LEHTPAJIbHbIN
YHUBEPCUTET

YTBEPXJIEHA

Pemennem Ydenoro cosera

AHO BO «llenTpanbHblii yHUBEPCUTET»
«25» mas 2026 r.

[IpoTtokom Ne 2

Pa6ouas nporpaMmMa JHCHUILIMHBI (MOYJIS1)
«Unkenepus nanubix (Data Engineering)»

Hanpasaenue noaroroBku: 02.04.01 Mamemamuxa u komnvromepHvle HAYKU

Hanpagaennocts (mpoduiib) NOATOTOBKM: [[pukiadnoe mawiunnoe ooyyenue

KBanupukauus (creneHb) BLIMYCKHUKA Ma2ucmp

®opma o0yueHus: ounas

Cpok ocBOeHHSI MPOrpaMMBbI: 2 200a

I'on Hadopa: 2026

[OKYMEHT NOAMMCAH
SNEKTPOHHOI NOANMCHIO MockBa

2026

ONEeKTPOHHBIA JOKYMEHT



ONEeKTPOHHBIA JOKYMEHT

Conep:xkanue

1. KpaTkasi XapaKTepUCTHKA TUCHHIITHHBI (MOIIYJIIM) «...vvveiiieiireeiieeesireessiessssaeessseesssnesssnessssenesssessssnes 3
2. TlepevyeHb MVIAHUPYEMBIX PE3YIBTATOB OOYUECHMS . ......cveevvereieenrisreaseesresseesesreaseesnesseesnesnessessresseennens 5
3. TEMATHUECKHIA TIITAH ........ciueiutiitiattiitesttetesteeatestesteesbesbe e e e be s bt e st e ebeeabesbeebe e bt s bt e b e ekt e n b e nbeeb b e besbeenbesbeeneeneas 7
4. Conep:kaHUE TUCHMIITHHBI (MOJIYJIIH) .. .eoiurtiuttattanteesteesiresssessseeseesseessesaseeasseaseesseesseesseessnessnesneenseenses 7
5. Y4eOHO-METOIHMUYECKOE OOCCIICUECHIIE ...........evvvveeeeeeeiiittreeeeeeeessasisaresesesesssasbsresesssssssssbereessesssssssresnsees 9
6. MaTepHaJbHO-TEXHHYECKOE OOCCIICUECHME ..........vveveereesierssreaseeteesseesseesseesssessseasesssessssessssaseanseensenns 9
7. MeTOAUYECKHE H OLIEHOTHBIE MATEPHAIIBI .....c..vivereesrereaneianesseesresseessesressessnesseesnesresssesressesssesseesenns 11



1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

Pabouas nmporpamma aucuurianHbl (Moayns) «HMuxenepus manneix (Data Engineering)»
COCTaBJIEHA B COOTBETCTBHH C (hefepabHBIM rOCy1apCTBEHHBIM 00pa30BaTEIbHBIM CTaHIAPTOM
BeIcIIero oOpa3oBaHus — MarucTtparypa mno HampasieHutro 02.04.01 Marematuka u
KOMIIBIOTEpHBIE HAayKu, poduis [IpukinagHoe MalmmmHHOE 00yYEeHUE, YTBEPKICHHBINA MPUKA30M
MuHucTepcTBa HayKu M BhIciiero oopazoanusi Poccuiickoit @enepanuu Ne 810 ot 23.08.2017
roja.

N3yuenne gucnumunel  (Momyns) «Wmkenepus nmaHHeix  (Data  Engineering)»
CIOCOOCTBYET CO3JIaHUIO0 HAIC)KHON MH(PpaCTPyKTYyphI 11 3P PEKTUBHOTO aHANM3a U 00pabOTKH
JAHHBIX, YTO SBIIICTCS KIIOUEBBIM I TIPUHATAS OOOCHOBAaHHBIX pEIICHUH B o01acTu
NPOAYKTOBOM aHaMUTUKH. OCBOGHHE AITHUX TEXHOJOTHH IMO3BOJISICT YIYYIIUTH YIpPaBICHUE
JTAHHBIMU U YBEJIMYUTh MTPOU3BOIUTEIILHOCTh AaHATUTHYECKHUX MPOIIECCOB.

MecTo AMCHUIINHBI (MOYJIS) B CTPYKTYpe 00pa30oBaTe/ibHON MPorpaMmbl

Hacrosmas nucuumninnaa (MOAysb) BKIIOUYEHA B Y4€OHBII TUIaH MO POrpaMMe MOATrOTOBKU
maructpatypsl mo HampaBienutro 02.04.01 MaremaTuka W KOMIBIOTEpPHbIE HAyKH, MpOduib
[TpuknanHoe MamMHHOE OOy4YeHHE W BXOJIUT B BapuaTHUBHYIO 4yacTh biioka 1, dopmupyemyro
y4acTHUKaMU 00pa30BaTeNbHBIX OTHOUICHUH KaK IMCIUIUIMHA MO BBIOODY.

Juctunnuza (Moysb) uydaeTrcs Ha 1 Kypce Bo 2 cemecTpe, JOCTYIHA JUIsl POXO0XKICHUS
IPY YCJIOBHH YCIICIIHOTO 3aBEPIICHUS AUCUUILIMH (Moayieit) «OcHoBbl Pythony, «SQL u 6a3br
JTAHHBIX).

ey n3yyeHust IMCUUIVIMHBI (MOAYJIs1): GOPMUPOBAHKE Y CTY/ICHTOB 3HAHUN U HABBIKOB
10 NTPOEKTUPOBAHMIO, TOCTPOCHHIO M 00CTyXMBaHUIO 3(h(hEeKTUBHBIX crcTeM cOopa, XpaHEHUs U
00paboTKH OOJBITUX 00BEMOB JIAHHBIX.
3agayun u3y4eHust JMCUUILIMHBI (MOAYJISA):
— OCBOMTh METO/Abl HMHTErpallid U B3aUMOJEUCTBHUS pa3IMYHBIX KOMIIOHEHTOB
pacnpenenEéHHbIX CUCTEM XpaHEeHUs! U 00pabOTKU IaHHBIX;
— HAY4HUThCS NPOEKTUPOBATh 3()(HEKTHBHbIE CXEMbl JAHHBIX C YUETOM TpeOOBaHUM
MIPOU3BOIUTENILHOCTH U MacIITabupyeMOCTH;
— OCBOMTbH MOJXOJIbl K aBTOMAaTHU3aLlUM MPOLIECCOB Mepeaayn U 00pabOTKH JaHHBIX B
KOPIIOPAaTUBHBIX CUCTEMAX;
— pa3BUTh HAaBBIKM KOHTPOJII KauecTBa JAHHBIX M BHEIPEHUS MEXaHH3MOB
MOHUTOPHWHTA B TIOTOKaX JaHHBIX;
— NPUOOPECTH YMEHHS ONTUMH3AIMH BBIYUCIUTENBHBIX PECYPCOB JUISl MOBBIIICHUS
3 PEeKTUBHOCTH pabOTHI cUCTEM 0OPaOOTKHU JTAaHHBIX.
B pe3yabTare 0CBOCHUS IMCHUIIMHBI (MOAYJIS1) 00y4AKOIIMICS T0JIKEH:
3HaAMmMb:
— OCHOBHBIE KOHIENIINH PabOThl KOPIIOPATUBHBIX XPAHUJIHIL JaHHbIX;
— OCHOBBI pacHpeeIEHHbIX CHUCTEM XpaHEHUs, OCHOBHBIE KOMIIOHEHTBI U METOJIbI
paboTsi ¢ S3;
— OCHOBHBIE KOMITOHEHTBI U MeTOJIbI paboThl ¢ Apache Spark;
— OCHOBHBIC KOMITOHEHTBI U MeTo bl paboThl ¢ ClickHouse;
— OCHOBHbIE€ KOMIIOHEHTHI U MeTOJIbl paboThl ¢ Apache Airflow;
— OCHOBHBIE KOMITOHEHTHI U MeTOJIbl paboThl ¢ Kafka;
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— 0a30BbIC MPUHITUIIBI ONITUMHU3AIMH U IPOBEPKU Ka4eCTBA JTaHHBIX;

— OCHOBHBIC KOHIICIIIMM B MPOCKTHPOBAHWHM 0a3 JAaHHBIX M KOPHOPATHBHBIX
XPaHUJIUI JaHHBIX;

— OCHOBHBIC KOHLCHIIMM W TPHHIMIBI TPOCKTUPOBAHUS aBTOMATH3WPOBAHHBIX
IIOTOKOB JTaHHEBIX.

ymembs:

— pelarth 3a/1a4u C UCIIOJIb30BaHUEM S3;

— pemarth 3aa4u ¢ ucnoibs3zoBanueM Apache Spark;

— pemiath 3a1a4uu ¢ ucronb3zoBanueM ClickHouse;

— pemiaTth 3a/1a4u ¢ ucnoyib3oBanueM Apache Airflow;

— pemiath 3aa4u ¢ ucnonb3oBanueMm Kafka,

— MPOCKTUPOBATH CXEMbl XPAaHEHUS JaHHBIX B 0a3ax JaHHBIX U KOPIOPATHBHBIX
XPAHWIHUINAX TaHHBIX;

— NpHUMEHSATH 0A30BbIC MPUHIIMITBEI ONITUMHU3AIIUH UCTIOIb3yEMBIX PECYPCOB,;

— NPUMEHATH 0a30BbIC MPUHIIUIIBI IPOBEPKH KAYECTBA TAHHBIX.

e1a0ems:

— HaBBIKOM ITOCTPOCHHS aBTOMATU3MPOBAHHBIX TOTOKOB JaHHBIX C UCTIOJIH30BAHUEM:
S3, Kafka, Apache Spark, ClickHouse, Apache Airflow;

— HaBBIKAMH Pa3pa0OTKH M BHEAPCHUS aBTOMATHU3UPOBAHHOTO KOHTPOJS KadyecTBa
JIAHHBIX

— HAaBBIKOM OINTHMH3AIHNH UCTIOIB3YEMBIX PECYPCOB B aBTOMAaTU3UPOBAHHBIX MTOTOKAX
JTAHHBIX.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs
Kowmmerenmuun, Qopmupyembie B pe3yabTaTe OCBOCHHS JAUCHUIUIMHBI (MOIYJsS) TIpU
MPOBEJICHUH YUCOHBIX 3aHATHI B (hOpME KOHTAKTHOW pabOTHI 00YJAFOIIUXCS C TIEAArOTHICCKUMU

paboTHUKaMU YHHUBEpCUTETA U B (DOpME CaMOCTOSATEIHHONU PabOTHI 00yUYAIOIIUXCS:

KomnereHnuus Conep:xanue Nuaukarop IlepeyeHb MJIAHNPYEMBIX Pe3YJbTATOB
KOMIIETEHIIHH KOMIIETEHIIHH 00y4YeHusl o TUCHUILIHHE (MOYJII0)
VK-6. Crocoben VK-6.1. 3HaeT OCHOBHBIE METOLI CAMOOLIEHKHU U
OTIpEICTISATh ’ aHaJIM3a CBOEH JesTeTbHOCTH, a TaKXKe
pealn30BLIBATh MIPUHIIUIIBL YIIPABICHHS BDEMEHEM U
MIPUOPUTETHI IeJIeToIaraHus
COOCTBEHHOMI VK-6.2. YMeeT cTaBUTh peanuCTUIHbIE U
JIeSITEeIbHOCTH U JIOCTHKMIMEBIE TIEJIH, OTIPEICTISTh
CIIOCOOBI e¢ MIPUOPUTETHI B CBOCH JEATEILHOCTH, &
COBEPIIICHCTBOBAHUS TaKKe pa3pabaThiBaTh U BHEAPSATH ILIAHBI
Ha OCHOBE 10 COBEPIIIEHCTBOBAHUIO CBOUX HABBHIKOB U
CaMOOIICHKHU KOMIICTCHIIUH Ha OCHOBE TOJIYYCHHOM
CaMOOIICHKHU
YK-6.3. NmeeT mpakTH9ECKHiA OTIBIT IPUMEHEHUS
METOJO0B CAMOOILICHKHU B CBOEH
po(heCCUOHAIBHOM NIEATEILHOCTH,
BKJIIOYAs y4acTUE B TPEHUHTaX, CEMHHApax
Y IPOEKTaX, HAPABJICHHBIX Ha Pa3BUTHE
TgHOH 3 (HEKTUBHOCTH U
po(heCCHOHAIBHOI'O POCTa
OIIK-1. CriocoO€eH HaxOOuTh, OIIK-1.1. 3HaeT OCHOBHBIE METO/IBI U IMMOAXObI K
(dhopMyITUpPOBATH U PEIIeHHUIO 33129 MIPUKIIATHON U
peliaTh aKTyajabHbIe KOMITBIOTEPHOM MaTEMaTHKH, BKITIOYas
Y 3HAYUMBIC AITOPUTMBI, MATEMATHUECKOEC
POOIIEMBI MOJIETTUPOBAHIE U TEOPHIO ONTHMHU3AIINH,
TIPHUKJIATHON U a TaK)Ke COBPEMEHHBIC HHCTPYMEHTHI U
KOMIIBIOTEPHOU TEXHOJIOTUH, UCTIONB3yEMbIE B 3TOU
MaTeMaTHKH obnactu
OIIK-1.2. YMeer aHanu3upoBaTh U GOPMYIUPOBATH
MaTeMaTHYECKHUE 3a/1a4H, IPUMCHSTh
COOTBETCTBYIOIINE METO/IbI U AJITOPUTMBI
JUTSL UX PEIIICHUs, a TaKXKe
WHTEPIIPETUPOBATh U TPEACTABIIATH
pe3yJIbTaThl B HOHATHOM U JOCTYIHOU
dhopme
OIIK-1.3. Hmeet npakTHUECKHUI ONBIT pabOTHI HAL
MPOEKTAaMU WJIU MCCJICIOBAaHUSIMHU B
00J1aCTH IPUKJIAIHON ¥ KOMITBIOTEPHOM
MaTeMaTHKH, BKITFOUYasl y4acTue B
KOHKYpCax, OJIMMITHA/IaX WM Hay9IHBIX
nyOJIMKAIUsIX, T ObLIN PEIICHBI
AKTyaJIbHBIC U 3HAYMMBIC 33]1a41
IK-1. Criocoben MK-1.1. 3HAeT OCHOBHBIE TEOPETUUECKUE
onpeAesATh 00IIre KOHIEHIMK 1 TIPUHIUIIBI, OTHOCSIIHECS K
dbopMbI 1 00J1aCTH IPUKJIAAHOTO MAIUHHOTO
3aKOHOMEPHOCTH o0yueHus, a TaKXKe KITFOUEBbIC
obnactu 3aKOHOMEPHOCTH U MOJIEITH, KOTOPHIS
MIPHUKJIATHOTO [TOMOTal0T B aHAIM3€ U HHTEPIPETAILIUH
MAaIIMHHOTO JTAHHBIX
o0OyueHus T1K-1.2. YMeeT mpoBOIUTH CUCTEMATUUECKHUI
aHaJn3 00JacTH Pa3pabdOTKH, BBISBIISATh H
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(hopMynupoBaTh 00IIKE 3aKOHOMEPHOCTH
Y TeHJICHINH, a TaK)Ke IPUMEHSATh METO/IbI
HCCIICAOBAHMS ISl TOTYUYEHHUST HOBBIX
3HAHUU ¥ IOHVUMAHUS

IK-1.3.

Hmeet nmpakTHUECKHUMA OTBIT PabOTHI B
00JTACTH MPUKIATHOTO MAIIMHHOTO
00y4eHUs, BKJIFOYAsl y4acTHE B HAYYHBIX
MIPOEKTAaX, UCCIICIOBAHUSX HITH
MPAKTUIECKUX 3aJJaHusX, TAe ObUIH
BBISIBIICHBI M OITMCAHBI 001IHe (POPMBI 1
3aKOHOMEPHOCTH

I1K-3.

CnocobeH permarh
3aa4n
npoheCcCUOHANTBHOMN
JICSATEIILHOCTH,
(hopMynupOBaTh
pe3yibTaT, yBHICTH
CJIEICTBUS
MOJTYYEHHOTO
pe3ynbraTa

IK-3.1.

3HaeT OCHOBHBIC IPUHITUIIBI U METO/IBI
perreHus 3a1a49 IpoQecCHOHaTEHON
JIESTEIILHOCTH, & TAKXKE CIIOCOOBI
(hopMyIMpOBaHUs U MPEACTABICHUS
pe3yIbTaTOB, BKIIIOYAs aHAIIN3
MIOCIIEACTBUNA ¥ MIX 3HAYHMOCTD B
KOHTEKCTE MTPOEKTa

[K-3.2.

YMeeT MpUMEHSITh MaTEMaTHIECKUE U
KOMITBIOTEPHBIE METOJIBI JUIS PETICHUS
KOHKPETHBIX 3a7a4, (JOPMYIHUPOBATh
YeTKUEe U 000CHOBAaHHBIC PE3YJIbTATHI, a
TaK)Ke aHAJTM3UPOBATH MX TOCIEICTBUS IS
JIaIbHEUINNX JIEeWCTBUHN U pelIeHu

[K-3.3.

MMeeT npakTUYECKUH OBIT B PELLICHUN
npodeccuoHaIbHBIX 3a1a4, BKIOYast
y4JacTue B IIPOCKTAaX, I7i¢ ObIIN MOIyICHBI
pe3yabTaThl U IPOAHATU3UPOBAHBI UX
CIIE/ICTBUS, YTO CIIOCOOCTBOBAJIO
MPUHATHIO 000CHOBAHHBIX PELICHUI

[1K-6

Criocoben
pa3pabaThiBaTh
IporpaMMHOE
obecrieyeHue st
pelIeHust
NPUKJIAIHBIX 337129 B
chepe MaNIMHHOTO
o0OyueHus

[1K-6.1.

3HaeT OCHOBHBIE SI3BIKU
IPOrpaMMHUPOBAHUS, METOIBI Pa3pabOTKU
IPOrpaMMHOI0 00ECIICUCHUS, a TAKKE
MIPUHIIATIBI TIPOSKTUPOBAHUS U
apXUTEKTYpPBI IPOrPAMMHBIX CUCTEM,
HpI/IMeHHeMLIX B MAallIMHHOM O6y‘-IeHI/II/I

[1K-6.2.

YMeeT aHanu3upoBaTh NPUKIAIHBIC
3aa4u, pa3padbaTeiBaTh aJITOPUTMBI U
PCAIN30BEIBATh UX B BUC ITPOTrPaAaMMHOTO
o0ecrieyeHusi, UCTIONb3Ys COBPEMEHHBIE
WHCTPYMEHTHI U TEXHOJIOTHH, a TAKKE
IMPOBOJAUTH TCCTUPOBAHUEC U OTIIAAKY
CO3JaHHBIX PELICHUN

[1K-6.3.

Hmeet npakTHYECKUI OMBIT pa3pabOTKu
MPOrPaMMHOI0 00ECIIeUeHHS B paMKax
PCAIBHLIX MMPOCKTOB, BKJIHOYaA y4aCTHC B
KOMaH/1ax, IJi¢ ObUIH YCIICIITHO
peaNn30BaHbl PEIIEHUS IS KOHKPETHBIX
MIPUKIIATHBIX 3371249 B cepe

PO ECCHOHATTEHON NEeSITETFHOCTH
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3. TemaTu4yeckuii mjian

Ne TpynoeMKocTh, akageMH4YeCKHE YACHI
m/m HaumeHnoBanue Qunas dopua TKY
pa3aena IMCHUIIINHBI Ayauropnas pabora (Tekyumi
Jexuun CeMuHapsbl CamocrosTe
(MonyJis) KOHTPOJIb
(mpaktnyec | Konrpoun JIbHAs ycnenaemocrH)
KHe padora
3aHSATHA)
1 Bsenenmne B 3 3 15 Jomarirame
WHXCHEPHIO TaHHBIX 3aJIaHus
Tecthl
2 OpraHu3aIus I0TOKOB 4 4 15 Jlomarnraue
JTAaHHBIX 3aJlaHus
TecTol
3 Pacmpenenénnas 5 4 12 Homaraue
00paboTKa TaHHBIX 3aJIaHus
TecTol
4 [ToTokoBas 0OpaboTKa 3 3 12 Jomamaue
JTAHHBIX 3a/IaHus
Tecthl
5 WHuterpanus 1aHHBIX B 3 3 2 15 KontponbsHas
Data Lakehouse pabora
6 Co3znanvie BUTPHH B 5 4 15 Jomamrane
aHanuTHIeCKuX bJ] 3aJaHUs
TecTol
7 Onrumuzanus 3 3 15 JoMaraue
3arpocoB B 3aJIaHus
pacnpeie€HHbIX Tectnl
CUCTEMax
8 KauecTBO JaHHEBIX 2 2 15 JloMarrHaue
3aJlaHus
TecTol
9 [Tnardopmbl TaHHBIX 2 2 12 Jomarnrane
3aJlaHus
Tecthl
IK3amen 4
Hmozo: 30 28 6 126
Obvem oucyunaunovt (Mooyns) 190
(6 ak. u.)
Obvem Ooucyunaunvt (Mooyns)
(6 3au. ed.)
4. CopepxxaHue TUCHUILIMHBI (MOTYJI5)
Nen/m | HammeHoBaHue pa3jaesa Conep:xanue TUCHUIUTHHBI (MOYJIs1) IO TeMaM

AUCIHUNJIMHBI (MOTYJIs1)

1 BBenenue B MHXEHEPHUIO BBenenue B nmxeHepuio faHHbIX. [Ipodeccust 1 0cHOBHBIE KOHIETIIINH.
JAHHBIX
2 Opranuzaiys MoTOKOB OpkecTpaliysi TIOTOKOB JaHHBIX ¢ TIOMOIIBI0 Airflow.
JTAHHBIX AsroMatmzanusi nporiecco ETL ¢ (aiioBeiMU M peNsIUOHHBIME
MCTOYHUKAMH JAHHBIX.
3 Pacnpenenénnas oOpadotka | Mcnons3zoBanue Spark SQL s urenus u 3anucu daitios B S3.

JaHHBIX

O0paboTKa CTPYKTYPHUPOBaHHBIX JaHHBIX U Apache Iceberg.
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Wnrerpamus Spark u  Airflow. OOpaboTka HeCTpyKTYpHUPOBaHHBIX
JTAHHBIX.

4 [ToTokoBast 06paboTKa

Ucnonp3oBanne Apache Kafka B kauecTBe HCTOYHWKA ITaHHBIX.

JAHHBIX [TorokoBasi o0paboTka B Spark.
5 Wurerpanust nanHeix B Data | MaTterpanus nanneix B Data Lakehouse.
Lakehouse
6 Co3znmaHre BUTPUH B MexaHn3MBI XpaHeHus 1 00paboTku maHHbIX B kiactepe ClickHouse.

aHanmuTuueckux b/]

Pa3spaboTka 3ampocoB u oOpallleHHe K BHEIIHUM HWCTOYHHKAM B
ClickHouse.

[Toctpoenue arperupoBaHHbBIX BUTPHH c MTOMOIIIBIO
MaTePHATH30BAHHBIX MPEACTABICHHH.

7 OnTuMu3aiys 3apocoB B
pacipee€HHbIX CUCTEMAX

Ontumuzanus 3anpocoB B Apache Spark.

(o]

KauecTBo maHHBIX

Beenenne B KOHTPOJIb KA4Y€CTBa TaHHBIX.

9 [InaTdopmbl TaHHBIX

KommonenTsl mnardopm JaHHBIX. 3aJauyd WHXKEHEPUH MJaHHBIX B
iaThopMe JaHHBIX.
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacnojaraeT IOJHBIM  HA0OpPOM  JIMIEH3HMOHHOTO M CBOOOJHO
pacrpoCTpaHseMOro MPOrPpaMMHOTO OOECIEYeHHs, BKJIIOYAas MPOAYKTHl OTEYECTBEHHOTO
IIPOU3BOACTBA.

Kaxnplii CcTyqeHT B TEYEHHWE BCEro IepHoAa OOydeHHUs NOJIy4aeT HHIWBUAYaTbHBINA
HEOTPAHUYEHHBIM  JOCTYN K  DJICKTPOHHO-OMONMOTEYHON  cHCTEeME M 3JICKTPOHHOM
MH()OPMAIIMOHHO-00pa30BaTENFHON Cpelie YHHBEPCUTETa. OJTH CHUCTEMBl IPEIOCTABISIOT
BO3MOXKHOCTbH JIOCTYIIA K pecypcaM U3 Jr000i TOUKH, TJe ecTh MOJKII0YeHUE K ceTH MHTepHeT,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TaK U 3a €T0 IPEICIIaMH.

Crynentam o0ecriedeH yJaJIeHHBIH JOCTYIl K COBPEMEHHBIM MPO(pEeCcCHOHATBHBIM 0azaM
JAHHBIX ¥ UH()OPMAIIOHHBIM CIIPABOYHBIM CHCTEMaM.

OcHnognas numepamypa:

1. Kapay, X. MH3yuaem Spark. MOJHHEHOCHBI aHadW3 MAaHHBIX @ [PAKTUYECKOE
pykoBoxctBo / X. Kapay, O. KouBuncku, [1. Bengenn, 3. Mareii ; nep. ¢ anri. - 2-e u3a. - MockBa
: AIMK TIlpecc, 2023. - 305 c. - ISBN 978-5-89818-320-2. - Tekcr : snextponssii. - URL:
https://znanium.ru/catalog/product/2102607.

2. Xapencnak, b. Apache Airflow u koHBelepsl 00paOOTKHM MaHHBIX : IMPAKTHYECKOE
pykoBozactBo / b. Xapencnak, J{. a3 Pyiitep ; mep. c anrn. [I. A. benukoa. - Mocksa : JIMK
ITpecc, 2022. - 502 c. - ISBN 978-5-97060-970-5. - Tekcr : smektponHbri. - URL:
https://znanium.ru/catalog/product/2155905.

Jlonoanumenvhas numepamypa:

1. Jleckosemn, FO. Ananm3 Oonpmmx HAOOPOB NaHHBIX : MpaKTH4YecKoe pykoBoAcTBo / 1. Jxk.
VYaeman, 1O. JleckoBen, A. Pamkapaman ; mep. ¢ aari. A. A. CnuHkuHA. - 2-¢ U3/, - MOCKBa :
JMK Tlpecc, 2023. - 500 c. - ISBN 978-5-89818-304-2. - Tekcr : snektponHsi. - URL:
https://znanium.ru/catalog/product/2102592.

6. MartepuajbHO-TeXHHMYeCKOe o0ecreyeHne

VYHUBEpCUTET pacmojaraeT MaTepHallbHO-TEXHUYECKOH 0a30if, COOTBETCTBYOLICH
JIeMCTBYIOIMM MTPOTUBOIIOKAPHBIM MPaBUJIaM U HOPMaM U 00ecleurBaroIeil MpoBeieHUe BCeX
BHUJIOB JUCUUIIMHAPDHOM M MEXAUCHUIUIMHAPHON MOATOTOBKH, MPAKTUYECKOW M HAY4YHO-
MCCJIEI0BATENLCKOM paboT 00yUaIOMUXCsl, TPETYCMOTPEHHBIX YICOHBIM IIJTAHOM.

[TomenieHus1, KOTOpBIE MPEACTABISAIOT COO0H yueOHbIE ayIUTOPUH [T IPOBEACHUS 3aHATHI
JEKIMOHHOTO THWIA, 3aHATHM CEeMHHApCKOro (MPakTUYECKOro) THMA, TPYIIOBBIX U
VHAUBUAYaAJIbHBIX KOHCYJIbTALIMN, TEKYIIIETO KOHTPOJISI U MPOMEKYTOYHOM aTTECTAalllH, a TaKkKe
MOMEIIEHUS Il CAMOCTOATENIbHOM paboThl U MOMEIIEHUS I XpaHEHUS U MPO(UITAKTUYECKOTO
oOciy>kxuBaHus yueOHOro ob6opynoBanus. [loMemmenuss yKoMIIJIeKTOBaHbI ClIEHUAIN3UPOBAHHOM
MeOenbl0 U TEXHUYECKHMMHU CPEICTBAMHM OOYUYEHHsI, CIyXKAIlUMH JUIs MPEACTaBICHUS y4eOHOH
uHpopManru OOJIBIION ayTUTOPUH.

N3yuenne qucumInHbl (MOIYIIs1) 00ECIIeYnBaeTCS B YUCOHBIX ayIUTOPHSIX, OCHAIIICHHBIX

— CTOJIaMU U CTYJIbSIMH;

— KOMITBIOTEPHOU TEXHUKOM;

— MEXaHUYECKUMU KaJbKYJISTOPAMH;

ONEeKTPOHHBIA JOKYMEHT


https://znanium.ru/catalog/product/2102607
https://znanium.ru/catalog/product/2155905
https://znanium.ru/catalog/product/2102592

— CHeUaIM3UPOBAaHHBIM 000PYI0BaHUEM, BKIIOUASI IEMOHCTPAIIMIOHHOE 000PYIOBaHHUE.

[TomereHust 151 CaMOCTOSITEIIBHON pabOThl 00YJaIONMINXCsl, B TOM YHCIIE TPUCTIOCOOTICHHBIC
JUISL MCTIONb30BaHMs MHBAJIMIAMH M JIMLIAMU C OTPAaHUYEHHBIMU BO3MOXHOCTSMH 3J0POBBS,
OCHAIIIEHbl KOMIBIOTEPHONH TEXHUKON C BO3MOXKHOCTHIO MOAKIIOUEHUS K ceTu «MHTepHeT» u
o0ecrieyeHHeM  JIOCTyNa B OJEKTPOHHYIO  MH(POPMALMOHHO-OOpPA30BATEIBHYIO  CPEdy
YHusepcurera.

OOyuaromumcsi MpeaocTaBiIsieTcss JOCTyn (B TOM 4YHCIE YAAJCHHBIM) K pecypcam
UH(POPMALIMOHHO-TEIIEKOMMYHHUKAIIMOHHON ceTH «HTepHeT», 3JIeKTPOHHBIM pecypcaM (B TOM
YyHClie AJNEKTPOHHBIM OHOTMOTEYHBIM CHUCTEMaM, COBPEMEHHBIM Mpo(decCHOHAIbHBIM 0a3zaM
JTAHHBIX U UH(OOPMALIMOHHBIM CIIPABOYHBIM CHCTEMAaM):

Ne HauMeHnoBaHue mopraJa Ccblika
(u3nanms, Kypca, 10KyMeHTa)
1. Hayunas snextponnas 6ubnuoreka elibrary.ru https://elibrary.ru/defaultx.asp
OnOIMoTeKa
2. | baza manueix g | T-crenuanucTos https://habr.com
3. | Basa mannbix ScienceDirect https://www.sciencedirect.com
4. | OdunuansHbli calT MUHUCTEPCTBA HAYKU H https://minobrnauki.gov.ru/

BEICIIIEro oOpasoBanus Poccuiickoit @enepariim

5. | ®enepanbusiii mopran «Poccuiickoe oopasoBanue» | https://www.edu.ru/

6. | Mudopmanmonnas cucrema «Exunoe okno nocryma | http://window.edu.ru/
K 00pa30BaTeNbHBIM pecypcam»
7. | Enunas xosnekuus nudpoBsix odpaszoBatenbhbix | http://school-collection.edu.ru/
pecypcoB
8. | ®enepanbHblii IEHTP HHOOPMAITHOHHO - http://fcior.edu.ru/
00pa3oBaTebHBIX PECYPCOB

[lepeueHr MHQOPMALIMOHHBIX TEXHOJOTHM, MCIOIB3YEMbIX TIPU  OCYIIECTBICHUH
00pa3zoBaTeNbHOIO MpoIiecca Mo AUCIUTUINHE (MOIYJI0), B TOM YUCIIE KOMIUIEKT JTUIIEH3MOHHOTO
MPOrPaMMHOTO  OOCCIICYCHHS, COBPEMEHHBIE TPO(EecCHOHANbHBIE 0a3bl  JaHHBIX U
MH(OPMaLMOHHbBIE CIIPABOYHbIE CUCTEMBI:

HaumenoBanmne 110 IIpousBoacreo JInuen3nonHoe / cB00OIHO
pacnpocTpaHsieMoe

OnepanuoHHbIE CHCTEMBI:
Microsoft Imagine (Windows Client, | 3apy0exxHoe JIMILEH3UOHHOE
Server)
bpaysepsbI:
Sunexc.Bpaysep OTEUECTBEHHOE CBOOOJIHO pacrpocTpaHsIeMoe
Google Chrome 3apy0ekHOe CcBOOOJTHO pacIpOCTpaHsIeMOe
OducHble NPUIIOKEHUS:
Microsoft Imagine (Visio, OneNote) | 3apyOexHoe JIMIIEH3HOHHOE
TeXstudio 3apy0exHOe CBOOOHO pacIpoCTpaHsIeMOe
Adobe Acrobat Reader 3apy0exHOe CBOOOHO pacIpoCTpaHsIeMOe

HporpaMMﬂoe odecneueHmne AJis IVIAHUPOBAHUA U YY€TAa BPEMECHU:

Toggle app 3apy0exHoe CBOOOIHO pacIpoCTpaHsIEeMOe

CucreMbl YIIPaBJIeHHS POEKTAMM:
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Microsoft Imagine (Project) | sapy6esxnoe | mnensnonnoe

Cucrtembl ynpapjieHHus1 0a3aMHi JaHHBIX:

Microsoft Imagine (SQL Server) | sapy6GexHoe | mauensnonnoe

Cucrtembl pe3epBHoro konupopanusi (backup):

Acronis Backup Advanced for 3apy0exHoe JIUIIEH3NOHHOE

HyperV

CnpaBoYHO-NIPABOBbIE CHCTEMbI:

Koncynbrantllitoc: cnipaBo4HO- OTEYECTBEHHOE JUIEH3HOHHOE

npaBoBasi CHCTEMa

CpeacTBa aHTHBMPYCHO# 3aLIUTHI:

Kaspersky Endpoint Security s OTEYECTBECHHOE JUIEH3UOHHOE

6usneca CranmapTHeIii Russian

Edition

Cpensl pa3padoTKm:

Visual Studio Code 3apy0eKHOE CBOOOIHO PACIIPOCTPAHIEMOE
Bash (Unix shell) 3apy0exHOe CBOOOJIHO pacrpocTpaHsIeMoe
Anaconda 3apyOexKHOE CBOOOHO PaCIPOCTPaHAECMOC
Robotic Operating System 3apy0exHoe CBOOO/THO PACIPOCTPAHIEMOE
CopelliaSim 3apy0exHOe CBOOOIHO pacrpocTpaHsIeMoe
Google Colaboratory 3apy0exHoe CBOOO/THO PACIPOCTPAHIEMOE
IMakeThl MPOrPAMMHBIX CPEIACTB H GUOIHOTEK:

AutoPsy 3apy0exHoe CBOOOIHO pacIpocTpaHsieMoe
Interactive Disassembler (IDA) 3apy0OexHOe CBOOOIHO pacrpocTpaHsIeMoe

Cucrtembl ynpapieHusi onoanorpaguyeckoii uHpopmanueii:

Zotero ‘ 3apyOexHoe CBOOOIHO pacIpocTpaHsieMoe
CepBuchl 1 CI1yKObI:

Bind 3apyOexKHOE CBOOOHO PaCIPOCTPaHAECMOC
Docker 3apy0exHoe CBOOOHO pacIpoCcTpaHsieMOe

7. MeToauuyecKHe 1 OlleHOYHbIE MaTepHuaJibl
MeToauuecKkue YKazanusd 1Jist oﬁyqaloumxca 0 OCBOCHHIO JTUCHUIIJIMHBI (MOI[yJ'lﬂ)

B nponiecce u3yuenust nucuuruinibl (Moayiist) «Mmkenepus nannbix (Data Engineering)» B
paMKax TEKYyLIEro KOHTPOJs yCHEeBAeMOCTH HMCIOJIB3YIOTCS Takhe BHUbI yueOHOW paboThl, Kak
JIEKIMH, CEMUHAPBbI, JOMAIIIHUE 3a/1aHUs], TECThI, KOHTPOJIbHAs paboTa, a TAKXKe pa3IMYHbIE BHIbI
CaMOCTOSITENIbHOW paboThl 0OyyaroluXcsl MO 3aJaHHI0 TpernojaBaTens, HalpaBJIeHHbIE Ha
pa3BUTHE npogeccuoHaIbHON 3aKpeIJICHHUE
npodeCCHOHATBHBIX KOMIIETEHIIMH, TOOIPEHNE UHUIMATHB.

HAaBBIKOB JICKCHUKH, MPAKTUYCCKUX

Jlexyus ~— CHCTEMAaTHYECKOE, IIOCJIEJOBATEIBHOE, MOHOJOIMUYECKOE  M3JI0KEHUE
npernojiaBaTeneM yueOHOro Marepuana, Kak IpaBuiio, TEOPETUYECKOIO XapaKTepa.

B mpouecce nexkuuil peKOMEHIyeTcsi BECTM KOHCHEKT JeKIUH: KpaTKO M CXEMaTH4HO
¢bukcupoBaTh OCHOBHBIE WJI€U, BBIBOJBI M OOOOIIEHMS JIEKIMH; BBIIEISITh BaXKHbIE MBICIH,
KJIIOYEBbIE CJIOBa W TepMUHBL. HeoO0XO0AMMO OTMETHUTh BOMPOCH MM MaTepUaibl, KOTOpHIE
BBI3BIBAIOT 3aTPYAHEHHUS, U TONBITAThCS HAlTH OTBETHI B PEKOMEHI0BAHHON nuTeparype. Eciau
pa3o0paThCsi B MaTepuane He YAaeTcs, ClieAyeT CcOpMYIMpPOBaThH BONPOC M 3aJaTh €ro

npenoaaBaTeIiro Ha KOHCYJIbTalluu UJIK BO BpEMA CEMUHAPCKOI'O (HpaKTI/I‘-ICCKOFO) 3aHATHA.
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Cemunap — 310 (hopma ydeOHOU NEeATeTLHOCTH, MPOBOAMMAs B y4eOHOM 3aBEJACHHUH IO
PYKOBOACTBOM NpCnoJaBarciid, TrAC CTYACHTbI AKTUBHO Y4YaCTBYKOT B OGCy)KIICHI/IHX,
NPAaKTUYECKHX 3a/IaHUSAX U IPYTUX (popMax B3aMMOACHCTBHSL.

JIyist ycrienTHoi MOATOTOBKH K CEMUHAPY PEKOMEHAYETCS 3apaHee O3HAKOMHUTBCS C TEeMOUN
3aHATHA WU OCHOBHBIMHU MaTCpUaIlaMU, I-ITO6I)I HMCTb BO3MOKHOCTb AKTHMBHO Y4YaCTBOBAaTb B
o0cyxnennu. Takke MOJe3HO MOATOTOBUTH BOIPOCHI M HIIEH ISl OOCYKICHHUS, YTO MOMOXKET
riry0e MOHATh MaTepHajl v MPOJAEMOHCTPUPOBATH 3aMHTEPECOBAHHOCTb.

Homawmnee 3a0anue — HabOp 3aa4 IO TEMAM HEJIENH.

[Ipu pabGore Hax JOMAIIHUMHM 33JaHUSIMM BaXKHO BHUMATEIbHO O3HAKOMHUTBCS C
TpeOOBaHUSMHU M CPOKaMH BBINIOJHEHUS. PexoMeHayeTcs pa3OuBaTh 3aaHUsl Ha STAlbl, YTOOBI
n30exarb NEperpy3kd U Jydlle YCBOUTHb Marepuan. Vcrnonb3oBaTh pa3ivyuHble UCTOYHUKU
uH(OpMaLKK, BKIIIOYasl YUeOHUKH U OHJIAWH-PECYpChl, Ui 0osee Tiy00KOro MOHUMAHUS TEMBI.

Tecm — ocobas ¢opma TpoBepkH 3HAHWH. [IpOBOMWTCS IMOCIIE OCBOCHHS OJHOW WIH
HECKOJIbKMX TE€M M CBHJIETEIBCTBYET O Kay€CTBE NMOHMMAHUSI OCHOBHBIX MOHATHI H3y4aeMOIo
MaTepuana. TecToBble 3a/laHus COCTABJIEHbI K KIIIOUEBBIM IIOHSTHUSIM, OCHOBHBIM pa3ieliaM,
BAYKHBIM TEPMHHOJIOTUYECKUM KAaTErOpUsAM U3y4aeMOM AUCIUIUIMHBI.

JlJ1s1 HOATOTOBKU K T€CTy HEOOXOMMO 3HAaTh TEPMUHOJIOTUYECKUI anmnapar AUCUUILINHBI,
MOHUMATh CMBICT HAYYHBIX KATETOPUIN M YMETh UX HCIIONb30BaTh B MPO(decCHnoHaNbHOM TEKCHKE.
Brnagenue NOHATUHHBIM anmapaToM, BKJIOYEHHBIM B TECTOBBIE 3aJaHMs, I0O3BOJISET
IpernojaBaTeNto  ObICTPO  MPOBEPUTH  YpPOBEHb  IMOHMMAHMS  CTYACHTaMH  Ba)KHBIX
METO0JIOTUYECKUX KAaTETOPHIl.

Koumponvnas paboma — nuceMenHasi pabota ¢ HabopoM 3a/1a4, KOTOPBIE HYKHO PELIUTh 3a
OTPaHUYEHHOE BpEMS.

L{enb KOHTPONIBHOM PabOTHI — MOJYYUTH CHEIHATbHBIE 3HAHUS M0 OJJHOW UM HECKOJIBKUM
TeMaM JMCUUIUIMHBI U POJAEMOHCTPUPOBATH HABBIKA UX ITPAKTUYECKOTO TPUMEHEHHUS.

bonycnvie b6annibt — 3TO OIEHKH, KOTOPHIE CTYACHTHI MOTYT MOJYYUTh 3a BBHITIOJHEHHE
JOITOJIHUTECIIbHBIX 33}13HPII>1.

®opmar OOHYCHBIX OaUIOB TMO3BOJIIET CTYAEHTaM YIYYIIUTh OOIIYI0 OIICHKY IO
JTUCHUTIINHE (MOIYJII0) U CTUMYJIUPYET YriayOJeHHOE N3YYeHHE MaTepuara.

Camocmosmenvnaa paboma — paboTa CTYJEHTOB, HaIlpaBiCHHAs Ha YIIIyOJEeHHOE
U3y4eHHE OTJENIbHBIX TEM M BOIPOCOB Y4eOHON JUCHUIUIMHBI (MOIYIIS).

B nporecce camocrosTennbHOM pabOThI CTYAEHTHI B3aUMOJIEHCTBYIOT C PEKOMEHIOBAaHHBIMU
MaTepuaiaMH Mpyu MUHUMAJIBHOM y4YacTHH MpernoiaBares. 3aaun CTyJeHTa BKJIIOYaloT padboTy
C KOHCIIEKTaMu JIKIu# (00paboTka TeKCTa), MOBTOPHOE M3yUeHUE YUeOHBIX MaTepHaJIOB TIAHOB
U TE€3UCOB OTBETOB, M3yUEHUE JIONOJHUTENIBHBIX TEM, BHINOJIHEHHE YU€OHO-NCCIIEI0BATENbCKUX
3aIaHUI U IpYyToe€.

Cucrema oueHUBaHHA Pe3yJIbTATOB 00y4YeHHS MO JMCHHUILIHHE (MOAYJII0)

Kpurtepun nosyyenusi ypoBHsi M OlleHUBaHUA ¢OPMHUPOBAHHOCTH KOMIIETEHUMH 1O
aucuuniannae (moay/o) « Mn:xxkenepus nanubix (Data Engineering)»

OneHuBaHue ypoOBHSI Y4YEOHBIX JOCTHKEHHM OOydarolmuxcsl MO AUCHUIUIMHE (MOIYJIIO)
OCYIIECTBIISIETCS B BUJIE TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH M TIPOMEXYTOYHOM aTTECTAIIHH.
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IIpome:xxyTouHasi aTrecTauMsi 1O JUCIUIUIMHE (MOIYJIIO) OCYIIECTBISETCS B (opme
IK3amena, 1ipu 3TOM IMPOBOJUTCA OLICHKA KOMHGTGHHI/Iﬁ, Cq)OpMI/IpOBaHHBIX 10 AUCIUIIJIIUHE.

s OouleHMBAHUSA TEKYLIETO KOHTPOJSA YCIEBAEMOCTH M IPOMEXYTOYHOM aTTECTaluu
UCTIONB3YETCs JecATHOA/UIbHAS IIIKaja OIICHWBAHUS, KOTOpas COOTHOCHTCS C TPaTUIMOHHON
MATHOATHPHON MIKAIOHN CIIEAYIONUM 00pa3oM:

Jecsarudanabuasi IlaTudamnbHas Onenka 3a Oo0masi xapakrepucTuKa pe3yJjibTara
OLICHKA OLICHKA 3ayger 00y4eHHMs N0 JUCHUTUINHE (MOIYJTI0)

10 OTauaHo 3auyTeHo CTygeHT NOTHOCTBIO BJIAJCET 3HAHUSIMU,

9 OTIMYHO 3a4TeHo W3JIOKEHHBIMA B paboueil Tmporpamme, Hu

8 OTINYHO 3auTeHo TIIyOOKO OCMBICISET JUCHUIUIHY (MOIYIB).

On CaMOCTOSITETTFHO u JIOTHYECKU

MOCJIeIOBATEILHO OTBEYAET HA BCE BOIPOCHI,
AKICHTHPYS BHUMaHHE Ha Hau0oJee BaKHOM.
Ymeer aHAIN3UPOBATh, CpaBHHUBATH,
KJIACCU(HUIMPOBATD, 000011aTh,
KOHKPETH3HUPOBATH ¥  CHCTEMATU3UPOBAThH
W3YYEHHBIH MaTepHal, BBIACISS KIFOUCBBIC
MOMEHTHl W  yCTaHABIWBAas  NPHIUHHO-
Cle/ICTBEHHBIE CBs3H. YeTko (GopMynupyer
OTBETHI, YBEPEHHO HHTEPIPETUPYET
pe3yIbTaThl aHaJIN30B " JPYTHX
UCCJICJIOBAHUI, a TaKKe pEIIaeT CIIOKHBIC
3aga4yn. CTYZICHT XOPOIIO 3HAKOM C METOAaMH

HCCIIEI0BaHuA, HEOOXOIUMBIMH IS
MPAKTUYECKON  JEATENBHOCTH, M  yMEeT
CBS3BLIBATH TEOPETUUCCKUC aCIEKTHI
MUCIUIUTAHBL  (MOAYJSA) C TPAKTHYECKUMHU
3aJ1a4aMH.
7 Xoporro 3aureHo CryneHT oOlajgaer 3HaAHUSMH TIpeaIMeTa
6 Xopomo 3ayTeHo II104THU B IIOJTHOM o0bBeEME pa60qeﬁ

MIPOrpaMMBbl U CaMOCTOSITENIBHO, JIOTHYECKH
MOCIIEZI0OBATENIBHO U BCECTOPOHHE OTBEYAET
Ha BCE BOINPOCHI, aKLIEHTHUPYs BHHMaHHUE Ha
HanboJiee 3HAUMMBIX MOMeHTax. OH ymeeT
AHAJIM3UPOBATH, CpaBHMBATB,
KJIACCU(HUIIMPOBATD, 000011aTh,
KOHKPETH3UPOBaTh W CHCTEMAaTH3HPOBATh
W3y4EHHBIH  MaTepHall, BBIAEIAS  €ro
KJIIOUEBBIE  aCNEeKTBl M yCTaHaBJIMBad
MIPUYINHHO-CJICACTBCHHBIC CBA3H.
@opMyIUpyeT CBOM OTBETHI, YBEPEHHO
UHTEPIPETUPYET PE3YNbTaThl aHAJIH30B H
JIPYTUX HCCIENOBaHUM, a TakXke pemaer
CJIOKHBIC CHUTYAalMOHHBIC 3aJlaydu. CTYJICHT
XOpOULIO 3HAKOM C METOJAaMHU HCCIIEN0BaHUS,
HEOOXOIMMBIMH JUISE MIPaKTHYECKOM
JACATCIIBHOCTH, )41 yYMEET CBS3bIBATH
TEOPETUYECKHE  ACMEKThl IpeaMeTa ¢
MPAKTUYECKUMHU 3a4a4aMH.

5 y}IOBJ'IeTBopI/ITeJ'ILHO 3aureHo CTy,I[eHT 06na;[aeT 0a30BBIMM 3HAHUSIMHU I10

4 Y 10BIETBOPUTENBHO 3auTeHo JUCUMIUIMHE  (MOJYJI0), HO HCHBITHIBAET
TPYJAHOCTH TIPH CAMOCTOSITECIbHBIX OTBETaX U

UCTIOJIb3YeT HeTOouHble (OpPMYIUPOBKU. B
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JecarubannbHasi IlaTtudamnbHas Onenka 3a OO0mas xapakTepucTHKA pe3yJibTaTa

OLICHKA OLICHKA 3ayer 00y4eHMs1 10 JUCHUILINHE (MOYJII0)
X0Jle OTBETOB OH JONycKaeT OLIMOKH,
Kacaromuecss CcyTH BompocoB. CTyneHT
CIOCOOEH pellaTh TOJbKO CaMble IIPOCTHIE
3ajaud M BIAfeeT JHUIIb MHUHUMAJIbHBIM
HabOpOM METOIOB HCCIIEAOBAHUSI.

3 He cnan Hezautreno | CtymeHT He oOBJamen  00SM3aTENbHBIM
2 He cnan He 3auteno | MUHUMYMOM 3HaHUH MO TpeAMETy U HeE
1 He can He 3auTeno | MOXET OTBETUTh HA BOIIPOCHI, JAXKE €ECIH

MPEnoIaBaTeb  3aJacT  JIOMOJHHUTEILHBIC
HAaBOJISIIIINE BOTIPOCHI.

Hucnunmuna  (monynb) «Wmxkenepuss nanHbix (Data  Engineering)» — oreHuBaeTcs
CJIeAYIONMM 00pa30M, €Il HHOE HE YKa3aHO B CHIUTA0yce TUCIUTUTAHBIL:

AKTHBHOCTH Bec | Onucanue AKTHBHOCTH
Tecr 10% 13 ®dopma mpoBepKH 3HAHUH CTYIEHTOB Yepe3 OTBETHI Ha
BOIIPOCHI C BI)IGOpOM N3 HCCKOJIBKHMX BApHUAHTOB OTBCTOB
Howmamnnue 3aganus | 40% 12 HaGop 3azma4 mo TemMam Henenu
Kontponbnas pabora | 20% 1 [MuceMenHas paboTta ¢ HAOOPOM 3a/1a4, KOTOPbIE HYKHO

PELIUTh 32 OrPAaHUYCHHOE BpEMS

OK3aMeH 30% 1 [TuceMeHHast K ycTHast paboTa Hall 3aJaHUCM,
HaIpaBJIeHHBIM Ha TIPOBEPKY MOIyYSHHBIX 3HAHUH U
HAaBBIKOB I10 JUCHUILTHHE (MOIYJIIIO)

B pamkax u3ydeHus AUCUUIUIMHBI (MOIYIISI) BO3MOYKHO TOJTydeHHEe OOHYCHBIX OaioB.

®opmyJia pacyéra UTOrOBOM OLEHKH 10 AucHUIInHe (Moay o) « UHKeHepusi JaHHBIX
(Data Engineering)»: «0,1 x cpeanee 3a Tectsl + 0,4 X cpeanee 3a qomainHue 3amanus + 0,2 X
KOHTpOJIbHAs padoTa 0,3 X sK3aMeH».

Texkyumii KOHTPOJIb ycreBAeMOCTH 00y4aKOIIUXCs M0 JUCHUIIIHHE (MOAYJII0)

IIpumepHBbIe 3a1aHUA JJIS1 TECTA
Tect 1. OCHOBBI HHKCHEPUH JAHHBIX M OPKECTPAIUsA IIOTOKOB
1. Kakas u3 nepeunciennsix 3a1a4 HE oTHOCHTCS K OCHOBHBIM 33/1auaM WHXKEHEpa TaHHBIX?
1. IIpoextuposanue ETL-npoueccon
2. Hacrpoiika opkecTparuy pabouux MOTOKOB
3. TloctpoeHue MpOrHO3HBIX MOJIEIEH MAITUHHOTO O0YYECHUS
4. OobecrnieueHue KauecTBa u HaJeKHOCTH JTAHHBIX
IIpaBuiabHbBIH OTBET: 3
2. Kakoit komnoneHT Apache Airflow oTBeuaeT 3a BbIoHeHNEe KOHKpETHOI 3a1aun B DAG?

1. Scheduler
2. Executor
3. Operator
4. Worker

IIpaBuibHbIH OTBET: 3
3. Uro o3nauaet OykBa «T» B ab0peBuarype ETL?
1. Transfer
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w

Transform

Transport

Translate
IIpaBuibHBIH OTBET: 2

4. Kaxo#l u3 nepeyncieHHbIX UCTOYHUKOB JAHHBIX Yallle BCEro MCMOJb3YeTCs B MAKETHOU

obpaboTke?
1. Apache Kafka
2. S3
3. RabbitMQ
4. WebSocket

IIpaBuiabHBIH OTBET: 2

5. Kakoit ¢opmar nanaeix Hambosiee 3(p(deKkTuBeH A XpaHEHHS OOJBIINX OO0BEMOB

CTPYKTYpHUPOBaHHBIX NaHHBIX B Data Lake?

1.

2.
3.
4

CSVv

JSON

Parquet

XML

IIpaBuiabHbI OTBET: 3

Tect 2. PacnipeneiénHasi M NOTOKOBasi 00padoTKa JaHHBIX
1. Kakoii ¢ppeiiMBOpK HCIIONB3YETCS IS pactpeeaeHHON 00paboTKH OOIBIINX JAHHBIX?

1.

2.
3.
4

Pandas

NumPy

Spark

Scikit-learn
IIpaBuiabHbIi oTBET: 3

2. Kakoii cepBuc gaie BCero MCIONIb3yeTcs U ITOTOKOBOM Iepeavyn JaHHBIX B PEATbHOM

BpEMEHU?
1. S3
2. HDFS
3. Kafka
4. PostgreSQL

IIpaBuabHbIH OTBET: 3

3. Kakoit (1)0pMaT JAaHHBIX TTOAACPKUBACT CXEMY U OINTHMU3IUPOBAH I aHAJTIUTUYCCKUX

3anpocoB B Apache Spark?

1.

2.
3.
4.

JSON

Avro

Parquet

ORC

IIpaBuiabHbI OTBET: 3

4. Kaxkoit komnoneHT ClickHouse mo3BosnsieT aBToMaTHueckd OOHOBISATh arperupoBaHHBIC

JAaHHBIC ITPU BCTAaBKC HOBBIX 3armcei?

1.

2.
3.
4.

OOBIYHOE TIPE/ICTaBIICHNE
Matepuann3oBaHHOE TIPEICTABICHUE
Buemnsia tabania

Bpemennas Tabnuia

ONEeKTPOHHBIA JOKYMEHT



IIpaBuJjbHbIA OTBET: 2
5. UYro takoe Data Lakehouse?
XpaHWIHIIE TOTBKO CTPYKTYPHPOBAHHBIX TaHHBIX
I'u6pun Data Lake u Data Warehouse ¢ nonnepxxkoit ACID u ananutuku
WHCTpYMEHT BU3YyalIM3alluH TaHHBIX

ER A

ba3a maHHBIX 1151 TpaH3aKIMi
IIpaBuibHbBIi 0TBET: 2

IIpumepHbIe JoMALIHUE 3a]aHUS

Jlomamnee 3aganue 1.

YcranoButh coenunenue ¢ Hive.
ITpocMOTpeTh CIUCOK UMEIOIIHMXCS 0as3.
Cosznath cBoro 6azy Hive TBOW JIOTHH ¥ MEPEKITIOYUTHCS HA HEE.
Nzyuuth cxemy JSON u u3Bneub HHPOPMAIIUIO O COCTABE U THITAX JTAHHBIX.
Co3narb TabnuIly — MPUEMHHK JUTSI ICXOIHBIX TaHHBIX 0 qoctaBkax JSON.

6. Co3marp TabIMIly JaHHBIX O jocTaBkax B ¢opmare CSV mist ymoOCTBa MOCISIYIOMIETO
aHaJIM3a.

a s wdnE

7. Coznatp TabauIy — HNpUEMHUK JUIsl HCXOJIHBIX JaHHBIX O nokynkax JSON.

8. Cosznath Ta0NHIly TaHHBIX O TIOKYyMKax B ¢opmare CSV s ymoOCTBa MOCIEIyIOIIEro
aHayu3a.

9. Coemuuuth ¢ momomipko 3ampoca HQL momyuenHsie B 1. 6 ¥ 11. 8 TaOIUIIBI U BBIYUCIUTH
CJICAYIOIINE METPUKU:

— KOJIMYECTBO 3aKa30B;

— KOJIMYECTBO JIOCTABOK;

— KOJIMYECTBO JIOCTABJICHHBIX €MHUL TOBAPA;

— o01ryro cymMmmy 3aKa3oB (mose cost_item).

B pesynbrare BRIOTHEHUS ATOH 3a/1a4X MBI TIOJTYYHIIN JJAaHHBIE B IJIOCKOM Buze B Hive.

1. VcranoBu coenqunenue ¢ Hive.

[TapameTph! TOIKITIOUEHUS: YKAXKH a/IPpEC XOCTa, TOPT, UM TTOJIb30BaTENs M MapOIb.

Cozmaém Kypcop (00BEKT, KOTOpHIN MO3BOJISET BHIMOIHATE SQL-3ampochl U ymnpaBisaTh
pe3yJIbTaTaMu).

JlomamHee 3aganue 2.

3agauya 1. Coznanue u HacTpoiika ceccun spark

Cospaii ceccuto spark B kontype Hadoop, n1o6aBuB nmapamerp ceccuu executor.memory =
2Gb (config(“spark.executor.memory", "2g")).

3anauya 2 (5 6a/s10B). UTeHHe ¥ 3anUCh

[IpounTaii u3 karamora /tmp/delivery data sample/ nBa JSON-¢aiina (omun daitn c
JAHHBIMHU O TIOKYIIKaX, BTOPOM (ailsl ¢ JaHHBIMHU O JIOCTaBKaX) C MAaKCUMAaJIbHOM 1aToi 3arpy3Ku
B TaOiMyHOM npezacrasienuu. [loacrass Ha3BaHue Qaiina BMecto filename.

3agauya 3 (5 6ans10B). IIpeodpasoBanne naHHbIX B spark

1. Co3znaii BpemenHsle npeactasineHus purchases u deliveries.

Hcnonw3yii.createOrReplaceTempView.

2. CoenwHE 00a TIpeICTaBICHHS 110 K0Ty ¢ momonisio PySpark DataFrame API.

Ucnons3yit.join.

3. INocunTait KOTMYECTBO 3aMTUCEH Pe3yIbTaTa COCTNHEHHUS.

ONEeKTPOHHBIA JOKYMEHT



4. CoenuHM 00a TpeICTaBICHUS 110 KoYy ¢ moMoIibio SparkSQL.

Hcnons3yit spark.sql.

5. IlocuuTail KOIMYECTBO 3aMKCEN pe3ysibTaTa COEAUHEHUS U YOIUCh, YTO OHO COBIAIAeT
C IYHKTOM 3.

Jomamnee 3a1anue 3.

3amaya 1 (3 6a/s1a). BeigeJuTh CyIIHOCTH B JAHHBIX

Co3naii ceccuro Spark (BoCTob3yicst KOJIOM 1O CO3/IaHUIO0 ceccur Spark u3 mpeaplayero
JIOMAIITHETO 3aaHHUs).

Coznait BpeMEeHHOE MpeACTaBICHUE HAJl JAHHBIMU O MOKYIIKaX.

BriBenu 10 cTpok JaHHBIX, HCHIOJB3Ys.Show.

BriBen circok cTOJIOIOB € MOMOIIBIO METOoa.columns.

Coznaii BpeMEHHOE NPECTaBIEHUE HA/l JAHHBIMU O JJOCTaBKaX.

BriBenu 10 cTpok JaHHBIX, HCTIONB3Ys.Show.

BriBeau criucok cToa010B ¢ MOMOIIBIO MeToAa.columns.

3anaua 2 (2 6asu1a). HapucoBarh 1marpaMmmy JaHHbBIX

Hapucyii nuarpamMmy MOJIy4€HHBIX CYHIHOCTEH C aTpuOyTamu, yKakKM THUIBI JaHHBIX
(IpuUMEpHBIE) U CBSA3H MEXKAY TaOIUIIAMU 110 KITFOYaM.

3anaua 3 (4 6a/1a). Co31aTh €J10i CHIPABOYHMKOB U (PaKTOB

Hanwmmm 3ampoc Spark SQL u BbIOepH yHUKaIbHBIE 3HAYEHUS aTpUOYTOB ISl BCEX
CYIIHOCTEH.

3anaua 4 (1 60ana). CkonupoBaTh NOJYYEeHHbIE TA0JUIbI CIIPABOYHUKOB M (PAKTOB B
GP

YcranoBu coenunenue ¢ Greenplum. Ckomupyit co3maHHble natadpeiiMbl B TaOIMIIBI
Greenplum,

IIpumepHble 3a1aHUs ISl KOHTPOJIbHOH PadoThI

3aganue 1.

Hanummure SQL-3anpoc ans coznanus matepuanuzoBanHHoro npeacrasinenus B ClickHouse,
KOTOpOE arperupyer KOJMYECTBO 3aKa30B MO PErrnoHaM u3 Tabmuisl Orders (moss: region,
order_id).

OsxupaemMoe peieHune:

CREATE MATERIALIZED VIEW orders_by_region

ENGINE = SummingMergeTree()

ORDER BY region

AS SELECT region, count(*) AS order_count

FROM orders

GROUP BY region;

3aganmue 2.

Onumute marn ETL-npouecca st 3arpy3ku nanusix u3 CSV-gaiina B S3 B Tabnuiy B
ClickHouse c UCIIOJIb30BaHUEM Spark u Airflow.
O:xuaemoe penieHue:

— MHcnonszoBate Airflow DAG ¢ PythonOperator.

— IIpouunrats daitn u3 S3 ¢ momompio Spark (format: csv).

— Ilpeobpa3oBaTh naHHbIE (OUNUCTKA, IPUBE/ICHUE TUIIOB).

— 3anucats B ClickHouse uepe3 JDBC-coenunenue.

ONEeKTPOHHBIA JOKYMEHT



— Jlo0aBHTH MPOBEPKY KaYeCTBA JAHHBIX.
3amanue 3.

Hanumure kpartkoe omucanue ponu Apache Kafka B moTokoBoit 00paboTke maHHBIX.
OxugaemMoe penienue:

Kafka — ato pacnpenenénHas cucremMa MOTOKOB, KOTOpasl MO3BOJISET ITyOJIMKOBATh M

MOJIMKUCKHIBATHCS HAa MOTOKH 3aIlMCEeH, XpPaHUTh UX C OTKAa30yCTOMYHMBOCTHIO U 00pabaThiBaTh B
peasibHOM BpeMeHu. Mcnosb3yercs kak Oydep MeXay UCTOYHUKAMU U 00paboTYNKaMU JaHHbIX.

3amanus 1J151 NPOMEKYTOYHOM ATTeCTANUM IO JUCHHUILIMHE (MOTYJII0)

Ne 3ananue Otser Kommnerenuus
n/n
1. | I'me uenecooOpa3HO UCKATh JIyUIINE MPAKTHKH JlokymeHTanus BEHI0pOB YK-6

WH)KEHEPUH JaHHBIX?

2. | Kakoii 3ak0H peryiupyeT 00paboTKy 152-®3 YK-6
MEePCOHAIIbHBIX TAHHBIX B PD?

3. | Kaxkoii npuHIun obecneunBaet 6€301acHOCTh udporanue YK-6
JaHHBIX [IPU nepeaue?
Yro o3navaet abopesuarypa ETL? Extract, Transform, Load OIIK-1
Kak naseiBaetcs rpad 3agau B Apache DAG OIlK-1
Airflow?

6. | Kakoii popmat daitnoB sBiseTcs Parquet OIlK-1
KOJIOHKOBBIM?

7. | Kakoii mpoTOKOJ TpaHCIIOPTa UCHOIb3YET TCP OIlK-1
Apache Kafka?

8. | Kakoii HHCTPYMEHT OpKECTPUPYET MaNIIaliHbI Airflow IK-1
AaHHBIX?

9. | Kakoii aBmKxok 00padaThiBaeT JaHHbIC B Spark [K-1
OTIEPATUBHON MaMsITH?

10. | Kakas CYB/I ontumusupoana juist OLAP- ClickHouse TK-1
Harpy3ku?

11. | T'ne xpansTcst 0OBEKTHI B 00IaYHOM Bucket [K-1
xpaamauiie S3?

12. | Kakoii ¢opmat tabmur nognepxkubaet ACID B Iceberg [1K-3
Data Lake?

13. | Kak yckoputs arperaiuio B ClickHouse? Materialized View IK-3

14. | Kakoii Tarm 00pab0OTKH TaHHBIX paboTaeT B Streaming [K-3
peaJbHOM BpeMeHH?

15. | Kak Ha3bIBaeTCs COSIMHEHHUE TOTOKOB B Spark Stream-Stream Join I1K-3
Structured Streaming?

16. | Yro rapaHTHpYyEeT KOPPEKTHOCTH JAHHBIX B Data Quality Checks I1K-6
namiaine?

17. | Kakast apxuTeKTypa pas/esseT XpaHeHHe 1 Data Lakehouse I1K-6
BBIYUCIICHUS?

18. | Kak ontumusuposats shuffle-onepaunu B Partitioning [1K-6
Spark?

19. | I'me XxpaHHUTCS METaIaHHBIX B 9KOCHCTEME Metastore [1K-6
Hive?

20. | Kakoii KOMIIOHEHT KaTaJIOTU3UPYET HaOOPbI Data Catalog [1K-6

JAHHBIX B miatdopme?

ONEeKTPOHHBIA JOKYMEHT
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