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HUE

HacTynuewasa asnoxa uMppOBU3aALUN KOPEHHbIM 06pasoM MeHSeT Luenw,
METObI N OPraHn3auunio Hay4HOro No3HaHnsa. MoHorpacdus coveTaeT TeoOpeTUHECKNIA
aHannM3 u  3MMNMPUYECKUE WCCnefoBaHud, npegnarad  pekomeHjauun  ans
akafeMn4yecKoro coobLlectTBa M MPaKTUKOB B YCIOBUAX YCKOPEHHON UugpoBoit
TpaHcdhopmauun.

MoHorpadus cocTonT U3 4-x pasgenos n 9-tn rnas.

naBa moHorpacgpum 1.1. nocesilleHa aHanu3y QyHAAMEHTaNbHOro casura
napagurmMbl B METOLONIOMMN HAYYHbIX UCCNEA0BAHUI, NPONCXOOALLErO Nog, BANSHUEM
UMPOBbIX TEXHONOMMIA. TpaguuMoHHasa rmnoTe3o0-UeHTPUYHas Moaesb, OCHOBaHHas
Ha rMNOTETMKO-AEOYKTMBHOM MeTofe, ycTynaeTr mecto data-driven napagurme, B
KOTOPOW MPOLECC OTKPLITUS HAYMHAETCA C aHanmsa B60MblWNX AaHHbIX, a MMNoTe3bl
reHepPUPYIOTCA NHOYKTUBHO HA OCHOBE BbISIB/IEHHbIX anroputMammn natrtepHoB. B
paboTe uWCCnegyTCa 3MNUCTEMOSIONMYECKNE MNOCAEACTBUSA 3TOro nepexoa, B
4aCTHOCTW, W3MEHEHWEe COOTHOLUEHUSA KOPPEeNnauum N KaysanbHOCTW B HAy4YHOM
O6BbACHEHUN. PaccmaTtpusaeTtcs Tpraga TEXHOMOMMYECKNX JpanBepoB
TpaHchopmauun: deHomeH Big Data, meTtogbl UCKYCCTBEHHOro WHTENNEKTA W
MalVHHOIO O00y4YeHusi, a TakXke aHanuTu4eckme nnatopMbl Kak HoOBas
NHppacTpykTypa Haykn. Ocoboe BHMMaHWe yaensieTcs TpaHchopmMaumm ponun
nccnegosaTens U opraHn3auny Hay4yHoro Tpyga B yCnoBusxX AoMUHMpoBaHusS data-
intensive nopgxopa. [naBa OCHOBaHa Ha aHanu3e K/YeBbIX TPYAOB TaKuUX
TeopeTuKkoBs, Kak K. lNMonnep, T. Xen, O. pen, K. AHgepcoH, B. Maiep-LLIéHBeprep,
K. Kykup, k. lMepn n pgp., a Takke paboTax HEKOTOPbIX OTEYECTBEHHbIX
nccnegosaTenielt B 3Tol cgepe.

B rnaBe 1.2. npocnexuBaeTcs AMaNEKTUHECKUA MNyTb WHGOPMALMOHHBIX
TEXHONOMWIA: OT PyHAAMEHTaSIbHbIX TEOPETUYECKUX OCHOB (ByneBa anrebpa, Teopus
anropuTMOB U CNIOXKHOCTW, apxuTekTypa ¢oH HeimaHa, knbepHeTnka wu
NCKYCCTBEHHbII VMHTENJIEKT) Yepe3 CcOo34aHMe KJIl4YEeBOro TEexXHOOrMYeCKoro
WHCTPYMEHTapusi (A3blkM MNPOrpaMMMPOBaHUS, WHXEHEepPUs [OaHHbIX, CeTeBble
TexHonorn, metogdpl Software Engineering) 4O UX MNpPakTU4ECKOro BOMJIOLLEHNS,
KapAvHanbHO TPaHCHOPMUPYIOLLIErO peasibHOCTb.

HeTaneHO paccMaTpmBaloTCa KIHOYeBble KeNcbl TpaHchopmaumm B Takux
obnacTtax, kak Industry 4.0/5.0 (uncpoBble OBONHUKN), UCKYCCTBEHHbIA UHTENNEKT,
YMHble ropopga, TeneMeguuuHa, a Takxke (OpMMPOBaHNE HOBBLIX LMPOBbLIX
naHpwadptoB (MetaBceneHHass, Web 3.0). Ocoboe BHUMaHWE YyAOenseTcs
KPUTUNYECKOMY OCMBbIC/IEHNIO BbI3OBOB LIMGPOBOIN 3MoXu: KubepbesonacHocTy,
aTnkun VN, saHepronoTpebneHns, uugpoBoro HepaBeHCTBa U yrpaBieHns GaHHbIMU.

MoHorpadus «3BOMOLIMA 1 COBEPLLEHCTBOBAHNE METOA0NOrMYECKUX NOAXOA0B
B Hay4HbIX UCCNIEA0BaHNSAX B 3MOXY LIMPOBbLIX TEXHOMOr UI»
BBEOEHVE
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ViccneposaHve B rnaBe 2.1. OTHOCUTCS K KBaAHTUTATUMBHOW JIMHIBUCTUKE.
PaccMOTpeHO NnpuMeHeHe HOBOIro KOIMYECTBEHHOIO MeToAa N3yYeHNs aBTOPCKOro
CTUNA NUTepaTypHbIX TeKCTOB. MeTo4 OCHOBAH Ha KOMMbIOTEPHOM aHanunse
CTAaTUCTUKU  YUCIIUTENbHbIX, BCTPEYalLWMXCA B TeKcTax.  Y4uTbiBatoTCA
KONNYeCTBEHHbLIE N MOPSAKOBbIE YNCNUTENBHbIE, BblPaXXEHHbIE Kak uudpamu, Tak n
cnoecHo. lNpeaBapuTenbHO TEKCT OYULLAETCHA OT YUCIUTESIbHBIX, HE CBA3aHHbIX C
aBTOPCKUM XYAOXXECTBEHHbIM 3aMmbICIOM (narmHaums n T.n.). [lokasaHo, 4TO
YUCAUTENBHbIE, NCMOSIb3YEMblE aBTOPOM B (XyOOXXECTBEHHOM) TEKCTE, AN KaXX[0ro
aBTopa WHAMBMAYyalbHbl; UX COBOKYMHOCTb SABMASETCH XapaKTepHbIM MNPU3HAKOM
(aBTOPCKMM MHBapUaHTOM), pasfMyalolyM TeKCTbl pPasHbIX aBTOPOB. BbINOMHeEH
COMOCTaBUTENbHbIN aHann3 nuTepaTypHbIX TekcToB B.O. NMNenesuHa n B.I. CopokuHa,
B JIMTEpPaTypHOM CTWU/le KOTOPbIX HaxogdaT Hemano obwero. [Onsa npoBepKu
METOAONOrNN  AOMOAHUTENIBHO BKJ/IKOYEHbI B PAaCCMOTPEHUE TEeKCTbl YeTbIPEX
NoACTaBHbIX aBTOPOB. DTN XKe TEKCTbl 06paboTaHbl B pamkax 6onee TpaguunoHHOro
CTUNOMeTpUYecKoro noaxoga «aenstel bappoysa». O6a nogxopa npuBenn K
NPakTU4eCKN OOWHAKOBbLIM pe3ynbTaTtaM WU, B YaCTHOCTW, MPaBWUfIbHO pasgenninn
TEKCTbl B COOTBETCTBMN C aBTOPCTBOM U XXaHPOM.

naBa 2.2. copep>XnT KOMIMEKCHOE MEeXAUCUMNINHAPHOE WCCefoBaHue,
NOCBSALLEHHOE NpobneMe 3alWnTbl JIMYHON UWHOpMauUM nonb3oBaTeNnen B
couunanbHbIX ceTaX. lccnegoBaHue — aHanM3UPYET  COBPEMEHHblE  Yrpo3bl
KOH(pAeHUNansHOCTN ((PULIMHIOBbIE aTaKW, YTEYKU [AaHHbIX, MaccCoBbll CcOOp
NHopmMauun nnatcpopmamn), BbIABNSAET heHomeH «rnapagokca
KOHMUOEHUNANBbHOCTN»,  paccMaTpuBaeT  MHHOBAUWOHHbIE  TEXHOOrM4ecKne
PELEHNa Ona 3aWnTbl JaHHbIX (TEXHOMAOrUN MNOBbLIWEHWUS KOHMUOEHUMANBHOCTHN
PETs, 6nok4eiiH, OeueHTpanu3oBaHHbIE CETW), UccneayeT HOPMAaTUBHO-MPABOBYIO
6asy 1 npegnaraetT METOAONOIMIO AN SMNNPUYECKOro U3YHEeHUS AaHHOM NpobeMbl
B POCCUNCKOM KOHTEKCTE.

B rnaBe 3.1. aBTOpbl paccmaTpuBatoT BOMNPOC 3KOHOMUYECKOW CYLLUHOCTU
OEHEXHbIX CpeacTs B UUGPOBON 3KOHOMUKE WIdMeHeHus, npowusowewne B
9KoHOMUKe Poccum 3a nocnegHue rogpl, CyLLECTBEHHbIM OOpPa3OM MOBAUAAN Ha
ycnoBust hyHKLUNOHMPOBAHNS OpraHM3aLuinii, KOTopble BbIHY>XXAEHbI NOACTPanBaTbCS
K CYLLUECTBYIOLLEN peanibHOCTW, ANS TOro 4ToObl BbDKUTb M MPOAOMKATbL CBOKO
pesTenbHocTb. CTpemMneHne pykoBoACTBa MPeAnpUSTUn COXpaHUTb (UHAHCOBYHO
YCTOMYMBOCTb W NNATEXeCNOCOBHOCTb 3acTaBASAET MX WUCKATb HOBbIE PELLEHMS
BO3HUMKAKOLWMX HA NpaKTMKe NpobneM, CBA3aHHbIX C HEXBATKOWM OBOPOTHBLIX CPEACTB,
B TOM 4uCne N Haumbonee NMKBUOHOW WX COCTaBAIOLWEN - OEHEXHbIX CPencTs.
[leHexHble cpeacTBa sIBNSOTCS OCHOBOW SKOHOMUYECKMX OTHOLUEHWUA U CNOCOOHDI
obnerynte OBMEH KakK BaxKHenwyk a3y BOCMPOU3BOACTBEHHOINO mnpoLecca.
MMeHHO cnocOoBHOCTL NpennpuAaTuS reHepUpoBaTh AeHEeXHble CpeacTBa B obbeme,
[OCTaTOMHOM ANst hrHaHCMPOBaHNA CBOEN AEATENBHOCTU, ABNSIETCS HEOOXOANMbBIM
YyCNoBMEM €ero cyulectBoBaHusl. lMepexon K uMdpoBON 3SKOHOMMKE MoTpeboBan
BHELOPEHMS HOBbLIX METOAOB YNpaBfeHus NpeanpusaTVieM B LEeIOM 1M OEeHEXHbIMM
CpencTBamm B HaCTHOCTU.

MoHorpadus «3BOMOLIMA 1 COBEPLLEHCTBOBAHNE METOA0NOrMYECKUX NOAXOA0B
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B rnase 3.2. pacCMOTpeHbl NHCTUTYUWMOHaJIbHblE OCHOBbI, MEXaHU3Mbl W

Mogenn B3aMMOZEeNCTBUS rocydapCTBa WM 4YaCTHOMO CeKTopa B arpapHon cdepe
MpugHecTpoBckon Monpasckoin Pecnybnukn. NpoBenéH aHanus CywecTBYHOLLEN
CUCTEMbl apeHOHbIX OTHOLUEHWI, BbISBIEHbI €€ MNPOTUBOPEYUS U OrpaHnyeHus,
obocHoBaHa  HeobxoAMMOCTb nepexoga K  HOBOW  apeHOHOW  mopgenu,
OPVEHTUPOBAHHOM Ha CcOanaHCUPOBAHHOE COYETAHWE WHTEPECOB rOCYLApCTBa,
obwectea u 6usHeca. Ocoboe BHMMaHWE YyAeneHo BornpocamMm (UHAHCOBOW
YCTONYMBOCTU CENbCKOXO3ANCTBEHHLIX NPeanpuUaTUA, JMKBUOHOCTUM U CTPYKTYPbI
NCTOYHUKOB  (PMHAHCUPOBaHWS, a TakXe pPOAn rocyaapCTBEHHO-YaCTHOIO
naptHépctBa ([Hl1) B pasBuTUM KHPPACTPYKTYPbl XpaHeHUs Uu  rnyboKon
nepepabotkm cenbxo3npoaykumn. Ha npumepe OO0 «Puct» nokasaHa
npakTmnyeckass apheKTUBHOCTb MOLENN MOSIHOMO MPOM3BOLACTBEHHOIO LMKNA «OT
nons Jo npunaeka». B paboTe npeanoXkeHa KOHUeNUMs «coumanbHOro nacnopTta
opraHusauuMM» Kak WHCTPYMEeHTa afpecHO rocyaapCTBEHHOW MOAdepXKu
nPeanpusaTuin, co3galroWwmx 3Ha4YMMbIA  COUMANbHO-3KOHOMUYECKNIA  3hdeKT.
Pesynestatel uccnegoBaHus MOryT ObiTb WCMONb30BaHbl MNpY  (HOPMUPOBaHMM
arpapHo MOMAUTUKMK, COBEPLUEHCTBOBAHUM CUCTEMbl apEHOHbIX OTHOLUEHUA W
peannsauun 'H-npoekToB B chepe CenbCKoro Xo3amcraa.

[naBa 3.3. nocesweHa TpaHchopMauunm MapKETUHIOBbLIX cTpaTerum B

ycnoBusix uUngppoBusaumnn. AHaNN3UpyeTcs BAUSHWE LNMPOBLIX TEXHOMOMMA Ha
KOHKYPEHTHYIO cpefy W noBefeHue notpebutenein. Ha ocHoBe conocTaBneHus
knaccuyeckux mopgenen (Moptep, AHCOd () 1 COBPEMEHHbIX BbI3OBOB, NPENIOXEHbI
NPUOpPUTETLI aganTauun cTpaTermiyeckoro MapkeTmHra. OTmedaeTcs KnroyeBas posb
aHann3a 6onbLNX AaHHbBIX U UICKYCTBEHHOIO MHTEMNIEKTa ANA rMneprnepcoHann3aumm
N CO30aHNSA YHUKANIbHOrO KIIMEHTCKOro OnbITa.

B rnaBe 4.1. aBTopbl paccMaTpMBaloT BOMPOC BAUSIHUS WUHCTPYMEHTa

6epeXXMBOro NPON3BOACTBA Ha TAXKECTb U HaMPSXXEHHOCTb TPYAOBOro npouecca.
Hun opHO rocygapctBO MuUpa HEBO3MOXHO MpPeAcTaBuTbL 6e3 NPOW3BOACTB U
obcnyxuBatowero ero nepcoHana. [lpousBoactBa SABASKOTCA  KJKOYEBLIMU
ABuratensaMym 3KOHOMWKK, MO3BONSAIOWMMA BbIBECTU [OCYLAapCTBO W3 cTaTtyca
PasBUBAKOLLMXCA CTPaH B pasBuTble. B ycnoBmsix KOHKYpeHUMM Mpou3BoguTenu
BbIHY>XAEHbl UCKaTb HOBblE PELLUEHUS, KOTOPble CMOCOBGHbI CHU3UTb U3OEPXKU Ha
NPOM3BOACTBO TOBAPOB UNN ycnayr. B HacTodlwee BpeMss KOMMaHMsaM Heobxogumo
CTPEMUTBCA K MOCTOSIHHOMY YAYHYLLIEHUIO Ka4decTBa MPOU3BOAUMON MPOAYKLWN,
ONTUMM3ALMN TEXHONOMMHYECKMX MPOLLECCOB, 3P HEKTUBHOMY NCMONb30BAHWIO Chipbs
N SHEPrnn, COBEPLLUEHCTBOBAHNIO OpraHu3auun Tpyaa, K 6epexxHOMY OTHOLLEHUIO K
TpynoBbIM pecypcaMm. Bce BbilleykasaHHble 3afady MOXHO pPewnTb, BHeEOPSs
NHCTPYMeHTbl Bepexnueoro npoussoactesa (bBl) Ha npegnpuatuax Poccun.
MpesnaeHT PO B.B. MNyTnH Ha cbe3ge Poccuinckoro coto3a nMpOMbILLSIEHHUKOB U
npepgnpuHnmaTtenei B 2023 . 3a89B8M1 0 HEOOXOAMMOCTU BHEAPEHUSI UHCTPYMEHTOB
BIM Bo Bcex oTpacnsax aKOHOMUKKU 1 coumansHom cgepbl. KabuHety MuHnctpos PO
Nnopy4eHo co3fgaHne LLEHTPOB KOMMETeHUMI ans BHeapeHnsa Bl Bo Bcex oTpacnsx
9KOHOMUKM. Bce 37O Mepbl HanpaBneHbl Ha MOBbILLEHNE NPOM3BOANTENIbHOCTY TPYAa
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K 2030 r. kak MUHUMYM Ha 40%. lNpun HanucaHun [aHHOW rnaBbl Gblna NocTaBneHa
cnegyrowas uenb: OUEHUTb BAUAHNE NHCTPYMEHTa BEpPEeXXNNMBOro NponusBoAcTBa Ha
TSHKECTb M HANPSPKEHHOCTL TPYAOBOro npouecca.

B rnaBe 4.2. aBTOpOM MpoaHanu3npoBaHbl MCUXO0ro-negarornyeckmne
OCHOBaHMA opraHusauun ynpasneHns obpasoBaTeflbHbIMKM CUCTEMaMN B YCNOBUSAX
umcpposon TpaHchopmauun. PaccmatpuBatotcsa BavsHue uHTepHeta 1 UKT Ha
KOFHUTMBHYIO, 3MOLMOHANBHYKO N couvanbHylo cdepbl IMYHOCTU, a TakXKe PUCKK
(MHbopMaUMOHHaA apanKums, pparMeHTapmu3aunsa MbllLIEHNS, CHYXKEHNE SMMaTUK)
N NO3UTUBHbIE 3(pdeKTbl (NepcoHannaaumns obydeHns, PasBuUTME KPUTUHECKOTO U
anrOpUTMNYECKOro  MbILWSIEHNS, KOMaHOHbIX HaBblkoB). O6ocHoOBaHa pofb
Knbepncuxonorum n MeauarpamMmoTHOCTU B dhopmupoBaHum
UMPOBODHOPUEHTUPOBAHHOM NCUXONOroZleaarormn4eckon KynsTypbl NegaroroB u
oby4arowmxcs. NpeanoXXeH KOMMAEKCHbI NCUXonoroZlefarornyecknini nogxon K
KnbepynpaeneHmio  obpasoBaTtesibHbIMU  CUCTEMaMK,  BKOYAOWNA  pyHKLMN
obecnevyeHns, opraHMsaunm M MOTMBAUUOHHOZLTUMYNUpyowme mepbl. OnmncaHbl
TEXHONOIrNYecKme n METOAMYECKUNE WHCTPYMEHTBI (rmbpugHoe,
NHANBAYaNbHOZDPUEHTMPOBAHHOE obyyeHne, KOPPEKLMOHHOZa3BMBaoLLE
TEXHONOrN) N MEPbI NO3UTUBHON NPOMUNAKTUKN HeraTuBHbIX BaMsHUA VKT.

ABTOPCKWUI KOJIJIEKTUB:
Pasgen |. MeTtogonorndyeckune oCHOBbI U rnapagurmMmasbHble caBurn

lnaea 1.1. CpBur napagurMbl Hay4YHbIX WCCNegoBaHWA: OT MNOTEe30-
LeHTpu4HOM Mogenn K data-driven nccnegosanuam Ha nnatgopmax Big Data n A
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PA3AOEJ |. METOOOJIOI NHECKUE OCHOBbI

N NAPAOUI MAJIbHBIE COBUT'N

1.1. CgBur napagurMbl Hay4YHbIX UCCAE[OBAHWIA: OT rMNoTe30-
LeHTpu4YHou mogenu K data-driven nccnegoBaHusiM Ha
nnar¢gopmax Big Data n N

Maciok H.H., bywyeBa M.A., KynukoBa O.M.,
KupbsiHoB A.E., 'epacumoBa A.A.

BBepneHue

Knaccun4yeckas Hay4yHass meTogosorus, cchopmmpoBasLllascs B Tpygax .
bakoHa, P. [lekapTa n, B ocobeHHocTn, K. [Nonnepa ¢ ero KkoHuenuuen ganbcu-
hukaumoHnsma’', TpaguUMOHHO 6a3npyeTcst Ha MMNoTe30-LeHTPUYHON Mogenu. B
€e OCHOBE JIeXXUT MMMNOTETUKO-AEAYKTUBHbBIA METOA, Ha MPOTSXKEHUU CTONETUN
ABMABLUNACA HECYLUMM KapKacoM Hay4YHOro nosHaHus. OgHako, BCTyrnieHne ye-
JloBe4eCcTBa B 9NOXy UNGPOBbLIX TEXHOMOMMI, XapaKTePUI3YHOLLYHCA 3KCNOHEHLM-
anbHbIM POCTOM OObeMa, CKOPOCTU M pasHOoobpasus reHepupyemMblX OaHHbIX
(dbeHomeH Big Data), a Takke nosiBneHMeM MOLLHbBIX MHCTPYMEHTOB UCKYCCTBEH-
Horo uHTennekta (M) n mawmHHoro obyyenuns (ML), nHnummnposano rayOunHHbLIN
nepecMoTp 3TUX KiacCuyeCcKux ocHoBaHui. Tony Hey n ero konneru Beenu no-
HATME «HeTBepTON napagurMbl» HayKn, OCHOBaHHOW Ha AaHHbIX (data-intensive
science), KoTopasi NPUXOAUT Ha CMEHY 3KCMepUMEHTasIbHON, TEOPETUYECKON ©
BblYMC/IUTENBHON NapagurMam?. CoBpeMeHHasi HayKa MepexxunBaeT TeKTOHUYe-
CKUI COBUI — NEPEXOA OT NPOBEPKUN anpuOpPHbIX MMNOTE3 K NPOLECCY NHAYKTUB-
HOro OTKPbITUS 3HaHWUW, CKPbITbIX B caMnX AaHHbIX. HoBas data-driven napa-
anrMa, onuparLasca Ha aHanuTudeckne nnatgopmbl, TPaHCHOPMUPYET He
TOJIBKO NHCTPYMEHTaPUN, HO 1 CaMy OHTOJIOMMIO U 3NNCTEMOJIONMIO HaYYHOr o UC-
cneposaHus®.

1. Kpnsuc knaccuyeckon mogenu u reHesuc data-driven napagurmel

TpagnunmoHHasa ruMnoTe30-UeHTPUYHas Mofenb OEeMOHCTPUPYET CBOKO
OrpPaHNYeHHOCTb B YCNOBUAX, KOraa 06 beKTOM NCCefoBaHNS CTAHOBATCS CIIOX-
Hble, MHOFOMEpPHble W HeSIMHEeNHble cuctembl. Kpuc AHOEPCOH B CBOEWn

' Popper, K. (2002). The logic of scientific discovery. Routledge. (Original work published 1959).

2Hey, T, Tansley, S., & Tolle, K. (Eds.). (2009). The fourth paradigm: Data-intensive scientific discovery.
Microsoft Research.

3 Wong, D. T. W. Data-Driven Innovation: A Literature Review, Conceptual Framework, and Research
Agenda / D. T. W. Wong, E. W. T. Ngai // IEEE Transactions on Engineering Management. — 2024. — Vol. 71.
- P. 5815-5828. — DOI 10.1109/tem.2024.3371094. - EDN EYAMGF.
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npoBoKaunoHHon ctatbe «KoHey Teopun: Data Deluge nenaet Hay4yHbIn METO[,
ycTapeBWnM» yTBEPXKAas, YTO OrPOMHble 06bEMbI AaHHbBIX U KOPPENALMOHHbIN
aHanns OenarT HEeHY>XHbIMU TPaaULUMOHHbIE MOZenn, Teopumn 1 runoTesbl*. Oc-
HOBHbIE BbI30BbI KJ1ACCUYECKON MOOENN BKJIHOHAIOT: KOrHUTUBHYIO MPeaB3aTOCTb
nccneposatens, NpobaemMy CNOXXHbIX CUCTeM 1 MacwTab aaHHbIX (Tabn.1). OTBe-

TOM Ha 3TN BbI30BbI CTan rnepexop K data-driven napagurme, KOTopbIi MEHSET
nocnefoBaTenbHOCTb NCCe0BaTeNIbCKOro rnpolecca.

Tabnuua 1
OCHOBHbIE BbI30Bbl TPAANLMOHHON MMMNOTE30-LEHTPUYHON MOoaenn

BbizoB [MosicHeHne

KorHutuBHass  npep- | [nnotesa, dopmynupyemass 4enoBEKOM, HEU3BEeXXHO OorpaHmyeHa

B3ATOCTb pamMkKamy CyLLECTBYIOLLEro 3HaHUS, YTO CY>XaeT Mnosie BO3MOXXHbIX OT-
KpbITNIA

Mpobnema cnoxHbix | B obnacTsax, rge OTCyTCTBYET PasBUThI TeOpeTUHecKnin 6asunc, Bbl-

cuctem OBVDKEHME OCMbICSIEHHBIX MMMOTES 3a4acTyio He NPeACcTaBNsSEeTCA BO3-
MO>XHbIM

MacwTab gaHHbIX O6beMbl faHHbIX, FeHEePUPYEMbIX COBPEMEHHBLIMW Hay4HbIMU yCTa-

HOBKaMu, HACTOMbKO BESIKN, YTO X PYYHOWN aHann3 CTaHOBUTCS He-
a(ppeKTUBHBbIM, 4TO TpebyeT HOBbIX NMOOXOAOB, Kak MNpefackasbisa
oxum peli B cBOEM BUAEHNM «HeTBEPTON NapaamrmMbl»S [4]

McTo4HUK: cocTtaBneHo aBTopamMm

NccnepoBaHne Ha4YMHaeTcs He € rMnoTesbl, a co cbopa 1 KOMMIEKCHOrO
aHann3a 60blUMX MacCUBOB [AaHHbIX, B NMPOLECCEe KOTOPOro afropuTMbl BbisiB-
NSAOT CKPbITble NaTTepHbI®. Takum 06pa3om, rmnoTesa CTaHOBUTCS HE CXOOHOM

TOYKON, a pe3ynbTaToOM HavanbHON (hasbl NCCnegoBaHust.

2. dnuctemosiornyeckmne ocHosaHusi data-driven Haykun: koppensaumsa

Yyepes Kay3aJlbHOCTb

dyHOaMeHTasIbHbIM 3NMCTEMOJIONMYECKUM CNEACTBMEM HOBOW NapagurMbl
ABNAETCS NePEeOoCMbICIIEHNE POJIM KOPPENALUN 1 Kay3anbHOCTU. B knaccnyeckoi
HayKe OTKPbITE KOPPENSLMN MeXAay nepeMeHHbIMY Oblf1I0 UL NepPBbIM LIaroM
Ha NyTN K yCTaHOBNEHUIO NPUYNHHO-CNEACTBEHHON CBA3M.

4 Anderson, C. (2008). The end of theory: The data deluge makes the scientific method obsolete. Wired

Magazine, 16(7). https://www.wired.com/2008/06/pb-theory/

5 Gray, J. (2007). The fourth paradigm: Data-intensive scientific discovery [Transcript of talk]. In A. J.

G. Hey, S. Tansley, & K. M. Tolle (Eds.), (2009). The fourth paradigm: Data-intensive scientific discovery.
Microsoft Research.

6 University 4.0 concept: educational and scientific policies, innovative development of vocational ed-

ucation and training / I. P. Chernaya, N. N. Masyuk, V. S. Prosalova [et al.] // Frontiers in Education. — 2023.
- Vol. 8. - DOI 10.3389/feduc.2023.1125361. - EDN YQZHWG.
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B data-driven napagurme, Kak ytBep>kaan AHOEPCOH’, «4ucna roBopaT
camu 3a cebsi». Buktop Mamep-LLIEHGeprep n KeHHeT Kyknp B cBoei kHure «Big
Data: A Revolution That Will Transform How We Live, Work, and Think» nogyep-
KnBaan, YTO LEHHOCTb OOSIbLUMX AaHHbIX 32a4acCTYyHO 3aKJ1l04aeTCs HE B TOYHOCTN,

a B MacCcoBOCTU, N HTO HA CMeHY Kay3aJ/lIbHOCTUN MOXXET NPUXoanTb NpocTad Kop-

pensauus®. BbICOKONPOrHO3HblE MOAENN, MOCTPOEHHbIE UCKTIOHNTENBHO Ha KOp-

penaunax, 3a4acTyro OKa3blBalOTCA OOCTATOYHbIMU ON1A NPaKTUYEeCKOro npunMe-
HEHUA.

STO NOPOXAAET CEPbE3HYI0 3MUCTEMOSIONMYECKYIO NPOBEMY: MOXXHO N
cuYnTaTb 3HAHNEM pe3ynbTaT PaboTbl «4EPHOro AWmKa» HEMPOHHOM ceTn? OTBe-

TOM CTaHOBUTCS pPas3BUTME HOBbIX 06flacTer, Taknx Kak «ob6bAcHUMbIN WW»

(Explainable Al, XAl)°. Tem He MeHee, cama NpPUPoAa Hay4YHOro 3HaHKsA TpaHcdop-
MUpYeTCA, BCe BoMblUe CMELLAsACb OT Noucka (pyHAaMeHTanbHbIX MPUYNH K Mo-

CTPOEHMIO BbICOKOTOYHbIX NPOrHO3HbIX Mofenen. Pabota [xyabl Nepna v JaHbl

MakkeH3n «The Book of Why: The New Science of Cause and Effect» aBnsetcs
NMOMbITKON BEPHYTb Kay3asibHble paccy>kaeHnsi B obnacTtb data science, npegna-
ras MaTemaT4ecKuii annapar ofis aHanmaa npuynHHocTn'C.

3. Tpuapa TexHonorndyeckux gpamsepos Big Data, U/ML n aHanuTu-

yeckue nnatgopmbl

Cosur napagnrMbl 6bi1 6bl HEBOSMOXEH 6€e3 Tpex B3aNMOCBA3aHHbIX TEX-
HOJIOrM4YEeCKNX ApaniBepoB.

3.1 Big Data kak HoBasi OHTOJIOrMs1 HaAy4HOro obbeKTa.

MoHaTe Big Data, BceCTOpOHHe NnpoaHanuaupoBaHHoe [dyrom JaiHn'',
xapakTtepusyetca obbemom (Volume), ckopocTbto (Velocity) n pasHoobpasunem
(Variety). 911 «3V» (hOPMMPYIOT HOBYKO OHTOJIOMMIO — HAY4YHbI OOBEKT KOHCTUTY-

NpyeTcd Kak LLeNTIOCTHBbIN, MHOFOMeprII7I NMOTOK AOaHHbIX.

3.2 WUCKycCTBEHHbIV UHTENINIEKT U MalUMHHOEe OOy4YeHUe Kak KOrHu-

TUBHOE 514P0

AnroputMel ML, nogpobHO onucaHHble B (hyHAAMeHTanbsHOM Tpyae Tpe-
Bopa Xactn, Pobepta TubwwupaHun n [xepoma dPpugmaHa «The Elements of

7 Anderson, C. (2008). The end of theory: The data deluge makes the scientific method obsolete. Wired

Magazine, 16(7). (nata obpatieHus — 01.11.2025)

8 Mayer-Schl nberger, V., & Cukier, K. (2013). Big data: A revolution that will transform how we live,

work, and think. Houghton Mifflin Harcourt.

9 Adadi, A., & Berrada, M. (2018). Peeking inside the black-box: A survey on explainable artificial

intelligence (XAl). IEEE Access, 6, 52138-52160.

10 Pearl, J., & Mackenzie, D. (2018). The book of why: The new science of cause and effect. Basic

Books.

1 Laney, D. (2001). 3D data management: Controlling data volume, velocity, and variety. META Group

Research Note, 6(70), 1.
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Statistical Learning»'? [5], BbICTYNatoT B POSIN «yCUNUTENS» UHTENeKTa uccneno-
Batensa. Metoabl 06yyeHns 6e3 yuntensa Nno3BonsT 0OHapy>XnBaTb paHee Hens-
BECTHble KfiacCbl 06beKToB. MeToabl 00y4YeHNSA C y4nTenem co3garoT NPOrHO3HbIe
mogenu. nyb6okoe obydeHne (Deep Learning), peBontoLMOHN3NPOBaHHOE pabo-
Tamn SAHa JlekyHa, [kowya Benpxno n Dxeddpun XuHtoHa'3, peMoHcTpupyeT

BblJaloLMecs pe3ysibTaTbl B aHaIn3e HECTPYKTYPUPOBaHHbIX AaHHbIX.

3.3  AHanutnyeckue nnat@opMbl KaKk MH(PaCTPyKTypHasi OCHoOBa
CoBpeMeHHble obnayHble NAaTopmMbl UHTErPUPYIOT B cebe BblHUCN-

TeJSlbHble PeCYpPCbl, UHCTPYMEHTbI AN paboTbl C AaHHLIMU N NPefobyyYeHHbIe MO-
nenu. Hesnp Po n ero coaBTopbl OTMeYanu, Kak Takume nnatdopmbl Criocob-
CTBYIOT pPasBUTUID BOCNPOU3BOANMBIX U KOJUIEKTUBHBIX WCCNEeQoBaTebCKUX

NpaKTuK, hopmMmpys To, YTO OHU HasblBaloT «computational social science»' [8].
OT0 cnocobCcTBYeT CTaHAapTM3aunn, BOCMPON3BOAUMOCTM U Kosnnabopauun B
Hay4HOW cpege.

4. HoBas opraHusauusa uccinenoBaTtesibCKoro npoulecca un poJib y4dye-

HOro

Data-driven napagurma TpaHcopMUpPYyeT He TOSIbKO METOLOI0MI0, HO U
opraHusauuio HayyHoro Tpyda. Ha cmeHy mHOouBumayanbHOMY MccnepnoBaTesnto
NPUXOAAT MEXANCUMNIMHAPHbIE KOMNEKTUBbLI, WAW, Kak WX HasbiBaeT [eHpwu
Yecbpo, «coobLLecTBa MHHOBALMi» C OTKPLITEIMU Moaenamu collaboration®,

ViccnepoBatenbCckuii npouecc npuobpeTaeT NTepaTUBHbLIA N LNKANYHbIN

xapakTep, Npubnmkaschb K Mogenn «KoHBerepa gaHHblx» (data pipeline), onncan-

Holn B paboTax no data science'®.
Posflb y4eHOro-npeaMeTHIIKa SBOSIIOLMOHNPYET: U3 «TBOpLA MMnoTe3» OH

npespaLlaeTca B «MHTepnpeTaTtopa» U «KypaTtopa». Ero knwo4esble 3agayn —
dhopMynMpoBKa UcCcregoBaTenlbCKONM 3adadn B TepMuHax, MOHATHbIX ana WA,
KOPPEKTHasa MHTepnpeTaums pesynbTaTtoB, reHepupyeMblX anroputMom, n obec-
nevyeHne CoAep XaTesibHOro KOHTEKCTa ANS BbISIBIEHHbLIX MAaTTEPHOB. Kputnye-
CKOe MbiLfieHne 1 raybuHa NnpeaMeTHbIX 3HaHUN He TePSAIOT CBOEN 3HAYMMOCTH,
a, HaNPOTNB, CTAHOBATCS BaXXKHeNWNMM punbTpaMmn ons oTcenBaHust cTaTucTu-
YeCkux apTedaKToB.

2 Hastie, T., Tibshirani, R., & Friedman, J. (2009). The elements of statistical learning: Data mining,

inference, and prediction (2nd ed.). Springer.

13 eCun, Y., Bengio, Y., & Hinton, G. (2015). Deep learning. Nature, 521(7553), 436-444.
14 Lazer, D., Pentland, A., Adamic, L., Aral, S., Barabt si, A. L., Brewer, D., ... & Van Alstyne, M. (2009).

Computational social science. Science, 323(5915), 721-7283.

15 Chesbrough, H. W. (2003). Open innovation: The new imperative for creating and profiting from

technology. Harvard Business School Press.

6 Provost, F, & Fawcett, T. (2013). Data science for business: What you need to know about data

mining and data-analytic thinking. O'Reilly Media.
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5. Npenmywectsa Data-Driven nccnegosaHnmn

Mepexopn K data-driven nccnegoBaHusiM npepgnaraeT MHOXECTBO 3Hayu-
TeSIbHbIX NPENMYLLECTB MO CPaBHEHMIO C TPASULMOHHBIMK nogxogamu, yHaa-
MEHTasIbHO pacwmpsas Maclitabbl, CKOPOCTb W ryOUHY Hay4yHOro noucka

(Tabn.2).

1. lNoBbieHNE 0O6BLEKTUBHOCTY U CHUXKEHUE YEJI0BEYECKOU NPeaB3siTOCTY.

TpaguuMoHHOE ccneqoBaHNe YacTo HaYMHAETCS C UHTYNUMKN nccnegosa-
TeNs, Ha KOTOPYH HEN3BEXXHO BNUSKOT KOrHUTUBHbIE UCKaxkeHnsA. Data-driven nc-
cnefoBaHne Ha4YMHaeTcsa C cCaMnX OaHHbIX, NO3BOAA 3aKOHOMEPHOCTSM MPosiB-
NnAaTbcs 6e3 orpaHnyYeHnin, HaknagbiBaeMblX NPeABLUECTBYOLWMIN NPeanonoxe-
HUAMW. ITO NpuBOANT K 6onee 06BbEKTUBHBIM N BECNPUCTPACTHLIM OTKPLITUSIM.
ANropuTMbl MOTYT BbISBNSATE KOPPENAUUn U TpeHObl, KOTopble uccnenoBartesb
MOl YNYCTUTb, NMOTOMY YTO OHWN HE BNUCLIBANMUCh B NpeobnagatoLLyo TeOpUIo.

Tabnuua 2
Mpeumyectsa Data-Driven nccnegosaHum
| Ne || MpenmyLlecTso || KntoyeBast Bbiroga || MNpumep |
1 CHmxaeT npenBsas- NN HaxoanT Heo4eBUOHYIO CBA3b
[MoBbllWEeHNE OOBEKTUBHO- ([TOCTb; OBHAPYXXUBAET  ||MeXAY MUKPOMIOPO KNLLEYHNKA
cTn HeoXnpaHHble naT- 1 HeBponorn4yecknum sabonesa-
TEePHbI HVem
2 [Mo3BonseT usyyatb AHann3 faHHbIX CO BCeX (h1HaHCO-
MacwTtabupyemocTb uesble CloXHble Cu- BbIX PbIHKOB /11 MOAENMPOBaHWSA
CTEMbI, @ HE UX MOJENN ||[CUCTEMHOrO p1UcKa
3 eHepupyeT HoBble ru- ||/Icnonb3oBaHne KnacTepmsaumm
O6Hapy>keHne NaTTepHOB ||NOTE3bl U BbIABNSET 115 BbISIBAIEHNS HOBbIX NOATUMOB
CKpbITble MHCaNTbI paka 13 reHeTN4eCKNX OaHHbIX
4 TouyHo npegckasbiBaeT ||[TporHo3npoBaHne MECTHbIX MO-
6yaywme cobbITUS UK ||[FOLHBIX YCAOBUA C BbICOKON TOY-
MporHosHas cuna
knaccuduympyet HOCTbIO HA OCHOBE [laHHbIX CEH-
CNOXHble Cny4vau COPHbIX ceTen
5 ABTOMaTU3NPYET PYy- o
ABTOMAaTV3NPOBAHHbINA CKPUHUHI
MoBbiweHne 3 PEKTUBHO- [TUHHBIE 3afa4K, YCKO- o
cTn DS LMK MCCReaoBa- TbICAY Hay4HbIX cTaTen gnsa cucte-
MaTu4eckoro obsopa
HYA
6 OTKpbIBaeT 3HaHUA U3 (|AHaNM3 UCTOPUHECKUX KNMaTnye-
AHann3 HeCTPyKTypupo- o
TEKCTOB, U3006PaXKEHWN ||CKNX NATTEPHOB N3 CYAOBbIX XYyp-
BaHHbIX AaHHbIX
n aygno HanoB (TEKCT)
7 YKpennseT Hay4Hyto
P yHry My6nunkauuna Jupyter notebook n
YnydleHHast BOCMPOW3BO- ||[CTPOroCcTb Yepes Npo-
_ Habopa faHHbIX 451 TOYHOro BOC-
OVMOCTb 3payHbIii 1 NOBTOpPSIE-
o Npou3BefeHNs NccnepoBaHns
MbIli aHann3
8 NcTopuk ncnonssyet yaobHyto
LemokpaTtnsaums nccne- (|CHmxaeT 6apbepsbl Ans P yer yRobHy
9 nnaropmy Ans aHannaa narrep-
0OBaHW He-3KCnepToB
HOB B apXUBHbIX OaHHbIX

McToYHUK: cocTaBneHo aBTopamMm
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2. becripeuegeHTHass MacwTabupyeMocTb U BO3MOXXHOCTb aHaiisa
c1oXHbIX cuctem. Data-driven meTofpl, 0COGEHHO C NCMOfIb30BaHNEM pacrnpege-

JIEHHbIX BbIYNCNEHUI, NPpeaHasHaveHbl ans paboTbl ¢ 60bLMMK 0ObeMamu, Bbl-

COKOW CKOPOCTbIO 1 pa3HoobpasnemM AaHHbIX — KITIOHYEBbIMU XapaKTepuUCcTUKamm
Big Data. 9710 nosBonseT uccnenosatb Ypes3Bbl4aHO CIOXKHbIE CUCTEMbI B UX
LEeNIOCTHOCTU, Takme Kak rnobasnbHble KIMMaTuyeckne Mogenm unm coumanbHble
CeTn, BMECTO TOro 4Tobbl N3y4aTb UX YMPOLLEHHbIE MOAESN.

3. ObHapyxeHne Heo4YeBuAHbIX NATTEPHOB U CKPbITLIX KOpPensumn. An-
rOpUTMbl MaLNHHOIO 06yYeHnsi, 0COBEHHO MeToabl 00y4eHus 6e3 yunTens, npe-

YyCNEeBaKOT B BbIABIEHNN CJIOXKHbIX, MHOFOMEPHbIX NAaTTEPHOB, HEBUANMbIX 018 Ye-
JIOBEYEeCKOoro rnasa. dta cnocobHOCTb CNOCOBCTBYET reHepauum rmnoTes n Mo-

XKET MPUBECTU K NPOPbIBHLIM OTKPbLITUAM. Hanpumep, B hapmakonorum ML mo-

XKET BbIABUTb MEpPCneKTUBHYO KOMOUHaLUno MOJiIeEKynl OnA HOBOro sekapcrtea
cpegn MUJIJIMOHOB BO3MOXKHbIX.

4. Bbicokasi nporHosHas cuna u To4HocTb. Oby4vast MPOrHO3HbIE MOoAENN
Ha 60MbLUNX NCTOPUYECKUX AaHHbIX, MOXXHO C remarkable TO4HOCTbIO Npencka-
3blBaTh OGyayLume cobblTna nnu KnaccupuumpoBaTb HOBblE Cilydan. ITO Heoue-
HUMO B Takux obnacTtsx, Kak MeguumHa (MporHo3npoBaHne BCrbilwek 3abonesa-
HWIN), (pUHAHCBI (OLleHKa KPeaMTHOro pucKa) 1 MapKeTUHr (MPOorHo3npoBaHmne no-
BefeHNsa noTpebuTtenen).

5. loBbiweHne 3pHeKTUBHOCTY N aBToMaTn3ayus NccrenoBaTesibCKuX
rnpoueccos. TpyooeMKune 3afaydn, Takme Kak npegobpaboTka AaHHbIX 1 NepBuY-
HbIA CKPUHWHI, MOryT ObITb aBTOMaTU3NPOBaHbl C MOMOLLbIO CKpnToB 1 Al-nan-
nnanHoB. OTO ocBOOOXAAET UccnepoBaTenien Ansa peweHnsa 6onee CroXKHbIX 3a-

bad, TaKnX Kak nHTepnpetTaunsa pe3ysibTatoB N TeopeTnvHeckoe MogennpoBaHue,

3HAYNTESIBHO YCKOPSS XXU3HEHHbIN LUK NCcnegoBaHus.

6. BO3MOXHOCTb paboTbl C HECTPYKTYpUPOBaHHbIMU AdaHHbIMK. Data-
driven nogxopgpl, ncnonbayrowme NLP n KoMnbioTEpHOE 3peHne, MoryT aHannau-
poBaTb HECTPYKTYPUPOBAHHbIE AaHHble: TEKCT, U300pakeHns u aygno. ITOo
Pe3KOo pacLunpsieT BCESIEHHYIO aHanm3npyemMomn nHgopmMaumn, no3sonsas nssne-
KaTb 3HaHWS U3 paHee HencCroJsib3yeMblX NCTOYHNKOB, HanpumMep, onpeaenssi ob-

LeCTBEHHble HACTPOEeHU4A Mo NnocTtam B COLICETAX.

7. YnydlueHHasi BocrnponssoanMocTb v nposepsiemocTk. Data-driven nc-
cnepoBaHne HepaspbIBHO CBA3aHO C KOOOM U Habopamu AaHHbIX. Korga aTn Kom-
MOHEHTbI OTKPLITO NY6ANKYIOTCS, NIO6ON NccnepoBaTesls MOXXET TOYHO BOCMPO-
N3BECTN BECb aHanUTMYECKUn npouecc. STO CNocoOCTBYET MPO3PavyHOCTN ”

YKPEnnsieT JOCTOBEPHOCTb HayYHbIX Pe3yfibTaToB, MO3BOMSAS HaMNpPsiMyo NpoBe-

PSTb BbIBOAb! U CTPOUTL 60osiee HaaeXKHY COBOKYMHOCTb 3HAHUIA.
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8. [emokpatnsauynsi nccnenoBaHui U CTUMYJIMPOBaHNE MEXANCUNINIIN-
HapHoro cotpyaHundectsa. ObnadvHble aHanUTUyYeckue nnaTgopmbl NpefocTas-

NAKT AOCTYMHblE MHCTPYMEHTBLI, CHI>KasA Nopor Bxoda oJisd nccneposarenen U3

HEMETPUYECKMX AUCLUMANH. DTO CTUMYSIMPYET MEXANCLMNIMHAPHOE COTPYAHW-

YyecTtBO. Counonor MoXeT paboTtaTtb ¢ data scientist Hag aHanM3om coumanbHbIX
TpeHOo0B, 06beaNHAS NPegMeETHbIE 3HaHNA C NepeoBON aHANTUTUYECKON MOLLIBIO.

3akn4veHne
Cosur napagurMbel Hay4YHbIX NCCNeQOBaHUN OT MMMNOTE30-LEeHTPUYHON MO-

penn K data-driven nogoxoay ABnsAeTcA 3aKOHOMEPHbIM OTKJIMKOM Ha BbI3OBbI

LMdPOBOI 3MOXK. ATOT Nepexod, npeackasaHHbln Mpeem!” n passuTblin Xeliem'd

, HEe OTMeHAeT UEeHHOCTWU KJrlaCCU4YeCKoro Hay4YHoro metoga, Ho CyuleCTBeHHO

paclnpsieT ero NHCTPYMEHTapuin 1 nepeonpenensieT noruky oTKpbITna. Hosas
napagurma, onnpaiwowasncsa Ha Tpuagy Big Data, UW/ML n aHanutuyeckux nnat-
dopm, cMewlaeT (poKyc ¢ Bepudmnkaumm anpnopHbIX MnoTe3 Ha MHOYKTUBHOE OT-
KpbITVE 3HaHWUI HEMNOCPEACTBEHHO U3 AaHHbIX. DTO MOPOXKOAET HOBbIE AMNUCTE-

Monormn4yeckKmne BbI30OBbl, CBA3aHHblE C NMpUMMaToOM KoppenAaunn Hapg Kay3aJibHO-

CTblO, KOTOpbIE MbITAOTCA PEWnNTb Takne y4yeHble, Kak Mepn'®. B pesynbTate
dhopmMmupyeTca HoBas, 6onee rmbkasi aKocucTtema NPON3BOACTBA HAYHYHOrO 3Ha-
HUs. YcnewHoe passutue Haykm B XXI Beke OygeT 3aBUcCeTb OT CMOCOOHOCTU
Hay4HOro coobuiecTBa afanTMpPoBaTbCA K 3TON HOBOW peanibHOCTU, UHTErpupys
Mol data-driven nogxonos ¢ rnyobrHON TpagnuMoHHONO TEOPETUHECKOIO MbILU-

JNleHUns1, Kak nogvepkusaeTcs B paboTtax No B3anmMopencTenio Yyenoseka n M B

Hay4HoM TBOpYecTBe. [lapagurma data-driven He NPOCTO AONOSIHAET TPaANLMOH-
Hble nccnepoBaHNa — OHa (PyHAAMEHTAIbHO pPacLUMPSET rpaHuubl No3HaBae-
Moro, npepgnaras 6onee maciTabrupyemyto, 06 beKTUBHYIO N MOLLHYIO OCHOBY A5

Hay4HbIX OTKPbITUN B XX| Beke.

17 Gray, J. (2007). The fourth paradigm: Data-intensive scientific discovery [Transcript of talk]. In A. J.

G. Hey, S. Tansley, & K. M. Tolle (Eds.), (2009). The fourth paradigm: Data-intensive scientific discovery.
Microsoft Research.

18 Hey, T., Tansley, S., & Tolle, K. (Eds.). (2009). The fourth paradigm: Data-intensive scientific discovery.

Microsoft Research.

9 Pearl, J., & Mackenzie, D. (2018). The book of why: The new science of cause and effect. Basic

Books.
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1.2. LingppoBoi 3BOMOLNOHHbIA CKA4YOK: OT TEOPETUYECKUX OCHOB
MHopmaTukn K TpaHcgopmauynm peasibHOCTU

YepHukoBa E.A.

1. HayuHbin yHOaMeHT: TeopeTnyeckne NCTOKN N NPOopbIBHbIE AeEN

Jlloboe 3HayMMoe TexXHONIOrM4eckKoe BHeOpeHue ecTb Martepuann3auus
dyHOamMeHTanbHOW Hay4Hon ngen. CoBpeMeHHble NHHOPMaLNOHHbBIE TEXHONOMKU
ABNAIOTCA NPAMbIM CNEACTBUEM LIENU NHTENNEKTYasbHbIX NPOPbLIBOB, COBEPLUEH-
HbIX FEHNSMU MPOLLJIOro BeKa.

OpHako 6b1n10 Obl OLUMOKON CHUTATDL, YTO 3TU UHTENNIEKTYasIbHblE NPOPbIBbLI
BO3HVKaIM B OTPbIBE OT COLMasIbHOro U NCTOPUYECKOro KOHTeKcTa. HanpoTus,
OHM 3a4acTyo OblM MPAMbIM OTBETOM Ha BbI3OBbl 3noxun. Pabota AnaHa
TelopunHra no paclumndpoBke «3HUMMbI» Oblla MOTUBMPOBaHa BTopon mMuposon
BOMHOWN. Teopus ynpasneHnss Hopbepta BuHepa n apxutekTypa [J>koHa poH Hein-
MaHa (hopMMNPOBaSINCh B YCIIOBUSAX POCTA CIOXKHOCTN ynpasfieHns 60bLWMMN Ch-
cTeMamn — OT rnobanbHon TenedoHNN OO pacHeToB BaIIMCTUYECKNX TPAEKTO-
puii. Taknm ob6pasom, 3BonOUNA MHHOPMALMOHHbBIX TEXHOMOMIn — 3TO HE TOSIbKO
BHYTPEHHSASA JIOrMKa Hayku, HO 1 anasnor ¢ HacyLHbIMW NOTPeBbHOCTAMN YenoBe-
YecTBa, rae Teopus, NMOMy4YMBLLAA NPaKTUYECKYIO peann3auuto, cama CTaHOBU-
nacb gsurartesniem cregyowmx NCTOPUYECKNX USMEHEHUI.

1.1. OT 6yneBoi anrebpbl K KBAHTOBbIM BblYNCJIEHUSIM

OcHoBoW Bcero undpoBoro Mmnpa sABnseTca MatemaTundeckas nornka. Pa-
60Tbl [xopoyxa byna (1815-1864) n ero kHura «3akoHbl MblLuieHUs» (1854) dop-
Mann3oBann OGUHAPHYK JIOTUKY, B KOTOPOW Noboe yTBepXAeHne MOXeT ObITb
60 NCTUHHBIM (1), TG0 NoXxHbIM (0). OgHAaKO KNKYEBLIM BHEAPEHNEM 3TOWN TEO-
pun B MHXXeHepuio cTtana ancceptaumsa Knopa LLleHHoHa «CuMBOnnyecKunin aHa-
N3 penenHbIX 1 nepeknoyaTesibHbix cxem» (1937). LLIeHHOH reHnanbHO nokasan,
yTo Oynesbl onepatopbl (U, NI, HE) moryT 6bITb NpeacTaBiieHbl aneKTpuye-
CKNMM CXEMaMU C pene 1 nepeknoyaTensMmmn. 3To OTKPbINIO NyTb K NPOEKTMPOBa-
HUIO LIN(PPOBbLIX 3NIEKTPOHHbLIX CXEM U, B KOHEYHOM NTOre, MMKPOMPOLLECCOPOB.

SBOMOUNS 3TON MAaen nogoLuna K HOBOMY pybexy — KBaHTOBbIM BbI4MC-
neHuam. Ecnn knaccnyeckuim 6mut MoxxeT ObiTb O nnu 1, To KBaHTOBLIN BUT (KyouT)
Gnarogaps NPUHUMNY Cynepnosnumm MOXXeT HaxoanTbcs B coctosHum O n 1 of-
HOBpeMeHHO. TeopeTuyeckasa 6asa Obina 3anoxeHa Nonom beHnodpdom (1980),
Punyapgom ®eiiHmaHoM (1982), KOTopbI NPEAnoXuna Ncnosib3oBaTb KBaHTOBbIE
CUCTEMbI ONs1 MOOENMPOBAHUS KBAHTOBOW e (pusnku, n [Oasugom [oinyem
(1985), paszpaboTaBLUMM TEOPUID KBAHTOBOIO TIOMMYECKOrO BEHTUS N KBAHTOBOM
MawwuHbl TetopuHra. CoOBpEeMEHHbIE SKCMEPUMEHTbI, Takme Kak OeMOHCTpauus
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KBAHTOBOro npeBocxoAcTtBa KomnaHmen Google B 2019 rogy (npoueccop
Sycamore 3a 200 cekyH[, BbINOSHWU pacyeT, KOTOPbI CaMOMYy MOLLHOMY Ha TOT
MOMEHT CyrnepKOMMboTEPY noTpeboBanock 66l okono 10 000 net)?°, asnsawoTcs
nepBbIMM NPaKTUYECKUMI LIaramMmu no BOMJOWEHUIO 3TUX Teopuin. OHn obeLuaroT
pesonounio B obnactn kKpuntorpadgpun (B3nom RSA-ungposaHns), paspaboTku
HOBbIX MaTepuasnoB N NeKapcTB (TOYHOE MOAENNPOBAaHNE MOJIEKYNSPHbBIX B3au-

MOZAENCTBUI) N UCKYCCTBEHHOIO UHTENEKTA.
OBOMOUMIO BblYUCAUTENBHBIX NapagurM HarnsgHo OeMOHCTpupyeT Tab-

nvya 1.
Tabnnuya 1
3BOJ‘II~OLI,I/IFI BbIHYNCITUTENbBHBLIX Napagnrm
Mapagnrma OcHoBHon npuHumn | EguHnua mnH- | Knoyesas ¢u- | fop/Mepuog
dopmavrmm rypa/cobbitne
MexaHn4yeckas AHanorosble BbluMC- | [MonoxeHne Yapne3s bBab6- | XIX Bek
neHvs LUeCTepHn ouox
OneKTpoMexaHnyeckas | PeneiHble cxembl Bkn/BbIkn Knoga LLleHHoH | 1930-1940 rr.
OnekTpoHHas (poH Heii- | MocnegosatensHaa | but (0/1) L>xoH ¢oH | C 1940-x rr.
MaHoOBCKasl) obpaboTka HenmaH
KBaHTOBas Cynepnosuuus, 3a- | Ky- Oasug  [dony | 1994 . (Teo-
NyTaHHOCTb out(Quantum | (teopus), [Mu- | pusa), Google
bit) Tep Lop (an- | (kBaHTOBOE
ropuTM) npeBocxon-
cTBO, 2019)

Mo cocTosHuo Ha 2023 rog, 6onee 90% KpynHbIX NPeanpuATA (pUHaHCo-
BOrO 1 (papmaueBTUHECKOrO CEKTOPOB MPOBOAAT MUIIOTHBIE MPOEKTbI NN N3Y-
4alT BOSMOXHOCTU KBAHTOBbIX BbIMUCEHUI O PELLUEHNSA 3aaay onTuMnu3aumm
N MOJSIEKYNIIPHOIO MOAENMpoBaHus?'.

1.2. Teopnsa anropuTtMoB N CAIOXKHOCTHU

Mpexae Yem pewnTb 3agadvy Ha KOMMboTepe, HEOBXoaNMOo AoKasaTb, YTO
OHa BooO6Le pa3pewmma. AnaH TetopuHr (1936) B cBoein paboTe «O BbIMUCINMBIX
yucnax» NpepnoXxmnn abecTpakTHy MawvHy (MawuHa TetopuHra), kKotopasa ¢op-
Manuaosana noHATNE anroputMa u BbldnciammocTn. OgHoBpeMeHHO ANOH30 Hépu
paspaboTtan nambpa-ncHmUcneHne, KOTopoe OKasanoCb IKBMBAIEHTHLIM MOLENN
TetopuHra (Teaunc Yépya-TetopuHra).

Ho BblYMCANMOCTb — 3TO TONLKO NEPBLIN BONPOC. BTOpoNr, HE MEHEE BaXK-
HbIl — 9PPEKTUBHOCTL. TEOPUSA BbIYNCINTESNIBHON CAIOXKHOCTU, OCHOBaHHas Ha
pabotax CtneeHa Kyka (1971) n Puyapga Kapna (1972), nossonuna knaccugu-
umpoBaTtb 3afaym no knaccam cnoxxHoctu (P, NP, NP-nonHble, EXPTIME un gp.).

20 ApyTe, ®. n gp. KBaHTOBOE MPEBOCXOACTBO C UCMOSIb30BAHMEM MPOrPaMMNPYEMOro CBEPXMPOBO-
pawero npoueccopa // Nature. — 2019. — T. 574. — C. 505-510

2 Gartner. Unkn xanmna ons HOBbIX TEXHONOTNIA, 2023. — URL:
https://www.gartner.com/en/documents/4574517 (nata ob6paweHus: 15.10.2023)
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3apgayn knacca P peluaroTcs 3a nonMHoMuasibHoe BpeMs, a 3agaym knacca NP —
NpOoBepSAITCS 3a NofMHOMMnaneHoe Bpems. [Npobnema «P nnn NP» (MoxeT nu nto-
6as 3apava, peLeHne KOTOpPOn Nerko NpPoBepUTb, BbITb Tak XXe Nerko HangeHo?)
OCTaeTCs OOHON M3 CeMu «3afad TbiCAYenetTus». Jta Hayka — He abcTpakuus.
OHa nexxnt B oCHOBe Bcero npoekTtuposaHus NMO. Hanpumep, 3agaya KOMMNBO-
skepa (NP-nonHas) ons 60nbLLIOro Yncna ropofos He MOXKET ObITb peLleHa TO4HO

3a pa3yMHoOe BpeMA, YTO 3acTaBJIAET NHXXEHepPOB BOMowaTb naen aBpuctuk n

I'IpVI6ﬂVI)KeHHbIX anropntMos ansa NoructTnHeCKnxX n niaHNpoBOYHbIX CUCTEM.
OCHOBHbIE KNnaccbl CAOXHOCTU N UX npaktnyeckasa 3Ha4MMmoCTb Ccucrtema-

TN3NpoBaHbl B Tabnuue 2.

Tabnuya 2
Knaccbl CNOXHOCTM BblMUCUTENBHBLIX 3a4ad (C npumMepamMu)
Knacc cnoxHocTtu Bpems pelueHns Mpumep 3apayun lMpakTnyeckas Bo-
NJOLEHHOCTb
P MonnHomnanesHoe CoptupoBka mac- | Jlerko peLuatoTcA
cvBa, NMOVCK NMyTn B | ANs 60nbLIMX N
rpade (DFS/BFS)
NP NonnHomMmmnansHoe 3apada KoMmuBo- | PeluaroTcs 3BpucTu-
BPeMS MNPOBEPKMU pe- | sKepa, packpacka | Kamu 1n NpubamxeH-
LUEHWs KapTbl HbIMW anropuTMamu
NP-nonHble CeopsTtecs gpyr kK gpyry | 3agada o Bbinon- | KpaiHe CnoxHbl Ans
3a  NOSIMHOMWUASILHOE | HUMOCTK BYyneBON | TOYHOIO PEeLUEeHNs
Bpems dopmyiibl (SAT)
EXPTIME OKCMNOHeHUManbHoe WpeanbHaa urpa B | He pewarotcsa TOYHO
waxmartbl (818 N X | AN NPakTU4ecKnx n
N LOCKW)

1.3. ApXxuTeKTypa BblYUCUTENIbHbLIX CUCTEM
Teopusa pgomkHa ObITb BOMOWEHA B (DU3NYECKYHD apXuTeKTypy. OTyeTt

[>xoHa poH HelimaHa «First Draft of a Report on the EDVAC» (1945) ctan kpae-
YrofibHbIM KaMHEM KOMMbIOTEPHOW MHXeHepuun. Ero knoyeBble NPUHLMNGL: Xpa-
HeHne NPorpaMm 1 faHHbIX B OAHON NamsATu, aapecyeMoCcTb NaMsaTn U Nocneno-
BaTeNIbHOE BbINOJSIHEHVE NHCTPYKLUIA — ONPEASNVAN PasBUTAE BbIYNCINTENBHOW
TEXHUKMN Ha OECATUNETUS.

OpHako BHegpeHue ngen napannennama, npeanoXxeHHolx Manknom OanH-
HoM (1966), npuBeno K cosgaHnto cynepkomnbroTepos (SISD, SIMD, MIMD-apxu-

TEKTYpbl) U KNacTepHbIX cucteM. [anbHelilee pa3BuTMe — Mepexopq, K pacnpe-

AdeneHHbIM cucteMam. Teopema CAP (Spuk Bproep, 2000)%? nocTynmpyeT, 4To

pacnpefeneHHas cuctemMa He MOXXET OfHOBPEMEHHO rapaHTupoBaTb TpU CBOW-
ctBa: CornacoBaHHOCTb pAaHHbIX (Consistency), [JocTtynHocTb (Availability) n
YcTtonumBocTb K pasgenenuto (Partition tolerance). MoXXHO rapaHTUpoBaTb TOMbKO

22 Bptoap, 3. A. K co3aaHnio HageXXHbIX pacrnpeneneHHbix cuctem // Tpyapl OEBATHAALATOrO exe-

rogHoro cumnosnyma ACM no npuHuunam pacnpegeneHHsix Boidmcnenun (PODC). — 2000. — C. 1-10.
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ABa 13 Tpex. 970 (hyHAaMeHTanbHOe OrpaHuYeHre, KOTopoe HamnpsiMyto BOMJIO-

LaeTcd B NpPOeKTnpoBaHNn BCeX COBPEMEHHDbIX pacnpeneneHHbIX 6a3 gaHHbIX 1

0651a4HbIX CEPBUCOB, BbIHYXXAas apXUTEKTOPOB AeflaTb OCO3HaHHbIA KOMMPO-
MUCC.

1.4. PoxxpeHne KnbepHETUKN 1 UICKYCCTBEHHOIO UHTENJIEKTA
Hopb6epT BuHep B cBOEe ocHoBononaratowen pabote «KnbepHetuka, nnm

yrnpasfieHne 1 CBA3b B XXMBOTHOM 1 MawumHe» (1948) chopmynmpoBan mexanc-

LUUNSIMHAPHYIO NGEH0 YNPaB/iEHUSA CIOXKHBIMU CUCTEMaMU Yepe3 06paTHYHO CBS3b.
OTO 3asI0KUJI0 TEOPETUYECKUN (DYHAAMEHT A1 aBTOMaTM3aunmn, poboTOTEXHUKM

N TeopUn yrnpaBneHust.

MapannenbHo, Ha OapTMyTckoM cemuHape 1956 ropa, [>koH MakkapTu,
MapBuH MwuHckuin, Knog LLleHHOH n HaTaHuanb Podectep cdopmynuposanu
LUenb COo30aHnsa HOBOW HayKn — WCKYCCTBEHHOro uHtennekta. OHu BblABUHYN
rMMNOTE3Y O TOM, YTO «KaxKpbl acneKT oby4deHnsa nnu nobasa gpyraa 0Co6eHHOCTb
NHTeNneKTa MoryT ObiTb B NpUHUMNE TaK TOYHO OMMCaHbl, YTO MalluMHa MOXeT
ObITb CO3[aHa gns X CUMynaunn». Ita ambnumnosHas naes, Nnepexxms HECKObKO
«3MM», CTana rMnaBHbIM OBuUratesieM TexHosnorn4yeckoro rnporpecca XX| Beka,
Hangsa WNPOKOoe NPUMEHEHNE B MALLMHHOM OByYeHUn 1 rnyboKoM oBy4eHun.

2. TexHonorn4eckuim NHCTPyMEeHTapun: NpespaLleHne Teopum B NPakTu-

YyeCKune MHCTPYMEHTDI

TeopeTnyeckme OCHOBbI OCTaBaIUChb Obl 3aHATHON abcTpakumen B y4ebHu-
Kax 6e3 co3[0aHNs KOHKPETHbIX MHCTPYMEHTOB, S3bIKOB U METOLONOMNI, BOMIO-
LaoLWmMX NX B NCMNOSIHAEMbI KOA 1 annapaTHoe obecneyeHue.

2.1. 513bIkn NnporpaMmMmnpoBaHnA

SBONIOUMSA A3bIKOB NPOrpaMMMUpPOBaHNA — 3TO HarnagHas UCTopust NOBbI-
LeHus1 YpoBHSA abcTpakumm ansa 6onee ahekTUBHOIo BOMAOLWEHNS naen paspa-

6oT4MKa.

1 MepBoro nokoneHus (MalMHHbIE KOAbl): HenocpeacTBeHHasn maTe-
puanusaunsa NHCTPYKUMA ana npoueccopa. MakcumansHas ahpeKTUBHOCTb, He-

yeyioBe4decKasa CJI0OXKHOCTb.

1 BTtoporo nokoneHus (accembnep): CumBonbHOE nNpencTaBrieHne
MaLIMHHBIX KOAOB. [epBbIn Wwar K abcTpakuuu.
1 Tpetbero nokonenusa (Fortran, C, Pascal): A3blkn BbICOKOro

YPOBHSA. Kno4eBasi BOMOLWEHHaa nges — nepeHocumMmocTtb. OgHa u Ta Xe npo-
rpamMmma MOXKET ObITb CKOMNUANPOBaHa Af1s1 PasHbIX apXUTEKTYP.

1 O6bLEKTHO-OPNEHTUPOBAHHOE nNporpamMmupoBaHne (Smalltalk,
C++, Java): Matepunannsauma ngen MopenvpoBaHUA peasibHOro Mmpa 4yepes
00OBbEKTbI, MHKaNCyNsaumio, HacneaosaHne 1 NnoamMmopdnamM. 3To NOBLICUIIO Nnepe-
NCNOJIb3YEMOCTb Kofa 1 YNpOoCTUN0 paspaboTKy CNOXHbIX CUCTEM.
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1 CoBpeMeHHble napagurmbl (yHKUUMOHAaNIbHOE NporpaMMupoBa-
Hue - Haskell, Scala) u Domain-Specific Languages (DSL): ®yHKUnoHanbHoe
nporpaMmMnpoBaHne, OCHOBaHHOE Ha NamMbaa-ncynciieHnm, BonaowaeT naen He-
N3MEHAEMOCTMN AaHHbIX N YUCTbIX (PYHKLUMIA, YTO YNpoLLaeT TeCTUpOBaHue 1 na-
pannenu3m. DSL (Hanpumep, SQL ansa 6a3 gaHHbIX, Verilog ans onucaHus cxem)
— OTO BHefpeHVe naen cneunann3npoBaHHbIX A3bIKOB OJ11 KOHKPETHbIX npea-
METHbIX 06nacTemn, YTO PE3KO MOBbILWAET NPOAYKTUBHOCTb 3KCMNEPTOB.

CnepgyroLwmm NOrMyYeCcKUM LLIAroM B 3TON 3BOMKOLUK CTano nosisneHne low-
code/no-code nnatgopMm. ISTU peLLeHnss BONJOWAT NAeto ganbHenwen aemo-
Kpatusaumm paspaboTKn, NO3BONAS CO34aBaTb NPUIOXKEHNS C MOMOLLBbIO BU3Y-
anbHbIX NHTEP(ENCOB N KOHMUIYPUPOBaHUS, CBOAS PYYHOE KOANPOBaHME K MU-
HUMYMY. Taknm 06pa3omM, BO3MOXHOCTb BOMOLLATb LNGPOBbIE peLleHnst Nony-
4YaloT HE TONMbKO NPOeccuoHanbHble NPOrPaMMnUCTbl, HO U BU3HEC-aHaANUTUKN,
MEeHeKepbl N KOHEYHbIE MOJSIb30BaTENN, YTO KapAMHaNbHO YCKOPSAET LUpPOBYIO
TpaHchopMauno BHYTPU opraHM3aunii U CoKpallaeT BpeMS OT BO3HUKHOBEHUS
noen Oo ee NpakTU4eCcKon peanusauuu.

OTOT NYTb NOBLILEHNSA YPOBHA abCTpakuum CXeMaTuyHO NPeacTaBneH Ha
PucyHke 2.

ActionScript

FLOW-MATIC Prolog ‘ MATLAB ‘

‘ LISP ‘ ‘ BASIC ‘

JavaScript ‘ D Go

‘ Python ‘ PHP ‘ ‘ Groovy ‘ ‘ Rust

‘ Plankalkal Pascal Perl

‘ Autocode

Swift ‘

Dart

Kotlin

Java

C# ‘ Closure

Scratch

Scala

PucyHok 2. 9Bontoumsi abCTpakuui B A3blKax NporpamMmmypoBaHus

‘ Smalltalk ‘ ‘ ObjectiveC ‘ ‘ Ruby ‘

‘ Short Code

‘ FORTRAN ‘

‘ Haskell

‘ Visual Basic

CornacHo nHpgekcy TIOBE (https://www.tiobe.com/tiobe-index/) n onpo-
cam Stack Overflow Developer Survey (https://survey.stackoverflow.co/2025/
technology/), Python coxpaHsieT nuaepcTBo Kak a3blk gns Data Science u Al (nc-
nonb3yetca 6onee 70% wuccnepgosaTtenein B 06nacTv MalMHHONO oby4yeHus), a
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JavaScript ocTaeTca cambiM MonynspHbIM A3bIKOM 7151 Be6-pa3paboTKu (Mcnosb-
3yeTcs ~65% paspaboTynkos)?? 24,

2.2. NHxxeHepusa AaHHbIX

[aHHble — 3TO «HoBas He(PTb», & TEXHONOrMN NX 06pPaboTKn — HedTene-
pepabaTbiBatowme 3asopl. darap Kogn B ctatbe «A Relational Model of Data for
Large Shared Data Banks» (1970) npeonoxun pensuyoHHYy0 MoAesb, KOTopas
abcTparmpoBanachb OT (PM3NYECKOro XpaHeHus n orepuposana tabnvuamm (oT-
HOLLEHMSMY) 1 onepauusaMm Hag HUMW. DTO BOMIOTUIIOCE B MOLLHbIE CUCTEMbI
ynpasneHns penaunoHHbiMm 6asammn gaHHbix Tuna Oracle, MySQL n PostgreSQL,
KOTopble cTann XpebToM MHPOPMAaLMOHHbBIX CUCTEM Ha AECATUNETUS.

BmecTe ¢ TeM uudposas pesontoums Hadana XX| seka nopoguna heHoMeH
6onblumx aaHHbIX Big Data ¢ ee Tpems «V»: Volume (06bem), Velocity (ckopocTb
noctynnenns), Variety (pasHoobpasune gopmatoB). TO NoTpeboBano BOMNOLe-
HUS HOBbIX TeopeTnyeckux napagurMm. Teopema CAP npuBena K CO34aHWIO
NoSQL-cuctem (MongoDB — pgokymeHTHas, Cassandra — ctonbuosas, Redis —
KJTO4-3HAYeHNe), XXepTBYIOLMX CTPOron COrfacoBaHHOCTLIO pagy AOCTYMHOCTU 1
mMacwtabupyemoctn. MNapagurma MapReduce (Jeffrey Dean, Sanjay Ghemawat,
Google, 2004)?° cTana TeopeTN4eCKoi OCHOBOV Asi CO3AaHUS pacrnpeaeneHHbIX
bpenmMBopKoB 006paboTKM [OaHHbIX, Taknx Kak Hadoop n Spark, no3sonswowmx
obpabaTtbiBaTh NeTabanTbl NHOPMaLUKM Ha KnacTepax U3 Teica4y commodity-cep-
BEPOB.

KntoyeBble pasnmynsa Mexxgy nogxogamu K XpaHeHuto OaHHbIX Nogpo6HO
cpaBHeHbl B Tabnuue 3.

Tabnuua 3

Cpasterue napaaurv [N
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