MHUHHUCTEPCTBO TPAHCIIOPTA POCCUICKOM ®EJEPALIIN

OEJIEPAJTBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YYPEXJIEHUE BBICIHIEI'O OBPA3OBAHMSA

«POCCHUUCKHNHA YHUBEPCUTET TPAHCIIOPTA»
(PYT (MUUT)

/ PaGouast mporpaMma JUCIUIIINHEL (MOILYIIS), \
KaK KOMIIOHEHT 00pa30BaTeIbHON IPOrpaMMbl
6a30BOro BBICILIEr0 00pa30BaHuUs
110 CIIELHUAILHOCTH
10.05.01 KommbroTepHast 6€3011acHOCTb,
yTBepKJeHHOH nepBbIM npopekropom GPI'AOY BO
PYT (MUUT) Tumonunsm B.C.

- J

PABOYASI MPOIPAMMA JUCLMITJIMHBI (MOIY.JI5D)

TexH0JI0ruu XPaHCHHUSA TaHHbIX

CrnennaiabHOCTD: 10.05.01 KommproTepHas 6€30MacHOCTh
Cnennanus3anus: be3onacHOCTh KOMIBIOTEPHBIX CUCTEM U CETEU

(B cdepe cBa3u, UHPOPMAIMOHHBIX U
KOMMYHHUKAITMOHHBIX TEXHOJIOTHH )

dopma oOydeHUS: OuHas

PaGouas nmporpaMma JUCIUIIINHEL (MOTYJIS) B BUIE
JIEKTPOHHOTO JIOKYMEHTA BBITPYKEHa U3 eIMHON
KOPIOPATHBHOM HH(POPMAIIMOHHOI CHCTEMBI YIIPaBJICHHS
YHHUBEPCHTETOM M COOTBETCTBYET OPUTHHAITY

J

Ipocrast »aeKTpoHHAs MOAMHCH, BolgaHHass PI'AOY BO PYT
‘ (MHUT)
| ID nopmucu: 4196
[Moxmucan: 3aBenyromuii kadenpoii XKenenkos bopuc
Bnanumuposuy

[ tara: 22.09.2026




1. OOue cBeaeHus 0 JUCHUILIMHE (MOTYJIE).

JlucuuninHa MOCBSIIEHa W3YYEHUI0 TEXHUYECKOW 3alMThl MHGOPMALIHH.
enstmu ocBoeHUs] y4eOHOM AMCHUIUIMHBI «TeXHOMOTMU XpaHEHHs JaHHBIX»
ABIISIOTCS (POPMUPOBAHNE KOMIIETEHIIUHU 10 OCHOBHBIM pa3jiejiaM TeOPETHUECKUX
U TPAKTUYECKUX OCHOB OpraHHM3alMd CPEACTB 3alUThl HH(POpPMAIUH, IaTh
HEOOXO/IUMbIE HAaBBIKM IO HCIIOJIb30BAHUIO CPEACTB 3alllUThl MH(POpMALUU B
KOMITBIOTEPHBIX CHCTEMAaX U OBJIAJICHUIO METOJAMHU PEIICHUS] COOTBETCTBYIOIIUX
3azay.

OCHOBHBIMU 337]a4aMH TUCIUIUIAHBI SBIISIOTCS:

- UI3YYCHHE apXUTEKTYyp U Kiaccudukamu cuctem xpanenus ganabix (CX/)
— @opMHpoBaHUE 3HAHUN 00 OCHOBHBIX TUIAX CUCTEM XpaHeHus AaHHbIX (DAS,
NAS, SAN, o0bektHpie CX][, TUIEpKOHBEPIE€HTHBIE CHCTEMBI), HUX
ApPXUTEKTYPHBIX OCOOEHHOCTSIX, JOCTOMHCTBAaX, HEAOCTaTKax M 00JacTsaX
IPUMEHEHUS;

- OCBOGHHME METOJIOB OPTaHM3ALMU OTKA30yCTOMYMBOCTU U 0OECICUEHUS
LIEJIOCTHOCTH JaHHbIX — M3yueHue NpuHIUIOB padOThl U30BITOUYHBIX MACCHUBOB
He3aBUCUMBIX NUCKOB (RAID) pasznuunbix yposueit (0, 1, 5, 6, 10, 50, 60),
MEXaHU3MOB PE3EPBHOr0 KOMMPOBAHUS, PEINIUKALIMU U CHAMIIOTOB (MTHOBEHHBIX
KOIUI) JJ1s1 00eCTieYeH s BBICOKOW JOCTYITHOCTH M COXPAHHOCTHU JaHHBIX;

- U3y4YE€HUE MPOTOKOJIOB U UHTEP(PENCOB JOCTyINa K CUCTEMAM XPAHEHUS —
OcBoenue npotokosioB B3aumoericteus ¢ CXJI (SCSI, iSCSI, FC, FCoE, NVMe,
NVMe-oF, NFS, SMB/CIFS), a Takxe unrepdeiicoB nmoaxiItoueHns HaKOUTeeH
(SATA, SAS, NVMe, U.2, M.2);

- NpUOOpPETEeHUE HABBIKOB AaJMUHUCTPUPOBAHUS W MOHUTOPHHIA CHUCTEM
XpaHeHuss AaHHbIX — @dOopMHpOBaHHME NPAKTUUYECKUX YMEHHMM II0 HACTPOMKE,
yopasiernto U MoHuTopuHry CXJ[ (Bbigenenwe toMoB (LUN), ympaBieHue
KBOTaMH, KOHTpOJIb MpousBoautensHocTd — [OPS, nponyckHas cnocoOHOCTS,
3aJIEP’KKH ), a TAKXKE JUArHOCTUKE U YCTPAHEHUIO HEUCTIPABHOCTEH;

- OIIEHKA MPOU3BOUTEIHLHOCTH U BHIOOp onTUManbHOU KoHpurypammu CX]]
— HM3ydeHne METOIUK pacueTa MPOM3BOAUTENIbHOCTH cucTeM xpaHenust (IOPS,
JATEHTHOCTb, MPOITYCKHAsI CIIOCOOHOCTH), aHanu3a npoduiei Harpy3ku (OLTP,
OLAP, noTokoBoe BHJI€O, PE3EPBHOE KOMUPOBAHHE) U OOOCHOBAHHOTO BBIOOpPA
tumna u koHpuryparuu CXJ[ B 3aBUCUMOCTU OT TpeOboBaHUM OM3HEC-3a/1a4;

- U3y4Y€HHE METO/IOB 3allIUThI JAHHBIX B CUCTEMAX XpaHEHUS

— OcBoeHue TexHojorui mmdpoBanus AaHHBIX Ha auckax (SED), nHa
ypoBHE TOMOB U Ha ypoBHe CX]JI, mexanuzmoB koHTpoJia noctyna (RBAC),
ayluTa olepauuid C JaHHbIMU, a TakX€ METOJNOB 3allUThl OT YTEUEK U
HECaHKIIMOHUPOBAHHOTO JOCTYIA K XpPAHUMON HHPOPMAIIIH.



2. [Inanupyemble pe3yabTaThl O0yUeHUS MO0 AUCHUILTHHE (MOAYIIO).

[lepeuenp (GopMUpYEMBIX pPE3yJbTaTOB OCBOCHHUS  0Opa30BaTEIbHOMN
porpamMmsbl (KOMIIETEHIIMI) B pe3ysbTaTe 00y4eHHUs 110 AUCLUIUIUHE (MOIYIIO):

OIIK-5 - CniocobeH co3naBaTh IPOrpaMMBbl Ha SI3bIKAX BBICOKOTO M HU3ZKOTO
YPOBHS, IPUMEHATh METO/Ibl 1 HHCTPYMEHTAJIbHBIE CPEACTBA POTrPAMMHUPOBAHUS
IUI peleHus] MPo(ecCUOHANBHBIX 3a]a4, OCYLIECTBISATh 0OOCHOBAHHBIN BBIOOD
MHCTPYMEHTApHUs IPOrpaMMHUPOBAHUS U CIOCOOOB OPraHU3alMy IPOTrPaAMM.

OO0yueHnue 1Mo JUCIUIUTNHE (MOIYIIIO ) TIPEAIoIaraeT, 4To 1Mo €T0 Pe3yIbTaTam
oOydaromuiics Oyaer:

3HaTh:

- KOHIICTIINIO HHKEHEPHO-TEXHUYECKOM 3aIUThI HH()OpMAIUH;

- HOPMaTHUBHO-TIPABOBBIC JOKYMCHTBHI 0O€CICUCHHS HMH(POPMAIMOHHOM
0e30I1aCHOCTH;

- TEXHHYECKHE KaHaJIbl YTeUKH HH(POPMAIIUH;

- (hu3UYeCKKe MPUHIIMITBI YTEYKH HHPOPMAITUH 110 TEXHUICCKUM KaHaJIaM;

- METOJIbl OOHAPYKCHHS U 3aIIUTHI MH(HOPMAIIUY B TEXHHYSCKUX KaHAJIaX OT
€C YTCUKH.

Ymersb:

- IPUMEHSTh METO/1bl HHKEHEPHO-TEXHUYECKOM 3allluThl HH(OpMaLnu;

- AHAJIM3UPOBATh BO3MOXHBIE YSA3BUMBIE MECTa TEXHUYECKON 3alUTHI
uH(popmanuu;

- IPOBOJIUTH MPEABAPUTENBHBINA COOP JAHHBIX O TEXHUYECKUX YSA3BUMOCTSIX;

- IPOEKTHPOBATh CHCTEMbI 3aLIUThl U MPOBOAUTH AHAJIU3 PUCKOB YTEUKH
MH(POpPMAIIU TI0 TEXHUYECKUM KaHalaM.

Baaners:

- HaBbIKaMHM PAOOTHI C MPOTPAMMHBIM OOECIIEYEHHEM IO OLEHKH PUCKOB
yTeUKd MH(POpMAIUMU MO0 TEXHUYECKUM KaHaJllaM M IPOrpaMMHO-anmapaTHbIMU
KOMILJIEKCAMH T10 BBISIBJIEHUIO KaHAJIOB YTEUKU MH(OPMAIUK.

- HaBbIKAMH  HHCTPYMEHTAJIBHOIO  MOHUTOPHUHIa  3aIUIIEHHOCTH
uHpopmarun AC u ananu3za ee QyHKIIMOHATBHOTO COCTOSHUS;

- HaBbIKAMU 1O pa3pabOTKe OCHOBHBIX MOKa3areleil  TEeXHHKO-
HKOHOMUYECKOTO 0OOCHOBAHUS COOTBETCTBYIOLIUX MMPOEKTHBIX PEIICHUH;

- OCHOBHBIMH METOJAMHU HCCIEJOBaHUS, HCIOJb3YIOUIUMU TEOPHH
KBaHTOBOW MH(OpPMAITUH.

3. O0BeM TUCHUTUTHHBI (MOTYJIS).



3.1. O0mas TpyA0eMKOCTb JUCHUILIUHBI (MOYJIA).

OOmast TPyIOEMKOCTh JUCUUILTUHBI (Momyns) coctaBisier 2 3.e. (72
aKaJeMHYEeCKuX Jaca(oB).

3.2. OOwvem pmucuuIUIMHBL (MOAynsi) B (OpMe KOHTAaKTHOM pabOThI
oOyJarommxcss C  IeJarorM4ecKuMM  paboTHUKaMu ®W  (WIM)  JIMIIAMH,
MIPUBJIEKAEMBIMU K peain3aiuy 00pa30oBaTeIbHON MPOTpaMMbl Ha UHBIX YCIIOBHSIX,
IIPU MTPOBEICHUH YICOHBIX 3aHATHH:

KomnuectBo yacos

Tun yaeOHBIX 3aHATHI
Bcero | Cemectp Ne6

KonraktHas paboTa mpu npoBeeHIH yIeOHBIX 3aHATHH (BCETO): 32 32
B tom uucne:

3aHATHUS JEKIIMOHHOTO THUIIa 16 16
3aHATHS CEMHUHAPCKOTO THIIA 16 16

3.3. O0beM auCHUIUIMHBI (MOIyYJisi) B (OpME CaMOCTOSITENIbHONW padOThI
oOydarormuxcsi, a Takke B (opMe KOHTAKTHOM paboOThl OOydYaroMIMXCA C
nearoruaeckuMu paboTHUKAMHU U (WIIH) JIUIIAMU, PUBJIEKAEMBIMH K peau3aiiu
oOpa3oBaTenpHON TpOorpaMMbl  HA HWHBIX YCIOBHSAX, TP  IPOBEIACHHUH
MIPOMEKYTOUHOM aTTecTaruu coctaBisieT 40 akageMrIeckux Jaca (oB).

3.4. ITpu oOy4eHnH 0 UHAUBUAYATbHOMY YYEOHOMY IIJIaHY, B TOM YHCJIE IPU
YCKOPEHHOM 00Yy4YeHUH, 00BEM JAUCITUIUIMHBI (MOMIYJISI) MOXKET OBITh peaii30BaH
MOJIHOCTBIO B (DOPME CaMOCTOSITENIbHON paboThl 00yJaronuXxcs, a Takke B hopme
KOHTAaKTHOW PabOThl OOYYaIOIIUXCSl C MEAAroruuecCKUMU paOOTHUKaMHU U (WIIH)
JUIAMU, TIPUBIIEKAEMBIMH K peaIM3allii 00pa30BaTEILHOM MPOrpaMMbl Ha MHBIX
YCIIOBUSIX, TP MPOBEICHNUN TIPOMEKYTOUHOM aTTECTAIIHH.

4. ConeprkaHue JUCIUATUIMHBI (MOIYJIA).

4.1. 3aHITHA JEKIUOHHOT'O THUIIA.

/ Temaruka JIEKIIUOHHBIX 3aHATHH / KpaTKO€ COACPIKAHUC
/11

1 |BBenenue B TexHOIOTHH XpaHeHUs JaHHBIX. Knaccudukaius cucteM XpaHeHHS

ConepxaHue yueOHOro Marepuaa:

- Onpenenenne cucremsl XxpaHenust JanHbIX (CX1). Poss 1 mecto CX /1 B coBpemenHoi UT-
nHppacTpyKTYype

- OCHOBHBIE TEHICHIINY PAa3BUTHUS TEXHOJIOTHI XpaHEHHS: POCT 0OBEMOB JaHHBIX, TPEOOBAHUS K
MIPOM3BOUTEIHHOCTH, OOJIAYHBIE U THOPUIHBIC PEIICHUS

- Knaccudukarms CXJI mo apxurekrype: DAS (Direct Attached Storage), NAS (Network Attached




/o

TemaTuka JTEKIMOHHBIX 3aHATUHN / KpAaTKOE COJIEpKAHNE

Storage), SAN (Storage Area Network)

- Knaccudukanus no tuny mocuteneii: HDD, SSD, rubpuabie MacCHBBIL, JICHTOYHBIE OMOIHOTEKH

- Knnaccudukarus no ypoBHIO KOPIIOPAaTUBHOT'O TPUMEHEHHSI: HAYaIbHBIH YPOBEHb, CPEIHUI YPOBEHB,
enterprise-knacc

- Knaccudukanus no coco0y opraHu3anuu: TpaguuuoHHsle, runepkonseprentasie (HCI), nporpaMmHo-
onpenenseMsle (SDS)

- Ocnosaseie npomBoautenu CX/: Dell EMC, NetApp, Hitachi, IBM, Huawei, oTedecTBeHHBIE pemIeHHS
(YADRO, Aspogmck)

du3nuecKkrue OCHOBBI XpaHEHHsI JaHHbIX. Hakonurenn u nHTEpQEiichl

Conepxanue yueOHOro Marepuaa:

- Hakonurenu Ha xecTkux MarHUTHBIX Auckax (HDD): nmpuHIun paboThl, KOHCTPYKITHS (TUIACTHHBL,
TOJIOBKH, IIITUH]ICINE), OCHOBHBIC XapaKTEPUCTHKH (CKopocTh Bparienus 5400/7200/10000/15000 06/muH,
o0sem, MTBF)

- TBepnotensHbie Hakonutenu (SSD): npuniun padotel (NAND-namsts: SLC, MLC, TLC, QLC),
KoHTpouiep, naTepdeticel (SATA, SAS, NVMe, U.2, M.2)

- Cpasuerne HDD u SSD: mpoussonutensHOCTS (IOPS, 3anepikkn), HaAeKHOCTh, CTOUMOCTB,
sHepronoTpediieHne, pecypc nepesamucu (TBW)

- T'ubpunnapie Hakomurenu (SSHD): npuHIMT paboThl, 007aCTH IPIMEHEHHS

- Jlerrounsie Hakomurenw (LTO): npuaIun padotsr, nokonernus LTO (LTO-7, LTO-8, LTO-9), emkocTs,
CKOPOCTB JIOCTYIIa, IPUMEHEHUE IS TOJITOCPOIHOTO apXHUBHUPOBAHUS

- UuTepdeiice moaxmodyenus Hakomuteneit: SATA, SAS, NVMe, Fibre Channel - cpaBHeHHE MTPOMYCKHOM
CIOCOOHOCTH M 00JacTell MpUMEeHEHHs

Opranuzanust MmaccuBoB AUCKoOB. TexHosoruss RAID

Conepxanue yaeOHOro MaTepuana:

- [IpoGnema Ha/IEKHOCTH OAMHOYHBIX JUCKOB. [IpHHIINI N30BITOYHOCTH

- Ompenenenrie RAID (Redundant Array of Independent Disks). ba3zossie ypoHu RAID:

- RAID 0 (Striping): mpuHIHAII, TPOU3BOAUTEIEHOCTh, 0TKa30yCTOMYUBOCTH (OTCYTCTBYET)

- RAID 1 (Mirroring): mpuHIHAII, 3epKaTUpOBaHNe, HaIe)KHOCTD, 3P ()EeKTHBHOCTH HCIIOIB30BAHUS EMKOCTH
- RAID 5 (Striping ¢ 4eTHOCTBIO): IPHHIINII, paclipeaeIeHHas Y4eTHOCTh, MUHUMAaJIbHOE KOJIMYECTBO
JIUCKOB, OTKa30yCTOWIMBOCTH (1 JTHUCK)

- RAID 6 (Bo¥iHas 4€THOCTH): IPUHIIMII, OTKA30yCTONUNBOCTD (2 AUCKa)

- Kombunuposanssie yposau RAID: RAID 10 (1+0), RAID 50 (5+0), RAID 60 (6+0)

- AnmapaTHslii vs. nporpamMMHbIil RAID: 1ocTonHCTBa, HETOCTATKH, TPOU3BOIUTEILHOCTD

- [Ipobmema nerpagarmu MaccuBa u BocctaHOBIeHHS (rebuild). BimsHre Ha Mpon3BOANTEIEHOCTH

- CoBpemennbie Texaonoruu: RAID 2.0 (auaamudeckoe BeiaeneHue 61okoB), Erasure Coding B
pacrpeieneHHbIX CuCTeMax

Apxurektypsl cucteM xpaneHusi: DAS, NAS, SAN

ConepxaHue yaeOHOTO MaTepHraa;

- DAS (Direct Attached Storage): apxutektypa, npotokonsl noakatoderns (SATA, SAS, SCSI),
nperMyniecTBa (HU3Kas 3a/iepxKKa, IIPOCTOTa), HEJOCTATKU (OTCYTCTBUE Pa3JIeieHUs PECypCOB,
MacImTabupyeMocCTh)

- NAS (Network Attached Storage): apxurexrypa (CIFS/SMB mis Windows, NFS ast Unix/Linux),
koMItoHeHTH! (NAS-rooBKa, IMCKOBOE IIacCH), IIPEUMYIIECTBa (IIPOCTOTa OPraHU3aLUH, TOCTYII 10
CETH), HEIOCTAaTKH (3aBUCHMOCTh OT CETH, JIATCHTHOCTB)

- SAN (Storage Area Network): apxurexrypa, Beienernas cetb xpanenus (Fibre Channel, iSCSI, FCoE,
NVMe-oF)

- Cpasuenne DAS, NAS u SAN: kputepun Beioopa (IIponu3BOANTENIFHOCTD, MacIITa0UPyEeMOCTb,
CTOMMOCTb, CJIOKHOCTh aJIMAHUCTPUPOBAHHS)




TemaTuka JTEKIMOHHBIX 3aHATUHN / KpAaTKOE COJIEpKAHNE

- [Iprmeps! cueHapueB ucnons3oBanus: DAS s cepBepoB 0a3 qaHHBIX, NAS st haitinoBsIX cepBepoB U
JoMmamHux cucteM, SAN JuIs BUPTyalIu3aluyl U KpUTHUECKUX MPHII0KESHUN

HpOTOKOJIBI AO0CTYIIa K CUCTEMaM XpaHCHUA JaHHBIX

ConepxaHue yueOHOro MaTepuaa;

- [Iporoxon SCSI (Small Computer System Interface): nucropus, apxurexrypa, komaaasr SCSI,
pUMEHEHNE

- [Iporoxkomn iSCSI (Internet SCSI): nakancymaaus SCSI B TCP/IP, komnonents (Initiator, Target),
mpenMyIiecTBa (MCIoIb30BaHue cymecTByomeit IP-cetn), HacTpoiika 6e3omacroct (CHAP-
ayreHTu(ukamnus, [Psec)

- [Iporoxoun Fibre Channel (FC): ¢pusndeckuit ypoBeHs (ONTOBONIOKHO, Menb), Tonosorun FC (Point-to-
Point, Arbitrated Loop, Switched Fabric), agpecanus (WWN), 30oHupoBaHue (zoning) 1 MaCKUpOBaHUE
(masking) mns Ge3omacHOCTH

- [Iporokon FCoE (Fibre Channel over Ethernet): konBeprenuust FC n Ethernet, npimeHenue

- [Iporokon NVMe (Non-Volatile Memory Express) u NVMe-oF (NVMe over Fabrics): apxurekrypa,
npeumymiectsa nepen SCSI/SAS, Hu3Kas TaTeHTHOCTH, MHOTOIIOTOYHOCTD, HCIIONIb30BaHne ¢ RDMA
(InfiniBand, RoCE)

- CpaBHEHHE MPOTOKOJIOB TI0 33JIEPKKE, IPOITyCKHON CITOCOOHOCTH M 00JIaCTSM ITPUMEHEHHS

ObecnieueHne 0TKa30yCTONYMBOCTU U HETIPEPHIBHOCTU XPaHEHUS TaHHBIX

Conepxkanue yueOHOro Marepuana:

- Kiirouesle noka3zatenu nocrynHoctu: MTBF (cpennee Bpems mexny otkaszamu), MTTR (cpeanee Bpems
BOCCTAHOBJIEHHUSI), YPOBEHB NOCTYMHOCTH (99,9%, 99,99%, 99,999% - «msITh NEBATOK»)

- PesepBHoe konupoBanue (Backup): Buasl pesepBHoro konuposanus (mosHoe, auddpepeHnnanbHoe,
HHKPEMEHTHOE), cxeMbl potauun Hocuteneit (Grandfather-Father-Son, Tower of Hanoi)

- Henerrie moka3zatenu BocctaHoBieHus:: RPO (Recovery Point Objective) m RTO (Recovery Time
Objective). bamanc mexxay RPO/RTO 1 cTOUMOCTBIO peIIeHuid

- Cranmots! (Snapshots): npuHnun paboTsl (copy-on-write, redirect-on-write), npuMeHeHue AJst OBICTPOTO
BOCCTAHOBJICHUSI U CO3/1aHHS TECTOBBIX KON

- Permmmkanms (Replication): cHHXpoHHAs 1 acCHHXpOHHAs perumukanus mexay CX/I, konpuryparmm
(aKTUBHBIH-aKTHBHBIH, aKTHBHBIH-TIACCUBHBIIT), TpoOemMa split-brain 1 MexaHU3MbI KBOpyMa

- Knmacrepusanus CX/1: oTka3oycroituussiii kinactep, pacupenenennsie CXJI (Ceph, GlusterFS)

- [Inan HenpepsiBHOCTH Ou3Heca (BCP) u an Boccranosnenus (DRP): mponienypsl, TecTupoBanue,
JIOKyMEHTaIHsI

3amuTta UHPOPMAILIUK B CUCTEMAaX XPAHEHUS JaHHBIX

ConepxaHue yueOHOro Marepuana;

- YTpo3sl 6€301aCHOCTH ISl CHCTEM XpaHEeHUs! JaHHBIX: HECAaHKIMOHNPOBAHHBIN JOCTYII, yTEUKa JaHHBIX
NIPY XHUIIEHUH AUCKa, aTaKy Ha POTOKOJIBI 10cTyNa, BperoHocHoe [10 (mmdppoBanbumkm)

- HIudpposanne nanubix: Ha ypoBHe aucka (SED - Self-Encrypting Drive), na yposre Toma (BitLocker,
LUKS), na yposue CX/I (anmmapaTroe mudpobanre AES-256)

- Yopasnernune kimodamu mudpoBanus: nenTpannzoBanHoe ynpasienne (KMIP, HSM), poramms kirouei,
pe3epBHOE KOMMPOBAHKE KITFOUEH

- Konrpous gocryna k CX/I: ponesast moaens (RBAC), unterpanus ¢ Active Directory/LDAP,
IByX(akTOpHas ayTeHTU(QUKALMS, ayANT JeHCTBUH aMUHUCTPATOPOB

- 3ammTa OT aTak Ha IPOTOKOJIBL: ayTeHTHuKanus 1 mudposanue B iSCSI (CHAP, IPsec), 3onupoBanne
n MackupoBanue B Fibre Channel

- 3ammTa ot BeIMorarenbckoro [10: immutable snapshots (Henzmensiemble cHammotsl), WORM-HocuTenn
(Write Once Read Many), air-gap pesepBHbIe KOIHU

COBpeMeHHLIC TCHACHIUN B TCXHOJIOTUAX XPAHCHUA JAHHBIX
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Copneprxanue yueOHOTO MaTepHaa;

- [IporpammHuo-onpeaensembie cucteMsl xpanenus (SDS - Software-Defined Storage): npuHuIuB!
(abctpakuust pecypcos, ynpasienue uepe3 API), npumepsr (Ceph, VMware vSAN, StarWind)

- I'mnepkonBeprenTHsie nHppacTpykTypsl (HCI - Hyper-Converged Infrastructure): oovenunenue
BBIYMCIICHUH, XpaHEHHS U CETH B OIHOM Yy3i1e, mpumepsl (Nutanix, VMware vSAN, Dell VxRail)

- O6wexTHOe xpaHeHue (Object Storage): apxurekTypa (IUI0CKOE IPOCTPAHCTBO HIACHTH()HUKATOPOB,
MeTagaHHbIe), mpoTokon S3 (Amazon Simple Storage Service), mpuMeHeHHe A7 00JAYHBIX U ApXUBHBIX
peieHuit

- NVMe over Fabrics (NVMe-oF): npuntmrel, ucrions3zosanne RDMA (InfiniBand, RoCE), camkenue
JATEHTHOCTH, IPUMEPHI PeaTH3aLIH

- UckyccrBennsiit naTeimekT B ynpasieHnn CXJI (AIOps): mporaosuposanne otka3zoB (Predictive Failure
Analysis), aBToMaTiHIecKasi ONTUMH3ALNS TPOU3BOAUTEIBHOCTH, 0OHAPY)KCHNE aHOMAJTHA

- CucreMsl XpaHeHUs Ha OCHOBe ’Hepronezasucumoit naMaru (NVDIMM, Optane): npuHIUIIEL,
MPOU3BOUTENBLHOCTD, IPUMEHEHHE

- O6naynoe xpanenue: monenu (IaaS, PaaS, SaaS), rudbpunnsie pewenus (cloud bursting, tiering B
00:1ako), 0030p pemienuii (AWS S3, Azure Blob, Google Cloud Storage, oreuectsennsie: S3 VK Cloud,
MTS Cloud)

4.2. 3aHATHS CEMUHAPCKOTO THUIIA.

[IpakTrueckue 3aHATHS

n/o

Temarnka MPaKTUYECKUX 3aHITHI/KPATKOE COJIEPIKaHUE

UccnenoBanue pusmuecknx xapakrepuctuk Hakornmreneid (HDD, SSD)

B pesynbTate BbINOIHEHHS PAOOThI CTYACHT U3YYHUT (PU3NUYECKUE NPUHIIUIIBI PA0OTHI JKECTKUX MArHUTHBIX
muckoB (HDD) u tBepnoTensHbIx Hakonuteneit (SSD), BEIMONHUT H3MEpEeHUE U CpaBHEHHE
MPOU3BOUTEIHHOCTH PA3IUUHBIX TUIIOB HAKOTIUTEINEH ¢ UCIIOIb30BaHUEM CIIEHATN3NPOBAHHOTO
nporpammuoro obecrneuenus (CrystalDiskMark, fio) o mokasaressiMm mociea0BaTeILHOTO U CIIy9aiiHOTO
uyrenusi/3anucy, [OPS u naTeHTHOCTH, NpoaHaNM3UpyeT BiusHUE HHTepdetica noaxmodeHus (SATA, SAS,
NVMe) Ha NpoITycKHYO CIIOCOOHOCTD, @ TaK)Ke MOJrOTOBHUT OTUYET C BEIBOJAAMH O MTPUMEHUMOCTH KasKA0TO
TUTIA HAKOTIATEIIS JJIs pa3InIHbBIX crieHapueB ucnonb3oBanus (OLTP, OLAP, daiinoBsiii cepBep, apXuB).

Uccnenosanue yposueit RAID (0, 1, 5, 6, 10) Ha mporpaMMHOM WJIM anilapaTHOM
KOHTpOJUIEpE

B pe3ynbrare BeIMOTHEHHUS PaOOTHI CTYIEHT U3YUYUT MPOIECCH Co3Aanus MacCuBOB RAID pa3nuuHbIx
yposreii (0, 1, 5, 6, 10) ¢ ucnonpzoBanueM nporpammubix cpeacts OC (mdadm B Linux) wim amyssitopa
RAID-koHTpoJuIepa, BBIIOJHUT U3MEPEHUE TPOU3BOANTENBHOCTH (uTeHue/3anuch, IOPS) u oneHky
0TKa30yCTOWYHMBOCTH (MO/ICIIMPOBAHUE BBIXO/a OHOTO WITH JIBYX AUCKOB M3 CTPOS, MPOLEIypa
BOcCTaHOBJEHUs - rebuild), mpoananusupyeT 3¢ GEeKTHBHOCTD MCIIOIb30BaHMUS TUCKOBOTO IPOCTPAHCTBA
JUISL KaXK/I0TO YPOBHS, @ TaKkoKe MOJrOTOBUT OTYET C PEKOMEHIAIMSIMH 110 BBIOOpY ypoBHs RAID B
3aBUCHMOCTH OT TPpeOOBaHUI K MPOU3BOANTEIBHOCTH, HAJIGKHOCTH X EMKOCTH.

Hacrpoiika u uccnenoanrne NAS-cepsepa (Ha 6aze FreeNAS / TrueNAS /
OpenMediaVault)

B pesynprarte BRIIOITHEHUS pabOTHI CTYIEHT N3YUUT MPOIECCH pa3BepThIBaHUS U HacTpoiku NAS-cepBepa
Ha 6a3e FreeNAS/TrueNAS nmn OpenMediaVault, BemonsanT co3ganne ZFS-myna u ¢ailioBbIX pecypcos,
HacTpOHKy ceTeBbIX MpoTokosioB (SMB/CIFS st Windows, NFS mims Unix/Linux), opranu3aiiuro 1ocTymna
TMIOJIB30BATEIICH C pasrpaHUueHUEM NPaB, H3MEPEHUE NTPOU3BOANTEIBHOCTH JOCTYIIA 110 CETH (3aIEPIKKH,




Temaruka MpakTUYECKUX 3aHITHI/KPATKOE COJIEPKaHUE

MPOITyCKHAsI CIOCOOHOCTH), @ TAKXKE MOATOTOBUT OTYET C BBIBOJAMU O MPUMEHEHNH NAS B MaslbIX U
CPEIHUX MPENIPUATHUSIX.

HccnenoBanue noakiroueHus M HacTpoiiku meneBoro ycrpoicraa iSCSI (1ISCSI Target)

B pesynbTate BBINOIHEHHS paOOThI CTYACHT U3YUHT Mpoliecchl pasBepThiBanus iSCSI-neneBoro
ycTpoticTBa (target) Ha cepBepe Linux (tgt, LIO) mm Windows, BEITOTHEHNS TOAKITIOYSHHS C KINEHTA
(iSCSI initiator), popmMaTHpOBaHHU TOJKITIOYSHHOTO TOMA, BHIITOTHEHHS TECTOB IMTPOU3BOIUTECIFHOCTH 1
OTKa30yCTOMYMBOCTH (TIEPETIOAKIIIOUCHIE TIPU 0OpBIBE CBs3M), HacTpoliku ayreHTuukamun (CHAP) n
nmdpoBanus (IPsec) s 3amuTel KaHaja, a TakyKe MOATOTOBHUT OTYET C BEIBOAaMH 0 puMeHeHnH 1SCSI
qurst opranu3anu SAN B yCIoBHAX cymiecTByommen IP-uappacTpyKTypHI.

Pe3€pBHOC KOIIMPOBAaHHUEC U BOCCTAHOBJICHHUEC JaHHBIX. Peanmaul/m CXEMBI «ACAYyIIKa-
OTCL-CbIH)»

B pesynbraTe BHIMONTHEHHS Pa0OThI CTYJCHT H3YYHT MPOIECChI HACTPOHKH CHCTEMBI PE3EPBHOTO
KommpoBaHUs (Hampumep, Bacula, Veeam mim rsync ¢ poTamueii), peaqu3aliyi CXeMbI POTalliy HOCUTEIEH
GFS (Grandfather-Father-Son) ¢ monabiM, uddepeHaTbHBIM 1 HHKPEMEHTHBIM 03KalaMH, BBIMOTHEHUSI
PYYIHOTO M aBTOMaTHYECKOTO BOCCTAHOBJICHHUS TaHHBIX U3 PE3EPBHOM KOITMH, pacyeTa IeJIeBBIX
nokazaresned RPO u RTO gy 3ananHoro cueHapusi, a Takke NOArOTOBUT OTYET C aHAIU30M
3((eKTHUBHOCTH BEIOPAHHOW CXEMBI PE3ePBHOTO KOITUPOBAHHS.

HccnenoBanue CHAIIIOTOB (MFHOBGHHHX KOHHﬁ) H PCINIMKAMKU JaHHBIX

B pesynbrate BhINONIHEHUS paOOTHI CTYJCHT U3YYHT MPOLIECCHI CO3J]aHMsI CHAIIIIOTOB (MTHOBEHHBIX
konuit) Ha ZFS-niyne (manpumep, B TrueNAS) unun LVM, BeInoaHeHUS BOCCTAHOBIEHUS TaHHBIX U3
CHAIIIOTA MTOCIIe UX YAAJCHUS I MOAN(UKAIIIH, HACTPOHKN aCHHXPOHHON HITH CHHXPOHHON
PEIUTHKAIMK MEXIY IBYMsI CHCTeMaMu XpaHeHus (Harnpumep, ZFS send/receive), ananms3a BpeMeHH
CO3JIaHMs CHAIIOTA, MOTPEOICHUS JUCKOBOTO IIPOCTPAHCTBA M BPEMEHH BOCCTAHOBIICHHS, a TAKXKE
MOJTOTOBUT OTYET C BHIBOJIaMH O IIPUMEHEHHUH CHAIIIOTOB U PEIUTMKAIIUH IS 00CCIICYCHIUS
HETIPEPHIBHOCTH OHM3HECA.

HIudposanue nanubix B cuctemax xpanenus (BitLocker, LUKS, SED)

B pesynbTate BbINOIHEHHS paOOThI CTYACHT U3YUYHT IPOLECCHl HACTPOUKH HIM(POBAHUS TUCKOB C
ucnonb3oBanueM cpezctB OC (BitLocker B Windows, LUKS/dm-crypt B8 Linux) u anmapatHoro
mmdposanusd Ha SED-auckax (Self-Encrypting Drive), BBITOJHUT BKITIOYCHHE ITHU(PPOBAHNSA,
MOHTHPOBaHHUE 3aMIM(POBAHHBIX TOMOB C IIAPOJIEM WM KJIIOYOM-(aiiiom, IPOBEET MOMBITKY
BOCCTAHOBJICHUSI JAHHBIX C 3aMIM(pPOBAHHOTO JHCKa B 00x01 mHdpoBaHus (BHEIIHEE MTOIKIIOUEHUE €3
KJTFOYa), HACTPOUKY EHTPAIM30BAaHHOTO yIpasieHus kirodamu (pu Haamaun HSM wmun KMIP), a taxoke
MOATOTOBUT OTYET C BHIBOJAMHU O HEOOXOAMMOCTH MIN(POBAHUS JUIS 3aIIUTHI OT YTe4eK pU PU3NIECKOM
XHIIEHUH HOCHUTEIIS.

HccnenoBanue o0bekTHOrO Xpanunuiia (Ha npumepe MinlO niau Ceph RGW)

B pesynbTate BbITOIHEHHS PaOOThI CTYACHT U3YUYHT MPOLECCHl pa3BePThIBAHUS OOBEKTHOT'O XPAHHIIHIIA,
coBMectuMoro ¢ Amazon S3 (ranpumep, MinlO B Docker i Ceph RGW), BeimosnHeHust onepanuii ¢
o0bekTaMu (cozaHne OakeToB, 3arpy3Ka/ckaurBaHue/yjajJeHue 00bEKTOB) C MCIIOIb30BaHNEM KIIMEHTa
AWS CLI nimn S3-comectumsbix SDK, Hactpoiiku nonutuk goctyna (IAM), BepcronrnpoBaHus 00bEKTOB
Y KM3HEHHOTO IMKJIa JJAHHBIX, U3MEPEHHS IPON3BOIUTEIILHOCTH Ollepanuii ¢ 00beKTaMH pa3HOTo
pa3Mepa, a Tak)Ke HOATOTOBUT OTYET C BBIBOJAMH O IIPEUMYIIECTBAX 00BEKTHOTO XPAHEHHMS JUIA 00JIauHBIX
1 apXUBHBIX pemIeHH 1o cpaBHEHHIO ¢ daitnoBeiMu (NAS) u 61ounsiMu (SAN) cuctemamu.

4.3. CamocrosiTenbHas paboTa 00y4Jarommuxcs.




Bun camocrosiTensHO#M paboThI

n/m
1 |Pabota c JIeKIIMOHHBIM MaTEepUATIOM
2 |l[logroroBka Kk 1abopaTopHBIM paboTam
3 |BbimosiHeHHE KypCOBOM pabOTHI.
4 [ToaroroBka Kk IpOMEKYTOUYHOM ATTECTALIUH.

5. Ilepeuens wu3maHUM, KOTOpBIE

OCBOCHUU JUCHUILIUHBI (MOYJIA).

PEKOMEHAYETCSl UCIOIb30BaTh IIPU

Kananpnsiii ypoBenb moaenu OSI : metos.
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6. IlepeuyeHb COBpEMEHHBIX MPOPECCHOHANBHBIX 0a3 JaHHBIX U
WH()OPMAITMOHHBIX CIPABOYHBIX CHUCTEM, KOTOPBIE MOTYT HCIIOJIL30BATHCS IIPH
OCBOCHUU JUCHUIUIUHBI (MOIYJIA).

CoBpemeHHbIE TIpodecCHOHANIbHBIC 0a3bl JaHHBIX W HHGOPMAIMOHHBIC
CIIPAaBOYHBIC CUCTEMBI HE TPEOYIOTCHI.

7. IlepedyeHb  JUUEH3MOHHOIO M  CBOOOJHO  PacIpOCTPaHSIEMOTO
MpOrpaMMHOT0 OO€CTeUYeHUs, B TOM YHCJIE OTEUECTBEHHOI'O MPOU3BOJICTRA,
HEO0OXOIMMOTO /11 OCBOCHUS AUCIUTIIIMHBI (MOIYJIs).

Jns mpoBeneHUs 3aHATUH 10 JUCHMUIUIMHE HeoOxoaumo Hamuuue I[10
Microsoft Office

8. OmnucaHue MaTepuaJIbHO-TEXHUYECKOW 0a3bl, HEOOXOAUMOM it
OCYILECTBJICHUSI 00pa30BaTEILHOrO Mpoliecca Mo TUCIUILTHHE (MOIYIIIO).

Jlnst mpoBeneHUsT ayIWTOPHBIX 3aHITHH W CaMOCTOSITENIBHOW pabOThI
TpeOyroTCS:

- pabouee MecCTO TMpemnojaBaTelis € TEPCOHAIBHBIM KOMIBIOTEPOM,
noakJI0u€HHbIM K ceTssM INTERNET;

- CHEUMAIIM3UPOBAHHAs  JICKUMOHHAsT ayAuTOpUs C  MYJbTUMEAua
arnmnapaTrypov U UHTEpaKTUBHOM JOCKOM;



-KommproTepHsbIil kmace ¢ koHaumuoHepoMm. Pabodme mecra CTyIAEHTOB B
KOMITBIOTEPHOM Kitacce, NoAKItou€HHbIE K ceTaM INTERNET

JIns mpoBeAeHUs] TPaKTUYECKUX 3aHSATUM:

- KOMIIBIOTEPHBIN KJIacC; KOHIUILIMOHED;

- KOMITBIOTEPHI C MUHUMAJIbHBIMU TPEOOBAHUSIMU.

B ciygae nmpoBeseHuM 3aHATHH C TPUMEHEHUEM DJICKTPOHHOTO O0yYeHUS U
TUCTAHITMOHHBIX ~ OOpa30BATENBHBIX  TEXHOJOTHHA  HEOOXOIMMO  HaM4He
KOMITBIOTEPHOW TEXHUKH, JJI OPTaHU3AIMN KOJUICKTUBHBIX W WHIUBUYaJbHBIX
dbopMm 0OIICHUS TeAarorudecknux pabOTHUKOB CO CTYJIEHTaMH, IOCPEICTBOM
UCIIOJIb3YEMBIX CPEJICTB KOMMYHHUKAIIVH.

Jonyckaercs 3aMeHa 000py/I0BaHUS €0 BUPTYaJIbHBIMHU aHAJIOTaMH.

9. ®opma MPOMEKYTOUHOM ATTECTALNU:

3auer B 6 cemecTpe.

10. OueHOUHBIE MAaTEPUAIIBI.

OreHOYHBIE MaTepUANTBI, TPUMEHSIEMBIE TIPH TIPOBEICHUH TPOMEKYTOTHOM
aTTeCTallui, pa3padaThIBalOTCA B COOTBETCTBUHU C JIOKAJIbHBIM HOPMATHBHBIM
aktom PYT (MUUT).



ABTODBI:

JIOIICHT, K.H. Kadeapbl
«BprayuciauTeIbHbIE CUCTEMBI U
KBaHTOBBIC KOMMYHUKAITUI

CoryiacoBaHo:

3asenytommii kadeapoit BCuKK

[Ipencenarens yueOHO-METOAUYECKOM
KOMUCCHUU

SI.M. T'ongoBckui

Bb.B. XKeneukosB

H.A. AunpusiHoBa



