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AHHOTANMA

Kypc comepxxkur B cebe mnpuHUMIBI ~ OOBEKTHO-OPMEHTHPOBAHHOIO  IMOAXOHA, a TaKk  Ke
OOBEKTHO-OPUEHTHUPOBAHHbBIN aHAIN3 U MPOEKTHpPOBaHMHE. PAaCKphIBaeT M OMUCHIBAET OCHOBHBIE IOAXOABI B
00BbEKTHO-OpPMEHTHPOBAHHOM NpOrpaMMupoBaHuu. PacMmarpuBaeT 00600meHHbIe Kiacchl U MeTonbl. CTporo
TUIMHM3UPOBaHHBIE ICTOYHUKY U YIIPABJIEHUE B3aUMO/ICHCTBHEM OOBEKTOB.

1. lean u 3apa4n

Heap AucHUNIHHBI
- cdopMHpOBaThH MPEACTABICHNE O PA3HOOOPA3HBIX BBHIUMUCIUTENBHBIX 3aja4ax B TeOpuH rpados u 00
ACHMITOTUYECKUX CIIOKHOCTAX UX PEUICHUIT;
- J1aTh TEOPETUYECKUE U MPAKTHYCCKHE 3HAHHUS 00 arTOpUTMax M CTPYKTypaxX JaHHBIX TEOpUH rpadoB
C JI0Ka3aTeIbCTBOM KOPPEKTHOCTH UX pabOTHI, 0 METO/IaX OLIEHKH CIIOKHOCTH JITOPHUTMOB.

3agaun AU COMIIHHBI
- Hay4uTh (YOPMYIHPOBAThH 337a4N B TEPMUHAX N3YUCHHBIX TEOPUH, BEIOMPATh MOAXOSIINN aIrOpUTM
JUTSI TIOCTABIEHHON 3aJ1auu;

- Hay4HTh pa3padaThIBaTh KOMOWHAIIMU aJTOPUTMOB JUIS PEHICHHs MOCTaBICHHBIX 33/]a4, OICHUBATh
CIO)KHOCTH aJTOPUTMOB, HUX MOAMGUKAIMKA M KOMOWHAIMHA, B TOM YHCIE C IOMOIIBIO
aMOPTH3ALMOHHOTO aHaJIM3a, BHIOMPATh MOIXOASIINE CTPYKTYpPhI JTAHHBIX JUIS MMOCTABJICHHBIX 3ajad,
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 CTpOWTh MareMaTH4ecKHe MOJIEIH,
(dyHIaMeHTalbHbIE 3HAHUS, I0JTyYCHHBIC B MPOU3BOIUTH KOJIMUECTBEHHBIE PACUETHl M OLICHKH

obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAyK M UCIIOIb30BaTh UX B
npodeccuoHaIBHON 1S TeTbHOCTH
OIIK-2 Crniocoben ucnonb3oBars coppemennble |OIMK-2.2 3HaeT W yMeeT TIPUMEHSTH YHCICHHBIC
MH(OPMAIIMOHHBIE TEXHOJIOTHU H MaTeMaTHYeCKHEe METOJbl M NPUKIATHOE IPOrpaMMHOE
IPOrpaMMHBIE CPEACTBA IIPU PEIICHUH 33/1ad  |o0ecrieyeHre  [uid  pelIeHus  Hay4yHbIX  3a7a4 B
npodecCHoOHAIBHON IeSTeIBHOCTH, coOMonas  |mpodecCuoHaIbHON 00IacTH

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;
- CTaHAApPTHBIC alTOPUTMBI Ha rpadax M HUCIOJIB3yeMble CTPYKTYphl IaHHBIX, HOAXOIBI K
MOAN(DUKAIUN KJIACCUYECKHUX aJTOPUTMOB;
- pa3HOOOpa3HbIe KJIACCHYECKHE 33/1aud B TEOpPHU Tpad)OB U ACHMITOTUYECKUE CIOKHOCTH HX
pELIEHU.

YMETb:
- (QopmynupoBaTh 337a4u B TEPMUHAX W3YYCHHBIX TEOPUl, BHIOMPATH MOAXOSIINM aJrOPUTM JUIs
MOCTABJICHHOM 3a/1a4H;
- pa3pabaTbIBaTh KOMOMHAIMK aJTOPUTMOB ISl PEILICHUS TIOCTABJICHHON 3a/1a4H;
- OIICHUBATH CIOKHOCTU QJITOPUTMOB, X MOAU(HKAIMA W KOMOMHALIMIL, B TOM YHCIIE C IIOMOIIBIO
aMOPTH3aLlMOHHOTO aHAJIN3a;
- BBIOMpATh MOAXOAIIUE CTPYKTYPBHI TAaHHBIX JUII KOHKPETHOH 3a1a4m;
- peanr30BBIBATh AITOPUTM B 0000IIEHHON (opMe Ha SI3bIKE IPOTPAMMUPOBaHUS c++;
- peann30BhIBaTh CTaHAAPTHBIE AITOPUTMBI Ha Tpadax ¥ CTPYKTYpbl IaHHBIX Ha S3BIKE
nporpaMmupoBaHust C++.

BIIAJICTh!



- MCETOAaMHM ACKOMIIO3HMINHU 3a/1a4 B obmacTu I/IH(I)OpMaLII/IOHHLIX TCXHOIOTHHI U MNOCTPOCHUSA CAUHOTO
peuICHus ¢ UCIIOJIB30BAHUEM U3YUCHHBIX aJITOPUTMOB;
- MCTOAaMH OLCHKHU CIIOKHOCTHU AJITOPUTMOB, UX MOI[I/I(i)I/IKaLII/Iﬁ 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
Jlexkumu | CemuHapsl JIabGopar. paboTsl Camocr.
P pat-p 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
[[TabnoHHOE MeTanmporpaMMUpOBaHUE U
14 SFINAE 2 2 10
15 @DyHKUMOHAIbHbIE OOBEKTHI u ) ) 7
MO 1a-QyHKITHH
16  |Hekoropsie 0cobOble MMOJE3HBIE THITBI 2 2 8
Hroro yacos 30 30 135
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 225 yac., 5 3ad.en.

4.2. Cogpep:kaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)
1. BBenenue B S3BIK

OO6mme cinoBa: Mecto si3bika C++ cpear COBPEMEHHBIX SI3BIKOB, aKTyaJlbHbIE BEPCHU JTOTO SI3bIKA,
KJIFOYEBbIE JTFOAM, CBA3aHHBIC C 3TUM S3bIKOM, O(HUIMATBHBINA CTAaHAAPT SI3bIKa

CrpykTypa nporpamMmsbl, GYHKIMS main, MOHATHE O0NacTH BUAMMOCTH (scope). KitoueBble cioBa.
Brog-BriBOz (Cin, cout).

OO6mbsBnenus (declarations). Unentudukaropel. @ynnamenrtanbublie Tumsl (int, long, long long, float,
double, long double, char, bool, momudukaroper signed u unsigned). Paszmepsl >THX THIIOB,
OCHOBHBIC OIEpalii HaJ HHMH, HESBHBIC INPeoOpa3oOBaHMs THIIOB MEXIy coOoi. Jlurepaisl,
muTepanbHbie  cyQOUKCHI JUIS  OCHOBHBIX THMOB. OObsiBICHUS (QYHKIUA, pa3zHHUIA MEXKIY
oOBsBICHHEM U onpezenienrneM, one definition rule.




Bripaxenust (expressions). Omepatopsl. Apudmerndyeckue oreparopbl. [[0OMTOBBIE ONEPATOPHI.
Jlorndeckue ormepaTopbl, OCOOCHHOCTH HX paboThl. Omeparop NPHCBaUBAHUS U  OIEPATOPEI
COCTAaBHOTO TMpHCBauBaHWsi, OCOOCHHOCTH ero pabGotel. [lonsrtue lvalue um rvalue B C++03.
WHKpeMeHT u AeKPEeMEeHT, OTIInYne NMpeGUKCHON Bepcuu oT mocTPUKCHOU. Oneparopsl CpaBHEHHUSL.
TepnHapubIii onepatop. Oneparop “3ansitas’. Oneparop sizeof.

Wuctpyknuu (statements). Koncrpykmmu if...else, for, while, do...while, switch, nx cuHTakcuc,
npaswia padotel. MHCTpYKIMU break, continue, return, ux aeficreue. MTHCTpyKIHst g0to M METKH.
[MonsTHST OMMOKK KOMITMIISIIIY, OMIMOKA BPEMEHHU BBIMOJIHEHMsI (runtime error), HeonpeaeIeHHOTO
noseneHus (undefined behaviour), oTuuus Mexay HUMH, TpuMepbl. Bunbl ommMOOK KOMIHIISIIUH:
JIEKCHUYECKUE, CHHTaKCHUecKne, cemanTiuueckue. [lonstre segmentation fault u stack overflow.

2. MonuukaTopsl TUIIOB

Vkazarenu, omepanuu Hajg Humu. Ormepanust B3ATHS aapeca. ABTOMAaTHYECKas NaMATh (CTEK).
MaccuBbl, onepanus [] (kBaapaTHble CKOOKH), €€ MPUHIMII paboThl. Ykazarenb Ha void u ero
OCOOCHHOCTH.

Oynknuu. Ileperpyska ¢yHKIWi, MpaBuia paspelieHus neperpy3ku (obmias cxema, 0e3 JeTaiei).
@OyHKIMU ¢ apryMeHTaMu MO yMoimdaHHio. OYHKIMHM ¢ HEyKa3aHHBIM KOJMYECTBOM apryMEHTOB.
VYkazarenu Ha (YHKIWH, ONIEpalUy HAJl HOIMH, UX OCOOCHHOCTH.

Jlunamudeckass mamsth. Omneparopbl new W new|[]|, WX HCIonb30BaHWe (B CTaHIAPTHOW Qopme).
Omneparopsl delete u delete[], ux ucmons3oBanme (B cranmaptHoit ¢opme). [Ipobmema yreuek
namstu. [IpoGiema qBOHHOTO ynaneHus.

[lepenaya apryMeHTOB 110 3HAYCHUIO M 110 yKasaTewro, repBas Bepcust GpyHKIuU swap. Jumemma c
MpHcBauBaHWeM (CO3/1aBaTh HOBOE Ha3BaHwe WM komuio?). Maes ccwuiok (references). Otmumuus
CCBUIOK OT yKa3aTelel, mpaBuiia paboThl CO CChUIKaMU, BTopast Bepcust GyHkuuu swap. [IpoGnema,
CBsI3aHHAsI CO CCHUTKOW Ha JIOKaJIbHYI0 epeMeHHY0 (“OuThle CChUTKH ™).

Nnes koHCTaHT, KitoyeBoe cioBO const. IIOHSATHME KOHCTAaHTHBIX U HEKOHCTAHTHBIX OIEPALIAM,
0CcOOCHHOCTH PabOTHl ¢ KOHCTaHTaMW. KOHCTaHTHBIE W HEKOHCTAHTHBIC CCHUIKH. KOHCTaHTHBIC
yKa3aTelll U yKa3aTelld Ha KOHCTaHTy. Pa3perieHHble U 3anpelieHHble TPHUCBauBaHUSA MEXY BCEMHU
BBILICYTIOMSIHY THIMU THUTIAMHU.

Buner npuBenenuii TUIoB: static_cast, reinterpret_cast, const_cast u C-style cast, ux ocobeHHocTH,
IpUMepsl IPUMEHEHHUS U IIPUMEPBI, KOTZIa OHU He CPabOTaIoT.

3. Bexnenune B OOII

Unes OOII. IlonsTust kjmacca W CTPYKTypbl, ujeHOB Kiacca. [lods u MeToApl, MOHSTHE
UHKaNCyasuun. Monupukaropsl JOCTYTIA.

Konctpykropel u nectpykropbl. KoHcTpykTop 1o ymomuanuio. Ileperpy3ka KOHCTPYKTOPOB.
KoHCTpykTOp KONHMpOBaHMS, €ro CHUTHaTypa M cxema peanusauuu. Ilpumep, korma HeoOxommm
HETPUBHAJBHBI KOHCTPYKTOp KOIMPOBAHUS W ONeEparop NpucBauBaHus. [IpaBuiia reHepanuu
KOMITWJIATOPOM KOHCTpYKTOpoB. Kitouesbie croa default m delete B koHTekcTe ompeneicHUs
(YHKUMH-YIICHOB.

Omneparops! “Touka” u “crpenouka’. KiroueBoe cioBo this u mpuMep UCTIOIB30BaHUS.

Omeparop npucBanBaHus, €0 CUTHATYpa U cxeMma peanuzanuu. “TlpaBuino Tpex”.

[IpoGiema ¢ wWHUNMANM3ANMEld KOHCTAHT M CCBHUIOK. PelleHHWe: CIUCKM WHHIUAIW3AINA B
KOHCTPYKTOPAX.

KimroueBoe cnoBo explicit. [Ipumep ¢ koHCTpyKTOpOM String(int n).

KoHCTaHTHBIE 1 HEKOHCTAHTHBIE METOIbI, IPUMEPHI.

KimroueBoe cioBo mutable, mpuMep npruMeHeHUs!.

[NonsTre npyxecTBeHHBIX (PYHKIIHMIA U KI1acCOB, KIFO4YEBOE coBo friend.

[IpoGiiema BBI30Ba KOHCTPYKTOPOB M3 JIpyTMX KOHCTPYKTOpOB. PemieHue: nenerupyrouiyie
KOHCTPYKTOPBL.

Craruueckue mojst 1 MeTo/Ibl, puMep. JIoKaabHbIe CTaTHYECKHE TICPEMEHHEBIE.

VYkazaTenu Ha wieHbl M yKa3zaTenud Ha MeTonbl. CHHTakcuc OObBSBICHHS, IPUMEP HCIOIb30BaHUS.
Omneparops! “Toyka co 3BE3J0YKON” U “‘CTPETIOYKa CO 3BE3A0UKOMN .

4. Ileperpys3ka ornepaTopos



OOmast uaes meperpys3ku omeparopos. I[leperpyska apudmMeTnyeckux onepaTopoB Ha IpUMEpe
knacca Biglnteger: OuHapHBIE OIEpaTOpbl, COCTAaBHBIE MPHUCBAWBAaHHUS C HHUMH, IPABHIBHOE
BBIp2XKEHUE OJHOTO duepe3 apyroe. lIpobGneMa ¢ KOPPEKTHOCTHIO BBIpXKECHHH BHOa “X+y=5;".
[IpoGiema B ciydae JIeBOTO omepaHia - He 00bekTa kiacca (Beipaxkenus Buma “5+x”). [leperpyska
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 []| (kBagparHble ckoOku). [IpaBuibHOE COOMIOAEHHE KOHCTAHTHOCTH IPH
neperpyske oneparopa [].

[leperpyska omeparopa “kpymible ckoOku”. Ilonatme ¢yHkTOpa M (QYHKIMOHAIBHOIO Kiacca,
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 HacienoBaHus. Moaudukarop apocrtyna protected. PasHuma Mexny mTpHUBaTHBIM,
MyOJIMYHBIM U 3alUIICHHBIM HacleaoBaHueM. PazHuIa Mex 1y HaclIeJ0BaHHEM KJIACCOB M CTPYKTYP.
ITouck umen npu HacnenoBaHUU. COKPBITHE UMEH HACIEAHUKOM. SIBHBIN BBI30B METOJIOB POIUTENS Y
Hacyieanuka. Mcnone3oBanue :: u using. [Ipo0ieMbl ¢ BUAMMOCTBIO Ha3BaHUK POIUTENICH U UX TIOJIeH
y TIOTOMKOB B Cllyyae JIBYXypOBHEBOTO HACJIEAOBAHUS, INE NEpPBBI ypOBEHb - IPHBATHOE
HacyienoBanue. [IpaBuia neiictBus cioBa friend B 3THX ciyyasx.

[Topsimok  BbI30Ba KOHCTPYKTOPOB U JECTPYKTOpPOB IIpu  HacienoBaHuu. IIpoGimema ¢
WHUIMATU3a0ed POAMTENEeH MpPH ONpeAe]ICHUHM KOHCTPYKTOpa HACIEAHHMKA, BHOBb NPUMEHEHHE
CNHCKOB MHUIManu3anuu. [lpaBuna pasmerieHust 00beKTOB KIaCCOB-HACIEAHUKOB B MTAMSTH.
MHOXEeCTBEHHOE  HAclelIOBaHWE, HEOJHO3HAYHOCTH NpH HeM, npobiemMa poMOOBHIHOTO
HacnenoBaHusA. [IpuMepbl paspemieHus HEOJHO3HAYHOCTH C IOMOINBIO TPHUBEICHUN THUIOB H
oreparopa ::, KOMOMHAIIMK BCETO 3TOTO C MPUBATHBIM HACIIEIOBAHUEM, CIBUTH yKa3aTeleH.
BupryansHoe HacnemoBanue. OCOOCHHOCTM KOMOHMHALMU BHUPTYQJIBHOTO W HEBHPTYaJIbHOTO
HacJIeJOBaHMS.

[IpuBeneHne TUIOB MEXIy POIMTENIEM M HACISIHHKOM: Cpe3Ka HpPU KOIUPOBAHUH, NPHBEACHUE
yKazaTeneil, nmpuBeneHne ccbutok. OcobeHHOCTH static_cast, reinterpret cast MEXIy pOAUTEISIMH H
HacJIeIHUKaMU (a TakXe yKazaTelsIMH WIH cchUlkamu Ha HuxX). Omeparop dynamic cast, ero
oTMYune OT static_cast.

Bupryansnsie GyHKIMH, UX 00I1as uAes U OTINYNE OT HEBUPTYyalbHBIX. OCOOCHHOCTH pa3MeICHUs
B MaMATH KJIACCOB C BUPTYaIbHBIMH (QYHKUIUSIMH, MOHATHE nonuMopdusMa. [loaumopdHbie Kinacchl.
[MonsTue o Tabnuile BUPTYaNTbHBIX (GYHKIIUH.

BuptyanbHblil IECTPYKTOP U €T0 NPEIHA3HAYCHHUE.

AOCTpaKTHBIE KIIacChl M “UMCTO BUpTyasbHbie” (pure virtual) ¢yHkumu, mx ocobeHHoctH. Yucto
BUPTYaJIbHBIN AecTpykTop. Ommobka “pure virtual function call” u ee BO3HUKHOBEHHE.

KiroueBsie cioBa override u final mpu HaciegoBaHUM, UX TPeAHA3HAUYCHHE.

Mexaum3m RTTI. Omneparop typeid u nuHamuueckoe omnpexaeneHne Tuna ooObekra. Kiace
std::type_info.

[Ipobnema ¢ BBI30BOM BHPTYalbHBIX (DYHKIHMH B KOHCTpykTopax. [IpoOiema ¢ aprymMeHTamu o
YMOJYaHHIO B BUPTYaJIbHBIX (PYyHKIIHSIX.

Empty base optimization, mpumepsl.

6. llTa6monsr (templates)

MotuBupoBka u obmas uaes madmoHoB. IllabnoHbl kimaccoB, maONoOHBl (QYHKIUH, CHHTAKCHUC
OOBSABIICHHS, MPHUMEPHl HCIOJIB30BaHMs, CBA3b MIA0IOHOB W NOIMMOpP(H3Ma, CTaTHUECKHUN
MOTUMOP(H3M.

Crenuanu3anuy mabIoHOB, TMPUHIUI “4acTHOE MpPENoYTUTeNbHEe 00mero” MpUMEHHUTEIbHO K
mabnonaM. YacTuuHble W MONHBIE crienuann3auuu. [IpuHun “mydine TOYHOE COOTBETCTBHE, YEM
npuBefeHne Tuna’. Pa3zHuia Mexy crenuaiu3anueidl ¥ Mmeperpy3kod A mabnoHHBIX (QyHKIIHH.
[IpaBuna BeIOOpa KOMIWIATOPOM KaHIMAATOB HA CIICHUAIN3ALIUIO U Ha TIEPErpy3Ky.



KimoueBoe cnoBo typedef, ero mpennasnadenue. IllaGmonnsie typedef’sl, mcmonb3oBaHUe CIIOBa
using.

[Ipobnema ¢ obOpamenuem k typedef’am BHyTpu mablIOHHBIX KiaccoB. [IpuMeHEeHHE KITFOYEBOTO
cJIoBa typename JIjIsl pEIIeHUs 3TOH POOIeMBbI.

[MpumMepsl peanuzanuu npocTedmux type traits ¢ MoMomplo madIoOHHBIX CTPYKTyp U typedef’oB
BHYTPH HHX: remove_const, remove_reference.

HpaBHna BbIBOJJa THUIIOB IJIA mabJI0HOB. OT6paCBIBaHI/I€ CCBbUIOK ITpU BBIBOAC THIIA. P3360p CJIy4acB
CO CChIJIKAMHU M KOHCTAaHTaMH.

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

[[MabnoHbl € MEpeMEHHBIM KOJIMYECTBOM apryMeHToB (variadic templates). CuHTakcuc
ncnonb3oBanus. “OTKycbIBaHHE  MAOJOHHBIX apTYMEHTOB 110 oHOMY. Onieparop ““sizeof...”.

@OyHKIMOHANBHBIE KIAcChl M (DYHKIMOHAJIbHBIE OOBEKTHI ((YyHKTOPBI), CXeMa HCIOIb30BAHUS.
Kommapatopsr. [Tpumep: komnapatop B std::sort. CtanmaptHeie kommnaparops! (std::less, std::greater,
std::equal u T. 11.), UX peanu3aLysl.

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

OOmas wuaes, MOTUBHPOBKA HCIIOJBb30BAHUS MCKIIOUCHUH, omeparop throw u KOHCTpyKIHS
try...catch. [IpumMepsl cCTaHIAPTHBIX ONEPATOPOB, TEHEPUPYIOLINX UCKITIOUECHUS.

Pa3zHuiia Mexy MCKIIOUCHHSIMH W OIMMMOKaMU BPEMEHHW BhIMONHEHUs. OMMOKU, HE SBISIONIHECS
HUCKJIIOYEHHUSAMU, U UCKIIOUECHUS, HE SIBISIOIINECS OIINOKAMU.

I[TpaBuIia JIOBIM ¥ HOBTOPHOTO OPOCAHUS UCKITIOUCHHUH, IPUBEICHUS TUIIOB IIPH JIOBJIC UCKIIIOUCHUI.
JloBnst Bcex uckimroueHuid. [IpaBuna BeiOopa Oioka catch KOMIHIISTOPOM B Cilydae, KOTJa MOAXOISIT
pasHbie OJIOKH.

Konmpoanue npu OpocaHuM | JIOBJIE UCKIIIOUEHHH, MCKIIIOUYEHHUS M HacienoBaHue. OCOOEHHOCTH
nepexBara UCKIIIOUEHUH 110 3HAYEHHIO U TI0 CCBUIKE, IO CChUIKE Ha 0a30BBIN Kiacc.

Crnenudukanuy HUCKIIOUEHWH B CTapoM CTHiIe M uX npobiemsl, unexpected exceptions
(HeO)XHMIaHHBIE HCKIIOYCHUs). crenudukamm wuckiarodeHnit B crwie C++11, omeparop u
cnenudukaTop noexcept. YcinoBHbIi noexcept.

HckiroyeHns B KOHCTPYKTOpAx U MpodiieMa YTeUKU MaMsITH [IPU UCKITIOUCHUSIX.

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 mexay omeparopoM new u (pyHKImel operator new. bonee moapoOHbIN pa3bop AercTBuUs
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 moBenenus new B cinydae HexBarku mnamsaTH. DyHkmus new handler, dyHKIMN
set new_handler u get new_handler.

[Monsarue amrokaropa. Knacce std::allocator, ero ocHoBuble MeTonbl (allocate, deallocate, construct,
destroy) m ux mpumepHas peanmzanusi. OCOOCHHOCTH pean3alid KOHCTPYKTOPOB W OIeparopa
MPUCBaMBaHMA y CTAHIAPTHOTO aJUIOKATOPA.

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

[Mpumep HecTanmaptHoro amtokaropa (PoolAllocator), unes peanuzanuu ero Metonos. [IpoOieMsr ¢
KOHCTPYKTOPOM KOITMPOBAHHS U ONIEPaTOPOM MTPUCBAHBAHHSL.

Cemecrtp: 2 (Becennuit)

9. KonTeitneps! (containers)



OO6mue cnoa o koHTelHepax. Kiace std::vector, ero npegHasHaueHue, uaest peaanu3aniu, OCHOBHbIC
METO/BI U UX AITOPUTMUYECKAsl CII0XKHOCTD.

[Tons xmacca std::vector. Peanuzamnusi KOHCTPYKTOPOB, AECTPYKTOPOB, OINEpaTopa MPHUCBAUBAHHS C
MPaBWIBHBIM 00paleHueM K aJlJIOKaTopy.

Peanmzanus metona push_back ¢ mpaBuiIbHBEIM 0OpallieHHEeM K aJllIOKaTopy.

Peanuzanus oneparopa [] 11t KOHCTAaHTHBIX M HEKOHCTAHTHBIX vector. Pazuuna mexny [| u metonom
at().

Merton emplace back, ero peanuzanus u omnune ot push_back.

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

Ocobennoctn  paboTEHI c AIJIOKaTOpOM  TIPH KOIMPOBAHHU BEKTOpA. Meron
select_on_container_copy_construction.

Bomnpockl Ha moHuMaHue: 4eMy paBHO sizeof(V), re v - BEKTOp, M 4TO HPOM30HIET HpU BHI30BE
delete[] &(v[0])?

Knacc vector<bool> u ero ominurie oT 00bIYHOTO Vector, MPeUMYIIECTBA U HEOCTaTKU. BHYTpeHHNH
knacc BoolProxy. OcobGenHoctn peanuzanuu omneparopa [| ¥ omeparopa NpUCBaWBaHHS ISt
vector<bool> 1o cpaBHEHUIO C OOBIYHBIM Vector.

Knacc std::deque, oCHOBHBIE METOJBI ¥ UX AJITOPUTMHUYECKAs CIIOXKHOCTh. PasHuiia mexay deque u
vector: Metonasl deque, OTCYTICTBYIOIIME Y vector; METOAbl vector, OTCyTCTByromue y deque.
Apnantepbl Han koHTeiiHepamu: std::stack, std::queue wm std::priority queue, uX peanuzanuu.
Kommaparopsr B priority queue u ee crieliu)uIHbIe METO/BI.

Kitacc std::list, ocHOBHBIE METOABI M WX AJITOPUTMHYECKas CIOXHOCTh. Mpes peammsamum list’a.
BceraBka u ynanenue u3 mpousBoibHOro mecra. Cnenmduunsie s list’a meromsl: splice, sort,
merge, reverse. OcobenHoctu paboTsl list’a ¢ amiokaropom, metof rebind y amnokatopoB. Kitacc
std::forward_list, ero ommmaust ot 00bIuHOTO list.

AccormaruBHble KoHTelHephl. Kiace std::map, ero npeanasnavenue, ujies peanuzanuu. Onrcanne
malJIOHHBIX HapamMeTpoB kimacca map. Kinacc std:ipair m ¢ynknus std::make pair. OcHoBHBIE
METOJ/IBI Mmap’a U UX ajJropuTMHYecKas CI0KHOCTh. CriocoOb! morcka B map’e. CriocoObl BCTaBKH B
map, ocobeHHocTH pabotel omeparopa []. Cnocobbl ymanenns u3 map’a. Kiaccer std::set,
std::multimap u std::multiset, nx npeaHasHaueHue, o4 us ot std::map.

Knacc std::unordered map, cxoxctsa u paznuums ¢ oOb4HbIM Std::map. OCHOBHBIE METOIBI U HX
anropuTMuUeckas caoxHocTb. Ocobbie st unordered map madnonnsie mapamerpsl: Hasher, Equal.
Knacc std::hash u ero cnenumanmzanuu. OcoOble anst unordered map metonmbl: 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. Omnepamun,
MOICP)KUBACMBbIE KKIBIM BHJIOM UTEPaTOPOB. BB HTEPAaTOPOB y CTAHIAPTHBIX KOHTCHHEPOB.
KoncrantHeie u reverse-uteparopbl. Mertomsl cbegin, cend, rbegin, rend, crbegin, crend y
KoHTelHepoB. Peannzanus kiacca std::reverse_iterator, metos base.

Knacc std::iterator, ero npennasnadenue. Knacc std::iterator traits, ero mpennazHaueHue. [Ipumep
CUTYyalllH, KOTZa OH HeoOxonuM (oOpateHue K value_type).

Oyukrun std::distance u std::advance. Paznuune B moBefeHUM 3THX (YHKIHA JJIS Pa3HBIX BHJIOB
UTEPaTOPOB, PEATH3aLUs TOTO Pa3IuyIusl.

CrangaprHas  OuOnmoTeka anropuTMOB, HCIOJIB30BAaHHE CTAHIAPTHBIX  AJITOPUTMOB  HaJ
KOHTEeliHepaMH ¢  wurTepatopamu. Mreparopbl s BCTaBoK: Kiacchl — std::insert iterator,
std::back insert iterator, wWx  mpenHasHaueHwe,  peanuzaimusa.  Dynkumm  std:inserter,
std::back_inserter, ux peanu3zamus.

[IpaBuia MHBaIMIAMM UTEPATOPOB B CTAHIAPTHBIX KOHTEHHepax. besomacHele n HeOe3omacHbIC
oIepaIy B KOHTEHHEpax ¢ TOYKHU 3pEHHS MHBAIMIALUU UTEPATOPOB.

11. Move-cemaHnTHKa 1 rvalue-ccplUIKA

[Ipobnembl, TpUBOASAIIME K HAEE MOVE-CEMAHTHUKHU: HEdPPEKTHBHBIN swap, HedD HEeKTUBHBIN
push_back, emplace back, construct.



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

[TonsiTHE mMOVE-KOHCTPYKTOpPa M move-assignment omneparopa, HMX peaau3anus, T'eHeparus
KOMITHWJIATOPOM, “TIPABHJIO IISATH .

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

[Monstue rvalue-cchuiok. OCOOCHHOCTH WHHIMAIM3AMH  rvalue-CChUIOK, pa3pelieHHble |
3anpelleHHbIC TPUCBANBAHUS MEXK/Ty CChUIKaMHU (BKIIIOYAst MPpoOIeMbl ¢ KOHCTAaHTHOCTBIO). Penenue
npo6nemsl ¢ push _back.

[onsarus glvalue, lvalue, rvalue, prvalue u xvalue. CBsi3u Mexay HuMU. [Ipumepsl BBIpaKCHHUH,
SIBJISTFOLIIMXCSL TEM MUTH MHBIM BHJIIOM value.

[TonsiTHE yHHBEPCANBHBIX CCHUIOK, OTINYKE UX OT rvalue-ccouiok. [IpaBuia BeiBoga Trna mabioHOB
B CIy4Yae YHHMBEPCAJbHBIX CCBUIOK, pEIICHHE MPOOJIEMBI C THIIOM Mapamerpa (YHKIHMH mOve.
[IpaBuna cBopaunBanus cchliok (reference collapsing).

[Mpobnema mpsimoit mepemaun (perfect forwarding). @ynkuus std::forward m ee npumeHeHwue.
Pemenne nmpobnem ¢ emplace back u construct.

Peammzaumsa std::forward, ee oOcyxnenue. Ilouemy TunbBl y NOpPUHUMAEeMOro mapaMeTpa u
BO3BPAIa€MOT0 3HAYECHUSI IMEHHO Takue?

HoBas mpoGnema ¢ push back: 0e30macHOCT, OTHOCHUTENLHO — HCKIIOUEHWH. DyHKIuUs
std::move if noexcept, pemeHue npoodIEMBI C €€ ITOMOIIBIO.

Return Value Optimization, ycioBusi ee BozHukHoBeHus1. [Ipumepsl, korma RVO touHo npousoiiaer u
KOTZIa MOXKET He Mpou30WTH. [IpuMepsl, Koraa MMeEeT W KOorna He MMEeT CMBICHI NHcaTh return
std::move(x) Bmecto return x. Copy Elision, mpumMepsl.

Ccputounble KBanu(HUKaToOphl. Pemenne npoOnemsl ¢ 3arpeToM oneparopa npucBauBaHus i rvalue
y KACTOMHBIX THIIOB.

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

OCOoOeHHOCTH TIOBEJCHMSI YHHBEPCAJbHBIX CCBUIOK IPH pa3peuieHuu 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 xoumenius. OCOOEHHOCTH €ro KOHCTPYKTOPOB, JECTpyKTOopa H
orepaTopoB npucBauBaHusi. Meronsl * u ->. Crieruanu3anus unique ptr Uit MacCUBOB.

Kunacc std::shared ptr, ero konnenuus. Mues peanu3anuu cyeTynka CCbUTOK. Peanmu3anms MeTomoB.
[TorenumaneHas mpoOiema, CBA3aHHAs C NPsSMBIM BbI30BOM new. ®yHkium std::make unique u
std::make shared kak cnoco6 u30ekarh TPSIMOTO BbI30Ba new. Peamuzanus 3TuX (QYHKIWH.
@ynkuums  std::allocate shared, ee npennasHauenue u peanumsaunus. lcmnpapieHue peanu3anuu
KoHcTpyKTOpa shared ptr aiist aToro.

[TpoGiiema 3axonbioBaHHOCTH YKazarened. Kimacc std::weak ptr kak pemieHne 3Tol TpoOIEMBI.
Peanmzanus metonoB atoro kiacca. [IpoGnema c¢ peanumzanueit metona expired(), Moaudukaius
knacca shared ptr 11 npaBUiIbHON pabOTHI C ATHM.

Kacromubie deleter’st Ui yMHBIX YyKazareiel, cxeMa WCIONIb30BaHHUA. bonee mpaBuibHAS
peanuzanus JecTpyKTopoB unique ptr u shared ptr.

Knacc std::enable shared from_this, ero npennasnauenue u peanusanus. Enie oqna Mogudukanms
koHCTpyKkTOpa shared ptr (mpoBepka Ha Haciieanuka enable shared from_this).

13. BeIBO THITOB

[MpoGiiema ¢ IIMHHBIMA Ha3BaHHAMHU THUNOB. [Ipo0iiemMa ¢ BO3MOXKHBIMH OLIMOKAMH B HAIMCAaHUU
TOYHBIX Ha3BaHWH THUIIOB. KilloueBoe ClI0BO auto Kak pemeHne 3THX MpooIeM.

[IpaBuna BeIBoga THHOB Juis auto. OcoOwlid citydaét ¢ tumnowm initializer list. OcobeHHocTn Tipn
auto&&. auto B KauecTBE BO3BpAIAEMOT0 THITA (PyHKIINY.

KimroueBoe ciioBo decltype, npaBuina BeiBoja TUIIOB Aiisi Hero. OcobeHHocTH moBeneHus decltype ot
BbIpakeHu# (cimywyau lvalue, xvalue, prvalue). Ilpumep c decltype((x)). OcoOeHHOCTH B3ATHUS
decltype ot TepHapHOrO OMepaTopa.

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

Tprok /Ui BBIBOIA HAa3BaHMI BBIBEIICHHBIX TUIIOB HA 9KpaH (HaMEPEHHOE NMPOBOLMPOBAHUE OLIMOOK
KOMITHJISIIIAN ).



14. 1lIabnonnoe meranporpammupoBanme u SFINAE

Nmuranms if gepe3 mabmonsl. Mmuranus for vepe3 mabmonsl. [Ipumepbl: BBIYHCICHHE YHCEI
duboHauym, MpoBEpKa MPOCTOTHI Yncia, BeIBOA uncen ot 1 1o 1000 ¢ momomipto m1adioHOB.

KiroueBoe cioBo constexpr s (QyHKIMH W JUId TiepeMeHHbIX. OTiamyme 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 peanuzauuu. CrpykTypsl std::is_same,
std::true_type, std::false type, std::conjunction, std::disjunction, std::conditional, std::rank, wux
peanu3anuu.

Ununoma SFINAE. O6mas unes. [Ipocreiimmii npumep: cTpykrypa std::enable if, ee peanuzanus 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.

Peammzamms  std::move if noexcept depe3  std::is nothrow move constructible.  Ilouemy
NPUHUMAEMbIH U BO3BpalIaeMblii TUIIBI IMEHHO TaKue?

[lonsarue nenonspix TuNoB (incomplete types). Hosas mpoOmema c declval (uro Bo3Bpamars),
peleHue mpodIeMbl C MOMOIIBIO rvalue-cChiTKy.

Peanmzanus std::is_base of. [Mpumep MPUMEHEHUS: 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).

Crucku 3axBaTta B JIIMO/a-QyHKIUSAX. 3aXBaT MO CChUTKE W O 3HaueHHr0. OCOOCHHOCTH 3axBara
this. 3axBar ¢ npucBanBaHueM U nepemernaronuii 3axsat B C++14. CnoBo mutable mpuMeHUTENHEHO
K 1sMOa-GyHKIUAM. SIBHOE yKa3zaHKe BO3BPAIAeMOT0 3HAYCHUSI.

3axBar Mo yMOJYaHHUIO U MPOOJIEMBbI, KOTOPhIe OH MOTEHIMAILHO Mopokaaet. [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 uaed. OTAMYMS OT KJIACCOB M CTPYKTYyp. MHHIManuzauus mosieit
FOHUOHA, AKTUBHBIM WICH FOHUOHA U €70 U3MEHEHUE Ha IPYToi.

Knacc std::variant, ero npenHa3sHaueHHe W OCHOBHBIE MeToAbl. [IpumepHOe onmcanue peaau3anuu
3TOTO KJI1acca.

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

Heynaunas mombiTka coszgare vector<int&>. Kmacc std::reference wrapper ansi pemeHust 3Toil 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)

BrImonHeHue moManiHero 3ajanus SBIsieTcs olHOM o0miei padbortoii crynenta. Heobxoaumo TpeGoBaTh
OT CTYJICHTOB Ka4eCTBEHHOTO M MOHSATHOTO NPOTPAMMHOTO KOJa Ha DALY M B PaBHOM CTENCHH C
MPaBUILHON pabOTON MPOTrpPaMMEI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa
Nnpo¢uJIb NOATOTOBKH: Undopmaruka
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 CTpOWTh MareMaTH4ecKHe MOJIEIH,
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 3maer u yMeeT TPUMEHATH YHCIIEHHBIC
MaTeMaTH4ecKue METOAbl W MPHUKIAJHOE MPOrpaMMHOE
obecrieueHMe I PEUIEHUs  HAay4yHBIX  337ad = B

npodeccruoHanbHOM 06IacTH

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

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

00yJarouiCs JTOIKEH:

3HAThb:

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

- CTaHAApPTHBIC aNTrOPUTMBI Ha rpadax M HCIOJIB3yeMble CTPYKTYphl IaHHBIX, IOAXOIBI K
MOIU(PHUKALMN KJIACCUYECKUX aITOPUTMOB,;
- pa3HOOOpa3HbIe KJIACCHMYECKHE 33/laud B TEOpUU Tpad)OB M ACHMITOTHYECKUE CIOKHOCTH HX

peLIeHMI.
yMeTh:

- (I)OpMy.]'II/IpOBaTL 3ala4yud B TCpMHHAX H3YYCHHBIX TeOpHﬁ, BLI6I/IpaTI: HO,[[XO,I[HH_II/Iﬁ AJITOPUTM  JJIL

MOCTaBJICHHOM 3aJ1a4H;

- pa3pabaThiBaTh KOMOMHAIIMY aJITOPUTMOB IS PEIICHUS ITOCTABICHHON 3a]1a9u;
- OLICHUBATh CIOXKHOCTH alJTOPUTMOB, UX MOMUGUKAIMA U KOMOMHAIIMH, B TOM YHCJE C MTOMOIIBIO

AMOPTU3AITUOHHOTO aHAJIN34a,

- BBIOMpATh NOAXOIAIINE CTPYKTYPBI JaHHBIX JUI KOHKPETHOH 3a1a4u;
- peaJM30BBIBaTh AITOPUTM B 0000IIEHHON (OopME Ha SI3BIKE IPOTPaMMUPOBAHUS c++;
- peanu30BbIBaTh CTaHAAPTHBIE AITOPUTMbI Ha Tpadax M CTPYKTYpbl IaHHBIX Ha S3BIKE

nporpammupoBanusi C++.
BJIAJIETh:

- METOJaMH JICKOMIIO3UIINY 33724 B 00JacTH WH(OPMAIIMOHHBIX TEXHOJIOTHI U MOCTPOCHUS €MHOTO
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, omepartopbl? [l dero mpegHa3Hau€Hbl M YTO MO CTaHAAPTY JAENAIOT
CIICAYIOLINE OIepaTophl: TEPHAPHBIN OIepaTop, omeparop ‘‘3amsras’, yHapHas 3BE3104YKa, YHAPHBIHA
amIiepcaH]i, ormeparopsl “Todyka” W “‘cTpeyiouka’, IBOHHOE JBOETOYHE, MPEPUKCHBIN W TOCTOUKCHBIN
WHKPEMEHT, OMHapHble & U &&, omeparopsl MPOCTOTO U COCTABHOTO MPUCBAaWBaHUsI, ONEPATOPhl << U

>>9

2. O0bsacHuTE Helo cchulok (references). [ yero oHM HY)KHBI, YeM OHHU OTJIMYAIOTCS OT yKa3aTesei?
Uro Takoe “mepefada apryMeHTOB 10 cchuike u 10 3HadeHnto”? Kak B C++03 peanuzoBars QyHKIUIO

swap?

3. Yto Takoe KOHCTPYKTOPHI, IECTPYKTOPBI, UI YeTO OHHU HYXKHBI, KAKOB CHHTaKCUC UX ONPEICeIICHHs?
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. Yro takoe uckioueHus? Kak moib30BaThcsi MEXaHU3MOM 00paboOTKH HckitoueHni? Kak Opocuts,
noimarh uckirouenue? [puBenure Kakoi-HUOYIb IpUMeEp.

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

8. Uro takoe ymHble ykasarenu? J{s pemieHus kakux npoOnem oHu HYxHbI? [IpuBeante mpumep
WCTIOJIH30BaHUSI.

9. Urto takoe nsAMOAa-BhIpaKEHUsS, KakoB WX cuHTakcuc? [lpuBenute XOTh OOWUH MpHMEP
UCTIOJIb30BAHUS.

10. Yro Taxoe SFINAE? IlpuBemute xoTss Obl omamH mpuMmep (Ha ypOBHE WHACH, MOXKHO 0e3
peanxu3anum).

2 cemecTp:

1. Pacckaxute 0 TOM, 4TO TaKO€ KJIACChl, OOBEKTHI, WICHBI KIACCOB, MOJSL, METOIbI, MOAN(DUKATOPHI
JIOCTyTa, WHKANCyIsus. PacckaknTe o KIIOUEBBIX ciioBax static, explicit, mutable, friend c
pUMepaMy CHTYaIHid, KOTJa UX CJIEAYET IPHUMEHSTb.

2. Pacckaxxute 0 BOBMOXKHOCTSIX TIeperpy3ku ornepatopoB B C++. [lokaxknuTe Ha mpuMepe peatn3anuu
JUIMHHOW apudmetnku (kinacc Biglnteger), kak mpaBUIIbHO MeperpyKarb OWHAPHBIN IUTIOC, YHAPHBIN U
OWHapHBII MHUHYC, OIEPaTOphl COCTABHOIO MPUCBAMBAHHSA C IUTFOCOM M MHUHYCOM, OIIEPaTOPHI
CpaBHEHWUSI, MPEPUKCHBIN U TOCTHUKCHBIA HHKPEMEHT.

3. Pacckaxxute 0 pasHOBUAHOCTSX mpuBeAeHUil THroB B C++. B wem pasnuna mexnay C-style cast,
static_cast, const_cast, dynamic_cast u reinterpret_cast, Koria OHU IPUMEHHUMBI, a Koraa Het? J{ns gero
HYKEH Ka)K/IbIii U3 9THX KacTOB?

4. Pacckaxure o mabmonax B C++. UTo Takoe HMHCTaHIMPOBAaHHE MIAOJIOHOB, CIIELUATU3AIINS
mabmonoB? Kakue 3 Buaa mabmoHoB cymiectByior? Kakwe 3 Buga maOlIoOHHBIX IMapaMeTpoB
cymecTBytor? Kak mcnonb3oBaTh MIa0IOHBI C MEPEMEHHBIM KOJIMYECTBOM apryMEHTOB H OIEparop
sizeof...? Yro Takoe Curiously Recurring Template Pattern? Uro Takoe momumopdusM W Kak 3TO
nonsatue B C++ cBA3aHO ¢ madbaoHamMu?

5. Pacckaxute 00 mcxmoueHusx B C++. B gem mx wmaes? Kak nomb3oBarbest oneparopoM throw u
KOHCTpyKLMeH try...catch? B uem pasHuma Mexay HCKIIOUEHUSIMH M OHIMOKAaMH BpPEMEHU
BeIONHEHUSA? YTo Takoe crenuduKanuyu MCKIIOYCHWH, Kak II0JIb30BAaThbCsS OINEPaTopoM M
cnenudukatopom noexcept? B dem ocoOeHHOCTH M MPOOJIEMBbI HCKIIOUEHHH B KOHCTPYKTOpax M
necTpykropax?

6. Pacckaxure o koHteiHepe std::vector. Ilpemnoxkure peanu3anuio KOHCTPYKTOPOB, IECTPYKTOpa,
OTIepaTopoOB NPUCBaMBaHUs, omeparopa [], MeToAoB at, resize, reserve, front, back ass sToro kiacca (c
MPaBUIIHLHON MOJAEPKKON alNTIOKaTOPOB U MOVE-CEMaHTUKH).

7. Pacckaxute o koHTeiHEpe std::vector. [Ipemnoxute peanusanuio meronos push back u pop back (c
MPaBWIBHON IMOJIEPKKOM aJUIOKaTOPOB, MOVE-CEMaHTUKU U TapaHTUil 0€30MacHOCTH OTHOCUTEIBHO
VCKITFOUCHH ).

8. Pacckaxure mpo vector<bool> B uem ero ocobeHHOCT, W OTIMYHE OT OOBIYHOTO vector?
Pacckaxwure, KakuM 00pa3oM JTOCTUTACTCS Ta OCOOCHHOCTh C TOYKM 3PCHUS pean3aluu (OMUIINTE
peanu3annio OCHOBHBIX METOJIOB).

9. Pacckaxute o xouTeitHepe std::list. KakoBbl ero mMeTonbl u ckopocTh uX padorei? Kak oH ycTpoeH
nm3nytpu? Kakum obpaszom list<T> mcnomnesyer amtokarop it tuna T? Ilpemioxure peann3anuro
OCHOBHBIX MeTOZIOB list’a: KOHCTPYKTOPBI, OTIEpaTOphl IIPHCBAUBAHUS, AECTPYKTOP, insert 3JeMeHTa 1o
UTEPaTOpy U erase 1o UuTeparopy.

10. Pacckaxkute o konreiitHepe std::forward list. KakoBbl ero meTonsl u ckopocth ux padorsi? Kak on
ycrpoen m3nyTpu? Kakum obpazom forward list<T> ucnons3yet amnokarop uist Tuna T? [pemnoxute
peanu3anyilo OCHOBHBIX MeTonoB forward list’a: KOHCTPYKTOpBI, OIEpaTopsl IPUCBaWBaHUS,
JECTPYKTOD, insert aJieMeHTa 0 UTEPATOpy U erase Mo UTepaTopy.

11. Pacckaxkute o xoHTelHepe std::deque. Uem oH oTiimyaeTcs oT vector? Pacckaxute 00 amanrtepax
Hax KoHTeiHepamu  (std::stack, std::queue, std::priority queue). [lpemnoxure peanu3aruro
KaKoro-HHOY/Ib OTHOTO U3 HHX.

12. Pacckaxxute o KoHTeiHepax std::map, std::set, std:multimap u std::multiset. [ns dero onm
npumMensitoTcsi? Kakve y HEX maOnoHHBIE MapaMeTpbl U Y4TO OHW O3HaudaroT? KakoBBI WX OCHOBHBIC
METOJIbl, CKOPOCTh M TNPHHIUI paboThl 3TUX MeTonoB? C TOMOIIBIO KAaKOW CTPYKTYphI JTAQHHBIX
peann30BaHbl 3TH KOHTeHHEPHI?

13. Pacckaxure o konreiHepax std::unordered map, std::unordered set, std::unordered multimap u
std::unordered multiset. [ yero onu mpumensitorcs? Kakue y HuUX mabnoHHBIE MapamMeTpbl H YTO
oHM o3Ha4aroT? KakoBbl WX OCHOBHBIE METO/BI, CKOPOCTh M MPHHIHUI padoThl 3TUX MeTomoB? 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 dyem pa3HuMma Mexay ormeparopoM new u (yHKnueir operator new? Uro u3
BBIIICTIEPEUUCICHHOIO MOXHO TMeperpyxarb M Kak 3TO Jenarb? 3a4eM MOXKET ObITh HyXHO
neperpyskarb KacToMHbIi operator delete? PacckaxkuTe o mpoOieme yTedek naMsTH.

15. Yo Takoe ayutoKaTopbl, 3a4eM OHHM HYKHBI? Pacckaxkute mpo kiacc std::allocator, mpemnoxure ero
peanuzarmio.

16. Pacckaxure o mpoOiemax, /Ui pelieHHss KOTOPBIX Oblla BBEJCHa MOve-ceMaHTHKa. Pacckaxwre,
Kak pabotaer QyHKIMs std::move M Kak ee MPUMEHSITh, OOBSICHUTE, KaK OHA peain30BaHa M MOYEMY
uMeHHO Tak. Kak nmpaBmiibHO peann3oBarh QyHKIHO swap B C++117

17. Pacckaxure o TOM, 4TO Takoe “miaecanbHas nepenada”’ (perfect forwarding). Pacckaxure, xax
paboraer ¢ynkmus std::forward m kak oHa peanu3oBaHa. [IpuBemute mpuMep NPUMEHEHHS ITOM
¢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. IIpuBeaute mo mape
IPUMEPOB TOT'O, APYTOTO U TETHETO.

2. Yto Takoe CTEKOBasl MaMsiTh M JuUHaMUYeckas namsaTth? Uto takoe stack overflow? 3auem HykeH
omneparop new? Uro takoe yreuku namsatu? Yto Takoe cbopka mycopa?

3. Uro Ttakoe Kiacc, CTPyKTypa, B 4YeM pasHUIA MexAy HUMHU? UYTO Takoe IOJs, METOMIbI,
MOAN(DUKATOPHI IOCTYIIA, MHKATICYIISAIMA?

4. Yrto Takoe mneperpy3ka QyHkuuii? UYrto Takoe meperpy3ka omepartopoB? IlpuBenute mnpumMepsl
OIIEpaTopoB, KOTOpbIE MOXKHO M HEJIb3sl meperpykarb. llpuBenure mnpumMep meperpy3ku XoTb
KaKoro-HHOY/Ib oreparopa (HaIMIIUTE CUTHATYPY €T0 MePerpy3KH).

5. Uto Takoe BUpPTyallbHbIE (PYHKIIMHU, YHUCTO BUPTYyalIbHbIE (PYHKIIMHU, a0CTpaKTHBIE Kiacchl? UTo Takoe
BUPTyaJIbHOE HACJIeA0BaHUE?

6. Yro Ttakoe mabnoHB? YUTO Takoe WHCTAHIMPOBAaHUE IIAOJIOHOB, CIEIHATU3AIUS I1a0JOHOB?
[TpuBenute npumep Kakux-HUOYab madmonoB u3 STL, oGnagaromux crenuaniu3ame.

7. Paccmorpum kontTeiHepwl std::vector, std::list, std::deque. KakxoBel OCHOBHBIE omepamyu,
MPE0CTABIsIEMbIE MU, U CKOPOCTh pabOThI ATUX OTEpaIiii?

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

9. Uto Takoe ureparoprl? Kakue BuIbl HTEpaTOPOB CylIecTBYIOT? 3aueM oHM BooOuie HykHbI? Kakue
UTEPaTOPbI MOJIEPKHUBACT KAXK/IbIH U3 KOHTCHHEPOB, YIOMSIHYTHIX B IPEIBIAYIIUX JABYX BOIpocax?

10. lns wero HykHa move-ceMaHTHKa? Pacckaxkurte B 00IIMX YepTax, 4To 3TO Takoe. Kak mpaBUiIbHO
peanuzoBarh QpyHKuuio swap B C++117?

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

12. Hanmumnre Berurcienue n-ro yrcina Gudonauun (B npezenax long long) Ha sTane KOMIWISIIINT, HE
UCHOJB3YS CIIOBA constexpr.

Bomnpock! k 3k3aMeHy 2 cemecTp:

1. Pacckaxute 00 ykazarensx u cceuikax B C++03. B uem ux wmzes, Ayia 4ero oHU HyXHBI? B uem
pa3HMIIa MeXAy yKazaTelsaMu U cchuikamu? Kakue omepamnuy oHU MOAAEPKUBAIOT, YEM UX MOXKHO, a
YeM HeNb3s HHHUIHAIN3UPOBaTh? UTO Takoe KOHCTAHTHBIC YKa3aTelnH, yKa3aTeln Ha KOHCTaHTY,
KOHCTaHTHBIE CCBUIKM, B 4YeM IMPOSBISCTCS pa3HHUIA MEXJTYy HUMH M OOBIYHBIMHM YKa3aTelssMH U
cceutkaMu? Pacckaxute o ipoOiiemMe “OUTHIX CCHUTOK ™, PUBEIUTE IPUMED.

2. PacckaxxuTte 0 TOM, YTO Tako€ KIacChl, OOBEKTHI, WICHBI KJIACCOB, MO, METOABI, MOAU(PHUKATOPEI
JOCTyIa, HHKANCyasus. Pacckaxkure mpo KOHCTPYKTOPHI U AECTPYKTOPHBI, ONEPaTophl MPUCBAauBaHUS,
“mpaBmwiio Tpex” W “TIPaBUJIO MSATH, PO TEHEPAIMIO KOMITUISTOPOM 3TUX METOA0B. UTO Takoe CIIUCKH
MHUIIMATN3AIUU B KOHCTPYKTOpaxX U JENEeTUPYIONIUEe KOHCTPYKTOPHI, 3aueM OHHM HyXHbI? [lokaxuTe Ha
npuMepe Kiacca String, Kak MpaBUWIBHO ONPEAEISAThH BhIIICIICPEUYNCIICHHBIE METO/IBI.



3. Pacckaxute o HaciegoBanmu B C++. B dyeM pasHuMIa Mexay NpPUBATHBIM M IIyOJIWYHBIM
HacnenoBaHueM? KakoBbl IpaBwiia BUAMMOCTH TOJIEH M METOAOB POIUTENS B TeJe HACIEAHUKA, KaK
SIBHO OOpaTuThCS W3 HACIEOHHMKAa K IOJSIM W MeToaaMm poaurtensi? KakoBbl mpaBujia BUAMMOCTH
poauTenel u UX Mojei U METOAOB IIPU JIBYXypOBHEBOM HacJeJOBaHWH, Kak JeiicTByeT cioBo friend B
TuX curyauusax? YUto Takoe “cpeska npu konupoBaHuu? Kakue HesBHbIE KOHBEPCHH pa3pericHBI
MEXIY POAUTENSAMHU U HACIEAHUKAMHU, B T.4. CCbUIKaMH (yKa3aTesiMHi) Ha HUX?

4. Kak pa3memarorcsi B maMsiTd OOBEKTHl KJIaCCOB-HACIEAHUKOB? B KakoM MOpsAKe BBI3BIBAIOTCS
KOHCTPYKTOPbI M JAECTPYKTOpBI IIPH HACJIEIOBAHUM, KAK HHUIHAIM3HPOBATH IO POOUTENS IPH
OTIpelleICHNH KOHCTPYKTOpa HacienHuka? YTo Takoe MHOXKECTBEHHOE HAaclieIoBaHHE, B YeM
3aKJroyaercs: mpobiemMa poMOOBHAHOTO HACIENOBAaHUs, YTO TaKOoe BHPTyalbHOE HaciemoBaHue? Yto
O3Ha4aeT M Kak BO3HUKaeT omuOKka “ambiguous base”? Urto o3HadaeT W Kak BO3HUKAET ‘‘warning:
inaccessible base class”? UTo mpoMcXOmUT TpW KOMOMHAIIMK BUPTYajJbHOTO M HEBUPTYAILHOTO
HacjaeI0BaHus?

5. Uro takoe BUpTyainbHble (QyHKIMH? B 4eM pazHUIIAa MEXAy BHPTYyaJbHBIMA M HEBUPTYAJIbHBIMH
¢dbyHKIMsIMU Tipy HacnenoBanuu? Yto Takoe Tabnuiia BUpTyanbHbIX GyHKIni? YTo Takoe abCTpakTHBIC
KJIacChl M YHCTO BUPTyasibHblEe (QyHKIMU? [l 4ero Hy»eH BUpPTyasbHBIN 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
Kax1bIM 13 HUX? Pacckaxure npo dynkimu std::advance u std::distance. Kakum ob6pa3zom gocruraercs
MX pa3HOE MOBE/ICHHE B 3aBHCUMOCTH OT BHUJIa TIEPEIAHHOTO nTeparopa?

7. Kakue BHIIbI UTEpaTOpOB MOAAEPKUBACT KaXABIH M3 CTaHNAPTHHIX KOHTeiHepoB? [Ipemmoxxure
peann3anuio UTepaTopoB AJIsi KAaKOTO-HUOYAb U3 CTaHAAPTHHIX KOHTEHHEPOB (HAa Ball BBHIOOD), cuMTasl,
YTO B OCTaJIbHOM KOHTEHHEp YK€ peaan30BaH.

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

9. Pacckaxure 00 rvalue-cchuikax W 00 YHHBEpCAIbHBIX CCBUIKax. Kakue mpucBamBaHUST MEXITY
lvalue-, rvalue-ccpuikamMu, a TakKe BPEMEHHBIMH OOBEKTAMH M WMEHOBAaHHBIMH HECCHUIOYHBIMHU
00BbEKTaMU pa3pelieHsbl, a Kakue 3anpenieHs? YTo MeHseTcsl B Cllydae ¢ KOHCTAHTHBIMH CCHUIKAMH U
oObekTamMu? YTo SABISETCS M YTO HE SBISCTCS YHUBEPCAIBHBIMH CChuikamu? [IpuBenurTe mpuMepsl,
WIUTIOCTPHUPYIOIIHE BCE BBIILIECKa3aHHOE.

10. Yo Taxoe lvalue, rvalue, xvalue, glvalue u prvalue? [IpuBeaure npumepsl. Pacckaxxure o Tom, 4TO
takoe reference collapsing (cBopaumBanume ccwUloK), reference qualifiers (cceuiouHBIE
kBanmudukaroper), return value optimization (RVO) wu copy elision. [lpuBeaute mnpumepsi,
WLTFOCTPHUPYIOIINE BCE BBHIIICIIEPEYHCICHHOE.

11. Pacckaxkute, mjs pemieHusi Kakoll mpoOJieMbl HY)KHBI YMHBIE yKa3arend. Pacckaxure 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 kiacc std::shared ptr. Kakyio npoOmemy OH pemraer M Kak OH yCTpPOEH?
[IpennoxxuTe peanu3alUio €ro OCHOBHBIX METOAOB (KOHCTPYKTOPBI, JECTPYKTOp, OIEpaToOphl
MPUCBaNBaHUsI, OTIEPATOPBI YHAPHAS 3BE3/10YKA M CTPEIIOUKA).

13. Tlpemnoxwure peanuzanuio ¢yHknuu std::make unique. 3adem HyxHa 3Ta (QYHKIHS, KaKylO
MOTEHIUAIBHYI0 MpobieMy oHa pemaetr? Pacckaxure o ¢yHkumsax make shared u allocate shared
(6e3 peanuzanun). 3aueM Hy)KHa KaK[as U3 HUX, KaKHe TIOTEHIIUAIbHBIE TPOOJIEMbl OHU PENIaroT?

14. Pacckaxure mpo kiacc std::weak ptr. Jlnsg penienust kakoit mpoonembl oH HyxeH? [Ipemnoxunre
peanu3anuio ero OCHOBHbBIX MeTofoB. Kak weak ptr y3HaeT, 4To 0OBEKT Mo HUM Yyrke OblT yaaneH?

15. Pacckakute mipo knace std::enable _shared from_this. /Ins penrenust kakoll mpoOIeMbl OH HYKEH U
Kak UM nonb3oBarbesa? [IpeanoxuTe peanusammio 3Toro kinacca. Kak HyxHO m3mMeHuTh kox shared ptr,
4TOOBI OH paboTal cornacoBanHo ¢ enable shared from_this?

16. Pacckaxkute 0 BBIBOZIC THUIIOB C TIOMOIIBIO KITFOUEBBIX CJIOB auto u decltype. B uem pasznuiia mexmay
MpaBUJIAMH BBIBOJIA THIIOB I HUX? B KakmX KOHTEKCTax MOXHO HCIIONBb30BaTh auto? Kak paboraer
decltype oT umeHTH(HUKATOPOB W OT pa3HbIX Kareropuil BeipaxkeHudl (lvalue, xvalue, prvalue)? Yro
taxoe decltype(auto) u st pemeHus: Kakoii MPOOIIEMEI 3TO HYXHO?

17. Pacckaxkute 0 BO3MOXKHOCTSIX compile-time Beraucnenuit B C++. Kak ¢ momoripio 1ma0iioHHOTO
METanporpaMMUPOBaHHSI UMUTHPOBATE ITUKIBI 1 yciioBUs? [lokaxuTre Ha mpuUMepe MPOBEPKU IEIOTO
YHUCJIa Ha MPOCTOTY. PacckakuTe 0 KIIFOYEBOM CJIOBE CONSteXpr: 4em constexpr OTIUYAeTCS OT Const,
3a4eM HYKHBI constexpr-QyHKIUN U NepEeMEHHbIE, KAKUMH BO3MOXKHOCTSMH OHHM OOJIafIal0T M KakKue
OTpaHUYCHUS HA HUX HAKJIAJABIBAIOTCS?

18. Uro Takoe type traits? OOBACHHUTE, Kak peaau3oBaHbl CTPYKTyphl std::remove reference,
std::is_same, std::rank, std::conjunction, std::conditional, std::common_type.



19. UYro takoe SFINAE? OObsicHuTe o00myo uaci Ha npuMmepe cTpykTypsl std::enable if.
[penynoxkute peanmzanuio CTpyKTyphl std::is_class, oObsicHHTE, Kak OHa paboTaeT (IMpOBEpKOW 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 oOpazom 3T1a (yHKIHS TPOBEPSET, PEaU30BaH JIH Y
aJUTOKaTtopa MeTo[] construct, M Kak oHa ce0sl BeIeT B 3aBUCMOCTH OT 3TOro?

22. Pacckaxute o ¢ynkium std::move if noexcept. B xakom mecte craHgapTHOW OHOIMOTEKH 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 nsmOna-pynkuuu B C++? KakoB cuHTakcuc nsiMOa-BbIpaxkeHni? UTo Takoe CIHCKH
3axBaTa, YTO TAKOE 3aXBaT 110 YMOIYAHUIO M B YEM €ro OMacHOCTh? PacckakuTe O IOMOTHHUTEIBHBIX
BO3MOXHOCTSIX JNsiMOfa-Belpaxkennit B C++14  (3axBar ¢ WHUNMAIM3auel, 000OIICHHbIC
nsmOna-Beipaxkenus). Pacckaxure (6e3 peanuzauuu) npo kiacce std::function n ¢ynkumio std::bind,
MPUBEIUTE IPUMEPHI UX UCIIOJIb30BAHUS.

25. Uto Takoe FOHHOHBI (Union), JJIsl 4ero OHU HYKHBI? B 4eM cX0JCTBO M pa3inyue Mex 1y IOHHOHAMU
n xraccamu? KakoBbl 0COOCHHOCTH WHHIIMAIU3AIMU TIOJICH FOHMOHA, YTO TaKOE “aKTHBHBIA WieH
IOHMOHA M Kak ero momeHsaTh? Yto Takoe std::variant m std::any, jJyis 4ero OHM HYXHBI, KAKOBBI WX
OCHOBHBIEC METOIbI?

26. Uto taR[-44]C[-1]:RCkoe pedraekcusa? Uto MOKHO cKazaTh 0 BO3MOXKHOCTSIX peduekcuu B C++?
Peammsyiite mabnonnyto ¢ynkmuio detect fields count<S>, koTtopas Obl 103BOJSUIa ONPEAEISTH
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. Yrto Takoe mneperpy3ka QyHkuuii? Urto Takoe meperpy3ka omnepartopoB? IlpuBenute mnpumMepsl
OIIEpaTopoB, KOTOPblE MOXHO M HeENb3sl Ieperpyxkarb. IlpuBenure mnpumMep NEperpy3kud XoTb
Kakoro-HHOY/Ib orepaTopa (HallMIINTE CUTHATYPY €To Meperpys3Ku).

buier Ne 2.

1.Yro Ttakoe peduekcuss? UTo MOXKHO cKazaTh O BO3MOXKHOCTSX pedaexcun B C++? Peanmsyiite
mabnonnyto ¢pynkuuio detect fields count<S>, koropas Obl 03BOJISIIA ONPENEITIATH KOIMYECTBO MOJEH
y naHHOU CTPYKTyphl S. OOBSICHUTE, KaK 9TO pabOTaeT.

2.Pacckaxwure 0 mpoOiiemax, Ui pelIeHus] KOTOPBIX ObUIa BBEIEHa MOvVe-ceMaHThKa. Pacckakure, Kak
paboraer ¢yHKIus std::move M Kak ee MPUMEHATh, OOBSCHHUTE, KAK OHA PEaIM30BaHa W IOYEMY
uMeHHO Tak. Kak nmpaBmiibHO peann3oBarh QyHKIHIO swap B C++117

Buiet Ne 3.

1.Kakue BHIBI WUTEPaTOPOB MOMJEPKUBAET KAXKIBIM M3 CTaHAAPTHHIX KoHTelHepoB? Ilpemnoxure
peann3anuio UTepaTopoB AJIsi KAaKOTO-HUOYAb U3 CTaHAAPTHHIX KOHTEHHEPOB (HAa Balll BHIOOD), cuMTasl,
YTO B OCTAJIbHOM KOHTEHHEp y’Ke peaan30BaH.

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

Kpurepun onennBanus
OTINYHO
10 TlomHOCTBIO M BOBpeMs pelleHbl Bce 3amaun 0e3 ommbOok. [IpogeMoHCTpupOBaH TpaMOTHBIM
MOAXOJ K PEIICHHIO 3aJa4, Peajqu30BaHbl ONTHUMAJbHBIC AITOPUTMBI, KOA O(GOpPMIIEH B EIMHOM
y1o00unTaeMOM CTUIIE
9 TlomHOCTHIO U BOBpEMSI peLIeHbI Bce 3a1aun 0e3 omnook. [IpogeMoHCcTpupoBaH rpaMOTHBIN MOIXO0A
K PELEHHUIO 3aJ1ay, pealn30BaHbl ONTHMAJIbHbIE AJITOPUTMBI
8 TlomHOCTHIO M BOBpEMS PEIICHBI Bce 3a/1aun 0e3 ommoOok. [IpojgeMoHCTpHUpOBaH rpaMOTHBIN MOXO0
K pELICHHI0 3a/1ad



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

6 TlomHOCTBIO pemnieHO OOJBIIMHCTBO 33ja4. B HEKOTOpBIX 3ajlauax JOMYIICHBI U HE UCIPABICHBI
OIMOKY, JTNOO HEKOTOPHIE 33]]a4 PEIIeHbI YACTHIHO.

5  TlomHOCTBIO pemIeHO IBE TPETH 3ajady. B HEKOTOpBIX 3agadax IOMYIIEHbl M HE HWCIIPABIICHBI
OIHUOKH, JTUOO HEKOTOPHIE 3a/1a4W PElICHbI YACTUYIHO.

YIOBJIETBOPUTEIILHO

4 TlonmHOCTBIO pelieHo Ooliee MOMOBUHBI 3a/iad. B ocTanbHBIX 3a7a4ax JOMYIICHBI U HE WCIIPABICHBI
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. MeTonuueckune MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH I, HABBIKOB H
(Wy1M) oNbITA AESITEILHOCTH

JuddepennmpoBanHbiii 3a4eT OyIET COCTOSATh M3 JIBYX YACTEW: MpeBapUTEILHON YacTH U OCHOBHOM
YacTH.

ITpenBaputensHas 4acTh OyneT MPOXOAUTh MUCbMEHHO. Bam OymyT BbIgaHbl 4 Bompoca B Ipenenax
TEOPMUHMMYMa Ha 15 MHHYT, IHCaTh OTBETHl HY)XHO OyAeT Ha BBIAAHHOW Oymare, HUYEM HENb3s
MoJb30BaThcsl. Bompockl BeIOMparoTcs u3 crnucka “TeopMuHMMYM”, TIpuBeAeHHOTO HIbke. OTBETHI
oLIeHUBAIOTCsI OMHApHO. YUTOOBI ycIlemHO NPOMTH MpenBapUTENbHYI0 YacTh, HEOOXOIUMO MPABUIBHO
OTBETUTh HE MEHee 4YeM Ha 3 BOMpoca M3 3aJaHHBIX ueTbipeX. Eciu Bbl yCHENIHO IPOXOIUTE
MpeaBapUTENIbHYI0 Y4acTh, TO MEPEXOJUTE K OCHOBHOW YacTH; MHAYE YXOIHUTE C SK3aMEHA C OLCHKOM
Heyn(2).

l'apanTupyercs, 4To Ha MPEABAPUTEIILHON YacTH He OyIyT 3a1aBaThCsl BOIPOCHI, BHIXOASAIINE 32 PAMKU
cnucka “TeopmMuHUMYM™ (C TOH OrOBOpPKOH, 4TO Bompoc Buaa “Urto Takoe X Bcerna moapasyMeBacT
yMeHHe npuBecTH npumep). ['apanTupyercs, 4To OXMH BOIIPOC Ha NpeIBapUTEIbHON yacTu Oymer
MOKPBIBAaTh HE 00JIee OHOro MyHKTa JAHHOTO CIHCKa (HO HeoOs3aTesIbHO OyleT COBMAAaTh C IIYHKTOM
CITMCKA JTOCTIOBHO).

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

Uro takoe BupTyasibHas ¢yHkuusa? (DTo MeTon Kiacca, KOTOPBIA MOXKHO IIEPEOIpEnesiuTh B
KJlaccax-HacleAHUKaX TaK, 4TO peanu3alys MeToda A BbI30Ba OydeT BHIOMpPAThCS BO BpeEMs
WCIIOJHEHUS, a HE BO BPEeMs KOMITMIISALIUY. )

Jlnst perieHust Kakux mnpoOieM HyxkHa move-cemantuka? (Hampumep, Takux: HeadekTuBHbI swap
JBYX IPOMU3BOJIBHBIX 00BEKTOB, HEd(PeKTUBHBIN push_back B BekTOp - C AEMOHCTpanuell Ha MpUMepe
KOJIa.)

KakoBo neiictBue omeparopa “3amaras’? (BblMUCINTH JEBBI OMEpaHI, CTPOTO TMOCJIE 3TOTO
BBIYHCIIMTH TIPABBII ONIEPaH U BEPHYTH PE3yJIbTaT BHIYHUCICHHS IPABOTO OTIepaH/Ia. )

OcHOBHas 4acTh MPOXOAMT IO CICAYIONIMM NpaBuiiaM. Bel TaHeTe 6unet. bunet Oyner cojepxars JBa
BOIPOCA W3 HIDKEMPHUBENCHHOTO crcka “OcHOBHBIE Bompochl”’. Crucok pa3dout Ha nse yactu. OnuH
BOTIPOC B KaXKI0M OwmiieTe Oy/ieT U3 MEePBOi YacTH, OJH BOIPOC - U3 BTOPOM YacTH.

Bo BpeMs MOArOTOBKM OTBETa Ha OWJIET MOXHO MOJIb30BATHCS CBOMMH 3apaHee MOATOTOBICHHBIMU
PYKOIIMCHBIMHU 3aIUCSIMU B Tipenenax omaHoro yimcta A4. Tlonb30BaThCsi 3alMCAMH, CICIAHHBIMH Ha
4yeM-1100, KpOME OJTHOTO 3apaHee BhIOPaHHOTO JUcTa A4, Wi JII00OW MevaTHOH (a He PYKOIUCHOM)
uH}opMaruei, Wi HHTEpPHET-pecypcaMu 3ampenieHo. Hapyiienue 3Toro npasuia npupaBHUBAETCS K
CIIMCHIBAHHIO U BEJET K yAaJeHHUIO ¢ dk3ameHa. (CMBICH JaHHOTO Pa3peIICHUs B TOM, YTOOBI KA bl
MOT 3ammcarh Ui ce0st Hanbosiee TPyIHbIC IS 3allOMUHAHUs aeTainu. He ciemnyer BoCpHHUMATE 3TO
KaK MPU3BIB MOCTapaThCsl 3aKOHCIICKTUPOBATh MaTepUa BCEro Kypca Ha ofaHoMm jucte.) C MoMeHTa
HaJyaja OTBETa Ha OWJIET IOJIb30BaThCs BBIIICHA3BAHHBIM JIMCTOM 3ampemniaercsi (HO, pasymeercs,
MOYKHO TIOJIb30BAThLCS 3aMMCSMH, CIICIAHHBIMUA Ha JPYyroil Oymare BO BpeMs MOATOTOBKM OTBETa Ha
ouier).



B xome ocHoBHOI yacT 3K3aMeHa CIUCOK ‘“TeopMHHHUMYM™ CIY>KUT OPHEHTHPOM Ha CIydYai, eciu
peub uaet o6 ouenke ya(3) u Huwxke. Eciau B 11000i1 MOMEHT 3K3aMeHa BBIACHUTCS, 4TO BBl He MoxkeTe
OTBETHUTH XOTsl ObI HA HECKOJBKO BOIIPOCOB M3 cliucka “TeopMHHUMYM”, TO, BeposiTHee Bcero, Bameit
OLIEHKOH 3a 3K3aMeH Oynet Heyn(2).

Ecin BbI mpeTeHyeTe Ha OLEHKY BbIlIe 0TI(8), TO, CKOpee BCero, BaM OyAyT 3aJaHbl JOTIOIHUTEIIbHBIE
BOIIPOCHI B paMKax OOIIel MporpaMmsl Kypca, MPUBEACHHON BBIIIE (a2 HE TOJBKO B paMKax CIIHCKOB
“OcHoBHBIE BOoNpoch” U “TeopMUHUMYM ), 32 UCKIIOYEHHEM TOTO, YTO BBIJIEIIEHO KPacHBIM I[BeTOM. B
ar000M cilyyae, MpenojaBaresb, €CIM COYTET HY)KHBIM, MOXKET JONOJHHUTEIbHO K OuieTy 3aaaBaTb
BONPOCHI U3 JIFOOOTO U3 TPEX CHHUCKOB B JIIOOOM KOJIMYECTBE IO CBOEMY YCMOTPEHHUIO.



