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Conepxanue

AHHoTamnus

MeToandeckrue peKOMEHIAIMH K JICKITUSIM

Meroanueckue peKOMEHIAIMU K MPAKTUYECKUM 3aHITHSIM
Meroandeckue peKOMEHIAINHN K CaMOCTOATEIIbHON padoTe



AHHOTANIUA

Hacrosimue meToanyeckue peKOMEHIAMK pa3padoTaHbl A OOydYaroOmIMXCsl OYHOM
dbopmbl 00ydeHus ¢ yuerom @I'OC BO u paboueii mporpaMMbl TUCIHUIUIAHEI.

Heabp ocBoeHuss AuCHMIUIUHBI «Teopus anropuTMOB» SBISETCS (OPMUPOBAHHUE Y
CTYJIEHTOB 0a30BOIl OCHOBBI 3HaHHMI B OOJacTU Pa3pabOTKU M aHalu3a ajlrOpUTMOB, YMEHUM
JIOKa3bIBaTh KOPPEKTHOCTh QJITOPUTMOB, TIOATOTOBKA CTYACHTOB K TNPO(ecCHOHATBHOM
NEeSITEIbBHOCTH B cpepe pa3pabOoTKH MPOrpaMMHBIX MTPOTYKTOB.

3anaum:

¢ W3y4CHHE  TNPHUHIMIIOB  TOCTPOCHHS  TIOMCKOBBIX,  COPTUPYIOIIUX U

BBIYHCITUTEIBHBIX AJITOPUTMOB;
¢ OCBOCHHE HEKOTOPBIX CTPATETUi pa3pabOTKH alrOPUTMOB;
% (GopMHpOBaHHE YMCHHS OILICHUBATH CJIOXKHOCTH aITOPUTMOB, BBIACIUTD JIETKO U
TpYJAHOpa3pelIuMble 3a/1a4H, OLEHUTH Kiacchl 3aaa4d P u NP;
¢ oBJajgeHue 0a30BBIMH METOJJAMH U aJITOPUTMAMH ITPOBEPKH JIOTHYECKOTO
CJIeIOBaHMs, IPOBEPKH KOPPEKTHOCTH MPOTPaMM, CIIOCOOaMH OMPeIeICHUS
CJIO)KHOCTH BBIYUCIICHUN U OpraHu3anud 3)(HEeKTHBHBIX aITOPUTMOB;
¢ TpOBEICHHE OIICHKH BBIOOpAa TEXHUYECKUX M MPOrPAMMHBIX CPEICTB IS
CO3IaHUS MPOTPAMMHBIX TTPOIYKTOB.

¢ HCIIOJIb30BAaHHE TCOPHUU AJTOPUTMOB JIJISl aITOPUTMH3AINHU 3a/1a4 B MPEIAMETHON

obnacru;

¢ HCIIOJIb30BAaHKUE AJITOPUTMHUYCCKOTO TMOIXOAA U PEIICHHs MpoOJieM W 3ajad,

BO3HUKAIOIINX B XOJIC YIIPABICHUH U IPUHSTUS PCIICHUH.

[Iporiecc ocBoeHHWst y4eOHOM JAWMCHUILIMHBI HAmpaBlieH Ha (OPMUPOBAHHE Yy
00y4aromunXCsl CIEAYIOIUX KOMITETESHITHI:

Yuusepcanbsubie (YK), obmenpodeccuonansusie (OIIK), npodeccuonansusie (1K) — B

coorBeTcTBUU ¢ PI'OC 3++.

Kon Copnepxanue WNuaukaTopsl JOCTHKEHUS] KOMIIETCHIINT

KOMIIETEHINH KOMIIETEHINH

YK-1 Cnocoben 3Haer 0a30BbIe IOJIOKEHHUS
OCYIICCTBJIATD IOUCK, (yHIaMEHTAJIbHBIX  pa3felioB  CHCTEMHOIO

KPUTHYECKHUM aHAJIU3 U
CHHTE3 HH(pOopMaluH,
IIPUMEHSATH CUCTEMHBIN

MOAXOJ 715l PEIICHUS
TOCTABICHHBIX 3a71a TIPUHITUITHI " METO/IBI MPOBEACHUS

UCCIIeI0OBaHU B 001acTh HHQPOPMAIMOHHBIX

aHamM3a M MareMaTMkKu B 00beMe,
HeoOxonuMoM Juig 00paboTKM HHpOpMALUU U
aHaJM3a JIaHHBIX B MPHUKJIAJHOM obnacTy;

CHCTEM U TEXHOJIOTM; TEXHUKH IJIAaHUPOBAHUS
U IIPOBEICHUS BBIUNCIIUTEIBLHOTO
JKCIIEPUMEHTA.

Ymeer QopMmynupoBaTh U JIOKa3bIBaTh
HauOoJee BaXKHbIE PE3yJbTaThl B MPHUKIAJHBIX
00JacTax; MPUMEHSTh YUCIEHHBIE METOJbI IS
pelleHrs TPUKIAJAHBIX 3a/ay; MPOrpaMMHO
peain30BaTh BBIYUCIUTENbHBIA SKCIIEPUMEHT
MIOCPEACTBOM S3BIKOB IIPOTPAMMUPOBAHUS WU C
HCIIOJIb30BaHUEM CHeLUATU3UPOBAHHBIX




MaKETOB TIPUKJIIATHBIX pOTpaMM;
pa3pabaTbIBaTh QITOPUTMBI pereHusI
KOHKPETHBIX 3a]1a4.

Bnameer HaBbIKAMH  TIOCTAaHOBKM  3a/1a4H;
HaBBIKAaMH PabOTBI Cc OubIMOrpaduuecKuMu
HMCTOYHUKAMH nH(pOopMaInu; HABBIKAMU
pelleHus MTOCTABJICHHBIX 3a/1ad B MPEIMETHOM
00JIaCTH B paMKax BBIOPaHHOT'O IPOQHIIS.

OIIK-8

Crniocoben
OCYLIECTBIIATh
IIEAaroOrn4ecKyro
JESITEIbHOCTD Ha
OCHOBE CIELIMAJIbHBIX
HAay4HbIX 3HAaHUU

3HaerT: UCTOPHIO, TEOpHIO,
3aKOHOMEPHOCTH W HIPUHLHUIIBI [OCTPOCHUS U
(YHKIIMOHMPOBAHUS 00pa30BaTENLHOTO
Ipolecca, pojb U MeCTo 00pa3oBaHUs B JKU3HU
YeJIoBeKa 1 o0I1IecTBa B 00J1aCTH I'yMaHUTapHBIX
3HAHWUW; UCTOPHIO, TEOPHUIO, 3aKOHOMEPHOCTH U
IOPUHIUIBI TOCTPOEHUS U (YHKLHOHUPOBAHUS
00pa30BaTEILHOIO IPOLECCa, POIb U MECTO
0o0pa30oBaHMs B KU3HU YEJIOBEKAa M OOILECTBa B
o0JacT  €CTECTBEHHO- Hay4HbIX 3HaHUH;
UCTOPUIO,  TEOPUIO,  3aKOHOMEPHOCTH U
NPUHIUIB TOCTPOCHUS U (YHKIMOHHPOBAHUS
00pa30BaTeNLHOIO IpoLEecca, pojb U MECTO
o0Opa3oBaHMs B >KM3HHM YeJIOBEKa U OOIIECTBA B
00J1aCTH HPAaBCTBEHHOT'O BOCIIUTAHMUSL.

YMeeT: HCIoNIb30BaTh COBPEMEHHBIE, B
TOM 4YMCJI€ WHTEPAaKTUBHbIC, (OPMBI U METOIbI
BOCIIUTATEIIbHOH  pabOTBI B yPOYHOH U
BHEYPOYHOH JEATeNbHOCTH, JIONOJIHUTEILHOM
00pa3oBaHUM JIETEH.

Brnaneer:  meromamu, Qopmamu U
cpeacTBaMu  oOydyeHHs, B TOM  4YHCIe
BBIXO/SIIMMH 32 PaMKH Y4€OHBIX 3aHATUH, A
OCYILIECTBJICHUSI  MPOEKTHOM  JI€ATEIbHOCTH
oOyyaromuxcs, MpPOBEIEHHUsI J1abopaTOPHBIX
9KCIIEPUMEHTOB,  JKCKYpPCHOHHOW  paboThl,
NOJIEBOM  MNpakTUKM M T.OI.; JEHCTBUAMU
OpraHM3ali Pa3IMYHbIX BHUAOB BHEYPOUHOM
JESATEIBHOCTH: UTPOBOH, y4eOHO-
UCCIIEI0BATEIbCKOM, XY 0’KECTBEHHO-
IPOAYKTUBHOM, KyJIbTYPHO-OCYTOBOM C y4ETOM
BO3MOXXHOCTEH 00pa30oBaTeNbHON OpraHu3aluy,
MECTa JKUTEIbCTBA W HCTOPUKO-KYJIBTYPHOTO
CBOE0Opa3usi peruoHa.




METOJUYECKHUE PEKOMEHJAIIUU K JTEKIIUAM
Jlekumusi 1 mo teme «PoJib aJIrOPpUTMOB B BHIYMCJIECHUIX.
Bomnpocnr:

Uto Takoe anropuTMbl?

Kakwue 3a1aun pemaroTcsi ¢ mOMOLIbIO aIrOPUTMOB?
ANTOPUTMBI KaK TEXHOJIOTHSL.

O} PeKTUBHOCTD.

ANTOPUTMBI U IPYTHU€ TEXHOJIOTHH.

agrwdE

MeToauuyecKkue PEeKOMEHIAUH

Jlexkiusi TPOBOAMTCA Kak C MIPUMEHEHHWEM TpPaJUIUOHHBIX TEXHOJOrui (0030pHas
JIEKIIMS ), TAK U MHTEPAKTUBHBIX TEXHOJOTHH (ITpoOIeMHast JICKIIHS ).

B Xone neKUMOHHBIX 3aHATUH CTYACHTaM PEKOMEHIOBAHO BECTH KOHCIIEKTUPOBAHHUE
yueOHOro Marepuana. OOpamaTh BHHMaHHE Ha KAaTEropuH, (HOPMYIHPOBKHU, PACKPBHIBAIOIINE
COJIEpKAaHUE TE€X WM MHBIX SBJIEHUW W NPOLECCOB, HAy4YHbIE BBIBOJABI M IMPAKTUUYECKUE
PEKOMEHIalliH.

Pexomenayercs 3amaBarTh NpenoAaBaTENI0 YTOUHSIOIIME BOMIPOCHI C IIEJIbK YSICHEHHS
TEOPETUYECKUX TIOJIOKEHUHM, Pa3pelICHHUs] CIOPHBIX CUTyalui. JKelarelbHO OCTaBUTH B
pabounx KOHCIEKTaX MOJs, Ha KOTOPBIX JIelaTh MOMETKH W3 PEKOMEHJIOBAHHOW JHUTEPaTypBhl,
JOTIOJIHSIIOIIME MaTepuall IPOCIYIIAaHHOW JIEKIMM, a TaKXke MOoJ4epKUBaloInue ocolyro
BAYKHOCTB T€X WJIM UHBIX TEOPETHUECKUX MOJIOKEHUMN.

JlopabaTbIBaTh KOHCHEKT JICKIIUM PEKOMEHIOBAHO B COOTBETCTBUHU pabOYeii MporpaMmoit
JUCLHUIIIIUHBI.

HcTouHUKH 1 Jureparypa AJs NOATOTOBKU:

OcHoBHas JIuTEpaTypa

1. MaremaTnueckas JIOTHKa U TeopHs anroputMoB: YueOnuk / [Ipynkos A.B., Boakosa JI.JL.
- MockBa :KYPC, HUIl UHOPA-M, 2018. - 152 c.: - (bakanaBpuar) - Tekcr
anexTpoHHsbIi. - URL: https://znanium.com/catalog/product/956763

JlomoJIHUTeIbHAS JIUTepaTypa

1. Cynomnnaros, C. B. MaremaTnueckast JOTHKa U TEOPHsI AITOPUTMOB : YUEOHUK U MTPAKTUKYM
Ui akageMudeckoro Oakanaspuara / C. B. Cynomaros, E. B. OBunHHuKOBa. — 5-€ U31.,
ctep. — Mocksa : U3parensctBo KOpaiit, 2019. — 255 c. — (Bricuiee o6pa3oBanue). —
ISBN 978-5-534-00767-1. — Tekcrt : anekrponusiii / 9bC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputmMoB. BBeieHne B CJI0KHOCTh BRIYMCIICHUH : yueOHOE
noco6wue Tt OakanaBpuara U maructparypsl / B. H. Kpyrickuit. — 2-e u3j., ucrnp. u o1, —
Mockgsa : M3narensctBo HOpaiit, 2019. — 117 ¢. — (ABTopckuii yueoHuk). — ISBN 978-5-
534-04817-9. — Texcr : anekrponHslit // OBC FOpaiit [caiit]. — URL:
https://urait.ru/bcode/444131


https://znanium.com/catalog/product/956763
https://urait.ru/bcode/432018
https://urait.ru/bcode/444131

Jlekuus 2 no reMe «OCHOBBI pa3padOTKH M AHAJIN3A AJITOPUTMOB)
Bomnpocnr:

ANTOpUTM COPTUPOBKHU BCTABKOM.

AHayn3 anropuTMa COpTUPOBKH BCTaBKOIA.
3agaua COPTUPOBKU BEIOOPOM.

AHaJu3 aNropuT™Ma COPTUPOBKU BEIOOPOM.
Pa3paboTka anropurmMa COpTUPOBKH CIIUSHUEM.
AHanu3 aropuT™Ma COPTUPOBKU CIIUSIHUEM.

ouhkwnE

MeToauuecKkue PEeKOMEHIAUH

Jlexiusi TPOBOAMTCA KAk C MPUMEHEHHWEM TpPAJUIMOHHBIX TEXHOJOrui (0030pHas
JIEKLUs), TAK U UHTEPAKTUBHBIX TEXHOJOTUH (1IpoOIeMHas JEKIus).

B Xxone NEeKIMOHHBIX 3aHATHA CTYyIEHTAaM PEKOMEHJOBAaHO BECTHM KOHCIEKTHPOBAHUE
yueOHOro Marepuana. OOpamiath BHUMaHHE Ha KAaTEropuH, (HOPMYIHPOBKH, PACKPBIBAIOIINC
CoJlep’)KaHUWE TeX WM HHBIX SBIEHUNH M MPOLECCOB, HAy4YHBIE BBIBOJABI U MPAKTHUECKHE
PEKOMEHIallUH.

PexoMenayercsi 3aiaBaTh MPENoOAaBaTENO0 YTOUHSIOIIME BOIMPOCH C LENBI0 YSICHEHUS
TEOPETUYECKUX TIOJIOKEHUM, pPa3pelICHHs] CIOPHBIX CcHUTyalui. JKemareabHO OCTaBUTh B
pabounx KOHCIEKTaxX MOJs, Ha KOTOPBIX JIeJaTh MOMETKH U3 PEKOMEHJOBAHHOM JIUTEPaTypHI,
JOTIOJIHSIIOIIME MaTepuall IPOCIHYIIAaHHOW JIEKIMHM, a TaKXke MOoJ4epKUBaloInue ocolyro
BaXHOCTbH T€X WJIM MHBIX TEOPETUUECKUX TTOJIOKEHHH.

JlopabaThIBaTh KOHCIIEKT JIEKIIMA PEKOMEHI0BAHO B COOTBETCTBUM paboyeil mporpaMmmon
JVCIIATUTAHBL.

HcTouHUKH 1 Jureparypa AJs NoATroOTOBKHU:

OcHoBHas JIuTEpaTypa

1. MaremaTtnueckas JIOrMKa U Teopus anroputMoB: YueOnuk / [Ipyuxos A.B., Boakosa JI.JI.
- MockBa :KYPC, HUI[ MHOPA-M, 2018. - 152 c.: - (bakamaBpuar) - Tekct
anektpouHbIi. - URL: https://znanium.com/catalog/product/956763

JlonoTHUTEIbHASI JIUTEPaTypa

1. Cynomnnatos, C. B. Marematnueckas JIoruka 1 Teopus alrOpUTMOB : Y4eOHUK U
NPAaKTUKYM JUIsl akageMuueckoro Oakanaspuara / C. B. Cynomnaros, E. B.
OBuYMHHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo FOpaiit, 2019. — 255 ¢. —
(Bricuree oopazoBanmne). — ISBN 978-5-534-00767-1. — Texcrt : anexktpoHHbIH // DBC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuit, B. H. Teopus anroputmoB. BBeeHnue B CJ10KHOCTb BHIUMCIEHUH : yueOHOE
nocoOue it 6akanaBpuara u Maructpatypst / B. H. Kpynckuit. — 2-e uzn., ucnp. u
nor. — Mocksa : M3garensctBo FOpaiit, 2019. — 117 c. — (ABTOpCKUl yueOHHK). —
ISBN 978-5-534-04817-9. — Texkcr : anekrponusiii // 9bC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131


https://znanium.com/catalog/product/956763
https://urait.ru/bcode/432018
https://urait.ru/bcode/444131

Jlexuus 3 no teme «Poct pyHkumin»

Bomnpocsr:
1. Acumnroruueckue 0003HAYCHHUS.
2. DyHKIUU U BpeMs pabOTHI.
3. AcumnroTudeckre 0003HAYCHUS B YPAaBHEHHSX U 3a]a9ax.
4. CranaaptHble 0003HAYEHUSI U YaCTO BCTpevaromuecs QyHKINU.

MeToanuyeckue peKOMeH AU

Jlexiusi TPOBOAMTCA KAk C MNPUMEHEHHEM TPaJUIMOHHBIX TEXHOJOrui (0030pHas
JIEKIIMS ), TAK U UHTEPAKTUBHBIX TEXHOJOTHH (ITpoOIeMHast JICKIIHS).

B Xone neKUMOHHBIX 3aHATUH CTYAEHTaM PEKOMEHIOBAHO BECTH KOHCIIEKTUPOBAHHUE
yueOHOro Marepuana. OOpamarh BHUMaHHWE HAa KaTeropuu, (GOpMYIHPOBKH, PACKPBHIBAIOIINE
COJIEpKaHUE TE€X WM MHBIX SBJIEHWW W NPOLECCOB, HAy4YHbIE BBIBOJABI M IMPAKTUUYECKUE
PEKOMEHIalluH.

Pexomenayercs 3amaBarTh NMpenoAaBaTEN0 YTOUHSIOIIME BOMIPOCHI C IIEJIbK YSICHEHUS
TEOPETUYECKUX TIOJIOKEHUHM, pa3pelleHus] CHOPHBIX cuTyauuil. JKenaTeapHO OCTaBUTh B
pabounx KOHCIEKTaxX MOJs, Ha KOTOPBIX JIelaTh MOMETKH U3 PEKOMEHJIOBAHHOW JHUTEPaTypHhl,
JOTIOJHSIOIIME MaTepuall IPOCIYIIAaHHOW JIEKIMM, a TaKXke MOoJ4epKUBaloInue ocolyro
BAKHOCTh T€X WJIM UHBIX TEOPETHUECKUX MOJIOKEHUMN.

JlopabaTbIBaTh KOHCIEKT JICKIIUM PEKOMEHIOBAHO B COOTBETCTBHH paboueii mporpaMmmon
JUCLHUIIIIUHBI.

HcTouHuKH M IUTEpaTypa JJisi MOArOTOBKH:
OcHoBHas JIuTEpaTypa

1. MaremaTnueckas JIOTUKa U Teopus anroputMmoB: Yuebnuk / IIpyukos A.B., Bonkosa
JI.JI. - Mocksa :KYPC, HUL] UH®PA-M, 2018. - 152 c.: - (bakanaBpuar) - TekcT :
anexTpoHHsbIi. - URL: https://znanium.com/catalog/product/956763

JlomoJIHUTeIbHAS JIUTepaTypa

1. Cynomnatos, C. B. Marematnuueckas JIoruka 1 T€Opus alrOpUTMOB : Y4eOHUK U
MPaKTUKYM JUIsl akageMuueckoro Oakanaspuara / C. B. Cynomnaros, E. B.
OBYMHHUKOBA. — 5-€ U311, ctep. — Mocksa : M3narensctBo FOpaiit, 2019. — 255 ¢. —
(Boiciiee obpazoBanue). — ISBN 978-5-534-00767-1. — Tekct : anexkrponHslit // 9bC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuit, B. H. Teopus anroputmoB. BBeenue B CJ10KHOCTb BHIUMCIEHUH : yueOHOE
nocobue utst GakanaBpuara u Maructpatypsl / B. H. Kpynckuit. — 2-e u3n., ucnp. u
non. — Mocksa : U3mparensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpCKUii y4€OHUK). —


https://znanium.com/catalog/product/956763
https://urait.ru/bcode/432018

ISBN 978-5-534-04817-9. — Tekcrt : anexkrponnslit // DBC FOpaiit [caiit]. — URL:
https://urait.ru/bcode/444131

Jlexkuus 4 no teme «Pa3nensiii u BJacTByin»
Bonpocsr:

3aza4a MoMCcKa MaKCUMaIbHOTO ITOJMACCUBA.

Meroa noACTaHOBKY PEUICHUS PEKYPPEHTHBIX COOTHOILIEHUH.
AHanu3 aropuTMa IoucKka MakCUMaJIbHOIO IIOJIMACcCUBA.
AnroputMm LllTpaccena a1 yMHOXKEHUSI MATPULI.

MeToa oACTaHOBKY PEIICHUs PEKYPPEHTHBIX COOTHOLLIEHUH.
Kak yragate pemenue u n30exaTh OMHUOOK.

3aMeHa IEPEMEHHBIX.

Merton 1epeBbEB PEKYPCHH.

. OcHOBHOI MeTO/I.

10. OcHoBHas TeopemMa 0 pEKypPEHTHBIX COOTHOIICHUSX.

11. Mcnonb30BaHuEe OCHOBHOT'O METOA.

CoNoOA~WNE

MeToauueckue PE€KOMEHIAUH

JIekiusi TIPOBOAMTCS KAk C MTPHUMEHEHHWEM TPAIUIIMOHHBIX TEXHOJOrui (0030pHas
JIEKIIMS ), TAK ¥ HHTEPAKTHBHBIX TEXHOJOTHH (ITpoOIeMHast JICKIIHS ).

B xoze NEKIMOHHBIX 3aHITHA CTYICHTAM DPEKOMEHIIOBAaHO BECTH KOHCICKTHPOBAHUE
yuebHOoro Matepuaina. OOpamath BHHUMaHHWE HAa KaTeropuu, (GOpMyIHpPOBKH, PACKPBIBAIOIINE
COJIEp)KaHWE TEX WM WHBIX SBJICHUH M TPOIECCOB, HAYYHBIC BBIBOJBI U IMPAKTUUYCCKUC
PEKOMEH IallUH.

Pexomenyercst 3amaBaTh MPENOJABATENI0 YTOYHSIONINE BOIMPOCHI C IIETBIO YSICHEHUS
TEOPETUYECKUX TIOJNOKEHUH, pa3pelieHus CHOPHBIX cuTyanuid. JKenaTenbHO OCTaBUTH B
paboYnx KOHCIEKTaX IMOJis, Ha KOTOPBIX JieJaTh IMOMETKH W3 PEKOMEHIOBAHHOUN JUTEPATYPHI,
JOTIONHSIONIME MaTephall MPOCTYIIAaHHOW JIEKIMH, a TaKXke MOJYepKUBAIOIINe OCO0YI0
BaXHOCTB TEX MJIM UHBIX TEOPETHUCCKHUX TIOJIOKEHUH.

JlopabaTeIBaTh KOHCIIEKT JIEKIIMH PEKOMEHIOBAHO B COOTBETCTBUH paboueil mporpaMMoii
JUCITUTUTAHEI.

HMcTOYHMKH ¥ JTUTEPATypa I NOATOTOBKH:

OcHoBHas JIuTEpaTypa

1. MaremaTtnueckas JIoTUKa U Teopusi anroputMmoB: YueOHuk / IIpyukos A.B., Boikosa
JI.JI. - Mocksa :KYPC, HUL] UHOPA-M, 2018. - 152 c.: - (bakanaBpuar) - TekcT :
anekTponHbii. - URL: https://znanium.com/catalog/product/956763

JlonoJiHuTeIbHAS JIMTepaTypa

1. Cynomnaros, C. B. MaremaTnueckas JTOTHKa ¥ TEOPHs aJITOPUTMOB : YIEOHUK U
NPaKTUKYM JUId akajgeMmuyeckoro 6akanaspuata / C. B. Cynomnaros, E. B.
OBuMHHUKOBA. — 5-€ U3, crep. — Mocksa : U3narensctBo FOpaiit, 2019. — 255 ¢. —
(Beicuree oopazoBanmne). — ISBN 978-5-534-00767-1. — Texcrt : anexktpoHHbIH / DBC
FOpaiir [caiit]. — URL: https://urait.ru/bcode/432018


https://urait.ru/bcode/444131
https://znanium.com/catalog/product/956763
https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputmoB. BBesenue B CJ10KHOCTb BHIUMCIECHUH : yueOHOE
nocobue juist OakanmaBpuara u Maructparypsl / B. H. Kpyrickuii. — 2-e uza., ucnp. u
non. — Mocksa : M3mparensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpCKHUii y4eOHHK). —
ISBN 978-5-534-04817-9. — Tekcr : anexkrponnsiii / IbC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131

Jlekuus 5 no TeMe «BeposAITHOCTHBIN AHAJN3 U PAHIOMHU3UPOBAHHBIE AJITOPUTMBbD)
Bomnpocnr:

3ajgaua o HaliMe.
AHanu3 HauXyauIero cirydas B 3aJa4e 0 HaliMe.
BeposiTHOCTHBINM aHAIN3.
PannomMu3supoBaHHbIE aITOPUTMBL.
WNuaukaTopHas cilydaiiHas BEJIMUYUHA.
JleMMa 0 MaTeEMaTUYECKOM OKHMJIaHUH WHIUKATOPHOM CIIy4aiiHOW BEJIMYUHBI.
Jlemma 0 MaTeMaTHYECKOM OXKHMIaHUU KOJIMYECTBA HAWMOB.
AHanu3 3ajja4u 0 HaliMe C MIOMOILbIO UHMKATOPHBIX CIIy4allHbIX BEJIHYHUH.
3agauu 0 rapepoOIIKe U HHBEPCUU MAaCcCUBA.
. I3MeHeHus1, KoTopble TpeOyeTcss BHECTH B aJlTOPUTM HaliMa i pa”aomuzanuu. Kox
CIy4yallHOM IEepEeCTaHOBKHU.
11. Jlemma 0 MaTeMaTHYECKOM OKHJIAHUM CTOMMOCTH HaiiMa ¢ KOJOM CITy4ailiHOU
IIEPECTAHOBKH.
12. MaccuBsI 1TOCIIe CIIY9aifHON TIepeCTaHOBKH. JIeMMa 0 paBHOMEPHOM pacIpeaeiicHUH.

CoNoOAWDNE

[EEN
o

MeToanueckue peKOMEeHIAIAN

Jlexuusi TpoOBOAMTCA Kak C NPUMEHEHHEM TpPaJUWLUOHHBIX TEXHOJOrui (0030pHas
JeKIH), TAK U MHTEPAKTUBHBIX TEXHOJIOTUH (IpoOsieMHast JeKIHs).

B Xone NEeKIMOHHBIX 3aHATHHM CTyIE€HTaM PEKOMEHJOBAaHO BECTH KOHCIEKTHPOBAHUE
yuyeObHoro Mmatepuana. OOpamiaTh BHUMaHHE Ha KaTeropuH, (OPMYIHPOBKH, PAaCKPBIBAOLIHE
CoJlep’KaHUE TeX WM MHBIX SBJIEHUN M MPOLECCOB, HAay4YHbIE BBIBOJABI U TPAKTUUYECKUE
PEKOMEHIALINN.

Pexomenayercs 3amaBaTh IpeNnofaBaTeNl0 YTOUHSIOIIME BOIMPOCHI C LIENBIO YSICHEHUS
TEOPETUYECKUX IIOJIOKEHUM, pa3pelleHus CHOpHBIX curyauui. JKemarenbHO oOCTaBUTH B
pabouynx KOHCHEKTaxX IOJisi, Ha KOTOPBIX JeJaTh IMOMETKH M3 PEKOMEHJOBAHHOM JUTEpaTyphl,
JIOTIONIHSAIONIME MaTepuall MpPOCIyIIAaHHOM JIeKIHMH, a TaKKe MOJYepKUBAIOIINE O0COo0yro
BaXHOCTb T€X MM UHBIX TEOPETUUECKUX MOJIOKEHUH.

JlopaGaTbIBaTh KOHCHEKT JICKIIUM PEKOMEH/IOBAHO B COOTBETCTBUU paboueil mporpaMmoit
JTUCIUTUIAHBI.

Hcrouynuku u IuTeparypa 1Jisi NOATOTOBKH:
OcHoBHasi InTepaTypa

1. MaremaTnueckas JIoTUKa U Teopusi aaroputMmoB: YueOnuk / IIpyukos A.B., Boikosa
JIJI. - Mocksa :KYPC, HUL] UH®PA-M, 2018. - 152 c.: - (bakanaBpuar) - Tekcr :
anekTponHbii. - URL: https://znanium.com/catalog/product/956763



https://urait.ru/bcode/444131
https://znanium.com/catalog/product/956763
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JlonoiHUTeILHAS JIUTEpaTypa

1. Cypnomnnatos, C. B. Maremarnueckas JIOruka v T€Opus alTOPUTMOB : Y4EOHUK U
NPaKTUKYM Ui akagemudeckoro 6akanaspuata / C. B. Cynomaros, E. B.
OBuMHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo FOpaiir, 2019. — 255 ¢. —
(Beiciiee oopazoBanue). — ISBN 978-5-534-00767-1. — Texkcr : anextponHsiii // DbC
IOpaiir [caiit]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputMoB. BBeieHre B CII0KHOCTh BBIYHUCIICHUH : yueOHOE
nocobue juist 6akanaBpuara u Maructparypsl / B. H. Kpyrickuii. — 2-e uza., ucnp. u
nor. — Mockga : M3parensctBo FOpaiit, 2019. — 117 c. — (ABTOpCKUl yU4eOHUK). —
ISBN 978-5-534-04817-9. — Texkcr : anexrponusii // ObC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131

Jlekuusi 6 Mo TeMe «AJTOPUTMbI COPTUPOBKH»
Bonpocsr:

[Tapagokc nHEN POXKACHHUS.

AHanu3 ¢ NpUMEHEHUEM UHIUKATOPHOM CIy4yailHON BEIMYUHBI.
CiyyaliHO€ HaNOJHEHUE KOP3UH ITPOHYMEPOBAHHBIMU IIapaMH.
[TocnenoBaTenbHOCTD BBINAAECHUS OPIIOB.

3anaya o HaliMe B OIIEPAaTUBHOM PEXKHUME.

BeposTHOCTHBIM noCYET.

ITouck B HEOTCOPTUPOBAHHOM MAaCCHUBE.

NoabkowhE

MeToauueckue PE€KOMEHIAUH

Jlekuust MPOBOAMTCS Kak C MPUMEHEHHEM TPaJUIMOHHBIX TEXHOJOrMi (0030pHas
JIEK1Us), TAK U UHTEPAKTUBHBIX TEXHOJOTUH (MTpoOIeMHas JeKIus).

B Xone NEKUMOHHBIX 3aHATUN CTYACHTAM PEKOMEHIOBAaHO BECTU KOHCIIEKTUPOBAHUE
yuebHoro Marepuaina. OOpamjaTb BHUMaHHE Ha KaTeropuu, (OpMYJIHpPOBKH, PAaCKPBIBAIOIINE
COJIep’)KaHME TEX WM WHBIX SBJIEHUHM M IPOLECCOB, HAYYHBIE BBIBOJABI U IPAKTUYECKUE
PEKOMEHTalliH.

Pexomenayercs 3anaBarh IPENOAABATEII0 YTOYHSIOLIME BOIPOCHI C LIENIBIO YSICHEHUS
TEOPETUYECKUX TIOJIOKEHUHM, pPa3pelIeHus] CIOPHBIX CHUTyalnui. JKemaTrenbHO OCTaBUTh B
pabouux KOHCIEKTaX MOJsl, Ha KOTOPBIX JejaTh MOMETKH U3 PEKOMEHJOBAaHHOH JIUTEpaTyphl,
JOTIONHSIONIME MaTepuall MPOCIYIIAaHHOW JIEKIIMM, a TaKXe IOJYEpKHUBAIOLINE O0CO0YIO
BAYKHOCTB TEX WM UHBIX TEOPETUUECKUX ITOJIOKEHUMN.

JlopabGaTeIBaTh KOHCIIEKT JIEKIIMA PEKOMEH/I0BAaHO B COOTBETCTBUM paboyeil mporpammon
JUCLUIUINHBI.

HcTouyHNKH N Jureparypa AJad NOATr0OTOBKU:

OcHoBHas1 JiuTEepaTrypa


https://urait.ru/bcode/432018
https://urait.ru/bcode/444131
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1. MaremaTuveckasi JIOTHKa W Teopus anroputmoB: YueOnuk / [Ipynkor A.B., Bonkosa
JI.JI. - Mocksa :KYPC, HUL] UH®PA-M, 2018. - 152 c.: - (bakanaBpuar) - Tekcr :
anektpouHsiid. - URL: https://znanium.com/catalog/product/956763

JonosHUTeIbLHAS JUTEpPaTypa

Cynormtaros, C. B. Maremarndeckas JIOTHKA U TEOPHS AJITOPUTMOB : YICOHHK U
MPaKTUKYM IS akajeMuueckoro OakamaBpuara / C. B. Cynomnaros, E. B.
OBUYMHHHKOBA. — 5-€ U31., cTep. — Mocksa : M3narenscTBo FOpaiit, 2019. — 255 ¢. —
(Beicmee oopaszoBanue). — ISBN 978-5-534-00767-1. — Tekct : anextponHsiii // 9bC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

Kpynckuii, B. H. Teopust anroputmMoB. BBenenue B CJ10’KHOCTb BBIUMCIICHUH : yueOHOE
nocoOue it 6akanaBpuara u Maructpatypsl / B. H. Kpynckuii. — 2-e u3n., ucnp. u
nor. — Mocksa : M3aarensctBo FOpaiit, 2019. — 117 c. — (ABTOpCcKUl yueOHHK). —
ISBN 978-5-534-04817-9. — Texkcr : snextponuslii // ObC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131


https://znanium.com/catalog/product/956763
https://urait.ru/bcode/432018
https://urait.ru/bcode/444131

METOANYECKHUE PEKOMEHJAIIMU K TIPAKTUYECKHUM 3AHATUAM

HpaKTH‘leCKOC 3ansaTue 1 mo treme «Poub AJITOPUTMOB B BLIMHCJICHUAX.

Bomnpocsr:

arONE

UYro Takoe aaropuTMbl?

Kakwue 3a1aun pemaroTcs ¢ oMol alIrOpUTMOB?
AJNTOPUTMBI KaK TEXHOJIOTHS.

D¢ hEeKTUBHOCTD.

AJNTOPUTMEI U JIPyTHE TEXHOJIOTHH.

IIpakTnyeckne 3agaHus:

1.

2.

[TpuBenuTe peanbHbIC MPUMEPHI 3a/1a4, B KOTOPHIX BO3HUKAET NOTPEOHOCTH B
COPTHPOBKE WJIM BBIYMCIIEHUH BBITYKIONW 00OJIOUYKH.

Kaknmu emre mapamerpaMu, KpoMe CKOPOCTH, MOXKHO XapaKTEPH30BaTh AJITOPUTM
Ha MpaKkTUKe?

Bribepure 0Hy M3 BCTpEUaBIIMXCS BaM paHee CTPYKTYP JaHHBIX H ONHUIINTE €€
PEUMYIIECTBA 1 OTPAHUYCHHUS.

12

Uto obmero Mexay 3amadeil o0 ompenaeneHuu KpaTdaiiero MmyTH W 3agadeil o

KOMMUBOspKepe? Yem oHu pas3inyarorcs?

Cdhopmynupyiite 3anady, B KOTOpoi HEOOXOAMMO TOJBKO HAaWJIydllee pelIeHue.
Chopmynupyiite Tarke 3aaa4dy, B KOTOPOH MOXET ObITh IPUEMIIEMBIM PELICHHUE,
JIOCTaTOYHO OJIM3KOE K HAUJIydIlIeMy.

[TpuBenuTe npumep MPUIIOKEHUS, 11 KOTOPOro HEOOXOAUMO aJrOPUTMUYECKOE
HAIlOJIHEHUE Ha YPOBHE MPUIOKEHUM, U 00CyIuTe PYHKIIMH 3TUX aJITOPUTMOB.
IIpeanonoxum, Ha OAHOW M TOM kK€ MAIMHE MPOBOJUTCS CPABHUTEIIBHBIN aHAJIN3
peanu3alnuii AByX aJlrfOPUTMOB COPTUPOBKH, paOOTAIOUIMX BCTAaBKOM U CIUSHUEM.
JUis COpTUPOBKM N 3JEMEHTOB BCTAaBKOM HE0OXOAMMO 8 n? maros, a s
COPTUPOBKM ciusHueM — 64 n lgn maroB. Ilpu kakoM 3HaueHHMM n Bpems
COpPTUPOBKH BCTAaBKOM MPEBBICUT BPEMSI COPTUPOBKH CIIUSHUEM?

[Ipy xakoM MHHUMAaJbHOM 3HAYEHUH N aITrOPUTM, Bpems pabOThl KOTOPOTO
omnpenensgercs Qopmynoit 100 n?, pabotaer ObIcTpee, YeM aIroOpuTM, BpeMs
paboThl KOTOPOTO BBIpa)KaeTcsl Kak 2n, eciii 00a aaropuTMa BBIIOJHAIOTCS Ha
OJIHOH U TOMH XKe MaluHe?

Huwxe npusenena Ttabnuna, CTPOKHM KOTOPOW COOTBETCTBYIOT —pPa3iIMYHBIM
¢yuknusam f(n), a cTonbupl — 3HaUYEHUSAM BpeMeHH t. 3amojgHuTe TaOIHILY
MaKCUMaJbHBIMU 3HAUEHUSMM N, JUIA KOTOPBIX 3ajjauya MOXKET ObITh pelleHa 3a
BpeMs t, €CIM MPEeAIoIaraeTcsi, 4To BpeMs paboThl alroOpuT™Ma, HEOOX0IUMOe ISt
pelieHus 3a1a4u, paBHO f(n) MUKpOCEKYH]I.

Cexynna | Munyta Yac Jenn Mecsn T'on Bexk

Ign

Vn

nlgn
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MeToanuyeckue peKOMeH AU

[Ipy mnoaroToBke K MPAKTHUYECKUM 3aHATUSAM CTYACHT JOJDKEH IPHUAECPKUBATHCS
CIEAYIOLIMX PEKOMEHAAIUI:

- BHUMATEJIbHO U3YYUTh OCHOBHBIE BOIIPOCHI TEMBI U IIJIaH PAKTUYECKOTO 3aHSTHS,

- OIpCACIIMTL MCCTO TCMbI 3aHATHUA B OGIJ.IGM COACPpIKaHUHU, €€ CBA3b C APYTUMH TCMaMMU,

- HalTU ¥ IpopaboTaTh COOTBETCTBYIOLIUE pa3Jieibl B PEKOMEHJOBAaHHBIX HOPMATHUBHBIX

JOKYMEHTaX, yUeOHHKaX U JOMOJHUTEIIBHOM JINTEpaType;

- MOCJI€ O3HAKOMJIEHHMSI C TEOPETHUYECKMM MaTepHaloM OTBETHTh HA BOIPOCHI IO TEME
Kypca,

- IPOJyMAaTh MYTH U CIIOCOOBI PeLICHUS MPOOIEMHBIX BOIIPOCOB;

- IpoAyMaThb Pa3BEPHYTHIE OTBETHI HAa MPEMIOKEHHBIE BOIPOCHI TEMBI, ONHUPASICh Ha
JICKIIMOHHBIE MAaTEPUAJIbl, PACIIUPSS U JOMOIHSS UX JaHHBIMU U3 YU€OHUKOB, JOMOJIHUTEIHHON
JIUTEPATYPBHI.

B xonme mpakTudeckoro 3aHATHS HEOOXOJUMO BBIMOJHUTH MPAKTHUECKOE 3aJaHue, a
3aTeM OOBSICHUTH MCTOJJUKY €TO PCUICHM.

HcTounnku v TuTepaTypa i NOArOTOBKH:
OcHoBHas JInTeparypa

1. Urommn, B.M. COopHUK 32124 IO MAaTEMAaTUYECKOI JTIOTUKE U TEOPHH aJTOPUTMOB :
yue6. mocoodue / B.U. Urommn. — Mocksa : KYPC ; UHOPA-M, 2019. — 392 c. —
(bakanaBpuar). - ISBN 978-5-906818-08-9 (KVYPC); ISBN 978-5-16-011429-3
(MH®PA-M, print); ISBN 978-5-16-103684-6 (MH®PA-M, online). - Tekcr :
anexTpoHHsbIi. - URL: https://znanium.com/catalog/product/986940

JlomoJIHUTeIbHAS JIUTepaTypa

1. Cynomnaros, C. B. MaremaTnueckas JJOTHKa ¥ TEOPHsI aJITOPUTMOB : YIEOHUK U
NpPaKTUKYM JUId akajeMmuyeckoro 6akanaspuata / C. B. Cynomnaros, E. B.
OBYMHHUKOBA. — 5-€ U311, crep. — Mocksa : U3narensctBo FOpaiit, 2019. — 255 ¢. —
(Bricmiee obpaszoBanue). — ISBN 978-5-534-00767-1. — Texkct : anexkTpoHHslii // DbC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputmoB. BBeieHne B CJI0KHOCTh BRIYMCIICHUH : yueOHOE
nocoOue uist GakanaBpuara u Maructpatypst / B. H. Kpynckuit. — 2-e u3n., ucnp. u
non. — Mocksa : U3marensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpCKUii y4€OHUK). —
ISBN 978-5-534-04817-9. — Tekcrt : anexkrponnslit // 9bC FOpaiit [caiit]. — URL:
https://urait.ru/bcode/444131


https://znanium.com/catalog/product/986940
https://urait.ru/bcode/432018
https://urait.ru/bcode/444131
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IIpakTnyeckoe 3ansitue 2 mo TeMe «OCHOBBI Pa3padOTKU M AHAJIN3A AJITOPUTMOB)»
Bomnpocnr:

ok wnE

ANTOpUTM COPTUPOBKHU BCTABKOM.

AHayn3 anropuT™Ma COpTUPOBKH BCTaBKOM.
3amaya COpTUPOBKHU BHIOOPOM.

AHayu3 anropuT™Ma COpTUPOBKU BEIOOPOM.
Pa3pabotka anropurma COpTUPOBKH CIUSHUEM.
AHaJn3 anropuT™Ma COpTUPOBKU CIIUSHUEM.

IpakTnyeckne 3agaHus:

o1

10.

[Mpoummoctpupyiite padoty npouenyps! Insertion-Sort mo copTupoBke Maccupa A =
31,41,59,26,41,58 >.

[lepenumute npouenypy Insertion-Sort 1711 COPTUPOBKHM B HEBO3PACTAIOIIEM MOPSIIKE
BMECTO HEYOBIBAIOLIETO.

PaccmoTpum 3a1auy noucka.

Bxoga. IlocnenoBarenbHOCT U3 n yncen A = a4, dy, ..., A, > U 3HAYCHHE V.

Beixoa. Unpaekc 1, Takoid, 4to v, uiu cnenuansHoe 3HaueHue NIL, ecrnu v B A OTCyTCTBYeT.
CocraBbTe CEBIOKO/ TMHEMHOIO IOUCKA, ITPU pabOTE KOTOPOI'O BBIIOJIHAETCS
CKaHUPOBAHME 1OCIIEA0BATEILHOCTH B IOMCKAX 3HAYEHUA V. JJOKa)KUTE KOPPEKTHOCTh
aJIroOpUTMa C IOMOIIBI0 MHBAPUAHTA IIUKJIA. Y O€UTECh, UYTO BEIOpAHHBIN MHBAPUAHT ITUKJIA
YIIOBJIETBOPSIET TPEM HEOOXOJUMBIM yCIOBHSIM.

PaccmoTtpum 3amauy cioskeHus ABYyX N-OUTOBBIX TBOMYHBIX LEJIBIX YHCEII, XPAHSIIUXCS B
N-aneMeHTHBIX MaccuBax A u B. CymMMy 3THUX ABYX uncesn HEOOXOIMMO 3aHECTH B
nBonvyHOH Gopme B (n+1)-3nementHbiit MaccuB C. [IpuBennte cTporyio GopMyIHpOBKY
3a/1a4d U COCTABBTE NICEBIOKO 1JIsl CIIOKEHHUS ITUX JBYX YHCEIL.

Beipasute pynximio 1°/1000- 100 n® -100n+3 B ©-0603HaYCHHsIX.

PaccMoTpuM copTHPOBKY 3JIEMEHTOB MaccuBa A, KOTOPast BHIOIHAETCS CIEAYIOIIUM
oOpazom. CHauana onpesensercs HauMEeHbIINN 2JIEMEHT MaccuBa A, KOTOPBINA CTaBUTCS Ha
MecTo 35ieMenTa A[1]. 3aTeM mpou3BOIUTCS MOMCK BTOPOTO HAMMEHBIIETO 3JIEMEHTA
MaccuBa A, KOTOPBIM CTaBUTCS Ha MECTO deMeHTa A[2]. DTOT mpoliecc MpoI0KaeTes s
nepBbIX N—1 351eMeHTOB MaccuBa A. 3alUIInUTe MCEBIOKO 3TOr0 aJrOpuTMa, U3BECTHOTO
Kak copTHpoBKa BeIOOpoM (Selection sort). Kakoit ”HBapraHT IHUKJIAa COXPAHIETCS IS
storo anropurma? Ilouemy ero 10CTaTOUYHO BBIIOJHUTH JIJIs1 NEPBBIX N—1 371EMEHTOB, a HE
Ui Bcex N aneMeHToB? Onpenenute BpeMs paboThl aIrOpUTMa B HAWIIydllee U
HauXy/AIIEM CIIy4asX U 3alUIINTE ero B ©-0003HaUCHUSX.

[Ipu anroput™me JIMHEWHOTO MTOUCKA JUISl CKOJIBKHX 3JIEMEHTOB BXOAHOU
MOCJIEI0BATEILHOCTH B CPETHEM HYKHO IMPOU3BECTH POBEPKY, E€CIIH MPEANOJIATAeTCs, YTO
BCE 2JIEMEHTHI MacCHBa C PAaBHOW BEPOSTHOCTHIO MOTYT UMETh UCKOMOE 3HaueHue? UTo
MIPOUCXOUT B HauxymmieM ciuydae? Uemy paBHO BpeMsi paObOThI alropuT™Ma JMHEHHOTO
MOKCKA B CPEHEM U B HAaUXY/AIIEM cllydasx B ©-o003HaueHuax? OOOCHYHTE CBOM OTBET.
Kakum 06pa3zoM MOKHO MOAU(PUIIMPOBATH TOYTH KK aITOPUTM, YTOOBI MOTYYHUTh
ONTUMAJIbHOE BpeMsl pabOThl B HAUTYYIIEM ciy4ae?

[TpommmtocTpupyiite padoTy aJIrOpUT™Ma COPTUPOBKHU CITHSTHUEM JJISI MacchBa A =
3,41,52,26,38,67,9,49 >.

[Teperumute npouenypy MERGE Tak, 4To0bI B HEll HE HCMOIB30BATNCh CUTHAIBHBIE
3HaueHus. CUTHAJIOM K OCTAHOBKE JIOJDKEH CIYXKUTh TOT (haKT, YTO BCE DJIEMEHTHI MacCHBa



11.

12.

13.

14.

15.

L nnm maccuBa R ckonupoBaHbl 00paTHO B MaccuB A, MOCIIE YETO B 3TOT MacCUB
KOIUPYIOTCS 3JIEMEHTBI, OCTaBIINECS B HEITYCTOM MacCHUBE.

BOCHOJ’IB3yﬁT€CB METOJA0OM MaTeMaTH4eCKOM HHAYKOUW U1 A0KAa3aTCIbCTBA TOr'o, 4TO,

KOI'/Ia N ABJIAETCS TOYHOM CTENEHBIO 2, PELLIEHUEM PEKYPPEHTHOIO COOTHOILICHUS

2,ecaun = 2
— n
T(n) 2T (E) +n,ecnmun = 28 k > 1,

ssasiercs T (n) = nlgn.

COpTHPOBKY ~ BCTaBKOW MOKHO MPEICTAaBATH B  BHIE  PEKypPCHBHOM
nocnenoBarensHocTH.  UTo6KI  orcopTupoBath MaccuB A[l..m], chawana
HY)KHO peKypcHBHO oTcoptuposaTh MaccuB A[1..n — 1], mocne uwero B stoT

OTCOPTHPOBAHHBIH ~ MaccuB momemaercss snement A[n].  3anmmmre
PEKYppEeHTHOE YypaBHEHHE Ui BpeMEHH paboThl 3TON pPEKypCUBHOW BEpCUU
COPTUPOBKH BCTaBKOM.

BosBpamiasice k 3amaue JMHEHMHOTO IMOMCKA, HETPYAHO 3aMETUTh, YTO E€CIH
MOCJIeIOBATENbHOCT A OTCOPTHPOBaHA, TO MOXHO CPaBHUTh 3HAYCHHUE
CpeIHEro >JIEMEHTa 3TOW IOCIENOBATEIBHOCTH C MCKOMBIM 3HAYEHHUEM V H
Cpa3y HCKJIIOYUTH IMOJIOBHHY TIOCJIEIOBATEIBHOCTH W3  JalbHEHIIETOo
paccmotpenus. bunapuslit mouck (binary search) — 3T0 anropuTm, B KOTOpOM
Takasi mpoleaypa MOBTOPSETCS HEOJHOKPATHO, YTO BCSAKUU pa3 MPHUBOJUT K
YMEHBILIEHUIO OCTaBIICWCS YaCTH MOCJIEI0BATEIILHOCTH B J1Ba pa3a. 3allUIInTe
MICEBJIOKOJ] aIropuTMa OWHAPHOTO TIOMCKa (MO0 WTEpaTUBHBIM, JHOO
peKypcuBHBIi). JlokaxkuTe, 4TO BpeMsi pabOTHl 3TOTO AITOPUTMA B HAMXY/IIIEM

ciyuae cocrapiser O = (Ign).

3ametum, uyto B nukie while B crpokax 5—7 npouenypsl INSERTION-SORT
IUIs CKaHMPOBaHHSA (B OOpaTHOM IMOps/IKE) OTCOPTUPOBAHHOTO ITOJMAacCHBA
A[1..j — 1] ucnonssyercs numeitHbli ToMCK. MOXHO M HCIOJTB30BATH

OMHApHBIM MOMCK (CM. Mpelblayliee yIp.) BMECTO JMHEHHOro, 4ToObI BpeMms
paloThI 3TOr0 AIrOPUTMA B HAUXYALIEM CIIydae YJIYYLIMJIOCh U CTAl0 PaBHBIM

6 = (nlgn)?
Paspaboraiite anroputm co BpeMeneMm pabotei O = (lgn), xortopwiii s
3aJaHHOI'0O MHO>XECTBa S u3 n OCJIBIX YHUCCII W ApPYTroro mejiaoro 4uciia X

Onpeacisi€T, UMCIOTCA JIX B MHOKCCTBE S JABa 3JIEMCHTA, CyMMa KOTOPBIC paBHA
X.

3agaun

1. CoprupoBka BcTaBKoO# MaJbIX MACCHBOB B NPolecce COPTUPOBKHU CAMSIHHEM

HecmoTps Ha TO 4YTO C yBEIMUYEHHEM KOJIMYECTBA COPTUPYEMBIX
AJIEMEHTOB BpPEMs COPTUPOBKH METOJOM CIUSHUN B HAUXY/IIIEM Cllydae
pacter kak O = (nlgn), a Bpems cOpTHPOBKM BCTaBKOM — Kak
0= (nz), Onmarosaps TMOCTOSHHBIM MHOXSTEISIM Ha TNPAKTUKE JUIs

MaJIbIX pa3sMCpoOB 3aaa4 Ha OOJIBIIIMHCTBE MAIIIMH COpTUPOBKaA BCTaBKOH
BBITIOJIHACTCA 6LICTpeC. Takum 06pa?,oM, €CTb CMBICIT HMCIIOJb30BaTh



COPTUPOBKY BCTaBOK B IMPOIECCE COPTUPOBKH METOJOM CIUSIHUHM, KOTr/Aa
MoJ3a/ladyl  CTaHOBATCA  JOCTAaTOYHO  MalleHbKMMH. Paccmorpure

MOIU(DHUKAIMIO ANTOPHTMA COPTUPOBKH clMsHHeM, B Kotopom N/k
TIOJIMACCHUBOB JUIMHOW K COPTHPYIOTCS BCTaBKOM, MOCIE 4YETO OHH

06’bel[I/IH5'IIOTC$I C IIOMOIIIbIO O0OBIYHOI0 MEXaHMU3Ma CIusSHus. Beanunna k
JOJIDKHa OBITE Haﬁz[eHa B IIPOLECCE PCIICHU 3a1a4Yn.

a. TloxaxuTe, YTO COPTHPOBKA BCTAaBKOH II03BONISET OTCOPTHPOBATH
n/k nonmocnenosarensHOCTel MMHON k Kaxas 3a Bpems O (nk)
B XY/ILIEM CIIydae.

b. Tlokaxure, KaK BBITOIHUTEL CIUSHHUE THX IOIIOCIIEI0BATEIHLHOCTEH

n
3a BpeMmsi 0= (Tll g (E)) B HauXy[JlIeM cliydac.

c. Ecnm Takoit MogudUIMpPOBaHHBIA aITOPUTM BBHITIOJIHSIETCS 32 BpeMs

0= <nk + nlg (%)) B HAuMXyJAIIEM Cclydae, TO UYEMY PABHO

HauOonpuiee 3HaueHue k Kak ¢yHKoum ot n, uig KOTOPOTro
MOJTUGUIMPOBAHHBIA aNTOPUTM B O-0003HAUCHHSIX HMEET TO K€
BpeMsl pabOThl, YTO U CTaHJIAPTHAs COPTUPOBKA CIUSHUEM?

d. Kak cinenyet BoiOMpath k Ha nmpakTuke?

2. KoppeKTHOCTh My3bIPbKOBOii COPTHPOBKH

[Ty3sIppKOBasi COPTUPOBKA MPEACTABISET COOOM MOMYJSPHBIN, HO HE
3G(hEeKTUBHBIA  aNTOPUTM COPTHPOBKA. B €ro OCHOBE  JIGKHUT
MHOTOKpPAaTHAasl IEPECTaHOBKA COCEJHUX DSJIEMEHTOB, HapyLIAIOIUX
MOPSATOK COPTUPOBKH.

BUBBLESORT(A)

Il fort=1toAlength—1

2 for j = A.length downto i + 1

3 if A[j] <A[[—1]

4 nomensth Afj] u A[j-1] mectamu

a) Ilycte A’  o6osnauaer BHIXOX npouenypst BUBBLESORT(A). [ns
JloKa3zarenabcTBa  KoppekTHoctu mpouenypsi BUBBLESORT  Heo6xonumo
JI0Ka3aTh, YTO OHA 3aBEPILAETCS U UTO

Al s A2 - < An|

rie 1 = A.length. Yro eme Heo6x0muMo J0Ka3aTh [Tl TOTO, YTOOBI MOKA3aTh,

yto nporeaypa BUBBLESORT nelicTBUTENBHO BBITIOJIHAET COPTUPOBKY?

B cnegyrommx nByX 4acTsAx JOKa3bIBAIOTCS HepaBeHCTBA (2.3).

(2.3)
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b)

d)
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TouHo chopmynupyiiTe UHBapHaHT KA for B cTpokax 2—4 U JOKXKHUTE, YTO OH
BBINOJIHsIETCS. J0Ka3aTeIbCTBO JOIKHO UMETh TY K€ CTPYKTYPY J0Ka3aTeIbCTBA
WHBapUaHTA KA, KOTOpas paHee UCIIOIb30Balach B aHAJIOTHYHBIX JI0KA3aTeIbCTBAX.
C noMOIIIBIO YCITOBUS 3aBEPIICHHUS HHBApUAHTA [TUKJIA, JJOKa3aHHOTO B yacTH (b),
chopMynHupyHTe MHBapHAaHT 1HKIIa for B cTpokax 1—4, KOTOPBIH MO3BOJIMI OB JI0Ka3aTh
HepaBeHcTBa (2.3). Jloka3zaTeabCTBO JOHKHO UMETh TY JK€ CTPYKTYPY JA0Ka3aTelbCTBA
WHBapHaHTa [[UKJIa, KOTOpask UCIIOJIb30BaIach paHee B aHATOTHYHBIX JOKA3aTeIbCTBAX.
Onpenenure Bpems My3bIpbKOBOM COPTUPOBKH B HAUXY/IIEM CIy4Yae U CPaBHUTE €r0 CO
BPEMEHEM COPTHUPOBKHU BCTABKOM.

3. Koppektnocth npasuia Fopuepa

Crnenyrommii  ¢parMeHT Kojxa peanu3yeT mpaBuio [opHepa Juis BbIYHCIECHHS

IIOJIMHOMA

n

P(x) = Z apx® =

k=0
=ay + x(a, + x(az + - + x(ap_1 + xay) ...))
JUIST 3aJaHHBIX Koa(b(bnuI/IeHTOB ag, Aq, .., Ay
1. y=0
2. for i=n downto 0
3. y=a;+xx*xy

a. UYemy paBHO BpeMs paboThl 3TOro (parmeHTa koaa npasuia ['opHepa B ©-0603HaueHUsIX?

b. Hamummure TmCeBIOKOA, pEATH3YIOMIMNA alIrOPUTM OOBIYHOTO  BBIYHCIICHUS
MTOJIMHOMA, KOrJa KaKJoe cllaraeMoe II0JJMHOMAa BBEIYMCIISACTCS OTAEIBHO.
Omnpenenute aCUMOTOTHYECKOE BpeMsl paObOThI ATOTO alrOpUTMa U CPaBHUTE €ro
CO BpeMeHeM paboThl adropuT™Ma, OCHOBAaHHOTO Ha mpasuie ['opHepa.

c. Paccmotrpum criepyronuii MHBapHaHT IUKJIA.

B navane xaxmoit urepanuu nukia for B crpokax 2 u 3
n—(i+1)

y= Z Apsir1X"
k=0
PaccmarpuBaiite cymmy 0e3 4iieHOB Kak paBHYIO HyJ0. Cieys CTpYKTYpe 10Ka3aTelbCTBa
MHBapuaHTa [IUKJIa, KOTOpas UCIOJIb30Bajlach paHee B JaHHOM IJ1aBe, BOCIOIB3YHTECH
yKa3aHHBIM MHBApUAHTOM IMKJIa, YTOOBI MI0KA3aTh, YTO 110 3aBEPLICHUH PabOTHl y =
Yh=o arx®.
d. Cnenaiite 3aKiII04eHHUE, YTO B IPUBEACHHOM (PparMeHTe KoJia MPABHILHO BHIYMCIISIETCS
3HAUEHHE TIOJIMHOMA, KOTOPBIN 3a/1aeTcs KodDDUIMEHTaMu Ay, A4, ..., Oy -

4. Uusepcun

[Tycts A[1..n] mpencrasnseT coboi MaccuB U3 n pa3nuuHbIX uncen. Ecmu i < j u Ali] > Alj],
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TO mapa (i, j) Ha3bIBaeTCs UHBEPCUEH A.

a.Ilepeuncnure naTh UHBEpCUI MaccuBa <2, 3, 8, 6, 1>,

b.Kakoii MaccUB U3 SJIEMEHTOB MHOKeCTBa {1, 2, ..., N} COAEPKUT
MaKCHUMAaJIbHOE KOJIM4eCTBO MHBEpPCHii? CKOIBKO MHBEPCUI B 3TOM MaccHBe?

c.Kakas cymiecTByeT B3aMMOCBS3b MEXIy BPEMEHEM COPTUPOBKH METOJIOM BCTaBOK U
KOJIMYECTBOM MHBEPCHIA BO BXOHOM MaccuBe? OOOCHYWTE CBO OTBET.

d.Pa3pabotaiite ~ anroput™m,  ONPEACIAIONIMA  KOIMYECTBO  HHBEPCHH,
COJIEPKAIIUXCSI B MPOU3BOJBHON TIEPECTaHOBKE N 3JIEMEHTOB, BpeMsi pabOThI
KOTOpOr0 B  HamxyamieM ciydae paBHo O = (nlgn). (Vkazanue:
MOAUGHUIUPYHTE ATOPUTM COPTUPOBKHU CITUSHHUEM. )

HcToyHuKH M TUTEpaTypa Il NOATOTOBKH:

OcHoBHas JIuTEpaTypa

1. Uromwun, B.M. COopHUK 3a1a4 MO MaTEMaTHYECKON JIOTHKE U TEOPHUH alTOPUTMOB :
yue0. mocodue / B.M. Uromun. — Mocksa : KYPC ; MH®PA-M, 2019. — 392 ¢. —
(bakanaBpuar). - ISBN 978-5-906818-08-9 (KYPC); ISBN 978-5-16-011429-3
(MH®PA-M, print); ISBN 978-5-16-103684-6 (MH®PA-M, online). - Tekct
anekTponHsbid. - URL: https://znanium.com/catalog/product/986940

JlonoTHUTEIbHASI JIUTEpPaTypa

1. Cynomnaros, C. B. MaremaTnueckas IOTHKA U TEOPHs aJITOPUTMOB : YUEOHUK U
NPaKTUKYM Ui akajgemudeckoro 6akanaspuata / C. B. Cynomnaros, E. B.
OBuMHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo FOpaiirt, 2019. — 255 ¢. —
(Beiciree oopaszoBanue). — ISBN 978-5-534-00767-1. — Tekcr : anekrponHsblit // DBC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuit, B. H. Teopus anroputmoB. BBeeHue B CJ10KHOCTb BHIUUCIEHUH : yueOHOE
nocoOue Juist 6akanaBpuara u Maructpatypsl / B. H. Kpynckuii. — 2-e uzn., ucnp. u
nomn. — Mocksa : U3narensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpcKuil y4eOHUK). —
ISBN 978-5-534-04817-9. — Tekcrt : anexkrponHslit // BC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131

IIpakTnyeckoe 3ansaTue 3 mo reme «Poct pyHkuuminy

Bomnpocsr:
1. Acumnroruueckue 00O3HAUEHUS.
2. OyHKIUU U BpeMs paOOTHI.
3. AcumnroTudeckre 0003HaUEHUS B YPaBHEHUIX U 3a]a4ax.
4,

CrangapTHble 0003HaYEHUS U YaCTO BCTpeyarouecs: QyHKIUH.

IIpakTHyeckue 3a1aHus:


https://znanium.com/catalog/product/986940
https://urait.ru/bcode/432018
https://urait.ru/bcode/444131
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1. Ilycte f(n) m g(n) — acUMATOTKYECKU HEOTpHIIaTeIbHBIC QyHXUUH. JlOKakuTe ¢ T10-
MOTIBIO GBIOBOIO OIIpeeseHns O-0603nauennsx, 4uro max(f(n), g(n)) = 6(f (n) + g(n)).

2. TlokaxuTe, 9TO s TFOOBIX CHCTBUTEIBHBIX KOHCTAHT @ U D, T1ie b > 0, BBIIOIHACTCS
COOTHOIIICHUE

3. (n+a)= G(nb).

4. TlosicHUTE, TIOUEMY YTBEPKIECHHE «BPeMsl pabOTHI aropuT™Ma 4 paBHO Kak MUHUMYM O (n?)»
JIMIIIEHO CMBICTIA.

5. CnpasemiuBel 11 COOTHOIIEHUs 21 = 0(2™) u 22" = 0(2™)?

6. Jlokaxute, 9To lim,,_,q % =0, eciut f(n) = o(g(n)).

JlokaxwuTe, 4T0 BpeMms paboThI anropurma pasHo 6(g(n)) Toraa u TOJIBKO TOr/a, KOraa ero
BpeMst paboThl B HauXyIueM cirydae paBHo 0(g(n)), a B HamnydmeM — Q(g(n)).

8. Jlokaxure, uto MHOKeCTBO 0(g(n)) N w(g(n)) sBaseTcs mycThIM.

9. MoxHO 0000IIUTE HAlllK 0003HAYCHHS HA CITydail IBYX MapaMeTpoB N U m, KOTOPBIE MOTYT
BO3pacTaTh /10 OCCKOHEUYHOCTH IO OTAEIBHOCTH C Pa3HbIMH CKOPOCTSIMU. [IJis TaHHO#
dbyHkuun g(n, m) o6o3naunm kak 0(g(n,m)) muoxkectBo pyHkumiA 0(g(n,m)) = {f(n,m) :
CYIIECTBYIOT MOJOXHUTENIbHBIE KOHCTAHTHI ¢, NgUM,, Takue, 910 0 < f(n,m) < cg(n, m) mis
BCEX N = npuium = my }. [IpuBenuTe COOTBETCTBYIOIIUE ONPEACICHUS IJIs
Q(g(n,m))no(g(n,m)).

10. TTokaxxuTe, uto ecinu GyHKIuu f(n) U g(n) MOHOTOHHO HEYOBIBAIOIIIUE, TO TAKOBBIMH KE
sBisiiores 1 Gynkiun f(n) + g(n) u f(g(n)), a ecnu Brobasox f(n) u g(n)
HEOTPUIATEIILHBI, TO MOHOTOHHO HeyOBIBaroIIeH siisieTcs v pynkuus f(n) - g(n).

11. Jlokaxure ypaBHeHHUE a'09b¢ = clo9re,

12. loxaxure ypasHenue lg(n!) = 6(n x lg(n)). Jokaxure Taxxke, 4o n! = w(2™) u n! = o(n™).

13. SAsnsiercs mu pyukuus [lg(n)]! moJluHOMsianbHO orpanndeHHON? A dynkwms [lglg(n)]!?

14. Kaxas u3 ¢yuxumii lg(lg| |(n)) ulg (lg(n)) sBasercs acuMuTOTHYECKH GONBIICH?

15. TlokaxuTe, 4TO 30JI0TOE CEUeHHE ¢ U COMPIKEHHOE C HUM § YJIOBIETBOPSIOT YPABHEHHIO
x2=x+1.

16. JlokaxkuTe MO MHIYKIUH, 9TO i-€¢ yuciio PuOOHAYYN yJOBIETBOPSIET ypaBHEHUIO F; = cb:/—gcﬁl,
rae ¢ — 3010Toe ceueHue, a § — CONPIKEHHOE C HUM.

17. ITokaxkute, uto U3 k - In(k) = 6(n) BeITeKaeT k = 6(n/Iln(n)).

3apaun

1. AcuMnToTHyeckoe MoBeaeHne MOJUHOMOB

IlycTp

d

pm) = )

i=0
rae ay > 0, mpeacTaBiseT co0oi MONMUHOM cTeneHu d OT n, U MycTh K sBrsercs
KOHCTaHTOH. Mcnonb3yst onpesenennsi aCHMITOTHYECKUX 0003HAYCHUH,
JIOKQKUTE CIEAYIOIINE CBOMCTBA.

a.Ecmu k > d, 1o p(n) = 0(n).

b.Eciu k < d, To p(n) = 2(n¥).
c.Eciu k = d, 1o p(n) = 6(n¥).
d.Ecmu k > d, 1o p(n) = o(n*).

e.Ecmu k < d, 10 p(n) = w(n*).



Jns kaxmod mapel NpHBEASHHBIX B TaOimie BelpaxkeHud (A, B) ykakere, Kakum
oTHomieHueM A cBsizaHo ¢ B: O, o, Q, m1 uinu O-. [Ipeanonaraercs, uro k > 1,& > Ouc > 1
— KOHCTaHTHI. Bail oTBET JOJKEH BBIPAKAThCS TAONHIEH, B KaXKIOH sSYEHKE KOTOpPOM

2. OTHOCHTEJBHBII ACHMITOTHYECKUI POCT

yKkazaHo 3HadueHue “Jla” unu “Het”.

a. Pacronoxure mnpuBeneHHbIE HIKE (YHKIUU IO CKOPOCTU MX ACHUMITOTHYECKOTO
pocra, T.e. MOCTPOHTE TaKyl MOCIEAOBATEIbHOCTh (PYHKUUU gq,Jo, .-, g30, YTO g1 =
Q(g2), 92 = Q(g3), - 929 = Q(g30). PazbeiiTe cBON CIMCOK Ha KJIacChl YKBHBAJICHTHOCTH
TaK, 9T00bl QyHKIHH f(n)ug(n) HAXOIWINCH B OJJHOM U TOM JK€ KJIACCE TOTJa U TOJIBKO

|

Q

A B 0] o Q ® ©
lg¥n n®
nk ch
Jn sinn
nlac 271/2
om clon
lg(n!) lg(n| _|n)

3. YmnopsiioueHHe MO CKOPOCTH ACHMITOTHYECKOT0 POCTA

Toraa, koraa f(n) = 6(g(n))

lg(lg xn) | 2'9n (ﬁ)lgn n? n! |(gn)!
n 3 ] 2"
Ininn lgn nx2" | nlolgn Inn 1
lg(n)lgm e
2lgn g(n) 4lgn (n+ 1)1 Ign
19 (lgn) 2./2lgn n 2" nlgn Q2
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6. [IpuBeaure npumep HeoTpuLaTenbHON GyHKUUUS (1), TaKoH, 4To 11 Beex ykuuii g;(n) u3

yacTH (a)f(n) HE IPUHAMIEKUT HU MHOXKECTBY 0( gi(n)) HU MHOXECTBY Q( gi(n))

4. CBoiicTBa ACHMITOTHYECKNX 0003HAYCHUIA

[yctb f(n)ug(n) — aCUMOTOTUYECKH MOJIOKUTENbHbIE QYHKIIMHU. JJOKQXKUTE UJIK ONTPOBEPTHUTE
CNpaBeJIMBOCTb KAXKA0T0 U3 PHUBEJEHHBIX HUXKE YTBEPXKIEHUH.

o

® =

Uzf(n) = O(g(n))BbITeKaeTg(n) = O(f(n)).
f)+gm) =0
Uzf(n) = O(g(n))BbITeKaeTlgf(n) = O(Igg(n)),melg(g(n)) > 1uf(n) =
1/19BCeX/J0CTaTOYHO6OIbLUINXN.

Uzf(n) = O(Q(‘n))BbITEKaeTZf(n) = 0(29(")).

fa =o((rm)°).
Uzf(n) = O(g(n))BblTeKaeTg(n) = Q(f(n)).

rw=0(r3)

f@) +o(f() = 6(f ().



21

Meroanyeckue peKOMeH AU

[Ipy mnoaroTroBke K MPAKTHUYECKUM 3aHATUSAM CTYACHT JOJDKEH MPUAECPKUBATHCS
CIEAYIOLIMX PEKOMEHAAIUI:

- BHUMATEJIbHO U3YYUTh OCHOBHBIE BOIIPOCHI TEMBI U IIJIaH MPAKTUYECKOTO 3aHSTHS,

- OIIpCACIIMTL MCCTO TCMbI 3aHATHUA B 06H.[CM COACPpIKaHNU, €€ CBA3b C APYIT'UMH TEMAMU;

- HalTU ¥ IpopaboTaTh COOTBETCTBYIOIIUE Pa3/iebl B PEKOMEHIOBAaHHBIX HOPMATUBHBIX

JOKYMEHTaX, yUeOHHKaX U JOMOJHUTEIBHON JIUTEPATYPE;

- MOCJI€ O3HAKOMJIEHHS] C TEOPETHUYECKHMM MaTepHAIOM OTBETUTh HA BOIPOCHI IO TEME
Kypca;

- IPOJyMaTh MyTH U CIOCOOBI PeLICHUS MPOOIEMHBIX BOIIPOCOB;

- IpoAyMaTh Pa3BEPHYTHIE OTBETHI HA MPEMIOKEHHBIE BOIPOCHI TEMBI, ONMHPASACH Ha
JICKIMOHHbIE MAaTEPUaJIbl, PACIIUPSSA U JOMOJHSSA UX JAaHHBIMU U3 YU€OHUKOB, JOMOJIHUTEIHHON
JIUTEPATYPBHL.

B xonme mpakTudeckoro 3aHSATHS HEOOXOAMMO BBINOJHUTH MPAKTUYECKOE 3a/JaHue, a
3aTeM OOBSICHUTH MCTOJJUKY €TO PCIICHM.

HcTounukm u IuTeparypa 1Jisi IOATOTOBKH:
OcHoBHas JIuTEpaTypa

1. Uromwun, B.M. COopHuK 3ama4 1O MATeMaTUYECKOW JIOTHMKE U TEOPUU aITOPUTMOB :
yue0. mocooue / B.M. Uromun. — Mocksa : KYPC ; MH®PA-M, 2019. — 392 ¢. —
(bakanaBpuar). - ISBN 978-5-906818-08-9 (KYPC); ISBN 978-5-16-011429-3
(MHO®PA-M, print); ISBN 978-5-16-103684-6 (MH®PA-M, online). - Tekcr
snekTponHsbid. - URL: https://znanium.com/catalog/product/986940

JlonoTHUTEIbHASI JIUTEPaTypa

1. Cynomnaros, C. B. MaremaTnueckas JJOTHKa ¥ TEOPHs aJITOPUTMOB : YIEOHUK U
NPaKTUKYM JUIsl akageMuueckoro Oakanaspuara / C. B. Cynomnaros, E. B.
OBuMHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo IOpaiirt, 2019. — 255 ¢. —
(Beicmee oopaszoBanue). — ISBN 978-5-534-00767-1. — Texkcr : anexTponHsIi / DBC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuit, B. H. Teopus anroputmoB. BBeeHue B CJ10KHOCTb BHIUUCIEHUH : yueOHOE
nocoOue Juist 6akanaBpuara u Maructpatypsl / B. H. Kpynckuit. — 2-e uzn., ucnp. u
nomn. — Mocksa : U3narensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpcKuil y4eOHUK). —
ISBN 978-5-534-04817-9. — Tekcrt : anexkrponHslit // 9BC FOpaiit [caiit]. — URL:
https://urait.ru/bcode/444131

IIpakTyeckoe 3ansaTHe 4 mo reme «Pa3gessii m BIaCTBYi»
Bomnpocsr:

3aaya MoMCcKa MaKCUMaJIbHOIO [TOIMAaCCUBA.

Meton MOACTaHOBKH pELIEHUS! PEKYPPEHTHBIX COOTHOLIEHUH.
AHanu3 aropuTMa Ioucka MakCUMMaabHOIO II0IMAacCUBA.
AnroputMm lllTpaccena i yMHOXKEHHS] MaTpULL.

Meroz noACTaHOBKY PELICHUS PEKYPPEHTHBIX COOTHOLIEHUHN.
Kak yranate pemenue u n3dexarb ommooK.

3aMeHa NEpPEMEHHBIX.

NoabkowhE


https://znanium.com/catalog/product/986940
https://urait.ru/bcode/432018
https://urait.ru/bcode/444131

8.
9.

10.
11.
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Merton nepeBbEB PEKYPCHUU.

OCHOBHOM METO/I.

OcHoBHas TeopeMa 0 PEKYPPEHTHBIX COOTHOIICHUSX.
Hcnonb3oBaHne OCHOBHOTO METO/IA.

HpaKaneCRne 3aJaHuA:

1.

2.

~

10.

Uto BoszBpamaer npoueaypa FINDMAXIMUMSUBARRAY, korga Bce aneMeHTHl A
OTpHULATEIIbHBI?

Hanummure nceBaokoj [uisl pelieHus 3aJadd IIOMCKAa MaKCUMAJIbHOIO IOJMaccuBa
METOJIOM Ipy0OOi cHiIbl. Baria nporeaypa 10J5KHa BBINOJIHATLCS 3a BpeMs 0(n?).
Peanusyiite u mMeron rpy0Oi CHIIBI, M PEKYPCHUBHBIH QJITOPUTM HA CBOEM KOMIIBIOTEpE.
Kakum okasbiBaeTcsi pa3mep 3afaud TOYKU NEPECEYEHUs Ny, B KOTOPOH pPEKypCHUBHBII
QITOPUTM TPEBOCXOJIUT AITOPUTM TpyOoi cuibl? Jlanee m3MeHuTe 0a30BbIM Ciaydai
PEKYPPEHTHOTO aliTOPUTMA, IPUMEHSS AITOPUTM IpyOOH CHIIBI PU pa3Mepe 3a/adyu, HEe
IIPEBOCXOJAIIEM Ny. MEHSET JIU 3TO TOUKY IepecedyeHus?

[Ipenmonokxum, 4YTO MBI MEHsSIeM ONpeJelieHHe 3aJauyd IOUCKa MaKCHUMaJbHOTO
[10JIMAacCUBA, MTO3BOJISISI KOHEYHOMY PE3yJIbTaTy ObITh IYCTHIM MAacCMBOM U IoJjaras, uTo
CyMMa 3Ha4Y€HUIl MyCTOro MaccuBa paBHa Hymo. Kak Obl Bbl HM3MEHHIU 11000
QJITOPUTM, HE JOIYCKAOIIUN PELIEHUS B BUJE ITyCTOIO MacCUBA, YTOObI TAKOW pe3ysbTaT
B BUJIE ITYCTOTO MOIMACCHUBA CTaJT BO3MOXKHBIM?

Bocnonp3yiiTech NpuUBEIEHHBIMU Jlajlee HIESIMU JUid pa3pabOTKH HEPEKYypCHUBHOTO
aIropuTMa MOMCcKa MaKCUMaJIbHOTO TIOJIMACCUBA 3a JIMHEHHoe BpeMs. HauHuTe ¢ jgeBoro
KOHIIa MaccuBa M JBUIAWTECh BIIPABO, OTCIIEKUBAs HAWIEHHBIM K JAHHOMY MOMEHTY
MaKCHMaJbHBIA TOAMAcCHB. 3Hasi MaKCUMaJbHBIM ToaMaccuB MaccuBa A[l..j],
pacnopocTpaHUTE OTBET HA IOUCK MAaKCHUMAaJIbHOT'O II0JIMAacCHBa, 3aKaHUYMBAIOILEroCs
UHACKCOM j + 1, BOCMONB30BABIIMCH CIEAYIOIIMM HAOMIOJEHUEM: MAaKCHMAabHBIH
noamaccuB maccuBa A[l..j + 1] npeacraBisieT co0oif MO0 MaKCUMAaIbHBIN MMOAMACCUB
maccuBa A[1.. ], mubo nmoamaccuB A[i..j + 1] qig Hekotoporo 1 < i < j + 1. Onpenenute
MakCUMaJbHBIH moamaccuB Buaa Ali..j+ 1] 3a KOHCTaHTHOE BpeMs, 3Has
MaKCHUMaJbHBIA TOJIMACCUB, 3aKAHYMBAIOLTUIICS HHIEKCOM j.

Bocnonb3yiitecs anroputmom lllTpaccena Ay BBIYMCIEHHUS MPOU3BEACHUSI MaTpUI]

(; g) (Z g) HOKa)KI/ITe, KaK BbI OTO J€JIaCTC.

3anuuTe nceprokon aaropurMa llrpaccena.

Kak momaudunuposats anroputm llltpaccena st nepeMHOXEHHS MaTpHI] pa3MeEpOM
NxN, rae n He sBIAETCA TOYHOM creneHpro 2?7 [lokaxkuTe, YTO MOJydarOIIUNCS B
pe3yJbTaTe alropuT™ BIIONHsETCs 32 Bpems o(n'd7).

Yemy paBHO HanOoJbiee K, Takoe, YTO €CIIM Bbl MOXKETE MEPEMHOKUTH 3X3 MaTPHIIBI C
noMoIpio K ymHOXeHHI (He mpeamnonaras KOMMYTAaTUBHOCTH YMHOXKEHHS), TO BBI
MOJKeTe IIePEeMHOXKHTh MAaTPHIBI pa3MepoM I X I 3a Bpems 6(n'97)? Kakum 10imKHO
OBITH BpeMsl pabOThI TAKOTO aJIrOpUTMa?

B. Ilan (V. Pam) oOTKphUT cmoco0 MEepEeMHOKEHHUs MaTpull pasmepoMm 68x68 ¢
UCIIONIb30BaHUEM TOJNbKO 132 464 yMHOXEHUH, CHOCOO0 TEPEeMHOKEHUS MaTpHI
pasmepom 70x70 ¢ ucnonpzoBanueM 143 640 yMHOXEHHMH M CHOCOO MEPEMHOKEHHS
Martpuil pazmepoMm 72x72 ¢ ucnonb3oBaHueM 155 424 ymuoxenuid. Kakoil u3 mMeTonoB
JlaeT HaM JIydllee acHMOTOTHYECKOEe BpeMsi padoThl MPU €ro HCIOJIb30BaHUH B
anropuTtme 'pasfensii U BIacTBYM'" M epeMHoxeHus marpun? [IpoBeaure cpaBHEHHE
¢ anroputmoM Ll TpacceHa.
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15.

16.

17.
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19.

20.

21.

22.

23

Hackonbko OBICTPO BBl CyMe€eT€ YMHOXHTH MaTpHIly pasMepoM knxNn Ha maTpuily
pa3mepom nxkn, mpumensist anroput™ Lltpaccena B kauectBe moanporpammbli? OTBEThTE
Ha TOT K€ BOIIPOC ISl CUTYallMH, KOTJa Mbl MEHSIEM BXOJIHBIE MAaTPHIIbl MECTAMH.
[Tokaxkurte, Kak MEPEMHOKUTh KOMIUJIEKCHBIEC uncia a + bi u ¢ + di, UCHOJIb3ys TOJIBKO
TPU YMHOKEHUS JIEWCTBUTENIbHBIX YMCEN. AJTOPUTM JAOJDKEH Mojydatb a, b, ¢ u d B
KAaueCTBE BXOJIHBIX JaHHBIX M BO3BpAIllATh JEUCTBUTENIbHYIO (ac —bd) U MHHUMYIO
(ad + bc) yacTu NPOU3BEIEHNUS 110 OTAEIBHOCTH.

Bocnonb3yiiTecs AepeBOM pEKYPCUU AJI ONIPEAEIICHUS] TOYHOW aCUMITOTUYECKON

BEpXHEH I'paHULlbl peKyppeHTHOTo cooTHomenus T'(n) = 3T(|n/2]) + n. ng npoBepku
CBOEr0 OTBETAa UCIOJIb3YHUTE METO/]T MOJACTAHOBOK.

Bocnonb3yiiTech 1epeBoM peKypCcuu Uist ONPEAeSIeHUs] TOYHOM aCUMITOTUYECKOU
BEpXHEH IPaHUIbl PEKyppeHTHOT0 cooTHomernust T(n) = T(n/2) + n?. s npoBepku
CBOEr0 OTBETA UCIOJIB3YHTE METOT ITOACTAHOBOK.

Bocnonb3yiiTech AepeBOM pEKYPCUU IJIS ONPEACICHUS] TOYHOM aCUMITTOTUYECKON
BEpXHEHN I'paHULIbl peKYppPEHTHOr0 cooTHOWEeHUs T (n) = 4T(n/2 + 2) + n. s
MIPOBEPKHU CBOETO OTBETA UCMOIb3YyHTE METO]I IOJICTAHOBOK.

Bocnonb3yiiTech 1epeBOM peKypCuu Ajisl ONpeAeNeHUs] TOYHOW aCUMITOTHYECKON
BEpXHEU I'paHuUllbl peKyppeHTHOro cooTHouenus T'(n) = 2T (n — 1) + 1. [lng npoBepku
CBOEr0 OTBETA UCIOJIB3YHTE METOT MTOJACTAHOBOK.

Bocnonb3yiiTech 1epeBoM peKypCcuu Iisl ONPEACIICHUS] TOYHOM aCUMITOTUYECKON
BEpPXHEHN TpaHULIbl peKyppeHTHOro cooTHomeHust T(n) = T(n — 1) + T(n/2) + n. dns
MIPOBEPKHU CBOETO OTBETA MUCMOJIb3YHTE METO]I OJICTAHOBOK.

OOpaTuBLINCH K COOTBETCTBYIOLIEMY JEPEBY PEKYPCHH, TOKAKUTE, YTO PEIICHUEM
pekyppeHntHoro cootHoweHus T'(n) = T(n/3) + T(2n/3) + cn, rae ¢ NpeAcTaBIseT
co0oi1 KOHCTaHTYy, siBIsieTcs Q(n - Ign).

[TocTpoiiTe nepeBo peKypcuu i peKyppeHTHOro cooTHomeHnus T(n) = 4T (|n/2]) + cn,
I7I€ C - KOHCTaHTa, ¥ HalJNTe TOYHYIO aCUMITOTHYECKYIO TPAHUILY €T0 PEIICHHUS.
[IpoBepbTe €€ ¢ MOMOIIBIO METO/1a MOJCTAHOBOK.

Haiinute ¢ momoIpio iepeBa peKypcu TOYHYIO aCUMIITOTHYECKYIO OIICHKY PelIeHUs
pekyppeHTHoro cootHowieHusa T(n) = T(n—a) + T(a) + cn,tne a = 1 u ¢ > 0 gABAs0OTCA
KOHCTaHTaMH.

HailiguTe ¢ moMoLIpio iepeBa peKypCUH TOYHYIO aCUMITOTHYECKYIO OLIEHKY pElIeHUs
pekyppenTHoro cootHomenust T(n) = T(an) + T ((1 — a)n) + ¢n, TJe o - KOHCTaHTa U3
auana3oHa 0 < a < 1; KOHCTaHTOM sBasieTcs u ¢ > 0.

C noMonib10 OCHOBHOM T€OPEMbI HAWIUTE TOUHBIE ACUMITOTUYECKUE TPAHULIBI
CJEYIOLIUX PEKYPPEHTHBIX COOTHOLIEHUH.

a.T(n) =2T(n/4) + 1.

6. T(n) = 2T(n/4) + Vn.

B.T(n) =2T(n/4) + n.

r. T(n) = 2T(n/4) + n?.

23.

[Tpodeccop xouer pazpaboTaTh aNITOPUTM MATPUUYHOTO YMHOKEHHS, aCUMIITOTHYECKH
Oosee ObICTpHIiA, yeM anropuTM llITpaccena. Ero anroputm Oynet UCmonab30BaTh METO
"paznensii u BracTByi'", pa30uBas KaxIyt0 MaTpUIly Ha 4YacTU pa3MepoM n/4 X n/4,
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IpUYEM IIAark paszeieHus 1 KOMOMHUPOBAHUS BHIOJIHSAIOTCS 3a Bpems (n?).
[Tpodeccopy TpedyeTcs onpeaenuTh, CKOJIBKO M0/13a/1a4 J0HKEH CO3/1aBaTh €ro
alnropuTM. 4T00BI oniepenuTh anroputM lltpaccena. Ecnu anroputm npodeccopa
CO3/IaeT a Mo/3a/1a4, TO PEKYPPEHTHOE COOTHOIICHHE JIJIsi BpeMeHU padboThl T (n)
npuauMaet Bua T (n) = aT(n/4) + 6(n?). KakoBo HanGobIIEE LETOUNUCIEHHOE
3HAUEHUE a, VI KOTOPOTO aliITOPUTM Mpodeccopa 0Ka3hIBACTCS ACHMIITOTUICCKH
osicTpee anroputMma lITpaccena?

24. TTokaxuTe ¢ MOMOIIBI0 OCHOBHOTO MeTo/a, 4To T(n) = 6(lgn) sBIseTCs pelieHrneM
pekyppeHnTHoro cootHoueHus T'(n) = (n/2) + 6(1), BO3HUKAIONIETO B X0JI€ aHAIN3a
anropuTMa OMHAPHOTO MOUCKa. (AJITOpUTM OMHAPHOTO MOMCKA OnrcaH B ynp. 2.3.5.)

25. MOXHO T IPUMEHHUTHh OCHOBHOM METO]T K PEKYPPEHTHOMY COOTHOIICHHIO T'(n) =
4T (n/2) + n?lgn? OGocuyiite cBOit oTBET. Haiiqure acCHMITOTHYECKYIO BEPX HIOKO
TPAHMILY PEIICHHS 3TOTO0 PEKYPPEHTHOT'O COOTHOIIICHUS.

26. IlpuBeauTe NpOCTOE ¥ TOYHOE BHIPAXKEHHUE JUIA 1; B ypaBHeHuH (4.27) 1 cirydas, Korjaa
b - IOJIOKUTEIHHOE 1IETI0€ YKCIIO (2 HE TPOU3BOJIBHOE JIEHCTBUTEILHOE).

27. TTokaxuTe, 9TO €CIIU BBIIONIHsICTCs cooTHowerue f(n) = 6(n'°9%1gkn), roe k > 0, To
OCHOBHOE PEKyPPEHTHOE cooTHOIIeHHe uMeeT pewenne T(n) = 6(nlo9v1gh+1in). ns
MPOCTOTHI PACCMOTPHUTE TOJILKO CTy4ail TOUHBIX CTETICHEH b.

28. Tlokaxkute, 4TO B CiIy4ae 3 OCHOBHOM T€OPEMbI OHO U3 YCIOBHM U3JIUIITHEE B TOM
CMBICIIE, YTO U3 YCIOBUS peryispHoctu af (n/b) < cf (n) I HEKOTOPOU KOHCTAHTHI
¢ < 1 cienyer, 4yTo CyliecTByeT KOHCTaHTa € > 0, Takas, 4to f(n) = Q(n“’gb‘”g).

3agaun
1. TIpumepbl peKYPpPEHTHBIX COOTHOIIEHU

Omnpenenute BEPXHIO U HUKHIOI aCUMIITOTUYECKUE TpaHullbl GyHKIMHU T (n) U1t
Ka)JIOTO U3 MPEJICTABICHHBIX HIKE PEKYPPEHTHBIX cooTHomeHn. Cunrtaem, uro T(n) mpu 1 5
2 siBnsieTcss KOHCTaHTOM. [TombITaliTech CeNaTh 3Ty OIIEHKY KaK MOXHO 0oJiee TOUHOW U
000CHYHTE CBOI OTBET.

a.T(n) = 2T(n/2) +n*.
6.7(n) = T(7n/10) +n.
B.T(n)16T(n/4) + n?.

r.T(n) = 7T(n/3) + n?.
n. T(n) = 7T(n/2) + n?.
e. T(n) = 2T(n/4) + Vn.
K. T(n) = T(n — 2) +n?

2. CromMocTH mepeaavu napaMeTpoB
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Bynem npeanonarate, 4To Nepenavya napamMeTpoB IPU BbI30BE NPOLEAYPhl 3aHUMAET
bukcupoBaHHOE BpeMs, Jake eciu nepenaercs N-3JeMeHTHbINH MaccuB. st G0bIIMHCTBA
BBIYHMCIIUTENIBHBIX CUCTEM 3TO IPEAINOI0KEHUE CITPABEUIMBO, IOCKOJIBKY NIEPENAETCS HE CaM
MacCuB, a yKa3aTellb Ha Hero. B 1aHHOM 3a1aue UCCIenyrTCs TpU CTpaTeruy nepeaadu
[apaMeTpOB.

1. MaccuB nepenaetcst mocpeACcTBOM ykazareis. Bpems paBno 6(1).

2. MaccuB nepeniaercs nocpeicTBoM konuposanus. Bpems pasno ©(N), riae N - pazmep
MaccHBa.

3. MaccuB nepenaercs myTeM KOIMPOBaHUS TOJBKO HEKOTOPOIO MOAIUana3oHa, K KOTOpoMy
oOpaiaercs BeI3bIBaeMas rpouenypa. Bpems pasuo 6(q — p + 1) npu nepenade moaiMaccuBa

Alp..q]

a. PaccMoTpuTe peKypCUBHBIN aaropuT™M OMHAPHOTO MOUCKA, MPeHA3HAYEHHBIHN JUIs
HaXO0X/IEHU YKCciia B OTCOPTUPOBAHHOM MaccuBe (cM. ynp. 2.3.5). [IpuBeaute pekyppeHTHbIE
COOTHOILLEHUS, OIMCHIBAIOIINE BpeMsI OMHAPHOI'O IOMCKA B HAUXY/IIIEM CIy4ae, €CJIM MaCCHUBbI
NEePEJAIOTCS C IOMOILBIO KaXKI0T0 U3 ONKMCAHHBIX BBILIE METO/OB, U 1aliT€ TOUYHbIE BEPXHUE
I'PaHUILIbI PEIIEHUI 3TUX PEKYPPEHTHBIX COOTHOLEHUH. [TycTh pa3mep MCXOJHOM 3a/1a4K paBeH
N, a pa3mep noza3asay - n.

0. Boimonnute 3aganue yactu (a) muig anroputMa MERGE-SORT u3 paspena 2.3.1.
3. Jlpyrue npuMepbl peKYppPEeHTHbIX COOTHOIIEHU

JlaiiTe BEpXHIOIO ¥ HIDKHIOIO aCUMITTOTHYECKUE OIICHKH PpyHKImu T(n) B KaXI0M U3
MIPUBEACHHBIX HIKE PEKYPPEHTHBIX cooTHOLIeHn. [Ipeanonaraercs, uro T(n) mid 10CTaTOYHO
MaJIbIX 3HAUEHUH 1 ABJISIETCS OCTOSTHHOM BenuunHou. [TocTapaiitech, 4TOOBI OIICHKH OBLIN Kak
MO>HO 00Jiee TOYHBIMU U 0OOCHYITE OTBETHI.

a. T(n) = 4T(n/3) + nign.
6. T(n) = 3T(n/3) +n/lgn.

B. T(n) = 4T (n/2) + n®Vn.

rT(n) = 3T(n/3 — 2) +n/2.

1. T(n) = 2T(n/2) +n/lgn.

e. T(n) = T(n/2) + T(n/4) + T(n/8) + n.
K. T(n) =T(n—1)+1/n

3.T(n) = T(n—1) + Ign.

n.T(n) =T(n—2)+1/Ign.

K. T(n) = \/nT(\/n) +n.
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B aT0if 3a1aue packpsiBaroTCs cBoiicTBa uncena OuOoHAYYH, OTPECIEHHBIX C IIOMOIIBIO

pekyppeHTHoro cootHoieHus (3.22). BocnonbszyeMcs 111 pelieHus peKyppeHTHOro
cooTHomeHUsT PuOOHAYYN METOAOM MPOU3BOAAIINX (PyHKIHA. OnpeaenM NpPou3BoAALLY 0

¢yukuuio (nin popMalIbHBIN cTeneHHoi psin) F kak

F(z) = Z F; z¢
i=0

0+ z+2%24223432%+5254+82°+1327+1228 ...

rue Fi, npeacrasisier co0oi i-e uncno dudbonayuu.

a. [Tokaxure, uro F(z) = 2 + zF(2) + z%F(2),

0. ITokaxxute, 4TO

I'ne

B. Ilokaxkure, uTo

nenoro) /s Beex i > 0. (Ykazanue: oOpatute BHUMaHue, 4To (@] < 1.)

5. TecTupoBaHue MHKPOCXeEM

F =
) 1—z—2z2

V4

(1-o(1-9)

=5 ()

14++/5
Q):

=
Il

F(z) = Z%(@l _ @i)zi

. gl .
r. Bocronb3yiiTecs 1. (B) AMs J0Ka3aTeNnbCTBA TOTO, 4TO F; = TE(OKpYFHeHHOC J0 OnrKalIero

= 1.61803 ...

5
= 0.61803 ...

B pacrnopsikennu npodeccopa ectb N IPeAnoI0KUTEIbHO HASHTUYHBIX MUKpocXeM ("'yumnoB"),

KOTOpbIE B IPUHLIUIIE CIOCOOHBI TECTUPOBATH JAPYT Apyra. B Tectupyromiee npucrnocobieHue 3a

OJWH pa3 MOKHO TIOMCCTHUTb ABC MUKPOCXCMBI. HpI/I 9TOM KaxxJiast MUKPOCXEMa TECTUPYET
COCCOHIOKO U BBIAACT OTHUET O PE3YyJIbTaTaX TECCTUPOBAHUA. I/ICHpaBHaﬂ MUKPOCXCMa BCCraa
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BBIZIACT IPABWIIbHBIC PE3YJIBTATHI TECTUPOBAHUS APYTOM MUKPOCXEMBI, a PE3YJIbTaTaAM
HEHCIIPaBHON MUKPOCXEMBI IOBEPATh HENb3s. TakuM 00pa3oM, BO3MOXKHBI UEThIPE BapUaHTa
pe3yabTaTOB TECTUPOBAHUS, IPUBEICHHBIE B TAOIUIE HUXKE.

Otuer A Otuér B 3aKIro4YeHne

B ucnpasna A ucnpasHa JIn6o obe ucnpaBHbl, 1100
00€ HenCIpaBHBI

B ucnpasna A HeucnpaBHa HewncnpaBHa kak MUHUMYM
0JlHa MUKpOCXeMa

B neucnpasna A ucnpasHa HewncnipaBHa kak MUHUMYM
0JlHa MUKpOCXeMa

B neucnpasna A HeucnpaBHa HewncnpaBHa kak MUHUMYM

0JIHa MUKpOCXeMa
a. [Tokaxkute, 4TO, €CIIM KaK MUHUMYM n/2 MUKPOCXEM HEHCIPaBHBI, Ipodeccop HE CMOKET

TOYHO OIPCACINUTE UCIIPAaBHBIC MUKPOCXCMBI, Kakou 6])1 CTpaTeFHefI IMOIapHbIX HUCHBITAHUN OH
He nosib3oBasics. (I[Ipeanomnaraercs, 4To HEUCIIPABHBIE MUKPOCXEMBI HE JIOTOBAPUBAIOTCS MEKITY
co00i1, 9T0OBI 00MaHyYTH Mpodeccopa.)

0. PaccMoTpuM 3a1auy 0 MoMCKe OJJHON MCIIPABHOM MUKPOCXEMBI CPEU 1T MUKPOCXEM, €CIIN
IpeJoiaraeTcs, 4YTo UCIpaBHo OoJiee MOJOBUHBI BceX MUKpocxeM. [lokaxure, uto [n/2]
MOMAPHBIX TECTUPOBAHUN JJOCTATOUHO JUIsl CBEJIEHUS ATOM 3aJ]auH K [10/13a/1a4e, pa3Mep KOTOpoi
NpUOIU3UTENBHO B JIBa pa3a MEHbILIE.

B. [lokakure, 4TO MOKHO HANTH BCE UCIIPaBHbIE MUKPOCXEMBI C IOMOIIIbIO O(N) MonapHbIX
TECTUPOBAHUH B IPEANOI0KEHUH, YTO UCIIPABHBI 00JIEE OJOBUHBI MUKPOCXEM.
Cdhopmynupyiite U pemmnTe peKyppeHTHOE COOTHOIIEHHE, OMMCHIBAIOIIEE KOJINIECTBO
TECTUPOBAHUM.

6. MaccuBsl MoHKa

MaccuB A pazMepoM m X n, COCTOSIIINN U3 IEHUCTBUTEIIBHBIX YUCET, IBJISIETCS MACCUBOM
Momnxa (Monge array), eciu s Beex i, j,k u l, Takux,uto 1 < i<k <mul <j <l <n, mMu
uMeeM

Ali,j] + Ak, 1] < Ali, 1] + Alk, j]

Jpyrumu cioBamu, pu J1r000M BbIOOpE IBYX CTPOK M JIBYX CTOJIOLIOB M3 MaccuBa MoHxka (Iipu
ATOM 3JIEMEHThI MacCHUBa Ha MepPeceYeHUH BHIOPAHHBIX CTPOK U CTOJIOIOB 00pa3yroT
IPSIMOYTOJIBHHUK) CyMMa 2JIEMEHTOB B JIEBOM BEPXHEM U IIPABOM HM)KHEM yIJjlaxX MOJy4EHHOTO
IIPSAMOYTOJIBHUKA HE IIPEBBIIIAET CYMMY DJIEMEHTOB B JIEBOM HUXKHEM U IIPABOM BEPXHEM €TI0
yraax. [IpuBenem npumep MaccnBa MoHnxa.

10 17 13 28 23
17 22 16 29 23
24 28 22 34 24
11 13 6 17 7
45 44 32 37 23
36 33 19 21 6
75 66 51 53 34
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a. JlokaxxuTe, 4TO MaCCHUB SBJISIETCSI MacCMBOM MOHKa TOrJia M TOJBKO TOTAa, KOrAa IS BCeX
i=12,...m—1uj=12,....n— 1 BbINOJHIETCA YCIOBUE

Al jl+ AL+ 1,j+ 1] < A[i,j+ 1]+ A[i + 1,/].

(Ykazanue: 11 NpsMOro J0Ka3aTelbCTBa BOCIIOIb3YHTECh METOJIOM MaTeMaTHUECKOM
WHIYKIIUW OTAEJIBHO JJISI CTPOK M JJIS CTOJIOIIOB. )

0. [IpuBeIcHHBI HUKE MAacCUB HE SIBIISICTCSI MACCUBOM MoHXa. MI3MeHHTE B HEM OJTUH JIEMEHT
TakuM 00pa3oM, 4TOOBI OH CTa MacCHBOM MoHxka. (YKa3aHue: BOCIIOJIb3YUTECH I1. (a).)

37 23 22 32
21 6 7 10
53 34 30 31
32 13 9 6
43 21 15 8

B. [lycTh f (i) mpencraBiser co00i MHAEKC CTONOIA, COAEPIKAIIET0 KpaliHH clieBa
MUHHMAJIbHBIH 3JIeMEHT B cTpoke i. Jlokaxwure, uto (1) < f(2) <...f(m) ans moboro maccupa
Momnxa pasmMepoM m X n

r. Jlanee npuBeeHO onMucaHue alropuTMa "pasnesnsii u BIacTBYM'", mpeIHa3HAYECHHOTO IS
BBIYHCIJICHUS KpaﬁHeFO CJIEBAa MUHUMAJIBHOI'O 3JICMCHTA B Ka)KI[OI\/JI CTPOKE, BXOZIﬁIHCfI B COCTaB
MaccuBa MoHxka A pazMepoM m X n

[Toctpoiite mogmarpuily A" MaTpuIbl A. COCTOSIIIYIO M3 YETHBIX CTPOK MaTPHUIIBI A.

C nomol1IpI0 peKypCUBHOM MPOLIEYphl HAAUTE B KaXKIAOW CTpOKE MaTpulibl A' KpaliHUH ciieBa
MUHUMAJbHBIN 3JIEMEHT. 3aT€M HalAuTe KpallHUI clieBa MUHUMAJIbHBII 3JIEMEHT Cpein
HEYETHBIX CTPOK MaTpHIIbI A.

OObsicHUTE, KaK HalTU KpallHU clieBa MUHUMAJIbHBINA 2JIEMEHT CPEU HEUETHBIX

CTPOK MaTpHULbl A (TIpearnoaraeTcs, 4To KpaifH1i cieBa MUHUMAJIbHBIN 3JIEMEHT CPeu YETHBIX
CTOJIOLIOB ATOW MaTpPHUILIbI U3BECTEH) 3a Bpems O(m + n).

1. 3amUIINTe PEKYPPEHTHOE COOTHOIICHKE, OMMCHIBAIOIIEe BpEMS pabOThI allrTOpUTMA U3 1I. (T).
[Tokaxkure, uTo ero pemenue umeet Bug O (m + nlogm).

MeToauueckue PEKOMEHIAUU

[Ipy noaroToBke K MPaKTUYECKUM 3aHATUSAM CTYIEHT JOJDKEH MpPHIEPKUBATHCA
CIEAYIOIINX PEKOMEHIAIUN:

- BHUMATEJIbHO U3YYUTh OCHOBHBIE BOIPOCHI TEMBI U IIJIaH MPAKTUYECKOTO 3aHTHS,

- OTIPE/ICTUTh MECTO TEMBI 3aHATHS B 0OIIEM COJIEPKAHUHU, €€ CBA3b C IPYTUMHU TeMaMH;

- HaliTU ¥ IpopaboTaTh COOTBETCTBYIOIIUE Pa3/ieibl B PEKOMEHI0BAaHHBIX HOPMATUBHBIX

JOKYMEHTaX, y4eOHUKaX U JOMOJIHUTEIbHOM JUTEpaTypeE;

- MOCJIE€ O3HAKOMJIEHMS] C TEOPETHYECKUM MaTepHAIIOM OTBETHTH HAa BOIPOCHI IO TEME
Kypca;

- IPOJyMaTh MyTH U CIOCOOBI peLIeHUS] TPOOIEMHBIX BOIIPOCOB;
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- MpOJyMaTh pa3BEepHYTble OTBETHl HAa MPEIJIOKEHHbIE BOMPOCHI TEMbI, OMUPAsCh Ha
JICKIIMOHHBIE MAaTEPHUAIIBI, PACIIUPSS U JOMOJHSS UX JaHHBIMUA U3 YUCOHUKOB, JOMOJHUTEIHHON
JUTEPATYPHI.

B xonme mpakTU4eckoro 3aHATHS HEOOXOAMMO BBHITIOJHUTH MPAKTUYECKOE 3aJaHHe, a
3aTeM OOBSICHUTh METOAUKY €ro PEeLICHHUS.

HcTounnku v 1uTepatypa Ui NOATOTOBKH:
OcHoBHas1 JIMTEpaTypa

1. Urommn, B.M. COopHHMK 3aga4 IO MaTeMaTHYECKOW JIOTUKE W TCOPHH aJITOPUTMOB :
yue0. mocodue / B.1. Uromun. — Mocksa : KYPC ; UH®PA-M, 2019. — 392 ¢. —
(bakamaBpuar). - ISBN 978-5-906818-08-9 (KVYPC); ISBN 978-5-16-011429-3
(MUHO®PA-M, print); ISBN 978-5-16-103684-6 (MH®PA-M, online). - Tekcr
anekTpoHHbIi. - URL: https://znanium.com/catalog/product/986940

JlonoTHUTEIbHASI JIUTEPaTypa

1. Cynomnatos, C. B. Maremarnueckas JIoruka v Teopus alrOpUTMOB : Y4EOHUK U
NPaKTUKYM Ui akagemudeckoro 6akanaspuata / C. B. Cynomnaros, E. B.
OBuMHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo FOpaiirt, 2019. — 255 ¢. —
(Beicuiee oopazoBanue). — ISBN 978-5-534-00767-1. — Texkcer : anexkrponHslii // DbC
FOpaiir [caiit]. — URL: https://urait.ru/bcode/432018

2. Kpynckui, B. H. Teopus anroputmoB. BeeneHnue B ClI0)XKHOCTh BRIYUCIICHUN : yueOHOE
nocobue 1t OakanaBpuara u maructparypsl / B. H. Kpynckuit. — 2-e uzna., ucnp. u
nor. — Mockga : M3parensctBo FOpaiit, 2019. — 117 c. — (ABTOpCKUI yU4EeOHUK). —
ISBN 978-5-534-04817-9. — Texkcrt : anekrponnsii / 9bC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131

IIpakTH4yeckoe 3ansaTHE S 110 TeMe «BeposITHOCTHBIN aHAJIU3 U PAHIOMHU3HPOBAHHbIE
AJITOPUTMBD)

Bomnpocsr:

3anaqa o HaliMe.
AHanM3 HaMXy/IIero ciydasl B 3ajja4e 0 HaliMe.
BeposiTHOCTHBIN aHAINS.
PaHtoMU3MpOBaHHBIE AIITOPUTMBI.
WNupukaTopHas ciy4yalHas BEJIMYUHA.
JleMMa 0 MaTeMaTHYECKOM OKHMJIaHUH WHIUKATOPHOM CIIy4aiiHOW BEJINYMHBI.
JleMMa 0 MaTeEMaTUYECKOM OKHJIAHUH KOJIMYECTBA HAMOB.
AHanu3 3aJja4uu 0 HaiiMe C MOMOIIbI0 HUHIUKATOPHBIX CIIy4allHbIX BEJIHYMH.
3agauu 0 rapepoOIIKe U HHBEPCUU MAacCUBA.
. I3MeHeHus1, KoTopble TpeOyeTcsi BHECTH B allTOPUTM HaliMa i panaomuzanuu. Kon
CIIy4allHOM IIEPECTaHOBKHU.

CoNoOAWNE

[EN
o


https://znanium.com/catalog/product/986940
https://urait.ru/bcode/432018
https://urait.ru/bcode/444131
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11. Jlemma 0 MaTeMaTHYECKOM OKMJIAHUH CTOMMOCTH HaiiMa ¢ KOJOM CITydaiiHOU
MEePECTAaHOBKHU.
12. MaccuBsI 1ocje CIIy4aiHOM nmepecTaHOBKH. JIeMMa 0 paBHOMEPHOM paclpe/ieICHUH.

IpakTnyeckne 3agaHus:

1.

[TokaxxuTe, YTO U3 MPEAMOJIOKEHHUS O TOM, 4TO B CTpoke 4 nporeaypsl Hire-Assistant Bcerna
MO>KHO OMPEeNIUTh, KAaKOW KaHAUIAT HaWIy4IInuid, CJIeIyeT, YTO Mbl 3HAEM OOILIUI MOPSIIOK
PaHroB KaHI1IaTOB.

Onummmre peanusanuio npoueaypbiRandom(a,b), KOTopas MOKET HCIOJIb30BATh TOJIBKO
OJIMH BbI30B — mporenypbl Random(0,1). YeMy paBHO MaTeMaTUYECKOE 0XKHIaHUE BPEMEHU
paboThI Ballel peanu3anuy Kak QyHKIHK OT a u b?

[Ipeanonoxxum, 4To HY>XHO BBIBOAUTE O U 1 ¢ BeposTHOCTHIO 1/2. B HameM pacmnopsikeHUun
umeeTcs mpoueaypa Biased-Random, kortopas ¢ BeposTHOCTBIO p Bbimaer 0 U ¢
BEPOATHOCTHIO | — p — umcino 1; 3HaueHue p HaMm HeusBecTHO. CHopMynupyiTe anropuTM,
UCIIOJIB3YIONINI B Ka4eCTBE MOANPOrpaMMbl tiporieaypy Biased-Random +u Bo3Bpainarormuit
paBHOMEpHO pacmtpenenennbie yrncna 0 H 1, Te. BEpOATHOCTh BBIBOJIA KaXKJOTO M3 HUX paBHA
1/2. Yemy paBHO MaTeMaTH4eCKOE OXHJIAHHE BPEMEHH padOThl TAaKOW MPOLEIYphl Kak
¢yHKIMH OT p?

YeMy paBHa BEpOSITHOCTH TOTO, YTO B mporeaype Hire-Assistant Oyxer HaHSIT pOBHO OHMH
KaHAMJAT, €CJIM TMPEIOoJIaraeTcs, 4ro COoOEcelIOBaHHE C KaHIUJAATaMH IIPOBOJIUTCS B
CIIy9aifHOM TopsiiKe? A BEpOSITHOCTh TOTO, YTO OyIyT HAHSTHI T KaHJAUIATOB?

YeMy paBHaA BEpOSATHOCTH TOTO, 4TO B mporeaype Hire-Assistant 6yaer HaHATO pOBHO Ba
KaHAMJaTa, €CIU TMperoJiaracTcsi, 4To coOeceqoBaHWuE C KaHJIuJaTaMu IPOBOJAUTCS B
CIIy4yaltHOM TOpsJIKe?

Brruucianre MareMaTuueckoe OKUJAHUE CYMMBI OYKOB Ha N UTPAJIbHBIX KOCTSIX C MOMOIIBIO
WHIUKATOPHBIX CITy4ailHBIX BEJTMYUH

Pemmte ¢ momMoIIbI0 MHANKATOPHBIX CIYYalHBIX BEJIMYUH 3a/1a4y, U3BECTHYIO KaK 3a/7a4a o
rapaepoouuke. Kaxaeiii U3 m moceTuTeneil pecTopaHa cIaeT CBOIO IUIAMNY B TrapAepoO.
["apaepoOuk BoO3BpalaeT MHUISANBl cIy4ailHBIM oOpa3oM. YeMy paBHO MaTeMaTHUECKOe
OKHJaHNE KOTMYECTBA MOCETUTENEH, TOTyYHUBIINX 0OPATHO CBOM COOCTBEHHBIE IIJISTIBI?
[Tycth A[1...n] — MaccuB, cocTosiui U3 N pa3nuuHbIX uncen. bemm i < j, aA[i] > A[j], To
napa (i, j) HaswsiBacTCsA wuHeepcuen MaccuBa A (Ooyee AeTambHYHO HHPOpMAIHIO 00
WHBEPCHUSIX MOXHO Halith B 3amade 2.4), Ilpenmomokxum, 4YTO SIEMEHTHI MacchBa A
00pa3yloT paBHOMEPHYIO CIy4YaiiHyro mepectaHoBky uucen (1,2,..,n). Bocmonb3yiitech
WHJIUKATOPHBIMHM CIIY4ailHBIMM BEJIMYMHAMHU Ui [OHUCKAa MaTEMaTUYECKOro OXUIaHUs
KOJIMYeCTBAa UHBEPCUI B MAaCCHUBE.

VY npodeccopa BOSHUKIM BO3paKEHUS NMPOTUB MHBApUAHTA IIUKJIA, UCTIOIB3YIOIIETocs Mpu
JIOKa3aTeNnbcTBe JeMMBI 5.5. OH COMHEBAETCs, YTO ATOT WHBAPHUAHT BBIMOJHAETCS TIEPEN
nepBoil ureparuend. CorjaacHO €ro JI0BOJIaM, IYCTOW IMOJMACCHUB HE COJIEPKUT HHUKAKUX
pasmemennii u3 0 HJIEMEHTOB, MOATOMY BEPOSTHOCTh TOTO, YTO B TaKOM ITOJMAacCHBE
HaXOJUTCS TO WJIM WHOE pa3MelleHue, AobkHa OblTh paBHa 0. M3 sTuX paccyxaeHuii
CJIEyeT, YTO MHBApHAHT IMKJA Mepel MepBOM UTepanuedl He BbinmonHsercs. llepenuimure
nporeaypy Randomize In Place takum 06pa3om, 4To0ObI CBSI3aHHBIN ¢ HEH WHBApUAHT IMKJIA
nepea MepBON HTepalred MPUMEHSJICS K HEMyCTOMY IOJMAcCHBY, U COOTBETCTBYIOIINM
00pazoM MOAUGUIIUPYHTE TOKA3ATEIHCTBO JIEMMBI 5.5 I CBOEH MPOIIETYPHI.
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10. Ilpodpeccop pemmn pa3paboTaTh alroOpuT™M, B Ppe3yJbTaTe BBINOJHEHHS KOTOPOTO
NOJyYaauch OBl BCE CIIydailHbIE MEPECTaHOBKH, KPOME TOXIECTBEHHOW. OH MpemIoKuI

TaKyro IpoLEenypy.
Permute-Without-Identity(A)

1n = A.length
2fori=1n—-1
3 OomensnthA[i] ¢ A[Random(i + 1,n)]

JoOwetcs nu npodeccop NOCTaBICHHON LENU ¢ TIOMOIIBIO 3TOr0 Koja?

11. TlpenmonoXumM, YTO BMECTO TOT0, YTOOBI MEHATh MECTaMU 3JIeMEeHT Ali] co ciydaiiHo
BBIODAHHBIM JJIEMEHTOM M3 TMoamaccuBa A[i..n], MBI MEHJIEM €ro MeCTaMH C JIFOOBIM
CIIy4aiiHO BHIOpaHHBIM 3JIEMEHTOM MaccuBa A.

Pernute-With-All(A)
1n = A.length
2fori=1n
3 OOwmensars Ali] ¢ A[Random(1,n)]

[Tony4utcst i B pe3ysIbTaTe BBHIIOJHEHUS 3TOTO KOJa paBHOMEPHAs ClydaiHas MepecTaHOBKa?
OO0ocHyliTe CBOM OTBET.

12. [lpodeccop TpemIOKIIT JJIsi TEHEPAMH CIIy9allHBIX TIEPECTAaHOBOK C OIHOPOTHBIM
pacrpeieieHueM TaKylo MPOLEIypy.

Pernute-By-Cyclic(A)

1n = A.length

2 Ilyctb B[1..n] — HOBBII MaccuB
3 Of fset = Random(1,n)

4fori =1n

5 dest =i+ of fset

6 ifdest >n

7 dest = dest —n

8 Bldest] = Ali]

9 return B

13. IMokaxxuTe, 9TO KakJIbIi dJIeMeHT A[i] OKa3bpIBaeTCs B OMPEICIICHHON MO3UITMN MaccuBa B ¢
BEPOATHOCTHIO 1/n. 3aTeM MOKaXXUTe, YTO aJTOPUTM Mpodeccopa OUIMO0YEeH B TOM CMBICIIE,
YTO TOJIyYEHHbIE B PE3yJbTaTe €ro BBHIMOJIHEHMS MEPEeCTaHOBKH HE OYyAyT pacrpeieseHbl
pPaBHOMEPHO.

14. JTokaxxute, 4TO B pe3yybTaTe BBINOJIHEHHs mporeaypbl Permute By Sorting BeposiTHOCTB

1
OTCYTCTBUS OAUHAKOBLIX 3JICMCHTOB B MAaCCHUBC P He MeHbIIIe BETUYUHBI 1 — o



15.

16.
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OOBsicHUTE, KaK cleAyeT peanuzoBarh anroputv Permute By Sorting B ciyuae, koraa nBa
wii OoJjiee TMPUOPHUTETOB HJEHTHYHBI. J[pyrMMM cJIOBaMH, aJrOpUTM JOJDKEH BBIIABAaTh
CllydaiiHble PaBHOMEPHO DAaCIpe/ieIeHHbIE IEPECTAHOBKU JaKe B CiIydae, €CIM JIBa WIH
OoJiee MPUOPUTETOB NMEIOT OIMHAKOBBIC 3HAYCHUS

[penrnonoxuM, 4To MBI XOTHM CO3/aTh CJIAY4YaHYI0 BBIOOPKY 13 MHOXecTBa {1,2,3, ..., n},
TE. M-2JIEMEHTHOE MOAMHOXKECTBO S, rae 0 < m < n, Takoe, 4YTO Kaxa0e M-I0JAMHOKECTBO
CO3JaeTCsl ¢ OJMHAKOBOH BEpOSATHOCTHIO. OJMH M3 CIIOCOOOB COCTOMT B NPUCBAWBAHHUU
Alil =i nnsa i = 1,2,3,...,n u BezoBe Randomize-In-Place(A), mociie yero cieayer mpocTo
B3ATh ITIEPBBIE M JIIEMEHTOB MAacCcHBa. DTOT METOJ BHINOJHSIET I BBI30BOB IPOLEAYPHI
Random. Ecnu n ropa3no MeHblie M, MOXHO CO3/aTh CIy4alHYIO BBIOOPKY C HOMOIIBIO
MEHbILEro KojimyecTBa Bb3oBoB Random. ITokaxute, 4To NpHBeIeHHAs lajiee PEeKypCUBHAs
npolueaypa BO3BpallaeT CllydaiiHOe M-TIOAMHOXECTBO MHOXKECTBA S, COCTOSILNETO W3
neMeHToB {1,2,3,...,n}, IpU4eM KaxkI0o€ M-IIOJAMHOXKECTBO PABHOBEPOSTHO, U IIPU ITOM
nporueaypa Random BeI3biBaeTCs TOIBKO M pas.

Random-Sample(m,n)

lifm=0

2returnd

3elseS = RandomSample(m — 1,n — 1)

4i = random(1,n)

Sifi €S

6S = S U {n}

7elseS = S U {i}

8returnS

17.

18.

19.

20.

21.

22.

CKOJIbKO 4YeNlOBEK JIOJKHO cOoOpaTbCs B KOMHATe, 4yTOObI BEPOATHOCTH TOrO, YTO JI€Hb
POXIEHUS Y KOro-HUOYAb M3 HMX COBMAJET C BamiuM, Obula He MeHblueld 1/2?7 Ckoiabko
4eJI0BEK HEeO0OXOAMMO, YTOOBI BEPOSITHOCTH TOTO, YTO XOTS OBl JBOE U3 HUX POAMIHUCH 7
HOS0ps, IpeBbICKIA BEMUYUHY 1/27

[TpenmosnoxuM, 9TO MBI HAINlOJIHAEM b KOP3UH IIapaMH 0 TE€X IOp, MOKAa B KaKOM-TO U3
KOP3UH HE OKaXKeTcs JiBa I1apa. Bce omyckaHus mapoB BBITOJIHAIOTCS HE3aBUCUMO, U IIAp C
PaBHOHM BEPOSTHOCTHIO MOXKET OKa3aThCs B 000N Kop3uHE. UeMy paBHO MaTeMaTH4eCKOe
OKHJaHUE KOJMYECTBA OMYIICHHBIX B KOP3HUHBI IIApOB?

B xone ananusa mapagokca JHEH poxIeHHs ObUIO NMPHHATO MPEANOJI0KEHHE O B3aMMHOM
HE3aBHCHMOCTH BCEX THEH POXKIACHMS. SIBIIAETCS JIM 3TO NMPEANONIOKEHUE CYLECTBEHHBIM,
WX JOCTaTOYHO MOMapHOi HezaBucuMocTH? OOOCHYITE CBOM OTBET.

CKOJIBKO YelIOBEK HYXHO MPUIIIACUTh Ha BEUEPUHKY, YTOOBI BEPOSATHOCTh TOTO, YTO TPOE M3
HUX POJMIIMCH B OAMH U TOT K€ J€Hb, JIOCTUIJIA 3aMETHOM BEINYMHBI?

KakoBa BeposITHOCTh TOT0, YTO CTPOKA JITMHOMN Kk, COCTaBJICHHAsI U3 CUMBOJIOB -3JIEMEHTHOTO
MHOJKECTBA, SIBJISIETCS pa3MEIleHHeM k 3JIeMEHTOB 3Toro MHoxkectBa? Kak »TOT BoOmpoc
CBSI3aH C MapaJoKCOM JHEW POXKACHUA?

[Tpenmonoxum, 4TO n MIAPOB paclpeAestoTcs no n Kop3uHaMm. Kaxnplil map omyckaercs
HE3aBHCHUMO OT JIPYTUX U C PaBHOW BEPOSITHOCTHIO MOXET OKa3aThCs B JIIOOOI M3 KOP3HH.
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Uemy paBHO MaTEeMaTUYECKOE OXHUAAHUE KOJUYECTBA MYCThIX KOp3uH? UYemy paBHO
MaTEeMaTU4YeCKOe 0XKHIaHUE KOJIMYECTBA KOP3UH C OAHUM I1apom?

23. YTOUHUTE HIKHIOI OLIEHKY JUIMHBI IOCJIENOBATENbHOCTH BBINAAEHUN opioB. s sToro
MOKaXXUTE, YTO NPU N MOAOPACHIBAHUSAX CUMMETPUYHON MOHETBHI BEPOSTHOCTH TOTO, YTO
TakKas MOCIJIeJI0BaTeILHOCTh OyAeT He AnuHHee [gn — 2lglgn, menbiie 1/n.

3agaun
1. BeposiTHOCTHBIH MoJaCYeT

C 1oMOIBI -OMTOBOrO CYETYMKA MOKHO BecTH moxacuer g0 22 —1 osmemenros.
[Mpennoxxennsiii P. Moppucom (R. Morris) eepoamuocmmusiii noocuem (probabilistic counting)
MO3BOJISIET MPOBOANUTH HYMEPAIMI0 HAMHOTO OOJIBIIETO KOJMYECTBA JIEMEHTOB LIEHOW MOTEpH
TOYHOCTH.

[Tycts 3HaueHWe mnepeMeHHoM-cyeTynka (= 0,1,..,2° —1 o3Hasaer HOMep oyeMeHTa n;
BO3pAacTaoIleil MOCIe0BaTeIbHOCTH HEOTPULIATENIbHBIX Uncel. byemM cuutare, 4To Ha4alabHOE
3HaYEHHE CUeTYMKa PaBHO HYMIO, T.e.n, = 0. Omnepauus Increment yBeIMYHMBAaET 3HAYCHUE
cyeTyMKa i caydaiHeIM oOpasom. Ecim i = 2P — 1, To B pe3ynbTaTe 5TOr0 AEiCTBUS BBIIAETCS
cooOlIeHNe O TEepenojHeHHH. B NMpPOTHBHOM ciyyae 3HAUYEHHE CUETYMKA C BEPOSTHOCTHIO
1/(ni41—n;) BO3pacTaeT Ha EAMHMIYy M OCTaeTCs HEU3MEHHBIM C BEPOSTHOCTBIO 1 —
1/(njs1—n;)

Ecnu st Beex i = 0 BBIOpaTh n; = i, TO MbI IOJy4YUM OOBIYHBIN cueTuuk. bonee uHTepecHas
CHTYAIUs BOSHUKACT, eCIIH BBIOpATh, ckaxeM, = 211 st i > 0 wn ni= Fi (i-e uncino ®uGonauum;
cM. pazzen 3.2).

B 3apmaue mpenmosnaraercs, 4to uucio n2p 1 goctaToyHO OOJbIIOE, YTOOBI BEPOSITHOCTHIO
MEePENOJIHEHHSI MOKHO OBLIO MTPEHEOPEYb.

a. [Tokaxxure, 4TO MaTEMaTUYECKOE 0’KUJIAHUE 3HAUECHUS CUETUMKA [TOCIIE IPUMEHEHUS K HEMY IT
onepauuil Increment paBHO n.

0. AHanM3 AMCIIEpCHM 3HAU€HUs CUETYMKA 3aBUCUT OT BbIOOpa MOCIEAOBATEIBHOCTH N;°.
PaccmoTtpuMm mpocroit ciydaid, korma n; = 100i ans Bcex i = 0. OueHuTe IUCHEPCUIO
3HAYEHMs CUYETYMKA I10CIIE BBIIOJIHEHU onlepanuu Increment n pas.

2. Tlonck B HEOTCOPTHPOBAHHOM MAaCCHBE

B sT0#i 3amade uccneayoTcs TpU aNropuTMa MOMCKA 3HAUYEHHS X B HEOTCOPTUPOBAHHOM -
DJIEMEHTHOM MaccuBe A.

PaccMoTpuM crienyroniyo paHIOMU3UPOBAHHYIO CTPATETUIO: BHIOMpAeM 3J€MEHT MaccuBa A
C TPOM3BOJIBHBIM HHAEKCOM [ M INPOBEpsieM CIIpaBe/UIMBOCTh paBeHCTBa A[i] = x. Ecium oHo
BBITNIOJHAETCS, TO aJIrOPUTM 3aBeplIacTcs. B MpPOTMBHOM cilydae MpOJOJIKAEM IIOHCK,
ciydaifHeIM 00pa3oM BbIOMpast HOBBIE AJIeMEHTHI MaccuBa A. [lepeGop MHIEKCOB IPOI0IIKAETCS
0 TeX Mop, Moka He OyneT HaleH Takoll WHAEKC j, 4To A[i] = x, win moka He OyayT
IIPOBEPEHBI BCE 3JEMEHTHl MaccuBa. 3aMETUM, YTO BBIOOp KaXIblil pa3 MPOU3BOJIUTCS Cpeau
BCEX MHJEKCOB MacCUBa, IOATOMY KPYT MOHUCKA HE CY)KAeTCA M OJUH U TOT e JIEMEHT MOXKET
IIPOBEPATHCS HEOJHOKPATHO.

a. Hanumure ncesnokox npouexypsl Random-Search, peanmusyromeii onucanHyo
crpateruto. Ilo3aboTbTech, 4ToObl AITOPUTM MpeKpaman paboTy Imocie TOro, Kak Oyayrt
IIPOBEPEHBI BCE MHIEKCHl MacCHBaA.
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0. Ilpeamonoxum, 4To UMeEeTCs POBHO OJWH HMHIAEKC i, Takod, uro A[i] = x. Uemy paBHO
MaTEeMaTH4YeCKOe OXKUaHNE KOJMYECTBA HHICKCOB B MAaCCHUBE A, KOTOpPbIE OyAyT MPOBEPEHBI
JI0 TOro, KaK OyzeT HaiieH 27eMenT x 1 npoueaypa Random-Search sasepuut paory?

B. O600muTe pernienne chopMyIupoBaHHON B 1. (0) 3amauu Ui CUTyalldd, KOTJa MUMEIOTCS
k > 1 uHnekcoB i, Takux, 4to A[i] = x. UeMy paBHO MaTeMaTHYECKOE OXHJIAHUE KOJIUIECTBA
UHJICKCOB B MacCuBe A, KOTOPbIC OyayT MPOBEPEHBI 10 TOTO, KaKk OyaeT HalIeH dJIEMEHT C U
nporeaypa Random-Search saeepmur pa6ory? OTBeT HOKEH NPEACTABIATH COOOM
(YHKLHUIO OT BEIUYHMH N U K.

r. [Ipennonoxum, 4ro ycioBue A[i] = x He BBINOIHACTCS HU AJISl KAKOTO WHAEKca i. YeMy paBHO
MaTEMaTUYECKOE OKUJAHUE KOJIMYECTBA HHAEKCOB B MaccuBe A, KOTOpbIE MPUAETCS
IPOBEPUTH JIO TOrO, Kak OyayT MPOBEPEHBI BCE DIIEMEHTHI MaccuBa | mpoueaypa Random-
Search szasepuut padory?

Teneps pacCMOTPHM JIETEPMUHUPOBAHHBIN aITOPUTM JIMHEHHOrO morcka Deterministic-
Search. B sToM anropuTMe MOMCK 3J€MEHTa ¢ MPOM3BOIAMTCSA IIyTEM IOCIIEN0BATEILHON
npoBepku saeMeHToB A[1], A[2], A[3],...,A[n] no Tex mop, moka He MPOU3OUIET OJHO M3 JIBYX
coObIThii: MO0 Oymer HaiimeH aneMeHT A[i] = x, nmubo OyAeT IOCTUTHYT KOHEI MacCHBa.
[Ipenmonaraercs, 9YTO BCE BO3MOXKHBIC IEPECTAHOBKH JJIEMEHTOB BXOJHOTO MacCHBa
BCTPEUAIOTCS C OJJMHAKOBOW BEPOSITHOCTBIO.

. TIpeanonoxum, 9To MMEETCS BCEro OAMH MHIEKC i, Takoi, urto A[i] c. Yemy paBHO Bpems
pabotsl nporenypbl Deterministic-Search B cpexnem ciyuae? Kak Bemer cebs sta
BEIIMYMHA B HAUXY/IIEM Cirydae?

e. O0obmuTe pernienne cHoOpMyIUPOBAaHHOW B M. (1) 3aJayu AL CUTYallMd, KOTJa MUMEIOTCS
k>1 wungexcoB i, ansi Kotopbix Ali] =x. Yemy paBHO BpeMs paOOTBI TPOIETYPHI
Deterministic-Search B cpemnem ciyuae? Kak Beger cebs dTa BelMuuHA B
HauxyaueM ciydae? OTBeT 10JKeH ObITh QYHKIMEH OT n U k.

. [Ipeanonoxum, 4ro yciaoBue A[i] = x He BBIONHAETCS HM I KAKOTO 3JIEMEHTa MacCuBa A.
Yemy paBHO BpeMsi paboThl mporeaypsl Deterministic-Search B cpeanem ciydae?
Kak Bener cebst 3Ta BeIMYMHA B HAMXY/IILIEM CITydae?

HakoHerr paccMOTpUM paHIOMHU3MpOBaHHylo ainroputm Scramble-Search, B koropom
CHayvaja BBINOJIHAETCA CilydaiiHas MEepecTaHOBKa JJEMEHTOB BXOJHOTO MAacCHBa, a 3aTe€M B
MOJy4YeHHOM MAacCHBE BBITMOIHAETCS] ONUCAHHBIN BbIlIE TMHEWHBIA JeTEPMUHUPOBAHHBIHM TOMCK.

3. [IycTh k — KOJIMYECTBO MHACKCOB i, TaKuX, 4yTo A[i] = x. Onpenenure MaTeMaTu4ecKoe
OKUJIaHUE BPEMEHU paboThI mpoueaypsl SCramble-Search u Bpems ee paGoTsl B
HaUXy/IIEeM cliydae A 3HaueHud k = 0 u k = 1. O0o0uuTe pemenue ans cuydas k > 1.

u. Kakoii u3 TPpEX NPCACTABIICHHBIX AJITOPUTMOB BbI OBI Hpe,I[HOLIJ'II/I? IlosicHuTE CBOM OTBET.

Meroanyeckue peKoOMeH AU

[Ipy noAaroToBke K MPaKTHYECKUM 3aHATHSAM CTYAEHT JIOJDKEH MpPUIEP’KUBATHCS
CJIEYIOIINX PEKOMEHAAIINN:

- BHUMATEJIbHO U3YYUTh OCHOBHBIE BOIIPOCHI TEMBI U IJIaH MPAKTUYECKOTO 3aHITHS,

- OIIPEJEIIUTh MECTO TEMBI 3aHSTHUS B OOLIEM COEPHKAHUY, €€ CBA3b C JPYTUMU TEMaMU;

- HaliTU ¥ IpopaboTaTh COOTBETCTBYIOLIUE pa3/ieibl B PEKOMEHJOBaHHBIX HOPMATHUBHBIX
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JIOKYMEHTaX, yueOHHKaX U JOMOJHUTEIbHON JIUTEPATYPE;

- II0CJIE O3HAKOMJIEHUSI C TEOPETHMUECKUM MaTepUajoM OTBETUTh Ha BOIPOCHI IO TEME
Kypca;

- IPOAYMATh ITyTH M CIIOCOOBI pEeIIeHHs MPOOIEMHBIX BOIIPOCOB;

- NpPOAYMATh Pa3BEPHYTHIE OTBETHl HA IMPEHJIOKEHHBIE BOIPOCHI TEMBI, ONHPAACh HA
JICKIIMOHHBIEC MaTEePHAaJIbl, PACIIUPSS U JIOTIOJIHSASA UX JAHHBIMU U3 YYEOHHKOB, JTOTIOJHUTEIILHON
JUTEPATYPHL.

B xone mpakTHuecKoro 3aHATHUS HEOOXOIUMO BBIIOJHUTH NMPAKTUYECKOE 3aJaHue, a
3aTeM OOBSICHUTh METOAUKY €ro PeLIeHHS.

HcTounnku u 1uTepatypa Uil HOATOTOBKH:
OcHoBHas JIMTEpaTypa

1. Hrommn, B.M. COopHUK 3a1a4 IO MAaTEMaTHYCCKOH JOTMKE W TCOPUH AJITOPUTMOB :
yue0. mocodbue / B.W. Urommn. — Mocksa : KYPC ; MHOPA-M, 2019. — 392 ¢. —
(bakamaBpmar). - ISBN 978-5-906818-08-9 (KVYPC); ISBN 978-5-16-011429-3
(MHO®PA-M, print); ISBN 978-5-16-103684-6 (MIH®PA-M, online). - Tekct
anextpoHHbIA. - URL: https://znanium.com/catalog/product/986940

JonoiHUTeILHAS JUTEpPaTypa

1. Cynomnaros, C. B. MaremaTnueckas JOTHKA ¥ TEOPHs aJITOPUTMOB : YUEOHUK U
HpPaKTUKYM JuId akajgeMmuyeckoro 6akanaspuata / C. B. Cynomnaros, E. B.
OBUYMHHHKOBA. — 5-€ U31., cTep. — Mocksa : M3narenscTBo FOpaiit, 2019. — 255 ¢. —
(Briciiee obpazoBanue). — ISBN 978-5-534-00767-1. — Texct : anexkrponHsiit // 9bC
FOpaiir [caiit]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputmoB. BBeienne B CJI0KHOCTh BRIYUCICHUN : y4eOHOE
nocoOue it GakanaBpuara u Maructpatypsl / B. H. Kpynckuii. — 2-e u3n., ucnp. u
nom. — Mocksa : U3narensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpcKUil y4eOHUK). —
ISBN 978-5-534-04817-9. — Tekcrt : anexkrponHslit // BC FOpaiit [caiit]. — URL:
https://urait.ru/bcode/444131

IIpakTuyeckoe 3ansiTHE 6 10 TeMe «AJITOPUTMbI COPTHPOBKH»
Bomnpocsr:

ITapangokc nHEW poxKIeHHUS.

AHanu3 ¢ NpUMEHEHNEM UHIUKATOPHOM CIIy4ailHON BEJIMYUHBI.
City4aifHOE HaIlOJTHEHUE KOP3UH IPOHYMEPOBAHHBIMU IIAPAMH.
ITocnenoBaTenbHOCTD BbINAIEHUS OPJIOB.

3ajada o0 HaliMe B ONIEPAaTHBHOM PEXUME.

BeposTHOCTHBIM noaCYET.

[Torick B HEOTCOPTUPOBAHHOM MAaCCHUBE.

NoabkowhE

IIpakTHyeckue 3a1aHus:


https://znanium.com/catalog/product/986940
https://urait.ru/bcode/432018
https://urait.ru/bcode/444131
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YeMy paBHO MUHUMAaJIBHOE M MaKCHMAJIbHOE KOJMYECTBA JJIEMEHTOB B IMHPAMHUJIE BBICOTOMN
h?

[Tokaxwute, 4TO N-3JIEMEHTHAS TMPAMHUIa KMEET BhICOTY [lgn].

[Tokaxkute, 4yTO B JII0OOOM MOIEPEBE HEBO3PACTAIONIEH MUPAMHU/IBI KOPEHb 3TOTO MOAJIEpEBa
COJIepKHUT HanOoJIbIIIee 3HAUCHUE CPEH Y3JI0B IOJIEpPEBa.

['me B HeBO3pacTarOIIEi MUpPaMUe MOKET HaXOAUTHCS HAUMEHBIIUI €€ 3JIEMEHT, €CIIH BCE
AJIEMEHTHI Pa3IHYaAIOTCS 110 BeJTHYNHE?

SBasieTcs 11 MaccuB ¢ OTCOPTUPOBAHHBIMU 3JIEMEHTaMU HEYObIBAIOLIEH MUpaMuIon?
SlBisiercss M mocnenoBareNnbHOCTh 3Hadenuu (23, 17, 14, 6, 13, 10, 1, 5, 7, 12)
HEBO3pacTaroIIeH MUPaMHUI0N?

[TokakuTe, YTO €CIM M-3JEMEHTHYI NTHpaMHUIy MPEICTaBUTh B BHUJE MacCuBa, TO €€
JUCThAMU OyIyT 3JIEMEHTHI ¢ uHAeKkcamu [N/2] + 1, [n/2]+2, ..., n.

Bocnonb3oBaBmiuce puc. 6.2 B kauecTBe 00paslia, IpOMJUIIOCTPUPYHTE padboTy MpoLEeTyphl
Max-Heapify(A, i) ¢ maccuBom A = (27,17, 3, 16, 13,10, 1, 5,7, 12,4, 8, 9, 0).

Hcnonb3ys B KayecTBE OTHPABHON TOYkM mporueaypy Max-Heapify, Hanummre nceBaokon
npoueaypsl Min-Heapify (4, i), koTopasi BBINOJHSIET COOTBETCTBYIOLIME ICHCTBUS HaJ
HeyObIBaroniel mupamuaoii. KakoBo Bpemst pabots mporeaypsl Min-Heapify mo cpaBHeHuto
co BpeMeHeM paboTsl mporeaypsl Max-Heapify?

Kak Biuser Ha BbI30B mporeaypbl Max-Heapify (4, i) curyamus, korma smement Ali]
OoJbIIIe, YeM ero JI0UYEpHUE dJIEMEHTHI?

K yemy npuBeneT Bb130B nportieaypbl Max-Heapify (4, i) B cimyaae | > A.heap-size/2?

Kon mpouenypsr Max-Heapify mocrarouno panuoHasneH, eciii HE CUATATh PEKYPCHBHOTO
BbI30Ba B CTpoke 10, M3-32 KOTOPOrO HEKOTOPHIE KOMIMISTOPHI MOTYT CT€HEPHPOBAThH
HedhGekTuBHBI Kon. Hammmmre s¢ddextuBHyo mpouenypy Max-Heapify, B koropoit
BMECTO PEKYpPCHBHOTO BBI30Ba HCIIOJNB30BANAacCh OBl HMTEpPATHBHAS  YHPaBJISIOIIAs
KOHCTPYKLUS (LIUKIT).

[TokakuTe, 9TO B HAMXY/LIEM ciiydae BpeMs: paboTsl nporeaypsl Max-Heapify na nupamue
pasmepom N paBHO (. (Yka3aHue: B mupamuje C N y3JaMyd TNPHCBOWTE y3JaM TaKHe
3HaueHHs, 4ToObI mporenypa Max-Heapify pekypcrBHO BbI3bIBaNach B KaKIOM Y3IIe,
PAacIIoIOKEHHOM Ha ITPOCTOM ITYTH OT KOPHS /IO JIUCTA.)

Bocnonb3oBaBmch B kauecTBe oOpasia puc. 6.3, IpoHUIIOCTpUpYHTe paboTy MpoIeTyphl
Build-Max-Heap nax Bxoausim maccuBoMm A = (5, 3, 17, 10, 84, 19, 6, 22, 9).

[Mouemy uHAeKe 1KKIa | B cTpoke 2 mporenypbl Build-Max-Heap yosiBaer ot [A. length/2]

1o 1, a He Bo3pacraer ot 1 o [4. length/2]?
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[Tokaxute, 4TO B JIFOOOM N-2IeMEHTHOM NupaMuie Ha Beicote h HaxoxuTes He Gonee [n/27+1

y3JI0B.
Bocmonb3oBaBimmck B kauectBe oOpasia puc. 6.4, IpousuIIOCTpUpyiTe paboTy mpoueaypbl
HEAPSORT nan BxomasiM maccuBoM A = (5, 13, 2, 25,7, 17, 20, 8, 4).

JIoKaXuTe KOPPEKTHOCTh Mpoueaypbl Heapsort ¢ moMompio CIIeAyIONIero HHBapUaHTa
nukia: «B Havane kaxaod wurepanumu nukiaa for B crpokax 2-5 mommaccuB A[l ... i]
IpeICTaBIseT COO0M HEBO3PACTAIOIIYIO MUPAMHKLY, COACPIKAIIYIO | HAMMEHBIIUX 3JICMEHTOB
maccuBa A[1 ... n], a B nogmaccuBe A[i+1 ... n] coxepkarcs N-I HAUOONBIIMX DJIEMEHTOB
MaccuBa A[1 ... N] B OTCOPTUPOBAHHOM COCTOSIHUH.

Yemy paBHO BpeMsi paboTel mporienypsl Heapsort ¢ maccuBom A JUTMHOHM N, B KOTOPOM
AJIEMEHTHI OTCOPTUPOBAHBI U PACIIOJIOKEHBI B IOPsiIKe Bo3pactanus? B nopsike yObiBaHus?
[Mokaxute, 4TO Bpems pabOThI poueAypbl Heapsort B Hauxyiem cirydae coctasisier (N
Ign

[TokaxkuTe, 4TO, KOTJa BCE 3JEMEHTHI pa3iMyHbl, BpeMs paboThl mporenypsl Heapsort B
HaWIy4lleM ciiydae paBHo (N Ign

[Tpoummtoctpupyiite padoty npouenypsl Heap-Extract-Max nan nupamugoit A = (15, 13,9,
5,12,8,7,4,0,6, 2, 1).

[Mpousutroctpupyiite oneparmto Max-Heap-Insert(A, 10) nax nupamugoit A = (15, 13,9, 5,
12,8,7,4,0,6, 2, 1).

Hanummre niceBaoko sl mporeayp Heap-Minimum, Heap-Extract-Min, Heap-Decrease-Key
u Min-Heap-Insert, peanusyromux HeyOBIBAIOUIYI0 OYepelb C MPUOPUTETAMU Ha 0ase
HeyOBIBaIOIIEH TMPAMUIBL.

3ayeM HY)XHa Takas Mepa IPEeIOCTOPOKHOCTH, KaK MPHCBOCHUE KIIOYY J00aBISIEMOro B
ctpoke 2 mpouenypel Max-Heap-Insert B mupamuay y3na 3Hau€HUS -00, €CIU YK€ Ha
CIIEIYIOIIEM IIIare 3HaueHHE 3TOT0 KII0Ya YBEITHYHBACTCS 10 TPeOYeMOi BeTMIHHBI?
JlokaxuTe KOPpPEeKTHOCTh mpoueaypsl Heap-Increase-Key ¢ mnomomipio — ciemyronero
WHBapHaHTa nukia: «B Havane kaxaon urepauuu mukia While B crpokax 4-6 A[Parent(i) >
A[Left(i)] u A[Parent(i) = A[Right(i)], ecu 3T y31bI CyIIeCTBYIOT, a moaMaccuB A[1 . . A.
heap-size] ynoBieTBOpsieT CBOWMCTBY HEBO3pACTAIONICH MUPAMHIbI, 33 HCKIIOUYCHHEM,
BO3MOXHO, OfHOTO HapyuieHus: A[i] moxer ObiTh Ooubiie, uem A[Parent(i)]». MoxHo
CUMTaTh, YTO B MOMEHT BbI30Ba mporeaypsl Heap-Increase-Key moamaccus A[1 . . 4.heap-

Size] yaoBIeTBOPSIET CBOMCTBY HEBO3PACTAIOIICH MTHPAMU/IBI.
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27. Kaxxnas omeparusi ooMeHa B cTpoke 5 npouenypsl Heap-Increase-Key o6sraH0 TpebyeT Tpex
npucBanBaHuil. [lokakuTe, Kak BOCIOJB30BAThCS M BHYTPEHHErO LIMKIJIA MPOLETYPHI
Insertion-Sort, 4ToObI BMECTO TpEX MPHUCBAMBAHUI 0OONTHCH TOIBKO OTHHM.

28. TlokaxxuTe, Kak C TOMOIIBIO OYEPEIU C TPUOPUTETAMHU PEaTH30BaTh OYECpEedb  TIEPBHIM
Bomiesl — mepBbiM Bbimen'!  IlpogemMoHCTpupyiiTe, Kak ¢ TIOMOIIBIO O4Yepeau C
NPUOPHUTETaMH peann3oBarh cTek. (Ouepean u cTeku onpeeneHsl B pazaene 10.1)

29. ITponemypa Heap-Delete (4, 1) ynanser u3 nupamuasl A y3en i. Paspaboraiite peanusanmuio
9TOH mporeaypbl, KoTopoii Tpedyercs Bpems O(lgn) mis ynaneHus y3jia U3 N-3J€MEHTHOU
HEBO3PAaCTaOIEeH TMPAMHUIBI.

30. Pa3paboTaiiTe anroput™, 00bEIUHSIONMNA K OTCOPTUPOBAHHBIX CIMCKOB B OJWH CITUCOK 32
Bpemsi O(nlgk), rme N — o0iiee KOJUYECTBO 3JEMEHTOB BO BCEX BXOJHBIX CITHCKaX.
(Ykazanue: st CIIMSIHAS CITUCKOB BOCIIONIB3YUTECh HEYOBIBAIOICH MUPAMUJION. )

6. 195

3agaun
1. IlocTpoeHne mUpPaMuIbl BCTABKAMH

[Tupamury MOXKHO TIOCTPOUTH C IOMOLIBIO MHOTOKPAaTHOTO BbI30Ba mpouenypsl Max-Heap-Insert mis
BCTaBKH 3JIEMEHTOB B UpaMuy. PaccMorpum cneyroniuii Bapuant npoueaypsl Build-Max-Heap.
Build-Max-Heap' (4)

1 A. heap-size= 1

2 fori=2to 4. length

3 Max-Heap-Insert (4, A[i])

a. Becerna mu npouenypsl Build-Max-Heap u Build-Max-Heap' mist oaHOTO ¥ TOTO %€ BXOJHOTO MaccHuBa
CO3JAI0T OZIHY U Ty ke nupamuny? Jlokaxxure, 4To 3TO TaK, WU IPUBEAUTE KOHTPIPUMED.

0. TTokaxxute, 4TO B HAUXY/LIEM CIIyJae JJIsl CO3aHMs M-JIEMEHTHOI nmupaMu sl poueaype Build-Max-
Heap' motpebyercst Bpemst O(nlgn

2. Anaau3 d-apHbIX THpPaMU/
d-apnusie nupamudbl 10100HEI GHHAPHBIM, HO OTJMYAIOTCS TEM, YTO BCE BHYTPEHHHE Y3JIbI (C OJHUM

BO3MOYKHBIM HCKJTIOYEHHEM) UMEIOT BMECTO JIBYX d JIOYEPHHX Y3JIOB.

a. Kak Obl BbI ipecraBuiy d-apHyro UpamMuy B BUjie MaccuBa?

0. Kak BeIpaxkaeTcst BbICOTa (-apHOii N-3IeMEHTHOM paMu il uepes N u d?

6. Pazpabortaiite s dexTrBHYIO peannzanuro npouenypsl Extract-Max, npenHasnaueHnyo s paboThI ¢
d-apHoii HeBo3pacraromield mupamuaoi. I[Ipoananu3upyure Bpemsi pabOThl 3TOH MpPOLEAYpPHl U
BbIpa3uTe ero uepes d u N.

2. Paspaboraiite >ddexTrBHYIO peanusaiuio mpoueaypsl INsert, nmpeaHasHadeHHyro s paboTer ¢ d-
apHOM HeBo3pacTaromel mupamunon. [Ipoananmmupyiite Bpemst paboThI 3TOH MPOIIETyPHl U BEIPa3uTe

ero gepe3 d u N.
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0. Paszpa0oraiite a¢pexTuBHyr0 peanmsamuio mpoueaypsl Increase-Key (A, i, k), koropas npu k < A[i]
coobmaer o0 omubOKe, a B MPOTUBHOM cliydae BbimoiHser mnpucBamBanue Afi] = Kk u
COOTBETCTBYIOIIUM 00pa3oM OOHOBISCT CTPYKTypy O-apHOW HEBO3pACTarONmICH MHPAMHUJIBL.
[Ipoananusupyiite BpeMst pabOThI 3TOM MPOIIEAYPHI M BbIpa3uTe ero uepes d u N.

3. Taoaunst FOura
Taoauua KOnza (Young tableau) m x n mpezacrasisier co60i MaTpuily pazmMepoM M X N, SIEMEHTHI

KOTOPO# B KaXJIOW CTPOKE OTCOPTHPOBAHBI CJIeBa HAINPAaBO, a B KAXKIOM CTOJOIE — CBEpPXYy BHU3.

Hexotopsie ameMeHTsI Tabnuiel FOHra MOTyT OBITH paBHBI 00, YTO TPAKTYETCSA KaK OTCYTCTBUE DJICMEHTA.

Takum oOpazom, Tadiuiry FOHra MOKHO CIOJIB30BATh [T XpaHEHUs I' < MN KOHEYHBIX YUCEI.

a. Haueprute Tabmuiyy FOHra 4 x 4, B KOTOpO# copepikarcs aneMeHTsl {9, 16, 3,2, 4, 8. 5, 14, 12}.

0. Jloxaxxnte, uro Tadbmuia FOHTa Y pazmepom m X n mycra, ecnu Y[1, 1] = oo Jlokaxwure, uro Tabnmma Y
MIOJTHOCTBIO 3aI0JIHEHA (T.€. COAEPIKUT MN 351eMeHTOB), eciu Y[m,n] < oo.

6. Paspaboraiite anroputm, peanusyromuii npoueaypy Extract-Min ms venycroii Tabmuiesr FOHra m x n
3a Bpems O(M + n). B ajgroput™me cieayeT HCIOIb30BaTh PEKYPCHBHYIO MOAMPOrPaMMY, KOTOpas
pelraer 3aaa4dy pasMepoM M X N MyTeM PEeKypCHBHOTO CBEACHHS K 3aaa4am (M-1) x n mwim m x (n-1).
(Ykazanue: Bciomuute o npoueaype Max-Heapify.) O6o3HaunM MakcuMaibHOE BpeMsi 00pabOTKH
npou3BoJIbHON Tabmuiel FOHra m x n ¢ moMouipto npoueaypsl Extract-Min xak 7(p), tae p = m + n.
3anuInmTe U pennTe PeKyppeHTHOE COOTHOIICHUE, KoTopoe naet it 1 (p) rpanuity O(m + n).

2. Tlokaxute, Kak BCTaBUTh HOBBIA JJIEMEHT B HE3aloJIHCHHYIO Tabiuiy FOHra pasmepom m X n 3a
Bpems O(m + n).

0. TlokaxuTe, Kak ¢ HOMOIIBIO Tabmuisl FOHra M X N BBIIONHUTE COPTHPOBKY numcen 3a Bpems O(n3
HE UCTIOJIB3YS MPH STOM HUKAKHUX JPYTUX MOANPOrpaMM COPTUPOBKH.

e. Pazpaboraiite anroput™, mo3BOJISMIOMUI 3a BpeMst O(m + 1) ONpenenuThb, COACPKUTCS JH B TAOHIIC

HOnra pazmMepoM M X N 3ajaHHOE YUCIIO.

MeToauueckue PEKOMEHIAUH

[Ipy noAroToBKke K MPaKTUYECKUM 3aHATUSAM CTYIEHT JIOJDKEH NpUIEp’KUBATHCA
CJIEYIOIINX PEKOMEHIAIINMN:

- BHUMATEJIbHO U3YYUTh OCHOBHBIE BOIIPOCHI TEMBI U IJIaH MPAKTUYECKOTO 3aHSITHS,

- OTPEETUTh MECTO TEMBI 3aHATHS B 00IIEM COJIEpKAHUHU, €€ CBA3b C IPYTMMHU TeMaMH;

- HaliTU ¥ IpopaboTaTh COOTBETCTBYIOIIUE Pa3/Ie€bl B PEKOMEHIOBAaHHBIX HOPMATUBHBIX

JOKYMEHTaX, yueOHUKaX U JOMOJIHUTEIbHOM JIUTEpaType;

- MOCJIe O3HAKOMJIEHUSI C TEOPETHMUECKUM MaTepuajoM OTBETUTh Ha BOIPOCHI IO TeMe
Kypca;

- IPOJyMaTh MYTH U CIOCOOBI pelIeHUS] MPOOJIEMHBIX BOIIPOCOB;

- NpPOJyMaTh pa3BEPHYTHIE OTBETHl HA MPEUIOKEHHBIE BOIPOCHI TEMBI, ONUPASICh Ha
JIEKIMOHHbIE MaTEPUAJIbl, PACIIUPSSA U JONOJHSAS UX JaHHBIMU U3 YU€OHUKOB, JOTOJIHUTEIHHON
JUTEPATYPHL.

B xone mpakTudeckoro 3aHSATHS HEOOXOAMMO BBINOJHUTH MPAKTUYECKOE 3a/JaHue, a
3aTeM 00BSICHUTH METOJUKY €0 pelIeHus.
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HcToyHuKH M TUTEpaTypa I NOATOTOBKH:
OcHoBHas1 JiuTEpaTypa

1. HUrommn, B.M. COOpHUK 3a/1a4 [0 MAaTEMaTHYECKON JIOTHKE U TCOPUHU aJITOPUTMOB : yueO.
nocooue / B.M. HrommH. — Mocksa : KYPC ; UH®PA-M, 2019. — 392 c. —
(bakanmaBpuar). - ISBN 978-5-906818-08-9 (KYPC); ISBN 978-5-16-011429-3 (MH®DPA-
M, print); ISBN 978-5-16-103684-6 (MH®PA-M, online). - TekcT : 3ACKTPOHHBIH. -
URL.: https://znanium.com/catalog/product/986940

JlonosiHUTeIbLHAS JIUTEpaTypa

1. Cynomnaros, C. B. MaremaTnueckasi JOTHKA U TEOPHSI AITOPUTMOB : YIEOHHUK U
NPaKTUKYM Ui akajgemuyeckoro 6akanaspuata / C. B. Cynomnaros, E. B.
OBUYMHHHKOBA. — 5-€ U31., cTep. — Mocksa : M3narenscTBo FOpaiit, 2019. — 255 ¢. —
(Beicuiee oopazoBanue). — ISBN 978-5-534-00767-1. — Texkcer : anexkrponHslii // DbC
IOpaiir [caiit]. — URL: https://urait.ru/bcode/432018

2. Kpynckuit, B. H. Teopus anroputmoB. BeeneHnue B ClI0)XHOCTh BRIYUCIICHUN : yueOHOE
nocobue st OakanaBpuara u maructparypsl / B. H. Kpymnckuit. — 2-e uzna., ucnp. u
nor. — Mocksa : M3parensctBo FOpaiit, 2019. — 117 c. — (ABTOpCKHI yU4EeOHUK). —
ISBN 978-5-534-04817-9. — Texkcr : anekrponusiii // 9bC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131
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METOJIAYECKHUE PEKOMEHJAIIMA K CAMOCTOSITEJIBHOM PABOTE
CamocrosiTeibHas padota o Teme «PoJib a1TOPUTMOB B BBIYMCICHHAX»
Bomnpocsr:

UYro Takoe aaropuTMbl?

Kakwue 3a1aun pemaroTcsi ¢ mOMOLIbIO aIrOPUTMOB?
AJNTOPUTMBI KaK TEXHOJIOTHS.

D¢ hEeKTUBHOCTD.

AJNTOPUTMEI U JIPyTHE TEXHOJIOTHH.

arONE

MeToauuecKkue PEeKOMEHIAUH

AynuropHas camocCTosITeNbHasi padora Mo y4eOHOM IMCUUIUIMHE OCYLIECTBISIETCS Ha
yueOHBIX 3aHATHUSAX MO HEMTOCPEACTBEHHBIM PYKOBOICTBOM MPEIOIaBaATENs U 110 €ro 33aHHUI0.

BreaynutopHasi camocTosiTeNbHas paboTa BBIIOIHSIETCS TI0 33aJJaHUIO TIperoiaBaTens 6e3
€ro HEMOCPEICTBEHHOI0 YYacTHsl.

CamocrosiTenpbHasi paboTa CTYJIEHTOB MpPU TOJATOTOBKE K JICKIHUMU 3aKII0YaeTCs B
paccMOTpeHHH OOIIMX HayYHbIX OCHOB M aHalM3€ KOHKPETHBIX MPOIEcCCOB H (HaKTOPOB,
OIPEIEIAIOIHNX CONECPKAHUE TEMBI.

CamocTtosiTenbHasi paboTa CTYJEHTOB IpPH MOATOTOBKE K MPAKTUYECKOMY 3aHSITHIO
BKJIFOYACT HOI[60p Marcepurajia, JaHHbIX W CHCUUAJIBHBIX MCTOYHUKOB, C KOTOPBIMH HNPCACTOUT
yueOHas paboTa, a TakKe pelIeHHe CUTYallMOHHBIX U MPAKTUYECKUX 3aJaHui. B cBs3M ¢ 3TUM
CTYACHTaM PEKOMEHAYETCS JeTalbHO pa3o0paTh TEOPETUYECKHE BOIIPOCHI JIEKIIMOHHOTO Kypca,
a 3aTeM 3aKpENUTh MaTepHrall B IPOIECCe PEIIeHUs TPOOIEMHBIX CUTYallui, 3a/a4.

[Ipu camoCTOSITENPHOM PELICHUH 33aJa4 HY)KHO OOOCHOBBIBATH KaXKJIbIl 3Tall pelIeHus,
UCXO/I U3 TEOPETUUYECKHUX MOJIOKEHUH Kypca. Eciiu CTyaeHT BUAUT HECKOJIBKO MyTEeH pPelIeHUs
po0JIeMbl, TO HY’KHO CPAaBHUTh UX M BBIOpPATh CaMblil palMoHajIbHBINA. Pemenne npoOaeMHbIX
3a/1a4 CieayeT u3jaraTh MoApoOHO, BBIUMCICHHS pacloyiaraTh B CTPOTOM MOPSIKE, OTAENss
BCIIOMOTATEIbHEIE BBIYHMCIIEHHS OT OCHOBHBIX. Pemenus npu HGO6XOI[I/IMOCTI/I HYXHO
COTIPOBOXKAATh KOMMEHTAPUSAMU U cxemMamu. CieyeT MOMHUTh, YTO PEICHHEe KaXI0i yuyeOHOoi
3a/la4ll JIOJDKHO JIOBOJUTBHCSA JO OKOHYATEIbHOIO JIOTMYECKOIOo OTBETa, KOTOPOro Tpelyer
YCJIOBHUE, U 110 BO3MOXHOCTH C BBIBOJIOM.

CamocrosiTenpbHasi MOJATOTOBKA K 3a4eTy JOJDKHA OCYIIECTBIATHCS B TEUEHUE BCETO
CEMECTpA, a HE 3a HECKOJIbKO JTHEW 0 ero npoBelaeHus. [Ipu moaroToBke K 3a4eTy CTyIEHTaM
PEKOMEHIYEeTCS:

- IIEpEUYUTaTh BCE JIEKLIMH, & TAKKE MaTEpHUasbl, KOTOPbIE TOTOBUIMCH K IPAKTUYECKUM
3aHATUAM B TCUCHUC CEMECTPA.

- COOTHECTH OTy HH(OpPMAIMIO C BOIpPOCaMHU, KOTOpbIE MJaHbl K 3adery. Ecmm
WH(OpMaIUK HEOCTATOYHO, OTBETHI HAXOAT B NIPEIJIOKEHHON MPENoaBaTesieM JTUTEpaType.

[Ipu MOATOTOBKE K 3a4eTy PEKOMEHAYETCs JIeNaTh KpaTKue 3amucH JUIsl (OPMUPOBAHUS
YETKOM JIOTUYECKON CXEMBbI OTBETA Ha BOIIPOC.

HcTouHMKM 1 JIUTEpaTypa AJisl NOATOTOBKH:
OcHoBHas1 JiuTEepaTypa

1. MaremaTtuueckas JOTUKa U Teopus anroputMoB: YueOHuk / [IpyukoB A.B., Bonkosa
JLJI. - Mocksa :KYPC, HUL] UTH®PA-M, 2018. - 152 c.: - (bakanaBpuar) - Tekcr :
anekTpoHHbIH. - URL: https://znanium.com/catalog/product/956763
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JlonoiHUTeILHAS JIUTEpaTypa

1. Cypnomnnatos, C. B. Maremarnueckas JIOruka v T€Opus alTOPUTMOB : Y4EOHUK U
NPaKTUKYM Ui akagemudeckoro 6akanaspuata / C. B. Cynomaros, E. B.
OBuMHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo FOpaiir, 2019. — 255 ¢. —
(Beiciiee oopazoBanue). — ISBN 978-5-534-00767-1. — Texkcr : anextponHsiii // DbC
IOpaiir [caiit]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputMoB. BBeieHre B CII0KHOCTh BBIYHUCIICHUH : yueOHOE
nocobue juist 6akanaBpuara u Maructparypsl / B. H. Kpyrickuii. — 2-e uza., ucnp. u
nor. — Mockga : M3parensctBo FOpaiit, 2019. — 117 c. — (ABTOpCKUl yU4eOHUK). —
ISBN 978-5-534-04817-9. — Texkcr : anexrponusii // ObC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131

CamocrosiTesibHas padora no Teme «OCHOBBI pa3pad0TKM U AHAJIM3A AJITOPUTMOB)

Bonpocsr:

ANTOpUTM COPTUPOBKHU BCTABKOM.

AHanu3 aropuTMa COpTUPOBKHU BCTaBKOM.
3agaua COPTUPOBKH BEIOOPOM.

AHanu3 alroputTMa COpTUPOBKU BEIOOPOM.
Pa3paboTka anropurmMa COpTUPOBKH CIHUSHUEM.
AHanu3 alIropuTMa COPTUPOBKHU CIHUSHUEM.

ok wnE

Meroan4yeckue peKoMeH AU

AynutopHas camocTosITeNbHas padora Mo y4eOHOM IUCHUILUIMHE OCYLIECTBISIETCS Ha
y4eOHBIX 3aHATHSX MO HEMOCPECTBEHHBIM PYKOBOJCTBOM MPENOAAaBATENs U MO €ro 3a/laHHIo.

BueaynutopHas camocTosiTenbHast padoTa BBIIOIHIETCS 110 3aJaHUI0 IIpernoaaBarens 0e3
€ro HEMOCPEICTBEHHOIO Y4aCTHs.

CamocrosiTenbHasi paboTa CTYAEHTOB IMpH TMOArOTOBKE K JIEKIIMHM 3aKIo4yaercs B
paccMOTpeHMH OOIIMX Hay4yHBIX OCHOB M aHaJNU3€ KOHKPETHBIX MpPOIEecCOB M (HaKTOPOB,
OTIPEEIAIONINX COACPKAHUE TEMBI.

CamocrosarenbHass paboTa CTYIEHTOB MNpPH MOATOTOBKE K MPAKTUYECKOMY 3aHSATHIO
BKJIIOUAeT 1MoA0Op MaTepuana, JaHHbIX U CIEUUAIbHBIX MCTOYHUKOB, C KOTOPHIMU MPEICTOUT
yueOHasi paboTa, a TaKKe pelIeHHe CUTYAIlMOHHBIX U MPAaKTUYECKUX 3aJaHuil. B cBs3u ¢ 3TUM
CTYJEHTaM PEKOMEHAYETCs IeTAIbHO Pa300paTh TEOPETHUECKHE BOIPOCHI JEKIIMOHHOTO Kypca,
a 3aTeM 3aKpenuTh MaTepHaj B IIPOLECCe PEeLIeHHUs MPOOJIEMHBIX CUTYallui, 3a/1a4.
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IIpu camocTOATENBHOM pELIEHUH 3a7jad HYXHO OOOCHOBBIBATh KaX/IbIM 3Tal pelieHus,
UCXOJs U3 TEOPETUUYECKUX IOJIOKEHUHN Kypca. Eciu CTyIeHT BUAUT HECKOJIBKO IIyTEH PEIICHUS
po0JeMbl, TO HY>)KHO CPaBHUTh MX M BbIOpaTh caMblii pallMOHalbHbIN. Pemenne npoOieMHbIX
3a4a4 cielyeT M3JlaraTh MOJPOOHO, BBIYMCICHMS pacloyiararb B CTPOTOM IOPSJKE, OTIAEIss
BCIIOMOTaTe/bHbIE BBIYUCIEHUS OT OCHOBHBIX. PemleHus npu HEoO0XOAUMOCTH HYXKHO
COIIPOBOKIATh KOMMEHTAPHAMH U cxemMaMu. ClieyeT IOMHHTB, YTO PEUICHHE KaX10i ydeOHon
3aJjauyd JIOJDKHO JOBOJIUTBCS O OKOHYATEIbHOIO JIOTMYECKOro OTBETa, KOTOPOro Tpeldyer
YCIIOBHE, U 110 BO3MOXKHOCTH C BBIBOJIOM.

CaMocTrosiTenbHass MOATOTOBKA K 3a4eTy JOJDKHA OCYILECTBIATHCS B TEYEHHE BCETO
CeMeCTpa, a HE 3a HECKOJBKO JHEH 10 ero nposeacHud. IIpu moaroToBke K 3a4eTy CTyIEHTaM
PEKOMEHYETCS:

- IIEPEYNTaTh BCE JICKLIHUM, a TAK)KE MaTepuaibl, KOTOPbIE TOTOBUIMCH K IIPAKTUYECKUM
3aHATHSAM B TEYEHHE CEMECTPA.

- COOTHECTH OTy HMH(POPMALHUIO C BONPOCaMH, KOTOpBIE JaHbl K 3adery. Ecim
UH(pOPMAaLUU HEJOCTATOYHO, OTBETHI HAXOAST B IPEAJIOKEHHO NpernoaaBaTesieM JUTepaType.

[Tpu moAroTOBKE K 3a4eTy PEKOMEHIIYETCs JIeiaTh KpaTKUe 3amucu sl pOpMHUPOBAHUS
YETKOW JIOTMYECKON CXEMBI OTBETAa HA BOIIPOC.

HcTouHuky 1 IMTEpaTypa JJisi OArOTOBKH:
OcHoBHas JIMTEpaTypa

1. Maremarnueckas JJOTUKA B Teopus aropuTMoB: Yuebnuk / [IpynikoB A.B., Bonkosa
JLJI. - Mocksa :KYPC, HUL] UTH®PA-M, 2018. - 152 c.: - (bakanaBpuar) - Tekcr :
anexktpoHHbI. - URL: https://znanium.com/catalog/product/956763

JlonoTHUTEIbHASI JIUTEpPaTypa

1. Cynomnatos, C. B. Marematnueckas JIoruka 1 Teopus alrOpUTMOB : Y4eOHUK U
NPaKTUKYM JUIsl akageMuueckoro Oakanaspuara / C. B. Cynomnaros, E. B.
OBuMHHHMKOBA. — 5-€ U31., crep. — MockBsa : M3natensctBo IOpaiit, 2019. — 255 c.
— (Bricmiee oopazoBanue). — ISBN 978-5-534-00767-1. — Tekcrt : 2eKTpOHHBIH //
OBC HOpaiit [caiit]. — URL: https://urait.ru/bcode/432018

2. Kpynckuit, B. H. Teopus anroputmoB. BBeienue B C10KHOCTb BBIUHMCIEHUH :
yuebHoe nocobue ans OakanaBpuara u maructparypsl / B. H. Kpynckuit. — 2-e u3g.,
ucnp. u gon. — Mocksa : U3natensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpCKUit
yuebnuk). — ISBN 978-5-534-04817-9. — Texcrt : anexkrponnsii // ObC KOpaiit
[caitT]. — URL.: https://urait.ru/bcode/444131

CamocrosiTeibHas padora no teme «Poct pyHkumii»
Bomnpocsr:

1. Acumrrroruueckue 0003HAUCHUS.
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2. @OyHKIUU U BpeMs pabOTHI.
3. AcumnroTudeckre 0003HAUCHUS B YPAaBHEHUSIX U 33]a9ax.
4. CrangapTHble 0003HAUYCHUS M YaCTO BCTPEUAOIIUECS (DYHKITHH.

MeToanuyeckue peKOMeH AU

AymuTopHas caMocCToOsITelIbHas paboTa MO y4eOHOM AMCLUIUIMHE OCYILECTBISAETCS Ha
y4€OHBIX 3aHATUAX 1101 HENIOCPEACTBEHHBIM PYKOBOICTBOM IIPEIIOIaBATENS U 110 €0 3aJaHMIO.

BHaeaynuropHas camocTosTeNbHas paboTa BBIIOIHIETCS 110 3aJJaHUIO IIperoiaBaTens 6e3
€ro HEMOCPEICTBEHHOI'0 y4acTusl.

CamocrosarenbHas pa0oTa CTYIAEHTOB IpU IOATOTOBKE K JIEKIUHM 3aKIIOYaeTcs B
paccMOTpeHMH OOIIMX HAay4YHBIX OCHOB M aHaJM3€ KOHKPETHBIX MPOIECCOB U (HaKTOpOB,
ONPEACIAIOINX COACPKAHUE TEMBI.

CamocrosarenbHass paboTa CTYyIEHTOB INPU MOATOTOBKE K IMPAKTHYECKOMY 3aHSATHIO
BKJIIOYAET 1M0A00p MaTepualla, JaHHBIX U CIELUAIbHBIX UCTOYHHUKOB, C KOTOPBIMU MPEACTOUT
yueOHas paboTa, a TaKKe pelIeHUe CUTYallMOHHBIX M MPAKTUYECKUX 3aJaHul. B cBa3uM ¢ aTuMm
CTYAECHTaM PEKOMEHIYETCs JeTalbHO pa3o0paTh TEOPETUUYECKUE BOIIPOCHI JIEKLIMOHHOTO Kypca,
a 3aTeM 3aKpENUTh MaTepHall B IPOLECCE pelIeHUs TPOOIEMHBIX CUTYallui, 3a/auy.

IIpu camocTOATENBHOM pEIIEHUH 3ajjady HYXHO OOOCHOBBIBATh KaX/bIM 3Tal perieHus,
UCXOJSl U3 TEOPETHUUECKUX IMOJIOKEHUHM Kypca. Eciau cTyIeHT BUIUT HECKOIBKO MyTEl peIIeHUs
po0JeMbl, TO HY>)KHO CPaBHUTh UX M BbIOpaTh caMblil pallMOHaNbHbIA. Pemenue npoGieMHbIx
3a/a4 CleNyeT u3jaraTh MOAPOOHO, BBIYMCIEHHS paclroyiaraTb B CTPOTrOM MOPSAJKE, OTAEIss
BCIIOMOTaTeNbHbIE BBIYUCIEHUS OT OCHOBHBIX. PerieHuss npu HEoO0XOAUMOCTH HYXKHO
COIPOBOXKAATh KOMMEHTApUAMU U cxemamu. CienyeT HOMHUTh, YTO PEIICHHUE KaXJ10M yueOHoI
3aJjauyd JIOJDKHO JOBOJIUTBCS O OKOHYATEIbHOTO JIOTMYECKOTO OTBETa, KOTOPOro Tpedyer
YCIIOBUE, U 110 BO3MOYKHOCTHU C BBIBOJIOM.

CaMocTrosiTenbHasi MOATOTOBKA K 3a4€Ty JOJDKHA OCYILECTBIATHCS B TEYEHHE BCETO
CEMEeCTpa, a He 3a HECKOJIbKO JAHEH 10 ero mposeneHus. IIpu nmoarotoBke k 3a4ery CTyJAeHTaM
PEKOMEHIYETCSL:

- MIepeuynTaTh BCE JIEKIIUH, a TaKK€ MaTepuaibl, KOTOPblE TOTOBUIUCH K MPAKTUYECKUM
3aHATHUSIM B TEUYEHHE CEMECTPA.

- COOTHECTHM 3Ty HHQOpPMAIMIO C BOIpPOCaMH, KOTOpbIe MJaHbl K 3adery. Ecim
UH(pOPMAalLIUU HEJOCTATOYHO, OTBETHI HAXOASAT B MPEAJIOKEHHOI MperoaaBaTesieM JuTepaType.

[Ipu moAroToBKE K 3a4eTy PEKOMEHIYETCs JienaTh KpaTKhe 3amucH JUisi pOpMUPOBaHUS
YETKOW JIOTMYECKON CXEMBI OTBETAa Ha BOIIPOC.

HcTouHuKH M IMTEpaTypa JJisi MOArOTOBKH:
OcHoBHas JIuTEpaTypa

1. Maremaruueckas Joruka u Teopust anroputmon: Yuebnuk / [Ipynkos A.B., Bonakosa
JLJI. - Mocksa :KYPC, HUL] UTH®PA-M, 2018. - 152 c.: - (bakanaBpuar) - Tekcr :
anextponnsbiid. - URL: https://znanium.com/catalog/product/956763

JdomosiHuTEIbHAS JIUTEPATYPaA

1. Cynomnaros, C. B. Marematnueckas JIoruka 1 T€Opus alrOpUTMOB : Y4eOHUK U
MPaKTUKYM JUTsl akageMuueckoro Oakanaspuara / C. B. Cynomnaros, E. B.
OBUYMHHHKOBA. — 5-€ U31., cTep. — Mocksa : 3narensctBo FOpaiit, 2019. — 255 c.
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— (Bricmiee o6pazoBanue). — ISBN 978-5-534-00767-1. — Tekcr : 51eKTpOHHBIH //
OBC IOpaiir [caiit]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputmoB. BBeneHne B Cl10)KHOCTb BBIYUCIICHUH :
yaeOHoe nocobue i OakaiaBpuara u Maructparypsl / B. H. Kpynckuit. — 2-e u3n.,
ucrp. u non. — Mocksa : U3parensctBo HOpaiit, 2019. — 117 ¢. — (ABTOpCKHMiA
yuebnuk). — ISBN 978-5-534-04817-9. — Texcrt : anexrponnsii // 35C KOpaiit
[caiit]. — URL.: https://urait.ru/bcode/444131

CamocrosiTesbHas padoTa no reme «Pa3nesnsii u BIacTByiD»
Bomnpocnr:

3ajaya oMcKa MakCMMajabHOTO [TOIMACCUBA.

MeTo NoACTaHOBKH PELICHUs PEKYPPEHTHBIX COOTHOLLIEHUH.
AHanu3 aropuTMa oMcka MakCHUMajabHOIO M10/IMACCUBA.
AnropurM lllTpacceHa i yMHOXKEHMSI MAaTPHL.

Meroa noACTaHOBKY PEUIEHUS PEKYPPEHTHBIX COOTHOLIEHUH.
Kak yranats pemienue u n30exaTb OMNOOK.

3aMeHa NepeMEHHBIX.

Meton nepeBreB pEKypCHUH.

OcHOBHOI METO/I.

10. OcHoBHas Teopema 0 peKyppPEHTHBIX COOTHOLICHHUSAX.

11. Ucnonp30BaHrE OCHOBHOTO METO/A.

CoNo~wWNE

MeToauueckue peKOMEeHIAIAN

AynuropHas camocTosITeNbHas pabdoTa Mo y4eOHOM IUCHUIUIMHE OCYLIECTBISIETCS Ha
y4eOHBIX 3aHATHSX MO HEMOCPEICTBEHHBIM PYKOBOJCTBOM MPENOAABATENS U IO €ro 3a/laHHIo.

BueaynutopHas camoctosiTenbHasi paboTa BBIIOIHSAETCS MO 3aJJaHUIO0 IIpenoaaBarens 0e3
€ro HEMOCPEICTBEHHOIO y4acCTusl.

CaMmocrosiTenbHasi paboTa CTYAEHTOB MpPH MOArOTOBKE K JIEKIMM 3aKIO4aeTrcs B
paccMOTpeHMH OOLIMX Hay4yHBIX OCHOB M aHalU3€ KOHKPETHBIX MpPOIEecCOB U (HaKTOPOB,
OTIPEAEIAIONINX COACPKAHUE TEMBI.

CamocrosaTrenbHas paboTa CTYIEHTOB MNpPH MOArOTOBKE K IMPAKTUYECKOMY 3aHSATHIO
BKJIIOUAeT 1MoA0Op MaTepuana, JaHHbIX U CIEUUAIbHBIX UCTOYHUKOB, C KOTOPBIMU MPEICTOUT
yueOHasi paboTa, a TaKkKe pelleHHe CUTYAIllMOHHBIX U MPAaKTUYECKUX 3aJaHuil. B cBs3u ¢ 3TUM
CTYJEHTaM PEKOMEHAYETCs JIeTalbHO Pa300paTh TEOPETUUECKHE BOIPOCH! JEKIIMOHHOTO Kypca,
a 3aTeM 3aKpeNnuTh MaTepHaj B IPOLECCce PELIeHNs MPOOJIEMHBIX CUTYalluH, 3a/1a4.

[Ipu camocTOSITENFHOM pELICHUH 3aJjad HY>KHO OOOCHOBBIBATh KaXK[IbIi 3Tall peIleHus,
UCXOJ U3 TEOPETUUECKUX IMOJIOKEHUM Kypca. Eciu cTyIeHT BUINUT HECKOJIBKO MyTEH peLIeHUs
po0JIeMbl, TO HY’KHO CPAaBHUTh MX M BBIOpPATh CaMblil paliMoHaIbHBIN. Pemenne npoOaeMHbIX
3aja4 cielyeT M3JlaraTth MOJpOOHO, BBIYMCICHMS pacroiaraTb B CTPOTOM IOpSJKE, OTIAEINss
BCIIOMOTaTeNIbHbIE BBIYUCICHHUS OT OCHOBHBIX. PelieHus mnpu HEOoOXOTUMOCTH HYKHO
COIIPOBOKIATh KOMMEHTApHAMU U cxemaMu. CrelyeT MOMHHUTh, YTO pelIeHue KaxJ10i yueOHOMH
3aJaud JIOJDKHO JIOBOJUTHCS JO OKOHUYATENBHOTO JIOTMYECKOr0 OTBETa, KOTOPOro TpedyeT
YCIIOBUE, U 110 BO3MOYKHOCTHU C BBIBOJIOM.
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CamocTrosiTenbHass MOATOTOBKA K 3a4eTy JOJDKHA OCYIIECTBIATHCA B TEYCHHE BCETO
CEMECTpA, a HE 3a HECKOJIbKO JAHEW 110 ero mnposeneHus. IIpu nmoarotoBke kK 3a4ery CTyJAEHTaM
PEKOMEHYETCS:

- IIepeuYnTaTh BCE JIEKLIUH, a TAaKKE MaTepuaibl, KOTOPblE TOTOBUIUCH K MPAKTUYECKUM
3aHATHSAM B TEYEHHE CEMECTPA.

- COOTHECTH OTy HMH(POPMALHUIO C BONPOCaMHU, KOTOpBIE JaHbl K 3adery. Ecim
UH(pOPMAaLIUU HEJOCTATOYHO, OTBETHI HAXOASAT B IPEAJIOKEHHO MpernoaaBaTesieM JUTepaType.

[Tpu moAroTOBKE K 3a4eTy PEKOMEHIIYeTCs JIeNaTh KpaTKUe 3amucu sl pOpMUPOBAHUS
YETKOM JIOTUYECKON CXEMBI OTBETA Ha BOIIPOC.

HcToyHuKH M TUTEpaTypa Il NOATOTOBKH:
OcHoBHas1 JInTepaTypa

1. MaremaTnueckas JIOTUKa U Teopusi anroputmoB: Yuebnuk / IIpyukos A.B., Bonkosa
JI.JI. - Mocksa :KYPC, HUL] UH®PA-M, 2018. - 152 c.: - (bakanaBpuar) - Tekcr :
anekTpoHHbId. - URL: https://znanium.com/catalog/product/956763

JlonotHUTeILHAS JTUTEpPaTypa

1. Cynomnatos, C. B. Marematuueckas JIOTHMKa ¥ T€OpHUs aIrOPUTMOB : YIEOHUK U
MPaKTUKYM JUIsl akageMudeckoro Oakanaspuara / C. B. Cyznomnaros, E. B.
OBUYMHHHKOBA. — 5-€ U31., cTep. — Mocksa : M3narenscTBo FOpaiit, 2019. — 255 ¢. —
(Beicuiee oopazoBanue). — ISBN 978-5-534-00767-1. — Texkcr : anexkrponHslii // DbC
IOpaiir [caiit]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputmoB. BBeienue B CJI0KHOCTh BEIYMCICHUH : yueOHOE
nocoOue Juist GakanaBpuara u Maructpatypsl / B. H. Kpynckuii. — 2-e u3n., ucnp. u
non. — Mocksa : U3narensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpCKUii y4eOHUK). —
ISBN 978-5-534-04817-9. — Texkcr : anexrponusiii / ObC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131

CamocrosiTe/ibHast padoTa 1o TeMe «BeposiITHOCTHBIN aHAJM3 M PAHIOMU3UPOBAHHbIE
AJITOPUTMBbD)

Bomnpocsr:

3amaya o HanMe.

AHanu3 HauXyUIero ciydas B 3aJa4e 0 HaliMe.

BeposTHOCTHBIN aHaIuU3.

PangomMu3upoBaHHBIE aITOPUTMBL.

WNHpukaTopHas ciay4yaliHas BeJIMYMHA.

Jlemma 0 MaTeMaTHYECKOM OXKHUIAaHUU MHAUKATOPHON CIIy4aliHOM BEJIIMYUHBI.
Jlemma 0 MaTeMaTUYECKOM OXKHIaHUU KOJIMYECTBA HAWMOB.

AHanu3 3aa4u 0 HalilMe C MIOMOILBIO MHIUKATOPHBIX CIIy4aliHbIX BEJIMYHH.
3amaun o0 rapAepoOIUKe U HHBEPCUU MACCHBA.

©CoNo~wWNE
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10. 3meHenwus, KOTOpbie TpeOyeTCss BHECTH B JITOPUTM Haiima i pangomu3anuu. Kog
CIIy4allHOM IIEPECTAHOBKHU.

11. Jlemma 0 MaTeMaTHYECKOM OKHJIAHUM CTOUMOCTH HaliMa ¢ KOJIOM CIIy4aitHOM
MEePECTAaHOBKHU.

12. MaccuBsI 1oce ClIy4aitHOM nmepecTaHOBKH. JIeMMa 0 paBHOMEPHOM paclpe/ieICHUH.

MeToanuyeckue peKOMeH AU

AynuTopHas caMocCTosITelIbHas paboTa MO y4yeOHOM AMCLUIUIMHE OCYILLECTBISAETCS Ha
y4€OHBIX 3aHATUAX 10/] HEOCPEACTBEHHBIM PYKOBOJICTBOM IPENOIABATENS U 110 €0 334aHUIO.

BHaeaynuropHas camocTosTeNbHas paboTa BBIIOIHIETCS 110 3aJJaHUIO IIperoiaBaTens 6e3
€ro HEIOCPEACTBEHHOIO Y4acTHsl.

CamocrosarenbHas pa0oTa CTYIAEHTOB IpU IOATOTOBKE K JIEKIUHM 3aKIIOYaeTcs B
paccMOTpeHMH OOIIMX HAay4YHBIX OCHOB M aHaJM3€ KOHKPETHBIX IMPOIECCOB U (HaKTOpOB,
ONPEACISAIOIUX COACPKAHUE TEMBI.

CamocrosiTenbHast paboTa CTYJEHTOB IpPHU IOJArOTOBKE K IPAKTUYECKOMY 3aHSITHIO
BKJIIOYAET 1M0A00p MaTepualla, JaHHBIX U CIELUAIbHBIX UCTOYHHUKOB, C KOTOPBIMU NPEACTOUT
yueOHas paboTa, a TaKKe pelIeHHe CUTYallMOHHBIX U MPAaKTUYECKUX 33JaHui. B cBA3M ¢ aTuM
CTYACHTaM PEKOMEHIYETCs JeTalbHO pa3o0paTh TEOPETUUYECKUE BOIIPOCH! JIEKLIMOHHOTO Kypca,
a 3aTeM 3aKpENUTh MaTepHall B IPOLECCE pelIeHUs TPOOIEMHbBIX CUTYallui, 3a/au.

IIpu camoCTOATENBHOM PELICHUH 3ajJjad HYKHO OOOCHOBBIBATH KaX/bIM 3Tall peleHHus,
UCXOJs U3 TEOPETUUYECKUX IOJIOKEHUHN Kypca. Eci CTyeHT BUAUT HECKOJIBKO IIyTEH PEIICHUS
po0JeMbl, TO HY>)KHO CPaBHUTh UX M BbIOpaTh caMblil pallMOHaNbHbIA. Pemenue npoGieMHbIx
3a/a4 CleqyeT Mu3jaraTh MoApoOHO, BBIUMCIEHMS pacioyiaraTb B CTPOTOM HOPSJKE, OTHEIsAs
BCIIOMOTaTeNbHbIE BBIYUCIEHUS OT OCHOBHBIX. PerieHus npu HEOO0XOAUMOCTH HYXKHO
COIPOBOXKAATh KOMMEHTApUAMU U cxemamu. CienyeT NOMHUTh, YTO PEIICHNUE KaX10M yueOHoI
3aJjauyd JIOJDKHO JOBOJIUTBCS O OKOHYATEIbHOIO JIOTUYECKOro OTBETa, KOTOpOro Tpeldyer
YCIIOBHE, U 110 BO3MOXHOCTH C BBIBOJIOM.

CaMocTrosiTenbHasi MOATOTOBKA K 3a4eTy JOJDKHA OCYIIECTBIATHCS B TEYEHHE BCETO
CceMecTpa, a He 32 HECKOJIBKO JTHEeW 110 ero nposeieHus. [Ipu moAroToBke k 3a4eTy CTyAeHTam
PEKOMEHIyETCS:

- MepeuynTaTh BCE JIEKIIUH, a TaKK€ MaTepuajbl, KOTOPblE TOTOBUJINCH K MPAaKTUYECKUM
3aHATHUSIM B TEUEHHE CEMECTPA.

- COOTHECTHM 3Ty HHQOpPMAIMIO C BOIpPOCaMH, KOTOpbIe MJaHbl K 3adery. Ecim
UH(pOPMAaILIUU HEJOCTATOYHO, OTBETHI HAXOASAT B MPEAJIOKEHHOI MperoaaBaTesieM JUTepaType.

[Ipn moaroToBKe K 3a4eTy PEKOMEHIYETCs JienaTh KpaTKUe 3anucy Ajs (OpMUPOBAHUS
YETKOW JIOTMYECKON CXEMBI OTBETAa Ha BOIIPOC.

HcTouHuKH M IMTEpaTypa JJisi OArOTOBKH:
OcHoBHas JIuTEpaTypa

1. MaremaTtnueckas JIoTUKa U Teopusi aaroputMmoB: YueOnuk / IIpyukos A.B., Boikosa
JIJI. - Mocksa :KYPC, HUL] UH®PA-M, 2018. - 152 c.: - (bakanaBpuar) - TekcT :
anekTponHbii. - URL: https://znanium.com/catalog/product/956763

JdonmosiHuTEIbHAS JIUTEPATYPa

1. Cynomnatos, C. B. Marematnueckas JIoruka 1 T€Opus alrOpUTMOB : Y4eOHUK U
MPaKTUKYM JUTsl akageMuueckoro Oakanaspuara / C. B. Cynomnaros, E. B.
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OBunHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo FOpaiirt, 2019. — 255 ¢. —
(Beiciiee oopazoBanue). — ISBN 978-5-534-00767-1. — Texkcer : anexrponHslii // DbC
IOpaiir [caiit]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputMoB. BBeieHre B CII0KHOCTh BBIYHUCIICHUH : yueOHOE
nocobue juist 6akanaBpuara u Maructparypsl / B. H. Kpyrickuit. — 2-e uza., ucnp. u
nor. — Mocksa : M3parensctBo FOpaidt, 2019. — 117 c. — (ABTOpCKUl yU4eOHUK). —
ISBN 978-5-534-04817-9. — Texkcrt : anexrponusiii // 9bC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131

CamocrosiTeabHasi pa60Ta Imo TeMe «A.]'Il"OpI/ITMbI COPTUPOBKN»

Bonpocsr:

[Tapagokc nHEN POXKACHHUS.

AHanu3 ¢ NpUMEHEHUEM UHIMKATOPHOM CllydyallHOW BEJTMYMHBI.
CiyyaliHO€ HaNOJHEHUE KOP3UH ITPOHYMEPOBAHHBIMU IIapaMH.
[TocnenoBaTenbHOCTD BBINAAECHUS OPIIOB.

3anaqa 0 HaliMe B OIIEPATUBHOM PEXHUME.

BeposTHOCTHBIM noCYET.

[Torck B HEOTCOPTUPOBAHHOM MAaCCHUBE.

NoabkowhE

MeToauueckue PE€KOMEHIAUH

AynuropHas camocTosITeNbHas padoTa Mo y4eOHOM IUCHUIUIMHE OCYIIECTBISIETCS Ha
y4eOHBIX 3aHATHSX MO HEMOCPEICTBEHHBIM PYKOBOJCTBOM MPEMNOAABATENS U IO €ro 3a/laHHIo.

BueaynurtopHas camocTosiTenbHasi padoTa BBIIOIHIETCS 110 3aJaHUI0 IIpernoaaBarens 0e3
€ro HEMOCPEACTBEHHOIO Y4aCTHs.

CaMmocrosiTenbHasi paboTa CTYAEHTOB IpPH MOArOTOBKE K JIEKIIMM 3aKIlo4yaercs B
paccMOTpeHMH OOLIMX Hay4yHBIX OCHOB M aHalU3€ KOHKPETHBIX MpPOIEecCOB U (HaKTOPOB,
OTIPEAEIAIONINX COACPKAHUE TEMBI.

CamocrosarenbHass paboTa CTYIEHTOB INpPH MOJATOTOBKE K MPAKTUYECKOMY 3aHATHIO
BKJIIOUAeT 1MoAOOp MaTepuana, JaHHbIX U CIEUUAIbHBIX UCTOYHUKOB, C KOTOPBIMU MPEICTOUT
yueOHasi paboTa, a TaKkKe peleHHe CUTYAIlMOHHBIX U MPAaKTUYECKUX 3aJaHuil. B cBs3u ¢ 3TuM
CTYJEHTaM PEKOMEHAYETCs JIeTaIbHO pa300paTh TEOPETUUECKUE BOIPOCH] JEKIIMOHHOTO Kypca,
a 3aTeM 3aKpeNnuTh MaTepHal B IPOLECCe PEeLIeHNs MPOOJEMHBIX CUTYalluH, 3a/1a4.

[Ipu camocTOSITENFHOM pELICHUH 3aJjad HY>KHO O0OOCHOBBIBATh KaXK[IbIi 3Tall peIieHus,
UCXOJ U3 TEOPETUUECKUX IMOJOKEHUN Kypca. ECau cTyeHT BUIUT HECKOJIBKO MyTEH pEIICHHUS
po0JIeMbl, TO HY’KHO CPAaBHUTH UX M BBIOpaTh caMblil panmoHanbHbIN. Pemenne npobieMHbIX
3a1a4 cielyeT M3JlaraTh MOJpOOHO, BBIYMCICHMS pacroiaraTb B CTPOTOM IOpSJKE, OTIEINss
BCIIOMOTaTeNbHbIE BBIYUCIECHHUS OT OCHOBHBIX. PemeHuss mnpu HEOOXOAMMOCTH HYKHO
COIIPOBOKJATh KOMMEHTAPHAMU U cxeMaMu. ClielyeT IOMHHTB, YTO PeLIeHne Kax a0l yueOHon
3aJaud JIOJDKHO JIOBOJUTHCS JO OKOHYATENBHOTO JIOTMYECKOIO OTBETa, KOTOpOro TpedyeT
YCIIOBUE, U 110 BO3MOYKHOCTH C BBIBOJIOM.
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CamocTrosiTenbHass MOATOTOBKA K 3a4eTy JOJDKHA OCYILECTBIATHCS B TEYEHHE BCETO
CEMECTpA, a HE 3a HECKOJIbKO JHEH 10 ero mpoBeaeHus. [Ipu moaroToBke K 3a4eTy CTyJIEHTam
PEKOMEHYETCS:

- IIepeuYnTaTh BCE JIEKLIUH, a TAaKKE MaTepuaibl, KOTOPblE TOTOBUIUCH K MPAKTUYECKUM
3aHATHSAM B TEYEHHE CEMECTPA.

- COOTHECTH OTy HMH(POPMALHUIO C BONPOCaMHU, KOTOpBIE JaHbl K 3adery. Ecim
UH(pOPMAaLUU HEJOCTATOYHO, OTBEThI HAXOAST B IPEAJIOKEHHOH NpernoaaBaTesieM JUTepaType.

[Tpu moAroTOBKE K 3a4eTy PEKOMEHIIYeTCs JIeNaTh KpaTKUe 3amucu sl pOpMUPOBAHUS
YETKOM JIOTUYECKON CXEMBI OTBETA Ha BOIIPOC.

HcTouHMKM U JIMTEpaTypa AJisl NOATOTOBKU:
OcHoBHas1 JiuTEepaTypa

1. Maremarnueckas JOTUKa U Teopus anroputMoB: YueOHuk / [IpynkoB A.B., Bonkosa
JLJI. - Mocksa :KYPC, HUL] UTH®PA-M, 2018. - 152 c.: - (bakanaBpuar) - Tekcr :
anexTpoHHbIA. - URL: https://znanium.com/catalog/product/956763

JlonoTHUTEIbHASI JIUTEpPaTypa

1. Cynomnnaros, C. B. Maremarnueckas JIoruka v Teopus alrOpUTMOB : Y4EOHUK U
NPaKTUKYM Ui akagemudeckoro 6akanaspuata / C. B. Cynomnaros, E. B.
OBuMHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo FOpaiir, 2019. — 255 ¢. —
(Beicmee oopaszoBanue). — ISBN 978-5-534-00767-1. — Tekct : anextpouusrii // 9bC
FOpaiir [caiit]. — URL: https://urait.ru/bcode/432018

2. Kpynckuit, B. H. Teopus anroputmoB. BBeeHue B CJ10KHOCTb BHIUUCIEHUH : yueOHOe
nocoOue Juist 6akanaBpuara u Maructpatypsl / B. H. Kpynckuit. — 2-e uzn., ucnp. u
nom. — Mocksa : U3narensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpcKUil y4eOHUK). —
ISBN 978-5-534-04817-9. — Tekcrt : anexkrponHslit // BC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131
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JUCT PETUCTPAIIUU W3MEHEHUM
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/o

Coz[epmaHHe U3MCHCHUA

W3meneHHbIC ITYHKTbI

Pemenue YueOHO-
METOAUYECKOTO
coBeTa
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