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AnHOTAIYS. [Ipoanamu3npoBaHbl TPEANIOCHUIKA U 0G0CHOBAHA aKTyaJIbHOCTH
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JAHHBIX, BBICOKOIIPOU3BOIUTEIbHBIX BBIYUCIEHUI 1 MHOIOCTOPOHHUX WHTEP-
Her-m1aTdopM. 3ayMaHHas KaK SKOCUCTEMA JJisd Pa3pabOTKU U UCIOJIb30BAHUS
NPUKJIAJHOTO IPOrPAMMHOr0 obecnedenus: (B TOM 9HCjIe B 00JIACTH IPOEKTHUPOBaA-
HUs U HaydHBIX MCCJIeN0Banuil), niuardopma Ipu3BaHa COKPATUTH 3aTPaThl U
MOBBICUTH KAYE€CTBO Pa3pabOTKH IIPOrPAMMHOTO 00ECIeYeHUs [1JIsi PEIICHUS
AHAJIUTUYIECKAX 33aJa9, BO3HUKAIOIIUX HA IIPOMBIILJIEHHBIX IIPEIIPUSITASX,
B HAYyYHO-HCCJIEIOBATEIbCKUX OPraHU3alsaX, FOCYJapCTBEHHbIE OPraHOB U Y
JacTHBIX jull. [IpejcraBiieH paboTaouii MTPOTOTUII HA3BAHHON 111aT(dOPMBI,
(DYHKIIMOHUPYOMIUIA C UCIIOJIB30BAHUEM CYIIEPKOMIIBIOTEPHBIX TEXHOJIOTHI U
CHCTEMBI BUPTYaIu3alii PabOdnX CTOJIOB.
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XpaHeHus! TaHHBIX U uaTepdeiicoM. Jlerampupiii noctyn Kk APM ocymecrs-
JISLJICS ITyTeM MPHOOPeTeH sl JINIEH3Ui, KaK [PaBIIO, HA OCHOBE KOJIMYECTBA
nosib3oBatTeseil, ucrnosnbsyomux APM (MMeHOBaHHBIX MU OJHOBPEMEHHO
paboraromux). I'pynna APM oxmoit Komnanuu mMorja o6pa30BbIBATH
cucreMy, paboTAIONLYI0 HAJ| €IUHBIM MoJIeM JTaHHbIX, Ayt APM paziuambix
[IPOM3BOIUTEIENl B3aMMO/IEICTBIE OCYIIECTBIISJIOCh YepPe3 MHTErPAIMOHHbIE
HPOLEYPbl, KOTOPbIE B OCHOBHOM IIPEJICTABIISIOT CO0O0I BBIIPY3KY /3arPy3Ky
JIAHHBIX B CIIEIMAJN3UPOBAHHBIX opmarax. J[lopaboTka miam MoauduKanms
IPOrPAMMHOI0 00ECIIeYeHNUsT OCYIIECTB/ISINCh B PAMKAX ILJIAHOBBIX PEJIM30B
¢ TUIUYHOM nepuogumaHocTbio 1 roj. Psy nponssoaureseii (Hanpumep,
naprHepckast mporpamMa Ocean komnaann Schlumberger [1]) momyckasn
pACIIMpEHe CBOETrO POrPAMMHOIO 00ECIEUEHNsT MOJYJISIMUA CTOPOHHUX Pa3-
paboTInKOB 1o cobcTBeHHBIM KOHTposieM. APM conepzkali, Kak IpaBuiio,
6OJIBIIIOE KOJTMYECTBO CIIENUAIbHBIX (DYHKIINIA, JJIsT OCBOEHUSI KOTOPBIX
HEOOXOMNMO ObIIO TIPOXOUTH CIIEIMATN3NPOBAHHbBIE KYPChI, OPTaHU3yeMble
paszpaboraukoM. CTOMMOCTH OTHON JIUIIEH3NHN Ha CIIEIUATH3NPOBAHHBII
APM cocraBiisierT 0T HECKOJIbKUX JECSITKOB JI0 HECKOJIBKUX COTEH ThICAY
nosutapos CIITA.

Ct0KuBIIASICS ADXUTEKTYPa 1 OM3HEC-MOJIe/IN OPUEHTHUPOBAHbBI Ha KPYII-
HbIE KOPIIOPAIMH, KOTOPBIE MOTYT cefe TTO3BOJINTh 3HAYUTEIHHBIE BJIOXKEHHST
B [IPOrPaAMMHOE 0DeCIIeueHne U TEPCOHAN, & TAK¥Ke HA OTHOCUTEHHYTIO
HEn3MEHHOCTh (DYHKIUI 1 METOIOB mpeaMeTHoit obsactu. [lompasymesaiach
TaKKe OTHOCUTEJIbHASI OJIHOPOIHOCTD MPEIIPUATHN OTPAC/IN, HE3HAUNTE b~
HbIE BapUallii MeXKJy KOTOPBIMH IMOKPBIBAJIUCH pasiaunausvu B APM
OT HECKOJIbKUX KPYITHBIX TPOU3BOIUTE/IEH MPOrPAMMHOTO O0eCIedeH sl
B kauecTBe nmpumepa MOXKHO IIPUBECTH HE(MTEra30BYIO OTPAC/b, B KOTOPOI
OCHOBHBIME TOTPEOUTEISIME TPOTPAMMHOTO 00ECIEUeHNUs SIBJISIIOTCST TPAHC-
HAIMOHAJIbHBIE HedTera3oBble KOMIIAHUH, a PhHOK 110 messT Mexk 1y coboit
HECKOJIbKO OCHOBHBIX KPYIHBIX mipousBoautreseit: Schlumberger, CGG,
ROXAR, Paradigm [2, 3]. OueBusHo, 94T0 JaHHAS MPAKTHKA (HOPMUPOBAHUS
OTPACJIEBOrO ITPOIPAMMHOTO 00ECIIEYeHIsT XapAKTEPHA JIJIsl WH/LyCTPUAIb-
Horo obrrecTBa. Ilepexon K MOCTUHIYCTPUAIBLHON SKOHOMUKE TPedyeT
PpellieHust psijia HOBBIX 3aJ[a4, MJI0X0 KOPPEJUPYIONINX C BBIIIEIPUBEICHHBIMI
APXUTEKTYPOIl U OM3HEC-MOJIENIbIO, B YACTHOCTH, BOSHUKJ/IM U PACIIAPSIIOTCS:

 ['unepcermenTanusi prIHKOB, BILIOTH JI0 WHIMBULYAJIN3AIAN TPEOOBAHMI
OTJIeJIBHBIX TOoTpedbuTesieit orpacieBoro 110: HachIlleHne PHIHKOB
BBIHYKJIA€T OTPACJIEBBIX UT'POKOB CIIENUDUIIIPOBATE PBIHOYHBIE HUIIN U
COCPEJIOTAYNBATH CBOIO JIESTEIbHOCTh HA Y3KUX HAIIPABIICHUSIX, B CBI3U
¢ uem obmmeorpacieBoe I10 cTaHOBUTCsI, ¢ OJJHON CTOPOHBI, H3OBITOYHBIM,
¢ JIpyroii CTOPOHBI, HEJOCTATOYHBIM; HHNBUIya bHas Ke 1opaboTKa u
COTPOBOKJIEHUE KPYIHBIX MTPOrPAMMHBIX KOMILJIEKCOB CJIUIITKOM JIOPOT'H.
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» Bozpacranme posm MeKOTPACIEBBIX U CKBO3HBIX IIPOEKTOB, IIOPA3yMe-
BAIOIINX MCIIOJIb30BAHUE B PAMKAX OJIHOI'O IIPOEKTa (DYHKIMOHAJIA
U3 Pa3IUIHBIX TPEJIMETHBIX 00J1acTell, 970 TpebyeT MOCTPOEHHsI CHCTEM
repeaun MHMOPMAIIUN MEXK Ty KPYITHBIMA CUCTEMAME CO CJIOYKHBIMUI
0a3zaMu JIAHHBIX, HHTEI'PAIUS KOTOPBIX CTAHOBUTCS 3HAYUTEIbHOMN
pobIEMOiA.

WMurerparus pa3spaboTOK MHHOBAIIMOHHBIX KOMIIAHUN, KOTOPBIE COCpPe-
JOTa4UBalOTCA, KaK IIPaBUJIO, Ha PEIIeHUU Y3KOI'O CIeKTpa 3aJad:
pa3paboTaHHBII TPOrPAMMHBIN TPOLYKT TPeOyeT MHTErPAINN C Y2Ke
UMEIOIUAMUCS TPOrPAMMHBIMU KOMIIJIEKCAMH, YTO JIOCTUTAETCs B HACTO-
dlee BpeMsd OTpacjieBoil npojjazkell craprana KpyIIHOT KOMIIAHUN;
WHEPIMOHHOCTD JIAHHOTO IIPOoIecca, a TaKKe TO, YTO KPYIIHbIE KOMIIAHWUH,
3a9aCTyIO TOKYIIAIOT CTAPTAIbI, ITOOBI N306€KAaTh KOHKYPEHIIUN ¢ COD-
CTBEHHOM, MeHee COBEPINEHHON pa3pabOTKOil, CTAHOBATCSI TOPMO30M
TEeXHUYIECKOT'O IIpOorpecca.

AKTHBHOE UCIOJIb30BAHKE B IIPOMBIIIJIEHHOCTH YUCJIEHHBIX MOJIEJIE
OOBEKTOB | IIPOIECCOB, B TOM YHCJIE, MYJTbTU(PUINIECKUX, Tpedy-
FOIUX JIAlTAlMU aJITOPUTMOB K CIiernuduKe IIpeaMeTHO o0JiacTu,
Pa3MepHOCTH 3aJ(a491, TOYHOCTUA U aJI€KBATHOCTH DEIEHMSI.

IMosiBiienue napagurmbl 6u3Heca, yupasisemoro ganubivu (Data Driven
Approach), monpazymesaroineii ucciieoBanne HAKOIJICHHBIX JAHHBIX
HEIOCPE/ICTBEHHO B ITPOM3BOJICTBEHHOM ITHKJIE, TOCTPOEHUE YNCIEHHBIX
Mo/IeJsieil Ha OCHOBE STHUX HMCCJIEOBAHUI W HEMEJIEHHOE MX IIPUMEHEHNE
JIJIST TIOJIy Y€HUsI KOHKYPEHTHBIX [TPENMYIIECTB.

Takum 06pa3zoM, COBPEMEHHBIN OTPACJIEBON MIPOEKT IPEITIOIAraeT
UHIUBUIYaJIbHBI HAOOP HCCICIOBAHMI U MOCTPOCHUE Ha MX OCHOBE CIICIHa-
JIM3UPOBAHHBIX MOJEJIeH, a TakxkKe paspaboTKy ONTUMAJBLHOIO TEXHUIECKOTO
pellIeHus ¢ UCIOIb30BaHueM TaKuX Mojesieii. IIporpammuoe obecriedenue,
IO PKUBAIOIIEE TAKOM MIPOIECC, JNOJKHO CTPOUTHCS AUHAMUIECKHT
II0 Mepe IPOABUKEHNsI IIpoeKTa. Ha KarkI0M 3Tale HO/IXKHA UMEThCs
BO3MOXKHOCTD IIPAMEHHUTH PA3IMIHBIC METONBI aHAJIN3a, MONCIUPOBAHNL U
CHHTE3a, B TOM YHCJIe, B PA3/JIMYHBLIX IPEIMETHBIX 00sacTax. QueBuiHO, YTO
perienue 3Toi 3aa9u Ha, ocHOBe oTpacieBbix APM kpaiine 3aTpyaHeHo
10 TEXHOJOTMIECKUM, KBAIN(PUKAIMOHHLIM 1 (DMHAHCOBLIM MIPUIMHAM JaKe
JUUIsl KPYITHBIX KOMITAHUM, a JJIs MaJoro U CpeJHero OU3Heca OHO IIpaKTHYe-
CKHI HEBO3MOXKHO, TaK KaK M3IEPKKM Ha IoncK noaxoasinero 110, mouck
WM TIOATOTOBKY HEePCOHAaJa, COrJIACOBaHNe KOMILIEKCUPOBAHUA U JO0PabOTOK
pazuopoguoro 10 ovyenn BeIMKH, JazKe MPU YCJIOBUSX MPEIOCTABJICHUS
IIPOU3BOINTEIAMY IIPOrPAMMHOTO O0ECIICYEHN HA YCIOBUAX aPEHIbI
(SaaS mozenb) wim B (hopMe GeCIIaTHBIX JIEMOHCTPAIMOHHBIX BEPCHIA.
OTaenbHO TPOOIEMOIl SIBJIAIOTCS yUIeT UCIOJIb30BaHU U PErMCTPAIAS
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BO3HHKAIOIIEH B IIPOIECCe KOMILIEKCHBIX IIPOEKTOB MHTEJLIEKTYAbHON
CODCTBEHHOCTH, TAKOMH, KaK IIPOrPpaMMHbBIE MOJIYJIA U HADOPHI JaHHBIX.

OTMeTrM, 9T0 GOJIBITUHCTBO OTMEYEHHBIX BBIIIE U3JIEPIKEK OTHOCHTCS
K TaK Ha3bIBA€MbIM TPaH3aKIMOHHBIM [4]. TpaH3aKIMOHHbIE U3/IEPKKU
UTPAJIN HE3HAYUTEIBHYIO POJIb IO CPABHEHUIO C TPAaHCHOPMAITMOHHBIMU
n3J/iep:KKaMu COOCTBEHHO Ha CO3J/IAHUE MPOIYKTA B JIOUHIYCTPUATHLHOM
00I1iecTBe, B CBA3U C Y€M MHIYCTPHAJIbHBIE TEXHOJIOTUN OBLIN HAIIPAB-
JIEHBI HA MUHUMI3AIUIO TPAHC(OPMAIMOHHBIX U3AepKeK. Biraromaps
Pa3BUTHIO WHJIYCTPHAIBHBIX TEXHOJIOTUI TPAaHCHOPMAIMOHHBIE U3JIEPKKU
COKPATWINCH B JECATKHU Pa3, & TPAH3AKIIMOHHBIE M3/IEPKKN CTATH COCTAB-
JISITh 3HAYUATENIBHYI0 YaCTh CTOUMOCTH NMpoaykTa. OcobeHHO 3TO 3aMETHO
HA CJIOXKHBIX MHOI'OCTOPOHHUX PBIHKAX, & TaKKe PBIHKAX C aCHMMeTpuei
nHMGOpMAINY, KOTJA YIYACTHUKHA PBIHOYHBIX OTHOIIEHUIN COBEPIIEHHO
[I0-Pa3HOMY NIPOUH(MOPMUPOBAHBI O CBOWCTBAX MHTEPECYIONIETO UX IPOILYK-
ta. CoBpeMeHHbIE OTPACIIEBBIE TPOEKTHI, BKIIOYAIOIINE UCCIIETIOBAHNA,
IIPOEKTUPOBAaHUE U pa3pabOTKy U sSIBJIAIOIIMECS] 3a9aCTYI0 CKBO3HBIMU U
MEXKTUCITUILINHAPHBIME, IPEJCTABIISIOT CO00i OYeHb CJIOKHBIN 00BEKT s
CIIEJIKU, TPAH3AKIIMOHHBIE N3JEPXKKI B KOTOPOM COCTABJISIIOT MOIABJISAIOINLYTO
JIOJTIO.

Konnemnmust mudpoBoit skonoMukH, BeIaBuHyTad Jlormom Tamckor-
ToM [5], sIBJISIETCSI OTBETOM HA BO3PACTAOIIYIO JOJII0 TPAH3AKIIMOHHBIX
U3JIEPKEK B CTOMMOCTH KOHEYHOTO MPOAYKTa. B paMKax JaHHON KOHIIEI-
MU pa3spabOTaHbl U HAXOJISATCS HA PA3JIUIHON CTAJMHU TPAKTHIECKOTO
NPUMeHeHNUsT KaK ODIIIe METO/IbI, TaKue, KAK OTKPBIThle HHHOBanun [6],
MHOTI'OCTOPOHHUE UHTEPHET-IIAT(OPMBI [7], TeXHOIOrMH paCIpPeIeeHHOrO
peecTpa, TeXHOJIOIMH I'MOKOro yIPAaBJIEHHs [IPOEKTOM, TaK U crenudude-
CKM€ METOJIbI /I Pa3pabOTKH MPOrPAMMHOTO ODecIevueHns: 0DJIadHbIe
TEXHOJIOTUH, MUKPOCEPBUCHASI apXUTEKTYPa, HEIIPePhIBHASI JTOCTABKA
(continuous delivery), rpadoBble MoJeIn U ApyTUe.

B macrosieit craThe MbI ONUCHIBAEM TIOCTPOEHHBIN Ha, OCHOBE METOJIOB
1udpPOBOIl SKOHOMHUKH HOIXO K Pa3pabOTKe apXUTEKTYPhI IPOrPAMMHOIO
obecrieveHUst 1 OU3HEC-MOJIEJTN BBITIOJTHEHUS CJIO?KHBIX KOMILIEKCHBIX
OTPAaCJ/IEBBIX ITPOEKTOB, MUHUMU3UPYIOIINI BbISBJIEHHbIE TPAH3AKIMOHHBIE
n3nepkku. TakzKke IpeICTaBIeH TPOrPAMMHEBINA ITPOTOTHUIL, CO3MAHHBIN
HA OCHOBE M3JIaraeMbIX JlaJjiee MOAXO0/I0B U IIPUHIIUIIOB.

1. Mopaxoab!

Hosvwerue modugpuyupyemocmuy npo2pammrozo obecnevenus. Pe-
IIIeHNEe BBIYUCIUTEIbHO €MKUX MPUKJIAIHBIX TPOOIeM, MJjIsi KOTOPBIX
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3apaHee HEM3BECTEH AJTOPUTM DeIlleHus, TpedyeT ObICTPOil Mo UKAIN
IPOrPaMMHOr0 obecrieYeHrsi. 3a/[ada CHUYKEHUST 3aTpaT Ha MOIUMUKAIINIO
ITO xoporio u3BecTHa U CBsI3aHa C YCKOPSIOIIUMECS U3MEHEHUsSIMU TpeboBa-
HUiT OM3HECa, COBEPIEHCTBOBAHNEM OU3HEC-TIPOIECCOB U MHTErpaIueit
nHMOPMAITUOHHBIX cucTeM. OCHOBHBIM METOJIOM PEIeHUsI 9TOH 3a1a9u
SBJISIETCS IPUMEHEHNEe MUKPOCEPBUCHON apXUTEeKTYphI, rpadOBbIX MOeeit
BBIYUC/ICHUN U CKPUIITOBBIX A3BIKOB peajmsanuu (6osiee moqpo0HO Takas
IporpaMMHasl apXUTEKTYPa Onucana B [8]), MO3BOJSIIONNX U3MEHSTh
IPOTrpaMMHBIN KO B TIporiecce paboTwl. Hanbosiee MHTEHCUBHO HA3BAH-
HbIe METObI IPUMEHSIOTCA B TAKNX O0JIACTHAX, KAK U3BJICYCHUE 3HAHUN
W3 JAHHBIX U WHTErparus WH(MOPMAIMOHHBIX cucTeM. ZICHO, 9TO MBI
MOXKEM PacCMaTpPUBaTh JIIOOO0M MPUKJIAIHON TPOEKT KaK HabOp oreparuii
10 U3BJIEYEHUIO U IIPEOOPaA30BaHUIO JIAHHBIX U UX aHaju3y. [loaTomy
MOJIE/T Peau3allny IIPOrpaMMHOr0 obecrieverus ayast DataMining u
ExtractTransformLoad npumenumbr k opramusanuu 110 s BoinosiHeHMs
IIPOEKTOB B IIEJIOM.

Crudrcenue KOMMYHUKAUUOHHBLE u3depoicer. KOMMYHUKAIUN MEXKTY
cyObeKTaMU Pa3IuYHbIX OTHOIIEHUI SIBJISIIOTCS 0DJIACTBIO JeATEIbHOCTH,
AKTUBHO ONTUMHU3UPYEMOU B HACTOSIIEE BPEMsl METOJAMYU HHTEPHET-IIJIAT-
dopwm [7]. Haubosiee MHTEHCHUBHO PA3BUBAIOTCH UHTEPHET-ILIAT(OOPMBL 15
OIITUMU3AIIH TPOCTHIX KOMMYHUKAIIUI B IPOIECCAX ODIIEHUsT [0 HHTEPECAM
(conmamnbHble ceTn), pa3aMYHbIX 3aKYIIOK (MHTEPHET-MAra3uHbl), 3aKa3a
rpancnopta (Uber, duneke-takcn), mocryna x sugeomarepuanam (Netflix,
Youtube) u psizie Apyrux HUIIEBBIX BUJOB JlesdTejabHOCTH. B nocienmee
BpeMs HAYMHAIOT PA3BUBATLCH CETHU, HAIPABJIEHHBIE HA PeIleHne On3-
HeC-33/1a4 — yCTaHOBJIEHUs! JeaoBbix KoHTakToB (LinedIn) u coBmecTHOM
paspaborku 1O (GitHub), onHako oHM COKPAIIAIT U3IEPIKKU TOJIBKO
KaKOH-TO OJTHON M3 CTOPOH KOMMYHUKATUBHON jesrenbuoctu. [Ipeacrapiis-
ercsl 1eJIeco0OPa3HbIM HHTErPUPOBATH IIOUCK MAPTHEPOB U PECYPCOB U
KOODJIMHAITIIO JIEITEIHHOCTH B IIPOIIECCE BBIIOJTHEHUS TPOEKTOB Ha OJIHON
mwardopMe U COBMEIIATh UX C BO3MOXKHOCTBIO HEITOCPEICTBEHHOI'O BBIIIOJI-
HEHUsI IPOrPAMMHBIX MOJYyJIeil 13 KOMMYHUKAIIMOHHON cpeibl. Takoit
IT0/IXOJ], UCKJTIOYIAET HEOOXOUMOCTD 3arPY3KU-BBIIPY3KHU IIPOIPAMMHOTO
obecrieueHnst U JIAHHBIX, UCIOJIb3YEMbIX B IIPOEKTE, [TEPEIad X MEXKLY
TIOJTB30BATEISIMIA CPEJICTBAMI CTOPOHHETO TPOTrPAMMHOTO 0DECIIeIeHNs U
[TO3BOJISIET KOHTPOJIUPOBATE XOJI PEAIM3AIUN ITPOEKTa 110 (DAKTUIECKUM
crajmsiM 00pabOTKY JaHHBIX, HAXOSIIUXCSA BHYTPH ILJIAT(MOPMBI.

Munumusayus 36mpam Ha UCTLOAL30BAHUE UHMEANECKMYAADHOT
cobemeernnocmu. Cepbesnoit TpobJIeMoil, TOpMO34IIeil BHEIPEHNEe HOBBIX
HCCIIEZIOBATEILCKAX METOJOB B MPUKJIAIHBIX OTPACIAX U OIPAHNIMBAIOINIEH
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KOMILJIEKCHPOBAHKE Y2KE U3BECTHBIX METOJIOB, SIBJISIETCS CJIOKHOCTD B 3aIUTE
U ydeTe HCIIOJIb30BaHNS WHTEJIEKTYAJIbHON COOCTBEHHOCTH. 3allnuTa
HocJIeiHel TPaAUIMOHHBIMA IATEHTAMHU ¢ OPOPMJICHAEM HHIMBULYATbHBIX
JIOTOBOPOB Ha €€ HCIOJIb30BAHUE C KaKJIBIM II0JIb30BaTEJIEM JIeIaeT
HEIPUEMJIEMBIM BpeMsi, TpebyeMoe JIjisl JIOCTYITa K HH(MOPMAITMOHHBIM
pecypcam (IIP), a komIieKcupoBaHue OTIEJIBHBIX METOIOB B KOMILJIEKCHBIE
aBTOMaTU3upoBaHHbie paboune mecta (APMbI) u cucTeMbl TPUBOIUT
K HEMPUEMJIEMO CTOMMOCTH UX TIPUMEHEHUST B MCCJIEIOBATEILCKOM MTPOIIECCe.
Perenne nazsanHoit mpobIeMbl BUIUTCST CETOJIHS B IMIMPOKOM TPUMEHEHUN
OTKPBITBIX JIANEH3MH [6], TIO3BOJISIONMX MOIB30BATHCA HHTEUIEKTYATBHON
COOCTBEHHOCTHIO Ha OCHOBE HEKOTOPBIX OONIUX IpaBmil, 0e3 3aKII0UeHNs
WH/IMBYTyAIbHBIX JIOTOBOPOB, B TOM YHCJIE, 33 CUET TOBPEMEHHON apeH/Ibl
WP, uzBecTHO [1JIs1 MPOrPAMMHOTO 00eCIIeYeHnst Kak Saas.

Jpyras mpobsiema yupasjienus VIP — yder ncnosb3oBanus OTIETbHBIX
MO/IyJIefi — CHUMAETCsl METOJAMH PACIIPEJIeJIeHHBIX peecTpoB [9] (Giokueii-
HOB), MO3BOJIAIONIUX (DUKCUPOBATD JIIOObIE TPAH3AKIMU (€3 JOBEPEHHBIX
IEHTPOB perucrpanuu. BaXKHO, 9TO CHUXKEHHUE 3aTpaT Ha BEPUMUKAIUIO
UCIIOJIb30BaHIUS WHTEJJIEKTYAIbHON COOCTBEHHOCTU TIO3BOJISIET YIUTHIBATH
MUKPOUCIIOIB30BAHNE OT/IEJIHLHBIX MOJLYJIEll U JlesiaeT Heleecoo0pasHbIM
KOMILJIEKCHPOBaHUE TTPUKJIAIHBIX TPOTPAMMHBIX PEIeHU B KPYITHBIE
IMaKeThl TPUKJIAIHBIX MPOrPAMM. YUYeT B PaCIPE/IeJIEHHBIX peecTpax
UCIIOJIb30BaHUST BCEMU YIACTHUKAMU TLIAT(OPMBI HHTEJIJIEKTYAJbHOM cO0-
CTBEHHOCTHU JIAET BO3MOXKHOCTH OPraHU30BATh OWJLIMHT U B3AUMOPACUETHI,
KOTOPBIM JIOBEPSIOT BCE YIACTHUKHU.

2. AHanoru n npoToTunsbi

PaszpabarsiBaemas mrardopma J0IKHA TIPETOCTABIATH TOIb30Ba~
TeJIsIM OOJIBIIIOE KOJIMYECTBO PA3HOHAIIPABJIEHHBIX (DYHKITMOHAJIBHBIX
BO3MOXKHOCTeH. Kparkuii mepedersb TaKUX BO3MOXKHOCTEN BKJIIOUAET:

« rpadOBO€ TIPEJICTABIIEHUE AJITOPUTMA,

o [IMPOKKE BO3MOXKHOCTH TI0 JTMHAMUYECKOMY YIIPABJIEHUIO AJTOPUTMAMHE
u rpadom o6paboTKH,

* MINPOKHNE BO3MOZKHOCTHU 11O BU3yaJN3alN JTaHHBIX,

* BO3MOXKHOCTb KOHCTPYHPOBaHUSI CIEIUAIU3NPOBAHHBIX I'DadUIeCKUX
nHTepdEICOB JJId yIIpaBIeHUus aJrOpUTMaMU,

* IOJJEPKKY KOJIJIEKTUBHON pabOTHI HAJ[ IIPOEKTAMH,
* IIOJIJICP2KKY Paclpe/le/IeHHBIX 1 BBICOKOIIPOU3BOAUTEIbHBIX BbIYUCJICHUII,

e TIOJJIEP2KKY BEPCHOHHOCTH JAHHBIX U BBIYUCJIECHUH,
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* TOJJEPKKY BO3MO2KHOCTH 0OpabOTKU M XpaHEeHUsi OOIBITNX 00bEMOB
JIAHHBIX,

o HAJIMIME BO3MOYKHOCTEIN [0 YIPABICHUIO BBHIUUCIATEIHHON HHMPACTPYK-
Typoii,

e YUET UCIOJIB30BAHNS PA3IUIHBIX AJITOPUTMOB M BBIYUCIATETHHBIX
pPecypcoB.

B HacrosImmii MOMEHT IOJIHOIIEHHAsI IIpOrpaMMHas IL1aTdopMa,
KOoTOpasi yke obiaja/ia 6b BceMu HEOOXOJAUMBIMU CBONCTBaMU, Ha PBIHKE
[IPOrPAMMHOI0 0DeCIIeYeHrsI OTCYTCTBYET. B TO »Ke BpeMs psiJi KOMIIAHUN
npejiaraeT nIporpaMMHbI€ IIDOAYKThI, KOTOPbIE peaJIn3yI0T OT/Ie/IbHbIE
13 Ha3BAHHBIX BBIMIE GyHKIUH miardopmbl. [ToaToMy Takne mpoayKThI
MOYKHO CYUTATH BO3MOYXKHBIMHU MIPOTOTHUIAMU. TaK KaK HEOOXOIUMBIX
K peaymsarun (DyHKIWA TpedyeTcss MHOTO, TO U TIOTE€HIIUAIBHBIX TPOTOTHIIOR
TaKyKe COOTBETCTBEHHO MMEETCsI JIOCTATOYHO OOJIbIOe KomdecTBo. Takme
IIPOTOTUIBI MOXKHO YCJIOBHO Pa3dUTh HA CJIEAYIONINE TPYIIIbL:

o IIPOTrPAMMHBIE CPEJICTBA aHAIN3a OOJIBINNX JAHHBIX U OPTaHU3AIUN
Hay4HBIX HCCJIE/IOBAHUN,

UHCTPYMEHTHI IIPOT'PAMMHOM OpraHu3aIlyl IIPOIECCOB,

WHCTPYMEHTBI MOJIEJINPOBAHNS ODU3HEC-TIPOIECCOB,

MHTErPAIMOHHOE IIPOrPaMMHOE ObecIIeYeH e,

OTKPbBITBIC HHTepHeT—HﬂaT(bOphlbI JJId pa3pa6OT‘II/IKOB IIporpaMMHOTIO
obeclieyeHus.

2.1. MporpammHble cpeacTBa aHaan3a 00NbWINX AAHHbIX Y
OpraHM3aumm HayYHbIX UCCNenoBaHuin

Bosmozkno, mporoTumamu, Hanbosee OJIU3KUME K TIpeIaraeMoil HaMu
wrardopMe, SBIIOTCS TPOrPAMMHEbBIE TTPOYKTHI, PEATUZYIOIIIE CPEJIbI
JUUTST AHAJTUTUKH, PADOTHI ¢ OOJIBINIUMY JAHHBIMU W TIOCTPOEHUST MOJIEJIeH
MaImmHHOro o0ydenusi. K TakoMy mporpaMMHOMY OOECITEUEHUIO, TaK ¥Ke,
KaK B HaIlleM CJIydae, IPEeIbsABIISIOTCS TpeOOBAHUS MAKCUMAJIBLHON TubKoCTH
U BapUATUBHOCTH PEAJIU3YEMBbIX AJITOPUTMOB, & TaK¥Ke BO3MOXKHOCTU
MO pUKAIMN TIPOIIECCOB 0OPAbOTKU JIAHHBIX KOHEYHBIMU I10JIb30BATEISIMIE.
Jl1s1 BBITIOJTHEHUsI YKA3aHHBIX TPEOOBAHUI IIPOrPpaMMHOE ObecrieYeHne
IIPEJICTABJISIETCS B BUJE HAOOpa aJIrTOPUTMOB 0OPAOOTKHU JTAHHBIX, CPEJICTB
rpaduIecKoil BU3yaJn3aluy BXOJAHBIX JIAHHBIX U PE3YJIbTATOB BBIUUCJIECHU,
a TaK»Ke BU3YaJbHOIO MHCTPYMEHTA ITOCTPOEHUs] HeOOXOIMMBIX rpadoB
obpaboTku. B HACTOSIIINIT MOMEHT M3BECTHO HOJIBITOE KOJTUIECTBO TOTOOHBIX
nporpaMmMubix cpegicrs: Orange, RapidMiner Studio [10,11], Knime
Analytics Platform [12,13], EasyMorph, AdvancedMiner. Hazpaunbie
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IPOTPaMMBI IO3BOJIAIOT PEIIaTh TAKUE 33/1a91 aHAJM3a, KAK MOJIIOTOBKA
naHHBIX (preprocessing), or60p IPU3HAKOB, KJACTEPU3AIUs, KIACCH-
dukarus, perpecCCUOHHBIN aHAJIN3 U P JIPYTUX, T. €. COCPEIOTOIEHBI
B OCHOBHOM Ha MaTeMaTUYEeCKOUW M CTaTUCTHYECKOi obpaborke. Takue
IIPOrpaMMBbI OOECIIEUNBAIOT MHTETPUPOBAHHYIO CPEy IJist TPOBEICHUST
HAYJIHBIX MCCJIEIOBAHMIA, TIO3BOJIAIOT PEATN30BATH MOJHBIN UKJI AHAINA3A
JIAHHBIX, BKJIIOYAIONINI YTEHUE JIAHHBIX U3 PA3JIUIHBIX HCTOTHUKOB, MX
peobpazoBanue u GUIHTPAINIO, COOCTBEHHO aHAJIN3, BU3yaJU3aIINIO0 U
sKeropT. K coxasiennto, Ha3BaHHAs MEPCIIEKTUBHAS T'PYIIIIa TPOrPAMMHOTO
obecrieueHus 00/1a1a€T PAIOM HEJOCTATKOB C TOYKN 3PEHUS] KOHIIEIITUN
m1aTOpPMBbI, 00CYXKTaeMOM HAMM:

¢ OTCYTCTBYIOT WJIM HEJIOCTATOYHO PA3BUTHI BO3MOXKHOCTUA KOHTPOJIST
BEPCUOHHOCTH JAHHBIX U TpapoB 0O0pabOTKM;

B3aUMOJEHCTBUE I0JIb30BaTeNs ¢ CUCTEMOI BEIETCA Ha OCHOBE IIPAMOI
paboThl ¢ TpadoM 06pabOTKM, HET BOZMOYKHOCTH KOHCTPYUPOBAHUST
CITENUATN3UPOBAHHOTO TT0JIH30BATEILCKOTO UHTEp(deiica,;

* IIOJJIEP2KKA PACIIPE/IEIEHHBIX BBIYUCJICHUN NI PA3MEIeHus: B 00/IaTHOM
cpejie B OCHOBHOM OI'DaHN4YeHa KOMMEPYECKHMHI BePCUAMU IIPOTPaMM;

BOIIPOCHI OPraHU3AINN XPAHEHNsT 00pabaTHIBAEMBIX JAHHBIX BBIHECEHDI
3a paMKi (QYHKIIMOHAIBHBIX BO3MOYXKHOCTEH CHCTEM;

OTCYTCTBYIOT MJIM HEJIOCTATOYHBI BO3MOXKHOCTU OPTaHU3AIUU KOJI-
JIEKTUBHOT'O B3aMMO/IEHCTBHsI TP COBMECTHOI pabore Ha I rpadoM
06pabOTKM.

2.2. NHcTpyMeHTbI NPOrpaMMHOi opraHu3aumm npoLeccos

OnHoit 13 BayKHBIX 0CODEHHOCTEI TTAT(MOPMBI SBJISIETCS UCIOIb30BAHUE
rpadoB 00pabOTKH WM TIOCIeI0BaTEILHOCTEH 3a1a4. [Ipu aToM HEOOXOANMO,
9TOOBI JJaHHASI XapPAKTEPUCTUKA OTParKaJlaCh HEe TOJIHBKO BO BHEITHEM
[PEJICTABJIEHUN CUCTEMBI TI0JIb30BATE/II0 B BUJIe OTOOpaXKeHMs rpaduiecKux
JauarpaMm, HO W ObLIa BHYTPEHHE IPUCYINa caMoil maardopme, T. €.
ObLIa 3aJ10’KeHa B ee 6A30BbIe TPOrPaAMMHOE 0DeCIIedeHre, apXUTEKTYPy U
IPUHITATIBT Pa3pabOTKH.

B macrosimmit MOMEHT aKTUBHO Pa3BUBAIOTCS ITPOTPAMMHBIE CPEJICTBA
paspaborku (6ubaMOTeKN), IpeIHA3HAYEHHbIE JJls HU3KOYPOBHEBOI peaJiu-
3alUu [MOCJIe0BATELHOCTEH 0O0PAbOTKY JIAHHBIX, KOTOPbIE TO3BOJISIOT
OCYIIECTBJISITh Pa3pabOTKYy, IIJIAHKPOBAHNE ¥ MOHUTOPUHI PAbOYINX IIPOIEC-
COB, TIPEJICTABJIEHHBIX B Bujie rpadoB. K TakuM mporpaMMHBIM CpEICTBAM
ornocarcs Apache Airflow, Luigi, Nextflow u muorue apyrue.
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JlaHHBIN KJIacC TPOrPaMMHBIX CPEJICTB HE SBJISETCS MOJTHOIEHHBIM
IIPOrPAMMHBIM ITPOJYKTOM U TPEIHA3HAYEH JIJIsl UCIIO/Ib30BaHus Tpodeccu-
OHAJIBHBIMH IIPOIPAMMUCTAMU, BCJIEJICTBUE U€r0 ONNCAHUE AJTOPUTMa
00pabOTKM TIPOU3BOANTCS MJIN HEIIOCPEICTBEHHO CPEJCTBAMU COOTBETCTBYIO-
MMAX SI3BIKOB MTPOTPAMMUPOBAHUS, UJIU B CHEINAIU3UPOBAHHBIX (hailaax,
9TO JleslaeT HEBO3MOXKHBIM HJIM CHUJIBHO 3aTPY/IHSIET UX WUCIOIb30BaHUE 1
MOIMPUKAIIIO KOHEYHBIMU HEITPOMECCUOHABHBIMU TTOJIb30BATEISIMU.
Kpome Toro, npucyTcrByer erre 1esblil psii HeJOCTATKOB:

e OTCYTCTBHE BO3MOXKHOCTH PYUIHOrO IrpaduiecKoro mocrpoenus rpada
00paboTKM, KOTOPBIIl MreHEPUPYETCsI Ha OCHOBE CIIEIUAIM3NPOBAHHOIO
KOJIa;

o pa3rpaHuydeHne ITAMOB PA3PADOTKYU U UCIOJHEHUs TPad0oB 00pabOTKH.

2.3. NucTtpymeHTbl mogenupoBaHus busHec-npoueccos

IIpuHruns! pa3dueHnst JUIUTETBHBIX U CJIOKHBIX IIPOIECCOB Ha COCTABJISI-
OIKe UX KOMIIOHEHTBI TAKXK€ aKTHBHO UCIOJIBb3YIOTCS IPU MOJIETNPOBAHIN
tusnec-mporeccos (BPM). B nacrosiinee Bpemsi CyIIeCTBYIOT XOPOIIO PA3BU-
TOE METOJIOJIOTUYECKOe ODEeCIIeYeHne, & TaKyKe COOTBETCTBYIOIINE A3BIKI
MOJIEJINPOBAHUS U CPECTBA Pa3pabOTKU IMPOrPAMMHOIO 00eCIIedeHNs .

JlocTaTovHO MIUPOKO HUCIIOJIb3yEeMbIMU ITPOIPAMMHBIME [TPOILYKTaMU
apistiores Activiti BPM Platform, Camunda. Azajioruysbie nporpamMMHbIE
WHCTPYMEHTBI [IPEIOCTABJISIOTCS U IPOU3BOIUTESIMA UHTETPAITMOHHOTO
IporpaMMHOro obecriedenusi B mpoaykrax JBoss, Websphere u psijie apyrux.
DTH IpOorpaMMHbBIE ITPOJLYKTHI IPEJJIATAIOTCI U KAK CPEJICTBA Pa3pabOTKH
CXeM IIPOIECCOB, U KaK CPEJIbl UX UCIOJIHEHUS] 1 MOHUTOPUHIA; TaKKe
HMeETCsl BO3MOXKHOCTD Pa3pabOTKHU IMPOCTHIX MHTEPGENHCOB B3aNMOIECTBIS
IIOJIB30BATEJIA C CUCTEMOIL.

OmnucanHast TpyIIia IPOrPAMMHBIX IIPOIYKTOB TAKYKE BBITJISIEA
KpaifHe IIEPCIIEKTHBHO B Ka4eCTBe OCHOBHOI'O IIPOTOTHIIA PAa3pabaThIBAEMON
1aTOOPMBI, OHAKO IIOCJIE€ BBIITOJHEHUS IPOIPAMMHBIX IKCIEPUMEHTOB
BBISIBUJICS CJIEJYIONIHUE PsiJ HEIOCTATKOB:

¢ OTCYTCTBYET IIO/IJICP?KKA BBICOKOIIPOU3BOIUTE/IbHBIX BbIYUCJICHUN;

e OI'PaHUY€HbI BO3BMO2KHOCTU OII€PATUBHOI'O U3MCHCHUA rpa(ba O6pa6OTKI/I
BO BpEMdA €ro UCIIOJITHECHU A,

¢ OTCYTCTBYET BO3MOXKHOCTH MHOTOBapHAHTHON 00paboTKM OHOTO HAbOpa
JAHHBIX B OTIE/IBHBIX y3JIaX MPOIECcCa;

* OTCYTCTBYIOT BO3MO>KHOCTH CJIOYKHOM BU3ya/in3allull HAYYIHBIX JaHHbIX.


https://www.activiti.org/
https://camunda.com/
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2.4. WNnTerpaunoHHoOe nporpaMmmMmHoe obecneveHue

XO0pOoITIo U3BECTEH IPYTOil KJIaCC MPOrPAMMHOIO 00ECIIeYeHNsT, B KOTOPOM
HCIIOJIb3YFOTCsI IIPUHIIMIILI JIEKOMIIO3UIIAY JIJTUTE/IbHBIX TI0CJIE/I0BATE b=
HOCTell Ha COCTaBHBIE YACTH U IIPEJCTABJIEHNUS UX B BUIe IrpadoB mpu
pa3paboTKe U MOHUTOPUHIE — 3TO WHTETPAIMOHHOE IPOrPAMMHOE 0becIede-
uue (EAL, ESB). TanHbIil Ki1acc IPOrpaMM OCYIIECTBJISET OPTaAHU3AIMIO0 U
yIIpaBJIEHHE ITOTOKAMU JAHHBIX MEXK/Ty MH(MOPMAIMOHHBIMUA CUCTEMAMU
MIPEAIPUATHS U IMIPOKO UCIOJIB3YET JJIsi STOrO IIPEICTABICHIE B BUIIE
rpadoB.

K mmpoko usBecTHOMY IPOIpaMMHOMY OOECIIEYEHUIO JTAHHOTO TH-
I1a, MOYKHO OTHECTH CJIeJIyIoInue npoayKTer: Apache ServiceMix, Mule,
JBossESB, IBM WebSphere, WSO2, Apache NIFI.

Kpome yHUBEpCAIBHBIX HHTETPAIMOHHBIX PENIeHU MOXKHO OTMETUTD
HaJIM4¥e CIIeIHAJIN3NPOBAHHBIX PEIeHn /Ui He)Tera3oBoro ceKTopa,
uanpumep, wiardopmy Whereoil [14] komnannn Kadmi, B Koropyio, Kpome
poYero, BXoauT mporpaMmMubiii mponykT Data Tracker Data, mekmapupy-
omuit obecrievenre nHMOOPMAIMOHHON TOJJIEPXKKH OU3HEC-TIPOIIECCOB,
CBA3AHHBIX C yIIPaBJIEHHEM OOJIbIINM 00bEMOM JAHHBIX B HE(TEra30BOM
cekTope. HazBauHBIN TPOLYKT JOHMOJIHUTEIHHO IIO3BOJISIET CO31ABATH
[IpEeJICTAaBJIeHNsT OM3HEC-TIPOIECCOB, CBSI3BIBATH UX C HEIIOCPEICTBEHHBIMU
nHOOPMAIMOHHBIME PECYPCaMK (CHCTEMAMUI MOJIEIMPOBAHNSI) U OPraHU30-
BBIBATH CKBO3HOE IIPOEKTHOE YIIPABJIEHUE.

K ocroBHBIM HEZOCTATKAM JAHHOI IPYIIIBI IPOrPAMMHOIO O0OECIIeUeH s
OTHOCHUTCSI TO, YTO OHO B OCHOBHOM IIPEIHA3HATEHO JIjIsi BBIIIOJIHEHUSI
MHTErpPaIOHHBIX IIPOIEAYP U YIIPABJIEHNs OTOKAMHU JAHHBIX, & 33491
CJIOXKHOU MaTeMaTHIeCKOl 0O0pabOTKU JAHHBIX, TPOBEJACHNS HAY YHBIX
HCCJIEJIOBAHUI U BU3YAJU3AIUN UX PE3YJIbTATOB HE BXOJAT B [IEPEUYEHDb UX
GYHKIMOHAIBHBIX BOSMOXKHOCTEH (YACTUIHO MOJIEPKUBAETCsI BBIIIE
OIMMCAHHBIM TPOAYyKTOM Kommanun Kadmi, urdopmarun mo 3ToMy mpompre-
TAPHOMY IIPOIYKTY B OTKPBITOM JOCTYyIIe KpailHe MaJIO, YTO He ITO3BOJISET
IIPOBECTH €O OLCHKY ).

2.5. OtkpbiTbie nHTEpHeT-NNaTghopmMbl Ana pa3paboTynkos
nporpaMmmHoro obecneveHus

B kagecTBe mporoTHNOB cO37aBaeMoil miaTdOpMbl TAKKE MOYKHO
pPaccMaTpUBATh HWHCTPYMEHTAJIbHBIE CPEJCTBA, KOTOPBIE TIEPEHOCAT B MHTEP-
HeT-cpely MHMPACTPYKTYPY [Jisi pa3paboTKH [IPOrpaMMHOIO 00eCievueHusl.
Ucroputieckn mepBBIME TAKUMU ITPOrpaMMaMy OBLIN MIaThOPMBI, 00eceyn-
BAIOIMe BEPCUOHHOE XPaHeHHe UCXOAHBIX KonoB npoekros (Github, Gitlab u
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Bitbacket). B nacrosimuii MOMEHT OHU IIPEICTABJILAIOT COOOIl KOMILIEKCHBIE
CEPBUCHI [0 PA3PaDOTKE U YIIPABJICHUIO TPOTPAMMHBIME [TPOEKTAMI 1 KPOME
XpaHeHUs KOa 00eCIednBalOT KOMAaHIHYIO paboTy, JTOKYyMEHTHPOBAHNE
MIPOEKTOB, MHTEIPAIIUIO CO CPEJCTBAME HEMPEPBIBHON COOPKYU M TECTHPOBa-
HUsl TpUJIoyKeHnit. TakyKe CyIIecTBYIOT HHTEPHET-TIATGOPMBI, KOTOPHIE
MO3BOJIAIOT CO3/IaBATh IIEJIbIe JIAHIIAMTEI pa3pabOTKU ¥ TECTUPOBAHMUS, T. €.
COBOKYITHOCTH MTPUKJIQIHBIX CIEIUATU3NPOBAHHBIX TIPOIPAMMHBIX CEPBEPOB,
HA KOTOPBIX Pa3MEIIAIOTCsT TPOrPAMMBI, Pa3pabOTaHHbIE HOJIH30BATEIAMI
(Platform as a Service). Tax, nanpumep, komuanus Salesforce npenaraer
obuaunyio PaaS-miardopmy Heroku [15,16], koTopasi 1103BoJIsleT OJIHO-
cTbhio TrepeHectu paspaborky 1O u cpemy ero BbIOJIHEHUS B 0OJIaKA.
Kommanust Amazon jaeT BO3MOXKHOCTH OBICTPO CO3/IaBATh HEOOXOIUMYIO
BUPTYAJIbHYIO TPOrPAMMHO-AIIAPATHY IO HHMPACTPYKTYPY, B TOM YUCJTE,
BBICOKOITPOM3BOIUTENIBHY 0. TakKe 5Ta KOMIAHUS IIPEIOCTABIISIET CPEJICTBA
i 00J1a9HOI Pa3pabOTKU MIPOrPaMMHOIO ODECIIeYeHrs], B TOM UHUCIIE, CEpP-
suc AWS Step Functions [17] qyist oprannsanuy KoopIuHAIME KOMIIOHEHTOB
pacupe/ieJIeHHbIX MPUJIOXKEHUH U MUKPOCEPBUCOB B BUJIE TPAMDHUUECKUX CXEM
pabounx norokos. Komnanus SAP npemaraer mwiardopmy HANA [18]
JIJIsT PEIIeHnsT 3a/1a4 PACIIPE/IEJIEHHOTO XPaHeHUs JTAHHBIX, Pa3paboTKn
HHCTPYMEHTOB UX 00pabOTKHU, a TAKKe UCIIOJHAEMYIO CPEILy JIJIsl IPeIOCTaB-
JIeHUsI JJAHHBIX Tosib3oBaresio. CymectByer Takyke uacrpyment SAP Data
Hub [19], koTOpBIii MO3BOJIsIET OPraHN30BATh MOJKIIOUEHNE K MHOXKECTBY
WCTOYHUKOB JIAHHBIX U I'padudecku chOpMUPOBATH rpadbl BEIOOPKA U
00pabOTKH JTAHHBIX.

OnucaHHbIil KJIACC TPOrPAMMHBIX MTPOJIYKTOB MOXKET CUUTATHCS TPOTO-
THUIIOM pa3pabaThbIBAEMON HAMU ILIAT(OPMBI B YaCTH MPETIOCTABICHUS
MIAPOKOro (PYHKIMOHAJIA TI0 YIPABJICHUIO BHIYACIUTEbHON NHPPACTPYKTY-
POl U CPeICTBAMU OPraHU3AIMK POIECca Pa3paboOTKU, HO B TO YKe BpeMst
UMeeT CJIEYIONNe CYeCTBeHHbIE HeJIOCTATKH:

* 3TU IPOAYKTHI OPUEHTUPOBAHBI HA COODINECTBO MPOMECCUOHATBHBIX
[IPOTPAMMUCTOB;

o TTO mpesHaszHaYeHO TPEUMYIIECTBEHHO I Pa3pabOTKU MPUIOKEHI
¢ Beb-unTepdeiicoMm;

* OHVM OPUEHTUPOBAHBI Ha PA3pabOTKy U IKCILIYATAIIUIO TPOIPAMMHOTO
obecriedennsi, a He Ha aHAJNU3 U OOPAbOTKY JAHHBIX;

« HamboJIee OTHOQYHKINOHAJIBHBIE TIAT(OPMbI (IIPOAYKTHI OT KOMIIa~
unit SAP, Amazon u Salesforce) He UMEIOT OTKPBITOrO IOCTOSTHHOIO
6eCIIATHOTO JOCTYA WA SBJIAIOTCS OYeHb JOPOTUMU PENICHUSIMU.

KpaiiHe HHTEpECHO BBINVISIIAT JiBa HOBBIX IpoekTa Pallium.network [20]
u SingularityNET [21], koTopble cTaBaT CBOEii 1EJIbIO [IOCTPOEHUE PAC-
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[IpeJIeJICHHONl B MHTEPHETE KOMMEPUYECKON CeTU sl PEeIlleHusl 3a/ad,
CBSI3aHHBIX C MAalllMHHBbIM 0Oy4uenueM. lIpejoiaraercs, 900 CTOpOHHME
II0JIb30BaTeJ M CMOI'YT IIOJAKJ/IIOYAaTh CBOU IIPOr'paMMHBIE PDEIIECHUA B KadeCTBe
OTJIEJILHBIX Y3JI0B TaKON CETH W 3aTeM ITIpeJIaraTh UX JJisi KOMMEPYIECKOTO
WCTIOTb30BAHUS OCTAJIBHBIM yIacTHUKAM. [IJIs1 3aIuThl HHTEIEKTYATbHOM
COOCTBEHHOCTH U IIPOBEMIEHUsI OILJIATHI OTPEDJIsIeMbIX PECYPCOB IIPejIaraeT-
Csl MCIOJIB30BaTh TexHooruu 0jioK4eiiH. OHAKO TaKue IporpaMMHbIe
MPOJYKTHI HAXOJSATCS B CTaUN Pa3pabOTKM, U OPUEHTUPOBATHLCS HA HUX
MO2KHO B OCHOBHOM B METOJIOJIOTHIECKOM ILJIAHE.

Urak, HECMOTpsI Ha 3HAYUTEHFHOE MHOrOOOpa3ue MpPOrpaMMHBIX
MIPOJIyKTOB, KayK/asl U3 MpecTaBIeHHbIX Boite rpym 11O obmamgaer
PSJIOM CYIIECTBEHHBIX HEJIOCTATKOB, KOTOPBIE MPEMATCTBYIOT UX HEMO-
CPEJICTBEHHOMY UCIIOJIB30BAHUIO [IPU Pean3anuu 11aTdOpMbl COIVIACHO
narreit kourenimu. TakuM 06pa3om, XOTsI ITEPBOHAYAILHO Y HAC OBLIO
KeJlaHne 10paboTaTh Mo TpeboBaHUs IIAT(OPMBI yKe CYIEeCTBYIONIee
MPOrpaMMHOe ODECIIEYeHNE U TeM CAMbBIM YMEHBIIUTL CPOKU Pa3paboTKu
TOJTHODYHKIMOHAIBHON BepCUH TLIAT(OPMBI, BIIOCIEJICTBUN IPUIILIOCH
OTKa3aTbhbCdA OT TaKOI'O pelmieHud U IIPUCTYIIUTDh K pa3pa60TKe HOBOTI'O
[IPOIPAMMHOTO TTPOJYKTA, TPOTOTUII KOTOPOT'O MPEJCTABICH HUXKE.

3. MNpepgnaraemoe pewierne

IIpennaraemoe HaMU pelieHUE OCHOBAHO HA MEPEUUCTIEHHBIX BBIIIE
oaxXo1axX K (POPMHUPOBAHUIO aPXUTEKTYPHI IIPOTPAMMHBIX CPEJICTB U
OU3HEC-apXUTEKTYPBI, & TAKXKE IPUHIUIIAX YIPABICHUS HHTE/JIEKTYaJIbHON
CODCTBEHHOCTBIO.

Ipozpammnasn ocrosa. Ero sBiasercs nHTepHET-TIIATGOPMA, COCTOSIIAS
U3 NEHTPAJIBHOIO CepBepa IPUIOKEHUH (Perno3uTopust), 06eCIeInBaOIIEro
XpaHeHue aJrOPUTMOB U UX KOMIIOHEHT, PETHUCTPAIIIO U COIIPOBOKICHUE
10JIh30BaTesIEHl, KOMMYHUKAITIN MEXKJTy HUMH, & TaKKe y4eT MCIIOJIb30BaHUS
AMU aJIrOPUTMOB M UX KOMIIOHEHT IIPM PEIIeHUH IIPUKJIA/HBIX 3a/1ad.

HUcnonp3oBanue aaropuT™MOB M UX KOMIIOHEHT ITPOUCXOJUT B UCIIOJTHSIE-
MOIi cpejie (JBIKOK), 3arpyKaeMoii IIpH IPHUCOeMHEHNH K IIaTdopMe b0
Ha MAIUHY [I0JIb30BaTE s, TU00 HA BUPTYAJIbHYIO MAIIMHY B O0JIATHOM
kjacrepe. JIBMKOK obecrieanBaeT co3anne, MOINMUKAIINIO U UCIOIb30Ba~
Hue (B TOM YHCIIe, 3 MHOXKECTBA CTAHJAPTHBIX) TeX aJlOPATMOB, KOTOPHIE
penalT KOHKPETHbIe IPUKJIaIHbIe 331a49u. B3anMo/elicTBre 0Ib30BaTe A
C IBUYKKOM U PEIO3UTOPUEM OCYIIECTBIISIETCS depe3 BeO-unrepdeiic min
TOJICTBII KJIUEHT Ha JIOKAJBHON UJIM BUPTYaJbHONH MAaIllUHAX.

Hoavzosamenvckan u admunucmpamuenas wacmu. Ha mmardopme
JEACTBYIOT TPU OCHOBHBIX THUIIA IIOJIb30BATEJICH:
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* 9KCIEPTHI, pa3padaThIBAIOIINE HOBBIE TUIBI AJITOPUTMOB B PAMKAX
HAyYHBIX U IPUKJIAIHBIX PAHTOB, BBIITOJTHEHUsT 3aKA3HBIX PAabOT WIn
B MHUIMATUBHOM IIOPSJIKE; PAa3pabOTaHHbIE aJrOPUTMbI CHAOXKAKTCS
nIeHTUPUIUPYONUMY HH(OpMAaIueil 1 ONMuCaHreM U JIETOHUPYIOTCST
B PEIO3UTOPUI IJIaT()OPMBI;

CHENUATNCTEI, 00ECIeINBAIONINE BHIOOD M aJAIITAIINIO TMEIOIIIXCST
aJITOPUTMOB K HOBBIM HMJIM U3MEHUBIIIUMCS CTAPbIM 3aJIavaM;

UCIIOJIHATEJTH, PeIlatoliue KOHKPEeTHbIE TTPUKJIAIHbIE 38/I[a91 Ha, OCHOBE
AJITOPUTMOB, Pa3pabOTAHHBIX IKCIEPTAMU U CIEIHAJIUCTAME; B3aUMO-
JefiCTBUE UCIIOJIHUTEJIEN C CUCTEMO IMPOUCXOIUT AHAJOTUIHO PAadOTE
¢ OOBIYHBIM IIPOIPAMMHBIM ODECIIEYeHUEM.

Juyensuonnaa noaumura u e3aumodeticmeue ywacmuuros. Jlu-
IEH3NOHHAs IOJINTUKA B 00JIACTH MHTEJUIEKTYaIbHOH COOCTBEHHOCTH
OCHOBaHAa Ha aBTOPCKOM IIPaBe U OCYIIECTBIIAETCH Ha OCHOBE IIPUCOEIHHE-
HUS K JIANEH3NOHHON HONTHKE IaTHOOPMBL (JIOrOBOD [IPHCOEHHEHNA).
B TakoM IOroBope JOJIKHBI ObITH IIPOIUCAHBI 00A3aTE/ILCTBA II0Ib30BATEIL
10 COOJIONEHNIO aBTOPCKUX IIPaB TPETHUX JIUIL — yYAaCTHUKOB IIAT(GOPMBI
(B TOM uncIIe, UMYIIECTBEHHBIX IPAB [IPU UCIOIB30BAHUN CTOPOHHUX
00'bEKTOB UHTEJUIEKTYAJIBHON COOCTBEHHOCTH ), & TaKxKe 06s3aTebCTBa
171aTOPMBI 10 COOJIIONEHUIO IIPAB IIPHCOEIUHUBIIEIOCS 0Ib30BATEIIS.

Omnara UCIIO/IH30BAHNS AJITOPUTMOB IPOU3BOINTCS HA OCHOBE aB-
TOPCKOr'o Ipasa. BeaymuMm MeXaHU3MOM SIBJIAETCA POSITH, OJHAKO JIJIS
9KCKJIIO3UBHBIX aJIIOPATMOB BO3MOXKEH MEXaHU3M aBTOPCKOI'O 3aKa3a,
€ BBIIIATOM NayIIaIbHOrO marexxa. s MoandunupoBaHHBIX aJlrOPUTMOB
IPUMEHSIIOTCA MEXaHU3MBI PacIIpe/ieIeHIA aBTOPCKOrO BO3HATDAK ICHUA
IIPOU3BOJHBIX ITpou3BeneHnii. [yt pa3paboToK, BBIIIOJIHEHHBIX B PaM-
KaX JOJKHOCTHBIX MHCTPYKINN, NeHCTBYIOT MEXaHU3MBI CIIy2KEeOHBIX
BO3HAIDaKICHUN.

4. TlpenmyuwiecTea npenaraemMoro peLueHust

MbI IpOrHO3UPYEM PE3KOe KaueCTBEHHOE CHUYKEHUS CPOKOB U 3aTPaT
Ha Mopudukanuioo Gyskimonasa [10. 1o cHukeHne, TyIaBHBIM 00pa30M,
00YCJIOBJIEHO T€M, 9TO HPOgECCUOHAJbHbBIE II0JIb30BATE N 10y YaioT
BO3MOYKHOCTH CaMOCTOSITEJIbHO MOIUMPUIINPOBATE AJrOPUTMbI 00PabOTKH
JAHHBIX, & TaKKe YIPABIAIONINI aJrOpUTMAaMU rpaduaecKuit nHTepdeiic,
3HAYUT, OTCYTCTBYET HEOOXOIUMOCTh IIPUBJIEUYEHUs TPO(EeCCHOHABHBIX
[IPOrpaMMUCTOB. KpoMme TOro, mOBbIIIEHHbBIE BO3MOXKHOCTH MOIU(DUIIPYeE-
MOCTH IIPOTrPAMMBI [IO3BOJISIOT IPUCTYIIATH K OIIBITHO-IIPOMBIIIJIEHHOMN
9KCILTyATAINN CHCTEMBI Ha 00Jiee PAHHUX CTaIUAX €€ pa3spabOTKM, TO €CTh
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B HEKOTOPOM CMBICJIE TIPOTIECCHI PA3PAOOTKHU U OIBITHO-IIPOMBIILICHHON
SKCILIyaTAInu O0bEIUHSIIOTCS B €INHBI UTEPAIMOHHBII TPOIECC. DTO T03-
BOJISIET BBISIBUTH IIPOIPAMMHO-TEXHUYIECKUE U aJITOPUTMUIECKHE TPOOJIEMBI
HA CAMbBIX PAHHUX CTAJIUSX U T€M CAMBIM IOBBICUTH KAUECTBO PEIICHMUSI.

B kadecTBe mpumepa mpuBeieM HAI JUIHBIN OMBIT B pa3spaboTKe
nporpaMMHOro obecrevdennsi. OIHUM U3 MMOCIEIHUX HAIIUX TPOEKTOB ObLIA
pa3paboTKa IPOTrPAMMHON CHCTEMBI 0OPADOTKY U aHAM3a JAHHBIX C TOMO-
IBIO CIEIAAIA3NPOBAHHOIO TATEHTOBAHHOTO T'e0(DU3UIECKOr0 METO/IA.
OcCoGEHHOCTBIO METO/Ia SIBJISIETCST HEOOXOAMMOCTD €TI0 TINATEIbHON HACTPOIi-
KU 1I0J] KOHKPETHBIE Ne0JIOIMYECKIE YCIOBUsI IIPOBEJIEHUs] UCCJIEIOBAHMIA.
Hamu B TeueHune 1moJryTopa JieT IPOBOIUIACH pa3pabOTKa HEOOXOIUMOI0
mporpamMMHOro obecrredenusi. K coxkajieHUio, pe3yabTaT HeJIb3s ObLIO
IPU3HATE YAOBJIETBOPUTEILHBIM. HecMOTpst Ha TO, 9TO IPOJAYKT OBLIT CO3/IAH
u 06181871 MUPOKUM (DYHKIIMOHAJIOM, €r0 BHEJIPEHUE B IKCILIYaTAIIIIO
MIOCTOSTHHO 3a/IePXKUBAJIOCH, TAK KaK TPEeHOBAJMCH TOCTOSHHBIE KOPPEKTH-
poBKHE ajropuTMoB. Kpome Toro, mporecc peajnsalius MporpaMMUCTaAMI
MIPUKJIAIHBIX AJITOPUTMOB BCETIa OB JOCTATOYHO JIJTUTEJIEH, TaK KaK
TpebOBaJIOCh BpeMsi HA IMOHUMAaHUE 331291, AaHAJIN3 AJCOPUTMA U €ro
pean3aIyo Ha S3bIKaxX MTPOrPAMMUPOBAHNS, KOTOPBIE IIJI0X0 MOAXOMST IS
HayYIHBIX AJTOPUTMOB. B nTore ObLIO IPUHSITO pelieHne pa3padorarh
HOBBIII IPOJIYKT C HYJIs HA OCHOBE IIPUHITUIIOB, OINCAHHBIX Bbimte. Kak
pesyJibTaT, Yepes IoJIroja HoBast nporpaMma (aabba-Bepeus OIUCAHHOTO
HUKE TIPOTOTHIIA) Y2Ke HAXOIUIACH B IIPOMBIIIIEHHOI SKCITyaTamun. Takum
00pa3oM, MOXKHO TOBOPUTH O MUHAMYM TPOEKPATHOM yBEJUYEHUN CKOPOCTH
BHEJIDEHUsI IIPOJIYKTa U O COOTBETCTBEHHOM CHIKEHUU 3aTPAT HA YCJIYTU
IpoeCCUOHAJIBHBIX Pa3pabOTIMKOB. KpoMme Toro, mpejjilaraeMoe peleHre
006/1a/1aeT TaK>Ke HEKOTOPBIMH JIONOJIHUTEJbHBIMU IIPENMYIIECTBAMU,
IepeIncJeHHbIMU HUXKE.

Kornmpoav svinoanerus pabom. DAG-06bekT, peaju3yomuii HEKOTOPBIi
GusHec-TIporiecc (BBITOIHEHNE AaHAJINTHIECKOTO UCCIIEI0BAHNsI, pa3paboTKa
[IPOEKTa, COCTABJIEHUE OTYUETA), SIBJISIETCS] OJIHOBDEMEHHO M CETE€BBIM
rpacdpukom pabot. Ilo Mepe 3amonHeHnsT TPOMEKYTOUHBIX CTPYKTYP
JIAHHBIX MOXKHO CYJIUTH O XOJ€ BBIINOJHEHUsI paboT, TPOrHO3UPOBATH
CPOKWY BBITIOJIHEHUS U CTEIEHDb 3arpy3Ku UCroHnTeseit. B otyimane ot
KJIACCUYECKOl mporpaMMHuoil apxurekTypbl DAG-apxurekTypa He Tpebyer
JOTIOJTHATEJIbHBIX YCUJIUN 110 WHTETPAIUNA C CUCTEMAMU YIIPABJICHUSA
IPOEKTaMU. 3aJa9N YIPABJIEHUS IIPOEKTAMUA U PECYPCAMHU MOTYT OBITH
BCTPOEHBI B IIATHOPMY KaK JIOMOJHATETHHBII CEPBUC.

Bepugurayus croocHbir pe3ysvmamos. BrIoHEHHBIE aHATUTHIECKOE
WCCJIEZIOBAHUE, OTYET WK IIPOEKT B IIPEJJIATa€MOM IIOIXO0JIE [TPE/ICTABIISIOT
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coboit 3anmosHernHable DAG-00beKThI, BKIOUaOMue B cebs UCXOIHbBIE,
OKOHYATEbHBIE U IIPOMEXKYTOUYHbBIE JAHHBIE, 8 TaKXKe aJI'OPUTMBbI UX
noJrydenus. [Ipn MapKupoBaHUU B XOjie BBIIIOJIHEHUS PabOT aJIrOPUTMOB U
JIAHHBIX C TTOMOIIBIO OJIOKYETH-TEXHOJIOTHU 0DECIIETNBACTCST TaPAHTUS
COOTBETCTBHSI MOJIYYEHHBIX PE3YJILTATOB UCXOJHBIM JAHHBIM U IIPIMEHEHHBIM
ajiropuTMaM. Bo3MOXkKeH TakKe KOHTPOIbHbIH nmporon DAG-o6bekTa oT
UCXOJTHBIX JNAHHBIX K PE3yJIbTaTy IJjis €ro MOITBEepKI€HUS.

Camodokymernmupyemocmsb. CoxkHable THGHOPMAIMOHHBIE CHCTEMBI
¢ OOJIBIINM KOJIMYeCTBOM (DYHKIIWI, PACIPEIE/IEHHBIX 110 aBTOMATH3NPOBAH-
HBIM paboOYuM MeCTaM, IYPE3BBIYAHO CJI0XKHBI B OCBOCHUU U IKCILIYATAIIH.
DAG-o06bekT mpejicTaBisier coboii TIEMOUKy BBITOJIHIEMBIX Ou3Hec-(hyHK-
Uit JIjisi KOHKPETHOrO MPOEKTA, YTO AT €r0 CAMOOYEBUIHBIM JIJIst
CIIEIUAJTACTA.,.

Hrmeepayus npurisadnur uccaedosaruti. PaspaboTka HOBOU Ma-
TEMATUYIECKON MOJIEJIM MJIN Ou3HeCc-PYyHKIUHA C ITOMOIIBIO CTOPOHHUX
9KCIIEPTOB SIBJISIETCSI B HACTOSIIIEE BPEMSI TIPOIIECCOM € DOJIBIITMMU TPAH3aK-
[IMOHHBIMY U3JEPKKAME, TPAKTUIECKOE €€ BHEJIPEHNE 3aHUMAET MHOTO
Bpemernu. Ha ocHOBe MCIIOTb30BaHNUST HHTEPHET-ILIAT(MOPMBI TTOSIBISETCST
BO3MOXKHOCTH PE3KO YCKOPHUTbH JAHHBII [IPOIECC U MPUOJIN3UTH IPUKJIaIHbIE
HCCJIEJIOBAHUsI K PEIIEeHNI0 IPpaKTUIecKuX 3aJad. Jljisi opranusamun
MIPUKJIAHOTO UCCIIEI0BAHUS JIOCTATOTHO CHOPMYIUPOBATH TPEOOBAHNUS
K Pe3yJIbTaTy U 0DEeCHEIUTh UCTIOTHUTEIO JIOCTYT K TECTOBBIM JAHHDBIM.
PesynbraTrom npukiaaaoro ucciaenoBanus spisiercs DAG-00bekT, 1eMOoH-
CTPUPYIOIINI HA TECTOBBIX JAHHBIX JOCTUTHYTHIE PE3YJIbTATHI M MOTOBBIN
K HCIIOJIb30BAHUIO PEAJIbHBIX JAHHBIX.

Tomosrocmo k 06aaurotli mexrnonoeuu. Ilpemraraemas apxuTeKTypa
OCHOBaHA, B YACTHOCTHU, Ha TIOJX0O/IaX, PA3pabOTAHHBIX JIJIs PACIIPE/ICIEHHBIX
BBIYUCJICHUH, U MOJTHOCTHIO TOTOBA K IKCILIYATAINN Ha ITyOJIUIHBIX UIN
YACTHBIX KJIACTEPaX.

5. MpoToTun

CoriacHO OIMCAHHON BBINIE KOHIENIUN ObLIT paspaboTaH IPOTO-
THII TaT(OPMBI, OGILYI0 apXUTEKTYPy KOTOPOTO MOYKHO IPeJCTaBUTh
B caexyromeM Buge (Pucynok 1):

« perucrpupyomuii yzen (central reg node);

« yupasasionumii knacrep (control node);

* BBIUUCJHUTEJIbHBIT KiacTep (compute cluster);
« KyeHTCcKue npuiioxkenns (cloudview).
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Perucrpanmonnslit y3eg— 3T0 TOYKA PErUCTPAINN PA3JIAIHBIX YIIPAB-
JISTIOIUX U BBIYUCIUTEIbHBIX KJIACTEPOB [JIst 0OECIIeYeHNs] HHTEIPAIIMOHHBIX
IIPOLIEIYP U CO3JaHUs €JMHON TOYKH pocryna. Kpome Toro, perucrpa-
[IMOHHBIN y3eJi obecreunBaeT yJuer MoJIb30BaTe el JIJisi BCeX KJIaCTepoB,
MTOKJIIOYEHHBIX K JIAHHON 11aTdopMe, a TaKKe pa3MelleHne it BCeX
IIPOEKTOB ODIIEIOCTYITHBIX OOBEKTOB.

Vipaigomuii KJIacTep — 3TO IPorpaMMHO-alIapaTHas HHDPaCTPYK-
Typa, peajn3yolas OCHOBHBIE CEPBUCHI ILJIAT(MOPMBI U IIPEJIOCTABIAONIAST
K HUM VJIaJIeHHBII JOCTYN B HHTEepHET-cpee. VcnoHenne pecypcoemMKImx
IPOrpaMM IIPOU3BOIUTCS HA, MOIKIIOIAEMbBIX BBIYUCIUTEIBHBIX KJIACTEPAX.

Bbrumcmure/ibHBIN KJIACTED — 9TO BBICOKOIPOU3BOAUTEIbHAST IIPOIPAMM-
HO-almapaTHasi THPPACTPYKTYPa, IpeIHAZHAYEHHAS JIJIST BHIITOJTHEHUST
PECYPCOEMKHX TI0JIb30BATEIbCKUX IIPOrpaMM (CKpuToB). Borauciureibapie
KJIACTEPBI MOTYT ObITh KAK MHTEIPUPOBAHHBIMU B YIIPABJIAIONIAE KJIa-
CTEPBI, TaK U ABJSATHCA KJIACTepaMU OOIETrO HOJIB30BAHUS, BXOASIIIMU
B OOIIE/IOCTYIIHbIE BBIYKUC/IUTE/IbHBIE CETH.

Knuentckue npuioxkenusi — 310 HAOOpP IPOrPAMMHOTO 0OECIIeIeHNs,
KOTODBIl 00ecrieanBaeT B3anMO/IENICTBUE MTOJIH30BATENSI C CEPBUCAMU
VIIPaBJISIONIEro Kiacrepa mardopmMbl. KinmeHTcKre TPUIoKeHns MOTY'T
MOJIKJTFOYATHCST K JIFOOBIM YIIPABJISIFOIIUM KJIacTepaM [PU HAJIUIUN IPaB Y
COOTBETCTBYIOIIUX I0Jib30BaTe eil. [{jis moncka JOCTYIMHBIX YIIPABJISIFOIIIX
KJIACTEPOB MOXKET UCIIOJIb30BATHCS PETUCTPAIMOHHBIN y3€II.

ApxurekTypa mIaTgOpMbl [T03BOJISIET TPOBOIUTH I'MOKY0 HACTPONKY
B 3aBUCHMOCTH OT TOTPeOHOCTEl M0/Ib30BaTe el U CO3IaBaTh Ha €€ OCHOBE
KaK 3aKPBITBIE IJIOMAJKN BHYTPU KOMIIAHWN, TAK W OTKPBITHIE — B HHTEPHE-
te. Kpome Toro, nmeercst moTeHIMAIbHAT TEXHUIECKAT BO3MOXKHOCTH
WHTErPAIUN PA3JINIHbIX PA3PO3HEHHBIX IJIOMIAJI0K B OJIHY, YTO YaCTO
TpebyeTCsl IpU IIPOBEIEHUN CJIOKHBIX KOMILIEKCHBIX PAabOT C MHOXKECTBOM
HCIIOJIHUTEICH.

Paccmorpum mopobHee apXUTEKTypy YIPABJSIONIEro KJIacTepa —
OCHOBHOTO 3JieMeHTa 11ardopMbl. OH COCTOUT U3:

* IIEHTPAJIBHOIO CepBepa IPUJIOYKEHMUS;
o PEJIAMOHHOTO XPAHUIIAIIA;

¢ OOBEKTHOT'O XPAHUJINIIA;

* CEPBUCOB.

IlenTpanbHbIit cepBep TPUIOKEHUN SBJSIETCS €IUHON TOYKOHN JI0CTyTIa
K CepBHCaM, IIPEJOCTABIsAEMbIM JaHHBIM YIIPABJIAIONIAM KJIACTEPOM, a
TaK>Ke 00eCIeTnBaET:

o API&CLI st paboThl CepBUCOB;
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* Cpejly pa3MelleHns /PerucTPalii CePBUCOB ILIAT(hOPMBI;

o OpraHM3aIMOHHOE B3AMMOICHCTBYE MOIb30BaTe el ¢ mrardopMoii.

PensitinonHoe XpaHWInIe IpeIHa3HAYEHO JIJTsl XPAHEHUsT CJIyKeOHOM
naGOpMAIHN TLIaATPOPMBI, CTPYKTYPbI 1 MeTanHdopMaruu rpadoB
06paboTKM, XpaHeHUsT NHMOOPMAIINT CEPBUCOB, & TaKyKe HEITOCPEICTBEH-
HOT'O XPaHEHWS JTAHHBIX HEOOIbINX 00beMoB. OOBEKTHOE XPAHUIUIIE
[IPEIHA3HAYEHO JIJIsi XPAHEHHUSI TAKETOB JIAHHBIX OOJIBIITNX PA3MEPOB.

HemocpeacrBennoe XpaHeHre OCYIIECTBISETCS] B CIIEIUATH3NPOBAHHOM
key-value apxuBe, B Ka4eCcTBe KOTOPOro BhICTYIaeT 6a3a naHubx PostgreSQL
10. Jaunbie xpansarcs B Buje GaiitoBbix maccusos (bytea) B 3ammcsx tabumil,
Jljist CHUYKEHUsT HATPY3KU Ha €MHUIHBIE TAOJIUIIBI TAHHBIE PACIIPEIEISTIOTCS
1o rpyiie Tab/Iul] COrIaCHO IEPBBIM CUMBOJIAM XeIna, (KJI09a) XPAHEHU.
[IpemycMoTpeHa BOSMOXKHOCTD pa3bueHnst JaHHBIX Ha OJIOKU OIPEJIIEHHOTO
pasMepa U XpaHEHUsI B BUJE IEIMIOYKU TAKUX OJIOKOB.

CepBHUCHI— 9TO TPOTrPAMMHBIE MOJLYJIH, PAa3BEPHYThHIE Ha IEHTPATHLHOM
cepBepe MPUJIOXKEHUIT U Pean3yIoue Pa3IndHble OyHKITHOHATbHBIE
BO3MOYKHOCTH YIIPABJISIIONIETO KjacTepa miardopmbl. CepBUCH B3aMMOIEit-
CTBYIOT C OCHOBHBIMY KOMIIOHEHTAMU YIIPABJISIIONINX U BBITUC/IATETHHBIX
KJIACTEPOB ILIAT(OPMBI IIPOrPAMMHBIM CIIOCOOOM U IIPEI0CTABJISIIOT
[I0JTb30BATEJI0 BO3MOYKHOCTH OIEPUPOBATH (DYHKIMOHAJIOM ILJIAT(OPMBI.

Takum 06pazoM, yHIPaBISIONINN KJIACTEP IIO3BOJISIET XPAHUTH U
06pabaThIBATh JAHHBIE PA3IMYHBIX TUIOB U PA3JIMIHBIX PA3MEPOB, & TaKiKe
obecrieunBaTh PabOTy T'PYIIIBL TOJIB30BaTEIE.

Bazkmoit 0co6eHHOCTHIO TIATMHOPMBI SIBJISIETCS BO3MOKHOCTE ITPOBE/IE-
HUsI BBIYUC/IATEHLHO HATPY’KEHHBIX U PECYPCOEMKHX PabOT M0 MOJIETHPOBa-
HUIO 1 00pabOTKe JaHHBIX PA3JINYHBIX HccienoBanuit. s peanmusanun
9TOr0 MPUHITAIIA YIIPABJISIONIII KJIACTEDP MPOTOTHIIA ObLT HHTEIPUPOBAH
¢ BoicokonpousBoauTeabHoit GPU-cucremoit u cucremoit yiajeHHOTO
VDI-ocryna, mporpaMMHO-aIiapaTHas apXUTEKTYPa KOTOPBIX OIUCAHA,
B [22]. st npoBe/ieHrsl PACIpe/Ie/IeHHBIX BBIUUCIEHUTT TT0//IEPIKIBALTCS
crucTeMa YIIPaBJIEHHUs OOIUMU PEeCypPCaMU U BBIIOJHEHUs I'PYIIT 33184
SLURM, a jjist BBIIIOJIHEHUS JIOKAJIBHBIX 33/a49i HCIIOJIb3YETCs CUCTEMA,
yupasierus NQ.

B pamkax pa6oT o ¢GopMHUPOBAHUIO TPOTOTHIIA OBLT PEaATH30BAH PsIT
KJIMEHTCKUX TIPUJIOXKEHU, KOTOPble 00eCIIeYnBaOT:

o IMAHUCTPUPOBaHUE ILJIAT(HOPMBI;
o QYHKIMOHUPOBAHNE JINYHOIO KAOUHETA T0JIb30BATEJIS;

* yIpaBJieHHe [IPOEKTOM (PEIAKTOD U MEHEJZKED IIPOEKTA);
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* KOJUIEKTUBHYIO pabOTy Ha OCHOBE IMPOBEJEHUS TUCKYCCUI U OOMEeHa
rpadamMu 00pabOTKU 1 JAHHBIMA Ha (POPyMax W rajepesx MiIaTgOpPMBI.

Bce knmmenTckue mpustoxkenust pazpaboranb B Buje desktop-kinenta
C UCIOJIb30BaHUEM si3bIKa Iporpammuposanus Python 3 u rexmosiorun
PyQt 5. B cBsi3u ¢ arum 17151 0becriedeHust BO3MOXKHOCTH PabOTHI € TAHHBIMA
OOJILININX Pa3MEPOB OCHOBHAS JIEATEIBHOCTD [TOJIH30BATE eI TPOUCXOUT
yaaserso Ha mwiomaake VDI-knacrepa. Hagarsr nccimemoBanus mo pas-
paboTKe BeO-KJIMEHTA JIjIs OPTraHU3AINN B3aNMOIEHCTBUS C CEPBUCAMU
w1aTGOPMBI.

st BO3MO2KHOCTH pacmupenns (QyHKITNOHATBHOCTHA KJIMEHTCKUAX
[IPUJIOYKEHUIT CTOPOHHUMU TOJIb30BATEISIMA IPELYCMOTPEHA CHCTEMA
mwiarnHoB. [lnarus mo3Bosisier n3MEHSTh KaK BU3YAJbHOE IPEJICTABICHIE
IIPUJIOYKEHUST TI0JIb30BATEIO, TAK U PACIIUPATH €ro IPOU3BOJICTBEHHbBIE
BO3MOKHOCTH.

PaspaboranHblil IPOTOTHUI BHEJIPEH B ONBITHO-IIPOMBIILIEHHYIO 9KC-
ILUIyaTalnio B OHON u3 reodusndyeckux KoMianuii Poccun n ak TMBHO
€10 UCIIOJIb3YeTCsl [IPY PeasIu3allii TeKYIUX IPOEKTOB B He(TerasoBoi
OTPAaCJIH.

6. MNMpenmyuwiecTea nporoTuna

[IpecTaBiieHHBIN BBIIIE TPOTOTUI MOXKET PACCMATPUBATHCS TOJTHKO
KaK IIPOMEXKYTOUYHBIA BapuaHT miaTdopMbl. B TO ke BpeMsi OH yKe nMeeT
P IPEUMYIIECTB TIEePe/] CYIIECTBYIONUME TPOrPAMMHBIMU POy KTAMM,
ONMCAHHBIMU B pasjesie «AHAJIOTH U TPOTOTUII».

OcHOBHOE JIOCTOMHCTBO IIPOTOTHUIIA COCTOUT B TOM, 9TO OH IPEICTABIISIET
co0oii mepByIo uTepanuio riyboKoit narerpanuu (CUHTE3a) B €IAUHOM IIPO-
TPAMMHOM KOMILIEKCE PA3HOCTOPOHHUX CPEJCTB KOJIJIEKTUBHOM pa3pabOTKM
7 9KCIUIYATAIINU aJITOPUTMOB aHAJIN3a U 00PabOTKH JIAHHBIX, KOTOPHIE
B IIPEJICTABJIEHHOM BapHaHTe paHee MPeJJIarajich [0Jb30BATE/ISIM B BUJIE
OTJIEJIbHBIX IIPOTPAMMHBIX IPOAYKTOB. B OT/INYKe OT CYIIECTBYIONINX AHAJIM-
THYECKUX IJIaT¢GOPM IIPOTOTUI HE OrPAHUYMBAET I0JIb30BaTe el B BHIOOPE
sI3bIKA IIPOIPAMMUPOBAHUS IIPU Pa3pabOTKe CKPHUIITOB aJrOPUTMOB, TaK KakK,
€CJIM B TIPOTOTHUIIE OTCYTCTBYET BCTPOEHHAS MOJIEPXKKA KAKOTO-JIHOO S3BIKA,
TO TOJIB30BATEJIO JIOCTATOYHO CAMOCTOSITEIIHHO PEATU30BATDH IIPOIECC
3arpy3KHU/BBIMPY3KHU JIAHHBIX B CKPUIT B 0OOMEHHBII unTepdeiic B Buje
daitsioBoro Karajgora co CTaHJIAPTU3MPOBAHHBIM PA3MEIEHNEM BXOIHBIX U
BBIXOJIHBIX JAHHBIX.

Hpyroit 0cOOEHHOCTHIO TPOTOTHUIIA, KOTOPAs OTJINIAET €ro OT Cy-
IIECTBYIOMINX CUCTEM aHan3a maHHbx Trna Knime mim Rapidminer,
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SBJISIETCST BO3MOXKHOCTh Pa3pa00TKU CIENUATA3ZTPOBAHHOIO IPAMIIECKOro
unrepdeiica (ABTOMATU3UPOBAHHOTO PA0OUEro MECTa II0JIb30BATEIS UK
APM) naz ysaamu rpada o6paboTKu Jisi COKPBITUS JeTalieil peaan3aum
aJICOPUTMOB U IIPOIIECCOB OT KOHEYHBIX IT0JIH30BaTes el U yIIPOIIEHUs
ero BanMozelicTus ¢ nporpammoii. B obmem suge APM npexacrasisier
coboit Habop HopM BBOJIA,/BBIBOJIA U BU3YAJIU3AIUE IAPAMETPOB U JAHHBIX,
CBSI3aHHBIX C KOHKPETHBIME y3jaMu rpada o0paboTKu.

I'pacuaeckuit uaTepdeiic, 0TobpazkaeMblii OJIH30BATEIIO, OIPEIe/IsIeT-
Csl KOHKPETHBIM cocTosiHueM rpada obpaborku. st cozmanus APM
JIOJIZKEH UCIIOJIH30BATHCS CIEIUAIBHBIA KOHCTPYKTOD, KOTOPBIN I03BOJISET
00beIMHATD TIAHEIN BBOJA M BU3YAJIM3AINN [IAPAMETPOB U JAHHBIX, B3ATHIX
C PA3JIMIHBIX Y3JI0B, B HOBbIe (DOPMBI IIPECTABICHUs. B mmporoTure
OOBIYHBIH MOJIB30BATE L MOKET co37aTh Takoir APM kak Jijig orTnesbHoro
y37a (puc. 2), Tak U JIs IPYNIBL y3JI0B U BCero rpada.

Takum 00pa3oM, MOJL30BATEb MOXKET paboTaTh y»Ke He C rpa-
domM 06paboTKM, a ¢ MPUBBITHBIM BCceM MHTEepdeitcoM B Buze Habopa
VIIPABJSIONINX JJIEMEHTOB U JIEMEHTOB BU3YAJIU3AIMH. DTO ITO3BOJISIET
COCTABJIATH CTAHJAPTHBIE MAGJIOHBI (IPOIECChl) 00PabOTKU JAHHBIX B BUJE
crenuaau3upoBauubix APM u nepenaBaTh X B 9KCILIYATAITUIO MEHEE
KBaJIN(UIMPOBAHHBIM I10JIb30BATENIIM. B TO Ke BpeMsi pogdeCCUOoHAIb-
HBIH T10JIb30BATEH UMEET BO3MOXKHOCTD ITEPEHTH B rpadOBBIit PEKUM U
OIIEPATUBHO M3MEHUTH HEOOXOIUMBIE MY AJTOPUTMBI.

K mocromncTBaM mpoToTHIIa MOXKHO OTHECTH TAKYKE BO3MOXKHOCTD
ruOKOI0 yIpaBJjeHUs BEPCUSIMU aJTOPUTMOB U UX [TapaMeTPOB, TaK KaK
JIJIsl KazKJI0I0 KOHKPETHOI'O MIPOIeCca UCIIOJTHEHNS MOYKHO BBIOPATh WX
pazyimyHble codeTaHud. 1Ipu 3TOM KaXKIblii MMEBIIUIICS B IIPOIILIOM
IIPOIIECC WCIIOJIHEHUsI AJITOPUTMa OJIb30BATEb UMEET BO3MOXKHOCTH
[IPOAHAM3NPOBATH B HE3ABUCHMOCTH OT TOTO, KAKIE M3MEHEHUs AJITOPUTMA
WA JAHHBIX IPOU3OIIIN TIOCTIE ITOrO.

Bce mporiecchl uCHoTHEHNST aITOPUTMOB CBSI3aHBI B €JIMHYIO II0CJIEI0BA~
TEJIbHOCTH COIVIACHO I'pada 06pabOTKH, U IT0JIb30BATEIb MOXKET B JIIO00M
MOMEHT TIOJTYIUTh MOJHYIO KAPTHHY TIPOBEJIEHHBIX MCCIIeI0Banuil (puc. 3) u
Ipu HEOOXOIMMOCTH HAYATH UX 3&HOBO C JIIOOOTO MHTEPECYIOIIETO €0
MOMeHTa (OTMETHUM, YTO IIOKA CYIIECTBYET Psiji OTPAHUYCHUN, CBA3AHHBIX
¢ ucropueil n3MeHeHust caMoro rpada, Ho OHH JOJIKHBI ObITH ITPEOI0JIEHBI
B CJIEYIOMUX Bepcusx ). Takas BOSMOKHOCTb PETPOCHEKTHBHOTO aHAJIN32
CaMoro TIPOIECcca UCCAe0BAHN ObIBAET Kpaline MOJe3HON KaK B HAYIHBIX,
TaK U B OM3HeC-33/[a4aX U paHee He BCTPEYAIACh HAMU B IPYTUX U3YIEHHBIX
mwraThopMax.
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B ocHoBHBIX anasorax co3maBaeMoii mwiaThOpMBbl, TPOAHAIN3NPOBAHHBIX
BBIIIIE, TOJJIEPYKKA KOJIJIEKTUBHON PAOOTHI BhIHECEHA B OTJIEIbHBIE IIJIATHHIE
BEepCUU IIPOTPAMM, YTO CHJIbHO OT'PAHUYINBAET BO3MOKHOCTU UX IIPUMEHEHUS
B CJIOXKHBIX HAYYHBIX WJIN IPOU3BOJICTBEHHBIX IIPOIECCAX C YYACTUEM
OOJIBIITIOTO KOJIMYECTBA yIACTHUKOB.

B cBoro ouepesip onucaHHBI TPOTOTUN U3HAYAIBHO OBLI IIpEIHA3HAYEH
JIJIsT KOJUIEKTUBHON PAabOTHI HAJ[ IPOEKTaMU, B TOM YHUCJIE, B CUTYaIUIX,
KOTJIa JTAHHBIE W BBIYUC/IUTEIbHBIE PECYPChI NeOrpaduIecKn Pa3HECEHbI.
TexHnuecky Kaxplil anmropurm (610K rpada) MOKeT BBIIOJHATHCI Ha pas-
JIMYHBIX BBIYUCJIATEIBHBIX KJIACTEPAX UM KOMIIBIOTEPAX IOJb30BATEICH.
Boustee Toro, mpesmnonaraercst, 9T0 pa3jndHbIe SK3EMILISIPbI IIPOTOTHIIA
1aTHOPMBI, YCTAHOBJIEHHDBIE Y PA3HBIX M0JIb30BATE e NI OPTaHu3aIuii,
MOI'YT OObEIUHSITHCS B €UHYI0 CETh U IIPOM3BOIUTH KAK OOMEH aJIrOpUTMa-
MU, TaK U IIePeJIaBaTh JIaHHbIe U3 OJHOTO rpada 0bpaboTKKU B APYTOi, I
9ero peasin30BaHbl CHEIUATU3UPOBAHHBIE MOLY/IH IKCIOPTA,/ UMIIOPTA.

B mpoekrax Pallium.network n SingularityNET szanmanupoBana
oxokas PYHKIIMOHAJIBHOCTh, HO B HUX IIPEIIOJIATAaeTC ITOCTPOCHUE
€JIMHOM BbIYHMCIUTENBHOM ceTr. CO3MaHHbBI HAMU IIPOTOTHIT IIPOTPAMMHOMN
1aTHOPMBI TIO3BOJISIET CTPOUTD PYIIIIHI HE3ABUCUMBIX BBIYUCIUTETbHBIX
cere.

Nmeercst Takke mepcuekTuBHAs DYHKIINOHAJIbHAS BO3MOXKHOCTD
(panee He BcTpedaeMasi aBTopaMu) obMeHa JacTaMu rpada o6paboTKu
BMeCTE C HeO6XOJII/HVH)II\/H/I JaHHBIMHA MEK/1y Pa3/IMYHBIMU I10JIb30BaTe/IAMA
mocpesIcTBOM (popyMa, BCTPOEHHOTO B TTpoToTHII. HeobxomuMble 4acTu
rpada u JaHHBIE MOTYT 3arpy»KaTbcst B coobinenust ¢popyma (Puc. 4)
HEIOCPEICTBEHHO U3 OJHOTO MPOEKTA U BBIIPYKATHCS B APYIOil IPOM3BOIIb-
HBII [IPOEKT. JTO MO3BOJISET MOJb30BATENISIM BECTH ITPOU3BOJICTBEHHbBIE
WM HAayJHbIE JUCKYCCHHU U CPa3y OOMEHUBATHCS YACTIMU AJIIOPUTMOB,
GYHKITMOHIPOBAHNE KOTOPBIX MOXKHO OBICTPO IIPOBEPUTH, BHITPY3UB UX
B HOBBII mpoekT. Ornucannast GyHKINOHAIbHAS BO3MOXKHOCTH [O3BOJIAT BO
MHOTHX CJIy4YasX PEIuTh U3BECTHYIO CJIyKO0aM TEeXHUIECKON MOIIePKKA
po0bJieMy BOCIIPOU3BEIEHUS OINOKM, TaK KaK I0JIb30BaTejIb CMOXKET
HepeiaTh He TOJIHKO OIMCAHKE IIPOOJIEMBI, HO M HEIOCPECTBEHHO [TAHHBIE U
JacTh rpada, KOTOPBIN K Hell TPUBOJIAT.

B nmacrosimuit MOMEHT BpeMeHH Ha HAYAJbLHON CTanu pa3paboTKu
HAXO/ISITCsT BOSMOXKHOCTH ITPOEKTHOTO YIIPABJIEHUsI B PAMKAX ITPOTOTHUIIA
waTdOpMbl. 3aIJIAHIPOBAHA PEAJIN3AIIS BO3MOXKHOCTU OIIPE/IeICHUS
KOHKDETHBIX UCIOJIHUTEIEH [0 KaXKI0MY y3iy (pa3paboTyiKOB aJaropuTMOB),
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CPOKOB HavaJa u 3asepuierus pazpaborku (Puc. 5). Takum obpazom,
HOABUTCA BO3MOYKHOCTH KOHTPOJISI TIPOIIECCA, UCCIIeIOBAHHs UM 00paboTKI
JIAHHBIX CO CTOPOHBI MEHEJIZKMEHTa KOMIIAHWUN, PeaaTu3yoleil cooTBeT-
CTBYTOIEE MCCIIE0BAHNE. B JaabHeRIeM IpenoIaraeTcss OpraHu3ayst
JIOTIOJTHATEILHOTO HH(POPMUPOBAHUS MEHEIKEPa, IIPOEKTA O COCTOSTHUN
IpPOeKTa: O pa3pabOTaHHBIX y3JIaX, YCIIENIHO IIPOTeCTUPOBAHHBIX y3JaX U
T. JI. DTO MO3BOJIUT TOBBICUTD YIIPABJIAEMOCTH U OTKPBITOCTD TIPOBOAUMBIX
ncenemoBanuii. Takzke B IPOTOTHUIE MOIB30BATENb MOXKET CTeHEPHPOBATH
OTYET IO UCCICAOBAHUSIM, BLIOPAB M BU3YaJU3UPOBaB HEOOXOMUMBIC JAHHDIE
U BBeJIg JIONONHUTENbHYI0 nHbopMmanuio (Puc. 6).

Omnncannple HanboOIEE MHTEPECHBIE BO3MOKHOCTH CO3JIAHHOTO TIPOTOTH-
I1a MpOTrPaMMHOI TIAT(OPMBI TI0 OTAEIBHOCTHA XOPOIIO U3BECTHBI, HO
B OIIMCAHHOM COYETAHMU B M3BECTHBIX IIPOIPAMMHBIX IIPOJIYKTax paHee He
BCTPEYAJNCD.

7. Mpobnembl n HanpasaeHUs fajibHERWEro pa3snTns

IIporoTumn, npecTaBIeHHbI B HACTOSIIEH CTATHE, TOKA3AJI IPUHIIAIIN-
AJIBHYIO PEAIM3yeMOCTh IIPEJJIOKEHHOTO MOIX0/1a, OJHAKO €r0 MPUKJIATHOe
IprMeHeHre TpeOyeT peIleHus! Psijia TEXHOJOTMIECKUX BOIIPOCOB, B TOM
qucye, IpobdJIeMbl PelieHns HHTepoIepadbeTbHOCTHA, BHIOOPa CTpAaTEernu
paboThI C BEPCUSMU B MHOTOIIOIB30BATEIBCKOM OKPY2KEHUU, ITPOOJIEMBI
obecriedeHnst 3aUINEHHOCTH JTAHHBIX U aJTOPUTMOB OT HECAHKIIMOHUPO-
BAHHOI'O JIOCTYIIA, & TaK¥Ke MOBBIINIeHNsT 3pronoMuarocTr (usability) ero
nHTepdeiica ToTb30BATET.

WNureponepabeTbHOCTh MBI IOHUMAEM B JIAHHOM CJIy9ae B CMBICJIE
HEeOOXOAUMOCTH HACTPONKH IIPOTPAMMHOIO U CUCTEMHOTO OKPYZKEeHUsI
BBIUUCJIUTEIbHBIX Y3JI0B JIJIs BOSMOXKHOCTH BBIIIOJIHEHUS CKPUITOB (IPO-
rpamm) nosib3oBaresieii. Celiyac JaHHbBI ACIEKT HE ABTOMATU3UPOBAH, U
[I0JTh30BATEJI0 TpebyeTcs 3apaHee COOOIATh CHCTEMHBIM aMUHUCTPATO-
paM 0 HEODXOIMMBIX €My HACTPONKAX MU CAMOCTOSITE/IHHO I'OTOBUTH
COOTBETCTBYIOIIEEe BUPTyaabHoe oKpyskenne Python maum Docker konTeitrep.

OueBHIHO, ITO TPU MACCOBOM HCIOJB30BAHUE MIATMOPMBEI ¢ OOIHITIM
KOJIMYECTBOM II0JIb30BaTejIell MOTPedyeTcss aBTOMATU3aINsl JIAHHOTO
IIPOIIECCA C TEJBIO €r0 YIIPOIIEHHSI.

[Ipumepn! perenns gaHHON MpobemMbl n3BecTHBI. Hampumep, Ha miaT-
dopme Heroku mosib30BaTesib Opranu3yeT CBOK BBIUUCIUTEILHYIO HHPPaA-
CTPYKTYPY CAMOCTOSITE/IbHO BbIOMpasi Heobxoaumoe 110 B crenmaibHOM
KOHCTPYKTOpE, 8 B AWS KaK/Iblif UCIIOTHSIEMBII CKPUIIT CHAOXKAETCS J10-
MTOJTHUTEJIBHBIM (hailyloM ¢ OnucaHneM HeoOXOIUMON eMmy HHMPACTPYKTYPHL.
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Introduction

Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna aliqua. Lectus nulla at volutpat diam ut
venenatis tellus. Senectus et netus et malesuada fames. Fermentum et sollicitudin
ac orci phasellus egestas tellus rutrum. 1d venenatis a condimentum vitae sapien
pellentesque. Lectus nulla at volutpat diam. Dis parturient montes nascetur
ridiculus. In ante metus dictum at tempor. Ut tortor pretium viverra suspendisse
potenti. Interdum velit laoreet id donec ultrices.

Table I. Data from the result. Size of the experiment is 6 points, i = 2.000.

cos(x) sin(x)

I o
-0.416147 0909297
-0.653644 -0.756802
0.96017 -0.279415
-0.1455 0989358

-0.839072 -0.544021
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Bui6op Mexk 1y 3THMU JBYMST CTPATErUsIMU SABJISIETCS OJIMKANIIIeNH Harieil
3anader.

OJIHUM U3 HEJIOCTATKOB MPOTOTHUIIA SBJISIETCSI HEJOCTATOYHAST TPOpabOoT-
Ka BOIPOCOB, BO3HUKAIOIINX MPH MHOTIOIOJIB30BATEILCKOM paboTe B paMKax
oxroro mpoekTta. Cucrema paboTaer B pEXKHUMeE €MHOTO MOTOKA JAHHBIX
U mpejicTaBiaeHns rpada o6paboTKU /I BCEX MOJIb30BATE e, TO €CTh
U3MEHEHWsI, TPOU3BOAMMBIE OJIHUM IOJIH30BATEEM, CPa3y YK€ CTAHOBSITCS
JIOCTYIIHBIMU BCEM OCTaJIbHBIM. Takoe IpsiMOJIMHEHOE IIOBEJIEHNE MOXKET
[IPEJIOCTABJISITH OIpeieIeHHbIe TPOOJIEMBL B Psijie CJIyYaeB, HAIIPUMED, KOIIa
HEOOXOIUMO OBICTPO MOIKCIIEPUMEHTHPOBATH C MOC/IE0BATEIBHOCTBIO Y3JI0B
00paboTKM, He HApyIIas [IPU STOM TeKyIiero omsHec-mporecca. Ceitgac s
9TOT0 HEOOXOMMO IIPOU3BOIUTH KJIOHUPOBAHUE MTPOEKTA U JIAHHBIX, UTO
MOXKeT OBIThH HE BCerjia yIo0HO. AJIbTEPHATUBHBIM PEIIEHUEM SIBJISIETCSI
HUCTIOJIb30BaHue Bepcuii rpacda oOpaboOTKM 1 TOTOKOB JaHHBIX. JlanHOe
pellleHne UCCIeI0BAJIOCh U ObLIA CO3/[aHa BEPCUsT IPOTOTHUIIA € HOJIEPIKKOI
0JI06HOM (DYHKIMOHAJIBHOCTH, HO PEIEeHNe ellle He ObLIO IPOTECTUPOBAHO
B JIOCTATOYHON Mepe U MOITOMY B JIAHHON CTATHE HE PACCMaTpPUBAETCS.

Tak>ke He pelIeHHBIMU JI0 KOHIIA SIBJISIFOTCS BOITPOCHI 3AIMUTHI IIPO-
IIPUETAPHBIX AJITOPUTMOB 0OPADOTKHU JAHHBIX, IPEJICTABJIEHHBIX B BUJIE
CKPUIITOB Ha MHTEPIIPETUPYEMBIX S3bIKAX ITPOTPAMMUPOBAHUsI, OT UX
HECAHKIIMOHUPOBAHHOTO KOIMPOBAHWS U UCIIOJIb30BaHus. V3BecTHbIE
K HACTOSIIIEMY MOMEHTY CIIOCODBI MPOIPAMMHON 3all[UThl HE JIAIOT TOJTHOM
rapaHTUU COXPAHHOCTU. BO3MOXKHBIM DEIIeHUEM sIBJISIIOTCS 00ecredenne
dusnUeckoil HeJOCTYTHOCTH AJITOPUTMA, JIJIS TIOJIL30BATENIST 32 CUYeT OPraHu-
3aIMU BBIYUCJIEHUH HA M30JMPOBAHHBIX BBIYUCAUTEIBHBIX y3JIaX U OTKA3 OT
JIOKaJIBHOI'O HUCIIOJIHEHNA TaKUX aJITOPUTMOB B MHTEPAKTUBHOM DeXKHNMeE.
Cy1ecTBEeHHBIM IPEISITCTBIEM JJisi O0JIAYHBIX BBIYUC/IEHU ¢ KOH(MDUJIEHIH-
aJIbHBIMHU JIAHHBIMU BOODIIE SIBJISIETCSI BOSMOXKHOCTH YTEUKU PACIETHBIX
nmanvbIX. JlanHast mpobsieMa ceitgac orpedieKcupoBaHa B BUe KOHIIEIIIH
6e30MACHBIX BBIYUCJIEHUH, TPUHIUITHATBHO UCKITIOYAIONINX BOZMOXKHOCTh
YTEUKH, OJJHAKO METO/bI OE30TACHBIX BHIYUCACHUN HAXOAATCS B CAMOM
Havaje pazpaboTKM U MOKa He MOTYT UCIOJIb30BATHCS B MTPOMBINIJIEHHBIX
EJIAX.

Hpyras mpobema cBsI3aHa C TIOCTPOEHUEM CJIOXKHOTO mHTepdeiica
noJb30Bares s oprasusanun APM s yupasinenus rpadom Hempodec-
CHOHAJILHBIM TOJIb30BaTeseM. Kak rmokazajia MpakTHUKa HCIIOJIb30BAHUS
POTOTHUIIA, (DYHKIMOHAJBHOCTh UMEIOIIUXCS I'PapUIECKUM KOMIIOHEHT He
BCETJ[a YCTPAuBaeT KOHEYHBIX I0JIb30BaTe e, u s ya00cTBa paboThl UM
Tpebyercs pa3zpabOTKa CJIOKHBIX IpadUIecKuX KOMIIOHEHT CO CIEIUAJIA3H-
POBaHHBIMU BO3MOXKHOCTSIMU. VIMEIONUiics CeroiHsi MPOTOTUI TO3BOJISIET
pazpabarThiBaTh HOBbIE KOMIIOHEHTBI, HO 9TO CHOBa TpeOyeT IPUBJIEICHUST
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IPOPEeCCUOHATBHBIX TPOIPAMMUCTOB, UTO B OOIIEM CJIyYae CHUKAET
[IPENMYIIIECTBA B CKOPOCTU Pa3paboTKu miaaTdopmbl. Takum obpasom,
OZIHOM M3 OMKANIINX 3aJa9 ABJIIETCs pa3paboTka Oojee MMUPOKOTO
CIeKTpa rpaduIecKX KOMIIOHEHT yIIPABJICHUS U BU3YAIM3AINN, & TAKKE
CO3/IAHUE CIIEIUAN3NPOBAHHOIO KOHCTPYKTOPA, KOTOPBIH OBbI ITO3BOJINII
[T0JIb30BATEJIIO CO3/[ABATH HOBbIE KOMIIOHEHTHI CAMOCTOATEIHHO.

MpbI Tak:Ke He pacCMaTPUBAJIH BOIIPOC OPraHU3AIMOHHBIX U (DHHAHCOBBIX
cxeM paboThl Ha mpearaemoil mwiardopme. 13 camoro miardopmenHoro
ITO/IXO0/Ia BBITEKAET CEPhE3HOE U3MEHEHNE CTPYKTYPhl TPAH3aKIIMOHHBIX
n3/eprKeK HAyKOEMKUX IIPOEKTOB, YTO HEN30EKHO ITOBJIEYeT 3a co0Oit
M3MEHEeHHne POJieil yIACTHUKOB IIporiecca U pOpM UX B3aUMO/JIEHCTBUS,
B TOM 4ucJie, (PMHAHCOBBIX B3aWMOOTHOIIEHMIT. BecbMa BEPOSITHO, UTO JJIst
ONITUMU3AIIY OPIaHU3AIUOHHBIX U (DIHAHCOBBIX OTHOIIEHII MOYXKHO Oymer
upuMeHuTh coppemennbie dhunancosbie Texuosoruu (FinTech), B Tom
qucyIe, paclpeae/leHHbI peecTp, CMapT-KOHTPAKThl U KPUIITOBAJIIOTY.
BoaMmoxkmo, MeTooM TOTAIBLHOM (PUKCAINH AefCTBIM BCEX YIACTHUKOB
B3aMMOOTHOIIEHUH Ha I1aThOPME C ITOCIEIYIONIM aHAIIN30M [I0JIb30Ba-
TeJIbCKOI aKTUBHOCTH MeTozamMu data mining MOXKHO OyJieT penuTs u
IpobJIeMy HECAHKITMOHUPOBAHHOTO JIOCTYIIA, BHIHECH €€ C TEXHUIECKOTO
YPOBHSI Ha OPraHU3AIMOHHO-FOPUIUIECKUIA.

OTBeThbl Ha MMOCTABJIEHHBIE BOIIPOCHI MbI HAJEEMCH MOJIYyYIATH HE
TOJIBKO TEOPETUYECKH, HO M B IIPOIECCE IKCIEPUMEHTAJBHBIX BHEIPEHUN
pa3paboTaHHON TIAT(OPMBI B PA3JIIMIHBIE OTPACIIH.

3akntoyenne

IIpo6jiembl u 3aja9M, CBsI3aHHBIE C PEIIEHUEM MTPUKJIAIHBIX BbHIYHCIIN-
TEJIbHBIX MTPODJIEM, OITUCAHHBIE, TOCTABJIEHHBIE U 00CYKIaeMbIe BBIIIE, MOT'YT
OBbITH PEIeHbI ITyTeM MCIOIb30BAHMST KOMIIIEKCHOM TPOrpaMMHO# maTdop-
MBI, BKJIIOUAIONIEH B cebst MHCTPYMEHTBI IIOCTPOEHHUSI IIPOIPAMMHBIX CPEJICTB
Ha OCHOBE I'padOBO-MOLYJIFHON aPXUTEKTYPbI, I KOMMYHUKAITHOHHO
IaTGOPMBI JIJIs yIACTHUKOB, [TO3BOJISIFOIIEH BBITIOJIHSIT BHIYUCUTE/bHBIE
rpadBbl, CO3aBATh CPEJICTBA PETUCTPAINE HHTEIEKTYAJbHON COOCTBEHHO-
cTH 1 OWIJTMHTA €€ MCIOJIb30BAHNS C TIOMOIIBIO0 METO/IOB PACIIPEIEIEHHOTO
peecrpa.

IIperaraemoe HaMu perieHne MOXKET OBITH MCIIOJIL30BAHO JJIsI Pa3pa-
6OTKH ITPOrpaMMHOT0 0OeCIedeH s JIJIsi PA3HBIX OTPACJIeil TPOMBIILIEHHOCTI
U TOCY/IADCTBEHHOT'O YIIPABJIEHUS B PAMKAX PAa3BUTHS MAPAIUTMBI IH(pPO-
BOI1 9KOHOMUKU. B 9aCTHOCTH, JOCTATOYHO MEPCIIEKTUBHBIM SIBJISIETCSI
pa3paboTKa Ha OCHOBE OMMCAHHON MU(POBOit MIAT(HOPMBI CUTYAITHOHHBIX
neHTpoB ryiaB peruonos Poccuiickoii Peneparun [23]. Takas mwiardopma
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IIO3BOJIUT HE€ TOJIBKO PEIIUTH PAJ TEXHUICCKHUX M OPraHU3allMOHHBIX
IpobJIeM CO3JAHUS U PA3BUTHS ITUX CUTYAIIMOHHDBIX IIEHTPOB, HO U CHOPMU-
POBaATH OCHOBY JIJisI COBEPIIICHHO HOBOI'O THUIIA B3a,I/IMO,ZLeI7ICTBI/I5{ MEeXKIy
rOCy/IapCTBOM, OM3HECOM M OOBITHBIMU T'PAXKIAHAME TP PEITEHUN 331a4,
CTOSIIIUX IepeJ] OOIIECTBOM.

Baazodaprocmu. Asropor 6naronapasl 3AO «I'paguent» 3a orpom-
HYIO IIOMOMIb B HAYYHO-UCCJICJOBATC/IbCKUX U ITPAKTUICCKUX TEXHOJIOIrUIe-
CKHuXx pa60TaX, OKa3aHHYIO IIPpU CO3JaHUU IIPOI'PaMMHOT'O KOMILJIEKCA.
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