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AHHOTaAIUA

[penonaBanue TEXHOJOTHI OOpaOOTKM OONBIIMX [AHHBIX Ha
MaTeMaTUKO-MeXaHU4eCKOM (hbakyibTeTe U (PaKyIbTeTe COIMOJIO-
TUH, KOTOPBIA MPeICTABISAET MPUKIIAIHYIO0 00IACTh C TOUKH 3PEHHUS
CIIeLMAJIMCTOB Pa3pabOTKH NPOrpaMMHOro odecriedeHus1, 6e3ycoB-
HO, OTJIMYAeTCS.

CraThs MOCBsIIeHa 0COOSHHOCTSIM MOIauX MaTepraia 00yJaro-
HIMMCSI CTapIIMX KypcoB OaKanaBpoB U MAarUCTPOB (pakyabTeTa co-
IIUOJIOTHY WJIA JPYTHX HaIlpaBJIeHUi 0Opa30BaTe/bHBIX POrpamm,
1IeJb KOTOPBIX — MPUKJIaJHOE UCTIOIb30BaHUE UHCTPYMEHTOB MPO-
TPAaMMHOTO OOecIieueHH s, TIABHBIM 00pa3oM, U3yUEHHE, HCCIe0-
BaHMe, IPUMEHEHHE CTIICIIAN3UPOBAHHBIX MTAKETOB, (PpeMBOPKOB
1 s3pIKOB R w/mmm Python nuis pemmenus peanbHON 3amadd Mope-
JIMPOBAHMS, TAKUM 00pa3oM, YTOObI KOMIIEHCUPOBATh HEJIOCTATKU
6a30BbIX CUCTEMHbIX 3HAHUIA U TIOHATHIA O CTPYKTYpax AaHHbIX U I1a-
PaJUIENBHBIX MPOIIeccaXx, MPOUCXOIANIHAX NP 00padOTKe OONBIIIX
JAHHBIX ¥ TUI0XO (pOpPMAaTM30BAaHHBIX MOAXOAAX.

BBenenne

Ha npoTsikeHny TOUTH BaAIATH JIET 3HAYUMOCTh TEXHOJOTHIA, OMMPAIOIIIX-
cs1 Ha TpaHcdopMaIuio BombImx TaHHBIX, BCE OOJBIIIE YBEIUMIABAETCS, ITH TEXHO-
JIOTHH PA3BUBAIOTCS M YCIOXKHSIOTCS, BCE O0JIee IMMPOKO TIPOHMKAIOT B CAMbIE Pas-
JIMYHbIe 00J1aCTH NPUMeHeHHsl. B HacTosiee BpeMst MeToIs 00paboTKU UHGOp-
Manuu BosblmMx JaHHBIX, METO/IbI MAIIMHHOTO O0YYeHNs1, HEUPOHHBIX CEeTel MpH-
MEHSIOT TP pa3paboTKe MPOEKTOB HE TOJBKO CTYAEHTHI €CTECTBEHHO-HAYYHBIX
(bakymbTETOB, HO M T'YMaHUTAPHBIX, Pellast 3aJa4d B TIPUKJIAJHBIX 001aCTAX Q-
POBOIT 3KOHOMUKH. OIHAKO CTYIEHTaM T'yMaHUTAPHBIX (DaKyIbTETOB WK Kadeap
IS TIOJTYYeHHUS! TIOJIHOIIEHHBIX TPO(eCCHOHANBHBIX KOMITeTeHIumit B 00mactu IT-
TEXHOJIOTHiA TpeOyIoTCs1 Gosiee TIyOOKHe 3HAHUSA O CTPYKTYpax JaHHbIX, IPUHIIM-
nax B3aUMOJIENUCTBUS U OCOOEHHOCTSX (DYHKIIMOHUPOBAHMUS MOTOKOB MPU pacria-
paJIeIMBaHNY B Pa3IMIHBIX Cpefax (¢ OOIei MaMaAThIO U pacipeIeIEHHBIX ), CIIO-
cobax Tepesaun JaHHBIX, TuiatopMax u uHTepdeiicax, OHOIMOTEKax, HHCTPY-
MEHTaX, BU/IaX OOJAYHBIX XPAHWIIMII M MEXaHU3Max XPaHEHWsI Wi 00pabOTKU
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JAHHBIX B HUX. PaccMOTpeHne 0COOCHHOCTE MPEeToaBaHus C STON TOUKU 3PEHUS
IT-muCUUIUTIH ¥ SIBJISIETCS EJIbI0 JAaHHOU pabOTHL

Pazmnunsa B nmoaxoaax K OﬁyquI/IlO

[TOHSTHO, YTO Ha T'YMaHUTAPHBIX (haKyJIbTETaX MPErogaBaTei-ClIeIIHATUCTHI,
[JIaBHBIM 00pa3oM, 00yJaloT HABBIKAM npUMeHeHUs: KOHKPETHBIX Memodoe Iisl pe-
IIeHH s KOHKPETHBIX 3a/1a4 MPOOJIEMHOI 00J1aCTH, a TAKKE U3YYaIOT (DYHKIIUH SI3bl-
k0B R u Python ¢ Touku 3peHnst NCTIOMB30BaHMUS.

T0 MIaBHOE OTJIMYHE HAMPABIECHHOCTH W3YUYCHHs] METOIOB OOpabOTKH
UHGDOPMAIIUM U CTPYKTYpPbl U (PYHKIIMOHMPOBAHHUS SI3BIKOB MPOrpaMMHPOBa-
HUs Ha €CTECTBEHHO-HAyYHbIX (haKyibTeTax (B YAaCTHOCTH Ha MaTEMAaTHKO-
MEXaHWYeCKOM) U TyMaHWTapHbIX. Ha MaTeMaTHKO-MeXaHHM4YeCKOM (haKyibTeTe
KaK M3y4YeHHe OCHOB IIPOrpaMMHUPOBAHHUS, TaK U METOMUK, TEXHOJIOTHIA, CTPOUTCS
Ha JIeTAJIbHOM PACCMOTPEHNH GA30BBIX CTPYKTYP, MIPOIIECCOB, CBSA3EH Ha BCEM ITPO-
1ecce U3yUeHHs Pa3IMUHbIX AUCIMIUIMH, HA TYMaHUTAPHBIX (DaKy/IbTeTaX BHUMA-
Hue o0pallaeTcsi Ha BOBMOKHOCTHU U HaOOp cpeACTB ((pyHKIIMIA, MAKETOB), IpUMe-
HSIEMbIX 11 KOHKPETHBIX LieJiell B PeIlieHHH 3a1a4 IpeaMeTHOi o6iactu. [Toato-
MY IIPUXOIUTCS 0OpaIaTh BHUMAHME Ha OCHOBBI: Ha BU U IIPEICTABJICHHE JAHHBIX
B [IaMATH, Hd OCOOEHHOCTH MOCTPOEHUS M (PyHKIIMOHUPOBAHUS KOHCTPYKIMIA, HC-
KJTIOYUTEJILHBIE U KPUTUYECKUE COCTOSAHUA, HA apXUTEKTYPY allllapaTHbIX CPEICTB
U BIMsHME MX KOH(Urypaluu Ha YCKOPEHHE BBIUKMCIICHHI WM Hpollecca B3au-
MOJEUCTBHM, Ha HEOOXOAUMOCTb, 3HAYMMOCTb U CYTh CTaHIAPTOB Ha BCEX YPOB-
HSX OT JIEMEHTOB apXUTEKTYPbI 10 IOCTPOSHHU I HHPPACTPYKTYPBI IPOTPAMMHOTO
o0ecreueHusl.

I[Mepebiit 3Tan B ocBoenun Big Data — u3yuenue crioco6oB cOopa, OUUCTKH,
NPOBEPKH HA BAITMIHOCTH OOMBIINX AAHHBIX M NOATOTOBKHM MH(OPMAIIUH K JaJTb-
HEHIIUM MpeoOpa30BaHUsIM — B OCHOBHOM, B N3yYeHUH CJIOXHOCTH He IpeCTaB-
JISIeT, 3/1eCh, CKopee, TpeOyeTcs CCiIeIoBaHue COOTBETCTBYIOIIMX MTAKETOB, PH-
MEHSEMBIX B KOHKPETHOH MpHKJIagHoit oomacti. ClielyIolue Tambl: CliocoObl 1
METOJIBI XpaHEeHHsI 1 00pabOTKH — Ha0O0POT, BKIIOYAIOT B CeOs1 MTOHMMAHWE TIPUH-
IMIOB (PyHKIIMOHUPOBAHUS paACnpedeNeHHbIX CUCTHEM XPAHeHUst OaHHbIX 1 00pa-
GOTKH 3aMpoCOB, a TAKXKE OCHOB MEXaHM3MOB paboThl ¢ 00IaUYHBIMU M1AT(OpMa-
MH, KOTOpBIE IPEAOCTABIISIIOT HEOOXOANMYIO MAaCIITAOMPYEMOCThb U THOKOCTh IS
paboTHI ¢ GONBIIMMH JaHHBIMU. KpoMe TEXHMYECKHX acleKTOB, BaKHO HE TOJIBKO
NPUMEHSATh, HO ¥ IOHUMATh CYTh METOJIOB QHAJIM3a JAHHBIX, BKJIIOYAs CIAMUCmu-
uecKuli aHaAu3, MawuHHoe obyueHue 1 METOIbl BU3YIM3aLUU JAHHBIX, YTOOBI
U3BJICKATD IIEHHYI0 HH(POPMAIHIO U3 OOMBIINX OOBEMOB IaHHbIX.

Kak yske ynoMHHAJIOCh, OCHOBHBIE SI3BIKH, HCIIOJIb3yeMble B padoTe ¢ Big Data,

— 310 Python u R. Ha pasHbix miatdopMax B WHTEPHET-IPOCTPAHCTBE Opra-
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HHM30BaHBl MOIIIHbIE OMOJIMOTEKU (B TOM YHCIIE OOJIBIIOE KOJIMYECTBO aBTOPCKUX
CBOOOJHOTO JOCTYMA) JUIsl aHaIM3a JAQHHBIX M MaIlMHHOro oOydeHus. OObYHO
B y4eOHOM Ipoliecce MPHUKJIaJHON 00J1aCTH MCTIONB3YeTCs JOCTATOYHO OONBLION
HaOOop U3BECTHBIX AKETOB (KpoMe 0a30BbIX, IPeIIaraéMbIX Cpeoil MOAEIMPOBa-
HMSI), @ B HUX PACCMATPUBAIOTCSI KOHKPETHBIE KOMaH/Ibl (HAIPUMEp, BU3YyaIM3alluK
WIM aHAJIN3a) C KOHKPETHBIMH, HanboJjiee 4acTo UCIOJIb3YEMbIMH, MapaMeTPamMH.
B kypcax, kacatomuxcst O0JbIINX AaHHBIX, IPUXOJUTCS TTOCBSIIATH BPEMSI TOMY,
YTOOBI HAYUUTh aHAJM3UPOBATH HE TOJBKO MH(OPMALHIO, PEJOCTABICHHYIO aB-
TOPOM B JIOKYMEHTALIM O METOJIe, HO M MPEABAPUTEIBbHO MCCIIEI0BATh ITPABHJIb-
HOCTb ero padOThl Ha Pa3HbIX THIAX JaHHBIX, €T0 CXOAUMOCTb, 00YCIIOBIEHHOCTh
U Jpyrue XapakTepUCTUKU MPEk]ie, YeM MPUMEHUTh B COOCTBEHHOM MPOEKTE.

Jnst Toro, yToOBI pa3zpadoraTh 3HEKTUBHBIA TPOEKT, UCTIONB3YIOT TAKKE UH-
CTPYMEHTHI, KaK Apache Hadoop wn Spark, NoSQL 6a3bl JaHHBIX, KOTOpbIE Npe/Ii-
CTaBJISIIOT cO00i1 OCHOBY [UIs1 00paGOTKHU, MHTEIPallii U aHaIM3a OOoJbIINX 00be-
MOB JIaHHBIX, 00ecreYrnBasi HeOOXOUMYI0 MacITabUPyeMOCTb U THOKOCTD. Takxke
Ba)XHBIM aCIIeKTOM 0OYUeHUs SIBJISIETCS OBJIa/IeHE HABBIKAMU BU3YaJIM3allMH J1aH-
HBIX C IOMOILbI0 THCTPYMEHTOB, TakuX Kak Tableau u PowerBI, 4To no3BoNseT 3¢-
(bekTHBHO MpeACTaBIATH U MHTEPIPETHPOBAThH CJIOXHBIE HAOOPHI 1aHHbIX. Camo-
cTosATeNIbHAS paboTa HaJ] POEKTOM ITO3BOJISIET CTYAEHTAM PUMEHSTh U3y YeHHbIC
WHCTPYMEHTHI ¥ METO/IB B KOHTEKCTE peasIbHbIX 3a7ad, pa3BUBAET KPUTHUECKOE
MBIIIIEHNE U aHAIUTUYECKHE HaBbIKU. PyHKINA MperoaBaTeis B ONUChIBAEMBIX
YCJIOBUSIX — HAY UM Th OPUEHTUPOBATHCSI B OOMIIMHM IIPEJ0CTaBIIsIeMOil MH(OpMaIuy,
KPUTHUYECKU OTOMpasi Haubosiee MoAXO/sAIINe NHCTPYMEHTHI K MIPUKJIaIHON 00J1a-
CTH, & TaKXe YMEHMIO IIPOBOAWTH CPABHUTEJIBHBIN aHAJIN3 MX NPUMEHUMOCTH K
peasbHOI 3a1aue, MPohecCHOHATBHOMY OTOOpPY NapaMeTpOB.

Heo6xoaumocTh (pyH1aMeHTANBHBIX 3HAHHI

Bocnoanenue npooenoe 6 6a308vb1x 3HAHUSAX

Ho pana camoctosiTenbHOR peanu3aliid MOCTaBJICHHON 3a/lau, ONTHUMAalb-
HOIl pa3pabOTKU CTPYKTYpbl MPOEKTa, IPaAMOTHOIO HAIMCAHWsS CIIEHApHs HYX-
HbI CTPYKTYpPHBIE OCHOBBI 0a30BbIX 3HaHUI. BocnosHNUTh 3T podesbl — 3a/1a4a
IpenojaBaTelieil MaTeMaTUKO-MEXaHUIeCKOro (haKy/abTeTa, BEAYIIUX AUCLIAILIU-
HbI, JIAaBHBIM 00pa30oM, Ha cTapIIMx Kypcax. B acTHocTH, 9TO Kacaercs, Hamnpu-
Mep, TEXHOJIOIUH, BKJIIOYAIOIINX HOHATUS PAcnapanieausanus W e3aumooeli-
cmeusi NOMoOK08 WM ASTaJIbHOrO 0ObsCHEHHE MOHATHI U OCOOEHHOCTEN MOJE/IH-
poBaHus ¥ (PYHKIIMOHUPOBAHMS MPOLIECCOB, O€3 KOTOPBIX BPs[ JII MOXHO IIOJI-
HOIIEHHO OOBSICHUTh OCOOCHHOCTH CTPYKTYPHI M (pyHKIIMOHUpoBanust ETL u ELT
(OCHOBHBIE MEXaHU3MbI 00paOOTKM OOJIBIINX AaHHBIX B IPOIIECCEe U3BJICUCHHUS 3Ha-
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Huit (Data Mining), MalmMHHOTO 00yYeHMsI, BUJOB ITTyOOKOro 00y4eHusl.

HakoHern, cielyeT OTMETUTh, YTO OTPAHUYEHHUS] B EMKOCTH YCTPOWCTB XpaHe-
HUsI MH(GOPMALIUHK cefiuac yxKe He UTPaloT ONpeIesIsSonIeil posii, 3HAUMTEIbHO BaX-
Hee CTaHOBSITCS BPEeMEHHbIE XapaKTePHCTUKAMMU BBIUMCIUTENEH, U 3TO TpedyeT
BHEJIPEHUS] B MPAKTUKY MHOTOMPOLIECCOPHBIX PACIPEe/IeHHbIX chUcTeM. Bo3Hu-
KaeT HeOOXOUMOCTDb U3YyUeHHsI CIIeLMaAIbHBIX METOJOB 00paboTkK MH(pOpMaIHy,
YUHTHIBAIOIINX 3TU OOCTOSITEIbCTBA.

Koppelcmupoerca yueﬁnoeo n.aana: OCHO6Hble HANPAE8AeHU

OTMeTHM HMKE TO HOBOE, YTO NMPHIIOCHh BBECTH B TEKYIIHI poriecc (He Me-
HsA cofiepkatesibHy10 yacTs PITJ] aucumnimH) npy noAroToBKe MaTtepuaa, Kaca-
IOLLErocs M3y4YeHus cpeibl mporpammupoBanus R u Python 1 paGoTsl ¢ Gomprmmu
JaHHBIMU:

1. B InpenojgaBaHnu JUCHUIIINH, CBA3AHHBIX C A3bIKAMU IIPOTI'PaMMUPOBAHUA R
u Python, nomynsipasix B 00paboTKe OOJIBIINX JAaHHBIX U ITPEIOCTABIISEMbIX
Ha OecruiaTHbIX MaTgopmax (HampuMep, B TeMaTUKe «cpena R u goctyn k
JaHHBIM» ), HY’KHO 00paliaTh BHUIMaHHE Ha TO, YTO 9TH SI3bIKH UMEIOT CBOii-
CTBA KaK (PYHKUUOHANBHBIX S3bIKO8, MAK U 00BEKMHO-OPUCHIMUPOBAHHDIX,
¥ [IOKA3aTh, B Y€M 3TO IposBisieTcs. Kpome Toro, yacto npuxoaurcs oobsic-
HATH CBOWCTBA ITHX MapajJurM Ha MpUMepax, Tak Kak, B o0mIei macce, 00y-
YAIOIIUECs STH MOHSITHS [UIOXO MPEICTABISIOT. B 4acTHOCTH, BaXHO OTMe-
THTb, 4TO, BBUJLY CBOICTBa (DYHKIIMOHATBLHOCTH, IEPEMEHHOM, KaK TAKOBOM,
B si3bIKe HeT. ECTh 0OBEKT, KOTOPBIN CTPOUTCSI U3 OJHOMEPHOTO BEKTOpa C
€/IMHCTBEHHOM KOMIIOHEHTOIA, 1 00BEKT He u3MeHsieTcs1. [Ipu KOHCTPyHpo-
BaHMM HOBOTO OOBEKTA U3 CTAPOro 0OBEKTa, y 0OBEKTAa MEHSETCS CChUIKA
Ha HOBOE 3HAYCHHE.

Hanucanue rpaMOTHBIX CTPYKTYPHBIX CLIEHApUEB — HEMaJIOBAaXHBIH ITyHKT
00y4eHHsI TIPOrPaMMUPOBAHMIO (M B NIPHKJIAJHOM oOsact). CTy/IeHTHl He
MIPUIAI0T 3TOMY AOJDKHOTO BHUMAHHMSI, OIHAKO 3TO BaXKHBII MOMEHT, yCKOPSI-
IOIIMIA TPOLieCC HAIMMCAHU S, TOHUMAaHHUS ¥ OTJIaAKU clieHapusi. OCOOeHHOCTh
napagurMel (PyHKIIMOHAJIBHOTO MPOrpaMMHUPOBAHUs, TaK Ha3bIBaEMBIE, J1e-
HUBbIE BbIMUCAEHUS, HESIBHO HCIIONB3YIOTCS B peali3alysax CLeHapheB Ha
s3pikax R m Python, HO TO3BOJISIIOT HamwcaTh rPaMOTHBIE CLIEHAPHH, pea-
JIM3YIONIUE CIIOKHBIE UTePATHBHBIE GECKOHEUHbIe MeTOobl. TaKiM 00pa3om,
3HaHKE OCOOCHHOCTEN CTPYKTYD s3bIKA TO3BOJISIET HAMUCATD 3(PEK TUBHBINA
cLeHapui.

2. Ilpu M3y4YeHUH TEXHOJIOTHX PaGOTHI C OOJBIIMMYI JAHHBIMH TaKXKe OKa3bIBa-
€TCs1 MOJIE3HBIM HATIOMHHTD (MJIM 3aHOBO OOBSICHUTD) CTPYKTYPY TaKUX 00Db-
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€KTOB KaK XpaHuauue, UMpuHd, 03epo, o KakuM MPUHIUIAM CTPOATCS
pa3iMYHble THITH 043 TaHHBIX, KAKOBBI UX CBOCTBA. OOBYHO 00ydaloIue-
Cs IPUXOST C HABBIKAMK pabOTHI C PEJIAIIMOHHBIMI 0a3aMH JIaHHBIX, HO C
JPYTUMH THIAMHU 043 JaHHBIX 3HAKOMBI [UI0XO0. A J1J1s1 MOHUMAaHUSsI OCTPOe-
HU, (PYHKIIMOHUPOBAHMS X PAHIIIHIL], BUTPYH, 03€p BaKHO MIMETh MPEICTaB-
JIeHue:

* 0 MHOTOMEpHBIX 0a3ax JAaHHBIX, THOPUIHBIX CTPYKTYypax,
* 6a3zax gaHHbix NoSQL, ux (pyHKIMOHATBHBIX OCOOCHHOCTSIX,
* CTPYKTYPUPOBAHHBIX M HECTPYKTYPUPOBAHHbIX,

¢ Kakv€ MHCTPYMEHTBI pa60Ta10T C TEMU UJIKM UHBIMU TUIIAMU JaHHBIX.

3. BaxHas TemMa, Ha KOTOPYIO Ha10 0OpaTUTh BHUMAHHUE — 3TO OMKPblMble CU-
cmempl. XOTS B yUeOHBIX IUIAHAX SIBHO MOTYT He IPUCYTCTBOBATH ITYHKTHI,
Kacaioiuecs: 6a30BOi TPEXypPOBHEBOH MOJEJIM OTKPBITBIX CUCTEM, OKa3bIBa-
€TCsI IOJIE3HBIM HAIIOMHHUTD WJI OO'BSICHUT:

* YTO MpeJCTaBIsAeT cOO0i MPOTOKOM 1 MHTEPQEHC, a TAKKE CEMUYPOB-
HeBas MOJEJb Nepejaull JaHHBIX,

* TIOHATHSA MacIITaOMPOBaHMUSA U OATAHCUPOBKM B MHOTOIPOLIECCOPHBIX
U pacrpeieiEHHbIX CUCTEMaX.

KOTOpBIE BeCbMa BaXKHBI JUIsi OHMMAaHUS M OOIIEro NpeACTaBIeHUs CO-
BPEMEHHOI1 TH(PACTPYKTYPbI IPOrPAMMHOI0 o0ecrieyeHusi. DTUX NOHATHUIL
NPaKTHYECKH HE KacaloTCs WIM HEJOCTATOYHO MOJPOOHO M3YYalioT B IPO-
(pUIBHBIX AUCIMIUIMHAX T'YMaHUTApHBIX (haKyIbTETOB.

4. Xots B poWIbHBIX JUCHMIUIMHAX U3YYaloTcs (MM paHee B IpeIblIy X
Kypcax, BO3MOXHO, U3y4aJIUCh OoJiee TIOIPOOHO) II0XO (popMasi3yeMble
TIOIXOJIBI K PEIISHUIO 3a]1a4, @ UMEHHO, HeHPOHHBIE CCTEMBI, TeHETHUECKHE
QJITOPUTMBI M HEUETKHE MOAXO/bI, TEM HE MEHee, BEChMa MOJIE3HO JETAIBHO
npopadomams MemoouKy peuweHus 3a0a4 ¢ NIogpoOHBIM pa3dopoM pHuMe-
POB, B OCOOCHHOCTH, 2eHemu4ecKue anzopummbol, HEOOXOIUMBIE B UCCIIEI0-
BaHUU VIHTepHET-NIPOCTPAHCTBA, U Heuemkue cucmemol, Hy KHbIE AJ15 UcClie-
JOBaHMS CUCTEM C TUIOXO (pOPMaIM3yeMBbIMU BXOTHBIMU V/WJTH BBIXOAHBIMHU
JaHHBIMU.

Takum 00pa3oM, B COBPEMEHHBIX PEalIUsiX B JIEKIHUAX M0 AUCIUILIMHAM, CBs-
3aHHBIM C OOJIBIIMMHU JTAHHBIMH, JUISI TyMaHUTapUeB TpeOyeTcs mogpoOHO 00bsIcC-
HATH CTYACHTaM HEOOXOIUMOCTh OoJiee IETAIBHO (XOTS B IUIAHE U COICPXKATEIb-
HOM 4acTH JUCLMIUIMH MPEAINoaraeTcs NpuKJaJHas COCTaBJsIoOIasl, HalpuMep,
«JIOCTYH K JaHHBIM U3 ceTu IHTepHET»)
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* u3ydaTh TexHosnoruu MapReduce v Data Mining (Mofesb pactipe/IeIEHHBIX
BBIYMCJICHUH, IIpe/icTaBeHHas KommnaHuein Google, ucnonb3yemas Ajs na-
paJuIeNIbHBIX BBIYMCIICHNI Ha/l OUYeHb OOJIBIIMMHI HAOOpaMH JIaHHBIX B KOM-
MBIOTEPHBIX KJIACTEpPax).

* aHaAIM3UPOBATh (PyHKIMOHATBHYIO CTPYKTYpY MaKeTa yTHIMT U OMOIMOTEK
Hadoop (Mcniosib3yeMoro Jisi IOCTPOEHUsI CUCTEM, 00padaThIBAIOINX, Xpa-
HAIMMX ¥ aHAJIM3UPYIOKX OOJIbIIMEe MAcCHBBI HEPEJSALMOHHBIX IaHHBIX,
a UMEHHO, JJaHHble JaTYMKOB, MHTEPHET-TpadrKa, 0ObEKTOB METaAaHHBIX,
(paitnioB xypHanoB, N300pakeHNH 1 COOOIIEHNH B COLICETSIX).

* WCTIONB30BaTh BO3MOXHOCTH (ppeiiMBopKa Big Data Storm (mporpaMMHO#
wIaT(OpMBI, OMpeAesoIell CTPYKTypy NPOrpaMMHON CHUCTEMBI, MHaYe,
nporpamMMHoe obeclieyeHue, objervaioliee pa3padoTKy 1 00beIMHEHUe pas-
HBIX KOMIIOHEHTOB OOJIBIIIOTO MPOrPaMMHOT0 IIPOEKTA M CO3AaHHBII JUTs pa-
60THI ¢ MH(OpPMaLMell B peXKUMe peabHOrO BpEMEHH).

* obnaunyio texHonoruio Datalake (AHCTPYMEHT, KOTOPBIA TO3BOJISIET Xpa-
HWTb JIIOOBIE TaHHBIC: CSV, Xm1, json, parquet, jpg, png, mov, mp3, pdf
U Ipyrue). B Hero MoxHO 3arpyskath TaOJIHUIIBL, Y KOTOPBIX HET YETKOM CTPYK-
TYPBI, TO €CTh IEPHOJUUECKU MEHAETCS KOJTMYECTBO U HA3BAaHUS KOJIOHOK U
cTpok. Bce 2TH 1aHHBIE MOXKHO 3arpykath B 03epo 6e3 00pabOTKH, TO eCTh
MPaKTUIECKA MTHOBEHHO. BKJTIOYAIOIIYIO B CeOsI IPOrpaMMHYI0 TIaThopMy,
HCTOYHUKY U METO/IBI TOTIOJIHEHU S IAHHBIX, KJIACTEPhI y3JI0B XpaHEHU 1 1 00-
paboTkK MHGOPMAIIMH, YIPaBJICHUs], HHCTPyMEHTOB 00yuenust). DatalLake
IpH HEOOXOAMMOCTH MacCIITabUpyeTCs 10 MHOTHX COTEH Y3JI0B Oe3 IpeKpa-
IIeHUsT pabOTHI KJIacTepa.

Iledazozuueckue 8b1800b1 U 3HAUCHUE camooﬁpa30@anu}z

MeTobl, THCTPYMEHTBI, TEXHOJIOTHH, OTMEUYEHHBIX BBILIE MTOJXOJOB U MHTE-
rpanus Big Data ¢ mepeoBBIME TeXHOJOTUAMH TaKUMH, KaK MCKYCCTBEHHBIN WH-
TeJUIEKT U MalllMHHOEe 00yueHHe IO3BOJIAIT Oosee 9(h(PeKTUBHO aHAIM3UPOBATh
Y MCTIONB30BaTh OOJIbIINE 0OBEMBI JaHHBIX, TIOCIeJHNE Pa3pabOTKU U TEHICHIIN
B 9TOIi OBICTPO MEHsTOIIelCs IMPOBOI MHPPACTPYKTYpe NMPOrpaMMHOro odecre-
YEHUS.

Kpome Toro, HempepbiBHOE 00ydYeHHEe U CaMOOOpa30BaHKE, YTEHHUE aKTyaslb-
HOM JIMTEepaTypbl M MOCJEIHUX UCCIICAOBaHUI B 001acTH 00pabOTKM M aHaIM3a
JAHHBIX, UTPAIOT BaKHYIO POJIb B MOJAEPKAHUY aKTyaJIbHOCTU 3HAHUI U OCTaBaTh-
c4 B Kypce MOCJIeHUX TeHICHUUIA U MHHOBALUI B 3TOH AMHAMUYHO pa3BUBAIO-
1ieiicst o6nacTu. Peanuzanys 3Toro NprHOMIA B IPENOJABAHUN — B 00s13aTeIbHON
MOATOTOBKE JAOKJIAJ0B Ha CEMMHAPAX MO COBPEMEHHBIM TEXHOJIOTUSM.
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Takum o6pazoM, MaTepuana AUCHMIUIMH Ui (haKkyabTeTa COLHOJIOTUM U Ty-
MaHHUTapHBIX (aKy/IbTETOB OBbUI CEpbEe3HO NepepaboTaH C yuyeTOM BCEX BbIIIE
yKa3aHHbIX IyHKTOB B OTJIMYME OT COMAEP)KAaHWMsS MaTepHuana AJisi OJHOMMEHHBIX
€CTECTBEHHO-HAyYHBIX (DaKy/IbTETOB.

3akJrouyenne

B pabote paccMoTpeHbl 0OCOOEHHOCTH MPENoJaBaHusl TUCIUIUIUH 00paboTKu
1 mpeoOpa3oBaHKsl OOJNBIINX JAaHHBIX (aKTyasJbHBIX CErogHs Ha (haKylabTeTax Iy-
MaHUTAPHBIX HATIPABJICHUH JIS pa3paOOTKH MPOCKTOB B Pa3IMYHBIX MPUKJIAHBIX
00J1aCTsIX) C TOYKU 3peHUst YIIyOJIEHHOCTH MOHUMAHUSI BHYTPEHHUX MPOIECCOB
U UH(QPACTPYKTYPhI MPOrPpaMMHOIO OOeCIieueHus, HEOOXOAUMBIX JIJIsi MOBbIIIE-
HUsl ipodpeccoHanm3Ma crenpanucta. s rpaMoTHOl npodecCuoHanbHOM Moj-
TOTOBKHM CTYIEHTOB JI000M 00pa30BaTe/IbHOM MPOrpaMMbl HEOOXOAUMO, He 02pa-
HUUUBAMBC S NPUKAAOHBIMU HAOOPAMU UHCINPYMEHMO8 05 PA3PaAdOMKU CMYOeH-
UeCKUx npoekmog, HeoOXOIUMO UMeTh Oojiee TIIyOOKHe 3HAHWS B OOJIACTH Kak
CmMpYyKmypvl nPOZPAMMHO20 0becneuenus,, max u GYHKUUOHANLHOCIU €20 ONl-
OENbHBIX UHCIPYMEHMO8 U KOMNAEKCHOZ0 83AUMOOEiCEUsL.

Pe3ynbTaThl MOTIIM OB OBITH ITOJIE3HBI /1JIS IOCTPOCHHSI COOTBETCTBYIOIIMX KYP-
COB I'yMaHUTAPHbIX HATIPABJICHHUIA 1)1 MATUCTPOB WK OaKaIaBPOB, YTO MO3BOJISIIO
OB

* yUUTHIBaTh OoJiee MPO(ECCUOHATPHO OCOOEHHOCTA COBPEMEHHOTO pa3BU-
THSI B 00J1aCTH OOJIBIINX JaHHBIX (M UX POCTA),

* YYHMTHIBATH HEOOXOAMMOCTb UMETh MMPEICTABICHHE O PACIPE/AC/ICHHBIX BbI-
YHCJIEHUsIX, KHOepyrpo3ax,

* pa3pabaThiBaTh MPOEKTHl C YYeTOM TPeOOBAaHWIA BBHICOKON IOCTYITHOCTH,
aIanITHPYEMOCTH K M3MEHSIONIMMCS IaHHBIM B MX 00BEMY, MacIuTadupye-
MOCTH TPOAYKTOB,

* MMETh IPEACTABJIEHHE O MOAXO0JaX KOHTEHHEPU3ALMU, MUKPOCEPBUCHBIX ap-
XUTEKTYP U O0JIAYHBIX TEXHOJIOTHIA.

Bcé 910 MO0 6B MOMOYBL B BHIOOPE KOHKPETHOT'O MPOrPaMMHOI0 0OecTieueHust
JUIs1 HallpaBJIeHHi pa3paboTKM CTyIeHYECKUX IPOEKTOB.

C BBeJIeHHEM MTOBCEMECTHO B y4eOHbIe IJIaHbl JUCLUIUINH, CBA3aHHBIX C 00pa-
6OTKOM OOJBIINX JAHHBIX, METOJOB MAIIMHHOTO 00YUYEHHSI, ITOPUTMOB HUCCIIE/I0-
BaHUs ECTECTBEHHOTO SA3bIKa C TOMOIIBI0 ICKYCCTBEHHOT'O MHTEJUIEKTa (HE TOJIBKO
KaK [PYMEHEHHe METOJIOB) CTAHOBUTCS ellle Oojiee BaXHO 2PAMONHO U 2Ay00KO
U3y4yaTh TEXHUYECKUE OCOOEHHOCTH PACCMaTPHBAEMBIX IPOLIECCOB.



106  W3Gpannbie Tpys BeceHHeil HayuHO-NpakTHYeCKoil KoHbepertu «Mat-mex. Hayka 2025»

Cnucok Jnreparypbl

[1] Boposckas E.B., JaBbimoa H.A. OCHOBBI HICKYCCTBEHHOT'O MHTEJUIEKTA: yueO-
Hoe rocobue. — M.: BUHOM Jlaboparopus 3uanuii, 2020. — 127 c.

[2] IBM  (2023). ELT vs. ETL: Similarities and Differences.
https://www.ibm.com/think/topics/elt-vs-etl

[3] AWS (2023). ETL and ELT design patterns for lake house
architecture using Amazon Redshift: Part 1. AWS Big Data Blog.
https://aws.amazon.com/blogs/big-data/etl-and-elt-design-patterns-for-
lake-house-architecture-using-amazon-redshift-part- 1

[4] OcBoenue Big Data: cTpateriu U MeTO/ibl O0yUEHHUs /ISl COBPEMEHHBIX TEX-
Hosnoruit // LiuppoO6pa3z. OGpazoBaTeibHbIA OPTAT PO COBPEMEHHOE 00pa-
3oBanme. — 20.12.2023. https://iit-bsuir.by/tehnologii-budushhego/osvoenie-
big-data-strategii-i-metody-obuchenija-dlja-sovremennyh-tehnologii/

[5] Crenanos A.I', [TnotHukos I A., BacuiseBa B.C. [Togxonsl k onpeaeneHUIo
CPeICTB JJisl IOCTPOCHUSI METOJUKHN O0ydYeHUs paboTe ¢ OOJBIIMMU JJAaHHBI-
mu // npopmarrka u obpazoBanue. — 2021. — Ne 4 (323). — C. 54-61.
https://info.infojournal.ru/jour/article/view/681/538

[6] «A MO)HO ObICTpee?»: pa3bupaeM MeTOIbl YCKOPEHHUs1 00y YeHU ST HEHPOHHbIX
ceteii // PVSML.RU. — 05.09.2024. https://www.pvsm.ru/date/2024/09/05

[7] 3aitnupuno X.H., Mamnaes O.Y., 3ynynos PM., Hypmyponos X.H. Me-
TOIBI pACNAPANNeAUSAHUS TIPOLECCOB BBIYMCIIEHUS OOJBIIMX OOBEMOB JaH-
HBIX C WCIIOJH30BAaHMEM TEXHOJIOTHIl MapauleIbHOTO MPOrpaMMUpPOBAHHMS
// ABromatuka u mnporpammuas uHxeHepus. — 2019. — Ne 4 (30).
http://www.jurnal.nips.ru/

[8] Mupommmuenko  W.J.,  3aropeckas H.C.  3amaum  oOydeHus
0COOEHHOCTSIM MapauleIbHOTO MPOrpaMMHUPOBaHUS B cpene
MPI Ha ©Gase KJACTEpPHOr0 KOMIbIOTEpHOro kmacca. —  2019.

https://pureportal.spbu.ru/files/116708592/_2019 .pdf


https://www.ibm.com/think/topics/elt-vs-etl
https://aws.amazon.com/blogs/big-data/etl-and-elt-design-patterns-for-lake-house-architecture-using-amazon-redshift-part-1
https://aws.amazon.com/blogs/big-data/etl-and-elt-design-patterns-for-lake-house-architecture-using-amazon-redshift-part-1
https://iit-bsuir.by/tehnologii-budushhego/osvoenie-big-data-strategii-i-metody-obuchenija-dlja-sovremennyh-tehnologij/
https://iit-bsuir.by/tehnologii-budushhego/osvoenie-big-data-strategii-i-metody-obuchenija-dlja-sovremennyh-tehnologij/
https://info.infojournal.ru/jour/article/view/681/538
https://www.pvsm.ru/date/2024/09/05
http://www.jurnal.nips.ru/
https://pureportal.spbu.ru/files/116708592/_2019_.pdf

