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1 Hesnu 1 3a1a4M U3y4YeHUs] AU CHUATIAHBI (MOILYJIA)

1.1 Ilesb ocBOGHUS JUCHUTLIMHBI

OcHOBHasl 1eNb JUCHUIUIMHBI "BBICOKOHArpyXeHHbIE NPWJIOKEHHUA" 3aKIIOYacTCsl B
(OpMHPOBAHUU Y CTYJEHTOB KOMIUIEKCHBIX 3HAaHUH U MPAKTUYECKUX HABBIKOB ITPOEKTUPOBAHMS,
pa3paboTku " HKCILTyaTaIluH MaciTabupyembIx, OTKa30yCTOMYUBBIX "
BBICOKOIIPOU3BOJUTENBHBIX CHUCTEM OOpPaOOTKM JaHHBIX U CEPBHCOB HCKYCCTBEHHOIO
MHTEJUIEKTA, CIIOCOOHBIX 3()()EeKTUBHO (PYHKIMOHUPOBATH B YCIOBHUAX SKCTPEMAIbHBIX HAIPY30K
1 00JBITUX 00HEMOB MH(POPMAITHH.

1.2 3agauy JUCHUIIJIMHLBI:

— U3y4YEHHUE COBPEMEHHBIX APXUTEKTYPHBIX OJXO/I0B U MIAOJOHOB IPOESKTUPOBAHMS 1151
MOCTPOCHHS MacIITaOUPyEMBIX pacIipeielieHHbIX cucTeM B obsacti UM 1 aHanuTuKN TaHHBIX;

— ocBoeHHE 3(P(PEKTUBHBIX CTpaTeruii XpaHEHHUs, OOpaOdOTKM M aHajdu3a OOJBIIMX
00BEMOB CTPYKTYPUPOBAaHHBIX U HECTPYKTYPUPOBAHHBIX JAHHBIX;

— (opMHUpOBaHME MPAKTHUYECKUX HABBIKOB O00€CIEYEHUs OTKa30yCTOHYMBOCTU U
HaJeKHOCTH ML-Mozernei n aHaTUTHUECKUX TTalTIIaiHOB;

— pa3BUTHE KOMIIETEHIUH 110 ONTUMU3ALUHU IPOU3BOAUTEIBHOCTH BBICOKOHATPYKEHHBIX
NU-cepBrcoB u cucteM 00pabOTKH JaHHBIX;

— O3HaKOMJIEHHE C COBPEMEHHBIMU IpAKTUKaMHM yNpaBIE€HUs, MOHUTOPHHra U
HKCIUTyaTallil BEICOKOHATPY KEHHBIX MPHIIOKEHHH B production-cpene;

— (opMHUpOBaHME HABBIKOB  IPOCKTUPOBAHMSA, pPa3pabOTKH M  TECTHPOBAHUS
pacrpeieNeHHbIX CUCTEM;

— HW3yYeHHE METOAOB obecreueHus 0Oe30MacHOCTH W KOH(QUACHIHAIBHOCTH B
BBICOKOHArpy>K€HHBIX CUCTEMaxX 00pabOTKH JaHHBIX;

— DPa3BUTHE CUCTEMHOTO MBIIIJIEHUS M CIIOCOOHOCTH IPUHHUMAaThb OOOCHOBAHHBIE
apXHUTEKTypHBIE pelieHus npu padbote ¢ big data u M-cepsucamu.

1.3 MecTo AucuMIuInHbI (MOAYJIs1) B CTPYKTYpe 00pa3oBaTe/IbHOM NPOrpaMMbl
JucuuruinHa «BbIcOKOHArpyKeHHbIE MPUIIOKEHHUA» OTHOCUTCS K «O0s3aTeNbHas 4acTh»
brnoka 1 «/luctumauas! (MOyTH)» Y4eOHOTO TUIaHa.

1.4 IIpogeccnonanbHBIC POJIM B CTPYKTYpe 00pa30BaTe/IbHON MPOTrpaMMbl

Ponw 1: Data Analyst (Ananumuk 0anmvix)
H36neuenue 3nanuil uz OaHHbIX, NOCMPOEHUe anarumuyeckux mooenel, ucnoavzyrouwux MO u UU.
3aoauu:
1. CmamucmuyecKkuti ananus, 8U3yanu3ayus OAGHHbIX, NpeosapumenbHas 0opadomxka.
2. Coz0aHue npoecHO3HbIX Modeell
3. llocmpoenue ananumuueckux mooenetl 011 NOOOEePIHCKU OUHeC-peuleHUll.
Ponw 2: MLOps (Cneyuanucm no sxkcniyamayuu MH)
Aemomamuzayus u onepayuonHoe ynpasieHue sHcusHeHHoimyukiom MO-mooeneti
3aoauu:
1. DevOps ons ML.
2. Aemomamu3zayus, monumopune ML-cucmenm.
3. Onepayuonrnoe ynpasierue HusHeHHvim yukiom ML-mooenet.
Ponv 3: AI PM (Meneoacep npoexmog HUH)
Ynpasnenue npoyeccamu cozoanus UH-pewenuii, 6xknouasn KoopouHayuro KOMaHowl paspabomu
3aoauu:
1. Ynpasnenue HH-npoexmamu om uoeu 00 6Heoperus
2. Ananusz 6usnec-mpe6o8aHull U NOCMAHOBKA 3a0ay
3. Oyenxa s¢ppexmusnocmu u ROI UH-pewenuii



1.5 IlepedyeHb MJIaHMPyeMbIX Pe3yJbTATOB O0Oy4YeHHsl IO AMCHMILIMHE (MOIYJIO0),
COOTHECEHHBIX ¢ IVIAHUPYEMbIMHU Pe3y/1bTaTaMH OCBOCHHS 00pa30BaTe/IbHON NPOrpaMMbl

N3yuenne naHHOW ydeOHOM AWCHUIUIMHBI HampaBieHO Ha (OPMHPOBAHHE Y
00y4JarOmUXCsl CIEAYIONTUX KOMITETEHITHI:

OIIK-3

OIIK-3.1

3namop

Ymemo

Bnaoemuw

OIIK-3.2

3namop

Ymemo

Cnoco0eH mNOHMMATh W TNPUMEHATH COBpPeMeHHble HWH(GOPMALMOHHbIE
TEXHOJIOTHH, B TOM YHCJE OTeYeCTBEHHbIE, NMPHU CO3AAHMH NPOrPaAMMHBIX
NPOAYKTOB M MPOrPAMMHBIX KOMILJIEKCOB PAa3JIMYHOI0 Ha3HAYeHHS

Apzymenmupoeano npumensem coeépemeHHble UHPOPpMAUUOHHbIE
mMexHoI02UU, 6 moM Uucile Ome4yecmeeHHble, NpU  CO30AHUU
RPOPAMMHBIX NPOOYKMOG U NPOZPAMMHBIX KOMNIEKCO8 PA31UYHO20
Ha3HaYeHUus
Cospemennvie apxumekmypHsie H00X00bl K NOCMPOEHUIO 8bICOKOHAZPYHCEHHBIX
cucmem (MuKpocepgucswl, event-driven apxumexmypa)
Omeuecmeennvle ananocu mMexHoNo2Uull Ol BbICOKOHASPYHCEHHBIX CUCMEM
(Tarantool emecmo Redis, ClickHouse ons anarumuxu, Postgres Pro)
Ipunyuner pabomuvl cucmem pacnpeodesenHo20 KIWMUPOBAHUA U ouepeoell
coodwenul

Buioupame u  0bochosviamb  6blOOpP  MEXHONOSUYECKO20 — CmeKa  OJis
BbICOKOHAZPYHCEHHBIX NPUTLONCEHUL

Cpasnusamov 3¢hghexmuenocmo omeuecmeeHHbIX U 3aPYOeHCHbIX peueHull Os
3a0ay 06pabomku 6ONLUIUX OAHHBIX

Ipoexmuposams ~ 0mMKaA30yCMOUMUBbIE  APXUMEKMYPLL € UCNOb30BAHUEM
COBPEMEHHBIX NAMMEPHO8

Hasvikamu pabomuvl ¢ omeuecmeeHHbIMU NAAMPOPMAMU Ol PA36EPMbIBAHUSL
8bICOKOHAPYHCEHHBIX NPUTLOHCEHUT

Memooamu oyenku npouzgo0umenbHoOCmu U MAcumadupyemocmu paziuyHblx
MEeXHON02UYeCKUX peuleHull

Kpumepusamu evibopa medxncoy pasauunbiMu nooxooamu K HNOCMPOEHUIO
8bICOKOHAZPYHCEHHBIX CUCTNEM

Opuenmupyemcs 6 COBPDEMEHHBIX NOJIOMHCEHUAX U KOHUENUUAX
NPUKNIAOHO20 U CUCHEMHO20  NPOZPAMMHO20  OfOecneyenus,
apxumeKkmypvl KOMRbIOMEPO8 U cemeil (6 MoM Hucie u 2100a1bHbIX),
MeXHO102UU CO30AHUA U CONPOBONHCOEHUA NPOZPAMMHBIX RPOOYKMO8 U
RPOCPAMMHBIX KOMNJIEKCO8
Ipunyuner  pabomsl  6bICOKONPOU3BOOUMENLHBIX CEMEBbIX NPOMOKON08 U
OanancupoBUUKO8 HACPY3KU
ApxumexmypHvle 0CO6EHHOCMU COBPEMEHHBIX NPOYECCOPO8 U CUCTEM XPAHEHUs
oannwvix 0ns high-load cucmem
Memooonozuu  pazpabomku U CONPOBONHCOEHUS  BbICOKOHASPYIHCEHHBIX
npunodicenuti (DevOps, GitOps, MLOps)

Ananuzuposams U ONMUMUBUPOBAML  cemegylo  UH@paAcmpyKmypy O
MUHUMU3AYUY 300EPAHCEK

IIpoexmuposams cucmemvl ¢ yuemom o2paHudeHuti annapamuo2o obecnedenusl
u cemegou uHGpacmpyKmypbi

Ilpumensmo  cospemennvie npakmuxku CI/CD 011  6bICOKOHACPYHCEHHBIX
NPUNOIHCEHUL



Bnaoems Hagvikamu  pabomer ¢ cucmemamu MOHUMOPUHeA NPOU3BOOUMENLHOCU
cemesoul unppacmpykmypol
Memodamu onmumusayuu CUCMEMHO20 NPOSPAMMHO20 obecneyeHnus 0 high-

load 3a0au
Texnonocuamu KowmenuHepuzayuu U OpKecmpayuu Oisi 8blCOKOHAZPYHCEHHbIX
cpeo

OIIK-5 Cnoco0eH MHCTAIMPOBATH M CONMPOBOXKAATH NMPOrpaMMHOe olecrnevyeHHe
1J1s1 ”HPOPMANMOHHBIX CHCTeM U 0a3 JaHHBIX, B TOM YHCJIe 0T€4eCTBEHHOI 0
NPOU3BOJCTBA

OIIK-5.2 Ocywiecmenaem ycmanogKy, HACMPOUKY U MEXHUUECKOe CORPOGOHCOeHUE

RPOZPAMMHOZ0 U ARRAPAMHO20 o00ecneuenHue 071 UHOOPMAUUOHHBIX U
A6MOMamu3upPOBAHHHIX CUCIEM

3namo Ocobennocmu ycmanosku u Hacmpouku evicokonpouzsooumenvuvix CYEB/]
(PostgreSQL, ClickHouse, Tarantool)
Memoosbr onmumuszayuu OnepayuoHHvlX cucmem O pabomvl C 8blCOKUMU
Hazpy3Kkamu
Ilpunyunsr  nacmpotiku  cucmem — MOHUMOpUHeA U  alepmuHea  OJisl
8bICOKOHACPYHCEHHBIX NPUTONCEHUL

Ymemo Paszsepmuisams u nacmpausams kiacmephnvie KOHQuUeypayuu 6a3 OGHHbIX NOO
8bICOKUE HASPY3KU
Hacmpausame cucmemvi 6anrancuposku u pacnpeoeienus 3anpocos 8 peaibHOM
8pemMeHU
Ocywecmenams MOHUMOPUHE U MeXHU4eckoe conposodicoenue high-load
cucmem 24/7

Bnaoemso Hasvikamu monxoii nacmpotiku napamempoe CYB][ 0Onsn  oocmudicenust
MAKCUMATLHOU NPOUIEOOUMENbHOCTIU
Huempymenmamu aemomamuzayuu passéepmolganus u ynpasenenus high-load
ungpacmpykmypotl
Ipakxmuxkamu obecneuenuss omkazoycmoudugocmu u becnepeOounol pabomol
cucmem

PL-2 Cnocoben npuMeHsaTh JVM-coBMecTHMBbIE SI3BIKH NPOrPAMMHMPOBAHMSA 1JIsI
peuieHus 3aga4 B odjactu MU
PL-2.1 Pazpabamvieaem u omaaxcueaem NPUKIAOHbIE PEULEHUA DPA3ZHO20
YPOGHA C/LOHCHOCHU U 071 WUPOKO20 KPY2a KOHEUHbIX NOJIb306amerell
¢ ucnonvzoeanuem JVM-coemecmumplx A3bIKOG NPOZPAMMUPOCAHUS,
mecmupyem, UCnbIMbleAen U OUEeHUBACH KAYeCHE0 MAKUX PeuleHUl
3uamo Ipunyunvi 00bEKMHO-0PUEHMUPOBAHHO2O u @PYHKYUOHANLHO20
npoepammuposarnusi ha JVM-coemecmumoix sizvikax (Kotlin, Scala).
Apxumexmypy u ocnogenvie komnonermol JVM (JVM Memory Model, Garbage
Collection).
DpetimeopKu 015 NOCMPOEHUS 8bICOKOHASPYIHCEHHBIX NpunodxceHull (Spring Boot,
Micronaut, Vert.x).

bubruomexu ona mawunnozo obyuenus u oopabomru dannvix na JVM (Tribuo,
Apache Spark MLIib, DL4J).

Ymemo Paszpabamuvieams 8bICOKONPOU3BOOUMENbHBLE backend-cepsucwi u
Mukpocepsucwl Ha JVM-coemecmumvix a3vikax.



Bnaoemuw

Al S-1

Al S-1.1

3namop

Ymemo

Braaoemuw

Ipogpunuposamo u onmumusuposams JVM-npunosicenuss onsi pabomsi ¢
bonbuuMU 00veMamu OAHHBIX U 8bICOKOU NAPANIENbHOL HACPY3KOLL.
Humeepuposamo ML-moodenu, peanuzosannvie na Python, ¢ JVM-npunoicerus
(nanpumep, ¢ ucnonvsosanuem JPype).

Iucamv moOoynvHble u unmezpayuoHuvie mecmol OJisl 0becneyeHus Kaiecmaa u
HaoescHocmu Kood.

Hasvixamu pazpabomru na oonom uz JVM-cosmecmumvix a3vikos (Kotlin/Scala).
Hncmpymenmamu ons npogpunuposarus u monumopunea JVM (JVisual VM, JMH,
GC logs analysis).

Hasvikamu pabomuvl ¢ cucmemamu cOOpKU U YAPABLEHUs 3ABUCUMOCTHAMU
(Gradle, Maven).

Ipakmukamu omnaoxu u pewtenus npooaem npouzeooumenvrocmu 6 JVM-cpeoe.

Cnoco0en ynpaBjasAiTb puckamMu B paspadorke cucrem WU, BbicTpamBaTh
ynpasJieHne 0e3onacHoctsio MU B komnanuu ¢ yuerom 3tuxku MU

Buviaensem u mooenupyem yzposzvel nHa écém dcusnennom yukie HH-
cucmem, ouyeHugaem u RPUOPUMUIUPYEm PUCKU
Vazeumocmu evicoxonazpyacennvix cucmem (DDoS, unvexyuu)
Memoowbl obecneuenus kubepoezonacnocmu 6 MU
IIpunyunet pabomsi cucmem MOHUMOPUHEA AHOMANULL
IIposooums cmpecc-mecmsi U AHAIU3 YAZBUMOCEL
Paspabamvieams cmpamezuu 3auumol OaHHbIX
Hacmpausams cucmemwvl oonapysicenus smopoicenuti (IDS/IPS)
Hncmpymenmamu (OWASP ZAP, Burp Suite)
Hasvixamu ayouma 6ezonacrnocmu
ML-memoodamu 011 OemeKmupo8arusi AHOMAIULL

2. CTpyKTYypAa U cofepKaHue TUCHUIINHBI

2.1 Pacnipenesienre TPYA0EMKOCTH IUCHUIJIMHBI 10 BUIaM padoT

Oo6mas TpyA0EMKOCTh IUCIUTUTHHBI COCTaBIsIeT 2 3a4. el1. (72 4acoB), UX pacmupeselieHne
10 BUJaM padOT MPEICTABIICHO B TAOJIUIIE

CemecTpnl
Buna yueOHoii padoThI Beero (4acekl)
4acoB g
KonTakTHasi padora, B TOM 4ucie: 30,2 | 30,2
AyIuTOpHBIE 3aHATHS (BCEro): 28 28
3aHATUSA JEKIMOHHOIO TUIIA
JlaboparopHeble 3aHATHS 28 28
3aHATHS] CEMUHAPCKOTO TUIA (CEMUHAPBI,
IPAKTUYECKHE 3aHSTHSI)
Nnas koHTaKkTHasA padora: 0,2 0,2
Kontposbs camocrositensHOM pabotsl (KCP)
ITpomexyrounas arrecrauus (MKP) 0,2 0,2
CamocrosiTesibHAsi pad0Ta, B TOM YHCJIE: 43,8 | 43,8
Buvinonnenue unousudyanvruix 3a0anuii 30 30
(noocomoexa coobweHull, npe3eHmayutl)
IToaroTroBKa K TEKyILIEMY KOHTPOJIIO 13,8 | 13,8
KouTtpoJs:
IToaroroBka K sK3aMeHY
OO0mast TpyA0eMKOCTh \ qac. 72 22




B TOM 4HCJIe

KOHTaAKTHaA 30,2 | 30,2
padora
3a4. e 2 2

2.2 CTpyKTYypa QM CHUIINHbBI
Pacripenenenuie BuioB yueOHOM pabOTHI M UX TPYIOEMKOCTH I10 pa3/ieiaM TUCIUTUIUHEI.
Pa3nensl (TeMbl) TUCIUILIMHBL, H3yYaeMble B 7 ceMecTpe

KoJsnyecTBo yacoB
Bueayn
Ne HaumeHoBaHue pa3aesioB (TeM) Beero AyauTopHas pa6oTa “TO’?Ha
pabora
J 3 JIP CPC
1 2 3 4 5 6 7
1| ApxHuTeKTypa BBICOKOHATPYKEHHBIX CHCTEM 10 4 6
2| 'opu30HTaIBbHOE U BEPTUKATILHOE 10 4 6
MacmTabupoBaHue
3| DddexTuBHBIC XpaHUIUIIA TAHHBIX 10 4 6
4| O6paboTka O0IBIINX 0OHEMOB TAHHBIX: 10 4 6
5| OTKa30yCTOMYMBOCTD U HAJIE)KHOCTh 10 4 6
6 [Tpon3BOAUTEIFHOCTD AITOPUTMOB U anmapatHas | 10 4 6
ONTUMU3ALMS
MOHUTOPHHT U yIIPABIICHUE 11,8 4 7,8
BbICOKOHArpy»xeHHbiMu N -cepBrcamu
HNUTOI'O no pa3gesiaMm TUCUMIIIIMHBI 71,8 28 43,8
KonTpons camoctositenpHol paboTsl (KCP) 2
[Tpomexxyrounas arrecrarus (MIKP) 0,2
[ToaroroBka K TEKyIIeMY KOHTPOJIIO
O01masi Tpy10eMKOCTb 10 TUCHUIJIMHE 72

Ipumeuanue: JI — nexyuu, 113 — npaxmuueckue 3ausmus/cemunapsl, JIP — nabopamopnvie sausmus, CPC —
camocmosimenvHas paboma cmyoenma

2.3 Conep:xanue pa3iesioB (TeM) IMCHUNINHbBI
2.3.1 3anaTHA JeKINOHHOI0 THIIA
He npenycMmoTtpensl

Ipumeuanue: JIP — omuem/3auguma nadbopamopuoui pabomul, KII - gvinonnenue kypcosoeo npoexma, KP - kypcogou
pabomul, PI'3 - pacuemno-epagpuueckozo 3adanus, P - nanucauue pegpepama, 3 - scce, K - xomnoxeuym, T —
mecmuposanue, P3 — pewenue 3a0au.

2.3.2 3aHsATHSA CEMHUHAPCKOI0 TUIA

He mpenycmoTrpensl

Ipumeuanue: JIP — omuem/3auguma nadopamopuoii pabomul, KII - gvinonnenue xypcosoeo npoexma, KP - kypcogou
pabomul, PI'3 - pacuemno-epagpuueckozo 3adanus, P - nanucauue pegpepama, 3 - scce, K - xomnoxeuym, T —
mecmuposanue, P3 — pewenue 3adau.

2.3.3 JIaGopaTopHBbIe 3aHATHS



HaumenoBaHue pa3aena (TeMbl)

HaumeHoBaHue J1a60paTOPHBIX padoT

®opma
TeKyIlero
KOHTPOJIsI

2

3

4

ApXUTEKTypa
BBICOKOHArpy>KEHHBIX CUCTEM

Pa3paboTka MUKPOCEPBUCHOMN apXUTEKTYPhI IS
ML-cepBuca

—  Coznanue MIPOCTOTO cepBuca
pexomennanuii Ha Flask/FastAPI, pazOuenue Ha
MHUKPOCEPBUCH (Moaenb, API, kamr).

— CpaBuenme latency u throughput B
monolithic vs microservices Mmom Harpy3koit
(Locust).

P3

ApXUTEKTypa
BBICOKOHArpy>KEHHBIX CUCTEM

Amnanmus CAP-teopemsr Ha
pacnpenenéHHoro yar-60Ta

—  PaspéprriBanue yaT-00Ta ¢ 00pabOTKOM
3ampocoB B pasaeix DC  (AWS/GCP),
TectupoBaHue coriacoBaHHocTh (Consistency)
NIPY pa3phiBax CETH.

npumepe

P3

['opuzoHTanbHOE U
BEPTUKAJIBHOE
MacIITabupoBaHue

ABToMaciiTabupoBanue  BeO-cepBepa  UIs
00paboTtku 3anpocos k UH-mMonenu

— Hactpoiika Auto Scaling  Group
(AWS/GCP) nns cepBuca Kiaccuukamuu
H300paXKEHUH, TECThI TPU TTMKOBOW HArpy3Ke.

P3

['opuzonTansHOE U
BEPTUKAIBHOEC
MacIITabupoBaHue

CpaBHeHHE BEPTUKAIBHOTO M TOPU30HTAIBHOTO
scaling ay1st 0a3bl JaHHBIX

—  TectupoBanue PostgreSQL Ha omHOM
MOIHOM  CEpBepe VS  IapAupPOBAaHHOTO
MongoDB nox narpyskoii (YCSB Benchmark).

P3

OddexTrBHBIC XpaHUIHIIA
JTAHHBIX

OnTtuMu3anys 3anpocoB K BekTopHOH BJ1 ams
MTOMCKA MTOX0KIX N300paKeHUH
—  PasBéprriBanue Milvus/Pinecone,
CpPaBHEHHE CKOpPOCTH IIOMCKa IMIPH pPa3HBIX
unpekcax (IVF, HNSW).

P3

O¢ddexTrBHBIC XpaHUIHIIA
JTAHHBIX

Kononounoe vs row-based xpanwniwiie s
AHATUTUKA

— 3arpy3ka gatacera B  ClickHouse
(xomonounast) u  PostgreSQL, cpaBHeHHE
ckopoctu arperamuii (SQL-3ampocst ¢ GROUP
BY).

P3

O6paboTka 6OIBITIX 00HEMOB
JTAHHBIX

Pacnipenenénnast o0paboTKka JIOTOB ¢ TIOMOIIBIO
Apache Spark

—  Amnamms nmoroB BeO-cepBepa (Hampumep,
NGINX) nns BBISBICHUS aHOMANIMA uepes
Spark SQL.

P3

O0paboTka 60IBIINX 00BEMOB
JaHHBIX

CTpUMHUHT JaHHBIX B PEATLHOM BPEMCHHU IS
ML-monenn

—  Hactpoiixka Kafka + Python-
KOHCBIOMEpa, TpelcKa3aHne crama B TOTOKe
coobienuit (Mmonenp Ha Scikit-learn).

P3

OTKa30yCTOMYHUBOCTD U
HaJIe’KHOCTh

TectupoBanue  failover = MexaHW3MOB B
Kubernetes

—  PasBéprriBanue OTKa30yCTOWYHBOTO
ML-cepBuca (Hampumep, sentiment analysis),
CUMYJISITIS TTAJICHYSI HOJI.

P3

10.

OTKa30yCTOMYMBOCTD U
HaJEKHOCTh

PCHJ'II/IKaLII/IH JAHHBIX
CVB]I

B pacnpeneiaéHHON

P3




®opma
Ne HaumenoBaHue pa3aena (TeMbl) HaumeHoBaHue 1a00paTOPHBIX padoT Telcyll)uero
KOHTPOJIsA
1 2 3 4
—  Hactpoiika permuk MongoDB, tect Ha
YCTOWYHMBOCTH K IOTEPE primary-HOMIbl.
[Ipon3BOANTETEHOCTE Yckopenne inference mogenu ua GPU vs CPU P3
||, | @ITOPUTMOB U anapaTHas —  PaszeéprriBanue PyTorch-monenu
ONITUMM3ALUS (manpumep, ResNet), 3amepsl ckopoct Ha CPU
u CUDA.
[Ipon3BOANTENTEHOCTE Onrtummzanus koma Ha C++ mms oOpaboTKm P3
ITOPUTMOB U armnapaTHas JTAHHBIX
12. | onTHUMH3AIHS —  Peammsamms anroputMa npenoopaboTKu
TekcTa (TokeHm3zauusi) Ha Python m C++ (c
PyBind11), cpaBHeHHE TPOU3BOAMTEILHOCTH.
MOHHTOPHWHT U yIIpaBIICHUE HetextupoBanue apeiida ganaeix B ML-mMomenn P3
|3, | BPICOKOHArPYKCHHBIMH nn- —  Hacrpoiika Evidently Al JUIs
CepBHCaMHU MOHUTOPHUHTA CIOBUTOB B  paclpelelcHun
BXOJHBIX JIAHHBIX.
MOHHTOPHWHT U yIIpaBIICHUE A/B-tectupoBanune IBYX BepCcHUil P3
BBICOKOHArpyxeHueiMu MU- PEKOMEHIATENBHOM CUCTEMBI
14. | cepBucamu —  Pa3zBéprhiBanue JIBYX MozeNen
(mampumep, collaborative filtering vs content-
based), coop MmeTpuk yepe3 Prometheus.

Ipumeuanue: JIP — omuem/3awuma nabopamopnoii pabomut, KII - eeinonnenue kypcogozo npoekma, KP - kypcogotl
pabomul, PI'3 - pacuemno-epagpuueckozo 3adanus, P - nanucauue pegpepama, D - scce, K - xomnoxeuym, T —
mecmuposanue, P3 — pewenue 3adau.

2.3.4 IlpumepHasi TeMaTHKa KYpCOBBIX padoT (IIPOEKTOB)

He npenycMmoTtpensl

2.4 IlepeyeHb yueOHO-METOAUYECKOT0 O0ecneyeHH sl Al CAMOCTOATEILHON padoThI
00y4YarIuXcs Mo JTUCHUILINHE (MOIYJIIO)

[lepedyenp yueOHO-METOUUECKOTO 00ECTIeUCHHST TUCIIUTUTUHBI
No Bun CPC 10 BBIMIOJTHEHUIO CAMOCTOSITEIFHON paboThI
1 2 3
1 Nzyuenue Mertonuueckue ykazaHus MO OpPraHU3alMU CaMOCTOATEIIbHOMN
TEOPETUYECKOIO paboThI CTYJEHTOB, YTBEPKIACHHbBIE kadenpoit
Marepuajia nH(pOpPMaIMOHHBIX TeXHOJOTHM, TpoTokoJ Nel ot 30.08.2019
2 |Pewenue 3anau Meroanueckue ykasaHUs 110 OpPraHU3alMU CaMOCTOATEIBHOU
paboThl CTYJICHTOB, YTBEPKJICHHBIC kadeapou
uH(OPMALMOHHBIX TeXHOIOrui, mpotokoa Nel ot 30.08.2019

Y4eOHO-MeTOIMYeCKUe MaTepHalibl JUIsl CaMOCTOSITEIbHONW pPabOThl OOYyYaIOLIUXCS W3
YHCIIa MHBAJIHM/IOB U JIMII C OTPAaHUYEHHBIMI BO3MOKHOCTSIMU 310poBbs (OB3) mpenocrasistorces
B opMax, aJanTHPOBAHHBIX K OTPAHUYCHUSAM HX 37I0POBbsS M BOCHPUATHS HH(DOPMAITIH:

JU7st UL ¢ HapyIIeHUSIMH 3PEHUS:

— B [1I€4aTHOW (hopMe YBEIUYECHHBIM HIPUPTOM,
— B (hopMe IIEKTPOHHOTO JOKYMEHTA,

— B popme ayamodaiina,

— B mIeyaTHOM opMe Ha si3bike bpaiins.

JIist UL ¢ HapyILIEHUMHU CIIyXa:




— B IIeYaTHOM (opme,

— B (hopMe 2IIEKTPOHHOTO TOKYMEHTA.

JUst UL ¢ HapyIIeHNSIMH OTIOPHO-/IBUTATEIILHOTO amIapara:

— B I1e4aTHO (opme,

— B (hopMe IIEKTPOHHOTO JOKYMEHTA,

— B (popme ayaunodaiina.

JlaHHBII TIepedeHb MOXET OBITh KOHKPETU3UPOBAH B 3aBUCHMOCTH OT KOHTHHICHTA
00ydJaronuxcs.

3. O0pa3oBare/ibHbIE TEXHOJOTHH
B cootBercTtBuM ¢ TpeboBanusmMu PI'OC B mporpamMma JUCIUIIIMHBI MPETyCMATPUBACT
HUCIIOJIBb30BaHUC B y‘IGGHOM mnmponecce CICcaAyromunux OGp&SOB&TCHBHBIG TCXHOJIOI'MH: YTCHUC
JEKUUHA C HCHOJb30BAHMEM MYJIbTUMEIUIHBIX TEXHOJIOTUH; METOJ MalblX TIpymm, pa30op
IIPaKTUYECKUX 3a/1a4 U KEHCOB.
[Tpu 00yyeHHH UCTIONIB3YIOTCA ClIeyIOIIe 00pa30BaTEIbHbIE TEXHOIOTHU:

— TexHonoruss KOMMYHUKATHBHOTO OOyueHUss — HampaslieHa Ha (QopMHupoBaHUE
KOMMYHHKATHBHOW KOMIIETEHTHOCTH CTYACHTOB, KOTOpas sSBIsETCS 0a30BOM, HEOOXOIUMOM AJIst
aJlanTalyy K COBPEMEHHBIM YCIOBUSAM MEXKKYJIbTYPHON KOMMYHUKALIUU.

— TexHonorus pa3zHOypoBHEBOTO (Iu(DPEpPEHIIMPOBAHHOTO) OOyYEeHHS — TMpeAroiaract
OCYHICCTBJICHUC MMO3HaBaTEeILHOM ACATCIIBHOCTU CTYIACHTOB C y‘-IéTOM HUX HWHIUBUAYAJIbHBIX
CIOCOOHOCTEH, BO3MOXKHOCTEH M HMHTEPECOB, IMOOIMIPSS WX PEaT30BbIBATH CBOM TBOPUYECKUNA
noTCHOUAal. CO3I[aHI/Ie N HCIIOJIB30BAHUC JUATHOCTHUYECCKHUX TECTOB SABIIACTCA HEOThEMIIEMOU
YacTbhIO TaHHOM TEXHOJIOTHH.

— TexHonoruss MOIYJIBHOTO OOyYeHUS — IpelycMaTpuUBaeT JeJeHHE COJEepKaHUs
JUCLUUTUTMHBI HA TOCTATOYHO aBTOHOMHBIE pa3Aesbl (MOIyJH ), MHTETPUPOBaHHbIE B 00NN KypC.
— MHudopmannonHo-koMmyHukanuonnsle texHonorun (MKT) - pacmupsior pamku

00pa3oBaTeNbHOrO MpOIlecca, MOBBIIIAS €ro MPAKTUYECKYI0 HAMPaBICHHOCTh, CIOCOOCTBYIOT
MHTCHCU(UKAIIMM CAMOCTOATENBHOM pabOThl ydYalMXcsi M IOBBIIICHUIO TIO3HABATEILHOM
aktuBHOCTH. B pamkax KT Beiaenstorcst 2 Bujia TEXHOJIOTHIA:

— TexHonOTUS MCHOJB30BAaHUS KOMIBIOTEPHBIX MPOrpaMM — TMO3BOJSET 3PPEKTUBHO
JOTIOTHUTH TIPOLIECC O0YUYEHUS S3bIKY HAa BCEX YPOBHSIX.
— VHTEepHET-TeXHOJIOTMM — TPEAOCTaBISAIOT IIMPOKUE BO3MOXKHOCTH [UISl  MOUCKA

uHpOpMaNnH, pa3padOTKH HAYYHBIX TPOCKTOB, BEICHUS HAYYHBIX HCCIICIOBAHUH.

— TexHoNOTHsI WHAWBUAyIN3allMd OOYyYEHHUS — TIOMOTAeT PEaIM30BHIBATH JIMYHOCTHO-
OPUCHTHUPOBAaHHBIA TIOJXOJN, YYHUTHIBAs HWHIWBUAyAIbHBIE OCOOCHHOCTH U TIOTPEOHOCTH
YHaIXCs.

— [IlpoexkTHass TexHONOTUS — OpPUEHTUPOBAHA HA MOJICIMPOBAHHUE COIHMAIHLHOTO
B3aUMOJICHCTBHS YYalIUXCS C TENbI0 PEIICHHs 3aJadd, KOTOpas OIpEeNeNseTcss B pamKax
npodecCrOHaTBHON MOATOTOBKY, BBIACTSSA Ty MM UHYIO PEIMETHYIO 00JIaCTh.

— TexHonoruss oOy4eHUS B COTPYIHHUYECTBE — pEATM3yeT HJEI0 B3aWMHOTO OOYy4YCHHS,
OCYILECTBIISII KaK WHIMBHIYaJbHYIO, TaK M KOJUICKTHBHYIO OTBETCTBEHHOCTH 3a pEIICHHE
yueOHBIX 3a/1a4.

— MUrpoBas TeXHOJOTHUSI — TO3BOJISIET Pa3BUBATh HABBIKA PACCMOTPEHHS Psla BO3ZMOXKHBIX
CIOCO0OB penieHus MPo0IeM, aKTUBU3HUPYS MBIIIICHHE CTYIEHTOB M PACKPBIBasl JIMYHOCTHBIN
MOTEHIMAJ KaXKJJ0T0 y4arerocs.

— TexHONOTUS pa3BUTHS KPUTUYECKOTO MBIIIIEHUS — CHOCOOCTBYET (HOPMUPOBAHUIO
Pa3HOCTOPOHHEH JMYHOCTH, CHOCOOHOW KPHUTUYECKH OTHOCHUTHCS K WH(GOpPMAIMH, YMEHHIO
oTOMpaTh HH()OPMALIHIO JJIsI pEIICHUS TOCTABJICHHOH 3a/1a4H.

KomriekcHOE MCTOIb30BaHUE B yUEOHOM TIPOIECCE BCEX BHIMIEHA3BAHHBIX TEXHOJIOTHH
CTUMYJUPYIOT JIMYHOCTHYIO, HHTEJUICKTYaIbHYIO AKTUBHOCTH, PAa3BHBAIOT IO3HABATEIbHBIC



MPOIIECCHI, CIIOCOOCTBYIOT (hOPMHUPOBAHUIO KOMIIETCHIIMH, KOTOPBIMH JOJDKEH 00J1a/1aTh
OyIyluil CielnancT.
OcHoBHbIE BUIbl HHTEPAKTUBHBIX 00pa30BaTEIbHBIX TEXHOJIOTHI BKIIOYAIOT B ce0sl:

— paboTta B MaJIbIX rpymnmnax (KOMaH/e) - COBMECTHas JeSTEIbHOCTh CTY/IEHTOB B IPYIIIE MO
PYKOBOJCTBOM JIMJIEpa, HATIPaBJICHHAsI Ha pelleHue 001el 3a1a4u MyTEM TBOPUYECKOTO CII0KEHHUS
pEe3yNbTaTOB HMHIUBUAYATbHOW padOThl WIEHOB KOMAaHABI C JIEJICHHEM TOJTHOMOYHHA U
OTBETCTBEHHOCTH;

— TMPOEKTHAasi TEXHOJIOTHSI - HHAWBHyallbHAsl UM KOJUIEKTUBHASI AESITEILHOCTD 110 0TOODY,
pacrnpeneneHnIo 1 CUCTeMaTH3alli MaTepHralia 1o ONpeAeTIeHHON TeMe, B pe3ysibTaTe KOTOPOi
COCTaBJISIETCSI POCKT;

— aHaJM3 KOHKPETHBIX CUTYyallui - aHalu3 pealibHbIX MPOOJIEMHBIX CUTYyallud, UMEBIIUX
MECTO B COOTBETCTBYIOIIEH 00MacTH MPO(ECcCHOHATBHON AEATEIbHOCTH, M TOUCK BapUaHTOB
JTYYIINX PEIICHUI;

— pa3BUTHE KPUTHUECKOTO MBILIUICHUS — 00pa3oBaTelbHasl e TEIbHOCTh, HallpaBJIeHHAs Ha
pa3BHUTHE Y CTYJCHTOB pa3yMHOTO0, Pe(IEKCUBHOTO MBIIICHHUS, CIIOCOOHOTO BHIIBUHYTH HOBBIC
UJeu U YBUAETh HOBbIE BOZMOKHOCTH.

[Momxon pa3bopa KOHKPETHBIX 3aJad M CUTyallWid IIUPOKO HCIOIB3YeTCs Kak
npenojaBaTesieM, Tak U CTYJEHTaMH BO BpeMs JIEKIUH, JaOOpaTOpHBIX 3aHITUA U aHaIu3a
pe3yJIbTaTOB CaMOCTOSTENBHOM pabOTHl. JTO OOYCIIOBIEHO TEM, YTO NPU HCCICAOBAHUH U
pElIeHNH KaX /10l KOHKPETHON 3a/1a4u UMEEeTCs, KaK MPaBUIIO, HECKOJIBKO METOIOB, a 3TO TpeOyeT
pa3bopa U OLIEHKH 11EJI0H COBOKYITHOCTU KOHKPETHBIX CUTYaIHH.

KOJINYeCTBO
Hcnosb3yeMble HHTEPAKTHBHbIE 00pa30BaTebHbIE
Cemectp | Bug 3anaTus HHTEPAKTHBHbIX
TEXHOJIOTHH
4acoB
[IpakTuyeckue 3aHSITHS B pexumMax
8 JIP B3aUMOJICHCTBUSL «IPEMOJaBaTEIb — CTYACHT» U 4
«CTYJAEHT — CTYJICHT»
HTroro 4

Ipumeuanue: JI — nexyuu, 113 — npaxmuueckue 3amsmus/cemunapst, JIP — nabopamopnvie sausmus, CPC —
camocmosimenvHas paboma cmyoenma

Tembl, 3a7aHKsI U BOMPOCHI ISl CAMOCTOSITENILHONW paboThl MpHU3BaHbI C(HOPMUPOBATH
HABBIKM TIOMCKa HH(OpPMALUU, YMEHHUS CAMOCTOSTENBHO pPACHIUPATH W YIIIyOJATh 3HAHHUS,
MOJTyYEHHBIE B XO/I€ JICKIIMOHHBIX U MPAKTUYECKUX 3aHITHM.

[Tonxon pa3bopa KOHKPETHBIX CUTYAILUN ITUPOKO UCIIONIB3YETCS KaK MperogaBaTesieM, Tak
U CTYJCHTaMH IIPH NMPOBEICHUH aHaJIN3a Pe3yJIbTaTOB CaMOCTOSTEIbHON PaOOTHI.

Jliss U1l ¢ OTpaHUYCHHBIMU BO3MOXHOCTSMHU 30POBbSI MIPEIyCMOTPEHA OpraHU3aIus
KOHCYJIbTAIMil C MCIOJIb30BAHUEM AJIEKTPOHHON MOYTHI.

JUJis U1 ¢ HapYIICHUSIME 3PCHUS:

— B TIeYaTHOM popMe yBETUICHHBIM MIPUPTOM,

— B popMe IEKTPOHHOTO TOKYMEHTA.

Jlnig Au1 ¢ HapyIIeHUsIMH CITyXa!

— B I1e4aTHO (opme,

— B popMe JIEKTPOHHOTO TIOKYMEHTA.

JUJist vI1 ¢ HapyIICHUSIMA ONIOPHO-JIBUTATEIILHOTO amnmnapara:

— B TIeYaTHOM opme,

— B popMe IEKTPOHHOTO TOKYMEHTA.

Jlisg Ui ¢ OrpaHUYeHHBIMU BO3MOXHOCTSMHU 3J0POBbsSI IMIPEIyCMOTPEHA OpraHu3alus
KOHCYJIbTallMid C UCIIOJIb30BAHUEM DJIEKTPOHHOMU IMOYTHI.

JlaHHBIN TepedyeHb MOXET ObITh KOHKPETU3MPOBAaH B 3aBUCUMOCTH OT KOHTHHIEHTa
00yJaromuxcs.



1. OHeHO‘leIe U METOAUYECCKHE MaTEPHUAJIbI
4.1 OueHoyHble cpeAcTBA ISl TeKYyHIero KOHTPOJA  YCHeBAeMOCTH U
NMPOMEKYTOYHOM aTTeCcTAlUMN

OreHOUHBIE CpelcTBa MpeaHa3sHAueHbl Ui KOHTPOJIS M OLEHKHM 00pa3oBaTENbHBIX
JOCTHKEHUH o0yyaromuxcs, OCBOMBILIUX nporpaMMy — y4eOHOM  JMCIMIIUHBI
«BpIcOKOHArpy KE€HHBIE TPUIIOKEHUSY.

O1eHOUHBIE CPEJCTBA BKJIIOUAET KOHTPOJIbHBIE MaTepHallbl Ul POBEICHUS TeKyIero
KOHTPOJIsi B (opMe TECTOBBIX 3aJaHUN, Pa3sHOYPOBHEBHIX 3a/JaHUl U MPOMEKYTOUHOI
aTTecTanuu B GopMe BOIPOCOB U 3alaHUM K 3a4eTy.

OneHouHble CpeACTBa JUIsl HMHBAJIUAOB M JMI C OIPAaHUYEHHBIMH BO3MOYKHOCTSIMH

3JI0pOBbsI BEIOUPAIOTCS C yUETOM UX MHAWBUIYAIBHBIX IICUXO()U3NYECKUX OCOOCHHOCTEH.

— IpY He0OXOAMMOCTH UHBAIMAM H JINLIAM C OTPaHUYEHHBIMU BO3MOKHOCTSIMH 37I0POBbS
IPEOCTABIIAETCS JOTIOJHUTEIBHOE BPEMS /171 IOATOTOBKU OTBETA Ha 3K3aMEHE;

— IIpU TPOBEJICHUH NPOLEIYPHI OLICHUBAHUS PE3yIbTaTOB 00yUEHHS] MHBAINIOB M JIULL C
OTpaHMYEHHBIMH BO3MOXHOCTSIMHU 310POBbsI MPEAYCMATPUBAETCSA MCIIOIb30BAHUE TEXHUYECKUX
CPEACTB, HEOOXOIUMBIX UM B CBSI3U C UX UHAMBHUIYaTbHBIMH OCOOCHHOCTSIMU;

— IIpU HEOOXOAUMOCTH JJIs1 00YUAIOIIUXCS ¢ OTPAHUYCHHBIMH BO3MOXKHOCTSIMHU 3/I0POBbS
U MHBAIUAOB IpoOleaypa OLEHMBAHUSA pE3YyJbTaTOB OOYy4YEeHUS IO JUCLUIUIMHE MOXKET
IIPOBOAMTHCS B HECKOJIBKO 3TAIOB.

ITponienypa oneHuBaHUs pe3ysbTaTOB OOYUYEHMs] MHBAIMJOB U JIUI[ C OTPAHUYECHHBIMU
BO3MOXXHOCTSIMU 3[I0pOBbSl 110 JUCHMIUIMHE (MOAYJII0) MNpPEeayCMaTpUBaeT IPEAOCTaBICHUE
uHpopMmanuu B (opMax, aZaNTUPOBAHHBIX K OrPAaHUYEHHUSAM HX 3J0POBbS U BOCIPHUATHS
uHpOpMaLUu:

Jlnst u ¢ HapyIIEeHUSIMH 3pCHHUS:

— B [1I€4aTHOW (hopMe YBEIUYECHHBIM HIPUPTOM,

— B (hopMe 2IIEKTPOHHOI' O TOKYMEHTA.

JUid U1 ¢ HapyLIEHUsIMH CIyXa:

— B TIeYaTHOM ¢opme,

— B (hopmMe 2IIEKTPOHHOTO TOKYMEHTA.

Jlnist 1 ¢ HapyIIEHUSIMU OTIOPHO-/IBUTATENIBHOTO anmapaTra:

— B I1e4aTHOM (opme,

— B (hopMe 2IIEKTPOHHOI' O TOKYMEHTA.

JIaHHBINA TIepeyeHb MOXET OBbIThb KOHKPETH3HPOBAH B 3aBUCHUMOCTH OT KOHTHHICHTA
oOyyJaronuxcs.

CTpyKTYypa OLlIEHOYHBIX CPEICTB IJIs TeKYlIeld U MPOMEeKYTOYHOI aTTecTAlMU

Kon HaumenoBanue
Ne | KonTtponupyembie pa3zaeinsl (TEMbl) | KOHTPOJIUPYEMOi OLICHOYHOT'O CPEJICTBA
/n JHUCIMTUTHHBI* KOMITETEHI[MU . IIpomexyTouHas
Tekyuuit KOHTPOJIb
(um ee yacTn) aTTecTalys
ApXUTEKTYypa OIIK-3.1
BBICOKOHATPYKEHHBIX OIIK-3.2 Zadanus ons y
Teopemuueckuii
1 CHCTEM OIIK-5.2 CAMOCMOAMENbHO20
eonpoc 1-4
PL-2.1 peuwtenus 1-2
Al S-1.1
I'opusoHTansHOE U OIIK-3.1
BEPTUKAJIBHOE OIIK-3.2 3adanus Ons T .
2 | MmacmTabupoBaHHe OIIK-5.2 CamocmosmensHo2o 6§Zp ET?; crut
PL-2.1 pewenus 3-4 P
Al S-1.1




D¢ dhexkTuBHBIC XpaHUIUILA OIIK-3.1
IAHHBIX OIIK-3.2 3adanus ons T .
3 OIIK-5.2 CAMOCMOAMENBHO20 copemuteckuu
eonpoc 9-12
PL-2.1 pewenus 5-6
AIS-1.1
O6paboTka 0OIBIIHUX OIIK-3.1
00BbEMOB JJaHHBIX: OIIK-3.2 3adanus ons T .
4 OIIK-5.2 CaMoOCmMosAmMenbHoO20 copemutieckuu
eonpoc 13-16
PL-2.1 peutenus 7-8
Al S-1.1
OTKa30yCTONYMBOCTD U OIIK-3.1
HaJCKHOCTD OIIK-3.2 3aoanus ons T .
5 OIIK-5.2 CAMOCMOAMENBHO20 copemurieckuu
eonpoc 17-20
PL-2.1 pewenus 9-10
AIS-1.1
[Ipon3BOaUTENHEHOCTH OIIK-3.1
AJITOPUTMOB U amliapaTHast OIIK-3.2 3adanus ons 3
Teopemuueckuti
6 ONTHUMHU3AIUA OIIK-5.2 CamMocmoamenpHo2o
sonpoc 21-24
PL-2.1 pewenus 11-12
Al S-1.1
MOHUTOPHHT U yIIPABIICHUE OIIK-3.1
BBICOKOHarpy»xeHubiMu M- OIIK-3.2 Zadanus ons N
Teopemuueckuti
7 | cepBucaMu OIIK-5.2 CamocmosmensHo2o
eonpoc 25-28
PL-2.1 pewenus 13-14
AIS-1.1

Ioka3aTesu, KpUTEPUH M HIKAJIA OLEHKH CPOPMUPOBAHHBIX KOMIIETEH Uil

CootBercTBe NOPOrOBOMY VPOBHI) OCBOCHMS KOMIETCHLUUH IJIaHUPYEMbIM
pe3ynbTrataM o0yudeHus: U KPUTEPHUSIM HX OLICHHBAHUA (OLIEHKA: Y10BJEeTBOPUTEIBHO /3aUTEHO):

OIIK-3 ChnocofeH mnoOHMMATL M NPHMEHSATH COBpPeMeHHble WH(OPMALMOHHBbIE
TeXHOJIOTUH, B TOM 4HCJe OTeYyeCTBEHHbIe, MPH CO3JaHMM MNPOrpaMMHBIX
NPOAYKTOB U MPOrPAMMHBIX KOMILJIEKCOB PA3JIMYHOT0 HA3HAYEHHS

OIIK-3.1 Apzcymenmuposeano npumensaem CcOBPEMEHHbIE UHPOpMaAYUOHHbBIE

mexHono0cuu, 6 MmMOoM Hucie OmeuecmeeHHbvle, Npu  CO30aHUU
HPOZPAMMHBIX RPOOYKMOE8 U NPOZPAMMHBIX KOMRNIAEKCO8 PA3IUUHO20
Ha3Hayenus
3namo basogvle  npunyunvl  nocmpoeHusi  8bICOKOHAZSDYHCEHHBIX — CUCeM U
MUKPOCEPBUCHOU aPXUTNEKMY Dbl
OcHogHble omeuecmeeHHble MexHONI02uU 011 00pabomKu OONLUUX OAHHBIX U
8bICOKUX HA2PY30K
Kpumepuu evibopa mexnonocuti 0ns  paziuunvix cyenapues high-load
NPUNOHCEHUL

Ymems Cpasnueamsv npousso0UmMenbHOCMsb PA3IUYHbIX MEXHOI0SUYECKUX peuleHuli OJis
munoswix high-load 3a0au
Obocnosvieams  6b100p  KOHKPEMHbIX MEXHONo2Ul Ol NPOeKmupo8anUsl
BbICOKOHAPYHCEHHBIX CUCTNEM
Hacmpausams 6azosvie kongueypayuu omewecmeennwvix high-load pewernuii



Bnaoemuw

OIIK-3.2

3namop

Ymemo

Bnaoemuw

OIIK-5

OIIK-5.2

3namop

Ymemo

Bnaoemuw

Hasvikamu pabomsi ¢ 0CHOBHbIMU OMe4eCmMEEeHHbIMU nAam@opmamu O
PA38epMul8aHUsL NPUTONHCEHUL

Memooamu mecmupoganusi npou3600UMenrbHOCMU PA3TUYHBIX MEXHOI02UYECKUX
peuwienul

Kpumepusamu oyenxu s¢pgpexmusnocmu high-load apxumexmyp

Opuenmupyemca 6 COBPDEMEHHBLIX NOJIOMNCEHUAX U KOHUERUUAX
RPUKNIAOHO20 U CUCHEMHO20  NPOZPAMMHO20  OOecneyeHus,
apxumeKkmypvl KOMRblOmepos u cemeil (6 Mom vucie u 2100a1bHbIX),
MEXHO102UU CO30AHUA U CONPOBOIHCOCHUA NPOZPAMMHBIX RPOOYKMO8 U
NPOCPAMMHBIX KOMNJIEKCO8
OcHogHble npuHyunbl pabomovl cemesvix NPOMOKONI08 U OANAHCUPOBKU HACPY3KU
6 high-load cucmemax
bazosvie KoHyenyuu apxumekmypovl COBPEMEHHBIX BbICOKONPOU3BOOUMETbHBIX
cucmem
DynoamenmanvHble NOOX00bl K MOHUMOPUHZY U COnpogoxcoenuto high-load
NPUNOIHCEHUL

Ananuzuposamev ~ 6azo6vle  MEmMpuKu  NPOU3BOOUMENbHOCIU  Cemegoll
ungpacmpyrmypuol

Hacmpausams npocmule xongueypayuu 6anrancuposyukos Haspysku u npoKcu-
cepsepos

Ipumenams ocrosnwvle npakmuku DevOps ons high-load okpyoicenuil

Hasvikamu pabomvl ¢ cucmemamu MOHUMOPUHSA HPOU3BOOUMENLHOCTIU
NPUTIOJHCEHUU

OchogHbIMU MemoOdamu OUASHOCMUKY NPOoOIeM NPOU3800UMENbHOCU
Texnonozcusamu konmeunepuzayuu npunroxcenuil 0asa high-load cpeo

Cnoco0eH MHCTAIMPOBATH M CONMPOBOXKAATH NMPOrpaMMHOe olecrnevyeHHe
1J1s1 UHPOPMAINMOHHBIX CHCTeM U 0a3 JaHHBIX, B TOM YHCJIe 0T€4eCTBEHHOI 0
NMPOU3BOICTBA

Ocywecmenaem ycmano6Ky, HACMPOUKY U MEXHUUECKOe CONPOBOHCOeHUe
RPOCPAMMHOZ0 U ARRAPAMHO20 oO0ecneuenHue 011 UHOOPMAUUOHHBIX U
A8MOMAMU3IUPOCAHHBIX CUCHIEM

IIpoyedypvr  ycmanoeku u 6430801 HACMPOUKU BbICOKONPOU3BOOUMENbHBIX
CVh[

OcHosHnbie napamempuvl KOHGuUeypayuu onepayuoHuwvix cucmem 0 high-load
3a0au

Ilpunyuner  HacmpouKku  cucmem  MOHUMOPUHEA Ol OMCAEHCUBAHUS
APOU3B00UMENLHOCTU

Pazeepmuvisams u nacmpauseams single-node xongueypayuu high-load CYB/]
Hacmpausams 6a306vbie napamempol 6a1aHCUPOSKU HAZPY3KU U KIUUPOBAHUSL
Monumopumy Kitouesvie Mempuxu npouzeooumenvrHocmu high-load cucmem

Hasvixamu aomunucmpuposarnus high-load 6a3z oannsix Ha 6azo8om yposHe
Hncmpymenmamu ons paseepmuisanus u ynpasienus high-load npunosicenusmu
Ipakmukxamu obecneuenus 6a30801 OMKA30YCMOUYUBOCMU CUCTEM



PL-2 Cnocoden npumMeHsitb JVM-coBMecTHUMBIE SA3BIKM NMPOrPaMMHUPOBAHMS JIAA
peumienns 3aga4 B odsactu U
PL-2.1 Pazpabamovieaem u omnasricueaem npPUKIAOHblEe peUIeHUA PA3ZHO20
YPOGHA CNI0HCHOCHU U 01 WUPOKO20 KPY2a KOHEUHbIX NOJ1b306amereil
¢ ucnonvzoearnuem JVM-coemecmumplx A3bIKO8 NPOZPAMMUPOCAHUS,
mecmupyem, ucCnblmviéaem u OYeHugaem Kayecmeo maxKux peuieHuil
3namo Ipunyunsi 00beKMHO-0PUEHMUPOBAHHO20 u @yHKYUOHANbHO2O
npoepammuposanust Ha JVM-coemecmumvix szvikax (Kotlin, Scala).
Apxumexmypy u ocHosnvie komnonenmol JVM (JVM Memory Model, Garbage
Collection).
Dpetimeopxu 0Jisi NOCMPOEHUST BbICOKOHACPYHCEHHBIX npunoxcenuil (Spring Boot,
Micronaut, Vert.x).
bubnuomexu ona mawunnozo obyuenus u oopabomxu oannvix Ha JVM (Tribuo,
Apache Spark MLIib, DL4J).

Ymems Paspabamvisamo 8bICOKONPOU3ZBOOUMEIbHBLE backend-cepsucvi u
Mmukpocepsucwvl Ha JVM-coemecmumulx A3bIKAX.
Ilpogpuruposame u onmumuzuposams JVM-npunosxcenuss 0na pabomwl ¢
bonvuuMu 0b6vemamu OAHHBIX U 8bICOKOU NAPANIENbHOU HACPY3KOLL.
Unmeepuposamo ML-moodenu, peanuzosanuvie na Python, ¢ JVM-npunosicenus
(Hanpumep, ¢ ucnoavzosanuem JPype).
Iucamov moOynvHble u uHMe2payUoHHble mecmol OJisl 0becnedeHus Kavecmaea u
HaodescHoCcmu Kood.

Bnaoemuo Hasvikamu pazpabomxu na oonom uz JVM-coemecmumoix szvixos (Kotlin/Scala).
HUnempymenmamu ons npogunuposarus u monumopunea JVM (JVisual VM, JMH,
GC logs analysis).
Hasvikamu pabomwvl ¢ cucmemamu cOOpKu U YAPAGIEHUS 3A8UCUMOCAMU
(Gradle, Maven).
Ipakmukxamu omaaoku u pewenus: npooiem npouzgooumenvHocmu 6 JVM-cpede.

Al S-1 Cnoco0eHn ynpaBiasaTh puckamm B paspadotrke cucrem WU, BbicTpamsBaTth
ynpasJjieHue 0e3onacHoctbio UM B komnanuu ¢ yuerom d3tuxku MU

Al §-1.1 Buviasenaem u mooenupyem yzpozvl na 6cém ycusnennom yuxie HH-
cucmem, oueHusaem u RPUOPUMUUPYEm PUCKU
3namo Vazeumocmu evicokonaepyscennvix cucmem (DDoS, unvekyuu)

Memoowi obecneuenus kubepbezonacnocmu ¢ MU

Ipunyuner pabomei cucmem MOHUMOPUHEA AHOMATULL
Ymemos IIposoodumsb cmpecc-mecmvl U AHAIU3 YAZBUMOCHEU

Paspabamvisame cmpamezuu 3awumul 0aHHbIX

Hacmpauseamo cucmemul oonapyrcenus emopoicenuii (IDS/IPS)
Bnaoemw HUncmpymenmamu (OWASP ZAP, Burp Suite)

Hasvikamu ayouma 6ezonacnocmu

ML-memodamu 011 0emeKkmupo8anust AHOMAIULL

TunoBbie KOHTPOJIbHBbIE 3aJaHUSI WJIN HHbIE MATePHAJIbl, He00X0AUMbIe 1JIsl OLleHKH
3HAHWH, YMEHHUIl, HABBIKOB W (MJM) ONbITA JAeATEJbHOCTH, XaPAKTEPHU3YHOIIUX ITAIbI
¢dopmMupoBaHusI KOMIIETEHLIMH B Npolecce 0CBOEHHUsI 00Pa30BaTeJIbHOM MPOrpaMMBbI

TunoBbie 3a1a4YM 1JIl CAMOCTOATEC/IbHOI'0 PCIICHUSA



1. Paspabotka wmmkpocepBuca mis pexomennanuii WUW. Co3mate cepBuc Ha
FastAPI/Python, reHepupyroomuii nepcOHATU3UPOBAHHBIC PEKOMEHAANMH (HAmpuUMep, s
UHTEpHeT-MarasuHa).. Peanu3oBarh KdIMpoBaHHeE IMpenackazaHuii B Redis u OGamaHCHpPOBKY
Harpy3ku depes Nginx.

2. Tloctpoenue event-driven apXuTekTypbl Ais 0OpabOTKM gaHHBIX. HactpouTh
B3auMojieiicTBue MuKpocepBucoB uepe3 Kafka (mampumep, cOOp moap30BaTeNbCKUX IEHCTBUMA
JUIS QHAJTUTHKH ).

3. AsrtomacmtabupoBanne ML-ceppuca B  Kubernetes. Pa3BepHyTs  Mozenb
knaccugukanum Tekcra B K8s, nactpoutrs HPA na ocHoBe CPU/RAM-meTpuk.

4. IapaupoBanre MongoDB nmst xpaneHus jgoroB. Paznenuth kosekiuio Joros API
10 IIap/iaM, IPOTECTUPOBATH CKOPOCTH 3ampocoB 1o Harpyskoi (YCSB).

5. Ontummsarus 3anpocoB kK BektopHoit BJI. PazsepunyTs Milvus/Pinecone nist moucka
IIOXO0’KHX TOBAPOB, CPABHUTH IIPOU3BOAUTENBHOCTH NpHU pasHbIX HHIekcax (HNSW, IVF).

6. Kononounoe xpaHwmmme 18 aHanuTukd. 3arpy3uth pataceT B ClickHouse,
ONTUMHU3UPOBATH 3anpockl ¢ arperanusiMu (GROUP BY, okoHHble QyHKINH).

7. Crpumunr nanaesix ¢ Kafka + Flink. Hactpouth moTokoByio 00pabOTKy KIMKOB
1oJib30Baresel B peasibHOM BpeMeHu (noacuer CTR).

8. Pacmpenenénnas oOpaborka maHHBIX B Spark. IlpoanamusmpoBarh JIOTH cepBepa
(manpumep, noacuet 500-x omuOoK Mo yacam).

9. TectupoBanue oTkazoycrtoiunBoct ML-nainnaiiHna. CBIMUTAPOBATH MaJCHUE HOBI
B Kubernetes, npoBeputh BoccTanoBienue cepsuca (Readiness/Liveness mpo0sl).

10. Perumukamust PostgreSQL mnsa cepBuca ayteHtudukanuu. Hactpouth master-slave
pEIUTMKAINIO, IPOBEPUTH pabOTy MPU OTKa3e master-Hopl.

11. Yckopenue inference moaenu Ha GPU. Pazsepayts PyTorch-monens ¢ mommepxkoit
CUDA, 3ameputb ckopocTh 00padoTku 3anpocoB vs CPU.

12. Ontummsanus C++-xkoma 11 mpenoOpaObOTKK JTaHHBIX. Peann3oBath aaropuTm
TokeHM3auuu Tekcra Ha C++ ¢ PyBind11, cpaBHuTh nponsBoauTensHOCTh ¢ Python.

13. Monutopunr npeiicda manapix B ML-momenmu. Hactpouts Evidently st
JIETEeKTUPOBAHUS CIBUTOB B PACIpPE/ICICHUN BXOAHBIX IPU3HAKOB.

14. A/B-tecTupoBaHHE€ pPEKOMEHIATEIBHBIX aJlTOPUTMOB. Pa3BepHYTH JBE BEPCHH
mopenu (content-based vs collaborative filtering), cpaBuuBaTh MeTpuku yepe3 Grafana.

3a4yeTHO-IK3aMeHANIMOHHbIE MaTepHAJIbl I TNPOMEKYTOYHON  aTTecTaluu
(3K3aMeH/3a4€T)

Bonpocsl 1)1 NOATOTOBKH K 3a4eTy

1. OcHOBHbBIC NPUHIUIIBI TPOEKTHUPOBAHUS BBICOKOHArPY>KEHHBIX cucteM s WMU-
CEpBUCOB

2. CpaBHeHHE MUKPOCEPBUCHOH U event-driven apXuTEKTyp i1 00pabOTKH MOTOKOBBIX
TAHHBIX

3. TlarrepHnl oTKa3oycToiuMBOCTH B pacmpeaeneHHbx cuctemax (Circuit Breaker,
Retry, Saga)

4. Onrumumzanus APIl-untepdeiicoB nns ML-monmenern (gRPC vs REST, Ounapubie
IIPOTOKOJIBI)

5. Crpareruu ropu3oHTaIBLHOTO MaciTadbupoBanus 1 ML-uadepeHca

6. Asromacmtabuposanue B Kubernetes: HPA, VPA u ux nacrpoiika st Ud-cepBucos

7. banancupoBka Harpy3ku Juisi GPU-kimacTepoB: 0COOEHHOCTH M pEIICHUS

8. IllapampoBaHue BEKTOPHBIX 0a3 NaHHBIX JJIS TOUCKA MIOXOXKUX 0OBEKTOB

9. Ontummsanus koinoHouHbIX Xpanuauil (ClickHouse, Cassandra) ais aHaTUTHYECKUX
3arpocoB



10. KommpoBanue mpexackazanuii ML-mogmeneit: ctparerun u uHcTpymMeHTH (Redis,
RedisAl)

11. Opranuszanus feature store /151 BEICOKOHArpy>keHHBIX ML-cuctem

12. Penmkanus M coriaacoBaHHOCTh JaHHBIX B pacnpenaeneHHbix bl (CAP-teopema)

13. ApxuTekTypa MOTOKOBOW 00padoTkm maHHbIX st MU-npunoxenmit (Kafka +
Flink/Spark)

14. Onrtummsanus ETL-naitmumaitHoB 1i1st 00ydeHust Moiesiel Ha OOJIBIITNX TaHHBIX

15. PacnpeneneHHble BBIYUCICHUS I OOpaOOTKHM BPEMEHHBIX PSAIOB (apXHUTEKTYpa,
WHCTPYMEHTHI)

16. Opranusamus Data Lake s xpanenust 1 06pab0TKH pa3HOPOIAHBIX JAHHBIX

17. Crpareruun obecrieueHrs 0TKa30yCTONIMBOCTH ML -naiimiaiiHOB

18. Perumikanusi 1 BOCCTAaHOBJICHHE BEKTOPHBIX 0a3 TaHHBIX

19. TectupoBaHue Ha 0TKa30ycTOHYMBOCTH (chaos engineering mist UU-cucrem)

20. Opranuszanus multi-region pa3BepTbIBaHUA IS TTI00ATBHBIX CEPBHCOB

21. Yckopenue mH(pepeHca Mozenei: kBaHToBaHHe, ontuMuzaius rpados (TensorRT,
ONNX)

22. IlpodpunupoBanre u ontumuzaiusi Python-koma nnst BbicOkoHarpykeHHbIx HWMU-
CEPBHCOB

23. UcnonwzoBanne GPU/TPU s yckopenust o0pabOoTKH TaHHBIX

24. OnTumu3anus CETEBBIX B3aUMOJICHCTBUIN B PACIIPENEICHHBIX CUCTEMAX

25. MonuTopuHr apeida TaHHBIX U KOHIIENTyaJIbHOTO caBura B ML-momemnsix

26. MHCTpyMEHTHI JUid JOTMPOBAHUS U aHaIu3a paboThl pactpeneneHHbix cuctem (ELK,
OpenTelemetry)

27. A/B-TecTupoBaHuE U KaHapeeuHble penu3bl it ML-moneneit

28. Ympanenue koHpuUryparuen B BRICOKOHarpyxeHHbix cucremax (ConfigMaps, Vault)

4.2 MeToanuyeckue MaTepuaJibl, onpeae/siiomue nNpoueaypbl OueHMBAHUS 3HAHUIA,
YMeHHIi, HAaBBIKOB W (MJIH) ONBITA [IeATEJbHOCTH, XaPaKTePU3YKOIIMX ITANbI
¢dopmupoBaHus KOMIIETEH NI

MeTtoauyeckue peKOMeHAALMH, ONpeJeJsOlIMe Mpouelypbl  OLEHHWBAHUSA
BbINOJTHEHHS] KOHTPOJILHBIX 32/ 1aHMIA:

3a7aHue CYNTACTCS BHIMTOJIHEHHBIM IPH BHITTOJIHEHNH CICAYIOMINX yCIOBHUIMA:

— IPEAOCTaBIEH UCXOAHBIN KO

— IPOJIEMOHCTPUPOBaHa pabOTOCTIOCOOHOCTh MPOTPAMMBI

— CTY/ICHT MIOHMUMAET UCXOJHBIN KOJI M OTBEYaeT Ha BOIPOCHI 110 €r0 OpraHU3aliu.

MeTtoauyeckue peKOMEeHIAINH K cIade 3a4eTa

IIpouenypa mpomMexyTOYHOM aTTeCTallUUd IIPOXOAMUT B COOTBETCTBUU C [lonoxkeHuem o
TEKYIIeM KOHTPOJIE U MPOMEXKYTOUHOH artectanuu ooyyatonuxcs @PI'BOY BO «Kyo6I'Y».

Texymmuii KOHTPOJIb YCIIEBAEMOCTH CTYACHTOB IPOBOAMTCS B IIEIISTX COBEPIICHCTBOBAHUS U
HETPEPHIBHOTO KOHTPOJISI Ka4eCTBa 00pa30BaTEeIBLHOTO MpoIecca, MPOBEPKH YCBOCHUS Y4eOHOTO
Marepuala, aKTUBH3alUU CaMOCTOSTEIILHONW PadOThI CTY/ICHTOB, CTUMYJUPOBAHHS UX Y4eOHOU
pabotsl, obecrieueHus dPPEeKTUBHOCTH 00pa30BaTEIBLHOTO IIpoliecca, MPEAYPEKACHUS PUCKOB
OTYHCIICHHS CTYJICHTOB.

Texkymui KOHTpOJIb 3HAHUW CTYJEHTOB OCYILECTBIIACTCA IIOCTOSHHO B TEYEHHE BCETO
cemecrpa.



Bunpel Tekyumiero KOHTpOJs: YCTHBIM (NMHMCHMEHHBIM) OMpOC Ha 3aHATHIX; IPOBEpKa
BBITIOJTHEHUSI JOMAITHUX 3aJ[aHWi; MPOBEIECHUE KOHTPOJBHBIX pabOT; OICHKAa aKTHBHOCTH
CTYJ/ICHTA Ha 3aHATHUHU.

CryneHTsl 04HOU (hopmbl 00ydeHHsI 00s3aHBI CIaTh 3a4eT J0 Hayala dK3aMEHAIMOHHON
ceccum.

Ilo pe3yiibTaTaM CAa4du 3a4€Ta BBICTABIACTCA OLICHKA «3a4TCHOY»/ «HE 3aUTEHOY.

BricTaBienue 3a4eToB Ui CTYJCHTOB OYHOM (hopMbl 00yUEHHSI TPOBOASATCS B MEPUO 10
SK3aMEHAIIMOHHON CECCUHU.

[Ipu oTcyTCcTBHM 3a4€THOW KHM)KKH y CTYZEHTA 9K3aMEHATOP HE MMEET MpaBa MPUHUMATH Y
HEro 3a4eT/’k3aMeH. Takol CTyIEeHT CUMTaeTCs HEe SBUBIIMMCS Ha 3ader/3k3aMeH. B
WCKIIFOUMTENIBHBIX CIydasX, Ha OCHOBAaHUM PACHOPSDKCHMs JIeKaHa MperojaBaTelb MOXKET
JIOTTYCTUTh CTYCHTA K 3a4€Ty/9K3aMEHY NP HAJTUYHH IOKYMEHTA, YIOCTOBEPSIOIIETO JIUYHOCTb.

B nensx 00beKTHBHOTO OLIEHUBAHUS 3HAHUN BO BpEMsI IPOBEICHUS 3a4ETOB U 9K3aMEHOB HE
JIOITyCKAeTCsl HAJIMYKE Y CTYIEHTOB IIOCTOPOHHUX IIPEIMETOB U TEXHUYECKUX YCTPOUCTB.

CryzneHTy, HCIONB3YIOIMIEMY B XOJ€ 3adyeTa Hepa3pellieHHble HWCTOYHUKU U CpE/ICTBa
MOJy4eHus: WH(OPMALIUY, BBICTABIISETCS HEYIOBJIETBOPHUTENbHAS OIICHKA, U OH yAajseTcs U3
ayJIMTOPHUH.

Bo Bpems 3adera CTYIAEHTHI MOTYT IOJIb30BaThCS YTBEPKIECHHOW pabodyeil mporpammoit
y4eOHOH JUCHUIUIMHBL, KOTOpas JOJDKHA OBITh B HAJIMYMU HA DK3aMEHE, a TAKXKE C pa3pelIcHHs
9K3aMeHaTopa CIPaBOYHOH JINTEPATYPON U JPYTUMHU MTOCOOHSIMHU.

CryneHThl, Hapylalolyue MpaBuiia MOBEIEHUS MPU MPOBEICHUU 3a4€TOB U JK3aMEHOB,
MOTYT OBbITh HE3aMEIJIUTENbHO yNaJeHbl U3 aAyAUTOPHH, K HUIM MOTYT OBITh MPUMEHEHBI MEPHI
JTUCIUILIMHAPHOTO BO3EHCTBUS.

Ha 3auere/sk3amMeHe MOTYT IPUCYTCTBOBATh PEKTOP, IPOPEKTOP IO yueOHOH padoTe, 1eKaH
dakynbpTera, 3aBenyromuil kadenpoil, Kkoropas obecrieunBaeT y4eOHBIM mHpolecc MO JaHHON
mucuuruinbe. [IpucyTeTBre Ha SK3aMeHax M 3a4eTax MOCTOPOHHUX JIMIL €3 pa3pelieHus: peKTopa
WY TIPOpPEKTOpa 1Mo y4eOHOH paboTe He TOIMyCKaeTCs.

[Tocne npocnynMBaHus JIEKIIMH PEKOMEHYETCsl BBIIIOJIHUTD YIIPaKHEHUs, IPUBOIMMBIE B
JIEKIUU U1 CAMOCTOATEIbHON paboThl, a TAaK)KE BHIMOIHUTH HAa KOMIIBIOTEPE C UCIIOJIb30BAHUEM
cpensl Python 3agaun, npuBoAMMbIE B JIEKIIMH B KAUECTBE MPUMEPOB.

IIpu camocTosTENBPHONW paboTe CTYAEHTOB HEOOXOAMMO H3YYHUTh JIUTEpPaTypy,
IIPUBEJCHHYIO B IEPEYHAX, JJI1 OCMBICICHHS BBOAUMBIX IIOHATHUM, aHAIN3a IPEJIOKEHHBIX
MOJX0/I0B U METOAOB pa3pabOTKU MapaiesIbHBIX IporpaMM. PaszpabaTbiBasi pelieHHEe HOBOU
3aJaud, CTYICHT JOJDKEH yMETh BBIOpaTh METOABI pPEIICHHs 3aJadyd C YYETOM IIeJIEBOM
anmapaTtHoi miIaT(opMel, IPOBOJUTH OTIAAKY U MPOGUINPOBAHUE TPOTPAMMBI.

Kpurtepun onenuBanus



Ouenka

He 3auTeno

3a4yTeHo

® ECJM CTYJIEHT MpaBWIbHO pemmia Menee 70
% 3a1a4 /WM He MMeeT NPEeACTaBICHUE Kak
peliaTh OCTaabHBIE 3a/1a4H

® ¢eClM CTyJIeHT npaBwibHO pemma 70 %
3a/1a4, MUMEET NPEJICTAaBIICHHE KaK pellarh
ocTajbHbIE 3a]]a4n

® He 3HaeT 3HAYUTENIbHOM YacTU | ® Ha  TEOPETHYECKHUE  BONPOCHl  JaH
TEOPETUYECKOIO MaTepuana, JIONYCKaeT | pa3BEpPHYThIA OTBET. MaTepuan HU3JI0XKEH B
CYLIECTBEHHBIE OIINOKH. LEJIOM I0CJIEI0BATENBHO. Nmerotes

JIOTUYHBIC U apTYMCHTHUPOBAHHLBIC BHIBO/IbI

OreHOYHBIE CpEICTBA Ui MHBAJIUAOB W JIUI[ C OTPAHWYCHHBIMH BO3MOXXHOCTSIMH
3I0POBbSI BRIOMPAIOTCS C YYETOM UX UHIUBUIAYATBHBIX IICUXO(PHU3UIECKIX OCOOCHHOCTEH.

— IIpY HeOOXOAMMOCTH HHBAIH/IAM | JIUIAM C OTPaHUYECHHBIMH BO3MOKHOCTSIMH 37I0POBbSI
MpeaoCTaBIACTCA JOITOJIHUTCIBHOC BPCMA IJIA TIOATOTOBKHU OTBCTA HA 9K3aMCHC,

— TIpH TIPOBEJICHUH TPOIIEAYPHI OIICHUBAHUS PE3yJIbTaTOB O0YyUEHHSI WHBAINIIOB H JIHII C
OrpaHUYCHHBIMH BO3MOXHOCTAMU 3J0POBbSA MPECAYCMATPUBACTCA HCIIOJIB30BAHUC TCXHUYCCKUX
CpeACTB, HEOOXOUMBIX UM B CBSI3U C UX WHAMBHIYaTbHBIMH OCOOCHHOCTSIMU;

— [Opu HGOGXOI[I/IMOCTI/I JJIA 06yqa101111/1xc;1 C OI'paHUYCHHBIMU BO3MOKHOCTAMU 300POBBA
U WHBAIUAOB TPOIEAypa OICHHBAHUS pPE3YJIbTaTOB OOYYEHHUS TO JUCHUITUTMHE MOXET
MMPOBOAUTHCA B HCCKOJIBKO 3TAIIOB.

[Iporienypa oneHUBaHUsI pe3yIbTaTOB OOyUYSHHsSI WHBAIHMIOB W JIUI[ C OTPAHUYCHHBIMU
BO3MOXXHOCTSIMH 3JI0POBbsI 110 TUCIMIUIMHE MPeIycMaTprBaeT MpeaocTaBiIeHue HH(OpMaIK B
dopmax, amanTHpOBaHHBIX K OTPAHUYCHUSM UX 370POBbSI M BOCTIPUSATHS HH()OPMAITHIH:

JUist L ¢ HapyLIEHUAMU 3PEHUS:

— B TIeYaTHOU (popMe yBETUUCHHBIM MIPUPTOM,

— B popMe IEKTPOHHOTO TOKYMEHTA.

JIiist U1 ¢ HApyIIEHUSIMH CITyXa:

— B I1e4aTHO (opme,

— B (popMe 3IIEKTPOHHOTO TOKYMEHTA.

HJ’IH JIAI ¢ HAPYUICHUSAMU ONIOPHO-ABUT'ATCIIBHOIO aIrlrapara:

— B TIeYaTHOM opme,

— B popMe IEKTPOHHOTO TOKYMEHTA.

JIaHHBII TIEpeYeHb MOXET OBITh KOHKPETH3HPOBAH B 3aBUCHMOCTH OT KOHTHHICHTA
oOyyJaronuxcsi.

4.3. MeToan4yeckne yKa3aHus 10 OPraHM3alMi BHIYHCJINTEILHOH HHPPACTPYKTYPbI

YciaoBus NpUMeHeHH
- Kypc paccuntan Ha CTyJAeHTOB, MMEIOUIMX O0a30Bble 3HAHHUS B 00JaCTU CHCTEMHOTO
aJIMUHUCTPUPOBAHUSA, CETEH U IPOrpaMMHUPOBAHUSI.
- Jns BemmonHeHUs padbor Tpebyercs moctynm k obOmaunbiM miatdgopmam (AWS, GCP,
Yandex Cloud) miu MOIIHOMY JIOKQIbHOMY KJIacTepy ¢ MOJIEPKKON BUPTyaIU3alllu.
- Heo6xomgumo mnpeasaputenbHoe 3HaKOMCTBO ¢ Docker, Kubernetes u cucremamu
MOHUTOPHHTA.

Henu, 3a0aum n oxxkugaeMble pe3yabTAThI:
Henn:



Co3marh OTKa30yCTOMYMBYIO M MacHTabupyeMyro HWHOPACTPYKTypy, CIOCOOHYIO
BBIACPIKUBATDH SKCTPCMAJIbHBIC HAI'PY3KH.

OOecnieunTh CTYIEHTOB TPAKTHYECKUMHU HaBbIKAMH PAa0OTBI C HMHCTPYMEHTAMH
OpKECTpallui, MOHUTOPUHTA U YIIPABJICHUSA BLICOKOHAI'PY>KCHHBIMH CUCTCMAMMU.

3agaum npenogaBartes:

[TogroToBUT, ® mpenocTaBUTh cTyAeHTamM 1mabmonsl  Terraform/Ansible  mns
ABTOMATHU3UPOBAHHOI'O PA3BCPTHIBAHUS CTCH/A.

Hactpouth nenrpanu3zoBaHHblie cuctembl coopa metpuk (Prometheus) n noroB (ELK
Stack).

PazpaboraTh crieHapuu i reHepanuu Harpy3ku (¢ ucmoiab3oBaHueMm Locust, Yandex
Tank).

OPKI/II[aeMbIe pe3yabTaTbl CTYACHTOB:

YMeHHne caMOCTOSITENbHO pa3BOpayMBaTh W HacTpauBaTh kiactep Kubernetes s
BBICOKOHAI'pY>KCHHBIX 3a1a4.

HaBbiku koHburypupoBanusi aBromaTudeckoro wmacmradbupoBanus (HPA, Cluster
Autoscaler).

CrocoOHOCTh HAcTpaWBaTh W HCIIOJIB30BaTh KOMIUIEKCHBIE CHCTEMBbl MOHHUTOPHHTA H
aJepTUHTA.

IHopsaaok peanusanuu:

1.

2.

ba3oBblii crena: PazeepTeiBanne mMuHuUManbHOTO Kiactepa Kubernetes ¢ momoribio
kubeadm wim o6nagnoro nposaiigepa.

NudpacTpykTypa MOHUTOPUHTA: Y CTaHOBKA M HacTpoiika cteka Prometheus + Grafana
+ Alertmanager 15t cOopa METPUK € HOA, IOJIOB U TPUIIOKEHUH.

JlorupoBanme: Pa3zepreiBanne ELK-cteka (Elasticsearch, Logstash, Kibana) umu ero
ananora (Loki) myist arperaiuu v aHajan3a JIOTOB.

I'enepanus nHarpy3km: Hactpoiika u 3amyck ckpunToB Ha Locust g co3mpaHus
PEUTUCTUYHON HATPY3KU HA TECTOBBIC MPHIIOKECHUS.

Hacrtpoiika aBToMaTnueckoro macmradoupoBanus: Konpurypuposanue Horizontal
Pod Autoscaler (HPA) u Vertical Pod Autoscaler (VPA) mist TeCTOBOTO BEO-TTPHITIOKEHUS.

Ilopsiiok NPOBePKU KOPPEKTHOCTH:
Yek-mucT 1715 IpOBEPKU HHPPACTPYKTYPBHI:

Knacrep Kubernetes Haxoautcs B coctossnuu Ready.

Bce cucremnnie moaa (CoreDNS, Metrics-Server) paboratot.

Prometheus cobupaeT MeTpuKu CO BCEX HOJI M IETIEBBIX MPUTIOKEHUH.

B Grafana noctymusr mamoopas! 1uist otciexkuBanus Harpy3ku CPU, RAM, cetn.

[Ipn HaArpy304HOM TECTUPOBAHWU MPOUCXOAUT aBTOMATHYECKOE MACIITa0MPOBaHUE
MOJI0B MPUIIOKEHUSI.

4.4. Meroaudeckue yKa3aHHsl TI0 OpraHu3aIiy JJabopaTopHBIX paboT
YciaoBus NpUMeHeHH

JlaGoparopHble paOOTHI BBHIMOJHSAIOTCS MOCIE OCBOEHHUS TEOPETHUYECKOI0 MaTepHualia 1o
COOTBETCTBYIOLLEH TEME.
Jlnst  BBIMIOJTHEHUsSI HEOOXOIWM JIOCTYN K 3apaHee pPa3BEpHYTOW BBIYUCIUTEIBHOMN

uHdppacTpykType (1. 4.3).
Pa0oThI BRIMTOIHSIOTCS. HHANBUAYATHHO WM B MAJIBIX TpyMIax (2-3 genoBeka).

Henu, 3a7aum 1 0KUaeMble pe3yabTaThI:



Memnn:
— 3akpenuTh Ha MPAKTUKE MPUHIIMITHI IOCTPOCHHS U OMTHUMHU3AIMH BBICOKOHATPY>KEHHBIX
CUCTEM.
-~ CdopmupoBaTh HaBBIKM PaOOTHI C COBPEMEHHBIM HHCTPYMEHTAapHUEM I 00€CTIeueHUs
MMPOU3BOAUTCIIBHOCTU U OTK&SOyCTOﬁ‘IHBOCTH.

3agaum npenogaBartes:
- Pa3zpaborate neranpHbIC 3a1aHUs TS KXKI0M 1a00paTopHOi paboThI (B COOTBETCTBUU C
PIIA, m. 2.3.3).
— IloaroToBUTH TECTOBBIE CLIEHAPUU U CKPHUIITHI JIJIs1 IPOBEPKH PE3yIbTATOB.
- OOecneynTh KOHCYIBTALMOHHYIO MOAJCPKKY B POLIECCE BBHITIOIHEHUS PadoOT.

O:xunpnaemMble pe3yJbTaThl CTYACHTOB:
—  YMeHHe NpoBOJIUTH CPABHUTENIBHBIN aHATIU3 APXUTEKTYP U TEXHOJIOTUI O] HAarpy3KOM.
- HaBbiku Tonkoi Hactpoiiku CVYBJl, xdmeii u BeO-cepBepoB s JTOCTHUIKEHUS
MaKCUMaJIbHOU MPOU3BOIUTEILHOCTH.
- CnocoOHOCT MPOBOAUTH CTPECC-TECTUPOBAHKE U AaHATH3UPOBATH €r0 Pe3ybTaThI.

IHopsaaok peanusanuu:

IIpumepsl JadopaTopHbIX padot (cornacuo PILJI):
JIP 1-2: CpaBHEHME MOHOJIUMTHOM U MUKPOCEPBUCHOM apXUTEKTYPhI O] Harpy3Koil. AHaIu3
CAP-teopeMsl.
JIP 3-4: Hacrpoiika aBToMacmTabMpoBaHus M CpaBHEHUE CTpaTeruii Macitabuposanus b/1.
JIP 5-6: Ontumu3zanys Npou3BOAUTEILHOCTH BEKTOPHBIX M KOJJOHOYHBIX XPaHWINIL JAHHBIX.
JIP 7-8: Iloctpoenue pipeline mist 06pabotku Oonbmmx maHHbIX (Spark) m cTtpummHTa
(Kafka).
JIP 9-10: TectupoBanne oTkazoycroiunBocTH B Kubernetes n perummkanuy JaHHBIX.
JIP 11-12: Anmapatnast ontumuszanus (CPU/GPU) u HU3KOypOBHEBas ONTUMH3AIM KO/
(C+).
JIP 13-14: Monutopunr ML-mozeneii B mpogakiieHe u nposeaeHue A/B-tectos.

IMopsaok NpoBepKH KOPPEKTHOCTH:

UYek-JIUCT 715l OLIEHKH PabOThI:
- IIpenocraBien UCXOAHBIN KO M KOH(DHUTYpAIIMOHHBIE (haNIIBI.
- IIpogemoHcTpupoBaHa paboTa CHCTEMBI B COOTBETCTBUM C 3aJaHHeM (Hampumep,
MoKa3aHbl rpa)KKH Harpy3KH U METPUKH MACIITAOUPOBAHUS).
— CrTyAeHT MOXET NOSICHUTh IPUHSTHIE APXUTEKTYPHBIC M KOHPHUTYPALMOHHBIE PEIICHHS.
— PesynbTarhl Harpy304HOTO TECTHUPOBAHHUS COOTBETCTBYIOT KPHUTEpHUSM, YKa3aHHBIM B
3aJIaHuUU.

4.5. MeTtonnueckne yKa3aHusl 110 OPraHU3AIUHM NIPOEKTHOM JesiTeIbHOCTH CTYJAeHTOB
YcaoBusi npuMeHeHMS:

° HpOGKTHaH ACATCIIBHOCTD SABJIACTCA 3aBCPIIAOIINUM 3TAIIOM OCBOCHUA NJUCIUIIIINHBI.

e [IpOEKTHI BBITTONHSIOTCS MAJILIMU Tpynnamu (3-4 yemoBeka) B TEUEHUE CEMecTpa.

o Jlns peanu3anuu HEOOXOMMA BCS HHPPACTPYKTYpa, pa3BepHyTas B paMKax 1. 4.3.
Hemn, 3a1a4u U 0’KHaeMble pe3yabTaThl:
Memnn:

e UHTerpupoBaTh MOJYYEHHBbIE 3HAHWUS M HABBIKWA JUISl PELICHHUS] KOMIUIEKCHOM 3a/1adu

IIPOCKTUPOBAHUS U PA3BEPTHIBAHUS BEICOKOHATPYKECHHOU CUCTEMBI.



Pa3BuTh HaBBIKM KOMaHAHON pabOThl, MPOEKTHOTO IUIAHUPOBAHUS M MPE3EHTAL[UN
pe3yJIbTaTOoB.

3anauu npenogaBaTeIs:

Cdopmuposats moprhens IPOEKTHBIX 3aIaHUi, UMUTHPYIOIINX peallbHbIe OM3HEC-KEHCHI.
BeicTymnarte B posit MEHTOpA, IPOBO/IS PETYIISIpHBIE code review U apXUTEKTYPHBIE CECCHH.
Pa3zpabortars 4eTkre u U3MEePUMbIC KPUTEPUU OIICHKU UTOTOBOTO PEIIICHHSI.

O:xunaemble pe3yJbTaThl CTYA€HTOB:

I'oToBast k paboTe BEICOKOHATrpYKEHHasi CHCTeMa, pa3BepHyTas B kinactepe Kubernetes.
[TonHBIM KOMIUIEKT JOKYMEHTAIMH, BKIIIOYasi OMUCAHUE apXUTEKTYpbl, HHCTPYKIUU T10
Pa3BEpPTHIBAHUIO M OTYET 110 HArpy304HOMY TECTUPOBAHUIO.

YMeHue KOMaHJOW CHpPOEKTUPOBATh, pEaNIM30BaTb U OTTECTUPOBATH CHUCTEMY,
OTBEYAIOIIYIO0 TPEOOBAHUSAM MPOU3BOIUTEIHLHOCTH U HAICKHOCTH.

IHopsaaok peanusanuu:

IIpuMepsI NPOEKTHBIX 3aIaHUI:

1.

IIpoekTHpoBaHHe BBLICOKOHATPY:KEHHOI0 cepBHca PpekoMeHaauuid. Pazpaborka
CHCTEMBI, BKJIIOYAIOIIEH MHUKPOCEPBHUCHI s cOOpa NaHHBIX, OOy4YEeHUS MOJEIH H
nH(pepeHca, ¢ KIUMPOBaHUEM U OATAHCUPOBKOW HATPY3KHU.

Co3nanmne maatgopmbl AJsi OHJAHH-TPAHCASANUI ¢ 4yaToM. Peanuszanus cucremsl,
CIOCOOHOM 00pabaThiBaTh THICSYM OJHOBPEMEHHBIX MOJKIOYEHHH, C MCIOIb30BAaHUEM
WebSocket, Redis 11t pub/sub 1 ropr30HTaIEHBIM MacCIITAOMPOBAHUEM.

Pa3paGorka BbIcOKONMpOM3BOAUTEILHOr0 API-mumro3a. [loctpoenne nwmo3a ¢
K3IIMpoBaHueM, rate limiting, Circuit Breaker u netanu3npoBaHHBIM MOHUTOPUHTOM BCEX
BXO/JISIIINX 3aIIPOCOB.

IHocTtpoenne ETL-naiinnaiina aass  o0padoTku  moTokoBbIX jAaHHbIX loT-
ycerpoiicTB. Hactpoiika mpuema, 00pab0OTKH U COXpaHEHUsT OOJBIIOTO MOTOKA JAHHBIX C
ucnonb3oBanuem Kafka, Spark Streaming u BeicokonpousBoautensHoii b/1.

Kpurtepun onenkn:

Apxutekrypa u peanusauus (50%): CoorercTBre npuHuunaMm npoektuposanus BH-
CUCTEM, I'PaMOTHOE MCIOJIb30BaHUE NATTEPHOB, KAYECTBO KOJa.

IIpousBoaureabHocte M  Macmradbupyemocts (30%): Pesynpratel Harpy3o4Horo
TECTUPOBaHUS, 3P (HEKTUBHOCTh HACTPOCK MACIITA0OMPOBAHHUS, OTKA30yCTOWYHBOCTD.
Joxymentauus u npeseHraums (20%): [lonHoTa 1 ICHOCTh JOKyMEHTAllMU, KaYECTBO
BBICTYIIJICHHS] U1 OTBETOB Ha BOIIPOCHI.

ITopsinok NpoBepKH KOPPEKTHOCTH:

[IpoBoguTCca neMo-ceccus, Ha KOTOPOM KOMaHIa pa3BOPAYMBAET CUCTEMY C HYJIS U
IIPOBOAMT Harpy304HbIil TECT.

[IpenonaBaTens nMpoBepsieT BBITOJHEHHE BCEX (PYHKIMOHAIBHBIX U HE(YHKIIMOHAIBHBIX
TpeboBaHuii, ykazaHHbIX B T3.

OneHuBaeTcsi CIOCOOHOCTb KOMAaHIbl apryMEHTHPOBATh BHIOOP TEXHOJOTHH H
APXUTEKTYPHBIX PELICHUM.

5. IlepeyeHb OCHOBHOH M [IONOJHHUTEJbHOW Yy4YeOHOH JIMTepaTyphbl,

HEe00X0AMMOii 1J151 OCBOCHUS M CHUIIMHBI (MOXYJISA)

5.1 YueOHHas uTepaTypa:
1. JlaBpumieBa, E. M. IlporpammHas WHXEHEpPUS U TEXHOJOTUU MTPOTPAMMHUPOBAHUS

CJIO’KHBIX CHCTEeM : yueOHuK Juig By3oB / E. M. JlaBpumieBa. — 2-e u3., ucnp. u gon. — Mocksa



: U3patenscTBO FOpaiit, 2023. — 432 ¢. — (Bricmiee o6pazoBanue). — ISBN 978-5-534-07604-

2. — Texkcr : anektponHsld // OOpazoBarenbHas minatgopma FOpaiit [caiit]. — URL:
https://urait.ru/bcode/513067 (nara obpamenus: 08.06.2025).

2. Yepnsbime, C. A.  IlpuHuunsl, naTTepHbl W METOJOJOTMH pa3pabOTKH
porpaMmMHOTO obecrniedeHus : yueOHoe mocooue st By3oB / C. A. UepHbimeB. — Mocksa :
NznarenscrBo FOpaiit, 2023. — 176 c. — (Briciiee obpa3oBanue). — ISBN 978-5-534-14383-6.
— Tekcr : onexktponHwnid // OOpaszoBatenbHas tatdopma HOpait [caiit]. — URL:
https://urait.ru/bcode/520097 (nara obpamenus: 08.06.2025).

3. «ApXUTEKTYpHBIE pelieHus] HHHOPMALIMOHHBIX CUCTEM : YUEOHHUK Uil By30B / A.
N. Bogsxo, JI. C. BeiroBckuii, B. A. Jlybeneukwuii, B. B. I{exanoBckuii. — 3-¢ u3f., cTep. —
Cankr-IlerepOypr : Jlawp, 2022. — 356 c¢. — ISBN 978-5-507-44710-7. — Tekcr :
AIIEKTPOHHBIH // Jlanb : 3JIEKTPOHHO-OMOIMOTEeUHAS CUCTEMA. — URL:

https://e.lanbook.com/book/254624 (nmara oOpamenus: 08.06.2025). — Pexum mocryma: st
aBTOpU3. NOJIb30BATEIICH.)»

4. . Kadxka /1., Myptu /I. Huram C. MukpocepBucHas apxutektypa. Peanmuzarus u
npoektuposanue: Ilep. ¢ anrn. — M.: IMK-IIpecc, 2017. — 432 c.

5. ®daynep M., [Tanmmep P., JIstonc Jxxerimc. Mukpocepsuchl. [laTTepusl pazpadboTku
u syumme npaktuku: Ilep. ¢ anrin. — M.: JIMK-IIpecc, 2018. — 510 c.

6. MakKpocku P. Mukpocepucel. Co3ganue pacimpsieMblX U OTKa30yCTOMYUBBIX
npunoxxenuii: Ilep. ¢ aurn. — M.: JIMK-IIpecc, 2018. — 460 c.

7. Cammepsuib k., Kepapau P. Mukpocepsuch! B aeiicteuu: Ilep. ¢ anrin. — CII6.:
[urep, 2018. — 304 c.

8. ["anpu 1. Mukpocepsucel. Hagexxasie n macitabupyemblie cucteMsl: [lep. ¢ anr.
— M.: OO0 «JIMK Ilpecc», 2019. — 340 c.

0. bamxycka 1., Mockero P. MukpocepBuchkl u3HyTpu. OCHOBBI, HHCTPYMEHTHI U
npakTuaeckue pexkomennanuu: Ilep. ¢ anrn. — M.: JIMK-IIpecc, 2020. — 480 c.2.

5.2. llepuoauveckue U31aHUsA:
1. Basrwl manupix komnanuu «HMct Brroy» http://dlib.eastview.com
2. Dnekrponnas 6ubmmoreka GREBENNIKON.RU https://grebennikon.ru/

5.3. UuTepHeT-pecypchl, B TOM 4YHCJe COBpeMeHHbIe NPodeccuoHaIbHbIE 0a3bl
JAHHBIX 1 HH(POPMALMOHHBIE CIIPABOYHbIE CHCTEMbI

Onexmponno-oubruomeynwvie cucmemol (IbBC):
1. DBC «IOPAUT» https://urait.ru/
2. DBC «YHUBEPCUTETCKA I BUBJIMOTEKA OHJIAMH» http://www.biblioclub.ru/
3. BBC «BOOK.ru» https://www.book.ru
4
5

. OBC «ZNANIUM.COM)» www.znanium.com

. OBC «JIAHb» https://e.lanbook.com
Ilpogpeccuonanvuvie 6azvl OanHbIX
1. Scopus http://www.scopus.com/
2. ScienceDirect https://www.sciencedirect.com/
3. Xypuans uznarensctBa Wiley https://onlinelibrary.wiley.com/
4,
5.

HayyHas sanekTpoHHas 6ubavoteka (HIB) http://www.elibrary.ru/
ITonHOTEKCTOBBIE apXUBBI BEAYIIUX 3aIIaHBIX HAy4YHBIX )KypHaJIOB Ha Poccuiickoit
maTdopme HaydHbIX KypHamoB HOMKOH http://archive.neicon.ru
6. HauuoHanbHas  3n1eKkTpoHHasa  6ubavoTteka  (HOCTYm K DJIEKTPOHHOM — OuOIMoTeKe
nuccepTaruii Poccutickoit rocynapcreHHon oubamnorexu (PI'B) https://rusneb.ru/
7. DNpesupeHTckas 6ubanoteka um. b.H. Enbunna https://www.prlib.ru/
8.  basa gaHHbIx CSD KembpumarKCKOro ueHTpa Kpuctannorpadpunyeckunx aaHHbix (CCDC)
https://www.ccdc.cam.ac.uk/structures/
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9.  Springer Journals: https://link.springer.com/

10.  Springer Journals Archive: https://link.springer.com/

11. Nature Journals: https://www.nature.com/

12.  Springer Nature Protocols and Methods:
https://experiments.springernature.com/sources/springer-protocols

13.  Springer Materials: http://materials.springer.com/

14.  Nano Database: https://nano.nature.com/

15.  Springer eBooks (i.e. 2020 eBook collections): https://link.springer.com/

16.  "Jlekropuym TB" http://www.lektorium.tv/

17. Yuupepcuterckas nHpopmaronnas cuctema POCCHUS http://uisrussia.msu.ru

HHd)OpMCZL{MOHHble Cnpasovrble cucmemal

1. Koncynprant [Inroc - cipaBoyHas mpaBoBasi cuctema (JIOCTYII 10 JIOKATbHON CETH ¢
KOMITHIOTEPOB OMOINOTEKH)

Pecypcor c60600n020 0ocmyna

1. KubepJlenunka http://cyberleninka.ru/;

2. AMepukaHCKas maTeHTHas 0a3a JaHHBIX http://www.uspto.gov/patft/

3. MuHHuCTEpPCTBO HayKH M BbIciiero oopaszoBanus Poccuiickoii @enepanuu
https://www.minobrnauki.gov.ru/;

4. ®denepanpHbiid moptan "Poccuiickoe oOpazoBanue" http://www.edu.ru/;

5. Hudopmanuonnas cucrema "EnnHoe 0KHO A0cTyna K 00pa3oBaTebHBIM pecypcam”
http://window.edu.ru/;

6. Enunas xomieknus nu@poBhIX 00pa3oBaTEIbHBIX PECYPCOB http://school-collection.edu.ru/ .

7. IIpoekt ['ocynapcTBEHHOTO HHCTUTYTa pyccKoro sizbika uMeHu A.C. [lymknna
"Ob6pa3zoBaHue Ha pycckoM" https://pushkininstitute.ru/;

8. CnpaBoyHO-MH(POPMALMOHHBIN opTai "Pycckuii S3bIK" http://gramota.ru/;

9. Cuyx0a TeMaTHYeCKHX TOJKOBBIX clloBapeil http://www.glossary.ru/;

10. CnoBapu u 3HLUMKJIONEANUHU http://dic.academic.ru/;

11. OGpa3zoBarenbHBIH optan "Yueba" http://www.ucheba.com/;

12. 3akoHonpoekt "O6 obpasoBaHum B Poccuiickoii Pegepaunn”. Bonpochb! 1 oTBeThl http://xn--273--
84d1f.xn--plai/voprosy i otvety

Cobcmeennvie d1ekmponHble 06pazoeamenvHvle U UHGOpMayuoHusie pecypcwvl Kyol'y

[

DOnekTpoHHbIH katanor HayuHoii 6ubnuoreku KyOI'Y http://megapro.kubsu.ru/MegaPro/Web

2. DnexTpoHHas 6ubnuoreka TpyaoB yueHbix Kyol'y
http://megapro.kubsu.ru/MegaPro/UserEntry?Action=ToDb&idb=6

3. Cpena MOAYJIBHOTO JUHAMUYECKOTO 00yUYeHUs http://moodle.kubsu.ru

4. baza y4eOHBIX IUIAHOB, y4€OHO-METOIMUECKUX KOMIUICKCOB, ITyOIMKAIUi U KOH(PEPEHITHI

http://infoneeds.kubsu.ru/

5. bubmmotexa nH(pOPMAIMOHHBIX PecypcoB Kadeapbl HH(OPMAIIMOHHBIX 00pa30BaTENIbHBIX
TEXHOJIOTHH http://mschool.kubsu.ru;

6. DIeKTpoHHBIN apxuB TOKyMeHTOB KyOI'Y http://docspace.kubsu.ru/

7. OneKkTpoHHbIE 00pa3oBaTeNIbHbIE pecypchl Kadeapbl HHHOPMALMOHHBIX CHUCTEM U TEXHOJIOTHI
B oOpasoBanuun KyOI'Y wu HayuHo-MeTommyeckoro kypHama "IIKOJIBHBIE T'OAbI"
http://icdau.kubsu.ru/

5.4 llepeyeHb HHPOPMANUOHHO-KOMMYHUKANMOHHBIX TEXHOJIOTH A
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http://docspace.kubsu.ru/
http://icdau.kubsu.ru/

— IIpoBepka fOMaIIHUX 3aJaHUH U KOHCYJbTUPOBAHUE MMOCPEICTBOM 3JIEKTPOHHOU MOYTHI.
— Hcnionb30BaHue 3EKTPOHHBIX IIPE3EHTALUI IIPU IIPOBEICHUN JICKIIMOHHBIX 3aHATUN
- Cucrema MOODLE

- [IpoBepka noMamHuX 3aJaHuii U KOHCYIbTHpoBaHue nocpeacrsoMm DONC Kyol'y

5.5 TlepeyeHb JMIEH3HMOHHOIO W CBOOOJHO PACHPOCTPAHSIEMOI0 NPOrPAMMHOIO
odecrneyeHus

OpenOftice

Komnunarop C++

Oracle VirtualBox 6

VMware Workstation 16

Putty 0.76 nu Kitty 0.76

FileZilla 3.57.0

WinSCP 5.19

Advanced port scanner 2.5

Python 3 (3.7 1 3.9)

numpy 1.22.0

opencv 4.5.5

Keras 2.7.0

Tensor flow 2.7.0

matplotlib 3.5.1

PyCharm 2021

Cuda Toolkit 11.6

@peitmBopk Django

Firefox, mo6as Bepcus

Putty, mo6as Bepcus

Visual Studio Code, Bepcust 1.52+

Eclipse PHP Development Tools, Bepcust 2020-06+

[Tnarma Remote System Explorer (RSE) mst Eclipse PDT

JetBrains PHP Storm

GIT

Java Version 8 Update 311

Clojure 1.10.3.1029.ps1

SWI Prolog 8.4

Intellij Idea IDE 2021

Mozilla Firefox 96

Google Chrome 97

GitHub Desktop 2.9

PHP Storm 2021

FileZilla 3.57.0

Putty 0.76

6. Meroanueckue ykazaHusi VI OOy4YalOIIUXCHd 10 OCBOCHHIO
AMCHUILIHHBI (MOAYJIs1)

B ocBoeHMM TUCIMIUIMHBI MHBAJIMIAMU W JIMIAMH C OTPAaHWYCHHBIMH BO3MOKHOCTSIMU
30pOBbsI OOJIBIIOE 3HAYEHHWE HMMEET WHAMBHIyajbHas yueOHas pabora (KOHCYJIbTAllUH) —
JIONIOJTHUTEIIbHOE Pa3bsICHEHNE yueOHOTO MaTepHaa.

WupuBuayanbHble KOHCYJIBTAIlMM IO TPEIMETY SBIAIOTCA BaXXHBIM  (DaKTOPOM,
CIIOCOOCTBYIOIIMM MHAWBUAYATH3aluy O0yUYeHUS U YCTaHOBJICHUIO BOCITUTATEIIFHOTO KOHTAKTa
MEXIy IMpernojaBaTesieM U OOy4arollMMCS HMHBAJIUAOM MM JIMLIOM C OTPaHUYCHHBIMH
BO3MOKHOCTSIMU 37I0POBBSL.


https://www.jetbrains.com/community/education/#classrooms

Keiicol ITAO «COepbank»

Keiic 1: BpicokoHarpy:keHHas miatgopMma 1jasi reHepaTuBHOro MM MHBeCTHMIMOHHBIX
0030poB

Onucanue:

Pa3zpaboTtka macmtabupyemMoil CUCTEMBI ISl aBTOMATUYECKOTO COCTaBICHUSI WHBECTUITMOHHBIX
0030poB Ha ocHOBe LLM, crmocoOHoi 00pabaThiBaTh COTHHU 3alIPOCOB OJJHOBPEMEHHO B PEKUME
PCAJIbHOT'O BPCMCHHU. Cucrema AOJIDKHA UHTCTPUPOBATHCA ¢ UCTOYHUKAMU 6I/Ip)K€BBIX JAaHHBIX U
obecreunBaTh reHepaIyio aHATUTHIECKUX 0T4eToB 00bemMoM 500-1000 cros.

Henn:

Co31aTh 0TKa30yCTOWYHBYIO IIIATGOPMY, 00ECIIEUNBAIOIIYIO HU3KYIO 331epKKy nH(pepenca ML-
MoOJeNeld TpU THKOBBIX Harpy3kax, ¢ dddexktuBHbiM ynpasienueM GPU-pecypcamu u
KJILIMPOBAaHUEM IIPEACKA3AHUM.

O:xupaeMblii pe3yabTar:

ApXHUTEKTYpa MHUKPOCEPBUCHOM CHCTEMBI C TOPH3OHTAIBHBIM MacIITAONPOBAHUEM, MTOKA3ATEIN
latency < 2 cex mpu 1000 RPS, peanuzoBanHoe K3IIMpOBaHME mpenckazanuii B Redis,
KOH(UTYpays MOHUTOPHHTA ITpon3BoaAnTenbHOCTH B Grafana.

Keiic 2: PacnipenesieHHasi cucTeMa aHAJIM3a 5Kaj100 KJIMEHTOB B peajibHOM BpeMeHHU

Onucanmne:

[locTpoeHne cuCTEeMbl CEMAHTHYECKOTO aHajiu3a OOpalIeHWH KIUEHTOB, 00pabaThIBaIOLICH
TBICSIYM 3aIPOCOB B MUHYTY W3 4aTOB, MOOMJIHOTO MPHUJIOKEHHS U *)aloOHbIX (popm. Cucrema
JIOJKHA BBIACISATH TEMBI KaJl00, OMPeAesTh TOHATBHOCTh U KPUTUYHOCTD UHIIUICHTOB.

Hean:

PeanusoBate event-driven apxXuTeKTypy C TOPHU3OHTaJIbHBIM MacmTadupoBanuemM NLP-
MHUKPOCEpBUCOB, o00ecrednTh 00pabOTKy NOTOKOBBIX naHHBIX dYepe3 Apache Katka u
0aaHCUPOBKY HArpy3KH MEKIY HHCTaHCAMH MO/ICIICH.

OsxkugaemMplii pe3yJbTaT:

OtkasoycroifunBas cucrema ¢ throughput > 5000 cooOuieHwit/MIUH, METPUKAMH TOCTYITHOCTH
99.9%, namOopaOM MOHUTOPHHTA B pEalbHOM BPEMEHH M MEXaHHW3MaMH aBTOMAaTHYECKOIO
BOCCTaHOBJICHHUS IIPU COOSIX.

Keiic 3: Bsbicokonpom3BoauTeabHass miargopmMa Ajds TeHepalMd CHHTETHYECKHX
0aHKOBCKHUX JAHHBIX

Onucanue:

Cosznanue pipeline reHepanuy CHHTETHUECKUX 0AHKOBCKHX JIAHHBIX /7151 00yueHus ML-moneneid,
CIIOCOOHOTO TPOM3BOJANTh MIJITHOHBI TPAH3AKIUH W KIMCHTCKHX MPOQHIeH ¢ COXpaHEHHUEM
CTAaTHCTUYECKUX XapPAKTEPUCTUK PEaTbHBIX JAHHBIX.

Hean:

Pa3paboTare pacmpeneraeHHyI0 CHCTeMYy T'€HepallMy W BaJUJAIMK JTAHHBIX C HMCIOJIb30BAaHUEM
Apache Spark, obecnieunTs XpaneHue 00JIbIINX 00BEMOB JAHHBIX B KOJIOHOYHBIX XPaHMWINIIAX U
napajuieIbHy0 00paboTKy ¢ COXpaHEHHEM KOHCUCTECHTHOCTH.



OsxugaemMplii pe3yJbTaT:

Pipeline ¢ mpousBoaurenbHOCTRIO > | wmnH 3ammceii/dac, unterpanus ¢ ClickHouse ans
AHATMTHYCCKUX 3alPOCOB, CUCTEMAa MOHUTOPHHTA Ka4eCTBAa CHHTCTHUCCKHUX JAHHBIX U METPUKH
COOTBETCTBUS peaTbHBIM PACIPEACTICHUSIM.

Keiico1 oT «<ABA JIAB»
Keiic 1: Boicokonarpy:xennasi BlI-cucrema ¢ RAG Ha ecTeCTBEHHOM si3bIKe

Onucanmne:

Pa3paboTka nnTepdeiica Ha ecrecTBeHHOM si3bike U1t Bl-cuctems! Fastboard, o6ecnieunBaromiero
MTHOBEHHBIE OTBETHI Ha aHATMTHYECKHE 3aMpOChl K 00pIuM MaccuBaM naHHbIX B ClickHouse ¢
ucnoibp3oBaHueM RAG-apXuTeKTyphl.

Hean:

OnTuMU3NpOBaTh MPOU3BOANUTENHFHOCTh BEKTOPHOTO TTOMCKA IPH BBICOKOW YacTOTE 3arpocoB,
peanu3oBaTh KAIIUPOBAaHME pPe3yJIbTaTOB M 3MOCIIUHIOB, O0ECHEUYUTh MAacIITa0UpPyeMOCTb
cepBucoB LLM u BekTtopHbIX B/I.

OsxkugaemMplii pe3yJbTaT:

Cucrema c BpemeHeM oTkiauka < | cek mpu 100+ concurrent 3ampocax, peanu30OBaHHOE
MHOIOYPOBHEBOE KJILMPOBAHHUE, OAIOOp] MOHUTOPHHIA MPOU3BOJUTENBHOCTH M KayecTBa
MIOMCKA.

Keiic 2: MyJbTUMOJANbHBINA areHT /sl AaHAJIM3Aa CTPOUTEIBHBIX IJIONIA0K B PealbHOM
BpeMeHH

Onucanue:

Coznanue crcTeMbl MOHUTOPUHTA CTPOUTENBHBIX 00BEKTOB, 00padaThIBAIOIICH BUICOTIOTOKH C
Kamep, TOJO0COBBIE M TEKCTOBBIE 3aMPOCHI OT CHEIUAIUCTOB C MPUMEHEHHEM KOMITBIOTEPHOTO
3peHus u NLP.

Hean:

O6ecneunTh 00pabOTKY TOTOKOBOTO BHJIEO B pE€aTbHOM BPEMEHH, paclpeieieHHy0 00paboTKy
MYJIbTUMOAAJIbHBIX JAaHHBIX W HU3KYIO 3aJICPKKY IpU BBaHMOHCﬁCTBHH C arcHToM 4epce3
ontumuzanuio nHpepenca ML-moneneit na GPU-kmacrepax.

OsxkugaemMplii pe3yJbTaT:
Cucrema c mogaepxkoit 50+ oqHOBpEMEHHBIX BUEOMOTOKOB, BpeMEHEM 00pa0OTKH 3alpoCcoB <
3 cek, MacmTabupyeMon apXuTEKTypOH sl KOMIIbIOTepHOTO 3peHus 1 NLP-cepBucos.

Keiic 3: BoicokoHarpy:xeHHasi jiaT(popMa nporHo3MpoBaHusi CPOKOB C1a4U 00bEKTOB

Onucanue:

Pa3paboTka cucTeMbl MPOTHO3WPOBAHUS CPOKOB CIOAYM CTPOUTEIHHBIX OOBEKTOB Ha OCHOBE
aHaJM3a TEKCTOBBIX OTYETOB M BU3YAIbHBIX JaHHBIX, 0OpadaThiBarolieii nH(GOpPMAIHIO C COTEH
CTpOI/ITe.HBHBIX II0IIAad0K.

Hean:

PeanuzoBare mapamiensHylo 00paboTKy OOnbIIMX O0BEMOB HM300paXEHUW W JOKYMEHTOB,
CO3/1aTh MacIITAOUPyEMyI0 apXUTEKTYPY JUISl aHAJIM3a BPEMEHHBIX PSI0B M 00ECIIEYUTH BBICOKYIO
JOCTYITHOCTh CHCTEMBI JIJIsl HEITPEPHIBHOTO MOHUTOPHUHTA.



OsxugaemMplii pe3yJbTaT:

[Inardpopma ¢ mpousBoaAUTENBbHOCTEIO 00paboTkn > 1000 nokymeHTOB/Hac,

BPEMEHEM

dopmupoBanus nporuosa < 10 cex, CHCTEMOIl MOHUTOPHUHTA IIPON3BOTUTEIBHOCTH U METPUKAMH
TOYHOCTH ITPOTHO30B > 85%.

OO0mmue pekoOMEeHIAMH MO peaJu3alui KelCoB:

Mcnonb30BaTh MUKPOCEPBUCHYIO apXUTEKTYPY € YETKUM pa3/ielIeHueM OTBETCTBEHHOCTH
[IpuMeHsATh rOpU30HTATBHOE MACIITAOUPOBAHUE U ABTOMAaTHUECKOE MACIITAOUPOBAaHUE B
Kubernetes (HPA)

Buenputh xammpoBanue Ha Bcex ypoBHAX (Redis, Memcached) nist cHukeHus Harpy3Ku
Ha 0a3bl JaHHBIX

Hcnonp3oBath acMHXpOHHYIO 00paboTKy 3ampocoB depe3 message brokers (Kafka,
RabbitMQ)

HacTtpouTh KOMILUIEKCHBI MOHUTOPHHT mpou3BoauteiabHocTH (Prometheus, Grafana) u
pacnpesieNeHHY 0 TPacCUPOBKY

ObecneunTh OTKA30yCTOMYMBOCTH Yepe3 PEIUTUKAIMI0O JaHHBIX M MexaHusMbl Circuit
Breaker

OnTtuMu3upoBathk paboTy ¢ 0a3aMH JaHHBIX: MIAPAUPOBAHUE, UHICKCHI, PETIITHKAIIHS
[IpumensaTs crpateruu 6amancupoBKu Harpy3ku (round-robin, least connections, IP hash)

7. MaTtepuajJbHO-TEXHHYECKOe o0ecneyeHue 1Mo JUCHUIINHE (MOYJII0)

No Buz paGor HanmenoBanue yueOHOM ayIUTOPUH, €€ OCHAILIEHHOCTh
000pyIOBaHUEM M TEXHHUYECKHMHU CPEeICTBAMU 00yUEHUs
1. JlekumoHHbIE 3aHATUS Aynuropus, YKOMIUIEKTOBaHHAs CHelIMaTN3UPOBAaHHON
MeOeNbI0 U TEXHUYECKUMH CpPeJICTBAMH 00yUeHUs
2. JlaGopaTopHsbie 3aHTHS | AynIuTOpHS, YKOMIUIEKTOBaHHAs CHIelIMaIN3UPOBAaHHOMN
MeOenpl0 M TEXHHYECKUMH  CpEeACTBAaMH  OOydeHwus,
KOMIIBIOTEPAMHU, TPOEKTOPOM, MPOTPAaMMHBIM 00ecieueHUEM
3. I'pynmoBeie Aynutopus, YKOMILJIEKTOBAHHAS CHeUaTU3UPOBAHHON
(MHIUBU Ty AJTBHBIC) MeOenpl0 M TEXHHYECKHUMH  CPEACTBAaMU  OOydYeHHs,
KOHCYJIbTAIIMU KOMITbIOTEPaMHU, POTPAMMHBIM 00EeCTIEYCHUEM
4. Tekymmii  KOHTPOJIb, | AyauTOpHS, YKOMIUIEKTOBaHHAs CHIelIMaIN3UPOBaHHOMN
IIPOMEXKYTOYHAas MeOenpl0 M TEXHHYECKUMH  CpEeACTBAaMH  OOydeHwus,
aTTecTanus KOMIIBIOTEPaMHU, IPOrPaMMHBIM 0OecTieyeHuEM
5. CaMmocTosTenbHas Kabuner nns caMoOCTOSATENbHOW pabOTHI, OCHAIICHHBIN
pabora KOMIIBIOTEPHONH TEXHHKOW C BO3MOYKHOCTBIO MOJKIIOYEHHS K
cetu «lHTEpHET», NPOrpaMMON HKPAHHOIO YBEJIWYEHUS H
00€ecCIeueHHbIN JOCTYIIOM B 3JIEKTPOHHYIO WH(OpMAIMOHHO-
00pa3oBaTeNbHYIO CPEely YHUBEPCHUTETA.

ITpumeuanue: Konkperusanus ayaquropuil v ux ocHamenue onpeaensercs OIIOIL.
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