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YHUMKaNHbI NPOrpaMMHbIi KNkoY: Kaceppa npiikniagHoi Maremarku

891934p8c2cf/b6350cbe51cdda3096eBdkfm bifenounnix cpescTs o guciummHe «IIporpaMmmupoBaHue Ha C++»

TI0 HAlIPaBJIEHHT0 TIOATOTOBRA 02703702 dyHzpameHTanbHast MHGopMaTHKa U MH(OPMaLMOHHbIe TeXHOJIOTHH, PO(HIIb
«KommbiotepHble Haykn» @T'BOY BO «Uenl'¥Y»

Bepcus fokymenTa - 1 | crp. 1 | ITepBblii 5K3eMILISIp KOTINA No

@doHJ, O1I€EHOUHBIX CPEACTB
IJISI IIPOMEXKYTOYHOM aTTeCTAIUN

10 OUCIUTUIVIHE
Ilpoepammuposanue na C++

HarmpaBieHue noaroToBKu
02.03.02 dyndamenmanvHasa uHgopmamuka u uHpopmMayuoHHble MexXHON02UU

HamnpassieHHocTb (mpodnib)
Komnwvromepnuvie Hayku

[IpucBanBaemasi KBasimuKaius
O0akajiaBp

®dopma obyueHust
OuHas

Mmuacc 2026 1.
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02.03.02 dynpameHTanbHasa uHGopmaTuka u MH(GOPMALMOHHbIE TEXHOJIOTUH,
KomnibioTepHbie Hayku, IlporpammupoBanue na C++, 2026, ounasn

DoHJ OLIEHOYHBIX CPEACTB 0J00PeH U PeKOMEH/AOBaH:
[TpopekTop 1o yyebHO paboTe yTBepskaeHo 27.02.26 A.A. CanamaroB

Yuenbim coBeToM Muacckoro pwmana @I'6OY BO "YenI'V"

ITpotokon 3acemanust Ne 8 ot 24.02.2026

IIpencenaTenb YueHOro coBeTa
Mmnacckoro ¢pwmana @I'BOY BO
"YUenl'V" COIJIaCOBaHO T.B. ManbkoBa

3acemannem Kadeapbl MPUKIAAHON MaTeMaTUKM

ITporoxkosn 3acemanmst Ne 6 or 30.01.2026

3aBemyroimii Kadempoin COIJIaCOBaHO E.B. lytukoBa

ABTOp (cocTaBUTEND) K.A. JIuxauen

CrpykTypa GoHIa OLEHOYHBIX CPEACTB AJIS IPOMEKYTOYHOM aTTeCTAlMM 10 AVCHUILIHE
cooTBeTCTBYeT npuKasy pekropa PI'bOY BO «Uenl'V» or 27.09.2022 r. Ne 573-1 «O6
yTBepP>KACHUM Ia6/I0HOB IOKYMEHTOBY.



MUWHOBPHAYKU POCCHUU
defepabHOE FOCYAAPCTBEHHOE O0KeTHOe 00pa3oBare/IbHOe

\”} yupe>kieHre BhICIIero o6pa3oBaHus

@ «YensbuHCcKui rocyfapcTBeHHslil yHuBepcuteT» (PI'BOY BO «Uenl'Y»)
Muacckuii punman
Kadenpa npukiasHol MaTeMaTHKU

®DoH/, OL|eHOUHBIX CpeACTB Mo AucuuIuiiHe «[IporpammupoBanue Ha C++»
TI0 HarpaB/IeHuo MoArotoBky 02.03.02 dyHzaamMeHTanbHast HHGOPMaTUKa 1 MHPOPMAIIOHHbIe TEXHOIOIMH, POMHIIL
«Kowmrbtorepsblie Hayku» @PI'BOY BO «Yenl'Y»

Bepcust JoKymeHTa - 1 ctp. 313 55 | TTepBbiii 9K3eMIIsp KOITASI No
Copep>xkaHue
1. ITACITOPT ®OHJA OLIEHOUYHBIX CPELICTB.........oiiiiiieeeeeeeeeieeeeeecces 4
2. I[IEPEUEHDb ®OPMUPYEMBIX KOMHETEHL[I/Iﬁ .......................................... 4
2.1. KoMIieTeHLIH, 3aKPETIIEHHBIE 38 JUCLIATIIIAHOM. ...ccouvveeeueerereerereeenreessseessureessseeesssseessseeens 4
3. COIEP)KAHUE OLIEHOYHBIX CPEJICTB I10 IUCLUIIINHE................... 5
3.1 BUZIbI OLIEHOUHBIX CPEIICTB....cceeeerurrreeeaauurreeesasnnreeesassseeeessssmseeesssssseeessssnseeesssssssseessssssaeesssnnn 5
3.2 Copep>kaHue OLIeHOYHBIX CPEJICTB JJ/IS1 TEKYILIEM aTTECTALIA . .ccuuveeerureeerereeessreessnreessnesssseeenns 7
4. ITIOPAI0OK HPOB]:Z,Z[EHI/IH N KPUTEPMU OLUIEHVBAHWA
[TPOMEXYTOUYHOU ATTECTALM......cccovviiiiiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeeeeeeeeeeeeeeees 51
4.1 TopsiioK MpoBe/leHus U Cofiep>KaHKe OLIeHOUHBIX CPeJCTB /1/1s1 IPOMeKyTOUHOM
ATTECTALTH . ceeeeeeeueerrerreeeessaaaannnsseesesssessasassssssesssssessassssssssessssssasssssssesssssessnssssssesssssesssssnsssnsessssannns 51
4.2 KpuTtepuu oljeHUBaHUsI KOMIETeHI[|I B X0/le TIPOME)KYTOUHOM aTTeCTALUM . ......ceerveeenenenns 52

4.3 Pe3ynbTaThl NIPOMEXXYTOUHOW aTTeCTaljui ¥ YPOBHU COPMHPOBAHHOCTH KOMITeTeHLMH...55
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MUMWHOBPHAYKU POCCUN

O

Muacckuii punvan
Kadenpa npukiasHoi MaTeMaTUKU

defepabHOE FOCYAAPCTBEHHOE O0KeTHOe 00pa3oBare/lbHOe
yupe>kieHHe BhICIIero o6pa3oBaHus
«YensbuHCcKui rocyfapcTBeHnslil yHuBepcuteT» (PI'BOY BO «Uenl'Y»)

@DoHJ, OLeHOYHBIX CPeJCTB Mo AucLUIIrHe «[IporpammuposaHue Ha C++»
T0 Haripas/eHuto 1oAroToBku 02.03.02 dyHaameHTanbHas MHGOpPMaTUKa 1 MHPOPMALIMOHHbIE TeXHOMIOTHH, TIPOdHUIb

«Komnbrotepsble Hayku» DPI'BOY BO «Yenl'Y»

Bepcus fokymenTa - 1

ctp. 4 u3 55 TlepBbIii 3K3eMITISIp

KOITHA Ne

1. ITACITOPT ®OHJA OOEHOYHbLIX CPEJCTB

Hamnpasnenue noaroroBku 02.03.02 «dyHameHTanbHasi MHPopMaThKa U UHGOP-
MAaLMOHHbIE TEXHOJIOTHUN»

HaripaBneHHoCTh (ripodusib): KomnbroTepHble HayKH.
HucauriivHa: [IporpammupoBanue Ha C++

CemecTp (cemeCTpbl) U3yUeHUs: 3

dopmMa NpOMeKyTOYHOU aTTeCcTal[uy: SK3aMeH

2. IEPEYEHH ®OPMUPYEMbBIX KOMITETEHITUN

2.1. KomneTeHIIMH, 3aKpeIIéHHbIE 3a JUCHUIIMHOU

V3yueHre AWCLMIVIMHBI HAMpaB/ieHO Ha GOpPMUPOBaHKeE C/leyIOLMX KOMITeTeHLMIM:

Koppbt
KOMITe- CojeprkaHue ITepeueHs Iy1aHUpyeMBIX pe-
TeHLUU KOMITeTeHLIUH Co- WHauKaTophl AOCTHXKEHU 3y/IbTaTOB 00YyUeHus 110 JUC-
(o rnacHo PI'OC LUTTUHE
®I'0C)
1 2 3 4
IIK-2 | CriocobeH K pa3- | [1K-2.1 [leMoHCTpUpYyeT 3HaHUe 3HaTh:

paboTke mipo-
rpaMMHoOro obec-
reueHwusl, oCyIie-
CTBJIEHUIO UHTe-
rparyu mpo-
rPaMMHBIX MOJY-
Jierl ¥ KOMITOHeHT
1 TIpoBepKe pabo-
TOCITOCOOHOCTH
MIPOrpaMMHOTO
obecrnieueHust Ha
OCHOBe MeJ/lyHa-
POZIHBIX | TIPO-
(heccroHaNbHBIX
CTaH/]apTOB B 00-
J1acTu MH(popMa-
L[UOHHBIX T€XHO-
JIOTHH

OCHOBHBIX MTPUHLIUIIOB U T€XHOJIO-
ruii pa3paboTKH MPOrpaMMHOTO
obecrieyeHvsi, METO/IOB U CPEJICTB
CcOOpKM MOJTyJIeH Y KOMITOHEHT
MPOrpaMMHOTO 00ecTieyeHwst; pas-
paboTKM Tporieyp AJisi pa3BepThl-
BaHUS MPOrpaMMHOT0 obecrieye-
HUSI, METO/IOB Y CPeJICTB MUTPaLn
U 1ipeoOpa30BaHus JAHHBIX, METO-
JIOB CO3/IaHUSI T10J/Tb30BaTE/TbCKIX
uHTepdelicoB; CPeACTB MPorpam-
MHUPOBaHHUSI

[1IK-2.2 [JeMOHCTpUpYeT yMeHUs
pa3pabaTbIBaTh MPOrPaMMHBIN KOZ
Ha s13bIKaX MPOrPaMMHUPOBAHUSI BbI-
COKOT'0 ¥ HU3KOTO YPOBHSI, OCYII[e-
CTBJIATH OT/IAZIKy MPOrpamm,
0(hopMJISITH TEXHUUECKYIO JOKY-
MEeHTAL[1I0; UCITIO/b30BaTh BbIOpaH-
HYIO Cpe/ly TPOTrPaMMHPOBaHHUSI
JJ1s1 pa3paboTKK MpoLielyp UHTe-

rpaLyy NporpaMMHbBIX MOAYJIeH,

KJ/IaCChl, 00BEKTHLI U MO/YJTH B
s13pIKe C++; KOMITOHEHTBI
CTaH/IaPTHBIX OUO/MOTEK SI3bI-
Ka C++; OCHOBHBIE MTOHATHS,
CBsI3aHHbIE C CUCTEMAaMH Tpo-
rpPaMMHPOBAHMS; COCTAB U
CcXeMbl paboThI CHCTEM
00BEKTHO-OPUEHTUPOBAHHOTO
TIPOTPaMMHUPOBAHHS;

YMeTsn:

TIPUMEHSITh Ha MTPAKTHKE CTaH-
IapTHBIe cpeAcTBa si3bika C++
Y KOHLIETIIMH 00BeKTHO-0pH-
E€HTUPOBAHHOTO MPOTPaM-
MHUPOBaHUA /151 pa3paboTKu
MIPOrpaMMHOr0 0becrieueHwst

Bnapgets:

HaBbIKAMU HaIMCaHUs U OT-
JIaJK1 KoZia Ha si3bike C++;
HaBbIKaMH UCIO/Ib30BaHUs
CpeJICTB 00bEKTHO-OPUEHTH-
POBaHHOT'O MPOrpaMMHpPOBa-

© ®I'BOY BO «Yen'Y»




O

MIMHOBPHAYKI POCCHUU
defepabHOE FOCYAAPCTBEHHOE O0KeTHOe 00pa3oBare/lbHOe
yupe>kieHHe BhICIIero o6pa3oBaHus
«YensbuHCcKui rocyfapcTBeHnslil yHuBepcuteT» (PI'BOY BO «Uenl'Y»)
Muacckuii punvan

Kadenpa npukiasHoi MaTeMaTUKU

@DoHJ, OLeHOYHBIX CPeJCTB Mo AucLUIIrHe «[IporpammuposaHue Ha C++»
110 HarpaeJsieHuto noArotoBky 02.03.02 dyHaameHTanbHas HHGoOpMaTvka 1 HHGOPMalMOHHbIE TEXHOJIOTUH, TTPOQUIL

«Komnbrotepsble Hayku» DPI'BOY BO «Yenl'Y»

Bepcus fokymenTa - 1

cTp. 5 u3 55 TlepBbIii 3K3eMITISIp

KOITHA Ne

MIPOBO/IUTH OIIEHKY paboTocrocob-
HOCTH MPOrPaMMHOT0 00ecrieueHust
[TK-2.3 VimeeT npakTU4eCKUii OMbIT
pa3paboTKK UCXO/IHOTO KO/ia, Te-
CTUPOBAaHUS MPOrpaMMHOT0 obec-
neveHusi, COOPKU Moy el 1
KOMIIOHEHT TIPOrpaMMHOT0 obecrie-
yeHUsl, pa3pabOTKH MpoLesyp AJist
pa3BepTbIBaHMS IPOIPaMMHOTO
obecrieueHust, MUTpalliu U TIpeod-
pa30BaHUs JaHHBIX, CO3/JaHUsI TIPO-
rpPaMMHBIX UHTep(delicoB

HUS B pa3paboTKe TIpUIOKe-
HUl

3. COOEP)XKAHHWE OOEHOYHbLIX CPEACTB I10 JUCIHUIIVIMHE

3.1 Bujbl O1jeHOYHBIX CPeCTB

No
n/m

KonTpompyemsle
TeMbl/paszesbl

Kog xommnietenn/
[JIaHUpYyeMble pe3y/bTaThl
obyueHust

HanmeHoBaHue
OLIeHOYHOT'0 CpeJCTBa
LISl TEKYIIIero
KOHTPOJISA

HaumeHoBaHue
OLIEHOYHOTO CpeJCTBa
Ha TIpPOMe>KyTOUHOM
arTecTaluu

1.| Beenenue. ba3oBbie
(OYHKIUU s3bIKa

MK-2

3Haer

[TonsiTue abCTpaKkTHBIX JlaH-
HBIX, yKa3aresel, cTaTuue-
CKMX ¥ JUHaMHUeCKHX Mac-
CUBOB, QYHKIMM, TIPOLIEAYD,
MOZYy/Ieit.

YMmeer

CosgaBathb (hyHKIMH, TTPOLie-
Jypbl U MoAynu. [IpuMeHs T
WX B pellleHuH 3a7au
Bnageet

HaBbikamu NprMeHeHust
UTepaTopoB U ()YHKTOPOB,
WCII0/Ib30BaHust (aiisioB Asist
BBO/Ia-BbIBO/|A JIJAHHBIX

JlaboparopHast pabora

YCTHBINM onpoc
(3K3ameH)

2.| CopTupoBKU

MK-2

3Haer

Buip1 COPTUPOBOK JIMHENHOMN
CJIO’KHOCTH, CJIOXKHOCTH
n-logn ,n<

Ymeer

JlaboparopHast pabora

YcTHBIN OmIpOC
(9K3ameH)
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MUMWHOBPHAYKU POCCUN

O

Muacckuii punvan
Kadenpa npukiasHoi MaTeMaTUKU

defepabHOE FOCYAAPCTBEHHOE O0KeTHOe 00pa3oBare/lbHOe
yupe>kieHHe BhICIIero o6pa3oBaHus
«YensbuHCcKui rocyfapcTBeHnslil yHuBepcuteT» (PI'BOY BO «Uenl'Y»)

@DoHJ, OLeHOYHBIX CPeJCTB Mo AucLUIIrHe «[IporpammuposaHue Ha C++»
110 HarpaeJsieHuto noArotoBky 02.03.02 dyHaameHTanbHas HHGoOpMaTvka 1 HHGOPMalMOHHbIE TEXHOJIOTUH, TTPOQUIL
«Komnbrotepsble Hayku» DPI'BOY BO «Yenl'Y»

Bepcus fokymenTa - 1

cTp. 6 U3 55

TlepBbIii 3K3eMITISIp

KOITHA Ne

Peanu3oBbIBaTh OCHOBHBIE
anropyUTMbl COPTUPOBOK
Bnageer HaBblKamu puy-
MeHeHUs] COpTUPOBOK IIPU
pa3paboTke nporpamm.

3.| JuHamMuyeckue CTPYK-
TYPBbI JJAHHBIX

IK-2

3HaeT

[TpUHIMIBI BbIIeNIeHUs U
0CBODOOXK/eHHsI TTAMSITH.
[MTpuHLMIEI paboTHI Aepe-
BbEB, OJHOCBSI3HBIX U JIBY-
CBSI3HBIX CITMCKOB, acCOLMa-
TUBHBIX MaCCHBOB.

Ymeer

Peanu30BBIBAaTE OCHOBHBIE
CTPYKTYpbI IAHHBIX
Bnageet

HaBbikamu MCII0/b30BaHuUs
JMHAMHYeCKUX CTPYKTYP
JAHHBIX TIPU pa3paboTke

JlaboparopHas pabora

YCTHBINM onpoc
(9K3ameH)

TIPWIOXKEHUM
4.| O6bekTHO-OpreHTHPO- | TTK-2 JTaboparopHasi pabota | YCTHBIM orpoc
BaHHOe MIPOrpaMMUpPO- | 3HaeT (9K3ameH)

BaHUe Ha s3bIKe C++

OCHOBHBIE IOHATUSA
00bEKTHO-0PHEHTHPOBAHHO-
r0 TIPOrpaMMUPOBaHMUSI.
YMmeer

Co3/1aBaTh No0JIb30BaTe/Tb-
CKUie TUIIbI JJaHHBIX, pa3je-
Jisis UX uHTepdelic u peaau-
3aiuto. IIpyMeHsTh NpUHIU-
TTbI HAC/Ie/JOBaHUS 111 U30e-
ranusi 1y6MpoBaHus Kojja
Bnageet

[MoHATUAMN BUPTYa/IbHBIX
METO/IOB KJlacca, TabJIHIbI
BUPTYyanbHbIX (GyHKIMM. Ha-
BBIKaMU MPUMeHeHUsI BUPTY-
anbHBIX QYHKIMM [/ Co37a-
HUs aOCTPAKTHBIX K/IaCCOB.

5.| IITa6/10HEI

IK-2

3HaeT

IMousTus 1mab1oHa, 11ab/Io0H-
HOW yHKIUH, 000011]eHHOTO
TPOrPaMMHUPOBaHUSI.

YmMmeer

Peanu3oBbIBaTh 111a0/I0HHbBIE
(yHKUUY 1 1ab/I0HHbBIe
T10/Tb30BATE/ILCKHE TUTIBI

JlaboparopHast pabota

YCTHBIN onpoc
(9K3ameH)

© ®I'BOY BO «Yen'Y»




MIMHOBPHAYKI POCCHUU
defepabHOE FOCYAAPCTBEHHOE O0KeTHOe 00pa3oBare/lbHOe
\”} yupe>kieHHe BhICIIero o6pa3oBaHus
@ «YensbuHCcKui rocyfapcTBeHnslil yHuBepcuteT» (PI'BOY BO «Uenl'Y»)
Muacckuii punvan
Kadenpa npukiasHoi MaTeMaTUKU

@DoHJ, OLeHOYHBIX CPeJCTB Mo AucLUIIrHe «[IporpammuposaHue Ha C++»
T0 Haripas/eHuto 1oAroToBku 02.03.02 dyHaameHTanbHas MHGOpPMaTUKa 1 MHPOPMALIMOHHbIE TeXHOMIOTHH, TIPOdHUIb
«Komnbrotepsble Hayku» DPI'BOY BO «Yenl'Y»

Bepcus fokymenTa - 1 cTp. 7 U3 55 TlepBbIii 3K3eMITISIp KOITUA Ne

JlaHHBIX.
Bnageet

IMTpunHIpnamu 060611eHHOr0
TPOrpaMMHUPOBaHUs, yMeeT
WCTI0/Tb30BaTh 11a0/I0HBI TIPU
pa3paboTKe MO/Ib30BaTE Th-
CKUX TIPWIOXKEHUU

Tunosele 3a/1aHHWs, KpUTEepHMM W II0Kd3dTe/IM OLieHMBdHHMA B PpPdMKdX

TeKyIlero KOHTPOJSI TIpe/CTaB/eHbl B pabodeil TiporpamMme M0 JAWCLUTIIAHE.
[TonHble KOMIUIEKTbI OLIEHOYHBIX CpPeACTB U KOHTPOJIbHO-U3MePUTeTbHbIX
MaTepyasioB XpaHATCA Ha Kadeape U ABIAIOTCA  y4eOHO-MeTOAUYECKUMHU
MaTreprajiaMi OrpPaHUYEHHOT0 (KOH(PUAEHLIUAIBHOIO0) MO0JIb30BaHMsI.

3.2 CopepxaHue OLIeHOUHBIX CPe/ACTB //Ifl TeKyIlled arTecTanumn

TectoBble 3aganud 1o gucHuivinHe «IIporpammupoBanue Ha C++»
bsok 1. Boripocs! otkpeitoro tumna (1-10)

Ne | Bonpoc

1 | HatiTe onpefeneHre abcTpakTHoro Tura AaHHbIX (ATI). TlpuBeaurte pumep AT/ u
OTIUIIITE Pa3HULly MeXy ero uHTepdelicoM U peasu3saiyei.

2 | O6wsicauTe KoHIenmuio uHKarcy/siuu B OOTIL. Kak moaudukarops! gocTyta (private,
protected, public) obecrieurBatOT COKPHITHE JAHHBIX?

3 | B uém 3ak/rouaeTcsi pa3HULIA MeXAy BUPTya/lbHBIMU U YUCTO BUPTYaabHBIMUA (QYHKIUSIMU B
C++? Kak oHU CBsI3aHbI C TOTMMOP(U3MOM M aOCTPAaKTHBIMU KIaCCaMu?

4 | OnuimTe NPUHLMIN PaboThl COPTUPOBKY cusiHueM (Merge Sort). YkaxkuTe eé BpeMeHHYI0
CIIOKHOCTb B XyZLLIeM, CpeJiHEM U JIyyllleM c1ydasx.

5 | Uto Takoe mabnonHas ¢yHkius B C++? [IpuBeuTe nprMep CMHTaKCcHca OObsIB/IEHUS U
00bsICHUTE MeXaHW3M MHCTaHLIMPOBaHUs 11abioHa.

6 | Javte onpefenenue ykasatens B C++. OnuimmTe onepanuu B3saTus agpeca (&) u
pa3biMeHoBaHUs (*). [IpuBeuTe rpriMep KOPPEKTHOTO BbIie/IeHUsI U 0CBOOOXKeHUs TIaMSITU
JJ1s1 [UHAMUYeCKOI0 MacCHBa.

7 | ObbsicHUTe, KaK peanu3yeTcs Tieperpy3ka oreparopoB B C++. UeM oT/indaeTcst 0ObsiBleHHe
Teperpy>kKeHHOr0 orepaTopa Kak MeTo/ia K/iacca OT 00bsiB/IeHHs] Kak CBOOOAHOW (HyHKIUH?

8 | OnummTe CTPYKTYpY AaHHBbIX «cTeK» (Stack). [lepeunicinTe 0CHOBHbIE Orepaliviu U
TIpUBEJUTE NPUMep UX MPUMeHeHHs IIPY BbIYUCIeHUH MOCT(HUKCHBIX BIPA)KEHUM.

9 | B uém cyTb anroputma 6uicTpoii coptupoBku (Quick Sort)? Uto Takoe OMOPHBINA 3/1IeMEeHT
(pivot) 1 Kak ero BeIOOp B/IMsIET Ha IPOU3BOUTEILHOCTD aJITOPUTMA?

10 | Kakue ocHoBHble nipuHLunbl OOIT (HacnegoBaHue, moauMopdr3M, MHKaMCYsLus,

abcrpakiys) peanusytotcs B C++? TIpuBequTe KpaTKuii IpUMeEp Ko7ia, 1€MOHCTPUPYIOIIHH
Hacse/JoBaHue 1 TOJUMOPGhU3M.

© ®I'BOY BO «Yen'Y»




MUMWHOBPHAYKU POCCUN

O

Muacckuii punvan

defepabHOE FOCYAAPCTBEHHOE O0KeTHOe 00pa3oBare/lbHOe
yupe>kieHHe BhICIIero o6pa3oBaHus
«YensbuHCcKui rocyfapcTBeHnslil yHuBepcuteT» (PI'BOY BO «Uenl'Y»)

Kadenpa npukiasHoi MaTeMaTUKU

@DoHJ, OLeHOYHBIX CPeJCTB Mo AucLUIIrHe «[IporpammuposaHue Ha C++»
110 HarpaeJsieHuto noArotoBky 02.03.02 dyHaameHTanbHas HHGoOpMaTvka 1 HHGOPMalMOHHbIE TEXHOJIOTUH, TTPOQUIL
«Komnbrotepsble Hayku» DPI'BOY BO «Yenl'Y»

Bepcus fokymenTa - 1 crp. 8 U3 55

TlepBbIii 3K3eMITISIp KOITH S Ne

Bnok 2. Bonpochl 3akpbiToro Tuna (11-20)

Ne | Bornipoc BapuaHTbI 0TBETOB

11 | Kakoii mogudukarop goctyrna B C++ | a) public; 6) protected; B) private; r) friend
obecrieurBaeT MakCHMabHOe
COKpBITHE ujleHa Kacca OT BHEIIHero
Kopja?

12 | Kakas BpemMeHHasi CJI0’KHOCThb a) O(n log n); 6) O(n?); B) O(n); r) O(log n)
XapakKTepHa [ijisi COPTHPOBKU
BCTaBKaMHU B Xy/LIeM ciaydae?

13 | Kakou npunimun OOIT no3Bonsiet a) Nukancynsimyst; 6) HacieoBanue; B)
o0beKTaM pa3HbIX K/1aCCOB [Momimopdusm; T) AGCTpakiust
obpabatbIBaThCs AMHOOOpA3HO uepes
yKa3aresb WM CChITIKY Ha 6a30BbIii
Kjacc?

14 | [ns1 uero UCIO/b3yeTCs KIHoUeBoe a) lnisi co3panusi abCcTpakTHBIX K1accoB; 0) st
coBo template B C++7? TIOZIZIeP>KKKA 0000IIIEHHOTO ITPOrPAMMHUPOBAHHS; B)

[nis1 yripaByieHUst amsiThio; T) 17151 0ObsIBNeHus
JIPY>KeCTBeHHbIX (DyHKI[MI

15 | Kakoii orepaTop MCI0/b3yeTcs A1t a) delete; 6) free; B) delete[]; r) release
KOPPEKTHOTO 0CBOOO>K/IEHHST TIaMSITH,

BbIJIe/IEeHHOM C TTIOMOII[bI0 new/[]?

16 | Yrto npowusotifiet, eciv B 6a30BoM a) Ommbka kommusiiyy; 6) TTonumopdusm He
KJ1acce MeTo/| 00bsIB/IeH Kak virtual, a | Oyzet paborars; B) [Tomumopdusm Oymer paboTtathb
B IIPOM3BOJJHOM OH IepeornpeziesiéH KOppeKTHO; T) Bcera Bei3biBaeTcst MeTos, 6a30BOro
6e3 K/IIOuUeBOro CJjioBa virtual? KJjlacca

17 | Kakasi CTpyKTypa /IaHHbIX paboTaet a) Ouepesip; 6) Crek; B) CBSA3HBIN CITUCOK; T)
no npuHimny LIFO (Last In, First Acco1aTUBHBIN MacCUB
Out)?

18 | Kakou anroputm COPTUPOBKHU a) brictpas coptupoBka; 6) CopTHpOBKa
SIBJISIETCSl yCTOMYMBBIM U MeeT nozicuétom; B) COpTUPOBKA CJIUSTHUEM; T)
cnoxkHoctb O(n+k), roe k — CopTrpoBKa BCTaBKaMH
[Mara3oH 3HaueHUH /1eMeHTOB?

19 | Yro Bo3Bpairaer oreparop typeid() B | a) Tumn BpemeHu kommnusisaiuy; 6) JJuHaMuue CKuit
C++ nipu mpUMeHeHHH K TUM 06bekTa (BpeMsi BbINoIHeHus1); B) Pa3mep
nosimMop@HOMYy 00beKTY (TIpu obbekTa B OaiiTax; r) Agpec oObekTa
Ha/IMUWH XOTs1 ObI OfiHOM virtual
dyHKIIN)?

20 | Kakoe yTBepxx/jeH1e BepHO /iy uncTo | a) OHa 00s13aHa UMeTh TeJIo TI0 YMOJ/TYaHHIo; 0)

BUPTYya/bHON (QYHKLIUU?

OHa gienaet Kacc abctpakTHeIM; B) OHa He MOXKeT
ObITH Tiepeoripe/iesieHa B MPOM3BOIHBIX KJlaccax; T)
OHa 00BsIB/ISIETCSI C KJTFOUEBBIM CJIOBOM static

Bnok 3. Bonpockl Ha cooTBeTcTBME (21-25)

No | 3afaHue

© ®I'BOY BO «Yen'Y»




MIMHOBPHAYKI POCCHUU
defepabHOE FOCYAAPCTBEHHOE O0KeTHOe 00pa3oBare/lbHOe
\”} yupe>kieHHe BhICIIero o6pa3oBaHus
@ «YensbuHCcKui rocyfapcTBeHnslil yHuBepcuteT» (PI'BOY BO «Uenl'Y»)
Muacckuii punvan
Kadenpa npukiasHoi MaTeMaTUKU

@DoHJ, OLeHOYHBIX CPeJCTB Mo AucLUIIrHe «[IporpammuposaHue Ha C++»
T0 Haripas/eHuto 1oAroToBku 02.03.02 dyHaameHTanbHas MHGOpPMaTUKa 1 MHPOPMALIMOHHbIE TeXHOMIOTHH, TIPOdHUIb
«Komnbrotepsble Hayku» DPI'BOY BO «Yenl'Y»

Bepcus fokymenTa - 1 crp. 9 13 55 TlepBbIii 3K3eMITISIp KOMMUA Ne __
2 | YcraHoBuTe cooTBeTCTBHE Mexay npuHuunamu OOIT v ux onpeseneHUsIMU:
1 | A) Nnkancynsanus

b) HacnenoBaHue

B) ITonumopdusm

I') A6cTpakius

1) Bo3MOXXHOCTB K/1aCCOB Hac/1e[0BaTh CBOMCTBA U METO/bI IPYTUX KJ/IaCCOB

2) ObbeguHeHMe JaHHBIX U METOZIOB B e/[UHbBIN OOBEKT C OrpaHUUYeHHEM TIPSIMOTO

JIOCTyIIa K BHyTPeHHel peau3alun

3) CnocobHOCTb 0OBEKTOB C OZMHAKOBOM CrieluduKaliiell UMeTh pa3/TMuHYI0

peanu3aryio

4) BoizienieHue CylijeCTBEHHbIX XapaKTePUCTHK 00beKTa U UTHOPHPOBaHKE

HeCyllleCTBEHHBIX fleTaen
2 | YcTaHOBUTEe COOTBETCTBUE MEXXK/Y aArOPUTMaMK COPTHPOBKHM U UX XapaKTepUCTUKaMMU:
2 | A) CoptrpoBKa BCTaBKaMH

b) bricTpasi copTHpOBKa

B) CopTtupoBka ciivssHueM

[) CopTupoBKa MoJcuéToM

1) O(n log n), ycrotiunBasi, TpeOyeT AOMOTHUTETLHON TTaMSITH

2) O(n?) B XyAlieM ciiyyYae, yCTOMUMBasi, afaliTUBHAsA K YaCTUUHO OTCOPTUPOBAHHBIM

JTaHHBIM

3) O(n log n) B cpegHem, HeyCTOMUMBas1, UCTIONb3YeT pa3fenuTesb (pivot)

4) O(n+k), ycToiiurBasi, MpMMeHHUMa MPY W3BECTHOM HeOOJIbIIIOM iaria30He 3HauUeHWH
2 | YcraHoBUTe COOTBETCTBHE MeXXJY CTPYKTypaMH JaHHBIX U UX CBOMCTBAMU:
3 | A) Crek

b) Ouepenp

B) CBsi3HbIl CITHUCOK

') AccoraTUBHBIN MacCUB

1) JocTyn K 3/1eMeHTY OCYILeCTB/ISIeTCS TI0 YHUKATbHOMY KJTIOUY

2) LIFO (rocnegHuii NMpUILET — repBbIi YIIIEn)

3) FIFO (riepBblii NpULLIENT — TePBBIN yLI&T)

4) [NocnenoBarenbHOCTD y37I0B, KaXK/AbIi U3 KOTOPBIX COAEPXKUT JaHHbIe U CChUIKY Ha

CefyoWunn
2 | YcraHOBUTe COOTBETCTBHE MEX/Y K/IFOUeBbIMU C/I0BaMU/KOHCTPYKLUAMU C++ 1 UX
4 | Ha3HaueHueM:

A) const

b) static

B) friend

I') template

1) OOBsiBNEHUE PY>KeCTBEHHOM (DyHKIMW/K/Iacca, UMEIOL[el JOCTYIT K TIPUBAaTHBIM U
3alUI[EHHBIM YjleHaM

2) Yka3zaHue Ha HeM3MeHsIeMOCTb 00BeKTa UM CChUIKY Ha Hero 1moc/ie MHULWAaIM3aii
3) Co3ganue 0000IIEHHBIX aITOPUTMOB U TUTIOB JIAHHBIX, pabOTaroLMX C pa3HbIMU
TUTMIAMHU

4) XpaHeHue TilepeMeHHOM B CTaTU4YeCcKoi 06/1acTu nmamsiTH, ob1ias /it BceX 3K3eMILISIPOB
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O

MIMHOBPHAYKI POCCHUU
yupe>kieHHe BhICIIero o6pa3oBaHus

Muacckuii punvan
Kadenpa npukiasHoi MaTeMaTUKU

defepabHOE FOCYAAPCTBEHHOE O0KeTHOe 00pa3oBare/lbHOe

«YensbuHCcKui rocyfapcTBeHnslil yHuBepcuteT» (PI'BOY BO «Uenl'Y»)

@DoHJ, OLeHOYHBIX CPeJCTB Mo AucLUIIrHe «[IporpammuposaHue Ha C++»
T0 Haripas/eHuto 1oAroToBku 02.03.02 dyHaameHTanbHas MHGOpPMaTUKa 1 MHPOPMALIMOHHbIE TeXHOMIOTHH, TIPOdHUIb
«Komnbrotepsble Hayku» DPI'BOY BO «Yenl'Y»

Bepcus fokymenTa - 1

crp. 10 u3 55

TlepBbIii 3K3eMITISIP

KOITHA Ne

K/aCCa

2 YcTaHOBUTE COOTBETCTBUE MeXAy oriepalysiMi Hall aMsThI0/ YKa3aTe/IIMH U UX

5 | ornmcaHueM:

A) &variable
b) *pointer
B) new Type
') delete[] ptr
1) OcBoboXxIeHre TTaMSITH, 3aHATOM JUHAMHUUeCKUM MaCCUBOM
2) [TonyueHue afipeca epeMeHHOW B MaMsITH
3) Pa3biMeHOBaHMe yKa3aress (TonydyeHre 3HaUeHHs1, XPaHsIerocs 1o ajipecy)
4) BoizienieHre MaMsITH 110/] OOBEKT B JUHAMUYeCKOU MamsTH (Kyue) BO BpeMsi
BBITIOJTHEHUST

Kirouu K TeCcTty U Kputepuu OLieHWBaHUS

Ne BepHblii oTBeT Kputepuu onjeHnBaHus

3a/jaHus

1 ATl — maremaTtuyeckasi MOZie/ib 2 fas1a: TOUHOE OTpe/iesieHHe + TIpUMep
JlAHHBIX ¢ HabopoM oreparuid. [Ipumep: | ¢ UETKUM pasziesieHneM
Crek, Ouepenb. nTepdeiic — uHTepdeiica/peanu3aiuu. 1 6amr:
CUTHAaTypbl METOZIOB, peanu3anys — oripezienienue 6e3 rprmepa U 6e3
CTPYKTYPBI J@HHBIX U KOJ, METO/[0B. pazgesnenusi. 0 6a/I0B: OTBET

HEBEpPEeH/OTCYTCTBYET.

2 NHukaricynsauus — COKpbITHUe 2 fpas1a: BepHOe 00bsICHEHHE + POJIb BCEX
BHYTPEHHEro COCTOsIHUs 00beKTa U Mozr¢uKaTopoB. 1 6asi: TOBKO
3al[uTa OT HeCaHKLMOHUPOBAHHOIO 00bsICHEHHe WM TOJILKO TepedrcrieHre
JOCTyIa. private — JOCTYII TOJIBKO Mozr¢uKaTopoB. 0 6a10B: OTBET
BHYTPHM KJiacca, protected — BHyTpHU HeBepeH.

KJjlacca U HacJie[IHUKOB, public —
yHTepdeiicC /il BHELIHEero Koja.

3 BuptyanbHas QyHKLMS UMeeT Teso, 3 6asu1a: uéTKoe passume + CBS3b C
yuCTOo BUpTyasabHas (=0) He UMeeT. romMopgu3MomM/abeTpakiyei. 2 6ana:
Yucro BUpTYyanbHas JienaeT K/aacc pas/ume ecTb, CBSI3b ymyljeHa. 1 6amr:
abCTpakTHBIM (HeJb3sl CO3/aBaTh YyacTUYHOe roHuMaHue. 0 6aIoB: OTBET
06wexThI). O6e 0becrieunBarOT HeBepeH.

JYHaMH4UeCKUI MOMMOP(U3M.

4 PekypcuBHO fileTUT MacCUB I10110/1aM, 2 Gasu1a: anropuT™ + BCe TPH CIydast
COpPTUPYeT YacTH, 3aTeM C/IUBAeT cokHOCTH. 1 6am: anroputm 6e3
OTCOPTUPOBaHHbIe NTOJMAaCCUBBI. CJIOXKHOCTH WM Hao60poT. 0 6aioB:
C0XXKHOCTB: Xy[IIWN/CPeIHAN/MYUIlIUA | OTBET HEBEPEH.

— O(n log n).
5 template <typename T> void func(T x) 2 pa/u1a: CUHTAKCHC + 00bsICHeHUE

{ ... }. TTo3Bo/sIeT IIHCaTh 0OOOIEHHBIH
Koji. IHCTaHI[MpOBaHKe TIPOMCXOUT Ha
9Tare KOMITUJISIIIUM TIPH BbI30Be

MeXaHW3Ma WHCTAHI[UpOBaHus. 1 6asut:
TOJILKO CMHTAKCHC WU/IA TOJIBKO
o0bsicHeHue. () 0a/VIOB: OTBET HEBEPEH.
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MIMHOBPHAYKI POCCHUU
yupe>kieHHe BhICIIero o6pa3oBaHus

Muacckuii punvan
Kadenpa npukiasHoi MaTeMaTUKU

defepabHOE FOCYAAPCTBEHHOE O0KeTHOe 00pa3oBare/lbHOe

«YensbuHCcKui rocyfapcTBeHnslil yHuBepcuteT» (PI'BOY BO «Uenl'Y»)

(DOH,Z[ OLI€eHOYHBIX CPeACTB IO AUCLIHUITIMHEe «HpOl"paMMI/IpOBaHI/Ie Ha C++»

110 HarpaeJsieHuto noArotoBky 02.03.02 dyHaameHTanbHas HHGoOpMaTvka 1 HHGOPMalMOHHbIE TEXHOJIOTUH, TTPOQUIL

«Komnbrotepsble Hayku» DPI'BOY BO «Yenl'Y»

Bepcus fokymenTa - 1

crp. 11 u3 55

TlepBbIii 3K3eMITISIP

KOITHA Ne

(YHKLMU C KOHKPETHBIM THIIOM.

6 YKa3zaresib XpaHUT afipec maMsATH. & — | 2 DaJIa: orpe/iesieHHe + oreparyu +
B3ATUe afipeca, * — pa3bIMeHOBaHue. KOppeKTHbI! npumep. 1 6awr:

[Tpumep: int* p = new int[10]; ... delete[] | oripemenenue 6e3 npumepa. 0 6as1I0B:
D; OTBET HEeBEPEH.

7 [Teperpy3Ka Mo3BOJIsSIET UCTI0/IBL30BATh 2 Gayu1a: cyThb + pa3nuyMe B CUTHATypax
CTaH/apTHBIE OIepaTopkl JJ1s K/I1aCCOB. (this vs 2 mapameTpa). 1 6a1: TONMBKO
MerTop Ki1acca nosy4daeT HesiBHBIN this (1 | cyTb. 0 6aI0B: OTBET HEBepeH.

SIBHBIM apryMeHT), CBOOOHas QyHKIUS
npyHUMaeT oba oriepaH/ia siBHO (2
rapameTpa).
8 Crek — LIFO. Onepauuu: push, pop, 2 fas1a: MPUHLIMI + oreparuu + rpyumMep
top/peek, empty. B mocrdukce: uncna B | npumMeHeHus. 1 6@/t TOMBKO MIPUHLIATL
CTEK, OTiepaTop — pop 2 UKCIIa, vy onepauiyu. 0 0asI/IOB: OTBET HEBEPEH.
BBIUHCJ/IUTB, push pe3ysbTar.
9 Pa3zesnsieT MacCUB OTHOCUTENBHO pivot | 3 Gasia: CyTh a/iropyMTMa + posb pivot +
(amemeHTHI < pivot csieBa, > cripaBa), B/IMSTHYE Ha CJIOKHOCTD. 2 Gasuia: cyThb +
PeKyPCHMBHO COPTHUpYeT uacTu. [1moxoit | posb pivot. 1 6ani: yacTuyHoe
BBIOOD pivot BeIET K BEIPOKIEHUIO [10 roHuManue. () 6a//I0B: OTBET HeBepeH.
O(n?), xopoiumii — K O(n log n).
10 Hacnenoanue (class B : public A), 2 fpas1a: mepeunciieHne Bcex 4
novMopdu3m (virtual hyHKIHN), TIPUHLIMIIOB + KOPPEKTHbIN TIpuMep Koza.
WHKancyssmus (MoaudyKaTopsl), 1 6a/1: TOJIBKO TepevrcieHre UK TOTBKO
abcrpakuus (MHTepdetichl/6a3oBbie ripumMep. 0 6a/L/I0B: OTBET HEBEPEH.
knaccol). [Ipumep: Base* ptr = new
Derived(); ptr->virtual Func();
11 B) private 1 6as: BepHbIi BIOOD. 0 Oas/10B:
HEBepHBIN BLIOOP.

12 6) O(n?) 1 6ast: BepHBIi BIOOD. 0 Oas/10B:
HeBepHbIN BbIOOP.

13 B) [Tomimopdu3sm 1 6ast: BepHbIH BIOOD. 0 Oas/10B:
HeBepHbIN BbIOOP.

14 6) st mogmep Kk 06006111EHHOTO 1 6asn: BepHbIi BeIOOD. 0 6a10B:
TIPOrPaMMUPOBaHUSI HeBepHbBIN BbIOOP.

15 B) delete[] 1 6as1: BepHbIi BbIOOD. 0 Oa/N/I0B:

HEeBepHbBIN BbIOOP.
16 B) [Toumopdusm Oyzet paboTarhb 1 6a/1: BepHbIi BbIOOD. 0 Oa/N/I0B:
KOPPEKTHO HEeBepHbIN BbIOOP.
17 0) Crek 1 6a/1: BepHbIi BbIOOD. 0 OaNI0B:
HeBepHbI BbIOOD.

18 6) CopTHpOBKa MOCYETOM 1 6a/un: BepHbIi BeIOOD. 0 6a1/10B:
HeBepHbI BbIOOD.

19 0) Junamuueckuii Tvn oovekTa (Bpemsi | 1 6asur: BepHbIii BbIOOD. 0 6anioB:

BBITIOJTHEHMUS])

HeBepHBIA BbIOOD.
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MIMHOBPHAYKI POCCHUU

defepabHOE FOCYAAPCTBEHHOE O0KeTHOe 00pa3oBare/lbHOe
yupe>kieHHe BhICIIero o6pa3oBaHus

«YensbuHCcKui rocyfapcTBeHnslil yHuBepcuteT» (PI'BOY BO «Uenl'Y»)
Muacckuii punvan

Kadenpa npukiasHoi MaTeMaTUKU

O

@DoHJ, OLeHOYHBIX CPeJCTB Mo AucLUIIrHe «[IporpammuposaHue Ha C++»
110 HarpaeJsieHuto noArotoBky 02.03.02 dyHaameHTanbHas HHGoOpMaTvka 1 HHGOPMalMOHHbIE TEXHOJIOTUH, TTPOQUIL
«Komnbrotepsble Hayku» DPI'BOY BO «Yenl'Y»

Bepcus fokymenTa - 1

crp. 12 u3 55

TlepBbIii 3K3eMITISIP

KOITHA Ne

20

0) OHa sienaet K1acc abCTpaKTHBIM

1 6a/1: BepHbIi BbIOOD. 0 Oa/N/I0B:

HeBepHbI BbIOOD.

21

A-2,b-1,B-3,I4

2 fasu1a: Bce 4 COOTBETCTBUS BepHBIL. 1
0as1: 2—-3 BepHBIX COOTBETCTBUS. ()
0as10B: 0—1 BepHOE COOTBETCTBUE.

22

A-2,B-3,B-1, 4

2 G6asna: Bce 4 COOTBETCTBUS BEPHBI. 1
0asut: 2—3 BepHBIX COOTBETCTBUS. 0
0as10B: 0—1 BepHOE COOTBETCTBUE.

23

A-2,B-3,B-4,T-1

2 6asu1a: Bce 4 COOTBETCTBUS BEPHHI. 1
0asu1: 2—-3 BepHBIX COOTBETCTBUS. 0
0as10B: 0—1 BepHOE COOTBETCTBUE.

24

A-2,b-4,B-1,I-3

2 6as1a: Bce 4 COOTBETCTBUS BepHBI. 1
0asu1: 2—-3 BepHBIX COOTBETCTBUS. ()
0asu10B: 0—1 BepHOE COOTBETCTBHE.

25

A-2,B-3, B4, -1

2 6asu1a: Bce 4 COOTBETCTBUS BEPHHI. 1
0asu1: 2—-3 BepHBIX COOTBETCTBUS. 0
0as10B: 0—1 BepHOE COOTBETCTBHE.

MTorosas LKana oueHnBaHuA

Habpano ITpoueHT OneHka / YpoBenb cchopmupoBaHHocTH [TK-2
GanioB BBITIOJTHEHUSI Pesynbrar
3842 90-100% 3auTeHo CBobogHo Brageet cuHTakcucom C++, OOT],
(MPOABUHYTHIN) | a/ITOPUTMaMH M 1a0JI0HAMU; CITIOCOOeH
TIPOEKTHUPOBATh CJIOKHbIE MOAY/IN
28-37 67-89% 3auTeHo YBepeHHO IprMeHsieT 0CHOBHbIE
(6a30BbIit) KOHCTPYKLIMH SI3bIKa, TOHUMAaeT NPUHLIUIIbI
OOII ¥ anropuTMOB COPTUPOBKHU
21-27 50-66% 3auTeHo 3HaeT ompeeneHus: U Oa30BbIe
(oporoBblit) CUHTAKCUUeCKUe KOHCTPYKLMH, [OTTyCKaeT
HETOYHOCTH B CJIOKHBIX TeMax
0-20 <50% He 3aureHo KomneTteHiuu He chopMUpOBaHbI, MaTepuasl
TpeOyeT MOBTOPHOI'O M3yUYeHUs

3.2.1 JIabopaTopHbie padoThI
JIaboparopHas pabdora Nel

Peamusauusa UDT gnvHHOe Lienoe.

Llenb pabotel: peanu3oBaTh Kiaacc LongNumbers, KOTOpbIii peasv3yeT JIOTUKY
paboThI C JJTMHHBIMHU 11€/TbIMUA UMC/IaMH.

3ajauu:
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110 HarpaeJsieHuto noArotoBky 02.03.02 dyHaameHTanbHas HHGoOpMaTvka 1 HHGOPMalMOHHbIE TEXHOJIOTUH, TTPOQUIL

«Komnbrotepsble Hayku» DPI'BOY BO «Yenl'Y»

Bepcus fokymenTa - 1 crp. 13 u3 55 TlepBbIii 3K3eMITISIP KOITUA Ne

1) Co3pathk kimacc LongNumbers, peanu3yroiuil npeAcTaB/AeHHbIA HU)Ke UH-
Tepdeiic.

2) Cos3path neperpysku ornepaTopoB +, -, *, /, % nnsa knacca LongNumbers, kKo-
TOpbIe AaBaiv ObI BO3MOXXHOCTh paboTaTh C IaHHBIM THUTIOM TaKXe, KakK U C
TturamH int, double.

namespace LN {
typedef vector<unsigned char> v char;

/*

Knacc ons XpaHeHUs OSIMHHBIX 4Yucen.
XpaHUT 4yucna B BMOE BeKTOpa, Kaxpas s4yenka

KOTOPOro - 3TO OfHa uuppa 3TOro 4ucna.

*/

class LongNumbers

{

v char&
v char&
v char&

v char&

vector<unsigned char> data;
char sign = '+';

v _char addVectors(const v char& left, const

right) const;

v _char subVectors(const v char& left, const

right) const;

v char multVectors(const v char& left, const
right) const;

v char divVectors(const v char& left, const

right) const;

void normaliseVector(v char& v) const;

public:

struct BadSymbols { string message = "Bad

symbols in string"; };

LongNumbers() : data(v char(1l, 0)) {}
LongNumbers(long long int a);
LongNumbers(string s);

LongNumbers(char sign, v char d);
LongNumbers(const LongNumbers& a);
LongNumbers add(const LongNumbers& r) const;
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KOITHA Ne

Bepcus fokymenTa - 1 cTp. 14 u3 55 ITepBblii 5K3eMILISIp

LongNumbers sub(const LongNumbers& r) const;
LongNumbers mult(const LongNumbers& r) const;
LongNumbers div(const LongNumbers& r) const;
LongNumbers res(const LongNumbers& r) const;
operator string() const;

char getSign() const { return sign; }

v char getElements() const { return data; }
bool moreThan(const LongNumbers& right) const;
bool equalTo(const LongNumbers& right) const;
bool lessThan(const LongNumbers& right) const;

}i

ostream& operator<< (ostream& os, const
LongNumbers& a);

bool isEqual(const v char& |, const v char& r);

bool leftIsMore(const v char& L, const v char& r);

bool rightIsMore(const v char& L, const v char& r);

LongNumbers operator + (const LongNumbers& L, const
LongNumbers& r);

void operator += (LongNumbers& 1, const
LongNumbers& r);

LongNumbers operator - (const LongNumbers& L, const
LongNumbers& r);

void operator -= (LongNumbers& L, const
LongNumbers& r);

LongNumbers operator * (const LongNumbers& L, const
LongNumbers& r);

void operator *= (LongNumbers& L, const
LongNumbers& r);

LongNumbers operator / (const LongNumbers& L, const
LongNumbers& r);

void operator /= (LongNumbers& L, const
LongNumbers& r);
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LongNumbers operator % (const LongNumbers& L, const
LongNumbers& r);

void operator %= (LongNumbers& L, const
LongNumbers& r);

bool operator < (const LongNumbers& 1, const
LongNumbers& r);

bool operator <= (const LongNumbers& 1, const
LongNumbers& r);

bool operator == (const LongNumbers& L, const
LongNumbers& r);

bool operator > (const LongNumbers& 1, const
LongNumbers& r);

bool operator >= (const LongNumbers& L, const
LongNumbers& r);

}

PaCCMOTpI/IM Oosee AeTa/JIbHO MeTOJbI K/IaCCa:

v char addVectors(const v char& left, const v char&

right) const;

v char subVectors(const v char& left, const v char&

right) const;

v _char multVectors(const v char& left, const v charé&
right) const;

v _char divVectors(const v char& left, const v char&

right) const;

[laHHble  MeTOAbl  BBIMIOJIHSAIOT  CJIOKEHWE, BBbIUMTAaHWE, yMHOXKeHHe U
1L[eJIOUMC/IEHHOe JiefieHre JieBOro Bektopa left Ha mpaBbili BekTOp right. /laHHbIe
METO/IbI SIBJISIFOTCSI OCHOBOM /1J151 BBITIOJTHEHUSI C/IOXKEHUsI, BbIUMTaHUsl, YMHOXKEHUSI
U JleJieHusl JJIMHHBIX YKUCeJI.

void normaliseVector(v char& v) const;

METO,Z[ BBITTIOJIHAET HOpMaJ'[I/IBElHI/II-O BEKTOpa. B TEOpI/II/I, HpH BBITTOJIHEHHUUA
Hpe,ZLCTaBJ'IEHHI)IX BBIILIe onepaum‘/i Haj BEKTOpaMI/I WnJINn l'IpI/I CO31dH1H1 06LEKTa
OJIMHHOI'O YKCJ/ld B BEKTOpe MOI"YT CO,Z[ep)KaTBCH He3Hauadlue Hy'J'[I/I. ,HaHHBIﬁ MeTO/,
JIO/DKeH y[ajisaTh M3 BeKTopa He3Hauallue Hy/au. Ec/iu 1pu 3TOM BEeKTOpP LieJTMKOM
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COCTOHUT M3 Hyne171, OAVH HYJIb 10JDKEH OCTaBaTbCA.

struct BadSymbols { string message = "Bad symbols in
string"; };

CTpyKTypa AJisi reHepaLyy UCK/IFOUeHUs [IPU HeTlpaBUJIbHOM CMMBOJIE B CTPOKe, Ha
OCHOBAaHWH KOTOPOW CO34a€TCs JTMHHOE UYKUC/I0. TO eCTh ec/iu B CTPOKE CHUMBOJIOB

[0;10]’

WJIN B BEKTOpE COAepXKaTCd 3HAUYe€HMsd, KOTOPbIE BbIXOAAT 3d OTPE30K
AOJIXKHO IreHepupOoBaTbCA UCK/IIOUEeHHe.

LongNumbers() : data(v char(1l, 0)) {}

KoHcTpykTop mo ymomnuanuto. [Ipu co3manuy oobekta LongNumbers 6e3 Kakux-
6o apryMmeHTOB OyzieT BbI3bIBaTLCS JaHHBIA KOHCTPYKTOP. [10 yMO/TUaHUIO YMCIIO
PaBHO HYJIIO.

LongNumbers(long long int a);

Co3pmanue obwekta LongNumbers Ha ocHoBanuu Tuma long long int. [laHHbI
KOHCTPYKTOD [IO/DKeH pa30uBaTh UMC/IO Ha IUQPHI, pacKiaJbiBaTb UX B BEKTOP
data, 3HaK yMCJIa onpe/ie/sieTCss HA OCHOBAaHUM 3HAaKa [epeMeHHOM a.

LongNumbers(string s);

Cospanue obbekra LongNumbers Ha OCHOBaHUM CTPOKHU. [IpeycMOTpeThb, UTO B
Hayasie CTPOKU MO)KeT ObITh 3HaK + Wi -. Ecv B Hayase CTPOKM 3HakKa HeT, TO
YUC/I0 CUMTAeTCsl MONoKUTeNbHBIM. UKc/o Hyb OyzileM cuuTaTh MOJIOXKUTETbHBIM.
[TpexgycmoTpute cOpachiBaHMe UCK/IIOUEHHS], eCA B CTPOKe COZlePrKaTcsi CUMBOJIB,

. [0;10].

BBIXO/ISILLME 3a TIpe/iesibl OTPe3K

LongNumbers(char sign, v char d);

Co3zganue oobekta LongNumbers Ha 0CHOBaHMM 3HaKa Sign, TO eCTb cUMBo/a ‘+’
wm ‘-, a Takke Bektopa AaHHbIX d. [IpegycMoTpuTe cOpachiBaHue WCK/TFOUEHHS,
eciu cumBon [Ipeaycmorpute cOpachbiBaHHe WCK/IIOUEHHS, eC/Id CHMBOJ Sign
MPUHMMAeT 3HaueHWe OTVIMYHOe OT ‘+’ Wiv ‘-, a TakKe, eC/iu BeKTOp d COAEeP>KUT

[0;10]

CHMBO/JIbI, BBIXOAAINE 3a ITPpeaeibl OTPE3Ka

LongNumbers(const LongNumbers& a);

Co3pmanue obbekra LongNumbers Ha ocHoBaHUM Apyroro obowsekTa LongNumbers.
To ecThb JJaHHBINA KOHCTPYKTOP TpeAcTaB/sieT c000ii KOHCTPYKTOP KOTMMpoBaHusl. B
[JAHHOM CJlyyae BbITMIO/IHSETCS KOMMPOBaHME [aHHbIX M3 0ObeKTa a B TeKYLUii
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00BEeKT.

LongNumbers add(const LongNumbers& r) const;
BrirnonHsgeTr ciokeHue ABYX 4YMCelJl. BOBBPaH_[aET HOBO€ 4YHnc/jio, He wu3MeHdeT
TeKylljee Y1CI0 U UUCIIO I.

LongNumbers sub(const LongNumbers& r) const;
BrIno/IHSIeT BbIUUTAHUE ABYX 4YHCelJl. BOBBp&LL[aET HOBO€e 4KcCjio, He H3MeHsdeT
TeKylljee YncjI0 U YKUCIIO I.

LongNumbers mult(const LongNumbers& r) const;
BrinonHger ymMHOXKeHUe [ByX uuces. Bo3BpalljaeT HOBOe 4YMC/IO, He WU3MeHseT
TeKylllee UHC/I0 U YUCIIO T.

LongNumbers div(const LongNumbers& r) const;
Brimonaser Oe/1I04nCyIeHHOE OeJIEHWE [ABYX YMCEeJI. B03Bpa1uaeT HOBO€ 4UunC/j10, He
HU3MeHdeT TEKYLI_[EE YUC/JI0O U YUCJIO I.

LongNumbers res(const LongNumbers& r) const;
BrinonHgeT ocTtaToK OT [Je/eHUst ABYX uuces. Bo3sBpalllaeT HOBOe UHWCJIO, He
HN3MeHdAeT TeKylee 4rc/io U YMUCJIOo T.

operator string() const;

Oneparop BbinosiHgeT npuBefeHve Tuna LongNumbers B Tun string. Ecam
oripefiesieH JaHHbIMA orepaTrop, To OyaeT BO3MOKHO OCYIIECTB/STb BLI30BbI THUIIA
string(a), rze a — 3To nepeMeHHasi Tvra LongNumbers.

char getSign() const { return sign; }
Bo3sspairjaer 3HaK uyucia.

v _char getElements() const { return data; }
BO3BpalljaeT BEKTOP, B KOTOPOM XPAHATCS LU(PbI UMCIa.

bool moreThan(const LongNumbers& right) const;
Bos3Bpaitiaet true, eciim TeKyiiee 4ic/io 0osibIle, YeM YMCIIO right.

bool equalTo(const LongNumbers& right) const;
Bo3Bpaiiiaer true, eciiv TeKylillee YMCI0 PaBHO UMCTy right.

© ®I'BOY BO «Yen'Y»




MIMHOBPHAYKI POCCHUU
deepanbHOe roCyjapCcTBeHHOE OrpKeTHOe 06pa3oBare/ibHOe
\”} yupe>kieHHe BhICIIero o6pa3oBaHus
@ «YensbuHCcKui rocyfapcTBeHnslil yHuBepcuteT» (PI'BOY BO «Uenl'Y»)
Muacckuii punvan
Kadenpa npukiasHoi MaTeMaTUKU

@DoHJ, OLeHOYHBIX CPeJCTB Mo AucLUIIrHe «[IporpammuposaHue Ha C++»
110 HarpaeJsieHuto noArotoBky 02.03.02 dyHaameHTanbHas HHGoOpMaTvka 1 HHGOPMalMOHHbIE TEXHOJIOTUH, TTPOQUIL
«Komnbrotepsble Hayku» DPI'BOY BO «Yenl'Y»

Bepcus fokymenTa - 1 ctp. 18 u3 55 TlepBbIii 3K3eMITISIP KOITUA Ne

bool lessThan(const LongNumbers& right) const;
Bo3sBpaiijaer true, eciu TeKyliiee YMCI0 MeHbIlle Yucia right.

ostream& operator<< (ostream& os, const LongNumbersé&

a);

Oneparop peanu3yeT JIOTWKY BbIBOZJA UMC/a a B IOTOK BbiBozZa 0S. [Io3Bosser,
Haripy¥Mep, BBITIOHATL orepaljuu Buza cout << a << endl; ['ne a — 370 uKcC/IO THUIIA
LongNumbers.

bool isEqual(const v char& L, const v char& r);
BcnomorarenbHasi GyHKIUsI, KOTOpasi CpaBHUBAET /iBa BeKTopa. Eciu ux AjivMHbI U
3HaueHUs1 3JIeMEeHTOB pPaBHbI, BO3BpalljaeTcs true, uHaue — false.

bool leftIsMore(const v char& L, const v char& r);
BcrnomorarenbHasi  @yHkums. @DyHKIUST BO3BpalllaeT true, ecC/Jd  UHKCJIO,
npeacraB/jI€eHHOe BEKTOPOM | 60]’[le€, ueM 4uciao, rnpeacraBjJeHHOe BEKTOPOM I.
3HaK uuces IMpy CpaBHEHWHN HE YUHUTBLIBAETCH. Mo>xHO CUuTaTh, UTO 5Ta (IJYHK]_II/IH
BBITIOJTHAET CpaBHEHHE NBYX NJIMHHBIX YHUCEJI 110 MOAYJIHO.

bool rightIsMore(const v char& |, const v char& r);
BcriomorarensHast QyHKIMs. Bo3Bpaiijaer true, eciM uucIo, MpefCTaB/eHHOe
BEKTOPOM I OOJIbIlle, YeM YMCIIO, Mpe/CTaB/IeHHOe BEKTOPOM |, WHaue BO3BpailjaeT
false. Oty dyHkiuio ygo6HO peanu3oBaTh C TIOMOIIbI0 (GyHKIMM leftlsMore u
isEqual.

LongNumbers operator + (const LongNumbers& L, const
LongNumbers& r);

void operator += (LongNumbers& L, const LongNumbers&
r);

LongNumbers operator - (const LongNumbers& 1, const
LongNumbers& r);

void operator -= (LongNumbers& L, const LongNumbers&
r);

LongNumbers operator * (const LongNumbers& 1, const
LongNumbers& r);
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void operator *= (LongNumbers& L, const LongNumbers&
r);

LongNumbers operator / (const LongNumbers& 1, const
LongNumbers& r);
void operator /= (LongNumbers& L, const LongNumbers&

r);

LongNumbers operator % (const LongNumbers& L1, const
LongNumbers& r);
void operator %= (LongNumbers& L, const LongNumbers&

r);

bool operator < (const LongNumbers& 1, const

LongNumbers& r);

bool operator <= (const LongNumbers& L, const
LongNumbers& r);

bool operator == (const LongNumbers& L, const
LongNumbers& r);

bool operator > (const LongNumbers& L, const

LongNumbers& r);

bool operator >= (const LongNumbers& L, const
LongNumbers& r);

[TpencTaBieHHbIe BhIllIe TIeperpy3KU OMepaTopoB TpeHa3HaueHbl ISl TOr0, UTOObI
Kimaccom LongNumbers MO)KHO ObIIO ObI OTI€pHpPOBaTh TakK >Ke, KaK OOBIUHBIMH
yrcsiamu int uam double. Cioco6 ucmonb3oBaHMs 3TUX TUIIOB TIOC/Ie OTpefe/ieHuUs
TIpeJCTaB/IeHHbIX BBIIIle OIepaTopoB OyAeT coBMajath. Pea/ny30BbIBaTH 3TH
OTepaTophl Jyyllle B TOC/Ie[HIO ouepe/lb, IOTOMY UTO /ISl UX peasv3alyyd BaM
TIOHAI00STCS YKa3aHHbBIE BhIIIe METO/IbI K/acca.

TecToBbIe JdaHHbIE!

A+B Pesyssrar
A B
-100000245001236 -11510130001000091 -11610130246001327
-100000245001236 11510130001000091 11410129755998855
1111100000245001236 11510130001000091 1122610130246001327
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A*B Pesysnsrar
A B
2589614578 28745131513210 74438811613135815575380
-12456 115113154861 -1433849456948616
-1245001236 -1151131000091 1433159517911211112476
AlB Pesysnbrar
A B
-2030102 -200000 10
-2000030102 200000 -10000
1541 151 10
203141 151 1345

JIaboparopHas padora Ne2
Peanmusanua UDT parjroHansHOe yuciio.

Llenb paboThl: peanu3oBaTh Kiacc Rational, KOTOpbIM T103BOJISIET BBITIO/HSTh
BbIUKCJIEHUSI TIPU MTOMOLLIY PaL[OHA/IbHBIX UUCe.

3ajauu:

1) Co3paTth kacc Rational, KOTOpBIN peasv3yeT Npe/iCTaB/IeHHbIN HHUXKe UHTep-

detic.

2) Peanu3oBaTh IpaBWIa rpaMMaTUKU [/l BBIUUC/IeHUs] apudMeTHUeCcKUX Bbl-
PaKeHMH, COJleprKalliuX OCHOBHBIE 3HAKW omepauuu: +, -, *, /, BO3BeJieHHe B
CTerneHb, MpY MOMoILHY Kiacca Rational.

class Rational

{

int numerator; // Yucnutenb pgpobu
int denominator; // 3HameHaTenb Opobu

public:
struct

ZeroDenominator { string message

"Denominator cannot be equal to zero"; };
int num, 1int den);
numerator(num), denominator(1)

Rational(
Rational(

{}
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Rational() : numerator(0®), denominator(1l) {}
Rational add(const Rational& right) const;
Rational sub(const Rational& right) const;
Rational mult(const Rational& right) const;
Rational div(const Rational& right) const;
bool equalTo(const Rational& right) const;
bool moreThan(const Rational& right) const;
bool lessThan(const Rational& right) const;
operator string() const;

operator double() const;

};

istream& operator >> (istream&, Rational&);
ostream& operator << (ostream&, const Rational&);

Rational operator + (const Rational& left, const
Rational& right);

void operator += (Rational& left, const Rational&
right);

Rational operator - (const Rational& left, const
Rational& right);

void operator -= (Rational& left, const Rational&
right);

Rational operator * (const Rational& left, const
Rational& right);

void operator *= (Rational& left, const Rational&
right);

Rational operator / (const Rational& left, const
Rational& right);

void operator /= (Rational& Lleft, const Rational&
right);

bool operator == (const Rational& left, const Rational&
right);
bool operator > (const Rational& left, const Rational&
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right);
bool operator < (const Rational& left, const Rational&
right);
bool operator >= (const Rational& left, const Rational&
right);

bool operator <= (const Rational& left, const Rational&
right);

m

PairoHanibHOE UKC/IO0 — 3TO UMCJIO BUJA m, TJle m — 3TO Liejioe UMc/io, a N — HaTy-

panbHOe. CrielyeT yUUTbIBaTh 3TO NP peanu3aluu Kiacca. Hanpumep, rnpu Bbi3o-
Be KOHCTPYKTOpa C apryMeHTaMu 2 U -5 cjiefyeT TPOKOHTPOJIMPOBATh, UTOOBI
-2 2

Ipo0Ob Oblsa Ipe/iCTaB/ieHa B BUjle 5 , a He —5.

Paccmotpum 6osee 11o[poOHO CTPYKTYPY K/acca:

1) struct ZeroDenominator — crpykrypa, KOTopas HUCIOIb3yeTCS [JIst
repexBaTa UCK/IIOUeHHH TIpY HYJ/IEBOM 3HaMeHaTeJie.

2) Rational(int num, int den); - KoHCTpyKTOp K/1acca, IpHHUMARO-
WM 3HAUEeHUS] YUUC/TATESTS U 3HAMeHaTesist IPoOH COOTBETCTBEHHO.

3) Rational(int num) — koHCcTpyKTOp APO6H, KOTOPKIM PUHUMAET 3HA-
YyeHUe YMC/TUTe . 3HaMeHaTe b PUHUMAaeTCsl PaBHBIA eZIMHULIE.

4) Rational() — KoHCTpPyKTOp IO yMoO/YaHMIO. ByZeM cudTaTh, UTO II0

0

YMOJTYaHHIO B [po6u By/eT unc/io Brja 1.

5) Metoabl add, sub, mult, div mpegHa3HaueHbl [/151 C/I0XKEHHs], BHIUUTAHUS,
YMHOXXeHUsI U JefieHus1 Apobeit. OOpatuTe BHMMaHWe Ha MoudUKaTOP
const. /laHHbIe MeTO/bI SIBJIAIOTCS UUCTBIMH, TO €CTb OHU He W3MEHSIOT
CBOUX apryMeHTOB. [Ipu MxX BbI30Be He W3MEHSIOTCSI apryMeHThbl METOZIOB 1
00BEKT, /711 KOTOPOTO0 OHU BBI3BIBAIOTCS. B Xozie BbIUMC/IEHUN AO/DKEH CO-
3/laBaThCsl HOBBIM 0OBeKT Tura Rational u Bo3BpaijaThCsi B KauecTBe pe-
3y/ibTata paboThl METOZIOB.

6) Metoabl equalTo, moreThan, lessThan npegHa3HaueHbI AJis peanu3aldd
CpaBHEHUS UKCesT CJIeAYIOIM 00pa3oM:

a.equalTo(b) < a ==
a.moreThan(b) < a = b
a.lessThan(b) < a < b
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defepabHOE FOCYAAPCTBEHHOE O0KeTHOe 00pa3oBare/lbHOe

@” yupe>kieHHe BhICIIero o6pa3oBaHus

«YensbuHCcKui rocyfapcTBeHnslil yHuBepcuteT» (PI'BOY BO «Uenl'Y»)
Muacckuii punvan
Kadenpa npukiasHoi MaTeMaTUKU

(DOH,Z[ OLI€eHOYHBIX CPeACTB IO AUCLIHUITIMHEe «HpOl"paMMI/IpOBaHI/IE Ha C++»

T0 Haripas/eHuto 1oAroToBku 02.03.02 dyHaameHTanbHas MHGOpPMaTUKa 1 MHPOPMALIMOHHbIE TeXHOMIOTHH, TIPOdHUIb

«Komnbrotepsble Hayku» DPI'BOY BO «Yenl'Y»

Bepcus fokymenTa - 1 cTp. 23 u3 55 TlepBbIii 3K3eMITISIP KOITUA Ne

,Z[aHHbIe MeTOAbI TaKXKe ABJIAIOTCA UMCTBIMH. Yucio a He U3MeHseTCs IMpH BbI3OBE
3THUX METO/O0B.

7)

operator string() const; - Ha3HaueHue oreparopa — KOHBepTa-
11151 00beKToB THMa Rational B 00bekThI THra std::string.

Taxoke /151 K/lacca HY>KHO peasi30BaTh Psifi OTiepaTopoB AJisi 6osee yo6HoM pabo-
ThI C HUM:

1)

2)

3)

4)

istream& operator >> (istream&, const Rational&); u
ostream& operator << (ostream&, const Rational&);
TIpeiHa3HaueHbl 11 pabOThI C TIOTOKAMH BBO/Ia U BhIBola. HeoOxoaumo pe-
d/IM30BATb BO3MO>XHOCTb CUMTBIBAHUA NAdHHBIX M3 TIOTOKA BBOAd B BUE IIPpO-
CTOro 4ynciia, Tak, HalipyuMep, Ipy CYUTBIBAHHUKX YKUCJId 5 dilenyet rpeBpaTrUTb

=]

ero B ,Z[p06b BHJa 1, a MPU CUMTBIBAHUM BbIpaKEeHHS 5/3 HY>XHO CO314Tb

Ipo0b 3, Wcnonb3yiiTe COOTBETCTBYIOIIME KOHCTPYKTOPBL. BbiBOA ApoOH

MPOUCXOJUT aHA/IOTUYHBIM 00pa3oM: ec/ii 3HaMeHaTesb pobu paBeH 1, TO
BBIBO/JJUTCS TOJIBKO UMC/IUTE b, €C/IM 3HaMeHaTe/lb He paBeH 1, TO BbIBOAUT-
csi IpoOb B (hopMaTe UMC/IUTE/Th/3HaMeHaTeb.

Onepartopsl +, -, *, / IpeJHa3HayeHbI i Y400CTBa UCI0/Ib30BaHMs Kacca.
Onu mipeficTaB/IAIOT co00it 000/10UKy Haf MeTo/jaMu Kiacca add, sub, mult u
div. Mcrionb3yiiTe 3T MeTO/IbI JJisl peasv3alyy Tieperpy3ku 3TUX orepaTo-
pOB.

Ornepatopsl +=, -=, *=, /= BBINOJIHAIOT Te ke (PYHKILUU, YTO OrepaTophl B
npebiAyieM rmyHKTe. ObpaTuTe BHUMaHUe, UTO Mpe/iCTaB/IeHHbIe B TIPe/IbI-
AyllleM TIyHKTe OrepaTopbl SB/SIOTCS YUCTBIMHA, TO €CThb TpPH BBI30BE
KOHCTPYKI[UU a + b 00BeKThI @ U b He W3MeHSIOT CBOero BHYTPEHHEro Co-
crosiHust. OHAaKO omepaTop += U Apyrue He OyyT SBISTHCS YACTHIMU. [1pu
BbI30Be a += b MO/KHO OBITH M3MEHEHO COCTOsIHMe OObeKTa a, M03TOMY B
NaHHOM ciiyuae o0ObekT Rational& left mepenaércsi He 1O KOHCTaHTHOM
CChLTKe.

OnepaTtopbl CpaBHeHUs1 ==, >, <, >=, <= BbIIOJHAIOT CpaBHEHUE JABYyX
obbekToB Tuma Rational. [Iynis peanu3aiiuy 3TUX OMepaTOPOB HCIIONb3yUTe
¢ynkumu equalTo, moreThan u lessThan.

JIaboparopHas padora Ne3
AGCTpaKTHbIe TUTIbI JAHHBIX: CTEK, OUepeib.
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@DoHJ, OLeHOYHBIX CPeJCTB Mo AucLUIIrHe «[IporpammuposaHue Ha C++»
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Bepcus fokymenTa - 1 cTp. 24 u3 55 TlepBbIii 3K3eMITISIP KOITUA Ne

Llenb paboThl: M3yUWUTh MPUHLUITEI PabOThl abCTPAKTHBIX TUIIOB JAHHBIX CTEK U
ouepe/ib, CIIMCOK, HAYUUTbCSI IPUMEHSTh 3TU THUIIbI IaHHbIX B PeLleHUH 3a/jau.

3apanue 1.  IIpocrou cTek
Peanusyiite CTPYKTYpy JaHHBIX "'CTeK', peanu30BaB BCe yKa3aHHbIE 3/1eCb METO/BbL.
HanummTe nporpammy (dyHKUMIO main), cofep’kalllyl0 OINWCaHWe CTeKa |
MOJe/TPYIOLyI0 paboTy creka. DyHKIMSA Main CUMTHIBAeT TOC/IeA0BaTeIbHOCTh
KOMaH/l ¥ B 3aBUCMMOCTH OT KOMaH/ibl BBITIOJIHSIET Ty WM UHYIO onepanuto. [Tocne
BBITIO/IHEHUSI OJHOM KOMaH[bl TpOrpaMma [IO/DKHA BBIBECTU OJHY CTPOUKY.
Bo3moskHble KOMaH/bI 17151 IPOTPaMMBbI;
push n
MobGaBUThH B CTEK UMC/I0 N (3HaueHWe N 3aflaeTcsl TMoc/ie KoMaH7bl). ITporpamma
JIO/>KHA BbIBECTHU OK.
pop
YnanuTe U3 CTeka TOciefHUN 37eMeHT. [IporpamMma [o/bKHa BBIBECTU €ro
3HaueHue.
back
[IporpamMma j0/DKHA BBIBECTU 3HAY€HHE MOC/IeIHEr0 3JIeMeHTa, He YAasss ero u3s
CTeKa.
size
[Tporpamma f0/mKHA BEIBECTH KOJIMUECTBO 2/IEMEHTOB B CTEKe.
clear
[Iporpamma 0/KHA OUHMCTUTH CTEK U BbIBECTH OK.
exit
[TporpamMma 0/IKHa BbIBECTH bye 1 3aBepIIUTh paboTy.
FapaHTupyeTcsi, uTo HabOp BXOJHBIX KOMaH/ VIOBJETBOPSIET CJIeAYIOLUM
TpeboBaHUSIM: MaKCHUMaJIbHOe KOJTMUeCTBO 3/IeMeHTOB B CTeKe B /It000i1 MOMEHT He
npeBocxoauT 100, Bce komaHAbl pop_back u back koppekTHbI, TO eCThb TNpHU HX
WCTIOJTHEHUU B CTeKe COZeP)KUTCS XOTs ObI OIVH 3/IeMEHT.
[TpumMep MpOTOKO/Ia pabOThI TTPOTPaMMBI

Bgoj BeiBop
push 2 ok
push 3 ok
push 5 ok
back 5

size 3

pop 5
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size 2

push 7 ok

pop 7

clear ok

size 0

exit bye

3aganue 2.  CteK c 00padOTKOI OIINOOK

AHa/NIOTMYHO TIpeAbIAylIeMy 3aZlaHWI0, TOJbKO CHUMAaeTCs OrpaHUYeHHe Ha
KOPPEKTHOCTb BbI30BOB MeTOZ0B back u pop. /laHHbIe omepalyy AOJ/DKHBI Mepe[
WCTI0JIHEHEM TPOBEPSITh, COAEP>KUTCS JIU B CTeKe XOTs Obl ofjuH 371eMeHT. Eciu BO
BXO/JJHBIX JIAHHBIX BCTpedaeTcsl orepauusi back uay pop, mpu 3TOM CTeK IyCT, TO
rporpaMma /Io/bkHa BMeCTO YMC/IOBOTO 3HaUeHUsI BbIBECTH CTPOKY eITOr.

[Tpu 3TOM 0/KHA OBITH peas30BaHa JBOMHAs 3alliUTa: BbI30B MeTo0B forward u
pOp /AiJIs TIyCTOTO CTeKa He [I0JKeH MPUBOJUTE K 0OpallieHUI0 K HeCyIlleCTBYIOIIUM
3/leMeHTaM MaccvBa m_elems, a (yHKIUs main [Jo/DKHa BBIBOAUTH COOOIIeHHe
eITor, IPU CYMTHIBAHUM HEKOPPEKTHOW OrepaLiui.

[TpumMep MpoTOKO/Ia paboOThI TTPOTPaMMBI

Beoj BeiBop

push 2 ok

back 2

pop 2

size 0

pop error

push 1 ok

size 1

exit bye

3apanue 3. Crek 0e3 orpaHnueHusi Ha pa3Mep

Peanmu3yliTe CTeK [AWHAMUYECKOTO pa3Mepa, TO eCTb OrPAaHWUUEHHBIA TOJBKO
o6beMoM CBOOOAHOM orepaTUBHOMN MaMsaTH. [/isi 3TOro UCIO/b3yiTe yKa3arend 1
IVUHAMWUECKW DacrpefieisieMyl0 MaMsiTh. ECIU [jis TOJHOCTBIO 3aro/THEHHOTO
CTeKa BbI3bIBAETCS MeToZ push pa3Mep JUHaMUUECKOTO MacCHUBa, OTBEJIEHHOTO /ISt
XpaHEHUs CTeKa, /I0/DKEH YBeTUUHBATHCS.

3apanue 4. B ¢alise XxpaHUTCS CTPOKa B TMOCT(MUKCHOW 3amluCH, COJeprKa-
11asi apumeTrueckoe BbIpa)keHHe U3 LiebIX YMCesl, a Takke 3HAKOB +, -,

* /, % 6e3 ckoOOK. Berumcinth 3HaueHWe BbIpakeHus. Orepaiuu / U1 %
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orpeJenstoT Leayr 4acTb U OCTATOK OT L|eJIOUMCIEHHOTO Jie/IeHUsI OHOTO
yuCIa Ha Jpyroe.

3aganue 5.  [IpaBwibHas CKOOOYHasH IMOC/IeJOBATE/TLHOCTD
BxopgHoii ¢ailin comepKUT HECKOJIBKO CTPOK, Kak/as W3 KOTOPBbIX COJEPXKUT I0-
cieloBaTeIbHOCTh CUMBOJIOB (, ), [ ¥ ]. BoisscHUTe, sIB/IIeTCS /I OHA TIpaBU/IbHOM
CKOOOYHOM MOC/IeI0BaTe/IbHOCTD C IBYMSI TUIIAMH CKOOOK.

input.txt output.txt
00 YES

(h YES

(D] NO

((1] NO

) NO

3aganue 6. Ouepenb Ha CriUCKe
B 3T0i1 3a71aue 00s13aTe/TbHO UCI0/Ib30BaTh CAMOCTOSITETbHO CBSI3HBIN CITMCOK.
Peanu3yiiTe paboTy ouepenu. [yt KaXkI0i oriepaiiiv U3bSATHS 37ieMeHTa BhIBeZUTe
eé pe3yJibTar.
Ha Bxo0p mporpamme mofarOTCs CTPOKH, COAepyKaljue KOMaHAbl. Kakgas cTpoka
COZIep>XKUT oAHy KoMaHay. Komanza — 3To 6o + N, mibo -. Komanga + N o3Haua-
er fobaB/eHre B ouepess ukciaa N, o Mozy/io He npessimaroiiero 10°. Komanza
- O3HAYaeT U3bATHUE JJIeMEeHTa U3 OUepe/iu.
dopmat BxojHoro (aiina.
B mepBoii cTpoke BXOAHOrO (haiizla COAEP)KUTCA KOJUYeCTBO KomaHa — M

(1 =M= 1'36). Kaxkgasi mociefyroiiasi CTpoka UCXOAHOTO ¢halisa CoAep>KUT pOB-
HO OJIHY KOMaH/1y.

dopma BbIXOAHOrO (hania.

BBIBEAI/ITE 4yudia, KOTOpbI¢ yAA/IAKTCA U3 odepeam, 1mo oJHOMY B KEDK}Z[OFI
cTpoke. ['apaHTHpPyeTCsl, UTO U3BATHIA U3 MMYCTOI 0UYepe Iy He MPOU3BOAUTCA.

input.txt output.txt
4 1

+1 10

+10
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Muacckuii punvan

Kadenpa npukiasHoi MaTeMaTUKU

O

@DoHJ, OLeHOYHBIX CPeJCTB Mo AucLUIIrHe «[IporpammuposaHue Ha C++»
T0 Haripas/eHuto 1oAroToBku 02.03.02 dyHaameHTanbHas MHGOpPMaTUKa 1 MHPOPMALIMOHHbIE TeXHOMIOTHH, TIPOdHUIb
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3apaHue 7. Oyepenb C MUHUMYMOM
B >Ton 3agadve obsA3aTenbHO MUCMNOJIb30BaTb CAaMOCTOSATEsSIbHO HaMMCaHHbLIN
BEKTOP.
Peanusynte paboTy ovepean. Heobxooammo oTBe4aTb Ha 3amnpoCc O MUHMU-
MaJibHOM 3JIEMEHTE, KOTOpPbIN cenvyac HaxoauTCa B odepeaun. Ona Ka>kgow
onepaunm U3bATUSA dN1EMEHTA UM 3anpoca MUHUMAJILHOIO 3/IEMEHTa BbIBE-
OnTe eé pesysbTar.
Ha Bxo4 nporpamMMe nNoJatloTCA CTPOKMW, copepXkalwune KoMaHabl. Kakpas
CTPOKa CoOepXUT oAHY KoMaHay. KomaHaa - 310 ambo + N, nmbo -, nmbo ?.
MepBas koMaHOa AobaBnsdeT B o4epedb HOBbIN 371eMeHT. BTopas - ybupaeT
N3 oyepenn 3seMeHT. TpeTbs - 03Ha4YaeT NOUCK MUHMMANIbHOIO 3JIEMEHTA B
oyepeam.
dopmMmaT BXxogHoro ¢gaunna.

B nepBon CTpoke COOEepPXMUTCH KOJINYECTBO KOMaHa - M (1= M = 500000y g

nocreAyloLmnX CTPOKax coaep)XaTca KOMaHabl, MO O4HOW B Ka)KO0W CTPOKe.
dopmMaT BbiIxoaHoOro caunna

Ons Kaxkgowm onepauum nomcka MMHMMYyMa B O4Yepenun BbiBeguTe eé pe-
3ynbTaT. [apaHTupyeTCcs, 4TO onepaunmn n3saedyeHus nim noncka MMHUMyMa
ONS NyCTON o4epenmn He NpPon3BOAATCS.

input.txt output.txt
7 1

+1 1

? 10

+ 10

JIaboparopHas padora Ne4
CopTupoBKH

Llenb pabOThI: WM3yUWTh TPUHLIMITBI aJTOPUTMBI PabOThl OCHOBHBIX COPTHPOBOK
2 :

cnoxunoctu (1 ], o(n lng(n]]’ o). COPTHUPOBKA BCTaBKaMU, COPTUPOBKA

C/IMsIHYEM, ObICTpasti COpTUPOBKA, UG poBasi COPTUPOBKA, KapMaHHasi COPTUPOBKa.
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CopTupoBKa BCTaBKaMM
TTpocTeiiimii aArOpuT™M COPTUPOBKM CJIOKHOCTH N°. Ve KpaiiHe mpocTasl.
[Tycte Hymepanus seMeHTOB HaunHaeTcs ¢ 0 7o n - 1. Haxogumcs B 1o3vnuu .
OneMeHThI B 11o3uLjur oT 0 10 i - 1 y>ke OTCOPTUPOBAHBI. j U3MeHseT 3HaueHue OT i
- 1 no 0. Ha kaxxgoMm 1iare CMOTpUM 37eMeHThI j U j + 1. Eciv npegpiayiui
Oosbllle, yeM TIOC/TEAYIONIMM, TO MEHsieM WX MecCTaMH. B pe3ysbrare MOmyurm
OTCOPTHMPOBAHHBIN MaCCUB.
IIpumep peanusanuu
for (inti=1;i<n;i++) {
for(intj=1i-1;j>=0 && arr[j] > arr[j + 1]; j--) {
swap(arr[j], arr[j+1]);

}
Nnu no-gpyromy

for (inti=1;i<n;i++) {
intj=i-1;
while (j >=0 && arr[j] > arr[j + 1]) {
swap(arr(j], arr[j+1]);
J==
}

3apanue 8. CopTupoBKa BCTaBKamu
IlaH mMaccuB 1ie/bIX umcesi. Bailia 3ajjaua — OTCOPTHUPOBATh €ro B MOpsiike HeyObl-
BaHUS C TOMOILbI0 COPTHPOBKH BCTaBKaMHU.
CopTUpOBKa BCTaBKAMM MPOXOAUTCS MO0 BCEM 3/leMeHTaM MacCHMBa OT MEHBIIUX
WH/IEKCOB K 0O0/bIINM («C/IeBa HApaBo») /ISl KAXKJOTO 3/IeMEHTa OIpeJessieT ero
MeCTO B TpeJIIeCcTBYIOLIe eMy OTCOPTUPOBAaHHOW 4YaCTW MacCuBa U MEPEHOCUT
ero Ha 3TO MeCTO (BO3MO)KHO, CABUras HEKOTODPble 3/IeMEHThl Ha OJUH MH/EKC
BIpaBo). UToObI MPOKOHTPO/IMPOBATh, UTO Bl HCMOMb3yeTe UMEHHO COPTUPOBKY
BCTaBKaMU, Mbl TONPOCUM Bac J/1s Kak[oro 37ieMeHTa MacCHUBa, MOC/e TOro, Kak
OH OyzeT 00paboTaH, BBIBOJUTH €0 HOBBIM MH/EKC.
dopmar BXogHOTO ¢aiisia
B nepBoii cTpoke BxoaHOro (aitna copepxutcs uncio n (1 <n < 1000) — ymucio
3JIeMEHTOB B MaccrBe. Bo BTOpOI CTPOKe HaxOATCs pPa3/IMUHBIX LieJIbIX UKCe/, 0
MO/IyJIFO He rpeBocxogamux 10°,
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dopmMar BbIXOAHOTO (haiisa
B nepBoii cTpoke BbIXOAHOTO (paiina BbiBeuTe urces. [Ipu 3TOM i-0e YMC/I0 paBHO
WHJIEKCY, Ha KOTOPBIA, B MOMEHT 00pabOTKM ero COPTHMPOBKOW BCTaBKaMMU, OBLI
riepeMellleH i-blii 37IeMeHT UCXOJHOT0 MaccuBa. MIHAEeKChbl HyMepyIOTCs, HaurlHasi C
eIMHULBI. MeXxy /F00bIMU JBYMSI UMCTIAMU JJOJDKEH CTOSITh POBHO OZIMH TIpO0e.
Bo BTOpOIi cTpoKe BBIXOAHOTO (haiisia BbIBeUTE OTCOPTUPOBAHHBIM MacCUB. Mexx-
Ay MFOOBIMU IBYMSI UMCJ/IaMU JIO/KEH CTOSITh POBHO OZWH rpobert.
IIpumep

input.txt output.txt

10 1222355691

1842375690 0123456789

KommeHTapuii K mpuMepy
B nipuMepe copTUpoBKa BCTaBKaMy paboTaeT ciieyroium obpa3om:
1. TlepBbili 3/1eMEHT OCTaeTCs Ha CBOEM MecCTe, TI03TOMY [epBoe UMC/IO B OTBe-
Te — enuHUIa. OTCOPTUPOBaHHAs YaCTh MaccuBa: [1]
BTopoii smemMeHT 00Jiblie TIEPBOTO, TIO3TOMY OH TOYKE OCTAeTCsI Ha CBOEM Me-
CTe, ¥ BTOpOe UKMC/I0 B OTBeTe — JiBoMKa. [1 8]
YeTBepka MeHbIlle BOCbMEPKH, [I03TOMY 3aHMMaeT BTOpoe MecTo. [1 4 8]
JIBoiika 3aHUMaeT BTOpoe MecTo. [1 2 4 8]
Tpoiika 3aHMMaeT TpeThe MecTo. [1 2 3 4 8]
Cemepka 3aHMMaeT rgToe Mecto. [1 2 34 7 8]
[Tarepka 3aHuMaeT nisitoe MecTo. [12 34 57 8]
[[TecTepka 3aHrMMaeT 1iectoe Mecto. [1 23456 7 8]
. eBsiTKa 3aHHUMaeT fieBsitoe Mecto. [1234567 8 9]
10 Honb 3aHumaet nepBoe Mecto. [0 1234567 8 9]

N

© 0N U AW

3aganue 9. 3HaKOMCTBO C utesiMu CopT/isHa

Bnagener; rpadcrBa CoptmsHg, rpad babbscoprep, perva MO3HAKOMHUTBCS CO
CBOMMM MOJJaHHbIMU. YUC/IO >KuTenell B rpadCcTBe HEUETHO M COCTaBJisieT N,
r7ie N MOXKeT ObITh JOCTAaTOYHO BEJIMKO, MTO3TOMY r'pad) peliva OrpaHUuIUTLCS 3Ha-
KOMCTBOM C TpeMs TIpe/ICTaBUTe/ISIMU HapoJoHaceseHUs: C caMbiM OeHbIM >KH-
TesieM, C KuTesieM, 00/1a/[alol[iM CPeJJHUM AOCTaTKOM, U C CaMbIM OOTaThIM KU -
TeJIeM.

CornacHo Tpaguuysim COpT/I9H/ja, CUATAETCSI, UTO >KUTeJIb 00/1alaeT CpeJHUM JI0-
CTaTKOM, eCJId TIPU COPTHPOBKEe KUTe/lel 10 CyMMe JeHeKHbIX cOepe>kKeHWd OH
OKa3bIBaeTCsl POBHO mocepeiHe. V3BeCTHO, UTO KaXKZbIi XKUTe/Ib rpaCTBa UMeeT
YHUKa/bHbIM WJeHTU(PUKALIMOHHBIM HOMep, 3HaueHHe KOTOPOrO pacroJioKeHO B
rpaHyLax OT eAUHULBI 10 n. MHbopmarus o pa3mepe JeHeXXHbIX HaKOTLJIEHUH K-
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Tesield XpaHUTCs B MaccuBe M TakuM 00pa3om, UTO CyMMa JIeHeXKHbIX HaKOTIeHU!
KuTesisi, o0ajjarolero uaeHTU(UKALMOHHBIM HOMEpOM i, COAEPXKUTCS B sueit-
ke M[i]. I[Tomorute cekpetapto rpada muctepy CBOMy BBIUUC/IUTH UIeHTA(PUKALM-
OHHbIe HOMepa JKUTeJiel, KoTopbie OyAyT MpUT/IallieHbl Ha BCTpedy C rpadom.
dopmar BxogHOro haiisia
[TepBasi cTpoKa BXOAHOrO (haiiia coiepKUT uuciio »kurtene n (3 < n < 9999, n -
HeueTHO). BTopasi cTpoka coziep>KUT ornvcaHue MaccuBa M, cocTosiiee U3 n moJio-
JKUTeJTbHBIX Bell[eCTBeHHBIX UKCesl, Pa3/ie/leHHbIX ripobenaMu. ["apaHTHpyeTcs, uTo
BCe 3/7IeMeHTbl MacCuBa M pa3/uuHbl, a UX 3HaueHUsT UMEIOT TOYHOCTb He Oosee
IIBYX 3HAKOB I10CJIE 3aIsToM U He rpeBbimmatoT 10°.
dopMar BbIXOAHOTO (haiia
B BbixogHOH dalin BeIBeAUTE TPHU IIe/bIX MOJOXKUTETBHBIX UMC/IA, pa3feneHHbIX
npobenamu — uAeHTUhUKALIMOHHbIE HOMepa OefiHeIIero, cpefijHero U camoro 6o-
raToro >kxutenerd CopTasHza.
IIpumep

input.txt output.txt

5

10.00 8.70 0.01 5.00 3.00
KomMmeHTapuii K ippumepy
Ecny oTcopTHpOBaTh KuTeel mo ux JOCTaTKy, MOAYYUTCS CIeAYIOLIUi MacCHB:
[0.01, 3] [3.00, 5] [5.00, 4] [8.70, 2] [10.00, 1]
3[ech KaKAbI KUTeTb yYKa3aH B KBaZ[paTHbIX CKOOKAax, repBoe Unci0 — €ero /i0-
CTaTOK, BTOPOE UMC/I0 — €ero WAeHTU(PUKALMOHHbIN HoMep. Takum obpasom, ca-
MbIi Oe/IHBIN >KHUTE/Ib UMeeT HoMep 3, caMblii 6oraTeiii — HOMep 1, a cpeiHUN —
HOMeD 4.

341

3apganue 10. Cexkpetaps CBorl
Yke 3HAKOMBIM HaM M3 MpeAbiayIied 3agaun rpad babbscoprep rmopyuun cBoemy
cekpeTapto, muctepy Csormy, opopmIsSTh TIpUTJIallieHus OegHeMIeMy, OoraTetirie-
My ¥ CpeJHeMYy IO [JOCTaTKy >KUTe/0 CBOMX BJajieHuH. OJHaKO KTO ke, B OTCYT-
ctBre muctepa Cporia, Oy/ieT 3aHUMATbCSI CAMbIM Ba)KHBIM JIeJIOM — COPTHPOBKOM
MaCcCHUBOB umce? Bugymo, 3To nipyuzeTcs cienatb Bam!
IlaH MaccuB, COCTOSIIMHN W3 N 1e/bIX urcesl. Bam HeoOX0auUMO ero OTCOPTUPOBATh
ro HeyObIBaHHMIO. HO /leflaTh 3TO HYKHO TakK ke, KakK 3To fesaeT muctep CBorn —
TO eCTb, KaXK/0€ /IefiCTBHe JI0/DKHO OBITh B3aUMHOM ITepecTaHOBKOM Taphbl 371eMeH-
TOB. BaM Takke TipuzieTcsl 3amuicaTh BCe, UTO BbI fesianu, B (aiii, yToObI MUCTED
CBor1 cMor rpoBepuTh Bariry pabory.
dopmar BxogHOro daiisia
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B nepBoii cTpoke BxogHOTro (haitia comepkutcst uncio n (1 < n < 5000) — yucno
3JIeMEHTOB B MaccuBe. Bo BTOpPOU CTPOKe HaxXOASTCs Lje/bIX YMCesl, [0 MOAYJIIO He
npeBocxogaunmx 10°, Uucia MOryT COBMaziaTh APYT C JPYTOM.

dopmMmar BbIXoAHOTO (atina

B rmepBbIX HECKOMBKUX CTPOKaX BbIBEAUTE OCYllleCTB/IeHHble Bamu onepaiuu
repecTaHOBKH 371eMeHTOB. KakJjasi CTpoKa /10/7)KHa UMeTh C/IeIyIOLIuil opmar:
Swap elements at indices X and Y.

rae X u Y — pasjivuHble UH/IEKChl MaCCUBA, 3JIeMEeHThbl Ha KOTOPBIX HY>XHO Tepe-
craButh (1 <X, Y<n). Mucrep CBon H00UT TIOPSIIOK, TIO3TOMY CJeJaiiTe Tak,
qyTo0BI X < Y.

[Toce Toro, Kak BCe HY’)KHbIe IepeCTaHOBKU BbIBe/I€HbI, BbIBEJIUTE CJIeYIOIIYIO
hpasy:

No more swaps needed.

Bo nocnegHeli cTpoke BbIXOAHOTO (bailjia BbIBeMTe OTCOPTHMPOBAHHBLIA MAaCCUB,
yTobbl MucTep CBOm He mepefenbiBag paboTy 3a Bac. Mexay o0biMU [IByMST
YKC/IaMU JI0/DKeH CTOSATh POBHO OZWH rpobert.

IIpumep
input.txt output.txt
Swap elements at indices 1 and 2.
5 Swap elements at indices 2 and 4.
314297 Swap elements at indices 3 and 5.

No more swaps needed.

12234
[TocnecsioBue U npefocTepekeHre
Cembs cekpeTapst CBorma 3aHMMaslaCb COPTUPOBKAaMU MaCCUBOB, U UMEHHO C [TOMO-
L[bIO TIepeCcTaHOBOK Tap 3/ieMeHTOB, Kak MUHUMYM C XII Beka, nmostomy BCce CBO-
TbI B/IaZIeFOT 3TUM MCKYCCTBOM B COBeplLIeHCTBe. Mbl He mpocum Bac mipoussecTtu
MHUHUMAa/bHYIO MM0C/e0BaTe/IbHOCTh IMepeCTaHOBOK, NMPUBOJSALLYIO K TTPABUJIBHOMY
orBeTy. OIHAKO yUTHUTE, UTO /151 BBIBOJA CUIIKOM JJIMHHOM TOC/Ie0BaTeIbHOCTH
y Barrero aaropurmMa MoOKeT He XBaTUTb BpeMeHU (WM MaMSATU — eCJIA BbIBOJM -
Mble CTPOKU XPaHATCS B MaMSTU niepes BLIBOAOM). [lofymaiiTe, UTO C 5STUM MOXKHO
cpenath. Pemrenue cyiectsyert!

CopTUpOBKa C/USIHUEM W/ COPTUPOBKa (oH HelimaHa

CoprrpoBKa paboTaet 1Mo CaeAyroIeMy MPUHIUIY: MyCTh AaHbl [Ba OTCOPTHPO-
BaHHBIX MacCHBa. JTa COPTUPOBKA C/IMBaeT /iBa MaccuBa B ojiuH. Haripumep: A: [4,
6, 6] u B[1, 4, 5, 7]. [Tocne ciusaus 6yzeT o6pa3oBaH HOBLIM MaccuB C [1, 4, 4, 5,
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6, 6, 7]. Koz, KOTOpBI peany3yeT Takoe C/IHsSHUE, MOXKeT ObITb 3arMcaH CIefyr0-
UM oOpa3om:
vector<int> merge(vector<int>& a, vector<int>& b) {

inti=0,j=0;

int n = a.size(), m = b.size();

vector<int> c;

while (i <n||j <m) {
if G==m (i <n && a[i] <= bl[j])) {
c.push_back(alil);

1++;
} else {
c.push_back(b[j]);
it
}
}
return c;
} .
YcnoBue J == M rpoBepsieT AolIes Jid KoJ 0 KOHIJa MaccuBa B unu HeT, eciiu

3TO TakK, TO TepBasi UaCTb yCJIOBUS Oy/1eT UCTUHHOM, a BTOpasi YaCcTh B 3TOM CJIyuae
He OyzeT mpoBepsiThCs, U OyAyT OpaThbCs 37eMeHThl M3 MaccuBa A, KOTOPBIN elile
He mycT. Eciu mepBasi yacTb yC/IOBUSI JIOXKHA, TO OyZieT MpOBepsATbCS BTOpast
yacTe. 1 < N TIpOBepsieT, UTO MBI ellle He oL [0 KOHIa MaccuBa A. U mipo-
Bepka a[1] <= Db[J] BeIscHseT B KaKOM K3 MaCCHUBOB CelUac JIeKUT MEHBIITHH
3/IeMeHT, KOTOPBIN /J0JKeH ObITh romeliieH B MaccuB C.
Cama miporieiypa COpTUPOBKH Oy/ieT BBIT/IsSIAETh CeyHOIUM 0bpa3om:
vector<int> merge_sort(vector <int>& a) {

int n = a.size();

if(n==1){

return a;

vector<int> left, right;
copy(a.begin(), a.begin() + n/ 2, back_inserter(left));
copy(a.begin() + n/ 2, a.end(), back_inserter(right));

left = merge_sort(left);
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right = merge_sort(right);

return merge(left, right);
}
W okoHYATeIbHO MOJIHBIN KO/
#include <iostream>
#include <vector>
#include <algorithm>
#include <iterator>

using namespace std;

vector<int> merge(vector<int>& a, vector<int>& b) {
inti=0,j=0;
int n = a.size(), m = b.size();
vector<int> c;

while i <n||j <m) {
if j==m|| (i<n&&a[i] <=b[j])) {
c.push_back(ali]);

1++;
} else {
c.push_back(b[j]);
J++;
}
}
return c;

vector<int> merge_sort(vector <int>& a) {
int n = a.size();
if(n==1){
return a;

vector<int> left, right;
copy(a.begin(), a.begin() + n/ 2, back_inserter(left));
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copy(a.begin() + n/ 2, a.end(), back_inserter(right));

left = merge_sort(left);
right = merge_sort(right);

return merge(left, right);

}

int main()

{ vector<int>a=1{1,2,4,0,2,4,4,5,7};
vector<int> b = merge_sort(a);
return 0;

}

boicTpasi cOpTMpOBKa Wi COPTUPOBKA Xoapa
[Tyctb man maccuB A. BribepeM B HEM KaKOW-HUOY/b 3/1IeMEHT X U pa3fie/iiM Mac-
cuB A Ha /iBe UYaCTU: B TIePBOM YaCTU 37ieMeHThl, KOTOpPble MeHblile X, a BO BTOPO
yactyd OyAyT 3/1eMeHThbI, KOTOpble 0O/bIlle WKW paBHBI X. Haripumep, Ayt Maccu-
BaA[5, 2, 6, 8, 1, 4, 7] Beibepem X = 4. Torma pa3genenue Oyzer
BBIT/IA/IETh CyieAytoimm obpazom: B[2, 1]uC [5, 6, 8, 4, 7], taK KaK
3Ta COPTUPOBKa OyeT ucronb3oBath O(1) AOTOMHUTE/ILHON TTaMsATH, 3HAUMUT, Xpa-
HUTh 3TH YaCTH HY>KHO B UCXOHOM MaccuBe A. To eCTb MPOUCXOUT Tepeyriopsi-
noueHue 3neMeHToB MmaccuBa A[2, 1, 5, 6, 8, 4, 7].
[Tpumep peanu3aljiy TaKOW COPTHPOBKHU:
void quick_sort(vector<int>& a, int left, int right) {

int middle = a[(left + right) / 2];

int i = left;

int j = right;

while (i <j) {
while (a[i] < middle) {
1++;
}
while (a[j] > middle) {
J==
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}

if (i<=j){
swap(alil, a[j]);
i++;
J-

}

}

if (left <j) {

quick_sort(a, left, j);
}
if (right > i) {

quick_sort(a, i, right);

3apanue 11. CopTUpOBKa C/vMssHUEM
IlaH MaccuB 1ie/ibIX umcesl. Bailia 3ajjaua — OTCOPTHUPOBATh €T0 B MOPsiike HeyObl-
BaHUSI C TIOMOILbIO COPTUPOBKU C/IUSTHUEM.
Yrobbl yoequThCs, uTo BbI eHCTBUTENBHO UCIIO/Ib3yeTe COPTUPOBKY C/IASHUEM,
MbI TIpocuM Bac, nmoc/ie KaXX0ro oCyleCTB/IeHHOT0 CUsIHUS (TO eCThb, KOrJja CooT-
BETCTBYIOIL[MAN MOJMACCUB y>Ke OTCOPTUPOBAaH!), BBIBOJUTh WHAEKChl T'PAHUYHBIX
3/1IeMEHTOB Y WX 3HauUeHMUs.
dopmar BxogHOro daiisia
B nepBoii cTpoke BxoaHoro (aiina copepxurcs uncao n (1 <n < 10°) — uucio
3/IeMEHTOB B MaccuBe. Bo BTOpOU CTpOKe HaXOZSTCS N LeJIbIX UKCes, 10 MOAYJIH0
He npeBocxosiumx 10°,
dopmar BbIxoAHOTO (aiina
BbixoaHoM ¢alin coCTOUT U3 HeCKOJIbKHX CTPOK.
B mociegHel cTpoKe BBIXOAHOTO haiiia TpeOyeTcsi BbIBECTH OTCOPTUPOBAHHBINA B
ropsiZike HeyObIBaHHSI MaCCHB, JaHHBINA Ha BXo/le. Mexy JtoObIMU ABYMSI UKC/Ia-
MU JIO/KEH CTOSITb POBHO OZIVH TTpo06erT.
Bce mpepiiecTBytolljie CTPOKU OMMUCHIBAIOT OCYI€CTB/IEHHbIE C/IUSIHUSA, 110 OJHO-
My Ha KaXkKZiol cTpoke. Kak/iasi Takasi CTpOKa /I0/DKHa COjiepyKaTh 10 UeThIpe UuC-
na: Iy, I, V¢, Vi, rie Ir— wHAEKC Hauasa 00/1acTu cusiHus, I — WHEKC KOHIja 00-
71aCTU C/IUsIHUSA, Vy— 3HaueHue MepBoro 3jeMeHTa 00/1acTu CyivsiHus, V) — 3Have-
HUe T0C/Ie/THeTo 3/ieMeHTa 00J1aCTH C/IMSHUSL.
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Bce vHJeKChbl HAUMHAIOTCS C e AUHUIIBI (TO ecThb, 1 < Ij, I; < n). MHAeKChI 00/1acTH
CJTHAHUA JO/DKHBI ONMUCHIBATH M0J/I0)KeHHe 00/1aCTH C/TUSTHUA B HCXO0JHOM Mac-
cuBe! /lonyckaeTcsi He BBIBOAUTH UH(MOPMALIUIO O CUSIHUM [I/Is1 TIOJAMacCHBa [/ -
HOM 1, TaK KaK OH OTCOPTHMPOBAH I10 OMpe/ie/IeHUIO.

[TpuBeseM HebOJBIIION TIpUMeEpP: OTCOpPTHpPyeM MaccuB [9, 7, 5, 8]. PekypcuBHas
4yacTb COPTUPOBKU ciausiHUeM (mpouenypa SORT(A, L, R), raqe A — COPTUPYeMbIU
MaccuB, L — vHJieKC Havasia obacTv CusiHus, R — WHZeKC KOHIla 00/1acTH Cvs-
Hus1) OygeT BbizBaHa c A= [9, 7, 5, 8], L = 1, R = 4 v BLINIOJIHUT C/IeyIOIINe /Ieii-
CTBUS:

pazzaenuT obsacth cvsHus [1; 4] Ha aBe vacTy, [1; 2] u [3; 4];
BbINOMHUT BbI30B SORT(A, L =1, R = 2):
o pa3genut obsacts cnusiHus [1; 2] Ha aBe ywacty, [1; 1] u [2; 2];
o TIONYYMBIIMECS YaCTU UMEIOT €JMHUYHBIM pa3Mmep, PEKypPCHUBHbBIE BbI-
30BbI MOKHO He [le/aTh;
OCYILIeCTBUT CJIMsSIHUE, TI0C/Ie uero A cTaHeT paBHbIM [7; 9; 5; 8];
o BbiBeger onucanue caugHuA: [=L= 1,[=R= 2, Vi=Ar=
7, Vi= AR =0.
BbINOMHUT BbI30B SORT(A, L = 3, R = 4):
o pasgenuTt obsacts causHus [3; 4] Ha aBe yactw, [3; 3] u [4; 4];
o MOJYyYMUBLIMECS YaCTU UMEIOT eIMHUYHbIA pa3mep, PeKypCHUBHbIE BbI-
30BbI MOXKHO He JieflaTh;
OCYILIeCTBUT CJIMsSIHUE, MIOC/Ie uero A cTaHeT paBHbIM [7; 9; 5; 8];
BbIBeZleT  omnucaHue cmsHuA: [[=L= 3, =R= 4,V;=A.=
5, Vi=Ar=8.
OCYIL[eCTBUT C/IMSIHUE, TI0C/Ie Yero A cTaHeT paBHbIM [5, 7, 8, 9];
BbIBeleT onvcanue cavusHus: =L =1,[=R=4,V;=A; =5,V =Ar=9.
OrnycaHus CIUSTHANA MOTYT WATH B TIPOU3BOIBHOM TIOPsiAKe, Heo0s13aTe/TbHO COBIIA-
JIAroIeM C MOPSAKOM MX BbIMOHeHUs. O/IHAKO, C 1ie/IbI0 MOBbIILIeHUs] IPOU3BO/IU -
Te/IbHOCTH, PEKOMEeH/JyeM BbIBOJAUTbL 3TH OMUCAHUS Cpa3y, He XpaHs UX B MaMSTH.
VIMeHHO 110 3TOM NMPpUUYUHEe OTCOPTMPOBAHHBIM MAaCCUB BLIBOJWTCS B CAMOM KOHIJE.
KoppeKTHOCThL BbIJIaHHOTO Bamu clieHapysi COPTMPOBKH CJ/IMSIHAEM IIPOBEpSIeTCS
CrieliaIbHOM MporpamMmoii. JIrobast KOppeKTHasi COPTUPOBKA CJIUSTHHEM, JIe/IsIast
TI0IMaCCHBBI Ha /[Be yacTH (Heobs3aTe/TbHO paBHBIX!), OyIeT 3auTeHa, eC/ii YCIleeT
3aBePILUTHCS, YI0KUBIIUCH B OTPAaHUYEHUSI.
ITpumepsnl

input.txt output.txt

10 1218
1821473236 3412
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MHWHOBPHAYKU POCCUA
deepanbHOe roCyjapCcTBeHHOE OrpKeTHOe 06pa3oBare/ibHOe

@” yupe>kieHHe BhICIIero o6pa3oBaHus

«YensbuHCcKui rocyfapcTBeHnslil yHuBepcuteT» (PI'BOY BO «Uenl'Y»)

Muacckuii punvan
Kadenpa npukiasHoi MaTeMaTUKU

(DOHA OLI€eHOYHBIX CPeACTB IO AUCLIHUITIMHEe «HpOl"paMMI/IPOBaHI/Ie Ha C++»

110 HarpaeJsieHuto noArotoBky 02.03.02 dyHaameHTanbHas HHGoOpMaTvka 1 HHGOPMalMOHHbIE TEXHOJIOTUH, TTPOQUIL

«Komnbrotepsble Hayku» DPI'BOY BO «Yenl'Y»

Bepcus fokymenTa - 1

ctp. 37 u3 55

TlepBbIii 3K3eMITISIP

KOITHA Ne

input.txt
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output.txt

1418

5647

1618

7823

91036

71026

11018
1122334678
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3apanue 12. Yucio vHBepcUn

WHBepcreli B TOC/IeI0OBaTeIbHOCTU urcen A Ha3bIBaeTCsl TakKas CUTyalus,
Korgai<j,aA; > A,
IlaH maccuB 1je/bIxX uKcesl. Ballia 3ajjaua — MojcuYnTaTh UAC/I0 UHBEPCUU B HEM.
[Mogckaska: utobbl cAiesiaTh 3TO ObICTpee, MOXKHO BOCITI0/Ib30BaThCsl MOUGHKALM-
el COPTUPOBKU CJ/IMSTHHAEM.
dopmar BX0JHOTO (paiiia
B mepBoii ctpoke BxogHOro (aitma cogepxkurcst urciao n (1 <n < 10°) — unciio
5/IeMeHTOB B MaccuBe. Bo BTOpOI CTPOKe HaXOsATCs Lie/IbIX Urces, 0 MOJY/IF0 He
npeBocxoganmx 10°.
dopmMar BbIXOAHOTO (haiisa
B BbIXogHOM (haiis HaJ|0 BEIBECTU UKCJ/IO UHBEPCU B MacCCHBe.
IIpumepsbi

input.txt output.txt

10 17

1821473236

3apanue 13. AHnTH-quick sort

171 COPTUPOBKHM I0C/Ie[0BaTe/IbHOCTH YMCeN INUPOKO HCIOJb3yeTcsi ObICTpast
coptupoBka — QuickSort. [lanee npuBesieHa mporpaMmma, KOTopasi COpTUpyeT Mac-
CUB d, UCTIO/IBb3YsI TOT aJTOPUTM.
var a : array [1..N] of integer;

procedure QSort(left, right : integer);
var i, j, key, buf : integer;
begin
key := a[(left + right) div 2];
i:=left;
j := right;
repeat
while a[i] < key do
inc(i);
while key < a[j] do
dec(j);
if i <= j then begin
buf := ali];
ali] := a[jl;
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a[j] := buf;
inc(i);
dec(j);
end;

until i > j;

if left <j then QSort(left, j);

if i <right then QSort(i, right);
end;
begin

QSort(1, N);
end.
Xotst QuickSort siByisieTcss 0ueHb OLICTPOI COPTUPOBKOM B Cpe/iHEM, CYIIIECTBYIOT
TeCTbl, HA KOTOPbIX OHA paboTaeT odeHb fo/yiro. OlLeHUBaTh Bpemsi paboThI airo-
putMa OyZieM 4KMC/IOM CpaBHEHUWM C 37ieMeHTaMy MaccuBa (TO eCTb, CYMMapHbBIM
YKMC/IOM CPaBHEHWM B TepBoM M BTOpoM while). TpebyeTcst HarvcaTh MporpamMmmy,
TeHepUPYIOIIYI0 TeCT, Ha KOTOpPOM ObICTpasi COPTHUPOBKA CjiefiaeT Haubosbliiiee
YMC/I0 TAKUX CPABHEHUU.
dopmar BxogHOro haiina
B nepBoii CTpoKe HaXOAUTCA eAMHCTBeHHOoe unciio n (1 <n < 10°)
dopMar BbIXOAHOTO (harsia
BbiBecTu riepecTaHOBKY uuces1 OT 1 0 n, Ha KOTOPOM ObICTpasi COPTUPOBKA BbITION-
HUAT MaKCUMMaJ/IbHOe YMUC/I0 CpaBHeHUW. Ec/u Takux nepecTaHOBOK HECKOJILKO, Bbl-
BeCTU M00YI0 U3 HUX.

ITIpumepsbi
input.txt output.txt
3 132
[Ipumeuanue

Ha sTOM CTpaHulie MOXKHO BBECTHM OTBeT, BbIBOAMMBIM Bailleli rnporpamMmon, U
CTpaHHULIA MOCYMTAeT UMCI0 CPAaBHEHWM, BBITIOJHSIEMbIX yKa3aHHbIM BbIlle ajro-
putmMoMm Quicksort. Bberuncienusi OynyT mnpou3BoAWTbLCS B Baiiem 6Gpay3sepe.
OueHb O0JTBIIIIE MACCUBBI MOTYT 00pabaThIBaTHCS JO/TO.

3apanue 14. K-ag nopsigkoBasi CTaTUCTUKA
HaH MaccuB u3 n semeHTOB. Kakue uncnia saBasitotrcs ki-biM, (ki+1)-bIM, ..., K-bIM
B TIOpsiIKe HeyObIBaHUSI B 3TOM MacCcuUBe?
dopmar BXogHOro ¢aiisia
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B niepBoi1 cTpoke BXOJHOTrO (haiisa CoAeprkaTcs TPU Yuc/aa: N — pa3Mep MacCHUBa,
a Takke TrpaHuibl wuHTepBamakiuk, mpu stom 2 <n< 410, 1
£k1£k2£n,kz—k1<200.

Bo BTOpou cTpoke HaxogATcs uucaa A, B, C, ai, ai, IO MOAYJ/IIO He MPEeBOCXO/s-
1qie 10°. Bbl JO/DKHBI TIOTYYUTh 3/IEMEHThI MaCCHBA, HAUMHAA C TPEThero, o ¢Gop-
myse: a; = A-aip + A-ai; + C. Bce BBIUMC/IEHUST IO/DKHBI TIPOM3BOJUTCS B 32-0UT-
HOM 3HAaKOBOM TUIIe, MePernoIHeHUs JO/KHbI UTHOPHUPOBAThHCS.

OG6parijaem Baiite BHUMaHKe, 4To MaccuB 13 4-107 32-OUTHBIX 1[e/IbIX UMCe/T 3aHH-
Maet B Tlamsiti 160 merabaiit! bByibTe akKypaTHbI!

[Toackaska: 3Ty 3afiauy Jyullle BCero peiiaTh MoAuduKaliei ObICTpoii COPTUPOB-
k. OJHAaKO COPTHMPOBKA MacCHBa 1IeJIMKOM T10 BpeMeHM, CKOpee BCero, He Mpou-
JIeT, TI03TOMY HY)KHO TO/[yMaTh, KaK MOAU(DUIIMPOBaTh OBLICTPYIO COPTUPOBKY,
yTOOBI HE COPTUPOBATh Te YaCTH MaCCUBA, KOTOPbIe He HY>KHO COPTUPOBATh.
dopmMmar BbIXOAHOTO (haiisna

B mnepBoii 1 eAMHCTBEHHOW CTPOKe BbIXOAHOTO (hailyia BeiBeguTe ki-oe, (ki+1)-oe,
..., k>-oe B mopsiike HeyObIBaHMS umMc/Ia B MaccuBe a. Uucsia paszensiiTe ofHAM
nipob6esioMm.

ITpumepsbi
input.txt output.txt
534
23512 1348
534
200000 300000 5 12 800005
2

[Ipumeuanue

Bo BTOpOM mnprMepe 3jeMeHThl MaccuBa a paBHbI: [1, 2, 800005, —516268571,
1331571109].

3apanue 15. CopTHpoBKa Iyrajiom

«CopTUpOBKa TyrajioM» — 3TO [JaBHO 3a0biTasi HapoJHasi IOTeIIKa, KOTOPYHO
BOCCTAaHOBU/IM TIO JIETOTIMCSIM CIeIMaauCThl TuiaThopmbl «OTKpbITOE 0Opa3oBa-
HYe» CreLanbHO JI 3TOro Kypca.

Y4acTHUKY MOJ, BEPXHIOIO OZIEXX1y TIPOJEBal0T IepeBIHHYIO MaJKy, TaK UTO Y HEero
OKa3bIBalOTCSl pacTONbIPEHBI PYKH, KaK Y oropoAHoro mnyrasa. [lepeg HUM cTaBsT-
csl n MaTpéuiek B psifi. V3-3a Majku eJUHCTBEHHOE, UTO OH MOXXeT CJeaTb — 3TO
B35iITh B PYKW [IBeé MaTpeILUKU Ha pacCTOSIHUMU K Apyr OT fApyra (TO ecTb i-yi0 U
(i + k)-yr0), pa3BepHYTbCS U MOCTAaBUTb UX 0OpPAaTHO B psifi, TAKUM 00pa3oM TToMe-
HSIB UX MeCTaMHU.
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3ajjaua yuyaCTHUKA — PACIIONIOKUTh MaTPEIIKX 10 HeyObIBaHMIO pa3mMepa. MoxkeT
JIX OH 3TO C/le/1aTh?

dopmar BxogHOro haiisia

B nepBoii cTpouke cogepxkarcs urciaa nu k (1 < n, k < 10°) — umncio MaTpéiiexk u
pa3Max pykK.

Bo BTOpOI1 CTPOUKe COZIEP>KUTCS N LieIbIX YMCesl, KOTOpbIe M0 MOAY/II0 He MpeBoC-
xogaT 10° — pasmepbl MaTpéLLex.

dopmar BbIXOAHOTrO (haiiia

BeiBenuTe «YES», eciii BO3MOXKHO OTCOPTHMPOBAaTh MAaTpPEIIKU TI0 HeyObIBaHHUIO
pa3Mmepa, U «NO» B IPOTUBHOM CJ1y4ae.

ITpumepsnl
input.txt output.txt
32
213 NO
53
15341 R

CopTupoBKa rojcueToM

sIBisieTCss yCTOMUMBOM COPTHUPOBKOM C JIMHEHHBIM BPEMEHEM BBITIOJIHEHUS. Y CJIO-
BH€ MCIIO/Ib30BaHUSA - 3apaHee W3BECTHBIN /Mara3oH 3HaueHU 3/IeMEeHTOB MacCH-
BaA. Ecmm 3TO Tak M, Harmpumep, 3/eMeHTbl MaccuBa A jiexaT B UHTepBasle
ot 0 10 K, MOXXKHO CO37aTh JOMOJHUTE/ILHBIM MaccuB B[ 0. . K], B KOTOpbIi 1o/-
CUMTaATh KOJINYECTBA 37IEMEHTOB MaCCHBA CO 3HAUEHMsIMM 13 oTpe3ka [0. . K].
[Tocne 3Toro Mo)KHO MOAUGUIMPOBATL MacCHB B Takum oOpa3om, uToObI B siueii-
Kax HaXOJAWIUCh Obl He KOJTMUECTBA 3JIEMEHTOB, a HOMep sTUeMKH, B KOTOPOU /101~
JKeH PacIio/iarathbCsi COOTBETCTBYIOIIMM 3/1eMeHT MaccuBa A. TTocsie 3TOro ocraér-
Cs1 TO/TBKO TIepernucaTh MacCUB A, yKa3aB HOBBIU TTOPSIOK 3/1EMEHTOB.

[TpumMep peanu3aljiu aJrOPUTMa:

#include <iostream>

#include <vector>

using namespace std;

vector<int> countSort(vector<int>& a, int k) {
vector<int> b;
vector<int> sortedArray;

for (inti=0;i<=Kk;i++) {
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b.push_back(0);

for (inti = 0; i < a.size(); i++) {
int number = a[i];
b[number]++;
sortedArray.push_back(0);

for (inti=1;i<=k;i++) {
b[i] +=b[i - 1];

for (int i = a.size() - 1; i >=0; i--) {
int number = a[i];
int position = b[number] - 1;
sortedArray[position] = number;
b[number]--;

}
return sortedArray;
}
int main()
{
vector<int>a=1{1,0,3,4,2,0,0,0,1,3 };
a = countSort(a, 4);
return 0;
}

[udposasi copTHpoBKa

[TpesHa3HaueHa /i COpPTUPOBKMA MaCCUBOB, COCTOSIILIMX W3 TMOC/el0BaTeIbHOCTEeMN
OJJMHAKOBOW [/IMHbI. JTH TOC/Ie[0BATe/IbHOCTA COCTOSIT B CBOIO Ouepelb U3 djie-
MEHTOB, /IJI1 KOTOPbIX 3a/laHO OTHOIIIeHHe TMHeHMHOT0 MOopsi/iKa.

[To aHanoruu € paspsjlaMyd urces MO>XXKHO Ha3bIBaTh 371eMEeHThI, U3 KOTOPbIX COCTO-
AT COPTUpPYyeMble TI0C/IeI0BaTeIbHOCTH, pa3psilaMHu.
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ANTOpUTM COCTOUT B COPTHMPOBKE 3aJlaHHBIX TOC/e/0BaTeIbHOCTeN KaKOu-Tnbo
YCTOMUMBOM COPTUPOBKOU IO KaXKAOMY pa3psifly, B MOpsiAKe OT Mjajllero K crap-
memy.
KapmaHHas copTHpoBKa
[IpegHa3HaueHa [jisi COPTUPOBKM JAHHBIX, pABHOMEDHO pacripe/ie/IeHHbIX B HEKO-
TOPOM UHTepBase. Mess COpPTUPOBKH - Pa30UTh 3TOT WHTEpPBAI Ha N OJUHAKOBBIX
VIHTEPBAJIOB - KADMAHOB - U paclipe/ie/IUThb 10 HUM N COPTUPYeMbIX Yuce/l. Jjajiee B
KaXKZIOM KapmaHe TPOM3BOJUTCS COPTUPOBKA UMCEs, a 3aTeM I10CJie0BaTe/IbHO
TIepeurCIISIeTC COAEPXXKUMOI0 KaXK/I0ro U3 KapMaHoB. [Ipezronaraercs, 4to B Kax-
JIOM KapMaHe OKa)XeTCsl He OUeHb MHOI'O 3/IEMEHTOB, TaK Kak COPTUpPyeMble Urc/ia
PaBHOMEPHO pacripe/ie/ieHbl Ha pacCMaTpUBaeMOM HMHTEpBaJie.

3aganue 16. CopTUpOBKa Le/bIX Yucel
B sTo0i1 3aaue BaM Hy>KHO OyZieT OTCOPTUPOBaTh MHOT'O HEOTPHULIATebHBIX LIe/TbIX
yucersn.
Bam panbl gBa MaccuBa, A M B, cofeprkaljyde COOTBETCTBEHHO N U M 3J1eMeHTOB.
Yucsia, KOTOpbIe HY’KHO OyJeT OTCOPTHPOBaTh, UMeIOT BUA A; - Byrae 1 <i<nmu 1
<j <m. VIHbIMU C/IOBaMH, Ka)K/bIi 3/IEMEHT MepPBOr0 MacCHMBa HY>KHO YMHOKUTb
Ha KaK/bIM 3/1eMeHT BTOPOI'0 MaCCHBa.
[lycTb U3 3THUX 4uMCes TOJYYUTCS OTCOPTUPOBAHHAs MOC/eA0BaTe/IbHOCTh C /-
HOM n * m. BeiBeluTe CyMMYy KaK[]OTO [1eCSITOrO 3/IeMeHTa 3TOW M0C/ie0BaTe/IbHO-
CTHU (TO €CThb, Ci1+Cy+Cy+ )
dopmar BXogHOTo ¢aiisia
B nepBoi1 ctpoke cozepxarcs uncia hum (1 <n, m < 6000) — pa3mepbl Maccu-
BOB. Bo BTOpOW CTpPOKe COJIep>KUTCS h urcesl — 3/ieMeHThbl MaccriBa A. AHa/lormuu-
HO, B TPeTbel CTPOKEe COJEp>KUTCS m YUCel — 37IeMeHTbl MaccuBa B. DyeMeHThI
MacCHUBa HeoTpuLiaTe/bHbI U He TipeBocxogaT 40000.
dopmMmar BbIXOAHOTO (hatina
BeiBeguTe OJHO UMC/I0 — CYMMY KaK[OTO JeCSITOTrO 3JIeMeHTa M0oC/ie0BaTe/IbHO-
CTH, TIOMy4eHHOM COPTHMPOBKOM TIOMApHbIX MPOU3BEJEeHU 3/IeMEeHTOB MacCCH-
BOB A U B.

ITpumepsbi
input.txt output.txt
44
7149 51
27811

[TosicHeHMe K TIpUMepy
HeoTtcopTtrpoBaHHas roc/iefioBaTeibHOCTb C BBITJIAUT CeAYIOLMM 06pa3oM:
[14, 2, 8, 18, 49, 7, 28, 63, 56, 8, 32, 72, 77, 11, 44, 99].
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OtcopTHpOoBaB ee, MOyYrM:
[2,7,8,8,11, 14, 18, 28, 32, 44, 49, 56, 63, 72, 77, 99].
JKUpHBIM BbIZle/ieHbl TePBbIM U OJWHHAALIATBIA 3JIeMEeHThI M0C/e0BaTe/IbHOCTH,
TIPU 3TOM /IBa/ILIaTh TIePBOTO 37ieMeHTa B Hell HeT. Ix cymma — 51 — u Oyzer oT-
BETOM.
3aganue 17. LudpoBas copTUpOBKa

IlaHo n CTPOK, BbiBe/IUTe WX MOPsA0K nocse k da3 uudpoBoii COpTHPOBKHU.
dopmar BXOJHOTO (paiiia
B nepBoii cTpoke BXOAHOTO (haiijia COAEepPrKaTcs Unicia N — YUCI0 CTPOK, M — UX
nmvHa U k — uncio a3 udposoii coptrpoBrr (1 <n< 10% 1 <k< 10°%n'm<
5-107). [lasee HaxOJWTCs ONKCAHWE CTPOK, HO B HETPHMBHA/JIbHOM (Qopmare.
Tak, i-as ctpoka (1 <i<n) 3anMcaHa B i-bIX CHMBOJIaX BTOpOH, ..., (m+1)-oi
CTPOK BXOAHOrO (haiaa. IHbIMM ClI0BaMH, CTPOKM HalWCaHbl 110 BepTUKaIUu. ITO
C/leJIaHO CTeHa/IbHO, UTO0hI COPTUPOBKA 3aHMMaJ/Ia MeHbIIIe BpeMeHH.
CTpOKH COCTOST U3 CTPOUHBLIX JTATUHCKUX OYKB: OT cMMBOJja "a" 0 cumBomia "z"
BK/IFOUnTENbHO. B Tabsuie cumBonoB ASCII Bce 3T 6yKBBI pacriosiaratoTcs 1o -
psizi ¥ B asipaBUTHOM TIOpsiike, KoJ OykBbI "a" paBeH 97, Koz OyKBbI "'z" paBeH 122.
dopmMmar BbIXoAHOTO (aiina
BriBeaiiTe HOMepa CTPOK B TOM TIOPsiIKe, B KOTOPOM oHHU OyayT mocse k da3 mud-
POBOM COPTHUPOBKH.
IIpumepsnl

input.txt output.txt

331

bab

bba

baa

332
bab
bba
baa

333
bab
bba
baa

231

321

231

[Iprmeuanue 1

Bo Bcex nmpuMepax BXO/IHbIX JJaHHBIX ZlaHbl C/IeIYIOIIe CTPOKU:
« «bbb», umetomias ungexc 1;
« «aba», uMeronas UHEKC 2;
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« «baa», umetorias uHAekc 3. Pa3bepem mepBwIi npuMep. IlepBas da3a mud-
POBOM COPTHUPOBKUA OTCOPTHUPYET CTPOKM MO MOC/AeJAHEMY CHMBO/Y, TaKUM
obpa3om, 1epBoli CTPOKOI OKaXkeTcsl «aba» (MHZAeEKC 2), 3aTeM «baa» (MHAEKC
3), 3aTeM «bbb» (uHgekc 1). Takum o6pa3om, OTBeT paBeH «2 3 1».

JIaboparopHas padora Ne5
UDT Polynomial, rpammaTuka u neperpyska orepaTopog.

Llenb paboTHI: MUCIT0/IB30BaTh CpeACTBa si3blka AyisA pa3padotku UDT Polynomial,
TO3BOJIAIOLLIETO BBIMO/JHATh Orepaluy HaJ MHOroujleHamu. Peanvd3oBarhk mpaBuiia
rpaMMaTUKU [IJid KOPPEKTHOW WHTeprnpeTalid MHOrOuY/eHa, 3alaHHOTO B
CTPOKOBOM (popmMare.

3ajauu:

1) CdopmynvpoBath IpaBuIa TpaMMaTHUUeCKOro pa3bopa AJisi mapCHHTa BXO/I-
HBIX JJaHHBIX.

2) Peam3oBathb Kiacc Polynomial, peanu3syroiiiero abctpakijyio HaJl IOHATHEM
MHorouseHa. Knacc fjo/okeH cofiepkaThb Clefyrolue MeTO/Ibl U Meperpy3Ku
OIepaTopOB:

class PolynomialClass
{
vector<Rational> items;
public:
struct ZeroDivision { string message = "You cannot divide on polynomial
that is equal zero."; };
struct NonePositivePow { string message = "You cannot pow with n <=

0. 1
PolynomialClass() : items(vector<Rational>(1, Rational())) {}

explicit PolynomialClass(const vector<Rational> elements);

int power() const;
operator string() const;

Rational operator[] (int index) const;

PolynomialClass add(const PolynomialClass& right) const;
PolynomialClass sub(const PolynomialClass& right) const;
PolynomialClass mult(const PolynomialClass& right) const;
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PolynomialClass div(const PolynomialClass& right) const;
PolynomialClass res(const PolynomialClass& right) const;
PolynomialClass pow(int n) const;

PolynomialClass d_dx(int n) const;

Rational valueAt(Rational x) const;

bool isRoot(Rational x) const;

};

ostream& operator << (ostream& stream, const PolynomialClass& p);
istream& operator >> (istream& stream, PolynomialClass& p);

PolynomialClass operator + (const PolynomialClass& left, const Polynomial-
Class& right);
void operator += (PolynomialClass& left, const PolynomialClass& right);

PolynomialClass operator - (const PolynomialClass& left, const PolynomialClass&
right);
void operator -= (PolynomialClass& left, const PolynomialClass& right);

PolynomialClass operator * (const PolynomialClass& left, const Polynomial-
Class& right);
void operator *= (PolynomialClass& left, const PolynomialClass& right);

PolynomialClass operator / (const PolynomialClass& left, const PolynomialClass&
right);
void operator /= (PolynomialClass& left, const PolynomialClass& right);

PolynomialClass operator % (const PolynomialClass& left, const Polynomial-
Class& right);
void operator %= (PolynomialClass& left, const PolynomialClass& right);

PolynomialClass NOD(const PolynomialClass& a, const PolynomialClass& b);

PaccmoTpuM 6Gosiee ieTabHO CO/IepyKUMOe Kiacca:

struct ZeroDivision { string message = "You cannot divide on polynomial that is
equal zero."; };

struct NonePositivePow { string message = "You cannot pow with n <=0."; };
CTpyKTypbl IipeJjHa3HaUeHbI /17151 BbIBOJAa CO00bIeHui 06 ommbKax.
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PolynomialClass() : items(vector<Rational>(1, Rational())) {}

explicit PolynomialClass(const vector<Rational> elements);

KOHCTpYKTOp TI0 yMO/TYaHHIO ¥ KOHCTPYKTOP, CO3/al0l[iii 0ObeKT Ha OCHOBAaHUHU
BeKTopa K03 (dULIMeHTOB MHOTOUJIeHa.

int power() const;
Bo3BpaiijaeT cTereHb MHOTOU/IEHA.

operator string() const;
OnepaTop npeobpa3oBaHusi MHOT'OUJIEHA B CTPOKY.

Rational operator[] (int index) const;
Omneparop, MO3BOJISIOMIUK TI0JTyUYUTh 3HaUeHre Ko3(dHIijeHTa MHOTOU/IeHa 10 ero
WH/JIEKCY.

PolynomialClass add(const PolynomialClass& right) const;

PolynomialClass sub(const PolynomialClass& right) const;

PolynomialClass mult(const PolynomialClass& right) const;

PolynomialClass div(const PolynomialClass& right) const;

PolynomialClass res(const PolynomialClass& right) const;

PolynomialClass pow(int n) const;

PolynomialClass d_dx(int n) const;

MeTozbl MHOTOUJIEHa, peasu3ylollie OCHOBHbIe Orepalyy Haj, MHOro4/ieHaMu:
C/IO)KeHWe, BblUMTaHWE, YMHOXXEHHWe, LeylH0 YacTb OT [le/ieHusl, OCTaroK OT
JlefieHusi, BO3BeZIeHWe B CTeleHb U BbIUKMC/IeHUE POM3BOAHOM MOPSiAKa 1.

Rational valueAt(Rational x) const;
MeTog, Bo3BpalllaloIUii 3HaUeHe MHOTOuU/ieHa B TOUKe X.

bool isRoot(Rational x) const;
MeTo/, KOTOPBIM BBLITIOJTHSET TTPOBEPKY, SIB/ISIETCS JIX UMC/I0 X KOPHEM MHOTOuJIe-

Ha.

ostream& operator << (ostream& stream, const PolynomialClass& p);
Omneparop BBIIPY3KH MHOTOU/IEHa B TIOTOK BLIBO/IA.

istream& operator >> (istream& stream, PolynomialClass& p);
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Omneparop CYMTHIBAHKUS MHOTOY/IeHA M3 MOTOKa BBoJA. Orneparnuu CUMThIBaHUS
BBIHECTH B OT/le/TbHBIN KJ1acC, peasn3yolero npaBuia rpaMMaTrKU Hajl
MHOTOU/IeHaMHU.

PolynomialClass operator + (const PolynomialClass& left, const
PolynomialClass& right);

void operator += (PolynomialClass& left, const PolynomialClass& right);
[Teperpy3ka onepaTtopoB Cl0KeHUs1 MHOrous1eHoB. Vcronb3yroT meton add asis
CBOei paboThI.

PolynomialClass operator - (const PolynomialClass& left, const PolynomialClass&
right);

void operator -= (PolynomialClass& left, const PolynomialClass& right);
[Teperpy3ka orepaTopoB BbIUMTAHUsI /ISl MHOTOU/IEHOB. VICI10/1b3y1OT MeToz, sub
IJist CBoelt paboThI.

PolynomialClass operator * (const PolynomialClass& left, const
PolynomialClass& right);

void operator *= (PolynomialClass& left, const PolynomialClass& right);
reperpyska orepaTopoB YMHOXKeHUS /IJI1 MHOTOWIeHOB. Vcnosb3yroT MeTog mult
17151 CBOel paboThI.

PolynomialClass operator / (const PolynomialClass& left, const PolynomialClass&
right);

void operator /= (PolynomialClass& left, const PolynomialClass& right);
[Teperpy3ka onepaTropoB /il OIy4YeHusl L{eJI0l YaCTH OT JieJieHUs] MHOTOU/IEHOB.
Vcnonb3ytoT MeTof, div /iJisi cBoel paboThl.

PolynomialClass operator % (const PolynomialClass& left, const
PolynomialClass& right);

void operator %= (PolynomialClass& left, const PolynomialClass& right);
[Teperpy3ka oneparopoB /i MOy4YeHUs1 OCTaTKa OT JieJIeHUs] MHOTOU/IEHOB.
W cronb3yroT MeToZ, res /iJisi CBoelt paboThl.

PolynomialClass NOD(const PolynomialClass& a, const PolynomialClass& b);
HaxoguTt HauboJibIiiii 001U Ae/iTeNb ABYX MHOTOU/IEHOB.

Knacc g5t peanu3aiiiv rpaMMaTHKU Oy1eT UMeThb C/ie/IyIOIIUM UHTepgeic:
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class PolynomialParser {

class Token {
PolynomialClass value;
char kind;

public:
Token(char k) : kind(k) {}
Token(PolynomialClass v) : kind('8"), value(v) {}
PolynomialClass getValue() { return value; }
char getKind() { return kind; }

};

istream& is;
Token buffer = 0;
bool full = false;

Rational getNumber();
PolynomialClass createPolynomial(Rational coef, int power);
void putback(Token t);

Token getToken();

PolynomialClass primary();
PolynomialClass term();
PolynomialClass expression();
public:
struct ParseNumberError { string message = "Number parse error."; };
struct WrongToken { string message = "Wrong token."; };
struct PutbackOnFullBuffer { string message = "Putback in full buffer"; };
explicit PolynomialParser(istream& stream) : is(stream) {}

PolynomialClass parse();
3) Peanu3oBathk knacc PolynomialRoots, KoTopeiii uccieayeT pacno/ioxeHue
JeMCTBUTENIbHBIX KOPDHEHM MHOTrOY/IeHa Ha 3a/laHHOM WHTepBaj/ie Ha OCHOBa-

Huu Metoza LlItypma.
[TompobHee cMOTpUTE 37€Ch.
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3.3. Kpurepuu onieHUBaHUA 110 BUAAM OLI€HOYHBIX CPeACTB
Kpurepuu orjeHrBaHus 1abopaTopHOW paboThI
OreHka HeynoBneTBOpUTENBHO | YIOBIETBOPUTENIBEHO Xopo1o OTanyHO
Kpurepuu CTy[eHT He BbIIIOJIHUT Crypnent npaBuibHO | CTygeHT CryneHt
3a/laHue: He MpeJiCTaBU/ | BBIMOJHW/ 3aJjaHre | MPaBU/IbHO TMIpaBU/ILHO
aZrOpUTM peLleHUs K 1abopaTopHoi BBITIO/THUJT BBITTOJTHUJT
3a/la4uy, He COCTaBUJI pabore. CocTaBun 3aZjaHue K 3a/jlaHue K
WCXO/IHBIN KOJ OTYeT B nabopaTopHOi nabopaTopHOi
IIPOrpaMMHOI yCTaHOB/IEHHOM pabore. pabore. CocraBun
pean3anyy, tdopwme. TTpuBen CocraBus oTYeT | OTUeT B

TPOrpaMMHOE pelieHHe

HCXOAHBIM KOJ|

B YCTaHOB/IEHHOMN

YCTaHOBJIEHHOMN

HEKOPPEKTHO paboTaeT pelleHus, dbopwme. [Tpusen dbopwme. [Tpusen
IS HEKOTOPBIX MIpOrpaMMHOe WCXOMIHBIN KOT HCXOMIHBIN KO,
3HAUEHUI BXOJHBIX pelieHue peleHus, peleHus,
rapamMeTpoB CTYZIEHT He | paboTocrocobHo. MpPOrpaMMHOe MpPOrpaMMHOe
MOeT OOBSICHUTh CTyaeHT MOXKeT peliieHre pellieHre
TIpe/l/IoKeHHOe pellieHre | 0ObACHUTD paboTocrocobHo. | paboTocrocobHo.
NpeJ/IoKeHHoe CryzeHT MOXeT CryzeHT MOXeT
pelleHre 0OBSICHUTD 00OBSICHUTD
TIpe/I/IoKeHHOe TIpe/IoKeHHOe
pereHue. pereHue.
CrygeHT CryneHT
cniocobeH cniocobeH
OTBETUTH Ha OTBETUTh Ha
TeopeTHYeCKre TeopeTHUeCKre
BOTIPOCHI, BOTIPOCHI.
WCTIBITHIBAS
HebosTbIINe
3aTpy/IHEHMSL.
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4. ITIOPAAOK ITPOBEAEHVA 1 KPUTEPUN OLIEHNBAHUA
IMPOMEXYTOUYHOM ATTECTAIIUU

4.1 ITopsgoK NpoBejeHUsA U CO/lepP)KaHue OLeHOYHBIX CPeACTB JJIsl
NMPOME)XYTOYHOM aTTeCTaluu

3auet

I11s1 TIo/TydyeHUsl 3aueTa CTylAeHTy HeoOXOAUMO c/iaTh Bce mabopaTopHbie paboThI, a
TaK)Ke OTBETHUTh Ha TeOpeTHUeCKHe BOIPOChI OuseTa, BLIOpaHHOTO CydaliHbIM 00-
pa3om. Bpems BbinosiHeHUs1 — 60 MUHYT.

[TepeueHb BOIIPOCOB K 3auery:
1. Yro Takoe nporieaypHOe nporpaMmMyUpoBaHue?
2. UYTo Takoe MOJy/IbHOE IporpaMMHpoOBaHue?
3. Ilepeunciure HemoOCTaTKX IPOLEAYPHOIO M MOZYJ/ILHOIO IPOrpaMMUpOBa-

HUS.

Yrto Takoe 06HEKTHO-OPUEHTHPOBAHHOE IMPOTrPAMMHUPOBAHHE?

Uto o3Hauaet TepmuH "MHKancyaauus'?

Uto o3Hauaet TepmuH "HacnegoBaHue'?

Urto o3HauaeT TepMmuH "Tloiumopdusm'?

[aiiTe ormpefiesieHUs CeAYIOLUMX TEPMHUHOB: Kjacc; O0ObeKT; ToBefeHue.

Kak 06bekTbl 00MeHMBarOTCs MH(pOpMalyeii?

9. Kakum o0pa3oM HCI0/ib30BaHMe WHKATCY/IALHUN TIOMOTaeT AOCTHUYb liesiei
00BEKTHO-OPHEeHTHUPOBAHHOTO MMPOTPAMMHUPOBaHUS?

10.JatiTe ompeneneHve TOHATUIO "aOCTpakuuysa' W TIPUBEAUTE TIPUMep TIpH-
MeHeHHs abctpakiyuy. OrnpeziesuTe MOHSATHE TUMA. YTO Takoe abCTPaKTHBIN
TUT JAHHBIX?

11.daviTe onpefeneHue NOHATUIO "peanu3anus’. [laniTe orpejeneHre MOHITUIO
"unTtepdeiic". OOBICHUTE pa3HUIy MeXKAY HHTep(delicoM 1 pear3aiiiei.

12.TTouemy anst gocTrKeHUs 3G(MEKTUBHOM HWHKATCY/SIUA Ba)KHO UETKO pac-
ripe/JieJIMTh OTBETCTBEHHOCTh?

13.Kak MO>XHO nonyuuTh 3¢(eKTUBHOE COKPBITHE peanu3alydyd B MporpaMmme?
Kakue ormacHoCTH 3aKkrouaeT B cebst abcTpakiys?

14.Ha3oBure 1 00bsicHUTE TPU (hOPMBI HaC/IeJOBaHUSI.

15.Kakum 00pa3oM HCI0/Ib30BaHWE HACAeI0BAHMUS TTOMOTaeT JOCTHYDL IiesIeH
00BEKTHO-OPHEeHTHUPOBAHHOTO MPOTPAMMHUPOBaHUS?

16.CopTupoBKa BCTaBKaMU

17.CopTUpOBKa C/IUSTHUEM

18.bricTpasi COpTUpPOBKa

O NSO hA
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O

Bepcus fokymenTa - 1 TlepBbIii 3K3eMITISIP KOITUA Ne

19.11udpoBasi copTUPOBKa

20.CopTHpoBKa 1o CcueToM

21.Radix copTrUpoBKa

22.KapmaHHasi COPTUPOBKa

23.I1oHaTue yka3saress. Ornepanjuy pasbIMeHOBaHUS U B3AATUS aZpeca.
24. Tleperpy3ku (pyHKIMiA, OriepaTOPOB U METO/IOB KJacca

4.2 Kputepuu o1jeHUBAaHUA KOMIIETEHIIMH B X0/ie MPOMeXyTOUHOM
aTTecTaluu

Kop, Kpurepuu onjeHvMBaHUs
komn | Ilnanupyemebie He
YZOBJIETBOPUTEJT
eTeH pe3y/bTarbl OT/IMYHO XOpOLIO LHO YZOBJ/IETBOPUTEJT
015051 bHO
IIK-2 | 3Haet 3HaeT U MOHU- 3HaeT 3HaeT B 1]eJIOM He 3Haet

KJ/1aCChbl, 00BeK-
ThI U MOZY/TA B

MaeT
KJ/IaCChl, 00BeK-

KJ1aCChl, 00BLEK-
ThI U MOZY/TA B

KJ/1aCChl, 00BLEK-
ThI U MOZY/TA B

K/1aCChl, 00BEK-
ThI U MOZY/TA B

si3bIKe C++; Thl U MOZYJIA B si3bIKe C++; si3bIKe C++; s13bIKe C++;
KOMITOHEHTBI s3bike C++; KOMIIOHEHTBI KOMIIOHEHTBI KOMIIOHEHTBI
CTaHAAPTHBIX KOMITOHEHTBI CTaH/IapPTHBIX CTaH/IapPTHBIX CTaH/IapPTHBIX
OUO/IMOTEK SI3bI- | CTAaH/AAPTHBIX O6ub/MoTEK 513bI- | OMOMOTEK SI3bI- | OMOIMOTEK SA3bI-

Ka C++; oCcHOB-
HbIE TIOHATHS,
CBsi3aHHbIE C CU-
CTeMaMH Tpo-
rpaMMHpOBa-
HUSI; COCTaB U
CXeMbl pabOoThI
CUCTEM
00BeKTHO-0pHU-

OMO/IMOTEK A3BI-
Ka C++; ocHOB-
HbIe TIOHATHS,
CBsI3aHHBIE C CH-
CTeMaMH Tpo-
rpaMMHpOBa-
HUSI; COCTaB U
CxeMbl paboThI
cucTeM

Ka C++; ocHOB-
HbI€e TIOHSATHS,
CBsI3aHHbIE C CU-
CTeMaMH Ipo-
rpaMMHpOBa-
HUSI; COCTaB U
CXeMbI pabOTBI
CUCTEM
00BEKTHO-0pHU-

Ka C++; ocHOB-
HbI€ TIOHSTHS,
CBsI3aHHbIE C CU-
CTeMaMH Ipo-
rpaMMHpOBa-
HUSI; COCTaB U
CXeMbI pabOTBI
CUCTEM
00BEKTHO-0pHU-

Ka C++; ocHOB-
HbI€ TIOHSITHS,
CBsI3aHHbIE C CHU-
CTeMaMH Ipo-
rpaMMHpOBa-
HUSI; COCTaB U
CXeMbI pabOThI
CUCTEM
00BEKTHO-0pH-

eHTUPOBAaHHOTO | OOBEKTHO-OPU- | EHTUPOBAHHOTO | EHTUPOBAHHOTO | EHTUPOBAHHOIO
MpOrpaMMHpPO- | EHTUPOBAaHHOIO | MPOrpaMMHpPO- | IPOrpaMMHUPO- | MPOrpPaMMUPO-
BaHWUS; MpOrpaMMHpoO- | BaHUs; BaHWUS; BaHWUS;

BaHUS;
YMmeer YMmeer YMmeer Ywmeer B 1jesiom | He ymeert

TIPUMEHSTh Ha
TpaKTHKe CTaH-
JlapTHbIe Cpe/i-
CTBa si3bIKa C++
1 KOHI[ETILINHA
00BEKTHO-0pU-
€HTHUPOBAHHOTO
TPOrpaMMUPO-

TIPUMEHSTh Ha
TpaKTHKe CTaH-
JlapTHbIe CpeJi-
CTBa si3bIKa C++
Y KOHI[ETILINHA
00BeKTHO-0pU-
€HTHPOBaHHOTO
TPOrpaMMUPO-

TIPUMEHSTh Ha
TpaKTHKe CTaH-
JlapTHbIe cpe/i-
CTBa si3bIKa C++
Y KOHI[ETILIN!
00BeKTHO-0pU-
€HTHPOBaHHOTO
TPOrpaMMUPO-

TIPUMEHSTh Ha
TpaKTHKe CTaH-
JlapTHbIe cpe/i-
CTBa si3bIKa C++
Y KOHI[ETILIN!
00BeKTHO-0pH-
€HTHPOBaHHOTO
TPOrpPaMMUPO-

TIPUMEHSTh Ha
TpaKTHKe CTaH-
JlapTHbIe cpe/i-
CTBa s13biKa C++
1 KOHI[ETILINKI
00BeKTHO-0pH-
€HTHPOBAHHOTO
TPOrpaMMHUPO-
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BaHUsI /17151 pa3-
paboTKH 1po-

BaHUsI /7151 pa3-
paboTKM 1po-

BaHUsI /7151 pa3-
paboTKM 1po-

BaHUsl /7151 pa3-
paboTKH 1po-

BaHUsl /7151 pa3-
paboTKH 1po-

IPaMMHOI'0 rpPaMMHOI0 rpPaMMHOI0 rpPaMMHOI0 rpPaMMHOI0
obecrieueHus obecrieueHus obecrieueHys obecrieueHus obecrieuenus
Bnaneer Bnaneer Bnapeert B 1Lie- Bnageert ua- He Bnageet
HaBbIKAMHU Ha- HaBbIKAMHM HaA- JIOM HaBbIKaMU CTUYHO HABBIKAMHU HaA-

TIMCAHUS U OT-
Na[IKY Ko/ia Ha
si3bIKe C++; Ha-
BBbIKaMU UC-
TI0/Tb30BAHUS
CpefCcTB
00BeKTHO-0pHU-
eHTHPOBaHHOTO
TIPOrpaMMHpO-
BaHUs B pa3pa-
OOTKe TIpUJIOKe-
HUM

TIUCAHUS U OT-
Na[IKY Ko/ia Ha
si3bIKe C++; Ha-
BBbIKAMU UC-
TI0/Tb30BAHUS
CpefCcTB
00BEKTHO-0pHU-
€HTUPOBAHHOT'O
TIPOTrPaMMHPO-
BaHUs B pa3pa-
OOTKe TIpUIIO’Ke-
HUM

HamnvcaHus 1
OT/MaJIK1 Kojia
Ha s13bIKe C++;
HaBbIKAMM HC-
T10JTb30BaHMUS
Cpe/iCTB
00BEKTHO-0pHU-
€HTHPOBAHHOTO
TpOrpaMMHUpPO-
BaHMs B pa3pa-

HaBbIKAMH Ha-
MMCaHUS U OT-
7afiky KoZia Ha
s3b1Ke C++; Ha-
BBIKAMH MC-
TI0/Tb30BaHUS
Cpe/iCTB
00BeKTHO-0pH-
€HTUPOBAaHHOTO
TPOrpaMMHUPO-
BaHMS B pa3pa-

MTUCAHUS U OT-
JaJIKK Ko/ia Ha
si3bIke C++; Ha-
BbIKaMH KC-
T10JTb30BaHUS
CpeACcTB
00BEKTHO-0pH-
€HTUPOBAaHHOT'0
MPOrpaMMUPO-
BaHUs B pa3pa-
OOTKe TIpUJIosKe-
HUM

O0TKe TpuIIOKe-

OOTKe TIpUIOKe- | 1.

HUN

KpuTepuu onieHMBaHUA K3aMeHa

KputepusiMy oTBeTa BBICTYTAIOT CIeAYIOLe KaueCcTBa 3HAaHU:

MOHOTa — KOJMMUeCTBO 3HaHMM 00 u3yyaeMOM OObeKTe, BXOJSIINX B
MPOTpaMMy;;

rybrHa — COBOKYITHOCTb OCO3HAHHBIX 3HAHUM 00 00BLEeKTe;

KOHKDETHOCTh — YMeHMe PacKpbITh KOHKPETHbIe MpOsiB/ieHUsi 0000IEHHBIX
3HaHWM (J0Ka3aTh Ha MpUMepax OCHOBHBIE TIOJIOXKEHUST);

CUCTEMHOCTb — TIpe/icTaBlieHWe 3HaHUW 00 o00BbekTe B cuUcTeMe, C
BBIJ[e/IEHHEM CTPDYKTYDHbIX €€ 3/IeMeHTOB, pACIOJIOKEHHbIX B JIOTHUECKOMN
MOC/IeZl0BaTeIbHOCTH;

Pa3BEPHYTOCTb  —  CHOCOOHOCTH  pa3BepHYTb  3HAaHUS B Psf

MoC/ie/oBaTe/IbHbIX 111aroB.;

OCO3HAHHOCTh — MOHMMaHWe CBsI3el MeXy 3HaHUSIMH, YMeHHWe BbIe/TUTh
CyIlleCTBeHHbIe U HeCYI[eCTBeHHbIe CBsSI3M, TMO3HaHWE CIOCOOOB W TIPHHIUIIOB
TOJTyYeHHUsI 3HaHUU.

OTBeT CTy#eHTa MO BOMPOCAM JAUCLIUIIMHBI OLIEHUBAETCS MOJI0KUTE/IBHO C
BBICTABJIEHUEM OLIEHKU B CIEAYIOIIUX C/TyYasix:

«OTJIMYHO» - CTYAeHT IyOOKO U TIO/IHO BrajieeT Cofiep>KaHrheM yueOHOTro
Marepuasa; yMeeT CBsi3bIBaTb TEOPUIO C MPAKTHMKOM, pelllaeT COOTBETCTBYHOI[HE
3a/lauM, TeopeThUYeCKre BbIBO/bI TO/TBEPK/aeT MpuMepaMu, (hakTaMu, AaHHBIMU
HayuyHbIX MCC/IeIOBAaHUM; OCYILeCTB/sIET MeXKIIpeAMeTHbIe CBSI3U, TpeaJIoKeHUsI.
Henaer BBIBOABI JIOTUYHO, YeTKO. SfICHO W KpaTKO U3/1araeT OTBeThbl Ha
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MOCTaB/IeHHbIe ~ BOMpPOCH;  yMeeT  OOOCHOBBIBaTH  CBOU  CYXKIEHUS U
NpoecCUOHaNbHO-IMUHOCTHYIO TO3ULIMI0 TI0 U37araeMomy Bompocy. [aH
TIO/THBIM, Pa3BEPHYTHIM OTBET Ha IMOCTaBJ/IEHHBIM BOIPOC; MOKa3aHa COBOKYITHOCTb
OCO3HaHHBIX 3HaHWW 00 0OBeKTe M3yueHUs], [JOKa3aTeJbHO PAaCKPBLITHI OCHOBHBIE
nosiokeHUst (CBOOOJHO oOrepupyeT TOHATHUSMHA U TepMHUHAMH); B OTBeTe
MpPOC/TEXXUBAeTCS  UYéTKasgi  CTPYKTypa,  BBICTPDOEHHAass B JIOTUYECKOHU
MOC/1eJ0BaTeIbHOCTH; OTBET HU3/I0KEH JIMTEPAaTyPHBIM I'PAMOTHBIM SI3bIKOM W HOCUT
CaMOCTOSITe/TbHBbIN XapaKTep.

«XOpOIIIO» — OTBET CTY[IeHTa COOTBETCTBYET YKa3aHHBLIM BBIIIe KPUTEPUSIM,
HO COJIep’KaHre OTBeTa UMeeT OT/e/IbHbIe HeTOUHOCTH (HeCyII[eCTBeHHbIE OIIHMOKN)
B M3/I0KEHUH TEOPETHYECKOT0 U MPAKTUUeCKOT0 MaTepHasa, OTJTMYaeTC sl MeHbIIekH
00CTOSATE/TLHOCTBIO, TTyOMHOM, 000CHOBAaHHOCTBIO M TIOJIHOTOM; ObUIH JIOMYII[€HBI
HETOUHOCTH B OINpeAe/NeHNA TIOHATHH U TEPMHUHOB, [OMYIIeHHbIe OIIMOKU
WCTIPABJISIIOTCS CTY/IEHTOM TI0C/Ie I0TIOJTHUTE/TbHBIX BOTIPOCOB TIperiofaBaresisl.

«y[OBNETBOPUTE/ILHO» — CTy[AEeHT OOHapy)KvBaeT 3HaHWe U TIOHUMaHUe
OCHOBHBIX TI0JIOKEHHWH yueOHOTO MaTepuasa, HO WU3/araeT ero HeroJjHo,
HeToC/ieloBaTe/IbHO, [IOMyCKaeT HETOYHOCTH U CYI[eCTBeHHble OIMMOKH B
oripefie/iIeHUA TIOHATUM, (OPMYTUPOBKe TIOJIOK€HUM, He TIpuUB/eKaeT [/
aprymeHTal[uM OTBeTa OCHOBHBIE TIOJIO)KE€HUSI KOHIeMNTYya/bHbIX U HOPMAaTHUBHBIX
NOKyMEHTOB, He yMeeT O0OOCHOBAThb CBOW CY’KJeHUs; HabmrofaeTcss HapylleHue
JIOTUKU W3J/IOKEeHUsI; B OTBeTe He TIPUCYTCTBYIOT JlOKa3aTe/ibHbie BbIBO/IbI;
chOopMUPOBAaHHOCTh YMEHHH TT0Ka3aHa c/1abo. OTBeT OT/IMYaeTCss HU3KUM YPOBHEM
CaMOCTOSITeJTLHOCTU, He COJep)KUT coOCTBeHHOM TpodecCroHaIbHO-THYHOCTHOM
TIO3ULIUM.

O1leHKa «He y[OBJ/IeTBOPUTE/IbHO» 3a TMCbMEHHO-YCTHBIM OTBeT CTYyJleHTa
T10 BOTIPOCaM JUCLUIIIMHBI BHICTAB/ISIETCS B C/TyUasiX, Korja:

— CTY[EeHT UMeeT pa3po3HeHHbIe, OeCcCUCTeMHbIe 3HAHUS: He yMeeT BhIZIe/ISITh
I7laBHOE W BTOPOCTENeHHOE; [OMyCKaeT OIMMOKU B OIpe/ie/leHud TIOHATHH,
(GOpMY/MPDOBKE TEOPETUYECKUX T[OJI0KeHWM, WCKaKaeT WX CMBICI; He
OpUEHTUDPYEeTCS B HOPMAaTHUBHO-KOHI[ENTYyabHbIX, MNPOrPaMMHO-MeTO/INUeCKHUX,
WCC/Ie[loBaTe/IbCKUX — MaTepuanax, OecropsiiouHO0 U HeyBepeHHO U3jaraeT
Marepuasna; He yMeeT COeJUHSATh TeOpeThuYecKue TIOJIOKeHUsI C MPAKTHUKOMW; He
yMeeT TpPUMEHSTh 3HaHuUs [ 00ocCHOBaHHMA U O00bsACHeHWs akKTOB, He
yCTaHaB/IMBaEeT MEXIPeJMETHbIE CBSI3H.
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[Ipy  HeoOXOAMMOCTH

BO3MOXHOCTAMHU

IMOATOTOBKHM OTBETA Hd 3K3dMEHe.

WHBa/INdM n JIMLiaM C OrpdHM4Ye€HHBIMHA
310pOBbA  IIPEAOCTAB/IAECTCA  [AOIIOJIHUTE/IbHOEe BpeMd OJid

4.3 Pe3yibTaThl MPOME)XYTOUHOM aTTecTaljui U YPOBHHU C()OPMHUPOBAHHOCTH

KOMIIeTeHI[MH
YpoBeHb 0CBOEHUsI KOMIETEeHIMH OrneHkKa
[TpoABHUHYTHIN OTJINYHO
ba3oBbiit XOPOIIIO
IToporoBsiit YZIOBJIETBOPUTE/ILHO
KOMITeTeHIIUM He C(pOpMHPOBaHbI He YII0B/IETBOPUTEIBHO

YpoBHU (hopMHUpPOBaHHs KOMIIETE€HI|M:
1. IToporoBelii ypOBEHb:

-TipeAinoniaraetT (OpMUpOBaHUe KOMIIeTEeHLM Ha HauaJbHOM YPOBHE:
3HaHUe OCHOB sI3bIKa MpOrpaMMUpoBaHust C++;

- CTyZIeHT crocobeH [aBaTb OTBEThl Ha TeOpPeTUUeCKUe BOTPOCHI
JVICLIWTIVHBI HA YJIOBJIETBOPUTEIBHOM YPOBHE.

2. ba3oBbIli yPOBEHB:

-TipeAriosiaraeT (GOpMHPOBaHHE KOMIIETeHIIMM Ha 0Ooree BBICOKOM
ypoBHe: (hOopMUPYeTCsi KOMIIEKCHOe 3HaHHe 0COOeHHOCTel U TpUMeHeHMUs
MeTOZ0B sI3bIKa [porpaMmupoBaHus C++;

- CTyIeHT CII0coOeH /aBaThb pa3BepHyThble OTBEThl Ha TeOpeTUUeCKHe
BOMPOCHI AUCLIUTIIMHBI; CII0CO0eH peliaTh MpakTUueCcKUe 3a/jaHusl.

3. IIpogBUHYTHIM YPOBEHb:

-TipeAinosiaraeT (OpMUPOBaHWE KOMIIeTEHLMA Ha BBICOKOM YPOBHE,
WCII0/Ib3YeT TIO/lydyeHHble 3HaHWS U YMEHUs TIPU M3yUYeHUU CMEeXHBIX
JOUCLIUTIIVH, oOHapy>KuBaeT TOTOBHOCTD K CaMOCTOSTETbHOM
ripoceCcCOHATBHOM JIesITeTbHOCTH;

- CTYZIEHT CrocobeH apryMeHTHPOBaTh COOCTBEHHYIO TOUKY 3peHHs,
cdopmMympoBaTh COOCTBEHHBIE BHIBOJbI Ha OCHOBE TIPUMEHEHHsT YCBOEHHBIX
KOMITeTeHLIUM.
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