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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

Pabouass mporpamma auCHHMIUIMHBEL (MOIyss) «Bepudukaius mporpaMmy» COCTaBICHA B
COOTBETCTBUHM C (ellepalbHbIM TI'OCYyJapCTBEHHBIM O0pa30BaTEIbHBIM CTAHJAPTOM BBICIIErO
oOpa3zoBaHus — Oakanaspuat 1o cuneruansHoct 02.03.01 Marematuka 1 KOMIBIOTEPHBIE HAYKH,
npodwis PazpaboTka, yTBepkKIeHHbIN pHKa30M MUHUCTEPCTBA HAYKH U BBICILIETO 00pa30BaHus
Poccuiickoit ®eneparuu Ne 807 ot 23.08.2017 roxa.

N3zyuenune aucuuiuivbel (Moayns) «Bepudukanus mporpamMm» BaKHO Ul 00€CIIEUSHMs
KOPPEKTHOCTH M HaJIS)KHOCTH MPOTPAMMHOT0 00ECIICUEHUS, YTO CHIDKAET PUCKH OLIMOOK U cO0eB
B CUCTEMax. JTO CIIOCOOCTBYET IOBBIIIEHUIO KayecTBa pa3pabOTKH U O€30M1aCHOCTH IPOrpaMM,
OCOOEHHO B KPUTHUECKH BAYKHBIX IPUIOKEHUSAX.

MecTo AMcHUIINHBI (MOYJIS) B CTPYKTYpe 00pa30oBaTe/ibHON MPOorpaMmbl

Hacrosimas nucuunianHa (MOayJib) BKJIOUEHA B y4€OHBIH IIJ1aH 10 MPOorpaMMe MOArOTOBKH
OakanmaBpuata no Hampasieruto 02.03.01 MaremaTnka W KOMIBIOTEpHBIE HAYKH, MPOQUIb
Pazpaborka M BXOZWUT B BapuaTUBHYIO uyacTb biioka 1, ¢dopmupyemyro ydacTHHUKaMH
00pa3oBaTebHBIX OTHOIICHUH.

Jucnuminza (MOysb) sIBIsIETCSl BBIOOPHOM M TOCTYIHA JIJIsl U3y4eHus Ha 3 wiu 4 Kypce B
5, 6 wnm 7 cemecTpax Ha BBIOOD.

Leap wu3yyeHuss AUCHMIIMHBI (MOAYJS). OCBOCHHE METOJOB U HHCTPYMEHTOB
dbopManbHON TPOBEPKU KOPPEKTHOCTH MPOTPAMM JUIsI 0OSCTICUCHUS UX HAJC)KHON U 0€30I1acHOM
paboTHI.

3agauu u3y4eHusi IMCHUIIMHBI (MOAYJIA):

— UW3YYUTh  TEOPETUYECKHE  OCHOBBI  (OpMaTbHOW  BEepU(HKAIMU,  BKIIOYAS
MaTeMaTUYeCKUe MOJIENH, JJOTUKY NMPEAUKATOB U TEXHUKH JJOKA3aTeIbCTBA CBOMCTB MPOTrpamwm;

— OCBOUTH MPAKTUYECKUE HABBIKU IPUMEHEHUSI HHCTPYMEHTOB BEpU(PUKALIUU, TAKHX KaK
CTaTMYECKUN aHAJIN3, MOJIEIIbHAS IIPOBEPKA U TECTUPOBAHUE HA OCHOBE MOJEIIEH;

— Hay4yuTbCid MOHMMAaTh HHTETpPAallMd METOJIOB BEpU(PHKAIMU B >KU3HEHHBIH IIMKII
pa3paboTKy MporpaMMHOIro o0ecrieueHus sl MPeA0TBPAIleHNs OLIMOOK U MOBBIILIEHUS KaueCTBa
KoJa.

B pe3ysabrate ocBOeHHSsI AMCHUILINHBI (MOYJIs1) 00Y4YAIOIIMIICH JOJIZKEH::

3Hamb:

— OCHOBHBIE MPHUHLUIBI W MOAXOABI K (opMaibHON BepuUKALUK HPOTrPaMMHOIO
o0ecIieueHus;

— MeToAbl BepUPHUKaIUU NpOrpamm;

— OCHOBHBIE IOHATHS TEOPUU aBTOMATOB U MpUMEHEHUs X B Bepudukanuu I10;

ymembw:

— AHAJIUTUYECKU JTOKA3bIBaTh KOPPEKTHOCTH IPOrPaMM;

— HaxOAWTh WHBAPUAHTHl LHUKIOB W (YHKUUHM OLEHKH I JI0Ka3aTesbCTBa
KOPPEKTHOCTH,

— cnenu@uIUpoBaTh NPOrpamMmbl, GOpMyIupys Mpea- U MOCTYCIOBHS;

enademp:

— HaBBIKOM pabOThl C MHCTPYMEHTaMU BEpUPHUKAIIUN MOJIEIIEH.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennyu, ¢opmupyembie B pe3ylbTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJs) MpH
MIPOBEJCHNH YUeOHBIX 3aHATHI B (hopMe KOHTAKTHOU pabOThI 00YYAIOIIUXCS C IEAArOTHYECKUMU
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Komnerenuus Conep:xaHue KOMIeTeHITHH Nuauxkarop IlepeyeHb MJIAHUPYEMBIX
KOMIIETeHIN U pe3yJbTaTOB 00y4YeHHs 10
AUCHMIJIMHE (MOTYJIIO)
VK-1. Crioco0eH OCYIIeCTBIISATh TIOUCK, VK-1.1. 3HaeT MeTOAbLI IOKUCKA U aHaAJIN3a
KPUTHYECKAN aHAIN3 U CHHTE3 nH(pOopMaIuu B 001aCTH
nH()OpMAaITIH, IPUMEHSTh pa3paboTKH, OCHOBHBIC
CHUCTEMHBII TOIXO0/ AJIS peIeHHUs MIPUHIIUTIBI KPUTHYECKOH OIICHKH
MOCTaBJICHHBIX 33729 HMCTOYHUKOB HH()OPMAITUU U UX
pEJIeBaHTHOCTH
YK-1.2. YMeeT KpUTH4ECKH OLIEHUBATh
WMCTOYHUKYU MH(POPMALIUU U
CHHTE3UPOBATh JIAHHBIC U3
Pa3IMYHBIX ICTOYHUKOB JIJIS
peleHus 3a1a4, IPUMEHATh
CHUCTEMHBIH MOAX0/T K aHATN3Y U
PEIICHUI0 KOMIUIEKCHBIX IPo0IieM
YK-1.3. NmeeT npakTU4eCKUN OTIBIT
paboThI C COBpPEMEHHBIMU
WHCTPYMEHTAaMU W TEXHOJIOTUSIMU
IUtst 00paboTKK MHPOpMAIINH,
(dbopMynupoBaHHUHU
CTPYKTYpUPOBaHHUHM 3a/1a4 Ha
OCHOBE NIOJTY4YeHHOH nH(popMauu
OIIK-1. Crioco0eH KOHCYJIbTUPOBATh U OIIK-1.1. 3HaeT OCHOBHBIC KOHIICTIIIHH U
UCIIOJIb30BaTh TEOpHH B 00JIACTH
¢dbyHIaMEeHTaTbHBIC 3HAHUS B MaTeMaTHYECKOTO aHAIN3a U
o0nacTu MaTeMaTH4eCKOro CMEXXHBIX JUCIHIUINH, METOJBI U
aHan3a, KOMIIEKCHOTO U MOJIXO/IbI, UCIIONIb3yeMbIC B
(YHKIIMOHAIEHOTO aHaJH3a Pa3IMYHBIX 00JIACTSIX
anreOpbl, aHATUTHIECKOH MaTeMaTHKH
reoMeTpud, TudHepeHInaTbHON OIIK-1.2. YMeer npuMeHsITh
TeOMETPHH U TOIIOJIOTHH, MaTeMaTHYEeCKHe METOJIbI IS
¢ dhepeHInaNbHBIX yPaBHEHHIA, pelIeHus NpoQecCHOHATEHBIX
JTVICKPETHON MaTeMaTHKH U 3324
MaTe€MaTHYECKOM JIOTUKH, TEOPHU OIIK-1.3. Nmeer nmpakTUyecKui ONbIT
BEPOATHOCTEN, MaTEMaTHYECKOI pa3paboTKH U peaanu3aius
CTaTHCTUKH U CITy4alHBIX MaTEMaTHYECKUX MOJICIICH B
MPOIIECCOB, YUCIEHHBIX METOJIOB, npodeccCHOHANEHON
TEOPETUIECKON MEXaHUKH B JIeSITeTbHOCTH
npohecCHOHANBHON
JIeSITEIIbHOCTH
OIIK-4. Crioco0eH HaxXOauTh, OIIK-4.1. 3HaeTr 0a30BbIE OCHOBBI

AHAJIN3UPOBATDH, PCAJIM30BbIBATH
MpOrpaMMHO U MCIOJb30BAaTh Ha
IMPAKTUKE MaTEMATUYCCKUEC
AJITOPUTMBI, B TOM YHUCJIE C
MPUMCHCHUCM COBPEMCHHBIX
BBIYHUCIIUTCIIBHBIX CUCTEM

COBPEMEHHOT'O MaTeMaTHYECKOTO
anmnapara, CBI3aHHOTO C
MPOEKTHPOBAHUEM, Pa3pabOTKOM,
peanu3anmeii 1 OlleHKOW KadyecTBa
NPOrpaMMHBIX TIPOAYKTOB U
MPOTPAMMHBIX KOMILJIEKCOB B
Pa3IMYHBIX 00JIACTIX
YEJIOBEUYCCKOM JCSTEIbHOCTH

DNEeKTPOHHBIA JOKYMEHT




OIIK-4.2.

YMeeT ucnosb30BaTh 3TOT
MaTeMaTUYeCKHUH armapar B
poheCcCUOHATBHOMN
JISSATEIILHOCTH

OIIK-4.3.

NmeeT mpakTHUEeCKUNA OMBIT
MIPUMEHEHUS] COBPEMEHHOTO
MaTeMaTUYeCKOro anmnapara,
CBSI3aHHOTO C MPOEKTUPOBAHUEM,
pa3paboTKOM, pearn3amueii u
OIIEHKOW Ka4ecTBa MPOTPaMMHBIX
MPOJIYKTOB U MPOTPAMMHBIX
KOMIUIEKCOB B PA3JINIHBIX
00macTsx 4enoBedecKon
JIEATETLHOCTH

OIIK-6.

CrniocoOeH pa3pabaThiBaTh
QJIITOPUTMBI M KOMITBIOTEPHBIC
[POrPaMMbI, IPUTOIHBIC IS
IMMPAKTHYCCKOT0 IPUMCHCHHNA

OIIK-6.1.

3HaeT adropuTMBI pa3paboTKHy,
KOMITBIOTEPHBIE TPOTPAMMBI, a
TaKOKe aJrOPUTMBI

BBIYUCIUTEIHHON MaTEeMaTHKH

OIIK-6.2.

YmMeeT pa3zpabaThiBaTh
MaTeMaTH4YeCKHe POrpaMMHEBIC
NPOAYKTHI U KOMILIEKCHI C
HCIIOJIb30BaHHUEM COBPEMEHHBIX
TEXHOJIOTHI IPOrpaMMHPOBAHHSI

OIIK-6.3.

Nmeer mpakTUyecKUid ONbIT
pa3pabOTKH MHTEIUICKTYaIbHBIX
WHPOPMALTUOHHBIX CUCTEM IS
BH3YaJIN3alliN PE3yIbTaTOB
HCCIIEA0BAHUM

IK-3.

Cr1oco0€H UCIIOIb30BaTh METOIbI
MAaTEeMAaTUYECKOTO U
AJITOPUTMHYECKOTO
MOJICITUPOBAHUS TIPH PEMICHUN
TeOpeTI/I‘IeCKI/IX n HpI/IKJIaI[HBIX
3a1a4

IK-3.1.

3HaeT OCHOBHBIE METOBI
MAaTeEMaTHYECKOTO U
ANTOPUTMUYECKOTO
MOJICJIMPOBAHMS, a TAKIKE UX
HpI/IMeHeHI/Ie JJIA peIHeHI/ISI
TEOPETUYCCKUX U MPUKIIATHBIX
3a7a4

[K-3.2.

YmMmeeT pa3pabaThiBaTh U
MPUMEHSTh MaTEMATUICCKUE
MOJICNTH M AJITOPUTMBI JIsI
peUICHUA pa3IMYHBIX 3a1a4,
AHAJIIM3UPYA [10JIyYEHHBIE
pe3yIbTaTh

I1K-3.3.

Nwmeet mpakTUyecKuid OMbIT
HCIIOJIE30BaHUS METOIOB
MaTeMaTHYeCKOTO B
aJTOPUTMHUYECKOTO
MOJICITMPOBAHUS B PEATbHBIX
MIPOEKTAaX MITH MCCIICTOBAHUIX
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3. TemaTu4yeckuii mjian

Nen/ TpynoeMkocTh, akageMH4YeCKHEe YaChl
n HaumenoBanue Ounas ¢hopma TKY
pa3aena THCHUILINHBI KonTakTHas padora (Texymui
(MoayJin) Jexkmun | CeMHuHapBI Kontpoun CamocTrosiTen KOHTPOJTL
(MpaKTHYECK bHast padora yCIeBaeMoCTH)
ue 3aHATHS)
1 OcHOBBI (pOpMaIbHOM 4 4 18 Keiic
BepudUKAIIH KosokBuym
2 HenyktuBHas 4 4 18 Keiic
BepUpUKAIUSL Konmoksuym
MOCJIETOBATELHBIX
porpaMm
3 Mojenu U JIOTUKHU IS 4 4 18 Keiic
CHCTEM C COCTOSTHUSIMU KosoxkBuym
4 Bepudwukarus 4 4 18 Keiic
NapauIeIbHBIX CUCTEM Komnoksuym
5 Cratuueckuii aHanus3 u 4 4 20 Keiic
abcTpakTHas Komnmoxsruym
WHTEPIpETALHS
6 SAT/SMT-nogxons! 1 4 4 20 Ketic
OrpaHu4cHHasA KOJIJIOKBI/IyM
BepUpUKAIHSL
7 WuTerparust MeToI0B 4 4 20 Keiic
HpOMI)IHLHCHH])II‘/'I OIIBIT KOJIJIOKBI/IyM
3auem c oyenkoi 2 [Ipoekt
Hmoczo: 28 28 2 132
Obvem oucyunaunovt (Mooyns) 190
(6 ax. u.)
Obvem Ooucyunaunvt (MoOoyns) 5

(6 3au. eo.)

4. CopepxxaHue TUCHUILIMHBI (MOTYJI5)

Neni/m HaumenoBanue paziesa Coaep:xanue TUCHUILNIMHBI (MOAYJIS) IO TeMaM
AUCHUIJIMHBI (MOLYJIs1)

1 OcHoBBI opMaITBHO# Beenenue B popmanbsHbie MeTOABI. Jlorndeckre MoIenu mporpaMmm
BepUpHUKAIIUU

2 HenykrruBHas Bepudukamus HenyxruBHas Bepudukanus 6a30BbIX anroputMoB. Bepudukanms
MIOCIIEAOBATENBHBIX POTrPaMM CTPYKTYp JaHHBIX U PEKYPCUHU

3 Mopenu v TOTHKH [Tt cucTeM ¢ | PopMallbHbIE MOJIEH CUCTEM COCTOSTHUM. AHAIN3 JIOTHYECKUX
COCTOSIHUSIMU CBOMCTB CUCTEM COCTOSIHUI

4 Bepudwukarus napamienbHbIX IlapannensHble BEIYUCIEHUS U X Moaend. [IpoBepka cBONCTB
CUCTEM napajyiesbHbIX cucTeM. Bepudukanus noj c1aboi MOAEIbI0 NaMsITH

5 CraTuuecKui aHalln3 u OCHOBBI CTATHYECKOI0 aHAIN3a KOJIa. ABTOMAaTHYECKHUN BEIBOJ]
abcTpakTHasi HHTEPIPETaIsI WHBapHUaHTOB

6 SAT/SMT-nonxosl 1 OrpanndenHas Bepu(uKaius Ha OCHOBE orpannueHuil. CHMBOJIbHOE
orpaHuueHHas BepuUKaIys VCIIOJTHEHHE U MCCIEI0BaHNE ITyTel

7 MHuTterpanus MeETOI0B U Wnrerpanus hopMalbHBIX METOJIOB B pa3paboTky. [IpakTuka
MTPOMBIIUICHHBIA OMBIT npUMeHeHus1 GOPMaTBHOM POBEPKU
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pacHpoCTpaHsIEeMOro IMPOTPaMMHOTO O0ECHeYeHHs, BKJIIOYas TPOJYKTHl OTEYECTBEHHOT'O
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIa K pecypcaM M3 JI000# TOUYKH, Tlie eCTh NOAKII0oUeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TaK U 3a €T0 IPEICIIaMH.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U MH(OPMALMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

OcHosnas numepamypa:

1. KynpsBues, B. b. Teopus aBromaroB : yueOnuk ans By30B / B. b. Kynpssies, 3. O.
I'acanos, A. C. I[loakom3un. — 2-e u3n. — Mocksa : U3natensctBo KOpaiit, 2025. — 199 ¢. —
(Beiciiee o6pazoBanme). — ISBN 978-5-534-15339-2. — Tekct : dIeKTpOHHBIA //
O6pasoBarenbHas wiathopma KOpaiir [caiit]. — URL: https://urait.ru/bcode/569495.

2. Kuneiin, T. JlHeBHUK OXOTHHKA 32 ommoOkamu. [lyremecTBue depe3 HKYHTIIU MpooiieM
0e30MacHOCTH MPOrpaMMHOr0 o0ecreueHus : mpakTudeckoe pykoBojactso / T. Kieitn ; mep. ¢
aarn. A. H. Kucenésa. - 2-e u3n. - Mocksa : JIMK Ilpecc, 2023. - 241 c. - ISBN 978-5-89818-
599-2. - Tekcrt : anextponnsit. - URL: https://znanium.com/catalog/product/210847.

3. Jlabyn, b. Jlpyxxeckoe 3HaKOMCTBO C TECTUPOBAHHEM IMPOTPAMM : MPAKTHUECKOE
pykoBonctBo / b. JIaGyn. - Cankr-IlerepOypr : BXB-IlerepOypr, 2022. - 288 c. - ISBN 978-5-
9775-6807-4. - Tekcr : anexktponnsiit. - URL: https://znanium.com/catalog/product/2122884.

4. JlaBpumeBa, E. M. Ilporpammuas MHXEHEpHs U TEXHOJOTMH MPOTPAMMHPOBAHHS
CJIOKHBIX CHCTEM : yueOHHK /i By30B / E. M. JlaBpumieBa. — 2-e u3f., ucnp. u gomn. — MockBa
: UsnarensctBo FOpaiit, 2025. — 432 c. — (Bricmiee o6pazoBanue). — ISBN 978-5-534-07604-
2. — Tekcr : amextpoHHbIt // OOpasoBarenpHas tiardpopma HOpaiit [caiit]. — URL:
https://urait.ru/bcode/561885.

Hononnumenvnan r1umepamypa:

1. Kazapun, O. B. [IporpamMmMHo-anmapaTHble CpeJCTBa 3alllUThl MH(OpMAaLKU. 3aIiuTa
IpOrpaMMHOro obecreueHus : y4eOHMK M mpakTHkyM ans By3oB / O. B. Kaszapun, A. C.
3a6a0ypun. — Mocksa : UznatensctBo HOpaiit, 2025. — 312 ¢. — (Bsicmiee o6pa3oBanue). —
ISBN 978-5-9916-9043-0. — Texkcrt : anexTpoHHbIi // ObOpa3oBarensHas miatdopma HOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/562070.

6. MartepuajbHO-TeXHHYeCKOe o0ecreyeHne

VYHuBepcuTter pacrnojaraeT MaTepualbHO-TEXHMYECKOH 0a30i, COOTBETCTBYIOILEH
JEMCTBYIOIMM MTPOTHUBOIIOKAPHBIM MPaBUIaM U HOPMaM M 00ecrieunBaroNIeii MpoBeIeHUE BCeX
BUOB JHUCIUIUIMHAPHOW ¥ MEXIWCIUILUIMHAPHON TTOATOTOBKH, IMPAKTHYECKOW M HAy4YHO-
UCCIIEIOBATEIbCKON PaboT 00yJaromuXxcs, MPeayCMOTPEHHBIX YU€OHBIM IIJIaHOM.

[TomeneHus1, KOTOpBIE IPEACTABISAIOT COO0M yueOHbIE ayIUTOPUH JIsl IPOBEACHUSI 3aHATUI
JEKIIMOHHOTO THUMA, 3aHATUH CEeMMHAapCKOro (IpakTUYEeCKOro) THIA, TPYNIOBBIX U
VMHAUBUAYaAJIbHBIX KOHCYJIbTAIMNA, TEKYIIIETO KOHTPOJISI U MPOMEKYTOYHON aTTECTalllH, a TaKkKe
MOMEIIEHUS Il CAMOCTOATENBbHOM pabOoThl U MOMEIICHUS I XpaHEeHHs U PO(YUIaKTHYECKOTO
obcmykuBaHusl yaeOHOTO 000pynoBaHus. [ToMereHns: yKOMIUIEKTOBaHbI CIICIMAT3UPOBAHHON
MeOeIbl0 U TEXHUYECKHMHU CPEICTBAMH OOYUYEHHsI, CIYXKAIlUMH Ui MPEACTaBICHUS y4eOHOH
nHpopMaIu OOJIBIION ayAUTOPHUH.

N3yueHne qUCUUIUTMHBI (MOIYIIsT) 0OeCTIeYMBaeTCsl B y4eOHBIX ayIUTOPHIX, OCHAILICHHBIX:
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— CTOJIaMH U CTYJIbSIMU;

— KOMITbIOTEPHOU TEXHUKOM;

—  MEXaHWYECKUMHU KaJbKYyJIATOPaAMH;

— CIEeUUaTU3UPOBAHHBIM 000PYI0BAaHUEM, BKIIFOYAs IEMOHCTPAIMOHHOE 000PYI0BaHUE.

[TomereHust y1st CAMOCTOSITENILHOM pabOTHI 00YyUJaAIOIIUXCS, B TOM YHCIIE IIPUCTIOCOOICHHBIC
JUIS. MUCHOJIb30BaHUSI WHBAJIWJAMH W JIMIIAMU C OTPAHUYCHHBIMM BO3MOXKHOCTSIMHU 370pPOBbS,
OCHAILEHbl KOMIBIOTEPHON TEXHUKOW C BO3MOKHOCTBIO MOJAKIIOUEHHS K ceTh «HTepHeT» u
obecrieueHHeM  JOCTyNa B JJICKTPOHHYIO  HMH(GOPMAIIMOHHO-00pa30BaTEebHYIO  Cpeay
YHuBepcurera.

OOyyarmumMcs MPeaoCTaBIsgeTCss JOCTyn (B TOM 4YHCIE YAAJICHHBIH) K pecypcam
WH(OPMAIIMOHHO-TEIIEKOMMYHUKAITMOHHON ceTH «HTepHeT», JIeKTPOHHBIM pecypcaMm (B TOM
YHUCJIE JJIGKTPOHHBIM OMOJMOTEYHBIM CHCTEMaM, COBPEMEHHBIM MpO(eCcCHOHATBHBIM 0Oa3aM
JTAHHBIX ¥ UHOOPMAIIMOHHBIM CIIPABOYHBIM CHCTEMAaM):

Ne HaumeHnoBanue nmopraa Ccblika
(u3naHus, Kypca, 10KyMEHTA)
1. | Hayunas snextponHas 6ubmuoreka elibrary.ru https://elibrary.ru/defaultx.asp
OoubmoTeKa
2. Basa gausbix mus | T-cienuanucTos https://habr.com
3. | ba3a mannbIx ScienceDirect https://www.sciencedirect.com
4. | OdunmaneHbli calT MUHUCTEPCTBA HAYKU https://minobrnauki.gov.ru/

BEICIIIEro oopasoBanus Poccutickoit @eneparuu

5. | ®enepanbhsiii moprai «Poccuiickoe oopazosanue” | https://www.edu.ru/

6. | Muadopmanmonnas cucrema "Exaunoe okHo noctymna | http://window.edu.ru/
K 00pa3oBaTelbHEIM pecypcam"

7. Enunast komekius 1udpoBeix 00pa3oBaTeIbHBIX http://school-collection.edu.ru/
pecypcoB

8. | ®enepanbHblii IEHTP HHPOPMAIIMOHHO - http://fcior.edu.ru/
00pa3oBaTeIbHBIX PECYPCOB

[lepeueHr MH(DOPMAIIMOHHBIX TEXHOJOTHH, WCIOIB3YEMBIX TIPU  OCYIIECTBICHHUH
00pa3zoBaTeNbHOIO MpoIiecca Mo AUCIUTUINHE (MOIYJII0), B TOM YUCIIE KOMIUIEKT JUIIEH3MOHHOTO
IpPOrpaMMHOTO  OOecleyeHus, COBPEMEHHble mpodeccHoHanbHble 0a3bl  JaHHBIX U
MH(OpPMalLMOHHBIE CIIPABOYHBIE CHUCTEMBI:

HaumenoBanmne 110 IIpousBoacreo JInnensuonnoe / cBOGOIHO
pacnpocTpaHsiemMoe

OnepanMoHHbIE CHCTEMBI:
Microsoft Imagine (Windows Client, Server) | sapyGexuoe | nnnensuonHOE
bpaysepsi:
Sunekc.Bpaysep OTEUECTBEHHOE CBOOOJIHO pacrpocTpaHsieMoe
Google Chrome 3apy0ekHOoe cBOOOJTHO pacpoCTpaHsIeMOe
OducHble NPUIIOKEHNS:
Microsoft Imagine (Visio, OneNote) 3apy0exHOe JIIEH3HOHHOE
TeXstudio 3apyOexHoe CBOOOHO pacIpoCTpaHsIeMOe
Adobe Acrobat Reader 3apyOexHoe CBOOOHO pacIpoCTpaHsieMOe
IIporpammHoe o6ecniedeHne 115 IVIAHMPOBAHNUS M Y4eTa BPeMEHH:
Toggle app | 3apyOexHOe | cBOOOJTHO pacpOCTpaHsIeMOe
CucreMbl ynpapJjieHHsI TPOEKTAMM:
Microsoft Imagine (Project) | sapy6exnoe | nuuensuonnoe
Cucrtembl ynpapjaeHHusi 0a3aMHi JaHHBIX:
Microsoft Imagine (SQL Server) | sapyGesxHoe | nmuuensnonHoe
Cucrtembl pe3epBHoro konupopanusi (backup):
Acronis Backup Advanced for HyperV | sapy6exHoe | nniensuonHOE

DNEeKTPOHHBIA JOKYMEHT



https://elibrary.ru/defaultx.asp
https://habr.com/
https://www.sciencedirect.com/
https://minobrnauki.gov.ru/
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http://window.edu.ru/
http://school-collection.edu.ru/
http://fcior.edu.ru/

CHpaBO‘IHO-HpaBOBBIe CHUCTEMBI:

Koncynprantllimoc: cipaBogyHO-TIpaBOBast OTEYECTBEHHOE JMLECH3HOHHOE
cucTeMa

CpencrBa aHTUBHPYCHOM 3aIIMTHI:

Kaspersky Endpoint Security amst 6usneca OTEYECTBECHHOE JUIEH3UOHHOE

Crampmaprasii Russian Edition

Cpenbl pa3padoTKm:

Visual Studio Code 3apy0exHoe CcBOOO/THO PACTIPOCTPAHSIEMOE
Bash (Unix shell) 3apyOexkHOE CBOOOIHO pacIpOCTpaHsIEMOe
Anaconda 3apyOexkHOE CBOOOHO pacIpoCTpaHsIeMOe
Robotic Operating System 3apy0exKHOE CcBOOOJTHO PACIIPOCTPAHSIEMOE
CopelliaSim 3apy0exKHOE CcBOOOJTHO PACIIPOCTPAHSIEMOE
Google Colaboratory 3apy0exHoe cBOOO/THO PACTIPOCTPAHSIEMOE
IlakeThl MPOrpaMMHBIX CPeICTB M OHOJIHOTEK:

AutoPsy 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe
Interactive Disassembler (IDA) 3apy0eKHOE CBOOOIHO PACIIPOCTPAHIEMOE
Cucrtembl ynpaJjieHust ouoanorpaduyeckoii uHgopmanmeii:

Zotero | 3apyOeKHOE | CBOOOIHO PaCIpPOCTPaHsIEMOe
CepBHCHI B CITYKOBI:

Bind 3apy0OexHOe CBOOOJIHO pacrpocTpaHsIeMoe
Docker 3apy0eKHOE CBOOOJTHO pacIpoCTpaHsIeMoe

7. MeroanyecKue M OlleHOYHbIe MATEPHAJIbI
MeToanyeckue yKazaHHus I 00y4AOUIUXCS 110 OCBOCHUIO TUCHHMILIMHBI (MOYJIs1)

B mpomecce mzyuenus aucuurinHel (Moayssi) «Bepudukanus mporpamMmm» B pamkax
TEKYILLEro KOHTPOJISI YCIIEBAEMOCTH HCMOJIb3YIOTCS TaKUe BHJIbI yUeOHOH paboThl, KaK JIEKIHH,
CEMHUHAapBbI, KECHCHI, KOJUNIOKBUYMBI, IPOEKT, & TAK)KE PA3IUYHBIE BUbI CAMOCTOSITEILHON paboThI
oOyyaromuxcst IO 3aJaHHi0 MpernojaBaTrelsis, HalpaBleHHble Ha pPa3BUTHE HaBBIKOB
npo(hecCHOHANBHOM JIEKCUKH, 3aKpEIUIEHuEe MPAaKTUYECKUX MPO(ecCHOHATBHBIX KOMIIETEHIUH,
MOOUIPEHNE NHULINATHB.

Jlexyus — cHUCTEMAaTHYeCKOe, TOCIEIOBATEIbHOE, MOHOJOTHUECKOE  H3JI0KEHUE
nmpenoaaBareneM y4eOHOro MaTepuana, Kak MpaBuio, TEOPETUYECKOTO XapaKkTepa.

B mpomecce neknuii peKOMEHIYEeTCS BECTH KOHCIIGKT JIEKIIMN: KPaTKO M CXEMaTHIHO
¢dbuKkcupoBaTh OCHOBHBIC WJIEU, BBIBOJABI M OOOOIICHMS JEKIMH; BBIICISITH Ba)KHbIE MBICIH,
KITIOYEBBIC CJIOBAa M TEPMHHBI. HEoOXOIMMO OTMETHTH BOMPOCHI WM MaTepUaNbl, KOTOPHIC
BBI3BIBAIOT 3aTPYAHECHHUS, U TIOMBITAThCS HAWTH OTBETHI B PEKOMEHJIOBAHHOW nmuTepatype. Ecmu
pa3o0paThCsi B MaTepuaie He YHaeTcs, CIeAyeT CQPOpPMYIHpPOBATH BONPOC W 3aIaTh €ro
MPEToAaBaTeNo Ha KOHCYJIBTAIUU WA BO BPeMsI CEMUHAPCKOTO (MTPAKTHYECKOT0) 3aHSITHSI.

Cemunap — 310 (hopma y4eOHOU NeATeTbHOCTH, MPOBOANMAs B y4eOHOM 3aBEJICHHUH IO
PYKOBOACTBOM TMpEMoJaBaTesisi, TI/A€ CTYACHTbHl AaKTUBHO YYacTBYIOT B OOCYKICHHSIX,
MPAKTUYECKUX 3aJJaHUsIX U APYrux (popmax B3auMOAECHCTBHUS.

Jns ycneurHoi moAroToBKM K CEMUHAPY PEKOMEHIYETCS 3apaHee 03HAKOMUTBCS C TEMOM
3aHATUA W OCHOBHBIMH MaTCpHalaMu, 4T00BI MMETH BO3MOKHOCTH AKTHBHO y4aCTBOBAaTh B
oOcyxaeHuu. Takxe MOJNE3HO MOATOTOBUTH BOIMPOCHI M UAEH ISl OOCYXKIEHUS, YTO MOMOKET
rI1y0’Ke OHATh MaTepUal U MPOJIEMOHCTPUPOBATH 3aMHTEPECOBAHHOCTD.

Keiic — mpakTtuueckass paboTa CTYIEHTOB HaJl PEaIbHBIMH WM CMOJEIMPOBAHHBIMU
3a/la4aMu, 4TO MO3BOJIAET CTYAEHTY IIPUMEHATh TEOPETUYECKHUE 3HAHUS HA ITPAKTHUKE.

CTyaeHT caMOCTOATENBHO pa3padaThIiBaeT CTPATETUIO PELICHHUS IIOCTABICHHOH 3a/1a4H, 4TO
CHOCOOCTBYET Pa3BUTHIO HABBIKOB KPUTUYECKOI'O MBIIUICHUS U CaMOCTOSATEIBHOTO NMPHHATUS
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pemeHuit. Takoi moaxo/1 moMoraeT MOArOTOBUTE OYAYIIUX CIEIUATNCTOB K pealbHBIM BBI30BaM
B UX NMPO(ECCHOHATBHON 1eATEeTHbHOCTH.

Konnoxeuym — ycTHBIE OTBETHI Ha BOIPOCHI, CIIUCOK KOTOPBIX N3BECTEH CTYACHTY 3apaHee.

B mpouecce moArotoBkM K KOJUIOKBUYMY HEOOXOAMMO TMPOAHAIU3UPOBATH Y4ueOHBIE
MaTepualibl, 0O3HAKOMHBIINCH C JICKIHSIMH, YI€OHUKaMH M JIONOJHUTEIbHBIMUA HCTOYHHKAMH,
AKICHTHUPYSA BHHMAHUC Ha KIIKHOYCBBIX TCEMax. PCKOMCHIIyCTCﬂ CO34aThb CTPYKTYPUPOBAHHLIC
KOHCIIEKTHI, BBIJIEIISIS] OCHOBHBIE UJI€H, TEPMHUHBI U (POPMYITBIL.

IIpoexm — uccnenoBaTenbcKas padoTa 1Mo Kypcy U Mpe3eHTalHs pe3yIbTaToB.

Jis ycnemHol NOArOTOBKM K MPOEKTY: YETKO ONpENeNIUTe LEAH M 33Jaud IMPOEeKTa,
pacripeieiuTe posid U OOS3aHHOCTH MEXKIY YYaCTHHKAMM, a TaKKe YCTaHOBHTE CPOKHU
BBITNIOJTHEHUSI KaXKI0W YacTu paboThl. PerynspHo npoBoauTe BCTpeuu AJis 00CYKASHHs Tporpecca
Y PEIICHHs] BO3HUKAIOIIUX BOIPOCOB.

Camocmosmenvnas paboma — paboTa CTYJEHTOB, HalpaBlCHHAs Ha YyriyOJeHHOe
U3y4eHHE OTICIBHBIX TEM M BOIPOCOB YIeOHOW JUCIUTUTMHBI (MOIYIIS).

B nporuecce camoctosTensHON paboThI CTYAECHTHI B3aUMOJIEHCTBYIOT C PEKOMEHI0BAHHBIMU
MaTepHajaMH P MUHUMAIFHOM YYaCTHHU MPEToiaBaTels. 3a1a4un CTyIeHTa BKIIOYAIOT paboTy
C KOHCIIEKTaMu JIeKI1i (00paboTka TeKCTa), IOBTOPHOE U3yUeHHE Y4eOHbIX MaTepHallOB, IJIaHOB
U TE3MCOB OTBETOB, U3YUEHHUE JOMOJHUTEIBHBIX TEM, BHIIIOJHEHNE YI€OHO-UCCIIEAOBATEIBCKUX
3alaHUM U Ipyroe.

Cucrema OLlCHUBAHUSA PE3YyJbTATOB oﬁyqe}mﬂ o JTUCHUIIJINHE (MOI[y.TIlO)

Kpurepun nosy4eHusi ypoBHS M OLCHHBAHUsS C()OPMHUPOBAHHOCTH KOMIICTCHIHMI 11O
aucuunnHe (moay.aaw) «Bepudpukauus nporpamMmm»

OrneHuBaHue YpOBHS Y4€OHBIX JOCTHKEHHH, oOydaromuxcs Mo AUCHUIUIMHE (MOIYIIO),
OCYIIECTBIISETCA B BUJIE TEKYIErO KOHTPOJIS YCIIEBAEMOCTH M IIPOMEKYTOYHOU aTTECTALAH.

IIpoMeskyTouHasi aTTecTanMs MO JUCUUIUIMHE (MOJYJIO) OCYILECTBISETCS B (opme
3aquema ¢ OWEHKOU, TIPU HTOM IPOBOJAUTCA OLIEHKA KOMIETEHIUH, C(HOPMUPOBAHHBIX IO
JUCLHUTIIINHE.

Jns OueHMBaHUS TEKYLIEr0 KOHTPOJS YCIEBAEMOCTH M IPOMEXYTOYHOM aTTECTALUH
UCIIONIb3YETCS JIecATUOAIUIbHAS 1IKajla OLEHUBAHUSA, KOTOpask COOTHOCUTCS C TpPaIULMOHHOMN
NATHOAIIBHOM IIKAIO0H CIelyIoIuM 00pa3oMm:

HdecaTubannbuas) IlaTudannbHas OO0mas xapakTepucTHKA pe3yJibTaTa
Onenka 3a 3a4er
OLlCHKA OLICHKA 00y4eHUs MO TMCHUTINHE (MOIYJII0)
10 OTtnuaHO 3auTeHo CTyIeHT MOJHOCTBIO BIAACET 3HAHHUSIMHU,
9 OTIUYHO 3a4TeHo W3J0KEHHBIMH B paboueil mporpamme, H
) OTIHYHO 3auTeHo DIyOOKO  OCMBICTISICT jaucnuiuinHay. OH
CaMOCTOSITETILHO u JIOTHYECKH

MOCIIEI0BATENILHO OTBEYAET Ha BCE BOMPOCHI,
aKUeHTHpYs BHHMaHMe Ha  HauOolee
BaYKHOM. YmMmeer aHaJIM3UPOBATH,
CpaBHUBATh, KJIacCU(PUITUPOBATE, 0000IIATS,
KOHKpPETH3HpPOBaTh U CUCTEMATHU3HPOBATH
U3yUYCHHBIH MaTepuas, BbLAEIS KIIOUYEBbIE
MOMEHTBl W yCTaHaBiIuBas IPUYUHHO-
CleNCTBEHHbIE CB3H. YeTKko ¢opmynupyer

OTBETHI, YBEPEHHO HWHTEPIIPETUPYET
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JlecaTnboanabHas
OIleHKA

IIaTnéananLuasn
OILICHKA

OneHka 3a 3a4yert

OO0mast xapakTepucTHKA pe3yJibTaTa
00yueHusl 1O JUCHUILIUHE (MOYJII0)

pe3yIbTaThI aHaJIN30B u JIPYTUX
HCCIICIOBAHNIN, a TaKXKe PEIIaeT CIOKHBIC
3amaun. CTyIEHT XOpOIIO 3HAKOM C
METOJAMH HKCCIEAOBAHMS, HEOOXOIUMBIMU
JUTS. TIPAKTUYECKOW JICATEIBHOCTH, U yMEET
CBSI3BIBATh TEOPETUUCCKUC ACIIEKTHI
JTUCIUIUTAHBL  (MOIyJIsl) C TPAaKTHYECKUMHU
3a/1a4aMH.

Xoporo

3auTeHo

Xoporo

3auTeHo

Crynent oOmajgaeT 3HaHMSAMHU MpeaMeTa
IIOYTH B TIOJIHOM oOBeMe pabodei
HPOrPaMMBI U CAMOCTOSITEIIEHO, JIOTHYECKH
MOCJIEeJOBAaTEIFHO U BCECTOPOHHE OTBEYAET
Ha BCE BONPOCHI, aKICHTHPYSI BHUMaHHE Ha
HaunOoJee 3HaUMMBIX MOMeHTax. OH ymeeT
aHATM3UPOBATH, CpaBHUBATH,
KJIACCU(HUIPOBATD, 0000maTh,
KOHKPETH3UPOBATh M CHUCTEMaTH3HPOBAThH
U3Y4YCHHBIH  MaTepuajl, BBIACIAS €ro
KIIIOUEBbIC ACIICKThI u yCTaHaBJIMBast
MMPUYINHHO-CJICACTBCHHBIC CBA3U.
®opmynmupyeT CBOM OTBETHI, YBEPEHHO
HHTEPIPETUPYET PE3YIbTAThl aHAIU30B U
JOPYTHX HCCIEIOBaHUI, a TaKkkKe pelaer
CJIOKHBIE CUTYallnOHHBIC 3amaun. CTyneHT
XOPOIIO 3HAKOM c METOaMHU
UCCIIEZIOBaHUS,  HEOOXOOMUMBIMH  JUIS
HpaKTH‘IeCKOfI ACATCIIBHOCTH, W YMECT
CBSI3BIBATh TEOPETUYECKHE ACIICKTHI
npesMeTa ¢ IPaKTHIECKHUMU 3aJa4aMu.

Y 10BIETBOPUTENBHO

3auTeHo

Y 10BIETBOPUTENBHO

3auTeHo

CryneHT oOnamaer 0a30BBIMHU 3HAHHSIMH
0 TUCIUIITHHE (MOIYJIIIO), HO HCTIBITHIBAET
TPYAHOCTH MIPU CAMOCTOATENFHBIX OTBETAX
W WCIIOJIB3yeT HeTOYHBIE (hOpMYIIUPOBKHU. B
XOl€ OTBETOB OH [OIYCKaeT OLIMOKH,
Kacarorquecst cyTH BompocoB. CTyaeHT
CIIOCOOEH pelaTh TOJIBKO CaMble MPOCTHIE
3aJayd M BIAJEEeT JIMIIb MHHUMAaJbHBIM
HaOOpPOM METOJIOB HCCIIEIOBAHUSI.

He cnaun

He 3aureno

He cnaun

He 3aureno

He cnaun

He 3aureno

CTymeHT He OBIazel 00s13aTeIbHBIM
MUHUMYMOM 3HAaHUM MO NpeaMeTy U He
MOXET OTBETHTHb Ha BOTMPOCHI, JAXKE ECIIH
MPENOoIaBaTeNh 3aqacT JIOTOJHUTEIHHBIC
HaBOJSIIINE BOIPOCHI.

Hucnunmuaa (Moxyinb) «Bepudukanys mporpaMM» OLIEHHBACTCS CICAYIONUM 00pa3oM:
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AKTHBHOCTH Bec Onucanmne

Keiic 40% | [IpakTuueckas paboTa CTYACHTOB HaJ| peabHBIMH I
CMO/ICJTMPOBAHHBIMY 33J]a4aMH, YTO TO3BOJISIET CTYACHTY IPUMEHSIThH
TEOPETHIECKHE 3HAHUS Ha PAKTHKE

KommoxBryMsr 30% | YcTHBIE OTBETHI Ha BOIPOCH, CICOK KOTOPBIX M3BECTEH CTYICHTY
3apaHee
IIpoekr 30% | 3amuTa UTOrOBOrO MPOEKTa

®opmyJa pacyéra HUTOrOBOM OLEHKM MO JAUCHMILIMHE (Moay.aw) «Bepuduxanus
nporpamm»: «0,4 x cpennee 3a keicol + 0,3 X cpennee 3a KOJUOKBUYMBI + 0,3 X IpOeKT».

Texkyuuii KOHTPOJIb YCIIeBAEMOCTH 00y4aIOIIMXCS M0 IUCHUIIMHE (MOLYJII0)

IIpumepHbIe 3a1aHUS LISl KelicOB

Keiic 1: Ocnosvl opmanvroti eepuguxayuu (Bsedenue 6 Gopmanvhvie memoowl.
Jloeuueckue modenu npocpamm)

3aganue 1: [loctpoiite noruueckyo MoJeib MPOCTO MPOrpaMMbl (HallpuMep, alropuTM
COPTUPOBKH ITy3BIPHKOM) C HCITOJIb30BAHHEM JIOTHKH MTPEIUKATOB TIEPBOTO Mopsiika. Onpenennre
IPEIYCIIOBUS, MOCTYCIOBHS W MHBAPUAHTHI IUKJIA, 3aTEM JOKKUTE KOPPEKTHOCTh BPYUYHYIO.
Hamummre oTder ¢ opMabHBIMU JI0KA3aTeILCTBAMU M OOBSICHUTE, KaK 3Ta MOJICIIh IIOMOTAET B
BepHU(DHKAIUH.

3ananue 2: Peanu3syiiTe mpoCTyl0 MPOrpaMMy Ha SI3bIKE C aHHOTAIUSIMU (HampuMmep, B
Dafny unu Why3) 1 ucnons3yiiTe HHCTpYMEHT JIJ1sl IPOBEPKU KOPPEKTHOCTU. BHeapUTEe OMIMOKY
(HampuMmep, HapyllleHWe WHBAapUaHTa) U IMPOAHATU3UPYWUTE, KaK HHCTPYMEHT BBISBIISET €e€.
CpaBHUTE C pyYHBIM JOKA3aTEIbCTBOM U MPEAJIOKUTE YIYUIICHHUS] MOACIH.

3aganue 3: M3yunre npuMeHeHue popMalibHbIX METOI0B B pealbHOM MPOEKTE (HapuMep,
aHanmu3 oTKpbITOro koja u3 GitHub). Beibepute ¢pparmeHT kozia, CMOJETUPYHTE €To JTOTHYECKH U
IIPOBEPHTE HA COOTBETCTBHE crenuduKkanusM. Hanummre oTueT 0 HaliIeHHBIX MOTEHIIUAIbHBIX
OLIMOKaxX M PeKOMEHALUAX 0 UHTerpaluu GpopManbHOi BeprupHUKalMy B poliecc pa3padoTKH.

Keiic 2: Mooenu u noeuxu ons cucmem ¢ cocmosanuamu (QopmanvHvie MoOenu cucmem
cocmosiHutl. AHAIU3 102UHEeCKUX CBOUCE CUCTEeM COCMOSIHUIL)

3aganue 1: CmonenupyiiTe NpocTyr0 CUCTEMY COCTOSIHUN (HanmpuMep, KOHEYHBIH aBTOMAT
i ceetoopa) ¢ ucnoibzoBanueM TLA+ wnm Alloy. Onpenenure cOCTOSHUS, MEPEXOJbl U
cBoiicTBa (Hampumep, O€30MacHOCTh M JKUBYYECTh), 3aT€M INPOBEPbTE HX C MOMOUIbIO
uHCTpyMeHTa. Hanummmre cienudukaniio 1 00bsICHUTE, KaK MOJIENb BBISBIISIET OUIMOKH.

3aganue 2:PeanusyiiTe MOJAETb CHUCTEMBI C COCTOSHUSMH (Hampumep, MNPOTOKOI
B3aMMHOTO MCKJIIOUEHUs) B Spin U nposeaute npoBepky Ha cBoiictBa CTL (Computation Tree
Logic), Takue xak AG (Bcerna rino6anbHo) unu EF (cymectByer Oynyuiee). Buenpure ommoky
(manpumep, deadlock) u mpogeMoHCTpHUpYHTE, KaK MHCTPYMEHT HaxoIuT ee. CpaBHUTE C pyUHBIM
aHAJIU30M.

3aganue 3: [I[puMeHuTe aHanU3 JOTUYECKHX CBOMCTB K peallbHOH cucteMe (Hampumep,
MOJICIIMPOBAHHUIO KIIMPOBaHUs B mporieccope). Ucnonwsiyiite TLA+ nist mpoBepKkr HHBApHUAHTOB
U BPEMEHHBIX CBOWCTB. IIpoBeaure CUMyISLMIO M HAMIIATE OTYET O pe3yibTaTaxX, BKIKOYas
CLIEHapUH, TJIe CBOWCTBA HAPYIIAIOTCS, U MPEIIOKEHHS 110 YAYUYIICHUIO MOJEIH.
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Ketic 3: Cmamuueckuii ananuz u abcmpaxkmuas unmepnpemayusi (OCHO8bl cMamuyeckozo
ananuza kooa. Asmomamuyeckutl 8b1600 UHBAPUAHIMNOB)

3ananue 1: [Ipumenute craTudeckuil aHaau3 K mpoctoMy koay (Hampumep, Ha C) ¢
ucnonb3oBanueM Frama-C wmm Clang Static Analyzer. BeisBuTe NOTEHLIMANbHBIE OMIMOKU
(manpumep, null pointer dereference) u crenepupyiite otder. CpaBHUTE PE3YJIBTAThl C PYYHBIM
aHAJM30M U OOBSICHUTE MPUHLIUIBI A0CTPAKTHON HHTEPIPETAIIHH.

3ananue 2: Peanu3yiiTe aBTOMAaTUYECKHi BBIBOJ] MHBAPUAHTOB I IUKJIA (HAaIpuMmep, B
nporpaMMe Ha Java) ¢ momouplo MHCTpyMeHTa Bpoje Infer mnm Astrée. Buenpurte ommoOky
(HampuMep, MEPEroNHeHNE) U MPOAHATU3UPYHTE, KaK MHCTPYMEHT BBIBOAUT HMHBAPUAHTHI U
oOHapy>kuBaeT npobiemy. Hamummre ckpunT 11 AEMOHCTPALUU U MIPEIUIOKUTE YITYqLICHHUS.

3ananme 3: [IpoaHanusupyite OTKPBITHIM NpPOeKT (Hampumep, ¢pparMeHT koga u3 Linux
kernel) ¢ wucmonmp30BaHMEM CTATHYECKOTO aHAIM3aToOpa. BBIIBUTE YS3BHUMOCTH WM BBIBEIHTE
WHBAPHAHTHl C IIOMOIIBIO a0CTPAaKTHOM WHTeprperanuu. Hamuimmre petanpHBIi OTYET O
HalIeHHBIX TPoOIeMax, Mepax mitigation u uHTerpanuu Takoro aHamusa B CI/CD naiinnaiin.

IIpumepHbIe 3a1aHUS ¥ BONPOCHI K KOJUIOKBHYMY

Tema 1: Ocnosvl hopmanvrotl sepugurayuu (Beeoenue 6 ghopmanvrvie memoowl. Jlocuueckue
Mooenu npoepamm)

1. OObsacuure cyTh hopManbHON BepruuKauy nporpamMM. [IpuBenute npumep JIOruueckoi
MOJIEJM IPOCTON MporpaMMbl (Hampumep, ajJropuTMa Moucka MUHMMYMa B MAacCHUBE) C
MPEeAYCIOBUSAMU, TOCTYCIOBUSMH U HHBAPUAHTAMH.

2. Yro Takoe akcuoMaruueckas ceManTuka Xoapa? [IpoaeMoHCTpupyiiTe €€ npuMeHeHne Ha
npuMepe BepupUKaum IHUKIIa, 10Ka3aB KOPPEKTHOCTh BPYUHYIO.

3. Onummre pa3nuyus Mex1y GopMalbHBIMU M He()OPMATLHBIMU METOIaMH BepH(PHUKAIIHN.
[TpuBeaure npumep, rae popmaibHast MOJIENb BRISBISET CKPBITYIO OIIMOKY B ITpOrpaMMme.

Tema 2: [Jeoykmusnas eepuguxayus nocie0o8amenvhvlx npocpamm  (Hedykmusenas
sepugurayus 6azosvix areopummos. Bepugpurayus cmpykmyp oanuvix u pexypcuu)

1. Kak ocymecTtisiercss JelyKTHUBHAs BepuUKaIs peKypcuBHbIX ¢yHkuuii? ITpusenure
IpUMep J10Ka3aTeIbCTBA KOPPEKTHOCTH (PYHKIMHU aKTOpraia ¢ UCIOIb30BaHUEM JIOTUKU
IIPEIUKATOB.

2. Bepudunupyiite mpocToit anrOpuT™M COPTHUPOBKH (HAmpuUMep, BCTAaBKAMU) C TTOMOIIBIO
AQHHOTAIIMK Tpel- W TOCTYCJOBUH. ONUIIUTE IIard JI0Ka3aTelbCTBA M BO3MOXHBIE
JIOBYILIKH.

3. OObscHuUTe BepU(UKAIUIO CTPYKTYp JAHHBIX, TaKUX Kak CTeK WJIA O4Yepe.b.
CmopenupyiiTe onepanuio push/pop /Ui cTeka u 10KaxuTe €€ KOPPEeKTHOCTD.

Tema 3: Moodenu u noecuxu 0nsa cucmem c cocmosuusimu (DopmanvHvle MoOenu cucmem
cocmosaHull. AHAnU3 102Uu4ecKux c80UCmME CUCmeM COCMOsHUL)

1. Yro Takoe KOHEYHBIH aBTOMAT Kak MOJENb CHUCTeMbl cocTossHuii? [IpuBeaute mpumep
MoieNd cBeTo(opa U MpoaHATU3UPYUTE €r0 CBOMCTBA (0€30MMaCHOCTh U KUBYYECTh).

2. Omummute gormky CTL (Computation Tree Logic). IIpoaemoHCTpupyiiTe TpPOBEPKY
cBoiicTBa "Bceraa rinodansHo" (AG) Ha mpuMepe MPOCTOM CUCTEMBI COCTOSHUIA.
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3. Kak wmonemupoBate cucremy coctosauii B TLA+? Co3paiite crnenuukanuio s
HpOTOKOJIa B3aMMHOI'O UCKJIFOUCHHA U OGI:SICHI/ITC, KaK HpOBepI/ITB I/IHBapI/IaHTbI.

Tema 4: Bepuguxayus napannenvuvix cucmem (Ilapannenvhvie 6vlyucieHUs U ux Mooenu.
Ilposepka ceoticme napanienvHulx cucmem. Bepugurxayus noo ciaboii mooenvto namsamu,)

1. OOwscautre Mmojenb mapaenbHbix BoraucieHudt CSP  (Communicating Sequential
Processes). IlpuBegute mnpumep Bepudukaruu cBoiictBa cBoboasl oT deadlock B
MapajuieIbHON TPOTrpaMMe.

2. Uro Takoe cnabas MoJaenh MaMsITH W TIOYEMYy OHA BaKHA I BepUpUKAIUU?
[TponemoHcTpupyiiTe MpodaeMy Ha IpuMepe Koja ¢ race condition.

3. Kak mpoBepsITh CBOICTBA MapaJjieIbHBIX CUCTEM € MOMOIIBI0 Spin? OnummTe mporecc
MOJIEJIMPOBAaHUS U POBEPKH BPEMEHHBIX CBOMCTB (Hanpumep, LTL).

Tema 5: Cmamuueckuti ananuz u abcmpaxmuas uumepnpemayus (OcCHO8bl cmamuyecko2o
ananuza kooa. Aemomamuieckuti 661600 UHBAPUAHMNOB)

1. B uém cyrp crarmueckoro aHanmmsza koma? IlpuBeawte mnpuMep WCIOIH30BAHUS
unctpymenTta Frama-C nns BeisiBienus null pointer dereference B C-koge.

2. OObsicHUTE KOHIEMIHMIO a0CTpakTHOM uHTeprperanud. Kak oHa mpuUMeHseTcs s
aBTOMATHUYECKOTO BHIBOJIa MHBAPUAHTOB B IIUKJIAX ?

3. TlpomeMoHCTpUPYHTE CTATUYECKHI aHAIM3 MPOrpaMMbI C IUKIOM, HCIONb3ys Infer.
Onumrre BBISBICHHBIE MTPOOIEMBbI U MPEIJIOKHUTE UCITPABIICHUS.

Tema 6: SAT/SMT-nooxoowvr u oepanuuennas eepugpuxayus (Ocpanuuennas eepugpuxayus Ha
ocHoge ocpanudenuti. CUMB0IbHOE UCNONHEHUe U UCCIe008aHUe nymell)

1. Yto takoe SAT/SMT-colvers u kak OHM UCHOJB3YyIOTCS B Bepudukauuu? Ilpusenurte
IpUMep pelIeHus 3aaui BepuUKaIIK ¢ TOMOIIbIO Z3.

2. OObscHUTE CHMBOJIbHOE HCHOJHEeHHe. Kak OHO momoraer B HCCIIEAOBAaHUM IyTel
MPOrPaMMBbI U BBISIBJIEHUH OIIHOOK?

3. Onummre OTrpaHUYEHHYIO BepUUKALINIO (bounded model checking).
[TponemoHcTpUpYyiiTE HA MpUMepe BepUPHUKALIMU [IUKIA C OTPaHUYEHHOM TTyOuHOM.

Tema 7: Humeepayus memo0oos u npomwiuiienHwiti onvim (Mumeepayus ¢hopmanvHbix Memooos 6
paspabomky. [Ilpakmuka npumenenusi popmanbHol npoeepKu)

1. Kak wunTerpupoBarh (opmanbHble MeToabl B mporecc paspabotku [10? Ilpusenute
npUMep U3 IPaKTUKU (Harpumep, B npoekTax Bpone seL4 nnu CompCert).

2. OOcymuTe TpEeHMYyIIeCTBA W BBI30BHI TNPUMEHEHUs (opManbHON BepuduKanuu B
npomblieHHocTH. Kakue nHcTpymenTs! (Hampumep, Coq uiu Isabelle) ncnonb3yrores
U1 DTOro?

3. Tpoanamusupyiite Kelc NpUMEHEHUs (OPMATHHON TPOBEPKH B PEATLHOM IPOCKTE
(nanmpumep, Bepudukanus KoHTpakToB B Solidity). OnummuTe marda HMHTErpanuu U
PE3YJIBTATHL.
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[IpumepHoe onuMcaHue JJIsl POEKTA

Tema npoekTa: Bepudukanus napamiensubix cucreM (Tema 4: [lapannenbHple BBIYUCICHUS U
ux mozenu. IIpoBepka cBOWCTB mapajuienbHbIX cucTeM. Bepudukauus noa ciaboit Moaesbio
MaMSATH).

Ha3Banue mnpoekra: Bepudukanus mnpoTokojia B3aUMHOIO HCKIIOYEHHS B MapajlielbHON
CUCTEME C UCIOJIb30BaHUEM MOJENIN C1a00M MaMATH.

[enu nmpoekTa

N3yunTh NPUHLMIIEI MOJICIIMPOBAHUS U BEPU(PUKALNN MapaJlIeIbHBIX CUCTEM, BKIOYas
MO/JIEJIH MapalIeNbHbIX BbrunciaeHuil (Harpumep, CSP niou TLA+).

OCBOUTH METO/IBI IPOBEPKH CBOMCTB MapalljICIbHBIX MTPOrPaMM, TAKUX KaK O€30MMacHOCTh
(safety), xuByuects (liveness) u orcyrctBue deadlock/race conditions.

HpoaHaHI/IBI/II)OBaTB BIMSIHUE CJIa00H MOJCIIN IMaMATU Ha KOPPEKTHOCTH I1apalJICIIbHOI'O
KOIa U HAYUYUTHCSA BepI/I(l)I/IIII/IpOBaTI) [IporpamMmsl 1104 TaKUMH MOJCTIAMHU.

[TpuMEHHUTH TEOPETUIECKIE 3HAHMS HA TIPAKTHKE, UCIIOIB3yS HHCTPYMEHTBI (DOPMAaITLHOM
Bepudukanuu (Hanpumep, TLA+ umu Spin).

3aauu MpoeKTa

1.

4.

MopaeaupoBanne  cucrembl: Pazpaborate  ¢GopManmbHYl0O  MOJENb  IPOCTOTO
napajuieIbHOTO IpoTokoia (Hampumep, Peterson's algorithm wmiu bakery algorithm s
B3aUMHOT'0 MCKJIFOUSHHMSI) C YIeTOM cliaboii Monenu namsatu (Hanpumep, TSO — Total Store

Order).

®opmy.aupoBka cBoiicTB: OnpenenuTh KII0YeBble CBOWCTBA CHUCTEMbl (MHBapUaHTHI,
BpemenHble joruku LTL/CTL) u npoeputs nx Ha Hanmmuue omnbok (deadlock, starvation,
race conditions).

Bepuduxanus: Mcnons3oBate uHCcTpyMeHT (TLA+ wumm Spin) ang cumynsuuu U
NpoBepKH Mojenu. B ciaydyae ommOOK MpeasoXuTh HCIPABICHUS U IMOBTOPHO
BepU(ULIPOBATD.

AHanu3 u otyeT: CpaBHUTH Pe3yNbTaThl BEpU(PUKALINHY 10T CUIIBHOM 1 cr1aboit MoaensiMu
naMsATH, 00CYAUTh MPAKTUYECKYIO IPUMEHUMOCTb U OTPaHUYEHHS] METO/I0B.

OTanbl BBIIIOJHEHHS IPOEKTa
[IpoekT paccuntan Ha onuH ceMecTp (mpuMepHO 12—16 Hemenb). PekoMeHIyeTcsl BBIMOIHATH
MOATAHO C MPOMEKYTOUHBIMU MTPOBEPKAMHU.

1.

IMoaroroButenabublii dTan (Hemeam 1-2): M3yuenue nuTeparypbl ¥ HHCTPYMEHTOB.
Beibop mnportokona u wuHCTpyMeHTa (Hampumep, TLA+ i MoaenupoBaHus).
CocraBiieHune aHa IpoeKTa.

MonenupoBanue u ¢opmyaupoka (Hemesm 3-5): Coznanue dopmanbHON Mozenu
cuctembl. OnpeneneHne MoayJel, MpoLeccoB U CBOWCTB. IIpoMexyTouHas npoBepka:
JeMOHCTpalus 0a30BOil MOJIENN TIPETOAaBATEIIO.

Bepudpuxauuss u ananuz (Hemeam 6-10): 3amyck cumyssinmii ¥ IPOBEPOK B
UHCTpYMEHTE. AHAIU3 pe3ysIbTaToB, BBIIBIEHUE OMIMOOK M UX UcnpaBieHue. CpaBHEHHE
MOJIEJIEN ITaMSTH.

Odopmiaenne wu 3amura (Hemenm 11-12): Hamwmcanwe otdera, IOJArOTOBKA
npe3eHranuy. GruHanpHas MPOBEPKa KOJa U MOJEICH.
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CpOKu BBITTOJTHEHUS

JeniaiiH npomMe:KyTOYHOM NMpoBepKHu (Moaeb U cBoiicTBa): Koner 5-it Hegenu.

Hennaiin  ¢uHaabHOro oryera u mnpesentanuu: Konern 12-ii wegenmu (uimu 1o
PaCIMCaHUIO 3AIIUTHI TPOCKTOB).

OO0mmii cpox: [IpoekT NOmKEeH OBITh 3aBEPIEH K SK3aMEHAIIMOHHOW CECCHH. 3aePiKKH
JIOITYCKalOTCS TOJBKO C 0OOCHOBAaHUEM U COTJIACOBAHUEM C MPEIO/IaBaTEIEeM.

Kputepuu 3ammuTsl 1 OLEHKH
[TpoekT onennBaercs no mkaie 0—100 6amtos. 3amuTa BKiIroyaet npe3enTaruio (10—15 MunyT)
Y OTBETHI Ha Borpockl. Kpurepuu:

IMoanora moaeau (20 6anioB): KoppektHocTs (opMabHONM crienuHUKanug, y4er
napasuieIu3Ma u ciadoi mamsTy.

KoppekTHocTh Bepupukanuu (25 6aioB): [IpaBunbHOe NprMEHEHNE HHCTPYMEHTOB,
TOYHOCTH MIPOBEPKHU CBOMCTB, BHISIBIICHHE U MCIIPABIICHHE OIIHUOOK.

AHanu3 W BbIBOABI (20 OangoB): [myOMHa cpaBHEHMs MoJelel, OOCYXIeHHE
OTpaHUYEHUN U MPAKTUYECKUX ACIIEKTOB.

Odopmitenue oruera (15 OannoB): CTpykrypa (BBEA€HHE, METOJbI, PE3YJIbTATHI,
3aKIIIOYCHHE), HATMYHNE KOIa/MOJIENeH, CChIIOK Ha JIUTEpaTypy, 00beM 15-25 cTpanmuil.

IIpe3sentanus u 3amurta (20 0aan0B): SICHOCTH M3JI0XKEHUS, IEMOHCTpaLus padoThl,
OTBETHI HA BOIPOCHI (TEXHUYECKUE U TEOPETUIECKUE).

Munumanbnblii mopor: 50 6awtoB mns 3adera. Bricokue Oamibl (80+) 3a MHHOBAIIMOHHBIE
MOJIXO/TI, JOTIOJIHUTENbHBIE CBOMCTBA HIIM MHTETPAIHIO ¢ KOJoM (Hampumep, Ha C++ ¢ MoJienbio
MaMSATH).

TpeboBanus k 0(OPMIIEHHUIO U pecypcam

Otuer: B dopmare PDF, ¢ ucnons3oBanuem LaTeX unu Word. BkimtounTs: TUTYIBHBIN
JMCT, aHHOTAIUIO, BBEJCHHE, TEOPETHUECKYI0 4acTb, ONHCAHHE MOJENH, Pe3yJbTaThl
Bepu(dUKanmm, 3aKII0YCHNAE, CIIUCOK JTUTEPATYPHI.

Kon u monesn: [IpenocraButh ucxomausie daiinsl (TLA+ specs, Spin models) na GitHub
WIN B apXMBe.

HNucrpymentoi: Pekomenayercs TLA+ Toolbox (6ecmmatHbiii) unu Spin (¢ Promela).
Jns cnaGoil maMsiTu — paciMpeHue Mojieliell B MHCTPYMEHTaXx.

Pecypcni: Jluteparypa: "Specifying Systems™ Jlammopra (TLA+), "Principles of Model
Checking" Baepa. OmmaitH-pecypchbl: oduIanbHbIe CalThl WHCTPYMEHTOB, KypChl Ha
Coursera/EdX mo dhopmanbHOM Bepudukammm.

I'pynnoBas padora: [IpoekT MHIMBUAYaNbHBINA, HO JOIYyCKaeTcsl OOCYXKIAEHHE HIeH.
[Tnaruar HegomycTuM.

3amanus 1J151 NPOMEKYTOUYHOM ATTECTANUM 10 JUCHMUILIMHE (MOXYJII0)

Ne i/ 3apanue OTtBer Komnerenmus
1 VYKaxkute TEpMUH 7151 METO/1a JTJOTHYECKOTO Jloruka npenukatoB VK-1

MOJICTTUPOBAHMSI ITPOrpaMM B POpPMalIbHOM
BepHUKaIUH.

2 YKaxxute MEeTO KPUTUYECKOTO aHAIN3a OLeHKa peneBaHTHOCTH VK-1
HMCTOYHUKOB MH(OPMAITUU O (hOPMAITEHBIX
METOaX.

3 YKaxuTe HHCTPYMEHT IS 00pabOTKH TaHHBIX O AHanmu3arop Komia YK-1
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CBOHCTBAx MpOrpamMM B BepUPHUKALINH.

4 YKaxuTe CHCTEMHBIN NIOAXO K CUHTE3Y Ananus u VK-1
nHGOpPMAITUH TSI pEIIeHUs 3a1a4 AeAyKTUBHOM CTPYKTYpHUpPOBaHHE
BepH(UKaLIUHL.

5 VYKaXuTe KOHUENIHIO U3 MaTeMaTHUECKOM MonanbHas J10ruKa OIlK-1
JIOTUKH, TIPUMEHIEMYIO B MOJIEIISIX CHCTEM
COCTOSIHUM.

6 YkaxuTe MpUMEHEHUE AUCKPETHOW MaTEMaTUKHU Teopus rpados OIlK-1
B BEPU(PHUKAIUHN CTPYKTYP JTaHHBIX.

7 YKaXHTe TOHATHE U3 TEOPHUH BEPOSITHOCTEH IS Cryuaitaerii mporecc OIIK-1
MOJIETTUPOBAHUS OMIHOOK B MapayUIeTbHBIX
CUCTEMaX.

8 YKaXuTe MeTOJ U3 YHMCJICHHBIX METOJIOB JIJIS HrepatinoHHsblil aHaIU3 OIIK-1
OIIEHKH KOPPEKTHOCTH allTOPUTMOB
BepudUKaIuy.

9 YKkaxuTe MaTeMaTUYECKUH alrOpUTM A AJNTOpUTM TPOBEPKH OIIK-4
MPOBEPKU CBOICTB B CUCTEMAX COCTOSIHHM. MoJenen

10 YkaxuTe METOo]| pean3anuy OTPaHnICHUN B Bbynesa dopmyna OIIK-4
SAT-noaxosiax K BepUhUKAIUH.

11 YKaxuTe aaropuTMm sl aBTOMaTUYECKOTO AoOcTpakTHas OIIK-4
BBIBOJIa MHBAPHUAHTOB B CTATHYECKOM aHAJH3E. WHTEpIpeTanus

12 YKaXuTe YUCICHHBI METOJ AJI1 CUMBOJIBHOTO CUMBOJIBHOE BBIYHUCIICHUE OIIK-4
HCTIOJTHCHHSI IPOTPaMM.

13 YKaXuTe adropuT™ TS 1eTyKTUBHOM Nunyxius OIIK-6
BepUPUKAITUN PEKYPCUBHBIX PYHKIINH.

14 YkaxuTe MeTo]T pa3paboTKH IPOTPaMM IS MonenpHas mpoBepKa OIIK-6
MIPOBEPKH MapaAIJIEIbHBIX CHCTEM.

15 VYkakuTe onbIT pa3paboTKH CUCTEM LIS I'paduueckwnii oT4ET OIIK-6
BH3YQJIM3AIMH PE3YIbTATOB BepH(PHUKAIIHH.

16 VYKaxuTe anropuT™ JUIsl HHTErpaluu KomOunnpoBaHHbIi aHan3 OIIK-6
(hopMaTTbHBIX METOJIOB B pa3paboTKy.

17 VYKaxute MeTo] MaTeMaTHIECKOIO dopmaibHasg MOJIENb TIK-3
MOJIETTUPOBAHUS [T aHAIHM3a JTOTHIECKUX
CBOMCTB.

18 YKaxXHuTe aIropuTMHUYECKOE MOIEIUPOBAHNE CumMynsust COCTOSTHUN [K-3
nporiecca BepuduKaum moj| caadboi MoAeIbIo
MIaMsITH.

19 VYKaxuTe NpaKTUUECKUHN OIBIT TPUMEHEHUS Keiic-cragu IK-3
MOJICJTUPOBAHUS B TPOMBIIILICHHOM
BepH(UKALIUH.

20 VYkaxxkute MOZEINb JUIsl aHalIu3a UHTErPaluu 'uOpumHBIA TOIXO T1IK-3

METOJIOB Bepr(UKALIUU B pa3pabOTKYy.
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