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Coaep:xanue
1. [epeveHs MIAHUPYEMBIX PE3YJIBTATOB OOYYCHHS MO JUCIUILIMHE (MOMYIIIO), COOTHECECHHBIX C IUIAHUPYSMBIMH
pesynbratamu ocBoenust OIIOIT BO
2. Mecro nucuuruivnel (Moayins) B ctpykrype OITOIT BO
3. O0beM AWUCHMIUIMHBI (MOXIYJNS) B 3aUeTHBIX EAMHHUIAX C YKa3aHHEM KOJIMYECTBa YacOB, BBIJCIICHHBIX Ha
KOHTAKTHYIO paboTy oOydaromuxcs ¢ mpenojaBareieM (IO BHUAaM YUEOHBIX 3aHATHI) U Ha CaMOCTOSTCIBHYIO paboTy
oOyJaromuxcs

4. ConepxaHne TUCIUIUIMHBI (MOIYJIS), CTPYKTYPHPOBAHHOE IO TeMaM (pa3ieiaM) ¢ yKa3aHHEeM OTBEISCHHOTO Ha
HUX KOJINYECTBA aKaJeMUYECKUX YacOB U BHJIOB YYEOHBIX 3aHATHI

4.1. CTpyKTypa B TeMaTH4YECKHH IIaH KOHTAKTHOW M CaMOCTOSITEIBHOM PabOTHI IO JUCIUIUINHE (MOIYITIO)

4.2. CogeprkaHue OUCIUTUIMHBI (MOIYIIN)

5. IlepeueHp y4eOHO-METOANYECKOTO OOECTICUSHHS ISl CAMOCTOSATENFHONH paboThl 00ydJaIOMUXCS MO TUCIUTUIHHE
(Momym0)

6. @OH OLIEHOYHBIX CPEACTB MO AUCIUILTHHE (MOIYIIO)

7. [lepeveHs TUTEpaTyphl, HECOOXOTUMOM JIJIsI OCBOCHUS JUCIUIUIAHBI (MOIYJIIS)

8. Ilepeuens pecypcoB HHGOPMAIIMOHHO-TEICKOMMYHUKAIIHOHHOMN cetn "MHTepHEeT", HEOOXOUMBIX I OCBOCHHS
JUCITUTUIUHBI (MOTYJIST)

9. MeToanieckue ykazaHus AJsl 00y4aronnXcs 10 OCBOCHUIO TUCLIUILTHHBI (MOJTYJIS)

10. Iepedens MHPOPMAITMOHHBIX TEXHOJIOTHH, HCIIOIB3yEMbIX MPU OCYIIECTBICHIHH 00pa30BaTEILHOTO MPOIecca Mo
JUCLUILIHHE (MOAYIIIO), BKIIIOYAs MEepeYeHb MPOrpaMMHOTo obecrieueHHst U MH(POPMAIMOHHBIX CIPABOYHBIX CHCTEM (TIpH
HE0OXOTUMOCTH)

11. Ommcanne MaTepuaIbHO-TEXHHICCKOH 0a3bl, HEOOXOMUMOMN AJIS OCYIIECTBICHUS 00pa30BaTEIHHOTO IPOIIecca Mo
JUCIUIUTMHE (MOYJITIO)

12. CpenctBa aganTanud mpenofaBaHus JUCIHATUIAHBI (MOIYJISI) K MOTPEOHOCTAM 00YJAIOMINXCSI HHBATHOB H JIHII C
OTPaHUICHHBIMU BO3MOXKHOCTSIMH 3I0POBBS

13. Ilpunoxxenue Nel. @OHJT OLIEHOUHBIX CPEJICTB

14. TIpunoxenne Ne2. [TepedeHs IuTepaTyphl, HEOOXOIUMOMN JJISI OCBOCHUS TUCIIHILTHHBI (MOIYJIS)

15. Ipunoxenue Ne3. IlepedyeHb HHGOPMAIMOHHBIX TEXHOJIOTHH, HCIOIB3YEMBIX JJIi OCBOCHHUS IUCUHUILTHHBI
(MomyIist), BKITFOYAsI IEPEYCHb MPOTPAMMHOTO 00eCTIedeHUS 1 MH(POPMAIIMOHHBIX CIIPABOYHBIX CHCTEM



[Iporpammy aucuuniubbl paspabotan(a)(u) crapmmii npenogasatens [anmmes H.M. (Kadenpa marematnkn u
NIPUKIIaAHONW NMHPOPMATHKH)

1. Ilepeyenr NIaHHMPYeMBIX pPe3yJbTATOB OOy4eHMsI @O0 AUCHUILUIMHE (MOIYJI0), COOTHECEHHBIX ¢
IUIAHUPYeMBbIMH pe3yabTaTamu ocsoenust OIIOII BO

OO0yJaronuiicsi, OCBOUBIINNA AUCITUILTHHY (MOIYIIB), JOIDKEH 001a1aTh CIEeAYIONMMA KOMIIETCHIIUAMHU:

Mudp Pacmiundposka
KOMIIETeHIIUH npuodperaemMoil KOMIeTeHUHH
[K-2 CriocobeH pa3palaThIBaTh, OTIAXKHBATH, BHEAPSITH M COMPOBOXKIATH IMPOTpPAMMHOE obOecreueHue

MEXATPOHHBIX U pO6OTOT€XHI/I‘IeCKI/IX CHUCTEM

IK-2.1 3HATE CcrmocoOBl pa3pabOTKH, OTIAAKH M COIPOBOXKICHUSA IPOTPAMMHOTO OOeCTeYeHHs Ui
MEXaTPOHHBIX U POOOTOTEXHUYECKUX CHCTEM

[K-2.2 YMeTh pa3pabaTbIBaTh, OTIAXKHUBATE U COIIPOBOXKIATE MPOTPAMMHOE 00ECIICUCHNE [Tl MEXaTPOHHBIX
1 pOOOTOTEXHUYECKIX CUCTEM

I1K-2.2 Bragetr HaBbIKaMH pa3pabOTKH, OTIAJKH M COMPOBOXKACHUS MPOTPAMMHOIO OOECHEeUeHUs IS
MEXaTPOHHBIX U POOOTOTEXHUICCKUX CUCTEM

OO0yuaronuiicsi, OCBOUBLINN AUCIUIIUHY (MOIYIIB):

JlomKeH 3HaTh:
MIPUHIUIIBE B OCHOBHBIC 3JIEMEHTHI 00BEKTHON MOJICITH Pa3pabOTKU MPOTrPaMMHOTO 00CCIICUCHUS [JIsT MEXaTPOHHBIX
U POOOTOTEXHUYECKUX CUCTEM.

JloipKeH ymeTh:
MPOEKTHPOBATh H  pa3pabaThlBaTh MNPOTOTHIEI  IPOTPAMMHBIX  KOMIIOHCHTOB [UII  MEXAaTPOHHBIX U
PpOOOTOTEXHUYECKHUX CUCTEM, YUUTHIBAsI PHHITUIEI 00bekTHOTO noaxoa (G4, SOLID).

JloinKeH BIaseTh:
CIOCOOHOCTBIO Pa3padaThIBaTh MOJIB30BATEILCKHE MPHIIOKEHHS ISl MEXaTPOHHBIX W POOOTOTEXHUYECKHX CHCTEM
B paMKax 0OBEKTHOTO IOAX0/a.

2. Mecro gucuumiunsl (MoayJs) B crpykrype OIIOII BO

Jannast nucuuiuinHa (Momayns) BiiaroueHa B bmox 1 "ducummmumael (Moxynu)' b1.B.JIB.03.01 ocHoBHO#
npodeccroHaabHO 0OpasoBarenbHOM nporpamMmbr 15.03.06 «MexaTponrnka U poboTOoTeXxHHKa» (DU3HMUYSCKHE OCHOBBI
MEXaTPOHUKH M POOOTOTEXHHMKH) M OTHOCHTCS K IUCHUIUIMHAM IO BBIOOPY, YacTh, (HOPMHUPYEMOH y4JaCTHHKAMHU
00pa30BaTeNFHBIX OTHOIICHH.

OcBauBaercs Ha 3 Kypce (JIeTo)

3. O0beM TUCHHMIIMHBI (MOXYJs) B 3a4eTHBIX €IUHMIIAX ¢ YKAa3aHHEM KOJUYECTBA YACOB, BbIJAEJEHHBIX HA
KOHTAKTHYK padoTy ofydawmuxcs ¢ npenogaBarejeM (0 BHAAM Y4YeOHBIX 3aHSATHII) H HA CAMOCTOSITEIbHYIO
padoty o0yuaommuxcst

OO6m1ast TPyAOEMKOCTh TUCIMIUIMHEI COCTaBISIET 4 3a4eTHBIX(bIe) enquHnL(bl) Ha 144 gaca(oB).

KonraktHast pabora - 6 wyaca(oB), B TOM uHcie JieKiuu -2 4aca(oB), mpaktuueckue 3anstus - 0 vaca(oB),
nabopatopHblie paboThl -4 yaca(oB), KOHTPOIb CAMOCTOSTENIbHOM paboTh - 0 gaca(oB).

CamocrositensHas pabota - 129 gaca(os).

KonTtpoms (3auér / 3x3ameH) - 9 gaca(oB).

®dopma MpoMeKyTOUHOTO KOHTPOJIS TUCIUILIMHBL: 3K3aMeH 3 Kypc (J1eTo)



4. Coaep:kaHue TUCHHUILIAHBI (MOAYJIS1), CTPYKTYPHPOBAHHOE N0 TeMaM (pa3fesaM) ¢ yKa3aHHEM OTBEICHHOI0
HA HUX KOJINYeCTBA aKaJeMHUYeCKHX YaCOB U BU/I0B Y4eOHBIX 3aHATHI

4.1 CTpyKTYypa M TeMaTHYeCKHUi MJIAaH KOHTAKTHON U CaMOCTOSITeIbHOM PadoThI N0 AUCHUILIHHE (MOAYJIIO)

Buapl 1 yacel
KOHTAKTHOM padoThl,
HX TPYJ0€MKOCTh
(B yacax)
C
e Camocros
N Pazneas! aucuuninHbI / M TeJIbHasI
MOOYJIst ec .]Ie](]_l HpaKTI/l _J]aﬁ()pa paGOTa
P - YyecKue TOPHBbIE
3aHATHS | paldoThI
1. |Tema 1. OcHoBHble KoHLemIMK C++, 6 0 1 32
2 Tema 2. ba3oBble U IPOABUHYTHIE METOABI YIIPABICHUS 6 1 0 1 32
" Ipecypcamu Ha C++.
Tewma 3. [Ipumenenne madaonoB C++ s MPOSKTUPOBAHUS
3. [mporpamm. Pa3zpaboTka 1 NpoeKTUpOBaHHE MHOTOIIOTOYHBIX 6 0 1 32
[IPOIPAMM. 1
4 Tema 4. PazpaboTka U mpoeKTHpOBaHUE TPaQUICCKOTO 6 0 1 33
" [mOJIP30BaTENBECKOTO HHTEpQEiica.
MToro: 144 gaca (u3 HEX 9 9YacOB KOHTPOIIb) 2 0 4 129

4.2 CoaepkaHue JUCHUILIMHBI (MOTYJIs1)

Tema 1. OcHoBHbIEe KoHIenuuu C++.

Paspurne um crammaprmzanus s3pika C++. Tunel mamHbeix. HacnemoBanuwe. I[lommmopdusm. MHKarcymsius.
Crrertmanpable yaKiun. [labnonsl. CtangapTHast OnbmHoTeKa.

Tema 2. Ba3zoBble U NIPOABUHYTHIE MeTObI YIIPaBJieHus: pecypcamu Ha C++

Konnermmmu C++. OCHOBHBIE CTpaTernu KONMMpOBaHWA-BIaaeHUs. CTparerus 3ampera komupoBaHus. CrpaTterus
HCKJIFOYUTENBHOTO BianeHus. Crparerus TiyOokoro kommpoBaHus. CTparerus COBMECTHOTO BiameHus. OmnpenencHue
(¢yHKIUN OOMEHA COCTOSHUSMH JUIS Kilacca. Y IalleHHe MPOMEKYTOUHBIX KOMUH KOMIIIIATOPOM. Peanmm3anus ceMaHTHKA
nepeMeIieHs. Bo3MOXXHBIE BapHaHTBl pEaH3alldd CTPATETHMH COBMECTHOTO BiameHus. CTparerus HCKIFOYHUTEIHLHOTO
BIIQJICHHS U CEMaHTHKa MepeMenieHns. JKu3HeHHbIH UK pecypca U 00beKTa-BiIaieNnblia pecypca

Tema 3. IIpumenenne madaonoB C++ 1iIsi mpoeKTHpoBaHus mporpamMm. Pa3pa6oTka M nmpoeKTHpOBaHHeE
MHOTOMOTOYHBIX POTPaMM

Mabmorn C++. OO630p NPOMBIIUICHHBIX MPOTPAMMHBIX OHOIHOTEK. MHOTONOTOYHOE MPOTrpaMMHUpPOBAHHE.
VYnpasneHne morokamu. Pa3meneHume JaHHBIX MeEXAy NOTOKaMu. CHHXpOHHM3alUs MapajUIeNbHBIX — OTEpanui.
[IpoexTupoBaHue mnapajUieNbHbIX mporpaMM. IIpoABUHYTOE yIpaBieHHWE MOTOKaMH. TeCTUpOBaHHUE M  OTJIaJKa
MHOTOITOTOYHBIX l'IpPIJ'IO)KeHHﬁ.

Tema 4. Pazpa0oTka 1 npoeKTupoBanue rpaguuecKkoro nojab30BaTebLCKOro MHTepdeiica

I'paduueckuii nonp3oBarensckuii nHTepdeiic. [IpoekTnpoBanne rpaguaeckoro Moyib30BaTENLCKOTO HHTEp(dEiica Ha
C++. HUncrpymenrapuii paspaborunka. Pazdop cyiiecTByIONIEro npoeKkTa ¢ OTKPHITHIM HCXOIHBIM KOJIOM.

5. TlepeueHb Y4eOHO-METOAUYECKOTO0 oOOecleYeHHUsl s CaMOCTOSITEJIbHOW PpadoThl 00yyalomuxcsl 1o
JMCUMILIUHE (MOAYJII0)

CamocrosiTenbHas paboTa OOYYAIOIIMXCS BBIOJHSIETCS 110 3aJaHHI0 W OPU METOJHYECKOM PYKOBOJICTBE
npernojaaBaTess, Ho 0e3 ero HermocpeacTBeHHOro yyactus. CaMocTosTenbHas paboTa nmogpasaesseTcs Ha CaMOCTOSITENIbHYIO
paboTy Ha aygUTOPHBIX 3aHATHUSAX W Ha BHEAYAUTOPHYIO CaMOCTOSATENbHYIO paboTy. CamocrositenbHas paboTa
00yJaroIIMXCsl BKIIOYAET KaK MOJHOCTBIO CAMOCTOSTEIbHOE OCBOCHHME OTICIBHBIX TeM (pa3iesioB) MUCIMIUIMHBI, TaK W
mpopaboTKy TeM (pa3/iesioB), OCBaMBAacMBIX BO BpEMs ayaUTOpHOW paboTel. Bo BpeMs caMOCTOSITENBHON pabOThI



oOydJaromuyecss YUTalOT M KOHCHEKTUPYIOT Y4eOHYI0, HAaydHYI0 U CIHPABOYHYIO JIUTEPATypy, BBIIOJIHSIOT 3aJlaHus,
HarpaBsJICHHbIE Ha 3aKpEIUICHWE 3HAHMH M OTpabOTKYy YMEHHH M HaBBIKOB, TOTOBATCS K TEKYLIEMY M NPOMEXYTOUHOMY
KOHTPOJIIO 110 JHUCIUIUINHE.

OpFaHI/I?)aIII/IH CaMOCTOSTEILHOM paGOTLI o6yqa101unxcsl PErIaMCHTUPYETCA HOPMATUBHBIMU JOKYMCHTAMMU, yqe6Ho-
METOIMYCCKOM nI/ITepaTypoﬁ 1 3JICKTPOHHBIMU O6pa30BaTeJ’IbHHMI/I pecypcamMu, BKiIro4das:

[opsimok opraHu3anyMy ¥ OCYIIECTBJICHHUS 00pa30BaTElIbHOW AEATEIBHOCTH 10 00pa3oBaTelIbHBIM MpPOrpaMMaM
BBICIIEr0 00pa3oBaHMsi — TIporpaMMam OakajiaBpuara, I[porpaMMaM CIELUaJIUTeTa, IpOorpaMMaM MarucTparypbl
(YTBepK/eHHBIH mpHuKa3oM MuHHCTEpCTBa HAyKd M BbIcuiero odpasoBanusi Poccuiickoit ®@enepannu ot 6 anpens 2021
roma Ne 245)

Iopsnok opraHM3allMyl M OCYIIECTBICHUS OOpa30BaTENbHOH IEATEeNEHOCTH 10 0Opa3oBaTENILHBIM IPOTrpamMMam
BBICIIETO O00pa3oBaHHMs - IporpaMmam OakajaBpHaTa, HpPOrpaMMaM CIICHUAJIHWTeTa, HPOrpaMMaM MarucTpaTypbl
(yTBepxmeH nprka3zoM MuHHCcTepcTBa 00pa3oBaHus u Hayku Poccuiickoit @exeparmu ot 5 anperst 2017 roga Ne301)

IMucemo MunnctepcTBa oOpazoBanms Poccuiickoit @exepammu Nel4-55-996mn/15 ot 27 Hos6ps 2002 1. "OO
aKTUBH3AIMN CAMOCTOSTEIHHOM paboThI CTYJCHTOB BBICIINX y4COHBIX 3aBeICHIH"

YcraB  QemepanbHOTO  TOCYIAapCTBEHHOTO — aBTOHOMHOTO — oOpa3oBarenpHOro  yupexkaenus "Kaszanckuit
(ITpuBomxckuit) henepanbHBIN YHUBEpCUTET"

[IpaBuiia BHyTpEHHETO pacnopsaaka (heaepatbHOro Tocy1apCTBEHHOTO aBTOHOMHOTO 00pa30BaTeIbHOTO YUPEKICHUS
BEICIIIETO TIpodeccHoHambHOTO 00pa3zoBanus "Kazanckuii (IIpuBomkckuit) ¢penepansHblil yHUBEpCHTET"

JlokansHble HOpMaTHBHBIE akThl Kazanckoro (IIpuBosmkckoro) ¢enepaibHOrO yHUBEpCUTETA

6. DoHJ OLIEHOYHBIX CpeaACTB MO IMCUMIIINHE (MOI[y.]'IlO)

(I)OH,I[ OLCHOYHBIX CpPCACTB IO AUCHUIIIIMHC (MOZ[yJ'IIO) BKJIIIOYACT OHLCHOYHBIC MaTCpUaJibl, HAIIPABJICHHBIC Ha
IIPOBCPKY OCBOCHUSA KOMHGTGHHHﬁ, B TOM YHCIJIC 3HaHPII>i, yMeHI/Iﬁ 1 HAaBBIKOB. (DOHZ[ OLCHOYHBIX CPCEACTB BKIIOYACT
OILICHOYHBIC CPEACTBA TCKYILICTI'O KOHTPOJISI U OHNCHOYHBIC CPCACTBA HpOMe)KyTO‘IHOI\/'I aTTCCTAlluH.

B ¢oHIe OLEeHOYHBIX CPEACTB COACPIKUTCS Cleaytonas nHdopmarms:

- COOTBETCTBHE KOMITCTCHIUH ITAHUPYEMBIM Pe3yJIbTaTaM 00y4eHHs 110 AUCHUILIHHE (MOAYIIO);
- KpUTEPUH OLIEHUBAHHS CPOPMUPOBAHHOCTH KOMIIETSHIHI;

- MeXaHMU3M (OPMHUPOBaHHS OLEHKHU 110 JUCLUUIIHHE (MOAYIIIO);

- ONMCaHUE MOPSIKa IPUMEHEHHS U POLIEAYPbl OLCHUBAHUS JUIsl KQKIOTO OLIEHOUYHOTO CPEJICTBA;
- KpUTEPUH OLCHUBAHUS JUTS KaXJIOr0 OLEHOYHOTO CPE/ICTBA;

- COACpIKAHHUE OLCHOYHBIX CPCACTB, BKJIIOYasA TpC6OBaHI/I$I, NPEABIABIACMBIC K I[efICTBHﬂM 06yqalou_u/1xc91,
ACMOHCTPUPYCMBIM PE3YyJIbTAaTaM, 3a/laHUs PAa3JIMYHbIX THUIIOB.

®oH/I OIIEHOYHBIX CPECTB MO MUCHUIUINHE HaxoauTcs B [Iprmnoxernn 1 k mporpaMMe TUCIHIDIHHEL (MOIYITIO).

7. llepeyeHb JUTEPATYPbl, HEOOXOAMMOM JAJIsl OCBOEHUS JUCUMILIMHBI (MOTYJI51)

OcBoeHUE IUCLUILIMHBL (MOAYJIS) TNpedroyiaraeT HM3yuyeHue y4eOHo# nurepaTypbl. Jluteparypa MOXeT OBITH
JIOCTyITHa 00y4alomuUMCs B OHOM U3 JBYX BapHaHTOB (JINOO B 000MX U3 HUX):

- B DJJEKTPOHHOM BHJIE - 4Yepe3 DJIEKTPOHHbIE OWOIMOTEUHbIE CHUCTEMBI Ha OCHOBAHHH 3aKiIoUeHHBIX KDY
JIOTOBOPOB C TIPaBoOOIIagaTeNsIMH;

- B le4aTHoOM BHJie - B HayuHoit 6ubanoreke EnaGyxckoro uncruryra KOY. Obyuatomuecs: noaydaroT yaeOHyI0
JIUTEpaTypy Ha abOHEMEHTE M0 4YHMTAaTelIbCKUM OuieTraM B COOTBETCTBMM C NpaBWiIaMy Mojb3oBaHus Hayunoi
OUOIMOTEKOH.

DJIEeKTPOHHBIE M3JIaHUS TOCTYITHBI JUCTAHIIMOHHO M3 JII000H TOYKH IPH BBEACHUH 00YYaIOIINMCS CBOETO JIOTHHA U
nmapojst OT JIMYHOrO KaOMHeTa B cucTeMe "OJeKTpOHHBIH yHuBepcuter". [IpM HMCIONB30BaHMM TEYATHBIX H3JaHUH
O6ubimoTevHslii (GOHI MODKEH OBITh YKOMIUIEKTOBAaH MMM U3 pacdyera He MeHee 0,25 »Kk3eMIunipa Ha KakIOro
00yJaromerocs u3 yucia JIUIl, OJHOBPEMEHHO OCBANBAIOIINX JAHHYIO AUCIUILIHHY

[lepeyenp nuTeparypsl, HEOOXOAMMOM AJISI OCBOCHHS IWCIMIUIMHBI (MOAYIs), HaxomuTca B Ilpuioxennu 2 k
paboueit mporpamme mucHMIUIMHEL. OH TOANEKUT OOHOBJIICHHIO TNPH W3MEHEHHHM YCIOBHH moroBopoB KOV ¢
MpaBoOOIAAaTeNsIMA 3JIEKTPOHHBIX W3JAaHWH W TPH HW3MEHEHWM KoMIUlekToBaHuS (oHmoB Haywnoii Oubmmorexkn
Enabyxckoro nHeturyra KOV.



8. Ilepeuens pecypcoB HHGOPMALMOHHO-TEJIEKOMMYHUKAIIMOHHOH ceTH '"WUHTepHer", He00XOAUMBIX [JIs1
OCBOEHMSI JUCIUILTUHBI (MOAYJIs1)

MsuoromoTo4yHoe rporpamMmupoanwe - http://ders.stml.net/cpp/mtprog/mtprog.html

PykoBoncteo. VYmpaenenue pecypcamu (C++) -  https://docs.microsoft.com/ru-ru/cpp/windows/how-to-copy-
resources?view=msvc-160

OcHoBbI porpammupoBanust - https://purecodecpp.com/

9. Meroanyeckue yka3aHus 1/ 00y4aroIUXCs 10 0CBOCHUIO TUCHUILINHBI (MOXYJISA)

Bupa pador MeToanyeckue peKOMeHAALUH

JICKIUU JlexnoHHBIE 3aHATHSA MPOBOAATCSA C HUCHOJIB30BAHUEM HMHTEPAKTHUBHBIX TEXHOJOTMH U IMPENNOararT
aKTUBHOE YYaCTHE CTyAEHTOB. JIs MOATOTOBKHM K 3aHATHSAM PEKOMEHIYETCS BBLACIATH B MaTepuale
poOJIEMHBIE BOIIPOCHI, 3aTparkMBaeMble IpenojaBaTesieM B JICKIMH, W TPYMIIUPOBATh HH(YOPMAIHIO
BOKPYT HuX. JKelaTenmpHO BBIAENATH B HCIOIb3YEMOW IHTEpAaType MOCTAHOBKU BONPOCOB, HA KOTOPHIE
pPa3HBIMH aBTOpaM MOTYT OBITH JaHBI pa3IU4yHbIC OTBETHl. Ha OCHOBaHMM MOCTAaHOBKM TaKHUX BOIPOCOB
cienyer coOupaTh apryMEHThI B MOJIb3Y Pa3MYHBIX BAPHAHTOB PELICHUS ITOCTABICHHBIX POOJIEM.

nabopatopHsle | JlabopaTopHble 3aHATHA — 3TO OJHA W3 PA3HOBUIHOCTEH NPAKTUYECKOTO 3aHATHS, SBIISIOMIASCS

paboThI ¢ dexTHBHON (QopMoOil yU4eOHBIX 3aHATHI B OpPraHW3aIlMH BEICIIET0 oOpa3oBaHus. JlabopaTopHbie
3aHATHSl UMEIOT BBIPAKEHHYIO CIeNU(UKY B 3aBHCUMOCTH OT Y4eOHOW IUCLUILIMHBI, YIIIyONISIOT U
3aKpEIUIAIOT TeopeTHdeckue 3HaHMA. Ha 3THX 3aHATHSAX CTYAEHTHl OCBaMBAIOT KOHKPETHBIE METOJBI
W3Y4YCHUS] TUCLUIUIMHBL, O00YYaloTCS SKCIEPUMEHTAIBHBIM CHOCO0aM aHain3a, YMEHHIO paborath ¢
npudopaMy U COBpEMEHHBIM 000pyaoBaHueM. JIabopaTopHble 3aHATHS JAalOT HAIISAHOE MPEACTaBICHUE
00 M3yyaeMbIX SIBJICHHAX W IIPOLIECCAX, CTYJCHTHI OCBAWBAIOT IIOCTAHOBKY M BEJICHHE JKCIIEPHMEHTa,
y4arcsi yMEHUIO HaOJII0jaTh, OLIEHUBATH [TOJY4YEHHBIE Pe3yIbTaThl, Ae1aTh BEIBOABI U 0000mmeHus. OT4éT
10 UTOTaM BBINOJHEHHBIX JTa0OPAaTOPHBIX PadOT BBINOIHAETCS Ha JMCTax Oemoit Oymarn gopmara A4 B
MeYaTHOM WM pyKomucHoM Buze. Ilpm odopmireHnn oT4éra HCHONB3yeTcs CKBO3HAas HyMepamus
CTpaHHUI], CUMTAs TUTYJIBHBIH JHCT NEepBOW crpaHuneil. Homep cTpaHWIBI Ha THUTYJIBHOM JIHCTE HE
craBuTca. HoMepa cTpaHMIIB! CTaBsITCS 10 LEHTPY BBEpXy. [Ipn odopmieHun oTuéra B IIe4aTHOM BHUJIE
XKeJIaTesIbHO CcoOoIaTh ciexyomue TpeboBaHus. [l 3aronoBKOB: MOMYXuUpHBIH mpudr, 14 mr,
LIEHTPUPOBAHHBINA. J[JI1 OCHOBHOTO TEKCTa: HEXHpPHBIH mpudr, 14 nT, BRIpaBHUBaHKE 1O MHUpHHE. Bo
Becex caydasx tur mpudra - Times New Roman, orcryn ab3ana 1.25 cM, moigyTOpHbIH MEXIyCTPOUHBIN
nnTepBai. Iloms: neBoe - 3 cm, mpaBoe - 1 cMm, BepxHee U HIDKHee - 2 cM. OT4eT JODKEH COAep)KaTh
cienyromne 31eMeHTsl: 1) TUTYIBHBIN THCT ¢ 00s3aTeNbHBIM yKa3aHUeM BapuaHTa; 2) Llens paboTsr; 3)
3ananue; 4) OcHoBHast yacTh; 5) BeiBoa

camoctos- | CamocTosTenbHAs paboTa CTYJCHTOB 0 AMAAKTHYECKON CYTH MpEACTaBiIseT co00i KOMITIEKC yCIOBUI
TenbHast paboTa| 00yueHHs, OpraHi3yeMbIX Mpero/aBaTesieM M HalpaBJICHHBIX HA CAMOIIOATOTOBKY yYalliuxcs. YueOHas
JeSITeIbHOCTh TIpOTEKaeT 03 HEeMOCPEICTBEHHOTO0 Yy4YacTHsA IpenojaBaTelsl M 3akiIiodaeTca B
npopaboTKe JEKIMOHHOTO Marepualia, MOATOTOBKE K J1a0OpaTOPHBIM 3aHATHSM; H3Yy4YeHUH Yy4eOHOil
JIUTEPaTyphl U3 OCHOBHOTO U JOIOJTHUTEIHFHOTO CITUCKA.

9K3aMEH OK3aMeH Mo Kypcy HMpOBOJUTCA Mo Omneram. B kaxaom Ounere oJuH TEOPETHYECKHHM BOMPOC M OJHA
3amada. [locie oTBeTa CTYAEHTY MOTYT OBITH 3aJaHBI JOTOJHUTEIBHBIE BOMPOCH], KaK 10 MaTepHaIaM
Ounera, Tak ¥ [0 OCHOBHBIM OINPEJEICHUSIM Kypca B IIEJIOM.

[Ipu moAaroToBKE K dK3aMEHy HEOOXOOMMO OIHMPATHCS, IPEXkKAE BCETO, HAa KOHCHEKTH JIEKIHUH |
PEKOMEHAOBAaHHBIE WCTOYHMKH WHGOpPMANWH, BeCh O00BEM pabOTHl PEKOMEHIYEeTCS pacIpenessiTh
PaBHOMEPHO MO JHSM, OTBEIEHHBIM A MOATOTOBKU K 3K3aMEHY U KOHTPOJIMPOBATH KaXAbIH I€Hb
BBITIOJTHEHHS PaOOTEHI.

10. ITepeyeHb HMH(OPMANMOHHBIX TEXHOJOTHWil, MCIIOJIb3yeMbIX IPH OCYIECTBJCHHMH O00pa30BATEJbHOIO
npomecca mo JHCHMILIMHE (MOAYJII0), BKJINYAsA NepedeHb NPOrPaMMHOr0O ofecrnedyeHHss W HHAOPMAIMOHHBIX
CIPABOYHBIX cHCTeM (MPHU HEOOXOAUMOCTH)

[lepedenp MHPOPMAIMOHHBIX TEXHOJIOTHH, HCIIOJIB3YEMBIX INIPH OCYLIECTBICHHH 00pa3oBaTeIbHOrO Ipolecca Mo
JUCUUIUIMHE (MOJYIII0), BKIIIOYAas IepedeHb IPOrpaMMHOrO OOecHedeHUs: M WH(QOPMAIMOHHBIX CHPABOYHBIX CHCTEM,
npeactasieH B [Ipunoxxennn 3 x pabodeld mporpaMme JUCHUIUTAHBL (MOZYJIS).


http://ders.stml.net/cpp/mtprog/mtprog.html
https://docs.microsoft.com/ru-ru/cpp/windows/how-to-copy-resources?view=msvc-160
https://docs.microsoft.com/ru-ru/cpp/windows/how-to-copy-resources?view=msvc-160
https://purecodecpp.com/

11. Onucanue MaTepHAIbHO-TEXHHYECKOl 0a3bl, HeO0OXOAMMON Ui OCYIIEeCTBJIeHHMS O0pPa30BaATEJLHOIO
npouecca no TUCUUILUINHE (MOAYJIIO)

MarepuaabHO-TEXHUYECKOE oOecieueHre 00pa30BaTeIbHOrO MpoIlecca M0 AUCIMILINHE (MOAYIII0) BKIIFOYACT B
ce0s CIeyIoNre KOMIIOHCHTBI:
VYdeOHast ayAUTOPHs ISl MPOBEACHUS YICOHBIX 3aHATHUI JCKIIMOHHOTO TUIA, CCMHUHAPCKOTO THIIA, TPYIIIOBBIX U
WHIUBUAYAIBHBIX KOHCYJIBTAIUH, TEKYIIIEr0 KOHTPOJIS U IPOMEXKYTOYHOH aTTecTarmu Ne 61
Kommutexkt mMebenu [uis npenogaBareiast — 1 mT., mocagodHble MecTa I o0ydaromuxcst — 30 IIT., 0JHOMECTHBIC
CTOJBI — 12 mT., KOMIBIOTEPHBIE CTOJBI — 18 MIT., KOMIBIOTEPHI — 19 1IT., HUHTEpaKTUBHAS MaHEeNb — | IIT., MeJIoBas JOCKa
HAcTeHHas — | WIT., BBIXOJ B MHTEPHET, BHYTPUBY30BCKasi KOMITBIOTEPHAS CETh, JIOCTYI B AJIEKTPOHHYIO WHPOPMAIIMOHHO-
00pa3oBaTeNBHYIO Cpemy.

IMomemenue s camocTosTensHON padoTsr Ne 10

Ilocamounble Mecta [uis HoJb30BaTene — 28 IIT., METAJUIMYECKHE JABYCTOPOHHME CTEJUIaXu s KHur — 11 mr.,
KHIKHBIA 1IKa() OTKPBITBIN — 5 MIT., MPoeKTop — | IIT., HOyTOyKH Ui mojb3oBareneid — 11 mir., mkad KaranoxHbeii — 8
wrT., mKad At oAexasl — 1 wT., Kcepoke — 1 mr., pabounii cron 6ubimoTekapst — 1 wrT., KoMnbloTep Oubianorexkaps — 1
IIT., BeIIAJKa JUIs ONCXKIbl — | INT., Kamo3u pyioHHble «OMmera» ¢ QoTomeyaThio — 4 INT., CTCHI HACTCHHBIN
(OponnpoBaHHOE CTEKJIO) — 4 WT., MKad-BUTPUHA BCTPOSHHBIM B apKy — 2 IIT., MIKa(-BUTPHHA CTEKJISTHHBIA — 2 INT.,
CTeIUTaX TPYOUaTHIi ¢ AEPEBSHHBIMH MOJKAMH — 2 IIT., pabounii cton aisd nHBanmunoB U aun ¢ OB3 — 2 mr., cron CU-1
pabounii 11 HHBAJIHI0B-KOJISICOYHUKOB — | IIT., KOMITBIOTEp— 2 IIT., HAYITHUKHN — 2 IIT., yCTPoicTBO «[ OBOpSIIas KHUT A
(Tudnorureep) — 2 mWT., BUACOYBEIUIUTENb — 2 MIT., paguokiIacc — | MIT., TOPTaTUBHBIN TAKTHIBHBIA AWCIUIed - 1 mirT.,
CKaHUPYIOIAsl YHTAIOIAs MamuHa - | mrT., ckaHep — | mT., BeO-kamepa — 1 MIT., BEIXOA B WHTCPHET, BHYTPHUBY30BCKas
KOMIBIOTEPHAS CETh, IOCTYII B AJIEKTPOHHYIO HHPOPMAITHOHHO-00pa30BaTEIHHYIO Cpeay.

12. CpencrBa agantauuMy NpenoJaBaHus JUCHHMILVIMHBI K NOTPeOHOCTSAM 00y4YarOIMXcsi MHBAJIUI0B U JIUL €
OrpaHUYEeHHBIMHU BO3MOKHOCTSIMH 30POBBS

Ilpu HeoOXOAUMOCTH B 00pa3oBaTEILHOM MPOIECCe MPHUMEHAIOTCS CIEAYIONME METOAbl W  TEXHOJIOTHH,
o0bJieryaroniue BOCIpUATAE WHPOPMAIMH O0YUYAIOIIAMHUCS WHBAIHAAMHA U JIMIAMH C OTPAHMYCHHBIMH BO3MOKHOCTSIMH
37I0POBBS:

- CO3JlaHWE TEKCTOBOW BEPCHHM JIFOOOTO HETEKCTOBOTO KOHTEHTA IJISi €ro BO3MOXHOTO IpeoOpa3oBaHUsA B
abTepHATHBHBIE (POPMBI, YIOOHbIE IS Pa3IHIHBIX TOJIB30BATEIEH;

- CO3J[aHMe KOHTEHTA, KOTOPHIH MOKHO TMPEJCTABHTH B PAa3IMYHBIX BHIAX 0€3 MOTEPH JAHHBIX WIM CTPYKTYPHI,
MPEYCMOTPETh BO3MOXHOCTbH MACIITA0MPOBAaHHUA TEKCTa W HM300paKeHHi 0e3 MoTepw KauecTBa, MPEIYCMOTPETD
JIOCTYIIHOCTD YIPAaBJIEHHUS KOHTEHTOM C KIIaBHATYPHI;

- CO3/IaHHe BO3MOXKHOCTEH JUIA 00YUYArONINXCS BOCIIPUHAMATD OJHY M Ty e HH(OPMAIHIO U3 Pa3HBIX UCTOYHUKOB -
HalpuMep, Tak, 4TOOBI JIMIA C HapyIICHWAMH CIIyXa TOJyYald WHOOPMAIMIO BH3YaJbHO, C HAPYIICHUSMH 3pEHUS -
ayIHaIbHO;

- TpUMEHEHHWE TPOTPAMMHBIX CPEICTB, OOECIEUYMBAIOIINX BO3MOXKHOCTh OCBOEHHMS HABLIKOB M YMEHHH,
(GOPMHUPYEMBIX JUCIUIUINHOM, 3a CYET aJbTEPHATHBHBIX CIHOCOOOB, B TOM YHCIIE BHPTYaJIbHBIX JIAOOPaTOpHil |
CHMYJISIIMOHHBIX TEXHOJIOTHIA;

- TpUMEHEHWE JWCTAHIIMOHHBIX O0O0pa3oBaTENBHBIX TEXHOJOTHH s Tiepefadyd WH(GOPMAIH, OpTaHW3allnd
pasnuuHBIX (OPM HMHTEPAKTHBHON KOHTAKTHOW PabOTHI OOYYAIOIIETOCS C MpENoJaBaTelieM, B TOM YHCIEe BEeOWHAPOB,
KOTOpbIe MOTYT OBITh WCIOJIB30BAHBI ISl MPOBEJAECHHUA BUPTYAIBHBIX JIEKIIMH ¢ BO3MOKHOCTBIO B3aMMOJIEHCTBHS BCEX
YYaCTHUKOB JHUCTAHIMOHHOTO OOYYEHWs, TPOBEIECHHS CEMHUHAPOB, BHICTYIUICHHS C JOKJIAJaMH W 3alUTH BBITIOJHEHHBIX
paboT, MPOBEICHUS] TPEHUHTOB, OPraHU3aI[MU KOJUICKTUBHON paboThl;

- MpUMEHEHHE JHMCTAHI[MOHHBIX O00pa30BATENILHBIX TEXHOJIOTMU JJsi OpraHu3anuu  (GopM TEKyllero u
MPOMEXYTOYHOTO KOHTPOJIS;

- yBeJIMYEHHE TMPOJOJDKUTEIBHOCTH CAa4d OOydYaroU[UMCS WHBAJIMIOM WIM JIHIOM C OrPAHUYEHHBIMU
BO3MOXKHOCTSIMH 37I0pOBbs JOPM MMPOMEKYTOUHOM aTTECTAIIMU M0 OTHOUICHHIO K YCTAHOBJICHHOU MPOJOKUTEIBHOCTH HX
clavu:

- TPOJODKUTENILHOCTU CAa4M 3auéTa WM K3aMeHa, MPOBOJMMOr0 B MUChMeHHOW (opme, - He Gonee yem Ha 90
MUHYT;

- TPOJIOJDKUTELHOCTH MMOJrOTOBKMA O0Yy4aromierocsi K OTBETY Ha 3a4éTe MM JK3aMeHe, MPOBOJAUMOM B YCTHON
¢dopwme, - He Oonee yem Ha 20 MUHYT;

- IPOJIOJKUTENILHOCTH BBICTYIUICHHUS 00YUarOIIerocs [pu 3aliTe KypCcoBO# paboThI - He OoJiee ueM Ha 15 MHUHYT.

[Iporpamma cocraBieHa B cootBeTcTBUH ¢ TpeboBaumsiMu ©T'OC BO n yueOHbIM m1aHOM 110 Hampasiernto 15.03.06
«MexaTpoHHKa U pOOOTOTEXHHUKAY U TIPOQHITIO TIOATOTOBKH "DU3NYIECKUE OCHOBBI MEXAaTPOHUKH H POOOTOTEXHHUKH'".
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1. CooTBeTcTBHE KOMIETEHIIMIA ILIAHUPYEMBIM pe3yJIbTaTaM 00yueHHUsl 10 TUCHUIInHE (MOIYJII0)

Koax um HamMmeHoBaHMe

I/IHI[P[KaTole JOCTHKEHUS KOMIeTeHIui

OneHo4HbIe cpeacrsa TeKylero

OTJIQKUBATH, BHEIPATD
M COTIPOBOXIATh
MPOTPaMMHOE
oOecrieucHHEe Me-
XaTPOHHBIX U
POOOTOTEXHUYIECKUX
cUCTEM

KOMIETeHIIHH AJIs1 JAHHOM IMCIUTITTHHBI KOHTPOJISl M IPOMEKYTOYHOH aTTecTAlMu
[NIK-2  Cnocoben 3HaTh IPUHINITEI 1 OCHOBHBIC AJIEMEHTHI KomnprorepHas mporpamMMa 1o TeMam
pa3pabaTbIBaTh, 00BEKTHOM Mo/IeTH Pa3paboTKI Tema 1. OcHoBHbIe KOoHIIETTIAN C++.

MIPOTPaMMHOTO 00ECTICUESHUS IS
MEXaTPOHHBIX X POOOTOTEXHUIECKUX
cUCTEM

YMeTs mpoeKkTupoBaTh U pa3pabaThIBaTh
MIPOTPaMMHBIX ~ KOMIIOHEHTOB
JUIL MEXaTPOHHBIX M POOOTOTEXHHYECKHUX
CUCTEM, YYUTHIBas NPUHIUIBI OOBEKTHOTO

MPOTOTHUIIBLI

noaxona (G4, SOLID).

BnanmeTs crmocoOHOCTRIO pa3pabaThIBaTh
MOJIB30BATEIILCKHE PUIIOKEHHS IS
MEXaTPOHHBIX U POOOTOTEXHHYECKUX
CHCTEM B paMKaX 0OBEKTHOTO MOIX0/1a

Tewma 2. bazoBbie U IPOABUHYTHIE METOIbI
ympaBieHus pecypcamu Ha C++.

Tewma 3. Ilpumenenue madmonoB C++ s
MPOEKTHPOBaHUs nporpamm. PaspaboTka u
MPOEKTHPOBAHNE MHOTOTIOTOYHBIX
MPOTrpaMM.

Tema 4. Pa3zpaboTka v POCKTHUPOBAHUEC
rpau4ecKoro mojb30BaTeIbCKOro
unHrepdeiica.

JlabopatopHsie pabOTHI IO TEMaM

Tema 1. OcuoBHble kKoHIIEnUUU C++.
Tewma 2. bazoBbie U IPOABUHYTHIE METOIbI
ynpasiieHus pecypcamu Ha C++.

Tema 3. [Ipumenenue nabnoros C++ s
MPOEKTUPOBaHUA MporpaMm. PazpaboTka u
MPOEKTUPOBAHNE MHOTOTIOTOYHBIX
MPOrpaMM.

Tema 4. Pa3paboTka U MIPOCKTHPOBAHUE
rpauIecKoro MmojIb30BaTEIbCKOTO
uHTEepdeiica.

Hp0Me>xyT0qHa$[ aTTeCTanus:
IK3AMEH

2. Kputepuu ouennBaHusi ¢cpOpMHUPOBAHHOCTH KOMIIeTeH UM

Komner 3aureHo He 3aureno
eHIus Bbicoknii ypoBeHb Cpennnii ypoBeHb Huzknii ypoBeHn Huske noporosoro
(OTJIMYHO) (xopomuo) (Y10BJ1€TBOPUTEJIBLHO) YPOBHS
(Hey10BJIE€TBOPUTE
JILHO)
1IK-2 3HaeT NPUHLHUIIEI 1 3HaeT IIPUHLIMIIBI U | 3HaeT HEKOTOpHIe He 3naer
OCHOBHBIE 3JIEMEHTHI OCHOBHEBIE 3JIEMEHTHI | MPUHIUIBI 1 OCHOBHEIE MIPUHIUIIEL 1
00BEKTHOM MoIenH 00BEKTHOM MOJIENN | JIEMEHTH 00BEKTHOM OCHOBHBIE
pa3paboTku pa3paboTKu MPOTPAMMHOTO | MOJENHU pa3paboTKH JJIEMEHTBI
MPOrpaMMHOTO obecrieueHus JUId | IpOrpaMMHOIO 00BEKTHOH MoJIeH
obecrieueHns IS MeXaTPOHHBIX u | obecrieueHus JuIs pa3paboTku
MEXaTPOHHBIX U POOOTOTEXHUUECKHUX MEXaTPOHHBIX U IPOrpaMMHOTO
POOOTOTEXHUYECKHIX CHUCTEM. Jonyckaer | poOOTOTEXHHYECKUX obecrieueHust 1Is
cUCTEM HEe3HAUYMTeNbHbIE  OmMOKM | cucTteM. [lomyckaer MEXaTPOHHBIX U
IpU OTBETE HA BONPOC WIHM | THIMYHBIC OLIMOKH MPU POOOTOTEXHUYIECKH
pemeHnH MIOCTaBJIEHHON | OTBETE Ha BOMPOC WM X CHCTEM
3a/1a4M pelIeHU N TOCTaBICHHOM
3a1a9n
‘YMeer IpoeKTUpOBaTh U ‘YMeeT npoeKTupoBaTh U YMeeT IpoeKTUpOBaTh U He ymeer
pa3pabartbIBaTh pa3pabaTbIBaTh IPOTOTHIIEI | pa3pabaThIBaTh MIPOEKTHPOBATH U
MPOTOTHIIBI TPOTPAMMHBIX | MIPOTPAMMHBIX MIPOTOTHIIBI MPOTPAMMHBIX | pa3pabaThIBaTh
KOMIIOHEHTOB IS KOMIIOHEHTOB IS KOMIIOHEHTOB st MPOTOTHIIBI
MEXaTPOHHBIX U MEXaTPOHHBIX U MEXaTPOHHBIX U IIPOrpaMMHBIX

POOOTOTEXHUYECKUX
CHCTEM, YUUTHIBAS
MPUHIUIIB 00BEKTHOTO
nogxona (G4, SOLID).

POOOTOTEXHUYECKUX
CHUCTEM, YIUTHIBAS
MPHUHIUITE 00BEKTHOTO
nogxona (G4, SOLID).
Jlonmyckaet He3HaUYUTENbHbIE
OmMOKY IpY OTBETE HA
BOIIPOC WJIN PEHICHUN
MOCTaBJICHHOM 3a1a4n

POOOTOTEXHUIECKHUX
CHCTEM, YUUTHIBAS

KOMIIOHCHTOB IJIA
MEXaTpPOHHBIX U

TIPUHIUIIB 00BEKTHOTO POOOTOTEXHUUECKH
noaxona (G4, SOLID). X CUCTEM, YYUTBIBAS
JomyckaeT THINYHBIE TPUHIIUIIBI

OIMOKY TPH OTBETE Ha 00BEKTHOTO

noaxona (G4,
SOLID).

BOHpOC nin pemeHI/m
MOCTaBJICHHOMN 3a1a9u




MEXaTPOHHBIX U
POOOTOTEXHUYECKUX

MEXAaTPOHHBIX U
pO60TOTeXHI/I‘IeCKI/IX CHCTEM

pELIEHNH IOCTAaBIEHHOM
3aJaun

MEXaTPOHHBIX U
POOOTOTEXHUYIECCKHUX

BOTIPOC WIIH pEIICHUHN
MOCTaBJIECHHON 3a1a4n

Biageer crtocoOHOCTEIO Biageer crtocoOHOCTEBIO Bianeer crtocoOHOCTEIO He Bnageer
pa3pabartbIBaTh pa3pabartbIBaTh pa3pabaTbeIBaTh CocOOHOCTBIO
[IOJIH30BATEILCKHE [I0JIH30BATEILCKHE M0JIb30BaTEILCKUE pa3pabaTbIBaTh
TIPUIOKCHUS TSt TIPHIOKCHUS JIIS TIPUJIOKCHUS JIIIS [I0JIH30BaTEILCKHE

MPUIIOKCHUA IJIA
MEXaTpPpOHHBIX U

CHCTEM B paMKax B paMKax 00BEKTHOTO CHCTEM B paMKax POOOTOTEXHUYECKH
00BEKTHOT'0 IOAX0a noaxona. Jlomyckaer 00BEKTHOr0 MOAX0/a. X CUCTEM B paMKax
HE3HAYHUTEIbHBIE OIINOKH JomyckaeTr THITHYIHBIE 00BEKTHOTO
IIPU OTBETE Ha BONIPOC MIIN OIIMOKM IIPH OTBETE Ha MOAX0Aa

3. Pacnpesnesnenue oueHoK 3a (popMbI TeKYIIEro KOHTPOJISI U IPOMEKYTOUYHYI0 aTTeCTALMIO

Texylmuii KOHTPOJIb:

JlabopaTopHbIe pabOThI IO TEMaM

Tema 1. OcHoBHbIe KOHLIETIIIUU CH+.

Tema 2. bazoBsle 1 IPOABUHYTEIE METOABI YIPaBJIeHUsS pecypcamu Ha C++.

Tema 3. [Ipumenenune madaoHoB C++ I MPOCKTHPOBAHUS MporpamM. Pa3paboTka u MpOeKTUPOBAHUE MHOTOIIOTOYHBIX
MIPOTPaMM.

Tewma 4. PazpaboTka U MpoeKTHPOBaHUE TPaQUIECKOTO MOIE30BATEIHLCKOT0 HHTEpdeiica.

KommsrorepHas mporpamma o remMam

Tema 1. OcHoBHBIE KOHIIETTIUHA CH++.

Tema 2. bazoBsle 1 IPOABUHYTEIE METOABI YIPaBJIeHUsS pecypcamu Ha C++.

Tema 3. [Ipumenenne madnonos C++ it poeKTHPOBaHUs porpamMM. PazpaboTka n MpoeKTHPOBaHUE MHOTOIIOTOYHBIX
IIPOTpaMM.

Tema 4. PazpaboTka U MpoeKTUpOBaHKe IpaduuecKoro nojb30BaTeIbCKOro HHTepdeiica.

IIpoMe:KyTOUHASI ATTECTAIUS - DK3aMCH

[MpoMexyTouHasi aTTECTAlMs MPOBOJMTCS IOC/IE 3aBEpUICHHS W3y4YeHUS MAUCIMIUIMHBI WM ee 4acTd B (opMe,
onpejensieMoll y4eOHbIM IUIAHOM O00pPA30BATENbHONW MPOrpPaMMbI C IEJBI0 OLEHHUTh PaboTy OOY4YAIOIIErocs, CTEleHb
YCBOCHHS TEOPETHUECKHUX 3HAHUM, YPOBEHb CPOPMUPOBAHHOCTH KOMITETSHIHIA.

[penopaBaresb, NPUHUMAIONIMN 3K3aMEH, O0ECMEeYMBACT CiydailHOEe pachpe/ieieHHe BapHUAHTOB HSK3aMEHAI[MOHHBIX
3aJ[aHUil MEXy OOYYAIOIIUMHUCSA C TIOMOIUIBIO OWIETOB W/WIIK C MPUMEHEHHEM KOMIIBIOTEPHBIX TEXHOJOTHWii, BIpaBe
3aJ1aBaTh 00y4arOIEeMYyCs JOMOIHUTEIbHbIE BOIPOCHI U JIaBaTh JOMOJHUTENbHBIE 3a/IaHHsT TIOMUMO T€X, KOTOPHIC YKa3aHbI
B Ouiere.

VY CTHBIN WM MUCbMEHHBIN OTBET
IIpakTudeckoe 3aaHue

Jost ax3amena:
OTJINYHO

XOpOLIO
YIOBJETBOPUTEILHO
HEYIOBJIETBOPUTEIBHO

4. OueHOYHbIE CPEACTBA, MOPSIAOK UX MPUMEHEHHUS M KPUTEPHH OLeHHBAHUS
4.1. OueHoYHbIE CPeICTBA TEKYLEro KOHTPOJIS
4.1.1. JIaGopaTopHble padoThI
Tema 1. OcHoBHBIE KOHIIETIMH CH++.
Tewma 2. bazoBsie 1 IPOABUHYTHIE METOBI YIIpaBIeHUS pecypcamu Ha C++.
Tema 3. Ilpumenenune mabda0H0B C++ s IPOSKTUPOBAHUS Mporpamm. Pa3paboTka u MPOEeKTUPOBAHUE MHOTOIIOTOYHBIX
MIPOTPaMM.
Tema 4. PazpaboTka U poeKTUpOBaHUE TPaUIECKOTO MMOJIE30BATEIBCKOT0 HHTEpdetica.
4.1.1.1. Ilopsaaok npoBeaeHuUsl.
JlabopaTopHbIe pabOTHI IPOBOJATCS B YaChI Ay JUTOPHOU PAOOTHL.



Iepen BBIMONHEHNEM Ka)XJOH pabOTHI CTYICHTHI-0aKaNIaBPhl JOIKHBEI IPOpPadOTaTh COOTBETCTBYIOIIUM MaTepual,
UCTIONB3Ysl KOHCTIEKTHI TEOPETUUECKHX 3aHATHH, IEPHOANIECKUE U3AaHN, YI€OHO-METOANIECKIE TOCOONS N yICOHHUKH.
[To oxoHYaHNY 3aHATHH CTYIEHTHI 0(OPMILIIOT OTYET 10 KXo padoTe, coOmoas cieayonryo Gopmy:
e HammMeHoBaHME TEMEI,
Ienb paboThI;
3ajaHue U coliepkaHKe BBHITIOIHEHHOW paboThI,
[TuceMeHHBIE OTBETHI HA KOHTPOJIBHBIE BOTIPOCHI.
BriBozibI O IpozieIaHHO# padoTe.
e  CIHCOK HUCTONB30BaHHBIX HCTOYHUKOB.

4.1.1.2 Kputepun oueHUBaHUS
3auTeHO CTAaBUTCS, e€CJIM 00Y4YaIOLIMIiCsA: MMPABHIHHO BBITOIHIUI BCe 3aAaHus. [IponeMOHCTpHpOBa BHICOKHH YPOBEHB
BiafeHUsT MarepuanoM. IIposiBIEHBI NPEBOCXOIHBIE CIIOCOOHOCTHM TNPHMEHATh 3HAHWA M YMECHHSA K BBINOJIHEHHIO
KOHKPETHBIX 3aJaHui. IIpaBUIBHO BBINONHWI OOJNBHIYIO YacTh 3aJaHWil. lIpHCYTCTBYIOT HE3HAUMTEIbHBIC OIIHOKH.
[TponemMoHCTpHPOBAH XOPOIINiT YPOBEHb BIaACHHUS MaTepranoM. IIposBiIeHs! cpefiHie CIOCOOHOCTH IPUMEHAThH 3HAHUS U
YMEHHS K BBIIIOJIHEHUIO KOHKPETHBIX 3aJaHuil. 3alaHusl BHITOJHWI Oojiee YeM HaroJIoBHHY. [IpHCYTCTBYIOT cepbE3Hble
omnOku. [IpogeMoHCTpUpOBaH YAOBIECTBOPUTENbHBIH YPOBEHD BiIaieHHs MaTtepuaioM. [IposBieHsl HU3KHe CIOCOOHOCTH
MIPUMEHSTH 3HAHWS U YMEHHMS K BBIITOJIHEHUIO KOHKPETHBIX 3aJaHUMH.

He 3auteHo craBuTCs, ecjM OO0y4YaroOLIMiicsi: aJaHUs BBIIOJHWI MEHEEe YeM HaloJoBUHY. lIponeMoHCTpupoBaH
HeyﬂOBHeTBOpHTeJ’IbHLIfI YPOBEHb BJIaACHUA MAaTCPUATIOM. HpOHBHeHLI HCIO0CTAaTOYHBIC CHOCOGHOCTI/I MMPUMCHATHL 3HAHUA U
YMEHUSI K BBITIOJTHEHHIO KOHKPETHBIX 3aJaHNH.
4.1.1.3. Conep:xaHue OLIEHOYHOI0 CPEACTBA

JladopaTopHasi paGora 1. YMHbIe yKa3zaTeau
3ananue Nel
Ecnu B BalieM Kjiacce €CTh YMHBIN yKa3aTelb B KAYECTBE 3JICMEHTA BaIlIero Kacca, TO MOYEMY BbI JOJDKHBI CTAPAThCs
n30eraTh TMHAMUYECKOTO BBIICTICHHS OOBEKTOB 3TOTO Kiacca?
Oreer:
Ecnu B MOeM KJ1acce eCTh YMHBIN yKa3aTelb B KAUeCTBE 3JICMEHTA, 51 CTAparoCch 30eraTh TUHAMUYECKOTO BBIICICHUS
06T)CKTOB 9TOTIO KJ1acca, ‘-ITO6I>I peaOTBpaTUTh l'[pO6J'IeMbI C YOpaBJICHUEM MMaMATBIO U MHOXXCCTBCHHBIM BJIaJJICHUEM.
YMHBIE yKa3aTelu yKe aBTOMaTHYECKH YIPaBIAI0T BpeMeHEeM KU3HH 00BEKTOB, KOTOpBIE OHU XpaHAT. Ecnu 4
JUHAMHUYCCKHU BBIACIIIO O6’beKTI)I, 9TO MOXKET NPUBECTHU K YTCUKAM aMATU WU HBOﬁHOMy OCBO60)K[[6HI/IIO naMATH,
MTOCKOJIBEKY YMHBIE YKa3aTeJId MOTYT IOTBITaTHCS OCBOOOIUTH MaMSTh, KOTOpas ObliIa YK€ 0CBOOOKICHA BPYIHYIO.
BmecTo 3TOTO S peIovnTar0 HCIOIB30BaTh OOBEKTHI HA CTEKE MITH MPEIOCTABIATh UX Yepe3 YMHBIC YKa3aTelH, KOTOPhIC
TapaHTHPYIOT MPABIIBLHOE YIIPABICHAE TAMSTHIO.

3amanmne Ne2

W3ameHuTe ClieyoNIyto MporpaMmy, 3aMeHUB OOBIYHbIH yKa3aTellb Ha YMHBIN yKa3areip std::unique ptr, rae ato
HEOOXOIUMO:

#include <iostream>

class Fraction

{
private:
int m numerator = 0;
int m denominator = 1;
public:
Fraction(int numerator = 0, int denominator = 1) :
m numerator (numerator), m denominator (denominator)
{
}
friend std::ostreamé& operator<<(std::ostream& out, const Fraction &fl)
{
out << fl.m numerator << RVALEE << fl.m_denominator;
return out;
}

void printFraction(const Fraction* const ptr)
{
if (ptr)
std::cout << *ptr;



int main ()

{ Fraction *ptr = new Fraction(7, 9);
printFraction(ptr) ;
delete ptr;
return 0;

}

OrtBer:
IporpamMma, B KOTOpOH OOBIYHEIN yKa3aTelb 3aMeHeH Ha std::unique ptr:

#include <iostream>
#include <memory> // Ina std::unique ptr

class Fraction

{
private:
int m numerator = 0;
int m denominator = 1;
public:
Fraction(int numerator = 0, int denominator = 1)
m_numerator (numerator), m denominator (denominator)
{
}
friend std::ostream& operator<<(std::ostream& out, const Fraction &fl)
{
out << fl.m numerator << "/" << fl.m denominator;
return out;
}

void printFraction(const std::unique ptr<Fraction>& ptr)

{
if (ptr)
std::cout << *ptr;

int main ()

{

std::unique ptr<Fraction> ptr = std::make unique<Fraction>(7, 9);
printFraction(ptr) ;

// YmamaTe ptr He HYXHO - unique ptr aBTOMaTMYeCKM OCBOOOXIAET NaMATb PN
BHIXOIE M3 00JIaCTV BUIUMOCTH.

return 0O;

- OOBIUHBIN yKa3aTedh ObUT 3aMeHeH Ha std::unique ptr, 4To ycTpaHseT HEOOXOIUMOCTh B SIBHOM OCBOOOKICHUH
MaMSTH U JieJlaeT yIpaBlieHne pecypcaMu 0osiee 0€30MacHbIM 1 MEHEe MOJIBEPIKEHHBIM OIIHOKaM.

JladopaTopHasi paGora 2. YnpaBJieHHe NaMsIThIO
3aganue. Hanummre nporpammy, kotopas Beigesnser 1000 61oxoB mamsitv 1o 120 GaldT KaxX bl 1 BBIBOJHUT CTATUCTHUKY
(malloc_stats). CKonbKo 0JIOKOB MamsITH OBLIO BEIJICJICHO B pa3Jielie «MaJbIX 0JIOKOB»? I3MeHHTe mporpammy Tak, YToObI
pa3mep 61oka paccunthiBaics kak 1*1024, rae i — HoMep urepanun nukia. [loBTopuTe SKCIEPIMEHT B OTBETHTE HA TOT XKe
BOIIPOC.



OrTtBer:

Bot nprmMep Koma, KOTOPHIN BHIITOMHSIET MTOCTAaBICHHYIO 3a7ady.
[Iporpamma st mepBoro cirydast (1000 61o0xoB mo 120 6aiit)
#include <iostream>

#include <cstdlib>

int main() {

}

const int numBlocks = ;
const size t blockSize = ;
void* blocks[numBlocks];

// BuIeJieHMe naMaTu
for (int 1 = 0; i < numBlocks; ++i) {
blocks[i] = malloc(blockSize);

// BEIBOI CTaATUCTUKM O BHIEJIEHHOM I1aMATU
malloc stats();
// OcBoBoxIeHMe MNaMATU

for (int i = 0; i < numBlocks; ++i) {
free(blocks[i]) ;

return 0O;

IIporpamma myist BTOporo ciay4vas (pa3mep 6ioka i * 1024)

#include <iostream>
#include <cstdlib>

int main() {

}

const int numBlocks = ;
void* blocks[numBlocks];

// BHIOeJIeHVe NaMaTU C M3MEeHIOIMMCS pasMepoMm OJIOKOB

for (int i = 0; i < numBlocks; ++i) {
size t blockSize = (i + 1) * ; // Pasmep Ojoka 1 * 1024
blocks[i] = malloc(blockSize);

// BBIBOI CTAaTUCTUKU O BEHIEJIEHHOM INaMATH
malloc stats();
// OcBobBoxIeHMre [aMATH

for (int i = 0; i < numBlocks; ++i) {
free(blocks[i])

return O;

1. Beinenenue namsatu: B mepBom ciryuae Boiaensercs 1000 61okoB ¢pukcupoBanHoro pasmepa 120 6aiir. Bo Bropom
cilydae KaXIpli OJIOK IMEeT pa3Mep, paBHBIM HOMEpY UTepalny, yMHO)KEHHOMY Ha 1024.

2. Crarucruka: [Tocne BbiieneHus namsTH Boei3biBaeTest malloc stats(), 4TOOBI BBIBECTH CTATUCTUKY O BBIZETICHHOH 1
0CBOOOK/ICHHOW TTAMSITH.

3. OcBobOoXxIeHrEe TaMATH: B KOHIIE TpOrpaMMBbl BIJIEIIEHHAS TaMsATh 0CBOOOXAaeTcs ¢ moMonibio free().

JladopaTopnasi padora Ne3. IlIa6JioHbI
3aoaua ««Yenyonenue» gynkuuuy

Peann3oBaTh ¢ HCIIOIB30BAaHUEM METANPOTPAMMUPOBAHMS MIa0JIOH (DYHKIINH, KOTOPHIH ITO3BOJIMIT OBI IPHIMEHATH
3aJaHHYI0 (PYHKIMIO MHOTOKPATHO.

deep<f, 3>(10); // To arce, umo u fif{f(10)))

deep<g, 1>(x); // g(x)



OTtBerT:

Uto0bI peanm3oBaTh mMabdIoH GYHKINH, KOTOPHIH IPUMEHSET 3aJaHHYIO0 (PYHKIIHIO MHOTOKPATHO (B COOTBETCTBHH C
3aJaHHBIM YPOBHEM "TIIyOMHBI'"), MOKHO HCTIOJIB30BaTh MeTanporpaMmmupoBanne B C++. MBI MOKeM HCIOIB30BaTh

PEeKypCHBHEIE Ta0IOHBI, YTOOBI TOOUTHCS ITOTO
[Ipumep peanuzanuu
#include <iostream>

// Tpumep byHKLUM
int f£(int x) {
std::cout << "Applying f:

<< x << std::endl;

return x + 1; // Bosepamaer x + 1

}

int g(int x) {
std::cout << "Applying g: " << x << std::endl;
return x * 2; // BoszseBpamaer x * 2

}

// OCHOBHOM WAaBJIOH IJIA TUIyOMHE

template<typename Func, int depth>

struct deep impl ({
static auto apply(int x) {
return deep impl<Func, depth - 1>::apply(Func
}
bi

// Cneumanuszaumusa nnusa depth 0
template<typename Func>
struct deep impl<Func, 0> {
static auto apply(int x) {
return x; // IlpocTo BO3BpallaeM 3HadeHUe

}
};

// YmpoumaeMm BHE30B

template<typename Func,

auto deep(int x) {
return deep impl<Func, depth>::apply(x);

int depth>

}

// CozmaeMm CTPYKTYypy g OyHKUMMA
struct FuncF {
static int apply(int x) {
return f(x);
}
}i

struct FuncG {
static int apply(int x) {
return g(x);
}
}:

int main() {

trapply(x));

" << resultl << std::endl;

" << result?2 << std::endl;

int x = 10;

int resultl = deep<FuncF, 3>(x); // lpumumenur f 3 paza
std::cout << "Result of deep<FuncF, 3>(10):

int result2 = deep<FuncG, 1>(x); // lpumennTt g 1 pas
std::cout << "Result of deep<FuncG, 1>(10):

return 0;



1. Onpenenenue ¢pynkumii: @ynknun f n g onpenenens! i AeMoHcTpanuu. OyHKws f yBenunBaeT nepegjanHoe
3Ha4yeHne Ha 1, a QyHKIUA g yABauBaeT ero.
2. IMabmonsr deep_impl:

- OTOT mabIIoH sBIsEeTCs peKypcuBHBIM. OH uctionb3yeT mapameTp depth s onpenenenus, CKONbKo pa3 QyHKIUS
JOJDKHA OBITh TPUMEHEHA.

- Kasxierid pas, korna apply Bei3siBactcst Ha yposHe depth, oH BbI3bIBacT apply Ha cieayroriem yposre (depth - 1),
nepenaBast pe3yJibTaT TeKYyLIEero MPUMEHEHHS (YHKIHIH.
3. Cnenmanu3anus s rryouHsr 0:

- Korzma nocruraercst depth = 0, Bo3Bpamaercs Tekylee 3HaueHue 6e3 MpruMeHeHUs! (yHKIUH.
4. OyHKIUN-00EpPTKH:

- FuncF u FuncG sBnsitoTcs CTpyKTypamu, Kakaast i3 KOTOPBIX COJEPIKUT CTaTHYECKyIo GyHKIuIO apply, BEI3BIBAIOLIYIO
COOTBETCTBYIOIIYIO (DYHKIIHIO.
5. YopouieHue BbI30Ba:

- Oynknus deep ucronsiyet deep impl 1y mpuMeHeHUS GYHKINN Ha 3aJaHHOM YPOBHE.
[pu 3amycke nporpaMmer Oyzaet BeimoiHeH Be13oB deep<FuncF, 3>(10), uro sxBuBanentHo f(f(f(10))), u deep<FuncG,
1>(10), gto >xBuBanenTHO g(10). 3aTeM mporpaMma BEIBOJHUT PE3yIbTATHl 3TUX OTIEPALIUHi.

3aoaua «llladnonnas gynxkyusa sum_ally

PeanmusoBath ¢yHkimo sum_all, koropast mo3BoJisia 66l CYMMHUPOBATh apTyMEHT NPAKTUUECKH JII000T0 TUIIa, KOTOPBIN ei
nepesaH.

Bxonnble nanHbIe

vector<int>vl ={1,2,3};

vector<double>v2={1,2,3};

vector<string>v3 = { "a", "bc", "def" };

vector<char>v4 ={'a, b, 'c'},

Onucanue 3a1a4u

sum_all 6yaer npeactaBisaTh u3 mabao0H GYHKIUK C YACTHYHON Crierpain3auei s Vector<T>.
BrIXogHbIE JaHHBIE

sum_all(5); //'5

sum_all(3.0); // 3.0

sum_all(v1); // 6

sum_all(v2); // 6.0

sum_all(v3); // cmpoxa "abcdef"

sum_all(v4); /I cmpoxa "abc"

OrtBer:

Jus peanmmzanun GyHkm sum_all, kotopast o0pabaTsiBaeT pa3iIndyHbIe TUIIBL, B TOM dncie int, double, string, a Takke
BEKTOPHI ATHX THUIIOB, MBI MOXEM HCIIOJIE30BaTh MIA0JIOHBI I YACTUYHYIO CIlerami3anuto B C++.
[pumep peanmzanuu

#include <iostream>

#include <vector>

#include <string>

#include <numeric> // Jna std::accumulate

#include <type traits>

// OcuoBHOMV mabinoH mns sum _all
template<typename T>
T sum_all(T value) {

return value;

}

// YacTuuHad crneumanmsaumda nijdg std::vector<T>
template<typename T>
T sum_all(const std::vector<T>& vec) {
// BEcau Tun T gaBjgeTcd CTPOKOM MM CUMBOJIOM, TO CKJIEMBAEeM CTPOKU
if constexpr (std::is same v<T, std::string>) {
return std::accumulate(vec.begin(), vec.end(), std::string{});
} else if constexpr (std::is_same v<T, char>) {
return std::accumulate(vec.begin(), vec.end(), std::string{}):
} else {
// g OCTaJIbHBEIX TUIIOB, WCIOJbE3yeM CTAHIAPTHYHD CYyMMY
return std::accumulate(vec.begin(), vec.end(), T{}):



int main() {
std::vector<int> vl = { 1, , };
std: :vector<double> v2 = { , , };
std::vector<std::string> v3 = { "a", "bc", "def" };
std::vector<char> v4d = { 'a', 'b', 'c¢' };

std::cout << "sum all(5): " << sum_all(5) << std::endl; // 5
std::cout << "sum all(3.0): " << sum all(3.0) << std::endl; // 3.0
std::cout << "sum all(vl): " << sum all(vl) << std::endl; /] 6
std::cout << "sum all(v2): " << sum_all(v2) << std::endl; // 6.0
std::cout << "sum all(v3): " << sum_all(v3) << std::endl; // "abcdef"
std::cout << "sum all(v4): " << sum_all(v4) << std::endl; // "abc"

return 0;
}
1. OcHoBHoli ma6non sum_all:
- DTOT a0JIOH IPUHUMAET OJIMH apryMEHT U IIPOCTO BO3BpAILAeT ero. DTO MO3BOJIsieT 00padaThiBaTh apryMeHThI
JM000T0 THHA.
2. YactiyHas cnenmanusanus i std::vector<T>:
- MbI cienmanusupyem mradison i std::vector. B atoii ciermanm3zanmu ucnonesyercs std::accumulate s
CYMMHpPOBAHHS 3JIEMCHTOB BEKTODA.
- Ucnionp3yetes if constexpr Aist MpOBEPKH THIIA.
- Ecnu tun T siBnsiercs std::string, MBI CKJIaABIBaEéM CTPOKH.
- Ecmm tunt T siBnsietcst char, MBI TakKe CKJIQABIBaeM B CTPOKH (T.€., IpeoOpasyeM CHMBOJIBI B CTPOKY).
- B ocranbHbIX cityyasix (Harmpumep, 1t int, double), MBI BBIOTHSIEM CTaHIAPTHOE CYMMHUPOBaHUE.
3. dynkuusa std::accumulate:
- OHa UcoJb3yeTcst JUIi CYMMHUPOBAHUS JIEMEHTOB BeKTopa. J{JIsi BEKTOPOB LIEJBIX U IPOOHBIX YUCET OHA BO3BpAIlIaeT
CyMMY, JUISl CTPOK — KOHKaTEHAIIHIO.
4. B main:
- [IpoBoasATCS TECTHI VT Pa3IMYHBIX THIIOB BBI30BOB sum_all. Pe3ynbraTel ka)k1oii onepariy BBIBOJSTCS HA SKpaH.
ITpu 3amycke nporpaMmsl OyayT BEIBEJCHBI PE3yIbTATHI JUIS Pa3IMIHBIX BBI30BOB sum_all, Kak yka3aHo B 3azaue. ITo
MI03BOJISIET 00pabaThIBATh 3HAYCHUSI PA3IMYHBIX THIIOB M BEKTOPHI 3TUX THIIOB.

3adaua «Onmumu3upoeannvlii copy»
Pean3oBaTh COOCTBEHHYIO BEpCHIO IA0IOHHONW (QYHKIMN COPY C YCKOPEHHEM paldoThI ISl YACTHBIX CIIydaes.
MotuBanus
[a6nounast ¢pyukius std::copy peanusyer npoctoil ukiI. [Ipu KOMUPOBaHUH, HAIPUMED, MACCHBOB 0aiiTOB
(char wm unsigned char) mporiece 6yaeT mpoucxoanTs mobaiToBo. OMHAKO B CHITY apXUTEKTYPhl MAMSTH U MPOIIECCOpa
KOIIMPOBAaHUE OJHOTO OaiiTa TpedyeT CTONBKO k€ BpeMEHH, CKOJIBKO M KOIMPOBAaHUE MAIIMHHOTO clioBa (4 Oaiita ms 32-
Ppa3psAHON apXUTEKTYpbI, 8 0alT — Juist 64-paspsiaHoitl). @yHKIMK M00AHTOBOTO KONMMPOBAHUSI U3 CTAaHJAPTHOM
oubmorexku C (memcpy, Memmove, Strcpy u T.1.) YYUTHIBAIOT 3TOT HIOAHC, M MBI MOTJIH OBl BOCIIOJIb30BATHCS HMHU.
Ommcanue 3a1a4u
BosbmuTe 1B 9AaCTHBIX CITydast:

1. UrepaTopsl ABISAIOTCS yKa3aTeISIMU.

2. MHreparops! oTHOCsATCS K Std::vector.
W npu ycnoBum, 4TO 3JIEMEHT B PHHIUIIE JIOMTyCKAeT HOOAHTOBOE KONMPOBaHKE (A1 TPOBEPKH MOXKHO
BocIToJIp30BaThes iS_fundamental), peanusyiiTe BEI30B MEMMOVE B COOTBETCTBYIOLIMX YaCTHBIX CIIEIMATN3AIMAX.
TectupoBanue
[IpoBepbTe, YTO KOMMpPOBaHUE PabOTaET KOPPEKTHO, a TAKXKE TO, YTO YACTHBIC CIEIUAIN3AIINH JOCTATOYHO OTPAHUYEHBI,
9YTOOBI HE MCTIONB30BaTh MEMMOVE /st GoJiee CIIOXKHBIX THITOB JaHHBIX. Hampumep, mmst
uteparopos Std::vector<std::string> MbI He MOXKEM HCITOIB30BaTh MeMMove. 3JeCh JT0JDKEH CpaboTaTh 00U AIrOpUTM
KOIIMPOBAHUSI.
OrtBer:
Jnst peannzanun coOCTBEHHOH BepCHH MIa0JOHHOM (QYHKIINH COpPY, KOTOpast yCKOPSIET IPoLece KOMMPOBAHMS IS
ONpPENEIEHHBIX CIy4aeB, Mbl MOXKEM HCIIOJIB30BaTh Memmove AJs cIydaeB, KOTAa UTEPaTOPhI SIBISIOTCS yKa3aTeIsIMU
(HanpuMep, JUI MacCHBOB) U KOTJ[a OHU OTHOCATCA K std::vector. MbI Taxoke Oyzem ucnonbe3oBarts std::isfundamental s
MIPOBEPKH THIIOB ¥ OTPaHMYECHNUS TPUMEHEHHS Memmove TOJILKO Ha (yHAaMEeHTaIbHbIE THITHI.
[Mpumep peanuzanyn
#include <iostream>
#include <vector>
#include <cstring> // Ing memmove
#include <type traits>


http://www.cplusplus.com/reference/algorithm/copy/?kw=copy
http://www.cplusplus.com/reference/type_traits/is_fundamental/

// Obmas mabioHHaa OYHKUMA COPY
template<typename Inputlt, typename OutputIt>
OutputIt copy(InputIt first, InputIt last, OutputIt d first) {
while (first '= last) {
*d first++ = *first++;
}
return d first;

}

// YacTuuHasa croeuManmMs3alMa IJid yKasaTeJen
template<typename T>
T* copy(T* first, T* last, T* d first) ({
static_assert(std::is fundamental<T>::value, "copy for pointers only available
for fundamental types.");
std::size t count = last - first; // KoJmyuecTBO 3JIEMEHTOB
std::memmove (d_first, first, count * sizeof(T)); // VcmnosesyeMm memmove
return d first + count;

}

// YacTuuHasa crneumanmMsaumsa nisg std::vector
template<typename T>
typename std::enable if<std::is fundamental<T>::value, std::vector<T>&>::type
copy (const std::vector<T>& src, std::vector<T>& dst) {

if (src.size() > dst.size()) {

dst.resize(src.size());

}

std: :memmove (dst.data(), src.data(), src.size() * sizeof(T));

return dst;

}

int main() {
// TecrTupoBaHue JIa yKasaTeJeln
int src arr[] = {1, 2, 3, 4, 5};
int dst _arr[5];
copy (src_arr, src_arr + 5, dst arr);

std::cout << "Copied array (pointers): ";

for (const auto& val : dst_arr) {
std::cout << val << " ";

}

std::cout << std::endl;

// TectupoBahnue misg std::vector
std::vector<int> src vec = {6, 7, 8, 9, 10};
std::vector<int> dst vec;

copy (src_vec, dst vec);

std::cout << "Copied vector: ";
for (const auto& val : dst vec) {
std::cout << val << " ";

}
std::cout << std::endl;

// TecTupoBahHue mid GoJjiee CJIOKHOTO Tula (He INOJIKHO MCIIOJE30BATE Mmemmove)
std::vector<std::string> src_str vec = {"Hello", "World"};
std::vector<std::string> dst str vec;

// DTOoT BEI3OB OyIeT MCIOJBL30BATH OOWMY aJIlTOPUTM KONMPOBAHUS
copy (src_str vec.begin(), src str vec.end(), std::back inserter(dst str vec));
std::cout << "Copied vector of strings: ";
for (const auto& val : dst _str vec) {
std::cout << val << " ";



}
std::cout << std::endl;

return 0;
}
1. O6mras mrabnonHas QyHKIHS COPY:
- Oro 6a30Bas peanu3anys, KOTopas nepedrpaeT 3JIEMEHTH MKy ABYMS UTEPAaTOPaMH U KOIIMPYET MX OAWH 32 APYTUM.
2. YacTHyHAasA CCNHATH3ANNS I YKa3aTenei:
- 31eck MBI HCIIONIB3yEeM CTaTHIECKOE yTBEepKaeHHE (static_assert) ¢ std::is_fundamental st Toro, 9T066I
TapaHTHPOBATh, YTO THUIIbI, IEPEJAHHBIC B (DYHKIIHIO, SIBISIOTCS (PyHIaMEHTATIbHBIMH.
- Ucnionp3yeTcs memmove Ut KOMTUPOBAHUS AaHHBIX, €CIIH HTEPATOPHI ABILFOTCS YKa3aTeIsIMH.
3. Yactuynas crienuanusanus i std::vector:
- Ora cneumanuzanus Juis std::vector Tak)ke HCIOJIb3yeT memmove, HO Iepeji BBI30BOM BBINOJHSET IPOBEPKY, YTOOBI
WU3MEHUTH pa3Mep 1IeIeBOro BEKTOpa, €CIIM 3TO HEOOXOAUMO.
- Onsth e, Mbl yoexxaaemcst, uto Tin T siBisiercst QyHIaMeHTaIbHBIM.
4. TecTupoBaHue:
- [lepBast yacTh TeCTHPOBaHUS TIOKA3bIBAET, KAK PA0OTaET KOMMPOBAHNE OOBIYHBIX MACCHUBOB (SIC_aIT) ¢ HCHOJIb30BaHUEM
yKazarenei.
- Bropas yacTs TecTHpyeT KOMMpOBaHKE 3HAUCHUI N3 OTHOTO BEKTOpa (SIC_vec) B Apyroi, UCIIOIb3Ys memmove.
- TpeTbs 4acTh TECTHPYET KOITMPOBAHHUE CTPOKOBBIX KJIACCOB BEKTOPA, MOKA3bIBAs, UTO IS CIIOXKHBIX THIIOB HCIIOIB3YETCS
6a3oBas (00mmIass) Bepcus copy.
ITpu 3amycke 3T0# MporpaMmbl OyIyT CKONTMPOBAHBI MACCHBBI M BEKTOPBI, U PE3YJIbTAThI OyIyT BHIBECHBI HA SKPaH,
JEMOHCTPHPYS KOPPEKTHYIO paboTy 000MX MOAX0A0B K KOMPOBAHUIO.
JlaGopatopnas padora 4. I'padpuueckuii naTepdeiic
3anaHue
Co3laTh NPOEKT MPUIIOKEHHUS C TpapUIeCKUM MOJIb30BATEIILCKUM HHTEPPEHcoM.
OrtBer:
[TpuBen€H NpoekT NpuiIoKeHHs ¢ rpaduIeckuM ojp3oBareibckuM unrepdeiicom (GUI) ¢ nucnonszoBanueM OMOIMOTEKU
Qt, mpencraiAomuil cO00H KaIbKYIATOP, KOTOPHIH MO3BOJSET BHIIOJIHATH OCHOBHBIE apU(METHIECKHE OTIEPALIUH
(cioxeHne, BEIYUTAaHUE, YMHOXKCHHUE U JICTICHNUE).
[Haru o cozganuto nmpoekra «Kanpkyasrop»
1. Ycranoska Qt:
- Qt ckauMBaeTCs M yCTaHABIUBAeTCs ¢ odunuansHoro caiita [gt.io](https://www.qgt.io/download). Ycranoska Qt Creator
JI0JDKHA OBITH 3aBEpIICHA.
2. Co3iaHre HOBOTO MPOEKTA:
- 3amyckaercst Qt Creator u co3naérest HOBbII ipoekT. Beibop "Qt Widgets Application". Yka3biBaeTcs: UMs IPOEKTa U
MECTOIIOJIOKEHHE JUJIS COXPAHEHHMSI.
3. Hactpoiika untepdetica:
- B pasgene nuzaiina (Designer) Qt Creator BRIOJHSIETCS IIEPETACKHUBAHUE 3JIEMEHTOB HHTEpdeiica Ha hopmy.
Heo6xonnmsr:
- QLineEdit s oToOpaskeHus BRIpAXKEHHS M PE3yJIbTATA.
- QPushButton must nudp (0-9), onepanwii (+, -, *, /) u kHONKK "=" /151 BBIYUCICHUS PE3YJIbTATA.
- Kaonka "C" mis copoca.

[Ipumep peanm3anuy OCHOBHOTO OKHA KaJIbKYISATOPa
main.cpp

#include "calculator.h"

#include "ui calculator.h"

#include <QPushButton>

Calculator::Calculator (QWidget *parent)
QWidget (parent),
ui(new Ui::Calculator),
result (0),
pendingOperation ("") {
ui->setupUi (this) ;

// TIoOKJIOUEeHMEe CHUTHAaJIOB KHOIOK K CJIOTY
for (QPushButton* button : findChildren<QPushButton*>()) {
connect (button, &QPushButton::clicked, this,
&Calculator::on_buttonClicked) ;
}


https://qt.io/
https://www.qt.io/download

Calculator::~Calculator() {
delete ui;

}

void Calculator::on buttonClicked() {
QPushButton *button = gobject cast<QPushButton *>(sender()):;
QString buttonText = button->text();

if (buttonText == "C") {
ui->lineEdit->clear();
result = 0;
pendingOperation.clear () ;

} else if (buttonText == "=") {

if ('pendingOperation.isEmpty()) {
double secondOperand = ui->lineEdit->text () .toDouble();

if (pendingOperation == "+") result += secondOperand;

else if (pendingOperation == "-") result -= secondOperand;
else if (pendingOperation == "*") result *= secondOperand;
else if (pendingOperation == "/") result /= secondOperand;

ui->lineEdit->setText (QString: :number (result));
pendingOperation.clear () ;

}
} else if (buttonText == "+" || buttonText == "-" || buttonText == "*" ||
buttonText == "/") {

if ('pendingOperation.isEmpty()) {
// BHUMCJIEHMVE MNPEeIbnylelr ONepalun
double secondOperand = ui->lineEdit->text () .toDouble()

if (pendingOperation == "+") result += secondOperand;

else if (pendingOperation == "-") result -= secondOperand;

else if (pendingOperation == "*") result *= secondOperand;

else if (pendingOperation == "/") result /= secondOperand;
} else {

result = ui->lineEdit->text () .toDouble()

}

pendingOperation = buttonText;

ui->linekEdit->clear() ;

} else {
// IobaByeHue umnbps
ui->lineEdit->setText (ui->linekEdit->text () + buttonText) ;
}

}
calculator.ui
- B aToMm ¢aiine BbINONHsETCS BU3yallbHOE IIPOEKTHpOBaHKe HHTEepdeiica ¢ ncrnonb3zoanueM Qt Designer. Jlobaisercs
QLineEdit s otoOpakenus pe3ynbrara 1 Heckoiabko QPushButton mist udyp u onepanmii. Ocrapnsiercs kaonka "C" st
cOpoca, a Takke KHOMKa "=" 1JIsI BEIYNCIICHHUS pe3ybTaTa.
OrnrcaHue MoJabp30BaTeNbCKOTo HHTEpdetica
- QLineEdit ucrone3yercs At 0TOOpaKEHHUS TEKYIIETo BBOJIA H PE3YIIbTATOB.
- Kaonku st mudp ot 0 10 9.
- Kuormku uis apudmeTnveckux onepanuit: +, -, *, /.
- Knonka "C" npenHa3HaueHa 171 cOpoca BBOJIa.
- Knonka "=" ncnons3yeTcs 1uis BBIMUCIEHUS PE3yNbTaTa.
Komnunsmus u 3amyck
- Bce daitner coxpanstores, mpoekT crpoutcst B Qt Creator. [Tocne 3aBepiieHus poriecca mosBseTcs: HHTepQeiic
KaJIbKYJISITOPA.
4.1.2. KoMnboTepHasi IporpaMma
Tema 1. OcHoBHBIE KOHIIETIMH CH++.
Tema 2. ba3oBble U MPOJABUHYTHIE METO/IbI YIIpaBiieHus pecypcamu Ha C++.
Tema 3. [Ipumenenune madionos C++ st IpOEKTHPOBaHUs porpamM. Pa3paboTka v MPOEKTUPOBAHHE MHOTOIIOTOYHBIX
IPOrpamMM.
Tema 4. PazpaboTka U IMpoeKTUpOBaHKEe TPadUIECcKOro Mojb30BaTeIbCKOro HHTEpdeiica.
4.1.2.1. Ilopsaaok npoBeaeHuUsl.



Ha ocHOBe mM3y4eHHOTO MPOTPAMMHOTO O00eCHedeHHs ITOCTPOSHHS WHTEIUIEKTYAIBHBIX HH()OPMAIIMOHHBIX CHCTEM
CTyICHTaM IIpeIaraeTcsl HamucaTh KOMIIBIOTEPHYIO IIPOTrpaMMy IO BapHaHTaM.

4.1.2.2 Kputepun oueHUBaHUS
OTJIMYHO CTABUTCS, €CJIM 00yJaIOIIHIACS:
Kon xoMmbroTepHOW mporpamMMbl INpaBWIbHBIA. KoMmbioTepHas mporpamma BBINMOJHsAETCS 0Oe3 omubOok. Pesynprar
KOMIIBIOTEPHOH MPOrpaMMBbl IIOJTHOCTBIO COOTBETCTBYET €€ IIeIIsIM.
XOPOILO CTABUTCS, €CJIN 00y4aromuiics:
Ko KOMIBIOTEpHOH NporpaMMbl B OCHOBHOM IpaBWIIbHBIN. KoMmbloTepHass mporpamm BBIIONHSETCS 0e3 OIIMOOK
Pe3ynbTaT KOMIBIOTEPHOH NPOrpaMMBbl B OCHOBHOM COOTBETCTBYET €€ IIeIIsIM.
Y10BJIETBOPHUTEIBLHO CTABUTCS, €CIM 00y4YaloIHiics:
[Ipu BBINOTHEHUH KOMITBIOTEPHOW TIPOTpaMMBI BO3MOXHBI omuOkn. Kox KOMIBIOTEpHOH MpPOTpaMMBI YacTHIHO
MIPaBIIBHBIA. Pe3ynibTaT KOMIBIOTEPHO MPOTrpaMMBbl YACTHYHO COOTBETCTBYET €€ LIENIAM.
Hey/I0BJIETBOPUTEJbHO CTABUTCS, €CJIM 00y4aroIIuiicsa:
KomnrprotepHas nporpaMmMa He BITONMHsAeTCA. Kol KOMITBIOTEpHON POTPaMMBI BHIITOTHEH ¢ ommOKkamu. Pesymprar
MIPOTPaMMBbI HE COOTBETCTBYET €€ LIENIAM.
4.1.2.3. Conep:xaHue OLIEHOYHOIO CPEACTBA

1. Pa3zpa0oTka nporpammel ynpasijenusa UT-npoexramu: 3agaya Haxoxaenus cebecroumoctu UT-npoexra.
PazpaboTka nporpammsl aiist yrpasienust UT-npoekramu sIBIIsieTCS] BAXKHBIM ILIArOM B ONITUMHU3AIMHU TIPOLIECCOB
yIpaBJeHUs pacxonamu u pecypcamu. OHOI U3 KIIIOYEBBIX 33724 IPOrpaMMBl ABjseTcs pacueT cebecronmoctu UT-
IIPOEKTa, BKIIFOYas 3aTpaThl Ha TPyA03aTpaThl, 000pyI0BaHKE, IPOrPaMMHOE 00ecCIieueHNe U IPyTHe PeCcypChl.

OmnpenenyuM maru uist pa3paboTKX POrpaMMBbI

1. Coop TpeboBaHuil. HeoOxoanMo ompeenuTh KIF0YeBbe apaMeTphl, KOTOPbIe HEOOXOAUMO YYUTHIBATh IPH
BBIYHCIICHUH Ce0ECTOMMOCTH IIPOEKTa. DTO MOTYT OBITH 3aTPaThl Ha PabOTy CIIEHUAINCTOB, MOKYIKU 000PYJOBaHUS,
pacxo/pl Ha JINLIECH3UU U aI]MUHUCTPATHBHEIC 3aTPATHL

2. Omnpenenenue apxuTeKTypsl. [Iporpamma MoxeT ObITh peain30BaHa KaKk KOHCOJIbHOE IPHUIOKEHHE C BO3MOXKHOCTBIO
BBOJIa JAHHBIX TOJIb30BATEINIEM JIJIsl pacyera ce0eCTOMMOCTH.

3. Bri6op texHosoruit. Mbl OyzeM ncrnoiib30Bath A3bIk C++ 1y1st pa3paboTKU MPOrpaMMbl M CTaHIAPTHYIO OHOJIIMOTEKY LIS
00pabOTKK BBOIA-BBIBOIA.

4. Peanu3zanus. Ha aTom sTane nporcxoauT Hanucanue koaa. [Ipumep nporpammer Ha C++ 1u1st pacdera ce6ecTOMMOCTH
UT-npoexra:

#include <iostream>

#include <vector>

#include <string>

class CostItem {
public:
std::string name;
double cost;

CostItem(const std::string& name, double cost) : name(name), cost(cost) {}

class ProjectCostCalculator {
private:
std::vector<CostItem> costItems;

public:
void addCostItem(const CostItem& item) {
costItems.push back(item) ;

double calculateTotalCost () {
double totalCost = ;
for (const auto& item : costItems) {
totalCost += item.cost;

}

return totalCost;



void printCostBreakdown () {
std::cout << "CebecrommocTr UT-npoekTa:\n";
for (const auto& item : costItems) {

std::cout << " - " << item.name << ": " << item.cost << " py6.\n";
}
std::cout << Mmoo mm oo oo \n";
std::cout << "O6masa cebecrommocTs: " << calculateTotalCost() << " py6.\n";

int main() {
ProjectCostCalculator calculator;

// IlobaByieHMe BJIEMEHTOB CebeCTOMMOCTHU
calculator.addCostItem(CostItem("Tpynozarparte (paspaborumku) ", ))
calculator.addCostItem(CostItem("OCopynosanue", ))
calculator.addCostItem(CostItem("Jinuensum Ha 10", ))
calculator.addCostItem(CostItem("AnvuurcTpaTrrsHee pacxons", ))

// BeBOI paszsbuBky CeBeCTOMMOCTM MNPOEeKTa
calculator.printCostBreakdown () ;

return 0O;

B nmpuBeneHHOM IpuMepe peanu3oBaHa 0a30Bas NPOrpaMma, KOTOpas MO3BOJIAET J00ABIATh 3JEMEHTHI Ce0eCTOUMOCTH U
BBIYHCIIATH 001Iyt0 ctoumocth MT-mpoekra. Kaxaplii a1eMeHT MMeeT Ha3BaHHE UM CTOMMOCTh, U MPOrpaMMa BBIBOAUT
oIpoOHYT0 pa30UBKY BCEX 3aTpart.

2. IIporpamMmMHOe o6ecnedeHUe CHCTEMBI pe3epBHPOBAHNS OUJIETOB

Pa3pa60TKa CHUCTEMbI  PE3CPBUPOBAHUA OUJIETOB SBIIIETCS BaXKHBEIM  aCIIEKTOM JJIA 1100010 npeanpuiaTus,
MPEAOCTABIIAIOIICTO YCIYTrU B obnactu TpaHCIIOPTA, KWHO, T€aTpa U APYTIUX coObITHii. Cucrema JOJIDKHA ITO3BOJIATH
TIOJIL30BATEISIM IPOCMATPUBATE JOCTYITHBIC 6I/IJ'ICTI)I, a TaK¥XKEC OCYIIECTBIIATH UX 6pOHI/IpOBaHI/Ie.

OrnpenesiuM OCHOBHbBIE LIAry JJIsl pa3pabOTKU CUCTEMBI:

1. Coop tpeboBanuii. HeoOXoauMo onpenesuTb OCHOBHbIE (YHKIMH CHCTEMbl. BaxkHble (YHKIMH MOTYT BKIIIOYATh
MIPOCMOTP JAOCTYITHBIX MECT, OPOHHPOBaHUE OMIIETOB, OTMEHY OPOHMPOBAHHUS M IPOCMOTP UCTOPUU OPOHUPOBAHHIA.

2. OrmpeneneHne apXUTeKTYpbl. MBI MOXXEM peann30BaTh CHCTEMY KaK KOHCOJIbHOE IIPWJIOKEHHE C HCIIOJIb30BaHHEM
CTPYKTYp JaHHBIX JJISI XpaHEHHs MH(OOPMAIIMH O MEPONIPUATHAX ¥ 3a0pPOHNPOBAHHBIX OHIIeTaX.

3. Beibop texHOMmoruii. MBI OyneM UCIONB30BaTh 361K C++ I pa3pabOTKU U CTAaHIAPTHYI0 OHOIHOTEKY U 00paboTKH
BBO/Ia-BBIBOJIA.

4. Peammzarus. Ha atom atane Hanmcan kox. [Ipumep nporpaMmsl Ha C++ Uit CHCTEMBI pe3epBUPOBAHKS OMIIETOB!
#include <iostream>

#include <vector>

#include <string>

#include <map>

class Ticket {

public:
std::string event;
int seatNumber;
bool reserved;

Ticket (std::string eventName, int seat)
: event (eventName), seatNumber (seat), reserved(false) ({}

class TicketBookingSystem {
private:
std: :vector<Ticket> tickets;



public:
TicketBookingSystem() {
// VHyumanmmMsauysa OpuMmepa C MepONpUSTUSMU
tickets.emplace back("Konuept", 1);
tickets.emplace back("Kouuept", 2);
tickets.emplace back("Tearp", 1);
tickets.emplace back("Tearp", 2);

void viewTickets () {
std: :cout << "JlocTynHee OuyeTs: \n'";
for (const auto& ticket : tickets) {
if ('ticket.reserved) {

std::cout << "Cobmrme: " <L ticket.event << ", MecTo: " <<

ticket.seatNumber << "\n'";
}

void reserveTicket (int seatNumber, const std::string& eventName) ({

for (auto& ticket : tickets) {

if (ticket.seatNumber == seatNumber && ticket.event == eventName &é&

'ticket.reserved) {
ticket.reserved = true;

std::cout << "Buyier Ha " <L eventName << " ¢ mecTtom " <<

seatNumber << " ycrnemuo zabpoxHuporan.\n'";
return;

}
std::cout << "He ymajiocb 3ape3epBMpPOBaTbh OUJIET. BO3MOXHO,
3aBpPOHUPOBAH WM He cyumecTByeT.\n";

}

OH yXe

void cancelReservation(int seatNumber, const std::string& eventName) {

for (auto& ticket : tickets) {

if (ticket.seatNumber == seatNumber && ticket.event == eventName &é&

ticket.reserved) {

ticket.reserved = false;

std::cout << "Bpoumposanre Ha " << eventName << "
seatNumber << " orMeneno.\n";

return;

}
std::cout << "He ymajocb OTMEHUTH OPOHMPOBAaHME. BO3MOXHO,
cymecTtByeT. \n";
}
};

int main() {
TicketBookingSystem system;
int choice;

while (true) {
std::cout << "\nl. IIpocMoTpeTb moCTymnHEEe OmjgeTe\n";
std::cout << "2. 3abpouupoBaTts OmjgeT\n";
std::cout << "3. OrmMenuTs OpoHb\N";
std::cout << "4. Bexonm\n'";
std::cout << "Bubepure nervcrrue: ";
std::cin >> choice;

if (choice == 1) {
system.viewTickets () ;
} else if (choice == 2) {

std::string eventName;

C MeCTOM
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int seatNumber;
std: :cout << "BBemmuTe HaszBaHue cobOwTHMa: ";
std::cin >> eventName;
std::cout << "BBemuTe HOMep MecTa: ";
std::cin >> seatNumber;
system.reserveTicket (seatNumber, eventName) ;
} else if (choice == 3) {
std::string eventName;
int seatNumber;
std::cout << "BBemmTe Ha3BaHmMe cCcoOwbTMS: ";
std::cin >> eventName;
std::cout << "Beenure nHomMep mecTa: ";
std::cin >> seatNumber;
system.cancelReservation (seatNumber, eventName) ;
} else if (choice == 1) {
break;
} else {
std::cout << "HeBepHeWw BBIOOP, HONPOOYMTe eume pas.\n";

return 0O;

B npuBeneHHOM npuMepe peaan3oBaHa MPOCTasi CHCTEMa Pe3epBUPOBAHNS OMIIETOB, KOTOPast MO3BOJISIET ITOJIb30BATEIIO:
- [IpocmatpuBaTh JOCTYIHBIE OHIIETHI.

- bpoHupoBath OnIETHI IO HOMEPY MECTa 1 Ha3BaHUIO COOBITHS.

- OTMeHATh OPOHUPOBAHMUE.

Cucrema HMCHONB3YeT CTPYKTYpPY HNAHHBIX JJIsI XpaHeHHs MHpopManuu o Omierax M HMX craryce (3a0pOHHpOBaH WU
CBOOOJICH).
3. Pazpa6orka nporpaMMHOro moay.jas «CK/IaacKoi KOMILJIEKC»

PazpaboTka Momynsi ans YIpaBICHHS CKJIAIOM SIBISICTCS BaKHBIM AacCIEKTOM IS ONTHMH3AIWU ITIPOIECCOB ydeTa U
KOHTPOJIS TOBAPHBIX 3a11acOB. MOAYIb JOJDKEH TIO3BOJISATE MTOJB30BATEISIM TOOABIIATE, YIAIATh M OTCIC)KUBATH TOBaphI Ha
CKJIAJE.

OnpeeauM OCHOBHBIC IIATH JJIsl pa3pabOTKUA MOIYJIS:

1. Coop tpeboBanmii. HeoOxoaumMo ompenenuts (GYHKIHH, KOTOPbIC JOJKECH BBIIOIHATE MOAYJb. OCHOBHBIC ()YHKIIUA
MOTYT BKJIIOYATh J100aBlieHHWE TOBAapOB, YJalleHWE TOBApOB, OTOOPaKEHHE TEKYIIEro COCTOSHHUS CKJIaja U TMOWCK IO
TOBapam.

2. OmnpeneneHue apXUTEKTYpbl. MBI MOXXEM peajn30BaTh MOIYJIb KakK KOHCOJbHOE TPHUIIOKEHHE, KOTopoe Oynaer
B3aMMOJICHICTBOBATH C TI0JIB30BaTENIeM depe3 KOMaHIHBII HHTep(eiic.

3. Beibop texHomoruit. Ml OymeM ucmons30Bath 36K C++ U cTaHIapTHBIE OMOIHOTEKH I 00pabOTKU BBOJIA-BBIBOJIA.

4. Peanuzauus. Ilpumep kona Ha C++ 11 Moayist «CKITaJCKON KOMILIEKC):

#include <iostream>
#include <vector>
#include <string>

class Product {
public:
std::string name;
int quantity;

Product (const std::string& name, int gty) : name(name), quantity(gty) {}
class Warehouse {
private:

std::vector<Product> products;

public:



void addProduct (const std::string& name, int qgty) {
for (auto& product : products) {
if (product.name == name) {
product.quantity += qgty; // YBenuumBaeMm KOJMUECTBO, E€CJM TOBApP YyXe
CcymecTByeT
std::cout << "Torap \"" << name << "\" noGarsex. Texkymas zanace: "
<< product.quantity << std::endl;

return;
}
}
products.emplace back(name, gty);
std::cout << "Tomap \"" << name << "\'" moGamyen c xosmuecTEOoM: " << gty <<
std::endl;

}

void removeProduct (const std::string& name, int gty) {
for (autoé& product : products) {

if (product.name == name) {
if (product.quantity >= gty) {
product.quantity -= qgty;
std::cout << "Torap \"" << name << "\" ynanéun. OcrTasBmeecsd
rommmuecTrO: " << product.quantity << std::endl;
if (product.quantity == 0) {

// Ecnm koJMuecTBO ToBapa cTajio 0, ymangeM ero m3 ckjamna
products.erase(std: :remove (products.begin(),
products.end(), product), products.end());
std::cout << "Tomap \"" << name << "\" [OJIHOCTBL YHUUTOXEH
= ckiana." << std::endl;
}
} else {
std::cout << "Hemocrarouuo Torapa \"" << name << "\" m5ga
yvonanenua." << std::endl;
}
return;
}
}
std::cout << "Torap \"" << name << "\" He Hammed Ha ckiane.'" << std::endl;

}

void viewProducts () const {
std::cout << "\nTexkyumre TOBape Ha ckJjame:\n";
for (const auto& product : products) {
std::cout << "Torap: " << product.name << ", Kojgmuectro: " <<
product.quantity << std::endl;
}
if (products.empty()) {
std::cout << "Cxjan nycr." << std::endl;
}

};

int main() {
Warehouse warehouse;
int choice;

while (true) {
std::cout << "\nl. JloBaBuTs Torap\n';
std::cout << "2. VYpamurs Tomap\n'";
std::cout << "3. IlpocmoTpeTs TOBapel\n";
std::cout << "4. Brxon\n'";
std::cout << "Bubepure nervcrrue: ";
std::cin >> choice;

if (choice == 1) {



std::string name;

int gty;

std::cout << "Beenure HaszpaHMe TOBapa: ";
std::cin >> name;

std::cout << "BBemmrTe koJMuecTBO: ";
std::cin >> qgty;
warehouse.addProduct (name, qty);

} else if (choice == 2) {
std::string name;
int gty;
std::cout << "Beenure HaszpaHMe TOBapa: ";
std::cin >> name;
std::cout << "BBemmuTe KOJMYUECTBO OJig ynajieHus: ";

std::cin >> gty;
warehouse.removeProduct (name, gty);

} else if (choice == 3) {
warehouse.viewProducts () ;

} else if (choice == 4) {
break;

} else {

std::cout << "HeBepueWw BBIOOP, NONPOOyYMTe eme pas.\n";

return 0O;

B npuBeseHHOM npruMepe peann30BaH MPOCTON MOAYIIb JJIsl YIIPABJICHHUS CKIaJ0M, KOTOPBIN MO3BOJISIET MOJB30BATENIO:
- Jlo6aBnsTh TOBApHI HA CKIIAI.

- YaansaTe ToBapHI CO CKIIafa.

- [IpocmatpuBaTh TEKyIIHe TOBAPHI H UX KOIUIECTRBO.

Moy HCHONB3yeT BEKTOP UL XpaHEeHU HH(POPMAIIHH O TOBapax.

4. IlporpaMMupoBaHue OLleHKH KPeAUTOCOCOOHOCTH (PU3UYECKHUX JIULL
OreHKa KPEAMTOCIOCOOHOCTH (DU3MYECKHX JIMIL SIBISIETCS Ba)XHBIM HHCTPYMEHTOM JUlsi OaHKOB M (DMHAHCOBBIX
YUPEXKIEHUM, NO3BOJIAIOIIMM I[PUHUMATh DPELIEHUS O BblAaue Kpeauta. IIporpamma [OJDKHA Y4YUTBIBATH Pa3jIM4HbIE
napaMeTphl JJId BBIYUCIICHUSA OLCHKU.

OnpenenuM OCHOBHBIE IIATH AT pa3pabOTKU MPOTPAMMBL:

1. Co6op TtpeboBanmii. HeoOxomuMo ompenenuTh mHapaMeTpbl, KOTOpble HYXKHO YYUTHIBATh TIIPH  OLICHKE
KpeaurocnocooHocTH. OCHOBHBIMHM HapaMeTpaMy MOTYT OBITh: €KEMECSYHBIA J0X0J, CyMMa 3aJ0JDKCHHOCTH, YPOBEHb
HaKOIUICHUH U BO3PACT.

2. Ompenenennie GopMys Al OLEHKH. MBI MOXKEM HCIIOIIb30BaTh MPOCTYIO (hOPMYITy ISl pacueTa KpeAuTocrocoOHOCTH,
YUUTHIBAIOIIYIO COOTHOLIEHHE JI0X0/Ia K 3310JDKEHHOCTH (HarpyuMep, OTHOIIEHHE J0X0a K JI0JITa).

3. BoiOop TexHonmoruii. Mel OyneM HcIoib30BaTh 36K C++ Ui cO37aHMS KOHCOJILHOTO HPHIIOXKEHUs, KOTopoe Oyzaer
B3aMMO/IEHICTBOBATH C IOJIb30BATENIEM uepe3 KOMaHIHbII HHTep(eiic.

4. Peammzarust. [Tpumep xoma Ha C++ U1 OLIEHKH KPEIUTOCTIOCOOHOCTH (PU3UIECKUX JIHIL:

#include <iostream>
#include <string>

class CreditScoreCalculator {

private:
double monthlyIncome; // ExeMeCduHBIM HOXOII
double totalDebt; // Obmasa 3amOJIXEHHOCTH
double savings; // HaxomnneHus
int age; // Bospact

public:
CreditScoreCalculator (double income, double debt, double savings, int age)
: monthlyIncome (income), totalDebt (debt), savings(savings), age(age) {}



double calculateDebtToIncomeRatio() {
if (monthlyIncome == 0) {
return 0; // VzberaeMm mejieHUA Ha HOJb

}
return totalDebt / monthlyIncome;
}
double evaluateCreditworthiness() {
double score = 100.0; // MaxcCuMaJbHE OaJji
double debtToIncomeRatio = calculateDebtToIncomeRatio() ;

if (debtToIncomeRatio > 0.4) {
score -= (debtToIncomeRatio - 0.4) * 100; // llrpad 3a& BHCOKYIO
3a00JIKEHHOCTD

}

if (savings < 10000) {
score -= (10000 = savings) / 100; // llrpad 3a HUSKME HAKOIJIEHUS

}

if (age < 18) {
return 0; // HenpmewmyieMell BO3pPacT

}
if (age < 25) {
score -= 10; // llrpad 3a HU3KMUI BO3BPACT
}
return (score < 0) ? 0 : score; // Ybemummcsa, uTo 0ajjl HE OTPMULIATEJIbHLI
}
void printCreditworthiness() {
double creditScore = evaluateCreditworthiness()
std::cout << "Bam ouenounsy 0Oasy kpenuTocnocobtHocTn: " << creditScore <<
std::endl;

if (creditScore >= 70) {
std::cout << "BE MMeeTe BBICOKMM YyPOBEHB KPEeIMTOCIOCOOHOCTHU.'" <<
std::endl;
} else if (creditScore >= 40) {
std::cout << "BH MMeeTe CpeIHUM YypPOBEHb KPEIUTOCIOCOOHOCTHU." <<

std::endl;
} else {
std::cout << "Bo mMMeeTe HUBKMUM YyPOBEHb KpenuTocrnocobHocTm." <<
std::endl;
}
}

int main() {
double income;
double debt;
double savings;
int age;

std::cout << "BBemmTe Ball eXeMeCHSuHHM Joxom: ";
std::cin >> income;

std: :cout << "BBemure o00Omyin CyMMYy 3aIoJDKeHHoCcTm: ";
std::cin >> debt;

std::cout << "BBenuTe ypOBEHb HaKOIJeHun: ";
std::cin >> savings;

std::cout << "BeemuTe Bam BO3pactT: ";



std::cin >> age;

CreditScoreCalculator calculator(income, debt, savings, age);
calculator.printCreditworthiness() ;

return 0O;

B IMPpUBCACHHOM MNpUMEPE pe€ajiM3oBaHa MpocCTasd IporpamMma Ajid OLCHKU er[[I/ITOCHOCO6HOCTI/I, KOTOpas pacCUYUThIBACT
«OLICHOYHBIN 0a/u1» Ha OCHOBE BXOOHBIX JAaHHBIX. OcHOBHBIE napaMeTpbl BKIIFOYAKOT €KEeMECIYHBIA J0X0n4, O6H1yIO
3aJ0JDKCHHOCTDh, YPOBCHDb HaKOILJICHUH U BO3pacCT, KOTOPLIC BIUAOT Ha OLIEHKY er)II/ITOCHOCO6HOCTI/I.

5. PazpaGoTka nporpaMMHOro odecnedeHuss HHGOPMAUHOHHOI0 KHOCKA TOPrOBOil KOMIAHUHI

Pa3paboTka nporpaMMHOTO 00ecTiedeH s 111 HHPOPMAIIMOHHOTO KHOCKA TOPTOBOH KOMIIAHUH SIBJIAETCS Ba)KHBIM IIIarOM B
MIOBBIIICHUH YPOBHS OOCTY)KMBAHUS KIMEHTOB M YIyUIICHUH B3aMMOJCHCTBHA ¢ HUMH. KHOCK HOIKEH IIPEOCTaBIISATH
nH}popManuio o ToBapax, aKIMAX, a TAKKe 00ecreunBaTh BO3MOKHOCTh HABUTAIIMH 110 MarasuHy.

Omnpeaenum mard AJst CO3AaHus MPOrPAMMHOTO 00eCTICUCHHS

1. Coop TpebOoBanmii. HeoOXoaumMo ompenenuTh Kio4YeBble (YHKIMH, KOTOPHIE JOJDKEH BBINOJHATH KHOCK. BakHble
(GYHKIMM MOTYT BKJIIOYATh OTOOpaKEHHE Karajora TOBapoB, MH(OOPMALMIO O HAJIUYUM, AKTyaJlbHbIC aKLUH, KapThl
MarasuHa ¥ BO3MOXXHOCTh MTOUCKA.

2. Onpenesnenue apxXuTeKTypbl. OnpenenuM apXUTeKTypy NPHIOKEHUS. MBI MOKEM HCIIOIB30BATh APXUTEKTYPY KIHEHT-
cepBep, TI€ CepBep NPENOCTaBIsieT NaHHbIC, a KIMEHT (KHOCK) OTOOpakaeT MX MHOJIb30Barelto. J{iIs HpPOCTOTHI MBI
COCPENOTOYMMCS Ha JIOKATEHOM HPHIIOKECHUH 0€3 CeTeBOr0 B3aUMOACHCTBHSI.

3. Beibop texHonoruit. Mpel OynmeM ucnosib3oBath s3blk C++ muist pazpabotku. [ co3maHus MPOCTOro IrpauyecKoro
uHTepdeiica MBI MOXXEM HCIONB30BaTh OHOMMOTEKY Qt, 4TOo 0O0NeryuT mpomecc padoOTHl € HOJIB30BATEIBLCKUM
uHTEepdEiicom.

4. Peanuzanms. Ha 3ToMm atame npoucXomuT HamucaHue Kojia. [IpuMep Koa MUt IPOCTOro HHPOPMAIHOHHOTO KHOCKa Ha
C++ ¢ ucronb3oBanueM 6uoOIHOTEKH Qt:

Kon na C++ ¢ ucniosipzoBanuem oubanoreku Qt:

#include <QApplication>
#include <QWidget>

#include <QListView>
#include <QVBoxLayout>
#include <QStringListModel>
#include <QPushButton>
#include <QMessageBox>

class InfoKiosk : public QWidget {
public:
InfoKiosk (QWidget *parent = nullptr) : QWidget (parent) ({
auto *layout = new QVBoxLayout (this) ;

model = new QStringListModel (this) ;
QStringList productlList;
productList << "Torap 1 - 100 pyo. (B mHamuuum) "
<< "ToBap 2 - 200 py6. (Hetr B Hamuuum)"
<< "Torap 3 - 150 py6. (B Haguumm)";
model->setStringList (productlList) ;

listView = new QListView(this)
listView->setModel (model) ;

QPushButton *showDetailButton = new QPushButton("lloxazars meTasnn", this);
connect (showDetailButton, &QPushButton::clicked, this,
&InfoKiosk: :showDetails) ;

layout->addWidget (listView) ;
layout->addWidget (showDetailButton) ;
setLayout (layout) ;



private:
QStringListModel *model;
QListView *listView;

void showDetails () {
QModelIndex index = listView=->currentIndex() ;
if (index.isValid()) {
QString product = model->data(index, Qt::DisplayRole).toString();
QMessageBox: :information (this, "Jleranu Tomapa', product);
} else {
QMessageBox: :warning (this, "llpenynpexnenue', "Bribepure ToOBAD U3

int main(int argc, char *argv[]) {
QApplication app(argc, argv);
InfoKiosk kiosk;
kiosk.setWindowTitle ("VubOpMaALIMOHHEY KMOCK"
kiosk.resize ( , )
kiosk.show() ;

return app.exec();
}
B npuBeneHHOM mpuMepe peann3oBaHa 0a3oBas (GYHKIMOHAIBHOCTh, KOTOPask MO3BOJIAET 0TOOpaXkaTh CIMCOK TOBAPOB U
MOKa3bIBaTh JI€Talld BBIOPAHHOTO TOBapa 4Yepe3 JAMAIOroBoe OKHO. [l TOJHOLEHHOW paboThl KHOCKa IeIeco00pa3Ho
J100aBUTh (DYHKIOHAT MOWUCKA W (QUIBTPAllMM TOBApOB, a TaKKe BO3MOXXHOCTh OTOOPa)KCHUS aKLUi U CHEUUaIBLHOTO
KOHTEHTA.

[Tpumeps! BO3MOXHBIX BapUAHTOB 33/IaHHM:

Pa3paboTka nporpaMMbl aBTOMaTH3aLMK PAOOTHI JieKaHaTa By3a

PazpaboTka nporpaMMbl aBTOMATH3aLUK ydeTa U3eNHH Ha IPeIIPUSITHI

Pa3paboTka nporpaMMbl aBTOMATH3UPOBAaHHOT'O Pab0OUero MecTa OnepalioHuCTa ONOIMOTEKN

Pa3paboTka nporpaMMbl aBTOMaTH3ALMK IPENPUSTHI aBTOCEpBHCa

Pa3paboTka mporpamMMbl aBTOMaTH3alMK y4eTa KaJApoB Ha MPEANPUATHH

Pa3paboTka mporpamMMbl aBTOMaTH3aIMK CTPOUTENIEHON OpraHU3aIuu

Pa3paboTka mporpamMMbl aBTOMaTH3aIMHA TOCTHHUYHOTO KOMILIEKCa

Pa3paboTka mporpamMMbl aBTOMaTH3aIMU allTeKN

Pa3paboTka mporpaMMbl aBTOMaTH3aIUN TYPUCTHUECKONH (DUPMBI

0. IlporpamMMHBIE KOMIUIEKCHI MOJACPIKKH IIPUHATHS YIIPABICHUYECKHX peleHni (pa3paboTka CUCTEMBbI ydera
JIOTOBOPOB 1 PacyeTOB C CyOMOAPSTINKAMH)

11. Pa3paboTka mnporpaMMHOTO OOECHEUYEeHHs, PENIAloNIero 3ahady paclpelelieHnus] TOTOBOH NPOAYKIIHU

MEXIY CKIaJaMu
12. TlporpamMMHBIi y4€T MaTepHaIbHO-TEXHUYECKUX CPE/ICTB Ha IIPUMEPE MPEATIPUATHS
13. TlporpamMMupoBaHK€ BbIIA4N CIIPABOK KIMEHTaM CTPOMTEIHLHOIN KOMITAaHUT

BOO~NoO~WONE

4.2. OueHOYHBIE CPEICTBA MPOMEKYTOUHOI aTTecTalluu

[To aucnumIMHe MpeaycMoTpeH dk3aMeH. OH MPOXOoauT 1o OmietaM. B kakaom Ousere coaep UTCsl OJUH TEOPETHIECKUN
BOTIPOC M OJIHA 33/1a4a. DK3aMEH MIPOBOIUTCS B YCTHOI, MMCEMEHHON MM KOMIBIOTEPHOH (opme. OlieHNBaETCs BIaJicHIE
MaTepHaJiOM, €r0 CHCTEMHOE OCBOCHHE, CIIOCOOHOCTh NPHUMEHSTh HY)XKHBIE 3HAHUS, HABBIKM W yMEHUS TIPH aHAJIN3e
MIPOOJIEMHBIX CUTYallli M PEIICHNH IPaKTHYECKUX 3aTaHNH.

4.2.1. YcrHbIii 0TBET

4.2.1.1. Ilopsaaok npoBeaeHuUsl.

[MpomexyrouHasi arrecralysi HaleleHa Ha KOMIUICKCHYIO MPOBEPKY OCBOEHHS AMCIMIUIMHBL OOydaromiuics
NoJydaeT BoONpoc(bl)/3anaHue(st) W BpeMs Ha NOATOTOBKY. IIpoMexyTouHas aTTecTanyss NPOBOJMTCS B YCTHOH,
MTMCBMEHHON WJIM KOMIIbIOTepHOI (popme. OneHNBaeTCs BiaJeHUE MAaTEpPHAIOM, €r0 CUCTEMHOE OCBOECHHE, CIIOCOOHOCTD
MIPUMEHSATh HY)KHbBIC 3HAHUS, HABBIKU M YMEHUS MPH aHAIIN3E TPOOIEMHBIX CUTYAIIMi ¥ PEIICHUH MPAKTUICCKUX 33 JaHHH.

4.2.1.2. Kpurepuu olleHUBaHMs.
OTJIMYHO CTABUTCS, €CJIH 00y4YaroIuiics:



B oTBeTe KauecTBEHHO pacKphlI cojaepikaHue TeMbl. OTBET XOpOIIO CTPYKTypHUpoBaH. [IpekpacHO OCBOEH MOHSATHIHBIN
armapat. IIpogeMOHCTpHpOBaH BBICOKHH YPOBEHb IIOHMMAaHUS MaTepuana. [IpeBocxomgHoe ymeHne (hopMynnupoBaTh CBOH
MBICJIH, 00CY>KIaTh JUCKYCCHOHHBIE TOIOKCHHS.
XOPOLIO CTABUTCS, €CJIH 00y4Jarouuiics:
OcCHOBHBIE BOIIPOCHI TeMBI packpbll. CTPyKTypa OTBETa B IIETIOM aJ€KBaTHA TeME. XOPOIIO OCBOCH MOHATUIHBIN anmapar.
ITponemMoOHCTpUPOBAaH XOPOIIMH ypOBEHb NMOHHUMAaHHA Marepuana. Xopoliee yMeHHe (OpMYyIHpOBaTh CBOM MBICIH,
00CyXaTh TUCKYCCHOHHBIE MOJIOKEHHS.
Y10BJIETBOPHUTEIbHO CTABUTCS, €CIM 00y4YaloIHiics:
Temy uactnuno packpsul. OtBer cnmabo cTpykTypupoBaH. [loHSATHHHBIM anmapar oOcBoeH 4YacTW4HO. [loHMMaHue
OTJIETIbHBIX MOJOKEHUH U3 MaTepuaja Mo TeMe. Y IOBIETBOPUTENbHOE YMEHHE (GOPMYIHPOBATh CBOM MBICIH, 00CYKAaTh
JUCKYCCHOHHBIC TOJIOKEHHS.
He ynoB1eTBOPHUTEIBHO CTABHTCS, €CJIN 00y4Yarouiics:
Temy He packpbul. [IoHATHIHBIN ammapaT OCBOSH HEYJOBIETBOpUTENbHO. [loHMMaHHe MaTepHana (parMeHTapHOE WM
orcyTcTByeT. Heymenue ¢hopMyIupoBaTh CBOU MBICIH, 0OCYXIaTh AUCKYCCHOHHBIE TTOJIOKEHUS.
4.2.1.3. OueHo4HbIe cpeCTBA.
Bonpocs! 1/ yCTHOT0 WM MHCBMEHHOI'0 0TBeTa
. PazButue u crangaptuzanus s3bka CH++.
. Tunel JaHHBIX.
. Hacnenosanue.
. ITomumopduzm.
. Mukancynsanus.
. CrienipanbHble QyHKIUH.
. llTaGoHsI.
. CragmapTHas 6ubimoTeka.
. Konuemnmuu C++.
0. OcHOBHBIE CTpAaTErHN KOMMPOBAHUA-BIIAACHHS.
1. Crparerus 3ampeTa KOMUPOBAHMSL.

12. Crparernst HCKIIOUUTEIHLHOTO BIIaJCHUS.

13. Crparerus rimy00KOT0 KOIMTUPOBAHHS.

14. Crparerus COBMECTHOTO BJIQJICHUS.

15. Ompenenenue GyHKIMH 0OMEHa COCTOSTHUSMH ISl KJlacca.

16. VYnaneHue mpoMeXyTOUHBIX KOITUI KOMITHIISITOPOM.

17. Peanuzanusi CEMaHTUKU TIEPEMEIICHHUSI.

18. Bo3MoOxHbBIE BapHUaHThI peai3aliy CTPaTErui COBMECTHOTO BIIaJICHUSI.

19. Crparerust HCKJIIOUMTENILHOTO BJIaJICHUS] U CEMAHTHKA [IEPEMELLICHHS.

20. JXu3HeHHBIH MK pecypca 1 00beKTa-Biaielblia pecypca

21. Illa6mon C++.

22. O0630p IPOMBIIUICHHBIX ITPOTPAMMHBIX OHOITHOTEK.

23. MHOroInoToYHO€e IporpaMMHUpPOBAHHE.

24. YupapieHHE TIOTOKaMH.

25. PazpnerneHue naHHBIX MEX/IY ITOTOKaMH.

26. CuHXpOHHU3ALMs MapajlIeNIbHBIX ONEePaLUii.

27. TlpoekTrpoBaHHE MapajyIeIbHBIX IPOrPAMM.

28. IlponBuHyTOE ynpaBieHHE TTOTOKAMHU.

29. TecrupoBaHME U OTJIAJIKA MHOTOIIOTOYHBIX MPUIIOKEHHUH.

30. I'pacdmueckuii oIB30BATENBLCKUN HHTEPPEHC.

31. IlpoektupoBaHue rpahHuECKOro MOJIH30BATENBECKOr0 HHTepdetica Ha C++.

32. HNncrpymenrapuii paspaboTdunka.

33. Pa30op cymiecTBYIOMIEro MPOeKTa ¢ OTKPHITBIM HCXOIHBIM KOJIOM.
4.2.1.4. Knioum K BONPOCaM AJ151 YCTHOTO HJIM MHCBMEHHOT0 OTBeTa

1. Pa3ButHe u ctanaapTuzanus sizpika C++
C++ 6bu1 pazpaboran brépr Crpaycrpynom B Hauane 1980-x ronoB kxak pacmupenue sizbika C Ui MOJAEPKKH

00BEKTHO-OPUEHTUPOBAHHOTO TporpammupoBanus. IlepBas Bepcusi, C++, mosBunace B 1985 rogy. C Tex mop S3BIK
3HAYUTENILHO JBOJIOIMOHAPOBA, H €r0 (PYHKIIMOHAIBbHBIE BO3MOXXHOCTH PaCHIMPSIINCH 4yepe3 psja cTtaHmapToB. B 1998
roxy Obul mpuHAT mepBbid craHgapt [SO C++ (C++98), koTopblii BKIOYAN OCHOBHBIC TPUHIUIBI OOBEKTHO-
OPHEHTHUPOBAHHOTO MPOTPAMMUPOBAHUS, TAKWE KaK Kiacchl u HacienoBanue. B 2003 romy BbIa HeOObIIAS PEIAKIIHS,
C++03, koTopast ycTpaHsjga HEKOTOpbIE OMHOKM M HemaocTaTku. OCHOBHBIE M3MEHEHHs ObUIM BHEAPEHBI B CTaHAApPTE
C++11, koTopblii A00GaBMII TakWe KOHIEIIUW, KaK aBTOMATHUECKOE BBIBEJEHHE THUIIOB, JSAMOIA-BBIPAKCHHSI U YMHBIC
ykazarenu. [locnenyromme cranmaptel, Takue kak C++14, C++17 u C++20, npogomkaloT yinydaTh S3bIK, JOOABIISS
HOBble (YHKIMM W TOBbIMIas Npou3BoguTesbHOCTh. Crannmaptuzamust C++ ocymectsisercs komurerom I[SO/IEC
JTC1/SC22/WG21, KOTOpBIH perysipHO coOupaeTcst Juist 00CyKAeHHS yIyqlIeH!H 1 OOHOBJICHUH SI3BIKA.

P RPRPOO~NO U WN PR

2. Tunsl JaHHBIX



B si3pike C++ cylecTByeT HECKOIBKO OCHOBHBIX THIIOB JaHHBIX, KOTOPBIE MOXHO Pa3[elUTh Ha IPUMUTHBHBIC H
coctaBHble. [[pUMHUTHBHBIE THUTIBI BKJIIOYAIOT: int (1enbie uncia), float (uncna ¢ ruraBaromeld Toukoi), double (maBoiiHbIe
YHcia C TUIaBaroIieil TOoukoif), char (cumBonbl) M bool (Jormueckme 3HaYeHHSI). JTH THIBI TO3BOJIAIOT TIPEICTABIATH
pasznuuHbie BUbl JaHHBIX. COCTABHBIE TUIIBI JAHHBIX BKIIOYAIOT MACCUBBI, CTPYKTYPBI U KIIAacChl. MacCUBBI TPECTABISIIOT
c000# HabOPBI AIEMEHTOB OJHOTO THIA, CTPYKTYPHI MO3BOJISIOT OOBEAUHSITh PA3HbIC TUIBI JAHHBIX, & KIIACCHI CIYXKAaT
OCHOBOH OOBEKTHO-OPHEHTHPOBAHHOTO MPOTPaMMHPOBAHUS, TMPEIOCTABIsIsI BO3MOXKHOCTh CO3/aBaTh OOBEKTHI C
COOCTBCHHBIMU aTpUOyTaMu U MeTonamu. Taxke B C++ CyIIeCTBYeT BO3MOXKHOCTh CO3/IaBaTh YKa3aTeNd, KOTOPBIC XPAHST
aJpeca JIpPYrUX TEPEMEHHBIX, & TaKXKe CChUIKH, KOTOPHIC TMPEICTABISAIOT COOOH albTCpHATHBHBIC HMMEHA IS
CYIICCTBYIOIIUX TEPEMEHHBIX. [IpaBUIBbHBIA BBHIOOp THIOB JAaHHBIX SBISACTCS KIIOYEBBIM Ui A((EKTUBHOIO
WCTIOJIb30BaHUS MAMSTH U TPOU3BOIUTEIBHOCTU IIPOTPAMMEL.

3. HacnenoBanue

HacnenoBanue — 93TO OOWH K3 OCHOBHBIX MPHUHIMIOB OOBEKTHO-OPUEHTUPOBAHHOIO MPOrPAMMHUPOBAHHS,
MO3BOJISIOIIU# CO3/1aBaTh HOBBIE KJIACChl HA OCHOBE cyliecTByIomuX. B C++ HacnemoBaHue peann3yercs MyTeM CO3/IaHHus
MPOM3BOJHOIO KJlacca, KOTOPBIA yHAcJeqyeT XapakTepucTHKH O6a3oBoro kiacca. CylecTByeT HECKOJIbKO THIIOB
HACJeOBaHMs: MMyOIMYHOE, 3alMIICEHHOE W YacTHOE, OMpEACNSAIONINE YPOBEHb IOCTyNa K 4ieHam 0a30BOro Kiacca.
[Ty6nuuHOe HaclieIOBaHHE [O3BOJISICT [MOJB30BATEN0 MPOM3BOJHOIO Kilacca IMOJNYYUTh JOCTYN K IyOJMYHBIM H
3alIMIIEHHBIM YJIeHaM 0a30BOT0 KJiacca, TOT/a KakK 3allHIICHHOE M YaCTHOE HACIEIOBAHHE OTPAHHMYMBACT ITOT JOCTYII.
HacnenoBanue criocoOCTBYeT MOBTOPHOMY HMCIIOJIB30BAHUIO KO, YIIPOIIACT €ro MOAACPKKY U JOTMICCKH CTPYKTYPHPYET
uepapxuio kiaccoB. Kpome toro, C++ moamepKUBaeT MHOXKECTBEHHOE HACICIOBaHME, IO3BOJIAIONICE MPOU3BOIHBIM
KJIaccaM yHAcJeI0BaTh CBOMCTBA Cpa3y OT HECKOJBKHX 0a30BBIX KiaaccoB. ONHAKO MHOXECTBEHHOE HACJICAOBAHHE TAKKE
MOJKET IIPUBECTH K MpoOieMaM, TAKMM Kak "aaMma3Has mpobiema”, TpeOyromiel CrenualbsHOr0 pa3pelicHusl.

4. Mommopdrzm

[MomumopdusM — 3T0 KOHIENIHUS OOBEKTHO-OPHEHTHPOBAHHOTO MPOTPaMMHPOBAHUS, TO3BOJIAIONIAs O0BEKTaM
Pa3HBIX KJaccoB 00pabaThIBaTh OJWH M TOT Xe HHTepdeiic mo-pasHomy. B C++ mommmop¢usm gocturaercs uepes
MEXaHM3MBl BHPTyalbHBIX (QYHKIOMH W IepeonpeneneHus MerofoB. C MOMOLIBIO BHUPTYaNbHBIX (QYHKIMH MOXKHO
OTIPEJIETINTh METO/BI B 0A30BOM KJIacce, KOTOPBIC 3aTEM MOYKHO IEPEONpPENEIIUTh B IIPOU3BOAHBIX KIACCax, MPEJOCTABIISI
Ka)XJJOMY W3 HUX CBOIO peayi3anuio. Takol MOAX0 MMO3BOJISIET MCIOIB30BaTh 0a30BbIi Kilacc Kak uHTepdeic s paboTh
¢ 00BEKTaMHU Pa3HBIX MPOM3BOIHBIX KiaccoB. [lomuMopdu3M crnocoOCcTBYyeT TMOKOCTH M PacIIMPSIEMOCTH KOJa, TaK Kak
porpaMMbl MOTYT paboTaTh ¢ OOBbEKTaMH pa3IMYHBIX KIAcCOB, HE 3Hasg WX TouHoro tumna. CymiecTByeT jaBa BHIA
nojauMopdr3Ma: KOMIWISIIMOHHBIN (BKIIFOUas Ieperpy3Ky QyHKUUI 1 onepaTopoB) M paHTalMOBBIN (Yepe3 BUPTYaJIbHbBIE
¢byukimn). 310 nenaetr C++ MOLIHBIM HHCTPYMEHTOM JUIS Pa3pabOTKH CIIOKHBIX IPOrPAMMHBIX CHCTEM.

5. MHKancynauus

WHKancynsauust — 3TO OAMH W3 KJIIOYEBBIX IPUHIUINOB OOBEKTHO-OPHEHTHPOBAHHOTO IIPOrPaMMHUPOBAHMUS,
KOTOpBIH 3aKIf04aeTcss B OOBEIMHEHNM MAHHBIX M METOAOB, PadOTAIOMIMX C 3TUMH JAHHBIMH, B OJHOW CYIIHOCTH,
Ha3bIBAEMOW KJIACCOM. DTOT NPHHIMII MTO3BOJIIET CKPBHIBAaTh BHYTPEHHME JETalM pealu3alud 00beKTa M 3aIIMIIATh €To
COCTOSTHHE OT HEKOHTPOJIMPYEMOro jocTyna H u3MeHeHMd. B C++ wnHKamcymsiumst IoCTHraercs ¢ IOMOIIBIO
cnenudukatopoB noctyma: public, protected u private. [IyOmiaHBIe WiICHBI Kilacca IOCTYITHBI M3BHE, 3alUICHHBIC —
TOJIBKO JIJISl IPOM3BOHBIX KJIACCOB M CAaMOr'0 KJacca, a IpUBAaTHbIE — JOCTYITHBI TOJIBKO BHYTPH Kiacca. TakuM o0pa3zom,
MHKAICYJISLUSl CHIXKAET CBSI3aHHOCTh KOJa, YJIydIlaeT yIpaBieHHE M3MEHEHHSIMH B HEM M CIIOCOOCTBYET CO3/1aHHIO
YCTOHYMBBIX W HAJIGKHBIX MPOTPAMMHBIX CHCTEM, YIPOLIas B3aMMOJCHCTBHE MEXIY OOBEKTaMH W IpeloTBparias
CIy4aiiHble OUTUOKH.

6. CnennanbHble QyHKIMN

Crnenpanpable GyHKIMH B C++ — 3TO (YHKLIUH, KOTOPBIE UMEIOT 0cO0O¢ 3HAYCHHE M IpeIHAa3HAYCHUE VI
kiaccoB. K HUM OTHOCSATCS KOHCTPYKTOPBI, IECTPYKTOPHI, KONMMPYIOIINE U IepeMelnaromye onepanun. Koncrpykrop —
9TO CIIEIMANIBHBII METO/I, KOTOPBIH BBI3BIBAETCS IIPU CO3AaHUM 00bEKTa Kiacca, MHUIMAIN3UPYS ero JaHHble. [lecTpykTop
— 3TO METOJ, KOTOPHIIl BBHI3BIBACTCS NPH YHUYTOXEHHH OOBEKTa W HCIOJB3YeTCsl ISl OCBOOOXKICHHS PECYpCOB.
Kommpyroniye KOHCTPYKTOpPBI IO3BOJISIIOT CO37aBaTh HOBBIH OOBEKT KakK KOINHWIO CYIIECTBYIOHIETo, oOecrieunBast
NIPaBUJILHOE KOIMPOBAHUE DPECYpPCOB, OCOOCHHO NpH pabdoTe ¢ IMHAMHYECKOHW mHamsaThio. [lepememaroniue onepanuu
(KOHCTPYKTOp TEpeMEelIeHUs] U ONeparop IMepeMelIeHHs) MpeqHa3HaYeHbl MJIsi ONTHMHU3AIMKA paboThl C BPEMEHHBIMH
00bEeKTaMU M pecypcaMu, MO3BOJISISI EPEHOCUTh JaHHbIe M3 OJHOTO O00BeKTa B JPYroi, BMECTO MX KOMHUPOBAaHUS. DTH
cneuuanbHble (YHKIUH SIBISIFOTCS BOXHOM 4YacThIO YNPABJICHUSI pecypcaMu W 00ECHEeuUBAIOT MPaBHJIbHOE MOBEICHUE
00BexTOB B C++.

7. IITabmoHbI

[Ma6monsr B C++ — 3TO MOIIHBIN MEXaHU3M, TIO3BOJIIIONIHIA CO3/1aBaTh 0000MICHHBIC (DYHKIIHMH U KJIACCHI, KOTOPBIC
MOTYT paboTaTh C Pa3IMYHBIMU TUIIAMU JaHHBIX. OHU MO3BOJSIOT IHCATh KO, KOTOPBIA aBTOMATHYECKU aJalTUPYETCs K
Pa3IMYHBIM THUTAM, HE AYOIHPYs €ro A KaXJoro W3 HuX. ECTh IBa OCHOBHBIX BHAA IIA0JIOHOB: MIA0JOHBI (QYHKIUH H
mrabioHs! kiaaccoB. 111a0moHbl (yHKIMI TO3BONISIOT CO34aBaTh (DYHKIMH, KOTOPHIC IPHHAMAIOT ITApaMeTpPhI JIF0OOOTO THUIIA,
a maboOHBI KIIACCOB CO3JAl0T KJIAcChl, paloTarompe ¢ OOOOIICHHBIMH THUNAMH. [IpH HUCIONB30BaHUH IIA0JIOHOB



KOMITWJISITOP TEeHEpUpyeT KOJA [l KOHKPETHBIX THIIOB Ha JTane KOMIWISIHMH, YTO OOECIeYynuBaeT BBICOKYIO
MIPOU3BOIUTENILHOCTh. TakKe IMa0JIOHBI UTPAIOT BAXHYIO POJIb B CTaHAapTHOW OmOmmoteke STL, xoTopasl BKIOYAeT B
cebs KoOHTeiHepsl (HampuMmep, BEKTOp, CIHCOK) H alTOPUTMBI, pa0oTarompe Ha MNPHHIUIAX 000OIMIEHHOTO
nporpammupoBanusi. 111abioHbl CHOCOOCTBYIOT COKpALICHHIO O0beMa KOJa, YIYUYIICHHIO YUTACMOCTH U IIOBTOPHOMY
HCIIOHb30BAHHMIO.

5. Mukancynanus

WHKancynsauust — 3TO OAMH W3 KJIIOYEBBIX MNPUHIUIOB OOBEKTHO-OPHEHTHPOBAHHOIO IPOrPaMMHPOBAHMS,
KOTOPBIM 3aKIIlo4aeTcss B OOBEIMHEHHM AAaHHBIX M METOAOB, pPa0dOTAIOMIMX C 3TUMH JAaHHBIMH, B OJHOW CYIIHOCTH,
Ha3bIBaEMOW KJIACCOM. DTOT IPHHIMII MTO3BOJISIET CKPBIBATh BHYTPEHHHE JETAM pealu3alii 00beKTa M 3allHIIaTh €To
COCTOSTHME OT HEKOHTPOJIMPYEMOro jocTyna u u3MeHeHMd. B CH++ uMHKancymsamust JOCTUTaeTcss C  [OMOIIBIO
cneuuduratopoB nocryna: public, protected m private. ITyOnmuyHbIe 4ieHBl Kiacca JOCTYIIHBI M3BHE, 3allMIIEHHBIC —
TOJIBKO JIJIS1 IPOM3BOJHBIX KIIACCOB M CAMOT0 KJacca, a IPUBATHBIE — JOCTYITHBI TOJIBKO BHYTPH Kiacca. TakuM o0pa3zom,
MHKAINCYISALUs CHIKAET CBSI3aHHOCTh KOJa, YJIydIIaeT yNpaBICHHE M3MEHEHMSIMH B HEM M CIIOCOOCTBYET CO3IaHHIO
YCTOWYMBBIX W HAAEKHBIX NPOTPAMMHBIX CHCTEM, YIIPOIIas B3aHMOJCHCTBHE MEXIy OOBEKTaAMH M MPENOTBpaInas
CITyqaifHbIe OIIHOKH.

6. CnennanbHbIe (YHKIIHA

Crnermanbibie QyHkImu B C++ — 3TO (YHKIUH, KOTOPhIE UMCIOT 0C000€ 3HAUYCHHUE U MPEIHA3HAUCHUE IS
kiaccoB. K HUM OTHOCSATCS KOHCTPYKTOPBI, AECTPYKTOPHI, KOMUPYIOIIKE M MepeMeliaronye onepanud. KoHcTpykTop —
9TO CHENHUATBHBIA METOJ, KOTOPBIN BBI3BIBACTCS IPU CO3MAaHUK 00BEKTA KIIAcCca, MHUIMATM3HUPYS ero AaHHbie. JlecTpykrop
— 3TO METOJ, KOTOPBIA BBI3BIBACTCSA IPU YHUUTOKCHHH OOBEKTa W HCIIOJIB3YETCS JJIsI OCBOOOXICHUS pPECypCOB.
Konupyromye KOHCTPYKTOPHI TO3BOJIIOT CO3/1aBaTh HOBBIH OOBEKT KaK KOIMHUIO CYIIECTBYIOUIETr0o, OOecreunBas
MpaBUJIbHOE KOIHUPOBAHHE PECypCcOB, 0COOEHHO MpH padoTe ¢ AWHAMHYECKOH MaMsAThIO. [lepeMemiaromie omepanuu
(KOHCTPYKTOp TIEpeMEIeHNsI W OIepaTop IepeMelIeHusd) MpeaHa3sHaYeHBl Ui ONTUMHU3AINH PadOTHl C BPEMEHHBIMU
00BEKTaMH M pecypcami, IO3BOJISIS IEPSHOCHTH JaHHBIC W3 OJHOTO O0BEKTa B APYrOW, BMECTO MX KOIUPOBAHHA. DTH
criennanbHble (YHKIUHU SBISIFOTCS BaKHON YacThIO YIPABICHUS pecypcaMy M OOCCIICYMBAIOT TIPABHIBLHOEC IMOBEICHHE
00bekTOB B C++.

7. l11abnoHs

[abnonstl B C++ — 3TO MOIIHBIA MEXaHHU3M, MTO3BOJISIIOIINI c03/1aBaTh 0000IeHHbIe ()YHKIUH U KJIACChI, KOTOPbIE
MOTYT paboTaTh C Pa3JIMYHBIMU THIIAMU JaHHBIX. OHH TO3BOJISIOT MMUCATh KOJ, KOTOPBII aBTOMaTHYECKU aAaTHPYETCs K
Pa3JIMuHBIM THUIaM, He JTyOJIUpys ero JUisi KaXAoro u3 HuxX. EcTh 1Ba OCHOBHBIX BHJAA IIA0JO0HOB: mA0IOHBI QYHKIUHA 1
1abnoHb! KiaccoB. [11a6noHb! GyHKIMI MO3BOJISIOT cO3/1aBaTh (QYHKIMH, KOTOPBIE MPUHUMAIOT apaMeTphl JIo0Oro THIIa,
a mraloHBI KJIACCOB CO3MAlOT Kiacchl, paboTtarone ¢ 0000meHHBIMH TUnamu. lIpu mcroip30BaHMM 11a0JIOHOB
KOMIIJIATOP TEHEpPUpYeT KOA Ui KOHKPETHBIX THIIOB Ha JTale KOMIWIILHH, YTO OOCSCIeYnBaeT BBICOKYIO
NPOU3BOAUTENBHOCTh. Taroke IaGJIOHBI UIPAOT BaXKHYIO POJIb B CTaHIapTHOM OmOimoreke STL, koTopas BKIOYAET B
cebs KOHTeiHephl (Hampumep, BEKTOp, CIHCOK) ¥ aITOPUTMBI, paloTalompe Ha MOPUHOUIAX O000OIIEHHOTO
nporpammupoBaHus. 111aGnoHbI CIOCOOCTBYIOT COKpALICHHI0 O0beMa KOJa, YJIYYLICHHI0 YUTAEMOCTH U MOBTOPHOMY
HCIIOB30BAHHMIO, UTO JIENIaeT UX Ba)KHBIM UHCTPYMEHTOM B C++.

8. CranmapTtHas 6ubnnoTexa

CrannmapthHas OuOmmoreka C++ (STL) npeacrarnser co0oif HAO0Op TOTOBBIX KJIACCOB H  (DYHKIIHIA,
MPEAIOCTABIISIONIMX MOIIHbIE MHCTPYMEHTHI JJIsi pabOThl C JaHHBIMH, ITOPUTMaMH M KOHTeHHepamu. OHa BKIIOYAeT
KOHTEHHEphl, TaKHe KaK MAacCHBBI (MacCUBBI), BEKTODBI, CIIUCKH, MHOKECTBA, KapThl M OYEPEAU, KOTOPHIC MO3BOJISIOT
ynoOHO XpaHWTh W oOpabarbiBath maHHBIE. AjnroputMbl STL oOecrmeumBaroT MHPOKHH HAO00p (YHKIHOHAIHHBIX
BO3MOXKHOCTEH, BKJIIOYAs COPTHPOBKY, NMOWCK, MAaHHITYJSIIMM C KOHTEHHEpaMH M JpyTHe OIEpaliH, KOTOPhIE MOXHO
NPUMEHATh K JAaHHBIM, XpaHAIMMCS B KoHTeiHepax. STL Takxke NpeocTaBiseT HMHCTPYMEHTHI Ul HUTEPALUH 110
9JIEMEHTaM KOHTEHHEpOB, YTO 3HAYMTEIHHO YIPOILIAeT MX HcHonb3oBaHue. Hambomee BakHble kommoHeHTHl STL
BKJIIOYAIOT WTEpaTophl, KOTOpBIE CIy)XaT aOCTpakuued Juis JOocTyna K 3JIeMeHTaM KOHTeHHepoB. lcmonb3oBaHue
cranpaptHoii Oubmmorexkn C++ oOneryaer pa3pabOTKy MporpaMM, MOBBIIIAET IPOM3BOAUTEIBHOCT M YIy4dIIaeT
YUTAEMOCTh KOJId, IO3BOJISISI MPOTPAMMHCTaM COCPEJOTOYMTHCS Ha PEIICHWH 3ajad, a He Ha pealu3alidd OCHOBHBIX
CTPYKTYp JaHHBIX U aITOPUTMOB.

9. Konuenuuu C++

Konnenmuu C++ mpenctaBisitoT co0oi crmoco0 ompesiesieHns TpeOoBaHNWH K I1abjoHaM, MO3BOJISIONINN 3a1aBaTh
OTPaHUYCHUS IJIsI TUIIOB, MCITOJIB3YEMbIX B IMIA0JOHAX, M TEM CaMbIM IOBBIIMIATh OC30MACHOCTh W YHTAEMOCTh Kojaa. OHu
ObuTH BBesieHBI B cTanaapT C++20 u obecrednBaroT 0oJiee CTPOTYIO THITU3AIHIO, YeM TPAAUIOHHBIC HHCTPYMCHTHI, TAKHE
kak static_assert u SFINAE (Substitution Failure Is Not An Error). KoHnenmuu no3BoisiroT 3a1aBath MpeuKaThl, KOTOPBIE
OIHCHIBAIOT JIOITYCTHMBIC CBOWCTBA THIIOB (HAIPUMED, HATMYHE ONPEACICHHBIX METOIOB WIIA ONepalyii). ITO MO3BOJISIET
pa3paboTUYrKy ONpeAesaTh IIA0JOHBI, MPUHUMAOIIUE TOJIBKO TE THIBI, KOTOPBIE COOTBETCTBYIOT 3aJaHHBIM YCIIOBHUSM.
KoHIenuy moBbIIIAI0T BEIPA3UTEILHOCT KOJIA, JIeiast ero 0osee MOHATHBIM U YIIPOoIas OTIAKY, TaK KaK OUIHOKU THUIIOB



MOTYT ObITh BBISBJICHBI Ha 3Tarie KOMIWiAud. C MOMOIIBI0O KOHIIETIMA MOXKHO YCIIEIIHO pelaTh 3a/1a4u, CBI3aHHbIC C
0000IIIeHHBIM ITPOTPAMMHPOBAHHEM, yITydIias HHTepherchl QyHKIINH U KITacCoB.

10. OcHOBHBIE CTpaTeruy KOMMUPOBAHM-BIIAACHUSL

Crparerun KonmupoBaHUA-BilaleHUss B C++ Ompemensior, Kak OOBEKTHl YIPaBISIOT PECypcaMH, KOTOPBIMH OHH
BJIAJICIOT, B XO/I¢ KOITUPOBAaHUS U IepeMeleHns. OCHOBHBIE CTPAaTEernyl BKIIIOYAIOT «KOIMPOBAaHHE 3HAYCHH», «Ieperada
BJIAJICHUS» U «IrepeMenieHue». [Ipy KONMpOBaHMM 3HAYEHHs CO3/aeTCsl MOJHAs KONMUs O00bEeKTa, YTO MOXKET OBITH
3aTpaTHBIM B OTHOIICHHU INPOU3BOAMTEIHHOCTH, OCOOCHHO i OOBEKTOB C JMHAMHYECKMM BBIIEJICHHEM NaMsTH. B
«mepefade BIAJCHUSI» PECYPCH IePefaroTCsl OT OJHOI0 00BEKTa K APYTOMy, YTO MOJpa3yMeBaeT OCBOOOXKIECHUE PECYpPCOB
B MCXOIHOM 00BEKTe, a 3HauuT obecnieunBaet 3((heKTHBHOE ynpaBieHue naMsaThio. [lepemenienue, BeegentHoe B C++11,
MO3BOJISIET TIepeJaBaTh BIAJICHHE PECYpCaMH OT BPEMEHHBIX OOBEKTOB 0€3 MX KONHMPOBAHMS, HCIOJB3YS CEMaHTHKY
nepeMerieHus (IepeMelnarone KOHCTPYKTOpsl M omepatopbl). Kakpas W3 3THX cTpaTerdil MOJAXOJUT Uil PasHBIX
CIICHApUEB HCIIONb30BAHMS U 3aBHCHT OT TPeOOBaHHMH K MPOU3BOAUTENHHOCTH M 0E30IIaCHOCTH YIPABJICHHS HaMSATBHIO B
HPUI0KCHUH.

11. Crpareruns 3anpeTa KONHPOBAHUS

Crparerus 3anpera konupoBaHus B C++ HCIIONb3yeTcs Ui NPeJOTBPAILCHNS HESBHOTO HIIM SBHOTO KOIMPOBAHHUS
00BEKTOB, YTO OCOOCHHO Ba)KHO, KOTJIA KJIACC YIPABISIET YHUKAJIBHBIM PECYPCOM, KOTOPBIA HE MOXKET OBITh CKONHPOBAH
Oe30macHo, HampUMep, B Cilyyae MCIOJB30BaHUS HHM3KOYPOBHEBBIX CHCTEMHBIX pecypcoB (¢ailyioBble JeCKpHIITOPBI,
yKa3aTely Ha BBIACJICHHYIO MaMATh U T. A.). UT0OBI peann3oBaTh 3TO, MOXXHO OOBSBUTH HEIOCTYMHBIMU KOIHMPYIOIHHA
KOHCTPYKTOP M OIEpaTop NPUCBaWBAaHUs, CAENaB UX NMPUBATHBIMU MM yJaleHHbIMHU, HauuHas ¢ C++11. Dto mo3Bossier
n30eXaTh CUTYyallMid, KOTAa KONHs 0OBEKTa MOXET MPUBECTH K JIBOWHOMY OCBOOOMKIEHHIO pecypca MM HEKOPPEKTHOM
paboTe mporpammsl. Kiaccel, Hcnons3yromye CTpaTeruio 3anpeTa KOMUPOBaHUs, OOBIYHO MPELOCTABIAIT BO3MOXKHOCTD
MepeMeNIeHHs, YTO I03BOJIsieT d((EKTHBHO IepelaBaTh BIAJCHUE PECypcaMH MeXIy oObeKTaMH 0e3 KOIHMpPOBaHH,
COXpaHsisi NpPU OTOM KOHTPOJIb 32 YIPAaBICHHEM HaMAThIO. OJTa CTPATerdsl 4YacTo IMPUMEHSETCS B COBPEMEHHBIX
oubnmoTekax u GppedMBOpKax s obecredeHus 6e30macHOro U 3(h(HEeKTUBHOTO YIIPaBICHUS PECypCaMU.

12. Crparerus UCKIIOYUTENBHOTO BIIAJACHUS

Crparerust uckmountensHoro BiageHus (exclusive ownership) B C++ moapa3zyMeBaeT, 4T0 KaXIblii 00BEKT HeceT
MOJIHYI0 OTBETCTBEHHOCTH 32 YIPABISIEMBIH pecypc, M TOJBKO OJWH OOBEKT MOXKET BIAJETh ATUM PECYypcoM B 00O
MOMEHT BPEMEHH. DTO BaXKHBIH NPUHIMUI B KOHTEKCTE PabOTHl C ITUHAMHYECKH BBIJCICHHOW NaMSATHIO WM APYTHMH
pecypcaMu, TakMMHU Kak (aiiibl U ceTeBble MOKIIOYEHHs. B peanu3aiyy UCKIIOUUTENBHOTO BIIAJICHHs, KOTJa 0OBEKT
YHUYTOXKAETCS WM BBIXOAMUT M3 O0JIACTH BHIMMOCTH, COOTBETCTBYIOIIUE PECYPChl OCBOOOXKIAIOTCS, YTO MPEJIOTBPAIIAET
yreuku namsati. C++11 BBeJ yMHbIE yKa3zaTelH, Takue Kak std::unique ptr, KOTOpble peaIu3yIoT 3Ty CTPATErHIO, TTO3BOJIS
ABTOMATHYECKH YIPaBIISITh BPEMEHEM JKM3HH OOBEKTOB M M30eraTh OMIMOOK, CBSI3aHHBIX C PYYHBIM YIpaBICHUEM
naMAThio. VCKiIlounTeNnbHOE BIaJeHHE TpeOyeT peann3aluy HepeMellaloliX KOHCTPYKTOPOB M OIEPAaTOPOB, UYTOOBI
rapaHTHpOBaTh, YTO Iepefada BIAJCHHUS MPOHCXOANT Oe3omacHo U 3(PQeKkTHBHO, HE NOIyCKass HECaHKIMOHHUPOBAHHOTO
KOIIMPOBaHUS 0OBEKTOB.

13. Crparerus rirybOKOTO KOIMPOBAHHS

Crpareruns rirybokoro xonupoBanus (deep copy) 3akimrodaercst B CO3/1aHUU TTOJHOI HE3aBUCHUMOM KOIHH 00BEKTa,
BKJIIOUasl BCE PECYPCHI, HAa KOTOPbIE OH CChIIAaeTCs. DTO OCOOEHHO aKTyallbHO JUIsl 0OBbEKTOB, KOTOPBIE COAEPKAT yKa3aTeIu
Ha JMHAMUYECKHU BBIJIEJICHHYIO TaMsTh WU JPYrHe pecypchl, YTOObl M30€KaTh CHUTYallMH, KOT/Ia HECKOJBKO OOBEKTOB
CCBITAIOTCSA HAa OAMH M TOT K€ PECypc, YTO MOXKET IPHUBECTH K IpobiIeMam, TaKUM Kak JBOWHOE OCBOOOXKICHHE MaMsTH
WIN U3MEHEHHUE COCTOSTHUS OJJHOTO 00bEeKTa, Biustonee Ha Apyrue. B C++ riaybokoe KomupoBaHHE OOBIYHO peau3yeTcs B
MIOJIF30BATEIbCKUX KOMUPYIOMIUX KOHCTPYKTOPAX M OIepaTopax MPHUCBAMBAHUS, KOTOPHIE BBIACISIOT HOBYIO MaMATh I
Ka)XJI0r0 yKa3aTrels U KONMPYIOT IaHHbIE U3 OpUrHHaia. TakuM o0pa3oM, Kaxkablii 00BbEeKT OyJeT HMETh CBOM OTJICNIbHBIC
KOIIMU PecypcoB, obecneynBas MO-IPEKHEMY KOPPEKTHOE M He3aBUCHMoOe HoBeseHHe. [rybokoe konupoBaHue TpedyeT
OoJsibIlle BPEMEHH M PECYpPCOB, YE€M ITOBEPXHOCTHOE KOIMPOBAHHUE, MO3TOMY IPH TNPOEKTHPOBAHWUH KIIACCOB BAXKHO
MIOHUMATb, KOTJIa UMEHHO CleyeT IPUMEHSTh 3Ty CTPATErUIo.

14. Ctparerusi COBMECTHOTO BJIAJICHUS

Crparerust coBmectHoro Biajzenus (shared ownership) mo3BoJIIET HECKOJBKAM OOBEKTaM pa3ielsaTh JOCTYH K
OIHOMY M TOMY JK€ pecypcy. DTO MOApa3yMeBaeT, YTO HECKOIBKO OOBEKTOB MOTYT BIAAETh OJHHM PECYpCOM, H pecypc
Oymer OCBOOOXIEH TOJBKO TOTAA, KOrJa BCE BIAICIBIBI MEPECTAaHyT CChUIaThCsA Ha Hero. B C++ sTta crparerus
peamm3yetcss ¢ momoribio std::shared ptr, KOTOpbIli BeAeT ydeT KOJMYECTBA CCBHUIOK Ha pecypc W aBTOMATHUYECKU
OCBOOOXKIACT €ro, KOrga CChLIKA JOCTHUraeT Hy/Is. DTO MMO3BOJSCT H30ekarh NpoOJeM, CBSI3aHHBIX C JBOWHBIM
OCBO60)K}ICHI/ICM nmaMATH, U YIPpOoUIacT YIpaBJICHUE KU3HCHHBIM HUKJIOM OG'BGKTOB, OCO6€HHO B CJIOXKHBIX HECPAPXUAX U
IIPH WCIIOJIF30BAHUM MHOTOIMOTOYHOCTH. OJHAKO BaXKHO TaKXKE yYUTHIBATh, YTO YaCTOE HCIOJIH30BAHHE COBMECTHOIO
BIIAJICHUSI MOXKET MPUBECTH K HEM30C:KHOU (hparMeHTAIMHM IAMSATH W MOBBIIICHHON BEPOSTHOCTH HUKIMYECKUX CCBUIOK,
KOorJa [Ba WK Oojiee O0BEKTa CCBUIAIOTCSA IPYT HA JPYra, 94TO MOXKET MPHUBECTH K yTeukaM mamsatd. [lostomy mpu
HCTIOJIB30BaHUH 3TOW CTPATETHH HEOOXOIUMO CIICIHTD 33 TU3AHOM U CTPYKTYpOU KO, IPUMEHSS, MPH HEOOXOAMMOCTH,
MEXaHU3MBI, KOTOPBIE CMOTYT MIPEJOTBPATUTH MPOOJIEMBI C YIIPABICHUEM MaMSITHIO.



15. Onpenenenne GyHKIMU OOMEHa COCTOSTHUSMH TS KJlacca

Oynakus oOMeHa coctosHUAME (swap function) B C++ mpeaHasHadeHa Ui OOMEHA 3HAYCHHUSMH MEXIY ABYMS
00BEKTaMH OJHOTO H TOTO kK€ Kiacca. JTa QyHKIUS MO3BOIISET 3(PPEKTUBHO OOMEHNBATH COCTOSIHHS OOBEKTOB, N30eras
HEOOXOIMMOCTH CO3/IaHUS BPEMEHHBIX OOBEKTOB HIIM KOIMPOBAHMS JaHHBIX, YTO 0COOCHHO IIOJIE3HO IIPU MCHOJIB30BAaHUH
ceMaHTHKH mnepemenieHus. OmnpeneneHue (QYHKIUHA swap OOBIYHO BKIFOYAaeT B ce0s HCHOJIB30BaHUE CTAHIAPTHOTO
MeXaHM3Ma OOMEHa, Takoro Kak std::swap, M yJaydllaeT NPOU3BOJMTENHHOCTH OIEpalMidi C KiaccaMd B YCJIOBHH, YTO
naHHas (YHKIUS MMEET HHM3KYI0 CTOMMOCTBH BBINOJHEHHA. llpuMep peanmsanuu (QyHKIMM OOMEHa ISl Kjlacca MOXKET
BBIMJISIETH CIIEAYIOIUM 00pa3oM:

class MyClass {
public:
int* data;
size t size;

MyClass(size t s) : size(s), data(new int[s]) {}

// HDecTpyKTOp
~MyClass () { delete[] data; }

// OmnpenesieHne QYHKLMM Swap

void swap(MyClassé& other) noexcept {
std::swap(data, other.data);
std::swap(size, other.size);

// MoxHO omnpenenuTs free swap nja ynobcTsa
friend void swap(MyClass& a, MyClass& b) noexcept ({
a.swap (b) ;

OmpenesieHue swap MO3BOJIACT MOBBICUTh d(PPEKTUBHOCTD OMEpAIlHii, TAKUX KaK MEPEMEICHHE U MPUCBAUBAHHE,
0COOEHHO KOr/ia 00BEKTHI YIPABISIOT JUHAMUYECKH BBIICIEHHON MaMSITBIO.

16. Y nanenne npoMexyTOYHBIX KOIMHA KOMIMISTOPOM

VY nanenue nmpoMexyTouHbix kommii (copy elision) 8 C++ — 310 onmTUMu3aNus, KOTOPas MO3BOJSET KOMIHIATOPY
n3beraThb CO3JaHU BPCMCHHBIX 00BEKTOB B IpoHecce BLINTOJIHEHUS IIPOTPaAMMBI. ITO MOXKET HpOI/ISOf/iTI/I, Hanpumep, npu
Bo3Bpare 00BeKTa W3 (YHKIMM WIH TPH Tepenadye oObeKkTa MO 3Ha4YeHHI0. KoMOmisTop MoxeT "IITUMHHUPOBATH"
CO3JaHUE BPEMCHHOTO 06LCKTa, BO3Bpallas 3K3EMIUIIP HAIPAMYIO. Ota ONITUMHU3alMs CTaJla 4YaCTbIO CTaHAApPTa C++c¢
C++11 wm sBusgercs oO0sA3aTENFHON U1 KOMIIHJITOPOB TPH peaTM3allddl BO3BpAIlaeMOro 3HAYCHUS M (YHKIIWH,
ucnonp3yromieid  return value optimization (RVO) wmu named return value optimization (NRVO). VYnanenue
MIPOMCIKYTOYHBIX KOIIMH HE TOJIBKO yYMEHbBIIACT 1'[0Tp€6J'I€HI/I€ naMATH, HO MW TMOBBIMIACT CKOPOCTH BbIITOJTHCHUA
mporpaMmebl, TIO3BOJIAA I/I36e)KaTI) HE TOJBKO OOIIOJIHUTCIIBHBIX KOHCprKHI/Iﬁ O6’I>€KTOB, HO M pacxogoB Ha UHX
KOIMPOBaHWE M paspyuieHue. TemM He MeHee, B HEKOTOPBIX CIy4asX, KOTJa KOMUPOBaHHE OOBEKTOB MOXKET OBITH
HCO6X0)Z[I/IMI>IM, IMOBEACHUE TIPOrpaMMBbI 6y):[eT HU3MCHATHCA B 3aBHUCUMOCTH OT TOI'O, 3aBUCHUT JIU (byHKL[I/I}I OT TAaKHux
CCMAaHTHUK.

17. Peanu3anusi CEMaHTHKH ITepPEMEIIECHUS

Cemantuka nepememieHus B C++ Obuta BBeneHa B cranpapre C++11 u mpennasHadena it sddexkTuBHOTO
YIpaBJIEeHUsT PecypcamH, MO3BOJISIS MEPEAaBaTh BIIAJEHHE PECypcaMu OT BPEMEHHBIX OOBEKTOB 0e3 HEOOXOAMMOCTH HX
KonupoBaHus. Peamusanmsi CEMaHTHUKH II€peMelIeHUs] TpeOyeT CO3/JaHMs MepeMeIalomero KOHCTPYKTopa H|
NepeMeIIaloIiero  oneparopa INpHcBauBaHus. [lepemeniaomuii  KOHCTPYKTOpP NPHHUMAeT 'NpaBblii’  OOBEKT,
NepeHacTpanBas yka3aTeln pecypcoB 1 0cBoO0Xk1as crapsie pecypcbl. [Ipu peannzaium ciieryeT yauThIBaTh, YTOOBI ITOCIe
nepeHoca 00BbEKTa €ro COCTOSIHHUE OCTAaBAIOCh BAIMAHBIM (HO HE 00s3aTeNbHO IMOJHBIM). IIprMep MOKeT BBIIIISIETh
CIIeYIOITUM 00pa3oM:

class MyClass {
public:
int* data;
size t size;

MyClass(size t s) : size(s), data(new int[s]) {}

// IecTpyKTOp



~MyClass () { delete[] data; }

// Tlepememanumi KOHCTPYKTOP

MyClass (MyClass&& other) noexcept
: data(other.data), size(other.size) {
other.data = nullptr; // YcranaBmmBaem ykaszaTesb "other" B nullptr
other.size = 0;

// TlepeMemanumuil ONepaTop NPWUCBaMBaHUA
MyClass& operator=(MyClass&& other) noexcept ({
if (this !'= &other) {
delete[] data; // OcBoboxmaeMm TekyllMe PeCypPCH
data other.data;
size = other.size;
other.data = nullptr; // YcranaBmmBaeMm ykaszaTesb "other" B nullptr
other.size = 0;

}

return *this;

Ota peanu3zanus MO3BOJSET Onarojapsi NMepeMENICHUsSM 3HAYMTEIbHO MOBBICUTH NPOU3BOJMTEIBLHOCTh, OCOOCHHO IPH
paboTe ¢ BpeMEHHBIMH OOBEKTaMH WM OOJIBIIUMH 00bEMaMU JaHHBIX, OJlaroapsi yMEHbIICHUIO KOJIMYECTBA ONepalfii
KOIIUPOBAaHUS.

18. Bo3MOKHBIE BAPUAHTHI PEATU3AINH CTPATErHH COBMECTHOTO BIIAICHUS

Crparerust coBMecTHoro Biaaenus (Shared ownership) mo3Bosnsier HeCKOIbKHM 00bEKTaM COBMECTHO BIIAJIETh PECypcaMH,
[IPU 3TOM 00ecITeurBasi KOPPEKTHOE YIPaBICHUE BPEeMEHEM JKU3HH pecypcoB. B C++ cylecTByeT HECKOJIBKO BApHAHTOB
peanu3aiiy 3TOW CTPATETUH:

1. YMHBIE yKa3aTenu:

- std::shared_ptr: cranmapTHbIii K1acc, KOTOPBIN YIPaBISET BPEMEHEM KU3HH OOBEKTa C MOMOIIBIO TMOJICYETa CCHUIOK.
Korma o6bext co3maercs uepes std::shared_ptr, on unkpementupyer cuerunk ccbuiok. Korma std::shared_ptr Gonbine e
UCTOJIB3yeTCs (pa3pymiaeTcss WM MEPEHa3HAYaeTCs), CUETUUK yMeHbIIaeTcss. Korjga CYeTyuk IOCTHraeT Hyls, OOBEKT
0CBOOOKIaETCS.

2. CoOcTBEeHHBIE peau3allii M0JIcUeTa CChIIOK:

- Pa3paboTka coOCTBeHHOTO Kilacca, aHajsoruuroro Std::shared_ptr, rie BbI peanmsyeTe MOACYET CCHUIOK M YIPaBJICHHE
MaMsThi0. JTO TpeOyeT peann3aui KOHCTPYKTOPa KOMMPOBAHUS, IECTPYKTOPA U KOPPEKTHOTO YIPABJIEHHS MAMSTBIO TIPH
CO3JIaHUU U YHUUYTOKEHUH OOBEKTOB.

3. Weak Pointer (cna0bie ykazareinn):

- Hcnonn3oBanme Std::weak ptr B coueranuu c¢ Std:ishared_ptr mis npemoTBpalieHus IUKIHMIECKHX CCHUIOK.
std::weak_ptr mo3BosisieT co31aTh CChUIKY Ha OOBEKT, HO HE YBEIHUYMBACT CUETUHK CCHUIOK. JTO MOMKET OBITh MOJIE3HO,
KOTJIa BBl XOTHTE MMETh JOCTYI K OOBEKTY, HO 3a00THTHCSI O €r0 YHHUYTOXKEHHH, €CIIM OH HE HCIOIb3YeTCs JAPYTUMH
std::shared_ptr.

4. CtaTtuyeckas WIM ri1o0aabHast IaMsITh:

- B kakux-To Ciiydasx MOKHO Pealn30BaTh COBMECTHOE BJAJEHHE PECYPCAMH Yepe3 CTATHUECKHME HIIH TII00aibHbIE
MepeMeHHble. DTO MO3BOJISET Pa3IMYHBIM OOBEKTAM CCBUIATHCSA HAa OJHM M TE K€ PECYpCchl 0e3 HEeOOXOIUMMOCTH
YIpaBJIEHUS TUHAMHYECKOM MaMATBIO, XOTS TAKOH IMOJXO0J MOXET NMPHBECTH K MPoOJIeMaM C MOTOKOOE30MaCHOCThIO U
yIpaBJIEHUEM BPEMEHEM KHU3HU PECYPCOB.

5. CHCTEMBI CUTHAJIOB M CIOTOB:

- Hcnonp3oBanne narrepHa npoektupoBaHus "CurHaisl ¥ CIOTHI", KOTOPHIA MO3BOJSIET HECKOJIBKUM OOBEKTaM
MOJIMUCHIBATHCS HA COOBITHS, 00ECeYnBasi COBMECTHOE BIIA/IEHHE PECYPCAMU, CBSI3AHHBIMU C 3THMHU COOBITHIIMHU.

Jlpyrue moaxojbl MOTYT BKJIFOYATh HCIOJb30BAHHE PA3IHUYHBIX CTPYKTYP NAHHBIX WM BCTPOCHHBIX MEXaHU3MOB IS
yIpaBJIeHUsI BPEMEHEM JKH3HU PECYPCOB, OCHOBBIBASCh HA MOTPEOHOCTSIX KOHKPETHOTO MPOEKTA.

19. CtpaTerust HCKIFOUUTEIHHOTO BIAICHUS H CEMAHTHKA TIEPEMEIIICHUS

Crparerusi UCKJIIOUMTEIHHOTO BIAJACHHUSA W CeMaHTHKa TmepeMmerieHus B C++ TECHO CBSI3aHBI MEXIYy COOOM.
VICK/IFOUMTENFHOE BIIAZCHHAE TOAPA3yMEBACT, YTO TOJBKO OAWH OOBEKT MOXKET BIIAIACTh PECypCOM B JIFOOOH MOMEHT
BPEMEHH, B TO BpeMsI KaK CEMaHTHKa IMEPEMEIIEHHs MPEIOCTABISCT BO3MOXHOCTD 3(()EKTUBHO NepenaaBaTh Biaaeiblia
pecypca Mexny oObekTamu 0e3 HeoOxomuMocTH KomupoBaHUs. OCHOBHBIE acCMEKThl B3aMMOJEHCTBHUS ITHUX JBYX
KOHIIETIIN:

1. Ilepememenmue:



- Ilepememaronuii KOHCTPYKTOpP M ONEPATOp MPUCBAWBAHUS, OCHOBAHHBIC HA MCKIIOYUTEILHOM BIIAJICHUHU, TIOMOTAIOT
s dexTrBHO "TIepeMemnaTh” pecypchl OT OTHOTO 00beKTa K Apyromy. IIpu mepemenieHny MpOUCXOoIUT mepeaada BIaJeHUs
yKazaTelleM Ha pecypc, a HCXOIHBIH 00BEKT cOpachiBaeTcsi B 0€30IacCHOE COCTOSHUE.

2. Huxaxoii xommu:

- B ornmume ot kommpoBaHMS 00BEKTa, KOTOPOE HAXOIWTCS IOA KOHTPOJEM CO3/MaHMS HOBBIX 3K3EMIULIPOB C HX
CcOOCTBEHHBIMHU KOTIHSIMH PECYPCOB, ITEpEMEIICHUE IT03BOIISIET M30eXKaTh N30BITOYHON PabOTEI, YTO 0COOEHHO MOJIE3HO IS
00BEKTOB, YNPABISIIONIMX PEAKMMHU WM CIOXKHBIMU pecypcamu (Hanmpumep, OOJBIIMMH MacCHBaMH WM CETEBBIMH
COCTUHEHUSAMH).

3. be3onacHOCTb ynpaBieHHs TaMSIThIO:

- [Ipu npaBUIBHOM peanu3alyy NepeMeIeHns He BO3HUKAET PUCKa JBOMHOTO OCBOOOXK/ICHHUS TIAMSITH, IIOCKOJIBKY 110CIe
nepeMelIeHns UCXOAHBIH 00BEKT OOJblIe HE BIaJeeT pecypcoM. DTO MO3BOJISIET W30€XkKaTh YyTEUEK MaMATH W IOBBIIIAET
0€30I11acHOCTh KOJIa.

4. Vcnonp30BaHUE YMHBIX yKa3aTelIen:

- std::unique_ptr 9eTKO peann3yeT CTPATETHIO MCKIIOUUTEIBHOTO BIAACHUS M MOJNEPKHBACT CEMAHTHKY IEPEMEICHNS,
aBTOMAaTHYECKH OOecreurnBas MPaBHIBHOE OCBOOOXIEHHE PECYpCOB IPH yXoAe OO0BeKTa W3 O0JaCTH BUIUMOCTH U
MIEpEMEIICHHN.

COamaHcHpoBaHHOE WCIOJIB30BaHUE HCKIIOYUTEILHOTO BIAICHUS W CEMAaHTHKU IepeMmemeHns B C++ obecrieunBaeT
s dekTuBHOE M Oe30macHOe YIIpaBIEHHE pecypcaMy, n3deras NMPOM3BOAMTEIBHBIX H3AEPKEK, CBA3AHHBIX C TIyOOKOM
KOIHKEHN pecypcoB.

20. J)Ku3HeHHBIH UK pecypca U 00beKTa-BlIaIesblla pecypca

JKu3HeHHBIM LUK pecypca M 00BEKTa-BIajeiblla pecypca — 3TO KOHLENIMS, ONUCHIBAIONIAsA, KaK CO3/AI0TCH,
YIPAaBJISIOTCS U OCBOOOXKIAIOTCSL PEeCypchl B mpolecce paboThl ¢ 00BbEKTaMH. JTa KOHUEMILUsS CTaHOBUTCS OCOOEHHO
BaxxHoii B C++, rye ympaBlieHHE MaMIThIO U PECypCaMH pealn3alis 3aBHCUT OT BHEIOPAHHOW CTpATeTHUH BIaJCHUS.
OCHOBHBIE 3Talbl JKU3HEHHOTO IUKJIA BKIIOYAIOT:

1. Coznanue pecypca:

- Pecypc (mampmmep, AWHAMUYECKH BEBIIENCHHAS TMaMATh, (aiiibl WX CETCBBIE COKETHI) BBIOCIICTCS U
MHUIHAATH3UPYETCI. DTO MOKET MPOUCXOIHUTEH THO0 B KOHCTPYKTOPE 00BEKTa, KOTOPHIH YIPABISIET STUM PECypCcoM, JIHOO
B Ipyrod GyHKINHU, KOTOpAs CO3/IaeT pecypc M MepeaaeT ero 0OBEKTY-BIaIeIbITy.

2. Bnanenue pecypcom:

- OOBEKT CTAaHOBUTCS BIaJIEbLIEM pecypca M HEceT MOJIHYI0 OTBETCTBEHHOCTh 3a €0 KOPPEKTHOE HCIIOJIb30BaHHUE U
ocBoOOXIeHHe. B 3aBUCHMMOCTH OT CTpaTeruu BiaJeHus! (MCKIIOUNTEIbHOE WM COBMECTHOE) B Pa3HbIe MOMEHTHI BPEMEHH
MOJKET CYIECTBOBATh OJMH MIIM HECKOJIBKO BIIa/IENbIIEB.

3. Ucnonp30oBaHue pecypea:

- OOBeKT B3aMMOJCHCTBYET C PECYpCOM — UUTAET, 3aMUCHIBACT MJIM NMPOM3BOAUT APYTUE ONEpalri, B 3aBUCHMOCTH OT
TpeboBaHUi TporpaMMel. Ha 3ToM 3Tare BaKHO 0OECHEYNTh YHUKAIBHBIA AOCTYH K pecypcy (A HCKIIOYHTEIEHOTO
BIIAJICHUSI) MM CHHXPOHU3UPOBAHHEIHN TOCTYII (I COBMECTHOT'O BIIAJICHHS).

4. OcBoOoXIeHUE pecypcea:

- B MOMEHT, Koraa 00beKT YHHITOKASTCS MIIH BEIXOJUT M3 00JIaCTH BUAUMOCTH, OH JOJDKEH OCBOOOIUTH YIIPABISEMBIi
pecype. s 0OBEKTOB € HCKIIOYHTEIBHBIM BIIQJCHHEM 3TO MPOHUCXOAHT B JIECTPYKTOPE OOBEKTa, a I OOBEKTOB C
COBMECTHBIM BIIQJICHHEM OCBOOOXKICHHE MTPOUCXOIUT, KOTa BCE BIIAACTBIIEI TEPSIFOT CCHUIKY Ha pecypc.

5. Be3omnacHOCTh U yrpaBieHHE:

- BaxxHo paspaboTaTh cTpaTeruu, KOTOpble 00ECHeuMBalOT KOPPEKTHOE OCBOOOXKICHHE PECYpCOB M MPEIOTBPAIIAIOT
YTC€UKHU TaMATH U }IBOI?IHOC OCBO60)KI[CHI/I€. 9T0 MOXKHO JOCTUYb C TIOMOIIBIO MCIOJIL30BAHUA YMHBIX yKa3aTeJ'Ieﬁ,
CJICAOBAaHUA MpaBUIaM KOTIUPOBAHUA U IEPEMEIICHUA U KOHTPOJIA COCTOAHU 00BEKTOB.

[Tonnmanue KU3HEHHOTO IHKJIA PECYPCOB U OOBEKTOB, YIPABISIONIUX dTUMH PECYPCaMH, KPUTUYHO /ISl Pa3pabOTINKOB
C++, Tak Kak 3TO TOMOTAaeT CO3JaBaTh Ooyiee HAACKHBIE W I(PQPEKTUBHBIC IMPOTPAMMBI, MHHAMHU3UPYS OIIHOKH U
U3JEPAKKH, CBA3aHHBIE C YNIPABIEHUEM NaMSTBIO.

21. lla6mon C++
[a6monsr B C++ mpeacTaBisioT coOOOH MOIIHBIA MEXaHU3M, MTO3BOJLIOIININ co3/1aBaTh 0000IIeHHbBIe (QYHKIIMH U KITACCHI,
crocoOHBIE PabOTaTh C Pa3TUYHBIMU THITAMHU JAHHBIX 0€3 HEOOXOJUMOCTH IEPENUCHIBATH KO I KaKIOr0 HOBOTO THIIA.
[[1ab0HBI MCHONB3YIOT MEXaHNW3M MOACTAHOBKH THIIOB BO BPEMsI KOMIIMJISILIMU M ITO3BOJIIIOT pa3paboTYMKaM CO3/1aBaTh
0000IIIEHHBIC AITOPUTMBI U CTPYKTYPBI HaHHBIX. B C++ UMEIOTCS 1Ba OCHOBHBIX BH/A [1a0JI0HOB:
1. [lTabmoHBI HyHKIMH:

- la6son dyHKIME onpesenseT GYHKIHI0, KOTOpas MOXKET IPUHUMATh apryMEHThI pa3iindHoro tumna. Korga GyHkims
BBI3BIBAETCS C KOHKPETHBIM THIIOM, KOMITWIATOP T'€HEPHPYET COOTBETCTBYIONIYIO BepcHio GyHKimu. [Ipumep mabnona
¢byHKIHN:

template <typename T>
T max(T a, T b) {
return (a > b) ? a : b;



2. II1aG0HBI KIACCOB:
- ITabmoH Kiacca IMO3BOJSICT CO3daBaTh KJIACChI, KOTOPBIE MOTYT pabOTaTh C pa3HBIMH THIIAMU OaHHbIX. Kak # ¢
GYHKIHMSIME, KOMITIIISITOP CO3/1aeT KOHKPETHBII KJIacC Ha OCHOBE MepeJaHHbIX THIOB. [IprMep mrabioHa kiacca:

template <typename T>
class Container {
private:
T* elements;
size t size;
public:
Container(size t s) : size(s) { elements = new T[s]; }
~Container () { delete[] elements; }
T& operator[] (size t index) { return elements[index]; }
}i
[MabmoHBI TaKke TMONNCPKUBAIOT CIICIMATHM3AIMIO, YTO IIO3BOJIIET CO3/aBaTh KOHKpPETHBIE pealH3aludl Uil
OTIpE/ICIICHHBIX TUIIOB, €CITN TpeOyeTcss M3MEHHUTH TIOBEACHUE TI0 CPAaBHEHHUIO ¢ 00mIeii peanu3armeil. 111a010HB TO3BOIAIOT
co3/1aBaTh OOOOIICHHBIC ANTOPUTMBI, KOTOPBIE MOTYT paboTaTh C PAa3JIUYHBIMHA THIIAMHU JAHHBIX, U OOCCIICYHBAIOT
0€30MaCHOCTh THIIOB BO BPEMsl KOMITUJISIIIUH.

22. O0630p IPOMBIIUIEHHBIX TPOrPAMMHBIX OHOINOTEK

CylIecTBYIOT MHOXKECTBO MPOMBILIUICHHBIX MPOrPaMMHBIX OHMOJIMOTEK, KOTOpBIE YIPOINAIOT Pa3pabdoTKy MPOrpaMMHOTO
oOecrieueHus1, MPEJOCTABISI TOTOBBIE PEILICHNUS ISl pacpOCTPaHEHHBIX 33/1a4. BoT HekoTopkle 13 HanboJiee MOy ISPHBIX
O6ubmoTek B o0macTu pa3padboTku Ha C++:

1. Boost:

- OmHa W3 caMbIX HM3BECTHBIX OHONMOTEK, NPENOCTAaBISIONAs MHOXKECTBO MOAyNeH Juii pabOTHl € IOTOKAaMH,
KOHTeHHepamH, (ainamu, aaropuTMaMu, PETYISIpPHBIMU BBIP2KEHUSAMH M MHOTHMH JIPYTUMH 33jadamMu. Boost MHoOrme
CYHTAIOT "30JI0TBIM cTaHgapToM" st 6ubmmorek C++.

2. Qt:

- Momnas 6ubimoTexa uis pa3paboTKu KpoccruiaTGopMeHHBIX rpaduuecKux nonb3oBarenbekux uarepdeiico (GUI) u
npuitokennit. OHa BKIIIOYAET MOJJIEPKKY CETEBBIX IIPOTOKOJIOB, paboThI ¢ 6a3aMu JaHHBIX 1 MHOTOIIOTOYHOCTH.
3. OpenCV:

- bubnuoTteka A1 KOMIIBIOTEPHOTO 3peHHs U 00paboTku n3oopakenuit. OpenCV mpenoctapiseT QyHKIIUH i PaOOThI C
n300paKEHUIMH, BUJICO U KOMITBIOTEPHBIM 3pPEHHEM, M LIMPOKO HCIIONB3YeTCs B MPUIIOKEHHUSIX, CBA3aHHBIX C aHATU30M
n300pakeHUH 1 BUJIEO.

4. Poco:

- Kpoccmnarpopmennas 6ubnmoreka A pa3pabOTKH CETEBBIX MPIIIOKEHUH, KOTOpast BKIIFOYAeT B ce0s1 OMOIMOTEKH s
pabotel ¢ HTTP, FTP, 6a3amMu taHHBIX ¥ MHOTOIIOTOYHOCTH.
5. Eigen:

- bubnmoreka s nuHEIHON anredpsl, paboTaromas ¢ MaTpUIAMH U BEKTOPaMH, ONTUMH3HPOBaHHAs ISl BBIOJIHEHHS
MaTeMaTHYeCKHUX ONepalii 1 YUCIEHHOTO aHaJIn3a.

6. TensorFlow u PyTorch (C++ untepdeiicsr):

- XoTs 3TH O6MONMMOTEKM B OCHOBHOM H3BECTHBI B KOHTekcTe Python, onm Ttaxke mpenmocraBmsror C++ APl mis
BBINOJTHEHHS 33/1a4 MAlTMHHOTO O0Yy4YEeHHUs! U HEHPOHHBIX CETei.

7. fmt:

- CoBpemenHas ¥ BbicOKod(dexTrBHas Oubnuorexa ajst popMaTupoBanus cTpok. OHa 4acTO UCMIOJB3YETCs B MPOEKTax
BMECTO CTaH/IApTHOI c-style QpyHKIMM BBIBOIa, 0OecneunBast 0€30MacCHOCTh THUIIOB U JIYUIIYIO IPOU3BOIUTEIBHOCTD.

E1me ogHNM Ba)XKHBIM acIeKTOM SIBIISIETCSI HAJIMUME OMOIMOTEK JUTs yIIpaBiIeHUsl MHOTOIIOTOYHOCTBIO, Takue Kak std::thread
n3 cra”jgapTHoil Ombmmorexkn C++, u croponHHue pemenusi, Takue kak Intel Threading Building Blocks (TBB) mns
NapauIeIbHOTO IPOTPAMMHUPOBAHHS.

23. MHOronoTo4Hoe NpPOrpaMMUpPOBaHNE

MsHoromnoro4ynoe mporpammupoBanue B C++ Mo3BOJIET CO3/1aBaTh HMPHIIOKEHUS, KOTOPBIE MOTYT BBIIOIHATH HECKOJIBKO
[OTOKOB  BBIMIOJHEHHS OJHOBPEMEHHO, YTO MPHUBOJUT K YIYYIICHHUIO [POM3BOAUTENBHOCTH, OCOOEHHO Ha
MHOT'OIIPOLIECCOPHBIX W MHOTOINOTOYHBIX cHcTeMax. B C++ mojaaepkka MHOTOMOTOYHOCTH pEaM30BaHa depes
CTaHAapTHYIO 6ubmmoTteky, HaunHast ¢ C++11. OCHOBHBIE KOHIIENITHI MHOTOMOTOYHOT'O IPOTPAaMMHUPOBAHNS BKIIOYAIOT:
1. Ioroxu:

- Co3nanue notoka B C++ MOXXHO ocymiecTBUTh depe3 kiacc std::thread. [Torox Moxer ObITh co3nan ¢ QyHKuIMEH HiIH
JSIMO/1a-BBIPRKEHUEM, M KaXK/IbIH ITOTOK MOXET BBITIOJIHATHCS] HE3aBUCUMO OT JAPYTHX.

void threadFunction() {
// Kon BHIIOJIHEHMA IIOTOKA



int main() {
std::thread t(threadFunction);
t.join(); // OxmmaHve 3aBeplleHMa [IOTOKA
return

’
’

}
2. CUHXpOHU3ALIUA:

- [ns ynpaBneHHs JOCTYNIOM K OOLIMM pecypcaM MEXAy IOTOKaMHU HEOOXOJMMO HCIIOJIb30BaTh MEXaHH3MBI
CHUHXpPOHHM3allMK. OJTO BKIIOYaeT MbloTeKchl (std:imutex), ycioBusi (std::condition variable) wu  OIOKMpPOBKH
(std::unique_lock) s mpegoTBpaIIeHus TOHOK 3a pecypcami.

3. OOMEH JaHHBIMU:

- BaxHO mpaBWIBHO OPraHM30BaTh CTPYKTYpy OOMEHa NaHHBIMH MEXIy HOTOKaMH, Y4TOOBI M30€XaTh COCTA3aHUHA U
obecrieunTh 0€30MIaCHOCTh AAHHBIX BO BPEMsI BBINONHEHHMS. {711 MPOEKTOB, MCIONIB3YIOIMINX COBMECTHOE BIAJICHHE, KaK
std::shared ptr, 00s3aTeTbHO YIUTHIBATE COCTOSHUE U BPEMS JKU3HU TaHHBIX.

4. apannensHbIe alTOPUTMEIL:

- C C++17 nosiBHIKCH BO3MOXHOCTH JJISI PeaNu3allii MapauIeIbHBIX aJTOPUTMOB Yepe3 CTaHJapTHYIO OMOIHOTEKY,
takue Kak std::for each c dmarom std::execution::par, 4ToO MO3BOJISIET BHINOIHHUTH OTEPAIIIH APAUIEIBHO.
5. ACUHXPOHHOCTb!

- ACHMHXpOHHOE NpPOrpaMMHpPOBAHUE IO3BOJIIET CO3/aBaTh IMPUJIOKEHUS, KOTOPHIE MOTYT BBINOJHATH ONEpalyu, He

OJIOKUpYS OCHOBHOI MOTOK BBINONHEHHMs. J{J1s1 9TO# Leu MOXHO UCIob30BaTh std::async u std::future 1yist BEIOTHEHUS
3a71a4 aCHHXPOHHO U TIOJyICHUS UX PE3yIbTATOB IO3KE.
MHOTrOIOTOYHOE HPOrpaMMHUpPOBaHUE 3(PQPEKTUBHO I pEIICHMS 3a/ad, TPEOYIOIIMX BBICOKOWH IPOM3BOIHMTEILHOCTH,
TakuX Kak o0paboTka Oompmmx OOBEMOB [aHHBIX, BEO-CEPBHCHI, WIPOBBIC NPHIOXKEHHS W Apyrue ooOiacTh, TAe
IapauIeIbHOE BBITTOJHEHUE 33/1a4 KPUTHIECKH BaXHO. OJJHAKO C MHOTOIIOTOYHOCTBIO TAKXKE CBSI3aHBI CIOXKHOCTH, TAKUE
KaK YIpaBJICHHE COCTOSHMEM, CHHXPOHM3AIMA W OTJajaKa, TpeOyrolye TIATEIbHOTO IUIAHMPOBAaHMSA W IOHUMaHHS
MEXaHHK MapaJuIeIbHOTO BHITTOTHEHHUS.

24. YnpapineHue moTOKaMu
Vmpasnenne notokamu B C++ BKIrouaeT B ce0s co3jaHMe, B3aMMOJCHCTBHAEC W 3aBEpICHHE TOTOKOB. B cTaHmapTHO#H
oubnnoreke C++11 u OGojee MO3AHUX BEPCHSX MPEJOCTABISIOTCS Pa3IMYHblE MHCTPYMEHTHI AJsI PabOTHI ¢ HOTOKAMH.
OCHOBHBIC aCTIEKThI YIPABICHHUS TOTOKAMIL:
1. Co3naHue MOTOKOB:

IoTtok MoxxHO co3zmathk uepe3 kinacce Std::thread, koTopelii nprHUMaeT GYHKLIUIO HIH OOBEKT Kiacca ¢ onepatopoM ()
(omeparop BEI30Ba) B KAYECTBE apryMeHTA.

#include <thread>
#include <iostream>

void hello() {
std::cout << "Hello from thread!" << std::endl;

int main() {
std::thread t(hello); // Cosmahnue morToka
t.join(); // OxumaHve 3aBeplleHUS MOTOKAa
return O;

2. YrpaBieHue )KH3HEHHBIM [IUKJIOM MOTOKOB:

- join(): bnoxupyer BBI3BIBAIOMIMII MOTOK JI0 T€X IIOp, MOKA IOTOK, K KOTOPOMY OH OOpamiaercsi, He 3aBEpILINTCS.
OsxuiaHne 3aBepUIeHNs I0TOKA TapaHTHPYET, YTO BCE peCypChl OyAyT NPaBHIBHO OCBOOOKIEHBI.

- detach(): OcymiecTBisieT OTCOEJMHEHHE MOTOKA OT OCHOBHOTO IOTOKA, IO3BOJISIsL eMy paborarh He3aBucumo. Ilocre
BbI30oBa detach() Henb3s 0XHIATh, YTO MOTOK 3aBEPIIUTCS.

std: :thread t(hello);
t.detach(); // ToTok paboTaeT HEe3aBUCKMO
3. [IpoBepka coCTOSIHUS TIOTOKA!
MOo3KHO MPOBEPSITh, HAXOAUTCS JIH TOTOK B pab0YeM COCTOSIHUH C MOMOMIBI0 (DYHKIMH, KOTOpasi BO3BpAIIaeT true, eciu
ITOTOK aKTHBEH U MPUCOCTUHCH.

if (t.Jjoinable()) {
t.join();



4. 3aBepIeHHe TIOTOKOB:

3aBepIIeHNe MOTOKA MPOUCXOIUT aBTOMATHYECKH NPH BBIXOAE M3 (DYHKINH, HA KOTOPYIO CChUIAeTCsl MOTOK. Ecim motox
BEITIONTHSACT OCCKOHEUHBIH NWKI WIH OJOKHpyeTcs, MOXKeT MoTpeboBaTbes Ipyroil cmoco0 3aBepmieHus. OOBIYHO
PEKOMEHIYETCS HCIIOJIb30BATh (DIIaTH WIIM YCIIOBUS 3aBEPIICHUS.
5. YrpagneHre MOTOKOM Ha 00jiee BEICOKOM YPOBHE:

B 3aBHCHMOCTH OT 3aJa4d MOKHO HCIOJB30BaTh Oolice BBICOKOYpOBHeBble OmOimoTeku, Takuwe kak Intel Threading
Building Blocks (TBB) uii OpenMP, koTopbie MpeaoCTaBIsOT 00JIee MOIIHBIC TapalielbHbIe KOHCTPYKTHI.

25. PaznerneHue JaHHBIX MEXIY IIOTOKaMHU
Paznenenne naHHBIX MEXIy IOTOKaMH — 3TO 33java, TpeOyiomlias BHUMaHHS INPH MPOSKTUPOBAHUM TApalIelIbHBIX
nporpamMMm. OQQEKTUBHOE pa3[elieHue IaHHBIX YIIydllaeT HpPOU3BOIUTEIBHOCTh M YMEHbIIAeT HEOOXOJMMOCTh B
CHHXPOHHU3aLUH. BOT OCHOBHBIE CTPATEIHH Pa3eeHNs JaHHBIX MEXKTY TOTOKAMH:
1. Pa3genenue Ha OJIOKH:

Paznmenenmne naHHBIX Ha OJIOKH, KOTOpBIE MOTYT 0OpabaThIBaThcs MapaiiensHO. Hampumep, B anropurMe o0pabOTKH
MaccuBa MOXHO pa30UTh MacCHB Ha HECKOJIBKO ITOJMACCUBOB M aTh KaXKJOMY IOTOKY 00pabaThIBaTh CBOIO 4acTh.

void process(int* data, size t start, size t end) {
for (size t i = start; i < end; ++i) {
// Obpaborka sJjieMeHTa

int main() {
const size t size = ;
int datal[sizel]:;
std::thread tl(process, data, , size [/ 2):
std::thread t2(process, data, size / 2, size);
tl.join()
t2.j01in()

’
’

2. Crparerus "pa3zaensii u BnacTByn":

Vcnionb30BaHmne anropuTMOB, KOTOPBIE IENAT 33a4y Ha MEHBIINE YaCTH. DTO MO3BOJIET KaXKIOMY ITOTOKY paboTaTh Haf
CBOEH 4acThIO 3371a4H, YTO MOXKET 3P HEKTHBHO UCIIOIB30BATH MHOTOIIOTOYHOCTb.
3. JIokaJlbHBIE KOMHUU:

KaxnoMy HOTOKYy MOXHO NPEIOCTAaBUTH JIOKAJIbHBIE KONHH JAHHBIX, CIEAYIOINX IO ONpEAEICHHOMY MpaBmIy. JTO
HCKJIIOYAeT HEOOX0AMMOCTb CHHXPOHH3AIMH U CHIDKAET KOHKYPEHIIMIO 3a 00mmuii pecypc.
4. PaboTa ¢ KOJUIEKIIUSIMU:

Hcnonp3oBaHue MOTOKOOE30MACHBIX CTPYKTYpP AAaHHBIX, TaKUX Kak concurrent vector u3 TBB mmu ThreadSafeQueue,
KOTOpBIE MOTYT 0€30MacHO Pa3/eNsATh JaHHBIE U YIIPABIAThH JOCTYIIOM K HHM.
5. Ctpaterus "myn 3amaq":
[Tpu ucnonb30BaHUM MYJIOB 33/1a4 MOTOKM MOTYT 3a0UpaTh 3aJadd M3 O4EpeaH, 4TO Mo3BOIsieT 3((GEKTUBHO Pa3lelsiTh
Harpy3Ky Mex/y NOTOKaMH, C MUHUMaJIbHBIM BPEJIOM OT OJIOKMPOBKH.

26. CHHXpOHM3aLUS MapaJUIeTIbHBIX ONEpaIHii
CuHXpOHU3AIMS TapaLIeNbHBIX ONepalnnii — Ba)KHbIH acIeKT MHOTOIIOTOYHOIO IIPOrPaMMHUPOBaHHS, IPEIOTBPAIIAOIINiT
po0JIeMBI COCTOSIHUSI TOHKH, 00ecIeYnBasi COrjacoBaHHOCTh JaHHBIX. B C++ crangapTHas OuOnmoreka IpenocTaBiser
Ppas3JIMuHbIe MEXaHU3MBI JUISI CHHXPOHHU3ALUH:
1. MbrOTEKCHI:

Mprotekcnl (std::mutex) HCHONIB3YIOT Ui KOHTPOJIS JAOCTyNa K paszensieMbiM pecypcaM. Ilepen moctymoMm k pecypey
TIOTOK JI0JDKEH 3a0JIOKHPOBATh MBIOTEKC, a OCie paboThl — pa30IOKMPOBATE.

std: :mutex mtx;

void safe function() {
mtx.lock() ;
// IocTyn k oflmeMy pecypcy
mtx.unlock () ;



2. JloxabHBIE OJIOKUPOBKH:
HWcnons3oBanue std::lock guard mmm std::unique lock mis aBTOMaTHYECKOTO YHpaBICHHS 3aXBaTOM M OCBOOOXKICHHEM
MBIOTEKCA, YTO YIPOILAET 3aIIUTy 00JacTeil KpUTHIECKOH CeKIIIH.

void safe function() {
std::lock guard<std::mutex> lock(mtx); // ABTOoMaTuueckasd pPas30OJIOKMPOBKA
// IocTyn kK oBlmeMy pecypcy

3. YcnoBHBIE IEpEMEHHBIE:

Ycnoeubie mnepeMenHble (std::condition variable) TO3BONSIOT TOTOKaM OXHKAATh, IOKa HE OYAYT BBITOJHCHEI
OTIpeJieTICHHbIE YCITIOBUS. DTO IOJIE3HO B CHUTYalMsX, KOTJa HYXXHO IOJOXJIaTh, HalpHMEp, IOKa JaHHble He OyayT
JOCTYIIHBI.

std::condition variable cv;
bool ready = false;

void wait for signal() {
std::unique lock<std::mutex> lock(mtx) ;
cv.wait (lock, [] { return ready; });
// IDanbHermasa obpaboTka

void signal() {
std::unique lock<std::mutex> lock(mtx) ;
ready = true;
cv.notify all(); // NpoByxneHre OXMUIAOULMX NOTOKOB

4. Cemadopbl U aTOMapHBIEC ONIEPALHN:

Hecmotpst Ha T0, 4TO cTaHAapTHBIE ceMadopbl He BKIOYEHBI B C++, MHOrHe OMOIMOTEKH MPEIaraloT CBOH pealu3aliii
cemadopoB. AtomapHbeie omeparuu (std::atomic) HCHONB3YIOTCSA A OOCCICUYCHUS KOPPEKTHOI'O UTCHHSI W 3aIllUCH B
IIepeMeHHbIe, IPEA0TBPAIlas COCTOSHUE TOHKH 06e3 OJIOKMPOBOK.

5. N36eranne MEpTBBIX OJIIOKHPOBOK:

OMH 13 Ba)KHBIX aCMIEKTOB CHHXPOHU3AIINU — H30eraTh CUTyalliuH, KOr/ia JiBa Win 0ojiee moToka OJIOKMPYIOTCS, 0KUAas
Ipyr apyra. HexoTopele cTpaTeTHy BKJIIOYAIOT NPABUIBHOE OIpeIesIeHHe Mopsika OIOKHPOBOK M HCIOIB30BaHUE TalM-
ayToB.

CHHXpOHHM3ALUS MEXAY MOTOKAMH SBIISETCS KPUTHYECKH BaXKHBIM acCHEKTOM MHOTOIIOTOYHOTO IPOrPaMMHPOBAHUS,
TpeOyIOIMM TINATEIILHOTO IUIAHUPOBAHMS M pealn3aliyl Uil JOCTHXKCHHS ONTHMAJbHON IPOM3BOIUTEIBHOCTH H
0e301acHOCTH JaHHBIX.

27. IIpoekTupoBaHue NapajuIeIbHBIX IPOTpaMM

[MpoekTupoBaHue mapaIenbHBIX MPOrpaMM TpedyeT 0co00ro BHUMAHMS K apXHUTEKTYpe M CTPYKType HPHIOXKEHUS JUIs
3¢ PEKTUBHOTO UCIIOIH30BAHHUS MHOTOIIOTOYHOCTH. Ba)kHbIe acreKThl IIPOSKTUPOBAHMUS BKIIFOUAIOT:

1. Onpenenenue 3a1ad:

- Haunure ¢ aHanm3a 3a7a4yM W BBIJCJCHUS OTIENbHBIX YacTei, KOTOPbIE MOTYT OBITh BBINOJHEHBI MapajjieibHO.

Paznenute paboTy Ha HE3aBUCHUMBIE 33/1a4H, KaX/1asi U3 KOTOPBIX MOKET BBIIOJIHATHCS B CBOEM IOTOKE.
2. Be1bop Monenu mapaiennima:
- OnpenenuTe MOAXOAAIIYI0 MOJIENb apajulen3Ma JUIs Ballel 3a1adui. ITO MOXKET ObITh:

- [NapayutenbHble 3a1a41: pa3IMYHbIE TIOTOKH BHITTOJHAIOT OT/IENbHbIE (GYHKIMH (HanpuMep, 00paboTKa JaHHbIX).

- [TapannenbHele JaHHBIE: OJUH U TOT € aITOPUTM NPUMEHSIETCS K pa3AIMYHBIM YacTSM JAHHBIX NapaJuIeNbHO.

- INoTokoOe30macHbIe OTEpaly: HCIIOIb30BaHNe O0IIEH CTPYKTYPHI JaHHBIX, K KOTOPOH OJHOBPEMEHHO 00paIaroTcs
HECKOJIbKO MOTOKOB ¢ MEXaHM3MaMU CUHXPOHU3ALUH.
3. YnpaBiieHue TaHHBIMHU:

- CrhpoexTupyite TOCTYyNl K [IaHHBIM TakK, YTOOBI MHHHMH3MPOBAaTh KOJIWYECTBO KOH(IMKTOB W HEOOXOJWMBIX
6mokupoBok. Mcmonb3yiiTe pasfencHue MaHHBIX W JIOKAJbHBIE KONMHH, 4TOOBI M30eXaTh KOHKYPEHIIMH 3a PEeCypCHI.
[ToxymaiiTe 0 MOTOKOOE30IMAaCHBIX KOHTEHHEPAX WM AITOPUTMaX, KOTOPhIE YMEHBIIAIOT HEOOXOMMOCTb OJIOKHPOBOK.

4. IIpaBUiI0 MUHUMH3AIMHA OJIOKHPOBOK:

- Ilo BO3MOXHOCTH HCIOJB3YWTE KaK MOXXHO MEHBIE OJIOKMPOBOK, YTOOBI M30eXaTh MOTEHIHAJIBHBIX IPOOIeM C
MEpPTBBIMH OJIOKMPOBKAMHU M CHU3UTH HAKJIaJHBIE PACXO/IbI HA CHHXPOHHU3AIIHIO.

5. TecTupoBaHue Ha MacITaOUPYEMOCTb:



- VY0enurech, YTO Balle peHICHHE MacIITa0UpyeMo H MOXeT 3()(EeKTHBHO WCIHOIB30BaTh PECYPCHl CHCTEMEI.
[IpoekTupyiiTe alrOpUTMbl U CTPYKTYPBI TaK, YTOOBI OHM MOIJIM QJANTHPOBATHCS K YBEIWYEHHIO YHCIIA TMOTOKOB HIIH
KOJIMYECTBY JAaHHBIX.

6. O6paboTka OMMOOK M NCKITFOUCHHIA:

- [IpoekTupyiiTe MPHIOKEHUE C YIETOM 00paObOTKH OMHOOK M MCKIFOUEHHUHA B KakaoM mortoke. ObecreupTe MEXaHU3M
JUTsl 6€30IacCHOCTH B cirydae c00s1, 9TOObI n30eKaTh HEKOHCHUCTEHTHOTO COCTOSIHUS PUIIOKESHUS.

7. COXHOCTb OTJIAJIKU:

- [oHumaiite, 4TO OTJIaJKa MHOTOIIOTOYHBIX MPOrPAMM MOXKET OBITh 0OJiee CIIOKHOM HM3-3a CIO0KHOTO B3aMMOJICHCTBHS
MOTOKOB. [103TOMY HWH)KEHEpPHBIC MPOCKTHI JOJDKHBI BKJIFOYATh BO3MOXKHOCTH JUIS KYPHAJIMPOBAHUS M MOHHUTOPHHIA,
YTOOBI OOJICTYHUTh IUATHOCTUKY MPOOIIEM.

28. IIpoaBuHyTOE yIpaBIeHUE IOTOKaMHU

[IpomBuHyTOE ympaBiIeHHWE NOTOKAMH OXBATHIBAaCT 0OJE€ CIIOKHBIE ACHEKTHl MHOTOIOTOYHOTO IPOTPaMMHUPOBAHUS.
HexoTtopeie n3 KIIF0UEBBIX 00J1aCTeH, CBA3aHHBIX C TIEPEIOBBIMH ITOIXOJAMH, BKITIOYAIOT:

1. Ilysbl NOTOKOB:

- HUcnons3oBanne mynoB 1oTokos (thread pools) st yripaBieHUs: TOTOKaMH MOKET CYIIECTBEHHO CHHU3WTH HAKIIaIHBIC
pacxonisl, CBSI3aHHEIC C CO3JaHUEM M YHHUYTOXXEHHEM IOTOKOB. [Tyl MOTOKOB ympaBisieT Oe30macHBIM HaOOpOM ITOTOKOB,
KOTOpPBIE MOTYT 00pabaThIBaTh HECKOIBKO 3a1a4.

2. CHHXpOHHBIC ¥ aCHHXPOHHBIE 3a]jauH:

- Hcmonp3oBaHne Kak CHHXPOHHBIX, TaK W aCHHXPOHHBIX MOJIXOJOB JUIA BBINIONHEHHs 3amad. Hampumep, std::async
MO3BOJIAICT BBIIIOJHATD 3aja4d ACUHXPOHHO U IOJIYYMTh PE3yJIbTAT IIO3JIHEEC YE€pEe3 std::future.

3. PacnipenieneHHoe nporpaMMHpOBaHUE:

- HUccnenoBaHue MpUMEHEHUS TOTOKOB B pacHpe/eNieHHbIX cucTeMax. Korza nanHele Wiy 3a1a4u paclpeieNeHbl MexXay
HECKOJHbKUMH MaIlllMHAMH, HEOOXOJMMO YIUTHIBATE YIIPABICHUE TOTOKAMHU M CHHXPOHH3AIHIO HA YPOBHE CETH.

4. OyHKIMOHAIbHBIE IOJXObI:

- Hcnonp3oBanue (hyHKIHOHAIBHOTO MporpaMMupoBanus u imutability nms ymeHbiienust mpoGieM ¢ HU3MEHSIEMBIM
COCTOSIHAEM. DTO TO3BOJISCT TPOIIE YNPABIATh MApaIUICIFHBIMU BBEIYUCICHUSIMA W MHHUMH3HPOBATH HEOOXOAMMOCTH
CUHXPOHH3ALUH.

5. YnpaBiieHue NpuopUTETAMU MOTOKOB:

- Hexotopbie mnar¢opMbl MOTYT HNOAJEPKUBATh YNPABJICHHE MPHOPUTETAMHU JUIS MOTOKOB, YTO MO3BOJISET M3MEHSTh

MOPSA0K BBIITOJHEHUS TIOTOKOB B 3aBUCHUMOCTH OT BaKHOCTH HX 3aJ1ay.

6. Cmapt-6mokuposku (lock-free):

- Mcnonb30BaHue arOPUTMOB U CTPYKTYP JAHHBIX 0e3 OJIOKUPOBOK, UTOOBI M30€KaTh CTaHAAPTHBIX MPOOJIEM, CBSI3aHHBIX
¢ OJIOKMPOBKaMH. DTO MOXKET YIIYUIINTh NPOU3BOJAUTEIBHOCTh U OT3BIBYNBOCTD.

7. MOHUTOPHHT U IPOGHUIUPOBAHHE!

- MHCTpYMEHTHI MOHHTOpPHHTa W MPOGUIMPOBAHUS MO3BOJSIFOT OTCIICKHBATH MPOU3BOAUTEIIEHOCTE MHOTOITOTOYHBIX
MIPUJIOKCHUH, BBISBILTE Y3KHE MECTa ¥ OTPEACISITE 00NACTH IS ONITUMH3AIINH.

29. TecTupoBaHHe U OTIaIKa MHOTOIIOTOUYHBIX MPHUIIOKEHUN
TecTupoBaHHE U OTIaJKa MHOTOIIOTOYHBIX MPHIOKEHUH — 3TO KPUTUYECKH BaXKHBIE ATAIBl pa3pabOTKH, KOTOPBIE MOTYT
OBITH CIIOKHBIMH U3-32 HEMPEICKa3yeMoro MOBEJCHUS IOTOKOB. PaccMaTpiuBaeMble METOIBI BKIIFOYAIOT:
1. 3amaHue SCHBIX Iieeil TECTUPOBAHUS:

- Omnpenenure, 4YTO HWMEHHO BBl XOTHUTE TMPOTECTUPOBATH: KOPPEKTHOCTH BBIMIOJHEHUS, MPOU3BOJUTEIHLHOCTD,
YCTOMUMBOCTD K HArPy3Ke U T. .

2. Vicnonp30BaHNe BCTPOCHHBIX CPEACTB OTIAIKH:

- Muorue IDE 1 MHCTpYMEHTH! OTIAJKH ITOJIEPKUBAIOT MHOTOIIOTOYHOCTh M TIO3BOJISIIOT HAOJIONATh 33 NEHCTBHAMHU
MoTOKOB. Mcronb3yiiTe TOUKU OCTAaHOBA U TPACCUPOBKY sl OTCIEKUBAHUS BBINOJIHEHHSI TPOrPaMMBI.

3. IlpoBepka COCTOSHUSI TOHKU:

- Wcnonp3yiite HHCTPYMEHTHI CTaTHYECKOTO M JMHAMHMYECKOro aHanmusa, Takue kak Thread Sanitizer, s BbISBIEHUS
COCTOSTHUH TOHKH, OITMOOK CHHXPOHH3AIMH i MEPTBHIX OJIOKHPOBOK.

4. Cumynsiys Harpy3Ku:

- Co3gaHue TECTOB Ha Harpy3Ky, KOTOpbIE CHMYNHPYIOT CIEHAPHH HCIIOIB30BAHMS C BBICOKHMM YPOBHEM Hapaiienn3Ma.
3TO MOMOTAET BBISIBUTH y3KHE MECTa U MPOOJIEMBI, KOTOPhIE MOTYT BOSHUKHYTB IIPU paboTe MPHUII0KESHNS O] HarPYy3KOH.
5. JlorupoBanue:

- BximrounTe MeXaHNU3M JIOTHPOBAHUS, KOTOPHIN (GUKCHPYET BpeMs M UICTOUYHUK COOBITHHA B MPHUIOKEHUH. DTO IOMOXKET B
OTJIaJIKe, KOT/1a BO3HUKAIOT OIIHOKH MIIM HEKOHCUCTEHTHOCTD JaHHBIX.

6. MomynbHOE TeCTHPOBaHHE:

- Pa3paboTtka oTaenbHBIX TecToB JuIsl GyHKIMI NOTOKOB. PaboTaliTe ¢ MOTOKaMy B M30JIMPOBAHHOM OKPYXXEHHUH, YTOOBI
IIPOTECTUPOBATH UX NOBEJECHHUE OTAEIHHO OT OCTAIBHOTO MPUIOKEHHUS.

7. U30o5a14s moTOKa:

- B HeKoTOpBIX ciydasX MOXET OBITh IOJIE3HO HM30JIMPOBAaTh MOTOKH JJsl TECTHPOBAHMS, YTOOBI MHHHMHU3HUPOBATH
BIIMSIHUE JPYTHX MIOTOKOB HA PE3yJIbTaThI TECTOB.



8. PyuHoe TecTupoBaHue:

- IIpoBeneHue pydHBIX TECTOB AN IPOBEPKH MHOTOIIOTOYHBIX CLIEHAPHEB MOXKET OBITH IOJE3HBIM, OCOOCHHO I
MIPOBEPKH YCIICIIHBIX W HEYCHEIIHBIX CIICHAPUEB, TAKUX Kak 00padoTKa OMIHOOK.
KoMIekcHbli MOaX0x K TECTHPOBAHUIO M OTJIAJKE MHOTONOTOYHBIX HPHMIOKCHUI IO3BOJIUT BBIABUTH M HCIPABHThH
poOIeMBl 10 pa3BepTHIBAHMSA, YTO OOCCIIEUNT BHICOKYIO IIPON3BOANUTENFHOCTD U HAJISKHOCTD B IIPOM3BOICTBEHHOM cpene.

30. I'pacdmueckuii mosp30BaTENbCKUI HHTEPDEFC
I'paduueckmii nonp3oBarensckuii uurepdeiic (GUI) — 310 crocobd B3aMMOJECHUCTBHS TOJIB30BATEINSI C KOMIIBIOTEPHBIMU
porpaMMaM¥ C HOMOIIBIO I'paUYecKUX SJIEMEHTOB, TAKMX KaK OKHA, KHOIIKH, MEHIO M Jpyrue KOHTposbl. OCHOBHBIC
KOMITOHEHTHI Tpaduueckoro nHrepdelica BKIIOYAIOT:
1. DneMeHTHI yIpaBIeHUS:

- KHomnku, TekcroBble moiis, (IaXKKH, BBIMAAAIOIINE CIHCKUA W JPYTHe 3JIEMEHTHI, IMO3BOJIIOLINE I0JIb30BATENIIO
B3aMMOJIEHCTBOBATH C IPUIIOKEHUEM.
2. OkHa:

- OcnoBHas xoHTeitHepHas equanna GUI, Bo MHOTHX CIydasx BKIIOYAEeT 3ar0JIOBOK, MEHIO, 00JIACTh B3aUMOJCHCTBUS U
CTaTyCHYIO CTPOKY.
3. CobpbrTust:

- Mexanu3M 00pabOTKH TOJIB30BATENLCKOTO BBOJA, HAIIPUMEP KIHMK MBIMIBI0, HAKATHE KJIABHMII W JIPyrue ACHCTBUS,
KOTOPBIE BBI3BIBAIOT BBIIIOJIHEHHE OIPEIEICHHBIX (QYHKLINI.
4. MeHI0 U TaHeNnb HHCTPYMEHTOB!

- [IpenocraBisioT A0CTYn K (YHKIHMSIM POrpaMMbl M JCHCTBUIO IOJIB30BATEII0 Yepe3 COJEepKUMOE MEHI0, KOTOpOe
MOYKET OTKPBIBATHCS HJIH OBITH TIOCTOSIHHO BHJTHO.
5. OtpucoBka u rpaduka:

- Komnprorepnsie rpapudeckue API, takme kak OpenGL mmm DirectX, MOTYT MCIIONB30BaThCSA AJISL CO3IMAHUS CIIOKHOU
BU3yaIM3alliy, a TAKXKe s 00paboTKH M300paKeHNH 1 aHUMAITHH.

31. [IpoexTupoBanue rpadUIECcKOTO MOJIB30BaTEIbCKOTO HHTEpdetica Ha C++
ITpoekTupoBanue TpauUecKoro MoJab30BaTEIbCKOro HHTepderica Ha C++ TpeOyeT oco3HaHHs BBIOOpa OMONMOTEK U
HHCTPYMEHTOB, KOTOPBIE IMTOMOTYT CO3[aTh MOIIHEIA M yrnoOHBIH umHTepdeiic. OcHOBHBIE maru i npoektupoBanus GUI
Ha C++:
1. Bei6op Oudanorexu:
- Haubonee nonynspubie 6ubmuoteku mis coznanust GUI va C++ BKITIOYAIOT:
- Qt: MomHas kpoccrarhopMeHHas OnOIMOTEeKa ¢ OOIIUPHBIM HAOOPOM KOMIIOHEHTOB U CPEJICTB pa3paboTKH.
- wxWidgets: kpoccathopMeHHas OnOIMOTEKa, MO3BOJIIONIAs co3naBaTh HaTuBHBIE GUI i pa3nuuHbIX m1athopmM.
- GTK+: oubmuoteka i co3aanus rpadUuecKux HHTEP(EHCOB, KOTOpask 4aCTO HMCIOJIB3YETCS B MPUIOKEHUSIX IS
Linux.
2. Co3nanne MakeTa nHTEpdetica:
- Ucnomp3yiiTe cpencTBa mpoeKTHpOoBaHuUs HHTepdeiicoB, Takue kak Qt Designer mimn wxFormBuilder, 9To051 BU3yaapHO
CHPOEKTHPOBATh MAKET BALIETO TPHII0KEHHS.
3. Pa3paboTka JIOTUKH TPUITOKEHUS:
- Ces3bIBaiiTe >JIEMEHTHI YNPABICHUS C JIOTHKON NPHIIOXKEHHs, ONpeneisis oOpadOTUYMKHM COOBITHH Ul peakiui Ha
JIEMCTBUS MOJIL30BATENS.
// TprMep o6paboTky COOHTMS KHONKM B Qt
connect (button, &QPushButton::clicked, this, &MyClass::onButtonClicked);

4. Aparrrans uHTEpQeiica:

- [IpoekTtupyiite mHTEphEHC ¢ YIeTOM Pa3IMYHBIX pa3pelIcHu U pa3MepoB 3KPaHOB, 00ECIeYbTe €ro OT3BIBUNBOCTE U
yI0OCTBO B MCIIOJIb30BAaHUH Ha BCEX YCTPOHCTBAX.
5. Tectuposanwue Ul:

- Ucnonp3yiiTe METOABI F03a0MIUTH-TECTHPOBAHUS I COOpa OT3BIBOB OT IOJIb30BATE]ICH M BHECCHHS YIYYIICHHU B
uHTEpdeEiic.

32. UnctpymMeHTapuii pa3paboTauka
[IpaBUIbHBIN WHCTPYMEHTAPHI pa3pabOTYMKa pelIaeT MHOXKECTBO 3a1ady, CBS3aHHBIX C Pa3pabOTKON, OT CO3MAHHUS U
KOMIWJISIIMK KOJIa 10 OTJIAAKHU U TecTupoBaHus. OCHOBHBIE HHCTPYMEHTBI, KOTOPBIE MOTYT OBITH MOJIC3HBI IIPH pa3paboTke
npuitokenunit Ha C++, BKIIIOYAIOT:
1. IDE (uHTErprpoBaHHbIE CpeIbl pa3padOTKN):

- Homynsipusie IDE, Takue xax Visual Studio, Qt Creator, Code::Blocks, CLion, mpeaocTaBisitoT MOIHbIE HHCTPYMEHTbI
JUISL HAIIMCAaHUS U OTIAIKH KOJa.
2. Komnunastopsr:

- Komnussitopsi, Takue kak GCC, Clang wiu MSVC, HeoOxoanumbl aiisi KoMmsinuu Bamero C++ kKoja U co3aaHust
HCTIOTHAEMBIX (DaiiyIoB.
3. CucTeMbl KOHTPOJISI BEPCUIA:



- Git u gpyrue cuCTeMBI KOHTPOJISL BEPCHIl SABISIOTCS HEOTHEMIICMOI YaCThI0 COBPEMEHHOTO pa3paboTk, obecredunBast
YIIpaBJICHHE BEPCUSAMH H COBMECTHYIO PadoTy.
4. IHCTpYyMEHTHI OTIAJIKN:
- GDB mna otnmankm mpunoxennit Ha C++, a Takxke BcTpoeHHbIe oTinamduké B IDE, xoTopsie mMO3BOISIOT MpOBEPSTH
COCTOSIHHE ITPOTPaMMBI BO BPeMsI BBIITOJIHEHHUS U OTCIIC)KUBATH OLIHOKH.
5. Ipodaiineps:

- Hnctpymentsl npoduiaupoBanus, Takue kak Valgrind, gprof wmu Bctpoenusie mHCTpyMeHTHl B IDE, momoraror
AHAIM3UPOBATH MPOM3BOANTEIHHOCTh U HAXOAUTH y3KHE MECTa.
6. bubnmorexu:

- Wcnonp3yiite BHeUmIHMe W craHnapTHeIe OnOimorteku (Hampumep, Boost, STL), koTopble IpenoCTaBIsIIOT TOTOBBIE
(YHKIMH U CTPYKTYPBI JJ1s1 00JIerdeHus pa3paboTKy.
7. JloxymeHTauus:

- Wcnone3yiiTe MHCTpYMeHTHI, Takue kak DOXygen, mis reHepaluy DOKYMEHTAIlMH Ha OCHOBE Ballero Koja, YToObI
00JIeTINTh MIOHUMaHUE U1 OYAYIINX Pa3pabOTIHUKOB.

33. Pa30op CymIecTBYIOMIETO MPOEKTa C OTKPHITHIM HCXOAHBIM KOJIOM
Pa360p cymiecTBYIOIIEro MpoeKTa ¢ OTKPBITHIM HCXOJHBIM KOJOM — 3TO OTJIMYHAsE BO3MOKHOCTh M3YUUTh apXUTEKTYPY,
KOZIOBYIO 0a3y M IpHMeHsIeMbIe TPakTUKU. OCHOBHBIE IIary VISl HCCIICI0BAHMS MIPOEKTa C OTKPBITBIM HCXOIHBIM KOJIOM:!
1. Beibop npoexkra:

- Haynmte c BBIOOpa IpOEKTa, KOTOPBI BAac HMHTEPECYET W COOTBETCTBYET BaIlUM IEJsM OOydeHus, OyAbTe
BHUMATEJbHBI K SA3BIKY IPOIPaMMHUPOBAHUS, CTHIIIO U CTPYKTYpE.
2. N3yueHne fOKyMEHTaIUU:

- Haunure ¢ urenusi ¢aiinop mokymenranuu, takux kak README, CONTRIBUTING u Wiki, uto6sr moHATH 11€1B
IIPOEKTa U €T0 apXUTEKTYPY.
3. 3amyck mpoekTa:

- CkJIoHHMpYITE PENO3UTOPHI M CIEAyHTe HHCTPYKIMSM 10 YCTAHOBKE M 3aIyCKY IPOEKTa Ha CBOEM KOMIIBIOTEpE. JTO
TIO3BOJIUT BaM YBHIETh, KaK IIPOEKT padOTAET Ha MIPAKTHUKE.
4. NsyyeHue apXUTEKTYpbI:

- AHammsupyiiTe CTpYKTYypy HpoeKkTa, (aiIoByl0 CHCTEMY M OCHOBHbIe Moxaynn. OOpaThTe BHMMAaHHE Ha TO, Kak
OpraHu30BaHa KoJoBast 0a3a M KaK pa3IMYHbIe KOMIOHEHTHI B3aUMOJIEHCTBYIOT JPYT C IPYTOM.
5. Ilonumanue xopna:

- UnTaliTe KO/, BHUMATEJILHO U3Yy4asi €ro JOTUKY, CTPYKTYpPY U MCIIOJb3yeMble NaTTepHbl poekTupoBanus. [lonpoOyiite
Hanucath KOMMEHTApHU MM MOJAU(UIIMPOBATH KO, YTOOBI JIy4llle OHSTh, KaK BCe paboTaeT.
6. KontpubObronus:

- Ecnn BBl uyBcTByeTe ce0si TOTOBBIM, MONPOOYHTE BHECTH CBOM BKJIAA B MPOEKT. DTO MOXET OBITh HCIpaBICHHE
omnoOoK, 100aBneHne GyHKIUH WM yIydIIeHne JOKyMEHTAIUH.
7. O01ieHne ¢ cooOIIECTBOM:

- Ilpucoeannsiitech K COOOIIECTBY MPOEKTa, ydacTBYHTe B OOCYXKICHHSAX M 3aJaBaliTe BONPOCHL. OJTO HE TOJBKO
TIOMOXET BaM JIyYIlle MOHSATh NPOEKT, HO ¥ PACIIUPUT BaIlly CETh KOHTAKTOB.

4.2.2. [IpakTH4eckoe 3a1aHue

4.2.2.1. Ilopsiaox npoBeeHUsI.

[IpakTudeckre HAaBBIKH MPOBEPSIOTCSA MYyTEM BBITTOJHEHUS! O0YUJAIOMUMUCS TPAKTUYECKUX 3aJaHUl B YCJIOBHSIX,
MMOJHOCTHIO WJIM YACTHYHO MPHOIMKCHHBIX K YCIOBHSIM TMPO(ECCHOHAIBLHOW IEATENLHOCTH. IIpoBepsieTcs 3HAHHE
TEOPETUYECKOTO MaTepuana, HeoOX0UMOe JIsl TPAaBUILHOTO COBEPIICHUS HEOOXOIUMBIX JACHCTBUM, YMEHHE BBICTPOUTH
MIOCJIEZIOBATENILHOCTD ACHCTBHM, IPAKTHUECKOE BiIaJIeHuE MpUéMaMy U METOJaMHU PelleHus TPpodheCCHOHATTBHBIX 3aad.

4.2.2.2. Kputepuu oueHUBaHUS
OTJIMYHO CTABUTCS, €CJIU 00y4aI0IMMCS:
3aiaHue BBIMOIHEHO TTOJIHOCTEIO U MPABIIBHO.

XOpPOLIO CTABUTCH, €CJIH 00yYAIOINMCH:

3aaHue BHIIIOJIHEHO MOTHOCTHIO, HO HET JOCTaTOYHOTO 000CHOBaHMs. NI Ipu BEpHOM pEIICHHH JOMYIICHA OIMUOKA MITH
HEJIOYET, He BIUIONINNA Ha MPABUIBHYIO TIOCICAOBATEIFHOCTD PACCYKICHUH.

Y/I0BJIETBOPUTEJIBHO CTABUTCS, €CJIM 00yYAOIIUMCS

3a1aHre BBIMOTHEHO YaCTUYHO WM C PAaKTUIECKUMH OIIMOKAMH.

HEY/I0BJIETBOPUTEIBLHO CTABUTCS, €CJIM 00yYAKIIUMCS

3aaHre He BBHIMOJIHEHO WITH BBITOJIHEHO ¢ OOJBIIMM KOJTMYECTBOM (PaKTHIECKHUX OIUOOK.

4.2.3.3. Conep:xaHne OLlEHOYHOI'0 CpPeACTBA
1) 3ananue
Hcnonp3ys maboHsl QYHKIMA 1 YaCTHYHYIO CIICIUATU3AIUIO MA0JI0HOB JOOUTHCS KOPPEKTHOTO UCIIOJIE30BAHHUS
[10JIH30BATEILCKOro Kiaacca B Kouiekuuax unordered _map, unordered set.

Onucanne
HeymopsimoueHHbIE KOJUIEKIIMY peaTi30BaHbl Ha 0a3e Xenr-tadmui. J{ist MaHUITy TMpoBaHusI SIeMeHTaMu (KITF0YaMH )
KOJUICKIIMH HEOOXOIUMO YMETh CTPOUTH XCIII OT AJIEMEHTA U CPABHHUBATH JIBA DJIEMCHTA KOJUICKIUU. J1J11 BCTPOCHHBIX WIIH



http://www.cplusplus.com/reference/unordered_map/unordered_map/
http://www.cplusplus.com/reference/unordered_set/unordered_set/

CTaHAAPTHBIX TUIIOB TaHHBIX XeHI-(bYHKL[I/I}I 1 orcpanus CpaBHECHHUA YKE OIPCACIICHBI. I[JISI II0JIB30BATCIBCKHUX KJIACCOB
Xe-(QOyHKITUIO U CpaBHEHNE HEOOXOAMMO PeaTn30BaTh CAMOCTOSTEIHHO.

[Ipumep

#include <unordered_set>

class Point {

int x,y;
}.

...

/[ Point p, p1, p2;

// xewt om p: p.x"\p.y,

// cpasuenue pl up2: (pl.x==p2.X) && (pl.y==p2.y)
...

std::unordered_set < Point > s;

2) 3amanne. Peanm3oBaTh 0000MEHHBIH HTEPAIMOHHBIN aITOPUTM BEIYHICICHHUS KBapaTHOTO KOPHS (M HE TONBKO), B
KOTOPOM BCE [ETaJU BEIHECEHBI B DYHKTOPHI, B BuAe GyHKuuH iterate.

[otpebyercs Tpu pyHKTOpA:

initial — pyHKTOp, BRIYUCIIAIOINIA HadalIbHOE NIPHOIIKEHHE. 11 KBaApaTHOTrO KOPHS U3 X MOYKHO B3STb X/2.

next — yHkrop, cTposiuuii cnenyromiee npudmmkenue. s kanpaTHoro kopHs: (y + x/y)/2, rue X — apryMeHT GpyHKInu
KOpHSI, @ Y — TeKyllee MpUOJImKEeHHUE.

enough — mpemuKaTt, OICHUBAIOIIHI TOYHOCTh. ECIH OH BO3BpaIlacT true, HTEPAIMOHHYO MPOIEAYPY MOXKHO 3aBEPIIUTD.
JUi1st KBaqpaTHOTO KOPHSA MOXHO B3siTh fabs(X - y*y) < 1e-8, rae X i Y MIMEIOT TOT e CMBICI, YTO M BBIIIIE.

TaxuMm oOpa3om, mrabaoHHas GpyHkus iterate Oymer UMeTh YeThIpe mapaMeTpa NIabjoHa: THIT 3HAYEHUS U TP (HYHKTOPA.

3) 3ananue

B mupexTopun jiexat BXOIHBIC TEKCTOBBIC (haiiiibl, HIONMEHOBAaHHBIC CIeIyomuM oopa3om: in <N>.dat, rae N -
HaTypajdbHOe gucio. Kaxkaeiit aifi cocTout u3 AByX CTpoK. B mepBoii cTpoke - 9rcio, o003Havaromee JeHCTBUE, a BO
BTOPOIA - YHCTIa ¢ TUIABAIOIICH TOUKOH, pa3ae’IeHHbIC IPOOeIoM.

JeiicTBUS MOTYT OBITH CIICTYFOIIINMHE:

1 - cnoxxenue

2 - yMHOKEHHUE

3 - cymMa KBa/IpaToB

Heo0xonnmMo HanucaTh MHOTOTIOTOYHOE MPUIIOKEHHE, KOTOPOE BBIIOIHUT TpeOyeMble AEHCTBUS HAJ YHCIAMU U CYMMY
pe3yapTaToB 3anumiet B gaitn out.dat. Hazeanue pabouei AMPEKTOpUH TIepeIacTCs B BUIE apryMeHTa paboyeii ctpoku. B
peain3aiv NPUBETCTBYCTCA MCIIOJIB30BAHUEC HOJ'II/IMOp(bI/BMa " MaTTCPHOB IMTPOCKTUPOBAHUA.

4) 3ananue

Pa3paboTaiiTe MHOTOITOTOYHOE NPUIIOKEHHUE, BBHITIOJHSIOIIEE BEIYUCICHHE TIPOn3BeaeHust MaTpull A (mxn) u B (nxk).
DneMeHTSI ¢jj MaTpulbl nponsseneHus C = AXB BEIYHCIIAIOTCS NapauIeIbHO P OTHOTHIIHBIMH IToToKaMu. Eciu
HEKOTOPBIH TTOTOK YK€ BBIYHCIIIET SIEMEHT Cjj MaTpuLbl C, TO CiIeyrOIHil NPUCTYNAIONINH K BEIYUCICHHUIO TOTOK
BBIOMpAET JUIS pacueTa JEMEHT Cij1, €U j<K, U Cii1x, €CIM j=K. BHIIOIHUB BBIYHCICHNE 3IEMEHTA MaTPHIIBI-
MIPOU3BEICHUS, TIOTOK MPOBEPSICT, HET JIM 3JIEMEHTa, KOTOPBIH ellle He pacCYMThIBaeTCs. ECiM Takoi 3JIeMEHT eCTh, TO
MPUCTYIIACT K €ro pacueTy. B mpoTUBHOM ciiydae OTIpaBisieT (II0Ip30BaTEILCKOE) COOOIICHUE O 3aBEPIICHUN CBOCH
PpaboThI ¥ IPHUOCTAHABIUBACT CBOE BBIMOJHEHME. [ TABHBIN MOTOK, MOIYYHB COOOIICHHS O 3aBEPIICHHH BEIYUCICHHIA OT
BCEX MOTOKOB, BBIBOAUT PE3YJIHTAT HA SKPAH U 3aIyCKaeT MOTOK, 3aMMCHIBAIOIINI Pe3yJIbTaT B KOHEI (aiiia-nporokosa. B
Ka)KJIOM ITOTOKE JIOJI’KHA OBITh 33J1ePKKa B BBIMIOJIHCHHH BBIYUCICHHIA (4TOOBI 1aTh BO3MOXKHOCTE IIOPabOTaTh BCEM
motokam). CHHXpOHH3AIUIO IOTOKOB MEXKIY COO0H OpraHu3yiTe 4epe3 KpUTHUSCKYHO CEKITUIO HITH MBIOTEKC.

5) 3ananue.

IIpu Haxkatum xHONKM "Start" QUanoroBoe NpPUIOKEHHE 3aIyCKaeT KOHCOJIbHOE MpuiloxkeHue. [locnenyromue HakaTus
KHOITKH "Start" OJDKHBI IPUBECTH K CO3/IaHHIO B KOHCOJIEHOM NIPHIIOKEHHH N HOBBIX pab0uMX IOTOKOB, rae N - 3HaueHHe
13 TIOJIS C YHCIIOBBIM CUETUHUKOM.

Haxarne xHOmkm "Stop" IOIDKHO MPHUBECTH K 3aKPHITHIO IOCIETHETO CO3MaHHOTO Paboyero MOTOKa B KOHCOJIBHOM
MIPUJIIOKEHNH, a B CIIydae OTCYTCTBHS pabOdYMX MOTOKOB - K €ro 3aBepiieHnio. KOHCOIpHOE MPHIIOKEHHE TakXKe TOJDKHO
3aBEPIIUTHCA U TIPH 3aBEPIICHUH THATOTOBOTO. /[FajoroBoe MpuiIoKeHne TOJKHO OTCISKUBATh, 3aKPBII JIN II0JIE30BATEh
KOHCOJIbHOE TIPUIJIOKEHHE camocTosTenbHo. ClieAyromee Mocie 3aKphITHS KOHCONMM HaxaThe '"Start" B0300HOBISET
pabounit LUKIT.
ITocne 3amycka KOHCOJIM BBIMAAAIOUIMNA CIIUCOK COAEPKUT CTpokH "Bce moroku" u "I'maBHBIN NOTOK", IO Mepe co3gaHus



HOBBIX IIOTOKOB B HEro J00aBIISIIOTCS CTPOKH, COJiepXKallue UX HoMepa (pa3yMeeTcsl, Py YAAJIeHUH NOTOKOB YAAISIOTCS U
COOTBETCTBYIOIIIE UM CTpPOKH). KOppeKTHpOBKa BHITAJAIONMIETO CHHCKA OCYIIECTBISETCA JHUINb IIOCHE IMONYyYCHHS
MTOITBEPKICHIS OT KOHCOJIH 00 YCIIETITHOM CO3JJaHHH TIOTOKOB.

B3anmMopeficTBre MeXIy IPHIOKEHISIME PEaTH30BaTh C IOMOIIBI0 00BEKTOB sizipa "coObITHA" (events).

Jo6aBuThs B IPIIIOKEHHS TIepenady HHPOPMAIUU ¢ IOMOIIBI0 (aifina, orobpaxkaeMoro B mamsATh (memory mapped file).
PeanmzoBaTh TpaHCHOPTHBIE (YHKINHU B BHIE TUHAMUYIECCKH MOJKITI0OYaeMOi OMOJIMOTEKH ¢ HESIBHO 3arpy3Koii.

IMpn nHaxatum kHomku "Send" nuanoroBoe NPHIOKEHHE IEPEChUIAET KOHCOJIM TEKCT, BBEICHHBIH B II0JIE BBOJA.
Brimanmaromuii  Cicok 3amacT HoTok-anpecar. [Ipu BeiOope cTpoku "Bcee moToku" cOOOIIEHHE OTHMPABISCTCA BCEM
MOTOKaM, Ka)XX/Iblif TOTOK CUUTHIBAET HHPOPMAILINIO HE3aBUCHUMO.

I'maBHBI TOTOK BBIBOJWUT MOJYYEHHBIH TEKCT Ha CTaHIAAPTHBIH BBIBOJ (stdout), paboune MOTOKM CO3/AIOT TEKCTOBBIE
¢aiinpl ¢ MMeHaMu <CBOW HOMEp>.tXt M JONKCBHIBAIOT B HHUX MOJy4eHHBIH TekcT. daily, oToOpa)kaeMblii B MaMsTh,
3aIIHUIIACTCs OT COBMECTHOTO MCIIONB30BAHMS C TIOMOIIBIO 00BbEKTa CHHXPOHU3AINH muteX.

Bce meficTBHS MOATBEPKIAIOTCS COOOIEHUSIMA OT KOHCOJTH.

4.2.3.4. Kimoyu K NpaKTHYeCKHM 3aJaHUSM

amanne 1

Jyisi KOpPpeKTHOTO HWCHOJBh30BAaHUS IMOJBH30BATENBCKOTO Kiacca Point B HEYHNOPSIOYEHHBIX KOJUICKIUAX, TaKUX Kak
unordered_set u unordered map, HE0OXOAMMO OIpPEICTUTh XEUI-QPYHKIUIO W ONepaTop cpaBHeHus. Hike mpuBeaeH
NpUMEp peann3aluu

#include <iostream>
#include <unordered set>
#include <functional>

class Point {
public:
int x, vy
Point (int xCoord, int yCoord) : x(xCoord), y(yCoord) {}

// OmnepaTop CpaBHEeHUS
bool operator==(const Point& other) const {
return (x == other.x && y == other.y);

namespace std {
template <>
struct hash<Point> {
size t operator() (const Point& p) const {
return hash<int>() (p.x) * hash<int>() (p.y); // KoMOuHMpOBaHME Xelein

int main() {
std: :unordered set<Point> points;

points.insert (Point (1,
points.insert (Point (3,

))
))

Ne N

// TlpoBepKa HalVuusg TOUKU
if (points.find(Point(l, 2)) !'= points.end()) {
std::cout << "Point (1, 2) exists in the set." << std::endl;

}
return 0O;
}
B atom mpumepe B kiacce Point mepeompeneneH omepaTop == Uil cpaBHEHHs 0O0BekTOoB Point mo koopauHatam. B

cnenuanbHON cTpykType hash<Point> peanusyercst meton operator(), KOTOPBIH I'eHEpUPYET XelI-3HauYeHHE JJIsI 0OBEKTa
Point. Jist aTOTO HIcTIONB3yeTcs cTanAapTHAs Xenr-pyHkust hash<int>() s KoopawHAT X M 'y, KOTOpbIE KOMOMHUPYIOTCS C
moMotpio moburoBoit omeparuun XOR. Temeps 00vexTsl Point mMokHO m006aBnsaTs B unordered set M BEITIONHATH



CTaHAapTHBIE ONEPaIiH, TAKUE KaK IIOHCK.

3amaune 2

7S peanu3aldé  OOOOMIEHHOTO WTEPALOHHOTO AalNTOpPUTMa BBIYMCICHHS KBAaJpPaTHOTO KOPHS C HCIIOJIb30BAaHHEM
(YHKTOPOB, HEOOXOIUMO CO3IaTh TPH (YHKTOPA, a Takke MabIoHHYI0 QYHKIHIO iterate, KoTopasi OyJeT IpUHIMATE dTH
(YHKTOpBI B KauecTBe napameTpoB. Himke mpeacTaBiIeH IpuMep pealn3anny.

#include <iostream>

#include <cmath>

#include <functional>

// OYHKTOP IJIsS BHUMCJIEHMS HAYaJbHOTO NPUOIIVKEHMS
struct Initial {
template<typename T>
T operator () (T x) const {
return x / 2; // HauanbHOoe NpubIUXEHME
}
}i

// ®YHKTOP IJIS BBEUMCIIEHMS CJEOYIeTO NPUOIIVKEeHNI
struct Next {
template<typename T>
T operator () (T x, T y) const {
return (y + x / y) / 2; // Crjenmywouee npubiamxeHre
}
};

// ®YHKTOP IJIS OLIEHKM TOUHOCTM
struct Enough {
template<typename T>
bool operator() (T x, T y) const {
return fabs(x - y * y) < 1e-8; // YcioBue 3aBeplueHud
}
}i

// labryoHHaa OGYHKUUA IJd UTepalun
template<typename T, typename InitialFunctor, typename NextFunctor, typename
EnoughFunctor>
T iterate(T x, InitialFunctor init, NextFunctor next, EnoughFunctor enough) ({
T vy = init(x); // HauanbHOe NpuOIMXEHME
while ('enough(x, y)) { // IllpoBepka Ha 3asBepleHue
y = next(x, y); // ObGHOBJeHUE NPUOIINKEHNI

}

return y; // Bosspar pe3yibTara
int main() {
double x = 25.0;

// Vicmojib30Baume OOOBMEHHOTO UTEPALMOHHOTO aJIlopuTMa
double result = iterate(x, Initial(), Next(), Enough());

std::cout << "KpanpaTHel xopeHb mM3 " << x << " = " << result << std::endl;

return 0O;

B stom npuMepe NpeACTaBJICHbI CICAYOIINE KOMIIOHCHTBI:

1. ®ynkTop Initial: Beraucnser HauanpHOE MPUOIIKEHUE IS KBAPATHOTO KOPHS (X/2).

2. ®ynakTop Next: Boraucinser cieayromiee npuOmmKeHue ¢ Ucronb3oBaHueM Gopmyisl (y + x/y)/2.

3. ®ynkrop Enough: TIpoBepsier, TOCTUTHYTO 1K 0CTATOYHOE TIPUOIIKEHHE, C HCTIOIb30BaHHEM ycaoBus fabs(x - y*y) <
le-8.

4. Illabnonnas ¢yHkuus iterate: IlpuHnMaer aprymMeHT X, a Takke Tpu QyHkropa. OHa HCHONB3yeT (YHKTOPBI IS



BbIYHCJICHUS HA4YaJIbHOI'O 3HAYCHUA, UTCPATUBHOT'O OOHOBIIEHHS U MPOBEPKU yCJIIOBUA 3aBCPIICHUS.

B ¢yHKmMM main JeMOHCTPHpYETCS HCHOJIb30BAaHME AITOPUTMa JUIS BBIYMCICHUS KBaJPAaTHOTO KOPHSA M3 4Yucia 25
Pe3ynbTaT BEIBOAUTCS Ha 3KpaH.

TakuM 00pa3oM, MPUCIOCOOICHUE K TOJIB30BATENBCKIM (DYHKTOPOM MO3BOJISIET aallTUPOBATh AJITOPUTM II0JL Pa3lINdHbIC
3a[a4u, He OrPaHHYUBAsICh TOJIBKO BBIUUCIEHHEM KBAJPaTHOIO KOPHS

3ananue 3

Jyis peanu3allid MHOTOIMOTOYHOTO TPHJIOKCHHS, BBIMOJHSIONICTO YKa3aHHBIC ICWCTBUS HAJl YUCIAMH M3 TEKCTOBBIX
(daiimoB, MBI MOXEM BOCIOJIB30BaThCS MONMUMOPGU3MOM M MPUMEHHUTh MaTTepH mpoektupoBaHus "Crparerus'. Bor
npuMep peammzanuu Ha C++:

1. Onpexnensiem nHTEpdEHC U CTpaTErUn

Co3mamnm 6a3oBbIil Kitacc Operation, KOTOPEIH OyneT MMeTh BUPTYaIbHBIM METOJ JJIS BBHIITOJHEHHS OIIEPAINH, a TaKKe
TpU NOAKJIAacca Uil KaKI0U U3 onepanui.

#include <iostream>
#include <fstream>
#include <string>
#include <sstream>
#include <vector>
#include <thread>
#include <mutex>
#include <filesystem>
#include <memory>

// Vurepbelic mjisa ornepaumnit
class Operation {

public:
virtual double execute(const std::vector<double>& numbers) = 0;
virtual ~Operation() = default;

}:

// Crparerua nJsda CJOXEeHUS
class Addition : public Operation {

public:

double execute(const std::vector<double>& numbers) override {
double result = ;
for (double num : numbers) {

result 4= num;

}
return result;

}

// Crparerma njisg yMHOXEHUS
class Multiplication : public Operation {

public:

double execute(const std::vector<double>& numbers) override {
double result = ;
for (double num : numbers) {

result *= num;

}
return result;

}

// Crparervd njid CyMMHl KBaIpaTOB
class SumOfSquares : public Operation {
public:
double execute(const std::vector<double>& numbers) override {



};

double result

for (double num

result +=

}

return result;

= 0.0;
numbers) {
num * num;

// MpoTEeKC IJisg BalMTe HOCTyla K Oflel NepeMeHHOM’

std:

cmutex mtx;

// OyHkrUUa ob6paboTku daliia
void process file(const std::string& filename, double& total) {

std:

}

std::ifstream input file(filename);

if ('input file.is open()) {

std::cerr << "He ymajyioCb OTKPHEITHL OQani:

return;

}

int action;
std::string line;

std::getline(input file, line);

std::istringstream(line) >> action;

std::getline(input file, line);
std::istringstream iss(line);
std: :vector<double> numbers;

double num;
while (iss >> num)

{

numbers.push back (num) ;

}

std::unique ptr<Operation> operation;

switch (action) {

" << filename << std::endl;

case 1:
operation = std::make unique<Addition>();
break;
case :
operation = std::make unique<Multiplication>();
break;
case 3:
operation = std::make unique<sumOfSquares>();
break;
default:
std::cerr << "HeumssecTHoe nerncrBre B Qanne: " << filename <<
cendl;
return;
}
double result = operation->execute (numbers) ;

// OBHoBJgeM OOyl CYMMYy B SalMIIeHHOM objacTu

std::lock guard<std::mutex> lock(mtx);

total += result;

// TnaeHad GOyHKUUHA
main(int argc, char* argv[]) {

int

if (argc '= 2) {

std::cerr << "lcrnosb30BaHMKE :

std::endl;

return 1;

" << argv[0] << " <directory path>" <<



std::string directory path = argv[l];
double total = ;
std: :vector<std::thread> threads;

// Tepebop GamoB B yKa3eHHOMU IUPEKTOPUN
for (const auto& entry : std::filesystem::directory iterator(directory path))

{
const std::string filename = entry.path().string();
if (std::filesystem::is regular file(entry) && filename.ends_ with(".dat"))
{
threads.emplace back(process file, filename, std::ref(total));
}
}
// OxumaHue =aBeplieHMs BCEeX IIOTOKOB
for (auto& t : threads) {
t.join();
}
// 3anmuch MTOTOBOM CYMMH B OGaii
std::ofstream output file("out.dat");
if (output file.is open()) {
output file << "lToropasa cymmva: " << total << std::endl;
} else {
std::cerr << "He ymayock OTKPHTHL OGamn out.dat nna zanmcm." << std::endl;
}
return 0;
}

OOBsiCHEHHE KO1a:

1. UaTepdeiic u ctpaterun: Co3nan 6a30BbIil kiace Operation ¢ BUPTyanbHBEIM MeTo0M execute. Co3aHbI TPH Kilacca
npousBoaHBIX (Addition, Multiplication, SumOfSquares), KOTOpBIe pealn3yIOT KOHKPETHBIE MATEMATHIECKHE OTICPAIlUH.

2. @ynknus process_file: Unraer daiin, onpenenser, kakas onepanust JODKHA OBITh BBITIOJIHEHA, U UCTIONIB3YET
COOTBETCTBYIOIIMHI KJIACC CTPATETHH JIJIsl BBIIIOJIHEHHs oriepanuu. Pe3ynbrar coxpansiercs: B 001eil nepeMeHHOiH,
3aIUIAEMOI MBIOTEKCOM.

3. OcHoBHas yioruka: [IporpaMma NPUHUMAET MyTh K JUPEKTOPHH YEPE3 apTyMEHTHI KOMAHIHON CTPOKH, epedupaet
(aiinel, cooTBETCTBYIOIIKE 11a0MOHY in_ <N>.dat,  co3maeT MOTOKH it 00paboTku Kaxaoro (aiiia. [Tocie 3aBepieHus
BCEX MIOTOKOB Pe3yJIbTAT COXpaHseTcs B ¢aiin out.dat.

Takum 00pa3oM, TaHHAs pean3alis JSMOHCTPHPYET UCIIOIb30BaHKE MOTUMOPHH3Ma U MHOTOIIOTOYHOCTH B 00paboTKe
¢aiinos, obecrieurBast 3P PEKTUBHOE U OE30MACHOE BHITIOIHEHUE PA3IMYHBIX OMEPAITHiA.

3amaune 4

Jist pa3paboTKy MHOTOTIOTOYHOTO MPHIIOKEHHUS, BEIYUCIISIIOIIETO MPou3BeeHNe MaTpHIl A u B, MbI Oy1eM UCTIOIh30BaTh
C++ ¢ moaep kKol MHOTOTIOTOYHOCTH U CHHXpOHM3anuu. [IporpaMma OyeT pacmapaieiuBaTh BIYUCICHUS JIEMEHTOB
matpuibl C, a MOTOKH OyayT paboTaTh C 3aA€P>KKOM TSI MOJAETUPOBAHUS PeaTbHOTO BPEMEHU BBITTOJIHEHHUS OTIepaIfii.
#include <iostream>

#include <vector>

#include <thread>

#include <mutex>

#include <condition variable>

#include <chrono>

#include <atomic>

#include <iomanip>

#include <fstream>



// TrobalibHBIE MepeMeHHBE

std::mutex mtx; // MboTexkC Ojsd CUHXPOHM3ALNUU

std::condition variable cv; // YcnosHasa mnepeMeHHad

std::atomic<int> current index{0}; // Texyumii mHIexC s3JjeMeHTa MaTpumuel C
std::vector<std::vector<int>> C; // PesynbTupyolas MaTpula

// OYHKUMSA IJIS TEeHepaluu CIIYyUYalHBIX MaTpPMUL
std::vector<std::vector<int>> generate matrix(int rows, int cols) {
std::vector<std::vector<int>> matrix(rows, std::vector<int>(cols));

for (int i = 0; i < rows; ++i) {
for (int j = 0; j < cols; ++3) {
matrix[i]1[J] = rand() % 10; // DnemenTer or 0 mo 9
}
}

return matrix;

}

// OYHKUMSA JIS YMHOXEHUS MaTpPUL
void multiply matrices(const std::vector<std::vector<int>>& A,
const std::vector<std::vector<int>>& B,
int thread id, int m, int n, int k) {
while (true) {
// 3axeaT MpIOTEKCa OJid OOCTylla K TeKylleMy MHIEKCY
std::unique lock<std::mutex> lock(mtx) ;
int idx = current index++;// Tlonmyuaem Texkyumili MHIEKC M yBeJIMYMBAEM €I'O
if (idx >=m * k) { // lpoBepka BHXOIAa 3a TPAHULE MaTPULE
lock.unlock() ;
break; // Eciu MHOEKCH [IPEBHIIAKT MPEeNesibl, BHXOIUM M3 LMKJIA

lock.unlock() ;

// TpeobpasyeM MHOEKC B IBYMEPHHE KOOPIMHATH
int 1 = idx / k; // UHOexc CTpoku
int j = idx % k; // UHpexc cronbua

// YMHOXeHMe M 3alepXKa IJIA MMUTaUUMY IJIMTEeJIbHOM olepaLumn
for (int p = 0; p < n; ++p) {

C[i1[J1 += A[illpl * BIplI[31:;
}

// VMyTaums 3aIepXKM B BHUMCIIEHUM
std::this thread::sleep for(std::chrono::milliseconds(100));

// YBemomigeM O 3aBeplieHur paboThl TEKymero I0TOKa
std::cout << "llorox " << thread id << " zakoHuM BuUMCIeHMe sjeMenTa C["
<< 1 << "] [" KK J KL "]" KL std::endl;
}

void log_ result(const std::vector<std::vector<int>>& result, const std::stringé&
filename) {
std::ofstream log file(filename, std::ios::app);
if (log file.is open()) {
log file << "PesynbTaT MaTPMYHOTO IpomM3BeneHus:\n";
for (const auto& row : result) {
for (const auto& elem : row) {
log file << std::setw(4) << elem; // PopMaTUPOBAHHEI BEBOI
}
log file << "\n'";
}
log file << "\n";
log file.close();
} else {



std::cerr << "He ypmanock OTKPHTL OGann nna zanmcu!'" << std::endl;

int main() {
int m =3, n= 3, k= 3; // PasMepHOCTM MaTpPUIl
// TeHepaums CJydYayHeHX MaTpuil A ¥ B
auto A = generate matrix(m, n);
auto B = generate matrix(n, k);

// Vuayumanmsauys MaTpuusl C HYJISMU
C.assign(m, std::vector<int>(k, 0));

// KojmnuecTBO MNOTOKOB
int num threads = 4;
std: :vector<std::thread> threads;

// CospmaHuMe U 3anyCK I[IOTOKOB
for (int i = 0; i1 < num threads; ++1i) {
threads.emplace back(multiply matrices, std::cref(A), std::cref(B), i + 1,
m, n, k);

}

// OxumaHue =aBepllieHMsS BCEeX INOTOKOB
for (auto& t : threads) {
t.join();

// BBIBOI pes3yJjibTaTa Ha 3KpaH
std::cout << "PesysibTaT MaTPUUYHOTO IpoM3BemeHus:\n";
for (const auto& row : C) {
for (const auto& elem : row) {
std::cout << std::setw(4) << elem; // ®OPMATUPOBAHHLI BEIBOI

}
std::cout << "\n";

// 3Banuce pesyjbTara B Obani
log result(C, "log.txt");

return 0O;

}

OOBsicCHEHHE TIPOTPAMMBI:

1. I'enepanus ciydaiiHoW MaTpuubl: OyHKIMS generate matrix co3aeT MaTpuIlbl ¢ nenbiMu yrciaaMu ot 0 1o 9.

2. YMHoxenue marpul: @ynkims multiply matrices oopabateiBaeT anemenTs! MaTpuubl C. [Tapamerp current index
OTCIIEeKUBAET, KAaKOH JIEMEHT ceifuac paccuuThIBaeTCs. ECI MHIAEKCHI BBIXOAAT 3a MPEIebl, MOTOK 3aBepIIaeT CBOIO
pabory.

3. IToroxu: B main co3maroTcs 1 3aITyCKar0TCs HECKOIBKO TIOTOKOB, HCIONB3Y4 std::thread, KOTOpHIit BRIIOTHAET QYHKIINIO
multiply_matrices.

4. Cuaxponuzanus: [y CHHXpOHH3AIMU HCIIOJIB3YETCsl MBIOTEKC, KOTOPBIH oOecrieunBaeT O€30MacHbIH T0CTYI K
current_index.

5. 3ammcs pesynbrara: [Tocie 3aBepiieHns Bcex IOTOKOB pe3yIbTaT BEIBOANTCS HA 3KpaH U 3aIruckiBaeTes B daiir log.txt.
6. 3anepxka: [Tocie Ka10ro BEIYMCIICHHUS 3JIEMEHTa MAaTPHIIBL, IIOTOK NMpHocTaHaBnuBaeTcs Ha 100 MIJUIMCEKYH]T, YTOOBI
HMHUTHPOBATH MPOLIECC BEIYUCIICHHS ¥ TIO3BOJIUTH IPYTHM IIOTOKAM paboTaTh.

3amaune 5

Cosznanue omMcaHHOT0 MHOTOTIOTOYHOTO MPHIIOKEHHS ¢ ucTosb3oBanneM Windows API n nuHaMUYeCKH MOAKITF09aeMbIX
oubmuotek (DLL) — cnoxxHas 3aga4a, TpeOyrommas cepbe3HbIx ycunuid. JlaBaiite pa3oObeM ee Ha OCHOBHBIC YaCTH.
OO0mmas CTpyKTypa MpHIOKEHHS

1. duanorosoe npmioxenue (GUI):



- Unrepdeiic ¢ knonkamu "Start", "Stop", "Send" n monem aist BBosia TeKcTa.
- Beimagaronuii ciucox AJ1st BEIOOpa MOTOKA.
- O6paboTINKH COOBITHIA AJIST KHOTIOK, IJISl YIIPAaBJICHHS CO3/TaHIEM M OCTaHOBKOW IIOTOKOB, a TAK)KE OTIPaBKH
COOOIIEHUIA.
2. KoHconpHOE TIpHITOKEHHE:
- Cozgaér paboure IOTOKH.
- [IpHUMaeT KOMaH/IbI Ha CO3/IaHHE/OCTAHOBKY MOTOKOB.
- [Tonmyyaet TekcTOBOE COOOIICHUE 1 00pabaTHIBACT €r0 B 3aBUCUMOCTH OT ajjpecara (Bce MOTOKH WIIA KOHKPETHBIH
MOTOK).
- Co31aéT TEKCTOBBIC (DaiiIbl IS XpaHCHHS MOTYYCHHBIX COOOIICHHIA.
3. Iunamudecku nonkiroyaemas oudmmorexa (DLL):
- PeammsyeT pyHKIMM A1 0OMEHA TaHHBIMHU MEXITy MPUIOKECHUSIMA M CHHXPOHU3UPYET AOCTYH K pa3aessieMbIM
pecypcam.
4. O0bexTH sapa "coOBITHA" U "MBIOTEKCH" TSI CHHXPOHHU3AIHA MEKAY IIPOLIECCAMH.
5. @aiinbl, oToOpakaeMble B TAMSTh, IS IEPECHUTKH TaHHBIX.
Kon peanuzanuu
J1Ji HarJIATHOCTH 5 IPUBEAY PparMeHThI KoJa JUIs KaXI0T0 U3 KOMIIOHCHTOB.
1. InanoroBoe npuiiokeHue
#include <windows.h>
#include <commctrl.h>
#include <string>
#include <vector>
#include <thread>
#include <iostream>
#include <fstream>
#include "Resource.h" // ®amnn pecypCoB g IOMAJIOTOBOTO IIPUIIOKEHUS

// O6baByisgeM byHKUMM 10Jisg paboTu ¢ DLL

typedef void(*StartThreadsFunc) (int) ;

typedef void(*StopThreadFunc) () ;

typedef void(*SendMessageToThreadFunc) (const char*, int);
typedef void(*ShutDownThreadsFunc) () ;

HINSTANCE hDLL;

StartThreadsFunc StartThreads;
StopThreadFunc StopThread;
SendMessageToThreadFunc SendMessageToThread;
ShutDownThreadsFunc ShutDownThreads;

// TrnobajibHBlE MepeMeHHBIEe

HWND hCombo;

HINSTANCE hInst;
std::vector<std::string> threadsList;

// Tlonb30BaTEJIbLCKUNA OMAJIOT
INT PTR CALLBACK DialogProc (HWND hWndDlg, UINT message, WPARAM wParam, LPARAM
lParam) {
switch (message) {
case WM INITDIALOG:
// 3Barpyska DLL
hDLL = LoadLibrary(TEXT("ThreadLibrary.dll"));
StartThreads = (StartThreadsFunc)GetProcAddress (hDLL, "StartThreads");
StopThread = (StopThreadFunc)GetProcAddress (hDLL, "StopThread");
SendMessageToThread = (SendMessageToThreadFunc)GetProcAddress (hDLL,
"SendMessageToThread") ;
ShutDownThreads = (ShutDownThreadsFunc)GetProcAddress (hDLL,
"ShutDownThreads") ;
hCombo = GetDlgItem(hWndDlg, IDC COMBO1l) ;
SendMessage (hCombo, CB ADDSTRING, , (LPARAM) "Bce moToxu') ;
SendMessage (hCombo, CB ADDSTRING, , (LPARAM) "T'siaBHeM 1OTOK") ;
return TRUE;



case WM COMMAND:
if (LOWORD(wParam) == IDC_BUTTON_ START) {

// TonmyyaeM 3HauyeHMEe CUeTUMKa, YCTAHOBJIEHHOTO B MHTepbelice
int threadCount = GetDlgItemInt (hWndDlg, IDC NUM COUNT, NULL,

FALSE) ;
StartThreads (threadCount) ;

}

else if (LOWORD(wParam) == IDC BUTTON_ STOP) {
StopThread() ;

}

else if (LOWORD(wParam) == IDC_BUTTON SEND) {

char message[256];

GetDlgItemText (hWndDlg, IDC EDIT MSG, message, sizeof (message));

int selectedIndex = SendMessage(hCombo, CB GETCURSEL, 0

SendMessageToThread (message, selectedIndex);

}

break;

case WM CLOSE:
ShutDownThreads () ;
FreelLibrary (hDLL) ;
EndDialog (hWndDlg, 0);
return TRUE;

}
return FALSE;

}
int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE, LPSTR, int nCmdShow)

hInst = hInstance;
DialogBox (hInst, MAKEINTRESOURCE (IDD DIALOGl), NULL, DialogProc);
return 0O;

2. KoHCcoTbHOE TIPHIIOKEHUE
#include <iostream>
#include <thread>
#include <vector>
#include <windows.h>

HANDLE hEvent;

std::mutex mtx;

std: :vector<std::thread> threads;
int threadCount = 0;

void WorkerThread(int id) {
while (true) {
// OxupmaHue CcurHajla Ha BHIIOJIHEHME
WaitForSingleObject (hEvent, INFINITE) ;
// BHIOJHUTEH PaboTy MOTOKAa
// HanpmmMep, NOPOCTO BEIBOL COOOmEHMS
std::cout << "lloTok " <K<K id << " zanymexn." << std::endl;

// VMyTHMpyeM 3amepxKy paboTel MOTOKa
std::this thread::sleep for(std::chrono::seconds(l));

}

extern "C"  declspec(dllexport) void StartThreads(int count) {
std::lock guard<std::mutex> lock(mtx);
for (int i = 0; i < count; ++i) {
threads.emplace back(WorkerThread, threadCount++);
}

// YBemomsigeM MMOTOKM, UYTO OHM MOTYT HAUMHATH padoTy

0);

{



SetEvent (hEvent) ;

}
extern "C"  declspec(dllexport) void StopThread() {
std::lock guard<std::mutex> lock(mtx);
if (!'threads.empty()) {
// OcTaHOoBKa MNOCJIeOHEIr'O IOTOKAa
threads.back () .detach(); // YBemumcs, UTO MNOTOK YCIIENHO 3aBeplieH
threads.pop_back() ;
}
}
extern "C"  declspec(dllexport) void SendMessageToThread(const char* message, int

recipient) {
std::lock guard<std::mutex> lock(mtx);
// OBpaboTka KOHKPETHOTO IMOTOKAa WMJIM BCEX

for (int 1 = 0; i < threads.size(); ++i) {
if (recipient == || recipient == i + 1) { // Ecim BCe NOTOKM UIU
KOHKpPE THHIM

// Banucb B bain ¢ muMmMeHeM <CBOM HOMep>.txt
std::ofstream outFile(std::to_string(i) + ".txt", std::ios::app):;
outFile << message << std::endl;

}
}
}
extern "C"  declspec(dllexport) void ShutDownThreads () {
std::lock guard<std::mutex> lock(mtx);
for (auto& thread : threads) {
if (thread.joinable()) {
thread.join() ;
}
}
threads.clear () ;
}

// OYHKLUMA »OJI8 MHULMAIM33LUN
void Initialize() {
hEvent = CreateEvent (NULL, FALSE, FALSE, NULL);

}

Ormnucanue Kojaa
1. lnanoroBoe NpuIOKEHUE:

- Co3paercst moabp30BaTeNbcKUil nHTEpdEiic 11 ynpaBineHns: paboYrMH MOTOKAMH.

- B pynkmmm DialogProc oOpabaTeiBaroTcst Ha)kaTHsI KHOTIOK.

- 3arpy3ka u ucnonp3oBanue GyHkuil n3 DLL ams ynpaBieHHs TOTOKAMHU M OTIIPABKH COOOIIICHHI.
2. KoHconbHOE MPUITOKEHHE:

- Kaxiplit pabounii morok BeinonuseT Gpynkuuto WorkerThread, koTopast UMUTHpYET BBINOJIHEHUE PAOOTBHI.

- Mcnonp3yroTcst COOBITHS M MBIOTEKCHI [T CHHXPOHHU3AIIHH.

- PeammzoBans! GyHKINHM 11 00pabOTKU CO3JaHHS, OCTAHOBKU IIOTOKOB M OTTIPABKH COOOIICHHH.
3.DLL:

- PeanusyeTcs skcnopT QyHKIMH JUIsl B3aUMOJEHCTBHS MEX/Ly IPHIIOKESHUSIMU.

- DLL 3arpysxaeTca aBTOMaTUYECKH U UCIIOJIb3YETCS B AUATOTOBOM IPUIIOKEHUH.
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2. Mengenes, M. A. [IporpammupoBanune vHa CU#: YueOHoe nmocodue / Mensene M.A., Mensenes A.H., - 2-e u3.,
crep. - Mocksa : @aunta, U3n-Bo Ypan. yu-ta, 2017. - 64 c. ISBN 978-5-9765-3169-7. - Tekcr : anekrponnsiid. - URL:
https://znanium.com/catalog/product/948428 - Pexxim pocTyma: mo moAMUcKe.

JlonoHuTeILHAS IMTEPATYypa:

1. Kanunoropckwuii, H. A. OCHOBBI IPaKTHYECKOTO NPUMEHEHUs] HHTEPHET-TEXHOJIOTHiT : yueOHoe nocobue / H. A.
Kanmaoropckuii. - 3-e u3g., crep. - Mocksa : ®JIMHTA, 2020. - 182 c. - ISBN 978-5-9765-2302-9. - Tekcr : 37eKTpOHHBIH.
- URL: https://znanium.com/catalog/product/1142475 - Pexwum IOCTyIa: MO MOJIIIHCKE. .

2. Ilapes, P.1O. NudopmaTrka u nporpamMmmupoBanue [DIeKTpoHHbIH pecype] : yueb. mocobue / P. 1O. Iapes, A. H.
[Tynkos, B. B. Camapun, E. B. MeusaEKOBa. - KpacHosipek : Cub. dpenep. yu-T, 2014. - 132 ¢. - ISBN 978-5-7638-3008-8.
- Tekcer : anextponHsbiit. - URL: https://znanium.com/catalog/product/506203 - Pexxum gocTyrma: mo HoAmUCKe.
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Tpunoosrcenue 3
K paboyell npoepamme OUCYUNTUHBL (MOOYIS)
51.B.J]B.03.01 IIpomsiuinennoe npocpammuposarue

Ilepeyenb HH(OPMALIMOHHBIX TEXHOJIOIMii, HCNIOJb3YeMbIX /ISl OCBOCHHMS AUCHUILIMHBI (MOAYJIS), BKJIIOYAs
nepeyeHb MPOrpaMMHOro odecnevyeHust 1 HHYOPMALMOHHBIX CIPABOYHBIX CHCTEM

Hamnpasnenue nmonrorosku: 15.03.06 MexarpoHuka v poOOTOTEXHUKA
[podune noaroroBkn: PU3HUECKHE OCHOBBI MEXaTPOHUKH U POOOTOTEXHUKH
KBanu¢ukauus BbITyCKHUKA: OaKanaBp

®opma 00ydeHHS: 3a09HAS

S3pIK 0OyUeHus: pycckuit

T'on Hawana oOydeHus mo obpa3oBaTensHON porpamme: 2026

OcBoeHHE OUCHUIUIMHBI (MOIYIS) MpPEIIoiaraeT HCIONb30BaHME CIEIYIOIIETO MPOrPaMMHOTO OOeCHeUeHHS U
WHPOPMAMOHHO-CIIPABOYHBIX CHCTEM:

IIporpammuoe obecrnieuenue: onepaipionnas cucrema Windows, Microsoft office, PyCharm, Kaspersky Free mis

Windows

OnexrponHas 6ubnmoteyHas cuctema «ZNANIUM.COM»

OnexTpoHHas OubnmoTeuHas cuctema M3narenscTBa «JlaHby

OnexTpoHHas OubnmoTeyHas cucteMa «KoHCYynbTaHT CTyIeHTa



