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1. HACHOPT ®OHIA OINEHOYHBIX CPEJICTB

1o quciuIuivae «Teopus anropuTMoB»

OrneHOYHBIE CpEICTBA COCTABISIOTCS B COOTBETCTBUM C paboueil mporpaMmoii
JTUCIUIUIMHBL U MPEACTaBISAIOT cO00il COBOKYMHOCTh KOHTPOJIbHO-U3MEPHUTENbHBIX MaTEpUaJIOB
(TumoBbie 3amauM (3a7aHus), KOHTPOJBHBIE PabOTBI, TECTHI W Jp.), MPEIHA3HAYCHHBIX IS
U3MEPEHUS YPOBHS JOCTHKEHUS 00y4arOIIMMHUCS YCTAaHOBJICHHBIX Pe3yJIbTaTOB O0yUEHUSI.

OLeHOYHBIE CpEICTBA MCHOJB3YIOTCS MPU  MPOBEACHUM  TEKYIIEro  KOHTPOJIS
yCIIeBAaeMOCTH M MPOMEKYTOYHON aTTeCTallUU.

Tabmuma 1 - IlepeueHp kKommeTeHIUH, (HOPMUPYEMBIX B MPOIECCE OCBOCHUS
JMCLMILINHBI
Kon
HanmenoBaHmue pe3yJibTara 00y4eHust
KOMIIeTeHIINH
I1K-7 CrniocoOeH K pa3paboTke W MPUMEHEHUIO aJITOPUTMUYECKUX U MPOTPAMMHBIX

pemieHut B 00JIACTM  CHCTEMHOTO M TPHUKIAAHOTO  MPOrPaMMHOTO
obecrieueHus

[IK-7.1. 3Haer TeOpeTUYECKHE OCHOBBI pa3pabOTKH MPOTrPAMMHBIX H
QITOPUTMUYECKUX pEHICHUH B 00JaCTM CHUCTEMHOTO U MPUKIAJIHOTO
MPOTPaMMHOTO 00€CIICUCHHsI; MaTEMaTHYSCKUE METOAbl PEIICHHS 3ajad,
MPOLEAYPHBIA U OOBEKTHO-OPUEHTUPOBAHHBIM MMOJAXOJbI K pa3paboTke
MHOOPMALIMOHHBIX ~ CHCTEM;  aKTyalbHble  MpoOleMbl B 00JIacTu
MPOrPAMMHUPOBAHMS; METOAbl U TEXHOJOIMU MPOTPAMMUPOBAHHUS; SA3BIKU
IIPOrPAMMHUPOBAHMS, OCHOBBI TEXHOJIOTUM MOAYJIBHOIO IPOrpPaAMMHUPOBAHUS
Ha A3bIKaX BBICOKOTO YPOBHS.

[IK-7.2. YMeeT nmpuMEHUTh MaTeMaTU4YECKUU METOJ JUIsl PELICHUs 3a]auyu;
nogoOpaTh palMOHATBHYIO TEXHOJIOTHIO MPOTPAMMHUPOBAHMS [IJISl PELICHUS
npodeccnoHanbHOM  3aJayd; CO3/1aBaTh MIPOTPAaMMHBIE  MPOAYKTHl U
AITOPUTMUYECKHUE PEIICHHs] B O0JacTH CHCTEMHOTO U TMPUKIAJTHOTO
MIPOrPaMMHOTO OOECTICUEHUS.

[1IK-7.3. Brageer HaBBIKAMU NPUMEHEHHUS MAaTEMaTHYCCKHX METOIOB s

peuieHud 3aaa4 W HNPUMCHCHHA CTAHAAPTHBIX aJITOPUTMOB; HABBIKAMU
pa3pa60TKH U CO3JaHus AJITOPUTMHYCCKUX H TPOIrpaAMMHBIX peI_HeHI/Iﬁ B
00JIaCTU  CHUCTEMHOrO H NPpUKIIAAHOTO MIPOrpaMMHOI0 06GCH6‘-IGHI/IH;
HaBBIKaMH paBpa6OTKI/I IporpaMMHBIX HpI/IHO)KCHI/Iﬁ C HCIIOJb30BaHUEM

COBPCMCHHBIX AA3BIKOB IPOTpaAMMUPOBAHU.

KoHeuHbIMH pe3yibTaTaMH OCBOCHMS JUCHUIUIMHBI SBISIOTCS  C(HOPMHUPOBAHHbIE
KOTHUTHBHBIE JECKPUTITOPBI «3HATh», «YMETh», «BJIANETh», pACIHUCAHHBIC IO OTIEIBHBIM
KoMmreTeHIMsIM. POpMHpOBaHUE JECKPUNTOPOB MPOMCXOJUT B TEUEHHE BCEro CeMecTpa IIo
JTalmaM B paMKaX KOHTAakTHOM paloThl, BKJIOYAIONIEH pa3Iu4Hble BHUIBl 3aHITHH H
CaMOCTOSITENIbHONW paboThl, ¢ MPUMEHEHUEM pPa3IUYHBIX (GopM U MeTon0oB oOyueHHs (Tab:i.2).




Tabmuna 2 - ®opMupoBaHUe KOMIETSHIIMH B IPOLIECCE N3YUYCHUS TUCIUILINHBL:

Kon YpoBeHb WNHaukaTophl JOCTUKEHNSI KOMIIETEHIUI Buj yue6ubix 3amsTuii’, | KonTponupyemsie pasjenst 1 | OleHOUHbIE
KOMIIETE | OCBOCHUS paloThl, GOPMBI U METOJBI | TEMbI JUCLUILUIUHBI CpEeICTBa,
HIUU KOMIIETEHIIUH o0y4eHus, UCIIONIb3YyEMBIE IS
CIOCOOCTBYIOLINE OLICHKHU YPOBHS
(hopMHpOBaHHUIO U c(OpMHPOBAHHOCTH
Pa3BUTHIO KOMIETEHIUI? KOMIIETeHIIU"
1IK-7 3naem
Henocratounsnii | [IK-7. CrymenT He 3HaeT Teoperuueckue | JICKIIMOHHBIE u | Paznen 1. Ponp anroputmoB | Tekymuid KOHTPOIb
YPOBEHB OCHOBBl ~ pa3pa0OTKM  MPOrpaMMHBIX M | IPAKTMYECKUE  3aHSTHUSA, | B BBIYUCICHUSAX. — YCTHBI ompoc,
QITOPUTMUYECKUX  pellleHud B oOrnacTu | caMocTosTenbHas pabora | Pasnen 2. OCHOBBI | KOHTpOJIbHAS
CHUCTEMHOI'0 M NPUKIAJHOTO MPOTrPaMMHOIO | 0Oyyaromuxcs, pa3paboTKu M aHanM3a | pabora.
obecreyeHus; MaTeMaTHYECKHE METOJIbl | IOATOTOBKA M CJaya | alrOPUTMOB.
pelieHns 3a1a4y, MPOLENYPHbIE M OOBEKTHO- | IPOMEKYTOUYHOM Paznen 3. Poct dyHKmmii.
OPHEHTUPOBAHHBI MOAXOJBl K pa3paboTKe | aTTecTaluH. Paznen 4. Pazgensait u
MH(OPMALIMOHHBIX CUCTEM; aKTyaJbHbIE BJIACTBY.
po6JIeMbl B 00J1aCTH MPOTrPaMMHUPOBAHMUS. Paznen 5. BeposTHOCTHBIN
CTyneHT He 3HaeT OCHOBHBIE MPUHIUIIBI aHaIN3 u
IIOCTPOECHHSI TIOUCKOBBIX, COPTUPYIOLIUX W paHIOMU3UPOBAHHBIE
BBIYHCIIUTEIBHBIX aJITOPUTMOB, OCHOBBI AJITOPUTMBI.
CTpaTeruu pa3padoTKH aiTOPUTMOB. Pazmen 6.  Anroputmsl
CryzneHT He yMmeeT OnpeleisaTh HauxyAlee U COPTHUPOBKH.

cpenHee BpeMs pabOThI aJrOPUTMOB; BHIOHPATH
W TPUMEHSTh  Pa3IUYHBIE  METOIBI IS
pa3paboTku aJITOPUTMOB; MIPOBONTH
cpaBHUTENbHBIN. He Brameer TexHONOrHsAMU

! JlekMOHHBIE 3aHSTHS, IPAKTHYECKUE 3aHSATUSL, TAOOPATOPHBIE 3aHATHS, CAMOCTOATENbHAS paboTa. ..
2 Heo6X0IMMO yKa3aTh aKTUBHBIE U MHTEPAKTUBHBIE METO/IbI OOY4EHUs (HAIPMMED, HHTEPAKTHBHAS JIEKIUs, Pa00Ta B MAILIX TPYIINAX, METOJIBI MO3TOBOTO IITYPMa U T.11.),
CIIOCOOCTBYIOIME PA3BUTHIO y 00YYAIOIIMXCSI HABBIKOB KOMaHIHOW pabOThI, MEXKIMYHOCTHON KOMMYHUKALMH, IPUHSTHS PELICHUH, TNIEPCKUX KayecTB.
3 HaumeHoBaHue TeMbl (pa3ziena) 6epercs u3 paboyeil mporpamMmbl AUCIUILIMHBL,

4 OLeHOYHOE CPEICTBO JOJKHO BHIOUPATHCS C YIETOM 3aILIAHUPOBAHHBIX PE3YJIbTATOB OCBOECHHS JUCLIMILIUHBI, HATIPHMED:

«3HaTh» — cobece0BaHme, KOJTIOKBUYM, TECT. ..
«YMeTby, «BrageTb» — MHANBUAYAIBHBIN WK TPYIIIIOBOM MPOEKT, Kelc-3a1aua, aesioBas (poJieBas)

urpa, TopTQoIHo. ..




OIICHKH s dexTuBHOCTH aJITOPUTMOB;
HaBBIKAMHU  JOKa3aTelbCTBA  KOPPEKTHOCTH
AJITOPUTMOB; HaBBIKAMU MIPOU3BOJIUTH

AITOPUTMHU3ALMIO M aHAIU3 BPEMEHHU PaOOTHI
aJIrOPUTMOB.

ba3zoBbIii I1K-7.1. CryneHt uMeer | JIeKImoHHbIe u | Paznen 1. Ponp anropurmoB | Tekymuii KOHTpOJIb
YPOBEHb HECUCTEMATHU3UPOBAaHHbBIC 3HAHMA | MPAKTUYECKUE  3aHSTUA, | B BBIYHCICHUSX. — YCTHBII orpoc,
TEOPETUYECKUX OCHOB pa3paboTKu | camocTosiTeNbHass pabora | Pa3men 2. OCHOBBI | KOHTPOJIbHASA
IIPOrpaMMHBIX M QJITOPUTMUYECKUX PELICHUN B | 00yYarolIuxcs, pa3paboTku W aHaim3a | paboTa.
o0JlacTM ~ CUCTEMHOr0 M MPUKIAJHOTO | MOATOTOBKA M cjaya | alfOPUTMOB.
IIPOrPpaMMHOI0 00€CIIEUeHHs]; MATEMATUYECKUX | IIPOMEKYTOUHON Paznen 3. Poct Gpynkuuii.
METOZOB peuIeHusi 3ajay, MPOUEAYPHOTO U | aTTECTaIlUU. Paznen 4. Pazpensait wu
00BEKTHO-OPUEHTHPOBAHHOTO  TOAXOMa K BJIACTBYil.
pa3paboTke MH(POPMALIMOHHBIX CUCTEM; Pa3nen 5. BepostHOCTHBII
aKTyaJIbHBIX npobiieM B oOnactu aHaIu3 u
MIPOrpaMMHUPOBAHUSA PaHI0MU3HPOBaHHbBIE
CTyneHT uMeeT  HeCHCTEeMaTH3UPOBAHHBIE AITOPUTMBIL.
3HAHWE OCHOBHBIX IPUHIUIIOB IOCTPOEHUS Pazmen 6.  Anroputmsl
MTOMCKOBBIX, COPTUPYIOIINX u COPTHUPOBKH.
BBIYMCIIUTEIIbHBIX aJIrOPUTMOB, OCHOBBI
CTpaTeruu pa3paboTKU aJIrOPUTMOB.
Cpenunuii [IK-7.1. CTyneHT 3HaeT OCHOBHOE cojepkanue | JIeKunoHHbIe u | Paznen 1. Ponp anroputmoB | Texkymuil KOHTpPOJIb
YpOBEHb MaTtepuaina JUCIUIIIAHBI. CTyneHT | mpakTUYeCKUe  3aHATHUS, | B BBIUUCICHUSIX. — YCTHBII orpoc,
CaMOCTOSITEIILHO BBIJIETISIET IJIaBHBIE | paboTa B MaibIX Tpymmax, | Pazmen 2. OCHOBBI | KOHTPOJIbHAs
II0JIOKEHUS B U3YYEHHOM MaTepHaile. WHTEpPAKTUBHAs  JIEKUUs, | pa3paboTku M aHanmu3a | pabora.
3HaeT TEOpPEeTUYECKHE OCHOBBI Pa3pabOTKH | JUCKYCCHS, aJITOPUTMOB.
MIPOrPaMMHBIX M QJITOPUTMUYECKUX PELICHUH B | camocTosiTenbHas padora | Pasnen 3. Poct dyHKkImii.
0o0JJaCTH ~ CHCTEMHOTO W TPHUKJIAJAHOTO | OOyJarOIINXCS, Pazngen 4. Paspmensaii wu
MIPOrpaMMHOI0 OOecrieueHus; MaTeMaTHYeCKUe | MOATOTOBKAa M cJjaya | BIACTBYH.
METOJIbl pELICHHUs 3a7ad, MPOLEAYPHBIA U | MPOMEKYTOUHOMN Paznen 5. BepositHOCTHBIH
00BEKTHO-OPUEHTHPOBAHHBIA ~ TMOAXOIBI K | aTTeCTaIUH. aHaIu3 u
pa3paboTke WHGOPMAIIMOHHBIX CHCTEM; paHIOMU3UPOBAHHBIE




aKTyaJbHBIC POOJIEMBI B obsactu
MPOrPaMMHUPOBAHHSL.

CTyneHT  3HaeT  OCHOBHBIC
MMOCTPOCHUS  TIOUCKOBBIX,
BBIYUCIIUTEIIbHBIX QITOPUTMOB, OCHOBBI
CTpaTeruu  pPa3pabOTKH  aJIrOpPUTMOB,  HO

A0NYCKACT HEC3HAYUTCIIbHBIC OLIINOKHU

IIPUHLIUIIBI
COPTUPYIOLIUX H

aJITOPUTMBIL.
Pasgen 6.
COPTHPOBKH.

AnropuTMBl

Beicoxnii [IK-7.1. CryneHT caMOCTOATENbHO BblAEHsAET | JIeKunoHHBIE u | Paznen 1. Ponp anropurmoB | Tekymuii KOHTpOJIb
YPOBEHb [JIABHBIE MOJIOKEHUS B U3yYEHHOM MaTepuaie. | IPAaKTUYECKUE  3aHSTHSL, | B BBIYMCICHUSIX. — YCTHBIM ompoc,
3HaeT TEOopeTHYECKHEe OCHOBBI pa3paboTKu | paboTa B ManbiX rpynnax, | Pazgen 2. OCHOBBI | KOHTPOJIbHAS
MPOTrPaMMHBIX U aITOPUTMHYECCKUX PEIICHUH B | MHTCPAKTUBHAS  JICKIMsA, | pa3pabOTKu ¥ aHanu3a | pabora.
o0JIacTH ~ CHUCTEMHOTO0 M HIPUKIATHOTO | JUCKYCCHS, AJITOPUTMOB.
MIPOrpPaMMHOTO OOecleueHus; MaTeMaTHYecKue | camocToaTeabHas paborta | Pasmen 3. Poct dyHkiuii.
METOABl pelIeHusl 3a7ad, MPOLEAYPHBIA U | oOydaroumxcs, Pazgen 4. Pazpensii wu
O0BEKTHO-OPUEHTHPOBAHHBIA ~ MOAXOABI K | MOATOTOBKA M CZaya | BIACTBYH.
pa3zpaboTke WH(pOPMaAITMOHHBIX CHCTEM; | MPOMEKYTOUHOMN Paznen 5. BepositHOCTHBIN
aKTyaJIbHbIE po0IeMbI B 00J1acTH | aTTecTaluu. aHaJIN3 u
MIPOrpaMMHUPOBAHUSI. PaHIOMHU3HPOBAHHBIE
CryneHT 3HaeT NPUHLUINBI  [TOCTPOCHMS AJITOPUTMBI.
IIOUCKOBBIX, COPTHUPYIOIIUX u Paznen 6. AJIropuT™MBI
BBIYMCIIUTEIIbHBIX aJITOPUTMOB; OCHOBBI COPTHUPOBKH.
CTpaTeruu pa3paboTKU aJITOPUTMOB.
Ymeem
ba3zoBsiii [IK-7.2. CrynmeHT WCHBITBIBaCT 3aTpynHeHUs | JIeKIMOHHBIE n | Paznen 1. Ponp anroputmoB | Texkymuil KOHTPOJIb
YPOBEHb pu BbIOOpE CTpaTeruu pa3paboOTKU | IPaKTUYECKUE  3aHATHS, | B BBIUMCICHUSIX. — YCTHBIM oIpoc,
aIrOPUTMOB. paborta B ManbIx rpynnax, | Pasnmen 2. OCHOBBI | KOHTPOJIbHAS
CtyneHT ymeeT Ha 0a30BOM YpOBHE MPUMEHUTh | MHTEPAKTHBHAsL  JICKIHs, | pa3paboTK W aHamusa | pabora.
MaTeMaTHYECKUI METOJ JUIS pelIeHUs 3aJadd; | JUCKYCCHS, aJITOPUTMOB.
no100path palMOHAIBHYIO TEXHOJIOTHUIO | caMocTosiTeNbHas pabora | Pasaen 3. Poct dyHkimii.
MPOrPaMMHUPOBAHUS JUIS pemieHus | 00yJaromuxcs, Pazngen 4. Paspmensii u
npodeccuoHaTbHON 3a/1a4u; co3/1aBaTh | MOATOTOBKA M CJaya | BIacTBYH.
MPOrpaMMHBIE TPOAYKTHl U AJTOPUTMHUYECKHUE | MPOMEKYTOUHOM Paznen 5. BepositHOCTHBIH
penieHust B 00J1aCTH CUCTEMHOTO U aTTeCTallUU. aHaJIn3 u




MIPUKJIAHOTO MPOTPaAaMMHOI0 00eCIIeYeHHUS. PaHIOMU3UPOBAHHBIE
CTyneHT HWCHBITBIBaET 3aTPyJHEHUS  IIpU AJIITOPUTMBI.
ONpENEICHUN  HAUXYALIEr0o W CPEJHEro Pazmen 6.  Anroputmsl
BpeMeHU paboThl aJIrOpuTMOB; BBIOOpE U COpPTUPOBKH.
MPUMEHEHUH  PA3JIMYHBIX  METOJIOB  JUI
pa3paboTku JITOPUTMOB, NPOBEICHUN
CPaBHHUTEJIBHOTO aHajdn3a BpPEMEHH pabOThI
aJIrOPUTMOB.
Cpennuii [K-7.2 Crynent yMeer NIPUMEHUTH | JIEKIMOHHBIE u | Pazgen 1. Ponp anroputrmoB | Tekylmuii KOHTPOJIb
YpOBEHb MaTeMaTUYECKU METOJ Ui peUIeHMs 3a[aul; | IPAaKTUYECKUEe  3aHSTUSA, | B BBIYMCICHUSX. — YCTHBII orpoc,
nonoopath palMOHAIBHYIO TEXHOJIOTHIO | paboTa B MaibIX rpymmax, | Paznen 2. OCHOBBI | KOHTPOJIbHASA
[IPOrpaMMHUPOBAHHUS JUISI pelIeHUs | MHTePAaKTHBHAsL  JICKIWs, | pa3paboTKK W aHamm3a | padora.
npodeccnoHanbHOM 3a/1a4u; CO3/71aBaTh | IUCKYCCHS, aJIrOPUTMOB.
MpOrpaMMHBIE TIPOAYKTHI M aJTOPUTMHYECKHE | caMocTosiTelbHas padora | Pasgen 3. Poct dyHKImii.
pemieHuss B 00JacTM  CHCTEMHOrO U | o0ydaromuxcs, Paznen 4. Pazpensait wu
MPUKJIAHOTO MPOrPaMMHOI0 00€CIIEUEeHHUS. MOArOTOBKA M c/aya | BIacTBYH.
CTyZneHT yMeeT OIpenensaTh Hauxyzdllee H | MPOMEKYTOUHON Paznen 5. BeposTHOCTHBIH
cpenHee Bpemsi paboThl allrOPUTMOB; BBIOUPATh | aTTECTALUH. aHaJIN3 u
U IPUMEHATh  pa3IM4HbIE  METOABl  JUIS paHIOMU3UPOBAHHBIE
pa3palboTKu AJITOPUTMOB; IIPOBOAUTH AJIITOPUTMBI.
CPaBHUTENbHBI aHAJIN3 BpEeMEHU pabOoThI Paznen 6.  Anroputmsl
QITOPUTMOB, HO JOIYCKaeT HE3HAYUTENIbHbIE COPTUPOBKH.
OLITHOKH.
Bricoknii [IK-7.2. CrymeHT yMeeT aHaIM3UpOBaTh | JICKIIMOHHBIE n | Paznen 1. Ponp anroputmoB | Texkymuil KOHTpPOJIb
YPOBEHBb MPUKJIAJHYIO 3a/lady, HAXOAUTh ONTHMAJbHBIC | IPAKTUUYECKUE  3aHATHS, | B BBIYMCICHUSX. — YCTHBI oOIIpoC,
METO/IbI €€ PELIEHUS. paborta B ManbIX rpynmnax, | Pasnmen 2. OCHOBBI | KOHTPOJIBHASA
CtymeHT  CBOOOMHO  yMeeT  NPUMEHHTH | MHTEPAaKTUBHAs  JICKIWs, | pa3paboTku ¥ aHajim3a | paboTa.
MaTeMaTHYeCKU METOJ JUIsl pelIeHUs 3a/1ayu; | AUCKYCCHus, AJITOPUTMOB.
nofo0paTh  pPalMOHANBHYIO  TEXHOJIOTHIO | camocTosiTeNnbHas pabota | Pazmen 3. Poct dpyHkuuii.
MPOrPaAMMHUPOBAHUS JUISt perieHus | 00yJaromuxcs, Pazngen 4. Paspmensii u
npogeccuoHaTbHON 3aJa4H; co3iaBarh | MOATOTOBKA W cJaya | BJIACTBYM.
MPOrPAMMHBIE MPOAYKTHl U AITOPUTMHUUYECKHE | TPOMEKYTOUHOMN Paznen 5. BepositHOCTHBIH
penieHust B 001aCTH CUCTEMHOTO H aTTeCTallUU. aHaAJIN3 u




MPUKJIAHOTO MPOTPAaMMHOI0 00eCIIeYeHHUS. PaHIOMU3UPOBAHHBIE
CryaeHT yMeeT onpeeNsTh HauXyliee u AITOPUTMBIL.
cpenHee BpeMs paboThl aITOPUTMOB; BHIOUPATH Pazmen 6. AnropuTM™MBI
U TPUMEHATH  pa3JIUYHbIE METOJbl st COPTHUPOBKH.
pa3paboTku aJITOPUTMOB; MIPOBOJIUTH
CpPaBHHUTCIBHBIM aHAU3 BpPEMEHU pPaOOTHI
AJITOPUTMOB.
Braoeem
BazoBrrit I1IK-7.3. Ctynent Ha 6a30BOM YypOBHE BiajeeT | JIeKunoHHbIE u | Pazgen 1. Ponp anroputrmoB | Tekylmuii KOHTPOJIb
YPOBEHb HaBBIKAMM  TPUMEHEHUS  MATEeMaTHYECKUX | IPAKTUYECKUE  3aHSTHS, | B BHIYMCICHHSIX. — YCTHBII orpoc,
METOJIOB JJIsl pelIeHusl 3aJady M MpPUMEHEeHHs | paboTa B MalbIX rpymnmnax, | Pazgen 2. OCHOBBI | KOHTPOJIbHASA
CTaHIApTHBIX aJIrOpPUTMOB; HaBbIKAMU | HHTEPAKTHBHAS  JICKIMs, | pa3pabOTKH ¥ aHanu3a | padora.
pa3pabOTKU W CO3JIaHUs ANTOPUTMHUYECKUX W | AUCKYCCHS, aJITOPUTMOB.
MIPOrpaMMHBIX perieHuit B obnactu | camocrositenbHas pabota | Paszmen 3. Poct GpyHkumii.
CHUCTEMHOTO W TPHUKIAAHOTO TMPOrPAMMHOTO | OOYYArOIINXCS, Paznpen 4. Pazpensii u
obecrniedeHus; TEXHOJIOTHSIMU OIICHKHU | MMOArOTOBKA W C/aya | BIACTBYM.
3¢ (HEeKTUBHOCTH  aNTOPUTMOB;  HaBBIKAMH | MPOMEKYTOUHON Pa3nen 5. BepostHOCTHBII
JI0Ka3aTellbcTBa KOPPEKTHOCTU AJITOPUTMOB; | aTTECTAlUU. aHaIu3 u
HaBBIKAMH MPOU3BOJIUTH aJITOPUTMHU3AIIHIO. paHIOMHU3UPOBAHHBIE
AITOPUTMBIL.
Pazmen 6.  Anroputmsl
COPTHUPOBKH.
Cpennuii [IK-7.3. CrymeHT BiajgeeT 3HAaHUSAMHU Bcero | JIeKnoHHBIE u | Paznen 1. Ponp anroputmoB | Texkymuil KOHTPOJIb
YpOBEHb M3y4EeHHOTO MaTepuaa. MPaKTUYECKUE  3aHATHS, | B BBIYUCICHUSX. — YCTHBII orpoc,
Bnaneer HaBbIKAMH MpUMEHeHus | paboTa B MalbIX rpymnmnax, | Pazgen 2. OCHOBBI | KOHTPOJIbHAA
MaTeMaTHYECKUX METOJOB Ul PEIICHHUS 3aj7ay | MHTEPaKTUBHAS  JIEKIWsA, | pa3pabOTKH ¥ aHanm3a | padora.
U TPUMEHEHMS CTaHJApTHBIX aAJITOPUTMOB; | JUCKYCCHS, aJITOPUTMOB.
HaBBIKaMH pa3paboTKu u co3maHus | caMocTosiTenbHas pabota | Pazgen 3. Poct pyHkIuii.
QITOPUTMHUYECKHUX M MPOTPAMMHBIX PEUICHHUH B | 00yJarommxcs, Pazmen 4. Pazpensiit wu
0o0JlaCcTH ~ CHCTEMHOTO W TPHUKJIAAHOTO | TIOJTOTOBKA W CcJada | BIACTBY.
MIPOrPaMMHOTO OOECTICUEHUSI. MIPOMEXKYTOUHOU Pasznen 5. BepostHOCTHBII
CryaeHT BiageeT TEXHOJIOTMSMH  OLEHKH | aTTeCTALMH. aHaIu3 u
5 (EKTUBHOCTH AJITOPUTMOB; HaBBIKAMHU paHAOMU3HPOBaHHbBIE




A0Ka3aTejIbCTBa KOPPEKTHOCTU AJITOPHUTMOB,
HaBbIKAMU HNPOU3BOAUTL AJITOPHUTMHU3ALINIO, HO
A0IIYCKA€T HE3HAYUTCIIBHBIC OIIMOKHU.

aJITOPUTMBIL.
Pasgen 6.
COPTHPOBKH.

AnropuTMBl

Bricokuit
YPOBEHb

[IK-7.3. CryaeHT BIajeeT KOHIENTYalbHO-
MOHATUMHBIM anmapaToM, HAyYHBIM SI3BIKOM H
TEPMUHOJIOTHEN.

CB0oOOMHO BiIajeeT HABBIKAMH TNPUMEHEHUS
MaTEeMaTHYECKUX METOJOB JJISl PELIeHUs 3a1au
U TpPUMEHEHUS CTaHJApTHBIX aAJITOPUTMOB;
HaBbIKaMHU pa3paboTKu " CO3/1aHUsA
QITOPUTMUYECKUX U NMPOrPAMMHBIX PELIEHUN B
0o0JlacTM ~ CHUCTEMHOTO0 M IPHUKIATHOTO
MIPOTPaMMHOTO 00€CTICUEHHUSI.

CryneHT BnaseeT TEXHOJOTHSMHU  OLIEHKH
3G PEeKTUBHOCTH  aNTOPUTMOB;  HaBBIKAMHU
JIOKa3aTeNIbCTBA KOPPEKTHOCTH  AJITOPUTMOB;
HaBbIKaMU MPOU3BOANTD AITOPUTMHUBALINIO.

JlexunoHHBIE u
NPaKTUYECKUE  3aHATHS,
paboTa B MallbIX rpymnmnax,
UHTEPAKTHBHAS  JICKIIHSA,
JUCKYCCHS,
camocrosTenbHas paboTa
oOyuarouxcs,
MOArOTOBKAa M cjaya
IIPOMEKYTOYHON
aTTeCTallUu.

Paznen 1. Ponp anropurmon
B BBIYUCIICHHSX.

Paznmen 2. OcHOBBI
pa3paboTku U aHaiM3a
QJIITOPUTMOB.

Pa3nen 3. Poct ¢pyHkimii.
Paznen 4. Pazpensait wu
BJIACTBY.

Paznen 5. BeposTHOCTHBIH
aHaIN3 u
paHIOMU3UPOBAHHBIE
AJIITOPUTMBI.
Paznen 6.
COPTUPOBKH.

ANTropuTMBI

Tekymuii KOHTPOJIb
— YCTHBIM  OIIPOC,
KOHTPOJIbHAS
pabora.




2. IEPEYEHb OLHEHOYHBIX CPEACTB?®

Tabmauma 3
Ne | HaumenoBanue | XapakTepUCTHKA OLIEHOYHOI'O CPEACTBA [Ipeacrasnenue onenounoro cpeactsa B OC
OLIEHOYHOTO
cpeacTaa
1. YceTHbIM onpoc CpencTBo KOHTpOJISL YCBOGHHUSI Y4eOHOrO Marepuana TeMbl, paszzena | Bompocsl mo remaM/paszaenam TUCIHUIUIAHBL
WIN pa3fesioB IUCLMIUIMHBI, OPTraHU30BAaHHOE KaK yuyeOHOe 3aHsTHE B
BHJIE COOECEIOBAHUS NIPEIIOIaBaATEINS C 00YIAFOIIIUMUCS.
2. KonTponbHas CpencTBo NpoBepKH YMEHUM MPUMEHSTH MOJIy4€HHbIE 3HaHUA A1 | KOMIIIEKT KOHTPOJIBHBIX 3a/JaHUI 110 BapUaHTaM
pabora pelieHus 3a/1a4 OIlPeAeJIEHHOT0 TUIIa 10 TEME WUJIU pa3ieny

5 Vka3bpIBaroTcs OLICHOYHBIC CPEACTBA, IPUMCHACMBIC B XO/J1€ pCain3alilun pa6oqel71 nporpaMMbl ,HaHHOﬁ JAUCHUILIIUHBI.




3. OMMCAHUE ITOKA3ATEJIEA U KPUTEPUEB OLIEHUBAHUA KOMITETEHIIUIA

OnenuBanue pe3ynbTaToB 00yUeHHs M0 AUcUUIUIMHE «MaTteMaTHKa OCYIIeCTBISIETCS B COOTBETCTBHH ¢ [1osi0jkeHHEeM O TeKYIIIeM KOHTPOJIe
YCIIEBAEMOCTH U MTPOMEKYTOUHON aTTECTAIIMU 00yYarOIIUXCAL.

[IpenycMoTpeHsl clieyromre BUIbl KOHTPOJIS: TEKYIIHI KOHTPOJIb (OCYLIECTBICHNE KOHTPOJISI BCEX BUIOB ayIMTOPHOUN U BHEAYIUTOPHOI
JESTEIbBHOCTH 00Y4aroIIerocs ¢ LeJIb0 MOTYYEHUs IEPBUYHON MHPOPMALIMH O XOJ€ YCBOCHHUS OT/IEJIbHBIX 2JIEMEHTOB COACPKAHUS IUCUUIUIMHDI) U
MPOMEKYTOUHAs aTTecTalus (OLIEHUBAETCS YPOBEHb M KaUeCTBO MOATOTOBKH 110 AUCLUIUIMHE B LIEJIOM).

[Toka3zaTenu v KpUTEPUU OLCHUBAHUS KOMIIETEHIIUH, OPMUPYEMBIX B TIPOIIECCE OCBOCHUS TAaHHON TUCIMILIMHBI, OTIMCAHBI B Ta0I. 4.

Tao0nuua 4.



Kon YpoBeHb ocBoeHus | HMHaukaTopbl Kputepun onieHuBaHMs pe3ynbTaTOB O0yUCHUS
KOMITETEHIIMH | KOMIIETEHIIUU JOCTUKEHUS
KOMIIETEHIINU
1IK-7 3Haer
Henocrarounsriit yposens | [IK-7.1. He 3naem snauumenvnou uacmu mamepuana Kypca, He CHOCOOEH CAMOCMOSMENbHO
OrneHka «He3auyTeHOY, 8b10€15IMb 2/1A8HbIE NOJIONHCEHUS] 8 UZYYEHHOM Mamepuae OUCYUNIUHBL.
«HEYIOBJIETBOPUTEIILHO.
ba3oBsIii ypoBeHB TIK-7.1. 3naem ne wmenee 50 % ocnosHoco Mmamepuana Kypca, 0OHAKO UCNbIMbLEAEM
Onenka «3a4TEHOY, 3ampyoOHeHUs 8 e20 NPUMEHEHUU.
«YIOBIETBOPUTEIILHO.
Cpenuuii ypoBeHb 1IK-7.1. 3naem ocHOBHYIO uacmb Mmamepuana Kypcd, CHROCOOeH NPUMEHUMb U3VYEHHbIl
Omnenka «3a4TEHOY, mamepuan Ha NpaKkmuke, UCNLIMbIBAEM HE3HAYUMENbHble 3ampYOHeHUs 8 peuleHUul
«XOPOMIO. npogheccuoHanbHbIX 3a0a.
Bricokuii ypoBeHb IIK-7.1. llokazvieaem enyboxoe 3HaHue U NOHUMAHUE MAMEPUANd, CNnocodoeHn NPUMEHUMDb
Omnenka «3a4TEHOY, U3YYEHHBIU MAMepual Ha NPaKmuxe.
«OTJINYHOY.
YmMmeer
bazoBeIii ypoBeHB IIK-7.2. Ymeem socnpouszsecmu ne menee 50 % ocnoemoco mamepuana Kypca, 0OHAKO
ucnwvimuleaem 3ampyOoHe sl NPy peulenuy NPAKmu4ecKux 3a0ay.
Cpennuii ypoBeHb IIK-17.2. Ymeem pewamv cmanoapmuvie npogheccuonanvhvie 3a0auu ¢ NpUMEHeHUueMm
NOJIYYeHHbIX 3HAHULL, UCTbINbIBAem He3HAYUmelbHble 3ampyOHeHUs. 8 peuleHUU 3a0ay.
Bricokuii ypoBeHb IIK-7.2. Ymeem pewamv cmanoapmmusie npogheccuonanvHvle 3a0auu ¢ HPUMEHEHUEM
NOIYYEHHBIX 3HAHUL, NOKA3bl8Aem 21YO0Koe 3HaAHUe U NOHUMAHUE MAmepudaid, Cnocoben
pewums 3a0ayy npu usMeHeHuu GopmyauposKu.
Bnaneer
bazoBelii ypoBeHb IIK-7.3. Cmydenm 6nadeem OCHOBHBIMU HABLIKAMU NPUMEHEHUs MAMeMamuyeckux mMemooos

0nA  pewieHus 3a0aiy U NPUMEHEeHUs CMAHOAPMHBIX — ANOPUMMOS,  HABLIKAMU
Paspabomku u CO30aHUS ANCOPUMMUYECKUX U NPOSPAMMHBIX peuleHull 8 obracmu
CUCMEMHO20 U NPUKIAOHO20 NPOZPAMMHO20 0becnedenus; HABLIKAMU pa3pabomKu
NPOCPAMMHBIX ~ NPULONCEHUU €

npocpammuposanus, mexnoniocuimu OyeHKu 3d)gbelcmuenocmu anizopummos, HaeblKamu

Uucnojlb3oearnuem COBPEMEHHBIX A3bIKO6




ookazamenbcmea KOpPEeKmHOCmu aAneopUMMOs; HABLIKAMU nPOU3800UMb
ancopummuzayuio. Mmeem necucmemamu3uposannvie 3HAHUS OCHOBHBIX PA30eios
OUCYUNTUHDL.

Cpennuii ypoBeHb

1IK-1.3.

Cmy()eHm gnaoeem 3HAHUAMU BCE20 U3y4eHHo2o0 mamepuaia, enaoeem HaevlKamu
NPUMEHERUA MamemMamudeCcKux Memooos8  Ons PpeuLerHuA 3aday u npuUMeHerusl
cmaHdapmelx anizopummos, HaeblKamu pa3pa60m1<u U co30aHusl anieopummudecKux u
npocpammHblx pemeﬁuﬁ 6 obracmu CcucmemmHo20 u npumadﬁoeo npocpammHoco
06ecnetteHuﬂ; HAevlKaAMu pa3pa60m7<u npoecpammHsblx npwloofceﬁuii C UCNOJIb306AHUEM
COBPEMEHHDBLX A3bIKOE NpOocpaAMMUPOBARUA, NMEXHOI0CUAMU OYEHKU agbqbekmueHocmu
ajieopummoes, HasblKkamu JoKazamebCcmed KOppeKmHocmu aicopummoe, HABbIKAMU
np0u360()umb ajgieopummusayuro. Hcnoimvisaem He3nauumesnbHble 3ampy()Hele 6
peweHuu npakmudecKux 3a0ad.

Bricokuii ypoBeHb

IIK-17.3.

C80600HO 61a0Cem HABLIKAMU NPUMEHEHUS MAMEeMAMUYecKUxX Memooos OJisl peueHus
3a0a4 U NPUMEHEHUsT CMAHOAPMHBIX AIZOPUMMOS, HABLIKAMU PA3PAOOMKU U CO30AHUSL
AICOPUMMUHECKUX U NPOSPAMMHBIX PEUEeHUll 8 001ACU CUCMEMHO20 U NPUKIAOHO20
NPOSPAMMHO20 0becneuerusl;, HABLIKaAMU paspadomKu NPOSPAMMHBIX NPUTONCEHUL C
UCNONb30BAHUEM COBPEMEHHBIX SI3bIKOG NPOSPAMMUPOBAHUSL, MEXHONOSUAMU OYEHKU
appexmusnocmu  aneOpuMMo8;,  HABLIKAMU  OOKA3AMENbCMBA — KOPPEKMHOCHU
aneopuUmMOos, Ha8bIKAMU NPOU3BOOUMb ANOPUMMUSAYUIO.

Cmyoenm en1adeem KOHYENMYAIbHO-NOHAMUUHBIM ANNAPAMOM, HAYYHLIM S3bIKOM U
mepmunono2uel npogheccuoHaIbHOU 0essmelbHOCMU.




4. MeToauyeckne MaTepHAaJIbl, ONpee/onie Mpoueaypbl

OllEHUBAHUSA Pe3yJIbTATOB 00yUEeHUsA

3ananus B popmMe yCTHOIO omnpoca:

VYCTHBIN ONMPOC UCTIONB3YETCS VIS TEKYIIEr0 KOHTPOJIS YCIEBAEMOCTH OOYYarOIIUXCs MO
JTMCLUUIUIMHE B Ka4deCTBE IMPOBEPKH peE3yJbTaTOB OCBOEHHsS Marepuana. Kaxaomy cTyaeHTy
BBIJIACTCS CBOM COOCTBEHHBIH, y3KO c(hOpMyIHpOBaHHBIH Bompoc. OTBET AOIKEH OBITH YETKUM
U KPaTKUM, COJEpKAIlIM BCE OCHOBHBIC XAapaKTEPUCTHKH ONMHMCHIBAEMOTO MOHATHS. B cBoem
OTBETE CTYACHT JOJDKEH MOKa3aTb YMEHHS IPOCIECKUBATh MPUUYUHHO-CIECICTBEHHBIC CBS3H H
HaBBIKU PacCyXIEHUH U JOKa3aTeIbCTBA.

KonTposbnas paGora
CpencTBo TpPOBEPKH yMEHHH TNPHUMEHSTH IOJNyYCHHBIC 3HAHUS JUIS PELICHUS 3aaad
OIIPEIETICHHOT0 THIIA IO TEME WIH Pa3ely

5. MarepuaJbl 1Ji51 NPOBeIeHUs TEKYIIEro KOHTPOJISI H MPOMEKYTOYHOM
arrecTaumMu

3amanus B ¢popMe YCTHOIO ompoca
Cemectp 4

Yro0 Takoe aJIropuTMBI.

1) [lpuBenuTe peanbHbIE MPUMEPHI 33a1ad, B KOTOPHIX BO3HUKAET MOTPEOHOCTH B
COPTHUPOBKE MJIM BBIYHCIICHUH BBITYKIOH 000I0UKH.

2) Kaknmu emé napamerpamu, KpoMe CKOPOCTH, MOKHO XapaKTePH30BaTh AITOPHTM
Ha npakTuke?

3) BriGepute ofHy M3 BCTPEUYABIIMXCSI BaM paHee CTPYKTYP JaHHBIX M ONUIINTE €€
IIPEUMYILECTBA U OTPAHUYCHHUS.

4) Yro olmiero mMexay 3agaueil 00 onpelesieHuN KpaTdaiero myTd M 3ajadeid o
KoMMUBOsDKepe? UeM oHM paznuyaroTcs?

5) ChopmynupyiiTe 3amady, B KOTOPO HEOOXOAMMO TOJIBKO HaWJTydlllee pPEIICHHE.
ChopmynupyiiTe Takke 3aaady, B KOTOPOH MOXKET OBITh MPUEMIIEMBIM PEIICHHUE, JOCTATOYHO
OJIM3KO0E K HAUITYYIlIEMY.

A.]IFOpI/ITMLI KaK TEXHOJIOI'us.

1) [TpuBenute mpuMep NPUTIOKEHUS, AT KOTOPOTrO HEOOXOAUMO arOPUTMHUECKOE
HarOJHEHHUE Ha YPOBHE MPHUIIOKEHHH, U 00CcyIuTe GYHKIUHU ITHX aITOPUTMOB.

2) [Ipeanonoxum, Ha OJHOM U TOM K€ MaIIMHE IPOBOJMUTCS CPABHUTEIBHBIN aHAIIN3
peanMzanMii JIByX aJIrOpUTMOB COPTHUPOBKH, paOOTaroOImMX BCTAaBKOW U ciausHueM. Jlus
COPTUPOBKH N 3JEMEHTOB BCTaBKOM HEOOXOAMMO IIAaroB, a JUIsl COPTUPOBKH CIUSHUEM —

maroB. [Ipm kakoM 3Ha4YeHMH N BpeMsA COPTHPOBKH BCTaBKOM IIPEBBICUT BPEMs
COPTUPOBKH CIMSTHUEM?

3) [Ipy kakoM MUHMMAJIBHOM 3HAUY€HHM N AJITOPUTM, BpeMms pabOThl KOTOPOIo
ompenensercss (opmynoil , paboraer ObICTpee, YeM aJrOpuTM, BpeMs pabOTBl KOTOPOTO
BBIpa)KaeTCsl KaK , ecii 00a ajJropyuTMa BHIOIHAIOTCS Ha OJHOM U TOM e MaruHe?



CopTupoBKa BCTABKOM.
1) Hcnonp3ys puc.2.2 B kadecTBe o0pasiia, MpOUJUIIOCTPUPYHTE paboTy IpoLeyphl

Insertion-Sort mo copruposke maccuBa A = <31,41,59,26,41,58>.
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Puc. 2.2. Onepawss npoueayps! INSERTION-SORT naa maccusom A = (5, 2, 4, 6, 1, 3). Onementnl
MaccHsa OBOIHENCHBI KBAIPATHKAMM, HAA KOTOPBIMM HAXOAXTCR HHACKCH], 8 BHYTPH — JHEYCHMA COOTBCT-
CTBYIOWMX WieMeHTOB. YacTi (2)-(2) HTOro pHCYHKa COOTBETCTBYIOT HTepaLmaM umkia for » crpokax 1-8
ncenaokosa. B xaxaoil MTCpaumMK SCpHBIi KBAAPATHK CONCPAMT IHavenne xuosa 3 A[)), xotopoe cpas-
HHBECTCA CO IHAYCHMAMM CCPBIX KBAJPATHKOS, PACHOIOKCHHLIX C/ICBa OT Hero (CTpoKa ncesrokoaa S).
CepoiMH CTPCAKAMM YKA3AHB TC JHENCHMA MACCHBA, KOTOPHIC CABMIZIOTCH HA OHY NOIHUMK) BIPABO
(cTpoka 6), a yepHo#l cTpenxoit — nepemewenme Knoua (crpoka 8). B wacTi (€) noKalaHo KOHCYHOC
COCTORHME OTCOPTHPOBAHHOIO MACCHBA.

2) [Mepenurute nporueaypy Insertion-Sort mis copTHPOBKK B HEBO3paCTAIOIIEM

MOpAIKE BMECCTO He}’6I)IBaIOHIeFO.

3)

4)

1)

2)

Pacemotpum 3amaqy noucka.

Bxoa. ITocnegoBaTenbHOCTh M3 N YHCEN U 3HAYCHHE V.
Brixon. Mugexce i, Takoii, 9To , WM cnenranbHoe 3Hadenne NIL, eciin v B A
OTCYTCTBYET.

CocraBbTe NCEBIOKO/1 TMHEHHOIO IOUCKA, TPU pabOTE KOTOPOTO BHIMOIHIETCS
CKaHHPOBAHUE MOCIEA0BATENBHOCTH B TIOUCKAX 3HAUEeHU V. JIOKaKUTE KOPPEKTHOCTh
aJITOpUTMa C IOMOIIBI0 HHBAPUAHTHOCTH LIMKJIA. Y O€IUTECH, YTO BEIOpaHHBIN
WMHBapHaHT LIUKJIA YAOBJIETBOPSAET TPEM HEOOXOIUMBIM yCIOBHSIM.

PaccmoTpuM 3a1auy clioskeHUs IByX N-OUTOBBIX JBOMYHBIX LEJIBIX YHCEI, XPAHALIUXCS B
N-3neMeHTHBIX MaccuBax A u B. CymMMy 3TuX ABYX umMces HeOOXOAMMO 3aHECTH B
nBondHoU popme B (N+1)-anementHsiii Mmaccus C. [IpuBenute crporyro GpopMynupoBKy
3a/1a4¥ U COCTAaBbTE MCEBAOKO AJIsl CIIOKEHMSI OTUX JIBYX YHCEI.

AHaJIu3 aJIrOPpUTMOB.

Boipasure pynkumio / 190 100 100-------mmnmmmoo- 0003HAYEHHSIX.

PaccmoTpuM copTUpOBKY 2iIeMEHTOB MaccuBa A, KOTOpast BHITTOTHSAETCS CIIEIYIOIAM
oOpa3om. CHauana onpeaenseTcs HAauMEHBIIHA AJIEMEHT MaccuBa A, KOTOPBIi
CTaHOBUTCS Ha MecTo dieMeHTa A[1]. 3ateM mpou3BOIUTCS TIOUCK BTOPOTO
HaMMEHBIIIETO DJIEMEHTA MacChuBa A, KOTOPBI CTAaHOBUTCS Ha MecTo demeHTa A[2].
OTOT npotuecc NpoAoHKaeTces A nepBbix N-1 anemenToB MaccuBa A. 3anuminTe
TICEBIIOKOJ] 3TOTO aJITOPUTMa, M3BECTHOTO KaK COPTHPOBKa BhIOOpOM (selection sort).
Kaxkoii nHBapuaHT IMKJIa COXpaHseTcs A1 3Toro anroputMa? [louemy ero 1octatouHo
BBITIOJHUTD JIsI IEPBBIX N-1 a11eMeHTOB, a He JUId BcexX n ayeMeHToB? OnpeaenuTe BpeMs



paboThI aNropuT™Ma B HAMIIy4IlIeM M HAUXYIIIEM CIy4asx W 3alUIINTE €ro B -
0003HaYEHMSIX.
3) BHOBB 00paTHMCS K QJITOPUTMY JTHHEHHOTO MOKMCKA (CM. COPTHPOBKA BCTABKOM 3).
JUisi CKOJIBKMX 3JIEMEHTOB BXOJHOW TIOCIIEAOBATEIBHOCTH B CpPEIHEM HYXHO IPOU3BECTH
MPOBEPKY, €CIH MPENINOIaraeTcs, YTo BCE 3JIEMEHThl MAaCCHBA C PAaBHOW BEPOSTHOCTHIO MOTYT
UMETh UCKOMOE 3HaueHne? YTo MpoucXoauT B HauxyauieM ciaydae? Yemy paBHO BpeMsi pabOTHI
aNTOpUTMa JIMHEHHOTO TOMCKa B CPEAHEM M B HAUXyJIIEM Clydasx B -0003HAa4YeHUSX?
OO0ocHyliTe CBOI OTBET.
4) KakuM 00pa3oM MOKHO MOAU(DUIIMPOBATH OYTH KX/l aJITOPUTM, YTOOBI MTOJTYYHTh
ONTUMAJILHOE BPEeMsl pabOThI B HAMITYYILIEM ciiy4yae?

Pa3paborka anropurmos.
1) Hcnonb3ys B KauecTBe 0Opasiia puc 2.4, NpOHUTIOCTPUPYHTE paboTy alropurma
COPTHUPOBKHM CIIUSIHHEM it MaccuBa A = <3,41,52,26,38,57,9,49>.

OTcopTHPOBAHHAS NOCNCAOBATEALHOCTS

/ Crmsmme \
2 4
/ C mmm& Cranaume
2 5 3 6
C mmmx /C NHAHKC C muunx /(' mum&
5 12

'. 4 'l [3 2

| GRS

=

| %]

Hexoamas nocneaosarensHocTs

Puc. 2.4. [llpouecc copruposks cnmsumesm maccuma A = (5,2 4,7, 1,3, 2, 6). JULnowur nomnexatmx
CAMAHHIO OTCOPTHPOBANHLIX NOCACAOBATCALHOCTEN BOIPACTAXOT B X0/¢ paboTh ATrOpHTMA.

2) Ilepenmmmte mnpouenypy Merge Ttak, 4roObl B HEll HE HCIONB30BAINCH CHUTHAIBHBIC
3HayeHus. CUTHAIOM K OCTaHOBKE JIOJDKEH CIYKHUTh TOT (DaKT, 4TO BCe dJIEMEHThI MaccuBa L
WM MaccuBa R ckomupoBaHbl 00paTHO B MaccuB A, MOCIE Yero B 3TOT MAaCCHB KOMUPYIOTCS
3JIEMEHTBI, OCTABILIMECS B HEITYCTOM MAacCHBE.

3) Bocmonb3yiiTech METOJIOM MaTeMaTHYSCKON MHAYKIMU JIJIsl OKa3aTeIbCTBa TOTO, YTO,
Korza N sBJIsIeTCS TOYHON CTENEHbIO 2, pelICHHEM PEKYPPEHTHOI'O COOTHOILIEHUS

(){(/) 1

apisiercss ()
4) CopTUpOBKY BCTaBKON MOXHO IIPEACTABUTEH B BUIE PEKYPCUBHOMN IOCIIEN0BATEILHOCTH.
Y100l OTCOPTHPOBATL MACCHB 1 , CHauaaa HY)KHO PEKYPCHUBHO OTCOPTHPOBAThH
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maccuB 1 n 1, mocrne 4ero B 3TOT OTCOPTUPOBAHHBINA MACCUB MIOMEIIAETCS HIIEMEHT

n . 3anummTe peKyppeHTHOE ypaBHEHHE ISl BpEeMEHH pabOoThl 3TON PEKYpCUBHOW BEPCUU
COPTUPOBKH BCTaBKOIA.
Bo3Bparuasich k 3aga4ye morcka (CM. COpTUPOBKA BCTaBKOM 3), HETPYAHO 3aMETHTh, YTO €CIIU
MI0CJIEIOBATEIBHOCTh A OTCOPTUPOBAHA, TO MOKHO CPABHUTH 3HAUCHHE CPEHETO IIEMEHTA
9TOM MOCJIE0BATEILHOCTH C MCKOMBIM 3HAYEHHUEM V U Cpa3y UCKIIOYUThH IOJIOBUHY
MOCJIEIOBATEILHOCTH M3 JAJIbHEHIIIEro paccMoTpeHus. bunapusiii mouck (binary search) —
3TO aJITOPUTM, B KOTOPOM TaKas Mpoleypa MoBTOPSIETCs HEOAHOKPATHO, YTO BCAKHMA pa3
IPUBOAUT K YMEHBILIEHHIO OCTABIIEHCSA YaCcTH MOCIIEA0BATENLHOCTH B [1BA pa3a. 3alMILIUTe
TMICEBJOKO/] aITOPUTMa OMHAPHOTO MorcKa (JTO0 UTEPATUBHBIHN, TNOO PEKYPCUBHBIN).
JlokaxuTe, 9TO BpeMst pabOThI ATOTO AJITOPUTMA B HAMXY/IIIIEM Cllydae coctaBisier ( n)
3ameTnMm, uTo B nukie while B ctpokax 5-7 npouenypsr Insertion-Sort B pazaene 2.1 ans
CKaHHpPOBaHHUs (B 00paTHOM HOPSAKE) OTCOPTUPOBAHHOIO noamaccuba 1 1
UCTIONB3YeTCS TMHEWHBIA TOUCK. MOXKHO JIM MCIIOIh30BaTh OMHAPHBINA IOUCK (CM. YIIp.
2.3.5) BMeCTO JIMHEHHOr0, YTOOBI BpeMs pabOThI 3TOr0 AIrOPUTMA B HAUXY/IILIEM Clly4yae
YAYYIIHIOCH M CTAJI0 paBHbIM (N 1).
PaspaboraiiTe aaroputM co BpeMeHeM paboTel (n n), KOTOPBIM IS 3aJaHHOTO
MHOXECTBa S M3 N IEJBIX YHCEeN M JAPYroro HEJNOT0 YHCIa X OMpEeAesseT, UMEIOTCS JIU BO
MHOXECTBE S J1Ba 3JIEMEHTa, CyMMa KOTOPBIX paBHA X.

AcuMIToTHYECKHE 0003HAYCHHS.
[Tycts (n) u (n) — acHMOTOTHYECKU HEOTpULIATEIbHbIE PYHKIUH. JJOKaKUTE C TOMOILIBIO
0a30BOr0 OIpeeNieHus ~0003HAUYEHHIA, YTO ((m) ) ( () (n).
[Mokakute, 4T0 sl THOOBIX JCHCTBUTENBHBIX KOHCTAHT & U b, rue 0, BBITIOJNHSIETCS
cootnomenue (n )  (n).
[MosicauTe, MOYeMy YTBEPKICHUE «BpeMsi pabOThl alroputMa A paBHO KaK MHHHMYM
(n)» nuieHo cMeIca.
CrpaBeuBbl 1 cooTHomeHnss » (M) u * (™)?
Jlokaxxurte, 4To AJst JOOBIX ABYyX QyHkuuit (n) u (n) mer umeem (n) ((n)) torma
u Toapko Toraa, korna (n) ((m)) u (n) ((n)).
Jlokaxkute, 94T0 BpeMst paboThl anroput™a pasuo ( (1)) Torma u TOIBKO TOT/A, KOT/Ia €ro
BpeMsi paboThl B HauxyIieM ciydae pasro ( (n)), a B Hamwtyumem - ( (1n)).
Jokaxwurte, uto MHOXKeCTBO 0( (1))  ( (n)) sBiIsieTCS MyCTHIM.

CrangapTHbie 0003HAYEHHUS U YACTO BCTPeYaomuecs (PyHKIIUN.

1) Tlokaxwute, uto ecnu QyHkumu (n) m (n) MOHOTOHHO HEYOBIBAIOIIUE, TO TAKOBBIMHU
xe sBiasroress u Gyakuun (n) (n) m ( (n)), a ecimm BEoGaBok (n) u (n)
HEOTPHUIIATENILHBI, TO MOHOTOHHO HeyObIBatoIei sBisiercs u pyukmus (n) (n).

2) Jloxkaxxute ypaBHEHHE .

3) Hoxaxute ypaBuenme (n) (n n). Jlokaxkure taxke, yro n (") u n
o(nn)

4) Jlokaxure, 4TO U3 (n) Borrexaer (/)
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CemecTtp 5

3anaqa IMOMCKA MAKCUMAJIBHOI'O IMoaAMacCuBa.
Uro Bos3Bpamaer mpoueaypa Find-Maximum-Subarray, korma Bce 3meMeHTHl A
OTPULIATEIbHBI?
Hanumumre nceBookoa sl pelIeHUs 3aJayd IOMCKAa MaKCHUMAaJIbHOIO IOJAMAacCUBa
METOJIOM Tpy0oii criibl. Baria mporieaypa JoKHa BRITIONHATHCS 32 Bpems ().
Peanusyiite u MeTon rpy0oi CHUITbI, 1 PEKYPCHBHBIM aJITOPUTM Ha CBOEM KOMITBIOTEPE.
Kakum okasbiBaeTcsi pa3mep 3a7aud TOYKH MEPECEUCHHUs N , B KOTOPOU PEKYPCHUBHBIM
QITOPUTM TPEBOCXOJIUT aNrOpuT™M rpy0oil cmibl? [lanee u3menute 0a30BBIA Cllydaid
PEKYPPEHTHOTO aITrOpUTMa, MPUMEHSSI AJITOPUTM TPyOO CHJIBI TIPU pa3Mepe 3a1auu, He
npeBocxosauiei n . MeHseT Iu 3TO TOUKY IepeceyeHus1?
[Ipeanonoxxum, YTO Mbl MEHSEM ONpEAEICHUE 3aJayd IIOMCKAa MaKCHUMaJlbHOIO
MOJIMAaCCUBA, MO3BOJISISI KOHEYHOMY Pe3yNbTaTy ObITh MMyCTHIM MAacCMBOM M IOJIaras, 4ro
CyMMa 3HAa4eHHH IIyCTOr0 MaccuBa paBHa Hymo. Kak Obl BBl HM3MEHWIH JHOOOI
ITOPUTM, HE IOMYCKAIOIIUMA PEIICHUs B BUJIE ITYCTOTO MAacCHBa, YTOOBI TAKOW PE3yNbTaT
B BHJIE ITYCTOT'0 IMOJIMACCHBA CTaJl BOZMOXHBIM?
Bocnonb3yiiTech NpUBENCHHBIMU J1ajie€ UASSIMU i1 pa3padOTKU HE PEKYPCHUBHOTO
aIropuTMa MoMcKa MakCUMaJIbHOTO MTOAMAacCUBa 3a JIMHEWHoe BpeMs. HauHuTe ¢ jieBoro
KOHIIAa MacCMBa M JBUTaiTe€ BIPaBO, OTCIIECKMBAsI HAWJIEHHBIA K JaHHOMY MOMEHTY
MaKCUMaJbHBIM  MMOJMAcCUB. 3Has MaKCHUMaJbHBIM moaMaccMuB wMaccuBa 1
pacrpoCcTpaHUTe OTBET HAa TOWCK MAaKCHMAaJbHOTO IIOJMAcCHBa, 3aKaHUMBAIOIIETOCS
uHAeKCOM | + 1, BOCIOJIB30BaBIINCH CIEAYIONIMM HAOIIOEHUEM: MaKCHMAaIbHBIN
nonMaccuB  maccuBa 1 1 mpencraBiaser  coboit nub0  MaKCHMalbHBIN
noagMaccuB MaccuBa 1 , MO0 TMOAMAcCUB BHJIA 1 nnga HEKoToporo
1 1 . Onpenenurte MaKCUMaJbHBIA TOJIMACCUB BHJAA 1 3a
KOHCTAHTHOE BpPeMsl, 3Hasi MAKCUMaJIbHBIN M0JIMACCUB, 3aKaHYMBAIOIINICSI HHIEKCOM .

Aaropurm lTpaccena 1jist yYMHOKEHHUS MAaTPHUIL.
BOCHOJ’ILByﬁTCCB AJITOPUTMOM H_[TpaccleHa 3H.l'ISI6BI:I‘-II/ICJ'ICHI/I}I IMPOU3BCACHUS MATPUIL

C DHC D)
75 4 2

[TokaxkuTe, Kak BBI 9TO JeNaeTe.

3anumute niceBnokoa anroputma llltpaccena.

Kak momudunumpoBare anroputm LlTpaccena ans mepeMHOXKEHHS] MaTPHIl pa3MepoM
n n, rae N He SBISIETCS TOYHOW creneHblo 27 [lokaxkuTe, 9TO TOMYYAroIIMiCS B
pe3ynbTaTe alrTOPUTM BBITIONHSETCS 3a Bpemst (1)

Yemy paBHO HaubosbIee K, Takoe, 4TO €CIM Bbl MOXKETE MIEPEMHOXKHUTh 3 3 —MaTPHI[BI
¢ nomoInkio K ymMHOXeHU# (He mpearnoyiaras KOMMYTaTUBHOCTH YMHOXCHHs), TO BbI
MOJKETe TEPEMHOKUTh MAaTpHUIBl pazMepoM n n 3a Bpems (n ) ? Kakum momkHO
OBITH BpeMsi pabOTHI TAKOTO ajropuT™Ma’?

B. ITam (V. Pan) oTkpbul crmoco® MepeMHOKEHUS MaTpuil pasmepoM 68 68 ¢
UCIIONb30BaHueM ToJibko 132 464 ymMHOXEHHH, CrMoco0 TMEepEeMHOXEHUS MaTpPHI]
pasmepom 70 70 c ucronb3oBanueM 143 640 ymMHOXEHHH U CIIOCOO MEPEMHOXKEHUS
MaTpuIl pazmepom 72 72 ¢ ucnonb3oBanueM 155 424 ymuoxxennii. Kakoit 3 MeTomnoB
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JaeT HaM Jydlllee AaCHUMIITOTHYECKOE BpeMsi padOThl MpPU €ro HUCIOIb30BaHUU B
AITOPUTME «pasieisiii U BIacTBYi» AJis nepeMHokeHus: Matpun? [lposeaure cpaBHeHHE
¢ anroputmoM lITpaccena.

Hackonbko OBICTPO BB CyMeeTe MATPHUIly pa3MEpoOM N N HA MATPHUIy pa3MepoM
n  n, npumensasa anroput™ llTpaccena B kauectBe noamnporpammbsl? OTBETbTE HA TOT
K€ BOIIPOC JUIsl CUTYaIlMHU, KOT/1a Mbl MEHSIEM BXOHBIE MaTPHUIIbI MECTaMHU.

HOKa)KI/ITe, KaK IICPCMHOKHWUTHL KOMIIJICKCHBIC YHMCJIa u HCIIOJIB3YA TOJIBKO
TPpU YMHOXCHUSA IleICTBHTCHLHBIX YHUCCJI. AJIFOpI/ITM JOJDKCH 1oJy4arp , , H B
Kaue€CTBC BXOJHBIX JAaHHBIX W BO3BpallaTb HeﬁCTBHTGHBHYIO ( - ) U MHHUMYIO

() yacTu mpom3BEACHUS IO OTACITBHOCTH.

MeTOJI MOACTAHOBKMU PCHICHUS PEKYPPEHTHBIX COOTHOIIIEHMHIA.
[Mokaxwure, uro pemenuem (n) (n 1) n sasusercs (n).
Iokaxure, uto pemenuem (1)  (["/,]) 1 ssmsercs (Ign).

Ms! Buzenu, uto pewennem (n) 2 (|/ 2|) mssuserca (nlgn). Iokaxure, uro
pElIeHHEe ATOr0 PEeKYPPEHTHOTO COOTHOIICHHS TAaKKe MpeAcTaBiseT coboit (n lg n) .
CnenaiiTe BBIBOJ, YTO PEIICHUEM pPAcCMaTPUBAEMOI0 PEKYPPEHTHOTO COOTHOIICHHUS
apnsercs (nlgn).

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

[Tokaxkute, 9YTO MPEOAONETh TPYAHOCTH, CBSI3aHHYIO C TpaHUYHBIM ycioBuem (1) 1 B
peKyppeHTHOM cooTHOIIeHUH (4.19) MOXHO myTeM BbIOOpa APYroro MPEeArnOI0KEHHS
WHIYKIIMW, HE MEHSIS MIPU 3TOM IPAHUYHBIX YCIOBUH.

o(1), ecnan =1,

T 220 4 T1n/21) + 6m) , eomin> 1.

(4.3)

[Mokaxure, uto (n 1g n) sBIsSETCS pELICHHEM «TOYHOTO» PEKYPPEHTHOI'O COOTHOIICHHUS
(4.3) st COPTUPOBKY CIAUSHUEM.

Iokaxure, 4o pemennem pekyppentaoctn (n) 2 (|"/,] 17) n SIBIISIETCSI
O(nlgn).

Wcnonb3ys OCHOBHOW MeTox pasaena 4.5, MOXHO [OKa3aTh, 4YTO pEILICHHEM
pekyppentHoro cootHomenns (n) 4 (/3) n siastercst (n) (n ).
[TokakuTe, YTO HE IOIYYACTCSI BHIMOJHUTH JOKA3aTENLCTBO METOJOM IOJICTAHOBOK C
TUIOTE30i WHIYKIIUA mn) n . 3aTeM MOKaXuTe, KaK BBIYUTAHHE YJICHA
MEHBILIETO MOPSIJIKA eNIaeT JOKA3aTeIbCTBO BO3MOXKHBIM.

Wcnonb3ys ocHOBHOW MeTox paszfgena 4.5, MOXHO IOKa3aTh, 4YTO pEHICHHEM
pekyppentaoro  cootsomrerns  (n) 4 (/) n spisercst () (n).
[TokakuTe, YTO HE IMOIYYACTCsl BBINOJIHUTH JOKA3aTEILCTBO METOJOM IOJCTAHOBOK C
TUIOTEe30 WHAYKIMH (n) N . 3areM MOKAaXHUTE, KaK BBIYUTAHHE YICHA MEHBIICTO
HOPsI/IKA IeNIaeT JOKA3aTeIbCTBO BO3MOKHBIM.
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Pemmrte pekyppeHTHoe cooTHomerme (n) 3 (Vn) 1 gmn  myreM  3aMeHsl
NEPCMCHHBIX. Bame PCICHUEC JOJIZKHO 6BITB ACUMIITOTHYECKU TOYHBIM. HpI/I pemicHUuN
He OECIIOKOMTECH O TOM, YTOOBI BCE 3HAUCHUS ABJISUIMCH LEIBIMU YUCIAMH.

Metoa 1epeBbeB peKypPCHH.
Bocmonb3yiitech 1epeBOM pPEKypCHU Uil ONPENEICHUsT TOYHOW aCUMITOTHYECKOU
BEpXHEN TI'PaHMIbI PEKYPPEHTHOrO0 cooTHomeHus (n) 3 ([n/zj) n. Jnsa npoBepku
CBOETO OTBETA UCIOJB3YHTE METO/I MOJICTAHOBOK.
Bocnonb3yiiTech [1€peBOM PEKYpCHUM IS ONPEAECIEHUS TOYHOM ACUMIITOTHYECKOH
BepxHeil rpaHuipl pekyppertHoro cootnomenns  (n) (Y 2) n . Jlnst npoBepKu
CBOETO OTBETA UCIOJIB3YHTE METO/I MOJCTAHOBOK.
Bocnonb3yiiTech 1€peBOM PEKYypCHM I ONPEACICHUS TOYHOM ACHUMIITOTUYECKOMN
BepXHeil IpaHHIBI pekyppentHoro coortHomenus (n) 4 (/o 2) n. [l
MPOBEPKH CBOETO OTBETA MCIOJIB3YHTE METOJI IOJICTAHOBOK.
Bocmonb3yiiTech JepeBOM PEKYpCUHM JiJIsl  ONpPEIEJICHUST TOYHOHW aCHMIITOTHYECKOM
BEpPXHEW TpaHMIBl peKyppeHTHOro cootnomreHus (n) 2 (n 1) 1. Jns mpoBepku
CBOETO OTBETA UCIOJIB3YHTE METO/I MOJCTAHOBOK.
Bocnonb3yiiTech 1€peBOM PEKYpCUM IS ONPEACIEHUS TOYHOM ACUMITOTHYECKON
BEpXHeil TpaHuIbl pekyppentHoro cootHomenns (m)  (m 1) (/) n. [
IPOBEPKH CBOETO OTBETA MCIOJIB3YHTE METO/I OJICTAHOBOK.
OOpaTHBIINCh K COOTBETCTBYIOUIEMY JEPEBY PEKYPCHH, IOKKUTE, YTO PEUICHUEM
PEKYPPEHTHOrO0 CcOOTHOIeHus (1) /3) (2ny 3) M, TAe C NpeACTaBiseT
co0oit koHCTaHTy, sBisieTes (nlgn).
TlocTpoii epeBo peKypcHu st peKyppeHTHoro cootHomenns  (n) 4 (| o) m,
rae C — KOHCTaHTa, W HAWIWTE TOYHYK ACHUMITOTHYECKYIO TPAHUILy €ro pelieHHUS,
IPOBEPHTE €€ C MOMOIIBIO METO/[a MOICTAHOBOK.
Haiinure ¢ momomipio aepeBa peKypcHH TOYHYIO aCHMITOTHYECKYIO OLIEHKY pPEeIlCHHS
PEKYPPEHTHOTO  COOTHOIIEHUS (n) m ) () n, rme 1 wu 0
SIBIISTIOTCSI KOHCTaHTaMH.
Haiinute ¢ moMmompo JepeBa peKypcHUH TOYHYIO aCUMITOTHYECKYIO OLIEHKY peIleHUs
pekyppentHoro cootnomenuss (n) (n) ((1  )n) n, rme - KOHCTaHTa
n3 nuamnazona 0 1; koHcraHTou siBisterca U 0.

OcHOBHOM METO/I.
C IIOMOIIIBIO OCHOBHOﬁ TCOpeMBI HaﬁHHTe TOYHBIC ACUMIITOTHUYCCKHUC I‘paHI/IHLI
CIEAYIOIUX PEKYPPEHTHBIX COOTHOIIECHUM.

a. () 2 (/p 1

6. (M) 2 (/) Vn
B. (n) 2 (M/y) n
r.(m)2 (/4 n

[Tpodeccop xouer pa3paboTarh aNTOPUTM MATPUYHOTO YMHOXKCHHS, ACHMITOTHYECKH
Oomnee ObIcTpbIi, yem anroput™ llTpaccena. Ero anroputm OyaeT UCMOIb30BaTh METO/



«pasziensii ¥ BIACTBYii», pa3OmBas KaXAyl0 MATpPUIly Ha 4acTH pasMepom 't/ 4 ny 4
OpUYeM [Iard pasJeleHuss W KOMOMHHMPOBAHMSI  BBIMOJHSIOTCS 32  BpeMs
(n ).IIpodeccopy TpeOyercsi onpeaenuTb, CKOJIBKO MOJ3aAad JOJDKEH CO3lIaBaTh €ro
anroput™M, 4toObl ompeaenuTh amroput™ lltpaccena. Ecnu anroputm mpodeccopa
co3MaeT a mMoja3agad, TO PEKYPPEHTHOE COOTHOIIEHHWE NS BpeMeHH paboTel  (n)

npunnmaer Bux  (n) (/) (n). Kakoo HamGomblnee —MHENOYHCICHHOE
3HaYeHHEe &, I KOTOPOTO alropuTM mpodeccopa OKa3bIBACTCS ACUMITOTHUECKU
osicTpee anroputMma llTpaccena?

3) Ilokaxute ¢ momompo OcHOBHOro Mmerona, uyto (n) (Ig n) sBusercs pemeHuem
PEKYPPEHTHOrO cooTHoueHus (n) 2 (n/z) (1) , BO3HHUKAIOMIETO B XOJIC

aHaJIM3a AJIropuTMa OMHAPHOrO MOUCKA. (AJITOpUTM OMHAPHOIO MOMCKA OMMCAH B YIIP.
2.3.5)

4) MOXHO JIM NPUMEHHTh OCHOBHOH METOJ K PEKYpPPEHTHOMY COOTHOuLIeHHIO (1)
4 My 2) n lg n? OO6ocuyiite cBoii oTBeT. HalauTe acCHMITOTHYECKYIO BEPXHIOK
TPaHHUILy PEIICHHUS 3TOT0 PEKYPPEHTHOTO COOTHOIICHHS.

5) Paccmorpum ycnosue perymiproctn (/) (n) mis HEKOTOPOM KOHCTAHTHI

1, sBusgromeecss 4acTblo ciay4as 3 OCHOBHOW Teopembl. [IpuBenuTte mnpuMepsl
KOHCTaHT lu 1 u pynkuun (n), KOTOpPBIE YIOBIETBOPSIIOT BCEM YCIIOBHIM
cirydasi 3 OCHOBHOM T€OpEMBI, KPOME YCIIOBHSI PETYJISPHOCTH.

/loka3aTe/ibCTBO OCHOBHOH TeOpeMBI.
1)

n, €CJIH ] =0 .
i 427
# [nj—1/b] , ecnmuj>0. (4.27)

[IpuBenuTe MPOCTOE U TOUHOE BBIpaKeHHE U N B ypaBHeHuu (4.27) s ciay4asi, Koraa
— MOJIO’KUTENBHOE 11eJI0€ YUCIIO (a He MPOU3BOJIBHOE CHCTBUTEIIBHOE).
2) TlokaxuTe, YTO €C/IM BBINONHSAETCS cooTHomieHne (n) (n lg n), roe 0, To
OCHOBHOE PEKYpPPEHTHOE COOTHOIICHHE MMeeT peiieHue  (n) (n lg n). dusa
HPOCTOTHI PACCMOTPUTE TOJIBKO CIy4aid TOUHBIX CTETICHEH .

3) IlokaxwuTe, 4TO B Ciay4ae 3 OCHOBHOW TEOPEMbI OJHO W3 YCIOBUH H3JIUIIHEE B TOM
CMBICTIE, UTO U3 ycnoBus peryssiprocta (/) (n) mans HEKOTOPON KOHCTaHTHI

1 ciaenyer, 4TO CyHIECTBYET KOHCTAHTA 0, Takas,uto (n) (n ).

Kontponaupyemsie komnerenumu: [TK-7
014€HKa KOMI’lemeHlxﬂxllZ ocywecmeniaenics 6 coomeencmeuu ¢ ma@zuued 4,

KonTtpoJabnas padora
Cemectp 4

3agaua 1



Hwxe npuBeieHa tabmuia, CTpOKH KOTOPOH COOTBETCTBYIOT pa3IMUHBIM (PYHKITUSIM
(n), a cronOukl — 3HaYCHUAM BpeMeHH {. 3anoIHUTE Ta0IHUIy MAaKCUMATBHBIMU 3HAYCHHUSIMH N,
JUTS1 KOTOPBIX 3a/1a4a MOXET OBITh pellieHa 3a BpeMsl {, eCITi Mpe/noiaraeTes, 4To Bpemst paboThl
aJIrTOpPUTMa, HEOOXOIUMOE JIJIsl PEIICHUS 3a/1a41, PABHO (1) MUKPOCEKYH/I.

Cexynna | Munyta Yac Henb Mecsn l'on Bek

logn

Vn

n

nlogn

n2

n3

21’1

n!

3amaua 2

PaccmoTpuTe COpTUPOBKY N 3JIEMEHTOB MacCuBa A, KOTOPasi BHIIIOIHSAETCS CIIEAYIOIIUM
obpa3om. CHauaa onpeesieTcss HAMMEHBIIIHIA AJIEMEHT MacchBa A, KOTOPBIM CTaBUTCS Ha
mecto ateMenTta A[1]. 3aTeM MpoU3BOAUTCS MOUCK BTOPOTO HAMMEHBIIIETO JIEMEHTA MACCHBa
A, KOTOpBI CTaBUTCSI HA MECTO ieMeHTa A[2]. DTOT npolecc NpoaoLKUTCA Ui EPBBIX n-1
AJIEMEHTOB MaccuBa A. 3alUIIUTE MCEBIOKO/ STOTO aIrOPUTMa, U3BECTHOTO KaK COpMuposKa
evibopom (selection sort). Kakoit ”HBapuaHT IIUKJIA cOXpaHseTcs s aToro anroputMa? [louemy
€ro JJOCTaTOYHO BBIMOJIHUTH JJIS TEPBBIX N-1 371eMeHTOB, a He 11 BceX N 3JIeMEHTOB?
Omnpenenurte BpeMs pabOTHI AITOPUTMA B HAUITYYIIIEM U B HAUXY/ILIEM CITydasx M 3alHIIUTE ero
B © 0003HaYECHHUSIX.

3amaua 3

PaccmoTtpuTe COpTHPOBKY N 37IEMEHTOB MacCuBa A, KOTOpasi HA3bIBAETCS COPMUPOBKA 8CMABKOL
(insertion sort). Ona HaMOMHKHAET CIOCOO K KOTOPOMY MPUOErat0T UTPOKH JJIsi COPTHPOBKU
uMeroImxcs Ha pykax kapT. CHayana B JIeBOM pyKe HET HU OJHON KapThl M BCE OHM JieXkKaT Ha
cToje pyOarikoii BBepx. Jlanee co crona 6Gepercs o 0OJHOM KapTe, Kaxaast U3 KOTOPhIX
MTOMEIIAeTCs B HY’KHOE MECTO Cpelld KapT, KOTOpble HaX0IATCs B JIeBOM pyKke. UTOOBI
OMPENIEINTh, Ky/1a IOMECTUTh OYEPEIHYIO KapTy, €€ MACTh U JIOCTOMHCTBO CPAaBHUBAIOTCS C
MacCThIO M IOCTOMHCTBOM KapT B pyke. [locie kaxaoro mara KapThl B JIEBOH pyke OyayT
oTcopTupoBanbl. [IycTh cpaBHEHHE TPOBOUTCS B HAIIPABIECHUH CJI€Ba HAIIPaBo. 3alUIIUTE
IICEBAOKO aJ'IFOpI/ITMa COpTI/IpOBKI/I BCTaBKOﬁ. Ka1<0171 I/IHBapI/IaHT IIHUKJIa COXpaHSIeTCSI JJIs1 9TOTO
anroputMma? Onpenenurte BpeMs paboThl AITOPUTMA B HAMIIYUIIIEM U B HAUXY/IIIIEM CIy4asX U
3aIUIINTE €70 B ® 0003HAYEHUX.

3anaua 4
CopTupoBKa BCTaBKOM MAJIBIX MAaCCHBOB B IPOLECCE COPTUPOBKH CIUSHUEM

HecMmoTps Ha TO, 94TO C yBETMYCHNEM KOJINYECTBA COPTUPYEMBIX SJIEMEHTOB BPEMSI COPTHPOBKH
METO/IOM CITHSHHI B HAUXy/IIEM cliydae pacteT Kak (nlgn) , a BpeMs COpTUPOBKH BCTaBKO# —
kak (n?), Giaromapsi MOCTOSIHHBIM MHOXKHTEIISIM HAa IPAKTUKE [Tl MAJIBIX Pa3MEpOB 3334 Ha
OOJIBIIIMHCTBE MAILIMH COPTHPOBKA BCTaBKOM BBIMIONHsETCs ObicTpee. Takum 00pa3oM, ecTh
CMBICT UCTIOJIB30BaTh COPTUPOBKY BCTABOK B IPOIIECCE COPTHPOBKE METOIOM CIIMSIHUHN, KOTAA
M0/[33/1a41 CTAHOBATCS JOCTATOYHO MaJICHBKUMH. PaccMoTprTe MOAM(HUKALINIO aIropuT™Ma



COPTHPOBKH CIIUSIHUEM, B KOTOPOM N ITOJIMACCHBOB JIIHMHON K COPTUPYIOTCS BCTABKOM, OCIE
4€ro OHu O6’beZ[I/IHSIIOTCSI C IIOMOIIIBIO 0OBIYHOI0 MeXaHu3Ma ciausuus. Bemmunna k JOJIDKHa
OBITh HaliIeHa B MPOLIECCE PELICHUS 3aJauu.

a. Ilokaxkure, 4TO COPTUPOBKA BCTABKOM MMO3BOJISIET OTCOPTUPOBATH 1
HOIMOCIIEIOBATEIbHOCTEH uTnHOM K Kaxmast 3a Bpemsi (1) B Xy/IIIeM ciiydae.
b. TlokaxwuTe, KaK BBIMOJHUTD CIUSHUAE STHX MOIIOCICIOBATSILHOCTEH 3a BpeMs

(nlg(™/)) B nauxymmem cnyuae.

c. Ecmu Takoii MoauduimpoBanHbli anroput™ Bhimonnsercs 3a pemsa (n nlg(™/ )
B HAUXY/IIEM ClIy4ae, TO YeMy PaBHO HauOoJbIIee 3HadeHue k Kak QyHKIIUU OT N, JUIs
KOTOPOT0 MOAM(DUIIMPOBAHHBII aJITOPUTM B -0003HAUCHHSIX HMEET TO K€ BpEMS

paboThI, UTO U CTaHIAPTHASI COPTUPOBKA CIUSIHUEM?
d. Kak cnenyer BeiOupath k Ha mpaktuke?

3agauya 5
KoppekTHOCTB My3BIPEKOBOM COPTHUPOBKHU

[Ty3bIpbKOBasi COPTUPOBKA MPECTABISAET COOOW MOMYISPHBIA, HO HEe 3()()EeKTUBHBIN
ITOPUTM COPTUPOBKHU. B €ro 0CHOBE JIE)KUT MHOIOKpaTHAas IEPECTAHOBKA COCETHUX
3JIEMEHTOB, HAPYIIAIOLIUX MTOPSII0OK COPTUPOBKH.

Bubblesort(A)

1 fori=1toA.length-1

2 for j = A.length downto i + 1

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

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

a. [ycts A o603HauaeT BoIx0/1 mporeaypsl Bubblesort(A). Jlist nokas3arenbcTBa
KOPPEKTHOCTH Tpolieypsl Bubblesort Heo6x0aMMO 10Ka3aTh, YTO OHA 3aBEPILIACTCS U YTO

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

rmen A n...... Uro emé He0OX0MMO J0Ka3aTh AJS TOTO, YTOOHI MOKa3aTh, YTO
nporeaypa Bubblesort geiicTBUTETEHO BBHITIOTHSAET COPTHPOBKY?

B criegyronux AByX 4acTsaX JOKa3bIBAIOTCS HepaBeHCTRa (2.3).

b. Touno chopmynupyiite nHBapuaHT 1MKIa for B cTpokax 2-4 ¥ JOKaKUTE, YTO OH
BBITIOJIHAETCS. Jl0Ka3aTENBCTBO JOJKHO UMETH TY KE CTPYKTYPY A0KA3aTEIbCTBA
VHBapUaHTa LUKJa, KOTOpasi paHEe UCIOJIb30BAJIACh B AHAJIOTUYHBIX J0KA3aTENbCTBAX B
JAHHOH TJIaBe.

. C moMoIIbi0 YCIIOBUS 3aBEepIICHHs] HHBApUAHTA IIUKIIA, J0Ka3aHHOTO B yacTtu (b),
chopMynupyiTe HHBApHAHT IuKIa for B cTpokax 1-4, KOTOPHIH MO3BOJIIII OBl 10KA3aTh
HepaBeHcTBa (2.3). Jloka3aTeabCTBO JOHKHO UMETh TY JK€ CTPYKTYPY JA0Ka3aTeIbCTBA
WHBapHaHTa [UKJIA, KOTOpas UCIOJIb30Bajlach paHee B aHAJIOTMYHBIX JJOKa3aTeIbCTBAX B
IAHHOU TJIaBeE.

d. Onpenenute Bpemst My3bIpbKOBOH COPTHPOBKH B HAUXY/IILIEM CITydae U CPABHUTE €ro CO
BPEMEHEM COPTUPOBKHU BCTaBKOM.



3amaua 6
KoppekTHnocTs npasuiia ['opHepa

Crnenyrouuii pparMeHT KoJja peain3yeT npaBuiio ['opHepa aj1si BEIYUCICHUS TOJIMHOMA
n

P(x) =Y aix! = ao + x(a1 + x(az + -+ + x(an-1 + xaxn) ...))
i=0

JUTSI 32/TaHHBIX KOO(POUIIUEHTOB A0 A1 A2 ... Qn ¥ 3HAYCHUSA X.
1 y=0

2 for I =ndownto 0

3 y=ait+tx*y

a. YUemy paBHO Bpemst paboThI 3TOr0 (parmenta koja npasuia ['opuepa B \theta-
0003HaYeHUSIX ?

b. Hanmmre nceBaoko, peaim3yonuii airOpUT™M OOBIYHOTO BBIYHCIICHUS MTOJMHOMA,
KOI'Zla KaXK10€ CcllaraeMoe IOJIMHOMA BBIUUCIISIETCS OTAENbHO. Onpenenure
aCHUMIITOTUYECKOE BpeMsi paboThl 3TOr0 aIrOPUTMA U CPAaBHUTE €r0 CO BpEMEHEM pabOThl
ajaropuTMa, OCHOBaHHOI'O Ha IipaBuie ['opHepa.

. PaccmoTpuM crienyromuii ”HBapUAHT IUKIIA.

B Hauase kaxmoii uteparuu mukia for B ctpokax 2 u 3
n—(i+1)

_ k
Y= 2. Qryit1X
k=0

PaccmoTpuM cymMMy 6e3 wiieHOB Kak paBHYIO HyI0. Clieayro CTpyKType A0Ka3aTellbCTBa
MHBapHaHTa [UKJIa, KOTOpas UCIOJIb30Bajlach paHee B JaHHOMU IJ1aBe, BOCIOIb3YHTECh
yKa3aHHBIM MHBAPUAHTOM IIMKJIa, YTOOBI TTOKA3aTh, YTO IO 3aBEPIICHUU PAOOTHI

Y = 2o AkXk.

d. CaenaiiTe 3akroueHHe, YTO B IPUBEACHHOM (PparMeHTe KoJia MPaBUIbHO BEIYUCIISICTCS
3Ha4YeHHe MOJIMHOMA, KOTOPBIHN 3a7aeTcs koddduurentamu ao ai az ... an.

3amaua 7

WNuBepcun

[Tycts A[1 n] npexacrasisier co00i MacCUB U3 N pa3IHuHBIX yrcen. Eciu uAl]
A[ ], To mapa () Ha3bIBaeTCsl HHBepcueH A.

a. [lepeuncnure nsath nHBepcuit MaccuBa 23861

b. Kakoit MaccuB U3 371eMEHTOB MHOXKECTBAa 1 2 ... N COAEPKHUT MaKCUMAIIbHOE
KOJIMUECTBO MHBEpCHUil? CKOJIBKO MHBEPCHUI B ’TOM MacCHUBE?



C. Kakas cyiecTByeT B3aMMOCBSI3b MEX/1Y BPEMEHEM COPTUPOBKHU METOJIOM BCTaBOK U
KOJIMYECTBOM MHBEPCHI BO BXOAHOM MaccuBe? OOOCHYHTE CBOM OTBET.

d. PazpabotaiiTe aropuT™, ONpeAeISIONIMA KOJTHYSCTBO HHBEPCUI, COJCPIKAIIINXCS B
MIPOM3BOJIHHON MIEPECTAHOBKE N AJIEMEHTOB, BpeMs pabOThl KOTOPOTO B HAUXY/IIIIEM CITydae
pasuo O(nlgn). (Ykazauue: MoaUUIUPYHTE AITOPUTM COPTUPOBKHU CIIHSHHEM. )

3agaua 8
ACHUMIITOTHYECKOE OBEAECHUE ITIOJTMHOMOB
[Tycte (n) = 3, -, ain,

rnea 0, mpencrasisier coboit moauHOM crenenu d oT N, u mycTth K sBisieTcst
KOHCTaHTOH. Mcnonb3ys ornpeaenenust aCHMOTOTUYECKUX 0003HAYCHHH, IOKAKUTE
CJeYIOINE CBOMCTBA.

a. Ecmm , T0 (n) = 0(nk).
0. Ecm <, 10 (n) = Q(nk).
B.Ecu = ,10 (n) = O(nk).
r. Ecin , 10 (n) = o(nk).

1. Ecmm , 0 (n) = w(nk).

3anaua 9
OTHOCHUTEIBHBIN ACUMIITOTHYECKUH POCT

Jlns kaxx0i mapbl IPUBEIEHHBIX B TaOIHIIE BhIpaskeHUH (4, B) yKaxuTe, KAKUM
oTHouleHueM A4 cBs3ano ¢ B: O () 0 w wnu O. [Ipegnonaraercs, uro 1, Oucl
— KOHCTaHThI. Baill 0TBET JOJKEeH BbIpaXKaThCs TAOIUIIEH, B KaKI0U sUeiike KOTOpoi
yKa3aHo 3HadueHue «Jla» unm «Her».

A B 0] Q
(Ign)k né
nk c"
\/ﬁ nsin n
n 2n/2
nlgc Clg n
Ig(n!) lg(n)

3agaua 10
YnopsigoueHue no CKOpoCcTH aCUMIITOTUYECKOTO POCTa

a. Pacnonoxxure npuBeneHHbIe HIDKE QYHKIIMH TI0 CKOPOCTH WX aCHMIITOTUYECKOTO POCTa,
T.€. MOCTPOITE TAKYIO MOCIEIOBATEILHOCTh PYHKIMIHA 1, 2,..., 30 4TO 1 = (2),
2 = Q(3),..., 2 = Q(30). PazbeliTe cBOIl CIHCOK HA KJIACCHI SKBUBAICHTHOCTH TaK,



4T00bl pyHKIMHU (1) U g(N) HAXOAMIKCH B OJJHOM M TOM € KJIacce TOra ¥ TOJILKO TOr/a,
korma (n) = (g(n)).

lg(lg* n) 2lg'n (\/E)lg" n? n! (Ign)!
(; " n3 lg2n lg(n!) 22" nl/lgn
Inlnn Ig'n n2n n'slgn Inn 1
2lgn (gn)en e 4 n+1)! Jign
lg*(lg Tl) 2\/2 lgn n 2" nlgn 22n+1

0. IlpuBeauTe npuMep HEOTPULIATENBHOM QyHKIMKM (1), TAKOHU, YTO Ui BCeX ()yHKIUA
gi(n) u3 vacrtu (a) (n) He npuHamIeKUT HE MHOXKECTBY O(gi(1n)), HE MHOKECTBY

Q(gi(n)).

Cemectp 4

3agaua 1
CBoIiCTBa aCUMIITOTHYECKUX 0003HAUECHUI

ITycte (n) u g(n) — aCUMOTOTHYECKH TIOJIOKUTEIbHBIE QYHKIMH. JIOKaXHUTE MK
OIPOBEPTHUTE CIPABEIITUBOCTD KAKOTO U3 MPUBEICHHBIX HIKE YTBEPIKICHHM.

a. U3 (n) = 0(g(n)) seirekaer g(n) = 0( (n)).
6. (n) +g(m) =0( n( (n) gn))).

B. 3 (n) = 0(g(n)) Buirekaer Ig (n) = 0(lg g(n)), rne lg g(n) 1 u (n) 1 aus Beex
JIOCTAaTOYHO OOJIBIIHX N.

r. 13 (n) = 0(g(n)) Berrekaer 2 MW = 0(2 M),

1 (@) = 0(( ().

e. U3 (n) = 0(g(n)) Beitekaer g(n) = Q( (n)).
x. (n) = 0( ().

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

3agaua 2
Bapuanuuu onpenenenuii O u ().

HexoTtopsie aBTOpbl onpeaenstoT {1 HECKOJIbKO HHAYE, YEM ATO JEIaeM MBbI; IaBaluTe ISl TAKOTO
AJIbTEPHATUBHOTO ONPEICTCHUS OyIeM HCIIOIb30BaTh CUMBOJI  (YHMTACTCS KaK «OMera
0eCKOHEUHOCTh»). Bynem rosoputs, urto (n) =  g(n)) , eciu CyIIECTBYET IOJIOKUTEIBHASL
KOHCTaHTa C, Takas, uto (n) cg(n) 0 mns OECKOHEYHOrO KOJIMYECTBA IICNTbIX YHCe N.



a. TTokaskuTe 9TO JUIs JIFOOBIX IBYX aCHMIITOTHYECKHA HEOTpUIATeIbHBIX GyHKIwii f(n) u g(n)
BBITIOJIHACTCS OZIHO M3 cooTHomenuit f(n) = 0(g(n)) u f(n) =  g(n)) (wm onu 06a), B TO
BpeMs KaK IPHU KCII0JIb30BaHUK () BMECTO  3TO YTBEP)KIACHHUE JIOKHO.

6. OnummTe NOTeHIUANbHBIEC TPEUMYIIECTBA U HETOCTATKU IPUMEHEHUST ~ BMECTO () st
XapaKTepUCTUKU BPEMEHU PabOThI IPOrpaMM.

HekoToprle aBTOPBI OIPENEIAIOT HECKOILKO nHade U O; I TAKOTO aJbTEPHATHBHOIO
onpeseneHus OyaeM ucnonbs3osars cumMBoi0 . Byaem rosoputs, uro f(n) = 0 (g(n)) toraa u
TOJIBKO TOTAa, Koraa |f(n)| = 0(g(n)) .

B. Uto npou3oiizer B TeopeMe 3.1 ¢ KaxabIM U3 HAMPABICHUHA «TOTJIa ¥ TOJIBKO TOT/a, KOT1ay,
eciu 3aMeHuTh O Ha O , HO OCTAaBUTH Oe3 u3MeHeHui ()?

HexkoTtopsie aBTOpHI OnpeesstoT (UMTAeTCs KaK «O ¢ TUJIbAO0WY) 171t o003HaueHus O, B
KOTOPOM UTHOPUPYIOTCS Jorapu(pMuuecKue MHOKUTEIH:

B _f(n) c no
(g() = { 0 < f(n) < cg(m)Ig*n n 2 no

3agaya 3
WrepupoBannbie HyHKIHA

Omnepartop utepanuu *, ucrnonb3yemslil B GyHKIUH 1g*, MOKHO MPUMEHUTH K JIFOOOH MOHOTOHHO
Bo3pacraromieii pyukuuu f(n), onpeneneHHON Ha MHOKECTBE ICHCTBUTENBHBIN yncel. s
3aJ]aHHOW KOHCTaHThI C UTEpUPOBaHHAS QYHKIHS OIPEeIIeTCs CIEAYIONIM 00pa3oM:

fo(m) =min{i = 0: fO(n) < c}

Ona MOXeT He ObITh BIIOJIHE ONPEAEIEHHON BO BCeX ciydasix. J[pyrumu ciioBamMu, BETMYHHA
fi(n) npencrasisier cO00 KOIMIESCTBO HTEPUPOBAHHBIX MPUMEHEHHUH QYHKINH f,
TpeOyromieecs Uist TOro, YTOObl YMEHBIIUTE €€ apryMeHT JJ0 3HaY€HUSs!, HE TIPEBBIIIAOIIETO C.

JIi1st K0 U3 IpUBEICHHBIX nanee QyHKuuit f(1) ¥ KOHCTAaHT C JaiiTe MAaKCHUMAaIbHO TOYHYIO
oreHky pyukuu fi(n).

f() Jev

(n—-1)

lgn

/s

/s

Vn

Vn

n1/3

NN INDN R O0

T
/lgn

3amaua 4

IIpuMepsl peKyppEHTHBIX COOTHOLLICHUH



Ompenenure BEpXHYIOIO U HIDKHIOK aCUMIITOTHYECKHE TPaHUIbl QyHKIUN (1) U1 KaKI0TO
U3 MPEJCTABICHHBIX HIDKE PEKYPPEHTHBIX cOOTHOIIeHUH. Cuntaem, uto (n) npun > 2
ABIsieTCA KOHCTaHTOHU. [lombITaifTech cenaTh 3Ty OLIEHKY KaKk MOKHO 0oJiee TOUHOW U
00OCHYITE CBOW OTBET.

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

() =16 (/) +n?

(@)

w

-

Mm=7 ("/3)+n?
Mm=7 "/ +n?
M) =2 (/g +Vn~
x (m)= (n—2)+n?

H

¢

3amaua 5
CrouMoCTH Tepeiaun apaMeTpoB

[Ipenmonaraercs, 4To epeaada napaMeTpoB MPH BHI30BE MPOLEAYPHl 3aHUMaET (PUKCHPOBAHHOE
BpeMs, naxe eciu nepeaaetcs N-ainemeHTsii MaccuB. J{J1s GONBIIMHCTBA BRIYUCIUTEIHHBIX
CUCTEM ITO MPEAIOJIOKEHUE CIPABEINBO, IOCKOJIBKY ITEPEJAETCS HE CaM MAacCUB, 4 yKa3aTellb
Ha Hero. B janHOM 3a1a4e HCCeqyroTCs TPU CTPATEruu IIepeiadd IapamMeTpoB.

1. MaccuB niepeaeTcs ocpeICTBOM ykazarens. Bpemst = 0(1).
2. MaccuB niepenaetcs mocpencTBoM komupoBanusi. Bpemst = ©( ), rme N — pa3zmep maccusa.

3. MaccuB nepenaeTcs myTeM KOMMPOBAaHUS TOJIBKO HEKOTOPOTO MOIMANa30Ha, K KOTOPOMY
oOpariaercs BeI3bIBaeMas porenypa. Bpems = ©(q — p + 1) npu nepenaue noaMaccuba

Alp .. q].

a. PaccMoTpuTe peKypCUBHBIN alropuT™M OMHAPHOTO MOUCKA, MPeAHa3HAYEHHBIHN [T
HaXO0XXJCHUA YHcia B OTCOPTUPOBAHHOM MaccuBa (cM. ymp. 2.3.5). [IpuBenute pekyppeHTHbIE
COOTHOILIEHUS, OTUCHIBAIOIIME BpeMsi OMHAPHOTO MIOMCKA B HAUXY/IIIEM CIIydae, €CIIM MaCCUBbI
MEPEAIOTCS C OMOILBIO Ka)KI0T0 U3 ONHMCAHHBIX BBILLIE METOAOB, U 1aliT€ TOUYHBIE BEPXHUE
IPaHULbl PEILIEHUH 3TUX PEKYPPEHTHBIX cooTHOWEHUH. [1ycTh pa3mep ncxoqHOM 3a1aun paBeH
N, a pazmep nmojzagauu — .

0. BemmonnuTte 3ananue (a) ans anroputma Merge-Sort u3 paznena 2.3.1.

3amaua 6
Hpyrue npuMepbl pEKYPPEHTHBIX COOTHOILICHUI

JlaiiTe BEpXHIOIO U HIDKHIOIO aCUMIITOTUYECKHUE OLIEHKU (QYHKIUU (1) B KOKIOM U3
NPUBEICHHBIX HIKE PEKYPPEHTHBIX cooTHomeHuil. [Ipennonaraercs, urto (n) At JOCTaTOYHO



MaJbIX 3HAYEHUH N SBIISETCS MOCTOSIHHON BennmunHOM. [TocTapaiiTech, 4TOOBI OIICHKH OBUTH Kak
MOXHO 00JIe€ TOYHBIMU U OOOCHYHTE OTBETHI.

a. M) =4 (Y/3) +nlgn
0. (n) =3 (Tl/3) + n/lgn

(M) =4 (/) +nn"

w

—

- m=3 Y/3-2)+"/,
.= Y+ Y+ (Yg+n

x ()= (n—-1+1/pn

)=

[¢]

3. M= (n—1)+1gn
n(n)=m-2)+ 1/lgn

k. (M) =vn (Vn)+n

3amaua 7

Yuciaa Pubonauum

Fo=0
=1 (3.22)
Fi=Fi_1+ Fi_ g i > 2

B s10i1 3a1a4e packpeiBaroTcs cBolicTBa yncen PuboHauyM, ONPeIeeHHBIX C TOMOILBIO
pekyppeHTHOro cootHomenus (3.22). Bocnonb3yemcst 11 peneHus peKyppeHTHOTO
cooTHowmeHus: Gubonayyu, METOIOM NMPOU3BOASIIIUX PyHKUIKNA. OnpeaenuM nNpou3BoAsILY 0
¢pynkuuio (win popMasibHbIN CTENEHHOM psix) 7 KaKk

7(z) =) Fizi
i=0

=0+2z+2z2+ 223+ 3z* + 52> + 826 + 1327 + 2128 + --,
riae Fi npencrasiser cobo -e uncio Gudbonavyu.
a. [okaxure, uro 7(z) = z + z7(2) + z27(2).

0. ITokaxxure, 94TO

z
r2)=___
1—z—2z2



_ VA
(1-d2)(1 - &)
11 1 )

“ETw 1w
rae ¢ =145 = 1,61803 ... u ¢=1=Y5= —0,61803 ...
2

2
B. [Hokaxure, uto 7 (2) = Y° 1 (i — ¢z
=03

r. Bocrone3yiitecs 11. (B) /Ul 10Ka3aTenbeTBa Toro, uto Fi = ¢i/+/5 (okpyrienHoe 10
ommwkaiiniero uenoro) st Becex i 0. (Vkaszanue: obpature Buumanue, uto |[¢ 1.

3agaua 8
TecTupoBaHre MUKPOCXEM

B pacnopsxkenun npodeccopa ecTh 1 MPeaIoI0KUTEIbHO HISHTUYHBIX MUKPOCXEM («UUIIOBY),
KOTOpBIE B IPUHIIMIIE CIOCOOHBI TECTUPOBATh JIPYT Jipyra. B Tectupyrouiee npucnocobiieHue 3a
OJIMH pa3 MOXHO IIOMECTUTH JIB€ MUKpocxeMy. [Ipn 3ToM Kaxaas MUKpocXema TECTUPYET
COCEJIHIOIO U BBIJACT OTYET O PE3yJIbTaTe TECTUPOBaHus. VcripaBHas MUKpocxema BCeraa
BBIJIACT MPABWIBHBIEC PE3YJIBTATHI TECTUPOBAHUSA APYIOM MUKPOCXEMBI, a PE3yJIbTaTam
HEHCIIPAaBHON MUKPOCXEMBI JJOBEPATH HENb3sl. TakuM 00pa3oM, BOZMOKHBI UEThIpE BapHaHTa
pe3yJIbTaTOB TECTUPOBAHMUS, IPUBE/ICHHBIE B TAOJINIIE HIDKE.

Otuer A Otuer B 3aKJIIO4YEHNE

B ucnpasna A ucnpaBHa JInGo o0e ucIpaBHbI,
1100 00e HencIpaBHBI

B ucnpaBHa A HeucripaBHa HewncnpaBHa kak MUHUMYM
0JITHa MUKpOCXeMa

B Heucnpasna A ucnpaBHa HewncnpaBHa kak MUHUMYM
0JTHa MUKpOCXeMa

B HeucnpaBna A HeucnpaBHa HewncnpaBHa kak MUHUMYM
0JITHa MUKpOCXeMa

a. [TokaxwuTe, 4T0, €CITU KaK MUHUMYM N 2 MHKPOCXEM HEUCIIPaBHBI, TPOGECCOp HE CMOKET
TOYHO ONPEACIUTE UCIIPABHBIC MUKPOCXEMEI, KaKoI OBl CTpaTeFI/Iefl IMOIIapHBIX HUCIBITAaHUN OH
He nons3oBaics. (IIpeanonaraercs, 9To HEUCIIPABHBIE MUKPOCXEMBI HE JJOTOBAPUBAIOTCS MEXKTY
co0oit, 9uToOBI 00MaHyTh Mpodeccopa.)

6. PaccMoTpuM 3a7ady 0 morcke OJHON UCIIPAaBHON MHUKPOCXEMBI CPEU N MUKPOCXEM, €CITH
TIPETIONATaETCsl, YTO HCIIPABHO GOJIEE TIOIOBHHBI BCeX MUKpocxeM. [Tokakure, uto |/ 2]

MOMAPHBIX TECTUPOBAHHM TOCTATOYHO JJIsl CBEJICHUS ATOM 3a/1aUM K MOA3a7a4e, pazMep KOTOpoi
MPUOTU3UTENBHO B JIBAa Pa3a MEHBIIIE.

B. [TokakuTe, 9TO MOXKHO HAHTH BCE MCIIPABHBIC MUKPOCXEMBI C TIOMOIIBIO O (1) MmomapHbIX
TECTUPOBAHUH B MPEIOJI0KEHUH, UTO UCIIPABHBI O0JI€€ MOJOBUHBI MUKPOCXEM.
Chopmynupyiite 1 peiTe peKyppeHTHOE COOTHOIICHHE, OMUCHIBAIOIIEE KOJTUYECTBO
TECTUPOBAHUMN.



3amaua 9
Maccussl MoHxka

Maccus A pazmepom N, COCTOSILMN U3 AEHCTBUTEIbHBIX YUCEIL, SIBIIICTCS MACCHBOM
Mom:ka (Monge array), eciu mist Beex i, j, k u [, takux,uto 1 <i k< nl1l<j [<n,
MBI UMEEM

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

Jlpyrumu cioBamHu, Ipu J1I000M BbIOOpE JIBYX CTPOK M JBYX CTOJOLIOB U3 MaccuBa MoHxka (1pu
3TOM JIEMEHTHI MACCHBA Ha MEPECEUCHUH BEIOPAHHBIX CTPOK M CTOJIOIOB 00pa3yroT
MPSIMOYTOJIBHHMK) CyMMa 3JIEMEHTOB B JIEBOM BEPXHEM U [IPAaBOM HUYKHEM YIJIaX MOJTYYEHHOTO
IIPSIMOYTOJIBHUKA HE IIPEBBIIIAECT CYMMY 3JIEMEHTOB B JIEBOM HUKHEM U IIPABOM BEPXHEM €TI0
yriax. [IpuBenem npumep maccuBa MoHxka.

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. JlokaxkuTe, 4TO MacCHUB SIBJISECTCS MacCUBOM MOHKa TOrAa U TOJILKO TOT1a, KOrAa s BCeX
i=1,2,.., —1uj=1,2,..,n— 1 BbIIOJHAETCS YCIOBUE

Al jl +A+1,j+1] <A[li,j+ 1]+ A[i + 1, ]

(YKCZS’LZHue.' JJIA IpsAMOTro J0Ka3aTCIbCTBA BOCHOHBSyﬁTCCB METOJO0M MaTeMaTHUIEeCKOM
HWHAYKOWUH OTACIBHO OJId CTPOK U IJIA CTOJ'I6I_IOB.)

0. [IpuBeneHHBIN HUYKE MACCUB HE SIBIIAETCS MacCuBOM Momka. I3MeHuTe B HeM OJMH 2JIEMEHT
TaKKUM 00pa3oM, 4TOOBI OH CTal MaccuBOM Momxa. (Vkazanue: BoCcmonbp3yiTech 1. (a).)

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

B. [Iycts f(i) mpeacrasmisier coboi HAEKC CTOIOIA, COMIEPIKAIIETO KpaltHUI clieBa
MUHUMAaJTbHBIH 3JIEMEHT B cTpoke i. Jlokaxute, uto f(1) < f(2) < -+ < f( ) mrst o6oro
MaccuBa MOHXa pa3Mepom n.

r. Jlasiee nmpuBeaEHO ONMMCAHKUE AITOPUTMA «Pa3eIisiii U BIACTBY», IPEIHA3HAYECHHOTO JJIsI
BBIYMCIICHHS KPAWHETO CJIEBa MUHUMAJIBHOTO AJIEMEHTA B KaXKI0M CTPOKE, BXOASIEN B COCTAB
MaccuBa Monxka A pazmMepom n.

[Toctpoiite mogmatpuily A MaTpulbl A, COCTOSIIYIO U3 YETHBIX CTPOK MaTpulbl A. C mOMOIIbIO
PEKYPCUBHOM MPOLIEIypbl HAWIUTE B KaXI0W CTpOKE MaTpullbl A KpallHUI clieBa



MUHUMAaJIbHBIN 3JIEMEHT. 3aT€M HalIUTe KpallHUM ClIeBa MUHUMAJIbHBIHN 3JIEMEHT CpEeIu
HEYETHBIX CTPOK MaTpHLbI A.

OOBpsicHHTE, KaK HAWTU KpalHUH ClIeBa MUHUMAJIbHBIN 3JIEMEHT Cpeld HEYETHBIX CTPOK
MaTpuubl 4 (mpeanonaraercs, 4To KpalHUK clieBa MUHUMAJIbHBIN 3JIEMEHT CPEAM YETHBIX
CTOJIOIOB 3TO# MaTpullbl u3BecTeH) 3a Bpems O( + n).

1. 3alUIINTe PEKYPPEHTHOE COOTHOIIICHHE, ONTUCHIBAIOIIEE BpeMsi paObOThI aliropuT™Ma U3 1. (T).
IMokaxwure, yro ero pemenne umeet Bux O( + nlg ).

Kontponupyemsie komnerenumu: [1K-7
Oyenka KomnemeHyull OCyujecmeisiemcs 6 coomsemcmeuu ¢ madauyeu 4.

Bomnpocs! k 3xk3ameny (5 cemecTp)

Urto Takoe anroputmbi?

AJTOPUTMBI KaK TEXHOJIOTHUSI.

AJNropuT™M COPTUPOBKH BCTABKOM.

AHanu3 anropuTMa COpTUPOBKH BCTaBKOM.

3ajaua COpTUPOBKH BHIOOPOM.

AHanu3 anropuTMa COpTUPOBKH BBIOOPOM.

PazpaboTtka anropur™Ma COpTUPOBKH CIIHASTHUEM.

AHanus anropuT™Ma COpTUPOBKH CIUSHUEM.

AcUMITOTUYECKHE 0003HAUYCHHS.

0. CpaBHeHue QyHKIUIA.

11. 3agaya noucka MaKCMMaIbHOIO IIOJIMACCHBA.

12. Meton noACTaHOBKH PELICHUs PEKYPPEHTHBIX COOTHOLLICHUH.

13. Ananu3 anropuTMa MoMcKa MaKCUMAaJIbHOTO TIOMACCHBA.

14. Anroputm LlTpaccena ans yMHOKEHUS MaTpPHIL.

15. MeTron NOACTaHOBKH pelIeHUs] PEKYPPEHTHBIX COOTHOLIECHHH.

16. Kak yraiate pemieHue u u3dexarb olmoOoK.

17. 3amena nepeMeHHBIX.

18. Meton nepeBbeB PEKYPCHH.

19. OcHoBHOIT METO/.

20. OcHOBHas TeopeMa 0 peKyPPEHTHBIX COOTHOLICHHUSX.

21. Ucrionp30BaHre OCHOBHOI'O METOIA.

22. 3agaua o Haiime.

23. AHayin3 HaMXy/IIEro ciyyas B 3ajjaue o HaiiMe.

24. BeposTHOCTHBIN aHAJIM3.

25. PangoMu3npoBaHHbBIE aJTOPUTMBI.

26. lnnukatopHas ciiyJaifHast BeTUYHUHA.

27. JleMma 0 MaTeMaTHYECKOM OKHJIAHUW HHIUKATOPHOM CITy4aifHOW BEJTMYNHBI.

28. JlemMa 0 MaTeMaTHYECKOM OKUIAHUU KOJIMYECTBA HAMMOB.

29. AHanu3 3a7]a9u 0 HalkMe C TIOMOIIBIO HHIMKATOPHBIX CITyYaiHbBIX BEJINYHH.

30. 3amaun o rapaepoOIIMKe U UHBEPCUU MacCUBA.

31. 3meHenus1, KOTopbie TpeOyeTCsl BHECTH B aJITOPUTM HaiiMa Jutsi panaomusanun. Kon
CIIy4allHOM IIEPECTAHOBKHU.

32. Jlemma 0 MaTeMaTH4YE€CKOM OXKHUJAHUW CTOMMOCTH HaliMa ¢ KOJIOM CITyJaitHOM
NIEPECTAHOBKHU.

33. MaccuBbl ociie CirydyaifHOM IIepecTaHOBKH. JIeMMa 0 paBHOMEPHOM paclpe/IeICHIH.

34. TTapagokc qHEH pOXKICHHS.

BOo~NoOORWNE



35. AHanu3 ¢ IpUMEHEHUEM UHANKATOPHON CITy4aifHOW BEJIMYHHBI.
36. CiryuaitHoe HanOJHEHNE KOP3UH TPOHYMEPOBAHHBIMHU IAPAMHU.
37. TlocnenoBaTeIbHOCTD BBITIAICHHS OPJIOB.

38. 3amaua o HaiiMe B ONIEPAaTUBHOM PEXKHME.

39. BeposATHOCTHBINH MMOJCYET.

40. TTouck B HEOTCOPTUPOBAHHOM MAaCCHBE.

Kontponupyemsie komnerenunu: [TK-7
Oyenka KomnemeHyull 0Cyujecmeisiemcs 8 coomsemcmeuu ¢ maonuyetl 4.
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