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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

PabGouas nporpamMmma TUCHUIUIUHBI (MOIYJIT) «AJNTOPUTMBI U CTPYKTYpPHI 1aHHbIX. YacTs 1»
COCTaBJIEHA B COOTBETCTBHHM C (hefiepallbHbIM roCy1apCTBEHHBIM 00pa30BaTENbHBIM CTaHIAPTOM
BbICIIEro oOpa3oBaHusi — OakanaBpuar 1o HampasieHuto 02.03.01 «Marematuka u
KOMITbIOTEPHBIC HAyKu», Tpodutb «IIporpamma nyx aumiomoB HUY BIID u LY «Ilpuknagnas
MaTeMaTHKa W WH(pOpMATHKa», YTBEPKICHHBIM MPUKa30M MHHHCTEpCTBA HAYKH U BBICIIETO
obpazoBanus Poccuiickoit deaepannu Ne 807 ot 23.08.2017 rona.

N3yuenne puctuminHbl (MOIyNs) «AJTOPUTMBI U CTPYKTYphl JaHHbIX. Yacte 1»
(bopMHpYeT y CTyJIEHTOB YMEHHE pa3padaTbiBaTh U CO3aBaTh ONTUMHU3UPOBAHHBIE PELICHUS, YTO
KPUTUYECKH BA)XXHO JUIs MPOU3BOAMTEIBHOCTH MpOrpaMMHOro obecnedenusi. Kpome toro, 3tu
3HAHUS SBJSIOTCS OCHOBOW MJI JalbHEHIIEro HM3ydeHus Oosiee CIOXKHBIX TeM B 00JacTu
KOMIIBIOTEPHBIX HAYK U IPOTPaMMHUPOBAHUS.

MecTo AMcHUIINHBI (MOYJIsI) B CTPYKTYpe 00pa30oBaTe/ibHON MPorpaMmbl

Hacrosmas nucuuniania (MOayJib) BKJIOYEHA B y4€OHBIH I1aH 10 MPOorpaMMe MOArOTOBKH
OaxanaBpuata no HampasieHuto 02.03.01 «Marematuka ¥ KOMIIBIOTEpHBIE HAayKu», MPOdUIIL
«[Iporpamma aByx nurmuiomoB HUY BID u LY «lIpuknagnas maremaTuka 1 H”HPOPMATUKA» U
BXOJIMT B 00s13aTeNIbHYI0 YacTh biioka 1, kak AuCHUIUIMHA 110 BBIOODY.

JucuummHa (MOIynb) u3yvaercs Ha 2 Kypce B 3 cemectpe. JlocTyIHa K U3YUeHHIO TTOCTe
YCIIEIIHOTO OCBOEHUs JIt000# 13 nucuuiuind (Moayieil): «OcHoBBI pa3paboTku Ha Go», «S3bIk
nporpammupoBanus Go», «Pa3pabotka Ha Python. OcnoBHOI», «Pa3zpaborka Ha Python.
Yrayonennsiit», «Pazpabotka Ha Python. [IpodeccronanbHbIii».

Leap u3ydyeHus: AUCUMILIMHBI (MOAYJIf): 3aKI04YaeTcs B (OPMUPOBAHUU Y CTYICHTOB
HABBIKOB TIPOSKTUPOBAHUS M aHamu3a d()(PEKTUBHBIX AITOPUTMOB U CTPYKTYp HaHHBIX IS
pellIeHus Pa3IMYHBIX 3a7a4 IPOrPaMMHUPOBAHUSL.

3agaum u3y4eHus TUCHUIIMHBI (MOLYJIs1):

— U3YYHUTh OCHOBHBIE CTPYKTYpPHI JAHHBIX, TAKUE KaK MAaCCHUBBI, CITUCKHU, JIEPEBbS U XOIII-
TaOIUIIBI, UX CBOICTBA M 0OJIACTU IPUMEHEHHUS;

— OCBOUTH (hyHJIAaMEHTAJbHBIE ANTOPUTMBI COPTHUPOBKH, MOUCKA M OOpaOOTKU IAHHBIX,
BKJIIOYAsl UX PEAIM3ALMIO HA PA3IMYHBIX S3bIKAaX MPOrPaMMHUPOBAHUS,

— pa3BUTh HaBBIKM aHAJIM3a BPEMEHHON M MPOCTPAHCTBEHHOM CIIOKHOCTH aJITOPUTMOB, a
TaK)ke€ YMEHHUS ONTHUMH3UPOBATH UX YIS MOBBIIIEHUS 3((HEKTUBHOCTH MPOTPaMM.

B pe3ysbTare 0cBOCHUSI AUCHUILIUHBI (MOIYJIs1) 00y4arOIMiiCsl T0JIZKEeH:

3HamMb:

— ACHUMNTOTHUYECKUH aHAIIU3 aJrOPUTMOB,

— KJIACCHMYECKHE aJITOPUTMBI IIOMCKA U COPTHPOBKH;

— OCHOBHBIE CTPYKTYPHI JaHHBIX;

— METO/IbI PEIICHUS PEKYPPEHTHBIX COOTHOIICHUI U IPUMEHEHNE MaCTeP-TEOPEMBI IS
aHaJIM3a CJI0KHOCTH PEKYPCUBHBIX aIrOPUTMOB,

— TPUHIMIBI XCIIUPOBAHUS, pEATU3AUHU CIIOBapel U MHOXKECTB, a TAK)KE TUIIMYHBIE
CTpaTeTuy pa3penieHns KOJUIH3Ui (METO/I IIEMOYeK, OTKPBITas aJipecartus);

ymemsy:

— TIPUMEHSTHh ACHMIITOTHYECKUNA aHAIN3 JIJISl OLEHKH aIrOpUTMUYIECKON A(h(HEKTUBHOCTH;

— peanu30BbIBaTh YPPEKTUBHBIC aITOPUTMBI B Pa3JIMYHBIX KOHTEKCTAX;

— pa3pabaThIBaTh U BHEAPATH CTPYKTYPHI TaHHBIX I ONTUMAJIBLHOTO XPAHEHUS 1
00paboTku nHpOpMaIIUY,

— paspabaThIBaTh pEIICHUS 3a/1a4 C TTOMOIILI0 JMHAMUYECKOTO MIPOrPaMMHUPOBAHHS;

enadems:

— aHAJIM30M CJI0KHOCTh AJITOPUTMOB M BHIOMPATh HAMOO0JIEE TTOIXOIAIINE PEIICHHS;

—  ITOPUTMUYECKUM MBIIUICHUEM JJIS PEIICHUs KOMIUICKCHBIX 3a/ad,
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— OHTHMHSaHHCﬁ CYLICCTBYIOIIHXEC aJITOPUTMBI 1JIA HOBBIIICHUA UX IIPOU3BOANUTCIILHOCTH,

— MNOPHUMEHCHHEM AITOPUTMOB I PEIICHUA IPUKIAAHbIX 3a1a4,

— 3(1)(1)CKTI/IBHBIM HCIIOJIb30BAHUEM AJITOPUTMOB ITIOMCKA X COPTUPOBKU B PA3TTMYHBIX
KOMIIBIOTCPHBIX IMPUJIOKCHUAX.
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2. IlepeyeHb MJIAHUPYEMBIX Pe3yJbTATOB 00yUYeHMsI

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
IPOBE/ICHUH Y4EOHBIX 3aHATUH B (popMe KOHTAKTHON paboThl 00YYarOLIMXCS € IeJarornd4ecKUMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Komnerenuus

Conep:xaHue KOMIeTeHIIHH

Nuauxkarop
KOMIIETeHIN U

IlepeyeHb MJIAHNPYEMBIX
pe3yJIbTATOB 00y4eHHS 110
AucHHIINHE (MOIYJIIO)

OIIK-4.

CnocoOeH HaXOIHTh,
aHAIN3UPOBATH,

PEaTM30BhIBATH POTPAMMHO U
HCIIONIb30BaTh Ha MPAKTHUKE
MaTeMaTH4YEeCKHE allTOPUTMEI, B
TOM YHCIIE C IPUMEHEHUEM
COBPEMEHHBIX BBIYHCIHTEIBHBIX
CHCTEM

OIIK-4.1.

3HaeT 0a30BBIC OCHOBHI
COBPEMEHHOTO MaTEMaTHYECKOTO
amnmapara, CBI3aHHOTO C
MPOEKTHPOBAaHUEM, Pa3pabOTKOH,
peanuzaiyen U OleHKOM KauecTBa
MPOTPaMMHBIX TIPOTYKTOB U
MPOrPaMMHBIX KOMILJICKCOB B
Pa3IMYHBIX 00JIACTSIX
YEIOBEYECKOHN ICATEINHHOCTH.

OIIK-4.2.

YMeer ucrosib30BaTh 3TOT
MaTEeMaTUYECKHUN ammapar B
npoecCHoHaTbHON
JIESATEIBHOCTH.

OIIK-4.3.

NmeeT npakTHueCcKUid ONBIT
MIPUMEHEHUSI COBPEMEHHOT'0
MaTeMaTU4YecKoro 3 ammapara,
CBSA3aHHOTO C ITPOEKTHPOBAHUEM,
pa3paboTKol, peanu3anuei u
OIIEHKOW Ka4eCcTBa MPOTPaMMHBIX
MPOJYKTOB M MPOTPAMMHBIX
KOMIUIEKCOB B PAa3JINYHBIX
o0mnacTsx 4enoBedecKon
JIeSITEIIEHOCTH.

[K-3

CriocobeH MpUMEHSITh METO/IbI
MaTeMaTHYECKOTO 1
AIITOPUTMUYECKOTO
MOJICITUPOBAHHUS JUIsl PELICHUS
KaK TEOPETUYECKUX, TaK
HPAKTHYECKUX 33/1a4 B paMKax
poecCHOHATBHON
JIeSTeIbHOCTH

IK-3.1.

3HaeT OCHOBHBIE METObI
MaTEMaTHYECKOI0 U
ANTOPUTMUYECKOTO
MOJICIIUPOBAHUS, & TAKIKE HX
HpI/IMeHeHI/Ie JJIA peIHeHI/ISI
TEOPETUYCCKUX U MPUKIIATHBIX
3amau

[K-3.2.

YmMmeer MMPUMCHATH MCTOAbI
MaAaTEMAaTHYCCKOTO U
AJITOPUTMHUYICCKOTO
MOZACIIMPOBAHUS IJIs1 aHAJIU3a U
peUICHUA pa3/]IMYHBIX 3a1a4 B
00J1aCTH MAaTEMATHKH U
KOMIIbIOTCPHBIX HAYK

IK-3.3.

HMMeeT onbIT UCITOIBL30BaHMS
METOA0B MAaTEMATHYCCKOI'O U
AJITOPUTMHUYICCKOT'O
MOACIIUPOBAHUS IPHU PCIHICHUU
TEOPECTUUYCCKUX U MPUKITATHBIX
3aJa4 B HpO(bCCCHOHaHBHOﬁ
JCATCIIBHOCTHU
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3. Temaruueckuii njiax

Nen/ TpynoeMkocTh, akageMH4YeCKHEe YaChl
n Ounas ghopma
AyaurtopHas
HaumMmeHnoBaHnue pabora TKY
pa3aena THCHUILINHBI 3 (Texymui
MOyt 2 CaMocTosiTebHAs KOHTPOJIb
(oy1s) E 5 Koutpoun paGora yClIeBaeII)VIOCTPI)
= S
1 [TonsTHE anropuT™Ma. 4 4 16 JlomarHee 3amanme
OrneHka TpyI0EMKOCTH
aIropuTM™Ma.
AcCHMIOTOTHKA
2 ba3oBbIe aITOPUTMBI 4 4 16 JlomarHee 3a1anne
3 AJNTOPUTMBI ITOUCKA 4 0 4 22 Jomarraee 3aganue
Kontponphas
pabota
JlaboparopHsie
paboThI
Konnoksuym
4 AJTOPUTMBI 8 8 32 JlomamHee 3amaHue
COPTHPOBKH
5 CTpyKTypHI TaHHBIX 6 4 2 24 Jomarraee 3aganue
KontponbsHas
pabora
6 JuHamuueckoe 4 2 2 16 JlomamnHee 3aaHue
NIPOrPaMMUPOBAHUE Kontponbhas
pabota
IK3amen 4
Hmozo 30 22 12 126
O6vem oucyuniunst (Mo0y/is) 190
(¢ ax. u.)
Obvem Ooucyunaunvt (Mooynsn) 5

(6 3au. eo.)
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4. CopepxaHue TMCUUILTHHBI (MOTYJIs)

Nen/m HaumenoBanue pasgeiia Copepxanue TMCHUTLUIMHBI (MOAYJIfI) IO TeMaM
AUCHUNJIMHBI (MOYJIs1)

1 Ilonstne amroputMma. Orenka | [Torsatue amroputma. CrocoOBI M3MEpPEHHS BPEMEHH BBITIOTHEHUS
TPYIOEMKOCTH QITOPUTMA. | ATOPUTMOB.  ACHUMITOTHYECKHE  HOTamuu.  Macrep-Teopema.
AcuMnToTHKA PeKkKypeHTHbBIE COOTHOLIEHHUSL.

2 ba3zoBeie anroputmsl Jluneitnpie anroput™el. PekypcuBHbie anroput™mbel. Teopus uwmcedn.

Anroputm EBkiupa. Pemero Oparocdena. dakTopusanus UHCEIN.
PexypcuBHBIE aITOPUTMEL.

3 ANTOpPUTMBI ITOMICKA Bunapusiii mouck. LlenounciaeHHbIN, BEIIECTBEHHBIH OMHAPHBIN TOUCK
10 OTBETY.

4 AJTOpUTMBI COPTUPOBKHU bazoswie coprupoBku. COPTHPOBKA C CAUSHHEM. bBICTpas COpTHPOBKA.
IMupamupanbHas coptupoBka. IlocTpoeHue Kyuu, MHH-Ky4a, Makc-
Ky4a, orepainuu Ha Kyde. TummuHble 3amauu (BbIOOp k-Makcumywma),
OHJIAlH-33/1a4¥ (TTOMCK MeIWaHbI B TOTOKE, HA JBE Ky4H). MeTo AByX
ykazatenei. CopTupoBka coOsITHH. CKOJB3SIIIEee OKHO.

5 CTpyKTyphI TaHHBIX Krnaccudukarus cTpykTyp AaHHbIX. OJHOCBS3HBIN JTMHEHHBIN CITUCOK,
IUKIWNYECKUE CIUCKH, JBYCBSI3HBIN JUHEHHBIM crucok. Crekw,
ouepenu, ouepeau A1eKu. MHOXECTBA, CIIOBApU

6 Hunamuueckoe OpnHomepHast nuHaMuKka. HanGonblnas Bo3zpacraromasi ¥ HauOobIIast
IporpaMMHUpOBaHHE 00111351 TOATIOCIIEIOBATENILHOCTH
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pacHpoCTpaHsIeMOro IMPOTPaMMHOTO O0ECHeYeHHs, BKJIIOYas MPOAYKTHl OTEYECTBEHHOI'O
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 JIOCTYIIa K pecypcaM U3 J000H TOUYKH, TlIe eCTh MOJIKII0oUeHHe K cetd HTepHer,
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. IIporoawsikonoB, A. B. Anroputmbel Data Science W ux mpakTudeckas peanu3anus Ha
Python : yae6noe nmocobue / A. B. [Iporonesikonos, I1. A. ITemos, B. E. CagoBHuKOB. - MOCKBa ;
Bonorna : Uadpa-Umxenepus, 2022. - 392 c. - ISBN 978-5-9729-1006-9. - TekcT : 2JIeKTpOHHBIH.
- URL: https://znanium.com/catalog/product/1902689.

2. bxaprasa, A. I'pokaeM anroputmsl. MImrocTpupoBaHHOE OCOOUE ISl TPOrPAMMUCTOB
1 JII00onBITCTBYIOMKX : mocobue / A. bxaprasa. - Cankr-IlerepOypr : ITurep, 2021. - 288 c. -
(Cepus «bubnuoteka mporpammuctay). - ISBN 978-5-4461-0923-4. - Tekct : 3MEKTPOHHBIH. -
URL: https://znanium.com/catalog/product/1739631.

3. Uepnakos, U. B. Anropurmusanus u nporpammupoBanue Ha Python : yueOHUMK mis
By30B / M. B. UepnakoB. — Mocksa : MU3narensctBo Opaiit, 2026. — 159 c¢. — (Bwicmiee
obOpazoBanue). — ISBN 978-5-534-21910-4. — Tekcr : anektponnsiii / OOpa3oBarenbHas
wiatdopma tOpaiir [caiit]. — URL: https://urait.ru/bcode/582412.

4. I'puropnes, A. A. MeTtonbl 1 anropuT™Mbl 00pabOTKU JaHHBIX : yueOHoe mocodue / A.A.
I'puropees, E.A. NcaeB. — 2-¢ uz., nepepad. u qon. — Mocksa : UTHOPA-M, 2024. — 383 ¢. +
Jorm. matepuansl [DnekTpoHHbd pecype]. — (Bricmiee obpa3zoBanue: bakanaspuar). — DOI
10.12737/1032305. - ISBN 978-5-16-015581-4. - Tekcr : oaekrponHsii. - URL:
https://znanium.ru/catalog/product/2084190.

Jlonoanumensvhasn numepamypa:

1. TManwmii, Y. A. JluneitHOe mporpaMMupoBaHue : yaeOHUK utst By30B / U. A. [Mammit. — 2-
e u3l., ucnp. u gomn. — Mocksa : MzmatensctBo HOpaiit, 2025. — 175 ¢. — (Bricuiee
obpazoBanmue). — ISBN 978-5-534-04716-5. — Texkct : anmekTpoHHBIN // OOpa3zoBareibHAs
miatdopma Opaiit [caiit]. — URL: https://urait.ru/bcode/563472.

2. MeToIbl ONTHMH3ALNHU: TEOPHS U aJlTOPUTMBI : YUeOHHUK /7 By30B / A. A. UepHsk, XK.

A. Yepnsik, FO. M. Merensckuit, C. A. bornanoBuu. — 2-e u3f., ucop. u Aomn. — MockBa :
WznatenberBo FOpaiit, 2025. — 354 ¢. — (Briciiee oOpazoBanue). — ISBN 978-5-534-04103-3.
— Teker : osnextpoHHbii // OOpa3oBarenpHas miatgopma IOpaiitr [caiir]. — URL:

https://urait.ru/bcode/559380.

3. Cyxapes, A. I'. UnucrneHHble METO/IBI ONITUMHU3AIINY ;| YYEOHHUK U MPAKTUKYM JJIsl BY30B /
A. T. Cyxapes, A. B. Tumoxos, B. B. ®emopoB. — 3-e¢ u3x., ucnp. u gon. — Mocksa :
WznatenbctBo FOpaiit, 2025. — 367 ¢. — (Bricuiee oOpazoBanue). — ISBN 978-5-534-17381-9.
— Tekcr : onexktponHbid // OOpazoBatenpHas mnatdopma HOpaiit [caitit]. — URL:
https://urait.ru/bcode/562179.

6. MaTepuaabHO-TEXHHYECKOE 00ecTeyeHne

VYHUBEpCUTET pacmojaraeT MaTepHalIbHO-TEXHUYECKOH 0a30if, COOTBETCTBYIOLICH
JEMCTBYIOIIMM MPOTUBOIIOKAPHBIM IIPAaBUJIaM U HOpMaM U oOecreunBaroleil MpoBeieHne BCexX
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https://znanium.com/catalog/product/1902689
https://znanium.com/catalog/product/1739631
https://urait.ru/bcode/582412
https://znanium.ru/catalog/product/2084190
https://urait.ru/bcode/563472
https://urait.ru/bcode/559380
https://urait.ru/bcode/562179

BUJIOB JUCUUIUIMHAPDHOW W MEXIWCUUIUIMHAPHOW MOATOTOBKU, MPAKTHUYECKOH M HAay4YHO-
UCCIIEIOBATEIbCKON PaboT 00yJaromuxcs, MPeayCMOTPEHHBIX YU€OHBIM IIIIaHOM.

[TomereHus1, KOTOpBIE MPEACTABISAIOT COOOH yueOHbIE ayIUTOPUH JIJIsl TPOBECHUS 3aHATUI
JEKIIMOHHOTO THUMA, 3aHATUH CEMHHApPCKOro (IPaKTUYEeCKOro) THIA, TPYNIOBBIX U
WHAUBUAYAIbHBIX KOHCYJIbTALMMA, TEKYIIETO KOHTPOJISI U MPOMEKYTOYHON aTTECTAIllH, a TaKkKe
MOMEIICHUS Il CAMOCTOSATENBHOM pabOThl M OMEIIEHUS Il XpaHEHUS U NMPO(UITAKTUIECKOTO
oOciyxuBaHusi yaeOHoro obopynoBanus. [lomenienrs yKOMITJIEKTOBaHbI CHEIIMATU3UPOBAHHON
MeOeIbI0 U TEXHUYECKHMHU CPEICTBAMH OOYUYEHHsI, CIYXKAIlUMH Ui TPEACTaBICHUS Y4eOHOH
nHpopMaIuu OOJIBIION ayAUTOPHH.

N3yuenne qUCUUTUTMHBI (MOAYIA) 00ECTIeYMBAETCsl B YUEOHBIX ayIUTOPHIX, OCHAIIICHHBIX

— CTOJIaMHU U CTYJIBSIMHU;

— KOMITbIOTEPHOU TEXHUKOM;

— MEXaHWYEeCKHUMH KaJbKYJISTOpaMHu;

— CIEUHMaTU3UPOBAHHBIM 000PYIOBaHUEM, BKIIIOUAsl AEMOHCTPALlMOHHOE 000pYyI0BAaHUE.

[TomernieHust 151 CaMOCTOSITENIBHON pabOThl 00YYaIOIIUXCsl, B TOM YKCIIE TPUCTIOCOOICHHBIE
JUISL MCTIONb30BaHMs MHBAIUMIAMH M JIMIAMU C OTPAaHMYEHHBIMU BO3MOXXHOCTSMH 3J0POBBS,
OCHAIIIEHBI KOMITBIOTEPHON TEXHHKON C BO3MOYKHOCTBIO MOJKIIOUEHHs K ceTn «MHTepHeT» U
ofOecriedyeHHEeM  JIOCTylla B  JJIEKTPOHHYIO  HH(MOPMAalMOHHO-00pa30BaTeNbHYIO  Cpely
YHuBepcurera.

OOyyarommMcst TPeNOCTaBIAeTCA JAOCTYN (B TOM 4YHCIE YIaJleHHbIH) K pecypcam
UH(POPMALMOHHO-TEIIEKOMMYHHUKAIIMOHHON ceTH «HTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
Yuclie JJIEKTPOHHBIM OUOIMOTEYHBIM CHCTEMaM, COBPEMEHHBIM MPOQPECCHOHANBHBIM 0Oa3am
JAHHBIX 1 HH()OPMAIIMOHHBIM CITPABOYHBIM CHCTEMaM):

Ne HaumeHnoBanue mopraa Cceblika
(u31aHusL, Kypca, IOKYMEeHTA)
1. | Hayunas snektponHas 6ubmuoreka elibrary.ru https://elibrary.ru/defaultx.asp
oubnmoreka
2. Bbasza mausbix g | T-cnenquanucros https://habr.com
3. Basza gannaeix ScienceDirect https://www.sciencedirect.com
4. | OdunmanbHbli caiT MUHUCTEPCTBA HAYKH U https://minobrnauki.gov.ru/

BEICIIIEro oopazoBanus Poccutickoit deneparuu

5. | ®enepanbbiii mopran «Poccuiickoe oopasosanue” | https://www.edu.ru/

6. HNudopmarmonnas cucrema "Enunoe okHO noctyna | http://window.edu.ru/
K 00pa3oBarenbHBIM pecypcam”

7. | Enunas xomnexiums nudpoBsix odpazoBatenbubix | http://school-collection.edu.ru/
pecypcoB

8. | ®enepanbHblii IEHTP HHPOPMAIIUMOHHO - http://fcior.edu.ru/
00pa3oBaTeIbHBIX PECYPCOB

[lepeueHr WH(OPMAIIMOHHBIX TEXHOJOTHH, WCIOIB3YEMBIX TIPU  OCYIIECTBICHUH
00pa3zoBaTeNbHOTO MpoIiecca Mo AUCIUTIINHE (MOIYJII0), B TOM YHCIIE KOMIUIEKT JTUIIEH3HOHHOTO
IPOrpaMMHOTO  OOecleueHus, COBPEMEHHble mpodeccHoHanbHble 0a3bl  JaHHBIX U
MH(OpPMaILMOHHBIE CIIPABOYHBIE CHCTEMBI:

HaumenoBanmne 110 IIpousBoacTeo JInnensuonnoe / cBOGOIHO
pacnpocTpaHsieMoe
OnepanMoHHbIE CHCTEMBI:
Microsoft Imagine (Windows Client, Server) | sapyGexuoe | nnnensuonHOE
BpaysepsI:
Sunekc.Bpaysep OTEUECTBEHHOE CBOOOJIHO pacrpocTpaHsieMoe
Google Chrome 3apyOekHOoe cBOOOJTHO pacpOCTpaHsIeMOe

Od¢ucHble NpUIOKEHU:
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Microsoft Imagine (Visio, OneNote) 3apyOexHoe JIMLEH3UOHHOE

TeXstudio 3apy0exHOe CcBOOOJTHO PACIIPOCTPAHIEMOE
Adobe Acrobat Reader 3apy0exKHOE CcBOOOJIHO PACIIPOCTPAHSIEMOE
IlporpammHoe o0ecneveHne IJisl IVIAHUPOBAHHUSI U YYeTa BPeMEHH:

Toggle app | 3apy6erxHoe | cBOBOIHO pacIpocTpaHseMoe
CucTeMbl YHpaBJIeHHsI MPOEKTAMM:

Microsoft Imagine (Project) | sapyGesxHoe | nmuuensnonHoe

CucTeMbl ynpaBJjieHus1 0a3aMH JTaHHBIX:

Microsoft Imagine (SQL Server) | sapy6Gesxuoe | nuuensnonnoe

Cucrtemsbl peseppHOro konuposanus (backup):

Acronis Backup Advanced for HyperV | sapyGesxHoe | nmuuensnonHoe
CnpaBoYHO-IIPABOBbIE CHCTEMbI:

KoncynprantlLmioc: cripaBouHO-IIpaBOBast OTEUECTBEHHOE JIMIICH3HOHHOE

cucTeMa

CpencrBa aHTUBHPYCHOM 3aIIMTHI:

Kaspersky Endpoint Security mis 6usneca OTEYECTBEHHOE JIHLIEH3HOHHOE

Crampmaprasni Russian Edition
Cpennbl pa3padoTku:

Visual Studio Code 3apy0exHoe cBOOOJTHO PACIPOCTPAHIEMOE
Bash (Unix shell) 3apy0exHOe CBOOOJIHO pacrpocTpaHsIeMoe
Anaconda 3apy0eKHOE CBOOOJTHO pacIpoCTpaHsIeMOe
Robotic Operating System 3apy0exHoe CcBOOO/THO PACTIPOCTPAHSIEMOE
CopelliaSim 3apyOeIKHOe CBOOOJIHO pacmpocTpaHsIeMoe
Google Colaboratory 3apy0exHoe cBOOOJTHO PACIPOCTPAHIEMOE
IlakeTbl IPOrpaMMHBIX CPEeACTB M OMOJINOTEK:

AutoPsy 3apy0eKHOE CBOOOJTHO pacIpoCTpaHsIeMOoe
Interactive Disassembler (IDA) 3apy0exHoe CcBOOOJTHO PACTIPOCTPAHSIEMOE
Cucrtembl ynpapjieHusi 0ndanorpaguyeckoii HHGpopManueii:

Zotero | 3apyOexHOe | CcBOOOIHO pacIpocTpaHsieMoe
CepBHCHI H CIIYKOBI:

Bind 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe
Docker 3apyOexKHOE CBOOOIHO PaCIPOCTPaHAECMOE

7. MeToauuyecKHe U OlleHOYHbIE MaTepHuaJibl
MeToanyecKkue YKazaHud AJad 06yqamumxcs1 110 OCBOCHMIO JHCIHUIIJINHBI (MO)ly.]'[ﬂ)

B mpotiecce nzyueHus AUCIUTUIHHBI (MOYJISI) «AJITOPUTMBI M CTPYKTYPHI TaHHBIX. YacTh
1» B paMKax TeKyIero KOHTPOJS YCIIEBAEMOCTH MCIIOJB3YIOTCS TaKUe BHJIbI yueOHOM palboThl,
KaK JIEKIMs, CEMUHAPBbI, JOMAlTHUE 3aJIJaHus, KOJUIOKBUYM, J1a00opaTopHble paboThl, KOHTPOJIbHAS
paboTa, a TakKe pa3lU4yHbIE BUJBl CAMOCTOSTEIbHOM pabOThl OOydalOMMXCS IO 3aJaHUIO
npenojaBaresis, HalpaBiICHHbIE HA pa3BUTHE HABBIKOB NPOQECCHOHATbHONW JIEKCHKH,
3aKpeIuIeHue MPaKTUYECKUX MPOoecCHOHATbHBIX KOMIIETEHIIUN, TOOLIPEHNE HHUIUATHB.

Jlekyuss — cUCTEMAaTHYeCKO€, IMOCIEOBAaTEIbHOE, MOHOJOTHYECKOE H3JIOKECHHUE
npernojiaBaTesaeM yueOHOro MaTtepuana, Kak IpaBuiio, TEOPETUYECKOr0 XapaKkTepa.

B mpomecce neknmii peKOMEHIYETCS BECTH KOHCHEKT JIEKIUI: KPaTKO M CXEMaTHYHO
(UKCUpOBaTH OCHOBHBIE WJEH, BHIBOJBI M OOOOIIEHUS JIEKIMHU; BBIIENATH BaXXHBIC MBICIH,
KJIFOYEBBIE CJIOBa W TepMUHBL. HeoOXOIMMO OTMETHUTH BOMPOCHI WM MAaTepUaNbl, KOTOPHIC
BBI3BIBAIOT 3aTPYIHEHMS, U MOMBITATbCS HAMTH OTBETHl B PEKOMEHJOBAaHHOU nuTeparype. Ecnu
pa3oOpaTbCsi B Marepuane He yHaercs, cieayeT chopMyiIupoBaTh BONPOC W 3a7aTh €ro
IPEMo/IaBaTes0 Ha KOHCYJIBTAI[MH WX BO BPEMsI CEMUHAPCKOTO (IIPAaKTHYECKOT0) 3aHATHSL.

Cemunap — 310 (hopma yueOHOH NesATEeTLHOCTH, IPOBOAUMAs B YI€OHOM 3aBECHUU IO
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PYKOBOJACTBOM IMpemojaBaTesisi, TI/A€ CTYACHTbl AaKTUBHO YYacTBYIOT B OOCYXICHHSIX,
NPaKTUYECKHX 3a/IaHUSAX U IPYTUX (popMax B3aMMOACHCTBHSL.

s ycnenmHoi moAroToBKM K CEMUHAPY PEKOMEHIYETCs 3apaHee 03HAKOMUTBCS C TEMOU
3aHATUS M OCHOBHBIMHM MaTepHajaMH, YTOObI MMETh BO3MOXKHOCTh AaKTHBHO y4YacTBOBAaTh B
oOcyxaeHuu. Takxe MOJIe3HO MOATOTOBUTH BOIPOCHI U HUJIEU ISl OOCYKIEHUS, YTO MOMOKET
[1y0’Ke IIOHATh MaTepUal U MPOJIEMOHCTPUPOBATh 3aUHTEPECOBAHHOCTD.

Konnoxeuym — ycTHbIE OTBETHI Ha BOIPOCHI, CIIUCOK KOTOPBIX N3BECTEH CTYICHTY 3apaHee,

B mpouecce moArotoBKM K KOJUIOKBUYMY HEOOXOAWMO TMPOAHAIU3UPOBATH YueOHBIE
MaTepuaibl, 0O3HAKOMUBIINCH C JICKIHSIMH, YI€OHHKaMH W JIONOJHUTEIbHBIMA HCTOYHHKAMH,
AKINCHTHUPYSAT BHUMAHMUC Ha KIKOYCBBIX TCEMax. PGKOMGHI[YGTCSI CO34aThb CTPYKTYPUPOBAHHLIC
KOHCIEKTBHI, BBIJICIISISI OCHOBHBIE U/I€H, TEPMHUHBI U (POPMYJIBL.

Koumponvnas paboma — nuceMeHHasi paboTa ¢ HabopoMm 3a/1a4, KOTOPbIC HYKHO PEIIUTh 3a
OrPaHUYCHHOE BPEMSI.

HCHB KOHTpOJ’IBHOﬁ pa6OTI)I - [IOJIY4YHUTDb CIICHUAJIBHBIC 3HAHUA 10 OIIHOﬁ NI HECKOJIBKUM
TEeMaM TUCHHUTUIHHBI (MOYJIs) U TIPOJEMOHCTPUPOBATh HABBIKK UX MPAKTHYECKOTO MPUMEHEHHUSI.

Jlabopamopnasi paboma — 3aJaHus, HAlpaBlICHHBIE HA IPAKTUYECKOE 3aKpeIUICHHE
TEOPETHUYECKUX 3HAHWW 4Yepe3 BBINOJHEHNE HKCIEPHUMEHTAIBHBIX WM MPOCKTHBIX 3aiaHuil. B
Xozae JabopaTOpHONW pPabOTHI CTYIEHTHI NPOBOAAT AHAIN3, Pa3pabOTKy WIM TECTUPOBAHUE
IPOrPaMMHOTO KOJIa, U3YYEHHOTO B paMKax Kypca.

[lepen BbIMONHEHNEM J1a00PATOPHOI PabOTHI HEOOXOAUMO BHUMATEIHLHO O3HAKOMHTBHCS C
TEOPETHYECKMM MaTepuaJoM M METOAWYECKUMH YyKa3aHUSMH. PeKOMeHIyeTcs H3y4uTh
UCTIOJIb3yeMble HHCTPYMEHTHI U TEXHOJIOTHH ISl YBEPEHHOTO UX MPUMEHEeHH Ha rpakTuke. [Ipu
BO3HHMKHOBEHHUH BOIIPOCOB CJICAYET 00palaThCs K MPEToIaBaTeio A NOTyuYeHHs pa3bsiCHEHHUH.

Jlomawnee 3a0anue — HabOPp 3a/1a4 1O TEMaM HEJICIIH.

[Ipu pabGore Hax JOMAIIHUMHM 33/JaHUSIMH BaXHO BHUMATEIbHO O3HAKOMHUTBCS C
TpeOOBaHUSMU U CPOKaMH BBINOJIHEHUs. PekoMeHyercss pa3douBaTh 3aJaHUs Ha 3Tarmbl, YTOObI
nu30exaTh MEperpy3kd U Jydlle yCBOMTh MarepHual. Mcmonb3oBaTh pa3iuyHble HCTOYHHUKH
uH(popMalny, BKIOYas yaeOHUKU U OHJIaH-peCcypcChl, A1 0oJee rIyOOKOro MOHUMaHUsI TEMBI.

Camocmosmenvnasa paboma — paboTa CTYJEHTOB, HalpaBiCHHAs Ha YIIIyOJEeHHOE
U3YYEHHUE OTJEIbHBIX TEM U BOIIPOCOB YUEOHON AUCIMITIIUHBI (MOTYJIS).

B nporecce camoctosTensHON paboThl CTYACHTHI B3aUMOJICHCTBYIOT C PEKOMEHI0BAHHBIMU
MaTepuaiaMH pyu MUHUMAJIBHOM y4YacTHH MpernoiaBares. 3aaun CTyIeHTa BKJIIOYaloT padboTy
C KOHCHEKTaMH JIeKIUi (06paboTka TeKCTa), MIOBTOPHOE U3yUYeHUE YUEOHBIX MaTepUaIOB IJIAHOB
U TE€3UCOB OTBETOB, M3yUEHUE JIONOJHUTENBHBIX TEM, BHIIOJIHEHHE YU4€OHO-HUCCIIEI0BATENbCKUX
3aIaHUI U IpYyToe€.

CucremMa OLleHMBAaHUA Pe3y/IbTATOB 00y4YeHHs 110 AUCHUILIMHE (MOAYJII0)

Kpurepun nosy4eHusi ypoBHA M OLCHHBAHUS ¢(POPMHUPOBAHHOCTH KOMIICTEHUMI 1O
AUCHHUILIMHE (MOAYJ/II0) KAJITOPUTMBI M CTPYKTYPbI JaHHBbIX. YacTh 1»

OrneHuBaHue YpOBHs Y4EOHBIX IOCTHKEHHH, 00ydaromuxcs Mo AUCHUIUIMHE (MOIYIIO),
OCYIIECTBISETCA B BUJIE TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH M POMEXYTOYHOM aTTECTALMH.

IIpoMeskyTouHasi aTTecTanMs MO JUCHUIUIMHE (MOJIYIIO) OCYILECTBISETCS B (opme
9K3ameHa, Ipy 3TOM MPOBOJUTCS OLIEHKA KOMITETEHIINH, c(hOPMUPOBAHHBIX 10 TUCIUIUINHE.

Jns oleHMBaHUS TEKYIIErO KOHTPOJs YCHEBAEMOCTH M MPOMEXKYTOYHOM aTTecTaluu
UCTIONB3YETCS JIecATUOAIIbHAS IIIKalla OLIEHWBAHUSA, KOTOpask COOTHOCUTCS C TPaAULIMOHHOU
NATUOATIHLHOM IIKAJION ceayonM 00pa3oM, eciii MHOE HE YKa3aHo B Cui1adyce NUCHUIUIIMHBL
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JlecaTnoanabHas
OIleHKA

IIaTnéananLuasn
OILICHKA

O0mas XxapakTepUCTHKA Pe3yJIbTaTa 00yYeHHUsl 1o
AUCUHUIJINHE (MOIYJIIO)

10

OTiInyHO

9

OTiInyHO

8

OT1anaHO

CTyIeHT TOJHOCTBIO BIAJICET 3HAHUSMHU, W3JIOKCHHBIMH B
paboueii mporpamMme, M TIIYOOKO OCMBICISIET MTUCHUILTHHY. OH
CaMOCTOSITEIILHO W JIOTUYECKH IOCIIEA0BATEIIEHO OTBEYACT Ha
BCE BOIIPOCHI, aKICHTHPYS BHUMaHHE Ha HauWOO0JICEe BAXKHOM.
YMeer aHaNM3UMpOBaTh, CpPaBHUBATh, KIAcCU(UIIMPOBATH,
0000maTh,  KOHKPETU3UPOBATh U  CHCTEMATH3HPOBAThH
W3yYCHHBIH MaTepuall, BbBIACTSAS KIIOYEBBIE MOMEHTHI U
yCTaHaBNIUBasE  NPUYMHHO-CICICTBEHHBbIE  CBs3u.  Yerko
(hopMyIUPYET OTBETHI, YBEPEHHO MHTEPIPETUPYET PE3yJIbTAThI
aHAITM30B W JIPYTUX HCCIICJOBAHUMN, a TAKXKE PEIIAcT CIOKHBIC
3agaud. CTyJIeHT XOpOIIO 3HAKOM C METOAaMHU HCCICAOBAHHUS,
HEOOXOMUMBIMH JUTSI TIPAKTHYECKON JESTENbHOCTH, U YMEET
CBSI3BIBATh TECOPETUUYCCKUE ACIIEKTHI JUCITUIUIMHBI (MOIYJSI) C
MMPAKTHUYCCKHUMU 3aJla4aMU.

Xopowo

Xoporo

CTyIleHT 06J1a)1aeT SHaHUAMHU HOpeIAMETa IOYTH B IIOJHOM
o0veme pabodell MPOrpaMMbl U CAMOCTOSITENEHO, JIOTHYECKH
MOCJIEI0BAaTEIFHO U BCECTOPOHHE OTBEYAET Ha BCE BOMPOCHI,
aKICHTHPYS BHUMaHHE Ha HanOoJee 3HaYNMbIX MOMeHTaxX. OH
yMeeT aHalM3UpOBaTh, CpPaBHUBATh, KIACCU(UIMPOBATH,
00001maTh,  KOHKPETH3MPOBATh W  CHCTEMAaTH3UPOBATh
M3YYCHHBIH Marepuaj, BBIACISS ero KIIOYEeBBIE aCHEKTHl U
YCTaHaBJIMBAs IPUUYUHHO-CIIEICTBEHHBIE CBSI3H. POpMyIHpyeT
CBOM OTBETHI, YBEPEHHO HHTEPIPETHPYET pPE3yJIbTaThl
aHAJM30B U JPYTUX UCCIIEJOBAHUHN, a TAKXKE PEIIAET CIOKHbIC
cUTyaroHHbIe 3a1a49i. CTyIeHT XOPOIIO 3HAKOM C METOIaMU
UCCIIEZIOBAHUS,  HEOOXONUMBIMH  JUIi  IPAKTUYECKON
ACATCIIBHOCTHU, U YMCCT CBA3bBIBATHL TCOPCTHUUCCKHC ACIICKThI
npesMeTa ¢ IPaKTHIEeCKHUMU 3aJadaMu.

YILOBJICTBOPI/ITG)HLHO

YILOBJICTBOPI/ITG)HLHO

CryneHnt oOnamaer 0a30BBIMH 3HAaHUSMHU [0 JAHCIUIUIMHE
(MOJTyJTf0), HO MCTIBITHIBAECT TPYIHOCTH MIPH CAMOCTOSATEIHHBIX
OTBETaX W HCIIOJIb3YeT HETOYHbIC (OpMyIupoBkH. B xoze
OTBETOB OH JIOMYCKAET OIMOKH, KaCAIOIINECs CYTH BOIIPOCOB.
CTyneHT crocoOeH pelaTh TOJNBKO CaMble MPOCTHIC 3aJlau U
BIaJieeT  JIMIIb  MHHAMAQIBHBIM  Ha0OpOM  METOJIOB
WCCIICIOBAHMUS.

He cnan

He cnaun

He cnaun

CryneHT He oBiajien 00sA3aTeTbHBIM MUHUMYMOM 3HAaHUN TI0
MpeIMETy U HE MOXET OTBETUTh Ha BOIPOCHI, JaXe €cld
MpENOJABaTellb  3aJacT  JOMNOJIHUTENIbHBIE  HABOJIAIINE
BOIIPOCHI.

Jucuumirza (MOlyiib) « AITOPUTMBI U CTPYKTYPHI JaHHBIX. YacTe 1) orieHnBaeTcs
CIeyIomKUM 00pa3oMm:

AKTHBHOCTH Bec |KoauvecTBO Onucanue
Jomamnue 3amanus | 15% 12 HaGop 3aia4 o remMam Hejienu
JlaboparopHast 10% 2 [MpakTudeckas pabota o TeMam JTUCIUTUIMHBI (MOJTYIIsT)
paboTa
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AKTHBHOCTH Bec |KoanuectBo Onucanne

Kontponsnas padora | 30% 3 [TuceMeHHas paboTta ¢ HAOOPOM 3a/1a4, KOTOpPBIE HYKHO
PELINTH 32 OrPAHUYCHHOE BPEMS

Konmoxsruym 15% 1 YCTHBIE OTBETHI Ha BOIPOCHI, CITUCOK KOTOPBIX U3BECTCH
CTYJICHTY 3apaHee

DK3aMeH 30% 1 ITucbMeHHast WM yCTHasE paboTa HaJl 3a1aHUCM,
HAaIpaBJICHHBIM Ha TIPOBEPKY MOIYyYCHHBIX 3HAHUI U
HABBIKOB 110 JUCIHUIUIAHE (MOJIYJTO)

@opmyJia pacyéTra MTOrOBOIl OLEHKH MO AUCHMUILINHE (MOAYJIK) «AJITOPUTMBI H
CcTPYKTYpHI AaHHbIX. YacTth 1»: «0,15 x cpennee 3a nomamnue 3amanus + 0,1 x cpennee 3a
naboparopueie pabotsl +0,3 X cpenHee 3a KOHTpodbHBIE padoTel + 0,15 x kommokBuym + 0,3 x
3K3aMEH».

Texkyuuii KOHTPOJIb YCIIEBAEMOCTH 00y4alOIIMXCS MO0 IUCHUIIMHE (MOLYJII0)
IIpumepHbIe BONPOCHI K KOJJIOKBUYMY
Kaaccudukanus cTpyKTyp JaHHBIX
1. CTpyKTYpBI JaHHBIX - OTIPECIICHUE U KIIACCU(DUKAIIHS.
2. JluHeiiHble CTPYKTYPbI JaHHBIX - ONIMCAHUE U IPUMEPBHIL.
3. HeauHeliHble CTPYKTYPbI JAHHBIX - ONIMCAHUE U TIPUMEPBHI.
4. CraTtuyecKue H JUHAMUYECKHE CTPYKTYPHbI JAHHBIX - PA3JINYUS U IPUMEPHI.
5. AocrpaxktHble Tunbl 1aHHBbIX (AT/I) - onpeneneHue U npuMepsI.
6. KoMmekcHble CTPYKTYPbI JaAHHBIX - OTPECNICHUE U IPUMEPHI.
Crekn
7. Crek - onpesielieHre U OCHOBHBIE oneparuu (push, pop).
8. IlpumeHeHHUe cTEKa - IPUMEPHI UCTIOIB30BaHUS (0OpaTHAs MOJIBCKas 3aMMCh, OTMEHA
JIEHCTBHM ).
9. AJuropuT™ MpoBePKH COAJTAHCHPOBAHHOCTH CKOOOK - OTIFICAHHE U peajTi3aIusl.
10. Peanm3anus cTeka ¢ NOMOIIbI0 MACCHBA - ONTUCAHKE U aHAIN3.
11. Peanu3anus cTeka ¢ MOMOUILIO CBSI3HOTO CIIMCKA - OMKMCAHUE U aHAJIU3.
Ouepenu
12. Ouepens - onpezeiieHUe ¥ OCHOBHBIE olepanun (enqueue, dequeue).
13. KoabueBasi ouepennb - ONpeaeieHue U peaan3arusl.
14. TlpuopureTHasi ouepeab - ONpeIeliCHUE U IPUMEHEHNE.
15. Ouepenasp ¢ 1ByMsi KOHIAMU (JieKa) - ONPe/IeNICHHE U ONepaliHy.
MHo:xecTBa M CJIOBapu
16. MHo:kecTBO - OTIpe/ieIeHUE U OCHOBHBIE orepanuu (00beAMHEeHNE, TIepeceueHue).
17. CnaoBapsb (accouMaTHBHBIH MAaCCUB) - OTIPE/ICIICHUE U IPUMEHEHHE.
18. Xem-radaumna - onpeaeneHue, QyHKIUN XSUTUPOBAHUS U KOJUTH3UH.
19. AAropuTM MOMCKA B MHOKECTBE - PA3JIMYHBIC ITOAXO/IBI i X CIIOKHOCTD.
20. luHaMuYecKHe MHOKeCTBA - pean3aius U MpuMeHeHHe.
OnaHocBsI3HBbIE JIMHEHHbIE CTUCKH
21. OaHOCBA3HBII CNUCOK - ONIPEIEIICHNE U OCHOBHBIC Omepaluu (100aBieHue, yaaacHue).
22. PeBepcupoBaHHe OTHOCBSI3HOTO CIIMCKA - AJITOPUTM U CIIO)KHOCTD.
23. Ilouck 3j1eMeHTa B OJJHOCBSI3HOM CIIMCKeE - AITOPUTM U CIOKHOCTb.
24. Ciimsinve IBYX OTCOPTHPOBAHHBIX CMUCKOB - AJITOPUTM H PealTi3aIlns.
25. Ynanenue 1y0JJMKATOB U3 OTHOCBSI3HOTO CMIMCKA - AJITOPUTM U pean3aliusl.
HukauyecKkue CIMCKU
26. IluKJIMYeCKHUii OTHOCBA3HBIIH CIUCOK - ONIPEICTICHUE U OTIePAIIHH.
27. Tlonck 3j1IeMeHTAa B MUKJIAYECKOM CITHCKE - AJITOPUTM U CIIOKHOCTb.
28. CiinsiHMe NUKJIHYECKUX CIUCKOB - AITOPUTM H peain3alius.
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JIByCBSI3HBbIE JINHEHHbIE CITUCKHT
29. JIBYCBAI3HBII CIIUCOK - OTIPEJICIIEHUE U OCHOBHBIE OTIEPAIIHH.
30. IlpenmyiecTBa U HEJOCTATKH JABYCBSI3HOI0 CIIMCKA MO0 CPABHEHHUIO C
OHOCBSI3HBIM - aHAJIM3.
31. PeBepcupoBaHue IBYCBA3HOI0 CIIUCKA - AITOPUTM U CIOXKHOCTb.
32. Yaajienue 3JieMEHTA U3 IBYCBS3HOT0 CIIMCKA - aJITOPUTM U peaTH3alys.
OO0mme Tembl
33. CpaBHeHHEe CTPYKTYP AAHHBIX - KOTJIa HCIIOJIb30BATh KaXIYIO U3 HUX.
34. Cno:xxHOCTDH Onepanuii - BpeMeHHasl U MPOCTPAHCTBEHHAS CIIOKHOCTD JIJISl pa3IUYHbBIX
CTPYKTYP.
35. Peaniuzanusi CTPYKTYPbI JAHHBIX B PA3JIMYHBIX I3bIKAX POTPAMMHUPOBAHHUSA -
IPUMEPBHL.
36. IlpuMeHeHHE CTPYKTYP AAHHBIX B AJTOPUTMAX - IPUMEPHI UCIIOJIB30BAHUS.
37. Anroputmbl Ha rpadax - cBs3b C JMHEHHBIMU CIIUCKAMHU.
38. CTpYKTYpbI JaHHBIX VIS peaju3aluu ovepe/ieil M CTeKOB - Pa3JIMYHbIC TOAXO0/IbI.
39. /luHaMuyeckoe BblIeIeHHEe MaMSATH - paboTa ¢ yKa3aTeIsIMH.
40. O030p nony.JasipHBIX OHOJIHOTEK I padOThHI €O CTPYKTYPAMH JAHHBIX - IPUMEPHI U
IIPUMEHEHUE.

IIpumepHbIe 3a1aHUSA I KOHTPOJIbHBIX padoT
KonTpoabnas padora Nel

3apanme 1. Onpenenute, 4to Takoe anroput™. [IpuBenure npumepsl pa3audHbIX TUIIOB
ITOPUTMOB U UX IPUMEHEHUS B peaIbHON KU3HU.

3aganue 2. OnMUIINTE OCHOBHBIE CIIOCOOBI U3MEPEHUSI BPEMEHH BBIMOJIHEHUS aJTOPUTMOB.
CpaBHUTE UX U OOBSICHUTE, B KAKHUX CIIydasX Ka)/blil U3 METOJ0B HanboJee yMECTEH.

3aganue 3. OObscHUTE, YTO TaKOE acUMITOTHUYecKas HoTauwus. [IpuBeaute mnpumepbl
ucnoibp3oBaHus Hotauui O(n), ®(n) u Q(n) 1 0OBACHUTE, UTO OHU O3HAYAOT.

3aganue 4. [I[pumennTe MacTep-TeopeMy s aHAIN3a BPEMEHHOM CII0KHOCTH CIIELYIOLIETO
pekyppeHTHoro cooTHomeHnus: T(n) = 2T(n/2) + n. Ykaxure, Kakoil ciiydail MacTep-TeOpeMbl BbI
UCIIOJIb30BAIM U MIPUBEANUTE MOAPOOHOE pEIICHHE.

3aganue S. Pemmute crenyroliee peKyppeHTHOE COOTHOIICHHE C IOMOIIBIO METoJa
nonacraHoBku: T(n) = T(n - 1) + n. Haitaure acumnrotuky T(n).

3aganue 6. Hanummre anropuT™M JUisi JMHEMHOTO IOMCKa 3JEMEHTa B MAacCUBE H
[POaHATIU3UPYHTE €ro BPEMEHHYIO CII0KHOCTh. OOBSCHUTE, KaK Bbl IPHUIILIIN K 3TOMY PE3YJIbTaTy.

3aganue /. OnuumMTe alropuT™, KOTOPbINA HAXOJUT CYMMY BCEX 2JIEMEHTOB B OJJTHOCBSI3HOM
cnucke. KakoBa BpeMeHHas CII0KHOCTb 3TOr0 alroputma?

3aganue 8. [IpuBenure npuMep peKyppeHTHOTO COOTHOLIEHHS, KOTOPOE MOKHO PELIUTh C
MOMOIIBIO MacTep-TeopeMsbl. [Ipoananusupyiite ero BpeMEHHYIO CI0KHOCTb U 00BSCHUTE, KaKOH
CIIy4ail TeopeMbl OB UCTIOIb30BaH.

3ananue 9. OOBACHUTE, KAK MOXHO HCIOJIb30BATh JHUHEWHBIE AITOPUTMBI JJIS PELICHUS
3aJaud O HaXOXKICHHM MaKCUMAaJIbHOTO W MHMHHMAaJbHOIO 3JIEMEHTOB B MaccuBe. Hamumure
QJITOPUTM U NPOAHATUZUPYUTE €TO CIOKHOCTD.

3ananue 10. [IpuBeguTe mpumep 3amadu, KOTOpask MOXKET OBITh peIlieHa C MOMOIIBIO
PEKypCUHM, W HaIMIIUTE COOTBETCTBYIOUIMM pPEKYpPCUBHBIA anroputM. Ilpoanamusupyiite
BPEMEHHYIO CII0KHOCTh Balllero peIIeHHUs.

KonTpoabHnas pabora Ne2

3aganue 1. Onwumurte anroput™M EBKiMaa a8 HaXOXIEHUS HauWOOJBIIEr0 OOIIETo
nenutens (HOM) nByx uncen. [lpuBeaure npumep paboThl AITOPUTMA HA KOHKPETHBIX YHCIIaX.
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3ananue 2. Peanu3yiite anroputMm Pemera Dparochena s HaXOXKISHUS BCEX MPOCTHIX
yucen 10 N. O0bsicHUTE, KaK paboTaeT ATOT AITOPUTM, U IPUBEIUTE IPUMED €T0 HCII0JIb30BaHUSL.

3ananue 3. O0bscHHTE, 4TO Takoe dakTopu3anus uuces. Hamummre anroputM mis
HAXOX/IEHUS IMPOCThIX MHOXKUTEJIEH 3aJaHHOIO0 YHUCJIa U IPOAHAIU3UPYUTE €ro BPEMEHHYIO
CJII0KHOCTB.

3ananme 4. PeammsyiiTe peKypcHBHBIH anroputM s OWHApHOrO TMOWUCKAa B
OTCOPTUPOBAaHHOM MaccuBe. lIpuBeauTe mpumep MaccuBa M 3J€MEHTa JUIsl MOMCKA, a TakkKe
00BsICHUTE, KaK pabOTaET Balll aJITOPUTM.

3aganue 5. Hanumumre anropuTM Ajs IEJIOYUCICHHOTO OMHAPHOTO TOWCKA IO OTBETY.
[lpuBeauTe mpuMep 3aaadyd, I7A€ TOT METOJ MOXET OBITh MPUMEHEH, W OOBSCHHUTE IIaru
ajaropuTMa.

3ananme 6. IlpuBeaure mnpumepsl 0a30BBIX COPTHPOBOK (IIy3bIPHKOBAsi, BCTaBKaMH,
BBIOOPOM) M MpOAHATU3UPYHTE UX BPEMEHHYIO CIOXKHOCTh B JIYYIIEM, CPEAHEM U XYALIEM
CIIydasix.

3aganme 7. Onuimmre airopuT™M COPTUPOBKU ciausgHueM. Peanusyiite ero wu
[IPOAHAIU3UPYITE BPEMEHHYIO U IPOCTPAHCTBEHHYIO CII0KHOCTD.

3ananme 8. Peanusyiite anroput™m OblcTpoil coptupoBku. OOBsICHUTE, Kak BbIOMpaeTcs
OTIOPHBII AJIEMEHT U KaK 3TO BIUSAET Ha 3(p(PEKTUBHOCTH aJIrOpUTMA.

3aganue 9. O0bsACHUTE METOJ ABYX yKa3aTesel U MPUBEIUTE MPUMEDP €T0 UCIIOIb30BAHMUS
JUISL peLIEHUS] 3a]Ja41, HallpUMep, JUIs HaX0>KJIEHUS [Tapbl YMCEJl B MACCUBE, CyMMa KOTOPBIX paBHA
3a/laHHOMY 3HAYEHUIO.

3aganue 10. OnummTe anroput™ "cKONB3sIIEe OKHO" ¥ IPUBEIUTE TIPUMED 3a/1a4H, Te OH
MOKET OBITh NPUMEHEH, HAmpHUMep, Ul HaXOXKICHHS MaKCHMAalbHOM CyMMBI MOJMAacCcHBa
(¢uKCcHpOBaHHOM JJMHBL. Pean3yiTe anroputM U NpoaHAIU3UPYHTE €ro CI0XKHOCTb.

IIpumepHbIe JoMAIIHUE 3aaHUS

Jlomamnee 3aganue 1.

1. Onpenenure, 9YTO TaKOe aIrOPUTM, U MPUBEIUTE TPU MPUMEPA PA3TUUHBIX aITOPUTMOB
W3 TTOBCEIHEBHOM KU3HU.

2. HazoBuTe 1 00BSICHUTE TPU OCHOBHBIX CBOMCTBA aJTOPUTMOB.

3. CpaBHHTE JETePMHUHHPOBAHHBIC W HEICTCPMHHHPOBAHHBIC AITOPUTMBL. [lpuBemuTe
IIPUMEPHI KaXKI0T0 TUIIA.

4. Onumwure, Kak MOKHO U3MEPUTH BPEMSI BBIMOJHEHUS airopuT™Ma. Kakue HHCTPYMEHTHI
MOTYT OBITh UCIIOJIL30BAHBI JIJIs TOM 1eHn?

5. OOBsICHUTE, YTO TAKOE BPEMEHHAsI CJIOKHOCTh AJITOPUTMA U KaK OHA MOYKET MOBJIUSITH Ha
BBIOOD ajropuT™Ma AJis pelIeHus 3a1auu.

JlomamHee 3aganue 2.

1. Yro Takoe acumnroTnueckue Hotauuu? [pusenure npumepst "O Oonpmioro”, "Q" n "O".

2. OOBsicHHUTE, KaK MHTEPIPETUpOBaTh HOTamuoo "O Oonbmioro" Ha MpUMepe alropuTMa
COPTUPOBKH.

3. Uto Takoe MacTep-TeopeMa U B KaKUX CIIydasx OoHa ucrnoib3yercs? [IpuBenute mpumep.

4. Pemmute crienymoiee pekyppeHTHoe cootHomenue: T(n)=2T(n/2)+nT(n)=2T(n/2)+n.
Hcnons3yiiTe MmacTep-Teopemy Uil HaXOKIEHUS BPEMEHHOM CIIOKHOCTH.

5. IlpuBeaute mpuMep peKypCUBHOIO aJIrOPUTMA U OOBICHUTE €T0 BPEMEHHYIO CII0)KHOCTb.

JlomamHee 3aganue 3.

1. OnummMre anropuT™M COPTHPOBKH ciusHHEeM. KakoBa ero BpeMeHHas CIOXHOCTh B
Jy4dlIeM U XYZILIEM ciryqae?

2. OObsicuuTe npuUHIMI paboThl ObICTpOM copTupoBkH. Kak oHa omingaercs oOT
COPTUPOBKH CIUSHUEM?

3. Kak pabGoraer GuHapHbIi MOUCK? B Kakux yciaoBUSAX OH MpUMEHsETCs?
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4. Peanu3yiite anropuTM OMHAPHOTO MOMCKA HA SI3bIKE MPOTPAMMUPOBAHMS 10 BalIeMy
BBIOOPY M MPOTECTUPYHTE €0 HA PA3TMYHBIX BXOAHBIX TAHHBIX.

5. OObsicHHUTE, KaK OCYIIECTBISETCS LIETOYUCIICHHBII U BEIIECTBEHHbIN OMHAPHBIN MOMCK
no oteety. [IpuBeauTe npumepsl.

IIpumepHbIe 3a1aHuA IS JJAa0OPATOPHBIX padoT

JlaGopaTopHasi pa6oTa no TeMe <AJIrOPUTMbI MIOUCKA»

1. PeanusyiiTe QyHKIUIO LETOYUCICHHOIO OMHAPHOTO MOMCKA, KOTOpask HAXOIUT MEPBOE
BXOJKJCHHE 33JaHHOI0 3HaYCHMs B OTCOPTUPOBAHHOM MaccuBe. Hanuimmre TecTsl, BKIIIOYAIOIUE
CJIy4au OTCYTCTBHsI DJIEMEHTA, TOBTOPSIOLIUXCS 3HAYCHUN U KPaHHUX MO3ULUH.

2. Hanumwure nporpaMmy, KOTopas HaXOJUT MUHUMAaJIbHOE 3HAYE€HUE X, IIPU KOTOPOM X> +
2x + 1 > target, ucrosnb3yst OMHAPHBIN OUCK 110 O0TBETY. [IpoTecTupyiite s pa3HbIX 3HAYCHUH
target.

3. Peanu3yiite BemeCcTBEeHHbIM OMHAPHBIN MOUCK /ISl HAXO0XKJICHHSI KOpHS ypaBHeHus f(X) =
x*> —3x + 1 Ha oTpe3ke [—2, 0] ¢ TouHOCTBIO 1e—7. BriBeguTe pe3ynbrar.

4. Pemmute 3amauy: onpeleiauTh MUHHUMAJIbHBIA paguyc NEHCTBHUS BBILIEK CBSI3U, YTOOBI
IIOKPBITh BCE JOMA Ha MpsAMOM. JlaHbl KOOPAWHATBHI JOMOB M KOJIMYECTBO BbIlIEK. Vcnonb3yiTe
OuHapHBIN ouck 1o oreery. [IpoaHanu3upynTe CI0KHOCTb.

5. Hanmmmre kpatkuit oTué€r (1-2 crp.), rae cpaBHUTE PYUHYIO peau3aliio OMHApPHOTO
MOWCKA W WCIIOJh30BaHUE BCTPOSHHBIX (QyHKIMA (Hampumep, bisect B Python, lower bound B
C++). [IpuBenuTe npuMepsl 3ajay, 1€ 3TO BaKHO.

JlaGoparopHasi padoTa o reMe: «AJrOpUTMbI COPTHUPOBKU»

1. Peanusyiite coptupoBky causiHueM (merge sort). JloGaBpTe CUETUHMK CpaBHEHHI.
[TponemoHcTpupyiiTe paboTy Ha IpuMepax.

2. Peanmsyiite mupamuganbHyto coptupoBky (heapsort) ¢ MOCTpOCHHEM MaKC-KyYH.
CpaBHHTE BpeMsl BBIIIOJIHEHUS ¢ merge sort ¥ quick sort Ha pa3HbIX TUIIAX MACCUBOB (CIy4YaiHBbIiH,
OTCOPTHUPOBAHHbIN, OOPAaTHBIN).

3. Hanummre nporpammy, KOTopas HaxoquT k-il mo BeIM4YMHE 37€MEHT ¢ IOMOIIBI0 MUH-
Kyuu. CpaBHUTE MO CIOKHOCTH C IOJTHON COPTUPOBKOM.

4. Peanu3zyiite CTpYKTypy Ul IIOMCKA MEJUAHbI B IOTOKE YHMCEN C JIByMs KydaMHu: Makc-
Ky4ya /s JIeBOM IIOJIOBUMHBI, MMH-Ky4da g npaBod. Peamusyiite merogsl add(num) u
get median(). [Iporectupyiite.

5. Pemurte 3amauy: HalTH MaKCHMaJIbHYIO CyMMY IOJMaccuBa JUIMHBI k (CKoyb3siee
OKHO). 3aTeM peluTe 3ajauy MOoMCcKa BCeX M0IMAaCCUBOB C 3aJJaHHOI cymMMoil. [Ipoananuzupyiite
CJI0KHOCTh 000MX pELIeHUH.

33}13HI/IH IJIdA l'lpOMe)KyTO‘lHOi;I aTTeCTallui 110 JMCHUIIJINHE (MO)Iy.JIlO)

Ne ni/m 3aganue OtBeTt Komnerenmmst
1. Kaxkas acumirrornueckast Horauus o003HayaeT O/ 0O- OIIK-4
BEPXHIOIO OIIEHKY POcTa (PyHKIIUH TPYJOEMKOCTH OoJbImoe
anroputma?
2. Yemy paBHA BpeMEHHAs CJI0KHOCTb aJlTOPUTMa O(n log n) OIIK-4

COPTHUPOBKH CIIMSHUEM B Xy/IIIEM cirydae?

3. Kaxoii MmeToq ucnonp3yeTcs A1 OLIEHKU CIOXKHOCTH macrep- OIIK-4
peKyppeHTHBIX anroputMoB Buja T(n) = aT(n/b) + f(n)? Teopema
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4. YeMy paBHa aCUMITOTHYECKAs CIOKHOCTb JIMHEHHOTO O(n) OIIK-4
MOKCKa B MACCUBE M3 N 3JIEMEHTOB B XyAIIEM ciydae?

5. CKOJIBKO MIaroB B XY/IIEM clydae moTpedyeTcs 10 OIIK-4
aJITOpPUTMY OMHAPHOTO TTOMCKa B MaccuBe u3 1024
3JIEMEHTOB?

6. Kax Ha3pIBaeTcs MOUCK, TIPH KOTOPOM TpaHUIIa OTBETA OMHApPHBIH OIIK-4
CyXaeTcsl 10 AOCTHKCHHUS TpeOyeMoil TOUYHOCTH? MOUCK TIO

OTBETY

7. Uemy paBao HOJI(48, 18), HaiineHHBIN C TIOMOIIIHIO 6 OIIK-4
anroputma EBkana?

8. CKOJIBKO NMPOCTHIX YNCEI MOTYYUTCS MIPU IPUMEHEHUU 10 OIIK-4
pemeTa DparocdeHa i quanazoHa ot 2 1o 30?7

9. Kak Ha3bIBaeTCs anropuT™M HaXOKIAEHHS BCEX MPOCTHIX periero [1K-3
yycen 10 3aJaHHOro yucia n? Opatoctena

10. Kak Ha3bIBaeTCs CTpyKTypa JaHHBIX, OCHOBaHHAs Ha Ky4a / OIIK-4
MPUHIIMIIE TIOJIHOTO OMHAPHOTO JIepeBa, I7ie KOPEHb nupamuIa
COACPKUT MUHUMAJIbHBINA WA MAaKCUMAJIbHBIN AJIIEMEHT?

11. CKOJIBKO CpaBHEHHH B XyIIIIEM CiTydae TpeOyeTcst st O(n log k) IK-3
norcka k-ro mo BeTMdrHe 3JIeMEeHTa ¢ ITOMOIIBI0 MUH-
Kyun?

12. Kak Ha3bIBaeTCst METO/I ONITUMU3ALNH, TTPU KOTOPOM COpPTUPOBKA [1K-3
3a/1aua pa30MBaETCs Ha HE3aBHCHMBIC COOBITHS U COOBITHI
00pabaTbiBaeTCsl B MOPSIIKE MX HACTYIUICHUsI?

13. CKoJIbKO onepaluii moTpedyeTcs IJIsl BCTABKH 3JIEMEHTa 0(1) OIIK-4
B KOHEI[ TUHAMIYECKOTO MAacCUBA, €CIIH MaMsTh YKe
BbIAeIeHA?

14, Kax Ha3pIBaeTcst MOAX0/ K PEIICHUIO 3a/1a4, IPU JTUHAMHAYECKOe [1K-3
KOTOPOM PEIICHNE CTPOUTCSI HA OCHOBE ONTUMAaJIbHBIX IpOTrpaMMHUPO
peuieHuii noazanay? BaHUeE

15. Kax HasesiBaeTcd 3a1aya HaxXOKICHUA HAUOOJIbIIIEH LIS (Longest [1K-3
BO3pAcTaloIIeH MOAMNOCIe0BaTEIbHOCTH B MaccHBe? Increasing

Subsequence)

16. Kax HaseiBaeTcd 3a1aya HaxXOKICHUA HAUOOJIbIIIEH LCS (Longest [1K-3
0011Iel TTOIMTOCIETOBATEIHFHOCTH ABYX Common
MOCJIEI0BATEILHOCTEN? Subsequence)
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