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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,
npopmwibs VCKyCCTBEHHBI HHTEIUIEKT, YTBEp)KJIEHHBIH Hpuka3oM MUHHCTEpCTBA HayKd U
BeIciero oOpasoBanust Poccuiickoit deneparu Ne 807 ot 23.08.2017 roxa.

N3zyuenune aucuuiuivbel (Moayns) «Bepudukanus mporpamMm» BakKHO Uil 0OeCleYeHMs
KOPPEKTHOCTH M HaJIS)KHOCTH MPOTPAMMHOT0 00ECIICUEHUS, YTO CHIDKAET PUCKH OLIMOOK U cO0eB
B CUCTEMax. JTO CIIOCOOCTBYET IOBBIIIEHUIO KayecTBa pa3pabOTKH U O€30M1aCHOCTH IPOrpaMM,
0COOEHHO B KPUTUYECKH BAXKHBIX MPUIOKECHHUSAX.

MecTo AMCHUIINHBI (MOYJIs1) 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
HckyccTBEeHHBI MHTEUIEKT W BXOJUT B BapuaTUBHYIO 4acTb biioka 1, ¢opmupyemyro
y4acTHUKaMU 00pa30BaTeNIbHbIX OTHOLIEHUH.

Jucuummna (MOIyJIb) SIBISIETCS BRBIOOPHOW M JOCTYITHA [T M3ydeHus Ha 2, 3 wim 4 Kypce
B 4,5, 6, 7 wim 8 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 MPUHIUITB KPUTUIECKOH OLIEHKU
MOCTaBJICHHBIX 33729 HMCTOYHUKOB HH()OPMAITUU U UX
pEJIeBaHTHOCTH
YK-1.2. YMeeT KpUTH4ECKH OLIEHUBATh
WUCTOYHUKHU HH(OpMAILINU H
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
CTaTUCTHUKU U CIy4aiHBIX MaTeMaTHYECKUX MOJIENeH B
MPOIIECCOB, YUCIEHHBIX METOJIOB, npodeccCHOHANEHON
TEOPETUIECKON MEXaHUKH B JIeSITeTbHOCTH
npohecCHOHANBHON
JIeSITEIIbHOCTH
OIIK-6 CrniocoGen pa3pabaTsiBaTh OIIK-6.1. 3HaeT aNropuTMEI pa3paboTKH,
AITOPUTMBI M KOMIIBIOTEPHBIE KOMITbIOTEPHBIEC TIPOTPAMMBI, &
IPOrpaMMBbl, IPUTOTHBIE IS TAKX€e aITOPUTMBI
NPaKTUYECKOTO IPUMECHEHHS BBIYUCITUTEIHHON MAaTEMaTHKH B
00J1acTH NCKYCCTBEHHOTO
MHTEJIEKTa
OIIK-6.2. VYmMeet pazpabatbiBaTh

MAaTE€MAaTUYCCKHUE IIPOrpaMMHBIC
MPOAYKTBI U KOMILUJICKCEI C
HCIIOJIb30BAHUEM COBPCMCHHBIX
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TEXHOJIOTHH POTPaMMHUPOBAHUS
B 00J1aCTH NCKYCCTBEHHOTO
WHTEJIEKTa

OIIK-6.3.

NmeeT npakTuueCcKuid ONBIT
pa3pabOTKN HHTEIIIEKTya bHBIX
MH()OPMAITMOHHBIX CHCTEM IS
BHU3YyalIU3allMU PE3yJIbTATOB
HCCIIEIOBAHMI B 00J1aCTH
HCKYCCTBEHHOI'O MHTEJJIEKTA

ITK-1. Crnioco6en popmymnupoBatb
3aJIa4uM C MaTeMaTHYECKOMN
TOYHOCTBIO, 00OOCHOBEIBATh
YTBEPXKACHUS CTPOTO H
aHAJIM3UPOBATH MOJTyUYCHHBIC
pe3yabTaThl B 00J1aCTH
MaTEeMAaTHKH U KOMIIBIOTEPHBIX
HayK

IK-1.1.

Oo0agaer 0a30BBIMH 3HAHUSIMU,
MOJTy4YEHHBIMU B 00JIACTH
MaTeMaTHYeCKUX HayK,
IIPOrPaMMHUPOBAHUS
WH(GOPMAITMOHHBIX TEXHOJOTHI

IK-1.2.

YMeeT HaXOAUTh,
(hopMyITUPOBATh U PEMIaTh
CTaHJAapTHBIC 3a7a4H B
COOCTBEHHOU HAay4HO-
HCCIIEA0BATEIBCKON
JESITEIbHOCTH B MaTEMaTHKE U
WHPOpPMATHKE

IK-1.3.

HmeeT onbIT paboOTHI ¢ 3ajauaMu
B 00J1aCTH MaTeMaTUKH U
KOMITBIOTEPHBIX HAYK, BKIFOUAs
MPUMEHECHUE MaTEMaTHUECKUX
METOJIOB JIJISl PEIICHUS
IIPAKTHYECKUX 32134
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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 CraTnuecKui aHaIu3 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 MNHuTterpanus MeETOI0B U Wnrerpanus hopMalbHBIX METOJIOB B pa3paboTky. [IpakTuka
MTPOMBIIUICHHBIA OMBIT npUMeHeHus1 OpPMaITBHON POBEPKU
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pPacHpoCTPaHsIEMOro IMPOTPAMMHOTO O0ECHEeYeHHs, BKJIIOYAs MPOAYKTHl OTCUYECTBEHHOTO
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

VYHuBepcuTeT pacrnojaraeT MaTepualbHO-TEXHMYECKON 0a30i, COOTBETCTBYIOILEH
JEMCTBYIOIMM MTPOTHUBOIIOKAPHBIM MPaBUIaM U HOPMaM M 00ecrieunBaroNIeii MpoBeIeHUE BCeX
BUOB JHUCIUIUIMHAPHOW ¥ MEXIWCIUILUIMHAPHON TTOATOTOBKH, IMPAKTHYECKOW M HAy4YHO-
UCCIIEIOBATEILCKON PabOT 00YUaroNMXCsl, MPEAYCMOTPEHHBIX YUEOHBIM IIITAHOM.

[TomeneHus1, KOTOpBIE MPEACTABIAIOT COO0H yueOHbIE ayIUTOPUH JJIsl IPOBEACHUSI 3aHATUI
JEKIIMOHHOTO THUMA, 3aHATUH CEeMMHAapCKOro (IpakTUYEeCKOro) THIA, TPYNIOBBIX U
VMHAUBUAYaAJIbHBIX KOHCYJIbTAIMNA, TEKYIIIETO KOHTPOJISI U MPOMEKYTOYHON aTTECTalllH, a TaKkKe
MOMEIIEHUS Il CAMOCTOATENbHOM pabOThl U MOMEIICHHUS I XpaHEHHs ¥ MPO(YUIAKTHYECKOTO
obcmykuBaHusl yaeOHOTO 000pynoBaHus. [ToMereHns: yKOMIUIEKTOBaHbI CIICIMAT3UPOBAHHON
MeOeIbl0 U TEXHUYECKHMHU CPEICTBAMH OOYUYEHHsI, CIYXKAIlUMH Ui MPEACTaBICHUS y4eOHOH
nHpopMaIu OOJIBIION ayAUTOPHUH.

N3yueHne qUCUUIUTMHBI (MOZYIIsT) 00eCTIeYMBaeTCsl B y4eOHBIX ayIUTOPHIX, OCHAILICHHBIX:
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— CTOJIaMH U CTYJIbSIMU;

— KOMITbIOTEPHOU TEXHUKOM;

—  MEXaHWYECKUMHU KaJbKYyJIATOPaAMH;

— CIEeUUaTU3UPOBAHHBIM 000PYI0BAaHUEM, BKIIFOYAs IEMOHCTPAIMOHHOE 000PYI0BaHUE.

[TomereHust y1st CAMOCTOSITENILHOM pabOTHI 00yUJaAIOIIUXCS, B TOM YUCJIE IPUCTIOCOOTICHHBIS
JUI. UCHOJIb30BaHUS WHBAJIWJAMH W JIMIIAMU C OTPAHUYECHHBIMH BO3MOXHOCTSMH 3J0pPOBbS,
OCHAILEHbl KOMIBIOTEPHON TEXHUKOW C BO3MOKHOCTBIO MOJAKIIOUEHHS K ceTh «HTepHeT» u
obecrieueHHEeM  JOCTyNa B JJCKTPOHHYH  HHGOPMAIIMOHHO-0Opa30BaTEIbHYIO  Cpeay
YHuBepcurera.

OOyyarmumMcs MPeaoCTaBIsgeTCss JOCTyn (B TOM 4YHCIE YAAJICHHBIH) K pecypcam
WH(OPMAIIMOHHO-TEIIEKOMMYHUKAITMOHHON ceTH «HTepHeT», JIeKTPOHHBIM pecypcaMm (B TOM
YHUCJIE JJICKTPOHHBIM OMOJMOTEYHBIM CHCTEMaM, COBPEMEHHBIM NpPO(ecCHOHAIBLHBIM 0Oa3zam
JAHHBIX ¥ 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 YHCIIE KOMIUIEKT JTUIIEH3MOHHOTO
MpPOrpaMMHOTO  OOecleyeHus, COBPEMEHHble mpodeccuoHanbHble 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/
https://www.edu.ru/
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 BUAbI Y4eOHON pabOThl, KaK JICKIHH,
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 — CcHCTEMAaTH4YeCKOe, TMOCJIEIOBATEIbHOE, MOHOJOTHYECKOE  H3JI0KECHUE
npernojiaBaTesaeM yueOHOro Marepuana, Kak IpaBuiio, TEOPETUYECKOI0 XapaKTepa.

B mpormecce neknmii peKOMEHIYeTCsl BECTH KOHCHIEKT JICKIUI: KpPaTKO M CXEMaTHYHO
(GUKCUpOBaTh OCHOBHBIE WIEH, BHIBOJBI M OOOOIIEHUS JIEKIMHU; BBIIENATH BaXKHBIC MBICIH,
KJIIOYEBBIE CJIOBa W TepMUHBL. HeoO0XOIMMO OTMETHUTH BONPOCHI MJIM MaTepUaNbl, KOTOpHIC
BBI3BIBAIOT 3aTPYIHEHMS, U MOMBITATbCS HAMTU OTBETHI B pEKOMEHJ0BaHHOU nuTepatype. Ecimu
pa3o0paThCsi B MaTepuaie He YHaeTcs, CleAyeT CPOpPMYIHpPOBAaThH BONPOC M 3a1aTh €ro
IPEeMno/IaBaTes0 Ha KOHCYJIBTAIIMH UM BO BPEMsI CEMUHAPCKOTO (PAaKTUYECKOT0) 3aHSATHS.

Cemunap — 310 (hopma y4eOHOU NeATeTbHOCTH, MPOBOANMAs B y4eOHOM 3aBEJICHHUH IO
PYKOBOACTBOM TMpEMoJaBaTesisi, TI/A€ CTYACHTbHl AaKTUBHO YYacTBYIOT B OOCYKICHHSIX,
MPAKTUYECKHX 3aJaHMsIX U IPYruxX (opMax B3aMMOACHCTBHUS.

Jns ycneurHoi moAroToBKM K CEMUHAPY PEKOMEHIYETCS 3apaHee 03HAKOMUTBCS C TEMOM
3aHATUA W OCHOBHBIMH MaTCpHalaMu, 4T00BI MMETH BO3MOKHOCTH AKTHBHO y4aCTBOBAaTh B
obOcyxaeHuu. Takxke MOJIE3HO MOATOTOBUTH BOIMPOCHI U HUJIEU ISl OOCYKIEHUS, YTO MOMOKET
r1y0’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 caMOCTOSATENIBHO pa3padaThIiBaeT CTPATETUIO PELICHHUS TIOCTaBICHHOH 3a/1a4H, YTO
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 MPO(ECCUOHATBHON JIeATETHHOCTH.

Konnoxeuym — ycTHbIE OTBETHI Ha BOIPOCHI, CIIUCOK KOTOPBIX N3BECTEH CTYICHTY 3apaHee.

B mpouecce moArotoBkM K KOJUIOKBUYMY HEOOXOAMMO TMPOAHAIU3UPOBATH Y4ueOHBIE
MaTepualibl, 0O3HAKOMHBIINCH C JICKIHSIMH, YI€OHUKaMH M JIONOJHUTEIbHBIMUA HCTOYHHKAMH,
AKICHTHUPYSA BHHMAHUC Ha KIKOYCBBIX TCEMax. PGKOMCHIIyCTCﬂ 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 33Jayd MPOeKTa,
pacmpenenuTe PO W O0SM3aHHOCTH MEXKIY YYaCTHHKAMH, a TaKXkKe YCTAaHOBUTE CpPOKHU
BBITNIOJTHEHUSI KaXKI0W YacTu paboThl. PerynspHo npoBoauTe BCTpeuu AJis 00CYKASHHs Tporpecca
Y PEIICHHs] BO3HUKAIOIIUX BOIPOCOB.

Camocmosmenvnas paboma — paboTa CTYJEHTOB, HaIpaBICHHAs Ha YIIIyOJEHHOE
U3YYEHHUE OTJEIbHBIX TEM U BOIIPOCOB YUYEOHON AUCLMILIIUHBI (MOTYJIS).

B nporuecce camoctosTensHON paboThI CTYAECHTHI B3aUMOJIEHCTBYIOT C PEKOMEHI0BAHHBIMU
MaTepuaiamMy pu MUHUMAJILHOM y4YacTHH MpenojaBatess. 3a1auu CTyJeHTa BKIOYaoT padoTy
C KOHCIIEKTaMU JIeKI1i (00paboTka TeKCTa), IOBTOPHOE N3yueHHE y4eOHBIX MaTepHaJIOB, 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 INPOBOJUTCA OLIGHKA KOMIETEHLUH, C(OPMUPOBAHHBIX IO
JUCLHUTIIINHE.

Jns OueHMBaHUS TEKYLIEr0 KOHTPOJS YCIEBAEMOCTH M IPOMEXYTOYHOM aTTECTALUH
UCIIONIB3YETCS JlecATUOAIUIbHAS IIKajla OLIEHMBAHHUSA, KOTOpash COOTHOCUTCS C TPaJWLMOHHON
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
3aJjauyd M BJaJeeT JHIIb MHUHUMAaJIbHBIM
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».

Texkymmii KOHTPOJIb YCIIeBAeMOCTH 00YYAIOIIUXCS 110 JMCHHUILINHE (MO1YJIIO0)

IIpumepHbIe 3a1aHuS LISl KelicOB

Keiic 1: Ocnosvl gopmanvroti eepuguxayuu (Bsedenue 6 Gopmanvhvie memoowi.
Jloeuueckue modenu npoepamm)

3ananme 1: [TocTpoiiTe nornyeckyro Mozenb NpoCTOW MPOrpaMMel (HarpuMep, alropuT™
COPTHPOBKH MY3BIPHKOM) C MCIIOIB30BAHNEM JIOTHKH IPEAUKATOB MEPBOTo mopsiaka. Onpenenure
IpeayCIOBUS, MOCTYCIOBHS M WHBAPHAHTHI LIMKJIA, 3aT€M JIOKAKHUTE KOPPEKTHOCTH BPYYHYIO.
Hanumure oTueT ¢ hopMabHBIMU JI0KA3aTEIBCTBAMH U OOBSICHUTE, KaK 3Ta MOJIEIh IIOMOTaeT B
Bepudukanuu.

3aganue 2: Peanu3yiiTe NpoCTylO NMporpaMmy Ha s3bIKE C aHHOTAUUSMHU (Hampumep, B
Dafny nnn Why3) 1 ncnosnb3yiTe HHCTPYMEHT JUIsl IPOBEPKU KOPPEKTHOCTH. BHeapuTe ommoKy
(HampuMmep, HapyllleHWe WHBAapUaHTa) U IMPOAHATU3ZUPYWUTE, KaK MHCTPYMEHT BBISBIISET €e€.
CpaBHHTE C pyYHBIM JJOKA3aTEIbCTBOM M MPEUIOKUTE YITYULICHUS MOJIEIH.

3aganue 3: M3yunre npuMeHeHue popMalibHbIX METOI0B B pealbHOM MPOEKTE (HapuMep,
aHanmu3 oTKpbITOro kKoja u3 GitHub). Beibepure ¢pparmeHT kojia, CMOJETUPYHTE €ro JTOTHYECKH U
IIPOBEPHTE HA COOTBETCTBHE crenuduKkanusM. Hanummre oTueT 0 HalIeHHBIX MOTEHIIUAIbHBIX
OLIMOKaxX M peKOMEHJalUAX 0 HHTerpaluu GpopManbHOil BeprupHKalMK B poliecc pa3padoTKH.

Ketic 2: Mooenu u noeuxu ons cucmem ¢ cocmosaHuamu (PopmanbHvie MOOenU cucmem
cocmosiHutll. AHanU3 102U4ecKUx c8OUCME CUCTeM COCMOSHULL)

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

3aganue 2:PeanusyiiTe MOJAETb CHUCTEMBI C COCTOSHUSIMH (Hampumep, MPOTOKOI
B3aMMHOTO MCKJIIOUEHHs) B Spin U mposeaute 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.
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3ananue 3: [I[pumeHUTE aHAIM3 JIOTUYECKUX CBOWCTB K pEabHOM CHCTeMe (Hampumep,
MOJIEJIMPOBAHUIO KAIIMPOBaHUs B ipoueccope). Mcnonb3yiite TLA+ 1715 mpoBepku HHBapUAHTOB
Y BPEMEHHBIX CBOWCTB. [IpoBeauTe CUMYJSLHIO M HANMIIUTE OTYET O Pe3yJbTaTax, BKIOYas
CLIEHapUH, TJI€ CBOWCTBA HAPYIIAIOTCS, U IPEUIOKEHHS 110 YIYUIIEHUIO MOJEIIH.

Ketic 3: Cmamuueckuui ananuz u abcmpakmuas unmepnpemayusi (OCHO8bL cMaAmuyecKo2o
ananuza kooa. AsmomamuyecKuii 8b1600 UHBAPUAHINOB)

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

3ananme 2: Peanu3syiiTe aBTOMaTHUECKUI BBIBOJ MHBAPUAHTOB JJIA LUKJIA (Hampumep, B
nporpamMMe Ha Java) ¢ momomsio MHCTpyMeHTa Bpoje Infer mmm Astrée. Buenpurte ommOky
(HampuMep, NEepenoIHEHUE) W MPOAHATU3UPYHTE, KaK MHCTPYMEHT BBIBOJUT HHBAPUAHTHI U
oOHapy>kuBaeT mpobiemy. Hamummre cKpunT U1 AEMOHCTPALNU U MIPEIUIOKNATE YITYqIICHHUS.

3ananme 3: [IpoaHanusupyite OTKPBITHIM NpOeKT (Hampumep, ¢pparMeHT koja u3 Linux
kernel) ¢ wcmonmp30BaHMEM CTATHUYECKOTO aHAIHM3aTopa. BEBISIBUTE YSA3BHUMOCTH WM BBIBEIHTE
WHBAPHAHTHl C IIOMOIIBIO a0CTPaKTHOM WHTeprperanuu. Hamuimmre peranpHBIi OTY4ET O
HalIeHHBIX TPOOIeMax, Mepax mitigation u uHTerpanuu Takoro aHanusa B CI/CD naiinnaiin.

IIpumepHbIe 3a1aHUS U BONPOCHI K KOJUIOKBHYMY

Tema 1: OcHoswl ghopmanvhoi eepuduxayuu (Beedenue 6 hopmanvrvie memoowl. Jlocuueckue
Mooenu npoepamm)

1. OO6msacHuTe cyTh (hopManbHOI Bepudukanuu nporpamm. [IpuBeanre npumep J0ruueckoi
MOJIEJIM TPOCTON MporpaMMbl (HampuMep, ajJropuTMa Moucka MUHHMMYMa B MacCHUBE) C
IIPEyCIOBUSAMU, TIOCTYCIOBUSIMU U NHBAPHUAHTAMHU.

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

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

Tema 2: JleoykmusHas eepugpukayus nociedo8amenbhblx npocpamm  (edykmusHnas
sepugpuxayusn 6a306vix ancopummos. Bepugukayus cmpykmyp OanHbIX U peKypcuiL)

1. Kak ocymecTisiercsi JeAyKTHUBHAs BepUUKaIs peKypcuBHBIX ¢yHkuuii? Ilpusenure
IpUMep J10Ka3aTeIbCTBa KOPPEKTHOCTH (PYHKLMHU aKTopraia ¢ UCIOIb30BAaHUEM JIOTHKU
IIPEIUKATOB.

2. Bepuduuupyiite npocToil alropuT™M COpTUPOBKU (HAaIpHUMeEp, BCTaBKAMHU) C MOMOIIIBIO
aHHOTAaUM{ Mpex- W nocTycnaoBuil. ONMIINTE IIAard J0Ka3aTeIbCTBA U BO3MOXKHBIE
JIOBYIIKH.

3. OObsicHUTE BepU(UKAIMIO CTPYKTYp JAHHBIX, TaKHX KaK CTEK WJIA O4Yepe.b.
Cmonenupyiite onepanuio push/pop s cTeka u ToKaxuTe € KOpPeKTHOCTb.
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Tema 3: Moodenu u noecuxu 011 cucmem c cocmosuusimu (DopmanvHvle MoOenu cucmem
cocmosaHull. AHAIU3 102Uu4ecKux c80UCmE Cucmem coCMosHUL)

1. Yto Takoe KOHEUHBIH aBTOMAT KaK MOJIeJb CUCTeMbl cocTtossHui? [lpuBenure mpumep
MojieH cBeTodopa U MpoaHAIM3UPYHTE €ro CBOMCTBA (6€30MaCHOCTh U KUBYUYECTh).

2. Omummute gormky CTL (Computation Tree Logic). IIpoaemMoHCTpupyiiTe HpOBEPKY
cBoiicTBa "Bceraa rinobdansHo" (AG) Ha mpuMepe MPOCTON CHCTEMBI COCTOSIHUH.

3. Kak wmopmemmpoBath cuctemy cocrossauii B TLA+? Coszpaiite cnenudukanuioo s
NPOTOKOJIa B3aUMHOT'O UCKITFOYCHUS U OOBSCHUTE, KaK IPOBEPUTH NHBAPHAHTHI.

Tema 4: Bepughuxayus napannenvuvix cucmem (llapannenvhvie GvluucieHuss u ux MoOelu.
Ilposepka ceoticms napannenvuvix cucmem. Bepupuxayus noo cnaboii mooenvro namsamu)

1. OObscuutre mopenp mnapamienbHbix BblyucieHudt CSP (Communicating Sequential
Processes). IlpuBemute upumep BepuduKaiuu cBoicTBa cBoOoasl oT deadlock B
napajuielIbHOW IpOTrpaMMe.

2. Yro takoe ciabas Mojelib NAMATH M [OYEeMY OHa BaHa Juid Bepupuxkanuu?
[TponemoHcTpupyiiTe MTPOOIEMY Ha TpUMeEpe Koaa ¢ race condition.

3. Kak mpoBepsaTh cBOIiCTBa mapaieIbHBIX CUCTEM € TOMOIIBI0 Spin? OnuimmTe mporecce
MO/ICJIMPOBaHHMs M IPOBEPKU BPEMEHHbBIX CBOMCTB (Hamprmep, LTL).

Tema 5: Cmamuueckuti anaruz u abcmpaxmuas unmepnpemayus (OCHO8bI CMAmMuyecKo2o
ananuza kooa. AemomamuyecKuti 8b1600 UHBAPUAHINOB)

1. B uém cyrp cratmyeckoro ananmmsa koxaa? IlpuBeamre mnpuMep WCHOIB30BAHUS
uHcTpyMmeHnTa Frama-C s BeisiBinenus null pointer dereference B C-xone.

2. OObsAcCHUTE KOHLENIMIO a0CTpakTHOW wuHTeprnperanuu. Kak oHa mpuMeHsieTcs UIs
AaBTOMAaTUYECKOTO BbIBOJ]a MHBAPUAHTOB B IIMKJIaX?

3. TlpomeMoHCTpUPYHTE CTATUYECKHI aHAIM3 MPOrpaMMbI C ITUKIOM, HCIONb3ys Infer.
Onummre BHISBICHHBIE TPOOIEMBI U TIPEIOKHUTE UCIIPABICHUS.

Tema 6: SAT/SMT-nooxoowr u oepanuuennas eepughuxayus (Ocpanuuennas eepugpuxayus Ha
ocHoge ocpanudenuti. CUMB0IbHOE UCNONHEHUe U UCCe008aHUe nymeli)

1. Yro Takoe SAT/SMT-colvers u xak oHM UCHONB3YyIOTCS B Bepudukanuu? Ilpusenure
IpUMep peulIeHus 3a1a4u BepUupHUKaIy ¢ MOMOoIIbIo Z3.

2. OOBsCHUTE CUMBOJIEHOEC WCIOJHEHHE. Kak OHO TOMOraeT B WCCIICJIOBAaHHH ITyTCH
MPOTPaMMBbI U BBISIBJICHUH OIIHOOK?

3. Onummre OrpaHUYEHHYIO BepHpUKanuio (bounded model checking).
[TponemoHcTpupyiiTe Ha MpUMepe BepuUKaUK HUKIIA C OTPAaHUYEHHOMN MTyOHHOM.

Tema 7: Unmeepayus memooos u npomviulieHusiti onvim (Mumezpayus oopmanvuvix memooos 6
paspabomky. [Ipakmuka npumenenus: popmanvHoti nposepxi)

1. Kak wuHTerpupoBarh QopmalibHble MeToAsl B mporecc paspabotku [10? IlpuBenute
puUMep U3 IPAKTUKK (HarpuMmep, B ipoekTax Bpojae selL4 nmu CompCert).

2. OOcymuTe TpeuMyIIecTBa M BBI3OBBI TMPUMEHEHUS (QopMaabHON BepUpHUKAIMN B
npomsbiuieHHocTH. Kakue nHctpymenTs (Harpumep, Coq uiu Isabelle) ncnonb3yrores
1 PTOro?
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3.

[Tpoananu3upyiiTe Keic mpuMeHeHUs (HOpMaTbHOW TPOBEPKH B PEATBHOM IPOCKTE
(manpumep, Bepuukanuss KoHTpakToB B Solidity). OnumuTe mard MHTETpalUd U
PE3YJIBTATHL.

HpnMepnoe OMMUCaHUE IJIA ITPOCKTA

Tema npoexTa: Bepudukanus napamensabix cucteM (Tema 4: [TapamienbHble BRIYUCICHUS U
ux Mojenu. [IpoBepka CBOWCTB mapauleibHBIX cHCTeM. Bepudukamus mox ciaboil MOAETbIO
MIaMSTH ).

Ha3Banue mnpoekra: Bepudukanus npoTokosa B3aMMHOTO HCKIIOYEHHS B TNapaylielbHOU
CUCTEME C UCIOIb30BaHUEM MOJIENIU CI1a00M MaMATH.

[{enn npoekra

N3yuuTh NPUHIUITEI MOJECTUPOBAHUS U BepU(PUKAIIMN TTAapaJUICIbHBIX CUCTEM, BKJIIOYas
MOJIEJIH MapayieNbHbIX BerunciaeHuil (Hanpumep, CSP umn TLA+).

OCBOUTH METOJIbI POBEPKHU CBOMCTB MapaslIeIbHBIX MPOTrPaMM, TAKHX Kak 0€3011acHOCTh
(safety), xuByuects (liveness) u orcyrcTBue deadlock/race conditions.

[Ipoananu3upoBarh BIUSHUE CIA00W MOJEIN MaMsATH Ha KOPPEKTHOCTh MapajuieIbHOTO
KOJla U HAyYUThCS BEPUPHUIIPOBATH MPOTPAMMBbI TIO]T TAKUMHU MOJIEIISIMH.

[IpuMeHuTh TeOpeTHYECKHE 3HAHUS HA TIPAKTHKE, HCIOIb3Ysl HHCTPYMEHTHI ()OPMaTbHOM
Bepudukanuu (Hanpumep, TLA+ umm Spin).

3aga4yu IpoeKTa

1.

4.

MopaeaupoBanne  cucrembl: Pazpabotate  ¢GopMambHYl0O  MOJENIb  IPOCTOTO
napajuieJIbHOTO MpoToKoJia (HampuMmep, Peterson's algorithm unm bakery algorithm st
B3aMMHOT'0 HCKJIFOYEHHS) ¢ yueToM ciiaboii Mozenu namsitu (Hanpumep, TSO — Total Store

Order).

@®opmynpoBKa cBOMCTB: OnpeieNuTh KIIOUYEBbIE CBOWCTBA CHUCTEMbl (MHBAPUAHTHI,
BpemenHble toruku LTL/CTL) u mpoBeputs ux Ha Hanugue omnbok (deadlock, starvation,
race conditions).

Bepuduxaums: Ncnons3oBare uHctpyMeHT (TLA+ wmm Spin) nns cumynsuuu U
OpOBEpKH MojAenu. B ciydae omMOOK MNPEeAsoXKUTh MCIPABICHUS M TOBTOPHO
BEPUPULIPOBATH.

Ananu3 u oTyeT: CpaBHHUTH PE3yJIbTAaThl BepUPUKAINK TIO]T CHIILHON U CJIa00i MOACIISIMH
naMsTH, OOCYAUTh MPAKTUYECKYIO IPUMEHUMOCTh M OTPAaHUYEHUS METO/I0B.

DTanbl BBITIOJIHEHHSI TIPOEKTa
[Tpoekt paccuntan Ha oguH cemecTp (mpumepHo 12—-16 Henmens). PekomeHayeTcs BBIOIHATH
MOATAITHO C TPOMEKYTOUYHBIMHU TTPOBEPKAMHU.

1.

MoaroroBurtenabnsbiii dTan (Hemesm 1-2): V3yuenue nutepatypbl ¥ HHCTPYMEHTOB.
Beibop mnpotokona u uHcTpymMeHTa (Hampumep, TLA+ nans  MoxaenupoBaHus).
CocrasieHue I1aHa MPOeKTa.

MopennpoBanne n ¢opmynupoka (Hememm 3-5): Co3nanme ¢opmansHONH MoJenu
cuctembl. Onpenenenne MoAyJel, MpoueccoB U CBOMCTB. IIpomexyTouHas mpoBepka:
JeMOHCTpanus 6a30BOI MOJIEH MPETO1aBaTENIO.
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3. Bepudpuxamusa wu anaau3 (Hemesm 6-10): Bamyck cuMynsiuii @ POBEPOK B
WHCTPYMEHTE. AHAJIN3 Pe3yJbTAaTOB, BBISBICHUE OMMOOK M MX UcIpaBieHne. CpaBHEHUE
MOJIEJIEN ITaMSTH.

4. Odgopmiaenne u 3ammra (Hemesm 11-12): Hamucanme oTdyeTa, IMOATOTOBKA
npe3eHTanmu. OUHATBEHAS TIPOBEPKA KOJIa U MOJICIICH.

CpOKI/I BBITTOJIHCHU A

e JlenJiaiiH MpoOMesKYTOYHOM NMpoBepkHu (Moesb U cBoiicTBa): KoHerl 5-if Heelnu.

e Jlensaiin d¢uHAJILHOTO oT4era W mnpe3eHtanuu: Konenm 12-i Hemenu (wnm 1o
PaCIUCaHUIO 3AIIUTHI TPOCKTOB).

e OO0mmii cpok: [TpoekT momkeH OBITH 3aBEPIICH K IK3AMEHAIIMOHHON CECCUU. 3aICpPKKU
JOITYCKal0TCS TOJIBKO C 0OOCHOBAHUEM M COTJIACOBAHUEM C MPEIO/IaBaTEIEeM.

Kputepuu 3amuTel 1 O1IEHKH
[Tpoekt onenuBaetcs no mkane 0—100 6amnoB. 3amuTa BitoyaeT npeseHranuto (10-15 Mmunyr)
Y OTBETHI Ha BOIpockl. Kpurepuu:

o Iloanora mopeau (20 6GamoB): KoppektHocTh (popManbHO# crienupuKanum, ydeT
napaJuienu3Ma u ciaboil maMsTH.

o KoppexkTHocTh Bepupukannu (25 0anioB): [IpaBuinbHoe IpuMeHEHHE UHCTPYMEHTOB,
TOYHOCTb NMPOBEPKU CBOMCTB, BHISIBIICHUE U UCIIPABJICHUE OIINOOK.

e Anaimm3 u BbIBOABI (20 GasioB): [yOmHa cpaBHEHUs MOENIEH, OOCYyKIeHue
OTPaHUYEHUHN U MPAKTUYECKUX aCTIEKTOB.

e Odopmienue oruera (15 0asnoB): CTpykTypa (BBEeIEHHE, METOIbl, pPE3yJIbTaThl,
3aKJII0YEHNE), HATMYKUE KoAa/MOJieNied, CChbUIOK Ha JIUTepaTypy, o0beM 15-25 crpanui.

e IlIpe3enTanus u 3ammura (20 6a/10B): SICHOCTh U3NOXKEHHS, AEMOHCTpAIUs pabOTHI,
OTBETHI Ha BOMPOCHI (TEXHUYECKUE U TEOPETUUYECKUE).
Munumanbnblii mopor: 50 6amwtoB mnsa 3adera. Bricokue Oamibr (80+) 3a MHHOBAIIMOHHBIE
MOJIXO/TBI, JOTIOJIHUTENbHBIE CBOMCTBA HIIM MHTETPAIHIO ¢ KOJoM (HampuMmep, Ha C++ ¢ MoJIenbio
MaMSATH).

TpeboBanus kK 0(OPMIIEHHUIO U pecypcam

e Oruer: B dpopmare PDF, ¢ ucnonszoBanuem LaTeX unm Word. BximtounTs: TUTYIBHBIN
JUCT, aHHOTAIIMIO, BBEJIEHHUE, TEOPETUUYECKYI0 YaCTh, OMUCAHUE MOJEIU, PEe3YyJIbTaThl
BepU(DUKAINHU, 3aKITFOYCHHUE, CITUCOK JINTEPATYPHI.

e Koa n mogesn: IlpenocraButs ucxomnsie daitnsl (TLA+ specs, Spin models) na GitHub
WIN B apXMBE.

o Hucrpymentsi: Pekomennyercss TLA+ Toolbox (6ecrutatHbiit) i Spin (¢ Promela).
Jns cnaGoil maMsiTu — paciMpeHue Mojiesiel B MHCTPYMEHTaX.

e Pecypcni: Jlutreparypa: "Specifying Systems" Jlammopra (TLA+), "Principles of Model
Checking" Bbaepa. OnmaitH-pecypchbl: oduIaabHbIe CalThl WHCTPYMEHTOB, KypChl Ha
Coursera/EdX no ¢popmanbHO BeprupHUKaIuy.

e I'pynnoBasi paGora: [IpoekT MHAMBHIYaJNbHBIM, HO JOMyCKaeTcs OOCYXAEHHE HICH.
[Imaruar HenomycTuMm.
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3amanus 1J151 NPOMEKYTOYHOM ATTeCTANUM 10 JUCHUILIMHE (MOTYJII0)

Ne i/ 3ananue OtBer Kommnerenuus
1 VYkaxute 0OCHOBHOH MeTo/] (popManbHON JeIyKTHBHAS BepUPHUKALINSI YK-1

BEepU(PUKAIIUH IPOTPaAMM. (deductive verification)

2 Ha3oBute HHCTpYMEHT [1s aHAJIA3a JIOTUYECKHUX MOJIeTIbHasI POBEPKa YK-1
CBOMCTB CHCTEM COCTOSTHMIA (model checking)

3 VYkaxkuTe MoIXoA Al MHTerpauun (JopMalbHBIX | CTaTHUECKUH aHalu3 (static YK-1
METOJIOB B pa3palboTKy. analysis)

4 HazoBurte meTon 117151 TPOBEPKU CBOMCTB CHMBOJIbHOE UCIIOJIHEHUE YK-1
MapaJuIeIbHBIX CHCTEM. (symbolic execution)

5 VYkaknuTe MPUHIUI OLIEHKH HCTOYHUKOB KPUTHYECKHUI aHaIN3 YK-1
uH(opManuu B BepruUKaIMu. (critical analysis)

6 Ha3oBute MareMaTuyecKyro JOTUKY AJis NpeauKaTHAas JOrUKa OIIK-1
MOJIeJIel TIPOTPaMM. (predicate logic)

7 VKaXuTe KOHIEIIHIO I aHaIn3a CUCTEM C BpEMEHHAs JIOTUKA OIIK-1
COCTOSHUSIMH. (temporal logic)

8 HasoBuTe MareMaTHYECKUN METOM, IS unayknus (induction) OIIK-1
JEeTYKTHBHOU BepH(UKaIINH.

9 YKaxXuTe TEOPHUIO IS OTpaHUICHHON TeopHsi MHOXeECTB (set OIIK-1
BepUPHKALIIH. theory)

10 Ha3zoBuTe BeposSTHOCTHYIO MOJIENb s claboi MmapkoBckue nemnu (Markov OIIK-1
MaMSITH. chains)

11 YKaxXuTe adropuTM ISl CTATHIECKOTO aHajn3a abcTpakTHas OIIK-6
KOJa. uHTeprperaius (abstract

interpretation)

12 HazosurTe Moaxom 11 CHMBOIBHOTO SAT/SMT (SAT/SMT) OIIK-6
WCTIOJTHEHMUSI.

13 YKa)kuTe HHCTPYMEHT JUIsl aBTOMAaTHYECKOT O penaTess OrpaHuYeHu i OIIK-6
BBIBOJIa HHBAPHAHTOB. (constraint solver)

14 HazoBute meron s Bepuduxanmm MOJEeJIbHas MPOBEpKa OIIK-6
napajuiebHbIX BRIYUCIICHUH. (model checking)

15 YKaxuTe anropyuTM Jjisi UHTETpaliu KOMITO3UIIMOHHBIN aHAJIN3 OIIK-6
(bopMaIbHBIX METOJIOB. (compositional analysis)

16 HazoBure norunueckoe CBOMCTBO I CUCTEM NOCTHKUMOCTD T1K-1
COCTOSTHHH. (reachability)

17 VYKaknuTe MaTeMaTHUECKYIO0 MOJIEITh JUTS CTPYKTYpHAas HHAYKIHS IK-1
PEKYpCHH. (structural induction)

18 HazoBute TouHOE yTBEpXKACHUE IS nHBapuaHT 1ukia (loop IK-1
JICYKTUBHOM BePU(PUKAIHH. invariant)

19 YKaxXuTe TUCKPETHYIO CTPYKTYPY IS rpa¢ cocrosiHui (state [K-1
napajiebHBIX CHCTEM. graph)

20 HazoBure obocHoBanue 1151 aOCTPaKTHON rajljIepoOBO COOTBETCTBHE [K-1

WHTEPIPETALNH.

(Galois connection)
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