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1. Mecto aucnuniauabl B cTpykrype OIIOII
Huctmmnaa  b1.0.08 «Marematuueckasi JIOTHKa U TEOPHUS AITOPUTMOB» OTHOCHUTCSI K 00SI3aTEIILHOM

gactu OOIl mno wnHampasnenuto mnoxarotoBku 02.03.02 «@DynmpameHTanbHas uHGOpMATHKA U
MH(POpPMAIMOHHbBIE TEXHOJIOTUMY. J[MCIMIUIMHA YnuTaeTcsl CTyeHTaM 3 Kypca B 5 cemecTpe, 4 3a4eTHBIX

enuuuIbl, 144 gaca, S5K3aMeH.

Discipline 51.0.08 "Mathematical logic and theory of algorithms" refers to the mandatory part.

Ne MecTo IUCHUILINHBI B y4e0HOM CTaHaapTHBIA TEKCT 1J1s aBTOMATHY€CKOI0
Bapu IJIaHe o0pa3oBaTe/IbHOM 3ano/iHeHUus B KOHCTpyKTOpe PII/{
aHTa NPOrpamMmbl

Juctumuaa b1.0.08 «MareMaTtudueckasl JIOTHKA H
TEOPHS AITOPUTMOBY» OTHOCHUTCS K 00s3aTEIHLHON YacTh

1 brox 1. Jucuuruivsel (MOJyiH)
O06s13aTenbHas yacThb

01011 HarpaBJICHUs MOATOTOBKU 02.03.02
«DyH1aMeHTaIbHass HHPOPMATHKA U HHPOPMAITHOHHBIC
TEXHOJIOTHIY.

2. Tlnanmpyembie pe3yJIbTaThl 00yYeHHS 10 JUCHHUILIMHE, COOTHECEHHbIE ¢ IUIAHUPYEMbIMH
pe3yJibTaTaMHu OCBOEHHsI 00pa30BaTeIbHON MPOrpaMMbl (KOMIETEHIIUSIMA U HHIUKATOPAMH
AOCTHIKEHHST KOMITeTEHIIU i)

dopmupyemMble

KOMIIeTeHIIN T
(xom, comepxanue

KoMIteTeHImu) /

Formed
competencies
(code, content of

IInanupyemble pe3ybTaThl 00y4YeHHs N0 AMCHHUILIMHE (MOIY110), B
COOTBETCTBHHU C MHAUKATOPOM JOCTHKCHUA KOMIIETCHIIHA /
Planned learning outcomes for the discipline (module), in accordance
with the indicator of achievement of competency

HNuaukarop
JOCTHIKEHUS
KOMIEeTeHI[UH
(xom, conepxanue
uHauKaTopa) /
Competency

Pe3yabTaThl 00y4eHus 10 TUCHHILTHHE /

Learning outcomes by the discipline

HaumeHnoBaHue
OLICHOYHOI' 0
cpeacrsa /

Name of the
evaluation tool

competence) achievement indicator
(code, indicator content)
VK-1 VK-1.1. 3uaem 3namo nousimue no2uveckou QyHKyuu u cnocoowl cobecedosanue |
ee 3a0anusi; OCHOBHbIE 3aKOHbL OY1e80lL anzedpbl; i i
o cyzlgfn(iZj:Mb npunyunel coopa, HopMmanbHble hopmbl, noauHom Keeankuna u Interview
0m60pa u 0606u;eHu}l CROCoObI UX NOCMPOEHUs, Meopembl O
NOUcK, . / €O0UHCTNBEHHOCIU COBEPUEHHOU OU3BIOHKIMUBHOLU
Kpumuteckuu ungopmayuu Hopmansroll hopmsl (cosepuentoi JJHD) u
aHaIUu3 u CUHmes Student knows the noauroma eeankuna, noHaAmus 3aMbIKaAHUA U
unpopmayuu, principles of collection, 3AMKHYmMo2o Kiacca, 6a9fgneﬁmue 3a;4bi<nymbzve
NDUMEHIMND . ; KIAccul;, NOHAmMuUe NOAHOU cucmembl QYYHKYUL,
cgcmeMan? Se'_ecuon ar_‘d synthesis meopemy Tlocma o ¢yHkyuonanbHoil norHome,
of information. NOHAMUS NPEONOIHO20 Kiacca u basuca,
nooxoo ona
credcmaus uz meopemul Ilocma o yucie
pewienus NpeonoNHbIX KIACCO8 U MOUWHOCMU OA3UCO8;
ROCMAGAEHHBIX NOHsIMUe CXeMbl U3 QYHKYUOHANLHBIX JNEMEHMO8
3aodau | u npocmetiuue memoowi cunmesa cxem |

Student is able to
search, realize
critical analysis
and synthesis of

information, apply

a systematic
approach to solve

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 functional completeness; concepts of
pre-complete class and basis; corollaries from
Post theorem on the number of pre-complete




the tasks classes and basis cardinalities; concept of circuit
of functional elements and the simplest methods of
circuit synthesis.
VK-1.2. Ymeem Ymems ons nocuueckoii pynxyuu cmpoums mecm /
COOMHOCUMb HOpMafleble d)Oprl U NOJIAUHOM }R‘ezaﬂKuHa;v test
p(lS’HOpO()Hble GNeHUs U pacnosnasambs ngunadﬂeofcuocmb Jo2udeckou
cuCmeMamusuposams ux @yHKL]uu BAJNCHEUWUM 3AMKHYNMbIM Klaccam.: 2a0auu /
coxpausiiowum koncmanmy 0, koncmanmy 1,
6 paMKax usopanHbIX JIUHEUHBIX, CAMOOBOUCMBEHHBIX, MOHOMOHHBIX tasks
61006 @yHryuil; npumensmo meopemy Ilocma u
npoqbeccuoziaﬂbHoﬁ cneocmeust U3 Hee Ois pacno3naeanusl nOJHOmMbl
oeamenvhocmu | cucmembvl QYHKYUL U NOCMPOeHUsi OA3UCO8;
Student is able to 0J151 102U4ecKol QYHKYUU CIMpouUms cxemul U3
Correlate disparate @yHKL]uOHaJleblx J1IeMEHM 08, ucnozzw)./};
henomena and U3y4eHHble Memoobl NOCMpPOCHUS CXeM,
phen L Students must be able to construct DNF, CNF
systematize them within | and Zhegalkin polynomial for logical function;
the framework of recognize belonginess of logical function to main
selected types of closed classes: class keeping the constant O, class
professional activity 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.
OITK-1 OIIK-1.1. 3naem 3Hnamp 0CHOBHbBIE NOHAMUSL U YINBEPHCOCHUS cobeceoosanue |
Cnocoben 0cHOBHbIE NOIOYCenUs u | O2UKU NEPBO20 NOPAOKA; CUNMAKCUC U NPABUIA interview
npUMeHAmb KOHYenyuu 6 obnacmu nocmpoeHust d)OpMle JI02UHECKO20 A3blKA nepeoco
) B nopsioka, memoovi Haxoofcdenujz KOAUHEeCMBEHHbIX
d)yH amenmanshbole Mamemamutiec xapakmepucmukx npe()/zoofcel-mu JI0CUKU nepeoco
SHAHUA, €CMECMEEHHBLY HAYK, noOpsAOKa; NOCMAHOBKY U MEMOO PEuleHUsl 3a0a4u
nojny4ernHvle 6 bazosvle meopuu u JNI02UYECK020 6616004, meopembl 0 dedmeuKe;
obnacmu OCHOBHYIO NOHAMUSL NPEPUKCHO20 U AHMUNPEDUKCHO20
Mamemamuieckux MepMUHON02UIo / 6U006 POPMYIL NIO2UKU NEPBO20 NOPAOKA, A
u (wn) Student knows the basic | maxace nonamue I'-ghopmynvl; hopmyaupoexy
ecmecmeennvix | concepts and concepts in }a’“)”“ 0-1 & nozuxe nepsozo nopadka (meopemot
. - nebekozo) |
Hayk, u the field of mathematical | gydents must know the basic concepts and
UCNONb306aMNb UX 6 and natural sciences, statements of the first order logic; syntax and
npogeccuonanvhol basic theories basic rules for constructing formulae of the first order
dessmenvrocmu / terminology language; methods for finding quantitative
characteristics for sentences of the first order
Student is able to logic; formulation and method for solving the _
apply the problem of logical deduction, deduction theorems;
concepts of prefix and anti-prefix types for the
fundamental first order logic formulae and the concept of
knowledge gained gamma-formula; statement of 0-1 law on the first
in the field of order logic (Glebsky theorem).
mathematical and OIIK-1.2. Ymeem Ymems cmpoums u ananusuposamo mecm /
(or) natural ocywecmensamo S/leMeHmapHble Jl02u4ecKue 8blCKA3bl8AHU, test
SCienceS, and use nep@utmblﬁ C60p u 3a0a6amo uHrrE?pnpemauum JocudecKux
them in aHanu3 Mamepuana BbICKA3BIBAHUL, 8bIPANCAMb OpYe Yepe3 dpgzea sadauu |
. ’ OMHOWEHUA Meafcdy anemenmamu npocmeuiux
prqusglonal unmepnpemuposams an2ebpauyecKux u 2eoMempuyeckux CmpyKnyp; tasks
activities pasnuutivie 3a0asamo MoOeU NPOCMENUX EbICKA3bIEAHULL
mamemamudeckue JI0CUKU nepeoco nopﬂ()Ka, HAX00UmMb UX 00110
obvexmol / BLINOTHUMOCHIUL; CIMPOUMb NOCIE008AMENbHOCTIU

Student is able to carry
out the primary
collection and analysis
of the material, interpret
various mathematical
objects

NOUCKOBBIX Oepesbed OJis peuleHus 3a0a4u
J02UYECK020 6b160()cl; npusodumb 3AMKHYmyro
Gopmyny k npegpuxcrotl, anmunpepurxcHo
Gopmyne, a maxauce I-ghopmyne |

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.

3. CTpyKTYpa M cojiep:kaHue TUCHUTITUHBI

3.1. Tpyn0eMKOCTh THCHUTLINHBI

Ounasi popma o0yuenust
Bcero 5-if cemecTp
Oo0mas Tpy10eMKOCTh 4 3ET 4 3ET
Yacos o yueOHOMY IJIAHY 144 144
B TOM YHCJIe
. 66 66
ay/IUTOPHbIEC 3aHATHS (KOHTAKTHas1 padoTa):
- 3aHSATHUS JIEKIIMOHHOTO THIIA 32 32
- 3aHSATUS CEMHHAPCKOI0 THIA 32 32
- 3aHATHSA J1a00OPaTOPHOI0 THIIA 0
- Tekyumii koHTpoJs (KCP) 2 2
caMocCTosiTeJIbHas padoTa 42 42
ITpome:kyTOuHAsI aTTecTALUA — 3a4eT U IK3aMeH 36 36

3.2. Conep:xanue JUCHUNIMHBI

B ToMm uncie

KonTakTHas padora (padora BO
B3aHMO/ICHCTBHH ¢ MpenojasaTteJieM),
yacel. 13 Hux

HaunmenoBanue u KpaTKo€ CoAep:KaHue pa3aejioB u
TeM TUCHUITINHBI

Bcero
(4acwl)

CEMHHAPCKOro

VIEKIIMOHHOI'O
THIIA

THIA
SaHaTus

BansaTus

SaHaTus

1a60pPaTOPHOIO

THIA
Bcero

CamocrosTebHas: padoTa

00y4aK0IIerocsi, 4achbl

5-ii cemecTp

Tema 1. Jlornyeckne pynknuu: [ToHsTre noruyeckon
¢byukimu. TabauyHoe 3aaaHKe, YUCIO (PYHKITHUIA.
OnepauHH KOHBIOHKIIUU, IU3BIOHKIUHU, OTPULIAHUA, UX
JlorMyuecKast HHTepIpeTamus / 7 2 2
Logical functions: Concept of logical function. Setting by
the table, number of functions. Operations of conjunction,
disjunction, negation, their logical interpretation

Tema 2. Jloruuyeckue pyHxkuuu: OCHOBHBIC 3aKOHBI
OyIneBoii anreOpsl, CBSI3b ¢ anreOpoil MHOKECTB.
JBOICTBEHHOCTb. METO1bI NOCTPOEHUSI HOPMAJIbHBIX
(hOopM U TTOJTMHOMOB, TEOPEMBI O €TUHCTBEHHOCTH
COBEPIIEHHOHN TU3BIOHKTUBHON HOPMAIBHOU (DOPMBI U 12 4 4
nonuaoMa JKerankuna /

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

Tema 3. Jlormyeckue ¢pynkuuu: [Tonstne 20 6 6
CylNeprno3unyu. 3aMbIKaHHe U 3aMKHYTbIH Kinacc. [Tonnas

4



cucrema (yHKIMH. BaxkHelne 3aMKHYThIE KJIACCHI,
teopema [locta o monHote /

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

Tema 4. Jlormueckue ¢pynkuuun: [ToHATHS NIpEIONHOTO
Kj1acca u 6a3nca, CJICACTBUA U3 TCOPEMBI TlocTa o uncne
MPEANOJHBIX KJIAaCCOB U MOIITHOCTAX 6a3ucos / 7 2 2 0 4 3
Logical functions: Concept of pre-complete class and
basis, corollaries from Post theorem on the number of pre-
complete classes and on basis cardinality

Tema 5. Jlornueckne pynknuu: IloHsTHE CXEMBI U3
(yHKIMOHANBHBIX d51eMeHToB (CDD), mpocreiinme
Metosl cuntesa COD st morndyeckux GpyHKuuit / 7 2 2 0

Logical functions: Concept of circuit of functional 4 3
elements, the simplest methods for synthesis of circuits for

logical functions

Tema 6. D1eMEHTHI JIOTHYECKOTO A3bIKA IMEPBOIo nmopsaka 7 2 2 0 4 3
/ Elements of the first order logical language

Tema 7. Monenu (opmys JIOTHYECKOTO SI3bIKA IEPBOTO 12 4 4 0 8 4
nopsiaka / Models of the first order logical language

Tema 8. Haxox/eHre KOJTHYECTBEHHBIX XapaKTEPUCTUK

(bopMyIT TIOrHYeCcKOro SI3bIKA MEPBOTo mopsiaka / 13 4 4 0 8 5
Finding quantitative characteristics of the first order logical

language

Tema 9. Jlornueckuii Beisox / Logical deduction 13 4 4 0 8 5
Tema 10. Kanonnveckue (popMbl MPEAIOKEHUN B JIOTHKE

TnepBoro nopsaxa / 8 2 2 0 4 4
Canonical form of sentences in the first order logic

Texymuit koutpons (KCP) 2

TTpoMeKyTOUHas aTTECTALMA — DK3aMeH 36

Uroro 5-it cemectp 144 32 32 0 64 42

Texkyimuii KOHTPOJIb YCIIEBAEMOCTH peanu3yercsi B (popmMax ONMPOCOB Ha 3aHSTHSIX CEMHHAPCKOTO THIIA.
[TpoMexyTouHass aTTeCTalus TMPOXOJUT B TPAAMIMOHHOW (GopMme (dK3aMEH MO OKOHYAHHH 5-TO
cemecTpa).

4. Y4yeOHO-MeTOqU4YeCKOe o0ecrieueHre CaMOCTOsITeIbHOI padoThl 00yUYalomuXxcst

Brimonnenue JjoManiHux MMPAKTHYICCKUX SaﬂaHI/Iﬁ C HOCJ'ICI[yIOH.IGﬁ HpOBepKOﬁ n O6CY)KI[€HI/ICM.
HSy‘IeHI/IC JIMTCPATyphbl U npopa60TKa TCOPCTUUCCKOIo MaTcpHraia JICKIUOHHBIX 3aHATHH.

O6p330BaTeHBHbIﬁ MaTtcpural 1A CaMOCTOSTEILHOM pa6OTBI CTyACHTA:

1. Copouan C. B. OcHOBBI TUCKpETHON MaTeMaTHKH. Y4eOHO-MeToAndYecKoe nocooue (Ha
AHTTTUHCKOM SI3bIKE). DJeKTpoHHOE n3nanue. 2012.
http://eng.unn.ru/images/files/bach_it/Osnovy_diskretnoy_matematiki.pdf

2. AnekceeB B.E., Kucenesa JL.I'., CmupnoBa T.I'. COopHUK 3a/1a4 110 AUCKPETHOM MaTeMaTUKe:
3anaunuk. — Hwkuauit Hosropoa: Hwkeropoackuit rocynusepcuret, 2012. — 80c. // ®oun
00pa30oBaTeNbHBIX ANEKTPOHHBIX pecypcoB. Per. Ne 487.12.08.
http://www.unn.ru/books/met_files/alekseev.pdf



http://eng.unn.ru/images/files/bach_it/Osnovy_diskretnoy_matematiki.pdf
http://www.unn.ru/books/met_files/alekseev.pdf

3. AumnekceeB B. E., Tananos B. A. I'pads! u anroput™bl. CTpyKTypsl JaHHBIX. Mogenu

Beruncnenuii. M.: UHTYUT.PY, bunowm. Jlaboparopus 3nanuit, 2012.
http://www.intuit.ru/studies/courses/101/101/info

4. AnekceeB B. E., 3axaposa /[. B. Teopus rpadoB. Dnexkrponnoe uznanue. 2012.

http://www.unn.ru/books/resources.html

482.12.08.

KOHTpOJII)HI)Ie BOIIPOCBI M 3aAaHvd JJId IMPOBCACHUA TCKYLICIO KOHTPOJIA U HpOMe)I(YTOqHOﬁ

aTTeCTAllUU 110 UTOraM OCBOCHHA AUCHUIIIIMHBI ITPUBCACHBI B II. 5.2.

5. ®oHJ OLIEHOYHBIX CPEACTB JIJIsi MPOMEKYTOYHOM aTTECTANMHU MO THCHHILIHHE (MOIYJIIO),
BKJIFOYAIOII M

5.1.

Onucanmne mKaji OoHcHUBaHMA PE3YJIbTAaTOB oﬁyqemm mo TMCHHUIIJINHE

YpoBenn Ikana ouennBanus copMHPOBAHHOCTH KOMIIETeH M
copMHpOBaH
HOCTH HEY/IOBJIETBO | YIOBJIETBOPH
TJI0X0 XOpo1uIo O4YeHb XOPOII0 OTJIMYHO TPEBOCXOTHO
KOMIIETeHIU i pUTEJIbHO TEJIbHO
(MHAMKATOpa
THKEHUST
AOCTHACHIS He 3aureno 3auTeHo
KOMIIeTeHLHIT)
OtcyrcTBHE
3HaHUI
YpoBeHb YpoBeHb
TEOPETHIECKO o .
YposeHb MuHUManbHO | 3HaHHWHU B 3HaHUH B YposeHb
ro MaTepuana. N o .
3HaHUH HWXKE | JOIMYCTHMBIH | oObeMme, o0beme, 3HaHUH B YposeHb
MHHHUMaJlb- OBEHb COOTBETCTB COOTBETCTB obbeme 3HaHUW B
Heso3morxHOC M N o o ’
Tb OLICHHTS HBIX 3HAHHUIL. €M IIporpaMme €M IIporpaMme COOTBETCTBYIO | 00BbeMe,
3HaHus HonHoTY TpeOOBaHUH. JonymeHo MOJATOTOBKH. MOJATOTOBKU. meM MPEBBIILIAIONIE
SHAHM Wwmenu mecto | MHOrO HonymeHo JonymeHo porpamme M IporpamMmy
rpyoble HerpyobIX HECKOJIBKO HECKOJIbKO MO/ITOTOBKH, MO/ATOTOBKH.
BCJIE/ICTBUE
oTKasa OILIMOKH. OILIMOKH. HerpyobIX HECYIIECTBEHH | 0e3 oHnOoK.
OIIMO0K BIX OIIMOOK
o0yuaromeroc
51 OT OTBETA
IIponemoncTpu IIponemonctp
IIponemonctp
pOBaHBbI Bce IIponemoHcTpU | MpOBaHBI BCe
OtcyrcTBHE HPOBaHbI [IponemoncTp
ITpu pelenun OCHOBHBIE pOBaHBbI BCe OCHOBHBIE
MHUHUMAJIb- OCHOBHBIE HpPOBaHbI BCE
N CTaHIaPTHBIX YMEHUSL. OCHOBHBIE YMeHUs,
HBIX YMEHHIA. YMEHUSL. OCHOBHBIE
3a7a4 He Pemens! Bce YMEHUSL. PpEILIEeHBI Bce
Heso3mox- Pemenst YMEHUS,
IPOJEMOHCTP OCHOBHBIC Pemens! Bce OCHOBHBIC
HOCTb TUIIOBBIE pELIeHBI Bce
HMPOBAHBI 3aJ1a4H4 C OCHOBHBIC 3a1a44 C
OLICHUTD 33741 C OCHOBHBIE
OCHOBHBIE HETpyObIMU 3aJa4H. OTZAENBHBIMU
Ymenus HaJIM4ue HerpyobIMU 3a7a4u.
N YMEHHUS. OMINOKaMH. Brimosnnens! Bce | HecymecT-
YMEHUH OMINOKaMH. Beinonuens!
Brimosnnens! Bce | 3amaHus, B BEHHBIM
BCIIE/ICTBHE BeimonneHst BCE 3aJ]aHMU,
Wmenn mecto 3aJaHus, B TIOJTHOM HeJI0ueTaMH,
OTKa3za BCE 3aIaHM, B TIOJTHOM
rpyobIe MOJTHOM obbeme, HO BBITIOTHEHBI
obyJaromero- HO HE B obbeme Oe3
omuoOKu. 06T>CMC, HO HEKOTOpBIE C BCE 3a/1aHUS B
cs OT OTBETa TIOJTHOM HEJI04YeTOB
HEKOTOpbIE C HeJ0ueTaMM. MOJIHOM
obbreme.
HeJI0YeTaMH. obbeme.
OtcyrcTBHe IIpu pemenun | Mmeercs IIponemoncr- IIponemoncrpu | IIpogemoncrp | IlpoaemoncTp
0 BIIaJICHUSI CTaHJApTHBIX | MHHUMAJBHBI | PHPOBAHBI POBaHEI HPOBAHbI HpOBaH
ABBIKH . .
MaTepHaIoM. 3a/1a4 He i Habop 0a30BBIC 0a30BBIC HaBBIKU TIPH TBOPYECKHUI
HeBo3MoXkHOC | MPOJEMOHCTP | HABBIKOB I | HABBIKH IIPH HaBBIKH IIPH pelieHnn MOAXOT K



http://www.intuit.ru/studies/courses/101/101/info
http://www.unn.ru/books/resources.html

Th OUCHUTH HUPOBAHBL peueHus peuIeHun peuieHun HECTAaHAApTH PCUHICHUIO
HaJIn4yune 0a3oBEIE CTaHAapPTHBIX CTaHJAapPTHBIX CTaHJAapPTHBIX bIX 3a1a4 0e3 HECTAaHAApTH
HaBBIKOB HaBBbIKH. 3ajga4d C 3aj1a4d ¢ 3a1a4 0e3 OIIHUOOK U bIX 3aJ1a4.
BCJICACTBUC HEKOTOPbIMU HEKOTOPLIMHA OIMOOK U HEOOYECTOB.
OTKa3a Nwmenu mecto | gepoueramm. HEJ04YETaMU HEJ04YETOB.
obyuatomeroc | Ipyobie
s OT OTBETA OLIHOKH.
Ikaa oueHKH NPU NPOMEKYTOYHOM aTTeCTALUH
Ounenka YpoBeHb NOATOTOBKH
Bce xomneTeHIM (YacTH KOMITETEHIMHI), Ha (POPMUPOBAHUE KOTOPBIX
IIpesocxomuo HarpaeJieHa TUCHUIUIMHA, COPMUPOBAHBI HA YPOBHE HE HUKE

3a4TCHO

KIPEBOCXOIHO»

OTIHYHO

Bce xommeTeHIMM (YacTH KOMIIETCHIME), Ha (OPMHPOBAHHE KOTOPBIX
HaTpaBJICHA TUCIUIUINHA, COPMHUPOBAHBI HA YPOBHE HE HIDKE «OTIIMIHON,
Opyu STOM XOTs Obl OfHA KOMIIETeHIHs c(opMHpOBaHa Ha YpPOBHE
«OTJIIMIHO»

OueHb X0poIIo

Bce kommereHnmMu (YacT KOMIIETEHIWi), Ha (GOpMHpPOBAHHE KOTOPBIX
HampaeplieHa JHUCIMIUIMHA, C(OPMHUPOBAaHBI Ha YPOBHE HE HIKE «OYCHb
XOpOLIO», IPH 3TOM XOTs ObI O/IHA KOMIETeHIMs c(hOPMHUPOBaHA HA YPOBHE
«OYEHb XOPOUIO»

Xopoio

Bce kommnereHIMH (4acTW KOMIETEHIHMI), Ha (OPMHPOBAHUE KOTOPBIX
HarpaeplieHa JUCLUUIUINHA, c(hOPMUPOBaHBI HA YPOBHE HE HIKE «XOpOLIOY,
OpH 3TOM XOTS OBl OfHAa KOMIETeHIHA c(OpPMHPOBAaHA Ha YpPOBHE
«XOpOILLIO»

YV 10BJIETBOPUTEIILHO

Bce xomnereHnmM (4acTH KOMIIETEHIMH), Ha (DOPMHUpPOBAHHE KOTOPBIX
HallpaBJIieHa JAUCLMIUIMHA, CQOPMHUpPOBaHBI Ha YPOBHE HE HIKE
«YIOOBJICTBOPUTENBHO», NPH OSTOM XOTAd OBl OfHA KOMIIETCHIHS
copMupoBaHa Ha YPOBHE «YAOBIECTBOPUTEILHOY

HC 3a4TCHO

HeynosnerBopurensHo

Xora  Obl omHa  KoMIeTeHIMs  cHOpMHpOBaHa  Ha  YpOBHE
«HEYIOBJICTBOPUTEIHHOY», HH OJHA M3 KOMIIETEHIMI HE chOpMHUpOBaHA Ha
YPOBHE «IIJIOXO0»

IInoxo

Xots OBl OfHa KOMIETEHIUs C(OPMHUPOBaHA Ha YPOBHE «ILIOXO0»

5.2

pe3yJIbTaTOB 00y4YeHust

5.2.1. KoHTpoJIbHBIE BONPOCHI

Tunosbie KOHTPOJIbHBIC 3aJaHUSA WJIM UHBbIC MaTEepHaJIbl, HCOﬁXOZlHMbIe AJIA OCHKH

680NpOCyHL Koo (])opMupyEMod KomnemeHyuu
1. KakoBsl 005acTh Ompe/eeH s W 00IacTh 3HAUCHHU JTOrnaeckoi GpyHkiwn? / VK-1
What are the domain and the range of a logical function?
2. Kakumu crioco6aMu MOXKHO 3a/1aTh JIOTHYECKYI0 (QYHKITHIO? / VK-1
What are the ways to give a logical function?
3. IlpuBeaute hopMyiy At YHCITA JIOTHUECKUX (QYHKIHE OT N TIepeMeHHBIX / VK-1
Give the formula for the number of n-variable logical functions
4. Kakwuie 1oru4eckre onepamnun 00IagaroT CBOICTBAMHA KOMMYTaTHBHOCTH 1
accormaTuBHOCTH? / VK-1
Which logical operations have the properties of commutativity and associativity?
5. ChopmynupyiiTe OCHOBHBIE 3aKOHBI aJTeOpPBI JIOTUKH / VK-1
Formulate main identities of logic algebra
6. ChopmynupyiiTe 3aKOHBI Je-MopraHa Juist JOTHIeCKUX (GyHKImi / VK-1
Formulate de Morgan’s laws for logical functions
7. Kakue nepeMeHHbIe JUIsl JIOTHUECKON (DYHKIIMH Ha3bIBAIOTCS CYIIECTBEHHBIMH? YK-1




/ Which variables of logical function are called essential?

8. IlpuBeuTe OOIIMIA BU COBEPIICHHON AN3BIOHKTUBHON HOPMaIbHON (GOpMBI

(CAH®) mist pyHKIHE OT N MIepeMeHHBIX / YK-1
Give general view of PDNF for n-variable function

9. INpomtroctpupyiite Merox moctpoenuss CIH® Ha npumepe GyHKINH OT Tpex

MepeMEHHBIX, 3a7aHHoi BekTopom (10011101) / VK-1
Illustrate the method for constructing PDNF for a function of 3 variables given

by vector (10011101)

10. Yem ornuuaercst Tu3bIOHKTHBHAS HOpMasbHas Gopma (JIH®D) or CAHD? / VK-1
What is the difference between DNF and PDNF?

11. JTroOyro 1 JOrHYecKyro (GYHKIHIO MOXHO mpencraButh B Buae CJAHD ? / VK-1
Can any logical function be represented by PDNF?

12. TlpuBenuTe 001N BU/I COBEPIIEHHOH KOHBIOHKTUBHON HOPMAaJIbHON (OPMBI

(CKH®) anst pyHKIHH OT N IEpeMEHHBIX / VK-1
Give general view of PCNF for n-variable function

13. Tlpowumoctpupyiire meron noctpoennss CKH® Ha npumepe ¢pyHKImMu ot

Tpex MepeMeHHbIX, 3a1anHoi Bektopom (10011101) / VK-1
Illustrate the method for constructing PCNF for a function of 3 variables given by

vector (10011101)

14. TlpuBeaure oO1mii Bua nonmHoma JKerankuna st GyHKIUK OT N

HepeMEHHBIX / YVK-1
Give general view of Zhegalkin polynomial for n-variable function

15. SIBnsercsa nmu noauaoM JKerajakuHa eIMHCTBEHHBIM IS JIOTHYECKOM

byskimu? / YK-1
Is Zhegalkin polynomial unique for any logical function?

16. Kakue metoms! mocTpoeHus nonuaoMa JKerankuHa Bel 3Haete? / VK-1
Which methods do you know for constructing Zhegalkin polynomial?

17. [aiite onpeneneHne ONMEPAIK CYTIEPIIO3UITH OYIeBbIX (YHKITHA / VK-1
Give the definition of superposition for Boolean functions

18. [Taiite onpeneneHne 3aMbIKaHUsI CHCTEMbI QYHKITHI / VK-1
Give definition of closure for a system of functions

19. Kakoe MHOXXECTBO JIOTHYECKUX (PYHKIIMI HA3BIBACTCS 3aMKHYTBIM? / VK-1
Which set of logical functions is called closed?

20. ITepeuncnuTe cBOKCTBA 3aMbIKaHus / VK-1
List properties of closure

21. Kakoe MHOXXECTBO JIOTMUECKUX (YHKIMH Ha3biBaeTcs nonHbiM? [IpuBennte

TPUMeEp TIOJTHON CHCTEMBI (PYHKITHIA / VK-1
Which set of logical functions is called complete. Give an example of complete

system of functions

22. TlpuBeauTe NpuMep IOJIHOM CHCTEMBI, coflepKartiel oqHy GpyHKIuio / VK-1
Give an example of complete system consisting of a single function

23. Chopmynupyiite TeopeMy o cBeieHHH. UTO MO3BOJSIET YCTaHABIUBATh

Teopema o cBeneHuu ? / VK-1
Formulate reduction theorem. What does the theorem allow to state?

24. JTaiiTe onpezeneHue IBOMCTBEHHON QyHKIMH / VK-1
Give definition of dual function

25. CoopmynupyiiTe OpUHOUT ABOHCTBEHHOCTH U (GYHKIMH, 3aaHHOM

OyseBoii Gpopmyioit / VK-1
Formulate duality principle for a function given by Boolean formula

26. Kakas QyHKIUs Ha3blBaeTCsl camojaBOWCTBeHHOH? [IpuBemure npuMepsl

CaMOJIBOWCTBEHHBIX M HECAMOIBOMCTBEHHBIX (DYHKITHIA / VK-1
Which function is called self-dual? Give examples of self-dual and non-self-dual

functions

27. ChopMyupyiiTe JIEMMY O HECAMOIBOUCTBEHHOM (QyHKIHH / VK-1
Formulate lemma on non-self-dual function

28. Kakas ¢yHknms Has3pBaeTcs MOHOTOHHOW? IlpuBenamTe mpUMeEphI

MOHOTOHHBIX U HEMOHOTOHHBIX ()yHKITHH / VK-1
Which function is called monotonic? Give examples of monotonic and non-

monotonic functions

29. ChopMmyupyiiTe JIEeMMY O HEMOHOTOHHOU (QyHKIMH / YK-1
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Formulate lemma on non-monotonic function

30. Kakast ¢yHkuus Ha3zpiBaeTcs JImHeHOW? [IpuBeauTe mpuMepsl TMHEWHBIX U

HEJMHEHHBIX (yHKUuit / YK-1
Which function is called linear? Give examples of linear and non-linear functions

31. ChopmymupyiiTe IeMMy O HeTUHEeHHO# (yHKINH / VK-1
Formulate lemma on non-linear function

32. Tlepeunciure BaKHEHIINE 3aMKHYThIE KJIAacChl JIOTMYECKMX (DYHKIMH.

Coopmymupyiite Teopemy I[locta 0 GyHKIHOHANBHOM TOTHOTE / VK-1
List main closed classes of logical functions. Formulate Post theorem on

functional completeness

33. Kakoii xiacc ¢pyHKIMi Ha3piBaeTcs npennoiHpM? Kakue npeanonHsie

KJIacchl Bbl 3Haere? / VK-1
Which class of functions is called pre-complete? Which pre-complete classes do

you know?

34. Kaxoii knacc GpyHKIMiA Ha3biBaeTcst 0azucom? Kakoe HauMeHbIee u

HauboIbIIee YUCIO (PYHKIUM MOXKET coaepkath 6asuc? / VK-1
Which class of functions is called basis? Which minimum and maximum number

of functions can a basis contain?

35. Uro mpezcraBisieT co00i cxema u3 (yHKIIMOHANBHBIX 37eMeHTOB (CDD)?

Mosxer i CDD comepkath nukin? / VK-1
What is a circuit of functional elements? Can the circuit contain a cycle?

36. Chopmynupyiite TeopeMy O pas3yioxkeHHH (YHKIHMU 1O nepeMeHHoi. Ha

npumepe QyHkuum, 3amaHHod BekTopoM (00101110), mponeMoHCTpUpYHTE

Meton noctpoennss CDD, OCHOBaHHBIA Ha Pa3JIOKEHHUHU 10 IEPEMEHHOM / VK-1
Formulate theorem on decomposition of a function by a variable. Taking the

function given by the vector (00101110), demonstrate the method for circuit

constructing based on the decomposition by a variable

37. Ha  npumepe  ¢dynkumm, 3amanHod  Bekrtopom  (00101110),

MIPOAEMOHCTpUPYHTE MeToa nocTpoeHuss CDD, OCHOBAHHBIM HAa MCIOIB30BAHUHI

JIH® /

Taking the function given by the vector (00101110), demonstrate the method for

circuit constructing based on the use of DNF

38. KakoBa BepxHsisi OLIEHKA CIOXXHOCTH CXEMbI IPH HCIIOIb30BAHHU METOJa,

OCHOBAHHOTO Ha pa3loKeHHH Mo TmepeMeHHoi? KakoBa BepxHSs OleHKa

CJIOKHOCTH CXEMBbI TIPU UCIIONIb30BaHUK MeTo/a, ocHOBaHHOTrO Ha JJTHD? / VK-1
What is the upper bound for the complexity of a circuite using the method based

on decomposing by a variable? What is the upper bound for the complexity of a

circuite using the method based on DNF?

39. Jloruueckuii A3BIK IEPBOTO TIOpsiKa / OIIK-1
First order logical language

40. TToHsATHE HHTEPIIPETAIMH (POPMYJI JIOTHUECKOTO SI3bIKa TIEPBOro mopsiaka / OIIK-1
Concept of interpretation of first order logical formulae

41. TI'padmueckuii W TAOMUYHBIA CIOCOOBI 3aJaHUSI CTPYKTYP Ha KOHEYHBIX

YHHUBEpCaX, IPUMEpPHI / OIIK-1
Graphical and table ways to give structures on finite universes, examples

42. dopmysia mojcyera YKcia BCeX CTPYKTYp Ha KOHEUHbIX yHUBepcax. [lonsaTue

qucia Moz[eneﬁ U JOJH BBIIIOJHUMOCTH HpeZ[JIO)KeHI/Iﬁ JIOTUYECCKOIr'o s3bIKA

TIEPBOTO TIOPSIIKA, TIPUMEPHI X BHIYUCIICHUS / OITK-1
Formula for counting the number of all structures on finite universes. Concept of

model number and satisfiability ratio for the first order logical sentences,

examples of their calculation

43. TloHATHE MCKITIOYAMOIIMX KBAHTOPOB. BbhIpa)KeHHE UCTUHHOCTHBIX 3HAYCHUI

(bopMyI, comepKaIINX UCKIFOYaroIie KBaHTOphI / OIK-1
Concept of excluding quantifiers. Expressing truth values of formulae containing

excluding quantifiers

44. Tloustue I'-popmymsl. Jlorudeckass paBHOCHIBHOCTD JIFO00H (POPMYITBI S3bIKA

MepBOro mopsiaka Hekoropoit ['-popmyste, mpumepst / OIK-1
Concept of gamma-formula. Logical congruence of any first order logical

formula to some gamma-formula, examples

45, Jlornueckuit BBIBO/I. CDOpMaJ'IBHLIC MOHATHUA NOKA3aTCIIbCTBA W IIPaBUJIA

BBIBOJIA, TIpUMeEp. Pa3BeTBIsIONINE U HEPa3BETRILIIOIINE MpaBmia / OIIK-1

Logical deduction. Formal concepts of proof and deduction rules, example.




Branching and non-branching rules

46. Jlormueckuii BEBOA. OrmpeneneHHe ITONCKOBOTO JEpeBa, IpaBwia €ro
pacupenus. JleMMa o IOUCKOBBIX MMOCIe0BaTENbHOCTSX ((hopmymupoBka) / OIK-1
Logical deduction. Definition of searching tree, rules for its expansion. Lemma
on searching sequences (formulation)

47. TlonsiTHe nepeBa-noKazaTenbcTBa. [loHsATHE BBIBOAMMOCTH (QOpMyNbl A H3
MHO)XecTBa runore3 /. Teopema 0 KOpPEKTHOCTH JIeAYKTUKH ((hOpMYyIHpOBKa) / OIK-1
Concept of proof tree. Concept of deducibility of a formula A from a set of
hypotheses I". Deduction correctness theorem (formulation)

48. TloHATHE BETBU IOMCKOBOTO JIEPEBA, HACBHIICHHONW OTHOCHTEIIEHO 33JJAHHOTO
MHOKECTBa IapaMETpPOB. IlonsTHE ITOTHOrO ITOMCKOBOTO ACpeBa. Jlemma o
CYHICCTBOBAHUHU ITOJHOI'O I€PEBa / OHK-].
Concept of a branch in searching tree sated with respect to given set of
parameters. Concept of complete searching tree. Lemma on the existence of
complete tree

49. Jlornueckuii BBIBO/I. TeOpeMLI 0 MOJIHOTE U 00 AJICKBATHOCTHU ACAYKTUKH.
Teopema 0 KOMIAKTHOCTH / OITK-1
Logical deduction. Theorems on deduction completeness and adequacy.
Compactness theorem

50. Kanonumyeckue (opMbl TPENIOKEHHI B JIOTHKE MEPBOrO IMOPSIKA.
[penBapeHHbie HOpMabHbIE GOpMBI / OIIK-1
Canonical sentence forms in the first order logic. Prefix normal forms

51. Kanonnyeckue Ghopmbl IPEAIOKSHUN B JIOTHKE MEPBOro mopsiaka. [ToHsTus
CHHTYJIIpHON 1 mipuMapHo# dopmys / OITK-1
Canonical sentence forms in the first order logic. Concepts of singular and
primary formulae

52. KaHoHnveckue (HOpMbI NpeIOKEHUH B JIOTHKE MepBoro nopsiika. [lonsrue
aTOMapHO 3aMKHYTOH M aHTUTIPEeUKCHOH Popmy / OTIK-1
Canonical sentence forms in the first order logic. Concepts of atomically closed
and anti-prefix formulae

5.2.2. TunoBbie TeCTOBBIE 3a1aHus (TECTHI) JJIsl OLlEHKH chopMupoBaHHOCTH KommeTeHuu YK-1.

1. BeIsicHUTD, SBISIETCS M JTHHEHHONW (DYyHKIHS 1@% é? >/

Find whether the function 1@% is linear.

2. BreisicHUTS, fiBNSETCA U (PYHKITUS L :(O 1 103, 3aJlaHHas BEKTOPHO, CaMOIBOMCTBEHHOM /
Find whether the function given by vector T :(0 1 103 is self-dual.

3. BeIsicHUTD, SBISETCS I MOHOTOHHOU (DYHKITHS f :(0 1 10], 3aJ[aHHast BEKTOPHO /

. . . £ S .
Find whether the function given by vector T :(O 1. 1.0, is monotonic.
5.2.3. TunoBbIe TecTOBbIE 3aaHNs (TECThI) NI OLleHKHU chpopmMupoBaHHocTH Kommerenuu OIK-1.

1. Kakue u3 HIKENpUBEAEHHBIX IOCIEIOBATENIFHOCTEN CHMBOIIOB SIBISIIOTCS HOOopmynamu QGOpMyIbl
VX[P(x) v 3y[- Q(y) & R(x, f(y)]] ?/
Which of the following sequences are subformulae of the formula Vx[P(x) v 3y[— Q(y) & R(x, f(y))]] ?

1) x

2; P(x)

3) fy)

4) Q) & R(x, f(y))

5) VxP(x)

6) 3y[- Q) & R(x, f(y))]

7) Vx3y[=Q(y) & R(x, f(y))]
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2. Kakue u3 HIKEenpuBeAEHHBIX (POPMYIT SBISIOTCS npednocenusmu? |
Which of the following formulae are sentences?
1. PXx)
3Ix P(x)
X R(x, y)
VX3 YyR(,Y)
VX [P(x) v Q(X)]
VX [P(x) v Q(Y)]
VX [P(x) v 3y Q(y)]
VX [P(x) v 3y R(x, )]
9. [vxP()Iv [FYyR(x )]
3. Kakue u3 HIKenpuBeAEHHBIX (OPMYIT SBIISIOTCS 66INOTHUMBIMU? |
Which of the following formulae are satisfiable?

O N O~ WN

1) 3IXP(x)

2) IX[P(X) & — P(x)]

3) [VXP(X)] & [VX = P(X)]
4) 3x[P(X) v = P(X)]

5) [VxP(X)] v [vVx = P(X)]
6) [VXxP(X)] & [3x — P(X)]

5.2.4. TunoBble 3a1a4u 1J15 OlleHKH chopMUpOBaHHOCTH KomMneTeHuu YK-1.

3anaua 1. [lepeuncianTh BCe CYIIECTBEHHBbIC M (PUKTHBHBIC ITEPEMEHHBIC Y CIACAYIOMINX (YHKIHHA OT Tpex
MepEMEHHBIX: /
List all essential and fictitious variables of the following 3-variable functions:

1) f=@.001),
) eI IPE=>

3anaua 2. [lns cnenytorieit Gpyukiuu nocrpouts CJIH® u CKH®: /
Construct PDNF and PCNF for the following function:

Do >
5.2.5. TunoBbIie 3axa4u 1151 oneHKH copmupoBanHocTi komneTeHumuu OITK-1.

3anaua 1. HaiinmuTe Bce TepMbl, aToMapHbIe GOPMYIBI U TOAGOPMYITBI, COIepKaIuecs B 3aJaHHON (popmyre
JIOTMYECKOTO SI3bIKA TIEPBOro nopsiaka. OnpeaenuTe 4uciio Moaesen 3Toi GopMysasl Ha N-37IeMEHTHOM
YHHBEpPCE U MOJACYUTANTE €€ JOJIIO BBIMOTHUMOCTH, HalaANTe ee mpenen npu N — oo. IlocTpoliTe Kakyro-
HHUOYIb MOJIENb 3TOI (HOPMYIIBI HA YHUBEPCE M3 YEThIPEX dIEMEHTOB: /

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 ipu n — oo, Construct some model of the formula on the universe of 4 elements:

vx3y VZ[[P (x) & = Q(Y)] V [R(z) & Q(X)]]

3anaua 2. [IpuBenure 3ananHyto Gpopmyny Kk antunpedurcHomy Buny. [lonb3ysce Teopemoit Inebekoro,
BBIYHCIIATE NPEACTT €€ JOIX BBIITOJIHUMOCTH /

11



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

Vx 3y Vz [[P (x) & - Q(y)] V [R(z) & Q(x)]]

6. YueOHO-MeTOoAU4YEeCKOe U MH(POPMALHOHHOE 00ecTieYeHUe U CIUTIIMHBI
a) OCHOBHAs JIUTEpaTypa:

Dirk van Dalen. Logic and Structure. Springer Science & Business Media. 2012.
http://www.springer.com/gp/book/9781447145578

0) OTIOJIHUTENbHAS JTUTEPATYpa:

Yu. I. Manin. A Course in Mathematical Logic for Mathematicians. Springer Science & Business Media.
2009.

http://www.springer.com/us/book/9781475743852

B) IIporpaMmmHoe obecrieuenrie U HTepHeT-pecypchl (B COOTBETCTBUU C COJEPHKAHUEM TUCIUTUINHBI):

1. Copouan C. B. OCHOBBI TUCKpPETHOM MaTeMaTUKHU. Y4eOHO-MeToInYecKoe nocooue (Ha
AHTJIMICKOM SI3BIKE). DJeKTpoHHOE n3manue. 2012.
http://eng.unn.ru/images/files/bach_it/Osnovy_diskretnoy matematiki.pdf

2. Anexcees B.E., Kucenesa JL.I'., Cmupnosa T.I'. COopHUK 33124 TIO TUCKPETHONH MaTeMaTHKE:
3amaunuk. — Hwxauit Horopoa: Hmxeroponackuit rocynusepcurer, 2012. — 80c. // ®oup
00pa3oBaTeNbHBIX JEKTPOHHBIX pecypcoB. Per. Ne 487.12.08.
http://www.unn.ru/books/met_files/alekseev.pdf

3. AumnexceeB B. E., Tananos B. A. I'padsl u anropurmsl. CTpyKTyphl JaHHBIX. Mo1eau
Beruucienuii. M.: UHTYUT.PY, bunom. Jlaboparopwus 3nanuii, 2012.
http://www.intuit.ru/studies/courses/101/101/info

4. Anexcees B. E., 3axaposa [[. B. Teopus rpadoB. DnekrporHoe uznanue. 2012.
http://www.unn.ru/books/resources.html 482.12.08.

7. MaTepuajibHO-TeXHHYECKOe oDecredeHne THCIHTITHHbI

[Tomemnienus mpeacTaBisAOT cO00M yueOHbIe ayUTOPUN ISl MPOBEICHUSI YUCOHBIX 3aHSTHIA,
MPEIyCMOTPEHHBIX ~ IPOrpaMMOil  (JIEKIIMOHHOTO U CEeMHHApCKOTO  THUIA), OCHAIEHHbIC
0o0opynoBaHHEM U TEXHUYECKUMH CPEACTBAMH 00yUEHUS.

[Tomemenuss [uig caMOCTOSITENbHON paboOThl 0Oy4aromUXcs OCHAIIEeHbl KOMIIbIOTEPHOMH
TEXHUKOH € BO3MOXHOCTBbIO MOJKIIOUeHHs K ceTu "MHTepHer" M obecneueHbl JOCTYIIOM B
3JIEKTPOHHYIO HH(POPMAIIMOHHO-00pa30BaTENbHYIO Cpey.

IIporpamma cocraBiena B cootBercTBuu ¢ Tpedoanusmu @I'OC BO /OC HHI'Y
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ABTOp: K.(p.-M.H., JIO1I. Copouan C. B.

Peuensent (b1)

3aBemyronuii kadeapoii: a.¢.M.H., mpod. Kyzneros M. .

[IporpamMma o100peHa Ha 3aceJTaHUU METOMYCCKO KOMUCCUU HHCTUTYTa HHPOPMAITUOHHBIX
TEXHOJIOTHH, MareMaTuku U Mmexanuku ot 30.11.2022 rona, mporokos Ne 3.
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