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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!




- METOAAMH AJCKOMIIO3HMIIMHM 3a1a4 B o0macTu I/IH(I)OpMaLII/IOHHLIX TEXHOJIOTHH U NOCTPOCHUA CAUHOTO

peuICHus ¢ UCIIOJIB30BAHUEM U3YUCHHBIX aJITOPUTMOB;

- MCTOAaMH OLCHKHU CIIOKHOCTHU AJITOPUTMOB, UX MOI[I/I(i)I/IKaLII/Iﬁ n KOM6I/IHaI_II/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

pr,Z[OGMKOCTB 110 BUAAM y‘le6HBIX 3aH$ITI/II\/’I, BKJIrO4as

CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUITMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
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
9 Konreitneps! (containers) 2 2 10
10 |HUreparopsl 1 1 10
11 Move-cemaHTHKa U rvalue-cCbUIKH 2 2 10
12 | YMHBIE yKa3aTenu 2 2 10
13 BriBon THIIOB 2 2 10
[[abnoHHOE MeTanmporpaMMUpOBaHHE U
14 |SPINAE POTPAMMIP 2 2 10
@DyHKUMOHAIbHbIE OOBEKTHI u
15 J'IS{}II\/IG,Z[L:].—(byHKLII/II/I 2 2 7
16  |Hekoropsie 0cobOble MMOJE3HBIE THITBI 2 2 8
Hroro yacos 30 30 135
[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb

225 ygac., 5 3au.eq.

4.2.

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

Cemectp: 1 (Ocennuii)

1. BBenenue B S3BIK

O6H.II/Ie cioBa: Mecto s3pika C++ cpeanu COBPEMCHHBIX A3bIKOB, dKTyaJIbHBIC BCPCHUU I3TOT'O SA3bIKA,
KIIFOYCBEIC JIFOAH, CBA3aHHBIC C OTHUM A3bIKOM, O(i)I/IHPIaJIBHLIﬁ CTaHOapT A3bIKa

CtpykTypa nporpaMMsbl, 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 Co00if. JluTepaisi,
nuTepanbHbie  Cy(hGUKCHI T OCHOBHBIX THMOB. OObsABICHUS (QYHKIWH, pa3HUIA MEXIy

oOBsBICHHEM U onpezenienrneM, one definition rule.




Bripaxenust (expressions). Omnepatopel. Apudmerndeckune omneparopbl. [100MTOBEIE omepaTopsl.
Jlorndeckue orepaTopel, OCOOCHHOCTH HX paboThl. Omeparop NPHCBaUBaHUS W ONEPATOPHI
COCTaBHOTO TMPHCBauWBaHUsl, OCOOCHHOCTH ero paboTel. [lonstme lvalue um rvalue B C++03.
WHKpeMeHT u JIeKPEeMEHT, OTIINYUe Npe(UKCHON BepcuH OT MocTHUKCHOM. OnepaTopbl CpaBHEHUSI.
TepnHapubIii onepatop. Oneparop “3ansitas’. Oneparop sizeof.

Wuctpyknuu (statements). Koncrpykuuu if...else, for, while, do...while, switch, ux cuHTakcuc,
npaswia padotel. MHCTpYKIMU break, continue, return, ux aeficreue. MTHCTpyKIHst g0to M METKH.
[MonsTrst OomMMOKH KOMITWISALIMY, OIIMOKK BPEMEHH BBITIOJIHEHUs (runtime error), HeonpeaeIeHHOTO
nosenenus (undefined behaviour), oTnuuust Mexxay HUMH, pUMeEpbl. Buapl ommO0OK KOMIMIISLUN:
JIEKCHUYECKUE, CHHTaKCHUecKne, cemanTiuueckue. [lonstre segmentation fault u stack overflow.

2. MonuukaTopsl TUIIOB

Vkazarenu, omepanuu Hajy HuUMH. Onepanms B3sATHA aapeca. ABTOMaTH4ecKas IMaMsTh (CTEK).
MaccuBbl, onepanus [| (KkBagpaTHble CKOOKH), €€ MPHHIMI paboThl. YKazarenb Ha void M ero
OCOOCHHOCTH.

Oynkiuu. Ileperpyska GyHKIWH, TpaBuia paspeiieHus neperpy3ku (o0mas cxema, 0e3 jgeranei).
@OyHKIMU ¢ apryMeHTaMu 1O yMoidaHHioo. DYHKIMU C HEyKa3aHHBIM KOJIMYECTBOM apryMEHTOB.
VYkazarenu Ha (YHKIWH, ONIEpalUy HAJl HOIMH, UX OCOOCHHOCTH.

Junamudeckas mamsth. OnepaTtopsl new W new[], WX HCHOJb30BaHWE (B CTaHAApTHOUW (opme).
Omneparopsl delete u delete[], nx wucrons3oBanue (B crangaptHod ¢opme). [Ipobrema yreuek
namstu. [IpoGiema qBOHHOTO ynaneHus.

[lepenaya apryMeHTOB IO 3HAYECHUIO M IO yKa3aTellto, mepBas Bepcus QyHKIHMU swap. Jumemma c
MpHrcBauBaHWeM (CO3/1aBaTh HOBOE Ha3Banwe Wi komuio?). Mnaes ccwpuiok (references). Otinmuus
CCBUIOK OT yKa3aTelel, mpaBuiia paboThl CO CChUIKaMH, BTopas Bepcus (yHKimu swap. [Ipobnema,
CBsI3aHHAsI CO CCHUTKOW Ha JIOKaJIbHYI0 epeMeHHY0 (“OuThle CChUTKH ™).

Nnes koHCTaHT, kiroyeBoe cioBO const. IIOHATHE KOHCTAHTHBIX M HEKOHCTAaHTHBIX Ollepaluid,
0CcOOEHHOCTH PadOTHl ¢ KOHCTaHTaMu. KOHCTaHTHBIE W HEKOHCTaHTHBIC CChUIKUM. KOHCTaHTHBIC
yKa3aTellu U yKa3aTelld Ha KOHCTaHTY. Pa3pelieHHble 1 3anpenieHHble IPUCBAaNBaHUS MEKIY BCEMH
BBILICYTIOMSIHY THIMU THUTIAMHU.

Buner npuBenenuii TumoB: static_cast, reinterpret _cast, const_cast u C-style cast, nux ocobeHnocry,
IpUMepsl IPUMEHEHHUS U IIPUMEPBI, KOTZIa OHU He CPabOTaIoT.

3. Bexnenune B OOII

Unes OOII. Tlonsatust kjgacca M CTPYKTyphl, WiIeHOB Kiacca. [loms u MeTonpl, MOHSTHE
UHKaNCyasuun. Monupukaropsl JOCTYTIA.

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

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

[lpoGiema ¢ wWHHNMANIM3aNMeld KOHCTAHT 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, KIFO4YEBOE coBo friend.

IIpoGiema BBI30Ba KOHCTPYKTOPOB U3 JpPYIMX KOHCTPYKTOpOB. Pemrenume: nenerupyromue
KOHCTPYKTOPBL.

CraTuyeckue Mmojs u MCTOAbI, IPUMCEDP. JIokanbHBIC CTAaTHYCCKUE HNCPpCMCHHBIC.

VYkazaTenu Ha WieHbl M yKazaTeaud Ha MeTonbl. CHHTakcuc OObSIBICHHS, MPUMEP HCIOIH30BAHUSI.
Omneparops! “Toyka co 3BE3J0YKON” U “‘CTPETIOYKa CO 3BE3A0UKOMN .

4. Ileperpys3ka ornepaTopos



OOmass uaes meperpys3ku omeparopos. [leperpyska apudmMeTHyecKux OIepaTopoB Ha HpuUMepe
knacca Biglnteger: OuHapHBIE OmNEpaToOpbl, COCTAaBHbIC NPUCBAUBAHMA C HUMH, IpPaBUIbHOE
BBIp2XKEHHUE OJHOTO uepe3 japyroe. [IpobieMa ¢ KOPPEKTHOCTHIO BBIPOKEHHWH BHJA ‘X+y=5;”.
[Ipobnema B citydae JeBOTO omepaHna - He 00beKTa Kiacca (BelpaskeHus Buaa “5+x”). Ileperpyska
OoIepaTopoB << U >> Ha IIPUMEPE NOTOKOBOI'0 BBOAA-BBIBOJA.

[Teperpy3ka onepatopoB CpaBHEHHsI, IPaBIJIBLHOE BBIPA)KEHHE OHUX CPAaBHEHUIl yepes pyTue.
[eperpy3ka nHKpeMeHTa U iekKpeMeHTa (Ipe(UKCHOTO U MOCTPHUKCHOTO).

ITeperpy3ka omeparopa [] (kBaaparHble ckoOku). IIpaBmiibHOE coOmIOfEHHE KOHCTAHTHOCTU TIPH
neperpyske oneparopa [].

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

OcobeHHOCTH TIeperpy3Ku ornepaTopoB “norudeckoe M7, “moruveckoe NI u “3amsitas”.
OcoOcHHOCTH TIEeperpy3Kd OIepaTtopoB  “‘yHapHas 3Be3/l0uka”, ‘‘YHapHbBIM ammepcann’ U
“cTpenouka’.

[leperpyska onepaTopoB npuBeaeHus tuma. Enie oqHO nprMeHeHne KII4YeBoro ciioBa explicit.

5. HacnenoBanue (inheritance)

OObsBnenue HacienosaHusi. Momudukarop apoctyna protected. PasHuna Mexxay NIpUBaTHBIM,
MyOJIMYHBIM U 3alUIICHHBIM HacleaoBaHueM. PazHuIa Mex 1y HaclIeJ0BaHHEM KJIACCOB M CTPYKTYP.
ITouck nmen npu HacnenoBaHuu. COKPHITHE UMEH HACIETHUKOM. SIBHBIN BBI30B METO/IOB POIUTENS Y
HacyieaHuka. Mcnons3oBanue :: 1 using. [IpoOieMsl ¢ BUAMMOCTBIO Ha3BaHUHM POJUTENCH U X TOJNIeH
y TOTOMKOB B CIy4ae IByXYPOBHEBOIO HAcJeIOBaHHs, TI[€ IEPBbI YpOBEHb - IIPHBATHOE
HacyienoBanue. [IpaBuia neiictBus cioBa friend B 3THX ciyyasx.

ITopsimox  BbI30Ba KOHCTPYKTOPOB M JECTPYKTOpOB Tpu HacienoBanuu. IlpoGimema ¢
WHUIMATU3a0e pPOAUTENed NpU ONpENelIeHUH KOHCTPYKTOpa HacleJIHWKA, BHOBb IPUMEHEHHE
CNHCKOB MHUIManu3anuu. [lpaBuna pasmerieHust 00beKTOB KIaCCOB-HACIEAHUKOB B MTAMSTH.
MHOXEeCTBEHHOE  HAclieIOBaHWE, 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
HacJIeJOBaHMS.

[IpuBeneHne TUIOB MEXIy POAWUTENEM M HACICIHUKOM: Cpe3Ka NpH KOMMPOBaHMH, HPUBEICHUE
yKazaTeneil, nmpuBeneHne ccbutok. OcobeHHOCTH static_cast, reinterpret cast MEXIy pOAUTEISIMH H
HacJIeIHUKaMU (2 TakKe YKazaTeJiIMH WU cchblUlkamMu Ha HuX). Omneparop dynamic cast, ero
oTMYune OT static_cast.

Bupryansnble GyHKIMH, UX 00IIas sl U OTIMYHE OT HEBUPTYyalbHBIX. OCOOCHHOCTH pa3MelIeHUs
B MMaMATH KJIACCOB C BUPTYyaJIbHBIMU (DyHKIMSIMH, MOHATHE NTonuMopdusma. [lomumopdHbie Kiacchl.
[MonsTue o Tabnuile BUPTYaNTbHBIX (GYHKIIUH.

BuptyanbHblil IECTPYKTOP U €T0 NPEIHA3HAYCHHUE.

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

KiroueBsie cioBa override u final mpu HaciegoBaHUM, UX TPeAHA3HAUYCHHE.

Mexanm3sm RTTI. Omeparop typeid um nuHaMmudeckoe ormpenesneHue tumna oObekra. Kiace
std::type_info.

[Ipobnema c BBI30BOM BUPTyalnbHBIX (YHKIHMH B KOHCTpyKTOpax. IlpobGnema c aprymeHTamMu 1o
YMOJYaHHIO B BUPTYaJIbHBIX (PYyHKIIHSIX.

Empty base optimization, mpumepsl.

6. llTa6monsr (templates)

MotuBupoBka 1 obOmas uies mabmoHos. [llabmonbl kiaccoB, mabIoOHBI (YHKIWH, CHHTAKCHC
OOBSABIICHHS, MPHUMEPHl HCIOJIB30BaHMs, CBA3b MIA0IOHOB W NOIMMOpP(H3Ma, CTaTHUECKHUN
MOTUMOP(H3M.

Crenuanu3aiu maOioHOB, TPUHIMI “4acTHOE MpPEANOoYTHTENbHee OOIIero” MPUMEHHUTENBHO K
mabnonaM. YacTuuHble U MOJHBIE crenuanu3anuu. [IpuHIun “mydiie TOYHOE COOTBETCTBHE, YeM
npuBefeHne THna’. Pa3zHuIla MEeXAy crienuanu3anyedl U Neperpy3koil uis NIabMOHHBIX (QYHKIUH.
[IpaBuna BeIOOpa KOMIWIATOPOM KaHIMAATOB HA CIICHUAIN3ALIUIO U Ha TIEPErpy3Ky.



KimoueBoe cnoBo typedef, ero mpennaznauenue. IllaGmonnbie typedef’sl, Mcmoib30BaHHE CIOBa
using.

[Ipobnema c oOpamenuem Kk typedef’am BHyTpH IIaONOHHBIX KiaccoB. [IpuMeHEHHE KIO4EeBOTO
clloBa typename ISl peIeHHus 3TOH MPOOIeMBI.

[MpumMepsl peanuzanuu npocTedmux type traits ¢ MOMOINBI0 MAONOHHBIX CTPYKTYp U typedef’os
BHYTPH HHX: remove_const, remove_reference.

[IpaBuiia BbIBOzA TUIOB JUisi m1abnoHoB. OTOpackiBaHUE CCHUIOK MPH BEIBOJE THIA. Pa3bop ciydaes
CO CCBUIKAMU M KOHCTaHTaMH.

[MapameTpbl 1a0NOHOB, HE SBJSIOMIMECS THUNaMU (TIpUMEpP: MACCHB KOHCTAHTHOW JUIMHBI).
[TapameTps! m1aboHOB, sBIstoMUecs madnonamu (“template template parameters™).

[MabnoHbl Cc TepeMEHHBIM KOJMMYECTBOM aprymentoB (variadic templates). CuHTakcuc
ncnonb3oBanus. “OTKycbIBaHHE  MAOJOHHBIX apTYMEHTOB 110 oHOMY. Onieparop ““sizeof...”.

@OyHKIMOHANIBHBIE KIAcChl M (YHKIHMOHAJIbHBIE OOBEKTHI ((DYHKTOPBI), CXeMa HCIOJIb30BAHUS.
Kommaparopsr. [Tpumep: kommnaparop B std::sort. Crannapraeie kommaparopsr (std::less, std::greater,
std::equal u T. 11.), UX peanu3aLysl.

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

OOmas wuaes, MOTHBHPOBKA HCIOJIb30BaHUS MCKIIOUEHUH, omepatop throw u KOHCTpyKUHMs
try...catch. [IpumMepsl cCTaHIAPTHBIX ONEPATOPOB, TEHEPUPYIOLINX UCKITIOUECHUS.

PasHuiia Mexay UCKIIOYEHHSIMH U ONMIMOKAMU BpEMEHH BBITIOJTHEHHUs. OIMOKH, HE SBISIONUECS
HUCKJIIOYEHHUSAMU, U UCKIIOUECHUS, HE SIBISIOIINECS OIINOKAMU.

I[TpaBuiia JTOBIH U IOBTOPHOTO OpOCAHUS CKIIIOUCHUH, IPUBEACHHS THIIOB IIPH JIOBJIE UCKIFOYCHHH.
JloBns Bcex uckimodeHuid. [IpaBuia BeiOopa 01oka catch KOMIIATOPOM B Citydae, KOTja MOIXOIST
pasHbie OJIOKH.

Konmpoanue npu OpocaHuM | JIOBJIC MCKIIIOYEHHWH, MCKIIOYEHHUs M HacieqoBaHue. OCOOEHHOCTH
nepexBara UCKIIIOUEHUH 110 3HAYEHHIO U TI0 CCBUIKE, IO CChUIKE Ha 0a30BBIN Kiacc.

Crenudukanuy HWCKIIOUEHWH B CTapoM CTWIe W HX mpobiemsl, unexpected exceptions
(HeOXXHMIaHHBIE HWCKIIOYCHUS). crenupukanum ucKiIodeHuin B crwie C++11, omepatop
cnenudukaTop noexcept. YcinoBHbIi noexcept.

HckmtoueHns B KOHCTPYKTOpax U MpobieMa yTeuKH HaMATH ITPU UCKITIOUCHHSX.

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

Function-try 6oku, ux 0oco6eHHOCTH.

8. Annokaropsr (allocators)

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

Pasnuiia mexy omeparopoM new U QyHKnueld operator new. bonee noapoOHbIN pa3dop nercTBus
omeparopa new. Ileperpy3ka new uis OTHEIBHBIX KiIAaccoB. [leperpyska moOanbHOTO new.
Onpenenenne new ¢ MPOU3BOJILHBIMU NapameTpamu. To ke camoe i oneparopoB delete u delete|].
[Tpumep, Korma KOMIWIIATOP HESBHO BhI3bIBaeT delete ¢ HecTaHaapTHEIMU NapameTpamiu. [loBenenue
delete st monuMOpHBIX OOBEKTOB.

nothrow omneparop new, ero CHHTaKCHC U 0COOEHHOCTH.

Pa3bop moBeneHuss new B ciaydae HexBaTku mamatd. Dynkrnus new handler, dyHkmn
set new_handler u get new_handler.

[Monsarue amrokaropa. Knacce std::allocator, ero ocHoBuble MeTonbl (allocate, deallocate, construct,
destroy) m ux mpumepHast peanmzanus. OcOOCHHOCTH peanu3alii KOHCTPYKTOPOB M OIeparopa
MPUCBaMBaHMA y CTAHIAPTHOTO aJUIOKATOPA.

Kunacc std::allocator_traits, ero npenHazHauyeHre U OCHOBHBIE METOIBI.

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

Cemecrtp: 2 (Becennuit)

9. KonTeitneps! (containers)



OO6mue cnoa o koHTelHepax. Kiacce std::vector, ero npeana3zHadeHue, uaes peannsaliy, OCHOBHbIE
METOJIbl M UX JITOPUTMUYECKAs CIIOKHOCTb.

[Mons xmacca std::vector. Peanm3anms KOHCTPYKTOpPOB, JECTPYKTOPOB, OIEpaTopa IMPHCBAaUBAHUS C
MPaBWIBHBIM 00paleHueM K aJlJIOKaTopy.

Peanmzanus metona push_back ¢ mpaBuiIbHBEIM 0OpallieHHEeM K aJllIOKaTopy.

Peanuzanus oneparopa [] A KOHCTAaHTHBIX U HEKOHCTAHTHBIX vector. Pazuuiia mexny [| u metonom
at().

Merton emplace back, ero peanuzanus u omnune ot push_back.

Meronst size(), resize(), capacity(), reserve() u shrink to_fit().

OcobOennoctn  paboTel € QJUIOKaTOpOM ~ T[pPU  KONMHPOBAaHWU  BEKTOPA. Meron
select_on_container_copy_construction.

Bomnpockl Ha noHMMaHKe: YeMy paBHO sizeof(v), rme v - BEKTOp, M 4TO HMPOU30MIET IPHU BHI30BE
delete[] &(v[0])?

Knacc vector<bool> u ero omm4rie 0T 00bIYHOTO Vector, IPeUMYIEecTBa U HeJIOCTaTKU. BHyTpeHHUH
kinacc BoolProxy. OcobeHHoctn peanuzanuu omnepatopa [| W omeparopa NpPUCBAaUBaHUSA IS
vector<bool> 1o cpaBHEHUIO C OOBIYHBIM Vector.

Knacc std::deque, ocCHOBHBIE METO/IBI M MX AJITOPUTMHYECKAsl CIIOXKHOCTh. PasHuna mexny deque u
vector: Metonsl deque, OTCYTCTBYHOIIME Y vector; MeToAbl vector, OoTCyTcTByromue y deque.
Apnantepbl Han KoHTeiHepamm: std:istack, std::queue wm std::priority queue, WX peaJHM3alIWH.
Kommaparopsr B priority queue u ee crieliu)uIHbIe METO/BI.

Knacc std::list, ocHOBHBIE METOABI U MX aJTOPUTMHUECKas CIOKHOCTb. Mnes peanuzamum list’a.
BceraBka u ynanenue w3 mpom3BoibHOrO Mecrta. Crenududunbie ans list’a metonmsl: splice, sort,
merge, reverse. OcobeHnoctu padotsl list’a ¢ amnokatopom, meron rebind y amnokaropos. Kitacc
std::forward_list, ero ommmaust ot 00bIuHOTO list.

AccormaruBHbie KoHTelHephl. Kitace std::map, ero npeanasnavenue, uies peanmzanuu. Onucanue
malJIOHHBIX THapameTpoB kiacca map. Kiacc std::pair m ¢ynkuusa std::make pair. OcHOBHBIC
METOJIBIl Mmap’a U WX aIrOpUTMUYEcKasi CIOKHOCTh. CriocoObl orcka B map’e. CriocoObl BCTABKH B
map, ocobeHHocTH paborel omneparopa []. CmocoOwml ynameHuss u3 map’a. Kiaccer std::set,
std::multimap u std::multiset, nx npeaHasHaueHue, o4 us ot std::map.

Knacc std::unordered map, cxomctBa u paznuuusi ¢ oObdHBIM std::map. OCHOBHBIE METOABI U HX
aNropuTMUUecKast CIoKHOCT. OcoObie it unordered map mabinonHble napamerpsl: Hasher, Equal.
Knacc std::hash m ero cnemmanuzamum. OcoOwie s unordered map metoasl: bucket count,
load_factor, rehash. Kmaccer std::unordered_set, std::unordered multimap, ux wuges, omid4yue OT
unordered map.

10. Utepatopst

OOmas unest nteparopoB. Mcronb30BaHNe HTEPATOPOB Y CTaHAAPTHBIX KOHTEHHEPOB.

Buger  wreparopos: input, output, forward, bidirectional, random access. Omnepamunu,
MOICP)KUBACMBbIE KKIBIM BHJIOM UTEPaTOPOB. BB HTEPAaTOPOB y CTAHIAPTHBIX KOHTCHHEPOB.
Koncrantuele u reverse-ureparopsl. Mertoasl cbegin, cend, rbegin, rend, crbegin, crend y
KoHTelHepoB. Peannzanus kiacca std::reverse_iterator, metos base.

Knacc std::iterator, ero npennaznauenue. Kiacc std::iterator traits, ero mpenHasHadenue. [Ipumep
CUTYyalllH, KOTZa OH HeoOxonuM (oOpateHue K value_type).

Oyukun std::distance u std::advance. Paznuuue B moBeneHun 3TuX (YHKIUH JUIS pa3HBIX BHIIOB
UTEPaTOPOB, PEATH3aLUs TOTO Pa3IuyIusl.

CrangaprHas  OuOIMOTEKa  aJrOPUTMOB, HCIOJIB30BAaHME CTAHAAPTHBIX ~ AJTOPUTMOB  HAj
KOHTeWiHepaMH ¢  wWTeparopamu. Mrepatopel i BCTaBOK: Kiacchl — std:insert iterator,
std::back insert iterator, @ wWx  mnpenHazHaueHuwe,  peamusanus.  DyHknmm  std:inserter,
std::back_inserter, ux peanu3zamus.

[IpaBuiia MHBaIMIAMM UTEPATOPOB B CTAHAAPTHBIX KOHTEitHepax. besomacHele m HeOe3omacHbIe
oIepaIy B KOHTEHHEpax ¢ TOYKHU 3pEHHS MHBAIMIALUU UTEPATOPOB.

11. Move-cemaHnTHKa 1 rvalue-ccplUIKA

[Ipobnembl, TNpUBOASIIME K HAEE MOVe-CEMaHTUKU: HedPPEKTUBHBIN swap, HedD(PEKTUBHBIN
push_back, emplace back, construct.



[Mpumenenune Mmarnyeckolt pyHkuu std::move. Pemmenue npobremsl co swap.

[TonsiTHE mMOVE-KOHCTPYKTOpPa M move-assignment omneparopa, HMX peajnu3aunus, TeHeparus
KOMITHWJIATOPOM, “TIPABHJIO IISATH .

Peamu3zanms ¢pynkiuun std::move. JlunemMma: 9To NIpUHATH B KauecTBE apamerpa’?

[Monstne rvalue-cchuiok. OCOOCHHOCTH WHHIMANHM3ANUK  rvalue-cChUTlOK, pa3pelieHHbIE W
3anpelleHHbIC TPUCBABAaHMSI MEXKIy CChUIKaMU (BKITIOUAsi MPOOJIEMbI ¢ KOHCTAHTHOCTHIO). Pemenne
npo6nemsl ¢ push _back.

[onsarus glvalue, lvalue, rvalue, prvalue u xvalue. Ces3u mexay HumH. [IpuMepsl BhIpakeHUid,
SIBJISTFOLIIMXCSL TEM MUTH MHBIM BHJIIOM value.

[TonsiTHE yHUBEPCAIBHBIX CCHUIOK, OTIMYNE UX OT rvalue-ccoutok. [IpaBua BeiBosa THMa mabIo0HOB
B CIy4ae YHHBEPCAIBbHBIX CCBUIOK, pEIIeHHE IMPOOJIEeMBI C THIIOM Mapamerpa (QYHKIHHA Mmove.
[IpaBuna cBopaunBanus cchliok (reference collapsing).

[Ipobnema mpsimoit mepenaun (perfect forwarding). ®@ymknms std::forward u ee npumeHeHwe.
Pemenne nmpobnem ¢ emplace back u construct.

Peamuzaumsa std::forward, ee oOcyxnenue. Ilouemy TuOBl y NPUHMMAEMOro mapameTpa u
BO3BPAIa€MOT0 3HAYECHUSI IMEHHO Takue?

HoBas mpobnmema ¢ push back: ©6e30mMacHOCTh OTHOCHUTENBHO UCKIIOUCHHHA. DyHKIUSA
std::move if noexcept, pemeHue npoodIEMBI C €€ ITOMOIIBIO.

Return Value Optimization, ycioBus ee Bo3HuKHOBeHUs. [IprMepsl, korna RVO TouHO Mpou3oieT u
KOTZIa MOXKET He MpOM30WTH. [IpuMepbl, Korga MMeeT W KOrna He MMEET CMBICH MHcarh return
std::move(x) Bmecto return x. Copy Elision, mpumMepsl.

Ccputounble KBaMU(HUKATOPHL. Pemenne mpoOieMsl ¢ 3alpeToM oreparopa npucBauBaHus Ui rvalue
y KACTOMHBIX THIIOB.

[Tpumeps! TUIIOB, st KOTOPBIX MpsiMast Iepeaaya paboTaeT HEKOPPEKTHO.

OCoOeHHOCTH TIOBEJCHMSI YHHBEPCAJbHBIX CCBUIOK IPH pa3peuieHun neperpy3ku. DeHomeH
“HorIoNIeHusT” YHUBEPCATbHBIMH CChITKAMH OOBIYHBIX CCHUIOK.

12. YmHbBIE yKa3aTenu

Wnes u MOTUBHPOBKA YMHBIX yKa3aTenei.

Kunacc std::auto_ptr kak nepBast Hey/lauHasi MOTIBITKA PEaTn30BaTh UACHO.

Knacc std::unique ptr, ero xonumenmusa. OcOOCHHOCTH €ro KOHCTPYKTOPOB, IECTPYKTOpa H
orepaTopoB npucBauBaHusi. Meronsl * u ->. Crieruanu3anus unique ptr Uit MacCUBOB.

Kunacc std::shared ptr, ero konnenuus. Mues peanu3anuu cyeTynka CCbUTOK. Peanmu3anms MeTomoB.
[MorenumansHas mpoOieMa, CBsi3aHHAsh C MPSAMBIM BbI3oBOM new. Dynkuum std::make unique u
std::make shared kak crnoco® wu30exarh NPSAMOTO BbhI3OBA new. Peanmzamms 3Tux (QyHKIHM.
@ynkuums std::allocate shared, ee npennasHadeHwe u peanusanus. lcnpaBieHue peanu3anuu
KoHcTpyKTOpa shared ptr aiist aToro.

[TpoGiiema 3akonbloBaHHOCTH YyKazarened. Kitacc std:iweak ptr kak pemieHue 5TOH TPOOIEMBI.
Peanmzanus metonoB atoro kiacca. [IpoGnema c¢ peanumzanueit metona expired(), Moaudukaius
knacca shared ptr 11 npaBUiIbHON pabOTHI C ATHM.

Kacromubie deleter’sr uis yMHBIX yKaszareled, cxema WCIOJNB30BaHUS. bonee mnpaBuibHAs
peanuzanus JecTpyKTopoB unique ptr u shared ptr.

Knacc std::enable shared from_this, ero npennaznauenue u peanusanus. Eme ogna moaudukanys
koHCTpyKkTOpa shared ptr (mpoBepka Ha Haciieanuka enable shared from_this).

13. BeIBO THITOB

[IpoGiiema ¢ AMTMHHBIMU Ha3BaHUSAMH THIOB. [IpobieMa ¢ BO3MOXKHBIMHU OIIMOKaMH B HAIMCaHWUU
TOYHBIX Ha3BaHWH THUIIOB. KilloueBoe ClI0BO auto Kak pemeHne 3THX MpooIeM.

[IpaBuna BeiBoga TMNOB st auto. OcoOblid ciyuail ¢ Tumom initializer list. OcobenHocTH mpH
auto&&. auto B KauecTBE BO3BpAIAEMOT0 THITA (PyHKIINY.

KimroueBoe ciioBo decltype, npaBuina BeiBoja TUIIOB Aiisi Hero. OcobeHHocTH moBeneHus decltype ot
BbIpaxkeHu#d (cimywyau lvalue, xvalue, prvalue). Ilpumep c decltype((x)). OcoGeHHOCTH B3ATHS
decltype ot TepHapHOrO OMepaTopa.

Koncrpykius decltype(auto). [Ipumep: o6epTka Hax oOpaiieHHeM K KOHTEHHEPY 10 WHJIEKCY.

Tprok Ui BBIBOZIA HA3BAaHUI BBIBEJICHHBIX THIIOB Ha 3KpaH (HaMEpEHHOE MPOBOLMPOBAHNE OIIMOOK
KOMITHJISIIIAN ).



14. 1lIabnonnoe meranporpammupoBanme u SFINAE

Nmuranms if gepe3 mabmonsl. Mmuranus for depe3 mrabmonsl. [Ipumepsl: BBIYHCICHHE YHCEN
duboHauym, MpoBEpKa MPOCTOTHI Yncia, BeIBOA uncen ot 1 1o 1000 ¢ momomipto m1adioHOB.

KiroueBoe cioBo constexpr it (GyHKIMH W Ui mepeMeHHbIX. Omimume constexpr oT const.
TpeboBanus k constexpr-QyHKIHSIM.

type_traits. Ctpykrypsl std::is_const (pointer, reference etc.), std::add_const (pointer, reference etc.),
std::remove_const (pointer, reference, extent etc.), ux peanuzanuu. CTpykTypsl std::is_same,
std::true_type, std::false type, std::conjunction, std::disjunction, std::conditional, std::rank, ux
peanu3anuu.

Ununoma SFINAE. O6wmas unes. I[Ipocreiimmii npumep: crpykrypa std::enable_if, ee peanuzauus u
IIPUMEHEHHE.

Crpykrypa std::is_class, ee peanu3zarust (6e3 peanuzanuu std::is_union).

Peanmzanms metona std::allocator_traits::construct (mpoBepka, OmpeNeNieH JIM y aljloKaTopa METO.
construct). [IpoGema: HeBo3MOKHOCTB HanucaTh T() i mpon3BosbHOTO THIa T.

Oynkius std::declval, ee ocoberrOoCTH. Pemenue npeasirymeii mpooaeMbl ¢ ee TTOMOIIBI.

CTpykTypBI std::is_constructible, std::is_convertible, std::is_copy_constructible,
std::is_move_constructible etc. Ix peanuzarnum.

Peanuzanus std::is_nothrow_move constructible.

Peammzamus  std::move if noexcept uepe3  std::is_nothrow _move constructible.  [louemy
NPUHUMAEMbIH U BO3BpalIaeMblii TUIIBI IMEHHO TaKue?

[lonsarue Hemomubix TunoB (incomplete types). HoBas mpobnema ¢ declval (uro BO3Bpamars),
peleHue mpodIeMbl C MOMOIIBIO rvalue-cChiTKy.

Peanmzanus std::is_base of. [Tpumep NPUMEHEHHS: MPOBEpKa
is_base of<enable shared from_this<T>> B konctpykrope shared ptr<T>.

Peanmuzanus std::common_type.
15. dynknuoHaIbHBIE 00BEKTHI U JIAMOa-PYHKIUT

JIamOna-hyHKIMKA: MOTUBUPOBKA, MPOCTOM MpUMep (HeCTaHIAPTHBINA KoMmaparop B std::sort).

Crncku 3axBara B JIssMOMa-QyHKIMIX. 3axBaT MO CChUIKEe M Mo 3HadeHHio. OCOOCHHOCTH 3axBara
this. 3axBar ¢ npucBarBaHueM M nepemernaronuii 3axsar B C++14. CnoBo mutable npuMeHUTENHEHO
K 1sMOa-GyHKIUAM. SIBHOE yKa3zaHKe BO3BPAIAeMOT0 3HAYCHUSI.

3axBar 0 YMOJYaHUIO W MPOOJIEMBI, KOTOPBIE OH MOTEHIIMAILHO TopoxaaeT. [Ipumep ¢ kiaccoM u
MeTtojoM getFunction() B HeMm.

O606mennsie namoaa-pynkuun B C++14. [lpumenenne auto u decltype B 1amMOna-QyHKIUIX.
Kitacc std::function, ero nmpegna3sHaueHue U cxema UCIONb30BaHus. Peanm3anus std::function.
Oynkus std::bind, ee mpeHa3HAYeHNE U CXeMa UCTIONb30BaHwus (0e3 peanmzarun). Placeholder’sr.
Kitacc std::is_invocable. Knacc std::invoke result u pynknus std::invoke. (Bce 6e3 peanmzarum.)

16. HexoTopsie 0COOBIE MOJIE3HBIEC TUTTBI

IOnunons! (union), ux ocHoBHas uaesd. OTIMYUS OT KJIACCOB W CTPYKTYp. MHuImanusauus monen
FOHUOHA, AKTUBHBIM WICH FOHUOHA U €70 U3MEHEHUE Ha IPYToi.

Knacc std::variant, ero nmpenHa3sHaueHHe U OCHOBHBIE MeTOAbl. [IpuMepHOe ommcaHHe peanu3anuu
3TOTO KJI1acca.

Kitacc std::any, ero npegHa3zHaueHrne U OCHOBHEIE MeTObI. [[puMepHas peanu3amus 3TOro Kiacca.
Kitacc std::optional, ero npeqHazHadeHnEe U OCHOBHEIE METOIBI.

Heynaunas mombiTka coszgate vector<int&>. Kimacc std::ireference wrapper mist pemieHus 3TOH U
apyrux mnpoonem. [IpumepHast peanusanus 3Toro Kiacca.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYIIeCTBJIECHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).



6.IlepeyeHnb pekoMeHyeMOii TUTEPaATyPbI

OcHoBHas nuTeparypa

1. llporpammupoBanue Ha C++ [INEeKTpOHHBIN pecypc], DNEKTPoH. Bepeus ned. mybnukaruu / H.
Hetin, Y. Yumsz, M. Xeauurton. — M., IMK Ilpecc, 2007

JomnonHurensHas auTeparypa

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

He ucnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00pPa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NPOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

[1O nyis pa3paboOTKH U OTIIAKK MTPOTPaMM Ha sI3bIKe IporpaMmMupoBanus C++,
9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

BeImonHeHue 1oManisero 3aJanus SBIsieTcs OJJHON o01el padoTol cryaenta. Heooxoqumo TpeboBaTh
OT CTYJCHTOB Ka4e€CTBEHHOTO M TIOHSITHOTO IMPOTPaMMHOIO KOJIa Ha PsIy M B pPaBHOM CTENCHH C
MPaBUILHON pabOTON MPOTrpPaMMEI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa

Nnpo¢uJIb NOATOTOBKH: [IpoektupoBanue u pa3paboTKa KOMIUIEKCHBIX OM3HEC-TPUIIOKEHHIMA
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa anropuTMOB U TEXHOJIOTUH MPOTrPaMMHUPOBAHUS

Kypc: 1

kBaTuuKkanus: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIH 3a4eT

2 (BeceHHMH) - DK3aMeH

Pa3zpadorunk: N.C. Memepun, 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 uzyuenust aucuuiuiniel «[IporpammupoBanue Ha sizbike C++. [IpoaBunyThii moTok (GIIMUN)»

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 cemecTp:

1. Yto Takoe BbIpaxkeHHs, omepaTtopbl? s 4Yero mpeaHa3HayeHbl M YTO 1O CTAHAAPTY JENaroT
CIICAYIOUINE ONepaTophl: TEPHAPHBIM omeparop, oneparop ‘“‘3amsaras’, yHapHas 3Be3[J0YKa, YHApHBIN
amIiepcaH]i, orneparopsl “Todyka” W “‘cTpeiiouka’, IBOMHOE JABOETOYHE, MPEHUKCHBIA U MOCTPUKCHBIHI
WHKPEMEHT, OMHapHble & 1 &&, onepaTopsl MPOCTOro U COCTABHOTO NPUCBAUBAHUS, ONEPATOPBl << U

>>9

2. O6bsacHuTe uaero cebulok (references). it 4ero OHM HY>KHBI, YeM OHM OTJIIMYAIOTCS OT yKa3areyien?
Uro Takoe “miepeaya apryMEHTOB IO CChUIKe W 1o 3HavyeHuio”? Kak B C++03 peanuzoBarh (QyHKINIO

swap?

3. Uto Takoe KOHCTPYKTOPBI, AECTPYKTOPHI, /ISl YETO OHU HY)KHBI, KAKOB CHHTAKCHC WX OIPEICICHHS?
Te >xe BOIPOCHI PO KOHCTPYKTOP KOIMTUPOBAHUS U OIIEPATOP IPUCBANBAHUSL.

4. Yro Takoe HacnenoBanue? B yeM pasHuIa Mexly IPUBATHBIM U ITyOJIMYHBIM HACIIEOBaHUEM?

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



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

7. Uro Takoe komnaparopsi? Uto Takoe (pyHKIMOHAIBHBIE 00beKThI? [IprBeaUTE XOTH OWH IIPUMED.

8. Uro takoe ymHble ykaszarenu? [y pemieHust Kakux mpoOieM oHU HyHbBI? [IpuBeaute mpumep
WCTIOJIH30BaHUSI.

9. Uro Ttakoe msiMOma-BeIpaKeHHS, KakoB UX cuHTakcuc? IlpuBenute XOTh OOWH TNpUMEp
UCTIOJIb30BAHUS.

10. Yro Takoe SFINAE? IlpuBemure xoTss Obl omuH mpumep (Ha ypOBHE WUACH, MOXHO 0e3
peanxu3anum).

2 cemecTp:

1. Pacckaxure 0 TOM, 4TO Takoe KIacChl, OOBEKTHI, WICHBI KJIACCOB, IOJISl, METOABI, MOAH(PHUKATOPHI
JIOCTyTa, WHKANCYNIANus. PacckakuTe o KIIOYEBBIX clioBax static, explicit, mutable, friend c
pUMepaMy CHTYaIHid, KOTJa UX CJIEAYET IPHUMEHSTb.

2. Pacckaxute 0 BO3MOXKHOCTSIX Ieperpy3ku oneparopoB B C++. [okaxure Ha mpumepe peann3anuu
JuMHHOW apudmernku (knace Biglnteger), kak npaBuiibHO MeperpykaTh OMHAPHBIN TUTIOC, YHAPHBIN U
OWHapHBII MHUHYC, OIEpaTOpbl COCTAaBHOTO IPUCBAWBAHMS C IUIFOCOM H MHHYCOM, OIEpaTopbl
CpaBHEHWUSI, MPEPUKCHBIN U TOCTHUKCHBIA HHKPEMEHT.

3. Pacckaxute o pasHOBHIHOCTSX mNpuBeaeHuid TnunoB B C++. B yem pasnuna mexay C-style cast,
static_cast, const_cast, dynamic_cast u reinterpret_cast, Korja OHH IPUMEHUMBI, a Kkorna Het? J{7s uero
HYKEH Ka)K/IbIii U3 9THX KacTOB?

4. Pacckaxure o mabmoHax B C++. UTo Takoe WHCTAHIMPOBaHWE INAOIOHOB, CIICIHATH3ALUS
mabmonoB? Kakume 3 Bupa mabmonoB cymiectByror? Kakue 3 Buja maONoOHHBIX MapaMeTpoB
cymecTBytor? Kak ncnonb3oBarh MAOIOHBI C MEPEMEHHBIM KOJIMYECTBOM apryMEHTOB U OIEPaTop
sizeof...? Uro Takoe Curiously Recurring Template Pattern? Uro Takoe momumopdu3m U Kak 3TO
nonsatue B C++ cBA3aHO ¢ madbaoHamMu?

5. Pacckaxure 00 uckmoueHusx B C++. B yem mx wmpes? Kak mons3zoBatbes oneparopom throw u
KOHCTpyKLMeH try...catch? B uem pasHuma Mexay HCKIIOUEHHSIMH M OHIMOKaMH BpPEMEHHU
BRIMONHEHUSA? YTo Takoe crnenuUKaluyd HCKIIOYCHUH, KakK I0Jb30BAThCS  OMEPATOpPOM |
cnenudukatopom noexcept? B deM 0COOCHHOCTH M MPOOJIEMBI UCKIIOYCHHH B KOHCTPYKTOpax H
necTpykropax?

6. Pacckaxure o xonteiinepe std::vector. IIpemioxure peanusanuio KOHCTPYKTOPOB, NECTPYKTODa,
oIepaTopoB NMPUCBaMBaHUs, oneparopa ||, MeTonoB at, resize, reserve, front, back ans sToro kiacca (c
MPaBUIIHLHON MOJAEPKKON alNTIOKaTOPOB U MOVE-CEMaHTUKH).

7. Pacckaxxute o koHTelHEpe std::vector. [Ipemnoxure peanmzanuio metonos push back u pop back (¢
MPaBWIBHON IMOIJICPKKOH aJUIOKaTOPOB, MOVE-CEMAaHTUKN U TapaHTHi 0€30MacHOCTH OTHOCHTEIBHO
VCKITFOUCHH ).

8. Pacckaxurte mpo vector<bool>. B dyem ero 0COOCHHOCTh W OTIMYME OT OOBIYHOTO Vector?
Pacckaxwure, KakuM 00pa3oM JOCTHUraeTcs 3Ta OCOOCHHOCTh C TOYKH 3PEHHs peanu3anuu (OIMHIINTE
peanu3annio OCHOBHBIX METOJIOB).

9. Pacckaxute o xoHTeiiHepe std::list. KakoBbl ero MeTonsl U cKOpocTh HX paboTel? Kak oH ycTpoeH
n3nytpu? Kakum oOpaszom list<T> wucnons3yer amnokarop aist tuma T? Ilpeanoxure peanusanuio
OCHOBHBIX MeTOZIOB list’a: KOHCTPYKTOpPHI, ONIEPaTOPhl MPUCBAUBAHUS, JECTPYKTOP, insert seMeHTa 1o
UTEPaTOpy U erase 1o UuTeparopy.

10. Pacckaxkute o konreitnepe std::forward _list. KakoBbl ero metonsl u ckopocts ux padorsi? Kak on
ycrpoer m3nyTpu? Kakum obpazom forward list<T> ucnons3yet aiokartop juist Tunia T? [pemioxkute
peanu3anyilo OCHOBHBIX MeTonoB forward list’a: KOHCTPYKTOpBI, OIEpaTopsl IPUCBaWBaHUS,
JECTPYKTOD, insert aJieMeHTa 0 UTEPATOpy U erase Mo UTepaTopy.

11. Pacckaxkute o koHTeitHepe std::deque. Uem oH ornmuaercs ot vector? PacckaxkuTte 00 amanrepax
Hax KoHTelHepamu  (std::stack, std::queue, std::priority queue). Ilpemiokute peanu3zanuio
KaKoro-HHOY/Ib OTHOTO U3 HHX.

12. Pacckaxxure o koHTeitHepax std::map, std::set, std::multimap wu std::multiset. Jlns gero onu
npumMensitorcsi? Kakue y HUX 1Ia0NIOHHBIE MapaMeTphl M 4TO OHW O3HaudaroT? KakoBbI MX OCHOBHBIE
METOJIbl, CKOPOCTh W MpPHHIMII paboThl 3THX MeTooB? C IMOMONIBI0 KaKOH CTPYKTYPHI JaHHBIX
peann30BaHbl 3TH KOHTeHHEPHI?

13. Pacckaxure o koHTeitHepax std::unordered map, std::unordered set, std::unordered multimap u
std::unordered multiset. s yero onn npumensitorcst? Kakue y HUX 11a0IOHHBIE TapaMeTpPhl M YTO
oHM 0O3Ha4alT? KakoBbl MX OCHOBHBIE METOJIbI, CKOPOCTh W MPUHIMN paboThl 3THX MetonoB? C
TIOMOIIBIO KaKOH CTPYKTYpBI IaHHBIX peaIn30BaHbl 3TH KOHTEHHEPHI?



14. Pacckaxure 00 omeparopax new u delete. 3auem OHM HYXHBI, K&K UMH MOJB30BaThCA? YUTO Takoe
placement new? B uyeMm pa3Huma Mexay omneparopoM new u (yHKuuen operator new? UYro wu3
BBIIICIICPEYUCICHHOIO MOXKHO IIeperpy’arb W Kak O3TO Jenarb? 3adyeM MOXeT OBITh HYXKHO
neperpyskarb KacToMHbIi operator delete? PacckaxkuTe o mpoOieme yTedek naMsTH.

15. Yro Takoe ayutoKaTopkl, 3aueM OHH HY»XHbI? Pacckaxkute npo kiace std::allocator, mpemayioxure ero
peanuzarmio.

16. Pacckaxure 0 mpoOnemax, sl peleHus KOTOPhIX Oblla BBEAGHA MOVe-CeMaHTHKa. Pacckaxure,
Kak pabotaer (QyHKms std::move u Kak ee MPUMEHSATh, OOBSICHUTE, KAK OHA Pean30BaHa U TOYEeMY
uMeHHO Tak. Kak nmpaBmiibHO peann3oBarh QyHKIHO swap B C++117

17. Pacckaxkure o TOM, 4TO Takoe “mieanpHas nepenada’ (perfect forwarding). Pacckaxkwure, kak
paboraer ¢ynkmus std::forward m kak oHa peanmsoBana. [IpuBenure MpUMeEp NPUMEHEHUS JTOU
¢ynknuu. [Touemy B std::forward Henb3st npuasTh T&& B KauecTBe mapamerpa?

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
oOyuaroumuxcst

Bonpocs k quddepeHuupoBanHomy 3adery 1 cemectp:

1. O6bsacauTe moHsATUs compilation error, runtime error u undefined behaviour. I[IpuBeaure mo mape
IPUMEPOB TOT'O, APYTOTO U TETHETO.

2. Uto Takoe cTekoBas MaMsiTh W JUHaMHU4YecKas mamath? Urto Takoe stack overflow? 3aduem HyxeH
omneparop new? Uro takoe yreuku namsatu? Yto Takoe cbopka mycopa?

3. Uro Takoe Kiacc, CTPYKTypa, B 4YeM pa3HHIA Mexay HuMu? UTo Takoe MoJs, METOIpbI,
MOAN(DUKATOPHI IOCTYIIA, MHKATICYIISAIMA?

4. Yrto Ttakoe meperpyska ¢ynkumii? YTto Takoe meperpyska omeparopoB? llpuBeante npumeps
OIIEepaToOpoB, KOTOpbIE MOXKHO M HEJb3sl meperpyxkarb. llpuBemure mnpumep mneperpy3ku XoTb
KaKoro-HHOY/Ib oreparopa (HaIMIIUTE CUTHATYPY €T0 MePerpy3KH).

5. Uro Takoe BUPTyalbHbIC (DYHKIUH, YUCTO BUPTyaIbHbBIC (QYHKIMH, a0CTpaKTHBIC Ki1acchl? UTo Takoe
BUPTyaJIbHOE HACJIeA0BaHUE?

6. Uro Ttakoe mabmoHbl? YTo Takoe WHCTAHIMpOBaHHWE MIAOIOHOB, CHeNUaIM3anus MabIoHOB?
[TpuBenute npumep Kakux-HUOYab madmonoB u3 STL, oGnagaromux crenuaniu3ame.

7. Paccmorpum xoHTedHepsl std::vector, std::list, std::deque. KakoBbl ocHOBHBIE omepaiuy,
MPE0CTABIsIEMbIE MU, U CKOPOCTh pabOThI ATUX OTEpaIiii?

8. Paccmorpum kontelHephl std::map, std::set, std::unordered map, std::unordered set. Kaxomw
OCHOBHBIE OIIEPALINH, IPETOCTABISIEMbIE HIMH, U1 CKOPOCTH Pa0OTHI 3THX ONEpaLnii?

9. Uto Takoe ureparopsl? Kakue Buabl nTepaTtopoB cymecTByoT? 3adeM oHU BooOmIe HyxHbI? Kakue
UTEPaTOPbI MOJIEPKHUBACT KAXK/IbIH U3 KOHTCHHEPOB, YIOMSIHYTHIX B IPEIBIAYIIUX JABYX BOIpocax?

10. lnst wero Hy)XHa move-ceMaHTHKa? Pacckakute B 0OIIMX yepTax, 4yTo 3TO Takoe. Kak mpaBuibHO
peanuzoBarh QpyHKuuio swap B C++117?

11. Yro rtakoe ammokaropel? KakoBa oOmias umes kimacca std::allocator, kak m st 4ero oH
HCIIONb3yeTCs?

12. Hanmummre Beryvicnenne n-ro yncina Gudonaquu (B npeenax long long) Ha sTamne KOMIWIAIINY, HE
UCHOJB3YS CIIOBA constexpr.

Bomnpock! k 3k3aMeHy 2 cemecTp:

1. Pacckaxure 00 ykazarensx u cceutkax B C++03. B yem ux mjaes, mis 4ero oHU HYXKXHBEI? B dem
pa3HMIIa MeXAy yKazaTelsaMu U cchuikamu? Kakue omepamnuy oHU MOAAEPKUBAIOT, YEM UX MOXKHO, a
4YeM HeJb3sl MHHUIHATU3UpoBaTh? UTO Takoe KOHCTAaHTHBIE YKa3aTelld, yKa3aTeld Ha KOHCTAHTY,
KOHCTaHTHBIE CCBUIKH, B Y€M MPOSBISETCS PAa3HHUIA MEXIYy HUMU U OOBIYHBIMU YKa3aTelsiMH |
cceutkaMu? Pacckaxute o ipoOiiemMe “OUTHIX CCHUTOK ™, PUBEIUTE IPUMED.

2. PacckaxuTe 0 TOM, YTO TaKO€ KJIACCHI, OOBEKTHI, YWICHBI KJIACCOB, IOJIS, METObI, MOAU(PUKATOPHI
JOCTyIa, HHKAICYJIAIMs. PacckakuTe mpo KOHCTPYKTOPHI U JECTPYKTOPHI, OTEpaTOphl MPHUCBAauBaHUs,
“mpaBmwiio Tpex” W “TIPaBUJIO MATH , PO TEHEPAUIO KOMITUISTOPOM STUX METONOB. UTO Takoe CIIMCKHU
WHUIMATN3AIUU B KOHCTPYKTOPAX U JEJErHupyrolne KOHCTPYKTOPHL, 3a4eM OoHU HYKHBI? [lokaxuTe Ha
npuMepe Kiacca String, Kak MpaBUWIBHO ONPEAEISAThH BhIIICIICPEUYNCIICHHBIE METO/IBI.



3. Pacckaxute o HacinemoBanun B C++. B yem pasHuma MexAy NPUBaTHBIM U ITyOJIWYHBIM
HacnenoBaHueM? KakoBbl IpaBwiia BUAMMOCTH TOJIEH M METOAOB POIUTENS B TeJe HACIEAHUKA, KaK
SIBHO OOpaTuUTBhCS M3 HACIEAHMKA K MOJSIM M MeToaaM poautens? KakoBel mpaBuiia BHIMMOCTU
poxuTenei u uX Mojel U METONOB IPH JBYXYPOBHEBOM HACIIEAOBAHUH, KaK AEHCTBYyeT cioBo friend B
TuX curyauusx? Uro Ttakoe “cpeska mpu komupoBaHuM? Kakue HesBHbIE KOHBEPCHM pa3peLICHbI
MEXIY POAUTENSAMHU U HACIEAHUKAMHU, B T.4. CCbUIKaMH (yKa3aTesiMHi) Ha HUX?

4. Kak pa3memarorcsi B mamsTH OOBEKTHI KIJIACCOB-HAcleIHMKOB? B KakoM MOpsAIKe BBI3BIBAIOTCA
KOHCTPYKTOPBI M JAECTPYKTOPHI NPHU HACJIEJOBAHUM, KAK HHUIHAIM3MPOBATH IO POTUTENS IPH
OTIpeIeICHUH KOHCTPYKTOpa HacienHuka? Uro Takoe MHOXECTBEHHOE HACIIEOBaHUE, B YeM
3aKJroyaercs: mpoliiemMa poMOOBHIHOTO HAcleIOBaHMS, YTO TaKoe BUpPTyaslbHOe Hacienosanue? Uro
O3Ha4aeT M Kak BO3HHMKaeT omunOka “ambiguous base”? Uto o3HavaeT M Kak BO3HHMKAeT “warning:
inaccessible base class”? Uro mnpoWcXomuT NpU KOMOWHAIIMM BHUPTYAJIBHOTO M HEBUPTYalbHOTO
HacjaeI0BaHus?

5. Uro takoe BHpTyajbHble (yHKIMH? B Wem pasHHIa MeXIy BUPTYaJIbHBIMH W HEBHPTYaJIbHBIMHU
¢dbyHKIMsIMU Tipu HacnenoBanuu? YTo Takoe Tabimia BUPTyanbHbIX GyHKIUA? UTo Takoe abcTpakTHbIC
KJIacChl U YMCTO BHUPTyajbHble (QyHKumu? [y 4ero HyKeH BHUPTyalbHBIH aectpykrop? Uro takoe
noJMMOpGH3M U Kak 3To noHsTue B C++ CBSI3aHO C BUPTYaJIbHBIMH (QYHKIUSAMHU?

6. Uro Takoe ureparopel? Kakuwe BHIBI MTEpaTopoB OBIBAIOT M KaKWe ONEPALUH JOIYCTUMBI Ha
KaxIbIM 13 HuX? Pacckaxure npo ¢pynknuu std::advance u std::distance. Kakum o6pazom nocturaercs
MX pa3HOE MOBE/ICHHE B 3aBHCUMOCTH OT BHUJIa TIEPEIAHHOTO nTeparopa?

7. Kakue BUIBI UTEPAaTOPOB IMOANEPKMBAET KaXKIbIM M3 CTaHAApTHBRIX KoHTeitHepoB? Ilpemnoxure
peaNn3anunio UTepaTopoB AJIsl KAKOro-HUOyIb U3 CTaHAAPTHBIX KOHTEHHEPOB (Ha Balll BBIOOD), CUMUTAs,
YTO B OCTaJIbHOM KOHTEHHEp YK€ peaan30BaH.

8. Pacckaxute nipo knacc std::insert_iterator u gynkumro std::inserter, IpeaokKUTE UX PEATU3AIHIO.

9. Pacckaxure 00 rvalue-ccbuikax w 00 YHHBEpPCAIBHBIX CChUIKax. Kakue mpUCBaMBaHUS MEXITY
lvalue-, rvalue-ccpuikamMu, a TakKe BPEMEHHBIMH OOBEKTaMH W HMMEHOBAaHHBIMH HECCBHUIOYHBIMH
00BbEKTaMU pa3pelIeHsbl, a Kakue 3amnpenieHb? YTo MeHseTcst B Cliydae ¢ KOHCTAHTHBIMH CCHUIKAMH U
oOobexTamMu? YTo SBISETCS M YTO HE SBISETCS YHUBEPCATBHBIMH Cccbutkamu? [IpuBeauTte mpumepsl,
WIUTIOCTPHUPYIOIIHE BCE BBIILIECKa3aHHOE.

10. Yo Taxoe lvalue, rvalue, xvalue, glvalue u prvalue? IlpuBeaure npumepsl. Pacckaxure o TOM, 4TO
takoe reference collapsing (cBopaumBaHume ccwulOK), reference qualifiers (ccwuiouHBIE
KBanmudukaroper), return value optimization (RVO) u copy elision. IlpuBeaure mnpumepsl,
WLTFOCTPHUPYIOIINE BCE BBHIIICIIEPEYHCICHHOE.

11. Pacckaxute, Juisl pelieHus Kakod MpoOjeMbl HY)KHBI YMHbBIE yKazareidu. Pacckaxxure mpo Kiacc
std::unique_ptr, npeanOXHUTE pealn3alui0 OCHOBHBIX METOAOB JTOro Kjacca (KOHCTPYKTOPBI,
JECTPYKTOP, OIEpaTOphl IPUCBAUBAHUS, ONIEPATOPh! YHAPHAS 3B€3/104KA M CTPEJIOUKA).

12. Pacckaxure mpo kinacc std::ishared ptr. Kakyro mpoOnemy OH pemaer u Kak OH YCTPOEH?
[IpennoxxuTe peanu3alMio €ro OCHOBHBIX METOAOB (KOHCTPYKTOPBI, HECTPYKTOp, OIEPaTOPHI
MPUCBaNBaHUsI, OTIEPATOPBI YHAPHAS 3BE3/10YKA M CTPEIIOUKA).

13. Tlpemnoxure peanmzanmioo QyHkum std::make unique. 3auem HykHa 3Ta (QyHKIMS, KaKylo
MOTEHIMAJBHYI0 MpobieMy oHa pemaer? Pacckaxure o ¢yHkuusx make shared u allocate shared
(6e3 peanuzanun). 3aueM Hy)KHa KaK[as U3 HUX, KaKHe TIOTEHIIUAIbHBIE TPOOJIEMbl OHU PENIaroT?

14. Pacckaxute mipo knacc std::weak ptr. Jlns pemenust kakoir mpoOieMbl oH HyxxeH? [Ipemioxure
peanu3anuio ero OCHOBHbBIX MeTofoB. Kak weak ptr y3HaeT, 4To 0OBEKT Mo HUM Yyrke OblT yaaneH?

15. Pacckaxkute mpo kiacc std::enable shared from_this. s pemeHust kakoit mpoOieMbl OH HYXKEH U
Kak UM nons3oBathbes? [pemnoxkure peanusanuio 3Toro kiacca. Kak Hy)kHO u3MeHuTh Kof shared ptr,
4TOOBI OH paboTal cornacoBanHo ¢ enable shared from_this?

16. PacckaxkuTe 0 BBIBOJIE THUIIOB C MIOMOIIBIO KITFOYEBBIX clioB auto u decltype. B uem pazHuia Mexmy
MpaBUJIAMH BBIBOJIA TUTIOB JJIsl HUX? B KakWx KOHTEKCTaX MOXKHO UCIONb30Barh auto? Kak paboraer
decltype ot uneHTH(HUKATOPOB U OT pasHbIX Kareropuil Beipaxenuil (lvalue, xvalue, prvalue)? Uro
taxoe decltype(auto) u st pemeHus: Kakoii MPOOIIEMEI 3TO HYXHO?

17. Pacckaxkure 0 BO3MOXHOCTAX compile-time Brrumcienuit B8 C++. Kak ¢ moMonipio 1maoiioHHOTO
METanporpaMMUPOBaHHSI UMUTHPOBATE ITUKIBI 1 yciioBUs? [lokaxuTre Ha mpuUMepe MPOBEPKU IEIOTO
YHUCJIa Ha MPOCTOTY. PacckakuTe 0 KIIFOUEBOM CIIOBE CONSteXpr: 4eM constexpr OTiaMdaeTcs OT const,
3a4eM HYKHBI constexpr-QyHKIUN U NepEeMEHHbIE, KAKUMH BO3MOXKHOCTSMH OHHM OOJIafIal0T M KakKue
OTpaHUYCHUS HA HUX HAKJIAJABIBAIOTCS?

18. Urto Takoe type traits? OOBsCHUTE, KaKk peaJM30BaHBI CTPyKTyphl std::remove reference,
std::is_same, std::rank, std::conjunction, std::conditional, std::common_type.



19. Yro Takoe SFINAE? OObscHuTe o00uIyl0 HACIO Ha MpuUMepe CTpyKTypsl std::enable if.
[pennoxkute peanuzanuio cTpykTyphl std::is class, oObsicHuTe, Kak oHa paboraeT (IIPOBEPKOH Ha
iS_union MOXXHO MPEHEOPEYb ).

20. 3auem HyxkHa ¢ynkuusa std::declval? Ilouemy »Ta ¢yHkums Bo3Bpamaer T&&, a He T?
[pennoxkute peanuzanuio CTpyKTypsl std::is_constructible, 00bsicHUTE, Kak OHAa paboTaeT.

21. 3agsem HyxeH kimacc  std::allocator traits?  Ilpemnmoxure — peanuzaumioo  GyHKUUH
allocator_traits<Allocator>::construct. Kakum o0pa3zoMm 3Ta (yHKIUS MPOBEPSET, peaanu30BaH JH Y
aJUTOKaTtopa MeTo[] construct, M Kak oHa ce0sl BeIeT B 3aBUCMOCTH OT 3TOro?

22. Pacckaxute o ¢ynkiuu std::move if noexcept. B xakom mecre craHgapTHOW OMONMOTEKM OHA
UCTIONB3YyeTCS M ToYeMy OHa Tam HeoOxoamma? Ilpemiokure ee peanu3ammio (cunTas, 4to type traits
YK€ peann30BaHbl).

23. llpennoxure peanu3anuio cTpyKTypsl std::is_base of. OObsicHUTE, Kak OHa paboTaer.

24. Yro takoe namOna-pynkiun B C++? KakoB cuHTakcuc jisiMOia-BeipakeHuit? UTo Takoe CIUCKU
3axBaTa, YTO TAKOE 3aXBaT [0 YMOJYAHHIO U B YEM €ro ONMacHOCTh? PacckakuTe O JOMOIHUTEIBHBIX
BO3MOXKHOCTSIX JsiMOfa-Beipaxkenndt B C++14 (3axBar ¢ WHHOManIM3anued, oOOOOIICHHBIC
nsmOna-Beipaxkenus). Pacckaxure (6e3 peanuzauuu) npo kiacce std::function n ¢ynkumio std::bind,
MPUBEIUTE IPUMEPHI UX UCIIOJIb30BAHUS.

25. Uto Takoe IOHUOHBI (Union), Ui YeTO OHU HYXHBI? B 4eM cX0JCTBO U pa3inuyre MexX1y FOHHOHAMHU
n xinaccamu? KakoBbl 0COOCHHOCTH HMHUIMAJIH3ALMUK IOJIeH IOHUOHA, YTO TaKoe “‘aKTUBHBIA 4iieH”
IOHMOHA ¥ Kak ero momeHsaTh? Yro Takoe std::variant u std::any, /Ui 4ero OoHM HYXXHBI, KAKOBBI MX
OCHOBHBIEC METOIbI?

26. Uro taR[-44]C[-1]:RCxoe peduekcus? Uto MOKHO CKa3zaThb O BOBMOXHOCTSIX pedruexcuu B C++?
Peammsyiite mabnonnyio ¢ynkuuio detect fields _count<S>, koropas Obl mO3BOJIsATIAa ONPEHEISATH
KOJIMYECTBO TOJIeH y TAaHHOH cTPYKTYphI S. OOBSICHUTE, Kak 3TO pabOTaeT.

[TpumMepsl OUIETOB K SK3aMEHY:

Buner Ne 1.

1.Yrto takoe SFINAE? IIpuBeaute XoTs Obl OUH puMep (Ha YPOBHE HJIEH, MOKHO 0e3 peann3aiun).
2. Uro Takoe meperpy3ka ¢yHkmmid? UYrto Takoe meperpyska omeparopoB? [lpuBemure mnpumMepsl
OIIEpaTopoB, KOTOpbIE MOXKHO M HEJb3sl meperpyxkarb. llpuBemure mnpumep mneperpy3ku XoTb
KaKoro-HHOY/Ib oreparopa (HaIMIIUTE CUTHATYPY €T0 MePerpy3KH).

buier Ne 2.

1.Yro rtakoe pedumekcus? Uro MOXKHO ckazaTh 0 BO3MOXHOCTsX peduexkcunt B C++? Peanmsyiite
mabnonnyto ¢pynkuuio detect fields count<S>, koropas ObI 03BOJISLIA ONPEAEIISATH KOJIHMYECTBO MOJIEH
y naHHOU CTPYKTyphl S. OOBSICHUTE, KaK 9TO pabOTaeT.

2.Pacckaxwure 0 mpoOiemax, JUisl pelIeH st KOTOPBIX OblUIa BBEIEHa mMove-ceMaHThKa. Pacckaxure, Kak
paboraer ¢yHKIus std::move M Kak ee MPUMEHSTh, OOBSCHHUTE, KAK OHA Pealln30BaHa U IOYEMY
uMeHHO Tak. Kak nmpaBmiibHO peann3oBarh QyHKIHIO swap B C++117

Buiet Ne 3.

1.Kakue BHIBI UTEpaTOpPOB MOIACPKUBACT KaXAbIH W3 CTaHAAPTHBIX KoHTeWHepoB? Ilpemmoxure
peann3anunio UTepaTopoB AJsl KaKOro-HUOyIb U3 CTaHAAPTHBIX KOHTEHHEPOB (Ha Balll BBIOOD), CUHUTAs,
YTO B OCTAJIbHOM KOHTEHHEp y’Ke peaan30BaH.

2.Pacckaxure nipo knacc std::insert_iterator u ¢pyHknuto std::inserter, IpeAIOKHUTE UX peaTu3aluo.

Kpurepun onennBanus
OTJINYHO
10 TIlomHOCTBIO M BOBpeMsI peUIeHBI Bce 3amadu Oe3 ommuOok. IIpogeMOHCTpUpOBaH TPaMOTHBIIM
MOJXOA K PEHICHUIO 3aJlad, peajn30BaHbl ONTHMANBHBIC alTOPUTMBI, KO OQOPMIICH B EIUHOM
y1o00unTaeMOM CTUIIE

9 TlonaHOCTBIO M BOBpEMsI pellieHbI Bce 3afa4un 0e3 omnook. [IpogeMoHCTpupoBaH rpaMOTHBINA MOAXO0A
K PELEHHUIO 3aJ1ay, pealn30BaHbl ONTHMAJIbHbIE AJITOPUTMBI

8 TlomHOCTBIO ¥ BOBpEeMS pellieHbl Bce 3aa1a4n 0e3 ommbok. [IpogeMoHCTpupoBaH rpaMOTHBIN TTOAXO/
K pELICHHI0 3a/1ad



XOpOLLO
7 TlomHOCTBIO pelIeHbI Bee 3a1a4u. J{omyieHbl HeCyeCTBCHHbIC OITMOKH.

6 TlonHOCTBIO pemieHo OONBIIMHCTBO 33j]ad. B HEKOTOpHIX 3ajadax JOMYMIEHBl U HE UCTPABICHBI
OIMOKY, JTNOO HEKOTOPHIE 33]]a4 PEIIeHbI YACTHIHO.

5  TlomHOCTBIO peIIeHO IBE TPETH 3aJa4y. B HEKOTOpBIX 3ajadyax IOMYIIEHbl M HE HCIPABIICHBI
OIHUOKH, JTUOO HEKOTOPHIE 3a/1a4W PElICHbI YACTUYIHO.

YIOBJIETBOPUTEIILHO

4 TlomHOCTBIO pemieHo Ooliee MOJOBHHBI 3ajia4. B ocTanbHBIX 3a/ad4ax AOMYIICHBI U HE HCIPABICHBI
OIMOKY, JTNOO HEKOTOPHIE 33]]a4 PEIIeHbI YACTHYHO.

3 TlomHOCTBIO pemieHo OoJiee TTOIOBHUHEI 3aa4.

HEYIOBJIETBOPUTEIHLHO
2 PemnieHo MeHee NOIOBHUHBI 3a1a4.
1 He pemeHo HU OJHOM 3a7a4u.

5. MeTonuueckne MaTepuaIbl, ONpeesONINe MPoueIypPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(Wy1M) oNbITA AESITEILHOCTH

JuddepeHnmpoBanHbIid 3aueT OyJIET COCTOSITh U3 JIBYX YacTei: MpeaBapUTEIIbHOW YacTH U OCHOBHOM
YacTH.

ITpenBaputenbHas yacTh OyeT HMPOXOAWTH MUChbMEHHO. Bam OymayT BblnaHbl 4 Bompoca B Ipejenax
TEOPMHUHMMYMa Ha 15 MMHYT, mHUcaTb OTBETHl HYKHO OyIeT Ha BBIOAHHON Oymare, HUYEM HENb3s
MoJNb30BaThcsl. Bompockl BeiOupatorcss u3 crnucka “TeopMHUHUMYM”, MpHBelIeHHOTO HUXe. OTBETHI
oLieHUBAIOTCsI OMHApHO. UTOOBI yCHEIHO NMPOWTH MPEaBapUTENbHYI0 YacTh, HEOOXOAMMO MPAaBUILHO
OTBETUTh HE MEHEe 4eM Ha 3 BOIpoca W3 3aJaHHBIX YeThlpeX. Ecim BBl yCHEmIHO NpOXoxuTe
MPEeIBapUTENIbHYI0 YacTh, TO MEPEXOAUTE K OCHOBHOM YacTH; WHA4YE YXOIUTE C DK3aMEHa C OLCHKOM
Heyn(2).

I'apanTHpyercs, 4To Ha MpeABapUTENbHOI YacTu He OyAyT 3aaBaThCs BOIPOCHI, BBIXOSIINE 32 PAMKU
cnucka “TeopmMuHEUMYM™ (C TOH OrOBOpKOH, uTO Bompoc Buzaa “Yrto Takoe X Bcerga moapasyMmeBacT
yMEHHE NpHuBeCTH npumep). ['apaHTHpyeTrcs, 4TO OJMH BOIPOC HA IPEABAPUTENBHON YacTH Oyner
MOKPBIBAaTh He 00Jiee OHOTO IMyHKTa JAHHOTO CIHUCKa (HO HeoOs3aTenbHO OyAeT COBNalaTh C IyHKTOM
CITMCKA JTOCTIOBHO).

[IpumMeps! BO3MOKHBIX BOIIPOCOB NIPEBAPUTEIILHON YacTU U IPaBUIIbHBIX OTBETOB HAa HUX:

Uro Ttakoe BupryasnbHas ¢yHkuusa? (OTO MeTon Kiacca, KOTOPBI MOXKHO TIEpPEONpeneinTh B
KJlaccax-HacleAHUKaX TaK, 4TO peanu3alys MeToda A BbI30Ba OydeT BHIOMpPAThCS BO BpeEMs
WCIIOJHEHUS, a HE BO BPEeMs KOMITMIISALIUY. )

Jns penieHust kKakux MmpoOieM HyxHa move-cemantuka? (Hampumep, Takux: Hed(h(hEKTUBHBIA swap
IBYX MPOU3BOJIBHBIX 00BEKTOB, HEd(dekTuBHBIN push back B BekTop - ¢ reMoHCTpanneil Ha Ipumepe
KOJIa.)

KakoBo neiictBue omeparopa ‘“‘3amstas’? (BblYMCIWTh JIEBBIM oOmepaH]i, CTPOTO TOCIE DTOTrO
BBIYHCIIMTH TIPABBII ONIEPaH U BEPHYTH PE3yJIbTaT BHIYHUCICHHS IPABOTO OTIepaH/Ia. )

OcHOBHas 4acTh MPOXOJAHUT TIO CIENYIOINM IpaBuiaM. Bl TsHeTe OuneT. buiet Oyner cojepxars JBa
BOIPOCA W3 HIDKEMPHUBENCHHOTO crrcka “OcHOBHBIE Bopochl”. Crimcok pa3dut Ha aBe vactu. OnuH
BOTIPOC B KaXKI0M OwmiieTe Oy/ieT U3 MEePBOi YacTH, OJH BOIPOC - U3 BTOPOM YacTH.

Bo BpeMs moarotoBku orBeTa Ha OWJIET MOXKHO IOJIB30BaTbCs CBOMMHM 3apaHee IMOJArOTOBICHHBIMHU
PYKOIIMCHBIMH 3aIllUCSIMU B Tpefenax oxHoro jucrta A4. [lomp3oBaTbest 3amucsiMM, CACTaHHBIMU Ha
4eM-1100, KpOME OJHOTO 3apaHee BbIOpaHHOro jucta A4, uiau o0oH MedaTHol (a He PyKOIHCHOI)
uH(popManueil, uiIM MHTEpHEeT-pecypcaMu 3amperieHo. Hapymienue 3Toro npaBuia npupaBHUBACTCS K
CIHCHIBAHUIO W BEIET K yNaJeHHIo ¢ 9k3aMeHa. (CMBICT JaHHOTO Pa3pelIeHUs] B TOM, YTOOBI KaXKIbIi
MOT 3amucarh Juid cebs Haubosee TpyaHbIe AT 3allOMUHaHMA AeTanu. He ciexyer BocpHHUMATH 3TO
KaK IPU3BIB MOCTApaThcsl 3aKOHCIEKTUPOBATH MaTepuasl BCEro Kypca Ha omHoM Jmcte.) C MOMEHTa
Hayaja OTBETAa Ha OWJIET IOJb30BaThCS BBIIICHA3BAaHHBIM JIMCTOM 3ampeniaercss (HO, pasyMmeeTcs,
MOYKHO TOJIb30BAaThCs 3alMCSMH, CACIAHHBIMU Ha Jpyroi Oymare BO BpeMs IMOATOTOBKH OTBETa Ha
ouier).



B xome ocHoBHOW wacTu sKk3aMeHa CIUCOK ‘“TeopMUHUMYM™ CIYXUT OPHEHTHPOM Ha CIIy4aid, eCiu
peub uaet o6 oueHke yna(3) u Huxke. Eciin B m000i MOMEHT SK3aMeHa BBISICHUTCS, 4T0 Bbl He MoxeTe
OTBETHUThH XOTsl Obl HA HECKOJIHKO BOMPOCOB U3 crHcka ‘“TeopMHHUMYM”, TO, BEpOsiTHEE Bcero, Barmeit
OLIEHKOH 3a 3K3aMeH Oynet Heyn(2).

Eciu BBl mpeTenyeTe Ha OLICHKY BhILIE OTI(8), TO, CKOpee BCero, BaM OyIyT 3aJaHbl JONOJHUTEIbHbIC
BOIIPOCHI B paMKax oOILIel MporpaMmbl Kypca, MPHUBEIEHHOM BbIIIE (a HE TOJNBKO B PaMKax CIHCKOB
“OcHoBHBIE BONPoch” U “TeopMUHUMYM’), 32 UCKITFOYEHUEM TOTO, YTO BBIJEIIEHO KPACHBIM IIBETOM. B
mr000M citydyae, IpernojaBarellb, €ClIM COYTET HY>KHBIM, MOXET JIONOJHHUTEILHO K OWJIETy 3aaBaThb
BONPOCHI U3 JIFOOOTO U3 TPEX CHHUCKOB B JIIOOOM KOJIMYECTBE IO CBOEMY YCMOTPEHHUIO.



