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AHHOTANMA

Kypc comepxxur B cebe mpuHOMOB  OOBEKTHO-OPHEHTUPOBAHHOTO  IOAXOAAa, a Tak  JKe
00BEKTHO-OPUEHTHUPOBAHHBIN aHAJIN3 M MPOEKTHPOBaHUE. PacKphIBaeT M OMHUCHIBAET OCHOBHBIC IOIXOIBI B
00BbEKTHO-OpPMEHTHPOBAHHOM NpOrpaMMupoBaHuu. PacMmarpuBaeT 00600meHHbIe Kiacchl U MeTonbl. CTporo
TUIMHM3UPOBaHHBIE ICTOYHUKY U YIIPABJIEHUE B3aUMO/ICHCTBHEM OOBEKTOB.

1. lean u 3apa4n

Heap AucHUNIHHBI
- cdopMupoBaTh MpeCTaBICHUE O Pa3HOOOPA3HBIX BRIYUCIHTENBHBIX 33/jadaX B Teopuu rpados u oo
ACHMITOTUYECKUX CIIOKHOCTAX UX PEUICHUIT;

- JAaTb TCOPCTUYCCKUC U MPAKTUICCKHUC 3HAHUA 00 aJIrOpuTMax U CTPYKTypax NAaHHBIX TCOPUU l"pa(bOB
C 10Ka3aTCJIbCTBOM KOPPEKTHOCTH HUX pa6OTBI, 0 METOAax OUCHKHU CIIO)KHOCTU aJITOPUTMOB.

3agaun AU COMIIHHBI
- Hay4uTh (YOPMYIHPOBATH 337a4U B TEPMHHAX U3YUECHHBIX TEOPUH, BEIOMPATh MOIXOASIINNA aIlTOPUTM
JUTSI TIOCTABIEHHON 3aJ1auu;

- Hay4WTh pa3padaThIBaTh KOMOWHAIIMU aJTOPUTMOB JUIS PEIICHHs TOCTABICHHBIX 33Ja4, OLICHUBATh
CIO)KHOCTH aJTOPUTMOB, WX MoaubuKanuid W KOMOMHAIMHA, B TOM 4YHCIE€ C IOMOIIBIO
aMOPTH3ALMOHHOTO aHaJIM3a, BHIOMPATh MOAXOASANINE CTPYKTYpBl JaHHBIX JJIS TOCTaBICHHBIX 3aiad,
peaNn30BbIBaThH AITOPUTMBI B 0000IIIEHHOH (hopMe Ha sI3bIKe TTporpammupoBanust C++.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kon 1 HauMeHOBaHHME KOMIIETEHIINH NHIuKaTopbl JOCTHKEHNUS KOMIIETEHIINH
OIIK-1 CniocobeH npuMeHSTh OIIK-1.2 CnocobeH cTpoUTh MaTeMaTHYECKHE MOJEIH,
(dyHIaMeHTalbHbIE 3HAHUS, I0JTyYCHHBIC B MPOU3BOIUTH KOJIMUECTBEHHBIE PACUETHl M OLICHKH

obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTCCTBCHHBIX HAyK M UCTIONB30BaTh UX B
npodeCcCHOHAIBHOMN I TeIBHOCTH

OIIK-2 Crniocoben ucnonb3oBarb coppemernble |OINK-2.2 3HaeT W yMeeT TNPUMEHSTh YWCICHHBIC
WH(POPMALIMOHHBIE TEXHOJIOTHH U MaTeMaTH4ecKue MEeTOAbl M MPHUKIATHOE NPOrpaMMHOE
IPOrpaMMHbIE CPEICTBA IIPU PEIICHHUH 3a/1ad  |o0ecredyeHre  Juii  pelIeHUs  Hay4yHbIX  337ad = B
npo¢eCcCHOHANBHON e TeNbHOCTH, coOIonas  |npodeccuoHaIbHON obnacTu

TpeboBaHus WHPOPMAIIMOHHON 0€30MacHOCTH

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHUILINHE (MOLYJII0)

B pesynbrare 0cBOGHUS AUCHUIIMHBI 00Yy4aIOIINeCs JOIKHbI

3HAThb!
- anropuTMbl Ha Tpadax u CTPYKTYphI JaHHBIX, CBSI3aHHBIC C HUMHU;
- OIICHKHU CIIO)KHOCTHU CTAQH/IAPTHBIX aJITOPUTMOB;
- CTaHAAPTHBIC AaNTOPUTMBI Ha Tpadax M UCIOIb3YyeMbIe CTPYKTYpBl JaHHBIX, ITOIXOABI K
MOAN(DUKAIUN KJIACCUYECKHUX aJTOPUTMOB;
- pa3HOOOpa3HbIe KJIACCHYECKHE 33a/1audl B TEOpPHUU TIpad)OB U ACUMIITOTHUECKUE CIOKHOCTH HX
pELIEHU.

YMETb:
- (opmynupoBaTh 3a1auMl B TEPMHHAX M3YyYEHHBIX TEOPUH, BBIOMpATh MOAXOMAIIUI aJrOpUTM JUIs
MOCTABJICHHOM 3a/1a4H;
- pa3pabaTbIBaTh KOMOMHAIMK aJTOPUTMOB ISl PEILICHUS TIOCTABJICHHON 3a/1a4H;
- OIIGHUBATh CIOKHOCTH QJTOPUTMOB, X MOAM(DUKAIMN M KOMOMHAIMIA, B TOM YHCJIE C TOMOIIBIO
aMOPTH3aLlMOHHOTO aHAJIN3a;
- BBIOMpATh MOAXOAIIUE CTPYKTYPBHI TAaHHBIX JUII KOHKPETHOH 3a1a4m;
- peanr30BBIBATh AITOPUTM B 0000IIEHHON (opMe Ha SI3bIKE IPOTPAMMUPOBaHUS c++;
- peann30BhIBaTh CTAaHAAPTHBIC AJITOPUTMBI Ha rpadaXx H CTPYKTYphl JAHHBIX Ha SI3bIKe
nporpaMmupoBaHust C++.

BIIAJICTh!




METOAaMHM JCKOMIIO3HMIINHU 3a/1a4 B o0macTu I/IH(I)OpMaLII/IOHHLIX TEXHOJIOTHH U NOCTPOCHUA CAUHOTO

peuICHus ¢ UCIIOJIB30BAHUEM U3YUCHHBIX aJITOPUTMOB;

MCTOAaMH1 OLCHKHU CJIOXKHOCTHU AJITOPUTMOB, UX MOI[I/I(i)I/IKaL[I/II\/’I n KOM6I/IHaI_H/II\/’I.

4. Coep:xanue TUCUMILIUHBI (MOYJI5), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YUE€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUITMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 Bgenenmne B A3BIK 1 1 7
2 MonunukaTopbl TUIIOB 2 2 8
3 Bsenenne B OOI1 2 2 7
4 [Ieperpy3ka oneparopos 2 2 8
5 Hacnenosanue (inheritance) 2 2 7
6 [[Tabnons (templates) 2 2 8
7 Uckmouenus (exceptions) 2 2 7
8 Amnokaropsl (allocators) 2 2 8
Hroro yacos 15 15 60
[ToaroTroBka k sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2.

Coneprxanue JUCHUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (pazzesiam)

Cemectp: 1 (Ocennuii)

1. BBenenue B S3BIK

OO6mme cioBa: MecTo si3bika C++ cpenu COBPEMEHHBIX SI3BIKOB, aKTyaJbHBIE BEPCHH ITOTO SI3BIKA,
KJIFOYEBbIE JIFOAM, CBA3AHHBIE C 3TUM S3bIKOM, O(HUIMATBHBINA CTAaHAAPT SI3bIKa

CtpykTypa mporpaMMsbl, GyHKIUS main, MOHIATHE 001acTH BHAUMOCTH (scope). KirodeBbie ciosa.
Brog-BriBOz (Cin, cout).

OO6mbsBnenus (declarations). Unentudukaropel. @ynnamenrtanbublie Tumsl (int, long, long long, float,
double, long double, char, bool, moguduraropsl signed u unsigned). Pa3zmepsl 3THX THIOB,
OCHOBHBIC OIEpallii HaJ HHUMH, HESBHBIC NPeoOpa3oBaHUS THUIIOB MEXIY co0o0if. JluTepaisi,
nuTepanbHbie  Cy(h(GUKCHI T OCHOBHBIX THMOB. OObsBICHUS (QYHKIWH, pa3HUIA MEXIy
oOBsBICHHEM U onpezenenrneM, one definition rule.

Bripaxenus (expressions). Omnepatopsl. Apudmerndeckue omneparopsl. [1oOuTOBBIE OmEpaTophI.
Jlornueckne omepaTopel, OCOOEHHOCTH HX paboThl. OmepaTop NPHCBAaUBAHUS U ONEPATOPHI
COCTAaBHOIO IMpHUCBauWBaHUs, OCOOCHHOCTH ero paborel. Ilonstme lvalue u rvalue B C++03.
WNHkpeMeHT U JeKpeMeHT, OTiInYue NMpeuKCHON Bepcun oT NocThukcHOU. Onepartopsl CpaBHEHUS.
Tepnapusiii onieparop. Onepatop “zansitas’. Oneparop sizeof.

Unctpyknun (statements). Koncrpykuuu if...else, for, while, do...while, switch, ux cunrakcuc,
npasuia pabotel. UHcTpykiu break, continue, return, ux aedcteue. MTHCTpYKIHs gOto U METKH.
[TonsTHA OMIMOKY KOMIMIISIMY, OIIMOKH BPEMEHH BBINIOJIHEHHS (runtime error), HeoNpeaeIeHHOTO
noseneHus (undefined behaviour), omuust MeXay HUMH, IpUMEPb. Buabl oMMO0K KOMIHIISITUN:
JIEKCUYeCKUe, CAHTaKCHUecKue, ceManTniyeckue. [lonsarue segmentation fault u stack overflow.

2. MoauhuKkaTopsl TUIIOB




Vkazarenu, omepanuu Hajy HuMH. Onepanms B3sATHA anpeca. ABTOMaTH4ecKas IMaMsTh (CTEK).
MaccuBbl, onepanus []| (KkBaapaTHble CKOOKH), €€ MPHHIMI paboThl. YKazarenb Ha void M ero
OCOOCHHOCTH.

Oynknuu. Ileperpyska GyHKIWH, TpaBuia paspeliieHus neperpy3ku (o0mas cxema, 0e3 jeraneii).
@OyHKIMU ¢ apryMeHTaMu 1O yMoidaHuioo. DYHKIHMU C HEyKa3aHHBIM KOJIMYECTBOM apryMEHTOB.
VYkazarenu Ha (YHKIWH, ONIEpallUy HAJl HOUMH, UX OCOOCHHOCTH.

Junamudeckass mamsth. OnepaTtopsl new W new[], UX HCHoOJIb30BaHWE (B CTaHAApTHOUW (opme).
Omneparopsr delete u delete[], nx wucrons3oBanue (B crangaptHod ¢opme). [Ipobrema yreuek
namstu. [Ipobiema qBOMHHOTO ynaneHus.

[lepenaya apryMeHTOB IO 3HAYEHUIO W IO yKa3aTellto, mepBas Bepcus QyHKIHMU swap. Jumemma c
MpHcBauBaHWeM (CO3/1aBaTh HOBOE Ha3BaHwe i komuio?). Mnaes ccwputiok (references). Otinmuus
CCBUIOK OT yKa3aTelei, mpaBuiia paboThl CO CChUIKaMH, BTopas Bepcus (yHKiuu swap. [Ipobnema,
CBsI3aHHAsI CO CCHUTKOW Ha JIOKaJIbHYI0 IepeMeHHY0 (“OuThle CChUTKH ).

Nnes koHCTaHT, kiroyeBoe cioBO const. IIOHATHE KOHCTAHTHBIX M HEKOHCTAaHTHBIX Ollepaluid,
0COOCHHOCTH PadOTHl ¢ KOHCTaHTaMu. KOHCTaHTHBIE W HEKOHCTaHTHBIE CCHUIKUM. KOHCTaHTHBIC
yKa3aTelld U yKa3aTelld Ha KOHCTaHTY. Pa3pelieHHble 1 3anpenieHHble IPUCBAaNBAHUS MEKIY BCEMH
BBILICYTIOMSIHY THIMU THUITAMHU.

Buner npuBenenuii TunoB: static_cast, reinterpret _cast, const_cast u C-style cast, nux ocobeHnocry,
IpUMepsl IPUMEHEHHUS U IIPUMEPBI, KOTZla OHU He CPaboTaloT.

3. Bexnenune B OOII

Unes OOII. Tlonsatust kjgacca M CTPYKTyphl, wWieHOB Kiacca. [loms u MeTonpl, MOHSTHE
UHKanCyasuui. Monuukaropsl JOCTYTIA.

Konctpykropel u nectpykropbl. KoHcTpykTop 1o ymomuanuro. Ileperpy3ka KOHCTPYKTOPOB.
KoHCTpykTOp KONHMpOBaHMSA, €ro CUTHaTypa W cxema peanuzauuu. llpumep, korma HeoOXomum
HETPUBHAJIBbHBI KOHCTPYKTOp KOIMPOBAHUS W OIEpaTop IpHcBamBaHus. llpaBuia reHepanuu
KOMITWJIATOPOM KOHCTpYKTOpoB. Kitouesbie croa default u delete B koHTekcTe ompeneicHUs
(YHKUMH-YIICHOB.

Omneparops! “Touka” u “crpenouka’. KiroueBoe cioBo this u mpuMep UCTIOIB30BaHUS.
Omneparop pucBanBaHus, €r0 CUTHATYpa u cxema peanmzanu. “[Ipasuno tpex”.

[lpoGiema ¢ wWHHNMANIM3aNMeld KOHCTAaHT M CCHUIOK. PeleHue: CHUCKM HWHUIMAIH3alud B
KOHCTPYKTOPAX.

KimroueBoe cnoBo explicit. [Ipumep ¢ koHCTpyKTOpOM String(int n).
KoHcTaHTHBIE 1 HEKOHCTAHTHBIE METO/BI, IIPUMEPHI.

KimroueBoe cioBo mutable, mpuMep npruMeHeHUs!.

[NonsTre npyxecTBeHHBIX (PYHKIIHMIA U KI1acCOB, KIIFO4YeBOE coBo friend.

IIpoGiema BbI30Ba KOHCTPYKTOPOB U3 JpPYIMX KOHCTPYKTOpOB. Pemrenume: nenerupyromue
KOHCTPYKTOPBL.

CraTuyeckue Mmojs u MCTOAbI, IPUMCEDP. JIokanbHBIC CTAaTHYCCKUE HNCPpCMCHHBIC.

VYkazaTenu Ha WieHbl M yKa3zaTeaud Ha MeTonbl. CuHTakcuc OObSIBICHHS, MPUMEP HCIOIH30BAHUSI.
Omneparops! “Toyka co 3BE3J0YKON” U “‘CTPETIOYKa CO 3BE3A0UKOM .

4. Ileperpys3ka ornepaTopos

OOmass uaes meperpys3ku omeparopos. [leperpyska apudmMeTHyecKux OIepaTopoB Ha HpuUMepe
knacca Biglnteger: OuHapHBIE OmNEpaTOpbl, COCTAaBHbIC NPUCBAUBAHMA C HUMH, IpPaBUIbHOE
BBIp2XKEHUE OJHOTO uepe3 japyroe. [IpobiemMa ¢ KOPPEKTHOCTHIO BBIPOKEHHWH BHJA ‘X+y=5;”.
[Ipobnema B citydae JeBOTO omepaHna - He 00beKTa Kiacca (BelpaskeHus Buaa “5+x”). Ileperpyska
OoIepaTopoB << M >> Ha IIPUMEPE MOTOKOBOI'O BBOAA-BBIBOJA.

I[Teperpy3ka onepatopoB CpaBHEHHsI, IPaBIIBHOE BHIPAXKEHHE OHUX CPAaBHEHUIT yepes pyTrue.
[eperpy3ka nHKpeMeHTa U iekKpeMeHTa (Ipe(UKCHOTO U MOCTPHUKCHOTO).

ITeperpy3ka omeparopa [] (kxBaaparHble ckoOku). IIpaBmiibHOE coOmIOfE€HHE KOHCTAHTHOCTU TIPH
reperpyske oreparopa [].

[leperpyska omeparopa “kpymible ckoOku”. llonste ¢yHkTOpa M (YHKIMOHAJIBLHOTO Kilacca,
kommaparopa. [IpuMep ucronb30BaHMs B CTAHAAPTHBIX AITOPUTMAX.

OcobeHHOCTH TIeperpy3Ku orepaTopoB “norudeckoe M7, “moruveckoe NI u “3amsitas”.



OcoOeHHOCTH TEeperpy3Kd OIepaTtopoB  “‘yHapHas 3Be3/l0uka”, ‘‘YHapHbBIM ammepcann’ U
“cTpenouka’.

[leperpyska onepaTopoB npuBeaeHus tuma. Enie oqHO nprMeHeHne KI4ueBoro ciioBa explicit.
5. HacnenoBanue (inheritance)

OObsBnenne HacienoBaHusi. Momudukarop apoctyna protected. PasHuna Mexxay NIpuBaTHBIM,
MyOJIMYHBIM U 3alUIICHHBIM HacleaoBaHueM. PazHuIa Mex 1y HaciIeJ0BaHHEM KJIACCOB M CTPYKTYP.
ITouck nmen npu HacnenoBaHuu. COKPHITHE UMEH HACIETHUKOM. SIBHBIN BBI30B METO/IOB POIUTENS Y
HacyieaHuka. Mcnons3oBanue :: 1 using. [Ipo0iieMsl ¢ BUAMMOCTBIO Ha3BaHUHM POJUTENCH U UX TOJNeH
y TIOTOMKOB B CIy4ae IByXYPOBHEBOIO HAcJeIOBaHHs, I[€ IEPBbI YpOBEHb - IPHBATHOE
HacyiegoBanue. [IpaBuia neiictBus cioBa friend B 3THX ciyyasx.

ITopsimox  BbI30Ba KOHCTPYKTOPOB M JECTPYKTOpOB Tipu HacienoBanuu. IlpoGimema ¢
WHUIMATU3a0ed pPOAMUTENed NpU ONPENelIeHUH KOHCTPYKTOpa HAcleJHWKA, BHOBb IPUMEHEHHE
CNMCKOB MHUIMaIu3anuy. [lpaBuna pasmerienust 00beKTOB KIaCCOB-HACIECAHUKOB B MTAMSTH.
MHOXEeCTBEHHOE  HAaclleIOBaHWE, HEOJHO3HAYHOCTH MpH HeM, npobdiemMa poMOOBHIHOTO
HacieqoBaHusA. [IpuMepsl paspemieHnss HEOAHO3HAYHOCTH C IIOMOINBIO INPHUBEACHUH THUIIOB U
oreparopa ::, KOMOMHAIIMK BCETO 3TOTO C MPUBATHBIM HACIIEIOBAHUEM, CIBUTH yKa3aTeleH.
BupryansHoe HacnemoBanue. OCOOCHHOCTM KOMOHMHALMU BHUPTYQJIBHOTO W HEBHPTYaJIbHOTO
HacJIeJOBaHMUS.

[IpuBeneHne TUIOB MEXIy POAMUTENEM M HACICIHUKOM: Cpe3Ka NpH KOMMPOBaHMH, HPUBEICHHE
yKazaTenieil, nmpuBeneHne ccbutok. OcobeHHOCTH static_cast, reinterpret cast MEXIy POAUTEISIMH H
HacJIeIHUKaMU (2 TakKe YKazaTeJiIMH WU cchblUlkamMu Ha Hux). Omneparop dynamic cast, ero
oTMYure OT static_cast.

Bupryansnble GyHKIMH, UX 00IIas HIesl U OTIMYHE OT HEBUPTYyalbHBIX. OCOOCHHOCTH pa3MelIeHus
B MMaMATH KJIACCOB C BUPTYyaJIbHBIMU (DyHKIMSIMH, MTOHATHE nTonuMopdusma. [lomumopdHbie Kiacchl.
[onsTue o Tabnuile BUPTYaNbHBIX (GYHKIIUH.

BuptyanbHblil IE€CTPYKTOP U €T0 NPEIHA3HAYCHHUE.

AOCTpaKTHBIE KIIaCChl M “4KCTO BHpTyallbHBIC” (pure virtual) dyHknmu, ux ocobeHHoctu. Yucro
BUPTYaJIbHBIN AecTpykTop. Ommbka “pure virtual function call” u ee BO3HUKHOBEHHE.

KiroueBsie ciioBa override u final mpu HacnegoBaHuM, UX TpeAHA3HAUYCHHE.

Mexanm3sm RTTI. Omeparop typeid m nuHamudeckoe ormpeneineHue tumna oObekra. Kiace
std::type_info.

[Ipobnema c BBI30BOM BUPTyalnbHBIX (YHKIHH B KOHCTpyKTOpax. IlpobGnema c aprymeHTamu 1o
YMOJYaHHIO B BUPTYaJIbHBIX (PYyHKIHSIX.

Empty base optimization, mpumepsl.

6. llTa6monsr (templates)

MotuBupoBka 1 obOmas uies mabmoHoB. [1labmonbl kiaccoB, mabIOHBI (YHKIWH, CHHTAKCHC
OOBSIBIICHHS, TPUMEPHl HCIOIB30BAHUS, CBA3b INAOJIOHOB M MNOJIMMOpP(H3MA, CTATUYCCKUN
MOTUMOP(H3M.

Crenuanu3aiuu ma0bioHOB, TPUHIMI “4acTHOE MpPEANOYTHTENIbHee OOIIero” MPUMEHHUTENBHO K
mrabinoHaM. YacTHYHbBIC W TOJHBIE crienuanu3anuy. [[puHomn “irydire TOYHOE COOTBETCTBHE, YEM
npuBefeHne THna’. Pa3zHuIla MEeXAy clienuanu3alnyedl U Neperpy3koil Ui NIa0MOHHBIX (QYHKIUH.
[TpaBuiia BEIOOpA KOMIMISTOPOM KaHIUIATOB Ha CHICIIMAIM3AINIO U Ha TIEPETPY3KY.

KirroueBoe cioBo typedef, ero mpemgnasnauenue. IllaGmonnble typedef’sl, mcmonbp3oBaHME CiOBa
using.

[Ipobnema c obOpamenneMm k typedef’am BHYTpH NIaONOHHBIX KJIAccOB. [IpuMeHEHHE KITOYEBOTO
CclIoBa typename JUisl pEIIeHHs ITOW TPOOIEMBI.

[Mpumeps! peanu3anuy MPOCTEHIIMX type traits ¢ IMOMOIIBIO INAOIOHHBIX CTPYKTYp u typedef’oB
BHYTPHU HHX: remove_const, remove_reference.

[TpaBuiia BbIBoza THMOB Uis 11abnoHoB. OTOpackiBaHNE CCHUIOK IPH BhIBOJE THMA. Pazbop ciydaes
CO CCHUIKaMH ¥ KOHCTaHTaMH.

[Tapamerpbl malIIOHOB, HE SBISIOIIUECS THUIMAaMU (IPUMEp: MAacCHB KOHCTAHTHOM JUIMHBI).
[MapameTpb! mab10HOB, sABISOIIKECS madbaoHamu (“template template parameters”).

[IIabmoHel € TIepeMEHHBIM KoJMuecTBOM aprymenroB (variadic templates). CuHTakcuc
ucnonb30BaHus. “OTKycbiBaHHE  AOJOHHBIX apryMEHTOB 110 ofHoMy. Onieparop “sizeof...”.



@OyHKIMOHANBHBIE KIAcChl M (YHKIHMOHAJIbHBIE OOBEKTHI ((DYHKTOPBI), CXeMa HCIOIb30BAHUS.
Kommaparopsr. [Tpumep: kommnaparop B std::sort. Crannaptaeie kommaparopsi (std::less, std::greater,
std::equal u T. 11.), UX peanu3anysl.

Curiously Recurring Template Pattern (CRTP).
7. Uckmrouenus (exceptions)

OOmas wuaes, MOTHBHPOBKA HCIOJIb30BAaHUS MCKIIOUEHHUH, omepatop throw W KOHCTpyKUHs
try...catch. [IpumMepsl cTaHIAPTHBIX ONEPATOPOB, TEHEPUPYIOLINX UCKITIOUECHHUS.

PaszHuiia Mexay UCKIIOYEHHSIMH U ONMIMOKAMU BpEMEHH BBITIOJTHEHHUs. OIMOKH, HE SBISIONUECS
HUCKJIIOYEHHUSAMU, U UCKIIOUECHUS, HE SIBISIOIINECS OINOKAMU.

[TpaBuiia JIOBIHM U OBTOPHOTO OpOCAHUS MCKJIIOUCHUH, IPUBEACHHS THIIOB IIPH JIOBJIE UCKIFOYCHHH.
JloBns Bcex uckimodeHuid. [IpaBuia BeiOopa Oioka catch KOMIIATOPOM B Citydae, KOTja MOIXOIST
pasHbie OJIOKH.

KonmpoBanue npu OpocaHuM | JIOBJIE UCKIIIOUEHHWH, MCKIIOUYEHHUs M HacienoBaHue. OCOOEHHOCTH
nepexBara UCKJIIOYEHUH 110 3HAYEHHIO U TI0 CCBUIKE, IO CChUIKE Ha 0a30BBIN Kiacc.

Crnenudukanuy HWCKIIOUEHUH B CTapoM CTWie W HX npobiemsl, unexpected exceptions
(HeOXXHMIaHHBIC HWCKIIOYCHUS). crenupukanum ucKiIodeHuit B crwie C++11, omepatop
cnenudukaTop noexcept. YcrnoBHblil noexcept.

HckiroyeHns B KOHCTPYKTOpAx U MpodiieMa yTeUKHU MaMsITH [IPU UCKITIOUCHUSIX.

Uckmrouenust B necTpykropax, GyHkmus uncaught exception, pyHkiun terminate u set_terminate.
lapanTuu 6e30mMacHOCTH IPY UCKITIOYCHUSX: 0a30Bast U CTporasi.

Function-try 6oku, ux oco6eHHOCTH.

8. Annokaropsr (allocators)

Placement new, ero CHHTaKcHC, I€HCTBUE U OTIIMYHE OT OOBIYHOTO NEW.

Pasnuiia mexny omeparopoM new U GyHKnueld operator new. bonee noapoOHbIN pa3dop nercTBus
omeparopa new. Ileperpy3ka new uis OTHEIBHBIX KJAaccoB. [leperpyska moOanbHOTO new.
Omnpenenenne new ¢ MPOU3BOJILHBIMU NapameTpamu. To ke camoe i oneparopoB delete u delete(].
[Tpumep, Korma KOMITWIIATOP HESBHO BhI3bIBaeT delete ¢ HecTaHaapTHEIMU NapameTpamu. [loBenenue
delete st monMMOpHBIX OOBEKTOB.

nothrow omneparop new, ero CHHTaKCHC U 0COOEHHOCTH.

Pa3bop moBeaeHuss new B ciaydae HexBaTkM mamatd. Dynkrnus new handler, dyHkmn
set new_handler u get new_handler.

[Monsrue amrokaropa. Knace std::allocator, ero ocHoBuble MeTonbl (allocate, deallocate, construct,
destroy) u ux mpumepHas peanuzanusa. OCcOOCHHOCTH pealin3alliid KOHCTPYKTOPOB W Omeparopa
NPUCBAMBaHMS y CTAHIAPTHOTO aJUIOKATOPA.

Kunacc std::allocator_traits, ero npenHazHadyeHre U OCHOBHBIE METOJIBI.

[Mpumep HecTanmapTHOTO amnokaropa (PoolAllocator), uaest peanuzanuu ero MmetozioB. [Ipobnemsl ¢
KOHCTPYKTOPOM KOITMPOBAHHS U ONIEPATOPOM MTPUCBAHBAHHSL.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOMMO AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopHsi, OCHAIEHHAs! KOMITBIOTEPOM U MYJIbTUMEIMHHBIM 000py10BaHUEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. IlporpammupoBanue Ha C++ [DneKTpoHHBIN pecypc], DIeKTpoH. Bepcus ned. myonukanuu / H.
Hein, Y. Yums, M. Xequnrron. — M., JIMK Ilpecc, 2007

JomnonHurensHas aureparypa



7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCUHMILIUHBI (MOLYJIs1)

He HUCIOJIb3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

1O nuist pa3pabOTKH 1 OTIAIKU IPOrpaMM Ha si3bIKe porpamMmupoBanus C++.
9. Metonuyeckne yKkazaHusi JUIsl 00y4AIOIMXCH 10 OCBOCHUIO U CHUILTHHBI (MOXYJIs)

Brinonnenue noManisero 3aganus SBISIETCs OJHOM o01ei paboTtoi cryaenta. Heobxogumo TpeboBaTh
OT CTYAEHTOB Kau€CTBEHHOI'O U IIOHSATHOIO IPOIPaMMHOIO KoJa Ha psily U B PaBHOW CTENEHHU C
MpaBUILHON paOOTON MPOrpaMMBl.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa

Nnpo¢uJIb NOATOTOBKH: ATI360: ITepenoBsle METOABI HCKYCCTBEHHOTO MHTEIIEKTA
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa anropuTMOB U TEXHOJIOTUH MPOTrPaMMHUPOBAHUS

Kypc: 1

KBaJIH(UKALUS: OakanaBp
Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

Pa3padorunk: N.C. Memeput, acCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 CnocobeH npuMeHSITh
(dyHIaMEHTaIbHbBIC 3HAHNUS, MOJTyUYCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAyK M UCIIOIb30BaTh UX B
npodeCcCHOHALHOMN JIeTeTBHOCTH

OIIK-1.2 CnocobeH cTpOUTh MaTeMaTHYECKHE MOJEIH,
MPOU3BOIUTH KOJIMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-2 CnocobeH ucronbp30BaTh COBPEMEHHbBIE
MH(OPMAIMOHHBIE TEXHOJIOTHU H
MPOrpaMMHbIE CPEACTBA IIPU PEIICHUHN 3a/1a4
npodecCHOHAIBHON IeSTeIBHOCTH, COOTIoas
TpeboBaHus HHPOPMAIIMOHHOHN 0€30MacHOCTH

OIIK-2.2 3naer u yMeeT TPUMEHATh YHCIIEHHBIC
MaTeMaTH4ecKue MEeTOAbl M MPHUKIAJHOE MPOrpaMMHOE
obecrieueHMe A pEIIEHMs  HAydyHBIX  3a1ad B

npodeccruoHanbHOM 06IacTH

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare msydenusa aucuuiuinHbl «IIporpammupoBanue Ha a3bike C++. OcHoBHOW moTok (DIIMI)»

00yJarouiCs JTOIKEH:

3HAThb:

QJITOPUTMBI Ha rpadax U CTPYKTYPbI JaHHBIX, CBSI3aHHBIE C HUMH;
OILICHKH CJIO)KHOCTH CTaHJIAPTHBIX aJITOPUTMOB;

- CTaHAAPTHBIC aNTrOPUTMBI Ha Trpadax M UCHOIb3yeMble CTPYKTYpBl JAHHBIX, MOJAXOABI K
MOIU(PHUKALMN KJIACCUYECKUX aITOPUTMOB,;
- pa3HOOOpa3HbIe KJIACCHUYECKHE 3a/audl B TEOPHUU Trpad)oB M ACUMITOTHUECKUE CIOXKHOCTH HX

peLIeHMI.
yMeTh:

- (I)OpMy.]'II/IpOBaTL 3a/lauv B TCpMHHAX U3YYCHHBIX TeOpHﬁ, BLI6I/IpaTI: HOILXOILSIH_II/Iﬁ AJITOPpUTM  IJIA

MOCTaBJICHHOM 3aJ1a4H;

- pa3pabaThiBaTh KOMOMHAIIMY aJITOPUTMOB IS PEIICHUS ITOCTABICHHON 3a]1a9u;
- OUEHMBAThH CIOKHOCTU AJITOPUTMOB, MX MOAM(HUKANNN U KOMOMHAIMK, B TOM YHCIIE C TIOMOIIBHIO

AMOPTU3AITUOHHOTO aHAJIN34a,

- BBIOMpATh NOAXOIAIINE CTPYKTYPBI JaHHBIX JUI KOHKPETHOH 3a1a4u;
- peaJM30BBIBaTh AITOPUTM B 0000IIEHHON (OopME Ha SI3BIKE IPOTPaMMUPOBAHUS c++;
- peanu30BbIBaTh CTAaHAAPTHBIE QJITOPUTMBI Ha rpadax M CTPYKTyphl [NAHHBIX Ha S3bIKe

nporpammupoBanusi C++.
BJIAJIETh:

- METO/IaMH JICKOMITO3UITUH 33724 B 00JIaCTH MHPOPMAITMOHHBIX TEXHOJIOTHI M MIOCTPOSHHUSI €IMHOTO
pPELIEHUS C UCTIONIb30BAHUEM U3YyUECHHBIX aJITOPUTMOB;

- METOJaMH OIICHKH CIOKHOCTH aJrOPUTMOB, HX MOIU(MUKAIINI 1 KOMOUHAIHHA.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

1. Yto Takoe BbIpaxkeHHs, omeparopbl? Jlis 4Yero mpeaHa3HadeHbl M YTO 10 CTAHAAPTY JeNaroT
CIIITYFOIIE OIEPaTOphl: TEPHAPHBIA OIEpaTop, Oneparop “3amsras’, yHapHas 3Be3704YKa, YHapHBIN
amIiepcaH]i, orneparopsl “Todyka” W “‘cTpeiiouka’, IBOMHOE JABOETOYHE, MPE(HUKCHBIA U MOCTPUKCHBIHI
WHKpEMEHT, OnHapHble & 1 &&, oneparopsl MPOCTOTO U COCTABHOTO NMPHCBANBAHUS, ONEPATOPHI << U
>>9

2. O6bsacHuTe Haer ccbulok (references). it 4ero OHM HYKHBI, YeM OHM OTJIIMYAIOTCS OT yKa3areyien?
Uro Takoe “miepeaya apryMEHTOB IO CChUIKe W 1o 3HavyeHuto”? Kak B C++03 peanuzoBarh (QyHKINIO
swap?

3. Uto Takoe KOHCTPYKTOPBI, AECTPYKTOPHI, IS YETO OHU HY)KHBI, KAKOB CHHTAKCHC WX OIpEICICHHS?
Te 5xe BOMPOCHI PO KOHCTPYKTOP KOITUPOBAHUS 1 ONIEpaTop MPUCBAUBAHMSL.

4. Yto Takoe HacienoBaHue? B yem paszHuIa MeXy IPUBATHBIM U IIyOJIMYHBIM HacIeJOBaHHEM?

5. Yto Takoe mommmop¢usm? [Ipusennte npumep nonmumoppusma B C++.

6. Uto takoe uckiroueHusi? Kak monb3oBarbess MexaHHU3MOM 00paboTKu uckimrodeHnii? Kak Opocuts,
noimarh uckirouenue? [puBenure Kakoi-HUOYIb IpUMeEp.



7. Yto Takoe kommaparopsl? UTto Takoe GpyHKIMOHANBHBIE 00beKTHI? [IprBeUTE XOTH OJIMH MTPUMED.

8. Uto Takoe ymHbIe ykazarenu? J[is pemieHus kakux MmpobileM oHU HyXHBI? [IpuBemute mpumep
HCIOJIb30BaHUSI.

9. Urto Takoe J'IHM6I[a—BLIpa)KeHI/IH, KakOB HX CHHTaKcuc? HpI/IBCI[I/ITG XO0Tb OJHWH IIPUMCP
HCIIOJIB30BaHM.

10. Yro Takoe SFINAE? IlpuBeamre xoTss Obl onuH mnpumMep (Ha YpOBHe wHJeH, MOXHO 0e3
peanuzanun).

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTalluu
o0yvyarommxcst

1. O0wsacHuTe TIOHATHUST compilation error, runtime error u undefined behaviour. [IpuBeaure no nape
PUMEPOB TOTO, IPYTOTO H TETHETO.

2. Yto Takoe cTeKkoBas MaMATh M AuHaMHUueckas nmamate? Urto Takoe stack overflow? 3auem HyxeH
orneparop new? Yro takoe yredku namsatu? Uto Takoe cbopka mycopa?

3. Yro Takoe Kiacc, CTPyKTypa, B 4YeM pasHMLa Mexay HuMu? YTo Takoe mois, MeETOnbl,
MOIU(HUKATOPBI AOCTYIIA, MHKAIICYIISLUS ?

4. Yrto Ttakoe meperpy3ka ¢ynkmmii? Uto Takoe meperpyska omeparopoB? llpuBeaute npumeps
OTIEpaTopoB, KOTOPbIE MOXHO M HeNb3sd meperpyxarb. l[lpuBemure npumep meperpy3ku XoTb
KaKoro-HHOY/Ib oriepaTopa (HaIMIIMTE CUTHATYPY €T0 Meperpy3Ku).

5. Uro Takoe BUpTyaibHbIC (DYHKIUH, YUCTO BUPTyaIbHbIe QYHKIMH, a0CTpakTHBIE Ki1acchl? UTo Takoe
BUPTyaJIbHOE HaclieoBaHue?

6. Uro Ttakoe madmoHp? UTO Takoe HMHCTAHIMPOBAaHHE IIA0JIOHOB, CIEIHAIH3alUs MMa0IOHOB?
[MpuBenure npumMep Kakux-HUOYAH mabdmoHoB u3 STL, obnagarmux crenuaiu3aen.

7. Paccmorpum koHteitHepwl std::vector, std:list, std::deque. KakoBbl oCHOBHBIE omepanum,
MPEI0CTABISIEMbIE MU, U CKOPOCTH pabOTBI ATUX OTIEpaIIHii?

8. Paccmorpum koHTteiHepsl std::map, std::set, std::unordered map, std::unordered set. KaxoBs
OCHOBHBIC OIIEpALIUH, IPEAOCTABISIEMbIE HMH, U CKOPOCTh PA0OThI ATUX ONEpariii?

9. Uto Takoe ureparopsl? Kakue Buabl HTEpaTOpoB cymiecTByoT? 3adyem oHM BooOIe Hyx HbI? Kakue
UTEPATOPHI MOAACPKUBACT KaXKABIH U3 KOHTEHHEPOB, YIOMSHYTHIX B IIPEIBIAYIINX ABYX BOMPOCAX?

10. [Insa gero Hy»xHa move-cemaHTHKa? Pacckaxure B 00mMX Yeprax, 4To 310 Takoe. Kak mpaBumiIbHO
peanuzoBarh ¢pyHKuto swap B C++11?

11. Yrto rtakoe ammokaropel? KakoBa oOmas wuaes knacca std::allocator, kak W s 4ero oH
WCIIONIBb3YeTCs?

12. Hanmmmute Beryricnenue n-ro uncina Gudonauyuu (B npenenax long long) Ha sTane KoMIWIsALWY, HE
UCIOJb3Ys CIIOBA constexpr.

Kpurepun onennBanus
OTJINYHO

10 TlonHOCTREO W BOBpEMs pEHICHBI Bce 3amauu Oe3 omuOoK. [IpoaeMOHCTpUPOBaH TPaMOTHBIMA
MOAXO[ K PEIICHHIO 3aja4, Peaju30BaHbl ONTUMAJIbHBIC AITOPUTMBI, KOA O(QOPMIIEH B €IMHOM
y1000unTaeMOM CTUIIE

9 IlomHOCTBIO M BOBpPCMs PCIICHBI BCC 3a1a41 0¢e3 omMOOoK. HpOILeMOHCTpI/IpOBaH FpaMOTHBIfI 18(0)19.(0)I
K pCHICHUIO 3aJad, p€aJin30BaHbl OIITUMAJIbHBIC aJITOPUTMbI

8 TlomHOCTBIO ¥ BOBpEeMS pellieHbl Bce 3aa1a4n 0e3 ommbok. [IpogeMoHCcTprupoBaH rpaMOTHBIN TTOAXO]
K pELICHHIO 3a/1ad

XOPOILO
7 TloaHOCTBIO perIeHsl Bce 3a1a4u. JlonyieHsl HeCyeCTBeHHbIE OIINOKY.

6 IlomHOCTBIO perieHO OOJBIIMHCTBO 3a/1ad. B HEKOTOpHIX 3ajavax JOMYIIEHBI U HE HCIPaBICHBI
OIMOKH, JTUOO HEKOTOPHIE 32/1a4W PElICHbI YACTUYIHO.

5  IlonHOCTBHIO pelIEHO ABE TPETH 3a1ady. B HEKOTOpBIX 3amayax JONIYILIEHBI M HE HCIPaBIEHBI
OLMOKH, TUOO HEKOTOPHIE 3a/1a41 PELICHbl YACTUYHO.

YAOBJIICTBOPUTCIIEHO

4 TlomHOCTBIO pelieHo Oosiee MOJOBUHBI 337a4. B ocTanbHBIX 3amadax JOMYIIEHBI U HE UCTIPABIICHEI
OIUOKH, JTUOO HEKOTOPHIE 32/1a4W PElICHbI YACTUYIHO.



3 TlonHOCTBIO perieHo Goee MOJTOBUHBI 3a/a4.

HEYIOBJICTBOPUTEIHHO
2 PemieHo MeHee MOJOBUHBI 3a/1a4.
1 He pemieHo HU OHOM 3a1a4H.

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

Bo Bpemss mpoBeneHuss auddepeHIMpPOBAHHOTO 3aveTa OOydaroluecss MOTYT —IOJIb30BarThCs
IporpaMMoi AUCHMIUIAHBL. [Ipu npoBeneHnn ycTHOTO MU PepeHIMPOBAHHOTO 3a4€éTa 00yJaromeMycs
npenoctasisiercss 30 MUHYT Ha TOATOTOBKY.



