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PABOYAS ITPOI'PAMMA JUCIIAII/INHBI
METO/bI OBPABOTKMU BOJIBIIINX JAHHBIX B C/JIOKHBIX TEXHUYECKNX CUCTEMAX

Paspensl paboyeii mporpaMmsI

1. HEJIN OCBOEHUSA JNCHUITIINMHBI

2. MECTO INCLHUIIIIMHBI B CTPYKTYPE OOII BO

3. CTPYKTYPA 1 COOEPXXAHWE NUCLIAITJINHBI

4. ®OPMbBI KOHTPOJIA OCBOEHUMA ANUCLIUITIMHBI

5. YYEBHO-METOIMYECKOE 1 UTHOOPMAILIMOHHOE OBECITEYEHUWE OVCLUITIIHBI
6. MATEPUAJIBHO-TEXHMUYECKOE OBECITEUEHWE OVUCHUITJIMHBI

ITpusoxeHusi K padouyeii mporpaMme JUCIMILUIHHBI

o Tlpunoxkenue 1. AHHOTaLMsI paboueli IpOrpaMMbl
¢ TIpunoxenue 2. TeXHOTOTUU U GOPMBI 00yUeHUSA
o [Ipunoxenue 3. OHABI OLIEHOUHBIX CPEJCTB



1. OE/IM OCBOEHUSA JUCILUIIVIMHbBI
Lenbto 0CcBOEHUS AUCLUILIVHEI SIB/IsieTCst (POPMUPOBAHUE CIeAYIOIMX KOMITeTeHLUI:

[NK-N1 — BnageeT TeXHOJOTUSMU U HWHCTPYMEHTaMU MUCKYCCTBEHHOTO WHTe//IeKTa [Jisl pellleHus 3ajad
ripoecCUOHANBHON AesiTeIbHOCTH

IMK-N2 — crnocobeH MpUMeHSTh L(pOBble MMPOM3BOACTBEHHBIE CHCTEMbI B 00/1aCTH TMPOGheCCUOHATbHOM
JlesiTeNIbHOCTH

®OopMHUPOBaHUIO KOMITETEHIUN CJTY>KUT JOCTYKEHHE CIeYIOIIUX pe3y/ibTaToB 00pa3oBaHus:
K-n1

3HAHUA:

ITpuHIMnEl 00paboTKu 6osbIMX JaHHbIX (Big Data) B peaJbHOM BpEMEHU;

ApXuUTeKTypy pacrpe/ieNéHHBIX BbruncauTenbHbix cucteM (Hadoop, Spark, Kafka);

MeTo/ibI MalTMHHOTO OOyYeHWs [Jisl aHaiv3a TeJeMeTPUM U JUATHOCTUKU CJIOKHBIX TEXHUYECKHX
CUCTeM;

WNHcTpyMeHTBI Ajis IPeJUKTUBHON aHa/IMTUKU U ONITUMU3ALIUU YIIPaB/IeHus;

OcobeHHOCTH pabOTHI € MOTOKOBLIMY JIAHHBIMY B aBUALIMOHHBIX CUCTEMAX;

MeToouKM OYMCTKM, HOpManiu3aluu W BepudUKalMM [aHHBIX B YCAOBUSAX 3alllyM/IEHHOCTH U
HETIOJIHOTHI;

YMeHUS1:

ITpuMeHATh pacrpe/ie/iéHHbIe BBIUMCAEHUS [IA aHaau3a OOoJMbIIUX OOBEMOB MCTOPUYECKHUX U
TOTOKOBBIX JJaHHBIX;

BeiOupats ¥ HacTpauBaTe MOJENM MAILIMHHOTO OOydyeHUWs OJisi 3afjad TMPOTHO3UPOBAHHMSI OTKA30B U
OINTHUMU3aLUY TTapaMeTpOB;

VHTepIipeTHpOBaTh pe3y/ibTaThl aHa/lu3a B TEPMUHAX TMPeAMETHOW 00/acTH (HaféXHOCTb, TOYHOCTS,
pecypo);

ITpuUMeHATh KIaCCUUECKHe METOZbl MaTeMaTHMUecKOW CTaTUCTMKU /IS aHajau3a OOJBbIIUX MaCCUBOB
JlaHHbIX (OmucaresbHasl CTAaTUCTHKA, IPOBepKa TUIOTe3, perpeCcCUOHHbIN aHanus3);

HaBbIKU:

ITpaktrueckoit pabotel ¢ PySpark, Kafka, MLIlib gy 06paboTtku Tesiemerpun JIA;

Peanuzanvy  MaWMaaliHOB TIPEUKTUBHOTO OOC/ITy)KMBaHWSI HAa OCHOBE peayibHBIX  JIaHHBIX
WCIbITaTeIbHbIX CTEH/I0B;

Busyanusaiuu pe3yibTaToB aHaiu3a [Jj1sl MOALePyKKY MPUHSTHS UH)KeHePHbIX pellleHul;

Vcrionk30BaHMst OUOIMOTEK CTaTHCTUUECKOTO aHamm3a (SciPy, StatsModels) B pactipesieniéHHOM cpefie.
HK-n2

3HAHUA:

ApXUTEeKTYpy LMQPOBBIX TMPOU3BOACTBEHHBIX CHCTEM U LMPOBBIX JABOWHUKOB Ha BCeX 3Tarax
JKA3HEHHOT'0 LIUKJ/a MPOAYKLUY;

CraHJapThl U MPOTOKOJIbI UHTErPaLvy JAHHBIX B aBUALIMOHHOW OTpaciy;

MeTozbI CTaTUCTUUECKOTO yTipaBieHus KauecTBoM (SPC) u aHanM3a npoLieccoB B UQPPOBLIX CUCTeMaX;

[TpUHLMITE TOCTPOEHUSI CUCTEM TOAIeP>KKU TIPUHSTHUS pellieHHi Ha OCHOBe OOMbIINX JAHHBIX;

TpeboBaHust K HaJIE>KHOCTH, 6€30MMaCHOCTU U ayAUTy AaHHBIX B KDUTUUYECKUX CUCTeMAax yIpaB/ieHus;

YMeHUS:

ITpoekTHpoBaTh KOMITOHEHTHI LUGPOBLIX ABOWHUKOB [Jisi aHAIM3a TejleMeTPUM U MOAeTUpPOBaHKs
MOBe/IeHYs] CUCTeM YIIpaB/IeHMs];

HacTpauBaTh WHTErpaijyi0 JaHHBIX OT UCTBITATENLHOTO 00OpYJOBaHUSA B efuHOe HH(MOPMAI[MOHHOEe
TIPOCTPAHCTBO;

[IpuMeHsTH aHaMUTHYECKUe MOJENH J/Isl ONTUMH3aLMi POW3BO/ICTBEHHBIX TPOLIECCOB U TMOBBIIIEHHS
TOYHOCTU U3TOTOBJIEHUS y3J/I0B;

HABbIKU:

Pabote ¢ ToT-rardopmamu /st IpUEMa U BU3yau3al[uu JJaHHbBIX C JATUHKOB,;

Buenpenuss pemenuii Big Data B KOHTYpbl yIIpaB/ieHUsI KauyeCTBOM U IPOU3BO/CTBEHHBIM
T/IaHMPOBaHUEM;

Pa3paboTKu POTOTHUIIOB CUCTEM TMPeAUKTUBHOTO 00C/TY)KUBaHUSI HA OCHOBe TIOTOKOBOM aHATMTHUKHY;

ITocTpoeHyss KOHTPOJILHBIX KapT Y aHa/li3a BOCIIPOU3BOgUMOCTH rpoiieccoB (R&R).



2. MECTO ANCIIMIIVIMHBI B CTPYKTYPE OOII BO

Juctuninaa METO/ABI OBPABOTKH BOJIBIIINX JAHHBIX B C/IOKHBIX

TEXHUYECKUX CUCTEMAX sB/isieTcsl JUCLIUTTMHON Y4acTH, ()OpMHpPyeMOH yUaCTHUKAMHU
oOpa3oBare/IbHBIX OTHOLIEHHH 0/10Ka 1, MporpaMMel OATOTOBKY 10 HamnpasieHuto 11.05.01
PaoduosnekmpoHHble cucmembl U KOMIVIEKChL.

CogepxaHue [UCLIMIUIMHBL SB/SETCA Joruyeckum npogoskenrneMm gucuuivivH: TEXHOJIOT'ANA

IMOCTPOEHUS MHTE/UIEKTYA/JIBHBIX TPOTPAMMHBIX CUCTEM, METO/BI IIPUHATHUSA
ONTUMUBAIIOHHBIX PENIEHWI, WHTE/UIEKTYAJIBHBIE ABTOMATH3UPOBAHHBIE
IIPOM3BO/ICTBA.

CopepkaHue AUCLIMIIMHBL SIBAsSieTCSI OCHOBOM [Jyisi ocBoeHuss aucturuiiH: BBITIOJIHEHUE U

3AIIUTA BBIITY CKHOM KBAJTU®UKAIIOHHON PABOTHI.

ITpeBapuTe/bHBIE KOMITETeHLIMH, ChOPMHUPOBaHHBIE ¥ 00yUaroIierocs A0 Havyana U3yuyeHHst AUCLUTUIHBL:

OITK-3 — Cnoco6eH K JIOTMueCKOMY MBIIIIEHHI0, 000011[eHHI0, TIPOrHO3UPOBAHHIO, [I0CTaHOBKE
WCCIIe/IOBaTeTIbCKUX 3a/lau ¥ BEIOOPY MyTel WX JAOCTWXKEHHs], 0CBOeHHI0 paboThl HA COBPEMEHHOM
WU3MEPUTETbHOM, IMarHOCTUYECKOM U TEXHOJIOTMYECKOM 000pY/I0BaHUU, UCTIONb3yEMOM [IJIsl PEIIEHHUS
Pa3/TMUHBIX HAYYHO-TEXHUUYECKUX 33/jau B 00/1aCTH Pa/IU03/IEKTPOHHON TeXHUKU U UH(MOPMAITMOHHO-
KOMMYHHKAL[MIOHHBIX TeXHOIOTHH

OIIK-7 — CriocobeH MOHWMATh PUHLMITEI PA00THI COBpeMeHHBIX MH)OPMAaL[HOHHBIX TeXHOJIOTHH 1
WCTOb30BaTh WX JJIs PellleHus 3a/iad rpodecCcuoHaIbHON JesTeTbHOCTH

OIIK-8 — CriocobeH UCTOMb30BaTh COBpEMEHHbIe TIPOrPaMMHbIE U MHCTPYMEHTA/TbHbIE CPe/ICTBA
KOMITBIOTEPHOTO MO/Ie/TMPOBAHUS [I/Isl pellieHus] pa3/IMYHbIX UCCIIeI0BaTeIbCKUX U MTPOGheCCUOHATbHBIX
3a7a4y

OIIK-9 — CrniocobeH pa3pabaTbiBaThk aArOPUTMBI U KOMITbIOTepPHbIE TIPOTrPaMMBI, TIPUTOAHBIE [1Is]
MPaKTHUeCKOTO TIPUMeHeHust

ITK-93 — CrniocobeH reHeprpOBaTh HOBbIE U1 JI/IS pelleHus 3a1au [U(POBOH IKOHOMUKH,
abCTparupoBaThCs OT CTaH/[APTHBIX MOJIeJel, TIepeCcTpauBaTh CAMKHUBIIHECS CTIOCO0BI pelleHus 3a/1auy,
BBIJIBUTaTh a/IbTePHATUBHbBIE BADUAHTHI IEHCTBUH C 11e/1bI0 BEIPAOOTKH HOBBIX OMTUMATbLHBIX
aJTOPUTMOB

[MK-N1 — BnazieeT TeXHOMOTUSMU U MHCTPYM@HTaMH NCKYCCTBEHHOTO MHTeJ/IeKTa /i/Isl peLleHus 3aau
rpoeccoHaNLHON JesiTeIbHOCTH

IMK-N2 — criocobeH rnpuMeHsTh MG POBBIE TPOU3BOCTBEHHBIE CUCTEMBI B 00/1aCTH
rpodeccroHaTBEHON JesITeTbHOCTH



3. CTPYKTYPA U COAEPXKAHUE JUCIIUII/INHBI

OO0111as TPY/I0EMKOCTh JUCITUTUTUHBI COCTaB/sieT 3 3.e., 108 u.

3.1. Copeprxanue (JUAAKTHKA) JHCLUATUTHHBI
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Paszpen 1. Beegienue B 00pa6oTKy 60/IbIIMX AAHHBIX B TEXHHYECKHX cHcTeMax. 1.1.
4 7 Oco6eHHOCTH GOIBIINX JAaHHbIX B aBUALIMOHHBIX CHMCTeMax: TeJeMeTpus, JIoru, CeHCOPHbIe 14 4 4 10 15 15
noToku 1.2. ApXuUTeKTypbI pacnpesenéHHblx cucteM: Lambda, Kappa 1.3. O630p
nHcTpymenTos: Hadoop, Spark, Kafka, Flink.
Pa3pen 2. PacnpeaenénHas odpa6orka ganHbix: Apache Spark. 2.1. Apxurtekrtypa Spark:
4 7 RDD, DataFrame, Dataset 2.2. OnrTuM#3ariyisi BEIMHUC/IeHUH: K3IIMPOBaHuUe, 20 8 8 12 20 15
napruLonrpoanue 2.3. TIpakTrkyMm: 06paboTka TesieMeTpruueckux JaHHbix JIA B PySpark.
Pa3zpen 3. ITorokoBas o6paGorka pganubix: Apache Kafka u Kafka Streams. 3.1.
4 7 Tpunuune! event-driven apxurektypsl 3.2. Hacrpoiika Kafka-kacrepa s ipuéma JJaHHBIX € 18 6 6 12 20 15
narurkoB 3.3. Pea3aljyisi MOTOKOBBIX MANIIAHHOB /11 MOHUTOPHMHTA B PeabHOM BPEMEeHH.
Paspen 4. MamuHHoe 00y4yeHue Ha 601bIIKX JaHHBIX. 4.1. Maciiutabrpyemblie airopuTMbl:
4 7 NMHeitHble Mogieny, JepeBbsi, aHcambiu B Spark MLIib 4.2. TIpeukTHBHAs aHaMUTHKA [J1S 18 6 6 12 20 10
JIMarHOCTUKM CHCTeM yripaBsieHus 4.3. Banuaauus Mogieniel Ha pacripe/ie/iéHHbIX JAHHbBIX.
Paspen 5. Kiaccuueckue CTaruCTHYECKHe MeTOAbl B aHA/IMTHKE 0O/IbIINX JaHHBIX. 5.1.
Ormicare/ibHast CTaTUCTHKA U BU3ya/IW3aLiisl pacripefieieHnii B 60/IbIINX JaHHBIX 5.2.
4 7 TIpoBepKa CTaTUCTUUECKUX THIOTe3 U JUCTIepCHOHHBIN aHanu3 (ANOVA) B TeXHHUeCKUX 20 6 6 14 10 25
3a/1auax 5.3. PerpeccroOHHBII aHaIM3 U KOPPeJIsiLiUsl [/ BbISIB/IEHUsT 3aBUCUMOCTeH
napametpoB CY JIA 5.4. Cratuctudeckoe yrnpassieHue KauecTBoM (SPC) B Ipou3sBozcTBe.
Paspen 6. BHegpeHue u 3kcruTyaranus pemenuii Big Data. 6.1. MLOps: BepcOHUPOBaHue,
4 7 [IeUI0i, MOHHTOPUHT Mogeset 6.2. ObecreueHne HaZEKHOCTH U 6€30MacHOCTH 18 4 4 14 15 20
pacrpe/ie/IéHHbIX CHCTeM 6.3. VITOroBBbIi MPOEKT: KOMILIEKCHOE pelleHHe Jisi 06paboTKi
panHbIx CY JIA.
Bcero 3a 7 cemecTp 108 34 34 74 100 100
Bcero no gucnuninHe 108 34 34 74 100 100
3.2. AyUTOPHBIN IPAKTUKYM
Oonem,
Ne | Homep u HauMeHOBaHMe pa3jesia
Tema MNPAKTHYE€CKOI'0 3aHATUA dyA.
n/n JUCIMILTAHBI
yacoB
AHa13 UCTOUYHUKOB OOJIBIINX JaHHBIX B dBUAIJMOHHBIX
1 |Pasgen 1. Beezmenue B obpaborky  |cucremax. Hactpolika cpezipl pa3spabotku (Docker, 2
Oo/bIINX aHHBIX B TexHuueckux | Jupyter, PySpark)
2 cucTemax. Pabora c pacnipesienéHHbIMA (ali/IOBBIMU CUCTEMAMH. 2
3arpys3ka ¥ rpefjodpaboTKa TejleMeTPUUECKUX JAaHHBIX
3 HpaKTI/IKYMZ dHaJ/IM3 BpPEMEHHBIX DAAO0B TE€JIEMETPUU 3
14 BbISAB/I€EHHA aHOMa/Iui
4 Teky1uii KOHTPO/b (HeZesist 6): TeCTUPOBaHKeE T10 1
Paspen 2. Pacripepnenénnas pasgenam 1-2
c obpabotka nannbIx: Apache Spark. |Ocnoesl PySpark: RDD u DataFrame API. Arperarus 9
n (bl/IJ'I]:TpaL[I/IH AdHHBIX Te/IeMeTpHUr
6 Onrummu3aiys Spark-3aziau: MapTUITMOHAPOBaHUE, 5
K3IIMpoBaHue, broadcast-riepeMeHHbIe
7 PaseépteiBanne Kafka-kactepa B 10KanpHOH cpefe. ’
HPO,Z[}OCEPI:I W KOHCBbIOMEDLBI IaHHBIX
Pasgen 3. IToTokoBast 06paboTKa
IMorokoBast o6pabotka: Kafka Streams u Structured
8 |manneix: Apache Kafka u Kafka . o 2
Streaming. OkHa, arperaijuu, JA>KONHbI
Streams. VR
9 Peanmaunﬂ MawvtjyiaiHa MOHHUTOPDWHT'a IIdPAMETPOB cy )
JIA B pealbHOM BpeMeHU
10 Beenenue B Spark MLIib: moaroToBka faHHBIX, 9
nairaiHbl, KpoCC-BaauaaLys
1 Pa3gen 4. MammHHOe oOyueHre Ha |OOyueHue Mogesield KiacCU(UKali U perpeccuy Ha 3
OOJIBIIINX JaHHBIX. paCHpeAeJ’[éHHLIX AaHHBIX
12 Tekymuit KoHTpOJE (Hepens 10): TecTupoBaHMe TI0 1
paszenam 3—4
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13 |Pa3pmen 5. Knaccuueckue PacuéT onmcarenbHBIX CTaTUCTHK U IIOCTPOEHKE 2
CTaTUCTUYeCKUEe METO/bI B pacnpefenieHuii Asisi napametrpoB CY JIA B
aHaJIMTHKe OOMBIINX JAHHBIX. PySpark/Python
1 IIpoBepka CTaTUCTUUECKUX TUIOTe3 (t-TeCT, XU- 7
KBa/[paT) [/is1 CPaBHEHHsI Pe)KUMOB PabOThI CUCTEM
15 INocTpoeHye perpecCUOHHBIX MOJie/lell i KOHTPOJIbHBIX 2
KapT kKauecTBa (SPC) /7151 Mpor3BO/ICTBEHHBIX JAHHBIX
16 OCHOBB‘IJ MLOps: BepCMOHUPOBaHWE JaHHBIX U 1
Pa3nen 6. BHespenue u mogenert (DVC, MLflow)
17 [PKetyaTamus pewenuii Big Data.  |3ammra uTOroBeIX MpoekToB. TeKywuii KOHTPO/Ib 3
(1emens 16): TecTUpoBaHue + ITpe3eHTAIUs TIPOEKT2
Bcero 3a 7 cemectp 34
3.3. CamocrosTenbHas padora crygenra (CPC)
Ne |Homep u HauMeHOBaHuUe pasjesa Oo0nemMm,
o/ S ———— Copep)xaHue yue0HOro 3aaHus 4acoB
1 YcraHoBka v HacTporika Docker-okpyskeHus 2
Pa3gen 1. Beegenue B 06paboTKy 4
BO/BIINX JAHHbBIX B TeXHIUECKIX [ToaroToBKa K MpakTU4eCKUM BEIHSIT.I./IHM
3 |cucremax. N3yueHue APXUTEKTYPbI PACTIPe/e/IEHHBIX CHCTeM T 4
peKOMeH/I0BaHHOM JIuTeparype.
4 V3yueHue npeZlyCMOTPEHHBIX nporpaMMOﬁu 3
IUaKTHYeCKUX eJUHUL] [0 peKOMeH/yeMol TuTepaTtype
5 BrInosnHeHWe MHANBHAYaIbHOTO NMPAKTUYeCKOro 4
Paspen 2. PacrtipesenénHas 3a/laHUA: aHa/IN3 JjlaTaceTa TejleMeTpuu
6 obpabotka nannbIx: Apache Spark. TTogroroska K TekyiieMy KOHTPOIO (Heziens 6): )
MOBTOPEHHe TEOPHH, pellleHre TUIOBbIX 3a/,a4y
v CamocTosiTeNIbHOE BbINIO/IHEHNE YIIPaKHEHUH 110 3
PySpark.
8 N3yuenne nokymenTaruu Apache Kafka. 4
9 Paszen 3. TToTokoBast 06paboTka Pa3paboTka MpoCTOro MOTOKOBOTO MakryiaiHa [Jijis 4
nanHbix: Apache Kafka u Kafka 00paboTKM CUHTETUUeCKUX JAaHHbBIX JaTUYMKOB
10 Streams. HacTpolika n10KanbHOro K/iactepa, SKCIIePUMEHTHI C 4
MPO/i0CepaMu/KOHChIOMepaMuy
1 BrInosnHeHWe MHANBHAYaIbHOTO NPAKTUYeCKOTO 4
3aJ,aHus
12 Pasgen 4. MaiHHoe oOyueHue Ha |3yuenue anroputmoB MLIib. TpenupoBka mMozerneti Ha 6
OOMBIINX IaHHBIX. TpeJj0CTaB/IeHHBIX JaHHBIX TeJIeMeTPUN
13 [NoaroToBka K TeKylieMy KOHTpoJito (Hepens 10): 3 ’
aHanu3 OIIMOOK, TOBTOPEHNE K/TIOUeBbIX KOHLIETIHI
14 ITonroToBKa K pakTU4yeCKUM 3aHATHUSM 2
V3yueHre METOZI0B OMMCATENBHON CTAaTUCTUKU U
15 BH3ya/u3aluM pacripeieieHuil. AHany3 TUCTorpaMM U 4
Paspen 5. Knaccuueckue KBaHTU/IeH TeJleMeTpUH
CTaTUCTUYECKHE METO/bI B BelnosiHeHe 3aaHus 10 [IPOBEPKe CTaTUCTUUeCKUX
16 |aHanMTHKe OOMBIIMX JAHHBIX. TUTOTe3 U AUCIIePCOHHOMY aHa/IM3y Ha BEIOOPKax 4
JlaHHBIX UCTIBITaHUN
17 [TocTpoeHue perpecCUOHHBIX 3aBUCUMOCTEN U KapT 4
CTaTUCTUYECKOTO KOHTPOJIs TipoLjeccoB (SPC)
18 N3yuenne ocHoB MLOps. 4
19 Pa3pnen 6. BHegpenue o BepcronrpoBaHre COOCTBEHHOTO MMPOEKTa C 7
sKcruTyaTanus peitieHnid Big Data.  [ucrionb3oBadrem DVC/MLflow
20 [ToaroToBKa 1 0popmiieHre UTOTOBOTO MPOEKTa. 8
Bcero 3a 7 cemectp 74
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4. ®OPMbI KOHTPOJII OCBOEHUSA TNCLHUIIVINHBI

CEMECTP HEJQEJ/IN CEMECTPA
1 2 3 4 6 8§ 910) 11 12 13 14 (15|16 17
7 Bonp. 3au |3aman | UI13| |OP| |3agman| |OP|3apan|UII3| Koutp.P. | UI13 AP | UI13, 3au.

Ycii0BHBIe 0003HAYCHUSA:

3ajiaH — 3a/laHue;

3d4. — 3a4eT.

P — nuarHocTUueckasi paboTa;
Bonp. 3au — BOIpOCHI K 3a4eTy;

NII3 — unauBryanbsHOe MpakTUUeCcKoe 3a/laHue;
Kontp.P. — KOHTpO/bHast paboTa;

Tekymuii KOHTPOJ/Ib YCIIeBaeMOCTH CTYZEHTOB IMPOBOJUTCS B AVICKPETHBIE BpeMeHHbIe NHTepPBaJlbl B

clefyroumx popmax:
[TMarHocTuyeckasi pabora;

BOIPOCHI K 3a4eTy;
3a/jaHue;

WHAVBWYya/IbHOE IMpaKTU4YeCKOe 3adHHE;

KOHTpO/IbHAs1 paboTa.

HpOME)KyTO‘lHaH dTrTecTalus IIpOBOAUTCA B (popmax:

3a4yer.
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5. YYEBHO-METOJIMYECKOE 1 TH®OPMAIIMOHHOE OBECIIEUEHUE
TCIUATUIVHBI

5.1. OcHOBHas iMTeparypa no JUCLUILIMHE:

1. A. BypkoB. . MammmHHOe 00yueHue 6e3 yiviHux coB. CaHkT-ITetepOypr: [Tutep, 2020, 351. pec.

2. A. B. MakmiaHog, A. E. JKypaenés, JI. H. TeiHapikaps. . bonbiive ganxsie. Big Data. Cankr-ITetepOypr:
Jlanb, 2022, 551. pec.

3. b. b. Moiizec, 1. B. [TnotHukoBa, JI. A. Peabko. . CTaTUCTUUeCKMe MeTO/bl KOHTPOJIS KaueCcTBa U
06paboTKa 3KCIepUMeHTa/lbHBIX JaHHbIX. MockBa: FOpatit, 2022, s51. pec.

4. B. B. Xopocos. . [lucniepcroHHbii aHanu3. [TpumMepst peamu3ariun. CI16.: 3a-so BI'TY "BOEHMEX"
uM. [1. @. YcruHoBa, 2023, 16 3k3.

5. B. B. Xogocos. . KoppensiLjuoHHbIM aHam3 1pyu 06paboTke sKCrepruMeHTalbHBIX JaHHBIX. CaHKT-
[Metepbypr: U3g-Bo BI'TY "BOEHMEX" um. [I. ®. YctuHosa, 2024, 20 3k3.

6. B. C. Muxaiinos, H. K. FOpkoB. . IHTerpabHblie OlleHKU B TeOpHH HaZle)KHOCTHU. BBe/ieHre 1 OCHOBHEIE
pesynbrarel. MockBa: Texnocdepa, 2020, 3. pec.

7. C.T. Tonmauég. . HefipoceTteBbie MeTO/[bl 00paboTky nHbopmarpu. CIT16.BTTY "BOEHMEX" um. /1. ®.
YctuHoBa, 2021, 34 3Kk3.

5.2. JlorionHUTe/IbHAs IUTepaTypa Mo AUCLUIIIMHE:
He TpeOyeTcsi.
5.3. Ilepuoguueckue u3gaHus:
1. ludopmalioHHO-U3MepUTe/TbHbIE U YTIPABJISIOLIIE CUCTEMBI.

5.4. TlepeueHb peCypcoB UH(POPMAI[MOHHO-TE/IEKOMMYHUKAIIMOHHOMN ceTr "VIHTepHeT", HeoOXOAUMBIX /1/1sT
OCBOEHUS TUCIUIITUHBI, 3I€KTPOHHbBIE OUOTMOTEUHbIE CUCTEMBI:

1. A.B. MakuiaHoB. Bosbiie anHble. Big Data (2024) [SnekTpoHHBIH pecypc] : yueOHuK asis By30B URL:
https://e.lanbook.com/book/362318;

2. TopokanvHa, E. V. Bricokonpou3sBoauTe/ibHbIe BEIUMC/IEHUs M aHami3 OOJBIINX AaHHBIX : yueOHoe
nocobwue / E. U. TopokanuHa. — Camapa : [II'YTU, 2022. — 132 ¢. — TeKCT : 31eKTPOHHbIH // JIaHb :
3JIEKTPOHHO-01bOMoTeuHas cucrema. — URL: https://e.lanbook.com/book/411386;

3. FOpe, JI. AHanu3 6osbiimx Habopos AanHbIx / JI. FOpe, P. Anauna, 1. Y. hxeddpu ; mepeBof,
anmmmiickoro A. A. CmmakuH. — Mocksa : IMK Ilpecc, 2016. — 498 c. — ISBN 978-5-97060-190-7.
— TeKCT : 31eKTPOHHBIH // JIaHb : 371eKTPOHHO-01O/moTeuHast cuctema. — URL:
https://e.Janbook.com/book/93571;

4. JTanckux, FO. B. Beezienue B 6o/bliive faHHbIe : yueOHoe nmocobue / FO. B. JlaHckux, B. I, JlaHckux, K.
B. PogrionoB. — Kupos : Batl'y, 2023. — 172 ¢. — TeKCT : 371eKTpOHHbIHM // JIaHb : 37IeKTPOHHO-
6ubnuoreunas cucrema. — URL: https://e.lanbook.com/book/408566;

5. FOpe, JI. Anaym3 6osbumx HabopoB gaHHbIX / JI. FOpe, P. Anang, 1. Y. Ixeddpu ; mepeBog ¢
anmuiickoro A. A. CnuHkuH. — Mocksa : IMK Ilpecc, 2016. — 498 c. — ISBN 978-5-97060-190-7.
— Tekcr : 3meKTpoHHEIH // JIaHb : 3/1eKTpOoHHO-0MbmMoTeyHas cuctema. — URL:
https://e.lanbook.com/book/93571 - 12 rn.;

6. 'mnbBaHoB, P. I. Hae>XkHOCTh MHGOPMALIMOHHBIX CHCTeM : yueOHoe nocobue / P. I. T'unbBaHoB, A. B.
3abpoayH. — Cankr-Tletepbypr : IIT'YTIC, 2022. — 85 c. — ISBN 978-5-7641-1821-5. — TekcT :
37IeKTPOHHBIH // JIaHb : 371eKTPOHHO-0nbmroTeuHast cuctema. — URL:
https://e.lanbook.com/book/279020.

CoBpeMeHHbIe TPoQecCHOHaNBHBIE 0a3bl JAHHBIX:
1. https://rusneb.ru — HatmoHansHas ssekrpoHHast onbmioreka (HOB);
2. https://cyberleninka.ru/ - HayuHast siekTpoHHast 6ubnmoreka «KubepieHuHKa»;
http://www.rfbr.ru/rffi/ru/library - ITonHoTekcToBast 3/1eKTpoHHas 6uboreka Poccuiickoro dhoHga
(yHIaMeHTaTbHBIX UCC/Ie[IOBAHUH.

I/IH(bOpMaL[I/IOHHbIe CIIpaBOYHbI€ CUCTEMBI:

1. Texakcriept — VHbOPMaIMOHHBIN TIOPTaI TEXHUUECKOTO peryupoBaHus: HopMel, ipaBuia, CTaHAApTHI
PD;



2. http://library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=457 - B/ TOCTos
cobcrBenHoi reHepauuu BI'TY "BOEHMEX" um. []. ®. YcTuHOBa;
3. http://www.consultant.ru/- KoncyneranTtIntoc- HH(OpMaljoHHbII [TOpTaa paBoBOM MH(MOPMAaLUH.
5.5. TTporpamMMHoe obecrieueHue:
He TpeOyeTcsi.

5.6. 'adopmal[oHHbIe TEXHOIOTHH:

B3auMoyielicTBre ¢ obyuaronumucs nocpenctBoM SMOC Moodle BT TY «t BOEHMEX» um. [I.®. YcTHHORBA.
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6. MATEPUAJ/IBHO-TEXHUYECKOE OBECIIEYEHUWE JUCITUII/INHBI

6.1. IlpakTHYecKue 3aHATHUA:

1. IIpoekTop;
2. VlHTepakTHBHAas JOCKA.

6.2. IIpouee:

1. pabouee MeCTO TpernofaBare/isi, 0OCHAIIlEHHOE KOMITBIOTEPOM C JOCTYToM B VIHTepHeT;
2. paboume MecTa CTy/IeHTOB, OCHAIL|eHHbIe KOMITbIOTEpaMH C JOCTYIIOM B VIHTepHeT, rpeiHa3HaueHHbIe
[71s1 pabOThI B 3/IEKTPOHHOI 00pa30BaTe/IbHOM Cpefie.
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ITpunoxenue 1
K paoueii mporpaMme AMCLUILUIHHbI
METO/bI OBPABOTKH BOJIBIIINX JAHHBIX B C/IOJKHBIX TEXHUYECKNX CUCTEMAX

AnHoTanusa paboueii nporpaMMsl

Jucturuimaa METO/JBI  OBPABOTKM  BOJIBIINX  JAHHBIX B CJ/IOXKHBIX
TEXHUUYECKUX CHUCTEMAX sBiseTcs [AUCLUUIUVIMHON 4YacTH, (OpMHPYyeMOHM Y4YaCTHHKaAMH
o0pasoBare/IbHBIX OTHOIIeHHWH 0O/ioka 1, TmporpaMmbl IIOATOTOBKM MO HampaeneHutro 11.05.01
PaduosnekmpoHHble cucmembl U KoMnaekcbl. JucturimHa peanu3syeTcs Ha ¢akynbTere M ViHbOpMalMoHHbIe
u ynpasssiroue cuctemsl BI'TY "BOEHMEX" um. [1.®. Yerunosa kadeapoit V14 PAITMOSJIEKTPOHHBIE
CUCTEMBEI YITPABJIEHUA.

JucrurivHa HatjesieHa Ha hopMHpPOBaHHe KoMhemeHyull:
IMK-N1 BnafieeT TEXHOMOTUAMU W MHCTPYMEHTAMH MCKYCCTBEHHOTO WHTE/UIEKTAa [Jif DeIleHus 3ajau
npodecCHOHaNIBHOM [1eSITeNbHOCTH;
[MK-NU2 crnocobeH TpUMeHSITh 1LM(GPOBbIE TPOU3BOJCTBEHHBIE CUCTEMBI B 00/1IaCTU TIPOGheCCHOHATLHON
ZlesITelTbHOCTH.

CopepxaHWe  AUCLMIUIMHBI  OXBaTblBaeT KPYr  BOIMPOCOB, CBSI3aHHBIX C C  HUCIOJb30BaHUEM
CTelMaTM3UPOBAHHBIX METO/OB U WMHCTPYMEHTOB [yl 00pabOTKu OOMBIIMX [JaHHBIX; MOCTYMAIOUUX OT
TPOU3BOJCTBEHHBIX CHUCTEM PAKeTHO-KOCMHUYECKUX KOMIUIEKCOB U CTPEeIKOBO-TIYIIIEYHOr0 BOOPYKeHMUs,
pellieHWe 3a7lad TIPOTHO3HOM aHalWTHKH, ONTHMH3al[UM TEeXHOJOTWYeCKHUX TPOLIeCCOB, TIOBBILLIEHUS
HaZIE)KHOCTHU U KaueCTBa BbITyCKaeMOW TIPOYKLIUH.

HporpaMMoﬁ AUCHUTT/IMHBI IIPEeAYyCMOTDEHBI C/IeEAYIOLI e BUADBI KOHTPOJIA:

TeKyluii KOHTPOJIb YCIIEBAEMOCTH CTY/[eHTOB TIPOBO/JJUTCSA B JUCKPETHbIE BpEMEHHbBIE UHTEPBAJIBI B
cnenyromux dhopmax:
e UArHOCTUYECKas pabora;
e BOIPOCHI K 3a4eTy;
e 3ajaHue;
e UHIUBHU/yaTbHOE TIPAaKTUYeCKOe 3a/IaHue;
e KOHTpOJbHas pabora.

IIpomMeskyTouHasi arTecTamus POBOAXUTCS B popMax:
e 3auerT.

OO01jas  TPy/I0EMKOCTb OCBOEHHUSI AUCLUIUIMHBI cocTaBiasgeT 3 3.e., 108 u. TIporpamMMo# AWCIUITUHBI
TpeyCMOTPEHBI MpakTUUeCcKue 3aHsTus (34 u.), caMocTosTebHasA paboTa ctyaeHTa (74 u).
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IIpunoxenue 2

K paoueii mporpaMme AMCLUILIHHbI
METO/ibI OBPABOTKH BOJIBIIINX JAHHBIX B C/IOJKHBIX TEXHUYECKNX CUCTEMAX

TEXHOJ/IOI'U 1 ®OPMbI OBYUYEHUSA

PexkomMeHgamu

Y 110 0CBOEHHI0 JUCHUIUTHHBI /1A CTyAeHTa

TpynoeMKOCTb OCBOEHMS JUCLMITIMHEI cocTaBigeT 108 4., u3 HUX 34 4. ayJUTOPHBIX 3aHATUM, U 74 4.,
OTBe/IeHHbIX Ha CaMOCTOSITe/IbHYI0 paboTy CTyZeHTa.

PekoMeH/IalIMM  TI0  pacrpe/ie/ieHHI0  yueOHOrO BpeMeHHW M0 BH/]AM CAMOCTOSITE/TBHOM paboThl |
pasjeniam JVCIUI/IMHLI TIPUBE/IeHbI B TabTHIIE.

KoHTponb 0CBOeHUMs! AWUCLMIUVIMHBI TIPOM3BOAWUTCS B COOTBeTCTBUM C IlonokeHHMeM O TeKylleM,
py6eKHOM KOHTPOJIe YCIIeBaeMOCTH U TIPOMEKYTOUHOM aTTecTariiy 00yJarouxcsl.

®opMBbl KOHTPOJISI M KPUTEPUH OLIeHUBAHUs TIPYBe/ieHbl B TPUIOKeHHH 3 K Paboueii mporpamme.

HaumeHnoBaHHe padoThI Pexkomenjiyemas 1ureparypa prn?{?éKOCTb’
Paspen 1. BBeieHue B 00pa0d0TKy 00/IBIINX JAHHBIX B TEXHUYECKHX CHCTeMaXx.

YcraHoBka 1 HacTpoiika Docker- A. B. MakuaHoB, A. E. XXypasnés, JI. H. )
OKpYy>KeHUs TeiHzAbIKape. . bonbiive nanxble. Big Data: CaHKT-
IToaroroBka K NpakTU4YeCKUM 3aHATUSM [TetepOypr: Jlanb, 2022 (1,2) 4
V3ydeHne apXUTeKTypbI C. T Tonmauég. . HelipoceTeBbie MeTO[bl 00pabOTKH
pacrpe/ieNIéHHBIX CUCTEM T10 undopmanuu: CI16.BT'TY "BOEHMEX" um. []. ®. 4
pPeKOMeH/IOBaHHOM JiuTeparype. Yerunosa, 2021 (1)

Wroro no pasgeny 1 10

Pazpen 2. PacnipesesiénHasi 00padoTKa JanHbix: Apache Spark.

W3yueHnue rpesycMOTpeHHBIX
MpOrpamMMoii JUAAKTHYeCKUX eJUHUL] 3
10 peKOMeHJyeMOii JInTeparype
BrimonHeHue HHAVBHYaIbHOTO
MPaKTHUYeCKOI'o 3a/laHus: aHaIu3 A. B. MakuaHos, A. E. Xypasnés, JI. H. 4
JaraceTa TeJleMeTpun TeiHABIKaps. . bonbiive nannble. Big Data: CaHKT-
IToproroBka K TeKy1iieMy KOHTPOJIIO ITetepGypr: Jlanb, 2022 (6)
(Henens 6): MOBTOpeHUE TeOpUH, 2
pellleHNe TUIMOBBIX 3aja4
CaMocTosTenbHOE BBITIOJTHEHHEe 3
ynpakHeHuii o PySpark.

Wroro 1o pasgeny 2 12

Paspen 3. IlorokoBasi o6padorka ganHbix: Apache Kafka u Kafka Streams.
N3yuenne gokymenranuu Apache 4
Kafka.
Paip 36(.),TKa MPOCTOTO TIOTOKOBOTO A. B. MakuaHoB, A. E. XXypasnés, JI. H.
nakniaiiHa Jyis 06paboTku . ) 4
CHHTOTHYRCKUX JAHHBIX JATUHKOB TeiHABIKApE. . bosbive ganHble. Big Data: CaHKT-
- [MerepOypr: Jlans, 2022 (11-12)

HacTpoiika nokanbHOro KiacTepa,
3KCIIeEPUMEHTHI C [Tpojtocepamu/ 4
KOHCBbIOMepaMu

Uroro no pa3geny 3 12

Pazgen 4. MamuHHoe 00yueHHe HA 00/ILIINX JAHHBIX.

BrinonseHue MHAUBHYaTIbHOTO A. Bypkos. . MammmHHOe o0ydeHue 0e3 UIITHAX 4
MPaKTUUeCKOro 3aZlaHust cnoB: CaukT-IletepOypr: ITurep, 2020 (7)
N3yuenne anropurmoB MLIib.
TpeHvpoBKa Mozesielt Ha 6
TIpeJ,0CTaB/IeHHBIX JJaHHBIX
TejleMeTpUr
IToaroroBka K TeKy1ieMy KOHTPOJIIO 2

13
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(aenenst 10): aHa/MM3 OLIMOOK,
MOBTOPEHHE K/TFOUEeBbIX KOHIIETII

Wroro no pasgeny 4 12
Pazgen 5. Knaccuyeckue cTaTucTHYecKre MeTObl B aHA/IMTHKE 0O/IBIINX JAHHBIX.
IToaroroBKa K MpakTUYeCKUM 3aHSATHSIM . 2
” b. b. Mousec, U. B. I1noTHUKOBa, JI. A. Penbko. .
N3yueHne MeTOIOB OMMCATeTLHOU
CraTtucTuueckue MeTo/[bl KOHTPOJIS KauecTBa U
CTaTUCTUKY Y BU3yaM3alid
. 00paboTKa 3KCIepUMeHTa/IbHBIX JaHHBIX: MOCKBa: 4
pacnpefiesieHui. AHa/IW3 TUCTOrPaMM U N
. FOpaiit, 2022 (3,4)
KBaHTHJIEH TeJleMeTPUU %
B B. B. Xopmocos. . [lucniepcuonHsll aHanus. [IprMepsl
bITIOTHEHNE 3a/JaHVA 110 TPOBEPKE |04 rprsarmn: CI16.: U3a-so BITY "BOEHMEX" nm.
CTaTUCTUYECKUX TUTIOTE3 U II. ®. Yerumosa, 2023 (1-4) 4
AHCGHEPCHOHHOMY dHa/Msy Ha B. B. Xopocos. . KoppenLiMoHHbIN aHaU3 Npy
BIOOpKaX AAHHBIX MCIIBITAHHH 00paboTKe FKCTIepUMeHTaTbHBIX JaHHbIX: CaHKT-
HocTpoenue perpecCHOHHBIX [Metepbypr: N3a-so BI'TY "BOEHMEX" um. [I. @.
3aBUCUMOCTeN 1 KapT CTaTUCTUUEeCKOTO YeruHoBa, 2024 (1-10) 4
KOHTpOJIis1 TipoiieccoB (SPC)
Wrtoro no pasgeny 5 14
Pa3gen 6. BHeipeHue 1 3KcITyaranus pemenuii Big Data.
N3yuenue ocHoB MLOps. 4
BepcronupoBaHye co6CTBEHHOTO B. C. Muxaiinos, H. K. FOpkog. . InTerpanbHbie
TpoeKTa C UCI0/b30BaHueM OLIEHKU B TEOPUH Ha/IeXKHOCTH. BBeieHue u 2
DVC/MLflow OCHOBHbIe pe3ysbraThl: Mocksa: TexHocdepa, 2020
IMoaroroBka u odopM/eHre UTOTOBOTO (1-3) 8
TpoeKTa.
Urtoro no pasgeny 6 14
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IIpunoxenue 3
K paoueii mporpaMme AMCLUILIHHbI
METO/ibI OBPABOTKH BOJIBIIINX JAHHBIX B CJIOKHBIX TEXHMYECKUNX CUCTEMAX

®OH/J] OODEHOYHBIX CPECTB

®DoH/| O1[eHOYHBIX CPe/CTB, MO3BOJISIONIHE OL[eHUThL Pe3y/IbTaThl 06yUeHH s 10 JaHHOM AUCIUITINHE, BKIFOUYAIOT
B ce0s:

e UarHocThueckas pabora

*  BOIPOCHI K 3a4eTy;

e 3a/jaHUe;

e WHAMBH/Yya/lbHOE MPAKTHUeCKOe 3a/laHue;
e KOHTpOJ/bHast paborTa;

e 3aueT.

KpuTepuu oneHUBaHUS

JuarHocrnueckas pabora
HOuarnoctryeckasi pabora ripoBoauTcs B popme tecta B SMOC Moodle:

e IIpU NIPaBWJILHOM OTBeTe MeHee yeM Ha 60% BONPOCOB - He aTTecTallys;
 TIpY NpaBUILHOM OTBeTe Ha 60% BOIIPOCOB U Oosiee - aTrTecTarysl.

Bompocsl K 3auery

Borpocs! K 3aueTy pacrionioxkensl B YMK aucuuriMeel. Bonpocs! BeIJAKOTCS TIperojaBaresieM
3apaHee. [Ipu NIOATOTOBKE CTOUT M0/Ib30BATLCS MaTepyasioM K IIPAKTUUeCKUM 3aHATHAM, a TAKKe UCTOYHUKAMU
OCHOBHOM U JIOTIOJTHUTEIBHOM iuTeparyphl. [Ipy BO3HMKHOBEHWH 3aTPyAHEHUH CTYIeHT MOYKET 00paTUThCS K
TIperofiaBaTesIto B Yachl KOHCY/IbTaLUH.

3agaHue

3afaHue TIpe/ICTaB/IeHO B CPOK, He TIPe/ICTaB/IeH UyKoi oTyeT. Kaxkzoe 3aganue pa3ouro Ha 3-5 3agau ¢
MOC/IeI0BaTeIbHBIM YBEJIMUEHNEM Harpy3KH [1/1s1 KOpPPEKTHOTO OCBOEHUS TpefyeMbIx KOMITeTeHLUH. [1o BceM
3aflaHusIM HeoOXOIMMO YCTIellTHOe BBINOTHEeHHe TTYHKTOB 33/]aHUsI Ha KOMITbIOTepe, 0(hopMyIeHHe OTYeTa B
cootBeTcTBUM ¢ TpeboBanusiMu I'OCT u ycrelnrHas 3allidTa B yCTAaHOB/IEHHBIN CPOK.
KonuuecTBo 6a/jioB U KPUTEPUH peryiaMeHTUpyeTcsl TEXHOIOrMYeCcKol KapTOH JIUCIUI/IMHBL.

NupuBuayanbHOe NpakTHUecKoe 3aiaHue

WHauBuayanbHOe NpakTUUeCcKoe 3a/jaHue BhIMOJIHSIeTCSl Ha IPaKTUYECKUX 3aHSATUSIX U B Yachl
CaMOCTOSITeTbHON paboThl B COOTBETCTBUM C TEMOM, OTIPe/IeIEHHON WHAUBU/YATbHO /IS KaXK/I0T0
oOyuarorierocs.
[TpakTHueckoe 3aZiaHue BK/IIOYaeT B celsi cieyIoIIye STarbl:
1. ITocTaHOBKa Lie/IM U 3a/ja4 aHa/Iu3a OOMBIINX JaHHbBIX.
2. CocraBieHHe TIJIaHa UCC/IeI0BAaHUS B COOTBETCTBUM C MPeJMeTHOH 00/1aCThbi0 MHIUBH/YaIbHOTO 3a/JaHusI.
DopMyIUpPOBaHUS TUIOTE3 [/Is1 UCC/Ie[J0BaHUS.
3. COop /JaHHBIX U UX OUHCTKA U CUCTEMATH3alIU.
4. [TepBUYHBIN aHa/IU3 U OIMUCaTe/IbHasA CTaTUCTHKA.
5. [IpoBepka ruroTe3 U3yueHHbIMU aHATUTUUeCKUMU MeTO/laMH; TIOATBepKAeHue rpauuecKuMU MeTOlaMHU.
6. Harnmcanue nporpammel aBTOMaTU3aLjMK 5TaloB aHaivs3a.
6. OdopmiieHue pe3y/bTaTOB U BLIBOZIOB.
Pe3ysbTarhl BBINOIHEHUS 3TAIOB UHAUBUAYAIbHOIO PAKTUYECKOTO 3a/JaHUs BBIMOIHSIOTCS Cpe,CTBaAMU
H3y4YeHHBIX [MPOrPAaMMHBIX [TAaKETOB U IeMOHCTPHPYIOTCS MPeNoAaBare/Ito Ha MPakTUYeCKUX 3aHITHUSIX.

KontponbHas pabora

Basubl 3a KOHTPOJIbHYIO PaboTy MPOCTAB/ISIFOTCS COrIacCHO TeXHO/IOrHueCcKOi KapTe B COOTBETCTBUH C
KOJIYeCTBOM BBITIOJTHEHHBIX Ha MPAKTHYECKOM 3aHSTHH 3a/IaHUi CPeACTBAMHU U3YUeHHbIX MPOrPaMMHbIX
TIaKeTOoB.

3auet
VToroBbIfi KOHTPOJIB TI0 AMCLUIIIMHE IPOXOANT B (hopMe 3adera.

3aueT CUMTaeTCs CaHHBIM, eCJTH CIaHBI BCe 3a/IaHUs, B COOTBETCTBUM C TPeOOBaHUAMH, 3a(UKCHPOBAHHBIMU B
TEXHOJIOTMUEeCKOW KapTe 0CBOeHUs AUCLUTUIMHEI (He MeHee 60 6a/uioR).
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Ecnu obyuaronuiicsi He Habpast Hy)KHOe KOJIM4yecTBO 6aslyioB TI0 JUCLMIUIMHE COTTIACHO TEXHOJIOTHYEeCKOU
KapTe, TO eMy HeOOXOAMMO CAaTh 3a4eT B OYHOM (opMmare.
3aueT COCTOUT U3 TeOPeTUYeCKOro BONpOca U NpaKTUYeCKOU 3a/lauul.

Kpurepru onjeHMBaHNS Ha OYHOM 3ayeTe

3auTeHo

1. TaH MO/THBIN OTBET Ha TEOPETHUECKUH BOMPOC WM OTBET COZIEPKUT He3HAUUTe bHbIE OITUOKU
(obyuaroluiics B OJTHOW Mepe He B/aJieeT TEPMUHOIOTHeN U3yUeHHOM JAUCIUITIUHBI).

2. 3ajjaua pellleHa BEPHO WU B PEIIEHUH 33/]au¥l [IOMYIIeHbI OITMOKY, KOTOPbIe He TIPUBOJAT K OO/BIINM
OTKJIOHEHUSIM OT MPaBUWJILHOTO OTBETa, TT0Ka3aHbl He I0CTaTOYHO MPOYHbIe MPaKTUYeCKUe HaBbIKU.

He 3auteno

1. TIpeBapUTENBHO He 3alUIIEHBI BCe PAOOTHI B COOTBETCTBHU C TEXHOJOTUYECKON KapTOM.

2. OTBeThI Ha BOMPOCKHI UMEIOT 3HAUYMTE/TbHbIE OIMOKY (HETOYHO yKa3aHa (opmysa, 00ydaromiuiics He BajieeT
TePMUHOJIOTUeN W3yUeHHOUN AUCLIILINHBI).

3. 3afjaua pellieHa HEBEPHO, JIOMYIIeHbI TPy0ObIe OIIUOKU.
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[MacriopT doH/1a OLIEHOUHBIX CPeJICTB

AyauTopHbIe <
3aHATHA B w =
KOHTaKTHOM % n % é:" g %
dopme = =1 ==t
= 25 58 =0
o (@) O g = S H g O
& ] HaumeHoBaHue pa3jesoB 1 E g ; [ a g oNe)
2 = JUAAKTHUEeCKHX eUHHUIL] &) e Y 5 = T &
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= = ®)
Paspen 1. BBegeHue B 06padoTKy Bompoch! K
4 7 |0o/bIIMX JAHHBIX B TEXHMYECKHX | 14 4 4 10 15 15 3azeT
cucremax. y
Pazpgen 2. PacnipegenéHHas M Iiiﬁam;i’b Hoe
4 7 |oOpaboTka ganHbIX: Apache 20 8 8 12 20 15 ABUAY
Spark TpaKTUuUeCcKoe
) 3a/jaHKe
Paspen 3. IlorokoBasi 06padoTKa
4 7 |manmbix: Apache Kafka u Kafka | 18 6 6 12 20 15 3asaHue
Streams.
Bonpocs! K
3ayery,
4 7 Pazgen 4. MamnHHOe 00yueHHe 18 6 6 12 20 10 NupuBrayanbHOe
Ha 00/IbIINX AAHHBIX. MpakTUuecKoe
3ajiaHue,
3afaHue
KonrponbHas
Pa3pen 5. Knaccuueckue pabora,
4 7 |cTaTHCTHUYeCKUe MeTOAAbI B 20 6 6 14 10 25 |HpuBupyanbHOe
aHATUTHKE 00JIBIIHX JAHHBIX. TpaKTUuecKoe
3a/laHue
Bonpocs! K
Pazgen 6. Bueapenne u 3aueTy,
4 7 |3kcmyaranus pemenuii Big 18 4 4 14 15 20 |UnpuBupyanpHOe
Data. TpakThueckoe
3a/laHue
Bcero 3a 7 cemecTp 108 | 34 34 74 | 100 | 100
Bcero mo auciunnHe 108 | 34 34 74 100 | 100
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Onenounble marepuaJsl o guciunaudie METO/IbI OBPABOTKHA BOJIBIIINX NAHHBIX B
CJ/IOXKHBIX TEXHNIYECKHNX CUCTEMAX

IIK-H1 - en1adeem mexHo102UAMU U UHCMPYMEHMAMU UCKYyCCIMEEHHO020 UHMes1/1eKma 0/1 peuleHus 3a0a4
npogeccuoHanbHoll dessmenabHOCMU

Ne 1 TIpouwuTaiiTe TEKCT U 3allMIINTe Pa3BepPHYThI 000CHOBAHHBIM OTBET

OObsicHUTe, TToUeMy ITpy 00yueHHH Mogie/iu KjacCu(UKaLy 0TKa30B Ha HecOalaHCHPOBAaHHBIX JaHHbBIX
Tesiemerpun (95% «HOpMa», 5% «0TKa3») MeTpPHKa accuracy MokeT BBO/IUTh B 3a0/TysK/IeHHe.
IIpennoxute Be ajbTepHATUBHBIE METPUKU Il OLIEHKU KaueCTBa MOJEJIN.

Ne 2 TIpouMTaiiTe TEKCT ¥ YCTAaHOBUTE COOTBETCTBHE
Pacnipesente KOMIIOHEHTHI apxXUTeKTypbl Apache Spark B cooTBeTCTBUM € MX (YHKI[MOHATBHBIM

Ha3HaYeHUeM:
KommnoneHT Ha3nauenue

1. Driver N o
Program A. PacripesieniéHHOe XpaHeHHe [JaHHBIX C peliMKaLen
2. Executor b. KoopayHaius BeINOHEHUS 3a/ia4u U yIIpaB/ieHrue KOHTeKCTOM
3. HDFS B. BrinonHeHue 3ajau 06paboTKU JAHHBIX Ha y3/1axX KaacTepa
4. Cluster I". BeifjenieHue pecypcoB /i/1s TpUIoyKeHUH Spark
Manager

Ne 3 TlIpouuTaiiTe TEKCT M yCTaHOBHUTE COOTBETCTBUE
CooTHecHTe CTaTUCTAYECKME METO/bI C 3aZjauaMy aHa/In3a TeJleMeTpuueckux AaHHbeix CY JIA:

Mertop, 3ajaua aHa/M3a
1. Kpurepuit x2 A. CpaBHeHHe CpeJHUX 3HaUeHH! TlapaMeTpa B /IByX Pe’KUMax
(xu-kBajpar) 5KCIUlyaTalyu
2. t-KpuTepuit B. IIpoBepka runoTe3bl 0 HE3aBUCUMOCTH ABYX KaTeropuaJbHbIX
CrblofieHTa rapamMeTpOB CUCTEMbI
3. Koadpurment

B. OrieHka muHeHON 3aBUCUMOCTH MEXy TeMITepaTypoit 1

KOppensauuu .
BUOpaI[1el JBUraTeIst
ITupcoHna
4. -
.. [ iHTepBasnbHas oLjeHKa NCTUHHOTO 3HaueHUsl apaMeTpa C 3alaHHOU
JosepuresbHbIN N
HaZI&)KHOCTBIO
VHTepBasl

Ne 4 TlIpouuTaiiTe TEKCT ¥ YyCTaHOBUTE TOC/IeA0BaTeTbHOCTh

BoccraHoBuTe NOPSIAOK omnepaliyii A/ CUCTeMbl MOHUTOPUHIA TeMITepaTyphl C rapaHTyeli *exactly-
once¥*,

A. Arperanus noka3anuii 1o 10-cekyHIHBIM OKHaM B Spark Streaming

b. Busyaymzanus quHamuku B Apache Superset uepes nogkmouenye K ClickHouse
B. 3amuch arperupoBanHbIx AaHHbIX B ClickHouse

I". Teneparust JSON-coobirienuit gaTurnkamu B Toruk Kafka «sensors_temp»

. Hactpoiika KoHTpoibHBIX ToueK (checkpoints) B HDFS a1t BoccTaHOB/IEHHS
COCTOSTHHUS

Ne 5 HPOQHTaﬁTe TeKCT, BBI6epI/ITe MpaBUJ/IbHbIE OTBETHI U 3allUIIINTE apTYMEHTHI, O6OCHOBbIBa}OU_]I/Ie BbI60p
OTBETOB

Kakue XxapakTepUCTHUKH JJaHHBIX TeJIEMETPUU YKa3bIBalOT HAa HEOOXOUMOCTb TIPUMEHEHUS
pacrpe/ie/IéHHONM 06pabOTKM BMECTO JIOKA/IbHOTO aHa/In3a?

1. O6BbEM aHHBIX MPEBBIILIAET JOCTYITHYIO OTIePaTHBHYIO MaMsATh OFHOTO y3/1a
2. JTaHHBIe TIOCTYTIAKOT C YacToToi 60see 1000 coobiieHuid B CEKYHAY

3. TpebyeTcst o6paboTka ¢ 3aziep>kkoii He 6oee 100 mc

4. Bce gaHHbIe UMEIOT OJMHAKOBBIN TUII U (popMat
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Ne 6 HquHTaﬁTe TeKCT, BbI6epI/ITe NMpaBUJ/IbHBIE OTBETHI U 3alMTUIINUTE dPTYMEHTHI, O6OCHOBLIBaIOLL[I/Ie BLI60p
OTBETOB

OTMmeTbTe BCe Orepaliyy, KOTOpble MOYKHO BBIONMHUTDL B PySpark /711 BeIsiB/IeHMs1 aHOMa/IUiA B
napametpax Tesnemerpuu CY JIA:

1. Pacuét z-score /151 K&XX0Tr0 3HauUeHus apaMeTpa

2. [IpuMeHeHre MeXKKBapTUIbHOro pasmaxa (IQR) ais ¢hunbTpaiuu BLIOPOCOB
3. Ucnonb3oBanue u3onupytonero jeca (Isolation Forest) us Spark MLIlib

4. Busyanuv3auys JaHHBIX B BUZie KDYTOBOW JuarpamMMbl

Ne 7 TIpouuTaiiTe TEKCT, BbIOEpHTE MPaBU/IbHBIE OTBETHI M 3alMIINTe apryMeHTbI, 000 CHOBBIBAOLI[He BHIOOD
OTBETOB

OtmMmeTbTe BCe NPU3HAKH, YKa3bIBalOIIe Ha He0OX0[UMOCTh ITPUMeHeHHs] OKOHHBIX (yHKIWI (window
functions) B Spark gnsa anammsa Tenemerpun CY JIA:

1. Tpebyetcsi pacuét CKOJIB3SIEro CpeHEro rmapaMeTpa 3a rociaennre N u3MepeHuit

2. Heob6X0iiMO paHKUPOBaTh COOBLITHS 0 BpeMEHH BHYTPU KaXKIOU TPYIITIBI «HIeHTU(DHUKATOD
oJIETa»

3. TpebyeTcs arperupoBath JlaHHbIe TI0 BCEM 3ariCsaM Jaraceta 6e3 yuéta BpeMeHHOTo TopsiiKa

4. Heob0X0AMMO BBIUMCIUTL HAKOTIUTETbHYHO CyMMY ITapaMeTpa C Hadasia MmoJiéTa Jjist KaXK/[0ro
bopra

Ne 8 TIpouwTaiiTe TEKCT M 3aMUILUTe pa3BePHYThI 000CHOBAHHBIN OTBET

Coopmynmmpyiite ycinoBue ¢unsrpanpy B PySpark a5 Boibopa 3arviceii TesieMeTpuy, Tie apamMeTp
«JaBjeHue» HaxoAUTcs B AuanasoHe 200—220 6ap 11 mapameTp «Temiiepatypa» He TipeBbimaet 85°C,
WICKJIIOYas 3alMCH C (P/IarOM «Sensor_error = truey.

Ne 9 IlpouMTaiiTe TEKCT U YCTAaHOBUTE IOC/IE0BATEIBHOCTD

PacrionokuTe 3Tarel pegBapUTenbHONM 00paboTKM BpeMeHHbIX psifioB Tenemerpuu CY JIA mepeq
rofiayeii JAHHBIX B HEAPOHHYIO CETb B KOPPEKTHOM TOPSJIKe:

A. HopManu3anyst Wiy CTaHJapTU3ariysi YMC/I0BBIX TIPU3HAKOB (Scaling)

B. O6pabotka npomyireHHbIX 3HaueHud (Imputation) U yzaneHue qy0/IMKaToB
B. Il'enepariust mpusHakoB (Feature Engineering): ckonb3siijue cpefiHue, Jary

I'. CuHxpoHUM3alKsl BpeMEeHHbIX METOK 1 PeCEMII/IMHT K eJUHOMY 1Llary BpeMeH!

[I. Pa3menenvie BBIOOPKY Ha 00yUaroIyt0, BATUAIIMOHHYIO U TECTOBYIO (C YUETOM BpEMEHN)

Ne 10 ITpounTaiiTe TeKcT, BbIOepUTe MPAaBU/IbHBIN OTBET U 3aMMIIMTe apryMeHThl, 000CHOBBIBAIOLIHE BEIOOD
oTBeTa

Kaxkoii MeTop, ipesio6paboTKy JlanHbIX B PySpark Haubosee acddekTrreH /i 06paboTKU
TIPOITYIIIeHHBIX 3HAYeHHUH B TeJIeMeTPUU ITPU COXPAHEHUH PacIipe/ie/ieHust prU3HaKa?

1. YnaneHue Bcex CTPOK C rpomyckamu (dropna)

2. 3amMeHa MPOTYCKOB Ha Cpe/iHee 3HAUeHWe CTOJ0Ia

3. NImnyTanyus ¢ ucnonb3osanueM Mogend KNN v MeguaHsl 110 rpyIam
4. 3aMeHa NPOIYCKOB Ha HyJ/IeBOe 3HaueHue

Ne 11 IpouuTaiiTe TeKCT, BbIOEpHTE MPaBU/IbHBINA OTBET M 3allMILIUTe apryMeHTbI, 000CHOBBIBAIOLIHE BEIOOD
oTBeTa

IInst obecrieyeHUsT 0TKAa30yCTOHUMBOCTH MOTOKOBOM 00paboTKy aHHbIX B Apache Kafka npu
00paboTKe TeneMeTpUH B peabHOM BpeMeHH HeoOX0[UMO:

1. Vicrionb30Bath oAuH paszen (partition) /st BCex COOOILeHUH

2. Hactpouts perukariuio TonukoB u acks=all gyist mpogtocepos

3. OTK/IIOUNTE COXpaHeHHe COO0DIIeH i TToc/ie 00paboTKH

4. ObpabarriBaTh JaHHbIE TOJILKO Ha OHOM MOTPeOUTebCKOM y371e

Ne 12 TpouunTaiiTe TEKCT, BbIOEpHUTE MPaBU/IbHBINA OTBET M 3allMILIUTe apryMeHTbI, 000CHOBBIBAKOLIHE BEIOOD
oTBeTa
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ITpu o6paboTke TenemMeTpudeckux AaHHbIX CY JTA B PySpark He06X0UMO UCKTHOUNATE U3 aHAIH3a
3aucH, rje TTapaMeTp «CKOPOCTh BpallleHHs1 TYPOMHBI» BBIXOJUT 3a (GU3MUECKH [J0IyCTHMbIe TIpe/iesibl
(0-25000 06/muH). Kako#i MeTtoz ¢pusTpaLur 00ecrieuuT KOPPeKTHY0 06paboTKy C y4éTom
BO3MOYKHBIX TIPONYILIeHHbIX 3HaueHu# (null)?

1. df filter(col("rpm") >= 0) & (col("rpm") <= 25000)

2. df filter(col("rpm").between(0, 25000) & col("rpm").isNotNull())
3. df.na.drop("rpm").filter(col("rpm") < 25000)

4. df . where(col("rpm") != null).filter(col("rpm") <= 25000)

ITK-H2 - cnocobeH npumeHamb Yyughpoebie npou3e00cmeeHHble CUCTeMbl 8 001acmu npogeccuoHaIbHOl
dessmenbHOCMU

Ne 1

Ne 2

Ne 3

Neo 4

Ne 5

ITpounTaiiTe TEKCT U 3alUIIKNTE Pa3BEPHYThI 000CHOBAHHBINM OTBET

O06ocHyliTe BBIOOD MEX/y TUHEWHOU perpeccrueil 1 MHOXKeCTBEHHOH perpeccuei Jisi MO/le TMPOBaHUs
3aBUCUMOCTH TapaMeTpa «TOYHOCTb CTa0UIM3aLUK Kypca» OT ()aKTOPOB: CKOPOCTD TI0/IETa, BBICOTA,
TeMIiepaTypa J[BUratess, ypoBeHb BUOpaLUH.

HquHTaﬁTe TeKCT U YCTAaHOBHUTE I10C/1eJ0BaTe/IbHOCTh

YcTaHOBHTe KOPPEKTHY!O MTOC/Ie0BaTelbHOCTh 3TAlloB aHau3a paclpesie/ieHus napaMmeTpa
teneMeTpur CY JIA ¢ uCIo/b30BaHUEM OIHCaTeTbHOM CTaTUCTHUKU U BU3ya/THU3al[ii.

A. TToctpoenue rucrorpammel 1 box-plot st BU3yanbHOM orjeHKH (GOpMBI pacripeiesieHrsi U BLIOPOCOB
b. PacuéT onvcarenbHbIX CTAaTUCTHK: CPeJHee, MelMaHa, CTaH|apTHOe OTK/IOHeHHe, KBaHTW/IN

B. IIpoBepka ruroTe3sl 0 HOpMa/lIbHOCTH pacripefenenus (Kputepuii [lamvpo- Yunka uim
KonmoropoBa-CMUpHOBa)

I". OuncTKa JaHHbIX: 00pabOTKa MPOIYCKOB U ZIeTEKIIMsI aHOMaJIbHBIX 3HaueHu# Ha ocHoBe IQR vy z-
score

'Z[. I/IHTepHpeTaL[HH pe3yJ/IbTaTOB: Bb160P NnapaMeTpruuyeCKux Ujin HellapaMeTPpHUUeCKHUX METOA0B [JId
,ELaHLHEﬁmeFO dHaJ/I1M3a

ITpounTaiiTe TEKCT U 3aMUIIKTE Pa3BePHYThIM 000CHOBAHHKIN OTBET
CpeziHee 110 BIOOpPKe M3MepeHuUi NpHU3HaKa CoCTaBUIo 23,5.

CpefHekBaJpaTrrhueckoe OTKJI0HeHHe paBHO 0,15.
Heo0xoaMo IPOBEPUTE OJJUH COMHUTE/TBHBIN Pe3y/bTaT U3MePeHUs], paBHbIHN 24,4,

Bribepure Kputepuyii MpOBEpPKY, He TPeOYIOIUH KCITI0/Ib30BaHKE BCIIOMOTaTe/IbHBIX TAa0JIHII,
paccuuTaiite HeOOXOAUMOe 3HaueHHe KDUTEPHS U C/leflaliTe BBIBO/,

HquHTaﬁTe TEKCT U YCTAHOBUTE COOTBETCTBUE

CooTHecuTe TIPOTOKOJIBI 0OMeHa JJAHHBIMU C 00/1aCTIMU MX MPUMEHeHUs B IU(POBBIX
TPOM3BO/ICTBEHHBIX CHCTeMaX aBUALIMOHHOM OTpaciIu:

IIpoTokon O0/1acTh MpUMeHeHHu
1. MQTT A. JIérkuii TIpOTOKOJI /iJ1s1 Tlepefauu TejieMeTpu ¢ loT-AaTunkoB
2 OPC UA B. TIpoMBIIIIIEHHBIN CTaHAPT /IS UHTerpariuyd 000py/0BaHus U
SCADA-cucrem
3. REST API B. Beb-uHTepdelchl s 0CTyNa K aHaTUTHUECKUM CePBHCaM

I'. O6MeH JaHHBIMU C TIPOTPaMMHKPYEeMBIMH JIOTUYe CKUMH

4. Modbus TCP kouTposnepamu (I1JIK)

ITpounTaiiTe TEKCT ¥ YCTAaHOBUTE COOTBETCTBHE

PacnpesiesiiTe KOMIOHEHTHI LIU(DPOBOTO ABOMHUKA CUCTEMBI yIIpaBieHus JIA B COOTBETCTBUM C UX
GOYHKIUSIMU:

KommnoneHnt DyHKIUA

1. Data Ingestion

Layer A. BoimosiHeHvie MoZesiell IPOrHO3MPOBaHUS ¥ ONTUMH3aLN
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Ne 6

Ne 7

Ne 8

Ne 9

KommnioneHnT DyHKIMA

2. Analytics ,
Engine b. TIpuém u Oydepr3ariyist TOTOKOBBIX AaHHBIX OT (PHU3NYeCKHUX CUCTEM

3. Visualization B. Ilpexcrasnenve KPI u anepToB f/151 onepaTtopoB

Dashboard
4. Feedback I". Tlepepaua ynpaBnsitoILUX BO3AelCTBUIA 00paTHO B PU3NYeCKyTO
Loop CUCTEMY

IIquHTaﬁTETEKCTLIyCTaHOBHTE]TOCHEAOB&TEHLHOCTL

PacrionoskuTe 111aru npoBefieHus AucriepcioHHoro aHanu3a (ANOVA) s cpaBHeHUs 3¢ GheKTHBHOCTH
TPEX PeXXMMOB pabOThI CUCTEMEI yIipaB/ieHus JIA.

A. TlpoBepka gonyieHuiit ANOVA: HOpMa/TbHOCTb OCTaTKOB, FTOMOTeHHOCTD AMcIiepcuii (TecT JleBeHa),
HEe3aBUCHUMOCTh Hab/mofieHH

b. ®opmMynupoBKa Hy/neBOU U anbTepHaTUBHON ryrnoTe3: Ho — cpefHue paBHbI BO Bcex rpymnmnax, H1 —
X0Ts1 OBl OZIHO CpefiHee OT/IMYAeTCs

B. INpoBenenue noct-xok TectoB (Throku, BoHbeppoHu) AJis TIOMaPHOTO CPaBHEHUSI TPYTII MTPU
oTk/I0HeHuM Ho

I". Pacuét F-cratvcTuky U p-value, IpyHATHE pelieHust 00 OTK/IOHEHWH UM HETIPUHSITUN HY/IEBOU
TUTNOTe3bl

[. TloaroToBKa AaHHBIX: TPYMITMPOBKA HabsmofeHn# o akTopy «pe>kuM paboTeI», MpoBepKa banaHca
BBIOOPOK

I[TpouuTaiiTe TeKCT, BbIOepUTe TIPABUIbHBIE OTBETHI U 3alTUILINTE apryMeHThl, 000CHOBBIBAOLIME BEIOOD
OTBETOB

Kaxkue TpeOGoBaHUS JO/IKHBI BBITIOHATLCS /TSI KOPPEKTHOW MHTErpaljviy AIaHHBIX OT Pa3HOPOJHBIX
HCTOYHUKOB B €IMHYI0 LIU(POBYIO ITPOM3BOJCTBEHHYH) CUCTEMY?

1. EaunHbiii popmar BpeMeHHBIX MeTOK (Haripumep, UTC)

2. CHHXpOHH3aL[1s UaCOB BCEX MCTOUHMKOB C TOYHOCTHIO 10 MUJUTUCEKYH]

3. Ucnonb3oBaHue 0JMHAKOBBIX HAUMEHOBaHUI TTapaMeTPOB BO BCeX CHCTeMax
4. Hanvuue MeTa/lJaHHBIX, OMUCHIBAOIINX CEMAaHTUKY Y eIMHHULIbI U3MepPeHust

I[TpouuTaiiTe TeKCT, BbIOEpUTE TIPABUIBHBIN OTBET U 3alTUILINTE apryMeHThbl, 000CHOBBIBAIOIIVE BEIOOD
OTBeTa

[Inst obecrieyeHus MPOC/IEXKUBAEMOCTH IaHHBIX B IU(POBOU MPOU3BO/CTBEHHON CHCTEMe MTPU
pacc/ie[OBaHUU HLHAEHTa C CUCTeMOU yripaBieHus JIA KpUTHUeCKU BaXKHBIM SIBJISIETCSL:

1. Vicrionib30BaHMe CyKaTWsl J@HHBIX [I71s1 5KOHOMHU IMCKOBOTO TIPOCTPaHCTBa

2. Benmenvie Hem3MeHs1eMOT0 KypHasa ayauTa (immutable audit log) ¢ ¢ukcareit BpemeHu u
VCTOYHUKA Ka)KJ,0r0 U3MEeHEeHUsI

3. XpaHeHHe [JaHHBIX TOJILKO B OITePaTUBHOM MaMATH /i1l YCKOPeHUs A0CTyIa

4. ABTOMaTHh4eCKoe yJajieHre «yCTapeBIIUX» 3aMuceld cTapiie 24 4acoB

[TpouuTaiiTe TeKCT, BbIOEpUTE TIPABUIBLHBIN OTBET U 3alTULLIKTe apryMeHThbl, 000CHOBBIBAIOIIIVE BEIOOD
oTBeTa

IInst obecrieyeHus 11€I0CTHOCTH JJAHHBIX MTPY MHTErPAl[X UCITBITAaTeIbHOTO CTeH/ I € UM POBOH
TIPOM3BO/ICTBEHHOMN CUCTeMOM Hanbo/iee KPUTHUHBIM SIB/ISIETCS:

1. Vicnonb30BaHue TpaH3aKUi U MEXaHU3MOB TIO/ITBEP>KEHHUS JOCTaBKH COOOIIeHUH
2. XpaHeHHe JJaHHBIX TOMbKO B hopmare JSON

3. OTK/TFOUeHMe JIOTHPOBAHMUSI 15 TIOBBIIIIEHUST IPOH3BOIUTETEHOCTH

4. Tlepenaua faHHBIX 63 MG POBAHUS JJis1 YCKOPeHHs 00paboTKu

Ne 10 IIpouunTaiiTe TeKCT, BbIOEpHTE MPaBU/IbHBIN OTBET M 3allMIIUTe apryMeHTbI, 000CHOBBIBAIOLIHE BEIOOD

OTBeTa

Kakoti mozaxo/ K cTaTUCTUYeCKOMY yripaBiieHH0 KauectBoM (SPC) 1o3BoJisieT 0riepaTUBHO BhISIB/ISTh
pas/ajKy TeXHOJOrMYeCKoro npoLecca u3rorosieHus ysnos CY JIA?
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1.
2.
3.

ITocTpoeHye ruCTOrpaMMBl 110 UTOraM MecsLia
Wcnone3oBanre KOHTPOJIbHBIX KapT Lllyxapra ¢ npaBuiamu BectepH DieKTpuk
Pacuért cpeHero 3HaueHus 3a BeChb Iepyoj, IPOU3BOCTBA

4. BusyasibHbIll OCMOTP TOTOBOM NMPOAYKLIMH

Ne 11 TIpouuTaiiTe TeKCT, BEIOepUTe MPAaBUIbHBIE OTBETHI M 3alUIIINTE apPTyMeHThI, 000 CHOBBIBAIOIL[Me BEIOOD
OTBETOB

OtmMmeTsTe Bce TpeOOBaHMs1, KOTOPBIE JO/DKHBI BBITTOTHATHCS MPY UHTET ALK aHA/TUTHUECKOTO MOAY/Ist
Big Data B KOHTYp yTnpaB/ieHUs] KaueCTBOM aBUalJMOHHOM NPOAYKLIMM:

1.

CooTBeTCTBUE OTPAC/eBbIM CTaHAApTaM Bepudukaiuu u Bamganuu (DO-178C, DO-254 npu
HE00OXOAUMOCTH)

. Hammuume mexanusmoB 00bsicHuMocTu Mogesieit IW fiy1st mpoxokAeHus: cepTU(UKALIMOHHBIX

mpotieyp

. Ilo/THasi aBTOHOMHOCTh MOAYJIA OT BHEIHUX CUCTEM [JIs TIOBBILLIEHWA 6e30racHOCTH
. BoaMoXHOCTB TPAaCCHPOBKH BXOAHBIX IdHHBIX K HCXOAHBIM HCTOUHUKAM (,Z[aT‘—H/IKaM, ’KypHaJ/laM

WCMBITAHUM )

Ne 12 TTIpouuTaiiTe TEKCT, BEIOEPUTE MPABUILHBIE OTBETHI M 3alMIIMTE apPTyMEHThI, 000 CHOBBIBAIOII[HE BLIOOD
OTBETOB

OTMeTbTe BCe YTBepsKeHHs, KOpPEKTHO OMUCHIBAOII[Me PUMeHeHHe CTaTUCTUUeCKUX MeTOZ0B /ISt
aHasr3a tesiemerpun CY JIA.

1.

Iyist BU3yanM3aliiu pacrpeie/ieHust lapaMmeTpa «ZaBaeHne B THAPOCHUCTeME» TIPU 00bEMe
BbIOOpKM >10 000 HabmoAeHut 11e/1eco00pa3HO UCMO0/IB30BaTh TUCTOIPAMMY C aBTOMAaTHUeCKUM
nozg6opom urcsia 6uHOB (rpaBuio Crepmkeca win OpuamaHa-/psIKOHKCA)

. ITpu mpoBepKe rUmoTe3sl 0 paBeHCTBe AUCIIePCHi BYX BBIOOPOK TereMeTprH Kputepuii ®uitiepa

(F-Tect) npuMeHNM TOJIBKO MPY YCIOBUM HOPMA/IBHOCTU pacripe/iesieHnsl HICXOAHBIX JaHHBIX

. KOBCI)C])I/IL[I/IEHT KoppeJsisiin HI/IpCOHa M103BOJISIeT BBISIBUTH HeJIMHEMHEIE 3aBUCUMOCTHU MeXxny

rapaMeTpaMH «TemriepaTypa JBUTaTess» U «pacxof] TOIUIMBa»

. B MHOXecTBeHHOM perpeccuy yBennuenue Adjusted R? ripu nobaBieHny HOBOTO MTPeAUKTOPA

CBH/IETEIbCTBYET 00 y/y4IlIeHUH KauecTBa MOJIENTH C YUETOM IITpada 3a yC/IoKHEHUe

. [ aHamM3a BIMSHUS KaTeropraibHOTO (haKTOpa «THII MOJIETHOTO PeXKMa» Ha HeTlpepPbIBHBIN

rapaMeTp «TOYHOCTb HaBUTALMK» TIPY TPEX U Oosiee YPOBHSIX (haKTOpa ONTHMAaIeH
opHodakropueiii ANOVA
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