.T. Omarova,
G.E. Zhumabekova // Bulletin of the Karaganda University-Mathematics. — 2019. — 94. — No. 2.
— P. 92-98. DOI 10.31489/2019M2/92-98

23 Yeshkeyev A.R. Model-theoretical questions of the Jonsson spectrum / A.R. Yeshkeyev // Bulletin
of the Karaganda University-Mathematics. — 2020. — 98. — No. 2. — P. 165-173. DOI 10.31489/
2020M2/165-173

2
A.P. Emkees!, 1.O. Tynrymb6aesa', M.T. Omaposal-? \
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Moncouapik AP-reopusiapasis, popcuur aHbOHIEPi

Makasa ioHCOHABIK A P-TeopusiiapblHbIH, (POPCUHT KOMHaHBOI‘ep' AfBITBIIFAH CUTHATYPA/Ia 3€PTTEyTe
apHaJiFaH. TeopusiHbIH, (POPCHHT-KOMIIAHBOHBI TL/ITE YKaHA, MPETNKAIThH € TYPAKThl CUMBOJIJAPBIH KO-
Cy apKbLIbl Oesrisi 6ip KacuerTepi 6ap KApaCTHIPBIIBII OTHI WSITIAPIbIH, KEHEIOIHIe e3repMenTini
eTHRAJIBIK HOTHXKeJIep auddepeHuali-
JTbI aJIrebpaHbIH MbICAIAApbIMeH pacTaaabl. COHbI €p TeOPUSCHIHBIH TAPUXBIHIA AJIFAIIl

apHaJraH anmaparThl KeHEHTyre MyMKIH/IK Gep

Kiam cesdep: HOHCOHIBIK T€OPUsI, KEMeJT HQHCOHIBIK, usi, AP-teopus, dopcunr, GOPCUHI-KOMIIAHBOH,
CUTHATYpaHbl OAUBITY, TEOPUIHBI KEHENTY, MuddepeHnaibk, epic, auddepeHuaaibl TYHbIK epic, aud-
depeHImaI bl KeMe epic.
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A.P. Emkees!, 1.O. Tynrymb6aesa!, M.T. Omaposal-?

! Kapazandunckuti yrusepcumem umenu axademura E.A. Bykemosa, Kapazanda, Kazaxcman;
2 Kapazanduncrui ynusepcumem Kasnompebeowsa, Kapazanda, Kazaxcman

D opcuHr-KOMNaHbOHBbI HTOHCOHOBCKNX A P-Teopmnii

CraTbsl OCBSIINEHa U3YYeHNIO (DOPCUHI-KOMIIAHBOHOB MOHCOHOBCKUX A P-Teopuii B 000ralléHHON CUTHATY-
pe. Hokazano, 9To (pOpCHHT-KOMIIAHEOH TEOPUU HE MEHSIETCS IIPU PACIIUPEHUN PACCMATPUBAEMBIX TEOPHI,
00J1a/1aI0INUX HEKOTOPBIMUA CBOWCTBAMU, C IIOMOIIBIO J0OABJIEHUS B s3bIK HOBBIX IIPEIUKATHOIO U
CTaHTHOT'O CHUMBOJIOB. TeOpeTHKO-MO/Ie/IbHBIE PE3YJIbTAThI, MMOJyYEeHHbIE B JTaHHON paboTe B OOINEM B
MIOJIKPEIJIEHBI puMepaMu 13 auddepeHnuaabHoli aaredpbl. ABTOpaMU CTATHU BIIEPBBIE B UC
MoJieIei IPOJIEMOHCTPHPOBAHBL IO/IXO0/] K KOMOMHUPOBAHUIO HOHCOHOBCKOM 1 HEIIOHCOHOBGKOM

MMO3BOJIUT B JAJIBHEHIIIEM PA3BUTH METObI UCCIIEIOBAHNST HOHCOHOBCKUX TEOPU U paCLLIHpI/IT‘

C

U3YyYICHUsT HEIIOJIHbIX Teopm‘/i.

Karoueswie cao6a: HOHCOHOBCKAsT TEOPUs, COBEPIIIEHHAs HOHCOHOBCKas Teopusi, A P- uHr, (op-
CHHI-KOMIIAHBOH, 0DOrallleHue CUTHATYDbI, pacliupenre Teopud, JuddepeHinaisHoe m1oJL depenu-
aJIBHO 3aMKHYTOE I0JIe, 1nddepeHInaIbHO COBEPIIEHHOE OJIE.
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