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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

PabGouass mporpamMma JUCHUIUIUHBI (MOAYNS)) «APXMTEKTypa BUPTYaJIbHBIX MAIIUH»
COCTaBJIEHA B COOTBETCTBHHM C (hefiepallbHbIM roCy1apCTBEHHBIM 00pa30BaTENbHBIM CTaHIAPTOM
BbICIIEro oOpa3oBaHMsi — OakanmaBpuar 1o cnequanbHocT 02.03.01 Marematuka u
KOMITbIOTEPHBIC Hayku, Tpoduis «IIporpamma napyx aumiomoB HUY BIID u 1Y «lIpuknagnas
MaTeMaTHKa W WH(OpPMATHUKa», YTBEPKICHHBIM MpPUKa30M MHHHCTEpCTBA HAYKH U BBICIIETO
obpazoBanus Poccuiickoit @eaepanmu Ne 807 ot 23.08.2017 rona.

N3yyenune aucuumiauHbl (MOAYJsi) «ApPXUTEKTypa BUPTYAJIbHBIX MAIIUH» TO3BOJISIET
HOHATh MPUHLMIIEI CO3AaHUS U (DYHKIIMOHUPOBAHUS BUPTYAIU3UPOBAHHBIX CPEl, UTO SIBJISAETCS
OCHOBOH il A(PEKTHUBHOTO HCIIOJIL30BAHUS COBPEMEHHBIX BBIYMCIUTEIBHBIX PECYpCOB U
00JIaYHBIX TEXHOJOIMH. DTO 3HAHUE CIOCOOCTBYET PAa3BUTHUIO HABBIKOB ONTHUMH3ALMM PaOOTHI
CHCTEM U TIOBBIIICHHIO OE30MaCHOCTH TPHU Pa3BEPTHIBAHUU IMPOrPAMMHOTO OOecreyeHHus B
U30JIMPOBaHHBIX CPEax.

MecTo AMCHMILIMHBI (MOAYJIs1) B CTPYKTYpe 00pa30BaTe/IbHOM NPOrpaMMbl

Hacrosias nucuumnianHa (MoyJib) BKIOYEHA B Y4EOHBIH IJ1aH 110 MPOrpaMMe MOArOTOBKU
OakanmaBpuata no HampasieHuto 02.03.01 MaremaTnka W KOMIBIOTEpHBIE HAyKH, MPOQUIb
«[Iporpamma asyx muruiomo HUY BIID u LY «llpuknaagnas marematuka U nHGOpMaTUKa» U
BXOJWT B BapHaTUBHYIO 4YacTh bnoka 1, ¢gopmupyemMyro ydaCTHHKaMH OOpa30oBaTEIbHBIX
OTHOLLICHHUH.

Jucnumimza (MOIyib) sIBISIETCS BBIOOPHOW U JOCTYIHA JUIsl U3yueHus Ha 3 uiu 4 Kypce B
5, 6, 7 cemectpax Ha BbIOOp. [IpoxokaeHNEe BO3MOKHO MPU YCIOBUH YCIICIIHOTO 3aBEPLICHUS
JUCLUIUINH: «APXUTEKTypa KOMIBIOTEPA U OllEPallMOHHBIE CUCTEMBIY, «J{n3aliH KOMIMIATOPOBY,
«Pa3zpabotka C++».

Heab wu3yyeHusi AMCHUIVIMHBI (MOAyJsA). (QOpPMHUpPOBAHHME 3HAHUH U HABBIKOB
NPOCKTHPOBAHUS, peamn3anud U APPEKTHBHOTO HCIIOIB30BAaHUS BUPTYaTH3UPOBAHHBIX
BBIYUCIUTENBHBIX Cpel JUIsl ONTUMHU3ALMK padOThl W YHpPaBICHHUS PEeCypcamMH COBPEMEHHBIX
MH(OPMALIMOHHBIX CUCTEM.

3agauu u3y4eHust JMCHUILIMHBI (MOIYJIA):

— H3Y4uTh PyHIaMEHTaIbHbIE KOHIETUN APXUTEKTYpPhl BUPTYaJIbHBIX MAIIH, BKIHOYas
MO/JI€IN UCTIOJTHEHU S OalT-KOoa, MEXaHU3MbI HHTEPIIPETAIMA U KOMIMIIALINH, 8 TAK)KE IPUHIUIIBI
BHUPTYaJIM3al1H allllapaTHBIX PECYPCOB;

— OCBOMUTb METO/Ibl aHAJIN3a U ONITUMU3ALIUHU [TPONU3BOJUTEIILHOCTH BUPTYAJIbHBIX MAILIUH,
TaKKe Kak just-in-time KOMIWIIALHMS, YIIPABICHHUE MAMATBIO U CTPATETHH KAIINPOBAHHS, C YUCTOM
TpeOoBaHUl K 6€30MacHOCTH U 3PPEKTUBHOCTH;

— TMPUMEHUTh TEOPETUUYECKNE 3HAHUS HA MPAKTHUKE ITyTEM IIPOECKTUPOBAHUS, pealn3aliu
Y TECTUPOBAHUS ITPOCTHIX BUPTYAJIbHBIX MAIINH, a TAKXKE aHAJIN3a CYIIECTBYIOIUX CUCTEM, TAKHX
kak JVM unu CLR, nns pemenus 3agad B 001acTé MPOrpaMMHOM MHKEHEPUH.

B pesysabrare ocBOCHHSI AMCHUILIAHBI (MOAYJIsI) 00YYAIOIIMIICH JOJIZKEH :

3Hamy:

— TMPUHIUIBI IOCTPOSHUS apXUTEKTYpbl KoMaH[ (ISA) BUpTyalbHBIX MalllH;

— YCTpPOMCTBA BBIIIOJIHEHUS KOJa HA BUPTYaJIbHOM MalnHe Java,

— QITOPUTMBI aBTOMATHYECKOTO YIPaBICHUS IUHaMUueckod mamsaTeio (Garbage
Collection);

— npuniuns! JIT-komnunsanuy,

ymembp:

— peayn30BaTh BHITIOJIHEHHUE MMPOCTOr0 Habopa KoMaH g 0alTKo/a;

— peanu30BaTh AITOPUTM YOOPKH MYCOpa;

— peanu30BaTh '€HEPALINIO MAIMHHOIO KOJa,;

enademp:
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— HAaBBIKOM pCain3aliu CpCAbl BBITTOJHCHUA JJIA IPOCTOI'0 AA3bIKa MPOTrpaMMUPOBAHUS.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
IIPOBE/ICHUH Y4EOHBIX 3aHATUH B (hOpMe KOHTAKTHOM paboThl 00yUarOIMXCs € eJarornuecKuMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHON pabOThl 00YyUYarOIIUXCSL:

Komnerenuus Conep:xaHue KOMIeTeHITHH Nuauxkarop IlepeyeHb MJIAHUPYEMBIX
KOMIIETeHIN U pe3yJbTaTOB 00y4YeHHs 10
AUCHMIJIMHE (MOTYJIIO)
VK-1. Crioco0eH OCYIIeCTBIISATh TIOUCK, VK-1.1. 3HaeT MeTOAbLI IOKUCKA U aHaAJIN3a
KPUTHYECKAN aHAIN3 U CHHTE3 nH(pOopMaIuu B 001aCTH
nH()OpMAaITIH, IPUMEHSTh pa3pabOTKH, OCHOBHEIC
CUCTEMHBIH MOAXO/T i1 PEIICHUS MIPUHIIUTIBI KPUTHYECKOH OIICHKH
MOCTaBJICHHBIX 33729 HMCTOYHUKOB HH()OPMAITUU U UX
pEJeBaHTHOCTH
YK-1.2. YMeeT KpUTH4ECKH OLIEHUBATh
WMCTOYHUKYU MH(POPMALIUU U
CHHTE3UPOBATh TaHHBIC U3
Pa3IMYHBIX ICTOYHUKOB JIJIS
pelIeHus 3a7a4, IPUMEHSTh
CHUCTEMHBIH MOAX0/T K aHATN3Y U
PEIICHUI0 KOMIUIEKCHBIX IPpobeM
YK-1.3. NmeeT npakTU4eCKUN OTIBIT
paboThI C COBpPEMEHHBIMU
WHCTPYMEHTAaMU W TEXHOJIOTUSIMU
IUtst 00paboTKK MHPOpMAIINH,
(dbopMynupoBaHHUHU
CTPYKTypUPOBAaHHUHM 3a/1a4 Ha
OCHOBE NOJTYYeHHOH nH(popMaInu
OIIK-1. Crioco0eH KOHCYJIbTUPOBATh U OIlK-1.1. 3HAeT OCHOBHBIC KOHIICTIIINH U
UCIIOJIb30BaTh TEOpHH B 00JIACTH
¢dbyHIaMEeHTaTbHBIC 3HAHUS B MaTeMaTHYECKOTO aHAIN3a U
o0nacTu MaTeMaTH4eCKOro CMEXXHBIX JUCIHIUINH, METOJBI U
aHan3a, KOMIIEKCHOTO U MOJIXO/IbI, UCIIOJIb3YEMbIC B
(YHKIIMOHAIEHOTO aHaJH3a Pa3IMYHBIX 00JIACTSIX
anreOpbl, aHATUTHIECKOH MaTeMaTHKH
reoMeTpud, TudHepeHInaTbHON OIIK-1.2. YMeer npuMeHsITh
T€OMETPUHU U TOTIOJIOTHH, MaTEeMaTHYECKUE METOJIbI JIs
¢ dhepeHInaNbHBIX yPaBHEHHIA, pelIeHus NpoQecCHOHATEHBIX
JIUCKPETHOM MaTeMaTHKH U 3aa4
MaTeMaTUYECKOU JIOTUKH, TEOPUHN OIIK-1.3. HmeeT npakTHUECKUN OTIBIT
BEPOSITHOCTEN, MATEMaTUUECKOM pa3paboTKHU U peanu3aius
CTATUCTUKM M CIyYalHBIX MaTEeMaTHYECKUX MOJIEIIeH B
MPOIIECCOB, YHCIICHHBIX METOOB, poheCcCHOHATBHOMN
TEOPETUUECKON MEXaHHUKH B JIEATSIIbHOCTH
npohecCHOHANBHON
JICATSIIbHOCTH
OIIK-4. Crioco0eH HaxXOauTh, OIIK-4.1. 3HaeTr 0a30BbIE OCHOBBI

AHAJIN3UPOBATDH, PCAJIM30BbIBATH
MpOrpaMMHO U MCIOJb30BAaTh Ha
IMPAKTUKE MaTEMATUYCCKUEC
AJITOPUTMBI, B TOM YHUCJIE C
MPUMCHCHUCM COBPEMCHHBIX
BBIYHCIIUTCIIBHBIX CHCTEM

COBPEMEHHOI'0 MaTeMaTu4ecKoro
anmapara, CBI3aHHOTO C
MPOEKTHPOBAHUEM, Pa3pabOTKOM,
peanu3anmeii 1 OlleHKOW KadyecTBa
MPOTPaMMHBIX MTPOAYKTOB
IIpOrpaMMHBIX KOMITJIEKCOB B
Pa3IMYHBIX 00JIACTSIX
YeJIOBEYECKOM JesITeIbHOCTH
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OIIK-4.2.

YMeeT ucnosb30BaTh 3TOT
MaTeMaTUYeCKUH ammapar B
poheCcCUOHATBHOMN
JISSATEIILHOCTH

OIIK-4.3.

NmeeT mpakTHUEeCKUNA OMBIT
MIPUMEHEHUS] COBPEMEHHOTO
MaTeMaTUYeCKOro anmnapara,
CBSI3aHHOTO C MPOEKTUPOBAHUEM,
pa3paboTKOM, pearn3amueii u
OIIEHKOW Ka4ecTBa MPOrPaMMHBIX
MPOJIYKTOB U MPOTPAMMHBIX
KOMIUIEKCOB B PA3JINIHBIX
00macTsx 4enoBedecKon
JIEATETLHOCTH

OIIK-6.

CrnocoOeH pa3pabaThiBaTh
QJITOPUTMBI i KOMITBIOTEPHBIC
[POrPaMMbI, IPUTOIHBIC IS
IMMPAKTHYCCKOT0 IPUMCHCHHNA

OIIK-6.1.

3HaeT aJropuTMBI pa3paboTKHy,
KOMITBIOTEPHBIE TIPOTPAMMBEL, &
TaKOKe aJrOPUTMBI

BBIYUCIUTEIHHON MaTEeMaTHKH

OIIK-6.2.

YmMeeT pa3zpabaThiBaTh
MaTeMaTHYeCKHe MPOrpaMMHEBIC
NPOAYKTHI U KOMILIEKCHI C
HCIIOJIb30BaHHUEM COBPEMEHHBIX
TEXHOJIOTHI IPOrpaMMHPOBAHHSI

OIIK-6.3.

Nmeer mpakTUyecKUid ONbIT
pa3pabOTKH MHTEIUICKTYaIbHBIX
WHPOPMALTUOHHBIX CUCTEM IS
BH3YaJIN3alliN PE3yIbTaTOB
HCCIIEA0BAHUM

[K-3.

Cr1oco0€eH UCII0Ib30BaTh METOIBI
MAaTEeMaTUYECKOTO U
AJITOPUTMHYECKOTO
MOJICITUPOBAHUS TIPH PEMICHUN
TeOpeTI/I‘IeCKI/IX n HpI/IKJIaI[HBIX
3a1a4

IK-3.1.

3HaeT OCHOBHBIE METOBI
MAaTeEMaTHYECKOTO 1
ANTOPUTMUYECKOTO
MOJICJIMPOBAHMS, a TAKIKE UX
HpI/IMeHeHI/Ie JJIA peIHeHI/ISI
TEOPETUYCCKUX U MPUKIIATHBIX
3a7a4

[K-3.2.

YmMmeeT pa3pabaThiBaTh U
MPUMEHSTh MaTEMATUICCKUE
MOJICNTH M AJITOPUTMBI JIsI
peUICHUA pa3IMYHBIX 3a1a4,
AHAJIIM3UPYA [10JIyYEHHBIE
pe3yIbTAThI

I1K-3.3.

Nwmeet mpakTryecKuid OnbIT
HCIIOJI30BaHUS METOIOB
MaTEMaTHYECKOI0 U
aJTOPUTMHUYECKOTO
MOJICITMPOBAHUS B PEATbHBIX
MIPOEKTAaX MITU MCCIICTOBAHUIX
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3. TemaTu4yeckuii mjian

Nen/ TpynoeMkocTh, akageMH4YeCKHEe YaChl
n HaumenoBanue Ounas ¢hopma TKY
pa3aena THCHUILINHBI KonTakTHas padora (Texymui
(MoayJin) Jlexkiun CeMuHapsbl Koutpo | CamocTosiTeab KOHTPOJIbL
(npakTHYecKue Jb Hasi paboTa yCIeBaeMoCTH)
3aHATHS)
1 ApxuTtekTypa Habopa 6 6 32 Keiic
KOMaH1 0aliTKoa 1 ero
BBITIOJTHCHHE
2 ABTOMAaTHYECKOE 6 6 32 Keiic
yIpaBJIcHHE NaMSThIO
3 JIT-koMomIsIIAs 6 6 32 Keiic
4 WnTerpanus noacuctemMm 6 6 34 Konnoxsuym
Y IPOU3BOIUTEIHHOCTh
BUPTYaJTbHBIX MAITUH
3auem c oueHKoll 12 [IpoekT
Hmoczo: 24 24 12 130
O6vem oucyuniunsvt (Mooys) 190
(6 ax. u.)
O6vem Oucyuniunvt (MoOyas) 5
(6 3au. eo.)
4. CopepxaHue TMCUUILTHHBI (MO1YJIs)
Nenr/m HaumenoBanue pazjeJia Coaep:xanue TUCHUILIMHBI (MOAYJIS) 10 TeMaM
AUCHUNJIMHBI (MOYJIs1)
1 ApxutekTypa Habopa KOMaH/ ApxurekTtypa 0anTkoma. 3arpy3Ka U Bepru(prKanus KIaccoB.

6aﬁTKOﬂa " €TI0 BBIIIOJIHCHUEC

I/IHTepHpeTaHI/ISI KOMaHI. YHpaBHCHI/Ie IIOTOKOM HCITOJTHCHUS.

OntuMu3aIys HHTepIpeTaTopa

2 ABTOMAaTHYECKOE yIIpaBIcHUE OcHOBBI yIpaBiieHUs TaMaTh0. [TokoneHueckas cOopka Mycopa.
aMATBIO IIponBunyThie anroputMbl GC. MOHUTOPHHT U IPOQHUIMPOBKA
aMsITH
3 JIT-xoMmmIAust OcHogbl JIT-kommumsiuu. Apxurekrypa JIT u ontumusanus Koja.
Ananrtuseie ctpareruu JIT u neontummsaus
4 WHTerpauus noacucTem u WNHuTerpauus moacucTeM BUPTyaIbHON MalIuHbL. [IpoU3BOIUTEIBHOCTD

MMPpOU3BOJUTCIIBHOCTD
BUPTYAJIbHBIX MalllMH

1 MacmtabupoBaHue. BupryanbHble MallIMHBI APYTUX SI3BIKOB:
CpaBHUTEJbHBIN aHaAJIU3
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pPacHpoCTPaHsIEMOro IMPOTPAMMHOTO O0ECHEeYeHHs, BKJIIOYAs MPOAYKTHl OTCUYECTBEHHOTO
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIa K pecypcaM M3 JI000# TOUYKH, Tlie eCTh NOAKII0oUeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TaK U 3a €T0 IPEICIIaMH.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U MH(OPMALMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

OcHnognas numepamypa:

1. Kmunron, JI. JIxx. Co3naii cBoli COOCTBEHHBIN SI3BIK MPOrpaMMHUpOBaHus. PykoBoacTBO
[IPOrpaMMUCTa MO pa3pabOTKe KOMIMIATOPOB, HHTEPIPETATOPOB U JIOMEHHO-OPUEHTUPOBAHHBIX
S3BIKOB JJISl PEHICHHs] COBPEMEHHBIX BBIYMCIUTENBHBIX 33]a4 : MPAKTUYECKOe pyKOBOCTBO / JI.
JIx. Kimuatos ; miep. ¢ aara. C. B. Munna. - Mocksa : JIMK Tlpecc, 2023. - 408 c. - ISBN 978-5-
93700-140-5. - Tekcr : anexktponnsiit. - URL: https://znanium.com/catalog/product/2109499.

2. JloBek, XK. BBegenue B TEOpHIO A3BIKOB MPOTpaMMHUpPOBaHUS : HayuHoe uzganue / XK.
Hosek, XK.-XK. JleBu ; nep. ¢ anri. B. H. bparunesckoro, A. M. Ilenenunpina. - 2-¢ u3n. - Mocksa
: JIMK TIIpecc, 2023. - 135 c¢. - ISBN 978-5-89818-582-4. - Tekcr : anmekrponHbii. - URL:
https://znanium.com/catalog/product/2107945.

3. Opnos, C. A. Teopus 1 IpakTHKa S3BIKOB MPOTPAMMHUPOBAHHUS : YIEOHUK /1715 By30B / C.
A. Opmnos. - Cankt-IletepOypr : [Tutep, 2021. - 688 c. - (Ctangapt 3-ro nokosenus). - ISBN 978-
5-4461-9740-8. - Tekcr : anextponHsiit. - URL: https://znanium.com/catalog/product/1857045.

4. Kynpsisuesa, 1. A. [IporpammupoBanue: KOMOMHATOPHAS JIOTHKA : YIEOHHK ISl BY30B /
U. A. Kynpssuesa, M. B. [lIBenkuii. — 2-e u3a., nepepad. u gon. — Mocksa : M3naTenscTBo
FOpaiit, 2025. — 524 ¢. — (Bsicmee obpazosanne). — ISBN 978-5-534-10620-6. — Texcr :
NeKTpoHHBIH  //  OOpazoBarenbHas  matgopma  FOpaiir  [caiit]. —  URL:
https://urait.ru/bcode/565666.

5. oy, O. Buyrpu CPYTHON: ruag no wuntepmperaropy Python : mnpaktuueckoe
pykoBoactBo / D. Illoy. - Cankr-IlerepOypr : Ilurtep, 2023. - 352 c. - (bubGnmuorexa
nporpammucta). - ISBN  978-5-4461-1925-7. - Tekcer : onekrponHeid. - URL:
https://znanium.com/catalog/product/2123388.

6. MansBko A. A. ®opmanbHbIE S3BIKM U KOMITWIIATOPHI : y4eOHUK IS By30B / A. A.
Manssko. — Mocksa : U3natensctBo FOpaiit, 2025. — 429 c. — (Bricmee obpa3zoBanue). —
ISBN 978-5-534-04288-7. — Texkcr : snextpoHHbI // OOpa3oBarenbHas muaTdopma HOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/562822.

Jononnumenvnan r1umepamypa:

7. HoBoxwuios O. I[1. Apxurektypa O9BM u BBIYHCIUTENBHBIX CUCTEM : YIEOHUK I BY30B
/ O. I1. HoBoxwunoB. — 2-e u3f., ucnp. u non. — Mocksa : UznatensctBo FOpaiit, 2025. — 505
c. — (Bwicmee oOpazoBanme). — ISBN 978-5-534-20365-3. — Tekct : 31meKTpOHHBIN //
OopazoBarenpHas miargopma FOpaiir [caiit]. — URL: https://urait.ru/bcode/568920.

8. ToncrobpoB A. I1. Apxurektypa DBM : yuebnuk st By30B / A. I1. Toncrobpos. — 3-
e usl., nepepad. u gom. — Mocksa : MznmatenbctBo HOpaiit, 2025. — 162 ¢. — (Bricmiee
obpazoBanmue). — ISBN 978-5-534-16839-6. — Tekct : amekTpoHHBIN // OOpa3zoBareibHAs
miatdopma IOpaiit [caiit]. — URL: https://urait.ru/bcode/566711.
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6. MarepuajbHO-TEXHHYECKOeE o0ecreueHne

VYHuBepcuTeT pacrnojaraeT MaTepUalbHO-TEXHUYECKOM  0a30i, COOTBETCTBYIOLIEH
JIEMCTBYIOIMM ITPOTHBOIIOKAPHBIM IPAaBUJIaM U HOPMaM U 00eclieunBaroIeii IpoBeieHUE BCeX
BUJIOB JIMCUUIUIMHAPDHOW W MEXIUCUUIUIMHAPHOW ITOATOTOBKH, HIPAKTHUYECKOM M HAy4HO-
UCCIIEI0BATEIbCKON PaboT 00ydaromuxcs, NPeAyCMOTPEHHBIX YU€OHbBIM IIJIaHOM.

[Tomernienust, KOTOPBIE MPEICTABIISAIOT CO00M yueOHbIE ayAUTOPUH IJIsl TPOBEACHUS 3aHATHHA
JEKIMOHHOTO THUIA, 3aHATUH CEMMHApCKOro (IPakTUYEeCKOro) THIIA, TIPYNIOBBIX U
MHJMBUAYaAJIbHBIX KOHCYJIbTALMM, TEKYIIETO KOHTPOJISI U MPOMEKYTOUHON aTTECTALlUH, a TAKXKe
IIOMEIIEHUS I CAMOCTOATENIbHOM paObOoThl U MOMEIIEHUS I XPaHEHUs U NTPO(UITAKTUYECKOTO
oOciy>xuBaHus yueOHOro 060opynoBanus. IlomemeHns: yKOMIUIEKTOBAaHbI CIICIUATIN3UPOBAHHON
MeOeNnbl0 U TEXHUYECKHMMHU CpEICTBAMH OOydYeHMs, CIy>KalllUMH Ul MpeAcTaBIeHus ydeOHOH
uHpopManuu O0JIBIION ayTUTOPHH.

N3yueHue qucuuIuIMHbL (MOAYIs) o0ecreunBaeTcs B y4eOHbIX ayIMTOPHX, OCHAILICHHBIX:

— CTOJIaMHU U CTYJIbSIMU;

— KOMIIbIOTEPHOU TEXHUKOW;

— MEXaHWYECKUMH KaJIbKYJISTOpaMH;

—  CHENHUaIN3UPOBAHHBIM 000pYI0OBaHUEM, BKIIIOYAs IEMOHCTPAIIMOHHOE 000py/JOBaHHE.

[TomerieHus 1711 CaMOCTOATENBHOM paboThl 00yUarOIINXCsl, B TOM YUCIIE IPUCIIOCOOICHHBIE
JUIsL MCTIONb30BaHMsI MHBAJIWJAMH M JIMIAMU C OTPAHUYEHHBIMU BO3MOXHOCTSMH 310POBbS,
OCHAIIIEHbl KOMIIbIOTEPHON TEXHHMKON C BO3MOYKHOCTBIO HOJKIIOUEHHs K ceTH «MHTepHeT» u
o0ecrieueHHEM  JIOCTylla B JJEKTPOHHYI0  HH(OpMANMOHHO-00pa30BaTENbHYIO  Cperly
YHuBepcurera.

OOyyarommMcsl IPeNOCTaBIAETCS JOCTYNl (B TOM 4YHCIE YHAIEHHBIN) K pecypcam
UH(POPMALIMOHHO-TEIIEKOMMYHUKAIIMOHHON ceTH «HTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YHUCIIe AJIEKTPOHHBIM OHOJMOTEYHBIM CHUCTEMaM, COBPEMEHHBIM Npo(ecCHOHaIbHBIM 0a3zaM
JTAHHBIX U UH(OPMALIMOHHBIM CIIPABOYHBIM CUCTEMAM):

Ne HaunmeHoBaHue mopTajia Ccbuika
(u31aHus, Kypca, IOKYMEHTA)
1. Hayunas snextponnas 6ubnuoreka elibrary.ru https://elibrary.ru/defaultx.asp
Ooubnmoreka
2. | ba3za mannbix ms I T-crieruanvcros https://habr.com
3. | ba3a nannsix ScienceDirect https://www.sciencedirect.com
4. | OdurnmaneHeIi calT MUHHCTEPCTBA HAYKH https://minobrnauki.gov.ru/
BEICIIIETO 0Opa3oBanus Poccuiickoit deneparuun
5. | ®enepanbhsiii moprai «Poccuiickoe oopasosanue" | https://www.edu.ru/
6. | Mudopmanmonnas cucrema "Exannoe okHo noctymna | http://window.edu.ru/
K 00pa3oBaTeNbHBIM pecypcam"
7. Enunast komekius 1udpoBeix 00pa3oBaTebHbIX http://school-collection.edu.ru/
pecypcoB
8. | denepanpHbIi HeHTP HHPOPMALIMOHHO - http://fcior.edu.ru/
00pa3oBaTeIbHBIX PECYPCOB
[lepeuerr HMHPOPMANMOHHBIX TEXHOJOTHHA, WCIHOJB3YEeMBIX TPU OCYIIECTBICHUU
00pa30BaTeNbpHOTO MpoIiecca Mo JUCITUILINHE (MOYIIO), B TOM YHCIe KOMIUIEKT JTUIIEH3MOHHOTO
MpOrpaMMHOTO  OO€CTieueHusi, COBpPEMEHHble mpodeccuoHaIbHbIe 0a3bl  JaHHBIX W
WH(OPMAIIMOHHBIE CIIPABOYHBIE CUCTEMBI:
HaunmenoBanue 110 IIpou3BoacTBO JluneH3nonHoe / cBOOOIHO
pacmpocTpaHsieMoe
OnepanuoHHbIe CUCTEMBbI:
Microsoft Imagine (Windows Client, Server) [ sapy6exuoe | muuensuonHoe

DNEeKTPOHHBIA JOKYMEHT



https://elibrary.ru/defaultx.asp
https://habr.com/
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http://school-collection.edu.ru/
http://fcior.edu.ru/

BpaysepsI:

Sunekc.bpaysep OTEYECTBEHHOE CBOOOTHO
pacrpocTpaHsieMoe

Google Chrome 3apyOexHOoe CBOOOTHO
pacnpocTpaHseMoe

OducHble NPUITOKEHUSA:

Microsoft Imagine (Visio, OneNote) 3apy0exHOe JIMIEH3HOHHOE

TeXstudio 3apyOexHOe CBOOOJTHO
pacnpocTpaHseMoe

Adobe Acrobat Reader 3apy0exHOe cBOOOTHO
pacrpocTpaHsieMoe

IIporpamMmmHoe o6ecniedeHne 115 IVIAHMPOBAHNUS M Y4eTa BpeMEHM:

Toggle app 3apyOexHoe CBOOOJHO
pacmpocTpaHsieMoe

CucTeMBbl YHpaB/ieHHsI NPOEKTAMM:

Microsoft Imagine (Project) | sapyGesxnoe | muuensHonHOE

Cucrembl ynpaJjeHusi 6a3aMu TaHHBIX:

Microsoft Imagine (SQL Server) | sapyGesxHoe | nmuuensnonHoe

Cucrembl pe3epBHOro konuposanusi (backup):

Acronis Backup Advanced for HyperV | sapyGeskHoe | nuuensnonHOE

CnpaBoYHO-IIPABOBBIE CHCTEMBI:

Koncynperantlnroc: cipaBoyHO-TIpaBOBast OTEUECTBEHHOE JIMICH3UOHHOE

cucTeMa

CpencrBa aHTUBUPYCHOM 321U THI:

Kaspersky Endpoint Security amst 6usneca OTEUECTBEHHOE JIMICH3UOHHOE

Cranpmaprasii Russian Edition

Cpeabl pa3padoTkm:

Visual Studio Code 3apy0esxHOe CBOOOTHO
pacmpocTpaHseMoe

Bash (Unix shell) 3apyOexHoe CBOOOJTHO
pacIpocTpaHseMoe

Anaconda 3apyOexxHOe CcBOOOHO
pacnpocTpaHseMoe

Robotic Operating System 3apyOexHoe CBOOOIHO
pacpocTpaHseMoe

CopelliaSim 3apybexHOe cBOOOTHO
pacnpocTpaHseMoe

Google Colaboratory 3apyOexHoe CBOOOIHO
pacIpocTpaHseMoe

IlakeTbl IPOrPaMMHBIX CPEACTB M OMOJIHOTEK:

AutoPsy 3apyOeKHOE CBOOOIHO
pacipocTpaHseMoe

Interactive Disassembler (IDA) 3apy0exHOe cBOOOTHO
pacnpocTpaHseMoe

Cucrtembl ynpajeHusi ouéanorpaguyeckoii HHGopmanueii:

Zotero 3apyOekHOe CBOOOTHO
pacupocTpaHseMoe

CepBHCHI B CITYKOBI:

Bind 3apyOexxHOe CBOOOHO
pacmpocTpaHseMoe

Docker 3apy0exHOoe CcBOOOIHO
pacupocTpaHseMoe
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7. MeTonnueckue 1 OlleHOYHbIEe MATEPHAJIbI
MeToauyeckue yKazaHus 1 00y4AIOUIUXCS 10 OCBOEHUIO TUCHHILIMHBI (MOYJIs1)

B mpouecce u3ydeHus MUCHUIUIMHBI (MOJYJs) «APXUTEKTYpa BUPTYaJIbHBIX MAaIIUH» B
paMKax TEKYIIEro KOHTPOJSl YCIIEBAaeMOCTH HCIIOJIb3YIOTCS TaKUE BUIBI YUEOHOU paboThI, Kak
JIEKIIMH, CEMUHAPBI, KEHUChI, KOJUIOKBUYM, MPOEKT, a TAKKE Pa3IUYHbIC BUIbI CAMOCTOATEIbLHON
paboThl O0yYalOIIMXCs MO 3aJaHUI0 TPEroJiaBaTesis, HalpaBJICHHbIE HA PA3BUTHE HABHIKOB
npoecCHOHANBHOM JIEKCUKH, 3aKpEIUIeHue MPAaKTUYeCKUuX Mpo(ecCHOHATbHBIX KOMIIETECHIIUH,
MOOIIPEHNE UHUITUATHB.

Jlekyusi — CHUCTEMaTH4YECKOE, IIOCIIEIOBATEIbHOE, MOHOJOTMYECKOE  H3JI0KECHHE
npernojiaBaTeseM yueOHOro MaTepuana, Kak paBuiio, TEOPETUYECKOTO XapaKTepa.

B npouecce nexkumii peKOMEHAYETCS BECTHM KOHCIIEKT JIEKLUMWA: KPaTKO M CXEMaTUYHO
(GbuKCUpPOBATh OCHOBHBIC HJICH, BHIBOJABI M OOOOIICHWS JICKIMH, BBIICISITh BaXKHBIC MBICIH,
KIIFOYEBBIE CIIOBAa M TEpPMHUHBI. HeoOXOAMMO OTMETHTHh BOMPOCHI WM MaTe€pHalbl, KOTOPHIE
BBI3BIBAIOT 3aTPYAHEHUS], U TIONBITATHCA HAUTU OTBETHI B PEKOMEHIOBAHHOM suTepaTtype. Eciu
pa3zoOpaThCcsi B MaTepuane HE yAaercs, cieayeT chopMynupoBaTh BOINPOC M 3a4aTh €ro
MIPEMNO/IaBaTeII0 Ha KOHCYIbTAIIMU WUJIM BO BPEMSI CEMHUHAPCKOTO (MPAKTHYECKOTO) 3aHATHUS.

Cemunap — 310 Qopma yueOHOI eATeTbHOCTH, IPOBOUMAs B Y4eOHOM 3aBEACHHUH I10]1
PYKOBOJICTBOM TpENOJABaTeisi, TIe CTYACHTHl aKTUBHO YYacCTBYIOT B OOCYXKICHUSX,
MPAKTUYECKUX 3aJaHMsIX U APYruxX (popmax B3aMMOACHCTBHUS.

Jnst ycrenrHo# moJAroToOBKM K CEMUHAPY PEKOMEHYETCS 3apaHee 03HAKOMHUTHLCS C TEMOM
3aHATUS U OCHOBHBIMH MaTepualaMu, YTOObl MMETh BO3MOXHOCTh AKTHBHO y4acCTBOBAaTh B
ob6cyxaeHuu. Takke MoJIe3HO MOATOTOBUTH BOIPOCHI U MAEU JJI OOCYXKACHHS, YTO MOMOMKET
r1y0Ke MOHATH MaTepual v MPOJIEMOHCTPUPOBATH 3aUHTEPECOBAHHOCTb.

Keiic — npaktuueckas paboTa CTYAEHTOB HaJ| PEaJbHbIMU WM CMOJEIMPOBAHHBIMU
3a/1a4aMH, 4TO MTO3BOJISET CTYACHTY IIPUMEHATh TEOPETUYECKHUE 3HAHUS HA ITPAKTHKE.

CTyneHT caMOCTOSITENIbHO pa3padbaThIBAaeT CTPATETHIO PEIIEHUS IOCTABICHHON 3a]au, YTO
CHOCOOCTBYET Pa3BUTHIO HABBIKOB KPUTUYECKOTO MBIIIJICHUS U CaMOCTOSATEIBHOTO MPHUHATHUS
pemenuid. Takoif MoaAX0X TOMOraeT NOAroTOBUTh OyIYIIUX CHEIMATUCTOB K pEaJIbHBIM BbI30BAM
B X IPO(EeCCHOHATBHOM 1€ TeTbHOCTH.

KOJZJIOK@M)/’M — YCTHBIC OTBCTHI Ha BOITPOCHI, CIMCOK KOTOPBIX M3BECTCH CTYJICHTY 3apaHcCc.

B nmponecce MOoATOTOBKU K KOJUIOKBUYMY HCO6XOJII/IMO MMpOaHaAJIN3UPOBATH y‘lC6HBIC
MaTcpHralibl, O3HAKOMUBIINCH C JICKLIUAMU, y‘IC6HI/IKaMI/I U JONOJHUTCIBHBIMHU HMCTOYHHMKaMMH,
AKIICHTHUPYSA BHHMAHHUC HaA KIIHOYCBBIX TEMax. PeKOMeHI[yeTCH CO34aThb CTPYKTYPUPOBAHHLIC
KOHCIICKTBI, BBIACIAA OCHOBHBIC HJICHU, TCPMUHBI 1 q)OpMYJ'H)I.

IIpoexm — uccnenoBaTenbcKas padoTa 1Mo Kypcy U Mpe3eHTalMs pe3yIbTaToB.

Jns ycnemHol MOArOTOBKM K MPOEKTY: YETKO OMNpENeNUTe LEeAH M 3a7aud IMPOEeKTa,
pacripesieiuTe posid U OOS3aHHOCTH MEXJY YYaCTHHKaMM, a TaKXKe YCTaHOBHTE CPOKHU
BBITMIOJTHEHUSI KaXKI0M 4acTH paboThl. PerynspHo nmpoBoanTe BCTpeuH AJis 00CYX ASHHs Tporpecca
Y PELIEHNS BO3HUKAIOLINX BOIIPOCOB.

Camocmosmenvrnas paboma — padoTa CTYJEHTOB, HANpaBlieHHass Ha YIIIyOJIEHHOE
W3YYEHHUE OTJIEIbHBIX TEM U BOMPOCOB YUYEOHON AUCIMILTUHBI (MOTYIs).

B nporniecce camocToATenbHON pabOThI CTYJEHTHI B3aUMOICUCTBYIOT C PEKOMEH/I0BAHHBIMU
MaTepuaIaMH MPU MUHUMAIBHOM yYacTHH MpernoiaBares. 3a1aun CTyIeHTa BKIIOYal0T paboTy
C KOHCTIIEKTaMH JIEKIIUi (00paboTka TeKCTa), MOBTOPHOE N3yUeHNE YUeOHBIX MAaTEPHATIOB, TUTAHOB
U TE3UCOB OTBETOB, U3YUEHHUE JOMOTHUTEIBHBIX TEM, BHIMIOTHEHHE yU4eOHO-UCCIIEeI0BATENbCKIX
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3aJlaHUM U IPYyTroe.
CucremMa oleHUBAHUSA Pe3yJIbTATOB 00y4YeHMs MO JUCHUIINHE (MOAYJII0)

Kpurepun noJiyyenusi ypoBHSI ¥ OlleHUBAHUS C(POPMUPOBAHHOCTH KOMIIETEHIUI 110
AUCHHUILIMHE (MOYJ/II0) KAPXMTEKTYPa BUPTYaJIbHbBIX MAIIIMH»

OueHuBaHue ypoBHSA Yy4€OHBIX JOCTIXKEHUH, OOyYaromMXCs MO TUCIHUIUIMHE (MOIYJIIO),
OCYIIECTBIISIETCS B BUJIE TEKYILIETO KOHTPOJIS YCIIEBAEMOCTH M MPOMEKYTOYHOM aTTeCTALIUH.

IIpome:xyTouHasi arrecTalusi MO AUCUUIUIMHE (MOZAYJIO) OCYUIECTBIsSeTCS B (opme
3auema ¢ OYEHKOU, TPU STOM TPOBOJUTCS OIICHKA KOMIETCHIMHA, C(HOPMHUPOBAHHBIX TIO
JTUCIUILINHE.

Jns olleHMBAHUS TEKYIIETO KOHTPOJs YCIEBAEMOCTH M IPOMEXKYTOYHOM aTTecTaluu
UCIIONIB3YETCS JCCATHOAIbHAS IKaJIa OICHUBAHMS, KOTOpas COOTHOCUTCS C TPaJAMIIMOHHOU
nATHOATUTPHON IITKAJION CIIEAYIOIIMM 00pa3oMm:

JecaTubannbuas IlaTtudannbHas OO0mas xapakTepucTHKA pe3yJibTaTa
Ounenka 3a 3a4ert
OLIEHKA OLIEHKA 00yuyeHusl Mo JUCHUILIUHE (MOYJIIO)

10 OTan4Ho 3auTeHo CTyZeHT MONHOCTBIO BIAACET 3HAHUSIMU,

9 OTnmnyao 3auTeHo HU3JI0KCHHBIMU B pa60qel71 nmporpaMmme, u

8 OTANYHO 3aYyTeHo rIyOOKO  ocMbIcisgeT auciumuiuHy. OH
CaMOCTOSTETBHO " JIOTUYECKH
MOCJIEIOBATEIbHO OTBEYAET HAa BCE BOIPOCHI,
aKUeHTUpys BHHMaHHe Ha  Haubolee
Ba)KHOM. Ymeer aHaJIN3UPOBATh,
CpaBHMBATH, KJacCU(pUIIUPOBATh, 000011aTh,
KOHKPETHU3HPOBaTh W CHCTEMAaTH3UPOBAThH
W3YYCHHBI MaTepuas, BBIICISS KIFOUCBbIC
MOMEHTHl W YCTaHaBJHMBas IMPHYHHHO-
ciieicTBeHHbIe CBsi3H. YeTko (opmymupyer
OTBETHI, YBEPEHHO HHTEPIPETUPYET
pe3yJIbTaThl AHaJIN30B " JPYTUX
UCCIIE/IOBAHUM, a TaKKe pEIIaeT CI0KHBIC
3amaud. CTyIEHT XOpOIIO 3HAKOM C
METOJaMH HCCIICIOBAHMS, HEOOXOIMMBIMHU
JUISl TIPAKTUYECKOM JEATEIBHOCTH, U YMEET
CBSI3BIBATH TEOPETHYECKHE ACTICKTHI
JUCHUIUTAHBL  (MOJIYJIs) € TPaKTHYECKUMHU
3a/1a4aMH.

7 Xoporo 3aureHo CrygeHT obnamaeT 3HAHHSIMH IIpeaMeTa

6 Xoporo 3auTeHo MOYTH B TIOJHOM o0beMe paboueid
MIPOrPaMMbI U CAMOCTOSTEIIbHO, JIOTHYECKH
MOCIIEZI0BATENIEHO U BCECTOPOHHE OTBEYACT
Ha BCE BOMPOCHI, aKI[CHTUPYS BHUMaHHE Ha
HauOoJiee 3HaYMMbIX MOMeHTaX. OH ymeer
aHATU3UPOBATH, CPaBHUBATH,
KJIACCU(HUIIMPOBATD, 00001I1aTh,
KOHKPETH3UPOBATh M CHUCTEMATH3HPOBAThH
W3yYCHHBIH  MaTepHal, BBIIENHAS  €ro

KIIIOYCBBIC ACIICKTHI n yCTaHaBJIMBast
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JecarudannpHas IlsaTuéannbHas OO0mast XapaKTepuCTHKA pe3yabTaTa
Ouenka 3a 3a4er
OLICHKA OLICHKA o0y4eHUs MO TMCHUTUINHE (MOIYJII0)

MIPUYUHHO-CIIEJICTBEHHBIE CBS3HU.
DopMyIupyeT CBOM OTBETH, YBEPEHHO
HMHTEPIPETUPYET pPEe3yNbTaThl aHAJIU30B H
JIpYTHX HCCIEAOBaHUI, a TaKkKe pelaeT
CJIO)KHBIE CUTYyallMOHHbIE 3a1auu. CTyneHT
XOpouIo 3HaKOM c METOJIaMHU
UCCIICNOBAHUS,  HEOOXOAUMBIMH  JUIA
MPAKTUYECKON JNE€ATEeNbHOCTH, U yMEeT
CBA3BIBATh TEOpETHYECKUE aCTeKTHI
IpeaMeTa ¢ NPaKTHYECKUMH 3aadaMH.

5 Y 1OBNIETBOPUTENHHO 3auTeHo Crynent obmamaer 0a30BBIMH 3HAHHSMHU

4 YI[OBHCTBOPI/ITCHI)HO 3ayTeHo 110 JUCHHUIIITMHE (MOI[yJ'IIO), HO UCIIBITBIBACT
TPYAHOCTHU IIPU CaMOCTOATECIIBHBIX OTBETAX

Y UCIIOJIb3yeT HETOYHBIE (hOPMYIUPOBKHU. B
XO0l€ OTBETOB OH JOIMYCKaeT OLIMOKH,
Kacaroluecs: cyTH BompocoB. CTyAeHT
CIOCOOEH peliaTh TOJBKO CaMble MPOCTHIC
3aJa4d M BIaAceT JHIIb MHUHUMAJIbHBIM
HaOOpOM METOJIOB HCCIICTOBAHUSI.

3 He cnan He 3aureno CrymeHT He OBIael 00sS3aTeIIbHBIM
He cnan He 3auTteno MHUHUMYMOM 3HAHWK 110 npeaMeTy U HE
1 He cram He 3auteno | MOKET OTBETUTh HAa BOHPOCHI, NaXe €CIH

nmpernogaBarciib  3a4acT JOIMOJIHHUTCIILHBIC

HABOJSAIINE BOMIPOCHL.

JuctumimHa (MOynb) «ApXUTEKTypa BUPTYaIbHBIX MAIIWH» OLIEHUBAETCS CIEAYIOIIUM
obpa3zom:

AKTHBHOCTH Bec |KoauuyectBo Onucanne
Ketic 40% 3 [IpakTrueckas paboTa CTYIEHTOB HaJl pealbHBIMU U
CMO/ICIIMPOBAaHHBIMU 33 Ja4aMHU
ITpoekr 40% 1 3amuTa UTOroBOro MPOEKTa
KonnokBuym 20% 1 Y CcTHBIE OTBETHI HA BOIIPOCHI, CIIUCOK KOTOPBIX U3BECTEH

CTYIICHTY 3apaHee

®opmysa pacyéra MTOrOBOM OLECHKH MO AMCHMIUIMHE (MOAYJI0) «APXHTEKTypa
BUPTYaJbHBIX MammH»: «0,4 X cpennee 3a keicol + 0,4 x3a mpoekT + 0,2 X 32 KOJJIOKBIYM.

Texkymmii KOHTPOJIb YCIIEBAEeMOCTH 00YYAIOIIMUXCS 110 JMCHHUIINHE (MOLYJII0)
IIpuMepHbIe 3aaHuA VI KEHCOB
ApxuTekTypa Ha0opa KoMaH/ 0aliTKOAA U ero BhINOJTHEHHE
Keiic 1: Anaau3 apxurekTypsl 6alitkona B JVM
B xommanuu pas3pabareiBaeTcsi HOBOE MPUJIOKEHHE Ha Java, 1 KOMaHJa CTAJKUBACTCS C
npo0sieMoil HU3KOW MPOU3BOAUTENBLHOCTH H3-3a Hed(dexTuBHOro Oaiitkona. Paspaborumku

aQHAJTM3UPYIOT CKOMITMJIMPOBAHHBIA Kilacc-(paiia ¢ MOMOIIBI0 MHCTPYMEHTOB BpOJE javap u
00HapyXHUBaIOT, YTO HEKOTOpble MHCTPYKIUHU (Hampumep, aload u invokevirtual) renepupytor
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nunrHue onepanu. Heobxoaumo moHsTh, Kak cTpyKTypa 0aliTkona JVM (cTekoBast apXUTEKTypa,
TUMIBI ~ WHCTPYKIM)  BIAMSET  HA  WCIOJHEHWE W TPEUIOKHUTh  YITYYIICHUS.
Bomnpocnr:
— Kak crexoBas mozmenb Oaiftkoma JVM oTianuaercs OT PETUCTPOBON apXUTEKTYpPHI
poneccopon?
— Kakne tuner uHcTpykimii Oaiitkona (load/store, arithmetic, control flow) namnGonee
pacnpocTpaHeHbl U Touemy?
3amaun:
1. Paz6epure 6aiiTKo 1 MPOCTOro MeToAa (HampuMep, BRIYUCICHUS (paKTOpHaia) U ONUIINTE
IIOCJIEI0BATEIbHOCTh MHCTPYKIIUH.
2. Ilpemnoxure onTUMHU3aNMIO OalWTKoOJa, HampuMep, 3aMeHy Ha Oojee 3(QeKTUBHBIC
WHCTPYKILIUHU WU UCIIOJIb30BaHUE KOHCTAHT.
3. OueHuTte BIUSHUE U3MEHEHUH Ha pa3Mep Qaiisia U BpeMs UCIOHEHUSI.
Keiic 2: 3arpy3ka u Bepudukanus kjaaccos B JVM
B mpornecce pa3BepThiBaHUs BeO-NPUIIOKEHHUS Ha cepBepe Tomcat MPOMCXOAUT OIIMOKA
ClassNotFoundException. AHanu3 mokassIBaeT, 4To 3arpy34uk kiaccoB (class loader) He moxxet
HaliTH 3aBUcUMbIH Kilacc u3 JAR-¢aiina. Komanna npoBoauT BepuuKalnio KJIaCCOB C TOMOIIBIO
javac u bytecode verifier, 0OHapyKuBasi HECOOTBETCTBHUSI B CHTHaTypax MeTonoB. HeoOxoammo
MCCJIEIOBAaTh MEXaHU3M 3arpy3Kd KJIacCOB U BepUUKALUU ISl MPEJOTBPAIICHUS MOAOOHBIX
OIINOOK.
Bonpocsr:
— Kaxk paboraet nepapxus 3arpy3uukoB kiaccoB (bootstrap, extension, system/application)
B JVM?
— Kaxkwue sranbl Bepudukanum 6aiitkona (structural, data flow, bytecode) BeITONHSIOTCS U
3aueM?
3agauu:
1. Mogenupyiite 3arpy3ky KiIaccoB HJsi MPOCTOTO MPHUIIOKEHUS C 3aBUCUMOCTSIMH U
OTIHIINTE TIOPSIJIOK 3arpy3KH.
2. BeimonHute BepudUKalnMioo 0alTKoAa ¢ MOMOIIBI0 MHCTPYMEHTOB (HaIllpUMep, java -
verify) U UCpaBbTE HalJICHHBIE OIIHMOKH.
3. Ilpemnoxkute cTpareruio s 6e30MacHoil 3arpy3ku KjaccoB B MHOTOIIOTOYHOMH cperie.
Keiic 3: UnTepnperanus komanj 6aiTkoaa
Pa3zpaGoTunky onTUMU3MpPYIOT UHTEepHpeTarop JVM ans MOOUIBHOTO NMPUIIOKEHHUS, TIe
Oatapest OBICTPO pa3psKAeTCsl U3-3a YacTOro JEKOAMPOBAHMS MHCTPYKUMH. OHU HCHOJB3YIOT
npoctoii uHTepmperatop (switch-based), xotopelii MemieHHO 0OpabaThiBaeT — ITHKJIBL.
Heo0xoanMo u3y4nTh, KaKk WHTEPIPETATOP NEKOIUPYET W UCIIONHSAET OAWTKOM, M MPEIIOKHUTh
yIy4IIeHUS.
Bomnpocsr:
— B ueM pazHuIa Mexay UHTEpIpeTanei u Komnuisnuei 6aitkona B JVM?
— Kak uHTepnperaTop ympaBisieT CTEKOM OIEpaHIIOB M JIOKAIGHBIMU NEPEMEHHBIMH BO
BpEMs UCTIOJIHEHUS?
3apaum:
1. PeanusyiiTe mpocTOM HHTEpHIpeTaTop Uil MOAMHOXecTBa OaiiTkona (Hampumep,
arithmetic operations) u mpoTecTupyiite Ha IpUMeEpeE.
2. M3mepbTe MPOM3BOAMUTENBHOCTh HHTepHperaropa (Bpems Ha 1000 umHCTpyKuumil) u
CpaBHUTE C HATUBHBIM HCIIOJTHCHUEM.
3. Ilpemtoxxute ONTUMU3ALMIO, TAKYIO KaK KAIIMPOBAHHE JIEKOJMPOBAHHBIX WHCTPYKIIMH
i niepexos Ha threaded code.
Keiic 4: YnpasiieHue NoTOKOM MCIIOJTHeHHUS B OaliTkoe
B nmpunoxenun st 00pab0oTKH JAaHHBIX MPOUCXOIUT OECKOHEUHBIHN IUKII U3-3a OITHOKH B
ycnoBHbIX nepexojax (if icmpne). Ananu3z OaiiTkoa MoKa3bIBaeT HEMPABUIIBHOE HCIIOJIb30BAaHHE
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WHCTPYKIUK goto W jsr jyisi 00paboTku uckmoueHuid. Komanaa uzyqaer, kak JVM ympasnser
notokoM (control flow) uepes cTex 1 METKH.

Bomnpochr:
— Kax unctpykiuu control flow (if, goto, tableswitch) usmensror cueruuk nporpamm (PC) B
JVM?
— B 4em pounp uckimouenwii (try-catch) B ympaBieHHH MOTOKOM U MX CBSI3b ¢ OaWTKOAOM?
3agaun:

1. Pa3zGepure 6alTKOA METOJA C IMKJIAMH U YCIOBHBIMH OIEPATOPAMH, BBIICIHB TOUYKH
BETBJICHHUSI.
2. MonenupyiiTe HCIIOJIHEHHWE TMOTOKA JUIS CICHApUs C HCKIIOYECHUEM U OIHIIUTE
U3MEHEHHUS B CTEKE.
3. OntumusupyiiTe KoJ, 3aMeHuUB Hed(peKTHBHbIE MepexoJsl Ha Oosee MPoCThIe
MHCTPYKLHUU.
Keiic 5: OnTumu3anus narepnperaropa JVM
B BeicOkOHarpyxxeHHOM cepepe JVM wunrepnperarop tpatut 30% BpemeHu Ha
JEKOJMPOBAHME MHCTPYKIIUH, YTO MPUBOJIUT K 3ajepkkaM. KomaHIa BHEIPSET ONTHUMH3AINH,
Takue Kak inline caching /s BbI30BOB MeToq0B. HeoOXxoammo mpoaHamu3upoBaTh TEKYIIUN
WHTEPIIPETATOP U MPEIIOKHUTH YITYUIICHUS JJIsI TOBBIIICHHSI IPOU3BOIUTEIIHHOCTH.
Bomnpocsr:
— Kakue crparermm onTHMH3aIlMM HHTEpHpeTaTopa (Hampumep, superinstructions, fast
paths) ucnones3yrorcs B coBpeMeHHbIX JVM?
— Kaxk usmepsaTs 3pPexTuBHOCTE MHTEpIIpeTaTopa (depe3 NmpodUIupoBaHUe ¢ MOMOIIBIO
JMH)?
3agauu:
1. Ilpodunupyiite MpocTOil MHTEPIPETATOP HA TECTOBOM OalTKOAE U WIACHTUPHUIMPYHTE
y3KHE MECTa.
2. PeanusyiitTe onTuUMM3alMIO, Hamnpumep, OOBEAMHEHHE UWHCTPYKIUHA B Cymep-
WHCTPYKIIUH.
3. CpaBHUTE TPOU3BOJUTENHHOCTD O U MOCIE ONTUMHU3AIMU Ha MeTpukax (Bpems, CPU
usage).
ABTOMAaTH4YeCKoO€ yIIpaBjieHHe NaMSATBHIO

Keiic 1: OcHoBbI ynnpaBjieHusi namsatbio B JVM
B npunoxennu Ha Java mpoUCXOIUT yTeUuKa MaMATH M3-3a2 HEOCBOOOXKIEHHBIX OOBEKTOB.
Komanza ananusupyet heap ¢ mnoMoIibio jmap ¥ BUIUT, 4TO OOBEKTHI String HaKaruIMBartOTCS.
Heo0xoauMo MOHATH OCHOBBI AJTOKAITUU U OCBOOOXKIeHUS TaMsITH B JVM.
Bomnpocsr:

« Kax JVM ymnpagnser heap (young/old generation) u stack?

B uem pasuuia mexay strong, soft, weak u phantom references?
3apaum:

1. Co3znaiiTe mpocToe MPUIIOKEHNE C AJUTOKAIMEeH 00BEKTOB U MpoaHaIn3upyiTe heap ¢
nomortpio VisualVM.

2. MopenupyiiTe yTeuky maMsti u ormmure, kak GC ee oOHapy»KUBaerT.

3. Ilpennoxxute ncnpaBieHus, Takhe Kak ncHojb3oBanue weak references.

Keiic 2: ITokosienueckasi coopka mycopa
CepaepHoe npuiioxenue uenbiTeiBaeT nayssl GC 10 5 cekyH[ U3-3a 4acToi cOOpKH B young
generation. AHaJIM3 C MOMOIIBIO jstat TOKa3bIBaeT HecOATaHCUPOBAHHBIE Pa3MeEpPhI OKOJIEHHH.
Komanpaa nzydaer nmokonendeckyro mozens (Eden, Survivor, Old).
Bomnpocsr:

« Kak padoraer minor GC B young generation u major GC B old generation?

e [Touemy mokoseH4eckas coopka 3pheKTuBHEE MOJHONW COOPKH?
3amaun:
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1. Hacrpoiitre JVM napametpsl (-Xms, -Xmx, -XX:NewRatio) u nporectupyiite Ha
PUIIOKESHUU.

2. N3mepswte Bpems nay3 GC u cpaBHHUTE ¢ pa3HBIMU pa3MepaMH MTOKOJICHUH.

3. OnTuMuzupyiiTe KOHUTYpaIHIO I CHIKEHUS 1May3.

Keiic 3: IIpoaBunyrsbie aaropurmbl GC
B BbIcOKONpOM3BOAUTENBHOM ITpUIIOKEHNH Hcnionb3yeTca G1 GC, HO BO3HUKAIOT
dparmentanuu. Komanaa paccmarpuBaet nepexoq Ha ZGC unu Shenandoah i1 HU3KkHX may3.
Heob6xoaumo cpaBHUTH anropuTMbl (mark-sweep, copying, concurrent).
Bomnpochr:

e Kak G1 GC genut heap Ha pernoHbBI U YIPABIISET May3amMu?

B uem npeumyiecta concurrent GC (ZGC) nan stop-the-world?
3amaun:

1. Peanusyiite cumyisiuio npocroro GC-anropurMma (Hanpumep, mark-and-sweep) Ha
TECTOBBIX JJAHHBIX.

2. Cpasnaute npousBoautenbHocTh G1 u Parallel GC Ha 6eHumapke.

3. Ipennoxute Be160p GC Anst cueHapus ¢ HU3KUMH TTay3aMHu.

Keiic 4: MOHUTOPHHT U NPOPUIMPOBKA NAMSATH
[TpunoxeHue Ha cepBepe nMeeT Bricokoe notpednenue namsatu (RAM usage 80%). Komanna
ucnonbszyeT JMX u jeonsole ans monutopunra heap u threads. Heo6xoaumo BBISIBUTH TIPUYUHBI
Y ONITUMU3HUPOBATb.
Bonpocsr:

« Kakune merpuku (heap size, GC count, memory leaks) BakHBI yIT MOHUTOpPHHTA?

 Kak uncrpymenTtst Bpose MAT nomoratot B poduinrpoBke?
3agauu:

1. Hacrpoiitre Morutopusr JVM c nomomisto JFR u npoananusupyiite namm heap.

2. Unentuduuupyiite yreuky ¢ momouibio MAT 1 ipeuioskuTe UCIpaBIIeHHUS.

3. Co3paiiTe OTYET ¢ PEKOMEHJAIUSIMU 110 ONTUMHU3AIUY TTAMSITH.

Keiic 5: UnuTerpanus GC ¢ npujioxkeHuem
B muxkpocepBucax Ha Spring Boot GC BbI3bIBaeT 3a/1ep>Kku U3-3a 60sbMx 00bekToB. Komanna
uHTerpupyet npoduinposuuk (Async Profiler) s ananuza. Heo6xoaumo onTuMHU3HpoBaTh
yIpaBJIeHUE NaMAThIO.
Bomnpocsr:

o Kak GC B3aumopeiictyet ¢ JIT-koMnuiasTopom A1t ONTUMHU3AIUHI AJTTOKALANA?

e B yem ponb escape analysis B yripaBieHUH aMATbIO?
3amaun:

1. Ilpodunupyiite npunoxxkenue ¢ Async Profiler u HaliquTe ropsiurie TOUKH ayuIOKaLUM.

2. BHenpuTe onTUMH3AIIMIO, TAKYIO Kak object pooling Ju1st 607bIINX 0OBEKTOB.

3. M3mepbTe yimydnieHus B IPOU3BOIUTEILHOCTH MTOCTIE N3MEHEHHH.

IIpumepHbIe 3agaHus 1/ KOJUIOKBUYMAa

1. OObscHuUTe, Kak UHTETPUPYIOTCS noacucteMbl JVM, Takue Kak 3arpy3dMK KIJIaccos,
untepnperarop u JIT-komnuistop. [IpuBeaure npumep B3auMOIECHCTBUSA HA ATAIE BBHIOJHEHUS
MeTo/a.

2. Kak garbage collector (GC) Bzaumogeiictyer ¢ JIT-komnuisitopom B JVM? Onuute,
KaK 3TO BJIMAET HAa ONTUMH3ALUIO KOJa.

3. Omumure ponb Gaiftkoma B uHTerpanuu mnojcucteM JVM. Kak oH oOecneumBaer
COBMECTUMOCTb MeXy HHTeprpeTaTopom u JIT?

4. Kak noacucrema ynpasinenus namsteio (heap u stack) uaTerpupyercs ¢ noJcucTeMon
BbINoJIHeHUs Oaiitkona? [IpuBeaurte nmpumep ¢ ayuiokanuein 00bEKTOB.

5. OObsAcCHUTE MHTErpalUIO MOJCUCTEM B MHOTOMOTOYHOH cpene JVM: kak paboTaror
MoHHUTOPBI U cuHxpoHu3zanusa ¢ GC u JIT.
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6. Kak 3arpy3unmk Ki1accoB B3auMOJCHCTBYeT ¢ Bepudukaropom Oaiitkoga u JIT-
komruisiTopoM? [louemy 3T0 BaskHO 11 6€3011acCHOCTH?

7. Onumurte, kak JVM wuHTerpupyer HatuBHbIE BbI30BBI (JNI) ¢ BHyTpeHHUMH
noacucremamu, Takumu kak GC. [IpuBenure npumep.

8. Kaxkue xitoueBble METPUKH MCIONB3YIOTCS JJIS OLIGHKH Npou3BoauTensbHocTH JVM
(manmpumep, throughput, latency, memory usage)? IIpuBenure npuMepbl HHCTPYMEHTOB JUIS UX
U3MEpEeHHUSI.

9. OObsacuute, Kak Macmrtadbupyercs JVM B MHOromporeccopHsix cucremax. Kakwue
OTpaHHYEHUS] BO3HUKAIOT MIPH YBEIMUEHUU Yucia sjuep?

10. Kak onTuMu3upoBaTh NPOU3BOIUTEIHHOCT JVM B KOHTEHHEPH3OBAHHBIX Cpeaax
(manpumep, Docker)? Onumute Bausiaue Ha GC u JIT.

11. Onumure crpaterun  MacimtabupoBanuss JVM  ans  BBICOKOHArpyKEHHBIX
MPUIOKEHUIN: TOPU3OHTAIBHOE VS BEPTUKAJIbLHOE MAaCcIITA0MPOBAHUE.

12. Kak npodunupoBanue (Hanpumep, ¢ nomomsio JFR mmu Async Profiler) momoraer
YIYUYIIATh TPOU3BOAUTENbHOCTE JVM? TlpuBenute npumMep aHaausa y3Koro Mecra.

13. OOwsacuuTe BiIMsHWE pa3Mmepa heap Ha MPOM3BOAMTENBHOCTh M MAaCIITAOMPOBAHUE
JVM. Kak BbIOpath onTuMaibHbIe mapamerpsl (-Xmx, -Xms)?

14. Kak JVM obGecneunBaeT MaciTabupoBaHue B paclpeIeICHHBIX CUCTEMaX (HAIpUuMep,
C HCIONIb30BaHMEM MHKpocepBucoB)? OmuimTe poidb B CEpUAIM3AIMH U  CETEBBIX
B3aUMO/JICUCTBUAX.

15. CpaBuute JVM c BupryanbHoii Mammnoi JavaScript (V8). B yem npeumyiiectBa u
Henoctatku V8 no cpaBuenuto ¢ JIT-kommusmueit B JVM?

16. Omnumute paznmuuus mexay JVM u .NET CLR (Common Language Runtime). Kak
CLR ynpasnser namsatsio 1o cpaHenuto ¢ GC B JVM?

17. CpaBuure mpousBogutenbHocTh JVM u CPython (Bupryanbnas mammna Python).
[Touemy CPython memieHHee B YHCICHHBIX BEIYUCICHHUSX ?

18. Kak Lua VM otnuyaercs ot JVM mo apxurektype? IlpuBenute mnpumepsl
MCIIOJIb30BAaHUs U CPAaBHUTE MacIITaOUPyEeMOCTb.

19. IlpoBenute cpaBHUTENBHBIA aHanu3 JVM u BupTyanbHO# MamuHbel Ruby (YARV). B
4yeM cuiibHble cTOpoHbl Y ARV B auHamuueckoit tunuzanun?

20. OOwscuute, mouemy JVM gacto cuntaercs Oosee mpon3BOAUTEIHLHON IS enterprise-
NPWIOKEHUH Mo cpaBHeHMIO ¢ VM wuHTepnperupyembix s3blkoB (Hampumep, CPython).
[Tonnepxute apryMeHThl IpUMEpaMHu.

IIpumepHoe onncaHue U KPUTEPHUH OLIECHMBAHUSI K HUTOTOBOMY IIPOEKTY

Onucanue npoexra:

B pamkax UTOroBOro mpoekrta CTYIAEHTHl JOJKHBI pa3padoTaTh MPOTOTUI BUPTYaIbHOMN
MamuHbl (BM), crmocoOHOI BBINOIHATE MIaTGOPMOHE3aBUCUMBIN OaWTKO/A C UCIOJIb30BaHUEM
ONTUMU3UPOBAHHOTO HA0Opa KOMaH, peajn30BaTh aBTOMAaTHYECKOE YIPABICHUE MaMITbIO U
BHE/IPUTH 0a30BYI0 JIT-KOMIUIAIMIO IS HOBBILIEHUS TPOU3BOAUTEIBHOCTH.

OcHoBHbBIE 32/1a4H NIPOEKTA:

1. ApxurekTypa 6aliTKo/a U ero BbINOJHEHHE
— CropoekTupoBaTh KOMIIAKTHBIA U ONTUMHU3MPOBAHHBIN HAObOp KoMmaH[ OalTKoAa,
BKJTIOYAIOIIUI orniepaiii paboThl C MaMAThIO, CTEKOM U BBI30BAMHU.
— O06ecneunth  MIATGOPMOHE3ABUCUMOCTh  OaliTKOAa W MEPEHOCHMOCTh
MIPUJIOKEHUN.
— PeanuzoBare UHTEPIIPETATOP, BHIMOIHIIONMINNA OaTKOI.
2. ABTOMaTHYecKoe ynpaBJjieHHe NaMAThI0
— Peanu3oBaTh MeXaHNW3M aBTOMATHUYECKOTO BBIJICIICHUS K OCBOOOXK/ICHUS MaMSTH.
— BHeapuTh 0IMH U3 OCHOBHBIX AITOPUTMOB COOPKH Mycopa (MOACYET CCHUIOK,
MapKUpPOBKa UM KOMMUPOBAHUE).
— TIponeMoHCTpUPOBAThH BIMSHKE BHIOPAHHOTO aJIFOPUTMa Ha MPOU3BOJAUTEIHHOCTh
U yCTOMYMBOCTH paboThl BM.
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3. JIT-koMouassus

PeanuzoBats nmpoctoit JIT-komnuaTop, nmpeodpasyroniuii 6aiiTKox B MaIllnHHBIN
KO/I.

OnTUMU3UPOBATH TOPSYNE YIACTKU KOJIA JUIS MOBBIIIEHUS! CKOPOCTH UCTIOIHEHUS.
O0GecneynTh COYETAaHHE TMEPEHOCUMOCTH (depe3 OaiiTkom) W 3PEeKTUBHOCTH

(uepes JIT).
— TloaroroButh aHaNMM3 AJANTHBHBIX ONTHMH3AMH W HMX BIMSHAA Ha
MMPONU3BOAUTCIILHOCTD.

4. IokyMeHTalusl U IeMOHCTPaus

— IloAroToBUTH TEXHUYECKOE OINHUCAHME AapXUTEKTypsl BM, wucnoiab3yeMsIx
AJITOPUTMOB U PEIICHUN.
— IlIpoBecT  TeCTUpOBaHME W INPEAOCTaBUTh  CPAaBHUTEIBHBIM  aHAJIN3

IMPONU3BOAUTCIIBHOCTU C U 0e3 JIT, d TAaKXXC C pPa3HbIMHU MCTOJaMHU YIIPABJICHHA

HaMATBIO.

— IIpenctaBuTh IPOEKT B BUJE MPE3EHTAIIMU C JEMOHCTpaIeld padoThI.

Kpurepun oneHuBaHus:

e ApxwurekTtypa OaiiTkona
Peanuzanus uHTEpIpeTaTOpa
ABTOMAaTHYECKOE YIPABJICHUE MTAMSITHIO
JIT-xoMounsanms
JIoKyMEHTaIMs U TPE3CHTAIHSI
TectupoBaHue U aHAIH3 PE3YIbTATOB

33}13HI/IH IJIA l'lpOMe)KyTO'lHOﬁ aTTeCTallui 110 JMCHUIIJINHE (MO)IyJIlO)

Ne i/t 3amanme OtBer KomMmnerenmnus
1 YKaxxute TEpMUH 7151 OCIEA0BATEIbHOCTH KOMaH, Baittkon YK-1
HWHTEPIPETUPYEMBIX BUPTYAIbHOW MAIIMHOM.

2 YKaxuTe METOJl KpUTUUECKOTO aHaJIn3a UCTOYHUKOB Orenka VK-1
nHGOPMALIMH O BUPTYaJIbHBIX MAIIMHAX. PeNeBaHTHOCTH

3 VYKaxuTe HHCTPYMEHT AJ1s1 00pabOTKY JaHHBIX O [Ipodunuposmuk YK-1
MIPOM3BOANTEIHLHOCTH BUPTYaTIbHON MAIIWHBL.

4 YKaxuTe CUCTEMHBIN NOJIX0/ K CUHTE3Y Ananus u VK-1
nHGOPMALIUH IS PELICHUS 3324 ONTUMHU3ALUH CTPYKTYpUPOBaHUE
HHTEPIPETATOPA.

5 VkaXuTe KOHIICIITHIO U3 MAaTEMaTHUESCKOTO aHaIN3a, I'paguent OIIK-1
HpUMEHSAEMYI0 B onTumu3anuu JIT-komnuisiiuu.

6 VYKaxuTe MPUMEHEHUE TEOPUHN BEPOSITHOCTEN B BeposiTHocTHAs OIIK-1
MoJieTupoBaHuu ajantuBHoM JIT. OIICHKA

7 YKaxuTe MOHATHE U3 JUCKPETHOW MaTEMaTUKH J1JIs Koneunsrit aBTomat OIIK-1
MOJIJINPOBaHMS KOMaH1 OalTKoa.

8 YkaxuTe METOJ] U3 YMCIEHHBIX METOOB /I pacyera UrepannionHslii OIIK-1
Harpy3KH Ha BUPTYaJbHYIO MalIUHY. AITOPUTM

9 VYKaxuTe MaTeMaTHYECKUI alTOPUTM JIJIs IOMCKA Anroputm JlelkcTpbl OIIK-4
3aBUCHMOCTEH B rpad)e KIaccoB.

10 VYKaxnuTe METO pealn3aluny Xem-Tabuil B OTkpBITOE OIIK-4
YIpaBIeHUH MaMATHI0 BUPTYyaJTbHOW MAIIUHBI. XEIINPOBaHUE

11 YKaxXuTe aaropuTM COPTUPOBKH ISl OITUMUA3ALIUI CoptupoBka OIIK-4
cOOpKHu Mycopa. CIHMSTHUEM

12 VYKaxuTe YUCIEHHBINA METOJ 1JI1 MOJIETUPOBAHUS Meton MonTe-Kapio OIIK-4
MIPOM3BOANTEIHLHOCTH BUPTYaIbHON MAITUHBL.

13 VYKaxuTe adropuT™ Ajsi HHTEpPIpeTauun 0alTkona CTeKoBEbIil aBTOMAT OIIK-6
BUPTY&JILHON MaIlIMHOM.
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14 VYxkaxute MeTof pa3paboTku mporpamm amst JIT- Junamuueckas OIIK-6
KOMITHJISALINH. KOMITHJISLINS

15 YKaXHTE OIBIT pa3paboTKA CUCTEM IS I'paduaeckmit OIIK-6
BHU3YaJIM3allU{ Pe3yIbTaTOB aHAJIN3a NaMSITH. uHTepdeiic

16 YKaxKHUTe aIrOpuTM JUIsl YIIPaBICHUS IIOTOKOM VY cnoBHBIN IIEpEXO OIIK-6
WCTIOJTHEHsI B OaiiTKOIe.

17 YKaxuTe METOJ] MaTeMaTHYECKOI0 MOJISTTUPOBAHHUS Mogens ouepeneit IK-3
MIPOU3BOANTEIHLHOCTH BUPTYaIbHON MAIIMHBI.

18 YKaxute aaropuTMHUECKOe MOJICITUPOBAHNE Cumynsnus rpada IK-3
mpotiecca cOOpKH Mycopa.

19 VYKaxuTe NPakTUYECKUM OTBIT TPUMEHECHUS benumapkunr IK-3
MOJIETTMPOBAHMsI B CPABHEHUU BUPTYAJIbHBIX MAIlIMH.

20 YKaxuTe MOJEb JUIS aHaIu3a HHTETpaliiu MonynbHas [K-3
MTOJICHCTEM BUPTYaJIbHON MAITHHBL. apXUTEKTypa
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