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1 Henu u 3a1a49M U3y4YeHUs] AU CHUATIIAHBI (MOILYJIA)

1.1 Ilean ocBOeHUsI TUCUHUILIMHBI

OcHOBHasl 1leNIb JUCUUIUIMHBI "BBICOKOHArpyeHHbIE NPUIOKEHUA" 3aKIIOYaeTCs B
(OpMHPOBAHNY Y CTYJECHTOB KOMIUIEKCHBIX 3HAaHUN U MPAKTHUECKUX HABBIKOB IIPOEKTUPOBAHUS,
pa3paboTKu u AKCILTyaTaI[H MaciTabupyembIX, OTKa30yCTOMYUBBIX u
BBICOKOIIPOU3BOJUTENbHBIX CHUCTEM OOpa0OTKM JaHHBIX M CEPBUCOB HCKYCCTBEHHOIO
MHTEJUIEKTA, CIIOCOOHBIX 3()()EeKTUBHO (PYHKIIMOHUPOBATH B YCIOBHUSIX IKCTPEMAIBHBIX HArpy30K
1 00JIBITUX 00BEMOB HHPOPMAITHH.

1.2 3apayu IMCHUIINHDI

— W3y4YEHHUE COBPEMCHHBIX apPXUTEKTYPHBIX MOIXO/IOB U MAOIOHOB MPOSKTUPOBAHHUS JJIsI
MOCTPOCHHS MacIITaOUPYyEMBIX pacipeieieHHbIX cucTeM B oosact UM 1 aHanuTuKy 1aHHbBIX;

— ocBocHHE J(PPEKTUBHBIX CTpaTErwii XpaHeHUs, OOpaOdOTKM W aHaimu3a OOJIBIINX
00BEMOB CTPYKTYPUPOBAHHBIX U HECTPYKTYPHUPOBAHHBIX JIaHHBIX;

— (dopMUpOBaHHE TPAKTHYECKHMX HABBIKOB OOCCIICUYCHUS OTKAa30yCTOMYMBOCTH U
HajaexxHoct ML-Mozeneli n aHaIMTUYSCKUX ITANIIIaiHOB;

— pa3BHUTHE KOMIETCHIIUIA 110 ONITHMH3AIMH ITPOU3BOIUTEIIEHOCTH BRICOKOHATPYKEHHBIX
NU-cepBrcoB 1 cucteM 00pabOTKH JaHHBIX;

— O3HAaKOMJICHHE C COBPEMCHHBIMH MPAKTHKAMH YIPABICHUS, MOHUTOPHHIA U
OKCIUTyaTalluH BEICOKOHATPYKEHHBIX MPHIIOKEHUH B production-cpeze;

— (opMuUpOBaHME HABBIKOB  MPOCKTHUPOBAHMSA, pPa3pabOTKH M  TECTHPOBAHUS
pacrnpeielieHHbIX CUCTEM;

— HW3yYeHHE MEeTOA0B obecneueHus OE30MacCHOCTH M KOH(PHICHIMAIHHOCTH B
BBICOKOHAIPY>KEHHBIX CUCTeMaX 00pabOTKH JaHHBIX;

— pa3BUTHE CHUCTEMHOTO MBIIIICHUS M CIIOCOOHOCTH IPHHUMAaTh OOOCHOBAHHBIC
ApXUTEKTYPHBIC perieHus npu padote ¢ big data u UM-cepBucamu.

1.3 MecTo aAucuMIuInHbI (MOYJ5) B CTPYKTYpe 00pa3oBaTe/IbHOI NPOrpaMMbl

JucuuruinHa «BbIcOKOHArpyKeHHbIE MPUIOKEHU» OTHOCUTCS K «O0s13aTeNIbHas 4acTh»
broka 1 «/lucuummunel (MOIyJN)» y4eOHOTO TIaHa.

IIpepexkBu3utamMu 111 OCBOEHMS IUCLUUIUIMHBI «BBICOKOHArpyKEHHbIE NPUIIOKECHUS
ABIsAOTCS «OOBEKTHO-OPUEHTUPOBAHHOE MporpamMmupoBaHue» (3 cemectp), «OnepanroHHbIE
cucreMsl» (3 cemectp) u «llapannensHoe U HU3KOYPOBHEBOE IPOTpaMMHUpOBaHue» (4 cemecTp).
[TocTpeKkBU3UTOB B paMKax OCHOBHBIX OJOKOB JUCIMIUIMHA HE MMEET, TaK KaK M3ydaeTcs Ha
NOCIIEAHEM Kypce Mepesl ToCyJapCTBEHHOM UTOroBoM arrectanye. CMEXHBIMU JUCLUILIMHAMU
BeicTynatoT «MLOps&DevOps» (6 cemectp), «TeXHOTOTUM TECTUPOBAHUS TMPOTPAMMHOIO
obecrieueHus» (6 cemectp) U «OOnauHble TEXHOJIOTMH M 03K’ HI-pazpaboTka» (7 cemectp),
(dbopMupytolIre BMECTE KOMIIETEHLIUU B 00JIaCTH pa3pabOTKHU U KCIUTyaTallui MacIITaOUpyeMbIX
CHUCTEM.

1.4 IIpogeccnonaIbHBIC POJIM B CTPYKTYpe 00pa3oBaTe/bHONH NPOrpaMMbl

Ponwv 1: Data Analyst (Anarumux 0anHwlx)
U3zeneuenue 3nanuil u3 0AHHbIX, NOCMPOeHUe aHarumuyeckux mooeneu, ucnoavzyiowux MO u UU.
3aoayu:
1. Cmamucmuyeckuil ananus, 8U3yatu3ayus OAHHbLX, NPeosapumebHas 0opabomxa.
2. Coz0aHue npocHO3HbIX Modeell
3. Illocmpoenue ananumuueckux mooeneti 011 NOOOEePAHCKU OU3HeC-peuleHUll.
Ponv 2: MLOps (Cneyuanucm no sxcnayamayuu MH)
Asmomamuzayus u onepayuoHHoe ynpasienue sHcusHeHHblmyukiom MO-mooeneti
3aoayu:



1. DevOps ons ML.
2. Aemomamu3zayus, monumopune ML-cucmenm.
3. Onepayuonroe ynpasierue iHusHeHHviMm yukiom ML-mooenetl.

Poaw 3: A PM

(Meneoorcep npoexmos UH)

Ynpaenenue npoyeccamu cozoanua UH-pewenuii, 6xnouan KoopouHayuro KOMaHobl paspabomxu

3aoauu:

1. Ynpaesnenue UHU-npoexmamu om udeu 00 eneoperus
2. Ananuz busnec-mpebosanuil U NOCMAHOBKA 340ay
3. Oyenxa s¢ppexmusnocmu u ROI UH-pewenuii

1.5 Ilepeyenp MJIaHMPYeMBIX Pe3yJbTATOB O0OYUYEHHUSI MO JUCHUILIMHE (MOIYJIO0),
COOTHECEHHBIX C IVIAHUPYEMbIMH Pe3yJIbTATAMHU 0CBOEHHS 00pa30BaTeIbHONH MIPOrpaMMBbI

N3ydyenne naHHOW y4yeOHOW JHMCUUIIIMHBI HampaBleHO Ha (GOPMUPOBAHUE Y
00y4aroIuXCsl CAEAYIOUUX KOMITETEHITHI !
OIIK-5 Chnoco0eH MHCTAJUIMPOBATH NMPOrpaMMHOEe M anmnapaTrHoe olecrnedeHue s
HH(pOPMALMOHHBIX H ABTOMATH3MPOBAHHBIX CHCTEM

OIIK-5.1

3namo

Ymemo

Braaoemso

OIIK-5.2

3namo

Ymemo

Braaoemuw

Jlemoncmpupyem  3HQHUA ~ CUCMEMHO20  AOMUHUCHMPUDPOBAHUA,
aomunucmpuposanus  CYBJ/l, mexnonozuii  ungopmayuonnozo
63aUMO0eiiCmeUs NPOZPAMMHBIX CUCHIEM

IIpunyuner  pabomvl  6bICOKOHASPYHCEHHBIX —CUCEM U  pPACNpPeOesEHHbIX
BbIUUCTICHULL.

Ocnoswl aomunucmpuposanusi CYBJ[ (PostgreSQL, MongoDB, Redis).

Memoowbl obecneuenus OmKaz0yCmMoUUUB0CMU U MACUMAOUPYEMOCMU.

Hacmpausams banancuposxy nazpy3ku u peniukayuro OaHHbIX.
Onmumu3zuposams 3anpocel U UHOEKCbl OIS 8bICOKOU HACPY3KU.
Paspabamvieams cmpamezuu pezepsroz2o Konuposanus u 60CCMAHOBIEHUSL.

Hasvikamu monumopunea npoussooumenvrocmu (Prometheus, Grafana).
Texnonocusimu knacmepuzayuu (Kubernetes, Docker Swarm).
Hncmpymenmamu nocuposanus u ananusa (ELK Stack).

Ocywecmenaem  ycmanoeky, HACMpPOUKYy U mexHuueckoe
CONpoGoICOCHUEe RPOZPAMMHO20 U ARRAPAMHOZ0 Ofecneyenue 0
UHDOPMAYUOHHBIX U AGMOMAMUIUPOEGAHHBIX CUCHIEM

CospemeHnnbie MexHoI02UY BUPMYATUZAYUL U KOHMEUHEPUSAYULL.

Ipunyunet pabomsi cemeswvix NPOMOKON08 U OANAHCUPOBUWUKOB8 HASPY K.

Ocobennocmu pabomer oonaunvix naameopm (AWS, GCP, Azure).

Paszeepmuisame u nacmpausams cepsephvie npunodicenus (Nginx, Apache).
Hacmpausamse kawuposanue (Redis, Memcached).
Onmumusuposams UHGPACMPYKMYPY NOO BbICOKUE HASPY3KU.

Hasvikamu opkecmpayuu (Kubernetes, Ansible).
Memooamu aemomamuueckozo macumaobuposanus (Auto Scaling Groups).
Huempymenmamu CI/CD (GitLab CI, GitHub Actions).

PL-2 Cnocoben npumensats JVM-coBMecTHMBbIe SI3BIKH NPOrPAMMUPOBAHUSA ISl
peumienns 3aaa4 B odsactu U



PL-2.1 Pa3pabamvieaem u omnaxcusaem RNPUKIAOHBIE pPeUleHUA DPA3HOZ0
YPOGHA CNIOHCHOCHU U 013 WUPOKO20 KPy2a KOHEYHbIX NOb306ameneil
¢ ucnonvzoeanuem JVM-coemecmumplx A3bIKO8 NPOZPAMMUPOCAHUS,
mecmupyem, uCnblmvléaem U OYeHUaen Kauecmeo maxKux peueHui

3namo Ipunyunsi 00beKMHO-0PUEHMUPOBAHHO20 u @yHKYUOHANbHO2O

npoepammuposanust Ha JVM-coemecmumoix szvikax (Kotlin, Scala).
Apxumexkmypy u ocHosnvie komnorneumol JVM (JVM Memory Model, Garbage
Collection).

Dpetimeopiku 0151 NOCMPOEHUS BbICOKOHACPYHCEHHBIX npunodicenull (Spring Boot,
Micronaut, Vert.x).

bubnuomexu ona mawunnozo obyuenus u oopabomxu oannvix Ha JVM (Tribuo,
Apache Spark MLIib, DL4J).

Ymemo Paszpabamuieamo 8bICOKONPOU3B00UMENbHBLE backend-cepsucwvi u
Mukpocepsucwl Ha JVM-coemecmumpix sa3viKax.
Ipopunuposame u onmumuszuposame JVM-npunosxcenuss 0ns pabomwl ¢
bonbuuMu 06vemamu OAHHBIX U 8bICOKOU NAPALNETbHOU HAZPY3KOIL.
Hnmeepuposamv ML-mooenu, peanuzosannvie na Python, ¢ JVM-npunoscenus
(Hanpumep, ¢ ucnonrvzosanuem JPype).
Ilucamv moOoynvHble u unmezpayuonnvlie mecmul 0Jis1 0OecneyeHus Kayecmeda u
HAOEeNCHOCMU KOOd.

Bnaoemuo Hasvixamu pazpabomxu na oonom u3z JVM-coemecmumvix azvikos (Kotlin/Scala).
Hnuempymenmamu ons npopunuposarnus u monumopunea JVM (JVisual VM, JMH,
GC logs analysis).
Hasvikamu pabomel ¢ cucmemamu cOOpKU U YNpaeieHus 3a8UCUMOCMAMU
(Gradle, Maven).
Ipakmukamu omnaoxu u pewenus npooaiem npouzgooumenvrHocmu 8 JVM-cpeoe.

Al S-1 CnocoleHn ynpaBasTh puckamMu B paspadorke cucrem WU, BbicTpamBath
ynpasienne 6esonacHoctoio UM B komnanuu ¢ yyerom 3tukn MU

Al S-1.1 Buviasnaem u mooenupyem yzposzel na 6cém yucuznennom wuurxie HH-
cucmem, oyeHugaem u RPUOPUMUIUPYEN PUCKU
3uamo Vazeumocmu evicoxonazpyacenuvix cucmem (DDoS, unvexyuu)

Memoowl obecneuenus kubepbezonacnocmu 6 HH

Ipunyuner pabomsi cucmem MOHUMOPUHEA AHOMATULL
Ymemn IIposooums cmpecc-mecmul U aHAIU3 YAZBUMOCTHEU

Paspabamvieams cmpamezuu 3auumol OaHHbIX

Hacmpausams cucmemul obuapysicenus emoposcenuii (IDS/IPS)
Bnaoemso Uncmpymenmamu (OWASP ZAP, Burp Suite)

Hasvixamu ayouma 6ezonacrnocmu

ML-memooamu ons oemexmuposarus aHomaniuil

2. CTpyKTYypa M coepKaHue TUCUMILTHHbI

2.1 Pacnipenesienue TPy10éMKOCTH JUCIUILIMHBI 110 BHAAM padoT

OOmas TpyA0EMKOCTb AUCLMIUIMHBI COCTABIISAET 2 3au. eA. (72 4acoB), UX paclpe/eleHue
110 BUJAaM paboOT MPEACTaBIECHO B TabIHIIe

Beero CemecTpsl
Buj yueOHoit padoThl (4achl)

yacoB

KonTakTHasi padora, B TOM 4ucie: 30,2 | 30,2




AyauTopHbIe 3aHATHS (BCEro): 28 28
3aHsTHs JIEKIMOHHOTO THIA
JIaGopaTopHble 3aHATHUS 28 28
3aHATHS] CEMUHAPCKOTO TUIIA (CEMUHAPBI,
MPAKTUYECKHUE 3aHATHUSI)
HNuasi koHTaKTHas padora: 0,2 0,2
KonTtpons camocrositensaoii padotsl (KCP)
[Tpomexxyrounas arrecranus (MIKP) 0,2 0,2
CamocrosiTesibHAsi pad0oTa, B TOM YHCJI€: 438 | 438
Buvinonnenue unousudyanvHulx 3a0anuil 30 30
(noocomoexa coobweHutl, npe3eHmayutl)
IToaroroBka K TEKyIIEMy KOHTPOJIIO 13,8 | 13,8
KonTpoJb:
[ToaroroBka K 3K3aMeHy
Jac. 72 22
B TOM 4HcCJIe
O0mas Tpy10eMKOCTb KOHTAKTHAas 30,2 | 30,2
padora
3a4. ef 2 2

2.2 CTpyKTYypa IMCUMILINHBI

Pacnpenenenue Bu1oB yueOHON pabOThl M UX TPYAOEMKOCTH IO pa3jiesiaM JAUCLUILINHBI.
Paznensl (TeMbl) TMCHUIUIMHBI, H3yYaeMble B 7 CEMECTpe

KosnuyecTBo yacoB

Bueayn
Ne HaumeHnoBaHue pa3nesios (Tem) Beero AynuTopHasi padoTa “TOS? Ha
padora
JI 113 JIP CPC
1 2 3 4 5 6 7
1| ApxuTekTypa BHICOKOHArpy>KEHHBIX CUCTEM 10 4 6
2| I'opu3oHTaNBHOE U BEPTUKAIBHOE 10 4 6
MacIITa0upoBaHUe
3| O dexTuBHBIC XPAHUIIHINA JAHHBIX 10 4 6
4| O6paboTka O0IbIINX 0OHEMOB TAHHBIX: 10 4 6
5| OTKa30yCTOWYMBOCTh U HAJICKHOCTh 10 4 6
5 [Tpon3BOAUTENILHOCTE AITOPUTMOB U ammaparHas | 10 4 6
ONITHMHU3AIIHS
MOHUTOPHHT U yIIPABIICHUE 11,8 4 7,8
BBICOKOHarpyxeHHpivMu M -cepsucamu
HNUTOI'O no pa3gesiamMm JUCUMILIIIMHBI 71,8 28 43,8
KonTpons camoctositenpHor paboTsl (KCP) 2
[Tpomexyrounas arrectauus (MKP) 0,2
[ToAroToBKa K TEKYIIEMY KOHTPOJIIO
O011as TPYA0EMKOCTD MO TUCHUILIIHHE 72

Ipumeyanue: JI — nexyuu, 113 — npaxmuueckue 3awsmus/cemunapwvi, JIP — nabopamopnvie sausmus, CPC —

camocmosamenbHa pa60ma cmy()eHma

2.3 Conep:xanue pa3aesoB (TeM) THCHUTLIAHBI

2.3.1 3aHaTHA JeKIIHOHHOI0 THIIA




He npenycmotpensl

Ipumeuanue: JIP — omuem/3awuma rabopamopnoti pabomoi, KII - svinonnenue Kypcosozo npoexma, KP - kypcosotl
pabomul, PI'3 - pacuemno-epaghuueckozo 3adanus, P - nanucanue pegepama, 3 - scce, K - xoanoxeuym, T —
mecmuposanue, P3 — pewienue 3adau.

2.3.2 3aHATHSA CEMHHAPCKOI0 THIIA

He npenycmotpensl

Ipumeuanue: JIP — omuem/3auwguma nadbopamopuoii pabomut, KII - gvinonuenue xypcosoco npoexma, KP - kypcogoti
pabomul, PI['3 - pacuemno-epaghuueckozo 3aoanus, P - manucauue peghepama, 3 - scce, K - konroxeuym, T —
mecmuposanue, P3 — pewienue 3a0ay.

2.3.3 JlaGopaTopHble 3aHATHS

®opma
Ne HaunmeHoBaHue pa3aeiia (TeMbl) HaumeHnoBaHue 1a60paTopHBIX padoT TeKylIero
KOHTPOJIs1
1 2 3 4

ApxuTekTypa Pa3paboTka MUKpOCEPBUCHON apXUTEKTYPbI IS P3
BBICOKOHATrPYKEHHBIX CUCTEM ML-cepBuca

—  Coznanue IIPOCTOTrO cepBuca
pexomernamnmii Ha Flask/FastAPI, pazouenne va
1. MHUKpOCEpBUCH (Moenb, APL, ko).

—  CpaBuenue latency u throughput B
monolithic vs microservices Mo Harpy3Koiu
(Locust).

ApxuTekTypa AHanus CAP-Teopemsl Ha npuMepe P3
BBICOKOHATPYKCHHBIX CUCTEM pacnpenenéHHoro 4ar-60Ta

—  PaspépreiBanue yar-60ta ¢ 00pabOTKOMH
zanpocoB B pasHeix  DC  (AWS/GCP),
TecTUpoBaHue coriacoBanHocTu (Consistency)
MIPU pa3phiBax CETH.

I'opusoHTaNBHOE U ABTroMaciiTabupoBaHue  BeO-cepBepa  Juis P3
BEPTUKAJILHOE 00paboTku 3anpocos k UM-monenu

3. | macmtabupoBaHue — Hacrtpoiika Auto  Scaling  Group
(AWS/GCP) s cepBuca kiaccuuKaiuu
M300paKEHUH, TECThI TPU MMKOBOW HArpy3Ke.
I'opusoHTaNBHOE U CpaBHEHHUE BEPTUKAIBHOTO M TOPU30HTAIBHOTO P3
BEPTUKAILHOE scaling a1 6a3bl JaHHBIX

4. | MacmTabupoBaHUe —  TecrupoBanue PostgreSQL Ha ogHOM
MOIITHOM  CepBepe VS  IIapIUpOBAHHOTO
MongoDB nog Harpyskoii (YCSB Benchmark).
O dexTUBHBIE XpaHUIHILA OnTtuMu3anys 3anpocoB K BekTopHOU B/ mms P3
JTAHHBIX MOUCKA TIOXOKUX U300paKEeHUH

5. —  PasBéproiBanue Milvus/Pinecone,
CpaBHEHHME CKOPOCTM TIOMCKa MpPU Pa3HbIX
unpekcax (IVF, HNSW).

OddexTrBHBIC XpaHUIHILA Komnonounoe vs row-based xpanwiuine s pP3
JTAHHBIX AHATUTHKH

— 3arpyska garaceta B ClickHouse
(xomonounast) u  PostgreSQL, cpaBHeHue
ckopoctu arperamuii (SQL-3ampocet ¢ GROUP
BY).




®opma
Ne HaumenoBaHue pa3aeiia (TeMbl) HaumeHnoBaHue 1a60paTOpHBIX padoT Telcyll)uero
KOHTPOJIsA
1 2 3 4
O6paboTka OOTBITINX 00HEMOB Pacnipenenénnast oOpaboTka JIOTOB ¢ TIOMOIIBIO P3
JTaHHBIX Apache Spark
7. —  AHamu3 moroB BeO-cepBepa (Hampumep,
NGINX) s BBISBICHHS aHOMAIHM uepes
Spark SQL.
O6paboTka OOTBITIX 00HEMOB CTpUMHHT NaHHBIX B PEaIbHOM BPEMCHH IS P3
JIAHHBIX ML-monenn
8. —  Hacrpoiika Kafka + Python-
KOHCBhIOMEpA, MpEJCKa3aHUE cllaMa B IOTOKE
coobmienuii (moxens Ha Scikit-learn).
OTKa30yCTOHYHUBOCTD U TectupoBanme  failover = MexaHW3MOB B P3
HAIE)XHOCTD Kubernetes
9. —  PaseéprhiBanue OTKa30yCTOHYUBOTO
ML-cepBuca (mampumep, sentiment analysis),
CUMYJISALIMS IAJCHUS HOJ.
OTKa30yCTONYMBOCTD U Pennukanuss JaHHBIX B paclpenen€¢HHON P3
10, | HAZEKHOCTH CYBJ]
—  Hacrpoiika perunmnk MongoDB, Tect Ha
YCTOMUYMBOCTb K ITOTEPE primary-HOMBL.
[IponsBoauTeTHHOCTH Yckopenue inference mogenu va GPU vs CPU P3
11 | @IrOPHTMOB H anmnaparHas —  PaszBéptriBanue PyTorch-monenu
ONITUMU3AIUS (manpumep, ResNet), 3amepsl ckopoctu Ha CPU
u CUDA.
[IponsBoauTeTHHOCTH Ontumusarus kona Ha CH++ ams oOpaboTku P3
aJTOPUTMOB U anrnapaTHas JAaHHBIX
12. | onTUMHU3AIUSL —  Peammzanus anroputma mnpenoOpaboTKu
TekcTa (ToxeHm3anusi) Ha Python m C++ (c
PyBind11), cpaBHeHHE TPONU3BOAUTEITHHOCTH.
MOHUTOPUHT U YIIPABICHUE HerexTupoBanwue apeiida ganabix B ML-Momenn P3
13, | BPICOKOHArPYKEHHBIMHU nn- — Hacrpoiika  Evidently Al JUIs
cepBHUCaMHU MOHHMTOPWHTAa CABHTOB B  paclpeaeieHuu
BXOJIHBIX JIAHHBIX.
MOHUTOPUHT U yHpaBJIeHUE A/B-tectupoBanue IBYX Bepcuit P3
BbICOKOHArpyxenueiMu M- PEKOMEHIATEbHOM CUCTEMBI
14. cepBUCaMU — Pa3BépTHBaHHe JABYX MoJenen
(manpumep, collaborative filtering vs content-
based), coop meTpuk yepe3 Prometheus.

Ipumeuanue: JIP — omuem/3auwguma nadbopamopuoul pabomut, KII - gvitnonnenue xypcosoeo npoexma, KP - kypcogot
pabomul, PI['3 - pacuemno-epaghuueckozo 3adanus, P - manucaumue pegpepama, 3 - scce, K - xomnoxeuym, T —
mecmupoganue, P3 — pewenue 3aoau.

2.3.4 IlpuMepHasi TeMATHKA KypPCOBBIX PadoT (IIPOEKTOB)

He mpenycmoTrpensl

2.4 IlepeyeHb y4eOHO-METOAMYECKOT0 00eceYeHUs AJIs1 CAMOCTOATEbHOH padoThl
00y4arouUXCcH Mo JUCUMUILIMHE (MOIYJII0)

[Tepeuenpb yueOHO-METOAMUECKOTO 00ECTIeYeHHS JUCIUTUIUHBI
Ne Bun CPC IO BBITIOJIHEHUIO CaMOCTOSITENIbHOM paboThI
1 2 3




1 |Uzyuenue Meroanueckue yka3aHUs II0 OpPraHU3ALMM CaMOCTOSTEIbHON
TEOPETUYECKOT O paboThI CTYCHTOB, YTBEPKJICHHbIE kadenpoit
Martepuaa nH(GOPMAMOHHBIX TeXHOJorui, mpotokoa Nel ot 30.08.2019

2  |Pewmenue 3agau Mertoauueckre yka3zaHUs 10 OpraHM3alMd CaMOCTOSTEIbHOU

paboThI CTYJIEHTOB, YTBEPKICHHbBIE kadenpoii
HH(POPMaIMOHHBIX TeXHOJOTHH, TpoTokoi Nel ot 30.08.2019

Y4eOHO-MeTOIUYECKUE MaTepuasbl ISl CaMOCTOSITENIbHON pPabOThl 00yYaroIIUXCs U3
YKCJIa UHBAIMJIOB U JIUI] C OTPAaHUYCHHBIMHU BO3MOKHOCTMHU 370p0Bbs (OB3) npenocrapistoTcs
B (hopMax, aTanTHPOBAHHBIX K OTPAHUUYEHUSIM HX 30OPOBBS U BOCIIPUATHS UH(DOPMALIIH:

Jis 11 ¢ HapyIICHUSIME 3PEHUS:

— B MieyaTHOU popme yBeIHMUEHHBIM HIpUPTOM,

— B (popMe 2IEKTPOHHOTO TOKYMEHTA,

— B (hopme ayauodaiina,

— B re4atHoi (hopme Ha si3bike bpaiis.

Jjig U1 ¢ HapyIIeHUSIMH CITyXa:

— B mieyaTHoM opme,

— B hopMe PIEKTPOHHOTO TIOKYMEHTA.

JUist 1 ¢ HapyIIEHUSIMH OTIOPHO-/IBUTATEIBHOTO armapaTra:

— B IIeYaTHOM (opme,

— B (popMe 3JIEKTPOHHOI'O IOKYMEHTA,

— B ¢popme ayauodaiina.

JlaHHBIN TepeueHb MOXET OBITh KOHKPETHU3UPOBAH B 3aBUCHUMOCTH OT KOHTHHTCHTA
00y4aromuxcs.

3. O6pa3zoBaresibHbIE€ TEXHOJOTHH
B cootserctBum ¢ TpeboBanusMu PI'OC B mporpamma JUCHMIUIMHBI IIpEeIyCMaTpUBAET
UCTIONB30BaHNE B y4eOHOM TIpoliecce CIeTyIONNMX 00pa3oBaTelIbHbIE TEXHOJIOTUH: YTECHUE
JEeKIMA € HUCMOJb30BAHUEM MYJBTUMEIUNHHBIX TEXHOJOTUN; METOJ| MajblX TIpymm, pa3dop
NPaKTUYECKUX 3a/1a4 U KEHCOB.
ITpu oOyueHnH UCIONB3YIOTCS CIEAYIOIINEe 00pa3oBaTeIbHbIE TEXHOIOTHHU:

— TexHonoruss KOMMYHHKaTMBHOIO OOydYeHUs — HampaBieHa Ha (OpMHUpOBaHUE
KOMMYHHMKAaTUBHOW KOMIIETEHTHOCTHU CTY/AEHTOB, KOTOpas siBsieTcsl 6a30BOM, HEOOXOIMMOM AJist
a/IanTallid K COBPEMEHHBIM YCIOBUSAM MEXKYJIbTYPHOU KOMMYHHUKAIUH.

— TexHonorust paszHoypoBHeBoro (auddepeHurpoBaHHOr0) OO0y4YeHHsS — MpeAroiaraer
OCYIIIECTBIICHHE TI03HABATEIILHOW NEATEIILHOCTH CTYACHTOB C YYETOM HMX WHIAWBHIYaTbHBIX
CHOCOOHOCTEHM, BO3MOXKHOCTEH M HMHTEPECOB, MOOMIPSS WX PEaTU30BbIBATH CBOM TBOpPYECKUN
noreHman. Co3JaHue W WCIOJIb30BAHUE TUATHOCTHYECKUX TECTOB SIBISIETCS HEOTHEMIIEMOU
YaCThIO JaHHOW TEXHOJIOTUH.

— TexHonoruss MOIYJIBHOrO OOyYeHUS — TMpelycMaTpuBaeT JeleHHE COJepiKaHus
JTUCIUIUIMHBI HA JIOCTAaTOYHO aBTOHOMHBIE pa3/iesibl (MOIYJIN ), UHTETpUpPOBaHHBIE B OOIIMIA KypC.
— HWudopmannonno-koMmmyHuKaimonnsle TexHoiorun (MKT) - pacmwmpsoor pamxu

00pa30BaTeNILHOTO MPOIlecca, MOBBIMIAS €ro MPAKTUYECKYIO0 HANpaBlIEeHHOCTb, CHOCOOCTBYIOT
MHTECHCU(PHUKAIIMU CaMOCTOSITENIbHOM pabOThl ydYaluXcs M TOBBIIIEHUIO [M03HABATEIbHON
aktuBHOCTH. B pamkax KT BeigensaroTcs 2 Buaa TEXHOIOTHI:

— TexHonorus HCIOJb30BaHUI KOMIIBIOTCPHBIX HpOrpaMM — TMO3BOJIACT B(I)q)CKTI/IBHO
JOIMOJIHUTB MTPOLECC 06y‘-ICHI/ISI SA3BIKY Ha BCCX YPOBHAX.
- HHTCpHCT-TCXHOJ’IOI‘ U — TIMPCAOCTABIAIOT MMHUPOKHE BO3MOXKXHOCTH IJId IIOHMCKa

uH(popMalnu, pa3pabOTKHU HAyYHbIX IPOEKTOB, BEIEHUS HAYYHBIX HCCIEA0BAHUN.

— TexHonorus WHAUBUAYyaIU3alUH OOY4YEHHMsS] — IMOMOTaeT peaJr30BbIBaTh JMYHOCTHO-
OPUEHTHUPOBAHHBI TOAXOJ, YYHMTHIBas HMHIUBHIyaJbHblE OCOOEHHOCTHM M MOTPeOHOCTH
YYAIIHAXCS.




— [IlpoexkTHass TeXHONOTUS — OpPUEHTUPOBAHA HA MOJICIMPOBAHHE COIMAIHLHOTO
B3aMIMOJICHCTBYS YYalllUXCsl C IENbI0 PENICHUs 3a/ladd, KOTOpas ONpeIeNsieTcs B paMKax
po(heCCHOHATILHOM MTOATOTOBKH, BBIICIISASA TY WM HHYIO IPEIMETHYIO 00JIacTh.

— TexHosnorus oOydeHHs B COTPYJHHYCCTBE — pealiu3yeT HACK B3aWMHOIO OOydYeHUS,
OCYIICCTBIISII KaK WHAWNBUAYAIbHYIO, TaK W KOJUIEKTHUBHYIO OTBETCTBEHHOCTh 3a pEIICHUE
y4eOHBIX 3a/ad.

— MHrpoBas TeXHOJOTUs — MO3BOJIAET Pa3BUBATh HABBIKA PACCMOTPEHHS Psijia BO3MOXKHBIX
Croco00B pelieHus Mpo0IeM, aKTUBU3UPYS MBIIIJICHUE CTYJIEHTOB U PACKPBIBAasl JTUYHOCTHBIN
MOTEHIIMAJ KaKIOTO YJaIlerocs.

— TexHOJOTUS pa3BUTHS KPUTHYSCKOTO MBIIIICHUS — CIOCOOCTBYeT (HOPMHUPOBAHHIO
Pa3HOCTOPOHHEH JIMYHOCTH, CIIOCOOHOW KPUTUYECKH OTHOCUTHCS K WH(POpMAIUU, YMEHUIO
oTOMpaTh HHMOOPMALIHIO JIsl PEIICHUS TOCTABJICHHOM 3a/1a4u.

KomMmruiekcHOe HCIoNb30BaHHE B YyYEOHOM IMPOIIECCE BCEX BBHINMICHA3BAHHBIX TEXHOJIOTHN
CTUMYJIUPYIOT JIMYHOCTHYIO, HMHTE/UICKTYaJIbHYIO aKTHBHOCTh, Pa3BHUBAIOT IT03HABATEIbHBIC
MPOIECCHI, CIIOCOOCTBYIOT (HDOPMHPOBAHHMIO KOMIIETCHIIMA, KOTOPBIMH JOJDKCH 00J1a/1aTh
OyAylIHii CIICIIUAIIHCT.

OcHOBHBIE BUJIBI THTEPAKTUBHBIX 00pa30BaTEIIBHBIX TEXHOJIOTHIA BKIIFOYAIOT B CEOSI:

— paboTa B MaJIbIX TpyIIax (KOMaHJIE) - COBMECTHAS JIEATEIBHOCTh CTYICHTOB B IPYIIIIE IO/
PYKOBOJICTBOM JIHIepa, HAIIPABJICHHASI HA PEIICHUE O0IIIEH 3a1auu Iy TEM TBOPUYECKOTO CIIOKCHHUS
pEe3yNbTaTOB WHIUBUAYAIBHOW pabOThI UYJICHOB KOMAHIBI C JCJIICHHEM IIOJITHOMOYUN U
OTBETCTBEHHOCTH;

— TPOCKTHAsi TEXHOJIOTHS - WHAMBHyaJbHAs MM KOJUICKTHBHAS JESTEILHOCTh 110 0TOODY,
pacipeeNIeHu0 U CUCTeMAaTU3allud MaTepraia 1o ONpeeICHHON TeMe, B pe3ysibTare KOTOPOu
COCTaBJISICTCS POCKT;

— aHaU3 KOHKPETHBIX CUTYAllMil - aHaIHM3 pPealibHBIX MPOOJIEMHBIX CHTYallHid, HMEBIINX
MECTO B COOTBETCTBYIOIIEH 00JaCTH TPO(ECCUOHATBLHOW NEATEIHbHOCTH, U MOWCK BapHAHTOB
JYYIIUX PEUICHUN;

— pa3BHUTHE KPUTHUECKOTO MBIIIUICHUS — 00pa3oBaTeIbHasl JeSTEIbHOCTh, HAlIpaBlIeHHAs Ha
pa3BUTHE Y CTYACHTOB pa3yMHOr0, pe(IeKCHBHOTO MBIIIIEHUS, CTIOCOOHOTO BBIIBUHYTH HOBBIC
UJICH U YBUJICTh HOBBIC BO3MOYKHOCTH.

[Tonxom pa3bopa KOHKPETHBIX 3aJa4 U CUTyallMid [IMPOKO HCIONb3yeTcs Kak
mperojaBaresieM, Tak W CTYJISHTAaMH BO BpeMs JICKIIUH, JTAOOPATOPHBIX 3aHITHA W aHAIN3a
pEe3yNbTaTOB CaMOCTOSTENbHON paboThl. DTO 0OYCIOBIEHO TEM, YTO TpPHU HCCIEAOBAHUU H
PEIICHUH KaXI0H KOHKPETHOW 3a/1a4i IMEETCs, KaK IPaBUIIO, HECKOJIIBKO METOIOB, a 3TO TPeOyeT
pa3bopa U OIEHKH I1eJI0i COBOKYMTHOCTH KOHKPETHBIX CUTYaIIUH.

KOJIMY€eCTBO
Hcnonb3yemble HHTEPAKTHBHBIE 00pa3oBaTeJbHbIE
Cemectp | Bug 3anarus HHTEPAKTHUBHBIX
TEXHOJIOTHH
4acoB
IIpakTnueckue 3aHATUSA B pexumMax
JIP B3aMMOJEHCTBUS «IIPEMOJABATENb — CTYIEHT» W 4
«CTYJEHT — CTYJICHT»
Hroro 4

Ipumeyanue: JI — nexyuu, 113 — npaxmuueckue 3ausmus/cemunapsi, JIP — nabopamopnvie sausmus, CPC —
camocmosimenvHas paboma cmyoeHma

Tewmbl, 3a1anusg ¥ BOIPOCHI JJI CaAMOCTOSITENIbHOM paboThl MpU3BaHbl CHOPMHUPOBATH
HaBBIKM TOWCKAa HMH(OpPMAIMH, YMEHHUS CaMOCTOSTEIbHO PpAcCIIUpSTh W YIIyOJATh 3HAHMS,
MTOJIyYEHHBIE B XO/€ JIEKITMOHHBIX U MPAKTUYECKUX 3aHATHM.

ITonxoxn pazbopa KOHKPETHBIX CUTYallUi IMPOKO UCTIOIb3YETCs KaK MPEnoaaBaTesieM, TaK
U CTYJ€HTaMH IIPH NMPOBEICHUH aHAJIN3a Pe3yJIbTaTOB CAaMOCTOSATEIbHON PabOTHI.



Jlisg Ui ¢ OrpaHWYeHHBIMH BO3MOXHOCTSIMHU 3/0POBbsSI IIPEIYyCMOTPEHA OpTaHU3alUs
KOHCYJIbTallMli C UCIOJIb30BAHUEM DJIIEKTPOHHOM IMOYTHI.

Jlig U1 ¢ HapyIISeHUSIMU 3PEHUSL:

— B [1€4aTHOW (hopMe YBEIUYCHHBIM HIPUPTOM,

— B popMe IEKTPOHHOTO TIOKYMEHTA.

Jis I ¢ HapyIICHUSIMH CITyXa:

— B IIeYaTHOM ¢opme,

— B hopMe IEKTPOHHOTO JIOKYMEHTA.

Jljig au1 ¢ HapyHIeHUsIMA OIIOPHO-JBUTATEILHOTO arapara:

— B mieyaTHoi opme,

— B popMe IIEKTPOHHOTO TIOKYMEHTA.

JUis M1l ¢ OTpaHWYCHHBIMU BO3MOXHOCTSIMHU 30POBbSI TIPEIyCMOTPEHA OpTraHU3aIHs
KOHCYJIbTAIMil C UCIOJIb30BaHUEM 3JIEKTPOHHOM MOYTHI.

JlaHHBIN TepedeHb MOXET ObITh KOHKPETH3MPOBAH B 3aBUCHUMOCTH OT KOHTHHTEHTA
oOyyJaronuxcs.

1. OIIeHO‘-IHbIe U METOANYECCKUC MaTepl/laJ'IbI
4.1 OueHouyHble cpeAcTBA UIA  TEKYIIero KOHTPOJISI  yCNeBaeMOCTH H
NMPOMEKYTOYHOM aTTecTAllUN

OrneHoYHBIE CpelCcTBa MNpEJHA3HAYeHBI Ui KOHTPOJII M OLEHKH 00pa30BaTEeNbHBIX
JNOCTHKGHUI  OOydYarolMxcs,  OCBOMBIIMX  HpOrpamMMy  y4eOHOW  TMCLUILIMHEI
«BBICOKOHArpYKEHHBIE TPUTOKECHUS.

O1eHOYHBIE CPEACTBAa BKIIOYAET KOHTPOJBHBIE MaTepHaNbl Ul MPOBEACHHUS TEKYLIEro
KOHTPOJIsE B (OpME TECTOBBIX 3aJaHWN, PAa3HOYPOBHEBBIX 3alaHUl U MPOMEKYTOYHOI
aTTecTaluu B GopMe BONPOCOB U 33/IaHHI K 3a4ETy.

OneHoYHBIE CpencTBA Ui HMHBAJIMIOB W JIMIl C OTPAHUYCHHBIMH BO3MOKHOCTSIMHU

3/10pOBbsI BHIOUPAIOTCS C YYETOM UX WHAMBUIYATbHBIX ICUXO()HU3UYECKHX OCOOEHHOCTEH.

— Ip¥ He0OXOAMMOCTH MHBAIH/IAM H JIUI[AM C OTPaHUYEHHBIMU BO3MOKHOCTSIMH 37I0POBbS
IPEJOCTABIISAETCS JOTOJHUTENFHOE BPeMs JJIs MOATOTOBKU OTBETA Ha 3K3aMEHE;

— TIpH TIPOBEJICHUH TPOLIEAYPHI OIICHUBAHUS PE3YyJIbTATOB 00yUEHHS] MHBAIUIOB H JIUIL C
OTPaHUYEHHBIMU BO3MOXHOCTSIMH 3/10pOBBS IPEAYCMATPUBAETCS UCIOIb30BAHUE TEXHUUYECKUX
CpeACTB, HEOOXOUMBIX UM B CBSI3U C X WHAWBHIYATBHBIMH OCOOCHHOCTSIMU;

— IIpU HEOOXOAMMOCTH JJIs1 00YHaroIUXCsl ¢ OTPAHUYEHHBIMUA BO3MOKHOCTSIMH 3710POBbS
U WHBAIWAOB TIPOIEAypa OICHWBAHUS pE3YyJIbTaTOB OOYYEHHUS 10 JUCIUIUIMHE MOXKET
IPOBOJUTHCS B HECKOJIBKO ATAIIOB.

[Iponienypa oneHMBaHUsI PE3yJIbTATOB OOYYSHHS WHBAIWIOB U JIUI C OTPAaHWYCHHBIMU
BO3MOXHOCTSIMM 3JI0POBbsSI 10 JUCHUIUIMHE (MOJYJIIO) TMpelycMaTpuBaeT IpeloCTaBIeHUe
uHpopManuu B (opMax, aJaNTUPOBAHHBIX K OTPAHHUYCHHSIM WX 3J0POBBS U BOCIPHSITHS
uHpOpMaLUu:

J171st AT ¢ HApyIICHUSIMH 3PEHHSL:

— B I1€4aTHOW (hopMe YBEIUYEHHBIM HIPUPTOM,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

Jnist a1 ¢ HapyIIEHUsIMH CiTyXa:

— B TIe4aTHOM opme,

— B (popMe 2IIEKTPOHHOT O TOKYMEHTA.

Jli1st T ¢ HApyIIEHUSIMH OTIOPHO-/IBUTATEIBHOTO armapara:

— B I1e4aTHoM (opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

JlaHHBINA TepeyeHb MOXeET OBITh KOHKPETH3HPOBAH B 3aBUCHUMOCTH OT KOHTHHI€HTA
oOyyJaronuxcs.



CTpyKTypa OlEHOYHBIX CPEICTB AJIS TEeKylIel U MPOMeKYTOYHOM aTTecTalluu

Kong HaumeHnoBanue
Ne | KonTponupyemsle pa3aens! (TEMbl) | KOHTPOIUPYEMOt OLICHOYHOI'O CPEJICTBA
/i AUCLUTLUTHHBL KOMITETEHIHH . ITpomexyToUHas
(uu ee yacTH) Texyuwii kowTpo, aTTecTalus
ApXHUTEKTypa OIIK-5.1
OITK-5.2 3aoanus ons .
1 BBICOKOHAIpyKCHHBIX -2. Teopemuueckui
PL-21 CAMOCIOAMENLHOZO | 1 g
CHCTEM Al'S 1 1 peuwterus 1-2
I'opuzoHTansHOE M OIIK-5.1
BEPTUKAIBHOE OIIK-5.2 3adanus o Teopemuueckuii
2 6 PL-21 camocmosmensnozo | - s o
MaCuITaOUPOBAHUC Al S‘ 1 1 pewenust 3-4 74
D¢ dexTuBHBIC XpaHUITHINA OIIK-5.1
3aoanus ons .
JTAaHHBIX OIIK-5.2 Teopemuueckuii
3 PL2 1 camocmosimensnozo | - Lo 0o
Al S- 1 1 pewenus 5-6 P
O06paboTka GoIbIIIX OIIK-5.1
00BbEMOB JJTaHHBIX: OIIK-5.2 3adanun oa Teopemuueckuii
4 CaMoCmosmenbHo2o
PL-2.1 pewenus 7-8 gonpoc 13-16
Al S-1.1
OTKa30yCTOMYUBOCTD U OIIK-5.1
HaJIEKHOCTh OIIK-5.2 3aoanun oa Teopemuueckuii
5 PL2 1 camocmosimensnozo | - T, o0
Al S- l 1 pewenus 9-10 P
[Tpon3BOaUTENBEHOCTD OIIK-5.1
3aoanus ons .
aIrOPUTMOB U annaparHas OIIK-5.2 Teopemuvyeckuii
6 CaMoCmosmenbHo20 24
OINTUMUA3ALNS :|Ls-zi11 pewenun 11-12 gonpoc 21-
MOHUTOPHHT U yNIpaBIICHHE OIIK-5.1
3aoanus ons .
BBICOKOHArpy>keHHbmMu M- OIIK-5.2 Teopemuueckuii
7 PL2 1 camocmosimenvnozo | - s og
CepBUCAMH Al S- 1 1 pewenus 13-14 P

HOK33aTeJII/I, KPUTECPHUHA M LIKAJIA OCHKHA C(l)OpMI/IpOBaHHI)IX KOMIIeTeHII i

CoorBercTBe MOPOTrOBOMY VPOBHI0 OCBOECHHSA KOMIIETEHIINH MJIaHUPYCMBIM
pe3yipTaTam 06yquI/I$[ U KPpUTECPUSIM UX OLICHUBAHUS (oueHKa: YAOBJIETBOPUTEJIbLHO /3aqTeH0):

OIIK-5 CnocofeH MHCTAUIMPOBATHL NMPOrPpaMMHOE M anmnapaTtHoe odecrevyeHue [JIs
HH(OPMANMOHHBIX U ABTOMATH3MPOBAHHBIX CUCTEM
OIIK-5.1 Jemoncmpupyem  3nHaHus  CUCMEMHO20  AOMUHUCMPUPOBAHUA,
aomunucmpupoeanus  CYBJ/l, mexnonozuiit  ungopmayuonnozo
63aUMO0eiicCmeUs NPOZPAMMHBIX CUCHIEM

3namop ApxumexmypHvle nammepHvl BbLCOKOHASPYHCEHHBIX CUCTEM (MUKPOCEPBUCYL,
event-driven, CQRS)
Ipunyunv wapouposanus, penauxayuu u kiacmepusayuu CYB/ (PostgreSQL,
MongoDB, Redis) noo svicokue nazpysxu



Memoowr  obecneyeHuss  OomKA30yCMOUYUBOCIIU U MACUIMAOUPYeMOCmu
pacnpeoeneHubix cucmem

Ymemo Hacmpaueamo 6anancuposky nazpysxu (Nginx, HAProxy) u penaukayuto 0aHHbIX
8 YCIOBUSX 8bICOKOU OOCMYNHOCMU
Onmumuzuposams 3anpocvl U UHOEKCbl 0151 00pabomku OOAbUWUX 00beMO8
OQHHBIX 8 PEAbHOM 8PEeMeHU
Paspabamvisame cmpamezuu pezepenoco Konuposanus u 60CCMAaHOBNeHUs 04
cucmem ¢ MUHUMALHbIM 8DeMeHeM NPOCMOsL

Bnaoemuo Hacmpaueamo 6anancuposky naepysxu (Nginx, HAProxy) u peniukayuio 0aHHbIX
8 YCOBUAX 8bICOKOU OOCMYNHOCMU
Onmumuszupoeams 3anpocvl U UHOEKCbL Ol 0Opabomku OONbUUX 00bEMO8
OaHHBIX 8 PealbHOM 8peMeHU
Paspabamvieame cmpameeuu pezeperoco KOnNuposanus u 60CCMAHOBNEHUsL 0I5
cucmem ¢ MUHUMATLHBIM BpeMeHeM NPOCMOos

OIIK-5.2 Ocywecmenaem  yCmamoeky, HAcmMpoUKy U MmexHu4ecKoe
CONpOGOIICOCHUE RPOZPAMMHO20 U ARNAPAMHO20 O0ecneyenue O
UHDOPMAYUOHHBIX U ABMOMAMUIUPOEGAHHBIX CUCHIEM

3namo CoepemeHnnvle mexuono2uu  KoHmelHepuzayuu U  eupmyaiusayuu  Ojs

8bICOKONPOU3BOOUMENLHBIX CUCTIEM

Ipunyunvr pabomul cemesvbix NPOMOKON08 U OANAHCUPOBUWUKOS HASDY3KU 6
VCIOBUAX IKCMPEMATLHBIX HASPY30K

Ocobennocmu  pabomul  obnaunvix naamepopm (AWS, GCP, Azure) Ona
PA38EPMBIBAHUS BbICOKOHAZPYHCEHHBIX NPUNONHCEHUT

Ymemns Paseepmvisams  u  nacmpausamv — 8bICOKONPOU3BOOUMENbHBIE — CePBEPHbIe
npunodcenus (Nginx, Apache, Envoy)
Hacmpaueamv pacnpeoenennoe xawuposanue (Redis, Memcached) u ouepeou
coobwenutl (Kafka, RabbitMQ)
Onmumuzupoeams uH@pacmpykmypy 051 00pabomku NUKOBbIX HASPY30K U
obecneueHusi 20pU30HMAILHO0 MACUMAOUPOBAHUSL

Bnaoemp Hasvikamu opxecmpayuu evicokonazpysicenuvix npunodicenuil ¢ Kubernetes c
ucnonvzosanuem Helm, Operators
Memoodamu asmomamuyeckoco macwmadbuposanusi (HPA, VPA, Cluster
Autoscaler) 6 oonaunvix cpedax
Hucmpymenmamu CI/CD ona svicokonazpycennvix cucmem (GitLab CI, GitHub
Actions, ArgoCD)

PL-2 Crnocoben npumensats JVM-coBMecTHMBIE SI3BIKH NPOrPAMMHUPOBAHUSA JIsI
peumienus 3aaa4 B odsaactu U
PL-2.1 Pazpabamvieaem u omaaxcueaem nNPUKIAOHbIE PeUleHUs PA3ZHO20

YPOBHA COMCHOCIU U 0714 WUPOKO20 KPY2a KOHEYHbIX NOJIb308ameIen
¢ ucnonvzoeanuem JVM-coemecmumpix A3bIKO8 RPOZPAMMUDPOBAHUS,
mecmupyem, UCRbIMbIGAEM U OYECHUBAEM KAYECHE80 MAKUX PeuleHUll
3namop Ipunyuno 00bEKMHO-0PUEHMUPOBAHHO2O u @DYHKYUOHATLHORO
npoepammuposanus na JVM-coemecmumuix szvikax (Kotlin, Scala).
Apxumexkmypy u ocHosnvie komnorneumol JVM (JVM Memory Model, Garbage
Collection).



Dpetimeopxu 0151 NOCMPOEHUS BbICOKOHASPYHCEHHBIX npunodxcenull (Spring Boot,
Micronaut, Vert.x).

Bubnuomexu ons mawunnozo obyuenus u oopabomru oannvix na JVM (Tribuo,
Apache Spark MLIib, DL4J).

Ymemo Paszpabamuieamo 8bICOKONPOU3B00UMENbHBLE backend-cepsucwvl u
Mukpocepsucwl Ha JVM-coemecmumpvix sa3viKax.
Ilpoguruposamv u onmumuzuposamv JVM-npunoscenuss 01 pabomwl ¢
OobLUUMU 0ObeMaAMU OAHHBIX U 8bLCOKOU NAPANNENbHOU HACPY3KOU.
Humeepuposams ML-mooenu, peanuzosaunvie na Python, ¢ JVM-npunoscenus
(Hanpumep, ¢ ucnoavzosanuem JPype).
Tlucamv mooynvHble u unmezpayuonuvie mecmsl 05l obecnevenus Kaiecmea u
HaoescHoCmu Kooa.

Bnaoemuo Haesvikamu pazpabomxu na oonom uz INM-coemecmumoix szvixos (Kotlin/Scala).
Hnuempymenmamu ons npogpunuposarnus u monumopunea JVM (JVisual VM, JMH,
GC logs analysis).
Hasvikamu pabomer ¢ cucmemamu cOOpKU U YNpaeieHus 3a8UCUMOCMAMU
(Gradle, Maven).
Ipakmukamu omaaoxu u peweHus npooaem npouzgooumenvrHocmu 8 JVM-cpeoe.

Al S-1 Cnoco0en ynpaBiasaTh puckamMu B paspadorke cucrem WU, BbicTpamBath
ynpasJieHue 6e3onacHoctbio UM B komnanuu ¢ yuerom 3 tuku MU

Al S-1.1 Buviasnaem u mooenupyem yzposzel na 6cém ucuznennHom wuxie HH-
cucmem, ouyeHugaem u RPUOPUMUUPYEm PUCKU
3namp Vazeumocmu evicoxonazpycennvix cucmem (DDoS, unvexyuu)

Memoowi obecneuenus kubepbezonacnocmu ¢ MU

Ipunyuner pabomsi cucmem MOHUMOPUHEA AHOMANULL
Ymemn 1Ipogooums cmpecc-mecmol U aHaIU3 YSA36UMOCHEL

Paspabamvieams cmpamezuu 3auumol OaHHbIX

Hacmpausams cucmemul obuapysicenus emoposcenuii (IDS/IPS)
Bnaoemso Uncmpymenmamu (OWASP ZAP, Burp Suite)

Hasvixamu ayouma 6e3onacnocmu

ML-memooamu ons demexmuposanus aHOManuu

TunoBbie KOHTPOJIbHBIC 3aJaHUSI WM HHBbIE MATEPHAJIbI, HCOOXOAUMBbIE 115l OLICHKH
3HAHMH, YMEHHUH, HABBIKOB M (MJIM) ONbITA AEATEJbHOCTH, XaPAaKTEPHU3YIOLIUX ITANbI
(popMHpOBaAHUSI KOMIIETCHIHI B Ipo1ecce 0OCBOCHNUs 00pa30BaTeIbHOM NPOrPaMMbI

THmoBbIE 32124 IJI CAMOCTOATEIbHOI0 pelIeHus:

1. PaspabGotrka mukpocepuca s pekoMmenmaumii WMU. Cospate cepBuC Ha
FastAPl/Python, renepupyiommii nepcoHaIM3UpPOBaHHBIE PEKOMEHIAUUU (Hampumep, A
UHTEepHeT-MarasuHa).. Peanns3oBare KdImpoBaHHe mpenckaszaHuii B Redis u OamaHcHpOBKY
Harpys3ku yepe3 Nginx.

2. Tloctpoenue event-driven apxXuTeKTypbl Juis 00paOOTKM JaHHBIX. HacTpouTthb
B3anMojeiictBue MukpocepBucos yepe3 Kafka (nHampumep, cOop monbp3oBaTenbCKUX EHCTBUIN
JUISL QHAJTUTUKH ).

3. AsromacmtabupoBanue ML-cepuca B Kubernetes. Pa3zBepHyTh  MoOmeNb
knaccugukanuu Tekcra B K8s, nactpoutrs HPA Ha ocHoBe CPU/RAM-meTpuK.



4. IlapmupoBanue MongoDB nnst xpanenus noros. Pazaenuts komiekiuio jgoroB API
0 1IapJaM, MPOTECTUPOBATH CKOPOCTh 3anpocoB 1o Harpy3koi (YCSB).

5.  Onrtummsarnus 3anpocoB kK BektopHoi bJ]. PazBepunyTh Milvus/Pinecone mist moucka
IIOXO0’KUX TOBAPOB, CPABHUTH IIPOU3BOIUTENBHOCTH NpHU pa3HbIXx UHAeKkcax (HNSW, IVF).

6. Kononounoe xpaHwmmme aui aHaauTukud. 3arpy3uth pgatacer B ClickHouse,
ONTUMHU3UPOBATH 3arpockl ¢ arperanusiMu (GROUP BY, okonHble QyHKIMN).

7. Crpumunr nanabsix ¢ Kafka + Flink. Hactpouth moTtokoByro 00pabOTKy KIMKOB
noJsib3oBareseil B peaibHoM Bpemenu (nojacuer CTR).

8. Pacnpenenénnas oOpabGotka manubix B Spark. [IpoananusupoBarh JoTH cepBepa
(manpumep, noacuet 500-x ommOoK 1Mo yacam).

9. TectupoBanue oTkazoycroiuynBocTd ML-naitruiaitna. CBIMUTHPOBATD MaJIcHUE HOJIBI
B Kubernetes, mpoBeputh BoccranoBiienue ceppuca (Readiness/Liveness mpoOsr).

10. Perumukarus PostgreSQL mis cepBuca ayreHtudukanuu. Hactpouts master-slave
PETLINKAIHIO, TPOBEPUTH paboTy MpH OTKa3e master-HO/bl.

11. Vckopenwue inference monenu Ha GPU. Pa3zsepuyts PyTorch-monens ¢ moanepxkoit
CUDA, 3ameputh ckopocTb 00padboTku 3arpocoB vs CPU.

12. Ontumuzanus CH++-koga juis npenoOpaboTKu JaHHBIX. Peann3oBarh alroputm
TokeHn3anuu Tekcra Ha C++ ¢ PyBind11, cpaBHuTh nponsBoauTenbHOCTh ¢ Python.

13. Monutopunr gpeiipa npanaeix B ML-momenu. Hactpouts Evidently s
JETCKTUPOBAHUS CABUTOB B PACIPEICIICHIH BXOIHBIX TPH3HAKOB.

14. A/B-tecTHpOBaHHE PEKOMECHIATEIBHBIX aJrOPUTMOB. Pa3BepHYTh JBE BEpCHH
mojtenu (content-based vs collaborative filtering), cpaBauBaTh MeTpuku yepe3 Grafana.

3ayeTHO-IK3aMeHANIMOHHbIE MAaTepPHAJIbI VI  TNPOMEKYTOUHON  aTTeCTALMH
(3xk3ameH/3a4eT)

Bonpochl 1151 IOATOTOBKY K 3a4eTy

1. OcHOBHBIE NPUHIMIIBI MPOEKTUPOBAHUS BBICOKOHArpy>kKeHHbIX cucteM st WU-
CEpBHCOB

2. CpaBHeHHME MUKPOCEPBUCHOM U event-driven apXUTeKTyp i1 00pabOTKU MOTOKOBBIX
JTAHHBIX

3. IlatrepHnl oTKa3zoycTOH4YMBOCTH B pacmpenaeneHHblx cuctemax (Circuit Breaker,
Retry, Saga)

4. Ontummszauus API-untepgeiicoB ans ML-mozneneit (gRPC vs REST, Ounaphbie
IIPOTOKOJIBI)

5. Crpareruu ropu3oHTaJIbHOIO MacTabupoBanus it ML-undepenca

6. AsromacmrabupoBanue B Kubernetes: HPA, VPA u ux Hactpoiika st U-cepBrcos

7. banancupoBka Harpy3ku s GPU-ki1acTepoB: 0COOCHHOCTH U PEeILICHHS

8. IHapmupoBaHue BEKTOPHBIX 0a3 JaHHBIX JUIS MMOUCKA TIOXOXKHUX 0OBEKTOB

9. Onrummzanus koiaonounbix xpanwuil (ClickHouse, Cassandra) nms aHanuTH4eCKUX
3aIpocoB

10. KsmmpoBanue mnpenackazanuii ML-moneneit: crparerun u uHCTpyMeHTHI (Redis,
RedisAl)

11. Opranuzanus feature store 1751 BBICOKOHArpyeHHbIx ML-cuctem

12. Pemukanivs u COTJIaCOBaHHOCTB JaHHBIX B pacnpeaeneHHbIx b/l (CAP-teopema)

13. Apxurektypa noTokoBoi o00paboTku naHubix st WUW-npunoxkenuit (Kafka +
Flink/Spark)

14. Onrumuzanus ETL-nalnnaiftHoOB 111 00y4eHus Moiesiel Ha OOMBIINX JaHHBIX

15. PacmpeneneHHble BBIYUCICHHS JUIsi 0OpaOOTKM BPEMEHHBIX PSIOB (apXUTEKTYypa,
WHCTPYMEHTBHI)

16. Opranmsanus Data Lake mist xpaneHust 1 00paOOTKH pa3HOPOIHBIX TaHHBIX



17. Crparerum obGecredeHust 0TKa3oycToiunBoct ML-nainmaiiHoB

18. Pemnukaiivs u BOCCTAaHOBJICHHUE BEKTOPHBIX 0a3 JaHHBIX

19. TectupoBanue Ha 0TKa30ycTOMYMBOCTH (chaos engineering mis M -cuctem)

20. Opranmzanus multi-region pa3BepThIBaHUSA JIs TI00ATBHBIX CEPBHCOB

21. Yckopenue uH(pepeHca mojenel: kBaHTtoBanue, ontumusanus rpados (TensorRT,
ONNX)

22. TlpopunupoBanue u ontumuzauus Python-koma nns BeicokoHarpyxeHHbix M-
CEpBHUCOB

23. HUcnonp3zoBanue GPU/TPU st yckopenust 00pab0OTKH TaHHBIX

24. OntuMH3anys CeTEeBbIX B3aMMOJICHCTBHI B pacpeeIEHHBIX CHCTEMAax

25. MonuTopuHr aperida TaHHBIX U KOHIIETITYaJIbHOTO ciBUTa B ML-Moemnsax

26. VHCTpYMEHTHI IJIs JIOTHPOBAHUS U aHAlIM3a paboThl pacnpenaeneHubix cuctem (ELK,
OpenTelemetry)

27. A/B-tectupoBaHue U KaHapee4HbIe penu3bl st ML-Moneneit

28. YmparieHue kKoHpUTypaluei B BRICOKOHArpykeHHbIx cucremax (ConfigMaps, Vault)

4.2 Metoanueckue MaTepHaJibl, ONpeAe/siioe NPpoueaAypbl OLEeHUBAHUS 3HAHUIA,
YMeHUi, HaBBIKOB U (MJIH) ONBITA [IeATEJbHOCTH, XAPAKTEPU3YIOIIMX ITANbI
(opMupoBanusi KOMIETEHIIH A

MeTtoauyeckue peKOMEHIANMH, ONpelejsiOlIMe MPoUeIypPbl  OLEHHBAHUS
BbITIOJIHEHHSI KOHTPOJILHBIX 3a/JaHMH

3aI[aHI/I€ CUHUTACTCS BBIIIOJIHCHHBIM IIPH BBIITOJIHCHUU CICAYIOMUX YCHOBHﬁ:

— MPEAOCTABIIEH UCXOIHBIN KOJ

— MPOJIEMOHCTPUPOBaHa pabOTOCIIOCOOHOCTH MTPOTPaAMMBI

— CTYACHT IIOHUMACT I/ICXOI[HI)IfI KO U OTBCYACT HA BOIIPOCHI I10 €I'0 OpraHu3aiuu.

MeToaunueckue PEKOMEHIAIUMHA K C1a4e 3a4eTa

[Ipouenypa mpoMeKyTOYHOM aTTECTALMU MPOXOAUT B COOTBETCTBUU ¢ [lomokeHuem o
TEKYyIeM KOHTPOJIE U MPOMEeXYyTOouHOH arrectanuu oodyyatouxcss @PI'bOY BO «Ky6I'V».

TeKYH_IHﬁ KOHTPOJIb YCIICBACMOCTU CTYACHTOB IIPOBOAUTCS B LEIAX COBECPIICHCTBOBAHUSA U
HCMIPEPBIBHOT'O KOHTPOJIA Ka4ueCTBA o6pa30BaTem>H0ro rnmpounecca, IpoOBECpPKU YCBOCHUA yqe6H0ro
MaTcpualjia, akKTUBHU3aAllUU CaMOCTOSITEIbHOM pa6OTBI CTYACHTOB, CTUMYJIMPOBAHUA HUX yqe6H0171
pa6OTLI, obecrnieueHUs B(I)(beKTI/IBHOCTI/I O6pa3OBaTeJ'IBHOFO npounecca, npeayrnpeKacHuss puckoB
OTUUCIICHUS CTYACHTOB.

Texkymuil KOHTpOJIb 3HAHUN CTYJEHTOB OCYILIECTBISETCA IOCTOSHHO B TEYEHHE BCETO
cemecTpa.

Buapl Texymiero KOHTpOJS: YCTHBIM (IMCbMEHHBIH) OMpOC Ha 3aHATUAX; IpPOBEpKa
BBINOJIHEHHUS] JOMAIlHUX 3a/laHuil; MpOBEJEHUE KOHTPOJBHBIX PabOT; OLIEHKAa aKTUBHOCTH
CTyJI€HTa Ha 3aHATHH.

Crynentsl ouHO# (hopmbl 00ydeHHsI 00s3aHbl CIaTh 3a4eT /10 Hayalla 3K3aMEHallMOHHOMN
ceccum.

Ilo pe3yjibTaTaM CAa4yM 3a4€Ta BBICTABIIACTCA OLICHKA «3a4TEHO»/ «HE 3aUYTEHOY.



BricTaBrneHne 3a4eToB ISl CTYJIEHTOB OYHOHN (hOpMBI OOYUYEHUSI TPOBOIATCS B TIEPHOJT 10
3K3aMEHAIIMOHHON CECCUH.

IIpu oTcyTCTBMM 3a4E€THON KHMXKKH Y CTYACHTA K3aMEHATOP HE UMEET IIpaBa IPUHUMATD Y
HEro 3aueT/3K3aMeH. TakoW CTyJIeHT CYMTaeTCs HE SBHUBIIMMCS Ha 3adeT/Pk3amMeH. B
WCKIIFOUUTENIBHBIX CIy4dasX, Ha OCHOBAaHWMU PaCHOPSIKEHUs [EKaHa IPEernoJaBareib MOKET
JOIYCTUTH CTYJIEHTA K 3aUeTy/3K3aMeHy MPHU HATMYUU IOKYMEHTA, YJOCTOBEPSAIOIIETO JIUYHOCTb.

B OeiIAax 00BEKTUBHOIO OLICHUBaHUA 3HaHUM BO BPEMA IIPOBCACHUS 3a4€TOB U DK3aMEHOB HE
JO0IIYCKACTCA HAIIMYHNUEC Y CTYACHTOB ITIOCTOPOHHUX NIPEAMETOB U TEXHUYCCKHUX YCTpOﬁCTB.

CryneHTy, HCIONB3YIOIIEMY B XOJE 3au€Ta HEpa3pelICHHbIE HCTOYHUKU U CPEICTBA
NoJy4YeHuss WHPOpPMAlLNH, BBICTABISACTCS HEYIOBIETBOPUTEIbHAS OICHKA, U OH yJAJIAETCS W3
ayJIuTOPUH.

Bo Bpems 3adera CcTyA€HTBI MOTYT IOJIb30BAaThCA YTBEPKICHHOW pabouel mporpamMMoit
y4eOHOM AUCUUITIUHBI, KOTOpas JA0KHA ObITh B HAIMYUU Ha dK3aMEHeE, a TaKKe C pa3pelieHust
9K3aMEeHaTOpa CIIPABOYHON JIUTEPATYPOl U APYTUMHU TOCOOUSIMH.

CTYIICHTI)I, Hapymaromuye IpaBujia IMOBCACHUA IIPU IMPOBCACHHWH 3a4YCTOB M 3K3aMCHOB,
MOT'yT OBITH HE3aMCAJIUTCIIbHO YAAJICHBI U3 ayAUTOPHHU, K HUM MOIYT OBITD IMPHUMCHCHBI MCPLIL
JAUCHUIITIMHApPHOT O BOSHCﬁCTBHﬂ.

Ha 3ayere/sx3ameHe MOTYT MPUCYTCTBOBATH PEKTOP, IPOPEKTOP MO yueOHOi paboTe, nekaH
dakynbrera, 3aBeayromuil kadeapoil, kKotopas oOecrneyuBaeT y4eOHBIM MPOLECC MO TaHHOM
mucrumiiae. [IpucyTeTBre Ha 9K3aMeHax U 3a4eTax MOCTOPOHHUX JUI] 0e3 pa3pelieHus: peKTopa
WM TIPOpPEKTOpa 1o yueOHoi paboTe He JOoImycKaeTcsl.

[Tocne mpociymmBaHus JIGKUUU PEKOMEHIYETCS BBIIIOJIHUTD YIIPAXKHEHUS, IPUBOJUMBIE B
JIEKIUU I CAMOCTOSATEIbHON pabOThl, a TAKXKE BBIMOJIHUTh HA KOMITBIOTEPE C UCIIOJIb30BAHUEM
cpensl Python 3agauu, npuBoAMMBIE B JIEKIIMU B KAYECTBE PUMEPOB.

IIpu camocTosTeNnbHOW paboTe CTYyIEHTOB HEOOXOAMMO HW3Yy4UTh JIUTEparypy,
NPUBEJCHHYIO B TEPEYHsX, A OCMBICICHHUS BBOJMMBIX MOHATHH, aHaIU3a MPEAIOKEHHbBIX
MOJX0/I0B U METOAOB Pa3pabOTKU MapaiesbHbIX IporpamMM. Pa3zpaOaThiBasi pellieHHe HOBOU
3aa4d, CTYJIEHT JOJDKEH yMEeTh BBIOpaTb METOABI pelIeHHs 3aJauyd C Y4YEeTOM ILeJIeBOM
anmnapaTHoO m1aT(opMsbl, IPOBOJAUTH OTIAJKY U MIPOPHINPOBAHHE TPOTPAMMBI.

Kpurtepun oneHuBanus

Onenka

He 3auTeno 3a4uTeHo

® €CIM CTYJEHT IpaBWIbHO peuiwsl MeHee 70 | @ ecnu CTyAeHT mpaBuiabHO pemni 70 %
% 3ama4 /WM He UMeeT NPEeACTaBICHUE Kak | 3a7a4, MMeeT NPEACTaBICHHE KaK peIlaTh

peuiaTh OCTAJIbHBIC 3a/1a4n OCTAaJIBHBIC 3aJa4n

® HC 3HaACT 3HAYUTEIbHOMI JyaCTu | ®© Ha TCOPCTUUCCKHUC BOIIPOCHI JaH
TCOPECTUUCCKOT'O Marcpualia, AOIIYCKACT paSBepHyTBIﬁ OTBCT. MaTCpI/IaJ'I H3JI0KECH B
CYIICCTBCHHBIC OIIIMOKWU. OecJIoOM OCICAOBATCIBHO. NmeroTcs

JIOTUYHBIC 1 apTYMCHTHPOBAHHBIC BBIBOIBI




OrneHOYHBIE CpeNCcTBA JUII MHBAJIHIOB W JIMIl C OTPAHUYCHHBIMH BO3MOKHOCTSIMHU
3JI0POBbSI BRIOMPAIOTCS C YIETOM X WHIUBUAYATBHBIX MCUXO(PHU3NIECKIX OCOOCHHOCTEH.

— IpY He0OXOAMMOCTH MHBAIM/IAM | JIUIIAM C OTPaHUYCHHBIMU BO3MOKHOCTSIMH 37I0POBbSI
MIPEIOCTABIISICTCS TOMOTHUTEIBHOE BPEMsI JUISI IOATOTOBKH OTBETA HA SK3aMCHE;

— MIpH TPOBENICHUH TIPOIICAYPhI OIICHUBAHUS PE3YyJIbTATOB 00yUEHHSI WHBAIUIOB H JIUIL C
OTPAaHHYEHHBIMH BO3MOXXHOCTSIMU 3I0POBbSI MPEAYCMATPUBACTCS HCIIOIB30BAHIE TEXHUYCCKHIX
CpeICTB, HEOOXOIUMBIX UM B CBSI3U C UX WHAUBHIYATbHBIMH OCOOCHHOCTSIMU;

— TIPH HEOOXOAUMOCTH JIJIsl 0OYYAIOIIUXCS C OTPAHMYEHHBIMUA BO3MOXXHOCTSIMHU 3/I0POBBS
U WVHBAIWAOB TIPOIEAypa OICHUBAHUS pPE3YJIbTaTOB OOYYEHHUS 10 JUCIUIUIMHE MOXKET
MPOBOAMTHCS B HECKOJIBKO ATATOB.

[Iponienypa oneHUBaHUsI Pe3yJIbTATOB OOYUYCHHS WHBAIWIOB U JIUI[ C OTpaHUYCHHBIMU
BO3MOXKHOCTSIMU 37I0POBbBS TI0 JUCIHILIUHE MPEAyCMaTPUBACT MPEIOCTaBIeHHE HHPOPMAIUU B
dopmax, aTanTUpOBaHHBIX K OTPAHUYCHUSM MX 370POBbS M BOCIIPUSATHS WH(POPMAIIHH:

JUist 11 ¢ HapyIICHUSIME 3PEHUS:

— B I1€4aTHOW (hopMe YBEIIMYCHHBIM HIPUPTOM,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

JIJ1st JIUI ¢ HApYIICHUSIMH CITyXa:

— B mieyaTHOU hopme,

— B (hpopMe 3JIEKTPOHHOTO IOKYMEHTA.

JUtst I ¢ HapyIICHUSIMHA OTIOPHO-IBUTATEIILHOTO arapara:

— B IIeYaTHOM opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

JlaHHBII TEepeYeHb MOXET OBbITh KOHKPETH3MPOBAH B 3aBUCHMOCTH OT KOHTHHI'CHTA
oOyyJaroumxcsi.

4.3. MeTonnueckue yKa3aHHusl 110 OPraHU3ALUM BbIYMCIUTEIbHON HHPPACTPYKTYPHI

YciaoBus npuMeHeHHs:
- Kypc paccuntan Ha CTyneHTOB, UMEIOIUX 0a30Bble 3HAHUS B OOJACTH CHCTEMHOTO
aIMUHUCTPUPOBAHUS, CETEH U IPOrPAMMUPOBAHUSI.
- Jns BeimomHeHus pabor Tpedyercs goctyn k obnaunbiM miatgopmam (AWS, GCP,
Yandex Cloud) nian MOIIHOMY JTIOKaIbHOMY KJIACTEPY C MOANEPKKONW BUPTYaTH3AIUH.
- Heobxomumo mnpenBaputenbHoe 3HaKoMcTBO ¢ Docker, Kubernetes u cucremamu
MOHHUTOPHHTA.

Heaun, 3a0aun n oxxkugaeMble pe3yabTaThI:
Menn:
- CozmaTh OTKa30yCTOMUMBYIO M MacIITabupyemMyro HUHQPPACTPYKTYpY, CIIOCOOHYIO
BBIZICPKUBATDb OKCTPEMAJIbHBIC HAI'PY3KH.
- OO6ecreunTh CTYACHTOB TPAKTHUYECKUMU HaBBIKAMH pabOThl € WHCTPYMEHTAMH
OpKECTpallvui, MOHUTOPUHI'A U YIIPABJICHHA BBICOKOHAI'PY>XCHHBIMH CUCTEMAaMMU.

3amauyu npenogaBaTeis:
- TlomroroBuTh ¥ mpeAocTaBuUTh cTydeHTam mabmonsl Terraform/Ansible s
ABTOMATU3UPOBAHHOTO Pa3BEPTHIBAHUS CTEH/A.
- Hactpouts nentpanu3oBaHHble cucteMbl coopa Merpuk (Prometheus) m moros (ELK
Stack).
- Pa3zpaborate crienapum ayis reHepanuu Harpysku (¢ ucmois3oBaHueM Locust, Yandex
Tank).

O)I(I/IIlaeMble pe3yabTaTbl CTYACHTOB:



- YMeHHE caMOCTOSITENbHO pa3BopauMBaTh M HacTpaumBarh Kiactep Kubernetes s
BBICOKOHATpY>KEHHBIX 3a]1a4.

- HaBpiku xkoHuUrypupoBanus aBromaTudeckoro wmacmradbupoBanus (HPA, Cluster
Autoscaler).

—  CnocoOHOCTh HAcTpauBaTh U HCIOJIB30BAaTh KOMIUIEKCHBIE CHUCTEMBI MOHUTOPUHIA U
aJepTUHTA.

IMopsinok peanu3zanuu:

1. basoBbIii cTeHa: PasBepThiBaHne MHHMMaJbHOTO Kiactepa Kubernetes ¢ momorbro
kubeadm wnm o61adnoro mposaiiaepa.

2. HNudpacTpyKkTypa MOHMTOPHHIa: Y CTaHOBKA U HAcTpolika creka Prometheus + Grafana
+ Alertmanager 1715t cOopa METpUK € HOA, IOJIOB U MPUIIOKEHUH.

3. JlorupoBanue: Pa3zsepteiBanue ELK-ctexa (Elasticsearch, Logstash, Kibana) wmu ero
ananiora (Loki) myist arperanuu u aHajan3a JIOTOB.

4. T'enepaumsi Harpy3km: Hactpoitka m 3amyck ckpuntoB Ha Locust s co3gaHus
PEUTHCTUIHON HATPY3KU HA TECTOBBIC TIPHIIOKEHUS.

5. Hacrpoiika aBTOMaTH4yeckoro macmradoupoBanus: KonpurypupoBanue Horizontal
Pod Autoscaler (HPA) u Vertical Pod Autoscaler (VPA) mist TeCTOBOTO BEO-TIPHIIOKCHHUS.

IMopsinok NMpoBepKH KOPPEKTHOCTH:
Yek-mucT 7151 IPOBEPKU UHPPACTPYKTYPHI:
- Kuacrep Kubernetes Haxoaurcst B coctosinuu Ready.
- Bce cucremnsie noga (CoreDNS, Metrics-Server) paboTator.
- Prometheus cobupaet MeTpuKu CO BCEX HOJ U IENIEBBIX MPHIIOKEHHH.
— B Grafana goctynHsl namoopas! 11 otcaexkuBanus Harpy3ku CPU, RAM, cern.
- Ilpu Harpy304HOM TECTHPOBAHHH IPOMCXOJUT ABTOMATUYECKOE MAaCIITAOMPOBAHHE
MOJIOB MPUIIOKEHHUSI.

4.4. Metoauueckue yKazaHHs 110 OpraHU3aluy J1abopaTopHbIX padoT
YciaoBust npUMeHeHHs
- JlaBopaTopHble paOOThl BBHINOIHIIOTCS MOCIE OCBOCHMS TEOPETHUECKOro MaTepuala Io
COOTBETCTBYIOILEH TEME.
— Jlns BbImosHEeHUsT HEOOXOAMM JOCTYH K 3apaHee pa3BepHYTOH BBIYMCIUTEIbHON

uH@pactpyktype (1. 4.3).
— PaGoThI BEINONHAIOTCA MHIMBUAYAIBHO WM B MaJIBIX rpynnax (2-3 uenoBeka).

IICJ'II/I, 3aa4YM H O)KMAA€MbI€ PE3yJIbTaThI:

Hemnu:
- BaerHI/ITI) Ha MPAKTUKEC MPUHIHUIIBI TOCTPOCHUA U ONITUMH3AlNH BBICOKOHAI'PYKCHHBIX
CUCTEM.
—  CdopmupoBaTh HaBBIKH pabOTHI C COBPEMEHHBIM HMHCTPYMEHTapHEM Ui oOecreyeHHs
MPOU3BOJUTENBHOCTU U OTKA30yCTOMUYHUBOCTH.

3agaum npenogaBartes:
— PazpaboraTh fgeTtanbHble 33aHUS IS KaKI0W 1abopaTopHON paboThl (B COOTBETCTBHH C
PII/, . 2.3.3).
— IloaroroBUTH TECTOBBIE CLICHAPUH U CKPHUIITHI JJISI IPOBEPKHU PE3YIIBTATOB.
— OOGecneunTh KOHCYIbTALMOHHYIO MOIEPKKY B MPOLIECCE BHIMOIHEHUS paboT.

OsxuaemMble pe3yJbTaThl CTYACHTOB:
— YMeHHe NPOBOANTH CPABHUTENIBHBIN aHATIN3 APXUTEKTYP U TEXHOJIOTHUH IO/ HArPY3KOM.



- HaBeiku ToHKON HacTporiku CYBJI, kdmieii u BeO-cepBEpOB Il JOCTHIKCHHS
MaKCHUMaJIbHOU IPOU3BOAUTCIIBHOCTHU.
— CnocoOHOCTh MTPOBOAUTH CTPECC-TECTUPOBAHUE U aHATU3UPOBATH €r0 PE3yJIbTAThI.

Iopsinok peasm3zanun:

IIpumepsl 1adopaTtopubix pador (corsaacuo PII/I):
JIP 1-2: CpaBHeHUE MOHOJIMTHOM U MUKPOCEPBUCHON apXUTEKTYPHI 101 HArPY3KOW. AHAIHN3
CAP-Teopemsl.
JIP 3-4: Hactpolika aBToMacITaOMpOBaHUs U CpaBHEHUE cTpaTeruii Mmacirabuposanus b/1.
JIP 5-6: Ontumu3anys Npou3BOAUTEILHOCTH BEKTOPHBIX M KOJOHOUHBIX XPAHWIUI JAHHBIX.
JIP 7-8: Iloctpoenue pipeline mist o6paboTku Oonbimmx naHHBIX (Spark) w cTpuMuHTa
(Kafka).
JIP 9-10: TectupoBanme oTkazoycroiiunBocty B Kubernetes u perivmkanyu JaHHbIX.
JIP 11-12: Anmnapartnas ontumuzaiusi (CPU/GPU) u HuU3KOypOBHEBas ONTHUMHU3AIMS KOAA
(C++).

JIP 13-14: Mouutopunr ML-Mozeneli B mpoaakiineHe u nposeaeHue A/B-TecTos.
Ilopsiiok NpoBepKU KOPPEKTHOCTH:

Yek-1ucT 17151 OLICHKH paOoThI:
- IlpenocraBieH NCXOAHBIN KOA U KOH(DUTYpaIMOHHBIE (haiIIbL.
- IlponemoHcTpupoBaHa pa®oTa CHUCTEMbI B COOTBETCTBUM C 3a/JlaHHEeM (Hampumep,
NOKa3aHbl rpauKKu HArpy3KH U METPUKU MACIITAOMPOBAHU).
—  CTyaeHT MOXeT NOSCHUTb IPUHATHIE apXUTEKTYpHbIE U KOH(UTYPALMOHHBIE PELICHHUS.
— Pesynbrarel Harpy304HOro TECTUPOBAHHUS COOTBETCTBYIOT KPHUTEpPHUSAM, YKa3aHHBIM B
3aJJaHuHU.

4.5. MeTonnveckne yKa3aHus 10 OPraHU3ALUH IPOCKTHOM JeATeJIbHOCTH CTY/ICHTOB
YciaoBust npUMeHeHHs

o IIpoekTHas 1eATENbHOCTD SABISAETCS 3aBEPIIAIOIINM 3TallOM OCBOCHHUSI JUCLUIUIMHBI.

e [IpoexTs! BBIMOJIHAIOTCS MaJIbIMK rpymnnamu (3-4 yenoBeka) B TEUEHUE CEMECTpA.

o Jlns peanu3anuu HEOOXOMMa BCsl MHPPACTPYKTYpa, pa3BepHyTast B paMKax 1. 4.3.
Henn, 3aja4u 7| 0’KHaeMble pe3yabTaThl:
Hemnu:

e UHTerpupoBaTh IOJYYEHHBbIE 3HAHWUS W HABBIKM JUISI PELICHHsS KOMIUIEKCHOM 3aladu

IIPOEKTUPOBAHUS U PA3BEPTHIBAHUS BBICOKOHATPYKEHHOU CUCTEMBI.
e Pa3BuTh HaBBIKM KOMaHIHOW pabOThHI, MPOEKTHOIO IUIAHUPOBAHUS U TPE3EHTALUU
pe3yabTaToB.
3ajaum npenogasarens:

o CdopmupoBath NopTdeab NPOSKTHHIX 3aJaHHi, UMUTHPYIOLINX pealbHbIe OU3HEC-KEHCHI.

e Brictynars B poiu MeHTOpa, IPOBO/IS pETYJIIsipHbIE code review U apXUTEKTYpPHbIE CECCHH.

o Pazpabotare yeTkue 1 U3MEpUMbIe KPUTEPHH OLIEHKU UTOTOBOTO PEIICHMUS.

O:xupgaemble pe3yabTaThl CTY1€HTOB:
- ToroBas k paboTe BEICOKOHArpy>keHHas1 CUCTeMa, pa3BepHyTas B kiactepe Kubernetes.
— IlonHBI KOMIUIEKT JOKYMEHTALMH, BKJIKOYas ONHCAHUE apXUTEKTYpbl, HHCTPYKLUHU I10
Pa3BEPTHIBAHUIO U OTYET I10 HArpy304YHOMY TECTUPOBAHUIO.
- VYMeHHMe KOMAaHJIOM CHOPOEKTHUPOBATh, pPEAJIN30BaThb M OTTECTUPOBATh CHCTEMY,
OTBEYAIOIIYI0 TPEOOBAHUSAM MPOU3BOJUTEIHHOCTH U HAJISKHOCTH.

IHopsaaok peanusanuu:



IIpuMeps! NPOEKTHBIX 3aIaHUM:

1. IIpoexTHpoBaHHe BBICOKOHATPY:KEHHOT0 CcepBHca peKoMeHIanuid. Pazpaborka
CHCTEMBI, BKJIIOYAIOIIEH MHUKPOCEPBHCHI sl cOOpa NaHHBIX, OOY4YEHUS MOJEIH H
uH(pepeHca, ¢ KAIIUPOBAHUEM U OaTaHCUPOBKON HArpy3KHu.

2. Co3nanue mwiatgopMsbl AJsl OHJIANH-TPAHCIANUNA ¢ 4yaToM. Peanm3amusi CUCTEMBI,
CIoCcOOHOM 00pabaThiBaTh THICSYM OJTHOBPEMEHHBIX MOJKIOYEHHH, C MCIOIb30BAHUEM
WebSocket, Redis s pub/sub 1 ropu3oHTaIBHBIM MaCIITAOMPOBAHUEM.

3. Pazpaborka BbIicOkonmpousBoauTeabHoro API-mumro3a. [loctpoenne mmmo3a ¢
K3IIMpoBaHueM, rate limiting, Circuit Breaker u netann3npoBaHHBIM MOHUTOPUHTOM BCEX
BXOJISIIIIUX 3aIPOCOB.

4. Iloctpoenme ETL-nmaiiniaiina s o0padoTku 1noToKoOBbIX JaHHBIX loT-
yerpoiicTB. Hactpoiika nmpuema, 00paboTKH U COXpaHEHUsl OOJBIIOTO MOTOKA JaHHBIX C
ucnonb3oBanuem Kafka, Spark Streaming u BeicokonpousBoautensHoi bJ1.

Kpurtepun ouenku:
— Apxurekrtypa u peanusanus (50%): CoorBercTBue npuHuMIaM npoektupoBanus BH-
CUCTEM, IPaMOTHOE UCIOJIb30BaHUE MAaTTEPHOB, KAYECTBO KOJA.
— IlpousBoaurtenbHOCcTh M Macmradbupyemoctb (30%): Pe3ynbrarsl Harpy304Horo
TECTUPOBaHUS, 3PPEKTUBHOCTh HACTPOEK MACIITAOUPOBAHUS, OTKa30yCTONYUBOCTb.
-  JoxkymenTanusi u npe3eHtanus (20%): [loaHoTa 1 CHOCTH AJOKYMEHTALIMH, KA4E€CTBO
BBICTYIUIEHUSI U OTBETOB Ha BOIIPOCHI.

ITopsinok npoBepKH KOPPEKTHOCTH:
- IlpoBoautcs aemo-ceccusi, Ha KOTOpPOM KOMaHJa pa3BOpayMBaeT CUCTEMY C HyJsd U
IIPOBOAMT HAarpy304HbIi TECT.
- IlpenonaBarens npoBepseT BBHIIOIHEHHE BCEX (DYHKIMOHANBHBIX U HEQYHKIMOHAIBHBIX
TpeOoBaHuUl, yKa3aHHbIX B T3.
— OueHuBaercs CHOCOOHOCTh KOMaH/Abl apryMEHTUPOBaTh BBIOOpP TEXHOJOTMH U
APXUTEKTYPHBIX PEIICHUH.

5. IlepeyeHb OCHOBHOW M [ONMOJHUTEJbHOH Y4YeOHOH JHUTEPaTypbl,

HEe00X0UMOIi 1JI1 OCBOCHHUS TUCIMILIMHBI (MO1YJIA)

5.1 YueOHHas1 uTepaTypa:

1. JlaBpumiena, E. M. [IporpamMmHas HH>K€HEpUs U TEXHOJIOTHH MPOrPaMMHUPOBAHHUS
CIIO)KHBIX CHCTEM : y4eOHHUK 1 By30B / E. M. JlaBpuieBa. — 2-e u3j., ucnp. u gorn. — Mocksa
: I3marensctBo FOpaiit, 2023. — 432 c. — (Bricmiee obpazoBanue). — ISBN 978-5-534-07604-

2. — Teker : snextpoHHbIt // OOpasoBarenbHas mmiardgopma HOpaiir [caiit]. — URL:
https://urait.ru/bcode/513067 (nata oopamierus: 08.05.2026).

2. Yepubimes, C. A.  IlpuHnumbl, naTtTepHbl ¥ METOAOJOTUU pa3pabOTKU
nporpaMMHoOro otecrniedenust : yueOHoe nocodbue anst By3oB / C. A. UepnsimeB. — Mocksa :
WznatenbctBo FOpaiit, 2023. — 176 c. — (Briciiee oOpa3oBanue). — ISBN 978-5-534-14383-6.
— Tekcr : onexktponHwid // OOpa3zoBatenbHas tmatdopma HOpait [caiit]. — URL:
https://urait.ru/bcode/520097 (nata oopamenus: 08.05.2026).

3. «ApXUTEKTYpHBIE perieHHs] HHHOPMALMOHHBIX CUCTEM : YUEOHUK IJis By30B / A.
. Boasxo, JI. C. Beirosckuii, B. A. Jlybenenxuii, B. B. IlexanoBckuii. — 3-e u3n., crep. —
Cankt-IlerepOypr : Jlaws, 2022. — 356 c¢. — ISBN 978-5-507-44710-7. — Tekcr :
AIIEKTPOHHBIH // Jlanb : AIIEKTPOHHO-OUONINOTEYHAS CUCTEMA. — URL:

https://e.lanbook.com/book/254624 (mata obpamienus: 08.05.2026). — Pexum goctyma: s
ABTOPH3. MOJIb30BATEIICH.»



5.2 JlonoiHUTEIbHASI JIUTEpaTypa:

1. . Kadxka /1., Myptu JI. Huram C. MukpocepBucHasi apxutekTypa. Peanuzamnus u
npoektupoBanue: [lep. ¢ anrn. — M.: IMK-IIpecc, 2017. — 432 c.

2. ®daynep M., [Tanmep P., JIstouc [xerimc. MukpocepBucsl. [lartepHbl pa3paboTku
u nyumme npaktuku: Ilep. ¢ anri. — M.: JIMK-IIpecc, 2018. — 510 c.

3. MakKpocku P. Mukpocepucel. Co3ganue pacmimpsieMblX U OTKa30yCTOMYMBBIX
npuioxxkenuii: [1ep. ¢ anrn. — M.: JIMK-IIpecc, 2018. — 460 c.

4, Cammepsunb k., XKepapau P. Mukpocepsucs B neiicteuu: [lep. ¢ anrin. — CII6.:
[Turep, 2018. — 304 c.

S. I"anpu L11. Mukpocepsucel. Hagexusie n Macmtabupyemsie cucteMsl: [lep. ¢ anri.
— M.: OO0 «IMK IlIpeccy, 2019. — 340 c.

6. bamxycka /1., Mockero P. MukpocepBucbl u3HyTpu. OCHOBBI, HHCTPYMEHTHI U
npaktuyeckue pekoMmenaanuu: Ilep. ¢ anrin. — M.: JIMK-IIpecc, 2020. — 480 c.2.

Kongpepenyuu A*:

. https://openreview.net/forum?id=FMMF1a9iFC

. https://openreview.net/forum?id=EIUrNM9U8c#discussion

. https://openreview.net/forum?id=JoO6mtCLHD

. https://aclanthology.org/2024.findings-emnlp.760/

. https://aclanthology.org/2020.coling-main.588/

. https://link.springer.com/chapter/10.1007/978-3-030-72113-8 30
. https://link.springer.com/chapter/10.1007/978-3-031-42448-9_10
. https://aclanthology.org/2024.findings-naacl.288/
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5.3. Illepuoauyeckue u3IaHusl:
1. basrwl mannpix komnauuu «Mct Brro» http://dlib.eastview.com
2. Dnekrponnas 6ubmuoreka GREBENNIKON.RU https://grebennikon.ru/

5.4. UnTepHeT-pecypchbl, B TOM 4K cJ/ie COBpeMeHHbIe NpodeccHOHATbHBIE 0a3bl
AAHHBIX U HH(POPMALIMOHHBIE CIIPABOYHbIE CUCTEMbI

Inexmponno-oubauomeynwvie cucmemol (Ib6C):

3BC «FOPAMT» https://urait.ru/

ABC «YHUBEPCUTETCKA I BUBJIMOTEKA OHJIAMH» http://www.biblioclub.ru/

9BC «BOOK.ru» https://www.book.ru

OBbC «ZNANIUM.COM» www.znanium.com

. OBC «JIAHb» https://e.lanbook.com

Ilpogheccuonanvuvie 6a3vi OanHbIX

Scopus http://www.scopus.com/

ScienceDirect https://www.sciencedirect.com/

Kypuansr uzgarenscrsa Wiley https://onlinelibrary.wiley.com/

HayyHasa snekTpoHHasa bubaunoteka (H3B) http://www.elibrary.ru/

ITomHOTEKCTOBBIE apXMUBBI BEAYIIUX 3alaHbIX HAYYHBIX )KypHAJIOB Ha Poccuiickoin
iatdopme HayuHbIX )KypHaoB HOMKOH http://archive.neicon.ru

6. HauuoHanbHas  snekTpoHHasa  6ubnauoTteka  (IOCTyHn K DIEKTPOHHOH  OmOIMOTEeKe
nuccepranuii Poccuiickoit rocynapctsennoi oudnuorexu (PI'b) https://rusneb.ru/

7. MNpe3naeHTckasa bubanorteka um. 6.H. EabumHa https://www.prlib.ru/

8. ba3a gaHHbIX CSD KembpunaKCKoro LeHTpa Kpuctaanorpadpumyeckmx gaHHoix (CCDC)
https://www.ccdc.cam.ac.uk/structures/

9.  Springer Journals: https://link.springer.com/

10.  Springer Journals Archive: https://link.springer.com/
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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. "Jlexropuym TB" http://www.lektorium.tv/

17. Yuusepcuretckas unpopmannonnas cucrema POCCUS http://uisrussia.msu.ru

HHd)OpMCIL}MOHHble CnpasovHble Cucmembsl

1. KoncyneranT [Lmtoc - cipaBodHast mpaBoBasi CUCTEMa (JIOCTYI MO JIOKATLHOM CETH C
KOMIThIOTEPOB OUOIMOTEKH )

Pecypcor c6o600n020 0ocmyna

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

2. AwmepukaHCKas maTeHTHas 0a3a MaHHBIX http://www.uspto.gov/patft/

3. MuHnucTepcTBO HAyKHU U BhICIIETro oOpa3zoBanus Poccuiickoit denepannn
https://www.minobrnauki.gov.ru/;

4. ®enepanbubiii noptan "Poccuiickoe odpazoBanue” http://www.edu.ru/;

5. Hudopmanmonnas cuctema "EquHoe okHO q0CTyIa K 00pazoBaTeIbHBIM pecypcam”
http://window.edu.ru/;

6. Enunas xomnexuus nudpoBbIX 00pa3oBaTeNbHBIX pecypcoB http://school-collection.edu.ru/ .

7. Ilpoekt I'ocynapcTBeHHOro HHCTUTYTa pycckoro si3bika uMeHu A.C. Ilymkuna
"O6pa3zoBaHue Ha pyccKoM" https://pushkininstitute.ru/;

8. CnpaBouHo-uH(pOpMaMOHHKIHN opTan "Pycckuii s3b1K" http://gramota.ru/;

9. Cnyx0a TeMaTH4eCKUX TOJIKOBBIX ci0Bapeil http://www.glossary.ru/;

10. CrnoBapu u SHIMKIJIONEIUU http://dic.academic.ru/;

11. O6pazoBarenbHblii mopTan "Yueba" http://www.ucheba.com/;

12. 3akoHonpoekT "O6 06pasoBaHuu B Poccuiickoin Peaepaumnn”. Bonpockl n oTeeTh! http://xn--273--
84d1f.xn--plai/voprosy i otvety

Cobcmeennbvie 21ekmponHble 00paszosamenvhule U UHGopmayuouusle pecypcewvl Kyol'V

=

OnekTpoHHbIN kKaTajgor Hayunoit 6ubnuorexku KyOI'Y http://megapro.kubsu.ru/MegaPro/Web

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

Cpena MOAYJIBHOTO TMHAMUYECKOT0 00y4YeHus http://moodle.kubsu.ru

baza yueOHBIX M1aHOB, Y4eOHO-METOAMYECKUX KOMILJIEKCOB, MyOJIMKaluil 1 KOH(pepeHInH
http://infoneeds.kubsu.ru/

5. bubnuorteka nHGOPMAIMOHHBIX pecypcoB Kadenpsl HH(HOPMALIMOHHBIX 00pa30BaTEIbHBIX
TEXHOJIOIUH http://mschool.kubsu.ru;

6. DnexTpoHHbII apxuB goKymeHToB KyOI'Y http://docspace.kubsu.ru/

7. DneKTpoHHbIE 00pa3oBaTeIbHbIE PECypChl Kadeapbl HH(POPMAIIMOHHBIX CHCTEM U TEXHOJIOTHI
B oOpazoBanun KyOI'Y wu mnHayuno-meromuueckoro skypHama "IIKOJIBHBIE T'OIbI"
http://icdau.kubsu.ru/

w
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5.4 IlepeyeHb HHPOPMALNNMOHHO-KOMMYHHKANMOHHBIX TEXHOJIOTHI

— [IpoBepka fOMaIIHUX 3aJaHUN U KOHCYJIbTUPOBAHUE IMOCPEACTBOM AJIEKTPOHHOM MOYTHI.
— Mcnonb30BaHme 3JIEKTPOHHBIX NPE3CHTAMN MTPU TPOBEICHUH JICKIIMOHHBIX 3aHATUN
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- Cucrema MOODLE
- [IpoBepka noMamHuX 3aJaHuii U KOHCYIbTHpoBaHue nocpeactsom JONC Kyol'y

5.5 IlepeyeHb JMIEH3HMOHHOIO W CBOOOJHO PACIPOCTPAHSAEMOr0 INPOrPAMMHOIO
odecrneyeHus

OpenOffice

Komnunarop C++

Oracle VirtualBox 6

VMware Workstation 16

Putty 0.76 nmu 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

@peiimBopk Django

Firefox, mobas Bepcus

Putty, mo0as Bepcus

Visual Studio Code, Bepcus 1.52+

Eclipse PHP Development Tools, Bepcus 2020-06+

[Tnarun Remote System Explorer (RSE) ans 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. MerToanueckue YyKazaHusi IS O0y4YAOIIUXCHA IO OCBOEHHMIO
AUCHHUILIUHBI (MOIYJIs1)

B ocBoeHnHU NHCHUIUIMHBI MHBAIUAAMM U JIMIAMH C OFPAaHUYEHHBIMU BO3MOXXHOCTSMHU
3JI0pOBbsl OOJBIIOE 3HAUEHHWE HMEET WHIUBUIyajbHas ydeOHas paboTa (KOHCYJIbTal[UH) —
JIOTIOJTHUTEIbHOE pa3bsiCHEHNE Y4eOHOro MaTepHara.

WnnuBuayanbHble KOHCYJIbTAllMM IO TPEIMETY SBISIOTCA BaXXHBIM  (pakTopom,
CHOCOOCTBYIOLIMM MHAWBUIYAINU3AlMU OOYUYEHUS U YCTAHOBJIECHUIO BOCIUTATEIBHOTO KOHTAKTa
MEXIy TMpernojaBaTeieM W O0y4arolmMMCs HWHBJIWIOM WM JIMIOM C OrpPaHUYEHHBIMU
BO3MO>KHOCTSIMH 3710POBBbS.

Keiicol ITAO «COepOank»


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

Keiic 1: BpicokoHarpy:keHHasi miatgopma st reHepaTuBHOro MM MHBeCTHIMOHHBIX
0030poB

Onucanmne:

Pa3zpaboTka macmtabupyemMoi CUCTEMBI JUIsl aBTOMAaTUYECKOTO COCTABJICHHSI MHBECTHIIMOHHBIX
0030poB Ha ocHOBe LLM, criocobHol 00pabaThiBaTh COTHH 3alPOCOB OJHOBPEMEHHO B PEKUME
peanibHOTO BpeMeHU. CucTeMa JI0JKHA HHTETPUPOBATHCS ¢ UCTOYHUKAMU OUPIKEBBIX JAHHBIX U
obecreunBaTh reHepaIyio aHATUTHYECKHX 0T4eToB 00bemMoM 500-1000 ciios.

Hean:

Co31aTh 0TKa30yCTOWYHBYIO IIIATGOPMY, 00ECIIEUMBAIOILY IO HU3KYIO 3a/IepKKy nH(pepenca ML-
MoJeNiell MpU INHMKOBBIX Harpyskax, ¢ s@dextuBHbM ynpasieHueM GPU-pecypcamu u
K3LIMPOBAaHUEM IIPEACKA3AHUIM.

O:xunaemblii pe3yJbTar:

ApPXUTEKTYpa MUKPOCEPBUCHON CHCTEMBI C TOPU3OHTAIBHBIM MaclITaOMpOBaHUEM, MOKA3aTeNIN
latency < 2 cex mpu 1000 RPS, peanmzoBanHoe KdmIMpoBaHHME mpenckazanuii B Redis,
KOH(UTrypalius MOHUTOPUHTa pou3BoAuTeabHOCTH B Grafana.

Keiic 2: PacnpenesieHHasi cucTeMa aHAJIM3a 5KaJ100 KJIMEHTOB B PeajibHOM BPpeMeHHU

Onucanue:

[TocTpoeHre cHUCTEMBI CEMAHTHYECKOTO aHal3a OOpalleHUH KIMEHTOB, 00padaThIBarOIICi
TBICSIYM 3aMIPOCOB B MUHYTY U3 4aTOB, MOOMJIBHOTO MPUJIOKEHUS U kKanoOHbIX hopm. Cucrema
JOJI’KHA BBIACIIATH TEMbI >1<an06, ONpeaACIATbh TOHAJIBHOCTD 1 KPUTUYHOCTh HHIIUJACHTOB.

Henan:

PeanuzoBath event-driven apXuTeKTypy C TOPU3OHTaJIbHBIM MacimiTabupoBanueM NLP-
MHUKpPOCEpPBUCOB, 00OecrneunTh 00paboTKy NOTOKOBBIX JaHHBIX uepe3 Apache Kafka u
0aaHCHPOBKY HArpy3KH MEXy HHCTaHCAMU MOJIeIEH.

OsxkupaeMblii pe3yabTar:

OrtkazoycroiuuBas cucrema c¢ throughput > 5000 cooOmieHuit/MUH, METPUKaMU JOCTYITHOCTH
99.9%, namobopioM MOHMTOPUHIA B pPEAJbHOM BPEMEHHM M MEXaHH3MaMH aBTOMAaTHYECKOIO
BOCCTAHOBJIEHMSI TP COOSIX.

Keiic 3: BbicokonpousBoautenabHass miargopma AJsi TeHepalluM CHUHTETHYECKHX
0aHKOBCKHX JAHHBLIX

Onucanue:

Coznmanmue pipeline renepauu CHHTETHYECKUX 0aHKOBCKUX JTaHHBIX JJIs1 o0ydenust ML-monenei,
CIIOCOOHOTO TPOM3BOAUTH MIIIMOHBI TPAH3AaKIUN U KIMEHTCKUX MPOQHIEH ¢ COXpaHEHHEM
CTATUCTUYECKUX XAPAKTEPUCTUK PEATTbHBIX JIAHHBIX.

Henan:

Pa3zpabotare pacmpeneneHHyl0 CUCTEMY T€HEpali U BaIHIAlMU JaHHBIX C HCIOJIb30BaHUEM
Apache Spark, o6ecrieunts xpaneHue 00IbIIMX 00HEMOB JJAHHBIX B KOJIOHOYHBIX XPAaHUJIUIIAX U
napauieIbHyI0 00pabOTKy C COXpaHEHHEM KOHCHCTEHTHOCTH.

OsxkupaeMblii pe3yabTar:



Pipeline ¢ mpousBomurensHOCTBIO > 1 MiH 3ammceit/yac, wHTerpanus ¢ ClickHouse mms
AHAIINTNYCCKUX 3anp0c013, cucremMa MOHI/ITOpI/IHI‘a KadyeCTBA CUHTCTUUYCCKUX JAHHBIX U MeTpI/IKI/I
COOTBETCTBUS pPeabHBIM PACIIPEICICHHUSIM.

Keiicol oTr «<ABA JIAB»
Keiic 1: Boicokonarpy:kennasi Bl-cucrema ¢ RAG Ha ecTecTBeHHOM sI3bIKe

Onucanue:

Pa3pabotka unrepdeiica Ha ecrecTBeHHOM si3bike /i BI-cuctemsl Fastboard, obecnieunBatoniero
MT'HOBEHHBIE OTBETHI Ha aHAJMTUYECKHE 3aMpOChl K 60bmuM MaccuBaM JaHHbIX B ClickHouse ¢
ucnojb3oBanrueM RAG-apXuTeKkTyphl.

Henan:

OnTuMHU3MpoBaTh MPOU3BOJIUTEILHOCT, BEKTOPHOTO MOMCKA MPH BBICOKOW YaCTOTE 3alpOCOB,
pean30BaTh KAIIMPOBAHHUE PE3YJIbTATOB U SMOEAIUHIOB, 00ECIEeYUTh MacIITaOHpPyeMOCTh
cepBucoB LLM u BekTtopHbIX B/I.

O:xunaemblii pe3yJbTar:

Cucrema c BpemeHeM otTkiuka < 1 cexk mpu 100+ concurrent 3ampocax, peaan30BaHHOE
MHOTOYPOBHEBOE K3ILIMPOBAaHUE, AAIOOpPA MOHUTOPUHIA MPOU3BOAMTEIBLHOCTH U KauecTBa
MOWCKA.

Keiic 2: MyabTUMOAAJBHBIA AreHT JJIS1 AHAJIU3a CTPOUTEIbHBIX IUIONIAJI0K B pPeajlbHOM
BpeMeHH

Onucanmue:

Co3maHne CHCTEeMbl MOHUTOPHHTA CTPOUTEIILHBIX 00BEKTOB, 00padaThIBAIOIICH BUICOMOTOKH C
KaMmep, TOJ0COBBIE M TEKCTOBBIE 3aMPOCHI OT CIEIUAIMCTOB C MPUMEHEHUEM KOMIIBIOTEPHOIO
3penus u NLP.

Hean:

O6ecneunTh 00pabOTKY MOTOKOBOTO BUJIEO B PEAIbHOM BPEMEHH, PACIIPEICTICHHYI0 00padoTKy
MYyJIbTUMOJIATIBHBIX JAHHBIX W HU3KYIO 3a7epXKKy TpU B3aUMOJIEHCTBUM C areHTOM Yepes
ontumuzanuio nHpepenca ML-moneneit na GPU-kmacrepax.

O:xupaemblii pe3yJbTar:
Cucrema ¢ nogzepkkoit 50+ o1HOBpEeMEHHBIX BUIEONIOTOKOB, BpeMEHEM 00pabOTKH 3apOCOB <
3 cek, MacImTabupyeMon apxXuTeKTypoi JUIsi KOMITbIOTepHOTO 3peHus 1 NLP-cepBucos.

Keiic 3: BoicokoHarpy:keHHasi njiar¢opmMa nporHo3upoBaHusi CPOKOB ¢/1a4i 00bEeKTOB

Onucanmue:

Pa3paboTka cucTeMbl MPOTHO3UPOBAHUS CPOKOB CIA4M CTPOUTENHHBIX OOBEKTOB Ha OCHOBE
aHaJM3a TEKCTOBBIX OTUETOB M BH3yaJIbHBIX JAaHHBIX, 0OpadaThiBaroleil nH(POpPMAIHIO C COTEH
CTPOMUTEIBHBIX IUIOIIAIOK.

Hean:

PeanuzoBate mapawienbHyr0 00pabOTKy OONBIIMX OOBEMOB H300paXEHUH W JTOKYMEHTOB,
CO3/1aTh MacIITAONPyEMYIO apXUTEKTYpy AJISl aHATN3a BPEMEHHBIX PSAA0B 1 00ECTIEUUTh BBICOKYIO
JOCTYITHOCTb CUCTEMBI JJIsI HEITPEPBIBHOI'O MOHUTOPHHTA.

O:xupaemblii pe3yJbTar:



[Tnatdpopma ¢ TPOU3BOAMTENBHOCTRIO o00paboTku > 1000 gokymeHTOB/Yac,

BpEMEHEM

dbopmupoBanus rporHosa < 10 cek, CHCTeMON MOHUTOPUHTA MMPOU3BOIUTEIBHOCTH H METPUKAMU
TOYHOCTHU MTPOTHO30B > 85%.

O01mue pekoOMeHIAUM 10 PeaTu3anuM KeiicoB:

Hcnons30BaTh MUKPOCEPBUCHYIO APXUTEKTYPY C YETKUM Pa3ciieHuEM OTBETCTBEHHOCTH
[TpuMeHSTh TOPU30OHTAIEHOE MAacIITAOMPOBAHKUE U ABTOMATHYECKOE MacIITaOupOBaHKE B
Kubernetes (HPA)

Buenputs kammpoBanue Ha Bcex ypoBHiX (Redis, Memcached) mist cHukeHUsT Harpy3Ku
Ha 0a3bl JAHHBIX

Hcrnonb30BaTh acMHXpOHHYKO 00pabOTKy 3ampocoB 4vepe3 message brokers (Kafka,
RabbitMQ)

HacTtpouTh KOMIUIEKCHBI MOHUTOPUHT Tipom3BoauTenbHOCTH (Prometheus, Grafana) u
pacrpeesieHHYI0 TPACCHPOBKY

O0ecneunTh OTKA30yCTOMYMBOCTh Yepe3 PEIUIMKAIUI0 JIaHHBIX W MexaHu3Mbl Circuit
Breaker

OnTuMuU3UpOBaTh pabOTy ¢ 0a3aMK JaHHBIX: [IAPAUPOBAHHUE, UHICKCHI, PETUTHKALIUS
[IpumensTh cTpaTerun OanaHcupoBKU Harpysku (round-robin, least connections, IP hash)

7. MaTepHaJIbHO-TEXHUYECKOE o0ecneuyeHue Mo JUCIHUIInHe (MOAYJII0)

Ne Bu pa6ot HanmeHnoBanue yueOHON ayIUTOPUH, €€ OCHAILIEHHOCTD
000pyI0BaHUEM U TEXHHYECKUMU CPeICTBAMHU O0yUeHHUS
1. JlexumoHHbIe 3aHATUS | AyauTopus, YKOMILJIEKTOBAaHHAs CIENAIM3UPOBAHHOMN
MeOeIbI0 U TEXHUYECKUMU CPEJICTBAMH 00yUYEHUS
2. JlaboparopHble 3aHATHS | AyAUTOpUS, YKOMILJIEKTOBAaHHAs CIEeAIM3UPOBAHHOMN
MeOenbl0 M TEXHHYECKUMH  CpelcTBaMH  0OydeHwus,
KOMIIBIOTEPaMH, IPOEKTOPOM, MPOrPaMMHBIM 00ecieUeHUEM
3. I'pynmoBeie Aypuropus, YKOMILUIEKTOBaHHAs CIeLUaTU3UPOBAHHON
(MHAMBUIYTBLHBIE) MeOenbl0 M TEXHUYECKMMU  CPEICTBAMH  OOy4YeHUs,
KOHCYJIbTallu! KOMIIbIOTEPAMHU, POTPAMMHBIM 00ecTiedeHuEM
4. Texkymuid  KOHTpOJb, | AyAUTOpPUS, YKOMIUIEKTOBAHHAs CHELUaIN3UPOBAHHON
IIPOMEKYTOUHAS MeOenbl0 M TEXHHYECKUMH  CpeACTBaMH  O0ydeHus,
arrecTanus KOMIIBIOTEpPaMH, IPOrPaMMHBIM 00ecTieyeHuEM
S. CamocTrosTenbHas Kabuner g caMocTosTenbHONM paOOThI, OCHAIIEHHBIN
paborta KOMIBIOTEPHON TEXHUKOM C BO3MOYKHOCTBHIO MOJKIIOUEHHS K
cetu «lHTEpHET», NPOrpaMMON JKPAaHHOIO YBEIWYEHUA U
00€eCre4YeHHbII TOCTYIIOM B AJIEKTPOHHYIO HMH(OPMallOHHO-
00pa30BaTeNIbHYIO Cpely YHUBEPCUTETA.

[Ipumeuanue: Konkperusanus ayaquropuil 1 ux ocHamenue onpeaensercss OIIOIL.
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