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AHHOTANMA
[punaIuns! 00bEKTHO-OPUEHTHPOBAHHOTO MoJX0/1a. OOBEKTHO-OPHEHTUPOBAHHBIH aHaju3 "
npoexkTrpoBaHue. OCHOBBI OOBEKTHO-OPUEHTHPOBAHHOTO TMporpaMMmupoBaHus. OOO0OIIEHHBIE KIIACCHl H
MeTobl. CTPOro TUIMTU3WPOBAaHHBIE HCTOYHHUKH. YTIPaBJICHUE B3aUMOACHCTBHEM OOBEKTOB.

1. lean u 3apa4n

Heap AucHUNIHHBI
» CdopmupoBarh MpeJICTaBICHUE O Pa3HOOOPA3HBIX BRIYUCIUTENLHBIX 33/1a4aX B TEOpUU TpadoB 1 00
ACHMITOTUYECKUX CIIOKHOCTAX UX PEUICHUIT;
* J1aTh TEOPETHUYECKUE U TMPAKTHYCCKHE 3HAHMS 00 aJrOPUTMAax M CTPYKTypax JaHHBIX TEOPUH IpadoB
C JI0Ka3aTeIbCTBOM KOPPEKTHOCTH UX pabOTHhI, 0 METO/IaX OLIEHKH CIIOKHOCTH AJITOPHUTMOB.

3axauu QUCHUNIHHBI
*  Hayuurs QopmynupoBaTh 3amad¥ B TEPMHUHAX HM3YyYCHHBIX TEOPUH, BBHIOMpATH IMOAXOMSIINI
QJITOPUTM JIJIsI TOCTABICHHOM 3a1a4H;
* Hay4YHTh pa3padaThIBaTh KOMOWHAIIMU JITOPUTMOB JUIS PEIICHHS MTOCTABICHHBIX 3a7a4, OLICHUBATh
CIO)KHOCTH aJTOPUTMOB, HUX MOAMGUKAIMKA M KOMOWHAIMH, B TOM YHCIE C IOMOIIBIO
aMOPTH3ALMOHHOTO aHaJIM3a, BHIOMPATh MOIXOASIINE CTPYKTYpPhI NAHHBIX JUIS MMOCTABJICHHBIX 3ajad,
peaM30BbIBaThH AITOPUTMBI B 0000IIIEHHOH (hopMe Ha sI3bIKe TporpammupoBanust C++.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kon 1 HauMeHOBaHME KOMIIETEHIIUH NHIuKaTopbl JOCTHKEHNUS KOMIIETEHIINH
OIIK-1 CnocobeH npuMeHSITh OIIK-1.2 CnocobeH CTpOWTh MareMaTH4ecKHe MOJEIH,
(dyHIaMeHTalbHbIC 3HAHNUS, IOJIyYCHHBIC B MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl H OLICHKH

obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAyK M UCIIOIb30BaTh UX B
npodeccuoHaIBHON 1S TeTbHOCTH
OIIK-2 Crniocoben ucnonb3oBars coppemernble |OIMK-2.2 3HaeT W yMmMeeT TIPUMEHSTH YHCICHHBIC
MH(OPMAIMOHHBIE TEXHOJIOTUU H MaTeMaTHYeCKHUEe METOJbl M NPUKIAIHOE IPOrpaMMHOE
IpOrpaMMHBIE CPEACTBA IIPU PEIICHNUH 3a/1ad  |o0ecreyeHre  [uid  pelleHusl  HayyHbIX  3a7a4 B
npodecCHoOHAIBHON IeSTeIBHOCTH, coOMonas  |mpodecCHoHaIbHON 001acTH

TpeboBaHus HHPOPMAIIMOHHOHN 0€30MacHOCTH

3. IlepeyeHb NIAHMPYEMBIX Pe3yJIbTATOB 00yUeHHUs! N0 JUCHMILINHE (MOLYJII0)

B pesynbrare 0cBOEHHS AUCLUIIMHBI 00y4aIOIINeCs JOIKHbI

3HAThb!
* Axaroputmsl Ha Tpad)ax U CTPYKTYpHI IaHHBIX, CBI3aHHBIC C HUMU,
* OIICHKHU CJIO)KHOCTHU CTaH/IAPTHBIX aJITOPUTMOB;
. CTaHIApPTHBIC AJITOPUTMBI Ha rpadax M HCIHOIB3yeMble CTPYKTYPHl IaHHBIX, HOAXOIBI K
MOAN(DUKAINN KJIACCUYECKHUX aJTOPUTMOB;
*  pa3HOOOpa3HbIE KJIACCHYECKHE 33a/1audl B TEOPHUU Trpad)OB M ACUMIITOTHUECKUE CIOKHOCTH HX
pELIEHU.

YMETb:
+  @opMynupoBaTh 331a4M B TEPMHHAX M3YYEHHbBIX TEOPHH, BBIOMPATh MOAXOSAIINHA aJrOPUTM IS
MOCTABJICHHOM 3a/1a4H;
* pa3pabaTbIBaTh KOMOMHAIMY aJITOPUTMOB JJIsl pEIICHHS IIOCTaBICHHON 3a1a4u;
*  OIICHUBATH CIOKHOCTU QJITOPUTMOB, X MOTU(HKAIMA 1 KOMOWHALMI, B TOM YHCIIE C TIOMOILIBIO
aMOPTH3aLIMOHHOTO aHAJIN3a;
* BBIOMpATh NOAXO/SIIUE CTPYKTYPBI TAaHHBIX [T KOHKPETHOH 3a1a4u;
* PpeaJuM30BBIBATH AITOPUTM B 0000IIEHHON opMe Ha sI3bIKE TPOrpaMMUPOBAHUS c++;
. peanu30BBIBaTh CTAHAAPTHBIE AITOPUTMBI Ha Tpadax W CTPYKTYpPbl JaHHBIX Ha S3bIKE
nporpaMmupoBaHust C++.

BIIAJICTh!



° MCTOI[aMI/I JACKOMIIO3HMIIMH 3a1a4 B obmacTu I/IH(i)OpMaL[I/IOHHLIX TEXHOJIOTUH U MNOCTPOCHUSA CAUHOT'O
peuICHus ¢ UCIIOJIB30BAHUEM U3YUCHHBIX aJITOPUTMOB;
¢ MCTOAaMH OLCHKH CIIOKHOCTHU AJITOPUTMOB, UX MO,Z[I/I(I)I/IKaI_II/II‘/’I n KOM6PIHaHHI>'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 2 2 10
2 MonunukaTopbl TUIIOB 4 4 10
3 Bsenenne B OOI1 4 4 10
4 [Ieperpy3ka oneparopos 4 4 9
5 Hacnenosanue (inheritance) 4 4 9
6 [[Tabnons (templates) 4 4 9
7 Ucknrouenus (exceptions) 4 4 9
8 Amnokaropsl (allocators) 4 4 9
9 Konreitneps! (containers) 4 4 11
10 |HUreparopsl 4 4 11
11 Move-cemaHTHKa U rvalue-cCbUIKH 4 4 11
12 | YMHBIE yKa3aTenu 4 4 11
13 BriBon THIIOB 4 4 11
[[TabnoHHOE MeTanmporpaMMUpOBaHUE U
14 SFINAE 4 4 11
15 @DyHKUMOHAIbHbIE OOBEKTHI u ) ) 12
MO 1a-QyHKITHH
16  |Hekoropsie 0cobOble MMOJE3HBIE THITBI 4 4 12
Hroro yacos 60 60 165
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 315 gac., 7 3au.eq.

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
JlononHuTenbHAs TUTEpaTypa

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUS] JUCUMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJOTHIi, HCIIOIb3yEeMbIX NPH OCYIIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILIMHe (MOAYJII0), BKJII0Yasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

1O nuist pa3pabOTKH M OTIAIKU IPOrpaMM Ha si3bIKe IporpammupoBanus C++.
9. Metonu4yeckne yKkazaHusi JUIsl 00y4AIOIIMXCH 10 OCBOCHUIO AU CHUILTHHBI (MOXYJIs)

Brimonnenue nomamisero 3agaHus SBJsieTcs ofHON o0uiei padboroii crynenta. Heobxoaumo TpeboBath
OT CTYACHTOB Kau€CTBEHHOI'O M IIOHATHOIO NPOrPaMMHOIO KOZJa Ha sy U B PaBHOW CTENEHU C
MpaBUILHON paOOTON MPOrpaMMBl.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa

Nnpo¢uJIb NOATOTOBKH: IIpuknaagHas MaTemMaTHka, KOMIIBIOTEPHBIE HAYKH W HHKEHEPHS
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa anropuTMOB U TEXHOJIOTUH MPOTrPaMMHUPOBAHUS

Kypc: 1

KBAJM(PUKAIMA: OaxanaBp

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

2 (BeceHHMH) - DK3aMeH

Pa3zpadorunk: N.C. Memepun, acCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kon 1 HauMeHOBaHME KOMIIETEHIINH NHIuKaToOpbl JOCTHKEHNUS KOMIIETEHIINH
OIIK-1 CnocobeH npuMeHSITh OIIK-1.2 CnocobeH CTpOWTh MareMaTH4ecKHe MOJIEIH,
(dyHIaMeHTalbHbIE 3HAHUS, IOJTyYCHHBIC B MPOU3BOIUTH KOJIMUECTBEHHBIE PACUETHl M OLICHKH

obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAyK M UCTIONB30BaTh UX B
npodeCcCHOHALHOMN JIeTeTBHOCTH

OIIK-2 Crniocoben ucnonb3oBarh coppemernble |OIMK-2.2 3HaeT W yMeeT TIPUMEHSTH YHCICHHBIC
WH(POPMALIMOHHBIE TEXHOJIOTHH U MaTeMaTH4ecKue METOAbl W MPHUKIAJHOE MPOrpaMMHOE
IPOrpaMMHBIE CPEACTBA IIPU PEIICHUH 33/1ad  |o0ecrieyeHre  [uid  pelleHus  Hay4yHbIX  3a7a4 B
npo¢eCcCUOHANBHON e TeNbHOCTH, coOMIonas  |npodeccuoHaIbHON obnacTu

TpeboBaHus HHPOPMAIIMOHHOHN 0€30MacHOCTH

2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIMIA
B pesynbrare nzyuenus aucuuiuinasl «IIporpammupoBanue Ha s3bike C++» 00ydaromMiCs JOIKEH:

3HATb:

* Anaroputmsl Ha Tpad)ax U CTPYKTYpHI IaHHBIX, CBSI3aHHbIC C HUMU,
* OIICHKHU CIOKHOCTHU CTaH/IaPTHBIX aJITOPUTMOB;
. CTaHIApPTHBIC AJITOPUTMBI Ha rpadax M HCHONB3yeMble CTPYKTYPHl IaHHBIX, HOAXOIBI K
MOAN(DUKAINN KJIACCUYECKHUX aJTOPUTMOB;
*  pa3HOOOpa3HbIE KJIACCHYECKHE 33a/1audl B TEOpPHUU TIpad)OB M ACUMIITOTHUECKUE CIOKHOCTH HX
pELIEHU.

yMeThb:
+  @opMynupoBaTh 331a4M B TEPMHHAX M3YYEHHBIX TECOPHH, BBIOMPATh MOAXOSAIINHA aJrOPUTM IS
MOCTABJICHHOM 3a/1a4H;
* pa3pabaTbIBaTh KOMOMHAIMK aJITOPUTMOB ISl PEIICHHS IIOCTaBICHHON 3a1a4u;
*  OIICHUBATH CIOKHOCTU QJITOPUTMOB, X MOTU(HKAIMA 1 KOMOWHALMI, B TOM YHCIIE C TIOMOILIBIO
aMOPTH3aLlMOHHOTO aHAJIN3a;
* BBIOMpATh NOAXO/AIIUE CTPYKTYPHI TAaHHBIX [Tl KOHKPETHOH 3a1a4u;
* PpeaJuM30BBIBATH AITOPUTM B 0000IIEHHON opMe Ha sI3bIKE POrpaMMUPOBAHUS c++;

. peanu30BbIBaTh CTAHAAPTHBIE AITOPUTMBI Ha rpadax W CTPYKTYphl MJAaHHBIX Ha S3bIKE
nporpaMmupoBaHus C++.
BJIA/IeTh:

° MCTO)_IaMI/I JACKOMIIO3HMIIMH 3a1a4 B obmacTu I/IH(i)OpMaL[I/IOHHLIX TEXHOJIOTUH U MNOCTPOCHUSA CAUHOT'O
peuiCHus ¢ UCIIOJIB30BAHUEM U3YUCHHBIX aJITOPUTMOB;
¢ MCTOAaMH OLCHKH CIIOKHOCTHU AJITOPUTMOB, UX MO,Z[I/I(l)I/IKaI_H/Iﬁ n KOM6PIHaHPII>'I.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

Bubl ommO0oK KOMIOMIISIAN: JIEKCHYECKHE, CHHTAKCUIECKUE, CEMaHTHYECKHE.

[Tonsarue segmentation fault u stack overflow.

Peamu3zanms merona push _back ¢ npaBuibHBIM 00palieHueM K aJUIOKaTopYy.

Wyes 1 MOTMBHPOBKA YMHBIX YKa3aTeleH.

JIsimOa-pyHKIMI: MOTUBHPOBKA, IPOCTO MpUMep (HECTaHIapTHBINA KoMIaparop B std::sort).

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

TeopMuHUMYM
Bonpocs! k auddepennrpoBanHOMy 3a4eTy

1.00bsicHuTE MOHATHS compilation error, runtime error u undefined behaviour. [IpuBenure mo mape
MPUMEPOB TOTO, IPYTOTO H TETHETO.



2.Yto Takoe BBIpaxeHUs, omeparopsl? Jlis uyero mpenHasHaueHbl M YTO IO CTaHAAPTY JENAI0T
CIICAYIOLINE OIepaTophl: TEPHAPHBIN OIepaTop, omeparop ‘‘3amsras’, yHapHas 3BE3/104YKa, YHAPHBIH
amIiepcaH]i, ormeparopsl “Todyka” W “‘cTpeyiouka’, IBOHHOE JBOETOYHE, MPEPUKCHBIN W TOCTOUKCHBIN
WHKPEMEHT, OMHapHble & U &&, omepaTropsl MPOCTOTO U COCTABHOTO MIPUCBAaWBaHUSI, ONEPATOPhl << U
>>9

3.Yro Takoe cTeKkoBas MaMsATh W JUHamudeckas mamsath? Uto Takoe stack overflow? 3adem HyxeH
omneparop new? Uro takoe yreuku namsatu? Yto Takoe cbopka mycopa?

4.00bscHUTE Neto cchllok (references). [l uero oHM Hy>KHBI, YeM OHHU OTJIMYAIOTCS OT yKazaTemnei?
Uro Takoe “miepeaya apryMeHTOB 1O ccbuike U 1o 3HadeHnto”? Kak B C++03 peanuzoBars QyHKIHIO
swap?

5.Uro Takoe Kiacc, CTPyKTypa, B YeM pa3HUIla Mexay Humu? YUTo Takoe T™OJs, METOBI,
MOIU(HUKATOPBI AOCTYIIA, MHKATICYIISLUS ?

6.Yto Takoe KOHCTPYKTOPBI, 1€CTPYKTOPBI, U Y€TO OHU HY>KHBI, KAKOB CHHTaKCHC UX OIpEAeIICHU?
Te 5xe BOMPOCHI PO KOHCTPYKTOP KOITUPOBAHUS U ONIEpaTOp MPUCBAMBAHMSL.

7.Yto Ttakoe meperpy3ka ¢yHkuui? Yrto Takoe mneperpyska omeparopoB? IIpuBenute npumepsl
OIIEpaTopoB, KOTOpbIE MOXKHO M HEJIb3sl meperpykarb. llpuBemure mnpumep mneperpy3ku XoTb
Kakoro-HHOY/Ib orepaTopa (HallMIINTE CUTHATYPY €T0 Meperpy3Ku).

8.Uto Takoe HacienoBanue? B uem pazHuiia Mex1y NPUBATHBIM U ITyOIMYHBIM HACIEJOBaHUEM?

9.Yto Takoe BuUpTyaibHble (YHKLINH, YUCTO BUPTyaJIbHBIC PYHKIMH, aOCTpaKkTHBIE Kiacchl? UTo Takoe
BUPTyaJIbHOE HACJIeA0BaHUE?

10.Yt0 Takoe nomumopdusm? Ilpusenure npumep nonumopdusma B C++.

11  Yrto Takoe mabnoHk? YTo Takoe WHCTAHIMPOBAHHE MIAOIIOHOB, CIENUATH3ANNS NIa0IIOHOB?
[IpuBenure npumep Kakux-HuOyAb madnoHoB u3 STL, oGnagaomux cnenuain3anuen.

12 Yto Takoe uckiaoueHus1? Kak monp30BaTecsi MexaHM3MOM 00padoTku nckioueHnit? Kak 6pocurs,
noiMath uckitoueHue? [IpuBeaure kKakoH-HUOYIH IPUMED.

13 .Paccmorpum konteiHepwl std::vector, std::list, std::deque. KakoBbI ocHOBHBIE oOTmepalu,
MpeaoCTaBIsieMble UMHU, U CKOPOCTh Pa0OTHI 3TUX ONepauii?

14 PaccmorpuMm KoHTedHepsl std::map, std::set, std::unordered map, std::unordered set. Kaxossl
OCHOBHBIE OIIEpaINH, IPEIOCTABIAEMbIE MU, U CKOPOCTh PaOOThI ITUX ONepanuii?

15 .Yro takoe uteparopsi? Kakue BUIbI HTEPaTOPOB CYMIECTBYIOT? 3aueM oHM BooOIIe HyHbI? Kakue
UTEPATOPhI MOACPKUBACT KaXKABINA U3 KOHTEHHEPOB, YIOMSHYTHIX B IIPEIBIAYIINX AByX BONPOCAX?

16 .Yto Takoe kommnaparopsl? Uto Takoe ¢pyHKUMOHATIbHBIE 00BeKTHI? [IpuBennTe XOTh OUH PUMED.

17 Jns gero Hy>kHa move-cemManTuka? Pacckaxkute B oOIIMX yepTax, 4To 3To Takoe. Kak mpaBuibHO
peanuzoBarhk ¢pyHKuo swap B C++11?

18 .Yrto Ttakoe ymHbIe yKazaTenu? Jlns pemieHus Kakux mpoOiieM oHH HyxxHBI? [IpuBenuTe mpumep
HCIOJIb30BaHUSI.

19 .UYro Takoe amnokaropei? KakoBa oOmrast mmess kiacca std::allocator, kak u 1 4ero OH
WCTIONb3yeTCs?

20 .Uro Takoe msMOma-BeIpakeHUs, KakoB ux cuHTakcuc? I[lpuBenute XOTh OAMH TNpUMEp
HCIOJIb30BaHUSI.

21 .Hanmmmute Bruncienue n-ro yucina @udboHayuu (B npenenax long long) Ha sTane KOMIUsiuy, He
UCTIONB3YS CJIOBA cOnstexpr.

22.Yto Takoe SFINAE? IIpuBenute x0oTs Obl 0iH TipuMep (Ha ypOBHE UCH, MOXKHO O€3 peai3alivi).

Bomnpocs! k 3k3aMeHy

yacTs |
1.Pacckaxkure 00 ykazarensx u cceiikax B C++03. B uem ux wjes, /s 4ero oHU HYXXHbI? B uem
pasHulla MeXIy yKazaTelsiMu U cchlikamu? Kakue onepauny OHU MOAJCPKUBAIOT, YEM UX MOXKHO, a
YeM HeJb3sl MHULMaIu3upoBarh? YUTO Takoe KOHCTAHTHBIE YKa3aTelld, yKa3aTeJld Ha KOHCTaHTY,
KOHCTAHTHBIE CCBUIKH, B 4Y€M IMpPOSBISACTCS pa3HULA MEXAY HUMH M OOBIYHBIMHM YKa3aTeJIIMH U
ccbuikamu? Pacckakute o mpoOiiemMe “OUTHIX CChUIOK, IPUBEANUTE MPUMED.
2.Pacckaxure O TOM, YTO TaKO€ KJAcChl, OOBEKTHI, YJECHBI KJIACCOB, IOJS, METOIbI, MOAU(UKATOPHI
JOCTyTIa, MHKANCYIusl. Pacckaxxure mpo KOHCTPYKTOPHI M JECTPYKTOPBI, ONIEpaTopbl MPUCBAUBaHUS,
“mpaBuiio Tpex W “NpaBMIIO MATH, PO TEHEPALHUIO KOMIUISATOPOM 3THX METONOB. UTO Takoe CIIMCKHU
WHULMATU3A1H B KOHCTPYKTOpaXxX U ACJETUPYIOIINE KOHCTPYKTOPEI, 3a4eM OHHU HYXHbI? [lokaxxkute Ha
npuMepe kiaacca String, Kak IPaBUIBHO OMPEAENIATh BBIIEIEPEUHCICHHBIC METO/IBI.



3.Pacckakute 0 TOM, YTO TaKO€ KJIAacChl, OOBEKTHI, WICHBI KJIACCOB, IMOJsI, METOABI, MOAN(PUKATOPHI
JIOCTyTa, WHKANCyIsus. PacckakuTe o KIIOUEBBIX clioBax static, explicit, mutable, friend c
pUMepaMy CUTYaIHid, KOTJa UX CJIEAYET IPHUMEHSTb.

4.Pacckaxxute 0 BOBMOXHOCTSIX Ieperpy3ku ormeparopoB B C++. [lokaxuTe Ha mpuMepe peatn3ainuu
JUIMHHOW apudmetnku (kinacc Biglnteger), kak mpaBUIIbHO MeperpyKarb OWHAPHBIN IUTIOC, YHAPHBIN U
OWHapHBII MUHYC, OIEPaTOphl COCTABHOIO MPUCBAMBAHHA C IUTFOCOM M MHHYCOM, OIIEPaTOPHI
CpaBHEHWUSI, MPEPUKCHBIN U TOCTHUKCHBIA HHKPEMEHT.

5.Pacckaxkure o HacnemoBamnmu B C++. B yem pa3HMLIA MeXIy NIPUBATHBIM U ITyOIWYHBIM
HacnenoBaHueM? KakoBbl IpaBwia BUAMMOCTH TOJIEH M METOAOB POIUTENS B TeJe HACIEAHUKA, KaK
SIBHO 0OOpaTuThCS W3 HACIEOHMKAa K IOJSIM W MeToaaMm poaurtensi? KakoBbl mpaBuia BUAMMOCTH
poauTenel u uX Mojei U METOAOB IIPU JIBYXypOBHEBOM HacJeJOBaHWH, Kak JeiicTByeT cinoBo friend B
TuX curyauusax? YUro Takoe “cpeska mnpu konupoBaHuu? Kakue HesBHbIE KOHBEPCHH pa3pelicHBI
MEXIY POAUTENSAMU U HACIEAHUKAMHU, B T.4. CCbUIKaMH (yKa3aTelsiMHi) Ha HUX?

6.Kak pasmemarorcs B mamsTH OOBEKTHl KJacCOB-HACICOHUKOB? B KakoM mMOpsAKe BBI3BIBAIOTCS
KOHCTPYKTOPbI M JAECTPYKTOpBI IIPU HACJIEAOBAHUM, KAaK HHUIMAIM3HPOBATH IO POTUTENS IPH
OTIpelleICHNH KOHCTPYKTOpa HacienHuka? YTo Takoe MHOXKECTBEHHOE HAaclieIoBaHHE, B YeM
3aKiroyaercs: mpobieMa poMOOBHAHOTO HACIEIOBAaHUs, YTO TAaKOoe BHPTyalbHOE HaciemoBaHue? Uro
O3Ha4aeT M Kak BO3HUKaeT omuOka “ambiguous base”? Urto o3HadaeT W Kak BO3HUKAET ‘‘warning:
inaccessible base class”? UTo mpoucXOmUT TpHW KOMOMHAIIMK BUPTYajJbHOTO M HEBUPTYAILHOTO
HacjaeI0BaHus?

7.Y10 Takoe BUpTyasibHble (QYHKIMH? B Wem pasHUIlA MEXIy BUPTYaJbHBIMH M HEBUPTYaJIbHBIMH
¢dbyHKIMsAMU Tipy HacnenoBanuu? Yto Takoe Tabnuiia BUpTyanbHbIX GyHKInK? UTo Takoe abCTpaKkTHBIC
KJIacChl U YHCTO BUpTyasibHblEe (QYHKIMU? {1 4ero Hy»eH BUpPTyasbHBIN aectpykrop? Uro Takoe
noMMMOpGH3M U Kak 3To noHsTue B C++ CBSI3aHO C BUPTYaJIbHBIMH (QYHKIUSAMHU?

8.Pacckaxxute 0 pasHOBUAHOCTSX npuBeneHuid TumoB B C++. B yem pasnuma mexay C-style cast,
static_cast, const_cast, dynamic_cast u reinterpret_cast, Koria OHU IPUMEHHUMBI, a Koraa Het? J{ns gero
HYKEH Ka)K/IbIi U3 9THX KacTOB?

9.Pacckaxxure o mabmonax B C++. Uro Takoe HHCTaHIMPOBAaHHE IMIA0JIOHOB, CIICIIHATH3ALUSI
mabmonoB? Kakue 3 Buaa mabmoHoB cymiectByor? Kakme 3 Buga maOlIoOHHBIX IMapaMeTpoB
cymecTBytor? Kak mcnonb3oBaTh MIa0IOHBI C MEPEMEHHBIM KOJIMYECTBOM apryMEHTOB M OIEparop
sizeof...? Yro Takoe Curiously Recurring Template Pattern? Uro Takoe momumopdusM M Kak 3TO
nonsatue B C++ cBA3aHO ¢ madbaoHaMu?

10.Pacckaxure 00 uckimoueHusix B C++. B yem ux maea? Kak momnb3oBarbes omeparopoM throw u
KOHCTpyKLMeH try...catch? B uem pasHuma Mexay HCKIIOUEHUSIMH M OHIIMOKAaMHU BpPEMEHU
BeIONHEHUSA? YTo Takoe crenuduKanuu MCKIIOYCHWH, Kak II0JIb30BAaThCS OINEPaTopoM H
cnenudukatopom noexcept? B dem ocoOeHHOCTH M MPOOJIEMBbI HCKIIOUEHHH B KOHCTPYKTOpax M
necTpykropax?

11 .Pacckaxure o koHTelHepe std::vector. IIpeanoxxuTe peanu3annio KOHCTPYKTOPOB, IECTPYKTOPA,
OTIepaTopoOB NPUCBaMBaHUs, Oomeparopa [], MeToAoB at, resize, reserve, front, back ass sToro kiacca (c
MIPaBUJILHON MOJAEPKKON alNTIOKaTOPOB U MOVE-CEMaHTUKH).

12 .Pacckaxwure o koHTeliHepe std::vector. [Ipennmoxute peanusamnuro MeTonoB push back u pop back
(c mpaBMWIIBHOM MOJAEPKKOH aJUIOKAaTOPOB, MOVE-CEMAaHTUKU M rapaHTHil 6€3011aCHOCTH OTHOCUTEIBHO
VICKITFOUCHHIA ).

13 .Pacckaxute mpo vector<bool>. B uem ero ocobeHHOCTh M OTIMYUE OT OOBIYHOTO vector?
Pacckaxwure, KakuM 00pa3oM JTOCTUTACTCSA Ta OCOOCHHOCTh C TOYKM 3PCHUS pean3aluu (OMUIINTE
peanu3annio OCHOBHBIX METOJIOB).

14 .Pacckaxure o xoHTeiHepe std::list. KakoBbl ero MeTopl U ckopocTh UX paboThl? Kak oH ycTpoeH
m3nytpu? Kakum obpazom list<T> mcnomneszyer amtokarop it tuna T? Ilpemioxure peann3anuro
OCHOBHBIX MeTOZIOB list’a: KOHCTPYKTOPBI, OTIEpaTOphl IIPHCBAUBAHUS, AECTPYKTOP, insert 37eMeHTa 1o
UTEPaTOpy U erase 1o UuTeparopy.

15 .Pacckaxure o xoHTeiiHepe std::forward list. KakoBbl ero metozps! u ckopocth ux pabotsi? Kak on
ycrpoer m3nyTpu? Kakum obpazom forward list<T> ucnons3yet amnokarop uist Tuna T? [pemioxute
peanmu3anyioo OCHOBHBIX MeTonoB forward list’a: KOHCTPYKTOpBI, OIEpaTopsl IPUCBaWBaHWS,
JECTPYKTOD, insert aJieMeHTa 0 UTEPaTopy U erase Mo UTepaTopy.

16 .Pacckaxute o xonteiinepe std::deque. Uem oH oTimuuaercs ot vector? Pacckaxkurte 00 amanrepax
Haj KoHTeiHepamu  (std::stack, std::queue, std::priority queue). [lpemnoxure peamu3aruro
KaKoro-HHOY/Ib OTHOTO U3 HHX.



17 .Pacckaxwure o koHTeiHepax std::map, std::set, std::multimap wu std::multiset. [Ins yero onm
npumenstorcs? Kakue y HuX maOnoHHBIE MapaMeTpbl U YTO OHHM O3Ha4yaroT? KakoBbI MX OCHOBHEBIC
METOJIbl, CKOPOCTh M MNPHHIMI paboTel 3TUX MeTonoB? C INOMOIIBIO KAaKOW CTPYKTYphl JTaHHBIX
pean30BaHbl TH KOHTSHHEPHI?

18 .Pacckaxure o koHTelHepax std::unordered map, std::unordered set, std::unordered multimap u
std::unordered multiset. J{nst yero onu mpumensitorcsi? Kakue y HUX 1MIa0NOHHBIE MapamMeTpbl H YTO
oHU o3Ha4atoT? KakoBBI MX OCHOBHBIE METOMBI, CKOPOCTh M NPUHIUI paboThl 3TUX MeTomoB? C
MIOMOMIBIO KaKOH CTPYKTYpBI IaHHBIX pPeaIn30BaHbl 3TH KOHTEHHEPHI?

19 .Uro Takoe mreparopbl? Kakue BHIBI HTEpaTopoB OBIBAIOT W KaKHE OINEPAIMU JOIyCTUMBI HaJ
Kax1bIM 13 HUX? Pacckaxkure npo dynkimu std::advance u std::distance. Kakum ob6pa3zom gocruraercs
MX pa3HOE MOBE/ICHHE B 3aBHCUMOCTH OT BHUJIa IIEPEIaHHOTO nTeparopa?

20 .Kaxume BHIBI UTEpaTOPOB MOAJIEPKUBAET KAXAbIH U3 CTaHAApTHBIX KoHTeiHepoB? [lpemnoxure
peann3anno HTEPaTopoB U KaKOro-HUOYAb M3 CTaHJAPTHRIX KOHTEWHEPOB (Ha Ball BHIOOD), CUUTA,
YTO B OCTAJIbHOM KOHTEHHEp y’Ke peaan30BaH.

21 .Pacckaxwure nipo knacc std::insert_iterator u ¢pyHKIuto std::inserter, IpeaIoRKUTE UX PEATU3AIHIO.

4acTh 2

1.Pacckaxxure 00 oneparopax new u delete. 3aueM OHM HYXKHBI, KAK UMM TOJIB30BaThes? Uto Takoe
placement new? B dyem pa3Huma Mexay omeparopoM new u (yHKnueir operator new? Uro u3
BBIIICTICPEUUCICHHOI0 MOXHO TMeperpyxarb M Kak 3TO Jenarb? 3a4eM MOXKET ObITh Hy)XHO
neperpyskarb KacToMHbIi operator delete? PacckaxkuTe o mpoOieme yTedek naMsTH.

2.YUrto Takoe ajloKaTopsl, 3aueM OHHU HyXHBI? Pacckaxute mpo knacc std::allocator, mpennoxure ero
peanu3aluio.

3.Pacckaxure 0 mpobnemax, sl pelIeHrs KOTOPhIX Oblla BBEJICHa MOove-ceMaHTuKa. Pacckaxure, Kak
paboraer ¢yHKIus std::move M Kak ee MPUMEHATh, OOBSCHHUTE, KAK OHA PEaIM30BaHa U IOYEMY
uMeHHO Tak. Kak nmpaBmiibHO peann3oBarh QyHKIHO swap B C++117

4.Pacckaxnte 0 TOM, 4YTO Takoe “micanpHas mepenada” (perfect forwarding). Pacckaxkute, kak
paboraer ¢ynkuus std::forward m kak oHa peanu3oBaHa. [IpuBemute npuMep NPUMEHEHHS ITOM
¢ynknuu. [Touemy B std::forward nenb3st npuasTh T&& B KauecTBe mapamerpa?

5.Pacckaxkure 00 rvalue-cchiikax W 00 YHHBEpPCAIBHBIX CChbUIKax. Kakue TpUCBaMBAHUS MEXTY
lvalue-, rvalue-ccpuikamMu, a TakKe BPEMEHHBIMH OOBEKTAMH M WMEHOBAaHHBIMH HECCHUIOYHBIMHU
00BEKTaMU pa3pelIeHsbl, a Kakue 3anpenieHs? YTo MeHseTcsl B Cllydae ¢ KOHCTAHTHBIMH CCHUIKAMH U
oOobexTamMu? UTo SABISETCS M YTO HE SBISCTCS YHUBEPCAIBHBIMH CChuikamu? [IpuBenuTe mpuMepsl,
WIUTIOCTPHUPYIOIHE BCE BBIILIECKa3aHHOE.

6.Yrto Takoe lvalue, rvalue, xvalue, glvalue u prvalue? IlpuBeaure npumepsl. Pacckakute 0 TOM, 4TO
takoe reference collapsing (cBopaumBanume ccwUlOK), reference qualifiers (cceuiouHBIE
kBanmudukaroper), return value optimization (RVO) wu copy elision. [lpuBeaute mnpumepsl,
WLTFOCTPHUPYIOIINE BCE BBIICIEPEYHCICHHOE.

7.Pacckaxkure, 1 pelIeHUs KakOW TpoOIeMbl HYXHBI YMHBIE yKazarelnu. PacckakuTe mpo Kiacc
std::unique_ptr, npeanoXHUTE pealn3alui0 OCHOBHBIX METOAOB JTOro Kjacca (KOHCTPYKTODBI,
JEeCTPYKTOP, OIepaTOphbl IPUCBAUBAHUS, ONIEPATOPhl YHAPHAsI 3B€3/104KA M CTPEJIOUKA).

8.Pacckaxxute mpo wiacc std::shared ptr. Kakyro npoOmemy OH pemaer M Kak OH YCTpOeH?
[IpennoxxuTe peanu3alyio €ro OCHOBHBIX METOAOB (KOHCTPYKTOPBI, JECTPYKTOp, OIEpaToOphl
MPUCBaNBaHUsI, OTIEPATOPBI YHAPHAS 3BE3/10YKA M CTPEIIOUKA).

9.Ilpemnokute peamuzanuio Qyaknum std::make unique. 3adeM HyxHa 9Ta (QYHKIUS, KakKyro
MOTEHIHAIBHYI0 TpobieMy oHa pemaetr? Pacckaxure o ¢yHkumsax make shared u allocate shared
(6e3 peanuzanun). 3aueM Hy)KHa KaK[Jas U3 HUX, KaKHe TIOTEHIUAIbHBIE MPOOJIEMbl OHU PENIaroT?

10.Pacckaxute mpo kiacc std::weak ptr. Jlnst pemenust xakoit mpoGnemsl oH HyxkeH? [Ipemnoxute
peanu3anuio ero OCHOBHbBIX MeTofoB. Kak weak ptr y3HaeT, 4To 00BEKT Mo HUM Yy>Ke OblT yaneH?

11 .Pacckaxure npo kiacc std::enable shared from_this. JIns penienus kakoi mpo0GieMbl OH HY)KeH U
Kak UM nonb3oBarbesa? [IpeanoxuTe peanusanmio 3Toro kinacca. Kak HyxHO m3mMeHHuTh kox shared ptr,
4TOOBI OH paboTal cornacoBanHo ¢ enable shared from_this?

12 .Pacckaxwure O BBIBOJE THUIIOB C IIOMOIIbIO KJIFOUEBBIX cJI0B auto u decltype. B uem pasnuna mexmny
NpaBUJIaMH BBIBOJIA TUTIOB ISl HUX? B KakMX KOHTEKCTaX MOXHO MCHONB30BaTh auto? Kak paboraer
decltype oT umeHTH(QHUKATOPOB W OT pa3HbIX Kareropuil BeipaxkeHudl (lvalue, xvalue, prvalue)? Yro
takoe decltype(auto) u amst pemeHus: Kakoil mpooIeMBbl 3TO HYKHO?



13 .Pacckaxkute 0 BO3MOXHOCTSIX compile-time Beraucnennii B C++. Kak ¢ moMomipto madioHHOTO
METanporpaMMHUPOBAaHHUS UMHTUPOBATh HUKIBI U yciaoBus? [lokaxure Ha mpuMepe MPOBEPKU IIETI0TO
YHCiIa Ha MPOCTOTY. Pacckakure 0 KIIOUEBOM CIIOBE CONStEXpr: 4eM constexpr OTINYaeTcst OT const,
3a4eM HYKHBI constexpr-QyHKIUM U NepeMEHHbIC, KAKUMH BO3MOXKHOCTSAMH OHHM OOJIaZal0T M Kakue
OrpaHMYEHUS Ha HUX HAKJIabIBAIOTCS?

14  Uro rakoe type traits? OOBsCHHTE, Kak peaqn30BaHbl CTPYKTypbl std::remove reference,
std::is_same, std::rank, std::conjunction, std::conditional, std::common_type.

15 Uro rtakoe SFINAE? OObscHuTe 0O0OIy0 wHIer0 HAa mpuMepe CTPYKTypsl std::enable if.
[Ipennoxute peanuzanuio cTpykTypsl std::is_class, oObscHHUTE, Kak OHa padoraeT (MPOBEPKON Ha
iS_union MOXKHO TIpeHeOpeYb ).

16 3auem nHyxnHa ¢ynknus std::declval? Ilouemy srta ¢ynkums Bo3Bpamaer T&&, a He T?
[pennoxute peannzanuio CTpyKTypsl std::is_constructible, o0bsicHUTE, Kak OHa padoTaeT.

17 Bagvem HyxeH kiacc std::allocator traits? Ilpeanmoxkwure peanuszanuio — QyHKIUH
allocator_traits<Allocator>::construct. Kakum o0pa3zom 3Ta (QyHKUHS TpPOBEpSET, pealu30BaH JH Y
aJUTOKaTopa MeTo[ construct, M Kak oHa ce0s BeIeT B 3aBUCUMOCTH OT 3TOro?

18 .Pacckaxure o ¢ynkumu std::move if noexcept. B kakom mecte craHaapTHON OMOIMOTEKH OHA
WCIIONB3YETCs U MoueMy oHa TaM HeoOxomuma? [peanmoxure ee peanuzanuio (cautas, 4to type_traits
YK€ pear30BaHbl).

19 .Ilpemtoxure peanu3anuio CTpyKTypsl std::is_base of. OObsicHUTE, Kak OHA paboTaer.

20 .Yto Takoe mambna-pynkuun B C++? KakoB cunTakcuc nsmOaa-BoipaxkeHnid? YTo Takoe CIHCKH
3axBaTa, YTO TAKOE 3aXBaT 10 YMOIYAHUIO M B YEM €ro OmnacHOCTh? PacckaurTe O JOMOTHUTENBHBIX
BO3MOXXHOCTSIX JisiMOna-BelpakeHnidn B C++14  (3axBar ¢ uwHUIUanm3anueil, 0000IEeHHBIC
nssMOa-BeIpaxkeHus ). Pacckaxure (6e3 peanmzanuu) npo kiacc std::function n ¢ynknuio std::bind,
MPUBEIUTE IPUMEPHI HX UCTIOJIb30BAHUSL.

21 Yto Takoe IOHHMOHBI (union), AJs Yero OHM HYXHBI? B uWeM CXOACTBO M pasziuvyuue MEXIy
FOHHOHAaMU U Knaccamu? KakoBel 0COOEHHOCTH MHHUIIMAIM3AIMH [TOJEH FOHMOHA, YTO TAKOE “‘aKTHBHBIN
yjieH” IOHUOHA M Kak ero nmomeHsTh? Uto takoe std::variant u std::any, s 4ero OHM HY>KHbI, KAKOBBI
UX OCHOBHBIE METO/bI?

22 .Yro taR[-44]C[-1]:RCkoe peduexcusi? UTo MOKHO CKa3aTh O BOBMOXKHOCTSX peduiekcun B C++?
Peanmsyiite mabnonnyro ¢ynknuro detect fields count<S>, koTtopas ObI MO3BOJNSUIA OMPEACIATH
KOJIMYECTBO MOJIeH y TaHHOH cTPYKTYphI S. OObSICHUTE, KaKk 3TO pabOTaeT.

[Ipumepsl 3x3aMeHL. OUIIETOB:

ounetNel

1.Yrto takoe SFINAE? IlpuBeaute xoTs Obl OOUH pUMEp (Ha YPOBHE HJIEH, MOKHO 0€3 peann3aiun).
2. Yrto Takoe meperpy3ka QyHkiui? Urto Takoe meperpy3ka omepartopoB? IlpuBemute mpuMepb
OTIEpaTopoB, KOTOPbIE MOXHO M HeNb3sl Neperpyxarb. lIpuBenute mnpuMep NEperpy3Kd XOTb
KaKoro-HHOY/Ib oriepaTopa (HaIMIIUTE CUTHATYPY €T0 Meperpy3Kn).

OnmerNe2

1.Yto Takoe peduexcusi? UTo MOXKHO CcKa3zaThb O BO3MOXKHOCTSX pedraexcun B C++? Peanusyiite
mabnonnyto ¢pynkuuio detect fields count<S>, koropast ObI MO3BOJISIIA OMPENEIIATH KOJIHMUECTBO MOJICH
y naHHOHU CTPYKTypHl S. OOBsICHUTE, KaK 3TO padoTaeT.

2.Pacckaxwure o mpoOiemax, Ui PelIeHust KOTOPBIX Obula BBEIEHa move-ceMaHTuka. Pacckaxure, Kak
paboraer ¢yHKuus std::move M Kak ee NPUMEHATh, OOBSCHHUTE, KAK OHA PEaJM30BaHa W IIOYEMY
nMeHHO Tak. Kak nmpaBuiisHO peanu3osath QyHKIU0 swap B C++11?

onnerNe3

1.Kakue BuIBI HTEpaTOPOB MONJCPKHUBACT KaXAbIM M3 CTaHIAPTHBIX KoHTeiHepoB? Ilpemnoxure
peanu3anno UTepaTopoB U KaKoro-HUOyAb M3 CTaHJApTHBIX KOHTEHHEpOB (Ha Ball BHIOOD), CUMTAas,
YTO B OCTAJIbHOM KOHTEHHEp YK€ peai30BaH.

2.Pacckaxure npo kiacc std::insert_iterator u ¢pyHkuuto std::inserter, IpeagoKUTE UX peaTr3aluio.

Kpurepun oneHuBanus
OTJIIMYHO
10 TlomHOCTBIO M BOBpeMs pellleHbl Bce 3afaun 0e3 omubok. [IpojeMoHCTpUpOBaH TPaMOTHBIM
MOAXOA K PELICHUIO 3alad, peajn30BaHbl ONTHUMAJbHBIC aJTOPUTMBI, KOI O(QOpPMIIEH B EIUHOM
yA000YHTaEMOM CTHIIE
9 TlomHOCTHIO M BOBpEMSs pPelIeHbI Bee 3aj1a4n 0e3 ommOoK. [IpogeMoHCTpUpoBaH rpaMOTHBIN MOJXO/
K PELICHNIO 3a/1a4, PEaJIN30BaHbI ONITUMAJIbHBIC AITOPUTMBI



8 TlomHOCTHIO M BOBpEMSI PEIICHBI Bce 3a/1aun 0e3 ommoOok. [IpojgeMoHCTpHUpoBaH rpaMOTHBIN MOXO0/
K pELICHHIO 3a/1ad

XOPOILO
7 TloaHOCTBIO pelIeHsl Bce 3a1a4u. JJonmyieHsl HeCyeCTBeHHbIE OINOKY.

6 IlomHOCTBIO penIeHO OONBIIMHCTBO 331a4. B HEKOTOPBIX 3a1adax JOIMYIICHBI M HE UCIPABIICHBI
OIHUOKH, JTUOO HEKOTOPHIE 3a/1a4W PElICHbI YACTUYIHO.

5  IlonHOCTBIO peLIEHO ABE TPETH 3a1ady. B HEKOTOpBIX 3a1adax JONYIICHBI U HE HCIPAaBIEHBI
OMOKH, TMOO0 HEKOTOPHIE 3a/1a4M PELICHbl YACTUYHO.

YAOBJICTBOPUTCIIEHO

4 TlomHOCTBIO perieHo OoJiee MONIOBHHBI 3a/1a4. B ocTalbHBIX 3a/1a4aX JIOMYIICHBl M HE UCTIPABIICHBI
OIHUOKH, JTUOO HEKOTOPBIE 32/1a4W PElICHbI YACTUYIHO.

3 TlonHOCTBIO perieHo Goee MOJTOBUHBI 3a/a4.

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

5. MeTonuveckne MaTepuabl, onpeneasone Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

JuddepeHunpoBaHHbIl 3a4eT OyIeT COCTOSATh U3 JABYX YacTeil: MpeaBapUTEIILHON YacTH M OCHOBHOM
YacTH.

[IpenBapuTenbHas 4acTh OyleT MPOXOIUTH MHChMEHHO. Bam OymyT BbIZaHbel 4 BoOmpoca B Tpenenax
TEOPMHHUMYyMa Ha 15 MHHYT, MUcaTh OTBETHI HYXXHO OyleT Ha BBbIJaHHOH Oymare, HUYEM HeEIb3s
MOJIb30BaThCs. Bompockl BeIOMparoTcss U3 cnmcka “TeopMHHUMYM”, TIPUBEJCHHOTO HUXKE. OTBETHI
OLICHUBAIOTCS OMHApHO. YUTOOBI yCIICNIHO MPOMTH MPEaBapUTEIbHYIO 4acTh, HEOOXOAMMO HPABHIBHO
OTBETUTh HE MEHee 4YeM Ha 3 BONpOca M3 33JaHHBIX YeThbpeX. ECIM BBl YCHENIHO IPOXOIUTE
NPEIBAPUTEIBHYIO YacTh, TO NEPEXOANUTE K OCHOBHOM YaCTH; MHAYEe YXOAUTE C DK3aMEHa C OLCHKOM
Heyn(2).

lapanTupyercs, 4To Ha MpeIBaPUTEIBHON YaCTH HE OyIyT 3aJaBaThCsl BOIPOCHI, BHIXOSIINE 32 PAMKH
cnucka “TeopmuHuMyMm”™ (C TOI OrOBOpKOH, uTO Bompoc Buaa ‘“Urto Takoe X Bcerga moapazymeBaeT
yYMEHHE NPHUBECTH NIpumep). ['apaHTupyercs, 4TO OOUH BONPOC HAa MpPEABAPUTEIBHOW yacTh Oyner
MOKPBIBaTh HE OoJiee OIHOTO MYHKTA JAaHHOTO CIHCKa (HO HeoOs3aTesIbHO Oy[eT COBMNAAaTh C ITyHKTOM
CITUCKA JIOCTIOBHO).

[IpumMepsl BO3MOXKHBIX BOIIPOCOB MPEIBAPUTEILHON YaCTH U MIPABUIBHBIX OTBETOB HA HUX:

Uro Ttakoe BupTyasnbHas ¢yHkous? (DTo MeTon Kiacca, KOTOPBIH MOXKHO TIEpEOIpe/eliuTh B
KJlaccax-HacJleJHUKaX TaK, YTO peanu3auus MeToda s Bbi3oBa OyneT BbIOMpAThCs BO BpeMs
UCTIOJTHEHNS, @ HE BO BPEMS KOMITHIISIIMH. )

s perieHust Kakux npoOiem HyxkHa move-cemantuka? (Hampumep, Takux: HeadeKkTuBHBIN swap
JIBYX TIPOM3BOJIBHBIX 00BEKTOB, HEAPeKTUBHEIN push _back B BekTop - ¢ JeMOHCTpanmell Ha puMepe
KOJIa.)

KakoBo pneiictBue omeparopa “3ansitas’? (BplMUCIUTH JEBBIA OHEpaHA, CTPOrO IOCJIE 3TOTO
BBIUMCIIUTG IPaBbIi ONepaH]l U BEPHYTh pe3ysbTaT BbIYMCIIEHUS IIPAaBOro OllEpaHja.)

OcHOBHas 9acTh MPOXOAMT IO CICAYIOLIMM NpaBuiiaM. Bel TaHere 6unet. bunet Oyner cogepxars 1Ba
BOTIpOCa M3 HIXKENPHUBEIEHHOTO crrcka “OcHOBHBIE Bompockl”. Crucok pa3out Ha aBe yactu. OauH
BONIPOC B KaXKA0M Owmiiere Oy[eT U3 ePBOM YacTH, OJUH BOIPOC - U3 BTOPOH YacTH.



Bo BpeMs MOArOTOBKM OTBETa Ha OWJIET MOXHO MOJIb30BATHCS CBOMMH 3apaHee MOATOTOBICHHBIMU
PYKOIIMCHBIMHU 3alUCSIMU B Tipenenax omaHoro yimcta A4. Tlonb30BaThCs 3alMCAMH, CICIAHHBIMH Ha
4yeM-1100, KpOME OJTHOTO 3apaHee BhIOPaHHOTO JUcTa A4, Wi JII00OW MevaTHOH (a He PYKOIUCHOM)
uH(opMaruei, Wi HHTEpHET-pecypcaMu 3ampenieHo. Hapyiienue 3Toro npasuia npupaBHUBAETCS K
CIIMCHIBAHHIO U BEJET K yAaJleHHIO ¢ dk3ameHa. (CMBICH JaHHOTO Pa3peIICHUs B TOM, YTOOBI KA bl
MOT 3amucarh Ui ce0st Hanbosiee TPyIHbIC IS 3allOMUHAHUs aeTainu. He ciemnyer BoCpHHAMATE 3TO
KaK TPU3BIB MOCTapaThCsl 3aKOHCIICKTUPOBATh MaTepUa BCEro Kypca Ha ofaHoMm jucte.) C MoMeHTa
HaJyaja OTBETa Ha OWJICT IOJIb30BaThCs BBIIICHA3BAHHBIM JIMCTOM 3ampeniaercs (HO, pasymeercs,
MOYKHO TIOJIb30BAThLCS 3aAMMCSMH, CIICIAHHBIMUA Ha JPYroi Oymare BO BpeMs MOATOTOBKM OTBETA Ha
ouier).

B xozme ocHoBHOI yacTH 3K3aMeHa CIHUCOK ‘“TeopMHHUMYM™ CIY>KUT OPHEHTHPOM Ha CIydYai, eciu
peub uaet o6 oueHke ya(3) u Hmwke. Eciau B 11000i1 MOMEHT 3K3aMeHa BBIACHUTCS, 4TO BBl He MoXkeTe
OTBETHUTH XOTs1 ObI HA HECKOJBLKO 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
BOIPOCHI B paMKax OOIIel MporpaMmsl Kypca, MPUBEACHHON BBINIE (a2 HE TOJIBKO B paMKax CITHCKOB
“OcHoBHBIE BOoNpoch” U “TeopMUHUMYM”), 32 UCKIIOYEHHEM TOTO, YTO BBIJIEIIEHO KPacHBIM I[BeTOM. B
mr000M cilyyae, MpenojaBaresb, €CIM COYTET HY)KHBIM, MOXKET JONOJHHUTEIbHO K OWieTy 3aaaBaThb
BONPOCHI U3 JIFOOOTO U3 TPEX CHHCKOB B JIIOOOM KOJIMYECTBE IO CBOEMY YCMOTPEHHUIO.



