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MeToanueckre peKOMEHIAIMH K TPAKTUYSCKUM 3aHATHSIM
Mertoanueckue peKOMEHAAIIMN K CAaMOCTOSITeIbHON padboTe



AHHOTANIUA

Hacrosimue Meronuyeckue peKOMEHIAIMU pa3paboTaHbl Ui OOYdYaIOIIUXCS OYHOM
dbopmbl 006ydeHus ¢ yuerom ®@I'OC BO u paboueii mporpamMmsbl TACIUTLIAHBI.

Heabp ocBoeHuss AuCHUILIUHBI «Teopus anropuTMOB» SIBISETCS (OPMUPOBAHUE Y
CTYJIEHTOB 0a30BOIl OCHOBBHI 3HaHHWI B 0OJacTU pa3pabOTKU M aHalW3a aJrOpUTMOB, YMEHUU
JIOKa3bIBaTh KOPPEKTHOCTh aJTOPUTMOB, TMOATOTOBKA CTYJIEHTOB K MpodeccHnoHATbHOMI
NEeSTENIbHOCTH B chepe pa3pabOTKU MPOrpaMMHBIX ITPOTYKTOB.

3anaum:

¢ W3yd4CHHE  TNPUHIMIIOB  TOCTPOCHHS  TIOMCKOBBIX,  COPTUPYIOIIUX U

BBIYHMCIIUTENbHBIX AJITOPUTMOB;

¢ OCBOEHHE HEKOTOPBIX CTpaTeruil pa3padOTKH aJrOPUTMOB;

¢ (dopMupoBaHHE YMEHHSI OIICHUBATH CIIOKHOCTH aJITOPUTMOB, BBIJICIIUTH JIETKO U
TpYAHOpa3pelnMble 3a/1a4i, OLEHUTH Kiiacchl 3a1a4 P u NP;

¢ oBiazieHNe 0A30BBIMH METOJAMH U AJITOPUTMAMH IMPOBEPKH JIOTUIECKOTO
CJIeIOBaHMs, IPOBEPKH KOPPEKTHOCTH MPOTPaMM, CIIOCOOaMH ONPeIeICHUS
CJIO)KHOCTH BBIYUCIICHUN U OpraHu3anud 3)(HEeKTHBHBIX aJITOPUTMOB;

¢ TpPOBEIEHHE OIICHKM BHIOOpPA TEXHUYECKUX M MPOTPAMMHBIX CPEICTB IS
CO3JIaHUs IPOTPAMMHBIX MPOJTYKTOB.

¢ HCIIOJIb30BAaHKE TCOPUU AJTOPUTMOB JIJISl aITOPUTMH3AINU 3a/1a4 B MPEIAMETHON
obnacru;

¢ HCIIOJIb30BaHKME aJrOPUTMHYECKOTO MOJXOJa Ul pelleHHs mpolieM W 3ajad,
BO3HHKAIOIIUX B XOJI€ YIIPABICHUH U MPUHATUS PEIICHUI.

B PE3YIbTATC U3YUCHUA JUCHUIIJIMHBI CTYACHT JOJIZKCH:

3HaTh: 0a30Bble MOJIOKEHUS (PYHAAMEHTAJIbHBIX pa3/IeJOB CHUCTEMHOTO aHajau3a |
MaTeMaTUKH B 00beMe, HeoOXOAMMOM i 0O0paboTkKM MH(pOpMAIMM M aHAIW3a JaHHBIX B
NPUKIATHOW 00NacTH; TMPUHIUNBI W METOAbl TPOBEACHUS UCCIEAOBAaHUNW B 00OIACTH
WHOOPMAIIMOHHBIX CHUCTEM ¥ TEXHOJOTHH, TEXHUKW IUIAHUPOBAHWS W  IPOBEICHUS
BBIUHCITUTEILHOTO SKCIICPUMEHTA.

YMeTs: q)OpMy.]'II/IpOBaTB H OOKa3bIBAaThb HanOosee BaKHEBIE PE3YIbTAThI B IMPUKIAIHBIX
06J'IaCT5[X; MNPUMCEHATE YHUCIICHHBIC MCTOABI JIA PCIICHHUA MNPHUKIIAAHBIX 3adad; IIPOrpaMMHO
peaIn30BaTh BBIYMCIIUTEIIHHBIN OKCHCPUMCHT IMOCPECACTBOM A3BIKOB IMPOrpaMMHPOBAHUSA WA C
HCIIOJIB30BAHUEM CIICHHHUAIIM3UPOBAHHBIX IAKCTOB IPUKIAAHBIX IIPOTrpaMm, pa3pa6aTI)IBaTB
AJITOPUTMBI PCIICHHUA KOHKPETHBIX 3aaa4.

Branets: HaBbIKaMU MOCTAHOBKH 3aJla4; HAaBBIKAMH PAaOOTHI ¢ OuOIMOrpaduuecKuMmu
MCTOYHUKAMU MH(POpPMAIINH; HaBbIKaMU PELICHHS MMOCTABJIEHHBIX 3aJ]a4 B MPEAMETHON 00J1acTu
B paMKax BBIOpAHHOTO MPOQUIIS.



METOJUYECKHUE PEKOMEHJAIIUU K JTJEKIIUAM
Jlekuusi 1 no teme «PoJib aJIrOPUTMOB B BHIYMCJIEHUSIX»
Bomnpocnr:

Uto Takoe aaropuTmsi?

Kakwue 3a1aun pemaroTcst ¢ MOMOLIbIO aITOPUTMOB?
ANTOPUTMBI KaK TEXHOJIOTHSL.

O} PeKTUBHOCTD.

ANTOPUTMBI U IPYTHU€ TEXHOIOTHH.

agrwnE

MeToauuecKkue PEeKOMEHIAUH

Jlekuust MpOBOAUTCS Kak C INPUMEHEHUEM TPAJULMOHHBIX TEXHOJIOTUH (0030pHas
JIEKLUs), TAK U UHTEPAKTUBHBIX TEXHOJOTUH (ITpoOIeMHas JeKIus).

B Xxozme NEKUMOHHBIX 3aHATHM CTyJEHTaM DPEKOMEHJOBAHO BECTU KOHCIEKTUPOBAaHUE
yueOHOro Marepuana. OOpamiath BHUMaHHWE Ha KAaTEeropuH, (HOPMYIUPOBKH, PACKPBHIBAIOIINC
COJIep)KaHUWE TEX WM HHBIX SBJIECHUNM M IPOLECCOB, HAY4YHbIE BBIBOJABI U IPAKTUYECKUE
PEKOMEHIalluH.

PexoMenayercs 3amaBaTh IIPENOAABaTENI0 YTOUHSIOIIHME BOINPOCH! C LIEJBIO YSACHEHUS
TEOPETUYECKUX TIOJIOKEHUM, pPa3pelIeHHus] CHOPHBIX cHUTyanui. JKemaTenbHO OCTaBUTh B
pabouux KOHCIIEKTaX MOJsl, Ha KOTOPBIX JejaTh INOMETKH U3 PEKOMEHJO0BaHHOHN JMTEpaTyphl,
JOTIOJIHSIOIIME MaTepuall MPOCIYIIAaHHOW JIEKIMHM, a TakXke MOJYepKUBAIOIINE OCO0YI0
BaXHOCTb TEX MJIM MUHBIX TEOPETUUECKUX TOJIOKEHUM.

JlopabaTbIBaTh KOHCHEKT JICKIIUH PEKOMEHI0BAHO B COOTBETCTBUHU padOYeil MporpaMMoit
JUCLUIUINHBI.

HcToyHHKHN 1 Jureparypa AJs NOATOTOBKU:

OcHoBHas JIuTEpaTypa

1. MaremaTnueckas JIOTHKa U TeopHus aaroputMmoB: Yuebnuk / [Ipynkos A.B., Bonkosa JI.JL.
- MockBa :KYPC, HUI[ UHOPA-M, 2018. - 152 c.: - (bakanaBpuar) - Tekcr
anexTpoHHsbIi. - URL: https://znanium.com/catalog/product/956763

JlomoJIHuTeIbHAS JIMTepaTypa

1. Cynomnaros, C. B. MaremaTnueckas JOTHKa ¥ TEOPHsI aATOPUTMOB : YUEOHUK U MTPAKTUKYM
Ui akageMuyeckoro Oakanaspuara / C. B. Cynomuaros, E. B. OBunnHuKOBa. — 5-€ U31.,
ctep. — Mocksa : U3parensctBo HOpaiit, 2019. — 255 c. — (Bricuiee o6pa3oBanue). —
ISBN 978-5-534-00767-1. — Tekct : anexkrponHslit // BC FOpaiit [caiit]. — URL:
https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputmMoB. BBeieHne B CJI0KHOCTh BEIYMCIICHUH : yueOHOE

noco6wue it OakanaBpuara u maructparypsl / B. H. Kpyrickuit. — 2-e u3j., ucrnp. u o1, —
Mockga : M3garensctBo FOpaiit, 2019. — 117 c. — (ABTopckuii yueOoHuk). — ISBN 978-5-
534-04817-9. — Texkcr : anekrponHslit // bC 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 teMe «OCHOBBI pa3padOTKH M AaHAJIN3A AJITOPUTMOB)
Bomnpocnr:

ANTOpUTM COPTUPOBKH BCTABKOM.

AHayn3 anropuT™Ma COpTUPOBKU BCTABKOM.
3aaga COpTUPOBKHU BHIOOPOM.

AHayu3 anropuT™Ma COpTUPOBKU BEIOOPOM.
Pa3pabotka anropurma COpTUPOBKH CIUSHUEM.
AHayn3 anropuT™Ma COpTUPOBKU CIIUSHUEM.

ook wnE

MeToauuecKkue PEeKOMEHIAUH

Jlexkiusi TPOBOAMTCA Kak C MPUMEHEHHWEM TpPAJUIMOHHBIX TEXHOJOruil (0030pHas
JICKIIUs), TAK U MHTEPAKTUBHBIX TEXHOJOTUH (MIPOOIeMHAs JICKITH).

B Xone neKUMOHHBIX 3aHATUH CTYAEHTaM PEKOMEHIOBAHO BECTH KOHCIEKTUPOBAHHUE
yueOHOro Marepuana. OOpamiath BHUMaHHWE Ha KAaTEeropuH, (HOPMYIUPOBKH, PACKPBHIBAIOIINC
COJIEpKaHUE TE€X WM MHBIX SBJIEHUW W NPOLECCOB, HAy4YHbIE BBIBOJABI M IMPAKTUYECKUE
PEKOMEHIalluH.

Pexomenayercs 3amaBaTh NpenofaBaTEN0 YTOUHSIOUIME BOIPOCHI C LENbI YSICHEHUS
TEOPETUYECKUX TIOJIOKEHUM, pPa3pelIeHUs] CHOPHBIX cHUTyalnui. JKemaTenpHO OCTaBUTh B
pabounx KOHCIEKTaxX MOJs, Ha KOTOPBIX JIelaTh MOMETKH W3 PEKOMEHJIOBAaHHOW JHMTEPaTyphl,
JOTIOJIHSIOIIME MaTepuall MPOCIYIIAaHHOW JIEKIMHM, a TakXke MOJYepKUBAIOIINE OCO0YI0
BAYKHOCTB T€X WM UHBIX TEOPETHUECKUX MOJIOKEHUMN.

JlopabaTbIBaTh KOHCHEKT JICKIIUH PEKOMEHI0BAHO B COOTBETCTBUHU padOYeil MporpaMMoit
JUCLHUIIIIUHBI.

HcroyHukM U quTepaTrypa AJsi NOATOTOBKHU:
OcHoBHas JiuTeparypa
1. MaremaTnueckas JIOTHKa U Teopus aaroputMoB: Yuebnuk / [Ipynkos A.B., Bonkosa JIJL.

- MockBa :KYPC, HUIl UHOPA-M, 2018. - 152 c.: - (bakanaBpuar) - Tekcr
anexTpoHHsbIi. - URL: https://znanium.com/catalog/product/956763

JlomoJIHuTeIbHAS IUTEpaTypa

1. Cynomnatos, C. B. Matematnuueckas JIoruka 1 T€opus alrOpuTMOB : Y4eOHUK U
NPAaKTUKYM JUIsl akageMuueckoro Oakanaspuara / C. B. Cynomnaros, E. B.
OBYMHHUKOBA. — 5-€ U311, crep. — Mocksa : M3narensctBo FOpaiit, 2019. — 255 ¢. —
(Bricmiee obpaszoBanue). — ISBN 978-5-534-00767-1. — Texkct : anexkTpoHHsIit // DbC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuit, B. H. Teopus anroputmoB. BBeenue B CJ10KHOCTb BHIUMCIEHUH : yueOHOE
nocobue it 6akanaBpuara u Maructpatypsl / B. H. Kpynckuii. — 2-e u3n., ucnp. u
norn. — Mocksa : U3marensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpCKUii y4€OHUK). —
ISBN 978-5-534-04817-9. — Texkcrt : anekrponnsiii // 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

Jlekuus 3 no teme «Poct pyHkuminy

Bonpocsr:
1. Acumnroruueckue 0003HAUCHHUS.
2. DyHKIUU U BpeMs pabOTHI.
3. AcumnroTudeckre 0003HAYCHUS B YPAaBHEHHSX U 3a]a9ax.
4. CranaaptHble 0003HAYEHUS U YacTO BCTpevarouecs QyHKINU.

MeToanuyeckue peKOMeH AU

Jlekuus TPOBOAMTCS Kak C MPUMEHEHHEM TPAJUIMOHHBIX TEXHOJOTHi (0030pHas
JIEKIIMS ), TAK ¥ HHTEPAKTHUBHBIX TEXHOJOTHH (ITpoOIeMHas JICKIIHS).

B xone NEeKIMOHHBIX 3aHATUH CTyIEHTaM PEKOMEHJOBAHO BECTH KOHCIIEKTHPOBAHUE
yueOHoro Marepuaina. OOpamiaTh BHUMaHHWE Ha KaTeropuu, (HOpMYIUPOBKH, PACKPHIBAIOIINE
COJepKaHWE TeX WJIM HHBIX SBICHHA M MPOIECCOB, HAYYHBIC BBIBOABI W TPAKTHYECKUE
PEKOMEH IallUH.

Pexomenayercst 3amaBaTh HpPENoOJaBaTEI0 YTOYHSIONINE BOIPOCHI C IIEIBIO YSICHEHUS
TEOPETUYECKUX TIOJIOKEHUH, pa3pelleHus CHOpPHBIX cuTyauuid. JKenaTenbHO OCTaBUTH B
pabounx KOHCIIEKTaxX MOJs, HA KOTOPBIX JeNaTh MOMETKH M3 PEKOMEHJIOBAaHHON JIMTEPaTypHl,
JOTIONTHSIONIME MaTepuall MPOCIYIIAaHHON JIEKIHWH, a TaKXkKe IOJYEPKUBAIONINE OCO0YIO
BaXHOCTb T€X WJIM UHBIX TEOPETHUECKUX MOJIOKEHUH.

JlopabaTbIBaTh KOHCHEKT JICKIIUH PEKOMEHI0BAHO B COOTBETCTBUHU pabOYeil MporpaMMoit
JTUCIUTUIAHBI.

HcroyHukM U quTeparypa AJsi NOATOTOBKHU:
OcHoBHas JiuTeparypa
1. MaremaTnueckas JIOTUKa U Teopus anroputMmoB: YueOHuk / [Ipynkos A.B., Bonkosa

JI.JI. - Mocksa :KYPC, HUL] UH®PA-M, 2018. - 152 c.: - (bakanaBpuar) - Tekcr :
anexTpoHHbIi. - URL: https://znanium.com/catalog/product/956763

JlomoJiHuTeIbHAS JIUTEpaTypa

1. Cynomnaros, C. B. Matematnueckas JIoruka v T€0pus alrOpUTMOB : Y4eOHUK U
NpPaKTUKYM JUId akajgeMuyeckoro 6akanaspuata / C. B. Cynomnaros, E. B.
OBYMHHUKOBA. — 5-€ U311, crep. — Mocksa : M3narensctBo FOpaiit, 2019. — 255 ¢. —
(Beicmiee obpaszoBanue). — ISBN 978-5-534-00767-1. — Texkct : anexkTpoHHsIit // DbC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuit, B. H. Teopus anroputmoB. BBeenue B CJ10KHOCTh BHIUMCIECHUH : yueOHOE
nocoOue it GakanaBpuara u Maructpatypsl / B. H. Kpynckuii. — 2-e u3n., ucnp. u
norn. — Mocksa : U3marensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpCKUii y4€OHUK). —
ISBN 978-5-534-04817-9. — Texkcrt : anekrponnsiii // 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

Jlekuus 4 no reme «Pa3aessiii 1 BJa1acTByin»
Bonpocsr:

3ajaya oMcKa MaKCMMaIbHOIO [10IMAaCCUBA.

Metoa NoACTaHOBKH PELIEHUS! PEKYPPEHTHBIX COOTHOLIECHUH.
AHanu3 aJropuTMa Ioucka MakCUMMaabHOI'O I10IMAaCCUBA.
Anroput™m IlllTpaccena 1ist yMHOKEHUS MAaTPULL.

Meroz noACTaHOBKY PEUICHUS PEKYPPEHTHBIX COOTHOLIECHUH.
Kak yragaTe pemenue u n36exarb OnmooK.

3aMeHa NepEMEHHBIX.

Merton 1epeBbeB pEKYPCHUMU.

OcHOBHOI METO/I.

10. OcHoBHas TeopeMa 0 PEKYpPPEHTHBIX COOTHOIICHHUSX.

11. Ucnonp30BaHrE OCHOBHOTO METOA.

CoNoOR~WNE

MeToauueckue peKOMEeHIAIAN

JIekiusi TIPOBOAMTCS KAk C TPHUMEHEHHWEM TPAJUIIMOHHBIX TEXHOJOTHH (0030pHas
JIEKIIMS ), TAK ¥ HHTEPAKTHUBHBIX TEXHOJOTHH (ITpoOIeMHas JICKIIHS ).

B xoze NEKIMOHHBIX 3aHITHA CTYICHTAM DPEKOMEHIIOBAaHO BECTH KOHCIICKTUPOBAHUE
yuebHoro Mmartepuaina. OOpamiarh BHHUMaHHWE Ha KaTeropuu, (HOpPMYIHPOBKH, PACKPBIBAIOIINE
COJIEp)KaHWE TEX WM WHBIX SBICHUH M TPOIECCOB, HAYYHBIC BBIBOJLI U IMPAKTUUCCKUC
PEKOMEH 1Al H.

Pexomenayercst 3amaBaTh MPENOJABATENI0 YTOUHSIOUINE BOIPOCHI C IETBIO YSICHEHUS
TEOPETUYCCKUX TIOJIOKEHUH, pa3pelieHusl CHOPHBIX cHuTyanuid. JKenarenbHO OCTaBUTh B
paboYnx KOHCIEKTaX IOJIsi, Ha KOTOPBIX JieJaTh IMOMETKH M3 PEKOMEHJIOBAHHOUW JUTEPATYPHI,
JIOTIOJTHSIONIME MaTepuall MPOCIYIIAaHHON JICKIIMH, a TaKXKe IOMYSPKUBAIOIINE OCOOYIO
BaXHOCTh TEX MJIM UHBIX TEOPETHUCCKHUX TIOJIOKEHUH.

JlopabaThIBaTh KOHCIIEKT JIEKIIMA PEKOMEHI0BAHO B COOTBETCTBHH paboueil mporpamMmoii
JUCITUTUTAHEI.

HMcTOYHMKH ¥ JTUTEPaTypa I NOATOTOBKH:

OcHoBHasi InTepaTypa

1. MaremaTnueckas JIoTUKa U Teopusl aaroputMmoB: YueOnuk / [Ipyukos A.B., Bonkosa
JLJI. - Mocksa :KYPC, HUL] UH®PA-M, 2018. - 152 c.: - (bakanaBpuar) - Tekcr :
anekTponHbIi. - URL: https://znanium.com/catalog/product/956763

JlomoJIHuTeIbHAS IUTEpaTypa

1. Cynomnnatos, C. B. Matematnueckas JIoruka v T€0pus alrOpUTMOB : Y4€OHUK U
NpPaKkTUKYM JUId akajgemuyeckoro 6akanaspuata / C. B. Cynomnaros, E. B.
OBuMHHUKOBA. — 5-€ u31., crep. — Mocksa : M3narensctBo FOpaiit, 2019. — 255 ¢. —
(Beicmiee oopaszoBanue). — ISBN 978-5-534-00767-1. — Texkct : anexkTponHsIit // DbC

FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018
2. Kpynckuii, B. H. Teopus anroputmoB. BBeieHne B CJI0KHOCTh BEIYMCIICHUH : yueOHOE

nocoOwue it OakanaBpuara u maructparypsl / B. H. Kpyrickuit. — 2-¢ u3j., ucnp. u
nor. — Mocksa : U3narensctBo HOpaiit, 2019. — 117 ¢. — (ABTOpCcKuii y4eOHUK). —


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

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

Jlekuus 5 no teMe «BepoATHOCTHBII aHAJIN3 U PAHAOMHU3UPOBAHHbIE AJTOPUTMbI»
Bonpocsr:

3amaua o HalMe.
AHanu3 HauXyJUIero ciydas B 3aJa4e 0 HaliMe.
BeposTHOCTHBIN aHaIu3.
PangomMu3supoBaHHBIE aITOPUTMBL.
NunukaropHas ciiyyaiiHasi BEJIMYMHA.
JleMMa 0 MaTeMaTUYECKOM OKHMJIAHUH UHIUKATOPHOM CIIy4aliHOW BEJIMYUHBI.
JleMMa 0 MaTeMaTUYECKOM OKHUJIAHUH KOJIMYECTBA HAIMOB.
AHanu3 3a7ja4y 0 HaliMe C MIOMOILbIO HHUKATOPHBIX CIIy4allHbIX BEJIHUYUH.
3amaun 0 rapepoOIIMKe 1 MHBEPCUU MacCHBa.
. I3MeHeHus1, KoTopble TpeOyeTcsi BHECTH B aJITOPUTM HaiiMa s pangomusanuu. Koj
CIy4allHOM NepEeCTaHOBKHU.
11. Jlemma 0 MaTeMaTHYECKOM OKHJIAHUH CTOMMOCTH HaiiMa ¢ KOJOM CIydailHOU
MIEPECTAHOBKHU.
12. MaccuBsl 1TOCIIe CITY9aifHON TIepeCTaHOBKH. JIeMMa 0 paBHOMEPHOM pacIpeaeiicHUH.

CoNoOA~WNE

[EEN
o

MeToanueckue peKOMEeHAAIUN

Jlexiusi TPOBOAMTCA KaKk C MPUMEHEHHWEM TpPaJUIMOHHBIX TEXHOJOruil (0030pHas
JIEKIIMS ), TAK ¥ MHTEPAKTUBHBIX TEXHOJOTHH (ITpoOIeMHast JICKIIHS).

B Xone neKUMOHHBIX 3aHATUH CTYAEHTaM PEKOMEHIOBAHO BECTH KOHCIEKTUPOBAHHUE
yuebHoro Marepuaina. OOpamiatb BHUMaHHE Ha KaTeropuu, (GOpMYJIHPOBKH, PAaCKPBIBAIOIINE
COJIep’)KaHME TEX WM WHBIX SBJIEHUNM M IPOLECCOB, HAy4YHbIE BBIBOJBI U IPAKTHYECKHE
PEKOMEHTalliH.

Pexomenayercs 3amaBarTh INPENOAABATENI0 YTOYHSIOUE BOMIPOCHI C LIENIBIO YSICHEHUS
TEOPETUYECKUX TIOJIOKEHUM, pa3pelIeHus] CHOPHBIX cHuTyanui. JKemaTenbHO OCTaBUTh B
pabouyux KOHCIIEKTaX MOJsl, Ha KOTOPBIX JAejaTh IMOMETKH U3 PEKOMEH/JIO0BaHHOW JIMTEpaTyphbl,
JOTIOJHSIONIME MaTepuall TMPOCIHYIIAaHHOW JIEKIMHM, a TaKXke MOJYepKUBAIOIINE 0CO0YI0
BaXHOCTb TEX MM MUHBIX TEOPETUUECKUX IOJIOKEHUM.

JlopabaTbeIBaTh KOHCIIEKT JIEKIIMA PEKOMEHI0BAaHO B COOTBETCTBUU pabodeil mporpaMmont
JUCLHUTIITUHBI.

HUcTouHMKM 1 JUTEpaTypa AJisl HOATOTOBKH:
OcHoBHas1 JiuTEepaTypa

1. MaremaTnueckas JIOTUKa U Teopus anroputMmoB: YueOnuk / [IpynkoB A.B., Bonkosa
JI.JI. - Mocksa :KYPC, HUL]l UH®PA-M, 2018. - 152 c.: - (bakanaBpuar) - Tekcr :
anexTponHsbIi. - URL: https://znanium.com/catalog/product/956763

JlomoJIHuTeIbHAS JIMTEpaTypa


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

1. Cynomnaros, C. B. MaremaTnueckas JOTHKa ¥ TEOPHS aJITOPUTMOB : YICOHUK U
MPaKTUKYM JUIs akajgeMuudeckoro 6akaaBpuara / C. B. Cynomnnaros, E. B.
OBUYMHHHKOBA. — 5-€ U31., cTep. — Mocksa : M3narenscTBo FOpaiit, 2019. — 255 ¢. —
(Beiciiee oopazoBanue). — ISBN 978-5-534-00767-1. — Texkcer : anexktponssiii // DbC
IOpaiir [caiit]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputmoB. BBeienue B CJ10KHOCTh BHIUMCICHUH : yueOHOE
nocoOue it 6akanaBpuara u Maructpatypsl / B. H. Kpynckuii. — 2-e u3n., ucnp. u
nor. — Mocksa : M3garensctBo FOpaiit, 2019. — 117 c. — (ABTOpCKUl yU4eOHUK). —
ISBN 978-5-534-04817-9. — Texkcrt : anexrponusiii // ObC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131

Jlexknus 6 no Teme «AJIrOPUTMbI COPTUPOBKH»
Bonpocsr:

ITapagokc nHEW poXKaeHHUS.

AHanu3 ¢ NPUMEHEHHEM MHIUKATOPHOH CIIy4ailHOW BEJIMYMHBI.
Cry4aifHO€ HaIlOJTHEHUE KOP3UH MTPOHYMEPOBAHHBIMHU IIapaMHU.
[TocnenoBaTenbHOCTh BBINIAJICHUS OPJIOB.

3ajaua o HailiMe B OTIEPATUBHOM PEKUME.

BeposiTHOCTHBIN MO/ACYET.

ITorck B HEOTCOPTUPOBAHHOM MAaCCHBE.

NoakowhE

MeToauueckue peKOMEeHIAIAN

Jlekuust MpOBOAMTCS Kak C IMPUMEHEHHEM TPaJUIMOHHBIX TEXHOJOrMi (0030pHas
JIEK1Us), TAK U HUHTEPAKTUBHBIX TEXHOJOTUH (ITpoOIeMHas JeKIus).

B Xone NEKUMOHHBIX 3aHATUH CTYACHTAM PEKOMEHIOBAHO BECTH KOHCIIEKTUPOBAHHUE
yuebHoro Marepuaina. OOpamjatb BHUMaHHE Ha KaTe€ropuu, (OpMYJIHPOBKH, PACKPBIBAIOIINE
COJIEp/)KaHME TEX WM WHBIX SBIECHUN M IPOLECCOB, HAYYHBIE BBIBOJABI M IPAKTUYECKHUE
PEKOMEHTalliH.

Pexomenayercs 3amaBaTh NPENOAABATEN0 YTOYHSIOLIME BOIPOCHI C LENbIO YICHEHUS
TEOPETUYECKUX TIOJIOKEHUM, pa3pelIeHus] CHOPHBIX cHuTyanui. JKemaTenbHO OCTaBUTh B
pabouux KOHCIEKTaxX MOJjsl, Ha KOTOPBIX JeNaTh MOMETKH U3 PEKOMEHJO0BaHHOM JUTEpaTyphl,
JOTIONHSIOIIME MaTepuall MPOCIYIIAaHHOW JIEKIMHM, a TakXke MOJYepKHUBAIOIIMEe O0Co0yIo
BaXHOCTb TEX MM MHBIX TEOPETUUECKUX TOJIOKEHUM.

JlopabaTbIBaTh KOHCIIEKT JIEKIIMA PEKOMEH/I0BAaHO B COOTBETCTBUU paboveil mporpaMmont
JUCLUTUINHBI.

HcTouHMKM U JUTEpaTypa AJisl NOATOTOBKU:
OcHoBHas1 JiuTEepaTypa

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



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

Cynomnatos, C. B. MaremaTnueckas TOTHKA M TEOPHS aJITOPUTMOB : YIEOHUK U
NPaKTUKYM Ui akajgemuyeckoro 6akanaspuata / C. B. Cynomaros, E. B.
OBunHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo FOpaiirt, 2019. — 255 ¢. —
(Beicmiee oopazoBanue). — ISBN 978-5-534-00767-1. — Texkcr : anexkTponssiii // DbC
IOpaiir [caiit]. — URL: https://urait.ru/bcode/432018

Kpymnckuii, B. H. Teopus anroputMoB. BBeeHue B CII0KHOCTH BRIYUCIECHUN | yaeOHOE
nocobue juist 6akanmaBpuara u Maructparypsl / B. H. Kpyrickuit. — 2-e uza., ucnp. u
nor. — Mockga : M3garensctBo FOpaidt, 2019. — 117 c. — (ABTOpCKUl yU4eOHUK). —
ISBN 978-5-534-04817-9. — Texkcrt : anexrponusiii // ObC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131



https://urait.ru/bcode/432018
https://urait.ru/bcode/444131

METOANYECKHUE PEKOMEHJAIIMU K TIPAKTUYECKHUM 3AHATUAM

HpaKTH‘leCKOC 3ansaTue 1 mo reme «Pouab AJTOPUTMOB B BBITMCJICHUAX))>.

Bomnpocnr:

arONE

UYro Takoe aaropuTMbl?

Kakwue 3amaun pemaroTcst ¢ mOMOLIbIO alIrOPUTMOB?
AJNTOPUTMBI KaK TEXHOJIOTHSI.

D¢ hEeKTUBHOCTD.

AJNTOPUTMEI U JIPyTrUe TEXHOJIOTHH.

IIpakTnyeckne 3agaHus:

1.

2.

[IpuBenuTe peasbHbIC TPUMEPHI 33/1a4, B KOTOPHIX BO3HUKAET NOTPEOHOCTH B
COPTHPOBKE WJIM BBIYMCIIEHUH BBITYKIONH 00OJIOUKH.

Kakumu eme napamerpaMu, KpoOMe CKOPOCTH, MOXKHO XapaKTePH30BaTh aJlTOPUTM
Ha MpaKkTUKe?

BriGepute oHy U3 BCTpeUyaBIIMXCS BaM paHee CTPYKTYpP AaHHBIX H ONHIIHNTE €€
PEeUMYIIECTBA U OTPAHUYCHHUS.

11

Uro obmero Mmexnay 3aaadeil o0 ompeaeneHuH KpaTdalliero MmyTH M 3aJadyeid o

KoMMuBOskepe? Uem oHu paznnyaroTcs?

Cdopmynupyiite 3amaqy, B KOTOpo HEOOXOAMMO TOJBKO HAWIY4IIEe pPEIICHUE.
Chopmynupyiite Tarke 3aaa4dy, B KOTOPOH MOXET ObITh IPUEMIIEMBIM PELICHUE,
JIOCTaTOYHO OJIM3KOE K HAUJTy4IlIeMy.

[TpuBeauTe nmpuMep NPUIOKEHUS, 1 KOTOPOr0 HEOOXOIMMO aIrOPUTMUYECKOE
HAIOJIHEHUE Ha YPOBHE MPUIIOKEHUH, U 00CyIuTe (PYHKIUHU STUX AITOPHTMOB.
IIpeanonoxum, Ha OAHOW M TOM K€ MAIMHE MPOBOJUTCS CPABHUTEIIbHBIN aHAJIN3
peanu3anuii JByxX aJropuTMOB COPTUPOBKH, pabOTAaIOIIMX BCTABKOM U CIMSHHUEM.
JUis COpTUPOBKM N 3JEMEHTOB BCTAaBKOM HeoO0XoauMo 8 n’ maros, a s
COpTHpOBKU chusHueM — 64 n Ign maros. Ilpu kakom 3Ha4YeHUH N Bpems
COpPTUPOBKH BCTABKOW IPEBBICUT BPEMSI COPTUPOBKH CIIUSTHUEM?

[Ipy xakoM MHHUMAaJbHOM 3HAYEHUU N AITOPUTM, BpeMs pabOThl KOTOPOTO
onpenensercs ¢opmynoi 100 n?, paGotaer ObIcTpee, YeM aJIrOpUTM, BpeMs
paboTBl KOTOPOTO BBIpa)KaeTcs Kak 2N, eciau 00a auropuTMa BBIOJIHSIOTCS Ha
OJIHOM U TOM K€ MaluHe?

Hwxe npuBeneHa Ttabnuua, CTPOKM KOTOPOM COOTBETCTBYIOT —DPa3IUYHBIM
byukuusam f(n), a cromOubpl — 3HAYCHHWSIM BpeMeHHW t. 3amoNHUTE TaOJHUIly
MaKCUMAaJbHBIMU 3HAUEHUSMM N, U KOTOPBIX 33Jada MOXKET OBbITh pelleHa 3a
BpeMs t, €CIIM MPEeAINoIaraercs, 4To BpeMsi paboThl alropuT™Ma, He0OX0IUMOoe s
peleHus 3amauu, paBHo f(N) MUKpOCEKyH/I.

Cexynna | Munyra Yac [enn Mecsn T'on Bex

Ign

Vn

nlgn
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MeToauuecKkue PEeKOMEHIAUH

IIpy mnoAroToBKE K IPAKTHYECKUM 3aHATUAM CTYACHT JOJDKEH IIPUACPKUBATHCS
CJIEYIOIINX PEKOMEHIAIINMN:

- BHUMATEJIbHO U3YYUTh OCHOBHBIE BOIIPOCHI TEMBI U IUIAH MPAKTUYECKOTO 3aHATHS,

- ONPEEIUTh MECTO TEMBI 3aHATHS B OOLIEM COJEPKAHUHU, €€ CBA3b C IPYTMMU TEMaMU;

- HaliTH ¥ TpopaboTaTh COOTBETCTBYIOIINE PA3JIENIbl B PEKOMEHI0BAaHHBIX HOPMATHUBHBIX

JOKYMEHTaX, yueOHUKaX U JONOJIHUTENbHOM JIUTEpaType;

- II0CJI€ O3HAKOMJIEHMS C TEOPETHYECKHMM MaTePUAJIOM OTBETUTH Ha BOIIPOCHI IO TEME
Kypca,

- IPOAYMATh ITyTH U CIIOCOOBI PEeIICHHsI TPOOJIEMHBIX BOIIPOCOB;

- NPOJIyMaTh Pa3BEPHYTHIE OTBETHl Ha INPEIJIOKEHHBIE BOIPOCHI TEMBI, ONMHUPAsACh Ha
JIEKLIMOHHbIE MAaTEPUaJIbl, PACIIUPSA U JONOJHASA UX JaHHBIMU U3 YU€OHUKOB, JOIOJIHUTEIbHON
JIUTEPATYPHI.

B xone mpakTudeckoro 3aHSATHS HEOOXOAMMO BBIINOJHUTH MPAKTUYECKOE 3aJaHue, a
3aTeM OOBSCHUTH METOAUKY €r0 PELICHHUS.

HcTouHuky 1 IMTEpaTypa JIJisi OArOTOBKH:
OcHoBHas JIUTEpaTypa

1. Urommn, B.M. COopHuUK 3a1a4 O MaTEMaTUYECKOM JIOTUKE U TEOPUH AJTOPUTMOB !
yue6. mocoobue / B.M. Uromun. — Mocksa : KYPC ; UHOPA-M, 2019. — 392 ¢. —
(bakamaBpuat). - 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). - Tekct :
anektpouHbii. - URL: https://znanium.com/catalog/product/986940

JlonoTHUTEIbHASI JIUTEpPaTypa

1. Cynomnnatos, C. B. Matematnueckas JIoruka v T€0pus alrOpUTMOB : Y4€OHUK U
NPAaKTUKYM JUIsl akageMuueckoro Oakanaspuara / C. B. Cynomnnaros, E. B.
OBuMHHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo FOpaiit, 2019. — 255 ¢. —
(Beicmree oopazoBanne). — ISBN 978-5-534-00767-1. — Texcrt : anexktpoHHbIH / DBC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuit, B. H. Teopus anroputmoB. BBeenue B CJ10KHOCTb BHIUMCIECHUH : yueOHOE
nocoOue it 6akanaBpuara 1 Maructpatypsl / B. H. Kpynckuii. — 2-e uzn., ucnp. u
nor. — Mocksa : M3garensctBo FOpaiit, 2019. — 117 c. — (ABTOpCcKUl yueOHHK). —
ISBN 978-5-534-04817-9. — Texkcr : anekrponusiii // 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 1o TeMe «OCHOBBI Pa3padOTKU M AHAJIN3A AJITOPUTMOB)
Bomnpocnr:

ook wnE

ANTOpUTM COPTUPOBKH BCTABKOM.

AHayn3 anropuT™Ma COpTUPOBKU BCTABKOM.
3aaga COpTUPOBKHU BHIOOPOM.

AHayu3 anropuT™Ma COpTUPOBKU BEIOOPOM.
Pa3pabotka anropurma COpTUPOBKH CIUSTHUEM.
AHayn3 anropuT™Ma COpTUPOBKU CIIUSHUEM.

IIpakTnyeckne 3agaHusA:

o1

10.

[Tpowmroctpupyiite padoTy npoueaypsl Insertion-Sort mo coptupoBke MaccuBa A =<
31,41,59, 26,41,58 >.

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

PaccmoTpum 3a1auy noucka.

Bxon. IlocnenoBatenbHOCTh U3 N uncen A =< aq, ay, ... , A, > 1 3HAYCHHE V.

Beixoa. MHaekc i, Takoid, uTo V, win creiranbaoe 3nadueHune NIL, eciiu V B A OTCyTCTBYET.
CocTtaBbTe 1CEeBOKO JTMHEHHOTO MOUCKA, TIPU pab0Te KOTOPOTO BBITOIHACTCS
CKaHMPOBAHHE MOCIIEA0BATEILHOCTH B MOMCKAX 3HaUEHUA V. JIOKaXXUTe KOPPEKTHOCTh
aJIrOpUTMa C IIOMOIIBIO HHBAPUAHTA LUKJIA. Y 0eAUTeCh, YTO BBIOPAHHBII MHBApUAHT LIMKIIA
YIIOBJETBOPSET TPEM HEOOXOAUMBIM YCIOBHSIM.

PaccmoTtpum 3amauy ciokeHus AByX N-OMTOBBIX JBOMYHBIX LIEJIBIX YUCET, XPAHSILUXCS B
N-aneMeHTHBIX MaccuBax A u B. CyMMy 3TuUX ABYX uncesn HeOOXOIMMO 3aHECTH B
nBonvyHOH Gopme B (n+1)-3nementHbiit MaccuB C. [IpuBeanTe cTporyto GopMyIupOBKY
3a/1a4d U COCTABBTE NICEBIOKO JUJISl CIIOKEHUS 3TUX JIBYX YHCEI.

Beipasute pynkimio 1°/1000- 100 n® -100n+3 B ©-0603HaYCHHSIX.

PaccMoTpuM COPTHPOBKY 3J1EMEHTOB MaccuBa A, KOTOPast BBITOJIHAETCS CIEAYIOINUM
oOpazom. CHauana onpesensercs HauMEeHbIINN 2JIEMEHT MaccuBa A, KOTOPBINA CTaBUTCS HA
MecTo anemenTa A[1]. 3aTeM npou3BOAUTCS MOUCK BTOPOTO HAMMEHBILIETO 3JIEMEHTA
MaccuBa A, KOTOPBIi CTaBUTCS Ha MeCTO AieMeHTa A[2]. DTOT mporecc mpoaoKaeTcs s
nepBbIX N—1 31eMeHTOB MaccuBa A. 3alUIINTE NICEBAOKO 3TOT0 aJlFOPUTMa, U3BECTHOIO
Kak copTHpoBKa BeIOOpoM (Selection sort). Kakoit nHBapraHT UKJIa COXPAHSIETCS IS
sToro anroputma? [louemy ero 10cTaTOYHO BBIOJHUTD ISl IEPBBIX N—1 371€eMEHTOB, a He
11 Bcex N aneMeHToB? Onpeznenute BpeMs paboThl alrOpUTMa B HAWIIydllee U
HaUXy/IIeM clydasxX U 3alMIIUTe ero B ©-0003HaUCHUSIX.

[Ipu anroput™me JIMHEWHOTO MTOUCKA JUIsl CKOJIBKUX 3JIEMEHTOB BXOAHOU
IIOCJIEZI0BATEIBHOCTU B CPEJHEM HYKHO IIPOU3BECTH ITPOBEPKY, €CIIM MPEAIIOIAraeTCs, YTo
BCE DJIEMEHTBI MacCUBa C PaBHOM BEPOSTHOCTHIO MOTYT UMETh HCKOMOE 3HaueHue? Yo
MIPOUCXOJUT B HAaUXYy/IIIeM cirydae? UeMy paBHO BpeMsi pabOThI ITOPUTMA JIMHEHHOTO
MOMCKA B CPEJTHEM U B HAUXYJIIIEM CiTydasx B ©-o603HaueHnsIx? OOOCHYNWTE CBOW OTBET.
Kaxum 06pa3oM MOkHO MOAUGPUIIMPOBATH OYTH KaKIbIi aIrOPUTM, YTOOBI MOTYYHUTh
ONITUMAJILHOE BpeMs pabOThl B HAMJTy4IlleM ciydae?

[TpownrocTpupyiite paboTy allrOpUTMa COPTUPOBKH CIUSAHUEM I MaccuBa A =<
3,41,52,26,38,67,9,49 >.

[Tepenumute nporenypy MERGE Tak, 4To0bI B HEll HE MCMIOIB30BATNCH CUTHAIBHBIE
3HaueHus. CUTHAJIOM K OCTaHOBKE JIOJIKEH CIYKUTh TOT (DaKT, UYTO BCE DJIEMEHTHI MaccUBa



11.

12.

13.

14.

15.

1. CoprupoBka BcTaBKO#i MaJbIX MACCHBOB B IpPolecce COPTHPOBKH CIMSIHHEM

L mnm maccuBa R ckonmpoBaHbl 00paTHO B MaccuB A, MOCIIE YETO B 3TOT MacCUB
KOIHUPYIOTCS AJIEMEHTBI, OCTaBIINECS B HEITYCTOM MacCHBE.

BOCHOJ’IBSyﬁTGCB METOJA0OM MaTeMaTU4eCKOMH HHAYKOUW U1 A0KAa3aTCIbCTBA TOI'O, 4YTO,

KOI'/Ia N BJIIETCS TOYHOW CTENEHBIO 2, PELIEHUEM PEKYPPEHTHOI'O COOTHOLIEHUS

2,ecnaun =2

T(n) = )+n,eCJm n=2kKk>1,

ZT(g

spnsiercs T'(n) = nign.

CopTUpOBKY BCTaBKOM MOXHO MpEACTaBUTb B BHUJAE  PEKYPCUBHOU
nocnenoBarenbHocTH. UToObl  oTcopTHpoBarh MaccuB A [1..n], cHauama
HYXXHO PEKypCHBHO OTCOpPTHpOBaTh MaccuB A [1..n — 1], mocne 4ero B 3TOT
OTCOPTHPOBAHHBIM  MacCUB  Momemaercs osinemMeHT A [n]. 3anummre
PEKYppEeHTHOE ypaBHEHHE JJIsi BPEMEHHM pabOThl 3TOW PEKypCHBHOW BepcHUU
COPTUPOBKH BCTaBKOIA.

BosBpamasicb Kk 3ajaue JMHEHHOrO IOMCKA, HETPYJHO 3aMETUTh, YTO €CIIU
MIOCJIEZIOBATEIBHOCTh A  OTCOPTUPOBAHA, TO MOKHO CPaBHUTb 3HAYEHHE
CPEAHEro »JIeMEeHTa 3TOH IOCIe10BaTEIbHOCTH C UCKOMBIM 3HAYEHHEM V U
Cpa3y HUCKJIIOYUTh IIOJIOBUHY IIOCJIEIOBATENbHOCTH M3  JalbHEeHIIero
paccmoTpenus. bunapubiii mouck (binary search) — 3to anroput, B KOTOpoM
Takas IMpoLeaypa MOBTOPSIETCS HEOJHOKPAaTHO, YTO BCAKUHA pa3 NMPUBOJAUT K
YMEHBIIEHUIO OCTABLICHCS YaCcTH IOCJIEI0BATENbHOCTH B JIBA pa3a. 3alMLINTe
IICEBJIOKOJ] aJIrOpuTMa OMHApHOro noucka (10O UTEpaTUBHBINA, JHOO
pexypcuBHEBIi). JlokaxkuTe, 9TO BpeMsi pabOTHl 3TOTO AITOPUTMA B HAUXYIIIEM
cirydae cocrasisier © = (Ign).

3amerum, uyro B nukie while B crpokax 5—7 npouenypst INSERTION-SORT
JUIl CKaHMPOBaHUS (B OOpaTHOM MOpPSAKE) OTCOPTHMPOBAHHOTO IOJMACCHUBA
A[1..j—1] wucnonp3yercs JIMHEWHBIM TOUCK. MOXHO JIM HCIOJIb30BATh
OMHApHBIM MOMCK (CM. Mpenblayliee yIp.) BMECTO JUHEHHOro, 4ToObl BpeMms
paboThI 3TOrO AIrOpUTMa B HAaUXYJALIEM CIIydae YJIYyYLIMJIOCh U CTAl0 PaBHBIM
0 = (nlgn)?

Pazpaboraiite anroputM co BpemeHeM pabotel O = (Ign), KOTOpBIH s
3aJJaHHOTO MHOXKECTBa S U3 N LEJIbIX YUCEN W JPYroro LEJO0ro 4yucia X
OIIpEAEIISET, UMEIOTCS JIM B MHOXKECTBE S J1Ba 2JIEMEHTA, CyMMa KOTOpPBIE paBHA
X.

3amauu

HecmoTpss Ha TO 9TO C yBEIMYEHHEM KOJIMYECTBA COPTHUPYEMBIX
HJIEMEHTOB BpPEeMs COPTUPOBKU METOJIOM CIMSHUN B HaUXY/IIEM CilIydae
pacter kak © = (nlgn), a BpeMs COPTUPOBKM BCTaBKOH — Kak
0 = (n?), 6aarosaps NOCTOSHHBIM MHOKSATENSAM Ha IPAKTUKE I MAbIX
pasMepoB 3a7ad Ha OOJBIIMHCTBE MAIIMH COPTUPOBKA BCTaBKOM
BbINOJHSETCST ObicTpee. TakuMm 00pa3oM, €cTh CMBICH HCIOJIB30BATh
COPTHPOBKY BCTaBOK B IPOIECCE COPTHPOBKH METOIOM CIHSHHUH, KOT/Ia



noa3aaadyu CTaAHOBATCA JOCTAaTO4YHO MaJICHBKHUMMH. PaCCMOTpI/ITe

MOIM(DHKAIMIO aIrOPUTMA COPTHPOBKH CIHSHHEM, B KoTopoM M /K
MOJIMACCUBOB JUIMHOH Kk COpPTUPYIOTCS BCTAaBKOH, TOCIE 4YEero OHHU
00BEANHSIIOTCS C TOMOIIBIO OOBIYHOTO MEeXaHU3Ma CusiHUs. Benuuuna k
JOJIKHA OBITh HalJIeHa B MPOLIecce peUIeHHs 3a1auu.

a. IlokaxuTe, YTO COPTHPOBKA BCTABKOW IO3BOJISICT OTCOPTHUPOBATH
n/k nognocnenoBarenpHOCTEN MrHON k Kaknas 3a Bpems O(nk ) B
Xy/LIeM cliydae.

b. TlokakuTe, KaK BBIMOJHUTE CIUSHUE 3TUX TOAMOCIEI0BATCILHOCTCH
n
3a Bpemsi O = (nlg (F) ) B HAUXYJIIIIEM CiydJae.

c. Ecmm Takoii MoIupUIMPOBAHHBIA AJTOPUTM BBIMOJIHAETCS 32 BpEMs
n

0 = (nk+nlg(;)) B HaUXyJIIEeM Cly4ae, TO YeMy pPaBHO

HaumOonbiiee 3HadeHne k Kak Qyakmmm ot N, ams KOTOpOro

MOJTUGUIMPOBAHHBIA alNTOPUTM B O-0003HAUCHHSIX HMMEET TO K€
BpeMs paboThl, UTO U CTaHJApTHAasi COPTUPOBKA CIUSTHHEM?

d. Kak cinenyet BoiOMpath k Ha npakTuke?

2. KoppeKTHOCTb Iy3bIPbKOBOIi COPTHPOBKH

[Ty3pIppKOBasi COPTUPOBKA MPEACTABISET COOOW MOMYJSPHBIN, HO HE
9G(hEeKTUBHBIA  aNTOPUTM COPTHPOBKM. B  e€ro OCHOBE  JIGKHUT
MHOTOKpPAaTHAasl II€pPECTaHOBKA COCEOHUX DJIEMEHTOB, HapyLIAIOIIUX
MOPSIIOK COPTUPOBKH.

BUBBLESORT(A)

I fort=1toA.length—1

2 for j = A.length downto i + 1

3 if A[j] <A[j—1]

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

a) Ilyctb A’ o6o3nawaer Bbixox mpomeaypst BUBBLESORT(A). s
nokazatenbcTBa  koppekTHoctd  mponenypsl BUBBLESORT  neo6xoaumo
JI0Ka3aTh, YTO OHA 3aBEPIIAETCS U UTO

AN <A2)<--- < An] (23)
rae n = A.length. Uto eme HeoOXoaAUMO J0Ka3aTh ISl TOTO, YTOOBI MOKa3aTh, YTO
nponenypa BUBBLESORT neiicTBUTENHHO BBIMOTHSIET COPTUPOBKY?

B cnenyronmx qByx 4acTsx JA0Ka3bIBalOTCS HEepaBeHCTBa (2.3).

b) Touno chopmynupyiite nHBapuaHT 1HKIiIa for B cTpokax 2—4 ¥ JOKaXUTE, YTO OH
BBINIOJIHSIETCS. J|0Ka3aTeNbCTBO TOJKHO UMETh TY K€ CTPYKTYPY 10Ka3aTEIbCTBA
WHBApUAHTAa LUKJIA, KOTOPas paHee UCI0JIb30BAIach B aHAJOTUYHBIX JOKA3aTEIbCTBAX.

¢) C nomomuipko ycIoBHs 3aBEPUICHUS] HHBApUaHTa UKJIA, JT0Ka3aHHOTO B yacTtH (b),
chopmynupyiiTe UHBapHaHT IMKIa for B ctpokax 1—4, KOTOPBIi M03BOJINI OB 10Ka3aTh

15
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HepaBeHeTBa (2.3). Jloka3aTenbCTBO NOJKHO UMETh Ty XK€ CTPYKTYPY AOKa3aTeNIbCTBA
MHBapUaHTa LUKJIA, KOTOpas UCII0JIb30Balach PaHEE B aHAJIOTUYHBIX J10KA3aTeIbCTBAX.

d) Ompexenute BpeMs Iy3bIPbKOBOM COPTHPOBKY B HAUXYIIEM CIy4ae U CPAaBHHUTE €ro CO
BPEMEHEM COPTUPOBKU BCTABKOM.

3. Koppektnoctsb npasuia Fopuepa

Crnenyronmii  parMeHT Kojxa peanm3yerT mnpaBuwio [opHepa Juis BBIYHCICHHS

MOJIMHOMA
n
P(x) = Z agx® =
k=0
=ay + x(ay + x(ay + -+ x(a,_1 + xay) ...))
JUTS 33JJaHHBIX KOY(PPUIIUEHTOB Ay, A4, ... , Ay.
1. y=0

2. for i=n downto 0
3. y=a;+xx*y

a. UYemy paBHO BpeMs paboThI 3TOT0 (parMeHTa koaa npasmia ['opHepa B ©-0003HaueHUSIX?

b. Hamumure TmCeBIOKOA, pEATH3YIOIIMNA aITOPUTM OOBIYHOTO  BBIYHCIICHUS
NOJIMHOMA, KOrJa KaK/l0€ CJIaraéMoe II0JMHOMA BBIYUCISETCS OTHAEIBHO.
OmnpenenuTte aCUMOTOTUYECKOE BpeMsi pabOThI 3TOTO aIrOPUTMa U CPABHUTE €TO0
CO BpeMeHeM paboThl aJropuT™Ma, OCHOBAaHHOTO Ha mpasuiie ['opHepa.

c. Paccmotrpum crnepyronuii FHBapHaHT IUKJIA.

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

y= Z Ap4i+1X §
k=0
PaccmatpuBaiite cymmy 0e3 uieHOB Kak paBHYIO Hym0. Cleyst CTpyKType J0Ka3aTeIbCcTBa
MHBApHAHTA IIUKJIA, KOTOpas UCIOIh30BAIaCh paHee B JAHHOM TJIaBe, BOCIOIb3YHTECH
yKa3aHHbIM HHBApUAHTOM IIUKJIA, YTOOBI MOKA3aTh, YTO MO 3aBEPUICHUH PabOThl y =

n k
Dh=0 aQrXx".
d. Crenaiite 3aKiI0YeHHE, YTO B IPUBEACHHOM (pparMeHTe Kojia MPABUIBHO BBIYHCIISIETCS
3HaueHUE MOJIMHOMA, KOTOPBIN 3aaeTcs KodpduiueHtamu ay, aq, ... , Ay
4. Uusepcun

[Tycts A [1..n] npeacraBnsieT coboi MaccuB U3 N pa3nmu4HbIX yncen. Ecmmi < ju A[i] >
Alj], To mapa (i, j) Ha3pIBaeTcs MHBEpCHEH A.

a.[lepeuncimTe 1T MHBEpPCHI MaccuBa <2, 3, 8, 6, 1>.

b.Kakoit MaccuB 3 371eMEHTOB MHOXeCTBA {1, 2, ..., N} COMEPIKUT
MaKcHUMaJbHOE KolnuecTBO HHBepcHii? CKOIbKO MHBEPCH B 3TOM MaccuBe?

c.Kakas cymiecTByeT B3aMMOCBS3b MEXIy BPEMEHEM COPTHPOBKM METOJIOM BCTaBOK U
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KOJIMYECTBOM MHBEPCHUI BO BXOJHOM MaccuBe? OOOCHYHTE CBOW OTBET.

d.Paspaboraiite ~ anroput™m,  ONPEAEIAIONMHA  KOIMYECTBO  HHBEPCHH,
COZIepKaIUXCSl B MPOU3BOJIBHON TEPECTaHOBKE N 3JIEMEHTOB, BpeMsi paboTh
KOTOpOro B HauxyameMm ciydae paBHo O = (nlgn). (Vkazauue:
MOAU(UIUPYHTE ANTOPUTM COPTUPOBKHU CIUSTHUEM. )

HcToyHHKH 1 Jureparypa AJad NOATOTOBKU:

OcHoBHas1 JInTepaTypa

1. Uromwmn, B.U. COopHUK 3a7a4 10O MaTEMaTUYECKON JIOTUKE U TEOPUHM AJTOPUTMOB :

yue6. mocodue / B.M. Urommu. — Mocksa : KYPC ; UH®PA-M, 2019. — 392 ¢. —
(Pakamaspuar). - 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
anexkTpoHHbId. - URL: https://znanium.com/catalog/product/986940

JlonoiHUTeILHAS JUTEpPaTypa

Cynomnaros, C. B. Marematudeckasi IoTUKa U TEOPUS AITOPUTMOB : YUSOHUK U
MPAKTUKYM JUTsl akageMuueckoro Oakanaspuara / C. B. Cynomnaros, E. B.
OBUYMHHHMKOBA. — 5-€ U31., cTep. — Mocksa : M3narenscTBo FOpaiit, 2019. — 255 ¢. —
(Bricmiee o6pazoBanue). — ISBN 978-5-534-00767-1. — Texcrt : anexktponHbIi / DBC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

Kpynckuii, B. H. Teopust anroputmMoB. BBeneHue B CII0)KHOCTb BEIYUCIICHHH : ydeOHOE
nocoOue it 6akanaBpuara u Maructpatypsl / B. H. Kpynckuii. — 2-e u3n., ucnp. u
nor. — Mocksa : M3garensctBo FOpaiit, 2019. — 117 c. — (ABTOpCcKuUii yueOHHK). —
ISBN 978-5-534-04817-9. — Texkcrt : anextponusiii // 9bC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131

IIpakTuyeckoe 3ansaTHe 3 o Teme «PocT pyHKIMiD)

Bomnpocsr:
1. Acumnrornuyeckrue 0003HAUECHHUS.
2. OyHKUUU U BpeMs pabOThI.
3. AcumnroTHuecKkue 0003HAUEHUS B YPAaBHEHHSX U 3a/1aUaX.
4. CrangapTHble 0003HAUE€HUS M 4acTO BCTpedaromuecs (QyHKIUH.

IIpakTHyeckue 3a1aHus:

1.

»w

[Tycth f(n) U g(n) — aCUMITOTKYECKH HEOTpUIaTeNbHbIe QPyHxunn. JloKaxKkuTe ¢ mo-

MOTIIBIO OBIOBOIO OMIPEICIICHHS ©-0603HaUeHuUsX, YTO max( f(n), g(n)) =0(f(n) + g(n)).

IToxaxkute, 4TO IS JIFOOBIX TEHCTBUTENBHBIX KOHCTAHT A U b, rae b > 0, BBIIONHSETCS
COOTHOIIICHUE

(n+a)? = 6(nh).

[TosicHuTe, mOYeMy yTBEPXKAECHUE «BpeMsl pabOThI AITOPUTMA A PaBHO KaK MUHUMYM

0(n?)» nuieHo cMbIca.


https://znanium.com/catalog/product/986940
https://urait.ru/bcode/432018
https://urait.ru/bcode/444131
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5. CnpasemiuBbl i cooTHomenus 21 = 0(2™) u 22" = 0(2")?

6. Jlokaxwure, uto lim,,_, % =0, ectu f(n) = o(g(n)).

Jlokaxwure, 4To Bpems paboThl anroputma paBHo 6 (g(n)) Toraa u TOIBKO TOT1A, KOTIA €T0

BpeMs paboThl B HauxymieM cirydae pasHo O (g(n)), a B Hamryutem — Q(g(n)).

Jokaxwure, uTo MHOXKeCTBO 0(g(n)) N w(g(n)) ABaseTcs MyCTHIM.

MoxHO 0000IIUTh HAIIM 0003HAYCHUS Ha CIy4ai IByX MapaMeTpoB N M M, KOTOPBIE MOTYT

BO3pacTaTh 710 OECKOHEUYHOCTH O OTACIBHOCTH C Pa3HbIMK CKOPOCTSIMU. 151 TaHHO#

Gyukuun g(n, m) oboznaunm kak 0(g(n,m)) muoxkectso ¢pyukuuii 0(g(n,m)) =

{f (n,m) : cymecTBYIOT NOJOKHUTEIbHBIC KOHCTAHTHI C, Ny U My, Takue, uto 0 < f(n,m) <

cg(n,m) nis Bcex n = ny WM m = my }. [IpuBennTe COOTBETCTBYIOIINE OMPEACIICHUS IS

Q(g(n, m)) U G)(g(n, m)).

10. IMokaxwute, uro ecu pyHKmU f(n) u g(n) MOHOTOHHO HEYOBIBAIOIINE, TO TAKOBBIMH )K€
seisttoTes u pyukuuu f(n) + g(n) u f(g(n)), a ecnu Bnodasok f(n) u g(n)
HEOTPHIIATESIILHBI, TO MOHOTOHHO HEyObIBaroIlei sBisiercst U pyHkius f(n) - g(n).

11. Jlokaxwure ypaBHeHHe a'%9b ¢ = clogn @,

12. Toxaxwure ypaBHenue [g(n!) = 6(n * [g(n)). Hokaxute Taxxe, 4yro n! = w(2™) u
n! = o(n™).

13. Asnsercs nmu Gyuxiwms [lg(n)]! noJlunomsiansHo orpannuennoi? A ¢yukus [lglg(n)]!?

14. Kakas u3 ¢pyukuwuii lg(lg*(n)) u lg*(lg(n)) sBasercs aCAMNTOTHYECKH OOJbIIICH?

15. TTokasKUTe, 4TO 30JI0TOC CEUCHHE (B U CONMPSIKEHHOE C HUM § yIOBICTBOPSIOT yPaBHEHHUIO
x2=x+1

© o

16. lokakxure MO MHIYKIHH, 4TO i-€ yrcio GuOOHAY4M yJOBIETBOPSIET ypaBHEHUIO F; = ———

e ¢ — 30I0TOE CedeHue, a p — COMPSIKEHHOE C HIM.
17. Tokaxute, uto u3 k - In(k) = 6(n) Beitekaer k = O(n/In(n)).

3agaun
1. Acumnroruyeckoe nosepaeHue MOJMHOMOB
IlycTh
d
po) = ) ax!
i=0

rne aq > 0, mpencrasnser co0oif momuHOM creneHu d oT n, U MycTh K sBiseTcs

KOHCTaHTOH. Vcrionb3ys onpeaenenrs aCuMITOTUYECKUX 0003HaYeHHH,

JIOKQKUTE CIEAYIOIINE CBOMCTBA.

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

b.Ecmu k < d, To p(n) = 2(n*).
c.Ecu k = d, To p(n) = 6(n").
d.Eciu k > d, To p(n) = o(n*).
e.Ecu k < d, To p(n) = w(nk).

2. OTHOCHTEJBHBII ACHMITOTHYECKUI POCT

Jns xaxnoil mapbl mpuBENEHHBIX B Talnuie BblpakeHud (A, B) ykaxere, Kakum
otHomenneM A cBsizano ¢ B: O, o, Q, m1 unu O-. [Ipeanonaraercs, uro k > 1, € >
Ouc>1— koHCTaHTHI. Bamn oTBeT JOMKEH BBIpAKAThCS TAONUIEH, B KOKIOW sueiike
KOTOpOH ykazaHo 3HaueHnue “‘/la” wnm “Hert”.



19

A B 0 0 Q ® ]
lg*n n®
nk c"
6. yn sinn
nlgc on/2
0. omn clon
e. lg(n!) lg(n™)

3. YmnopsiioueHHe Mo CKOPOCTH ACHMITOTHYECKOT0 POCTa

a. Pacnonoxurte TpuUBENCHHbIC HUKE (DYHKIMHM MO CKOPOCTH HX aCHMIITOTHYECKOIO
pocTta, T.e. TOCTPOMTE TaKyl IOCIEIOBATEIBbHOCTh (PYHKUUH (1, Jo, -, g30, YTO g1 =
Q0(g2),92 = Q(g3), ., G290 = Q(g30).  Pasbeiire  CcBOMf  COHCOK  HA  KIACChI
SKBUBAJICHTHOCTH TaK, 4ToObl GyHKIUU f(n) M g(n) HAXOAWIUCH B OJHOM M TOM K€
KJIacce TOrJia M TOJIbKO Tora, korga f(n) = @(g(n))

lg(lg *n) | 2! V2) lgn n? n!  |(gn)!
(E)” n’® P I CTCON I
lnzlnn lgn nx2" | plolgn Inn 1
olgn lg(n)ton e 4lgn (n+ 1) Ign
gagny | 2" " 28] nlgn | oonn

0. [IpuBeaute nmpumep HeoTpHLaTeabHOU QyHKIMU f (n), TakoH, 4TO 171 BeeX (ykuit g;(n) us3
yactu (a) f(n) He npunHauiexxut Hu MHOkecTBY O (g;(n)) Hu MHoxecTBY £1(g; (1))

4. CBolicTBa ACHMITOTHYECKNX 0003HAYCHUIA
[lyctb f(n) u g(n) — aCUMNTOTHUYECKH TOJIOXKUTETbHbIE QYHKIMU. [IOKKUTE WU OITPOBEPTHUTE
CHpaBeJ/IMBOCTb KaX/j0T0 U3 IPUBEJ,eHHbIX HUXKe YTBEPKIEeHUM.

a. Uz f(n) = 0(g(n)) eorrexaer g(n) = 0(f(n)).

f() + g(n) = @(min(f (n), g(n))).

B. U3sf(n)= O(g(n)) BbiTekaeTlg f(n) = 0(gg(n)),roelg(g(n)) = 1u f(n) =
1 aJ1g Bcex AOCTATOYHO OOJIBIIUX 1 .

r. Usf(n)= O(g(n)) BbITekaer 2/ (W) = 0(29(n)).

I

A fm)=0((rm)°)

e. U3f(n)= O(g(n)) BbiTekaeT g(n) = Q(f (n)).
. fm)=6(F3)

3. f(n)+o(f(m)) = 0(f(n)).

Meroanyeckue peKOMeHIAM U

[Ipy DOATrOTOBKE K TMPAKTUYECKUM 3aHIATHSAM CTYAEHT JOJDKEH MPUIAEPKUBATHCA
CIEAYIOUIMX PEKOMEHAAIUI:

- BHUMATEIbHO U3YUYUTh OCHOBHBIE BOIIPOCHI TEMBI U IUIaH NIPAKTUYECKOTO 3aHATHA,

- OHpe)IeJ'II/ITI) MECTO TEMBI 3aHSTUSA B O6HIGM COHep)KaHI/II/I, €€ CBs3b C }Ipyl"I/IMI/I TEMaMU,
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- HalTU ¥ IpopaboTaTh COOTBETCTBYIOLINE pa3/esibl B PEKOMEHOBAHHBIX HOPMAaTHUBHBIX
JOKYMEHTaX, yUeOHHKaX U JOMOJHUTEIBHON JIUTEPATYPE;
- MOCJI€ O3HAKOMJIEHHMSI C TEOPETHUYECKUM MaTepHaIOM OTBETHTh HAa BOIPOCHI IO TEME

- IPOJyMaTh MYTH U CIOCOOBI peLIeHUS MPOOJIEMHBIX BOIIPOCOB;
- MpOJyMaTh pa3BEPHYTbIE OTBETHl HAa IPEIJIOKEHHBIE BOIIPOCHI TEMBbI, OMHUPAsACh Ha

JEKIIMOHHbIE MaTEePHAJIbl, PACLIMPSASA U JOMOJIHASA UX JAHHBIMU U3 Y4€OHHKOB, TOTOJIHUTEIBLHON
JUTEPATYPBHI.

B XO04€ IMPAKTHUYCCKOI'0 3aHATHUA H€06XOI[I/IMO BBIIIOJIHUTh IMPAKTHUYCCKOC 3aJaHHuC, a

3aTeM OOBSCHUTH METOJMKY €r0 PELICHUS.

HcToyHuKH M TUTEpaTypa Il NOATOTOBKH:

OcHoBHas1 JiuTEepaTypa

Urommn, B.M. COopHUK 3a1ad MO MaTEMaTHYECKON JIOTMKE W TEOPUH AJITOPUTMOB .
yue6. mocooue / B.M. Urommu. — Mocksa : KYPC ; UH®PA-M, 2019. — 392 ¢. —
(bakamaBpuat). - ISBN 978-5-906818-08-9 (KVYPC); ISBN 978-5-16-011429-3
(MH®PA-M, print); ISBN 978-5-16-103684-6 (MIH®PA-M, online). - Tekct
snekTponHbid. - URL: https://znanium.com/catalog/product/986940

JlonoTHUTEIbHASI JIUTEpPaTypa

Cynomnaros, C. B. Maremaruueckasi JIoruka U TEOpUS aJITOPUTMOB : YUEOHUK U
NPaKTUKYM Ui akagemudeckoro 6akanaspuata / C. B. Cynomnaros, E. B.
OBuMHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo FOpaiir, 2019. — 255 ¢. —
(Bricmiee oopazoBanue). — ISBN 978-5-534-00767-1. — Texkct : anexkTponHslii / DbC
FOpaiit [caiit]. — URL: https://urait.ru/bcode/432018

Kpynckuii, B. H. Teopust anroputmoB. BeenieHue B Cl10)KHOCTb BBIYUCIIECHHH : yueOHOe
nocoOue Ju1st 6akanaBpuara 1 Maructpatypsl / B. H. Kpynckuii. — 2-e u3n., ucnp. u

norn. — Mocksa : M3aarensctBo FOpaiit, 2019. — 117 c. — (ABTOpCcKuii yueOHUK). —
ISBN 978-5-534-04817-9. — Texcrt : anexkrponnslit // DBC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131

I[IpakTuyeckoe 3ansiTue 4 no teme «Pasznensiii u BjaacTByii»

Bomnpocsr:

©CoNoR~wWNE

3asaya MoMcKka MakCMMajibHOTO MOIMAaCCUBA.

MeTo NOACTaHOBKH PELIEHUs PEKYPPEHTHBIX COOTHOILIEHUH.
AHanu3 aropuTMa noucka MakCMMaiabHOIO ITOJIMAacCUBA.
AnropurM IllTpacceHna 1 yMHOXKEHUS MaTpULL.

Merona MOACTaHOBKH pELIEHUS! PEKYPPEHTHBIX COOTHOIIEHUH.
Kak yragats pemenue u u36exaTh OMHOOK.

3ameHa IepEeMEHHBIX.

Mertoz nepeBbEB PEKYPCHH.

OCHOBHOI METOA.

10. OcHoBHas TeopeMa O PEKYPPEHTHBIX COOTHOIICHHUSX.
11. Ucnonp30BaHne OCHOBHOI'O METOA.


https://znanium.com/catalog/product/986940
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IIpakTH4yeckue 3a1aHus:

1.

2.

~

10.

11.

12.

Uto Bo3Bpamaer npoueaypa FIND-MAXIMUM-SUBARRAY, korga Bce aaeMeHThl A
OTPULIATENBHBI?

Hanumure nceBmokoa s pewIeHUS 3aJadyd IMOMCKAa MaKCHUMAaJbHOTO TMOJMaccHBa
METOJI0M Ipy0oii cuiibl. Bamia nporeypa 10JkHa BHIIOIHATECA 3a Bpems O(n?).
Peanusyiite u mMeron rpy0OH CHIIbI, M PEKYPCHBHBIN QJITOPUTM HA CBOEM KOMIIBIOTEpE.
Kakum oxasbiBaeTcst pazMmep 3ajladyd TOYKU MEPECEUCHUs My, B KOTOPOH PEKYpPCUBHBIN
QITOPUTM TIPEBOCXOJUT aNTOPUTM TrpyOol cuibl? Jlanee m3mMeHuTe 0a30BBIA Cydaid
PEKYPPEHTHOTO aJITOPUTMa, IPUMEHSS aITOPUTM IpyOOii CHIIBI IIPU pa3Mepe 3a/ladyu, He
MPEBOCXOJIAIIEM M. MEHseT JIU 3TO TOUKY MepeceveHus?

[Ipeanonoxxum, YTO MBI MEHSEM OIpEACNICHHEe 3a7auyd IOMCKAa MaKCHMAaJbHOTO
MOJIMACCUBA, MO3BOJISISI KOHEYHOMY PE3yJbTaTy ObITh IYCTHIM MAacCUBOM U ToJjaras, 4To
CyMMa 3HA4YCHMH IIyCTOrO MaccuBa paBHa Hym0. Kak Obl BBl W3MEHWIH JIIOOOH
QITOPUTM, HE JJOMYCKAIOIIUI pelIeHHs B BHJIE TyCTOr0 MacCHBa, YTOOBI TAKOW pe3ysbTar
B BU/JIE ITYCTOIO [10/IMACCHBA CTaJl BO3MOXKHBIM?

Bocnone3yiiTech npuBeNeHHBIMU Jaliee HUACSIMH s Pa3pabOTKU HEPEeKYpPCUBHOIO
aJropuT™Ma MoMCcKa MaKCHUMaJIbHOTO MOJMaccHBa 3a JIuHelHoe BpeMsa. HaunuTte ¢ neBoro
KOHI]a MaccHBa W JBUTAWTECh BIPABO, OTCIEKWBAasg HAWIEHHBIA K JAHHOMY MOMEHTY
MaKCHUMaJbHBIA IMOJAMAcCHB. 3Hasi MaKCUMAJIbHBIM TmoamaccuB MaccuBa A[l..J],
pacmipocTpaHUTe OTBET Ha IMOUCK MaKCHUMAaJIbHOTO TMOJMAaCCHBA, 3aKaHYHBAIOIIETOCS
UHACKCOM j + 1, BOCHOJB30BaBIIMCH CIEAYIOMIMM HaONIOJCHUEM: MaKCHMAalbHBIH
nonMaccuB maccuBa A1 ..j + 1] npeacrapnser coboit 1100 MaKCHMAaTbHBIA TTOIMACCHB
maccuBa A[l..j], mub6o mommaccuB A[i..j + 1] mas Hexoroporo 1 < i < j+ 1.
Onpenenute MaKCUMaIIbHBIN MToMaccuB Buja A [ i..j + 1] 3a koHCTaHTHOE BpeMsi, 3HasI
MaKCHUMaJbHBIA OJIMACCUB, 3aKAHYMBAIOLTUIICS HHIEKCOM j.

Bocnonssyiitecy anroputmom llITpacceHa mjis BBIYMCICHUS TPOU3ZBEICHUS MAaTPUIL

(% g) (2 3) [TokaxwuTe, Kak BbI 3TO JE€IaETE.

3anuuTe rnceprokon aaroputMa llrpaccena.

Kak momudunuposats anroputm llltpaccena st nepeMHOXEHHS MaTpHI] pa3MeEpOM
NxN, rae nm He sBIAETCA TOYHOW creneHbro 27 [lokakuTe, 4TO MOMydYarOIIMNCA B
pe3yibTaTe alropuTM BHITIOTHSAETCS 3a BpeMs 0(n'97).

Yemy paBHO Haubombiiee K, Takoe, YTO eClii BBl MOKETE TIEPEMHOKHUTh 3X3 - MATPHIIBI C
nomonipo K ymMHOXeHMI (He mpeanosarasi KOMMYTaTHBHOCTH YMHOJXKCHHS), TO BBI
MO’KeTe MepeMHOKHTh MaTPULbI pasMepoM I X 1 3a Bpems 6(n'97)? Kakum 10mKHO
OBITH BpeMsl pabOThI TAKOTO aJITOpUTMa?

B. Tlan (V. Pam) oTkpbul cmoco® MepeMHOXKEHUS MaTpull pasmepoMm 68x68 c
UCIIOJIb30BaHUEM ToJabKO 132 464 yMHOXEHHH, CHOCOO TEPEMHOKEHUS MaTpHIl
pasmepoM 70x70 ¢ ucnombzoBanueM 143 640 ymMHOXEHMH M CcrOcOO0 MEPEMHOKEHHS
MaTpHIl pazMepoMm 72x72 c ucrnonb3zoBanueM 155 424 ymuHoxxenuii. Kakoil u3 MeTo10B
JlaeT HaM JIydllee AacCHUMOTOTHYECKOE€ BpeMsl pabdOThl IMPH €ro HCIOJIb30BaHUU B
anropuTtme '"pasfensii U BIacTBYM'" A nepeMHoxeHus marpun? IIpoBenure cpaBHeHUe
¢ anroputmoM IllTpaccena.

Hackonbko OBICTPO BBl CyM€eT€ YMHOXHTH MaTpHIly pa3MepoM knxNn Ha maTpuiy
pasmepom nxkn, npumenss anroputm Ll tpaccena B kauectBe nmoanporpammbl? OTBEThTE
Ha TOT K€ BOIIPOC JIJIsl CUTYaI[H, KOT/1a Mbl MEHSIEM BXOJIHbIE MATPHUIIbl MECTAMH.
[TokaxxuTe, Kak IEPEMHOKHUTh KOMIUIEKCHBIE Yucha a + bi u ¢ + di, UCTIONB3ys TOIBKO
TPU YMHOKEHHsI JeMCTBUTENBHBIX YKCed. AJITOPUTM JOJDKEH moiy4ath a, b, c u d B
Ka4decTBE BXOJHBIX JaHHBIX W BO3BpaIIaTh JACUCTBUTENbHYIO (ac — bd) m MHUMYIO
(ad + bc) yactu npoU3BEAEHUS 110 OTAETBHOCTH.
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Bocnonb3yiiTech epeBoM peKypcuu sl ONpeeNeHHsI TOUHONH aCUMIITOTHYECKOM
BEpXHE rpaHMIlbl pekyppertHoro cootHomenus T(n) = 3T(|n/2]) + n. Jdus
MPOBEPKH CBOETO OTBETA MCIIOJIB3YHTE METO/I TIOJICTAHOBOK.

Bocnonb3yiiTech 1epeBOM peKypCcuu ISl ONpeesieH ] TOUHOW aCUMITTOTHYECKOM
BepxHeil rpaHuibl pekyppeHTHoro cootHomenus T(n) = T(n/2) + n?. Jlns nposepku
CBOETO OTBETA UCHOJIB3YHTE METO/I MOCTAHOBOK.

Bocnonb3yiiTech qepeBoM peKypcuu sl ONpeeeHIsI TOUHONH aCUMIITOTHYECKOM
BEPXHEH IpaHMIlbl peKyppeHTHOTro cooTHomeHust T(n) = 4T(n/2 + 2) + n. lna
MPOBEPKH CBOETO OTBETA MCIIOJB3YHTE METO/I TIOJICTAHOBOK.

Bocmosnb3yiiTech AepeBOM peKypCuu JIJIsl ONPeACTICHHSI TOUHONH aCUMIITOTHYECKOM
BEPXHEH IpaHuIlbl peKyppeHTHOro cooTHomeHust T(n) = 2T(n—1) + 1. dua
IPOBEPKH CBOETO OTBETA MCIIOJIB3YHTE METO/ MOJICTAHOBOK.

Bocmosnb3yiiTech AepeBOM peKypCuu JIJIsl ONPeACTICHHSI TOUHONH aCUMIITOTHYECKOM
BEpXHEH rpaHuIlbl peKyppeHTHoro cootHomenust T(n) = T(n—1) + T(n/2) + n.
J11s IpOoBEepKH CBOETO OTBETA UCIOIB3YHUTE METOI TIOJICTAHOBOK.

OO0paTUBIINCH K COOTBETCTBYIOIIEMY JEPEBY PEKYPCHH, TOKAKUTE, YTO PEIICHUEM
pexyppentHoro cootHomenust T(n) = T(n/3) + T(2n/3) + cn, rae c npeacraBiser
co0ol KOHCTaHTY, aBisieTcs A(n - Ig n).

[MocTpoiiTe AepeBo peKypcuu it pekyppeHTHoro cootHorrenus T(n) = 4T(|n/2]) +
cn, T1e ¢ - KOHCTaHTa, U HaAliJUTe TOYHYIO aCUMIITOTUYECKYIO TPAHUILY €TI0 peIICHusI.
[TpoBepbTe €€ ¢ MOMOIIBIO METO/Ia MOICTAHOBOK.

Haiinute ¢ moMompio aepeBa peKypcuu TOYHYIO aCUMIITOTUYECKYIO OIICHKY PEIICHUs
pekyppenTHoro cootHomenua I'(n) = T(m—a) + T(a) + ecn,rtaiea=>1uc > 0
SIBIISTFOTCSI KOHCTAHTaMH.

HaiinuTe ¢ IOMOIIBIO IepeBa PEeKYPCUU TOYHYIO aCUMIITOTHYECKYIO OI[CHKY PelICHUs
pexyppenTHoro cootHomeHust T(n) = T(an) + T((1 — a)n) + cn, rae o - KOHCTaHTA
n3 quamnazoHa 0 < a < 1; koHcTaHTOH siBisteTca U ¢ > 0.

C moMoIIpI0 OCHOBHOM T€OpeMbI HAWUTE TOYHBIE ACUMIITOTHYECKHUE TPAHUIIBI
CJICAYIOIIMX 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 xoueT pazpaboTaTh AIrOPUTM MATPUYHOI'O YMHOXKEHHS, aCUMIITOTUYECKH
6oee ObICTpHIH, yeM anroputm Ll Tpaccena. Ero anroputm 6yaet ucnonb30BaTh METO
"pazmensii U BIacTBy#'", pa30nBas KaXIyr0 MaTpHUILy Ha 4acTu pasmMepom n/4 X n/4,
TIpUYeM IIary pasfieleHns U KOMOMHUPOBAHUS BBINOIHSIIOTCS 3a BpeMs (n?).
[Tpodeccopy TpedyeTcst OnpenenTh, CKOIBKO TOA3a/1a4 JOJDKEH CO3/1aBaTh €ro
anropuTM. uTo0b! oniepenuTs anroputM lltpaccena. Ecnu anroputm npodeccopa
CO3JIaeT a 1Mo/3aj]ia4, TO PeKyppEeHTHOE COOTHOILIEHHUE /Ul BpeMeHH paboTsl T (n)
npunumaet Bua T (n) = aT(n/4) + 6(n?). KakoBo HauboJblIee HET0UHCIEHHOE
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3Ha4YeHHE A, ISl KOTOPOT'O AITOPUTM Mpodeccopa OKa3bIBACTCS aCUMITOTUYECKU
onicTpee anroputma lllTpaccena?

24. TlokaxuTe ¢ MOMOIIBI0 OCHOBHOTO MeToAa, uto T'(n) = O(lg n) sBusercs pemieHnemM
pekyppeHTHOTO cootHomenus T'(n) = (n/2) + 6(1), BO3HHUKAOIIETO B XOJI¢ aHAIH3a
QIropuT™Ma OMHAPHOTO MOKCKA. (AJTOPUTM OMHAPHOTO TIOMCKA OMKMCaH B ymp. 2.3.5.)

25. MOXHO JIM IPUMEHUTh OCHOBHOM METOJI K PEKYppPEHTHOMY cooTHoeHuto T (n) =
4T (n/2) + n?lg n? O6ocnyiite cBoii oTBeT. HaiiuTe aCHMITOTUYECKYIO BEPXHIOKO
TPaHHUILy PELICHHSI TOTO PEKYPPEHTHOTO COOTHOIICHUSI.

26. IlpuBeauTe NPOCTOE U TOYHOE BHIPAKEHUE JUIS 1; B ypaBHEHHUH (4.27) s Ciy4das, Koraa
b - mosoKUTENBHOE 1IeTI0€ YKCIIO (2 He IPOU3BOJILHOE JICHCTBUTEIBHOR).

27. TlokaxuTe, 9TO eciH BBIONHsETCS cooTHomenue f(n) = 8(n'9% [gkn), rne k > 0,
TO OCHOBHOE PEKYPPEHTHOE COOTHOIIIeHHE uMeeT permenne T(n) = O(n'o9r [ghtl n),
JJ1s IpOCTOTHI pACCMOTPUTE TOIBKO CITy4ail TOYHBIX CTETICHEH b.

28. ITokaxxuTe, 9TO B CiIy4ae 3 OCHOBHOW TEOPEMbI OJIHO U3 YCIOBUHN M3JIUIIHEE B TOM
CMBICIIC, UTO U3 yCIoBuUs peryisipHocT af (n/b) < cf (n) mist HEKOTOPOI KOHCTAHTHI
¢ < 1 cremyer, uTO CyIecTBYeT KOHCTaHTa € > 0, Takas, 4to f(n) = Q(n'o9rate),

3agaun

1. ITpumepbl peKyppPEHTHBIX COOTHOIIECHMI

Onpenennute BEpXHIO U HIKHIOIO aCUMIITOTUYECKUE TpaHuibl GyHkimu T (n) mis

KaXJIOTO U3 MPEJICTaBICHHBIX HIDKE PEKYPPEHTHBIX cooTHomeHni. Cunrtaem, uro T(n) mpu i 5

2 sBisieTcss KOHCTaHTOU. [lonbITaliTech cienarh ATy OICHKY KaK MOYKHO 0oJiee TOYHOH U

000CHYITE CBOI1 OTBET.

a.T(n)
6. T(n)
B.T(1)
r. T(n)
n. T(n)

e.T(n)

= 2T(n/2) + n*.

T(7n/10) + n.
16T (n/4) + n?.
= 7T(n/3) + n%.

7T(n/2) + n?.

= 2T(n/4) + Vn.

x.T(n) = T(n — 2) + n?

2.

CToMMOCTH Nepegayu napaMeTpoB

BYIlCM nmpeamnojaaraTtb, 4To nepeaada rnapaMeTpoB IIPU BBI3OBC MPOUCAYPhI 3aHUMACT

(I)I/IKCI/IpOBaHHOC BpEMs, NaXKE CCIIN ICPEAACTCA N-371€eMEHTHBIN MacCHUB. I[J'ISI OOJIBIIIMHCTBA

BBIYUCIIUTCIIBHBIX CUCTEM 3TO IMPCAIIOJIOKCHUC CIIPABCAJINBO, ITIOCKOJIBKY IIEPCAACTCA HE CaM

MaccHB
napame

, @ yKa3aresb Ha Hero. B naHHOM 3ajaue ucciaenyroTes TpU CTpaTeruy nepejadu
TPOB.
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1. MaccuB nepenaetcs mocpencTBoM ykaszaress. Bpemst pasuo 6(1).

2. MaccuB niepeaeTcst mocpeicTBoM KonupoBanus. Bpemst pasuo O(N), rae N - pa3mep
MaccHBa.

3. MaccuB niepeaetcs ImyTeM KOIMPOBAHUSI TOJIBKO HEKOTOPOT'O MMOJIMana3oHa, K KOTOpOMY
oOpaimaercs BeI3bIBaeMas rpoieaypa. Bpems pasuo © (¢ — p + 1) npu nepemaue moagmaccusa

Alp..q]

a. PaccmoTpuTe peKypcHBHBIN anropuTtM OMHAPHOTO IOWCKA, MPEeIHA3HAYCHHBIN 115
HaXO0X/IEHU YKClla B OTCOPTUPOBAHHOM MaccuBe (cM. ymp. 2.3.5). [IpuBenure pekyppeHTHbIE
COOTHOILIEHUS, OIMCHIBAIOIIME BpeMsl OMHAPHOIO IIOMCKA B HAUXYALLIEM CIy4ae, €ClId MaCCUBBI
HEePeAAoTCs C MOMOIIBIO Ka)KI0I0 U3 ONUCAHHBIX BBIIIE METOAOB, U JJaliTe€ TOYHbIE BEPXHUE
I'PaHUIIBI PEIIEHUI 3TUX PEKYPPEHTHBIX COOTHOIEHUH. ITycTh pa3mep ucxoiHOM 3a1auu paBeH
N, a pa3mep nozaszajsauu - n.

0. Boimonnute 3aganue yactu (a) aig anroputMa MERGE-SORT u3 pasaena 2.3.1.
3. Jlpyrue npuMepsl peKyppPeHTHbBIX COOTHOLIEHH

JlaiiTe BEpXHIOIO ¥ HIDKHIOIO aCHMITTOTHYECKHE OIICHKU QyHKImH T (1) B KaXJI0M U3
MPUBEICHHBIX HUKE PEKypPEHTHBIX cooTHomeHuil. [Ipeanonaraercs, yto T(n) 11 1ocTaTouHO
MaJTBIX 3HAUYCHUH 11 SIBJISICTCS TOCTOSTHHOM BenmnunHOM. [TocTapaiiTech, 4TOOBI OIICHKU OBUTH KaK
MO>KHO 00Jiee TOUHBIMU U OOOCHYITE OTBETHI.

a.T(n) = 4T(n/3) + nlgn.

6.T(n) = 3T(n/3) +n/lgn.

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

rT(n) = 3T (n/3 —2) +n/2.

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

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

3. T(M) =T(n—1)+lgn.

nT(n) = T(n—2) + 1/lgn.

k. T(n)

VnT(Vn) + n.
4. Yucaa OudboHauuu

B s10i1 3a1a4e packpriBaroTcs cBoiicTBa yncen @uboHayyu, OnpeeIeHHbIX C TOMOIIbIO
peKyppeHTHOro cooTHoueHus (3.22). Bocronb3yemcst Ui peleHus peKyppeHTHOTO
cooTHoeHus1 PuboHauYM METOZOM MPOU3BOAAIINX PyHKIMHA. OnpeaenM NpPou3BOASALLY IO
¢ynkuuo (niu popmManbHbIii cTenennoi psag) F kak
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F(z) = z F; z*
i=0

=0+ z+2z2+22z3+3z%+52°+82z°+132z7+12z28 ...
rae Fi, npeacrasnser co6oi i-e uncio dubonauyu.
a. okaxure, uto F(2) = 2 + zF(2) + z?F(2),

0. Ilokaxxure, 94TO
Flz) = 1—2z—2z2
B z
(1-0)(1-0)
1 1

_1

G (1—®z 1—6z)

I'ne
1++/5
=— " =1.61803 ...
2
Hu
. 1-+5
=——= 0.61803 ...

B. Ilokaxkute, 4To

-1
F(Z) = zﬁ(wl _ Q)l)Zl
i=0

. gt .
r. Bocronb3yiiTecs 1. (B) AMs JOKa3aTeNbCTBA TOTO, UTO F; = NG (okpyriaeHHoe A0 OnMKaifiero

nienoro) st Beex i > 0. (Ykasanue: obpaTute BHUMaHue, 4to @] < 1.)
5. TecTtupoBaHue MMUKpPOCXeM

B pacnopspxkenun npogdeccopa ecTb N MPeAnoNIoKUTENbHO HASHTUUHBIX MUKpocxeM ("aumoB"),
KOTOpbIE B IPUHLUIIE CIOCOOHBI TECTUPOBATh JPYT Apyra. B Tectupyroiiee npucrnocobieHue 3a
OJIMH Pa3 MOXHO ITOMECTUTH JIBE MUKPOCXeMBI. [Ipn 3TOM Kaxaast MUKpOCXEMa TECTUPYET
COCEJTHIOIO U BBIJJAET OTUET O pe3yibTaTax TeCTUpoBaHus. McrpaBHas MUKpocxeMa Beeraa
BBIJIAET MPABWIBHBIC PE3YJIBTATHI TECTUPOBAHUS APYTOM MUKPOCXEMBI, a pE3ylbTaTam
HEUCIPAaBHON MUKPOCXEMBI JI0BEPSTh HENb3sl. TakuM 00pa3oM, BO3MOXKHBI YEThIpE BapHaHTa
pe3yJbTaTOB TECTUPOBAHUS, IIPUBE/ICHHbIE B TAOIUIE HIKE.

Otuer A Otuér B 3akioueHue
B ucnpasna A ucnpaBHa JIn6o oGe ucnpaBHbI, THOO
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00€ HeHCIpaBHBI

B ucnpasna A HeucnpaBHa HewncnpaBHa kak MUHUMYM
0JIHa MUKpOCXeMa

B neucnpasna A ucnpasHa HewncnpaBHa kak MUHUMYM
0JIHa MUKpOCXeMa

B neucnpasna A HeucnpaBHa HewncnpaBHa kak MUHUMYM

0JlHa MUKpOCXeMa
a. [lokaxxute, 4T0, €CIIM KAK MUHUMYM 1/2 MUKPOCXEM HEHCIIPABHBI, TPOPECCOp HE CMOKET

TOYHO OIPEJICTUTh UCIIPABHBIC MUKPOCXEMBI, KAaKOH OBl CTpaTerueil omapHbIX UCIIBITAHUA OH
He nonb3oBaiics. (IIpenmonaraercs, 9To HEUCIIPABHBIE MUKPOCXEMBI HE JJOTOBAPUBAIOTCS MEKITY
co0oii, 4ToOBI 00MaHyTh Mpodeccopa.)

0. PaccMoTpuM 3a1auy 0 OMCKE OJJHOW MCIIPABHOM MUKPOCXEMBI CPEIU I MUKPOCXEM, E€CIIH
IPEAIOoJIaraeTcsl, YT0 UCTIPABHO OOJIee IMOJIOBUHBI BceX MUKpocxeM. [lokaxure, uro [n/2]
HOMAPHBIX TECTUPOBAHUN JOCTATOUHO ISl CBEIEHUS 3TOU 3a7auMl K 1oA3a1aue, pa3Mep KOTOpoi
NpUOIU3UTENIBHO B JIBa pa3a MEHbILIE.

B. [lokaxkure, 4TO MOKHO HANTH BCE UCIIPaBHBIE MUKPOCXEMBI C TOMOIIIBbIO O(N) MOMapHbIX
TECTUPOBAHUH B MPEIOI0KEHUH, YTO UCIIPABHBI OOJIEE MOJIOBUHBI MUKPOCXEM.
Cdhopmynupyiite 1 pemuTe peKyppeHTHOE COOTHOILICHNE, ONMUCHIBAIOIIEE KOTUIECTBO
TECTUPOBAHUU.

6. MaccuBbsl MoHKA

MaccuB A pasMepoM m X N, COCTOSAIINN U3 JEHCTBUTEIbHBIX YHCE, SIBJSETCS MAaCCUBOM
Momnxka (Monge array), ecnu ans Beex I, j,kul, takux,uto 1 < i< k< mul < j< [ < n,
MBI UMEEM

Ali,j] + Alk, 1] < A[il] + Alk,j]

Jpyrumu cioBamu, pu J11000M BbIOOpE IBYX CTPOK M JIBYX CTOJIO1IOB M3 MaccuBa MoHxka (Iipu
3TOM 3JIEMEHThI MacCcHBa Ha MepPeceYeHUH BHIOPAHHBIX CTPOK U CTOJOIOB 00pa3yoT
IPSIMOYTOJIBHHUK) CyMMa 2JIEMEHTOB B JIEBOM BEPXHEM U ITPABOM HUKHEM YTIJIaX IOJYYEHHOTO
IPSIMOYTOJIBHUKA HE MTPEBBILIAET CYMMY 2JIEMEHTOB B JIEBOM HM)KHEM U IIPAaBOM BEPXHEM €T0
yraax. [IpusBenem npumep maccuBa Monxa.

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

a. Jlokaxxurte, 9TO MacCHUB SIBJISIETCS MacCMBOM MOHJKa TOT/1a M TOJIBKO TOT/Ia, KOTJa JJIsT BCeX
i =12,....m—1uj = 1,2,....n — 1 BbINOJTHAETCS yCIOBUE

Ali,j] + A[i + 1,j + 1] < A[i,j + 1] + A[i +1,j].



27

(Yxazanue: A npsiMoOro J0oKa3aTelbCTBa BOCIIOIb3YHTECh METOAOM MAaTeMaTH4EeCKOM
WHIYKIIUW OTAEIBHO JJISI CTPOK M JJIS CTOJIOIIOB. )

0. [IpuBeieHHBIN HUYKE MACCUB HE fABJIIETCS MaccuBoM Monxa. MI3MeHuTe B HEM OJMH 3JIEMEHT
TakuM 00pa3zom, 4ToObI OH cTan MaccuBoM Momka. (YKa3aHue: BOCIIONB3YyHUTECh 1. (a).)

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

B. [Iycts f (i) mpencrasnser co0oii MHAEKC CTONOIA, COEPKAIIETO KpaltHU cieBa
MHUHUMAJIBHBIN 3JIeMeHT B cTpoke i. Jlokaxwure, uro f(1) < f(2) <... f(m) mis moboro
MaccuBa MoHka pazMepoMm m X n

r. Jlanee npuBeeHO onMucaHue alropuTma "pasnesnsii u BIacTBYM'", mpeIHa3HAYECHHOTO IS
BBIUMCJICHHSI KpalHEro CJIeBa MUHUMAJIBHOTO JIEMEHTA B KaXI0H CTPOKE, BXOSIIEH B COCTaB
MaccuBa MoHxka A pazmepoM m X n

[Toctpoiite moamarpuily A’ MAaTPUIIBI A. COCTOSIIYIO U3 YETHBIX CTPOK MaTPHIIBI A.

C nomo1pI0 pEKypCUBHOM MTPOLIEYPBl HAMANTE B KAKIOW CTPOKE MaTpULIbl A' KpallHUH ClieBa
MUHUMAJbHBIN 3JIEMEHT. 3aTeM HalAuTe KpallHUI clieBa MUHUMAJIbHBII 3JIEMEHT Cpeln
HEYETHBIX CTPOK MaTpHLbI A.

O6’L$ICHI/ITC, KakK HaTH KpaﬁHI/Iﬁ clieBa MUHUMAIbHBIM 3JIEMEHT Cp€au HCUYCTHBIX

CTPOK MaTpHuLbl A (TIpearnoaraeTcs, 4To KpaitH1ii ciieBa MUHUMAJIbHBIN 3JIEMEHT CPel YEeTHBIX
CTOJIOIOB 3TOM MaTpHILIbI 3BecTeH) 3a BpeMs O (m + n).

1. 3alUIINTe PEKYPPEHTHOE COOTHOIIICHUE, OMUCHIBAIOIIEEe BpeMsl pabOThI ajiropuTMa u3 1. (T).
[Tokaxwure, uTo ero pemrenne umeet Bua O(m + nlog m).

Meroanyeckue peKoMeH AU

[Ipy 1DOATOTOBKE K MPAKTUYECKUM 3aHATUSAM CTYACHT [JOJDKEH IIPUIEPKUBATHCA
CIEAYIOIIUX PEKOMEHIAIUI:

- BHUMATEIbHO U3YUYUTh OCHOBHBIE BOIIPOCHI TEMBI U IUIAH IPAKTUYECKOIO 3aHATHA,

- OIIpCACIIMTE MCCTO TEMBI 3aHATHA B O6HIGM COACPIKaHUHU, €€ CBA3b C APYTYMH TCMAaMMU,

- HalTU ¥ pOopabOoTaTh COOTBETCTBYIOLIUE Pa3/Ieibl B PEKOMEHJOBAHHBIX HOPMATHUBHBIX

JOKYMEHTaX, Y4eOHUKAX U TOTIOJHUTEIBLHOM JIUTEepaType;

- MOCJIE 0O3HAKOMJICHHSI C TEOPETHUUYECKUM MaTEPUAJIOM OTBETUTH HA BONPOCHI IO TEME
Kypca,

- IPOJyMAaTh MYTH U CIIOCOOBI peLICHUS MPOOIEMHBIX BOIIPOCOB;

- NPOAYMAaTh Pa3BEPHYTHIE OTBETHI Ha MPEMIIOKEHHBIE BOIPOCHI TEMBI, OMUPASICh Ha
JICKIIMOHHBIE MATEPUAJIbl, PACIIUPSS U TOTOIHSS UX JaHHBIMU U3 YU€OHUKOB, JOMOJIHUTETHHON
JIUTEPATYPHI.

B xonme mpakTudeckoro 3aHATHS HEOOXOIMMO BBITIONHUTH MPAKTHUECKOE 3aJaHHe, a
3aTeM OOBSICHUTH MCTOOUKY €T0 PCUHICHUA.
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HcToyHuKH M TUTEpaTypa Il NOATOTOBKH:
OcHoBHas1 JiuTEepaTypa

1. Urommn, B.M. COopHUK 3a7a4 MO MAaTeMAaTHYECKOW JIOTUKE W TEOPHUU AJITOPUTMOB .
yue6. mocooue / B.M. Urommu. — Mocksa : KYPC ; UH®PA-M, 2019. — 392 ¢. —
(bakamaBpuat). - ISBN 978-5-906818-08-9 (KVYPC); ISBN 978-5-16-011429-3
(MUH®PA-M, print); ISBN 978-5-16-103684-6 (MIH®PA-M, online). - Tekct
snektponnsiid. - URL: https://znanium.com/catalog/product/986940

JonoHUTeILHAS JTUTEpPaTypa

1. Cynomnaros, C. B. MaTemaTnyeckas JOTUKa U TEOPHUS aITOPUTMOB : YYCOHUK U
MPAKTUKYM JUTsl akageMuueckoro Oakanaspuara / C. B. Cynomnaros, E. B.
OBUYMHHHMKOBA. — 5-€ U3J., cTep. — Mocksa : M3narenscTBo FOpaiit, 2019. — 255 ¢. —
(Boicmiee obpazoBanue). — ISBN 978-5-534-00767-1. — Texcrt : anexktpoHHbIi / DBC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuit, B. H. Teopus anroputmoB. BBeienue B CJ10KHOCTh BEIYMCIICHUH : yueOHOE
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[TokaxuTe, 4TO U3 MPEATIOIOKEHHUS O TOM, 4TO B CTpoke 4 mporuenypsl Hire-Assistant Bcerna
MOYKHO ONPEIETTUTh, KAKOW KaHIUJAT HAWIYUIIUH, CIEIYyeT, YTO Mbl 3HA€M OOILIHI HOPSIIOK
PAaHrOB KaHIHJIaTOB.

Onummre peanuzanuio npouexaypsl Random(a, b), KOTopas MOXKET HCIIOJIB30BAaTh TOJIBKO
onuH Bb3OB — mporenypsl Random(0,1). Uemy paBHO MaTeMaTH4eCKOE OXKUIAHUE
BpEeMeHHU paboThI Ballell peanu3anuy Kak GyHKiuu ot a u b?

[Ipeamnonoxum, yTo HY>KHO BbIBOIUTH 0 U 1 ¢ BepoaTHOCTHIO 1/2. B HameM pacnopspkeHUH
umeercss nporeaypa Biased-Random, kotopas ¢ BeposTHOCTbIO p BbimaeT 0 u ¢
BEPOSTHOCTBIO 1 — p — ymcio 1; 3HaueHue p HaMm Hen3BecTHO. ChopMynHpyHTE alNTropuTM,
UCIIOJIB3YIONIMI B Ka4eCTBE MOANPOrpaMMsbl ipoueaypy Biased-Random +u Bo3Bpaatommii
paBHOMEpHO pacnpeseneHuble yncaa 0 H 1, Te. BEpOoATHOCTb BbIBOJIA Ka)KJOI0 U3 HUX paBHA
1/2. Yemy paBHO MaTeMaTH4eCKOE OXKHJAHUE BPEMEHH pPa0OThI TAKOH MPOIEIyphl Kak
¢ynkuuu ot p?

Yemy paBHaA BEpOSTHOCTH TOTO, 4TO B mpoueaype Hire-Assistant Oyaer HaHAT POBHO OAMH
KaHAMJAT, €CIU Ipelrojaraercs, 4To coOeceoBaHWE C KaHAWJaTaMH IPOBOAMUTCS B
cityyaiiHoM nopsiike? A BepOsSTHOCTb TOTO, YTO OyIyT HAHATHI 11 KaHAUATOB?

Yemy paBHaA BEpOSITHOCTH TOTO, YTO B mpoueaype Hire-Assistant Oyaer HaHITO pOBHO JBa
KaHAMJaTa, €ClIM Hperoyiaraercsi, 4yrto coOeceloBaHME C KaHAMJATaMU IPOBOJUTCS B
CIy4yallHOM HopsJIKe?

Bbruucnure MmaremMaTHyecKoe 0>KUJaHUE CyMMbI OYKOB HA N UTPAJIBHBIX KOCTSAX C IOMOILIbIO
UH/IMKATOPHBIX CITy4ailHbIX BEJIUYUH

PemnTe ¢ mOMOIIBIO0 HHAMKATOPHBIX CIyYailHBIX BEJIMYMH 3a]ady, U3BECTHYIO KaK 3aJa4a o0
rapaepodmuke. Kaxplii U3 1 moceruteneil pecropaHa cIaeT CBOK IUIANY B rapaepoo.
['aprepoOuKk Bo3BpalaeT LUIANBl CAy4allHBIM 00pa3zoM. YeMy paBHO MaTeMaTHYECKOe
O’KU/IaHUE KOJIMYECTBA OCETUTEIEH, OTYYUBIIMX OOPATHO CBOU COOCTBEHHBIE IIIJISIbI?
ITycts A[1...n] — maccuB, COCTOSsIIMI U3 N pasnuuHbIX unced. bemu i < j, a A[i] > A[j],
to mapa (i, ) Ha3bIBacTCS uHeepcuenn MaccuBa A (Oonee aeTanbHy0 HHGOpManuio 00
MHBEPCHUSIX MOXHO Haiitu B 3amaue 2.4), Ilpenmonoxum, 4yTO 3JIE€MEHTHl MaccuBa A
00pa3yloT paBHOMEPHYIO CciydalHyl mnepectaHoBky uyucen (1,2,...,n). Bocmnonb3yiitech
WH/IMKAaTOPHBIMU CITyJalHBIMH BEIMYMHAMH IS TIOMCKA MaTeMaTUYeCKOrO OKUIaHUS
KOJINYECTBA MHBEPCUI B MacCHUBE.

VY mpodeccopa BO3HUKIM BO3paXKEHUS MPOTUB MHBAPHAHTA IUKJIA, UCIOJIB3YIOLIETOCs MPH
Jl0Ka3arenbcTBe JeMMbl 5.5. OH COMHEBAETCs, YTO 3TOT MHBAPHAHT BBIMOIHSIETCS Nepen
nepBoi utepanuer. CorlacHO €ro J0BOJaM, IyCTOM MOAMAacCHB HE COLECPKUT HHUKAKUX
pasMemieHnid u3 (0 2JIEMEHTOB, MO3TOMY BEPOSTHOCTh TOTO, YTO B TaKOM IIOJMACCUBE
HaXOJUTCS TO WIM HMHOE pa3MelleHHe, NobKHa ObITh paBHa 0. M3 3TuX paccyxeHui
clleflyeT, 4TO MHBapUaHT IMKJIA Mepel MnepBoi urepauueil He BbimoiHsercs. [lepenummre
nporuenypy Randomize In Place Takum 00pa3om, 4TOObI CBSI3aHHBIN C HEell HHBAPHUAHT IHKJIA
nepea NepBOil uTepalueld NMPUMEHSJICS K HElycTOMY IOJAMAacCHBY, U COOTBETCTBYIOLIUM
o0pa3oM Moau(UUIUPYITE OKa3aTeNbCTBO JEMMBI 5.5 17151 CBOEH MmpoLeayphl.

[Ipodeccop pemmn pa3paboTarh aldropuT™M, B pe3ysbTaTe BBIIOJHEHUS KOTOPOTO
MoJIydyaluch Obl BCE CIIy4aiHblE MEPECTaHOBKH, KpPOME TOXAECTBEHHOW. OH MperioxKuil

TaKyro IpOLEIypy.

Permute-Without-ldentity(A)

1 n = A.length

2 fori=1ton—-1
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3 O6wmensts Ali] ¢ A[Random(i + 1,n)]
JloGbeTcst mu mpodeccop MOCTaBICHHOM LEIH C TIOMOIIIBIO 3TOr0 Koaa?

11. [IpenrnonoxuM, 4TO BMECTO TOTO, YTOOBI MEHSATh MecCTamMH 3JeMeHT A[i] co cmyuaiiHo
BBIOpAHHBIM 3JIEMEHTOM M3 mojmaccuBa A[i..m], Mbl MeEHsIeM €ro MecraMu C JIFOOBIM
CITy4aiiHO BHIOPAHHBIM 3JICMEHTOM MaccuBa A.

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

[Tony4utcst M B pe3ysIbTaTe BBIIOJHEHUS 3TOTO KOJa paBHOMEPHAs ClydaiiHas MepecTaHOBKa?
OO0ocHyliTe CBOM OTBET.

12. Ilpodeccop mpeanoxkua Al TEHEpaUuu CIydalHBIX IIEPECTAHOBOK C OJHOPOIHBIM
pacnpezielieHueM TaKylo IPOLerypy.

Pernute-By-Cyclic(A)

1 n = A.length

2 [lycts B[1..n] — HOBBII MaccuB

3 0ffset = Random(1,n)

4 fori=1ton

) dest =i+ of fset

6 if dest >n

7 dest = dest —n

8 Bldest] = A[i]

9 return B

13. TTokakuTte, 9TO KaKAbIi 37eMeHT A[i]| OKa3bIBaeTCs B ONPEACICHHON MO3UINU MaccuBa B ¢
BEPOSTHOCTHIO 1/n. 3aTeM MOKaXUTE, YTO AITOPUTM IMpodeccopa OmnOOYEeH B TOM CMBICIIE,
YTO MOJY4YEHHBIE B PE3Y/IbTaTe €ro BBIIOJHEHUs MEPEeCTaHOBKU He OyIyT paclpeieleHbl

PaBHOMEPHO.
14. [Tokaxute, 4TO B pe3ysbTaTe BBINOJHEHUs mpoueaypsl Permute By Sorting BepositHOCTH

1
OTCYTCTBUA OAUHAKOBLIX 3JICMCHTOB B MACCHUBC P ne menpie BenmuuuHel 1 — ;

15. OObsacHUTE, KaK clenyeT peanu3oBaTh anroputMm Permute By Sorting B ciydae, xornia aBa
Wi 0ojiee TPUOPUTETOB HWACHTHYHBL [IpyrMMH CIIOBaMH, aJTOPUTM JOJDKCH BBIJIABaTh
CIIyJ4aifHbIE PAaBHOMEPHO paclpe/IelICHHbIC MEePECTAaHOBKU JaKe B Cliydae, ©CIM JBa MU
0oJiee MPUOPUTETOB UMEIOT OJTMHAKOBBIC 3HAUCHUS

16. IpeamonoxuM, 9T0 MBI XOTHM CO3/IaTh CJAy4aiiHyl BBIOOPKY 13 MHOXecTBa {1,2,3, ..., n},

T€. M-dJeMeHTHOe moAMHOXecTBO S, rme 0 <m < n, Takoe, YTO Kaxjgoe M-
MOJIMHOYKECTBO CO3/Ia€TCS C OJMHAKOBOW BEPOSATHOCTHIO. OOUH M3 CIOCOOOB COCTOUT B
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npucBauBanuu Ali] =i ana i = 1,2,3,...,n u Be3oBe Randomize-In-Place(A), mocie yero
CIIEAYET IPOCTO B3SATh IEPBBIE M DJIEMEHTOB MAacCHBA. DTOT METOJ BBHIIMOJIHAET I BHI30BOB
npoueaypsl Random. Eciiu N ropasno MeHbIIe M, MOXHO CO3[aTh CIy4YailHYI BHEIOOPKY C
IIOMOIIBI0O MEHBIIEr0 KojudyecTBa BHI30BOB Random. Ilokakute, 4TO NpHBEICHHAS alice
pPEKYpCHBHAs IIPOIEAYpPa BO3BpallaeT CIy4alHOEe M-IOAMHOMXECTBO MHOXECTBA S,
cocrosIiero u3 aneMenToB {1,2,3, ..., n}, npuueM Kaxa0e M-MoJMHOXKECTBO PaBHOBEPOSTHO,
U [IpH 3TOM Iporueaypa Random BeI3bIBacTCS TOJIBLKO M pas.

Random-Sample(m,n)

lifm==

2
3
4
5
6
7
8

17.

18.

19.

20.

21.

22.

23.

return @
else S = Random Sample(m — 1,n — 1)
i = random(1,n)
ifies
S=Su{n}
else S =S u{i}

returnS

CKOJIBKO 4YEJIOBEK TOJDKHO COOpaThbcsi B KOMHATE, YTOOBI BEPOSTHOCTH TOTO, YTO JCHB
POXKICHHS Y KOrO-HUOY/Ib U3 HUX COBMAJAET C BamuM, Obuta He MeHblued 1/2? Ckoabko
YeJIOBEK HEOOXOMUMO, YTOOBI BEPOSITHOCTH TOTO, YTO XOTS ObI JBO€ W3 HUX POJMIUCH 7
HOSOpS, IpeBbICHIIA BennyuHy 1/27

[TpenmoiokuM, 9TO MBI HAIIOJIHSIEM b KOP3WH IIapaMu JO TeX IMOp, MOKa B KaKOH-TO U3
KOP3HMH HE OKa)KeTcs JiBa apa. Bce onmyckaHus MapoB BBINOIHSAIOTCS HE3aBUCUMO, U 1IAp C
paBHOM BEPOSITHOCTHIO MOXET OKa3aThCsl B NIOOOM Kop3uHe. UeMy paBHO MaTeMaTH4eCKOe
OKHJJaHNE KOJMYECTBA OMYIICHHBIX B KOP3UHBI MAPOB?

B xone aHanm3a mapagokca AHEH POXACHUS OBLIO MPUHATO MPEANONIONKEHHE O B3aUMHOMN
HE3aBUCUMOCTH BCE€X JTHEH pOXKACHUS. SIBIsETCA JM 3TO MPEINOIIOKEHUE CYHIECTBEHHBIM,
WM IOCTaTOYHO MOnapHoil HezaBucumMoctu? OO0CHYHTE CBOM OTBET.

CKONBKO YeNOBEK HYKHO MPUTIACUTh Ha BEYEPUHKY, YTOOBI BEPOSITHOCTH TOTO, YTO TPOE U3
HUX POJIUIINCH B OJMH U TOT K€ JIEHb, IOCTUTJIA 3aMETHOI BETUYMHBI?

KakoBa BepOSITHOCTB TOTO, YTO CTPOKa JJIMHOM K, cOCTaBleHHas U3 CUMBOJIOB -3JIEMEHTHOTO
MHOJKECTBA, SBJIICTCS pa3MelleHneM k 3JeMeHTOB 3Toro MHoxkecTBa? Kak 3TOT BoOIpoc
CBSI3aH C IapaIOKCOM JHEH pOXKIACHUS?

[Ipeanonoxxum, 4TO N WAPOB pacHpeesstoTcs o N Kop3uHaMm. Kaxaplid map omyckaercs
HE3aBHCHUMO OT JIPYTUX M C PaBHOU BEPOSTHOCTHIO MOXET OKa3aThCs B JII0OOOI U3 KOP3HH.
Uemy paBHO MaTEMaTHYECKOE OXHUAAHME KOJUYECTBAa MYCThIX KOp3uH? Yemy paBHO
MaTEeMaTUYeCKOe 0’KMIaHUE KOJIMYECTBA KOP3UH C OJHUM IIapom?

VYTOYHUTE HUKHIOIO OLIEHKY JJIMHBI MOCIEAOBATEIIbHOCTA BbINAJACHUN OpiyioB. s 3TOro
MOKaKUTE, YTO MPH N TMOJOPACHIBAHUSIX CUMMETPUYHOW MOHETHI BEPOATHOCTH TOTO, YTO
TaKas MoCJIeJI0BaTeILHOCTh OyeT He JmuHHee Ign — 2 1glgn, mensie 1/n.
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3agaun
1. BeposiTHOCTHBII noaCYeT

C moMOmBI0 -OGHTOBOTO CUETYMKA MOXKHO BecTH mozcuer no 22 —1 amementos.
[Mpennoxxennsiit P. Moppucom (R. Morris) eepoamuocmmusiii noocuem (probabilistic counting)
IMMO3BOJIACT MPOBOAWUTL HYMCPAIMIO HAMHOT'O 6OJIBL[ICFO KOJINYCCTBA 2JICMCHTOB HeHOﬁ noTepu
TOYHOCTH.

I[IycTh 3HaueHHe HepeMeHHoi-cuerunka i = 0,1,...,2° —1 o3Hauaer HOMep smeMeHTa N;
BO3pacTaoIlel MOC/IE0BATEIbHOCTH HEOTPULIATENbHBIX Uncel. byieM cuuTarh, YTO Ha4yaJIbHOE
3HauUEHUE CYETYMKAa paBHO HYNIO, T.e.ny = 0. Onepanus Increment yBeauMuuMBaeT 3HAUYEHUE
cueTyuKa i caydaitHbiM o6paszoM. Ecimu i = 2P — 1, 1o B pesymbTaTe 3TOrO f€iicTBUS BhIIAETCA
coo0IlleHne O TEepenoJHEeHUH. B MpOTHBHOM cilydyae 3HAUYEHHME CUETYHKA C BEPOSTHOCTBHIO

1/(n;41—mn;) BO3pacTacT HAa EIWHHUIY M OCTAETCS HEU3MEHHBIM C BEPOSATHOCThIO 1 —
1/(Miy1—mny)

Ecnu g Beex § = 0 BbIOpaTh N; = i, TO MBI OJIY4UM OOBIYHBIN cueTYHK. bosiee mHTEpecHas
CHTYaIUs BOSHUKACT, eCIIH BBIOpATh, ckaxeM, = 211 st i > 0 wn ni= Fi (i-e uncino ®uGonauum;
cM. pazzen 3.2).

B 3amade mpeamonaraercs, 94To 4nciao n2b 1 10CTaTOYHO OOJIBIIOE, YTOOBI BEPOSTHOCTHIO
NIEPENIOTHEHUST MOYXHO OBLIO MPEHEOpEYb.

a. [Tokaxure, 4TO MaTEMaTUYECKOE OKUIAHNE 3HAUCHUS CUETUHKA 110CIIe IPUMEHEHUS K HEMY I
onepaumii Increment paBHo n.

0. AHalW3 NUCTIEPCHUU 3HAUYEHUSI CUETYMKA 3aBUCUT OT BBIOOpA IMOCIENIOBATEIBLHOCTH N;°.
Paccmorpum mpoctoit cimyuaid, koraa n; = 1000 mns Bcex { = 0. OueHure Aucnepcuro
3HAYEHUS CUETYMKA MOCIIE BHITIOTHEHHS onepanuu Increment n pas.

2. Tlonck B HEOTCOPTHPOBAHHOM MAaCCHBeE

B aTO#l 3amaue uccaenyoTcs TpU aNrOpUTMa IOKWCKA 3HAYEHHUS X B HEOTCOPTUPOBAHHOM -
2JIEMEHTHOM Maccuse A.

PaccMmoTpuM crienyronryio paHJOMU3UPOBAHHYIO CTPATErvio: BEIOMpaeM 3JeMEeHT MaccuBa A
C MPOM3BOJBHBIM HHJIEKCOM [ W MPOBEPSEM CIpaBeIMBOCTh paBeHcTBa A[i] = x. Eciam ono
BBIIIOJIHSIETCS,, TO QITOPUTM 3aBeplIaeTca. B NpPOTUBHOM cilydae IIPOJOJDKAEM IIOHCK,
ciIy4aiiHbIM 00pa3oM BeIOMpast HOBbIE AyIeMeHThl MaccuBa A. [lepebop MHAEKCOB MPOIOIKAETCS
70 TeX MOop, MoKa He OyaeT HaiifieH TakoW wHIeKc j, uto A[i] = x, unmu moka He OGyayT
IIPOBEPEHBI BCE 3JIEMEHTHl MaccuBa. 3aMETUM, YTO BBIOOp KaXJblil pa3 MPOU3BOJIUTCS CpPEeau
BCEX MHJEKCOB MACCHUBA, MI03TOMY KPYT ITOMCKA HE CYXKAETCSA M OAUH U TOT XKE DJIEMEHT MOKET
IIPOBEPATHCS HEOJHOKPATHO.

a. Hamummwure mcesnokox mpouenypsl Random-Search, peanmsyromeir  onucaHHyro
crpareruto. [103a60TbTECH, YTOOBI AITOPUTM MpEKpaInail paboTy IOCiIE TOro, Kak OymyT
IPOBEPEHBI BCE HHIEKCHI MaCCHBA.

6. IIpeamonoxum, 4To MMEETCs POBHO OXMH HWHIEKC i, Takou, uro A[i] = x. Uemy paBHO
MaTeMaTU4YeCKOe OXKHUaHUE KOJMYECTBA UHJIEKCOB B MacCUBe A, KOTOpbIE OyAyT MPOBEPEHBI
10 TOT0, KaK OyzeT HaieH 2JeMenT X U npoueaypa Random-Search sasepmur pabory?

B. O600mmTe pemienne chopMyaupoBaHHOW B M. (0) 3agaud Il CUTYyallMH, KOTJa UMEIOTCS
k > 1 wunnekcoB i, rtakux, uro A[i] =x. YemMy paBHO MareMaTHYecKOE OXKHIaHHE
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KOJIMYECTBA WH/IEKCOB B MacCcUBe A, KOTOpbIE OYAYyT IPOBEPEHBI 10 TOT0, Kak Oy/AeT HalJeH
s1eMeHT ¢ 1 npoueaypa Random-Search sasepimr pa6ory? OTBeT 10IDKEH NPEICTABIATH
co00i PyHKIHIO OT BeIMYUH N U k.

r. [Ipeanonoxum, uto yciosue A[i] = x He BBINONHAETCS HM IS Kakoro uHuekca i. Yemy
PaBHO MaTEMaTHYECKOE OKHAHHME KOJMYECTBA MHIEKCOB B MaccuBe A, KOTOpPbIE IIPUIETCS
IIPOBEPHUTH JI0 TOTO, KaK OyIyT IPOBEPEHBI BCE DIEMEHTHI MaccuBa U Ipoueaypa Random-
Search zasepmut paGory?

Tenepb paccMOTPUM JETEPMMHUPOBAHHBINA aIrOPUTM JIMHENHHOro noucka Deterministic-
Search. B 5ToM anropuTMe HOMCK 3JI€MEHTa ¢ IPOM3BOIAMTCSA IIyTEM IIOCIIENOBATEIBHON
nposepku amementoB A[1], A[2], A[3], ..., A[n] mo Tex mop, moka HE MPOU30UAET OJHO W3
IBYX COOBITHIi: 10O OymeT HaiineH snement A[i] = x, mu6o Oyger JOCTUIHYT KOHEL MacCHBa.
[Ipenmosiaraercs, 4YTO BCE BO3MOXKHBIC IIEPECTAHOBKH JJIEMEHTOB BXOJHOI'O MacCHBa
BCTPEYAIOTCS C OJJMHAKOBOM BEPOSITHOCTBIO.

A. Ilpenarnonoxxum, 9To UMEETCsl BCETO OJMH MHJIEKC i, Takou, 4rto A[i] c. Uemy paBHO Bpems
pabotsl nporenypsl Deterministic-Search B cpexnem ciyuae? Kak Bemer cebs ata
BEIIMYMHA B HAUXY/IIIEM Cirydae?

e. O0o0muTe pernieHre cHOpMyIUPOBAHHON B M. (1) 3a1a4ul IS CHTYaI[MH, KOTJIa WMEIOTCS
k > 1 wunnexcoB i, mns xotopeix A[i] = x. Yemy paBHO Bpemsi pabOThI MPOLEAYPHI
Deterministic-Search B cpemnem ciyuae? Kak Beger cebGs 5Ta BelMYMHA B
Hauxy/umeM ciydae? OTBET 1o/bKeH ObITh GyHKIMen ot n u k.

. [Ipeanosnoxum, uto ycinosue Ali] = x He BBINONHIETCS HU IS KAKOTO dJIEMEHTA MaccuBa A.
Yemy paBHO BpeMst paboTsl mporeaypsl Deterministic-Search B cpennem ciydae?
Kaxk Bener ce6st 3Ta BeNMUMHA B HAMXY/IILIEM CITydae?

HakoHner paccMOTpUM paHIOMH3MpOBaHHy0 anroputm Scramble-Search, B koropom
CHayajia BBINOJHIETCS CydaiiHas MEPEeCTAaHOBKA JJIEMEHTOB BXOJHOTO MAacCHBa, a 3aT€M B
TIOJIYYEHHOM MACCHBE BBITIOJIHAECTCS ONUCAHHBIN BBILIE TMHENHBIN 1€ TEPMUHUPOBAHHBIN TOUCK.

3. [Tycts k — KONMMYECTBO HHIEKCOB I, TakuX, 4to A[i] = x. Onpenennrte MaTeMaTHIeCKOe
OKHUJIaHKe BpeMeHu paboTsl mpoueaypsl SCramble-Search u Bpems ee pabots B
Hauxy/ueM ciydae Juist 3HadeHnit k = 0 u k = 1. O6o0mmure penrenue uis crydas k > 1.

u. Kakoil u3 Tpex npeacTaBieHHbIX aITOPUTMOB Bbl Obl nipeanowin? [losicHure cBoil OTBET.

MeToauueckue PEKOMEHIAUH

[Ipy 1DOATOTOBKE K MPAKTUYECKUM 3aHATUSAM CTYACHT [JOJDKEH IIPUIEPKUBATHCA
CIEAYIOIIMX PEKOMEHAAIUI:

- BHUMATEIbHO U3YUYUTh OCHOBHBIE BOIIPOCHI TEMBI U TUIaH IPAKTUYECKOTO 3aHATHA,

- OIIpCACINUTE MCCTO TCMbI 3aHATHA B 06HICM COJZCpIKaHNHU, €€ CBA3b C APYT'UMH TEMAMU;

- HalTH ¥ TPOpadOTaTh COOTBETCTBYIOIIUE Pa3/Iebl B PEKOMEHJOBAHHBIX HOPMATHBHBIX

JOKYMEHTaX, Y4eOHUKAX U TOTIOJHUTEIBLHOM IUTEepaType;

- MOCJIE 03HAKOMJICHHSI C TEOPETHUYECKUM MaTEPUAJIOM OTBETUTH HAa BOIPOCHI IO TEME
Kypca,

- IPOJyMaTh MYTH U CIIOCOOBI pelIeHUS MPOOIEMHBIX BOIIPOCOB;
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- MpOJyMaTh pa3BEpPHYThIE€ OTBETHl Ha MPEIJIOKEHHBIE BOIPOCHI TEMbI, OMHUPAsACh Ha
JICKIIMOHHBIE MATEPUAJIbI, PACIIUPSS U JTOTOJHSS UX JaHHBIMU U3 YUCOHUKOB, JOMOJHUTEITHHON
JUTEPATYPHI.

B xonme mpakTU4eckoro 3aHATHS HEOOXOAMMO BBHIIOTHUTH MPAKTUYECKOE 3aJaHue, a
3aTeM OOBSICHUTh METOAMKY €r0 PEeIIeHUsI.

HcTounnku u 1uTepatypa Uil NOATOTOBKH:
OcHoBHas1 InTepaTypa

1. Uromwmn, B.U. COopHUK 3a7a4 1O MaTEeMaTHYECKON JIOTUKE U TEOPUH AJTOPUTMOB :
yueb. mocodue / B.M. Urommu. — Mocksa : KYPC ; UH®PA-M, 2019. — 392 ¢. —
(bakanaBpuat). - 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
anekTpoHHbI. - URL: https://znanium.com/catalog/product/986940

JonotHUTeILHAS JUTEpPaTypa

1. Cynomnatos, C. B. Matematuueckas JIOTHKa ¥ TEOpHUs aITOPUTMOB : YIEOHUK U
MPAKTUKYM JUTsl akageMuueckoro Oakanaspuara / C. B. Cynomnaros, E. B.
OBUYMHHHMKOBA. — 5-€ U31., cTep. — Mocksa : M3narenscTBo FOpaiit, 2019. — 255 ¢. —
(Boicmree obpazoBanne). — ISBN 978-5-534-00767-1. — Texcrt : anexktpoHHbI# / DBC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuit, B. H. Teopus anroputmMoB. BBeienue B CJ10KHOCTh BEIUMCICHUH : yueOHOE
nocoOue it 6akanaBpuara u Maructpatypsl / B. H. Kpynckuii. — 2-e u3n., ucnp. u
nor. — Mocksa : M3garensctBo FOpaiit, 2019. — 117 c. — (ABTOpCcKUl yueOHUK). —
ISBN 978-5-534-04817-9. — Texkcr : anextponusiii // ObC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131

IIpakTuyeckoe 3aHsaTHE 6 O TeMe «AJTOPUTMBI COPTHPOBKH
Bomnpocsr:

ITapanokc nHEW poxKIeHHUS.

AHanu3 ¢ NpUMEHEHHEM MHIUKATOPHOM CIy4yallHOUN BEJIUYHHBI.
Crny4aifHOe HaIlOJTHEHUE KOP3UH MTPOHYMEPOBAHHBIMH IIAPaMHU.
ITocnenoBaTenbHOCTh BBINIAJICHHS OPJIOB.

3amaua o HaiiMe B OTIEPAaTUBHOM PEKUME.

BeposiTHOCTHBII MTOACYET.

ITorck B HEOTCOPTUPOBAHHOM MACCHBE.

NoakowhE

IIpakTH4yeckue 3a1aHus:

1. quy paBHO MUHUMAJILHOC U MAKCUMAJIbHOC KOJMYCCTBA 3JICMCHTOB B IMUPAMU/IC BBICOTOM
h?


https://znanium.com/catalog/product/986940
https://urait.ru/bcode/432018
https://urait.ru/bcode/444131
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[TokakuTe, 4TO N-37€MEHTHAsI TUPaMHUIa UMEET BeICOTY [Ig n].

[MTokaxute, 4TO B JHOOOM IMOJJICPEBE HEBO3PACTAIOIICH THPaMUIbl KOPEHBb 3TOT0 MOJIepeBa
COJICPKHUT HAarOOJIbIIIee 3HAUCHUE CPETU Y3JI0B MOJIICPEBa.

['me B HeBO3pacTarOIIEi MUPaMUIE MOKET HaXOAUTHCS HAUMEHBIIUHN €€ 3JIEMEHT, €CIIH BCe
3JIEMEHTHI Pa3INyaroTCs 10 BeInYrHe?

SIBysieTCs TN MAacCUB C OTCOPTUPOBAHHBIMH JIEMEHTAMHU HEYObIBAIOIEH TUPaMH 10N ?
SBnsercs oM mocienoBareabHOCTh 3Hadenmid (23, 17, 14, 6, 13, 10, 1, 5, 7, 12)
HEBO3pacTaroIel MUpaMHUI0M?

[TokakuTe, YTO €CiAM N-JIEMEHTHYIO MHPAMUAY NPEJACTaBHTh B BUJEC MAacCHBa, TO €€
JUCThAMU OyIyT 3JIEMEHTHI ¢ uHAeKkcamu [n/2] + 1, [n/2]+2, ..., n.

Bocmosb3oBaBmmck puc. 6.2 B KauecTBe 00pasiia, MPOULTIOCTPUPYITE padoTy Mporeayphl
Max-Heapify(A, i) ¢ maccuBom A = (27,17, 3, 16, 13,10, 1, 5,7, 12,4, 8, 9, 0).

Hcnonb3ys B KayecTBE OTHpPABHON TOYkM mpoueaypy Max-Heapify, Hanummre niceBaokon
npoueaypsl Min-Heapify (4, i), koTopas BBINOJIHSIET COOTBETCTBYIOLIME ICHCTBHS HaJ
HeyObIBaromiel mupamuaoii. KakoBo Bpemst pabotsl mporeaypsl Min-Heapify mo cpaBHeHuto
co BpeMeHeM paboTsl miporeaypsl Max-Heapify?

Kak Biuser Ha BbI30B mporeaypbl Max-Heapify (4, i) curyamus, xorma smement Ali]
0oJIbIIIe, YEM €T0 JOYCPHHUE FIEMEHTHI?

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

Kon mpouenypsr Max-Heapify mocrarouno panmoHasneH, eclii HE CYMTATh PEKYPCHBHOTO
BbI30Ba B CTpoke 10, M3-32 KOTOPOrO HEKOTOpbIE KOMIMISTOPHI MOTYT CT€HEPHPOBAThH
HedhGekTuBHBI Kon. Hammmmre 3ddexTuBHyo mpoueaypy Max-Heapify, B koropoit
BMECTO PEKYPCHBHOTO BBI30Ba HCIOJIB30BANACh Obl HMTEPATHBHAs  YIPABISIOIIAS
KOHCTPYKIUS (IIHKN).

[TokaxuTe, 4TO B HAUXY/IIEM Clydae Bpemst paboTsl mporeaypsl Max-Heapify na nupamue
pasmepom N paBHo (Q(lgn). (Yka3zaHue: B mupamuje ¢ N y3JIaMy MPUCBOUTE y3j1aM TaKue
3HaveHus1, 4rtoObl mpoueaypa Max-Heapify pekypcHBHO BbI3bIBaJach B KaXIOM Y3Je,
pacIoyoKeHHOM Ha IPOCTOM ITyTH OT KOPHS JIO JIUCTA. )

Bocmonb3oBaBimce B kauecTBe oOpasia puc. 6.3, IpOMILIIOCTpUPYHTE paboTy MpoIeIyphl
Build-Max-Heap nax Bxoausim maccuBoMm A = (5, 3, 17, 10, 84, 19, 6, 22, 9).

[Moyemy uHAeKe KKIa | B cTpoke 2 mporenypbl Build-Max-Heap yosiBaer ot [A. length/2]
1o 1, a He Bo3pacraer ot 1 g0 [4. length/2]?

[Tokaxure, 4T0 B JHOOOW N-JIEMEHTHOM NHpamuae Ha BbicoTe h Haxomutcs He Oonee

[n/27+1] y3108.
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Bocnonb3oBaBmincek B kadecTBe obpasia puc. 6.4, IpOUILIIOCTPUPYITE pabOTy MPOIeayphl
HEAPSORT nax BxogasiMm MaccuBoM A = (5, 13, 2, 25,7, 17, 20, 8, 4).

Jlokaxkutre KOPPEKTHOCTh Mpoleaypbl Heapsort ¢ momouipio Cleayroniero HHBapHUaHTa
mukina: «B Havane kaxaod wurepanuu nukia for B crpokax 2-5 mommaccuB A[l ... i]
Ipe/ICTaBIseT OO0 HEBO3PACTAIOIIYIO MUPAMHKLY, COACPIKAIYI0 | HAMMEHBIIUX dJICMEHTOB
maccuBa A[1 ... n], a B mogmaccuse A[i+1 ... n] comepxarcs N-i HAUOOJBIIMX 3JIEMEHTOB
MaccuBa A[1 ... N] B OTCOPTUPOBAHHOM COCTOSHUU.

Uemy paBHO Bpems paboThl mporuenypsl Heapsort ¢ maccuBom A JUIMHOM N, B KOTOPOM
AJIEMEHTHI OTCOPTHPOBAHBI U PACIIONIOKEHBI B MOPSIIKE Bo3pacTaHus? B nmopsake yobiBaHUs?
[Toxaxute, 4To BpeMsi paboThI mpoueaypsl Heapsort B Hauxymuem ciayyae coctaBisger (N
lgn)

[TokaxwuTte, 4yTO, KOT/Ia BCE DJIEMEHTHI Pa3lW4Hbl, BpeMs paboThl mpouenypsl Heapsort B
HaWIy4IleM ciiydae paBao (n lgn)

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

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

Hanummre niceBmaokos! mpoueayp Heap-Minimum, Heap-Extract-Min, Heap-Decrease-Key
u Min-Heap-Insert, peanusyrommx HeyOBIBAIOIIYIO Ouepelb C MPHOPUTETAaMH Ha Oase
HEyOBIBAIOIICH MUPAMHUIBI.

3aueM Hy)KHa Takas Mepa MPEeAOCTOPOKHOCTH, KaK MPHCBOCHUE KIIOUY J00aBISIEMOToO B
cTpoke 2 mpouexaypbl Max-Heap-Insert B mupamuay y3ia 3HAYeHHS -00, €CJIM YK€ Ha
CJICAYIOIIEM IIare 3HAYSHHE ATOTO KIIF0Ya YBEIIMIUBACTCS 10 TPeOyeMOol BETMYMHBI?
Jokaxxute KOppeKTHOCTh Tmporenypsl Heap-Increase-Key ¢ moMorisio claeayromero
WHBapHaHTa nuKia: «B Havane kaxmoit urepanuu nukia While B ctpokax 4-6 A[Parent(i) >
A[Left(i)] u A[Parent(i) = A[Right(i)], ecitu 3T y3J1bI CYHIECTBYIOT, a moaMaccuB A[1 . . A.
heap-size] ynoBineTBOpsieT CBOWCTBY HEBO3pACTAIONICH MHPAMHJIbI, 3a HCKIIOYCHUEM,
BO3MOJXKHO, ofHOTO HapymieHus: A[i] Moxer OwiTh Oosbmie, wem A[Parent(i)]». MoxHo
CUMTaTh, YTO B MOMEHT BBI30Ba mporeaypbl Heap-Increase-Key moamaccus A[1 . . 4.heap-
Size] ymoBiIeTBOpSET CBOWCTBY HEBO3PACTAIOIICH MHPAMHUIBL.

Kaxxnas oneparust oomeHa B cTpoke 5 mporenypsl Heap-Increase-Key o6sraH0 TpeGyeT Tpex
npucBanBaHuil. [lokakuTe, Kak BOCIONB30BAThCS HAEEH BHYTPEHHErO IHKIJIA MPOLETYPHI

Insertion-Sort, uTo6B BMECTO TpeX MPHCBaUBaHUI 0OOWTUCH TOIBKO OJTHUM.
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28. TlokaxxuTe, KaKk C TOMOIIBIO OYEPEIU C TMPUOPUTETAMHU pPeaTH30BaTh OYEpeIb TIEPBBIM
Bomen — mepBbIM Bbien'! IlpogeMoHCTpupyidTe, Kak C MOMOIIBIO O4Yepean ¢
NPHUOPUTETaMU peann3oBarh cTek. (Ouepeau u CTeKu onpezeacHsl B paszaene 10.1)

29. Iponienypa Heap-Delete (4, 1) ynanser u3 nupamusl A y3en I. Pazpaboraiite peanusanuio
9TO# mporeaypbl, KoTopoir Tpedyercs Bpemss O(Ign) s ynanenus y3na u3 N-3JeMEHTHOU
HEBO3PAaCTaOIIEeH TMPAMHU/IBIL.

30. Pa3paboTaiiTe anroputM, 00bEIUHSIONMNA K OTCOPTUPOBAHHBIX CIMCKOB B OJWH CITUCOK 32
Bpemsi O(nlgk), rie N — oOiiee KOJIMYECTBO AJIEMEHTOB BO BCEX BXOJHBIX CIIMCKAaX.
(Yka3zaHue: 175 CIUSIHUS CIIMCKOB BOCIIOJNIb3YHTECh HEYOBIBAIOIICH THPAMHION. )

6. 195

3agaun
1. TlocTpoeHue mupamMuabl BCTABKAMHU

[MupaMury MOXKHO IMOCTPOUTH ¢ TIOMOIIEI0 MHOTOKPATHOTO BBI30Ba mpoleaypbl Max-Heap-Insert mst
BCTAaBKH JJIEMEHTOB B MUpaMuIy. PaccMoTpuM cliieayromuii BapuanT mporieaypst Build-Max-Heap.
Build-Max-Heap' (4)

1 A. heap-size= 1

2 for i =2to A. length

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

a. Beerma mu mporienypst Build-Max-Heap u Build-Max-Heap' aist ogHOro u TOT0 %e BXOJHOI0 MacCHBa
CO3IIAIOT OJIHY U Ty ke nmupamuny? JlokaxxuTe, 4To 3TO TaK, WU MPUBEAUTE KOHTPIPUMED.

0. ITokaxxuTte, 4TO B HAUXY/IIIEM CITydae JUIs CO3aHMs MT-3JIEMEHTHON nmupamubl mpoueaype Build-Max-
Heap' morpebyercst Bpems 0(n lgn)

2. Anaau3 d-apHbIX NHpPaMU/
d-apusie nupamuowst 1og00HKI OMHAPHBIM, HO OTJIMYAIOTCS TEM, YTO BCE BHYTPEHHHE Y3IIbl (C OJJHUM

BO3MOJKHBIM HUCKJIFOUCHHEM) UMEIOT BMECTO JIBYX d JIOUEPHUX Y3JIOB.

a. Kax Obl BbI mpezicTaBmin 0-apHyt0 MpaMuLy B BUjie MaccuBa?

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

6. Pazpabortaiite a3 dekTuBHYO peann3anuro npoueaypsl Extract-Max, npeaHazHadeHHYO 1S pabOTHI ¢
d-apHoii HeBo3pacTaromiell mupamuaon. IlpoaHanu3upyute Bpemsi pabOTbl ITOW HPOLEAYPHl U
BbIpasute ero uepes d u N.

2. Paszpa0Ooraiite 3¢ dekTuBHy0 peanusanuio npoueayps Insert, mpennasHaueHHyr Juis padoTsl ¢ d-
apHOIi HeBo3pacTaromield nupamMuoi. [Ipoananu3upyiite Bpems paboThI 3TOH MPOLEAYPHI U BBIPA3UTE
ero yepe3 d u N.

0. Paszpa0oraiite a3 pexTuBHyr0 peanmusanuio npoueaypsl Increase-Key (A, i, k), koropas npu k < A[i]
coobmaer o0 omubOKke, a B MPOTUBHOM cliydae BbImoiHser mnpucBamBanue Afi] = Kk u
COOTBETCTBYIOIIMM 00pa3oM OOHOBISCT CTPYKTypy O-apHOW HEBO3pacTaromiei MHPaMHUJIBL.

[poananu3upyiite BpeMsi paboThI 3TOH MPOLIEAYPHI U BhIpazuTe ero uepes d u n.
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3. Ta6auust FOura
Taoauua KOnza (Young tableau) m x n mpezacraisier co60i MaTpuily pazmMepoM M X N, 3IEMEHTHI

KOTOpPOW B KaXKIOW CTPOKE OTCOPTHPOBAHBI CJeBa HANpPaBO, a B KaXJIOM CTOJOIE — CBEpXy BHU3.

Hexotopsie anemMeHTsI TabuIipl KOHTa MOTYT OBITH paBHBI 00, YTO TPAKTYETCS KAK OTCYTCTBUE 3JICMEHTA.

Takxum o6pa3zom, Tabmmiry KOHra MOXHO MCTIONB30BATh IS XpaHEHHA I < MN KOHEYHBIX YHCET.

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

0. [loxaxxute, uro Tadnuna FOHra Y pasmepom m x n mycra, eciu Y[1, 1] = oo Jlokaxkute, uro Tabnuna Y
MTOJTHOCTBIO 3aI0IHEHA (T.€. COAEPIKUT MN sireMenToB), eciu Y[m,Nn] < oo.

6. Paspaboraiite anroputm, peanusyromuii npoueaypy Extract-Min ms wenycroii Tabmuisr FOHra m x n
3a Bpems O(M + n). B ajgroput™e cieayeT MCIOIb30BaTh PEKYPCHBHYIO MOANPOrpaAMMYy, KOTOpas
pelraet 3aaa4qy pazmMepoM M X N MyTeM PeKypCUBHOTO CBeACHHS K 3aaa4am (M-1) x n wim m x (n-1).
(Ykazanwue: Bciomuute o mporeaype Max-Heapify.) O6o3naunm mMakcumanbHOE BpeMsi 00pabOTKH
npou3BOJIbHOM Tabmuiel FOHra m X n ¢ momomipto mpoueaypsl Extract-Min kak T(p), tae p = m + n.
3anummTe 1 permTe peKyppeHTHOE COOTHOIIeHHE, KoTopoe naet it 1 (p) rpanuity O(m + n).

2. Ilokaxwure, Kak BCTaBUTh HOBBHIM 3JIEMEHT B He3amolHeHHYI0 Tabmuiyy HOHra pazmepom m X n 3a
Bpems O(m + n).

0. TTokaxwuTe, Kak ¢ OMOIIBIO TabmuIsl FOHra M X N BEIIONHUTE COPTUPOBKY n2umcen 3a Bpems O(n3)
HE WCTIONB3YS IPYU ATOM HUKAKUX JPYTUX MOANPOTPaMM COPTHPOBKH.

e. PazpaboraiiTe anroput™, IO3BOJSIONINH 3a BpeMst O(m + n) OonpenenuTh, COASPKUTCS U B TabuIe

KOnra pazmepom m X N 3a1aHHOE YUCTIO.

Meroanyeckue peKoMeHIaAHU

[Ipy noAroToBKE K MPAKTUYECKUM 3aHATUSAM CTYIEHT JIOJDKEH NPUIEP’KUBATHCA
CJIEYIOIINX PEKOMEHIAIINMN:

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

- OIIPEJEIIUTb MECTO TEMBI 3aHSTUS B OOIIEM COJIEPHKAHUM, €€ CBSI3b C APYTHMU TEMAMU;

- HaliTU ¥ IpopaboTaTh COOTBETCTBYIOILIUE Pa3/Iebl B PEKOMEH/I0BAHHBIX HOPMATUBHBIX

JOKYMEHTaX, yueOHUKaX U JOMOJIHUTENbHOM JIUTEpaType;

- MIOCJIe O3HAKOMJIEHUS! C TEOPETHUYECKUM MaTepHUajoM OTBETUTh Ha BOIPOCHI MO TEME
Kypca;

- IPOJIyMaTh MyTH U CIOCOOBI peLIeHUS MPOOJIEMHBIX BOIIPOCOB;

- NpPOJIyMaTh pa3BEPHYTHIE OTBETHI HA INPEUIOKEHHBIE BOIPOCHI TEMBI, ONUPASICh Ha
JIEKIMOHHbIE MaTEPUaJIbl, PaCIIUpPss U JTOMOJHSASA UX JaHHBIMU U3 YU€OHHKOB, JOIOJIHUTEIbHON
JUTEPATYPBL.

B xone mpakTudeckoro 3aHSATHS HEOOXOAMMO BBINOJHUTH MPAKTUYECKOE 3a/JaHue, a
3aTeM O0BSACHUTH METOJUKY €r0 peIIeHHs.

HceTouyHuKH H Jureparypa AJad NOAT0OTOBKU:

OcHoBHasi InTEepaTypa
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1. HUrommn, B.U. CoopHUK 3371249 M0 MAaTEMAaTUUECKOM JIOTHKE U TEOPHH AJITOPUTMOB | y4eo.
nocoboue / B.M. Urommn. — Mocksa : KYPC ; UH®PA-M, 2019. — 392 ¢. —
(bakanaspuart). - 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 : 3ACKTPOHHBIHA. -
URL: https://znanium.com/catalog/product/986940

JlonoiHUTeILHAS JTUTEpaTypa

1. Cynomnaros, C. B. MaremaTnueckas JOTHKA ¥ TEOPHSI aJITOPUTMOB : YIEOHUK U
NpPaKTUKYM Ui akagemuyeckoro 6akanaspuata / C. B. Cynomnaros, E. B.
OBuMHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo fOpaiir, 2019. — 255 ¢. —
(Beiciiee oopazoBanue). — ISBN 978-5-534-00767-1. — Texkcr : anexkrponssiii // DbC
IOpaiir [caiit]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputMoB. BBeieH#e B CII0)KHOCTh BBIYHUCIICHUH : yueOHOE
nocobue 1t OakanaBpuara u maructparypsl / B. H. Kpynckuit. — 2-e uzna., ucnp. u
nor. — Mocksa : M3parensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpCKUI yU4eOHUK). —
ISBN 978-5-534-04817-9. — Texkcr : anekrponusiii // 9bC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131
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METOJWYECKHE PEKOMEHJAIIMA K CAMOCTOSITEJBbHOM PABOTE
CamocrosiTesibHas padoTa no Treme «PoJib aJropuTMOB B BHIYMCICHUSIX»
Bomnpochsr:

UYro Takoe aaropuTMbl?

Kakwue 3amaun pemaroTcst ¢ mOMOLIbIO alIrOPUTMOB?
AJNTOPUTMBI KaK TEXHOJIOTHSI.

D¢ hEeKTUBHOCTD.

AJNTOPUTMEI U JIPyTrUe TEXHOJIOTHH.

arONE

MeToauuecKkue PEeKOMEHIAUH

AynutopHas camOCTOsITeNbHasi padoTa Mo y4eOHOM IMCUUIUIMHE OCYLIECTBISIETCS Ha
yueOHBIX 3aHATHUSIX 101 HEMOCPEACTBEHHBIM PYKOBOJICTBOM MPENOIABATEINSI U MO €T0 3a/IaHUIO.

BreaynutopHasi camocTosiTeNbHas paboTa BHIIOIHIETCS TI0 3aJaHUIO MIperoiaBaTens 6e3
€ro HEMOCPEICTBEHHOI0 YYacTHsl.

CamocrosiTenbHasi paboTa CTYJIEHTOB MPU TMOJATOTOBKE K JIEKIHUMA 3aKII0YaeTcs B
paccMOTpEHHH OOIIMX HayYHbIX OCHOB M aHalM3€ KOHKPETHBIX MPOIEecCOB U (HaKTOPOB,
OIPEIEIAIOIHNX CONECPKAHUE TEMBI.

CamocTtosiTenbHass paboTa CTYJEHTOB IPH MOJATOTOBKE K MPAKTUYECKOMY 3aHSITHIO
BKJIIOYACT HOI[60p mMarepurajia, JaHHbIX W CIHCHUAJIBHBIX MCTOYHUKOB, C KOTOPBIMU HPCACTOUT
yueOHas paboTa, a TakKe pelIeHHe CUTYallMOHHBIX M MPAKTUYECKUX 3aJaHuil. B cBs3u ¢ 3TuM
CTYJEHTaM PEKOMEHAYETCsI JIeTAIIbHO pa300paTh TEOPETHUECKHUE BOMPOCH! JIEKIMOHHOTO Kypca,
a 3aTeM 3aKpENUTh MaTepHall B IPOIECCe PEIIeHUs TPOOIEMHBIX CUTYaIlUi, 3aay.

[Ipu camoCTOSITENEHOM PELICHUH 3aJa4 HY>KHO O0OOCHOBBIBATh KaXKblil 3Tall pEIIEHUs,
UCXO0/I U3 TEOPETUUYECKUX MOJIOKEHUH Kypca. Eciiu CTyIeHT BUAUT HECKOJIBKO MyTEeH pPEelIeHUs
po0JIeMbl, TO HY’KHO CPAaBHUTb UX M BBIOpPATh CaMblil palMoHaIbHBINA. Pemenne npoOaeMHbIX
3a/1a4 CleayeT u3jaraTh MOAPOOHO, BBIUMCICHHS pacroyiaraTh B CTPOTOM MOPSAIKE, OTAENss
BCIIOMOTATEIbHEIE BEBEIYHMCIIEHHS OT OCHOBHBIX. Pemenus npu H€O6XOI[I/IMOCTI/I HY>XXHO
COTMPOBOXKAATh KOMMEHTAPUSIMU U cxemMamu. CieyeT MOMHUTh, YTO PElIeHre KaKI0i ydeOHOi
3a/la4il JIOJDKHO JIOBOJUTBHCA JIO OKOHYATEIbHOIO JIOTMYECKOI'O OTBETa, KOTOPOro Tpedyer
YCJIOBHUE, U 110 BO3MOXHOCTH C BBIBOJIOM.

CamocrosiTennpHasi MOJATOTOBKA K 3a4eTy JIOJDKHA OCYIIECTBIATHCS B TEUEHUE BCETO
CEMECTpA, a HE 3a HECKOJIbKO JTHEW 0 ero nposelaeHus. [Ipu moaroroBke K 3a4eTy CTyIEeHTaM
PEKOMEHIYEeTCS:

- IIEpEUYUTaTh BCE JIEKLIMH, & TAK)KE MaTEpHasbl, KOTOPbIE TOTOBWIMCH K IPAKTUYECKUM
3aHATUAM B TCUCHUC CEMECTPA.

- COOTHECTH OTy HH(OpPMAIMIO C BOIpPOCaMHU, KOTOpbIe MJaHbl K 3adery. Ecmu
nH(pOpMaIUK HEJOCTATOYHO, OTBETHI HAXOAAT B MPEIJIOKEHHOMN MPEINo1aBaTesieM JUTEpaType.

[Ipu mOATrOTOBKE K 3a4eTy PEKOMEHIYeTCs JeNaTh KpaTKHhe 3amuch JUisi (OPMUPOBAHUS
YETKOM JIOTUYECKOUN CXEMBbI OTBETA Ha BOIIPOC.

HcTouHMKM U JUTEpaTypa AJisl NOATOTOBKH:
OcHoBHas1 JiuTepaTypa

1. MaremaTtuueckas JOTUKa U Teopus anroputmoB: YueOHuUK / [Ipynkos A.B., Bonkosa
JLJI. - Mocksa :KYPC, HUL] UH®PA-M, 2018. - 152 c.: - (bakanaBpuar) - Tekcr :
anekTpoHHbIi. - URL: https://znanium.com/catalog/product/956763



https://znanium.com/catalog/product/956763

41

JlonoiHUTeILHAS JIUTEpaTypa

1. Cynomnaros, C. B. MaremaTnueckas TIOTHKA ¥ TEOPHSI aJITOPUTMOB : YIEOHUK U
NPaKTUKYM Ui akajgemudeckoro 6akanaspuata / C. B. Cynomnaros, E. B.
OBuMHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo FOpaiir, 2019. — 255 ¢. —
(Beicmiee oopazoBanue). — ISBN 978-5-534-00767-1. — Texkcr : anexTponssiii // DbC
IOpaiir [caiit]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputMoB. BBeieH#e B CII0)KHOCTh BBIYHUCIICHUH : yueOHOE
nocobue juist 6akanaBpuara u Maructparypsl / B. H. Kpyrickuii. — 2-e uza., ucnp. u
nor. — Mocksa : M3garensctBo FOpaiit, 2019. — 117 c. — (ABTOpCKUl yU4eOHUK). —
ISBN 978-5-534-04817-9. — Texkcrt : anexrponusiii // ObC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131

CamocrosiTtesbHas padora o teme «OCHOBBI pa3padoOTKHM M AHAJIHU3A AJITOPUTMOB)

Bomnpocsr:

AJNropuT™M COPTUPOBKH BCTABKOIA.

AHanu3 aropuTMa COpTHPOBKHU BCTaBKOI.
3agaua COPTUPOBKU BEIOOPOM.

AHanu3 alropuTMa COpTUPOBKHU BEIOOPOM.
Pa3paboTka anroputmMa COpTUPOBKH CIHUSHUEM.
AHanu3 aIropuTMa COPTUPOBKHU CIHUSIHUEM.

ook wnE

Meroanyeckue peKoMeH AU

AynutopHas camocTosITeNbHas padoTa Mo y4eOHON IUCHUIUIMHE OCYIIECTBISETCS Ha
y4€OHBIX 3aHATHSX MO HEMOCPEICTBEHHBIM PYKOBOJCTBOM MPEMNOAABATEINS U IO €ro 3aJJaHHIO.

BueaynutopHas camocTosiTenbHast padoTa BBIMOIHIETCS 110 3aJaHUI0 IIperoaaBarens 6e3
€ro HEMOCPEICTBEHHOI'O Y4aCTHS.

CamocrosiTenbHasi paboTa CTYAEHTOB MpPH TOJATOTOBKE K JIEKIIMM 3aKIlo4yaercs B
paccMOTpeHMH OOIIMX HAay4yHBIX OCHOB M aHalU3€ KOHKPETHBIX MpPOIEecCcOB U (HaKTOPOB,
OTIPEEIAIONIUX COACPKAHUE TEMBI.

CamocrosarenbHas paboTa CTYIEHTOB MNpPH MOATOTOBKE K MPAKTUYECKOMY 3aHSATHIO
BKJIIOUAEeT 1MoA0Op MaTepuana, JaHHbIX M CIEHUAIbHBIX UCTOYHUKOB, C KOTOPHIMU MPEACTOUT
yueOHasi paboTa, a TaKkXKe pelIeHHe CUTYAIlMOHHBIX U MPAaKTUYECKUX 3aJaHuil. B cBs3u ¢ 3TuM
CTYJEHTaM PEKOMEHAYETCsI JIETAIbHO pa300paTh TEOPETHUECKHE BOMPOCH! JIEKIMOHHOTO Kypca,
a 3aTeM 3aKpenuTh MaTepHuaj B IPOLECCe PELIeHNs TPOOJIEeMHbBIX CUTYalluH, 3a/1a4.
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IIpu camocTOATENBHOM pEIIEHUH 3a7jad HYXKHO OOOCHOBBIBATh KaX/bI 3Tal perieHus,
UCXO0Js U3 TEOPETUUYECKUX IOJIOKEHUHN Kypca. Eciu CTyeHT BUAUT HECKOJIBKO IIyTEH PEIICHUs
po0JIeMbl, TO HY>)KHO CPaBHUTb MX M BbIOpaTh caMblii pallMOHalbHbIN. Pemenue npoGieMHbIX
3aa4 cielyeT M3JlaraTh MOJPOOHO, BBIYMCICHMS pacloyiararb B CTPOrOM IOPSIKE, OTAEIss
BCIIOMOTaTebHbIE BBIUUCIEHUS OT OCHOBHBIX. PerieHus npu HEO0O0XOAUMOCTH HYXHO
COIIPOBOXKIATh KOMMEHTAPHAMH U cxemMaMu. ClielyeT IOMHHTD, YTO PEUICHHE KaX10i ydeOHon
3aJjaud JI0JDKHO JOBOJUTHCS JO OKOHYATEIbHOIO JIOTHYECKOro OTBETa, KOTOPOro Tpedyer
YCIIOBHE, U 110 BO3MOXKHOCTH C BBIBOJIOM.

CaMocTrosiTenbHass MOATOTOBKA K 3a4eTy JOJDKHA OCYILECTBIATHCS B TEYEHHE BCETO
CEMECTpa, a HE 3a HECKOJBKO JHEH 0 ero nposeacHud. IIpu moAaroToBke K 3a4eTy CTyIEHTaM
PEKOMEHYETCS:

- IIEPEYNTaTh BCE JICKLUM, A TAK)KE MaTepuaibl, KOTOPbIE TOTOBUINCH K IPAKTUYECKUM
3aHATHSAM B TEYEHHE CEMECTPA.

- COOTHECTH OTy HH(POPMALMIO C BONPOCaMHU, KOTOpbIE JaHbl K 3adery. Ecim
UH(pOPMAaLIUU HEJOCTATOYHO, OTBETHI HAXOASAT B MPEAJIOKEHHOI MpernoaaBaTesieM JUTepaType.

[Tpu mOArOTOBKE K 3aUeTy PEKOMEHIIYeTCs JIeNaTh KpaTKhe 3amvcu sl pOpMHUPOBAHUS
YETKOW JIOTMYECKON CXEMbI OTBETAa Ha BOIIPOC.

HcTouHuky 1 IMTEepaTypa JJisi OArOTOBKH:
OcHoBHasi JIuTEpaTypa

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

JlonoTHUTEIbHASI JIUTEPaTypa

1. Cynomnnaros, C. B. Matematnueckas JIoruka v T€opus alrOpUTMOB : Y4eOHUK U
NPAaKTUKYM JUIsl akageMuueckoro Oakanaspuara / C. B. Cynomnaros, E. B.
OBuMHHMKOBA. — 5-€ U31., crep. — MockBsa : M3narensctBo FOpaiit, 2019. — 255 c.
— (Bricmiee oopazoBanue). — ISBN 978-5-534-00767-1. — Tekcrt : 2eKTpOHHBIH //
3BC IOpaiit [caiit]. — URL: https://urait.ru/bcode/432018

2. Kpynckuit, B. H. Teopus anroputmoB. BBeienue B ¢10:KHOCTb BBIUMCIIEHUH :
yuebHoe nocobue ans OakanaBpuara u maructparypsl / B. H. Kpynckuit. — 2-e u3g.,
ucnp. u gon. — Mocksa : M3aarensctBo IOpaiit, 2019. — 117 c. — (ABTOpcKuit
yuebnuk). — ISBN 978-5-534-04817-9. — Texct : anexkrponnsii // ObC KOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/444131

CamocrosiTeibHas padora no teme «Poct pyHkumii»
Bomnpocsr:

1. AcuMmrrrornueckue 0003HAUCHUS.
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2. @OyHKIUU U BpeMs pabOTHI.
3. AcumnroTudeckre 0003HAUCHUS B YPAaBHEHUSAX U 33]a9ax.
4. CrangapTHble 0003HAYEHUS M YaCTO BCTPEUArOIIUECS (DYHKITHH.

MeToanuyeckue peKOMeH AU

AynuTopHas caMocTosITelIbHas paboTa Mo y4yeOHOM AMCLUIUIMHE OCYLIECTBISAETCS Ha
y4€OHBIX 3aHATUAX [10/] HEOCPEACTBEHHBIM PYKOBOJICTBOM IIPENIOIABATEINS U IO €T0 3a/IaHUIO.

BHreaynuropHas camocTosTeNbHas paboTa BBIIOJIHIETCS 110 3aJJaHUIO IIperojaBaTens 6e3
€ro HEMOCPEICTBEHHOI'0 Y4aCTH.

CamocrodarenbHas pa0oTa CTYAEHTOB IpU IOATOTOBKE K JIEKIUHM 3aK/II0YaeTcs B
paccMOTpeHMH OOIIMX HAay4YHBIX OCHOB M aHalW3€ KOHKPETHBIX MpPOIECcCOB U (HaKTOPOB,
ONPEACIAIOINX COACPKAHUE TEMBI.

CamocrosarenbHas paboTa CTYIEHTOB INPH MOATOTOBKE K MPAKTUYECKOMY 3aHSATHIO
BKJIIOYAET 1000p MaTepuala, JAHHBIX U CIEHUAIbHBIX UCTOYHHUKOB, C KOTOPBIMHU INPEICTOUT
yueOHas paboTa, a TaKKe pelIeHHe CUTYalMOHHBIX M MPAKTUYECKUX 3alaHuil. B cBs3u ¢ 3TUM
CTYACHTaM PEKOMEHAYeTCs JeTalbHO pa3o0paTh TEOPETUUECKUE BOIPOCH! JIEKLIMOHHOTO Kypca,
a 3aTeM 3aKpENUTh MaTepHall B IPOLECCE PelIeHUs TPOOIEMHBIX CUTYyalluid, 3ajau.

IIpu camocTOATENBHOM pEIIEHUH 3ajjady HYXHO OOOCHOBBIBATh KaX/IbI 3Tal perieHus,
UCXOJSl U3 TEOPETHUUECKUX IMOJIOKEHUHM Kypca. Eciau cTyeHT BUIUT HECKOJIBKO MyTeH pelIeHUs
po0JeMbl, TO HY>)KHO CPaBHUTb MX M BBIOpaTh caMblil pallMOHaibHbIN. Penienue npoOieMHbIX
3a/a4 CleNyeT u3jaraTh MOApPOOHO, BBIUMCIEHMs paciioyiaraTb B CTPOTOM MOPSAJKE, OTAEIsAsA
BCIIOMOTaTeNbHbIE BBIYUCIEHUS OT OCHOBHBIX. PerieHus npu HEOOXOAUMOCTH HYKHO
COIIPOBOXKIATh KOMMEHTAPHSIMH B cxeMaMu. CIieyeT MOMHHTD, YTO PEUICHHE KaX/10i ydeOHOH
3aJjauyd JIOJDKHO JOBOJUTHCS JO OKOHYATEIbHOIO JIOTHYECKOro OTBETa, KOTOPOro TpedyeT
YCIIOBUE, U 10 BO3MOYKHOCTHU C BBIBOJOM.

CaMocTrosiTenbHasi MOATOTOBKA K 3a4eTy JOJDKHA OCYILECTBIATHCS B TEYEHHE BCETO
CEMECTpa, a HE 3a HECKOJIbKO JHEH /10 ero mposeaeHus. [Ipy moAroToBke K 3a4eTy CTyAEeHTam
PEKOMEHIYETCSL:

- MIepeuYnTaTh BCE JIEKIIUU, a TaKKe MaTepuaibl, KOTOPble TOTOBUIUCH K MPAKTUYECKUM
3aHITHUSIM B TEUEHHE CEMECTPA.

- COOTHECTHM 3Ty HH(OpPMAIMIO C BOIpPOCAMHU, KOTOpbIE MJaHbl K 3adery. Ecmu
UH(pOPMAaILIUU HEJOCTATOYHO, OTBETHI HAXOAAT B MPEAJIOKEHHOI MpernoaaBaTesieM JUTepaType.

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

HcTouHuKH M IUTEpaTypa JIJisi MOArOTOBKH:
OcHoBHas JIuTEpaTypa

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

JdonmosiHuTEIbHAS JIUTEPATYPaA

1. Cynomnaros, C. B. Matematuueckas JIOruka v T€Opus alrOPUTMOB : Y4eOHUK U
MPaKTUKYM JUIsl akageMuueckoro Oakanaspuara / C. B. Cynomnaros, E. B.
OBUYMHHHKOBA. — 5-€ U31., cTep. — Mocksa : M3narensctBo FOpaiit, 2019. — 255 c.
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— (Bricmiee o6pazoBanue). — ISBN 978-5-534-00767-1. — Tekcrt : 211eKTpOHHBIH //
OBC IOpaiir [caiit]. — URL: https://urait.ru/bcode/432018
2. Kpynckuii, B. H. Teopus anroputMoB. BBeieHue B ClI0KHOCTh BBIYUCICHUH :

yaeOHoe ocobue i OakaiaBpuara u Maructparypsl / B. H. Kpynckuit. — 2-e u3n.,
ucrp. u non. — Mocksa : U3parensctBo HOpaiit, 2019. — 117 ¢. — (ABTOpCKUiA
yuebnuk). — ISBN 978-5-534-04817-9. — Texcrt : anexkrponnslii // O5C KOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/444131

CamocrosiTesibHas padoTa no teme «Pa3nensii u BaacTByi»
Bomnpocnr:

3ajaya oMcKa MakCMMajibHOIO [10IMACCUBA.

MeTo NOoACTaHOBKH PELICHUs PEKYPPEHTHBIX COOTHOILIEHUH.
AHanu3 aJiropuTMa oucka MakCUMMajibHOIO [10/IMAacCUBA.
AnropurM lllTpacceHna g yMHOXKEHUS MaTpULL.

Meroza noACTaHOBKY PEUIEHUS PEKYPPEHTHBIX COOTHOLIECHUH.
Kak yragats pemienue u n30exaTb OINOOK.

3aMeHa NepeMEHHBIX.

MeTton nepeBreB PEKYpCHUH.

. OCHOBHOI M€TO.I.

10. OcHoBHas Teopema 0 PeKypPEHTHBIX COOTHOIIEHUSX.

11. Ucnonp30BaHrE OCHOBHOTO METO/A.

©CoNoR~wWNE

MeToauueckue peKOMEeHIAIAN

AynuTopHas camocTosITeNbHas pabdoTa Mo y4eOHON IUCHUIUIMHE OCYLIECTBISIETCS Ha
y4€OHBIX 3aHATHSX MO HEMOCPEICTBEHHBIM PYKOBOJCTBOM MPENOAABATEN U MO €ro 3a/1aHul0.

BueaynutopHas camoctosiTenbHasi padoTa BBIMOIHIETCS 110 3aJaHUI0 IIperoaaBarens 6e3
€ro HEMOCPEICTBEHHOIO y4acCTusl.

CaMmocrosiTenbHasi paboTa CTYAEHTOB IMpH MOArOTOBKE K JIEKIIMM 3aKiIlo4yaeTrcs B
paccMOTpPeHMH OOIIMX Hay4yHBIX OCHOB M aHalU3€ KOHKPETHBIX MpOIEeccOB U (DaKTOPOB,
OTIPEAEIAIONINX COACPKAHUE TEMBI.

CamocrodrenbHas paboTa CTYIEHTOB MNpPH MOJArOTOBKE K IPAKTUYECKOMY 3aHSATHIO
BKJIIOUAeT 1MoA0Op MaTepuana, JaHHbIX U CIEUUAIbHBIX UCTOYHUKOB, C KOTOPBIMU MPEJICTOUT
yueOHasi paboTa, a TakKe pelIeHHe CUTYAllMOHHBIX U MPAaKTUYECKUX 3a/laHuil. B cBs3u ¢ 3tum
CTYJEHTaM PEKOMEHAYETCsl JIeTAIbHO pa300paTh TEOPETHUECKHUE BOMPOCH! JIEKIMOHHOTO Kypca,
a 3aTeM 3aKpenuTh MaTepHaj B IIPOLECCe PEeLIeHNs MPOOJEMHBIX CUTYyallui, 3a/1a4.

[Ipu camocToSITENEHOM pELICHUH 3aJja4 HY>KHO OOOCHOBBIBATh KaXKIblil 3Tall peIleHus,
UCXOJ U3 TEOPETUUECKUX IMOJIOKEHUH Kypca. Ecau cTyeHT BUIUT HECKOJIBKO IyTEH pEeIICHUs
po0JIeMbl, TO HY’KHO CPaBHUTh UX M BBIOpaTh caMblil palmoHanbHbIN. Pemenne npobieMHbIX
3a1a4 cielyeT M3JlaraTth MOJpOOHO, BBIYMCICHMS pacroyiaratb B CTPOTOM IOPSJIKE, OTIEINss
BCIIOMOTaTeNbHbIE BBIYUCIECHHS OT OCHOBHBIX. PelieHuss mnpu HEOOXOAMMOCTH HYXKHO
COIIPOBOKIATh KOMMEHTApHsAMU U cxemMaMu. ClelyeT MOMHHUTh, YTO PelIeHne KaXa0i yuyeOHon
3aJaud JIOJDKHO JIOBOJUTHCS JO OKOHYATEIBHOTO JIOTMUECKOTO OTBETa, KOTOpPOro TpedyeT
YCIIOBUE, U 110 BO3MOYKHOCTHU C BBIBOJOM.
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CamocTrosiTenbHass MOATOTOBKA K 3a4eTy JOJDKHA OCYILECTBIATHCS B TEYEHHE BCETO
CEMECTpA, a HE 3a HECKOJIbKO JAHEHW 10 ero mpoBeacHUs. [Ipy moaroToBke K 3a4eTy CTyJIEeHTaM
PEKOMEHYETCS:

- IepeuYnTaTh BCE JIEKLIUH, @ TaKK€ MaTepuaibl, KOTOPblE TOTOBUIUCH K MPAKTUYECKUM
3aHATHSAM B TEYEHHE CEMECTPA.

- COOTHECTH OTy HH(POPMALHUIO C BONPOCaMHU, KOTOpbIE JaHbl K 3adery. Ecim
UH(OPMAaLIUU HEJOCTATOYHO, OTBETHI HAXOAST B IIPEAJIOKEHHOH MpernoaaBaTesieM JIuTepaType.

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

HcToyHuKH M TUTEpaTypa Il NOATOTOBKH:
OcHoBHas1 InTepaTypa

1. MaremaTnueckas JIOTUKa U Teopusi aaroputMmoB: YueOnuk / [Ipyukos 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 JUTEpPaTypa

1. Cynomnatos, C. B. Maremarnueckas JIoruka v Teopus alrOpUTMOB : Y4EOHUK U
MPAKTUKYM JUTsl akageMuyeckoro Oakanaspuara / C. B. Cynomnaros, E. B.
OBUYMHHHKOBA. — 5-€ U3J., cTep. — Mocksa : M3narenscTBo FOpaiit, 2019. — 255 ¢. —
(Bricmiee obpazoBanue). — ISBN 978-5-534-00767-1. — Texkct : anexkTponHslii // DbC
FOpaiit [caiit]. — URL: https://urait.ru/bcode/432018

2. Kpynckuit, B. H. Teopus anroputmoB. BBeienue B CJI0KHOCTh BEIUMCIICHUH : yueOHOE
nocoOue Jutst GakanaBpuara u Maructpatypsl / B. H. Kpyrckuii. — 2-e u3n., ucnp. u
non. — Mocksa : U3narensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpCKUii y4eOHUK). —
ISBN 978-5-534-04817-9. — Texkcrt : anekrponnsiii // 9BC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131

CamocrosiTe/ibHasi padoTa 1o TeMe «BeposiITHOCTHBIN aHAJN3 U PAHAOMHU3MPOBAHHbIE
AJITOPUTMBbD)

Bomnpocsr:

3agada o HaMe.

AHanu3 HauXyUIero ciydas B 3aJja4e O HaliMe.

BeposTHOCTHBIN aHAIuU3.

PannomMu3supoBaHHBIE aITOPUTMBL.

WNHpukaTopHas ciyvyaliHas BeJIMYUHA.

Jlemma 0 MaTeMaTHYECKOM OXKHMIaHUU MHAUKATOPHOM CIIy4aliHOM BETNYMHBI.
Jlemma 0 MaTeMaTUYECKOM OXHJIAHUU KOJIMYECTBA HAMMOB.

AHanu3 3aa4u 0 HalilMe C IIOMOILBIO MHIMKATOPHBIX CIIy4aiHbIX BEJIUYHH.
3amaun 0 rapAepoOIUKe 1 HHBEPCUU MACCHBA.

©CoNoR~wWNE
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10. 3meHenus1, KOTOpbIe TPpeOyeTCs BHECTH B JITOPUTM Haiima i panaoMu3aiuu. Koj
CIIy4allHOM IIEPECTAHOBKHU.

11. Jlemma 0 MaTeMaTHYECKOM OKMIAHHUH CTOMMOCTH HaiiMa ¢ KOJAOM CIydailiHOU
MEePECTAaHOBKHU.

12. MaccuBsI 1ocje CIy4aiHOM nmepecTaHOBKH. JIeMMa 0 paBHOMEPHOM paclpeIeICHUH.

MeToanuyeckue peKOMeH AU

AymuTopHas caMocTosITelIbHas paboTa Mo y4eOHOM AMCLUIUIMHE OCYLIECTBISAETCS Ha
y4€OHBIX 3aHATUAX [10/] HEOCPEACTBEHHBIM PYKOBOJICTBOM IIPENIOIABATEINS U 110 €T0 3a/laHUIO.

BHreaynuropHas camocTosTeNbHas paboTa BBIIOIHSIETCS 110 3aJJaHUIO IIperojaBaTens 6e3
€ro HEIOCPEICTBEHHOIO Y4acCTHsl.

CamocrosrenbHas pa0oTa CTYIAEHTOB IpU IOATOTOBKE K JIEKIUHM 3aK/II0YaeTcs B
paccMOTpeHHH OOIIMX HAy4YHBIX OCHOB M aHAJM3€ KOHKPETHBIX MPOLECCOB M (haKTOPOB,
ONPEACISAIOINX COACPKAHUE TEMBI.

CamocrosiTenbHass paboTa CTYJEHTOB IpPHU IOJArOTOBKE K IPAKTUYECKOMY 3aHSITHIO
BKJIIOYAET 1000p MaTepuala, JAHHBIX U CIEUUAIbHBIX UCTOYHHUKOB, C KOTOPBIMHU INPEICTOUT
yueOHas paboTa, a TakKe pelIeHHe CUTYalMOHHBIX M MPAKTUYECKUX 3alaHuil. B cBs3u ¢ 3TuM
CTYACHTaM PEKOMEHAYeTCs JeTalbHO pa3o0paTh TEOPETUUECKUE BOIPOCH! JIEKLIMOHHOTO Kypca,
a 3aTeM 3aKpENUTh MaTepHall B IPOLECCE PEelIeHUs TPOOIEMHBIX CUTYalluid, 3ajay.

IIpu camocTOATENBHOM pEIIEHUH 3ajjady HYKHO OOOCHOBBIBATh KaX/IbI 3Tal perieHus,
UCXO0Js U3 TEOPETHUYECKUX IOJIOKEHUHN Kypca. Ecin CTyIeHT BUAUT HECKOJIBKO IIyTEW PEIICHUS
npo0JeMbl, TO HY>)KHO CPaBHUTb UX M BbIOpaTh caMblil pallMOHaNbHbIA. Pemenue npoGieMHbIxX
3a/a4 CleNyeT u3jaraTh MOoApPOOHO, BBIUMCIEHMS paclioyiaraTb B CTPOrOM MOPSAJKE, OTAEIssA
BCIIOMOTaTeNbHbIE BBIYUCIEHUS OT OCHOBHBIX. PelleHus npu HEOoOXOAMMOCTH HYXKHO
COIIPOBOXKIATh KOMMEHTAPHIMH U cxeMaMu. CIieyeT MOMHUTH, YTO PEHICHUE KaXI0i y4eOHOH
3aJjauyd JIOJDKHO JOBOJUTHCS JO OKOHYATEIbHOIO JIOTHUECKOro OTBETa, KOTOPOro TpedyeT
YCIIOBHE, U 110 BO3MOXKHOCTH C BBIBOJIOM.

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

- MIepeuYnTaTh BCE JIEKIIUH, a TaKKe MaTepuaibl, KOTOPblE TOTOBUIUCH K MPAKTUYECKUM
3aHATHUSM B TEUEHUE CEMECTPA.

- COOTHECTHM 3Ty HH(OpPMAIMIO C BOIpPOCAMHU, KOTOpbIe MJaHbl K 3adery. Ecmm
UH(OPMAaILIUU HEJOCTATOYHO, OTBETHI HAXOAAT B MPEATIOKEHHOI MpernogaBaTesieM JUTepaType.

[Ipn moAroToBKE K 3a4eTy PEKOMEHIYETCs JieNaTh KpaTKHe 3amucH sl OpMUpPOBaHUS
YETKOW JIOTMYECKON CXEMBI OTBETAa HAa BOIIPOC.

HcTouHuKH M IUTEpaTypa JJisi MOArOTOBKH:
OcHoBHas JIuTEpaTypa

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

JdonmosiHuTEIbHAS JIUTEPATYPaA
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1. Cynomnaros, C. B. MaremaTnueckas JOTHKa ¥ TEOPHS aJITOPUTMOB : YICOHUK U
MPaKTUKYM IS akageMuueckoro Oakamaspuara / C. B. Cynomnaros, E. B.
OBUYMHHHKOBA. — 5-€ U31., cTep. — Mocksa : M3narenscTBo FOpaiit, 2019. — 255 ¢. —
(Beiciiee oopazoBanue). — ISBN 978-5-534-00767-1. — Texkcer : anexktponssiii // DbC
IOpaiir [caiit]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputmoB. BBeienue B CJ10KHOCTh BHIUMCICHUH : yueOHOE
nocoOue it 6akanaBpuara u Maructparypst / B. H. Kpynckuii. — 2-e uzn., ucnp. u
nor. — Mocksa : M3garensctBo FOpaidt, 2019. — 117 c. — (ABTOpCKUl yU4eOHUK). —
ISBN 978-5-534-04817-9. — Texkcrt : anexrponusiii // ObC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131

CamocrosiTesibHasi padoTa 10 TeMe «AJTOPUTMbI COPTHPOBKH»

Bomnpocsr:

[Tapagokc nHEN POXKACHHUS.

AHanu3 ¢ NpUMEHEHUEM UHIUKATOPHOM Cy4yailHON BEIMYMHBI.
CiyyaliHO€ HaNOJHEHUE KOP3HH ITPOHYMEPOBAHHBIMU IIapaMH.
[TocenoBaTenbHOCTD BBINAAEHUS OPIIOB.

3anaqa 0 HaliMe B OIIEPATUBHOM PEXHUME.

BeposTHOCTHBIM noCYET.

[Torck B HEOTCOPTUPOBAHHOM MACCHUBE.

NoabkowhE

MeToauueckue PE€KOMEHIAUH

AymuTopHas caMocTosITelIbHas paboTa Mo y4yeOHOM AMCIUIUIMHE OCYIIECTBISETCS Ha
y4€OHBIX 3aHATHUSAX 101 HENOCPEACTBEHHBIM PYKOBOJICTBOM NPEMNOIAaBATENSl U MO €r0 3a/1aHuIO.

BHeaynuropHas camocTosiTeNbHas paboTa BBIIOIHIETCS 0 3aJJaHUIO MTperoiaBaTens 6e3
€ro HEMOCPEACTBEHHOI'O Y4aCTHS.

CamocrodarenbHass pa0oTa CTYIACHTOB INpU MOATOTOBKE K JIEKIUH 3aKII0YaeTcs B
paccMOTpeHHH OOLIMX HAay4YHBIX OCHOB M aHaJM3€ KOHKPETHBIX IPOLECCOB M (PaKTOPOB,
OIPEIEIAIOIINX CONEPKAHUE TEMBI.

CamocrosiTenbHass paboTa CTYJEHTOB IpPH MOJATOTOBKE K MPAKTUYECKOMY 3aHSITHIO
BKJIIOUAEeT 1MoA0Op MaTepuana, JaHHbIX U CIEHUAIbHBIX UCTOYHUKOB, C KOTOPBIMU MPEJICTOUT
yueOHasi paboTa, a TaKkXKe pelIeHHe CUTYAllMOHHBIX U NMPAaKTUYECKUX 3a/laHuil. B cBs3M ¢ aTHM
CTYJEHTaM PEKOMEHAYETCsl JIETAIbHO pa300paTh TEOPETHUECKHE BOMPOCH! JIEKIMOHHOTO Kypca,
a 3aTeM 3aKpenuTh MaTepHuaj B POLECCe PELIeHNs TPOOJIEMHBIX CUTYallui, 3a/1a4.

[Ipu camocToSITENFHOM pELICHUH 3aJjad HY>KHO OOOCHOBBIBATh KaXK[bli 3Tall peIieHus,
UCXO0Js U3 TEOPETHUUYECKUX IOJIOKEHUHN Kypca. Ecii CTyIeHT BUAUT HECKOJIBKO IIyTEH PEIICHUs
po0JIeMbl, TO HY’KHO CPAaBHUTh MX M BBIOpATh caMblil pallMoOHaJIbHBINA. Penienne npoOiaeMHbIX
3a1a4 cielyeT M3JlaraTth MOJpOOHO, BBIYMCICHMS pacroyiaratb B CTPOTOM IOPSJIKE, OTIEINss
BCIIOMOTaTeNIbHbIE BBIYUCICHHUS OT OCHOBHBIX. PelieHuss mnpu HEOOXOIUMOCTH HYKHO
COIIPOBOKIATh KOMMEHTApHsAMU U cxemMaMu. CrelyeT MOMHUTh, YTO peIleHue KaxJ 10l yueOHOi
3aJaud JIOJDKHO JIOBOJUTHCS JO OKOHYATEIBHOTO JIOTMUYECKOTO OTBETa, KOTOpPOro TpedyeT
YCIIOBHE, U 110 BO3MOXKHOCTH C BBIBOJIOM.
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CamocTrosiTenbHass MOATOTOBKA K 3a4eTy JOJDKHA OCYILECTBIATHCS B TEYEHHE BCETO
CEMECTpa, a HE 3a HECKOJIbKO JAHEW 110 ero nposeneHus. IIpu nmoarotoBke kK 3adery CTyIAEHTaM
PEKOMEHYETCS:

- IepeuYnTaTh BCE JIEKLIUH, @ TaKK€ MaTepuaibl, KOTOPblE TOTOBUIUCH K MPAKTUYECKUM
3aHATHSAM B TEYCHHE CEMECTPA.

- COOTHECTH OTy HH(POPMALHUIO C BONPOCaMHU, KOTOpbIE JaHbl K 3adery. Ecim
UH(pOPMAaLIUU HEJOCTATOYHO, OTBETHI HAXOAAT B MPEAJIOKEHHOM MperoaaBaTesieM JUTepaType.

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

HcTouHMKM U JUTEpaTypa 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 :
anexktpoHHbId. - URL: https://znanium.com/catalog/product/956763

JlonoTHUTEIbHASI JIUTEpPaTypa

1. Cynomnaros, C. B. MaremaTnueckas JJOTUKa U TEOPHs aJITOPUTMOB : YUEOHUK U
NPaKTUKYM Ui akagemudeckoro 6akanaspuata / C. B. Cynomnaros, E. B.
OBuMHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo FOpaiit, 2019. — 255 ¢. —
(Boicmree obpazoBanue). — ISBN 978-5-534-00767-1. — Texcrt : anexktpoHHbIi / DBC
FOpaiir [caiit]. — URL: https://urait.ru/bcode/432018

2. Kpynckuit, B. H. Teopus anroputmoB. BBeenue B c10KHOCTbh BHIUUCIEHUH : yueOHOe
nocoOue Juist 6akanaBpuara u Maructpatypslt / B. H. Kpynckuii. — 2-e uzn., ucnp. u
nom. — Mocksa : U3narensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpCcKuil y4eOHUK). —
ISBN 978-5-534-04817-9. — Tekcrt : anexkrponHslit // BC FOpaiit [caiiT]. — URL:
https.//urait.ru/bcode/444131
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JUCT PETUCTPAIIMMA U3MEHEHUI
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Coneprxanue U3MEHEHUs

W3MeHeHHbIE TyHKTBI

Pewmenue YueOHO-
METOIUYECKOTO
coBeTa
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	МЕТОДИЧЕСКИЕ РЕКОМЕНДАЦИИ К ОСВОЕНИЮ УЧЕБНОЙ ДИСЦИПЛИНЫ
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