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1. Mecto pucyuninHsbl B cTpyktype OITIOII

HOuctunmza 51.0.08 MaTemaTryeckasi IOTMKa U TEOPUsE aITOPUTMOB OTHOCUTCS K 00s13aTe/TbHOW YacTu

obpasoBaresibHOM IPOrpaMMBI.

2. IInanupyembie pe3y/ibTaThl O0yYeHHsI MO JAUCIUIUIMHE, COOTHECEHHbI€ C TUIAHUPYEMBIMH
pe3y/ibTaTaMi OCBOeHUsI 00pa3oBaTe/bHON MpPorpaMmbl (KOMIETeHHMAMH M HWH/UKATOPaMH
AOCTYDKeHHsI KOMITeTeHI[Ui)

aHanu3 u CuHmes
UHopmayuu,
npumeHsimb
cucmemHblii Nno0xo0
ons

peweHus
nocmaeneHHbIX 3a0au

YK-1.2: ¥Ymeem coomHocumb
DA3HOPOOHble sieeHus U
cucmemamu3uposamsn Ux 8
pamKax usbpaHHbix 8UO08
npogeccuoHanbHoU
OdessmenbHOCMU

YK-1.3: Umeem
npakmuueckuti onbim pabombt
€ UHGOPMAYUOHHBIMU
UCMOYHUKAMU, ONblm
HAy4HO20 NOUCKA, CO30aHUsl

HAY4YHbIX MeKcmos

OCHOBHble 3aKOHbI Oynegoll
anzebpbi;

HOpMasnbHble POpMbl, NOAUHOM
JKezankuHa u cnocobbl ux
nocmpoeHusi; meopembl O
e0uHCMeeHHOCMU CO8epuleHHOU
OU3BIOHKMUBHOL HOPMAbHOL
¢opmbi (cogepuwenHoli JTHD) u
nonuHoma KeeankuHa; noHsmus
3aMbIKAHUS U 3AMKHYMOz20
Kaacea, eaxcHeliwiue 3aMKHymble
K/AACChl; NOHSIMUe NOAHOU
cucmembl GpyHKyuil, meopemy
Tocma o ¢yHkyuoHabHol
nonHome;

NoHssMusi NpednoaHo20 Kaacca u
6asuca, cnedcmeus u3 meopembl
IMocma o vucne npednoaHbix
K/1accoe u MowHocmu 6asucos;
NoHsIMue cxeMbl U3
(pyHKYUOHANBHBIX 31eMEeHMO8 U
npocmetiwiue Memoobl CuHmMe3a
cxem /

Students must know the concept
of logical function and ways to
give it; main identities of
Boolean algebra; normal forms,
Zhegalkin polynomial and ways
to construct them; theorems on
uniqueness on PDNF and
Zhegalkin polynomial; concepts
of closure and closed class;
concept of complete system of
functions; Post theorem on

dopmupyemsbie IlnaHupyeMbie pe3yabTaThl 00yUeHHs M0 AUCHUILUIMHe | HanMeHOBaHHe OLeHOYHOTO CPe/ICTBA
KOMIIeTeHL{UH (Mofgyn0), B  COOTBETCTBMM C€  HHAUKATOPOM
(xof, comep)kaHue | JOCTH)KeHHS KOMIIeTeHIIMH
KOMTIETEHIIVN) Nupukarop poctwkeHusi | PesyabTarsl 00yueHust Jns Tekymiero | /ins
KOMIIeTeHL{UMN o AUCLUIIUHE KOHTPOJIA IPOMEXXyTOUHOH
(xon, coZiepkaHue ycreBaemMoCTH aTrTecTranuu
VHAWKATOpa)
YK-1: CnocobeH YK-1.1: 3uaem npuHyunbt YK-1.1: 3adauu
ocywecme/simb 3 cbopa, ombopa u 0606wjeHuss  |3Hamb noHsIMUe A02UUECKOl Tecm DK3AMEH:
NOUCK, Kpumuyeckuu |y chopmayuu (yHKYUU U cnocobbl ee 3adaHus; 3adauu




functional completeness;
concepts of pre-complete class
and basis; corollaries from Post
theorem on the number of pre-
complete classes and basis
cardinalities; concept of circuit
of functional elements and the
simplest methods of circuit
synthesis.

YK-1.2:

Ymemb 015 noeuueckoil
yHKYuU cmpoumb HOpMA/bHble
¢opmbl u noauHom XKezankuHa;
pacnosHasamb
NPUHAOAEHCHOCMb A02UUECKOU
¢yHKyuu sasxcHeliuum
3aMKHYyMbIM KAACCam:
coxpausiowum koHcmanmy 0,
KoHcmanmy 1, nuHeliHbix,
Camo080LlICMBeHHbIX,
MOHOMOHHBIX (PyHKYULL;
npumeHsmb meopemy ITocma u
cnedcmeust u3 Hee 0
pAcno3HasaHusi NOAHOMb!
cucmembl pyHKyull u
nocmpoeHus 6asucos;

07151 102uUecKoli pyHKYuu
cmpoumb cxembl U3
(hYHKYUOHA/NBHBIX 31eMeHMO8,
UCNoNb3ys U3yueHHble Memoobl
nocmpoeHus cxem; /

Students must be able to
construct DNF, CNF and
Zhegalkin polynomial for logical
function; recognize belonginess
of logical function to main
closed classes: class keeping the
constant 0, class keeping the
constant 1, class of linear
functions, class of self-dual
functions, class of monotonic
functions; to apply Post theorem
and its corollaries for

completeness recognition for a
system of Boolean functions and
for constructing bases; to
construct circuits of functional
elements for logical function
using methods for circuit
constructing

YK-1.3:




Hmeem npakmuueckuli onbim
pabombl ¢ UHPOPMAYUOHHBIMU
UCMOYHUKAMLU, ONbIM HAYYHO20

noucka, co30aHuUsl Hay4YHbIX

mekcmos

OIIK-1: CnocobeH OIIK-1.1: 3Haem OCHO8Hble OIIK-1.1: Tecm

npumeHsmb No/I0JMCeHUs U KOHYenyuu 6 3Hamb OCHOBHble NOHAMUS U 3adauu DK3amen:
chynoamenmanvhbie | o6aqcmu mamemamuueckux u  |ymeepaicdeHus 02uKu nepeozo 3adauu

3HAHUs1, NOAyYeHHble
8 obaacmu
MamemamuuecKux u
(unu) ecmecmeeHHbIX
HaykK, U
ucno/nb308amb UxX 8
npogeccuoHanbHou
desimenbHOCMU

ecmecmeeHHbIX HAyK, 6a306ble
meopuu u ucmopuu
0CHOBHO20, Meopuu
KOMMYHUKAyuu; 3Haem
OCHOBHYI0 MepMUHON02UI0
OIIK-1.2: Ymeem
ocyujecmensimb nepeuUHbili
cbop u aHanuz mamepuana,
UHmMepnpemuposamb
pasauyHble Mamemamuueckue
06BeKmbl

OIlK-1.3: Umeem
npakmuyeckuli onbim pabombl
C pewieHueM CmMaHOapmHbIX
mamemamuyecKux 3a0au u
npumeHsiem e2o 8
npogeccuoHanbHoU
dessmenbHOCMU

nops0kd; CUHMAKCUc U npasuna
nocmpoeHust popmyn
/102UYeCK020 A3bIKA Nepeo2o
nopsoka; memoobl HAXOMCOeHUs.
KO/NIUYeCmeeHHbIX
Xapakmepucmuk npeoaodiceHutl
/I02UKU Nepeoeo NopsioKda,
NnoCmMaHoeKy u Memoo peuleHust
3a0ayu 102uHecKoz20 8bl800d,
meopeMbl 0 0edyKmuke;
NoHsimusi NpepuUKCHO20 U
aHmunpegukcHozo 8udos
opmyn n102uKu nepeozo
nopsoka, a makdce nonsamue I'-
¢opmynbl; popmynuposky
3akoHa 0-1 8 no2uke nepgo2o
nopsioka (meopembi I'nebckoeo) /
Students must know the basic
concepts and statements of the
first order logic; syntax and
rules for constructing formulae
of the first order language;
methods for finding quantitative
characteristics for sentences of
the first order logic; formulation
and method for solving the
problem of logical deduction,
deduction theorems; concepts of
prefix and anti-prefix types for
the first order logic formulae
and the concept of gamma-
formula; statement of 0-1 law on
the first order logic (Glebsky
theorem).

OIIK-1.2:

Ymemb cmpoumsn u
aHanu3uposams 3/1eMeHmMapHble
/l02uYecKuUe 8bICKA3bI8AHUS;
3adasamb UHMepnpemayuio
/102UYeCKUX 8bICKA3bIBAHULL;
8blpascamb Opye uepe3 opyaa
OMHOWeEHUsI MeHCOY

S/1eMeHmamu npocmeflwux




aneebpauueckux u
2eoMempuyecKux Cmpykmyp;
3a0aeamb MoOenu npocmeliuux
8bICKA3bIBAHULI 102UKU NEePB020
nopsioka, Haxooumb ux 000
8bINOAHUMOCMU; CMPOUMb
nocnedogamenbHoCmMu
NoUCKoebix Oepesgbes 051
pelueHus 3a0ayul 102U4ecKo20
8b1800a; NPUBOOUMb 3AMKHYMYHO
¢opmyny k npecpukcHoll,
aumunpecpukcHoli popmyne, a
maxkaice I'-chopmyne /

Students must be able to
construct and to analyze
elementary logical propositions;
to give interpretation of logical
propositions; to express
relations between elements of
algebraic and geometrical
structures from each other; to
give models of the simplest first
order logic propositions, find
their satisfiability ratio; to
construct sequences of searching
trees for solving the problem of
logical deduction; to transform
given closed formula to prefix
form, to anti-prefix form and to a
kind of gamma-form.

OIIK-1.3:

Hmeem npakmuueckuii onbim
pabombl ¢ pelieHuem
CMaHOapmHbIX
Mamemamuueckux 3a0ay u
npumexsiem e2o0 8
npogeccuoHanbHol
OesimenbHOCMU

3. CTpyKTypa M cojep)XxaHue JUCLUIL/IMHbI

3.1 TpyA0eMKOCTb AMCLUII/TUHBI

oyHasi
O011as TPY/0EMKOCTD, 3.e. 5
Yacos 1o yue0HOMY IJIaHY 180

B TOM YHCJIe

ay/UTOPHBIE 3aHATHA (KOHTAKTHast paboTa):

- 3aHATHA JIeKIUOHHOI0 THUIA 32




- 3aHATUS CEMHHAPCKOr0 TUMNA (MpaKTHYeCcKue 3aHATHS / TabopaTopHbIe PadoThb) 32

- KCP 2

caMocTosTe/IbHaA padora 78

IIpomexyTouyHas arTecTanusa 36
JK3aMeH

3.2. CozepxaHWe JUCIUIIIMHbI

(cmpykmypupogaHHoe no memam (pazdenam) C yKa3aHueM OMEe0eHHO20 HA HUX Koauuecmed

akademMuyecKux uacos u 8uobl yuebHbIx 3aHamull)

HanmeHoBaHue pa3/ie/noB 1 TeM AUCLIUILIMHBI Bcero B TOM YHCITe
(acen) KonTakTHast pabora (pabota Bo
B3aMMO/IeHCTBUM C TIperojaBaresieM),
Yyachl U3 HUX
3aHSTHS CamocTosiTesibHast
CeMHUHapCKOTo pabora
3auHsTUs THIIA o6yuaroerocs,
JIEKLIIOHHOTO | (1IpakThueckue | Bcero Hackl
THUMa 3aHATHsI/mabopa
TOpHBIE
paboThI), Yachl

0 0 0 0 0

¢ o o) o) ¢

0 0 0 0 0
Tema 1. JTornueckuie ¢yHkimu: I[ToHsaTre noruueckoit pyHkuun. TabmuHoe
3aiaHue, uucio ¢yHkuuid. Oneparyi KOHbIOHKLIMU, JU3bIOHKLIY,
OTpHLiaHUs, UX Jlorryeckasi uHTepriperauys / Logical functions: Concept of 10 2 2 4 6
logical function. Setting by the table, number of functions. Operations of
conjunction, disjunction, negation, their logical interpretation
Tema 2. Jlornueckue ¢yHkimu: OCHOBHbIe 3aKOHBI Oy/1eBoii anrebpsl, CBsI3b
¢ anrebpoii MHOXKeCTB. [IBOHCTBEHHOCTb. MeTO/Ibl IOCTPOEHHSI HOPMA/IBHBIX
(hopM U ITOTMHOMOB, TEOPEMBI O eJUHCTBEHHOCTH COBepIIeHHON
JIM3BIOHKTUBHOM HOpPMasbHOM opmbl 1 nonuHoMa YKerankuna / Logical 16 4 4 8 8
functions: Main identities of Boolean algebra, connection with set algebra.
Duality. Methods for constructing normal forms and polynomials, theorems
on the uniqueness for PDNF and for Zhegalkin polynomial
Tema 3. Jlornueckue GyHKUyu: ITOHATHE CyIeprno3uLuy. 3aMbIKaHUe
3aMKHYTbIHN Kiacc. [TonHas cuctema dyHKIMNA. BakHeiliie 3aMKHY TbIe
KJaccel, Teopema IMocrta o mosiHoTe / Logical functions: Concept of 16 4 4 8 8
superposition. Closure and closed class. Complete system of functions. Main
closed classes, Post theorem on completeness
Tema 4. Jlornueckue GyHKLpu: [TOHSTHS MPeAONHOro Kiacca u 6asuca,
CJIeAICTBYS U3 TeopeMblI I10CTa 0 uncie peJiioNHBIX K/IaCCOB M MOIHOCTSIX
6asucos / Logical functions: Concept of pre-complete class and basis, 16 4 4 8 8
corollaries from Post theorem on the number of pre-complete classes and on
basis cardinality
Tema 5. Jlornueckue ¢pyHKOMU: [ToHsATHE CXeMbl U3 (QYHKLIMOHAIBHBIX
snemeHTOB (CDD), mpocreiiiie MeToAbl cHTe3a CDD A/1s1 IOrUIecKuX 1 ’ 9 4 8
¢ynkumii / Logical functions: Concept of circuit of functional elements, the
simplest methods for synthesis of circuits for logical functions
Tema 6. D1eMeHTEHI JIOTMUECKOTO s13bIKa riepBoro rnopsigka / Elements of the 12 ) ) 4 8
first order logical language
Tema 7. Mogenu ¢hopmyJ JIOTHUECKOTO s13bIKa repBoro rnopsigka / Models of 16 4 4 8 8
the first order logical language




Tema 8. HaxoxJeHre KOJTMYeCTBEHHBIX XapaKTePUCTHK GopMyJT

JIOTHUECKOT0 s3bIKa repBoro nopsiaka / Finding quantitative characteristics of 16 4 4 8 8
the first order logical language
Tema 9. Jlornueckuii BeiBog, / Logical deduction 16 4 4 8 8
Tema 10. KanoHnueckue dhopmbl Npe/ij10)KeHNH B JIOTHKe TIePBOTo MopsifiKa /

. . . . 12 2 2 4 8
Canonical form of sentences in the first order logic
ATTectarus 36
KCP 2 2
HWtoro 180 32 32 66 78

Contents of sections and topics of the discipline

1. JTornueckue GyHkiuu: [ToHsTHe Toruueckon dhyHKiuW. TabnuuHoe 3azanue, ynciao GyHKIpH. Oneparuu
KOHBIOHKL[UM, AU3BIOHKLUH, OTPULIaHUS], UX JIOTMuecKas MUHTeprpeTarus /

Logical functions: Concept of logical function. Setting by the table, number of functions. Operations of
conjunction, disjunction, negation, their logical interpretation

2. Jlornueckue yHKIMH: OCHOBHBIE 3aKOHBI OY/1€BOM anrebphl, CBA3b C anrebpoil MHOXKECTB.
[BoiicTBeHHOCTb. MeTo/Ibl TOCTPOEHHSI HOPMAaJIbHBIX (POPM U TTOJTMHOMOB, TEOPeMbI 0 e AUHCTBEHHOCTH
COBEpIIEeHHOW AU3BIOHKTUBHON HOPMasbHOM (hopMBI 1 rosimHOMa JKerankvHa /

Logical functions: Main identities of Boolean algebra, connection with set algebra. Duality. Methods for
constructing normal forms and polynomials, theorems on the uniqueness for PDNF and for Zhegalkin
polynomial

3. Jloruueckue Gyukiyu: [ToHsiTHE Cyneprio3uniyy. 3aMbIKaHWe U 3aMKHYThIN Kiiacc. [ToHas cucrema
dbyHkimil. BaxkHeliiie 3aMKHYThIe Kilacchl, TeopeMa [locTa o nmonHoTe /

Logical functions: Concept of superposition. Closure and closed class. Complete system of functions. Main
closed classes, Post theorem on completeness

4. Jlornyeckue ¢pyHKImu: [TOHATHS TIPEAIIOTHOTO Kiacca U 6a3uca, ciejCTBUsS U3 TeopeMbl [TocTa o uucrie
MIPEATIOIHBIX K/IAaCCOB U MOIITHOCTSIX 0a31COoB /

Logical functions: Concept of pre-complete class and basis, corollaries from Post theorem on the number of pre-

complete classes and on basis cardinality

5. Jlornueckue ¢pyHKLuM: [ToHsATHE cxeMbl U3 PyHKMOHAIBHLIX 3/ieMeHTOB (CP3), mpocTeiiiyie MeTOAbI
cunHTe3a CDD f71s noruueckux QyHKIuH /

Logical functions: Concept of circuit of functional elements, the simplest methods for synthesis of circuits for
logical functions

6. DJIeMeHTBbI JIOTUYeCKOr o S13bIKa [1epBOro nopsijka /
Elements of the first order logical language

7. Mogenu ¢popmyJ1 JIOTHUeCKOTO si3blKa [epBoro rnopsizika /
Models of the first order logical language

8. Haxox/leHre KOJMUeCTBEHHBIX XapaKTePUCTHK (POPMYJT IOTMUECKOTO sI3bIKa MEPBOT0 Mopsijika /
Finding quantitative characteristics of the first order logical language

9. Jlornueckuii BbIBOJ, /




Logical deduction

10. Kanonnueckuie ¢popMbI 1peJio’KeHUH B JIOTHKe TepBOro Mopsifka /
Canonical form of sentences in the first order logic

4. YueGHO-MeTOfUUECKOe 00ecrieueHre CaMOCTOSITe/IbHON PadoThI 00yUarommxcs

CamocrosTenbHasi paboTta oOydaroL[uxcsi BK/IOuaeT B cebsi MOATOTOBKY K KOHTPOJIbHBIM BOIIPOCAM U
33/laHusIM [/l TeKyIlero KOHTPO/Si U MPOMEXYTOUYHOM aTTeCcTaly 10 WTOraM OCBOEHUS AUCLIUTLIMHBI
MPUBEIeHHBIM B TI. 5.

1. Sorochan Sergei Vladimirovich. Functions of the Logic Algebra. Canonical Types of Boolean
Formulae = ®ynkimu anre6psl jioruku. KanoHnueckue Buibl OysieBbix ¢popmyn : teaching aid / S. V.
Sorochan ; Lobachevsky State University of Nizhny Novgorod, Institute of Information Technologies,
Mathematics and Mechanics. - Nizhny Novgorod : UNN Publishing House, 2023. - 41 p. - TekcT :
3JIEKTPOHHBIN.

https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=853270&idb=0

2. Sorochan Sergei Vladimirovich. Fundamentals of Discrete Mathematics = OCHOBBI JMCKPeTHOM
MaTeMaTHKH : teaching aid / S. V. Sorochan ; Lobachevsky State University of Nizhny Novgorod,
Institute of Information Technologies, Mathematics and Mechanics. - Nizhny Novgorod : UNN
Publishing House, 2023. - 49 p. - TeKCT : 5/1eKTPOHHBIIA.

https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=853268&idb=0

5. Assessment tools for ongoing monitoring of learning progress and interim certification in the
discipline (module)

5.1 Model assignments required for assessment of learning outcomes during the ongoing
monitoring of learning progress with the criteria for their assessment:

5.1.1 Model assignments (assessment tool - Tasks) to assess the development of the competency
YK-1:

1. TTepeuncnuTh BCe CyIeCTBeHHbIE U (PUKTHUBHBIE TIepeMeHHbIe Y CIeAYIOIMX QYHKIHNA OT Tpex
repeMeHHbIX: /
List all essential and fictitious variables of the following 3-variable functions:

1) f=(10011001);

2) f=((x1 » x2)®(x2 - ~x3)) V (x2 - x3).

2. Nns cnepytowedt pyHkimy noctpouts CAH® u CKH®: /
Construct PDNF and PCNF for the following function:

f (x1, x2, x3) = (—x1 x2 D x3)(x1 X3 - Xx2)

5.1.2 Model assignments (assessment tool - Tasks) to assess the development of the competency
OIIK-1:



1. Haligute Bce TepMbl, aTOMapHble (hOpMyJibl U TIofGOpMYyJIbl, CoAep Kalljecs B 3alaHHoN (opMyie
JIOTUUECKOTO si3bIKa IepBoro nopsizika. Orpeenure Ydcao Mojesielt 3Toi popMysibl Ha N-37eMeHTHOM
YHHMBepCe U Mo/ CYUTalTe ee JOMI0 BBIOJHUMOCTH, HaliIUTe ee Tipefiel IpUu n — oo. [locTpoiiTe Kakyo-
HUOYIb MOZie/ b 3TOM (hopMy/Ibl Ha YHUBEpCE 13 YeThIPEX 37IEMEHTOB: /

Find all terms, atomic formulae and subformulae being contained to the given first order logical formula.
Determine model number of the formula on n-element universe and count its satisfiability ratio, find its limit
when pu n — o. Construct some model of the formula on the universe of 4 elements:

"x $y "z [[P (x) & ~ Q)] Vv [R(z) & Q(x)]]

2. TIpuBesuTe 3a/1aHHYI0 GOpMYyJTy K aHTUTIpepUKCHOMY BUAy. [Tonb3ysck Teopemoii ['1e6CKoro, BEIYHMC/THTE
Tipefies1 ee [10J1A BbIITOJIHUMOCTH /

Transform given formula to anti-prefix form. Using Glebsky theorem, calculate the limit of its satisfiability
ratio:

"x $y "z [P (x) & = Q)] V [R(2) & Q(x)]]

Assessment criteria (assessment tool — Tasks)

Grade Assessment criteria

outstanding BepHo perieHo He MeHee 95% 3a/1au

excellent BepHo pertieHo He MeHee 85%, HO He O6omee 95% 3azau
very good BepHo pemieHo He meHee 80%, Ho He 6omee 85% 3azau
good BepHo pertieHo He meHee 70%, HO He 6omee 80% 3azau
satisfactory BepHo pelrieHo He MeHee 55%, HO He bosiee 70% 3a/au
unsatisfactory BepHo peltieHo He MeHee 35%, HO He 6ojiee 55% 3aau
poor BepHo peiiieHo He 6oee 35% 3az1au

5.1.3 Model assignments (assessment tool - Test) to assess the development of the competency

YK-1:

1. BbISICHUTB, SIBJISIeTCS /M MMHeHHOU dyHkma  f (X1, x2) = x1 —» (x2 - —x1 x2) /
Find whether the function f(x1, x2) =x1 - (x2 - —-x1 x2) is linear.

2. BrisicHUTS, siBiisieTcst id QyHKIMs | (x1, x2, x3) = (01101001), 3agmaHHasi BEKTOPHO, CAaMOZBONCTBEHHOM /
Find whether the function f(x1, x2, x3) = (01101001) given by vector is self-dual.

3. BbISICHUTS, SB/IsSIeTCSI I MOHOTOHHOU dyHKIMsS f (X1, X2, x3) = (01101001), 3aganHast BEKTOPHO /
Find whether the function f(x1, x2, x3) =(01101001) given by vector is monotonic.



5.1.4 Model assignments (assessment tool - Test) to assess the development of the competency
OIIK-1:

1. Kakue U3 HiKenprBeIEHHBIX TI0C/Ie/I0BaTeIbHOCTEe CIMBOJIOB SIBASIFOTCS hodgopmyaamu GopMy bl
"“P(x) U $y1@ Q) & R(x, fy))11 2/ ,
Which of the following sequences are subformulae of the formula "x[P(x) U $y[@ Q(y) & R(x, f(y))1] ?
1. x
P(x)
f»)
Q) & R(x, f(y))
"x P(x)
$ y[9 Q) & R(x, f(y))]
"x$y[D Q) & R(x, f(y))]

2. Kakue 13 HIKerpUBeJEHHBIX (JOPMYJI SIB/ISIOTCS NpeoaodceHusmu? /
Which of the following formulae are sentences?
1. P(x)
2. $x P(x)
3. $x R(x, y)
4. "x$ y R(x, y)
5 "x[Px)U  Qx)]
6
7
8
9

Nk wWwN

"X [P U QW)

"% [PeO U $ y QW)

. "X [P(x) U $ ¥y R(x, )]
"X PIU [$ yRK, )]

3. Kakvie U3 HKenpuBeJEHHBIX ()OPMYJI SIBJISIFOTCS 8bINOAHUMBIMU? /
Which of the following formulae are satisfiable?
1. $x P(x)

$x [P(x) & @ P(x)]

["x P()] & ["'x @ P(x)]

$x [P(x) U @ P(x)]

["x P(x)] U ["x @ P(x)]

["x P(x)] & [$x D P(x)]

SR e

Assessment criteria (assessment tool — Test)

Grade Assessment criteria
pass BepHo peltieHo He MeHee 60% TeCTOBBIX 3a/lJaHUN

i 1IIeHO HeIlpaBU/ILHO WK H 1LIeH JI 0 TeCTOBBIX HUH
fail PertreHo Herpa 0 e peteHo bosee 40% Tecto 3aza

5.2. Description of scales for assessing learning outcomes in the discipline during interim
certification

Ixana OIl€HMBaAHUA C(l)OpMI/IPOBaHHOCTI/I KOMHETEHHHﬁ



YpoBen
b
chopmu Hey/I0BJIETBOP | Y/AOBJIETBO 04YeHb
IJI0X0 X0POIIo OT/IMYHO TIPEBOCX0/{HO
POBaHH HUTe/ILHO PHTe/ILHO XOpO11I0
oCTH
KOMIIET
eHIMH
(uHpUK
aropa
AOCTHXK He 3aUTeHO 3a4TeHO
eHust
KOMITET
eHIHii)
YpoBeHb
OtcyTcTBUE YpoBeHb POBe
o N 3HaHWH B
3HAHUU MuHuManeH | 3HaHUU B oGBeMe YpoBeHb
TeOPeTHUUeCKOTro o obneme, i 3HaHWM B
YpoBeHb COOTBETCTBY YpoBeHb
Marepuaa. N [IOMyCTUMBI | COOTBETCTBY obbeme, o
3HAHWH HIDKe 9 I0IL[eM 3HaHWH B
HeBO3MO>KHOCTb i ypoBeHb I0IL[EM COOTBETCTB
MHMHHUMa/bHBIX " rporpaMme obneme,
3HaHUS | OLEHUTH MOJIHOTY " 3HaHWH. nporpamMme yIOIeM
N TpeboBaHMH. TIOATOTOBKH TIPEBBIILAOILE
3HaHUH TonyieHo MO/IrOTOBKH rporpamme
Vmenu mMecTo . DomyirieHo M TMPOrpamMmy
BCJIE[ICTBHE MHOT'0 . Jony1ieHo TIO/IrOTOBK
rpy0Oble omMOKH HeCKOJIbKO TO/ITOTOBKH.
OTKasa HerpyobIx HECKOJIbKO u. Ommbok
HeCylILecTBe
obyuaroiierocs ot OIIM60K HerpyobIx HHEX HeT.
OTBeTa OIrb0K
oLIO0K
IIponemoHc
TPHPOBAaHBI
IIpogemoHc PHp
IIpogemoHc | Bce
IIpogemMoHC | TpUpOBaHbI
TPUPOBaHbI | OCHOBHBIE
TPUPOBaHbI | BCe
BCE YMeHWUsI. ITpozieMoHCTp
OCHOBHBbIE OCHOBHbIE
OrcyTtcTBHE OCHOBHBIE Peltens! MPOBaHbI BCe
ITpu peLieHNM YMeHUsl. yMeHUsl.
MHHHMMaJ/IbHbIX yMeHUsl. BCE OCHOBHBIe
N CTaH/APTHBIX PerieHsl PeliieHb! Bce
YMeHHH. PeliieHbl Bce | OCHOBHBIE yMeHUSI.
3aad He THITOBbIE OCHOBHbIE
HeBo3Mo>xHOCTB OCHOBHbBIE 3a/lauu C Periens! Bce
TIPOZIEMOHCTPUD | 3aJauu C 3a7iaum C
OLIEHUTDb Ha/THyye 3ajiaunl. OTZIeNbHBIM | OCHOBHBIE
Ywmenus N OBaHbI HerpyObIMU | HerpyObIMU
yYMeHHH BbITo/IHEHBI | U 3a7iaunl.
OCHOBHbIE ommbKamMu. | OLIMOKamu.
BCJ/IE[ICTBHE BCe 33JlaHMs1 | HecyllecTB | BrlnosHeHsl
ymeHus1. Umenu | BeinosnHeHsl | BbimonHeHsl
OTKaza B [10JTHOM €HHBIMU BCe 3a/laHus, B
MecTo rpy0Obie BCE BCe 3a/laHust
obyuatoiierocs ot obbeMe, HO | HejOUeTaM | IIOJHOM
OLINOKM 3afaHus, HO | B IIOJTHOM
oTBeTa HEKOTOpbIe u, oObeme Ge3
He B 06beme, HO
d BBITIOJIHEH HeJl0UeToB
TIO/THOM HEeKOTOpble
HeJloueTaMH | bl BCe
obbeme o
3a/laHyis B
HeJZloueTaMu
TI0JTHOM
obbeme
Nwmeetcsa
OTtcyTcTBUE IIpomemoHc [Ipomemonc
MHUHUMaJbH IIpogemoHc
6a30BbIX [Tpu peLeHNM o TPUPOBaHBI TPHPOBAaHBI
bl Habop TPUPOBAHBI ITposeMoHCTp
HAaBBIKOB. CTaH/APTHBIX 6a3oBble HaBBIKK
HaBLIKOB 6a3oBbie HpOBaH
HeB03MO>KHOCTB 3ajiay He HaBBIKH TIpU TIpx N
ISt HAaBBIKH TIpY TBOPYECKHI
OLIeHUTb Ha/jMure | TPOJEeMOHCTPUD peleHnn peleHnn
Hagbiku pelLeHust peleHnH MOZIXO/, K
HaBBIKOB oBaHb! 6a30BbIe CTaHZIapTHBI HecTaHjapT
CTaHZAPTHBI CTaHJapTHBI PEILLEeHHI0
BCJIEJICTBHE HaBbIKH. VIMenn X 3a/jau ¢ HBIX 3ajiau
X 33/ja4 C X 33734 6e3 HeCTaH/apTHbI
OTKasza MecTo rpy6bie HEKOTOPbIM 6e3
HEKOTOPbIM ommboK u X 3a/1a4u
o0yuaroierocst OT | OmUOKU u o1mboK u
u HeZloueToB
OTBeTa HeJ[0YeTaMHu He/[0YeTOB
HeJloueTaMu
Scale of assessment for interim certification
Grade Assessment criteria
pass All the competencies (parts of competencies) to be developed within the discipline have
outstanding been developed at a level no lower than "outstanding", the knowledge and skills for the

relevant competencies have been demonstrated at a level higher than the one set out in the
programme.




excellent All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "excellent",

very good All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "very good",

good All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "good",

satisfactory All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "satisfactory", with at least one competency
developed at the "satisfactory" level.

unsatisfactory At least one competency has been developed at the "unsatisfactory" level.

fail

poor At least one competency has been developed at the "poor” level.

5.3 Model control assignments or other materials required to assess learning outcomes during
the interim certification with the criteria for their assessment:

5.3.1 Model assignments (assessment tool - Tasks) to assess the development of the competency
YK-1
1. BoisicHUTb, TIO/THA /1K cicTeMa GyHKLUM F, 3aiaHHbIX BEKTOPHO: /

Find whether the system F of functions given by value vectors is complete:
F={f1=(0110), f2=(11000011), 3 =(10010110)}..

2. BbISICHUTB, TIO/THA /1 crucTeMa yHKiuin F : /
Find whether the system F of functions is complete:

F={x 5xz, X2 o xy, xVYy x®Dy}

3. Y3 mosiHOM crucTeMbl QYHKIWH BBIIESTUTH BCEBO3MOXKHBIE 0a3UCHI: /
Extract all bases from the given complete system of functions:

F={0, x -y, xz o xy, x®y}.

5.3.2 Model assignments (assessment tool - Tasks) to assess the development of the competency
OIlK-1

3agaua 1.

B crpyktype S=(NU{0}; =;+, »,0, 1) BeipasuTe oTHOIIeHHe R(X, y) — uucia X U y SIBASIOTCS B3aUMHO
MPOCTLIMU /
Express the relation R(x, y) —numbers x and y are co-prime — in the structure S=(N U {0}; =; +, =, 0, 1).

3agaua 2.

B crpykrype S=(M; =, B,D),1=(2,3,4),rie M — MHOXXeCTBO TOUeK TJIOCKOCTU, OTHOLLIeHHe
B(a, b, ¢) WCTHUHHO <= TOUKH da, b, c /1eXXaT Ha OFHOM MPSMOM, TIpUUeM b PaCITO/IO’KeHA MEXKIY TOUKaMHU a
U ¢, otHouieHue D(a, b, ¢, d) uctunHo <= p(a, b) = p(c, d), BbIpasure otHoieHue Q(a, b, c) — yron abc

paBeH 300/



Given the structure S = (M; =, B, D), 1= (2, 3, 4), where M is the set of all points in a plane, the relation
B(a, b, c) is true <= the points a, b, ¢ lie on the same line and b is placed between the points a and c, the

relation D(a, b, c, d) is true < p(a, b) = p(c, d). Express the relation Q(a, b, ¢) — the angle abc equals 300.

3agaua 3.

Hatigute Bce Tepmbl, aToMapHbie ¢hOpMYJIbl U IOAGOPMY/IbI, CoAepKaliuecs B GopMysie TOTUUECKOro s3bIKa
TepPBOTO TIOpsifKa

"x"y [[P(x, y) & Q(x, ¥)] — R(x, y)]

OmnpegenvTe YKC/IO MOZesiel 3Toi (hOpMyJibl HA N-3/IEMEHTHOM YHUBEpCe U MO/ICUMTaiiTe ee 00
BBITIOJTHUMOCTH, HalUTe ee Tipefiesl Mpu n — o, TlocTpoiiTe KaKyr-HUOYAb MO/e/b 3TOM (OpMyJTbl Ha
yHUBepCe U3 YeThbIpex 3/1eMeHTOB /

Find all terms, atomic formulae and subformulae being contained to the first order logical formula
"x "y [[P(x, y) & Q(x, )] - R(x, y)]

Determine the model number of the formula on n-element universe and calculate its satisfiability ratio, find its
limit when n — oo. Construct some model of the formula on the universe of 4 elements.

3azaua 4.

[TpuBeuTe 3afaHHy0 hopmysy K aHTHIIpeUKCHOMY BHAY. [1ob3ysick TeopeMoii I'1e6CKOro, BEIUMCINTE
Tipejien1 ee 10J1d BbITOJIHUMOCTH: /

Transform the given formula to anti-prefix form. Using Glebsky theorem, calculate the limit of its satisfiability
ratio:

"x$y "z [P (x) &~ Q)] V [R(z) & QX)]]

3agaua 5.

[TocTpoliTe MOMCKOBOE ZiepeBO U yCTaHOBUTE, BEPHO /M, uTo ['= A:/
Construct searching tree and state whether the statement I'= A is true or false:

I'={"x[P(x) - S(X)], $x[P(x) & = Q)1},
A="%[Q(x) - SX)]

Assessment criteria (assessment tool — Tasks)

Grade Assessment criteria
outstanding BepHo pelieHo He MeHee 95% 3azau
excellent BepHo peltieHo He MeHee 85%, HO He bosiee 95% 3aau
very good BepHo pertieHo He MmeHee 80%, HO He O6omee 85% 3amau
good BepHo peirieHo He MeHee 70%, HO He 6osiee 80% 3a/au
satisfactory BepHo pertieHo He MeHee 55%, HO He O6omee 70% 3amau
unsatisfactory BepHo pemieHo He MeHee 35%, HO He Gomee 55% 3afau




Grade Assessment criteria

poor BepHo pertieHo He 6oJ1ee 35% 3aau

6. YueOHO-MeTOMUECKOEe H HH(OpMaIMOHHOE o00ecrieyeHHe JUCIMILTHHBI (MO/1y/151)

OcHoBHas uTeparypa:

1. Sorochan Sergei Vladimirovich. Functions of the Logic Algebra. Canonical Types of Boolean
Formulae = ®yHkiyu anre6psb! jjorvuku. Kanonnueckue Buzibl OysieBuix Gpopmyi : teaching aid / S. V.
Sorochan ; Lobachevsky State University of Nizhny Novgorod, Institute of Information Technologies,
Mathematics and Mechanics. - Nizhny Novgorod : UNN Publishing House, 2023. - 41 p. - Tekcr :
3/IeKTPOHHBIM., https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=853270&idb=0.

2. Ben-Ari, Mordechai. Mathematical logic for computer science. - 2nd ; Rev. ed. - London : Springer,
2001. - X1V, 304 p. - ISBN 1-85233-319-7 : 1230-00., 1 3K3.

3. Ramsey, Frank Plumpton. The foundations of mathematics and other logical essays / ed. by R. B.
Braithwaite ; pref. by G. E. Moore. - Perip. 1931. - London ; New York : Routledge, 2002. - XVIII, 292 p.
- (The international library of philosophy. Philosophy of logic and mathematics). - ISBN 0-415-22546-9 :
100-00., 1 sk3.

4. Reports on mathematical logic. No. 5/ The Jagiellonian University of Cracow ; The Silesian University
of Katowice. - Warsaw ; Cracow : Polish Scientific Publ., 1975. - 95 p., 1 3k3.

5. Whitesitt, J. Eldon. Boolean algebra and its applications. - Mineola : Dover publ., 2010. - X, 182 p. -
ISBN 0-486-47767-3 : 912,00., 1 3k3.

[ononmHuTebHas TUTEpaTypa:

1. Sorochan Sergei Vladimirovich. Fundamentals of Discrete Mathematics = OcHOBBI IUCKpeTHOM
MaTteMaTHKH : teaching aid / S. V. Sorochan ; Lobachevsky State University of Nizhny Novgorod,
Institute of Information Technologies, Mathematics and Mechanics. - Nizhny Novgorod : UNN
Publishing House, 2023. - 49 p. - TekcT : 371eKTpoHHbIN., https://e-lib.unn.ru/MegaPro/UserEntry?
Action=FindDocs&ids=853268&idb=0.

2. Carnap, Rudolf. Foundations of logic and mathematics. - 3rd ed. - Chicago : University of Chicago
Press, 1946. - 71 p. - (International encyclopedia of unified science / ed. O. Neurath, R. Carnap, Ch. W.
Morris. Vol. 1(3))., 1 3k3.

3. Gabriele M. Mras. Philosophy of Logic and Mathematics : Proceedings of the 41st International
Ludwig Wittgenstein Symposium. - De Gruyter, 2019. - 1 online resource. - ISBN 9783110654547. -
ISBN 9783110654301. - TekcT : 3/1eKTPOHHBIM., https://e-lib.unn.ru/MegaPro/UserEntry?
Action=FindDocs&ids=856797&idb=0.

[TporpammHoe obecrieueHue 1 IHTepHeT-pecypchl (B COOTBETCTBUU C COJiepyKaHWeM IHCLIUIITUHBI):

1. Sorochan Sergei Vladimirovich. Functions of the Logic Algebra. Canonical Types of Boolean
Formulae = ®ynkimu anrebpsl oruku. KanoHnueckue Byl OysieBbix ¢popmyn : teaching aid / S. V.



Sorochan ; Lobachevsky State University of Nizhny Novgorod, Institute of Information Technologies,
Mathematics and Mechanics. - Nizhny Novgorod : UNN Publishing House, 2023. - 41 p. - TekcT :
3/1eKTPOHHBIH.

https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=853270&idb=0

2. Sorochan Sergei Vladimirovich. Fundamentals of Discrete Mathematics = OCHOBBI JUCKPETHOM
MaTeMaTHKH : teaching aid / S. V. Sorochan ; Lobachevsky State University of Nizhny Novgorod,
Institute of Information Technologies, Mathematics and Mechanics. - Nizhny Novgorod : UNN
Publishing House, 2023. - 49 p. - TeKCT : 5/1eKTPOHHBII.

https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=853268&idb=0

7. MaTepHua/IbHO-TeXHHYEeCKoe ofecreueHUe JUCHUIIMHBI (MO/Y /1)

YueOHble ayUTOpWU [/ TIPOBeJieHHs] Y4eOHbIX 3aHATHH, MpPeAyCMOTPeHHBIX 00Opa3oBaTenbHOU
MPOrpaMMOM, OCHall[eHbl MYJbTUMeAUUHBIM 000pyZoBaHUeM (IIPOEKTOp, 9KpaH), TeXHUUeCKUMHU
cpe/icTBaMH 00yueHHsI, KOMITbIOTePaMH.

[TomerieHust 711 CaMOCTOSITe/TbHOM paboThl 0OYYaroIMXCsl OCHAIeHbl KOMITBIOTEPHOM TEXHUKOU C
BO3MOKHOCTBIO TMOAK/IOUeHUss K ceTd "VHTepHeT" u obecrieueHbl [OCTYIIOM B 3/I€KTPOHHYIO
WHGOPMAaILIMOHHO-00pa30BaTeIbHYI0 Cpejly.

[Mporpamma cocrtaBiieHa B cooTBeTcTBUM ¢ TpeboBanusmu OC HHI'Y mno HampaBieHHO
nogrotoBku/crieranbHOCTH 02.03.02 - Fundamental Informatics and Information Technology.

Astopsl: CopouaH Cepreit BnaguMupoBuu, KaHugaT GHU3UKO-MaTeMaTUUeCKHX HayK.
3aBepyromuii Kadeapoii: 3o0Tbix Hukosaii FOpbeBud, JOKTOP (pU3HMKO-MaTeMaTUueCKUX Hayk.

[MporpamMma oobpeHa Ha 3ace/jaHUM MeTOANUECKOM Komuccuu ot 17.12.2025, mpoTokos Ne IpoTOKO/
Neb6.
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