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1. Kparkas xapakTepucTHKA JHCHUIIUHBI (MOAYJIs1)

Pabouas mporpamma aucummiiuHel (Monyisi) «PyHKIMOHAIBHOE MPOTrPaMMHPOBAHHUE
COCTaBJIEHA B COOTBETCTBHHM C (hefiepallbHbIM roCy1apCTBEHHBIM 00pa30BaTENbHBIM CTaHIAPTOM
BbICIIEro oOpa3oBaHusi — OakanaBpuar 1o HampasieHuto 02.03.01 «Marematuka u
KOMIIbIOTEPHBIE HayKu», Npoduis «lIpukianHoil NCKyCCTBEHHBIH MHTEIUIEKT», YTBEP)KICHHBIN
nprka3oM MHHHCTEpCTBa HayKu M BbIciiero oOpasoBanusi Poccuiickoit @enepanuu Ne 807 ot
23.08.2017 rona.

N3yuenne aucuurinHbl (Moayns) »DyHKIIMOHAIBHOE POrPaMMHUpPOBaHKE» 00ecrieunBaeT
Oosee mpeickazyeMoe IMOBEAECHHUE, NMPOCTOTY MapajuleIu3alMd U BO3MOXHOCTb (POPMaJILHOTO
JI0Ka3aTeIbCTBA CBOMCTB MPOTpPaMM, YTO JENIACT €ro KIIYEBBIM MHCTPYMEHTOM B pa3paboTke
Ha/I&KHBIX paclpesieNEéHHbIX CUCTEM, OOJIBIIMX AAHHBIX, KOMIWISATOPOB M B aKaJAeMHUYECKHX
UCCIICIOBAaHUAX B 00JIACTH TEOPUU BBIYUCICHHA.

MecTo TUCUMIIIIMHBI (MOIYJIS) B CTPYKTYpe 00pa30oBaTeibHOI MPOrpaMMbl

Hacrosimas nucuumnianHa (Moayib) BKIOYEHA B Y4EOHBIH J1aH 110 MPOrpaMMe MOArOTOBKU
OakanaBpuata no HampasieHuto 02.03.01 «MaremMaTuka U KOMIBIOTEPHBIE HAyKH», MPOodUib
«[IpuknagHOW WMCKYCCTBEHHBId MHTEJUIEKT» WM BXOJUT B BAapUAaTHBHYIO 4acTb bioka 1,
dbopMupyeMyro ydaCTHUKaMH 00pa30BaTeIbHBIX OTHOLIECHUH, KaK JUCHHUIUIMHA 10 BBIOODY.

JucnumimHa (MoayJib) 1OCTyIHA Juisl u3ydeHus Ha 3 wiu 4 xypee B 6, 7, 8 cemecTpax Ha
BBIOOD IMOCJIE YCHEIIHOTO OCBOEHUS AUCHMIUIMH (Moayneil): «MaTtemarnueckui aHanu3. YacTb
1», «Marematnueckuii ananu3. Yacte 2» u «JIluneliHas anreOpa um reomerpus. Yacte 1y,
«Jluneitnas anrebpa u reomerpus. Yacts 2» wnn «Matematnueckuid ananu3s. [IpoaBuHyTHII
ypoBeHb. YacTb 1», «Matemarnueckuil ananus. [IponBunyTsIil ypoBeHb. YacTh 2» u «JIunelinas
anrebpa u reometpusi. [IponBunyTsiii ypoBeHb. Yacth 1», «JluneiHas anrebpa u reomMeTpus.
[TpoxBunyTHI ypoBeHb. YacTb 2» U «S3bIk porpamMmupoBanust Python. OcHoBHO».

Hesb n3yyeHust AUCHMIIHHBI (MOAYJIs): chOPMUPOBATH y CTYACHTOB (yHIAMEHTAIBHOE
NOHMMaHWe M MPAKTUYECKHE HaBBIKM TMPUMEHEHUS (PYHKIHMOHAIBHOTO MOAX0oAa K
IPOTPaMMHUPOBAHUIO, TO3BOJISIOIINE MHUCATh YACTHIN, MOTYJILHBIN U JIETKO TIPOBEPSEMBIi KOJI.

3agaun u3y4eHust JMCHUILIMHBI (MOLYJIA):

— U3y4uTh A-ucuucienue, Tunossie cucreMbl (HM, Hindley-Milner, 3aBucruMeble TUTIBI) U
CEeMaHTHUKY YHCTHIX (PyHKIINH;

— OCBOUTH OCHOBHBIE KOHCTPYKIHH (PYHKIIMOHAIBHBIX SI3BIKOB (KappuUpOBaHHE,
BBICHIME-TIOPSIKOBbIE (DYHKIIMH, PEKYPCHSs, ICHUBOCTb, MOHAIbI, 3 (PeKThI);

— Hay4yuTbCsA MPOEKTHUPOBATh W PEATM30BBIBATH A0CTPAKIMM JaHHBIX 0€3 MOOOYHBIX
3¢ (}EeKTOB, HCIOJIB30BATh TUIM3UPOBAHHbIE OHOIUOTEKM M HWHCTPYMEHTHI CTaTUYECKOM
HPOBEPKH;

— Ppa3BUTh HAaBBIKM  OTJIQAKH, TECTHpPOBaHUS M  (opManbHON  BepUpHKALMU
¢dynkunonanbHbIX TporpamMM B coBpeMeHnHbIX IDE/REPL (Haskell, OCaml, F#, Scala).

B pe3yabTare 0cBOCHUS IUCHUILIMHBI (MOYJIfA) 00YYAKOIUMIACS T0JI5KEH:

3Hamy:

— OCHOBBI TEOPUH KaTErOpuid, YHUBEpCAJIbHON anreOpbl M JUCKPETHOW MaTeMaTUKH:
00BEKTHI, MOP(U3MBI, GYHKTOPHI, I€KAPTOBO 3AMKHYTbIE KATEIrOpPUU, MOHOUIAJIbHBIE KATETOPHH;
cB3b C¢  KoHcTpykuusimu  Haskell (dbyHkTOpBI,  anmmiauMKaTUBBI, MOHAJbI, JIMH3BI,
QG epeHIMpoBaHuE)

— MPOMBILUIEHHBIE cTaHAapThI pa3padoTku Ha Haskell: cucrema Moayneit, HHCTPyMEHTHI
coopku (cabal/stack), best practices opranmszanuu kojaa, padora ¢ 3¢dexkramu, TECTUPOBAHHE,
npomIMpoBaHe

— cuHTakcuc M 0azoBele koHcTpykiuu Haskell: momumopdusMm, ¢yHkImMM BbICIIErO
MOpSJIKA, JICHUBbIE BBIUMCIICHUS, PEKYpCHUs, JOKa3aTeNbCTBA MO MHIYKIUHU A IpOorpaMM Ha
Haskell
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— HEpapXuI0 CTaHJAPTHBIX KJIACCOB THIIOB: MOJYTPYIIbI, MOHOUMABI, (QYHKTOPHI,
amukatuBHbIe GyHKTOPBL, MOHAEI (IO, ST), Traversable, Foldable; nx 3axoHBI U B3aUMOCBSI3H

— TMpPOABHHYTHIE TeXHUKH paboTel ¢ Tunamu: GADT (untepnperatrop STLC,
TUMOOE30MacHbIE  MPEeoOpa3oBaHusA), CEMEHCTBA THUIIOB, yTouHsmmMe Tunbl (refined),
JI0Ka3aTenbCcTBa ¢ constraint

— KOHIEMIHUU MOHAIHBIX TpaHc(POpMepoB, FPPEKTOB U KOHKYPEHTHOTO/PEaKTUBHOTO
IPOrpaMMHUPOBAHUS: KOMITO3UIIMSI alIUIMKATUBHBIX (YHKTOPOB, TpaHC(HOpMEpBl MOHAJ, tagless
final, effectful, Free-monana, Term-monana, STM, MHOIOIIOTOYHOCTB, reactive-banana;

ymembp:

— pelaTbh HECJIOXKHbIE AJITOPUTMHUYECKHE 3ajaud B (YHKLHMOHAJIBHOM NapagurMe u
JIOKa3bIBaTh KOPPEKTHOCTh PEIICHHUS: MUCATh PEKYpCHUBHBIE U MOTUMOPQHBIE (YHKIHU C
UCIOJIb30BAHUEM CIIMCKOB, aireOpauMyecKux THUIOB JaHHBIX, kiaccoB Tunos (Functor,
Applicative, Monad); 0coO3HaHHO IPUMEHATH JICHUBBIC BHIYHCIICHHUS;

— CTPOHTH Tapcepbl C MOMOIIbIO ANIUIMKATUBHBIX KOMOWHATOPOB; MCIOJB30BaTh do-
HoTtauuio Juid IO 1 reHepaTopHbIX BBIPAXKEHUH; TUCaTh TeHepaTopsl ciyyaiiHbix ganHbx (I'TICY)
U TECThI HAa OCHOBE CBOMCTB (property-based testing);

— TMPOEKTUPOBATh NMPOTPAMMBI C HMCHOJB30BaHWEM TpaHchopmepoB Monan (ReaderT +
ExceptT + 10) unu tagless final; mpumensite Oubnuoteky streamly 111 MOTOKOBOI 00pabOTKH;

— peaau30BbIBATh HWHTEPIPETATOPbl MaleHbKHUX s3bIKOB ¢ nomomibio GADT u Free-
MoHazbl; ucnonb3oBate GADT s tunoOe3zonacHsIx mpeoOpa3oBaHuil (Oe30macHble BEKTOPHI,
SQL-3ampocsr yepes rel8);

— CaMOCTOATENIEHO Pean30BbIBaTh HEOObIINE MPoeKkThl Ha Haskell: mpumeHaTs TUH3BI
(BbBOJ JlaapxoBeHa) Juis palbOThl € BIOKEHHBIMU CTPYKTYpaMH; IHCaTh MHOI'OIOTOYHBIE
nporpammel ¢ STM; co3naBaTh IpocThie BEO-CepBEPHI Ha SCotty;

enademp:

— (pyHKIMOHAJIBHBIM HOJXO/IOM K PELIEHMIO 3a/1a4 IPOrpaMMHUPOBAHUS U MAaTEeMaTUKU:
HaBBIK (YHKIMOHAJIBHOTO MBIIUICHUS W PacCyKIEHUS O TMporpamMmax; IpOBEACHUE
JI0Ka3aTeIbCTB CBOMCTB (YHKUMH MO MHIYKIMH; MOHMMaHME MHOXECTBAa 3HAUE€HUI Tuma u
KOMOMHATOPUKH Ha TUNaX (OMEKINH);

— WHCTPYMEHTapHeM  KOMHO3MIMH  3(P(EKTOB:  BBIOOP  MEXAy  MOHaJHBIMHU
Tpanchopmepamu, tagless final u effectful B 3aBucumoctu ot 3amaum; HacTpoiika >pQeKxToB
(MCKITIOUEHUSI, PECYPCHI, YTEHUE/3aITUCh COCTOSIHHUS );

— TEXHUKaMH 00ecIevYeHus TUTI0OE30MMacHOCTH Ha YPOBHE KOMITHIISALIMH: HCIIOJIb30BaHNE
GADT, cemeiicTB Tunos, refined-TunoB u constraint-10ka3aTeabCTB ISl UCKJIIOUEHHS OIINOOK
BPEMEHH BBINIOJIHEHUS (HEMyCThIe CIIMCKU, KOppeKTHOCTh SQL-3anpocos uepes relf);

— MeTOoJaMM KOHKYPEHTHOI'O M PEakTHUBHOIO MporpaMMHpoBaHMs: oTiaaka livelock B
STM; noctpoenue FRP-cuctem Ha reactive-banana; ucnonb3oBanne Weak u StableName s
paboTHI ¢ yKa3aTeIsIMH U IPEIOTBPALICHUS yTEUEK;

— TOHHMMaHUEM TEOPETUUYECKHX OCHOB (TEOPHS KaTeropuil, yHuBepcaibHas aaredpa) B ux
NPaKTUYECKOM NPUMEHEHUH K pa3zpaborke Ha Haskell.

DJIEKTPOHHBIN JOKYMEHT



2. IlepeyeHb MJIAHUPYEMBIX Pe3yJbTATOB 00yUYeHMsI

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
IPOBE/ICHUH Y4EOHBIX 3aHATUH B (popMe KOHTAKTHON paboThl 00YYarOLIMXCS € IeJarornd4ecKUMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Kox u conep:xxanue
KOMIEeTeHIH U

HNHaMKaTop KOMIETeHIUH U NepedyeHb IVIAHUPYeMbIX
pe3yJIbTATOB 00y4eHHs 110 JMCUMIIMHE (MOAYJII0)

VYK-1. Criocoben
OCYIIIECTBIISIT TIOKCK,
KPUTHYECKHI aHAIN3 U CUHTE3
HHPOPMAITUH, TIPUMEHSTE
CUCTEMHBIN MOAXO0M IS
pelleHNs TIOCTABIEHHBIX 33124

VYK-1.1. 3HaeT MeTo bl TOMCKA U aHANKM3a UHpOpMaIMK B 006JIacTu
pa3pabOTKH, OCHOBHbIE NPUHIUIIBI KPUTUIECKONW OLIEHKH
MCTOYHUKOB HH(OPMALIUH U UX PEIIEBAHTHOCTH.

VYK-1.2. YMeeT KpUTHUECKHU OLICHUBATh NCTOYHUKH HH(OPMALINHU H
CHHTE3UPOBATh AAHHBIC U3 PA3JIUYHBIX HCTOYHUKOB VISl PEIICHUS
3a[1a4, IPUMEHATh CUCTEMHBIH [TOJIX0 K aHAJIU3Y U PELICHUIO
KOMIIJIEKCHBIX IPOOJIEM.

YK-1.3. IMeeT nmpakTU4ecKuii OMbIT pabOThI C COBPEMEHHBIMHU
WHCTPYMEHTaMU M TEXHOJOTHAMU AJIs1 00padOTKH WH(MOPMAITHH,
(bopMyNIHMpOBaHHUU U CTPYKTYPUPOBAHUY 3a/1a4 HA OCHOBE
MOJTy4YeHHOH MH(OpMAaIHH.

YK-2. Criocoben onpenensts
KpYT 3aJa4 B paMKax
[IOCTaBJICHHOW LIEIH U
BI)I6I/IpaTI) OIITUMAJIBHBIC
CHOCOOBI MX PEIICHUS, HCXOAS
13 AEUCTBYIOIIMX MIPABOBBIX
HOPM, UMEIOIIUXCS PECYPCOB U
OTrpaHUYCHUI

VK-2.1. 3HaeT nelcTBYIOLIME IPABOBBIE HOPMBI, PETYJIUPYIOLLINE
JeSITeIbHOCT B 00JIaCTH peIeHHs 3a7a4, OCHOBHbBIE METOABI U
HOJXO0/Ibl K ONPEENICHHUIO Kpyra 3aad.

VK-2.2. YMeet onpenesaTs KpyT 3a7a4 B paMKax MOCTaBICHHOM
EJTH, BEIOUPATh ONTUMANILHBIE CITOCOOBI PEIICHHUS 3a/1a4, YIUTHIBAs
HUMEIOIIUECS PECYPChl H OTPaHHYCHHS.

VK-2.3. IMeeT npakTUYECKUA ONBIT MPUMEHEHUS 3HAHUH O
MPaBOBBIX HOPMAX U PECypcax B PEATbHBIX CUTYAIHsIX, Pa3paboTKu
U peanu3alyy PELIeHUH B COOTBETCTBUH C YCTAaHOBICHHBIMU
OTpaHHYEHUSIMHU.

OIIK-1. Criocoben
KOHCYJBTHPOBATh U
HCIIOJIE30BaTh
(yHIaMeHTalIbHbIC 3HAHUS B
00JIaCTH MaTeMaTHYECKOTO
aHaIM3a, KOMIUIEKCHOTO U
(YHKIIMOHABHOTO aHaN3a
anreOpbl, aHATUTUIECKOM
TeOMETpPHH,
muddhepeHnnanbHON
F€OMETPHUHU U TOIOJIOTHH,
UG hepeHIInaTbHBIX
YpaBHEHUH, TUCKPETHON
MaTeMaTHKHU U
MaTeMaTU4YeCKON JIOTUKH,
TEOPUHU BEPOSTHOCTEH,
MaTEeMaTHYECKOW CTATUCTUKU
U CIy4YalHbIX IPOLECCOB,
YHCIICHHBIX METOJIOB,
TEOPETUIECKON MEXaHHKH B
npodeccuoHaIbHON
JESITEIbHOCTH

OIIK-1.1. 3HaeT OCHOBHBIE TIOHATHS, METO/IBI M PE3YIBTATHI
MaTeMaTHYECKOTr0 aHAJIN3a, KOMIUIEKCHOTO U ()YHKLIIMOHAIBHOTO
aHanm3a, anreOpel, aHATUTHYECKON 1 AuddepeHanTpHON
T€OMETPHH, TOTIOJIOTHH, TU(PepeHIIHATEHBIX YPaBHEHUH,
JIUCKPETHOM MaTeMaTUKU U MATEMATHYECKOMN JIOTUKU, TEOPUU
BEPOSITHOCTEH, MAaTEMAaTHYECKON CTATUCTUKH U CIIyJalHBIX
MPOIIECCOB, YUCICHHBIX METOJIOB U TEOPETHIECKON MEXaHHKH.

OIIK-1.2. Ymeer npuMeHsTh HyHIaMEHTaIbHBIE MaTEMaTHYECKHE
3HAHUS ¥ METOJIBI JJIS1 aHAJIN3a U PEeIeHNs TPO(heCCHOHATIBHBIX
3ajau.

OIIK-1.3. meeT npakTU4eCKH OMBIT BEIOOPA, pa3pabOTKU U
peann3anyuy MaTeMaTH4YeCKUX MOJeNiell 1 METO/I0B MPH PEIICHUH
3a1a4 npodeccHoHaTbHON AesITeIbHOCTH.

OIIK-6. Criocoben
pa3pabaTbiBaTh ATOPUTMBI U
KOMIIBIOTEPHBIE IIPOrPAMMBI,
MPUTOHBIC IS

OIIK-6.1. 3HaeT NpUHLIMIBI AITOPUTMH3ALMH, OCHOBHBIE CTPYKTYPBI
JaHHBIX, APaAUTMbl IPOrPAMMHUPOBAHMS, METOIBI Pa3padOTKH,
TECTUPOBAHHS U OTIAIKH KOMIIBIOTEPHBIX MPOTPaMM.

OIIK-6.2. YMmeeT pa3zpabaTsiBaTh, JOKyMEHTUPOBATh, TECTHPOBATH U
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MPAKTUYCCKOTO MPUMCHCHU A

OTJQKUBATH AITOPUTMBI M KOMITBIOTEPHBIC TIPOTPAMMBI, TPUTOIHBIC
JUTS IPAKTHYECKOTO IPUMEHEHHUSI, C UCTIOIh30BAaHUEM COBPEMEHHBIX
SI3BIKOB U Cpejl pa3pabOTKH.

OIIK-6.3. meeT npakTHUECKHUl OMBIT pa3paboTKu U
CONPOBO’KACHHS KOMIBIOTEPHBIX IIPOrPAMM U TIPOT PAMMHBIX
KOMIUIEKCOB JUIS PEIICHHUS MPUKIAIHBIX 33/1a4.
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3. Temaruueckuii njiax

Nemr/ TpyaoeMKoCTh, aKaJieMHYECKUE YACHI
I HaumeHoBanue Ounas ghopma
pa3aeJia JUCHUIIMHBI AynuTopHasi pa6oTa T}( M
(Tekymuii KOHTPOJIb
(MonyJis) Jlekuun | Ilpaktuyec | Kontpo | CamocrosiTen yemeBaemocTH)
KHe JIb bHas padorTa
3aHATHS
1 Beenenue B 16 16 62 JloMarHee 3aaHue
MPOrpaMMHPOBAHKE HA
Haskell: ot cunTakcuca
JI0 MOHAJT
2 | Ilpoxsunyroe 14 16 62 Homarsee 3amanne
(GyHKIMOHANBHOE Komnoxsrym
IPOrpaMMHPOBAHUE
3auem ¢ OyeHKoul 4 [poekT
Hmozo: 30 32 6 124
Oovem oucyunaunvt (Mooyns) 190
(6 ax. u.)
Oovem oucyunaunovt (M00yn) 5

(6 3au. eo.)
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4. CopepxaHue TMCUUILTHHBI (MOTYJIs)

Nen/m | HammeHoBanue pasjiena Conep:xanue TUCHUIUTHHBI (MOYJIs1) IO TeMaM
JMCHMIJIMHBI (MO1YJIs1)

1 BBenenue B Cunrakcuc Haskell. Ilomumopdusm u GpyHKITNN BRICIIETO MOPSAIKA.
IpPOrpaMMHUPOBAHKE HA Crucku. Pexypeus u neHuBble BeIYMcIeHUs. [loka3aTenscTsa mo
Haskell: ot cunTakcuca | HHAYKIHMA.

110 MOHAT AnreOpandeckre TUIIBI aHHbIX. [IpocThie Kilacchl THIIOB. MHOXECTBO
3HadeHMH Thma. KomOmHaToprka Ha THHax. buekium.
(CrangapTHBI€) CTPYKTYpPBI JaHHBIX. [1oMyrpynnbsl 1 MOHOHIBL.
OyHKTOpHI U cBEPTKU. Pemérkn. OyH1upoBaHHBIE MHOXKECTBA.
AmnmumkatuBHble pyHKTOpE. KoMOmHaTOpE! mapcepos. Kimace
Traversable. CBEPTKH U CTPUMUHT.
do-notaus st 10. I'enepatopubie Beipaxenust. [ TICY. Kiacc Monad.
Monaga ST. TectupoBanrue, OCHOBaHHOE Ha CBOMCTBAX.
Mmuoronorounocts B Haskell. Software transactional memory. Be6-
cepsepsl Ha Scotty. Livelock u stm-containers.
Kommosunus (anmmnkatuBHBIX) GyHKTOpOB. TpaHchopMepsl MOHA.
Crunb tagless final. Ctparerun nepaiiBuara. bubnmoreka streamly.
MHorounens! u Oynessl pyHkiun. [logcranoBka. Monana Free. Monana
Term anpha-5KBUBaJICHTHBIX TEPMOB. APXUTEKTYpa KOMITHJISITOPOB.

2 [IpoasunyToe CewmeticTa TumoB. CucteMsl 3¢ dexToB Ha mpumepe effectful.
(YHKIIHOHAIILHOE HpatiBepsl 06a3 maHHBIX Ha puMepe rel8. MckimoueHus u pecypcesl.
IPOrPaMMHUPOBAHHE Yrounstonue Tuisl Ha puMepe refined. JlokasarenbeTBa ¢ TOMOUIBIO

constraint. BBesieHIe B TEOPHIO KaTeTOPHUH.

GADT: unrepnperarop STLC u nqpyrue npumepsl. TunoOe3onacHbie
npeoOpa3oBaHus. JlekapTOBO 3aMKHYTHIE KATETOPUH.

Haugnoe onpenenenue nun3. Beisog nH3 JIaapxoseHa. MoHOUAAIBHbBIE
kareropun. Urpsr, nuddepeHnrpoBanre u TUH3BL.

OYHKIMOHATIFHOE PEaKTUBHOE MMPOTrPaMMHUPOBAHKE Ha IIPUMeEpe
reactive-banana.

Weak u StableName. FFL
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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  DJIEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIIa K pecypcamM 3 Jr000i TOUYKH, TJIe eCTh NOJKII0UeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUHU YHUBEPCUTETA, TAK U 32 €r0 MpeaesaMHy.

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

Ocnoenaa numepamypa:

1. JlumoBawa, M. U3yuaii Haskell Bo ums moOpa!: mpakTtmueckoe pykoBOACTBO / M.
Jlunosaua ; mep. ¢ anrin. /. Jleymmuna, A. Cununeina, 5. Apcanykaesa. - 2-e uzfl. - Mocksa : JIMK
[Mpecc, 2023. - 492 c. - ISBN 978-5-89818-338-7. - Tekcr: snekrtponnsni. - URL:
https://znanium.ru/catalog/product/2102625 (nara obpamenus: 14.07.2026). — Pexxum gocryma:
IO TTO/IITHCKE.

2. bepn, P. KeMuyuHbl TPOEKTUPOBAHUS AITOPUTMOB: (pyHKUIMOHANBHBIM monxon. C
npuMmepamu Ha sizbike Haskell : mpakTudeckoe pykoBoactBo / P. Bepn ; mep. ¢ anrn. B. H.
bparunerckoro, A. M. [lenenunpina. - 2-e u3a. - Mocksa: JIMK Ilpecc, 2023. - 331 c. - ISBN
978-5-89818-555-8. - Texcr: AIIEKTPOHHBIH. - URL:
https://znanium.com/catalog/product/2107906 (nara oopamenwus: 14.07.2026). — Pexxum gocryna:
IO TTO/ITHCKE.

3. Okacaku, K. Uncto ¢pyHKIIMOHATBHBIE CTPYKTYPHI JaHHBIX: TPAKTHUECKOE PYKOBOJICTBO
/ K. Okacaxku ; iep. ¢ aurd. I'. K. bponnukosa ; mox pen. B. H. Bparunesckoro. - 2-e u3z. - Mocksa:
MK IlIpecc, 2023. - 252 c. - ISBN 978-5-89818-577-0. - Tekct: amekrponnbii. - URL:
https://znanium.com/catalog/product/2107940 (nata oopamenwus: 14.07.2026). — Pexxum goctyma:
IO TTOATHCKE.

/Jlonoanumenshasn numepamypa:

1. Jleitno M., P. Jloka3aTenbCTBO KOPPEKTHOCTH Mporpamm : yuebHoe nocodue / K. Pycran
M. Jleitno ; mep. ¢ anrn. A. H. KuceneBa. — Mockga : JIMK Ilpecc, 2024. - 532 c. — ISBN 978-5-
93700-199-3. - Tekcrt : anekrponHbIi. - URL: https://znanium.ru/catalog/product/2204231 (nata
obpamenust: 14.07.2026). — Pexxum mocTyra: 1mo mojamucke.

6. MartepuajbHO-TeXHHMYeCKOe o0ecreyeHne

VYHuBepcuTeT pacrnojaraeT MaTepualbHO-TEXHUYECKOM 0a30i, COOTBETCTBYIOLIEH
JIeMCTBYIOIMM MTPOTUBOIIOKAPHBIM MPaBUIaM U HOPMaM U 00eclieurBaroIeil MpoBeieHUe BCeX
BUJIOB JIMCUUIUIMHAPDHOW W MEXIUCUUIUIMHAPHOW IOATOTOBKM, MPAKTUYECKOW U Hay4dHO-
UCCIIEIOBATEIbCKON PabOT 00yUaroNUXCsl, MPETYCMOTPEHHBIX YU€OHBIM IIITAHOM.

[TomeneHus1, KOTOpBIE MPEACTABISAIOT COO0H yueOHbIE ayIUTOPUH [Tl TPOBEACHUS 3aHATHI
JEKIMOHHOTO THMA, 3aHATHM CEMHHApCKOro (MPaKkTUYECKOro) THUMA, TPYNIOBBIX H
VMHAUBUAYAJIbHBIX KOHCYJIbTALMNA, TEKYIIIETO KOHTPOJISI U MMPOMEKYTOYHON aTTECTalllH, a TaKkKe
MOMEIIEHUS Il CAMOCTOSATENBHOM paboThl U MOMEIIEHUS Il XpaHEHUS U MPO(UITAKTUIECKOTO
obcimyxuBaHusl yueOHOTO 000pynoBaHus. [TomMereHns: yKOMIUIEKTOBaHbI CIIEIUATN3UPOBAHHOM
MeOenbl0 U TEXHUYECKHMMHU CPEICTBAMH OOYUYEHHsI, CIyXKAIlUMH JUIs MPEACTaBICHUS y4eOHOH
uH(popMaluu 60JIbIION ayIUTOPUH.

N3yuenne qUCUUIUIMHBI (MOAYIA) oOecTieunBaeTCsl B y4eOHBIX ayIUTOPHSX, OCHAIIEHHBIX:

— CTOJIaMH U CTYJIbSIMU;

— KOMIIbIOTEPHOU TEXHUKOU;

DJIEKTPOHHBIN JOKYMEHT


https://znanium.ru/catalog/product/2102625
https://znanium.com/catalog/product/2107906
https://znanium.com/catalog/product/2107940
https://znanium.ru/catalog/product/2204231

— MEXaHUYECKUMHU KaJbKYJIATOPAMH;

— CIeNUaTu3UPOBAHHBIM 000PYI0BAaHUEM, BKIIFOYAs IEMOHCTPAIMOHHOE 000PYyTI0BaHUE.

[TomemeHust 11k CAMOCTOATEIBHOM paOOTHI 00YJAIOIIMXCS, B TOM YHCIIE IPUCIIOCOOICHHBIE
JUIS. UCIOJIb30BaHUSl WHBAJIUJAMH W JIMIIAMU C OTPAHUYECHHBIMM BO3MOXKHOCTSMHU 370pPOBbS,
OCHAILEHbl KOMIBIOTEPHON TEXHUKOW C BO3MOKHOCTBIO MOJAKIIOUEHHS K ceTh «HTepHeT» u
obecrieueHHeM  JOCTyNa B JJICKTPOHHYI  HMH(GOPMAIIMOHHO-00pa30BaTEebHYIO  Cpeay
YHusepcurera.

OO0yyarmumMcs MpeaoCTaBIseTcss JOCTyn (B TOM 4YHCIE YAAJICHHBIH) K pecypcam
WH(OPMAIIMOHHO-TEIIEKOMMYHUKAITMOHHON ceTH «HTepHET», JIeKTPOHHBIM pecypcaMm (B TOM
YHUCJIE JJIGKTPOHHBIM OHOJMOTEYHBIM CHCTEMaM, COBPEMEHHBIM MPO(eCcCHOHATBHBIM 0Oa3aM
JAHHBIX ¥ UHOOPMAIIMOHHBIM CIIPABOYHBIM CHCTEMAaM):

Ne HaumeHoBaHue nopraJja Ccblika
(u3xaHud, Kypca, 10KyMeHTa)

1. | Hayunas snexkrponnas 6ubnmoreka elibrary.ru | https:/elibrary.ru/defaultx.asp

OoubmoTeka
2. | basa nanueix mwis I T-cnenuanucroB https://habr.com
3. | basa mammeix ScienceDirect https://www.sciencedirect.com
4. | OdurmansHbpIi caiT MUHHCTEPCTBA HAYKH H https://minobrnauki.gov.ru/

BEICIIIEro oopasoBanus Poccutickoit @eneparum

5. | ®enepanbhsiii moprai «Poccuiickoe oopasoBanue» | https://www.edu.ru/

6. | Mudopmanunonnas cucrema «EanHoe okHo pocrymna | http://window.edu.ru/
K 00pa3oBaTelIbHBIM pecypcam»

7. | Enunas xomnekims nudposix oOpazoBatenbubix | http://school-collection.edu.ru/
pecypcoB

8. | ®enepanbHblii IEHTP HHPOPMALTUOHHO - http://fcior.edu.ru/
00pa3oBaTeILHBIX PECYPCOB

[Tepeuenp WHGOPMAIMOHHBIX TEXHOJIOTUH, MCIOJIB3YEMbIX IPH  OCYLIECTBICHUU
00pa30BaTeNLHOTO MpoLecca MO TUCHUIIMHE (MOJIyJIE), B TOM YHCJIe KOMILJIEKT JIMIEH3UOHHOTO
IPOrpaMMHOr0  OOecleyeHusl, COBPEMEHHble MpodeccuoHambHble 0a3bl  JaHHBIX U
UH(POPMALMOHHBIE CIIPABOYHBIE CHCTEMBI:

HaumenoBanmne 110 IIponsBoacTeo JInnensuonnoe / cBOGOIHO
pacnpocTpaHsieMoe

OnepaioHHbIe CHCTEMbI:
Microsoft Imagine (Windows Client, Server) | sapy6exmtoe | nuuensnonHOE
Bpay3zepbI:
Sunexc.Bpaysep OTEUECTBEHHOE | CBOOOIHO paclpOCTpaHIEMOe
Google Chrome 3apyOeKHOe CBOOOJIHO pacrpocTpaHsIeMoe
Od¢ucHble NPUIOKEHHUS
Microsoft Imagine (Visio, OneNote) 3apy0ekHOoe JIMILIEH3MOHHOE
TeXstudio 3apyOexHoe CBOOOHO pacIpoCTpaHsieMoe
Adobe Acrobat Reader 3apyOeKHOe CBO0OOJIHO pacrpocTpaHsIeMoe
IporpammHoe o0ecneveHne 1Jisl IVIAHUPOBAHUS H Y4eTa BPeMEHH:
Toggle app | 3apyOexHOoe | CBOOOHO pacIpoCTpaHsIeMOe
CucTeMBbl YHpaBJieHHs] MPOEKTAMM:
Microsoft Imagine (Project) | sapy6exnoe | nurensnonnoe
Cucrembl ynpasJieHHs1 6a3aMH TaHHBIX:
Microsoft Imagine (SQL Server) | 3apy6exHoe | muuensnonHoe
Cucrtemsl peseppHOro konuposanus (backup):
Acronis Backup Advanced for HyperV | sapy6exnoe | nurensnonnoe
CripaBo4YHO-NIPaBOBbIE CHCTEMbI:
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Koncynprantllitoc: cipaBoyHO-TIpaBOBast OTEUECTBEHHOE | JIMIICH3UOHHOE
cucreMa

CpeacTBa aHTHBHPYCHO# 3aLUTHI:
Kaspersky Endpoint Security amnst 6usneca OTEUYECTBEHHOE | JIMIIEH3UOHHOE
Cranpmapraeiii Russian Edition
Cpennbl pa3padoTkm:

Visual Studio Code 3apy0exKHOE CcBOOOJIHO PACIIPOCTPAHIEMOE
Bash (Unix shell) 3apyOexKHOE CBOOOHO pacIpoCTpaHsIeMOe
Anaconda 3apyOexkHOE CBOOOIHO pacIpOCTpaHsIEeMOe
Robotic Operating System 3apy0exHoe CcBOOOJTHO PACTIPOCTPAHIEMOE
CopelliaSim 3apy0exKHOE CcBOOOJIHO PACIIPOCTPAHIEMOE
Google Colaboratory 3apy0exKHOE CcBOOOJTHO PACIIPOCTPAHIEMOE
IlakeThbI MPOrpaMMHBIX CPeICTB M OHOJIHOTEK:

AutoPsy 3apyOexkHOE CBOOOIHO pacIpOCTpaHsIeMOe
Interactive Disassembler (IDA) 3apy0eIKHOE CcBOOOJTHO PACIIPOCTPAHIEMOE

Cucrembl ynipaBjeHusi oudauorpapuueckoii nnpopmanueii:

Zotero | 3apyOeKHOE | CBOOOJTHO pacIpoCTpaHsIeMOoe
CepBHCHI B CITYKOBI:

Bind 3apyOexKHOE CBOOOIHO PaCIpPOCTPaHsIEMOe
Docker 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe

7. MeToanuyecKkue H OIleHOYHbIE MATEPHAJIBI
MeToauyeckne yKazaHus il 00y4alOUIUXCS 10 OCBOEHUIO TUCIHILIMHBI (MOYJIs1)

B npomnecce uzydenus AucuuIiuHbl (Moayss) «DyHKIMOHAIBHOE MPOTPAMMUPOBAHKEY B
pamMKax TEKYIIEero KOHTPOJIS YCIEBAEMOCTH HCIIONB3YIOTCS TaKWe BHIBI yUeOHOW pabOThI, Kak
JICKIIMU, CEMUHAPbI, JOMAIIHUE 3aJaHHs], KOJJIOKBUYM, OOHYCHBbIE Oajibl, a TaKXKe pa3MyHbIC
BUJIBI CAMOCTOSITEJIbHOM PabOThl 00yJaroOIIUXCs 10 3aJaHUI0 MPEToaBaTes, HalpaBJIeHHbIE Ha
pasBUTHE HAaBBIKOB npodeccroHanbHOM JIEKCUKH, 3aKpeIUICHUE MPAKTUYECKUX
MPOECCUOHAIBHBIX KOMIETEHIINHN, TTOOLIPEHNE UHUITHATHB.

Jlexyus — cuUCTEeMaTHYeCcKoe, IOCJIEI0BATEIbHOE, MOHOJOTHUYECKOE  M3JI0KEHHUE
nperno/iaBaTeseM yueOHOTO MaTepraa, Kak MpaBuiIo, TEOPETUYECKOTO XapaKTepa.

B mponecce nekuuii peKOMEHIyeTCsl BECTH KOHCIEKT JIEKIMH: KpaTKO M CXEMaTH4YHO
(UKCUPOBATh OCHOBHBIC WIEH, BBIBOJBI M OOOOIICHUS JIEKIMW; BBIIENATH BaXXHBIE MBICIH,
KJIIOYEBbIE CJIOBa U TepMUHBL. Heo0X0auMoO OTMETHUTh BONPOCH MM MaTepUaibl, KOTOpbIE
BBI3BIBAIOT 3aTPYIHEHHS, U MOTBITATECS HAWNTH OTBETHI B PEKOMEHII0BaHHOU JuTepatype. Ecimu
pa3oOpaThCsi B MaTepuane He YAaercs, CleAyeT cOpMYIMpPOBaTh BONPOC M 3aJaThb €ro
NPETo/IaBaTeI0 Ha KOHCYJIBTAI[MH WA BO BPEMSI CEMUHAPCKOTO (IPAKTUYECKOTO) 3aHATHSI.

Cemunap — 310 (hopMa ydeOHON NEeATETbHOCTH, IPOBOANMAs B yUeOHOM 3aBEIEHUU O]
PYKOBOJICTBOM IpemojaBaTelisi, TI/A€ CTYACHTbl AaKTUBHO YYacTBYIOT B OOCYXICHHSX,
NPaKTUYECKHX 3a/IaHUSAX U IPYTUX (popMax B3aMMOJEHCTBHSL.

Jlns ycrienrHoi MoAroToBKU K CEMUHAPY PEKOMEHAYETCs 3apaHee O3HAKOMMTBCS ¢ TEMOMN
3aHATUS M OCHOBHBIMH MaTepHajaMH, 4TOObl MMETh BO3MOXHOCTh AKTHBHO YYacTBOBATh B
oOcyxaeHuu. Takxe MOoJIe3HO MOATOTOBUTH BOIPOCHI U HUJIEU ISl OOCYKIEHUS, YTO IMOMOKET
ri1y0Ke MOHATh MaTepHuaj U MPOJAEMOHCTPUPOBATH 3aMHTEPECOBAHHOCTb.

Jlomawnee 3a0anue — HabOPp 3a/1a4 1O TEMaM HEJICIIH.

[Ipu pabore Hajx JOMAIIHUMHM 33/JaHUSIMH  BaXKHO BHUMATEJIbHO O3HAKOMHUTBCS C
TpeOOBaHUSMU U CPOKaMH BBINOJIHEHUs. PekoMeHyercss pa3douBaTh 3aJaHUs Ha ATarmbl, YTOObI
n30exaTh MEperpy3ku M Jydlle YCBOUTh MaTepHuai. Mcrmonb3oBaTh pa3indHble UCTOUYHUKU
uH(pOopMalnu, BKI0Yasi yaeOHUKH U OHJIAaH-pecypcChl, A1 0ojiee rTyOOKOro MOHUMaHUS TEMBI.
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Konnoxeuym — ycTHbIE OTBETHI Ha BOIIPOCHI, CIUCOK KOTOPBIX U3BECTEH CTYICHTY 3apaHee.

B mnpomecce moAroToBKM K KOJUIOKBUYMY HEOOXOIMMO IPOAHAIU3UPOBATH Yy4eOHbIE
MaTepuaibl, 03HAKOMUBIINCH C JICKIUSAMH, YICOHHMKAMH U JOIMOJIHUTEIBHBIMU UCTOYHUKAMH,
aKLIEHTUPYS BHHMMAaHHE Ha KJIIOYEBBIX TemaX. PekoMeHayercsi co3naTh CTPYKTYpHUPOBAHHBIE
KOHCIIEKTBI, BBIJICTISIS OCHOBHBIC U, TEPMHUHBI 1 JOPMYJIBL.

Bownycuvie 6annbt — 3TO OLUEHKH, KOTOPHIE CTYJACHTHI MOTYT IOJIyYUTh 32 BBIOJHEHHE
JIOTIOJTHUTEIIbHBIX 3a/1aHUN.

®opmar OOHYCHBIX 0OAJUIOB MO3BOJIICT CTYJACHTAM YIYYIIUTHh OOLIYIO OLEHKY MO Kypcy U
CTUMYJIUPYET yriIyOJIeHHOE U3yYeHHEe MaTepuaa.

Ilpoexm — uccienoBareibckas padoTa 110 Kypey | IMPE3eHTAIMS Pe3yJIbTaTOB.

JIyist ycienrHo#i moITOTOBKYU K MPOEKTY PEKOMEHIYETCS: YeTKO OMPEACIIUTh IS U 3a1a91
IIPOEKTA; COCTABHUTH ILJIaH PabOThI, pa30MB MPOEKT HA ATAIbBI C YKa3aHHEM CPOKOB BBITIOJHCHUS
Ka)KJ0r0 U3 HUX; UCMOJIb30BaTh pa3HOOOpa3Hble NCTOUYHUKUA MH(OPMALIMU U UHCTPYMEHTHI JJIs
UCCIICIOBAHMSI TEMBI, PETYJISIPHO MPOBEPATH MPOrPECC U BHOCUTH KOPPEKTHBHI B TIAH, €CIU TO
HEOOXOINMO.

Camocmosmenvnaa paboma — paboTa CTYJEHTOB, HaIpaBICHHAs Ha YIIIyOJEeHHOE
U3y4eHHE OTJCIBHBIX TEM M BOIPOCOB YUeOHOW AMCHIUIUINHBI (MOIYJIIS).

B nporuecce camoctosTensHON paboThI CTYACHTHI B3aUMOJIEHCTBYIOT C PEKOMEHI0BAHHBIMU
MaTepHrajaMH P MUHUMAJIFHOM YYaCTHHU MPEToiaBaTels. 3a1aun CTyIeHTa BKIIOYAIOT paboTy
C KOHCIEKTaMH JIeKuii (06paboTka TeKCTa), MIOBTOPHOE U3yYeHUE YUEOHBIX MAaTEepUaJIOB IJIAHOB
¥ TE3MCOB OTBETOB, U3YUEHHUE JIOMOJHUTEIBHBIX TEM, BHIIIOJHEHUE YI€OHO-NCCIIEAOBATEIBCKUX
3alaHUU U Ipyroe.

Cucrema OLlCHUBAHUSA PE3YyJbTATOB oﬁyqe}mﬂ no JTUCHUIIJIMHE (MOI[y.TIlO)

Kpurepun nostyyeHusi ypoBHS M OLlEHUBAHUS C(POPMUPOBAHHOCTH KOMIIETEeHUMIl 1O
aucuuIuinae (MoayJie) « DyHKIMOHATbHOE MPOrPAMMHPOBAHHE)

OneHuBaHue YpoBHSA Y4e€OHBIX JOCTIKEHUH, OOYYarOMIMXCs MO TUCIUIUIMHE (MOIYIIIO),
OCYIIECTBIISICTCS B BUE TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH M IMTPOMEKYTOYHOH aTTeCTaIUH.

[IpomexyTouHasi aTTecTalusi MO AUCHUIUIMHE (MOIYJIO) OCYHIECTBIsSETCS B (opme
3auema ¢ OWeHKOU, TIPU ITOM TIPOBOJHUTCS OIICHKA KOMIETEHIWH, CHOPMUPOBAHHBIX II0
TUCITUTLINHE.

Jns oueHMBaHUSA TEKYLIErO KOHTPOJSA YCIEBAEMOCTH M IPOMEXYTOYHOM AaTTECTALUH
UCTIONB3YETCS IeCATUOAIUIbHAS IIKaja OLEHUBAHUS, KOTOpask COOTHOCHUTCS C TPaTUIIMOHHOMN
nATUOATUTPHON IITKAJION CIEAYIOIMM 00pa3oM, €Clii HHOE HE YKa3aHO B CHJUTA0yCe TUCIUILIAHBIL:

JecaTubannbuas) IlaTtudannbHas Ouenka 3a 3auer OO0mas xapakTepucTHKA pe3yJibTaTa
OLICHKA OLICHKA 0o0y4eHuUsI MO TMCHUTINHE (MOIYJII0)
10 OTnnyHO 3auTeHo CTyZIeHT MOJIHOCTBIO BJaJeeT 3HAHUSAMU,
9 OTIHYHO 3auTeHo W3J0KEHHBIMH B paboueil mporpamme, H
) OTIHYHO 3auTeHo DIyOOKO  OCMBICTISICT jaucnuiuinHay. OH
CaMOCTOSITETILHO u JIOTUYECKH

MOCIIEI0BATEIIEHO OTBEYAET Ha BCE BOMPOCHI,
akKIIGHTUpYs  BHUMaHWe Ha  HauOoee
BAYKHOM. YwMmeer aHaJIU3UPOBATh,
CpaBHHBATH, KJIaccu(PUIIUPOBATH, 0000IIATH,
KOHKPETH3UPOBaTh W CHUCTEMAaTH3MPOBATH
M3YYCHHBIM MaTepHas, BBIACISAS KIIOUCBbIC
MOMEHTHl W YCTaHaBIIMBas IMPUYUHHO-
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HecsiTudannbuas
OIleHKA

IIaTuéannnLHas
OIleHKA

OneHka 3a 3a4yert

OO0mas xapakTepucTHKA pe3yJibTaTa
00yuYeHusl o TUCHUILUTHHE (MOIYJIIO)

CJIeICTBEHHBIE CBSI3U. UeTko (GopMyIHpyer
OTBETHI, YBEPEHHO WHTEPIIPETUPYET
pe3ynbTaThl aHaAJIN30B u JIPYTUX
WCCIIEIOBAHNN, a TaKXKe PEIIaeT CIOKHBIC
3amaun. CTymeHT XOpOomio 3HaKOM C
METOAaMHU HCCIEeJOBaHMs, HEOOXOIUMBIMH
JUISL TIPAaKTUYECKOM NEATENbHOCTH, U YMEET
CBS3BIBATh TEOpETHIECKHE ACTIEKTHI
JTUCIUILTAHBL  (MOIyJIs1) C TPaKTHYSCKUMHU
3aJa4aMu.

Xoporo 3auTeHo

Xoporo 3auTeHo

CryneHT oOnamaeT 3HAHUSAMHU MpeaMeTa
IOYTH B TIOJIHOM oOBeMe pabodei
MPOTPaMMBI H CAMOCTOSITENEHO, JIOTHIECKH
MOCJIEI0BATEIIEHO U BCECTOPOHHE OTBEYACT
Ha BCE BOIIPOCHI, aKLIEHTUPYS BHUMaHHUE Ha
Hamboee 3HaYNMBIX MOMeHTax. OH ymeer
aHAJIM3UPOBATh, CpaBHMBATb,
KJIACCU(PHUIMPOBATD, 0000maTh,
KOHKPETH3UPOBaTh M CHCTEMAaTH3HPOBATH
W3YYeHHBI  MaTepwal, BBIOEIAS €ro
KIIIOUEBbIC ACIICKThI u yCTaHaBJIMBas
MPUYUHHO-CIIEJICTBEHHBIE CBSI3M.
®dopMynHpyeT CBOH OTBETHI, YBEPEHHO
HHTEPIPETUPYET PE3YIbTAThl aHAIU30B U
JIPYTUX WCCIENOBaHUHU, a TaKXKe peniaeT
CJIOXHBIE CUTyallHOHHBIE 3amadu. CTyIeHT
XOPOIIIO 3HAKOM c METOJIaMHU
HCCIICOBAHU, HEOOXOIUMBIMH IS
MPAKTHYECKON JNIeATENhHOCTH, U yMeeT
CBSI3BIBATh TEOpPETHUECKUE ACTIEKTHI
peaMeTa ¢ IPAKTHYSCKUMHU 3a1a4aMH.

Y 10BIETBOPUTENHHO 3auTeHo

Y 10BIETBOPUTENHHO 3auTeHo

CryneHT oOnamaer 0a30BBIMU 3HAHHSIMH
0 JTUCHHUIUTHHE (MOJIYJII0), HO HCTIBITHIBAET
TPYIHOCTH MPH CAMOCTOSTEIBHBIX OTBETaX
1 WCITOJIB3YET HETOYHBIE (hOPMYITHPOBKHU. B
XO0ll€ OTBETOB OH JOIMYCKaeT OIIMOKH,
Kacaromuecss CyTd BonpocoB. CTyneHT
CIIOCOOEH peIaTh TONBKO CaMble MPOCTHIE
3a7a4d U BIAACET JIUIIb MUHUMAJILHBIM
HabOPOM METOJI0B MCCIIEIOBAHMS.

He cnaun He 3aureno

N

He cnan He 3auteno

He cnan He 3auteno

CTy,I[eHT HC  OBJIAJACI 00s13aTeNbHBIM
MHUHHUMYMOM 3HAHUU 110 npeaMeTy U HE
MOXET OTBETHUTH Ha BOIIPOCHI, HAXKE €CJIN
nmpernogaBaTeiib  3adacT JOIMOJHHUTCIILHBIC
HaBOJAIINEC BOIIPOCHI.

JlucuunnuHa

CIeyIomKUM 00pa3oMm:

(monynp)  «DYyHKIHMOHAIBHOE

IporpaMMHUPOBAHUCH OICHUBACTCsA

AKTHBHOCTH Bec | KonuuecTBO Onucanne
Homamnnue 3aganus | 40% 7 HaGop 3aia4 o remMam HeJienu
KommoxBuym 30% 1 YcTHBIE OTBETHI HA BOTIPOCHI, CITUCOK KOTOPBIX
W3BECTEH CTYJICHTY 3apaHee
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AKTHMBHOCTH Bec | KoanuecTtBO Onucanmue
3a4er c OLEHKOM 30% 1 [TpoekT - nccnengoBaTenbcKkas padoTa Mo Kypey u
Mpe3eHTAINs PE3yIbTaTOB.
@®opmyJia pacuyéTa UTOrOBOH OLEHKH MO AUCHUIINHE (MOAY/10) «DYHKIIMOHAIbHOE
nporpammupoBanue»: «0,4 x cpennee 3a nomamtaue 3aganus + 0,3 X komtokBuyM + 0,3 X 3ader

C OLIEHKOM».
B pamMkax n3ydeHus TUCHIUILIAHBI (MOYJIs1) BOBMOYKHO TOJydeHHEe OOHYCHBIX OaJIJIOB.

Texkyuuii KOHTPOJIb YCIIEeBAEMOCTH 00y4alOIIMXCH M0 IMCHUILINHE (MO1YJI€e)

IIpumepHbIe TOMANIHIE 3aJaHUS
1. MMoaumoppubIH Map .

— CodopmynupoBarh THIIOBYIO CUTHATYpY map - (a — b) — [a] — [b] \
— Peanu3oBarp 4nCTYI0 peKypCUBHYIO pyHKIMIO Map .
— Koa nomxen koMnuiaupoBaThcs 6€3 npeaynpekIeHui.

2. MoHnowus.
— IlepeuncinTh Tpu 3aKOHA MOHOUA.

— PeanmuzoBats THD SUM INt wepe3 newtype .
— Tlokasats, uto |mempty = Sum 0 u (<>) = A (Sum Xx) (Sum y) — Sum (X +Y) \
— IIpoBepuTh 3aK0HBI ¢ MOMOIIBIO (UICKCheck .

3. MHayKuusi HAX CIHCKAMM.
— Jlokasats (Bpyunyto i nipu nmomorin QuickCheck) cBoiicto length (replicate n x) = n!

JUIsl HATypaJIbHbIX .
— IlpenocraBute 0a30BbIi Cilydail, mar WHIYKIMHA W/WIA TPOWTH TECT IS CIydailHBIX

3HAYCHU.
4. Aaredpanveckuii TMII.

— OOBsaBUTH OMHApHOE epeBo BinaryTree a.

— Peanu3zoBate ans Hero uHCTaHuio Functor .

— IlpuBectu paGounii (aiin, KOMIWIMPYIOIMHUKCS 63 OINOOK.

5. KomOunaTopsl napcepa.

— C momourpro parsec/ megaparsec HamucaTh mapcep apru(pMETHYECKHX BhIPaKCHHIM
(madper, +, ).

— DyHKIWMS ]parseExpr .. String — Either ParseError Expr] JIOJKHA TPaBUIIBHO

pa3dpath CTpOKU Buga 2+3*4 .

6. Applicative-komno3unms. |

— Tlokasars, kak jBa 3HaueHuss Maybe KoMOHMHHPYIOTCS uepes <*> \

— Tlpusectu npumep Just (+) <*> Just 3 <*> Just 4 u MOAYYIUTH pe3yabTaT ‘Just 7|

7. STM-Tpan3akumusi. | |

— PeanmuzoBate  (QyHKIHMIO, aTOMapHO YBEIWYWBAOIIYIO CcUE€Tuyumk | \Var Int! u
OJTHOBPEMEHHO 3alHCHIBAIOIIYIO CTapOe 3HaUeHHEe B BTopoit | \Var .

— IIportecTrpoBaTh pabOTy ¢ HECKOJIBKUMH ITOTOKAMH, YOS TUBIINCH B OTCYTCTBUU TOHOK.

8. TecTupoBaHue cBoiicTBA. | |

— Hamucare QuickCheck-cBoiictBo mis reverse i@ [a] — [a], nanpumep ‘ reverse (reve rse}
XS) == XS \

— Y0enuThCs, 4TO TECT MPOXOAUT JJIs IIHPOKOTO HA0Opa CIIy4aifHbIX CITUCKOB.

9. Web-cepBep (Scotty).
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— Co3nate MUHUMAJIBHBIN cepBep, o0cmyxuBatonmi 3anpoc GET /hello/:name.

— Cepgep nomxen Bo3pamath JSON-oteer { “‘greeting”:""Hello, <name>!""}.

10. FFI. ‘

— UYepes FFI BeizBath u3 Haskell ¢ynkmuro double sqg rt(double)‘\ U3 CTaHJApTHOMN
oubnuorexu C. ,

— Hamnucatp o6omnouky hsSqrt :: Double — Double, npoBepus, uro hsSqrt 9‘\ BO3BpALIacT

3.0}.

IIpumepHble 3a1aHUsA U KPUTEPUU OLleHUBAHUS VI IPOEKTA
Bapuantsl TeM nipoekra:
— A. DSL-unTtepnperarop — Onucarp Tunode3omnacHbiii DSL (apudmeTnka, BeTBICHHE,
BBOI/BBIBOJT) Ha ocHOBe GADT u Free-monans , peanu3oBarh 1Ba uatepnperaropa (I0- u
Mock-), TOKpPBITh KOJ property-recTaMu.

Tpebyemoie mexnonoeuu . GADT | free -library, mtl (MonadlO), QuickCheck .

— B. Crpum-o6pabortunk — [Toctpouts pipeline ua streamly / conduit, unraromuii
CSV-paiin, rpynnmupyronmi CTpOKH, MPUMEHSFOITUN arperupyronyo (yHKITUIO U BBIBOIASIINI
pesynbTaT B Vector . OueHuTh IponycKHYI0 CIIOCOOHOCTb.

Tpebyemvie mexnonoeuu . streamly (wmm conduit), vector, criterion .

— C. Cepsep ¢ STM-norukoii — PeanuzoBats BeO-cepBep (Scotty) ¢ HECKOIbKUMU
SH/I-TIONHTAMH, HCTIONB3YIOIUME STM -KoHTeHHEepHI UTs yuéTa MoJIb30BaTEIbCKUX CECCUH,
o0ecneunTbh KOPPEKTHOCTH MPU BHICOKOM YPOBHE Mapajuiesin3Ma.

Tpebyemvie mexunonocuu . SCOtty, stm, async, quickcheck-stm.

— D. Effect-system — Coznatb nebonbiyro 6ubmmoreky s dexros Ha Gase effectful
[ polysemy (unm \ mtl), Brmouns apdexter Reader, State, Error, Log. IIpogeMoHcTpupoBaTh
e€ Ha MpUMepe MPOCTON KOMAHIHONW 000JIOUKH.

Tpebyemvie mexnonoeuu . effectful /polysemy, mtl, hspec.

— E. Tectr-nnargopma — CKOHCTpYHUpOBaTh HAOOP TUMOBBIX Property-recton
(QuickCheck/ Hedgehog) nnst peanuzanuii Functor, Applicative, Monad ; coopaTth oT4éT 0
MOKPBITUHM U HAWJCHHBIX OIIHUOKaX.

Tpebyemvie mexunonocuu : quickcheck, hedgehog, tasty, hpc.

CryneHT BbIOMpaeT OMH U3 BapUAHTOB, (PUKCUPYET 3a1auy B Issue peno3utopus u
nojy4aer e€ ooOpeHue.

Kpurepun onienuBanus:

—  DyHKIMOHAIBHOCT.

— KagectBo kona.

— Hcnonb3oBaHre NpOABUHYTHIX KOHIISTIIHA.
— Tecruposanue.

— JlokymeHTanus.

— IIpe3enTanus.

— Oruér.

IIpumepHbIe 3a1aHUA 1JIS1 KOJUIOKBHYMA
1. Monumopdusm Hindley-Milner. Jlaiite ompeneneHue, OOBSICHUTE pPAa3HUILY MEKIY
YHHUBEPCAJIBHBIM TMOJIUMOP(U3MOM U OTPAHUYEHHBIM MOJUMOP(PU3MOM, peaTu3yeMbIM Yepes
type-classes.

2. Mounoun. Chopmynupyiite kinacc Monoid B Haskell, mepeunciute Tpu 3aKoHa, KOTOpbIE
OH 00s13aH YAOBJICTBOPATH, U IPUBCAUTEC MMPUMEP MOHOUIHOT'O THIIA.
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3. OyHKTOp W anIuUIMKaTUBHBIN (yHKTOp. Omnuimmre ocHOBHbIE omepanuu (fmap, pure,
<*>) ¥ IepeyUCIUTe UX 3aKOHbI (UJIEHT., KOMIO3UIIIS, TOMOMOP(U3M, UHTEPIPETAIIHS).

4. Do-noranus. OObsICHUTE, KaK OHA Pa3BOPAYMBAETCS B LIETIOUKY BHI30BOB >>:\ u ‘>> ‘

5. Software Transactional Memory (STM). UYrto mpeacrasiasier coboii STM u Kak
JOCTHTAETCs aTOMAPHOCTh TPAH3aKIH?

6. GADT. B uém ominurie ot 00bIuHbIX (ala -o0bsBienuit? [IpuBeaure mpocToit mpumep

tunobe3zonacHoro DSL, moctpoennoro Ha GADT.
7. Free-monna. Kakue 3agaun pemaet Free-Monad, kak BeIrsiiuT €€ 6a3oBasi CTpYKTypa B

KoJie (KoHCTpyKTOphl PUre m Free)?
8. Effect-system. Hasosute Tpu ypoBus abctpakuuu (effect type, handler, carrier) B
oubmmorekax effectful /polysemy u kparko onummte UX QyHKIUU.

33}13]—[1/15[ IJIdA l'lpOMe)KyTO'lHOi;I aTTeCTallii 110 JMCHHUIIJINHE (MO)Iy.]IlO)

Ne 3aganue OTtBer Komnerennusi | Maaukarop
n/n
1. 3anuiunTe TUIOBYIO CUTHATYPY U map :: (a->b) ->[a] OIIK-6 OIIK-6.2
pealin3anuio noJuMoppHON HyHKIIMH > [b];map _[1=1I;
map sl CIIHCKa. map f (x:xs) =f x:
map f xs
2. ChopmynupyiiTe Tpu 3aKOHA MOHOWA U 3aKOHBI: OIIK-1 OIlK-1.1
YKa)KUTE HEUTPAIbHBIN AJEMEHT IS TUIIA acCOLMaTUBHOCTD,
Sum Int. JIEBBII U MpaBbIid
HEUTpaIbHBIH
anemeHT. [Jist Sum
Int: mempty = Sum 0
3. Jokaxure HHAYKIUEH, uTo length baza: n=0, nnuHa YK-1 YK-1.2
(replicate n X) paBHO n ISt TFOOOTO mycroro crucka 0.
HATypPaIBLHOTO . Ular: mna
(x:replicate n x)
paBHa 1 TUTIOC IITMHA
(replicate n x), 4to
O MPE/TONIOKEHHIO
paBHO 1+n
4. [puBeauTe MpUMEp MPUMEHCHHUS Just (+) <*>Just 3 OIIK-1 OIIK-1.2
aNIIMKaTUBHOTO (PyHKTOpPA IS IBYX <*> Just 4 naer Just
3HaueHui Maybe. 7 CCJI XOTh OZIHO
Nothing, pe3ynbrar
Nothing
5. Peanu3yiite BeIuuciienne Gpaktopuana c Hcnonezyercs OIIK-6 OIIK-6.2
ucmonb3oBanueM MoHaabl ST st runST, newArray,
JIOKAJIbHOTO MacCHBa. mapM_ 4 sanmcu
B MaccuB, readArray
JUISL pe3yJIbTara;
COCTOSIHUE HE
yTeKaeT HApPYKy
6. ChopmynmupyiiTe CBOWCTBO HHBOIOITUT CBoiicTBO: reverse OIIK-6 OIIK-6.3
IUIs1 QYHKIIMK TEVErse U MPOBEPHTE €r0 (reverse XS_) paBHO
uepes QuickCheck. xs. Tect: quickCheck
(\xs -> reverse
(reverse xs) == (xs ::
[Int]))
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7. O0Bsicaute, Kak STM obecrieunBaet Onepanuu readT Var YK-2 YK-2.2
aTOMapHOCTh TPaH3aKIUH MpU padboTe ¢ u writeTVar
TVar. BBIMOJTHSIOTCS B
6noke atomically;
TIpH KOH(PITUKTE
TpaH3aKIUs
OTKaTbIBAaCTCS
nepe3anycKkaeTcst
8. | Hammmure o6paborunk GET-3ampoca get "/hello/:name" OIIK-6 OIIK-6.2
«/hello/:name» Bo dpeitMBopke Scotty, don<—param”name’;
BosBpamaroumii JSON. json object
["greeting” .=
("Hello, " ++n ++
"]
9. Oxapakrtepusyiite npoodiemy livelock B Livelock Bo3Hukaet YK-2 YK-2.2
STM u npennoxKuTe MeTo e& TIpH MOCTOSHHBIX
TIpeJOTBPALIEHHS. KOH(HKTaX
TpaH3aKIHii.
[IpenoTBpaienue:
clyvaiiHas 3aJiepiKKa
Iepen retry uin
paslenieHne JaHHbIX
Ha HE3aBUCHMBIC
TVar
10. | CocraBbTe cTek TpaHcHopMepoB MOHA type AppM = OIIK-6 OIIK-6.1
ReaderT Env (StateT St I0) n nokaxure | ReaderT Env (StateT
lift st 10. St10); liftlo
UCTIONB3YeTCs JIIIsSt
noasema 10,
BioxeHHbIe lift s
Tparchopmepos
11. | Ompenenure GADT st data Expr a where OIIK-6 OIIK-6.2
TUTI00€30IIaCHOTO aprU(hMETHIECKOTO Eint :: Int -> Expr
BBIPQKEHHSI U HAMUIIUTE HHTEPIIPETATOP. Int; EAdd :: Expr Int
-> Expr Int -> Expr
Int; eval Bo3Bpamraer
3HAYCHHUE TUIA &
12. | C nmomomipto type families peanusyiite type family Length OIIK-1 OIIK-1.1
BBIYMCIICHHUE JITTMHBI THIT-YPOBHEBOTO xs where Length '[] =
CITHCKA. 0; Length (x ": xs) =
1 + Length xs
13. | Ucnone3ys 6ubanoreky refined, newtype Positivelnt OIIK-6 OIIK-6.2
o0wsaBute THII Positivelnt (1ieitoe 6obiie = Positivelnt
0). (Refined
(GreaterThan 0) Int);
KOHCTPYKTOP
MPOBEPSIET YCIIOBHE
IIPU CO3JIAaHUU
14. | Chopmynupyiite nBa 3akona mun3 (Get- Get-Put: view lens OIIK-1 OIIK-1.2
Put u Put-Get) m1s1 1oJ1s 3aIIHCH. (set lens v s) pasro
v. Put-Get: set lens
(view lens s) s paBHO
S
15. | Peanmsyiire sx3emmsip Applicative ams pure x = Compose OIIK-1 OIlK-1.2
kommo3uimu Gpyrkropos Compose f g. (pure (pure X));

(<*>) mpumeHnsiet
(YHKIUIO BHYTpH
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JIByX YpOBHEH
BIIO’KCHHOCTH fmap
u <*>

16. | Hammmrure koHBeiiep oOpadorku motoka | S.fromList [1..10] & OIIK-6 OIIK-6.3
JMAHHBIX B OuOnHoTeke streamly (map, S.map (*2) & S._filter
filter, toList). even & S.toList;
BBITIOJTHSCTCS
JICHUBO M
2 pexTHBHO
17. | ChopmynupyiiTe 3aKOHBI GYHKTOPA B fmap id paBHo id; OIIK-1 OIlK-1.1
TEPMHHAX TEOPUU KATETOPHH (TOKIECTBO fmap (f . g) pasHo
Y KOMIIO3HUIIHUSA). fmap f. fmap g;
COXpaHeHHe
CTPYKTYpBI IPH
0TOOpaKCHUU
18. | Omummte OCHOBHYIO HIICHO Onucanue YK-1 YK-1.2
(YHKIIMOHAJILHOTO PEAKTUBHOTO MOBCICHUS CHCTEMBbI
nporpammuposanus (FRP) Ha npumepe BO BPEMCHH 1€pE3
reactive-banana. codbrrii (Event) u
TIOBE/ICHHS
(Behavior);
KOMOWHAIIMS Yepe3
aNIUIMKaTHBHBIC
olepanyu
19. | OObsacuute Haznayenue Foreign Function FFI no3Bossier OIIK-6 OIIK-6.2
Interface (FFI) B Haskell u npuseaute BBI3BIBAThH KOJI Ha
npumep Bb13oBa C-QyHKIHUH. APYTHX S3bIKAX.
[Tpumep: foreign
import ccall "func”
¢_func:: Cint-> 10
Cint
20. | OnummTe apxXUTEKTYpHBIH cTHIL Tagless WuTeprnperanus YK-2 YK-2.2

Final st BCTpanBaeMbIX MpeIMETHO-
OPUEHTUPOBAHHBIX S3BIKOB.

TEPMOB 4epe3
KJIACCHI TUIIOB
BMECCTO SABHOI'O

CHHTAKCUYECKOTO
JIepeBa; MO3BOJISIET
MEHSTh CEMaHTHKY
0e3 U3MEeHEHU KOoJa
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