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1. Kparkas xapakrepucTHKAa JHCHUILIHHBI (MOAYJIs1)

Pabouas mporpamma aucuurummnel (Moxyisi) «Data Engineering (Mmxenepusi JaHHBIX)»
COCTaBJIEHA B COOTBETCTBHHU C (hefiepallbHbIM roCy1apCTBEHHBIM 00pa30BaTEIbHBIM CTaHIAPTOM
BeIcIIero oOpa3oBaHusi — wmaructparypa mno cnenuaibHoctn 02.04.01 Marematnka u
KOMIIbIOTEPHbIE  HaykH, Ipo¢wib MamuHHoe O00y4eHue, YTBEpXKIEHHBIH IMPUKA30M
MunucTepcTBa HayKH U BbIciiero oopaszoBanus Poccuiickoii ®eneparu Ne 810 ot 23.08.2017
roja.

Nzyuenne gucumrumnbel (Mmoaynsi) «Data  Engineering (MmxeHepusi JTaHHBIX)»
o0ecrieyrBaeT NOHUMaHUE IPUHIUIIOB IOCTPOEHUSI COBPEMEHHBIX IIATPOPM JaHHBIX, JISKALIUX
B OCHOBE aHAJIUTHKH, MAIIMHHOTO O0y4YeHUs1 U HU(POBBIX cepBUCOB. OCBOCHHE MHCTPYMEHTOB
WH)KEHEPUH JIaHHBIX M03BOJIAeT A(P()EKTHBHO paboTaTh ¢ OOJbIIMMU OOBEMAMH JAHHBIX,
co3laBaTh MacmTabupyemyro HH(pacTpykTypy X 0OpabOTKHM M oOecneunmBaTh HaAEKHOCTD,
IPOM3BOIUTENBHOCTh U KAYECTBO JJAHHBIX B OPraHU3ALMH.

MecTo AMCHMILIMHBI (MOAYJIs1) B CTPYKTYpe 00pa30BaTe/IbHOM NPOrpaMMbl

Hacrosimas nuciumimnHa (MOAyIb) BKIIIOUEHA B Y4€OHBIH IJIaH 1O IPOTrpaMMe MOITOTOBKH
maructpatypsl mo HampaBienutro 02.04.01 MaremaTuka M KOMIBIOTEpPHbIE HAyKH, MpOoduin
MamuHHOoe 00y4yeHHe BXOIUT B BapUaTHBHYIO 4acTh bioka 1, ¢popMmupyemyio y4acTHHKaMH
00pa3oBaTeNbHbIX OTHOIICHUMN, KaK TUCIUIUIMHA 0 BEIOODY.

Jucnuninza (MoyJib) U3ydaeTcs Ha 2 Kypce B 4 cemecTpe, JOCTYIHA AJIs TPOXO0XKIECHHUS IpU
YCIOBUM YCHENIHOTO 3aBeplieHus IucHumind (moayneit) «OcHoBbl Python», «SQL u Ga3sl
JAHHBIX» U O0IEYHUBEPCUTETCKOTO (hakynbTaThBa «Python s anannsa naHHBIX».

Heap u3yueHuss AMCUMIUIMHBI (MoayJs): (GOpMHpOBaHME CHCTEMHOTO IOHHMaHUs
aApXUTEKTYphl MIaTGOpPM JaHHBIX U MPAKTHMYECKHX HABBIKOB NMPOEKTHPOBAHMS, pa3pabOTKU U
ONTUMM3AIMH PaCHpPeeIEHHBIX OTOKOB OOpaOOTKM M XPAaHEHHUs IaHHBIX C HCIOJb30BaHUEM
COBPEMEHHBIX HUHCTPYMEHTOB NHXEHEPUU JAHHBIX.

3agauu u3yyeHus AMCHUIIHUHBI (MOAYJIA):

— OCBOUTh OCHOBHBbIE KOHUEMNIMU IJIaT(GopM [aHHBIX, paCIpeeNEHHBIX CUCTEM
XpaHEHUs ¥ 00BEKTHBIX XpaHwuil (S3);

— HAYYUTHCS IPOEKTUPOBATH U PEAIM30BbIBATh aBTOMAaTU3UpoBaHHbie ELT-naiuialiHb
c ucnonpzoBanueM Apache Airflow u Apache Spark;

— M3Y4YMUTh NIPUHLUIBI OPraHU3aluu XpaHeHus: u o0paboTku naHHbIX B ClickHouse n
MHTErpaluy MoTOKOB aHHbIX uepe3 Apache Kafka;

— c¢hopMUpOBaTh HABBIKM IPOEKTHPOBAHMS aApPXUTEKTYphl IUIATGOPMBI JTAHHBIX U
pa3paboTKy BUTPUH MaHHBIX B aHamuTuyeckond CYB/;

— OCBOMTh METOABI ONTHUMM3ALUK OOpabOTKM JAHHBIX M 0a30Bble MOAXOABI K
o0ecreyeH o KauecTBa JaHHbIX.

B pe3yabTare 0CBOCHUSI AUCHHMILIMHBI (MOAYJIs1) 00y4AIOUIUIACS 10JI2KEH:

3HaAMmMb:

— OCHOBHbIE KOHIENIINH PabOThI IaTGOPM TaHHBIX;

— pacnpeeNieHHbIe CUCTEMbI XpaHEHUs, OCHOBHbIE KOMIIOHEHTBI U METOJIbI pPabOTHI C
00BeKTHBIM XpanunuiieM (S3);

— OCHOBHBIE KOHLENIMM M TPUHLHUIBI NPOEKTUPOBAHUS aBTOMAaTH3MPOBAHHBIX
MOTOKOB JIaHHBIX (IAIUIaHOB);

— pacnpeneneHHyr0 00paboTKy aHHBIX ¢ MOMOIIBI0 Apache Spark;

— ocobeHHocTH MexaHu3MoB xpaHeHHsi naHHbIX B ClickHouse m wmcnonb3oBanue
BHEITHUX UCTOYHUKOB,;

— apXUTEKTYpPY CUCTEMBI INIAHUPOBAHUS IOTOKOB JaHHBIX B Apache Airflow;

— TPUHIMIIEI HHTETPAIlUH TaHHBIX Yepe3 Opokepa coodmennii Ha mpumepe Kafka;
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0a30BbIC IPUHIIUIIEI ONTUMH3AIUU U POBEPKH KAYECTBA IaHHBIX
poiabs uHcTpyMeHToB DE B coznanuu minatdopMbl TaHHBIX;
4acThIe CLIEHAPUU UCTIOIb30BAHUS HHCTPYMEHTOB B KOHTEKCTE MIaT(GOPMbI TAHHBIX.

ymembp:

pabotarh ¢ ¢aiimamu B XpaHwmiie S3 depe3 CTaHIAPTHBIE OMOIMOTEKH U B
couerannm ¢ Apache Iceberg;

paspabateiBaTh ELT-miporieccesl ¢ ucnonp3zoBanuem Apache Airflow;

o0pabaTbIBaTh HECTPYKTYPHPOBAHHBIC U CTPYKTYPHPOBaHHBIC NaHHbIC B Apache
Spark;

OpPraHHW30BBIBATH XPAaHEHUE JIAHHBIX B PACHPEICICHHOM pEXHME B KIACTEpe
ClickHouse;

HCITOIB30BaTh BHemHne ncrouynuku n3 ClickHouse;

paspabartbIBaTh 3anIpOCkI ¢ yueToM crnernuduku kinacrepa ClickHouse;

OTIIPABIISATH U NIOJYYaTh AaHHBIEC Yepe3 Opokep coobmenmiit Apache Kafka,
MPOEKTUPOBATH OCHOBHBIC KOMITOHEHTHI IIAT(GOPMBI TaHHBIX

ONITUMHU3UPOBATH 3arpockl B Apache Spark;

MPUMEHSTH 0a30BbIC IPUHIIMITHI TIPOBEPKHU KA4eCTBA JAHHBIX.

eénaoems:

HaBBIKOM ITOCTPOEHUS aBTOMATU3UPOBAHHBIX MMOTOKOB JAHHBIX C MCIOJIb30BAHUEM
Airflow;

HAaBBIKOM OpraHHW3alliy CIIOS XPAaHEHUS CTPYKTYPUPOBAHHBIX JaHHbIX B Data
Lakehouse;

HaBBIKOM pa3paboTku BUTpUH AaHHBIX B aHanuTHueckoir CYB]] Clickhouse.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyembie B pe3ylbTaTe OCBOSHHS IUCHUILIMHBI (MOIYJsS) IpH
MIPOBEJCHNH YUeOHBIX 3aHATHI B (hopMe KOHTAKTHOU pabOThI 00YYAIOIIUXCS C IEAArOTHYECKUMU

paboTHUKaMU YHHUBEpCUTETA U B (DOPME CaMOCTOSATETHHON PAOOTHI 00yYAIOIITIXCS:

Komnerenuus

Conep:xaHue KOMIeTeHIIHH

Nuauxarop
KOMIeTeHIH U

Ilepeyenpb MIAHMPYEMBIX
pe3yJIbTATOB 00y4eHHS 110
JUcHMIIMHE (MOTYJIIO)

VK-6.

CriocobeH onpenensirs u
PEaTM30BLIBATE IIPHOPUTETHI
COOCTBEHHOM IEATENBHOCTH U
CIIOCOOBI e
COBEPIIEHCTBOBAHUS Ha OCHOBE
CaMOOILIEHKH

VK-6.1.

3HaeT OCHOBHBIE METOJIBI
CaMOOIICHKH M aHaJIn3a CBOCH
JIeSITeJIbHOCTH, a TAKIKE
MPUHIUIIBI YIPABICHUS
BpEMCEHEM U IIeJIeTIOIaraHus

YK-6.2.

YMeeT CTaBUTh peaarucTUUHBIE U
JIOCTHXUMBIE 1IeTH, OTPEACIATh
[IPUOPUTETHI B CBOEH
JESITETbHOCTH, a TAKXKE
pas3pabaTeIBaTh U BHEAPSTH
TUTaHbI 110 COBEPILIEHCTBOBAHUIO
CBOMX HaBBIKOB M KOMIIETCHLIUI
Ha OCHOBE IOJTYYEHHOU
CaMOOLIEHKHI

VK-6.3.

NmeeT npakTHUECKUNA ONBIT
MIPUMEHEHUS METO/IOB
CaMOOILICHKHU B CBOEH
poheCCHOHATBHOMN
JIeSATEIIbHOCTH, BKIIFOYAst yIacTHe
B TPEHUHTaX, CEMUHApax U
MIPOEKTaX, HAIIPABJICHHBIX HA
pa3BUTHE JIMUYHON

3¢ (heKTUBHOCTH U
podhecCHOHANTBEHOTO POCTa

OIIK-2.

CnocobeH co3aBath U
UCCIEN0BATh HOBBIE
MaTeMaTUYECKUE MOJEIIU B
€CTCCTBCHHBIX HayKaX,
COBepIHeHCTBOBaTB nu
pa3pabaTbiBaTh KOHIICTIIIHH,
TeOpI/II/I 1 MECTOAbI

OIIK-2.1.

3HaeT OCHOBHbIE
MaTeMaTHYeCKUe MOJEIH U
METO/IbI, UCTIONb3YEeMbIE B
€CTECTBEHHBIX HayKax, BKIIOYast
CTaTUCTHYECKOE MOJICIIMPOBAHNE,
nmuddepeHnranbHble YpaBHEHUS
W YUCIICHHBIE METO/IBL, a TAKXKE
COBpPEMEHHBIE MOIXO0BI K
UCCIICIOBAHUIO M aHATIU3Y
JIAHHBIX

OIlK-2.2.

Ywmeer pazpabareiBath U
aalTupoBaTh MaTEMAaTUYCCKUEC
MOJEIHU JUIsl pEIICHUS
KOHKPETHBIX MTPOo0IIeM B
C€CTCCTBCHHBIX HAayKax,
MPOBOJUTH UX aHATU3 U
BEPU(PHUKAIUIO, & TAKKE
HHTEPIIPETUPOBATE ITOJIyYEHHBIE
PE3YIbTATBI B KOHTCKCTE
Hay4HBIX HCCIEIOBAHUI

OIIK-2.3.

Nmeet mpakTUyecKuid OMBIT
CO3JaHMs U HCCIIEIOBaHUs
MaTeMaTUIEeCKHUX MOJCICH B
paMKax Hay4YHBIX MPOCKTOB WJIU
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WCCJICIOBAHUH, BKITFOYAsl yYaCTHE
B IyOIMKAIHSIX, KOH(pEepeHITHIX
WM KOJUTA00PAIUsX, I/ie ObLIH
pa3paboTaHbl U anmpOOUPOBAHBI
HOBBIE KOHIIEIIINHA U METOIBI

I1K-3.

CrnocobeH permaTs 3a1a9u
npoheCcCUOHANTBHOMN
JeSITeTbHOCTH, (DOPMYITHPOBATH
pe3yIbTaT, YBUICTh CIICACTBUS
MOJYYEHHOTO pe3ynbTara

IK-3.1.

3HaeT OCHOBHBIC TPHHITUITBI 1
METOJBI peIICHHS 33124
npohecCUOHATBHOMN
JIESITETIbHOCTH, & TAKIKE CITOCOOBI
(hopMyTUpOBaHUS U
MPEeCTaBICHUS PE3yIbTATOB,
BKITIOYAsl aHAJIM3 MTOCTICICTBHN 1
WX 3HAYUMOCTh B KOHTEKCTE
MPOCKTA

[K-3.2.

YMeeT NpUMEHSTh
MaTeMaTHYEeCKHe U
KOMIIbIOTEPHBIE METOJIBI AJIS
pelIeHns: KOHKPETHBIX 3aa4,
(hopMyITUpOBaThH YETKHE U
000CHOBaHHBIE PE3YJIbTATHL, a
TaK)Ke aHAJIN3UPOBATh UX
MOCJIEACTBUS 115 JaILHEHIITNX
JICUCTBUN U pelieHui

[IK-3.3.

NMeet nmpakTUyYeCKUd OMBIT B
pelIeHnr IpoQeCcCHOHATBHBIX
3a[a4, BKJIIOYasi y9acTHE B
MPOEKTAaX, I1ie ObLIN MOTY4EHBI
pe3ynbTaThl U
MPOaHAIM3UPOBAHBI UX
CJIEZICTBUS, YTO CIIOCOOCTBOBAIIO
MPUHATHIO 000CHOBaHHBIX
pelIeHnt

[1K-4.

CriocobeH my0nuaHo
HPE/ICTABIATH COOCTBEHHBIE H
W3BECTHbIC HAYYHbIC
pe3yabTaThl

[1K-4.1.

3HaeT OCHOBHbIE MTPUHLMIIBI
3¢ (HeKTUBHOTO IMyOINIHOTO
BBICTYIUICHUS, METOBI
BU3YyaJM3aIlUU TaHHBIX U
OCHOBHBIE TPEOOBAHUS K
HAYYHBIM TIPE3CHTAIIUSM,
BKITIOYasi CTPYKTYpY H
COZIepKaHue

[1K-4.2.

YMeeT 4eTKOo U JIOTHYHO
($hopMyJIUPOBATh CBOU HAY4YHbBIE
pe3yIIbTATH, ANaTUPYS UX JJIS
Pa3INYHBIX ayIUTOPHH, a TAKKE
MCIIONIb30BaTh BU3YaIbHBIE
Cpe/ICTBA JUTS YITyUIlIeHHs
BOCTIPHUATHS HHGOPMALIUU

[1K-4.3.

NmeeT npakTU4ecKuil ONBIT
y4acTusl B HAY9IHBIX
KOH(EpEeHIIUIX, CEMUHAPaX HITH
JIPYTUX MEPONPUATHSIX, T
YCHEIHO MPEICTaBIsUT CBOU U
M3BECTHBIE HAyYHBIE PE3YIIbTATHI,
noJy4ast 0OpaTHYIO CBSI3b U
B3aMMOJEHCTBYs C ayTUTOpUEN
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3. Temaruueckuii njiax

Ne TpynoeMkocTb, aKageMUYeCKHE YAChI
m/m HaumeHnoBanue Qunas dopua TKY
pa3aena IMCUHUIIINHBI Ayauropnas pabora (Tekyumi
Jexuun CeMuHapsbl CamocrosnTe
(MmonyJis) KOHTPOJIb
(mpaktnyec | Konrpoun JIbHAs ycnenaemocrH)
KHe padora
3aHSATHA)
1 Bsenenmne B 2 2 10 Jomarirame
WHXCHEPHUIO IAHHBIX 3aJIaHuUs
2 Opranusanys NoTOKOB 4 4 18 Jomamraue
JTAHHBIX 3aJIaHus
3 Pacmpenenennas 6 6 27 Homaraue
00paboTKa TaHHBIX 3aJlaHus
4 [ToTokoBas 0OpaboTKa 2 2 10 Jomamaue
JAHHBIX C 3a/IaHus,
HCIIOJIb30BAaHUEM Kontponphas
Opokepa coo0IIeHH pabota
5 [ToBTOpEHue. 2 2 10 Jomamrane
WuTerpanus TaHHBIX B 3aJIaHus
Data Lakehouse
6 Co3naHuie BUTPHH B 6 6 27 Jomamaue
AaHAIMTUYECKHX 0azax 3aJIaHus
JTAHHBIX
7 Onrumuzanus 2 2 10 JoMaraue
3arpocoB B 3aJlaHus
pacnpeeieHHbIX
CUCTEeMax
8 KauecTBO MaHHBIX 2 2 10 JloMaraue
3aJlaHusl
9 [ToBTOpeHue. 2 2 10 Jomamraue
[MocTpoenne BUTPHUHBL 3aJaHHs
JIaHHBIX TTOBepx Data
Lakehouse
3auem 2
Hmozo: 28 28 2 132
O6vem oucyuniunst (Mooy/s) 190
(¢ ax. u.)
Obvem Ooucyunaunvt (Mooynsn) 5
(6 3au. ed.)
4. CopepxxaHue TMCUUILTHHBI (MOTYJIs)
Nen/m HanMenoBanue pasgea Coaep:xanue TUCHUILUTHHBI (MOIYJIs1) IO TeMaM
JMCIUNJINHBI (MOYJIA)
1 BeeneHue B MH)KEHEPHUIO JaHHBIX BBejienne B MH)KEHEPUIO TaHHBIX. [Ipodeccrst 1 OCHOBHBIE
KOHIEHIHH
2 Opranu3aiys MoTOKOB JaHHBIX OpkecTpaliysi MOTOKOB JaHHBIX ¢ ToMolbio Airflow
Asromatu3anus nporieccoB ETL ¢ daiinoBsivu 1
PENSAIIMOHHBIMU HCTOYHUKAMU JTAHHBIX
3 Pacnpenenennast 00paboTka TaHHBIX Ucnons3oBanue Spark SQL ni1st yrenus u 3anucu ¢aiiiaos B
xpaammie S3
O6paboTKka CTPYKTYpHUPOBAaHHEIX MaHHBIX U Apache Iceberg
Wnrerpanus Spark u Airflow. O6paboTka
HECTPYKTYPUPOBAHHBIX JTAHHBIX
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4 [ToTokoBast 00pabOTKa JTAaHHEIX C Ucnonw3oBanue Apache Kafka B kauectBe nctounmka
HCIIONIh30BaHHEM OpoKepa coobmennii | naHHbIX. [loTokoBas o6paboTka B Spark
5 [ToBTOopenne. HTErpanust TaHHBIX B [ToBTropenne. MuTerpanus nanusix B Data Lakehouse
Data Lakehouse
6 Co3aHre BUTPHUH B aHATUTUYECKUAX MexaHu3MBI XpaHEHUs! 1 00pabOTKHU TaHHBIX B KJIACTEPE
0a3ax JaHHBIX Clickhouse
Pa3paboTka 3ampocoB 1 oOpaieH!e K BHEITHUM
ucrounukam B Clickhouse
IMocTpoeHne arpernpoOBaHHbBIX BUTPHH C MTOMOIIBIO
MarepHann3oBaHHBIX npenactasiaeHuit Clickhouse
7 OnTuMu3ainys 3apocoB B OnTummzanus 3anpocoB B Apache Spark
pacnpeie/IieHHBIX CUCTEMax
8 KavecTBo JaHHBIX BBenieHre B KOHTPOITb KauecTBa JIAHHBIX
9 IToTopenue. IlocTpoeHre BUTPUHBI IToBTropenue. ITocTtpoeHrue BUTpUHBI JaHHBIX TTOBepX Data

naHHbIX moBepx Data Lakehouse

Lakehouse
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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.

OcHosnas numepamypa:

1. Kapay, X. Wsywaem Spark. MonHueHOCHBIII aHaNM3 JaHHBIX : [PAKTUYECKOE
pykoBoxctBo / X. Kapay, O. KouBuncku, [1. Bengemn, 3. Mareii ; iep. ¢ aHri. - 2-e u3a. - Mocksa
: JIMK TIIpecc, 2023. - 305 c. - ISBN 978-5-89818-320-2. - Tekcrt : anmekrponHbiii. - URL:
https://znanium.ru/catalog/product/2102607.

2. Xapencnak, b. Apache Airflow u koHBeliepbl 00paOOTKH JaHHBIX : MPAKTHYECKOE
pykoBojacTBo / b. Xapencnak, J[. 13 Pyiitep ; mep. ¢ anrn. JI. A. benukoBa. - Mocksa : JIMK
ITpecc, 2022. - 502 c. - ISBN 978-5-97060-970-5. - Tekcr : smektponHbii. - URL:
https://znanium.ru/catalog/product/2155905.

3. Apache Kafka. [TorokoBas 06paboTka u aHAJIM3 JaHHBIX : TPAKTUYECKOE PYKOBOJICTBO /
I'. lammpa, T. [Mamuro, P. Cusapam, K. Ilertn. - 2-¢ u3z. - Cankr-IletepOypr : Ilurep, 2023. -
512 c. - (Cepus «bectcennepsl O’Reilly»). - ISBN 978-5-4461-2288-2. - Tekct : 3IeKTPOHHBIH. -
URL: https://znanium.ru/catalog/product/2123357.

Jlonoanumensvhasn numepamypa:

1. Kapnoga, U. I1. ba3bl nansbix : yueOnoe nmocodue / U. I1. Kapnosa. - Cankr-IletepOypr
: Turep, 2021. - 240 c. - (Cepust «YuebHoe mocobuey). - ISBN 978-5-4461-9681-4. - Tekcer :
anekTponHbIi. - URL: https://znanium.com/catalog/product/1857026.

2. KommbGenn, JI. baser nanHbx. MTHXXUHUPUHT HAIEKHOCTH : TIPAKTUIECKOE PYKOBOJICTBO /
JI. KamnGenn, Y. Meitxopce. - Canxt-IletepOypr : ITutep, 2020. - 304 c. - (Cepus «bectcennepsl
O’Reilly»). - ISBN  978-5-4461-1310-1. - Tekct : oanekrponHsid. - URL:
https://znanium.com/catalog/product/1756135.

6. MartepuajibHO-TeXHHYECKOE o0ecrevyeHne

VYHUBEpCUTET pacmojaraeT MaTepHalIbHO-TEXHUYECKOH 0a30if, COOTBETCTBYIOLICH
JEMCTBYIOIINM MTPOTHBOIIOKAPHBIM TPaBUJIaM U HOPMaM M 00ECIIeYHBAIOIIEH IPOBEIEHUE BCEX
BUJOB JHUCUUIUIMHAPHOW M MEXAUCHUIUIMHAPHONW TOATOTOBKM, INPAKTHUECKOW U Hay4yHO-
HCCJIEIOBATENBCKOM paboT 00ydarouxcsi, MPeayCMOTPEHHBIX YUEOHBIM MJIAHOM.

[TomMerieHus1, KOTOpPbIE MPEICTABISAIOT CO00M yueOHbIE ayAUTOPUH JJIsl TPOBEICHUS 3aHATHH
JEKIIMOHHOTO  THUIMA, 3aHATHH CEMHHApCKOro (NMPaKTUYEeCKOTrO0) THIA, TPYNIOBBIX W
WH/IMBUYaJIbHBIX KOHCYJIbTAIUH, TEKYIIEr0 KOHTPOJIS U MPOMEXYTOYHON aTTECTalluH, a TaKxKe
MIOMEIICHUS IS CAMOCTOSATENBHON paObOTHl M TOMEIICHUS ISl XPaHEHHS U MPO(UITAKTHIECKOTO
oOciy>xuBaHus yueOHOro obopynoBanus. IlomeneHns: yKOMIUIEKTOBAHbI CIIEUATN3UPOBAHHON
MeOeTbI0 U TEXHWYECKHMMH CPEICTBAMH OOYUEHHUS, CIy)KAIlUMH JUIS TPEACTABICHUST YIeOHOM
uHpopManuu O0JIBIION ayTUTOPUH.

N3yuenne aucuIuInHbl (MOIyIs) 00eCieYMBaeTCs B YICOHBIX ayTUTOPUSIX, OCHAIIICHHBIX

— CTOJIaMU U CTYJIbSIMH;

— KOMITBIOTEPHOU TEXHUKOM;

— MEXaHHUUYECKUMH KaJbKYJISATOPaMU;
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— CHEeIUAIM3UPOBAHHBIM 000pYIOBaHUEM, BKITIOYAS IEMOHCTPAIIHIOHHOE 000PYIOBaHUE.

[TomemeHust 1U1E CAMOCTOATEIBHOM paOOTHI 00YJAIOIIMXCSI, B TOM YHCIIE IPUCIIOCOOICHHBIE
JUIS. MUCHOJIb30BaHUSl WHBAJIUJAMHM W JIMIIAMU C OTPAHUYCHHBIMM BO3MOXKHOCTSMHU 370pPOBbS,
OCHAILEHbl KOMIBIOTEPHON TEXHUKOW C BO3MOKHOCTBIO MOJAKIIOUEHHS K ceTh «HTepHeT» u
obecrieueHHeM  JOCTylma B JJCKTPOHHYH  HH(GOPMAIIMOHHO-00pa30BaTEbHYIO  Cpeay
YHusepcurera.

OO0yyarmumMcs MPeaoCTaBIsgeTCs JOCTyn (B TOM 4YHCIE YAAJICHHBIH) K pecypcam
WH(OPMAIIMOHHO-TEIIEKOMMYHUKAITMOHHON ceTH «HTepHET», JIEKTPOHHBIM pecypcaMm (B TOM
YUCJIE JJICKTPOHHBIM OMOJMOTEYHBIM CHCTEMaM, COBPEMEHHBIM NPO(EeCCHOHAIBLHBIM 0Oa3zam
JTAHHBIX ¥ UHOOPMAIIMOHHBIM CIIPABOYHBIM CHCTEMAaM):

Ne HaunMeHoBaHue nopraJa Ccbuika
(M3gaHus, Kypca, A0KyMeHTa)
1. | Hayunas snektponnas 6ubmaroreka elibrary.ru https://elibrary.ru/defaultx.asp
Ooubnroreka
2. | Basza manueix mua | T-cnenuanucTos https://habr.com
3. | ba3a mannsix ScienceDirect https://www.sciencedirect.com
4. | OdunuansHbli calT MUHHUCTEPCTBA HAYKU H https://minobrnauki.gov.ru/

BEICIIIEro oOpasoBaHus Poccuiickoit @enepariim
5. | ®enepanbubiii moptan «Poccuiickoe oopazoBanue” | https://www.edu.ru/

6. | Mudopmanmonnas cucrema "Exannoe okHo goctymna | http://window.edu.ru/
K 00pa3oBaTenbHBIM pecypcam”
7. | Enunas xosnekuus nudpoBsix odpaszoBatenbhbix | http://school-collection.edu.ru/
pecypcoB
8. | ®enepanbHblii IEHTP HHYOPMALTUOHHO - http://fcior.edu.ru/
00pa3oBaTeIbHBIX PECYPCOB

[lepeuenr WH(OPMAIIMOHHBIX TEXHOJOTHH, WCIOIB3YEMBIX TIPU  OCYIIECTBICHUH
00pa3zoBaTeNbHOIO MpoIiecca 1Mo AUCIUTUINHE (MOIYJI0), B TOM YUCJIE KOMIUIEKT JTUIIEH3MOHHOTO
MpPOrpaMMHOTO  OOecleyeHus, COBPEMEHHble mpodeccuoHanbHble 0a3bl  JaHHBIX U
MH(OPMaLMOHHBIE CIIPABOYHBIE CHUCTEMBI:

HaumenoBanmne 110 IIpousBoacTeo JInnen3nonnoe / cB000HO
pacnpocTpaHsiemMoe
OnepaioHHbIe CHCTEMbI:
Microsoft Imagine (Windows Client, | 3apy6exHoe JIMIICH3UOHHOE
Server)
bpaysepsbI:
Sunexc.Bpaysep OTEUECTBEHHOE CBO0OOJIHO pacrpocTpaHsIeMoe
Google Chrome 3apyOeKHOe CBODOOJIHO pacrpocTpaHsIeMoe
Od¢ucHble NpUI0KEHUS
Microsoft Imagine (Visio, OneNote) | 3apyOexxHOe JIMILIEH3MOHHOE
TeXstudio 3apy0exHOe CcBOOOJTHO PACIIPOCTPAHSIEMOE
Adobe Acrobat Reader 3apyOeKHOe CBO0OOJIHO pacrpocTpaHsIeMoe
IporpammHoe o0ecneueHne IJisl IVIAHUPOBAHHUSI U Y4eTa BPeMEHH:
Toggle app | sapy6exHoe | cBOGOHO pacnpocTpansiemMoe
CucTeMbl YHpaBJieHHs] MPOEKTAMM:
Microsoft Imagine (Project) | sapyGesxHoe | nuuensnonHoe
Cucrembl ynpasJieHHs1 6a3aMH TaHHBIX:
Microsoft Imagine (SQL Server) | sapy6exHoe | nuuensuonnoe
Cucrtemsl peseppHOro konuposanus (backup):
Acronis Backup Advanced for 3apy0exHoe JIMIIEH3UOHHOE
HyperV
CrpaBo4YHO-NIPaBOBbIE CHCTEMbI:
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Koncynprantllmtoc: cripaBodHO- OTEUECTBEHHOE JMLEH3UOHHOE

paBoBasi CHCTEMa

CpejcTBa AHTHBMPYCHO# 3aLUTHI:

Kaspersky Endpoint Security s OTEYECTBECHHOE JUIEH3UOHHOE

ousneca CranmaptHblid Russian

Edition

Cpenbl pa3padoTKm:

Visual Studio Code 3apy0exHOoe CcBOOO/THO PACTIPOCTPAHSIEMOE
Bash (Unix shell) 3apyOexHOoe cBOOOJTHO pacIpOCTpaHsIeMOe
Anaconda 3apyOexxHOe CBOOOJTHO pacIpocTpaHsIeMoe
Robotic Operating System 3apy0exKHOE CcBOOOJTHO PACIIPOCTPAHSIEMOE
CopelliaSim 3apyOeKHOe CBOOOJIHO pacrpocTpaHsIeMoe
Google Colaboratory 3apy0exHoe CcBOOOJTHO PACIPOCTPAHSIEMOE
IlakeThbl MPOrpaMMHBIX CPeICTB M OHOJTHOTEK:

AutoPsy 3apyOexHOoe CcBOOOIHO pacIpocTpaHsieMoe
Interactive Disassembler (IDA) 3apy0eKHOE CcBOOOJIHO PACIIPOCTPAHIEMOE
Cucrtembl ynpajeHusi onéanorpaguyeckoii HHGpopmManueii:

Zotero | sapy6GexHoe | cBOGOIHO pacpocTpaHseMoe
CepBHCHI B CITYKOBI:

Bind 3apy0eKHOE CBOOOJIHO PACIIPOCTPAHIEMOE
Docker 3apy0eKHOE CBOOOJTHO pacIpoCTpaHsIeMOe

7. Meroan4yecKue  OlleHOYHbIe MATEPHAJIbI
MeToanyeckue yKazaHHus I 00y4AOUIUXCS 110 OCBOCHUIO TUCHHILIMHBI (MOYJIs1)

B nporniecce u3yuenust nucuuruinibl (Moayiisi) «Data Engineering (MHxeHepus JaHHBIX)» B
paMKax TEKYyILIEro KOHTPOJs yCIEeBAeMOCTH HMCIIONB3YIOTCS Takhe BHUbI yueOHOW paboThl, Kak
JIEKLMH, TPAKTUUECKUE 3aHATHSI, TOMAIIHHUE 3a/1aHus, KOHTPOJIbHAsl paboTa, a TakKe pa3IMyHbIe
BUJIbI CAMOCTOSATENIBHOM pabOThl 00YUYaIOLIMXCS MO 33/1aHUIO0 MTPETo1aBaTelis, HalpaBJiIeHHbIE Ha
pa3BUTHE  HABBIKOB  NPO(ECCHOHANBHOM  JIEKCHKH,  3aKpelyieHHe  MPaKTHYEeCKHX
npo¢eCCHOHATBLHBIX KOMIETEHIIMH, TOOIPEHNE HHUIATHB.

Jlexyus — cHUCTEMAaTHYeCKOe, IOCIENOBATEIbHOE, MOHOJOTHUYECKOE  H3JI0KEHUE
npernojiaBaTesaeM yueOHOro Marepuana, Kak IpaBuio, TEOPETUYECKOI0 XapaKkTepa.

B mporecce neknmii peKOMEHIYETCsl BECTH KOHCHEKT JISKIUI: KpPaTKO M CXEMaTHYHO
(GUKCUpOBaTh OCHOBHBIE WIEW, BHIBOJBI M OOOOIIEHUS JIEKIMHU; BBIIENATH BaXXHBIC MBICIH,
KJIIOYEBBIE CJIOBa W TepMUHBL. HeoO0XOIMMO OTMETHUTH BONPOCHI WMJIM MaTepUaNbl, KOTOpBIC
BBI3BIBAIOT 3aTPYIHEHMS, U MONBITATbCS HATH OTBETHl B PEKOMEHJOBaHHOW nuTeparype. Eciu
pa3o0paThCsi B MaTepuaie He YHaeTcs, CleAyeT COpPMYIHpPOBAaThH BONPOC M 3a1aTh €ro
IPEMo/IaBaTes0 Ha KOHCYJIbTAI[MH WM BO BPEMsI CEMUHAPCKOTO (IIPAaKTUYECKOT0) 3aHATHSL.

Ilpakmuuecxoe 3ansamue — 310 hopMa y4eOHOU AESITEIBHOCTH, TIPOBOAUMAS B y4eOHOM
3aBEJICHUM IO/ PYKOBOJACTBOM IMpenojaBaTeisi, TIJ€ CTYIEHTbl aKTUBHO YYacTBYIOT B
00CYXICHUAX, MPAKTHUYECKUX 3aJaHUSIX U IPYTrUX GopMax B3auMOICHCTBUS.

Jns  ycnemHoW NOATOTOBKM K MPAKTUYECKOMY 3aHATHIO PEKOMEHAYETCS 3apaHee
O03HAKOMHTBCS C TEMOW 3aHSTHS W OCHOBHBIMH MaTepualiaMd, 4TOOBI MMETh BO3MOXKHOCTH
AKTUBHO Yy4YacCTBOBaTh B 0OCYxkJeHWHU. Takke MOJE3HO MOATOTOBHUTH BOIPOCHI M HACU IS
00CYXJeHHUsI, YTO TIOMOXET Tay0)Ke TIOHATh MaTepHall W MIPOJEMOHCTPHUPOBATH
3aMHTEPECOBAHHOCTb.

Jlomawnee 3a0anue — HabOPp 3a/1a4 1O TEMaM HEJICIIH.
HpI/I pa60Te Had AOoMalllHUMHU 3aJaHUSIMHW BaXHO BHHUMATCIIBHO O3HAKOMUTLBCI C
TpeOOBAaHUSAMHU U CPOKAaMH BBINOJTHCHHs. PeKoMeHyeTcss pa30MBaTh 3aJaHUs HA JTarbl, 9YTOOBI
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n30exarb MEperpy3kd U Jydlle yCBOUTh Marepual. lcronb3oBaTh pa3ivyHble UCTOYHUKU
uH(OpMaLKK, BKIIIOYasl YUeOHUKH U OHJIAWH-PECYpCHl, Ui 0osee Tiy00KOro MOHUMAHUS TEMBI.

Koumponvhasa paboma — nucbMeHHas paboTa ¢ HA0OpOM 3aj]1a4, KOTOPbIE HY>)KHO PEIIUTh 32
OTPaHUYEHHOE BPEMS.

L{enb KOHTPOJIbHOM PabOTHI — MOTYYUTH CHEIMAIbHBIC 3HAHUS 110 OJTHOM WJIM HECKOJIBKUM
TeMaM JUCUUIUIMHBI U TPOAEMOHCTPUPOBATH HABBIKA UX IMPAKTUYECKOTO IPUMEHEHHUS.

bonycuvie bannbt — 3TO OLIEHKH, KOTOPBIE CTYAECHTHl MOTYT MOJYYHUTh 32 BBIIIOJHEHHE
JOITOJIHUTCIIbHBIX SaﬂaHHﬁ.

®opmar OOHYCHBIX Oa/UIOB I03BOJIAET CTYACHTaM YIYYIIUTh OOLIYI0 OLEHKY IO
JUCHUTUTMHE (MOYJII0) M CTUMYJIHPYET YIayOJIeHHOE U3yYeHHEe MaTepHaa.

Camocmosmenvnaa paboma — paboTa CTYJEHTOB, HaIpaBICHHAs Ha YIIIYOJEHHOE
U3y4eHHE OTJCIBHBIX TEM M BOIPOCOB YIEOHOW JUCIUTUIMHBI (MOIYIIS).

B nporuecce camoctosTensHON paboThl CTYAECHTHI B3aUMOJICHCTBYIOT C PEKOMEH/10BaHHBIMU
MaTepHrajaMH P MUHUMAJIFHOM YYaCTHHU MPEToiaBaTels. 3a1a4un CTyIeHTa BKIIOYAIOT paboTy
C KOHCIEKTaMH JIeKIuii (00paboTka TeKCTa), MIOBTOPHOE U3yUYeHUE YUEOHBIX MAaTEepUaJIOB IJIAHOB
¥ TE3MCOB OTBETOB, U3YUEHHUE JOMOJHUTEIBHBIX TEM, BBHIIIOJHEHHE y4eOHO-NCCIIEAOBATEIBCKUX
3alaHUU U Ipyroe.

Cucrema OLlCHUBAHUSA PE3YyJbTATOB oﬁyqe}mﬂ mo JMCIMIIJINHE (MO}IyJ’[lO)

Kpurepun nosy4eHusi ypoBHA M OLCHHBAHUA C()OPMHUPOBAHHOCTH KOMIICTCHIHI 110
aucnuuinHe (MoayJo) «Data Engineering (MnkeHepus 1aHHBIX)»

OneHuBaHue ypOBHsI y4EOHBIX JTOCTHMKEHUH OOy4aroIMXCs MO JUCHUIUIMHE (MOJYJIIO)
OCYIIECTBIISETCSA B BUJIE TEKYIETO KOHTPOJIS YCIIEBAEMOCTH U IIPOMEKYTOYHOM aTTECTALAH.

IIpoMesxkyTouHasi aTTecTanMs IO JUCUUIUIMHE (MOJYJIO) OCYIIECTBIsIeTCs B (opme
3auema, IpU STOM IIPOBOAMUTCS OI[EHKA KOMIETEHLUH, CPOPMUPOBAHHBIX MO TUCIUILINHE.

Jlns omeHMBaHHS TEKYIIETO KOHTPOJS YCHEBAEMOCTH M IMPOMEXKYTOUHOW aTTecTaluu
UCTIONIB3YETCS IeCATUOAIUThHAS IKaJla OIECHUBAHUS, KOTOPas COOTHOCHUTCS C TPATUIIMOHHON
nATUOATUTPHON IITKAJION CIEAYIOIINM 00pa3oMm:

JecaTubannbuas) IlaTtudanbHas Onenka 3a OO0mas xapakTepucTHKA pe3yJibTaTa
OLIEHKA OLIEHKA 3a4er 00y4yeHusi 1o JUCHUILUIUHE (MOYJIIO)

10 OTan4HOo 3aureHo CTyIeHT TOTHOCTBIO BJAJECET 3HAHUSIMH,

9 OTINYHO 3a4dTeHo M3IIOKCHHBIMA B pabodell TmporpamMme, u

8 OTIM4EO 3a9TeHo ITyOOKO OCMBICISIET AMCUUIUIMHY (MOAYIIB).

On CaMOCTOSITEITEHO " JIOTUIECKU
MOCIIEI0BATEIEHO OTBEYACT HA BCE BOIPOCHI,
aKIIEHTUPYS BHUMaHHE Ha HAuOOJIee BaXKHOM.
Vmeer aHaIIM3UPOBATH, CpaBHUBATb,
KJIACCU(PUIMPOBATD, 0000maTh,
KOHKPETH3UPOBaTh M  CHCTEMAaTH3MPOBATh
W3YYCHHBI MaTepHhall, BBIACIAS KIIOUEBEIC
MOMEHTHl W  YCTaHaBIMBas  MPUYHHHO-
CJIEICTBEHHBIE CBs3M. YeTko (opmyaupyer
OTBETHI, YBEPEHHO HWHTEPIIPETUPYET
pe3yIbTaThI aHAIN30B u TIPYTUX
WCCIICJIOBAHNN, a TaKKe peIlaeT CIIOXKHBIC
3agaun. CTyJIEHT XOPOIIO 3HAKOM C METOJaMHU
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JecarudannpHas IlsaTuéannbHas Ouenka 3a OO0mast XapaKTepuCTHKA pe3yJbTaTa
OLICHKA OLICHKA 3a4ger 00y4eHHUs N0 JUCHUTUINHE (MOIYJII0)

UCCIIEI0BAHNH, HEOOXOTUMBIMH JUIs
NPAaKTUYECKOM  JESTENbHOCTH, U  yMeEeT
CBA3BIBATh TEOPETHYECKHE ACIEKTHI
JUCHUIUIMHBL  (MOAYJsL) € MPaKTUYeCKUMH

3aJ]auaMH.
7 Xoporto 3auTeHo CrynmeHT oOlajjaeT 3HAHUSMH TIpeaIMeTa
6 Xopomo 3a4TeHo MOYTH B TOJHOM o0BbeMe  paboueii

IIPOTPaMMbl M CAMOCTOSITENIBHO, JIOTHUECKH
HOCJIEI0OBATENIbHO M BCECTOPOHHE OTBEYAET
Ha BCE BOINPOCHI, aKLEHTHUPYs] BHUMaHUE Ha
HauOoJiee 3HAUYMMBIX MOMEHTax. OH yMmeeT
aHAJTM3UPOBATH, CpaBHUBATH,
KIJIACCU(HUIPOBATD, 0000m1aTH,
KOHKPETH3UPOBATh W CUCTEMaTH3HPOBAThH
W3Y4EHHBIA  Marepuasl, BBIACHAS  €r0
KIIOYEBbIE  ACMEeKThl W yCTaHABIMBAsl
MMPUYINHHO-CJICACTBCHHBIC CBA3H.
®DopMynupyeT CBOM OTBETHI, YBEPEHHO
HHTEPIPETUPYET pE3YIbTAaThl aHAIU30B U
JIPYTUX HCCIENOBaHUM, a TakXke pelaer
CIIOKHBIE CUTyauMOHHBIE 3afaud. CTyneHT
XOPOIIO 3HAKOM C METOJaMH HCCIIeIOBaHMU,
HEO0XOIMMBIMH JUIs MPAKTUYECKON
JACATCIIBHOCTH, )41 yYMEET CBA3BIBATH
TEOPETUYECKHUEe  acleKThl  MpeaMera ¢
MPAaKTUYECKUMHU 33Ja4aMH.

5 Y 10BIETBOPUTENHHO 3adreHo CryneHT oOnagaer 6a30BHIMU 3HAHHSIMH 110

4 Y 10BIETBOPUTENBHO 3auTeHo JUCUMIUIAHE  (MOJYJI0), HO HCHBITHIBAET
TPYJIHOCTH TIPH CAMOCTOSTEIIHHBIX OTBETaX U

HCIIOJIb3yeT HETOuYHbIe (HOpMYyJIUpOBKH. B
X0JIe OTBETOB OH JIOIMYCKAaeT OIIHOKH,
Kacatomuecst CyTtd BompocoB. CTymeHT
CIocO0EH pemraTh TOJIBKO CaMble IPOCTHIC
3a7a4d W BIIAJEET JIMIIb MHUHHMAIbHBIM
Ha0OPOM METO/I0B UCCIICAOBAHUS.

3 He cnan He 3aureno | CrymenT He oBIagen  00sA3aTeIbHBIM
He cnaun He 3auTeno MHHHUMYMOM 3HAHWK 110 nNpeaMeTy U HE
1 He cnan He 3aureno | MOXET OTBETUTh Ha BOIPOCHI, JaXKe €CIH

nmpernogaBareiib  3a1a€T  JOIMOJHUTCIIBLHBIC

HaBOJAIINEC BOIIPOCHI.

Huctunnuua (moxynb) «Data Engineering (MuxkeHepus JaHHBIX)» OLIEHHUBAETCS
CIIEIYIOLIUM 00pa3oM:

AKTHBHOCTH Bec Onucanne

Homamnaue 3aganus | 60% | Habop 3aga4 1o Temam Heneau
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AKTHBHOCTH Bec Onucanne

KonTtponbshas padora | 20% | [TucemenHast paboTa ¢ HaOOpOM 3a/1a4, KOTOPBIC HYXKHO PEUIUTh 3a

OTpaHUYEHHOE BpeMsI

3auer

20% | [TucbMeHHas WK yCTHas paboTa HaJl 3a/IaHKeM, HATIPABJICHHBIM Ha
MIPOBEPKY ITOJIYIEHHBIX 3HAHWNA W HABBIKOB 10 JVCIUTUINHE (MOIYIIIO)

B pamkax u3ydeHus TUCHUIUIMHBI (MOAYJIS) BOZMOXKHO MOJTydeHUuEe OOHYCHBIX OalljIoB.

dopmyaa pacyéTa UTOrOBOIi OLEHKHM MO AucnumiInHe (MoayJw) «Data Engineering

(Muxenepust nanubIx)»: «0,6 X cpennee 3a qomanraue 3ananus + 0,2 X KoHTpoJibHAs padoTa +
0,2 x 3auer».

oukrwdE

~

Texkyummii KOHTPOJIb yCIIeBAeMOCTH 00y4AKOIIUXCS M0 JUCHUILIHHE (MOLY110)
IIpuMepHbIe JOMAlIHHE 3aJaHUS

Jlomamnee 3aganue 1.

YcranoButh coequHenue ¢ Hive.
[TpocMOTpeTh CIMCOK UMEIOLTUXCS 0a3.
Cosznath cBoro 0a3y Hive TBO# JIOTHH ¥ MEPEKIIOYUTHCS Ha HEE.
Nzyuuts cxemy JSON u u3Bneub nH(GOpMAIIMIO O COCTaBE U TUIAX JTaHHBIX.
Cosznath TabIHUIly — MPUEMHUK JTsI HCXOIHBIX JTAHHBIX O JocTaBkax JSON.
Coznate Tabnuily AaHHBIX O qocTaBkax B gopmare CSV mnsg ynobcTBa Mocieayromero
aHam3a.
Coznath TabauIy — NpUEMHUK ISl HICXOIHBIX JaHHBIX 0 Mokymnkax JSON.
Coznarp Tabnuily JaHHBIX O TOKymnKax B ¢opmare CSV mist ymoOcTBa MOCienyOmero
aHaim3a.
Coenunuth ¢ nomoinpto 3anpoca HQL nomyuennsie B 1. 6 1 1. 8 TaOIULBI M BEIYUCIUTD
CJIEAYIOIINE METPUKU:
o KOJHMYECTBO 3aKa30B;
KOJINYECTBO JJOCTABOK;
KOJIMUECTBO TOCTABIEHHBIX €IMHUII TOBAPA;
0011yI0 CyMMYy 3aKa30B (moJie cost _item).

O O O

B pe3ynbrare BeINOIHEHUS 3TOM 3a/1a4k MbI OJIYYHIN JaHHbIE B TUIOCKOM BHie B Hive.

1. VYcranosu coenmnenue ¢ Hive.

HapaMCTpBI IMOAKIIFOYCHHUA: YKAXKU aIp€C XOCTa, IIOPT, UM IMOJIB30BATCIIA U I1ApOJIb.

Cozmaém Kypcop (00BEKT, KOTOpPBIN TO3BOJISET BHIMOIHATE SQL-3ampochl U ympaBisATh

pe3yJbTaTaMu).

JlomamHee 3aganue 2.

3agaua 1. Co3nanue u HacTpoiika ceccum spark

Co3snaii ceccuto spark B kouType Hadoop, 106aBuB mapaMeTp ceccuu executor.memory =

2Gb (config(*'spark.executor.memory", "2g")).

3agaua 2 (5 6as10B). UTeHne U 3anuch

[TpounTaii u3 karanora /tmp/delivery data sample/ nBa JSON-gaiina (oxun daitn c

JAHHBIMU O TIOKYITKAaX, BTOPOH (haiisl ¢ TaHHBIMHU O JIOCTABKaX) C MAaKCUMAJIbHOW JTaTOM 3arpy3Ku
B TaOiMyHOM npeacrasienuu. [loacrass Ha3BaHue Qaiina BmMecto filename.
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3agaua 3 (5 6a/utoB). [Ipeodpa3zoBanue 1aHHBIX B spark

1. Co3znaii Bpemennsle npeacrasinenus purchases u deliveries.

Ucnons3yit .createOrReplaceTempView.

2. Coenuan 00a mIpeicTaBICHHS 10 K0Ty ¢ momoiisio PySpark DataFrame API.

Hcnonw3yit .join.

3. INocunTaii KOTMYECTBO 3aMUCEN pe3ynbTaTa COeINHEHHUS.

4. CoenunHM 00a IpeICTaBICHUS 110 KoYy ¢ oMol SparkSQL.

Hcnonw3yit spark.sql.

5. IlocuuTait KONIMYECTBO 3anucel pe3yabTaTa COeIUHEHUS U yOeaUCh, YTO OHO COBIIAAET
C IIYHKTOM 3.

JlomamHee 3aganue 3.
3anaua 1 (3 6a/u1a). BeiieuTh CyIIHOCTH B JAHHBIX

Coznaii ceccuto Spark (Bocmonb3yiics KOIOM IO CO3JaHUI0 ceccur Spark U3 mpeabayIiero
JIOMAIITHETO 3aJ]aHus).

Coznait BpeMEeHHOE MpeACTaBICHUE HAJl JAHHBIMU O MOKYIIKaX.

BoiBenu 10 cTpok 1aHHBIX, UCTIONB3Ys .show.

BriBenu CIMCOK CTOJIOIOB € MOMOIILI0 METOAA .columns.

Co3znail BpeMeHHOE MpeCTaBICHUE HaJ IaHHBIMU O JIOCTaBKaX.

Briseau 10 cTpok JaHHBIX, HCIIONB3YS .show.

BriBeau crmcok cTo0I0B ¢ MOMOIIEI0 MeToAa .columns.

3anaua 2 (2 6a/u1a). HapucoBarh 1marpaMmmy JaHHBIX

Hapucyii nuarpamMmy TMONYy4eHHBIX CYHOIHOCTEH C aTpuOyTamMH, YKa)KH THUIBI JaHHBIX
(IpUMEpHBIE) U CBSI3U MEXAY TaOIUIaMU MO KITFOYaM.

3agaya 3 (4 6an1a). Co3narsh CJI0M CIPABOYHMKOB M (DAKTOB

Hanmumm 3ampoc Spark SQL u BbiOepu yHUKadbHBIE 3HAUEHUsS aTpUOYTOB JUIsl BCEX
CYIIIHOCTEM.

3agaya 4 (1 6a1). CkonUpPoOBATH MOJTYy4YeHHbIE TA0IHUIbI CIPABOYHUKOB U (PAKTOB B
GP

VYcranoBu coeaunenue ¢ Greenplum. Ckomnupyil co3gaHHble aatadpeiiMbl B TaOJIMIIBI
Greenplum,

IIpuMepHBbIe 3aaHus I KOHTPOJIbHON padoThI

KonTtpoabnas padora

1. lansl 3 cueHapus:

a) exxeiHEeBHasl BoIrpy3ka npojax u3 OLTP B Butpuny nns BI;

b) oOHapykeHue MOUIEHHHYECTBA M0 TPAH3aKIUsAM B pealbHOM BPEMEHH,

C) XpaHEHHUE JIOTOB MPWJIOKEHUN I TOCIEAYIOIIEro aHalIn3a.

Jnst kaxxaoro cueHapus:

- onpenienute T oopadotku (batch/streaming, near-real-time);

- IPEUIOKUTE MEJIEBYIO apXUTEKTYpY (MCTOUHUKH — TPAHCIIOPT — 00paboTKa —
XPaHUJIHIIE — TOTPeOUTeNn);

- YKOKUTE 3 KITIOUYEBBIX HEPYHKIIMOHATBHBIX TpeOoBanus (SLA, kauecTBO, CTOMMOCTb,
0€301aCHOCTb | T.I1.).

2. Hariumure (nceBno)xon DAG B Airflow mis maiinnaiina:

extract — validate — load — notify, rue:

- validate 3amyckaeTcst TOJIBKO MPH YCIIEIITHOM eXtract;
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- notify 3amyckaercst Bceryia (Jake mpu OniuOKe), HO B COOOMICHUH TOJDKEH OBITh CTATYC
BBITIOJTHEHHUS;

- IPeIyCMOTPHUTE paclrcaHue pa3 B I€Hb U PETpau.

OO0mbsacHUTE, Kakue onepaTopbl/MexaHu3Mbl Airflow BbI HCIIONIB3yETE U ITOUYEMY
(manpumep, TriggerRule, retries).

3. DAG 3amyckaercs exxeaneBHO B 02:00 u oOpabaTeiBaeT TaHHBIE 32 MPEIbIIYLIIHA TCHb.

OtBerbTeE:

- KaK UCTOJb30BaTh execution date/logical date u ma6monsr (templating), arod6sr DAG
Bcerzia Opaji Hy>KHbIH JI€Hb;

- 4TO Mpou30iiieT npu BrmoueHHOM catchup=True, eciu DAG npocrauBan 10 nuHei;

- Kakue Mepbl Hy»HbI, uT00bI backfill He mpuBen k qy0aukaram TaHHBIX (MIEMITOTEHTHAS
3arpy3Ka).

4. Ecte CSV-paiinsl B nanke /data/events/YYYY-MM-DD/*.csv. ITons: event_id, user_id,
event_ts, event_type, amount.

HyxHo 3arpy3utsb B pensiiionnyto b/l (tabnuna fact events).

- IPEUIOKUTE CTPATETHUI0 MHKPEMEHTAILHOU 3arpy3KH (1o aare/mo watermark/mo
event_id);

- OMUIIUTE Iary: AeAyIUTUKAIMs, BaTUAAus, 00paboTka OIIMOO0K;

- marmmmure SQL DDL qis fact_events ¢ kimrouamu/uHaekcaMu, 4To0bI HOAAEPKATH
UCMITOTEHTHBIC upsert/merge.

5. Uctounuk — tabnuna orders B PostgreSQL (MUITHOHBI CTPOK), €KETHEBHO
OOHOBIISIETCS.

HyXHO cTpouth BUTpUHY B aHanuTuyeckoi b/I.

- KaKKe TO/IX0/1bl HTHKPEMEHTAJILHOTO W3BJICUCHHS BO3MOKHBI (timestamp-kosioHka,
tpurrepsl, CDC uepe3 WAL u 1.11.);

- KaK 00eCIeunTh COTJIaCOBaHHOCTH (Snapshot, moBTOpHas A0cTaBKa, exactly-once/at-least-
once);

- KAKUe METPUKH KaueCTBA IAHHBIX BBl ObI MOHUTOPHIIH.

6. Hanmmure Spark SQL (wnmu PySpark + SQL) auis:

- ureHus parquet u3 s3://bucket/raw/events/;

- punsTpanmu mo event_date="2026-02-01";

- arperanuy CyMMBbI amount o event_type;

- 3anucu pesynbrara B S3://bucket/mart/events_daily/ B popmare parquet c
NapTHIMOHKPOBaHKEM 10 event_date.

JlononHUTENbHO: 00BACHUTE, 3aUeM MapTUIIMOHUPOBAHKE U KaK OHO BIUSET HA
CTOMMOCTB/CKOPOCTH 3aIPOCOB.

7. lano: Ha S3 neXUT 0YeHb MHOTO Menkux (aiiios (o 5-20 KB), urenue B Spark crano
MeIJICHHBIM.

- o0BsicuuTe npuunny Aerpanamnuu (overhead, list/ GET, small files problem);

- IpeUTOKKUTE MUHUMYM 3 criocoba ucripasieHus (coalesce/repartition, compaction,
ONTUMU3AIMS APTUIi, ucrionb3oBanue Iceberg/Delta/Hudi, nactpoiika
spark.sql.files.maxPartitionBytes u T.11.);

- KaK ObI BBI IPOBEPUIIH yIyUIlleHUE (METPUKHU/3aMephl).

8. Ectb Tabnuma customer_events (Iceberg) B S3. TpeboBanus:

- IO/I/IEPKUBATh upsert mo event_id,

- XpaHUTh UCTOPHIO U3MEHEHUI B YMETh OTKAThIBATHCS,

- 100aBMATH HOBBIE KOJIOHKHU 0€3 ayHTaiMa.

OtBerbTeE:

- kakue Bo3mokHocTH Iceberg sTo odecreunBarot (Snapshots, schema evolution, partition
spec evolution);

- npueaute npumep DDL/SQL-koMaH: co3nanne TabauIlsl, J00aBICHUE KOJIOHKH,
YTEHUE JAaHHBIX ‘“‘Ha MOMEHT BpeMeHH ~ (time travel).
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9. HyxHo exenneBHo oOpadarsiBath JSON-m0orH
(HEeCTPYKTYPHUPOBAHHBIE/TIONYCTPYKTYPHUPOBAHHBIC) U3 S3, U3BJIEKATH MO U IIHCATh PE3yJIbTaT
B Iceberg.

- mpeioxkute apxutekTypy DAG B Airflow: kakue Tacku, Kakue 3aBUCUMOCTH, TIe
3ammyckath Spark (SparkSubmit/Kubernetes/EMR u T.11.);

- onuIIMTe 00pabOTKY “TUIOXMX’ 3amuceil (corrupt records), cxemy BaTUAaluu U
quarantine-myTs;

- KaK 00ecneuuTh MOBTOPSIEMOCTh U HJIEMIIOTEHTHOCTH TpH nepe3amnyckax DAG.

10. Ects Tonmuk Kafka payments, coo6menus 8 JSON: payment_id, user_id, ts, amount,
currency.

TpeOyercs:

- yuTaTh NOTOK B Spark Structured Streaming;

- IeNaTh AeIyIUIMKaluio 1no payment id B okHe 1 aeHb;

- CYATaTh CyMMY amount 1o currency B 10-MuHYTHBIX OKkHa ¢ watermark 30 MUHYT;

- IMcaTh pe3ynbTat B Xpanuiuine (Hanpumep, S3/Iceberg) u obecrneynTsb
OTKa30yCTOMYHBOCTb.
3ananue: HanumuTe npumep koaa (PySpark) u obbsacuure:

- yT0 Takoe checkpoint location u 3aueM OH HYKEH;

- yeMm oTiMyaercs at-least-once ot exactly-once Ha mpakTHKe B 3TO# cxeme;

- KaKHe HaCTPOWKHU/TIOIXOAbI ByKHBI ISl cTabmibHOCTH (retries, maxOffsetsPerTrigger,
watermark, backpressure).

33}13HI/IH IJIA l'lpOMe)KyTO'lHOﬁ aTTeCTallui 110 JTMCHMUIIVIMHE (MO}Iy.]'IlO)

Ne 3aganue Ot1Ber KomMmnerenmus
n/n
1. | JIast JOCTIDKEHMS TIOCTABICHHBIX TIEPE]] BAMU IIeJIel, BaM Data Warehouse/ VK-6
Heo0xo Mo pa3BepHyTh DWH. Data WareHouse/
data warehouse/
DWH - 6a3a nanHbpIx, oOecriednBaromas XpaHeHUue DataWareHouse/
001X 00BEMOB TAaHHBIX (KaK MPABHIIO, COTHU DataWarehouse/

TepabaiT) u ux 00pabOTKy aHATTUTHYECKUMH 3aIPOCAMHU.
Kak pactumdpossiBaetcst DWH?

PacmdpoBka conepkut 2 ciaoBa, HAITMCAHHBIX
JIATUHUIIEH.

2. | Hanmmure abOpeBuarypy (JIaTHHCKUMHU OyKBaMmH) OLAP /olap OIIK-2
npoG sl HArPY3KH MO3BOJISIONIETO OMEPATHBHO MOIyYaTh
B CTPYKTYPHPOBAHHOM BH/IC ONPEICIEHHBIN Cpe3 U3
OO0JIBIIIOT0 MACCHBA JAHHBIX ISl KX MOCIIEIYIOMIETO
aHanmi3a. Kak mpaBmjio ero npoTuBONOCTaBICHHEM
ssrgercst OLTP.

3. | HammmmmTe Ha3BaHue 0a3bl JAaHHBIX (JATHHUIIEH), KOTOpast Greenplum IK-3
OTIpeneIseTCs CIEAYIOINM 00pa3oM: /Green plum
/greenplum /green
MPP Shared Nothing-knacrep, cocTosiuii U3 O0IBIIOTO plum

yrcia 6a3 qanHbIx PostgreSQL, pyHKIMOHMpYIOIINX HA
OompIioM gmucie cepBepoB. PaboTy kiractepa
KOOPAWHHUPYET CIICIHATLHBIN dK3eMITIsip PostgreSQL —
Master. MacTep-3k3eMIuLsip paboTaeT Ha BBIICTIEHHOM
X0CTe, KOTOPBI HAa3bIBAETCA MAaCTEP-XOCT.
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pe3ylbTaTaMu MPOEKTa.

4. | Kak pacum¢poBsiBaeTcsa ab0peBuarypa npouecca ETL 2 / BTOpoi / [1K-4
npu 00paboOTKe JaHHBIX? BapHaHT 2/
BapuaHT Ne2 / Ne2
BapuanTsl oTBeTa:
1. Export, Transfer, Load
2. Extract, Transform, Load
3. Extract, Transfer, Land
B oTBeTe ykaku MOpAIKOBBI HOMEp BapuaHTa OTBETA
oxHo# mudpoii (1, 2 umm 3)
5. | HazoBuTe MeTon camoorieHK HaBEIKOB B pabote ¢ Kafka. TectupoBanue YK-6
6. | YkaxuTe criocod omnpeeneHus MpHOPUTETOB B Mertpuku YK-6
ONITUMH3ALIMHI KauecTBa IaHHBIX.
7. | Ha3oBuTE TeXHUKY COBEPIICHCTBOBAHUS JIESTEIHHOCTH B Urepauun YK-6
MIPOEKTUPOBAHUY XPAHWJIMIL JaHHBIX.
8. | YkaxuTe 3IeMEeHT CaMOOIIEHKH B aBTOMAaTH3aIlUU MoHHATOpPHHT YK-6
MOTOKOB JaHHBIX.
9. | HazoBuTe THIT MOJIeNH I aHAJIM3a BPEMEHHBIX PSJIOB B ABToperpeccust OIIK-2
JAHHBIX.
10. | YkaxuTte METO CO3AaHUS MOAEIH AJISl ONTHUMHU3ALNN HopMmanuzanus OIlIK-2
XPpaHWIHI TAHHBIX.
11. | HazoBuTe npuHIHXI MPOEKTUPOBaHUS MaciTabupyemblx | Pacnpeaenénnoct OIIK-2
APXHUTEKTYP. b
12. | YkaxuTe TEXHUKY UCCIICAOBAaHHS HOBBIX KOHLETILIUH B OKCNEpUMEHTHPO OIlIK-2
00paboTKe OOJIBIIKX JIAHHBIX. BaHUE
13. | HazoBuTe MHCTPYMEHT IS TAKETHOH 00pPaOOTKH JIaHHBIX. Spark IK-3
14. | Yxkaxute METOJ] pelIeHHUs 33124 C HCIIOJIb30BaHUEM SQL-3ampocer [1K-3
ClickHouse.
15. | HazoBute cioco® MpoeKTUPOBaHMS BUTPUH JTaHHBIX. 3BE3aHA cxema IK-3
16. | Ykaxwure TeXHUKY I aBToMatu3aiuu ETL-mporieccos. Airflow [1K-3
17. | HazoBute dpopmar npe3eHTalH PE3yJIbTATOB aHAIN32 Hambopa [1K-4
JAHHBIX.
18. | Ykaxwure criocod npeacTaBlieHHs HAYYHBIX pE3yIbTaTOB B Hoxnan [1K-4
WH)KEHEPUH JAHHBIX.
19. | HazoBure snemeHT 3¢ (HeKTUBHOM Mpe3eHTalNH Kelica. Busyanuzanus [1K-4
20. | YkaxxuTe MeTo1 IMyOJIMYHOTO BBICTYIUICHHS C [Ipe3enTauus [1K-4
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