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Annotation

The course covers mainly traditional issues: the foundations of set theory, propositional logic and first-order
logic, elements of model theory, proof theory and the theory of algorithms. Considerable space is devoted to
the most rigorous presentation of the set-theoretic formalism as the language of subsequent mathematical
courses, as well as for didactic purposes. In connection with the focus on discrete mathematical sciences, the
course examines and substantiates in detail various types of recursion, inductive definitions of sets, as well as
the foundations of the theory of formal languages, the system of natural inference, lambda calculus.

1. Study objective

Purpose of the course
- mastering general mathematical terminology (sets, relationships, functions).

Tasks of the course
- Develop the skill of structured logical thinking;
- learn to give formal definitions and give examples of defined objects;
- learn to build formal records of mathematical statements and their proofs and work with these
records;
- learn to conduct mathematical reasoning, not based on the specific properties of the objects under
consideration.

2. List of the planned results of the course (training module), correlated with the planned results of the
mastering the educational program

Mastering the discipline is aimed at the formation of the following competencies:

Code and the name of the competence Competency indicators

Gen.Pro.C-1 Apply fundamental knowledge Gen.Pro.C-1.1 Analyze the task in hand, outline the ways to
acquired in the physical and mathematical fields |complete it
and/or natural sciences and use it in professional

settings

Pro.C-1 Assign, formalize, and solve tasks, Pro.C-1.2 Make hypotheses, build mathematical models of]
develop and research mathematical models of  |the studied phenomena and processes, evaluate the quality
the studied phenomena and processes, of the developed model

systematically analyze scientific problems,
obtain new scientific outcomes

3. List of the planned results of the course (training module)
As a result of studying the course the student should:
know:
- Fundamental concepts, laws, theories of a part of discrete mathematics;
- modern problems of the corresponding sections of discrete mathematics;
- concepts, axioms, methods of proofs and proofs of the main theorems in the sections included in the
basic part of the cycle;
- basic properties of the corresponding mathematical objects.
be able to:
- Understand the task at hand;
- use your knowledge to solve fundamental and applied problems;
- evaluate the correctness of the problem setting;
- strictly prove or disprove the statement;
- independently find algorithms for solving problems, including non-standard ones, and analyze them;
- independently see the consequences of the results obtained;
- accurately present mathematical knowledge in the field orally and in writing.
master:



- Skills of mastering a large amount of information and solving problems (including complex ones);
- skills of independent work and mastering new disciplines;
- culture of formulation, analysis and solution of mathematical and applied problems that require the
use of mathematical approaches and methods for their solution;
- the subject language of discrete mathematics and the skills of competently describing the solution of
problems and presenting the results obtained.

4. Content of the course (training module), structured by topics (sections), indicating the number of
allocated academic hours and types of training sessions

4.1. The sections of the course (training module) and the complexity of the types of training sessions

Types of training sessions, including independent work
Ne Topic (section) of the course
. Laboratory Independent
Lectures Seminars .
practical work
1 Methods of forming sets 8 8 10
2 Set operations 4 4 10
3 Properties of bijections. Set embedding 4 4 10
4 Equivalence classes 6 6 25
5 Mathematlcal induction. ~ Recursion. 4 4 10
Counting
Axioms of countable and dependent
6 . 4 4 10
choice. Formal languages
AH in total 30 30 75
Exam preparation 0 AH.
Total complexity 135 AH., credits in total 3

4.2.

Content of the course (training module), structured by topics (sections)

Semester: 1 (Fall)

1. Methods of forming sets

Intuitive concept of a set. Elements of sets. Inclusion and equality of sets. The main ways of forming
new sets are: enumeration of all elements, when there are certainly many of them; allocation of a
subset by a property; degree (set of subsets) of a set; union of the set. Empty set, Russell's paradox,
set intersection

2. Set operations

Operations of union, intersection and complement of sets. Basic identities of the algebra of sets. Set
relations. Types of binary relations. Operations of inversion and composition of relations

3. Properties of bijections. Set embedding

Properties of functionality, injectivity, surjectivity and totality of a relation. ... Injections, surjections
and bijections. The criterion for the bijectivity of the relationship. Equal cardinality of sets. ABOUT

4. Equivalence classes

Equivalence ratio. Equivalence classes and quotient set. Partitioning a set.



5. Mathematical induction. Recursion. Counting

Power properties of finite and countable sets. Fundamental orders. Induction principle. Equivalence
of Funding Conditions, Finiteness of Decreasing Chains, and the Induction Principle

6. Axioms of countable and dependent choice. Formal languages

Words and formal languages. Concatenation of words, empty word. Prefixes and Suffixes. The
"prefix" relation as a partial order. Operations on languages. Examples of inductive language
definitions. Prefix-free languages. P

5. Description of the material and technical facilities that are necessary for the implementation of the
educational process of the course (training module)

Necessary equipment for lectures and practical exercises: classroom, computer, projector.

6. List of the main and additional literature, that is necessary for the course (training module)
mastering

Main literature
1. AnroputMmel: moctpoenue U ananu3 [Tekcr] : [yueOnuk ans By30B] / T. Kopmen [u ap.] ; [mep. ¢
anrn. M. B. Kpacukosa u np.] .— 3-e u3n. — M. : Bunesamc, 2014 .— 1328 c.
1. S3biku u ucuncaenus [Tekcr] : nexkuuu mo mart. joruke u Teopun anroputmos / H. K. Bepemarun,
A. lllenp .— 3-e uza., non. — M. : MITHMO, 2008 .— 288 c. - Ha o011 aBT. He yKa3zaHbl .—
(CoBpemeHHbIE JTEKIIMOHHBIE KypCchl. MaTemMaTHuecKkas JIOTHKa U TeOpusl allropuTMoB). - bubnuorp.: c.
272-275. - Tlpeam. ykaz.: c. 276-284. - Yka3. umen: c. 285-288. - 1000 sx3. - ISBN
978-5-94057-322-7) .— Ionusiii Texct (Joctyn uz cetu MOTU / Ynanennslii nocryn).

Additional literature
1. BeeneHre B TeOopuIo aBTOMATOB, s13b1KOB 1 Beruncienuit [ Texct] //]. Xonkpodt, P. MorBanu, /1.
VneMman ; niep. ¢ anr1. O. W. Bacwuibik [u ap.], [yue6. nocobue amns By30B]. -M, Bunbsmc, 2018

7. List of web resources that are necessary for the course (training module) mastering
http://dm.fizteh.ru

8. List of information technologies used for implementation of the educational process, including a list
of software and information reference systems (if necessary)

Multimedia technologies can be used in lectures and practical classes, including a presentation
9. Guidelines for students to master the course

It is recommended to successfully pass test papers, as this simplifies the final certification in the
subject. To prepare for the final certification in the subject, it is best to use the lecture materials.
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1. Competencies formed during the process of studying the course

Code and the name of the competence Competency indicators

Gen.Pro.C-1 Apply fundamental knowledge Gen.Pro.C-1.1 Analyze the task in hand, outline the ways to
acquired in the physical and mathematical fields |complete it
and/or natural sciences and use it in professional

settings

Pro.C-1 Assign, formalize, and solve tasks, Pro.C-1.2 Make hypotheses, build mathematical models of]
develop and research mathematical models of  |the studied phenomena and processes, evaluate the quality
the studied phenomena and processes, of the developed model

systematically analyze scientific problems,
obtain new scientific outcomes

2. Competency assessment indicators
As a result of studying the course the student should:

know:
- Fundamental concepts, laws, theories of a part of discrete mathematics;
- modern problems of the corresponding sections of discrete mathematics;
- concepts, axioms, methods of proofs and proofs of the main theorems in the sections included in the
basic part of the cycle;
- basic properties of the corresponding mathematical objects.
be able to:
- Understand the task at hand;
- use your knowledge to solve fundamental and applied problems;
- evaluate the correctness of the problem setting;
- strictly prove or disprove the statement;
- independently find algorithms for solving problems, including non-standard ones, and analyze them;
- independently see the consequences of the results obtained;
- accurately present mathematical knowledge in the field orally and in writing.
master:
- Skills of mastering a large amount of information and solving problems (including complex ones);
- skills of independent work and mastering new disciplines;
- culture of formulation, analysis and solution of mathematical and applied problems that require the
use of mathematical approaches and methods for their solution;
- the subject language of discrete mathematics and the skills of competently describing the solution of
problems and presenting the results obtained.

3. List of typical control tasks used to evaluate knowledge and skills

Current control consists of two tests per semester, as well as oral delivery of tasks for independent
solution. Evaluation criteria are attached. Also attached is an example of a test assignment and several
tasks for independent solution on various topics at the end of the program.

4. Evaluation criteria

The list of questions for passing differential credit:

1. Elementary set theory.

2. The concepts of sets and subsets, the simplest operations on sets. Ordered pairs and tuples, Cartesian
product.

3. Mappings and matching. The concepts of the image and the prototype. Injections, surjections and
bijections. Composition and reverse mapping.

4. Comparison of capacities and the concept of equal power. Cantor-Bernstein theorem. Countable and
uncountable sets, their properties.

5. Cantor's theorem. Relations on sets. Properties of binary relations. Equivalence relations, theorem on
equivalence classes.



6. Relations of partial and linear order. Minimum / maximum and smallest / largest elements.
Properties of ordered sets. Operations on ordered sets. [somorphisms of ordered sets.

7. Logic of statements. Boolean variables and functions. Construction of propositional formulas.

8. Calculation of the formula value on a set of variable values. Truth tables.

9. Tautologies and contradictions. Reduction of formulas to CNF and DNF. Zhegalkin polynomials.
10. Complete systems of connectives, Post's theorem.

11. Propositional calculus. Axioms and rules for inference of the propositional calculus. The
correctness of the calculus of statements.

12. Lemma on deduction. Completeness of the propositional calculus. Consistent and consistent
families of formulas.

Checklist for passing the exam:
1. Compactness theorem for propositional formulas.

2. Languages of the first order. Signature concept. Construction of first-order formulas: theorems,
atomic formulas, logical connectives and quantifiers.

3. Formula parameters. The concept of a closed formula. Interpretation of the signature. The validity of
the formula in the given interpretation on the given assessment.

4. Satisfaction and general validity of first-order formulas. Replacing a bound variable.
5. Preceded normal form. Expression of predicates in this interpretation by first-order formulas.
6. Isomorphisms and automorphisms of interpretations. Examples of ineffable predicates.

7. Method of elimination of quantifiers. Elementary equivalence of interpretations. Ehrenfeucht
Games.

8. Predicate calculus and model theory. Axioms and rules for the derivation of the predicate calculus.
9. Generalization rule. A deduction lemma for predicate calculus. Correctness of the predicate calculus.
Tasks:

1. Consistent and consistent theories.

2. Theories and models. Complete and existentially complete theories. Godel's theorem on the
completeness of the predicate calculus. Semantic following.

3. Maltsev's compactness theorem.

Ticket 1:

1. Comparison of capacities and the concept of equal power. Cantor-Bernstein theorem. Countable and
uncountable sets, their properties .;

2. The logic of statements. Boolean variables and functions. Construction of propositional formulas.

Ticket 2:
1. Elementary set theory;

2. Propositional calculus. Axioms and rules for inference of the propositional calculus. The correctness
of the calculus of statements.

- the mark "excellent (10)" is given to a student who has shown comprehensive, systematized, in-depth
knowledge of the curriculum of the discipline and the ability to confidently apply them in practice
when solving specific problems, free and correct justification of the decisions made

- the mark "excellent (9)" is given to a student who has shown comprehensive, systematized, in-depth
knowledge of the curriculum of the discipline and the ability to apply them in practice in solving
specific problems, free and correct justification of the decisions

- the mark "excellent (8)" is given to a student who has shown comprehensive systematized, deep
knowledge of the curriculum of the discipline and the ability to apply them in practice in solving
specific problems, and the correct justification of the decisions

- the mark "good (7)" is given to a student if he firmly knows the material, expresses it competently
and to the point, knows how to apply the acquired knowledge in practice, but makes some inaccuracies
in the answer or in solving problems;

- the mark "good (6)" is given to the student if he knows the material, presents it competently and in
essence, knows how to apply the knowledge gained in practice, but makes some inaccuracies in the
answer or in solving problems;



- the mark "good (5)" is given to the student if he knows the material, and essentially expounds it,
knows how to apply the knowledge gained in practice, but makes some inaccuracies in the answer or in
solving problems;

- the mark "satisfactory (4)" is given to a student who has shown a fragmented, scattered nature of
knowledge, insufficiently correct formulations of basic concepts, a violation of the logical sequence in
the presentation of the program material, but at the same time he owns the main sections of the
curriculum necessary for further education and can apply the obtained knowledge by model in a
standard situation;

- the mark "satisfactory (3)" is given to a student who has shown a fragmentary, scattered nature of
knowledge, insufficiently correct formulations of basic concepts, violation of the logical sequence in
the presentation of program material, but at the same time he has fragmentary knowledge of the main
sections of the curriculum necessary for further education and can apply the knowledge gained by the
model in a standard situation;

- the mark "unsatisfactory (2)" is given to a student who does not know most of the main content of the
curriculum of the discipline, makes gross mistakes in the formulation of the basic concepts of the
discipline and does not know how to use the knowledge gained in solving typical practical problems

- the mark "unsatisfactory (1)" is given to a student who does not know the wording of the basic
concepts of the discipline

5. Methodological materials defining the procedures for the assessment of knowledge, skills, abilities
and/or experience

During the exam, students can use the discipline program.



Kpurepunu oreHok nmo Kypcy
«MaremaTuudeckad JIOTUKA»
(ocennuii cemectp)

1. OrneHka 30 cemecmp OCHOBAaHA HA JIOJIE PENIEHHBIX 3a/1a9 B KOHTPOJIBHBIX
(OKpyTJIsieTcs J10 MEeJIBIX IPOIEHTOB 110 OOBIYHBIM [IPABIJIAM), & TAKXKe CJIOZKHO-
CTU ¥ KOJIMYECTBE CAAHHBIX YCTHO (MJIM IMCHMEHHO, IO YCMOTDEHHIO HPEroia-
BaTeJIsl) 3a/a4 U3 CIIUCKA.

2. CTyﬂeHTy BBICTABJISIETCS HAUBHLCULUTL 6a.HJI, JJId KOTOPOr'o CTyA€HTOM BbI-
MOJTHEHBI docmamoutbie ycioBus, IpUBEICHHBIC B Ta6JII/II_Ie II. 4, €CJIN 3TOT OAJLIT
HE MEHbBIIIEe YeThIPEX.

3. Eciu TakoBoii 6a/ur MEHBIIIE YeThIPEX, CTYIEHT BbI3bIBACTCS HA YCMHYU 3a-
yem. CTymeHTbl, TPOIMYCTUBIINE KaKNe-JInO0 KOHTPOJBHBIE 0 YB8AHCUMEALHOU
npuYuKre, BCerga UMeIoT IIPaBo Ha yCTHBII 3a4eT.

4. Tabsmma jgocTaTovuHbIxX yeaoBuit. Yucsa B Tabymie, KpoMe UTOTOBBIX OaJi-
JIOB, CJIEJIyeT MMOHUMATh KaK HUXKHIOIO T'DAHUILY.

Bamn | CymMm. KP YcrHasg caavda

2 0 JIFOOOIT pe3ysIbTar

4 33% 000# pesysbrar

5) 33% permieHo 8 3a1a4; U3 KaXKI0i TeMbl 1

6 33% pereHo 8 33 1a9; 13 KaxK/I0i TeMbI 1; Bce-
IO 2 CJI0XKHOCTHU 2

- 339 pertieHo 8 3a/1a4; U3 KazKJI0il TeMbI 1; Bce-
ro 4 CJI0XKHOCTHU 2

N 66% perero 8 3aJ1a4; 13 KaxK/I0i TeMblI 1; Bce-
ro 6 cioxkKHOCTH 2

9 66% perieHo 8 3a/1a9; U3 KaxKJI0i TeMbI 1; Bce-
ro 8 CJIO?KHOCTH 2
perieHa 3a/1a9a CJA0XKHOCTHU 3; PEIieHo 8

10 66% 3aJa9; 13 KazK/ 101 TeMBI 1; Bcero 8 CI0xK-

HOCTH 2

Hanpumep, mycTh cTymeHT pemma 2 3aaa9d Ha TpHU Oasita, 3 3a1a4dd Ha IBa
6amna n 10 3amad ma ommu Oast. Ilpw 3TOM B KaKI0#l TeMe CTYIEHT PEruI
HEKOTOPYIO 33/1a4y 1 [OJIy9nJI II0 COBOKYIIHOCTH KOHTpoJbHBIX 50%. Torma sTor
CTYJEHT BBIIIOJIHUJI JOCTATOYHBIE YCJIOBUS Ha OIEHKY 7, HO He 8, Jijisi KOTOPOii
eMy HeJO0CTAeT Pe3yJibTaTa KOHTPOJIbHBIX U eIle OJHOM 33 a9l CJIOXKHOCTHU J[Ba,
nu Tpu. CTYIEHT MOyvIaeT ONEHKY 7.



5. Ha ycrHOM 3auere CTYJIEHT HOJIy9aeT OOLIYIO OLEHKY: «HE 3a9TEHO», «3a-
uareHo» (33%) mwim «3aureno ¢ orsmameM» (66%). OmeHKa HCIOIB3yeTCst BMECTO
Pe3yJIbTATOB IIPOIYIIEHHBIX [0 YBAXKUTEIBHON NPHUIMHE KOHTPOJBHBIX paboT
WM, eCJIM TAKOBBIX HET, BMECTO MTOIOBOTO Pe3yJbTaTa KOHTPOJIbHBIX. IIpu jno-
CTATOYHO CJTA0OM OTBETE TAKKE MOXKET ObITh BBICTABJICHA OIEHKA 3 38 CEMECTD.

6. Jlia mosmydeHus HA yCTHOM 3a9€Te OIMEHKH «3a4TEHO C OTIUIUEM» He0bTo-
Jumo0 MMeTh KOHTPOJIbHBIE, MPOITYIIEeHHbIE 10 YBaXKUTEJIHHON NpUYInHe, U pe-
gyabraT > 66% 110 COBOKYITHOCTH MOCENIEHHBIX KOHTPOJIbHBIX.



Kpurepunu oreHok nmo Kypcy
«MaremaTuudeckad JIOTUKA»
(BecenHmii cemecTp)

1. OrneHka 30 cemecmp OCHOBaHA HA JIOJIE PENIEHHBIX 3a/1a9 B KOHTPOJBHBIX
(OKpyTJIsieTcs J10 MEeJIbIX IPOIEHTOB 110 OOBIYHBIM [IPABUJIAM), & TAKXKe CJIOKHO-
CTU ¥ KOJIMYECTBE CIAHHBIX YCTHO (MJIM IMCHMEHHO, IO YCMOTDEHHIO HPEroia-
BaTeJIsl) 3a/a4 U3 CIIUCKA.

2. CTyﬂeHTy BBICTABJIIETCS HAUBHLCULUTL 6aJIJI7 JJId KOTOPOr'o CTyA€HTOM BbI-
MOJTHEHBI docmamoutbie ycioBus, IpUBEICHHBIC B Ta6JII/II_Ie II. 4, €CJIN 3TOT OAJLIT
HE MEHbBIIIEe YeThIPEX.

3. Eciaum takoBoit 6aji1 MEeHbIE YeThIPEX, CTYIEHT IMPUIJIAIIAETCS HA 0C00Y10
6ecedy. CTymeHTbI, TPOIIYCTUBIINE KAKHe-THOO0 KOHTPOJBHBIE 110 YBAHCUMEND-
HOU MpuvuHe, BCETIa UMEIOT IIPaBo Ha ocobyio becey.

4. Tabsmia qocTaTovHbIX yeaoBuit. Yucsra B Tabimie, Kpome 0aJlIoB, CIeyeT
MOHMUMATH KaK HIKHIOK T'DaHUILY.

Bamn | CymMm. KP YcrHasg caavda
2 0 JIFOOOIT pe3ysIbTar
4 25% 000# pesysbrar
5) 25% permieHo 8 3a1a4; U3 KaXKI0i TeMbl 1
6 95% pereHo 8 33 1a9; 13 KaxK/I0i TeMbI 1; Bce-

ro 2 cJ0XKHOCTH 2

7 925% perreHo 8 3aj1a49; U3 KaxK10i TeMblI 1; Bce-
ro 4 caoxuaoctu 2

8 50% perero 8 3aJ1a4; 13 KaxK/I0i TeMblI 1; Bce-
ro 6 cioxkKHOCTH 2

9 50% perreHo 8 3aj1a49; N3 KaxK 101 TeMbI 1; Bce-
ro 8 CJI0XKHOCTH 2

perieHa 3a/1a9a CJA0XKHOCTHU 3; PEIieHo 8
10 50% 3aJa9; 13 KazK/ 101 TeMBI 1; Bcero 8 CI0xK-
HOCTH 2

5. Ha ocoboit 6ecesie CTYIEHT TOTyYIAIOT OOIIYIO OIEHKY: «HE 3aUTEHO», «3a-
areHo» (25%) mim «3aureno ¢ orsmaneM» (50%). OmeHKa NCHIOIBb3YeTCst BMECTO
PE3YyJIbTATOB ITIPOIYIIEHHBIX 110 YBAXKUTEJBHON MPUYUHE KOHTPOJLHBIX paboT
WA, €CJIM TAKOBBIX HET, BMECTO UTOrOBOTO DE3yJIbTaTa KOHTPOJIBHBIX. 1Ipm 110-
CTATOYHO C1a00M OTBETE TAKXKE MOXKET OBITh BBICTABICHA OLEHKA 3 38 CEMECTD.



6. [Iaa monydenust Ha ocoboit becesie OMEHKN «3a9TEHO C OTJIMIHEM» HeoOTo-
JumoO MMeTh KOHTPOJIbHBIE, MPOIYIIEeHHbIE 10 YBaXKUTEJIHHON NpUYnHe, U pe-
gyabraT > 50% 110 COBOKYITHOCTHU MOCEMEHHBIX KOHTPOIbHBIX.

7. OtTBer Ha dK3aMeHe OIEHUBAETCS 1O MATUOAIBHON ITKaJje. YI0BJIETBOPH-
TeJTbHOU CUUTAETCS OIeHKa He Mmehee 2. B cirydae ya0BIeTBOPUTEIHHOM OTIEHKN
Ha 3K3aMeHe, UTOroBasl OIeHKA IOJIyIaeTCsl CJIOKEHNEM Pe3yIbTaTa dK3aMeHa C
OIIEHKO} 3a ceMeCTp, IIPe0OPaA30BAHHON IO CJIEAYIONIUM IIPABUIIAM.

3a cemectp | K s3k3ameny
<2

O 00 | O O = W
Y O | W W N =IO

—_
[a=)

8. Hey,HOBJIeTBOpI/ITeJH)HaH OII€HKa Ha 9K3aMe€He BJIeHeT Iiepecaqy. HpI/I epe-
cave OIEHKa BBICTABJIACTCA COIVIACHO HU3JIOZKCHHBIM ITPUHITUIIAM.



Kourpoabnaast pabora Ne 1
1. Myets P,Q CU u X = U \ X. Boraucyure

(PUQ)UP)UP.

2. Beerma sim Bepro UNX = NUX?

3. Ilycrs X C A x B. Beerpma siu X = C x D jjis wekoropeix C C Au D C B?

4. Cymecrsyer i MuokecTBO A, T. 1. A x N ~ NA?

5. Ilycts MHOXKecTBO X GeckonedHO U Py f(X) €cTh MHOXKECTBO BCeX ero OeCKOHETHBIX MOIMHOXKECTB. Beerma m BepHO
X S Ping(X)?

6. Moxer jin ObITh Tak, aro UX ~ NX, HO X # &7

7. lycers P,Q C A2 Mosxker m 66ITH Tak, 9ro otHOmenne P N Q pediexcusro (maa A), a P o Q ne pedekcnsro?

8. Ilycts RC A2u R"'U(Ro R) = R™!. Beerna iu R TpansutusHO?

9. Ilycrs A HekoTOpOe MHOXKeCTBO. HaliinTe Bce TpaH3UTUBHBIE clopbekiuu A — A.

10. Cymecryer qu B 4.y. M. (P(N), C) nenycras nenb, He UMelONias H HaubOJIBIIEro, HI HAMMEHbIIErO JIEMEHTOB?

11. ITycTh Ha MHOXKeCTBE 12 3a/aHbl OTHOIIEHUS SKBUBaJeHTHOCTH P 1 ), T. 4.

TPy <= OCTaTKu OT JeJIeHUd T U Y Ha 2 OJMHAKOBBI u QY <= OCTaTKU OT JeJIeHWusI T U Y Ha 3 OJINHAKOBBI.

BeimmmmTe Bee KIacchl 9KBUBaJIEHTHOCTH 110 oTHOIeHn0 P N Q. Vin s1o He sxsuBasentHocts? (Torma modemy?)
12. Vkaxknre muoxectBo S C P(N), 4. S # P(N), S 6eckoneuno u mst Bcex A, B € S Bepuo ANB, A€ S.

KourposabHaast pabora Ne 1
.qyers P,Q CU n X = U \ X. Boraucimre

—

(PUQ)UP)UP.

2. Bceerpa sim Bepao UNX = NUX?

3. IIycts X C A x B. Beerma siu X = C x D s nekoropeix C C Au D C B?
4. Cymecrsyer i maozkecTBO A, T. 1. A x N ~ NA?

5. IIycts MHOXKecTBO X GeckoHedHO U Py s (X) ecTb MHOXKECTBO BCEX €0 OECKOHEUHBIX MOJMHOXKECTB. Beerya jm BepHO
< Ping(X)?

6. Moxer i ObITH Tak, yro UX ~ NX, Ho X # &7

7. lycers P,Q C A% Mosker m 66ITh Tak, 9ro otHOmenne P N Q pediexcusro (maa A), a P o Q ne pedrekcusro?
8. Ilyctb RC A2 u R"'U(Ro R) = R™!. Beeryia it R TpaH3uTHBHO?

9. Ilycrs A HekoTOpoe MHOXKeCTBO. HalijinTe Bce TpaH3uTUBHBIE Clopbekiuu A — A.

10. Cymectsyer qu B 4.y. M. (P(N), C) Hemycrast 11emb, He NMEOIIAst HI HAMOOJBINEro, HU HANMEHbBIIIEro 3JIeMEHTOR !
11. ITycTb Ha MHOXKeCTBE 12 3ajaHbl OTHOIIEHUS SKBUBaJeHTHOCTH P 1 ), T. 9.

X

TPy <= OCTaTKH OT JeJIeHUd T U Y Ha 2 OJMHAKOBBI u QY <=> OCTATKHU OT JeJIEHUA T U Y HA 3 OJUHAKOBBI.

Boinnimure Bce Kitacchl 9KBUBaJIeHTHOCTH 110 oTHOmenuo P N Q. Wnu sro He skBusasentHocts! (Torma mouemy?)
12. Vkaxure muokecTBO S C P(N), 9. S # P(N), S 6eckoneuno u mist Bcex A, B € S sepao ANB, A€ S.

KonaTposbaas padora Ne 1
1. Iyets P,Q CU u X = U \ X. Boraucyure

(PUQ)UP)UP.

2. Beerma smm Bepro UNX = NUX?

3. IIycts X C A x B. Beerna yiu X = C x D ngs nekoropeix C C Au D C B?

4. Cymecrsyer i MaOKecTBO A, T. 1. A x N ~ NA?

5. IIycts MHOXKecTBO X GeckoHedHO U Py s (X) ecTb MHOXKECTBO BCEX €0 OECKOHEUHBIX MOJMHOXKECTB. Beerja jm BepHO
X S Pins(X)?

6. Moxer i ObITH Tak, yro UX ~ NX, Ho X # &7

7. lycers P,Q C A% Mosxker m 66ITH Tak, 9ro otHOmenne P N Q pediexcusro (maa A), a P o Q nwe pednekcnsro?

8. Ilyctb RC A2u R"'U(Ro R) = R™!. Beerna iu R TpansutusHO?

9. Ilycrs A HekoTOpOe MHOXKeCTBO. HalijinTe Bce TpaH3uTUBHBIE Clopbekiuu A — A.

10. Cymecrsyer au B 4.y. M. (P(N), C) Hemycrasi 1iemib, He NMEOIAsl HI HAMOOJIBIIEro, HU HANMEHbBIIIEro 3JeMEeHTOB !

11. ITycTb Ha MHOXKECTBE 12 3a/aHbl OTHOIIEHUS SKBUBaJeHTHOCTH P 1 ), T. 4.

LL’Py <— OCTATKH OT JeJIEeHUdA T U Y Ha 2 OJIMHAKOBBI u .’EQy <— OCTaTKH OT JeJIeHUdA T U Y Ha 3 OJJMHAKOBBI.

BeimumuTe Bee KIacchl SKBUBAJEHTHOCTH 110 oTHOImeHn0 P N Q. Van s1o He sxBuBanenTHOCcTh? (Torma mouemy?)
12. Vkaxkure muoxkectBo S C P(N), .u. S # P(N), S 6eckoneuno u mist Bcex A, B € S sepao AN B, A€ S.



1. (2) BoiBenure TOXKIECTBO
ANA=A

u3 roxaects AN (AUB) = A, AU(ANB) = A, a Tak»Ke KOMMYTATUBHOCTH U
acconmaTuBHOCTA M 1 U.
2. (1)

a) IIycte X NY # @. Hokaxkure, uro (1 X N Y C (X NY).
b) IIycrs X NY # @. lpuseaure npumep, korga (| X N Y (X NY).
c¢) Ipusenure mpumep, korga (1 X N Y € (X NY).

3. (1) Hoxaxwure, uro P(U;c; Ai) = {U;er Bi | Bi € P(Ay)}
4. (2) Hoxaxure, 9To 1is 066X MHOKeCTB X 1 Y BEpHO

UX CY < X CP(Y).

5. (3) CymecrByer qm MHOXKecTBO A # &, T.u. A x A C A?
6. (1) Hycrs f,g: A — B. Iokaxure, aro fUg: A — B Torga u ToabKo
Torjia, Korjga f = g.

7. (2) Hocrpoiire 6ueknmio [0, 1] — [0,1).

8. (3) Iyctb R = |J,,cry An- Beerna s naitnerca n € N, ©.u. A, ~ R?

9. (3) Homycrum, y m060ii CIODBEKIMN €CTh TpaBas obpaTHas (byHKIHUSI.
BriBeuTe OTCIONA AKCHOMY BBIOODA.

10. (2) Hokaxkure, uro st jmoboro 4. y. M. A = (A, <) naiigercs S C P(A),
r.u. A = (S, C). Unave rosops, oboil MOPAJOK YCTPOEH, KaK BKJIOYEHUE Ha
TIOJIXOAIIEM CEMENHCTBE MOIMHOKECTB.

11. (1) IIposepbre, uro orHomenue R Ha muO)KecrBe A pediiekcuBHO 1
TPAH3UTUBHO TOTJIA U TOJBKO Toraa, Korma R = (Ro R)Uidy.

12. (3) IIycre < ecTh YACTUUHBIN HOPSJIOK HA OeckoHeuwHoM MHOKecTBe A.
Jokaxure, 9r0 B A ecTh GeCKOHEUHAsI NElb UM OECKOHEYHAS aHTUIIEID.

13. (2) BeiBegure akCHOMY CUETHOrO BBHIOOPA U3 IIPHUHIIHIE 3aBUCUMOTO BbI-
6opa.

14. (2) Hoxaxwure, uro eciim A = UA, To MHOXKecTBO A 1ycTo miam Gecko-
HEYHO.



. (2) Ilycrb B.y. M. A, B koneunst u A ~ B. Torga A = B.
(2) Boraucaure (N +m)* s Beesosmorkupx m, k € N.
(2) Moxer qm 6b1Th 2A 22 A, HO 3A 2 A nust HeKOTOPOro B.y. M. A?
(2) Hpumenss gemmy Ilopua nenocpedemeenno, nokaxure, uro A < B
umn B < A niist mobeix MuHOXKeCTB A 1 B.

5. (3) Ilycrs B KaxKIOM cBs3HOM rpade ecTb 0CTOBHOE JiepeBo. BoiBeaure
OTCIO/Ia, AKCUOMY BBIOODA.

6. (3) Hokaxkure, uro mis kaxgoi Gyukimpn f: R — R cymecrsyor 6uek-
yuu g,h: R = R, 1. f(z) = g(x) + h(x) ans Beex x € R.

7. (2) Iycrs muO)ecTBO A Geckoneuno. KakoBa MOIHOCTD MHOXKECTBA:

1

2.
3.
4.

a) BCeX OTHOIIEHWIT SKBUBAJICHTHOCTUA HA A,

=)

) Beex mHbeKIMA A — A;
¢) Beex ciopbekiuit A — A;
d) Bcex Gueknuit A — A;

) Bcex BrnoJHeynopsaaoueruii A (ne o6s13aTeIbHO MOMAPHO HEU30MOPMHBIX );

[©)

—

) BCEX JBY3JIEMEHTHBIX MOJAMHOKECTB A;

g) BCeX KOHEUHBIX MOJMHO)KeCTB A?

8. (2) Hokaxkure, uro s3bK Fm(F) Gysesbix ¢hopMmyst (B HOJIBCKON 3aIICH )
HA,T IIPOM3BOILHBIM MHOMKECTBOM CBS30K JF SIB/ISICTCS GeCIpeduKCHBIM.

9. (2) Ucnonb3ys, ecau Hy>KHO, TeOpEMy O KOMIAKTHOCTH JIJIsl JIOTUKU Bbl-
CKa3bIBAHUI, JTOKAKNATE, ITO JTIO00H TaCTUIHBIN TOPSIIOK HA CHYEMHOM MHOMKE-
CTBE MOYKHO MPOJIOJIKUTD JIO JIMHEITHOTO.

10. (3) ITokaxkure, UTO €CJIU CUTHATYPA O COJEDIXKUT JIBYyBaJIEHTHBIH mpe-
JUKATHBIA CUMBOJI, TO HARJIETCA MHOXKECTBO IIONAPHO JEMEHTAPHO HEIKBUBA-
JIEHTHBIX 0-CTPYKTYD, EMEIOIee MOIIHOCTD 2.

11. (2) Hoxkaxure, aro (N\ {0};-;=) ne BraaxsiBaerca B (N; +;=).

12. (2) Jokaxkure, 9TO CIIEAYIONINE IOPSIIKA HE N30MOPMHBL:

a) R+RuR;
b) RQ u QR.
13. Vkakure npejjioxkenue @, T. 4. Sp(p) = X, ecom:

a) (2) X ecTb MHOMXKECTBO HATYPAIBHBIX YHCEJI, ACJISIIUXCA Ha 3 C OCTATKOM
1.

)

b) (3) X ecThb MHOKECTBO BCEX COCTABHBIX YHUCE;
c) (3) X ={2"|neN}

14. IlycTh cUrHATYpa 0 KOHEYHa, 0-CcTpyKTyphl M u N HOopMmasbHble, M =
N 1 M xoneuna.

a) (3) IMokaxwure, ato M = N.

b) (3) Ycrpanure TpeboBaHne KOHEUHOCTH 0.



15. (2) B crpykrype (N;|), rme m | n o3Hadaer, 4T0 IUCIIO M SBISETCH 1€
JIMTEJIEM YUCTIA 1, BLIPA3UTE IPEUKATHL:

a) ag ecTb HAMOOJIBIINIL, B CMBICJIE €CTECTBEHHOIO IIOPsI/IKA, OOIIHIA 1IN TeIb
quces G U a9;

b) ag siBIAETCA M-0fi CTENEHBIO TPOCTOrO YKucaa a1 (s Kaxaoro n € N csost
dopmyia);

C) MHOKECTBO YHUCEJI, CBODOIHBIX OT KBAJPATOB (T.€. He KPATHBIX HUKAKOMY
KBAJIPATy IIPOCTOrO).

16. (3) Beipasure cioxenune HarypajbHbix uuces B crpykrype (N; S, -; =),
rae S o3nadaer pyHKIHUIO n — N+ 1, a - 03HAYAET yMHOYKEHHE.

17. (2) ITokaxwure, uro B crpykrype (N;S;=) snement 0 He BbIparKkaercs
HUKAKO} OECKBAaHTOPHOH (POPMYJIOi.

18. Ilokazkure, 4TO:

a) (3) B rpynne Z* (uesble Uncia 10 CJIOKEHUIO) MHOKECTBO YETHBIX YHCE]T
He BBIPaXKaeTcsi HUKaKoil (popmysioit Buga VI, rie ¢ OeCKBaHTOpHAST,

b) (1) aia konbua Z rakas dhopMysia CyIEeCTBYeT.
19. Haiimre Bce aBTOMOPGhU3MBI CIEIYIONHAX CTPYKTYD:
a) (1) nopsinox (Z, <);

b) (1) agaurueras rpynma QL parOHATBHBIX HHCEN C €CTECTBEHHBIM TIO-
PAIKOM;

c) (2) (N, );
d) (2) rpymna Z,, gucen {0,1,...,n — 1} co cioxkeHHeM 10 MOJLYJIIO N > 2;
e) (2) nose BemecTBEHHBIX Yuces R.

20. BbITh MOXKeT, C ITOMOIIBIO UTPBI DPEeHMOUXTa, TPOBEPHTE CJIEIYOIINe
CTPYKTYPBI Ha 3JIEMEHTAPHYIO SKBABAJICHTHOCTb:

a) (2) (R?%; <) u (R3; <) (mopsI0K MOKOOPIMHATHLIH, T. €. (7, y) < (2/,y') <=
r<a' ny<y);

) (2) (R>107 ) ) n (R>10;Ma :)7 rae Mxyz — TY =2z
¢) (3) nuueiinble nopsyku ZN u Z;
d) (3) (Q;A4,=) u (Q% A,=) (mapsl CKIaIbIBATOTCA TIOKOMIIOHEHTHO).

21. (1) IIycrs A, B, C, D pessiiiuoHHbIE CUMBOJIBI MIOAXO/SIIEH BAJIEHTHOCTH.
IIpuBemure ciaemyiontyio hoOpMyIy K MpeaBapeHHoil HOpMaJIbHON (opme:

a) (—Vz3dyAzy — Bz) A (3yCy — 3zDxz);
b) (VeIyAzzyw A -FyCy) — IzVyBryzz.

22. (1) IIycre A, B,C pensiiiioHHBbIe CHMBOJIBbI IIOJXOSIIEH BaJIE€HTHOCTH.
IIposepnbTe, sBIIsIETCS U CIIeaytonias (GopMysia OOIIe3HATNMOIL:



a) VeIyVzAxyz — JyVrIzAxyz;
b) Vaz(Ax — (Bx A Cz)) = (rxAzx — (VzBz AVaCr));

23. (2) B cucreme HATYpaJbHOIO BBIBOJA IS MCUUCJIEHUS IIPEIUKATOB (C
PaBEHCTBOM) BBIBEJUTE, €CJIM ITO BO3MOXKHO, (POPMYJIBI CIIEAYIONUX BHIOB U3
[[yCTOrO MHOYKeCTBa (AKTUBHBIX) TUIIOTES:

a) (1) 7(AV B) < (-AA-B);

b) (2) Vy3z(Az V By) — JaVy(Az V By);

¢) (2) IVudtut — JaVyIzAzyz;

d) (2) V232 (z = f(g2)) = (=VyFa(y = gz) = Fudw(-u = w A fu = fw));

24. (2) Hokaxwute, uTo Kiaacc K KOHETHO aKCHOMATH3UPYEM TOTJIA U TOIBKO
Torpa, Korja oba kimacca K u K (Bce o-cTpyKTyphl BHe K) aKCHOMATH3UPYEMBI.

25. (3) IIycrs Teopusi T B KOHEUHON CUIHATYPE 0 HE UMeeT OECKOHEYHBIX
mogpesneii. Beerma m T KoHewHO akcmomaru3upyema?

26. (2) Iycts maokectBo B C N? paspermmumo. JlokazKkure, 9TO MHOMKECTBO
A Beex takux z € N, uTo TouKa (2, 2) JEXKUT B IPSIMOYTOJIBHUKE C BEPIIMHAMI
(0,0),(0,y), (z,0), (x,y), rue (z,y) € B, Tak:Ke paspermmo.

27. (3) Ilycrs E nepeyuncamMoe OTHOIICHNE SKBUBAJCHTHOCTH HA MHOYKECTBE
N, umeroree Junb KOHEYHO MHOTO KJIACCOB dKBHUBaJieHTHOCTHU. JloKakuTe, 4TO
FE pazpemnmo.

28. (2) Ilycre muOXKecTBO B KoHeuHO. Moxer sin MHOKecTBO A U B GBITH:

a) paspenMbIM, ecyid A HepaspermmMo;
b) mepeunciaumpiM, eciu A Henepedncaumo?

29. (2) Ilocrpoiite HenepeuncanMble MHOXKecTBa A u B, T.4. paspemmmo
MHOYKEeCTBO:

a) A+ B={zx+y|zeAyec B}
b) A-B={zy|x€ A ye B}

30. (2) Ilocrpoiire Hemepeuncammoe MuokectBo B C N2, 1. 4. 06e ero mpo-
ety pr' B u pr? B nepeduc/mMeL.

31. (2) Tocrpoiite mocnemoBaresbHOCTE MHOXKECTB (Ak)ken, T.9. BCe Ag
nepeuncuMble Hepaspermumbie  J, oy Ar = N.

32. (1) Jokaxkure, uro s Jo6oi r.y. B. . U HaliyTcs nonapHo pasimd-
HBIE «IIPOTPAMMBI» 1, M U [, T. 9. A7 Bcex © € N BepHO:

a) Uln,z) =mu U(m,z) =2";
b)

U(n,z) ~U(z,m) n Ulm,z) ~U(z,n) + 1;
¢) Un,x) =2™, U(m,z) =37t uU(l,z) = 5™
(

33. (3) Ilycrs U r.y. B. d. Jokaxure, 94T0 MHOXKECTBO

A={neN|Vm<nUy, #Up,}



(«HAMMeEHbIIHE IPOrPaMMBbI 71 (DYHKIHIi» ) GECKOHEYHO, HO HE COJEPKUT Hec-
KOHETHOI'O PA3PentiuMoro MoJIMHOYKECTBA. 3aKJIIOUIATE OTCIO/A, 9TO GECKOHETHO-
r'0 MEePEYUCTMMOrO MTOJIMHOXKECTBA MHOXKECTBO A TaK»Ke He COIEPIKUT.

34. (1) Iycrs U r.y.s. . IIpoBepbre paspemimMocTb, HEPEUUCTUMOCTD U
KOIIEPEYUCIUMOCTD (II€PEYUCAUMOCTD JIOIOJIHEHUS) CIIEYIOIUX MHOXKECTB:

a) {n € N| U, unbextusHa};
b) {n e N|IzU,(x) =z},

35. (2) Ilycre U 1. y. B. d. [IpoBepbre 1IepedncauMOCTb U KOIEPEIUCJIUMOCTD
CJTETY FOIIIX MHOXKECTB!

a) {n e N| U, =idn};
b) {n € N|dom U, N 2N Geckoneuno};

36. (2) Ilycre U r.y. B. d. [IpoBepbre 11epeuncauMocThb U KOIEPEIUCJIUMOCTD
muoxkectsa {(n,m) € N? | Vz € dom U, Ndom U, f(z) < g(x)}.
37. (3) Hokaxkwure, 4ro cymecTByer y.B. d. W, T. 9. paspemmMo MHOKECTBO

{nEN|W :idN}.

38. (1) Onmumure pabory mamuu ThIOpUHra, BBIYUCIISMIONUX CJIEILYIONIUE
GYHKIMU U paspeInalmx CIeAyole MHOXKECTBA (UUCIa MOXKHO, 110 BBIOO-
DY, CIUTATh IPEJCTABJIEHHBIM B YHAPHON WM B OMHADHON 3aIUCH; PA3PEWLAITD
MHOKECTBO — 3HAYAT BBIYHUCIISITH €r0 XapaKTEePUCTHIECKYH BDYHKIIIO):

a)  mod y;
b) {020171n+103n | = N},

39. (2) Hdoraxure, 9T0 MHOXKECTBO BBIYUCIMMBIX (DYHKIWI HE U3MEHUTCH,
€C/Ii CINTaTh, YTO HA JIEHTE B HAYAJHLHON KOH(MUIYypaIun JieBee TOJIOBKU CTOUT
0COOBIIT CUMBOJI [>, CABUT BJIEBO OT KOTOPOI'O 3aIIPEIAeTCsI.

40. (1) IIpuseaure, ey BO3MOXKHO, CJIEIYIOIIUE TEPMbI K HOPMAaJIbHOM dhop-
Me:

a) (Azy.xzzy)(Azy.yx)(Az.z)(Azy.xyx);
b) (Azy.zzy)((Azy.yz)(Az.x))(Azy.zyx);

41. (1) Jokaxwure, 4ro cymecrByeT KoMOUHATOD M, T. 4. j1jist JIIOOBIX KOM-
oumnaropoB X, Y, Z nuMeeT MeCTO:

a) MX = XXM,
b) MXY = w.Y(XM)w;
42. TlocrpoiiTe KOMOMHATOPBI, IIPE/ICTABJISIONHIE CIeAyomue QpyHKIUT:

a) (2) 94uciIo IPOCTHIX YUCeJl, HE MPEBOCXOILAIINX T}

b) (2) [#v2];



43. (2) Cymecrsyer jiu TepMm G, T. 4. 71 Becex KombunaTopoB M u N BepHO
G(MN)=N?

44. (2) Tocrpoiire kKomburaTop Map, 1. 9. jgist mo6oro n € Ny u srro6bix
koMmbuuaTopoB F, My, ..., M, BepHO

Map F[] =[] wu

Map F [M;, ..., M,] = [FM,..., FM,].

45. (2) IocrpoiiTe KOMOUHATOP, PABHOMEPHO HYMEPYIOIIUii OCIIe0BATE b
HOCTB (Pn )neN, TI€ ©n €CThb n-oe anciao OuboHaqun.



