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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 00y4eHus: M HU(POBBIX cepBUCOB. OCBOEHHE MHCTPYMEHTOB
WH)KEHEPUH JIaHHBIX M03BOJIAeT A(P()EKTHBHO paboTaTh ¢ OOJbIIMMU OOBEMAMH JAHHBIX,
CO3/aBaTh MacIITa0MpPyeMyl0 HUH(OPACTPYKTYpy UX OOpabOTKHM M OOeCTeunBaTh HAJIENKHOCTH,
IPOM3BOIUTENBHOCTh U KAYECTBO JJAHHBIX B OPraHU3aAIIH.

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
MammmHHOe 00y4eHne BXOAUT B 00s13aTeNbHYI0 YacTh bioka 1.

Jucnunnuna (Moaynb) u3ydaercss Ha 1 kypce Bo 2 ceMecTpe, AOCTYIHA AJIsi MPOXOXKACHUS
IpU YCIOBUH YCIIEIIHOTO 3aBepIIeHUsT TucuuIuimH (Moxyneit) «OcHoBbl Python», «Python mis
aHanu3a JaHHbIX», «SQL 1 6a3bl TaHHBIX».

Heab wu3yyeHHs] AUCHMILIMHBI (MoayJisi): (opMupoBaHHE CHUCTEMHOTO HOHHUMAaHMS
APXUTEKTYpHI TIAaTGOpPM TAaHHBIX M MPAKTHYECKHMX HABBIKOB TPOCKTUPOBAHUS, pa3pabOTKH U
ONTUMU3AILMH PACTPEENEHHBIX TOTOKOB 00pabOTKM M XpaHEHHs JaHHBIX C HUCIOJIb30BAaHHEM
COBPEMEHHBIX HHCTPYMEHTOB HH)KCHEPHH JJAHHBIX.

3agaun n3y4yeHusi IMCUUILIHHBI (MOAYJISA):

— OCBOMTh OCHOBHBIE KOHLENIMU IUIATPOPM JaHHBIX, PACHPEAENEHHBIX CHUCTEM
XPaHEHUS U O0BEKTHBIX XpaHwill (S3);

— HAYYHUThCS MPOEKTUPOBATH U PEATM30BbIBaTh aBTOMaTH3MpoBaHHble ELT-nainiaiiHel
¢ ucnonb3oBanueM Apache Airflow n Apache Spark;

— W3Y4YUTh NPUHIMIIEI OpraHU3aluu XpaHeHus u o0pabotku nanHbeix B ClickHouse u
WHTETpaIy MOTOKOB JaHHBIX yepe3 Apache Kafka,

— chopMHpOBaTh HABBIKH TPOSKTHPOBAHMS APXUTEKTYPHl IUIATQOPMBI JAQHHBIX U
pa3paboTKu BUTPUH JaHHBIX B aHanuTrueckoit CYB/];

— OCBOUTH METOJIbl ONTUMH3AIMK OOpPadOTKM JaHHBIX W 0a30Bble MOAXOIBI K
o0ecIieueH IO Ka4ecTBa JaHHBIX.

B pesyibTare 0CBOCHUSI TUCHMILIMHBI (MOAYJIs1) 00y4AIOLIUIICH 10JIKEeH

3Hamp:

— OCHOBHBIE KOHLIENIINU PaOOTHI IIIaT(HOPM TaHHBIX;

— pacripe/ielIeHHbIe CUCTEMbl XPaHEHUs, OCHOBHBIE KOMIIOHEHTHI M METO/IbI pabOTHI C
00bekTHBIM XpaHmwIHieM (S3);

— OCHOBHBIC KOHIICTIIIMM W TPHUHIUIBl TPOCKTHPOBAHUS aBTOMATH3HPOBAHHBIX
MOTOKOB JJAaHHBIX (MAaHIUIaHOB);

— pacripeniesieHHy0 00paboTKy 1aHHBIX ¢ moMotsio Apache Spark;

— ocobeHHocTH MexaHu3MoB XxpaHeHus: AaHHbIX B ClickHouse u umcnonb3oBanue
BHEIIIHUX UCTOYHUKOB,;

— APXUTEKTYPYy CHCTEMBI IIJIAHUPOBAHUS MTOTOKOB JaHHBIX B Apache Airflow;

— MNPUHLUIBI HHTErPallK JaHHBIX uyepe3 Opokepa coolmienuit Ha npumepe Kafka;
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0a30BbIC IPUHIIUIIEI ONTUMH3AIUU U POBEPKH KAYECTBA IaHHBIX
poiabs uHcTpyMeHToB DE B coznanuu minatdopMbl TaHHBIX;
YacThIe CLIEHAPUU UCTIOIb30BAHUS HHCTPYMEHTOB B KOHTEKCTE MIaTQOPMBI 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 M NIOJYYaTh AaHHBIEC Yepe3 Opokep coobmenuiit Apache Kafka,
MPOEKTUPOBATH OCHOBHBIC KOMITOHEHTHI IIAT(GOPMBI TaHHBIX

ONITUMHU3UPOBATH 3arpockl B Apache Spark;

MPUMEHSTH 0a30BbIC IPUHIIMITHI TIPOBEPKHU KA4eCTBA JAHHBIX.

eénaoems:

HABBIKOM ITOCTPOEHMSI aBTOMATU3UPOBAHHBIX IIOTOKOB JIaHHBIX C UCIIOJIb30BAHUEM
Airflow;

HaBBIKOM OpIaHU3allMM CJI0sI XPaHEHUs CTPYKTYPUPOBaHHBIX JaHHbBIX B Data
Lakehouse;

HaBBIKOM pa3paboTku BUTpuH aaHHbIX B aHanuTHueckor 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 KOMIETEeHIIHH

Nuauxarop
KOMIeTeHIH U

Ilepeyenpb MIAHMPYEMBIX
pe3yJIbTATOB 00y4eHHS 110
JUcHMIIMHE (MOTYJIIO)

OIIK-2.

CnocobeH co31aBath U
UCCIEI0BATh HOBBIE
MaTeMaTU4YECKUEe MOJEIU B
€CTECTBCHHBIX HAyKaXx,
COBEPIIEHCTBOBATE U
pa3pabaTbiBaTh KOHIICTIIIHH,
TeOpI/II/I 1 METOJAbI

OIIK-2.1.

3HaeT OCHOBHbBIE
MaTeMaTHYECKAEe MOJEIH U
METOIbI, UCTIONb3YEeMbIE B
€CTECTBEHHBIX HayKax, BKIIOYast
CTaTHCTHYECKOE MOJICIINPOBAHHE,
nmud depeHnranbHble YpaBHEHUS
1 9YUCJICHHBIC METObI, a TAKXKEC
COBpPEMEHHBIE NIOAXObI K
UCCIIEJIOBAHUIO U AaHATU3Y
JaHHBIX

OIIK-2.2.

YMeeT pa3pabaThiBaTh U
aIalITUPOBATh MaTEMAaTHUECKHE
MOJIEIH JUTS PeIICHUS
KOHKpPETHBIX IIpo0ieM B
€CTECTBCHHBIX HayKax,
HPOBOJUTH MX aHATIH3 U
BepU(DUKAIUIO, a TAKKE
WHTEPIPETUPOBATH MOTY4YCHHEIE
pe3yJIbTaThl B KOHTEKCTE
HaYYHBIX HCCJICIOBAaHHUI

OIIK-2.3.

NMeer mpakTHYECKUN ONBIT
CO3JIaHMSI U MCCIICJ0BAHUS
MaTeMaTHYEeCKUX MOJENeH B
paMKax Hay4HbBIX IPOCKTOB HJIH
HCCIIEA0BAHNM, BKIIFOYAs y4aCTHE
B IyOJIMKAIHSIX, KOH(PEPEHITHIX
WJIH KOJTA00paNnsX, T ObUTH
pa3paboTaHbl U anpoOOHPOBAHBI
HOBBIE KOHIICTIIIMH U METOJIbI

IK-3.

CriocoOeH pemarhb 3a1a4u
poheCCHOHATBHOMN
JIeSITeNIbHOCTH, (POPMYITHPOBATH
pe3yibTaT, yBUAETD CIIEACTBUS
MOJY4YEeHHOI'0 pe3ybTara

[K-3.1.

3HaeT OCHOBHBIE PUHLUIIBI U
METO/BI PEIICHUS 3a/1a4
mpoheCcCHOHATBHOMN
JESITENHHOCTH, a TAKIKE CIIOCOOBI
(dhopMyITUpOBaHUS H
MIPEACTABICHUS PE3YIIHTATOB,
BKJIFOYAst aHAIINU3 MOCNIEICTBUH U
HX 3HAYNMOCTH B KOHTEKCTE
MIPOEKTA

[K-3.2.

YMeeT NpuMeEHsTh
MaTeMaTU4YeCKue U
KOMITbIOTEPHBIE METOJIBI JIJIS
pereHust KOHKPETHBIX 3a71ad,
($hopMyJIUPOBAThH YETKUE U
000CHOBaHHBIC PE3YIIbTATHI, a
TaK)ke aHAJTM3UPOBAThH MX
MOCTIEACTBUSA IS AATbHEHIITNX
JICUCTBUMN U pelieHui

ITK-3.3.

HMeeT mpakTUYECKUN OMBIT B
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pelIeHnr TpoQeCcCHOHATEHBIX
3a[a4, BKIFOYasi y9acTHE B
MPOEKTax, Il ObUTH TOTYYCHBI
pe3yJbTaThl U
MIPOAHATTN3UPOBAHEI HX
CJIEICTBHS, YTO CIIOCOOCTBOBAJIO
MPUHATHIO 000CHOBaHHBIX
peLICHUI

TK-6.

Crnocob6eH pa3padaTrIBaTh
IporpaMMHOe 00ecTIeUeHIe
JUTSI PEIICHUS PUKIIaTHBIX
3a1a4 B c(hepe MAITMHHOTO
o0OyueHust

I1K-6.1.

3HaeT OCHOBHBIC SI3BIKU
MPOTPaMMHUPOBAHHUS, METOJIBI
pa3paboTKH IPOrPaMMHOTO
obecrieyeHus, a TAKXKe
MIPUHIIMITEI TPOCKTHPOBAHHS U
APXUTEKTYPBI TPOrPaMMHBIX
CUCTEM, IPUMCHACMEBIX B
MaITHHHOM O0y4YeHUH

[1K-6.2.

YMeeT aHanu3upoBaTh
MIPUKIATHBIC 33a9H,
pa3pabaThiBaTh AITOPUTMEI H
peanu30BbIBaTh UX B BUJIE
MPOrpaMMHOI0 00eCIeUeHUs,
HCTIOJIb3YsI COBPEMEHHBIE
WHCTPYMEHTHI U TEXHOJIOTHH, a
TaK>ke MPOBOJIUTH TECTUPOBAHUE
Y OTJIaJKY CO3JaHHBIX PEIICHUI

[1K-6.3.

Nwmeer mpakTUyecKuid ONbIT
pa3paboTKu MPOTPaMMHOTO
obecrieyeHus: B paMKax
PCAIBHBIX IMTPOCKTOB, BKIIIOYas
ydacTre B KOMaHax, rae Obun
YCIIEIIHO Peai30BaHbl PEIICHHs
JJ11 KOHKPETHBIX IMPUKIIAHBIX
3ama4 B chepe
npodeccuoHanbHON
JIeSITeTIbHOCTH
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3. Temaruueckuii JIaH

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 3aJaHus
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 3aJaHHs
pacnpeeieHHbIX
crcreMax
8 KauecTBO TaHHBIX 2 2 10 JloMaraue
3aJlaHusl
9 [ToBTOpeHue. 2 2 10 Jomamraue
[TocTpoeHre BUTPUHBI 3aJaHHs
JIaHHBIX TTOBepx Data
Lakehouse
IK3amen 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 Beenenune B nmxeHepHio TaHHBIX. [Ipodeccust 1 oCHOBHBIE
KOHIEHIHH
2 Opranu3aiys MoTOKOB JaHHBIX OpkecTpaliysi MOTOKOB JaHHBIX ¢ ToMotibio Airflow
ABroMaTtm3anusi TnpoueccoB ETL ¢ ¢daitnmoBeiMu U
PENSAIIMOHHBIMU HCTOYHUKAMU JTAHHBIX
3 Pacnpenenennast 00paboTka TaHHBIX Ucnons3oBanue Spark SQL ans urenus u 3anucu ¢aityios B
xpaammie S3
O06paboTka CTpYKTypHpOBaHHEIX HaHHBIX 1 Apache Iceberg
WnTerpanus Spark u Airflow. O6pabotka
HECTPYKTYPUPOBAHHBIX JTAHHBIX
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4 [ToTokoBast 00pabOTKa JTAaHHEIX C Ucnonw3zoBanne Apache Kafka B kadecTBe HCTOYHHKA
HCIIOJIh30BaHHEM 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 MexaHu3Mbl XpaHeHHS W O00paOOTKH NaHHBIX B KIACTepe
0a3ax JaHHBIX Clickhouse
PaspaboTka 3ampocoB W oOpalleHHEe K BHCIIHUM
ucrounukam B Clickhouse
[locTpoeHne arperupoBaHHBIX BUTPUH C  I[TOMOIIBIO
MarepHann3oBaHHBIX npenactasiaeHuit Clickhouse
7 OnTuMu3ainys 3apocoB B OnTummzanus 3anpocoB B Apache Spark
pacnpeie/IieHHBIX CUCTEMax
8 KadecTBO manHbBIX BBeneHre B KOHTPOJIb Ka4eCTBA TaHHBIX
9 IToTopenue. IlocTpoeHre BUTPUHBI IToBropenue. IlocTpoenne BUTPUHBI HaHHBIX MoBepx 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 JOCTYIl K COBPEMEHHBIM MpOo(pecCHOHATBHBIM 0azaM
JAHHBIX U MH(OPMALMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

OcHosnas numepamypa:

1. Kapay, X. Wsywaem Spark. MonHueHOCHBIII aHaNM3 JaHHBIX : [PAKTUYECKOE
pykoBoxctBo / X. Kapay, O. KouBuncku, [1. Bengenn, 3. Mareii ; iep. ¢ aHri. - 2-e u3a. - MockBa
: 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 : MPAKTUYECKOE
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 «bectcennepst 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 : yauebHoe nocobue / 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 00yUarouXcsl, MPeTyCMOTPEHHBIX YU€OHBIM IIJIAHOM.

[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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https://znanium.ru/catalog/product/2102607
https://znanium.ru/catalog/product/2155905
https://znanium.ru/catalog/product/2123357
https://znanium.com/catalog/product/1857026
https://znanium.com/catalog/product/1756135

— 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  JOCTyNa B JJICKTPOHHYIO  HH(GOPMAIIMOHHO-00pa30BaTEIbHYIO  Cpeay
YHusepcurera.

OO0yyarmumMcs MPeaoCTaBIsgeTCs JOCTyn (B TOM 4YHCIE YAAJICHHBIH) K pecypcam
WH(OPMAIIMOHHO-TEIIECKOMMYHUKAITMOHHON ceTH «HTepHET», JIeKTPOHHBIM pecypcaMm (B TOM
YUCJIE JJIGKTPOHHBIM OMOJMOTEYHBIM CHCTEMaM, COBPEMEHHBIM MpOdeCcCHOHATBHBIM 0Oa3aM
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 mopran «Poccuiickoe obpazosanue” | 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
00pa3oBaTeNbHOrO MpoIiecca 1Mo AUCIUTUIINHE (MOIYJII0), B TOM YHCJIE KOMIUIEKT JUIIEH3MOHHOTO
MpPOrpaMMHOTO  OOecleyeHus, COBPEMEHHble mpodeccuoHanbHble 0a3bl  JaHHBIX U
MH(OPMaLMOHHbBIE CIIPABOYHbIE CUCTEMBI:

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

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
JIEKLMU, TPAKTUUECKUE 3aHATHSI, TOMAIIIHHUE 3a/1aHus, KOHTPOJIbHAs paboTa, a TakKe pa3InyHbIe
BUJIBI CAMOCTOSATENIBHOM pabOThl 00yUYaOLIMXCS MO 33/1aHUIO0 MIPETo1aBaTelis, HalpaBJiIeHHbIE Ha
pa3BUTHE  HABBIKOB  NPO(ECCHOHANBHOM  JIEKCHKH,  3aKpelyieHHe  MPaKTHYEeCKHX
npo¢eCCHOHATBLHBIX KOMIETEHIIMH, TOOIPEHNE HHUIATHB.

Jlexyus — cHCTEMAaTHYeCKOe, TMOCJIENOBATEIbHOE, MOHOJOTHUECKOE  H3JI0KCHUE
npernojiaBaTesaeM yueOHOro Marepuana, Kak IpaBuiio, TEOPETUYECKOr0 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. HeoO0XO0AMMO OTMETHUTH BOMPOCH WM MaTepHUalbl, KOTOpPHIC
BBI3BIBAIOT 3aTPYIHEHMS, U MOMBITATbCS HAMTU OTBETHI B pEKOMEH0BaHHOU nuTepatype. Ecimu
pa3o0paThCsi B MaTepuaie He YHaeTcs, CleAyeT COpPMYIHpPOBAaThH BONPOC M 3a1aTh €ro
IPEerno/IaBaTes0 Ha KOHCYJIbTAI[MH UM BO BPEMsI CEMUHAPCKOTO (IPAKTUYECKOT0) 3aHATHSI.

Ilpakmuuecxoe 3ansmue — 310 hopma y4eOHOU ACATEIHHOCTH, TPOBOIUMAS B y4eOHOM
3aBEJICHUM IO/ PYKOBOJACTBOM IMpenojaBaTeisi, TIJ€ CTYIEHTbl aKTUBHO YYacTBYIOT B
00CYXICHUAX, MPAKTHUYECKUX 3aJaHUSIX U IPYTrUX GopMax B3auMOICHCTBUS.

Jns  ycmemHoW NOATOTOBKM K MPAKTHUYECKOMY 3aHATHIO PEKOMEHJYEeTCsl 3apaHee
O03HAKOMHTBCS C TEMOW 3aHSTHS W OCHOBHBIMH MaTepualiaMd, 4TOOBI MMETh BO3MOXKHOCTH
AKTUBHO Yy4YacCTBOBaTh B 0OCYxkJeHWHU. Takke MOJE3HO MOATOTOBHUTH BOIPOCHI M HACU IS
0OCYXJCeHHUSI, YTO TIOMOXET TJiy0Ke TOHATh MaTepHall W MPOJAEMOHCTPUPOBATH
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 Marepuas. lcrmonb3oBaTh pa3nuyHble HUCTOYHHKHU
uH(OpMaLKK, BKIIIOYasl YUeOHUKH U OHJIAMH-PECYPCHI, Ui 0osee Ty00KOro MOHUMAHHUS TEMBI.

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

[{enb KOHTPOJIbHOM PabOTHI — MOTYYUTH CHEIHAIbHbIE 3HAHUS 110 OJTHOM MU HECKOJIBKUM
TeMaM JUCUUIUIMHBI U TPOJAEMOHCTPUPOBATH HABBIKH UX MPAKTUYECKOTO IPUMEHEHHUS.

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

®opmar OOHYCHBIX Oa/UIOB I03BOJIAET CTYACHTaM YIYYIIUTh OOLIYI0 OLEHKY IO
JUCLUIUINHE (MOAYII0) U CTUMYJIMPYET YINIyOJIEHHOE N3YYeHHE MaTepuara.

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

B nporuecce camoctosiTensHON paboThI CTYAECHTHI B3aUMOJIEHCTBYIOT C PEKOMEHI0BAHHBIMU
MaTepHrajaMH IMPH MUHUMAIFHOM YYaCTHH MPEToiaBaTelsl. 3a1auul CTyIeHTa BKIIOUYAIOT paboTy
C KOHCIEKTaMH JIeKIuii (00paboTka TeKCTa), MIOBTOPHOE U3yUYeHUE YUEOHBIX MAaTEepUaJIOB IJIAHOB
¥ TE3MCOB OTBETOB, U3YUEHHUE JOMOJHUTEIBHBIX TEM, BHIIIOJHEHNE YI€OHO-UCCIIEAOBATEIBCKUX
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 JTOCTHMKEHHUH OOy4aroIIMXCs MO JUCHUIUIMHE (MOJYJIIO)
OCYIIECTBIISETCSA B BUJIE TEKYIETO KOHTPOJIS YCIIEBAEMOCTH U IIPOMEKYTOYHOM aTTECTALAH.

IIpoMesxkyTouHasi aTTecTanMs IO JUCUUIUIMHE (MOJYJIO) OCYIIECTBIsIeTCs B (opme
9K3amMeHa, Ipy 3TOM MPOBOJIUTCS OLIEHKA KOMIIETEHIINH, chOPMUPOBAHHBIX 110 AUCLUIIIIMHE.

Jlns omeHWBaHMS TEKYIIETO KOHTPOJS YCIEBAEMOCTH M IMPOMEKYTOUHOW AaTTecTaluu
UCTIONIB3YETCS IeCATUOAIUThHAS IKaJla OIECHUBAHUS, KOTOPas COOTHOCHUTCS C TPATUIIMOHHON
nATUOATUTPHON IITKAJION CIEAYIOIINM 00pa3oMm:

Jecatudamnbnas IlsarudamibHas O0mas xapakTepHCTHKA pe3yJIbTaTa 00y4eHus! 1o
OllEHKA OllEHKAa JUCHMIIMHE (MOIYJIIO)
10 OT1inyHO CTyIeHT MOJHOCTHIO BIIAJCET 3HAHUSMU, H3JIOKEHHBIMHU B
9 OTIHIHO pabodyeit mporpamme, W TIIYOOKO OCMBICISET TUCIMILINHY
8 OTIM4EO (Momy1b). On CaMOCTOSITEITBHO u JIOTHYECKU

[IOCJICZIOBATEIBHO OTBEUAET HA BCE BOMPOCHI, AKIECHTHPYS
BHAMaHUE Ha HaubOoyiee BaXHOM. YMeEET aHalM3UPOBaTh,
CpaBHUBATH, KJIACCU(PUIIMPOBATD, 0060011aTh,
KOHKPETU3UPOBATH u CUCTEMATHU3NPOBATh I/I3y‘IeHHI)II>’I
MaTepuai, BBIJENSS KIIOYEeBBIE MOMEHTHI U yCTaHABIHBAs
MIPUYNHHO-CJICICTBEHHBIE  CBsI3U.  YeTko  opMynupyer
OTBETHI, YBEPEHHO UHTEPIPETUPYET PE3YNIbTAThl AHAIH30B U
JIPYTUX HWCCIIEOBAaHMNA, a TaKXKe PElIaeT CIIOKHBIC 3aJ[ayu.
CTyJIeHT XOpomio 3HAaKOM C METOJaMH HCCIeJOBaHMS,
HEOOXOUMBIMU JIJISl TIPAKTUYCCKON JEATEIBHOCTH, U YMEET
CBSI3bIBATH TEOPETUUCCKUE ACTICKTHI TUCIIUTUIMHBI (MOIYJIIs) C
MIPaKTUYECKUMU 3a]a9aMHu.
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JlecaTnOAILHAA
OIlEHKA

IIaTnoannnLHas
OLICHKA

O0mas XxapakTepUCTHKA Pe3yJIbTaTa 00yYeHHusl 1o
JucHMIInHe (MOIYJII0)

7

Xoporo

6

Xoporo

Crynent oOnajgaeT 3HaAHMAMHU NpEAMETa MOYTH B IMOJTHOM
obbeMe paboueii mporpaMMBI M CAMOCTOSATEIBHO, TOTHICCKU
MOCJIeI0BAaTENIbHO U BCECTOPOHHE OTBEYAET Ha BCE BOMPOCHI,
aKUEHTUPYs] BHUMaHUEe Ha HanOoyee 3HaYMMBIX MOMEHTaX.
OH ymMmeeT aHANM3UPOBaTh, CPABHUBATH, KIACCUDUITUPOBATH,
00001aTh, KOHKPETH3HPOBaTh H
W3YUYCHHBI MaTepHai, BBIACTSS ero KIOYeBhIe acleKThl U

CUCTCMATHU3HUPOBATH

yCTaHaBJINBAas MIPUYMUHHO-CJIEICTBEHHBIE CBSI3H.
@opMyJIUPYET CBOHU OTBETHI, YBEPEHHO HWHTEPIPETUPYET
pe3yiabTaThl AHAJIM30B M JAPYTUX HCCIENOBAHHUNA, a TaKKe
pelIaeT CIOXKHBIE CUTYallMOHHBIC 3ana4u. CTyJIEHT XOPOIIOo
3HAKOM C METOAAMH HCCIEeIOBaHU, HEOOXOMWMBIMU IS
MPaKTUYECKON CBSI3BIBATH

JCATCIBHOCTH, n yYMEET

TCOPETUYCCKUE AaCHCKThlI IMpEeAMETa C MPAKTUUICCKUMHA

3aJadyaMu.

Y 10BIETBOPUTENBHO

Y 10BIETBOPUTENBHO

CryzmeHt obnamaer 0a30BBIMH 3HAHUSIMH 1O JTUCIUILUIHHE
(Monysro), HO WCIIBITHIBACT

CaMOCTOATCIIBHBIX

TPYXHOCTH pu

OTBE€TaxX MW  HUCIIOJB3YET HETOYHBIC

¢dbopmynupoBkUd. B xo7e OTBETOB OH JOMycKaeT OMIMOKH,
Kacaromuecst cyTd BorpocoB. CTyaeHT crmocoOeH pemaTh

TOJIBKO CaMbI€ TIPOCTBIE 3aJadyd MW  BJIAACCT JIMIIb

MUHUMAaJIbHBIM HA0OPOM METOJIOB UCCIICIOBAHMS.

He cnan

He cnan

He cnaun

CryneHT He oBIajelN 00s3aTeIbHBIM MUHUMYMOM 3HAHHH 110
MPEIMETY U HE MOJKET OTBETMUTH Ha BOIPOCHI, AAXKE E€CIU

npenoagaBaTeiib 3a1ac€T JOIIOJIHUTCIIBHBIC HaBOIAIINEC

BOIIPOCHI.

HuctunimHa (MOIYIb)

«Data Engineering (MHxeHepuss JaHHBIX)»

OLICHUBACTCA

CJIEIYIOIIUM 00pa3oM:

MPOBCPKY MOJTYYCHHBIX 3HAHUI U HAaBEIKOB 110 JUCHUIIIINHE (MOI[YJHO)

AKTHBHOCTD Bec Onucanue
Homamnue 3amanus | 60% | Habop 3a7a4 o Temam Hepenu
KouTponbhas pabdora | 20% | [ITuceMenHas pabota ¢ HAOOPOM 3ajay, KOTOPhIE HYKHO PEIIUTh 3a
OTpaHUYEHHOE BpeMsI
DK3aMeH 20% | [TucbMeHHas WK YCTHas paboTa HaJl 3a/1laHKEeM, HAMTPABICHHBIM Ha

B paMKax U3yuUCHUA JUCHUIIIINHBI (MOI[}/'JBI) BO3MOJXHO ITOJTYYCHUC 6OHYCHBIX 0aIoB.

®opmyJia pacuéra UTOroBOIl omeHKH Mo aucnumiInHe (Moxayiaw) «Data Engineering
(Un:xenepusi nannbix)». «0,6 X cpennee 3a qomanaue 3aaanus + 0,2 X KoHTposbHas pabora +

0,2 x sK3aMeH».
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Texkyuuii KOHTPOJIb YCIIEBAEMOCTH 00y4al0IIMXCH M0 IUCHUIIMHE (MOLYJII0)
IIpumepHbIe fOMALLIHUE 3aJaHUS

Jlomamnee 3aganue 1.

YcranoButh coennuenue ¢ Hive.

[IpocMOTpeTh CIUCOK UMEIOIIUXCS 0a3.

Coznath cBoto 0a3y Hive TBOIl JIOTHH U NMEPEKIIOUUTHCS Ha HEE.

N3yuuts cxemy JSON u u3Bneus HHPOPMAIIUIO O COCTABE U TUIAX JAaHHBIX.

Co3znarp TabauIly — NpUEMHHK ISl KCXOAHBIX JTaHHBIX O JocTaBkax JSON.

Cosznate TabnuUIy JaHHBIX O JocTaBkax B gopmare CSV mns ymnoOcTBa MOCieayromero

aHaJM3a.

Coznath TabauIy — MpUEMHUK JTsl HCXOHBIX JTAHHBIX O MoKymkax JSON.

8. Co3parp Tabnuily JaHHBIX O MOKynkax B ¢opmate CSV mns ymoOCTBa MOCIEIYIONMIEro
aHajamn3a.

9. Coenunuth ¢ nomouibio 3anpoca HQL monydennsie B . 6 u . § TaOIHUIIBI U BHIYUCIUTH
CJIEYIOIIE METPUKH:

o KOJHMYECTBO 3aKa30B;

KOJIMYECTBO JIOCTABOK;

KOJIMUECTBO JIOCTABJICHHBIX €IMHUII TOBAPA;

o0mIyr0 cymMmmy 3aKa3oB (mmose cost item).

ook wdE

~

o O O

B pesynbrare BRIOTHEHHS 3TOH 3a/1a4H MBI TTOJYYHIIM JIaHHBIE B TIOCKOM BHJIe B Hive.
1. YcranoBu coenunenue ¢ Hive.

HapaMeTpLI MOAKIOYCHHUA: YKAXKU aIp€C XOCTa, IOPT, UMS ITOJIB30BATCIIA U I1ApOJIb.

Cozmaém Kypcop (00BEKT, KOTOpBIN MO3BOJISET BHIMOMHATE SQL-3ampochl U ympaBisATh
pe3yJIbTaTaMu).

JlomamHee 3aganue 2.
3agauya 1. Cozpanue u HacTpoiika ceccum spark

Co3znait ceccuto spark B kouType Hadoop, no6aBuB mapamerp ceccuu executor.memory =
2GDb (config(“'spark.executor.memory", "2g")).

3anauya 2 (5 6as10B). UTeHHe M 3anUCh

[TpounTait m3 karanora /tmp/delivery data sample/ nBa JSON-gaiina (oaun daitn c
JAHHBIMHU O TIOKYIIKaX, BTOPOM (ailsl ¢ JaHHBIMHU O JIOCTaBKaX) ¢ MAaKCUMAaJIbHOM 1aToi 3arpy3Ku
B TaOiMyHOM npezacrasienuu. [loacrass Ha3BaHue Qaiina BMecto filename.

3anaya 3 (5 6aus0oB). IIlpeoOpazoBanue 1aHHBIX B spark

1. Co3znaii BpemenHnsle nmpeacrasiaeHus purchases u deliveries.

Ucnonp3yit .createOrReplaceTempView.

2. Coenunu o0a mpeacTaBieHus 10 Kimouy ¢ nomouisio PySpark DataFrame APL

Wcnons3yit .join.

3. INocuMTait KOIMYECTBO 3aMUCEN pe3ybTaTa COeIMHEHHUS.

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

Hcnons3yit spark.sql.

5. IMocuuTait KOMMYECTBO 3aMKUCEl pe3yabTaTa COSTMHEHUS U yOSIUCh, UYTO OHO COBITAIAET
C IYHKTOM 3.
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JlomamHee 3aganue 3.
3anaua 1 (3 6a/u1a). BeiieuTh CyIIHOCTH B JAHHBIX

Co3znaii ceccuro Spark (BoCTosib3ylcst KOJIOM IO CO3JIaHUIO cecCHM Spark u3 mpeaplymero
JIOMAIITHETO 3aJ]aHus).

Coznait BpeMEeHHOE MpeACTaBICHUE HAJl JAHHBIMH O MOKYIIKaX.

BriBenu 10 cTpok JaHHBIX, HCIIONB3YA .show.

BriBeau criucok cToa0110B ¢ MOMOIIBIO MeTo1a .columns.

Co3znail BpeMeHHOE MpeCTaBICHUE HaJ IAaHHBIMU O JIOCTaBKax.

BreiBenu 10 cTpok JaHHBIX, UCTIOJIB3YS .Show.

BriBeu crircok CTONOIOB ¢ TOMOIIBIO METOAA .columns.

3anaya 2 (2 6aus1a). HapucoBath 1uarpaMmmy JaHHbIX

Hapucyii nuarpamMMmy IONTYYCHHBIX CYIIHOCTEH C aTpuOyTamMH, YKaXH THITBI JAHHBIX
(mpuUMeEpHBIE) U CBSA3H MEXKAY TaOIUIIAMH 110 KITFOYaM.

3anauya 3 (4 6a1a). Co3aaTh CJ10M CIPABOYHUKOB U (PaKTOB

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

3agauya 4 (1 6a1). CkonMpPoOBATH MOJTYy4YeHHbIE TA0IHIbI CIPABOYHUKOB U (PAKTOB B
GP

VYcranoBu coenmaenne ¢ Greenplum. Ckomupyid co3gaHHble aatadpeiiMbl B TaOJIHITBI
Greenplum,

IIpumepHbIe 3a1aHUA 1JIs1 KOHTPOJIbHON PadoThl

KonTtpoabsHnas padora

1. ansl 3 cueHapus:

a) exxeqHeBHas BbIrpy3ka npoaax us OLTP B Butpuny ms BI;

b) oOHapykeHue MOLIEHHUYECTBA 110 TPAH3aKIUSAM B pealbHOM BPEMEHH;

C) XpaHEeHHE JIOTOB MPHIIOKEHHUH JUI TOCIEeYIOIero aHaIn3a.

Jnst kaxxaoro cueHapus:

- onpeienute TUM 00paboTku (batch/streaming, near-real-time);

- IPEUIOKUTE LEJIEBYIO apXUTEKTYpY (MCTOUHUKH — TPAHCIIOPT — 00paboTka —
XpaHWInIIe — MOTpeOUTeNn);

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

2. Harummre (riceBmo)xoq DAG B Airflow ans maiironaiina:

extract — validate — load — notify, rue:

- validate 3amyckaeTcst TOJBKO MPH YCIIEIIHOM eXtract;

- notify 3amyckaercst Bcerzia (Jaxxe mpu OMIMOKe), HO B COOOIIEHHH JI0JKEH OBITh CTaTyC
BBITTOJTHEHYS,

- IPEeyCMOTPUTE PacCHCaHue pa3 B IEHb U PETPau.

O0®bsicHuTe, Kakue onepaTopbl/MexaHu3Mbl Airflow Bbl HCIIONIB3YETE U TOUEMY
(manmpumep, TriggerRule, retries).

3. DAG 3amyckaercs exxeqaeBHO B 02:00 u 0OpabaTeiBaeT TaHHBIE 32 MPEIBIIYITHH TCHb.

OtBeTtbTE:

- KaK MCMojb30BaTh execution date/logical date u ma6nons! (templating), uroos1 DAG
Bcernia Opai Hy KHbIH JICHb;

- YTO MPOU3OKIET NpH BKItOUeHHOM catchup=True, ecnmu DAG npocrauBan 10 gHei;

- Kake Mepbl Hy>KHBI, uTo0bI backfill He mpuBen k AyOaMKaTaM JaHHBIX (MAEMIIOTEHTHAS
3arpysKa).
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4. Ecte CSV-paiinsl B manke /data/events/YYYY-MM-DD/*.csv. TTons: event_id, user_id,
event_ts, event_type, amount.

Hy>xHo 3arpy3uts B pemsinnonHyro b/l (tabnuma fact events).

- IPEUIOKUTE CTPATETHUI0 MHKPEMEHTAbHOU 3arpy3kH (1o aare/mo watermark/mo
event_id);

- ONUIIINATE IIaru: ACTYITUKALMS, BATHIAIUS, 00padoTKa OMHO0K;

- Hanmmmte SQL DDL ns fact events ¢ kirouamMu/uHaeKcaMu, 4TOOBI TOIIEPYKATh
UJCMIIOTEHTHBIE upsert/merge.

5. Ucrounuk — tabauna orders B PostgreSQL (MUITHMOHBI CTPOK), €KETHEBHO
OOHOBIISIETCA.

Hy»xHo cTpouTh BUTpUHY B aHamuTU4eckoi BJI.

- KaKue TOIX0bl MHKPEMEHTAJIHLHOTO U3BJICUYCHHS BO3MOXKHBI (timestamp-KOJIOHKa,
tpurrepsl, CDC uepe3 WAL u T1.11.);

- KaKk 00eCIeuuTh CorilacoBaHHOCTH (snapshot, moBTOpHas nqocTaBka, exactly-once/at-least-
once);

- KAKUe METPUKH KaYeCTBA IaHHBIX BBl ObI MOHUTOPHIIH.

6. Hanumure Spark SQL (wnu PySpark + SQL) auis:

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

- ¢unpTpanuu mo event_date='2026-02-01";

- arperaiuy CyMMBbI amount 1o event_type;

- 3anicu pe3ysbraTa B $3://bucket/mart/events_daily/ B dopmare parquet ¢
NapTHLIUOHKPOBaHKEM 110 event_date.

JlononuurenbHO: 00BACHUTE, 3aUeM NapTUIIMOHUPOBAHKE U KaK OHO BIMSET Ha
CTOMMOCTB/CKOPOCTH 3aIPOCOB.

7. lano: Ha S3 neXUT oYeHb MHOTO Menkux (aiios (o 5-20 KB), urenue B Spark crano
MeEIJICHHBIM.

- o0bsicHuTe prurHy aerpagaiuu (overhead, list/ GET, small files problem);

- IpeUTOKKUTe MUHUMYM 3 criocoba ucripasieHus (coalesce/repartition, compaction,
ONTHUMHU3AIHS TapTHIK#, ucrons3oBanue Iceberg/Delta/Hudi, nactpoiika
spark.sql.files.maxPartitionBytes u T.11.);

- KaK ObI BBl IPOBEPWIH yaydllleHHe (METPUKHU/3aMepHl).

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

- IO/I/IEPKUBATh upsert mo event_id,;

- XpaHUTh UCTOPHIO U3MEHEHUH M YMETh OTKAThIBATHCS,

- 100aBMATH HOBBIE KOJIOHKHU 0€3 IayHTaiMa.

OtBeTbTE:

- Kakue Bo3MoxHOCTH Iceberg sTo obecnieunBarot (Snapshots, schema evolution, partition
spec evolution);

- npuBeaute npumep DDL/SQL-koMaH: co3nanne TabauIlsl, J00aBIeHNE KOJIOHKH,
YTeHHE JaHHBIX ‘‘Ha MOMEHT BpeMeHH (time travel).

9. HyxHo exenneBHo oOpabatsiBaTh JSON-10TH
(HECTPYKTYpHPOBAHHBIC/TIOJIYCTPYKTYPUPOBAHHBIC) U3 S3, H3BJICKATh OISl M TUCATh PE3YJIbTAT
B Iceberg.

- npeanoxute apxutekTypy DAG B Airflow: kakue Tacku, Kakie 3aBUCUMOCTH, TJe
3anyckatb Spark (SparkSubmit/Kubernetes/EMR u 1.11.);

- onuiuTe o0paboTKy “rioxux’” 3amucelt (corrupt records), cxemy BaluIaluu U
quarantine-myTb;

- KaK 00eCTIeUnTh MTOBTOPSIEMOCTh U HJIEMIIOTEHTHOCTH MpH Tiepe3amyckax DAG.

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

Tpebyercs:

- yuTaTh MOTOK B Spark Structured Streaming;
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- IefaTh AeNyIUTHKauio mo payment id B okHe 1 1eHb;

- CYATaTh CyMMY amount 1o currency B 10-MuHyTHBIX OKkHa ¢ watermark 30 MuHyT;

- MACaTh pe3ysbTaT B Xpanunuiie (Hanpumep, S3/Iceberg) u obecneunts
OTKa30yCTOMYHUBOCTb.
3amanue: HanumwuTe npumep koaa (PySpark) u oobsicHuTE:!

- yto Takoe checkpoint location u 3auemM OH HYXEH;

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

- KaK1e HaCTPONKHU/TIOIXOAbI BaXKHBI JJIst cTabmibHOCTH (retries, maxOffsetsPerTrigger,
watermark, backpressure).

33[[31-[1/[9[ IJIA l'[pOMe)KyTO‘lHOﬁ aTTeCTallui 110 JTMCHUIIJIMHE (MO}IyHlO)

Ne 3aganue OtBer Kommnerennus
n/n
1. | dns qocTHKEHHsI IOCTABJICHHBIX MIEpel BAMU Data Warehouse/ I1K-6
nesiel, Bam HeoOxoauMo pasBepuyTb DWH. Data WareHouse/
data warehouse/
DWH - 6a3a qaHHBIX, 00ecIeunBaomas DataWareHouse/
XpaHeHue OONBIINX 00bEMOB JaHHBIX (KaK DataWarehouse/

MPaBUIIO, COTHU TepabalT) U UX 00paboTKy
AQHATNTHYECKUMH 3aIIPOCAMH.

Kak pacumdpossiBaetcst DWH?

Pacmudporka cogepkut 2 ¢a0Ba, HAIMCAHHBIX
JIATUHUILIEH.

2. | Hamummte ab0peBuaTypy (JIaTHHCKHUMHU OLAP /olap OIlIK-2
OyKkBamM) IPOQHIISI HATPY3KH TO3BOJISIOLIETO
OIIEPAaTUBHO IOJIyYaTh B CTPYKTYPHUPOBAHHOM
BUJIE OTIPEJICNIEHHBIN cpe3 U3 OOJBIIOro MaccuBa
JaHHBIX JUIA UX HOcleayomero ananmsa. Kak
MMpaBUJIO €T0 IPOTUBOIIOCTABIICHUEM ABJISACTCA

OLTP.
3. | Hammmmte Ha3BaHue 0a3bl TaHHBIX Greenplum /Green plum I1K-6
(maTuHUIIEH), KOTOPAs ONPEAETSIETCS /greenplum /green plum

CIeIyIONUM 00pazoM:

MPP Shared Nothing-kmacrep, cocTosmmii u3
Oounpmioro uncna 6a3 naHabix PostgreSQL,
(YHKIMOHUPYIOIUX Ha OONBIIOM YUCIIe
cepBepoB. PaboTy kitacTepa KOOpIUHHUPYET
crenuanbHbIN aKk3eMIusap PostgreSQL —
Master. Mactep-sK3eMIUIsip padoTaeT Ha
BBIJICJIEHHOM XOCTE, KOTOPBIN Ha3bIBACTCSA
MacTep-XocT.

4. | Kak pacumpoBsiBaeTcst ab0peBuarypa 2 / BTOpo¥i / BapuaHt 2/ IK-3
npornecca ETL npu 06paboTke maHHBIX? BapuanT Ne2 / No2

BapI/IaHTBI OTBE€TAa:

1. Export, Transfer, Load
2. Extract, Transform, Load
3. Extract, Transfer, Land
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B orBeTe ykaxku mopsAIKOBBIM HOMEpP BapraHTa
otBeTa onHou 1udpoi (1, 2 unu 3)

5. | Ha3oBuTe MHCTpYMEHT AJ1sl aBTOMATH3aLUU airflow/apache airflow/ETL IK-3
ETL. UHCTPYMEHT
6. | HazoBute Tum 0a3sl manusix Clickhouse. pacnpenenenHas/shared [K-6
nothing/kooHHapHAS
7. | Ha3oBuTE OCHOBHOM MOAXO/ K XPaHEHHIO 03epo JaHHBIX/IaTa OIIK-2
OONBIINX JTAHHBIX. JPUK/03€po TaHHBIX
8. | Onpenenure THI BUTPHHBI JAHHBIX IS KOpHOpaTHBHAS I1K-3
OTYETHOCTH. BHUTpHHA/IaTa
MapT/CTPYKTypHUpOBaHHAs
BUTPHHA
9. | Kak Ha3bIBaeTcs mpoliecc MakeTHOH 00paboTku | batch processing/makeTHas OIlK-2
JTAHHBIX. o0paboTtka/6aTy 00paboTKa
10. | OmpenenuTe CUTYanuUIoO sl ONTUMH3ALNN 00MBII0N 00BEM/BBICOKAS IK-3
W3BIICYCHUS JAHHBIX. Harpy3ka/Heo0X0JUMOCTh
CKOPOCTH
11. | Ompenenute THI HHPPACTPYKTYPHI IS o0nauHas OIIK-2
1aThopM JaHHBIX. UHQpacTpyKTypa/o0IauHbl
€ CepBUCHI/KIIacTepHAs
HHDpACTPYKTypa
12. | Kak Ha3pIBaeTcs mpolecc NPOBEPKH JaHHBIX B BaJIMJIAMs/ IPOBEPKa [1K-6
ETL. KadyecTBa/MHTETpanus
TpaBHII
13. | Kak Ha3pIBaeTCs apXUTEKTypa, COUeTaIoIast lakehouse/nelikxayc/rubpu [1K-3
03epO U XpaHUIIHIIE. JTHast apXUTEKTypa
14. | Onpenenute MPUHIKI TOTOKOBOI 00padoTku B | publish-subscribe/madmmi- I1K-6
Kafka. cabCKpaiih/IIoToOKOBOE
norpebJieHne
15. | Kak Ha3bIBaeTCSI MHOTOCTIOMHASI apXUTEKTypa BUTPHHA JaHHBIX/IaTa OIIK-2
XpaHWIUINA JaHHbIX. MapT/MHOTOCIIOIHAs
BUTPHHA
16. | HazoBute mexanmu3m xpanenus B Clickhouse. cToN0I0BOE IK-3
XpaHEeHHe/KOJIOHHApHOE
XpaHeHue/cTonbIoBas 0aza
17. | HazoBute koMmoHeHT apxurekTypsl Kafka. OpOKep/TONMK/TIapTULIHS [1K-6
18. | HazoBwure dopmar daiina is 0OJIbIIMX TaHHBIX. parquet/avro/json OIIK-2
19. | Kak Ha3bIBaeTcsi METPUKa Ka4ecTBa JaHHBIX. MOJTHOTA/TOYHOCTh/aKTyallb [K-3
HOCTh
20. | OnpenenuTe MPUHLMIT Pa3aeeHUs BRIYUCICHUN shared OIlIK-2
U XpaHCHMS. nothing/pa3nencHuas
ApPXUTEKTYpa/OTACICHUE
CJIOEB
21. | Onpenenute METOA ONTUMH3ALIUT NapTULIHOHUPOBAHHE/ AP [1K-6
pacnpezeeHHOH 00padOTKH. HHI/pacpe/ieiicHue
Harpy3KH
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