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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
KOMIIbIOTEPHBIE HAaYKH, Tpo¢puiib PazpaboTka, yTBep kK IeHHbIN IPUKa30M MUHUCTEPCTBA HAYKH U
BeIciero oOpasoBanust Poccuiickoit deneparu Ne 807 ot 23.08.2017 roxa.

N3yuenne OUCUMIUIMHBL (MOAYNA) <«ApPXUTEKTYpa BUPTYaJIbHBIX MAIIMH» I03BOJISET
HOHATH MPUHIMITEI CO3AaHUS M (DYHKIIMOHUPOBAHUS BUPTYATU3UPOBAHHBIX CPEI, YTO SIBISAETCS
OCHOBOM 11 3((PEKTUBHOTO MCIIOJIb30BAaHUSI COBPEMEHHBIX BBIYUCIUTENIBHBIX PECYpPCOB U
00JIaYHBIX TEXHOJOTHHA. DTO 3HAHHE CIIOCOOCTBYET PAa3BHTHIO HABBIKOB ONTHUMH3AIMU PAaOOTHI
CHUCTEM U TOBBIIICHUIO OE30IAaCHOCTH INPHU pPa3BEPThIBAHUU IIPOrPAaMMHOI0O OOecreyeHus B
U30JIMPOBAHHBIX Cpeax.

MecTto 1ucuuIIMHBI (MOAYJISA) B CTPYKTYpe 00pa30BaTe/IbHOM MPOrpaMMbl

Hacrosmas nucuuniania (MOayJib) BKJIOYEHA B y4€OHBIH I1aH 10 MPOorpaMMe MOArOTOBKH
OakanmaBpuata no Hampasieruto 02.03.01 MaremaTnka W KOMIBIOTEpHBIE HAyKH, MPOQUIb
PazpaboTka W BXOAMT B BapHaTUBHYIO YacTh bioka 1, dopmupyemyio ydacTHHKaMH
00pa3oBaTeNbHbIX OTHOIIECHUH.

Jucnumimza (MOIyib) sIBJIsIETCS BBIOOPHOW U JOCTYIHA JUIsl U3yueHus Ha 3 Ui 4 Kypce B
5, 6, 7 cemectpax Ha BbIOOp. IIpoxoskaeHne BO3MOXKHO IPU YCIOBUHU YCHEIIHOTO 3aBEpIICHUS
JUCLUIUINH: «APXUTEKTypa KOMIBIOTEPA U OllEpallMOHHBIE CUCTEMBI, «/{n3aliH KOMITUIISATOPOBY,
«Pa3zpabotka C++».

Heab wu3yyeHHsi AMCHUIVIMHBI (MOAyJsA). (QOpPMHpPOBAHME 3HAHUH U HABBIKOB
IPOEKTUPOBAaHUS, peanu3auu U 3(P(EKTUBHOIO HCIONb30BaHUS BUPTYAIU3UPOBAHHBIX
BBIYUCIUTENBHBIX Cpel JUIsl ONTUMHU3ALMK paOOThl W YHpPaBICHHUS PEeCypcaMH COBPEMEHHBIX
MH(OPMALIMOHHBIX CUCTEM.

3agaum M3y4eHus AUCHUILIMHBI (MOYJIs1):

— H3Y4uTh PyHIaMEHTaIbHbIE KOHIIETIUU APXUTEKTYpPhl BUPTYaJIbHBIX MAIllUH, BKIIOYast
MO/JI€IN UCTIOJTHEHU S OalT-KOoa, MEXaHU3MbI HHTEPIIPETAIMHA U KOMIIMIISALINY, 8 TAKXKE MPUHIIUIIBI
BUPTYaJIM3al1iH allllapaTHBIX PECYPCOB;

— OCBOUTb METO/Ibl aHAJIN3a U ONITUMU3ALIUHU [TPOU3BOJUTEIIBHOCTH BUPTYAJIbHBIX MAILIMH,
Takue Kak just-in-time KOMIWIIALMS, YIIPABICHHUE AMSATBIO U CTPATETHH KAIINPOBAHHS, C YUCTOM
TpeOoBaHUl K 6€301acHOCTH U 3PHEKTUBHOCTH;

— TMPUMEHUTh TEOPETUUYECKNE 3HAHUS HA MPAKTHUKE ITyTEM IIPOECKTUPOBAHUS, pealu3aliu
Y TECTUPOBAHUS ITPOCTHIX BUPTYaJIbHBIX MAIIMH, a TAK)KE AaHAJIN3a CYIIECTBYIOIUX CUCTEM, TAKHX
kak JVM unu CLR, nns pemenus 3agad B 001acTi MPOrpaMMHOM MHXKEHEPUH.

B pesysabrare ocBOCHHSI AMCHUILIAHBI (MOAYJIsI) 00Y4YAIOIIHIICH JOJIZKEH :

3Hamy:

— TMPUHIUIBI TIOCTPOSHUS apXUTEKTYpbl KoMaH[ (ISA) BUpTyalbHBIX MalllH,

— YCTpPOMCTBA BBIIIOJIHEHUS KOJla HA BUPTYaJIbHON MalnHe Java,

— QIrOpUTMbl aBTOMAaTMYECKOIrO yIpaBieHUs AuHamuueckoil mnamsaTeio (Garbage
Collection);

— npuHiuns! JIT-komnunsanuy,

ymembp:

— peayn30BaTh BHITIOJIHEHHUE MTPOCTOr0 Habopa KoMaH 0alTKoIa;

— peanu30BaTh AITOPUTM YOOPKH MYCOpa;

— peanu30BaTh €HEPALMI0 MAIMHHOTO KOJa,

enademp:

— HaBBIKOM PEAJIN3aLUU CPEIbl BBIIOIHEHUS IS IPOCTOTO SI3bIKa MPOrPaMMHUPOBAHUS.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
IPOBE/ICHUH Y4EOHBIX 3aHATUH B (popMe KOHTAKTHON pabOThl 00YYarOLINXCS € IeJarorndyecKUMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

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
CHUCTEMHBII TOIXO0/ AJIS peIeHHUs MIPUHIIUTIBI KPUTHYECKOH OIICHKH
MOCTaBJICHHBIX 33729 HMCTOYHUKOB HH()OPMAITUU U UX
PEJIeBaHTHOCTH
YK-1.2. YMeeT KpUTH4ECKH OLIEHUBATh
WMCTOYHUKYU MH(POPMALIUU U
CHHTE3UPOBATh JIAHHBIC U3
Pa3IMYHBIX ICTOYHUKOB JIJIS
peleHus 3a1a4, IPUMEHATh
CHUCTEMHBIH MOAX0/T K aHATN3Y U
PEIICHUI0 KOMIUIEKCHBIX IPpobeM
YK-1.3. NmeeT npakTU4eCKUN OTIBIT
paboThI C COBPEeMEHHBIMU
WHCTPYMEHTAaMU W TEXHOJIOTUSIMU
IUtst 00paboTKK MHPOpMAIINH,
(dbopMynupoBaHHUHU
CTPYKTYpUPOBaHHUHM 3a/1a4 Ha
OCHOBE NIOJTY4YeHHOH nH(popMauu
OIIK-1. Crioco0eH KOHCYJIbTUPOBATh U OIIK-1.1. 3HaeT OCHOBHBIC KOHIICTIIIHH U
UCIIOJIb30BaTh TEOpHH B 00JIACTH
¢dbyHIaMEeHTaTbHBIC 3HAHUS B MaTeMaTHYECKOTO aHAIN3a U
o0nacTu MaTeMaTH4eCKOro CMEXXHBIX JUCIHIUINH, METOJBI U
aHam3a, KOMILIEKCHOTO U MOJIXO/IbI, UCTIONIb3yEeMBbIC B
(YHKIIMOHAIEHOTO aHaJH3a Pa3IMYHBIX 00JIACTSIX
anreOpbl, aHATUTHIECKOH MaTeMaTHKH
reoMeTpud, TudHepeHInaTbHON OIIK-1.2. YMeer npuMeHsITh
TeOMETPHH U TOIIOJIOTHH, MaTeMaTHYEeCKHe METOJIbI IS
¢ dhepeHInaNbHBIX yPaBHEHHIA, pelIeHus NpoQecCHOHATEHBIX
JTVICKPETHON MaTeMaTHKH U 3324
MaTe€MaTHYECKOM JIOTUKH, TEOPHU OIIK-1.3. Nmeer nmpakTUyecKui ONbIT
BEPOSATHOCTEH, MaTEMaTHYECKOI pa3paboTKH U peaanu3aius
CTaTHCTUKH U CITy4alHBIX MaTEMaTHYECKUX MOJICIICH B
MPOIIECCOB, YUCIEHHBIX METOJIOB, npodeccCHOHANEHON
TEOPETUIECKON MEXaHUKH B JIeSITeTbHOCTH
npohecCHOHANBHON
JIeSITEIIbHOCTH
OIIK-4. Crioco0eH HaxXOauTh, OIIK-4.1. 3HaeTr 0a30BbIE OCHOBBI

AHAJIN3UPOBATDH, PCAJIM30BbIBATH
IIPpOrpaMMHO U HMCIIOJIB30BATh Ha
IMPAKTUKE MaTEMATUYCCKUEC
AJITOPUTMBI, B TOM YHUCJIE C
MPUMCHCHUCM COBPEMCHHBIX
BBIYHUCIIUTCIIBHBIX CUCTEM

COBPEMEHHOT'O MaTeMaTHYECKOTO
anmnapara, CBI3aHHOTO C
MPOEKTHPOBAHUEM, Pa3pabOTKOM,
peanu3anmeii 1 OlleHKOW KadyecTBa
NPOrpaMMHBIX TIPOAYKTOB U
MPOTPAMMHBIX KOMILJIEKCOB B
Pa3IMYHBIX 00JIACTIX
YEJIOBEUYCCKOM JCSTEIbHOCTH
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OIIK-4.2.

YMeeT ucnosb30BaTh 3TOT
MaTeMaTUYeCKHUH armapar B
poheCcCUOHATBHOMN
JISSATEIILHOCTH

OIIK-4.3.

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

OIIK-6.

CrniocoOeH pa3pabaThiBaTh
QJIITOPUTMBI M KOMITBIOTEPHBIC
[POrPaMMbI, IIPUTOIHBIC IS
IMMPAKTHYCCKOT0 IPUMCHCHHNA

OIIK-6.1.

3HaeT adropuTMBI pa3paboTKHy,
KOMITBIOTEPHBIE TPOTPAMMBI, a
TaKOKe aJrOPUTMBI

BBIYUCIUTEIHHON MaTEeMaTHKH

OIIK-6.2.

YmMeeT pa3zpabaThiBaTh
MaTeMaTHYeCKHe MPOrpaMMHEBIC
NPOAYKTHI U KOMILIEKCHI C
HCIIOJIb30BaHUEM COBPEMEHHBIX
TEXHOJIOTHI IPOrpaMMHPOBAHHSI

OIIK-6.3.

Nmeer mpakTUyecKUid ONbIT
pa3pabOTKH MHTEIUICKTYaIbHBIX
WHPOPMALTUOHHBIX CUCTEM IS
BH3YaJIN3alliN PE3yIbTaTOB
HCCIIEA0BAHUM

IK-3.

Cr1oco0€H UCIIOIb30BaTh METOIbI
MAaTEeMAaTUYECKOTO U
AJITOPUTMHYECKOTO
MOJICITUPOBAHUS TIPH PEIICHUN
TeOpeTI/I‘IeCKI/IX n HpI/IKJIaI[HBIX
3a1a4

IK-3.1.

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

[K-3.2.

YmMmeeT pa3pabaThiBaTh U
MPUMEHSTh MaTEMATUICCKUE
MOJIENTH M AJITOPUTMBI JUISI
peUICHUA pa3IMYHBIX 3a1a4,
AHAJIIM3UPYA [10JIyYEHHBIE
pe3yIbTaTh

I1K-3.3.

Nwmeet mpakTUyecKuid OMbIT
HCIIOJIE30BaHUS METOIOB
MaTeMaTHYeCKOTO B
aJTOPUTMHUYECKOTO
MOJICITMPOBAHUS B PEATbHBIX
MIPOEKTAaX MITU MCCIICTOBAHUIX
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3. Temaruueckuii njiax

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 WuTerpanus noacuctem 6 6 34 Konnoxsuym
Y TIPOU3BOIUTEIIBHOCTh
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
AUCIHUNJINHBI (MOYJIs1)
1 ApxuTekTypa Habopa KOMaH,I Apxutektypa OaiiTkona. 3arpyska u BepudUKaIus Kiaccos.

6aﬁTKOI{a " €TI0 BBIIIOJIHCHUEC

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

OntuMu3aIys HHTepIpeTaTopa

2 ABTOMAaTHYECKOE yIIpaBIcHUE OcHoBHI ympaBiieHus maMaThio. [lokoneHueckas 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. BupryanabHble MalIMHBI APYTUX S3BIKOB!
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  DJIEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIIa K pecypcamM 3 Jr000i TOUYKH, TJIe eCTh NOJKII0UeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUHU YHUBEPCUTETA, TAK U 32 €r0 MpeaesaMHy.

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

Ocnognasa numepamypa:

1. Knunton, JI. JIxx. Co3nail cBoil COOCTBEHHBIN SA3bIK MTPOrpaMMHpoOBaHus. PykoBoacTBO
IPOTPAMMUCTA 0 pa3paboTKe KOMIMIATOPOB, MHTEPIPETATOPOB M JOMEHHO-OPUEHTHPOBAHHBIX
A3BIKOB JUIsl PEIIEHUS] COBPEMEHHBIX BBIYMCIMTENbHBIX 33/1a4 : IPaKTUYECKoe pyKoBOACTBO / JI.
JIx. Kimuarown ; 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, K. BBeneHue B TeOpuIo A3bIKOB IMPOrpaMMHUpPOBaHMs : HayuyHoe u3nanue / K.
JHosek, XK.-XK. JleBu ; nep. ¢ anri. B. H. bparunesckoro, A. M. Ilenenunsina. - 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 MpaKTHKA SA36IKOB MPOTPAMMHUPOBAHHUS : YIEOHHK 111t 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. Kynpssuesa, . A. [IporpamMmupoBanue: KOMOMHATOpHAsI JIOTUKA : Y4EOHUK JIsl BY30B /
U. A. Kynpssuesa, M. B. [lIBenkuii. — 2-e u3na., 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. - (bubGnmnorexa
nporpammucta). - ISBN  978-5-4461-1925-7. - Tekcer : onekrponHeid. - URL:
https://znanium.com/catalog/product/2123388.

6. MansBko A. A. ®opmanbHBIE S3BIKM MU KOMIWJISITOPHI : Y9eOHHK it By30B / A. A.
Manssko. — Mocksa : U3natenbctBo FOpaiit, 2025. — 429 ¢. — (Bsicmiee oOpazoBanue). —
ISBN 978-5-534-04288-7. — Texkct : snexktpoHHbIid // OOpa3oBarenbHas muatdopma HOpaiit
[caiit]. — URL.: https://urait.ru/bcode/562822.

Jononnumensnan numepamypa:

7. HoBoxwuinos O. I1. Apxurextypa 9BM 1 BBIYUCIUTEIBHBIX 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. Toncrobpos A. I1. Apxurektypa DBM : yueOnuk st By3oB / A. I1. Tonctobpos. — 3-
e usl., nepepad. u gom. — Mocksa : MznatensctBo HOpaiit, 2025. — 162 ¢. — (Bricmiee
obpazoBanmue). — ISBN 978-5-534-16839-6. — Tekct : amekTpoHHBIN // OOpa3zoBareibHAs
iatdopma Opaiit [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 IIOATOTOBKH, IPAKTUYECKOH M HAy4HO-
UCCIIEI0BATEIbCKON PaboT 00ydaromuxcs, NpeayCMOTPEHHBIX YU€OHBIM IIJIaHOM.

[Tomernienust, KOTOPBIE MPEICTABIISAIOT CO00M yueOHbIE ayAUTOPUH IJIsl TPOBEACHUS 3aHATHHA
JEKIMOHHOTO THUIA, 3aHATUH CEMMHApCKOro (IPAKTUYECKOr0) THMA, TIPYNIOBBIX U
MHAMBUAYAJIbHBIX KOHCYJIbTALMN, TEKYIIIETO KOHTPOJISI U IPOMEKYTOUHOM aTTECTAallM, a TaKkKe
IIOMEIIEHUS I CAMOCTOATENIbHOM paObOoThl U MOMEIIEHUS I XPaHEHUs U NTPO(UITAKTUYECKOTO
oOciy>xuBaHus yueOHOro 060pynoBanus. [loMemenus: yKOMIIJIEKTOBaHbI CHIEUATH3HPOBAHHOM
MeOeNnbl0 U TEXHUYECKHMMHU CPEICTBAMHM OOyUYEHMsI, CIyXKAallUMH Ui MPEACTaBICHUs y4eOHOH
uHpopManuu O0JIBIION ayTUTOPHH.

N3yuenue qUCUUIUIMHBI (MOAYIA) o0ecrieunBaeTcs B ydeOHbIX ayIMTOPHX, OCHAILICHHBIX:

— CTOJIaMHU U CTYJIbSIMU;

— KOMIIbIOTEPHOU TEXHUKOW;

— MEXaHWYECKUMH KaJIbKYJISTOpaMH;

— CIEUMAIU3UPOBAHHBIM 000PYI0BaHUEM, BKIIIOUAs JEMOHCTPALMOHHOE 000pYy10BaHUE.

[TomerieHus 1711 CaMOCTOATENBHOM paboThl 00yUarOIINXCsl, B TOM YUCIIE IPUCIIOCOOICHHBIE
JUISL MCTIOJIb30BaHMsI MHBAJIWJAMH M JIMIAMU C OTPAHUYEHHBIMU BO3MOXHOCTSMH 310POBbS,
OCHAIIIEHbl KOMIIbIOTEPHON TEXHHMKON C BO3MOYKHOCTBIO HOJKIIOUEHHs K ceTH «MHTepHeT» u
o0ecrieueHHEM  JIOCTylla B 3JEKTPOHHYI0  HH(OpMAaNMOHHO-00pa30BaTENbHYIO  Cperly
YHuBepcurera.

OOyyarommMcsl IPeNOCTaBIAETCS JOCTYNl (B TOM 4YHCIE YHAIEHHBIN) K pecypcam
UH(POPMALIMOHHO-TEIIEKOMMYHUKAIIMOHHON ceTH «HTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YHClle AJIEKTPOHHBIM OHOIMOTEYHBIM CUCTEMAaM, COBPEMEHHBIM NpOo¢eCcCHOHAIbHBIM 0Oa3zam
JTAHHBIX 1 UH(OPMAIIMOHHBIM CIIPABOYHBIM CUCTEMaM):

Ne HaunmeHoBaHue mopTajia Ccblika
(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 "Eaunoe okHo noctymna | http://window.edu.ru/
K 00pa3oBaTeNbHBIM pecypcam"
7. | Enunas koyuekuus qudpoBeIX 0Opa3oBaTeNbHBIX 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:
HaumenoBanue I1O IIpou3sBoacTBO JIuneH3noHHoe / CBOOOIHO
pacnpocTpansieMoe
OnepanuoHHbIe CUCTEMBbI:
Microsoft Imagine (Windows Client, Server) | sapy6exmoe | mHueH3HOHHOE
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BpaysepsI:

SAunexc.bpaysep OTEYECTBEHHOE CBOOOTHO
pacupocTpaHseMoe

Google Chrome 3apyOexHOoe CBOOOTHO
pacnpocTpaHseMoe

OducHble NPUITOKEHUSA:

Microsoft Imagine (Visio, OneNote) 3apy0exHOe JIMIEH3HOHHOE

TeXstudio 3apyOexHOe CBOOOJTHO
pacnpocTpaHseMoe

Adobe Acrobat Reader 3apy0exHOe cBOOOTHO
pacupocTpaHseMoe

IIporpamMmmHoe o6ecniedeHne 115 IVIAHMPOBAHNUS M Y4eTa BpeMEHM:

Toggle app 3apyOexHoe CBOOOJHO
pacnpocTpaHseMoe

CucteMsbl ynpapjeHHsi TPOeKTAMM:

Microsoft Imagine (Project) | sapyGesxHoe | 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

Cpensl pa3padoTKu:

Visual Studio Code 3apybesKHOe cBOOOTHO
pacnpocTpaHseMoe

Bash (Unix shell) 3apyOexHoe CBOOOJTHO
pacupocTpaHsemMoe

Anaconda 3apyOexxHOe CcBOOOHO
pacnpocTpaHseMoe

Robotic Operating System 3apyOexHoe CBOOOIHO
pacupocTpaHsemMoe

CopelliaSim 3apybexHOe cBOOOTHO
pacnpocTpaHseMoe

Google Colaboratory 3apyOexHoe CBOOOIHO
pacupocTpaHsemMoe

IlakeTbI MPOrpaMMHBIX CPEICTB M OHOJTHOTEK:

AutoPsy 3apyOekHOe CBOOOTHO
pacmpocTpaHseMoe

Interactive Disassembler (IDA) 3apyOexHoe CBOOOJHO
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 TAKXKE Pa3IUYHbIC BUIbI CAMOCTOATEIHLHOU
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 nexkuuii peKOMEHAYETCS BECTHM KOHCIIEKT JIEKLUMW: KpPaTKO M CXEMaTUYHO
(UKCUPOBATh OCHOBHBIC HJECH, BBIBOABI U OOOOIIEHMS JIEKIWU; BBLACISATH BaXXHBIE MBICIIH,
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
ob6cyxaeHnu. Takke MoJIe3HO MOATOTOBUTH BOIPOCHI U HAEU JJI OOCYXKIACHHS, YTO TTOMOMKET
r1y0Ke OHATH MaTepual | MPOIEMOHCTPUPOBATH 3aMHTEPECOBAHHOCTb.

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 BOIIPOCHI, CHMCOK KOTOPBIX M3BECTCH CTY/ICHTY 3apaHCc.

B nmponecce MOoATOTOBKU K KOJUIOKBUYMY HCO6XOJII/IMO MMpOaHaAJIN3UPOBATH y‘lC6HBIC
MaTc€pHralibl, O3HAKOMUBIINCH C JICKIUAMU, y‘Ie6HI/IKaMI/I U JONOJHUTCIBHBIMU HMCTOYHHMKaMMH,
AKICHTHUPYSA BHUMAHUC Ha KIKOYCBBIX TEMax. P CKOMCHAYCTCA CO3J4aTb CTPYKTYPHPOBAHHBIC
KOHCIICKTBI, BBIACIAA OCHOBHBIC HJIC€HU, TCPMUHEBI 1 CbOpMy.TIBI.

Ilpoexm — uccrnenoBarenbckas paboTa 1Mo Kypcy U Mpe3eHTaIusl pe3yIbTaToB.

Jns ycnemHoW MOATOTOBKH K TPOEKTY: YETKO OMPEACIUTE IeIH M 3aJadd IMPOEKTa,
pacmpefenuTe pPOIUd W OO0SI3aHHOCTH MEXKAY YYaCTHHKAMH, a TaKXKe YCTAaHOBHUTE CpPOKHU
BBITIOJTHEHHS KOKJI0M YacTh paboThI. PeryssipHo mpoBoOIMTE BCTPEUH I 00CYKIACHUS Mporpecca
Y PEIleHHs] BO3HUKAIOLIUX BOIPOCOB.

Camocmosmenvnas paboma — paboTa CTyIEHTOB, HalpaBJCHHAs Ha YIIIyOJIEeHHOE
W3YYEHHUE OTJIEIbHBIX TEM U BOMPOCOB YUYEOHON AUCIMILTUHBI (MOTYIs).

B nporniecce camocToATenbHON pabOThI CTYJEHTHI B3aUMOICUCTBYIOT C PEKOMEH/I0BAHHBIMU
MaTepHajaMH NP MUHUMAaJIbHOM YYaCTHUHU MPeroiaBaTess. 3a1aun CTyIeHTa BKIIOYAOT paboTy
C KOHCIIEKTaMH JIEKIIUi (00paboTka TeKCTa), MOBTOPHOE N3yUeHHE YUeOHBIX MAaTEPHAIIOB, TUTAHOB
N TC3UCOB OTBCTOB, U3YUCHUC NOMOJHUTCIBbHBIX TCM, BBIIIOJHCHUC y‘-Ie6HO-I/ICCJIeI[0BaTCJIBCKI/IX

DNEeKTPOHHBIA JOKYMEHT



3aJlaHUM U IPYyTroe.
CucremMa oOleHUBAHUA Pe3yJIbTATOB 00y4eHHs MO JUCHUIINHE (MOLYJII0)

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 TEKYILETO KOHTPOJIS YCIIEBAEMOCTH U MPOMEXKYTOYHOM aTTeCTaliH.

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

Jnst olleHMBaHUS TEKYIIETO KOHTPOJS YCIEBAEMOCTH M IMPOMEXKYTOYHOM aTTecTaluu
UCIIONIB3YETCS IecATUOAIUIbHAS IIKaja OLEHUBAHUS, KOTOpask COOTHOCHUTCS C TPaTUIIMOHHOMN
MATUOATIIPHON IIKAJIOHN CIEAYIOUUM 00pa3oM:

JecaTubannbuas IlaTtudannbHas OO0mas xapakTepucTHKA pe3yJibTaTa
Ounenka 3a 3a4ert
OLIEHKA OLIEHKA 00yuyeHusl o JUCHUILIUHE (MOYJII0)

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
BaXKHOM. Ymeer aHaJTM3UPOBATH,
CpaBHMBATH, KJIacCU(YUIIUPOBATH, 0000IIATH,
KOHKPETHU3HPOBaTh W CHCTEMAaTH3UPOBAThH
I/I3y‘IeHHI)II\/'I MaT€puall, BBIACIAA KIHOYCBBIC
MOMCECHTBI )41 yCTaHaBJIUBas IMPUYHNHHO-
ciieicTBeHHbIe CBsi3H. YeTko (opmymupyer
OTBETHI, YBEPEHHO HHTEPIPETUPYET
pe3yJIbTaThl AHaJIN30B " JPYTUX
UCCIIE/IOBAHUM, a TaKXKe pEIIaeT CIO0KHBIC
3amaud. CTyIEHT XOpOIIO 3HAKOM C
METOJaMH HCCIICIOBAHMS, HEOOXOIMMBIMHU
JJIsA HpaKTH‘-IeCKOfI ACATCIIBHOCTH, U YMECT
CBSI3BIBATh TEOPETHYECKUE ACIICKTHI
JUCHUTUTAHBL  (MOAYJISA) C MPaKTHISCKUMHU
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,
KOHKPETHU3UPOBAThL M CHUCTEMATH3HPOBAThH
W3yYCHHBIH  MaTepHal, BBIIENAS  €ro

KIIFOYEBBIC  aCIICKTbl W YCTaHaBJIMBaA
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JecarudannpHas IlsaTuéannbHas OO0mast XapaKTepuCTHKA pe3yabTaTa
Ouenka 3a 3a4er
OLICHKA OLICHKA 0o0y4eHUs IO TMCHUTUINHE (MOIYJIIO0)

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 10BIETBOPUTENHHO 3auTeHo CryneHnt obnamaer 0a30BBIMH 3HAHHSMHU

4 Y 10BIETBOPUTENHHO 3auyTeHO 110 IUCUMILTMHE (MOJYJII0), HO HCIIBITBIBACT
TPYAHOCTH MPU CAMOCTOSATEILHBIX 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
He cram He 3auteno | MOXET OTBETUTh HAa BOMPOCHI, NAkKe €CIH

nmpernogaBareiib  3a4acT JOIMOJIHHUTCIILHBIC

HaBOJAIINE BOIIPOCHI.

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

CTYJICHTY 3apaHee

@®opmyJia pacuyéra HMTOrOBOl OLEHKH MO AUCHUIIMHE (MOAYJI0) <APXHTEKTypa
BUPTYyaJbHBIX MamuH»: «0,4 x cpenanee 3a keicol + 0,4 x3a mpoekt + 0,2 X 3a KOJTIOKBUYM.

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
npo0JaeMOil HHM3KOW TPOM3BOAUTEILHOCTH H3-3a HedddekTuBHOTO OaiiTkoma. Paspaborumku

AQHATU3UPYIOT CKOMITMJIMPOBAHHBIA Kilacc-(paiiia ¢ MOMOIIBI0 MHCTPYMEHTOB BpOJAE javap
0OHapY)XHMBAIOT, YTO HEKOTOPHIE MHCTPYKIMHU (Hampumep, aload m invokevirtual) remepupyror
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nunrHue onepanu. Heobxoaumo moHsTh, Kak cTpyKTypa 0aliTkona JVM (cTekoBast apXUTEKTypa,
TUOBl  MHCTPYKIMI)  BIMAET  HAa  HCIOJHEHHE W TNPEIOKHUTh  yITYUIICHHS.
Bomnpocnr:
— Kak crexoBas mozmenb Oaiftkoma JVM oTianuaercs OT PETUCTPOBON apXUTEKTYpPHI
poneccopon?
— Kakne tuner uHcTpykimii Oaiitkona (load/store, arithmetic, control flow) namnGonee
pacIpoCTpaHEHBI U MToYeMy?
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. OreHuTe BIMSHUE U3MEHEHHI Ha pa3mep ¢aiisia 1 Bpemsi HCIIOTHCHUSI.
Keiic 2: 3arpy3ka u Bepudukanus kjaaccos B JVM
B mpormecce pa3BepThiBaHUsI BeO-IPUIIOKEHUS Ha cepBepe Tomcat mporcXoauT omroOKa
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
UCCIICIOBAaTh MEXAaHM3M 3arpy3KH KIJIACCOB W BEpH(HKAIMU I MPEIOTBPALICHUS MOJT0OHBIX
OIOOK.
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. MopenupyiiTe 3arpy3Ky KJIaccoB JUIsl IPOCTOTO MPUIIOKEHHUS 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
yIyYIIEeHUs.
Bomnpocsr:
— B yem pazuuna Mexxay uHTEeprnpeTanrei 1 Komnuisiuen 6aitkona 8 JVM?
— Kak uHTepnperaTop ympaBisieT CTEKOM OIEPaHIIOB M JIOKAIGHBIMU TEPEMEHHBIMH 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 OaliTkoae
B nmpunoxenun nis 00pab0oTKH JaHHBIX MPOUCXOIUT OECKOHEUHBIN ITUKII U3-3a OITHOKH B
ycnoBHbIX nepexoax (if icmpne). Ananu3z O0aiiTkoa MOKa3bIBaeT HEMPABUIILHOE HCTIOJIb30BAaHHE
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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: Ontumusanusa uarepunperaropa JVM
B BoicokonarpyxenHoM cepepe JVM wunrepnperatop Tpatut 30% BpemeHH Ha
JEKOJMPOBAHME MHCTPYKIIUH, YTO MPUBOJIUT K 3ajepkkaM. KomaHIa BHEIPSET ONTHUMH3AINH,
Takue Kak inline caching st BbI30BOB MeTo/10B. HeoOxonumMo mpoaHanu3UpoBaTh 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 npoduIMpoBaHUE C TMOMOIIBIO
JMH)?
3agauu:
1. Ilpodunupyiite MpocTOil MHTEPIPETATOP HA TECTOBOM OalTKOAE U WIACHTUPHUIMPYHTE
y3KHE MECTa.
2. PeanusyiiTe onTUMM3alMIO, Hamnpumep, OOBEAMHEHHE WHCTPYKIMHA B  CyIep-
WHCTPYKIIUH.
3. CpaBHUTE TPOU3BOJUTENHHOCTD IO U MOCIE ONTUMHU3ALMU Ha MeTpukax (Bpems, CPU
usage).
ABTOMAaTH4YeCKoO€ yIIpaBjieHHe NaMSATBHIO

Keiic 1: OcHoBbI ynnpaBjieHusi namsatbio B JVM
B nmpunoxennu Ha Java mpouCXOIUT yTeuka MaMsTH U3-3a HEOCBOOOKIEHHBIX OObEKTOB.
Komanna ananusupyet heap ¢ noMoIipio jmap ¥ BUAUT, 4YTO OOBEKTHI String HaKaruIMBarOTCs.
Heo0xoauMo MOHATH OCHOBBI AJTOKAITUU U OCBOOOXKIeHUS TaMsITH B JVM.
Bomnpocsr:

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

B uem pasuua mexy strong, soft, weak u phantom references?
3amaun:

1. Co3znaiite mpocToe MPUIOKEHNE C AJUTOKAIMEH 00BEKTOB U TIpoaHamu3upyute heap c
nomortpio VisualVM.

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

3. [IpennoxxuTe ucpaBieHus, TAKUE KaK HCIOIb30BaHue weak references.

Keiic 2: ITokosienueckasi coopka mycopa
CepaepHoe npuiioxxenue uensiteiBaeT nayssl GC 10 5 cekyH U3-3a 4acToil 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 nmokoseH4eckas coopka 3pheKTuBHEE MOJHONH COOPKH?
3amaun:
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1. Hacrpoiitre JVM napametpsl (-Xms, -Xmx, -XX:NewRatio) u nporectupyiite Ha
IPUIIOKEHUU.

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

3. OnTuMusupyiTe KOHGUTYPAIHIO UTsI CHUDKEHUS T1ay3.

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 anropuT™bl (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 JIAHHBIX.

2. Cpasuute npoussoautenbHocth G1 u Parallel GC na 6enumapke.

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
ucnonszyeT JMX u jeonsole aiis monutopunra heap u threads. Heo6xoaumo BBISIBUTE TPUYHHBI
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 nomompto JFR u npoananusupyiite gamm heap.

2. Unentudunupyiite yreduky ¢ momouipio MAT u peutoskuTe UCIpaBIIeHHUS.

3. Co3paiiTe OTYET C pEKOMEHAALUAMU 110 ONTUMU3ALUH MTaMSATH.

Keiic 5: UnuTerpanus GC ¢ npujioxkeHuem
B mukpocepBucax Ha Spring Boot GC BbI3bIBaeT 3a/1ep>KKu U3-3a 60sbMx 00bekToB. Komanna
uHTerpupyet npodunupouuk (Async Profiler) nnst ananuza. Heo6xoauMo onTuMu3upoBaTh
yIpaBJIeHUE NaMAThIO.
Bomnpocsr:

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

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

1. Ilpodunupyiite npunoxkenue ¢ Async Profiler u HaliguTe ropsiurie TOUKH ayUIOKaLUH.

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

3. M3MepbTe yimydnieHus B IPOU3BOIUTEIFHOCTH MTOCTIE N3MEHEHHH.

IIpumepHbIe 3aJaHUs 1/l KOJUIOKBUYMAa

1. OObscHuUTe, Kak MHTETPUPYIOTCS noacucTeMbl JVM, Takue Kak 3arpy3udK KJaccos,
untepnperarop u JIT-komnuistop. [IpuBeaure npumep B3auMOIECHCTBUSA HA ATAIE BBHIOJHEHUS
METO/1A.

2. Kak garbage collector (GC) Bzaumogeiictyer ¢ JIT-komnuisitopom B JVM? Onuute,
KaK 3TO BJIMSET Ha ONTUMHU3ALUIO KOJIA.

3. Omnumure ponb Oaiftkoma B uHTerpauuu noacuctem JVM. Kak on oGecneunBaer
COBMECTUMOCTb MeXy HHTeprpeTaTopom u JIT?

4. Kak noacucrema ynpasinenus namsteio (heap u stack) uaTerpupyercs ¢ noJcucTeMon
BbINoHeHUs OaiiTtkona? [IpuBenure npumep ¢ ajuiokanuein 00bEKTOB.

5. OOBsCHUTE MHTETPALMIO MOJACUCTEM B MHOTOMOTOYHOU cpene JVM: kak paborarot
MOHUTOpPHI U cuaxpoHuzarusa ¢ GC u JIT.
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6. Kak 3arpy3unmk Ki1accoB B3auMOJCHCTBYeT ¢ Bepudukaropom Oaiitkoga u JIT-
komnuisitopoM? ITouemy 310 BaxkHO 111 Oe30nacHOCTH?

7. Onumute, kak JVM wunHTerpupyer HaTtuBHbe BbI30BBHI (JNI) ¢ BHyTpeHHUMH
noacucremamu, Takumu kak GC. [IpuBenure npumep.

8. Kakue xiroueBble METPUKH MCIIOJB3YIOTCS Ul OLEHKHM Mpou3BoauTensHoctd JVM
(manmpumep, throughput, latency, memory usage)? IIpuBenure npuMepbl HHCTPYMEHTOB JUIS UX
U3MEpEHUsl.

9. OObsacHuTe, Kak MacmrTabupyercs JVM B MHOTONpOLECCOPHBIX cucteMax. Kakue
OrpaHUYEHUs BOSHUKAIOT IIPU YBEIMUYEHUH YHCia aaep?

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

11. Onumure crpaterun  MacimtabupoBanuss JVM  ans BBICOKOHArpyKEHHBIX
NPUIIOKEHNH: TOPU30HTAIBHOE VS BEPTUKAIbHOE MacIITaOUPOBaHUE.

12. Kak npodunupoBanue (Hanpumep, ¢ nomomisio JFR mmu Async Profiler) momoraer
yIY4IIUTh NpoU3BoaUTENbHOCTh JVM? [IpuBennTe npuMep aHaiusa y3Koro Mecra.

13. OOwsacuuTe BiaMsHUME pa3Mepa heap Ha NMPOM3BOAMTENHHOCTh M MAaCHITAOMPOBAHUE
JVM. Kak BbIOpath onTuMaibHbIe mapamerpsl (-Xmx, -Xms)?

14. Kak JVM obGecneunBaeT MaciTabupoBaHue B paclpeIeICHHBIX CUCTEMaX (HAIpUuMep,
C UCIOJBb30BaHUEM MHMKpocepBUCOB)? Onuiuure pojb B CEPUAIM3ALUMU U  CETEBBIX
B3aUMOJICUCTBUAX.

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 namstbio 1o cpaBHenuto ¢ GC B JVM?

17. CpaBuure mpousBogutensHoctb JVM u CPython (Bupryansnas mammna Python).
[Touemy CPython MezasieHHee B UNCIEHHBIX BHIYMCICHUSIX?

18. Kak Lua VM otnuuaercs ot JVM mno apxurextype? IlpuBemute mnpumepsl
MCIIOJIb30BAaHUs U CPAaBHUTE MacIITaOUPyEeMOCTb.

19. IlpoBenute cpaBHUTENbHBINA aHanu3 JVM u BupTyansHoi mamuuasl Ruby (YARV). B
4yeM cuiibHble cTOpoHbl Y ARV B auHamuueckoit tunuzanun?

20. OOwscuute, mouemy JVM gacto cuntaercs Oosee mpon3BOAUTEIHLHON IS enterprise-
NPWIOKEHUH M0 cpaBHeHMIO ¢ VM wuHTepnperupyembix A3bIkoB (Hampumep, CPython).
[Tonnepxute apryMeHThbl IpUMEpaMHu.

IIpumepHoe onncaHue U KPUTEPHUH OLIECHMBAHUSI K HUTOTOBOMY IIPOEKTY

Onucanue npoexra:

B pamkax UTOroBOro mpoekrta CTYIAEHTHl JOJKHBI pa3padoTaTh MPOTOTUI BUPTYaIbHOMN
mamuHbl (BM), crmocoOHO# BBINOIHATE TUIaTGOPMOHE3aBUCUMBIN 0alTKO C MCIOJIb30BaHUEM
ONTUMMU3UPOBAHHOTO HA0Opa KOMaH, pealn30BaTh aBTOMAaTHYECKOE YIpPaBIEHUE MaMSIThIO U
BHEPUTH 0a30BYI0 JIT-KOMIUIIAIMIO IS HOBBIIIEHHUS POU3BOAUTEIBHOCTH.

OcHoOBHBbIE 32/1a4U NIPOEKTA:

1. ApxurekTypa 6aliTKo/a U ero BbINOJHEHHE
— CropoekTupoBaTh KOMIIAKTHBIA U ONTUMHU3MPOBAHHBIN HAabOp KoMaH[ OalTKoAa,
BKJTIOYAIOIIUI orniepaiii paboThl C MaMAThIO, CTEKOM U BBI30BAMHU.
— O06ecneunth  MIATGOPMOHE3ABUCUMOCTh  OaliTKOAa W MEPEHOCHMOCTh
MIPUJIOKEHUN.
— PeanuzoBare UHTEPIIPETATOP, BHIMOIHIIONMINNA OaTKOI.
2. ABTOMaTHYecKoe ynpaBJjieHHe NaMATbI0
— Peanu3oBaTh MeXaHNW3M aBTOMATHUYECKOTO BBIJICIICHUS K OCBOOOXK/ICHUS MaMSTH.
— BHeapuTh 0MH U3 OCHOBHBIX AJITOPHUTMOB COOPKH Mycopa (TOACYET CCHUIOK,
MapKHpOBKa UM KOITUPOBAHHUE).
— IIpopeMoHcTpHUpOBATH BIMSIHAE BEIOPAHHOTO aJIrOPUTMA HA IPOU3BOIUTEIBHOCTD
1 YCTOWYUBOCTH paboThl BM.
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3. JIT-koMouassus

PeanmuzoBats mpoctoit JIT-komnuaTop, nmpeodpasyroniuii 6aiiTKo B MallMHHBIN
KOJ.

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

(uepes JIT).
— TloaroToButh  aHaU3
MMPONU3BOAUTCIILHOCTD.
4. IoKyMeHTaIusl U 1eMOHCTPaIus

aJalITUBHBIX

— IloAroTOBUTH TEXHUYECKOE OINMCAHUE aAPXUTEKTYPBI

AJITOPUTMOB U PEIICHUN.
— IIpoBectn  TectupoBaHue U

ONTUMH3AIMH U

MPEOCTAaBUTh

BM,

ux

CPaBHUTEJIbHBIN

BJIMAHHUA  Ha

HCIOJIb3YCMBbIX

aHaJIn3

IMPONU3BOAUTCIIBHOCTU C U oe3 JIT, a TaKXKE€ C pasHbIMH METOJdaMH YIIPABJICHHUA

HaMATBIO.

— Hpe,I[CTaBI/ITB IIPOCKT B BUJC ITPEC3CHTALIUU C ,I[GMOHCTpaI_II/Ieﬁ pa6OTBI.

Kpurepun oneHuBaHus:

e ApxwurekTtypa OaiiTkona
Peanuzanus uHTEpIpeTaTOpa
ABTOMAaTHYECKOE YIPABJICHUE MTAMSITHIO
JIT-xoMounsanms
JIoKyMeHTaIus U IPE3CHTAIHS
TectupoBaHue U aHAIH3 PE3YIbTATOB

33}13HI/IH IJIA l'lpOMe)KyTO'lHOﬁ aTTeCTallui 110 JMCHUIIJINHE (MO)Iy.]IlO)

Ne n/m Saganue OTtBeT Komnerenuus
1 YKaxxute TEpMUH 7151 IOCIEA0BATEIbHOCTH KOMaH, Batitkon VK-1
HWHTEPIPETUPYEMBIX BUPTYAIbHOW MAIIMHOM.

2 YKaxuTe METOJl KpUTUUECKOTO aHaIn3a UCTOYHUKOB Onenka YK-1
nHGOPMALIMH O BUPTYaJIbHBIX MAIIMHAX. PeNeBaHTHOCTH

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

4 YKaxuTe CUCTEMHBIN NOIX0/ K CUHTE3Y Ananus u VK-1
nHGOPMALIUH IS PELICHU 3aa49 ONTUMHU3AUH 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
MoJienupoBanuu ajantuBHoi JIT. OIIEHKa

7 YKaxuTe MOHATHE U3 JUCKPETHOW MAaTEMATUKH JJIS Koneunsrit aBTomar OIIK-1
MOJICJINPOBAHMS KOMaH1 OalTKoa.

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

9 VYKaxuTe MaTeMaTHYECKUI alTOPUTM JIJIsl 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 YKaXuTe aaropuTM COPTUPOBKH 11 OITUMH3ALUN CoptupoBka OIIK-4
cOOpKHU Mycopa. CIHMSTHUEM

12 YKaXHUTe YUCICHHBIN METOT I MOACIIUPOBAHUS Metoa MonTte-Kapio OIIK-4
IIPOM3BOJUTEIBHOCTU BUPTYaJIbHON MaIIMHBL

13 VYkakuTe aJropuT™ Ajsi HHTEpPIpeTauun 0alTkona CTeKoBbIil aBTOMAT OIIK-6
BHUPTY&JIbHON MaIIMHOM.
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14 VYxkaxure MeTof pa3padboTku mporpamm aist 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 IEpEXO] 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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