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IHACIIOPT ®OHJA OHEHOYHBIX CPEACTB

INIEPEYEHb OHIEHOYHBIX CPEJICTB

OIMCAHME INOKA3ATEJEA U KPUTEPUEB OLIEHUBAHWSI KOMIETEHIIAIA
METOAUYECKHUE MATEPUAJIBI, ONPEJIEJAIOIIME ITPOLEAYPbI
OIIEHUBAHUSA PE3YJIBTATOB OBYUEHUSA, XAPAKTEPU3YIOIIUX 3TAIIbI
®OPMHUPOBAHUS KOMIETEHIIAM

MATEPHUAJIBI JJIA ITPOBEAEHUA TEKYINEI'O KOHTPOJIA U
MPOMEXYTOUYHOM ATTECTAILIAH



1. HACHOPT ®OHJIA OHEHOYHbIX CPEACTB

o aucuuruinae «Teopus anropuTMoB»

OneHoYHBIE CpEACTBA COCTABJSIIOTCS B COOTBETCTBHMM C pabouell MporpaMMmoi
JUCUUTUTMHBL U TIPEACTABISIIOT cO00 COBOKYMHOCTh KOHTPOJIBHO-M3MEPHUTEIBHBIX MaTepHAIOB
(TunoBble 3amauM (3a7aHMsI), KOHTPOJbHBIE PAaOOTHI, TECTHl M Jp.), MpeIHA3HAYCHHBIX IS
U3MEPEHUs YPOBHS TOCTHKEHHUS 00yUYarOIIUMUCS YCTaHOBIIEHHBIX PE3YIbTaTOB 00yUEHUSI.

OneHouyHbIE CpelCTBA HUCIOJB3YIOTCS MpPH MPOBEACHUU TEKYIIEr0  KOHTPOJIS
yCIIEBAEMOCTH M IPOMEKYTOYHON aTTECTALIUU.

Tabmuuma 1 - Ilepeuenp KommeTeHUMH, (OPMHPYEMBIX B IPOLECCE OCBOCHHS
JUCLUIINHEI
Koxa
HaumenoBanue pe3ysbTara 00y4eHus
KOMIIETCHIIUH
[1K-7 CrnocobeH K pa3paboTKe U NPUMEHEHUIO AJIFOPUTMUYECKUX U IPOTrPaMMHBIX

pemieHU B 00JIACTM  CHCTEMHOTO M TIPHUKJIAJAHOTO  MPOTPAMMHOIO
obecnieueHus

[IK-7.1. 3HaeTr TeOpeTUYECKHE OCHOBBI pa3pabOTKH NPOrPaMMHBIX U
QITOPUTMUYCCKUX PEHNICHHA B OOJACTH CUCTEMHOTO H  TPHUKIIATHOTO
MPOrpaMMHOTO 00€CIIeUeHUs; MaTeMaTHYECKHE METOJBl PEIICHUs 3ajaad,
MPOLEAYPHBIA U OOBEKTHO-OPUEHTUPOBAHHBIM TMOJXOJBI K pa3paboTke
MH)OPMALIMOHHBIX ~ CHCTEM;  aKTyalbHble  MmpobiemMbl B 00JacTH
MIPOrPAMMHUPOBAHMS; METOJIBl M TEXHOJIOTHM NPOTrpaMMHPOBAHUSA; S3bIKU
MPOrPAMMHUPOBAHKS, OCHOBBI TEXHOJIOTUM MOJAYJIBHOI'O IMPOrPAMMHUPOBAHMS
Ha SI3bIKaX BBICOKOTO YPOBHS.

[IK-7.2. YMeeT nmpuMEHUTh MaTeMaTHUYECKUH METOJ JUIsl PELICHUs 3a]1auyu;
noAgoOpaTh palMOHATBHYIO TEXHOJIOTHIO MPOTPAMMHPOBAHMS [JISl PEIICHUS
npodeccnoHaNbHOM  3alayl; Cco3[aBaTh MpPOTpaMMHBIE TPOAYKTHI H
QITOPUTMUYECKUE PEIICHUsT B O0JaCTH CHUCTEMHOTO M MPHUKIATHOTO
MIPOrPaMMHOTO OOECTICUeHHSI.

[IK-7.3. Bnaneer HaBbIKAMM TNPUMEHEHHS] MAaTeMaTHYECKUX METOJOB s

peuieHus 3aga4 M IPUMEHEHUs CTAHAAPTHBIX QJITOPUTMOB; HaBBIKAMHU
pa3paboOTKW U CO3/aHUsl AITOPUTMUYECKHMX U IPOrpaMMHBIX pELIEHU B
o0JIaCTM  CHCTEMHOTO M IPHUKIAJHOIO MPOrpaMMHOr0O  OOecHedeHus;
HaBbIKAMHU pa3pabOTKH MPOTPAMMHBIX MPHIIOKEHUH C HCIOIb30BAaHUEM

COBPCMCHHBIX A3BIKOB IMIPOIrpaMMUPOBAHUA.

KoHeuHbIMu pe3yibTaTaMH OCBOCHHS JUCIHMIUIMHBI SBISIOTCA  chOpMUpOBaHHBIE
KOTHUTUBHBIE JECKPUITOPBI «3HAaTh», «YMETb», «BIAACThb», PACHUCAHHBIE IO OTACIbHBIM
KoMIleTeHIIMAM. POpMHUpPOBAaHUE IECKPUIITOPOB IIPOUCXOAUT B TEUEHUE BCETO CeMecTpa II0
JTalmaM B paMKaX KOHTaKTHOM paboThl, BKJIIOYAIOMIEW pa3IuyHble BUABl 3aHATHUH U
CaMOCTOSATENIFHON palOThl, C MPUMEHEHUEM pa3IMYHBIX (HOpM U METOM0B 00ydeHus (Tadi.2).




Tabnuia 2 - opMupoBaHre KOMIETEHIIMI B TPOLECCE U3YyYEHUS TUCHIUTUIHHBL

Kon YpoBeHb WNHuKaTophl TOCTHKEHUSA KOMIIETEHIIUN Buj yue6ubix 3amsTuii’, | Kontpomupyemsie pasjenst u | OleHOUYHbIE
KOMIIETE€ | OCBOCHHS paGoTEI, GOPMEI ¥ METOIBI | TEMBI AUCIUILIAHBL CpencTBa,
130005031 KOMITETCHITU I o0y4eHus, UCIIOJIB3YEMBIE IS
CHOCOOCTBYIOIIHE OLICHKH YPOBHS
(bopMHpOBaHHUIO u c(OPMHPOBAHHOCTH
Pa3BUTHIO KOMIIETEHIIHI KOMITETCHIIUH
TIK-7 3naem
Henocratounsnii | [IK-7. CrymenT He 3HaeT Teoperuueckue | JICKIIMOHHBIE u | Paznen 1. Ponp anropurmoB | Tekymuii KOHTpOJIb
YPOBEHb OCHOBBI  pa3pabdOTKM  MPOTPAMMHBIX  H | IPAKTHYECKUE  3aHATHUS, | B BBIYACICHUSAX. — YCTHBII ormpoc,
AITOPUTMUYECKUX  pelleHud B o0jactu | caMocTosTenbHas pabora | Pasmen 2. OCHOBBI | KOHTPOJIbHAA
CUCTEMHOIO M IMPHUKJIAJHOTO MPOTrPaMMHOIO | 00ydaroIuxcs, pazpaboTku ¥ aHanu3a | pa0oTa.
obecrnieueHus; MaTeMaTUYECKHe METOJBbl | MOJArTOTOBKA M CJayda | aifOPUTMOB.
pelieHus 3aaad, MPOICIYPHBIM M OOBEKTHO- | TPOMEKYTOUHOM Paznen 3. Poct GpyHKIIUH.
OPUEHTHUPOBAHHBIA TMOAXOABI K Ppa3pabOTKE | aTTECTAIlHH. Pazgen 4. Pazpensii wu

WH()OPMALIMOHHBIX ~ CHUCTEM; aKTyaJbHBIC
po0GIeMbI B 00JIaCTH MPOTPaMMHUPOBAHUS.

CTYIIGHT HC 3HACT OCHOBHBIC TIPWHIMIIBI
MOCTPOCHUA TIOHMCKOBLIX, COPTHPYHOIIUX U
BBIYHMCIINTCIBHBIX AJITOPUTMOB, OCHOBBI

CTpaTeruu pa3paboTKH allrOPUTMOB.

CtyaeHT He yMeeT OIpeAeNsaTh Hauxyjaiiee u
cpenHee Bpems pabOThl aNTOPUTMOB; BBIOUPATH
W TPUMEHATh  pPa3U4yHbIE  METOAbl  JJIS
pa3paboTku aJITOPUTMOB; MIPOBOJUTH
cpaBHHUTENbHBIM. He Brageer TEXHOJOTUIMHU

BJIACTBY.

Paznen 5. BeposiTHOCTHBINM
aHaIu3 u
PaHIOMU3UPOBAHHbIE
AITOPUTMBI.
Pazgen 6.
COPTUPOBKH.

AnropuTMmel

! JleKuMOHHbBIE 3aHATHS, IPAKTUYECKUE 3aHATHS, TA0OPATOPHBIE 3aHATHS, CAMOCTOSTENbHAs paboTa. ..
2 HeoOX0MMO yKa3aTh aKTUBHbIE M HHTEPAKTUBHBIE METOIbI 00yUeHHUs (HAPUMED, MHTEPAKTUBHAS JIEKIUs, pab0oTa B MabIX IPYNIAX, METObl MO3rOBOIO INTYPMa M T.J1.),
CIOCOOCTBYIOIIHE PA3BUTHIO Yy 00yUAIOIINXCS HABBIKOB KOMAaHIHOM PabOTHI, MEKIMIHOCTHON KOMMYHUKAINH, IPUHATHS PEIIeHUH, TUASPCKIX KadeCTB.
% Haumenosanue TeMbl (pasjena) 6epercs u3 paboueii IIporpamMmMbl JUCIUIUIMHBL.

4 OLeHOYHOE CPEICTBO JIOJKHO BHIOHPATHCS C YUETOM 3alIaHUPOBAHHBIX PE3YJIbTATOB OCBOCHHUS IUCIUUILIMHBI, HAPUMED:

«3HaTh» — cobeceloBaHNE, KOJUIOKBHYM, TECT. ..
«YMeTb», «Bnanets» — MHIUBHUTya bHBIA WK TPYIIIIOBOM MMPOEKT, Kelc-3a1a4a, AesoBas (poseBast)

urpa, noptdoimo. ..




OIICHKH s dexTuBHOCTH AITOPUTMOB;
HaBBIKAMHU  JIOKA3aTEIbCTBA  KOPPEKTHOCTH
AJITOPUTMOB; HaBBIKAMU IPOU3BOIUTH

AITOPUTMHU3ALMIO M aHAIN3 BPEMEHU pPabOTHI
aJIrOPUTMOB.

bazoBrIii [1IK-7.1. CryneHt uMeeT | JIekiimoHHEIE u | Pazgen 1. Ponp anroputmoB | Tekymuii KOHTPOJIb
YpOBEHb HECUCTEMATHU3UPOBAaHHbBIC 3HAHUS | IPAKTUYECKUE  3aHSTUS, | B BBIYMCICHUSAX. — YCTHBI ormpoc,
TEOPETUYECKUX OCHOB pa3paboTku | camocTosiTenbHas pabota | Paznen 2. OCHOBBI | KOHTPOJIbHAS
IIPOrPaMMHBIX M aJITOPUTMUYECKUX PELIEHUH B | 00yJaroumxcs, pazpaboTku ¥ aHanu3a | paboTa.
o0JlacTM ~ CHUCTEMHOr0 M HPUKIAJHOrO | MOArOTOBKA M cJaya | alrOpPUTMOB.
IIPOrPaMMHOTO OOECIeUeHus; MaTEMATUYECKUX | IPOMEKYTOUHON Paznen 3. Poct dpynkuuii.
METOJIOB pEIICHHs 3aJ]ad, IPOLEAYPHOIO MU | aTTeCTalyu. Pasnen 4. Paspensait n
00BEKTHO-OPUEHTHPOBAHHOTO  TOJX0/Aa K BIIACTBYH.
pas3paboTke UH(POPMALIMOHHBIX CHUCTEM,; Pasnen 5. BepostHOCTHBIN
aKTyaJbHBIX npobiieM B obnactu aHaIu3 u
IIPOrpaMMUPOBAHHUS paHIOMU3HPOBAHHbIE
CTyneHT uMeeT  HeCcHUCTeMaTU3UPOBAaHHBIE QJITOPUTMBI.
3HAHWE OCHOBHBIX IPUHIMIIOB ITOCTPOCHMUS Pazmen 6.  Anropurmsl
MTOMCKOBBIX, COPTUPYIOILINX u COpPTUPOBKH.
BBIYHCIIUTEIBHBIX aJIITOPUTMOB, OCHOBBI
CTpaTeruu pa3paboTKU aJITOPUTMOB.
Cpennnii IIK-7.1. CtyneHT 3HaeT OCHOBHOE cojepkaHue | JIeKImoHHbIe u | Paznen 1. Ponp anroputmoB | Tekymuii KOHTPOJb
YpOBEHb MaTtepuaia JUCIUIIINHBL. CTyneHT | mpakTUYEeCKUe  3aHATHUS, | B BBIUUCICHUSIX. — YCTHBII ormpoc,
CaMOCTOSITEIILHO BBIJIETISIET riIaBHbIE | paboTa B Majblx rpymmnax, | Pazmen 2. OCHOBBI | KOHTPOJIbHAS
MOJIOKEHUS B N3YYEHHOM MaTepHaile. WHTEpAaKTHBHAs  JIEKUus, | pa3paboTKM U aHaiwu3a | paborta.
3HaeT TEOpPETHYECKHE OCHOBBI Ppa3pabOTKH | TUCKycCHS, aJITOPUTMOB.
MIPOrpaMMHBIX M aJrOPUTMUYECKUX PELIeHUH B | camocTosATenbHass padorta | Paznen 3. Poct GpyHKImil.
o0llacTH  CHUCTEMHOI0 M  HPUKIAJHOTrO | 0Oyyarommxcs, Paznen 4. Pazpensait n
MPOrpaMMHOTO OOECreueHus; MaTeMaTHUecKue | MOAroTOBKa W cJjaya | BIACTBYH.
METOABl pEUICHUs 3a4ad, IPOLECAYPHBIA H | IPOMEKYTOUYHON Pasgen 5. BeposATHOCTHBIN
OOBEKTHO-OPUEHTUPOBAHHBIM  MOAXOMbl K | aTTECTallUH. aHayn3 u
pa3paboTke MH(POPMALIMOHHBIX CHUCTEM; paHIOMU3HPOBAHHbIE




aKTyaJbHBIC POOIEMBI B obyactu
MPOrPaMMHUPOBAHHSL.

CtyneHT  3HaeT  OCHOBHBIC
MMOCTPOCHHSI TIOUCKOBBIX,
BBIYUCIIUTEIIbHBIX JITOPUTMOB, OCHOBBI
CTpaTernu  pa3padOTKH  aJITOPUTMOB,  HO

J0IYCKACT HE3HAYUTCIIbHBIC OIIINOKHU

IIPUHLIUIIBI
COPTUPYIOLIUX H

QJITOPUTMBI.
Pasnen 6.
COpPTHUPOBKH.

ANropuTMBI

Bricokuii [IK-7.1. CrymeHT camMoCTOATENbHO BbIACHSCT | JICKIIMOHHBIC u | Paznen 1. Ponp anropurmoB | Texkymuii KOHTPOJIb
YPOBEHb [JIABHBIE MOJIOKEHUS B U3yYEHHOM MaTepuaie. | IPaKTUYECKUE  3aHSTHS, | B BBIYMCICHUSIX. — YCTHBIM ompoc,
3HaeT TEOpPEeTUYECKUE OCHOBHI pa3paboTku | paboTa B MalbIX rpynmnax, | Pazmen 2. OCHOBBI | KOHTPOJIbHAS
MPOrPaMMHBIX M aJTOPUTMUYECKUX PELICHUN B | HHTEpAaKTUBHAs  JIeKIHMs, | pa3paboTku ¥ aHanu3a | paboTa.
o0JacTH  CHUCTEMHOTO0 M HIPUKIAJHOTO | JUCKYCCHS, aJITCOPUTMOB.
MIPOrpaMMHOTO OOECIeueHus; MaTeMaTHUeCKue | camocTosATelnbHas padorta | Pazmen 3. Poct dyHKImii.
METOABl pelIeHus: 3ajad, MPOUEAYPHBIA | | oOydaroumxcs, Pazgen 4. Paspensaii u
O0BEKTHO-OPUEHTUPOBAHHBIM  MOAXOIbI K | MOATOTOBKA W cJaya | BIACTBYH.
pa3paboTke UH(HOPMAITMOHHBIX CHCTEM; | MPOMEKYTOUHOMN Paznen 5. BeposiTHOCTHBIN
aKTyaJbHbIE po0OIIeMbI B o0jacTu | aTTecTallHH. aHaIu3 u
MPOrpaMMHUPOBAHUSI. paHI0MU3UPOBAHHbIE
CrygeHT 3HaeT MNPUHUUIBI  HOCTPOEHUS ITOPUTMBI.
MMOUCKOBBIX, COPTUPYIOIIUX u Paznen 6. ANTOPUTMBI
BBIYMCIIUTEIIbHBIX aJIrOpPUTMOB; OCHOBBI COPTUPOBKH.
CTpaTeruu pazpabOTKH aJlrTOPUTMOB.
Ymeem
ba3zoBbrit [IK-7.2. CryneHT WCOBITBIBACT 3aTpyaHeHHs | JIeKIMOHHBIE u | Pazgen 1. Posnp anropurmoB | Texkymmii KOHTpOJIb
YPOBEHb npu BEIOODE CTpaTeruu pa3paboTKu | MPaKTUYECKHE  3aHSATHS, | B BBIYUCICHUSX. — YCTHBIM ompoc,
AITOPUTMOB. paboTta B MaibIX rpynnax, | Pasmen 2. OCHOBBI | KOHTPOJIbHAS
CryneHT ymeeT Ha 6a30BOM YpOBHE MPUMEHUTH | UHTEPAKTUBHAS  JIEKLHWs, | pa3pabOTKM W aHanm3a | paborta.
MaTeMaTHYeCKU METOJ Ui pelleHHs 3aJaul; | IUCKYCCHS, aJITOPUTMOB.
nmonoopath paLOHAaIbHYIO TEXHOJIOTHIO | camocTosiTenbHas pabota | Pasnen 3. Poct dyHkimid.
MPOrpPaMMHUPOBAHUS TSt pereHus | 00yJarommxcs, Paznen 4. Paznmensii wu
npogeccuoHaTbHON 3a/1a4y; CO37aBaTh | MOATOTOBKA M cJaya | BIAcTBY.
MPOrPAMMHBIE TPOAYKTHI W AJITOPUTMHUYECKHE | POMEKYTOUHOMN Paznen 5. BeposTHOCTHBINM
pemieHHst B 00JacTW  CHUCTEMHOTO U | aTTeCTalluU. aHaJIN3 u




MPUKJIAHOTO MPOTPaAaMMHOI0 00eCIIeYeHHUS. PaHIOMU3UPOBAHHBIE
CTyneHT HWCHBITBIBAET  3aTPyJHEHUS  IpU QJITOPUTMBI.
ONpENEICHUN  HAUXYALIEr0 W CPEJHEro Pazgen 6.  Anropurtmsl
BpeMeHU paboThl aJIrOpPUTMOB; BBIOOpE U COpPTUPOBKH.
MPUMEHEHUH  PAa3JIMYHbIX  METOJIOB  JUIS
pa3paboTku QJITOPUTMOB; MPOBEJICHUU
CPaBHHUTEJIBHOTO aHajdu3a BPEMEHH pabOThI
AJITOPUTMOB.
Cpennuit [IK-7.2 Crynent yMeer MPUMEHUTH | JIeKIMOHHBIE u | Paznen 1. Ponp anropurmoB | Tekymuii KOHTpOJIb
YpOBEHb MaTeMaTUYeCKU METOJ Ui PELICHUs 3aJauM; | IPAaKTUYECKUEe  3aHSTHS, | B BBIYMCICHUSAX. — YCTHBII ormpoc,
nonoopath palMOHAIbHYIO TEXHOJOTHIO | paboTa B MalbIX rpymmax, | Paznmen 2. OCHOBBI | KOHTpOJIbHAs
[IPOrpaMMHUPOBAHHUS JUISL pelleHys | UHTepaKTUBHAs  JIeKUHMs, | pa3paboTku ¥ aHanu3a | paldoTa.
npodeccnoHanbHOM 3a/1a4u; CO3/1aBaTh | JIUCKYCCHS, QITOPUTMOB.
MpOrpaMMHBIE TIPOJYKTHl U aJTOPUTMHUYECKUE | caMocTosiTelbHas pabota | Pasmen 3. Poct dyHkmmid.
pemieHds B o0JacTd  CHUCTEMHOTO M | oOydaromuxcs, Pazgen 4. Paszpensii wu
MIPUKJIAHOTO POrPaMMHOI0 00€CIICUEHHUS. IOATOTOBKA M cJlada | BIACTBYM.
CryaeHT yMmeeT OmnpeaensaTb Hauxyaulee U | IPOMEXYTOYHOU Pazgen 5. BeposTHOCTHBII
cpenHee Bpemsi pabOThl alTOPUTMOB; BBIOUPATh | aTTECTALUH. aHaJn3 u
U OPUMEHATH  pa3iIUYHbIE  METOABI  JUIA paHIOMU3HPOBAHHbIE
pa3palboTKu AJITOPUTMOB; IIPOBOAUTH QJITOPUTMBI.
CPAaBHUTENbHBI aHATU3 BpPEMEHU pPaOOTHI Pazmen 6.  Anropurmsl
QITOPUTMOB, HO JOIIYCKAae€T HE3HAYUTEIbHBIC COpPTUPOBKH.
OLIMOKH.
Beicoknii [IK-7.2. CrymeHT yMmeeT aHaMM3WpoBath | JICKIMOHHBIE u | Paznen 1. Posnp anropurmoB | Tekymuii KOHTpOJIb
YPOBEHBb MIPUKJIAJHYIO 3a/lady, HAXOAUTh ONTUMAJIbHBIE | IPAKTUYECKUE  3aHATHS, | B BBIYMCIICHUSX. — YCTHBIM oIIpoC,
METO/IBI €€ PEIICHHUS. paboTta B MaibIXx rpynnax, | Pasmen 2. OCHOBBI | KOHTPOJIbHAS
CryneHT  cBOOOJHO  yMeeT  NPUMEHUTH | MHTEpaKTUBHAs  JIEKIHs, | pa3pabOTKu M aHanu3a | pabora.
MaTeMaTHYeCKUi METOJ JUIsl pelIeHUs 3a/1aull; | JUCKYCCHUs, QITOPUTMOB.
nofo0paTe  palMOHANBHYIO  TEXHOJIOTHIO | caMocTosiTenbHas pabota | Pasnen 3. Poct QpyHkiuii.
MPOrPaMMHUPOBAHUS it perieHus | 00yJaromuxcs, Paznen 4. Paznmensii wu
npogeccuoHaTbHON 3a/1a4y; CO3/1aBaTh | MOATOTOBKA W cJaya | BIACTBYH.
MPOrPAMMHBIE MPOAYKTHI U AITOPUTMUYECKHUE | TPOMEKYTOUHOU Paznen 5. BeposTHOCTHBINM
pemieHHst B 00JaCTM  CHUCTEMHOTO W | aTTECTAllMH. aHaJIn3 u




MPUKJIAHOTO MPOTPaMMHOI0 00ecIIeYeHHUs. PaHIOMU3UPOBAHHBIE
CTyzneHT yMeeT OIpeaensaTh Hauxyaulee Hu QJITOPUTMBI.
cpenHee BpeMs paboThl aJITOPUTMOB; BEIOUPATH Pazpgen 6. ANTOpUTMBI
U IPUMEHATH  pa3jIMyHble  METOABl  JUIA COPTUPOBKH.
pa3paboTku IrOPUTMOB; IIPOBOJIUTH
CpPAaBHUTENbHBI aHAIU3 BPEMEHU pabOTHI
aJIrOPUTMOB.
Braoeem
bazoBrrit [IK-7.3. Crynent Ha 06a30BOM ypoBHE BiajeeT | JIeKunoHHbIE u | Paznen 1. Ponp anropurmoB | Tekymuii KOHTpOJIb
YPOBEHb HaBbIKAMM  IPUMEHEHUS  MAaTEMATHYECKUX | IPAKTUYECKUE  3aHSTHS, | B BBIYMCICHUSIX. — YCTHBIM ompoc,
METOJIOB AJiIsl pelIeHUsl 3aJa4 W MpUMEHEHUs | paboTa B Majblx rpynnax, | Pazmen 2. OCHOBBI | KOHTPOJIbHAS
CTaHIapTHBIX AITOPUTMOB; HaBbIKAMU | UHTEpAaKTUBHAs  JIEKIUs, | pa3padOTKM W aHaiuu3a | pabora.
pa3paboTKU M CO3/aHUSl ANTOPUTMUYECKUX U | AUCKYCCHS, QJITOPUTMOB.
IIPOTrPaMMHBIX peleHuin B obmactu | camocrosaTenbHass pabora | Pasmen 3. Poct ¢pynkuuid.
CUCTEMHOTO M TMPHUKJIAJHOTO MPOTPAMMHOIO | 00yJaroIuxcs, Pazgen 4. Pazpensii wu
obecrieyeHus, TEXHOJIOTMSIMU OLICHKH | IOArOTOBKAa M CJada | BIACTBYM.
3G(}HEeKTUBHOCTH  aNrOPUTMOB;  HABBIKAMU | IPOMEKYTOUHOU Pazgen 5. BeposTHOCTHBII
JIOKa3aTelIbcTBa KOPPEKTHOCTH QJITOPUTMOB; | aTTECTALUU. aHaIu3 u
HaBBIKaMH IIPOU3BOJIUTH AJITOPUTMU3BALINIO. PaHIOMU3UPOBAHHBIC
QITOPUTMBI.
Pazmen 6.  Anropurmsl
COPTHPOBKH.
Cpennnii IIK-7.3. CryneHT Biajeer 3HaHUSAMH Bcero | JIeKImoHHbIE u | Paznen 1. Ponp anropurmoB | Tekymuii KOHTPOJb
YPOBEHb M3y4YEHHOTO MaTepHuaa. MIPAaKTUYECKUE  3aHATHUSA, | B BBIYUCICHUSAX. — YCTHBIM ompoc,
Bnaneer HaBBIKaMH npUMeHeHus | paboTa B ManbIX rpymmax, | Pazmen 2. OCHOBBI | KOHTPOJIbHAS
MaTeMaTHYeCKUX METOJOB JJIsl PELIEHUs 3aJay | MHTepaKTUBHAs  JIeKIMs, | pa3paboTku ¥ aHaiu3a | padoTa.
A TPUMEHEHHUS CTaHAApPTHBIX QJITOPUTMOB; | TUCKYCCHS, QJITOPUTMOB.
HaBBIKaMH pa3paboTku u co3maHus | camocrosiTenbHass pabora | Pasnen 3. Poct GpyHKIUi.
QITOPUTMHUYECKHUX M MPOTPAMMHBIX PEIICHHUH B | 00yJaroImuxcs, Paznen 4. Pazpensait n
o0jacTh  CHUCTEMHOIO W NPUKIATHOIO | MOATOTOBKA W cJaya | BIACTBYH.
MIPOrPaMMHOTO OOECTICUeHUSI. MIPOMEKYTOUHOMN Paznen 5. BeposTHOCTHBIN
CryneHT BiajeeT TEXHOJOTHSIMH  OLEHKH | aTTeCTallUH. aHaIN3 u
9 (HEKTHBHOCTH  aNTOPUTMOB;  HAaBBIKAMH pPaHIOMHU3MPOBAHHbBIE




A0Ka3aTejIbCTBa KOPPEKTHOCTHU AJIT'OPHUTMOB;
HaBbBIKaMU IPOU3BOJUTH aJITOPUTMU3ALHIO, HO
A0IIYCKA€T HE3HAYUTCIIbHBIC OIIINOKH.

QJITOPUTMBI.
Pasnen 6.
COpPTHUPOBKH.

ANropuTMBI

Bricokuii IIK-7.3. CryneHT BiajeeT KOHIENTYaJIbHO- | JIGKIIMOHHBIC u | Paznen 1. Ponp anropurmoB | Tekymuii KOHTPOJIb
YPOBEHb MOHATUMHBIM annaparoM, HAyYHBIM SI3bIKOM U | IPAKTUYECKUE  3aHSATHS, | B BBIYMCICHUSIX. — YCTHBIM ompoc,
TEPMUHOJIOTHEN. paborta B MaibIXx rpynnax, | Pasmen 2. OCHOBBI | KOHTPOJIbHAs
CBoOOIHO BiIameeT HaBbIKAMU MPUMEHEHUS | UHTEPAKTUBHAS  JIEKUUs, | pa3paboTkKu U aHanmsa | paborta.
MaTeMaTHYeCKUX METOJOB JJISl PELIEHUs 3aJad | IUCKYCCHS, aJITCOPUTMOB.
U TpPUMEHEHHUs CTaHJapTHBIX alTOPUTMOB; | caMocTosATelnbHas paborta | Pazmen 3. Poct dyHKImii.
HaBBIKAMH pa3paboTKu u co3JaHusl | 00y4arOIIUXCs, Pazgen 4. Pazpensaii wu
QITOPUTMUYECKUX M MTPOIPaMMHBIX PELIEHUH B | MOATOTOBKA M cJada | BIACTBYH.
o0jacTh  CHUCTEMHOIO W TMPUKIAIHOIO | MIPOMEXKYTOUHOMN Paszgen 5. BeposTHOCTHBIN
IIPOrPaMMHOT0 00ecreueHHs. aTTeCTaLlUN. aHaJIn3 u
CTyneHT BlaJeeT TEXHOJOTHSIMU  OLIEHKH paH/I0MU3UPOBAHHbIE
3((PEKTUBHOCTH  aJrOPUTMOB;  HaBBIKAMH AITOPUTMBI.
JIOKA3aTeNIbCTBA KOPPEKTHOCTH AJITOPUTMOB; Paznen 6. ANTOPUTMBI
HAaBBIKaMU IIPOU3BOJNTH aJITOPUTMHU3ALMIO. COPTUPOBKH.




2. TIEPEYEHb OLHEHOYHBIX CPEACTB®

Tabauma 3
Ne | HaumeHoBanue | XapaKTepUCTHKA OLICHOYHOT'O CPEICTBA [IpencraBnenue oneHoyHoro cpencrtsa B POC
OLIEHOYHOT' O
cpencTBa
1. VYeTHBIi onpoc CpencTtBo KOHTPOJS YCBOGHHsI Y4eOHOTO MaTepwala TeMbI, pasjena | Bompockl mo Temam/pa3aenam IUCIUTUINHBL
WIN Pa3JeioB JUCHUIUINHBI, OPraHU30BaHHOE KaK y4eOHOe 3aHATHE B
BHJIE cOOECEIOBAHUS MIPETIOIaBaTeNsI C 00yJAIOIITIMHUCH.
2. KonTponbHas CpencTBo NpoBEpKH YMEHHMH NPUMEHATh MOJIy4YeHHbIE 3HAHUA Ul | KOMIUIEKT KOHTPOJIBHBIX 3a/1aHui IO BapHaHTaM
pabora pelIeHus 3a1a4 ONPEIEIIEHHOrO TUIIA [10 TEME WM pa3ieily

® VKa3bIBAOTCS OLIEHOYHbIE CPEJICTBA, IPUMEHSIEMBIE B XOJI€ Pean3aiu padodeil IporpaMMbl JAHHON JUCLIUILTHHBL.




3. OIMUCAHUE MOKA3ATEJIEI U KPUTEPUEB OLIEHUBAHUA KOMIIETEHIIUI

OueHuBaHue pe3ynbTaToB 00yUeHUs Mo JUCHUILTHHE «MaTeMaTHKa» OCYIIECTBISIETCA B COOTBETCTBUU ¢ [lookeHneM o TekyieM KOHTpoJie
YCIEBAEMOCTH U MPOMEKYTOYHON aTTeCTallui O0y4YarOIUXCsl.

[IpeaycMoOTpeHsbl caeAyoIre BUABI KOHTPOJIS: TEKYIUNA KOHTPOJIb (OCYIIECTBICHUE KOHTPOJIS BCEX BUJIOB ayIUTOPHOM U BHEAYTUTOPHOU
JEeSITeIbHOCTH 00YYa0IIErocs ¢ 1eJIb0 MOIYYeHUs IEPBUYHON MHPOPMAIIH O XOJ€ YCBOCHHUS OT/IEIbHBIX 3JIEMEHTOB COJIEP)KaHUS JUCIUILINHBL) U
MIPOMEXKYTOUHAsI aTTeCTaIMs (OLIEHUBACTCS YPOBEHb U Ka4€CTBO MOATOTOBKHU IO AUCIUIUIMHE B IICJIOM).

[Tokazarenu U KpUTEPUHU OLICHUBAHUS KOMIIETEHIINH, (POPMHUPYEMBIX B IIPOLIECCE OCBOSHUS TaHHOM TUCIUILIMHBI, OMUCAaHbI B Ta0. 4.

Tab6nuia 4.



Kon YpoBeHb ocBoeHus | Huaukatopel Kpurepuu ornieHuBaHus pe3yabTaTOB O0yICHHS
KOMITETCHIINH | KOMIIETCHIINU TOCTHKEHUS
KOMITETCHIIUH
1IK-7 3HaeT
Henocrarounstit yposens | [IK-7.1. He 3naem snauumenvhou yacmu mamepuana Kypcd, He CnOCOOeH camoCmosmenbHO
O1eHKa «HE3aUTEHO, 8bI0EIAMb 2IABHBLE NOJONHCEHUS 8 U3YUEHHOM Mamepuaie OUCYUNTUHDL.
«HEYIOBJICTBOPUTEIHHO.
ba30BbIi1 ypoBeHb 1IK-7.1. 3naem mne menee 50 % ocHO8HO20 Mamepuana Kypca, OOHAKO UCHbIMblEAem
Ouenka «3a4TCHOY, 3ampyonenus 6 e2o NPUMeHeHUU.
«yJOBJIETBOPUTEIBLHOY.
Cpennuii ypoBeHb IIK-7.1. 3naem ocHogmyl0 uacme Mmamepuana Kypcd, CHOCOOeH NPUMEHUMb U3YYeHHbILL
Omnenka «3aYTECHOY, Mamepuan Ha Npakmuke, UCHbIMbIBAEM He3HAYUmenbHble 3ampyOHeHUs. 8 peueHUU
«XOPOMIO. npogheccuoHanbHbIX 3a0a.
Beicokuii ypoBeHb TIK-7.1. Ilokasvieaem 2onybokoe 3HaHUE U NOHUMAHUE MAmepuand, CHOCOOeH NPUMEHUMb
Onenka «3aYTEHOY, U3VUEHHbI MAmepuas Ha npakmuxe.
COTIIHYHOY.
Ymeer
bazoBerii ypoBeHb IIK-7.2. Ymeem eocnpoussecmu ne memnee 50 % ocHoéno20 mamepuana Kypca, OOHAKO
ucnvimsigaem 3ampyoOHe s npu peueHuy NPaKmuyeckux 3a0ay.
Cpennuil ypoBeHb IIK-7.2. Ymeem pewamv cmandapmuvie npogheccuonanvhvie 3a0auu ¢ npuUMeHeHuem
NOYYEeHHbIX 3HAHULL, UCNBIMbIBAem HEe3HAYUMEeNbHble 3ampPYOHEHUs. 8 PEULeHU 3A0aY.
Beicokuii ypoBeHb IIK-7.2. Ymeem pewamv cmandapmuvie npogheccuonanvhvie 3a0auu ¢ NpuUMeHeHuem
NOTYYEHHBIX 3HAHUL, NOKA3bleaem 21yO0Koe 3HaHue U NOHUMAHUe Mamepuaid, cnocooeH
pewums 3a0ayy npu usmeHeHuu GopmyauposKu.
Bnaneer
bazoBelii ypoBeHb TIK-7.3. Cmydenm enadeem OCHOBHbIMU HABLIKAMU NPUMEHEHU MAMEeMAmuieckux Memooos

ons PpPeULeHuUs 3a0ay U NPUMEHEHRUA cmaHdapmezx aniopummos,  HAeblKamu

Paspabomku u CO30QHUSL ANICOPUMMUYECKUX U NPOSPAMMHBIX peuleHull 6 00aacmu
CUCMEMHO20 U NPUKIAOHO20 NPOZPAMMHO20 obecnedenus; HABLIKAMU paspadbomxu
NPOCPAMMHBIX — NPUTOHCEHUL c COBPEMEHHBIX

UCnojlb306aHuem A3bIKO6

npocpammuposanusl, mexHojaocuimu OyeHKu agbqbekmueﬁocmu anizopummos, HasblKamu




ookazamenbcmea KOPPEKMHOCmU aneopummos; HAa8bIKaAMU npou3800UMb
aneopummuzayuio. HMmeem Hecucmemamusupo8aHHbvle 3HAHUL OCHOBHBIX PA30EN08
OUCYUNTUHDL.

Cpennuii ypoBeHb

1IK-1.3.

Cmyoenm 6nadeem 3HAHUAMU B6Ce20 U3YYEHHO20 Mamepuand, eladeem  HAGbIKAMU
NpUMEHeHUs. MaAmemMamuyeckux Memooo8 OJisi peuleHus 3a0ay U NpUMeHeHus.
CMAHOAPMHBIX ANCOPUMMOS, HABLIKAMU PA3PAOOMKU U CO30AHUS ANCOPUMMULECKUX U
NPOCPAMMHBIX peuwleHuli 8 o001acmu CUCMeMHO20 U NPUKIAOHO20 NPOSPAMMHO20
obecneyeHuss;, HABLIKAMU PA3PAOOMKU NPOSPAMMHBIX NPUTLOHCEHUL C UCNONb308AHUEM
COBDEMEHHBIX A3bIKOS NPOCPAMMUPOBAHUS, MEXHONOUAMU OYeHKU dPdexmuenocmu
aneopummos; HAbIKAMU OO0KA3AMENbCMEA KOPPEKMHOCMU aN20PUMMOS, HABLIKAMU
npou3eo0ums  aneopummuszayuro. Mcnvimvleaem He3Hauumenvhvie 3aMpPYOHEHUs 6
peuleHuy NPaKkmu4eckux 3a0au.

Bricokuii ypoBeHb

IIK-1.3.

C60000HO 81a0CEmM HABLIKAMU NPUMEHEHUS. MAMEeMAMU4eCKUx memooos 0jisi peueHus.
3a0ay U NPUMEHeHUs. CMAHOAPMHBIX AN20OPUMMO8, HABLIKAMU PA3pAbOMKU U CO30aHUs
AN2OPUMMUHECKUX U NPOSPAMMHBIX PeuleHutl 8 001ACmu CUCMEMHO20 U NPUKTIAOHO20
NPOSPAMMHO20 0DecneyeHusl;, HABbIKAMU Pa3pabdOmKu NPOSPAMMHBIX APUTLONCEHUN C
UCNONIL30BAHUEM COBPEMEHHBIX S3bIKOG NPOSPAMMUPOBAHUS, MEXHOIOUAMU OYEHKU
appexmuenocmu  aneopummo8;  HAGLIKAMU — OOKA3AMENbCMEA  KOPPEKMHOCU
AneOpUMMO8, HABLIKAMU NPOUZEOOUMb ANCOPUMMUIAYUIO.

Cmyoenm 6nadeem KOHYeNMyaibHO-NOHAMULHbIM ANNAPANOM, HAVYHLIM S3bIKOM U
mepMuHoo2ueli nPoPecCUoOHAIbHOU OesimeTbHOCMIU.




4. MeTtoau4yeckue MaTepUaJibl, ONpeAesaonue Npoueaypbl

OLICHMBAHUS Pe3yJbTATOB 00y4eHUs

3aganus B ¢popme yCTHOrO onpoca:

Y CTHBIH OMPOC UCTIOAB3YETCS IS TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH O0YJarOIUXCs 10
JTUCIUIUIMHE B KadyecTBE IMPOBEPKHU pE3yJIbTaTOB OCBOEHHUs Marepuaia. Kaxaomy cTyneHTy
BBIJIa€TCSl CBOM COOCTBEHHBIH, Y3KO c(OpMYIHMPOBaHHBIN Bompoc. OTBET 0JKEH ObITh YETKUM
U KpaTKUM, COJEp>KallliM BCE OCHOBHBIE XapaKTEPUCTHKHU OMHCHIBAEMOro MoHsATus. B cBoem
OTBETE CTYACHT JIOJDKEH IMOKa3aTh YMEHHS IMPOCIECKHUBATH MPUYHMHHO-CIECICTBEHHBIC CBSI3U U
HABBIKU PAaCCYKJICHHI U JOKa3aTeJIbCTBA.

KonTtpouabnas padora
CpenctBo NpOBEpPKUM YMEHUM NPUMEHATh MOJYYEHHbIE 3HAHUS JJIs pELIeHMs 3a/1ay
OIIPEIEIIEHHOTO THIIA 110 TEME WU PA3ACILy

5. MaTepnaﬂm AJIA TIPOBEACHHUS TEKYIICI0 KOHTPOJISA U HpOMe)KyTOqHOﬁ
arTrecranmmmu

3ananus B (popMe YCTHOIO ONpPoOca
Cemectp 4

Yro TaKoe aJIrOpUTMBI.

1) [IpuBenure peanpHblE NMPUMEPHI 33/1a4, B KOTOPBIX BO3HHMKAET MOTPEOHOCTH B
COPTUPOBKE WJIM BBIUMCIEHUH BBIMTYKJIOH 000I0YKH.

2) Kakumu emé napamerpamu, KpoMe CKOPOCTH, MOKHO XapaKTe€pHU30BaTh aJlTOPUTM
Ha [TPAKTUKE?

3) BriGepute onHy M3 BCTpEeUyaBLIMXCSI BaM paHee CTPYKTYp JaHHBIX U ONUIIUTE e
MIPENMYIIECTBA U OTPaHUYEHHUS.

4) Uto obmero Mexay 3amadeil 00 OmpeneNeHuH KpaT4aullero MmyTd W 3ajadedt o
KOoMMHUBOsDKepe? UeM oHM pa3nnvaroTcs?

5) Chopmynupyiite 3amady, B KOTOPOW HEOOXOAUMO TOJBKO HAWIIydIllee pEIICHUE.
Chopmynupyiite Takxke 3aaady, B KOTOPOW MOXET OBbITh MpPUEMJIEMBIM pEIIeHHE, TOCTaTOYHO
OJM3KO0E K HAWJTydIIeMYy.

AJITOPUTMBI KAK TEXHOJIOTHS.

1) [TpuBenure mpumep HPUIOKEHUS, JUII KOTOPOIO HEOOXOAMMO alrOpPUTMHUYECKOE
HaroJIHEHHE Ha YPOBHE MPUIIOKEHHUH, 1 00CyuTe PYHKIUHU STHX aJTOPUTMOB.

2) [Ipeanonoxum, Ha OJTHOM M TOM K€ MAIIMHE IPOBOJUTCS CPABHUTEIIBHBIN aHAIN3
peanu3anuii ByX aJTOPUTMOB COPTHPOBKH, palOOTArONUX BCTAaBKOWM © ciausHueM. J{ms
COPTUPOBKH N 3JIEMEHTOB BCTABKOH HeoOX0auMo 8n? maros, a JUis COPTMPOBKU CIHMSHMEM —
64n lg n maros. [lpm kakoM 3HaUY€HHWU N BpPeMs COPTUPOBKU BCTABKOHM MPEBBICUT BpPEMS
COPTUPOBKH CIUSHUEM?

3) [lpy xKakoM MUHHMMAaJIbHOM 3HAYEHMHM N AJITOPUTM, BpeMsi paboThl KOTOPOTO
onpenensercs Gopmynoii 100n2, paboTtaer ObICTpee, 4eM aIrOPUTM, BpeMs pabOThl KOTOPOIo
BBIpaXkaeTcs Kak 2", eciii 06a alropuT™Ma BBINOIHSIOTCSA Ha OJHOM U TOH ke MaiuuHe?



CopTupoBKa BCTABKOI.

1)

Hcnons3yst puc.2.2 B kayecTBe 00pasia, NpOWLIIOCTPUPYIiTe paboTy MpoLeaypsl

Insertion-Sort o copruposke maccuBa A = <31,41,59,26,41,58>.

2)

L2345 B G T Y By e B L U T8 e
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Puc. 2.2. Onepawsst npoueayps! INSERTION-SORT naa maccusom A = (5, 2, 4, 6, 1, 3). nementnl
MaccHsa OBOIHENCHB! KBAAPATHKAMM, HAJ KOTOPHIMM HAXOAXTCR HHACKCK], @ BHYTPH — JHEYCHUA COOTBCT-
CTBYIOWMX WieMeHTOB. YacTi (a)-(2) HTOr0 pHCYHKa COOTBETCTBYIOT HTepaLmaM umkia for » crpokax 1-8
ncenaokosa. B xaxaoil MTCpaUMK HCpHBI KBAAPATHK COACPAMHT IHauenne xnuosa w3 Al)), xotopoe cpas-
HHBCTCA CO IHAYCHMAMM CCPBIX KBAJPATHKOS, PACHIOICKCHHLIX C/ICBA OT Hero (CTpPOKa nceaaokoaa S).
CepoiMH CTPC/IKAMM YKAIAHB TC JHENCHMA MACCHBA, KOTOPBIC CABMIZIOTCH HA OAHY NOIMUMK) BIPABO
(cTpoka 6), a yepHo#l cTpenxoit — nepemewenwe knova (ctpoka 8). B wactu (€) nokasano KOHCYHOC
COCTORHME OTCOPTHPOBAHHOID MACCHBA.

[Mepenumure npouexypy Insertion-Sort ans copTUpoBKM B HEBO3pACTaIOIIEM

MOopsAAKEC BMCCTO HGY6I>IBaIOIIIeFO .

3) Paccmorpum 3amady noucka.

4)

1)
2)

Bxon. ITocnenoBarenbHOCTh M3 Nuncen A =< a4, ay, ..., A, > W 3HAYCHHUE V.

Beixon. Uunekc i, Takoit, uto v = A[i], nnu cnienpanproe 3HaueHune NIL, ecrmu vV B A

OTCYTCTBYET.

CocraBbTe NCEBIOKO/1 TMHEHHOTO IOUCKA, TPU pabOTE KOTOPOTO BHIMOIHIETCS

CKaHUPOBAHUE MOCJICA0BATCIIBHOCTH B ITIOMCKAX 3HAYCHUA V. I[OKa)KI/ITe KOPPCKTHOCTDH
AJIropuTMa ¢ MOMOIIIbKO HHBAPUAHTHOCTHU LIUKIIA. YGCHI/ITGCB, 4qTo BLI6paHHLII\/’I
HWHBApUAHT LUKJIA YAOBJICTBOPACT TPEM HeO6XO,[[I/IMLIM YCJIOBUSAM.

P ACCMOTpPHUM 3a1avdy CIOXKCHUS ABYX N-OUTOBBIX ABOUYHBIX IECJIBIX YUCCII, XPAHAIINUXCA B

N-aeMeHTHBIX MaccuBax A u B. CymMMy 3TUX ABYX uuces He0OOXOMMO 3aHECTHU B
nBoudHoU popme B (N+1)-anementrsbiil Mmaccus C. [IpuBenute cTporyto GopMyIupoBKy

3ala4i U COCTaBbTC IICCBAOKOA AJIA CIIOKCHUSA OTHUX JABYX YHCCIL.

AHaJM3 aJITOPUTMOB.

Bripazute QpyHKIHIO ng/ 1000 — 100n? — 1007 + 3 @-0603HaYEHHSX.

PaCCMOTpI/IM COPTUPOBKY 3JICMCHTOB MaCCHUBa A, KOTOPAasA BBIIIOJHACTCA CJICAYIOIIUM
06pa30M. CHauaia OIpCACIIACTCA HaUMEHBIINHN 3JIEMEHT MacCuBa A, KOTOpBII71

CTaHOBUTCS Ha MecTo AteMenTa A[1]. 3atemM npou3BOAUTCS IOUCK BTOPOTO
HAMMEHBIIIETO DJIEMEHTA MacCHuBa A, KOTOPBI CTAaHOBUTCS Ha MecTo demeHTa A[2].
DTOT mpoliece MpoI0JDKaeTCs 71 MEPBBIX N-1 anemeHToB MaccuBa A. 3anuimure
TIICEBJIOKO/T 3TOTO aJrOPUTMa, H3BECTHOT'O KaKk COPTUPOBKA BhIOOpoM (Selection sort).

Kaxoif nHBapuaHT LIMKJIa COXpaHaeTcs A1 3Toro anroputMma? Ilouemy ero 1ocTaTo4HO

BBITIOJIHUTD IJIS TICPBBIX n-1 3JIEMEHTOB, a HE 1JIs BCeX N 3JIEMCHTOB? OnpeuenHTe BpeMA

paboThI aropuT™Ma B HAWIY4IlEM M HAUXY/IIEM CIy4yasX U 3aluIluTe ero B 0-

0003HaYEHUSIX.



3) BHOBB 0OpaTuMCs K aITOPUTMY JIMHEHHOTO IMOMCKA (CM. COPTUPOBKA BCTaBKOM 3).
JUIs CKOJNBKHX 3JIEMEHTOB BXOJHOW IIOCIENIOBATEIBHOCTH B CPEAHEM HYKHO IPOM3BECTU
IPOBEPKY, €CIU MPENOiIaraeTcsi, YT0 BCE AJIEMEHTHl MacCUBa C PaBHON BEPOSTHOCTHIO MOTYT
UMETh UCKOMOe 3HayeHne? YTo MpoucxoauT B Hauxyauem ciydae? Yemy paBHO BpeMsi pabOTHI
ITOpUTMa JIMHEWHOTO IOMCKAa B CPEeJHEM M B HaUXy/JIIeM ciydasx B 0-o003HadeHUsIX?
OO6ocHylTe CBOW OTBET.

4) Kakum 00pa3oM MOKHO MOJIU(PHUIMPOBATH TIOYTH KaX]IbIi aJITOPUTM, YTOOBI OTYYHUTh
ONTUMAJILHOE BpeMsi pabOTHI B HAMITyYIlleM ciiydyae?

Pa3paboTka ajropurmMosB.
1) Hcnonb3ys B KaduecTBe oOpasiia puc 2.4, IpOUJLTIOCTPUPYIHTE paboTy alropurMa
COPTUPOBKH clusiHUEM s MaccuBa A = <3,41,52,26,38,57,9,49>.

Or1copTHpOBaAHHAR NOCNCAOBATENLHOCTS
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Hexoamas nocneiosarensHocTs

Puc. 2.4. [llpouecc copruposks cnmsumesm maccuna A = (5,2 4,7, 1,3, 2, 6). [Lnour nognexatmx
CAMAHHIO OTCOPTHPOBANHLIX NOCACAOBATCALHOCTEN BOIPACTAIOT B X0AC paboTh ATrOpHTMA.

2) Tlepenumute mporenypy Merge Tak, 4ToObl B HEH HE HCMOJIb30BATHUCh CUTHAIBHBIC
3Ha4yeHus1. CUTHAJIOM K OCTaHOBKE JIOJDKEH CITY)KUTh TOT (aKT, YTO BCE IIEMEHTHI MaccuBa L
W MaccuBa R ckommpoBaHbl 00paTHO B MaccuB A, TOCJIE Y€ro B TOT MacCHUB KOMTUPYIOTCS
AJIEMEHTBHI, OCTABIINECS B HEITYCTOM MAacCHBE.

3) Bocnonp3yiiTech METOJJOM MaTeMaTHUECKONH HHAYKIMH JJIs JOKa3aTeIbCTBA TOTO, UTO,
KOTJ1a N SIBJISIETCSI TOUHOW CTETIEHBIO 2, PEIIEHNEM PEKYPPEHTHOTO COOTHOIICHHS

2, ecjii n = 2
T(n) = 2T(n/2) +n, eciun = 2%, k>1
seistiercst T(n) = nlgn.

4) CopTHpPOBKY BCTaBKOW MOYKHO ITPE/ICTABUTD B BUE PEKYPCHBHOM ITOCIIEI0BATEILHOCTH.
Uro0b1 oTcopTupoBaTh MaccuB A[1..n], cHayanga Hy>KHO PEKYpCUBHO OTCOPTUPOBAThH

maccuB A[1..n — 1], mocie 4ero B 3TOT OTCOPTHPOBAHHBIA MaCCUB TIOMEIIACTCS AIIEMEHT
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A[n]. 3anumure peKyppeHTHOE YpaBHEHHUE JUIsl BDEMEHU PaOOThI ATOM PEKyPCHUBHOM BEpCHH
COPTUPOBKHU BCTABKOM.

Bo3Bpaiasich k 3aa4e moucka (CM. COpTUPOBKA BCTaBKOH 3), HETPYIHO 3aMETHTh, YTO €CIIH
MI0CJIEIOBATEIBHOCTh A OTCOPTHPOBAHA, TO MOKHO CPABHUTH 3HAUCHHUE CPETHETO AIIEMEHTA
ATOM TOCIIEIOBATEIILHOCTH C UCKOMBIM 3HAYCHHEM V U Cpa3y HUCKIIOYHUTh TOJIOBUHY
I0CJIEI0BATEILHOCTH U3 JajibHelIero paccMotpenus. bunapusiii mouck (binary search) —
3TO aJITOPUTM, B KOTOPOM TaKas Mpoleypa MoBTOPsETCsS HEOAHOKPATHO, YTO BCAKHMA pa3
NPUBOIUT K YMEHBILICHHIO OCTABIICHCS YacTH MOCIIEA0BATEILHOCTH B JIBA pa3a. 3alHUILIUTe
TMICEBOKO/] aJITOPUTMA OMHAPHOTO MorCcKa (JTMOO UTEPATUBHBIHN, TNOO PEKYPCUBHBIN).
JlokakuTe, 4TO BpeMsi pabOThl 3TOTO AJITOPUTMA B HAUXY/IIIEM cirydae coctapisieT O(lgn)
3ameTrm, uto B mukiae While B ctpokax 5-7 mpoueayps Insertion-Sort B pasaene 2.1 s
CKaHUPOBaHUSA (B 0OpATHOM IMOPSIKE) OTCOPTUPOBAHHOTO moaMaccuBa A[1..7 — 1]
MCIOJIb3YETCS IMHENHBIA MOUCK. MOXKHO JIM UCIIOIb30BaTh OMHAPHBIN OUCK (CM. YIp.

2.3.5) BMECTO JINHEHHOTO, YTOOBI BpeMs paOdOThI 3TOTO aJITOPUTMA B HAUXY/IIIEM CITydae
YIIY4IIAIOCH U CTaNo paBHbM O(nlgn).

PaspaboTaiiTe airoput™M co BpemeHeM paboThl O(nlgn), KoOTOphIA IS 3aJaHHOTO
MHOXeCTBa S M3 N IENBIX YHCENT M JPYroro IEJIOr0 YMCia X ONpeAesseT, UMEIOTCS JIU BO
MHOXECTBE S JIBa 2JIEMEHTa, CyMMa KOTOPBIX paBHA X.

AcCUMITOTHYECKHE 0003HAYCHUS.
[Tycte f(n) u g(n) — acCUMOTOTUYECKH HEOTpULIATEIbHBIE (DYHKIUU. JJOKaXKHUTE C TOMOIIBIO
0a3oBoro onpenaenenus ©-o6o3nadenuii, uro max(f(n), g(n)) = 0(f(n) + g(n)).

[TokakuTe, 9TO [UIS JIFOOBIX IEHCTBUTEIBHBIX KOHCTAHT & W b, rae b > 0, BBIMONHSIETCS
cootnomenue (n + a)? = O(n?).

[MosicuuTe, TIOYEMy YTBEpP)KIACHHE «BpPEMsi pabOThI alropuTMa A paBHO KaK MHHAMYM
0 (n?)» nuimeHo cMbIcia.

Cnpasemmusbl i cootHomenus 2" = 0(2™) u 22" = 0(2™)?

Jokaxwure, 4To Aj1s TFOOBIX ABYX QyHKuuit f(n) u g(n) mer umeem f(n) = 0(g(n)) torna
U ToJbKO Toraa, koraa f(n) = 0(g(n)) u f(n) = Q(gn)).

Jlokaxxute, 4T0 BpeMst paboThl anroputMa paBao ©(g(n)) Toraa u ToIbKO TOrIA, KOT/A €ro
BpeMsi paboThI B HauxyamieM ciaydae pasao 0(g(n)), a B Hamryumem - Q(g(n)).

Hoxkaxwure, 4to MHOXKeCTBO 0(g(n)) N w(g(n)) sBisercs mycThIM.

CranaapTHble 0003HaYeHHMS U YACTO BCTPeyaromecs (pyHKIUH.

1) Tlokaxwute, uto ecnu pyHkimu f(n) u g(n) MOHOTOHHO HEYyOBIBAIOIINE, TO TAKOBBIMU
xe sBisiiorest U ¢ynkuuu f(n) + g(n) u f(g(n)), a ecnu Baodasok f(n) u g(n)
HEOTPHUIATENILHBI, TO MOHOTOHHO HeyObIBaromiei sBisiercs u pyukuus f(n) - g(n).

2) JloxaxuTe ypaBHeHue '8¢ = clogra,

3) Jokaxute ypaBuenue lg(n!) = @(nlgn). Jokaxure tarxxke, uro n! = w(2") u n! =
o(n™)

4) Jlokaxwute, uto u3 k In k = ©(n) BeiTekaer k = G(n/ln n)/
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Cemectp 5

3agaya moucKa MaAaKCHMAJILHOI'0 MOJIMAaCCHBA.
Uro Bos3Bpamaer mnpoueaypa Find-Maximum-Subarray, korma Bce 3iieMeHTBHI A
OTPULIATENbHBI?
Hanummre nceBnokon uid pelIEHUs 3aJadd IIOMCKAa MAaKCUMAaJIBHOIO IOAMacCHBa
METO/I0M Ipy00ii cuitbl. Bamia nporetypa 10/kHa BBITOIHATECS 3a Bpems O(n?).
Peanu3yiite n MeToq rpy0oil CHIbl, U PEKyPCUBHBIN aJTOPUTM Ha CBOEM KOMIIBIOTEpE.
Kakum okasbiBaeTcsi pazMep 3aauyd TOUKH IIEPECEUEHUs! Mgy, B KOTOPOH pPEKypCHUBHBIN
QITOPUTM TPEBOCXOJIUT AITOPUTM TpyOoi cuibl? Jlamee m3MeHUTE 0a30BbIA Cirydait
PEKYPPEHTHOTO aIrOPUTMa, IPUMEHSS aJITOPUTM IpyOO0il CHIIBI IpU pa3Mepe 3a1a4u, He
IIPEBOCXOALIEH Ng. MEHSET JIM 3TO TOUKY IepeceyeHus?
[TpenmosnokuM, 4YTO MBI MEHSEM ONPEICIICHHE 3aJadyd IIOMCKa MAaKCHMaJbHOIO
[OIMAcCUBa, MO3BOJISISI KOHEUHOMY PE3YJbTaTy ObITh IYCTHIM MacCHBOM M I0JIaras, 4yTo
CyMMa 3HAa4Y€HUN IYCTOro MaccuBa paBHa Hyi0. Kak Obl Bbl HM3MEHMIU JtOOOM
QJITOPUTM, HE JOIYCKAOIMI PELIECHHUS B BUJE IyCTOIO MacCUBA, YTOObI TAKOW pe3ysIbTaT
B BU/JIE ITYCTOIO [1OIMACCHUBA CTaJl BOZMOXKHBIM?
Bocnonp3yiiTech NMpHUBEICHHBIME Jajiee HIACSIMH Ui Pa3pabOTKH HE PEKYpCHBHOTO
aJIropuTMa IOMCKa MaKCUMaJIbHOTO TIOJMAacCHBa 3a JInHelHHoe BpeMsa. Haunute ¢ neBoro
KOHIIa MaccuBa W [BUTAiTE BIPABO, OTCIEKHUBAs HAWICHHBIA K JAHHOMY MOMEHTY
MaKCHUMaJbHBI IMOJAMAccHB. 3HAs MaKCUMaJIbHBIA moamaccuB MaccuBa A[l..J],
pacnpocTpaHUTe OTBET HAa MOMCK MaKCHUMAJIbHOIO I0JIMACCHBA, 3aKaHUMBAIOLIErOCs
UHIEKCOM | + 1, BOCHOJIB30BaBIIUCH CIEAYIONIMM HAOIIOACHUEM: MaKCUMAaJIbHBIH
noamaccuB  MaccuBa A[l..j + 1] mnpexacraBnser coOoi MO0 MaKCUMAaJbHBIH
noamaccuB maccuBa A[1l .. j], mubo mommaccuB Buga A[i..j + 1] mist Hekotoporo 1 <
i <j+ 1. Onpenenmure MakcuManbHbIN mogmaccuB Buaa Afi..j + 1] 3a koHcTaHTHOE
BpeMsl, 3Hasi MAKCUMAJIbHBINM MOIMACCUB, 3aKaHYMBAIOIIUNCS UHIEKCOM J.

Aaropurm LTpaccena njis1i yMHOKeHUS MATPHLL.
BOCHOJ’IBSyﬁTCCB AJITOpUTMOM ]_HTpacceHa JJI BBIYUCJIICHUA IPOU3BEACHUA MaTPpULL

G G 2

3anumure IMCEBAOKOJ aJirOpUTMa HlTpacceHa.

HOKa)KI/ITC, KaK BbI 3TO ACIaCTC.

Kak mogudunuposats anroputm LTpaccena ais nepeMHOKEHHUS] MaTPUL] pa3MeEPOM 71t X
n , rae N He fABIsAeTcs TOYHOM cremeHbto 2? IlokaxkuTe, 4TO MONYyYarOLIUIcS B
pe3yJIbTaTe AITOPUTM BBIIIOJIHAETCS 32 BPEMS @(nlg 7).

Yemy paBHO HauOoJbIIee K, Takoe, 4TO €ClIM BBl MOXKETE MEPEMHOKHUTD 3 X 3 —MaTpHUIIbI
¢ momouiplo K yMHOXXKEHHWH (He mpeanoiaras KOMMYTaTUBHOCTH YMHOXXEHHS), TO BBI
MOJKETE TMEPEMHOKUTh MATPHUIIBI Pa3MepoM M X 1 3a BpeMs o(n1g7).? Kakum nomxHO
OBITH BpeMsi pabOThI TAKOTO aJIrOpUTMa?

B. Ilan (V. Pan) oTkppu1 crmoco0 NepeMHOXKEHUs MaTpull pasmepoM 68 X 68 ¢
UCIIONIb30BaHWEM TONbKO 132 464 yMHOXEHUU, CIMOCOO TEPEMHOKEHHUS MAaTPHI]
pasmepom 70 X 70 ¢ ucnonwszoBanueMm 143 640 yMHOKEHHMIH U CIOCOO TMEPEMHOKEHUS
MaTpull pazMepoM 72 X 72 ¢ ucnonb3zoBanueM 155 424 ymuoxxenuil. Kakoil U3 MeTo0B
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JlaeT HaM JIydllee AacCHUMOTOTHYECKOE BpeMsl pPa0OThl IMPH €ro MCIOJb30BaHUM B
ITOPUTME «pa3lelsii U BIacTBYH» A nepeMHoxeHus: MaTpun? IIpoBennrte cpaBHEHME
¢ anroputmoM IllTpaccena.

Hackosbko ObICTpO BBl CyMeeTe MaTpHIly pa3sMepoM Kn X n Ha MaTpuily pasmepoM [ X
kn , npumensist anroputm IlITpaccena B kadectBe nmoanporpammbsl? OTBEThTE Ha TOT JKe
BOIIPOC U1l CUTYallMH, KOTJja Mbl MEHSIEM BXOJIHBIE MATPHULIBI MECTAMU.

[Tokaxkute, KaK MEPEeMHOKUTh KOMIUIEKCHbIE yucia a + bi u ¢ + di Ucroyb3ys TOIBKO
TPU YMHOXKEHHSI JCHCTBUTENBHBIX YHCEN. AJITOPUTM JIOJKEH TMOdydaTh a, b, ¢ u d B
Ka4yecTBEe BXOJHBIX JAHHBIX W BO3BpaIlaTh ACHCTBUTENBHYIO (ac - bd) W MHUMYIO
(ad + bc) wactu npousBeIeHUs IO OTICTHHOCTH.

MeToa MOACTAHOBKY pPellieHNsI PeKYPPEHTHBIX COOTHOIIEHU.
[okaxwure, uto pemenuem T(n) = T(n — 1) + n asnserca 0(n?).
[Mokaxwure, uro pemenuem T (n) = T([n/zl) + 1 aBnstercs O(Ign).
Msl Bujienu, uro pemennem T(n) = ZT([n/ZD + n ssisercs O(nlgn). Iokaxwure, 4To
pellIeHHe TOr0 PEKYPPEHTHOTO COOTHOIICHHUS TaKKe MpeacTaBiseT cobor Q(nlgn) .

CraenaiiTe BBIBOJ, YTO PELICHUEM pPAaCCMaTPUBAEMOTO PEKYPPEHTHOTO COOTHOIICHHS
seisiercs O(nlgn).

T(n) =2T(|n/2])+n, (4.19)

[ToxaxxuTe, 94TO MPEOIOJIETH TPYTHOCTH, CBSI3aHHYIO C TpaHUYHBIM ycioBueM T(1) = 1B
peKyppeHTHOM cooTHOIIeHUH (4.19) MOXHO myTeM BBIOOpa APYroro MpPEAroI0KEeHUs
WHAYKIIUU, HE MEHSIS IPH 3TOM T'PaHUYHBIX YCIOBHM.

[ e(), ecnun =1,
T(n) = { T([n/2]) + T(|n/2]) + ©(n), ecnun > 1.

[TokaxxuTte, uro O(n lgn) sBaseTCs peLIEHHEM «TOYHOT0» PEKYPPEHTHOTO COOTHOLIEHHUS
(4.3) 1 COPTUPOBKH CIHSTHUEM.

[TokaxkuTe, YTO pelieHneM pekyppentHoctr T(n) = ZT(["/ZJ + 17) +n  sgBuseTcs
O(nlgn).

Hcnonb3ys OCHOBHOM MeTonx pasfena 4.5, MOXHO TIOKa3aTh, 4YTO pELICHHEM
peKyppeHTHOro cooTHomieHus T(n) = 4T(n/3) +n seuserca T(n) = O(n'o8%),

HOKEDKI/ITC, YTO HEC IMOJYy4acTCs BBIIIOJIHUTH JOKa3aTCJIILCTBO MCTOAOM IOACTAHOBOK C

logs4  3areM moOKaxHTe, KAk BBIUMTAHHE HUICHA

runote3on uHAyKmuu T(n) < cn
MEHBIIIETO TOPSI/IKa eaeT JOKA3aTeIbCTBO BO3MOKHBIM.

Wcnonb3ys OCHOBHOM MeToa paszgena 4.5, MOXKHO [OKa3aTh, YTO pELICHHEM
pekyppeHTHOro  cootHomienuss T(n) = 4T(n/2) +n  sagerca  T(n) = O(n?).

IToxaxkure, 4TO HE IOJYYaeTCS BBINOIHUTH JOKA3aTeIbCTBO METOJOM IOACTAHOBOK C
runore3oii muayknuu T(n) < cn? . 3aTeM NOKaXKUTe, KAK BHIYUTAHME YIECHA MEHBILIETO
MOpsIIKA JEJIaeT JOKa3aTelIbCTBO BO3MOKHBIM.
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Pemmte pekyppentnoe cootHomernue T(n) = 3T(v/n)+logn myrem 3ameHsi
HepeMEHHBIX. Balle peleHne I0KHO ObITh aCMMIITOTHYECKH TOYHBIM. [Ipu pemenun
He 6ECIIOKOMTECH O TOM, YTOOBI BCE 3HAYEHHUS SBIISUIUCH LIEIBIMU YHCIIAMH.

MeTtoa nepeBbeB PeKYpCHH.
Bocnonb3yiiTech €peBOM PEKYpCHUHM ISl ONPENEICHHS TOYHOW aACUMIITOTHYECKON
BEPXHEH TPaHUIIbI PEKypPEHTHOrO cooTHomIeHus T'(n) = 3T( [n/zj) + n. [{ns npoBepku
CBOET0 OTBETA UCIIOIb3YyHTE METO]T OJICTAHOBOK.
Bocnonb3yiiTech €peBOM PEKYpCHHM Uil OINPEIEICHHUS TOYHOM aCUMIITOTHYECKOU
BEPXHEH I'paHUIBI PEKYPPEHTHOrO cooTHomenus T(n) = T(n/z) + n2. Jlns mpoBepku
CBOET0 OTBETA UCIIOIb3YyHTE METO]T OJICTAHOBOK.
Bocnons3yiiTech AepeBOM pPEKYypCHH MJis ONPEICICHUS TOYHOH aCHMITOTUYECKOM
BEpXHEH TpaHUIIBI PEKYppPeHTHOro cooTHomenus T (n) = 4T(n/2 + 2) +n. s
MIPOBEPKHU CBOETO OTBETA HCIOIb3YHTE METO]I OJICTAHOBOK.
Bocnons3yiitech AepeBOM pPEKYypCHH MJis ONPEICICHUS TOYHOHW aCHMITOTUYECKOM
BEpXHEH TpaHuIlbl peKyppeHTHoro cootHomenuss T(n) = 2T (n — 1) + 1. [l npoBepku
CBOET0 OTBETA UCIIOIb3YyHTE METO]I II0JICTAHOBOK.
Bocnonb3yiiTech 1€peBOM PEKYpCHHM Il ONPEAEJICHUS TOYHOW aACHMITOTHYECKON
BEpXHEH TpaHuIlbl peKyppeHTHoro cootHornenus T(n) =T(n—1) + T(n/z) +n. [ns
MIPOBEPKHU CBOETO OTBETA HCMOIb3YHTE METO]I OJICTAHOBOK.
OOpaTHBIINCh K COOTBETCTBYIOIIEMY JEPEBY PEKYPCHUM, TOKAKUTE, YTO pElICHUEM
pekyppeHTHoro cooTHomenus T(n) = T(n/3) + T(Zn/3) + cn, Toe C TmpencTaBiseT
co0oii KoHCTaHTY, siBisieTcs Q(nlgn).
[TocTpoii 1epeBO peKypcHu Uik peKyppeHTHOro cooTHomenus T'(n) = 4T([n/2J) + cn,
rie C — KOHCTaHTa, M HAWAWTEe TOYHYIO AaCHMIITOTHMYECKYIO TPaHUIly €ro pelieHus,
MIPOBEPHTE €€ C MOMOILIBIO METO/1a MOACTAHOBOK.
Haiinure ¢ momomipio AepeBa peKypCMU TOYHYIO aCUMITOTHYECKYIO OILIEHKY peIIeHUs
pekyppentHoro cootHomenuss T(n) =T(n—a)+T(a)+cn, tne a=1 u ¢ >0
SBIISIIOTCS KOHCTAaHTAMH.
Haiigute ¢ moMompio nepeBa peKypcHH TOUHYIO aCHMITOTHYECKYIO OIICHKY pEIlleHUs
pexyppentaoro cootromenust T(n) = T(an) + T((1 — a)n) + cn, rue a - KOHCTaHTa
n3 quamnaszona 0 < a < 1; xoHncraHnToi geisgercs u ¢ > 0.

OCHOBHOM METO/I.
C moMOIIbI0 OCHOBHOM T€OpEeMbI HAWTUTE TOYHBIE ACUMIITOTHYECKHUE TPAHHUIIBI
CIIETYIOIINX PEKYPPEHTHBIX COOTHOIICHHA.
a.T(n) =2T("/,) +1
6.T(n) = 2T("/,) +Vn
B.T(n) = ZT(n/4) +n
r.T(n) = 2T(""/,) + n?
[Mpodeccop xouer pazpaboTaTh ANTOPUTM MATPHUYHOTO YMHOXKEHUS, aCHMIITOTHYCCKU
6osee ObIcTpHIA, yeM anroputMm llTpaccena. Ero anroputm OyaeTr ucmoib30BaTh METOT



«pasfensil U BIACTBYii», pa30MBas KaXIyi0 MATPHIly Ha YaCTH pasMepom '/ 4 % ny 4
OpuyeM [ard  pas3feleHus U KOMOMHHPOBAHHS — BBIOJNHSIOTCS 32  BpeMs
0(n?).IIpodeccopy TpebyeTcs ONpeNeIuTh, CKOIBKO MOA3anad I0JKEH CO3/1aBaTh €ro
anropuT™M, 4YtoObl ompenenuTh anroputMm lllTpaccena. Eciam amroputm mpodeccopa
co3JaeT a Moja3azad, TO PEKYPPEHTHOE COOTHOLICHHE Ui BpeMeHu padotel T(n)
npuauMaer Bug T(n) = aT(n/ 4) + @(n?). KakoBo Haubombllee IETOYNCICHHOE
3HaYeHHE a, M KOTOPOTO aiuropuTM mpodeccopa OKa3bIBACTCS ACUMITOTHYECKH
osicTpee anroputMma lITpaccena?

3) Ilokaxure ¢ MOMOIIBI OCHOBHOro meroxaa, uto I'(n) = O(lgn) sBusercs perieHHeM
peKyppeHTHOro cootHomeHus T(n) = ZT(n/Z) + 0(1) , BO3HMKAWIIEIO B XOJE
aHaJIM3a AJIropuTMa OMHAPHOTO MOUCKA. (AJITOpUTM OMHAPHOIO MOMCKA OMMCAH B YIIP.
2.3.5)

4) MOXHO IM TIPUMCHHUTh OCHOBHOM METOJ K PEKyppeHTHOMY coorHomenuto T(n) =
4T(n/2) + n%lgn? O6ocHyiiTe cBoii oTBeT. HaiijiTe aCHMMITOTHYECKYIO BEPXHIOI
TPaHHUILy PEIICHHS TOTO PEKYPPEHTHOTO COOTHOILICHHSI.

5) PaccMoTpuM yciioBHE PEryJIsipHOCTH af (n/ p) < ¢f (n) it HEKOTOPOH KOHCTAaHTBI € <
1, sBnsIOIIEECS YAacThIO Cay4as 3 OCHOBHOW TeopeMmbl. llpuBeanTte mpuMepbl KOHCTAHT
a=>1wub>1u pyukuuu f(n), KOTOpble yJOBICTBOPSIOT BCEM YCIOBHSM cilydas 3
OCHOBHOU TEOPEMBI, KPOME YCIOBUS PETYISPHOCTH.

Jloka3areibCTBO OCHOBHOM T€OpPEMBbI.
1)
n ecid j =0
= =0, @
(nj_1/b] , ecnmj >0.

[IpuBeuTE MPOCTOE M TOYHOE BBIPAKEHHUE IS 11 B ypaBHeHHUH (4.27) 171 cIydas, Korjia
b — MonoXKUTENBHOE 1IeI0€ YHUCIIO (a HE MPOU3BOIBHOE JICHCTBUTEIBLHOER).

2) TlokaxxuTe, 4TO €CIH BHITIONHSAETCS cooTHomeHue f(n) = O(n'°8 ¢ 1gkn), rne k > 0, To
OCHOBHOE PEKYPPEHTHOE cooTHomeHne umeer pemenne T(n) = O(n'°8 ¢ 1gh+1 n). Tna
MPOCTOTHI PACCMOTPHUTE TOJBKO CITydail TOUYHBIX CTEeTIeHeH b.

3) IlokaxwuTe, 4TO B ciay4yae 3 OCHOBHOW TEOPEMBbI OJHO M3 YCIOBHH H3JIHUIIHEEC B TOM
CMBICIIE, YTO M3 YCIIOBHSI PETYISPHOCTH af (n/ p) < ¢f (n) st HEKOTOPOIi KOHCTAHTBHI

¢ < 1 cnemyer, 4To CyIIECTBYeT KOHCTaHTa € > 0, Takas, uto f(n) = Q(n!08» 4+€),

Kontponupyemsbie komnerennuu: [TK-7
Oyenka KomMnemeHYyull 0Cyuecmeisiemcs 8 COomeemcmeuu ¢ maoauyet 4.

KonTpoabnas padora
Cemectp 4
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Hwke npuBeneHa tabdiuiia, CTPOKH KOTOPOH COOTBETCTBYIOT Pa3IMUHBIM (QYHKIHSIM
f(n), a ctonOup! — 3HaYeHUSAM BpeMeHU t. 3amoiHuTe Ta0IHIly MAaKCUMAIBHBIMU 3HAYCHHUSIMH N,
JUIsl KOTOPBIX 33/1a4a MOXKET OBbITh PEIICHA 3a BpeMs t, ecliu Mmpe/roiaraeTces, 4To Bpemst padoThl
ITOPUTMA, HEOOXOMMOE IS PELICHUS 33auH, paBHO f (1) MUKPOCEKYH]I.

Cexynga | Munyra Yac HeHp Mecsn T'on Bek

logn

Vn

n

nlogn

n2

Tl3

271

n!

3agaua 2

PaccmotpuTe copTUpOBKY N 371€eMEHTOB MaccuBa A, KOTOpasi BBITIOIHAETCS CIEAYIOIINM
oOpa3om. CHauana onpeenseTcs HauMEHbIINA AIeMEeHT MaccuBa A, KOTOPBI CTaBUTCS Ha
Mecto s5ieMenTta A[1]. 3aTeM mpou3BOAUTCS TOMCK BTOPOT0 HAMMEHBIIIETO 3JIEMEHTa MacCUBa
A, KOTOpBIN CTaBUTCS HA MeCTO AnneMeHTa A[2]. DTOT mporecc NPoIOIKUTCS sl MepBbIX N-1
AJIEMEHTOB MaccuBa A. 3aMMIINUTE MCEBJAOKO]] ITOTO aJITOPUTMA, U3BECTHOTO KaK COPMUPOBKA
svibopom (Selection sort). Kakoii HHBapuaHT IMKJIAa COXpaHSIEeTCs i 3Toro anroputma? [louemy
€ro JJOCTaTOYHO BBIMOJIHUTH IS IEPBHIX N-1 37IEMEHTOB, a HE JJIs1 BCEX N 3JIEMEHTOB?
Omnpenenure BpeMs pabOThHI aNTOPUTMA B HAWTYYIIIEM U B HAUXY/LIEM CIydasx U 3aMHIINUTE eTo
B ® 0003HaYECHUSIX.

3amava 3

PaccmoTtpuTe COpTHPOBKY h 2JIEMEHTOB MaccuBa A, KOTOpasi HA3bIBACTCS COPMUPOBKA BCMABKOTU
(insertion sort). OHa HaMOMHKHAET CMOCOO K KOTOPOMY MPUOETat0T UTPOKH ISl COPTHPOBKH
uMeroLxcs Ha pykax kapT. CHavasna B JIEBOM pyKe HET HM O/IHOM KapThl M BCE OHM JIEKAT Ha
cTone pyOarikoii BBepx. Jlanee co crona Gepercs o OJHOM KapTe, Kaxaas U3 KOTOPhIX
MOMEIIAETCs B HY’)KHOE MECTO CPeIu KapT, KOTOPbIE HAXOATCS B JIEBOM pyke. UTOOBI
ONpPENIETUTh, Ky/1a IOMECTUTh OYEPEIHYIO KApTy, €€ MACTh U IOCTOMHCTBO CPAaBHUBAIOTCS C
MacCThIO M IOCTOMHCTBOM KapT B pyke. [locie kaxaoro mara KapThl B JIEBOH pyke OyayT
oTcopTupoBanbl. [lycTh cpaBHEHUE TPOBOJUTCS B HAIIPABJIEHUH CJI€Ba HAIPABO. 3aUIIUTE
TIICEBOAOKOQ aJ'IFOpI/ITMa COpTI/IpOBKI/I BCTaBKOﬁ. Kaxoﬁ I/IHBapI/IaHT IIUKJIa coxpaHs{eTcs{ IJIs1 3TOr0
anroputMma? Onpenenure BpeMs paboThl AITOPUTMa B HAWIIYYIIEM M B HAUXY/IIEM CIydasX U
3aIlUIINATE €r0 B ® 0003HAYEHUX.

3agaua 4
CopTupoBKa BCTaBKON MaJIBIX MACCUBOB B ITPOLIECCE COPTUPOBKHU CIUSHUEM

Hecmotps Ha TO, YTO € yBETMYEHHEM KOJIMYECTBA COPTUPYEMBIX 3JIEMEHTOB BPEMSI COPTUPOBKHU
METOIOM CITHSIHUI B HaUXYJIIIeM cirydae pacteT kak @(nlgn) , a Bpemst COpPTHPOBKH BCTaBKOM —
kak O(n?), Gnaronaps MOCTOSHHBIM MHOKHTENSM Ha IPAKTHKE [/ MAJIbIX Pa3MEpOB 3a/1a4 Ha
OOJILIITMHCTBE MAIIIMH COPTUPOBKA BCTABKOW BBITIOJIHSIETCS ObIcTpee. Takum oOpa3oM, ecTh
CMBICJI HCTI0JIb30BaTh COPTUPOBKY BCTABOK B MPOLIECCE COPTUPOBKE METOJIOM CIUSHUM, KOTAa
M0/13a/1a4M CTaHOBSITCS IOCTATOYHO MaJleHbKUMH. PaccMoTpuTe MoauduKanuio aaropurma



COPTUPOBKH CIIUSHHEM, B KOTOpOM 1 /k MOIMAacCHBOB JJIHHOM K COPTHPYIOTCS BCTABKOM, MOCIE
4ero OHU OOBETUHSIOTCS C IIOMOIIBIO OOBIYHOTO MeXaHu3Ma ClusHus. Benmnunna K momkna
OBITH HailZieHa B POIECCE PEILICHUS 3aJauH.

a. Ilokaxure, 4TO COPTUPOBKA BCTABKOMU MTO3BOJIIET OTCOPTUPOBATH N/ Kk
HOAIOCeN0BaTenbHOCTEN nHOM K Kasknas 3a Bpems ©(nk) B xyuauiem ciaydae.
b. TlokaxxuTe, KaKk BBITOJIHUTH CIUSHUE dTHX MOANOCICIOBATCIBHOCTEH 32 BpeMs

O(n lg(n / k)) B HaUXY/IIIEM CIydYae.

c. Ecim Takoii MOIuQHUIIMPOBaHHBIN aJITOPUTM BBITIOIHsIETCS 32 BpeMmst O(nk + n lg(n/ k))

B HaUXY/IIIEM ciIy4ae, TO YeMy paBHO HaunOoubliee 3HaYeHue K kak GpyHKIuu oT N, st
KOTOPOT0 MOAU(DUIMPOBAHHBIH aIrOpUTM B B-0003HAYCHHUAX UMEET TO K€ BpEeMsI
paboThL, YTO ¥ CTaHJAPTHAsE COPTUPOBKA CIUSHUEM?

d. Kaxk cnenyer BeiOupath K Ha npakTuke?

3anaua 5
KoppeKTHOCTb y3bIPbKOBOI COPTUPOBKU

[Ty3pIppKOBasi COPTUPOBKA MPEACTABISAET COOON MOMYNIAPHBIA, HO He 3P HEKTUBHBII
AITOPUTM COPTHPOBKU. B €ro ocHOBE JIEKUT MHOTOKpATHAs IIEPEeCTaHOBKA COCEAHHUX
9JIEMEHTOB, HapYLIAOIIUX NOPAJI0K COPTUPOBKHU.

Bubblesort(A)

1 fori=1toA.length-1

2 for j = A.length downto i + 1

3 If A[j] < A[j - 1]

4 IMomensiem A[j] u A[j - 1] mectamu

a. ITyctb A 0Go3HauaeT BbIx01 mporeayps! Bubblesort(A). [lis nokasarenbcrsa
KOPPEKTHOCTH Tiporieypsl Bubblesort Heo6xomumo 1oka3ars, 4To OHA 3aBEPIIIACTCs U YTO

A[1] < A[2] < - < A[n]

rien = A.length. Uto emé HeoOX0AUMO T0KA3aTh IS TOTO, YTOOBI TOKA3aTh, UTO
nporeaypa Bubblesort neficTBuTENbHO BBIMTOIHIET COPTHPOBKY?

B cnemyronux IByX 4acTsax JA0Ka3bIBalOTCs HepaBeHCTBa (2.3).

b. Touno chopmynupyiiTe HHBapHaHT 1KIiIa for B ctpokax 2-4 v JOKaXuTe, 4TO OH
BBITIOJIHAETCS. Jl0Ka3aTENbCTBO JOJKHO UMETH TY K€ CTPYKTYPY A0KA3aTEIbCTBA
VMHBapHUaHTA [IMKJIA, KOTOpasi paHee UCMOJIb30BaAIaCh B aHAJOTHYHBIX JOKA3aTEIbCTBaX B
JAaHHOH TJaBe.

C. C mOMOIIIBIO YCIIOBHS 3aBEPIIICHHS MHBAPHAHTA [IUKJIA, JOKa3aHHOTOo B yacTH (D),
chopmynupyiTe MHBapHaHT 1ukia for B ctpokax 1-4, KOTOpBIH MO3BOJIWII OBI IOKA3aTh
HepaBeHcTBa (2.3). Jloka3aTeabCTBO JOHKHO UMETh TY K€ CTPYKTYPY JA0Ka3aTeIbCTBA
MHBAapUaHTa LIUKJIA, KOTOPAasi UCTIOJIB30BAJIACH PAHEE B aHAJIOTUYHBIX JJOKA3aTeIbCTBAX B
IAHHOU TJIaBe.

d. Onpenenute Bpemst My3bIPbKOBON COPTUPOBKU B HAMXYJIIIIEM CIIydae U CPABHUTE €ro CO
BPEMEHEM COPTUPOBKHU BCTaBKOM.



3agauya 6
KoppektHocTs npasuia ['opHepa

Crnenyroumii pparMeHT KoJia peanu3yeT npaBuiio ['opHepa 11t BBIYMCICHUS TOJTMHOMA
n

P(x) = Z aixt =ag+x(a; + x(az + -+ x(a,_1 + xay) ...))
i=0

JUTSI 32/TaHHBIX KOA(PDUITUEHTOB Ay, A4, Ay, -.., A, U 3HAYCHHS X.
1 y=0

2 for I =ndownto 0

3 y=ai+tx*y

a. YUemy paBHO Bpemst pabOThI 3TOr0 parmenra koja npasuia ['opuepa B \theta-
0003HaYeHUSIX ?

b. Hanummre nceBaoko, peain3yronuii airopuT™M 0OBIYHOTO BBIYHCIICHUS TOJTMHOMA,
KOIJa KaKJ0€ clIaraeMoe MOJIMHOMA BbIUUCIIAETCs OTAeNbHO. Onpenenure
ACUMITOTUYECKOE BpEMS pabOThI 3TOTO AJIFOPUTMA U CPABHUTE €0 CO BPEMEHEM pabOThI
aJIropuTMa, OCHOBAaHHOIO Ha npasuie ['opHepa.

C. PaccMoTpuM ciieyroniuii ”HBapUaHT LUKJIA.

B nauane kaxmoit urepanuu nukia for B crpokax 2 u 3

n—(i+1)

_ k
Yy = z Ap+i+1X

k=0

PaccMmoTpum cymmy 6€3 WiieHOB Kak paBHYIO Hyt0. Clieyro CTpYKType JI0Ka3aTelbCTBa
MHBapHaHTa UKJIa, KOTOpas UCIIOJIb30Balach paHee B JaHHOW IJIaBe, BOCIIOIb3YUTECH
YKa3aHHbIM MHBapUaHTOM LIMKJIA, YTOOBI OKa3aTh, YTO IO 3aBEPUIEHUH pabOThI

Y = Xk=o0 akxk-

d. Cnenaiite 3aKiroueHue, 4YTO B IPUBEICHHOM (PparMeHTe KOJia MPaBUIbHO BBIYUCIISETCS
3HAYCHHE MMOJIMHOMA, KOTOPBIN 3a/1aeTcs KOdPIUIIUSHTaMH A, A1, A3, -.., Ay -

3anaua 7
WNuBepcun

[Tycts A[1 ..n] npencrasisier co0oi MaccuB U3 N pa3nuyHbIX uncen. Ecmmi < ju A[i] >
A[j], To mapa (i, j) Ha3eiBaeTcsi HHBepcuei A.

a. [lepeuncnure nsate nHBEpcui MaccuBa < 2,3,8,6,1 >.

b. Kakoit MaccuB 13 31eMeHTOB MHOXKeCTBa {1,2, ..., N} CONEPKUT MaKCUMATIbHOE
KOJIN4eCTBO MHBEpcHii? CKOJIBKO MHBEPCUH B 3TOM MAacCUBE?



c. Kakas cymecTByeT B3aMOCBSI3b MEX/1y BpEMEHEM COPTUPOBKH METOJIOM BCTABOK U
KOJIMYCCTBOM MHBEPCHI BO BXOJHOM MaccuBe? OOOCHYHTE CBOM OTBET.

d. Pa3zpaboraiiTe anropuT™m, ONpeaeIstoNfi KOJTMISCTBO MHBEPCUH, COICPIKAIIIMXCS B
MIPOM3BOJIBHON MIEPECTAHOBKE N AJICMEHTOB, BpeMsi paOOThI KOTOPOTO B HAMXYIIIIEM CITydae
pasHo O(nlgn). (Ykazanue: MOTU(UIMPYHTE AITOPUTM COPTUPOBKH CIHSHHEM. )

3agauya 8
ACHMIITOTHYECKOE TTOBEICHHE TIOJIMHOMOB
_vd i
[ycts p(n) = Yi—, a;n',

rae ag > 0, mpeacraBiseT co00i moauHoM cterneHu d ot N, u mycTh K sBsieTcst
KOHCTaHTOU. Vcronb3ys onpeneneHns aCuMITOTUYECKUX 0003HaYeHHH, TOKaXKUTE
CJIEAYIOLIME CBOMCTBA.

a.Ecim k > d, To p(n) = 0(n*).
6. Ecrm k < d, 10 p(n) = Q(n").
B. Ecm k = d, To p(n) = 0(n*).
r. Ecmu k > d, To p(n) = o(n*).

1. Ecmu k < d, to p(n) = w(n®).

3agaya 9
OTHOCUTEIBHBIN ACUMITOTUYECKHI poCT

Jlns kaxx0i mapbl IpUBEIEHHBIX B TaOIHIIE BhIpaskeHUH (4, B) yKaxuTe, KAKUM
otHomeHHeM A cBsizano ¢ B: 0,1, 0, w wim 0. Ilpennonaraercs, urok > 1, e > 0uc > 1
— KOHCTaHThI. Baill 0TBET JOJKEeH BbIpaXKaThCsl TAOIUIIEH, B KaKI0U sueiike KOTOpoi
yKazaHo 3HaueHue «/la» nmm «Her».

A B 0 0 Q w ©)
(Ign)” ne
nk Cn
\/ﬁ nsinn
n 2n/2
nlgc Clgn
lg(n!) lg(n™)
3agaua 10

YnopﬁmoquHe IO CKOPOCTHU aCUMIITOTUYICCKOTO POCTa

a. Pacmonoxwure npuBeaeHHbIC HUXKE QYHKIHH IO CKOPOCTH MX aCHMITTOTHYECKOTO POCTa,
T.€. IOCTPOMTE TAKyIO MOCIEA0BATEIBHOCTE GYHKIUH g1, g2, .., §30 9T0 g1 = Q(g2), g2 =
Q(g3),---» 929 = Q(g30)- Pazdeiite cBOIi CHMCOK Ha KJIACCHI SKBUBAJICHTHOCTHU TaK, YTOOBI



byuxmun f(n) u g(n) HaXOIUIKCH B OJHOM U TOM K€ KJIACCE TOrAa U TOJILKO TOT/Ia, KOTa

fm) = 6(gm).

1g(lg* n) 2lg'n (\/E)lg” n? n! (Ign)!
6l n® g’n | () 2 i/
2
Inlnn lg*n n2" niglgn Inn 1
2187 (Ign)'em e 4lgn (n+1)! filgn
lg*(lg n) 2y2lgn n n nlgn 22n+1

0. [IpuBeaute mpuMep HeOTpHUIATeIbHON PyHKIMY f(n), TaKkoM, 4TO I BCeX PyHKIMI
gi(n) uz vacru (a) f(n) ve npunamiexut v MHOKecTBY O (g;(n)), HU MHOXKECTBY

Q(g:(m).

Cemectp 4

3amaua 1
CBONCTBA aCUMIITOTUYECKUX 0003HAYECHUIT

[Tycts f(n) u g(n) — aCUMITOTHYECKH MOJIOKUTEIbHBIC QYHKITUH. JJOKaKUTE HITH
OTIPOBEPTHUTE CIPABEIIIUBOCTD KAXKIOTO U3 IPUBEACHHBIX HIKE YTBEPIKICHHH.

a. U3 f(n) = 0(g(n)) serrekaer g(n) = 0(f(n)).
6. f(n) + g(n) = ©(min(f (n), g(n))).

B. U3 f(n) = 0(g(n)) Beitekaer Ig f(n) = 0(1gg(n)), rnelgg(n) = 1 u f(n) = 1 mist Bcex
JIOCTAaTOYHO OOJBIIHX N.

r. U3 f(n) = 0(g(n)) errekaer 2/ ™ = 0(29™),

1 f(m) = 0((f(m)").

e. U3 f(n) = 0(g(n)) seirekaer g(n) = Q(f (n)).
x. f(n) = O(F(2)).

3. f() +o(f(W) = 0(f ().

3agaua 2

Bapuauun onpenenennii O u ().

HexkoTopbie aBTOPHI ONpeIesaioT () HECKOIBKO HHAYE, YeM 3TO JejaeM MbI;, JaBaiTe /I TAKOTO
aTbTEPHATUBHOTO ONPEIENICHUs OY/IeM UCIIOIb30BaTh CUMBOII () (YMTAETCS KaK «oMera
OeckoHeuHOCTHY). Byaem ropoputs, uto f(n) = (O (g(n)) , eciau CymecTByeT MOI0KUTEIbHASI
KOHCTaHTa C, Takas, 4to f(n) = cg(n) = 0 mis 6ECKOHEYHOTO KOJTMYECTBA IENIBIX YUCE N.



a. [Tokakute 4T0 JUTst TFOOBIX IBYX aCHMITOTHYECKH HEOTpUIaTeabHbIX QyHkumit f(n) u g(n)
BBIIIOJIHSETCSI OJIHO U3 cooTHoteHuit f(n) = 0(g(n)) u f(n) = Q. (g(n)) (wm onu oba), B TO
BpeMs KaK IIPH UCIOJIb30BaHUU () BMECTO () 3TO YTBEPHKIACHUE JIOKHO.

6. OnuiuTe NOTEHIMAIbHbIE IPEUMYILECTBA U HEIOCTATKU NpuMeHeHus () BmecTo () 1uis
XapaKTEPUCTHKH BPEMEHU PAOOTHI IPOTPAMM.

HekoTopsie aBTOPBI ONPEIEISIOT HECKOIBKO HHa4e u O U1 TAKOTO albTePHATHBHOTO
ompeenenus Oyaem ucmnoab3oBars cumosi0’. Byaem roBoputs, uto f(n) = 0'(g(n)) Torna u
TOJIBKO TOTa, Korja |f(n)| = 0(g(n)) .

B. Uto nmpousoiizer B Teopeme 3.1 ¢ KakIbIM U3 HANPaBICHUN «TOTa U TOJIBKO TOTa, KOTAay,
eciu 3aMeHuTh O Ha 0, HO ocTaBUTh Oe3 u3meHeHui (?

HexoTopsie aBTops! onpenerstoT O (YuTaeTcs Kak «0 ¢ TUIbA0N») Ania o6o3Hayenus O, B
KOTOPOM UTHOPUPYIOTCS JorapuMUIECKHe MHOKUTEIIH:

f(n): cylecTBYIOT MOJIOKUTETbHbIE KOHCTAHTHI C, k 1 no,}

0(g(m) = |

takue,4to 0 < f(n) < cg(n)lghn ans Bcexn > n,

3agaua 3
WtepupoBaHHbIe HYHKIHH

Omneparop utepanuu *, uCmoyb3yeMbiid B pyHkuu 1g*, MOXHO IPUMEHUTH K JTF000H MOHOTOHHO
Bo3pacraromeii pynkuuu f(n), onpeneneHHON Ha MHOXECTBE ASHCTBUTENbHBIN urcen. J{is
3a/1aHHOM KOHCTaHTHI ¢ € R utrepupoBanHas GyHKIHUS ONPEENSIeTCs CIEIYIOIINM 00pazoM:

fim) =min{i 20: fOm) < c}

OnHa MOXeT He OBITh BIIOJIHE ONpEAEIEHHOM BO BceX ciaydasx. J[pyrumu cioBamu, BeIM4MHA
f¢' (n) mpexacrasisieT co60# KOTMYECTBO HTEPUPOBAHHBIX MPUMEHEHUH QyHKIMH f,
TpeOyrorieecs JUisl TOT0, YTOObl YMEHBIIUTD €€ apryMEHT /10 3Ha4€HHUs, He MPEBbIIIAONIETO C.

JI7ist KaKI0# U3 MpUBEICHHBIX aanee GyHKImi f(n) U KOHCTAHT C aiiTe MAaKCUMATbHO TOYHYIO
oreHky ¢yHkimu f.'(n).

f fe(m)

(n—-1)

lgn

"/

/2
Vn

Vn

nl/3

NINRIN N RO

n/lgn

3amaua 4

IIpuMepsl peKypPPEHTHBIX COOTHOILICHUM



OmnpenenuTe BEPXHYIOI0 U HIKHIOI aCHMITOTHYECKUE TpaHuIbl GyHKIMA T (n) U1t KaX10ro
U3 IPECTABICHHBIX HIKE PEKYPPEHTHBIX cooTHOIEHUH. Cunrtaem, yto T'(n) npu n > 2
ABJsieTca KoHcTaHTOM. [lonbITaliTech caenaTh 3Ty OLIEHKY KaK MOXKHO 0oJiee TOUHOH U
000CHYITE CBOI1 OTBET.

a.T(n) = 2T("/,) + n*
6.T(m) =T("/1y) +n
B.T(n) = 16T("/,) + n?
r.T(n) = 7T("/3) +n®
1.T(n) = 7T("/5) +n?
e.T(n) = 2T("/,) +Vn

x.T(n) =T —2) +n?

3amaua 5
CToMMOCTH TIepe/Iauu mapamMeTpoB

[Ipennonaraercs, yTo nepeaaya napaMeTpoB MPH BbI30BE MPOLEAYPHI 3aHUMAET (PUKCUPOBAHHOE
BpeMs, f1axe ecnu nepeaaercst N-aineMeHTsii MaccuB. J[i1st G0JIBIIMHCTBA BEIYMCIUTEIBHBIX
CHUCTEM 3TO MPEATIONIOKEHHUE CIIPABENINBO, IOCKOJIBKY IIEPENACTCS HE CaM MAacCHB, a YKa3aTeib
Ha Hero. B naHHOH 3a1a4e ucCiIenyoTcs TpU CTPAaTETuy Mepelaun IapaMeTpoB.

1. MaccuB nepenaeTcst mocpencTBoM ykaszarens. Bpemst = 0(1).
2. MaccuB nepenaetcs nocpeicTBoM konuposanus. Bpems = O(N), rne N — pazmep maccuBa.

3. MaccuB nepenaercs myTeM KOIMPOBaHUS TOJBKO HEKOTOPOIO MOAUANa30Ha, K KOTOPOMY
oOpartaercs BeI3bIBaeMas mpouenypa. Bpems = 0(q — p + 1) npu nepeaaye noaMaccuba

Alp..q].

a. PaccMoTpuTe peKypCUBHBIN adropuT™M OMHAPHOTO MOUCKA, MPeJHA3HAYECHHBIH [
HAXO0XJICHUS YHCIlia B OTCOPTUPOBAHHOM MaccuBa (cM. ymp. 2.3.5). [IpuBeaute pekyppeHTHbBIE
COOTHOIIIEHUS, OMTUCHIBAIOIINE BpeMsi OWHAPHOTO TIOUCKA B HAUXYJIIIIEM CITy4ae, €CIIM MaCCHUBBI
MEPEAI0OTCS C TTOMOIIBIO KaXKIOTO M3 ONMMCAHHBIX BBIIIE METO/IOB, U IaliTe TOYHbIC BEPXHUE
TPaHUIIbI PEIICHUN ITHX PEKYPPEHTHBIX cooTHomeHuH. [TycTh pazMep UCXOIHOM 3a/1auul paBeH
N, a pa3mep moazanaqyu — N.

0. BemmonnuTe 3aganue (a) mia anroputma Merge-Sort u3 pa3nena 2.3.1.

3anauva 6
Jpyrue npuMepsl peKyppeHTHBIX COOTHOLIEHUN

JlaiiTe BEpXHIOIO U HI)KHIOIO aCUMIITOTUYECKHE OlleHKU GyHKUuU T (n) B KaXIOM U3
NPUBEICHHBIX HIKE PEKYPPEHTHBIX cooTHoIIeHuil. [Ipeanonaraercs, uto T (n) mis JOCTaTOUHO



MaJIbIX 3HAYCHUH N SBIISETCS MOCTOSTHHOM BenmmunHOM. [TocTapaiitech, 4TOOBI OIIEHKH OBLIN KaK

MOJKHO 00Jiee TOYHBEIMH U O6OCHyﬁTe OTBECTHI.

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

6.T(n) = 3T(""/3) + "hign

B.T(n) = 4T("/5) + n*Vn

r.T(n) =3T("/3 = 2) + ™/,

1T =2T("/2) +™)ign

e.T() =T (/) +T("/4) +T("/g) +n
k. T(n) =T(n—1) + 1/,

3.T(n) =T(n—1) +lgn

u.T(n) =T —2)+ 1/lgn

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

Yuciaa uborauum

Fp=0
=
Fi=F_1+F,3

B aroit 3aaue packpeiBaroTcs cBoicTBa yncen @uboHayun, onpeeIeHHBIX ¢ TOMOIIBIO
pexyppeHTHOro cooTHoueHus (3.22). Bocnonb3yemcs ais pemeHus: peKyppeHTHOTO

At > 2

(3.22)

cooTHoueHuss ®uOoHAUYH, METOIOM MPOU3BOAAIINX PyHKINNA. OnpenenuM npon3BoAsILY 0

¢yuxuuo (v popmMasibHbIil cTenenHoi psaa) F kak

F(z) = Z F;z*
i=0

=0+2z+4+2%+22%+32* +52° +82%+ 1327 + 2128 + -,
rae F; mpencrasisier coboit -e uncino Gubonauym.

a. Iokaxute, uto F(2) = z + zF (2) + z°F (2).

0. [Toxaxkute, 4TO

F) =



VA
T -1 - ¢2)
1/ 11
Vs\1—¢z 1—¢z
18

=1,61803.. u ¢ = — = —0,61803 ...

1+/5
2

rae ¢ =
B. [lokaxute, uto F(z) = X2, % (¢! — ¢?)z!

r. Bocione3yiitecs 1. (B) JUIsl J0Ka3aTeIbcTBa TOr0, uto F; = ¢! /+/5 (oxpyriennoe 10
ommkaiimero 1enoro) as Beex i > 0. (Vkazanue: oOpaTute BHUMaHUE, YTO |¢>| <1)

3angaua 8
TecTupoBaHuEe MUKPOCXEM

B pacnopsokernn podeccopa ecTh 1 MPeanoIoKUTESIFHO UICHTHYHBIX MUKPOCXEM («IHUTIOBY),
KOTOpBIE B IPUHIIUIIE CTOCOOHBI TECTUPOBATH APYT Apyra. B TecTupyromee npucrnocodieHune 3a
OJIMH Pa3 MOXHO MOMECTUTH JBE MUKpocxemy. [Ipu 3ToM Kaxaast MUKpOocXeMa TECTUPYET
COCEIHIOIO U BBIIAET OTYET O pe3yibTaTe TeCTHpOBaHUs. McrpaBHas MUKpocxema Beeraa
BbIJIa€T MPAaBUIIBHBIE PE3yIbTaThl TECTUPOBAHUS APYTOil MUKPOCXEMBI, a pe3ybTaTaM
HEUCIPAaBHON MUKPOCXEMBI JI0BEPTh HENb3sl. TakuM 00pa3oM, BO3MOXKHBI YEThIpE BapHaHTa
PE3YIbTATOB TECTUPOBAHU A, IPUBCACHHBLIC B Ta6J'II/IH€ HUXKE.

Otuer A Otuet B 3aKIro4YeHne

B ucnpasna A ucrnipaBHa JIu60o 06e ucnpaBHbI,
1100 00€ HEeUCIPABHBI

B ucnpasna A HeucnpaBHa HewncnpaBHa kak MUHUMYM
0JIHa MUKpOCXeMa

B HeucnpaBna A ucnpaBHa HewncnpaBHa kak MUHUMYM
0JIHa MUKpOCXEMa

B HeucnpaBna A HeucnpaBHa HewncnpaBHa kak MUHUMYM
0JIHa MUKpOCXeMa

a. [Tokaxxute, 9T0, €CIIM KaAK MUHUMYM N /2 MUKPOCXEM HEHCITPABHEI, TPOPECCOp HE CMOKET
TOYHO OIPENIETUTh UCIIPAaBHBIE MUKPOCXEMBI, KaKOH OBl CTpaTerueil momapHbIX UCTIBITAHUA OH
He nonb3oBaics. (IIpeanonaraercs, 9To HeUCIIPaBHBIE MUKPOCXEMBI HE JJOTOBAPUBAIOTCS MEXKIY
co0oi, 9To0BI 0OMaHyTh Tpodeccopa.)

6. PaccMoTpuM 3aauy 0 moucke OHON UCIIPABHON MUKPOCXEMBI Cpe N MUKPOCXEM, €CITU
IpeJnoiaraeTcs, 4YTo UCIpaBHO OoJiee OJOBUHBI BceX MUKpocxeM. [lokaxkure, 4To ln/ZJ

MOTIAPHBIX TECTUPOBAHUN JJOCTATOUHO JUIsl CBEJIEHUS ATOM 3a7jauu K [1o/13a1a4e, pa3sMep KOTOpoi
NpUOJIU3UTENBHO B JIBa pa3a MEHbIIIE.

B. [lokakuTe, 9TO MOXKHO HAHUTH BCE MCIIPABHBIC MUKPOCXEMBI C TIOMOIIBIO O (1) MOMapHBIX
TECTUPOBAHUH B MPENOI0KEHUH, YTO UCIIPABHBI O0JI€E MOJIOBUHBI MUKPOCXEM.
ChopmynmpyiiTe U pelnTe peKyppeHTHOE COOTHOILIEHUE, ONUCHIBAIOIIEE KOJIUYECTBO
TECTUPOBAHUU.



3amauya 9
Maccussl Monxa

Maccus A pazmepoM m X n, COCTOSIIIMMN U3 ACHCTBUTEIbHBIX YUCE, SBJISIETCSI MACCHBOM
Momnzxka (Monge array), eciu uist Beex I, j, k u l, takux,uro 1 <i<k<mul<j<l<n,
MBI UMEEM

Ali,j1 + Alk, 1] < Ali, 1] + Alk, j]

Jpyrumu cinoBam, Ipu 1r000M BbIOOpE IBYX CTPOK M JBYX CTOJIOLIOB U3 MaccuBa MoHxka (IIpu
9TOM 3JIEMEHThl MAaCCHBA Ha MEPECEUEHNUN BBIOPAHHBIX CTPOK M CTOJIOLIOB 00pa3yoT
IPSAMOYTOJIBHUK) CyMMa 3JI€MEHTOB B JIEBOM BEpPXHEM M IIPABOM HMKHEM YIJIaX MOJIy4E€HHOIO
IPSIMOYTOJIBHUKA HE ITPEBBILIAET CYMMY 2JIEMEHTOB B JIEBOM HI)KHEM U IIPABOM BEPXHEM €T0
yraax. [IpuBenem npumep MaccuBa MoHnxa.

10 17 13 28 23
17 22 16 29 23
24 28 22 34 24
1 13 6 17 7

45 44 32 37 23
36 33 19 21 6

75 66 51 53 34

a. Jlokaxxurte, 4TO MacCUB SIBJISIETCS MacCMBOM MOH>Ka TOT/1a M TOJBKO TOT/a, KOT1a JiJisi BCEeX
i=12,..,m—1uj=1,2,..,n— 1 BbNOJHIETCS YCIOBUE

Al jl1+A[i+1,j+ 1] < A[i,j + 1] + Ali + 1,/]

(Vkazanue: nns mpsMoOro 10Ka3aresibCTBa BOCIOIB3YHTECh METOJOM MaTeMaTHUECKOM
WHAYKIIUU OTEIBHO AJI CTPOK U JJIsi CTOJOIIOB.)

0. [IpuBeieHHbII HI)KE MacCHUB HE sBIIseTCS MaccuBoM Mon:xka. M3MeHuTe B HEM OJMH SJIE€MEHT
TakuM 00pa3oM, YTOOBI OH cTal MaccuBOM Mowxka. (Vxazanue.: BOCTIONB3YHTECH II. (a).)

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

B. [lycts f (i) mpeacraBnsieT coboii MHIEKC CTONOIA, COAepKAIIEeTo KpaHUH clieBa
MHUHUMAJTBHBIH 3JIeMeHT B cTpoke i. Jlokaxkwure, uto f (1) < f(2) < -+ < f(m) mns moboro
MaccuBa MoHXa pasMepoM m X n.

r. [lanee npuBeneHo onucaHue aaropuTMa «pasienisiii U BIacTBYW», MPeIHA3HAYEHHOTO JIJIs
BBIYMCIICHUS] KPAWHETO CJI€BA MUHUMAJIBHOTO 3JIEMEHTA B KAXKI0W CTPOKE, BXOSIIEH B COCTaB
MaccuBa Monxka A pazmepom m X n.

[Moctpoiite moamarpuity A” MaTpuiibl A, COCTOSIIYIO U3 YE€THBIX CTPOK MaTpHIibl A. C MOMOIIBIO
PEKYPCHBHO# MPOIEAYphI HAMIUTE B KAKIOH CTPOKe MaTpHIlbl A’ KpaiiHuii ciieBa



MHUHUMAJIbHBINA 3JIEMEHT. 3aT€M HaluuTe KpailHUW ClieBa MUHUMAJIbHBIN JIEMEHT Cpen
HEYETHBIX CTPOK MaTpHLbI A.

OO0BsicHUTE, KaK HAUTH KpailHUH ClieBa MUHUMAJIbHBIN 3JIEMEHT CPE HEYETHBIX CTPOK
MaTpullbl A (TIpearnoaraercs, YTo KpailHui cieBa MUHUMAJIbHBIN 3JIEMEHT CPEIU YETHBIX
CTOJIOIIOB 3TOM MaTpHIlBI H3BeCTeH) 3a Bpems O (m + n).

1. 3anUIINTe PEKYPPEHTHOE COOTHOIICHKE, ONMChIBAIOIIee BpeMs pabOThI aropuT™Ma U3 1. (T).
[Tokaskute, 9TO €ro pemenne umeert Bux [1(m + nlgm).

Kontponupyemsbie komnerennuu: [1K-7
Oyenka KomMnemeHYyull OCyuecmeisiemcst 8 COomeemcmaeuu ¢ maoauyet 4.

Bonpocsl k 3x3amMeny (5 cemecTp)

Uto Takoe anropuTMbI?

AJNTrOpUTMBI KaK TEXHOJIOTHS.

ANTOpUTM COPTUPOBKHU BCTABKOM.

AHaJu3 anropuT™Ma COPTUPOBKH BCTaBKOIA.

3amaya COpTUPOBKHU BHIOOPOM.

AHaJu3 anropuT™Ma COpTUPOBKU BEIOOPOM.

Pa3pabotka anropurmMa COpTUPOBKH CIUSTHUEM.

AHaJu3 anropuT™Ma COpTUPOBKU CIIUSHUEM.

Acumnrornyeckre 0003HaYECHHUS.

0. CpaBHeHue QyHKIUI.

11. 3agaua moncka MaKCUMaJILHOTO IOAMACCHBA.

12. MeTton NoJACTaHOBKY PELIEHUS] PEKYPPEHTHBIX COOTHOIIEHUH.

13. Ananu3 anropuTMa Morcka MakCUMaJIbHOTO TTO/IMAcCHBA.

14. Anroputm HlTpaccena ans yMHOXKEHHUS MaTpULL.

15. MeTo1 10/ICTAaHOBKY PEUIEHUs] pEKYPPEHTHBIX COOTHOIIEHUH.

16. Kak yranath pemieHue 1 u30exaTb OMINOOK.

17. 3amena nepeMeHHBIX.

18. Meton aepeBbEB PEKYpPCHH.

19. OcHoBHO# MeTOI.

20. OcHOBHas TeopeMa 0 peKyppPEHTHBIX COOTHOLICHUSX.

21. Ucnonp30BaHye OCHOBHOTO METOIA.

22. 3amaya o HaiiMe.

23. AHaM3 HAUXY/IIIETo CIIyvas B 3a/1a4e O HaiiMe.

24. BeposATHOCTHBIHN aHAIN3.

25. PanioMu3upoBaHHbIE aJTOPUTMBI.

26. InpukaropHas ciayvaiiHasi BeTMUMHA.

27. JleMMa 0 MaTeMaTHYECKOM OKUIAHUW HHIUKATOPHOH CITy4aliHOW BETMYMHEI.

28. JleMMa 0 MaTeMaTHYECKOM OKUIAHUU KOJTMYECTBA HAalMOB.

29. AHanu3 3a7a9u 0 HaliMe C MTOMOIIBI0 WHAWKATOPHBIX CITYyYaifHBIX BEJTMYNH.

30. 3amauu o rapaepoOIIMKe U HHBEPCHHM MacCHBA.

31. 3meHeHus, KOTOpBIE TpeOyeTcsl BHECTH B allTOPUTM HaliMa JiIsl panomMu3anuu. Kox
CIIy4allHOM IIEPECTAaHOBKHU.

32. Jlemma 0 MaTeMaTHYE€CKOM OXKHUJAHUW CTOMMOCTH HaiiMa ¢ KOJIOM CITy4aitHOM
NIEPECTAHOBKHU.

33. MaccuBbl oclie ciaydailHOU TepecTaHOBKU. JIeMMa 0 paBHOMEPHOM pacIpeeICHIH.

34. [lapagokc qHEN pOXKICHHS.

BOoo~NoOR~WDNE



35. AHanu3 ¢ NPUMEHEHNEM UHIUKATOPHOM CITy4aifHOW BEIUYHHBI.
36. CnyyaifHoe HarmoJIHEHHE KOP3UH MPOHYMEPOBAHHBIMU IIAPAMH.
37. IlocnenoBaTeIbHOCTH BBITIAICHUS OPIIOB.

38. 3amaua o HaiiMe B ONEPATUBHOM PEKHUME.

39. BeposTHOCTHBIH MOACYET.

40. Ilouck B HEOTCOPTUPOBAHHOM MAaCCHBE.

Kontponupyemsie komnerenmuu: [1K-7
Oyenka KomMnemeHYyull 0Cyuecmeisiemcst 8 COomeemcmaeuu ¢ maoauyet 4.



