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MeToauuecKkue  pPEKOMEHJAMM  pa3paboTaHbl Ha  OCHOBAHMU dbenepanpHOro
rOCYZApCTBEHHOrO O06pasoBaTeNbHOTO CTAaHAApTa BBHICIIEro 00pa3oBaHMs HANPABICHHA
(cmenmamsoctn) 09.03.03  «IIpuknansas uHGOOPMATHKAY, YTBEPKACHHOr0 NPHKa3OM
MunucTepcTBa 06pasosanus u Hayku Poccuiickoit @enepamun Ne 922 ot «19» centabps 2017

r. 3apeructpuposano B Mumniocte Poccru «12» oxra6ps 2017 r. Ne 48531

Pa3paboTYuK METOIMIECKMX PEKOMEHIaIIUi:

MITDY. crapiwii IpenoaaBaTeib kabenpst uHGOPMAIMOHHBIX TEXHOIOTHH 1

knuGepOe30macHOCTH
MECTO paGoThl, 3aHUMaeMas IOIKHOCTD

Tpy6 HB. «31»_ 03 2023 .
GHO. JTata

nomm?/

MeTtoauyeckue PEeKOMEHIallMK YTBEPKIACHbBI Ha 3aCCIaHUHA Ka(benpm I/IHQOQMQQHOHHHX

TEXHOIOTHi 1 Knbepbe30macHoCTH
(mporoxon Ne _9 _or«03»__04 2023 r.)

Ha 3acemanun YuebHO-MeToaudeckoro copera MITOVY
(mpotoxon Ne _3 ot «26»___ 04 2023 r.)
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Conepxanue
AHHOTaUs
MeToandeckrue peKOMEHIAIMH K JICKITUSM
Meroanueckue peKOMEHAAINU K TPAKTUYECKUM 3aHATUSIM
Meroandeckue peKOMEHAAIMN K CaMOCTOSTEIIbHON paboTe



AHHOTANIUA

Hacrosmue Meronnyeckue pexkOMEHIAUU pa3padOTaHbl g O0y4aroumxcs OYHON
dopmel 00yderust ¢ yauerom @I'OC BO u paboueit mporpaMMbl JUCIIUTLTAHBI.

Heabp ocBoenuss aucuuminHbl «Teopus anropuTMoB» sBIseTcS (GOPMUPOBAHUE Y
CTYACHTOB 0a30BOW OCHOBBI 3HAHUI B 00JACTH Pa3pabOTKM M aHAIM3a aIrOPUTMOB, YMEHHMA
JIOKa3bIBaTh KOPPEKTHOCTh aJTOPUTMOB, TMOATOTOBKA CTYJAEHTOB K MpodeccHoHaIbHOM
JeSITeIbHOCTH B cdepe pa3paboTKH MPOrpaMMHBIX IPOITYKTOB.

3agaun:

** W3ydCHHWE  MPHUHIUIOB  IOCTPOCHHS  TOHCKOBBIX,  COPTUPYIOIIMX U

BBIUHCIUTENbHBIX AJITOPUTMOB;

¢ OCBOCHHE HEKOTOPBIX CTpaTeruii pa3pabOTKH alrOPUTMOB;

dbopMupOBaHUE YMEHHUS OIICHUBATh CIIOKHOCTH aJITOPUTMOB, BBIJIEIUTD JIETKO U

TPYAHOPA3PELUIMMBIE 3a/1a4H, OLICHUTh Kiacchl 3a1a4 P u NP;

¢ oBiajeHue 0a30BBIMH METOJAAMHU U AITOPUTMAMU MPOBEPKH JIOTUYECKOTO
CJIEZIOBaHUS, TPOBEPKH KOPPEKTHOCTH MPOrPaMM, CIIOCOOAMH OTIPE/ICTICHUS
CJIOKHOCTH BBIYUCIICHUN U OpraHu3anuu 3(HEeKTUBHBIX aJIrOPUTMOB;

¢ TpOBEIEHHE OIICHKH BHIOOpPAa TEXHUYECKUX M IPOTPAMMHBIX CPEICTB IS
CO3/aHUS IPOTPAMMHBIX TPOIYKTOB.

¢ HCIIOJIB30BAaHUE TEOPHUU AJITOPUTMOB ISl aITOPUTMH3AINHU 33/1a4 B MPEAMETHON
obnacry;

¢ HCIIOJIb30BAaHKUE AJITOPUTMHUYECKOTO TMOAXOAA Ul PEIIeHHWs MpoOiieM M 3aaad,
BO3HUKAIOIIUX B XOJI€ YIIPABICHUH U MIPUHSITUS PEILICHUH.

[Ipouecc ocBoeHuss y4eOHOM JUCHUIUIMHBI HampaBieH Ha (QOpMUPOBaHUE ¥
00y4aromuxcs CIeAyoIUX KOMIIETEHIUI:

Yuusepcanbshbie (YK), obmenpodeccnonansusie (OIIK), npodeccuonansusie (I1IK) — B

coorBercTBUU ¢ PI'OC 3++.

*0

X3

*¢

Kon Conepxxanue WNHukaTopbl 1OCTUXKEHUS KOMIIETEHIIUH
KOMITETCHITHT KOMITETCHIINH
[IK-10 Cnoco0OeH nIpUMEeHSTh 3HaeT 0a3oBble MOJIOKEHUS

CHCTEMHBIH TIOIXO/] U (byHIaMEeHTaIbHBIX pa3aeioB CHUCTEMHOTO

MaTeMaTHICCKUC aHanM3a W MareMaTMKd B 00ObeMe,
MCTO/BI B HEOOXOoaUMOM i1 00paboTKM HHPOpPMALUU U
ggﬁfigfgﬁ?ﬂ ammpx | AHATH3  J@HHBIX B IpUKIAJHON  00JIaCTH;
. HPHMHIIUITBI " METOBI HPOBEICHUS

UCCIIEeIOBaHU B 001acTh HMHQPOPMAIMOHHBIX
CUCTEM M TEXHOJIOTWH; TEXHUKHU IJIaHUPOBAHUS
u IIPOBEICHUS BBIUNCIIUTEIBLHOTO
JKCIIEPUMEHTA.

Ymeer QopMmynupoBaTh U JIOKa3bIBaTh
HauboJyiee BaXXKHBIE PE3YJbTATHl B NPHKIAIHBIX
00JacTax; MPUMEHSTh YHCIEHHBIE METOJbI IS
pelleHrs TPUKIAJHBIX 3a/ay; MPOrpaMMHO
peain30BaTh BBIYUCIUTENBHBIA HAKCIIEPUMEHT
MOCPEICTBOM S3BIKOB IMPOTPAMMUPOBAHUS HIIH C
HCII0JIb30BaHUEM CHeUalIN3UPOBAHHBIX




MaKeTOB MPUKIIATHBIX IpOTpaMM;
pa3pabarbIBaTh QITOPUTMBI pereHuHsI
KOHKPETHBIX 3a/1a4.

Bnameer HaBbIKAMHM  TIOCTAHOBKM  3aJ1a4H;
HaBbIKAMU PaboTel ¢ Oubnmorpaduyeckumu
WUCTOYHUKAMU uHpOPMAIINH; HaBBIKAMU
pelIeHHs] MMOCTABJICHHBIX 33/1a4 B MPEIMETHOM
00J1aCTH B paMKax BEIOPAHHOTO MPOQUIIS.




METOANYECKUE PEKOMEHJALIMHA K JIEKIIUAM

Jlekuus 1 o Teme «Poan AJTOPUTMOB B BLIMHCJICHUAX) .

Bomnpocsr:
1. Yrto Takoe anropuTMmbI?
2. Kakwue 3a1aun pemarTcs ¢ MOMOIIbIO aJITOPUTMOB?
3. ANropuTM™Mbl Kak TEXHOJIOTHS.
4. Dd(hHEeKTUBHOCTS.
5. AJNropUTMBI U JPYrU€ TEXHOJIOTHUH.

MeToanuyeckue peKOMeH AU

Jlekiuss TIPOBOAMTCS Kak C TPUMCHEHHEM TPAJUIUOHHBIX TEXHOJIOTUH (0030pHAs
JIEKIIMS ), TAK ¥ HHTEPAKTUBHBIX TEXHOJIOTHH (MPOOJIeMHAsK JISKIIHS).

B xoze NEKIMOHHBIX 3aHITHA CTYICHTAM DPEKOMEHIIOBAaHO BECTH KOHCICKTHPOBAHUE
yuebHoro Martepuaina. OOpamiaTh BHHUMaHHWE Ha KaTeropuu, (HOpMYIUPOBKH, PACKPHIBAIOIINE
COJICp)KaHWE TEX WM WHBIX SBICHUH M TIPOIECCOB, HAYYHBIC BBIBOJBI M IPAKTUICCKUE
PEKOMEH 1IN H.

Pexomenayercst 3amaBaTh MPENOJABATENI0 YTOYHSIOUINE BOIPOCHI C IIETBIO YSICHEHUS
TEOPETUYECCKUX TIOJIOKECHUH, pa3pelleHus] CHOPHBIX CHTyalnud. JKenaTenpHO OCTaBUTH B
paboYnx KOHCIEKTaX IOJIsi, Ha KOTOPBIX JIeJaTh IMOMETKH M3 PEKOMEHIOBAHHOUW JUTEPATYPHI,
JIOTIOJTHSIONIME MaTepuall MPOCIYIIAaHHON JICKIIMK, a TaKkKe IMOIYSPKUBAIOIINE OCOOYIO
BaXHOCTb TEX MJIM MHBIX TEOPETHUCCKHUX TIOJIOKEHUH.

JlopabaTbIBaTh KOHCIEKT JICKIUK PEKOMEHIOBAaHO B COOTBETCTBUHU PadOYeii MpOrpaMMoi
JUCITUTUTAHEI.

Hcrouynuku u 1uTeparypa 1Jisi NOATOTOBKH:

OcHoBHas JIuTEpaTypa

1. Maremartuyeckas JOoruka 1 Teopusi anroputmoB: Yuebnuk / [Ipyrnkos A.B., Bonkosa JIJI.
- MockBa :KYPC, HUI[ MHOPA-M, 2018. - 152 c.: - (bakamaBpuar) - Tekcr
anexkTpoHHbId. - URL: https://znanium.com/catalog/product/956763

JlonoTHUTEIbHASI JIUTEpPaTypa

1. Cynomnaros, C. B. MaTemaTnueckas JOTHKa U TEOPHsI alTOPUTMOB : YYEOHHK U MPAKTUKYM
Uit akageMudeckoro Oakanaspuara / C. B. Cynomaros, E. B. OBunHHMKOBa. — 5-€ U3,
crep. — Mocksa : M3narensctBo FOpaiit, 2019. — 255 ¢. — (Briciiee o6pa3oBanue). —
ISBN 978-5-534-00767-1. — Tekcr : anextponHsiit // 3BC FOpaiir [caiit]. — URL:
https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputmoB. BeeaeHue B c10KHOCTb BBIUHUCICHHH : yueOHOE

nocobue st 6akanmaBpuara u maructpatypsl / B. H. Kpynickuit. — 2-e u3j., ucrp. u gon. —
Mocksa : U3natensctBo FOpaiit, 2019. — 117 c. — (ABTOpckuii yuebnuk). — ISBN 978-5-
534-04817-9. — Texkcr : anextponusiit // IbBC FOpaiir [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 pa3pa60TKn H aHAJIu3a aJIrOPpuTMOB)»

Bomnpocsr:
1. AJNroput™m COpTUPOBKHU BCTaBKOM.
2. AmnHanm3 alropuTMa COPTUPOBKH BCTABKOM.
3. 3amaya COPTHPOBKH BEIOOPOM.
4. Awnanus anropuTMa COpTUPOBKH BHIOOPOM.
5. Paszpabotka anropuTmMa COpTUPOBKH CIUSHUEM.
6. AHanmu3 aNropuT™Ma COPTUPOBKHU CIHUSTHUEM.

MeToanuyeckue peKOMeH AU

Jlexuusi mpoBOAMTCA Kak C IPUMEHEHHUEM TpPAaJULIUOHHBIX TEXHOJOrui (0030pHas
JIEKIIMS ), TAK ¥ HHTEPAKTHUBHBIX TEXHOJOTHH (ITpoOIeMHast JICKIIHS ).

B Xone nEeKUMOHHBIX 3aHATUH CTYAECHTAM DPEKOMEHIOBAHO BECTH KOHCIIEKTUPOBAHHUE
yuebHoro Martepuaina. OOpamiath BHHUMaHHWE Ha KaTeropuu, (HOpMYIUPOBKH, PACKPHIBAIOIINE
COJICp)KAaHUE TEX WM MHBIX SBICHUHM M IIPOLECCOB, HAy4YHBIC BBIBOABI M IPAKTUYECKUE
PEKOMEHIalliH.

Pexomenayercs 3amaBarTh NpenoAaBaTEN0 YTOUHSIOLIME BOMIPOCHI C IIEJIbK YSICHEHUS
TEOPETUYECKUX TIOJIOKEHUHM, pPa3pelICHHs] CIOPHBIX CHUTyalui. JKemareabHO OCTaBUTh B
pabounx KOHCIEKTaxX MOJs, Ha KOTOPBIX JieJaTh MOMETKH U3 PEKOMEHJOBAHHOM JUTEPaTypHl,
JOTIOJIHSIOIIME MaTepuall IPOCIHYIIAaHHOW JIEKIMHM, a TaKXke IOoJ4epKUBaloIne ocolyro
BAKHOCTh T€X WJIM UHBIX TEOPETHUECKUX MOJIOKEHUM.

JlopabaTbIBaTh KOHCHEKT JICKIIUK PEKOMEHIOBAHO B COOTBETCTBUHU PadOYeii MporpaMMoit
JUCLHUTIITUHBI.

Hcrouynuku u iuTepaTrypa 1Jisi NOATOTOBKH:
OcHoBHasi InTEepaTypa

1. MaremaTtuyeckas JOTrUKa U Teopusi anroputMmoB: YueOnuk / [IpymkoB A.B., Bonkosa JILJI.
- MockBa :KYPC, HUIl UHOPA-M, 2018. - 152 c.: - (bakanaBpuar) - Tekcr
anekTpoHHbIN. - URL: https://znanium.com/catalog/product/956763

JlomoJIHuTeIbHAS JIUTepaTypa

1. Cynomnaros, C. B. MaTemaTtnueckas JOrHKa U TEOPHsI aITOPUTMOB : yYEOHUK U
MPaKTUKYM JUIsl akageMuyeckoro Oakanaspuara / C. B. Cynomnnaros, E. B.
OBunHHMKOBA. — 5-€ U31., ctep. — Mocksa : 3narenscTBo Opaiit, 2019. — 255 ¢. —
(Bricmiee obpazoBanune). — ISBN 978-5-534-00767-1. — Texkct : anexTpoHHsblii / DbC
FOpaiit [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputmoB. BBezieH1e B Clio’KHOCTh BBIYMCICHUH : yueOHOE
nocoOue it 6akanaBpuara 1 Maructpatypsl / B. H. Kpynckuii. — 2-e u3n., ucnp. u
nor. — Mocksa : M3garensctBo FOpaiit, 2019. — 117 c. — (ABTOpCcKUil yueOHHK). —
ISBN 978-5-534-04817-9. — Texkcr : anexktponusii / 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 pyHkumii»

Bomnpocnr:
1. AcumnroTuueckre 0003HaYCHHUS.
2. ®yHKUMHU U Bpems paboTEhI.
3. Acumnroruyeckue 0003Hau€HHs B ypaBHEHMSIX U 3a/la4ax.
4. CrangapTHble 0003HAYEHHUS M YacTO BCTpeUaroImuecs: (pyHKIUH.

MeToauuecKkue PE€KOMEHIAUH

Jlekiusi TIPOBOAMTCS KAk C TPHUMEHEHHWEM TPAIUIIMOHHBIX TEXHOJOTHH (0030pHas
JIEKIIMS ), TAK ¥ HHTEPAKTHUBHBIX TEXHOJOTHH (ITpoOIeMHast JICKIIHS ).

B xoze NEKIMOHHBIX 3aHATHH CTYJACHTaM PEKOMCHJIOBAHO BECTH KOHCIIEKTHPOBAHHE
yuebHoro Martepuaina. OOpamiaTh BHHUMaHHWE Ha KaTeropuu, (HOpPMYIUPOBKH, PACKPHIBAIOIINE
COJICp)KaHWE TEX WM WHBIX SBJICHUH M TPOIECCOB, HAYYHBIC BBIBOJBI U IMPAKTUUYCCKUE
PEKOMEH 1Al H.

Pexomenayercst 3amaBaTh NpPENogaBaTeI0 YTOUHSIONIIUME BOMPOCHI C IENBIO YSCHEHHUS
TEOPETUYCCKUX TIOJIOKECHUH, pa3pelieHus] CHOPHBIX CHTyalnud. JKenaTenpHO OCTaBUTH B
pabo4nx KOHCIEKTaX MOJisi, Ha KOTOPBIX JIeJaTh IMOMETKH M3 PEKOMEHIOBAHHOUW JTUTEPATYpPHI,
JIOTIOJTHSIONIME MaTepuall MPOCIYIIAHHON JICKIIMH, a TaKkKe IMOMYEPKUBAIONINEC OCO0YIO
BaXHOCTb TEX MJIM MHBIX TEOPETHUCCKHUX TIOJIOKEHUH.

JlopabaTbIBaTh KOHCIEKT JICKIUK PEKOMEHIOBAaHO B COOTBETCTBUHU PadOYeii MporpaMmoit
JUCITUTUTAHEI.

Hcrouynuku u IuTeparypa 1Jist NOATOTOBKH:
OcHoBHasi InTEepaTypa

1. Maremaruyeckas JOrMKa U Teopust anroputmon: YueOHuk / Ilpynkos A.B., Boikosa
JIJI. - Mocksa :KYPC, HUL] UHOPA-M, 2018. - 152 c.: - (bakanaBpuar) - TekcT :
anexkTpoHHbIN. - URL: https://znanium.com/catalog/product/956763

JdonmosiHuTEIbHAS JIUTEPATYPaA

1. Cynomnaros, C. B. MaTemaTtnueckas JOrMKa U TEOPHsI aITOPUTMOB : YUYEOHHK U
MPaKTUKYM JUIsl akageMuyeckoro Oakanaspuara / C. B. Cynomnnaros, E. B.
OBunHHMKOBA. — 5-€ U31., crep. — Mocksa : U3znatensctBo FOpaiir, 2019. — 255 ¢. —
(Bricmiee obpazoBanue). — ISBN 978-5-534-00767-1. — Texct : anextponnsiii // 9bC
FOpaiit [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputmoB. BBezieH1e B ClI0’KHOCTh BBIYMCICHUH : yueOHOE
nocobue st OakanaBpuara u maructparypsl / B. H. Kpynckuit. — 2-e uzna., ucnp. u
norn. — Mocksa : U3mparensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpCKUii y4€OHUK). —



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

ISBN 978-5-534-04817-9. — Tekcr : anekrponssiii // 3BC FOpaiir [caiit]. — URL:
https://urait.ru/bcode/444131

Jlexuus 4 no reme «Pa3nessiii u BJaIacTByin»
Bomnpocnr:

3ajaya oMcKa MaKCMMaIbHOIO [10IMAaCCUBA.

MeTo OACTaHOBKH PEIICHHs PEKYPPEHTHBIX COOTHOILIECHU.
AHanu3 aJropuTMa oucka MakCUMMaabHOIO I10/IMAacCUBA.
AnropurM IllTpacceHa 1 yMHOXKEHHS MATPHL.

Meroa noACTaHOBKY PEUIEHUSI PEKYPPEHTHBIX COOTHOLIECHUH.
Kak yragats pemienue u n30exaTb OMINOOK.

3aMeHa NepEeMEHHBIX.

Meton nepeBreB pEKypCHH.

. OcHoBHO1 MeTOA.

10. OcHOBHas TeopemMa O PEKYPPEHTHBIX COOTHOILEHUSX.

11. Mcnonb3oBaHME OCHOBHOI'O METO/A.

D ONAU R W~

MeToanueckue peKOMEeHAAIUN

Jlexiusi TPOBOAMTCA Kak C MPUMEHEHHWEM TpPaJUIMOHHBIX TEXHOJOrui (0030pHas
JIEKIIMS ), TaK U UHTEPAKTHUBHBIX TEXHOJOTHH (ITpoOIeMHast JICKIIHS).

B Xone neKUMOHHBIX 3aHATUN CTYACHTaM PEKOMEHIOBAaHO BECTH KOHCIEKTUPOBAHHUE
yuebHoro Mmarepuaina. OOpamjaTb BHUMaHHE Ha KaTeropuu, (HOpMYIHpPOBKH, PAaCKPBIBAIOIINE
COJIep’)KaHME TEX WM HHBIX SBJIEHUH M IPOLECCOB, HAY4YHBIE BBIBOJABI U IPAKTUYECKUE
PEKOMEHIalliH.

Pexomenayercs 3anaBarh IPENOAABATENI0 YTOYHSIOLIME BOIPOCHI C LIENIBIO YSICHEHUS
TEOPETUYECKUX TIOJIOKEHUHM, pPa3pelIeHus] CIOPHBIX CHUTyalui. JKemaTrenbHO OCTaBUTh B
pabouux KOHCIEKTaX MOJjsl, Ha KOTOPBIX JejaThb MOMETKH U3 PEeKOMEHJOBAaHHOH JIUTEpaTyphl,
JOTIONHSIONIME MaTepuall MPOCIYIIAaHHOW JIEKIIMHM, a TaKXe IO0JYEpKHUBAIOLINEe O0CO0YIO
BaXHOCTb TEX MM MUHBIX TEOPETUUECKUX TOJIOKEHUM.

JlopabaThIBaTh KOHCIIEKT JIEKIIMA PEKOMEH/I0BAaHO B COOTBETCTBUM paboveil mporpammon
JUCLUTUINHBI.

HcTounnku 1 1uTepaTypa Uit NOATOTOBKH:

OcHoBHasi InTEepaTypa
1. Maremartudeckas JOTHKa U Teopust anropuTMmoB: YueOHuUK / IlpymnkoB A.B., Bonkosa

JI.JI. - Mocksa :KYPC, HUL] UHOPA-M, 2018. - 152 c.: - (bakanaBpuar) - TekcT :
anekTpoHHbIH. - URL: https://znanium.com/catalog/product/956763

JdomosiHuTEIbHAS JIUTEPATYPaA

1. Cynmomuaros, C. B. MaTemaTuueckas JIOTHKa U TEOPUs AITOPUTMOB : Y4eOHUK U
NpPaKTUKYM JUId akajeMmuyeckoro 6akanaspuata / C. B. Cynomnaros, E. B.
OBunHHMKOBA. — 5-€ U31., crep. — Mocksa : U3znatensctBo FOpaiir, 2019. — 255 ¢. —
(Bricmiee obpazoBanue). — ISBN 978-5-534-00767-1. — Texct : anextpouHslii / 9bC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018



https://urait.ru/bcode/444131
https://znanium.com/catalog/product/956763
https://urait.ru/bcode/432018
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2. Kpynckuii, B. H. Teopus anroputmoB. BBezienne B Clio’KHOCTh BBIYUCICHUH : yaeOHOE
nocobue juist 6akanaBpuara u Maructparypsl / B. H. Kpyrickuit. — 2-e uza., ucnp. u
non. — Mocksa : M3narensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpCKHUIA Y4€OHHK). —
ISBN 978-5-534-04817-9. — Tekcr : anexrponnsiii / 9bC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131

Jlexknus S no reme «BeposITHOCTHBIN AHAJIM3 M PAHAOMHM3MPOBAHHbIE AJITOPUTMbI»
Bomnpocsr:

3ajgaua o HaliMe.

AHanu3 HauxXyauero ciydas B 3aJa4e 0 HaliMe.

BeposiTHOCTHBINM aHAIIN3.

PannoMu3npoBaHHBIE aITOPUTMBL.

WNHupukaTopHas ciy4yaliHas BeJIMYMHA.

Jlemma 0 MaTeMaTHYECKOM OXKHUJIAHUU UHAUKATOPHON CIIy4aliHOM BEJIINYUHBI.

JleMMa 0 MaTeMaTH4YECKOM OKHJIAHUH KOJIMYECTBA HAUMOB.

AHanu3 3aa4u 0 HaliMe C IIOMOILBIO MHIUKATOPHBIX CIIy4alHbIX BEJIUYHH.

3amauu 0 rapaepoOIIKe M NHBEPCUU MAacCUBA.

0. I3meHeHus1, KoTopble TpeOyeTcs BHECTH B aJITOPUTM Haiima ass panaomusanuu. Ko
CIIy4allHOM IIEPECTAHOBKHU.

11. Jlemma 0 MaTeMaTHYECKOM OKUIAHUHM CTOMMOCTH HaliMa C KOJIOM CIIy4aiHOM

IIEPECTAHOBKHU.
12. MaccuBsl nocne ciay4aiiHOM IepecTaHOBKH. JIeMMa 0 paBHOMEPHOM PaclpeesICHUN.

SN R WD~

MeToauueckue PEKOMEHIAUH

JlekuMst MPOBOAMTCS Kak C MPUMEHEHHEM TPaJUIMOHHBIX TEXHOJOrHi (0030pHas
JIEK1Us ), TAK U HUHTEPAKTUBHBIX TEXHOJOTUH (MTpoOIeMHas JeKIus).

B Xxone NEKUMOHHBIX 3aHATUN CTYAEHTAM PEKOMEHIOBAaHO BECTU KOHCIIEKTUPOBAHHUE
yuebHoro Marepuaina. OOpamjaTb BHUMaHHWE Ha KaTe€ropuu, (OpMYIHpPOBKH, PAaCKPBIBAIOIINE
COJIep/)KaHUE TEX WM HHBIX SBJIEHUHM M IPOLECCOB, HAy4YHBIE BBIBOJABI U IPAKTUYECKUE
PEKOMEHTalliH.

Pexomenayercs 3a1aBarh IPENOAABATENIO YTOYHSIOIIUE BONPOCHI C LENbI0 YACHEHUS
TEOPETUYECKUX TIOJIOKEHUHM, pa3pelIeHus] CIOPHBIX CHUTyalnui. JKemaTrenbHO OCTaBUTh B
pabouux KOHCIEKTaX MOJsl, Ha KOTOPBIX JejaThb MOMETKH U3 PEKOMEHJOBaHHOM JIUTEpaTyphl,
JOTIOJHSIONIME MaTepuall MPOCIHYIIaHHOW JIEKIMHM, a TaKXke MOoJ4epKUBaloInue ocolyro
BAYKHOCTB T€X WM UHBIX TEOPETUUECKUX ITOJIOKEHUMN.

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

HcTouyHnKH H Jureparypa AJs NOATOTOBKU:

OcHoBHas1 JiuTepaTypa

1. Maremartuyeckas JOrMKa U Teopust anroputmon: YueOHuk / Ilpynkos A.B., Bonkosa
JIJI. - Mocksa :KYPC, HUL] UH®PA-M, 2018. - 152 c.: - (bakanaBpuar) - TekcT :
anekTpoHHbIN. - URL: https://znanium.com/catalog/product/956763



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

1. Cynomnaros, C. B. MaTtemaTnueckas J0ruKka U TEOpHsl aITOPUTMOB ;| yUEOHUK U
NPaKTUKYM Ui akajgemuyeckoro 6akanaspuata / C. B. Cynomnaros, E. B.
OBunHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo FOpaiirt, 2019. — 255 ¢. —
(Beiciiee oopazoBanue). — ISBN 978-5-534-00767-1. — Texkcer : anextponssiii // DbC
IOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputMoB. BBeeHHE B CIIOKHOCTH BEIYUCICHUN : yaeOHOE
nocobue jyist 6akanaBpuara u Maructpatrypsl / B. H. Kpyrickuit. — 2-e uza., ucnp. u
nor. — Mocksa : M3parensctBo FOpaiit, 2019. — 117 c. — (ABTOpCKUl yUeOHUK). —
ISBN 978-5-534-04817-9. — Tekcr : anekrponssiii // OBC FOpaiir [caiit]. — URL:
https://urait.ru/bcode/444131

Jlekuus 6 no remMe «AJIrOpuTMbI COPTHPOBKM

Bomnpocsr:
1. Tlapamokc qHEHN pokaeHUS.
2. AHanu3 ¢ NpUMEHEHUEM UHJUKATOPHOM CilydaifHON BEJIMYMHBI.
3. Cnyu4aiiHOoe HANOJIHEHWE KOP3UH POHYMEPOBAHHBIMHU LIApaMHU.
4. TIlocnenoBaTeabHOCTh BBINAIEHUS OPJIOB.
5. 3apaua o HaiiMe B OIIEPAaTUBHOM PEKUME.
6. BeposTHOCTHBIN noacyerT.
7. 1loucCk B HEOTCOPTUPOBAHHOM MacCCHBE.

Meroanyeckue peKoMeH AU

Jlexuuss mpoBOAMTCS Kak C NPUMEHEHHEM TPaJULMOHHBIX TEXHOJOrui (0030pHas
JeKIHS), TAK U MHTEPAKTUBHBIX TEXHOJIOTUH (IpoOsieMHast JeKIHs).

B Xone nEeKIMOHHBIX 3aHATHHM CTyIEHTaM DPEKOMEHJOBAaHO BECTH KOHCIEKTHPOBAHUE
yuyeObHoro Mmatepuana. ObOpaiiaTh BHHUMaHHE Ha KaTeropuu, (OpMYIHPOBKH, PAaCKPBIBAIOIINE
coJlep’kaHUE TeX WM MHBIX SBJIEHUN M NPOLECCOB, Hay4YHbIE BBIBOJABI U IPAKTUUYECKUE
PEKOMEH AN N.

Pekomenayercs 3amaBaTh IpeNnofaBaTeNl0 YTOUHSIOIIME BOIMPOCHI C ILIENBIO YSICHEHUS
TEOPETUYECKUX IIOJIOKEHUM, pa3pelleHus CHOpHBIX curyauuil. JKemarenbHO oOCTaBUTH B
pabouMx KOHCIEKTax MOJs, Ha KOTOPBIX JeJaTh MOMETKH M3 PEKOMEHJOBAaHHOM JUTEepaTyphl,
JIOTIONTHSAIONIME MaTepuall MPOCIYIIAaHHOM JIEKIHMH, a TaKkkKe MOJYepKUBAIOIINE 0COo0YyIo
BaXHOCTb T€X MM UHBIX TEOPETHUECKUX MOJIOKEHUH.

JlopabaTbIBaTh KOHCHEKT JICKIIUM PEKOMEHIOBAaHO B COOTBETCTBUHU paboUeil mporpaMmoit
JUCIUIIAHBL.

Hcrouynuku u iuTeparypa 1Jist NOATOTOBKH:

OcHoBHasi InTEepaTypa


https://urait.ru/bcode/432018
https://urait.ru/bcode/444131
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1. MareMarudeckas JIOTHKa U Teopust anropuTMmoB: YueOHuK / IIpymkoB A.B., Bonkosa
JLJI. - Mocksa :KYPC, HUIl NTH®PA-M, 2018. - 152 c.: - (bakanaBpuart) - Tekcr :
anekTpoHHbIA. - URL: https://znanium.com/catalog/product/956763

JlonoiHUTeILHAS JIUTEpaTypa

. Cynomnaros, C. B. Marematuueckas JIOTMKa U TEOPUS aJITOPUTMOB : YUSOHUK H
MPaKTUKYM JUJIs akajeMuueckoro Oakamaspuara / C. B. Cynomnaros, E. B.
OBUMHHUKOBA. — 5-€ u3J., crep. — Mocksa : M3gatensctBo FOpaiit, 2019. — 255 ¢. —
(Beicmee oopazoBanue). — ISBN 978-5-534-00767-1. — Tekct : anextpouHsiii // 9bC
FOpaiit [caiiT]. — URL: https://urait.ru/bcode/432018

. Kpynckuii, B. H. Teopus anroputmoB. BBezieHne B CI0KHOCTh BBIYHCICHUH : yaeOHOE

nocoOue it GakanaBpuara u Maructpatypsl / B. H. Kpynckuii. — 2-e u3n., ucnp. u
nor. — Mocksa : M3garensctBo FOpaiit, 2019. — 117 c. — (ABTOpCcKUi yueOHHK). —
ISBN 978-5-534-04817-9. — Tekcr : anexktponssiii // 3bC FOpaiir [caiit]. — URL:
https://urait.ru/bcode/444131



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

METOAUYECKHUE PEKOMEHJALIHNU K TIPAKTUYECKHUM 3AHATUAM

IpakTnyeckoe 3ansitue 1 mo reme «PoJib aJITOPUTMOB B BHIYM CJIEHUSIX.

Bomnpocsr:
1. Yrto Takoe anropuT™mbi?
2. Kakue 3a1auy pemarorcs ¢ IOMOIIbIO alrOPUTMOB?
3. ANropuTMsbl KaKk TEXHOJOTHS.
4. D¢PeKTHBHOCTD.
5. AJITOPUTMBI U APYTUE TEXHOJIOTHH.

HpaKaneCRne 3aJJaHuA:

1.

2.

[IpuBenuTe peasbHbIC MPUMEPHI 33/1a4, B KOTOPHIX BO3HUKAET NOTPEOHOCTH B
COPTUPOBKE MJIM BBIYHUCIICHHH BBITYKIONH 000JIOUKH.

Kakumu eme napamerpaMu, KpoMe CKOPOCTH, MOKHO XapaKTepPHU30BaTh allTOPUTM
Ha MpaKkTUKe?

BriGepute oHy U3 BCTpeUaBIIMXCS BaM paHee CTPYKTYpP JaHHBIX H ONHIIHNTE €€
PEUMYIIECTBA 1 OTPAaHUYCHHUS.

13

Uto obmero mexay 3amadeil o0 ompeneraeHUH KpaTyailiero myTd W 3adadeid o

KoMMuBOsDKepe? Uem oHu paznuyaroTcs?

Cdopmynupyiite 3amaqy, B KOTOpo HEOOXOIMMO TOJBKO HAWJIy4Iee PElICHHUE.
CdopmynupyiiTe Takke 3a7ady, B KOTOPO MOXKET OBbITh IPUEMJIEMBIM PEIICHHE,
JIOCTATOYHO OJHM3KOE K HAMITYyUIIEMY.

[TpuBenuTe npumep MPUIOKEHHS, TSI KOTOPOTO HEOOXOIUMO alrOPUTMHUECKOE
HATIOJTHEHUE HA YPOBHE MPUIIOKCHUH, U 00CyIUTe QYHKIIMH STUX aJITOPUTMOB.
[Ipenmnonoxum, Ha OJHOM M TOW K€ MalIMHE MPOBOJUTCS CPABHUTEIIbHBIN aHAIN3
peanu3anuii JByxX aJropuTMOB COPTUPOBKH, pabOTAIOMIMX BCTAaBKOM U CIMSIHUEM.
JIns COPTUPOBKM N DIEMEHTOB BCTaBKOW Heo6Xomumo 8 n’ maros, a s
copTupoBku ciussHueM — 64 n lgn maros. [Ipu kakoM 3Ha4eHHMH N BpeMs
COPTUPOBKH BCTABKOU MPEBBICUT BPEMsI COPTUPOBKH CIUSHUEM?

[Ipy xkakoM MUHUMAJIBLHOM 3HAUYEHUHU N AJITOPUTM, BpeMsi pabOThl KOTOPOTO
onpenensercs gopmynoit 100 n?, paboTaeT OBICTpee, YeM alrOPUTM, BpeMs
paboThl KOTOPOTO BBIpaXKAeTCsl Kak 2n, ecilii 00a anropuTMa BBITOJHSAIOTCS Ha
OJIHOH U TOMH Xe MaluHe?

Hwuwxe npuBenena Ttabnuna, CTPOKHM KOTOPOW COOTBETCTBYIOT —pPa3iIMYHBIM
¢ynkuusam f(n), a cronbubl — 3HAYEHUSAM BpeMeHHU t. 3amojHHUTE TaOJIUIly
MaKCUMaJIbHBIMH 3HAYEHUSIMU N, JJII KOTOPBIX 3ajladya MOKET OBITh peIleHa 3a
BpeMms t, eI IpeIoiaraeTcs, 4To BpeMsi paboThl aIropuTMa, HeoOX0AUMoe st
pelieHus 3aaa4n, paBHo f(n) MUKPOCEKYH]I.

Cexynna | Munyra Yac Jenn Mecsu T'on Bexk

Ign

Vn

nlgn
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MeToanuyeckue peKOMeH AU

[Ipy mnoaroTroBke K MPAKTHUYECKUM 3aHATUSAM CTYACHT JOJDKEH IPHUAECPKUBATHCS
CIEAYIOLIMX PEKOMEHAAIUN:

- BHUMATEJIbHO U3YUYUTh OCHOBHBIE BOIPOCHI TEMbI U IUIAH IIPAKTUYECKOTO 3aHSTHS,

- OIIpCACIINTL MCCTO TEMBI 3aHATHUA B O6HICM COACPpIKaHNHU, €€ CBA3b C APYT'UMH TEMAMU;

- HalTU ¥ IpopaboTaTh COOTBETCTBYIOIIUE Pa3/ieibl B PEKOMEHJOBAaHHBIX HOPMATHBHBIX

JOKYMEHTaX, yUeOHHKaX U JOMOJHUTEIIBHOM JINTEPaType;

- MOCJIE€ O3HAKOMJIEHHMSI C TEOPETHUYECKUM MaTEpHaJIOM OTBETHTh Ha BOIIPOCHI IO TEME
Kypca,

- IPOJyMaTh MYTH U CIIOCOOBI PeLICHUS MPOOIEMHBIX BOIIPOCOB;

- NpOoAyMaThb Pa3BEPHYTHIE OTBETHI HA MPEMIOKEHHBIE BOIPOCHI TEMBI, ONHUPASICh Ha
JICKIIMOHHbIE MATEPUAJIbl, PACIIUPSS U TOMOIHSSA UX JaHHBIMU U3 YYEOHHUKOB, AOMOTHUTEIHLHOU
JIUTEPATYPBHL.

B xonme mpakTudeckoro 3aHATHS HEOOXOAMMO BBHIMOIHUTH MPAKTUYECKOE 33aJaHue, a
3aTeM OOBSICHUTH MCTOJUKY €TO PCIICHU.

HcTouynuky u JIMTEpaTypa AJ5 MOATOTOBKH:
OcHoBHasi InTepaTypa

1. HWrommn, B.M. C6opHHK 3a/1a4 IO MAaTEeMaTHYECKOM JIOTMKE U TEOPUH aJTOPUTMOB :
yue6. mocooue / B.1. Urommuu. — Mocksa : KYPC ; UHOPA-M, 2019. — 392 c. —
(bakanaBpuar). - ISBN 978-5-906818-08-9 (KVYPC); ISBN 978-5-16-011429-3
(MH®PA-M, print); ISBN 978-5-16-103684-6 (IH®PA-M, online). - Tekcrt :
anekTpoHHbIN. - URL: https://znanium.com/catalog/product/986940

JlomoJIHuTeIbHAS JIUTEpaTypa

1. Cynomnaros, C. B. MaTemaTtnueckas J0ruKa U TEOPHsI aITOPUTMOB ;| yUYEOHUK U
MPaKTUKYM JUIsl akageMuyeckoro Oakanaspuara / C. B. Cynomnnaros, E. B.
OBYMHHUKOBA. — 5-€ u3J., crep. — Mocksa : M3gatensctBo FOpaiit, 2019. — 255 ¢. —
(Bricmiee obpazoBanue). — ISBN 978-5-534-00767-1. — Texkct : anexTpoHHsblit // DbC
FOpaiit [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputmoB. BBezieH1e B Clio’KHOCTh BBIYMCICHUH : yueOHOE
nocoOue it 6akanaBpuara 1 Maructpatypsl / B. H. Kpynckuii. — 2-e u3n., ucnp. u
nor. — Mocksa : M3garensctBo FOpaiit, 2019. — 117 c. — (ABTOpCcKUl yueOHHK). —
ISBN 978-5-534-04817-9. — Texkcr : anextponnsiii / 9bBC 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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HpaKTH‘leCKOC 3aHsATHE 2 110 TeMe «OCHOBBI pa3pa60TRn U aHaJu3a ajJJrOpuTMoOB»

Bonpocsr:
1. AJIropuT™M COPTUPOBKH BCTABKOM.
2. Amnanu3 anropuTrMa COpTUPOBKH BCTABKOM.
3. 3amaya COpTHPOBKH BHIOOPOM.
4. AHanu3 anropuTMa COPTHPOBKH BEIOOPOM.
5. Pa3pabotka anropurmMa COpTUPOBKH CIHUSHUEM.
6. AHanu3 aNropuT™Ma COPTUPOBKHU CIHUSIHUEM.

HpaKaneCRne 3aJJaHuA:

W

10.

[Tpownroctpupyiite paboty npouenypsl Insertion-Sort no coptupoBke MaccuBa A =<
31,41,59,26,41,58 >.

[epenummute npoueaypy Insertion-Sort 7151 COPTUPOBKM B HEBO3PACTAIOIIEM MOPSIIKE
BMECTO HEYOBIBAIOILETO.

PaccmoTpum 3aauy noucka.

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

Berxon. MHmekce i, Takoid, 9To Vv, WK crienuainbHoe 3HaueHne NIL, eciii v B A OTCYTCTBYeT.
CocraBbTe MCEBJOKO JMHEHHOTO OUCKA, PU paboTe KOTOPOIO BBHIIOIHAETCS
CKaHHPOBAHME MTOCIIEA0BATEIBHOCTH B IOUCKAX 3HAYEHUS V. JJOKaXKUTe KOPPEKTHOCTh
JITOPUTMA C [TOMOIIBIO HHBAapUaHTa LUKJIA. Y 0eAUTech, YTO BBIOpaHHBIN MHBAPHAHT IMKJIA
YZIOBJIETBOPSIET TPEM HEOOXOJUMBIM YCIOBHSIM.

PaccmoTpuM 3a1a4y ClI0KEHUS IBYX N-OUTOBBIX JBOMYHBIX LEJIBIX YUCEII, XPAHALIUXCS B
n-3JeMeHTHbIX MaccuBax A u B. Cymmy 3TuX IByX umces HE0OXOJMMO 3aHECTH B
nBon4yHOH Gopme B (n+1)-anemenTtHbIN MaccuB C. [IpuBeanTe cTporyto GopMyIHpOBKY
3aJlauM U COCTaBbTE MCEBJOKO JJISl CIIOKEHUSI 3TUX JBYX YHUCEI.

Beipasute Gpynkuuio n°/1000- 100 n? -100n+3 B ©-0603HaueHHSX.

PaccmoTpuM cOpTHPOBKY 3J1€MEHTOB MaccuBa A, KOTOpasi BHIITOJIHAETCS CIETYIOINUM
obpa3zom. CHayana onpe/enseTcss HAMMEHbBLINH 2JIeMeHT MaccuBa A, KOTOPBIN CTaBUTCS Ha
MecTo 25ieMenTa A[1]. 3ateM Mpou3BOIUTCS TOMCK BTOPOTO HAMMEHBIIIETO JIEMEHTA
MaccuBa A, KOTOPBIM CTaBUTCS Ha MECTO 3eMeHTa A[2]. DTOT mpolecc NpoaoHKaeTes s
NepBbIX N—1 371eMeHTOB MaccuBa A. 3alUIINTE NICEBAOKO/] 3TOT0 aJlfOPUTMa, U3BECTHOTO
Kak copTHpoBKa BeIOOpOoM (Selection sort). Kakoil nHBapHaHT LMKIIa COXpaHIeTCs JUIs
storo ainropurMa? Ilouemy ero 70CTaTOYHO BBINOJHUTH JJIsl IEPBBIX N—1 3IEMEHTOB, a HE
JUIs Bcex n anieMeHToB? Omnpenenute BpeMs paboThl alrOpUTMa B HaWIIydllee U
HauXyALIEeM CIIy4asx U 3alUIINTE ero B ©-0003HauUCHUsX.

IIpu anropur™Me TMHENHOTO MOUCKA JUIsSl CKOJIBKUX 2JIEMEHTOB BXOIHOM
MIOCJIEZI0BATEIBLHOCTH B CPETHEM HYKHO IIPOU3BECTU MTPOBEPKY, €CIIHU MPEIOIaraercs, 4To
BCE DJIEMEHTBI MAacCHBa C PaBHOM BEPOSTHOCTBIO MOTYT UMETh HCKOMO€E 3HaueHue? Yo
MIPOMCXOJUT B Hauxy/uieM ciydae? Uemy paBHO BpeMsi paObOThI alropuTMa JMHEHHOTO
MOKCKA B CPEHEM U B HAaUXYAIIEM cllydasx B ©-o003HaueHuax? OOOCHYHTE CBOW OTBET.
Kakum 00pa3oM MOKHO MOAUDUIIMPOBATH MOUTH KaXKAbIH aJrOPUTM, YTOOBI OTYYUTh
ONTUMAJIbHOE BpeMsl pabOThl B HAUTYYIIEM ciy4ae?

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

[Tepenummute npouenypy MERGE Tak, uToObI B HEli HE MCTIOJIB30BAIMCH CUTHAIIBHBIE
3Ha4yeHus1. CUTHAJIOM K OCTaHOBKE JIOJIKEH CIIY>KUTh TOT (PAaKT, 4TO BCE DJIEMEHThHI MAaCCHBA



11.

12.

13.

14.

15.

L nnmn maccuBa R ckonmpoBanbl 00paTHO B MAacCCHB A, TIOCJIE YEro B 3TOT MacCUB
KOIIMPYIOTCS 3JIEMEHTBI, OCTABIIMECS B HEITYCTOM MAacCHBE.

Bocnonb3yiiTech METOIOM MaTEMATUYECKOW MHAYKIWHU JUJIS JOKA3aTEIbCTBA TOTO, YTO,

Korjaa n saBJIACTCs TOYHOMH CTETICHBIO 2, PEIICHUEM PEKYPPEHTHOI'O COOTHOIICHM A

2,ecaun = 2
— n
T(n) 2T (E) +n,eciu n=2%k>1,

spisercs T(n) = nlgn.

CopTHpPOBKY BCTaBKOH MOXKHO IIPEICTaBUTh B BHJAE  PEKYPCHBHOM
nocnenoBarenbHocTH. UToObl  oTcopTHpoBath MaccuB A [1..n], cHauama
HYXXHO PEKypCHBHO OTCOpTHpOBaTh MaccuB A [1..n — 1], mocne 4ero B 3TOT
OTCOPTHPOBAHHBI ~ MacCHUB  IoMmemiaercs diaeMeHT A [n]. 3anummre
PEKYPPEHTHOE ypaBHEHHE JUI BPEMEHH paOOThl 3TOH PEKYpCHUBHOH BEpCcUU
COPTHUPOBKH BCTaBKOH.

Bo3Bpamasce k 3amaye JMHEHHOrO IOMCKA, HETPYAHO 3aMETHUTh, YTO €CIHU
MOCJICIOBATEIBHOCT A OTCOPTUPOBaHA, TO MOXHO CPaBHUTh 3HAYCHUE
CPeIHEro 3JIEMEHTa 3TOH IOCIET0BATEILHOCTH C MCKOMBIM 3HAYCHHEM V U
Cpa3y UCKJIIOYUTH IMOJOBHHY TOCJIEIOBATENBHOCTH W3  JallbHEHIIETo
paccmotpenusi. bunapnsiit mouck (binary search) — 3To anroputm, B KOTOpOM
Takasi Tmpoleaypa MOBTOPSETCS HEOMHOKPATHO, YTO BCSAKHUU pa3 MPHBOTUT K
YMEHBIICHUIO OCTaBIICHCS YacTH MOCJEIOBATEIHHOCTH B JIBa pa3a. 3alHIINTe
IICEBIOKOJ] aIropuT™Ma OWHAPHOrO IOMCKa (MO0 MTEepaTUBHBIA, JHOO
pEeKypCcHBHBIi). JlokakuTe, 4TO BpeMsi pabOThl 3TOT0 AITOPUTMA B HAUXYIIIEM
cirydae cocrasisier © = (Ign).

3amerum, uyro B nukie while B crpokax 5—7 npouenypsl INSERTION-SORT
JUI CKaHUPOBaHUS (B OOpaTHOM MOPSAJKE) OTCOPTUPOBAHHOIO IOJMACCHBA
A[1..j—1] wucnonp3yercs JIMHEWHBIM TOUCK. MOXHO JIM HCIOJIB30BATh
OMHApHBIA MOMCK (CM. MpeAblAylIee YIp.) BMECTO JIMHEHHOro, YTOOBl BpeMs
paboThl ATOrO aIropyuTMa B HAUXYIALIEM Clydae YIy4IIUJIOCh U CTaJO PaBHBIM
0 = (nlgn)?

Pazpaboraiite anroputM co BpemeHeM paboTel O = (Ign), KOTOpBIH st
33JaHHOTO MHOXKECTBA S W3 N LEJIBIX YUCEN W JAPYroro LEJOro 4Yucia X
OTpesieNsieT, UMEIOTCS JIM B MHOXKECTBE S JiBa JIEMEHTa, CyMMa KOTOpbIE paBHA
X.

3agaun

1. Copruposka BCcTaBKoO#i MaJbIX MACCHBOB B NIPOIECCE COPTHPOBKH CJAUSHHEM

HecmoTpss Ha TO 4YTO C YyBEJIWYEHHWEM KOJUYECTBA COPTHUPYEMBIX
3JIEMEHTOB BpEeMs COPTUPOBKU METOJIOM CIMSHUN B HaUXYJIIEM Cilydae
pacrer kak O = (nlgn), a BpeMs COPTUPOBKH BCTaBKOW — Kak
0 = (n?), 6marosaps MOCTOSHHBIM MHOKSATENSIM HA TIPAKTHKE IS MaJbIX
pasMepoB 3a7ad Ha OOJBIIMHCTBE MAIIMH COPTUPOBKA BCTaBKOM
BbINOJHSETCST ObicTpee. Takum 00pa3oM, €cTh CMBICH HCIOJIB30BATh
COPTUPOBKY BCTAaBOK B IPOIIECCE COPTUPOBKH METOJOM CIMSHUN, KOT/a



noasagadyuv CTaHOBATCA JOCTAaTOYHO MAaJICHbKUMH. PaCCMOTpI/ITe

MOIM(DMKALUIO aIrOPUTMA COPTUPOBKH CIMSHHMEM, B KoTopoM M /K
IOJMAacCUBOB JJIUHOM K COPTUPYIOTCSI BCTAaBKOW, IIOCIE€ YEro OHHU
00BETMHSIOTCS C TIOMOIIBI0 OOBIYHOTO MEXaHU3Ma CIUsHUS. Bennunna k
JIOJDKHA OBITh Haii/ieHa B IIpoliecce peLIeHus 3a1auu.

a. TlokaxuTe, YTO COPTUPOBKA BCTABKOHM IO3BOJISICT OTCOPTHPOBATH
n/k nmoanocnenoBaTenpbHOCTEH IMHON K Kaxkmas 3a Bpems O(nk ) B
XYJIIIeM CiTyJae.

b. Ilokaxure, KaKk BBINOIHHUTH CIMSHHE YTUX MOAIOCIIEIOBATEIBHOCTEH
n
3a Bpems O = (nlg (;) ) B HAUXY/IIEM ClTy4ae.

c. Ecmm Takoil MOAM(PUIMPOBAaHHBIA aIrOPUTM BBIIOJIHSAETCS 32 BPEMs
n

0= (nk+nlg(;)) B Haumxy[uleM cilydae, TO 4YEeMY pPaBHO

HamOonbiiee 3HadeHne k Kak QyHkmmm ot n, ams KOTOpOro

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

d. Kak cirenyer BeiOnpats k Ha mpakTuke?

2. KoppeKTHOCTH IMy3bIPLKOBOH COPTHPOBKH

[Ty3pIppKOBasi COPTUPOBKA MPEACTABISAET COOOW MOMYJISPHBIN, HO HE
3G(hEeKTUBHBIA  aNTOPUTM COPTHPOBKA. B e€ro OCHOBE  JIGKHUT
MHOTOKpPAaTHAasl IEPEeCTaHOBKA COCEJHUX DJIEMEHTOB, HapyLIAIOIINUX
MOPAAOK COPTUPOBKH.

BUBBLESORT(A)

fort=1to A.length — 1

I

2 for j = A.length downto 1 + 1

3 if A[j] < A[j—1]

4 nomeHsTh A[j] u A[j-1] mecramu

a) ITyctb A’ o6o3nagaer Bbeixox mnpoueaypsl BUBBLESORT(A). s
nokazatenbcTBa  KoppektHocTH mpoueaypsl  BUBBLESORT  HeoOGxomumo
JI0Ka3aTh, YTO OHA 3aBEPILAETCS U YTO

AN <A2)<--- < An] (2.3)
riae n = A.length. Uto eme HEOOXOAMMO JI0Ka3aTh JUIS TOTO, YTOOBI TIOKAa3aTh, YTO
nporenypa BUBBLESORT neiicTBUTENHHO BBIMOTHSIET COPTUPOBKY?

B cnenyronmx qByx 4acTsx JA0Ka3bIBalOTCS HEpaBeHCTBa (2.3).

b) Touno chopmynupyiiTe HHBapHAHT HHUKIA for B cTpokax 2—4 U TOKaKUTE, YTO OH
BBITIOJTHSIETCS. J|0Ka3aTeNbCTBO IOJDKHO UMETH TY K€ CTPYKTYPY JI0Ka3aTEIhCTBA
MHBAapUaHTa LIUKJIA, KOTOPasi paHee UCIO0JIb30BaIach B aHAJOTUYHBIX JJOKA3aTEIbCTBAX.

¢) C nmomoripio yCIoBHS 3aBEpIICHUS] HHBAPUAHTA KA, JOKa3aHHOTO B 4yacTH (b),
chopMynupyiTe HHBapHaHT Iukia for B crpokax 1—4, KOTOpHIN MO3BOJIKI ObI TOKA3aTh

17
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HepaBeHcTBa (2.3). Jloka3aTesbCTBO NOJKHO UMETh TY XK€ CTPYKTYPY A0Ka3aTelIbCTBA
MHBApHAHTA [IUKJIA, KOTOpas NCIIOJIb30BAJIaCh PaHEee B aHAIIOTUYHBIX JJ0KA3aTeIbCTBAX.

d) Omnpenenute BpeMs IMy3bIPbKOBOW COPTUPOBKH B HAUXY/IIEM CIy4ae U CPAaBHHUTE €TO CO
BPEMEHEM COPTUPOBKU BCTABKOM.

3. KoppekrtHocTh npaBuiia ['opuepa

Cnenyronmii ¢parMeHT KoJa peanu3yeT MNpaBuiao [opHepa st BBIYMCICHUS

HOJIMHOMA
n
P(x) = Z apxk =
k=0
=ay + x(ay + x(ay, + -+ x(a,_1 + xa,) ...))
JUTS 33JTaHHBIX KOOPQPUITUCHTOB A, A1, ... , Ay.
1. y=0

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

a. Yemy paBHO BpeMs paboThl 3TOr0 (parMeHTa koaa npasmia ['opHepa B ©-0003HaueHUSIX?

b. Hanmmmre mnceBmOKOA, peaaM3yIONUA adropuT™M OOBIYHOTO  BBIYHMCICHHS
MOJIMHOMA, KOTJIa KaXA0€ ClaraéMoe TIOJMHOMA BBIYHCISETCS OTAEINBHO.
Onpenenure aCUMITOTHYECKOE BPeMsi padOTHI ATOTO aIrOPUTMA M CPABHUTE €O
CO BpeMEeHeM padOThI AITOpUTMa, OCHOBAaHHOTO Ha mpasuie ['opHepa.

c. Paccmorpum crenyrommii MHBapHaHT IUKJIA.

B navane xaxxmoit urepanuu mukia 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
yYKa3aHHBIM MHBAPUAHTOM LIMKJIA, YTOOBI MOKA3aTh, YTO 10 3aBEPIICHUU PabOThHI Y =

n k
D=0 ArXx™.
d. Cnenaiite 3aKIt0Y€eHHE, YTO B IPUBEIEHHOM (hparMeHTe KoJ[a MPABHIILHO BHIYHCIAETCS
3HAYEHHE MOJUHOMA, KOTOPBIN 3a1aeTcs KodGQUIMEeHTaMu Ay, Ay, ... , Ap,.
4. WuBepcuu

[Tycts A [1..n] mpexacraBmnsieT coOoii MaccyB U3 n pa3nuyHbX uncen. Ecmi < ju Afi] >
A[j], To mapa (i, j) Ha3bIBaeTCS MHBEpCHEH A.

a.llepeuncnure nsaTh MHBEpCUN MaccuBa <2, 3, 8, 6, 1>.
b.Kakoif MmaccuB u3 311eMeHTOB MHOXeCTBa {1, 2, ..., n} coIepKuT
MaKcHUMaJbHOE KolnuecTBO HHBepcHii? CKOIbKO MHBEPCH B 3TOM MaccuBe?
c.Kakas cymectByeT B3auMOCBS3b MEXKAYy BpPEMEHEM COPTHPOBKM METOJOM BCTaBOK H
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KOJIMYECTBOM MHBEPCHU BO BXOJHOM MaccuBe? OOOCHYHTE CBOM OTBET.

d.Pazpaboraiite =~ anroput™,  ONPECHAIOMUN  KOJUYECTBO  WHBEPCHIA,
COZIepKaIUXCSl B MPOU3BOJIBHON TEPECTAHOBKE N 3JIEMEHTOB, BpeMs paboTh
KOTOPOro B Hauxymmem ciaydae paBHo O = (nlgn). (Vkazauue:
MOAUGHUIUPYHTE ATOPUTM COPTUPOBKHU CITHSHHUEM. )

HcToyHuKH M TUTEpaTypa Il NOATOTOBKH:

1.

OcHoBHas1 JiuTEpaTypa

Urommn, B.M. COopHHMK 3amad MO MaTeMaTHYECKOW JIOTMKE W TEOPUU AJITOPUTMOB :
yue0. mocodue / B.M. Urommn. — Mocksa : KYPC ; MH®PA-M, 2019. — 392 ¢. —
(bakanaBpuar). - ISBN 978-5-906818-08-9 (KVYPC); ISBN 978-5-16-011429-3
(MH®PA-M, print); ISBN 978-5-16-103684-6 (MH®PA-M, online). - Tekct
anexkTpoHHbId. - URL: https://znanium.com/catalog/product/986940

JlonoTHUTEIbHASI JIUTEpPaTypa

Cynomnaros, C. B. Marematudeckasi IOTUKa U TEOPUS AITOPUTMOB : YUEOHUK U
MPAKTUKYM JUTsl akageMuueckoro Oakanaspuara / C. B. Cyznomaros, E. B.
OBYMHHUKOBA. — 5-€ u3J., crep. — Mocksa : M3gatensctBo Opaiit, 2019. — 255 ¢. —
(Beicmee oopaszoBanue). — ISBN 978-5-534-00767-1. — Tekct : anextpouusrii / 9bC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

Kpynckuii, B. H. Teopust anropurmoB. BBeieHue B Cl105KkHOCTb BBIYMCIEHUH : ydeOHOe
nocoOue it GakanaBpuara u Maructpatypsl / B. H. Kpynckuii. — 2-e u3n., ucnp. u
non. — Mocksa : U3narensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpCcKUil y4eOHUK). —
ISBN 978-5-534-04817-9. — Tekcr : anextponssiit // 3BC FOpaiir [caiit]. — URL:
https://urait.ru/bcode/444131

IIpakTyeckoe 3ansaTue 3 o reme «Poct pynkuminy

Bomnpocsr:
1. AcumnroTuueckue 0603HauYEHUs.
2. ®yHkuuu u BpeMs paboThl.
3. AcumnroTuyeckue 0003HauEHUs B YPaBHEHMSIX U 3a]lauax.
4. CrangapTHble 0003HaYEHHs U YacTO BCTpevaronyecs pyHKINH.

HpaKaneCKne 3aJaHuA:

l.

(98]

[TycTh f(n) u g(n) — aCUMJITOTKYECKH HEOTpUIIaTeIbHbIE PyHXUUH. [loKax)uTe C mMo-
MOTIIBIO OBIOBOIO OIPEICIICHHS ©-0603Ha4YEHMAX, UTO max(f(n), g(n)) =0(f(n) + g(n)).
[MTokaxkuTe, 4TO IS TFOOBIX AEHCTBUTEIBHBIX KOHCTAHT a ¥ b, rie b > 0, BBIIOIHSETCS
COOTHOIIEHHUE

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

[MosicHuTE, IOYEMY YTBEPKIAECHHE «BPEMS pabOThI AITOpUTMa A PaBHO KAK MUHEMYM
0(n?)» nuieHo cMbIca.


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

20

5. Cnpasennusbl 1 cootHomenus 2™t = 0(2™) u 22" = 0(2™)?
6. Jloxaxwure, yTo lim A 0, ectu f(n) = o(g(n)).
n—oo g(n)
Jlokaxwure, 4To Bpems paboThl anroputma paBHo 6 (g(n)) Toraa u TOIBKO TOT1A, KOTIA €T0
BpeMs paboThI B HauxyauieM cirydae pasHo 0(g(n)), a B Hamryuiem — Q(g(n)).

8. Hoxaxwure, yTo MHOXKeCTBO 0(g(n)) N w(g(n)) sABIsETCS MyCTHIM.

9. MoxHO 0000IIMTh HAlIK 0003HAYCHHS HA CIIydaii ABYX MapaMeTpoOB N U M, KOTOPBIE MOTYT
BO3pacTaTh JI0 OECKOHEUYHOCTH MO OT/ACIBHOCTH C Pa3HbIMK CKOPOCTSIMU. [1Jis taHHO#
Gyukuun g(n, m) oboznaunm kak 0 (g(n,m)) muoxectso ¢pyukuuii 0(g(n,m)) =
{f (n,m) : cymecTBYIOT NOJOKHUTEIbHBIC KOHCTAHTHI C, Ny U My, Takue, uto 0 < f(n,m) <
cg(n,m) nns Bcex n = ng Wik m = my }. [IpuBeanTe COOTBETCTBYIOIINE ONPEACIICHUS s
Q(g(n, m)) U G)(g(n, m)).

10. ITokaxwure, uto eciu pyHkuun f(n) u g(n) MOHOTOHHO HEYyOBIBAIOLINE, TO TAKOBBIMH XKe
seistiores v pyakiun f(n) + g(n) u f(g(n)), a ecu Bno6asok f(n) u g(n)
HEOTPHIIATEIILHBI, TO MOHOTOHHO HEyObIBarolleH sBisiercst u pyHkiwms f(n) - g(n).

11. Joxaxure ypaBHenue a'©9 ¢ = clogna,

12. Nokaxute ypaBuenue lg(n!) = 6(n * [g(n)). Jokaxwure takxe, uto n! = w(2") un! =
o(n™).

13. SABmsercst mu pyuxuus [Lg(n)]! moJluHomsianbHO orpanuyentoi? A byukuus [lglg(n)]!?

14. Kakas u3 dyukuuii [g(lg*(n)) u lg*(lg(n)) sBnsercs acUMOTOTHYECKH OOJIbIIIEH?

15. TTokauTe, YTO 30JI0TOE CeUeHHe $ U COMPSIKEHHOE C HUM ¢ YIOBIETBOPSIOT YPABHEHHIO
x2=x+1

o' -9t

\/g b

16. Jlokaxxute o MHAYKIHH, 4TO 1-€ uncyio PuboHau4M yJ10BJIETBOPSIET ypaBHEHUIO F; =

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

3apaun
1. AcuMnroruyeckoe noBeJaeHue MOJUHOMOB
Ilycte
d
po) = ) ax!
i=0

rae aq > 0, mpexncraBiseT cob6oi moauHOM cTeneHu d oT n, U MycTh k sBnseTcs

KOHCTaHTOH. Mcnonb3yst onpesenennsi aCHMITOTHYECKUX 0003HAYCHUH,

JIOKQKUTE CIEAYIOIIUE CBOMCTBA.

a.Ecu k = d, To p(n) = 0(n").

b.Ecim k < d, To p(n) = 2(n*).
c.Ecu k = d, o p(n) = 6(n").
d.Ecnm k > d, o p(n) = o(n*).
e.Ecnm k < d, 10 p(n) = w(n®).

2. OTHOCHUTEJBbHBII ACHMIITOTHYECKHI POCT

Jns xaxnoil mapbl mpuBENEHHBIX B Talnuie BblpakeHud (A, B) ykaxere, Kakum
otHomeHneM A cBsizaHo ¢ B: O, o, Q, mr wim O-. [Ipeamonaraercs, aro k > 1, € >
Ouc>1 — koHCTaHTHI. Bamr OTBET OJDKEH BBIpAXKAThCs TAOIUIEH, B KaXKIOU sICHUKE
KOTOpOH yka3zaHo 3Hauenue “‘/la” unm “Het”.



A B 0 0 Q Q] e
lgkn né
n* c"
6. n psinn
nlac on/2
0. 2 clan
e. lg(nh lg(n™)

3. YnopsizoueHue 1Mo CKOPOCTH ACUMIITOTHYECKOI0 POCTAa

a. Pacmonoxxure mnpuBeneHHbIE HW)KE (QYHKIUH IO CKOPOCTH HX ACHUMITOTHYECKOTO
pocTa, T.e. IOCTPOHTE TaKyl IOCIENOBATENBHOCTh (PYHKUMU (1, Jo, -, g30, YTO g1 =
Q(g2), 92 = Qg3), ., g0 = Q(gzp).  Pasbeiire  cBOW  COMCOK  HA  KJIACCHI
OKBUBAJICHTHOCTH TaK, 4yToObl (yHKIHMH f(n) M g(n) HAXOAWIMCH B OJHOM U TOM XK€
KJIacce TOria U TOJIbKO Tora, koraa f(n) = 0(g(n))

lg(lg xn) | 297 (\/E)lgn n? n!  |(Ign)!
n 3 | on 1
G) " lg?n | 190D 2 nlgn
Ininn lgn nx2" | nlolgn Inn 1
Ign lg(n)lg” e’ Ign lgn
2 4 m+1)|VE
lg(lgn) | 2 son " 2" nlgn 22"
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6. [IpuBeaure npumep HeoTpULATENbHON QYHKIUH f (n), TakOH, yTO A7 Beex Qykuuit gi(n) us

gactu (a) f(n) He mpuHAICKUT HUI MHOXKECTBY O (g;(n)) Hu MHOXKeCTBY {(g;(n))

4. CpBolicTBAa ACHMITOTHYECKUX 0003HAYCHUI

[lyctb f(n) U g(n) — aCHMOTOTUYECKU NOJI0KUTEIbHbIE QYHKIMU. /lOKQXKUTE UM ONPOBEPTHUTE

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. U3 f(n)=0(g(n))serrexaerlg f(n) = 0(Igg(n)),raelg(g(n)) = 1uf(n) =
1 aJ1g Bcex AOCTATOYHO OOJIBIIUX 1 .

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

f) =0 ((fm)*)

Uz f(n) = 0(g(n)) BbiTekaeT g(n) = Q(f (n)).
fo=6(f®).

f@) +o(f(n)) = 0(f (n)).

o

e =

© %

Meroanyeckue peKoOMeH AU

HpI/I MMOATOTOBKE K IMPAKTHYCCKHUM 3aHATHAM CTYACHT JOJDKCH MPHACPKHUBATHCA

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

- ONIpCACIINTD MCCTO TEMbI 3aHATHUA B 06LI_ICM COJACPpIKaHNU, €€ CBA3b C APYT'UMH TCMaAMU;
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- HaliTH ¥ MpopaboTaTh COOTBETCTBYIOUINE Pa3/Ieibl B PEKOMEHJOBAHHBIX HOPMAaTHBHBIX

JOKYMEHTaX, yueOHHKaX U JOMOJHUTEIbHON JIUTEPATYPE;

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

- IPOAYMATh ITyTH U CIIOCOOBI peIIeHHsI TPOOJIEMHBIX BOIPOCOB;

- NpOAYMAaTh pa3BEPHYTHIE OTBETHl HA IPEAJIOKEHHBIE BOIPOCHI TEMBI, ONHPAsACh HA
JICKIIMOHHBIEC MaTEePHAaJIbl, PACIIUPSS U JIOTIOJIHSSA UX JAHHBIMU U3 YY€OHHKOB, TOTIOJHUTEIILHON
JUTEPATYPHL.

B xone mpakTHUecKOro 3aHATUS HEOOXOIUMO BBHINNOJHUTH NMPAKTHUECKOE 33JaHHe, a
3aTeM OOBSICHUTh METOAUKY €ro PEeLICHHS.

HcToyHuky u IMTEpaTypa AJ5 MOATOTOBKHU:
OcHoBHasl JIUTepaTypa

1. HUrommnu, B.M. COopHHK 3a/ad4 MO MaTeMaTHYeCKOH JIOTUKE M TEOPHUU AITOPUTMOB :
yue0. mocodue / B.M. Urommn. — Mocksa : KYPC ; UH®PA-M, 2019. — 392 ¢. —
(bakanmaBpuar). - ISBN 978-5-906818-08-9 (KYPC); ISBN 978-5-16-011429-3
(MH®PA-M, print); ISBN 978-5-16-103684-6 (MH®PA-M, online). - Teker
anekTponHbid. - URL: https://znanium.com/catalog/product/986940

JonotHUTeILHAS JTUTEpPaTypa

1. Cynomnaros, C. B. MaTtemaTtnueckas J0ruKa U TEOPHsI aJITOPUTMOB ;| yUYEOHUK U
NPaKTUKYM Ui akagemudeckoro 6akanaspuata / C. B. Cynomnaros, E. B.
OBunHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo FOpaiir, 2019. — 255 ¢. —
(Beicmiee obpaszoBanue). — ISBN 978-5-534-00767-1. — Texkct : anexTponHslit // DbC
FOpaiit [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputmoB. BBezieHne B clio’KHOCTh BBIYMCICHUH : yueOHOE
nocoOue Juist 6akanaBpuara u Maructpatypsl / B. H. Kpynckuii. — 2-e u3n., ucnp. u
non. — Mocksa : U3narensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpCKUii y4€OHUK). —
ISBN 978-5-534-04817-9. — Texkcr : anextponusiii / 9bC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131

IIpakTyeckoe 3ansaTHe 4 Mo Teme «Pa3gessii U BIaCTBYI»
Bomnpocsr:

3aa4a MOMCKa MaKCUMaJIbHOIO [TOIMAaCCUBA.

Meton MOACTaHOBKH PELIEHUS! PEKYPPEHTHBIX COOTHOIIEHUM.
AHanu3 aropuTMa IoMucka MakCUMMaabHOIO II0IMAacCUBA.
AnroputMm lllTpaccena i yMHOXKEHHS] MAaTPHII.

MeTo1 10ICTaHOBKY PEUIEHMS pEKYPPEHTHBIX COOTHOIIEHUH.
Kak yranate pemenue u n3dexarb OmmooK.

3aMeHa IEPEMEHHBIX.

Merton epeBbeB pEKYPCHUM.

. OcHoBHOI MeTOA.

10. OcHOBHas TeopemMa 0 PEeKYPPEHTHBIX COOTHOILIEHUSX.

11. MUcnionp3oBaHME OCHOBHOI'O METOJA.

DO N U R W~


https://znanium.com/catalog/product/986940
https://urait.ru/bcode/432018
https://urait.ru/bcode/444131
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IIpakTnyeckne 3agaHus:

10.

11.

12.

Uto BoszBpamaet npoineaypa FIND-MAXIMUM-SUBARRAY, korga Bce aiieMeHTHl A
OTpHULATENIbHBI?

Hanumwure nceBgokon sl pellleHus 3ajadyd I[OMCKA MaKCHUMAalbHOIO I10JMaccuBa
METOJI0M Ipy0oii cuiibl. Bamia mporeypa J0JkKHa BHIIOIHAThCA 3a Bpems 0(n?).
Peanusyiite u meroa rpy0oi CUIbl, U PEKYPCUBHBINA aJrOPUTM Ha CBOEM KOMIIBIOTEpE.
Kakum okasbiBaeTcsi pa3Mep 3aayd TOUKH IIEPECEUEHUs! My, B KOTOPOH pPEKypCHUBHBII
QITOPUTM TIPEBOCXOAUT aJITOpUTM TpyOoit cumbl? [lanee m3MeHuTe 0a30BBIA Ciydai
PEKYPPEHTHOTO aIrOPUTMa, IPUMEHSS aJITOPUTM TpyOO0il CHIIBI IPU pa3Mepe 3aaayu, He
MPEBOCXOJIAIIEM M. MEHseT JIU 3TO TOUKY IepecevyeHus?

[Ipenmonokxum, 4YTO MBI MEHsSIEM OINpeJelieHHe 3aJauyd IOUCKa MaKCHUMaJbHOTO
M0IMAcCHBAa, MO3BOJISISI KOHEUHOMY PE3YJIbTaTy ObITh IYCTHIM MAacCHBOM M IIOJIaras, 4yTo
CyMMa 3HAa4Y€HHUIl MyCTOro MaccuBa paBHa HYym0. Kak Obl Bbl U3MEHWIH JIOOOU
QJITOPUTM, HE JOIYCKAIOIMN PELIECHHUS B BUJE ITyCTOIO0 MacCUBA, YTOObI TAKOW pe3ysIbTaT
B BUJIE ITYCTOTO MTOIMACCHBA CTaJl BOZMOKHBIM?

Bocnonp3yiiTech NpuUBENEHHBIMU Jlajlee HIESIMU i1 pa3pabOTKU HEPEKYypCHUBHOTO
aIropuTMa MOoMCcKa MaKCUMaJIbHOTO TIOJMAacCHBa 3a JIMHEelHoe BpeMsa. HauHuTe ¢ neBoro
KOHIIa MaccuBa M JABUTAWTECh BIIPABO, OTCIIEKMBAs HAWJIEHHBIM K JAHHOMY MOMEHTY
MaKCUMaJIbHBIII TOAMAaccHB. 3Has MaKCUMaJbHBIH moxmaccuB MaccuBa A[l..j],
pacnpoCcTpaHUTE OTBET HA IOUCK MAaKCUMaJbHOI'O II0JIMacCHBa, 3aKaHYMBAIOLIETOCS
UHACKCOM j + 1, BOCHOJB30BaBIIMCH CIEAYIOMIMM HaONIOJACHUEM: MAaKCHMAalbHBIH
nonMaccuB maccuBa A[1..j + 1] npeacrapnsier coboit 1100 MaKCHMAaTbHBINA TIOIMACCUB
maccuBa A[l..j], m6o mommaccuB A[i..j + 1] ans Hexoroporo 1 < i < j+ 1.
Onpenenute MaKCUMaIIbHBIN MToMaccuB Buja A [ i..j + 1] 3a koHCTaHTHOE BpeMsi, 3HasI
MaKCHMaJIbHBIN TTOIMACCUB, 3aKAHYNBAIOIITUIICS] HHIECKCOM j.

Bocnons3yiitecs anroputmom llltpaccena nis BbIUMCIEHUS NPOU3BEACHUS MATPUIL

(; g) (2 3) [TokaxwuTe, Kak BbI 3TO JEIAETE.

3anummTe rncesaoko anroputma llltpaccena.

Kak momudunmposare anroput™ lllTpacceHa i mepeMHOXKEHUS MaTpHIl pa3MepoM
nxn, TJ€ M HE SBJISETCS TOYHOW crerneHbto 2?7 [lokaxkuTe, 4TO TOMyYAIOIIMICS B
pe3ynbTaTe alropuT™ BhINOJIHsAETCS 3a BpeMs 0(n'97).

Uemy paBHO HambOombIiee k, Takoe, 4YTO €ClIM Bbl MOKETE EPEMHOKUTh 3X3 - MAaTPUIIBI C
NOMOIBI0 K yMHOXeHMH (He mpeanosiaras KOMMYTaTHUBHOCTH YMHOXEHHS), TO BBI
MOJKeTe MepeMHOKHTh MAaTPUIBI pa3MepoM I X 1 3a Bpemsa 6(n'97)? Kakum nomkHO
ObITH BpeMsi pabOThI TAKOTO aaroputma’?

B. ITan (V. Pam) oTkpeul croco0 TEpeMHOXKEHHS MaTpull pa3sMepoM 68x68 ¢
UCMOJb30BaHUEM ToJbkO 132 464 yMHOXKEHHH, CIOCOO TNEepPeMHOKEHHUs MaTpHIl
pazmepoM 70x70 c ucnonb3oBanueM 143 640 yMHOXEHHH M CIOCOO MEPEMHOKEHUS
MaTpull pazMepoM 72x72 ¢ ucnonb3oBaHueM 155 424 ymuHoxenuil. Kakoil n3 meronos
JaeT HaM JIydlllee acHMIITOTHMYECKOe BpeMsi padoThl MPH €ro HCIOJIb30BAHUU B
anroputMme "pas3znensail U BIacTBY'" ans nepeMHoxkeHus marpul? [Iposenute cpaBHEHHE
¢ anroputmoM IlTpaccena.

Hackonpko OBICTpPO BBI CyMeeTe YMHOXUTh MaTpully pa3mMepoM knxn Ha marpuiy
pasmepom nxkn, mpumensis anroputm [lITpaccena B kauectBe moanporpammel? OTBEThTE
Ha TOT K€ BOIIPOC /ISl CUTYal[MH, KOT1a Mbl MEHSEM BXOJIHbIE MATPHUIIbI MECTAMH.
[TokaxxuTe, Kak MEPEMHOKHUTH KOMIUIEKCHBIC YHciia a + bi u ¢ + di, UCTIONB3Ys TOIBKO
TPU YMHOXKEHHsI JIeMCTBUTENBHBIX YHCed. AJTOPUTM JOJDKEH moiy4atb a, b, c u d B
Ka4ecTBE BXOJHBIX JaHHBIX W BO3BpAlIaTh JACUCTBUTENbHYIO (ac — bd) m MHUMYIO
(ad + bc) yactu npou3BEAEHUS 110 OTAETBHOCTH.
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Bocnonb3yiTech AEpEBOM PEKYPCUH IS ONPEAEIEHUS] TOUHOW aCUMIITOTUYECKOMN
BEpXHEH rpaHuiibl pekyppeHTHoro cootnomenus T(n) = 3T(|n/2]) + n. dnsa
MPOBEPKH CBOETO OTBETA MCIIOJIB3YHTE METO/I OJICTAHOBOK.

Bocnonb3yiiTech epeBoM peKypcuu sl ONpeeNeHIsI TOYHONH aCUMIITOTHYECKOM
BepXHeil rpaHuIbl peKyppeHTHoro cootHomenus T(n) = T(n/2) + n?. Jlng nposepku
CBOETO OTBETA UCHOJIB3YHTE METO/I MOJICTAHOBOK.

Bocnonb3yiiTech qepeBoM peKypcuu sl ONpeeNeHIsI TOYHONH aCUMIITOTHYECKOM
BEpXHEH rpaHuIlbl peKyppeHTHoro cootnomenust T(n) = 4T(n/2 + 2) + n. dna
MPOBEPKH CBOETO OTBETA MCIOJIB3YHTE METO/I OJICTAHOBOK.

Bocmosnb3yiiTech AepeBOM peKypCUu ISl ONPEACTICHHSI TOUHONH aCUMIITOTHYECKOM
BEpXHEH rpaHuIbl pekyppeHTHoro cootHomenust T(n) = 2T(n—1) + 1. s
NPOBEPKH CBOETO OTBETA MCIIOJIL3YHTE METO/I MOJICTAHOBOK.

. BOCHOHBBYﬁTeCB ACPEBOM PCKYpPCUU IJIAA OIIPCACIICHUA TOYHOH aCUMIITOTHYECKOM

BEpXHEU IpaHuIlbl peKyppeHTHOTo cooTHouenust T(n) = T(n—1) + T(n/2) + n.
J11s IpoBEepKU CBOETO OTBETA UCIOJIB3YHUTE METOI TIOJICTAHOBOK.

OO0paTUBIINCH K COOTBETCTBYIOIIEMY JAEPEBY PEKYPCHHU, TOKAKUTE, YTO PEIICHUEM
pexyppenTHoro cootHomenust T'(n) = T(n/3) + T(2n/3) + cn, r1e c npeacTaBiseT
co0oii koHcTaHTy, sBiseTcs Q(n - lg n).

[ToctpoiiTe AepeBO PeKypCHH sl peKyppeHTHoro cootHomenust T(n) = 4T(|n/2]) +
Cn, TIe ¢ - KOHCTaHTa, U HAWJUTE TOYHYIO aCUMIITOTUYECKYIO IPAHUILY €r0 PEIICHUSI.
[TpoBepbTe €€ ¢ MOMOIIBIO METO/Ia MOICTAHOBOK.

Haiinute ¢ moMompio AepeBa peKypcuu TOYHYIO aCHMIITOTUYECKYIO OIICHKY PElICHUs
pexyppenTHOro cootHomenuss T(n) = T(n—a) + T(a) + ecn,taea=1uc > 0
SIBJISIFOTCS] KOHCTAHTaMH.

HaiinuTe ¢ moMolso iepeBa peKypcun TOUHYK aCUMITOTHYECKYIO OLIEHKY pEelIeHHUs
pexyppenTHoro cootHomienus T'(n) = T(an) + T((1 — a)n) + cn, rae o - KOHCTaHTa
n3 quama3zona 0 < a < 1; koHcTtaHTOM sBIsIeTca ¢ > 0.

C TOMOIIBI0 OCHOBHOM TEOPEMBI HAWUTE TOUYHBIE ACUMITTOTHYECKHIE TPAHUIIBI
CJIEAYIOIIMX PEKYPPEHTHBIX COOTHOLICHUH.

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 AITOPUTM MATPUYHOTO YMHOKEHHSI, ACHMIITOTUYECKH
6oee ObICTpHIH, yeM anroput™m Ll tpaccena. Ero anroputm 6yaer ucnonb3oBaTh METO
"paznendii U BacTByi'", pa30uBas KaX Iyt MaTpHUIly Ha 4acTu pazMepom n/4 X n/4,
TIpUYEM IIard pa3JieleHns 1 KOMOMHUPOBaHHS BBIIOJIHSIIOTCS 3a BpeMs (n?).
[Tpodeccopy TpedyeTcs onpeaenuTs, CKOIbKO MoA3a1au J0HKEH Co3AaBaTh €ro
aIropuTM. 4T00BI oniepenuTh anroputm lltpaccena. Ecnu anroputm npodeccopa
CO3/aeT a MoJI3a/1a4, TO peKypPEHTHOE COOTHOIIEHUE JIJIsl BpeMeHu padoTsl T (1)
npunumaet Bua T (n) = aT(n/4) + 6(n?). KakoBo HauboJblIee HENT0UHCIEHHOE
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3Ha4YeHHE A, ISl KOTOPOTO AITOPUTM Mpodeccopa OKa3bIBACTCs aCUMIITOTUYECKU
owicTpee anroputma IllTpaccena?

[TokaxxuTe ¢ MOMOIIBI0 OCHOBHOTO MeTo/a, uto T(n) = O(lg n) sBusercs pemeHuem
pexyppertHoro cootHomeHus T(n) = (n/2) + ©(1), BO3HUKAIOMIETO B X0/ aHAIH3a
aIropuT™Ma OMHAPHOTO MOKCKA. (AJTOPUTM OMHAPHOTO TIOMCKA OMKUCaH B ymp. 2.3.5.)
MOXHO JIM IPUMEHHUTh OCHOBHOI METOJ] K pEKYpPEHTHOMY cooTHOIIeHuto T'(n) =
4T(n/2) + n?lg n? O6ocnyiiTe cBoii oTBeT. HaiiiuTe acCHMNTOTHYECKYIO BEPXHIOKO
TpaHUILY PEIIEHHUS 3TOTO0 PEKYPPEHTHOTO COOTHOUICHHSI.

[IpuBeaUTe MPOCTOE U TOYHOE BBIPAKEHHE IS 1 B ypaBHeHUH (4.27) 11 ciy4das, Korjaa

b - monoXXUTETHHOE 1EJI0e YUCIO (a HE TPOU3BOJIBHOE JEHCTBUTENBHOE).

. TTokaxxuTe, 4TO eciu BhITONHSAETCS cooTHomenue f(n) = 6(n'9v% [gkn), rne k > 0,

logpa k+1 n)'

TO OCHOBHOE PEKYPPEHTHOE COOTHOIlIeHHE uMeeT peiienue T(n) = 0(n lg

JJ1s IpOCTOTHI paCCMOTPUTE TOIBKO CIy4all TOYHBIX CTETICHEH b.
[Tokaxkute, 4TO B Ciydae 3 OCHOBHOM T€OPEMbI OJJHO U3 YCIOBUI U3JIUIIHEE B TOM
CMBICJIE, UTO U3 yci0Bus perymnsapHoct af (n/b) < cf (n) st HEKOTOPOI KOHCTAHTHI

c < 1 cremyer, uTO CymecTByeT KOHCTaHTa € > 0, Takad, uto f(n) = Q(n!o9pa+e),

3agaun

1.

I[Ipumepbl peKyppPeHTHBIX COOTHOIIEHUIT

Onpenenute BEpXHIO 1 HWKHIOI aCHMITOTHYECKUE rpaHullbl GyHkuuu T (n) ans

Ka)KI0r0 U3 MPEICTABICHHBIX HIKE PEKYPPEHTHBIX cooTHOHeHu. Cuutaem, yto T (n) npu o 5

2 siBsieTcst KOHCTaHTOM. [lonmbITaliTech cAenaTh ATy OLIEHKY KaKk MOXKHO OoJiee TOYHOU U
000CHYITE CBOIi OTBET.

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

CroumocTH nepegaqyu napaMmeTpoB

Bynem npeanonarate, 4To nepeaaya napamMeTpoB IpU BbI30BE MPOLEAYPHI 3aHUMAET

(I)I/IKCI/IpOBaHHOC BpEMs, NAaXKE CCIIN ICPEAACTCA N-371€eMEHTHBIN MacCHUB. I[J'ISI OOJIBIIIMHCTBA
BBIYUCIIUTCIIBHBIX CUCTEM 3TO IMPCAIOJIOKCHUC CIIPABCAJINBO, ITOCKOJIBKY IMEPCAACTCA HE CaM

MaccuB
napame

, @ yKa3aresb Ha Hero. B naHHOM 3ajaue uccineayroTest TpU CTpaTeruy nepeaadu
TPOB.
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1. MaccuB nepemaercs mocpeAcTBOM ykazatens. Bpems pasHo O(1).

2. MaccuB niepegaercs mocpeacTBoM KonupoBanus. Bpems paBao O(N), rae N - pazmep
MaccHUBa.

3. MaccuB nepenaercs myTeM KOIMUPOBaHUS TOJBKO HEKOTOPOIO MOIIHana3oHa, K KOTOpOMY
oOparmraercst BeI3bIBacMast mporeaypa. Bpems pasuo © (¢ — p + 1) npu nepenade moaMaccupa

Alp..q]

a. PaccmoTpuTe peKypcHBHBIN anroputM OMHApHOTO MOWCKA, MPEIHA3HAYEHHBIN IS
HaXO0X/IEHU YKClla B OTCOPTUPOBAHHOM MaccuBe (cM. ymp. 2.3.5). [IpuBenure pekyppeHTHbIE
COOTHOILIEHUS, OMMCHIBAIOIIME BpeMsl OMHAPHOIO IIOMCKA B HAUXYALLIEM CIy4ae, €ClId MaCCUBBI
HEepPeAA0TCs C MOMOIIBIO Ka)KI0I0 U3 ONMUCAHHBIX BBIIIE METOAOB, U JJaliTe TOYHbIE BEPXHUE
IPaHUIIBI PEIIEHUI 3TUX PEKYPPEHTHBIX COOTHOIEHUH. ITycTh pa3mep ucxoHOM 3a1auu paBeH
N, a pazmep nozzajsayu - n.

0. Boimonuute 3aganue yactu (a) mig anroputMa MERGE-SORT u3 pazaena 2.3.1.
3. Jlpyrue npumepbl peKyPPEeHTHbIX COOTHOIIIEHU I

JlaiiTe BepXHIOIO ¥ HIDKHIOIO aCUMIITOTHYECKUE OLIeHKH QyHKImu T (1) B KaXaI0M U3
MIPUBEICHHBIX HIKE PEKYPPEHTHBIX cooTHomeHu. [Ipeamonaraercs, uto T(n) s 1ocTaTOMHO
MaJTBIX 3HAUYCHUH 11 SIBJISICTCS TOCTOSTHHOM BenmnunHOM. [TocTapaiiTech, 4TOOBI OIICHKU OBLTH KaK
MO>KHO 00JIee TOUHBIMU U OOOCHYHTE 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.

n1.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)+1gn.

n.T(n) = T(n—2) + 1/lgn.

k. T(n) = VnT(Wn) + n.

4. Yucaa OudoHaAYYH

B a10i1 3a1a4e packpriBaroTcs cBoiicTBa yncen @uboHayuu, OnpeeIeHHbIX C TOMOIIbIO
peKyppeHTHOro cootHoueHus (3.22). Bocronb3yemcst Ui peleHnus peKyppeHTHOTO
cooTHomeHus1 PuboHaAUYYM METOAOM MPOU3BOAAIINX PyHKIMH. OnpeaenM NPou3BOASALLY IO
¢pyHkuuio (11 popMaibHBIN cTeneHHoi panx) F kak
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F(z) = z F; z*
i=0

=0+ z+2z2+223+32*+5254+825+1327+1228 ...
rae Fi, mpeacraBusieT co0oii i-¢ uncio GudboHaqyu.
a. [lokaxure, uto F(2) = 2 + zF(2) + z?F(2),

0. ITokaxkure, 4TO
F =
() 1—z—z2
z

T A-0)(1-0)

1 1 1
V5 (1—(2)Z o 1—6z)

I'ne
1++/5
=—=1.61803 ...
2
nu
. 1-+/5
QD = —2 = 0.61803 ...

B. Ilokaxxure, uTo

<
F(Z) = zﬁ(wl _ Q)l)Zl
i=0

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

nenoro) st Becex i > 0. (Ykazanue: oOpaTute BHUMaHue, 9To (@] < 1.)
5. TecrupoBanue MUKpOCXeM

B pacrnopsikennu npodeccopa ecTh n IPeAnoI0KUTENbHO HACHTUYHBIX MUKpocXeM ("'yumnoB"),
KOTOpBIE B IPUHLIUIIE CIOCOOHBI TECTUPOBATH JPYT Apyra. B Tectupyroiiee npucrnocobieHue 3a
OJIMH Pa3 MOXHO ITOMECTUTH JIBE€ MUKPOCXeMBbI. [Ipn 3TOM Kaxaast MUKpOCXEMa TECTUPYET
COCEJIHIOIO U BBIJJAET OTUET O pe3yibTaTax TeCTUpOBaHus. VcripaBHas MUKpocxeMa Bcerja
BBIJIAET MPABWIIBHBIE PE3YJIBTATHI TECTUPOBAHUS APYTOM MUKPOCXEMBI, & PE3YJIBTATAM
HEUCIPaBHON MUKPOCXEMBI JI0BEPSTh HENb3sl. TakuM 00pa3oM, BOSMOXKHBI YEThIpE BapHaHTa
pe3yabTaTOB TECTUPOBAHUS, IPUBEICHHBIE B TAOIUIE HUXKE.

Otuer A Otuér B 3aKiro4eHne
B ncnpasna A ucnpasHa JInbo obe ucnpasHbl, 1100



B ucnpasna
B neucnpasna

B neucnpasna

a. [Tokaxkute, 4TO, €CIIM KaK MUHUMYM 71/2 MUKPOCXEM HEUCIIPaBHBIL, Tpodeccop HE CMOXKET
TOYHO OTIPEICIUTh UCIIPAaBHBIE MUKPOCXEMBI, KaKOH ObI CTpaTerneil monapHbIX UCIBITAHUNA OH

A HeucripaBHa
A ucnpaBHa

A HeucripaBHa

00e HencnpaBHBI
HeucnpaBHa kak MUHHMYM
0JTHa MHKpOCXeMa
HeucnpaBHa kak MUHHEMYM
0JTHa MHKpOCXeMa
HeucnpaBHa kak MUHHUMYM
0JTHa MHKpOCXeMa
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He nojab3oBancd. (IIpeanonaraercs, 4To HeUCIIpaBHbIE MUKPOCXEMBI HE JJOTOBAPUBAIOTCS MEXKY

co00i1, 4T0OBI 0OMaHyTH Mpodeccopa.)

0. PaccMoTpuM 3a1auy 0 OMCKE OJJHOW MCIIPABHOM MUKPOCXEMBI CPEIU I MUKPOCXEM, E€CIIH

IPEIoIaraeTcs, 4To UCIPaBHO OoJiee MOJIOBUHBI Bcex MUKpocxeM. [lokaxute, uto [n/2]

IMOIIapPHBIX TCCTI/IpOBaHI/Iﬁ JOCTaTOYHO JJISI CBEJCHUS TOM 3aJa4u K nmoasaaaydc, pasmMep KOTOpOﬁ

HpI/I6JII/13HTCJIbHO B JIBa pa3a MCHbIIC.

B. [lokaxkure, 4TO MOKHO HANTH BCE UCIIPaBHbIE MUKPOCXEMBI C TOMOIIIbIO O(N) MONapHbIX

TeCTI/IpOBaHI/Iﬁ B IIPCAITIOJIOKCHUHU, YTO UCIIPABHLBI 0oJiee IOJTOBUHEI MHKPOCXCM.

ChopmynupyiiTe U pemuTe peKyppeHTHOE COOTHOIIIEHUE, ONTUCHIBAIOIIEE KOJIMYECTBO

TECTUPOBAHUM.

6. Maccusbl MoOHKA

Maccus A pasmMepoMm m X n, COCTOSIIIMU U3 IEHCTBUTEIIbHBIX YHUCCII, ABIACTCA MaCCUBOM

Momnxa (Monge array), eciu Juis Beex i, j, kul, Takux,aro 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 CTOJIOLIOB M3 MaccuBa MoHxka (Iipu
ATOM 3JIEMEHThI MacCHBa Ha MepPeceYeHUH BHIOPAHHBIX CTPOK U CTOJIOIOB 00pa3yroT

Hp}IMOYFOHLHI/IK) CyMMa 3JIEMCHTOB B JICBOM BEPXHEM U MPAaBOM HUKHEM YTIJIAX IMOJTYYCHHOI'O
MMpAMOYTOJIbHHUKA HE IMPEBLIIACT CYMMY 3JICMCHTOB B JICBOM HUKHEM U IIPABOM BEPXHEM €TI0

yraax. [IpuBenem npumep maccua MoHnxa.

10
17
24
11
45
36
75

a. Jlokaxurte, 9TO MacCUB SIBJISIETCS MacCMBOM MOHJKa TOT/1a M TOJIBKO TOT/Aa, KOTa JIJIsT BCEX
i =12,...m—1uj = 1,2,....n — 1 BbINOJTHAETCS yCIOBUE

17
22
28
13
44
33
66

13
16
22
6
32
19
51

28
29
34
17
37
21
53

23
23
24
7
23
6
34

Ali,j] + A[i + 1,j + 1] < A[i,j + 1] + A[i +1,j].
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(Ykazanue: 115 npsiIMOTo 10Ka3aTelbCTBA BOCIOIb3YHTECH METOJIOM MAaTEMAaTUYECKOM
WHAYKIIUHA OTAEIBHO JJI CTPOK U JJIst CTOJIOIIOB.)

0. [IpuBeieHHBIN HUYKE MACCUB HE SABJIIETCSI MacCuBOM Momka. MI3MeHuTe B HEM OJIUH HJIEMEHT
TakuM 00pa3oM, 4TOOBI OH CTa MacCHBOM MoHka. (YKa3aHue: BOCIOJIB3YHTECH T1. (2).)

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

B. [Iyctp f (i) mpencrapnsier co0oii MHACKC CTOIOIA, CONEPKAIIETO KpalHU ciieBa
MHUHUMAJIBHBIH 3JIeMeHT B CTpoke i. Jlokaxwure, uro f(1) < f(2) <... f(m) mis moboro
MaccuBa MoHka pasmMepoM m X n

r. Jlanee npuBeeHO onMucaHue alropuTMa "pasnesnsii u BIacTBYM'", mpeIHa3HAYECHHOTO IS
BBIUMCJICHHSI KpalHEro CJIeBa MUHUMAJIBHOTO JIEMEHTA B KaXI0i CTPOKE, BXOIIEH B COCTaB
MaccuBa MoHxka A pazmepoM m X n

[Toctpoiite moamarpuiry A" MATPUIIBI A. COCTOSIIYIO U3 YETHBIX CTPOK MaTPHIIBI A.

C nomo1pI0 PEKypCUBHOM MTPOLIEYPBl HANANTE B KAKIOW CTPOKE MaTpULbl A' KpaliHUH ClieBa
MUHUMAJbHBIN 3JIEMEHT. 3aT€M HalAuTe KpallHUI clieBa MUHUMAJIbHBII 3JIEMEHT Cpen
HEYETHBIX CTPOK MaTpULbI A.

OObsicHUTE, KaK HalTU KpallHUI ClieBa MUHUMAJIbHBINA 2JIEMEHT CPEU HEUETHBIX

CTPOK MaTpuLbl A (TIpearoaraeTcs, 4To KpaitHUii clieBa MUHUMAJIbHBIHN 3JIEMEHT CpeIu YeTHBIX
CTOJIOIOB 3TOM MaTpHILIbl 3BecTeH) 3a BpeMs O (m + n).

1. 3alUIINTe PEKYPPEHTHOE COOTHOIIICHHUE, OMMCHIBAIOIIEE BpeMsl pabOThI aropuTMa u3 1. (T).
[Tokaxwure, uTo ero pemienue umeet Bug O(m + nlog m).

MeToauueckue PE€KOMEHIAUH

[Ipy noAroToBKE K MPAKTUYECKUM 3aHATHSAM CTYACHT JIOJDKEH NpUIEP’KUBATHCS
CJIEYIOIINX PEKOMEHIAIINN:

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

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

- HalTU ¥ IpopaboTaTh COOTBETCTBYIOLIUE pa3Jieibl B PEKOMEHJOBAaHHBIX HOPMATHUBHBIX

JOKYMEHTaX, y4eOHUKaX U JOMOJIHUTEIbHOM JIUTEpaType;

- MOCJIe O3HAKOMJIEHHUSI C TEOPETHMUECKUM MaTepuajoM OTBETUTh Ha BOIPOCHI IO TEME
Kypca;

- IPOJIyMaTh MyTH U CIOCOOBI pelIeHUs] MPOOJIEMHBIX BOIIPOCOB;

- NpOJIyMaTh pa3BEPHYTHIE OTBETHl HAa INPEJIOKEHHBIE BOIPOCHI TEMBI, ONUPAACH Ha
JIEKIIMOHHBIE MAaTEPUaJIbl, PACIIUPSSA U TOMOJHSASA UX JaHHBIMU U3 YY€OHUKOB, JOTOTHUTEIHHON
JUTEPATYPBL.

B xone mpakTudeckoro 3aHSATHS HEOOXOAMMO BBINOJHUTH MPAKTUYECKOE 3a/JaHue, a
3aTeM 00BSICHUTH METOJUKY €0 pelIeHus.
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Hcrounnku v 1uTepatypa Uil HOATOTOBKH:
OcHoBHas1 InTepaTypa

1. HUrommnu, B.M. COopHHMK 3a/ad MO MaTeMaTH4YeCKOH JIOTUKE U TEOPUU AITOPUTMOB :
yue0. mocooue / B.M. Urommn. — Mocksa : KYPC ; UH®PA-M, 2019. — 392 ¢. —
(bakamaBpuar). - 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
anekTpoHHbId. - URL: https://znanium.com/catalog/product/986940

JlonosHUTEIbLHAS JTUTEpaTypa

1. Cynomnaros, C. B. MaTemaTnueckas JOTrHKa U TEOPHsI alTOPUTMOB : yYEOHHK U
MPAKTUKYM JUTsl akageMuyeckoro Oakanaspuara / C. B. Cyznomnaros, E. B.
OBYMHHUKOBA. — 5-€ u3J., crep. — Mocksa : M3gatensctBo FOpaiit, 2019. — 255 ¢. —
(Briciiee oopazoBanue). — ISBN 978-5-534-00767-1. — Tekct : anexkrponHsiit // 9bC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputmoB. BeeneHue B C10KHOCTb BBIUUCICHUHM : 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. — Tekcr : anexktponssiii // 3bBC FOpaiir [caiit]. — URL:
https://urait.ru/bcode/444131

HpaKTI/I‘IeCKOG 3aHSATHE S 10 TeMe ((BCpOﬂTHOCTHbIﬁ AHAJIM3 U PAHIOMU3UPOBAHHBIC
AJIroOpuTMBD)

Bomnpocsr:

3amaua o Haiime.

AHanM3 HaNXy/IIero ciydasl B 3ajja4e 0 HaliMe.

BeposTHOCTHBIN aHanu3.

PannomusupoBaHHbIE aTOPUTMBI.

WNuaukaTopHas ciyvyaiiHas BeJIMYMHA.

JleMMa 0 MaTeMaTHYECKOM OKHMJIaHUH WHINKATOPHOM CIIy4aiiHOW BEJINYMHBI.

JlemMma 0 MaTEMaTHYECKOM OXKUJIAHUHU KOJIMYECTBA HAUMOB.

AHanmm3 3a7a4¥ 0 HaltMe C TTOMOIIBI0 HHAMKATOPHBIX CITyYalHBIX BEJTHYMH.

3amaun 0 rapepoOIIMKEe M HHBEPCUU MacCHBA.

0. 3meneHust, KOTopbie TpeOyeTCs BHECTH B AJITOPUTM Hakima Jjis panaoMu3aiuu. Koy
CIIy4allHOM IIEPECTAHOBKHU.

11. JleMma 0 MaTeEMaTHYECKOM OKUJAHUM CTOMMOCTH HaliMa ¢ KOJOM CIIy4alHOU

[IEPECTaHOBKH.
12. MaccuBbl OCi€ CIy4ailHON NepecTaHOBKHU. JIeMMa 0 paBHOMEPHOM pacipeeieHUN.

SRR W=

HpaKaneCKne 3aJaHuA:


https://znanium.com/catalog/product/986940
https://urait.ru/bcode/432018
https://urait.ru/bcode/444131
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[Tokaxxute, 4YTO U3 MPEATIOIOKEHHUSI O TOM, UYTO B cTpoke 4 mponenypsl Hire-Assistant Bcerna
MOYKHO ONPEAETUTh, KAKOW KaHIUAAT HAWIYYIINH, CIEAYET, YTO Mbl 3HAeM OOIIMN MOPSAIOK
PAHroB KaHIHIaTOB.

Onwumute peanuzanuio npouenypsl Random(a, b), xotopasi MOXKET HCIIOJIB30BaTh TOJIBKO
onuH BbI30B — mponenypsl Random(0,1). UYemy paBHO MaTeMaTH4eCKOE OXKHIAHUE
BpeMeHH paboThl Bameil peanu3anuy Kak QyHKIuH oT a u b?

[Ipeamnonoxum, yTo HY>XHO BbIBOIUTH 0 U 1 ¢ BepoaTHOCTHIO 1/2. B HameM pacnopspkeHUH
umeeTcst nporeaypa Biased-Random, koropas ¢ BepositTHocThIO p Bbimaer 0 u C
BEPOSTHOCTBIO | — p — umcio 1; 3HaueHue p HaMm Hen3BecTHO. ChopMyIHpYyHTE alNTOpUTM,
UCTIOJB3YIONIMIA B Ka4ueCTBE MOIporpaMmsel npoueaypy Biased-Random +u Bo3Bpamarommuii
paBHOMEpHO pacrpenaeieHHbie yucna 0 °H 1, Te. BEpoATHOCTh BBIBOJA KKJIOTO U3 HUX PaBHA
1/2. Yemy paBHO MaTeMaTHYECKOE OXHJIAHHE BPEMEHH pabOThl TAaKOW MpoUEIyphl Kak
¢yHKIMH OT p?

Uemy paBHa BEpOSATHOCTH TOTO, 4TO B mporenype Hire-Assistant OyneT HaHAT POBHO OJUH
KaHAMJAT, €CIU Ipelrojaraercs, 4YTo coOeceoOBaHWE C KaHAWJaTaMu IPOBOAMUTCS B
ciyyaitHoM nopsizike? A BEpOSATHOCTb TOT'O, YTO OyIyT HAHATHI 11 KAHUIATOB?

Yemy paBHa BEpOSITHOCTb TOTO, uTO B mpoueaype Hire-Assistant OyaeT HaHATO POBHO JiBa
KaHAMJaTa, €ClIM MpeJroyiaraercsi, 4yrto coOeceloBaHME C KaHAMJATaMU HPOBOJIUTCS B
CIy4yallHOM HopsJIKe?

Beruucnure MmareMaTHuecKoe 0KMJaHHE CYMMbI OYKOB Ha N UIPAIbHBIX KOCTSIX C IOMOLIbIO
UH/IMKATOPHBIX CITy4ailHbIX BEJITMYNH

PemnTe ¢ mOMOIIBIO0 HHAMKATOPHBIX CIIyYallHBIX BEJIMYMH 3a]lauy, U3BECTHYIO KaK 3aJa4a o
rapaepodmuke. Kaxplii U3 1 mocetuteneil pecropaHa cIaeT CBOK IUISANY B rapaepoo.
['aprepoOuK Bo3BpalaeT LUIANBl CIy4alHbIM 0Opa3zoM. UYeMy paBHO MaTeMaTH4eCKOe
O’KU/IaHUE KOJIMYECTBA MOCETUTENEH, OTYYUBIINX OOPATHO CBOU COOCTBEHHBIE HIISTIBI?
Iyctp A[1...n] — maccuB, cocTosuii U3 n pasnuuHbix uncen. bemu i < j, a A[i] > A[j],
To mapa (i, J) Ha3wpIBaeTCsl uHeepcueii MaccuBa A (Oonee neranmbHyl0 HHPOpMANHIO 00
MHBEPCHUSIX MOXHO Haiitu B 3amaue 2.4), Ilpenmonoxum, 4YTO 3JIEMEHTHl MaccuBa A
00pa3yloT paBHOMEPHYIO CclydaiHyl mepectaHoBky uyucen (1,2,...,n). Bocmonb3yiitech
WH/INKATOPHBIMU CITyYalHBIMH BEIMYMHAMHU IS TIOMCKAa MAaTEeMAaTHYECKOTO OXKUIaHUS
KOJINYECTBA MHBEPCHUI B MacCUBE.

VY mpodeccopa BO3HUKIM BO3paKEHUS MPOTUB MHBAPHAHTA IUKJIA, UCTOJIB3YIOLIETOCs MPH
JoKa3zarenabcTBe JeMMbl 5.5. OH COMHEBAeTCsi, 4TO 3TOT MHBAPUAHT BBINOJIHIETCS IEpen
nepBoil urepanuei. CoryiiacHO ero J0BOJaM, IyCTOM MOJMAcCHB HE COJAEPKUT HUKAKUX
pasmenieHnid 3 (0 3J€MEHTOB, MOATOMY BEpPOSITHOCTh TOrO, YTO B TaKOM IIOJMAacCUBE
HaXOJUTCS TO WIM HMHOE pa3MellleHHe, NobKHa ObITh paBHa 0. M3 3TuX paccyxeHui
ClIeZlyeT, 4TO MHBapUaHT IUKJIA Mepes MepBoi urepauueil He BbinoiHsercs. [lepenummre
npoueaypy Randomize In Place Takum o6pa3zom, 4ToObI CBSI3aHHBIN C HEMl HHBAPHAHT IIUKJIA
nepea NepBOil uTepalyeld NMPUMEHSJICS K HelycTOMY IOJAMAacCHBY, U COOTBETCTBYIOLIUM
o0pa3oM Moau(UUIUPYITE J0Ka3aTeNbCTBO JEMMBI 5.5 171 CBOEi mpoLeaypsl.

[Tpodeccop pemmsn pa3paboTarh adroput™M, B pE3yJbTAaTe BBIIOJHEHUS KOTOPOTO
MoJIydyaluch Obl BCE CIIy4aiHblE MEPECTaHOBKH, KpPOME TOXKAECTBEHHOW. OH MpemioxKuil

TaKylo IpoLeaAypy.

Permute-Without-Identity(A)

1 n = A.length

2 fori=1ton—-1
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3 Oobwmensts A[i] ¢ A[Random(i + 1,n)]
Jlo6wercst 1 mpodheccop MOCTABICHHOM LN C MTOMOIIIBIO 3TOro Kojaa?

11. [IpeAmonoxumM, 4To BMECTO TOTO, YTOOBI MEHSITh MecTamH AJIeMeHT A[i] co cimywaitHO
BBIOPaHHBIM 3JIEMEHTOM M3 moaMaccuBa A[i..n], MBI MEHSEM €ro MecTaMu C JOOBIM
CJIlydaifHO BBIOpaHHBIM 3JIEMEHTOM MaccuBa A.

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

[Tonyuurcst 1 B pe3yibTaTe BBIIOJHEHUS 3TOTO KOJAAa paBHOMEpHAs CilyyaiiHas IepecTaHOBKa?
Ob6ocHyiiTe CBOI OTBET.

12. Ilpodeccop mnpemioxkua s TEHEpaluu CIy4yalHBIX IEPEeCTaHOBOK C OJIHOPOIHBIM
pacrpeneneHueM Takyro Ipoueaypy.

Pernute-By-Cyclic(A)

1 n = A.length

2 [lyctes B[1..n] — HOBBII MaccuB

3 Offset = Random(1,n)

4 fori=1ton

5 dest =i+ of fset

6 if dest >n

7 dest = dest —n

8 Bldest] = A[i]

9 return B

13. TTokaxxuTte, 9TO KaKIbIi 37eMeHT A[i] OKa3bIBaeTCs B ONPEACICHHON MO3UINU MaccuBa B ¢
BEPOSTHOCTBIO 1/n. 3aTeM MOKaXXUTE, YTO aITOPUTM Mpodeccopa OmruO0YEeH B TOM CMEICIIE,
YTO MOJY4YEHHBbIE B PE3y/lbTaTe €ro BBIIOJIHEHUs MEPEeCTaHOBKU HE OyIyT paclpeeseHbl

paBHOMEPHO.
14. lokaxkxure, 4To B pe3yibTaTe BBINOJHEHMS Mporenypsl Permute By Sorting BeposTHOCTBH

1
OTCYTCTBHA OAWHAKOBEIX 2JIECMCHTOB B MACCHUBC P He menbpnte BemuauHbEl 1 — —,
n

15. O6mwscHuTE, Kak cienyeT peainn3oBath anroput™m Permute By Sorting B ciyuae, korna asa
Wi 0Oosee MPUOPUTETOB HUACHTUYHBL. [[pyruMu ciioBaMH, aJropuTM JOJKEH BbIaBaTh
CllydaliHble PaBHOMEPHO pAaCIpee/ICHHbIE NEPECTAaHOBKM AK€ B CIllydyae, €CIU [Ba WIH
0oJiee MPUOPUTETOB UMEIOT OJIMHAKOBBIE 3HAUEHUS

16. IIpeamnonoxum, 4TO MBI XOTUM CO3JaTh CJy4aiHYI0 BbIOOPKY U3 MHOXecTBa {1,2,3, ..., n},

T€. mM-3JIEMEHTHOE IOAMHOXkecTBO S, rae 0 <m < n , Takoe, 4T0 Kax1oe m-
HOJMHOKECTBO CO3JAETCSI C OAMHAKOBOW BEpPOATHOCTBIO. OIMH M3 CIOCOOOB COCTOUT B
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npucBanBanuu A[i] =i nus i = 1,2,3,...,n u Be3oBe Randomize-In-Place(A), mocie yero
CIIEIyeT MPOCTO B3STh HEPBBIC 7 3JIEMEHTOB MAaCCHBA. JTOT METOJ BBIIOIHSICT 1T BHI30BOB
npoueaypsl Random. Ecim n ropaszmo MeHbIle m, MOXHO CO3JaTh CIIYYalHYIO BBIOOPKY C
MOMOIIbI0 MEHBIIIEr0 KoJim4yecTBa BbI30BOB Random. IlokakuTe, 4TO MpUBEICHHAsS najee
PEKypCUBHAs TIpOIeAypa BO3BpaIlaeT CIy4alHOE m-TIOJMHOKECTBO MHOXECTBa S,
cocrosiiero u3 anmeMeHToB {1,2,3, ..., n}, mpuueM Kaxaoe m-ToIMHOKECTBO PaBHOBEPOSTHO,
U TIpu ATOM Tiporieaypa Random BeI3bIBaeTCs TOJIBKO M pas.

Random-Sample(m,n)
lifm==
2 return @
else S = Random Sample(m — 1,n — 1)

i = random(1,n)

S=Su{n}

3

4

5 ifies
6

7 else S=Su{i}
8

returnS

17. CKONBbKO 4YeNnoBEeK JOJDKHO coOpaTbCsi B KOMHATe, 4TOObI BEPOSITHOCTh TOTO, YTO JCHb

POXIEHUSI y KOro-HUOY/Ab W3 HHUX COBNAJET C BamuM, Obuia He MeHbmied 1/2? CKoJbko

YeJIOBEK HE0OXO0IMMO, YTOObI BEPOSITHOCTH TOTO, YTO XOTSI Obl JIBO€ U3 HUX POAMUIUCH 7

HOS0pS, IpeBbICKIa BeMUUUHY 1/2?

[TpeamonoxumM, 4To Mbl HamlOJHSIEM b KOP3HMH IIapaMy A0 TeX MOp, MOKa B KAaKOH-TO M3

KOpP3HMH HE OKa)XeTcs JBa mapa. Bee omyckaHus m1apoB BBINOIHAIOTCS HE3aBUCUMO, U IIap C

PaBHOHM BEPOSITHOCTHIO MOXKET OKa3aThCsl B JII0OOW KOp3uHE. UeMy paBHO MaTeMaTHYeCKOe

O’KU/IaHUE KOJMYECTBA OIYILEHHBIX B KOP3UHBI IApOB?

19. B xone aHanu3a mapazokca THEH poxJeHHs ObUIO NMPHHATO MPEANOTI0KEHUE O B3aMMHOM
HE3aBHCHMOCTH BCEX THEH POXKICHM. SIBIIAETCS JIM 3TO NMPEANONIOKEHUE CYLIECTBEHHBIM,
WJIN JOCTaTOYHO MOMapHOi HezaBucuMocTH? OOOCHYITE CBOM OTBET.

20. CxoJbKO 4€eI0BEK HYKHO NMPUTTIACUTh HA BEYEPUHKY, YTOOBI BEPOSITHOCTh TOTO, YTO TPOE U3

HUX POAMIIMCH B OJTUH U TOT K€ JI€Hb, TOCTUTJIA 3aMETHON BEJIMYUHBI?

KakoBa BEpOSATHOCTH TOTO, YTO CTPOKA JUTMHON K, COCTaBJIEHHAs U3 CHMBOJIOB -3JIEMEHTHOTO

18

21

MHOXECTBa, SBISETCA pa3MelleHneM k 3neMeHTOB 3Toro MHoxectBa? Kak 3TOT BOmpoc
CBs3aH C NapaJOKCOM JHEHN poKIeHUSA?

[TpeanonoxuM, 4To N MAPOB pacHpeAestoTcs Mo n kop3uHaMm. Kaxaplil map omyckaercs
HE3aBUCHMO OT JIPYTUX M C PAaBHOW BEPOATHOCTHIO MOXKET OKa3aTbCs B JIIOOOW M3 KOP3HUH.
UeMy paBHO MaTeMaTH4ECKOE OXKHMJAHUE KOJIMYECTBAa NycThIX Kop3uH? UYemy paBHO
MaTEMaTUYECKOE OXKHUIAHUE KOIMUECTBA KOP3HH C OJTHUM IIapoM?

23. YTOYHHMTE HMKHIOIO OLIEHKY JJIMHBI TOCJEN0BAaTEIILHOCTH BbIMaAeHUN opioB. s 3Toro

22

MOKAXXHUTE, YTO MPU N MOAOPACHIBAHUAX CHUMMETPUYHOW MOHETHI BEPOATHOCTH TOTO, YTO
TaKas MoCJIeJI0BaTeILHOCT Oy/eT He JimHHee Ign — 2 1glgn, mensie 1/n.
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3amaun
1. BeposiTHOCTHBIN MoaCYeT

C noMompl0 -OMTOBOrO CUETUMKa MOKHO BecTH moxcuer no 2P —1 »iemeHTOB.
[Tpennoxennsiii P. Moppucom (R. Morris) eepoamuocmuutii noocuem (probabilistic counting)
MO3BOJIIET MMPOBOJUTH HYMEpalMi0 HAMHOTO OOJIBIIEro KOJMYECTBA AJIEMEHTOB LIEHOW MOTepH
TOYHOCTH.

IlycTh 3naueHne mnepemenHoii-cuetynka i = 0,1,...,2° —1 o3Hauaer HOMep dnemenra n;
BO3pacTaolleil MoclieJ0BaTeIbHOCTH HEOTPULIATENIbHBIX Uncel. byieM cuutars, 4To HaYaJIbHOE
3HauUEHUE CYETYMKa paBHO HYyNIO, T.e.ny = 0. Onepanus Increment yBenuMuuMBaeT 3HAUYECHUE
cyeTumKa i caydaiiHeIM o6pasoM. Ecrm i = 2P — 1, To B pesymbTare 3TOrO0 NeiCTBUS BBIIACTCS
COOOIlIEHUE O MEpPENOJHEHUH. B NpOTHMBHOM cilydyae 3HAUYEHHME CUETYMKA C BEPOSTHOCTHIO
1/(nj;1—mn;) BO3pacTaeT Ha EAWHUILY M OCTAaeTCd HEU3MEHHBIM C BEpPOSATHOCTBIO 1 —
1/(Miy1—ny)

Ecnu s Beex § > 0 BoIOpaTh n; = I, TO MBI MOJTYYUM OOBIYHBIN cueTYHK. bosiee nHTEpecHas
CUTyalsl BO3HUKAET, ECITH BHIOpaTh, ckaxeM, = 2! ! s i > 0 unu ni= Fi (i-e uncno ®ubonayun;
cM. pazzen 3.2).

B 3agade mpeanosnaraercsi, 4To 4ucio m2b 1 JOCTATOYHO OOJBIIOE, YTOOBI BEPOSTHOCTHIO
MEePENOJIHEHHSI MOKHO OBLIO MTPEHEOPEYb.

a. [Tokaxxure, 4TO MaTEMaTHYECKOE OKUIAHNE 3HAUCHUS CUETUHMKA 110CIIe IPUMEHEHUS K HEMY I
onepaumii Increment paBHo n.

0. AHanW3 IUCTIIEPCHHM 3HAYCHUS CYCTYMKA 3aBHCUT OT BBIOOpA IOCIEIOBATEIBLHOCTH MN;°.
Paccmorpum mpocroit cimydaid, korga n; = 1000 mns Bcex [ = 0. OueHure AUCTIEPCHUIO
3HAUEHUs CUETYHKA TOCTe BBIMIOIHEHUS onepaluu Increment n pas.

2. Ilownck B HEOTCOPTHPOBAHHOM MAaCCHBE

B sT10ii 3agave uccnenyroTes TpU aNropyuTMa MOWCKA 3HAYEHUS X B HEOTCOPTUPOBAHHOM -
3JIEMEHTHOM MaccuBe A.

PaccMoTpuM crenyronlyto paHIOMU3HPOBAHHYIO CTPATErHIO: BBIOMpPAaeM 3JIEMEHT MaccuBa A
C MPOM3BOJBHBIM HMHJEKCOM i M TPOBEpPSEM CIpaBeTMBOCTh paBeHcTBa A[i] = x. Ecim oHo
BBITIOJIHAETCS, TO QJITOPUTM 3aBEpIIaeTCA. B MPOTUBHOM clydae MpPOOOJKAEM TOUCK,
CIIy4aifHbIM 00pa3oM BeIOMpasi HOBBIE AJieMeHThI MaccuBa A. [lepebop MHAEKCOB MPOAOIKAETCS
J0 TeX Iop, MoKa He Oyner HalaeH Takod wHAEKC j, uto A[i] = x, wim moka He OymyT
MIPOBEPEHBI BCE DJEMEHTHl MacCHBa. 3aMETUM, YTO BBIOOp Ka)AbIi pa3 MPOU3BOJIUTCS CPEAU
BCEX MHJIEKCOB MAacCHBa, TO3ATOMY KPYT MOMCKA HE CYKA€TCS U OAUH U TOT K€ DJIEMEHT MOXKET
MIPOBEPATHCSA HEOTHOKPATHO.

a. Hamummre ncesmokox mpouenypsl Random-Search, peamusyromeii onucanayro
ctpareruto. [lozaboTbrech, YTOOBI ANrOpUTM MpeKpamian paboTy Iocie TOro, Kak OyayT
IIPOBEPEHBI BCE UHIECKCH MACCUBA.

6. [IpeamosokuM, 4TO UMEETCS POBHO OAWMH WHJAEKC I, Takoi, uro A[i] = x. Yemy paBHO
MaTeMaTUYeCKOe OKUJaHHe KOJIMYeCcTBa MHIEKCOB B MaccuBe A, KOTOpbIe OYAyT MPOBEPEHBI
710 TOTO, KaK Oy/IeT HalijieH oeMeHT X U nporeaypa Random-Search sasepiur pagory?

B. O6001muTe pemenue chopMyIUpOBaHHOM B 11. (0) 3a1auu A1 CUTyalllu, KOria umerotes k >
1 unmekcoB i, takux, uto A[i] = x. Uemy paBHO MareMaTHYecKOe OXHIaHHE KOJINYECTBA



35

WHJICKCOB B MaccuBe A, KOTOpbIE OYIyT MPOBEPEHBI JI0 TOTO, KaK OyJIeT Hal/IeH 3JIEMEHT C U
npoueaypa Random-Search sasepumur paGory? OTBeT NOJDKEH MPEACTaBIATH COOON
(GYHKLHUIO OT BEUYHH N U K.

r. [Ipeanonoxum, uto ycnoBue A[i] = X He BBINONHSIETCS HU ISl Kakoro uHiekca i. Yemy
pPaBHO MAaTEMaTUYECKOE OXXKUAAHHWE KOJUYECTBA MHJEKCOB B MAacCUBE A, KOTOpBIE MPUIETCS
IIPOBEPUTH 10 TOTO, KaK OyAyT MPOBEPEHBI BCE 3JIEMEHTHI MAacCuBa U Ipoueaypa Ran dom-
Search sasepumt paboty?

Tenepb paccMOTPUM JE€TEPMUHUPOBAHHBIN AITOPUTM JIMHEWHOTO movcka Deterministic-
Search. B sToM airopuTMe IOMCK 3JE€MEHTa C IPOM3BOAMTCS IIyTEM MOCIEI0BATEIbHOM
nposepku anmementoB A[1], A[2], A[3], ..., A[n] mo Tex mop, moka HE MPOU30UAET OJHO W3
IBYX COOBITHIi: 100 OymeT HaiineH snement A[i] = x, mu6o Oyger JOCTUIHYT KOHEI MacCHBa.
[peamonaraercsi, 49TOo BCE BO3MOXKHBIC IEPECTAHOBKH JJIEMEHTOB BXOJHOIO MAacCHBa
BCTPEYAIOTCS C OJIMHAKOBOI BEPOSTHOCTBIO.

A. Ilpenarnonoxxum, 9To UMEETCsl BCETO OJMH MHIEKC i, Takou, 4to A[i] c. Uemy paBHO Bpems
paboTsl mponeaypsl Deterministic-Search B cpeanem cayuae? Kak Bemer cebs ora
BEIIMYMHA B HAUXY/IIIEM Cirydae?

e. O6006muTe pemeHre chopMyIMPOBAHHOM B M. (1) 3a1a4u JIJIsl CUTYal[H, KOTAa UMEIoTcs k =
1 wapmekcoB i, mis koropeix A[i] =x. Yemy paBHO Bpemss pabOTBI MPOIETYPHI
Deterministic-Search B cpeanem cinyuae? Kak Bemer ce0s d3Ta BeIMYMHA B
Hauxy/umeM ciydae? OTBET Jo/bKeH ObITh GyHKIMen ot n u k.

. [Ipennomnoxum, uto yciaoue A[i] = X He BBIIOIHAETCS HY JJIS KAKOTO SJIEMEHTA MaccuBa A.
Yemy paBHO BpeMs paboThl mporeaypsl Deterministic-Search B cpennem ciyyae?
Kak BezieT ce0st 5Ta BEIMUMHA B HAUXY/ILIEM ClIydae?

HakoHerr paccMOTpUM paHIOMHU3HMpOBaHHyl airoputm Scramble-Search, B koropom
CHauaJla BBINOJIHACTCS CiIydaiiHas IEepecTaHOBKA JJIEMEHTOB BXOAHOIO MaccHBa, a 3aTeM B
MOJy4eHHOM MAacCHBE BBITMOJHAETCS] ONUCAHHBIN BbIlIE TMHEHHBIA 1eTEPMUHUPOBAHHBIHM MOUCK.

3. ITycTb k — KOJIM4eCTBO MHAEKCOB i, TakuX, uTo A[i] = x. Onpenenure MaTeMaTn4ecKoe
OKHJIaHUE BPEMEHHU paboTsI poueaypsl SCramble-Search u Bpems ee paGoTs! B
Hauxy/ueM ciydae Juist 3HadeHuit k = 0 u k = 1. O6o0mmre penrenue uist crydas kK > 1.

u. Kakoii u3 Tpex npeacTaBieHHbIX aJITOPUTMOB Bbl Obl ipeanowin? [losicaure cBoil OTBET.

MeToanuyeckue peKOMeH AU

[Ipy noAaroToBke K MPaKTHYECKUM 3aHATHSAM CTYACHT JIOJDKEH NpPUIEP’KUBATHCS
CIEAYIOIINX PEKOMEHIAIUN:

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

- OTIPE/ICTUTh MECTO TEMBI 3aHATHUS B OOIIEM COJIEPKAHUHU, €€ CBA3b C APYTUMH TEMaMU;

- HalTU ¥ IpopaboTaTh COOTBETCTBYIOLIUE pa3/ieibl B PEKOMEHJOBAaHHBIX HOPMATHUBHBIX

JOKYMEHTaX, yueOHUKaX U JOMOJIHUTEIbHOM JIUTEpaType;

- TOCJIE€ O3HAKOMJIEHMSI C TEOPETHYECKUM MaTepHAIIOM OTBETHTh HAa BOIPOCHI IO TEME
Kypca;

- IPOJyMAaTh MYyTH U CIIOCOOBI pelIeHHs MPOOJIEMHBIX BOIIPOCOB;
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- NPOAYMATh Pa3BEPHYTHIE OTBETHI HA IIPEIJIOKCHHBIE BOIPOCHI TEMBI, ONHPAsACh HA
JEKIIMOHHbIE MaTEepPHAJIbl, PACLIMPSA U JOMOJIHASA UX JAHHBIMU U3 Y4€OHHKOB, TOTOJIHUTEIBbHON
JIUTEPATYPBL.

B xone npakTHueckoro 3aHATUS HEOOXOIUMO BBINNOJIHUTH NPAKTHUECKOE 3aJaHue, a
3aTeM OOBSCHUTH METOJUKY €r0 PEILIECHUS.

HcToyHuKH M TUTEpaTypa Il NOATOTOBKH:
OcHoBHas1 JiuTEpaTypa

1. Hrommn, B.M. COopHHK 3amad 1O MaTeMaTUYECKOW JIOTMKE U TEOPUU AJITOPUTMOB :
yue0. mocodue / B.M. Urommn. — Mocksa : KYPC ; MH®PA-M, 2019. — 392 ¢. —
(bakanaBpuar). - ISBN 978-5-906818-08-9 (KVYPC); ISBN 978-5-16-011429-3
(MH®PA-M, print); ISBN 978-5-16-103684-6 (MH®PA-M, online). - Tekct
anexkTpoHHbIU. - URL: https://znanium.com/catalog/product/986940

JlonoTHUTEIbHASI JIUTEpPaTypa

1. Cynomnaros, C. B. MaTemaTtnueckas JOTHKa U TEOPHsI alTOPUTMOB : yYECOHHK U
MPAKTUKYM JUTsl akageMuueckoro Oakanaspuara / C. B. Cynomnaros, E. B.
OBYMHHUKOBA. — 5-€ u3J., crep. — Mocksa : M3gatensctBo Opaiit, 2019. — 255 ¢. —
(Briciiee oopazoBanue). — ISBN 978-5-534-00767-1. — Tekcrt : anexkrponHsiit // 9bC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputmoB. BeeneHue B C10KHOCTb BBIUUCICHUHM : yueOHOE

nocoOue it 6akanaBpuara u Maructpatypsl / B. H. Kpynckuii. — 2-e u3n., ucnp. u
nomn. — Mocksa : U3narensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpcKuil y4eOHUK). —
ISBN 978-5-534-04817-9. — Tekcr : anextponHsiit // 3BC FOpaiir [caiit]. — URL:
https://urait.ru/bcode/444131

IIpakTH4eckoe 3ansATHE 6 IO TEMe «AJITOPUTMbI COPTHPOBKH

Bomnpocsr:
1. Tlapamokc nHEN poKAEHUS.
2. Ananu3 ¢ npUMEHEHUEM UHAUKATOPHOM CIIy4aiiHOHN BEJINYNHBI.
3. Cny4aliHOE HaINlOJIHEHHE KOP3UH POHYMEPOBAHHBIMHU LIApaMHU.
4. IlocnenoBaTelbHOCTH BBIMAJAEHHUS OPJIOB.
5. 3apaua o HailiMe B ONIEPATUBHOM PEKUME.
6. BeposSTHOCTHBIN OACYET.
7. 1louCk B HEOTCOPTUPOBAHHOM MAaCCHUBE.

HpaKaneCKne 3aJaHuA:

1. quy paBHO MUHUMAJIbHOC 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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[TokaxkuTe, 4TO n-3JIEMEHTHAs THPaMUa UMEET BBICOTY [lg n].

[Tokaxxute, 4yTO B JIIOOOM MOIEPEBE HEBO3PACTAIONIEH MUPAMHU/IBI KOPEHb 3TOTO MOAJIEpEBa
COJICPKUT Hanboblllee 3HAaUCHUE CPEU Y3JI0B MOJIJiepeBa.

['ne B HeBo3pacTaroniel NTUpaMuae MOXKET HaXOJUThCS HAaUMEHBIIHUN €€ JIEMEHT, €ClIU BCEe
3JIEMEHTHI Pa3INyaroTCs M0 BeIUYrHe?

SBasieTcst 11 MaccUB ¢ OTCOPTUPOBAHHBIMU 3JIEMEHTaMU HEYObIBAIOLIEH MUpaMuIon?
SBnsercs nm mocienoBaTeabHOCTh 3HadeHud (23, 17, 14, 6, 13, 10, 1, 5, 7, 12)
HEBO3pacTarouIeH MUpaMHUI0Mn?

[Toxaxkute, 4TO €cCilM N-3JEMEHTHYIO INHpaMHAy IpPEACTaBUTh B BMJIE€ MaccuBa, TO €€
JTUCTBSIMHU OYIIyT AJIEMEHTHI ¢ uHAeKcamu [n/2] + 1, [n/2] + 2, ..., n.

Bocnonbs3oBaBmuce puc. 6.2 B kauecTBe o0pasia, NpOMLIIOCTpUpYHTE paboTy MpoLeaypsl
Max-Heapify(A, i) c maccuBom A = (27,17, 3, 16, 13,10, 1, 5,7, 12,4, 8,9, 0).

Hcnonp3ys B KauecTBe OTIpaBHOW TOUKM Ipoueaypy Max-Heapify, Hanumure nceBaokos
nporenypsl Min-Heapify (4, i), KOTopas BBIIOJHSET COOTBETCTBYIOIIME ICHCTBHS Hal
HeyObIBaroniel nupamuioil. KakoBo Bpemst pabots! mponenypsl Min-Heapify mo cpaBHeHunto
co BpeMeHeM paboTsI npouenypsl Max-Heapify?

Kak Bnmser Ha BbI30B mponeaypbl Max-Heapify (4, i) curyamnus, xorma snemeHT A[i]
0o0JbI1IE, YEM €0 JOYEPHUE DJIEMEHTHI?

K uemy npuBezet Br30B npoueaypsl Max-Heapify (4, i) B cinyqae i > A.heap-size/2?

Kon mponenypel Max-Heapify goctarouno parpioHalieH, €cliM HE CUHUTaThb PEKYPCHBHOTO
BbI30Ba B CcTpoke 10, M3-3a KOTOPOr0 HEKOTOpBIE KOMIIMJISATOPHI MOTYT CI€HEPHUPOBATH
HeapekTuBHbIN KkoaA. Hamummre sddextuBnyro mnponeaypy Max-Heapify, B koropoit
BMECTO PEKYpPCUBHOTO BBI30BA HCIOJB30Balach Obl UTEpaTUBHAs  yIpaBistollas

KOHCTPYKLUS (LIUKIT).

. IToxaxkute, 4TO B HAUXYy/LIEM Cilydae BpeMs paboTsl mporenypsl Max-Heapify Ha nupamuze

pasmepoMm n paBHO (lgn). (Yka3anue: B mupamMuje ¢ n y3JIaMd MPUCBOWTE y3JlaM TaKue
3HaueHus, 4TtoObl mpoueaypa Max-Heapify pekypcuBHO BbI3bIBadach B KaKIOM Y3IIE,
PacIoI0KEHHOM Ha TIPOCTOM ITyTH OT KOPHS JIO JIUCTA. )

Bocnonb3oBaBminces B kadecTBe obpasiia puc. 6.3, IpOUILIIOCTPUPYITE pabOTy MpOIeayphl
Build-Max-Heap nan Bxonusim maccuBoMm A = (5, 3, 17, 10, 84, 19, 6, 22, 9).

[Touemy mHAEKC 1IMKIIA | B CTpoke 2 mporeaypsl Build-Max-Heap yosiBaeT ot [A4. length/2]
1o 1, a He Bo3pactaer ot 1 1o [A4. length/2]?

[Tokaxwurte, 4yTo B NtOOOHN ~-2TE€MEHTHON NHpaMuIe Ha BBICOTE /s HAXOAUTCA He Oolee

[n/27*1] y3108.
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Bocnonb3oBaBmince B kadecTBe obpasiua puc. 6.4, IpOUJLUIIOCTPUPYITE pabOTy MPOIeayphl
HEAPSORT nan BxoanbiM MaccuBoM A = (5, 13, 2, 25,7, 17, 20, 8, 4).

Jlokaxkute KOpPpPEeKTHOCTh mporeaypbl Heapsort ¢ momomipio cienyroniero HHBapHUaHTa
nukia: «B Hawame kaxkmoir wrepanuu 1ukia for B crpokax 2-5 mommaccuB A[l ... i]
MPEJICTaBISIET COO0M HEBO3PACTAOIYIO TUPAMHUTY, COACPIKAILYIO | HAMMEHBIIINX JIEMEHTOB
maccuBa A[1 ... n], a B moamaccuBe A[i+1 ... n] comepkarcs n-i HAMOOIBIIMX AIEMEHTOB
MaccuBa A[1 ... n] B OTCOPTUPOBAHHOM COCTOSIHUU.

Yemy paBHO Bpemsi paboTsl mporenypsl Heapsort ¢ maccuBoM A JUIMHON #, B KOTOPOM
AJIEMEHTHI OTCOPTHPOBAHBI U PACIIONIOKEHBI B MOPsIIKE Bo3pacTaHus? B nmopsake yobiBaHus?
[Tokaxwute, 4To BpeMsi paboThI mpoueaypsl Heapsort B Hauxyiiem ciaydae cocTaBiser (n
Ign)

[TokaxwuTte, 4yTO, KOT/Ia BCE DJIEMEHTHI pa3ln4Hbl, BpeMs paboThl mpouenypsl Heapsort B
HAWJIy4IIeM cirydae paBao Q(n 1gn)

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

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

Hanummre ncesnokoas! npouenyp Heap-Minimum, Heap-Extract-Min, Heap-Decrease-Key
u Min-Heap-Insert, peanusyromux HeEyOBIBaIOIIyI0 OuYepeab C NpUOpUTETAMH Ha 0ase
HEyOBIBAIOIICH MUPAMHUIBI.

3aueM Hy)KHa Takas Mepa MPEeAOCTOPOKHOCTH, KaK MPHUCBOCHUE KIIOUY J00aBISIEMOTO B
ctpoke 2 mpouenaypel Max-Heap-Insert B mupamuay y3nia 3Hau€HUs -00, €CIIM YK€ Ha
CJIEIYIOIIEM IIare 3HaYeHue ITOr0 KJIIYa YBEJIMYUBAETCS /10 TPeOyeMoil BEIMUUHbBI?
Hokaxxute koppekTHOCTh Tpoueaypbl Heap-Increase-Key ¢ mnomomisio ciienyrommero
WHBapHaHTa 1ukiIa: «B Hauane kaxaol urepanuu nukia while B ctpokax 4-6 A[Parent(i) >
A[Left(i)] u A[Parent(i) = A[Right(i)], ecnu 3Tu y31bI CylecTBYIOT, a moaMaccuB A[1 . . 4.
heap-size] yHOBIETBOPSET CBOWCTBY HEBO3PACTAIOIICH MHPAMHIBI, 3a HWCKIIOYCHHEM,
BO3MOXXHO, OJHOTO HapymieHus: A[i] moxer ObiTh Oombinie, yem A[Parent(i)]». MoxHO
CUMTaTh, YTO B MOMEHT BbI30Ba mporenypsl Heap-Increase-Key noamaccus A[1 . . A.heap-
Size| yIOBIETBOPSIET CBOMCTBY HEBO3PACTAIOMIEH MTUPAMUJIBI.

Kaxxnas oneparust oomena B ctpoke 5 mporenypsl Heap-Increase-Key o6sraH0 TpeOGyeT Tpex
npucBauBaHuil. [lokaxkure, Kak BOCHOJB30BAaThCSl UJI€Ed BHYTPEHHErO IUKJIA MPOLEAYPHI

Insertion-Sort, 4TOOBI BMECTO TpeX MPHCBAUBAHUI 000HTHUCH TOIBKO OJTHHM.
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28. IlokaxknuTe, Kak ¢ MOMOLIbIO OYEpPEeNU C IPUOPUTETAMHU DPEATU30BATh OYEPEb TIEPBBIM
Bomen — mepBbIM Bbien'! IlpogeMoHCTpupyilTe, Kak C T[OMOIINBIO O4Yepean ¢
MPUOPUTETaMU peaan30BaTh cTek. (Ouepean U cTeku onpezeneHsl B paszaene 10.1)

29. Ilponenypa Heap-Delete (4, i) ynanser u3 nupamuasl A y3en i. Pazpaboraiite peanusamuto
9TOU MpOLEAYpPHI, KOTOpoi Tpedyercs BpeMs O(lgn) nns ynaneHus y3ia u3 n-3JIEMEHTHON
HEBO3PAaCTaOIIEeH TMPAMHU/IBI.

30. Pa3zpaboTaiiTe airoputm, o0ObEAMHSIIOMUNA kK OTCOPTUPOBAHHBIX CIIUCKOB B OJIMH CITMCOK 32
Bpems O(nlgk), rne n — oOuiee KOIWYECTBO 3JEMEHTOB BO BCEX BXOJHBIX CIIHCKAaX.

(Ykazanue: 1 CIIMSHUSA CIUCKOB BOCIIONBb3YyHTECh HEYOBIBAIOIIEH TUPAMHUION. )
6. 195

3agaun
1. IMocTpoeHue mupamMuabl BCTABKAMHU

IInpamuay MOKHO IIOCTPOUTH C IIOMOIIBI0 MHOIOKPATHOIO BbI30Ba Ipouenypbl Max-Heap-Insert s
BCTaBKH 3JICMEHTOB B MUpaMuy. PaccMoTpuM cienyromuii BapuanT npoueaypsl 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. Bcerna mu npouenyps! Build-Max-Heap u Build-Max-Heap' 11st o1HOTO ¥ TOTO 7€ BXOJJHOI'O MacCHBa
CO3/aI0T OJIHY U Ty ke nupamuay? JlokaKuTe, 9TO 3TO TaK, WIN MPUBEIUTE KOHTPIIPUMED.

0. llokaxwuTe, YTO B HAUXY/IIIEM Clydae JJIsl CO3AaHusl M-3JIeMEHTHOM mupamu sl nponenype Build-Max-
Heap' motpedyeTtcs Bpems 0(nlgn)

2. Anaau3 d-apHbIX MHUpPaMu/
d-apuvie nupamuowt oJOOHBI OMHAPHBIM, HO OTIIMYAIOTCS TEM, YTO BCE BHYTPEHHHUE Y37IbI (C OTHUM

BO3MOYXKHBIM HCKJTIOUCHHUEM) UMEIOT BMECTO JIBYX d TOUYESPHHX Y3JIOB.

a. Kak Obl BbI IpeJICTaBUIIN d-apHYIO MUpaMUly B BUJIe MaccuBa?

6. Kak BrIpakaeTcst BRICOTA d-apHOM 71-3JIEMEHTHOW MTUpaMUIbI uepes3 n U d?

6. Pazpabortaiite s pexTrBHyIO0 peannzanuio npouenypsl Extract-Max, npegHasHaueHHYIO U1 pabOTHI €
d-apHoil HeBozpacraromeil nupamugon. Ilpoananmsupyure Bpemsi paOoOThl 3TOW mpoUEAypHl U
BBIpa3uTe ero yepes d U A.

2. PazpaGoraiite addexTuBHyI0 peanusanuio npoueaypsl Insert, nmpenHasHadeHHYIO Ui pabOTHL C d-
apHOIi HeBo3pacTaromield nupamMuoi. [Ipoananu3upyiite Bpems paboThI 3TOH MPOLEAYPHI U BBIPA3UTE
ero uepes3 d u n.

0. Pazpaloraiite adexTuBHyI0 peanuzaunio mpouenypsl Increase-Key (4, i, k), xoropas npu k < A[i]
coobmaer 00 ommuOKke, a B MPOTHBHOM Cilyyae BBHINOJNHSEr TNpucBauBaHue A[i] = k wu
COOTBETCTBYIOLIMM 00pa3oM OOHOBISET CTPYKTYpy d-apHOMl HEBO3PACTAIOMIed MHPaMHUIBIL.

[Mpoananu3upyiite BpeMsi paboThI 3TOW MPOLIEAYPHI U BEIpA3UTE €ro uepes d U 7.
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3. Taoauusl FOHra
Taénuya KOnza (Young tableau) m X n mpencraBisieT coOOi MaTPHUILy pa3MepoM m X #, HIEMEHTHI

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, Tabmuiry KOHra MOXHO MCTIONB30BATh IS XPAaHEHHS 7' < 1M KOHEYHBIX YHCETI.

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

0. [loxaxxute, uro Tabuuna FOura Y pasmepom m * n mycta, eciu Y[1, 1] = oo Jlokaxkure, uro Tadnuna Y
MTOJTHOCTRIO 3arl0THEHA (T.€. COIEPIKHT mn DIIEMEHTORB), eciu Y[m,n] < .

6. Pazpaboraiite anroputM, peanu3yromuii npouenypy Extract-Min s vHemycroii Tabmuis FOHTa m X n
3a Bpemsi O(m + n). B anroputme ciemyer MCHOIB30BATH PEKYPCHBHYIO MOIMPOTpaMMy, KOTOpas
pelraeT 3a7ady pa3MepoM m X 1 IMyTeM PeKYpPCHBHOTO CBEACHUA K 3amadam (m-1) X n umm m X (n-1).
(Vxazanue: BcriomHHTe O npouenype Max-Heapify.) O6o3HaunM MakcuMaibHOE BpeMsi 00paboTKH
Mpou3BONBbHON Tabmupe! KOHra m X n ¢ momorsio mporeaypsl Extract-Min kak T(p), toe p = m + n.
3anummTe 1 permTe peKyppeHTHOE COOTHOIICHHE, KOTopoe naet i 1 (p) rpanuity O(m + n).

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

0. TTokaxwuTe, Kak ¢ IOMOIIBIO Tabmuisl FOHra m X n BBIIONHUTL COPTHPOBKY n2umcen 3a Bpems O(n?)
HE WCTIONB3YS IPYU ATOM HUKAKUX JPYTUX MOANPOTPaMM COPTHPOBKH.

e. PazpaboraiiTe anroput™, O3BOJSIONINH 32 BpeMst O(m + 1) onpenenuTb, COASPKUTCS U B TabIuIle

IOHra pasMepoM m X n 3aJaHHOC YMCIIO.

MeToauueckue PEKOMEHIAUH

[Ipy DOATrOTOBKE K TIPAKTUYECKUM 3aHIATHSAM CTYAEHT JOJDKEH MPUIEPKUBATHCA
CIEAYIOIIMX PEKOMEHIAIUI:

- BHUMATEIBHO U3YYNUTh OCHOBHBIE BOIIPOCHI TEMBI U TUIaH IPAKTUYECKOTO 3aHATHA,

- OIIpCACIIMTL MCCTO TCMbI 3aHATHA B O6HIGM COACPIKaHUHU, €€ CBA3b C APYTYUMH TCMAMMU,

- HaliTU ¥ IpopaboTaTh COOTBETCTBYIOIIUE pa3/ieibl B PEKOMEHJOBAaHHBIX HOPMATHBHBIX

JIOKYMEHTaX, Y4eOHUKAX U TOTIOJIHUTEIBLHOM IuTepaType;

- MOCJIE 03HAKOMJICHHSI C TEOPETHUUYECKUM MaTEPUajIOM OTBETUTH HAa BOIPOCHI MO TEME
Kypca,

- MPOJIyMAaTh MYTH U CIIOCOOBI PELICHUS MPOOIEMHBIX BOIIPOCOB;

- MPOAYMAaTh Pa3BEPHYTHIE OTBETHI HA MPEMIOKEHHBIE BOIIPOCHI TEMBI, ONMHUPASCh Ha
JICKIIMOHHBIE MAaTEPHUAJIbl, PACIIUPSS U JOMOIHSSA UX JTaHHBIMU U3 YU€OHUKOB, JOMOJTHUTEIHHON
JIUTEPATYPBHI.

B xonme mpakTudeckoro 3aHSATHS HEOOXOIMMO BBITIONHUTH NMPAKTHUECKOE 3aJaHHe, a
3aTeM OOBSICHUTH MCTOOHUKY €TI0 pCUHICHUA.

Hcrouynuku u iuTeparypa 1Jisi NOATOTOBKH:

OcHoBHas1 JiuTEepaTypa
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1. Hrommun, B.1. CO0opHUK 33724 110 MAaTEMaTHYECKOM JIOTUKE M TCOPUH aJITOPUTMOB : yueO.
nocooue / B.M. HrommH. — Mocksa : KYPC ; UH®PA-M, 2019. — 392 c. —
(bakanaBpuar). - ISBN 978-5-906818-08-9 (KYPC); ISBN 978-5-16-011429-3 (MH®PA-
M, print); ISBN 978-5-16-103684-6 (MH®PA-M, online). - TekcT : 3ME€KTPOHHBIA. -
URL: https://znanium.com/catalog/product/986940

JonosHUTeIbLHAS JUTEpPaTypa

1. Cynomnaros, C. B. MaTtemaTnueckas J0ruKka U TEOpHsI aITOPUTMOB ;| yUEOHUK U
NPaKTUKYM Ui akagemudeckoro 6akanaspuata / C. B. Cynomaros, E. B.
OBunHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo FOpaiir, 2019. — 255 ¢. —
(Beicmiee oopazoBanue). — ISBN 978-5-534-00767-1. — Texkcr : anextponHsiii // DbC
IOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputMoB. BBeaeHue B C10)KHOCTh BEIUUCICHHM : yueOHOE
nocobue 1t OakanaBpuara u maructparypsl / B. H. Kpymnckuit. — 2-e uzna., ucnp. u
nor. — Mocksa : M3parensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpCKUl yU4eOHUK). —
ISBN 978-5-534-04817-9. — Tekcr : anekrponssiii // OBC FOpaiir [caiir]. — URL:
https://urait.ru/bcode/444131
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METOJUYECKHUE PEKOMEHJIAIIMM K CAMOCTOSATEJBbHOM PABOTE

CamocrosiTesibHasi padora o treme «Pojib aJropuTMoB B BLIYHCICHUAX))

Bonpocsr:
1. Yrto Takoe anropuT™mbi?
2. Kakue 3a1auy pemarorcs ¢ IOMOIIbIO alrOPUTMOB?
3. ANropuTMsbl KaKk TEXHOJOTHS.
4. D¢PeKTHBHOCTD.
5. AJITOPUTMBI U APYTUE TEXHOJIOTHH.

MeToanuyeckue peKOMeH AU

AymuTopHas caMocCTosITelIbHas paboTa Mo y4yeOHOM AMCLUIUIMHE OCYLIECTBISAETCS Ha
y4€OHBIX 3aHATUAX [10/] HENOCPEACTBEHHBIM PYKOBOJICTBOM IPEIOIABATEINSI U [0 €T0 3a/1aHuIO.

BHaeaynuropHas camocTosTeNbHas paboTa BBIIOIHIETCS 110 3aJJaHUIO IIperoiaBaTens 6e3
€ro HEIOCPENCTBEHHOT O y4acTus.

CamocrosarenbHass pa0oTa CTYIAGHTOB IpU HOATOTOBKE K JIEKIUHM 3aKIIOYaeTcs B
paccMOTpeHUH OOLIMX HAay4YHBIX OCHOB M aHAJIM3€ KOHKPETHBIX IPOLECCOB M (PaKTOPOB,
ONPEACISAIOINX COACPKAHUE TEMBI.

CamocrosiTenbHass paboTa CTYJEHTOB IpPHU IOArOTOBKE K IPAKTUYECKOMY 3aHSATHUIO
BKJIIOYAET 1M0A00p MaTepualla, JaHHBIX U CIELUAIbHBIX UCTOYHHUKOB, C KOTOPBIMU MPEACTOUT
yuebHas paboTa, a TaKKe pelIeHUE CUTYallMOHHBIX M MPAKTUYECKUX 3aJaHui. B cBsA3M ¢ aTuM
CTYACHTaM PEKOMEHIYETCs JeTalbHO pa3o0paTh TEOPETUUYECKUE BOIIPOCHI JIEKLIMOHHOTO Kypca,
a 3aTeM 3aKpENUTh MaTepHall B IPOLECCE PEelIeHUs TPOOIEMHBIX CUTYalluid, 3a/auy.

IIpu camocTOATENBHOM pEIIEHUH 3ajjad HYKHO OOOCHOBBIBATh KaX/IbI 3Taml perieHus,
HCXO0J U3 TEOPETUUYECKUX MOJIOKEHUHN Kypca. Ecim CTyaeHT BUAUT HECKOJIBKO IyTEeW PEIICHMS
npoOJIeMbl, TO HY>)KHO CPaBHUTh MX M BBIOpaTh caMblii pallMoHaibHbIN. Penienne npoOieMHbIX
3a/a4 CleayeT u3jaraTh MoApOOHO, BBIUMCIEHMS paclioyiaraTb B CTPOTOM MOPSAIKE, OTAENss
BCIIOMOTATeNbHbIE BBIYUCIEHUS OT OCHOBHBIX. PerleHuss npu HEoOXOAUMOCTH HYXKHO
COIPOBOXKAAaTh KOMMEHTApUsAMU U cxemMaMu. CienyeT NOMHMTb, YTO pPEUICHHE Kaxa0i yueOHOI
3aa4d JOJDKHO JIOBOJAUTHCS 10 OKOHYATEIbHOI'O JIOTMYECKOTO OTBETa, KOTOPOro Tpedyer
YCIIOBHE, U 110 BO3MOXHOCTH C BBIBOJIOM.

CaMocTrosiTenbHasi MOATOTOBKA K 3a4eTy JOJDKHA OCYIIECTBIATHCS B TEYEHHE BCETO
ceMecTpa, a He 32 HECKOJIBKO JHEH 10 ero nposefeHusd. [Ipyu moaAroToBke K 3a4eTy CTyJEHTaM
PEKOMEHYyETCS:

- IIEPEYnTaTh BCE JIEKIHH, a TAK)KE MaTepuaibl, KOTOPbIE TOTOBUIMCH K IPAKTUYECKUM
3aHATUSAM B TEUEHUE CEMECTpa.

- COOTHECTH 5Ty HH(OpPMAIMIO C BOIpPOCaMHU, KOTOpbIe MJaHbl K 3adery. Ecim
UH(OPMAaILIUK HEJOCTATOYHO, OTBETHI HAXOASAT B MPEAJIOKEHHOI MperoaaBaTesieM JuTepaType.

[Ipn moAroToBKE K 3a4eTy PEKOMEHIYeTCs JienaTh KpaTKhe 3amucH JUisi (OpMUPOBaHUS
YETKOH JIOTUYECKOM CXEMBI OTBETA Ha BOIIPOC.

HceTouyHNKH N Jureparypa AJas NOATrOTOBKU:
OcHoBHasi InTepaTypa

1. MaremaTuueckasi JIoruka U Teopust anroputMmoB: YueOHuk / Ilpynkos A.B., Bonkosa
JLJI. - Mocksa :KYPC, HUL] UTH®PA-M, 2018. - 152 c.: - (bakanaBpuar) - Tekcr :
anexkTpoHHbIN. - URL: https://znanium.com/catalog/product/956763
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JonosHUTeIbLHAS JUTEpPaTypa

1. Cynomnaros, C. B. MaTtemaTnueckas J0ruKka U TEOpHsl aITOPUTMOB ;| yUEOHUK U
NPaKTUKYM Ui akajgemuyeckoro 6akanaspuata / C. B. Cynomnaros, E. B.
OBunHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo FOpaiirt, 2019. — 255 ¢. —
(Beiciiee oopazoBanue). — ISBN 978-5-534-00767-1. — Texkcer : anextponssiii // DbC
IOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputMoB. BBeeHHE B CIIOKHOCTH BEIYUCICHUN : yaeOHOE
nocobue jyist 6akanaBpuara u Maructpatrypsl / B. H. Kpyrickuit. — 2-e uza., ucnp. u
nor. — Mocksa : M3parensctBo FOpaiit, 2019. — 117 c. — (ABTOpCKUl yUeOHUK). —
ISBN 978-5-534-04817-9. — Tekcr : anekrponssiii // OBC FOpaiir [caiit]. — URL:
https://urait.ru/bcode/444131

CamocrosnTenbHasi padoTa no TeMe «OCHOBBI pa3padOTKH M AHAJIN3a AJITOPUTMOB»

Bonpocsr:
1. AJNropuT™M COPpTUPOBKHU BCTaBKOM.
2. Amnanu3 anropuTMa COpTUPOBKH BCTaBKOM.
3. 3amaya COpTUPOBKU BHIOOPOM.
4. AHanu3 anropuTMa COpTUPOBKH BEIOOPOM.
5. Pa3zpaboTka anropuTMa COpTUPOBKH CIUSHUEM.
6. AHanu3 anropuT™Ma COPTUPOBKHU CIUSTHUEM.

MeToauueckue PEKOMEHIAUH

AymuTopHas caMocTosITelIbHas paboTa Mo y4yeOHOM AMCIUIUIMHE OCYIIECTBISETCS Ha
y4eOHBIX 3aHATHUSAX 101 HEMOCPEACTBEHHBIM PYKOBOJICTBOM MPEMNOIaBATENsI U MO €T0 3a/1aHuIO.

BHreaynuropHas camocTosiTeNbHas paboTa BHIIOIHIETCS 0 33aJJaHUIO MIperoiaBaTens 6e3
€ro HEMOCPEICTBEHHOT O yYacTHs.

CamocrosarenbHass pa0oTa CTYIACHTOB IpU MOATOTOBKE K JIEKIMH 3aKIIOYaeTcs B
paccMOTpeHMH OOIIMX HayYHbIX OCHOB M aHallM3€ KOHKPETHBIX MpOIEeccoB MU (HaKTOPOB,
OIPEIEIAIOIHNX CONEPKAHUE TEMBI.

CamocrosiTenbHass paboTa CTYJEHTOB IPU MOJATOTOBKE K MPAKTUYECKOMY 3aHSATHIO
BKJIIOYAET 1M0A00p MaTepualia, JaHHBIX U CIEUUATBbHBIX UCTOYHHUKOB, C KOTOPBIMU MPEJACTOUT
yueOHas paboTa, a TakKe pelIeHHe CUTYallMOHHBIX M MPAaKTUYECKUX 3aJaHui. B cBs3M ¢ aTUM
CTYACHTaM PEKOMEHIYETCs JeTalbHO pa3o0paTh TEOPETUUYECKHE BOIIPOCHI JIEKIIMOHHOTO Kypca,
a 3aTeM 3aKpenuTh MaTepHal B IPOLECCe PELICHUs MPOOJIEMHBIX CUTYallui, 3a/1a4.
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[Ipu camMOCTOATENBHOM pEIICHUH 3aj7ad HYKHO OOOCHOBBIBATH KaXbI 3Tal pelIeHus,
UCXO/I U3 TEOPETUUYECKHUX MOJIOKEHUH Kypca. Eciu CTyaeHT BUAUT HECKOJIBKO MyTEeH PEIIeHUs
npo0JIeMbl, TO HY’)KHO CPAaBHUTHh MX M BBIOpATh CaMblil pallMOHANbHBIN. Perenne mpoOieMHbIX
3aja4 Cclie[lyeT M3jaraTh MOAPOOHO, BBIYMCICHUS PACHojiaraTb B CTPOrOM MOPSAKE, OTIENsSA
BCIIOMOTATEIbHBIC BBIYHMCIICHHS OT OCHOBHBIX. PemeHus npu HCO6XO[[I/IMOCTI/I HYXHO
COIPOBOXKAATh KOMMEHTApUsIMU U cxemMaMmu. CienyeT MOMHHTb, YTO pelIeHHE Kaxa0i yueOHOI
3a/la4i JIOJDKHO JIOBOJUTBHCSA 1O OKOHYATEIbHOI'O JIOTMYECKOI'O OTBETa, KOTOPOro Tpedyer
YCIIOBHE, U 110 BO3MOXHOCTH C BBIBOJIOM.

CamocrosiTenbHasi MOJATOTOBKA K 3a4eTy JIODKHA OCYIIECTBIATHCS B TEUEHUE BCETO
ceMecTpa, a He 32 HECKOJIBKO JHEH 10 ero nposeneHus. [Ipm moaroToBke K 3a4eTy CTyJeHTaM
PEKOMEHIyeTCs:

- IIEpEeUnTaTh BCE JIEKLHH, a TAKKE MaTepUaibl, KOTOPbIE TOTOBUINCH K IPAKTUYECKUM
3aHATUAM B TCUCHUC CCMECTPA.

- COOTHECTH OTy HH(OpPMAIMIO C BOIPOCAMHU, KOTOpbIe MJaHbl K 3adery. Ecmmu
nH(OpMaIMK HEOCTATOYHO, OTBETHI HAXOAT B IPEIJIOKEHHON MPEINOoaBaTesieM JUTEpaType.

[Ipy mOATrOTOBKE K 3a4eTy PEKOMEHIYeTCs JeNaTh KpaTKhe 3amucH JUisi (OpMUPOBaHUS
YETKOM JIOTUYECKOUN CXEMBI OTBETA HA BOIIPOC.

HcTounnku v TuTepaTypa s NOAr0TOBKHU:
OcHoBHas JInTeparypa

1. MaremaTtuueckas JIoruka u Teopusi anroputMoB: YueOHuk / [Ipynkos A.B., Bonkosa
JLLJI. - Mocksa :KYPC, HULl UH®PA-M, 2018. - 152 c.: - (bakanaspuar) - Tekcr :
anekTpoHHbIN. - URL: https://znanium.com/catalog/product/956763

JlomoJIHuTeIbHAS JIUTepaTypa

1. Cynomnaros, C. B. MaTemaTtnueckas J0ruKa U TEOPHsI aITOPUTMOB ;| yYEOHUK U
NPAaKTUKYM JUIsl akageMuueckoro Oakanaspuara / C. B. Cynomnaros, E. B.
OBunHHMKOBA. — 5-€ U31., crep. — MockBsa : U3natensctBo FOpaiit, 2019. — 255 c.
— (Bricmiee oopazoBanue). — ISBN 978-5-534-00767-1. — Tekcrt : 2eKTpOHHBIH //
ObC KOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputMoB. BBeneHne B Cl10KHOCTb BEIYACICHUH :
yuebHoe nocobue ans OakanaBpuara u maructparypsl / B. H. Kpynckuit. — 2-e u3g.,
ucnp. u gon. — Mocksa : M3aarensctBo IOpaiit, 2019. — 117 c. — (ABTOpckuit
yuebHuK). — ISBN 978-5-534-04817-9. — Tekcr : anextponnsiii / ObC KOpaiit
[catiT]. — URL: https://urait.ru/bcode/444131

CamocrositeibHas padora no teme «Poct pyHKknmii»
Bonpocsr:

1. Acumirornyeckue 0003HAUYECHUS.
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2. ®yHKUMHU U Bpems paboTEhI.
3. Acumnrorndeckue 0003HAYCHUS B YPABHEHHSIX M 331a4aXx.
4. CrangapTHble 0003HAYEHHUS M YaCTO BCTpeUaromuecs: (pyHKIUH.

MeToauuecKkue PEeKOMEHIAUH

AynuTopHas caMmoCTosiTeNbHas padoTa 1Mo yuyeOHON MUCHUIUIMHE OCYIIECTBIISAETCS Ha
y4eOHBIX 3aHATHUSAX 101 HEMOCPEACTBEHHBIM PYKOBOJICTBOM MPENOIABATEINSI U [0 €T0 3a/1aHUIO.

Brueaynuropnas camocTosiTeNbHas paboTa BHIIOIHIETCS TI0 33aJJaHUIO MIperoiaBaTens 6e3
€ro HEMOCPEJICTBEHHOI 0 y4acTHs.

CaMocTtosiTennbHasi padoTa CTYACHTOB MpPH TOJATOTOBKE K JICKIIMH 3aKII0YacTcs B
paccMOTpeHHH OONIMX HayYHbIX OCHOB M aHalM3€ KOHKPETHBIX MPOIEeccOB U (haKTOPOB,
OIPEIEIAIOIHNX CONECPKAHUE TEMBI.

CaMmocrtosiTenbHass paboTa CTYAEHTOB IPU MOJATOTOBKE K MPAKTUYECKOMY 3aHSTHIO
BKJIIOYACT HOI[60p Marcepurajia, JaHHbIX W CHCUUAJIbHBIX MCTOYHUKOB, C KOTOPBIMH HNPCACTOUT
yueOHas paboTa, a TaKKe pelIeHHe CUTYallMOHHBIX M MPAKTUYECKUX 3aJaHui. B cBs3M ¢ aTUM
CTYACHTaM PEKOMEHIYETCS JeTaIbHO pa3o0paTh TEOPETUYECKHE BOIIPOCHI JIGKIMOHHOTO Kypca,
a 3aTeM 3aKpENUTh MaTepHrall B IPOIECCce PelIeHUs POOIEMHBIX CUTYallUi, 3a/a4.

[Ipu camoCTOSITENPHOM pPELICHUH 3aJa4 HY>KHO OOOCHOBBIBATh KaXKblil 3Tall peIIeHus,
UCXO/I U3 TEOPETUUYECKHUX MOJIOKEHUI Kypca. Eciu CTyaeHT BUAUT HECKOJIBKO MyTEeH pEelIeHUs
po0JIeMbl, TO HY’KHO CPAaBHUTh MX M BbIOpaTh caMblil palmoHanbHbIN. Pemenue npodieMHbIX
3aja4 Cclie[lyeT M3j1araTh MOAPOOHO, BBIYMCICHUS PACHojiaraTb B CTPOrOM TMOPSAKE, OTIENsSA
BCIIOMOTATEIbHBIC BBIYHMCIICHHS OT OCHOBHBIX. Pemenus npu HGO6XOZII/IMOCTI/I HY>XXHO
COIMPOBOXKAATh KOMMEHTApUsIMU U cxemMaMmu. CienyeT MOMHHTb, YTO PEUICHHE Kaxa0i yueOHOH
3a/a4i JIOJDKHO JIOBOJUTBHCSA JO OKOHYATEIbHOI'O JIOTMYECKOIO OTBETA, KOTOPOro TpedyeT
YCJIOBHUE, U 110 BO3MOXHOCTH C BBIBOJIOM.

CamocrosiTenpbHasi MOJATOTOBKA K 3a4eTy JOJDKHA OCYIIECTBIATHCS B TEUEHUE BCETO
CEMECTpPA, a HE 3a HECKOJIBKO JTHEM J0 €ro nposenecHus. [Ipy moaAroToBke K 3a4eTy CTyAEHTaM
PEKOMEHIYEeTCS:

- IIEpeUYUTaTh BCE JIEKLIMH, & TAK)KE MaTEpHUasbl, KOTOPbIE TOTOBUIUCH K IPAKTUYECKUM
3aHATHUAM B TCUCHUC CEMECTPA.

- COOTHECTH OTy HH(OpPMAIMIO C BOIpPOCaMHU, KOTOpbIE MJaHbl K 3adery. Ecmm
nH(OpMaIMK HEOCTATOYHO, OTBETHI HAXOAT B NIPEIJIOKEHHON MPEIOo/IaBaTesieM JUTEpaType.

[Ipu mOATrOTOBKE K 3a4eTy PEKOMEHIYeTCs JeNaTh KpaTKhe 3amucH JUisi (OpMUPOBAHUS
YETKOM JIOTUYECKOUN CXEMBbI OTBETA HA BOIIPOC.

Hcrouynuku u IuTeparypa 1Jist NOATOTOBKH:
OcHoBHasi InTepaTypa

1. MaremaTtuueckasi JIoTuka u Teopusi anroputMoB: YueOHuk / [Ipynkos A.B., Bonkosa
JLJI. - Mocksa :KYPC, HULl UTH®PA-M, 2018. - 152 c.: - (bakanaBpuar) - TekcT :
anekTpoHHbIH. - URL: https://znanium.com/catalog/product/956763

JlomoJiHuTeIbHAS JIMTepaTypa

1. Cynomnaros, C. B. MaTemaTtnueckas JOruKa U TEOPHsI aITOPUTMOB : yYEOHUK U
MPaKTUKYM JUTsl akageMuueckoro Oakanaspuara / C. B. Cynomnnaros, E. B.
OBuKMHHHKOBA. — 5-€ U31., cTep. — Mocksa : U3narensctBo FOpaiit, 2019. — 255 c.
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— (Bpicmiee ob6pazoBanue). — ISBN 978-5-534-00767-1. — TekcT : 31MeKTPOHHBIH //
OBC Opaiir [caiit]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopust anroputrmoB. BBesieHre B CI0KHOCTh BEIYUCIICHUH :
yaeOHoe nocobue i OakaiaBpuara u Maructparypsl / B. H. Kpynckuit. — 2-e uzn.,
ucrp. u 1on. — Mocksa : U3parensctBo HOpaiit, 2019. — 117 ¢. — (ABTOpCKUiA
yuebHuk). — ISBN 978-5-534-04817-9. — Texkct : anexkrponnsii // 35C KOpaiit
[catiT]. — URL: https://urait.ru/bcode/444131

CamocrosiTesbHasi padora nmo treme «Pa3nensiii u BiaacTByii»
Bomnpocsr:

3aza4a MoMCKa MaKCUMaJIbHOTO ITOJIMACCUBA.

Meroa noACTaHOBKY PEUIEHUSI PEKYPPEHTHBIX COOTHOILIEHUM.
AHanu3 aJropuTMa Io1ucka MakCUMaJIbHOIO II0IMacCUBA.
AnroputMm lllTpaccena i yMHOXKEHUS] MATPHLI.

MeToa NoACTaHOBKH PELICHUs PEKYPPEHTHBIX COOTHOLLIEHUH.
Kak yramate pemenue u n30exaTh OMHUOOK.

3aMeHa IEPEMEHHBIX.

Merton 1epeBbEB PEKYPCHH.

. OcHOBHOH MeTOI.

10. OcHOBHas Teopema O PEeKYPPEHTHBIX COOTHOLLIEHUSX.

11. Mcnionp3oBaHME OCHOBHOI'O METOJA.

DN U W~

MeToauueckue PEKOMEHIAUH

AymuTopHas caMocTosITelIbHas paboTa Mo y4yeOHOM AMCIUIUIMHE OCYIIECTBISETCS Ha
y4eOHBIX 3aHATUAX 101 HEMOCPEACTBEHHBIM PYKOBOJICTBOM MPEMNOIaBATENS U 110 €r0 33JaHUIO.

BHeaynutopHas camocTosiTeNbHas paboTa BBIIOJIHIETCS 0 3aJJaHUIO MTperoiaBaTens 6e3
€ro HENOCPEICTBEHHOIO YYacCTHsI.

CamocrosarenbHass pa0oTa CTYJACHTOB NpU MOATOTOBKE K JIEKIUH 3aKII0YaeTcs B
paccMOTpeHHH OOLIMX HAay4YHBIX OCHOB M aHAJM3€ KOHKPETHBIX IPOLECCOB M (PaKTOPOB,
OIPEIEIAIOIINX CONEPKAHUE TEMBI.

CamocrosiTenbHast paboTa CTYJEHTOB IpPH MOJATOTOBKE K MPAKTUYECKOMY 3aHSITHIO
BKJIIOYAET M0A00p MaTepualla, JaHHBIX U CIEUUAIbHBIX UCTOYHHUKOB, C KOTOPBIMU MPEACTOUT
yueOHas paboTa, a TakKe pelIeHHe CUTYallMOHHBIX M MPAaKTUYECKUX 3aJaHui. B cBs3M ¢ aTUM
CTYAICHTaM PEKOMEHIYETCs JeTalbHO pa3o0paTh TEOPETUUYECKHE BOIPOCHI JIEKIIMOHHOTO Kypca,
a 3aTeM 3aKpEenuTh MaTepHall B IPOLECcCce pelIeHUs MPOOIEMHBIX CUTYallui, 3a/au.

IIpu camocTOATENBHOM pEIICHUH 33j]ad HYKHO OOOCHOBBIBATh KaX/IbI 3Tam perieHus,
HCXOJI U3 TEOPETUYECKUX MOJIOKEHUHN Kypca. Eciu CTyIeHT BUANT HECKOJIBKO MyTEeHW PEIICHMS
npoOJIeMbl, TO HY>)KHO CPaBHUTb UX M BBHIOpaTh caMblil pallMOHaIbHBIN. Perenne mpoOiaeMHbIX
3aja4 Cclie[lyeT M3jaraTh MOAPOOHO, BBIYMCICHUS paclojiaraTb B CTPOrOM TMOPSAKE, OTIENsSA
BCIIOMOTATeNbHbIE BBIYUCIEHUS OT OCHOBHBIX. PerieHuss npu HEOOXOAUMOCTH HYXKHO
COIPOBOXKAATh KOMMEHTApUsAMU U cxemMaMmu. CienyeT HOMHUTD, YTO pelIeHHe Kaxa0i yueOHon
3aa4d JOJDKHO JIOBOJAUTHCS 10 OKOHYATEIBHOI'O JIOTMYECKOTO OTBETa, KOTOPOro Tpedyer
YCIIOBHE, U 110 BO3MOXHOCTH C BBIBOJIOM.
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CaMocrogTenbHas MMOoATOTOBKA K 3a4YCTy MAOJDKHA OCYIICCTBIIATHBCA B TCUCHHUC BCCIO

CeMecTpa, a He 32 HECKOJIbKO JTHEeH 10 ero mposeaeHus. [Ipy MoAroTOBKE K 3a4eTy CTYACHTaM
PEKOMEHIyeTCS:

- IIEpeUUTaTh BCC JICKIHWH, 4 TAKXKE MaTCpHajibl, KOTOPbIC I'OTOBUIIUCHh K IIPAKTHYCCKUM

3aHATUAM B TCUCHUC CCMECTPA.

- COOTHECTHU OJTY I/IH(bOpMaHI/II-O C BOIIpoCaMH, KOTOpPbI€ HdaHbI K 3a4eCTy. Ecmu

uH(pOpPMAIIUK HETOCTATOYHO, OTBETHI HAXOIAT B MPEVIOKCHHOH MpeIoaBaTeieM JuTepaType.

[Ipu moAroToBKE K 3a4eTy PEKOMEHIYeTCs JieNaTh KpaTKhe 3amucH JUisi (OpMUPOBAHUS

YETKOM JIOTUYECKOU CXEMBI OTBETA Ha BOITPOC.

HcToyHHKH 1 Jureparypa AJad NOATOTOBKU:

1.

OcHoBHas1 JiuTEepaTypa

Maremarnueckasi JIoTuka ¥ Teopusi anroputMoB: YueOnuk / [IpynkoB A.B., Bomkosa
JI.JI. - Mocksa :KYPC, HUL] UHOPA-M, 2018. - 152 c.: - (bakanaBpuar) - TekcT :
anextpoHHsid. - URL: https://znanium.com/catalog/product/956763

JlonoTHUTEIbHASI JIUTEpPaTypa

Cynomnaros, C. B. Maremarudeckasi JIoruka ¥ TEOpUs aJITOPUTMOB : YUEOHUK U
MPaKTUKYM JUTsl akageMuueckoro Oakanaspuara / C. B. Cynomnaros, E. B.
OBYMHHUKOBA. — 5-€ u3J., crep. — Mocksa : M3gatensctBo Opaiit, 2019. — 255 ¢. —
(Bricmiee o6pazoBanue). — ISBN 978-5-534-00767-1. — Texkct : anexTpoHHslii // DbC
FOpaiit [caiiT]. — URL: https://urait.ru/bcode/432018

Kpynckuii, B. H. Teopust anropurmoB. BBeieHue B Cl105KHOCTb BBIYUCIEHUH : ydeOHOe
nocobue 11t Oakanaspuara u maructparypsl / B. H. Kpynckuit. — 2-e uzna., ucnp. u
non. — Mocksa : U3narensctBo FOpaiit, 2019. — 117 ¢. — (ABTOpCKUii y4eOHUK). —
ISBN 978-5-534-04817-9. — Texkcr : anexrponusiii / 9bC FOpaiit [caiiT]. — URL:
https://urait.ru/bcode/444131

CamocrosiTeabHast paﬁoTa Imo TeMe ((BCpOﬂTHOCTHbIﬁ AHAJIU3 U PAHIAOMHU3UPOBAHHLIC

aJITOPUTMBD)
Bonpocsr:
1. 3agaua o HaliMe.
2. Amnanu3 HauxyzAlIero ciayyas B 3ajaue o HaiiMe.
3. BeposTHOCTHBIN aHANIH3.
4. PannoMu3MpOBAHHBIE AITOPUTMBL.
5. HWupukaropHas ciiy4aiiHas BeIU4YHMHA.
6. Jlemma 0 MareMaTH4eCKOM OXUJAAHUU MHANKATOPHON CIy4YalHOMN BEIMYHHBI.
7. JlemMma 0 MaTeMaTH4ECKOM OXKUIAAHUU KOJIMYECTBA HAWUMOB.
8. AHanu3 3aJa4u 0 HallMe C MOMOILbIO MHIUKATOPHBIX CITy4alHbBIX BEJTUYHH.
9. 3amauu o rapaepoOIIKe 1 HHBEPCUU MacCUBA.


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

48

10. 3menenwust, KOTOpble TpeOyeTcsi BHECTH B aITOPUTM HaiimMa [yt pangoMuzanun. Koa
CIIy4ailHOM NepeCTaHOBKH.

11. Jlemma 0 MaTeMaTH4eCKOM OXUJAHUU CTOMMOCTU HaliMa C KOJIOM CIIy4aitHOM
MIEPECTAHOBKHU.

12. MaccuBsbl niociie ciiy4yaiiHOM nepecTaHoBKU. JIeMma 0 paBHOMEPHOM pacipe/iesieHUH.

MeToauuecKkue PEeKOMEHIAUU

AynuTopHas caMoCTOsiTeNbHas padoTa 1Mo y4yeOHON MUCHUIUIMHE OCYIIECTBIIAETCS Ha
y4eOHBIX 3aHATHUSAX 101 HEMOCPEACTBEHHBIM PYKOBOJICTBOM MPENOIABATEINSI U [0 €T0 3a/1aHUIO.

Breaynuropnas camocTosiTeNbHas paboTa BHIIOIHIETCS TI0 33aJJaHUIO MIperoiaBaTens 6e3
€ro HEMOCPEICTBEHHOI0 YYacTHsl.

CaMocTtosiTennbHasi padoTa CTYACHTOB MpPH TOATOTOBKE K JICKIIMH 3aKII0YacTcs B
paccMOTpeHHH OOIIMX HAayYHBIX OCHOB M aHalM3€ KOHKPETHBIX MPOIECCOB M (HaKTOPOB,
ONPEIEIAIOIHNX CONECPKAHUE TEMBI.

CamocrtosiTenbHass paboTa CTYJEHTOB IpPH MOJATOTOBKE K MPAKTUYECKOMY 3aHSITHIO
BKJIFOYACT HOI[60p Marepurajia, JaHHbIX W CHCUUAJIbHBIX MCTOYHUKOB, C KOTOPBIMH HNPCACTOUT
yueOHas paboTa, a TaKKe pelIeHHe CUTYallMOHHBIX M MPAKTUYECKUX 3aJaHuil. B cBs3u ¢ 3TuM
CTYACHTaM PEKOMEHIYETCS JeTaIbHO pa3o0paTh TEOPETUYECKHE BOIIPOCHI JIGKIIMOHHOTO Kypca,
a 3aTeM 3aKpENUTh MaTepHrall B IPOIECCe PElIeHUs TPOOIEMHBIX CUTYallUi, 3a/1a4.

[Ipu camMoOCTOSITENEHOM pPELIEHUH 3aJa4 HY>KHO OOOCHOBBIBATh Ka)Kblil 3Tall pEIIEeHUs,
UCXO0/I U3 TEOPETUUECKUX MOJIOKEHUHN Kypca. Eciii CTyIeHT BUAUT HECKOJIBKO MyTEH pelIeHUs
npo0JIeMbl, TO HY’)KHO CPaBHHUTH MX M BBIOpATh CaMblil pallMOHANBHBIA. Penenue nmpoOieMHbIX
3a]a4 Cclie[yeT H3jiaraTh MOAPOOHO, BBIYMCICHUS pPacCHojiaraTb B CTPOrOM MOPSAKE, OTIENsS
BCIIOMOTATEIbHBIC BBIYHMCIICEHHS OT OCHOBHBIX. PemeHus Ipn H€O6XOI[I/IMOCTI/I HYXXHO
COTIPOBOXKAATh KOMMEHTAPUSAIMU U cxeMamu. CenyeT MOMHUTh, YTO PElIeHHUEe KaXI0i yuyeOHoi
3a/la4il JIOJDKHO JIOBOJUTBHCSA JO OKOHYATEIbHOI'O JIOTMYECKOIO OTBETA, KOTOPOro TpedyeT
YCJIOBHUE, U 110 BO3MOXHOCTH C BBIBOJIOM.

CamocrosiTenpbHasi MOJATOTOBKA K 3a4eTy JIODKHA OCYIIECTBIATHCS B TEUEHUE BCETO
CEMECTpPA, a HE 3a HECKOJIbKO JTHEW 0 ero npoBeleHus. [Ipu moaroroBke K 3a4eTy CTyIEeHTaM
PEKOMEHIYEeTCS:

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

- COOTHECTH OTy HH(OpPMAIMIO C BOIpPOCaMHU, KOTOpbIe MJaHbl K 3adery. Ecmm
nH(pOpMaIUK HEJOCTATOYHO, OTBETHI HAXOAT B TIPEIJIOKEHHON MPEINOoIaBaTesieM JTUTEpaType.

[Ipu mOATrOTOBKE K 3a4eTy PEKOMEHIYeTCs JIeNaTh KpaTKhe 3amucH JUisi (OpMUPOBAHUS
YETKOM JIOTUYECKOM CXEMBbI OTBETA HA BOIIPOC.

Hcrouynuku u iuTepaTrypa 1Jisi NOATOTOBKH:
OcHoBHasi InTepaTypa

1. Maremartudeckas JOTHKa U Teopust anropuTmoB: YueOHUK / IIpymnkoB A.B., Bonkosa
JI.JI. - Mocksa :KYPC, HULl UHOPA-M, 2018. - 152 c.: - (bakanaBpuar) - Tekcr :
anekTpoHHbIH. - URL: https://znanium.com/catalog/product/956763

JlomoJiHuTeIbHAS JIMTepaTypa
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1. Cynomnaros, C. B. MaTtemaTnueckas J0ruKka U TEOpHsl aITOPUTMOB : yUEOHUK U
MPaKTUKYM JUIs akajeMuueckoro Oakamaspuara / C. B. Cynomnaros, E. B.
OBYMHHUKOBA. — 5-€ u3J., crep. — Mocksa : M3gatensctBo KOpaiit, 2019. — 255 ¢. —
(Beiciiee oopazoBanue). — ISBN 978-5-534-00767-1. — Texkcr : anextponHsiii // DbC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputmoB. BBezienne B ClioKHOCTh BBIYUCICHUH : yaeOHOE
nocoOue juist GakanaBpuara u Maructpatypsl / B. H. Kpynckuii. — 2-e u3n., ucnp. u
nor. — Mocksa : M3parensctBo FOpaiit, 2019. — 117 c. — (ABTOpCKUl yU4eOHUK). —
ISBN 978-5-534-04817-9. — Tekcr : anexkrponssiii // 3BC FOpaiir [caiit]. — URL:
https://urait.ru/bcode/444131

CamocrosiTeibHAas padoTa 110 TeMe «AJITOPUTMbI COPTHPOBKID)

Bonpocsr:
1. Tlapagokc qHEH pokaeHUS.
2. AHanu3 ¢ NpUMEHEHUEM UHUKATOPHOM ciy4ailHON BETMYUHBI.
3. CnydaiiHO€ HaNOJIHEHWE KOP3UH IPOHYMEPOBAHHBIMHU LIApaMHU.
4. TlocnenoBaTenbHOCTh BBINAIEHUS OPJIOB.
5. 3apaua o Haiime B OIIEPATUBHOM PEKUME.
6. BeposTHOCTHBIN OACYET.
7. 1loucCk B HEOTCOPTUPOBAHHOM MacCCHBE.

Meroanyeckue peKoMeHIaAHU

AynutopHas camocTosITeNbHas padoTa Mo y4eOHOM IMCHUIUIMHE OCYIIECTBISIETCS Ha
y4eOHBIX 3aHATHSX MO HEMOCPEICTBEHHBIM PYKOBOJCTBOM MPEMOAABATENS U IO €ro 3a/laHHIO.

BueaynurtopHas camocTosiTenbHasi padoTa BBIIOJIHIETCS 110 3aJaHUI0 IIpernoaaBarens 0e3
€ro HEMOCPEACTBEHHOIO YYacCTHsl.

CaMmocrosiTenbHasi paboTa CTYAEHTOB IpPH MOArOTOBKE K JIEKIIMM 3aKJIlo4yaeTrcs B
paccMOTpeHMH OOIIMX Hay4yHBIX OCHOB M aHalU3€ KOHKPETHBIX MpOIEeccOB U (HaKTOPOB,
ONPENEIAIOMHNX CONEPKAHUE TEMBI.

CamocrosiTenbHast paboTa CTYJEHTOB IpPH IOJArOTOBKE K MPAKTUYECKOMY 3aHSITHIO
BKJIIOYAET 1M0A00p MaTepualia, JaHHBIX U CIEUUAIBbHBIX UCTOYHHUKOB, C KOTOPBIMU MPEJACTOUT
yueOHas paboTa, a TakKe pelleHHe CUTYallMOHHBIX M MPAaKTUYECKUX 3aJaHuil. B cBs3u ¢ aTuM
CTYAICHTaM PEKOMEHIYETCs JeTalbHO pa3o0paTh TEOPETUUYECKHE BOIPOCHI JIEKIIMOHHOTO Kypca,
a 3aTeM 3aKpEeNuTh MaTepHrall B IPOLECCe pelIeHUs TPOOIEMHBIX CUTYallui, 3a/ay.

IIpu camocTOATENBHOM pEIICHUH 33jjad HYKHO OOOCHOBBIBATh KaX/IbI 3Taml perieHus,
HCXOJI U3 TEOPETHUYECKUX MOJIOKEHUH Kypca. Ecii CTyIeHT BUIUT HECKOJIBKO ITyTEH pelIeHus
npo0JeMbl, TO HY>)KHO CPaBHHUTh UX M BBIOpaTh CaMblil pallMOHANbHBIA. Pemenue npoGieMHbIX
3aja4 Cclie[lyeT M3jaraTh MOAPOOHO, BBIYMCICHHS paclojiaraTb B CTPOrOM TMOPSAKE, OTIENsSA
BCIIOMOTATeNbHbIE BBIYUCIEHUS OT OCHOBHBIX. PelleHus npu HEOoOXOAMMOCTH HYXKHO
COTPOBOXKAATh KOMMEHTApUsAMHU U cxemamu. CienyeT MOMHHUTh, YTO pElIeHHEe KaX10i yueOHoi
3aa4d JOJDKHO JIOBOJAUTHCS 10 OKOHYATEIBHOI'O JIOTMYECKOTO OTBETa, KOTOPOro Tpedyer
YCIIOBHE, U 110 BO3MOXHOCTH C BBIBOJIOM.
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CamocrosiTenbHasi MOJATOTOBKA K 3a4eTy JIOJDKHA OCYIIECTBIATHCS B TEUEHUE BCETO
ceMecTpa, a He 3a HECKOJIBKO JIHEeW 110 ero nposeaeHus. [Ipu moaAroToBke k 3a4ery CTyAeHTam
PEKOMEHIyeTCs:

- IIEpPEeUnTaTh BCE JIEKLHH, a TAKKE MaTepUaibl, KOTOPbIE TOTOBUINCH K IMPAKTUYECKUM
3aHATUAM B TCUCHUC CECMECTPA.

- COOTHECTH 9Ty HH(OpPMAIMIO C BOIPOCaMHU, KOTOpbIe MJaHbl K 3adery. Ecmm
uH(pOpPMAIIUK HETOCTATOYHO, OTBETHI HAXOIAT B MPEJIOKEHHOH MpeIo1aBaTeieM JUTepaType.

[Ipu moAroToBKE K 3a4eTy PEKOMEHIYeTCs JieNaTh KpaTKhe 3amucH JUisi (OpMUPOBAHUS
YETKOM JIOTUYECKOW CXEMBI OTBETA Ha BOITPOC.

HcToyHuKH M TUTEpaTypa Il NOATOTOBKH:
OcHoBHas JIUTEepaTypa

1. MaremaTuueckasi JIoTuka U Teopust anroputMmoB: YdeOnuk / Ilpyukos A.B., Bonkosa
JLJI. - Mocksa :KYPC, HUL| UH®PA-M, 2018. - 152 c.: - (bakanaBpuar) - Tekcr :
anekTpoHHbIN. - URL: https://znanium.com/catalog/product/956763

JonoHUTeILHAS JTUTEpPaTypa

1. Cygpomuaros, C. B. MaTemaruueckas JIOTHKa U TEOPUs aJITOPUTMOB : y4EOHUK U
NPaKTUKYM Ui akajgemudeckoro 6akanaspuata / C. B. Cynomnaros, E. B.
OBunHHMKOBA. — 5-€ U31., crep. — Mocksa : U3natensctBo FOpaiir, 2019. — 255 ¢. —
(Bricmiee obpazoBanue). — ISBN 978-5-534-00767-1. — Texkct : anexkTpoHHsIi // 9bC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/432018

2. Kpynckuii, B. H. Teopus anroputmoB. BBezieHne B clio’KHOCTh BBIYMCICHUH : yueOHOE
nocoOue Juist 6akanaBpuara u Maructpatypsl / B. H. Kpynckuil. — 2-e uzn., ucnp. u
nor. — Mocksa : M3garensctBo FOpaiit, 2019. — 117 c. — (ABTOpCcKUl yueOHHK). —
ISBN 978-5-534-04817-9. — Tekcr : anextponssiit // 3BC FOpaiir [caiit]. — URL:
https://urait.ru/bcode/444131
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Coneprxanue U3MEHEHUs

W3MeHeHHbIE TyHKTBI

Peumienue YuebOHo-
METOAUYECKOTO
coBeTa
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