degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
PAJIMOTEXHUKH M KOMIIBIOTEPHBIX
TeXHOJIOTHH

J.A. T'agpusion

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: BBG,E[GHI/IG B 06’BCKTHO—OpI/IeHTI/Ip0BaHHOC nporpaMMUpPOBaHUC Ha A3BIKC C++
0 HANIPaBJICHUIO: HH(bOpMaTHKa W BBIYHUCIIMNTCIIbHAA TCXHUKA
IIpO(l)I(IJIb MnoATrOTOBKMU: KOMHBIOTepHBIe TCXHOJIOTHH WU BBIYUCIUTCIIbHAA TCXHUKA

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
kadempa paarodIeKTPOHUKHY U PUKIIATHOW HH()OPMATHKN
Kypc: 2
KBaJIupuKAIMSL: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 4 (BeceHnui) - JlnddepeHunpoBaHHbIi 3a4eT

AynutopHbIx yacoB: 90 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsl: 90 vac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.
Bcero gacos: 135, Bcero 3a4. ex.: 3

KonnuecTBo KOHTPOJIBHBIX pa0oT, 3a1aHui: 2

[Iporpammy cocraBui: N.P. leauHckuii, crapuinii npenojaBareib

[Iporpamma obcyxieHa Ha 3acefianny Kadeapsl paariodIeKTPOHUKH | NpukiaaHoi naopmaruku 30.01.2024



AHHOTANMA

Kypc mpexacrasiser co0oii BBeieHHE B COBpEeMEHHBIN 3()(GEeKTUBHBIN YpoBeHb si3bika C++. OCHOBHasi 4acTh
ceMecTpa IOCBSIICHa TeXHOJIOrnu npuMeHeHus: C++ ¢ ynmopoM Ha 0e30MacHOCTh, OCHOBAaHHYIO Ha THIIAX,
noBbItieHne 3QPEeKTUBHOCTH KOHCTPYKIUH S3bIKA.

CokHOCTB 3a7a4 Kypca JIETKO perynupyercst UX (yHKIMOHAIBEHBIM HAIlOJIHEHUEM.
Jst 00ydeHust UCHONB3YIOTCS CIEeIYIONINE TPUHLIUIIBL:

1. Bo miaBy ymia craBUTCS 33jada, €€ pelleHre U, INIaBHOe, MyTh OT 33Ja4M K pemieHno. Bo Besakoii 3amaue
MTOTYEPKUBAETCS pa3/eIeHUE Ha UACI0 PEIIEHUS ¥ TEXHOJIOTHIO PeAJIN3alH.

2. CaMOCTOSATEIBHOCTD peIICHUA SABIACTCA KIITOUCBBIM YCIIOBUCM.

3. TloHuMaHuE CTyIEHTaMHU T€X CPEACTB, C MOMOIIBIO KOTOPBIX OH PEIIMJ 33]ady, CTABUTCS BBIIIE YPOBHSA
CaMMX CPE/CTB PELICHHUS.

4.  AKKypaTHOCTb M HAJSKHOCTb PELIEHHUs CTaBATCA BBIIIE «IIPOIPAMMUCTCKUX TpPIOKOB», HHOIZA
MO3BOJISIIOIIMX B OTACNIBHBIX CITy4asiX JOOUTHCS HECKOJIBKO JTYUILIUX PE3YJIbTaTOB.

Hper[o;[aBaHI/Ie KypcCa BCACTCA B IPCAIOJIOKCHUN, UTO CTYACHTHI YIKC 3HAIOT A3BIKH Cuu ACCGM6J’Iepa.

1. leau u 3apauu

eap AUCUMNIMHBI

— MO3HAKOMHUTH CTYIEHTOB C 0a30BBIMH NPUHLMIIAMH COBpPeMEHHOro C++, MX IOJOXUTEIBHBIX H
OTPULIATENBbHBIX CTOPOH.

3agauu AU CHUILIHHBI

3amaua JUCHMIUIMHBI  3aKIIOYAaeTCs B JEMOHCTpAlu 0a30BbIX MPUHIMIIOB A(PGEKTHBHOTO
00BEKTHO-OPUEHTUPOBAHHOTO IMPOTPAMMHUPOBAHUSL.

2. Ilepeyens opMupyeMbIX KOMIIETEH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1 Criocoben oCyIIecTBISTh [TOUCK, VK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
KPUTHUYECKUH aHAJIN3 ¥ CUHTE3 HHpopManuy, |MHPOpMANNIO, HEOOXOAUMYIO ISl PELIeHUs MOCTAaBICHHON
MIPUMEHATh CHCTEMHBIHN MOAXOA Ul pELIEHHsT  |3adadu

[IOCTABJICHHBIX 3a7a4

OIIK-2 Cnocoben ucnonb3oBarh coBpemeHnbie |OITK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
MH(OPMAIIMOHHBIE TEXHOJIOTHU H BBIYHMCIIMTEIEHYIO TEXHHKY W CEpBUCHI ceTH MHTepHET B
MPOrpaMMHBIE CPEJICTBA MPH PellicHUH 33ja4  |o0nactu (cdepe) npodeccHoHaANBHOM NesITeThHOCTH

npodecCHOHAIBHON IS TeIBHOCTH, COOITIoas
TpeboBaHus HHPOPMAIIMOHHOHN 0€30MacHOCTH

OIIK-3 CriocobeH cocTaBisITh U 0QOpMIISTh OIIK-3.3 Bnazmeer MeTogaMu BU3yalbHOTO U TpaduueCcKoro
Hay4YHbIC U (WJIN) TEXHUYECKUE Tpe/ICTaBICHHUS pe3yabTaToB Hay4YHOM
(TexHonornvyeckre, THHOBALIMOHHBIE) OTYETHl  |(HAYYHO-TEXHUYECKOW, WHHOBAIIMOHHON TEXHOJIOTUYECKOM)
(ryOrTIKanmy, TPOEKTHI) JEATEIIFHOCTH B BUJIC OTYETOB, HAyYHBIX ITyOIMKAIHIA

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
uHpOpMaNNIo 00 aKTyalbHBIX Pe3ylbTaTaX MCCIIEIOBAHUHN B
pamMKax TemaTHueckoi o0macTH cBoed mnpodeccroHaTbHOU
[IK-1 CnocoGeH craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pemiarh 3aj1a4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CriocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOHTH
HCCIJIE0BATh MaTEMaTHYECKUE MOJICIH MaTeMaTHYecKue MOAEIH ISl ONUCAaHMA H3y4aeMBIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHUH M MTPOIIECCOB, OLIEHNBATH KA9€CTBO pa3paboTaHHOMN
aHaJIM3UPOBATh HAy4HbIE TPOOIEMBI, [TOJy4YaTh |MOJEIIN

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHyeckue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl




[1K-2 CnnocobeH caMOCTOSTEILHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTr0O
KOJUICKTHBA OPTaHW30BEIBATh U MTPOBO/IUTH
HAyYHBIC UCCIICIOBAHMS U MX arpoOaIiyio

[MK-2.1 3HaeT NOPUHIUIBI TOCTPOSHUS HAyYHOHW PadOTH,
MeTonbl cOopa M aHajW3a I[OJIyY€HHOrO Marepualia,
CHOCOOBI apryMeHTaI|H

[IK-2.2 Cnoco0en miaHupoBaTb M NPOBOAUTH Hay4yHBIE
UCCIICZIOBAHMSI CaMOCTOATENIbHO MJIM B KauecTBE WIEHa
(pPyKOBOAMTEIIST) MAJIOTO HAYYHOTO KOJJICKTHBA

[MK-2.3 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB
HayYHO-HCCIICI0BATEBCKOM paboTsI MOCPEICTBOM
MyOJIMKalUuK HAYYHBIX CTATEH U y4acTusi B KOH)EPEHIUSIX

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynbsrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HATh!

- OCHOBBI peau3aIiu OOJIbIIUX MPOEKTOB Ha si3bike C++;

- OCHOBBI O0OBEKTHO-OPUEHTUPOBAHHOTO MPOTPAMMHPOBAHHS;

- pa3inyYHBIC IyTH HOBBIIICHUS IPOU3BOAUTEILHOCTH HPOTPAMMBI.
YMETb:

- co31aBarh MporpaMMsl Ha si3bike C++;

- TIOHUMaTh M pa3padarbIBaTh NPOTrPaMMHBIC HHTEPQEICHI.
BIIAJICTh!

- HaBbIKaMH BCIACHUA HpOCTeI\/’IIHI/IX MMPpOrpaMMHBIX IIPOCKTOB B CUCTCMAX KOHTPOJIA BCpCHﬁ.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUaM YUeOHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 BriBon THIIOB 10 5
2 Annokaropsl 10 5
3 Move-cemaHTHKa U rvalue-ccbUIKH 10 5
4 Konreiinepsl 10 5
5 Ureparopst 10 5
6 YMHBIE yKa3aTenu 10 5
@DyHKUMOHATIbHBIE OOBEKTHI u
7 10 5
nsMOa-QyHKIAH
] [IlaGoHHOE MeTamnmporpaMMHUpPOBaHUE WU 10 5
SFINAE
9 HexoTopsie 0coOble 1moIe3HbIE THITHI 10 5
Htoro gacos 90 45

[ToaroroBka k sK3aMeHy

0 gac.

Oobmas TpynoEMKOCTb

135 ygac., 3 3au.ex.

4.2. Cogpep:kaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemecrtp: 4 (Becennuit)




1. BeiBog THIioB

[Ipobnema ¢ AIMHHBIMU Ha3BaHUSIMHU THIOB. [IpobieMa ¢ BOBMOXXHBIMH OIIMOKAaMU B HalMCaHUU
TOYHBIX Ha3BaHWH TUMOB. KitoueBoe ciioBo auto kak pemeHue 3tux npoOiem. [IpaBuia BeIBoma
tunioB st auto. OcoOwlii ciydait ¢ Ttunom initializer list. OcobenHoctn mpu auto&&. auto B
KaueCcTBE BO3BpAIL[AEMOTO THIIA (PyHKIINH.

KirroueBoe cioBo decltype, mpasuiia BeiBoga tumoB aist Hero. OcobeHHoCcTH moBeneHus decltype ot
BbIpaxkeHu# (cmywaum lvalue, xvalue, prvalue). Ilpumep c decltype((x)). OcoOeHHOCTH B3STHUS
decltype ot TtepHapHoro omeparopa. Kouctpykmust decltype(auto). Ilpumep: obeprka Han
oOpaleHreM K KOHTEHHepy 1o MHJEKCy. TpIoK /Ul BbIBO/IA Ha3BaHMH BBIBEJICHHBIX THUIIOB Ha 3KpaH
(HaMepeHHOe MTPOBOLMPOBAHUE OMIMOOK KOMITMIISILIKN).

2. AI0OKaTopsl

Placement new, ero cuWHTaKcuC, JACHCTBHE W OTIAMYHE OT OOBIMHOTO new. PasHuma mexmy
oreparopoM new u (yHKIHed operator new. bonee monpoOHBIH pa3dop ACHCTBUS oleparopa new.
[eperpy3ka new Juis OTHENBHBIX KiaccoB. [leperpyska miobampHOTO new. OmpeneneHHe new C
MPOU3BOJILHBIMU TlapaMeTpamu. To ke camoe s omneparopoB delete u delete[]. IIpumep, xorma
KOMITHJISITOp HesiBHO BbI3bIBaeT delete ¢ HecranmaptHeiMu mapamerpamu. [loBemenme delete s
MONUMOP(HBIX O0O0BEKTOB. nothrow omepatop new, ero CHHTaKCUC W ocoOeHHOCTH. Pazbop
MOBEICHHUS new B ciaydae HexBaTku namsath. Oynkuusa new_handler, ¢pynknum set new_handler u
get new_handler.

[Monsrue ammokaropa. Knace std::allocator, ero ocHoBuble MeTonbl (allocate, deallocate, construct,
destroy) u ux npumepHas peanuzanms. OCOOCHHOCTH peanu3alii KOHCTPYKTOPOB M Oreparopa
MpPUCBaWBaHMs y cTaHAapTHOTO aiuiokaropa. Kiacc std::allocator traits, ero mpennasHadeHue u
OCHOBHBIC MeTonbl. [Ipumep HectanmaptHoro amtokaropa (PoolAllocator), uaes peanusarnuu ero
MeTo0B. [Ipo6sIeMbl ¢ KOHCTPYKTOPOM KOTIMPOBAHUS U ONIEPATOPOM MIPHCBANBAHUSL.

3. Move-ceMaHTHKa | rvalue-cchlIKu

[Ipobnembl, TpUBOASAIIME K HAEE MOVE-CEMAHTUKH: HEdIPPEKTHBHBIN swap, Hed(D HEeKTUBHBIN
push_back, emplace back, construct. [Ipumenenune marmdeckorr ¢yHkiuu std::move. Pemrenue
npobiemsl co swap. [ToHsTHE mOVe-KOHCTPYKTOpa M move-assignment orneparopa, Ux peain3arus,
reHepanys KOMIWIATOPOM, “mnpaBwio msath”. Peamuzamms ¢yHkimum std::move. [lumemma: 4To
NPUHATH B Ka4€CTBE Mapamerpa?

[Monstue rvalue-cchuiok. OCOOCHHOCTH WHHIHMAIM3AMH  rvalue-CChUIOK, pa3pelieHHble |
3anpelleHHbIC TPUCBANBAHUS MEXK/Ty CChUIKaMHU (BKIIIOYAst MPoOIeMbl ¢ KOHCTAaHTHOCTBIO). Penenue
npob6nemsl ¢ push_back. [loustust glvalue, lvalue, rvalue, prvalue u xvalue. CBsi3u MeXJy HUMH.
[Tpumeps! BBIpaXEHUH, SBISIOMINXCS TEM WIH UHBIM BUIOM value.

[TonsiTHE yHHBEPCANBHBIX CCHUIOK, OTINYKE UX OT rvalue-cceuiok. [lpaBuiia BeIBoga Trna mabioHOB
B CIy4Yae YHHMBEPCAJBHBIX CCBUIOK, pEIICHHE MPOOJIEMBI C THIIOM Mapamerpa (YHKIHMH mOove.
[IpaBuna ceopaunBanus cchliok (reference collapsing).

[Ipobnema mpsimort mepemaun (perfect forwarding). @ynkuums std::forward m ee npumeHenue.
Penrenue npobGnem ¢ emplace back u construct. Peanuzamus std::forward, ee obcyxaenue. [Touemy
THUIIBI Y IPHHUMAEMOT0 ITapaMeTpa U BO3BPALIaeMOro 3HaYCHHsI UMEHHO TaKue?

Homas mpoGmema ¢ push back: 0Oe3omacHOCTP OTHOCHUTENIBHO UCKIIOUCHMUA. DyHKIUSA
std::move_if noexcept, perienne npoOIIeMBbI ¢ €€ OMOIIIBIO.

Return Value Optimization, ycnoBus ee Bo3HukHoBeHus. [Ipumepsl, korga RVO touHo npousoiaer u
KOTZIa MOXKET He Npou3oWTH. lIpuMepbl, Korga MMeeT M KOrzna He MMEeT CMBICH NHcaTh return
std::move(x) Bmecto return x. Copy Elision, mpumepsl.

CcputouHble KBATM(HUKATOPEL. Permenne mpoOieMsl ¢ 3arpeToM oneparopa pucBanBaHus Ui rvalue
y KacTOMHBIX THIIOB. IIpuMepbl THIOB, A KOTOPBHIX MpsMasl mepenada paboTaeT HEKOPPEKTHO.
OcCOOCHHOCTH TIOBEIECHHS YHHBEPCAJIBHBIX CCBUIOK IPH pa3pelleHuu mneperpys3ku. DeHomeH
“HorIoNIeHus” YHUBEPCATbHBIMH CChIITKAMH OOBIYHBIX CCHUIOK.

4. Konreitnepsl



OO6mue cnoa o koHTelHepax. Kiace std::vector, ero npenHasHaueHue, uaest peaan3aiu, OCHOBHbIC
METOJbl M UX aITOPUTMHYECKas CIIOXKHOCTb. [lons kinacca std::vector. Peanuszanust KOHCTPYKTOPOB,
JECTPYKTOPOB, OIepaTropa MPHCBAaUBAHUS C NPAaBWIBHBIM OOpallleHHeM K ajulokaropy. Peammsarus
metona push back ¢ mpaBuibHBIM OOpameHuem K ajuiokaropy. Peanmsaums onepatopa [] ans
KOHCTAaHTHBIX W HEKOHCTAHTHBIX vector. Paznuia mexny [| u metomom at(). Meton emplace back,
ero peanusanus U ommmume oT push back. Merogsr size(), resize(), capacity(), reserve() u
shrink to fit(). OcoGeHHocTn pabOTBl C aJJIOKATOpPOM IIPH KOMUPOBAaHWM BekTopa. Merton
select_on_container_copy_construction. Borpocsl Ha noHumanue: yemy paBHO sizeof(v), rae v -
BEKTOP, U 4TO Mpou30iieT npu BoizoBe delete[] &(v[0])?

Kiracc vector<bool> u ero omiiuue ot 00BIYHOTO Vector, TPEUMYIIeCTBa U HeAOCTaTKU. BHYTpeHHMI
kinacc BoolProxy. OcobeHHoCTH peanu3ai omnepatopa [| W omeparopa MpHCBauBaHUS st
vector<bool> 1o cpaBHEHHIO ¢ OOBIYHBIM VeCtor.

5. Ureparopsl

OOmrast uness wurTeparopoB. VCHONb30BaHME HWTEPATOPOB Yy CTAHAAPTHBIX KOHTEWHEpPOB. Buel
uteparopoB: input, output, forward, bidirectional, random access. Onepaiuu, MoJIepKUBACMbIE
Ka)XIbIM BHJOM HTEpaTopoB. BuIbI UTEpaTOpoB y CTaHAApTHBHIX KOHTeHHepoB. KoHCTaHTHBIE H
reverse-urepatopbl. Metojsl cbegin, cend, rbegin, rend, crbegin, crend y kontelinepoB. Peanuzanus
Kiacca std::reverse_iterator, meron base.

Knacc std::iterator, ero npeanasnadenue. Knacc std::iterator traits, ero mpennazHaueHue. [Ipumep
CUTYyaIuu, Korja oH HeoOxomuM (oOpamienue k value type). @ynkmuu std::distance u std::advance.
Paznuune B moBeneHny 3THX (GyHKUMI U1 pa3HBIX BUAOB UTEPATOPOB, peasIN3alis 3TOTO Pa3IndHs.
CrangaprHas OMONMOTEKa AITOPUTMOB, HCIIONB30BAaHUE CTAHIAPTHBIX  AJITOPUTMOB  HaJ
KOHTeliHepaMu C Wreparopamu. Mrepatopsl Ui BcTaBokK: kiaccel  std::insert iterator,
std::back insert iterator, @ WX  TpeAHa3Haue€HWE,  pealn3alusl. Oynkuun  std::inserter,
std::back inserter, ux peanuzanus. [IpaBuiga WHBaIWAAMKM HUTEPAaTOPOB B  CTAHIAPTHBIX
KoHTeliHepax. be3onacHsie 1 HeOe30MmacHbIe Onepanuy B KOHTEHHEepax ¢ TOUYKK 3PEHUS HHBAJIU AN
UTEPaToOpOB.

Knacc std::deque, oCHOBHBbIE METOBI ¥ UX AJITOPUTMHUYECKAs CIIOXKHOCTh. PasHuiia mexay deque u
vector: MeTtonsl deque, OTCYTCTBYIOIIME Yy vector; MeTOAbl vector, oTcyTcTByromme y deque.
Anantepsl Han koHTeiiHepamu: std::stack, std::queue w std::priority queue, uX peanuzanuu.
Kommaparopsr B priority queue u ee crielii)uIHbIe METO/BI.

Kitacc std::list, ocHOBHBIE METOABI M WX AJITOPUTMHYECKas CIOXKHOCTh. Mpes peammsamum list’a.
BceraBka u ynanenue u3 mpousBoibHOro mecra. Cnenmduunbie s list’a meromsl: splice, sort,
merge, reverse. OcobenHoctu paboTsl list’a ¢ amiokaropom, merof rebind y amnokaropoB. Kitacc
std::forward_list, ero ommaust ot 00bIuHOTO list.

AccormaruBHbie KoHTelHephl. Kiace std::map, ero npeanasnavenue, ujes peanuzanuu. Onrcanne
malJIOHHBIX HapamMeTpoB kimacca map. Kiacc std:ipair m ¢ynknus std::make pair. OcHoBHBIE
METOJ/IBI Mmap’a U UX ajJropuTMHYecKas clI0KHOCTh. CriocoObl morcka B map’e. CriocoObl BCTaBKHU B
map, ocobeHHocTH pabotel omeparopa []. Cnocobbl ymanenns u3 map’a. Kiaccer std::set,
std::multimap u std::multiset, nx npeaHazHaueHue, omm4us ot std::map.

Knacc std::unordered map, cxoxctsa u paznuums ¢ oObI9HbIM Std::map. OCHOBHBIE METOIBI U HX
anropuTMuUeckas cioxHocTb. Ocobbie st unordered map madnonnsie mapamerpsl: Hasher, Equal.
Knacc std::hash u ero cnenumanmsanuu. OcoOble ansi unordered map metonsl: bucket count,
load_factor, rehash. Kmaccer std::unordered_set, std::unordered multimap, ux wunes, omid4yue OT
unordered map.

6. YMHBIE yKa3areian

Wnes u MOTUBHPOBKA YMHBIX yKa3aTenei.

Knacc std::auto_ptr kak nepBast Hey/lauHasi MOTIBITKA PEaTn30BaTh UACKO.

Knacc std::unique ptr, ero xoumenius. OCOOEHHOCTH €ro KOHCTPYKTOPOB, JECTpyKTOopa H
oIepaTopoB npucBanBaHus. Meronsl * u ->. Crienuanu3anus unique ptr Uit MacCUBOB.

Kuacc std::shared ptr, ero konnenuus. Mues peanu3anum cyeTynka CChUTOK. Peanmu3anms MeTomoB.
[TorenumansHas mpoOiema, CBA3aHHAs C NPSMBIM BbI30BOM new. OyHkium std::make unique u
std::make shared kak cnoco6 u30ekarh NPSIMOTO BbI30Ba new. Peamuzanus 3TuX (QyHKIWH.
@ynkums  std::allocate shared, ee npennasHauenue u peanusaunus. lcmnpapineHue peanu3anuu
KoHcTpyKTOpa shared ptr aiist aToro.



[MpoGiiema 3axonbioBaHHOCTH YKazarened. Kiacc 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).

7. ®yHKUMOHATIBHBIE OOBEKTHI U IIMOa-QDyHKIMN

JIssmOna-hyHKIIMKA: MOTHBHPOBKA, TPOCTOM mpuMep (HecTaHAapTHBIM Kommaparop B std::sort).
Crucku 3axBaTta B JAMOna-QyHKUIUSAX. 3aXBaT MO CChUIKE W MO 3HaueHur0. OCOOCHHOCTH 3axBara
this. 3axBar ¢ npucBanBaHueM M nepemernaroniuii 3axsar B C++14. CnoBo mutable mpuMeHUTENHHO
K JaMOma-QyHKIHsAM. SIBHOE yKa3aHHE BO3BpAIlacMOro 3HAYCHHUS. 3axBar 10 YMOJYAHHIO H
po0JieMbl, KOTOPbIE OH MOTEHIMaNbHO nopokaaeT. [Ipumep ¢ kmaccom n meronom getFunction() B
HEM.

O606mennsie taMoOaa-pyaknun B C++14. [Ipumenenue auto u decltype B msimoaa-pynknusax. Kiacce
std::function, ero mpemHa3HaueHWEe W cXeMa HWCHONb30BaHUs. Peammzamus std::function. ®OyHkius
std::bind, ee mpenHa3zHaueHWe M cxema HCIONb30BaHus (0e3 peanuzanuu). Placeholder’si. Kitacc
std::is_invocable. Kiacc std::invoke result u ¢gynkmus std::invoke. (Bce 6e3 peanuzanuu.)

8. [llabonnoe meranporpammupoBanue u SFINAE

Nmuranms if gepe3 mabmonsl. Mmuranus for vepe3 mabmonsl. [Ipumepbl: BBIYHCICHHE YHCEI
®uboHauyyy, MpoBepKa MPOCTOTHI uucia, BeiBoA 4ucen oT 1 go 1000 ¢ momomipio 11aOiIOHOB.
KiroueBoe cnoBo constexpr juis GyHKIMH M s nepeMeHHbIx. OTiudne 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.), mx peanusanuu. CTpykTypsl std::is_same,
std::true type, std::false type, std::conjunction, std::disjunction, std::conditional, std::rank, wux
peanuzanuu.
Unroma SFINAE. O6mas unes. [Ipocreiinmii npumep: cTpykrypa std::enable if, ee peanuszanms n
PUMEHEHHE.

Crpykrypa std::is_class, ee peammzamus (0e3 peanmsanuu std::is union). Peanmmzamus merona
std::allocator_traits::construct (mpoBepka, onpeJiesieH 1 y aiiokatopa metoj] construct). [Ipobnema:
HEBO3MOXKHOCTh HammcaTh 1() mist mpousBonbsHoro tuna T. @ynkuus std::declval, ee ocobenHocTu.
Pemienne mpempinymieir  mpobmembl ¢ ee  momomiblo.  CtpykTypbl  std:iis_constructible,
std::is_convertible, std::is copy constructible, std::is move constructible etc. Ux peammzamnmm.
Peammzanms  std::is_nothrow _move constructible. Peamuzamus  std::move_if noexcept uepe3
std::is_nothrow _move constructible. I[louemy npuHHMaeMblii ¥ BO3BpaIlaeMblii THUIBI HMEHHO
Takue?

[Monsatne Henonubix TUMOB (incomplete types). HoBas mpoGmema c¢ declval (duro Bo3Bpamiars),
peleHue npoodieMsl ¢ momMoulbio rvalue-cepuiku. Peannzanus std::is_base of. [Ipumep npumenenust:
npoBepka is_base of<enable shared from this<T>> B koHcTpykTope shared ptr<T>. Peamuzarus
std::common_type.

9. Hexotopbie 0coObIe TIOJIE3HBIE THITBI

Knacc std::variant, ero npenHa3sHaueHHEe W OCHOBHBIC METObI. [IpuMepHOE ONMUCaHue peatn3aliu
storo kiacca. Knacc std::any, ero npegHasHaueHHe ¥ OCHOBHBIE MeTOnbl. [IpuMepHas peanusanus
atoro kiacca. Kiace std::optional, ero mpenHasHaueHre U OCHOBHBIC MeTO/bl. Heynaunast mormbiTka
co3nmarbk vector<int&>. Kmacc std::reference wrapper ansi pemieHus STOH W JAPYrHX HpoOieM.
[TpumepHas peanu3anus 3TOro Kiacca.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOAMMO AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VuebHas ayquTopHsi, OCHAIlEHHAs! KOMITBIOTEPOM U MYJIBTUMEIUHHBIM 000py10BaHHEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).



6.IlepeyeHnb pekoMeHyeMOii TUTEPaATyPbI

OcHoBHas nuTeparypa
1. SA3b1k mporpammupoBanusi C++ [Tekcr] / b. Crpayctpym ; nep. ¢ auri. C. Anucumona, M. Kononosa
; mox pen. @. AnnpeeBa, A. YiakoBa .— Crell. U3/l. C aBT. U3BMEHEHUsIMU U aom. — M. : bunom
IIpecc, 2008 .— 1104 c.
¢doHp muTeparypsl Kadeapsr:
2. b. Crpayctpyn. Iuzaiin u sBomtonus s3bika C++.
3. b. Okxenp. Ounocodus C++.
4. 3. Tamma, P. Xenwm, P. Ixoncon, /1. Brmuccunec. [TatrepHsl 00beKTHO-OPUEHTUPOBAHHOTO
MPOrpaMMHPOBAHUSI.

JomnonHutensHas auTeparypa

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

1. http://refactoring.guru

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00Pa30BaTeJIbHOIO0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

OnepanmonHas cuctema Linux. Cpena mporpaMMHApOBaHHUS.
9. MeToauyeckue yKazaHusi AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

VYeneniHoe ocBoeHUE Kypca TpeOyeT HapssKEHHON caMOCTOATENbHOM paboThl cTyneHTa. B mporpamme
Kypca MpUBEIEHO MHHHMAJIbHO HeoOXoauMoe BpeMs Ui paboThl CTyA€HTa Haja TEMOM.
CamocrostenpHas paboTa BKIHOYaeT B ceOs mpopaboTKy ydeOHOro marepuana (1o y4deOHOI
JUTEpaType), MOATOTOBKY K MMPAKTUYECKUM 3aHATHSIM.

[IpomexyTOUHBII KOHTPOJIb 3HAHUM IPOBOAUTCS B BUJIE€ C1a4 POEKTHBIX 33JaHUN.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: HNudopmarrka 1 BEIYUCTUTEIEHAS TEXHUKA

npopuJib NOArOTOBKHU: KomnbroTepHble TEXHOIOTUH U BHIYUCIUTEIbHAS TEXHUKA
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadempa paarodIeKTPOHUKHY U PUKIIATHOW HH()OPMATHKN

Kypc: 2

KBaJupuKaAnus: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 4 (BeceHnui) - JlnddepeHunpoBaHHbIi 3a4eT

PaszpatGoTunk: N.P. lenunckuii, cTapmuii npenogaBaTeib



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
NPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.2 HaxomuT, KpUTHUYECKH aHAIM3HPYET U BbIOMUpaeT
nHpOpMaLKI0, HEOOXOOUMYIO AJISl PELICHUS! IMOCTaBICHHON
3a7a4n

OIIK-2 CriocobeH ucrnonb30BaTh COBPEMEHHBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U
POrpaMMHBIEC CPEACTBA MIPU PEIICHUHN 331349
poheCCUOHATBHOM JIeITENILHOCTH, COOTIOnas
TpeboBaHUg MH)OPMAIIMOHHOW OE30TIaCHOCTH

OIIK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
BBIYMCIIMTEIBHYIO TEXHUKY WM CEpBUCHI ceTH VHTepHeT B
obmactu (cdepe) mpodeccrnoHaTbHON AeATEIIEHOCTH

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIATH
Hay4HbIC U (UJTM) TEXHUYECKHE
(TeXHOIOTUYeCKHEe, NHHOBAIIMOHHBIE) OTYETHI
(myGnuKanum, MpoeKThI)

OIIK-3.3 Bnageer mMeToamMu BU3yaJbHOTO U TpadudecKoro
MpeCTaBICHUS pe3yapTaToB Hay4qHOU
(Hay9IHO-TEXHUYECKOH, MHHOBAIIMOHHONW TEXHOJOTHYECKOH )
JeSITETLHOCTU B BUJIE OTYETOB, HAYYHBIX IMyOIHKAIINi

[IK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHOU
JEATEIIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHUYeCcKue MOAENM Ul OIHUCaHMA H3ydaeMbIX
SIBIICHUH U MPOLIECCOB, OLEHUBATh KAUECTBO pa3padoTaHHON
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3yIbTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE dieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH M MPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[IK-2.1 3nHaeT HOpUHLUIBI MOCTPOEHUS HAYYHOW PadOTHI,
MeTogsl cOopa W aHanmM3a TIOJyYEHHOTO MaTepHala,
CHocoObI apryMeHTallH

[MK-2.2 Cnoco0eH TulaHUpOBaTh ¥ TPOBOJAWTH HaydHBIE
HCCIICAOBAHMUSI CaMOCTOSITEIbHO MJIM B KauecTBE WICHA
(pyxoBoznuTeNs ) MaJIOTO HAYYHOTO KOJUIEKTHBA

[IK-2.3 CnocobeH mNpoBOAWTH ampoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEILCKON paboThI MOCPEICTBOM
TyONMKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pEepeHIuIx

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIU

B pesynbrare m3yueHus AMCHMIUIMHBI «BBeneHne B OOBEKTHO-OPHEHTHPOBAHHOE IMPOTPaMMHUPOBAHHE Ha

si3pike C++» 00y4aronIuiics TOJKeH:

3HATh:

- OCHOBBI pealu3aiiu OOJIbIIUX MPOEKTOB Ha si3bike C++;

- OCHOBBI O0OBEKTHO-OPUEHTUPOBAHHOTO POTPaMMHPOBAHHS;

- pa3inyYHBIC IyTH HOBBIIIEHUS IPOU3BOAUTEILHOCTH HPOTPAMMBI.
yMeThb:

- co31aBarh NporpaMMsl Ha si3bike C++;

- TIOHUMaTh M pa3padarbiBaTh MPOTrPaMMHBIC HHTEPQEICHI.
BJIA/IETh:

- HaBbIKaMH BCIACHUA HpOCTeI\/’IIHI/IX MMPpOrpaMMHBIX IIPOCKTOB B CUCTCMAX KOHTPOJIA BCpCHﬁ.

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

IIpumepsl 3aganuii:




1. PeanuzoBars 3¢ dexruBHbIC Kacchl Vector u String, a TakKe COITyTCTBYIOIIUE KJIACCHI.
2. Peanm3zoBarb a3dexTuBHbIN Kiacc Function.
3. PeanuzoBars 3¢ dexruBHbIii knacc SharedPtr.

4. Peamusyiite mabnonnyro ¢ynkuuio detect fields count<S>, koropas Obl TO3BOJISATIA OMPEACTATH
KOJIMYECTBO MOJICH Y TaHHOH CTPYKTYPHI S.

3a KaXa0¢€ 3aIaHUC BBICTABJIACTCA OLCHKA B COOTBETCTBUU CO CICAYIOIMIUMU KPUTCPUAMU OLICHUBAHUSA:

OTin4HOo

10) IlomHOCTBIO W BOBpeMs pelieHbl Bce 3afaum Oe3 ommOok. [IpojpeMOHCTpUpOBaH TPaMOTHBIH
MOAXOA K PELICHUIO 3a]lad, peajn30BaHbl ONTHUMAJbHBIC aJTOPUTMBI, KOI OQOpPMIICH B EIUHOM
yI000YHTaEMOM CTHIIE.

9) [MomHOCTHIO U BOBpEMs pelICHBI Bce 3a1aun 0e3 omubok. [IpomeMoHCcTpUpOBaH rpaMOTHBIN MOJXOJ
K PELICHHIO 3a/1a4, peaIn30BaHbl ONITUMAIIbHBIEC AITOPUTMBL.

8) [lonaHOCTHIO U BOBpEMSI pellieHbl Bee 3a1aun 0e3 ommnbok. [lponeMoHCTpUpoBaH rpaMOTHBIN MOAXO0A
K peLleHHIO 3a/1au.

Xopo1o

7) IonHOCTHIO penieHsl Bee 3a1a4n. JJomyIeHbl HecyeCTBEHHBIE OINOKU

6) IlonHOCTBIO pemeHO OONBIIMHCTBO 3aj1ad. B HEKOTOpBIX 3ajayax AOMYINEHBI M HE HCIPABIICHBI
OMOKH, TUOO HEKOTOPHIE 3a/1a4M PELICHbl YACTUYHO.

5) IlonaHOCTBIO PELICHO IBE TPETH 3a4a4. B HEKOTOPBIX 3aJa4ax JOMYLICHBI U HE UCTIPABICHBI OIINOKH,
1100 HEKOTOPBIE 33aJa4M PEIIeHbl YaCTUYHO.

YIOBIETBOPUTENBHO.

4) [MonHOCTRIO penieHo OoJiee MOJMOBHHBI 3a/1ad. B ocTanbHBIX 3a7a4ax JOMYIICHBl W HE WCTIPABIICHEI
OIMOKY, JTNOO HEKOTOPHIE 33]]a4 PEIICHbI YACTHIHO.

3) IHomHOCTHIO permreHo 0oliee OTOBUHBI 3a/1ad.

HeynosnetBoputensHo
2) PemieHo MeHee MOJIOBUHBI 3a]1a4.
1) He pemieHo HU O1HOI 3a7a4H.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB M TeM JJISI IPOBEACeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

1. Pacckaxure o mabmonax B C++. Uro Takoe MHCTAHIMPOBAaHHE MIAOIOHOB, CIIEIMATH3ALUSL
mabnonoB? Kakue 3 Buaa maOmoHoB cymiectByror? Kakme 3 Buga malGiaoHHBIX NapaMeTpoB
cymecTBytor? Kak ucnonb3oBarh IMIa0I0HBI C MEPEMEHHBIM KOJIMYECTBOM apryMEHTOB M OIEparop
sizeof...? Yro Takoe Curiously Recurring Template Pattern? Uro Takoe momumoppusM U Kak 3TO
nousitue B C++ cBs3aHo ¢ mabmonamu?

2. Pacckaxure o xoHteitHepe std::vector. I[Ipemnoxkure peann3anuio KOHCTPYKTOPOB, AECTPYKTOpa,
oIepaTopoB TPUCBAMBAHUs, omeparopa [], MeTojoB at, resize, reserve, front, back ais sToro kmacca (c
MPaBWIILHOH TOICPIKKOH aJNIOKaTOPOB U MOVE-CEMaHTHKH).

3. Pacckaxwure o xoHTeliHepe std::vector. [Ipeanoxure peanuzanuto metonoB push back u pop_back
(c mpaBMWIILHOM TOIEPKKOHM aJUTOKaTOPOB, MOVE-CEMAaHTUKU M TapaHTHil 0€30MaCHOCTH OTHOCHUTEIBHO
HCKITIOUCHHMIA ).

4. Pacckaxure mpo vector<bool>. B yeM ero 0coOEHHOCThP M OTIMYKME OT OOBIYHOTO vector?
Pacckakure, KakuM 00pa3oM JOCTUraeTCsi 3Ta OCOOEHHOCTh C TOYKU 3PEHHS pealn3aluy (ONMUIINTE
peann3anno OCHOBHBIX METOJIOB).

5. Pacckaxure o koHTeliHepe std::list. KakoBbl ero MeTonsl 1 ckopocTh ux padots? Kak oH ycTpoeH
n3HyTpu? Kakum obpazom list<T> wucrons3yer ammokarop aias tuna T? Ilpemioxkure peanuzanuio
OCHOBHBIX MeTOJIOB list’a: KOHCTPYKTOPBI, OTIepaTOphl IPHCBaUBAHUS, IECTPYKTOP, insert 3JeMeHTa 1o
UTEPATOpy U erase Mo UTepaTopy.



6. Pacckaxwure o xouteiHepe std::forward list. KakoBel ero MeToibl U ckopocTh UX pabotei? Kak on
ycrpoeH m3HyTpHu? Kakum o6pazom forward list<T> nucrone3yet ammokarop mis tuna T? [Ipenmoxkure
peanu3anuio OCHOBHBIX MeTonoB forward list’a: KOHCTPYKTOpBI, Omeparopsl PHCBaWBaHMUS,
JIECTPYKTOp, insert aJIieMeHTa 1o UTEPaTopy U erase 1o UuTeparopy.

7. Pacckaxute o koHteitHepe std::deque. Uem on oTnmuaetcst oT vector? Pacckakute 00 ajganrepax
Haj koHTeiHepamu  (std::stack, std::queue, std::priority queue). I[lpemnoxure peanu3zaruio
KaKoro-HHOY/Jb OTHOTO U3 HUX.

8. Pacckaxure o koHTeiiHepax std::map, std::set, std:multimap wu std::multiset. [{ns uwero onm
npumenstorcs? Kakue y HuX 1maOloHHBIE MapaMeTpbl U YTO OHHM O3Ha4yaroT? KakoBbI MX OCHOBHEIC
METOJIbl, CKOPOCTh M MNPHHIMI paboTel 3TUX MeTonoB? C IHOMOIIBIO KAaKOW CTPYKTYphl JTAHHBIX
peann30BaHbl TH KOHTSHHEPHI?

9. Pacckaxure o koHTeiHepax std::unordered map, std::unordered set, std::unordered multimap u
std::unordered multiset. It yero onu nmpumensitorcsi? Kakue y HUX 1MIa0NOHHBIE MapamMeTpbl H 9TO
oHU o3Ha4atoT? KakoBBI MX OCHOBHBIE METO/BI, CKOPOCTh M NPUHIUI paboThl 3TUX MeromoB? C
MIOMOMIBIO KaKOH CTPYKTYpBI IaHHBIX pPeaIn30BaHbl 3TH KOHTEHHEPHI?

10. Yro takoe umreparopei? Kakue BHIBI UTEPATOPOB OBIBAIOT M KAKHE OINEPAIlH JOMYCTHMBI HaJ
Kax/1bIM 13 HUX? Pacckaxkure npo dynkimu std::advance u std::distance. Kakum ob6pa3zom gocruraercs
MX pa3HOE NOBE/ICHHE B 3aBHCUMOCTH OT BHUJIa IIEPEIaHHOTO nTeparopa?

11. Kakve BHIbI UTEpaTOPOB MOAJEPKUBACT KaKIbIM M3 CTAaHAAPTHBIX KoHTeWHepoB? I[lpemnoxure
peann3anno HTEPaTopoB U KaKOro-HUOYAb M3 CTaHJAPTHBIX KOHTEWHEPOB (Ha Ball BHIOOD), CUUTA,
YTO B OCTAJIbHOM KOHTEHHEp y’Ke peaan30BaH.

12. Pacckaxwure nipo kiacc std::insert_iterator u pyHkmmio std::inserter, IpeaiokKUTe UX PEATU3AIHIO.
13. Pacckaxure 006 omeparopax new u delete. 3auem OHM HYXHBI, K&K UMH TOJIb30BaThCA? YUTO Takoe
placement new? B dyem pa3Huma Mexay oreparopoM new u (yHKnuei operator new? Uro u3
BBILIETIEPEUNCIICHHOTO MOXKHO IIeperpykarb M Kak 3TO Jenarh? 3adeM MOXKeT OBITh HYXKHO
neperpyskarb KacToMHbIi operator delete? Pacckaxkute o mpoOieme yTedek naMsTH.

14. Yro Takoe ayutoKaTopbl, 3a4eM OHHM HYKHBI? Pacckaxute mpo kiacc std::allocator, mpemnoxure ero
peanu3anuio.

15. Pacckaxwure o mpoOiemax, /Ui pelIeHHss KOTOPBIX Oblla BBEJCHA MOve-CeMaHTHKa. Pacckaxwre,
Kak pabotaer QyHKIms std::move M Kak ee MPUMEHSITh, OOBSICHUTE, KaK OHA pealn30BaHa M MOYEMY
uMeHHO Tak. Kak nmpaBmiibHO peanu3oBarh QyHKIHO swap B C++117

16. Pacckaxure o ToM, uTO Takoe “HmiaecanbHas mepenada”’ (perfect forwarding). Pacckaxure, xax
paboraer ¢ynkuus std::forward m kak oHa peanu3oBaHa. [IpuBemute npuMep NPUMEHEHHS ITOM
¢ynknuu. [Touemy B std::forward nenb3st npuasTh T&& B KauecTBe mapamerpa?

17. Pacckaxure 06 rvalue-cchuikax M 00 yHHMBEPCAIBHBIX CChUIKaxX. Kakue mpHCBauBaHHUS MEXITY
lvalue-, rvalue-ccpuikamMu, a TakKe BPEMEHHBIMH OOBEKTAMH M WMEHOBAaHHBIMH HECCHUIOYHBIMHU
00BEKTaMHU pa3pelIeHbl, a KaKue 3ampemieHbl? YTo MeHseTcs B cydae ¢ KOHCTAaHTHBIMU CCBUIKAMHU H
oObekTamMu? YTo SABISETCS M YTO HE SBISCTCS YHUBEPCAIBHBIMH CChuikamu? [IpuBenurTe mpuMepsl,
WITIOCTPUPYIOIIUE BCE BBIIIECKA3aHHOE.

18. Uto Taxoe lvalue, rvalue, xvalue, glvalue u prvalue? [IpuBeaure npumepsl. Pacckaxxure o ToMm, 4TO
takoe reference collapsing (cBopaumBanue ccwuloK), reference qualifiers (cceuiouHBIE
kBanmudukaroper), return value optimization (RVO) wu copy elision. [lpuBeaute mnpumepsl,
WLTFOCTPHUPYIOIINE BCE BBIIICHIEPEYHCICHHOE.

19. Pacckaxure, JJisi pelIeHUs] Kakoi MpoOIeMbl HYXKHbI YMHBIE yKazareiu. PacckakuTe mpo Kiacc
std::unique ptr, TpeANOXUTE peasu3alHi0 OCHOBHBIX METOJOB JTOT0 Kiacca (KOHCTPYKTOPBI,
JEeCTPYKTOP, OIepaTOphbl IPUCBAUBAHUS, ONIEPATOPhl YHAPHAsI 3B€3/104KA M CTPEJIOYKA).

20. Pacckaxute mpo kiacc std:ishared ptr. Kakyio npoOmemy OH pemaer ¥ Kak OH yCTpPOeH?
[IpennoxxuTe peanu3alyio €ro OCHOBHBIX METOAOB (KOHCTPYKTOPBI, JECTPYKTOp, OIEpaToOphl
NPUCBaMBaHMS, ONIEPATOPbl YHAPHAS 3BE37I0YKA H CTPEIIOYKA).

21. Tlpemnoxure peanuzamuio ¢yHkuuu std::make unique. 3adem HyxHa 3Ta (QyHKIHS, KaKylO
MOTEHIUAIBHYI0 TpobieMy oHa pemaetr? Pacckaxure o ¢yHkumsax make shared u allocate shared
(6e3 peanuzanun). 3aueM Hy)KHa KaK[Jas U3 HAX, KaKHe TIOTEHIUAIbHBIE MPOOJIEMbl OHU PENIaroT?

22. Pacckaxure npo knacc std::weak ptr. [lns permenus kakoit mpo6iembl oH HyxeH? [Ipemnoxunre
peanu3anuio ero OCHOBHBIX MeTo0B. Kak weak ptr y3HaeT, 4To 00bEKT 110J] HUM yiKe ObUT ynaneH?

23. Pacckaxute nipo kinace std::enable shared from_this. J{nst penrenust kakoii mpoOneMbl OH HYKEH U
Kak UM nonb3oBatbesa? [IpeanoxuTe peanusamnmio 3Toro kinacca. Kak HyxHO m3mMeHuTh kox shared ptr,
4TOOBI OH paboTal cornacoBanHo ¢ enable shared from_this?



24. PacckaxuTe 0 BBIBOJIC THUIIOB C IOMOIIBIO KITIOUEBBIX cJI0B auto u decltype. B uem paszuuna mexmay
MpaBUJIaMH BBIBOJA TUIOB U HUX? B KakuX KOHTEKCTax MOXKHO HMCIONb30Bath auto? Kak paboraer
decltype oT umeHTH(HUKATOPOB W OT pa3HbIX Kareropuil BeipaxkeHudl (lvalue, xvalue, prvalue)? Yro
takoe decltype(auto) u amst pemeHus: Kakoil mpooIeMbl 3TO HYKHO?

25. Pacckaxute 0 BO3MOXKHOCTSX compile-time Beramcnenuii B C++. Kak ¢ momornipio 1ma0ioHHOro
METaporpaMMHPOBAaHHUS UMUTUPOBATh LUKIBI U yciaoBus? [lokaxure Ha mpumepe MpOBEPKU IIETIOTO
qucia Ha MpocToTy. Pacckakure o KIIIOYEBOM CIIOBE CONSteXpr: 4em constexpr oTimyaercs OT const,
3aueM HY)KHBI constexpr-QyHKIUN ¥ MepeMeHHbIe, KAKUMH BO3MOXKHOCTSAMH OHH 00JaJaloT U Kakue
OTPaHUYCHUS Ha HUX HAKJIabIBAIOTCS?

26. Uro Takoe type traits? OOBSICHHTE, KaK pealu30BaHBl CTPYKTypsl std::remove reference,
std::is_same, std::rank, std::conjunction, std::conditional, std::common_type.

27. Uro takoe SFINAE? OObsicuure oO0IIyl0 wHIel0 Ha npuMepe CTpyKTypbl std::enable if.
[pemnoxkute peanmzanuio CTpyKTyphl std::is_class, oObsicHHTE, Kak OHa paboTaeT (IMpOBEpKOW Ha
iS_union MOXXHO MPEHEOPEYb ).

28. 3auem HyxkHa ¢ynkuusa std::declval? Ilouemy »Ta ¢yHkums Bo3Bpamaer T&&, a He T?
[pennoxkute peanuzanuio CTpyKTypsl std::is_constructible, o0bsicHUTE, Kak OHAa paboTaeT.

29. 3aguem HyxeH kimacc  std::allocator traits?  Ilpemnmoxure — peanuzaumioo  GyHKUUH
allocator_traits<Allocator>::construct. Kakum o0pazom 3T1a (yHKIHS TPOBEPSET, PEaU30BaH JIH Y
aJyIoKaTopa MeToj construct, 1 Kak OHa ce0s BeAET B 3aBUCUMOCTH OT 3TOT0?

30. Pacckaxwure o ¢yHknuu std::move if noexcept. B kakom Mecre craHgapTHON OMOIMOTEKH OHA
UCTIONB3YyeTCS M ToYeMy OHa TaMm HeoOxoxmma? Ilpemiokure ee peanusammio (cunTas, 94to type traits
y’K€ peann30BaHbl).

31. lIpennoxure peanusanuio CTpyKTypsl std::is_base of. OObsicHUTE, Kak OHa paboTaerT.

32. Yto takoe nsamoOna-pynknun B C++? KakoB cuHTakcuc isiMOaa-BeipaskeHui? UTo Takoe crmcku
3axBara, YTO TAKOE 3aXBaT M0 YMOIYAHHUIO M B YEM €ro omacHocTb? PacckakuTe O AOMOIHUTEIbHBIX
BO3MOXHOCTSIX JNsiMOfa-Belpaxkennit B C++14  (3axBar ¢ UWHUNMAIM3aIuend, o000OIICHHbIC
nsMOaa-Beipaxkenus). Pacckaxure (6e3 peanuzanuu) npo kiacce std::function n ¢ynkuumio std::bind,
MPUBEIUTE IPUMEPHI UX UCIIOJIb30BAHUS.

33. Uro Takoe FOHUOHBI (Union), JUIsi Y4eTO OHHM HYXKHBI? B 1eM cX0ACTBO M pa3innire MexXly FOHHOHAMHU
u kiaccaMu? KakoBbl 0COOEHHOCTH HHHIMAIH3ALMHU MOJIEH IOHHMOHA, YTO TaKOe€ “aKTUBHBLIA wieH”
IOHMOHA M Kak ero momeHsaTh? Yto Takoe std::variant m std::any, jJyis 4ero OHM HYXHBI, KAKOBBI WX
OCHOBHBIE METO/IBI?

34. Uto Takoe peduekcus? UTo MOXKHO cKazaTh O BO3MOXHOCTAX peduexkcun B C++? Peanusyiite
mabnonnyto ¢pynkuuio detect fields count<S>, koropas ObI 103BOJISIIA ONPENEIATH KOIMYECTBO MOJIEH
y naHHOU CTPYKTyphl S. OOBSICHUTE, KaK 3TO pabOTaeT.

Kpurepun onennBanus

Onenka "OTIHYHO (1o)" BBICTABIISIETCSI  CTYIEHTY, IIOKa3aBIIeMy BCECTOPOHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE MPH PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Onenka "omm4HO (9)" BBICTAaBISETCS CTYACHTY, IOKAa3aBIIEMy BCECTOPOHHUE, CUCTEMAaTU3UPOBaHHbIC,
n1yOoKHe 3HaHHUS y4eOHOH MPOrpaMMBbl JUCHUILIMHBI U YMEHUE YBEPEHHO NMPUMEHATh X HA MPAKTUKE
MIPH PELICHUH KOHKPETHBIX 3ajiad, CBOOOJHOE U NMPaBUIIbHOE 000CHOBAaHUE IPUHATHIX PELICHUH.
Onenka  "ommuno  (8)" BBICTABIISIETCSL  CTYAEHTY,  IIOKa3aBUIEMY  BCECTOPOHHME,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON IMPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIbHOE 00OCHOBAHME MPUHATHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka "xopomo (7)" BeICTaBISIETCS CTYACHTY, €CIIM OH TBEPAO 3HAET Marepuai, TPaMOTHO M IO
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJy4YCHHbIC 3HAHUS Ha MNPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.

Onenka "xopomro (6)" BBICTaBISIETCS CTYAEHTY, €CIIM OH TBEPJAO 3HAET MarepHall, TpPaMOTHO U TIO
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh MOITY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.

Onenka "xopoio (5)" BeICTaBISIETCS CTYIEHTY, €CJIM OH B OCHOBHOM 3HAeT Marepuai, rpaMOTHO H IO
CYILECTBY M3JIaraeT ero, yMeeT NPUMEHATh MOITyuYeHHbIC 3HAHUS Ha MPAKTHKE, HO JIONyCKaeT B OTBETE
WIH B PELICHUH 3a7a4 JOCTATOYHO OOJIbIIOE KOJTMYECTBO HETOUHOCTEH.



Onenka "ymoBIeTBOPHUTEIbHO (4)" BBICTABISIETCS CTYJEHTY, IIOKa3aBIIeMy (parMeHTapHBIMH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapyULIEHUs JOTMYEeCKON MOCIIe0BATEIbHOCTH B U3JIOKEHUN TPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOMJI OCHOBHBIE pa3lieibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

Onenka "ymoBneTBopHuTeldbHO (3)" BBICTABISIETCS CTYJEHTY, IIOKa3aBIIeMy (QparMeHTapHBIMH,
Pa3po3HEHHBIH XapakTep 3HaHWM, JOMycKaloulemy omHOKH B (QopMyaupoBKax 0a30BbIX MOHATHH,
HapyLIEHUs] JIOTHYECKOM IOCIEe0OBAaTEIbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3lielaMu y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYalHH.

Onenka "HEymOBIETBOPUTENLHO (2)" BBICTABISETCS CTYIEHTY, KOTOPBHIA HE 3HAET OOJbIIeH YacTh
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT rpyOble OMMOKH B
(bopMyIHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYCHHBIE 3HAHHS NPH PEIICHUN
THUIIOBBIX 33/1a4.

Onenka "ueymoBnerBopuTenbHO (1)" BBICTABISIETCS CTYIEHTY, KOTOPBIA HE 3HA€T OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BbIX TOHSATHH AUCLUIUIMHBI W BOOOIIE HE MMEET HABBIKOB PEIICHUS THUIIOBBIX IMPAKTHYECKUX
3ajad.

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

JuddepeHMpoBaHHBIA 3a4€T MPOBOAMTCS MO HMTOTaM TEKyIIeH YCIIEBaeMOCTH M CHa4dH 3aJaHHi,
[IPELyCMOTPEHHBIX IPOrPaMMO TUCIIUIIIIMHBI.

JuddepeHnmpoBaHHbIN 3a4€T MPOBOIUTCS B YCTHOH Qopme.

ITpu nposenenun uddepenpoBaHHOro 3auera oOydaromiemycs npenocrasisercss 20 MHUHYT Ha
noarorosky. Onpoc o0ydaromerocsi npoBoauTcs B TeueHue 30 MUHYT.



