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1 OBINUE NNOJIOKEHUA

1.1 Ieasb pazpaborku

[{esbr0 HACTOSIIETO MCCIEAOBAHUS SIBISIETCA CO3[IaHUE HWHTEJUICKTYAIbHON
IPOTrPpaMMHOM CHCTEMBI, CIICIIUATU3UPYIOIIEHCS Ha aBTOMAaTH3alluK TIPOLIECCOB 00-
pabOTKM BU3YyaJdbHBIX TAaHHBIX U CBSI3aHHBIX C HUMU METAJIaHHBIX TSI 00eCTICUeHUS
BBICOKOTOYHOT'0 aHaju3a M Mocienytonero GopMupoBaHusi peKOMeHJaui B 00i1a-
CTHU IUETOJIOrUU. JJaHHOE TporpaMMHOE 00€CTeUeHUE TPEATNOIAracT BHEIPEHUE all-
TOPUTMOB MAIIMHHOTO OOYYEHHUS C 1EJbI0 YIIIYOJEHHOTO aHaIn3a N300pakeHU U
MeTanH(pOpMaIlNK, BKJIIOUas BHIYMCICHUE SHEPTeTHUECKOM IIEHHOCTH, UACHTU(HKA-
[[MIO COCTaBa MHIPEJUEHTOB U OLIEHKY paclpeiesIeHUs] MaKpoHYTprueHTOB. KoHeuHas
IEJIb COCTOUT B MPEAOCTABICHUH aTaITUBHBIX pelIeHUH sl popMHUpOBaHUS Iepco-
HaJIM3UPOBAHHBIX TUETUYECKUX CTPATETUN U ONITUMU3ALIMY PALlOHA TUTAHUS T1OJIb-
3oBareneil. Cucrema akUEHTHPYET BHUMAHUE HA MUHUMH3AllMi BPEMEHHBIX 3aTpaT
Y TIOBBIIIECHUY aHAJIMTHYECKOM TOYHOCTH 3a CYET MPUMEHEHHUS IEPEAOBBIX METOJIOB

MAIIUHHOTO 3PEHUS U CTPYKTYPHOTO MOJIX0/1a K OpraHu3aiuu 06a3 JaHHBIX.

1.2 OcHoBanus s pa3padorku (CcblIka HA TeMY IMIVIOMHO# padoThI, TO
€CTh €€ TUTYJIbHBIN JHUCT, 2 TAK/KEe CIIMCOK HOPMATUBHBIX aKTOB U

I'OCToB, Ha 0OCHOBe KOTOPBIX peryJjupyercs padora)

Pa3paboTtka cuctemsbl 0a3upyeTcsi Ha yTBEPKIEHHON TeMe UIIJIOMHOIN pabo-
Thbl, (hOPMaATBHO 3aKPEIUVIEHHON B JOKyMEHTAllMM yueOHOTo 3aBeleHusA. B oCHOBY
NOJXO0/Ia TMOJIOKEHBI peryiaMeHThl HOPMAaTUBHO-IPABOBBIX AKTOB U TOCYIApCTBEH-
HbI€ CTaHAAPTHI, Kacarollrecs: MPOSKTUPOBAHUS U Pa3pabOTKU MH(POPMAILIMOHHBIX
cucteM. OcHOBomnonararonMmMu craiaapramMu BeicTynaroT ['OCTsl, perynupyroiue
aCIEKTbl CTPYKTYPUPOBAHUS JTaHHBIX, apXUTEKTYpHbIC TPUHIUIIBI IOCTPOEHUS 0a3
JAHHBIX 1 HOPMATUBbI PUMEHEHUSI HEHPOCETEBBIX TEXHOJIOTUM B KOHTEKCTE aHaJIH-

THUKHU JAaHHBbIX.

— T'OCT 34.601-90: «Mudopmanronnas texnoiorusa. Komrieke craniapTos
Ha aBTOMAaTU3UPOBAHHBIE CUCTEMBbI. ABTOMATU3UPOBaHHbIE cUcTeMbl. CTa-

JUH CO3aaHU). OTOT CTaHdapT OIMMCBLIBACT OTAIlbl CO3aHHA aBTOMATU3M-



POBaHHBIX CUCTEM, BKJIIOYAsi IPOCKTUPOBAHUE 0a3 TAHHBIX U CTPYKTYp JaH-
HBIX.

— T'OCT P 70462.1-2022: «UudopmanronHble TexHojgoruu. MckyccTBeH-
HbI nHTEIUIEKT. Helipornsie cetn. Yacts 1. OOmue nonoxenus». CraH-
JApT OMHUCHIBACT OOIIIHE TTOIOKEHHUSI TT0 UCTIOIh30BaHUIO HEUPOHHBIX CETEH,
BKJIFOYAsi X MPUMEHEHHUE B CHCTeMaX KiIacCU(pUKAIIMU ¥ aHAIUTHKA JaH-
HBIX.

— I'OCT P 71657-2024: «TexHOIOTMU UCKYCCTBEHHOIO MHTEIUIEKTa B 00pa-
30BaHUU. OyHKIIMOHATIBHAS MOJCUCTEMA CO3JaHUs HAyYHBIX MTyOJIUKAIIUN.
OO6mue moNoKeHus». XOTs 3TOT CTaHAapT OPUEHTUPOBAH Ha 00pa30BaTEb-
HYy10 chepy, OH COAEPKUT PEKOMEHIAIMH 10 UCTIOIb30BAHUIO TEXHOJIOTHI
HMCKYCCTBEHHOTO WHTEJUICKTA, BKJIIOYasi HEHpOCETEeBbIE, ISl 00paboTKU U

aHaIM3a JaHHbBIX.

1.3 Xapakrepucruka o0beKTa paspadoTKu

XapakTepucTuka 00beKTa pa3padOTKU OTPAXKAET CIOKHOCTh U MHOTOKOMIIO-
HEHTHOCTh pa3pabarbiBaeMoil cucTembl. [IporpaMMHoOe oOecrieueHne BKIIIOYAET B
ce0st MOYIbHBINA apXUTEKTYPHBIN MOAXO0/, KOTOPBIN MpeAnoiaraeT Haauaue QyHK-
[IMOHAJILHBIX OJIOKOB JJi BBOJA JAHHBIX, UX MPEAOOPaOOTKU U OYUCTKHU, & TAKKE
IyOOKOT0 aHaJIM3a U MHTEPIPETALUU PE3YJIBTAaTOB [TOCPEICTBOM MOAEIIEH, 00yUYeH-
HBIX Ha CIEIMAIIM3UPOBAHHBIX JaTaceTax. BakHbIM KOMIIOHEHTOM SIBJISIETCS peaiu-
3alMsl ”HTYUTUBHO MTOHSATHOTO MOJIb30BaTENIbCKOTr0 HHTEp(elica, IpeIoCTaBIsoIIe-
r0 IOCTYI K KJIFOYEBBIM (PYHKIMSIM cucTeMbl. [lapanienbHo BHeApsIeTCs MPUKIIaTHOM
nporpamMmubii uaTepderic (API), obecneunBaromuii HHTETpaIo CUCTEMBI C BHEII-
HUMH NPUIIOKEHUSIMU U cepBUcaMu. B cucreMe peanusyercs HaAEKHOE [IEHTpaIH-
30BaHHOE XPAaHWIHUILE TaHHBIX, TPEAHA3HAYEHHOE JIsl TOJITOBPEMEHHOTO U MacIlTa-
OupyemMoro xpaHeHus U300pakxeHuil OIro U X MeTanH(GOpMaIliK, BKIII0Yasi HHIpe-
JTUEHTHBIA COCTaB, KaJIOPUHHOCTH, IIOKAa3aTeNIM SHEPTeTUUYECKOTrO Oananca u 10moi-
HUTEJIbHbIE XapaKTepUCTUKU. Takast MOAYJIbHAS CTPYKTypa 00ecreunBaeT ruOKOCTh
Y JIETKYIO aAanTalyIio0 CUCTEMBI I10J] Pa3HOOOpa3Hble aHATIMTUYECKUE 3374 U M10JIb-

30BaTCIIbCKUC CHCHAPHU.



2 HA3BHAYEHMUME PA3PABOTKH

Hasnauyenwue pa3zpadotku. PaspabarsiBaeMas cuctema npeHa3HaueHa JIis -
POKOTO KpyTa MoJIb30BaTelIel, BKIIIOUast CIICIUAIMCTOB B 00JIACTH JTUETOIOTHH, Ha-
YYHBIX COTPYIHUKOB, U3yHAIOIIUX MUTAHUE U TUIIEBBIE TPOAYKTHI, & TAKXKE JIJIS KO-
HEYHBIX TOJb30BaTeNel, 3aMHTEPECOBAHHBIX B MOJIYYCHUU TIEPCOHATM3UPOBAHHBIX
pexkoMeHaarui mo pauony. CrucreMa TakKe MOXKET OBITh TOJIe3Ha KOMITAHUSM, 3a-
HUMAFOIIMMCS pa3pabOTKOM IPOAYKTOB MUTAHKS U TUETHYCCKUX PEIICHUH, JIJIs aHa-
JM3a UX aCCOPTUMEHTA C TOUKH 3PSHUS MTUTATEILHON IICHHOCTH U COOTBETCTBUS CO-
BPEMCHHBIM CTaHJIapTaM 3JI0POBOTO IMUTAHMUS.

OcHOBHOE TIpeAHa3HAYCHUE CHUCTEMBI 3aKJIIOYACTCSl B MPEJOCTABICHUU WH-
CTPYMEHTOB JIJI1 BCECTOPOHHETO aHaIM3a BU3yaJIbHOW M TEKCTOBOM MH(OpPMAIIUU O
MUIIEBBIX MPOAYKTAX, UX YHEPTCTUUCCKON IICHHOCTH, COCTaBE W BO3MOXKHOM BITHSI-
HUU Ha 3I0POBBE. DTO JOCTUTAETCS 33 CUET aBTOMATHU3AIIMN BBIYUCIUTEIBHBIX MTPO-
IIECCOB M UCIIOIL30BaHMS MOJICIICH MAITMHHOTO O0YYCHUS, YTO TTO3BOJISET MIOBBICUTD
CKOPOCTBh 00pabOTKH OOJIBIITMX MACCUBOB JJAHHBIX U TOYHOCTH pe3yabTaToB. CHcTeMa
CrocoOHa MUHUMM3UPOBATh BEPOSITHOCTH OMMUOOK, 00YCIOBICHHBIX YEIOBEUECCKUM
dakTopoM, 1 00€CTICUNTh CTAaHAAPTU3AIUIO TTOAX0/IA K OIEHKE MPOAYKTOB MUTAHMUS.

[IpenMytiecTBaMu TaHHOW pa3pabOTKH SBISAIOTCS €€ BBICOKAs aJalTUBHOCTb,
MacCIITa0UPyeMOCTh U CITIOCOOHOCTh MHTETPAIIMHM B CYIIECTBYIOIIHUE IKOCUCTEMBI.
MonynpHas apXUTEKTypa IMO3BOJIsIeT 3P(HEKTUBHO HCIIOIH30BaTh CHCTEMY KaK aB-
TOHOMHO, TaK ¥ B COCTaBe 00Jiee MHUPOKUX UHPOPMAIIMOHHBIX PEIICHUH, YTO JesIaeT
e He3aMEHUMBIM HHCTPYMEHTOM J1JIs1 IPOo(eCcCHoHaIBHOM pabOoThI ¢ JAHHBIMHU O TTH-
taHuu. Kpome TOro, MHTYUTHBHO MOHATHBIA UHTEP(HENC CHUYKAET MOPOT BXOJA IS
HOBBIX TOJIB30BaTEIICH, obecTieunBas yIOOHBIM JOCTYN KO BCeM (DyHKIIMOHAIBHBIM

BO3MOXKHOCTAM CUCTCMBI.



3 TPEBOBAHUSA K ®PYHKIINOHAJIBHBIM XAPAKTEPUCTUKAM

3.1 @OyHKIUU CHCTEMBI

CucreMa 1omkHa 00€CIIeYnTh KOMIUIEKCHBIN MOAX0 K 00paboTKe n300paxe-
HUW 1 METAJaHHBIX O MUIIEBBIX MPOAYKTaX, C UCIIOJb30BAaHUEM AJITOPUTMOB MAIIIMH-
HOTO OOyYEeHUS JJIsl TIPOBEICHUS] TOYHON aHATUTUKU U (HOPMHUPOBAHHS PEKOMEH 1A~
1. OCHOBHBIMU (DYHKITUSIMU CHCTEMBI SIBIISIFOTCS cOOp M TIpe1oOpaboTKa JaHHBIX,
TPEHUPOBKA U BaTUAAINSA MOJICTICH MAaIlTMHHOTO OOYYCHUS, aHAIN3 TTOJTYYCHHBIX pe-
3yJIBTATOB, a TakXke mpeaocTtapienne APl miis maTerpanuu ¢ BHENTHUMH TTPHITOXKE-
HUSMU U cepBrucamu. CrucTeMa aBToMaTH4YeCKH 00padaThiBaeT N300paKeHUS, N3BIIC-
Kas BU3yaJbHbIC IPU3HAKY JIJIS TalbHEHIIeN KJIacCu(DUKAIIMY U OLICHKU SHEpreTHIe-
CKOM IIEHHOCTH, COCTaBa MHTPEANCHTOB U MAKPOHYTPHUEHTOB. MoieNi MaIllIMHHOTO
oOyueHusi, 00ydyaemblie Ha O0JIbIIOM 00BbEME JaHHBIX, TO3BOJIIOT O0OJIee TOYHO Mpe/-
CKa3aTh COCTaB MUIIM U €€ MUTaTeIbHbIe cBOMCcTBA. OOpaboTKa JaHHBIX BKIIFOYACT
(bUIBTpaILNIO, OYUCTKY U300paKeHUN U METaJaHHBIX JIJI1 00CCIIEUCHHS MX KaueCTBa
Y IPUTOTHOCTH VISl AAJIbHEHIIIETO aHaIn3a.

Kpowme toro, cuctema no/KHa HHTETPUPOBATH MEXaHU3M (POPMUPOBAHUS TIEP-
COHAIM3UPOBAHHBIX JTUETHUYCCKUX PEKOMEHAAINHN, NCXOMIs U3 aHaIN3a IaHHbBIX, T10-
JYYEHHBIX O KaJOPUUHOCTH MPOAYKTOB M MIX BIUSHUH Ha 3I0POBbE. AJaNTUBHOCTD
CHUCTEMBI oOecreunBaeTCs 3a CYET €€ CIOCOOHOCTH MAacIITaOUpPOBAThCS B 3aBHCH-
MOCTH OT 00BbE€Ma 00pabaThIBa€MbIX JTAHHBIX, BKJIIOUass BO3MOXKHOCTh JOOABICHUS
HOBBIX KaTe€ropui MpOAYKTOB U Crielu(PUUIecKrX TpeOOBaHUI B CUCTEMY PEKOMEH-

JTAIni.

3.2 B3aumojaeiicTBHEe KOMIIOHEHTOB CHCTEMbI

HNutepdeiic monb3oBaTeiss NPeaoCTaBIsIET BO3MOXHOCTh B3aUMOJCUCTBUS C
CHUCTEMOM uepe3 MPOCTON U MHTYUTUBHO NOHATHBIN BeO-UHTEp(Eiic, B TO BpeMsi Kak
API ciy>XuT A1 aBTOMaTU3UPOBAHHOTO JOCTYyNa K PYHKIIMOHATY CUCTEMBbI, I03BO-
J15151 IOJIb30BATENSAM M CTOPOHHHUM IIPWIOKEHUSAM MOJIy4YaTh JaHHBIE O IPOAYKTaX, UX
NUTATENIbHOM LIEHHOCTH U PEKOMEH/I0BAaHHBIX pelleHusIx. BaxkxHol yacTbio GyHKITH-

OHaJia ABJIACTCA HCHTPAIN30BAHHOC XPAHUINIIC JAHHBIX, O6€CHC‘II/IBaIOH_[€C JOJITO-



BPEMEHHOE U MacCIITaOHpyeMOe XpaHEHUE U300pasKeHUH MUIIY U MeTanH(GopMaluu
0 HEW.

Cucrema omKkHa 00€ecrieYMBaTh MOJTHOIEHHOE B3aUMOJICHCTBUE C BHEITHUMU
CepBHUCaMU, TApAHTUPYs KOPPEKTHYIO pabOTy Ha BCEX 3TANax — OT 3arpy3KH TaHHBIX
U 00y4eHHs MOJENH A0 MPEeAoCcTaBlIeHus pe3ynbraToB uepe3 APl nis nanbHeimen
aHAJMTHUKYU WK MOJIb30BaTEIbCKOTO HHTEep(deiica.

Kaxnplii KOMIIOHEHT CHCTEMBI BBINOJIHAECT CBOK) YHUKAJIBHYIO poib. Moaysb
BBOJIA JJAHHBIX OTBEYAET 3a 3arpy3Ky M300paKeHUM U METaJaHHbIX, peanu3ys Mmpo-
Heyphl UX TIPEABAPUTEILHON 00pabOTKH, BKIIFOUAsh KOHBEpTAIuio (hopMaToB U300-
paXEHUM M OYHCTKY TEKCTAa B METAJaHHbIX. MOAyib aHaINW3a JaHHBIX U MallWH-
HOTo OOy4YeHHs aHAJU3UPYET BBEAEHHbBIE JaHHBIC, BBHIMIOJIHAECT OOydYeHHe U Balua-
LIAIO MOJIEJEH, UCTIOJIb3Ysl COBPEMEHHBIE HEUPOCETEBBIC TEXHOJIOTUM ISl TOCTHXKE-
HUs BBICOKOTO Kau€CTBA aHAIUTUYECKUX MMPOTHO30B. MOAYIb NPEACTABICHUS U BU-
3yaln3aliy JaHHBIX MPEJOCTABIsET HHTEpPENC IS MOIb30BaTeNei, 0TOOpakast pe-
3yJIBTaThl pa0OTHI MOJENH B yIOOHOU 1 TOHATHOU hopme. HTerpanus Mex 1y BceMu
KOMIIOHEHTaMU ocylecTBisiercs yepe3 API, koTopslil ynpaBisieT OpoLeccoM B3au-
MOJICUCTBUS U 00eCTIeUnBaET CTAOMIBHOCTH PaOOThI CUCTEMBI.

[lonnepskka WHTErpallid CUCTEMBI C JPYTHMMH IUIaTGopMaMu U CEpBHCAMU
npeanoiaraetr pa3padoTky ru0koil apxutekrypsl API, koTopas mo3BOJIUT MOJKIIIO-
YyaTh HOBbIE HICTOYHUKHU JIAHHBIX, TAKUE KaK JOMOJHUTEIbHbIE AAaTaCcEeThI 711 00yye-
HUS WY BHEIIHUE CHUCTEMBI JUIs JAIBHENIIEN EPCOHATN3ALUN JUETUIECKUX PEKO-

MEHIAINN.



4 TPEBOBAHUSA K HAJEXXKHOCTHU

Jliis oGecriedeHnst yCTOMYMBOCTH CHCTEMBI K COOSIM M UCKITFOYUTEIIBHBIX CUTY-
anuii TpedyeTcs pa3paboTka MEXaHU3Ma COXPAHEHUS JTaHHBIX, KOTOPBIN OyIeT MHU-
HUMU3UPOBATH PUCK MOTEPU UHPOPMALIUU TMPU ABAPUMHBIX OTKIIOUCHHUSIX U APYTHUX
HENpPeIBUEHHBIX 00CcTOsTENbCTBAX. CHCTEMA IOKHA UMETh BCTPOCHHbIE (PYyHKIIUU
PE3EPBHOTO KOMMMPOBAHUS JAaHHBIX, YTO MO3BOJISIET BOCCTAHABIUBATH COXPAaHEHHYIO
UHGOPMAILIMIO B CITy4yae HEIITATHBIX CUTYaIlMd, TAKMX KaK cO0il 000pyq0BaHUS WU
OIIMOKY B IpoIiecce 00pabOTKH JaHHBIX. J[J151 9TOTO MpeycMOoTpeHa peann3aius pe-
TYJSPHBIX aBTOMaTHYECKUX OEKaroB IAaHHBIX, BKIIFOUasi N300pakeHHs U MeTanHpOp-
MallMI0, C BO3MOXKHOCTBIO MX XpPaHEHHS B Pa3HbIX TOUKaxX 00JauHON HH(PPACTPyKTY-
pbl. [Ipu 3TOM pe3epBHbIE KOMHUU JOKHBI ObITh JOCTYIHBIMU ISl OBICTPOIl U Oe3-
OIMACHOM 3arpy3KH, YTO MO3BOJIUT OTIEPATUBHO BOCCTAHABINBATH IIEIOCTHOCTH U aK-
TyallbHOCTh JJAHHBIX.

Kpowme Toro, MexaHu3mbl 00ecTieueHus HaJIeKHOCTH CHCTEMBI JTOJKHBI TPy -
CMaTpHUBaTh aJIANTUBHYIO HAIPYy304YHYIO O0alaHCUPOBKY, C IEJIbIO MIPEIOTBPAICHUS
cOoeB Mpu MUKOBOM Harpyske, U 3QPeKTUBHOE paclpeesieHue 3aad MEeXIy Cep-
BUCAaMHU JIsl ONITUMU3AIMK POU3BOAUTEILHOCTH B Ipoliecce 00padOTKK U aHan3a
NaHHBIX. PelieHus, cBA3aHHbIE C MHOT03a/Ia4HOCTBIO, TOJKHBI OBITH CTPOTO PEry-
JUPYEMBIMU C TIPUMEHEHUEM CTpPaTervu ouepenieid U orpaHudYeHUil BpeMeHu pado-
ThI, YTOOBI IPEIOTBPATUTH MEPErPY3Ky CUCTEMBI IIPU OTHOBPEMEHHOM BBITIOTHCHHUH
MHOKE€CTBA BHIYMCIUTEIIbHBIX OTEPAIIUiA.

OaHMM U3 BaXKHEHMIINUX 3IE€MEHTOB HAJIEKHOCTH SABJIsI€TCA oOecleueHne Kop-
peKTHOM 00paboTku ommbok. CuctemMa MOMKHA BKIIOYATh B Ce0sl MPOIBUHYTYIO
CUCTEMY JIOTUPOBaHUA, KoTOpas OyneT ¢pukcupoBarh HH(GOPMAIKIO O JII0OOM cboe
WIM aHOMJIUU B paboTe, C JIeTaJTU3MPOBAHHBIM OMHMCAHHEM XapakTepa OIIUOKH,
e€ MOTEHIMATBHBIX MPUYUH U BO3MOXHBIX MyTeH ycTpaHeHus. Kaxmoe uckioue-
HUE JIOJKHO OBITh MPABWJIBHO MEPEXBAUYCHO, YTO MO3BOJIUT MPEIOTBPATUTH TOJIHYIO
OCTaHOBKY IPOILIECCOB WUJIM MCKa)XeHHE JaHHbIX. JlorupoBaHue AOIKHO OBIThH IICH-
TPaJIM30BAHHBIM, YTOOBI MTPEIOCTABUTH BO3MOXHOCTh MOHUTOPUHTA pabOTHI CUCTE-
MBI U YOPOIICHHSI MPOIIECCa AMATHOCTUKUA HEUCIIPABHOCTEH.

Oco0oe BHUMaHHE TOJKHO OBITh YIEICHO acleKTaM 0e30MacHOr0 B3auMOIeH-
CTBHS MEXK]Iy KOMIIOHEHTaMH cucTteMbl. [lapamiensHo ¢ 00paboTkoi ommnbok HE0O-

XOMMO TPETyCMOTPETh MEXaHU3MBbI JJISI U30JISIIIUU U OJIOKMPOBKHU OIEpaiui, Ko-

9



TOpBIE MOTYT TIPUBECTH K HAPYIICHUIO IIETIOCTHOCTH JAaHHBIX, HECAHKITMOHUPOBAH-
HOMY JIOCTYITY WUIH UX TIOBPEKICHUIO. B crcTeMe MOKHBI OBITh peaaTn30BaHbl MHO-
TrOypOBHEBBIC CUCTEMBI aBTOPH3AILINH U IIPOBEPKH IOJTMHHOCTH IOJIH30BaTEIICH, U4TO
00€eCIeuuT BBICOKHH YPOBEHB O€30IMaCHOCTH MpH 00pabOTKE MEPCOHATN3UPOBAHHBIX
JTAHHBIX.

JIOTIOTHUTEIBFHO, CHCTEMBI OTTOBEIIIEHNN 1 aJlepTHHTA JTOJDKHBI 00eCTIeunBaTh
MTHOBEHHYIO PEAKITHIO Ha KPUTHICCKHE OIMMOKHU, aBBTOMAaTHUECKH HHPOPMHUPYS TEX-
HUYCCKYIO KOMaHIy O BO3HHUKIIHUX MPoOeMax. DTO MO3BOJUT 3HAUUTEIBHO YCKO-
PHUTB ITPOIIECC BOCCTAHOBIICHHS (DYHKIIMOHAJILHOCTH CHCTEMBI M IIPEOTBPATUTD JIJTH-

TCIBbHBIC ITPOCTOMU.
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5 YCIOBHUA IKCIVIYATALIUU

5.1 Onucanue npeamojaraemMon cpeabl

[Ipeanonaraemas cpena pazpabOTKH U HKCIUTyaTallui CUCTEMbl OCHOBBIBAETCS
Ha KCIOJIb30BaHUIO 00JauHON MH(PACTPYKTYphI AJisi oOecredeHus: Macirabupye-
MOCTHU ¥ BBICOKOM AOCTYNMHOCTH. CepBEpHas apXUTEKTypa CUCTEMbl OPUEHTUPOBA-
Ha Ha UCIIOJb30BaHNE BUPTYAIM3UPOBAHHBIX BBIYUCIUTEIBHBIX PECYPCOB, UTO I103-
BoJIsieT A(PEKTUBHO pacHpeneisiTh HArpy3Ky, rapaHTupys oecrepeoiinyo padoTy
CHUCTEMBI MPU Pa3TUYHBIX 00bEMaX JIaHHBIX U MHTEHCUBHOCTH 3a1ipocoB. KimtoueBb-
MU KOMIIOHEHTaMHU apXUTEKTYpbl SBJISIOTCS MOAYJb 0a3bl JaHHBIX, 00ECIEUNBaIO-
MU XpaHeHue u300pakeHuid, MeTauH(popMaluy U apaMeTPOB MUTAHUS, a TAKXKE
BBIUHUCITUTENbHBIE y3Jbl, HA KOTOPBHIX BBIMOIHAETCS 00ydYeHHe MOIeNIeld MallTuHHOTO
oOyueHus1, aHaJIMTUKa U 00paboTka naHHbIX. J7s appexTuBHOI 00padoTKu n300pa-
YKEHUW U MOBBILICHUS TPOU3BOAUTEIBHOCTH CUCTEMBI ITPEAITIONIATAETCS UCIIOIb30Ba-
HUE TIaTPOPMBbI, OJACPKUBAIOIIEH TEXHOIOTUH YCKOpeHUs Bbruncienuit Ha GPU,
takux kak CUDA.

B xauecTBe cepBepHOI 0a3bl BHIOpaH KOHTEHHEPU30BAHHBIN IMOAXO0/, PEaTn30-
BaHHBIN ocpeactBom Docker, uto o6ecnieunBaet JIErKy0 HHTETPALIMIO BCEX KOMIIO-
HEHTOB CUCTEMBI X X MOCIEAYOLIYIO IIEPEHOCUMOCTD MEK/TY PA3JIMYHBIMU OKPYKE-
HUSIMH, a TAKXKE yIPOUIAeT ACTUIOUMEHT Ha o0nauHbIX miatdopmax. s koMmMyHH-
Kallu1 MeX 1y Mukpocepucamu ucnoinbdyercst RESTful API, uto mo3Bosier npeno-
CTaBJISITh CTAHJAPTHBIN MHTEp(]Eiic NI B3aMMOICHUCTBUS BHEITHUX TTPUIOKEHHUH €
cuctemoii. API Bkitouaer B ce0st SHANOUHTSHI JIJIs1 3arpy3KH U 00pabOTKU N300paxe-
HUU, TOJIy4EHUSI PEKOMEHIAallNi, a TAKXKE BBIMOJHEHNS aHAIUTUYECKUX OIEPALIi.

WuTepdeiic moap3oBaTens OPUSHTUPOBAH HA MPOCTOTY U yA0OCTBO UCHOIb-
30BaHMs, MUHUMU3UPYS HEOOXOJMMOCTh B TEXHUYECKUX 3HaHMsIX. /s obecrneue-
HUSl UHTEPAKTUBHOCTU U YIOOHOTO B3aUMOJICUCTBUS C MOJIb30BATEIEM HCIIONIb3YET-
csl BeO-uHTepdeiic, MoaaepKUBAIOIINNA 1B OCHOBHBIX PEXXHMa — PEKUM 3arpy3Ku
JAHHBIX U PEXUM MOITYYEHHUs aHaTuTUKU. Moayns API B3auMonencTByeT ¢ UHTED-
¢elicoMm dyepe3 aCHHXPOHHBIE 3alPOCHI, YTO MO3BOJIIET OOHOBIISITH COCTOSIHUE TIPU-

JIOKEHUS B peaJIbHOM BPEMEHH, HE TpeOysl Mepe3arpy3Ku CTPAHUIIbL.
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5.2 VYciaoBus g nmojan3oBaresien

Cucrema npeHa3zHavyeHa Juisl yIaa€HHOTo JOCTYyIa yepe3 BeO-unrepdeiic, 4ro
IIO3BOJIAET II0JIH30BATENI0 B3aUMOJACHCTBOBATh C HEM W3 JII000HM TOYKH, MMEIOIIEH
UHTEpHET-coeUHEeHHE. J{1s1 paboThI C CUCTEMOI MOJIB30BATENIO I0CTATOYHO COBPE-
MEHHOTO Be0-Opay3epa, mogaeprkuaroniero cranaaptel HTTP/2, uro oOycnasnuBa-
€T BBICOKYIO MPOU3BOAUTEIBLHOCTh MEPENauu JAHHBIX M CHUKCHHE 3aJep>KeK Mpu
B3aUMOJIEUCTBUU ¢ cepBepoM. OxuaaeTcs, 4To Opay3epbl MOCIeIHEW BepcuM (Ha-
npumep, Chrome, Firefox, Edge) OynyT ucnonb3oBarbcst st pabOThl ¢ CUCTEMOM,
YTO 00ECTIeUNT CTAaOMIBLHYIO paboTy uHTEepdeiica.

JI1s1 KOppeKTHOM paboTHI MOIb30BaTeNIbckoro naTepdeiica u APl Heobxoau-
Ma MUHUMaJbHasi CKOPOCTh UHTEpHET-coequHeHus: He MeHee 10 Mowut/c. Ilpu sTom
st 3¢ deKTUBHONU 00pabOTKH U300paKEHUN M aHATUTHKU CUCTEMbBI MOXKET MOTpe-
OoBaTbcsl CTAOUIIBHOE COEIMHEHHUE, CIIOCOOHOE MOJAECPKUBATh MMOCTOSHHBIN MMOTOK
JTAHHBIX, YTO BAXKHO JIJISl IPEIOTBPAILCHUS TOTEPh HHPOPMAIIUU TTPU UHTECHCUBHOM
nepenaye.

Jlist monp3oBarenel, padotaromux ¢ cucteMoit yepe3 API, morpebyercs Ha-
JUYre TOKEHOB aBTOPU3ALINH, C LIEeJIbI0 00ecreueHnsi 0€30MacHOCTH JaHHBIX U BO3-
MOXKHOCTH pa3rpaHUuEHUs MpaB JOCTyma. ABropusaius OyleT pealn3oBaHa dyepes
cucremy, ucnoinsyronryro JWT (JSON Web Tokens), uto mo3BonuT 3pheKTUBHO
YOPABJISITH CECCUSIMU TIOJIb30BaTENIe M OTPAHUYMBATh JOCTYI K Pa3IMYHbIM (PyHK-
[[USIM CUCTEMBI B 3aBUCIMOCTH OT YPOBHS UX IPaB.

Takum o00pazoMm, MUHUMaIbHbIE TPEOOBAHMSI K MCIIOJIB30BAHUIO CHUCTEMBI
OTPaHUYUBAIOTCS TOCTYTIOM K UHTEPHETY U MOAIEPKKOI Opay3epoB, YTO MO3BOJISIET
co371aTh TUOKYIO cpeay Juisi pabOThl ¢ CUCTEMOM Kak JJIsi CIEHUAIMCTOB, TaK U JJIS
KOHEUYHBIX IOJIb30BATENEH, 3aMHTEPECOBAHHBIX B IEPCOHAIIM3UPOBAHHBIX AUETHYE-

CKHX PEKOMEHIAIUAX.
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6 TPEBOBAHMS K COCTABY U MAPAMETPAM TEXHUYECKHX
CPEJCTB

6.1 CepBepHast yacTh

CepBepHast 4aCTh CUCTEMBI JOJIKHA ObITh CIIPOCKTHUPOBaHA C YYETOM TpeOoBa-
HUH [0 MacITabUPyeMOCTH U BBICOKOM JA0cTynmHOCTH. [[s1 obecnieuenus Oecriepe-
O0lHO pabOThI U BOBMOXKHOCTH PACIIMPEHUS HATPY3KH MPU YBEIMUYECHUU 00bEMOB
o0OpabarbIBaeMbIX JaHHBIX U 3alPOCOB, CEPBEP JTOKEH ObITh OCHAIIEH MUHUMYM
yeThlpbMs sigpamu CPU u 16 I'b oneparuBHoii namsitu. Jlanubie TpeboBanus odec-
MEYUBAIOT JOCTATOYHYIO BHIYUCIUTENBHYIO MOIIIHOCTH AJI1 00pabOTKH 3alIpOCOB OT
MIOJI30BaTEIICH M BBHIMMOJHECHHS aHAIMTHKH, a TAKXKe MO3BOJISIOT 3G(HEKTUBHO pado-
TaTh C U300PAKEHUSAMU U METauH(OPMaIIUEH.

OnHMM U3 KPUTHYECKU BAXKHBIX ACTIEKTOB SIBJISICTCS MOMJCPKKA YCKOPECHHUS
BBIUUCJIEHUN ¢ ucnonb3oBaHreM TexHonorud GPU. Hammuume nmopgaepxku CUDA
MIO3BOJIUT 3HAYUTEIHHO YCKOPUTH TIPOIECCHI 00yYeHUS MOJIEIeH MAaITMHHOTO 00yde-
HUS ¥ aHAJIM3a U300paKeHUM, 4YTO 0COOCHHO Ba)KHO MPU pabOTe ¢ OOJIBIIMMHU 00bE-
MaMu JaHHBIX. [IoMMMO CTaHIApTHBIX BHIYMCIUTENBHBIX MOIIIHOCTEN, cepBep A0J-
eH o0ecIeunBaTh 0€30MacHOe U MacIITA0UpyeMOe XpaHUJIUINE TaHHBIX, ITpeasaras
BO3MOXKHOCTh IIEHTPAJIM30BAHHOTO XpaHeHus U d(HPeKTUBHOTO oOpalieHus K JaH-
HBIM, BKJIFOUAsi M300paKeHUsI, TEKCTOBYIO HH(GOPMAIIMIO O TPOAYKTAX U PE3YJIBTAThI
aHanu3a. 9To TpeOoBaHuEe OyAeT pealM30BaHO Yepe3 UCIOIb30BAHUE PACIIPECIIEH-
HBIX XpaHWIHIL, TakuX Kak PostgreSQL, ¢ BO3MOXXHOCTBHIO MHTErpAIlMU OOJIaYHBIX
pELICHUI TSl XpaHeHHs] 1300paKeHUI 1 BBITIOJTHEHUS BBIUMCICHUIA.

CucreMa Taxke OJDKHA MOJICPKUBATh PE3EPBHOE KOMMMPOBAHUE JAHHBIX C
IEJIbIO 3AIIUTHI OT MOTepu MHPOPMAIIUK B ciiydae cooeB. Hanuune MmexaHu3mMoB Mo-
HUTOPHUHTA, aJIEpTUHIa U aBTOMAaTUYECKOM Tepe3arycka konTeiHepoB (Docker) Oy-

JIET CrIocOOCTBOBATh BHICOKON HAAEKHOCTH CEPBEPHOM YACTH.

6.2 Kiauenrckas 4acthb

Knuenrckass yacth cuCTEMBI, IPEAOCTABISAIONIAS MOJIb30BATENBCKAN HHTEP-
detic, momKkHA OBITH COBMECTHMA C OCHOBHBIMU COBPEMEHHBIMH Opay3epamu, TaKu-

mu kak Google Chrome, Mozilla Firefox, a Takxe Microsoft Edge, ¢ o6s13arenbHoiM
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MOJIJIEPKKOM MOCIEHUX Bepcuid 3Tux opay3epoB. HTepdeiic 10KeH ObITh MOJTHO-
CTBIO aJJAITUBHBIM, YTO TAPAHTUPYET KOPPEKTHYIO paOOTy CUCTEMBI KaK Ha CTaIlno-
HapHBIX YCTPOUCTBAX, TaK M HA MOOWMIIbHBIX.

MuHuMalIbHBIE TEXHUYECKUE TPEOOBaHUS JIJIS1 KIIMEHTCKOM YaCTH 3aKJIF0Ua0T-
Csl B HAJIMYUU YCTPOMCTBA C COBPEMEHHBIM Opay3epoM U CTAOWJIbHBIM MHTEPHET-
COEIMHEHNEM C MHUHHMMAJIbHOM MPOIyCKHON crocoOHOCThI0 10 Mout/c. BaxubiM
aCIIeKTOM SIBJISICTCS TOJJICPKKA KIIMEHTa Il paboThl ¢ BeO-uHTEp(deiicoMm, BKITIO-
qJaronmM (YHKIIUU 3arpy3Kd JaHHBIX, MOTYYCHUS aHATUTUKU U PEKOMEHAAIHM, a
TaKxe o01eHus ¢ cucteMon uepes3 API.

Jlns obecnieueHust a3 GexkTuBHOMN B y100HO#M padoThl ¢ APl HeoOxoanmo Hamr-
Yyie MeXaHW3Ma aBTOpPU3alliU, KOTOPbIN Oy/eT peaJn30BaH Yepe3 CUCTEMY TOKEHOB
JWT. BXogHble TaHHBIE U [TApAMETPBIL, IEPEAABAEMBIE MEXKY KIIMEHTOM U CEPBEPOM,
JIOJHKHBI COOTBETCTBOBATh CTPOTUM CTaHAapTaM 0e30MacHOCTHU JJisi peaoTBpallie-
HUSl HECAHKIIMOHUPOBAHHOTO JIOCTYTIA.

Takum 00pa3oM, KITUEHTCKAsE 4YacTh CUCTEMBI JTOJDKHA OBITh JIETKO JAOCTYITHA
MOJIB30BATEIIAM Yepe3 OObIUHbIE Opay3ephl, 0e3 HE0OXOIUMOCTH YCTAaHOBKH JOTIOJ-
HUTEJIbHBIX MPUIIOKEHH, a e€ padoTa ToJKHA 00ecreunBaTh KOM(POPTHOE B3aUMO-
JICHCTBUE C CEPBEPOM ISl TOMyUEHHUS PE3YJIbTATOB U aHAJTUTUKU B pEajbHOM BpeMe-

HH.

14



7 TPEBOBAHUSA K UHTEP®ENUCY

7.1 THoab3oBarenbckuid HHTEPdeic M0 BUAAM M0JIb30BaTe el

[Tonp3oBarenbCkuii UHTEpPEHC CUCTEMBI TMpeaHa3Ha4YeH I O0OCCICUCHHS
yaI0OHOTO U MHTYUTUBHO MOHSATHOTO B3aUMOJICUCTBUS C (PYHKIIMOHAIOM MPHIIOXKE-
HUSL JJIS1 PA3JIMYHBIX KaTETOPUH MOJb30BaTENEH. JJIs1 KOHEUHBIX MTOJIb30BaTEIEH, KaK
JrONIed, TaK U CIEIHMAIMCTOB B 00JACTU AUETONIOTUU, UHTEp(elc OyneT OnTUMU3H-
POBaH JjIsl MPOCTOTHI BBOJIA JAHHBIX M MOJYy4YCHUs pekoMeHaanuil. [1aBHBIM 3Kpa-
HOM CcTaHeT MH(OpMaIMOHHAs TTaHelb, HA KOTOPOM OyleT 0ToOpa)kaTbCsi OCHOBHAS
uHdopmaius o Onrone: KaJoOpUuMHOCTh, COCTAaB MaKPOHYTPUEHTOB, CIIMCOK WHIpPE-
JTMEHTOB ¥ BO3MOXXHOCTH 3arpy3Ku n3o0paxeHuit. [lonp30Barenb CMOXKET MOTYYUTh
PEKOMEH/IAINY MO YAYYIICHUIO PallMOHA TUTAHUS HA OCHOBE MOCTYUBIIMX JAHHBIX
o omrone. [Ipu aTom uHTEpdeiic OymeT coaepkarh AEMEHTHI BU3yallu3alluu, TaK1ie
KaK JyuarpaMmbl, TaOIUIBI U TpauKH, KOTOPbIE TMO3BOJAT OBICTPO OIEHUTH NMUTA-
TEJbHYIO IIEHHOCTh OJTI0] M OTKJIOHEHUS OT PEeKOMEHI0BaHHBIX HOpM. J1J1s ynoOcTBa
MOJIb30BAaTeIeH MPeyCMOTPEHbI (PYHKIIMOHAIIbHBIE 3JIEMEHTHI, TAKHE Kak hopmMa s
BBOJIa JaHHBIX (BKJIIOYas M300paKeHUs) U MOUCK MO 0a3e JaHHBIX, YTO MO3BOJIUT
OBICTPO HAXOIUTh M AHAIM3UPOBATH OJIFO/Ia, COOTBETCTBYIOIINE 3aIaHHBIM KPUTEPHU-
SIM.

Cucrtema OyzieT noaJiep>KuBarh PUILTPAIUIO U COPTUPOBKY OJIOM O KITHOYE-
BBIM XapaKTEPUCTHUKAM, TaKUM KaK KaJOPUMHOCTb, COCTaB, KaTeropus OJrOa WIIH
TUl auetbl. Kpome Toro, Ha mosb30BaTeIbCKOM HHTEpdeice OyayT pa3MelieHbl J10-
MOJIHUTENIbHBIE MHCTPYMEHTHI, HAlPaBJICHHBIC HA OOyUEeHHE IMOJIb30BaTENs, TaKWe
Kak mojcka3ku 1 FAQ, 4To CHH3UT MOPOT BXOXKJICHUSI U YCKOPUT OCBOCHHE (PyHK-
IMOHaa CUCTEeMbl. BusyansHas cocraBmstomas nuarepdeiica Oymer aganTUuBHON U
00€CIeyuT KOPPEKTHYIO padOTy Ha pa3IMUHBIX YCTPONUCTBAX, BKJIFOYAasi MOOUJIbHBIC
Tee(OHBI U IUIAHIIIETHI, YTO YBEJIHMYHUT JOCTYITHOCTh CUCTEMBI JUISl IIUPOKOH ayau-

TOPUHU.

7.2 AJIMHUHHCTPATHBHASA NMAHEJb

AJIMMUHHUCTpAaTUBHAs MaHENb CUCTEMbI OyIE€T MpeaHA3HAYEHA ISl YIIPABICHUS

JaHHBIMH, MOHUTOPHUHI'a COCTOAHHUA MOJICIN U HaCTpOﬁKH ImapaMCcTpOB CHUCTCMBI.
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B »T0if manenm atMUHUCTPATOP TOTYYHUT AOCTYI K (PYHKITMOHATY JJIs YIIPABICHUS
JTAHHBIMM O OJTI0JIaX, UHTPEIMEHTAaX, a TAKXKe JIJI1 MOHUTOPHUHTA Mpoliecca 00ydeHUs
1 OOHOBJICHUSI HEUPOHHBIX ceTel. [laHenb OyneT BKIIIOYATh pa3feibl s J00aBiie-
HUS1, U3MEHEHUS U yJIaJICHUS PELECTITOB, aHAIN3a Pe3y/IbTaTOB 00yUYEeHHS U TPOCMOTPa
CTaTUCTHUKH T10 UCIIOJIb30BAHUIO CHCTEMBI. BakHO, 4TO JaHHBIN HHTEpdeiic odecte-
YUT JIETAJbHYK HACTPOMKY MMApaMETPOB aJTOPUTMOB, TAKUX KaK THUIIbI MPE/ICKA3a-
HUW WM YPOBHU (PUIIBTPALIMH JAHHBIX, YTO TO3BOJIUT IMEPCOHATU3UPOBATH PabOTy
CHUCTEMBI [T PA3JIUYHbBIX LIEJIECH.

AJIMUHUCTpATUBHAS TIAHENIb TaKXe OyJeT BKIIFOYATh pasziell IS yIpaBIeHUS
ITOJIb30BATEIIAMU U ITPABAMM JOCTYIIA, YTO ITO3BOJIMT HA3HAYATh PA3JIUYHbIC POJIA 1JIsI
KOHEUYHBIX 1 SKCIIEPTHBIX MOJIb30BaTEICH. DTH BO3MOXKHOCTH 0Oecrieuar CHCTeMaTH-
3aIMI0 ¥ KOHTPOJIb HaJl OTIEPALMSIMU, BRITIOJTHAEMBIMU B paMKax paOOThI C TaHHBIMH
u 00ydyeHueMm mojesiei. J{is moBeiiieHus: ypoBHsS 0€30IaCHOCTH NaHeb OyleT 3a-
IIUIIEHAa CUCTEMON ayTeHTU(UKAIIMU, UCTIOJIb3YsI CII0KHBIE MEXaHU3MbI MTApPOJIbHOM

3aIUThI, a TAK)KE JIBYX(aKTOPHYIO ayTEHTU(PUKAITUIO IJIST OCOOBIX ACHCTBUM.

16



8 TPEBOBAHUSA K IPOI'PAMMHOMY OBECHHEYEHUIO

Jliis pa3paboTKu MporpaMMHOro obecriedeHus OyayT HCIOIh30BaHbl COBpe-
MEHHbIE U d(PPEKTUBHBIE TEXHOJIOTUHU, COOTBETCTBYIOIIUE TPEOOBAHUSAM K (DYyHKIIH-
OHAJILHOCTH U MPOU3BOIUTENBHOCTU cucTeMbl. CepBepHas 4acTb Oy/eT peain3oBa-
Ha Ha s3b1ke Python, KOTOPBIH SIBJISIETCSI OCHOBHBIM SI3BIKOM 11 00paOOTKU TaHHBIX,
MOCTPOEHUS U 00yUYeHUsI MOJIEIe MAIIMHHOTO OOY4YEHHUS], a TAKXKE JJI MHTErpaluu
¢ BeO-ppeitMBopkaMu U 6a3zaMu JaHHBIX. B kauecTBe 0CHOBHOrO BeO-(peiMBOpKa
ucnois3zyercs Django, KOTOphId 00ecieuyuT HaAEKHYI0 OCHOBY IS pa3paOOTKH,
NOJIICP KUBasi TaKUE BaKHbIE (PYHKIMHU, Kak paboTa ¢ 0a3amMu JTaHHBIX, CO3JIaHUE
RESTful API u 6e30macHOCTh IPUIIOKECHHUS.

J11s paGoThI ¢ JTAHHBIMU U300PaKEHUI U BBITIOJTHEHUS 3a/1a4 MAIMHHOTO 00Y-
yeHus OyneT ucnoiab3zoBaH (peitmBopk PyTorch. PyTorch npegocrasnser mupokue
BO3MOXKHOCTH JiJisi paOOThl C HEMPOHHBIMU CETSIMU U SIBJISIETCS. OAHUM M3 JIUJEPOB
CpeIy MHCTPYMEHTOB ISl peau3allii alrOPUTMOB MAIIMHHOTO 00y4YeHwMs, ooecre-
4yiBasi THOKOCTh U BBICOKYIO IIPOU3BOAUTENILHOCTD B IIPOLIECCE TPEHUPOBKU U MPE-
CKa3zaHus MOJIEJIEN.

Jlna pa3pabotku unTepdeiica OyaeT ucnonb3oBan PpeMBOpK React, koTopbIit
M03BOJIAET CO3/1aBaTh IMHAMUYHBIE K HHTEPAKTUBHBIE MTOJIb30BATEIbCKUE UHTEPPEii-
ChI C UCTIOJIb30BaHHUEM KOMIIOHEHTOB, UTO YAOOHO /ISl YIIPABJICHUS COCTOSTHUEM TTPH-
JIOKEHHMSI U B3aUMOJICHCTBUS C cepBepoM. Taxke Juist ynoOcTBa yrpaBiaeHUs COCTOSI-
HUEM KJIHeHTa OyaeT ucnonbi3oBaHa oubdiamoreka Redux Toolkit, kotopas mo3poaut
3¢ (deKTUBHO paboTaTh ¢ COCTOSHUEM JAaHHBIX U X CUHXPOHHU3ALUEN C CEPBEPOM.

baza maHHbIX U1 XpaHeHHs MHpopManuu o Oiofax, UX COCTaBe U MeTa-
uHopmaiuu Oynet peann3zoBana Ha PostgreSQL, uto obecrnieunt €€ HAAEKHOCTbD,
MacIITabMPyeMOCTh U CIIOCOOHOCTh 3P(HEKTUBHO pabOTaTh ¢ OONBIIUMU 00bEMaAMHU
CTPYKTYpHUPOBAHHBIX JJaHHBIX. B3anuMonelictBue ¢ 6a30ii JaHHBIX Oy/IeT peaan3oBa-
HO ¢ ucnoyib3oBaHueM Django ORM, koTopas npeaocTaBisieT abCTpakIuio IJIs pa-
00THhI ¢ 02301 TaHHBIX U MO3BOJISET 3HAUUTEIBHO YIPOCTUTH HAMCAHKUE 3aIIPOCOB U
MaHUMYJSIUN C TaHHBIMH.

Jlns koHTeHHepU3aluu CUCTEMbl OyleT HMCHoJib30BaThbesi Docker, koTophbIit
o0ecreYnT He3aBUCHUMOCTh OT KOHKPETHON OMNepallMOHHOW CHCTEMBI U MOMOXKET

rapaHTHUPOBATh KOHCUCTEHTHOCTb Cpeibl pa3pabOTKH, TECTUPOBAHUS U dKCILTyarTa-
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AW TpUIoKeHUs. KoHTeHepr3anusl TakKe MO3BOJISIET YIIPOIIATh Pa3BEPThIBAHUE
U MacIITabOMpoOBaHUE CUCTEMBI.

J{ns1 uHTerpauy pa3IndyHbIX KOMIIOHEHTOB U YIPOIIECHUS B3aUMOJICHCTBUSA C
BHEITHUMHU CEPBUCAMM U KJIIMEHTaMH, OyneT peann3oBad API, ncnonb3yronumii cTaH-
naptel JSON s oomeHa gaHHbIMU. VIHTErparusi ¢ BHEIIHUMHU TMPWIOKCHUSIMUA U
cepBrUcaMH OyZIeT OCYIIECTBIATHCS Yepe3 CTPOro onpeaeaéHHbIe HHTEPHENUCH, YTO
obecrieunT yaqo0CTBO pacIupsIeMOCTH U MOAU(UKAIINKI CUCTEMBI B Oy TyIIIEeM.

Takum 006pazom, BEIOOP MPOrpaMMHOTO 00ECTICUeHUSI U TEXHOJIOTHI 1)1 pea-
JIM3alU JAHHOTO MTPOEKTAa OPUEHTUPOBAH HA JOCTUKEHNE BEICOKOM MPOU3BOIUTENb-
HOCTH, HaJI€KHOCTH, a TAKXKE HA BO3MOXKHOCTh MacIITaOMPOBAHUS U UHTETPAIUU C

BHCIIHNMH CCPBHCAMMU.
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9 TPEBOBAHUSA K UH®OPMAIIMOHHOMY OBECIIEYEHHIO

9.1 Onucanue CTPyKTYpbI 0a3bI JAHHBIX

Crpykrypa 0a3bl JaHHBIX pa3padaTbiBAEMON CHCTEMBI JI0JKHA 00ECTICUnBaTh
a3 peKkTUBHOE XpaHeHNE U 00pabOTKY JaHHBIX O OJIFOIax, UX COCTABE, MUTATCIHHOM
HEHHOCTH U HU300pakeHusx. [is aToro OyaeT MCIoNIb30BaHA PENSILIMOHHAS CTPYK-
Typa IaHHBIX Ha OCHOBE CUCTEMBbI ynpaBiieHHs 0azamu aaHHbIX PostgreSQL. Cu-
cTeMa MpeArnoiaaraeT HeCKOJIbKO B3aMMOCBSI3aHHBIX TAOJIHUI, KaXk/1ast U3 KOTOPBIX OT-
BEYACT 3a XpaHEHWE Pa3IMYHbIX BUAOB HMHpopMaiuu. OCHOBHOM Tabnwuiei Oymer
SBISITHCS TaONHIA, CoAepIKaIas JaHHbIC O Oro/Ie, B KOTOPOM OyIyT XpaHUThCS Ta-
K1e aTpuOyThl, KaK YHUKaJIbHBIA HACHTH(UKATOp OJt07a, Ha3BaHUE, ONHMCAaHUE, Ka-
JOPUNHOCTB, COJEPKaHNe MAKPOHYTPUEHTOB M YKa3aHUS Ha CBsI3aHHbIE ¢ OIIOIOM
nzo0pakenus. Tabnuia, coaepkamas MetanHpopmalio o Omrone, OyzeT cBs3aHa
C OCHOBHOM TabJuIlell yepe3 BHEIIHUMN KIIO4, 0OecIeurBas 1eJI0OCTHOCTh JaHHBIX.
Bxrouenune n3o0paskeHuit OyieT 0CyIeCTBIATHCS Yepe3 CChIIIOYHBIC OIS, KOTOPhIE
OyaIyT yKa3bIBaTh HA MeCTa XpaHEHHS (aijioB B CUCTEME MM OOJauyHBIX CEpBHCAX,
YTO CHU3UT HArpy3Ky Ha OCHOBHYIO 0a3y JlaHHBIX.

Jljig ynpaBiaeHUs: COCTaBOM OO/ MPEAYCMOTPEHBI OTI€TbHBIE TAOIUIIBI, B KO-
TOPBIX OyAyT XpaHHUTHCS JaHHBIC O KaXJIOM MHIPEIUEHTE, €ro KOJIMYECTBE U KaJlo-
puiiHocTU. OTa UHGOpPMALIMS TaKke OyleT cBsizaHa ¢ TabauUEel pelenToB A Mo-
JepKaHusl KOHCUCTEHTHOCTH JIaHHBIX. Kpome Toro, [1s yiydileHus aHajau3a JaH-
HBIX B CHUCTEM€ OyJeT MOJJACPKUBATHCS MHACKCAIMS MO KJIIOUEBBIM MapaMeTpam,
TaKUM KaK KaJJOpUWHOCTH, COAepKaHue OENKOB, )KUPOB U YITIEBOJOB, a TAKXKE CO-
3[JaHUE TOJIb30BATEIbCKUX TETOB IS MOUCKA MO KaTeropusM OitoA. ITa CTPYKTypa
Oynet ruOKo U pacupsieMoid, YT0 00eCIeYUT BO3MOKHOCTh UHTETPAILIUU C JOTIOJ-

HUTCJIBbHBIMH UCTOUYHHUKAMH JaHHBIX B 6y1:[ymeM.

9.2 Buabl u popMaThl BXOAHBIX U BHIXOJHbBIX TAHHBIX

Bunbl v opMaThl BXOAHBIX U BBIXOAHBIX TAHHBIX OYyAYT CTPOrO CTaHIapTU3U-
POBaHBI JIsl BCEX KOMIIOHEHTOB cucTeMbl. J{ist pabotel ¢ APl u B3aumoneiicTBus ¢
BHEUTHUMU KJIMEHTaMu OyIdyT Hcmnonb3oBarbest opmarel JSON, Tak kak 3ToT op-

MaT IMHUPOKO MOAACPKUBACTCS PASIIMIHBIMU A3BIKAMHA IMIPOTIrPpaMMHPOBAHUA U SABJIA-
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eTcsl yIOOHBIM NIJIsl TIepefladyu CTPYKTYPUPOBAHHBIX JaHHBIX. BXoaHble nanHbie Oy-
nyT BKIto4ath JSON-00BEKTHI ¢ METauH(pOpMalueit o O1roe, HanpuMep, Ha3BaHUE,
OMKCaHUe, CTUCOK MHTPEIUEHTOB, KOJIMYECTBO KaXK10I0 KOMIIOHEHTA U CChUIKHU Ha
nzo0paxkenus. M300pakeHuss B Ka4€CTBE BXOJHBIX JAHHBIX OyIyT IOCTyIaTh B TO-
nysipHbIX Gopmarax, Takux kak JPEG wiu PNG, yto ob6ecieuuT COBMECTUMOCTD €
OOJIBIIMHCTBOM MCTOYHUKOB JAHHBIX.

BrIXogHble [aHHBIE, TEHEPUPYEMBIE CUCTEMOM MOCE 00pabOTKM 3ampoCcoB
API 1 BbIOJTHEHUSI AITOPUTMOB MAITUHHOTO 00yUY€eHUs, OyyT TAKKE MPEICTABIAT
c060i1 JSON-00beKkThI. OTBETHI Ha 3aMPOCHI 0 KAJIOPUUHOCTH, COCTaBe OJIFO/Ia U pe-
KOMEHJaIusX Oy1yT COlIepKaTh CTPYKTYPUPOBAaHHbIE JaHHBIE, BKIIIOYasi OOIYI0 UH-
(dbopMaInuio 0 MUTATENIbHON LIEHHOCTHU, COBETHI 10 YIYUIIEHUIO PAlIMOHA U JOTIOIHU-
TEJbHBIE XapaKTEPUCTUKH MPOAYKTOB. B mporiecce paboThl ¢ HEUPOHHBIMU CETSIMHU
BBIXO/IHBIE IaHHBIE MOTYT BKJIIOYATh PE3ybTaThl KIacCU(UKAUU N300paKeHUM, Ta-
KM€ KaK UACHTU(UIIMPOBAHHBIE MHTPEUEHTHI U UX KaJOPUUHOCTD, & TAKIKE BEPOSIT-
HOCTB MPUHAJICKHOCTH K ONIPEACIIEHHON KaTeropuu (HarpuMep, TUII paliioHa). Tu
JaHHble OyAyT MepeaaBaTbCsl KIMEHTY JJi AaJIbHEUIIEro UCIOJIb30BAHMS B IPUIIO-
KEHUH WK aHanuTuKe. B ciydae ucnonb30BaHus MpeiBapuTENbHO 00yUYE€HHBIX MO-
nesield HeHPOHHBIX ceTel (hopMaT BXOIHBIX JaHHBIX OyleT COOTBETCTBOBAThH MpeE/-
CKa3aHUsM MOJIEIH, COCTOSIIIUM U3 MAaCCUBOB YHCIIOBBIX 3HAYEHUH, KOTOPbIE OyAyT

ACKOOAUPOBATHCA B MOHSATHBIN MOJIH30BATEIIIO BHI.
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10 IMOPAJOK KOHTPOJIA U ITPUEMKU

10.1 Onucanue TECTOBBIX CLIECHAPHUEB

TectupoBaHue cucTeMbI OyIET OCYIIECTBISITHCS 0 3apaHee pa3padoTaHHBIM
TECTOBBIM CIICHAPHSIM, KOTOpPbIE OyIyT HapaBJICHbI Ha OIEHKY KaueCTBa pabOThI CH-
CTEMBI M COOTBETCTBUSA €€ (PYHKIIMOHATHHBIX BO3MOXKHOCTEH 3asBJIEHHBIM TpeOOBa-
HusM. TecTupoBaHue OyeT OXBaThIBATh BCE KITIOYEBBIC MPOIECCHI, BKITIOYAs 3arpy3-
Ky ¥ 00pabOTKy JaHHBIX, paOOTy HEMPOHHBIX CETEH, a TAK)Ke KOPPEKTHOCTH pabOThI
API. IIporecTupoBaHbl OyIyT BCE BOBMOXKHBIC ITyTH B3aUMOJICHCTBUS MTOJIH30BATEIIS
C CUCTEMOM, HauMHas OT BBOJA JAHHBIX /10 MOJTYUYEHUS] PEKOMEHIAlUM IO PaIluOHY
MUTaHUS ¥ pacueTy KajnopuiHocTu 01toa. OMHUM U3 BaKHEUIITUX aCTIEKTOB TECTUPO-
BaHUs OyJIeT MPOBEpPKa YCTOMYUBOCTH CUCTEMBI K BO3MOYKHBIM OITMOKaM, BKIIIOUYas
HEKOPPEKTHBIN OopMAT TaHHBIX, OIIMOOUHYIO 3arpy3Ky U300paKeHUM Wil cOoU pu
3arpocax K cepBepy.

Kaxx1p1it KOMIOHEHT CUCTEMBI OYy/IeT TIPOBEPATHCS IO OTICILHOCTH, HAYMHAS
oT uHTep(deiica 3arpy3ku H300paKeHUHN 10 UHTETPAIIMU ¢ HEHPOCETEBON MOJEIBIO,
YTO MO3BOJIUT BBISIBUTH CJIa0ble MeCTa B 00pabOTKe 3aMpOCOB U JUATHOCTHUKE OIIIH-
Ook. Bce manHbIe, BBOIUMBIC Yepe3 MOIb30BaTENbCKUM HHTEpGeiic, OyayT moaBep-
raTbCs BaJUAAIUU C IEIBI0 OTIPEICTICHUS UX TIPAaBUILHOCTH U COOTBETCTBUS 3a/1aH-
HeIM (popmaTam. BzammoseiicTBre MeXTy KOMIOHEHTAMU CHUCTEMBI OyleT IpoBe-
PATHCS Ha KaXKJI0M dTarie paboThI i1l 0OHAPYKSHHSI BO3MOXKHBIX PACXOXKICHUHN WITH
yTeueK JaHHBIX. byleT yneneHo BHUMaHHUE MPOBEpPKE OE30MaCHOCTU JAaHHBIX U 3a-
IIUTE MMOIh30BaTENbCKON nHPopManuu. OXKUJAETCA, 9TO pe3yIbTaThl aHAIN3a OyIyT
(bUKCHPOBATHCA B OTYETAX O TECTUPOBAHUH, C TIOJPOOHBIM OMTMCAHUEM KaXJI0TO Te-

CTa, €ro LEJIEN U PEe3YJIBTATOB.

10.2 YcaoBusi npueMKH

YcnoBusa IMPUEMKHN CUCTCMBI 6YJIYT OIPCACIIAITBCA Ha OCHOBC BBIIIOJIHCHUA
BCeX (PYHKITMOHAIBHBIX TPEOOBAHUM, OTPAKEHHBIX B TEXHUYECKOM 3aaHuu. OCHOB-
HBIM KPUTEPUEM TTPUEMKH OYIET SABIATHCS CHOCOOHOCTHh CUCTEMBI MOJTHOIIEHHO BBI-
MOJIHATH BCE 3asBICHHBIC 3aaur 0e3 OMMOOK B 00pabOTKEe JaHHBIX, C JOCTATO4Y-

HOM CKOPOCTBIO BBIITOJTHCHU A onepauﬂﬁ, COOTBGTCTBYIOH_[eﬁ YKa3aHHbIM BPECMCHHbIM
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orpaHuueHusM. Takke BaXKHBIM MTapaMeTpOM CTaHeT cTabuibHas paboTta unTepdeii-
ca Ha pa3HbBIX TUIAX YCTPOUCTB, oOecreynBaroniasi KOPpPeKTHyt0 paboTy Bcex dJie-
MEHTOB YIIPaBJICHUS U BU3yaIM3alliy JaHHBIX. [[pUHATHE CHCTEMBI B SKCILTyaTaI|io
OyzeT 3aBUCETh OT BBINOJIHEHUS TPeOyeMbIX IOKa3aTesei 1mo 0e30macHOCTH U Ha-
NEKHOCTH, BKITI0YAsT HATMYHE 3aIUIIEHHBIX KaHAIOB Mepeaadn JaHHBIX 1 MEXaHU3-
MOB ayTeHTH(PHUKAIUH.

[Tepuon TecTupoBaHus OyJET 3aBEPIIATHCS TPOBEICHUEM KOHEUHBIX HCIIBITA-
HUM, Ha KOTOPBIX OYIyT OMPEAEIATHCS BO3MOXKHBIC MPUINHBI HECTAOMIbHON paOOThI
CUCTEMBI MJIM HETOUHOCTH B TIPEJICKAa3aHMIX Mojiesield. B ciyuae oOHapy KeHUs OIIH-
00K, cuctema OyneT mopadoTaHa v TOBTOPHO MPOTECTUPOBAHA C YIETOM HCIIPaBIIC-
Huil. [IpuHaTre cucteMbl OyneT MPOU3BEACHO TOIBKO TMOCJIE OKOHYATEIHHOTO BBI-
MOJIHEHMSI BCeX (DYHKITMOHATBHBIX TECTOB U YCIEITHOTO pa3perieHus: BceX oOHapy-

KCHHBIX HEAOCTATKOB.
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11 CTAAUU U ITAIIBI PASPABOTKHA

Craauu pa3pabOTKH TaHHOTO IPOTrPaMMHOTO obecriedeHust OyyT MOCTPOESHBI
¢ ya€ToM TpeOyemoit TITyOUHBI UCCIICIOBAHUS, aHATUTHICCKUX 3a/1a4 U MHTETPaIlluu
Pa3IUYHBIX KOMIIOHEHTOB cucTeMbl. OO11as CTpyKTypa pa3paboTku Oyner pasuene-
Ha Ha HECKOJIBKO MOCJIE0BATEIIbHBIX CTAUN, KaXasl U3 KOTOPBIX MPEANOIaraeT Bbl-
MOJIHCHHE PsiTa CIEIU(DUIHBIX ATAIIOB, 00€CTICUNBAIONTNX JOCTHKEHHUE 11ETIEBBIX TTO-
KazaTesied 1 yCIEeIIHY0 peaau3aiuio GyHKIIMoHala.

ITepBas craaus pa3paOOTKH OylIeT CBs3aHa C aHAJIU30M TPeOOBaHUN U TIPOCK-
ThpoBaHueM. Ha aTom stane Oyaet mpoBOAUTHCS cOOP M aHATIN3 UCXOIHBIX JaHHBIX,
a TakKe BBISIBIICHHWE KIIFOUEBHIX (DYHKIIMOHAJIBHBIX TpeOoBaHUW K cucrteme. Bax-
HBIM MOMEHTOM OyJeT SIBIATHCS AeTajabHas MpopabOoTKa apXUTEKTYPhl MPOTPaMM-
HOTO 00eCTICUeHMsI, C BBIJICIICHUEM OCHOBHBIX KOMIIOHEHTOB, TAKUX KaK MOJY/b 3a-
IPY3KH JaHHBIX, MOJICJIb MAIIMHHOTO 00y4YeHUsl, UHTep(PEHCHI OTB30BaTEIIs U aIMU-
Huctparopa, APl miist BHemHel unterpanuu. byeT neranvu3upoBaH npoiecc B3au-
MOJICHCTBHS MEXKIY CHCTEMOM U BHEIITHUMHU CEPBHCAMH, a TaK)Ke TpopadoTaH (hyHK-
[IMOHAM JUIs OyAyIel aHAIUTHKY U peKoMeHaarui. Jlanubrit aTan norpedyeT 3Ha4u-
TeJbHBIX YCUIIUHU 711 TPOCKTUPOBAHUS CTPYKTYp 0a3 TaHHBIX U Pa3pabOTKU CXEMBI
uH()OPMAITMOHHOTO OOMEHa MEKy KOMITOHEHTaMH.

Ha Bropoii craguu, Koraa apXUTeKTypHbIE pellieHus OyayT YTBEPKICHBI, ITPH-
CTYHAIOT K peaau3aliiyi CaMOi CUCTEMbI. ITOT ATall OyJeT BKJIFOUYATh B CE€0s1 HECKOJIb-
KO KJIFOUEeBBIX dTarmoB. CHavama OyieT pa3paboTaHa cepBepHas 4acTh CUCTEMBI, pe-
aJIn30BaH (PYHKIIMOHAMT JJ1si cOopa U 00pabOTKH BXOJAHBIX JIAHHBIX, OOecTieueHa H-
Terpanus ¢ HeUPOCETEBBIMU MOJICJISIMU Y BBIMOJHEHBI HACTPOMKH J1JIsI BEIYUCIICHUM
¢ yuéTtoM OoOy4eHUsl U TECTUPOBaHUS Mojeiei. CleayronuM IaroM CTaHeT co3/a-
HUE KJIMEHTCKOM 4acTH, rjae OyaeT peau30BaH UHTEpQENC IS 3arpy3Ku U300pake-
HUN, BU3YyaJIM3alMK PE3YJIBTATOB aHAIU3a U MPEA0CTABICHUS PEKOMEHAAIIMN TI0JTb-
3oBareno. B xoze 3ToM cTaguu Takke OyleT MPOU3BOIUTHCS MHTErPAIs CHCTEMBI
C BHEITHUMU CEpBUCAMH U 0a3aMH JTaHHBIX, YTO TPEOYET HACTPOUKH MPABUIHHOTO
B3auMojiercTBus uepe3 APIL.

Tpetbst cragust OyJeT NOCBsIIEHAa TECTUPOBAHUIO U OTJIaJIKE pa3pabOTaHHOTO
IT1O. D10 KpUTHYECKU BakHAs CTaJUs, KOTOpas BKJIIOYAET HECKOJIBKO ATAIlOB: MO-
TyJIBHOE TECTUPOBAHME OT/ICJIbHBIX KOMITOHEHTOB CUCTEMbI, HHTETPAIITMOHHOE TeCTH-

poBaHue JIsl TPOBEPKHU PabOTHI BCEX YaCTEH BMECTE, a Takke (QYyHKIIMOHATILHOE Te-
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CTUPOBaHHUE B paMKax pabOTHI ¢ MOIb30BaTe sIMU. [IpoTecTrpoBanbl OymyT pa3and-
HBIE CIIEHapUM pabOThl C CUCTEMOM, BKJIFOUAsl IIPOBEPKY CTAOMIBHOCTH 00pabOTKU
JTAHHBIX, KOPPEKTHOCTH PabOThl HEUPOCETEBOM MOJICIH MPH PA3HBIX BXOIHBIX JTaH-
HBIX, a Takke ycTouunBoCcTh API. 1o pe3ynpraram TecTiupoBaHus OyAyT BBISBISITHCS
OIMOKHU WJIM HEIOCTATKH, KOTOPBIE TOHKHBI OBITh YCTPAHEHBI B MPOIIECCE OTIAKH.

Yetépras ctagus OyleT 3aKII0YaThCs B Pa3BEPTHIBAHWU W BHEAPCHUHU CH-
CTEMBI Ha IeJIeBYIO TIaTopMmy. ITOT mpolece moTpedyeT MOArOTOBKU CEPBEPHOU
UHDPACTPYKTYPHI, HACTPOUKH PE3EPBHOIO KONHUPOBAHUS W MOHHUTOPHMHTA, a TaKKe
WHTETPAINH C APYTHUMH CYIIECTBYIOIIMMH ITPOrpaMMHBIMHU perieHusMu. [locie Ha-
CTPOMKHK UHPPACTPYKTYPHI OyAYyT MPOBEAEHBI KOHTPOJIHHBIE UCIIBITAHUS B YCIOBUSIX,
MaKCHUMaJIbHO TPHUOIMKEHHBIX K PEabHOM IKCILTyaTally, C IEeJIbI0 yI0CTOBEPUTH-
Cs B TOM, 4TO cucTeMa (DyHKIIMOHMPYET KaK Ha JIOKAIbHBIX, TaK M Ha yAaJEHHBIX
wiargopmax. Cucrema OyzieT ONTUMU3UPOBAHA HA OCHOBE PE3yJIbTATOB TECTUPOBA-
HUS, YIUTBIBAs KOJIMYECTBO OJHOBPEMEHHBIX 3allPOCOB, CKOPOCTh OTKJIMKA U 0e3-
OTIaCHOCTH JaHHBIX.

Ha nsiToit cranuu, mocie yCnenrHoro BHEIpeHus, OyJIeT NpoBeAEH Tam o0y-
YEHUS TTOJIH30BATENIE 1 MOHUTOPHHTA SKCIUTYaTallMOHHOM S TEIbBHOCTH CUCTEMBI.
[Tonp30oBaTeny MoTyyaT JOCTYI K MHTEPAKTUBHBIM U ()yHKIIMOHAJILHBIM BO3MOXKHO-
ctsaMm [1O gepes moAroToBIEHHBIE HHCTPYKTAXHU M Kypchl 00ydeHus. B 3TOT MOMEHT
CHEIUAMCTHI OYIyT COOMPATh OT3BIBBI TIOJIB30BATENICH IS BOBMOXKHBIX JI0Pa0OTOK
U ONTUMM3ALMU pabOThl CUCTEMBI. Moysb 00yUueHHUs TaKKe TTOMOXKET MOHATh, Ha-
CKOJIbKO MHTYWUTHBHO TOHSITEH MHTEep(dENC M Kakue yIydlieHUus HEOOXOIUMBI JIJis
MOBBIIICHUS KauecTBa paboThl ¢ cuctemoi. Cuctema OyJIeT HaXOIUThCS MO pery-
JSIPHBIM MOHUTOPUHTOM, JIJISl OIIEHKH pabOThI HEHPOCETEBBIX MOJIEICH, aHATN3a X
TOYHOCTH ¥ KOPPEKTHOCTH, a TAKXKE JJIs cOOpa JaHHBIX O BOSHUKHOBEHUH TIOTCHITH-
aJbHBIX MPOOIIEM.

[lecTas cragus pa3paboOTKu OyAeT cBsA3aHa ¢ (PUHUIITHOM TOPaOOTKOM U OKOH-
YaTeNbHOW cJauel MpoeKkTa. DTOT dTam OyeT BKIIOYaTh 3aBEPIICHUE BHEAPCHUS
BCEX 3aMpOCOB MOJb30BaTENICH U ONTUMH3AIUIO CUCTEMBI ¢ YIETOM OIbITa €€ HC-
MOJIb30BAHUSI B PEAIbHOM HKCIUTyaTallMOHHOM cpeze. 3aBepluaroniui stan pado-
ThI OyZIET 3aKJIFOYAThCS B MOATOTOBKE (DMHAIBHOW JOKYMEHTAIIMU M OTYETOB, KOTO-
pbie OyAyT BKJIIOYATh MOJHOE ONMKcaHue (QyHKIIMOHAIIA, apXUTEKTYPhl IIPOrpaMMHO-

ro 00ECIIEUCHHS U ATAIMOB Pa3padOTKHU.
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12 TPEBOBAHUSA K JOKYMEHTALIUHU

12.1 OnucaHue CTPYKTYPbI M COACPKAHUS PYKOBOACTBA M0JIb30BaATEJIS

PykoBo1CTBO TT0JIB30BaTEIIS MPEIHA3HAYEHO JIJI BCEX KaTeropuid MoJIb30BaTe-
JIel CUCTEeMBI U IOJKHO MPEO0CTABIATH MOAPOOHBIE MHCTPYKIIUU, 00ECIICYNBAIOIINE
MaKCHUMaJIbHO MPOCTOE M MHTYUTHUBHO MOHATHOE MCIIOIH30BaHNE BCeX (DYHKIIHM CH-
cteMbl. OHO Oy/IeT pa3eseHO Ha HECKOJBKO KITFOUEBBIX Pa3/IeoB, KaX bl U3 KOTO-
PBIX TTOIPOOHO OMHMIIIET OJHY M3 OCHOBHBIX (PYHKITHH, TOCTYIHBIX B IIPHIOKCHUH.
CtpyKTypa pyKOBOJICTBA Oy/IeT BKJIFOUATh OMMMCAaHUE YCTAHOBKH U HACTPOUKH CHCTE-
MBI, HHTEp(deiica MoIb30BaTels, a TaKkKe pabounX CICHAPHEB M (PYHKIIMOHAIBHBIX
BO3MOKHOCTEN CHCTEMBI.

[lepBoHa"aIbHO PYKOBOACTBO OYIET COMEpPkKaTh pa3zei, MOCBIIICHHBIN ycTa-
HOBKE CHCTEMBI, T7ie OyIyT ACTaTN3UPOBAHBI TPEOOBAHUS K CEPBEPY M KITMECHTCKOMY
000pY/IOBaHMIO, & TAKXKE TOIIArOBass HHCTPYKIIUS 110 Pa3BEPTHIBAHUIO MTPUIIOKCHUS
B pabodem okpyxkeHnr. CIeIyonuM pa3aesioM OyJIeT OMCcaHke MpoIecca HacTPOoil-
KU U TOAKIIOYEHUSI CUCTEMBI, Tie OyayT JaHbl MHCTPYKIIMHU MO KOHPUTYPUPOBAHUIO
uHTepderica, a TAKKe YCTAaHOBKE HEOOXOAMMBIX 3aBUCUMOCTEH, €CJIM TaKOBBIE UME-
IOTCH.

KiroueBast yacTh pykoBOJCTBa OyJeT MOCBSAIIEHA OMHCAHUIO TOJIH30BATEIb-
ckoro uHTep(eiica. B aTtom pazgene Oynaer mpeaocTaBiIeHO MOAPOOHOE OINKCaHUE
BCEX JIOCTYITHBIX 3KPAHOB U (PYHKITMOHATBHBIX OJIOKOB, TAKUX KaK CTPAHMIIBI 3arPy3-
KM JAHHBIX, aHAJTN3a U300paKeHU, TOTyYeHUs U HHTEPIPETAIIMN PEKOMEH AN, a
Tak)ke paboThI C pe3ylbTaTaMu aHalu30B. KaxxomMy s1eMeHTy MOIb30BaTEIHCKOTO
uHTepderica OyaeT yaeaeHo BHUMaHKe: KHOTKH, TI0JI BBOJIA JAHHBIX, YBEIOMIICHUS
U cucTeMHbIe coobmeHus. [loscHeruss OyayT COMPOBOXKAATHCS CKPUHIIIOTAMH, YTO
ITOMOYKET TI0JIb30BaTEIISIM HAIIISTHO O3HAKOMUTLCS ¢ MHTEP(HEHCHBIMH 3JICMEHTAMH.

HeoTbemiemMoii 4acThio pyKOBOJICTBA OyAeT pasjiell ¢ mpuMepamMu paboThl CH-
CTEMBI. ITO MO3BOJIMT MOJIB30BATEIIO JIYYIIIE IOHAThH, KK U JIJ151 KAKUX EJICH UCTIONb-
30BaTh T€ WK WHBIC QyHKIMHU. [loaroBpie MHCTPYKIMK C TIpUMEpamMu (Harpumep,
10 3arpy3Ke U300paKeHUS U €T0 aHAJIN3Y) MTOMOTYT U30ekKaTh OIMMOOK Ha dTare pa-
60Th1. B ciryyae BO3HUKHOBEHUS TTPOOJIEM MOIL30BaTEIN CMOTYT HATH BO3MOXKHBIC

IIYTH UX PCIICHUA B pa3acii€ 4aCThIX BOIIPOCOB U COBCTOB, BKIIFOYAIOIIUX I/IH(I)OpMa-
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IIUI0 O BOBMOXKHBIX COOSIX, OMIMOKAX, a TAK)Ke PEeKOMEH/IAlUU TI0 YCTPAHEHHUIO HETo-
TaJI0K.

B nomnonHenne, B pyKoBOACTBO OyAyT BKIIOUCHBI IPAKTHUYESCKUE PEKOMEH/Ia-
IIUH TI0 ONITUMAIIEHOMY HCIIOJIb30BAHHUIO CUCTEMBI, TIO3BOJISIOIINE MTOBBICUTD 3 dek-
TUBHOCTh Pa0OOThl M JOOUTHCS HAWIY4IIMX pe3yibTaToB. PykoBoacTBO OyneT no-
CTYITHO KaK B TEKCTOBOM, TaK U B BUJE MYJbTUMEIUNHOTO KOHTEHTA, YTO OOECIIEUUT

JTOCTYIMHOCTh JIJIS Pa3INYHBIX MOTH30BATEIICH.

12.2 JloxymenTanus no API nyst B3anMoaeiicTBU KOMIIOHEHTOB

Jloxymenrarus mo API Oyner BaKHBIM 3JIEMEHTOM JIJIs pa3paboTYHUKOB, 00eC-
neurBas 4€TKOE U MOJHOE OMHCAHUE BCEX JTOCTYIHBIX IPOrpPaMMHBIX MHTEpdeil-
COB, HEOOXOAMMBIX JUIsI HHTETpalliK pa3padaThiBaA€MON CUCTEMbI C BHEITHUMU Cep-
BHCaMH, a TAKXKe JIJIsl BHYTPEHHETO B3aUMOJICHCTBUS MEXK]Iy KOMIIOHEHTaMH CUCTe-
Mbl. OHa OyZeT comepkarh HE TOJIBKO ONMHMCAHHUE BCEX KIIOYEBBIX KOHEYHBIX TOUEK
(endpoints) API, HO Takke eTaTu3UPOBAHHBIE CXEMBI IAHHBIX, TPUMEPHI 3aIIPOCOB
U OTBETOB, a TAaK)K€ MHCTPYKITUHU IO 00pabOTKE OMIMOOK M CIIeM(PUIECKUX COCTOS-
1505078

B noxymenrauuu Oyznet ykazaH cnucok Bcex MetofoB API, a Taxxke ux nmpen-
Ha3HAYCHHE U OMHCAaHKHE MapaMeTPOB 3alpPOCOB, TUIIOB JAHHBIX, MOIIEPKUBAEMbIX
BXOAHBIX U BBIXOJHBIX (hOopMaroB, TpeOOBaHUN K (opMaTy M300paKeHH U MeTa-
nH(pOpPMAIINH, & TAKKE ONMMCAHUE CTAHIAPTHBIX U JOTOJHUTEIBHBIX (PUIBTPOB WIIN
napaMeTpoB I HACTPOUKH 3arpocoB. OKUJaeTCs, YTO onucaHue OyleT ucyepIibl-
BAIOLIMM U MOKPBIBAaTh BCE BAPUAHTHI 3aIIPOCOB, KOTOPHIE MOKET BBHITIOJHUTH BHEII-
HEe MPUIOKEHHE, a TAKXKE YKa3bIBaTh HA BO3MOXKHBIE OIIMOKH, KOTOPhIE MOTYT OBIThH
BO3BpAIIEHbI CEPBEPOM B OTBET Ha 3ampoc. [[is kax ol koneunoi Touku API Oyner
NPECTABICHO MOAPOOHOE ONMHUCAHUE OKUAACMBIX MapaMETPOB, MPUMEPHI BXOIHBIX
Y BBIXOJHBIX JIAHHBIX, & TAK)KE BO3MOXHBIC OIIMOKH U CITOCOOBI X UCITPABIICHUS.

B noxymeHTaiuu Takke OyeT 0ObSICHEHO, KaKk HACTPOUTh ayTeHTU(UKAITUIO
U aBTOpH3aLuio s oopamenus Kk APL. Dto Oynet Bkitodats B ce0sl ONKUCaHUE CIIO-
cOOOB MOJIyYeHHs] TOKEHOB JIOCTYTIA, a TAKKe KaK BHEAPUTD 3aAIIUTY I 3alIPOCOB,
YTOOBI UCKIIFOUYUTH HECAHKIIMOHUPOBAHHBIN JOCTYII K TAHHBIM U cepBHcam. Pa3ensl,
MOCBSIIIEHHBIC aBTOPU3AINH, BKIIOUYAT onrcanue hopmatoB kitoueid API u ciocoOst

paboThl ¢ HUMH. BaxkHOM YacThio OyJeT Takke MHCTpYKIus 1o unrerpaiuu API B
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MOOUITEHBIE UITU BEO-MPUIIOKEHHS, YTO MO3BOJIUT pa3padOTUMKaM OBICTPO MOAKIIIO-
YUTHh CUCTEMY U HayaTh OOMEHHUBATHCS TAHHBIMH.

JlokymeHnTarus Oyner cHabKeHa MHOXKECTBOM MPHUMEPOB HCITOJIb30BAHUS Pa3-
JTWYHBIX KOHEUHBIX ToueK API, Bkitodas kak 6a30Bblie, Tak U 0oJiee CIOXKHbBIE CIIeHA-
pun ucnonb3oBanus. Kaxaelii npumep OyaeT mogpoOHO OOBACHEH C BBIJICICHHEM
BaKHEHMIIINX aCIIEKTOB Ka)I0T0 3alpoca, YTO MOMOXKET pa3paboTyuKaM MUHUMU3H-
pOBaTh OMUOKH U YCKOPUTH MPOIECC UHTETPAIUH.

J1J1s TIOBBIICHHSI Kau€CTBa UCIIONB30BaHusl, ToKymMeHTarus mo API 6yzner co-
JepKaTh paslie]l ¢ TUIIAMH BO3MOXKHBIX OITMOOK M CIIOCOOOB X YCTpaHEHUs. ITO
TaKKe OyJeT BKJIFOYATh PEIICHUsS ISl CaMbIX PaclpOCTPAHEHHBIX MPOOIeM, TaKuX
KaK HEKOPPEKTHBIN (hopmar n3zoOpaxkeHus:, OIUOKHU B 3arpocax, IpodiaeMbl ¢ M-
KITIOYCHHEM K CEpPBEPY U APYTHUE aCHEKThI, KOTOPhIE MOTYT BOSHHUKHYTH IIPH B3aUMO-

JNIEUCTBUU C CUCTEMOM.
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13 TEXHUKO-9KOHOMMNYECKHUE IMTOKA3ATEJIN

13.1 Oskugaemasi IPOU3BOAMTEIbHOCTb CUCTEMbI

OxunaeMast IPOU3BOIUTEILHOCTh CUCTEMBI OIIPEIEIIICTCS HECKOILKIMH OC-
HOBHBIMHU TIapaMeTpaMu, CBSI3aHHBIMH C OOpabOTKOM JaHHBIX, MacIITaOHpyeMO-
CTBIO M OTKJIMKOM TIOJIb30BAaTENILCKOTO MHTEp(eiica. B mepByro ouepenn, mMpon3Bo-
JTUTEIBLHOCTD 3aBUCHT OT CIIOCOOHOCTH CHCTEMBI 3((HEKTUBHO 00pabdaThiBaTh BXO/-
HbIC M300paKEHUS ¢ MUHUMAJIBHBIMHU 3a/Iep)KKaMu TipH aHanmu3e. OXuaaeTcs, 4To
cucreMa OyaeT moaaep KuBaTh 00pab0OTKy N300pakeHHI ¢ BBICOKOH pa3pelaromei
CIIOCOOHOCTBRIO B Tipeenax oT 256x256 mo 1024x1024 nukcenei, mpu 5TOM BpeMs
00paboTKH OAHOTO N300paKEHUS JIJISl TOTYUEHUsI IEPBUYHON HHGOPMAIIIH O COCTa-
B€ M DHEPreTHUECKOM IIEHHOCTU He Oy/leT MPEBBIIIaTh HECKOIBKUX CEKyH. BaxkHo
OTMETHTh, UTO JIaHHAS MPOU3BOAUTEILHOCTD HAIMPSMYIO 3aBUCHT OT MCTIOJIb30BaH-
HBIX MOJICJICH MaIlTMHHOTO O0yUYeHHUsI, KOTOPhIE OyIyT OCTOSSHHO ONTHMHU3HUPOBATh-
Cs1, UYTO TTOBBICUT CKOPOCTh U TOYHOCTh PA0OTHI CUCTEMBI.

Kpome Ttoro, cucrema nomkHa obOecrieunBarh OecriepeOoiiHyo paboTy mpu
00BIIIOM 00BbEME OTHOBPEMEHHBIX 3arpocoB. [Ipu pacueTe Harpy304HOTO TECTUPO-
BaHUS M BO3MOXKHBIX MHUKOBBIX HAarpy30K OBLJIO OIMPEACNICHO, YTO CHCTEeMa JTOJDKHA
OBITH crTIOCOOHA 00pabaThIBaTh 3aPOCHl C MUHUMAIILHBIMU 33JICPKKAMH JJaXe MPU
onHoBpemeHHon padore 1000 u Gosiee monb3oBarene. [ JOCTUKEHUST JAHHOTO
YPOBHS IIPOU3BOIUTEILHOCTH CHCTEMa OyJIeT UCIIOJIb30BaTh METOBI IMAPAIIICITbHOM
00paboTkH, 3(OPEKTUBHBIC AITOPUTMBI CKATHIO TAHHBIX, a TAKKE MOICPKKY MHO-
TOSIZIEPHBIX MTPOIIECCOPOB B CEPBEPHON apXUTEKTypE VISl pacpeieTICHUs Harpy3KHU.

Kpome toro, B cpepe 006paboTku MeTanHpOpMaIluu U COXpPAHEHHs TOTyYa-
EMBIX JJAHHBIX TIOTPEOyeTCS MHTETPAIUS ¢ BRICOKOCKOPOCTHBIMH CHUCTEMaMU 0a3bl
JAHHBIX, YTO 00ECIIEYUT CTAOMIILHOCTD pabOTHI Jaxke Mpu OOIBIINX 00beMax 3aru-
celi m oOpaleHui, cIeJaHHbIX ToJib3oBarelisaMu. OKUAACTCS, YTO B XOJIE dKCILTyarTa-
IIMY CUCTEMBI ITPU BBICOKUX TEMIIax pocTa o0bemMa 00pabaThiBa€MbIX JAHHBIX C MH-
HUMaJIbHBIMUA TPEOOBaHUSAMH K CEPBEPHOMY OOOPYIOBAHUIO MPOU3BOIUTEIHLHOCTD
OyZeT moaep)KUBAThCS OJlarofapsi TMOKUM aJlrOpuTMaM KAIITUPOBAHUS U CTPATeTUH
YIPOIIEHHUS 3aIIPOCOB.

OTtnenpHOEC BHUMaHHE OyIeT yneneHo padore ¢ BHemHMMH API m mHTEeTrpa-

USMH, YTO TPEOyeT ObICTPOE B3aUMOICHCTBUE MEXKTY KOMIIOHEHTAMU CUCTEMBI 0€3
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3aIepP>KEK, 0COOCHHO JIJIsl MPEI0CTaBICHUSI JAHHBIX JIsl PEKOMEHIAIIM TTO TUTaHUIO,

B TOM YHCJIC IIPHU KOMIIJICKCHBIX PACUYCTAX, 3aBUCAIINX OT MHOKCCTBA (I)aKTOPOB.

13.2 OO0BbeM 1aHHBIX U TPeOOBAHMS K CEPBEPY

OObeM NaHHBIX, 00pabaTHIBAEMBIX CHCTEMOM, HAMpPSMYIO CBSI3aH C YUCIIOM
MOJIb30BATEIICH, a TAKXKE C pa3MepaMM BXOJIHBIX M300paKeHUN U MEeTauH(pOPMAIIHH.
Bnavane npeanonaraercsi, 4to cuctema Oyaetr padorats ¢ okono 10 Teic. u3o0pa-
KEHUM U COMYTCTBYIOUIUX TAHHBIX, MPU ATOM KaxJI0€ M300paKEHUE MOXKET 3aHH-
Matb oT 100 1o 500 kumo6alT, B 3aBUCUMOCTH OT YPOBHS JIeTaIM3alMu U popmara.
[Ipu Takux oObemMax MOTpeOyeTcs pelIeHre s JTOJITOBPEMEHHOTO XPaHCHHUS JaH-
HBIX, 4TOOBI 3((HEKTUBHO CHPABIATHCS C MH(POpMAIIME, TOCTYITHOM MOJIb30BaTEIsIM
¥ METaJJaHHBIMU.

OxunaeMblii 00beM NTaHHBIX HAa HAYaJIbHOM JTame pa3padoTKu OymeT OKOJIO
10-15 rurabait s Bcex U300pakeHU U MeTanHGOpMalluK, OJHAKO Mperoiara-
€TCsl, YTO C YBEITUUCHHEM I10JIb30BATEIHCKON 0a3bl U PACIIUPEHUEM CUCTEMBI 00beM
JTAHHBIX OyIET PacTH, YTO MPUBEIET K HEOOXOAMMOCTH YBEIUYEHUS PECYPCOB XpaHe-
Hus. [Ipu aTom 171 3¢pheKTHBHOTO XpaHEHUS M 00pa0OTKH TaKUX 00BEMOB JTaHHBIX
HEOOXOAMMBI CEPBEPHI C MHOTOYPOBHEBBIMHU PEIICHUSMHU I XPAaHCHUS, BKIIIOUYAs
SSD-HakonuTenu Ajig ObICTPON padOTHI C U300PAKEHUSIMU U PE3EPBHBIE CUCTEMBI
Ha 0a3e JKeCTKUX JUCKOB JJIs IOJITOBPEMEHHOTO XPaHEeHHsI METa/IaHHBIX.

CepBepHas uH(GpaCTpyKTypa T0JDKHA TOIJCPKUBATH PACIIUPSAEMOCTh IS
JaTbHEHIIIEro YBEJIMUCHHS KaK B IUJIaHE TMOJIb30BaTeNIe, TaKk U B MJIaHe 00padaThI-
BaeMbIX JaHHBIX. /{7151 9TOTO cepBephbl AOMKHBI OBITH OCHAIIEHBI MPOIECCOPAMU C
HECKOJIBKUMH sIpaMu JIJIs TapajuieTIbHON 00pabOoTKY JaHHBIX U OONBIIMMHU 00beMa-
MU OTIEPATUBHON MaMSITH, YTO IMO3BOJHUT YCKOPUTH 00pabOTKy M300paxeHuit u xpa-
HEHUE BPEMCHHBIX JaHHBIX. J[711 0a3bl JaHHBIX TaKKe MOTPEOYEeTCS ONMTUMHU3AIUS
3aMpOCOB M UHJIEKCAIIUU, YTO OOECIIEUHUT OBICTPOE M3BJICUCHUE JAHHBIX B PEaTbHOM
BPEMEHU.

JloToTHUTEIBHO, CEpBEPHAS ApXUTEKTYpa JOJDKHA MOAESPKUBATh THOKOCTD B
IJIaHE Harpy3Kd, MCTOJIB3YS BO3MOXKHOCTH BUPTYyaIU3alMKM U KJIACTepU3aAIUN s
MacIITaOUPOBAHMS U YIPABICHUS TPaQHUKOM B YCIOBUSAX MUKOBBIX HArpy3oK. Bpe-
Msl OTKJTMKa TIPU MACCOBBIX 3aIpOCax He JOJDKHO MPEBBIIIATH HECKOIbKUX MUJIIHCE-
KyHJI, 9TO MOTpeOyeT UCTIOIb30BaHUs TIPOKCU-CEPBEPOB IS pacrpeaesieHus Tpadu-

Ka MCXKAY pas3s/]INdYHbIMH BbIYHUCIIUTCIIbHBIMUA Y3JIaMU.
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Taxum oOpa3om, TpeOOBaHMS K CEPBEPY BKIIIOYAIOT HATHMYKE MOIIHBIX MPOIIEC-
COpOB JyIs1 00paObOTKM OONBIINX 0OBEMOB JIAHHBIX B PEAJIbHOM BPEMEHH, HAJIUYNE
MacIITabupyeMbIX CHCTEM XPaHCHHUS JIaHHBIX W 3allUThI OT COOEB, a TaKXke oOec-
nedeHre THOKOCTH MHAPACTPYKTYPHI I paOOThl MPH BHICOKOM HArpy3Ke W pocTa

o0BbeMa JTaHHBIX.
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