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CKOpOYEHHS

M3

BCL

CIL

CLI

CLR

MFC

MSDN

Windows

API

WF

WPF

[IporpamHe 3a0e3neyeHHs — CYKyOHICTh NporpaM 1 MOpPOrpaMHHUX
JOKYMEHTIB, HEOOX1JHUX JUISl €KCILTyaTalil [IUX Mporpam.

(Base Class Library) — 0i0mioreka 6a3oBux kiaciB miatdopmu NET
Framework. I[Tporpamu st .NET moxyTh BukopuctoByBaTh Kiiacu BCL.
(Common Intermediate Language) — 3araipHa MpoMi>kHa MOBa, po3podJieHa
Kopropaiieto Microsoft ms mrardopmu .NET Framework.

(Common Language Infrastructure) — Bimkputa cnenudikartisi, po3poodiieHa
Microsoft i cranmaptuzoBana ANSI ra ECMA, sika onrcye BUKOHaBUM KOJI
1 cepefoBHILE BUKOHAHHS M MHOXXMHU BHCOKOPIBHEBHX amapaTHO
HE3aJISKHUX MOB TPOTpaMyBaHHs, II0 MOXYTh BHKOPHUCTOBYBAaTHCS Ha
pi3HuX miargopmax 0e3 Mmoaudikallii MporpaMmHOTo KOy .

(Common Language Runtime) — cepenosuiiie Bukonanus .NET Framework.
Komnonent Microsoft .NET Framework, BipTyasibHa MammHa, Ha SIKii
BUKOHYIOThCS BCi MoBH miatrdopmu .NET Framework.

(Microsoft Foundation Classes) — 0i0mioTeka, $Kka JJga€ MOXKIUBICTb
PO3pOOIIATH BIKOHHI 3aCTOCYHKH 3 Tpadiunum iHTepdeiicom mia Microsoft
Windows moBoro C++ 3 BUKOPHUCTaHHSIM MIUPOKOTo Habopy KiaciB. Benuka
yactuHa MFC € BiTHOCHO TOHKOIO 00'€KTHO-OPIEHTOBAHOIO OOTOPTKOIO HAJl
Windows API.

(Microsoft Developer Network) — migposain xommanii Microsoft, sikui
BIIMOBIZIa€ 3a CITBIpALI0 3 MEPEXKEI 3alllkaBJICHUX PO3POOHHKIB
IPOrPaMHOro Ta anapaTHOTo 3a0e3MeUEHHS.

[arepdeiic  mpukmagnoro mporpamyBanHs ~ Windows  (Application
Programming Interface) — cykymnicTe mporpam, MPOTOKOJIB  Ta
THCTPYMEHTIB JJIs1 PO3POOKH T4 BUKOHAHHSI MPUKIIATHUX MPOTrPaM.
(Windows Forms) — 0iGmioreka KiaciB, sika € OJHMM 3 KOMITOHCHTIB
Microsoft .NET Framework i Hamae miatdopMy Uit po3poOKH BIKOHHHUX
3aCTOCYHKIB 3 rpadiuaum iHtepdeiicom. Y .NET Framework samimrye
noniepeaato MFC.

(Windows  Presentation Foundation) — rpadiuna (mpe3eHTariliHa)
migcuctema B ckimani NET Framework, ska BHKOPUCTOBYETBHCS ISt
CTBOPEHHSI Cy4acHOTro rpagiyHoro inrepdeicy 3acTOCyHKIB Ta B MIOBHIM Mipi
BUKOPHUCTOBYE MOXKJIMBOCTI rpadivyHOl MiACUCTEMU KOMIT I0Tepa.



Bctyn. O6'ekTHO-OpieHTOBaHe
nporpamyBaHHS




06'ekmno-opicnmosane  npoepamyeannss  (OOIl)—  1e  TEXHOJIOTis
pOrpaMyBaHHs, SKa PO3IIIAJIa€ MPOTpaMy SIK MHOXKHMHY O0'€KTIB, IO B3a€EMOJIIOTH
MK co0or. [IporpamyBaHHS 13 3aragpbHOTO TMOTJIANY TMOJISITAE€ Y MOJIEITIOBAaHHI
3aco0aMy MOBHM NpOrpaMyBaHHS TEBHHX IMPOLECIB pealbHOro CBITY. [010BHa
nepeBara 00'€KTHO-OPIEHTOBAHOI'O MIAXOAY B TOMY, IO BiH J03BOJIsI€ HAOIU3UTH
CTPYKTYpPY MpOrpaMu A0 TI€i YACTUHU PEATbHOCTI, SIKa MOJIEIIOETHCS MPOTPaAMOIO.

Heo06xigHicTh po3po0Ku 00'€KTHO-OPIEHTOBAHOTO MMiIX0AY 00YMOBIIEHA MEKEIO
MO>KJIMBOCTEH TEXHOJIOTIi MPOLEAYPHOTO MPOTpaMyBaHHs, sSKa BUKOPHUCTOBYBAJIaCh
no OOII. Tlpu BUKOpHCTaHHI MPOIEAYPHOTO MIAXOAY YCKIAIHIOETHCS CTPYKTypa
IporpamMu Ta YTPYIHIOETHCS MOKIUBICTH 11 Moaudikaiii y 3B'S3Ky 13 3pOCTaHHAM
KUIBKOCTI 3MIHHUX, CTPYKTYp JaHUX, PYHKIIH Ta 3B'43KiB MK HUMH. [Ipouenypuuit
OiAXia po3AUIsAe MaHi Ta Koa ans ix ompamoBaHHs (¢yHkuii). Lle He Bimmosimae
KapTHUHI PEAIbHOTO CBITY, SIKUM CKJIaIa€ThCs 3 00'€KTIB, 110 BOJIHOYAC MAaIOTh MEBHI
BJIACTUBOCTI Ta MOBEAIHKY.

OOMeXeHICTh TPOLEIYPHOTO MpOrpaMyBaHHs OCOOJMBO SICKpAaBO MpOsIBUIA
cebe mpu po3poOiii Benukux iHpopmatiitHux cuctem. [loctiitHe 3pocTanHs po3Mipy 1
CKJIQJHOCTI TporpaM Ta TPYAHOII iX peamizaimii NPUBENTU 10 TMOIIYKIB HOBHUX
MPUHITUIIB porpaMmyBaHHs, siki Oyyno BriieHo B OOII. ['onoBHOO i7e€r0 00'€KTHO-
OpIEHTOBAHOTO MiIX0TY, SIKa 3a0e3Meunia MoA0JaHHs 3ralaHuX TPYTHOIIIIB, € JIOT19He
o0'eTHAHHS AAHUX Ta ONepaliil HaJl HUMU B OJHOMY THIIl JaHUX.

VY mapaaurmi nporeypHOTO MPOrpaMyBaHHs POTpaMy pO3TIIIATH K IEPETiK
THCTPYKIIH JJIs1 KOMIT'FOTEPa, K1 I 3pYYHOCTI CTPYKTYPYBaJIK Yy BUTJISAA1 QYHKIIHN Ta
MoaymiB. Ilpu po3podii Takux MmporpaM 30CEepe/KYBAIMCH TMEpII 3a BCE HA
omtumizamii  1HCTPYKIiA. B  00'€eKTHO-Opi€HTOBaHI TapajgurMi  MOporpamy
pPO3TIIAIAI0Th K CYKYIHICTh OO'€KTIB, IO MOXYTh B3a€EMOJISTH MiXK COOOI0 3a
JIOTIOMOT010 TOBigoMIIeHb. [Ipu IbOMy yBara po3poOHHKa 3MICTHIIACH 3 ONTUMI3aLii
THCTPYKIIM 10 opraHizailii JIOTIYHO MOB'SI3aHMX MDK COOOK JaHMX Ta (PYHKIN B
OKpEeMI 3aXUIIEH] eJIEMEHTU — O00'€KTH.

["onoBHI epeBaru 00'€KTHO-OPIEHTOBAHOTO MPOTPAMYBaHHS TaKi:

» Ilporpama mpocTima B po3yMiHHI, OCKUIBKHA Kpallle BIJTIOBIIA€ YSIBICHHIO

PO pEaIbHUIA CBIT.

\4

Kpama cTpykTypoBaHICTh IPOIPAMH.

\4

buibmia cTyniHe HOBTOPHOTO BUKOPUCTAHHS KO .

» 3pyuHilla MiATPUMKa OpOorpaMu (BHECEHHsS 3MIH y Mporpamy B Mporieci ii
eKCIUTyaTallii AJig IPUCTOCYBAHHS 10 HOBUX YMOB).

» MeH1Il pyU3MKHU NPU IPOEKTYBaHHI CKJIaJJHUX CUCTEM.



OO0'eKTHO-OpIEHTOBAHE IMpPOrpaMyBaHHs IPYHTYETbCS Ha TMOHATTI KIAaciB,
00'eKTIB Ta yCIaJKyBaHHI €JEMEHTIB 0a30BHX KJaciB MOXiTHUMH Kkiacamu. Krac
BHU3HAYa€ aOCTPAaKTHUM TUN JAHUX, CTPYKTypa SKOro oOyMOBJI€Ha MPOOIeMaTHKOIO
PO3B'sI3yBaHO1 3a/1a4i, a 00 '€km € eK3eMIUISIPOM KJIacy.

Merononoris  OOIl  ckimamaeTrbess 3 00'€KTHO-OPIEHTOBAHOTO — aHAINI3Y,
IIPOEKTYBaHHs Ta nmporpamyBaHHs [1]. B mpormeci 00'€eKTHO-OpIEHTOBAHOIO AHAIIZY
npeaMeTHOI  00JacTi  BUSIBJISIIOTH — KOHIIENTyaJlbHI  CyTHOCTI  (00'ekTH), 1X
XapaKTePUCTUKH Ta MPUHLIMIIHA B3aEMO/I11 MK CO0O0I0.

O0'ekTHO-OpIEHTOBAHE MIPOCKTYBAHHS MOJISATAE Y PO3POOIll CYKYITHOCTI KJIaciB,
Kl OINHCYIOTh OO'€KTH Ta PEali30BYIOTh iX TMOBEIAIHKY Ha OCHOB1 aTpUOYTIB
(XapakTepuCTHK) Ta ornepariii (i) BUAUICHUX KOHIENTYyIbHUX CyTHOCTEH.

O0'exTHO-OpIEHTOBAHE MPOTPAMYBAHHS OCHOBAaHE HA TPHOX MPHUHITUIIAX:

» [HKancynauis — moJiArae y Mo€AHAHHI JaHWUX Ta QYHKIIH JUIs 1X 00OpoOKHU B
€IMHIN 3aXUILEHIN MPOrpaMHii CTPYKTYpI, KY Ha3UBaIOTh KJIACOM.

» CnagkyBaHHS KjaciB — TEPEHECCHHS CTPYKTypd Ta (YHKIIOHAJIBHOCTI
0a30BOro Kiacy B TOXiMHMK Kiac. MHOXHMHA KJaciB, TOB'I3aHUX
CnaJKyBaHHAM, (HOPMYE iepapxito cnaoKy8aHHs.

» [loniMoppisM — mosisirae y BUKOPUCTaHHI OJIHAKOBHX ITIIXOJIB JIJIT pOOOTH 3
p13HUMH 3a HYHKIIIOHATBHICTIO 00'€KTaMHU.

3 BpaxyBaHHSIM CKa3aHOTO MOKHa JaTH Take yrouHeHe BuzHaueHHs ais OOIL.
06'exmno-opiecumosane npozpamyearts — 11e METOJ IPOrpaMyBaHHs, OCHOBaHUN Ha
MOJIaHHI TIPOTPAMH y BUTJISZII CYKYITHOCTI B3a€MOJIIOYUX O0'€KTIB, KOXKEH 3 SKUX €
CK3EeMILISIPOM TIEBHOTO KJIacy, a KJIacu (pOPMYIOTh IIEBHY i€papXiro CriakyBaHHs [2].

OO0'eKTHO-OPIEHTOBAHI MPUHIMIKA HA TPAKTHUINl PEai3ylOTh 3a TOTIOMOTOIO
00'€eKTHO-OPIEHTOBAHMWX MOB IporpamyBaHHs. Taka MOBa a) MIATPUMYE OO’ €KTH SIK
abcTpakilii JaHuX 3 IHTepPercoM y BHUJII IMEHOBAHUX ONEPAILliil 1 IPUXOBAHUM CTAHOM;
0) omucye 00 €KTH 3a JOMOMOTOIO0 CIICIliaJbHOIO THUITY — Kjacy; B) 3a0e3neuye
MO>KJIMBICTh CIIaJIKyBaHHS 00'€KTOM aTpuOyTiB Ta GyHKIIIOHATBLHOCTI IHIIIOTO 00’ €KTA.

Jlo o0'ekTHO-OpieHTOBaHHMX MOB Hanekath Java, C++, C#, Python, Object
Pascal, Delphi, Visual Basic .NET, PHP, Perl, Ruby Tta ixmi.

Y ngaHoMy HaBYAJbHOMY TMOCIOHMKY pO3IJIIHYTO TOJIOBHI NPHUHIIUIN
nporpamyBaHHsI 3a qoromororo MoBu C# y cepenosutii Microsoft Visual Studio.



Po3gin 1. Microsoft NET Framework,
MOBa nporpamysaHHa C# Ta
cepeposuile Microsoft Visual Studio

» [lepeaymoBu po3pobku .NET Framework
» Microsoft .NET Framework
» Moga nporpamysaHHsi C#

» Microsoft Visual Studio




[NepenymoBu po3pobku .NET Framework

VY 1990-x pokax po3pobka mporpamuoro 3adesnedeHHs (I13) mms Microsoft
Windows Oyna posnuUieHa Ha KUIbKa HalpsAMKIB. bBUIBIIICTE IPOrpaMicTiB
BukopuctoByBaiu C, C++ ta Visual Basic. HactuHa i3 TuX, XT0 nmporpamyBas Ha C Ta
C++, kopucryBanachk 6e3mocepeinbo Win32 API — cykynmHICTIO CHCTEeMHUX 3ac00iB
Windows HailHM)KYOTO piBHS, SIKI HE BUKOPUCTOBYIOTH 00'€KTHO-OPIEHTOBAHUX PHC
nporpaMmyBaHHs. AJle TEepeBaKHO 3acTOCOBYBaiM 0i0mioreky kiaciB Microsoft
Foundation Classes (MFC) — 00'extHO-0pieHTOBaHY 00r0opTKY Hag Windows API, sika
CYTT€BO MiABUIIYBaJIa 3pyYHICTh BUKOPUCTAHHS CUCTEMHUX 3aC001B y 3aCTOCYHKaX Ta
npucKoproBajga  po3poOky mnporpam. IleBna wyactuHa  po3poOHukiB  [13
BUKOPUCTOBYBala  IUIaTGopMy  KOMIOHEHTHO-OPIEHTOBAHOIO  MPOTpaMyBaHHS
(Component Object Model, COM) — sika BHKOPHUCTOBY€E MIKIPOIIECHY B3a€MO/III0
(inter-process communication) Ta TuHaMiYHE CTBOPECHHS 00'€KTIB.

VYei mi miaxomu mamm cBoi mpobiaemu. Cucremauii APl He € 00'exTHO-
OpIEHTOBAHMH 1 HOTO BUKOpHUCTaHHS ayxe TpyAaoMmicTke. bidmoreka MFC o6'ekTHo-
OpIEHTOBaHa, aje 0araTo y YoMy CylepeusnuBa 1 HEMOCHiI0BHA, TOMY B)K€ 3acTapiia.
Texnonoris COM, xoua 3acHOBaHa Ha MPOCTIN KOHIIEIIII, ajie CKJIaJHa 1 He3py4yHa B
oes3rnocepeHii peaizarii.

[HII HEemodiKM BCIX IIMX TEXHOJIOTIH MporpamMyBaHHS y TOMY, IO BOHH
opieHTOBaHI Ha po3poOKy HacTiuTbHUX 3acTocyHkiB (desktop applications), a ne
MEpeKEeBUX. Y TOH ke 4yac pO3BUTOK MEPEXK (K JIOKAIbHMX, TaK 1 Internet), mocrapmimm
nepes; po3poOHUKAMH MPOrpaMHOTO 3a0€3MEUCHHST HOB1 3aB/IaHHS, BUPIIICHHS SIKUX
noTpeOdyBano HOBUX MiAXO/IB.

TakuM 4YMHOM, BUHHUKIA HEOOXIAHICTH PO3POOKH HOBOI, IHTETPOBAHOI Ta
00'eKTHO-OpicHTOBaHOI iH(pacTpykTypu!, ska Oyna O IiTiCHOI Ta 3pY4HOI0 B
nporpamyBanHi. 11106 3amoBonbHUTH Ii mOoTpedu, y Microsoft mocraBumm mety
PO3pOOUTH CepeIOBUIIE BUKOHAHHS Ta IHCTPYMEHTH PO3pPOOKH, IHTETPOBAHI B MEKax
enuHOi iHQpacTpykTypu. [li3Hime mro iHPpacTpykTypy HasBaimu Microsoft .NET
Framework.

Microsoft .NET Framework

OdiuiitHo mpo po3poOKy HOBOI TexHOoJjorii Oyso orosomeno 13 ciunsa 2000
poky. Microsoft Oyna o3BydeHa HOBa CTpaTeris, sika TONEPEeIHbO OTpHMalia Ha3BY
Next Generation Windows Services (HoBe nmokomiaas ¢iay:k0 Windows). ¥V 2002 porii

! Indpactpykrypa (Bix nar. infra — «mmKge», «mig» Ta mar. Structura — «OymiBIs», «PO3TAITYyBAHHA») — CYKYIIHICTh
00'€KTIB, CHCTEM 1 CITyK0, HCOOXITHUX VTS AISUTFHOCTI MTeBHOI (DYHKITIOHAIBHOI CHCTEMH.
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Buiinia nepmra Bepcist .NET Framework, ska mana po3s's3atu HaHHOMITHIIII
po0JIeMH MOTEPEIHIX CePEIOBUIILL.

Indpactpykrypa .NET Framework e 3HauHO IiTICHIIIOIO Ta peati3ye IPUHIINAIN
00'€eKTHO-OPIEHTOBAHOTO MPOTPaMyBaHHs 3HAYHO IMOBHIIIIE, HIXK MOMIEPEIH] TEXHOJIOT 1]
MFC g COM. T"onoBHi BigmiHHOCTI Taki [3]:

» bararomnardopmennicte. Cucrema mpamioe Ha MMHPOKOMY Jlama3oHi

npucTpoiB, Bij [1K 1o mnanmeris Ta TenedoHis.

» IlpomucnoBi cranmaptu. CucremMa BUKOPUCTOBYE MPOMMCIOBI CTaHAAPTH

npotokoiiB komyHikarii: XML, HTTP, SOAP Ta ixmii.
» besneka. Cuctema cTBoproe Habarato Oe3rnedHiIie cepeoBHIIIE.

KomnoHeHTn .NET Framework

NET Framework MicTuTh Tp¥ KOMIIOHEHTH, SIKI BU3HAYAIOTh HOT0 CTPYKTYPY:
BUKOHABYE CEPEIOBUIIE, IHCTPYMEHTH IIporpaMyBaHHs Ta 610J110TeKy 0a30BUX KJIaciB
(puc. 1.1).

CepenoBuiiie BUKOHaHHs HazuBaroTh Common Language Runtime (CLR). Bono
Kepy€ BHKOHAHHSAM IpOrpaM, 30KpeMa: BUKOHYE PO3MOALT Mam'sTi Ta mpudupae
"cMmiTTa", IepeBipsie OE3MEYHICTh KOy, BUKOHYE KOJI, KEPY€ MOTOKAMU BUKOHAHHS Ta
00pOOKOI0 MOMUJIOK TOIIIO.

IHCTpYMEHTH
nporpamyBaHHA

Bupobnsotb

b

BukopucTtoBye

bibnioTeKka
6a3oBuKX Knacis

BuKoHyeTbCA

BuKoHaB4uMi
Kop,

Puc. 1.1. Kommionentu .NET Framework
Ta 1X B3aEMOIid

CepefoBUiLLE BUKOHAHHSA

[HCTpyMEeHTH TporpaMmyBaHHS € 3aco0amMu pO3pOOKH, SKi TMOEIHYIOTH BCE
HEoOX1/1HE JJIs CTBOPEHHS Ta HaJAaroJKeHHs nporpaM. BoHu MicTATS:
» IurerpoBane cepemosuiie po3pooku Microsoft Visual Studio.
» CywmicHi 3 .NET komminsropu (C#, Visual Basic .NET, F#, managed C).
» HamaromkyBaui (3aco0u ansi TONIYKy 1 BUNPABICHHS MOMUIOK Y
nporpamax).
» Cepsepni Texnounorii st WEB-po3poOku, Taki sik ASP.NET.



biomioTeka 60azoBux kiaciB (Base Class Library, BCL) mictuth Benukuii Ha0ip
KJaciB, sAKHi BUKOpHCTOBYeThes cucremoro .NET Framework i gocrymumii mpu
po3po0iii mporpamHoro 3ade3nedeHHs. Crou BXOJIATh KJacu AJig POOOTH 3 PI3HUMHU
TUTIAMU JaHuX, (Qainamu, mudpyBaHHS; KIach KOJEKIH; Kiach st poOoTH 3
MOTOKaMH TOIIIO.

Komninauist kogy B .NET Framework

Komminstop xkoxxHoi 3 MoB .NET Ha 0cHOB1 BUXiHOTO KOy Iporpamu opmye
BUXimHME (aiin, skuii HasuBarOTh 30ipkoro (assembly). ILleir mporec imoctpye
puc. 1.2. 36ipka MiCTUTH He Oe3mocepeHIi MaTMHHUHA KO/, a TPOMIXHHI KOJ MOBOIO
Common Intermediate Language (CIL, "3aranena mpomixua mosa")?. Kox 36ipkn
MICTHTB, KpiM mporpamMHoro koay mosoto ClL, meTanani 3 onMcoM THUTIB, IOCUJIaHb
Ha 1H1I1 301pKH, 1H(OpMaIliio 1010 O€3NEeKH BUKOHAHHS TOILIO.

2 : - 2 HeKepoBaHWiA Koa KepOBaHVIVI Kog,
BuxigHi ¢|aVIJ1VI, HarnucaHi l
ogHieto 3 moB .NET (C#, VB) (

1

3aranbHe BUKOHaBYe cepegosuuie (CLR)

Memory Exception Garbage
management handling collection

Komninatop .NET

36ipka Refle(lztlon w Class loader
CIL services
Security
services

IHdopmaLis npo TUNK
Indopmauis Beaneku

l

OnepauiHa cuctema

Puc. 1.2. Komninsiis Puc. 1.3. BukoHaHHSI KEPOBAHOT'O T4 HEKEPOBAHOTO
BHUX1JIHOTO KOAY Y 301pKy KOy

[Tponecop komMm'toTepa MOKe BUKOHYBATH BUKJIFOYHO BJIACHUN MAITMHHUK KOJI.
BinmosigHo, ClL-xox 30ipku 111 BUKOHAHHS Ma€ OyTH MEPETBOPEHUH Y MPOIIECOPHHIA
kon. lle 3mifiCHIOETBCS TIMBKU TPU BUKOHAHHI 30ipku. BukoHaBumii koa 301pKu
IIEPETBOPIOETHCS KOMITUIATOPOM 4Yacy BHKOHaHHs (Just-in-Time compiler), skuii €
CKJIaJIOBOIO YacTHHOIO BUKOHaB4oro cepeporuina CLR. [Tortim melt kox kemnryerbes,
JUTSI BATIAZIKY, SIKITIO BiH 11€ pa3 OyJie mOTpiOHUIN /ISl BAKOHAHHS.

2 IHmi Ha3Bu L€l IpoMiskHOTI MOBH, siKi BuiliM 3 yxusanus — Intermediate Language (IL) ta Microsoft Intermediate
Language (MSIL).
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Tak sx Windows miarpuMye BHKOHAHHS 3aCTOCYHKIB, PO3POOJICHUX HE IS
NET Framework, to 3 Touku 30py cucremu .NET Bech Ko IiasTh Ha JBI YaCTUHU:
» KeposaHui kog (managed code). Ile xoxa, nanucanumii aas .NET Framework.
Bin notpebye cepenosuie CLR myist BuKoHaHHS.

» HekeposaHun kog (unmanaged code). Lle xox, sikuii HE BUKOHYETHCS I
koHTposieM CLR, Hanmpukian, nuHamivdi 610110Teku, po3pobieHi Ha C Ta
C++.

Pi3HuIt0 BUKOHAHHS KEPOBAHOTO Ta HEKEPOBAHOTO KOy AEMOHCTPYE cXeMa Ha
puc. 1.3.

Onucanuii mpouec KOMIUIAIIT Ta BUKOHAHHS UTIOCTpye cxema Ha puc. 1.4
(3BEpHITH yBary, 1o cxema, sika UTFOCTPYe TPOoIiec KOMITUIALII, puc. 1.2, € CK1a10BOI0
YaCTUHOIO y3arajbHEeHOi cxeMu Ha puc 1.4). [IporpamHuii Ko, HaMMCAHUMN OJTHIEIO 3
moB .NET Framework (manpukian, C#, F# uu Visual Basic .NET), kommimoerbes y
npomixkauid kox CIL. ITpu HeoOXimHOCTI MOro BUKOHAHHS, 3aIIOETHhCS 3arajibHe
BukoHaBue cepenoBuinie CLR, 1 3a momomororo kommuisitTopa 4acy BHUKOHAHHS
(bopMyeTHCS TIPOLIECOPHUM KOJI, SIKMM TEepPeacThCs NIl BUKOHAHHS BHYTPIIITHBOMY
MeXaHi3MOBi omeparniiiHoi cucremu Windows.

Kop Ha CH Koa Ha F# Kog Ha VB

Komninatop C# Komninatop F# Komninatop VB ~—— Komninauia

.................... - -—

36ipka (CIL) 36ipka (CIL)

X e e i

i

3aranbHe BUKOHaB4e Just-in-Time
cepegosuue (CLR) compiler

MpouecopHwia Kog, MpouecopHUiA Koa MpoLecopHUid Kog,

Cnyxbu onepauiiHoi cuctemu

—— BMKOHaHHA

Puc. 1.4. Cxema niporecy kommisinii koxy aiist NET 1 #ioro BuKkoHaHHS

Mosu nporpamysaHHa .NET Framework

Microsoft pospobuna Bigkpury cnemmdikamito Common  Language
Infrastructure (CLI)3, sxa omucye 0coOGIMBOCTI KOJAyBaHHS Ta BHMKOHAHHS, MIO
JI03BOJISIFOTh BUCOKOPIBHEBUM MOBaM IIPOTrpaMyBaHHsI BUKOPHUCTOBYBATHCS Ha PI3HUX

3 Cneuudixauis CLI crannapruszopana Misknapoguumu opranizaniamu 1SO ta ECMA.
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miardgopmax 0e3 BHecenHs 3MiH. .NET Framework (i meski iHII cucTeMH) peanisye
crenudikariro CLI.

[Tepenik MoB mporpamyBaHHs, siki BianoBigaroTh crenudikamii CLI, qocuts
IIUPOKUI. BUIBIIICTh ITUX MOB KOMITUTIOIOTBCS Oe3rnocepeaabo y ClL-kox 3aranpHOT
NPOMIKHOT MOBH, SIKMI BUKOHYEThCS cepenoBuiiieM BukoHanus .NET Framework.

V¥ tabnuui 1.1 npuBeaeHO HENOBHUH MEPENTIK MOB IPOrpaMyBaHHs (COPTOBaHUX
3a Ha3BaMu  3TIHO  JIATMHMIN), sKi  BignoBigaoTh  cnenudikamii  CLI.
HaiigxxuBanimmmu st nporpamysanns min .NET Framework e moeu C#, C++ Ta
Visual Basic .NET.

Tabmmusa Nel.1. Moswu nporpamyBaHHS, Sk BignosigatoTs cneuudikavii CLI

Ha3ssa moBwu Onuc

A# CLI-peanisauisa mosu Ada

Ct HanexusaHiwa mosa CLI. Mae cxoxictb go C++, Java Ta Delphi

C++/CLR Bepcig C++, posLumpeHa 41 BUKOPUCTaHHS Y BUKOHaBYOMY cepefosuLi CLR

Cobra MoBa 3i CTaTU4HOIO Ta AMHAMIYHOK TUNM3ALEtD

F# baratonapagurmMoBa MoBa, sika NigTPUMYeE (DYHKLiOHAbHE NporpamMyBaHHs

IronPython CLI-peanisaujs mosu Python

J# CLI-peanisauis moBu Java. |i migTpumka npunuHeHa. OcTaHHs Bepcis
nowumptoanacs pasom 3 Visual Studio 2005

L# CLI-peanizauis mosw Lisp

Managed JScript CLI-peanisauis JavaScript

Oxygene CLI-peanisaujs mosu Object Pascal

P# CLI-peanisauis mosu Prolog

PowerBuilder CepeposuLLe nporpamyBaHHs, po3pobneHe koMmnaHieto Sybase

Visual Basic .NET  CLI-peanisayist moBu Visual Basic

Mosa nporpamyBaHHs C#

Mosa C# (Bumosnserhcs "Ci-mapn'") — me OararomapaaurmMoBa 00'€KTHO-
OpI€EHTOBaHAa Ta KOMIIOHEHTHO-OPI€EHTOBaHAa MOBa MPOTPAMyBaHHS 31 CTPOTOIO
Tunu3aiieo, pospodiena mia mwiarpopmu .NET Framework. Bukopucranus MoBu
BusHaueHe crangapramu ECMA-334 [4] ta ISO/IEC 23270:2006 [5]. Po3pobicHa
xomanot0 Microsoft Research mix kepiBaunrBom Anaepca [eitncoepra.

Cunrakcuc MoBu Onm3bkuii 70 moB C++ Ta Java. Jleski pucu (HampuKIa,
CTpora cTaTH4YHa THUITU3aIlis), HAOMKYIOTH i1 cTpykTypy o Delphi (Object Pascal).

3rigno crangapty ECMA-334, mini, mocrasieni npu po3poo1ii mosu C#, Oynu
TaKAMHU:
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>
>

C# Mae OyTH MNOpPOCTOIO, CYYaCHOK, OO0'€KTHO-OPIEHTOBAHOI MOBOIO
IporpamMyBaHHS.

MoBa mae miATpUMYBaTH O€3MeYHl MPUHLMIMN MPOTpaMyBaHHS, Takl SK
CTpora TepeBipKa THIIB, MEpeBipKa MEX MacuBYy, BUSBJICHHS CIpPOO
BUKOPUCTAHHS HEIHIIIaTi30BaHUX 3MIHHUX, 1 aBTOMATHYHE NpUOUpaHHS
CMITTS.

MoOXIUBICTh PO3POOKH MPOrPAMHUX KOMIIOHEHTIB JJISI PO3MOJLICHUX
CHUCTEM.

MoBa Ma€ NATPUMYBATH IEPEHOCUMICTh KOY.

[linTpuMka HamiOHAIBPHUX MOBHHUX Ta IHIIMX OCOOJHMBOCTEH Mae OyTu
IPOCTOIO.

bazoBuii cuntakcuc C# cxoxxuii 1o iHmux C-mogioHux Mo, Takux sk C, C++
Ta Java, 3okpema:

>
>
>

>

Kpariky 3 KoMOI0 BUKOPUCTOBYIOTh JJI MIO3HAYEHHS KIHLS IHCTPYKIIII.
@DirypHi Ay>KKH BUKOPUCTOBYIOTbH JIJIsl (POPMYBaHHS NPOrpaMHHUX OJIOKIB.

n_n

3HauYeHHS 3MIHHUM IMPUCBOIOIOTH 3a AOIIOMOIOI0 3HAKY , a I ix

MOPIBHSHHS BUKOPUCTOBYIOTH "= =",
KBaapatHi 1yXKu BUKOPUCTOBYIOTH JJIS 1HJIEKCAIlii MACUBIB.

[Ipore, C# Mae cyTTeBI BIAMIHHOCTI Bijl PO3TISHYTHX MOB- MOMEPEIHUKIB, Y

TOMY YHUCIII:

| 2

|

Kpama nepenocumicte Mixk pi3HUMH IIaTGOpMaMu, MOB'I3aHA 3 TUM, IO
MoBa BianoBigae cnenudikarii CLI.

Crpora tunmzauis podoutb MoBy Oe3neuHimor. C# Takox MNIATPUMYE
noriyaui Tun boolean.

Moga 3a0e3reuye BUKOPUCTAHHS BIACTUBOCTEH y Kilacax, poOJsiuu podboTy
3 00'eKTaMU 3pYUHINION Ta OE3MEUHIIIO.

[Iporpama na C# xpamie CTpyKTypOBaHa 3aBISKU TPYIyBaHHIO KOOIy B
IPOCTOPH IMEH.

OOmexxeHe BUKOPHCTAHHS BKa31BHUKIB pOOUTH O€3MEYHINIO POOOTYy 3
nam'siTTIo.

[Tepma Bepcia C# 1.0 Buitnuia pazom 3 Microsoft Visual Studio .NET y imoromy

2002 poky. B mumni 2015 poky Bumnymieno Bepcito C# 6.0. [TopiBHSHO 13 mepIor

Bepcieto, MoBy C# CyTT€BO pO3BHHYJIHM, JOTIOBHHUBIIM ii PAIOM BaroMux pHC, SKi

pOOIIATH 1i Cy4acHOIO, THYYKOIO Ta MEPCHEKTUBHOIO JUIA BUPIIMIEHHS IHPOKOTO KOJa

3aBJaHb.

IcHye KinbKa cepenoBUI] MporpamMyBaHHS, fKI BUKOPHCTOBYIOTb MOBY CH#,
3okpema: Microsoft Visual Studio, MonoDevelop, SharpDevelop toro.
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HaiipxxuBaHinmM 3 HUX € iHTErpoBaHe cepenoBuiie po3pooku Microsoft Visual
Studio, sike, xpim C#, miaTpuMye 1 psja IHIIMX MOB IIPOrpaMyBaHHS, a TaKOX
3abe3reuye BeTUKUN HaOlp KI1aciB JJIS PO3B'I3yBaHHS PI3HUX 3aBJaHb.

Microsoft Visual Studio

Microsoft Visual Studio — 1ie inTerpoBase cepe1oBHINe pO3pOOKH IPOTPAMHOTO
3a0e3nedeHHs. BOHO CKIIAJaeThCsl 13 CYKYIHOCTI MPOTPaMHUX MPOIYKTIB IS
pPO3pOOKM Ta HAJIAroJKEHHS 3aCTOCYHKIB PI3HMX BUIIB, Y TOMY YHCJI KOHCOJBHUX
nporpam, 3aCTOCYHKIB 3 TpadiuHuM iHTepdeiicoMm KopucTyBada, Web-caiTiB, web-
3acTOCYHKIB, Web-ciy»x0 Tomio. Visual Studio BukopucroBye Taki iardopmu ais [13,
sk Windows API, Windows Forms, Windows Presentation Foundation, Windows
Store i Microsoft Silverlight. CepenoBuiiie Moke KOMITUTIOBATH SIK KEPOBaHMM, TaK 1
HEKEPOBAHUU KOJI.

Visual Studio mae kinbpKka pefakiiiii 3 pi3HUMH MOKIHBOCTSIMHE, CEpell HUX:

» Visual Studio Enterprise. MictuTh moBHMiA HaOIp IHCTPYMEHTIB PO3POOKH BiJl
Microsoft, Hamae cepenoBuiie Isi PO3POOKH BCIX JOCTYIMHHUX MOB
nporpaMyBaHHs. 3a0e3mnedye iHTerpairo 3 cepBepom 6a3 manux Microsoft
SQL Server Tta iHII1 MOXIIUBOCTI, IKI pOOJISITH JIETKOIO PO3POOKY BEITUKHX
KOPIOPATUBHUX MPOEKTIB.

» Visual Studio Professional. Micture mmmpokmii Habip IHCTPYMEHTIB
PO3pOOKH, y SIKOMY BIJICYTHI JesiKi KOMIIOHEHTH 3 Habopy Enterprise. Sk i
Bepciro Enterprise, BUKOPUCTOBYIOTH JIJIs1 PO3POOKH BETUKUX IMPOEKTIB.

» Visual Studio Community. Ile Oe3koriToBHa Bepcis 3 JICIIO ypi3aHUMHU
MOKJIMBOCTAMU. BOHa 103BOJIsIE pO3POOISATH JOCTaTHRO CKIIAIHI MPOEKTH,
miarpumye moBu C#, Visual Basic .NET, F#, C++, Python, Node.js Ta
HTML/JavaScript. 1lg penakiiss oOpi€eHTOBaHAa Ha IHJMBIAyaJIbHUX
PpO3p00IIFOBaYiB 1 HEBEJTUKI KOMaH]IH.

BcTtaHosneHHa Microsoft Visual Studio Community

3aBaHTaXXUTH mporpamy- ycranosmoBad Microsoft Visual Studio Community
MOXHa 3 cauTy https://www.visualstudio.com. [I{o6 noyatu BcTaHOBJICHHS, TOTPIOHO

3amyCcTUTU 3aBaHTakeHUM ¢aiin. Ha puc. 1.5 mokazaHe BIKHO yCTaHOBJIIOBauda JUIs
Microsoft Visual Studio Community 2015. ITpu BcTaHOBJICHHI MOKHA BHOpAaTH
KOMITOHEHTH, SIKi OyayTh MOTPIOHI JyIsi pOOOTH, 30Kpema, JJIA MIATPUMKH THX YU
IHIIMX MOB Ta TEXHOJOTIHA mporpamyBaHHs. IIporpama iHcTamsuii Mae 3py4yHUi 1
3po3yMiTuil iHTep(eiic, Tak 10 MPOIEC BCTAHOBICHHS € JIy>K€ MTPOCTUM.
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https://www.visualstudio.com/

g Visual Studio

Community 2015

Features  Languages

Puc. 1.5. Bikno ycranosmoBada Visual Studio

[1in yac BCTaHOBJICHHS 32 IOTIOMOTOIO TIPOTPaMH, OTPUMAHOI i3 CaiTy, 3 Mepexi
Internet 3aBanTa)xyBaTUMyThCSl TOAATKOBI JaHl, TOMY JOCTYT J0 BCECBITHBOI MEPEXKi
Mae OyTH BIAKpUTHUM. J[7s BcTaHOBIEHHS Oe€3 MiA'€IHAHHS O MEpeXi IMOTPIOHO
CKOPHMCTATHCA 00pa3oM iHCTamsuiiHOro mucky?. OOpa3 ciig MOHTYBaTH Y
BipryansHuit CD/DVD- npusin abo 3anucaty Ha Gi3UYIHUN HOCIH 1 3 HBOTO 3aIyCTHTH
porpamy- BCTAaHOBJIIOBAY.

Bcranosnenns Visual Studio ciig BUKOHYBaTH BiJ iMEHI OOJIIKOBOT'O 3aITUCY
aJIMiHICTpaTopa 3 TUIIOBUMHU IpuBLiIesMu. [IpoTe, B mopanemomy aiis podotu 3 Visual
Studio npaBa aamiHicTpaTopa He MOTPiOHI.

PexomengoBani cucremui Bumoru s Microsoft Visual Studio Community
2015 3 onoBnenHsM 1 Taxi:

[Tpomecop 3 wactoroto 1.6 I'T1 a60 MOTYKHIMTUH.

O3II o6csarom 1 I'b (1,5 I'b nyst poGoTH Ha BipTyanbHii MalIuHi).
4 I'b 10CTYIHOTO MPOCTOPY HA KOPCTKOMY JIUCKY.

XKopcrkuit auck 3 yactororo oodepranns 5400 00/xB.

vVvyVvVvyyypy

Bigeokapra 3 miarpumkoro DirectX 9 1 po3aiIbHOIO 31aTHICTIO €KpaHy He
mene 1024x768 mike.

Cepepnosuile Microsoft Visual Studio

Cepenosuiie po3pooku Microsoft Visual Studio y iioro TumoBoMy BHIJISII
(Bigpa3sy micisi BCTAHOBJICHHS) MICTUTh TaKl OCHOBHI YaCTHHMU: TOJIOBHE MEHIO, ITaHel
IHCTpYMeHTIB, BikHO T00IBOX 3 KOMIOHEHTaMH, peIaKTOp Koy, ausaiHep (hopm),

4 Moro Takox MOXHA 3aBaHTaXUTH 3 caiiTy Microsoft Visual Studio.

15



http://download.microsoft.com/download/0/B/C/0BC321A4-013F-479C-84E6-4A2F90B11269/vs2015.com_enu.iso

BikHO Solution Explorer, BikHo Properties mis BimoOpaXkeHHS Ta HaJAIlITyBaHHs
BJIACTHBOCTEH eleMeHTIB poekTy (puc. 1.6).

VY rosioBHOMY MEHIO 310paHO Ta 3rpylOBaHO 3a BUJAMU BUKOHYBAaHUX 3aBIaHb
xomanau Visual Studio, siki BUKOpHUCTOBYIOTH ISl pOOOTH 31 CKJIaJ0BUMHU YaCTHHAMU
MPOEKTY, HOTO pO3pOOKH, HATAITYBAHHS, TIOITYKY TTOMHJIOK, HAJIaropKeHHs TOIIO.

[Tix roJIOBHUM MEHIO pO3TAIIOBAaHO MaHEJl IHCTPYMEHTIB. 3arajoMm MaHesen €
01511 TPHOX JECATKIB, aJie B KO’KEH MOMEHT B1I00pa)Ky€eThCs JIMILIE KiJibKa 3 HUX. [1[00
OPOIJISIHYTH MEpeiK JOCTYNMHUX MaHelield, BBIMKHYTH MOTPIOHI YU BUMKHYTH
HETOTpPiOH1, CJIJT BUKJIUKATH KOHTEKCTHE MEHIO Yy 30HI MaHesledl IHCTPYMEHTIB 1
BIIMITUTH y TIEPEIIIKY OakaHi.

b CourseWork - Microsoft Visual Studio Y| & QuickLlaunch (Cirl+Q) Ao B x
File Edit View Project Build Debug Team Tools Test Analyze Window Help Konovalenka lhor =
[ @ -2 @ 2~ -] Debug -] AnyCPU MRS R R -

T FormMain.cs FormMain.cs [Design] FormTown.cs [Design]* FormTown.cs” +# X [Euiuiey Program.cs Solution Explorer

Rl (] CourseWork ~ | #2 CourseWork.FormTown ~| @ FormTown(Town t] @le-scam o p=
1 Flusing System;
2 using System.Windows.Forms;

suoiREaYRON

Search Solution Explorer (Ctrl+;)

] Solution ‘CourseWork' (1 project)
Hinamespace CourseWork a CourseWork
4 Properties
= Assemblylnfo.cs
b B Resources.resx 2
b i} Settings.settings
public FormTown(Town t) I =-m References
b images
TheTown = t; ¥ App.config
Jes [ Bank 2 Account.ico
o Hashirport - B batch_process_256.ico
£ HasPort 3 b S FormFilter.cs
M Latitude | E=] FormMain.cs
fuat S Longitude , [Eventargs e)
& Name

public partial class FormTown : Form

public Town TheTown;

I:m PopulationDensity

K Region
in @ SortOrder -
T I Ty PET S TIPSO TERE T rim( ), out population))

nd);

TheTown.Population = population;
H
else
{
MessageBox. Show("Henpasunbro Bsefene uncnol™, ™, MessageBoxButtons.OK, MessageBoxIcon.Warning)
tbPopulation.Focus();
return;

H

Error List

Ready

Puc. 1.6. Cepenosuriie Microsoft Visual Studio 3 pexakropom Koy Ta NpUKIaI0M
po6otu IntelliSense (1 — penakTop koay; 2 — BikHo Solution Explorer; 3 — BikHO
IntelliSence: npu BBeneHH1 Ha3BH 00'€KTa 3'IBIISETHCS TIEPEIIIK HOTO BIIACTUBOCTEH
Ta METO/IIB)

CykynHicTh (DaiisiiB, CTBOPEHUX IIiJl 4ac PO3POOKH IMEBHOTO BHKOHABYOTO
Moty (Tporpamu, 0i0ioTekn, Web-caiTy...) i HeOOXiqHUX JUIS HOTro KOMITUISIIIT,
Ha3uBaTh npoexmom (project). Lli daiam MOXYTh MICTHUTH NPOTPAMHHEA KOJI
(manpuxitan, MoBoto C#), 1abI0HM T1AJIOTOBHUX BiKOH, HAJIAIITYBaHHS 1 KOH]ITypartito
MPOEKTY, HOro pecypcu (M0AaTKOBI JaHI THIY IMIKTOrpaM, 300pakeHb) TOIIO.
KinneBwuii daiis, y sskuif KOMIUITIOETHCS TPOEKT, HA3UBAIOTh 30ipKO10.
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[ToB's13ani poekTn 00'eHYIOTH B piwenns (Solution). PitieHnHs € KoHTeHEpOM
uist ipoekTy. Tak poOnsiTh, HANPUKIA, SKIIO 3aCTOCYHOK, SIKHUUA pPO3pOOJISIOTH,
MICTHTh KUJIbKa BUKOHABYMX MOJYJIB (HampHKjajd, BUKOHABYMN (aiii Ta AUHAMIYHI
016mioTexkn). KokeH TPOEKT BXOAUTH JO CKJIaay pimeHHs. Haite Ko
nepeadavYaeThes, Mo MPOeKT OyJie MPOCTUM 1 MICTUTHME BChOTO OJWH BUKOHABYMI
MOJTyJIb, JIJIsl HHOTO CTBOPIOIOTH pillieHHs (200 10AaI0Th HOTO A0 ICHYIOYOTO PIILICHHS).

30ipka y .NET — oaununs posropranHs Ta koHQirypyBaHHsA. [lpuknagHuit
3aCTOCYHOK MO’K€ CKJIaJIaThCA 3 OJIHI€T UM KUIbKOX 30ipok. HalinmommupeHi 301pku —
BUKOHaBYl (aiiam .exe Ta aAuHamMiuHi 6i6miorexu .dll. Bix "3Buuaiinux" .exe Ta .dll
(aiisiB BOHU BIJIPI3HIIOTHCS HASBHICTIO META/IaHUX, K1 OMUCYIOTh BU3HAYEHI Y HUX
THUIIWA, METO/IM, TIO/IT Ta 1HII eleMeHTH. 301pKH MICTATh 1H(OPMAITIO PO 3aTEKHICTD
BiJl Bepciit iHmmX 30ipok. @yukiionyBanHs .NET opraHi3oBaHO TaKuM YHWHOM, IO
301pKH Pi3HUX BEPCiid MOKYTh 3aBaHTAXXyBATHUCS 1 BAKOPUCTOBYBATUCS OJTHOYACHO (HA
BiMiHy Bix "cTapux" nuHaMIYHUX 010JI0TEK).

Bikno Solution Explorer (npoBignuk pimens) cepemosuina Microsoft Visual
Studio (puc. 1.6, — 2) MiCTUTh MEPEITIK MPOCKTIB, SIKi BXOJIATh Y BIIKPUTE PILICHHS, Ta
nepeik BCixX (aiiiB, 3 SKUX CKIATAEThCS MPOEKT. [{e BIKHO 3pyYyHO BUKOPHUCTOBYBATH
JUTSI TIEPETJISy CKJIaay MPOEKTY Ta BIAKPUBAaHHS BHOpaHOTO (haimy (s LbOTro CIif
JIBIYl KJIAIIHYTH MUIIKOIO Ha HHOMY). 3a JOTIOMOTOI0 IThOTO BiKHA MOXKHA KEPYBaTH
CKJIaJIOM TIPOEKTY: MOoJaBaTH HOBI eleMeHTH ((aitmu 3 Komom, GOpMH TOIIO),
3MIHIOBaTH Ha3BY YU BUAAJSATH ICHYIOU1 y MIPOEKTI (pailyiu Ta BUKOHYBATH 1HIII .

S0 BIKHO MPOBIAHUKA PILLIEHb BIJCYTHE HA €KpaHi, HOro MOXHa BUKIMKATH
koMaHgot0 MeHio View/ Solution Explorer. 3aramom, kepyBatu BioOpa’K€HHAM
pisHux BikoH cepemopuma Visual Studio moxkHa 3a gomomororo miameHro View
rOJIOBHOT'O MEHIO.

bibmioTekn knaciB (i, BIAMOBIAHO, GYHKIIIH), K1 OyIyTh TOCTYMHI Y MPOEKTI,
i ETHYIOTh 70 TpoekTy uepe3 mnocuianHs (references). Ilepenmik mocwianb
BimoOpaxkeno y BikHi Solution Explorer (y po3mimi References). Kepysaru
NOCWJIAHHSIMHM Ha O10J10TeKM y MpOeKTI (oAaBaTH 1 BUIAIATH iX) MOXHa 3a
JIOTIOMOI'0K0 KOMaHIu rojioBHOTro MeHio Project/ Add reference. Konu npu cTBopeHH1
IPOEKTy BHUOMPAIOTh #oro Tum (auB. Tadmuio 1.2), cepeloBHIE aBTOMATHYHO
M1J1'€THY€ TTOCWIJIAHHS, SIK1 BIJIMOB1Ial0Th BUOPAHOMY THITY.

PenakTop kogy

Visual Studio mae 3pyuHuii pemakTOp s HalMCaHHS KOAY IPOrpaMu
(puc. 1.6, — 1), axuii 3a1lCHIOE aBTOMaTU4YHE (POopMaTyBaHHS TEKCTy Ta MIATPUMYE
IntelliSense — kommonenT, po3podacauii Microsoft s aBromMaTn30BaHOrO BBEACHHS
koxy. IIpu po3poOri mporpaMu BiH Hajae MigKa3kw, 0 (OPMYIOTHCS Ha OCHOBI
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KUIBKOX TIEPIIMX BBEJACHUX CHUMBOJIB. Lle mo3Boisie mBHUIKO TiA0UpaTH MOTPIOHY
GyHKIIII0, 3MIHHY YW THUII, a TaKOX MPOTJISAAATH TMEPEeNiKh JOCTYIMHUX IOJIiB,
BJIACTUBOCTEN Ta METO[IB, pa3oM 3 KOPOTKMMH OMNHMCaMHu iX mapaMmerpiB. BikHO
IntelliSense moxHa Tako)X BUKJIMKATH IPUMYCOBO, HATHCHYBIIN KOMOIHAI[IIO KJIaBIIII
Ctrl+Space.

[lle omua 3pydHuil MexaHi3M, sKkud Hamae pemakrop Visual Studio —
pedakTopuHr koay. BiH monsirae y 3MmiHI BHYTpPIIIHBOI OyAOBH MpOrpaMu st
MOJIETIIEHOT'0 PO3YMIHHS KOy 0€3 3M1HH i1 30BHIIIHBOI MOBEIHKH.

CepenoBuiiie miaTpuMye poOOTY 3 PI3HUMH MOBaMHU MPOTPaMyBaHHA, Y TOMY
uyuciai C, C++ ta C++/CLI, Visual Basic .NET, C# ta F#. Jlns miaTpUMKH 1HIIHX MOB,
(Phyton, Ruby), HeoOxiHe BcTaHOBJICHHS 10IATKOBMX KOMIIOHEHTIB. 3a0e31euy€eThes
Tako poboTa 3 nokymenramu XML, HTML Ta JavaScript.

B penaktopi kogy B TEKCT HmporpaMyd MOKHA BCTaHOBJIIOBaTH '3akimaigku" 1
MOTIM IIBUJIKO MEPEXOJAUTH JI0 MOTPIOHUX Miclb Koay. JlJis IbOro BUKOPUCTOBYIOTh
HaOip xkomann Edit\Bookmarks. Oco6mmBo kOpuCHO 1e JUIsi BEJIMKHUX 3a 00CATOM
porpam.

PenakTop komy Mo)kKHa BIJKPUTH 3a JIOMOMOTOK KiaBimi F7 a6o komaHmu
rosioHoro meHio View\ Code.

[OnzanHepun. Pospobka dopm

Visual Studio MicTuTh KiJlbKa KOMIIOHEHTIB — JAM3aiiHEpiB, MPU3HAUYCHUX IS

po3poOKHU iHTEpPEiCy 3aCTOCYHKY:

» [usanHep Windows Forms. BukopucroByeThcsi st po3poOku rpadigHOrO
iHTep(delicy 3BHUAWHUX BIKOHHHUX 3acTOCYHKIB. [Ipu mpomy peanizoBaHO
NPUHLUIM  Bi3yaJbHOTO IIPOEKTYBaHHSA — pO3Mimlyroun Ha  (opmi®
KOMIIOHEHTH, MOKHa Bijapasy orminutu i Bursia. Visual Studio mictuth
BEJIMKUN HaOlp KOMIIOHEHTIB, SKI MPEJACTaBJISIIOTh BCl HaWMBXKUBAHIII
€JIEMEHTH KepyBaHHs (KHOIKH, MEHIO, CIIUCKU, KOMOIHOBaH1 CITUCKH, MaHe1
IHCTPYMEHTIB TOIIIO0) 1 3a0€3Me4yI0Th IMPOKI Ta THYYKI 3ac00U, MOTPI1OHI 115
po3pobku mporpam. Ilig vac poOoTH 3acTOCyHKY (GOPMH LBOTO BHUIY
BifoOpaXkye Ha €KpaHi BHYTpIIIHA IiacucTeMa onepaniiinoi cucremu GDI®
(un GDI+, 3anexHo Big Bepcli cucremu). BoHa HE BUKOPHUCTOBYE Cy4acHHUX
MOXJIMBOCTEH TrpadlyHUX KapT Komm'toTepa, ToMy rpadika Ha OCHOBI
Windows Forms moBigbHa, 3arajqoM HEe(pEKTHBHA 1 BHUKOPHUCTOBYETHCS
MEePEBAXKHO ISl BIOOpaKeHHS BIKOH (711 IUX Iiiedl moxkiuBocteit GDI

® dopma — e BiKHO 3aCTOCYHKY Ha €Talli HOro MPOEKTYBaHHS.
® Graphics Device Interface (GDI) - nigcuctema onepauiiiHoi cuctemu Windows, sxa kepye CTBOpeHHsAM Ta
BimoOpaskeHHsIM BiKOH 3acTocyHKiB. [Tounnaroun 3 Windows XP, Bona Gyiia BiockoHaseHa i micrana Hassy GDI+.
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IIIJIKOM J10CTaTHBO). BikHa, moOymoBani Ha ocHoBi Windows Forms,
BUKOPHUCTOBYIOTh JIJIsl 32CTOCYHKIB 3 IIPOCTUM IHTEpQeEiicoM.

» [usanHep WPF. /{o3Bossie po3pobiisatu hopmu, moOyA0BaHi 3a TEXHOJIOTIE0
Windows Presentation Foundation. Taki ¢hopmMu ONMUCYIOThH CIEHiaIbHOIO
MoBor0o XAML, mo migBuiye THYYKICTh IX BUKOPHCTAHHS 1 BIiAJLUISAE
1HTepQeic 3aCTOCYHKY BiJl iioro koay. s B110Opa’keHHs BIKOH LIbOTO TUITY
Ha €KpaHi BUKOPUCTOBYIOTBHCS MOTYXHI Tpadiuni 3acodu DirectX, Tomy
rpadiuyHUi BUBIJ BiAOYBaeThCsa 3HAYHO mBHUAIIEC Ta ehektuBHime. WPF —
HOBa TexHosoriss Microsoft, BoHa aKTUBHO PO3BHBAETHCH, 1 11
BUKOPUCTOBYIOTh  TMPU  TPOEKTYBaHHI  3aCTOCYHKIB 31  CKJIQJHUM
iHTEpdEeiicom.

» [OusanHep WEB. BukopucroByroTh Tpm po3poOIli Web-CTOPIHOK IS
3actocyHkiB ASP.NET. Ilpu upomy 11 OnMcy CKpUITIB BUKOPUCTOBYIOTH
C# 4u Visual Basic .NET. Moske Takox reHepyBaTH JiarpaMu KJ1aciB.

» [u3anHep KnaciB. BukoprucToByrOTH JIJIsl pO3pOOKH KIIACiB 3 BHKOPUCTAHHSIM
monemtoBanHss UML. Jlu3aiiHep Ha OCHOBI MOEIN MOXE T€HEpyBaTH KOJ
moBoro C# um Visual Basic .NET.

DG CourseWork - Microsoft Visual Studie Y| &  Quick Launch (Ctrl+Q) Pl e B x

File Edit View Project Bulld Debug Team Format Tools Test Analyze Window  Help Kenovalenke Ihor - [

C-o|B-uWE|D-

- | Debug ~ AnyCPU - B ostane|

Toolbox ~ 1 x| FormMain.cs FormMain.cs [Design]

Pl search Toolbox
4 Al Windows Forms
Pointer
BackgroundWorker
BindingNavigator
BindingSource
Button
CheckBox
CheckedListBox 1
ColorDialog
ComboBox
ContextMenuStrip
DataGridView
DataSet
DateTimePicker
DirectoryEntry
DirectorySearcher
DomainUpDown
ErrorProvider
Eventlog
FileSystemWatcher

FlowLayoutPanel
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Ready

Jani npe Hoee micTo
Zaransi gari
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Kpaira
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KinbKicTs MELIKaHLIE
Wnpora (=M. Ma)
LpsroTa (+Cx-3x)
Pisrvid noxi, rpH
Mpowa, ks K
Tpancnopt

[ Micro mae nopt

[ Micro mae aeponop

Solution Explorer
@D e-sGaBE| L=

Search Solution Explorer (Ctrl+;)

suoneayoN

] Solution ‘CourseWork' (1 praject)
4 [ CourseWork

F Propetties

=B References

images

) App.config

Bank 2 Account.ico

batch_process 256.ico

E=) FormFilter.cs

E=) FormMain.cs

ES] FormTown.cs

= Program.cs

c* Settings.cs

FormTown System.Windows.Forms.Form
EEDESIE
RightToLeft
RightToL eftLayout
Showlcon
ShowinTaskbar
Size 412,418
SizeGripStyle Auto
StartPosition CenterParent
Tag
Text [lani npo nose micro

Text
The text associated with the control.

Puc. 1.7. Bixno Visual Studio 3 nu3aiinepom popm Windows Forms (1 — BikuO
Toolbox 3 kommonenTamy; 2 — au3aitaep Gopm 3 HopMoro, SIKa TPOEKTYETHCS; 3 —
BikHO Solution Explorer, npoBiguuk pimens; 4 — BikHo Properties, BmacTuBocTi

KOMITOHEHTIB)



Ha puc. 1.7 nokasano Burisia ausaitnepa ¢opm (3 dpopmoro Windows Forms).
dopMy NPOEKTYIOTh, PO3CTABIIAIOUN HA H1M MOTPiOHI KOMITOHEHTH (TEKCT, MOJI BBOY,
KHOIIKH, MapKepH, MEHIO TOII0), ki po3mimieHi y BikHi T00lboX. KommoHenTn
srpynoBani 3a mpusHaueHnsMm (Common Controls, Containers, Menus&Toolbars
tomo). [1]o6 BuKopucTaT MOTPIOHMI KOMIIOHEHT, CIi/I KIAIIHYTH Ha HbOMY B TIaHEI
KOMIIOHEHTIB (puc.1l.7,— 1), a moTiMm B mnoTpiOHOMY Micli au3aiiHepa ¢(opMm
(puc. 1.7, — 2). Bubpanuii KOMIOHEHT 3'ABUThCS y AU3aiiHepi Gopm: Ha caMiid popmi,
a00, K110 BIH HE € YACTUHOIO i1 iHTepdeiicy, TO y nojoci mij Gopmoro.

JluzaiiHep MO’KHA BIIKPUTH 3a JOMOMOror KomoOiHamii kimasim Shift+F7 a6o
KoMaH1 rojjoBHoro mexio View\ Designer.

Y nonmanpIioMy po3CTaBiieHI B Ju3aiiHepi (opM KOMIOHEHTH MOXHA
NepeMillyBaTH, 3MIHIOBATH 1X po3Mip. J1Jis BUPIBHIOBAHHS, TOYHOTO MO3UITIIOBAHHS Ta
PIBHOMIPHOTO PO3MOiTY KOMIIOHEHTIB NMpU3HAUYCHA TMaHedh 1HCTpyMeHTiB Layout
cepenouma Visual Studio.

BukopucToByrour KOMIIOHEHTH 3 BikHa T00IDOX, MOXHA POEKTyBaTH BiKHA 3
JIOCTaTHbO PO3BUHYTUM JPYXKHIM 1HTEp(pehHcoM KOpUCTyBaya, KU 3a0€3Me4HTh
3py4YHUM JOCTyN 10 QYHKIIOHAIY mporpamMu. Tak sIKk KOMIIOHEHTH TMPEACTaBISIOTH
CJIEMEHTH KEepyBaHHSA JAaBHO YCTAJICHOTO 3BUYHOTO BUIIISIAY Ta TOBEIIHKH, TO
po3po0IeHuit 3a X 10moMororo iHTepdeic Oye IHTyITUBHO 3pO3yMUIUM.

Sxmo B quzaitHepi GopM BUAUTMTH KOMITOHEHT (JIJ1s1 I[bOTO CIIiJT KJIAIHYyTH Ha
HHROMY MHUIIKOI0), TO y BikHi Properties (puc.1.7,— 4) Oynme BimoOpakeHO ioro
BJIACTUBOCTI. 3a JIOMTOMOTOI0 IIOTO BIKHA iX 3HAYEHHS MOXHA 3MIHIOBaTH: HAITPUKJIIA],
3aIaTH TEKCT Hamucy, mpudrt, oro komip. KoxkeH BHUJI KOMIOHEHTIB Ma€ CBOIO
MHOXXHHY BJIACTHBOCTEH, SIKI XapaKTepHU3ylTh Ta ONHUCYIOTh Horo. Aje Bci 0e3
BUHATKY KOMITIOHEHTH MaloTh BiacTUBICT, Name (Ha3Ba koMmroHeHTa). Bona ocobnuBa
THM, IO TIPEJICTaBIsA€ KOMIIOHEHT Yy KoJii. Came 3a 1i€ro Ha3Boo ((hakTUYHO, 1€ Ha3Ba
3MIHHO{ MIEBHOTO KJIACY) 31HCHIOETHCS TOCTYII O KOMITOHEHTA Ta BCiX HOTO PecypcCiB
3 TEKCTY MPOTpamu.

KokeH KOMIOHEHT MpOorpaMHO MPEACTABICHHUI MEBHUM 0a30BHM KJIacOM, 3a
JOTIOMOTOF0  BJIACTUBOCTEH Ta METOJIB SKOTO MOYKHA KEpyBaTH ITOBEIIHKOIO
KOMIIOHEHTA 3 KOJY.

Jeranpuinne mnpoektyBanHs BikoH Windows FOrms Ta BHKOpPHCTaHHS
BIJIMOBITHUX KOMIIOHEHTIB PO3TisiHeMo y po3ain "3actocynkun Windows Forms".

LOokymeHTanis MSDN

Microsoft Hamae BuuepmHY JOKYMEHTAIif0 MO CBOI 3acobax, BKJIIOYAOUH
cepenosuiie Visual Studio Ta enemenTr MoBH nporpamyBanHs C#, BHYTpIIIHI KJIacH,
iX METOJH, BIACTUBOCTI, THIH JAaHUX TOMIO. LIS TOKYMEHTAIlis OMIUPIOETHCS Yepes3
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MSDN (Microsoft Developer Network) — migpo3ain kommnanii Microsoft, sxwuii
BIJIMOBIZA€ 3a CHIBIPAIIO 3 MEPEKEI 3allIKaBICHUX PO3POOHMKIB MPOrPaMHOTO Ta
anapaTHoro 3a0e3ne4YeHHs .

Bkazana pokymenramis (ta Oararo iHmoi iH(opmariii) JOCTyrmHa Ha CaiTi
MSDN: https://msdn.microsoft.com.

Microsoft Visual Studio 103BosIsIE OTpEMYBAaTH JOCTY A0 JoKyMeHTarii MSDN
IpsIMO 3 pelakTopa Koay. 30kpema, mod OTpuMaTH JA0BIIKY II0I0 TIEBHOTO €JIEMEHTa
y Koai, ciig BuaimuTk Horo i HatucHyTH F1 (puc. 1.8). Cropinka noBinku (mpu
HasBHOCTI i 'eqHanHs 110 Internet) BinkpueThes y 6paysepi. MokHa TakoX BUALTUTH
KOMITOHEHT y Au3aiiHepi (opM Ta HATUCHYTH F1 — BIIKPUETHCS CTOPIHKA 3 JOBIIKOIO

0 KJIACy KOMITOHEHTA.
Kpim 1iporo, 10BiIKY 110,10 TOTPIOHOTO €JIEMEHTa TPOrpaMu MOXKHA OTPUMATH,
CKOPHCTABIIKCH MMOJIEM TOITYKY Oe3mocepenabo Ha cati MSDN.
JIOBiIKOB1 CTaTTi, fK NPaBWJIO, MICTSITh BHYEpPNHY iHPOpMAIO, 1 YacTo
LTFOCTpOBaHI MPOCTHMH TTpHKIagaMu koay moBamu C# Ta Visual Basic .NET.

'4 Fig st esDieme ® Micisoft Vel Sttt 7 Buiani-icoan., X | AF OcwomncMcre., X Object-oriente... % Cadtr’s Tguua TR rlé‘mmﬂﬁ x

File Edit View Project Build Debug Team TJools Test Apalyze ) va microsoft.com. s -4 Solution Explorer

e - B2 W - O - | Debug - AnyCPU - p st . & GISMETEO.UA: Morea... [1] Russian Gt Forum - T @ K mioanTB: Cxalive.. F Fyprows=ciin

CFigure.cs CTriangle.cs CRectangle.cs CCircle.cs

[€#] Fi J% 5 & - : = a
[ FiguresClassDemo it ashemoihvainT g echnologies ~  Downloads + ~ Community ~ Documentation ~  Samples

public partial class fMain : Forn

System.Windows.Forms > ComboBex Class > CombeBox Properties =

CFigure[] figures; // Macus, axuii 36
int FiguresCount = @; /f KinexicTs xin

int CurrentfigureIndex; // Tnaeke noTouno B ComboBox.SelectedIndex PT’Operty

NET Framework 4.6 and 4.5

533IN05 jeQ  X0q|00]

1K Y
public fMain()

InitializeComponent();

Namespace:
Assembly: Sy

// Creopenna m
figures = n

23 cbFigureTypdl SelectedIndex = [;
24 }

Puc. 1.8. OTpumaHHs1 KOHTEKCTHOI JOBIJKK B PEAAKTOP1 KOJIY: BUILISEMO HAa3BY
BiacTuBOCTI (Ha pucyHky SelectedIndex), natuckaemo F1, 1y Gpayzepi
BIJIKPUBAETHCS JAOBIJKA 1100 BUIIJICHOT BJACTUBOCTI

y ans ob'ckTis - kin

Syntax

cw [T Fu Ve

CTBOPEHHS NPOEKTY

CrBoputu HOBHI mpoekT y Visual Studio moskHa 3a J0ITOMOror0 KOMaHIH MEHIO
File\ New\ Project (i1 mosxHa IIBUIIE BUKJIMKATH 3a JOIIOMOTOK KOMOIHAIT KJIaBilll
Ctrl+Shift+N. IIpu cTBopeHHi MpoekTy BKa3yrTh Horo tun Ta Bepcito .NET, mis skoi
BiH CTBOpIOETHCS. CepenoBuille aBTOMATHYHO T€HEPYE HEOOXITHI I TaKOTO THILY
poeKTy (aiinu, mia'eqHye MoTpiOHI KOMIIOHEHTH CEPEIOBHING, JOJA€ HEOOX1THHIMA
0a30BMH KOJ Ta HaJAIITOBYE MapaMeTpu KomnuisTopa. HaliBkuBaHim TUIN
(mabaoumn) mpoektiB ast Windows npuseneHo y tadmumi 1.2.
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Tabnuusa Nel.2. HansxusaHiwi Tunu npoekTis Visual Studio ans Windows

LLia6now Onuc |
Windows Forms Application BikoHHWI 3acTOCYHOK i3 enemeHTamm kepysaHHs Windows Forms,
BMKOpUCTOBYE rpacpiky GDI+

WPF Application BikOHHWA 3aCTOCYHOK i3 enemMeHTaMu KepyBaHHS, BUKOPUCTOBYE
XAML Ha ocHogi rpaciku DirectX

Console Application KoHconbHa nporpama, sika BUKOHYETLCS Y BiKHI KOMaHOHOro psigka

Class Library bibnioteka knacie .NET, 0o skoi MOXHa 3BepTaTucst 3 iHLIMX
nporpam

Portable Class Library bibnioTeka knacis, sKy MOXyTb BukopuctoBysaT nporpamu WPF,
Silverlight, Windows Phone Ta Windows Store

Empty Project [MOPOXHIN NPOEKT, MICTUTb TiNbKW  (Pal  KOHGpirypauii Ta
HanaLTyBaHHS 4115 KOHCOMBHOrO 3aCTOCYHKY

Windows Service Cnyx6a Windows

WPF Custom Control Library  bibnioTeka  cneuianbHWX ~ KOMMOHEHTIB, sk MOXYTb
BMKOpUCTOBYBaTUCA Y 3acTocyHKax WPF

Windows Forms Control bibnioTeka enemeHTiB kepyBaHHs Ans 3actocyHkiB Windows Forms

Library

[Ipu cTBOpeHHI NPOEKTY CIiJ BKa3aTW PIIICHHS, Y SIK€ BXOAUTHUME HOBUUN
npoeKkT. MoXHa CTBOPUTH JUIs IPOEKTY HOBE PIIICHHS, a MOYKHA JI0AATH HOTO J10 BXKE
ICHYIOYOTO PIIlIEHHS.

[Ticast cTBOpeHHS MPOEKTY, BIAMOBIAHO A0 BUOPAHOTO THUITYy, CEPEIOBHINE
sreHepye paza (aiiliB 3 3aroToBKaMu KOJy. IX mepemnik micTuthes y Bikui Solution
Explorer, ne nos'si3ani aiiu 3rpymnoBani. SIKIo MoBoro porpamyBaHHs Buopano C#,
TO YacCTHHA 3 IUX (aiiiB MaTUMYTh po3IIHpeHHs .CS (C-sharp). Y HUX MiCTUTBHCS KO
11€}0 MOBOIO. B mojanbiomMy po3risiiaTuMeMo JIUIIe MPOEKTH 3 KoJIoM MoBoto C#.

[Tamnika, B siKy 30€peKeHO PIIICHHS 3 TPOEKTOM, MICTUTD (DA TAKUX THUIIIB:

sin —  aitn pimerHs. OnUcye HOro CTPyKTypy.

.CSproj — aitn mpoexty Ha C#. Onmcye CTPYKTypy MPOCKTY.
.CS — (aitn 3 komom moBoro CH.

.config —  aitn koHpiryparii.

.resx — ¢aiia 3 onrMcoM pecypcis.

settings  —  ¢aiin HanamTyBaHb.

B 3aranpHOomMy Bumanky mnepemnik (aiyliB 3aleKUTh BiJ TUIy BHOpPAHOTO
IPOCKTY, aye JyXe 4acTo cepel HUuX € Qaiin Project.cs. ¥ HpbOMy OroJIoIeHO Kiiac
Program, sikuii mpeacTaBiisie po3po0aoBany mporpamy. Llei kimac MiCTUTh OAMH METO
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3 Ha3BOt0 Main, sikuii peicTaBIIsie TOUKY BXOy Y nporpamy. Came 3 iHCTPYKIIiH IbOTO
METO/1y TTIOUNHAETHCA BUKOHAHHS TIPOTPAMH.

VY BUNAIKy KOHCOJIBHOTO 3aCTOCYHKY B MeTOi Main muiiryTh mporpaMHuil Ko/I.
Jlyis 3acToCyHKIB ckiaaHimuX TrmiB (30kpema, Windows Forms Application au WPF
Applications) et MmeTo, K MPaBUIIO, 3AUIIAIOTH HE3MIHHUM, a KOJI PO3MIIIYIOTh B
1HIINX METOIAX.

HanarogxeHHs nporpam

ITix yac po3pobku 13 Baxkko YHUKHYTH moMujiok. [Iporpamuuii 3acid mus ix
NOUIYKY 1 YCYHEHHS HAa3WBaIOTh Hanazoodcysauem (3Heeadicysayem, aHIIL. —
debugger).

Microsoft Visual Studio micTuTh BHYTpIIIHIM HaJaromKyBad, KM 3a0e3meuye
3py4Hi 3acO0U JIJIS MTONIYKY Ta BUIPABICHHS MOMIJIOK, 30KpeMa: BCTAHOBJICHHS TOYOK
NepepuBaHHs y Iporpami, TOKPOKOBE BUKOHAHHS KOy, MIEPETJISiT CTEKY Ta PETicTpiB
nporecopa ToIIo.

JIJ1si BUKOPUCTAHHS MOKJIMBOCTEH HAJIaro/KEHHS KOMMUTITOP Y BUKOHABYUH
daiin po3milrye J0AaTKOBY HalarokyBaidbHy iHopmalito. Ile 30uibiye po3mip
BUKOHABUYOTO (pailiry (4acTo y KiJIbKa pa3iB), a TAKOX JICHIO YIIOBUIHHIOE HOTO POOOTY.
Tomy cepemoBuiiie po3poOKH MporoHye aBi KoHbirypariii: Debug (ii BUKOpHCTOBYIOTH
miJ 4ac po3poOKH 3aCTOCYHKY, OCKUIBKM BOHa 3a0e3mnedye HeoOX1THI MOKIUBOCTI
Haymaro/okeHHs) Ta Release (BMKOPHCTOBYIOTH Uil TOOYJIOBH ONTHMi30BaHOTO
BUKOHABYOTO (aiiimy 0e3 HamaromKyBaibHOI 1H(popMarlii). [ToTpiOHy kKoHDirypartito
BUOMparoTh 3 Bumnaaaroyoro crucky Solution Configuration na maneni iHCTpyMEHTIB
Standard (puc. 1.9). HamamryBat 0coOIMBOCTI poOOTH KOMIUISITOpa sl 000X
KOHbIryparliii MOXKHa y BIKHI BJIACTUBOCTEH MpoekTy (Ha cropinkax Build ra Debug),
sIKe BUKJIMKAIOTh uepe3 KomaHay MeHro Project\...Properties...

M CourseWork - Microsoft Visual Stié
File Edit View Project Build [
ie-o(B-a M D -
FormMain.cs & 3 Il e (=11
[ CourseWork
17 }

Analyze  Window  Help
- bstat - Byl i E|E e

it
it

Debug = Any CPU

Debug

FormTown.cs Town.cs Program.cs -

Release

Configuration Manager ofmMain - ﬁ’a FormMain_Load(object sender, Eventirgs &)

3
=+

Puc. 1.9. Bubip koudirypauii pimmenns: Debug ta Release

OTxe, 11s1 BAKOPUCTAHHS MOXJIMBOCTEH HalaroKyBayda Ciijl epecBITUUTHUCS,
110 MPOEKT CKOMITUTLOBAHO B KOHirypaii Debug.
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[Ipu HamaromKeHHI HalHJacTillle BUKOPHUCTOBYIOTH NEPEPHUBAHHS MPOTPAMH Y
MEBHUX KOHTPOJbHUX TOYKAX (3 HACTYITHOIO MEPEBIPKOIO CTaHY JAHKX) Ta MOKPOKOBE
BUKOHAHHSI POTPaAMHU.

1106 po3MicTUTH y KO TOYKY NIEPEPUBAHHS MPOTPAMH, € TaKi BapiaHTH JIH:

» IlomicTuTu Kypcop B NOTpIOHWN pPSAOK KOAY 1 HATUCHYTH KiaBinry F9

(moBTOpHE HATHCKAHHS BHJIAJMTH TOUKY NIEPEPUBAHHS Y IbOMY PSKY).
» KrnannyTu MUIIKOIO 3711Ba Bii HOTp1OHOTO psiaka koay (puc. 1.10). IToBTopue
KJIAI[aHHS BHJIAJTUTH TOUKY TIEPEpUBaHHS.

[Ipu BcTaHOBIIEHHI TOYKH NEPEPUBAHHS BIAMOBIAHUM PSIIOK KOJY BUILISETHCS
(K MpaBUIO, YEPBOHUM KOJIHOPOM), a B OIYHOMY TMOJII HANPOTH ILOTO PsIKa
3'SIBIISETHCS MapKep (SIK MpaBUiIo, YePBOHA TOYKA), K MToKazaHo Ha puc. 1.10.

IIporpamy 3 cepemoBumia Visual Studio moskHa 3amyCTHTH SIK Yy PEKHMI
HaJIaro/KeHHsl, Tak 1 6e3 Hporo. [1{06 BuKOHATH MporpaMy, He 3aA1F0I0YH IPU BOMY
MEXaHIi3M HaJaro/PKeHHsS, BUKOPUCTOBYIOTh KoMmOiHamiro kiasim Ctrl+F5 (abo
KoMmaH1y MeHio cepenouia Debug\ Start Without Debugging.

w CourseWork - Microsoft Visual Studio
File Edit View Project Build Debug Team Jools Test Anpalyze Window  Help
Debug ~| AnyCPU - pstate| i 0| L | € 3=

oo |@-a M9

hiil
I

FormMain.cs + > Rl WETL KA (0T 1)| FormTown.cs [Design] FormTown.cs Town.cs Program.cs
[ CourseWork + %z CourseWaork.FormMain - E’g FormMain_Load(object sender, EventArgs )

P k|

26 Left = Properties.Settings.Default.MainWinLeft;
27 if (Properties.Settings.Default.MainWinTop > @)
28 Top = Properties.settings.Default.MainWinTop;
29
L] 3@ schSortBy.SelectedIndex = Properties.Settings.Default.SortOrder;
o

-

¥0g|oo|  S224NoS ejeQ

tsslFileName.Text = tsslPopDensity.Text = tsslYearIncomePerInhabitant.Text = "";
33
34 I gvTowns.AutoGenerateColumns = false;
35
L 36 DataGridViewColumn column = new DataGridViewTextBoxColumn();
37 column.DataPropertyName = "Name";
38 column.HeaderText = "Hassa" ;|
39 gvTowns.Columns.Add(column);
an

Puc. 1.10. Touxu nepepuBanss y koji. CTpUIKOIO MO3HAYEHO TOJIE, Y TKOMY CJIi]T
KJIAITHYTH MUIIIKOFO JJII BCTAHOBJICHHS/ BUIAJICHHS TOYKU TIEPEPUBAHHS

[I{o6 3amycTUTH 3aCTOCYHOK 3 TIiJI'€ THAHHSIM 3ac001B HAJIaroPKEHHS, € KiJbKa
CHOCO001B:

» HaruchnyTtu Ha kHONIKY Start Ha maHeni IHCTPYMEHTIB.

» HatucHytu Ha kiaBimy F5 knaBiatypu.

» BubOpatu komanny menro Debug\ Start Debugging.

[Ticna 3amycky mporpamMu B peXuMi HajaroJDkeHHs cepemosuiine Microsoft
Visual Studio nmemio 3MinuTh cBiii Burisag (puc. 1.11) i mepeopieHTyeThCsA Ha PEKUM
Haymaro/pkeHHs. Ilpu mpomy B 3arosioBky rosoBHoro BikHa Visual Studio Oyme
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npucytHs (pasza (Debugging), a psaaok crany Oiisi HIXKHBOTO Kparo BiKHA 3MIHHUTB CBild
KOJIIp (TUIIOBO — 3 CUHBOTO (JIUB. puc.1.7) Ha OpaHKEBHI1).

w CourseWork (Debugging) - Microsoft Visual Studio YH &  Quicklaunch (Cirl+Q) P - B x
File Edit View Project Build Debug Team  Tools Test Apalyze Window  Help Konovalenko lhor = m
m | s le|'9' .| }gontinuev|p ; ™ 0| |-) ¥ !|3%;I:=I " "

(DLl METL RS FormMain.cs [Design] FormTown.cs [Design] ¥ Diagnostic Tools
[#] CourseWork ~| %z CourseWorkFormMain  ~| @, FormMain_Load(object ser ~ £} Select Tools™ | %\ Zoom In S, Zoom Qut j|; Reset View

24 Height = Properties,Se-_-_ings,Default,MainwinHeigh+ Diagnostics session: 0 seconds (928 ms selected)
25 if (Properties.settings.Default.MainkinLeft > @) - iy

26 Left = Properties.Settings.Default.MainWinLeft; .JI I

27 if (Properties.Settings.Default.MainWinTop > @)

28 Top = Properties.Settings.Default.MainWinTop;
29
[+] 3@ 1 tschSortBy.SelectedIndex = Properties.Settings.Defaul 0
31 4 CPU (% of all processors)
32 tsslFileName.Text = tsslPopDensity.Text = tssl¥YearInc 100
33
34 gvTowns. AutoGenerateColumns = false; Events Mermory Usage CPU Usage
35
°« = 2 Search Evens
37 column.DataPropertyName = "Name™; EUEDE Time |Duration |Thread
38 column.HeaderText = “"Hasea"; . -
39 gvTowns.Columns. Add(column) ; « | & Breakpoint Hit 0.925 928ms [12132]

-4

Watch 1 Exception 5ettings

Name Value Type 4 ,| =" Search
E Top 139 int
B Left 200 int Break When Thrown
& Height 329 int b W C++ Exceptions
& Width 936 int b @ Common Language Runtime Exceptions

b [ GPU Memory Access Exceptions

b W JavaScript Runtime Exceptions
3 b @ Managed Debugging Assistants
P[] WebKit JavaScript Exceptions

Watch 1 Call Stack JEIEGBIREGLEE Immediate Window

Locals

Ready Col 13

Puc. 1.11. Cepenouiie Microsoft Visual Studio B peskumi Hamaromkenns (1 —
MOTOYHHI PSIIOK KOAY, 2 — TOYKa EPEPUBAHHS, 3 — BIKHO JJIs1 IICPETIIAy 3HAUYCHb
3MIHHUX, 4 — IHCTPYMEHTH J11arHOCTUKH)

[ToTounuéi psAOOK KOOy, HA SKOMY NPHU3YNUHEHO BUKOHAHHS IPOTpaMH,
MO03HAYEHO MapKepoM 31 CTpUIKO B OiwHOMY Mo pemakropa (pume. 1.11,— 1) i
MiJICBIYCHO 1HIIMM KOJIHOPOM. 3HAYCHHS 3MIHHMX Ha JaHOMY €Talll BHKOHAHHS
IPOrpaMy MOXHA TEePETJISIIaTh, KO0 HABOIUTH Kypcop MuIlli Ha 3MiHHY. [Ipu ribomy
3'SIBJISITUMETHCS BUILIMBAIOYE BIKHO 3 HA3BOIO 3MIHHOI Ta ii 3HaueHHsM. Kpim 1poro,
JUIS TIEPeryisily MOTOYHUX 3HAYeHb BHOpAaHUX 3MIHHMX Mpu3HadeHe BikHO \Watch
(puc. 1.11, — 3). [llo6 gomatu 3MiHHY B II€ BIKHO, ii Ha3BY CJI1J] BUAUIATH (HAIPUKIa,
JBIYl KJIAHYBIIM HA HiI MUIIKOIO) 1 mepersartd y BikHo Watch. MoxHa Takox
BUKJIMKATH KOHTEKCTHE MEHIO Ha I1iii 3MiHHIMH, 1 BuOpaTu komanxy Add Watch.

VY pexxumi HaNaroKeHHS CEpeOBHUIINE PO3POOKH BiIOOpa)XKye MiarHOCTHYHY
iHpopmariro y Bikai Diagnostic Tools (puc. 1.11, — 4). Tyt B pe:xuMi peaibHOTO Yacy
MO>KHA MEPETIIHYTU CTYMiHb 3aBAHTAKEHHS IIPOLEcopa M1 4ac poOOTH NPOrpaMHu Ta
MPOCJIIKYBAaTU BUKOPUCTAHHSI TIaM'ATi.
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Cepenosuiie Microsoft Visual Studio mictuts manens inctpymentiB Debug, sika
CTa€ JOCTYIIHOIO B PEKMMI HaJaroK€HHs 1 MICTUTh KHOIIKU JUIsl IIBUJKOTO JOCTYILY
JI0 HaWBXXUBaAHIMWX (YHKIINA HaJaroXKeHHS.

Jlnis aHanizy poOOTH MporpaMu ayKe KOPUCHUM € MOKPOKOBE BUKOHAHHS, SIKE
J03BOJISIE TIEPEBIPUTH CTaH 3MIHHMX TICIs BHKOHAHHS KOXKHOI I1HCTPYKIIII.
BuxopucTtoByioTh ABa ciocoOr MOKPOKOBOTO BUKOHAHHS:

» 3 BxomxkeHHsIM Yy (ynkmii. [Ipu 1ipoMy, SKIO0 B TOTOYHOMY PSAKY KOIY €
GyHKLIS 1 A1 HEl ICHY€ HaJlaro/KyBajibHa 1HQopMalist (A7 BCiX QyHKIIN
IIOTOYHOTI'O IPOEKTY BOHA F'€HEPYETHCS ITPU KOMIUIALIT), TO HACTYTHUHM KPOK
NEePEXOIUTh JI0 EPIIoi IHCTPYKINT BcepearHi (yHKITI.

» be3 BxomkeHHs y QyHKIIl. Y [IbOMY BUIAAKY, SIKIIO B MOTOYHOMY PSAKY
nporpamMu € (QYHKIli, BOHA BUKOHYETHCS TOBHICTIO 1 HACTymHUH KpPOK
NEPEXOAUTH 10 HACTYMHOI IHCTPYKUIi IOTOYHOTO OJIOKY KOAY.

[TokpokoBe BUKOHAHHSI O3BOJISIE AHAII3YBAaTH CTAH 3MIHHUX IICJIA KOXKHOTO
KpPOKY BUKOHAaHHS ITporpamu. [IopiBHIOIOUM peanbH1 3HAYEHHS 3 TUMU, SIK1 OUIKYIOThCSA
3T1THO 3alyMaHOr0 aJlfOPUTMY, MOKHA BUSIBUTH HENPABUIBHO (PYHKIIIOHYIOYI PAIKH
KOAY.

DQ ConsoleApplication2 (Debugging) - Microsoft Visual Studio
File Edit View Project Build Debug Team Tools Test Analyze Window Help
. 11
e - - P D I DivideByZeroException was unhandled x (|| &
Program.cs & = X An unhandled exception of type 'System.DivideByZeroException' occurred in
= Zsty sol icationd.
[c=] ConsoleApplication2 L e petcton e Fsele
: { Additional information: Atternpted to divide by zero. agno
try
{ Troubleshooting tips: l
?F : 1.3 division operation.| A | ents
3 I
22 v | Moce:
} - : — l
2 Search for more Help Online...
} Exception settings:
7 Eatl:h D Break when this exception type is thrown tRU (¢
Cofy Actions: f
} View Detail..
¥ ants
32 } Copy exception detail to the clipboard
= static void Ma Open exception settings Eve
35 £ :
D 36 int w = 6; Stoj
7 w=w/8;
string s = null;
39 yClass.PrintArg(s); -
W% =~ 4 b

Puc. 1.12. TloBinomiieHHs PO BUHATKOBI CUTYAILIIIO M1l YaC BUKOHAHHS MPOTrpaMu
(BuaineHo). Poboty nporpamu 3ynuHeHo Ha paaky 36 (y psaaky 37 BUKOHY€EThCS
JUIEHHS Ha HYJb, AK€ CIIPUYUHUIIO TOMUJIIKY)
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{00 mpomoBXKUTH POOOTY HaJ MPOCKTOM (HANPHKIIAJ, I BHECCHHS 3MiH Y
BUSBJICHUN XUOHO (DYHKI[IOHYHOUMH KOJ), CJIiJ| 3aKPUTH 3amylieHy nporpamy. s
PUMYCOBOT 3yITUHKH 3aIyIICHOT MPOrpaMu CJiiJi HATUCHYTH KHomKy Stop Debugging
Ha TMaHell IHCTPYMEHTIB CepeqoBHUIlla a00 CKOPUCTATUCh KOMOIHAIIEI0 KIIABIII
Shift+F5.

Ko npu BUKOHAHHI MPOrpamMHu Tpanwjiach BUHATKOBA CHUTyauls (IIOMUIJIKA
Yyacy BUKOHAHHS), SIka HE 00pOOIISIETHCS KOJIOM, TO BUKOHAHHS 3yNHUHSIEThCS, a Visual
Studio BimoOpaxkye BIKHO 3 OIMCOM BHHATKOBOI cuTyariii (puc. 1.12).

VY 1poMy BiKHI BKa3aHO THII (KJIac) BUHSATKOBOI CUTYaIlil, a TAKOX 1 KOPOTKHUI
onuc (Hampukiaa, Ha puc. 1.12 Bkazano Tun System.DivideByZeroException ta omwc
"Attempted to divide by zero"). Lls iHdpopmaliis 103BOJISE CHPOCTUTH BUSABJICHHS
NPUYUHUA TTIOMUJIKU Ta ii yCyHeHHs. B Takiil curyartii, mo0 nepeiTu 10 poOOTH Hax
pOeKTOM (1 BUIIPABUTH MOMIIKOBUN KOJ), CIIiJT BUMTH 3 PEKUMY HAJIATOJDKEHHS

(Shift+F5).
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Po3gain 2. OcHosu C#

» [lpocTa nporpama Ha C#

» |oeHTugikaTopy

» Knoyosi crosa

» [lpocTopu iMeH

» [lponycku y kopi

» KomeHTapi

» TUNK i 3MIHHI

» Onepatopu Ta Bupasm

» [HCTpYKLii Ta 6I0KM IHCTPYKLiN

> KepyBaHHﬂ MNOTOKOM BUKOHAHHA
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[MpocTa nporpama Ha C#

Let po3min Oyne ocHoBOW miisg BUBYEHHS C#. Y HbOMY pPO3TIISIATUMYTHCS
0a30B1 MPUHIIUITN TTPOTrPAMYBAaHHS I[I€I0 MOBOIO, K1 1JTIOCTPYBAaTUMYThCS TIPOCTUMU
NpUKIazaMu TporpaM, po3pobienux y cepemosuini Microsoft Visual Studio. s
PO3yMIHHS PUHLMUIIIB POOOTH IIUX MPOrpaM PO3IIISTHEMO CTPYKTYpY HaMmpOCTIIIOL
KOHCONBbHOI mporpamu Ha C# Ta 3araibHe NpU3HAUEHHS PI3HUX ii eneMeHTiB. B
HACTYITHUX PO3/1aX JEsIKI 3 I[UX €JIEMEHTIB PO3TJSHEMO JIETaJbHIIIIE.

[I{o0 cTBOpHUTH MPOEKT KOHCOJIBHOT nporpamu, y Visual Studio cmix BubGparu
xomanay menio File\ New\ Project, i Bubparu mrabiaon Visual C#\ Windows\ Console
Application. CepenoBuiiie 3reHepye MPOCKT KOHCOJBHOTO 3aCTOCYHKY 3 TEKCTOM
nporpamMu sk y JicTuHry 2.1, 3a BUHATKOM psakiB 9-10, ski MICTATh TEKCTOBHIMA
KOMEHTAp Ta BUKJIKK MeToxy WriteLine’.

Nictvar 2.1, ®ann Program.cs HannpoCTiLLOro KOHCOMBHOIO 3aCTOCYHKY
OurFirstApplication
1 |using System;
2
3 | namespace OurFirstApplication
414
5 class Program
6 {
7 static void Main(string[] args)
8 {
9 // HacrTynHuii pamok CJin OONMcary CaMoMy
10 Console._WriteLine ("Hama nepma nporpama :)");
11 }
12 }
13 |}

ITin yac poOoTH 111 porpaMa BUBOJUTH Y KOHCOJIBHE BIKHO €/IMHY TEKCTOBY
dpasy — "Hama nepmia nporpama :)" (puc. 2.1). 3anyctutu nporpamy 3 cepeioBHINa
Microsoft Visual Studio moxHa y 1BOX pekrMax:

» VY pexumi HanmaromkeHHs (HatucHyBmu F5). [Ipu nbomy, Koiau KOHCOJIBHA

mporpamMa 3akiHuye poOoTy, ii BIKHO Bipa3y 3aKpHUBAa€TbCA. | SKIO KOO HE
MICTUTh CHEUIAIbHUX 1HCTPYKIIN OUIKYyBaHHs, TOOAYUTH PE3YIbTaT poOOTH
IpPOrpaMu HE BAACTHCS.

7 JIicTMHT MiCTUTB CTOBITMHK 3 HOMEPAMH PSAIKIB JUIA 3pyYHOCTI Horo omucy. HoMepH psAaKiB He € CKIamoBOIO
YaCTHHOIO PO PAMH.
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» be3 namaromkenns (HatucuyBmm Ctrl+F5). V npomy Bumamky, micis
BIJIMTPAIIOBAHHS KOHCOJILHOT MPOrpaMu, CEPEIOBUILE HE 3aKPUBAE ii BIKHA, a
OYIKy€ HAaTHCKaHHs JOBUIbHOI KJaBilI KJapiaTypd (IIpo IO MOBIIOMIISE
dpa3oro "Press any key to continue..." — quB. puc. 2.1).

BN CWINDOWS \systern32\cmd.exe — O >

Hawma nepwa nporpama :)
Press any key to continue

Puc. 2.1. PesyabTaT pob6oTH nporpamu 3 JicTUHTY 2.1

[lepeBaroro pexxuMy HaJIaroJIKEHHs € MOKJIMBICTh BUKOPUCTAHHS CIIELIATbHUX
3ac001B I AOCHIKEHHST POOOTHM NporpaMu (TOYOK IIE€pEepUBaHHS IPOrpamH,
MOKPOKOBE BHUKOHAHHA IMporpamMu ToIo). Tomy mijJi dYac po3poOKH mporpam
HalyacTile BUKOPHUCTOBYIOTh caMe HOro. Ajle MH PO3TIISIaTUMEMO JykKe IpocTi (i
TOTOB1) MPUKIIAIUA, TOMY OyJE€MO MPUBOJUTU 3HIMKUA €KpPaHYy KOHCOJBHHUX MpPOTrpam,
3amymieHux Oe3 IMmia'eqHaHHA HajarokyBada (duepe3 Hatuckanus Ctrl+F5 a6o
xomanu MeHto Debug\ Start Without Debugging).

Posrasnemo kox (Jtictudr 2.1) aeranpHime. Bid po3mimenuil y ¢aiini, sikuii 3a
3aMOBUYYBAHHSM Ha3MBa€eThCs Program.cs. Psnok 9 mounHaeThest 3 1BOX cUMBOJIIB "/
TaK y KOJi MO3HA4Yar0Th KOMEHTap. TEeKCT MICis [UX CUMBOJIIB JIO KIHIIS PSAIKA MOXKE
OyTH OyIb-SIKUM — KOMITUISITOP HOT0 HE PO3TIsfaE sIK CKIaaoBy mporpamu. Takum
CIIOCOOOM y TEKCT MPOrpamMu BIIUCYIOTh MOSICHEHHS 10 TUX YM 1HIIUX JUITHOK KOZY.

VY Tabnuui 2.1 npuBeaeHo 1eTaabHUN NOPAIKOBHUI OMUC KOAY 3 JIICTUHTY 2.1.

Tabmmuga Ne2.1. Onuc kogy nporpamu 3 nicTuHry 2.1

1 [oBigomnsie KOMNINATOP, O Nporpama BUKOPUCTOBYE TUMK 3 NPOCTOPY iMeH System.

3 OrornoLLeHHs HOBOro mpocTopy iMeH 3 Hassow OurFirstApplication. Lien npocTip imeH
NOYMHAETLCA BIAKPUBAKOYOK (IrYPHOK LYXKOK Y PAAKY 4 i 3aKiHYYEeTbCA 3aKpUBAIOYOHD
(irypHO ZyxKot B paaky 13. Bci Tnu, oronoLweHi y BkazaH1X Mexax, € eneMeHTamu
npocTopy imeH OurFirstApplication.
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Homep Onuc
papka
5 OronoLieHHs HOBOrO Knacy 3 Ha3eow Program. Bce, L0 OronoweHe Mix napow
(IrypHUX JYXOK Y psaKax 6 Ta 12, HanexuTb [0 LbOro Kracy i hopMye 1oro CTpyKTypy
Ta MOBELiHKY.
7 OrornoLweHHst meTogy Main, enemeHTa knacy Program. Y wii nporpami Main € eguHnm
enemeHToM knacy Program. ®yHkuis 3 Ha3Bo Main BUKOPUCTOBYETLCS K NOYATKOBA
TOYKa nporpamu. Peanisauis metogy Main 3HaxoauTbCs MiX Napol BignoBigHWX

(irypHUX QyxoK y psgkax 8 1a 11.

10 MicTuTb €4uHY NpOCTY IHCTPYKLit0. Liei pagok ctaHoBKTb Tino Metoga Main. Y C# koxHa
IHCTPYKUiS 3aKIHYyETbCA KParnkow 3 KOMOK. IHCTPYKLS B LbOMY PSAKY BUKOPUCTOBYE
knac i3 Ha3soto Console, k1 po3MiLLeHNiA y MpocTopi iMeH System, Ans BUBOZY psaka
Y KOHCOMbHE BiKHO. be3 BUKOPUCTaHHS IHCTPYKLiT USing B psaKy 1 KOoMNinaTop He 3HaB
6u, oe wykatn knac Console. Metog WriteLine() knacy Console BUKOPUCTOBYHOTb A1
BMBEEHHS TEKCTY Y BiKHO.

[Iporpama na C# ckmamaeTbcs 3 OJHOTO UM OUIBINE OTOJIONICHBb THITIB, SKI
MOXYTh OYTH pO3TaIllOBaHi B JIOBUIBHOMY mopsiaky. Y nporpami OurFirstApplication
OTOJIOIICHO TUIBKU OJHMH THI — Kjac Program.

OyHKUiIA Main: noyaTkoBa ToUKa Nporpamm

Koxna nporpama Ha C# moBrHHA MaTH OJUH KJIac 3 METOAOM i3 Ha3Boro Main
(mepuia miTepa — Benuka, Ha BigMiHy Big C ta C++). ¥V nporpami 3 nictunry 2.1 uei
METOJI OroJjomeHo y kiaci Program. Bukonanus Oynab-skoi mporpamu Ha C#
MOYMHAETHCS 3 MePIIoi IHCTPYKIiT meroxa Main.

Haiinpocrima ¢opMa nporo MeToay Taka:

static void Main()

{

// Incrpykuil komy

+

TekcToBWi BBIA/ BUBIL Y KOHCOINbHOMY 3aCTOCYHKY

Konconvne sixkno (puc. 2.1) — mpocte BIKHO 3 KOMaHIHUM PSIKOM, SKE JT03BOJISIE
3/IMCHIOBATU TEKCTOBUH BBIJI-BUBIJ 3a JOMOMOTOIO KiaBiatypu. bibmioTeka 6a30Bux
kiaciB .NET Framework (BCL) miarpumye kimac Console (B mpocTopi imeH System),
SIKUW MICTUTh METOJIH JJIS BBEJCHHS Ta BUBEICHHS TCKCTOBUX JIAHUX Yy KOHCOJIEHOMY
BiKHI. Take BIKHO MICTUTb Kypcop — ONMMar4Yuil Mapkep, SKMi MO3Ha4a€ MOTOYHY
MO3UIIII0 Y BiKHI. BBl Ta BHBIJI TEKCTOBUX JaHMX 3JIMCHIOETHCS caMe y TO3MIIIT

Kypcopa.
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JUist BUBOLy TEKCTY B KOHCOJIbHE BIKHO BUKOPHCTOBYIOTh METOIM ((PYHKIIIT)
Write Ta WriteLine xacy Console.

MeTog Write

Meron Write BUBOIUTE y KOHCOJIbHE BIKHO 3aCTOCYHKY TepelaHui oMY PSIOK
TEKCTY, MOYMHAIOYHN 3 MOTOYHOI no3uiii kypcopa. Y C# (six i B C Ta C++) 3HaueHHS
Tuny "panok" Mae OyTH OTOYEHE MOABIMHUMU JIalKaMH.

HactynHwuii psitok Koty JeMOHCTpY€e BUKOpucTanHs metoaa Write:

Console._Write("'lle npocTto Texcr'™);

Metog Write knacy Console Papok TekcTy ans BuBogy Y BiKHO

SIkio nel psAaok Koay BBectd y metoa Main (3amicts psiaka 10) y mictunry 2.1,
TO 3aCTOCYHOK BHBejA€ y BIkHO (pa3y "Lle mpocto tekct". Ilicna BuUBOgy TEKCTy 3a
normomororo meroxy Write He 3IIHCHIOETBCS TMepexiJ] OO HACTYyIHOTO psjKa.
Hanpuxian, mocinioBHUM BUBIJ TPhOX TEKCTOBUX ()pa3 B OJHOMY PSAIKY MOXKHA
3IIACHUTH TaK:
Console Write(""Texcrl ");

Console _Write("'TexcT2 ");
Console _Write("'Texct3 ');

Pe3ynbTaT BUKOHAHHS LILOTO KOJY IPUBEACHO Ha puC. 2.2.

BN CAWINDOWS\system32iemd.exe — O >

Tekctl Tekct? TekcTt3 Press any key to continue .

Mepiwa Apyra Tpets

IHCTPYKLig iHCTPYKLiS HCTPYKLis

Puc. 2.2. Busia Tprox ¢pa3 3a gornomororo meroay Write

Metog WriteLine

Meton WriteLine, sixkuii Takox € eaemMeHToM kiacy Console, BUkoHye Te ik, 110 1
meto Write, ase o/1a€ y KiHIIl BUBEJCHOTO PSJIKa CHMBOJI MIEPEXOY IO HACTYITHOTO
paaka. SIKIo nepenucaTy nonepeaHii ¢parmenT koay, 3aminupinn Write Ha WriteLine,
TO OTPUMAEMO PE3yJbTaT, K Ha puc. 2.3:

Console _WriteLine("'Texcrl ");

Console._WriteLine(""Texcr2 ");
Console._WriteLine(""Texcr3 ");
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Bl CWINDOWS\system32hemd.exe — O x

Tekctl
TekcT?
TekcT3
Press any key to continue

Puc. 2.3. Busix Tppox ¢pa3 3a qomomororo meroay WriteLine

[Ipu BUBeJEHHI PAIKIB iX MOXKHA MOEIHYBATH OJIMH 3 OJHUM Ta 3 YHUCIOBUMU
3HAYEHHSIMH 3a JJOITIOMOT 010 3HaKy "+

Console.WritelLine ("YacToTa: " + 2.4 + " T'Tu");

B pe3ynbrari BUKOHAHHS IIbOTO KOJY Y BIKHO OyjJe BHUBEICHO PSIOK:
"Yacrora: 2.4 I'T11".

dopmaTyBaHHSA psAaKiB

TexcT npu BuBeacHHI 3a gomomororo meroaiB Write Ta WriteLine moxxHa Bifpasy
dbopmaryBatu. Y 11bOMy BUIIAJIKY METOJTY MIEPEAAIOTH KiJIbKa MapaMeTpiB 1 pO3IUISIOThH
ix komamu. [lepmuit mapaMmeTp 3aBXKIU MOBHHEH MICTUTU DPSIIOK, KU HAa3WBAIOThH
psaokom ¢popmamy. Psagox (hopmaTy MOBUHEH MICTUTU MapKepu NIOCMAHOBKU, SK1
MOKa3ylOTh IMO3UII, y SAKUX OYyIyTh MIJICTaBJI€HI NE€BHI 3Ha4yeHHsA. Mapkep
MiICTAHOBKH € HATYypaJIbHUM (HEBLI'€MHUM IUIMM) YHCIOM y QITYPHHUX AYXKKaX, SKE
3a/la€ HOMep 3HAY€HHs JJIs MiICTAHOBKU. MapKepu HyMEpyIOTh, TOUMHAIOYH 3 HYJIS.
3HaudeHHs IS TACTAaHOBKH 3a/1al0Th Y MapameTpax Micis psijaka hopmary.

3arajgpHUN CHHTAKCHUC BUKIMKY METOJY JJisi BUBEACHHS (hOPMATOBAHOTO psJIKA
TAKWM:

Console._WriteLine(FormatString, ValueO, Valuel, Value2...);

ne FormatString — psimok dopmary, ValueN — 3HaueHHs AJ1s iCTAHOBKH.

Hanpukinan, momaHa HHK4Ye 1HCTPYKINS MICTUTh BUKIMK meroxy WriteLine 3
psankoM ¢gopMmary (BiH MICTUTh TP MapKepu MiJCTAHOBKH) Ta TPhOMa 3HAUYCHHIMU
(10, 20 1 30) st MiICTAHOBKH:

Mapkepu nigcTaHoBKM

Console.Writeline ("Tpu umciaa: {0}, {1} Ta {2} ", 10, 20, 30);:

3HaYeHHs Ans niacTaHOBKM

Papok hopmary

Pesynbrar BUBOIY 1IbOTO (pparMeHTa KOy NMPUBENIEHO Ha puc. 2.4.
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Bl C\WINDOWS\system32\cmd.exe - O ¥

Tpu yucna: 10, 20 ta 30
Press anv key to continue

Puc. 2.4. BuBiz psanaka 3 popMaryBaHHSIM

VY psnkax ¢popmaty Moke OyTH 10BUIbHA KIJIBKICTh MapKepiB MiICTaHOBKH. [1pu
bOMY 1X MO>KHA PO3MIIIYBaTH B IOBUILHOMY MOPAJIKY, @ MapKep 3 TUM K€ HOMEPOM
MO>KHA BUKOPHCTOBYBATH KiJIbKa pa3iB.

Mapkep mMiICTAaHOBKM HE TOBHHEH 3BEpTAaTUCS [0 €JIEMEHTa 3a MeXaMu
NEepeliKy 3Ha4yeHb IS IMIJCTAHOBKM: I KOXKHOro Mapkepa 3 iHaekcom N mae
ICHYBaTH 3HAYCHHS Yy Mepeliky napamerpiB 3 iHaekcoM N. Skiio 3amatu 3HaveHb
MEHIIE, HI’K € MapKepiB, TO IporpamMa CKOMITUTIOETHCS 1 3aITyCTUTHCS YCIIIITHO, aJie Mij
Yac BHUKOHAHHS TPANUThCS MOMIIIKA (BUHSATKOBA cutyaris) 3 onucoM: "Index (zero
based) must be greater than or equal to zero and less than the size of the argument list"
(iHmeKC (3 OCHOBOIO HYJIb) Ma€ OyTH OUTHIIUM a00 JOPIBHIOBATH HYJIIO, 1 MEHIIIUM 32
pPO3MIp CIIUCKY apryMeHTiB). ToMy BUKOHAHHSI HACTYITHOTO psAKa KOJIy MPUBEIE JI0
TOMMUJIKU:

Console._WriteLine('"!'Tlomunixa !z {0}, {2} ", 10, 20);

3Hau4eHHs 3 iHOEKCOM 2 He iCHye

|oeHTMikaTopu

loenmudhixamopu (identifiers) — 1ie CUMBOJIbHI CJIOBA, SKi BUKOPUCTOBYIOTH IS
MO3HAYECHHS 3MIHHUX, KOHCTAHT, METOJIB, MapaMeTpiB Ta OararboxX I1HIIUX
IPOrpaMHUX €JIEMEHTIB, K1 pO3IISAATUMEMO Jal.

[IpuiiHATo AaBaTH CaMOONMCYBAJIbHI 1IEHTU(PIKATOPH, YEpe3 MOeTHAHHS
3HAUYILIUX CJIB Y €JIMHY OMUCOBY Ha3BYy Ta PO3IJICHHSAM iX 3a JIOIMIOMOI'OK0 PETICTPY
cuMBOJIiB (Hanpukiaz, Bookld, SecurityNum, FirstName toro).

st popMyBaHHS 1I€HTU(IKATOPIB MOKHA BUKOPUCTOBYBATH CUMBOJIH JIITEP,
mupp, a Takox cmmBoaum " " Ta "@". CyyacHI KOMIIUJITOPH IMATPUMYIOThH
BUKOPHUCTAHHS HaIlIOHAJIbBHUX CHUMBOJIIB I 1IeHTU(IKATOPIB, ajie 3 METOI0
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YHUKHCHHSI TTyTAaHWHU Ta TIEPEHOCHMOCTI KOJY PEKOMEHIOBAaHO BUKOPHUCTOBYBATH
TIJIKU CUMBOJIM JTATHHUIL.

[Tpu dpopmyBanHi imeHTH(IKATOPIB CIIIJT ITaM'ITaTH Taki IpaBUJa;
MOKHA PO3MIILYBaTH y Oyb-sKii

» CumBOIM JITEp Ta MiJKPECICHHS
TTO3HIIII.

» CumBonu uudp HEe MOXKHA PO3MILLYBAaTH HA OYATKY 1IeHTU(]iIKaTOpa, aje B
Oylb-IKOMY THIIIOMY MICLI — MOKHA.

» CumBon "@" MoKHA pO3MIIlyBaTH TIJIBKU HA MOYATKY i7eHTH(IKATOpA, 1 HE
MO>KHA B 1HIINUX MICI[IX.

Inentudikaropu y C# (six 1 B C Ta C++) € wytnuBumu 1o pericrpa. Hanmpukian,
ineraTudikaTopu mylnt, Myint ra myint mossagaroTh pi3Hi 3MiHHI.

[IpoTe, BUKOpUCTAHHS IyX€ CXOKHUX IMEH MOTIPIIy€E PO3YyMiHHS KOIYy, CIPHSE
JOMYLIEHHI0O TOMWIOK 1 pOOUTh HAJaro/)KeHHs TMporpaMud BaxdyuM. Tomy
3aCTOCOBYBATH Taki 1ICHTH(IKATOPU HE PEKOMEHIOBAHO: 11€ BIPHO CUHTAKCHUYHO, aje
3aIIyTy€ KOJI:

// Tak pobuTM HEe BAPTO, XOUua CUHTAKCUUHO I[l& MNPaABUIILHO
int totalSumm;
int TotalSumm;

int Totalsumm;
TotalSumm = totalSumm + Totalsumm;

8

BuxopuctoBytorh  pi3Hi  CTWJII  IMEHYBaHHS®  ieHTH(IKATOpIB,  fAKi

BIZIPI3HSIOTHCS BUKOPUCTAHHSAM PEriCTPy CUMBOJIIB (TabmuIs 2.2).

Tabnuugs Ne2.2. CTuni iMeHyBaHHS

PekomeHpoBaHO Mpuknagu
BMKOPUCTOBYBaTH ANA:
Pascal KoxHe crnoBo B ideHTUdikaTopi Ha3B tuniB, knacie T1a ix TotalSumm,
NOYMHAIOTb 3 BENMKOI NiTepy eIleMeHTiIB Departmentld
Camel KoxHe crnoBo B ifeHTUdikatopi,  JIokanbHWX 3MiHHKX Ta totalSumm,
Kpim NepLUoro, NOYNHAKTb 3 napameTpis departmentld
BESMKOI NiTepu
Uppercase  Bci nitepu Benwki Tinbkn gns abpesiaTyp TS, AXML

YacTto 11 Ha3B TaKOXK BUKOPUCTOBYIOTH CUMBOJI MiJKpecaeHus """

» Jlns rTpynu  "ocoOnmBux"  imeHTH(IKATOPIB  HA3By  MOYMHAIOTH
migkpecinenusaMm: _GetName, _GetObjectType.
» Okpewmi ciioBa B iieHTH(IKaTOPI po3aiasiioTh cumBojom " *': Department_Id,

Language _Code, department_id, language_code.

8 Ix e Ha3mBarOTH yrojamu iMmenyBanns (Naming conventions).
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B momanemomMy y mpukiIagax Koay OyIeMO JOTPUMYBATHCS 3aCTOCYBAHHS
CTWJIIB IMEHYBaHHS 3a Ta0auIero 2.2.

Kntoyosi cnosa

Kniouose cnoso (keyword) — 1me dopManbHUN CHUMBOJBHUN PSIOK, SKHIA
BH3HAYEHO MOBOIO IMporpamyBaHHs. KiiouoBi ciioBa HE MOKHAa BUKOPHUCTOBYBATH B
podit 11eHTu(iKaTopiB (TOOTO, A1 Ha3B 3MIHHUX METOIB TOILO). SKIIO 3a JOTIKO0
IporpamMu NOTPIOHO BUKOPUCTATH 1€HTU(DIKATOPHU, AKI CHIBOAAAIOTH 3 KIOUYOBUMHU
cinoBamu C#, X MOXKHA JONOBHIOBATH cuMBoyiamu "@" um " " (mampukian, @float,
@int, float_, int ).

Bci xirrodoBi ciioBa C# micTsTh TUTbKH Mauti titepu. [lepemnik kimtouoBux ciiB C#
npuBeneHo y Tabmumi 2.3.

Tabnuusa Ne2.3. Kntovosi cnosa moswu C#

abstract as base bool
break byte case catch
char checked class const
continue decimal default delegate
do double else enum
event explicit extern false
finally fixed float for
foreach goto if implicit

in in (generic modifier) int interface
internal IS lock long
namespace new null object
operator out out (generic modifier)  override
params private protected public
readonly ref return shyte
sealed short sizeof stackalloc
static string struct switch
this throw true try

typeof uint ulong unchecked
unsafe ushort using virtual
void volatile while

[cCHYIOTh TaKOX KOHmexkcmHi Knouosi ciosa. BoHU NIIOTH K KJIKOYOBI CJIOBa
TUJIBKH B JESKUX KOHCTPYKIISIX MOBH IIporpamyBaHHs. B 1HIIMX MICUAX BOHH JIIOTh
AK 3BUYaitHi inentudikatopu. Tabnuis 2.4 MiCTUTH HepeiiK KOHTEKCTHUX KITFOUOBUX
ciiB MmoBu CH#.
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Tabnuus Ne2.4. KoHTeKCTHi Knto4osi crioBa mosu C#

add alias ascending

async await descending

dynamic from get

global group into

join let orderby

partial (type) partial (method) remove

select set value

var where (generic type constraint)  where (query clause)
yield

[TpocTopm imeH

IIpocmip imen (N@aMespace) — 1ie CyKyImHICTh OTOJIONICHB THITIB, CIIBCTABICHUX
Ta TOB'A3aHUX 3 MEBHOK Ha3BO. [Iporpama 3 mictuHry 2.1 BHUKOPHUCTOBYE JBa
npocropu iMeH. [lo-iepire, Bona ctBoproe HoBwid pocTip imen OurFirstApplication (3a
3aMOBYYBAaHHSIM HOTO Ha3Ba CIIBIAJA€ 3 HA3BOIO MPOEKTY, Ky 3aJald IpHU HOro
CTBOpPEHHI). Y HbOMY OTOJIOIIEHO BlIacHUi Tvm — kiac Program. [To-apyre, nporpama
BUKOPHUCTOBYE mpocTip iMeH System, kirac Console 3 sskoro BXKHUTO IS BUBOY TEKCTY
y BIKHO.

[IpocTip iMEH OTOIOLIYIOTh TaK:

namespace TheNameOfNameSpace

{

//EseMeHT NpocTopy 1MeH

+

TheNameOfNameSpace — me Ha3zBa mpoctopy iMeH. Mik QIrypHEMH HyKKaMH
OIMMHCYIOTh EJIEMEHTH MPOCTOPY IMEH — THIH Ta Kiacu. [IpocTip iMeH € KOHTEHHEPOM,
y SKOMY ONHUCYIOTh pi3HI Tunu. Bin 3a0e3neuye 3amaHuil MPOrpamicTOM BHU/T
IpyIyBaHHS KOJy, TOMY B OJJHOMY MPOCTOpP1 IMEH JIOIIJILHO TPYIMyBaTH JIOT1YHO YU
(GyHKIIOHATBHO TOB'S3aH1 THUITH.

3BepTaHHS JI0 TUITY B MIPOCTOPi IMEH POOJIATH Yepe3 Horo Ha3By, PO3ALTIOIOYN
iX 17eHTU(IKATOPU KPAIKOIO:

TheNameOfNameSpace . ClassName

HasBa npoctopy imeH Ha3Ba enemeHTa
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Skio Kol Mae BUKOPUCTOBYBATH THUIM 3 TMEBHOIO MPOCTOPY IMEH, TO, 1100
MOCTIHO HE BKAa3yBaTHU Ha3BY MPOCTOpa IMEH, MOKHA BKa3aTH KOMIIUIATOPY, IO MU
BUKOPHUCTOBYEMO JAHUU TPOCTIp iMeH. {15 IbOTO BUKOPUCTOBYIOThH KJIFOUOBE CJIOBO
using:

using TheNameOfNameSpace;

KrtovoBe €noso HasBa npoctopy imMeH

Toxi 3BepTaTucs 10 elIeMEHTa MPOCTOPY IMEH MOYKHA KOPOTIIE, OMyCKAIOYH Ha3BY
IPOCTOPY 1MEH:

using System; // IupekTrBa BUKOPUCTAHHSA MIPOCTOPY 1MeH

// BUKOPMCTOBYEMO IOBHY Ha3BYy, fSKa MiCTUTE Ha3BYy HNPOCTOPY 1MeH
System.Console_WriteLine(""This is text 1');

// HasBy NpOCTOPY 1MeH OoImycKaemo

Console._WriteLine("'This is text 2');

[Mponycku y kogi

[Ipomrycku y komi mporpamu (OpPMYIOTbCS CHMBOJIAMU TEKCTy, fAKI He
BiTOOpaKyIOThCS Ha ekpaHi. KoMOiATop irHOpye mpOmycKH, aje BOHM MOTPIOHI 1
BUKOPUCTOBYIOTBCA ~ MpoOrpaMicTaMd Uil  TOro, Mmo0 3poOuUTH  mporpamy
3pO3YMUTIIION0, Kpalle CTPYKTYPOBAHOIO 1 JIETTIIO 1JI1 YATAHHS.

IIpomycku ¢popMyrOTh:

» I[lpobGimamu.

» TaOymsmiero.

» IlepexoaoM 10 HACTYITHOTO PsIIKA.

Posrnsnemo nBa pparmenTu Koxy:

1) class Program

{

static void Main(string[] args)

{

Console.WritelLine ("Hama mnepma nporpama :)");

}
by

class Program{static void Main(string[] args){
Console.Writeline ("Hama nepma nporpama :)");}}

P NOoO oo P~ WDNBE

2)

N

3 TOYKH 30pYy KOMIISTOpA BOHH 1CHTUYHI: OJHAKOBO KOMIIIJTIOBATUMYTHCS 1
OJIHAKOBO BHUKOHYBATHUMYTbCS. AJie mepiiuii (parMeHT 3HAYHO JIETIE YUTAETHCA:
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BIJICTYIIH 3/1iBa (POPMYIOTh IHTYiTUBHE CIIPUUHATTS BKJIAJAEHOCTI OJ0KIB KOay. Tomy
BiJIpa3y 3p03yMLJI0, sKa JUITHKA KOy ¢hopMmye Tisto kiacy Program (psaku 3-6), a sika —
Tij10 MeToaa Main (psiaox 5).

[Tpu BBemeHHi TekcTy mporpamu pemakrop komxy Microsoft Visual Studio
NEPEeBAKHO aBTOMATUYHO BHPIBHIOE KOJ, BHKOHYIOYHM OCHOBHY pPOOOTYy TIO
dbopmMaTyBaHHIO 3aMICTh MIPOTpaMicTa.

KomeHTapi

Komenmap — 11e noBUTbHUI TEKCTOBHUH OJIOK Y IPOTpaMi, IKUH BUKOPUCTOBYIOTh
JUISL TIOSICHEHB Ta IMPUMITOK JIO BIAMOBITHUX IUISHOK Koay. KomenTapi, ocobauBo y
BEIMKUX 3a 00CATOM Ta CKJIAJHUX Mporpamax, J03BOJIAIOTH INBHJIIE 3PO3YMITH
po0OOTy peani3oBaHOTO ANTOPUTMY Ta MPU3HAYCHHS PI3HUX HOro yacTuH. TekcT y
KOMEHTap1 IrHOPYETHCSI KOMIIUISITOPOM 1 HE BIUIMBAE HA (PYHKI[IOHYBaHHS IPOrPAMH.

YV C# BUKOPUCTOBYIOTh TP BUJIM KOMEHTAPIB:

» PsagkoBuit kOMeHTap. BiH mouMHAeThCSA IBOCHMBOJBLHHM Mapkepom "/[" i
MIPOJIOBKYETHCA 10 KIHIA psiika. [Ipukiag BUKOPUCTaHHS TaKOTO KOMEHTaps
npuBeeHo y ictuary 2.1 (psagok 9).

» Po3mexoBaHui KOMeHTap. Bin moYrHA€ETHCS TIBOCUMBOJIBHUM MapkepoM "[*'" i
3aKIHYYEThCS JBOCHMMBOJIBHUM MapkepoM "*/". Bech TEKCT MiX IIUMHU
Mapkepamu (BiH MOKE€ MICTUTH 0arato psjKiB) BBaXAE€ThCS KOMEHTapeM.
Po3mMexoBaHMii KOMEHTap MOX€ TaK0X BUIUIATH TUIBKH YaCTUHY OJHOTO
psIKa POTPaMH.

» KomeHTap ans gokymeHtauii. Takuii KOMEHTap MOYNHAETHCS TPUCUMBOJIIEHUM
mapkepom "/I[" i wmictute XML-TeKkCT, SKUH BHKOPHUCTOBYIOTH JIJISt
aBTOMATH30BAHOTO TEHEpyBaHHS MPOrPaMHOI JOKYMEHTalli 3aco0amu
Visual Studio.

[lpuknagym BCiX 3raJlaHMX KOMEHTapiB MpPHUBEAEHO Yy JicTHHrY 2.2. [lns

TIOKPAIIIEHOTO CIIPHUHATTS TEKCTy mporpaMu peaaktop koxy Microsoft Visual Studio
BUJIISIE TEKCTH KOMEHTAPIB 1HIIIUM KOJIBOPOM (HaM4YacTiIIe — 3eJICHUM ).

NicTuHr 2.2. Pi3Hi BUAW KOMeHTapiB
// Y panky 1 npuBemeHO 3pPas0OK ONHOPAINKOBOTO KOMEHTAaps

int 1 ; // Tak MOxHa 3aKiHUyBaTK PANOK NPOTpPaMmm,
// TIOACHKKOUM MNPU3HAUEHHS KOOy B HbOMY

/* lle nmpukJjazn PoO3MeXOBAaHOTO KOMEHTaps,

NOoO o~ WNPE

AKVM MOXe BalMMaTM KiJbka PAOKiB KOOV .
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8 KomMeHnTap 6yIb—-gKOTO BUIY KOMII1iJaTop irHopye */

10 | // @Iani npuxsian po3MeXOoBaHOTO KOMEHTAapsA B YacTMHI panka
11 | // HacrynHuit pamok njig KoMoijsaropa Oyme Takum: Nt j;
12 | int /*1,*/ §;

13
14 | // Huxue npukjan KOMEHTAps IJS NOKyMEHTAllll:
15| /// <summary>

16 | /// Uer kjac nNpWs3HadeHUM OJid

17 | /// <\summary>

18
19 | class Department
20 [ {

21

Tvnu i 3MiHHI

I3 3aranbHOrO MOTJIsA LY TIporpama Ha C € CyKynHICTIO GyHKIIIH Ta TUIIIB JaHUX,
a mporpama Ha C++ — cykynHicTiO GyHKIIIH Ta KJaciB. Y Toi e dac nporpamy Ha C#
MOKHA pO3IJIAJaTH SK CYKYINHICTh OrOJIOIIEHb THIMIB. 30KpeMa, Iporpama 3
mictuaTy 2.1 MicTHTH oroyomenHs Tumy (kimacy) Program 3 merogom Main. Takum
9IHOM, eBOTOIIist MOB Bizl C 10 C# imocTpye Bce O1bIny Bary 00'€KTHO-OpiIEHTOBAaHUX
NPUHIUINB y TIporpamyBaHHi. J[yig po3yMminHs nporpamu Ha C# BaXKJIMBO PO3YyMITH,
YUM € TUIIU 1 K 3 HUMU IPAIIOBATH.

LLlo Take TMn

B 3aranpHOMY THII MOXXHA PO3IJISAATH K waba0H AJi CTBOPEHHS CTPYKTypHU
naHux. BiH cam 1o co6i He € CTPYKTYPOIO JIaHKX, ajie 3a7a€ XapaKTEPUCTUKH 00'€KTIB,
CTBOPEHHMX 3a ITUM mabinoHoM. O6'exmom, abo ekzemniapom, HA3UBAIOTh CTPYKTYPY
JaHUX, CTBOPEHY 3a I1a0JIOHOM THILY.

Tun BU3HA4aIOTh TaKi €JIEMEHTH:

» Hasa Tunmy. Bona BUKOpPHCTOBYe€TbCS [UIsl CTBOPEHHS  OO'€KTIB

(EeK3eMILIAPIB) THUILY.

» @opmar (ycTpiil) JaHHX, SKI MICTUTUMYTb 1HPOPMAIIi0 PO 00'€KT.

» Ilpu3HaueHHs, MOBEIHKA Ta OOMEKEHHS.

Hanpuknaza, THIT U1 TO3HAYEHHSI HIJTMX YUCET Ma€e Ha3By iNt, y mam'sti 3alimae
4 GaiiTH, 1 BU3HAUa€ MOBEIIHKY IIJIOTO YKCA.

Ha ocHOBi meBHOTO THIy MOXHa CTBOPUTH OaraTto OO0'€KTiB, YU €K3EMILIIPIB
nporo tuiy. KoxkeH enemeHT naHux y mporpami Ha C# € ek3eMIUISIpoM THITY, KUK

BU3HAYEHUM MOBOI mporpamyBanHs, BCL (uun iHmoro 6161i0TeK0r0), abo
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nporpamictoM. [Ipu cTBOpEeHH1 eK3eMIUIsipa TUMY JJIsl HbOTO BUAUISIETHCS TOTP1OHUI
o0csr namM'aTi, CTPYKTYpOBaHUM 32 MIA0JIOHOM, 1110 BU3HAYAE THII.

EnemeHTV gaHux ta QyHKLIOHaNbHI efIeMeHTH TUny

Jlesiki T, siki Ha3uBaoTh npocmumu munamu (int, short, long), 36epiratoTh
€IUHY CKJIQJOBY JaHUX. [HII TUMHU MOXYTh 30epiratu 6arato CKJIQJHHUKIB JaHUX.
Hanpuknan, macus — 11e TUII, SKUH MICTUTh 0araTo CKJIaIHUKIB OJHOTO 1 TOTO XK THUITY.
Jlo okpeMHX HOro €JIeMEHTIB MOKHA OTPUMATH JIOCTYIl Yepe3 CHeIliaJbHe YHUCIIO, K
Ha3WBAaIOTh 1HJIEKCOM.

Ane MOXyTh OyTH 1 THNH, SKI MICTATh y CKIaAl JaHi pI3HMX THMIB. Taki
CKJIQJHUKU TUIYy HA3WBAIOTh uieHamu TUMY, a00 eremenmamu tamy. Ha BiaMiHy Bix
MacHUBY, KOKEH €JIEMEHT THITy Ma€ CBOIO Ha3BY, 3a KOO JO HHOTO 1 3BEPTAIOTHCSI.

€ 71Ba BUIU €IIEMEHTIB THUITY: €JIEMEHTH JaHUX Ta (PYyHKIIIOHAJIBbHI €JIEMEHTH.
Enementn nanux 30epiraroTh JaHi, IKi CTOCYIOTHCS €K3eMIUIApa THUIY a00 THUITY B
1iomMy. OyHKITIOHAIBHI €JIEMEHTH MICTATh BUKOHABYMM KOJT 1 BU3HAYAIOTH ITOBEIIHKY
00'€KTIB LIOTO THITLY.

Tun nanux, KU MOKE MICTUTH IMEHOBaHI €JIEMEHTH TaHUX Ta (PYHKITIOHAIBbHI
€JIEMEHTH, Ha3UBAIOTh KIACOM.

[TonepeaHbLO BM3HAYEHI TUMK

VY C# BusnaueHo 16 tumis, cepen Hux 13 mpocrtux i 3 Hempoctux (puc. 2.5).
Ha3Bu Bcix monepenHbO BU3HAUEHUX THUIIIB MICTATh TUIBKM Majlli cuMBOIM. [Ipocti
TUNHU (IUB. TaOIUILO 2.5) GOpMYIOTh TaKl FPYIH:

» Ywucrosi Tunu:

e pi3HOro po3Mipy 3HaKoBi Ta Oe33HakoBi miai Tumnu (byte, sbyte, short,
ushort, int, uint, long, ulong);

e ypcia 3 riaBaro4oro komoro (float, double);

® BHCOKOTOYHHMIA AecaTKOBUH Trm decimal, skuii, Ha BigMiHY BiJ THIIB 3
TUTABAIOYOI0 KOMOIO, TIPE/ICTABIISAE JECATKOBY YACTHHY YMCJIA TOYHO.

» CumBOJIBHHI THII Char, 1110 mpeacTaBiisie cumMBoII y opmari Unicode.

» Jloriunwuii (OyseBmit) Tun boOl, skuii MOXe MpUEMATH OJIHE 3 IBOX 3HAYCHD:

true (ictuna) uu false (xubnicTs)®.

% Ha pinminy Big C ta C++, y C# 4niclioBe 3HaYeHHs He Ma€ JIOTiUHOI iHTeprpeTallii.
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[NonepeiHLo
BM3HaAYeHi TUNK

MpocTi object string dynamic
He uucnosi Yucnosi

bool char Liini HicHi

decimal | float double

8 oiT 16 BiT 32 6iTu 64 6iTn

shyte byte

long ulong

Puc. 2.5. Tlonepenuro BuzHaueHi Tunu C#

J10 HENPOCTHUX TUIMIB BXOSATh:

» Tun object, skuii € 0a30BUM UIsg BCIX IHIIUX THITIB — K IMONEPEIHHO
BHU3HAYEHUX, TaK 1 KOPUCTYBAIbKUX.

» Psaxowuii Tum String, mo npezacrasisie psaaok y Gopmari Unicode.,

» Tun dynamic m03BoJjIsiE TMPOIyCKaTH IEPEBIPKY THIY IIiJ 4aCc KOMITUISILIT
IHCTpYyKLIi, B fKIi BIH 3aCTOCOBYETbCA. 3aMiCThb ILIBOTO MeEpeBipKa
BUKOHY€ETHCS 1] YaC BUKOHAHHS.

Bci momepenHbo Bu3HaueHi Tumu (KpiM Ty dynamiC) TpPOEKTYIOTHCS
oesnocepenubo Ha Ttumu NET Framework. Hacmpasmi wasBu tumiB 'y C# €
ncenoHiMamu qist tumiB NET, sxi Bu3HayeHi y mpoctopi imer System. Tomy
BUKOpHCcTOBYBaTH TUNH Aanux .NET y mporpami Takox MoxkHa, aje 1e 0e3 nmorpedu
3aryTye koJ. B mporpami na C# nepeBary ciif HagaBaTu "piiHUM" THITaM.

Taxum unHOM, OToNOIIeHHS 3MiHHOI Count y mpuBeIeHOMY KOJli piBHO3HAYHI:
using System;

int Count; // Twun nmauux C#
Int32 Count; // Tot xe Tun maHux, aje -NET Framework

Ane mepeBary CIiiJl HaJlaBaTH MEPIIOMY CIOCO0Y, Y SIKOMY BUKOPHUCTAHO THII
nmanux CH.

VY Tabnuii 2.5 onucaHo MPOCTI MOMEPEIHHO BU3HAUCHI THUIU Ta MPUBEICHO 1X
BignoBigauky 3 .NET Framework. MiniMansHe Ta MakCUMaJIbHI 3HAYE€HHS JUIS THUIIIB,
SKI TIPEICTABIAIOTH JIWCHI YMCIa, TOJAaHO 13 3a0KpyriaeHHsAM. Tabmums 2.6 MiCTUTH
OTHC 1HIIMX MOTEPEAHBO BU3HAaUeHUX TUMIB C#.
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Tabnuusa Ne2.5. MonepeaHbo BuU3HaveHi npocTi Tunu C#

Tun C#  Onuc Liana3oH Tun .NET Framework
shyte 8-6iToBe 3HakoBe Ljine -128...127 System.SByte
byte 8-6iToBe GeasHakoBe Line 0...255 System.Byte
short 16-6iToBe 3HaKoBE Ljine -32768...32767 System.Int16
ushort  16-6itoBe GessHakose Line  0...65535 System.UInt16
int 32-6iToBe 3HaKoBe Ljine -2147483648... 2147483647  System.Int32
uint 32-6itoe b6essHakose Line  0...4294967295 System.UInt32
long 64-6iToBe 3HaKoBe Ljine -9223372036854775808... System.Int64
9223372036854775807

ulong 64-6iToBe bessHakose Uine  0...18446744073709551615  System.UInt64
float Uucno 3 nnasatoyoro koMo -3.402x10-%8...3.402x1038 System.Single

3BUYaNHOT TOYHOCTI
double  Yucro 3 nnasatoyoto koMot -1.797x10-308,,,1,797x10308 System.Double
MOABOEHOI TOYHOCTI

decimal  [ecstkoBui Tvn +7.923x10%8 System.Decimal
bool Toriynnia Trn false, true System.Boolean
char Cumeon Unicode System.Char

Tabnuus Ne2.6. MonepeaHbo Bi3Ha4eHi HenpocTi Tunn C#

Tun C# Onuc Tun .NET Framework

object basoBui1 knac, Big SKOro NoxoasaTh BCI TUMH, System.Object
BKIMKOYat04u NpocCTi TUMu

string MocnigosHicTb cumeonis Unicode System.String

dynamic BukopucToByeTbes y 3Bipkax, HanucaHux Hemae BignosigHuka

AVHAMIYHMN MOBaMK nporpamyBaHHA

Tunu, [Ki BUSHa4ae KopucTysay

Ha ocHoBI nonepenub0 BU3HAYEHUX THUIIB MOKHA CTBOPIOBATH BJIACHI THIIH,
MPU3HAYEH] IJIs1 OTUCY CTPYKTYP JaHUX, MOTPIOHUX 32 aITOPUTMOM mporpamu. € Taxi
BUJIM TUIIIB, SKi MOYKE BU3HAYATH KOPUCTYBaY:

» Kuacu (class).

» Crpykrypu (Struct).

» Macugu (array).

» Ilepemiku (enum).

» Jleneratu (delegate).

» Iurepoeiicu (interface).

Tun cTBOPIOIOTH, BAKOPUCTOBYIOUM CHHTAKCHUC OTOJIOMIECHHS TUITY. BiH MiCTHTH
1H(popMaIio Mpo BUJA TUIY JaHUX (KJIac, MacHB TOUIO), HOTO HA3BY Ta OTrOJIOIIECHHS

43



BCIX €JIEMEHTIB THUITY (3a BUHSTKOM MAacCHBIB Ta JI€JEerarTiB, siki HE MalOTh IMEHOBaHUX
CJICMEHTIB).

[Ticnst Toro, SIK THUM OTOJIOIIEHO, MOYKHA CTBOPIOBATU Ta OTOJIOLIYBaTH 00'€KTH
OTO THUMY. TakuM YMHOM, KOPHCTYBAIlbKI TUITH 3aCTOCOBYIOTH Y MPOTPaMi TaK XKe,
K 1 TONepPeAHHO BU3HAYCHI, 32 BUHATKOM TOTO, 1110 iX CITOYATKY CJiJ OTOJIOCHUTH.

[lepeniueHi KOPUCTYBALBKI TUIIH AETAIIBHO PO3IJISTHEMO Y HACTYITHUX PO3/LiIax.

Po3aMmilLeHHs ek3emnnapis y nam'aTi

[Tix vac pobotu mporpamu ii JaHl MarOTh OyTH po3TarioBaHi y mam'sti. O0csar
nam'siTi, HeOOXiTHUM ISl PO3MIMICHHS 00'€KTa, 3aJICKUTH BiJl KOHKPETHOTO THUITY Ta
J0ro €J1€EMEHTIB JaHUX. 3aCTOCYHKH MOKYTh PO3TalllOBYBAaTH CBOI J1aHl B ONEPaTUBHIM
nam'siTi 1BOX BUIIB: y cmeky (Stack) ta B kyni (heap). SIk mpaBuiio, mporpamict He Mae
noTpedu Oe3nmocepeHbO MPALIOBAaTU 31 CTEKOM Ta KYIOI0, OCKUIBKM PO3MOILIOM
nam'sTi KepyroTh BHyTpiniHI MexaHi3mMu C# ta .NET. 3amicTe 115010 mporpamict y
nporpami onepye o0'€eKTaMH, 1Jal0UX BKa31BKH CTBOPUTHU O0'€KT UM BUIAIUTH HOr0. A
BUKOHAHHSI ITUX IHCTPYKITIA aBTOMATHYHO 3aITyCKa€ BHYTPIIIHIN CHCTEMHUI MEXaHI13M
utst X peamizamii. [Ipore, 3HaHHS OCHOB ()YHKIIIOHYBAaHHS CTEKY Ta KyIHU J03BOJISIE
Kpallle 3p03yMiTH, 0 BiIOyBa€ThCA Mij Yac poOOTH MPOTrpamMu, TOMY PO3TIISTHEMO X
NeTaJbHIIIE.

Cmex — 1e mam'atb, poOOTa SIKOi OpraHi3oBaHa 3a MPHUHIUIOM "OCTaHHIM
3aifimoB — nepmuM BUHIIOB". CTEK MOXKHA YSBUTH K KOPOOKY, B SIKY OJIHa HA OJIHY
CKJIQJIal0Th MankKu 3 J0KyMeHTaMu (puc. 2.6). BUTSATHyTH manku 3 Hei MOXKHA TUIbKU
MOYMHAIOYH 3 KIHIIS, IPUYOMY OJIHA 32 OJTHOIO, B 3BOPOTHOMY TOPSJIKY.

Crek Kyna

Puc. 2.6. Opranizariis cTeky
Ta Kynu. 1,2,3 — cTpyKkTypHu

JTaHUX

VY cTeky 30epiraroThCsl 3HAUCHHS 3MIHHUX JICSIKUX THUIIIB, TapaMeTpy METO/IIB Ta
CTaH MOTOYHOTO CEPEJIOBUINA BUKOHAHHS TporpaMu. J[aHl B CTEK MOXHa J10JaBaTH
TIJIbKA Ha WOTO BEPIIHUHY.
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Kyna — ue nam'sathb, IIISHKH SKOI BUKOPUCTOBYIOTH ISl PO3MIIIEHHS PI3HUX
00'exTiB. Ha BimMiHy Bia CTeKy, JaHI MOXYTh 30epiraTucs B KyIl y OYyIb-sIKOMY
nopszky (puc. 2.6). [lopsiok 3BepTaHHs 10 JaHUX TAKOXK JOBUIbHHIA.

Exzemiuisipy  KOpuCTyBallbKMX THUIIB (KJIaciB), $KI CTBOPIOE TMpoTpama,
PO3MIIIYIOTECA Y KyIIi. [Ipu mboMy I HUX BUILISETHCS MOTPIOHA AiISHKA ITaM'sTI.
AJie caMOCTIITHO BUBUIBHATH 1110 NIaM'sATh y mporpami Ha C# He moTpiOHO (Ha BIAMIHY
Bif C ta C++, e BUBLILHEHHS 00'€KTIB MaB PETEJIbHO BIJICIIIIKOBYBATH MPOTPAMICT
JUIst 3ano0iranHs BTpat nam'sati). Lo poboTy aBTomatnyHo BUkoHye KomnoHeHT .NET
Framework, sskuii HaszuBaroTh "36upadem cmitra" (garbage collector). 36upau cmirrs
BUSIBJISIE 00'€KTH Y KYIIi, SIK1 KOJT O1IbIIIE HE BAKOPUCTOBYE, 1 3HUIILYE iX, BUBUIHHAIOUH
BUKOPUCTAaHy HUMH MaM'sITh.

3HauyLWi i nocunanbsHi TMnu

Tun nanux BU3Ha4ae oOCAT mam'siTi, HEOOX1THUM 17151 X 30epiranHs. Tum Takox
BU3HAYa€, SIKUM BUJI TaM'iTI BUKOPUCTOBYETHCS [IJISl PO3MIIIEHHS JaHUX — CTEK YU
Kyna. Bci Tunu AiiaTh Ha AB1 BEJIUKI KaTeropii: munu-3Hauents (a00 3Hauywi munu) i
munu-nocuianns (200 nocunanvni munu). EK3eMIUIIpH IUX TUIIB PO3MIIIYIOTHCS Y
aM'sTi O-pi3HOMY.

3nauywi munuy nOoTpeOYIOTh TUTBKU OJHIET NUISHKY TTaM'sIT1, Y sIKiil 30epiraeTbest
peasibHe 3Ha4eHHs. BOHM MOXYTh PO3MILIYBaTUCS 1 B CTEKY, 1 B KyIll. 3MIHHI IIbOTO
TUITYy O€3MOCEPEeHBO MPEACTABISAIOTh 3HAYCHHS, SKE 30epiraerbCcs y BIAMOBIAHIN
nitsHI mam'sti. [IpukiiagamMu THIiB-3HaueHb € BCi unciosi tumnu (int, double tomo).

THocunanvui munu moTpeOyOTh TBOX JUISHOK TIaM'ATi: TIEpIIa MICTHTh PeaibHi
naHi (3a3BUyaii, BOHa O11bI1a) 1 3aBXKAM PO3TAIIOBaHA y KYTIi, a APyra € MOCUJIaHH:M,
sKe BKa3ye Ha 1 JaHl B Kyni. [locunanHs Moe po3MILLyBaTHCS SIK y CTEKY, TaK 1 B
Kymi. 3MiHHA IbOTO TUITY TIPEJCTABIISAE€ HE JaHl, a TOCUJIAaHHS HAa HUX. Y TOM Hac, K
JlaHl MOXKYTh 3aiiMaTH 3HAYHWUU OOCST maM'aTi, MOCUJIaHHA 3aBXau Maje: 32 uu 64
01TH, 3aJIeKHO BIJl PO3PSATHOCTI CUCTeMH. BUKOpUCTaHHS ITi€T MOJEl PO3MIIIEHHS
naHuX 3a0esneuye eheKTUBHINTY poOOTY, Tak SK MpU OOMiHI JaHUMH MIX PI3HUMH
METOJaMHd HE TOTPIOHO KOIIIOBATH BEIWKI OOCITH JaHUX 00'€éKTa — JOCTAaTHBO
niepeaBaTh KOPOTKI MMOCUIIaHHS.

Tabnuis 2.7 rpymye TUNU JTaHUX Ha JIBl KaTeropii — 3HauyyIli Ta MOCHJIAIbHI
THUTIA, OKPEMO JIJIS TIOTIEPETHHLO BU3HAUEHUX Ta KOPUCTYBAIIBKUX THITIB.

10 TTiy "cmiTTsIM" MarOTh Ha yBa3i Bike He NOTPiOHI 06'€KTH y IaM'aTi.
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Tabnuus Ne2.7. Kateropii Tunis gaHux y C#

3Havywi Tunu MocunanbHi TNK \
MonepeaHLo sbyte byte float double object
BM3Ha4eHi TMNK short ushort int uint string
long ulong char bool dynamic
decimal
Tunn, BU3HaYeHi struct array
KopucTyBa4em enum class
interface
delegate

SMiHHiI

B 3zaransHoMy BuUnaaxky Oyzb sika Iporpama Mae€ JaHi, 3 SKUMH BOHA IMPAITIOE.
Tunu € mabnoHamu, 3a SKUMH CTBOPIOIOTh KOHKPETHI ek3eMIuisipu gaHux. Lli
EK3eMIUIpH Yy TIpOrpaMi MPEACTAaBICHI 3MIHHUMU. 3MiHHaA — T IM'S, SKE MiJ 4Yac
BUKOHAHHSI TPOTPaMU MPEACTABIIsIE KOHKPETHI TaHi y maM'sati. KoxkHa 3MiHHA Mae THTl,
KWW BKa3yIOTh MPH 11 OrOJIOUIEHHI.

SKki110 3MiHHA HAJICKUTh 10 OJHOTO 13 3HAUYIIUX THUIIIB, BOHa O€3MocepeIHbo
IpeACTaBlig€ JaHil. 3MIHHAa MOCWJIANBHOIO THITY MPEACTABIsE€ JIUIIE OCHIIAHHS
(BKa31BHUK) Ha faHi. L{g pi3HUI ClIpUYUHSIE IEBHY BIIMIHHICTD Y pOOOTI 31 3MIHHUMH,
K1 HaJIeXaTh JI0 PI3HUX KaTETOpii THUITIB JaHUX.

[cHyroTh Taki Buau 3MiHHUX y C#:

» JlokanbHi 3MiHHI. BoHM MiCTSTh THMYACOBI J1aHi, JOCTYITHI y MEBHIM JUISHII

nporpaMu. Taki 3MiHHI HE € €JIEMEHTaMH THUITY.

» [long. Boru MicTsTh JaHi, MOB'I3aHi 3 TUIIOM a00 3 €K3EMILIIPOM THITY, 1 €

€JIeMCHTaMH THITY.

» [lapametpu. Lle TuM9acoBi 3MiHHI, sIKi BAKOPUCTOBYIOTb IS TIEpeIadi JaHUX

B1Jl OJTHOTO METOJy /10 1HIIIOTO. Taki 3MiHHI HE € €IEMEHTaMU THUITY.

[Tepen TuM sIKk BUKOPUCTOBYBATH 3MIHHY, ii Ci1ij orojocuTu. [Ipu orosomeHH1
3MIHHO] ¥ 1al0Th HAa3BY 1 MOB'SI3YIOTH 3 IEBHUM TUIIOM. BUKOHAHHS psiiKa IPOrpamH,
y SIKOMY OTOJIOIIEHO 3MiHHY, TPUBOAUTH JI0 BUIIJICHHS JJIs HEl maM'saTi.

Hatinpocrinie orosomeHHs 3MiHHOT TOTpeOye 3a1aHHs 11 Ha3BH 1 TUITY:

HasBa

int VariableName;

Hanpuknan, y npuBegeHomy (GpparMeHTi KOAYy OTOJOIICHO 3MiHHI IIIJIOTO THITY
(tum int) Population Ta Count, gificay 3miaay Summ (tum double), 1 3minHy town Tummy
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Town (ue# Tun He HaNIEXKUTH 1o neperiky TumiB C# un .NET, Tomy Mae Oyt onucaHwuii
JI0 OTOJIOIICHHS BIOBITHOT 3MIHHOI):

int Population;

int Count;

double Summ;
Town town;

[Tpunyctumo, mo TOWN € KiacoM — MOCWIALHUM THUIIOM. TO/ai BHKOHAHHS
YETBEPTOTO PsIIKA IOT'O KOAY MPUBEJIE 10 BUAUICHHS Y TTaM'sIT1 MICIIS JJIs TOCUJIaHHS,
a He JuIs JaHux o0'ekta. [locunaHHs MOKU-1I0 HIKYW HE BKa3ye€, ajie B OIATBIIIOMY
BKa3zyBaTUMe Ha JaHi 00'ekTa (TIpOoTe UIsi HUX TaKOX MOTPIOHO Oyne BUIAUIHTH
nam'sTh). Y TOMU e 4ac BUKOHAHHS MEPIINX TPHOX PAAKIB CIIPUIUHUTE 10 BHIUICHHS
y naMm'aTi Miclb, KyaH O€3MOCepelHbO 3aluCyBaTUMYThCS 3HAUYEHHS 3MIHHUX
Population, Count Ta Summ (xo4a Ha JaHOMY €TaIli 3HAYCHHS 3MIHHUX IIIE HE 3aJ1aHi).

[Ipu orosomieHHi 3MiHHOT MOXHA Bipa3y MPUCBOITH il 3HaueHHs. [IpucBoeHHs
3MIHHIM TIOYaTKOBOTO 3HAYEHHS HA3WBAIOTh 11 iHiyianizayiero. Jlnsa 1Himiamizamii

"n-n

3MIHHO{ TIiJ] YaC OTOJIONICHHS JOTHCYIOTh 3HAK , TICJIS SIKOTO BKA3yIOTh MOTPiOHE

3HAYEHHS 3MIHHOI;

IHiLianisauis

int Percent = 100;

BukonanHS i€l IHCTPYKIIIil MpUBEAC A0 BUILUICHHS JIJISHKY ITaM'sIT1 U1 3MIHHOT
Percent uutoro tuny ta 3anucy y Hei 3HaueHHs 100.

JlokanbHa 3MiHHA HE MOXe OyTH BUKOpPHCTaHA y Mporpami, JOKHU il He Oyje
MPUCBOEHO sikech 3HaueHHs1. Cripo0a BUKOPUCTaHHS 3MIHHOT, AKii HE OYJI0 TPUCBOEHO
3HAaYCHHS, MpuBee 10 momuiku kommisamii "Use of unassigned local variable...™.

3MiHHI JeSKUX THUITIB IPU OTOJIOMICHH] 1HIIIATI3YIOThCSI aBTOMATHYHO. J[0 HUX
HaJeXkaTh TMOJIA KJaciB, CTPYKTyp Ta ejleMeHTH MacuBiB. JlokaibHi 3MIHHI Ta
napaMeTpu METOIB aBTOMAaTUYHO HE 1HIMIANI3YIOThCS. ABTOMATHYHA IHIIIATi3aIlis
MOJIATAE Y TOMY, 1110 BiApa3y MICJs CTBOPEHHS 3MIHHOI B HET 3aIMCY€ETHCS 3HAYEHHS 32
3aMOBUYBaHHSM. BcCi 4YMCIIOBI THNM IHIIAMI3YyIOThCS 3HadeHHsM 0, Tum char —
cumBoioM 3 kogom U+0000, tun bool 3mauennsm false. Hempocti tumm
iHiiam3yoThes 3HaueHHIM NUll (fioro po3risHeMO naii).

B onH1# IHCTPYKIIii MO’KHA OTOJIONTYBAaTH KUJIbKA 3MIHHUX OJJHOT'O 1 TOTO K THILY,
1 BiJgpa3dy ix BUOIpKOBO IHIHmiami3yBaTu. [Ipu 1bOMY ONUC OKpPEMHUX 3MIHHHMX
PO3IIISAIOTH KOMaMU:

int varl = 10, var2, var3 = 30;
double var4, var5 = 55.55;
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Tyt orosiomeHo Tpu 3MIHHMX IUIOr0 TUOY (3 HHMX Meplia 1 OCTaHHS
1HIIiaTi30BaHi), 1 1Bl 3MIHHUX A1MCHOTO TUITY (OCTaHHS 3 HUX 1HIII1aJI130BaHA).
OroJionyBaTy B OJHIM 1HCTPYKIIIi 3MiHHI PI3HUX THUIIIB HE MOXKHA.

int Count, float Summ; // lovumnxa! Tax He MOXHAa

Ha3Ba 3miHHO{ Oe3nocepeiHb0 NpeCTaBIIsie 3HAUYEHHS, KE Y Hill 30epiraeThcs.
[Ilo6 BuKOpHMCTATH 3HAYEHHS 3MIHHOI y Mporpami, BUKOPUCTOBYIOTb ii Ha3BY.
Hanpuxian, BUKOHaHHS HACTYIHOTO KOAY MPUBEJE 10 BUBOAY Ha ekpaH uucia 10 —
3HauYeHHs 3M1HHO] varl:

int varl = 10;
Console._WriteLine('varl = {0}", varl);

CrtaTuyHa | guHamiyHa Tunusadis

Hopmanbaum anis C# (1 juist 6aratboX 1HIIMX MOB IPOTPAMyBaHHS) € BUIAIOK,
KOJIM IIpPU OrOJOLIEHHI 3MIHHOI BKa3ylOTh ii TuI. BiH [103BOJIS€E KOMIUIATOPY
po3paxyBaTu HEOOX1THHM AJ1 30€pEKEeHHS TaHUX OOCST TaM'sATi 1 CIUTaHyBaTH il 0
il BUAUIEHHIO (y CTEKY 4M B Kymi). THIl 3MIHHOT HE MOKHA MIHSITH ITiJ1 YaC BUKOHAHHS
nporpamu. Takuil miaXiJl HA3UBAKOTh CMAMUYHOI0 MUNUZAYIEIO.

AJie He BC1 MOBM MIATPUMYIOTh CTAaTUYHY TUIK3AIliI0. barato CkpunToBUX MOB,
(30kpema, IronPython ta IronRuby) miaTpumyoTh fuHaMiYHy THIH3aMI0. [Ipy bomMy
TUI 3MIHHOI BHU3HAYA€THCA TUIBKM i 9ac BUKOHAHHS. J[JIa mMiATpUMKH B3aemMoOii
nporpamu Ha C# 3 610i0TeKaMu, HAMMCAHUMU Ha MOBaX 3 JUHAMIYHOIO THUITU3AIII€IO,
BUKOPHCTOBYIOTh CICIlialbHAA THI gaHux dynamic, skuii 3abesmedye poOoTy 3i
3MIHHOIO JUHAMIYHOTO THUITY.

ITin yac KOMMOUIALIT KOMIILIATOP HE MepeBipse TUm 3MiHHOI dynamic. Bin
aHaJi3ye BCIO 1H(POPMAIIiIO PO BUKOPUCTAHHS TAKOi 3MIHHOI 1 po3MilLye i pa3zoM 3i
3minHOO. [lin yac BuKOHaHHS 15 iH(MOPMAIliS TMOPIBHIOETHCS 3 YMOBAaMHU TEBHOTO
TUITy, JO SKOTO IS 3MiHHA TMPUBOAUTHCSA. SIKIIO Ii YyMOBHM HE BUKOHYIOTHCH,
TE€HEPYETHCSI BUHATKOBA CUTYallisl (TIOMUJIKA).

Ochb npuKIa BAKOPUCTAHHS 3MIHHOI TUHAMIYHOTO THITY:
dynamic varl = 10;

varl = varl * 2_.2;
Console._WriteLine('varl = {0}", varl);
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3HayeHHs null Ta TMNK, SKi AOrO MIATPUMYIOTL

[Ipu poborti 3 iHopMmarlieto, sika MPEACTaBIsE peaiabHi JaHil, YaCTO BUHHUKAE
HEOOXI1HICTh TIOKA3aTH, 10 3MiHHA HE MICTHTh KOPEKTHUX HaHuX. OCOOJMBO 4acTo
Taka moTpeda BUHUKAE MiJl 9yac pobotu 3 O6a3zamu maHuX. /(s mocwiansHUX TUMIB 3
I[I€F0 METOI0 BHKOPHCTOBYIOTH CIielliaibHe 3HaueHHs Null. Lle 3HaYeHHsS HE TOTOXXKHE
3HadyeHHI0 0 (Hysb). BoHO 03HaYae BiJICYTHICTD JIAHUX.

Tunam 3HaueHb He MOXKHA NMpHCBOIOBaTH 3HaueHHsS NUll. Ane C# miarpumye
momudikarop "?", SKUA BUKOPUCTOBYIOTH JUIsI OTOJIONICHHSI 3MIHHOI, IO MOXE
npuiiMatu 3Ha4eHHs Null.

Le#t momudikaTop MOMYCTUMHM TPHU OTOJIOMICHHI 3MIHHMX BCIX MPOCTUX
MOTIePEeTHHO BU3HAUCHUX THUMIB. 3MIHHA TaKOTO TUMY 3 MoaudikaTopom "?" mMoxe
npuiiMaTi Oynb-IKe 3HAYEHHS 3 Jlana3oHy 0a30BOro TUMY, 1 KPIM OO — 3HAUYECHHS
null.

Hacrynnuii kol 1eMOHCTpY€ BUKOPUCTAHHS 3MIHHOI IIJIOTO THITY, SIKA MOYE
mictuTy 3HadeHHs Null:

Mogaudpikatop "?"

int? 1 = null;
1 = 10;
Console._WriteLine('i = {0}, 1);
[Tpu oronomienHi 3mMiHHOT 3 MoUdikaTopoM Tuity "?" HacIpaBai CTBOPIOETHCS
3MiHHA 30BCIM 1HIIOTO THITY — ek3eMIuisip cTpykrypu System.Nullable<>, sika mae cBoi

BJIACTHBOCTI Ta MCTOJH.

OnepaTopu Ta Bupasu

Onepamop — 11e cuMBOJ (200 rpyIia CUMBOJIIB), SIKI MPEJCTABISIOTH OMEPaIlito,
10 TOBEPTAE €AUHUN pe3yabTaT. Oneparo — 1ie €EMEHT BX1JJHUX JaHUX JJIs1 OTlepallii.
Oneparop BUKOHY€E HACTYITHE:

» OtpumMye onepaHu Ha BXOI.

» Buxkonye miro.

» IloBeprae 3HaUEHHS pe3yJIbTaTy.

Bupa3z — e psanox, sikuii MICTUTB OTIEPATOPU Ta ONIEPAHIM 1 TOBEPTAE PE3YIbTAT
MEBHOTO THUITy. B poJii onepaniiB MOKyTh BUCTYIATH JITepalid, KOHCTAHTH, 3MiHHI,
BUKJIMKA METOJIB, a00 iHII BUpa3u. Bupasu 3a IOMOMOro0 OmepaTopiB MO>KHA
NOEJIHYBATH y CKJIA/IHIIII BUPa3H:
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a+b-c-d
ﬁ—l
a + Bupas3 a+b-c-d

I—l_l
Bupas3 - d

OOuuncnenHs BUpa3y MOJATAE Y 3aCTOCYBAaHHIO KOXKHOTO OMepaTopa 0 HOro
OTIepaH/iB Y MPaBUIbHINA MOCIIIOBHOCTI, B pE3yJIbTaTl YOTO OTPUMYETHCS PE3yIbTarT.
Bin nepenaerbes y Te miciie mporpamu, i€ y KOl po3TalioBaHoO BUpa3, 1 MOKe OyTH
BUKOPHUCTAHUH SIK OTIepaH/ JIJIsl 1HIIIOTO BUPA3Yy.

Nitepanu

Jlimepan — 1e 3HaYeHHA (YUCJIOBE, TEKCTOBE YM IHINE), SKE BIIMCAHE
oe3nocepeHb0 y Ko Tporpamu. Hampukinaa, mpuBeAeHUN KOJI BUKOPUCTOBYE
TEKCTOBUHU Ta MIJIOYUCEITLHUM JIITEPaIIH:

TekcToBui nitepan

Console.WriteLine ("Hazea = {0}", ""Tesnedoun Nokia'™);
Console._WriteLine(""Kinexictes = {0}, 28);

LlinouncensHuin nitepan

Jlesiki THIIN JaHWX MaroTh CBOI BiacHi jitepand. Hanpukmazn, Tum bool mae nBa
mitepainy: true i false. JIns 3SMiHHUX TOCHIIATBHOTO THITY BUKOPHUCTOBYIOTH JiTepait null,
KM npeacTaBisie 3HaueHHs Null.

[Ipu mo3HaveHHi JiTepadiB IJIOTO TUIy MOKHAa BKa3zyBaTu CyQiKC, SKUN
3aJIaCTh TOYHHUH TUTI JaHUX (Tadymis 2.8).

Tabnuugs Ne2.8. Cydikcun gns nitepanis Linux Tunis

Cydikc Tun 3ayBaxeHHs

Bes cydikca  int, uint, long, ulong

Uu uint, ulong

L, I long, ulong BukopuctoByBatn MmaneHbky nitepy "I He
ul, uL, Ul; UL,  ulong pekomeHZoBaHo, 60 ii MoxHa cnnytatn 3
lu, IU, Lu, LU uuappoto "1"

[Tpuknaay KX JiTEpasiB i3 BKa3yBaHHSIM THUITY:

123 // int
123L // long
123U // unsigned int
123UL  // unsigned long
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Cydikcu mis jitepaniB, SIKI NPEACTaBISAIOTH JIMCHI YKCa, MPUBEACHO Y

tabmum 2.9.
Tabnmuga Ne2.9. Cydpiken ans nitepanis GiNCHUX TUNIB
Cycdhike Tun
Bes3 cydikca double
F,f float
D,d double
M, m decimal

CHMBOJBHI JTITEpaJId MICTITh CHMBOJI B OJWHAPHUX JIankaxX. BOHU MOXYTh
IPEACTABIATU: OKpPeMHI cuMBoOI, npocty ESC-nocnigoBricTs!!, mictHagusarkoBy
ESC-nocinoBHicTh, a00 ko1 cumBory Unicode. HaiigxxuBaHiii CHMBOJIBHI JTiTepain
npuBeaeHo B Tabui 2.10.

Tabnnys Ne2.10. CumBonbHi nitepanu

Nitepan Onuc |
\0 Null

\a "ObepexHo" (3ByKOBWIA CUrHan)

\b Backspace (cTupae nonepegHir cumson)

\t ['opu3oHTanbHa Tabynauis

\n Hoswit pspgok

\r MMepexia Ha novaTok psaka

\" lNoaginHa nanka

\' OpauHapHa nanka

\\ Cumeon "\"

PsiaxoBi miTepanu € ABOX THUIIIB: 3BUYaiiHI Ta AOCiBHI. Taxi JiTepaii 0TOUyIOTh
NOABIMHUMU JankamMu. BOHM MOXYTh MICTUTH CUMBOJIM, CUMBOJIbHI JIITEpaIH (JIUB.
tab1. 2.10) Ta ESC-niocigoBuocTi. [lepen nocaiBHUMU JiTepagaMy CTaBJISITh CHUMBOJI
"@". Y Hux cuMBOJIbHI TiTepanu Ta ESC-mocigoBHOCTI He 00unCIIOI0ThCS. [IpuKkian
BUKOPHUCTAHHS PSIIKOBHX JIITEPAIIIB:

Console.WriteLine("'Add \t \"Interest\"");
Console.WriteLine(@"Add \t \"Interest\"");

B pe3ynbTaTi BUKOHAHHS IUX IHCTPYKIIHA OTPUMAEMO:

Add "Interest”
Add \t \"Interest\*”

11 ESC-nociIoBHICTb — 1ie Kepyloya HOCIiJ0BHICTh CUMBOJIIB, IKA BUKOPUCTOBYEThCS /I KEPYBaHHS BUBOJIOM
TEKCTY Ha €KpaH 41 IPUHTEP.



VY mnepmiomy psaky BukopuctaHo TtaOyisimito (\t), B Ipyromy BiAmoBiaHUN
JiTepan BioOpaxKy€eThCs, HIOHM BIH € CKJIaJIOBOIO YaCTHHOIO TEKCTY.

[piopuTeTn onepaTopis
SKo BUpa3 MICTUTh KiJIbKa OMEPaTOpPiB, TO MOPAJOK IX BUKOHAHHS BU3HAYa€e
NPIOPUTET KATEropii, 10 K0T HANSKUTH oniepaTop (Tabmuus 2.11).

Tabnuusa Ne2.11. MpioputeTy onepaTtopis: Bif HAWBULLOIO 4O HANHKYOTO

Kateropii onepartopiB Onepatopu \
MepBuHHI a.x, f(x), a[x], x++, x--, new, typeof, checked, unchecked
YHapHi +, -, 1~ X, =X, (T)X

MynbTunnikaTmBHi * 1, %

AQOVTUBHI +, -

3cyB << >>

BigHoweHHs i TN <, > <= >= s, as

PiBHicTb == 1=

Noriyne "I" &

NoriyHe "Bukniovaoue ABO" /A

TNoriyne "ABO" |

YmoBHe "I" &&

YmoBHe "ABO" |

YmoBa ?:

MpucBoeHHA = *=, [z, %=, +=, -=, <<=, >>= &=, =, |=

[Ipu noOy0B1 BUpa3zy, SKIIO CIiA 3MIHUTH MPIOPUTETHICTh BUKOHAHHS PI3HUX
Horo ornepaTtopiB, BUKOPUCTOBYIOTh KPYIJl IyXKU. Tozl mepmmmMu 00YUCIIOITHCS
BUpa3y B 1y’KKaX, IOUYMHAIOYM 3 HAUTIMOLIOro piBHS BKJIAJEHOCTI.

[TpocTi apndmeTnyHi onepaTopu

Jlist 6a30BuX apu(METUYHUX OINepaliil BUKOPUCTOBYIOTh OINEPATOPU 3T1IHO
tabmumi 2.12. Tx BUKOPHUCTAHHS BIJIMOBIIA€ 3arajlbHOB1JOMHUM IPaBUJIaM MaTeMaTHKH.

Omneparop % BUKOHYE€ AUICHHS ONIEpaH/IiB, ajle MOBEPTAE HE PE3yJIbTAT JIJICHHS,
a 3anumok. Hampukiaa, BUKOHaHHS PAAKa MPOrpaMu

Console._WriteLine( 11 % 3);

IpUBEZE 10 BUBOJY Ha €KpaH yucia 2 — 3aJIMIIKY Bij auieHHs 11 Ha 3.
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Onepatop
+

*

/
%

Tabnuuys Ne2.12. Onepatopu NPoCTUX apuPMeTUYHUX onepaLlin
Onuc
[onaBaHHs
BigHiMaHHs
MHoXeHHs
[inexHs
3anuLIoK Npu LineHHi

OnepaTopu Anst NOPIBHSHHA

Onepatopu AJid MOPIBHAHHS MOPIBHIOIOTH ONEPAH/U 1 MOBEPTAIOTh PE3yJIbTaT

norigxoro tumy (bool). Ix nepeniveno Ta onucano y Tabnumi 2.13.

Tabmmusa Ne2.13. Onepatoput 4515 NOPIBHAHHSA

Onepatop Ha3sBa Onuc

<

MeHuwue [MoBepTae true, SKLWO NepLnin onepaHa MeHLWMN 3a apyrui, i false B
NPOTUNEXHOMY BUNASKY
binbLe [MoBepTae true, SKLO NepLunin onepaHa Ginblunin 3a apyrun, i false B

NPOTUNEXHOMY BUNAAKY
MeHwe abo  [loBepTae true, SIKWO NEPLUMA OnepaHd MEHLWWA abo AOpPIBHIOE

[OPIBHIOE apyromy, i false B npoTunexHomy Bunagky
binbwe abo  [NoBepTae true, AKWO nepwmn onepaHa Oinbwuin abo AOpIBHIOE
LOPIBHIOE apyromy, i false B npotunexxHomy Bunagky
[opiBHtoe [MoBepTae true, AKWO NepLUMA onepaHa LOPiBHIOE Apyromy, i false B

NPOTUNEXHOMY BUNASKY
He pgopisHtoe  MoBepTae true, SAKWO NepLunii onepaHa He JOpiBHIOE apyromy, i false
B MPOTUNEXHOMY BUNaSKy

Onepatopu iHKPEMEHTY Ta [EKPEMEHTY

Omnepatopu 17151 iIHKpeMEeHTY (IpUpOCTy Ha 1) Ta 1eKpeMeHTy (3MeHIIeHHs Ha 1)
npuBegeHo y tabnwuii 2.14. Boun matote 1Bi dhopmu: npedikcHy Ta MocThikcHy. Y

npedikcHiit
orepanja.
OJIMHAKOBE.

dbopmi orrepaTop pPo3MIIIYIOTh ITEPE] ONIEPaH/IOM, a B MOCT(IKCHIN — MiCIIs
3HaueHHs OmNepaHaa Iichas 3acTocyBaHHS 000X (opm omepaTtopa
Pi3HuLs TIIBKK B pe3yJIbTaTl, IKUIl OllepaTop MOBEPTA€E Y BUPa3, B IKOMY

BIH BUKOPHUCTAHHM.
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++

MpedikcHUM
IHKpEMeHT: ++var
[MoCTiKCHMI
IHKpEMeHT: var++
MpedikcH1M
LEKPEMEHT: --var
[MoCTiKCHMI
[EKPeMeHT: var--

Tabnuusa Ne2.14. Onepatopu Ans iIHKPEMEHTY Ta AEKPEMEHTY

36inbLUye 3HaYEHHS 3MIHHOT Ha 1 i 3aNUCYE MO0 Y LK 3MiHHY.
[NoBepTae HOBE 3HAYEHHSI 3MIHHOI.

36inbLUye 3HaYEHHS 3MIHHOT Ha 1 i 3aNUCyeE Oro Y LIK0 3MiHHY.
[NoBepTae nonepeaHe 3Ha4eHHs 3MiHHOI, 40 IHKPEMEHTY.
3MEHLLYE 3HA4YEeHHS 3MIHHOI Ha 1 | 3anKCye MO0 Y L0 3MiHHY.
[NoBepTae HOBE 3HAYEHHSI 3MIHHOI.

3MEHLLYE 3Ha4YEeHHS 3MIHHOI Ha 1 | 3annCye NOro Y K0 3MiHHY.
[NoBepTae nonepeaHe 3Ha4eHHS 3MIHHOI, 10 AEKPEMEHTY.

Hactynnuii npukian JeMOHCTpYE BUKOPUCTaHHS 000X (opM omeparopiB
THKPEMEHTY Ta JCKPEMEHTY (pe3yJibTaT HOro poOOTH MPUBEACHO Ha puUC. 2.7):

int x =1, vy;
Console.WritelLine ("llouaTrkoBe =3BHaueHHA xX: {0}", X);

Console._WriteLine("'y

Console._WriteLine('y

Console._WriteLine(''y

Yy = X++;
X = 1;
y = ++X;
X = 1;
y = X--;
X = 1;
y = ——X;

Console._WriteLine("'y

x++: x: {0}, y: {1}, X, Y);

++x: x: {0}, y: {1}, X, V);

x--:- x: {0}, y: {1}, X, Yy);

--x: x: {0}, y: {1}, X, V);

BN C:\WINDOWS\systern32iemd.exe — | X

[lovaTkoee 3Ha4eHHa x: 1

y:

Pre

K++: ®: 2,
++y KD 2,
K- ®: B,
-—®: ¥: 8,

LY

v
v
v
v
ss any ke 0

1

1
2
1
5]
0

continue

Puc. 2.7. JlemoHcTpailiisi BUKOpucTanHa 000x ¢hopm oneparopis ++ Ta --

54



INoriyHi onepatopm 4N1d yMOB

Jloriuni oneparii "I'", "ABO", "HE" BUKOpUCTOBYIOTH ISl TOETHAHHS YMOB IIPU
nopiBHAHHI. [lepemnik JoriyHuX omnepariiil 115 yMOB NpuBeaeHO B Tabnuii 2.15.

Tabnuuygs Ne2.15. JloriyHi onepatopu Ans NOeAHaHHS YyMOB
Onepatop Hasea Onuc \
&& Noriyne "I" MosepTae true, sKkWo obuaBa onepaHaW [OOPIBHIOKTL true;
noseprae false B npoTunexHomy sunagky
[l NoriyHe "ABO"  TloBepTae true, sKWoO xo4a 6 OOMH onepaHa OOPIBHIOE true;
noeeprae false B npoTUNeXHOMy BUNagKy
! TNoriyHe "HE" MosepTae true, AKWO onepaHg AopiBHIOe false; noseptae false,
SIKLLO OnepaHz AOpPIBHIOE true

Hanpukiaz, Bupas ((x>3)&&(y <10)) noBepHe 3HaueHHs true (icTuHA), SKIIO
3HauYeHHS X Ouibiie 3 1 0HOYACHO (Tak SK BHKOpUCTaHO Jioriune "[") 3HadyeHHS Y
menmie 10. B iHmmomy Bumnaaky pesyiabTatoM Bupasy Oysae false. Takum unnHOM, 11100
oneparop && MoBEpHYB true, moTpiOHEe BUKOHAHHS YMOB B 000X HOT0 OorepaHax.

Bupas ((x>3)|(y<10)) moBepue 3HaveHHs true (icTuHa), AKIO 3HAYECHHS X
outeme 3 abo (Ttak sk Bukopuctano Jyoriuae "AbO") 3Hauenns Yy menme 10. 11[o6
orepaTop || moBepHyB true, moTpiOHe BUKOHAHHS TIJILKH OJHIET 3 yMOB HOT'0 OIEepaHIiB.

Bupa3s ((x>3)||(y <10)) nmoBepHe 3HaueHHs true (icTuHa), SIKIIO 3HAYEHHS X HE
oipme 3 (Bukopuctano yoriuae "HE"), ado (Bukopucrano noriuue "ABO") 3HaueHHs
y menue 10.

3a [0NOMOror0 TO€JHAHHA JIOTIYHUX OIEpaTopiB Yy IMporpami MOKHA
dbopMyBaTH YMOBHU JIOBUIBHOI CKJIaAHOCTI.

Hacrynuuit ¢pparMeHT Koay J1eMOHCTPY€ BUKOPUCTAHHS JIOTTYHUX OMEPaTOPiB
s GOPMYBaHHS YMOBH 3 BHKOPHCTaHHSIM iHCTpPYKIi if (metanbHo ii po3risHemMo

Jami):

double X, y;

y = x =0;

if (((x >10) & (y <= 20)) || (x ==1vy))
Console.WritelLine ("IIa yMOBa BMKOHYyeTbCHA!");

[lobiTosi onepaTopu

[HKOIM MpU poOOTI 3 JaHUMH € HEOOXITHICTh MOOITOBOI X 00pOOKH. 3 IIi€I0
METOI0 BUKOPHUCTOBYIOTH JIOT14H1 ITOOITOBI ONEpaTOPH Ta OMEPaTOPH MOOITOBOTO 3CYyBY
(tabmuis 2.16).
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Tabnnys Ne2.16. MobiTosi onepaTtopu

Onepatop HasBa

& Mobitose "I"
| Mobitose "ABQO"
A MMobitose "Bukntovatoye ABO"
~ Mobitose "HE"
<< 3cys 6iTiB BNiBO
>> 3cys 6iTiB BNpaso

OnepaTopu NPUCBOEHHS

Omnepatopu MPUCBOEHHS 0OYHCITIOIOTH 3HAYCHHST BUPA3y CIpaBa Bij onepaTopa
1 MPUCBOIOIOTH 1€ 3HAYCHHS 3MiHHIH 371iBa Bij omepartopa. Lli omepaTtopu mepenideHo
y Tabmumi 2.17.

Tabnuus Ne2.17. OnepaTtopu NPUCBOEHHS
Onepatop  Onuc |
= basoBuin npocTuit onepaTtop NpUCBOEHHS. PeaynbTat Bupasy cnpasa BiJ
onepartopa NPUCBOKETLCA 3MiHHIl 3MiBa
CknapgHi onepaTtopy NPUCBOEHHS

*= Y *= X eKBIBANEHTHO I0 Y = y * X

IE y /= X ekBiBaneHTHO 10y =y / X

%= y %= X eKBiBaneHTHo oy =y % X
+= Y += X eKBIBANEHTHO 10 Y = + X

= Y -= X eKBIBaNIEHTHO 10 Y = Y - X
<<= y <<= X eKBiBaNeHTHO A0 Y =y << X
>>= y >>= X eKBIBANEHTHO 10 Y =y >> X
&= y &= X eKBiBaNEHTHO JO Y =Y & X
A= y = X eKBiBaneHTHo A0y = y " X

= y |= x exsiBaneHTHO Oy =y | X

JIns ckagHUX orepaTopiB MPUCBOEHHS Ha Micii X (IuB. Tabmuiko 2.17) Moxe
OyTu iHmMi Bupa3. Hanpukmnan:
3ayBaxTe: oyxKKu

X *=y — z; // ExsiBasenTtHo mo X = X * (y — 2)
X /=y + z; // ExeiBanentHo mo X = X / (y + z)

Omeparliss TPUCBOEHHS € BHPA30M, TOMY IIOBEPTa€ pPe3yabTaT B TEC MICIE
IporpaMi, ¢ BOHA 3amrcaHa. ToMy pe3yibTaT omeparii IPUCBOECHHS TAKOK MOXKE
OyTH YaCTHHOIO BHUpPa3y:

z =y =X =05;
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TyTr cnoyaTky oOmpanboOBYEThCA BHUpa3 (X=5), B pe3yiabTaTi 4YOro 3MIHHIN X
MPUCBOIOETHCS 3HaUCHHS 5. Jlam pe3ynbTaT 5 MPUCBOIOETHCS 3MIHHIN Y, 1 B KiHI —
3MIHHIHT Z.

YMOBHWK onepaTtop

YMoBHHUI oniepaTop ? : HaJga€e 3py4YHUN Ta MIBUAKUHN CcrOciO BUOOpPY OAHOTO 13
JBOX 3HAY€Hb, 3AJICKHO BIJ PE3yJIbTaTy MEBHOI YMOBH. CHUHTaKCUC BUKOPHUCTAHHS
[bOT'O OIIEpaTOpa TaKUI:

Condition ? Expressionl : Expression2

Bupa3 mns ymosu (Condition) moBHHEH MOBEpTaTH Pe3yJibTaT JOTIYHOTO THITY
(bool). Axmo Bupa3 yMOBH JOpiBHIOE trUe, To YMOBHHIA ONIEpaTOp MOBEPTAE 3HAUCHHS
BUpa3y Expressionl, a B mpoTHIeKHOMY BHIIAJKY — 3HaUCHHs Bupa3y Expression?2.

[Tpukiaa BUKOPUCTAHHS 1ILOTO OTepaTopa:

inti =x>y ? 10 : 20;

B pe3ynbrari BAKOHAHHS IIHOTO OMEPATOPA, AKIIO 3HAYCHHS X OibIe Bifg Y, TO
3MiHHIH | Oy1e npucBoeHo 3HaueHHs 10. Komu X He Ounbiie 3a Y (ToOTO X MeHIe abo
JIOPIBHIOE Y), TO 3MiHHI# | Oy1e MPUCBOEHO 3HAUYeHHs 20.

IHCTPYKLUIT Ta BNOKM IHCTPYKLIN

Incmpykyisn (Statement) — e QiIsHKA KOJY, IO OMHUCYE JIit0, IKY Ma€ BUKOHATH
nporpama. [HcTpykuii OyBaroTh HpOCTI (OTOJIOLIEHHS, PO3pPaXyHOK, HMPUCBOEHHS,
BUKJIMK METOJIy TOIIO) Ta CKJIaJHI (YMOBa, IUKJ TOIIO). Y KIHI MPOCTOi 1HCTPYKIIIT
3aBX/IM € Kparka 3 KOMOIO.

Posrasiaemo gparMeHT Komy:

Bin cknagaerbes 13 1BOX MPOCTUX IHCTPYKLIM. Y mepuiiii oroJomeHo 3MiHHY
IJIOTO THITY | Ta iHiliani30BaHo 11 3HaYeHHsM 10. Y npyriii mOTOYHE 3HAYEHHSI 3MIHHOT
| MHOXKUTBCS Ha 2, a pe3yJIbTaT MPUCBOIOETHCS Til e 3MIHHIH I.

3aranom 1HCTPYKIIi MOKHA MOIIIUTH Ha TaKi KaTeropii:

» [HCTpyKLUiT oronoweHHs. OMKUCYOTh OrOJIOIICHHS THUITIB 400 3MIHHHUX.

» BknageHi iHCTpYKUil. BukoHyrOTh siKich 1ii 00 KEPYIOTh IIOTOKOM BHKOHAHHS

HpOTPaMHU.
» [lomiveHi iHCTpyKLUii. KepyroTh mepexoaaMu BCceperHi MOTOKY BUKOHAHHS.
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bnoxk incmpykuyiti — 1e nociiJoOBHICTh IHCTPYKIIH, OTOYEHA Mapor0 BIAMOBIIHUX
GbirypHux 1y»)oK (BIAKPUBAIOYOI0 Ha MOYATKY 1 3aKpHUBaIOUOIO B KiHII 0JIOKY). B psii
BUMAJIKIB OJIOK MOX€ OyTH MOPOKHIM (HE MICTUTH 1HCTPYKIIH). CHHTAaKCUYHO OJIOK
O0OYHMCITIOETHCS SIK €/IMHA BKJIAJICHA IHCTPYKITIAL.

Ha ocHoBi nonepegasoro ¢pparMeHTy Koy MOXHa CTBOPUTH TaKHi OJIOK:

nt = 10;
i =1 * 2;

brokx MOXHa BUKOPHCTOBYBAaTH BCIOJH, 1€ CHHTAaKCHUC MOBH Iepemdadae
IHCTPYKIIito, aje Jisl, IKy Ma€ BUKOHATH IMporpama, MICTUTh KiIbKa IHCTpYKIlii. Ha
BiJIMIHY BiJl TPOCTUX THCTPYKIIiH, OJOK HE 3aBEPIIYIOTH CUMBOJIOM KPAIKH 3 KOMOIO.

Jlesiki mporpaMHi KOHCTPYKILIi MOTpeOyroTh ONOKY (HampHKiIaa, METon). Y
IIbOMY BUMAJIKY, 3aMiCTh OJIOKY HE MOKHA ITiICTABUTH OKPEMY 1HCTPYKIIiIO.

{

KiHeub npocTol IHCTPYKLiT MiCTUTD "

Sl
=+

} KiHeub Brioky 6e3 cumsona "

[IporpamMa Moke MICTUTH TaKOX HOPONCHI IHCMPYKYii, K1 MICTSTh TiJIbKU
Kpanky 3 KomMoro. Taki iIHCTpyKIii MOYKHA BUKOPUCTOBYBATH B KOJIi Y TUX MICISX, /€
CHUHTaKCHC MOBM Tnependayae BOYIOBaHy IHCTPYKIIIO, ajie JIOTIKa alrOpUTMy HE
norpedye Hisikux Ail. Hanpukian:

iIf(x<y) // TlepeBipgeMO yMOBY
{ // AKmWo yMOBa BUKOHYETHLCH:

; // TIOpOXHS 1HCTPYKIig: HI1IUOTO He pPoBMMO
}
else
{ // SKIWO yMOBa He BUKOHYETLCH:

cC =a + b; // TlpocTa 1HCTPyYKIig: OBUMCIIIOEMO BUPAa3
by

[HCTpyKLisST MOX€ MICTHUTH BHpa3, SKUH pO3paxoBye IMEBHE 3HAYCHHS. Y
nporpami 1€ 3Ha4eHHs BKJIAJA€TbCs y T€ MicCLie, ¢ po3TalloBaHUil Bupa3. Tomy
TOBOPSITH, 1110 BUPa3 nosepmae (y Mporpamy) po3paxoBaHe 3HAYEHHsI [IEBHOTO THUITY.
OcranHiii psI0K MOMEPEAHBOT0 (hparMeHTy KOy OOUUCIIIOE CyMy 3Ha4eHb 3MIHHHUX a
ta b, moBeprae pe3ynapTar (CyMy) i 3amucye HOro y MISIHKY MaM'siTi, MPEICTaBICHY
3MIHHOIO C.
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KepyBaHHFI NMNOTOKOM BMKOHaHHA

CyKynHICTh 1HCTPYKLIM, $IKI BUKOHYIOTBCS IiJi 4ac poOOTH Mporpamu,
HA3UBAKOTh 11 nOMOKOM GUKOHAHHA. 3a3BUYAM 1HCTPYKIII BUKOHYIOTHCS JIHIHHO,
MOCITITOBHO OJIHA 32 IPYTOI0. AJie BUKIIFOUHO JIIHIMHE BUKOHAHHS 1HCTPYKIIIH HE MOXKeE
3a0e3neuntr MoTped nmporpamyBanHs. [1oTpiOHi 3aco0u, siki Tpu MOTPeO1 JO3BOJISTH
NEpPeHANPAaBUTH TOTIK BUKOHAHHS B 1HIITY JUISTHKY KOIY. [HCTPYKIIii, SIKi T03BOJSIOTH
1€ pOOUTH, HA3UBAIOTh IHCTPYKIISIMU JJI1 KEPYBAHHS IOTOKOM BUKOHAHHS.

CknanHi 1HCTPYKIIi, SIKI CKJIAAAIOThCA 3 1HIIMX 1HCTPYKIIH, HAa3UBAKOTH 1€
nporpaMHUMU KoHcmpykyisavu. C# 3a0e3neuye KijbKa KOHCTPYKIIN 1Jis1 KepyBaHHS
MOTOKOM BUKOHAHHSI, XapaKTEePHI 1 IJIs IHIIMX Cy4YaCHUX MOB MporpamyBanHs. Jlo HUX
HaJIeXKaTh:

» KOHCTpyKLUii yMOBHOrO BMKOHaHHA. BoHM BUKOHYIOTH 200 MTPOITYCKAIOTh CEKITit0

KOJy 3aJIEKHO B1Jl 3aJJaHOT YMOBH. € Takl IHCTPYKI[ll YMOBHOI'O BUKOHAHHS:
o |f
o if..else
e switch
» LlkniyHi KOHCTpYKUil. BoHu 3a0e3neuyroTh OaraTokpaTHe BUKOHAHHS OJHIET 1
TI€1 K JUISHKY KOy. Jlo HUX HanexxaTh 1HCTPYKIIII:
e Wwhile
e do
o for
o foreach
» [HCTpyKUil nepexody. Bouu 103BONISIOTE IEPEHTH BiJ OJHIET CEKINl KOAY 10
iH1101. Ile BUKOHYIOTh TaKl IHCTPYKIIii:
e break
e continue
e return
e (oto
o throw

KoHcTpykinii asis yMOBHOTO BUKOHAHHSI Ta IMKIIB MICTSTh BHpPa3 3 YMOBOIO,
SAKUM 3aJ1al0Th, JIeé caMe€ MPOJOBXKYBAaTUMETbCA BUKOHAHHS mporpamu. Lled Bupas
NIOBHHEH TOBEPTaTH pe3yNbTaT Ty b0ool. Bupas mis ymoBu Moxe OyTH CKIaIHUM.
Moro MoxHa (OpMYBaTH, MOEIHYIOYH MPOCTI YMOBH 3a JOMOMOIOI0 JIOTi4HUX
ormepaTopiB &&, || Ta l.
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IHCTPYKUIA if
Incrpykiis if peamisye BukOHaHHS 3a yMoBOw0 (puc. 2.8, a). CHHTaKCHUC
THCTPYKIIT TaKHiA:

it (TestExpression)
Statement

Bupas TestExpression 3aae yMOBY, BiJl IKOT 3aJICKUTh IEPEMHUKAHHS HA OJIHY 3
JIBOX BITOK TOTOKY BHKOHAHHs. Bupa3 MoBHMHEH moBepTaTH pe3ysbraT THIry bool.
Sxmo TestExpression mopiBHIOE true, To BUKOHYEThCS 1HCTpyKiis Statement. Skimo
yMoBa oOuuncioeThes sk false, To incTpykuis Statement mpomyckaerbes. Ha micii
1HCTpyKLii Statement MokHa pO3MICTUTH OJIOK 1HCTPYKIIIH, SKILO JIOTIKa aJIfOPUTMY
nependayae OUIbIIE OJHIET ONepalii.

false

a 0

Puc. 2.8. Cxema BukoHanHs iHcTpyKuiH if (a) Ta if...else (0)

JlictuHr 2.3. MICTUTh KiJbKa HMPHUKIAAIB BUKOpUCTaHHs iHCTpyKii If. Tleprumii
¢parmeHT koxy (psaku 4...5) CTOCyeTbCs BUMAAKY, KOJIW MPU BHUKOHAHHI YMOBU
noTpiOHO BUKOHATH TIJILKU OJIHY IHCTPYKIIit0. SIKIIIO 3a710BONBHSAETHCS yMOBa (X<=10),
TO BUKOHYETBLCS THCTPYKIIIS B PAAKY 5, a micis Hel — HacTyIHI iHcTpykKiii. Komu ymoBa
HE BUKOHYETBCS, IHCTPYKIIA B PSAKY 5 MPOMYCKAEThCS, 1 BUKOHAHHS TIPOJIOBXKY€ETHCSA
3 MePIIOi Mics psaaka S iHCTpyKIIil (y maHoMy Bumnaaky — 10).

Hpyruit pparment (psanku 10...14) imrocTpye cuTyalliro, KOJu IpH BUKOHAHH1
YMOBH, 3a/laHOi B KOHCTpYKmii if, moTpiOHO BHKOHATH KilbKa IHCTPYKIH. SIKIIo
3a10BoBHAETHCS yMOBa (X>100), To BUKOHY€EThCS 010K iHCTpYKIin (psiaku 11...14); B
1HIIOMY BUMAJAKY OJIOK MTPOMYCKAEThCS, 1 BAKOHAHHS MTPOJIOBKYETHCS 3 TIEPIIIOT MICIIs
3aKiHYEHHS OJIOKY 1HCTPYKIIIi.
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Tictvar 2.3. Mpuknagy BUKOPUCTaHHS iHCTPYKUT if

// Tpuknan 3 omHiew 1HCTpyKLico. AKIO NPM BUKOHAHHI yMOBM

// noTpiBHO BUMKOHATM TiJbKM OIHY 1HCTPYKIil, I1Ii HEe OTOUYTH
// OiTypHUMM IOyXKaMu
if (x <= 10)

y = X + 50; // €nuna i1HCTpPyKLid

// Tpuknan 3 KijnbkoMmMa 1HCTPpyKUiAMM. SAKWO NOPM BMKOHAHHL yMOBM

// cnin BuxkoHaTy Oinbme onHiel iHcTpykuii, To dopmMyoTh 6JIOK,

O© 0O NO U1l WNP

// oTouyiouM MOoTOo OGITYyPHMMM IYyXKaMU

if (x > 100)

PR
N O
=

X =X —5; // Kinpka 1HCTPYKL1M OTOUYYOTH OyXKaMM,

[y
w

y = X + z; // dopmybuy 3 HUX OJIOK 1HCTPYKII1M

=
I
(-

IHCTPYKUIA If...else

[acTpykuis if...else po3niisie moTik BUKOHAHHS HA JBi BITKH, 1 IEpEMUKAHHS Ha
OJIHY 3 HUX KEpPYEThCS BUKOHAHHSM yMOBHU (puc. 2.8, 0). CHHTaKCHC KOHCTPYKIIIi
TaKWN:
iIT (TestExpression)

StatementT

else
StatementF

SIKIIO  3a/I0BOJIBHSETHCSA YMOBa, 3agaHa Bupa3oMm TestExpression (ToGto
TestExpression mosepTae true), To BHKOHYE€ThCS IHCTpYKIis StatementT. B ixmmomy
BUMIAJKYy BHUKOHYETbCA IHCTpyKuis StatementF. Skmo anroputm mnependadae
BUKOHAHHS OLibIIe OAHIET 1HCTPYKIII NMPU BUKOHAHHI (HE BUKOHAHHI) YMOBH, TO
3aMICTh OJJMHUYHOI IHCTPYKIil BUKOPUCTOBYIOTH OJIOK IHCTPYKIIi.

[Tpuknaau BUKOpHCTaHHs IHCTpYKIIi if...else mpuBeaeHo B mictunry 2.4,

KoncTpykiiist Ha ocHOBI if...€lSe po3aiise moTik BUKOHAHHS Ha JBI BITKH. SIKIIO
noTpiOHO CTBOPHUTH OLIBIIE BITOK, MOXXHA BUKOPUCTATH BKIIajeHi iHcTpykii (if...else)
(psanku 11...16).

TNictuur 2.4. Mpuknagy BUKOPUCTaHHS IHCTPYKUT if...else

1| // Koucrpykuisa 1F...else

2 i1fF (x <10)

3 y = x — 1; // €nusa 1HCTPyKLisa
4 | else

51 { // Brokx iHcTpykiin
6 X =X — 5;
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y = X + z;

}

© 00 N

10 | // Bxnameni xoucrpykuii 1F...else
11 | if (TestExpressionl)

12 Statementl

13 | else If (TestExpression2)

14 Statement?2

15 | else

16 Statement3

IHCTPYKList Switch

[HCTpyKIist SWitCh 3a0e3neuye MHOKHMHHE PO3TalyKCHHS MOTOKY BHKOHAHHS
(puc. 2.9). Bona MicTUTB pi3HI CEKIIil KOAY, KOXKHA 3 SIKUX TTOYNHAETHCS BIATIOB1THOIO
MITKOIO 3 KJIIFOYOBHM CJIOBOM Case. bynb-sika cekiliss Koy MOBHHHA 3aKiHIYBAaTHUCS
iHCTpyKIi€eto break, abo iHIIO IHCTPYKITiEro epexoy (return, continue, goto, uwm throw).
31 BCIX IHCTPYKIIIH Mepexoay HaidacTille BUKOPHCTOBYIOTH break. Bona mpununse
BUKOHAHHS CEKITii 1 IEPEXOUTh JI0 KiHI KOHCTPYKITiT SWitch.

KoxHa MiTKa y KOHCTPYKIIii SWitCh Mae Taky cTpyKTypy:

Krtoyose crnoso [1Bokpanka: KiHeLb MiTKu

case ConstantN:

Koncrtpykuist Switch BukonyeTbes Tak:

CriouaTKy OOYHMCIIOETBbCA BUpa3 TeStEXpression, skuii BKa3aHO B IHCTPYKIIiT
switch.

SIkmio 3Ha4yeHHs BUpaszy 1estEXpression mopiBHIOE 3HAUEHHIO KOHCTAHTHU
ConstantX ojHi€l 3 MITOK, TO BUKOHYIOTBCSI IHCTPYKIIi 3 CEKIlli, BIAMIYEHOI I[I€I0
MiTKO10. Konm HI oJlHa 3 MITOK HE MICTHTh KOHCTaHTH, SKa JIOPIBHIOE 3HAYCHHIO
Bupasy TestExpression, BUKOHYOThCs iHCTPYKIIIi 3 cekiii default.

ITpu HeoOxiaHOCTI cekiito default MokHa He BKIIIOYATH y KOHCTPYKIIiiO Switch.
AJle, AKIIIO BOHA €, TO MAa€ 3aKIHYYBAaTHCS, 5K 1 iHIIN cekii, iHcTpyKiieto break, abo
iHIIOK0 1HCTpYKLicko nepexoxy (return, continue, goto, um throw)?2,

12 NTeransHo npo iHCTPYKIUIi Nepexoy HTHME MOBA Jali B IbOMY PO3IiMi.
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Bupa3 4na nepesipku

S~
switch (TestExpression)

{

case — —  case Constantl: T
o Statementl; —
[HCTPYKUT,
/ break; -
break;
—— case Constant2: 7
case Statement?; =
Mitkn — — break; y
[HCTPYKLT, —  Cexji
break; — case ConstantN: 7
case StatementN; —
break; .
[HCTpYKUIT; — — default: B
break; StatementDef;
break; _ _
l }

Puc. 2.9. Ctpykrypa iHCTpyKIIii Switch

Linkn while

Konctpykuis while dbopmye mukmn, y skomMy yMoBa, IIO BHU3HAYa€ HOTO
BUKOHAHHsS (Y HEBUKOHAHHS), TMEpEBIpA€TbCS Ha TouaTky Iwkiny (puc. 2.10, a).
[{ukniuHy KOHCTPYKIIiIO, B SKiii YMOBY BHKOHAHHS IHKIy MEPEBIPSAIOTH HA MOYATKY
UKJTY, HA3UBAIOTh YUKIOM 3 NEPeOdyMOB0I0.

CuHTaKCcHC BUKOPUCTAHHS IHCTPYKIIi1 While Takwmii:

while (TestExpression)
Statement

Bupas s mepeBipkd yMOBHM BHMKOHAHHS MKy TeStEXpression moBuHEH
noBepTatu pe3ynpTar Ty hool. [Ipu mocsrHeHHI y MOTOII BUKOHAHHS 1HCTPYKIIi
while cmouatky oOuucIOETBCS 3HAYEHHS BUpasy TestExpression. fxmo pesynabTaT
TestExpression mopiBHIOe true, BUKOHYETbCs 1HCTpYKIis Statement, mo ¢opmye Tiso
mukoty. [licns 1boro 3HOBY poO3paxoBYEThCsl 3HAUCHHs BHpasy 1estExpression, i Bce
MOBTOPIOEThC crmovarky. SIkimio Bupa3 TestExpression moBeprae 3HauenHs false,
BUKOHAHHS IUKJTY IPUITUHSAETHCS, 1 BAKOHAHHSI POTPAMH MTEPEMIIIYETHCS IO TEPIIOi
THCTPYKITT TICIS KOHCTPYKIIT ITUKITY.
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IHCTpYKLIsA

false frue

a 0
Puc. 2.10. Ctpykrypa nukiis wWhile (a) Ta do (0)

Ko B Mkl ¢i1iji BAKOHYBATH O1IbIIe OJHIET IHCTPYKIT (SIK MpaBuUIIo, TaK 1 €),
Ha MicIi iHCTpyKii Statement ciix copmyBatu 6J10K IHCTPYKITIH.

3ayBaxuMoO, IO KOJH MPH MEPIIOMy BXOKeHHI y muki While ymoBa mukiry He
3aJI0BOJILHSETHCS, TO TUIO IUKITY HEe Oy/ie BUKOHAHE JKOJHOTO Pasy.

Mo>kiiBa 1 MPOTHIIEAKHA CUTYaIlisl: SIKIO YMOBA LUKy BUKOHYETHCS 3aBXK/[IH,
TO TOTIK BUKOHAHHS, 3aWIIOBIIM Y IMKJ, HIKOJIM 3 HBOTO HE BHUIAJIE, TOCTIHHO
BUKOHYIOUHM Horo iHCcTpyKiii. Takoil cutyarii ciaii yHUKAaTH, OCKIIbKA BOHA MPUBEJIE
1o "3aBucanHs" mporpamu. ToMmy mpu MPOEKTYBaHHI HUKIIYHUX KOHCTPYKIIHM CHiA
PETENHHO MPOYMATH YMOBH MPUITUHEHHS POOOTH ITUKITY.

VY nictuHry 2.5 npuBEICHO NPUKIAN BUKOpHCTaHHsS nukiay While. B psoxy 1
oroJyioireHo AificHi 3miHHI X, XMax Tta dX, ski Bigpasy iHII[iaJli30BaHO MEBHUMH
3HAUYCHHSIMHU. YMOBa BUKOHaHHS IUKIY (X < XMax) 3abe3nedye moCTiiiHE MUKIIYHE
BUKOHAHHS TUIa HMKIY (OJNOK y psaakax 4...7), TOKM 3HAYE€HHsI 3MIHHOI X MEHIIE 32
3HaYeHHs XMax. ¥V Tial UKy CroYaTKy BHBOJMMO Ha €KpaH MOTOYHE 3HAYEHHS X
(pAmok 5), noTiM mpupouryemMo X Ha 3HadenHs dX (psagok 6). PesynbTaT BUKOHAHHS
IpOrpaMH 3 JIICTHHTY 2.5 mpuBeaeHo Ha puc. 2.11.

Tictvar 2.5. Mpuknag BUKOPUCTaHHSA Lukny while

1 |double x = 0, xMax = 5.5, dX = 0.99;
2

3 |while (X < xMax)

414

5 Console._WriteLine("'x = {0}", X);
6 X += dX;

71}

13 Oneparop += onucano y tadmumi 2.17.
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BN CHAWINDOWS\systemn32emd.exe — O oy

0

8,99
1,98
2,91
3.96
4,99

ress any key to continue .

Puc. 2.11. Pesynbrat pobotu nukiay while 3 mictunry 2.5

Linkn do

[Mukn do, wa BigmiHy Bim While, mepeBipsie yMOBY BHUKOHaHHS LUKy B
kiHmi (puc. 2.10, 6). [{ukiiyHy KOHCTPYKIIiIO, yV SKIA YMOBY NEpPEBIpsIOTH B KiHIII
UKy, HAa3WBAIOTh YUKIOM 3 nicisiymogor. CUHTAKCUC BHUKOPUCTAaHHS nukity do
TaKWMN:
do

Statement
while (TestExpression); // Kineub UMKITY

[Ipu BimmpairoBaHHi TaKOTO IHKIY CIIOYaTKy BUKOHYEThCA 1HCTPYyKIis (abo
iHCTpyKIi) Statement mukimy, a moOTIM OOYHCIIOETHCS yMOBa IMKIY — BHpa3
TestExpressison. Sxmo Bupasz TeStEXpressison moBeptae 3HaueHHs frue, THCTPYKIIis
Statement BukoHyeThCs 1mie pa3. LIukia moBTOprOeThes, JOKH TeStEXpressison gopisHioe
true. Koam BHpas i3 yMOBH IIMKIIy TOBEpHE pe3ysbTaT falsSe, BUKOHAHHS 1HCTPYKITii
Statement mpunuHSETHCS, 1 BAKOHYIOTBCS IHCTPYKIIii, pO3TAIIOBaHI MiCIs IIUKITY.

Oco6nuBicTiO UKy 00 € Te, MO TUIO UKy BUKOHYETHCS X04ya O OJMH pa3 B
OyIlb-IKOMY BHWNAJIKy, HaBITh SKIIO JO BXO/KCHHS Y KOHCTPYKIIIO ITUKIY YMOBa
IIUKJTY HE 33J0BOJIbHIETHCA.

[Tpuknag BUKOPUCTaHHS IUKITY 00 MPUBEIECHO B JICTHHTY 2.6, a pe3ybTaT HOTOo
BUKOHAHHS — Ha puc. 2.12.

Tlictver 2.6. Mpuknag BUKOPUCTaHHS Lukny do
1 | double x = 1, xMax = 5.5, dX = 1.5;
2 | do
3| {
4 Console._WriteLine("'x = {0}, X);
5 X += dX;
6|} while (X <= xMax); // <-- Kpamnka 3 KOMOK HOTpiGHAa
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BN CAWINDOWS\system32\cmd.exe — | X

1

2.9

&

9,5

ress any key to continue .

Puc. 2.12. Pe3ynbrar BUKOHAHHS UKy 00 3 micTHHTY 2.6

Linkn for

KoHcTpykiiss Ha OCHOBI iHCTpyKmii fOr BUKOHYe LUK 3 MepenyMOBOIO, ajie
JIOJIATKOBO MICTUTbh BUPaA3H I 1HiIIami3alii Ta irepairii. Cxemy poOOTH TaKOTO ITUKITY
300paxxeHo Ha puc. 2.13. Moro cunTakcuc:

Bupasu po3gineHi cumsonom " ;

for (Initializer ; TestExpression ; lterationExpression)
Statement

Puc. 2.13. Cxema mukity for

[lepen BUKOHAHHSM IHMKIY BIIOYBA€THhCS IHIIIANI3AMIS [HUKIY — OJWH pa3
BUKOHY€EThCs Bupa3 Initializer. Jlami obuncmroerbest ymoBa mukity TestExpression. Skmo
Bupa3 TestExpression moBepHyB true, BUKOHYEThCS IHCTPYKLis y Timi mukiry. [licis
I[bOI'0 BHKOHYEThCS iTepalliiinuii Bupa3 lterationExpression. Jlami BHKOHaHHS 3HOBY
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NEPEeXOIUTh J0 MOYATKY LHUKIY, 1 TIOBTOPHO OOYHMCIIIOEThCS ymoBa TeStExpression.
Jloku BHUpa3 yMOBH IIUKITy TTOBEPTAE tfUE, BUKOHYETHCS IHCTPYKIIiS (IHCTPYKIIii) y Tim
IIUKITy, TICJISI 9OTO 3aBXIM BUKOHYETHCS ITEpaIliiHuil BHpa3. BUKOHAHHS MHKITY
NIPUITHHSETRCS, Kooiu TeStExpression moseprae false.

Bupasu Initializer, TestExpression Ta IterationExpression Heo6os's13k0Bi. Ix mosuii
MOXKHA 3alUIIUTH TOPOXKHIMHU, ajie po3auIoBadl (cumBoiu ;") MawTh OyTH
000B's13k0BO. SIK110 BUpa3 TestEXpression He Bka3aTH, TO BBAXKATUMETHCS, 1110 TECTOBHIA
BHUpa3 3aBXKJU MoBepTae true, — Tojl ciij nepeadavyuTH 1HIIUK CIOCI0 MPUMUHEHHS
ITUKITY.

[Tpuknaa BUKOPUCTAHHS HUKITY fOr mpuBeeHo y JicTHHTY 2.7, a pe3ysIbTatr Horo
BUKOHAHHS — Ha puc. 2.14.

TNictuar 2.7. Mpuknag BUKOPUCTaHHA Lukny for

1| for (int 1 = 1; 1 <= 5; i++)

2| {

3 Console._WriteLine("1 = {0}, 1);
41}

VY 11bOMy KOJIi Ha IOYATKy UKy 3MiHHA | iHimiaai3yeTbes 3HaueHHsM 1. [uki
BUKOHY€ETBCS, JIOKH 3Ha4eHHs | <= 5. B KiHIII KOKHOTO MPOXO/KCHHS Tijia UK 3a
JOMIOMOT 010 iTepamiiftHoro Bupasy (i++) 3HaueHHs 3MiHHOT UKJTY | 301IbIIy€eThCs Ha 1.

BE CAWINDOWS\systern32iemd.exe — | *

ress any key to continue .

Puc. 2.14. Pe3ynbrat BUKOHaHHS muKiy for 3 mictunry 2.7

IHCTPYKUIT nepexoay
Konu moTik BUKOHAHHS MpOrpamMu J0ocsira€e 1HCTPYKLIi Mepexoay, BUKOHAHHS

nporpamMu 0e3yMOBHO (0€3 TepeBIpKU OYJIb-SIKOi YMOBH) MEPEHOCHUTHCS JO 1HIIOT
JUISTHKA TIPOTpaMHu.
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VY C# € Taki iHCTpYKIIIT IEPEXOy:
» break;

» continue;
» return;
> goto;

» throw;

IHCTPYKUiA break

[acrpykuito break mokna BuKOpHcTOBYBaTH y KOHCTpyKmisx While, do, for,
foreach Ta switch ans nepeprBanHs BUKOHAHHS KOHCTPYKIIii. SIKIIO Mporpama MiCTUTh
BKJIAZICHI KOHCTPYKIi, To break mnpumnunse BHKOHAaHHSA HAWIKOIIOl BKIAACHOT
KOHCTPYKIIii. TakuM YMHOM, SIKIIO € JIBAa IUKJIA, OJWH BKJIAJICHUH B iHIIHMA, 1 break
BUKJIMKAETHCS Y TUII BKJIQIEHOTO IUKITY, TO B1I0YBA€THCS BUX1J 13 BKJIAJIEHOTO LIUKITY,
ajie He 13 30BHILIHBOTO.

VY njictuHry 2.8 TpUBEICHO MPHKIIAJ] BUKOpHCTaHHs Dreak mams mpununHeHHs
BUKOHAHHS HECKIHUEHHOTO ITUKITY.

NictvHr 2.8. BukopucTtaHHs IHCTPYKLiT break ans nepepueaHHs uukny

int x = 0;
while (true)
{

X++;
it (x == 3) break;

O U1l WNPE

}

Hukin (psaku 2...6) MICTUTh YMOBY, sIKa 3aBXK]IM [IOBEPTAE 3HaYEHHs true (BoHa
3ajaHa B pAAKY 2). be3 momaTkoBHX 3aX0/iB TaKUii UK BUKOHYBAaTUMETHCS "BIYHO",
mo copuuuHATh "3aBucaHHs" mporpamu. Ill[o6 HEe momycTuTH 1BOTO, B IUKIII
MEPEeBIPAEMO 3HAYCHHS 3MIHHOI X (SKa, TOYMHAIOYHM 3 HYJS, MNPU KOXKHOMY
MPOXOJKEHHI UKy TpUpoIye cBoe 3HaYeHHs Ha 1). Komu X nocsrae 3HaueHHs 3,
BUKOHAHHS IIUKJTy IPUITMHUATHLCS, OCKIIBKM BUKOHAETHCS THCTPYKIIist break.

IHCTPYKUis continue

[HcTpykIito continue BukopucToByrOTh y nukiax while, do, for ta foreach. Bona
CIPUYHHSIE TIEPEX1T 10 MOYaTKy (HAUTIUOIIOro BKIIAICHOTO) ITUKITY.

Posrnsnemo mpukinazn ii BukopuctanHs y jgictuary 2.9. uxm, sk 3amaHo y
KOHCTpyKii for, BuKoHyeTbess 7 pasiB (psmok 1). AJsie mis mepmmx TphOX pasis,
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OCKUTbKM X Oyae MeHImHM abo JOpiBHIOBaTUME 3, BUKOHYBAaTHMEThCS yMoBa If

(psimok 3), micis 4YOro B pe3ysbTaTi CHpAIfOBAaHHS IHCTPYKINI CONtiNUE BHUKOHAHHS

NEePEXOAUTUME HA MOYATOK HUKITY. TOMy 1HCTPYKIIi 3 TUJIa HUKITY, PO3TAIIOBAHI MICIS

psaaka 4, HE BUKOHYBaTUMYTbCs. TakuM 4YMHOM, BHBIJ Ha €KpaH 3HA4Y€HHA X (B

panky 7) Oyne TIIbKH ISl TUX X, iK1 OubIii B 3. Pe3ynpTar BUKOHAHHS JICTUHTY 2.9

npuBeeHo Ha puc. 2.15.

TNicturr 2.9. BukopuctaHHs IHCTPYKUT continue y uukni for
1|for (Iint x = 1; X <= 7; x++) // lwkn BuxkoHyerbca [/ pasisb
21{
3 if (x <= 3) // Tepuwi 3 paswm
4 continue; // Bimpasy nepexomyMo IO [NOYATKY LIUKJILY
5
6 // llell panoK BUMKOHYBATMMETLCH, AKmo X >= 3
7 Console._WriteLine("x = {0}, X);
81}
B C\WINDOWS\system32iemd.exe - O st
=1
ress any key to continue .
Puc. 2.15. Pe3ynbratr BUKOHaHHS KOAY 3 JIICTUHTY 2.9
TNictvar 2.10. BukopucTtaHHs iHCTPYKUT continue y umnkni while
1/int x = 1;
2 while (x <=7)
31{
4 if (x <= 3)
5 {
6 X++;
7 continue; // llepexin Ha NOYaTOK LUKJIY
8 be
9 // llell pagok BMKOHYBAaTMMETLCHA, AKmo X >= 3
10 Console._WriteLine("'x = {0}, X);
11 X++;
12 |}
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Y nmictunry 2.10 mpuBeaeHO MPHUKJIAa BHUKOPUCTAHHS IHCTPYKIi continue y
KT While. PesynsTat #ioro po6oTtu Oyie Takuii caMuid, sIK 1 B TONEPEAHbOMY BHITAIKY
(puc. 2.15).

MiTkn

Mimka — 1e iHCTPyKIis, fKa MICTUTh ifeHTH(IKATOp 3 ABOKPANKOI0. Ii
BUKOPUCTOBYIOTh JUJIsi O€3yYMOBHOIO MEpPEXojly A0 TOro Micusd KOAY, SK€ BOHA
no3Hayae. CHHTaKCUC BUKOPUCTAaHHS MITKU TaKuil:

LabelName: Statement

ne LabelName — na3Ba mitku. [TomiueHa iHCTpyKIis Statement BUKOHY€ETbCS Tak, HIOH
MITKA HE iCHye. MITKH OTOJIOIIYIOTh JHIIE BcepeanHi OnokiB komay. OOmactb
BUJIMMOCT] MITKH OXOILUTIOE OJIOK KOAY, B SIKOMY BOHA OTOJIOIIE€HA, Ta BC1 BKJIAJEHI Y
HBOTO (BHYTPIILHI) OJIOKHA KOJY.

Jns mepexoay 3 Oyab-akoro Micisl koay (B 005acTi BUAMMOCTI MITKH) J10
BUKOHAHHS MOMIY€HOT IHCTPYKIIIi BUKOPHUCTOBYIOTh 1IHCTPYKIIito Ot0:

goto LabelName;

[Ticns nepexony Ha TOMIYEHY 1HCTPYKIIIFO BOHA BUKOHYETBCS, 1 JaJll BAKOHAHHS
IPOrpaMu MPOJAOBKYETHCS 3 IIHOTO MICIISI KOTY.

3ayBa)KUMO, 110 IHCTPYKLIs §Ot0 4aCTO 3aIUIyTy€ KO, OCKUIBKH CIIPHUSIE MOTaH1i
CTPYKTypH3allii Koay 1 SIK HacCHIJOK — IOTIpIIye HOro po3yMiHHSA. BBakaeTbcs
XOpOIIMM TOHOM TPOTPaMyBaHHS MO MOXJIMBOCTI HE BUKOPUCTOBYBATU 1HCTPYKIIIIO
goto.

Tlictvar 2.11. BukopucTaHHS MiTKu

int 1 = 0;
Console._WriteLine ("llourHaeMo HecklIHUeHHMM UMKI") ;
while (true)

{
i++;
Console_WriteLine(''t = {0}, 1);
if (i == 6)
{

O© 00O NO U1 WN P

Console.WritelLine ("llopa 3akiHuyBaTU...");

goto TheEnd;

P
= O

}

=
N

b5
TheEnd:

Console.Writeline ("KiHeur nporpaMu...");

[EnY
w

H
N
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Jlictuar 2.11 nemMoHCTpye Ait0 MITKH. Y psaKy 3 mporpama BXOJIUTh Y
"HecKiHUEeHHUI" nuKI (YMOBa IUKIY 3aBXau true). ¥ mukii BUBOJUTHCS HA CKpaH
MOTOYHE 3HAYCHHS 3MIHHOI | — iTepaTtopa HUKIY. A B psAKY 7 BUKOHYEThCS TMEPEBipKa,
9¥ 3HAYCHHS | TOPIBHIOE 6. SIKIIO Tak, TO 3a JOMTOMOTOF0 THCTPYKITii §Ot0 3A1HCHIOEThCS
nepexiy A0 1HCTPYKIil B psaKy 14, ska momiueHa MITKOK B psanky 13. PesynbraT
pob6otu koay 3 nictuHTy 2.11 noka3ano Ha puc. 2.16.

Bl C\WINDOWS system32\cmid.exe — O >

[loyuHAEMO HeCK1HYEeHHUW UMK

i:

Mlopa zakiH4yBaTU. ..
KiHeub nporpamu. ..

Press anv key to continue

Puc. 2.16. Pe3ynbraT BUKOHaHHS KOy 3 JicTUHTY 2.11

[HLWI IHCTPYKUT

Mosa C# MIiCTUTh TaKOX 1HII IHCTPYKIIii, SIKI KEPYIOTh TOTOKOM BUKOHAHHS
nporpamu. Cepen Hux — foreach, try, throw, finally, return. Bouu TicHO moB'si3aHi 3
PI3HUMHU OCOOJIMBOCTSIMU MPOTPAMYBaHHS, TOMY PO3IIISTHEMO X MiJ] 4ac OOrOBOPEHHS
BIJIMOBITHUX MUTAaHb Y HACTYTHUX PO3LIAX.
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Po3ain 3. Knacu: onuc ob'ekTiB

>

>

>

>

Knacu

MeTtoau

BnacTtuBocCTi

CTaTuyHi enemMeHTM Knacy Ta KOHCTaHTK

[opaTkoBi 0cOBNMBOCTI ENEMEHTIB Knacy

12




Knacu

Posraspatroun y nonepenHbOMy pO3/iil KOPUCTYBAIbKI TUIM JTaHUX, MU BXKeE
3rajlyBajid, 10 OJWH 3 HUX Mae Ha3By "kmac". 3 mommsiay 00'€éKTHO-OPIEHTOBAHMX
MPUHITUIIB MPOTPaMyBaHHS KJ1ac — HaAWBKIIMBIIIWM THUIT TaHUX, OCKITBKH came BiH
peanizye ronoHi npuauny OOII: iHKancynAiio, cnaakyBadHs, noixmopdizm. Tomy
Ha PO3TJIsi]] KJIaciB 3BEPHEMO OCOOIUBY yBary.

Knac — e cnienianbHUM TUI TaHUX, 10 BAKOPUCTOBYETHCS TSl OMUCY 00’ €KTA 1
BU3HAYA€ MOT0 3arajibHi XapakTEPUCTUKHU Ta Jiii, SKi BIH MOYK€ BUKOHYBaTu. Y Kiaci
MOEHYIOTh CYKYIHICTh JIOTIYHO MOB'SI3aHUX AaHUX Ta (YHKIIH, sIKI B mporpami
MPEICTaBIIAIOTH 00'€KT PEaTbHOTO CBITY.

Knac npencrasisie cTpykTypy, sika KpiM IaHUX MOKE MICTUTH BUKOHABYUH KO/I.
CkJ1aJI0BI YaCTHHU KJIacy Ha3MBAKOTh eremenmamu Kkiacy (a0o unenamu xnacy).

EnemenTtu knacy, siki 30epiraioth JaHi Ipo OO0'€KT, Ha3UBAIOTh eleMeHmamu
Oanux. BoHn MOZAENMIOI0Th XapaKTEPUCTUKH PEaTbHOr0 00'€KTa, SKOTO MPEJCTABIIE
kiac. [lo eJeMeHTiB TaHUX BiTHOCSTH MOJISI Ta KOHCTAHTHU KJIacy.

Enementu kiacy, siki MiCTSTh BUKOHABYUN KOJ, HA3UBAIOTh (DYHKYIOHATbHUMU
enemenmamu. BOHM MOJIENIOIOTh MOBEAIHKY peaabHOro 00'ekra. o ¢hyHKIIIOHATBHUX
€JIEMEHTIB KJacy BIJTHOCSATh METOJU (BKJIIOYAIOUM KOHCTPYKTOPH Ta AECTPYKTOPH),
BJIACTUBOCTI, OIlepaTOpH, 1HAEKCATOPU Ta MOII].

TunoBa mporpama Ha C# € Tpymor B3aeMOAIIOYUX MDK CO00I0 00'€KTiB,
OUTBIITICTD 3 SIKUX € €K3EMIUISIpaMU SIKHXOCh KJIacCiB.

OronoLeHHs Kracy

Knac € kopuctyBanpkum Tunom ganux. [IpoananizyBaBiim CyTTEBI 3 TOUKHU 30pY
IpOrpaMu XapakTEPUCTUKH Ta TOBEIIHKY MOJIEIbOBAHOTO 00'€KTa, MPOrpamicT
NIOBUHEH CIIPOEKTYBATH KJac, AKUM iX BimoOpakyBatuMe. Ha mpakTuil ue poOnsiTh
HIIXOM OT'OJIOIICHHS KJacy.

OroJomieHHs KJacy O3HAuye HOro €JIeMEeHTH JaHuX Ta (YHKIIOHAJIbHI
enemMeHTd. [Ipu 11bOMy HE CTBOPIOETHCS ek3eMIUIAp kiacy (00'ext). Kmac, sk iHIm
THUIIU, 33]1a€ 11a0JI0H, 3a SIKUM MOHa CTBOPIOBATH €K3EMIUISIPU LIOTO KJIacy.

Hwxye npuBeneHo y3araJlbHEHUM CUHTAKCHUC OTOJIOLIEHHS KJIacy:

Krtoyose crnoso Haaga knacy

class ClassName

{

// OTOoJIOUWEeHHA eJIeMEeHT1B KJjacy

}
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OroJiomieHHsT KJjacy IOYMHAIOTh KJIFOYOBUM CJIOBOM Class, micist sKOTo
BKa3yIOTh Ha3BY Kiacy (y npuBegcHomy 3pa3ky — ClassName). Jlami mix dirypHuMH
Oy>KKaM{d PO3MIIIYIOTh OTOJIOLICHHS €JIEeMEHTIB kiacy (iX Ie Ha3WBalOTh YJICHAMH
kJjacy). L{ro yacTuHy OroJIOIIEHHS KJIacy Ha3WBalOTh minom kiacy. EnemeHTH knacy
MO>KHA OTOJIOIIYBATH y T1JII KJIacy B Oy/b-sKiil MOCI1JOBHOCTI.

EnemeHTu Knacy

HaliBa)xnuBIIIMMHU €JIEeMEHTaMM KJiacy € roJist Ta Meroau. Ilond € enementamu
JAHUX, @ METOAN — PYHKIIOHAIbBHUMU €JIEMEHTaMHU.

Ilonsa — 11e 3M1HHI, 5Kl HaJIEKaTh KJIacOBl. BOHM MOXYTh OyTH TOBIJIBHOTO THUITY
(six morepeHbo Bu3HaueHoro C#, Tak 1 kopuctyBaibkoro). [1omiOHO 10 3BUYaHUX
3MIHHHUX, TI0JIS 30€pirarTh JaHi.

HaiinpocTimmii CHHTaKCHUC 17151 OTOJIOMIEHHS TTOJIS TaKHil:

Hassa nons

Type FieldName;

Huxue IMPHUBCACHO ITPHUKIIA/ OrOJIOIICHHA KJIaCy 3 OJJHUM ITI0OJICM!

class TheClass

{
int TheField;

}

VY mpomy mpukiIaai kiac i3 Ha3Boro TheClass MicTUTh OfHE TOJIe IIJIOTO THITY,
sKe Ha3uBaeThes TheField,

3ayBaxxumo, 1110, Ha BigMmiHy Big C yn C++, y C# He Moxke OyTu riobambHuX
3MIHHUX, OTOJIOIIEHUX 32 MEKaMu TUITy. Bci moss HayexxaTh TUIAM 1 MOBUHHI OyTH
OTOJIONICHUMHU BiJIITOBITHO JI0 TIPABWJI CHHTAKCHUCY JJISl TAHOTO THUITY.

[Tone iHILIAMI3yIOTh TaK caMo, SIK 1 3BUYAMHY 3MIHHY: IIPH MOTO OTOJIOIICHHI

n_n

HiCJs HA3BH CTaBIIATH 3HAK 1 TOJIl BKa3yIOTh 3HAUEHHS UM BUPA3 [ 1HILIAI3a1ii:

class TheClass

int TheField = 12;

}

Sxmo mone kimacy SIBHO HE 1HIIIATI3YIOTh, TO KOMIIISATOp 3abe3medye Horo
HESBHY 1HIL[IaTi3al1I0 3HAYEHHAM 32 3aMOBUYYBAHHSAM (IUIs1 BCIX YMCJIOBUX THIIB 1€
HYJIb, JUIs TocwiaibHuX THmiB — NUll). BukopucranHs sBHOT Ta HesABHOI iHiIiai3amii
JEMOHCTPY€ TPUKIIAL;
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class TheClass

{
int Fieldl = 12; // IxHiuianisyeTbcsa 3HadeHHAM 12
int Field2; // Iniuianiszsyerbcsa sHaueHHaMm 0
string Field3 = "aaa"; // Iniuianisyerbcsa sHaueHHaM ' aaa'
string Field4; // Iniuianizyerncs sHauenuam null
ks

Sk 1 3BMYaiiHi 3MiHHI, MOJS KJIacy OJHOTO THUIy MOKHA OTOJIOIIYBAaTHU B OJHIN

IHCTPYKIIii, BUOIPKOBO X 1HIIIATI3YHOYH:

int Fieldl, Field2 = 22;
double Field3 = 4.5, Field4;

Memoo — 1ie IMeHOBaHMIA OJIOK BUKOHABYOTO KOy ((yHKIIiSI), IKU HATCKHUTh

KJIACOB1 1 MOXK€ BUKJIMKATHUCS I BUKOHAHHS 3 PI3HUX YaCTUH MPOTPaMH, 1 HaBITh 3-

3a MeX JaHoi mporpamu. Ko MeTo 1 BUKJIIMKAIOTh, BAKOHYETHCS HOTO KOJI, TIICIIS YOTO

IPOJOBKYIOTh BUKOHYBATUCS 1HCTPYKIIli, pO3TallOBaHl MiCisA 1HCTPYKIIi BUKIUKY

MeTony. Jeski MeTou MOBEPTaIOTh 3HAYEHHS Y MICIIE, 3 SIKOTO X BUKIMKAHO.

HaiinpocTimmii CHHTaKCHUC JIS OTOJIOIIEHHS METOIY MICTHUTh:

>

>

Tun pesynbTaty MeTody. SIKImo mMeron He MOBHHEH IOBEPTATH pe3yJbTary,
3aMiCTh THITYy BKa3yrOTb VOid.

Hasga meTogy. Lle inenTudikaTop, IKuii BAKOPUCTOBYIOTh JIsl HOTO BUKJIHKY.
[epenik napameTpiB, po3MimeHu# y Kpyrmx ayxkax. [leperik mapamerpiB
MO3Ke OyTH TIOPOKHIM, ajie Iy»KKW MOBHHHI OyTH 000B'S3KOBO.

Tino metogy, oroueHe GirypHUMH Ty’KKaMu. BOHO MiCTUTh BUKOHABYHIA KO/
METOJY.

Hacrtynnuit npukiiaj IocTpy€e OroJIoNIeHHs TPOCTOro MeToy. TyT OroJiomeHo

ki1ac Program 3 ogaum MetoaoMm PrintHi. SIk BUAHO 3 OroJOMICHHS, METO HE TTOBEpTa€e

pe3ysbraty (SK THI pe3yibTaTy Bka3aHo VO0id) i He mae mapamerpiB. Tiio merona

MICTHUTh OJMH PAIOK, SKHH BUBOJIUTH Ha ekpaH ¢paszy "Hil".

class Program

{ Tun pesynbTary Cnncok napameTpis (MOPOXHiN)

void PrintHi()

{
}

Console._WriteLine("'Hi!™");

3ayBaxxumo, 1110, Ha BigMmiHy Big C un C++, y C# He Moxke OyTu rio6ambHUX

(byHKIIIH, OTOJOMIEHUX 32 MEXaMH THITY.
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CTBOpeHHFI EK3eMnnApa Knacy

OrogoiieHHs KJacy He MPUBOJIUTH JI0 CTBOPEHHS 00'€KTa — €K3eMILISIpa Kiacy.
Bono 3anae ma6ioH, 3a sIKKM MOKHA CTBOpIOBAaTH ek3eMIunsipu. [licas Toro, sik kiac
OT0JIOIIEHO, MO’KHA CTBOPIOBATH Oy1b-SKY KUJTbKICTh €K3EMILIAPIB.

Kiac € nocunaabHUM TUIIOM JTaHUX, TOMY OTpeOy€e JBOX IIISHOK MaM'ATi: JIJIs
NMOCUJIaHHA Ha JaHi Ta s aanux. [locunaHHs Ha naHi 30epiraerbcs y 3MIHHIH,
OTOJIOIICHIN 3 TUIIOM Kjacy. OrosolieHa, ajie He iHiIliajgi3oBaHa 3MiHHA KJIacy Mae
HEBHU3HAYCHE IMOCUJIAaHHS.

Posrasuemo mictunr 3.1, skuif MICTUTH KO 3 OTOJIONICHHSM KJIacy Ta 3MIHHOT
poro kiacy. Y psjakax 1...4 oronomieHo kiac 3 Ha3Boro StringPrinter (Tijo kimacy
nponymeHo). Jami (psaku 6...13) oronomieno kiac Program 3 merogom Main, y Timi
sikoro (B psaky 10) orosormieHo 3MiHHy SP kiaacy StringPrinter. Ilpu npoMy B mam'sti (y
CTEKy) BHAUIAETHCS MICIe JUIsl TMOCUJIaHHS (Ha MaiOyTHIH eK3eMIULIp KIacy).
OcCKiJbKM 3MIHHY SP HE 1HII[1aJ1I30BaHO, TO TOCUJIAHHS € HEBU3HAYCHHM.

TNictuur 3.1. OronoLueHHs Knacy Ta 3MiHHOI Knacy
1 | class StringPrinter
2| {
3 -
41}
5
6 | class Program
7| {
8 static void Main(string[] args)
9 {
10 StringPrinter sp;
11 sp = new StringPrinter();
12 }
13|}

OroJomieHHs 3MIHHOI KJIACOBOT'O THUITY CIPUYMHSE BHJIUICHHS MaM'sTi IS
MOCHJIaHHS, ayie He /it AaHuX o0'ekrta. 1100 BuginuTh mam'saTh AJis peaJbHUX JaHUX
00'ekTa, BUKOPUCTOBYIOTH omepatop New. OmepaTop NEW BUIISE Ta IHIIANI3Y€E
aM'sITh JJIs1 €K3EMILISIpA BKa3aHOoro kiacy. CHHTaKCHC MOr0 BUKOPUCTAHHS TaKUU:

Kntoyose cnoso [yxKn noTpiGHi

new ClassName()

HasBa knacy
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Omneparop NEW CTBOpIOE O00'€KT — €K3eMIUISp 3aJaHOTO KIacy Ta IOBEpTae
MOCUJIaHHS Ha HBOTO.

Omxe, MO0 mpaImoBaTH y MOporpaMmi 3 €K3EeMIUIIPOM KJacy, JOCTaTHBO
OTOJIOCUTH 3MIHHY HOTO THUITY, CTBOPUTH €K3EMIUIIP 1 30€perTH y 3MiHHIHM MOCHIIaHHS
Ha ex3eMIULIp. Lle imocTpye mpuxman:

OronoLueHHs 3MiHHOI

StringPrinter sp; // OrosomyeMo 3MiHHY IS MOCUIIAHHS
sp = new StringPrinter(); // Bumisnsemo nam'ars mna o6'exra 1

// TIPUCBOIEMO IOCUJIAHHS Ha HBOTO 3MI1HHIN

BMpa3 And CTBOPEHHA eK3eMnidapy

[ToBHime kKo Jj1s1 CTBOPEHHS €K3EeMILISIpa KJacy MOKa3aHo B JICTUHTY 3.1. YV
psaaky 11 cTBoproeTbes ek3eMIuisip kiacy StringPrinter i mocwiaHHS Ha HBOTO
MIPUCBOIOETHCS 3MIHHIM SP, OTOJIOIICHIN B IMOMEPETHBOMY PSIKY.

JIB1 1HCTPYKIIii, SIKI OTOJIOIIYIOTh 3MIHHY KJacy 1 CTBOPIOIOTH 00'€KT, MOXKHA
MOETHATH B OJHY, BUKOPUCTABIIY BUPA3 JIA 1HIIIaTi3a11ii 3MIHHOI:

OronoLweHHs 3MiHHOI CTBOpEHHS ek3emMnnspy

StringPrinter sp = new StringPrinter();

EnemeHTV eksemnnspa i CTaTuyHi eNneMeHTH

VY nporpami MOKHa CTBOPUTH JIOBUIbHY KIJIBKICTh €K3EMILISPIB IEBHOTO KJacy.
Bci BoHM iICHYBaTUMYTh OKPEMO 1 MAaTUMYTh CBiM BIacHUI HaOip 3HaYCHb €JIEMEHTIB
knacy. EnmeMeHTH kiacy, sKi TOB'SI3aHI 3 OKPEMHM CK3EMIUISIPOM, Ha3WBaIOTh
enemenmamu exzemniapa (instance members). 3a 3aMOBYYBaHHSM, BCi CIIEMCHTH
KJIacy € eJIeMEHTaMH eK3eMIUIIpa.

AJle MOXHa TakOX OTOJOCHUTH E€JIEMEHTH KIacy, siKki OyIyTh MOB'sS3aHl HE 3
eK3eMILISIPOM KJacy, a 3 KjacoM y mijoMmy. Taki eneMeHTH Kiacy Ha3HBalOTh
cmamuunumu (Static members). Ix mpu oronomenni nosHayaroTs MoAUpiKaTOPOM
static. 3okpema, metoa Main Mae OyTH CTaTUUHUM, TaK SIK BUKJIMKAETHCS 10 CTBOPCHHS
OyIp-sKOTO ek3eMIuisipa kiaacy. CTaTH4uHI e1eMEHTH KIIacy pO3TJISTHEMO IMi3HIIIIE.

Jlictuar 3.2 imoctpye orojomeHHs kiacy Student 3 momem  FullName
(panku 1...4) 1 CTBOpEHHSI TPHOX EK3EMIUIAPIB I[LOTO KJIACy, Ha SIKI MOCHJIAIOTHCSA
3MiHHI Studentl, student?2 ta student3 (pstaxu 10...12). KoskeH i3 1IuX eK3eMILIAPIB MOXKE
MICTHUTH CBO€ 3HaueHHs 11 o FullName.
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Tictvar 3.2. CTBOPEHHS KiflbKOX EK3eMNIISPIB Knacy

1 | class Student
21{
3 string FullName;
41}
5
6 | class Program
714
8 static void Main(string[] args)
9 {
10 Student studentl = new Student();
11 Student student2 = new Student();
12 Student student3 = new Student();
13 1
14 | }

Mogaudpikatopu goctyny

B mexax kiacy 0yib-sikuii Horo (yHKI[IOHATBLHUM €IEMEHT Ma€ JOCTYM JI0 BCIX
IHIINX €JIEMEHTIB KJIacy. AJie JOCTYII JI0 eleMEeHTa KJacy 3 1HIIMX YaCTUH MPOrpaMu
(3a MexaMu Ki1acy) MOkHa oOMexuTu. [Ipu orosomeHHi exemMeHTa Kiacy MOKHa
3a1aTd Moougikamop oocmyny, SIKUM BU3HAUaTUME, SIKI caMe€ YaCTHHH IPOTpaMH
MaTUMYTh JOCTYI JI0 €JIEMEHTa Kiacy.

Moga C# nepenbavae Taki Moau(ikaTopu TOCTYITY:

» private

» public

» protected

» internal

» protected internal

HaiipxxuBanini € mepmux asa MoaudikaTopa. IX BUKOPHCTaHHS PO3IJIHEMO
3apa3, a IPU3HAYEHHsI HACTYHUX MOAU(IKATOPIB — Y MOAAIBIINX PO3/IIIaX.

CUHTaKCHC OroOJIOIICHHS €JIEMEHTIB KJIacy 3 BUKOPHUCTAHHSIM MoAu(ikaTopa
JIOCTYTy TaKWM:

// Insa nong
AccessModifier Type ldentifier;

// Ina merToma
AccessModifier ReturnType MethodName()

78



Tyt AccessModifier mo3nayae moaudikaTop goctyiy (Hampukia, public).

[TpuBatHi eneMeHTH Kiacy (OrosolieHi 3 MoaudikaTopoMm private) mocTymHi
TIIBKM BCEPEIWHI KJacy, y SKOMY BOHHM OroJjomieHi. [Hmn kimacu He MOXYyTh Hi
"GaunTn" iX, HI mpaioBaTu 3 HUMH. [IpuUBaTHMIA piBEeHb NOCTYIy 3a0€3MeuyeThes 3a
3aMOBYYBaHHSM, TOMY, KOJIY ITPH OTOJIOIIEHH] €JIEMEHTa KJ1acy MOAU]IKATOP JOCTYILY
HE BKa3ylOTh, TO €JIEMEHT Oyje MmpuBaTHUM. Auie, 00 SBHO BKa3aTH NPHUBATHUN
piBeHb JOCTYIy, BAKOPUCTOBYIOTh MOAM(iKaTop private:

int Varl; // HesaBHO OTOJIOUIEHUM MPUBATHUM PiBEHb NOCTYIY
private iInt Var2; // SIBHO OTOJIOWEHW) MNPUBATHUM PiBEHb IOCTYIY
MogudikaTop goctyny

[TyOniuni exemenTH Kiaacy (orojoiieHi 3 Mmoaudikaropom public) mocTymHi BeiM
1HIIMM 00'ekTam mporpamu. L{ei piBeHb JOCTYyITy CITiJl BKa3yBaTH TIJIBKU SBHO:

public Int Var3;

Mogamdikatop goctyny

Jlictunr 3.3 1€MOHCTpY€ OTOJOILIEHHS KJIacy 3 MPUBATHUMH Ta MyOIIYHUMHU
elieMCHTaMHU. Y pPsAIKY 3 OroJIOIIeHO MNpHBaTHE moJie Imioro tumy Studentld. vV
psnkax 4...6 OroyiomieHo Tpu MyOdI4HI TOJIA psiaKoBoro Tumy. [lyOmiuyHuit meton
Printinternalinfo  oromomeno B  psnakax 8...12, a wMeroxm GetGeneralinfo— 'y
psankax 14...17.

TNictuur 3.3. OronoLueHHs NpuBaTtHWX Ta NybnivHMX enemeHTiB knacy Student
1 | class Student
214
3 private int Studentld = 100;
4 public string Name;
5 public string Group;
6 public int Course;
.
8 public void Printinternallnfo()
9 {
10 Console.WritelLine ("CrymeuT: {0}, Id: {1}1",
11 Name, Studentld);
2
14 public string GetGenerallnfo()
15 {
16 return Name + ", " + Group + ", " + Course;
17 }
18 | }
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BukopucTaHHsa enemeHTiB Knacy BcepeauHi knacy

Bcepenuni kimacy Horo MeToaM MarTh JOCTYIT A0 BCiX HOTrO €JIEMEHTIB — SK
myOJIiYHUX, TaK 1 MPUBATHUX. 3BEPTAOTHCS O HUX OE3MOCEPEIHBO 3a Ha3BOw. Tak, y
mictuary 3.3 B Meromi GetGenerallnfo (psmok 15) Ha ocHoBi mosiB Name, Group ta
Course dhopMyeThCs 3araliIbHUN OMUC BUY "MPi3BHIINE, Tpyna, Kypc".

BukopucTaHHs enemeHTIB Kracy 3a Mexamu Knacy

Hns  jgoctymy [0 myONiYHOTO €leMEHTa Kiacy 3a HOro MeKaMu
BUKOPHCTOBYIOTh Ha3By 3MIHHOI, ska TpeICTaBisie 00'€KT, 1 Ha3By e€JIEMEHTA,
posniieHi kpankor. Hampukian, y 1iboMy KOJi CTBOPROEThCS ek3eMiuisip Studentl
kiacy Student (mictuar 3.3) 1 IPUCBOIOETHCS 3HAYCHHS HoTo oo Name:

Ha3sa amiHHOi

Student studentl = new Student();
studentl.Name = "IllerpeHnko IleTpo";
string studentlinfo = studentl.GetGenerallnfo ();

Ha3sea 3MiHHOI Hasea meTopay

VY TpeTboMy psIIKY BUKOHYETHCS 3BepTaHHs a0 meroaa GetGenerallnfo o6'exta
studentl (psinkm 14...17 mictunry 3.3), 1 pe3ybTaT HOrO BUKOHAHHS MPHCBOIOETHCS
3MiHHIH psakoBoro Tuiry studentlinfo.

Jlictunr 3.4 AEMOHCTPYE BHUKOPHUCTAHHS IMOMEPEAHBO PO3TISHYTOTO Kiacy
Student y mporpami. ¥ HboMy npuBeneHO koj ¢yHkmii Main mporpamu. Y psaky 3
CTBOPIOEMO 00'€KT, a B psAAKax 4...6 MPUCBOIOEMO 3HAYEHHS HOTO mojisaM. Psamok 7 3a
noromororo mMetony GetGenerallnfo orpumye 3aranbHy iH(pOpMaILi0 Mpo 00'€xT. Y
psankax 8 Ta 9 Ha ekpaH BUBOIAUTHCA 1H(MOpMmanis npo o0'ext. Pesynabrar poOoTn
nporpamu, sika o0'efHye ko1 icTuHTIB 3.3 Ta 3.4, npuBeaeHo Ha puc. 3.1.

TNictuur 3.4. PoboTa 3 eksemnnsgpom knacy Student y nporpami
static void Main(string[] args)

{

Student studentl = new Student();

studentl.Name = "lleTpeHko IleTpo";

studentl.Group = "KA-41";

studentl.Course = 4;

string studentlinfo = studentl.GetGenerallnfo();
studentl.Printinternallnfo();
Console._WriteLine(studentlinfo);

O 00O ~NO O WN P
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BN CAWINDOWS\system32\cmd.exe — | X

CtyaeHT: Metpenko letpo, Id: 168
Metpenko Metpo, KA-41, 4
Press any key to continue

Puc. 3.1. PesynpTaTt pobotu mporpamu 3 ictuHris 3.3 ta 3.4

MeTtoau

Memoo — 11ie iMmeHoBaHuU 0JI0K KoAy. MeToau 3a0e3nedyroTh (yHKIIIOHAIBHICTD
00'exTiB. O0'eKT O0€3 METO/IB € MACUBHOIO CTPYKTYPOIO, Y SIKii MOXKHA 30epiratu AaHi,
aJyic BOHA HE BUKOHA€E HISKUX OIepaIliil Haj JaHUMHU.

MeToau MICTATh OLIbILY YaCTUHY KOAY, AKUH 3a0€31euye qIJIbHICTh IPOTPaMHU.
Pewty peani3ytoTs iHII QYHKIIOHAIbHI €IEMEHTH KJIacy: BIACTUBOCTI Ta ONIEPATOPH.
[Ipy HanucaHHI METOJIB BUKOPUCTOBYIOTh NOMNEPEIHbO PO3IJISHYTI THUIU Ta
KOHCTPYKIIi JJi1 KepyBaHHA IMOTOKOM BHKOHAHHS NpPOrpaMH: IMEPEBIPKY YMOBH,
UKJIM, TIEPEXOAH TOIIO.

Kon, mpeacrasnennii y MeTo/11, MO’KHAa BUKOHATH 3 Oy Ib-SIKOTO MICIIS IPOTpaMu
B 00J1acTI BUUMOCTI, BUKOPUCTOBYIOUHM Ha3By METOAy (Ta Ha3By 00'ekta). [lim vac
po6OTH MPOrpaMu 3 METOI0M MOKHA OOMIHIOBATHCS TaHUMHU, TIEPEAl0UH iX y METOA
Ta OTPUMYIOUH X BiJ HHOTO.

OronoLueHHs meToay

OroJionieHHs METOAY MICTUTD JIBl TOJIOBHUX CEKIIli: 3ar0JIOBOK METO/Y Ta TLI0
MeTony (puc. 3.2). 3arojgoBOK METOY 3aJa€ WOTr0 XapaKTEPUCTUKH: THI PE3yIbTaTy
(SIKIIO BiH €), HA3BY, JaHi, Kl MEPEIalOThCA Y METO 1 OTPUMYIOTHCS BiJl HHOTO. T110
METO/1y MICTUTh OCIIJJOBHICTb IHCTPYKLIH, sIKI BAKOHYIOTh HE00X1/1H1 /1ii. BUkOoHaHHs
3aB/IM MMOYMHAETHCS 3 MEPIIOi IHCTPYKIIII METOAY 1 MOCTIJOBHO MPOJIOBKYETHCS 110
BUXOJ1y 3 HBOTO.
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Haiinpocrima ¢gopma 3arojioBKy METOAY Taka:

MethodType MethodName (ParamlType Paraml, Param2Type Param2?);

Tun pesynbTaty [epenik napameTpis

ne MethodType — tun pesynsrary meromny, MethodName — HasBa meroay. Y ayxkax
BKa3aHO CIHMCOK MapameTpiB. Y CIUCKY MapaMeTpu pO3JIeHI KOMaMHu, a KOXKEH
rapaMeTp ONKMCaHUM Maporo "tun napamerpa’ — "Ha3Ba napamerpa’. Akmio y Mmetosa He

NMOTPIOHO TIepesaBaTH HISKUX JaHUX, CIHCOK MapameTpiB Oynae BIACYTHIM (K Ha
puc.3.2).

void DoSomeTask () 3aronoBoK meToay

{

Statementl;

Tino metogy

StatementN;
} Puc. 3.2. Ctpykrypa meTony

[Ticnist 3arosioBKY po3TalllOBYIOTh TLIO METO/A, SIKE € 3BUYATHUM MPOTPAMHUM
0JIOKOM, OTOYEHUM (DIrypHUMH TyKKaMu. Y HbOMY, SIK 1 B IHIIMX OJIOKaxX, MOKHa
OT0JIONTYBAaTH JIOKAJIbHI 3MiHHI, BUKOPUCTOBYBATH BKJIaJ€H1 OJIOKH, 1HCTPYKIUT AJIs
KEpPYBaHHsI IOTOKOM BUKOHAHHS, a TAKOXK BUKJIMKATH 1HIL1 METOIH.

JlokanbHi 3MiHHI

Jlokanvui 3miHHi — 11e 3MIHHI, SIK1 J1IOTh TUTBKH B 0OMEXEHOMY OJIOI KOMY.
[Toni6Ho 10 moOMIB, iX TaKOX BUKOPUCTOBYIOTH JJIsi 30epiraHHs AaHUX. AJie Mojs
30epiratoTh JaHi, Kl CTOCYIOThCS 00'€KTIB, a JIOKAJIbHI 3MIHHI — THMYACOB1 MTPOMIDKHI
JTaHl.

OronourytoTh JTOKalbHI 3MiHHI TaK caMo, sIK 1 iHII 3MiHHI. [Ipu oronomenHi
BKa3yIOTh THUII, Ha3BY 3MIHHO{, a TaKO (HEOOOB'sI3KOBO) BHpa3 /I i1Hiliasi3arii.

Ha BigmiHy Bij moiB kiacy, 0071acTh BUAMMOCTI Ta )KUTTEBUM LUK JIOKATBHOT
3MIHHOI OOMEXeH1 OJIOKOM KOJy, B IKOMY BOHA OroJIollieHa. 3MiHHA JIOCTYITHA TiCs
il oroJIOIICHHS, 1 IEpecTae ICHyBaTH MpU BUXO/ 3 i1 010Ky koy. [TopiBHSHHS TOJTIB
Ta JJOKaJbHUX 3MIHHHUX MpUBeaeHO y Tadmui 3.1.

82



Tabnnys Ne3.1. MopiHANbHA Tabnuus NOMIB Ta NOKaNbHUX 3MIHHNX

Mone eksemnnspy INokanbHa 3MiHHa \
Yac xutta [MoYNHAETLCS i3 CTBOPEHHAM MMouynHaeTbes y Micyi 6noky, fe 3MiHHa
eKk3emnnsapy, 3aKiH4yeTbCS Npu oronoLeHa. 3akiH4yeTbCs npy BUXOSi 3
3HULLEHHI ek3emMnnspy Liboro oKy
HesaBHa |HiLiani3yeTbCs 3HAYEHHAM 3a Hemae HesBHOI iHiLiani3auii. Mpu cnpobi
iHiLianisauis 3aMOBYYBaHHAM 4N TMNy BMKOPUCTaHHS HeiHiLlianiaoBaHOI 3MiHHOT

BMHWKHE NOMWUIKa Komninmopa

Jly’)ke 4YacTto JIOKaJdbHI 3MIHHI I1HILIANI3YIOTh Bipa3y MNpU IX OrOJIOLIEHHI,
HaNpUKIa;
int count = 1;
double max = 100.0D;
Student studentl = new Student();

[Ipu npomy iH(OpMaII0 TIPO THMN KOMIIJIATOP MOXKE OTPUMATH K Yepe3
Oe3mocepenHe BKa3yBaHHA, TakK 1 uepe3 iHiIiami3yroue 3HadeHHS. Tak, B MEPIIOMY
BUTIAJKY THIT 3HAYCHHS 1 jierko po3mizHaty sk int, 3HauenHs 100.0D — sk tumn double,
a studentl — sk Tun Student. B Takux Bumaakax sBHE BKa3yBaHHS TUITY € HaJJTUIIIKOBHM.

[Ilo6 3amobirtu HammumkoBocTi, C# Hagae MOXIMBICTb BUKOPHCTAHHS
KJIFOYOBOT'O CJIOBa Var 3aMiCTh SIBHO 3aJaHOTO THUITY 3MIHHOI:
var count = 1;

var max = 100.0D;
var studentl = new Student();

KirouoBe cioBo var He € 03HaKo 0coOaMBOro BUAY 3MiHHOI. BoHO €
CUHTAKCUYHUM CKOPOYEHHSM OTOJIOIICHHS 3MIHHOI, SIKE MOBIAOMIISIE KOMIILISATOPY,
mo iHGOpMAIIiI0 PO THUI 3MIHHOI CiJ OTpUMATH 3 iHiIIaTi3amiiHOl cekiii. Ko
3aMICTh TUITy BKa3aTu Val, aje He MPOBECTH 1Hilliani3alli 3MIHHOI, BAHUKHE TOMUJIKA
koMnursinii. TakuM 4YMHOM, KIIIOUOBE CJIOBO Val HE 3MIHIOE CTPOTO THUIIM30BaHOI
npupoau C#.

Tinmo meromy Moxe MICTUTH BKJIajaeHI Onoku. JlokampHi 3MIHHI MOXXHA
OroJIOUIyBaTH y BKJIaJeHuX Ojokax. B Oyab-sikomy BHMajaky, 00JacTh BUAUMOCTI Ta
4ac JKUTTA 3MIHHOI 0OMeXeH1 TUM OJOKOM, y SIKOMY BOHA OroJjiolleHa (Ta OJokamu,
K1 BKJIaJIEH1 B HbOT'0), SIK [TI0Ka3aHO Ha puc. 3.3.

3ayBaxxumo, 110 B C Ta C++ MoxkHa OyJIO OTOJIOCUTH JIOKAJIbHY 3MIHHY, a TOTIM
y BKJIaJleHOMY OJIOIli OTOJIOCUTH III€ OJIHY JIOKAJIbHY 3MIHHY 3 TOIO X Ha3Borw. [Ipu
poMy "BHYTpIIIHA" 3MiHHA y BKJIQZIeHOMY OJoli mpuxoByBajia "30BHimHIO". Y C#
OTOJIOCUTH JIPYTY 3MIHHY 3 TI€I0 K HA3BOIO B 00JACTI BUAMMOCTI TIEPIIOi HE MOXKHA,
HE3aJIC)KHO BiJ] pIBHS BKJIAJEHOCTI OJIOKIB.
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void MyMethod ()
{

int varl = 10; 0BnacTb icHyBaHHs
{ 3MiHHOT var1

int var2 = 20;
0O6nactb icHyBaHHs
3MiHHOT var2

}

Puc. 3.3. BunumicTh JIOKaIbHUX 3MIHHUX Y BKJIQJIEHUX OJOKax

JTokanbHi KOHCTaHTK

JlokanpH1 KOHCTaHTHU YK€ CXO01 Ha JIOKaJbHI 3MiHHI, alie 1X 3HauUeHHS, 3aJaHe
IIPU OTOJIOLICHH], MPOTPaMHO HE MOXHA 3MiHIOBAaTH. JIOKanbHiI KOHCTAHTH, SIK 1 3MiHHI,
MOXYTb OyTH OTOJIOIIEHUMH TUIbKH Yy OJIOKaX.

OroJionieHHsT ~ KOHCTAHTU  BIAPI3HSIETHCS B OTOJIONIEHHS  3MIHHOL
BUKOPHUCTAaHHSM KJIFOUOBOI'O CJIOBa CONSt Oe3mocepenHhO mepen il THUIOM Ta
000B'SI3KOBOIO THIIIATI3AIIEIO IT1]] YaC OrOJIOIICHHS.

3araJilbHUMA CHHTAKCHC OT'OJIOIICHHS KOHCTAHTH TaKUH:

Krtoyose crnoso 3HayeHHs ans iniyjanisavii

const Type ldentifier = Value;

Y nictunry 3.5 TmNpuUBENEHO TPUKIAJ BUKOPUCTaHHS KOHCTaHTH, fKa
npezcTaBisie yuciao 7. JIokaabHy KOHCTaHTy 3 Ha3Boro Pl ta Tumom double orosmorreno
B psanky 3. YV psaky 6 BOHA BUKOPHCTOBYETHCS Y BUpasi, SIKU PO3PAXOBYE IUIONLY
kpyra. Meron DisplayCircleAreas y 1k po3paxoBye 1oty KpyriB 3 paaiycom Big 10
70 15 1 BUBOIUTH po3paxoBaHi 3HAUYCHHS Y KOHCOJIbHE BIKHO. Pe3ynbTaT BUKOHAHHS
PO3IIISTHYTOTO KOy IPUBEIEHO Ha puc. 3.4.

TictuHr 3.5. Mpuknag BUKOPUCTAHHSA NOKarbHOI KOHCTaHTK
static void DisplayCircleAreas()

{ OronOLLEHHS! KOHCTaHTH
const double PI 3.1416;

for (int radius = 10; radius <= 15; radius++)

{ ) ) BukopucTaHHst KOHCTaHTY
double area = radius * radius * PIl;

Console.WriteLine ("R = {0}, Imoma koja: {1}",
radius, area);

OO ~NO U WNP
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10 | }
11
12 | static void Main(string[] args)
13| {

14 DisplayCircleAreas();

15|}

BN CAWINDOWS\system32iemd.exe — | *

, Mnowa kona: 314,16
, Mnowa kona: 388,1336
, llnowa kona: 452 ,3904
, llnowa kona: 538 ,9304
, NMnowa kona: 615,7536
., Nnowa kona: 706,86

ress any key to continue .

Puc. 3.4. PesynbTar poOoTH porpaMu 3 JiCTHHTY 3.5

Buknuk meTomy

[lepexin 10 BUKOHAHHS METOJly HA3UBAIOTh GUKAUKOM METONy. MeToiu MOXHa
BUKJIMKATH 3 Oy/Ab-SIKOTO MiCIIsl MporpaMu (B 00J1acTi iX BUJIUMOCTI), Y TOMY YHUCII 3
IHIIMX MeTonAiB. Meroa, 3 SKOTO BHMKJIMKAKOTh IHIOUHA METOJ, Ha3UBaIOTh
suKauKaroyum. MeToJ, SKuil BUKJIMKAIOTh, HA3UBAIOTh BUKIUKAHUM METOJIOM.

Buknukatouni metog

void MainTask ()

{

Buknukanuin metop,

_ id SubT k
Statementl; (i)TOl ubTask ()

> Statement?;

o Statementl;

5 ... ,C) ’

;‘ >>SubTask();'; étatementM'

S [ 4 0, " Puc. 3.5. TToTik BHKO-
o StatementN; )

HaHHS P BUKIIUKY
METOAY

Cxema Ha pwuc.3.5 UIIOCTpy€ TMOCTIOBHICTh il TPU BUKIUKY METOIY.
CrioyaTKy TMOCIIOBHO BHKOHYIOTBhCS IHCTPYKINI BHKIMKa4doro meromy MainTask
(ctpinka mo mosumii 1). koo B 1HCTPYKLII Tparuig€Tbcsl BUKIMK METOAY (TOBCTa
CTPUIKA), TO BUKOHAHHA OTOYHOIO METOAY NPU3yNUHSAEThCS (mo3ullis 1), 1 mounHae
BUKOHYBAaTHCS BUKJIMKaHUN Meton SubTask (minsHka mix mo3utisimu 2 ta 3). Konn

85



BUKJIMKAHUH METO]I 3aKiHIy€ CBOIO pOOOTY, IMOTIK BUKOHAHHS 3HOBY MEPEXOJIUTH 0
BUKJIMKAIOYOTO MeToAy (miasiHka 3 —4), 1 BiH NMPOJOBXKYE BUKOHYBATHCS (CTpijiKa
TICIIs TTO3UITT 4) 10 CBOT'O 3aKiHYEHHS.

nOBepHeHHﬂ3HaHeHHﬂ3IMeT0ﬂy

MeToq MOXe IOBEpPTAaTH JI0 BHKJIMKAOYOIO0 METOJY SKECh 3HAYCHHS.
[ToBepHeHe 3HaUCHHS BCTABIISIETHCS Y BUKITMKAIOUNI KO B MICIIC, JIC 3alIMCaHNi BHpa3
13 BUKJINKOM METO/TY.

[Ilo6 meTom MIr MOBEPHYTH 3HAYEHHS, JUISI HHOTO MIPH OTOJIOMICHHI MOTPIOHO
3aJIaTH THIT TIOBEPHEHOT0 3HA4YeHHS. SIKIIO METOj HE MOBHHEH IOBEPTATH HIiSKOTO
3HAYCHHS, CJIiJ] 3a/I1aTH 3aMiCTh TUITY TTIOBEPHEHOTO 3HAYCHHS VOid.

VY HacTynmHOMYy NIpPHKJIaJl OTOJOMICHO JBa MeToau. Ilepmmii 3 HUX TOBepTae
3HaueHHs Ty double, a mpyruit — He MoBepTae 3HaYCHHS B3arali.

Twun pesynbtaty — double

double CalculateArea() { --- }
void ShowData() { --- }

3HayeHHs He NnoBEPTATUMETLCA

SIKII0 METOJT OTOJIOIIEHO 3 THUIIOM IMOBEPHEHOI'O 3HAYEHHs, TO BiH MOBUHEH
BUKOPUCTOBYBATH 1HCTPYKIIito [€tUrn 3 BUpa3oM, TUI SIKOTO BIJIMOB1/Ia€ OTOJIOMICHOMY
TUIy. BUKOHaHHS TaKOrO METOY CJIIJl IPUMTHHSTH TIIbKH BUKJIMKOM 1HCTPYKIIIi return
3 BUPA30M MOTPIOHOTO THUITY:

Bupa3 3 pe3ynbTaToM 3agaHoro Tuny

return Expression;

Nictuar 3.6. OronoLueHHs MeToay, AKuid noBepTae 3HaveHHs Tuny double

Tun pesynbTaty — double

1 | double CalculateArea(double r)
21 {

3 const double PlI = 3.1416;
4 double Area = PI * r * r;
5

7}
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VY nictunry 3.6 npuseneHo orosoineHHs meroay CalculateArea, sikuit oouucitoe
TUTONTY KpyTa 13 3aJJaHUM PaJilyCcoM 1 TIOBEPTAE i1 K pe3yabTaT. Y pAnaKy | B 3aroyioBKy
MeTo/1a BKa3aHo THIl pe3ynbraty — double. B xoxi orosomieHo 3miHHy Area mporo x
tuny (psgok 4), i mpHUCBOEHO Tl po3paxoBaHE 3HAYEHHS IUIONI. Y psaaky 6 3a
JOTIOMOT'O0 IHCTPYKIIi return BMicT 3MiHHOT Areéa moBepTa€ThCS BUKIMKAIOUOMY KOy .

Meton MoXke OBEpPTAaTH HE TUIBKU MPOCTI 3HAYEHHS, a i 00'€KTH BU3HAYECHUX
KOpHUCTyBaueM TumiB. Hampukiaza, Koa y JiCTUHTY 3.7 OMUCYE METO/I, AKUH MOBEpTaE
00'exT Kkacy Student (TouHile — MOCUIaHHS Ha 00'€KT, OCKUIBKU KJIAC € TIOCUIIATbHUM
tunom nanux). Cam kmac Student omucano y mictunry 3.3. B psaky 3 orojomieHo
TUMYAcoBy 3MiHHY Student kiacy Student i crBopeHo BigmoBimHuit 00'ekt. Jlami
(panku 4...6) moysaM 00'€eKTa TPHUCBOEHO SKICh 3HAYCHHS. Psmok 8 moBeprae
CTBOpEHUH 00'eKT Student BUKIIMKar04oOMy KOy .

Nictvar 3.7. OronolueHHs meToay, akuid nosepTae 0b'ekT knacy Student (aus. nictuHr 3.3)

1 | Student CreateStudentl()

2| {

3 Student student = new Student();
4 student.Name = "Illerpenko IleTpo";
5 student.Group = "KA-41";

6 student.Course = 4;

y

8 return student;

9|}

[loBepHeHHs 3 MeToziB 6e3 Tuny (void)

Merton, 115 SIKOTo TP Or'OJIONIEHHT HE BKa3aHO TUITY MOr0 pe3yJibTary (BKa3aHO
void), 3akiHuy€e CBOIO poOOTY NPU BUKOHAHHI CBOE€T OCTAaHHBOI 1HCTPYKIIii. AJie 4acTo
TPAIUISIOTHCS YMOBH, TIPU SIKUX HEOOXITHO MPUMTUHUTH BUKOHAHHS METOJY IIIBH/IIIIC.
J1J1s 11bOT0 TaKO’K BUKOPHCTOBYIOTH IHCTPYKIIito return, ame 6e3 Bupasy. Y Oylb-sKoMy
MICIII METOY 3 HhOTO MOYKHA BUWUTH 3a IOTIOMOTOF0 1HCTPYKIIii return:

return;

Taky ¢opmy iHCTpyKIIIi return (6e3 Bupa3y) MOxKHa BUKOPHUCTOBYBATH TIJIBKH Y
metoaax Void. TIpu crpo6i BukopucTatu 11 y METOAAxX, SAKi MOBEPTAIOTh PE3yJIbTar,
BUHUKHE TIOMIJIKA KOMITLJISIIII.

PosrnsHemo mpukinaa koxy B jgicTuHry 3.8. Koa MeTrogy BUKOHYETBHCS Yy
3BUYHOMY MOPSAKY, MOCIIIOBHO BiJ MEpIIOi IHCTPYKIIi. Y psiaKy 4 3a JOMOMOIOO
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iHCcTpyKIii if mepeBipsiemo sikych yMOBY (BOHa 3a1aHa Bupazom Conditionl). Slkmio Bona
BUKOHYETBCS, CHPAIbOBYE THCTPYKINS lEtUrN y psiaKy 5, 1 METOJ MPUIIUHSE CBOIO
po6oty. Ilporpama mpoaoBKy€e BUKOHAHHS HACTYMHUX IHCTPYKLIA BHKIMKAIOYOTO
KoAy. SIKIo yMOBa y pAIKy 4 He BUKOHYETHCS, TO IHCTPYKLisA [€tUrn He BUKOHYETHCA,
1 METO IPOJIOBKYE POOOTY.

Tlictvar 3.8. MpunuHeHHs poboTn meTomy
1 | void SomeMethod()
21 {
3
4 if (Conditionl) // Axacv ymoBa
5 return; // TloBepHEeHHA OO BUKJIMKAKNYOTO KOIY
6
7 if (Condition2) // Iuma ymoBa
8 return; // [ToOBEPHEHHA IO BUKJIIMKAKNUOI'O KOIY
9
10 | } // KihHeub MeTOnmy: MNOBEPHEHHS IO BUKJIIMKAOUOTO KOIY

Ham mictur 3.8 MICTUTH 1€ OAHY NEPEBIPKY 3 HACTYNMHUM NPUITHHEHHSIM
po0OOTH MEeTOTy pHU BUKOHAHH] YMOBH (psiaku 7...8). SIKimo Hi ogHa THCTPYKIIis return
HE CIpalioBaia, TO BUKOHYIOTbCS BCl IHCTPYKIlI METOXy, 1 MiCJsi BUKOHAHHS
OCTaHHBOI B1I0YBA€THCA MEPEXij 10 BUKIUKAIOYOTO KOY.

[NapameTpu

Jly>xe gacTo jisi poOoTH MeTOAy MOMY MOTPIOHO NepeaaTH J0AaTKOBI aaHi. e
poOJIsATH 3a JNOMOMOrOI0 TMapaMmeTpiB Meroay. l[lapaMmeTpu [03BOJISIIOTH TaKOXK
OTPUMATHU 3 METOJTy OLIbIIIE IaHUX, HIK OJTHE TIOBEpHEHE 3HaUeHHs. [lapavempu — 11e
creriajgbHl 3MiHHI, 32 JJOIIOMOTOI0 KUX Y METOJI MepeAaroTh JaHi (Ta OTPUMYIOTh iX).

PospizusitoTh popmanvui Ta paxmuyni napamempu.

@opmanvni napamempu (formal parameters) — e nokajibHI 3MiHHI, OTOJIOIICHI
y 3aroJIOBKYy MeTo1y. BOHUM mpecTaBsAtoTh 1aHi, 0 epeaaroThes y MeTo. [lepernik
napaMeTpiB y 3arojloBKy BKa3ylOTh Yy AYKKax Mapamu "TUI-Ha3Ba", pO3IUISIOUM iX
KOMaMu. MeTo/1 MOKe MaTH JIOBUIBHY KIJIBKICTh ITapaMeTpiB.
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Ocp nmpuKIa OroJIOIICHHSI METOY 31 CIUCKOM MapaMeTpiB:

public double CalcRectangleArea(double a, double b)

{
S Mepenik napameTpis

dopmanibHI TapaMeTpu — Ie 3MiHHI, TOMy B HHX MOXKHa 30epiraTé naaHi

(BIAMOBIIHO JIO THITY), IPUCBOIOBATH iM 3HAUYEHHS Ta yuTatu Moro. Ha BiaMiHy Bij
JOKaNIbHUX 3MIHHMX Yy METOAl, NapamMeTpu OroJIOIIEHI 3a MeXaMH METoay 1
IHIMATI3YIOTBCA O TOrO, SK MOro mepiia iHCTPYKINS CIHpaioe (BUHATKOM €
CrieliaJIbHUN BUJT TAPAMETPIB — GUXIOHI TTApAMETPH).

O06sacTh BUIMMOCTI TapaMeTpiB — BCE T1JI0 METONY. Y JIICTUHTY 3.9 OTOJI0IIEHO
meron CalcRectangleArea 3 paBoma mapamerpamMu JilicHOro THiy. OyHKIiS
CalcRectangleArea po3paxoBye miomry IpsIMOKYTHHKA 31 CTOpOHaMHM @ Ta b, 3HaYeHHs
SKUX MepeaaroTh y napaMeTpax.

Nictnar 3.9. MeTopg 3 ABOMa napameTtpamu

1 | double CalcRectangleArea(double a, double b)
2| {

3 return a * b;

413}

[lin 4Yac BHUKJIMKY METOAY, A0 TOro, sK BIH IOYHE BHMKOHYBAaTHUCS, HOro
napaMeTpu MaroTh OyTH iHiIiani30BaH1. Bupasu abo 3MiHHI, sIKI BUKOPUCTOBYIOTH JJIS
iHimiam3anii GopMaTbHUX TapaMeTpiB, HA3WBAIOTh (QAKMUUHUMU NaApAMempamu
(actual parameters).

[Topsimok 1 THN PaKkTUYHUX MAapaMETPiB MOBUHEH BIANOBIIATUA MOPAIKY 1 TUILY
dbopmanbHux mnapamerpiB. IIpu BHUKIMKY MeETOQy KOXKeH (GaKTUUHUNA TapameTp
PO3MIIIYIOTh Ha Miclie BiAmoBigHOTO (dopmanbHOro. KokeH dakTuyHui mapameTp
MOBUHEH MAaTW THII, SKHM BIJMNOBIAE 33aJaHOMY THUITY BIIIMOBITHOTO (HOPMAIBHOTO
napamMerpa.

Ocpb mpukitay Bukimky meroay CalcRectangleArea 3 mictunry 3.9:

double area = CalcRectangleArea(10, 20);

3HayeHHs ans napameTpa a 3HaveHHs ans napameTpa b

Y 1boMy TpHUKJIaAi OTOJIOIEHO 3MiHHY area Tumy double i mpucBoeHo ii
pe3ynbraT BukoHaHHS Meroay CalcRectangleArea. Tlpu BUKIMKY B METOJ IEPEIAIOThH
nBa pakTUYHUX MapameTpa. 3HaueHHs 10 npucBoroeTbest hopMaIbHOMY TTapaMeTpy a
(BiH y CITUCKY TepIuii), 3HaueHHs 20 MPUCBOIOETHCS MapaMeTpy b (BiH APYTHiA).

89



DakTUYHUMHU TIapaMeTpaMH TPU BUKIUKY METOJIa MOXKYTh OyTH HE TUIBKH
Oes3rocepe/iHl 3HaYeHHS (K Yy MONepeIHbOMY TIPUKIIAJI), aje 1 BUpasu:

double A = 30, B = 40, C = 0.5;
double area = CalcRectangleArea(A, B * C + 100);

3HaueHHs ans napameTpaa f| 3HaueHHs Ans napametpa b

[MapameTpu 3HaYyLLMX Ta NocKnanbHUX TUMNB

SIK1o THIT TapaMeTpa HAICKUTH 10 3HAUYIIUX TUIIIB, TO 3HAYCHHS ()aKTUIHOTO
napameTpa KOmitoeTbest y hopManbHUi mapamerp. TakuM 4HMHOM, METOJ MPAIoe 3
KOITI€I0 TIepeaHuX oMy naHuX. Bci 3MiHHM, SKi METOJI BHOCHUTH Y II0 KOTIiIO, HE
BITMBAIOTH HA MMOYATKOBI JaHi ()aKTHYIHOTO MapameTpa.

Posrissaemo npukitan 3 gictuary 3.10. Tyt oronomreno meton Doubling, sikuii
OTPUMYE Yepe3 mapaMeTp YHCII0, MHOKUTH HOT0 Ha 2 1 pe3yIbTaT BUBOJUTH Ha EKPaH.

Nicturr 3.10. MNepepaya B MeTOA NapamMeTpa 3HaYyLLOro TIny
1 | static void Doubling(double a)
2| {
3 a=a®*2;
4 Console.WriteLine ("B mMeTomi: a = {0}", a);
5|}
6
7 | static void Main(string[] args)
8| {
9 double aa = 10;
10 Console.WritelLine ("Jo Bukauky aa = {0}", aa);
11 Doubling(aa);
12 Console.Writeline ("llicng Bukauky aa = {0}", aa);
13|}

Y wmeroxi Main orosomeHo 3MiHHY aa, iHimiamizoBaHo ii 3HaueHHsIM 10 i
nepenaHo 4epes mapameTp y meroa Doubling. He 3Bakatoun Ha Te, 110 BcepeauHi
METO/ly Tepe/laHe 3HauYeHHs MOJABOIOETHCS, MICIA BUXOAY 3 HbOTO 3HAYEHHS 3MIHHOI
aa 3aynmIaeThcst He3aMiHHUM — 10 (quB. puc. 3.6).

[To-iamIoMy BeyTh cebe aaHi, mepeani 4epe3 napaMmeTpy MOCHIATbHAX THITIB.
IIpu mepemaui y MeToj mMapaMmeTp-TIOCUJIAHHS TaKOX KOMIIOEThCS, aje Komis
MOCWJIAaHHS BKa3y€ Ha TOM camMuil 00'€KT y mam'sTi, 10 ¥ NOCHJIaHHA y (aKTUYHOMY
napameTpi. Tomy Bci 3MIHM 3 TakuM 00'€KTOM, 3poOJeHI BCEepeArHI METO.y,
BiJI0OPA3ATHCS Y BUKIUKAIOUOMY METO/II.
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BE CAWINDOWS\systern32iemd.exe - O X

[lo BUKMUkY aa = 18
B metoni: a= 28
Mlicns Buknuky aa = 10
Press any kev to continue .

Puc. 3.6. PesyabsTar pobotu nporpamu 3 jgictunry 3.10. 3MiHH, BHECEHI METOIOM Y
nepenannii mapaMeTp 3HAYYIOTo TUITY, He 30€piratoThCs MICTs BUXOY 3 METOILY

Y gictuary 3.11 mpuBemeno mpukian mnepemadi 'y wmeton ChangeName
napametpa student — mocunanus Ha 00'ext Student (muB. mictuar 3.3). Y Tigi MeToxy
noto Name mpucBoroeThcsi 3HaueHHs1 "Bacuiibuenko Bacuiib", sike BUBOJIUTHCS Ha

eKpaH.
Nictuur 3.11. I'Iepe,u,aqa B METO napamMeTpa nocknanbHOro Tuny
1 | static void ChangeName(Student student)
2| {
3 student.Name = "BacujbueHkO Bacuib";
4 Console.WriteLine ("B meromi: \t" + student.Name);
5|}
6
7 | static void Main(string[] args)
8| {
9 Student stud = new Student();
10 stud.Name = "IleTrpenko IleTpo";
11 Console.WriteLine ("o Buxsmuky: \t'" + stud.Name);
12 ChangeName(stud) ;
13 Console.WriteLine ("MHicna sukimky: \t" + stud.Name);
14 |}

Y meroni Main ctBoproeThest 00'€KT — ek3eMIUIsAp Kiacy Student, micist 4oro B
fioro mone Name 3amucyetbes 3HaueHHs "llerpenko Iletpo". Ha expan BUBOAMTHCS
noyaTkoBe 3HaucHHS mojsi Name o6'exra. Jlami Bukiaukaerscst meton ChangeName
(foMy Yepe3 mapaMmeTp MepeacThCcsi CTBOPEHHM 00'€KT), 1 B KiHIII HAa €KpaH IIe pas
BUBOJUTHCS 3HaueHHs moJis Name oO'ekta. SIk BuaHO 3 puc. 3.7, 3MiHH, 3p00JIeHI
metogoMm ChangeName, 30epiraroThes micist 3aKiHYEHHS HOTro pOOOTH.

91



BN CAWINDOWS\system32emd.exe - O *

[lo BUKMUKY: Metpenko [lleTpo

B Metoa1: Bacunbyenko Bacunb
licna euknuky: Bacunbyenko Bacunb
Press any key to continue

Puc. 3.7. Pe3yabTaT pobdoTH nporpamu 3 JicTUHTY 3.11. 3MiHH, BHECEHI METOJOM Y
nepenaHnuii mapaMeTp NOCUIANbHOTO THITY, 30€piraroThCs MICS BUXOY 3 METOLY

[TapameTpu-nocunaHHs

[MapameTpu-nocuianus (reference parameters) 103BoJisi0Th NIEpEAATH Y METOT
MOCUJIAHHSA Ha 3MIHHY OyAb-SKOro TUIy (Y TOMY YHCI1 3Ha4yII0ro). Takl mapameTpu
OTOJIOIIYIOTH Ta TepenarTh y Meron 3 Moaudikatopom ref. [Ipu mpomy pakTHaHIM
napamMeTpoM MOBMHHA OYTH TUIBKH 3MIHHA, 1 il CJI1J] IPUCBOITH 3HAYEHHS /10 TOTO, SIK
BOHA OyJ1e BUKOpPUCTaHa B poJjii (PaKTUYHOIO MapameTpa.

CuUHTaKCHC OTOJIOIICHHS Ta BUKOPUCTaHHS MapaMeTpa-TOCUIaHHs TaKHii:

Moaudikatop ref

void TheMetod(ref double parl) // Orosnomenssa mMeromy

{--- 13

double a = 100.5; // BMiHHa 104 GaKTUUYHOTO IapaMeTrpa
TheMetod(ref a); // Buxnuk Mmetoma 3 ref-nmapamerpowm

Mogudikatop ref

TheMetod(ref 100.5); // Tak poOUTU HE MOXHA !

Momunka! Mae 6yTn 3miHHa!

VY nonepeaHbOMY IyHKTI MU OaymiiM, IO MPU NIEpEeIaBaHHl y METO MapaMeTpa
3HAYYyIIOr0 TUITy MOro 3HAYEHHS KOIMIIEThCSA Yy (HOpPMaIbHUI MapaMerp, 1 METOA
IpaIoe He 3 MOYaTKOBUMHU JaHUMHU, a 3 ix Komiero. [Ipu BUKOopHCTaHHI Imapamerpa-
MOCUJIaHHS BiH Bejle cebe Mo i0Ho 10 mapamMeTpiB NocwialbHUX TUIB. DopManbHMit
napaMmeTp-MOCWIaHHS [Il€ SIK TICEBJOHIM JJisi 3MIHHOI aKTyaJdbHOTO IapaMerpa,
MOCHJIAIOUHCh HAa Ty XK JUISHKY MaM'sTi 3 JaHUMHU. TOMY BCl 3MiHH, SIKI BHOCSITBCS Y
nepenani JaHi, 30€peKyThCs MICHS BUXOIY 3 METOAY 1 OyIyTh JHOCTYMHUMH uepes
(hakTHIHUI TTapaMeTp.
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VY gmictunry 3.10 My po3risgand nepeiady B METOJ HapaMmeTpa 3HayyIoro
TUITY, 1 0a4WIM, 110 MICIS BUXOAY 3 METOIY 3MiHH, sIKI BHOCWIHCS Yy (opMalbHUI
napameTp, He 30epiranucs (puc. 3.6). 3aminumo B JicTuHTY 3.10 mapameTp MeToay
Doubling Ha mapamerp-nocuaanns (sictaar 3.12). 3ayBaxkumo, 110 €MHA BiIMIHHICTh
micruary 3.12 Big 3.10 — Bukopuctanusa y psakax 1 ta 11 momudikaropa ref, sxwit
NEPETBOPIOE 3BUYANHUIN TTapaMeTp Ha apamMeTp-MOoCUIaHHS.

Nicturr 3.12. Mepenaya B METOA NapameTpa-nocuaHHs 3HauyLLOro Tuny

1 | static void Doubling(ref double a)
2| {
3 a=a?*2;
4 Console.WriteLine ("B meTomi: a = {0}", a);
5|}
6
7 | static void Main(string[] args)
8| {
9 double aa = 10;
10 Console.Writeline ("Io BukIMKyY aa = {0}", aa);
11 Doubling(ref aa);
12 Console.WritelLine ("llicng Bukauky aa = {0}", aa);
13|}

Bl C\WINDOWS\system32icmd.exe - O st

o BUKMUKY aa = 10
B Metoni: a=20
MMicnsa Buknuky aa = 20
Press any kev to continue .

Puc. 3.8. PesynbTaT pob6oTu nporpamu 3 JicTUHTY 3.12. 3MiHU, BHECEHI METOJIOM Y
nepeaHnii mapameTp-roCcCHiIaHHs, 30epiraloTbes Miclis BUXOAY 3 METOLY

BukoHaBmyu e ko, 0a4nMMo, 10 3MiHH, BHECCHI y nepenanuii ref-mapamerp,
30epiraroThCs MiCIIs BIANMPAIIOBAaHHS METOTy, SKUH iX 3p0OuB (MopiBHsNTE puc. 3.8 Ta
puc. 3.6).

[TincymoByrO4M cKazaHe, MOXKHa 3pOOUTH TaKi BACHOBKH:

» SIKmo BHKIMKAHOUOMYy KOy TMepeqaHe y METOJa 3HA4eHHS He MOTpiOHO

3MIHIOBATH, HOTO CIIiJT IepeIaBaTH sIK 3BUUAHUM mapameTp.
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» SIKI1o BUKJIMKAIOUUM KO Tiepeadaydae, 1o 3HaUeHHs epeaHoro napamerpa
MOXke (Y4d TOBUHHO) 3MIHIOBAaTHUCS BUKIUKAHUM METOJIOM, TO HOTO CIif
nepeaBaTH SIK apaMeTp-MoCHIaHHs 3 MoaudikaTopom ref,

[TocunanbHi TMNK y 3BMYanHKX Ta ref-napameTpax

Mu Bxxe Oauwid, 10 NEpelaHuil y MeTo ] 00'€KT MOCUJIAIBHOTO THIY MOXHA
3MIHIOBaTH BCEPEJMHI BUKIUKAHOTO METOJ]a, HE3aJIEKHO BiJl TOTO, YU BUKOPUCTAHO
3BUYAHUN TapaMmerp, 4 mapamerp-nocwinanHs (auB. ictudr 3.11). Tlpore,
nepelaBaHHsl MapamMeTpa MOCHIAIBHOTO TUIY 3 MomudikatopoM ref mae cyrreBy
BIIMIHHICTb. BOHa TIPOSIBISETHCS, SKIIO BCEPEAMHI BUKJIMKAHOIO METOJa 3a
nepelaHuM TMOCUJIaHHSAM HE MPOCTO 3MIHIOIOTH JaHl 00'€KTa, a CTBOPIOIOTh HOBHMA
00'€eKT.

Po3riasHeMo n1Ba BUIIAAKH:

1. MNepenaBaHHs o0'ekTa NOCUNANbHOTO TWMY 4Yepes 3BMYaNHMIA napameTtp. V
BUKJIIMKAaHOMY METOJll 4Yepe3 (opMallbHUI NapameTp MOKHAa 3MIHIOBATH
aKkTyalbH1 AaHi 00'ekTa. Aje, SIKII0O CTBOPUTH HOBUH OO'€KT 1 MPHUCBOITU
dopManbHOMY TIapaMeTpy MOCHIAHHS Ha HBOTO, TO II€ PO3ipBe 3B'I30K MiX
dbopmanbHuM Ta hakTUIHUM TTapameTpoM. HoBuit 00'ekT (BiAMOBIIHO 1 HOTO
JlaH1) He 30epeKeThCA MiCIs BUXOAY 3 BUKJIMKAHOTO METOY.

2. lNepenaBaHHs 06'ekTa NocMNanbHOrO TUMY Yepe3 napameTp-nocunaqHs. Sximo y
BUKJIIMKAHOMY METOJA1 CTBOPUTH HOBUK O0O0'€KT 1 MPUCBOITH HOrO
(dopManbHOMYy TapameTpy, TO 3MIHUTBCSA 1 THOCHJIAHHA B (PAKTUYHOMY
napaMeTpi — BOHO TaKOX IMOYHE BKa3yBaTH Ha HOBUH 00'ekT. [licis Buxomy
3 BHUKJIMKAHOTO METOJy HOBHH 00'€KT, Temep IMOB'SI3aHUN 31 3MIHHOIO
dakTuuHOTO MapameTpa, 30epexeThes. Ctapuii 00'€KT, IK CTPYKTYpa, Ha SIKY
OlybIIIe HE BKA3ye HisIKe MOCUJIaHHs, Oy 1e 3HuIeHni 30upadeM cmitts .NET
Framework.

BuxigHi napametpu

Buxinni napamerpu npusHadeHi s nepeaadi JaHUuX 3 METOY Y KO, 3 SIKOTO
BiH OyB BUKIMKAaHHMI. IX moBefiHKa JyXke CX0’a HAa MapaMeTpU-TIocuIaHHs. Buxinui
napaMeTpu OTOJIONIYIOTh Ta BHKJIMKAIOTh 3 Moaudikaropom out. Sk i mapamerp-
MOCWJIaHHS, BUXIAHUI MapameTp MOBUHEH OyTH 3MIHHOIO: MepefaBaTh BUPA3U LIUM
napamMeTpoM HEMOKIIUBO.

CuHTaKcHC BUKOPUCTAHHS BUX1JHOIO TapaMeTpy TaKUM:

94



Moaudikatop out

void TheMetod(out double parl) // OrosomenHsa mMeTOIy

{---}
double a; // BMiHHa 10j4 QakKTUUHOTO MapaMeTpa
TheMetod(out a); // Bukauk merToma 3 OUt-mapamerpowm

Moawdikatop out

[Toni6Ho nmo mapamerpa-nocwiaHHs, GoOpMaIbHUNM TapaMeTp JJIsI BUX1THOTO

napameTpa Jii€ K MOCWIaHHs Ha (hakTuaauil napamerp. | hopmanbumi, 1 hakTHUHUN

napameTp € Ha3BaMu JIUIs OJHIET 1 Ti€T K JUISHKY MaM'sITl 3 peaIbHUMH JTaHUMH. Tomy

BC1 3MiHH 3 (popMaTbHUM MapaMeTpOM BiApasy BiIOOPaKarOThCs Y peaIbHUX JaHHX 1

30epiraloTbcs Mmichsi BUXOMY 3 MeTody. Buximuuii mapaMmerp BIAPI3HIETHCS Bij

napaMeTpa-rmoCuJIaHHsg TAaKUMHU pUCaMU:

» Bcepeauni MeToy 3 BUX1AHOTO MMapaMeTpa MOKHA YATATH AaH1 TUIBKU MICTs
TOTO, SIK MPUCBOITH MOMY sikech 3HaueHHs. Lle o3Hadae, 1m0 iHiIiaTizarmis
BUXIJIHOTO MapaMeTpa Iepej Horo mepeaadcio B METO € HEJOPEUHOIO: 118
3HAQYCHHS y METOJII BCE OAHO HE MOXe OyTH oTpumaHe. TakuMm YHUHOM,
MepeaaT y METOT JaHi Yepe3 BUX1THUNA MapaMeTp HEMOKIIUBO.

» Bcepenuni Metony BUXiZHOMY apaMeTpy 00OB'sI3KOBO Mae OyTH MPUCBOEHE
3HAUEHHS Mepe]] 3aKIHYEHHSIM Horo poOoTH.

VY nictunry 3.13 npoaeMOHCTPOBaHO BUKOPUCTAHHS BUXIJTHOTO NapameTpa IS

OTPUMAaHHS pe3yJIbTaTy poOOTH METOY.

Tictuar 3.13. OTpUMaHHS 3HaYeHHS i3 MeToay Yepes BUXigHWA NnapaMeTp

O 00O ~NO O WNPRP

=
o

=
=

static void CalcSummOut(double a, double b, out double summ)

{
summ = a + b; Moaudikatop out

}

static void Main(string[] args)

{
double aa = 10, bb = 20, cc;
CalcSummOut(aa, bb, out cc); // Bxusaemo momudixkarop out
Console.WriteLine ("Cyma {0} Tma {1} = {2}", aa, bb, cc);

}
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Bl C\WINDOWS\system32icmd.exe — O *

Cyma 10 1a 20 = 30

Press any key to continue

Puc. 3.9. PesyawsTar pobotu nporpamu 3 jictunry 3.13. Tlepegada nanux 3 metoaa
yepe3 BUXIAHUI mapaMeTp

VY psnkax 1...4 oronomreno meton CalcSummOut, sikuii MiCTUTB JBa 3BUYANHUX
napamertpa (a ta b), i oguH BuxigHui (SUmm). B Tim MeToma OOYMCITIOETHCS Cyma
3HAYCHb @ Ta D, pe3ynbTaT SKOi 3aMUCYEThCS y BUXIMHUIM mapameTrp summ. Takum
YHHOM, BUX1JHUH TapaMeTp MOBEPTAE Y BUKIMKAIOYNI KOJ CyMy TIepeJlaHIX 3HAYCHb.
VY metoai Main Buknukaetbes Meto CalcSummOut (psok 9). Sk BuximHuit mapamerp
oMy mepenaerbcs 3MiHHA CC. 3 puc. 3.9 BuAHO, IO OTpPUMaHE 4Yepe3 BUXITHHUMA
mapaMeTp 3HAYCHHSI CTIPaBJli MiCTHTh CYMY TIEpEIaHUX TP BUKIUKY YHCEIL.

Macus napameTpis

VYV BCIX NONEpeaHbO PO3MISHYTHX NPHUKIaAaX KUIbKICTh (OpMabHUX Ta
(akTUYHUX TapaMmeTpiB CTPOro OJHAKOBA: ISl KOKHOrO (OPMajbHOTO NapameTpa
ICHy€e OJMH BIANOBIIHUM (paKTUYHUN TapameTp. AJjie 1HKOJM Harepes HEBiJoMo,
CKUIbKM 3HaueHb MOTPIOHO mepenaTtd y MeroA. Toal JTONOMOITH MOXKE MacuB
napameTpiB. Lleit MexaH13M BIIMIHHUH BiJ] MACHUBY, SIKHI ITepealOTh Yepe3 mapamerp,
asie qy’ke cxoxuil. POO0Ty MacuBiB pO3TIISTHEMO B OJTHOMY 3 HACTYITHUX PO3JILIIB.

MacuB mnapameTpiB JO3BOJISIE Tepenatd HyJdb abo Ouibiie (aKTHYHHX
napaMeTpiB 3a JOMOMOror OAHOTO (opmampHOro mapamerpa. [Ipu BukopucTanH1
MacHUBY MapameTpiB CIiJ] aM'siTaTu:

» VY mepeniky napameTpiB MeToj1a MOXKe OyTH TIJIbKH OJJMH MAaCUB IMapaMeTpiB.

» SIkmno BiH €, TO Ma€ OYTH OCTAHHIM Y MEPEIIKY.

» Bci mapamerpu MacuBy MOBUHHI MaTH OJIWH THII.

1106 orosocuTu MacuB MmapaMeTpiB, mepes Ha3Bow (GOPMAIBLHOTO MapameTpa
BKa3ylOTh Moau(dikaTop params, a Mmicls THIy [apaMerpa pO3MINIYIOTh Mapy
KBaJIpaTHUX Ny)OK. CHHTAKCHC OTOJIONICHHS METOTy 3 MACUBOM TTapaMeTPiB TaAKU:
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Mogudpikatop params Hasea macvBy napameTpis

double CalcAnySumm(params double numbers)

MacuB yncen double

VY mictunry 3.14 npuBeneHo kon meromy CalcAnySumm, sikomy mnepenaeThes
MacHB mapameTpiB humbers. Cam MeToJ1 OrojiomeHo B psaakax 1...7. Bin po3paxoBye
CyMy BCIX MepeJaHuX y MAacHBl MapaMeTpiB 3HaueHb. B TiM MeToma opraHi3oBaHO
ruki foreach, skuii mpoXomuTh MO BCIX €IeMEHTaX MacHBY Ta JIOJAA€E 1X JI0 JOKAIbHOT
3MiHHOI SUMM. B KiHI ii 3HaY€HHsI MOBEPTAETHCS Y BUKIMKAIOYHMI KOJ K PE3yJbTaT
METO.y.

Nictuhr 3.14. MNMepefaya y Metog MacuBy napameTpis

1 | static double CalcAnySumm(params double[] numbers)
2| { .

3 double summ = O: Macue napameTpis

4 foreach (double d in numbers)

5 summ += d;

6 return summ;

71}

8

9 | static void Main(string[] args)

10 | {

11 double a = 10, b = 20, ¢ = 30, d = 40, e = 50;
12 Console.WritelLine ("Cyma umcen ({0}, {1}) = {2}",
13 a, b, CalcAnySumm(a, b));

14 Console.WritelLine ("Cyma umcesnn ({0}, {1}, {2}) = {3}",
15 a, b, c, CalcAnySumm(a, b, c));

16 Console._WriteLine(

17 "Cyma umcest ({0}, {1}, {2}, {3}) = {4}1",

18 a, b, c, d, CalcAnySumm(a, b, c, d));

19 Console._WriteLine(
20 "Cyma uwmcen ({0}, {1}, {2}, {3}, {4}) = {5}",
21 a, b, c, d, e, CalcAnySumm(a, b, c, d, €));
22 | }

Y meroxai Main BinOyBaeThcs KijbKa BUKIUKIB MeToay CalcAnySumm 3 pi3HOIo
KUIBKICTIO TiepenaHux 3HadeHb (psaku 13, 15, 18, 21). Ha puc. 3.10 npureaeHo
pe3ysbTar poOOTH pO3TIAHyTOro komay. HesamexHo BiJ KITBKOCTI MepeaaHux
napameTtpis, meto CalcCAnySumm mpaBUIBLHO PO3PaxOBYE iX Cymy.
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BN C\WINDOWS\systern32\emd.exe — | *

Cyma uucen (16, 28) = 30

Cyma uucen (10, 2@, 30) = 60

Cyma uucen (10, 20, 30, 40) = 100
Cyma uucen (10, 20, 30, 40, 50) = 150
Press any key to continue .

Puc. 3.10. Pe3ynbrat pobotu nporpamu 3 nictunry 3.14. Ilepenaua y meron
MacHUBY IapaMeTpiB 1 pO3PaXyHOK iX CyMH

IMeHOBaHI napameTpu

[lepea M MU poO3IIIsLIaiy BUMAJIKH, KOJIM M1l 4aCc BUKIUKY METOAY (PaKkTU4H1
napamMeTpu TMiACTABISIIOTh BUKIIOYHO Ha MICIle BIAMOBIAHOTO (OPMAIBHOTO
napamerpa. Taki mapameTpu Ha3uMBaKOTh nozuyiunumu napamempamu (positional
parameters).

Y C# € MOXIMBICTb BUKOPUCTaHHS MapaMeTpPiB 1HIIOTO BUIY — IMEHOBAHUX
napaMeTpiB. IMeHOBaHI mapaMeTpu JO3BOJISAIOTH MPH BUKIMKY METOAY 3alUCyBaTH
(dakTUYHI MapaMeTpud B JOBUIBHOMY TMOPSAKY, BKa3ylOUHd IpU LbOMY Ha3BYy
dbopmanbHOrO Mapamerpa.

J1J1si BUKOPUCTAHHS IMEHOBaHUX MapaMeTPiB B OTOJIONIEHHI METOTY HE MTOTP1IOHO
HIYOrO0 3MIHIOBAaTH. AJie MiJ 4Yac BUKIUKY METOAY IMepel KOXHUM (aKTUUYHUM
mapaMeTpoM CITi/T BKa3yBaTH Ha3BY (POPMaILHOTO MTapamMeTpa 3 TBOKPAIKOTO:

dopmanbHuit napameTp dopmarbHuii napameTp

DivideDigits(b: bb, a: aa)

IMeHoBaHWi napameTp IMeHoBaHWi napameTp

VY nictunry 3.15 oronomreno meros DivideDigits (psinku 1...4), skuii 1iIUTh 1Ba

nepenaHi WoMy uwWcia 1 moBeprae pe3ynbraT. B komi metoma Main nBa pasm
BukiIukaeTsess ynkimis DivideDigits (psaku 10 ta 12). Ilig yac mepumoro BHKIHKY
CMOYaTKy BKa3yloThb mapamerp @, moTiM b. Ilix yac apyroro BHKIHMKY MOPSAIOK
NPOTHJISKHUI: crovyaTtky b, moriMm a. TakuM YHHOM, BHKOPUCTOBYIOUM IMEHOBaHI
napaMeTpH, MOXKHa 3MIHIOBATH MOPSIOK PO3MIIICHHS MapaMeTpiB MiJ 4ac BUKIIUKY
METO/TY.
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Nictuur 3.15. BukopuctaHHs iMeHOBaHKX napameTpis
1 | static double DivideDigits(double a, double b)
21 {
3 return a / b;
4%
5
6 | static void Main(string[] args)
71 {
8 double aa = 20, bb = 10;
9 Console._WriteLine("{0} /7 {1} = {2}, aa, bb,
10 DivideDigits(a: aa, b: bb));
11 Console _WriteLine("{0} 7/ {1} = {2}, aa, bb,
12 DivideDigits(b: bb, a: aa));
13 |}

Heob0B’a3k0BI NapameTpy

Heo0oB’s13k0B1 mapaMeTpu MOXKHA HE BKa3zyBaTH IpH BUKIMKY MmeTona. 11[o6
BKa3aTu, 110 HapaMeTrp He OOOB’SI3KOBUH, U1 HHOTO B OrOJIOLIEHHI CJIiA 3aJaTH
3HAYEHHS 32 3aMOBUYBaHHSIM. [Ipu 11bOMY BUKOPUCTOBYIOTh TaKUM K€ CUHTAKCHUC, SIK
1 IpH 1H1L1am13a1ii 3MiHHO1. Koy py BUKIIMKY METO/1a HE BKa3yI0Th HEOOOB’ I3KOBOTO
napaMerpa, TO INPUNAMAETbCs, 10 BIH JOPIBHIOE 3HAYEHHIO 3a 3aMOBYYBAHHSM,
BKa3aHOMY IpHU OTOJIOIIEHHI METOY.

Och BU03MIHEHUN METO 3 JICTUHTY 3.15, y SKOMy BKa3aHO HEOOOB’SI3KOBUI
napametp b i3 3HaUESHHSM 32 3aMOBUYBAaHHSM 2.

static double DivideDigits(double a, double b = 2)
{

return a /7 b;

}

SIKIIO BUKJIMKATH [Ied METOJI, He BKa3yruu mapamerpa b, To BigOyBaTHMEThCS
JICHHS €JIMHOTO TIEPeIaHoro MapaMeTpa Ha 2 (3HaUYeHHs 32 3aMOBYYBaHHSIM IS D):

double half = DivideDigits(20);

Jiist napameTpiB MOCUIAIBHUX TUIIB 3HAYSHHSM 32 3aMOBUYYBaHHSIM MOXKe OyTH
tineku Null. Tlapamerpu 3 momudikatopamu ref, out Ta params He MOXyThb OyTH
HE00O0B’ I3KOBUMH.

Bci 000B’s13K0B1 MapaMeTpu B OrOJIOIIEHHI METOJY MOBHUHHI PO3MILLyBaTHCS
nepen HeoOOB’SI3KOBUMHU. SIKIIO MpU LIbOMY METOJ MICTUTh MAcHB INapameTpiB (3
MoaudikaTOpoM params), To HOro CiiJ pO3MICTHTH IICIS BCIX HEOOOB’SI3KOBHX
napameTpiB.
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[Tpu BUKIMKY METO/Ia 3 HEOOOB I3KOBUMH TTapaMeTpaMK HE MOYKHA POy CKaTH
iX y IOBITbHOMY TOPSAKY. SIKIIO SIKHHCH HEOOOB  I3KOBUH MTapaMeTp HE BKa3YIOTh, TO
CJIi IPOITYCKaTH 1 BC1 1HIII HEOOOB’ I3KOBI MapaMeTPH JI0 KIiHIISA CITUCKY.

[lepeBaHTaXeHHA METOAIB

Kimac Moxe MICTUTH KUIBKAa METOMIB 3 OJHAKOBOK HAa3BOIO. Takl MeTOIH
Ha3uBalOTh nepesanmadsicenumu (Overloaded). Ane koxkeH 3 mepeBaHTaKEHUX METO/IIB
MIOBUHEH MaTH Pi3Hy curHatypy. Cueramypa memooa MICTUTh HOTO Ha3BY, KIJIbKICTb,
THUIIY 1 TOPSZOK apaMeTpiB, a TaKOXK X Moaudikaropu. TuIl MOBEpHEHOTO 3HAUYCHHSI
HE € YacTUHOIO cUrHaTypu. Ha3zBu opmanbHUX mapaMeTpiB TaKOXX HE € YACTHHOIO
CUTHATYPH — JIUIIIE iX THII.

[lepeBaHTaX€HHSI METO/IB BUKOPUCTOBYIOTh, SIKIIO MOTPIOHO MATH MHOKHUHY
METO/I1B, sIKI BAKOHYIOTh CXO0I1 UM OJHAKOBI J1i HaJ MapaMeTpaMu Pi3HUX THUIIIB.

VY npuBegeHOMY MPUKJIAAl MIJAKPECICHO €JIEMEHTH 3arojioBKa, siKi BXOASTH /10
CKJIJly CUTHATYpH:

int CalcSumm(int a, int b) { ... }

CurHatypa metogy

B mictunry 3.16 mpuBeeHO NpUKIIAL KiIacy 3 4YOTHpMa INEepeBaHTaKEHUMHU
meronamu CalcSumm.

Nictuhr 3.16. [NepeBaHTaXeHHs METOAIB
1 | class TheClass
21 {
3 long CalcSumm(int a, int b) { return a + b; }
4 long CalcSumm(int c, int d, inte) { returnc +d + e; }
5 long CalcSumm(float a, float b) { return (long)(a + b); }
6 long CalcSumm(long ¢, long d) { return c + d; }
71}

KoHcTpykTOpY ek3emnnspy

Koucmpyxmop exzemnisapy — 1ie ciemiallbHANA METOJI KJIacy, sSIKHi BUKOHYETHCS,
KOJI CTBOPIOETHCSI HOBHI €K3eMIUIIp Kiacy. KOHCTPYKTOp BHUKOPUCTOBYIOTH ISt
Himiamizanii exkzeMruisapy. [1{o6 MoxkHa OyJ10 CTBOPUTH €K3EMILISP KIIACY 3 KOJY, SIKHMA
HE HAJICXKHUTh LIbOMY KJIACOB1, KOHCTPYKTOp Mae OyTH OTOJIOLICHHH 3 MOIU(pIKaTOpOM
noctymy  public  (imakme BiH Oyae  HEIOCTYNHUH — 3a  3aMOBYYBAaHHSIM
BUKOPHCTOBYEThCS MoaudikaTop private).
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Ha3Ba kOHCTpyKTOpa 3aBXAM CHIBIAAAaEe 3 Ha3BOIO Kkiacy. KOHCTpykTop He
MO>K€ MOBEPTATH 3HAYEHHS, IPU HOro OroJIOIICHHI HE BKa3YIOTh HaBITh KIIFOUOBOIO
ciioBa Void. B ycboMy 1HIIIOMY KOHCTPYKTOP — 3BHYAHHUN METOJ]. 30KpeMa, BiH MOXKe
MaTH rmapameTpu. Haligacrinre iX BUKOPUCTOBYIOTH JUIsl IepeIadi 3HAYCHb, SKUMHU CIT1T
IHILIAJI3YBaTH MOJIs1 CTBOPIOBAHOTO 00’ €KTA.

Kiac 3aBxau mae xoua 6 OAMH KOHCTPYKTOP. SIKIIIO TPU OTOJIONIEHHI KJacy
SBHO HE 3aJaHO KOJHOTO KOHCTPYKTOPA, TO BHUKOPHUCTOBYETHCS KOHCTPYKTOp 3a
3aMOBYYBaHHSM, SIKUH HE Ma€ MapaMeTpiB 1 Ma€e MOPOKHE TiIO (HE pOOUTH HIYOTO,
TUTBKH CTBOPIOE 00'€KT). PO3risiHyTI M0 LBOro MpHUKIaAM CTBOPEHHS €K3eMILIspa
(manpukunan, mctuaru 3.1, 3.2) BUKOPUCTOBYIOTh KOHCTPYKTOP 32 3aMOBUYBaHHSM.

Sx1o y Ki1aci IBHO OTOJIONICHO X04a O OJIMH KOHCTPYKTOP, TO KOMITUIATOP HE
CTBOPIOE JOJATKOBOTO, 1 KOHCTPYKTOP 32 3aMOBUYYBAHHSAM CTa€ HEAOCTYMHUM. 1ol
npu crpoOi HOro BUKOPUCTATH BUHUKHE MOMUIIKA KOMOUISALIL. SKIIO KOHCTPYKTOP
TaKOro BUJY BCE X MOTPIOEH y mporpami, HOro Ciiiji OMucaTu caMoOMy, HE BKa3ylouu
napameTpiB Ta CTBOPUBILY JJI1 HbOT'O TOPOXKHE TLIIO.

KonctpykTopu MoOxyTh OyTH mepeBaHTakeHMMHU. lle 103BoJsie CTBOPUTH
MHOXXHHY KOHCTPYKTOPIB, fKI MOXHa BHUKOPHUCTOBYBAaTH [JISl PI3HUX PEXKUMIB
1HiI1ami3a1ii HOBOCTBOPEHOTro 00’ekTa. [loTpiOHMI KOHCTPYKTOp BKa3ylOTh MpHU
CTBOPEHHI €K3EeMILTIspa MICIIs ormepaTopa New.

TMictvar 3.17. Knac 3 ABOMa KOHCTpYKTOpamm

1 | class ClassX

21 {

3 public double X;

4

5 public ClassX()

6 {

-

8 by

9 public ClassX(double theX)

10 {

11 X = theX;

12 }

13|}

14

15 | static void Main(string[] args)

16 | {

17 ClassX cx1 = new ClassX();

18 ClassX cx2 = new ClassX(2.5);

19 Console._WriteLine(cx1.X = " + cx1.X);
20 Console_WriteLine("cx2.X = " + ¢cx2.X);
21 |}
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Y  mictunry 3.17 mnpuBeneHO TMPUKIAJ OrOJOIICHHS Kiacy 3 JBOMa
KoHCTpyKTOpamu. Knac mictuth ogue noje X. Ilepmuii koncTpykTop (psiaku 5...8)
IMITye (DyHKIIT KOHCTPYKTOpa 3a 3aMOBUYBAaHHSAM. BiH He Mae HI mapameTpiB, Hi
XKOAHOI 1HCTPYKIi. [Ipu HOro BUKIMKY CTBOPUTHCS €K3EMIUISIP Kilacy, a noje X Oyne
iHiIlaTi30BaHe 3HAYCHHSAM 3a 3aMoBuyBaHHSAM s Tumy double (mymem). dpyruid
KOHCTPYKTOp (psiaku 9...12) mae onuH napameTp, yepe3 SKUil nepeaatoTb 3HaYCHHS
st onst X. Ilepenane 3HaueHHS MPUCBOIOETHCS MO0 X. 3ayBakuMo, IO SKOH
JPYroro KOHCTPYKTOpa He Oyyio O, TO MOKHA HE OTOJIONTyBaTH 1 nmepiioro. Toi kiac
MaB OM HESBHMII KOHCTPYKTOpP 3a 3aMOBUYBAHHSM, SIKAU MOBHICTIO 1AEHTHYHUN
NepIIOMy KOHCTPYKTOPY.

B meroni Main mpuBeieHo npuKiiaa CTBOPEHHS IBOX ek3eMILIsApiB kiacy ClassX.
[Mepmuit ex3emruisip (CX1) CTBOPIOETHCSA BUKIMKOM IIEPIIOTO KOHCTPYKTOpa 0e3
napamerpiB. Moro mone X Bigpasy micis cTBopeHHs nopiBHioBaTuMme 0 (puc. 3.11).
Jpyruii ek3eMInisip (CX2) CTBOPIOETHCS 3a TIOIIOMOI'OIO IPYTroro KOHCTPYKTOpa, — HOMY
TepeIaeThCsl YMCIOBE 3HaueHHs. Moro moie X micis cTBOPEHHs J0opiBHIOBaTUME 2.5

(puc. 3.11).

BN CAWINDOWShsystem32hemad.exe — O x

=0
2,9

Press any key to continue

Puc. 3.11. ImocTparis poboT 1BOX KOHCTpYKTOpiB (stictuHT 3.17)

LectpykTopy

JlecTpyKTOpH BUKOPUCTOBYIOTH [IJIsl BUBLIBHEHHS B)K€ HE MOTPIOHUX PECYpCIB,
K1 BUKOPUCTOBYBaB €K3eMIULIp Kiacy. J[o Takux pecypciB HalexaTb OO0’ €KTH Y
nam’siTi, JECKPUITOPU BIAKPUTUX (GaiiaiB Tomo. J[ecTpyKTop BHUKIMKAETHCA MpPU
3HUINECHHI eK3eMIUIpy. SIKIo mporpama BUKOPUCTOBYe Tinbku pecypcu NET
Framework, To piiko BUHHKAE HEOOXITHICTh CTBOPEHHS JIECTPYKTOPA, 00 pecypcamu
Kepye cama iHPpacTpyKTypa.

Kitac Moxe matu TinbkM OfuH AecTpykTop. HasBa aecTpykTopa criBmajae 3
(cumBont "Tmipna"). JlecTpykTop He Mae

m_n
~

HA3BOIO KJjacy, aje mae mnpedikc
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napameTpiB 1 moaudikaropiB gocrtyny. B mporpami Ha C# necTpykTop SIBHO He
BUKIMKaIOTh. CucreMa cama HOro BUKIMKAE Yy Tpolect 30MpaHHS CMITTSA, KOJIU
BUSIBJISIE€ O1JIbINIE HE TOTPIOHI ITporpami pecypcH.

Ochb MPHKIIAJ] OrOJIOIICHHS AecTpykTopa i kiaacy ClassX 3 mictunry 3.17:

~ClassX()
{

// BueisbHeHHS pecypcis

}

k1o y oMy HeMae HeOOX1HOCTI, JECTPYKTOP HE MOTPIOHO Or0JIONTYBaTH.
OroJomieHHs TOPOXKHBOTO AECTPYKTOpa O€3 MoTpedu 3a/11t0€ 3aiiB1 CUCTEMHI PECYPCH.
VY nectpykTopi ciifi BUBUIbHITH TUTbKH 30BHIMIHI 10710 .NET pecypcu, sskumu Bonopie
00’eKkT (HampuKIIad, pecypcu, orpumani yepez Windows API).

Ha Biaminy Big C++, nectpykrop y C# He BUKIIMKAETHCS HETaitHO MPH 3HUIIECHH1
00’exta. HacnpaBai, Hemae crnoco0y BHUSICHUTH, KOJIM CaMe BiH CHPAIO€, OCKUIbKH
roro 3amyckatume migcuctema .NET Framework. Tomy, sKIO eK3eMILISp Kjacy
MO€E MICTUTH CTOPOHHI PECYPCH, SIKI CJIiJl BUBIJILHUTH BiJipa3y IMpH HOTro 3HMINCHHI,
TO MeW (QYHKIIOHAT CIiJi OKPEeMO 3amporpamyBaT (HANPUKIAJ, BUKOPHUCTABIIH
inTepdeiic IDisposable).

BnactmeocCTi

Bracmusocmi — 11ie eneMeHTH KIacy, sIKi MPEACTaBIAIOTh JaHi eK3eMIUIIpa Yu
Kjacy. BukopucTaHHs BIaCTHBOCTI JIy>)K€ CXO0’KE€ Ha BUKOPUCTAHHS IOJIS: omeparii
YUTAHHS Ta 3alldCy OJHAKOBi. Bi1acTuBICTh, SK 1 MMOJIE, Ma€e Ha3By Ta THII; 1H MOXKHA
MPUCBOIOBATH 3HAYEHHS 1 3 HET MOXHA YnuTaTH 3HadeHHs. [IpoTe, Ha BIAMIHY B1J OIS,
BOHA € (YHKI[IOHAJIbHUM €JIEMEHTOM KJIacy 1 MICTUTh BUKOHABYMil KoA. BiactusicTh
HE MoTpelye mam’sITi A7 pO3MIILIECHHS TaHUX.

BracTuBicTh € IMEHOBAHOIO MApPOI0 JBOX METOIIB, SIKI HA3UBAIOTh Memooamu
docmyny:.

» Meton npoctymy Set BHUKOPUCTOBYIOTh, LIO0 TIPHCBOITH BIACTUBOCTI

3HAYCHHS.

» Meroa noctymny get BAKOPUCTOBYIOTb, IIIO0 MPOYUTATH 11 3HAUCHHS.

BrnactuBicTh 6e3mocepeiHbO HE Ma€ BUIIJIEHOTO MICLS AJid 30€piraHnHs JaHUX.
Meroau noctyrny BU3HA4yalOTh TUIBKM TE, 1O Tpeda 3poOUTH 3 MepeaHuMU Y
BJIACTUBICTbH JJAHUMH 1 SIK1 1aH1 Tpeba MOBEPHYTH MPU 3BEPTaHHI 10 BIACTUBOCTI.
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OronoweHHs BNacTUBOCTI
CI/IHTaKCI/IC OI'OJIOIIICHHA BJ'IaCTI/IBOCTi TaKI/If/'Il

PropertyType PropertyName
{

set { // Kon mna sanmcy 3HAUeHHS BJIACTMBOCTL }
get { // Konm nnsa uMTaHHA 3HAUEHHA BJIACTUBOCTI1 }

PropertyType 3amae tun BiactuBocTi, a PropertyName — ii na3By. Lls yactuna
OTOJIOIICHHS BIACTUBOCTI TaKa XK, SIK 1 OTOJOMIECHHS TTOJISL.

Metonu MOCTYIy MaroTh CBifi CMHTaKcHC 1 Tpu3HadeHHs. JIJIs HUX SBHO HE
BKa3YIOTh HI TUI pe3yJibTaTy, Hi mapameTpu. MeTosa Set Mae OJIMH HESIBHUM MapameTp
3 Ha3BOIO Value, SKuit MiCTUTh 3HAYEHHS, 1[0 IIPUCBOIOIOTH BIacTUBOCTI. Leit MeTox He
noBepTae pe3ysabrary. MeTton get He Mae mapameTpiB, ajie MOBEPTAE 3HAUYCHHS, SKE
BIJIOBIJIA€ OTOJIOIIEHOMY THUITy BJIACTUBOCTI. CTPYKTYpy OrOJIONIEHHS BJIACTUBOCTI
umrocTpye puc. 3.12.

Tun HasBa

Hemage siBHOro oronoLueHHs
napameTpiB. HesiBHWIA napameTp
3aBXaM Ha3MBaeTLCA value, | mae
int TheValue TO# e TWn, Lo | BRAacTUBICTb

{

BMACTUBOCTI BNACTUBOCTI

set —
{ Hikonu He noBeprae

pesynesTary (void)

// Koo mma sanmMcy =SHaueHHS

get
{ He mae xogHoro

napameTpa. 3asxam
NoBepTae TON e v,
L0 | TUN BNacTUBOCTI

// Konm miiga uMTaHHS =[HaAUeHHS
return IntValue;

Puc. 3.12. Cxema oroJjiomnieHHs BiIacTUBOCTI

HesiBuit mapameTp 3 Ha3Bor value MO)KHAa BUKOPHCTOBYBAaTH y TiJi METOJa
JOCTyIy Set sk 3BUYAHWI mapaMeTp y 3BHYaWHHMX MeTojax. Merton (et moBUHEH
3aKIHUYYBaTHUCS IHCTPYKITE€IO return 31 3HaYEHHSM BI1JIIOBIIHOTO THUITY.

Metonu get Ta Set MokHa OroJolIyBaTé B JOBUIBHOMY mopsaky. Kpim Hux,
BJIACTHUBICTH HE MOKE MAaTH HISIKUX 1HIIUX METOIIB.

Jlictuar 3.18 imoctpye orosomenHs kiacy ClassX 3 BmactuBictio X. Y
NPUBEJICHOMY NMPHUKIAI MeTO A0CcTymy Set (psaku 7...10) mpocTo mpruCcBOOE MO0 _X
3Ha4YeHHs mapametpa value, a meton get (psaxu 11...14) moBeprae 3HaYCHHS MOJIS _X.
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3ayBaxxuMo, 1110 1oJie _X Mae Toi ke Tun — double — 1o 1 BiaactuBicts X. st momst X
HE BKa3zaHO MojudikaTtopa MOCTyIy, TOMy BOHO € MPUBATHUM (70 HHOTO HE Oyje
JOCTYITy 3-32 MEX KJIacy), a BJIaCTHBICTh MaTUME€ MOBHUH NIOCTYN (BUKOPHUCTAHO
Moudikatop public).

TNictvrr 3.18. OronoLueHHs Knacy 3 BNacTUBICTHO
1| class ClassX
2 {
3 double _x;
4
5 public double X
6 {
7 set
8 {
9 X = value;
10 ¥
11 get
12 {
13 return _Xx;
14 3}
15 ¥
16 | }
B 3aranbHOMY BUIAAKy BJIACTUBOCTI BOJIOJIIOTH PSAOM IEpeBar MOPIBHSIHO 3
MOJIAMU:

» Tak sik BIacTUBOCTI € (PYHKI[IOHAJIbHUMH €JIEMEHTaMH, a HE eJIeMEHTaMu
JaHMX (5K T0JIs ), BOHU JI03BOJISIFOTH TPOBECTH MEPETBOPEHHS HAJ JAHUMU U1
iX mepeBipKy MpH 3aMKci Ta YUTAHHI.

» CeMaHTMYHO TOJS Ta BJIACTHBOCTI 30BCIM Pi3HI (Xo4ya CXOXi Yy
BUKOpHUCTaHH1). Psia BHyTpimmHix 3aco6iB C# ta .NET Framework npamroroTs
TIJIBKH 3 BIIACTUBOCTSIMH.

Tomy B 3aragpHOMY BUIIQJKy CIIiJl HAJJaBaTH MEpeBary BIaCTUBOCTSIM, OCOOIUBO

SIKIITO KJIAC BXOAUTH J0 CKIaAy O10710TEKH, SIKY BUKOPUCTOBYIOTH 1HIIN 301pKH.

BuKkopucTaHHs BNacTMBOCTI

BukopucTaHHs BIaCTUBOCTEH aHAJIOTIYHE 10 BUKOPUCTaHHS MONIB. Tak, KO
cTBOpUTH ek3eMIusip kimacy ClassX (muB. mictunr 3.18), To 10 BaacTuBocTi X MOKHA
3BEPTaTUCh SIK /10 3BUYAWHOTO IOJIA: BKa3aTU Ha3By O0'€KTa Ta Ha3BYy BIIACTUBOCTI,
PO3AUIMBLIM IX KPaKoo:
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ClassX cx = new ClassX();
cx.X = 200.5;

Console.WriteLine ("BmacTtuBicTe X = {0}", cx.X);

3BepTaHHs 40 BNACTUBOCTI

VY mepmioMy psaKy CTBOpeHO ex3eMIunsip CX kimacy ClassX. B ppyromy psimky
BJIACTUBOCTI X 00’€kTa CX NMPUCBOEHO YHUCIOBE 3HAYCHHsS. TpeTid pAOK MICTUTH
3BepTaHHs 10 Metoaa WriteLine, sikuii BABOJUTH HAa €KpaH 3HAYCHHS, 1[0 YUTAETHCS 3
BJIACTUBOCTI X.

3ayBaXXHMO, 110 HamnpsiMy BUKJIMKATH METOIM JOCTyIy Set Ta get He mokHa.
BoHM BUKIIMKAIOTHCS HESIBHO, ITiJ] Yac omepalliii yuTanHs/ 3amucy.

BrnactuBicTh yacTo MOB'SI3yIOTh 3 MOJEM — K y po3risiHyTomy kiaci ClassX.
3arajgpHOI0 MPAKTHKOK € BUKOPUCTAHHS MPUBATHOIO MOJS y Kiacl A 30epiraHHs
JAHUX 1 MyOJIIYHOI BJIACTUBOCTI ISl 3a0€3MEUEHHS] KOHTPOJIHLOBAHOTO JOCTYITY 10
BJIACTHBOCTI 3-3a MeX Kiacy (sk y mictunry 3.18). Ilose, mos's3aHe 3 BIaCTHUBICTIO,
Ha3uBaoTh niompumyrouum nonem (backing field) snactusocri. Tak, y po3riasiHyToMy
MIPUKJIIAJIL TT0JIEe _X € MATPUMYKOYUM I10JIEM BJIACTUBOCTI X.

JIist  Kpamoro po3yMiHHS KOJY BHUKOPHUCTOBYIOTh KUTbKAa MIAXOMIB 10
IMEHYBaHHS BJIACTHMBOCTEH Ta MIATPUMYIOUMX MOdiB. HaliyacTiie BUKOPUCTOBYIOTH
TaKi yroaM 010 IMCHYBaHHs (IUB. TaOIUITIO 2.2):

1. Jlns HA3B BIACTUBOCTI 1 MOJS BUKOPUCTOBYIOTh OJMH PSJIOK, ajie JJIsl MMOJIs
BUKOPUCTOBYIOTH CTHJIb IMEHYBaHHs Camel (KoxHe CI0BO, KpiM MEpIoro, B
imeHTH(IKaTOpl MOYMHAIOTH 3 BEJIUKOI JIITEPH), a U BIaCTHBOCTI — pascal
(ko’KHE CJIOBO MTOYUHAIOTH 3 BEIIMKOI JTITEPH):

private int theData; // crwuns camel
public int TheData // cruns pascal

{
get { return theData; }

set { theData = value; }
}

2. JI7st Ha3BHM BJIACTHBOCTI BUKOPUCTOBYIOThH CTHJIb Pascal, a 1ist mosst — CTuIb
camel 3 MOYaTKOBUM ITi IKPECICHHSIM.

private int _theData; // crune camel 3 ninkpecsenHsauv
public int TheData // cruns pascal

{
get { return _theData; }

set { _theData = value; }
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JIoOTprMaHHS TaKMX yToJA 3HAYHO TOJIETHIYE YUTAHHS KOMY: (PYHKIIIOHAJIHHO
MOB’5I3aH1 €JIEMEHTH MalOTh CXO01 Ha3BU. Y JICTUHTY 3.19 BHUKOpUCTAaHO TEpIIUi
BapiaHT IMEHYBaHHS, a B JTICTUHTY 3.18 — npyrui.

3BUUYaiiHO, METOU JIOCTYITy HE OOMEXYIOThCS IPOCTOIO MEpeladero 3HaueHHs
3/ 10 MATPUMYIOYOTO MMOJIA. Y IUX METOIaX MOXKHA BUKOHYBATH MIEPEBIPKY JaHMX, AKi
3allMCYIOTh y BIACTUBICTh, a00 JH0AaTKOBE (POpMATYBAHHS JAAHUX MPHU YATAHHI TOIIO.
[Tpuknan y mictunry 3.19 1eMOHCTpye OTONOLIEHHS BIIaCTUBOCTI Percent, sika moBuHHA
MICTUTH 3HaueHHS Bi1cOTKiB (Big 0 1o 100). [TinTpuMyrodnm mosieM il BIaCTUBOCTI
€ percent

[Ipu 3amucy 3Ha4eHHs y BJIACTUBICTh B METOM1 SE€t BUKOHYETHCS IEpeBipKa
3Ha4YeHHS Value, sike MPUCBOIOIOTH BJIACTUBOCTI, Ha BIIMOBIJAHICTH JIOIMYCTHMOMY
niamazony [0...100]. 3 miero MeTOrO JIBa pa3u BUKOPUCTAHO YMOBHHUIt omeparop "? :"
(psnku 6 1 7). Criouatky niepeBipseMo, 9Yu 3Ha4YCHHS rapamerpa value Giibire Big 100,
1 IKIIO TaK, TO 33J1a€EMO ISl ITOJIsSl BEPXHIO JonycTuMy Mexxy — 100. B iHmmomMy Bunaaky
30epiraeThesi moTouHe 3HadeHHs value. Ilicis mporo mepeBipseMo, 4M OTpUMAaHE
3HaueHHs MeHine 0, 1 K0 Tak, TO 33JaEMO JIJIS TIOJIsE HUKHIO JonmycTuMy Mexy — 0.

Merton get mpocTo noBepTae 3HaUYCHHS MOJIA Percent.

NictuHr 3.19. MNepeBipka 3Ha4YeHHS NpU 3anucy Y BNacTUBICTb
1 | private int percent = 10; // Touie
2 | public 1i1nt Percent // BracTuBicTb
314
4 set
5 {
6 percent = value > 100 ? 100 : value;
7 percent = percent < 0 ? 0 : percent;
8 by
9 get
10 {
11 return percent;
12 ¥
13|}

[linTpumyroui moJsist AJis BJIACTUBOCTEH BUKOPHUCTOBYIOTH 4YacTO, aje 1HKOJIHU
3HAUEHHS BJIACTUBOCTI OOYHCIIIOIOTH HaA OCHOBI I1HIIUX JaHuX. JlIsg Takwx
00YHMCITIOBAHMX BIIACTUBOCTEH MiATPUMYIOU] MOJIS B3araji He MOTPiOHI — iX 3HAUCHHS
bOopMYIOTBCSI KOJOM.
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BrnacTnBoCTi TiNbKK NS YATAHHA | TiNbKW AN 3anucy

OnuH 3 METO/IIB TOCTYITY BIACTUBOCTI (ayie HE 00uBa HAapa3) MPHU OTOJIONICHH]
MOXHa HE BKa3yBaTH. BIacTUBICTh 3 €IUHUM METOJOM JIOCTYIy MAa€ TIEBHY
OCOOJIMBICTB:

» BriactuBicTb, sika Ma€ TUIBKA METO (JEt, € BIACTUBICTIO MiibKU OJisl YUMAHHS

(read-only). Bona 3a0e3nedye oTpuMaHHS TaHUX aJie HE T03BOJISE 3a1aTH 1X.

» BiactuBicTh, sIKa Ma€e TUTBKH METO/ Sel, € BIACTUBICTIO MitbKu O/ 3aNUCY

(write-only). Bona 103BoJIsi€ 3anucaty AaHi, ajie He JacTh iX OTPUMATH.

Xouva 6 0IMH METOJ JOCTYITy TTIOBUHEH iCHYBaTH. B iHITOMY BUTIAJKy BUHHKHE
IMOMIJIKA KOMITLITSL].

Y micrunry 3.20 mpuBeneHo orosoireHHs kiacy CurrencyExchange, sikwmi
MpU3HAYCHUN N7l TepeTBOpeHHs BamtoT (psaaku 1...12). Knmac micTuTh 1Ba mouis:
SummUSD (ctomm 3ammcyroTh cymy B 0a3oBii BamioTi (momapax)) ta CourseUAH
(GaHKIBCBKMI Kypc TPUBHI BIAHOCHO 0a30BOi BajiOTH). BIacTUBICTh TUIBKU JIA
yutanHss SUMMUAH no3Bossie orpumaTtu cymy y rpuBHsX. [Ipyu uuTaHH1 3HaY€HHSA
BJIACTUBOCTI BIATIOBIIHA CyMa PO3PaxoOBYEThCS Yy MeTOI1 AocTymy get (psiaok 9). s
KOPEKTHO1 poOO0TH TIepeT YUTaHHSIM 3Ha4eHHS BIacTUBOCTI SUMMUAH citifx mpucBoitr
3HadyeHHs nossiMm SUMmMUSD ta CourseUAH.

Nictunr 3.20. Knac 3 BNACTUBICTIO TiMbKK ANS YUTAHHS

1 | class CurrencyExchange

214

3 public decimal SummUSD;

4 public decimal CourseUAH;

5 public decimal SummUAH

6 {

7 get

8 {

9 return SummUSD * CourseUAH;

10 }

11 }

12 |}

13

14 | static void Main(string[] args)

15 | {

16 CurrencyExchange ce = new CurrencyExchange();
17 ce.SummUSD = 10;

18 ce.CourseUAH = 25.322393M;

19 Console._WriteLine("*'USD = {0:0.000}, UAH = {1:0.000}",
20 ce.SummUSD, ce.SummUAH) ;
21 |}
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Y wmeromi Main moka3aHO BUKOPUCTaHHS ONKMCAHOro kiacy. Crovarky
CTBOPIOEMO €K3eMIUIIp Kiacy, moTiM y moss SUmmUSD Tta CourseUAH 3amucyemo
3HaueHHs (cymy Ta Kypc). Hami (y psakax 19...20) untaemo 3HaY€HHS BJIACTHUBOCTI
SummUAH (1151 cyma po3paxoBy€TbCsS aBTOMAaTUYHO) 00'€KTa CE, 1 BABOJAMMO ii Y BIKHO.
Puc. 3.13 umrocTpye poboTy 11i€i Mporpamu.

BN CHAWINDOWS system32icmd. exe — O et

USD = 10,808, UAH = 253,224
Press any key to continue

Puc. 3.13. PesynbTat podoTu nporpamu 3 jictuary 3.20

BrnactvBocCTi 3 aBTOMATUYHOK pearnisauieto

Jlyist 306epiraHHs JaHUX BIACTUBOCTI MIATPUMYIOU1 TIOJISI BUKOPUCTOBYIOTH TYKe
gacto. [Ipu 11poMy MeTOIM OCTYITy HEPIKO MPOCTO TPAHCIIOIOTH 3HAYECHHSA Y TOJI€.
Tomy C# 3abe3nieuye eracmusocmi 3 asmomamuunoro peanizayicio (auto-implemented
properties), It AKX aBTOMAaTHYHO CTBOPIOETHCS MPUXOBAHE MiATPUMYIOUE TOJIC Ta
METOJIM IOCTYITy, Ha OCHOBI 33/IaHOT'O TUITY BIACTHBOCTI.

[Tpu orosomieHHi Takoi BIIACTUBOCTI y TiJli KO)KHOTO METO/1a OCTYITy BKa3ylOTh
MOPOXKHIO 1HCTPYKIIO (Kpamnky 3 Komoro). Hisikoro momaTkoBOro Kogy METOAH
JOCTYIly HE TOBUHHI MICTUTHU. Takuii meTon et misiTuMe SK MPOCTEe YUTAHHS 3
PUXOBAHOTO MIATPUMYIOYOTO TOJIS, @ METO Sel — sIK 3aMuc y HbOTO.

[IpuxoBaHe MWiATPUMYIOYE TOJE€ BIACTMBOCTI HEBHIWUME 1 HEIOCTYIHE IS
IPOrpaMHOTo Koay. ToMy BIACTHBOCTI TUTBKH JUIsl YUTAHHS Ta TIJIBKU AJIS 3aIUCY Y
TaKHX TOJISIX HE MOXKYTh OyTH peanizoBaHi 1 He MIATPUMYIOTHCS KOMITUISITOPOM.

Hactynuuii xom JaeMOHCTpy€ OTOJIONICHHS BJIACTUBOCTI 3 aBTOMAaTUYHOIO
peaizali€ro y Kiaci:
class TheClass MopOXHS IHCTPYKLiSA

{

public int TheValue { set; get; }
by

[MOpOXHS IHCTPYKLis
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BractuBOCTI 3 aBTOMAaTHYHOIO peaii3ali€lo 3a0e3NeuyroTh TyKe 3pydHUil
MEXaHI3M IS OTOJIOIICHHS IMPOCTHX BJIACTMBOCTEH. 3arajJioM IMpU IMPOCKTYyBaHHI
KJIACiB BJIACTHUBOCTSIM BapTO HAJaBaTH IepeBary Haj MOJIIMH (KOJIH 1€ BUIIPABJIAHO).
Tak, y xiaci CurrencyExchange 3 mictunry 3.20 mosist MOJKHA 3aMiHUTH Ha BIACTUBOCTI,
AK Toka3zaHo y mictunry 3.21. BmactuBocti SUMmMUSD Tta CourseUAH ommcano sik
BJIACTUBOCTI 3 aBTOMATHYHOIO peai3aiicro. BoHM He MawTh HI SBHOIO
MIITPUMYIOUOTO OIS, HI KOAY JUISl METOIB IOCTYIY.

Nictuhr 3.21. JonpaysoBaHuit knac CurrencyExchange: Tinbku BnacTusocTi
1 | class CurrencyExchange
21 {
3 public decimal SummUSD BractusicTb 3
4 { aBTOMaTUYHOK peanisayieto
5 get; set;
6 } :
7 public decimal CourseUAH B“aCT”B'CTb?f :
8 { aBTOMATUYHOK peanisallieto
9 get; set;
10 }
11 public decimal SummUAH
12 {
13 get
14 {
15 return SummUSD * CourseUAH;
16 }
17 3}
18 | }

MogaudpikaTopy JocTyny And MeToziB Sset Ta get

3a 3aMOBYYBaHHSM OOHZBAa METOAM JOCTYIY MarOTh OJHAKOBUW pIBEHb
TOCTYITy, SIKHH BHU3HAYCHHWH PIBHEM MOCTYITy BJIACTHUBOCTI. Tak, SKIO BJIACTHUBICTH
oroJioireHa sik public, To metoau Set ta get Takox MaTuMyTh piBeHb pPublic.

Ane, pu OTOJIOIICHHI BJIACTHBOCTI JJIi METOMIB JOCTYIly MOXKHA BKa3aTH
BiIacHi monudikatopu pgoctymy. Hampukiaa, MoXKHa OTOJOCHTH BJIACTHUBICTH 3
pUBATHUM MeTOoJ0M Set 1 myOmiunuMm get (mictunr 3.22). Toxi 3anucaTu qaHi y Taky
BJIACTUBICTh MOXHa OyJ€ TIIbKM BCEpEIUHI CaMoOro Kiacy, aje 4uTaTH JaHl 3
BJIACTUBOCTI 3MOXKYTh BCi. Llelt miaxia BUKOPUCTOBYIOTH JOBOJI YacTO, OCKUIBKH BiH
peaiizye 3py4YHUd MEXaHI3M 1HKANCYJIAIil JaHUX.
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TNictvar 3.22. 3agaHHa MoaudikaTopa AoCTyny Ans MeTofa Set BnacTUBOCTI
1 | class Person
214
3 public Int PersonCode { get; private set; }
4 public Person(int code) _
5 { Mogudpikatop goctyny
6 PersonCode = code;
7 +
81}

VY nmictunry 3.22 BnactuBicts PersonCode mae came Taky peaisaiiito METOIiB Set
ta get (psgok 3). 3HaueHHs JJIA Ii€l BJACTHBOCTI 33J1a€ KOHCTPYKTOpP (psaaku 4...7).
AJie 3-3a MEX KJ1acy 1[bOTO 3pOOUTH HEMOKITUBO.

MeToay AOCTYITy BIACTHBOCTI MOKHA 3a/1aBaTl MOJU(DIKaTOp JOCTYMY TUTBKH
TOJ1, KOJU BJIACTHBICTh Mae oOuaBa meroau — Set 1 get. [Ipu mpomy mMoamdikatop
MO>KHA 3aJ]aBaTH TUTHKHU TSI OJJHOTO 3 HUX.

Moaudikarop AocTyny aisi METOAY JIOCTYMy IMOBHHEH 3aJaBaTd CTPOTILIe
0OMeXEHHS, H)K Mojudikatop BiactuBocTi. ToOTo, mist public-BiracTuBOCTI MOXKHA
3ajatu private-meros Set (uu get), ane He HaBMAKH.

Hactynuuit  mopsimok  mMomudikatopiB  IOCTYIy BimOOpakye 3pOCTaHHS
obMexxenHb: public > (protected uu internal) > private.

CTaTu4Hi ENEMEHTY Kracy Ta KOHCTaHTU

Kpim enemeHTIB, K1 HaJIeKaTh OKPEMOMY €K3EMILISIPOBI, KJIAC MOXKE MICTUTH
eneMeHTH (TI0JIsA, METOAM TOMIO), SIKi MOB’S3aHi 3 KJIACOM B ILILIOMYy. IX Ha3sHBaIOThH
cmamuyHuUMy €IeMEHTaMHU KJacy 1 MO3HAYaloTh MPHU OTOJOMIEHHI MOANU(iIKaTOpOM
static. It poOOTH 31 CTATHYHUMH €JIEMEHTAMU HE TOTPiOHO CTBOPIOBATH 00’ €KT —
eK3eMIUIp Kjacy. BOHM ICHYIOTh HaBiTh TOMl, KOJIM HE CTBOPEHO KOJHOIO
eK3eMILISIpA.

CrtaTtuyHi nons

CraruyHe nonie AJig pO3MIIIEHHS JaHUX BUKOPUCTOBYE NUISHKY Mam’sTl, siKa
CHUIbHA JUISl BCIX €K3EMILIAPIB Kiacy. TakuM 4MHOM, SIKIIO OJIMH €K3EMILIAp 3MIHIOE
BMICT IIOT'O TTOJIsI, BOHO 3MIHIOETHCS JJISI BCIX €K3eMIUTAPIB. SIKIIO CTaTHYHE T0JIe TIPH
OTOJIONIEHHI 1HIIIAI3Y€EThCS, TO BKa3aHe 3HAYCHHS IPUCBOIOETHCS HOMY JI0 TIEPIIIOTO
3BEPTaHHS.

VY 1npoMy TpUKIIaAl OTOJIONICHO Kiac, SIKUA MICTUThH OJIHE TOJIe eK3eMIUIIpa i

OJIHE CTaTUYHE II0JIE:
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class MyClass

{

int Fieldl; // Tloje exk3eMIigpa
static int Field2; // CraTudHe MoJje

be
Mogudikatop

IIpu 3BepTaHHI 10 CTaTUYHOIO IOJs, HA BIAMIHY BIJ MOJIA EK3EMILLIpA,
BKa3ylOTb HE Ha3BYy €K3eMIUIsipa, a Ha3By Kiacy (EK3eMIUIIp MOKEe HaBITh HE
ICHYBaTH):

MyClass.Field2 = 12;

CTtaTuyHi oyHKUIOHAMNbHI eNemMeHTH

CraruyHi (yHKIIOHAJIBHI €JIEMEHTH (30KpeMa, METOAM ), SIK 1 CTATUYHI MOJIsl, He
TIPUB’A3aHi 710 eK3eMILIAPa Kacy. IX MOKHA BUKJIMKATH HABITh TOJ, KOJU €K3eMILIAP
He icHye. BianoBigHO, cTaTyHI (PyHKIIIOHAJIbHI €JIEMEHTH HE MOXKYTh 3BEPTATHUCS 10
€JIEMEHTIB €K3eMIUTSIPA, & TUTBKU JI0 1HIIUX CTATHYHUX EJIEMEHTIB KJIacy.

VY nictunry 3.23 mpuBeAeHO Mporpamy, sSika MICTHTh OTOJIOIIEHHS KJacy 31
CTaTUYHHUM TIOJIEM Ta CTATUYHHM METOJIOM, 1 MPOJEMOHCTPOBAHO POOOTY 3 HHUMH.
Knac ClassX oromnomeno y psinkax 1...9. Bin mictuth cratuune none X (psaok 3) i
crarnunuii meroa DoubleX (psiaku 5...8). Metoa npocTo MHOKUTH 3HAUEHHS MO X
Ha 2.

NMictuar 3.23. Knac 3i cTaTUyHMK efieMeHTamm
1 | class ClassX
21 {
3 static public double X;
4 public double Y;
5 static public void DoubleX()
6 {
7 X *= 2;
8 }
9%
10
11 | static void Main(string[] args)
12 | {
13 ClassX.X = 10;
14 Console.WritelLine ("Jo Bukamuky MetTonmy: {0}", ClassX.X);
15 ClassX.DoubleX();
16 Console.WritelLine ("Ilicng Bukamky MetTtonmy: {0}", ClassX.X);
17 | }
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B meroni Main cioyatky npucBOOEMO cTaTUYHOMY ToJt0 X 3HaueHHs 10 (pu
IbOMY 3BE€PTAEMOCH JI0 HbOI'O Uepe3 Ha3By Kjlacy, a He uepe3 Ha3By ek3eMIusipy). Jami
BHBOAMMO IIOTOYHE 3HAYEHHsS X Ha €KpaH, BUKIMKAEMO cTaTHUHHU meton DoubleX
(psimok 15), 1 me pa3 BUBOJAUMO X. 3ayBaKMMO, IO MPHU 3BEPTaHHI JO CTATHYHOIO
MeToja BKkazyemo Has3By kiacy (ClassX), a He Ha3By ek3eMinisipa (BiH HeE ICHYE).
Pesynbrar po6oTH 1i€i nmporpamu 300paskeHo Ha puc. 3.14.

Crarnunnii Mmetox DoubleX mosxe 3BepTaTHCs TUTBKH 10 CTATUYHUX TOJiB. ToMy
CTBOPUTH aHAJIOTTYHUIN CTATUYHUM METO/I, IKUM MOJBOIOBATUME 3HAYCHHS MOJis Y, HE
MO>KHA — BOHO HE € CTATUYHHM.

EE CA\WINDOWS\system32iemd.exe - O >

flo BUknuky mMeTony: 10
[licnsa Buknuky metoay: 20
Press any key to continue

Puc. 3.14. Pe3ynbrar poOOTH nporpaMu 3 JICTUHTY 3.23

KoHcTaHTK Knacy

KoHcTanTu Kimacy OroJyionryroTh Tak camo, SIK 1 JIOKaJlbHI KOHCTaHTH, aje B
OTOJIOIICHH] KJacy. Taki KOHCTaHTH € EIEMEHTaMU KJIAcy 1 10 HUX MOKHA 3BEPTaTUCS
yepe3 ioro Ha3zBy. OCh MpUKIIa] OTOJIOMIEHH KOHCTAHTH y Kiaci:

class TheClass

{

const int BasicNum = 100; // OToJyiomeHHS KOHCTAHTM TUIly int

b
KroyoBe croso IHiLiani3auis

TyT B TN KJ1acy OrOJIONIEHO KOHCTAaHTY 3 Ha3Boro BasicCNum mimoro Twiry 3i
sHaueHHsaM 100.

3HavyeHHs ISl KOHCTAHTH OOYMUCIIOEThCA M vac kommuasmii. Tomy mns ii
1HIIIami3alii MOKHa BKa3aTW BUpa3, SKUM MOke OyTH pO3paxoBaHMH y 1€ dac,
HaIPUKIIA]I;
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class TheClass

{

const int BasicNum 100;
const iInt BasicNum2 BasicNum * 2; // O6umcroeTbcsa Ha OCHOBIL
} // rnonepenHLOTO 3HAUEHHA

3ayBaxkxumo, 1o, Ha Biaminy Bim C ta C++, y C# HEMOXIMBO OTOJIOCUTH
riobanpHy KoHCTaHTy. KojkHa KOHCTaHTa Ma€e OyTH YaCTHHOIO TUITY.

KoHcranTu knacy ocoOauBI THUM, IO BOHU JIOCTYIIHI SIK JUJIsl BCIX €K3EMIUISPIB
KJlacy, TaKk 1 JUIS CTaTUYHUX (PYHKIIOHAJBHUX €JIEMEHTIB, SKI HE TOB’s3aHl 3
EK3EMILJIIPOM 1 MOXKYTh BUKJIMKATHCS TOAL, KOJIM YKOJHOTO €K3EMIUISIPY HE ICHyeE. Y
[bOMY KOHCTaHTH KJIacy CX0’K1 Ha CTaTUYHI IOJIs, aJi€ 3 LIMPLIOI0 30HOO JOCTYIHOCTI.
Ane, Ha BiIMIHY BiJl TIOJIIB, KOHCTAHTH HE 30€piraloTbCs y Mmam’sTi, a IPOCTO
HiCTaBISAIOTHCS KOMITUIITOPOM Y KO/I.

Xo4a KOHCTaHTH y J1i CX0K1 HAa CTaTUYHI [10JIsl, OTOJIOCUTH CTATUYHY KOHCTAHTY
HE MOKHA. TOMy HacTyIHUHM KOJ MPUBEIE JO MOMUIKA KOMITUIALII:

static const Int A = 50; // lHovunka! CTaTMUHMX KOHCTAHT HeMac

CTaTW4Hi KOHCTPYKTOPK

KoHcTpykTOpH Takok MOXYTh OyTH CTaTUYHUMHU. Tofl SIK KOHCTPYKTOPH
eK3eMIUISIpa  1HIaMI3yl0Th TMOJsI KOXXHOTO HOBOIO  €K3EeMIUIAPY, CTaTUYHUUN
KOHCTPYKTOP 1HIIIaTi3y€ CTATUYHI €IEMEHTH PIBHSA KJacy.

CratuyHi €JlIeMEHTH KJacy IHIIIAMI3YIOThCs Mepell MepIIuM 3BEPTaHHSIM 0
OyIp-SIKOTO CTaTUYHOTO €JIEMEHTa 1 TMepe] CTBOPECHHSM EK3eMIULIPY Kiacy B
nporpami.

CraTu4HU KOHCTPYKTOP OTOJIOLIYIOTh TaK CaMo, IK KOHCTPYKTOP €K3eMILIpa,
asie JIOMUCYIOTh CIIOYaTKy KJIF0YOBe ciioBo Static. Kitac Moke MiCTUTH TUTbKHA OIHMH
CTaTUYHUN KOHCTPYKTOp, 1 BiH HE IMOBHMHEH MaTu mapameTrpiB. Moaudikatopis
JOCTYITY JJIsi CTATUYHOTO KOHCTPYKTOPA HE BKA3YIOTh.

Knac moxke matu OJHOYAacHO 1 CTaTUYHUN KOHCTPYKTOpP, 1 KOHCTPYKTOP
eK3eMIUIsIpa. SIK 1 1HII CTaTUYHI METO/IU, CTATHYHUIM KOHCTPYKTOP HE MA€ IOCTYIY J0
CJICMEHTIB CK3EMILISPA.

SBHO y mporpami HE MOXKHA BHUKIMKATH CTaTUYHUA KOHCTPYKTOp. BiH
BUKIIMKA€THCSI aBTOMATUYHO, IO CTBOPEHHSI IEPIIIOTO €K3eMILTsIpa KIacy i 10 MepIioro
BUKOPHUCTaHHA Oy/Ib-SIKOTO CTATUYHOTO €JIEMEHTA.
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CTaTW4Hi BNaCTUBOCTI

BiactuBicTh TakoX MOJKHA OT'OJIOCUTH CTaTUYHOIO, BUKOPUCTABIIH KITFOYOBE
cioBo static. MeToau nOCTymy CTaTUYHOI BJIACTHUBOCTI, SIK 1 1HI CTATHYHI METOJIH,
MOXKYTh 3BEPTATHCS BUKJIIOYHO JO0 1HIIMX CTAaTUYHHUX €JIEMEHTIB Kiacy. EneMeHntu
EK3eMIUIApa I HUX HEIOCTYIHI. 3BEpPTaTUCS 0 CTAaTUYHUX BIIACTHBOCTEH MOKHA
TUTBKHU Yepe3 Ha3By KJlacy, a He Ha3By 00'€KTa.

[onatkoBi 0COBNMBOCTI €MIEMEHTIB Knacy

[ons TiNbKK AN YNTaHHS

[Tone moxke BUCTyIaTH SIK "KOHCTAHTA", 3HaYCHHSI K11 IPUCBOIOETHCS OJIUH pa3
111 YaC BUKOHAHHSI ITPOTPaMU 1 MICHS 1IOT0 HE 3MIHIOEThCS. Take moJie OroomyoTh
3 moaudikaropom readonly. ITosie TiINBKM A1 YMTAaHHS CXOXKE Ha KOHCTAHTY, aje
BIJIPI3HSETHCS BiJl HE1 HACTYITHUM:

» KoHcTanTy cmij iHimiami3yBaTh BHUKJIIOYHO TPH 1i OrOJIOIIEHHI, a TOJie
readonly, kpiM 1IbOTO, MOXKHA 1HIIiATI3yBaTH Y KOHCTPYKTOPI Kiacy. SIKio
MoJie € Ie ¥ CTaTUYHUM, TO IHIIai3aIliio CiijJl pOOUTH y CTAaTUYHOMY
KOHCTPYKTOPI.

» Toxl sik 3HaYEHHS 11 KOHCTAHTH Ma€ OyTH BIJOMUM Ha 4ac KOMITUISIII,
3HaueHHs M1 mois readonly mMoskHa OOYMCIIIOBATH IMiJ 4Yac BUKOHAHHS
nporpamu. lle 103BoJIss€ CTBOpIOBATH TOJISI 3 TMOCTIMHUMHM, ajieé Harepen
HEBIJOMHUMH JaHUMHU.

Kntoyose cnogo this

VY GyHKUIOHATBHUX €eMEeHTax Kiacy (MeTolax eK3eMIUIIpY, KOHCTPYKTOpax,
METO/IaX JOCTYITy A0 BJIACTUBOCTEHN TOIIO) YaCcTO MOTPIOHO 3BEPTATUCS /10 €JIEMEHTIB
OTOYHOTrO ek3eMiuisipa. KiodoBe ciioBo thiS BUKOPUCTOBYIOTH I TOCHIJIAHHS Ha
MMOTOYHUN €K3EMILISIP KJIACy.

Tak sKx cTaTUYHI €JIEMEHTH KJIacy He 3B's3aHi 3 eK3eMIusipamMu (a 3 KJIacoM y
JIOMY), KJIFOUOBE CJIOBO thiS y cTaTHYHMX (YHKIIOHAIFHUX €JIEMEHTaX HE MOXHA
BUKOPUCTOBYBATH.

[Tocunanus Ha moTtouHuil ek3emruisip thiS BUKOPUCTOBYIOTH, 1100 BiAPI3HUTH
CJIEMEHT KJIaCy BiJ 1HIIMX JaHUX (JIOKAJTbHUX 3MIHHUX, €JIEMEHTIB 1HIIHMX KJaciB
tomo). Takoxk, 1e TOCHUJIaHHS MOKHA TEpeJaBaTH sIK MapaMeTp METOoJaM IHIIUX
KJIaciB, SIKIIIO BOHU MOTPEOYIOTh MOCUJIAaHHS Ha JaHUN 00'€KT.

VY nictunry 3.24 npuBeeHO OroJiomeHHs kiacy Triangle. BiH MicTUTB Tpu HOJIS:

SideA, SideB ta SideC.
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NictvHr 3.24. BukopucTaHHS NOCKUNAHHSA Ha NOTOYHMIA ek3emnnisp this
1 |class Triangle
21 {
3 public double SideA;
4 public double SideB;
5 public double SideC;
6
7 public Triangle(double SideA, double SideB, double SideC)
8 {
9 this.SideA = SideA;
10 this.SideB = SideB;
11 this.SideC = SideC;
13 |} Napametp

3HavyeHHs JUIS  IUX TOJIB  IHIMIAMIBYIOTBCS  KOHCTPYKTOPOM  KJlacy
(panku 7...12). Ilpu npoMy Ha3BU TPHOX MapaMeTpiB KOHCTPYKTOpA CIIBIAJIAI0Th 3
Ha3BaMU BIATNOBIAHUX TIOJIB KJacy, /Ui SIKMX TepenaroThes nani. 1100 BimpizHuTH
oJIe BiJ MapaMeTpa 3 TaKO0 XK Ha3BOIO, Y KOHCTPYKTOPI Mepe Ha3BOIO MOJI BKa3aHO
Ki1ro4oBe ciioBo this (psaku 9...11). Skmio #oro He BKka3aTH, TO 3HAYCHHS MapaMeTpa
SideA Oyxae mpucBoere He moito SideA, a mboMy caMomy HapaMerpy. TakuM YHHOM,
1oJis 00'€KTa 3aTUIIATHCS HE 1HII1aTi130BaHUMH.

YacTkoBi Kniacy Ta YacTKOBI TUMK

OroJoiieHHs KJ1acy MOKHA pO30MTH Ha KUIbKa YacTHH. TaKuil Ki1ac Ha3UBaIOTh
yacmkosum (partial class). Pi3Hi yacTHHU MOXYTh OYTH PO3MIIIICHI B OHOMY, a00
pi3HEX (aitnax. Asle KOMIIUTIOIOTHCS BOHU 3aBXK/IU B €TUHUHN KJ1ac.

YacTtuHu Kjacy OMHUCYIOTh €JIEeMEHTH OJHOTO 1 TOro K kiacy. Bci dacTkoBi
OTOJIONICHHS KJIaCy MO3HA4YarTh MoaudikaTopoMm partial mepen KIrOYOBUM CIIOBOM
class. Y BcbOMy IHIIIOMY OTOJIONICHHS YaCTHHHU KJAcy TakKe K, SK 1 OTOJIOUICHHS
3BUYAHHOTO KJIacy.

Jlictuar 3.25 MICTUTH TPUKIA] OTOJOIICHHS YacTKOBOTO Kkimacy. Ilepmia
gactuHa (psiaku 1...8) MicTuTh orosioneHHs BiactuBoctelr PersonCode Ta Person, a
npyra (psaku 12...15) — orosomrenns nosst Name.

[Tix yac KOMITUISIIT 3 OTOJIOIICHUX YaCTHH Kiacy (OpMY€EThCS OJIUH IUTICHUIN
x1ac. Moro cTpykTypa Ta 3MiCT TIOBHICTIO BiIOBiJalOTh TOMY BHIIAAKY, KOJIH © BCi
€JIEMEHTH KJiacy OyJIM OrOJIOLIEH] pa3oM.
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Nictvar 3.25. OronoLLeHHst YaCTKOBOTO Kracy 3 ABOX YaCTWH
partial class Person // Tlepma uyacTuHa Kjacy
{

public Int PersonCode { get; private set; }
public Person(int code)
{
PersonCode = code;
+
}
gl  \Vogudikatop
partial class Person // Ipyra uyacTuHa KJacy
{
public string Name;
+

Microsoft Visual Studio BHKOPHCTOBY€ 4YacTKOBI KiacH, KOIH (HOpMy€

CTaHapTHI 11aboHu 3acTocyHKiB. Tak, mpu cTBOpeHHI HOBoro mpoekty Windows

Forms, skuii mpenacTaBise CTaHAAPTHUN BIKOHHUM 3acCTOCYHOK 3 TpadiyHUM

1HTEpEiicoM KOpUCTyBaya, CTBOPIOETHCS JIBA YACTKOBHUX KJIACH ISl KOKHOI (DOPMH.

OzHa 9yacTMHA MICTUTh ONHUC KOMIIOHEHTIB i (GopMu. [i He pemaryioTh BpyuHY,

OCKIUJIBKH 1151 YaCTHHA OTOJIONICHHS nepereHepoByeThes Visual Studio npu BHeceHHi
3MiH y au3aiiHepi ¢opm. Jlpyra yacTMHa MICTUTh YaCTKOBUH Kiac, y SIKOMY MH

mporpaMyeMo BJaCHY IOBENIHKY 3acTocyHKy. Lle x ctocyerses 1 dopm WPF,
ASP.NET roro.

Kpim wactkoBux kiaciB, C# miaTpuMye 4aCTKOBI CTPYKTYpH Ta iHTepdeiicu.
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Po3ain 4. BukopuctaHHs Knacis

» CnagkyBaHHS Knacis

» BuKopuCTaHHS ycnagkoBaHUX enemeHTIB
» [lpuxoByBaHHS enemeHTiB 6a30B0ro Knacy
» [locunaHHs Ha 6a3oBum Knac

» BipTyanbHi meToam Ta iX 3amiLleHHs

» BUWKOHAHHSA KOHCTPYKTOPIB

» Moaudikatopu goctyny knacy

» BuKopucTaHHs Knacis 3 iHWKX 36ipoK

» Moaudikatopu focTyny enemeHTiB Knacy
» ADCTpaKTHI enemeHTH Ta Knacu

» 3anevaTaHi Knacu

» CTaTuyHi knacu

118




CnagkyBaHHs! Knacis

CnaakyBaHHS — OJMH 13 TPhOX (yHIAMEHTAIBHUX TMPHUHIHMIIB 00'€KTHO-
OpIEHTOBAHOTO TmporpamyBaHHsa. Came 3aBASKM WOMYy MOXIHUBE CTBOPCHHS
lepapxigyaux rpyn kinaciB. CrmajakyBaHHSI KJIACIB JIO3BOJIIE OTOJIOCHTH HOBHM KJac,
KU MICTUTH BeCh (DYHKIIIOHAI 1HILIOTO KJIacy 1 po31uproe iioro. Bxke icHyrouuii kiac,
KU Ha3UBAIOTh O6A3068UM KIACOM, CTAE OCHOBOIO JIJIs1 HOBOTO KJIacy, IKHi Ha3UBAIOTh
noxionum. I1oXiJHUHN KJ1ac MICTUTH BCl €IeMEHTH 0a30BOr0 Kjacy, 1 KpiM LbOT0, CBOi
BJIACH1 €JIEMEHTH.

[ITo6 orosiocuTH MOXITHUM KJac, MPU OTOJIONIEHHI MIiCis MOro Ha3BU uepes
JIBOKPAIKY BKa3yIOTh Ha3By 0a30BOTO Kjacy. B 3arampHOMY BHITagKy, KpiM 6a30BOTO
KJIacy, MO’KHA BKa3aTH 1HIII TUIH (1Ied BUNAJ0K po3riisiHeMo mi3Hime). [{ro gactuny
OTOJIOIIEHHS KJIaCy Ha3UBAIOTh cneyugikayieio 6azu Kuacy.

Onucyroun B3a€EMOBITHOCHHHM MK TaKUMH KJacaMH, TOBOPSTh, IO MOX1THUN
KJIaCc € MPSMUM HAwaoKoM BKa3aHOro 0a30BOro kjacy. A 0a30BUl Kiac € HOro
npeoxom. Kiacu, moB's3aHl 4yepe3 MEXaHi3M CIHaJKyBaHHs, (QOPMYIOTh iepapxiro
KJIaciB, SIKy 4YacTO 300pakyrTh y BUIJISAAL JepeBa, 3'€IHYIOUM MPAMHUX MPEKiB 1
HAII[aIK1B JIHISIMU.

IToxiguuii Kjaac MICTUTH €JIEMEHTH 0a30BOro, 1 JI0JaTKOBO — CBOi BJIAcHI
eneMeHTH. ToMy KaxyTh, 10 TOXITHUHN KJIac PO3MHUPIOE (yHKIIIOHAT 0230BOT0O KJIacy.
[Toximamii KJTac He MOXKE BUAAIUTH Hi OJHOTO YCIAIKOBAHOTO €JIEMEHTA, ajleé MOXKE
IPUXOBYBATH iX 1 OTOJIONIYBATH HOBI.

Y mpoMy mpuKiIaai Ha ocHOBI icHyroworo kiacy OldClass oromorieno HoBuiA
kiac i3 Ha3Boro NewClass:

Ba3zosuit knac

class NewClass : OldClass

{

[lBokpanka Cneuwdikayis 6asu knacy

}

[Tin wac cTBOopeHHs 00'€KTa MOXIAHOTO KJIacy, MEpe/l BUKOHAHHSIM THCTPYKIIIH
HOT0 KOHCTPYKTOPA BUKJIMKAETHCS KOHCTPYKTOP 0a30BOr0 Kiacy. Bin cTBoproe 00'ekT
6a30BOr0 KIlacy, sIKHil CTae CKIaJOBOI0 YAaCTHHOIO 06'€KTa MOXimHOTO Kimacy. Moro
Ha3MBaIOTh YACTUHOIO 00'€KTa, MPE/ICTaBICHOI 0a30BUM KJIACOM.

Bci 6e3 BuHsATKY Ki1acu (1 orosioniexi B 010miotekax C#, 1 KopucTyBalbKi KJlacu),
HaBITh AKIIO Y X OTOJIOIICHH]1 He 3a71aHo crienudikaliii 6a3u, € MoXiTHUMH BiJl €IUHOTO
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0azoBoro kimacy — object. Kiac object enunuii, skuii HE € MOXITHUM BiJl IHIIUX: BIH
pO3TalIoBaHUil Ha BEPIIMHI i€papXii HACI1yBaHHS.

Knacu, s skux He 3a71aHo crierudikaiiii 0a3u, HessBHO CIaAKYIOTh Kiac object.
OnyckanHs cienudikalii mpu OroJIoMIeHH1 KJIacy € CKOPOUYEHHSAM CUHTAKCHUCY, TaK 10
JIBa HACTYITHUX OTOJIONICHHS € CEMAaHTHYHO CKBIBaJICHTHUMM:

class TheClass class TheClass : object
{ {
ks by

Y C# koxeH KJac MOXX€ MaTu TUIbKM OAMH 0Oa3zoBuii kiac. Lle Ha3uBaroTh
oOuHuyHuM cnaokysannsm. Iumi moBu (Hampukiazn, C++, Delphi) miarpumyrors
MHOJMCUHHE CNAOKYBAHHS, TIPU SIKOMY crieriudikaiiis 6a3u Ki1acy MOXKe MICTUTH OUIbIIIe
oaHoro kiacy. Ane y C# nis miaBuIeHHS HaJIHHOCTI KO BiJl I[OT'O BiAMOBUIIHCS.

He 3Baxkatoun Ha Te, M0 KOXKEH KJIAC MOXKE€ MaTH TUTBKHA OJHOTO MPSMOTO
npenka, HeMae OOMeXeHb Ha KUIbKICTh PIBHIB cnajkKyBaHHsA. ToOTo, 0a30BUil Kiac
MO€E B CBOIO Yepry OyTH HaIlaJKOM 1HILIOTO KJacy, TOM — 1€ sIKOT0Ch, 1 TaK Jajl, ax
JI0 BEPIIHMHHU i€papXii — kiacy object.

OTxe, 1O CyTi BC1 KJIACH € MOXIAHUMU. AJie TEPMIHU 6a306ull KIAC Ta NOXIOHUL
KJac BUKOPUCTOBYIOTH JISl AP KJIaciB, 0€3MOCEepeIHRO MOB'I3aHUX CIIAKyBaHHSIM.
Ha puc. 4.1 mokazano npukinan iepapxii kiaciB. CTpiIKyd TOKa3ylOTh HAIpsM Bij
0a30BOro Kj1acy /10 MOXiAHOTO.

class ClassO1

{--- 1

class Class02 : ClassO1

{.--- 1

class Class03 : Class02

{--- 1

Class03

a) 0)
Puc. 4.1. Kinbka noB's3aHux 4epe3 CIiaJIKyBaHHS KjaciB ()
Ta ix AepeBo iepapxii (0)

BukopucTaHHa ycnaakoBaHUX eNEMEHTIB

Jlo ycazKoBaHMX €JIEMEHTIB KJacy 3BepTal0ThCs TaK, HIOW BOHU OTOJIOMICHI Y
caMOMy TMOXIJIHOMY KJjacli (3a BHHATKOM YCIAJKOBAaHUX KOHCTPYKTOPIB, aje

crietndiky X BUKOPUCTAHHS po3riisiHeMo nani). Posrimsnemo kop jictunry 4.1, ne sk
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NPUKJIa] TPHUBEICHO OrOJIOMIEHHS JBOX KiaciB— Rectangle (6a3oBoro) Ta
ColoredRectangle (oximHoro).

Tictvar 4.1. OronoLueHHs NoxigHoro knacy

{

O© 0O ~NO O WN P

}

PR
N O

{

P RRPRRRREPR
O© o ~NO Ol bdWw

}

N NN
N = O

{

NINDNN
o 0~ W

N
~

}

class Rectangle

class ColoredRectangle : Rectangle

static void Main(string[] args)

public double sideA = 10, sideB = 20;
public void PrintBasiclnfo()
{
Console._WriteLine('sideA={0}, sideB={1}",
sideA, sideB);

Ba3zosuit knac

public string color = "xosTun';
public void PrintExtendedInfo()
{

Console._WriteLine("'sideA={0}, sideB={1}, color={2}",
sideA, sideB, color);

ColoredRectangle colRect = new ColoredRectangle();
colRect.sideA = 100;

colRect.PrintBasiclInfo();
colRect.PrintExtendedInfo();

bazoBwii kitac orosorieHo y psakax 1...9. Bin mictuth a8a nois (SideA, sideB),

Ta ofuH MeTo PrintBasicInfo, skuit BUBOIUTh 3HAUEHHS MOJIIB Y BikHO. [ToXigHui Ki1ac

orojmomeno 'y psakax 11...19. Binm Mae gomatkoBe moie Color Ta MeTon
PrintExtendedInfo. ¥ meroai Main cTBoproemMo ek3eMIuIsAp MoxigHoro kiacy ColRect i

IPHUCBOIOEMO #oro moutto SideA (3 6a3oBoro kiacy) 3HauenHs 100. Y HacTymHUX JBOX

psaakax BukIMKaeMo Meron PrintBasicinfo 6asoBoro kimacy ta meron PrintExtendedinfo

noxigHoro kjacy. Ilepmmii MeTon BHMBOJIWTH 3HAUEHHS MONIB 0a30BOro Kjacy, a

JIpYyTuii — 3Ha4eHHs BCiX mojiB (i 6a30BOro, i MOXiJHOTO KJaciB). TakuM YUHOM,

MOXIAHUHN KJIac Ma€ JOCTYM JI0 €JIEMEHTIB 000X KJjaciB, IO BUIHO 1 3 pe3yjbTary

poboTu nporpamu Ha puc. 4.2.
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BN CAWINDOWS\system32\emd.exe — | *

sidef=100, sideB=20
s1def=100, sideB=20, color=xoBTUN
Press any key to continue

Puc. 4.2. Pe3ynbTat poGoTu nporpamu 3 JicTUHTY 4.1

[lpnxoByBaHHS enemeHTiB 6a30B0Oro Knacy

VY moximHOMY Kjiaci He MOYKHA BHJIAJTUTH JKOJHOTO YCITaIKOBAHOTO €JIEMEHTA.
Anle MOXXHa TIPUXOBAaTH €JIEMEHT 0a30BOTO KJIACy HOBHM €JIEMEHTOM 3 TaKOI K
Ha3Bor. Konm kimac mae ycrmajakoBaHUN METOJ, SKUH HE MiIXOIUTh JUIsl BUKOHAHHS
Horo cnenu@iyHOro 3aBIaHHS, MM MOXXEMO OTOJIOCUTH IHIIUM METOJ| 3 TAaKOI XK
HA3BOIO 1 peajii3yBaTH B HbOMY MOTPIOHY MOBEIHKY.

1106 mpuxoBaTH €JIEMEHT JIaHUX, CJIiJl OTOJIOCUTH HOBUHU €JIEMEHT TOTO K TUITY
13 Takoro kK Ha3Boro. [1{06 mpuxoBaTy PyHKITIOHATIEHUIA €TeMEHT Kiiacy (Harpukiaj,
METOJI), TOTPIOHO OTOJOCHUTH HOBHH (PYHKIIOHATHHUN €IEMEHT 3 TaKOK CaMOIO
CUTHATYypoOl (CUTHaTypa MICTUTh Ha3By €JIEMEHTAa Ta TMOCIIIOBHICTh 1 THUIIH
napameTpiB). CTaTH4YHI €IEMEHTH KJIACy TAKOK MOXHA IPUXOBYBAaTH.

Orosionryroum €JeMEHT KJacy, SKHM IPUXOBYE YCIIAJAKOBAHWM E€JIEMEHT,
BUKOPHUCTOBYIOTh MoaudikaTop New. Bin no3Bosisie SIBHO BKa3aTH, 110 BI0YBa€ThCS
HABMHCHE NpPUXOBYBaHHSA. be3 1poro Moaumdikatopa KOMIUIALIS MporpamMu Oyje
TaKOX YyCHINIHOI, aJieé KOMIIUIITOpP 3TeHEpYy€e TMOMEPEeKCHHS TPO HEsBHE
MPUXOBYBAHHS YCIaKOBAHOTO €JIEMEHTA.

PosrnstHemo sictunr 4.2. Bin MicTuTh paHilie po3misiHyTi kiacu Rectangle ta
ColoredRectangle (auB. mictunr 4.1). ba3zosuii kiac Rectangle 3amummBcst He3MIHHHM,
a y moxigHomy kiaci ColoredRectangle mpuxoBano mose SideA (psmok 13) ta MeTon
PrintBasicInfo (psmok 15). Ipu ix orojyomenHi BUkoprcTano Moaudikarop new. Termep
KOXKEH 13 KJIaciB MICTUTh MeToj 3 Ha3Boro PrintBasicinfo. [Ins Ga3zoBoro kiacy BiH
BHBOJIMTh Ha €KpaH 3HAYCHHS IOJIB 0a30BOTO Kjacy, a JJIs IMOXIJTHOIO — 3HAYCHHS
TIOJTIB ITOX1HOTO KJIacy.
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NictuHr 4.2. MpuxoByBaHHA enemeHTiB 6a30Boro knacy

1 | class Rectangle

214

3 public double sideA = 10, sideB = 20;
4 public void PrintBasiclnfo()

5 {

6 Console._WriteLine("sideA={0}, sideB={1}",
7 sideA, sideB);

8 by

913}

10

11 | class ColoredRectangle : Rectangle

MogudikaTop new

12 | {

13 public new double sideA; // TprxoByBaHHSA MOJA
14 public string color = "xoBTUMI";

15 public new void PrintBasicInfo() // TlpuxoryBanHa MeTOIy
16 {

17 Console._WriteLine('sideA={0}, sideB={1}, color={2}",
18 sideA, sideB, color);

19 }

20 | }

21

22 | static void Main(string[] args)

23 | {

24 ColoredRectangle colRect = new ColoredRectangle();

25 colRect.sideA = 100;

26 colRect.PrintBasiclnfo();

27 | }

B¥ CAWINDOWS\system32emd.exe — O *

s1def=100, si1deB=?0, color=xoeTUN
Press any key to continue .

Puc. 4.3. Pe3ynbTar poGoTH mporpamu 3 JiCTHHTY 4.2

Y psnxy 25 "HoBoMy" momto SideA (3 MOXiZHOrO KIJIacy) MPHCBOIOETHCS
snadeHHs 100. Jlani Bukimukaetsest MeTos PrintBasicinfo (3 moxigHoro kiacy, OCKiIbKH
3miHHa COlIRect Mae #oro Tum), KUl BUBOAWTH Ha €KPaH 3HAYCHHS MMOJIIB. 3ayBasKUMO,
10 3HAYeHHs Jis ot SideA OGepeThes 13 MOXIMHOTO KIIacy, a 3HAYSHHS IS TOJIS
sideB — 3 6a3oBoro (puc. 4.3).
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[Tix yac mpuxoByBaHHS eaeMeHTa 6a30BOr0 Kjacy BiH HacIpaBi 30epiraeTbes.
Tomy 00'ext COIReCt 3 momepeaHbLOro JIICTUHTY Ma€ JOCTYII K 10 mojs SideA cBoro
Kjacy, Tak i jo mons SideA ycmamkoBaHoro kiacy. Ile aBa pisnux momas. Te x
cTocyeThest 1 MeTolliB: 00'ekt COIRect moxke Bukimkatu meron PrintBasicinfo 3 06ox
KJIACIB.

Jlis mocTymy 10 MPUXOBAaHOTO eleMeHTa 0a30BOro Kiacy 3 KOy MOXiTHOTO
KJIacy BUKOPUCTOBYIOTH KIIFOUOBE CJIOBO hase, micis sIKOro 4yepe3 Kpamky BKa3yloTh
Ha3BY MOTPIOHOTO eleMeHTa 0a30BOro Kiacy.

30kpeMa, 3BEpHYTHCH JI0 MMOJIs 6a30BOro kiacy SideA 3 MeTo 1y moXigHOTro Kilacy
MOJKHA TaK:

base.sideA = 300;

Knto4oBe croso

AHAJIOTTYHO MOKHA BUKJIMKATH METO]T 0230BOT0 KJIACY:

base.PrintBasiclnfo();

KntoyoBe crnoso

3MiHuMO y JtictuHry 4.2 ko Mertoxy PrintBasicinfo, 3amiHuMBIIM TOSS JUIS

BUBOAY:
public new void PrintBasiclnfo()
{
Console._WriteLine('base.sideA={0}, sideA={1}",
base.sideA, sideA);
b

Tenep BUBOAUTUMYTBHCS 3HAYCHHSI 000X IOJIIB: 1 0a30BOT0, 1 MOXITHOTO KJIACIB
(puc. 4.4). 3ayBaxkumo, 1o 1i 3HadeHHs pi3Hl. [lome 0a3oBoro kmacy MICTUTH
3HaueHHsa 10, 3amaHe oMy mpu 1Himiam3anii (psaok 3 JyicTuHry 4.2), a Moo
HoXigHOTO Kiacy 3HaueHHs 100 mpuCBOIOEThCs y Koii MeToxy Main (psimok 25).

BN CAWINDOWS,system32icmd.exe — | X

base.si1def=18, sideA=100

Press anv key to continue

Puc. 4.4. JlocTtyn 10 mprx0BaHOTO 1MOJIst 0a30BOIr0 KJ1acy
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[NocunaHHg Ha 0a30BUI Knac

Ex3emMIuisip moxiIHOTo KJIacy MICTUTh €K3eMIUISp 6a30BOr0 KJacy Ta JOJAaTKOBI
€JIEMEHTH CBOTO KJiacy. [locunanHsa Ha eK3eMIUISIp MOX1AHOro Kiacy BKa3ye Ha LUK
00'eKT, BKIIOYAIOYM YacCTHHY, OTpUMaHy Bia 0a3oBoro kimacy. Tomy, Marouu
MOCHUJIaHHS Ha TIOX1THUHN 00'€KT, MO’KHA OTPUMATH NTOCHJIAHHS Ha BKIIFOUEHHUH Y HHOTO
00'eKkT 6a30BOTO KJIACy. 3 I1€10 METOIO BUKOPHUCTOBYIOTh NPUBEOEeHHS Mun) TTIOCUIIaHHS
70 TUITy 0230BOTO KJIacy 3a AOMOMOIOI0 onepamopa npusedents muny. Lleit oneparop
CKJIaJIa€ThCs 13 PO3MIIICHOI B KPYTIUX Ay’KKax Ha3BU TUMY (KJacy), A0 SIKOTO CIif
MIPUBECTH JIaHI.

Jlist oTpuMaHHS MOCUJIAaHHS Ha 00'eKT 0a30BOro Kjiacy mnepeja MOCHIAHHIM
PO3MIIILYIOTH OTIEPATOP MPUBEACHHS TUITY (TOOTO OTOUYEHY KPYTIUMU AYKKAMHU Ha3BY
6a3oBoro kiacy). lI{o6 oTpumaTy mocuiiaHHs Ha 00'€KT 6a30BOT0 KJ1acy, SKUW BXOJIUTh
1o ckiany ob'exra COIRect 3 micTuHry 4.2, MOKHA BUKOPHCTATH TAKUH KO
Rectangle baseObj = (Rectangle)colRect;

baseObj.sideA = 100;
baseObj .PrintBasiclnfo();

Onepatop NpuBeaeHHs Tuny

VY nepioMy psIKy OrojoiieHo 3MiHHy 0a30Boro kiacy baseObj i mpucBo€eHo ik
MOCWJIAaHHS Ha O00'€eKT 0a30BOTO Kjacy, SKWW BXOJIWUTh N0 CKIIATy EK3EeMIUISIPY
noxigHoro kiacy ColRect. ¥V npyroMmy psaKy, BUKOPHUCTOBYIOYH OTPUMaHE MOCUITAHHS,
noiro SideA GaszoBoro kimacy (amke baseObj Bkasye Ha "0Oa30BYy" dYacTHHY)
npucBoroeThes 3HadeHHs 100. Tperiid psgok MICTUTH BHKIMK Metoma PrintBasicinfo
0a30BOro Kjacy. 3ayBaxkumo, mo o0'ekT COIRect 3 mictuHry 4.2 MiCTUTB JIBa METOJIU
PrintBasicinfo (i mBa mons SideA): oauH oTpuMaHWii 3 0a30BOrO Kiacy, IHIIAN
OTOJIONIEHO B KJIaci camoro o00'ekTa. AJie, OTpUMAaBIIU Yepe3 MPUBEICHHS THITY
nocujaHHs Ha 0a30By 4YacTKy 00'€KTa, MU BHKJIMKAEMO €JIEMEHTH came 0a30BOro
KJIacy.

3a 10MOMOTr010 MOCUJIaHHS Ha YaCTUHY 00'€KTa, OTpUMaHy Bij] 0a30BOr0 Kjacy,
HEMOXJIMBO OTPUMATH JOCTYI JO 1HIIOT YaCTUHM 00'€KTa: Iie MocuiaHHs "O0ayuTh"
TUTBKU 00'€KT 6a30BOT0 KjIacy.

Jlns mpuBeneHHs THIYy 00'€KTa OJHOTO KJacy JO IHIIOTro, KpiM oleparopa
NPUBEACHHS THUITy MOKHAa BHUKOPHUCTOBYBaTH ormepatop as. CHHTakcHC HOTo
BUKOPUCTAHHS TAKUN:

derivedObj as BaseClass

Tyt derivedObj — 3minHa-mmocuanHsa Ha 00'€eKT MoXigHOro Kiacy, a BaseClass —
Ha3Ba 0a30BOro Kiacy. BkaszaHuil BHpa3 MOBEpHE MOCHJIAHHS Ha YaCTHHY 00'€KTa
derivedObj, mpencrasiieny kimacom BaseClass. Ilpu mpomy kimac BaseClass moBuHeH
OyTH oHUM 3 peAKiB kiacy 00'ekta derivedObj B iepapxii kiacis.
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Hwxuae (y mepmioMy psiaky) MpUBEIECHO MPUKIIAT BUKOPUCTAHHS Oomieparopa as
JUTsI OTPUMAaHHS MTOCHJIaHHS Ha 0a30By YaCTHUHY 00'€KTa:

Rectangle baseObj = colRect as Rectangle;
Rectangle baseObj (Rectangle)colRect;

Hpyruii psaoK BUKOHYE T€ 5K caMe 3a JOIIOMOIOK0 OIlepaTopa MPUBEICHHS THILY.
i aB1 1IHCTPYKIUII BUKOHYIOTh OJIHAKOBI /il — OTPUMYIOTh IMOCUJIAHHS HA €K3EMILISP
0a3oBoro kiacy. Aje, sSIKIIo B 00'€KTI HEMOXKJIMBO BUAUIUTH YaCTUHY, IPEACTABICHY
BKa3aHUM 0a30BHMM KJIaCOM, TO IIPU BUKOPUCTAaHHI ONEpaTopa MPHUBEIECHHS BUHUKHE
BUHSTKOBA CUTYyallis. Y TOH K€ 4ac BUpa3 Ha OCHOBI OIlepaTopa as MoBEepHE 3HAUCHHS
null. Omeparop as, Ha BiIMiIHYy BiJ oOmneparopa NPHBEACHHS THUIY, MOXHAa
BUKOPHUCTOBYBATH TUTBKHU I IEPETBOPEHb, MOB'I3aHUX 3 TTOCUIIAHHIMH.

BipTyarnbHi MeToau Ta ix 3amiLLleHHs

[lepen uum mu OGauuiu, IO MOCWIAIOYKMCh Ha O00'€kT 0a30BOro Kiacy,
yCHaJAKOBAHUHN MOX1THUM 00'€KTOM, MU OTPUMYBAJIHM 3BEPTAaHHS TUIBKH JO €JIEMEHTIB
0a3oBoro kiacy. Tak 0yJi0o y BCIX METOAaX, K1 MU PO3TJISAAIN Y IPUKIAAaX 0 bOTO.
AJle KJlacu MICTSTh MEXaHi3M, SIKUH pO3LINPIOE iX (PYHKIIOHANBHICTh. BipmyanvHi
MemoOu T03BOJSIOTH BUKOPUCTOBYBATH TIOCHJIaHHS Ha 0a30BUH Kilac N7 3BEpTaHHS
710 €JIEMEHTIB MOX1JHUX KJaciB. [Ipy BUKIMKY BIpTyaabHUX METO/1B BUKOPUCTOBYIOTh
HE OT0JIONIEHWH Ha Yac KOMIUIALII KJ1ac 3MiHHO1, a paKTHYHUI Ki1ac 00'eKTa ITij1 yac
BUKOHAHHS.

Mu Bxke 3HaeEMO, IO Y KOKHOMY TOXITHOMY 00'€KTi € 0a30Ba 4yacTHHa, SKa
Mpe/cTaBlieHa oro 0a30BUM KiacoM. SIKIO BUKJIMKATH BIPTYalbHUNU METOJ Yepes
0a30By uyacTuHy 00'€KTa, TO B KJaci, SKUW BIAMOBiga€e (paKTUUYHOMY THUITY O0'€KTa,
M1ITYKOBYBaTUMETHCSl BIAMOBIAHMM 3aMillytounil metof. I, skmo BiH €, To Oyxae
BUKOHAHO 10T0, a HE MeTO/1 0a30BOTO KJ1acy. Y I[bOMY MOJIATa€ BAXKIJIUBA OCOOIUBICTh
BIpTyaJbHUX METOMAIB, SKYy 4YacTO BHKOPUCTOBYIOTh IpU pPo3poOlIi iepapxii
B32€MOIIOB'SI3aHUX KjaciB. TakuM 4YMHOM OO0'€KT, MPEACTABICHUM 3MIHHOIO OJHOIO
KJ1acy, Besie ce0e sk 00'€KT 1HIIOro Kiacy.

Came 3a 1OMIOMOTOIO BIPTYaJbHUX METOMIB Ta iX 3aMilllEeHHS 3a0e3MeuyeThCs
peamizaiiis momiMop(dizMy — OJHOTO 3 TPHOX TOJOBHUX MPUHIHUIIB OO0'€KTHO-
opieHTOBaHOTO TMporpamyBaHHs. [lomimopdizm 3abe3neuye "OGaraTohopMeHHICTH"
00'eKTa, IMITYIOUHM 3MiHY Koro "gpopmu" (TUIy) 3aJ€KHO Bl YMOB BUKOHAHHS.

[[lo6 orosocuTH BIPTyaJIbHUN Ta 3aMIMIylOUMi MeTOoau y 0a3oBoMy Ta
MOX1THOMY KJ1acax, MOTPiOHO 3a0€3MMeYNTH BUKOHAHHS TAKUX YMOB:

» MeTo MOXiTHOTO KJIacy Ta METOJT 0a30BOTO KJIACy TOBUHHI MaTH OJIHAKOBY

CUTHATYpY Ta THII.

126



» Meroa 6a30BOro Kiacy Ciiij] MO3HaYuTH sk Virtual (BipTyanbHHUI METOT).
» Meroa HOXigHOro Kjaacy HOTPIOHO MO3HAYMTH sK Override (BiH 3amirmye
BipTyaJIbHUI METO/).
HactynHmii mpukiag JEMOHCTPYE OTOJIONICHHS BipTYaJIbHOTO METOAY ¥
0a30BOMY KJ1aci Ta HOro 3aMILIEHHS B TOX1IHOMY KJIacl 3a TOOMOT'0r0 MOAU(IKATOPIB
virtual Ta override:

class TheBaseClass // BasoBUI KJac

{

virtual public void Print() // BiprTyasnbuuii MeTomn

KnouoBe crnoso virtual

class TheDerivedClass : TheBaseClass // [oximuwi kjac

{

override public void Print(Q) // BaMmimyoumnii MeTomn

KntoyoBe crnoBso override

Posrasnemo npuknan, SKMil AEMOHCTPY€E MOBENIHKY BIPTYaJbHOTO METOAY MPHU

BUKOPUCTAHHI PI3HUX TOcWiIaHb Ha 00'ekt (mictuHr 4.3). baszosuii kmac ClassA

OTOJIONICHO Y psakax 1...7. BiH MicTuTh onuH BipTyanbHH MeTox PrintLine, sxwmii

BUBOJHTH y KOHCOJIbHE BIKHO (pasy, IO TMOSCHIOE, SIKUH caMe METO]I BUKIMKAHO.

Meton orojomeHo 3 moaudikaropoM Vvirtual (psmook 3) — came 1e poOUTH #oro

BipryasnibHuM. [Toxigauii kinac ClassB oromomeno y psakax 9...15. bazoBum kiiacom

st Heoro € ClassA (psimok 9).

[MoxigHuii K1ac Takoxk Mae onuH meron PrintLine, skuit 3amiinye BipTyaibHUN
MeTo/1 6a30BOTr0 KJ1acy 3 Takoo 5k Ha3Boro. [106 Bkazartu, 1110 peanizoBaHO 3aMIlIECHHS,
BuKopucTano moaudikarop override (psaok 11). 3amimryrouuii METOJ BUBOAMTH Y
BIKHO (ppazy, sika iHHOPMYE, 1110 BUKIUKAHO CaMe HOTO.

Y Mmetoni Main peati3oBaHO YOTHUPH BUIAJKH BUKIUKY BIpTYyaJbHOTO METOIY
(BOHM TMO3HAYEH1 BIAMOBIIHUMHU KOMEHTapsiMH). PO3riasiHeMO KOXEeH 3 HHX
NeTaJbHIIIE.

1. Buknuk BipTyansHoro metogy o6'ekta 6a3oBoro knacy. V psaky 19 orosoineHo 3MiHHY
0a30BOr0 KJ1acy A Ta CTBOPEHO €K3EMIUISIP IILOTO Kiacy. Y psaaky 21 BUKIUKAEThCS
meroxa PrintLine. Ilpu mpoMy odikyBaHO (K 1 B yCIX TOINEpEIHIX MPUKIANaX)
cripaiboBy€e MeTo 6a30Boro kiacy (puc. 4.5, mepmuii psjiok), OCKUIKK 3MiHHA A
npenacrasiige 00'eKT 0a30BOro Kiacy. Ko cnpoOyBaT 3BEpHYTUCA YEPE3 3MIHHY
A 1o meromy MOXIIHOIrO Kiacy, BUKOHABIIM NpPHUBEACHHS TUNy o0'ekta A 10
MOX1AHOTO KJacy (3aKOMEHTOBAaHUU PSAIOK 22), TO MiJ Yyac BUKOHAHHS BUHUKHE
nommika "Object reference not set to an instance of an object". Ile 3po3ymiio:
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00'eKT A HE Mae HISIKUX BIJIOMOCTEH MPO MOXIAHUM KJIac 1 He MOXe 3BEpTATUCS /10
HOTO €JIeMEHTIB.

NictuHr 4.3. JlemoHcTpauis poboTu BipTyasnbHOrO MeToay

PR R R RR R
NOo U WNR O

class ClassA // BasoBuit xJjac

{ BiptyansHui metog
public virtual void PrintLine()
{
Console.WritelLine ("MeTron ©aszoBoro kJjacy");
}

}

© 0O ~NOO O WN P

class ClassB : ClassA // Toximumit xjac

3amilLyounii MeToq

¢ public override void PrintLine()
{
Console.WritelLine ("MeTon noximHoro kJjacy"):;
+
+
static void Main(string[] args)

18 | { // 1)

19 ClassA A = new ClassA(Q);

20 Console.Write ("06'exT GazosBoro kjacy -> '"');
21 A_PrintLine();

22 //(A as ClassB).PrintLine(); // 11! Tovmnxa !11
23

24 // 2)

25 ClassB B = new ClassB();

26 Console.Write ("06'exT moximHoro kjacy -> ");
27 B.PrintLine();

28

29 Console . _WriteLine("----——--—-——— ")
30 // 3)

31 ClassA AInB = (ClassA)B;

32 Console.Write ("Bazsosa uacTka B o06'exTi " +
33 "noxinHoro wijacy -> "');

34 AinB.PrintLine();

35

36 // 4)

37 ClassA BfromA = new ClassB();

38 Console.Write ("O6'exkT moxigHoro kJjacy, —— +
39 "cTBOpEeHU uepes 3MiHHY 6Gaszosoro -> "')j;
40 BfromA.PrintLine();

41 | }
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B CAWINDOWS\system32\emd.exe - O *
06 ekt GazoBoro knacy -> MeTon GazoBoro knacy
06 ekT noxigHoro knacy -> MeTom noxigHoro knacy

basoea uyacTka B 06 ekT1 noxigHoro knacy —> Metog noxigHoro knacy )
06 ekT noxigHoro knacy, CTBOpeHUW 4Yepez 2M1HHY Bazosoro -> MeTon noxigHoro knacy

Press any key to continue .

Puc. 4.5. PesynbTaTt poboTu nporpamu 3 jicTuHry 4.3. JlemoHcTpatiiss poooTu
BIPTYaJIbHOT'O Ta 3aMiIllyI0UOT0 METO/IIB

2. Buknuk 3amiwytovoro metogy B 06'ekTi noxigHoro knacy. ¥ psaaxy 25 orosomreHo 3MiHHY
B moxiHOro Kiacy Ta CTBOPEHO €K3EeMIUIApP LbOro Kiacy. Jlami BUKIMKAeTbCS
meTon PrintLine (psmok 27). B manomMy BUIAAKY CIPAIO€ METO IOXITHOIO KIacy
(puc. 4.5, npyruii psiaok). e Takox oduikyBaHO: 00'€KT MOX1AHOTO KJIacy BUKIUKAE
CBI1Ml BJIaCHUN METO/I.

3. Buknuk BipTyanbHoro metoay 6a30Boi YacTku 06'ekta noxigHoro knacy. Ha simminy Bin
JIBOX TIONIEPEAHIX BUITQJIKIB, KOJIHM BIpTyaJdbHUM METOJ MPAIfOBaB aHAJIOTIYHO JI0
3BUYANHOTO (HE BIPTYyaJIbHOTO), BUMAAKH 3 14 JEMOHCTPYIOTh 0COOIMBOCTI pOOOTH
BipTyasibHUX MeToiB. OTpuMaemMo 6a3oBy yacTKy AiNB 00'eKTa MOXiTHOTO KIIACy,
CTBOPEHOT0 MPH PO3IIISAL MONEPETHBOI0 MYHKTY (pAa0K 31), 1 BUKIMYEMO 1i METOJ
PrintLine (psimok 34). /Iy 3BUYaiHUX METOJIB i€ MPHUBEJIO O IO BUKIHUKY METOIY
0a3oBoro kimacy. Aje, OCkinbku Meroa PrintLine 6a3oBoi uacTku 00'ekTa €
BIPTYyaJIbHUM, a caM O0'€KT HAJIEKUTh MOX1THOMY KJIACOBI 1 MICTUTh 3aMILyIOYUI
METO/I, TO BAKOHAETHCS METO/1 IMOX1AHOTO Kiacy, a He 6a3oBoro (puc. 4.5, nepmui
PAMIOK MICJISI TOPU3OHTAIBLHOTO PO3JIUIOBaYa). SIKIIO K 3 OroJOIIeHh METOMAIB
3abpatu Moaubikaropwu virtual Ta override, mepeTBOPUBIIIH I1i METOJIU 3 BipTYaJIbHUX
y 3BUYAlHI, TO BUKIWK MeTona PrintLine y psoxy 34 mpuBene 1m0 cIipamroBaHHS
METOy 6a30BOro Kiacy, ajpke AiNB e 00'ekTomM 0a30BOTO THITY.

4. OB'eKT NOXiQHOrO Knacy, CTBOPeHU Yepes 3MiHHy 6a30Boro. Ilei BumagoK MO CyTi HE
BIJIPI3HSETHCS  BiJ  TOMEPEAHBOTO, aje JEMOHCTpPye eneranTHimmid (i
3araJbHOMPUUHSTHI) croci6 peamizanii nmomimopdizmy. Y psiaky 37 OroJomeHo

n-n

3MiHHY 0a30Boro kiacy BffomA (3miBa Bix omepartopa "="), CTBOPEHO E€K3EMILISIP
nmoXigHoOro Kiacy (crmpasa Bij omeparopa "="), i MPUCBOEHO OTOJIOMICHIN 3MIHHIH
MOCHJIaHHS Ha 0a30BYy YaCTHUHY HOBOCTBOPEHOTO MOX1MHOTO 00'ekTa. SIKIIO Temnep
BUKIMKaTH MeTo 1 PrintLine (psimok 40), To cripalltoe, sK 1 B IONIEPETHHOMY BUIIAJIKY,
MeTOJ] MoXiJHOro kinacy (puc.4.5, Apyruéi psSgoK TIiCIAs TOPU3OHTAIHHOTO
po3aiIoBaya), He 3BaKalOyd Ha Te, mo 1 3miHHa BffomA, i o0'exrt, skuii BoHa

6€3HOC€p€I[HBO MMpcacTaBIA€, MarOTb 0a3oBHii KIac.
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Orojomulyoun BIpTyajdbHI METOAM Ta 3aMILIYIOYM iX, CIiJ MHam'sTaTH, LI
3aMIlyBaHUM Ta 3aMIIIyIOUYMi METOAU IMOBHMHHI MaTH OJHAKoOBI Mojaudikatopu
noctymy. SKio, Hampukiaj, BIpTyaldbHUH METOJl € MPUBATHUM, TO 3aMIIIYIOUMM
TaKOXX TTOBUHEH OyTH MPUBATHUM.

He ™oxHa 3amimiyBaté CTaTUYHUN METOA, a00 HE BIPTyaIbHUM METOJ
(orosomrenuit 6e3 moaudikaropa virtual).

Kpim MeroxiB, y kimaci MOXHa 3aMillyBaTH TaKOX BJIACTHBOCTI, MOl Ta
1HJIEKCATOPH.

3aMiLLieHHS 3aMiLLy4nX MeTOAIB

Metonn MoXxHa 3aMillyBaTH Ha OyAb-sIKOMY piBHI i€papxii kiaciB. ToOTo,
3aMiIIyr4rid MeToa (Io3HaYeHHH MozaudikaTopom override) Moxe OyTH 3aMilCHHIA
{HIIMM  MeTOOM B iHIIOMY TOXiZHOMY Kiaci. MoOro Takox I03HAYAIOTH
MoudikaTopoM override. SIKIo BUKITUKAETCS BIpTYaIbHUN METOJI, TO Cepesl iepapXii
KJIaClB 3aBXIM MIJIIYKOBY€TbCS HOTO HaillHOBimIa JUisl Kjiacy oO'ekTa 3amillyroua
Bepcis. Ko B olHOMY 3 MOXIAHMX KJIAciB € METOJ 3 TaKOK K CUTHATYpPORO, SIK 1
BIpTyaJIbHUI MeTo]1 0a30BOTO KJIacy, ajie He Mo3HaueHui Moaugikatopom Override, To
peani3yeTbCsi HE MEXaHI3M 3aMINIEHHS, a MEXaHI3M TMPUXOBYBAHHS, PO3TISHYTHIM
paHie.

PosrnsHemo npukian y micrunry 4.4. Tyt orosnomeno gyortupu kinacu: ClassA,
ClassB, ClassC i ClassD. ba3zoBum jajisi KOXKHOTO 3 HUX (KpiM MEPIIOro) € MomnepeIHin
KJac y cmucky. Bei Bonm Maiote meron Printline, sxuii BHBOOMTH Ha €KpaH
IOBIJIOMJICHHSI, 3 SIKOTO BiH Kiacy. B mepmomy kiaci meton PrintLine oromomeHo
BipTyansHuM (Virtual), y Bcix HacTynmHuX — 3amingyrounm (Override).

TTicTuHr 4.4. 3amilleHHs meTopis
1| class ClassA
2| {
3 public virtual void PrintLine()
4 { Console.WriteLine ("MeTon kJjacy A"); }
5|}
6
7 | class ClassB : ClassA
81 {
9 public override void PrintLine()
10 { Console.Writeline ("MeTron xjiacy B"); }
11|}
12
13 | class ClassC : ClassB
14 | {
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15 public override void PrintLine()
16 { Console.Writeline ("Metron xjiacy C"); }
17 | }
18
19 | class ClassD : ClassC
20 | {
21 public override void PrintLine()
22 { Console.WritelLine ("MeTron xjiacy D"); }
231}
24
25 | static void Main(string[] args)
26 | {
27 ClassA ab = new ClassB();
28 ab.PrintLine();
29
30 ClassA ac = new ClassC();
31 ac.PrintLine();
32
33 ClassB bc = new ClassC();
34 bc.PrintLine();
35|}
BN CAWINDOWS\system32icmd. exe - O =

knacy B
knacy C
knacy C

any key to continue .

Puc. 4.6. PesynbTar pobotu nporpamu 3 jgictuHry 4.4. JleMoHCTparlis 3aMileHHS
METOJIIB Y TTOX1THUX KJIacax

B meroni Main y psaky 27 cTBOproeMo ek3eMmIuisip kiacy B i1 oTpumyemo
NOCUJIaHHS Ha Horo 06a30BY 4acTKy Kiacy A, 3 sIKOT BUKJIMKAEMO BIpTyalbHHUM METOJ,.
Ile npuBeae 10 BUKIMKY MeToy 3 Kiacy B (puc. 4.6), ocKibKY BiH I €K3EMILISpa
KJ1acy B € HalfHOBIIIIOIO 3aMIIYIOYOI0 BEPCIEI0 METOTY.

VY psaaxy 30 cTtBoproeMo ex3eMIuisip kiacy C 1 oTpuMyeMo MOCHJIaHHS Ha Horo
0a30By 4acTKy Kjacy A, 3 KOl 3HOBY BHUKJIMKAaEMO BIpTyajabHui meton. Temnep Oyne
BUKJIMKAHO MeTOJI 3 kKiacy C, OCKUIbKM BiH JIJIsl eK3eMIuisapa kiacy C € HalHOBIIIOH
3aMIITyI0UO0I0 BEPCIEI0 METOTY.

B psnxy 33 cTBoproemo exzemriuisip kiaacy C oTpuMyemMo MOCHIAHHSA Ha HOTO
0a30By 4acTKy kinacy B, 1 BukimkaeMo BipTyanbHui Meroh. Lle 3HOBY mpuBene 10
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BUKJIMKY METOAY 3 Kiacy C, 5K i B MOnepeTHbOMY BUIIAIKy. Xo4a T 0a30BOi YaCTKH
JUISL OJTHOTO 1 TOTO K 00'€KTa 1HIIMH, HAaHOBIIIA 3aMIIIyI0Ya BEPCis METOTY Ta K.

3aMiLLeHHs BNacTUBOCTEN

BiractuBocTi 3aMinyr0Th Tak caMo, sik 1 MeToIi. Y 6a30BOMY Kjlacl BJIaCTHUBICTh
II03HAYaIOTh K BIpTyaabHy MoaudikaTopom Virtual, a B moXiZHOMY — K 3aMilyI0qy
Mo upikaTopom override. ITpukiam 3aMilieHHsI BipTyallbHOT BIACTHBOCTI IPUBEICHO B
gictunry 4.5. IlpuHuun naii BIPpTyaJbHUX BJIACTHMBOCTEM TaKMM caMHid, K 1 I
BIPTyaJIbHUX METOJIB: MiAIIYKOBY€ThCS HAHOBIIIA 3aMilllyloya Bepcis AJiA Kjacy
ex3eMIusipa. Pe3ynbTaT BUKOHAHHS MPUBEICHOI TPOrpamMu MpUBEACHO Ha puc. 4.7.

B 06o0x Bumnazakax (i ;uist 00'ekTa MOX1THOTO KIacy, 1 JUIsi Horo 6a30BO1 YaCTKHU)
MOBEPTAETHCS 3HAUCHHS BJIACTUBOCTI 3 TTOX1IHOTO KJIACy.

TictvHr 4.5. 3amilyeHHs BNacTMBOCTEN

1| class ClassA

21{

3 private int _fieldl = 10;

4 virtual public int TheProperty

5 {

6 get { return _fieldl; }

7 ¥

81}

9

10 | class ClassB : ClassA

11 | {

12 private int _field2 = 20;

13 override public int TheProperty
14 {

15 get { return _fTield2; }

16 }

17 |}

18

19 | static void Main(string[] args)
20 | {
21 ClassB b = new ClassB();
22 ClassA a = b as ClassA;
23 Console._WriteLine(b.TheProperty);
24 Console._WriteLine(a.TheProperty);
25|}
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BN CAWINDOWS\system32iemd.exe - O .

Press any key to continue

Puc. 4.7. PesyabTar poboTu nporpamu 3 JicTuHry 4.5. JlemoHCTpallis 3aMileHHs
BJIACTUBOCTEH Y MOX1IHUX KJlacax

ByKOHAHHS KOHCTPYKTOPIB

Konu cTBoproeTbest eK3eMIuIsap MOXITHOTO Kiacy, TO Mepej BUKOHAHHSAM HOTo
KOHCTPYKTOpA BUKIIMKAETHCS KOHCTPYKTOp 0Oa3oBoro kiacy. BiH cTBoproe 00'ekT
0a30BOro KJacy, sIKUM CTa€ CKJIaJOBOIO YaCTUHOIO 00'€KTa MOXIJHOTO Kiacy. SKIo B
lepapxii cmaaKyBaHHSI € OUIbIIIE JBOX KJIAaciB, TO BUKOHYIOTHCS KOHCTPYKTOPH BCIX
MOTIEPE/IHIX KIIACiB, HOYMHAIOYH 3 HAMHIKYOTO piBHA. TakuM YMHOM, Pe3yJIbTYIOUNN
00'ekT, TOMIOHO [0 MATPBOIIKH, MICUTHUME y c00i 0O0'€eKTH BCIX MOMEepeaHIX
yCHaJKOBaHUX 0a30BUX KJIACIB.

I[Ipy 1upoMy 3a 3aMOBUYBAHHSM BUKOPUCTOBYETHCS KOHCTPYKTOp Oe3
napaMeTpiB. Ajie KOHCTPYKTOPHU MOXKYTbh OyTH IepeBaHTa)KEHUMU, a00 6a30BUil Ki1ac
MoOke MaTh iX Kuipka. IIo06 sABHO BKa3aTH, KM caMe KOHCTPYKTOp CIiJ
BUKOPHCTOBYBATH JUJIsl CTBOPEHHS €K3eMIUIsIpa 0a30BOro Kjacy, BUKOPUCTOBYIOTb
iHiI[ia/i3aTOp KOHCTPYKTOpA Ha OCHOBI KJIFOUOBOTO ClIOBa base.

[ToTpiOHUI KOHCTPYKTOp 0Aa30BOT0 Kjacy BKa3ylOTh TaK: MICIS 3aroJiOBKY
KOHCTPYKTOpa MOXIJIHOTO KJIaCcy CTaBJATh ABOKPANKY, Aajll PO3MILIYIOTh KIIFOUOBE
cioBo hase i mepetik mapameTpiB Uil KOHCTPYKTOpa 0a30BOTO KJIACy B JIy)KKaX:

KntoyoBe crnoso

public TheDerivedClass(int j, string s) : base( s, j )
{

[HiLiani3aTop KOHCTPYKTOPa

VY naHoMy BUNAAKY IHILIAII3aTOp BKa3ye, IO MPU BUKIMKY KOHCTPYKTOpa
TheDerivedClass moxigHoro kiacy i KOHCTPYIOBAaHHS HOro 0a30BOi YaCTHHM CIIiJ
BUKJIMKAaTH KOHCTPYKTOP 0a30BOT0 KJIacy, IKU Ma€ JIBa MapaMeTpu, MEPIIHi 3 TKUX €
PSIKOBOTO THUITY, a Apyruil — minoro. Cami mapametpu (Ta iHpopMaIlis mpo ix THIM)
OepyThCs 3 MEPENIKY MapaMeTpiB KOHCTPYKTOPA MOX1AHOTO KI1acy.
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Skmo Ajig KOHCTPYKTOpa HE BKa3aHO IHILIaii3atopa, TO JUIS 1HIL{ami3amii
YacTMHM O00'€KTa, MPEACTaBICHOI 0a30BUM KJIaCOM, BHUKOPHUCTOBYBATUMETHCA
KOHCTPYKTOp 0a30BOro kjacy Oe3 mapaMmerpiB. BiH NMOBWHEH ICHYBaTH, I1HAKIIE
BUHUKHE ITOMIJIKA KOMITUTAL].

[Ile omuuH BuI iHINIANi3aTopa IJsi KOHCTPYKTOpa BKa3ye€ HE KOHCTPYKTOP
0a30BOr0 Kiacy, a KOHCTPYKTOpP I[bOTO K Kjacy, KMl Ma€ BUKOHYBATHCS TeEpen
BUKOHAHHSIM JIaHOTO KOHCTpYKTOpa. Takuil iH11a113aTop Ma€e CTPYKTYpY, aHAJIOTTYHY
710 TIOTIEPEIHBO PO3TIISTHYTOTO, ajIe 3aMICTh KJIIFOUOBOT'O CJI0Ba Dase BUKOPUCTOBYIOTh
KJIFOUOBE ¢JI0BO this:

Knto4oBe crnoso

public TheClass(int 1) : thisCi, 0)
{

[HiLiani3aTop KOHCTpYKTOpa

Jlanuit 3anuc o03Hayae, 10 MPU BUKIUKY OJHOMAPAMETPUYHOTO KOHCTPYKTOpa
CIOYATKy Ma€ BUKOHATHCS JBOMAPAMETPUYHHUIN KOHCTPYKTOP IBOTO K KJIAcy, B IKOTO
oOuaBa mapameTpu — LIl yucna. [ meprioro mapaMmerpa MepenacThesl 3HaAUeHHS
napaMerpa | OJHOIApaMETPUYHOTO0 KOHCTPYKTOpa, a JJIsi JPYroro Iapamerpa —
3HaueHHs 0.

Taka iHim1a113a111s1 KOHCTPYKTOpa MOKe OyTH KOPHCHA, SKIIO MPU IPOCKTYBaHHI
KJIaClB BHUKA€ HEOOXIAHICTh y KUIBKOX KOHCTPYKTOpPaX, KOXKEH 3 SKHX I 4ac
1HIIIaI13a11i HOBOTO 00'€KTa Ma€ BUKOHATH SKICh CIUIBHI JUIA BeixX aii. Takl CribH1
THCTPYKIIii JOIIBHO BUAUTUTH B OKPEMHI KOHCTPYKTOP, 00 HE TOBTOPIOBATH OJIUH
1 ToM ke ko, Tofi mew ciTbHUM AJ1 BC1X KOHCTPYKTOP CJIiJ BKa3aTH B iHIIIaTi3aToOpi
IHIIMX KOHCTPYKTOPIB.

Mogaudikatopu ocTyny Knacy

Kiacu MoXyTh BUKOpUCTOBYBaTHCsA 1HIIUMHU Kiacamu cuctemu .NET
Framework. II[o6 Bka3atu piBeHb JOCTYIHOCTI KJacy, WOTO OTOJIOIICHHS
JIOTIOBHIOIOTh MOJU(DIKATOpOM J0CTymy. ICHye aBa piBHI JOCTYITHOCTI KJIAcCiB:
3aranbHmi (public) Ta BHyTpinmHIiH (internal):

» Kiac, mo3nauenuii sik public, 6yne moctymuuii 3 Koy Oyab-sikoi 30ipku y

cuctemi. Skio noTpidHO, 1100 Ki1ac OyB BUAUMUMN 1HIIIUM 301pKaM, PU HOTO
OTOJIOIICHHI CJTijT BKa3aTh Moaudikarop public:

Mogudpikatop goctyny

public class TheClass { ... }
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» Kiac, mo3HaueHwii sk internal, Mo)e BHKOPHCTOBYBATHCS BHKIIFOYHO
KjacamMu 30ipkH, y sKiii BiH orojomieHud. llel piBeHb HOCTYMHOCTI
BUKOPHCTOBYETHCA 32 3aMOBUYBAHHIM. TOMY, SIKIIIO MTPH OTOJOUICHH] KJIacy
SBHO HE 3a7aHo Mopaudikatopa IOCTyIy, TO IiHIIN 30ipku HOTO HE
0auUTUMYTh. AJle MOKHA TaKOX SIBHO BKA3aTH, 110 KJjac OyJie BHYTPILIHIM:

Mogudikatop goctyny

internal class TheClass { ... }

BrkopucTaHHS Knacis 3 iHLLMX 30ipok

Knacu 3 iHmmx 301ipok MOKHA BUKOPUCTOBYBATH TaK, HIOM BOHU OTOJIOLICHI B
noTouHii 30ipii. st nboro moTpioHO 3a0e3Meun T BUKOHAHHS TAKUX YMOB:

» Kitac noBuHEH MaTH 3arajbHUi PiBeHb AOCTYMHOCTI (IMo3HaYeHMi sk public).

» ¥V npoekT Visual Studio motpiOHO g01aTH MOCHIAHHS Ha 301pKY, SKa MICTHTh

kiac. e moxHa 3poouTtn y po3aiii References sikua Solution Explorer. Crin
BuOpatu komanay Add Reference... 3 KOHTEKCTHOTO MEHO, BUKJIMKAHOTO Ha
By3imi References, mani HatucHyTH KHONKY Browse... i BuOpatu nmotpiOHy
30ipKy. Bci ii Tunm 3 3araqbHUM piBHEM OOCTYHHOCTI OyIyTh BUAMMI B
NOTOYHOMY ITPOEKTI.

[Ilo6 Oyno 3pyuHille BUKOPUCTOBYBATH KJACH Ta 1HIINI TUIMHU 31 301pKH, HE
BKa3ylOUM iX MOBHI Ha3BW, Ha MOYATKy (ailily 3 TEKCTOM MPOTpaMH PO3MIIIYIOTh
JTMPEKTUBY USING Ta BKa3yIOTh IPOCTIp iMEH Tia'eAHaHo01 30ipku. BUkoprcTaHHs Ki1aciB
3 i€ JHAHOT 301PKU HIYMM HE BiJPI3HAETHCS Bl BAKOPUCTAHHS BIIACHUX KJIACIB.

3ayBaXMMO, IO JOJAaBaHHS IMOCWJIAHHS Ha 1HIIY 30ipKy Ta BUKOPHCTAHHS
JUPEKTHBM USING — pi3Hi peui. JlogaHe MmocwiiaHHsA Tokasye, jae (y skomy aiiii)
KOMITUIATOP Ma€ IIyKaTH THUIH, & JUPEKTHBA USING JT03BOJISIE TIOCKIATHCS HA THIU 32
KOPOTKHMH Ha3BaAMHU.

301pKo10, 3 sIKOI MO>KHAa BHUKOPHCTOBYBAaTH KJac, MOXE OyTH K JAMHAMIYHA
oiomoteka (dynamic-link library, dll) 3 pozmmpennsm .dll, Tak 1 BukonaBuwmii aiin (3
PO3LIUPEHHSM .EXE).
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Mogamdikatopu 4OCTYNYy enNeMeHTIB Knacy

KoxeH eneMeHT Ki1acy MOXe MaTu CBIM BJIACHUN MOJU(DIKAaTOp NOCTYIY, AKUN
3aJlaBaTUME PiBEHb HOro BUAMMOCTI B cucTeMi. MU Bxe po3riisaaiu aBa piBHi: public
(HaJae TIOBHUH OCTYII 70 eJieMeHTa) Ta private (poOUTh eIEMEHT TOCTYITHUM TiIbKH B
MeXaxX KJacy, B SKOMY BiH OTOJIOIICHWI). 3a 3aMOBYYBAHHSM, SKIIO HE BKa3aTH
HISIKOTO MOJU(DIKaTOpa JOCTYIy, BAKOPUCTOBYETHCS IPUBATHUN PIBEHb.

JI1s1 elleMeHTIB KJlacy MOKHA 3aJ1aTH Takl MOJIU(IKaTOpu JOCTYITY:

» public

» private

» protected

» internal

» protected internal

[Ilo6 BkazaTh MOTPiIOHMI PiBEHBb JIOCTYIHOCTI €JIEeMEHTa Kjacy, Ipu HOro
OTOJIOIICHHI BKa3yOThb BIAMOBIAHUN MOau(]iKaTop, K BKe OYyJO PO3IJISHYTO Ha
MPUKIIaAl MOIU(DIKATOPIB ISl 3arajbHOTO Ta MPUBATHOTO JOCTYITY.

[Tpumyctumo, y Hac € knac A. Tonl iHmmii knac B Moxke matu (4u He MaTH)
JIOCTYT J10 €JIEMEHTIB KJ1acy A, 3aJIe)KHO BiJ] TAKUX YMOB:

» UYu knac B moxignuit Big kiacy A, 4u Hi.

» UYu kiac B oronomeno y Tii ke 36ipiii, 1o ¥ A, 4u B 1HIIIIH 301pIIi.

PosrnsHeMo BIIMB KOXKHOTO MOAM(iKaTopa AOCTYNy Y BCIX KOMOiHAIisIX
BKa3aHUX YMOB.

Moaudikatop public
Lleii piBeHb He Mae oOMexeHb. Bel kinacu BcepeauHi 30ipku Ta 3a il MexamMu
MaloTh IOCTYII JIO TaKOTO eeMenTa. Le imocTpye cxema Ha puc. 4.8.

Knacwm, He noxigHi Big TheClass Knacwu, noxigHi Big TheClass
Knacu B iHLUKX
30ipkax
public class TheClass
Knacwm y Tiit xe public Member;
30ipui

Enewment Member Bugumui Enement Member HeBuaumMuia

Puc. 4.8. JlocTynHiCTh eJeMeHTiB 3 MoaudikaTopom public
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Moaudikatop private

Ileit piBeHb HakiIajae HaWOLIbIIe OOMeXeHb. [IpuBaTHUN €lEeMEHT BHIMMHUIN
BUKJTIOYHO Y CBOEMY Kiiaci. BiH He TOCTYIHUI HaBITh y OX1THOMY KJIaci Ti€l )k 301pKH.
OO6acTh TOCTYIHOCTI elleMeHTa Kiacy 3 moaudikaropom private inroctpye puc. 4.9.

Knacw, He noxigHi Big TheClass Knacw, noxigni sig TheClass
Knacu B iHLLKX
30ipkax
public class TheClass
Knacu y Tiil xe private Member,
3bipuyj

EnemeHT Member BugumuiA EnemeHT Member HeBUOMMUIA

Puc. 4.9. JlocTynHiCTh €JIEMEHTIB 3 MOoAu(ikaTopom private

MoawudikaTop protected

Lle#t piBeHb POOUTH €JIEMEHT AOCTYMHHMM y BCIX MOXiAHMX Kiacax. HaBiTb
MOXIJTHI KJTAacH 3 THIIHMX 301pOK TaK0X MAlOTh JOCTYI JI0 TaKoro exeMenTa (puc. 4.10).

Knacu, He noxigHi Big TheClass Knacw, noxigni Big TheClass
Knacu B iHLLKX
30ipkax
public class TheClass
Knacw y Tilt xe protected Member;
3Bipui

EnemeHT Member Bugumui EnemeHT Member HeBuauMun

Puc. 4.10. loctynHicTb eneMeHTiB 3 MoaudikaTropom protected

MoaudikaTop internal

EnemenTn, no3HaveHi sk BHyTpimHi (internal), BuauMi a1 BCiX KiaciB 301pKH.
AJte Kacu 1HIIKMX 301pOK IOCTYIy 0 HUX HE MaroTh. HaBiTh MOX1IHI KJacH B 1HIIUX
30ipKax He 0AaUUTUMYTh TaKoro enemenTa (puc. 4.11).
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Knacu, He noxigHi Big TheClass Knacu, noxiaHi sig TheClass

Knacu B iHLKX
3b6ipkax
public class TheClass
Knacw y Tin xe internal Member;
30ipui

Enement Member Bugumuii Enement Member HeBUaumMuiA

Puc. 4.11. JlocTymHicTh eleMeHTIB 3 MoaudikaTopom internal

Mogaudikatop protected internal

EnemenTn, mo3Haueni sk protected internal, Buaumi 1j1s1 BCiX HOXIIHUX KJaciB Ta
BCiX KiaciB 30ipku. OOJacTh BUIUMOCTI TaKOTO €JIeMEHTa € 00'€ JHaHHSIM 00JacTei
BUIMMOCTI, 3aaHux Moaudikaropamu protected Ta internal (puc. 4.12).

Knacw, He noxigHi Bia TheClass Knacw, noxiaHi Big TheClass
Knacu B iHWMX
30ipKax
public class TheClass
Knacw y Tilt xe protected internal Member;
3bipui

EnemeHT Member Buaummii EnemeHT Member HeBuaMMMIA

Puc. 4.12. loctynHicts enemenTiB 3 Moaudikaropamu protected internal

[ligcymkm

VY tabnui 4.1 3BeaeHo iHdOpMAaITio Mpo NPU3HAUYCHHS MOAU(IKATOPIB TOCTYITY
eneMeHTiB Tumy. PiBHI gocTymy B TaOnuill MPHUBEACHO B MOPSAKY 3MEHILIECHHS
oOMeXeHb: Bl HaHoOMekeHimoro private no HaiBiapHIIIOrO public.

Tabnumug Ned.1. MogudikaTopm JOCTyny eneMeHTiB knacy

MoaudikaTtop Onuc gocTynHOCTi enemeHTa Knacy

private [ocTynHui Tinbky y Knaci

internal [ocTynHui ons Beix knacis 36ipku

protected [ocTynHui ons BCix NoXigHWX Knacis

protected internal [ocTynHuin 4Ns BCiX NOXiAHMX KraciB Ta BCiX Knacis 36ipku
public [octynHnin ans BCix
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AOCTpaKTHI eNeMEHTK Ta Knacu

ABCTpaKTHI Knacy

Abcmpaxmui Knacu — 11 KIJAcH, MPU3HAYEHI BUKIIIOYHO JUIS CIAJKyBaHHS 1X
iHmMMY KiacamMu. CTBOPUTH €K3EMILUIAP TAaKOTO KJIacy HEMOXIIHBO. B abcTpakTHOMY
KJaci OMHMCYIOTH (ajie He peaii3yroTh) Hal3arajbHIII XapaKTepUCTHKU 00'€KTa, sKi
NOBUHHI OYyTH YTOYHEHI NUISIXOM KOHKPETHOT iX peani3auii y HoXiJHOMY KJacl.

AOCTpakTHHI KJIac OroJIOMy0Th 3 Moaudikaropom abstract:

KntoyoBe cnoso abstract

abstract class TheClass

AOcTpaKkTHUH KJ1aC MOYKE MICTUTH 3BUYaiTH1 Ta aOCTpPaKTHI eJeMeHTH. BiH Moxe
OyTH MOXIIHMMH BiJl IHIIOTO aOCTPAKTHOTO Kiacy. Y Kiacl, MOXiIHOMY BiJl
a0CTpaKTHOTO, CITI/I pealli3yBaTH BC1 yCHaAKOBaHi aOCTPaKTHI €IEMEHTH, TO3HAUYNBIIIN
iX KJIFOYOBUM CJIOBOM OVerride (Ko TijbKH KJIac caM He € aOCTPaKTHHUM).

ABCTpaKTHi eneMeHTH

Abcmpaxkmuuii enemenm Kiacy — 1€ €JI€MEHT, IPU3HAYCHUN I 3aMIilEHHS Y
NOXIJHOMY Kiaci. AOGCTpaKTHUMH MOXYTh OyTH METOAM Ta iHIII (YyHKIIOHAJTBHI
€JIEMEHTH (BJIACTUBOCTI, MOJii, 1HAEKCATOpH). EneMeHTH JaHuxX Kiacy HE MOXYTb
OyTH aOCTpaKTHUMHU.

AOCTpaKkTHHI €JIEMEHT 03Ha4arTh Moaudikaropom abstract. Bin He moBHHEH
MaTh peai3anii: Horo KoJ TMPEJACTaBISIOTh OJHIEI IOPOXKHBOK 1HCTPYKIIIEO
(Kpamkoro 3 KOMOI0):

KritouoBe croBo abstract MopoXHS! iHCTPYKList ";"

abstract public void TheMethod();

abstract public int TheProperty

{
get;
set;

[MOPOXHS IHCTPYKLis ";

AOCTpaKTHI €JIEMEHTH KJacy MO>KHAa OroJIOIYyBaTH TUIBKH B aOCTPAKTHOMY
Kjaci. Xo4a BOHU 1 MarlTh OyTH 3aMIIllEHI B MOXIJHOMY Kjaci 3 BHUKOPUCTAaHHSIM
JMPEKTUBU Override, aje mpu 71X OrOJIOIICHHI HE MOXHA BUKOPUCTOBYBATH
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moudikatop Virtual. BipTyaneHi eneMeHTH, Ha BiAMIHY BiJ aOCTpPaKTHHX, MOBHHHI

MaTH KOJ peamizarii. Y MOXiHOMY KJaci BIpTyaJibHI €JIEMEHTH MOXYTh OyTH

3aMIIICHUMH, a a0CTPaKTHI — MOBUHHI OyTH 3aMIIIIEHUMH.

TlicTuHr 4.6. ABCTpaKTHMI Knac 3 abCTpakTHAM METOAOM

OO ~NO O~ WNEPRE

NNNRPRRRPRRERPRPRRRER
NP OOWWOW~NOOUDMWNEO

N
w

abstract class TheAbstractClass // Ab6cTpakTHUM KJac
{

public void Printldentify()

{

Console.WritelLine ("HampykoBaHOo 3 ab®CTpakKTHOTO kKjacy");

+

abstract public void AbstractMethod(); // Ab6crpakTHNMI MEeTO
+
class TheClass : TheAbstractClass
{

public override void AbstractMethod()

{

Console.WritelLine ("HampykoBaHO 3 NoxXimHOoTo Kjacy");

+
+
static void Main(string[] args)
{

TheClass tc = new TheClass();

tc.Printldentify();

tc.AbstractMethod();
+

B CAWINDOWS\system32icmd.exe — | *

HapnpykoeaHo 2 aBcTpakTHoro knacy
HagpukoBaHo 3 noxigHoro knacy
Press any key to continue .

Puc. 4.13. Pe3ynbTaT BUKOHaHHS IPOTPAMH 3 JICTUHTY 4.6

VY nictunry 4.6 npuBeACHO MPUKIIAL, SIKUA MICTUTh OrOJIOIIEHHS a0CTPaKTHOTO

kinacy TheAbstractClass (psaku 1...8). Bin mae aBa MeToau: 3BUYAWHUN METOJ
Printldentify (pstnku 3...6) Ta aOctpaktamii Metonx AbstractMethod (psimok 7). ami
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orosiomieHo noxigHui kinac (psaku 10...16), B gAxoMy 3aMILIEHO Ta peasi30BaHO
abctpakTHui Meton (psiaku 12...15).

B meToai Main crBoproeThest ek3emiutsap kinacy TheClass ta BUKIMKaAIOTHCS 1Ba
Horo MeTonu: OJMH YCHAJAKOBaHHUH 3 aOCTpakTHOTO 0a30BOTO Kiacy, a APYrui — 3
NOXIJTHOTO KJIAacy, peani3oBaHui s 3aminieHHsl a0cTpakTHoro. IIpu BUKOHaHHI L4
nporpamMa BUBEJI€ Y KOHCOJIbHE BIKHO /Bl (hpasu, sKi MMO3HAYAIOTh BUKOHAHHS 000X
meToiB (puc. 4.13).

3aneyartaHi knacwu

3aneuamani knacu 3a00pOHSIOTH YCIIaIKOBYBATH iX. BOHU € MPOTUIICKHICTIO 10
abctpakTHHX. SIKI10 3 a0CTPAKTHOTO KJIACYy HEMOXJIMBO CTBOPUTU €K3EMILIAP, 1 HOTO
nepen BUKOPUCTAaHHSM OOOB'SI3KOBO CIIIJI YCMAAKyBaTH, TO 3aledyaTaHWUN Kiiac
NPU3HAYCHUN BUHATKOBO [UUII CTBOPEHHS €K3EMIUIAPIB, MHOTO HEMOKIIUBO
ycnaakyBaTu. Cripoba BUKOPUCTATH 3arieyaTaHUu KJjiac B PoJii 6a30BOro JJIsl 1HIIIOTO
KJIaCy CIIPUYUHUTD MOMMJIKY KOMITLISIIII.

3arnevataHuii Kjiac OToJIOIIYIOTh 3 Moau(ikaropom Sealed:

KntoyoBe croso sealed

sealed class TheClass

CTtaTnyHi Knacu

CraTiyHUM HaA3UBAIOTh KJIAC, Yy SIKOTO BCl €JIEMEHTH cTaTuyHi. Taki kiacu
BUKOPHUCTOBYIOTH JIJIA TPYITyBaHHS JaHUX Ta PYHKIIIH, SIK1 HE 3B's13aH1 3 €K3EMILISIPOM.
Hampuknan, craTu4eWii  Kiac JOPEYHO BHKOPHUCTATH JJIS  MPOCKTYBaHHS
MaTeMaTU4YHOi 010J110TeKH, sIKa MICTUTh Ha0lp MaTEMaTUYHUX 3HAYECHb Ta (DYHKIIIH.

CraTU4HHN KJ1ac IPH OroJIOIIEHH] MO3HAaYar0Th MoAudikaTopom Static. Bci ioro
€JIEMEHTH TaKOXX CJIJI OTOJIOCUTH CTaTUYHUMH. Takuil Kiiac MOXK€ MaTh CTaTUYHUN
KOHCTPYKTOp, ajie HE MOXE MaTH >KOJHOTO0 KOHCTPYKTOpa €K3eMIUISIpa, OCKIIbKU
CTBOPHUTH €K3EMILIAP TAKOTO KJIacy HeMOXJBO. CTaTHYHUIA KJTac 3a 3aMOBUYBaHHSIM
3ameuartanuii. Floro He MOXyYTh CrajKyBaTH iHII KimacH. JI0 eleMeHTIiB CTaTHUHOTO
KJIacy MOJKHA 3BEpTaTHCS Yyepe3 MOoro Ha3By.

VY nictunry 4.7 npuBeeHO MPUKIIA] OTOJIOMICHHS Ta BUKOPUCTAHHS CTATUYHOTO
kiacy IntelectualMath, sikuii MiCTHTB KijibKa METOIB JIJISI MaTEMaTHYHUX Omepariii. Y
KJaci OroJIOIIeHO JBa CTaTHYHUX mois Tumy double (psioku 3...4): omHe 3 HUX
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NpeACTaBisge 4yuciao 7, a iHme — yucio Einmepa. Kpim 1poro, kimac MiCTUTH JBa

cratnunux Mmetoqau. [lepmmii 3 Hux, meroa XPi (psaku 6...9), moBepTae pe3ynbrar

MHOEHHSI YKCJIa T Ha 3aJaHuil apryMeHT, a apyruii Mmeroj (XE) pobuts Te came 3

yuciioM Einepa.
B meroai Main mpoaeMOHCTpOBaHO 3BEpTaHHS 10 BCIX YOTUPHOX CTATHYHHX

eneMeHTIB Kiacy IntelectualMath: 3HauenHs mosiB Ta pe3yabTaTH BUKOHAHHS METOIIB

BUBOJIATHCS Y KOHCOJIbHE BiKHO (puc. 4.14).

TNictuur 4.7. TMpuknag CTaTUYHOrO Knacy

OO ~NOO U WNPR

NNNNRPRRPRPRPRRRPRRERERR
WNPOOWO~NOOUNWNERO

N
N

static class IntelectualMath

{

}

static void Main(string[] args)

{

3.14159265;
2.71828183;

public static double Pi
public static double E

public static double XPi(double x)

{
return x * Pi;
be
public static double XE(double Xx)
{
return x * E;
+

Console._WriteLine(''Pi {0}, IntelectualMath.Pi);
Console . WriteLine(E = {0}", IntelectualMath.E);
Console . _WriteLine("12*P1 = {0:0.00000}",
IntelectualMath.XP1(12));
Console._WriteLine("12*e = {0:0.00000}",
IntelectualMath.XE(12));

BN C:\WINDOWS\system32icmd.exe — d X

Pi = 3,14159265
E = 2,711828183
12=P1 = 37,69911
12=e = 32,61938

Press any kev to continue .

Puc. 4.14. Pe3ynbrar BUKOHaHHS IPOrPAMH 3 JIICTUHTY 4.7
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Po3gain 5. BuHATKOBI cuTyaui

» BuHaTkosi cutyauil

» Knacu BUHATKOBMX CUTYaLii

» OBOpobKa BUHATKOBMX CUTYaLIiN
» Cekuist catch

» Cexkuis finally

» BknageHi 6noku try

» [eHepyBaHHS BUHATKIB

» CTBOPEHHS BNACHWX BUHSATKIB
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BuHATKOBI cuTyauil

[Tomunku, sSiki BUHMKAIOTh MPU PO3pOOII Ta eKCIUTyartalii mporpam, MOXYyTh
OyTH HACTYIMHUX BUIB: CHHTAKCUYHI, JIOT1YHI Ta JUHAMIYHI.

CHUHTaKCUYHI TOMWIKM BHHHUKAIOTh TPU TOPYMICHHSX CHUHTAKCHCY MOBH
nporpaMmyBaHHs. BoHU BUSBIAIOTBCS Ha e€Tall KOMIUIALII MpPOrpaMH CaMHUM
KOMIIUIATOPOM 1 Haiiyierme BHIpPaBsOThCA. Cilljl 3ayBaKWUTH, IO BIACYTHICTb
CUHTAaKCUYHUX TMOMHJIOK HE TapaHTye KOPEKTHOI pOOOTH TPOTpaMH: MOMHUIKOBUN
AITOPUTM MOXHA peai3yBaTh CHHTAKCUIHO MPABUIBHO.

JloriuHi TIOMUJIKM € HACHIIKOM peai3allii HeNpaBWIHLHOTO aJTOPUTMY 1
MPOSIBIISIIOTHCSA TIPU BUKOHAHHI Iporpamu. HasBHICT JIOTTYHMX MOMHIIOK MOXE HE
MPUBOJIUTH JI0 CUCTEMHHX 300iB y po0OTI Mporpamu, ajie BOHa BUJAaBaTUME HEBIpHI
pesynbratd. 1[I MOMHIKE HE BUSBIAIOTHCS B aBTOMATH30BAaHOMY PEXKHUMi, TaK SK
MOXYTh OyTH 3HalJEeHl JMIIE LUIIXOM aHalI3y KOHKPETHOTO peaji30BaHOrO
AIITOPUTMY.

JluHaMi4H1 TOMWIKM BHUHUKAIOTh NMPU BUKOHAHHI MPOrpPaMH Ta € HACIIIKOM
HEeTPaBWIbHOI opraHizailii poOOTH €JIEMEHTIB MpOorpaMu YU OMEpaIliiHOi CUCTEMHU.
JIuHaMi4HI TOMUJIKY TaKOK HA3WBAIOTh MOMIJIKAMHU Yacy BUKOHaHHs (funtime error).
[Tpuknagom Takoi MOMUIIKA MOXe OyTH JUICHHS HA HYJIb:
int x =3,y =0;

X =x/7YVY;

[eit koA CKOMIUIIOETHCS YCHIIIHO, aje SKIIO IMiJ Yac BUKOHAHHS 3HAYCHHS Y
nopiBHioBatuMe 0, TO BUHHKHE MMOMHJIKA yacy BukoHaHHs "Attempted to divide by
zero" (puc. 5.1).

BN C:\WINDOWS\system32icmd.exe — O b

Unhandled Exception: System.DivideByZeroException: Attempted to divide by zero.
at Consolefpplicationl.Program.Hain{Stringl] args) in D:\Progs\Demo MSVS CH\C

onsolefApplicationliConsolefApplicationl\Program.cs:1line 14

Press anv key to continue

Puc. 5.1. TloBigoMIeHHS PO BUHSATKOBY CUTYAIIIIO JUICHHS HA HYJIb Y
KOHCOJIBHOMY 3aCTOCYHKY

Jlnst 0OpoOKM TMHAMIYHUX MOMIJIOK BBEJICHO MOHSTTS BUHITKOBOI CUTYAIIIi.
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Bunsamkosa cumyayiss — 1ie TIOMWIKa y TpOTpaMi, sKa BUHUKAE BHACIIIOK
MOPYIIEHHS] CUCTeMHHMX a00 MporpaMHuUX oOMexeHb. BunsTkoBa cutyamis (ii 1me
HA3UBAIOTh GUHAMKOM) BUKIWKAE TIEPEpUBAHHS a00 NPUNUHEHHS BUKOHAHHS
nporpamu. OOpoOka BHHSTKOBOI CHTyaIlli TOJSArae y HEUTpamizamii AUHAMIYHOL
MIOMWJIKH, sIKa i BU3Basja. BUHATKOBA cUTYaIllisl 3aJTUIIIAETHCS aKTUBHOIO, IOKU HE Oy ie
o0OpobieHa. SIKmo mporpaMa He MICTUTh KOy AJisi 0OpoOKHM BUHSTKOBOI CHTYaIlii, TO
CUCTEMa PUIMHUTH BUKOHAHHS ITPOTPaMHU.

Konu BuHMKae BUHSATKOBA CHUTYyaIlis, CHCTEMa aBTOMAaTUYHO TEHEpye 00'€KT
BUHATKOBOI CUTYaIlii, IKMI MICTUTH J1aH1 PO HeA.

Krnacu BUHATKOBUX CUTYaLiN

VY nporpamMax MOXKYTh TPAIUISATUCA BUHIATKU 0aratboX pi3HUX TUMIB. bidmioTeka
0azoBux kimaciB .NET Framework (BCL) Bu3Hauae Benuky KUIBKICTH KJIACiB, SIKi
IpPEICTaBISIIOTh BUHATKOBI CHUTyallii KOHKpeTHOro Buay. Komu Tpamiserscs
BUHATKOBa cutyamist, cepenoBuiie BukoHanHs .NET (CLR) crBoproe o00'exr
BUHATKOBOI CUTYaIlii IEBHOTO THITY 1 IIyKA€ MPUWHATHHUIA MyHKT Catch mis if oOpoOkwu.

Bci BHHATKH HOXOIATh BiJ Kiacy EXception, oroomreHoro y mpocropi iMeH
System. Ileit kitac iHKAICyTIO€ 3araabHi XapaKTePUCTUKHA BUHATKOBOI cuTyairii. O0'exT
BUHATKOBOI CHUTyalli MICTUTh BJIACTUBOCTI (IOCTYNHI JUIIE€ [Js YWTaHHA) 3
1H(popMaIi€ero Mpo BUHATOK. Y Ta0nuil 5.1 npuBeeHO HaWBXKUBAHIII 3 HUX.

Ha ocHoBi kiacy Exception cTBOpeHO BeNHMKY KiNBKICTh KJaciB, sIKI OMHCYIOTh
BUHSATKOBI CUTYyallii MEBHOTO BUY: MOMWJIKU MpU POOOTI 3 YHUCIAMH 13 TIABAIOYOIO
KOMOIO, TOMUWJIKH TPU pOOOTI 3 TaM'sITTIO, TIOMUJIKH IUCKOBOTO BBOAY-BUBOAY TOLIO.

Tabnuus Ne5.1. HanexuBaHiwwi BnactueocTi knacy Exception

BnacTuicTe  Tun Onuc |

Message string MicTuTb NOBIZOMMEHHS NPO MOMMAIKY, SIKE MOSICHIOE MPUYKHY
BUHSTKY

StackTrace string MicTuTb iHopmaLlito, sika onucye, Ae cTanacb noMunka

InnerException  Exception  FAKLIO NOTOYHWIA BUHATOK 3reHEPOBAHMIA IHLLIMM BUHSATKOM, LS
BMacCTUBICTb MICTUTb NOCUITAHHS Ha NonepesHin BUHATOK

HelpLink string BuHATKW, onucaHi nporpamHo, MOXYTb 3a4aTt Y Ljiid BNacTUBOCTI
nocunanHs (URN, URL) Ha iHdopmaLito, sika NOSICHIOE NpUUmHY
BUHSTKY

Source string AKLLO Ls BNAcTMBICTb He BCTAHOBMEHA NPOrpamMHo, TO BOHA

MICTUTb Ha3BY 30ipKu, A€ BUHWK BUHATOK
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Obpobka BUHATKOBUX CUTYaLLiN

Jlist 00poOKM BUHSTKOBUX CHUTYalllii BUKOPUCTOBYIOTH 1HCTpyKLito try. Bona
JI03BOJISIE TIO3HAUUTU OJIOK KOAY, B SIKOMY BIJCIIJKOBYBaTUMYThCS BHUHSATKOBI
CHUTYaIlil, a TaKOX 3a0e31euye Ko 7 iX 00poOku. [HCTpyKItis try MoXke ckiiagaTucs 3
TaKUX TPbOX CEKIil (puc. 5.2):

» brok try MiCTUTB KOJI, Y SIKOMY BIJICTIAKOBYBAaTUMYThCSI BUHSATKHU.

» Cekirist catch MicTUTh OJHY YM KiIbKa IHCTPYKIi#l catch, Ko)xHa 3 IKHX Mae

CBill 070K KOmy aisi oOpoOkuM BHHATKIB. [HCTpyKmii catch HasmBaroTh mie
00poOr0BaYaMy BUHSATKOBUX CUTYAIIii.

» bnok finally micTtute Koxa, sSKHI BHKOHAETHCS MPU OYIb-SIKUX YMOBaX:

TPaNUTHCSA BUHATOK, YU HI.

bnok try MiCTUTL Kof, Y AKOMY

S { Lls cekuis HeobxigHa
BIACNIAKOBYBATUMYTLCH BUHATKM

// ITHcTpyrRIil
}

IHCTpYKLi catch MicTATL catch (...)
0bpobnioBayi BUHATKIB, SKi {
i // THcTpykLii
BUHukTH y brioy) try } oL OpHa uv 0bMBI 3 LMX CeKLji
e e MOBWHHI By TW NpucyTHI. AKLO
{ oBuasi cekuii npucyTHI, TO

onok finally mae 6y
} OCTaHHIM

// IHCcTpykRLil

Bniok finally MicTuTb Koz, iKUK finally
MoBUHEH DYTWU BUKOHAHUIA, {
He3anexHo Bif TOro — TpanuBcs // THcTpykLil
BUHATOK y Briowi try, un Hi. }

Puc. 5.2. CtpykTypa KOHCTpYKIIIi try

Konctpykiist try moske Mictut ofHy 3 cekitiii (catch uu finally), abo o6umsi.
brokwu try, six 1 10111 mporpaMHi 6JI0KHU, MOKYTh OyTH BKJIaICHUMHU OJUH B 1HIINMN, aje
HE MOXYTh IEPETUHATHCS.

[TocnioBHICTE CHpallfoBaHHS IHCTPYKIIHA KOIYy MPW BUHUKHEHHI BHHSATKOBOI
cuTyarii Taka. Ik 3aB>K/¢, MOCI1J0OBHO BUKOHYIOThCS 1IHCTPYKITi 610Ky fry. SIKimo mpu
BIJIMTPAITIOBaHH] OJIHI€T 3 HUX Tpamuiach BUHATKOBA CHUTYaIlis, TO BCi HACTYIIHI
IHCTPYKIIi 10 KIHIS OJIOKy {ry mOpomycKaroThCsA, 1 BUKOHAHHA MEPEXOJUTh Y
BianoBiaHui 6510k catch. TTicis BiampaIroBaHHs BCiX HOTr0 IHCTPYKIIiH IPOIOBKY€ETHCS
BUKOHAHHS IHCTPYKIIA MPOrpaMH, PO3TAIIOBAHUX 3a CEKIIE0 OOpPOOKH BHUHSTKIB.
Sxmio y Guorti try BUHATKOBOT CUTYaIlii HE TPamuiIochk, TO OJIOK Catch mpormyckaeThcs.
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OcranHiM BHKOHYyeThcsi Oyok finally, mpuyomy He3ane:xHO BiJl TOrO, TpaNHUTHCS
BUHSATKOBA CUTYyaIlis y 0ot try uu Hi.

Posrnsaaemo xop 3 nmictuHTry 5.1, y SIKOMY BIJICIIJIKOBYETHCSL Ta OOpOOISI€THCS
BUHATKOBA CUTYalllsl IJICHHS Ha HYJIb. BIIOK Iy, y sIKOMY BiJCJI1IKOBYIOTHCSI BAHSITKOBI
cuTyaIllii, po3MileHul y psakax 5S...8. Pagok 7 MiCTUTh IHCTPYKIIIIO I1JICHHS Ha HYJIb
(OCKITBKM 3HAYEHHS 3MIHHOI Y JOpiBHIOE HYNI0). Ha BigMiHy BiJ mHoOmepeaHbo
PO3TJISTHYTOTO BUNAAKY, poboTa mporpamMu He Oyae mpunuHeHa. CrouaTky Oyje
BUKOHAHO OJIOK CaftCh, skwii y JaHOMY BWITaJIKy MICTHTH KOJ 3 BHBOJOM Ha €KpaH
noBiioMJieHHs. [{ani BUKoHaHHS MporpaMu OyJie IPOIOBKEHO 3 MepIIoi IHCTPYKIIIT 3a
Onokom catch. PesynbraT BHKOHAHHS MporpamMH MpHBEAEHO Ha puc. 5.3. Skmo 3
PO3MIITHYTOTO KOAy 3a0patu OOpoOKy BHHATKOBUX CHUTyariil, TO Ha pIaKy /
BUKOHAHHSI TPOTPaMU MPUTTMHUATHCS, 1 CHCTEMAa BUBEJIE TIOB1JOMIICHHS TTPO BUHATKOBY
CUTYyaIlito, IK Ha puc. 5.1. SIK110 3MiHHII Y IPUCBOITH BIAMIHHE BiJl HYJISl 3HAYEHHSI, TO
CceKIris catch B3arasi He BUKOHYBAaTUMEThCS.

3ayBa)XuMoO, IO €JMHA BIJAMIHHICTH KOOy B JICTHHTY 5.1 Bia momepeaHbo
PO3IIITHYTOTO — HAasIBHICTh 1HCTPYKITIN /ISt 0OpOOKM BUHSITKIB.

MictnHr 5.1. OBpobka BUHATKOBKX CUTYaLii

1 | static void Main(string[] args)
214
3 int x =3, y = 0;
A
5 try M // TlouaTok OBPOOKM BMHATKOBUX CUTyallll
6 {
7 X =Xx/Y; // TyT BUHMKAE BMHATKOBA CHTyalllda
8 }
9 catch
10 { // Konm nna oOpoOKM BUHATKOBUX CUTyalli
11 Console.WriteLine ("O6pobngeMo BMHATOK...");
12 }
13
14 Console._WriteLine("'l nponosxyemo poboTy...");
15|}

Bl C\WINDOWS\system32icmd.exe - O X

0BpoBnaAceMo BUHATOK. . .
I npogoBxyemo poGoTy. ..
Press any key to continue

Puc. 5.3. Pe3ynpTaT BUKOHAHHS MPOTPAMU 3 JICTUHTY 5.1
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Cexkuis catch

Koxxna iHcTpykiis catch oOpoOisie BHHATKOBY cuTyamiio. € Tpu (opmu

peadizariii catch, siki J03BOJISIOTh 33 isITH Pi3HI piBHI 00POOKH BUHSATKIB.

1. 3aranbHa IHCTpyKUid catch He MIiCTUTH HapaMeTpiB 1 MITXOAUTH IS
BUHATKOBHX CHUTYyaIliil Oyab-skoro tumy. CHHTaKCHC Takol IHCTPYKIIii catch
HAWUTIPOCTININA:
catch

{

// Iucrpyxuii

}

2. CneujanbHa iHCTPYKLiS catch oTpuMye Ha3By Kjacy BHHATKY SK ImapameTp i
HiIXOUTH JJIS BCiX BUHATKIB BKA3aHOTO Kjlacy, a0 MOXiJHUX KJIaciB.

catch (ExceptionType)
{

// IHCTPykUii

}

3. CneuianbHa iHCTpyKuis catch 3 OG'€KTOM MicTHTh TiCiIS Ha3BH  Kjacy
inenTrdikaTop, AKMIA Ji€ K JIOKaabHa 3MiHHA y 011011 Koy catch. Lls 3minHa
€ TIOCUJIAHHSIM Ha 00'€KT BUHATKOBOI CUTYaIlii, 32 JIOMIOMOTOIO SIKOTO MO>KHA
OTpUMATH 1H(QOPMaIIIO PO BUHATOK.

catch (ExceptionType ExceptionVariable)
{

// THCTPYKIL1L
b

3a J0mMOMOror 3araibHOi iHCTpYKIii catch moxnHa 00poOiaATH Oyab-sKi
BUHSTKH, aJie¢ HEMOYKJIMBO PO3PI3HUTH THI BUHATKY. BoHa 3a0e3neuye Hal3araapHIITy
00pOoOKY BCIX BHHSTKIB, SIKI TIIBKHM MOXYTh TpamuTUCs. BUKOpUCTaHHS 3arajibHOl
iHCTpyKLii catch mpoxemMoncTpoBano y mictunry 5.1,

CrerianeHy I1HCTpPYKIit0 CalCh BHKOPHCTOBYIOTH BHKIIIOYHO JUIsI OOPOOKH
BUHSTKIB BKa3aHOT'O KJIaCy, Ta MOXITHUX Bl HOTO KJaciB. Lle cuiabHO 3ByXKy€e 00J1acTh
3aCTOCYBaHHS, aJI¢ JI03BOJISIE KOHKPETH3yBaTH MIPUYUHY ITOMUJIKH Ta BUKOHATH JIii IO
il BunpaBieHH0. [IpHuKIiTag BUKOPUCTAHHS CIIeliadbHOI IHCTPYKIIii catch mpuBeaeHO B
JicTUHTY 5.2. Y HHOMY BHUKOPUCTAHO TOW K€ KOJ, IO 1 MUHYJIOMY MPHKIai, aje
3MiHEHO (hopMy iHCTpYKIIii catch.

CrerianpHa iHCTpYKIisi Catch 3 00'ekToM mae HaWmoBHiNIy iH(pOpMaIio Tpo
BUHATOK. BoHa migxoauTh 111 00pOOKH BUHSATKIB BKa3aHOTO KJIacy, Ta MOXIJIHUX Bi
HBOTO KJ1aciB. Uepes BkazaHy JJId 111€1 IHCTPYKIIT 3MIHHY TPOTPaMiCT OTPUMYE JOCTYTI
10 00'ekTa BWHSATKOBOI CHTYyaIlli, CTBOPEHOr0 BWKOHaBuUOl0 migcuctemoro .NET
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Framework (CLR). 3okpema, y mporpami Mo)KHa IIPOYMTATH 3HAYCHHS BJIACTHBOCTEH
1poro 00'ekra (tabmuis 5.1). [Ipuknaa BUKOpUCTaHHS 1ii€l popmu calCh HaBegeHo y
mictuury 5.3. YV psnaky 8 Bkazano tumn BunsATKy (DivideByZeroException) Ta 3miHHY €,
sKa TPEACTABISATAME CHCTEMHHUH 00'ekT BHWHATKY. Jlami y Omomi koxy catch 3a
JIOTIOMOTOI0 IILOTO 00'€KTa OTPUMYIOTHCS Ta BUBOJATHCA Y BIKHO JiaHI MPO BUHSITOK
(panku 11...13), mo BugHO 3 puc. 5.4. 3BepTatoThes 10 00'€KTa BUHATKOBOI CUTYaIlli
TaK camo, 5K 1 10 00'ekTa — ek3eMIuIsApa Oyab-SIKOTO KJIacy: BKa3ylOTh Ha3BY 3MIHHOI
00'eKTa Ta Ha3BY MO0 BIIACTUBOCTI, PO3AUIAIOUH iX KPAIKOIO.

NictuHr 5.2. CneuianbHa iHCTPYKLUis catch

1 | static void Main(string[] args)

21{

3 int x =3, y =0;

4 try

5 {

6 X /= y; BkasaHo Knac BUHSITKY

7 +

8 catch (DivideByZeroException)

9 {
10 Console.WritelLine ("Bymna cnpoba nijeHHs Ha HyJb!");
11 }
12
13 Console.WritelLine ("Aje npomoBXyeMoO poboTy...");
14 | }

Mictuhr 5.3. CnelianbHa iHCTPYKLia catch 3 06'€KTOM BUHATKY

1 | static void Main(string[] args)

2| {

3 int x =3, vy =0;

4 try

5 {

7 +

8 catch (DivideByZeroException e)

9 {
10 Console.Writeline ("CTraBca BMHATOK 3 onmcoM:");
11 Console._WriteLine('"Message: {0}, e.Message);
12 Console.WriteLine(*'Source: {0}", e.Source);
13 Console._WriteLine('Stack: {0}, e.StackTrace);
14 }
15 Console._WriteLine();
16 Console.WritelLine ("Aje OpomoBXyeMoO podoTy...");
17 | }

149



BN CAWINDOWS\system32cmd.exe - O X

CtaBcs BUHATOK 3 OMUCOM:

Message: Attempted to divide by zero.

Source: Consolefpplicationl

Stack: at ConsolefApplicationl.Program.Main{Stringl] args) in D:\Progs\
Demo MSVS CH\ConsoleApplicationliConsoleApplicationl\Program.cs:line 16

Ane npopoBxyemMo poGoTy. . .
Press any key to continue

Puc. 5.4. Pe3ynbpTaT BUKOHAHHS IPOTPAMU 3 JICTUHTY 5.3

Cexuis catch Moxe MiCTHTH KijibKa IHCTPYKIIi# Catch, ski po3MilyroTh OHa 3a
onHor0. Koy BUHMKae BUHATKOBA CUTYalllsl, CACTEMA MEPETISAAE CIIUCOK IHCTPYKIITHA
catch B 3amrcaHOMy MOPSIIKY, 1 BAKOHAETHCS TIEpPIa 3 HUX, IO 33 I0BOJIbHATUME THITY
BUHATKY. Bei HacTymui O0km catch OyayTh mpoirHopoBani. Tomy iHCTpyKIi catch
CJIIJT PO3TAIIOBYBATH B TOPSAJKY BiJl CIIEU(PIYHUX JIO 3aTaAIbHUX THUIIIB BUHSATKOBHX
cuTyauii. B I1HIIOMY BHIAAKy CIIOYaTKy BHKOHYBAaTUMETBHCS I1HCTPYKLISA, sKa
00poOsTUME y3araJIbHeH1 BUHSATKH, a THCTPYKIIIT A1 crienu(ivHuX THUIIB BUHATKIB
HIKOJIM HE BHUKOHYBAaTUMYThCs. OTXKe, SAKIIO y MEpeNTiKy IHCTpyKIii cekmii catch e
THCTPYKIIisl 3arajibHOi (hOpMH, BOHA 3aBXKJU MOBHHHA OyTH OCTaHHBOIO, IICIHS BCIX
CHeliaIbHUX 1HCTPYKITIH.

broku try mMoxyTe OyTu BKiameHuMu oAuH B iHmmMNA. Komm y cekmii try
BHYTPIIIHBOTO OJIOKY CTajach BUHATKOBA CUTYAIlis, aji€ Il BUHATKY JIAHOTO TUITY HE
3HaWCHO MOTPIOHOT IHCTPYKIIii catch, To cucTema meperisaae, Y MiCTUTh 30BHIIIHIN
OJIOK MiIXOINy 1HCTPYKIfifo catch. Skmio 1i 3HaimeHo, TO BUKOHAETHCS BOHA (aie
micst cekiii finally BHyTpinmHbOTO 0JI0KY, — KOJIM BOHA €). SIKIIO OTPiOHOT IHCTPYKITii
catch He 3HaifIcHO Hi HA OJTHOMY PiBHI BKJIaJICHOCTI, CHCTEMa PHUITMHNATH BUKOHAHHS
pPOrpamH.

Cekuis finally

bnok finally Mictuth iHCTpYKIIii, SIKi TOBUHHI BUKOHYBATHUCS 3aBXKIH, HE3aJIS)KHO
BIJl TOT0, BUHUKAJIa BUHATKOBA CUTYyallisl, Y1 Hi. SIKIIO MpU BUKOHAHHI IHCTPYKUIN Yy
oJsiorti {ry BUHSATKOBOI CHUTYyallli HE TPAMWIOCh, TO TOTIK BHUKOHAHHS ITHOPYE BCi
iHCTpyKIii catch i mepexoauts y 6ok finally (puc. 5.5, a). Skmio y 6o try cranachk
BUHATKOBA CUTYallisl, TO CIOYaTKy BUKOHYETHCS IPUAATHA JUIs i1 0OOPOOKH 1IHCTPYKLIIS
catch (sixmo BoHa €), a MOTIM BUKOHYIOThCS 1HCTpYKIii 0oy finally (puc. 5.5, 6).
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SIKII0 MOTIK BUKOHAHHS BBIMIIOB y cekiliro try, To 6ok finally Oyne Bukonano B
OyIb-sIKOMY BUIIAJIKY, HaBITh KOJIHU CEKIIis iy MICTUTH IHCTPYKITitO Ieturn, o npumnuHse
poOOTYy MOTOYHOTO METOY.

try Ltry Axwlo y Gnoui try
{ { BUHWKNA BUHATKOBA

// Tucrpykuii // Tucrpyruii CUTYaLlis, NOuMHaE
} J ] BUKOHYBaTUCH
catch (...) fAKwio y 6o try catch (...) BiANOBiAHA HCTPYKLiA
{ BUHATKOBA CUTYaLif He { 1 cafch

// IncTpyxuii BMHMKNA, NOTIK // IHcTpyxuii
} }

BWKOHAHHA NpOnycKae

catch (...) : pony catch (...) Konw Bukonans
; cexuiro catch i ( IHCTPYKUIT catch

// IHCTPyRUii nepexopuTs y 6ok // TucTpykuii 3aBEPLLMTLCSA, NOYMHAE
} finally } BUKOHYBATUCH KOJ,

. . T ATEN

finally finally
{ {

// TucTpyxiii // TucTpyriii
} }

a) 0)

Puc. 5.5. Bukonanns 610Ky finally, komu BUHSTKOBa CHTYaIlisl HC BHHHKIIA () Ta
BUHMKJIA (0)

BknageHi 6roku try

broku 1151 0OpoOKM BUHSATKOBUX CUTyallil TaKOX MOXYTb OyTH BKJIaJACHUMH
OJIVIH B IHIIUN. Y JICTUHTY 5.4 MPUBECHO NPUKJIA] 3 TBOMA BKJIaJIeHUMU OJiokamu try.
BuytpimHiii 010k onucaHo B psakax 6...9. Came B HbOMY y PSIKY 8 MICTUTHCS
IHCTPYKIIisl, BAKOHAHHS SIKOT MPUBEJE 1O BUHUKHEHHS BUHATKY (IIJICHHS Ha HYJb).
BayTtpimHili 00k i 0OpOOKM BHHSTKIB MICTUTh CIIELialnbHY CeKkIito catch
(psanxu 10...13), sxka 00poOisie BuHsATKM oxuHoro Tumy (IndexOutOfRangeException,
BUXIJlT 32 MexXl Jdiama3oHy). Tak sSK BUHATOK JUJICHHS Ha HYJIb Ma€ I1HIIUN THUI
(DivideByZeroException), To BiH He MOke OyTH 00pOOJIEHUI TaHO IHCTPYKITiErO catch.
Kpim 1poro, BHyTpimmHIA OJOK it oOpoOKHM BHHATKIB MicTUTh cekiito finally
(psinxu 14...17), ko1 K01 BUBOJUTH IMOBIAOMIICHHS Y BIKHO.

3oBHIIHIA 050k try (psiaku 3...18) oTouye BHYTpIINIHIN, 1 3aKIHUY€EThCS
IHCTpYKIIi€to catch st 0OpoOKM BUHATKIB JIUICHHS HA HYJIb. TaKUM YHHOM 1HCTPYKIIis
catch, morpiOHa misi OOpOOKM BUHATKY 3 BHYTPINIHBOTO OJIOKY, MICTHTBCS Y
30BHIITHBOMY OJIOILII.

[Ipy BUHUKHEHHI BHUHSTKOBOI CHUTyallll y psaKy 8 CHCTEMOIO CIIOYaTKy
HeperisiAaTUMYThCsl 00po0ITroBayi catch BHY TPIIHBOTO OJI0KY, IPUAATHI It 00pOOKH
BUHATKY [iJeHHS Ha Hynb. OCKIIbKM 1X Hemae (HasBHHM 00poOiroBad MOXe
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OIpalboOBYBAaTH TiNBKM BUHATKM iHIIoro tumy — IndexOutOfRangeException), To

BUKOHaeThes 010K finally (BiH BUKOHYETHCS 3aBXKIM), 1 CHCTEMAa TPOJIOBXKHUTH TOIIYK

o0Opo0uroBava Juis BUHATKOBOI CHUTYyallli y 30BHIIIHBOMY OJOIi. 3OBHIIIHIA OJIOK

CHIpaBJii MICTUTh Takuii 00poOoBay (psaku 19...22).

Nictuur 5.4. BknageHi 6nokw try

© oo ~NOULHA, WNDNP

NNNNNNNRRPRRRPRRRRR
OUDNWNROOO~NOUDNWNEO

{

static void Main(string[] args)

try
{
int x =3, vy =0;
try
{
X /=Y; // TyT BUHMKAE BMHATKOBA CHTyalls
by
catch (IndexOutOfRangeException)
{
Console._WriteLine("Buxing z3a mMexi niamaszsony!"™);
}
finally
{
Console._WriteLine ("Buyrpimuini 6sox finally'™);
he
he
catch (DivideByZeroException)
{
Console.WritelLine ("IijleHHS Ha HYJB!");
by

Console._WriteLine();
Console.WriteLine ("I npomoBxyemo pobory...");

Puc. 5.6. Pe3ynbpraT BUKOHAHHS MPOTPaMU 3 JIICTUHTY 5.4 (BKJIaeHi OJI0KH try)

BN CAWINDOWS\system32iemd.exe — O *

BﬂHTDiMHiﬁ Gnok finally
[lineHHs Ha Hyunb!

I npogoBxyemo poGoTy. . .
Press anv kev to continue .

152




Takum 4MHOM, TIpY MOSIBI BUHATKY B PAAKY 8 BUKOHAHHS BHYTPIITHHOTO OJIOKY
try mepepBeThes, BUKOHAEThCs cekiis finally BHyTpimmHbOro 010Ky (psiaok 16), motim —
Ono0k catch 30BHImHBOrO OJOKY (psimok 21), 1 gami MPOJOBKUTHCS BUKOHAHHS
IHCTPYKLIN MPOrpaMu, PO3TALIOBAHUX MICIS 30BHIMIHBOTO OJIOKY (psAmok 24 1 mami).
[{fo mOCIiIOBHICTH BUIHO 3 BUBOJY IPOTPaMu y KOHCOJb (puc. 5.6).

['eHepyBaHHS BUHATKIB

VY nomnepenHb0 PO3MISIHYTUX NPUKIANAX MU PO3IISAAIA TMEpPEeXOIICHHS
BUHATKIB, aBTOMAaTHYHO 3TE€HEPOBAHUX CHUCTEMOIO. AJie B KOJl MOXHa SIBHO
reHEepyBaTH BHHATKOBI cuTyarlii. J[is 1bOro BHKOPHCTOBYIOTH IHCTPYKILitO throw.
CuHTakKcHC 11 BUKOPUCTaHHS TaKUM:

throw exceptionObject;

ne exceptionObject — mocunanus Ha 00'exT BUHATKY (Kiacy Exception abo moxigHOro
KJIacy).

[Tpunyctumo, mo apupMETHIHUN BHUpaA3 ACMO0 CKIATHIMIMN, HIXK y pIaKy 8
JicTUHTY 5.4, 1 MICTUTH KUJIbKA OTiepalliil AiIeHHS 3 pi3HUMH 3HaMeHHUKaMu. To/I1, mpH
KOXHIM onepatii AUIEHHS MO)X€ BHHUKHYTH BHUHSTOK OJHOTO 1 TOTO X KJacy —
DivideByZeroException. 11[o6 po3pi3HHUTH, sIKe caMe 3HAYCHHS CHPUYHMHHIO BHUHATOK,
MO>KHA BUKOPHUCTATH MiJIX1]], peanqi30BaHui y JIICTUHTY 5.5.

TTictuHr 5.5. MporpamHe reHepyBaHHS BUHATKY

1 | static void Main(string[] args)

21{

3 try

4 A

5 int x =3, y =10, z = 0;

6

7 if (y == 0) throw new DivideByZeroException('y == 0I1'");
8 if (z == 0) throw new DivideByZeroException(*'z == 0I'");
9 x=x/Zy + 100) 7/ z;
10 }
11 catch (DivideByZeroException e)
12 {
13 Console . WriteLine("llommnka: {0}, e.Message);
14 }
15
16 Console._WriteLine("'Ane npomoBxyeMo poBoTy..."");
17 | }
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BN CAWINDOWSsystem32\emd exe — O *
lomunka: z == @!

Ane npoaoBxyeMo poBoTy. ..
Press any key to continue

Puc. 5.7. Pe3ynapTaT BUKOHAHHS IPOTPaMU 3 JICTUHTY 5.5

ApudmeTnuHuil BUpa3, SIKUH PO3PaXOBYETChI y PAOKY 9, MICTUTH [Ba
3HaMeHHuKa: Y Ta Z. [lepen po3paxyHkom oOuaBa 3HaueHHS (Y Ta Z) MepeBipsIOTHCS HA
pIBHICTH HYIO. SIKIO OJHA 31 3MIHHMX Ma€ HYJbOBE 3Ha4YeHHs (psaaku 7,8), TO 3a
JIOTIOMOTOI0 ~ oTiepaTopa NEW CTBOPIOEMO OO0'€KT BHUHATKY — €K3EMIULIp KJacy
DivideByZeroException. IIpu mpoMy mepemaeMo y HOro KOHCTPYKTOP 3HAUSHHS st
BlacTuBOCTI Message (BoHa MICTUTh ONMHUC BUHSATKY, IUB. TaOmuIO 5.1), y KoMy
BKa3aHO Ha3BY 3MIHHO1, SIKa CIPUYUHUTE BUHATOK (Y uu Z). Takum YuHOM, JJIsl pI3HUX
HYJbOBUX 3HAMEHHHUKIB ONMHC BUHATKY Oyne pi3Huil (mopiBHsiTe panku 7 Ta §). Ha
puc. 5.7 1oOKa3aHO pe3yJabTaT BHUKOHAHHS pO3IVIIHYTOI IIporpamu. fkmo B
JICTUHTY 5.5 y psAKYy 5 3MIHUTH 3HAYEHHS 3MIHHUX Tak, 100 3HauyeHHsA Y OyJo
HYJIbOBUM, TO 3MIHUTBHCS 1 BUBIJ HA eKpaH (Oyje BKa3aHO I1HIIY Ha3BY 3MIHHO).

3ayBa)XMMO, 110 B PO3IJISIHYTOMY KOJII MPU HYJIbOBHX 3HAMEHHHKAX BUpa3 y
pPAAKY 9 HIKOJM HA BiTh HE NMOYHE BUKOHYBATHCS: BUKOHAHHS YMOBU B pAAKY 7 uu 8
3reHepy€e BHHSATOK 1€ JI0 bOTO.

[HCTpyKIito throw MOKHA TakOX BUKJIMKATH 0€3 00'€KTa BUHSATKOBOI CHUTYAIIi].
Ile moxHa poOuTu TiTbkH y Omori catch. ITpu 1boMy IHCTPYKIIiSI HAHOBO T'€HEPYE
MOTOYHUY BUHATOK, 1 CHCTEMa MPOJIOBKUTH ITYyKATH 1HIINI 00po0II0BaY, MPUIaTHHMA
111 00pOOKH LIbOTO BUHSTKY.

CTBOpEHHS BNAaCHWX BUHSATKIB

HesBaxxarouu Ha Te, mo onucani y C# BUHATKH OXOIUTIOIOTh HAWUTIOIIMPEHIIT
MpOrpaMHi MTOMUJIKH, 00pOOKa BUHATKOBUX CUTYaIlld HE OOMEKYEThCS TIJILKM HUMH.
B mporpami MoXHa oOmMCyBaTHM CBOI KJAaCH BHUHITKOBUX CHUTYyallii, sKi
BIJIMOBIIATUMYTh MMOTpedaM peanizoBanoro anroputmy. 11006 cTBoputH cBiif Kitac s
OIMCY BUHATKOBOT CUTYaIlii, MOTPiOHO OTOJIOCHTH KJTac, MTOX1THUH BiJ Kiracy Exception.
Kracam, siki ONUCYIOTh BUHATKH, IPUHHATO JaBaTH Ha3BY, KA 3aKIHIYETHCS CIIOBOM
Exception.
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Y nmictuHry 5.6 OroJIONIEHO KJac BHHATKOBUX CHUTYyallli 3 Ha3BOIO

InvNameException (psaku 1...7), moxiguuii Big kiaacy Exception. I1{o0 mis ek3eMIuisipy

IILOT'0 KJIACY IPH CTBOPEHHI MOYKHA OYJIO 3aJ1aTH CBO€E 3HAYCHHS BiacTUBOCTI Message

3 ONMHUCOM BHHSTKY, peaji30BaHO KOHCTPYKTOp (psAnaku 3...6) 3 OOHUM MapameTpoM
message, B SIKOMY PpO3MIIIYIOTh ONMUC BUHATKY. JlJIsi KOHCTpYKTOpa BUKOPHCTAHO

iminiamizarop base, sskoMy nepemaBaTHMMEThCs apaMeTp-psaaok KoHcTpykropals. Lle

IpHUBEJIC JI0 BUKIMKY KOHCTpYKTOpa 6a3zoBoro kiacy (Exception) 3 omauM napamerpom
pAOKOBOrO TUIy. Takuil KOHCTPYKTOpP MPHUCBOITH BiacTtuBocTi Message o0'exra

BHHATKY BKa3aHUM IIpHY BUKIIUKY PAOOK, SIKHM OIIUCYBATUMC BUHATOK. 3aYBa}KI/IMO, 1o

BJIACTUBICTh MeSsage TibKH JJIsl YATaHHA, 1 6€31mocepeIHbO il MPUCBOITH 3HAYEHHS

HEMOXKJIUBO.

NictuHr 5.6. MporpamHe reHepyBaHHs BUHATKY

O© 0O ~NO O WN P

NNMNNNNRPRPRRRPRPRRRERR
A WNPOOONOOOGPMWNEO

class InvNameException : Exception Basoswit knac — Exception
{

public InvNameException(string message) : base(message)

{

[HiLiani3aTop KOHCTPYKTOPa

be
¥
static void Main(string[] args)
{
try
{
string Name = "a"";
ifT ((Name == null) |] (Name.Length < 2))
throw new InvNameException(*'Henpasunbua Hazeal™);
Console._WriteLine("'Hazea: {0}, Name);
+
catch (InvNameException e)
{
Console._WriteLine("movmunka: {0}, e.Message);
be
Console._WriteLine("Ane npomoBxyeMo poboTy...'");
+

Y posrisHyTiii mporpami BuHATOK InvNameException mnpusnadenuit s

BIJIC)IIIKOBYBaHHS HEMPaBHJILHOI Ha3BH, Ky npejacraBisie 3minHa Name (psmok 13).

14 IniniamizaTopy KOHCTPYKTOPIB 6YIIO PO3ITIAHYTO B MONEPENHEOMY PO3JILILI.
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[IpunycTumo, MO KOPEKTHOK € Ha3Ba, JJs SKOI BHUKOHYIOTHCS YMOBH: a) Ha3Ba
noBuHHA OyTH 3a1aHa (He popiBHioBaTH NUll); 0) Ha3Ba MOBHHHA Oy TH JOBIIIOKO 3a OJUH
cuMBOJI. TakuM 4uHOM, 3MiHHIH Name mpu OroJiomeHHI MPUCBOEHO HEKOPEKTHE
3HAYCHHS (3aKOPOTKE).

VY psanky 14 nepeBipsieMo 3HaueHHs 3MiHHOT Name Ha BUKOHAHHSI IBOX BKa3aHUX
yMOB (BOHU TMO€HAHI JOT1YHUM omepatopoM "ABO"). Skmo omHa 3 yMOB He
BUKOHYEThCS, CTBOPIOETBCS ek3eMILIsip kiaacy InvNameException. Tlpu oMy iomy
nepenaeTbesa onuc nomuwiku ("HempaBunbHa HazBa!"). SIKII0 reHepyeThCsSl BUHSITOK,
TO BC1 HACTYIHI 1HCTPYKIi OJ0Ky try (psimok 16) Bxke He BUKOHYIOThCS. KepyBaHHs
TIOTOKOM KOJly TepelaeThCsl y crhelianbHui Onok catch 3 o6'ekrom. Lleit Gnok
npU3HAYCHUH J1si 0OpOOKH BUHATKIB HAIIOTO KOHKPETHOTO THITY 1 BUBOJAUTH y BIKHO
ONUC 3T€HEPOBAHOr0 BUHATKY (puc. 5.8). Onuc 0ylio nepesaHo B KOHCTPYKTOP IpHU
CTBOpPEHHI 00'ekTa BUHATKY. Jlayii mporpamMa npoJ0oBkKy€e€ BUKOHYBAaTUCA 3 IHCTPYKIIIi,
PO3MIIIIEHOT MmiciIs OJIOKY JIJIsl OOpOOKH BUHATKOBUX CUTYaIlii (psiiok 23).

BN CAWINDOWS\system32icmd.exe - O *

MNomunka: HenpaeunbHa Hazea!
Ane npopoexyeMmo poBGoTy. ..
Press any key to continue

Puc. 5.8. PesynpTar BUKOHaHHS IpOrpamMu 3 JIICTHHTY 5.6

Axmo Ha3zBa Oyjae NpPaBWIBHOK, TO BHHATOK He OyjJe 3TeHepoBaHO, a
BUKOHAETHCS PAIOK 16, B pe3ysbTaTi 4oro 3HaueHHs 3MiHHOI Name Oyjie BUBEJEHO Y
BikHO. Bitok catCh He BUKOHYBaTUMEThCS B3aralii, a MOTiK BUKOHAHHS Biapasy mepeiiie
710 THCTPYKIIIH 3a 6JIOKOM 0OpOOKH BUHSITKIB.
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Po3agin 6. Ctpyktypu

» CTpyKTypH
» [lpUCBOEHHSA CTPYKTYP
» KOHCTpyKTOpWM CTPYKTYP

» CTpyKTypu 9K napametpu Ta pesynbTaty
MeTofiB

» [lofaTkosi AaHi WoJo CTPYKTYP
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CTpyKTypK

Cmpykmypu — 11e¢ TUIIM JaHuX, K1 OMHCY€e mporpamicT. BoHu ayke cXoxi Ha
kiacu. CTpyKTypH, SIK 1 KJIaCH, MOKYTh MICTUTH €JIEMEHTH JaHUX Ta (QyHKIIIOHATBHI
eJIEeMEHTH. AJie, Ha BIAMIHY BiJ KJIAaciB, CTPYKTYpH HajeXaTh /10 3HAYYIIUX THIIIB
(K1acu — 10 MOCUJIATBHUX ).

CTpyKTypy BHKOPHUCTOBYIOTH JJIsi OMUCY JAAHUX 31 CTATUYHUM YCTPOEM, KU
3a[al0Th OJHOPA30BO HpH OroyomenHi °. ToMy LIOA0 CTPYKTYP HE 3aCTOCOBHUIA
MEXaHI3M CHajKyBaHHsA. [OBOpsuYM TEpMIHAMHM KJaciB, CTPYKTypH € HESBHO
3arnevyaTaHuMH, 1 iX HEMOXKIIMBO CHAJAKyBaTH IHIITUMHU CTPYKTYpaMu (4d KJIacaMH).

CHHTaKCUC JJI OTOJIOLIEHHS CTPYKTYP AK€ CXOKUU HA OTOJIONICHHS KIIACIB:

KniouoBe cnoBo Hassa cTpykTypu

struct TheStructName

{

// OToJyomeHHs eJIeMeHT1B CTPYKTYypu

}

CTpyKTypH, 5K 1 KIaCH, MOXYTh MICTUTH CTaTHUYHI €JIEMEHTH.

VY gictunry 6.1 IpUBEACHO OroJIONMICHHS CTPYKTypH Point 3 1Boma momsimu — X
ta Y (psagok 1...5). Ila cTpykTypa npeicTaBise TOYKY Ha eKpaHi (IKcenb) 3
JIOYMCEIbHUMU JIEKapTOBUMHU KoopauHatamu. Jlaiai y metoai Main orosomieHo Bi
3MiHHI cTpykTypHOro tumy — first Ta second. Ix monsm nmpucBoeHO meBHI 3HaueHHS,
MICJISt 4OTO JIaHi 3 000X CTPYKTYp BUBOJATHCS Ha eKpaH (puc. 6.1).

TNictuur 6.1. OronoLLeHHs Ta BUKOPUCTaHHSA CTPYKTYpyu Point
1 | struct Point // OroJiomeHHsS CTPYKTypu
2| {
3 public Int X;
4 public Int Y;
51}
6 | class Program
714
8 static void Main()
9 {
10 Point first, second; // OTOJIOWEHHA 3M1iHHUX-CTPYKTYP
11 // TprCBOEHHA 3HAUEHb [OJIAM CTPYKTYP

15V ot %e yac KIacu BUKOPUCTOBYIOTh JUISL OTTMCY JAHUX 3 IMHAMIYHAM yCTPOEM, IKUH MOYKHA 3MiHIOBATH 32
JIOTIOMOTOI0 MEXaHi3MIB CIIaAKyBaHHS Ta MOIIMOpDizMy.
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12 first.X = 10;
13 first.Y = 10;
14 second.X = first.X + 20;
15 second.Y = first.Y + 20;
16 // Bupin Ha ekpaH 3HAYEHL [IOJILB CTPYKTYP
17 Console._WriteLine("first: {0}, {1},
18 first. X, first.Y);
19 Console._WriteLine('second: {0}, {1}",
20 second.X, second.Y);
21 }
22 | }
B C:\WINDOWS\systern32iemd.exe — O x

first: 10, 10
second: 30, 30
Press any key to continue .

Puc. 6.1. Busig mictunry 6.1

Sk 1 BCl 3MiHHI 3HAYYIUX THIIB, 3MIiHHA CTPYKTYpHU 0€3MOCepeaHBO MICTHUTH ii
nani. Tomy:

» 3MiHHA CTPYKTYpH HE MOKe Npuiimatu 3Ha4eHHs null;

» 1Bl 3MIHHUX-CTPYKTYpHU HE MOXYTb IOCUJIATUCS Ha OJUH 1 TOU K€ 00'€KT

JaHUX.

Hanpukman, mictunr 6.2 mictuth orojomieHHs kiacy CPoint ta cTpykrypu
SPoint 3 omHakoBuMHU ToNAMHU. Puc. 6.2 imocTpye, SK 3MiHHI IHX JBOX THIIIB
pO3TAIIOBAHI Y TaM'ATI.

TNicturr 6.2. CTpyKTypa Ta Knac 3 04HaKOBUMM NOSSIMM

1 | class CPoint

21{

3 public Int X;
4 public Int Y;
513}

6 | struct SPoint
714

8 public iInt X;
9 public Int Y;
10 | }

11 | class Program

12 | {
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13 static void Main()

14 {

15 CPoint cp = new CPoint();
16 SPoint sp;

17 -

Crek

. Vs
3MiHHa sp (cTpykTypa Y |/ & \,‘
I X \ J
SPoint) \ < \ /
3minHa cp (cknac ref e >
CPoint) \ | /;
. =
N

Puc. 6.2. Po3MimeHHs y mam'siTi 3MiHHOT CTPYKTYpH Ta KJ1acy

[Ipu orozomieHHi MOMIB CTPYKTYpH iX (Ha BiAMIHY BiJ KJaciB) HE MOXKHA
1HII1aTi3yBaTH:

struct SPoINnt YRS IR el

public int X = 10; // Byme nommiaxa !
public iInt Y;
}

OCKUIBKM CTPYKTYpH HE MIATPUMYIOTb MEXaHI3MY CHaJKyBaHHS, TO
BUKOPUCTaHHA ALYy MOAU(PIKATOPIB JUIsi HUX HEMOXKJIUBE. 30Kpema, Moaudikatopu
protected, internal, abstract a virtual y ctpykTypax He HiATPUMYIOTHCS.

[Ipore, 3a BHyTpimHIM MexaHi3MOM C#, CTPYKTYpH € MOXITHUMHU BiJl KJacy
System.ValueType, mns sikoro 0a3oBuM € kjiac object. Tomy aBa MOB's3aHHX 3i
CHaJIKyBaHHSM KJIFOUOBUX CIIOBA MIPU OTOJIOIICHHI €IEMEHTIB CTPYKTYP BCE K MOXKHA
BUKOPHCTOBYBATH: NEW Ta override. IX BUKOpHCTOBYIOTH IIPU OTONOIIEHH] €l1EMEHTIB,
Ha3Ba SIKUX CIIBIIAJIa€ 3 HA3BOIO eJIeMEHTIB 0a30Boro kiacy System.ValueType.

[TpUCBOEHHS CTPYKTYP

[IpucBo€eHHsT OAHIET CTPYKTYpH I1HUIINA KOIIIOE BCl 3HAYeHHs BIJL OIHIET
CTPYKTYpH 110 1HIIOI. Taka moBeAiHKa MOBHICTIO BIMIHHA BiJl IPUCBOEHHS 3MIHHUX
KJIacy, IIPHU IKOMY KOIIIOETHCSA JIUIIE nocuiantsa Ha 00'ext. Lle imoctpye mictunr 6.3.
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TyT orosomieHo ABi 3MIHHUX Kiacy (psaok 1) Ta ABl 3MIHHUX-CTPYKTYpH (PSIIOK 2).
Tumnu cTpyKTypH Ta KJ1acy B3sITO 3 JICTUHTY 6.2.

TlicTnHr 6.3. TPUCBOEHHSA 3MIHHWX CTPYKTYPYW Ta 3MIHHUX Kriacy
1| CPoint cpl = new CPoint(), cp2 = null; // Exsemnnapu xjacy
2 | SPoint spl, sp2; // EK3eMIIapu CTPYKTYypU
3/cpl-X = spl.X = 5; // TIPUCBOEHHS 3HAYEHb I[IOJIAM
4 |1cpl.Y = spl.Y = 5; // mepmoro o06'eKTy Ta Nepmol CTPYKTYpPHU
5
6| cp2 = cpl; // TIpMCBOEHHS 3M1HHMX KJacy
7 |sp2 = spl; // TIPMCBOEHHSA 3M1HHMX CTPYKTYPU

B pesynbpTaTi NpUCBOEHHS 3MIHHOI MEpHIOro 00'€KTa 3MiHHINA APYroro 00'ekra
(paok 6) OTpUMY€EMO JIBa MOCUJIAHHS HA OJIMH 1 TOM k€ 00'eKT naHux y nam'sti. Cami
K JIaH1 MPEJICTABJICHO y €MHOMY eK3eMIULsipl (puc. 6.3). Ilicas npucBoeHHS 3MIHHOT
NepIIoi CTPYKTYPU 3MIHHIA JPYroi CTPYKTypH (PSAIOK 7) OTPUMYEMO JIBI OJHAKOBI
CTPYKTYpPH JaHUX y naM'siTi. Takum urHOM, J1aHi y nmam'sti Oyae npoy0siboBaHoO.

Crek

3minHa sp1 (cTpykTypa

SPoint) \(\/ %

15
3MiHHa sp2 (cTpykTypa 25 / Kypa
SPoint) 15 /4‘

25 (
3minHa cp1 (cknac

)

A\

B 15 ‘

CPoini) oo —_— L j
ref .:[

3miHHa cp2 (cknac

CPoint)

=

Puc. 6.3. IIprcBO€HHS 3MIHHUX CTPYKTYpPH Ta KJlacy

KOHCTpyKTOpM CTPYKTYP

CTpYyKTYypH MOKYTh MICTUTH CTaTH4HI KOHCTPYKTOPH, ajlé HE MOKYTh MaTH
nectpykropiB. KokHa CTpyKTypa Mae€ KOHCTPYKTOp 3a 3aMOBUYBaHHAIM 0e€3
napameTpiB. Takuii KOHCTPYKTOP IMIPUCBOIOE KOKHOMY €JIEMEHTY CTPYKTYPH 3HAYEHHS
3a 3aMOBYYBaHHSAM BiAIOBIIHO 10 HOTO TUIY. 3HAUYIIMM CIEMEHTaM IIPHUCBOIOETHCS
BIJIIOBiIHE [0 THUITY 3HAYCHHS, a MOCKHIaIbHIM — NUll.
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Busznauenuit MoBoro C# KOHCTpYKTOp 0€3 mapaMeTpiB HEMOKIIMBO BUAAIUTH YU
NEpEeBU3HAUUTU. AJle y CTPYKTYpl MOJKHA OTOJIOCUTH HOBI KOHCTPYKTOPU 3
napaMerpamu. 3ayBakuMo, 1110 CUTYyaLisl 3 KOHCTPYKTOpaMH y CTPYKTypax Ta Kjacax
pizHa. 1y Ki1aciB MiATPUMYETHCS HESIBHUN KOHCTPYKTOP 0€3 MmapamMeTpiB TUIbKHU TO/II,
KOJIM 1HIIUX KOHCTPYKTOPIB HE OTOJIOLIEHO.

SIKIIO y CTPYKTYP1 OTOJIONIEHO KOHCTPYKTOP, TO B HBOMY 00O0B'SI3KOBO MOTP1OHO
IHILIAMI3yBaTH BCl MOJS CTPYKTypd. B iHIIOMY BHUIAAKy BUHUKHE IOMUJIKA
KOMIUTALI].

1100 BUKIMKATH KOHCTPYKTOP (Y TOMY YHCI1 KOHCTPYKTOP 3@ 3aMOBUYBaHHSM),
BUKOPHUCTOBYIOTh orepaTop NEW. Sk Bxke HaroJouryBajocsi, IpU LIbOMY OKpeMa BiJ
camoi 3MIHHOI TaM'sITh Y Kyl HE BUALISETHCS.

VY nictunry 6.4 IPOJEMOHCTPOBAHO CTPYKTYPY 3 KOHCTPYKTOPOM, SIKUH Ma€ aBa
napamerpu: aX ta aY (psaku 5...9). Jam y meroai Main oroJiomeHo aBa eK3eMIUISIpU
CTpyKTypu: nepma (pl) 3 BUKOPUCTAaHHAM KOHCTPYKTOpA 3a 3aMOBUYBAHHSM 1 Apyra
(p2) 3 BUKOpUCTAHHSIM OT'OJIOIIEHOTO JIBOMIAPAMETPUYHOTO KOHCTPYKTOPA.

[Ipu upomy mnons crpykTypu Pl OyayTh 1HINIANI30BaHI 3HAYEHHSMU 3a
3aMOBUYyBaHHsIM JIs iX Tumy (int), To0To Hymsmu. [lons crpykrypu p2 OynyTh
1HIIIaTi30BaH1 MMEepeIaHuMH KOHCTPYKTOPY 3Ha4YeHHsSMH (y JaHOMY BHUIIAJIKy — 5 Ta

50).

NictvHr 6.4. KoHCTpYKTOP CTPYKTYpU
1 | struct SPoint
214
3 public Int X;
4 public Int Y;
5 public SPoint(int aX, Int aY)
6 {
7 X = aX;
8 Y = aY;
9 }
10 | }
11 ...
12 | static void Main() BWKknuk HeSIBHOMO KOHCTPYKTOpPA
13 | {
14 SPoint pl = new SPoint();
15 SPoint p2 = new SPoint(5, 50);
16 | }

MokHa TakoX BUKOPHUCTOBYBATH €K3EMIUISIP CTPYKTypH ©O€3 BHKIHKY
KOHCTpYKTOpa (1 6€3 BUKOpUCTaHHS omiepaTtopa NeW). Y mboMy BHITAJIKY:
> CJIEMEHTU JaHUX HE MOXKHA BHKOPHCTOBYBATH, JOKH iM SIBHO He Oyje

IPUCBOEHO 3HAYECHHS;
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> HE MOXHa BHUKJIMKATH >KOAHOTO (PYHKIIIOHAJIHHOTO €JIEeMEHTa CTPYKTYpH,
JIOKU BCIM €JIeMEHTaM JaHuX He Oy/ie MPUCBOEHO 3HAUYCHHS.

VY njictuHry 6.5 NpUBENEHO OTOJIOIICHHS JABOX CTPYKTYp ©€3 BHUKIMKY
KoHCTpykTOpa (1 6e3 omeparopa new). Jam moysM Apyroi CTPYKTYpH IMPUCBOEHO
3HAYEHHS, a MOJISI MEPIIOT CTPYKTYPH 3aIHILIEHO HeiHiIiani30BaHuMu. [Ipy koMmissiii
TaKoro KONy y PSAAKY 5 BHUHMKHE MOMUIKA (Crpoda JOCTYMy /10 HEiHII1ali30BaHUX
HOJIIB CTPYKTYPH).

NicTuHr 6.5. OronoLLeHHst CTPYKTYp Ge3 BUKMMKY KOHCTPYKTOpa

KOHCTpYKTOp HE BUKITUKAETbCA

SPoint pl, p2;
p2.X = 100;
p2.Y = 200; 3HauYeHHs LLe He NPUCBOEHO!

Console._WriteLine("{0},.{1}", pl.X, pl.Y); // Hommunka !!!
Console . WriteLine("{0},{1}", p2.-X, p2.Y); // Bce HOpMamibHO

o U~ WNPE

CrpykTypa MOXE MICTUTH CTaTHYHI KOHCTPYKTOpU. BOHM TIOBHHHI
1HIL1aTI3yBaTU CTAaTHYHI €JIEMEHTHU JaHHUX 1 HE MOXYTh IOCUJIATHCS Ha €JIEeMEHTHU
exzeMIisipa. CTaTWUYHUI KOHCTPYKTOpP AaBTOMAaTHYHO BUKIMKAETBCA Yy TaKHX
BUIIAJKAX:

> IPU BUKJIMKY SIBHO OT0JIOIIEHOIO KOHCTPYKTOPA;

» [pU 3BEPTAHHI 10 CTATUYHOIO €JIEMEHTA CTPYKTYPH.

CTpyKTYypy Sk napameTpu Ta pe3ynbTaTn MeTofiB

CtpyKTypH, K 1 1HIII TUMK JAHUX, MOXKYTh OyTH BUKOPUCTaHI1 AJIsl MapaMeTpiB
Ta pe3yJibTariB MeTo1B. [Ipy IbOMy MarOTh Micle Taki 0COOIUBOCTI:

» SIKio MeTo1 moBepTa€e pe3ybTaT TUILY "CTPYKTypa", TO CTBOPIOETHCS KOs
CTPYKTYpH 3 METOJLy 1 IEPENAETHCS Y BUKINKAIOUNN KOJ.

» SIKII0 CTPYKTYpY BUKOPUCTOBYIOTH SIK IapaMeTp, TO CTBOPIOETHCS KOIis
JIHACHOT CTPYKTYPH, AKa 1 Iepela€Thcs Y MeTOI. LIt KOst BUKOPUCTOBY€ETHCS
MPU BUKOHAHHI METOTY.

» SIKIIO CTPYKTYpPY BUKOPHUCTOBYIOTH sIK mocvuianbauid (ref) abo Buximgnuii (out)
napaMerp, TO y METOJ NEePENacTbCsl MOCWIAHHSA Ha CTPYKTYpY, TaK LIO Y
BUXIJIHIM CTPYKTYpPl MOXKYTh OyTH 3MiHEH1 €JIEMCHTH JTaHUX.

VY Jictunry 6.6 omucano Merton Distance, skuit MICTHTh 1Ba (hopMaabHHX
napameTpu — cTpyktypu Pl ta p2. Ilepem BUKIMKOM IBOTO METOAY Yy MpoTpami
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OTOJIONICHO Ta IHIIiai30BaHO JBI CTPYKTypH (Pa Ta pb), sSKi BHCTYMAalOTh B PO
JificHUX mapaMeTpiB MeToay Distance.

TicTuHr 6.6. Mepenava CTPYKTYp SiK napameTpiB MeToAy
1 | static public double Distance(SPoint pl, SPoint p2)
214
3 int dX = p2.X - pl.X;
4 int dY = p2.Y - pl.Y;
5 return Math.Sqrt(dX * dX + dY * dY);
61}
7 | static void Main(Q)
814
9 SPoint pa = new SPoint(10, 10), pb = new SPoint(30, 30);
10 double d = Distance(pa, pb);

[onatkosi AaHi WoOo CTPYKTYP

3arajgoM, BHWAUIEHHS naMm'siTi g CTPYKTypu  1OTpedye  MeHIle
00YHCITIOBAILHUX BUTpPAT, HK CTBOPEHHSI €K3eMIUIsApa Kiacy. ToMy BHKOpHCTaHHS
CTPYKTYp 3aMICTh KJIAaciB B Pl BHUIAJKIB MOXE TMOKPAIIUTH MPOJTYKTHBHICTH
nporpamu. [Iporte, omepariii 3anakoByBanHs (boXing) ta posmakoByBanus (boxing)
pu poOOTI 31 CTPYKTypaMH MOTPEOYIOTh TOAATKOBUX OOUYHCIIIOBATLHUX BUTPAT.

3ayBaXHMO, IO MOMEPEeIHbO BU3HA4YeHI Tumu gaHux (int, uint, short Ta immmi),
xo4ya 1 posrimsmaroTbes sk wimicHi npumituBun y C# ta NET, nHacmpaBmi y
BHYTpilIHbOMY MexaHi3Mi .NET peasnizoBaHi ik CTpYKTYpH.

CTpyKTypu MOXKHA OroJjiolryBaTh sk dacTkoBi (partial). Ctpykrypu Takox
MOXKYTb TaKOX BITPOBA/KyBaTU 1HTEPhEHCH.
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Po3ain 7. Macusu

» Macvsu

» Buan macusiB

» OOHOBUMIPHI Ta NPSIMOKYTHI MacuBeu
» 3ybuarti macuem

» [opiBHAHHS NPSAMOKYTHMX Ta 3ybyaTuX
MacyBiB

» IHCTpyKUist foreach
» KoBapiaHTHICTb MacuBiB

» BukopucTaHHS ycnagkoBaHUX enemMeHTiB
knacy Array
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Macusu

Macus — 11e MHOXXWHA OJHOTUITHUX €JIEMEHTIB JaHUX, IPEICTABICHUX OJHIE0
3MIHHOIO. J[0 OKpeMHX eJIEMEHTIB MaCUBY 3BEPTAIOTHCS Yepe3 HOro Ha3By Ta OJIUH UM
KUTbKA 1HIEKCIB, K1 BKa3ylOTh y KBaJ[paTHUX Ty>KKaX ITCIIA Ha3BU:

TheArray[12]

HasBa macwBy IHaexkc enemeHTa

Bci eneMeHnTr MacuBY OBMHHI MaTH OJJHAKOBMM TUIl. MacuB Moke Matu Oy]ib-
SIKY KUIBKICTh @umipie. KUIbKICTh BUMIPIB MAaCUBY Ha3UBAIOTh HOTO pancom. KoxeH
BUMIP MAacCUBY Ma€ CBOIO 008JICUH), KA 3aJla€ KUIbKICTh MO3HUIINA y IIbOMY BHMIpI.
3aranapHy KUIBKICTh €JIEMEHTIB MacHBY y BCIX BUMIPax pa3oM Ha3UBAIOTh Q0BHCUHOIO
macusy.

Posmip ctBOpeHoro macuBy € (ikcoBanuM. CH He miaATpuMye NUHAMIYHHUX
MacHBiB, JOBXHUHY SKHX MOKHA 3MiHIOBATH IIijl yac pobotu nporpamu'®. Bei ingexcu
MacHUBIB MOYMHAIOTHCA 3 HyJs. Lle o3Hadae, 1m0 SIKIIO JOBXKMHA BUMIPY MAacHBY
nopiBHIO€ N, TO 1HJIEKC €JIEMEHTIB Y IIbOMY BHUMipi Moke 3MmiHtoBaTucs Big 0 1o N-1.
Ha puc. 7.1 nokazano BUMipu Ta JOBXKUHU JABOX MPUKJIAIB MACHUBIB: OJHOBUMIPHOTO
Ta JJBOBHUMIPHOTO.

F 3
4
»
i >
S S
= =
2 |2 2
[=] [=]
= =1
1 -
o o
= =
s |0 S
m m
0 1 2 3 4
g
Bumip 1, JosxuHa 5

OpnHoBUMIpHUIA MacKs int[5] [1BOBUMipHUIA MacuB int[4,5]

PaHr: 1 Panr: 2

[loBuHa macuey: 5 [oexunHa macuey: 20

Puc. 7.1. Bumipu Ta po3mipu MacuBiB

16 JIns po60TH 3 CYKYNHICTIO JaHUX, KiIBKICTh SKMX MOKE 3MiHIOBATHCA IIiji yac pobotu mporpamu, y C#
BHUKOPHCTOBYIOTh KOJIEKIi, PO3TIISTHYTI Aai.



Exzemmusip MacuBy — 11e 00'€KT, MOXITHUWA BiJ Kjacy Array 3 mpocTopy iMeH
System. Kiac Array Busnaueno y 6i6mioreni 6azoBux kiaciB .NET. Bin mae cBiit HaOip
METOJIB Ta BiacTuBocTed. Hampukian, BiactuBicTh Rank mporo kiacy moseptae
KIJIBKICTh BHUMIPIB MacuBy, a BiacTuBicTh Length— moexuHy MacuBy (3araibHy
KUIBKICTh BCIX €JIEMEHTIB).

Buan macusis

MacuBu MOXyTb OyTH pi3HUX BHIIB. 3a KUIBKICTIO BUMIPIB PO3PI3HSAIOTH:

» OQHOBMMIPHi MacuBM. Ix MokHA ySBMTM #K JiHilHY [OCiJOBHICT
€JIEMEHTIB — 8eKMOop.

» baratoBumipHi MacuBn. Bonu moOymoBaHi Tak, IO KOXEH CJICMEHT
MEPBUHHOTO BEKTOpa (OJHOBUMIPHOTO MAaCHBY) TaKOXX € MAacHBOM, SIKUUH
HA3UBAIOTH cyOMmacugom. EneMenTaMu KoKHOTO cyOMacuBa TaKOXK MOXKYTh
OyTu 1H1I1 CyOMacHuBH.

0 1 2 3 4
TMpAMOKYTHUIA ABOBUMIPHUA
macus int[3,5]

3ybuacTui
macus int[6][ ]

1

o 1 2 3 4 0
OZnHOBUMIpHUI [pAMOKYTHUIA TPUBMMIPHUIA
macus int[8] macus int[3,5,2]

Puc. 7.2. Buau MacuBiB: OTHOBUMIPHUM, IPSIMOKYTHUHN Ta 3y0dacTuii

KpiMm 1poro, po3pi3HsArOTh Takl JBa TUIIKM OaraTOBUMIPHUX MAacHUBIB:
» [lpAMOKYTHI MacusK. Y HbOMY BCi CyOMacHBH OJJTHOTO BUMipy MalOTh OJTHAKOBY
nosxuny. IIpu po60Ti 3 TaKMMH MaCUBaMU 3aBK/I1 BUKOPUCTOBYIOTh TIIbKU

OJIHY TIapy KBaJPAaTHUX JYKOK, HE3aJIEKHO BiJl KUTBKOCTI BUMIPIB:
theArray[3, 5, 9]
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» 3ybyacTi macuBu. Y TakoMy MacuBi KOKCH CyOMacHB € HE3aJICKHHUM BiJ
iHmux cy6macusiB. Moro cyGMacHBuM MOXYTh MaTh pi3Hy HoBkuHY. IIpu
poOOTI 3 TAKUM MAaCHBOM BUKOPHUCTOBYIOTh OKPEMI IMapy KBaJPaTHUX Ty KOK
JUTSI KOSKHOT'O BHMIPY:

JagArray[3][5]1[9]

Pi3H1 BUIM MacuBiB MPOLTIOCTPOBAHO HA pUC. /.2,

MacuB € MOCHIAIBHAM THIIOM, TOMY HOTO 3MiHHA € MTOCWJIAHHSIM Ha JUISTHKY
nam'sTi 3 TaHUMU. Y TOM ke yac eleMEHTaMH MacuBY MOXYTb OYTH SIK 3HA4YIIIi, TaK i
MOCHUJIANIbHI TUTIU. MacuB € 3Hauyujoeo muny, SIKIIO WOTO €IIEMEHTH HaJlleXaTh 0
3HAYYHIOro TUIY. MacuB nocunansHo2o muny MiCTUTh €IEMEHTH TTOCWIAJILHOTO THUITY.
VY HBOMY €JIEMEHTH € TIOCHJIAHHSIMH Ha 00'€KTH.

OOHOBUMIPHI Ta NPSAMOKYTHI MacuBu

[Ipu orosouieHH1 0JJHOBUMIPHOTO 200 MPSMOKYTHOTO MACUBY BUKOPUCTOBYIOTh
OJIHy Tapy KBaapaTHUX AYXKOK micisa Tumy. KoM B IUX DyKKax € onucysauamu
sumipy MacuBy. BoHM 3a/1at0Th KUIBKICTh BUMIPIB Y MacuBi. PaHr MacuBy 3aBxu Ha
OJIUH OLTBIINH 32 KUTBKICTh KOM (HApUKIIaJl, OJIHa KOMa O3HAYa€ JBA BUMIPH).

Tun macuey MicTUTh 0A30BUIA TUII TA OMMCYBa4l BUMIPY.

[Ipu oronomieHHi MacuBy BKa3ylOTh HOTO THII Ta Ha3BY:

OnucyBau paHry: paHr = 1

int[ ] theArray;

KinbkicTs BUMIpiB MacUBY MOKe OyTH Oy/b-sika. T MaCUBY HE MICTUTh JTAHUX
PO JOBKHUHY BUMIPY, TOMY B THIIl HE BKa3ylOThb KOHKPETHUX JOBXKUH. BoHu OynyTh
3aJlaHl MPU CTBOPEHHI €K3eMILIApa MacuBy. TaKUM YHMHOM, KOJU OTOJIOIICHO MAcHB,
KUIBKICTh MOTr0 BUMIPIB € (PIKCOBAHO0. AJie JOBKHHA BUMIPIB MOKe OyTH PI3HOIO: ii
3a/1al0Th MPU CTBOPEHHI MacHUBY.

Ocp npuKIaau OrojoueHb MaCHUBIB:

OnwncyBay paHry

int[,] the2DArray; // IsoBumMmipuuir macue INnt
long[,.,] the3DArray; // Tpusumipuwmin macus long
double[,,,] thed4DArray; // Yorwpueumipumii macue double

OroJiomeHHs MaCUBY TIPUBOIUTH IO BUAUICHHS MaM'sITi TIIBKH JIJIS1 TTIOCHITAHHSI
Ha macuB. [1lo0 B MmacuB MOKHa OYJIO MOMICTUTH JaHi, MOTPIOHO CTBOPUTH €K3EMILISP
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MacuBy. JJisi IbOrO0 BUKOPUCTOBYIOThH OINEpaTop NEW, Miciisl SKOTO BKa3ylOTh 0a30BUil
THII Ta B KBaJIpPAaTHUX AYXKKax 3a7al0Th JOBXKHUHY KOXHOTO BUMipy. Och IpuKIaIn
CTBOPEHHS MAaCHBIB PI13HUX THUIIIB:

int[,] the2DArray = new int[2,4];

long[,.,] the3DArray = new long[3,5,7];

double[,,,] thed4DArray = new double[3,5,7,9];
MobilePhone[] theClassArr = new MobilePhone[10];

OcTaHHI# MacuB MICTUTh €JIEMEHTH-IIOCUIIaHHS Ha 00'exTH Kiacy MobilePhone.

3BEpTAIOTHCS JI0 €IEMEHTIB MacHBY, BKa3ylOUH Y KBaJpPaTHUX IYy>KKaX 1HJIEKC
CJIEMEHTA JIJIS1 KOYKHOTO BUMIPY:
the2DArray[1,2] = 10;
the3DArray[3,0,4] = 20;

Jlictuar 7.1 N1EMOHCTpPYE CTBOPCHHS MAacWBY, 3alKWC y HBOTO JaHUX Ta
BUBEJICHHS 1X Ha €KpaH. Y PSJIKY 3 OroJIONIeHO 3MIHHY OJHOBUMIPHOTO MacuBy INtAIT.
CaM MacuB JOBKHHOIO T’ SITh €JIEMEHTIB CTBOPIOEMO B psnKy 4. ITicis nporo y nukii
KO)KHOMY €JIEMEHTY MAacCHBY IPHUCBOIOEMO IieBHe 3HaueHHs. Jlami (psiaku 8...9)
BUBOJIMMO 3HAYCHHSI €JICMEHTIB MacHBY y BiKHO (puc. 7.3).

Nictvar 7.1. PoboTa 3 04HOBUMIPHUM MacuBOM
1 | static void Main(string[] args)
21{
3 int[] intArr;
4 intArr = new Int[5];
5 for (int 1 = 0; i < iIntArr.GetLength(0); 1++)
6 intArr[i] = 1 * 10;
-
8 for (int 1 = 0; 1 < iIntArr.GetLength(0); i++)
9 Console_WriteLine('intArr[{O}] = {1}, 1, intArr[i]);
10 | }

BN CAWINDOWS\system32emd.exe - O *

intArriB] A
intArril1] 10
intArrli2] 20
intArri3] 30
intArrl4] 40

Press any key to continue .

Puc. 7.3. PesynbpTaT poboTu nporpamu 3 JicTUHTY 7.1
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Konu macuB cTBOpIO€THCS, BC1 HOr0 €JI€MEHTH aBTOMATHYHO 1HILIAMI3YIOThCS
3HAYEHHSIMU 32 3aMOBUYYBAaHHAM JUIs Horo 6a3oBoro tuny. i yucnoBux gaHux ue 0,
U1 noriynux — false, mis nocunansaux — null.

o0 sBHO iHILIATI3yBaTH MacuB MPU HOrO CTBOPEHHI BKa3ylOTh MHOXXHHY
3HAYEHb EJIEMEHTIB y cnucky iniyianizayii. COUCOK 1HIIami3auli po3MillylTh Y
(GIrypHHUX AyXKax, a 3HAYCHHS Y HbOMY PO3JUISIOTE KOMaMH.

Ocb npukiaj iHimiam3amnii oJJHOBUMIPHOTO MACHBY:

int[] intArr = new int[5] { 10, 20, 30, 40, 50 };

Cnmcok iHilianisavji

[IpAsMOKYTHI MAacHBHM 1HIL1ANI3ylOTh, BUKOPHUCTABIIM HA MICIl KOKHOIO

€JIEMEHTA BKJIa/ICHUI CIIMCOK 3HAYeHb Y (PIrypHUX Jy’KKax.

Hwxue mnpuBeneHo TMpUKIAA OrOJIOMIEHHS, CTBOPEHHS Ta 1HIimiami3amii
JBOBHUMIPHOI'O IPSIMOKYTHOr0 MacuBy iNt2DArray ta TpuBumMipHoro macusy int3DArray:
int[,] int2DArray =

new int[3,2] { {10, 1 }, { 2, 10 }, { 11, 9 } };
int[,,] int3DArray = new int[4, 3, 2] {

{ {8, 6}, {5, 2}, {2, 9} },

{ {6, 4}, {3, 9}, {8, 4} },

{{7. 2}, {1, 3}, {9, 3} },

{ {4, 6}, {3, 2}, {3, 8} }
}:

SKI1110 MacuB OTOJIOLIYETHCS, CTBOPIOETHCS 1 BiApa3y 1HIIIATI3Y€E€ThCS, TO BUPaA3
JUIS CTBOPEHHS MAacHMBY MOJKHA B3araji OmycTUTH. [HpopmaIiio mpo AOBKUHY
KOMITIUJISATOP OTPUMYE 31 CHHUCKY iHIUiamizamii. TakuM 4MHOM, HACTYIHI IHCTPYKIIi
€KBIBaJIEHTHI (JIpyra € CKOpOYEHUM 3alUCOM MEePILOi):

int[] intArr = new int[5] { 10, 20, 30, 40, 50 };
int[] intArr = { 10, 20, 30, 40, 50 };

3ybyati macusu

3yOuarnii MacuB MOXXHa pPO3IJSJaTH SK MacuB MacuBiB. BiH Moxe maTu
JOBUIBHY, ane Ounbry Big 1, KimpkicTh BuMipiB. KoxeH cyOMacuB 3y04aToro MacuBy
MOXE MaTdh Pi3Hy JoBXkUHY. OrojionmeHHs 3y0uaTroro MacuBy mnoTpeOye mnapu
KBaJIpaTHUX JYXKOK Il KOKHOTO BUMIpPY. SIK 1 /Ui MPSIMOKYTHUX MacHUBIB, TOBXXHHU
HE BKa3yIOTb y TUIIl MACHUBY.

Och pUKIaAN OTOJIONICHHS 3y0UaTUX MacHBIB:
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OnucyBaui paHry: paHr = 2

int[][] SomeArr; // PaHT
int[]1[1[] OtherArr; // PaHT

o
w N

Hassa macusy

[Tim gac oromomieHHS 3yO0YaTOro MacHWBY MOXHa Bigpa3dy CTBOPUTH HOTO
cyOMacHB Neporo piBHs (aje TUIbKY MEepUIOoro piBHSA):

int[1[1 jagArr = new int[3][];

KoxeH 3 ejgeMeHTIB 3y04aToro MacHBY € OKPEMHM MacCHBOM, SIKHHA TaKOX
noTpedye cTBOpeHHs. TOMY IpU CTBOPEHHI MAaCUBY MOKHA BKa3aTH JIUIIE OJWH BUMID,
a HACTyIHA IHCTPYKIIis IPUBEJIC 10 BAHUKHCHHS TTOMUIKA KOMITIJISIIII:

int[][1 jagErrorArr = new int[3][5]; // Tommnkal

Ha BiaMiHy BiJ MacuBIB 1HIIMUX THUIIIB, 3yOUaTHil MAaCUB HEMOXKIIMBO CTBOPUTHU
BeCh 3a OJUH KpOK. OCKUIbKM BiH CKJIAQJA€ThCS 3 IHIIUX HE3aJICKHUX MAacHUBIB, TO
KO)KEH 3 HHUX CJiJ CTBOPUTH OKpeMo. TakuM UYMHOM, JUIsi CTBOPEHHS MOBHOTO
EK3EeMILIAPY 3y04aTOro MacuBy MOTPiOHO:
» CTBOpPUTH MACUB MIEPIIOTO PiBHSL.
» CTBOPUTH KOXXEH CyOMacHUB 1HIIIHUX PIBHIB OKPEMO, TPUCBOIOIOYUN MTOCUTIAHHS
HAa HOBOCTBOPEHMH CyOMacuB BiAMOBIZHOMY €JEMEHTYy CyOMacuBy
MOTIEPEAHBOTO PIBHS.
Hampuknan, cTBopeHHS Ta iHIIlami3alii0 JBOBUMIPHOTO 3y04aTOro MacuBY
MO>KHA 3I1MCHUTH TaK:
// 1. CTBOpPEHHS MacCHuBY [IepuoTro PiBHS

int[J[1 theArr = new int[3][];

// 2. CrBopeHHa CcyOMacuBIiB 1HmIMX PiBHIB

theArr[0] = new int[] { 10, 20, 30 };
theArr[1] = new int[] { 100, 200, 300, 400 };
theArr[2] = new int[] { 1000, 2000, 3000 };

VY nyHkTi 1 OroyiomeHo Ta CTBOPEHO MACHB TMEPIIOTO PiBHS 3 TPhOX €JIEMEHTIB.
B nyHkTi 2 cTBOpeHO Tpu CyOMacuBHM IJIsi KOKHOTO 3 0a30BHX TPbOX €JIEMEHTIB
MacHuBa MEPIIOro PiBHS.

Ockisbku cyOMacuBU B 3yO0UaToMy MacuBI TaKOXXK € MacHUBaMH, TO BCEpPEAUHI
3y04aToro MacuBa MO>KHa BUKOPUCTOBYBATH MPSIMOKYTHI MaCUBH.
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[TOpiBHAHHSA NPSMOKYTHUX Ta 3yO4aTMX MacuBiB

CrpykTypa NpsIMOKYTHHUX Ta 3yOUaTHUX MACHBIB CYTT€BO BIJIPI3HAETHCS, HABITh
SKIIO X pO3MIpHICTh OJHaKoBa. Ha puc. 7.4 nmpuBeeHO cXeMy pO3MIILEHHS B MaM'sTi
JaHUX TPSAMOKYTHOrO Ta 3y04yaToro MacuBiB pPO3MIPHICTIO 3X3 €IeMEHTH.
[IpssAMOKYTHUI MacWB CKJIQJA€ThCs 3 OJHOTO IUIICHOTO 00'€KTa, TOMI K 3yOuUacTHid
MICTUTb YOTUPH PI3HUX 00'€KTU: OJUH JUII MACUBY MEPILIOTO PiBHS, 1 IO OTHOMY — AJIs
KOXKHOT'O €JIEMEHTA MAaCHUBY IIEPIIOrO PiBHSL.

2 | 30
0 1 2
20
2 |70 | 80 | 90 5 L 2 60
10
140 50 | 60 1 0 1 50 | 2|90
arr[0]
o | 1010 | 10 0 o 40 1180
arr arr—‘ arl] | o | 70
arr[2]
MpsAMOKYTHUIA Macus int[3,3] 3ybuatuin macus int[3][3]

Puc. 7.4. CtpykTypa npsIMOKYyTHOTO Ta 3y04aTOro MacuBy y maM'sTi

NET Framework MicTUTh ONTHMI30BaHHMI MeEXaHi3M i1 pPodOTH 3
OJIHOBUMIPHUMH MacUBaMH, SIKHW 3a0e3neuye Kpauly NpOAYyKTHUBHICTh MOPIBHSIHO 3
npsIMOKYTHUMU. TOMy 1HKOJIM, 0COOJIMBO JIJIs1 MACHBIB 3HAYHUX PO3MIPIB, MOXKE OyTH
edeKTUBHIIIIE BUKOPUCTOBYBATH ONTUMI30BaHUN 3yOUaTUii MacCUB 3 OJJHOBUMIPHUMU
cyOMacuBamu, HIXK €IMHUAN MIPSIMOKYTHUN MacHB.

IHCTPYKUist foreach

[acrpykuis foreach mo3Bossie mMocmiOBHO BHOMPATH KOXKEH €IIEMEHT MACHUBY.
Bona noBToproe rpyny BKJIaJAEHHUX ONEpPaTOPIB I KOXKHOTO €JIeMEHTa MacuBy abo
KoJIeKI[il 00'ekTiB, 1m0 peani3dyioTh iHTepdeiic System.Collections.|[Enumerable a6o
System.Collections.Generic.lEnumerable<T> (konexiii po3riasHeMO Jaii).

B inctpykuii foreach BukopuctoBytoTs imepayiiiny 3minHy, iKa € TAMYaCOBOKO
3MIHHOIO TOTO X THUITy, IO ¥ eleMeHTH MacuBy. ITepaiiiiiHa 3MiHHA MOCIIJOBHO
IPE/ICTABIISIE KOXKEH elleMEeHT MacuBy. CHHTaKCHC BUKOPUCTaHHs iHCTpyKiii foreach
TaKUU:
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Tun enemeHTa Macuy ITepavjnHa 3miHHa

foreach( Type lterVariable in ArrayName )

Statement
Hasea macwsy

Itepamiiina 3minHa lterVariable mig wac xoxxHOT iTeparii (MPOXOIKEHHS) HKITY
MICTUTh 3HAYCHHS BiAMOBiAHOTO enemeHTa MacuBy ArrayName. ITacrpykiis Statement,
sKa BUKOHYETHCS HJIsi KOXHOTO €JIEMEHTa, MOKe OYyTH TMpeAcCTaBieHa OJIOKOM
THCTPYKITIH.

Tun iteparmiiinoi 3MiHHOI MOXKHA 3aJaTH HESBHO, BKA3aBIIM 3aMICTh THUITY
KJIFOYOBE CJIOBO Var (TOJII KOMIIUIATOP aBTOMATHYHO ITiA0epe THI 3MiHHO1 BIIMOBITHO
JI0 TUITY MacHUBY):

ITepaLiiHa 3MiHHa

foreach( var IterVariable in ArrayName )

Statement
Hasea macwsy

Aute oOuBi ipuBeneHi popmu iHCTPYKIIiT foreach ceMaHTUYHO OJJHAKOBI.

Iactpykiris foreach mparroe Tak:

» [lounHarouu 3 MEPIIOTO €JIEeMEHTa MAaCHBY, MPUCBOIOE 3HAYCHHS KOXKHOTO

eJIeMEHTa 1TepaLlifHiil 3MIHHIM.

» Bukonye nos'szany 3 foreach incrpyxkiiiro (uu 610k iHCTpYKIiid). [Tpu oMy

ITepalliiiHy 3MiHHY MOHA BHUKOPHMCTOBYBATH SIK JOCTYITHMM TUIBKW IS
YUTAHHSA [ICEBJJOHIM €JI€MEHTa MacCHUBY.

Takum unHOM, iHCTpYKIIis foreach mo3Bossie mpoiiTh y UKL IO BCiX €IeMEeHTaX
MacHUBY 1 BUKOHATH MOB'A3aH1 3 HUMU [1i. JIICTUHT 7.2 MICTUTh NPUKIIAJ IPOrpamu, y
SIKIM OT'OJIONIEHO MACUB IITUX YKce alf (psiAok 3) 1 BUBEICHO WOT0 3HAYEHHSI Y BIKHO
KOHCOJII 3a jormomoror mukiy foreach (psaku 4...5). B poni itepaiiiHoi 3MiHHOT
BUKOPUCTAHO 3MiHHY &l mijoro tumy. [HcTpykiis 3 BukiaukoM WriteLine BUKoHyeTbCst
MOCTIZOBHO I KOXKHOTO €lieMeHTa MacuBy. [lig yac mepmoro mpoXoKeHHS
iTepaliiliHa 3MiHHA al MICTHTh 3HAYCHHS MEPIIIOro eJIEeMEHTa MAaCHBY, TIOTIM — IPYTrOro
1 T.1. Pe3ynbpTaT BUBOY mporpaMu mpuBeIeHO Ha puc. 7.5.

TNictvar 7.2. Busig 3HayYeHb enieMeHTiB MacuBy Y Lmkni foreach
static void Main(string[] args)

{

int[] arr = { 10, 20, 30, 40, 50 };
foreach (int ai in arr)
Console._WritelLine ("3unauennsa ememenra: {0}, ai);

a b~ wWDNPR
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enemenTa: 10
enemeHTa: 20
enemeHTa: 30
enemeHTa: 40

eneMeHTa: of
Press any key to continue

Puc. 7.5. Pe3ynpTaT poboTH nporpamu 3 JICTUHTY 7.2

IHcTpyxkitito foreach BUKOPUCTOBYIOTH JIJIsl OTPUMAHHS iH(QOPMAIIIT ITPO €JIEMEHT.
[i He BapTO BMKOpPHMCTOBYBAaTH MJsi JOJaBaHHA ab0 BHUJAJEHHS €JIEMEHTIB, 00
YHUKHYTH Henepen0adeHuX MOOIYHUX e(EeKTIB, OCKUIBKA MPHU LbOMY 3MIHIOETHCS
CTpyKTypa MacuBy 1 moBefinka foreach moske OyTtm HemepembadyBaHO. SIKIO
noTpiOHO Jo7aTH a00 BUJAINTH €JIEMEHTH MacHBY, CJIiJl BHKOPUCTOBYBATH IHKJI for.

3HaueHHA 4epe3 ITepaliifHy 3MiHHY JOCTYITHE TUIBKHU /IS YUTAHHS 1 HE MOXE
OyTu 3MiHeHe. [le mo-pi3HOMY BIUIMBAa€E HA MAaCUBH 3HAYYIIUX Ta MOCUJIATBHUX THIIIB.
Y MacHBi 3HAYYIIOTO THIY €JIEMEHT 3a JOIIOMOTO0 iTepaIiitHOl 3MiIHHOI HEMOKIUBO
3MIHUTH. AJie eIeMEHTaMU MAaCHBY TOCHJIAJIBLHOTO THITY € IMOCHUJIaHHS Ha 00'€KTH 3
JaHUMH. Xo4a caMo MOCHJIaHHS BCE OJTHO HE MOYKHA 3MIHUTH, ajie JJaHi, Ha K1 BKazye
MOCWJIAaHHS B ITEpaIliiiHii 3MIHHIM, HOCTYMHI Ui penaryBaHHs. ToMy B MacuBi 3
JAHUMHU TIOCHJIAILHOTO THUIy CaMi JIaHi 3a TOCHJIAHHSM MOXHA 3MIHIOBAaTH. AJe
CTBOPUTH HOBHUH 00'EKT 3 HOBUM IOCHJIAHHSM, 1 TPUCBOITH I1€ TTIOCHIIAHHS ITepaIliiHiNi
3MIHHIM HEMOKJIUBO.

Konu iHcTpykiis foreach 3actocoByeTbecst 10 NMPAMOKYTHOTO MAacHBY, TO
eJIEMEHTH OOpOOJISIIOTECS TOYMHAIYM 3 KPaHBOTO MIPaBOro (K 3alucaHo B
oroyomrenti) Bumipy. Komm #oro 3madenns npoxoauth Big 0 mgo Length-1,
301TBITY€THCS HA OJUHUITI0 HACTYIMHHM 1HAEKC iBimie 1 T.1. Lle imoctpye npukianm 3
JicTuHry 7.3. SIKmo HOro BHUKOHATH, TO MOCIIIOBHO OyJle BUBEIEHO €JIEMEHTH
HPSIMOKYTHOTO JTBOBHMIipHOTO MacuBy (puc. 7.6).

TictvHr 7.3. BuBig 3HayYeHb enemeHTiB Macusy Y Lmkni foreach
1 | static void Main(string[] args)
2| {
3 int[,] arr = { { 10, 20 }, { 30, 40 } };
4 foreach (int ai in arr)
5 Console.WritelLine ("3Hauenus emnemeHTa: {0}", al);
61}
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BN CAWINDOWS\system32iemd.exe — d X

3Ha4eHHA eneMeHTa:
3HaveHHA eneMeHTa:
3HaveHHA eneMeHTa:
3Ha4YeHHs1 eneMeHTa:

Press anv key to continue .

Puc. 7.6. PesynpTar pob0TH Nporpamu 3 JicTUHTY 7.3. BUBIJ eJ1eMEHTIB
MPSIMOKYTHOTO JBOBUMIPHOTO MacCUBY

Buxopucranns iHCTpyKIii foreach momo 3youaTtoro 6araToOBUMipHOTO MacHBY
JEMI0 BIAPI3HSAETHCS BIJ ii BUKOPHUCTAHHS JJIsl MPSAMOKYTHOTrO MacuBy. OCKUIBKH
3y04aTHii MacuB MPEJICTaBIIsI€ COOOI0 MACUBHU Y MACHBI, TO JJISl PI3HUX WOTO BUMIPIB
HOTPIOHO BHMKOPUCTOBYBAaTH OKpeMi BKianeHi inctpykmii foreach. Ile imoctpye
JicTuHT 7.4, y SKOMY OTOJIONICHO 3yOuaTuii MacuB alr. 3oBHIIIHS iHCTpyKIist foreach
(panku 8...13) mpoxoAWTh MO e€JeMEeHTaxX IMEepHIOro pIiBHS, KOXEH 3 fAKUX €
cyomacuBoM. BHyTpimHs (psnaku 11...12) mocniloBHO NPOXOAUTH IO €JIeMEHTax
KOXHOTO CyOMacHuBYy 1 BUBOJMUTH iX 3HAYEHHS y KOHCOJb. [lepea BUBOJOM 3HAYEHBb
KOXKHOT'O CyOMacuBY BHUBOJIUTHCS IMOBIJIOMJICHHS PO MOYATOK 0OpOOKH CyOMacHuBy
(psnok 10). Pe3ynbratr BUBOY NporpamMu MpUBEICHO HA puc. 7.7.

NictnHr 7.4. BukopucTtanHs Lukny foreach gnsa sybyatoro macuy
1 | static void Main(string[] args)
214
3 int[ ][] theArr = new int[3][];
4 theArr[0] = new int[] { 10, 20, 30 };
5 theArr[1] = new int[] { 100, 200, 300, 400 };
6 theArr[2] = new int[] { 1000, 2000, 3000 };
y
8 foreach (int[] arr in theArr)
9 {
10 Console.WritelLine ("Cy6macue:") ;
11 foreach(int 1 in arr)
12 Console._WritelLine ("3uauenna emnementa: {0}", 1);
13 }
14 | }
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BE CAWINDOWS\systemn32iemd.exe — | X

erneMeHTa: 10
ereMeHTa: 20
ernemeHTa: 30

eneMeHTa: 100
eneMeHTa: 200

eneMeHTa: 300
eneMeHTa: 400

eneMeHTa: 1000

eneMeHTa: 2000

enemeHTa: 3000
Press any key to continue

Puc. 7.7. PesynpTat pob0TH Nporpamu 3 JicTUHTY 7.4. BUBIJ €1€MEHTIB 3y04aToro
JIBOBUMIPHOTO MacUBY

KoBapiaHTHICTb MacuBiB

EnemMeHTy MacuBY MOCHJIQIBHOTO THITY MOXHA IPHUCBOITH TOCWJIAHHS Ha
00’€KT, THUIl SKOTO BIAMIHHHMM Big ©0a3oBoro Tumy wmacuBy. lle Ha3uBaroTh
Kosapianmuicmio MacuBy. [1py ibOMy CJI117] BAKOPUCTATH SIBHE YU HESIBHE TIPUBE/ICHHS
TUITy 00’€KTa, SIKUI 3aIUCYIOTh Y MAacHB, J0 TUIy MacuBYy. OCKITbKH 3aBXKIU ICHYE
HESBHE MPUBEJCHHS TUIY MK MOXIAHUM 1 0a30BUM KJIACOM, TO O0’€KT MOXIJHOTO
KJIacy MOKHa 0€3 TOJaTKOBUX OTIEPAIliil 3aMiCyBaTH y MAaCUB, OTOJIONICHUH 3 THIIOM
06a30BOro Kjacy.

MacuBH 3Ha4ylIMX TUIIB HE € KOBaAP1aHTHUMH.

BrKkopucTaHHs ycrnaakoBaHUX eNEMEHTIB Knacy Array

MacuB y C# € moxigaum Bif kiacy Array 3 mpocropy imen System. Bing cBoro
0a30BOro KJIaCy MacHB CIAJKY€E Psij BIACTUBOCTEH 1 METOIIB, SIK1 OJIETIIYIOTh POOOTY
3 MacuBOM. IX mpuBeneHo y Tabmuwi 7.1.

Bukopucranss neskux 13 HUX NPOJAEMOHCTPOBAHO MPOTPAMOI0 Y JICTUHTY 7.5.
VY psaaky 9 orosionmeHo OJHOBUMIPHUN MacHB IUIMX YHCEI Ta 1HIIIAII30BaHO HOTO
HECOPTOBAaHUM HAOOPOM 3HaueHb. Y psiKy 11 3a JOMOMOTO0 CTATUYHOTO MeTO1y SOIt
COPTYEMO MacuB 3a 3pocTaHHsAM. [licis 1bOTO 3a JOMOMOTOI0 CTAaTUYHOTO METOMIY
Reverse 3MiHIOEMO TTOPSIOK MACHBY HA MPOTHICKHUN (psAaok 14). B kiHIll BUBOIUMO
3arajibHy 1H(OpMAIlil0 PO MACHB: paHr, JOBXHUHY, T Tomo (psaku 18...21).
Pe3ynbraT BUKOHAHHS MPOTrpaMu MPUBEJEHO HA puc. 7.8.
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Tabnuuygs Ne7.1. Enementnt knacy Array

HasBa enementa Bup Onuc
Bnactusocri
Rank Eksemnnsp  [loBepTae KinbKiCTb BUMIPIB Y MacyBi
Length Eksemnnap  [loBepTae 3aranbHy KinbKiCTb €M1eMEHTIB Y BCiX BUMIpax
Metoau
GetLength Eksemnnap  [loBepTae JOBXWUHY BKa3aHOro BUMIpY
Clear Cratunmin  3apae Ans AianasoHy 3Ha4eHb MacKBY 3HAYEHHS 3a

3aMOBYYyBaHHAM A4 TNy

Sort Cratynun ~ CopTye enemMeHTV OJHOBUMIPHOMO MacuBy

Clone Exsemnnap  CtBoptoe Konito MacuBy. KonitotoTbCs TiNbKu €NeMeHTN Macusy

IndexOf Cratnynuin  oBepTae iHAEKC NepLIoro BXOMKEHHS BKa3aHOMO 3HA4YEHHS! B
OOHOBUMIPHOMY MacuBi

Reverse Cratunuin ~ MiHsie NOpsioOK eNEMEHTIB OAHOBUMIPHOrO MacHBy Ha

NPOTUNEXHUI

GetLowerBound  Eksemnnap  [loBepTae HKHIO MEXY (iHLEKC) 3a4aHOro BUMIpY
GetUpperBound | Eksemnnap  [loBepTae BEpXHIO MeXy (iHAEKC) 3a4aHOro BUMIpY
GetType Eksemnnap  [loBepTtae TMn macusy

TicTnHr 7.5. BUkopuCTaHHA ycrnagkoBaHUX efieMeHTIB Knacy Array

O 00O ~NO O WNPRP

NNNRPRPRRRPRRRRRRPR
NFPOOO~NOOOPMWDNEO

public static void PrintArray(int[] a)

{
foreach (int 1 in a) Console_Write("{0} ™, 1);
Console._WriteLine();

¥

static void Main(string[] args)

{
int[] arr = new int[] { 30, 20, 40, 70, 60, 50 };
Console.Write ("Hecoprosano: "); PrintArray(arr);
Array.Sort(arr);
Console.Write ("CopTroBaHo: "); PrintArray(arr);
Array.Reverse(arr);
Console.Write ("Pesepc: "); PrintArray(arr);
Console._WriteLine();
Console._WriteLine("'Rank = {0}, Length = {1}",

arr._Rank, arr.Length);

Console.WriteLine('GetLength(0) = {0}, arr.GetLength(0));
Console._WriteLine("GetType() = {0}, arr.GetType());

+
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BN CAWINDOWS\system32iemd.exe - O x

HecopTtoeano: 30 20 40 /0 60 50
Coptopano: 20 30 40 50 60 70
Pegepc: 70 60 50 40 30 20

Rank = 1, Length = 6

GetLength{@) = 6
GetType() = System.Int32[]
Press any key to continue

Puc. 7.8. PesynabTar pob0oTH Nporpamu 3 JICTUHTY 7.5. BUKOpuCTaHHS
yCIaJKOBaHUX €JIEMEHTIB Kjacy Array

KrioHyBaHHS1 MacuBy

YcmankoBanuii Metos Clone BuKoHye moBepxoBy Komito MacuBy. Ilpu mpomy
KOMIIOIOTHCS BUKIIFOUHO €TIEMEHTH MacuBy. Y BUMAAKY 3 MaCHBOM 3HAUYIIOTO THUITY
CTBOPIOETHCS MOTO KOMIisS 1 pe3yJIbTaTOM € JIBa He3aJeKHI OJHAKOBI MAacUBH. SIKIIO
MacCHB € MOCUJIANIBHOTO THUITY, TO 00’ €KTH, Ha AK1 MOCUJIAIOTHCS €IEMEHTH MAaCUBY, HE
KOIIIOIThCA. TOOTO, MpU CTBOPEHHI TaKOi KOIIi MacuBy €JIE€MEHTH HOBOTO MACHUBY
MOCHJIATUMYTHCA Ha Ti K cami 00’€KTH y TaM’fTi, 10 W €JIEMEHTH MOYaTKOBOIO
MacuBy (puc. 7.9). Tomy, SIKIIIO 3MIHUTH 00’ €KT Yepe3 MOCUIIAHHS OJTHOTO MacUBY, TO
11 3MIHU B1100pa3sAThCSA 1 Uepe3 NOCUIIAHHS 3 TUM K€ 1H/IEKCOM €JIEMEHTA KJIOHOBAHOIO
MacCHBY.

MoyaTKoBUiA 02 - KrioHoBaHwuit

macuBs MacuB
o1 |

arr( arr’

Puc. 7.9. Ilpu xioHyBaHHI MacUBY MOCHJIAILHOTO TUITY €IEMEHTH 3 OJJHAKOBUM
1HeKCOM 000X MacHBIB BKa3yIOTh Ha TOM camMuii 00’ €KT
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Po3sgain 8. IHTepdeicy

>

>

>

IHTepdencu

[Tpnknag BUKOPUCTAHHS iHTepdhency
|IComparable

IHTepdenc sK nocunansHUM TUN JaHKX
Peanisauis Kinbkox iHTepgencis

CnaakyBaHHs iHTepdencis
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IHTepdencu

Iumepgpeiic — 11e MOCUIIATBHUN THII, KWW 3aJla€ MHOXKHUHY (PYHKI[IOHAIBHUX
CJIEMEHTIB, aje He peanizoBye iX. [HTepdelic MOXyThb peani3oByBaTu
(BmpoBa/KyBaTH) Kiacu Ta CTpykTypu. CemaHTHYHO iHTepdeiich Ccxoxki Ha
aOcTpakTHI KJIacH, aJie *0JIeH MeTOol iHnTepdeiicy He Moxe MaTH peanizaiii. [atepderic
nokasye, 110 Kjac MOBMHEH poOWUTH, ajie He BU3HAUaE, sk came. [Ipu BOpoBakeHH1
1HTEepdeicy y Kiac MatoTh OyTH pealii3oBaHi BCl METOIU iHTEepdEiCy, aje KOKEeH Kiiac
MO>K€ peani3yBaTH iX MO-1HIIOMY.

PosrnsiHemo mnpukian, SKUd BUCBITIUTH HEAONIKH, IO YCYBAalOThCS IpHU
BUKOpHCTaHHI 1HTepdeiicy. [Ipunyctumo, Mo MU MaEMO JOCTaTHHO BEJIMKUNA HaAOIp
TOBapiB pi13HUX BUiB. KokeH BU/ Mae mpuTaMaHHi HOMy XapakTepucTuku. Tak, ToBap
BUIy "MOOUThHUMI TeneoH" Mae ONHI XapaKTEPUCTHKU, & TOBAP BUAY ''KyXOHHHM
koMOaiiH" — iHm. Ha ocHOBi icHyrouoro HabOpy TOBapiB MOTPIOHO CKIACTH IX
3araibHAi  cucok. [IpW 1IbOMY KOXEH €JIeMEHT CHHCKY MICTUTHME KOPOTKY
XapaKTEPUCTHKY TOBAPY 1 POPMYBATUMETHCSI HA OCHOBI XapaKTEPUCTUK CBOTO BUTY.

VY pictunry 8.1 orosormieHo a8a kinacu. Kimac MobilePhone (psaxu 1...12) onucye
TOoBapH BuAy "MoOiLIbHMI Teredon", a kiaac FoodProcessor (psaxu 14...24) — ToBapu
BUY "KyXOHHHM KoMOaitH". Kiacu MicTATh pi3HUN HAOIp MOJIB, SKiI XapaKTEPU3yIOTh
BIJIOBIIHUI BuJ ToBapy. KoxkeH kjiac Mae MeTo, KMl moBepTae onuc 00'ekTa, 110
dbopmyeThCst Ha OCHOBI Horo noJiB. [Ipu iboMy 1St OMUCY €K3EMIUISPIB PI3HUX KJIaciB
BUKOPUCTOBYIOTHCSI Pi3HI Mol pizHUX TumiB. Meroa PhoneDescription (psaku 7...11)
dbopmye omuc KOHKpeTHOro oO0'ekta "MoOUIBHME  TenedoH", a  MeTon
FoodProcessorDescription (psiaxu 19...23) — 00'exra "KyXOHHHI KOMOAH".

Y metoai Main cTBOPEHO MO OJHOMY €K3eMILIIPY KOXKHOTO Kiacy. [Hdhopmartis
PO 00'€KTH BUBOJUTHCS Y BIKHO HUISIXOM BUKJIMKY METO/IIB, IKi TOBEPTAIOTH iX OIHUC
(psanku 41, 42).

3ayBaXUMO, IO JJISI PO3TIASHYTOrO MiaXoay (OpMyBaHHS ONHUCIB OO0'€KTIB
XapaKTEpHI HACTYITHI PUCH, SIKI YCKIIAIHIOIOTh 1 3aIUTYTYIOTh CTPYKTYPY MPOTPaMHU:

» Metoau, gKi MOBEpTalOTh 1H(OPMALLiF0 PO 00'EKT, HaJEXKaTh PI3HUM KJlacaM

1 MOXYTh MaTH pi3Hy Ha3By. l1[00 BuBecTH onuc, moTpiOHO aM'sTaTH HaA3BU
NPUNHATHUX IS TaHOTO BUIIAAKY METO/1B (aKe KIac MOKe MICTUTH OaraTto
METO/IiB).

» IloTpiOHuii ang onucy 06'ekTa METO Y KJ1acl B3arajii MoKe OyTH BiICYTHIM.

» Ex3eMIusipy pi3HMX KJIaciB HEMOXJIMBO MEpeNaTH y IHIIUHA METOA s

00poOKM Yepe3 OJuH NapameTp, OCKUIbKM BOHM MaroTh pi3Hi Thnu. Tak, y
meton PrintUpperDescr moskHa niepeaatu Tijabku 00'exT kiaacy MobilePhone.
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Tictvar 8.1. BukopucTaHHS Knacis, SKi ONUCYOTb PidHi TOBapK

O© 0O NO U1l WNP

AP DA WWWWWWWWWWNDNDNNNNNNNNREPPRPRPRPEPRPPRPEPRPERPERPREREER
P OWONPOOONODUODMWNPOOONOUOPMMWNPOOONOOOGPA™AWDNLEDO

class MobilePhone // MoBinpHum TesnedoH
{
public string Manufacturer; // BUPOOBHUK
public string Model; // Momnesnsb
public double ScreenSize; // PosMip expaHy
public double MemorySize; // O6car nmam'sari
public string PhoneDescription() // Ommc
{

return String.Format("'{0} {1} {2}\" {3}iT0OG",
Manufacturer, Model, ScreenSize, MemorySize);

+
+
class FoodProcessor // KyxXOHHUM KOMOAaH
{
public string Manufacturer; // BUPOBHUK
public string Modellnfo; // Momnesb
public double Power; // ToTyXH1CTb
public string FoodProcessorDescription() // Onuc
{
return String.Format("{0} {1} {2}BT",
Manufacturer, Modellnfo, Power);
+
+
static void PrintUpperDescr(MobilePhone m)
{
Console._WriteLine(m.PhoneDescription().ToUpper());
by
static void Main(string[] args)
{
MobilePhone mp = new MobilePhone()
{ Manufacturer = ""PhoneMan’, Model = "KL-289i1+",

MemorySize = 2, ScreenSize = 7 };

FoodProcessor fp = new FoodProcessor()
{ Manufacturer = "KitchenTec",

ModelInfo = "Astra FV-202", Power = 12 };
Console._WriteLine(mp.PhoneDescription());
Console._WriteLine(fp.FoodProcessorDescription());
PrintUpperDescr(mp);

+
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Buxopucranns  iHTepdeiicy  103BOJsS€  peanizyBaTH  JIOTIYHIIIMKA  Ta
3po3yMuTimui miaxig. s mporo ciij orojocuTH iHTepdeiic, SKuii MaTuMe METO/I,
npu3HayeHui st popMyBaHHs onucy o0'ekta. Ilicis 1Iboro KoXeH 3 KiaciB, IO
npeacTaBisge O0'€KTH pI3HUX BUJIB, TOBHHEH pealidyBaTH Iied iHTepdeiic.
3actocyBaHHA iHTEp(DECy T03BOIUTh YHUKHYTH BCIX TPbOX MPUBEJACHUX HEIOJIKIB
PO3TIITHYTOTO KOJY.

3arajqbHUIl CHHTAKCUC OTOJIOMICHHS 1HTep(deicy Takuid:

KntouoBe cnoso Ha3sga iHTepdeiicy

nterface IInterfaceName

// BaronoBku QYHKLI1OHAJNBLHUX e€JIEMEHT1B i1HTepoency

l
{
¥

Ha3Bu inTepdeticam mpuiiHaTo mouynHaTH 3 Benukoi mitepu "l". Enementamu
iHTepdeicy MOXyTh OyTH METO/U, BIACTUBOCTI, iHACKCATOpH Ta Moii. [aTepdeiic He
MO>K€E MICTUTHU €JIEMEHTIB JIaHUX Ta CTATUYHUX eJIeMEeHTIB. B iHTepdeiici po3MilIyoTh
BUKJIIOYHO OroJIoleHHs (QYHKIIOHAJIbHUX €JIEMEHTIB, a iX Tilla TMOBUHHI OyTH
peaii3oBaHi y Kiacax, skl CIaJKylTh 1HTepdeic. 3a 3micToM iHTepdeic Haramye
abcTtpakTHHI Kiac. Ane misa iHTepdeiicy Ta HOro eIeMeHTIB HE BHUKOPHUCTOBYIOTH
KJIFOYOBOTO ciioBa abstract.

Oronomienns iHTepdeiicy Moxe MicTUTH Moaudikaropu goctymy public,
protected, internal um private. Tlpote enmemeHTH IiHTEpQEHCY HESIBHO € TUIBKU
NyOJiYHMMH 1 HE MOXYTh MICTUTH MonudikaTtopiB moctymy (Bkimodaroun public).
Knac, sikuit BripoBakye iHTepdeiic, 000B'sI3KOBO MOBUHEH pPeali3yBaTH BCi €IEMEHTH
iHTepdeiicy. Ilpu 1mpomy koa ang peanizaiii €JeMEHTIB i1HTepdeilcy Moxke sK
peajizyBaTHUCS CaMUM KJIACOM, TaK 1 CIIaJIKyBaTHCS BiJ 0a30BUX KJIACIB.

Xoua orojomeHHs iHTepdelicy HE MICTUTh peamizamii Horo MeTOIB,
JOKyMEHTAIlisl Juisi iHTepQeiicy MOBHHHA MICTUTH OMHUC TOTO, 110 BOHW BHKOHYIOTb.
[IporpamicT, sikuid CTBOPIOBATHUME KJIac 3 IHTEp(eiicoM, TOBUHEH 3HATH NMPU3HAUECHHS
HOro €JIEMEHTIB.

[Ilo6 BmpoBaguTu iHTEpdenc y Kiac, CIiJl MpU OTOJOIICHHI KJIacy BKa3aTH
Ha3By iHTep(elicy B epeiiky 0a30BHX KJIACIB:

HasBa knacy HasBa iHTepdeiicy

class TheClass : IInterfaceName

{--- 1}

Skmo kiac, y sk BIPOBAKYIOTh 1HTEpdEicC, € MOXITHUM, TO Horo 6a3oBUi
KJIac y CIIMCKY YCIaJKOBaHMX KJIaciB MOBHHEH OyTu nepimuM. [licias Ha3Bu 6a30Boro
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KJIacy 4epe3 KOMY MOXHa BKa3aTH JOBUIbHY KUIbKICTh iHTepdeiciB (y TOH ke 4dac
0a30BHii KJ1aC MOYKE OyTH TUILKH OJIUH):

Basoswit knac mae 6yTi nepnm IHTepdenc 1 IHTepdenc 2

class TheClass : TheBaseClass, lInterfacel, IlInterface2

{--- 13

VY nictunry 8.2 oromomeHo iHTepdeiic Info (psaku 1...5) 3 ogHuM MeTOAOM
GetDescription psakoBoro THIy Ta OAHIEIO BiaacTuBicTio ltemMark psiakoBoro Tummy
TiUTBKY JuT unTaHHsa. Meton GetDescription Mmae moBepraTu onuc 00'€KTa, a BIIaCTUBICTD
ltemMark — "mapky" o0'ekTa 3 6a30BOIO iH(OPMAIE€0 MPO BUPOOHUKA Ta MOJECIb.
Iarepetic lInfo MicTUTE OroJomeHHsT METOy Ta BIACTUBOCTI Oe3 X peasizaliii.

NictuHr 8.2. OronoLueHHs Ta peanisauis iHTepdency
1| interface lInfo // OroJjiomeHHs iHTepobercy
21{
3 string GetDescription(); // Meroxn
4 string ltemMark { get; } // Brnacrueicrs
)
7 | class MobilePhone : lInfo // Knac peaniszsye iutepderic IlInfo
81{
9 public string Manufacturer;
10 public string Model;
11 public double ScreenSize;
12 public double MemorySize;
13
14 public string ltemMark
15 {
16 get { return String.Format("'{O0} {1}",
17 Manufacturer, Model); }
18 }
19 public string GetDescription()
20 {
21 return String.Format("'{0} {1} {2}\" {(3ir0",
22 Manufacturer, Model, ScreenSize, MemorySize);
23 }
24| } HasBa iHTepdency
25
26 | class FoodProcessor : lInfo ™ // Kinac peanizye iurepderic IlInfo
27 | {
28 public string Manufacturer;
29 public string Modellnfo;
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30 public double Power;

31

32 public string ltemMark

33 {

34 get { return String.Format(*'{0O} {1}",

35 Manufacturer, Modellnfo); }

36 }

37 public string GetDescription()

38 {

39 return String.Format ("{0} {1} {2}B7",

40 Manufacturer, Modellnfo, Power);

41 }

42 | Y napameTp nepegaemo iHTepgenc
43

44 | static void PrintUpperDescr(lInfo obj)

45 | {

46 Console._WriteLine(obj.GetDescription().ToUpper());
47 | }

48

49 | static void Main(string[] args)

50| {

51 MobilePhone mp = new MobilePhone()

52 { Manufacturer = "PhoneMan’, Model = "KL-289i1+",
53 MemorySize = 2, ScreenSize = 7 };

54

55 FoodProcessor fp = new FoodProcessor()

56 { Manufacturer = "KitchenTec",

57 ModelInfo = "Astra FV-202", Power = 12 };
58

59 Console.Writeline ("Onomucm:") ;

60 Console.WriteLine(mp.GetDescription());

61 Console.WriteLine(fp.GetDescription());

62

63 Console.WriteLine ("Mapxmu:") ;

64 Console._WriteLine(mp. ItemMark) ;

65 Console._WriteLine(fp.ltemMark);

66

67 Console.WriteLine ("Onucu Benmkumy JlTepamm:") ;
68 PrintUpperDescr(mp);

69 PrintUpperDescr(fp);

70 | }

Bci knacwu, ikl onUCYIOTh TOBapH Pi3HUX BUIIB, IOBUHHI peali3yBaTH iHTEpQeiic
linfo. I{o6 y kmaci peanizyBatu iHTepdeic, MpPH OTOJIOIICHHI KJIacy B IEpeliky
0a30BUX KJIAciB BKa3yeMo HasBy iHTepdency (psaku 7, 26). [Ipu mpomy B Kiaci
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000B's3K0BO MOTPIOHO pealizyBaTH BCl €1eMEHTH 1HTepdeiicy (B HaIOMYy BUIAAKY 1X
NBa). SIKII0 1IbOTO HE 3pOOUTH, BUHUKHE TTOMUJIKA KOMITUISIT. Y JicTUHTY 8.2 00uaBa
KJacH, sKi OMUCYIOTh pi3HiI Buau ToBapiB (kiaacu MobilePhone ta FoodProcessor),
mictate meton GetDescription (psimkm 19...23 Ta 37...41). CrpykTypa IHX METOJIB
(Tun pe3ynbTaTy, Ha3Ba, MapaMeTPH) KOPCTKO 3a7aHa iHTepdeiicom, ae peanizaiis
Moske OyTH pi3Ha. Y npomy npukiami meroau GetDescription pi3HuX KjaciB Ha OCHOBI
0JIiB CBOT'O KJ1acy (hopMyIOTh OIHC 00'ekTa. Biaactusicts ltemMark Takosx peanizoBana
B 00ox kiacax (psmku 14...18 Ta 32...36). 3ayBakumo, 10 CTPYKTypa METOIY
GetDescription Ta BiactuBocTi ltemMark (Ha3Ba, THII, KUTBKICTB 1 THII TAPAMETPIB TOIIO)
BIJIMOBIAAIOTH 1X OMHUCY B IHTEPPEHCI.

Takum ynHOM, BIPOBAHKEHHS 1HTEp(eicy B Kilac MPUMYCOBO 33/1a€ CTPYKTYPY
KJlacy, MOTpiOHY i B3aemonii 3 HUM. [HTepdelic 1 Kiacy MOXKHA MOPIBHATH 3
po3'emom s mpuctporo (Hampukiman, USB um RS-232), skwmit miarpumye
cTaHmapTHuid popmar oOMiHy naHumHu. 30kpema, iHTepdeiic IInfo 3 micTuary 8.2
3a0e3neuye "craHgapTU30BaHe" OTPUMAHHS JaHUX MPO OMKC Ta PO MapKy 00'eKTa.

KpiM 1iporo, ek3eMIuisipu BCiX KJaciB, K1 peai3yloTh OJIMH iHTepdelic, MoKHa
JIETKO TIepeaaBaTH B OJWH METOJ JJIS JOJAATKOBOiI 0OpoOKM JaHuX. Y JiCTHUHTY 8.2
orojomeno metox PrintUpperDescr (psiaxu 44...47) 3 napamerpom 0bj tumy lInfo. YUepes
el mapaMeTp B METOJl MOXHa TMepefaTu OyIb-sIKUM Kiac, 110 peali30By€ BKa3aHUI
iHTepdeiic. Ilpu npomMy mnocuiaaHHs Ha OO'€KT aBTOMATUYHO MEPETBOPIOETHCS Y
nocuiaHHs Ha iHTepdeiic, KUl y HbOMY pealli3oBaHo. B maHomy BUTIAQAKYy METOJ
PrintUpperDescr mpocTo BUBOUTH Ha €KpaH OIMHKC MEPEIaHOro Yepe3 mapamerp 00'eKTa
BEITUKUMH JIITEpaMHU.

BN CHWINDOWS\systern32\emd.exe — d X

Onucu:

PhoneMan KL-2891+ 7" 26
KitchenTec Astra FVY-202 12Br
Mapku:

PhoneMan KL-289%1+

KitchenTec Astra FY-202

Onucu BenuKUMU niTepaMu:
PHONEMAN KL-2891+ 7" 2I'b
KITCHENTEC ASTRA FY-282 12BT
Press any key to continue .

Puc. 8.1. PesynpTar BUKOHAHHS Iporpamu 3 JicTUHTY 8.2. BuBia naHux mpo
00'extu uepes intepdeiic lInfo

Y wmetoxi Main crBopeno ek3emiuisipu kiacie MobilePhone i FoodProcessor
(psanku 51...57) Ta NOPOAEMOHCTPOBAHO BUKOPUCTAHHS pEaTi30BaHMX Y Kiacax
eneMeHTiB iHTepdeiicy lInfo. B psnakax 60...61 BukiamkaemMo MeToau iHTepdeicy
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GetDescription, B psakax 64...65 - BHBOOMMO y BIKHO 3HAYCHHS BIJIACTUBOCTEH
inTepdeiicy ltemMark, a B psiakax 68...69 — nepenaemo metoay PrintUpperDescr 06'ektu
PI3HUX THIIIB, SKI pealni3ytoTh iHTepdeiic lInfo.

Ha puc. 8.1 noka3aHo pe3ysbTaT BUKOHAHHS Mporpamu 3 JicTuHry 8.2. [Ipoekt
lInfoDemo, sikuii imocTpye poboty 3 inTepdeiicom lInfo, € cepen mpukmamiB 1o
HABYAJIBHOTO MOCIOHUKA.

[Mpuknag sukopucTaHHs iHTepdeiicy IComparable

bibmioreka C# wmictuth HaOip iHTep(deiiciB, sIKI MOXHA BHKOPHUCTOBYBATH Y
cBoix mporpamax. OmuH 13 HuX — iHTepderic IComparable, — peamizye meron, mio
JI03BOJISE TTOPIBHIOBATH €K3EMILIAPU Oyab-sSKOro Kjacy Mix coboro. Lleit iHTepdeiic
BUKOPHUCTOBYETHCSI METOJIOM SOIt kiacy Array, ikuii mpecTaBisie MaCHUB.

Posrnsaemo takuil mpuknag Koay:
var intArr = new|[] { 20, 30, 10, 80, 50, 40, 90};

Array.Sort(intArr);
foreach (int 1 in intArr) Console.Write("{0} ™, 1);

Y 1poMy GpparMeHTi IpOrpaMu CIIOYaTKy OTOJIOIIYEMO MACHB ILIMX ducel iNtArT
1 Biipa3y iHiIiani3yeMo HOro HECOPTOBAHOIO MHOXKMHOIO 3HaueHb. Jlani BUKIHMKAEMO
cTatuyHUi Metox Sort kiacy Array, sKuil copTye MacuB 3a 3pocTaHHsIM. | B KiHII
BUBOJMMO BiJICOPTOBaHMI MacWB Ha €KpaH, o0 MEepecBiMUUTHUCS, MO0 3HAYCHHS
MacCHBY CHpaBi COPTOBaHI.

TakuM dYHMHOM, BIACOPTYBaTH 3HAYEHHS MAaCHUBY JIyKe JeErko. Alie SKIIO
crpoOyBaTH COPTYBATH MACHUB HE 3 YUCJIOBUMH 3HAYCHHSIMHU, a 3 EK3EMIUISIPAMH CBOTO
KJlacy, TO TPW BHUKOHAHHI TMPOTpaMHU BHHUKHE BHUHATKOBA  CHTYAIlis
"System.ArgumentException: At least one object must implement IComparable”
(LLlonaiimentie oauH 3 00'ekTiB oBHHEH pearnizyBaTu IComparable). CripaBa y Tomy,
o0 MeToJ1 SOt "He 3Hae", AK MOPIBHATH MiXK COO0I0 00'€KTH JOBIJILHOIO BUZBHAUYEHOTO
IPOrpaMiCTOM KJIacy 1 SIK iX BHOpsAAKyBaTth. Meton Sort kimacy Array 3aieXuTh Bij
iHTepdeiicy, skuit HazuBaeThes IComparable i Busnauenuii y BCL.

Iarepdetic IComparable oromomeno Tak:

KrtovoBe €noso Hasga iHTepdency
public interface IComparable
{ Peanisauji meTogy Hemae
int CompareTo(object obj);
b
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[eit inTepdeiic Mmae Bchoro oauH metoa CompareTo. OroJiomeHHsT METOIy
3aj1ae, 110 BiH OTPUMYE OJIMH MapamMeTp Tuiy Object i moBepTae pe3ysbTat THITy Int.

Xouya cam iHTepdeic He MICTUTh peai3allii IbOT0 METOTY, ajle JOKyMEHTAITis
NET omnwmcye, mo mei meron mae pooburtn, skmo iHtepderic |IComparable Oyne
BIIPOBAKCHUM y Kiac. 3riHO JOKyMeHTarlii, metoa CompareTo Mae moBepTaTu Taki
3HAYCHHS:

» Bin'eMHe 3HaueHHS, SKIIO y BIOPSAKOBAHOMY (B1ACOPTOBAaHOMY) CIIUCKY
MOTOYHUIN 00'€KT MOBUHEH OyTH PO3TalllOBaHMI mepes] 00'€KTOM, 3aJaHuM
napametpoM object.

» JlonaTHe 3HauYeHHS, AKIIO MOTOYHUN O0'€EKT MOBMHEH OYTH pO3TalIOBaHUMN
micis 00'exTa object.

» Hyib, skmo o6uaBa 00'eKTH NpH BHOPSAKYBaHHI 3aiMarOTh OJHY 1 Ty XK
MO3HUIIIIO.

AJNTOpUTM, BUKOPUCTAHUM MeTo0M SOIt kiacy Array, oCHOBY€e CBOIO poOOTy Ha
metoai CompareTo intepdeiicy IComparable. Bin mopiBHIOE fBa €lIeMEHTH MaCHBY MiX
coboro. Tum int peanizye meit iHTepdelic, TOMy COpPTyBaHHS MAacUBY IUIMX YHCEI
OPOUIIIO YCHIIIHO. AJie JOBUIBHUWA BH3HAYEHUH Yy Mporpami Kiac HE MICTUTh
peaiizarii intepdeiicy IComparable, Tomy crpoba BUKIMKY MeTOAY SOrt CIpHYUHUTE
BUHSTKOBY CHUTYAIIIIO.

1106 mMeTox Sort Mir COpTyBaTH €K3EMILIIPY TIEBHOTO KJIACy, el KJ1ac TTIOBUHEH
peanmizyBatu intepdeiic |Comparable. [Iyis 1mboro mpu OTOJIONICHHI KJIacy Ha3BYy
iHTepdeicy ciil BKazaTH B Teperiiky 0a30BUX KiaciB, a TaKoX 3a0e3MeUuTH
peamizamito meroxy CompareTo. SIkmo kjac BOpOBaIKye iHTepdeic, BiH Mae
peanizyBatu Bci eneMeHTH iHTepdeiicy. Ockinpku iHTepdeiic [Comparable micTuTh
TUTbKU oauH MeToa CompareTo, To moTpiOHO peani3yBaTH JIUIE HOTo.

NictuHr 8.3. Peanisauist inTepdeicy IComparable y knaci Computer

1 | class Computer : IComparable

214

3 public string MotherBoard;

4 public string CPUModel;

5 public double CPUGHz;

6

7 public int CompareTo(object obj)

8 {

9 return CPUGHz > (obj as Computer).CPUGHz ? 1 :
10 CPUGHz < (obj as Computer).CPUGHz ? -1 : O;
11 }

12 | }
13
14 | static void Main(string[] args)
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15 | {

16 Computer[] compArr = new[] {

17 new Computer() { MotherBoard = "GigaB JHs-298i",
18 CPUModel = "Intel™, CPUGHz = 2.2},

19 new Computer() { MotherBoard = "KiBor 93-Hx092",
20 CPUModel = "AMD"™, CPUGHz = 2.1},

21 new Computer() { MotherBoard = "LionBoard H989",
22 CPUModel = "Intel™, CPUGHz = 2.7},

23 new Computer() { MotherBoard = "ZeroXL KL-092z,
24 CPUModel = "'CoolCPU", CPUGHz = 2.0}

25 };

26

27 Console._WriteLine('CopryBauna Macupy o6'exkTin:'");

28 Array.Sort(compArr);

29 foreach (Computer comp in coOmpArr)

30 Console._WriteLine("{0}, {1}, {2:0.00} GHz",

31 comp .MotherBoard, comp.CPUModel, comp.CPUGHZz);
32|}

VY nmictunry 8.3 ommcano kimac Computer, y skuii BOpOBaIDKEHO iHTEpderc
|IComparable (psaxu 1...12). Kinac mictuts peasizaiiito MmeToay intepdeiicy CompareTo
(panku 7...11). Kmac Computer B 3aransHOMY OMHCye Kiibka puc 06'ekta "komm'torep".
Horo none MotherBoard mictuts ommc cucremuoi mwiatu, moie CPUModel — momens
npoiiecopa, a moie CPUGHz — wactoty mporecopa.

Meton CompareTo intepdeticy, peanizoBanuii y kiaci Computer, mopiBHIOE
3HadeHHs nojis CPUGHZ morounoro o0'ekta i3 3HAYEHHSIM I[HOTO K TOJS 1HIIIOTO
o0'exrta, mepemanoro y mapamerpi 0bj. Ilpu 1ipomy 00'ekT OD] MPUBOIAUMO O THITY
Computer 3a gomomororo oneparopa as. TakuM YUHOM, peasli30BaHHUK y JICTUHTY 8.3
meton CompareTo 3abe3nmeunth copTyBaHHS 00'ekTiB COMpUter 3a 3HAYCHHSM TOJIS
CPUGH?z (TakTOBOIO 4aCTOTOIO MIPOIIECOPA).

Y meroai Main orosormieHo Ta iHiiami3oBaHo MacuB COMPAIT (psiaku 16...25),
€IEeMEHTH SIKOTO € ek3eMIusipamu kiacy Computer. Jlms copTyBaHHs, SK 1 B
MOTIEPETHHO PO3TIITHYTOMY BUIIAIKY 3 MACHBOM IIUIUX YUCEN, BUKIIMKAEMO CTATHYHUN
Meton Sort kimacy Array (psok 28), mepenaBiiy oMy MOCUIIaHHS Ha MacuB COMPAIT.
106 mepecBiTYUTHCS, IO MACKB BiJICOPTOBAHO MPABWILHO, Y IIUKJI BUBOJIUMO OIHCH
koxHOTO 00'ekTa Computer y macusi (psnku 29...31). Pesynbrar pob6otu mporpamu
npuBeaeHo Ha puc. 8.2. Jlani npo okpemi 00'extu Computer, siki MICTATbCA Y MacHuBI
COMpAIT, BUBEACHO IO psaKkax. baummo, 1mo oO0'€eKTH cHpaBil BiJACOPTOBaHI 3a
3poctanHsM 3HaueHHs noisi CPUGHZ (octanHe 3HaYEHHS KOKHOTO PsJIKa 3 TAHUMH).
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BN CWINDOWS\systemn32iemd.exe — | X

CopTyBaHHa mMacuBy 06 €KT1B:
ZerolL KL-892z, CoolCPU, 2,00 GHz
KiBor 93-Hx092, AMD, 2,10 GHz
GigaB JHs-2981i, Intel, 2,70 GHz
LionBoard H989, Intel, 2,70 GHz

Press anv key to continue .

Puc. 8.2. PesynbpTar BuKoHaHHs niporpamu 3 JicTUHTY 8.3. CopTyBaHHS 00'€KTIB
kiacy Computer

[Tpoekt IComparableDemo, sikuit 1eMOHCTPYE BIPOBAHKEHHS T4 BUKOPHCTAHHS
iaTepdeiicy IComparable, ™Moxna 3aBaHTaxkuTH 3 OI0JTIOTEKM TNPUKIATIB IO
HABYaJIbHOTO MOCIOHHUKA.

IHTepdbenc Ak nocunanbHUM TUN JaHUX

[aTepdeiic 3abe3medye 3HAUHO OLIBILY (PYHKIIOHAIBHICTh, HIXK 3aJaHHS
IIPOCTOTO MEPENIKY EIEMEHTIB, K1 MalOTh OYTH peasi3oBaHi kilacoM. BiH mpeacrasiisie
OKpeMHUI THN JaHMX, NOAI0HO 10 Kiacy. Jlo 1HTepdeiicy He MOXHa 3BepTaTHcA
0e3nocepelHbO Yepe3 €IEeMEHTH Kiacy. AJle nocunanus Ha iHmepghelic MOXKHA
OTPUMATH Yepe3 MPUBEICHHS TUITY TOCHJIaHHA Ha 00'eKT A0 Ty iHTepdeiicy. Maroun
NOCUJIaHHS Ha IHTepdeiic, MO’KHA 3BEpTaTUCS 10 MO0 €JIEMEHTIB.

Hanpukman, orpumarn mocwianHs Ha iHTepdeiic lInfo (3 mictunry 8.2) B
ex3eMIusapi kiacy MobilePhone moxxna Tak:

Ha3sga iHTepdeicy [MocunaHHs Ha ek3emnnsp

IInfo ifc = (1Info)mp;
string descr = ifc.GetDescription();

[MocunaHHs Ha iHTepdeic

VY nepuioMy psiIKy OroJIONICHO 3MiHHY iHTepdelcHoro Tuy IfC Ta mprucBo€eHO i
nocuiaaHHs Ha iHtepdeiic 1Info, peanizoBanuii B ex3eMIuisipi mp (e 00'€KT Kiacy
MobilePhone). V apyromy psiaky 6e3mocepentbo depe3 intepdetic lInfo ob'exta mp
BUKJIMKaHO MeTo GetDescription.

3aMicTh PUBEECHHS THUITY JIJIsl OTpUMaHHs iHTep(deiicy 00'ekTa MoxkHa (1 BapTO)
BUKOPHCTOBYBATH OIEpaTop as, SIKUU CHEIlialbHO MPHU3HAYCHUN ISl TIEpEeTBOPEHb
NOCUJIAIBHUX THUIIIB. SIKIIO 3acCTOCYyBaTH MPHUBEACHHA TUMY A0 Kiacy, SIKUH He
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peani3ye BKazaHoro iHrepgency, To BAHUKHE BUHATOK. B Tiif %e curyauii oneparop
as, He CIPUYHMHSIOUM BUHATKY, MoBepHe 3HaueHHs NUll. Takum yuHOM, aHami3yr4H
pe3yibTaT omeparopa as, MOKHa BUSICHUTH, peali3ye Kiac MOTpiOHMiA iHTEepdeiic, uu
Hi. Och MUKl BUKOHAHHS TOMEPEIHbOT0 3aBJaHHs 32 JOMOMOI0I0 OIepaTopa as:

lMocunaHHsa Ha ek3emMnnsp Ha3sga iHTepdeicy

IInfo ifc = mp as IInfo;
iIT (ifc '= null) Console.WriteLn(ifc.GetDescription());

[MocunaHHs Ha iHTepdeic

[MocunaHHs Ha iHTepdeic

Y nepumiomMy psaky iHTepdeHcHIN 3MiHHIM [fC MPUCBOEHO MOCHIAHHS Ha
iaTepdeiic lInfo, peanizoBanuii B 00'ekTi MP. Y Apyromy psiKy CliouaTKy HepeBipseMo,
M TOCHJIaHHS Ha iHTepdeiic icHye (ToOTo He mopiBHIOE NUll), 1 AKIII0 Tak, TO BUBOIUMO
y BIKHO omuc 00'ekTa, moBepHeHui metozom GetDescription. SIkmo BHSIBUTBCS, IO
00'exT Mp He peanizye iHTepdeiic lInfo, To 3minHa ifc npuitme 3HaueHHs NUll. Toai ymoBa
y IpyroMy pSJIKY HE BUKOHAETHCS, 1 METO/ iHTep(eiicy HaBITh HE BUKIUKATUMETHCS.

Peanisauis Kinbkox iHTepdencis

Kiac (abo cTpykTypa) Moxe peasnizyBaTu OyAb-sKy KUIbKICTb iHTEpdericiB. Toxai
OTOJIOIICHHS KJIacy B CHUCKY 0a30BHUX KJaciB MOBHHHO MICTUTH TEPENIK BCIX
intepdeiiciB. Hampuknan, kmac MobilePhone peamizye nsa intepdeiicu: lInfo Tta
|IComparable:

Ha3sga iHTepdeiicy Ha3sga iHTepdency

class MobilePhone : lInfo, IComparable

{
public Int CompareTo(object obj)
{.--1}
public string GetDescription()
{--- 32

by

Lle#t kmac mictuth 1 merox CompareTo 3 intepdeticy IComparable, i meTon
GetDescription 3 inTepdeiicy lInfo.

Ski10 B OTOJIOIICHH] KJIaCy BKa3aHO KidbKa 1HTep(dEiCciB, TO Kiac MOBUHEH
peanizyBaTH BC1 €JIEMEHTH BCiX ImepeniueHux iHTepdeiiciB. [Ipu npomy Moxke
TPaNUTUCh, IO Pi3HI 1HTEep(dENCH MarOTh METOJ 3 OJHAKOBOK CHUTHATypor. Toxl y
KJIaCl peaizoBYIOTh TUIBKU OJMH METOI, SIKUW Ma€ 33JJ0BOJILHATH 00U/1Ba IHTEp(DeicH.
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[Hmmit cioci® BUpilIeHHS 1ILOTO 3aBJaHHS — MPU pealli3allii eaeMeHTa iHTepdeicy B
KJIaci sSIBHO BKa3aTH Ha3By 1HTepdency:

class MyClass : llfcl, Il1fc2

¢ void lIfcl.PrintDescr(string s)
{.--1}
void Il1fc2._PrintDescr(string s)
{---1}

by

Ha okpewmi inTepdericu knacy TakoXk MOKHA OTPUMYBATH MOCUJIAHHS, SIK OyJI0
pO3TIsIHYTO panime. Hampukimas, SKIo € eK3eMIUIsp ep Kiiacy, B SKOMY Pealli3oBaHO
inTepdeticu linfo Ta IComparable, To mocunanus Ha oOuaBa iHTEpdEHCH OTPUMYIOThH
TakK:

IInfo 11 = mp as lInfo;
IComparable 1c = mp as IComparable;

3a TOMOMOTOI0 WX MOCHJIAHb MOXHA 3BEPTATUCA [0 BIAMOBITHUX €IEMEHTIB
iHTepdeiicy, sk Oyn0 IPOAEMOHCTPOBAHO BHIILIE.

CnagkyBaHHS! iHTepeNnCiB

[aTepdeiic, sk 1 Kiac, MOXKe CaJKyBaTH CTPYKTYpPY IHIIOTO iHTepdeiicy. Takum
YUHOM, Ha OCHOBI OJHUX 1HTepdelciB MOKHA CTBOpIOBaTH iHIII iHTepdeiicu. 11[06
BKa3aTu, 110 iHTepdeiic ycnaakoBye iHII iHTepdeicu, iMeHa 6a30BUX 1HTEpQEiCciB
CJiJ] BKa3aTH TaK CaMo, SIK IIPH CHIaJKyBaHHI KJIaciB — B OKPEMOMY TIEPEITIKY:

HasBa iHTepdeicy

interface llnterface : llnterfacel, llnterface?

{ ...

[Bokpanka Cnucok 6a30Bux iHTepdencia

Ha BigmiHy Bijg KiaciB, ki MOXKYTh YCHaJAKyBaTH TUIBKKA OAWMH 0a30BHI KJjac,
iHTepdencu MOXYTh CaIKyBaTH JOBUIbHY KUIBKICTh 0a30BUX 1HTEp(dEHCiB. Y CBOIO
yepry, KOoxkeH 0a3oBuUi i1HTepdeiic Moke chmagkyBaTH 1HINI 1HTepdeicH.
PesynbTytounii iHTepdeiic KpiM CBOIX €IEMEHTIB MICTUTh €JIIEMEHTH BCIX
yCcHaJKoBaHUX iHTep(deiiciB. BiamoBigHO Kiac, KM BOPOBAIKY€E Takuil iHTepdeiic,
TaKOX MTOBUHEH pealli3yBaTH BCl €JIEMEHTH BCIX YCIAJAKOBAaHUX 1HTEP(EHCIB.
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Po3ain 9. Konekuji

» Konekui
» |HTepdencu yzaranbHeHNX KonekLin

» Knacw y3aranbHeHuX Konekuin
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Konekuji

VY C# konexyiss — 11e¢ CyKyITHICTh 00'€KTIB, PO3MIIIEHUX B OJJHOMY KOHTEHHEDI,
10 HAJa€ MOKJIUBICTh iX MOCHIIOBHOI 00poOKu. B 0b6macti 00poOKH MHOKHUHHUX
JAHUX KOJIEKIIIT € MOTY>KHOIO allbTePHATUBOIO MACHBAM.

CepenoBumie .NET Framework wictute iHTepdeiicu Ta kiacu, B SKHX
BHU3HAYEHO 1 peani3oBaHO pI3HI TUNM Kojekuid. Konekuii copouryroTh pilleHHS
0araTh0X 3aBIaHb MPOTPAMYyBaHHS 3aBISIKH TOMY, ITIO MPOTIOHYIOTH TOTOBI PIllICHHS
JUISL CTBOPEHHS I[JIOTO PSAY THUIIOBUX, aj€ 4YacTo TPYAOMICTKHX ISl PO3POOKH
cTpykTyp nanux. 3okpema, .NET Framework wmictuth kosiekuii i HIATPUMKH
JTUHAMIYHUX MAacHUBIB, 3B'SI3aHUX CIHCKIB, CTEKiB, 4epr 1 xemr-tadauib. Konekiii €
CyYaCHUM TEXHOJIOTIYHUM 3acOo00M 1 3acIyroBYIOTh NWJIBHOI yBarum BCiX, XTO
nporpamye Ha C#.

l'onoBHa mepeBara KONEKIIA TOJIATA€ B TOMY, IO BOHH CTaHIAApTHU3YIOTh
00poOky rpyn o0'ektiB y mporpami. Konekiii po3po06ieHi Ha OCHOBI iHTepdeliciB
NET. € takox MOXJIHMBICTbh pealli3yBaTH BJIACHY KOJIEKI[il0, X04a MoTpeda B IbOMY
BUHHKAE P1KO. [CHY€E N'ATh THUITIB KOJEKITIH:

» HeysaranbHeHi konekuii peami3yroTh Taki CTPYKTypH JaHHX, SK JUHAMIYHI
MAacCHBH, CTEKH, YEPTH Ta CIOBHUKH. BOHHM OMEpyrOTh €IEMEHTaMH KJIacy
object. Tomy Hey3araabHEHI KOJEKIIi MOXYTh 30epiratu JaHi OyIb-sIKOTO
TUITY, IPUUOMY OJ[HA KOJICKIIIsI MOXe MICTUTHU JaH1 pi3HuX TumiB. Kiacu ta
iHTepdeiicu  y3araJbHEHUX  KOJIGKIIH OmucaHi B  MPOCTOpl  IMEH
System.Collections.

» Y3aranbHeHi Konekuii 3a0e3nedyroTh y3arajdbHEHy peasi3allilo JIeKiTbKOX
Hey3araJlbHeHUX KoJjekui. Taki Konekuli € TUII30BaHUMHU, TOMY B
y3arajJbHEHIN KOJEKIli MOXYTh 30epiraTucs TUIbKH €JIEMEHTH JIaHHX,
CYMICHI 3a THUIIOM 3 KOJICKITi€0. 3aBISKU 1IbOMY BHKJIIOUAETHCSI BUIIAIKOBA
PO301KHICTh THUMIB. Y3arajabHEHI KOJEKIII OroJIONIEHO B MPOCTOpPI IMEH
System.Collections.Generic.

» CnevujanbHi Konekuii onepyrTh TaHUMH KOHKPETHOT'O TUIY a00 peali3yloTh
Creliajli30BaHUM airOpuTM iX 00poOku. Hanpukian, € KoJekIi 1y po6oTH
3  psgkamu. Taki  KOJEKIii  OTOJIOMIEHO B TPOCTOpI  IMEH
System.Collections.Specialized.

» bITOBI KOnekyil mpu3HaueHi A OPO3PSAHUX Oomnepaiiii HaJ JaHuMu. BoHu
ommcani y nmpocropi imen System.Collections.
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» [lapanenbHi  Konekuii miaTpuMyroTh  OaraTomoTOKOBHMM  jgocTyr. lle
y3arajibHeH1 KOJICKITIT, OIHCaHI B mpocTopi iMeH
System.Collections.Concurrent.

CremianbHi, 0ITOBI Ta MapaielbHiI KOJEKI[il BUKOPUCTOBYIOTh JUIsl BUPIIICHHS
cnenupiyHUX 3aBAaHb. HalyacTime uisi TUOOBUX TOTped BHKOPUCTOBYIOTH
y3arajgbHeH1 KoJsiekilii. Hey3araibHeH1 KOJeKIii MaloTh JyXe CXOXKUHM (DyHKITIOHAI,
aJie, OCKUIbKY y3arajibHeH1 € TUIooe3neyHuMu, To Microsoft pexkomMeH1ye 3aBK a1 pH
MO>KJIMBOCTI BUKOPUCTOBYBATH CaMe y3arajibHeH1 koJekiii. Hey3arambHeH1 Konexiii
CJI1J1 BUKOPUCTOBYBATH JIUIIIE TO1, KOJIA KOJIEKIIisl Ma€ 30epiraTu AaHi pi3HUX THITIB.

basoBuM s BCIX KOJEKLIW € HasBHICTb nepeniuy8aya — CyKyImHOCTI
IPOrPaMHUX 3aC001B, K1 JO3BOJISIOTH MOCIIJOBHO IEPEMINITYBATHUCS Yepe3 BC1 00'€KTH
kosiekuli (Tooto, "mepeniuyBaru" ix). IlepenidyBau peanizyroTb uepe3 iHTepdericu
Hey3araJbHeHHX KoJjekiii IEnumerator i [Enumerable, Ta inTepdeiicu y3aranbHeHUX
kosekmiii [Enumerator<T> 1 IEnumerable<T>. Tomy Oyxab-sika KOJEKIliS Mae
peani3oByBaTH I1i iHTepdeicH.

IHTepdhency y3aransHEHNX KOMeKLin

VY3arasibHeH1 KOJEKI[li peajli3oBaHO 3a JIONMOMOTOK psay iHTepdeiciB, ski
33/1a10Th 3acCO0M Ta MPUHIUIK poOoTH 3 Kosekiismu. Lli iHTepdelicu omucaHo y
npocropi imeH System.Collections.Generic. [lani npo Hux mpuBeaeHo B Tabiwmii 9.1.
Tun, 3 SKUM Tpamroe KOJEKIlis, BKa3ylOTh y TPUKYTHHUX IyXkax (<>). Ha wicmi
NOKAXYHMKa TUIY | MOKe OyTH OyAb-sIKUU TUI JaHUX.

Tabmmusa Ne9.1. IHTepdeicu y3aranbHEHNX KONMEKLin

IHTepdenc Onuc

ICollection<T> Bu3sHayae ronosHi BNacTUBOCTI y3ararbHeHNX KOneKLin

IComparer<T> Busnavae metog Compare Ans nopiBHsAHHS 06'€KTiB KOneKLii

IDictionary<Tkey, TValue>  Bu3sHayae KONekwito, sika MiCTUTb Napy "KIoY-3Ha4eHHs"

IEnumerable<T> BusHavae y3aranoHeHnit metog GetEnumerator, skuit Hagae
nepeniyyeay ans byab-aKkoro knacy

IEnumerator<T> Busnavae meToam, Ski JO3BONSAKTL OTPUMYBATU BMICT KONEKLii no
yepasi

|[EqualityComparer<T> lMopiBHi0e ABa 06'€KTU Ha PIBHICTb

IList<T> BusHavae y3aranbHeHy KOnekLito, 40 SIKOi OTPUMYHOTb AOCTYN 3a
A0MOMOro iHaekcaTopa

1Set<T> BusHayae y3aranbHeHy KonekLito, sika NpeacTaBise MHOXWUHY
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IHTepdenc ICollection<T>

Iatepdeiic ICollection<T> Bu3sHauae psg 3aradbHUX JUIS  BCIX KOJCKI[iH

BJIACTUBOCTEH. BnacTuBOCTI 1 MeTOnM LBOro iHTEpdeicy 310paHO 1 MOSICHEHO B

tadmumi 9.2.

Tabnuuys Ne9.2. EnemenTy iHTepdeicy ICollection<T>

BnactuBocri
int Count MiCTUTb KINbKICTb €MIEMEHTIB, PO3MILLEHMX Y MOTOYHIN KOMEKLT.
BnactuBicTb Tinbkn ANs YMTaHHS
bool IsReadOnly FAKLLO BNACTMBICTb JOPIBHIOE true, TO KONEKList JOCTYMHa Tiflbku AN

YWTaHHSI; B iHLLOMY BUMAZKy KOMeKLis JOCTYNHA ANs YMTaHHS Ta
3anucy. BnacTueicTb TinbKK 415 YATAHHS

Metoau
void Add(T item) Hopae ob'ekT item Jo Konekwii. AKLLO KonekLUis 4OCTynHa Tinbku Ans
YnTaHHS, reHepye BuHATOK NotSupportedException
void Clear() Bupansie BCi eNeMeHTH 3 BUKIUKaKOYOT KONeKLi

bool Contains(T item) MoBepTac true, AKLO BUKIMKatO4a KonekLis MicTUTb 06'EKT, 3aaaHui
napameTpoMm item. MosepTace false B npoTUnexHoMy Bunasaky

void CopyTo(T[] array,  Konitoe BMICT BUKNMKAKOYOI KONEKLii B MacuB array, NnouMHaum 3

int arraylndex) iHoekca arrayindex

bool Remove(T item) Bupanse 3 konekuii nepLue BXomKeHHs 06'ekTa item

IHTepdenc IList<T>

Inrepdetic ILiSt<T> Bu3Ha4Ya€ MOBEAIHKY y3arajabHEHOI KOJICKIIl, sIKa T03BOJISE

3BepTaTUCS A0 ii €JeMEeHTIB 3a 1HIAEKCOM 3 BIAJIKOM Bix Hyms. Meroau Insert ta

RemoveAt 103BOJISIOTE 3MIHIOBATH BMICT KOJIKITii. SIKIIIO 5k BOHA IOCTYITHA TUIBKH IS
YUTaHHS, TO I[i METOAM TeHepyBaTUMyTh BHHsATOK NotSupportedException. Metoau

iHTepdeiicy ILiSt<T> onmcano B Tabmui 9.3.

Tabnuugs Ne9.3. Metoau iHTepdeicy IList<T>

int IndexOf(T item) lMoBepTae iHAEKC NepLIOro BXOMKEHHS ob'ekTa item y

BUKIIMKAOMiN KonekLii. AKLo 06'eKT He 3HaaeHo, nosepTace -1
void Insert(int index, T item)  BcTaBnse y BuKnnKatody KonekLito 06'ekT item 3a iHaekcoM index
void RemoveAt(int index) Buganse 3 Buknukato4oi Konekuii 06'ekT 3a iHgekcom index

Kpim 1poro, intepdeiic IList<T> Bu3Hauae iHmeKcaTop
T this[int index] { get; set; }
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Bin no3Bosisie 3anmycyBaTH 1 YUTATU 3HAUYCHHS €JIEMEHTa KOJEKIIil 3a 1HJeKCOM
index, sikuil BKa3yloTh Y KBaJApaTHUX Jy)KKaX, IMOAIOHO J0 3BEPTaHHS 0 €IEMEHTIB
MacHBY.

IHTepdpenc IDictionary<TKey, TValue>

Iatepdeiic IDictionary<TKey, TValue> Bu3Hauae NOBEMIHKY KOJEKII BHAY
"crnoBHUK", sika 30epirae mapu "Kiarod-3HadeHHS". Metoau iHTepdeicy T03BOJISIOThH
NIEPETBOPIOBATH YHIKAIBHI KJIIOYl y BiAMOBiMHI 3HadeHHs. EjxemenTtu iHTepdeiicy
IDictionary<TKey, TValue> npusenero B Tadmmii 9.4.

Tabmmusa Ne9.4. EnemeHTu iHTepdeiicy IDictionary<TKey, TValue>
Epewesr  Owe
Metoau
void Add(TKey key, TValue [oaae y BUKNMKaKoUy KONeKLito napy "Kntoy-3HauyeHHs"
value)
bool ContainsKey(TKey key) lMoBepTae true, SKLIO BUKMMKaKOUa KONEKLis MICTUTb KoY key, i
false B npotunexHomy Bunagxy

bool Remove(TKey key) Buganse 3anuc konekuii 3 kntoyem key
bool TryGetValue(TKey key, HamaraeTtbCcs 0TpuMaTy 3Ha4YeHHS i3 3anncy KoMeKLii 3 KIyem
out TValue value) key. MoBepTae true, AKLO Le BAANOCH 3pobuTy, i false B

NPOTUNEXHOMY BUNaAKY. AKLWO KNy key He 3HangeHo,
napameTp value Npuimae 3Ha4yeHHs 3a 3aMOBYYBaHHAM

Bnactusocri
ICollection Keys<TKey> OTpumye KonekLito KrtoviB. BnacTuBiCTb Tirlbku AN YUTAHHS
ICollection Values<TValue> OTpumye KonekLito 3Ha4eHb. BnacTuBICTb TifbK A1 YUTAHHS

IHTepdpencu IEnumerable<T> ta IEnumerator<T>

€auanii MeToj iHTepdeiicy IEnumerable<T>— GetEnumerator. Bin moBeprae
KOJIeKIito. 3aBIsKku peamizamii iHTepdeiicy |Enumerable moxxHa orpumaru BMicT
kousekuii B uukii foreach.

B inTepdetici IEnumerator<T> BuzHaueHo QyHKIIIT nepenidyBaya. 3a I0moMOTror0
METOMIB 1HOTr0 I1HTEpdeiicy MOKHA ITUKIIYHO 3BEPTATUCA JO BMICTY KOJEKIIii.
[arepdeiic mictute metonu MoveNext i Reset Ta BmactuBicts Current. Bractusictsb
Current MicTUTh MOCHJIaHHS HAa TOTOUHMM 00'ekT. Meton MoveNext 3aiiicHioe mepexina
710 HACTYITHOTO €JIEMEHTY KOJIEKIIii, a MeToa Reset mounHae nepeaidayBaHHs 3 CAaMOTO
noyatky (tadymis 9.5).
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Tabnnys Ne9.5. EnemenTy iHTepdeicis IEnumerable<T> ta IEnumerator<T>
Enement Onuc
IHTepdcperic IEnumerable<T>

Metoau
|[Enumerator<T> [MoBepTae nepenivyyBay, K1 4O3BONSAE BUKOHYBATH Nepebip
GetEnumerator() eNIEMEHTIB Y Konekuii

IHTepdenc IEnumerator<T>
BnactuBocri

T Current [NoBepTae NOTOYHUN eNEMEHT KOMeKLi

MeTtoau
bool MoveNext() MepewmiLlye nepeniyyay 4o HacTynHoro ob'ekTa konekuii. MosepTae

true, SKLLO nepenivyBay yCcnillHO NepeMiLLeHO 40 HAaCTYMHOro
0b'ekTa, i false, SKLIO AOCATHYTO KiHEeLb KoneKwii

void Reset() BcTaHoBnoe nepenivysay y Moro No4aTkoBe NOMOXEHHS: nepes
nepLUmMmM 06'eKTOM KonekLui

IHTepdency IComparer<T> Ta IEqualityComparer<T>

B inTepdeiici IComparer Busnaueno meron Compare st MOPIBHSHHS JIBOX
00'ekTiB: X Ta Y. BiH 1moBepTae mo3uTUBHE 3HAYEHHS, SKIIIO 3HAUYCHHS 00'€KTa X OLJIbIIIE,
HDK 00'€eKTa Y; HEraTUBHE — SKIIO 3HAYCHHS 00'€KTa X MEHINE, HDXK oO0'ekTa Y; 1
HYJIbOBE — SIKIIO TOPIBHIOBAaHI  3HaueHHs oOJHaKoBi. IHTepdeiic  MoxkHa
BUKOPHUCTOBYBATH JJISl 3aJIaHHS CITIOCO0Y COPTYBaHHS €JIEMEHTIB KOJICKITIi.

B inrepdetici IEqualityComparer BusHaueHo Mmetomu Equals ta GetHashCode
(Tabaui 9.6).

Tabnnys Ne9.6. EnemenTy iHTepdencis IComparer<T> Ta IEqualityComparer<T>
IHTepdenc IComparer<T>
Metoau
int Compare (object x, objecty) [opiBHioe aBa 06'ekTn konekuii. loBepTae NO3MTUBHE
3HAYEHHS, SKLIO 3HAYeHHS! X BinbLue, HiX Y; HeraTMBHe — SKLLO
3HAYEHHS X MEHLLE, HiX Y; | HYNbOBE — SIKLLO 3HAYEHHS!
O[HAKOBI
InTepdenc IEqualityComparer<T>
MeTtoau
bool Equals (object x, objecty) [MopiBHioe 06'ekTit konekLii. MoBepTae 3Ha4YeHHs true, AKLLO
3HaYeHHs X Ta Yy OHaKOBI, i false — B NPOTMRNEXHOMY BUNALKY
int GetHashCode (object obj) MoBepTae xelw-kog Ans ob'ekta obj
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IHTepdencu 1Set<T>

[aTepdeiic 1Set<T> Bu3HaYae MOBENIHKY y3arajlbHEHOI KOJEKIIii, sSika peasizye
ceOe sk MHOXKHMHA eJeMeHTiB. Bin crankye intepdeiicu |[Enumerable, IEnumerable<T>
ta ICollection<T>. Meroau nporo intepdeiicy mpuseaeHo B tadumuii 9.7. Ilapamerpu
IIUX METO/IIB BiIHOCAThCS 10 TUiy |IEnumerable<T>. Ile o3navae, 1110 y METOAM MOKHA
nepenaT KOJeKUli IHIMX TUIiB. Alle HalvacTiiie oOuJIBa apryMEHTH € KOJIEKIIIMH
tumy 1Set<T>.

Tabnuus Ne9.7. Metoau iHTepdpency ISet<T>

Meon " ome

void ExceptWith(IEnumerable<T> other)  Bupgansie 3 BUKnukato4oi KONeKLil enemeHTu, ki
MICTSTbCA B iHLLIY Konekuii other

void IntersectWith(IEnumerable<T> Micns BUKNWKY METOAY BUKIMKAKOYa KOMeKLis

other) MICTUTUME NEPETUH i eNIEMEHTIB 3 eNemMeHTaMm
konekuii other

bool IsProperSubsetOf( [NoBepTae true, SKLIO BUKNMKaKOHa KONeKLis €

|[Enumerable<T> other) npaBuIbHOK MIAMHOXUHOK Konekuil other, i false B
NPOTUNEXHOMY BUNASKY

bool IsProperSupersetOf( [MoBepTae true, SKLIO BUKNMKaKOYa KONEKLis €

|[Enumerable<T> other) NpaBWbHOK HAZMHOXMHOK Konekuii other, i false B

NPOTUNEXHOMY BUNaSKY

bool IsSubsetOf(IEnumerable<T> other)  [MoBepTae true, AKLLO BUKIUKaKOYa KONEKLis €
NIAMHOXWHO Konekuii other, i false B
NPOTUNEXHOMY BUNASKY

bool IsSupersetOf(IEnumerable<T> [MoBepTae true, SKLIO BUKNMKaKOYa KONEKLis €

other) HaZMHOXMHOLO Konekuii other, i false B
NPOTUNEXHOMY BUNASKY

bool Overlaps(IEnumerable<T> other) [NoBepTae true, SKLIO BUKNMKaKOHa KoNekLis Ta

Konekuist other MiCTATb LOHAUMEHLLE OAWH CRiNbHUIA
enemeHT, i false B NpoTunexHoMy BUNagKy

bool SetEquals(IEnumerable<T> other)  [MoBepTae true, SKLIO BUKMMKaOYa KONeKLis Ta
Konekuist other MatoTb BCi €1EMEHTM CRINbHUMMN, |
false B npotunexHomy Bunagky. MNopsaok enemeHTis
He BepeTbCs 40 yBary, i ayonikat eneMeHTIB y
konekuii other irHopyrTbCs

void UnionWith(IEnumerable<T> other)  [licns BUKNuKy MeTogy BUKNMKaK4a KoneKLis
MiCTUTVMe 00'eaHaHHSA i eNeMeHTIB 3 eneMeHTaMu
konekuji other
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Knacw ysaranbHeHMX Konekuii

VY3arajibHeH1 KOJIEKI[ii ONKMcaHl B TaKUX Kjiacax:

» Dictionary<Tkey, TValue>. Komekmist Buay "cioBHHK'", ska 30epirae mapu
"KJIFOY-3HAYCHHS .

» HashSet<T>. 36epirae psja yHIKQJIbHAX 3HAYEHB 32 JOIMTOMOTOFO XEII-Ta0JHIII.

LinkedList<T>. 30epirae eneMeHTH y JBOHANPABICHOMY CITHCKY.

v

» List<T>. Komekuis Buay "auHamidHui MacuB', siKa T03BOJISIE MPAIFOBATH 3 ii
€JIE€MEHTaMH SIK 3 eJIeMeHTaMHu MacuBy. Po3Mmip MacuBy MOKHA 3MIHIOBaTH
11T YaC BUKOHAHHSI.

» Queue<T>. Konekuis Buay '"depra" — CHUCOK, SKUW i€ 3a MPUHIIUIIOM
"MepimM 3aioB — MepuuM BUMIIOB" .

» SortedDictionary<TKey, TValue>. Koumekitis Buay '"COpTOBaHUI CIIOBHHK'.
Mictuth napu "Kiro4-3Ha4eHHS "

» SortedList<TKey, TValue>. Konexkiist Buay "copToBaHuil CIIUCOK", sIKa MICTHTb
napu "Kjiro4d-3HayeHHS".

» SortedSet<T>. CTBOpIO€ COPTOBaHY MHOKHUHY.

» Stack<T>. Konexkuis By "cTek" — CIUCOK, SIKUH JIi€ 33 TPUHIIMIIOM "TICPIITHM
3aiII0B — OCTAHHIM BUUIIIOB".

Knacu  y3araibHeHMX  KOJEKLIM  BH3HAYEHO B  MPOCTOpI  1MEH

System.Collections.Generic.

Knac List<T>

Knac List<T> peainizye quHaMigHHI MacHB, SIKHH MOXKE 3MIHIOBATH PO3MIp ITi[|
yac BUKOHaHHs nporpamu. Y C# ctaHaapTHI MacuBU MalOTh (PiKCOBaHY JOBXKHUHY, KA
HE MOKE 3MIHIOBATHUCS IICJIS CTBOPEHHS MAacuBYy. AJie 4acTO KOHKPETHA JIOBKHWHA
MacHBY € HeBiZIOMOK0. JIJIsl TAKMX CHUTYaIlii 1 mpu3HaYeHu# Kkiac List<T>,

Bin Bu3Hauae mMacuB 3MIHHOI JOBXHHH, SKUW CKJIAAA€ThCs 3 TMOCHIAHb Ha
00'eKTH 1 MOKE TMHAMIYHO 301IbIIIYBAaTH 1 3MEHIITYBaTH CBiit po3Mip. Kosekiiro Tumy
LiSt<T> cTBOPIOIOTH 3 TIOYATKOBHM PO3MipoM. SIKIIO 1€l po3Mip MEPEBUIIYETHCS, TO
BOHA aBTOMATHYHO PO3MIMUPIOeThes. [Ipy BuganeHHi 00'€eKTIB KOJIEKIlISI aBTOMAaTUYHO
ckopouyethes. Komekmii kimacy List<T> mmpoko 3acTOCOBYIOTh B IPaKTHIII
nporpaMmyBaHHs Ha C#.

B kuaci List<T> peamizoBano intepdeiicu ICollection, ICollection<T>, IList, ILiSt<T>,
|[Enumerable i [Enumerable<T>. Knac List<T> mae Taki KOHCTPYKTOpH:
public List()

public List(l1Enumerable <T> collection)
public List(int capacity)
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[Tepmmii KOHCTPYKTOP CTBOPIOE TIOPOKHIO KOJICKIIIIO KJIacy 3 IMOYaTKOBUM
PO3MipOM 3a 3aMOBYYBaHHSM. J[pyruii KOHCTPYKTOP CTBOPIOE KOJICKIIikO TUITY LiSt, sika
BiZIpa3y MICTUTHME €JIeMEHTH 3 3amaHoi kousekiii collection. Tperiii KOHCTPYKTOP
CTBOPIOE KOJICKIIifo THITy List 3 po3mipom, 3aianuM y mapametpi capacity.

Po3mip konekiii TMHaMIYHOTO MaCUBY MOKE 301JIBIITYBATUCSI aBTOMATHUYHO TIPH
JOJIaBaHHI B HET €JIEMEHTIB.

Kpim MeTo1iB, OTOJIOIICHUX y peali3oBaHuX Ki1acoM iHTepdericax, kiac List<T>
BU3HAYAE Psijl BIACHUX MeTOAiB. HaiiBxxuBaHimii 3 HUX mpuBeaeHo y Tabmuii 9.8.

Tabnuus Ne9.8. HaiexwmBaHiwwi meToam knacy List<T>

public void AddRange( [opae enemeHTm konekwii collection B KiHeLb BUKIMKAKOYOI

|[Enumerable<T> collection)  konexuii

public int BinarySearch(T LLlykae y BUKNMKatOUil KONEKLT 3Ha4YEHHS!, 3afaHe napameTpoM

item) item. MNoBepTae iHAEKC 3HANAEHOrO enemMeHTa. AKLLO 3HAYEHHS He
3HanaeHo, NoBepTae Bid'eMHE 3HAaYEHHS. Buknukaroda konekuis
Mae byTu copToBaHa.

public int BinarySearch(T LLlykae y BUKNMKaOYil KOMEKLLT 3Ha4YEHHS item, BUKOPUCTOBYHOUM

item, ONS LbOro cnocib NopiBHAHHS, 3afaHuni napameTpom comparer.

IComparer<T> comparer) [NoBepTae iHOEKC 3HanaeHoro enemeHTa. AKLWO 3HaYeHHS He
3HanaeHo, NOBEPTAE Bid'EMHE 3HAYEHHS. Buknukaroda konekuis
Mae ByTu copToBaHa.

public int BinarySearch( LLlykae y BUKNMKaOYi KOMEKLT 3HAYEHHS item, BUKOPUCTOBYHOUM
int index, int count, AN LbOro cnocib nopiBHsHHS, 3aAaHuin napameTpoM comparer.
T item, IComparer<T> [MoLyK NpOBOAMTLCS NOYMHAKYM 3 iHAEKCa index cepef
comparer) HaCTYMHUX eNTEMEHTIB, KifIbKICTb SKMX 3aa€e napameTp count.

[NoBepTae iHAEKC 3HaNAEHOro enleMeHTa. AKLO 3HaYEHHS He
3HanaeHo, noBepTae Bif'eMHe 3Ha4eHHs. Buknukatoya konekLis
Mae ByTu copToBaHa.
public List<T> GetRange( lMoBepTaE YaCTUHY BUKMMUKAKOYOI KONEKL|T, NOYMHauM 3 iHaekca
int index, int count) index, KinbKiCTb enemMeHTiB count. Pe3ynbTytoua Konekyis
MOCUNAETLCA Ha Ti X 0B'€KTH, LLO i BUKIUKaK0Ya
public int IndexOf(T item) [NoBepTae iHAEKC NepLLOro BXOMKEHHS eneMeHTa item y
BMKITMKAKOYY KOMeKLit0. AKLLO eneMeHT He 3HaideHo, nosepTae -1
public void InsertRange(int  BctaBnsie enemeHTy konekuii collection y BUKIMKaKoYy KOMexLito,

index, IEnumerable<T> NoYnHaouM 3 iHaekca index

collection)

public int LastindexOf(T lMoBepTae iHAEKC OCTAHHLOTO BXOMKEHHS eNeMeHTa item y

item) BUKIMKAKOYY KOMEKLit0. AKLLO eNemMeHT He 3HangeHo, noseprae -1
public void RemoveRange(  Buganse 3 BUKNUKaO4Oi KOMEKLLT NoYMHaoum 3 iHaekca index

int index, int count) 3a/jaHy KinbKiCTb enemMeHTiB count

200



public void Reverse()

public void Sort()

public void Sort(
IComparer<T> comparer)
public void Sort (int index,
int count, IComparer<T>
comparer)

public T[ ] ToArray()

Po3miLLye eneMeHT BUKITMKAKOYOI KONEKLT y 3BOPOTHOMY
nopsiaKy

CopTye BUKIMKaKOYY KOMEKLLi0 3a 3pOCTaHHAM

CopTye BUKIMKAKOYY KOMEKLLiK0, BUKOPUCTOBYIOUM NS LbOro
Ccnoci6 NopiBHsIHHS, 3a4aHWA NapameTpoM comparer

CopTye BUKIMKAKOYY KOMEKLi0, BUKOPUCTOBYHOUM ANS LbOro
cnocib nopiBHsHHS, 3aaaHnin napametpom comparer. O6pobnse
erieMeHTV NoYmnHaum 3 iHgekcy index. KinbkicTb enemeHTiB Ans
COpTYBaHHs 3agae napameTp count

[NoBepTae MacuB, LU0 MICTUTb KOMii €NEMEHTIB KONeKLT

Konekmis Buay List<> mae Bimactusicte Capacity 1mijoro Tumy, sika MIiCTHTB

KUIBKICTh €JIEMEHTIB KOJICKIIIT 1 IO3BOJISIE OTPUMATH UM 3aJaTH il po3Mip.

VY nictuary 9.1 TpUBEACHO MPUKIA MPOTPAMU, SIKa CTBOPIOE KOJEKIIIO THITY
List<> (psimok 3) Ta 3amoBHIOE ii 3HaUeHHAMU (psIKH 4...6) 3a qoroMororo Meto ry Add.
B psinky 7 npoieMOHCTPOBaHO 3BEPTaHHS /10 €JI€MEHTa KOJIEKIil 3a iHaekcoM. [licns

IIbOT'0 3HAYCHHS 3 KOJIEKI[ii BUBOJIATHCS Ha eKpaH (puc. 9.1).

NMictunr 9.1. PoboTa 3 konekuieto List<>

1 | static void Main(string[] args)
2| {

3 List<int> Ist = new List<int>();
4 Ist.Add(100);

5 Ist.Add(200);

6 Ist.Add(300);

7 Ist[1] = 222;

8

9 foreach (int 1 1In Ist)

10 Console._WriteLine('"'{0}", 1);
11|}

BN CAWINDOWS\system32\cmd . exe — O *

Press any key to continue .

Puc. 9.1. Pe3ynpTaT BUKOHAHHA MPOTpamu 3 JICTUHTY 9.1

201




Knac Dictionary<TKey, TValue>

Knac Dictionary<TKey, TValue> nosBosisie 30epiratu mapu "KiI04-3HaYCHHS" B
KOJICKIIIT K y cioBHUKY. Y kiaci Dictionary<TKey, TValue> peanizoBano inTepdeiicu
IDictionary, IDictionary<TKey, TValue>, ICollection, IEnumerable. CnoBuuku €
JTUHAMIYHUMU, PO3IIUPIOIOYHCH MPU HEOOX1THOCTI.

Kiac Dictionary<TKey, TValue> mae kinbka KoHCTpyKTOpiB. HaliB)KMBaHIIIi 3 HHUX:
public Dictionary()

public Dictionary(IDictionary<TKey, TValue> dictionary)
public Dictionary(int capacity)

[Tepmmii 3 mepeniyeHNX KOHCTPYKTOPIB CTBOPIOE MMOPOKHIM CIIOBHUK 3 OOpaHUM
3a 3aMOBYYBAHHSIM IMOYaTKOBUM pO3MipoM. JIpyruii CTBOPIOE CIIOBHHK, y SIKOMY
BiJIpa3y MICTUTHUMYThCS €JIEMEHTH 31 ciioBHHKa dictionary. A TpeTiii KOHCTPYKTOp
CTBOPIOE CJIOBHUK 3 KUIBKICTIO €JEMEHTIB capacity. SIkmo po3mip CIOBHHKA
3a37ajerigb BiJOMUMN, TO, BKa3aBIIM €MHICTh KOJICKIi, MOXHAa YHUKHYTH 3MIiHU
pO3Mipy CJIOBHHMKA TMiJ 4Yac BHUKOHAHHS, IO BHMara€ JOJAaTKOBUX BUTpAT
00YHNCITIOBAILHUX PECYPCIB.

Tabnnys Ne9.9. HanexmBaHiwwi enemeHTu knacy Dictionary<TKey, TValue>
EnemeHT Onuc |
MeTtoau
public void Add(TKey key, TValue value) [logae B konekuito napy "kntoy-3HaveHHs ", 3agaHy
napametpamu key i value. AKLLO KNtoY BXeE €y
CMOBHUKY, IOTO 3HAYEHHS HE 3MIHIOETLCS i
reHepyeTbCa BUHATKOBA CUTYyaLis

ArgumentException
public bool ContainsKey( [MoBepTae norivyHe 3Ha4eHHs true, SKLLO Konekwis
TKey key) MICTUTb KNioY key, B IHLLOMY BUNAAKy — JOriYHe
3HaveHHs false
public bool ContainsValue( [NoBepTae norivyHe 3HaueHHs true, SKLLO Konekuis
TValue value) MICTWUTb 3Ha4eHHs value, B iHLLOMY BUNaaKy —
rnoriyHe 3HauyeHHs false
public bool Remove(TKey key) Buaanse 3 Konekwuii enNemMeHT, KoY SKOro JOpiBHIOE

key. lNosepTae true npm ycnixy, i false — B
NPOTUNEXHOMY BUNAAKY

Bnactusocri
public Dictionary OTpumye KonekLito Krtovis. BnactusicTb Tinbku Ans
<TKey, TValue>.KeyCollection Keys YUTaHHS
public Dictionary OTpumye KonekLito 3HayeHb. BnacTuBiCTb Tinbku

<TKey,TValue>.ValueCollection Values  ans uutaHHs
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Knac Dictionary<TKey, TValue> wmicTuTh 3HA4Hy KIJbKICTH METOJIB, 3a

JIOTIOMOTOI0 SIKUX KEePYIOTh CIIOBHHKOM. YacTuHa 3 HUX 310pana y Tabsmii 9.9.

VY pictunry 9.2 npuBeAeHO NPUKIAJ BUKOPUCTaHHS Kojekiil Dictionary<TKey,

TValue>. TyT npoeMOHCTPOBAHO CTBOPEHHS CIOBHHKA, SIKHH MICTHTH iH(OpMAIIit0

PO MiCTa Ta KIIBKOCTI X HACEJIEHHS Y BUIJISAI Hap "Ha3Ba-KUIbKICTh MEIIKAHIIIB".
[Tpu cTBOpeHHI cnoBHMKaA (psiaku 3...4) BKa3yeMo, 110 TUI Kitodya Oyne String (Ha3Ba

MicTa), a TUN 3Ha4YeHHS — Nt (ducino MemkaHmiB). Y psjakax 6...9 momaemMo 1o

CJIOBHHUKA 3aIllMCH IIPO MiCTa, BKAa3yrOUu Ha3BYy AK KJIIOY Ta YHCJIO MCIHKaHI_IiB SAK

3HauY€HHs cloBHUKA. [1iciig IbOro OTpUMY€EMO KOJIEKIIIO KI0UiB (psinok 11) 1 B nukmi

BHBOJHMMO BCCbhb CJIOBHHK Ha CKpaH, 3BCPTAOYUCH [0 €JIEMEHTIB CJOBHHMKa 3a iX

3HauYeHHSAMH. Pe3ynbpTar BUKOHAHHS IPOrpaMH MPUBEIEHO Ha puc. 9.2.

TMictuer 9.2. PoboTa 3 Konekuieto Dictionary<TKey, TValue>

static void Main(string[] args)

{

Dictionary<string, int> dictTowns =

new Dictionary<string, int>();

©CoO~NO O~ WNLPRE
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dictTowns.Add(""Tepuonins", 215000);
dictTowns.Add("Jissig", 800000);
dictTowns.Add("'knis", 3800000);
dictTowns.Add(*"Xmensumusxuir™, 262000) ;

ICollection<string> c¢ = dictTowns.Keys;
foreach (string town in c)
Console. WriteLine("{0}, ximpxicrs memxanuis: {1}",
town, dictTowns|[town]);

BN CAWINDOWS\system32icmd. exe - O *

TepHoninb, kinbklcTb MewkaHule: 215000
flbBiB, KinbkicTb MewkaHuls: 800BOH

Kuile, kinbkicTb MewkaHule: 3800000
KMenbHUUbLKWK, K1nNbKlcTh MewkaHuls: 262000

Press any key to continue .

Puc. 9.2. Pe3ynpTaT BUKOHAHHS POTPaMU 3 JICTUHTY 9.2
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Knac Stack<T>

Crek — 11e CHHMCOK, IO JIi€ 32 MPUHIUMIOM 'HEepIIUM MPUNIIOB — OCTAHHIM
BuimoB". Lleit mpuHIMMI Ail cCTEKa MOXHA HAOYHO YSBUTH Ha MPHUKIAAl KOPOOKH 3
JOKYMEHTaMH, SIK1 CTaBJIATh y KOPOOKY 3BEpXy OJIWH Ha iHIMN. [lepmmii JoKyMeHT,
MOCTABJICHUM Ha THO KOPOOKH, Oyjie BUTITHEHO 3 HEl OCTAHHIM.

Crek — oJiHa 3 HAWBAXJIMBILIUX CTPYKTYp JaHUX B OOUMCIIOBAJIBbHIN TEXHILI.
Bin yacto 3acTOCOBY€ThCS B  CHUCTEMHOMY IMporpamMHOMy 3a0e3ledeHHi,
KOMITUJISTOPAX, @ TAKOXK B MPOrpaMax BiJICTEKEHHS B 3BOPOTHOMY MOPSAKY Ha OCHOBI
MITYYHOTO 1HTEJIEKTY.

Krnac xosekrii, mo miaATpUMye cTeK, HOCHTHh Ha3By Stack<>. Bim peamizye
iaTepdeiicu |Collection, IEnumerable i IEnumerable<T>. Konekuis kmacy Stack<T> mae
JTUHAMIYHUN XapakTep, PO3IIMPIOIOYUCH MPH HEOOXIAHOCTI, 100 BMICTUTH BCl
CIEMCHTH, SIKI TOBMHHI B Hii 30epiratucs. Y kiaci Stack<T> Bu3HaueHO Taki
KOHCTPYKTOPH:
public Stack()

public Stack(int capacity)
public Stack(l1Enumerable<T> collection)

[lepmuii 3 HUX CTBOPIOE TOPOXHIA CTEK 3 IMOYATKOBHM DPO3MIpOM 32
3aMOBYYBaHHSIM, a IPYTUH — IOPOKHIN CTEK 3 MOYaTKOBHM po3Mipom capacity. Tperiit
BUJ] KOHCTPYKTOpa CTBOPIOE CTEK, IO MICTHUTh €JIEMEHTH KOJeKIii, ska 3aJaHa
napamerpom collection. HMoro mouatkoBmii po3mip TOpPIBHIOE KilBKOCTi 3a3HAYEHHX
€JIEMEHTIB.

VY knaci Stack<T> Bu3HauacHO psja BJIACHUX METOMIB (KpiM THX, IO BXKE
oronomieHi B iHTepdelicax, sfKi B HbOMY peamizyioTbes). HaliBkuBaHimi 3 HHX
nepeniveno y tadbmmmi 9.10.

Tabnuuga Ne9.10. HanxusaHiwi metoaum knacy Stack<T>

MeToa Onuc |
public T Peek() UnTae 0B'eKT 3 BEpLUMHW CTEKY, ane He Buaanse noro

public T Pop() Butarye 06'ekT 3i CTeky

public void Push(T item)  Po3wmilye y cTeky 06'ekT item

public T[] ToArray() [MoBepTae Macus, SKWiA MICTUTb Konii 06'eKTiB CTEKy

{00 moMicTUTH 00'€KT y CTeK (Ha BEpIIMHY CTEKa), BUKINKAIOTh MeTo 1 Push.
[I{o6 BUTATTH 1 BUAAIATH O00'€KT 3 BEPIIMHU CTEeKa, BUKIMKAIOTh MeTo 1 POp. SKio x
00'eKT MOTPIOHO TUIBKM MPOYUTATH, aj€ HE BUJAIUTH 3 BEPIIMHU CTEKa, TO
BUKINKaOTh MeTo Peek. Komu cTek moposkHii 1 Bukimkano metoy Pop ad6o Peek, To
CHCTeMa 3reHepye BUHATKOBY cutyariro InvalidOperationException.
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VY nmictunry 9.3 npuBeAeHO MNPUKIAA MPOTPaMH, sKa MPAIIOE€ 31 CTEKOM.

Criouatky (psiiok 3) CTBOPIOEMO KOJIEKI[IFO-CTEK IS 1iuX uncen (int) 1 mocuaaHHs Ha

Hel 30epiraemo y 3minHi# St. J[anmi B nukm (psiaku 6...10) po3mingyeMo y cTek 4uciia
*100, me | — um gucna Big 1 mo 5. i po3MillieHHs Yucia B CTEK BUKOPHCTOBYEMO

metoj Push (psmok 8). KoskHe 4rciio Takok BUBOAUMO Ha ekpaH. ITiciast 1boro ukaioM

(psanku 14...18), ymoBoto sikoro € HemopokHii ctek (St.Count > 0), mocmimoBHO

BUOMPAEMO 31 CTEKy IO OJHOMY 3HA4YEHHIO, 1 BHBOJMMO HWOro Ha ekpaH. Jljis

OTpUMAaHHS 31 CTEKY 3HA4Y€HHS BHUKOPUCTOByeMO wmeToa Pop (psaok 16), skuit

IMOBCPTA€ OTPUMAHC 3HAYUCHHA. }IKIIIO 3aIlyCTHUTHU IIPpOTrpaMy, TO 3 BUBOAY Y KOHCOJIb

(puc. 9.3) 6auumo, 110 3HAYESHHS 31 CTEKY OTPUMYIOTHCS Y 3BOPOTHOMY TOPSIIIKY.

NictuHr 9.3. PoboTa 3i ctekom Stack<>

©CoO~NO O~ WDNEPRE
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{

static void Main(string[] args)

Stack<int> st = new Stack<int>();

Console.Write ("Posmimyemo y crex: ");
for (int 1 = 1; 1 <= 5; 1+t)
{
st.Push(i * 100);
Console. Write(i * 100 + " ');
}

Console.WriteLine();

Console.Write ("Orpumyemo 3i creky: ");
while (st.Count > 0)

{
int i = st.PopQ);
Console Write(i + " ");

}

Console._WriteLine();

B CWINDOWS\system32iemd.exe - O 4

Pozmimyermo y crtek: 1600 200 3600 400 500
OtpuMyero 31 cTeky: SO0 400 300 200 166
Press any key to continue .

Puc. 9.3. PesynpTaT BUKOHAHHS IPOTpamMu 3 JICTUHTY 9.3. 3HaueHHS 31 CTeKy

OTPUMYIOTh ¥ 3BOPOTHOMY HOPSIIKY 11010 3aIIKCaHOTO
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Knac Queue<T>

Konekmuist Tumy "wepra" mi€e 3a TPUHIIMIIOM: TEPIIAM MPUKIIOB — MEPITUM
BuiIOB. Lle o3Havae, 110 MepIIUM 3 YePTH BUTATYETHCS €EMEHT, MOMIIIEHUH B Hel
nepmuM. Y mporpaMmyBaHHI Yeprl 3aCTOCOBYIOTH JJIs 30€piranHs TaKUX €JIE€MEHTIB, 5K
AKTHUBHI MPOIIECH, CIUCKH IPU3YITMHEHUX TPaH3aKII1H B 6a31 JaHuX a00 MMaKeTH JaHuX,
OTPUMaHI Yepe3 MEPEKY.

Knac Queue<T> peanisye intepdeiicu ICollection, IEnumerable i IEnumerable<T>.
Konekmis xmacy Queue<T> € AuHAMIYHOIO, PO3MIMPIOIOYUCH MPU HEOOX1THOCTI
po3MicTuTH HOBI AaHi. Y kimaci Queue<T> BU3HAYEHO HACTYITHI KOHCTPYKTOPH:
public Queue()
public Queue(int capacity)
public Queue(lEnumerable<T> collection)

[lepmmii 3 HUX CTBOPIOE MOPOKHIO YEPry 3 IOYaTKOBUM pPO3MIPOM 3a
3aMOBUYBaHHSAM. J[pyrwii — MOpOXKHIO Yepry 3 po3mipom capacity. Tperiii cTBoproe
4yepry, B SKy Bijpa3y po3MillyrOThcs eideMeHTH kKoiekiii collection. ITouaTkoBwii
pO3Mip Yepru JOPIBHIOE KITBKOCTI €JeMeHTIB y mmiii kojekmii. Kpim meroxdis
inTepdeiicis, kac Queue<T> MICTHTB psiT BlIacHUX MeTOAIB (Tabmurst 9.11).

Tabnuusa Ne9.11. HanxuBaHiwli metoam knacy Queue<T>

MeToa Onuc |
public T Dequeue() Bubupae 06'ekT 3 noyatky Yepru

public void Enqueue(T item) [oaae 06'ekT item B KiHELb Yepru

public T Peek() UnTae enemeHT 3 novaTky Yeprut, He BUAANSAOYM Oro

public virtual T[] ToArray()  MoBepTae Macus, SiKuiA MICTUTb Konii 06'eKTiB Yepru

[Io6 po3micTutH 00'€KT y Uepry, BUKIUKaOThL MeTo A Enqueue. JIiist oTpuMaHHs
nepioro o0'ekra 3 MOYATKy Yeprd BUKIMKAIOTh MeTon Dequeue. SIkmo motpiOHO
NPOYUTATH, aJie HE BUAAISATH HACTYIHUH 00'€KT 3 4epru, BUKIHKAIOTh MeTon Peek.
Komu meromu Dequeue i Peek Bukimkatu npu MOpOXHIA 4ep3i, BAHUKHE BUHSITOK
InvalidOperationException.

Jlictuar 9.4 MictuTh TpuKIaa poOOTH 3 KoJekiiero Buay "depra". Uepry
CTBOPIOEMO Yy pANKY 3. 3MiHHA (JUEUE MICTUTHUME MOCUJIaHHS Ha 4epry. Jlami B nukmi
(psaku 6...10) posminryemo B yepry umcia 1*100, ne | — mimi uncna Bix 1 mo 5. s
IIbOI0 BHUKOpPUCTOByeMO MeToa Enqueue (psimok 8). Ilicms mporo 'y MK
(psinku 14...18) 3a gonmomoroto metony Dequeue (psgok 16) oTpuMyeMo 3 yepru mo
OJTHOMY 3HA4YEHHIO 1 BUBOJUMO HOTO Ha €KpaH. 3 pe3ysibTaTy BUKOHAHHS MPOTPAMHU
(puc. 9.4) BUAHO, 110 €JIEMEHTH 3 YePrH OTPUMYIOTHCS Y TOMY K MOPSJIKY, B IKOMY
BOHU OyJIH 3aIliCaHi.
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TNictuHr 9.4. Pobota 3 yeproto Queue<>

O© 0O NO U1l WNP

NRPRRPRRRRERRRERRR
CwWwoo~NOO”OOLPSd, WNPEFO

static void Main(string[] args)

{

Queue<int> queue = new Queue<int>();

Console.Write ("PosMimyemo y uep3i: ");
for (int 1 = 1; 1 <= 5; 1+t)
{
queue.Enqueue(i * 100);
Console._Write(i * 100 + ™ ™);
+

Console._WriteLine();

Console.Write ("Orpumyemo 3 ueprmu: ");
while (queue.Count > 0)
{

int 1 = queue.Dequeue();

Console. Write(i + " ');

}

Console._WriteLine();

BN CAWINDOWS\system32icmd.exe

Pozmimyero y vepzi: 100 200 300 400 5060
Orpumyermo =z gepru: 1600 200 300 460 S00
Press anv kev to continue .

Puc. 9.4. Pe3ynbpTaT BUKOHAHHS POTPaMU 3 JICTUHTY 9.4. 3HaUCHHSA 3 YepTH
OTPUMYIOTh Y TOMY K MOPSAKY, B IKOMY BOHH OyJIM 3amMcaH1
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Po3gin 10. 3actocyHkn Windows
Forms

» Windows Forms
» Crpykrypa nporpamu Windows Forms

» EnemeHTu kepyBaHHs
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Windows Forms

Windows Forms (WF) — 1ie yactuna miatdopmu Microsoft .NET Framework,
sKa BHUKOPHUCTOBYETHCS [IJII CTBOPEHHS TpOrpamM, sKi 3a3BUYail Ha3MBAIOThH
KJTIEHTCBKAMHU ~ 3aCTOCYHKaMH  (BUKOPHCTOBYIOTh TaKOX HA3BH: 'TIPUKIIAIHI
3acTocyHkn pobouoro cromy”, “desktop-zacrocynku" abGo mpocTo "BIKOHHI
3acTocyHKH"). Taki 3aCTOCYHKH CKJIQJalOThCs 31 3BUYAHMX BHUKOHABUMX (haiiiB (3
PO3IIMPEHHSM .€X¢), 1HOJII BOHM MICTATh JUHAMIiuHI 0101i0TeKH (3 po3mmpeHHsM .dll)
Ta 1HII HeOOX1AH1 (aiinu (Hanpukiaz, Gpaiin J0BIIKOBOI CUCTEMU).

Jlns rpadiunoro BuBoay Windows Forms BukoprctoBye rpadidny migcucTeMy
GDI/GDI+, sixa He 3ajit0€ BCiX MOXKJIMBOCTEH cydacHHX BimeokapT. Tomy Microsoft
3alpoINoHyBajla HOBY rpadiuHy MmiacKucTeMy s po3poOku BikoH — Windows
Presentation Foundation (WPF). WPF Bxomuts n0 ckimany .NET Framework
nouuHaroun 3 Bepcii 3.0. s rpadiunoro BuBomy WPF BukopuctoBye DirectX —
HaO1p iHTepdeiciB g podoTH 13 3aco0aMM MyJbTUME/1a, BKIOYAIOUU rpadiky Ta
Bineo. 3aranom WPF e cximaguimoro 3a Windows Forms i Hagae 3Hauno Oijbiie
MOJIMBOCTEH 151 MOOYOBH 3aCTOCYHKIB 3 MPUBAOIMBIIINM 1HTepdericoM. Ase, Ha
JaHW Yac OULIBIIICTh 3aCTOCYHKIB uIsg omepamiinoi cuctemu Windows Bce e
BukopuctoByioTh Windows Forms. WF 1o3Bosisie HIBHAKO Ta MPOCTO PO3POOHTH
BIKOHHUH 3aCTOCYHOK '"'CTaHAApPTHOTO" BUTY.

Y Windows Forms ¢hopma — 1ie yactuHa ekpany (sIK mpaBuiIio, IpsIMOKYTHA), Ha
AKIA BUBOJAMTHCS 1H(OpMamis anas KopuctyBaya. @opMU MpeACTaBIsAIOTh BIKHA
nporpam. 3a3Buuaii 3actocynok Windows Forms cTBOpIOIOTH IUISIXOM PO3MIIIIEHHS Ha
(dopMi eIeMEeHTIB KepyBaHHS 1 HAlTMCAHHA KOAY JUIsl pearyBaHHs Ha i1 KOpUCTyBaya,
TaKi K KJIallaHHS MUII a00 HaTUCKaHHA KJaBill. Enemenm xepysauHs — 11e OKpeMHU
eneMeHT iHTepdeicy, Mpu3HaUYeHU I BimoOpakeHHs abo BBeAeHHs aaHux. [lo
€JIEMEHTIB KEepyBaHHS HalleKaTh KHOIKH, CIUCKH, KOMOIHOBaHI CHHCKH, MEHIO,
KOHTEKCTHI MEHIO Ta 0arato iHIIuX.

[Ipu BUKOHAHHI KOPUCTYBaueM SIKOICh Jii 3 hopMoro abo OaHNM 3 ii eJIeMEHTIB
KepyBaHHs (HampuKiaja, MNP HATUCKaHHI KIaBIIIl KJIaBlaTypH) T€HEPYEThCS MOJIs.
3aCTOCYHOK pearye Ha IIi MOJii 3a JOTIOMOTro0 KOy 1 BUKOHYE HEOOX1JIHI orepaiiii.
Iloodia — ue cutyailis mijg 4yac poOOTH MPOTrpaMu, siIka MOKE MPEICTABIATH IIHHICTD 1
nepexoruiroBaTucs nporpamoro. Iloxaii — yHiBepcabHUN MeXaHi3M, SKUH JT03BOJISIE
OJIHOMY O00'€KTOB1 TMOBIIOMJISITH 1HIIIOMY PO HACTaHHS TMEBHUX YMOB BUKOHAHHS
IUISIXOM BUKJIMKY METOXy. Takuil mpuB'S3aHU 10 TOMil METOJ, IO aBTOMAaTHYHO
CHpaIlbOBYE TIPH il HACTaHHI, HA3UBAIOTh 0Opobd.IIosayem nodii (event handler).
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Ctpykrypa nporpamm Windows Forms

Hainnpocriwa nporpama Windows Forms

[Tounemo po3riIsi NPUHLHUINB po3poOku 3actocynkiB Windows Forms 3
HANMPOCTIIIOTO MPUKIIALy — MPOTrpaMu, sika BioOpaxkye Ha €KpaHi MOPOXKHE BIKHO.
[I[0o6 HaouHime MOOAUNTH MeXaHi3M (QYyHKIiIOHYBaHHs 3actocyHky Windows Forms,
ctBopumo y Microsoft Visual Studio HoBwuit moposkHii mpoekt. st miboro BuOEpemMo
mrabon Visual C#\Windows\Classic Desktop\Empty Project. Byne 3renepoBaHo
MTOPOXKHIM MPOEKT 6€3 xKOAHOTO (haliTy 3 KOJIOM.

Crouatky y IpoekT gofamo mocuiaanus. Jlus mpoctoro 3actocynky Windows
Forms neoOxiani mocwitanus System, System.Drawing ta System.Windows.Forms.
{06 nonatu mocwiiaHHs, MoTpioHO BuOpatn komanay mearo Add Reference... Jlamiy
BikHi Reference Manager B mynkri Assemblies\Framework cnix BiamituTi BkasaHi
NOCWJIaHHS 1 HATUCHYTU KHOTIKY OK.

[Ilo6 3amatu TN BHUBOJAY y BIKHO, @ HE B KOHCOJIb, CIIJl 3aJaTH BiJIMOBIIHI
HaJIAIITYBaHHS MPOEKTY. JIJIs IIbOr0 B KOHTEKCTHOMY MEHIO TIPOCKTY Yy BikHi Solution
Explorer morpioHo BuOpaTn komany Properties. V BikHi BIacTUBOCTEH Ha CTOPIHII
Application B momi Output Type ciix 3axatu By BuBoay Windows Application. Skmro
3a7aTH THIT BUBOY Y KoHCOJIb (Console Application), To mporpama pa3zom 3 rpadiqauM
BIKHOM MICTUTHUME TaKOX BIKHO KOHCOJI. 3ayBa)KMMO, 1110 TIeH TTapameTp cam 1mo cobi
HE MEPETBOPIOE 3aCTOCYHOK Yy BIKOHHUN. BiH juIine 3aga€ MOXJIUBICTH BUBOAY Yy
KOHCOJIb.

Tenep gogamo y mpoekT HOBHMM (ain s koxy. it HbOro 3 KOHTEKCTHOTO
MCHIO Ha MyHKTI TpoekTy y BikHi Solution Explorer motpibHO BHOpaTté KOMaHIy
Add\New Item... i Bkasaru mabmon Visual C# Items\Code\Code File. Jlami crix
3agat Ha3By (Qaiiny i HarucHyTtH KHomKy Add. [lo mpoekty Oyne momaHO HOBHIA
MOPOXKHIH (paiist 13 BKa3aHOIO Ha3BOIO. BBeneMo B peakTopi KoMy TEKCT IPOTpaMHu 3
mictuary 10.1.

Sxio nporpamy 3anycTUTH (HATUCHYTH F5), Ha ekpaHi BiZ0Opa3uThCs HOPOKHE
BikHO (puc. 10.1). Xoya kimieHTCbKa 00J1aCTh BIKHA MOPOXKHS, a PSIIOK 3ar0JIOBKY HE
MICTUTh TEKCTy, WOTO MOJKHA TIEPEMIIlyBaTH, 3rOpTaTH 1 PO3TOPTATH, 3MIHIOBATH
po3mipu Ta 3akpuBartu. Jlictunr 10.1 mpeacrasise sapo 3acrocynky Windows Forms,
SIK€ MOJKHa JIOITOBHIOBATH KOJIOM JOBLJIBLHOI CKJIATHOCTI, 100 3a0e31eYnTH HEOOXITHY
(GyHKIIOHATBHICTH TPOTPaMHU.

Posrnsmemo wneit kox geranbHO. Y psAAKy | BkazaHo, M0 Tporpama
BUKOpUCTOBYE mpocTip imen System.Windows.Forms. Came y HbOMY oOmmcaHo psin
KjaciB, ski motpiOHi mporpami Windows Forms. Bech inmmii kox (psaku 3...9)
orucye kiac SimplestWinFormsApplication, sikuit npeacrasisie nporpamy. Kiac mae
omuH meroa Main. €amHa IHCTPYKIiSA MBOrO METOAy (PSAOK 7) MICTHTh BUKIIUK
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cratnyHOrO MeToAy Run kmacy Application, skomy depe3 mapaMeTp MepenaeTbes
eK3eMILIIp Kiiacy Form.

Nictvar 10.1. Hannpocriwmmn 3actocyHok Windows Forms
using System.Windows.Forms;

class SimplestWinFormsApplication

{
public static void Main()

{
Application.Run(new Form());

OO ~NO U WNPRP

ug! - a x 85 Haiinpoctiwa nporpama Windows For...  — O ®

Puc. 10.1. Bikno Haitnpocrtimoro  Puc. 10.2. BikHo 3actocynky Windows Forms
3acrocynky Windows Forms 3 3 gictuary 10.2
mictuary 10.1

Knac Form iHkamncy/roe moBeaiHKy CTaHJapTHOIo BikHa 3actocyHky Windows
Forms. Meroay Run xiacy Application nepemaemo 06'ekt FOrm, sskuii mpeacTaBIsSITHME
rOJIOBHE BIKHO 3acTOCYHKY. Meton Run ¢aktuuHOo "mepeTBoproe" KOHCOJIbHHIA
3aCTOCYHOK Y BIKOHHUH.

3 TouKH 30py orneparliiHoi cucteMu Meto 1 Run kiacy Application ctBoproe uepry
JUTsI OTPUMAaHHS MTOBITIOMJICHB, siki Windows Biampasiisie 3actocynkam. Meroz Run He
MIOBEPTAE KEpPyBaHHS MPOTpaMi, MOKH KOPUCTYBa4 HE 3aKpPHE TEPEIAHUHA ITHOMY
MeToay 00'ekT FOrm. 3aranbHui MOpsiIOK BUKOHAHHS TaKUM: sIKIO MeTo 1 RUN moBepHe
KEepyBaHHsS Tporpami micis BigoOpaxenHs (opmu, metox Main (a pazoM 3 HHUM i
nporpama) MpunuHse poOOTy 1 B MPOIECi OYMINEHHS CUCTEMH BIKHO 3HHIIYE€ThCS.

OOG'ext Form, sxuii mepenaeTbcs y Meron Run, mae Habip BIacTHUBOCTEH Ta
METOJIiB, 3a JIONIOMOTOI SKHX MO)XKHa HaJlalTyBaTH HWOTO BWIJISA] Ta KEpyBaTH
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po6ototo BikHa. Kox 3 mictunry 10.1 mae cyTTeBUl HENOJIK, SKUN TOJSATAE B TOMY,
1110 NMOCWJIaHHA Ha 00'eKT opMU He 30epekeHO, a 0e3M0CcepeIHRO NEPEJAHO METOLY
Run. Tomy 1o 3anmycky metona Run Buriis ¢popMu HaJlalTyBaTH HEMOKIHUBO.

o6 moxHa OyJ0 3aAaTd BUTJSA BIKHA MpOTrpamMHu, MOTPIOHO CIIOYATKY
cTBOpUTH (GOpMy, 3aJaTH 3HAUEHHS ii BIACTUBOCTSAM, 1 TOAlI BUKIMKATH MeTOn Run,
nepeaasiy oMy dopmy. Lle peanizoBano y mictunry 10.2.

Tictuur 10.2. CTBOPEHHS hopMy i HanaLTyBaHHA 1l BNAacTUBOCTEN
1 |using System.Windows.Forms;
2
3| class SimplestWinFormsApplication
414
5 public static void Main()
6 {
7 Form frmMain = new Form();
8 frmMain.Text = "Hamvnpocrima nporpama Windows Forms';
9 frmMain_.Width = 500;
10 frmMain_Height = 250;
11 Application.Run(frmMain);
12 3}
13 |}

Tabnmusa Ne10.1. HanxuBaHiwli enemeHTu knacy Application

Bnactusocri
CompanyName Hassa komnaHil, sika cniBcTaBneHa i3 3aCTOCYHKOM
CurrentCulture [aHi npo MoBY i perioHanbHi HanalTyBaHHS 3aCTOCYHKY
ExecutablePath [MOBHWI LLNSIX 1O BUKOHABYOTrO (hainy 3aCTOCYHKY (BKMKOYAOUM HA3BY
cairny)
ProductName HasBsa npoaykTy, CriBCTaBMIEHOrO 3 3aCTOCYHKOM
ProductVersion Bepcisi npogykTy, CNiBCTaBNEHOMO 3 3aCTOCYHKOM
StartupPath LLnsix 4o BMKOHaBYOro haiiny 3acTocyHKy (6e3 Hassu dhaiiny)
MeTtoau
EnableVisualStyles  Bmwukae BisyanbHi ctuni ons 3acToCyHKy
Exit 3aKpuBae 3aCTOCYHOK
Restart [epe3anyckae 3aCTOCYHOK (MpunuHsie poboTy i 3anyckae HOBMM
eksemnnsp)
Run 3anyckae Lk 06pobku NoBiJOMIEHb 3aCTOCYHKY
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AcceptButton
CancelButton

ActiveControl
ActiveForm
AutoSize
AutoSizeMode

ContextMenu

Controls
Dock

Focused
MaximizeBox

Menu
Modal
Owner
Showlcon

StartPosition
Text

Visible
WindowState

Close

CreateGraphics

Dispose
Focus

Hide

Show
ShowDialog

Tabnuys Ne10.2. HanexumBaHiLi enemeHTu knacy Form

Bnactusocri
MoBepTae abo 3agae KHOMKY Ha hOpPMi, ika aBTOMATUYHO CrpaLbOBYE,
KOSIM KOPUCTYBaY HaTuckae knasiwy Enter
MoBepTae abo 3agae KHOMKY Ha hOpPMi, ika aBTOMATUYHO CrpaLbOBYE,
KOSIM KOPUCTYBaY HaTUCKae Knasiwy Esc
MoBepTae abo 3aae aKTUBHUIN €NEMEHT KEPYBaHHS
[MoBepTae NOTOYHY aKTUBHY (POPMY A1 3aCTOCYHKY
3MiHt0€E po3mipy dhopmK y BigNoBIAHOCTI 3i 3HaYeHHaM AutoSizeMode
MoBepTae abo 3agae pexum, 3a AOMOMOroH SKOro hopma Moxe
aBTOMATWNYHO 3MIHIOBATI CBOI PO3MIpH
3aae KOHTEKCTHE MeHI0 Ans hopMu (BOHO BiZoBpaXaeTbCa npy KrnaLaHHi
NPaBOI0 KHOMKOK MULLI)
Konekuis enemeHTiB kepyBaHHs hopmu
3apae, AKi Mexi enemeHTa kepyBaHHs NpuB'a3aHi 40 Mex 6aTbKIBCLKOro
eneMeHTa KepyBaHHS, | BU3Ha4Yae, Ik KOMMNOHEHT MIHATUME PO3MIp pa3oM 3
BaTbKIBCHKUM
[Mokasye, 41 Mae hopma (PoKyc BBOIY
OTtpumye abo 3agae 3HAYEHHS, SKe BKasye, i BiobpaxaeTbCs KHOMKa
"Po3ropHyTn" B psiaKy 3arornoska opmu
3apae ronoBHe MeHI0 hopmu
MoBepTae 3Ha4YeHHS, sIKe BKa3ye, Yu BigobpaxaeTbes hopma sk MogarbHa
[MoBepTae abo 3agae opmy, sika Bonogaie Lieto hopMoto
MoBepTae abo 3aae 3Ha4eHHs, ske BKasye, Yu Bigobpaxatu nikrorpamy B
PALKY 3aronoBska
MoBepTae abo 3agae NOYaTKOBE MOMOXEHHS (POPMMU B PEXUMI BUKOHAHHS
3aronosok hopmu
MoBepTae abo 3aae 3HaYeHHs, Ske BKasye, Ym BifobpaxyeTbes (hopma
MoBepTae abo 3aae 3HaYeHHs!, sike BKasye Ha CTaH POPMI; PO3rOPHYTUNA,
3ropHyTUI abo 3BMYaANHUIA

Metoau

3akpuae opmy
CrBoptoe 06'ekT Graphics ans opmu
3BinbHSsIE BCi pecypcy, BUKOpUCTaHi 06'ekTOM chopmu
dokycye popmy Ans BBOAY
[puxoBye popmy
[Nokasye opmy
[okasye (hopmy sk MofanbHe BiKHO
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VY paaky 7 crBoproemo o0'ext frmMain — ex3emruisip kinacy Form. Jlam 3amaemo
3Ha4YeHHs I BiaactuBoctedd Qopmm Text, Width ta Height. 1Ii BmactuBocTi €
eJleMeHTaMu kjiacy Form. BractuBicte Text mpemcraBiisie psIoK 3arojoBKY BiKHA, a
BiactuBocti Width ta Height — BiamoBigHO mmpuHy Ta BUCOTY BikHA y mikcensx. [Ipu
BUKJIMKY MeTOIy RUN mepemaemMo oMy MOCHUIIaHHS Ha MOMEPEIHBO CTBOPEHY (hopmy.
SIKII10 3amyCTHTH IF0 TIPOTpaMy, BIKHO MpuiiMe BUTIISA K Ha puc. 10.2.

Taxum 4MHOM, AJI TUTIOBOTO BIKOHHOT'O 3aCTOCYHKY OCOOJIUBY POJIb BIAITPatOTh
nsa kiacu: Application ta Form. Knac Application inkarcyitoe 3arajibHy MOBEIIHKY
3aCTOCYHKY, a Kiac Form omwmcye crangaptHe BikHo Windows Forms. [esiki

HaliBkuBaHIII eneMeHTH KiaciB Application ta Form mpuseneno y Tabmursax 10.1 Ta
10.2.

CnapgkyBaHHS knacy Form

B 000x posrnanytux nepen uum npukiagax (uctuar 10.1 ta 10.2) sik ronoBHe
BIKHO MpOrpamMu BUKOPUCTaHO OO'€KT — eK3eMIULsIp Kiacy FOrm. Ase Haivacriie
BUKOPHUCTOBYIOTH HE KJ1ac FOrm, a moxiaHuii BiJl HHOTO KJ1ac. Y mporpami OrojomyoTh
KJIac, AKUW yCHaJgKoBye Kiac Form:

Basosuit knac — Form

class TheForm: Form

{

// OroJiomeHHa ejileMeHTiB bopMu

+

Le#t kmac po3poOISAIOTH TaKUM YWHOM, 100 BiH 3a0e3medyBaB HEOOXITHY
NOBEAIHKY Ta BUMIISAA BikHA. [[OTIM CTBOPIOIOTH €K3EMIUISP OrOJIOMIEHOro Kiacy 1
nepenaloTh Horo meroay Run kmacy Application. Sk pe3ynbTaT — BIKHO MaTHMe
nomepeHb0 po3podiieHy (pyHkIioHanbHICTh. Kitac — Hamagok FOrm mae goctyn 10
BCIX MyONIYHUX Ta 3aXUIICHUX EJIEMEHTIB kiacy Form. J[ns Hporo mMoxHa 3aaatu
KOHCTPYKTOp, Y IKOMY HaJaIlITyBaTH BUTJIS BIKHA.

VY nictunary 10.3 npuBeaeno onwuc kiacy MainForm, sikuii ycnaakoBye kiac Form
(psnku 6...21).  Konctpykrtop MainForm  (psiaku 8...14)  iHimiamizye — BiKHO,
NPUCBOIOIOYH 3HAYCHHS JIEIKUM HOTO BJIACTHBOCTSAM. Tak, BractuBicTh StartPosition
3aja€  TO0YAaTKOBE  pO3TAIlyBaHHA  BiKHA Ha  eKpaHi. 1i  3HaueHHs
FormStartPosition.CenterScreen mokasye, 1110 BikHO Oyjie pO3MillieHe 10 IICHTPY eKpaHa.

dopma, sK 1 1HIITI KOMIIOHCHTH, Ma€ CBil nepemk noAii. [lomii mpencTaBisioTh
CUTYyaIlii TiJ 4YaCc BHKOHAHHS MPOTpamMH, SKI MOXYTh OyTH IiHHI 3 TOYKH 30Dy
peanxizoBaHOro Hew anroputmy. OnHa 3 HaWBXKUBAHIMIMX TMOJIA — MOl KIIAallaHHS
muiikoro Click. Koxxna monist, peanizoBana y kiaci Control (a kmac Form ycmaakoBye
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Horo), Mae METOJ] 3 TaKOIO  HAa3BOIO, 110 ¥ mojis, aie 3 npedikcom On. Ko mporo
METO/Ia BUKOHYBAaTHUMEThCS 3aBXKIU TP BUHUKHEHHI1 Hioro moxii. Taki MeToau MaroTh
OJIUH TapaMeTp, KU mnepenae iHopmariro npo mofito. Bonu € BipTyamsHUMHU
(virtual), Tomy X MOKHA TIEpPEBU3HAYUTH Y TIOX1THOMY KJIaci, TO3HAYMBIIN KIFOYOBUM
ciioBoM oOverride. OCKUIBKH IIi BipTyaabHI METOAM ITOYATKOBO OTOJIOIICHO SIK 3aXHILEH]
(protected), To nmepeBHU3HAYEHI METOIU TAKOK Tpeba OroJOCUTH 3aXHUIIEHUMHU.

TNictuar 10.3. OronolueHHs knacy — Hawaaka Form

1 |using System;

2 |using System._Windows.Forms;

3

4 | class WinFormsApplication

514

6 class MainForm : Form

7 {

8 public MainForm()

9 {

10 Text = "Tososue BikHO nporpamu Windows Forms™;
11 Width = 400;

12 Height = 250;

13 StartPosition = FormStartPosition.CenterScreen;
14 }

15

16 protected override void OnClick(EventArgs e)

17 {

18 base.OnClick(e);

19 MessageBox.Show("'Knikuynm Ha dopmi™);
20 }
21 }
22
23 public static void Main()
24 {
25 MainForm frmMain = new MainForm();
26 Application.Run(frmMain);
27 }
28 | }

VY mictunary 10.3 B kinaci MainForm oromomeno meton OnClick (psaku 16...20),
SKUM aBTOMATHYHO CIpPAallbOBYBAaTHUME MPU KOXKHOMY KJIAIAHHI JIBOIO KHOIKOIO
MUIIKA Ha GpopMi. Bin mictuth AB1 iHCTpyKIii. [lepima (psaok 18) BUKIMKae Takuii sxe
meton 0OaszoBoro kiacy. Jlpyra (psmok 19) BuBOIUTH Ha €KpaH TEKCTOBE
TTOB1TOMJICHHS.
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Y meroni Main kiracy WinFormsApplication (Bin mpejcrasiisie Hamry nporpamy B
IJIOMY) 3a paHillie PO3TISTHYTOK CXEMOIO CTBOPIOEMO €K3eMILIsp Kiaacy MainForm ta
nepemnaeMo oro Mmetoxy Run (psaku 25,26). Pesynbrat BUKOHAHHS TpOorpaMu (Ticis
KJIallaHHSl MUIIKOIO) MpuBeaeHo Ha puc. 10.3. 3ayBakuMo: BIKHO 3 MOBIJIOMJICHHSM
3'SIBISITUMETHCS MICIsE KOXKHOTO KJIallaHHS MUIIKOIO Y BIKHI.

o5 MonoeHe BikHo nporpamu Windows Fo.,  — O >

Kniknynu na gopmi

oK Puc. 10.3. Pe3ynbTaT BUKOHAHHS
nporpamu 3 mictunry 10.3

[Mpoekt Windows Forms Application y Visual Studio

JUiss  TpUILIBHAIIEHHS 1 CIHPOIIEHHS PO3POOKM TUIOBHUX 3aCTOCYHKIB,
cepenoBuiiie Microsoft Visual Studio micTuts psig roroBui madioniB. Cepen HUX €
ma6yion msa 3actocyHkiB Windows Forms. I1[o6 ctBoputu 3actrocyHok Windows
Forms, BukopucrtaBmm tunoBuid mist Visual Studio migxim, ciif mij 9ac CTBOPCHHS
npoekty BuOpaT madson Visual C#HWindows\Windows Forms Application.

Visual Studio 3renepye 0a30BHii, rOTOBMI AJi1 KOMOUISALIT KOJ y KUIBKOX
¢aiinax. CTBOpeHUH TakUM CHOCOOOM MPOEKT MICTUTh KUIbKa (aililiB 3 KOJAOM
MoBoto C#:

» Program.cs

» Forml.cs

» Forml.Designer.cs

bazosuii a1 3acrocynkiB Windows FOrms ko, sikuit Mu po3riisifaid paHilie,
po3minieHo y ¢aitai Program.cs (mictunr 10.4). B aboMy onrcano kiac Program, sikuit
BXOMUTh B mpoctip imen StudioWindowsFormsApplication, Ha3zBa sikoro cmiBmagae 3
Ha3BOIO NpoekTy. Kitac MicTUTh OJMH cTaTHYHMIA MeTox Main.

Komenrapi Hag meromom Main— mast XML-mokymenTamii. Y mapamerpax
KOMIOUILIT MOXXKHa BKazatu ¢aitn, B skoMmy Oynae 3i0paHo Bcio monaioHy XML-
JOKyMEHTaIlito nporpamu. Lle 3pyunuii cnocid TOKyMEHTYBaHHS KOy .

besnocepenubo mepen Meromom Main posramosano atpubyt STAThread B
KBaJpaTHUX qykKax. Bin Bka3zye BukoHaBuoMy cepenouiny .NET, mo nporpamy ciif
3almycKaT B OKpPEMOMY MOTOIIi, 11100 3a0e3neunTH ii KOpeKTHY B3aemoito 3 COM.
nepia iHcTpykKiis meroay Main (pssmok 17) mictuth BuKiMK Metoay EnableVisualStyles

216



kiacy Application. Lle mo3Bosisie 3aatu ""cydacHImUiA" 30BHILMIHINA BUIJISAA €JIEMEHTaM
KepyBaHHS BIKHA.

Nictuur 10.4. Kog dranny Program.cs 3actocyHky Windows Forms

1 | using System;

2 |using System.Collections.Generic;

3 |using System.Ling;

4 | using System.Threading.Tasks;

5| using System.Windows.Forms;

6

7 | namespace StudioWindowsFormsApplication

8| {

9 static class Program

10 {

11 /// <summary>

12 /// The main entry point for the application.
13 /// </summary>

14 [STAThread]

15 static void Main()

16 {

17 Application.EnableVisualStyles();
18 Application.SetCompatibleTextRenderingDefault(
19 false);
20 Application.Run(new Form1());
21 }
22 }
23|}

Meton SetCompatibleTextRenderingDefault, sxuit BukIuKaeTbCs y ApYTid
iHCTpyKIii Meromy Main, 3amae crmocid NPOManbOBYBaHHS TEKCTY B e€JIEMEHTax
KepyBaHHs BikHa. 3HaueHHs false, mepemane oMy uepe3 mapameTp, 3a0€3ICUHUTH
CYMICHICTh TIpOTpaMH 31 CTapUMHU OIEpallifHUMU CcHUCTeMaMHu 3 TpadivyHOI0
nigcucremoro GDI (HoBin BukopucToByoth GDI+).

TpeTst iHcTpyKIlis MeToay Main BUKJIMKA€E MOMEPEIHBO PO3MISHYTHH MeTOa Run
kiacy Application. Meroay Run mepemaemMo nocuinanss Ha 00'ekT kiacy Forml, skwmii
CTBOpIOEMO Oe3rocepeinbo npu BUKIMKY. Cam kiac Forml BusHadyeno y aitmi
Form1l.cs. Bin onucye BIKHO MpOTrpaMu, BUTJIS SIKO1 BiqoOpakeHo B 1u3aiiHepi GopM.
[[lo6 mpormstHyTH BMICT daiiny Forml.cs, moTpiOHO akTUBYBATH BIAMIOBIIHUI ITyHKT
BikHa Solution Explorer (Oyme nmoka3ano nu3zaiinep ¢Gopm) i HATUCHYTH KJaBimty F7.
Kon ieoro daiiny npuseneno B mictunry 10.5.

Ha BinMiHy Bia monepeaHbo po3riisiHyToro npukiany (mcrusr 10.3), ne kmac
¢dopmu Ta kimac Program orosomeno B ogHomMy aitri, Visual Studio npu cTtBOopeHHi
3acrocynky Windows Forms kirac Ko:xHOi (hOpMHU PO3MIIIY€ B OKPEMHIt (aii.

217



Ha3By knacy 1 Ha3By ¢aiiiy, B SKOMY HOT0 OIMCaHO, MOKHA 3MIHUTHU. /{1151 iboTO
BUKOPHCTOBYIOTh KOMaHIy Rename konrekcTHoro meHio y Bikui Solution Explorer.

Nictuhr 10.5. Kog drainy Forml.cs 3actocyHky Windows Forms

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Threading.Tasks;
using System.Windows.Forms;

O© 00O ~NO O WN P

L
~ O

namespace StudioWindowsFormsApplication

{

el
w N

public partial class Forml : Form

{

B
) NN

public Forml1()
{

L
~N O

InitializeComponent();

=
00

}

N -
o ©
-

}

Posrnsauemo kon mictuHry 10.5 neranbhime. Y psankax 1...9 posmiiieHo
IHCTPYKLIi BUKOPUCTAHHS PI3HUX MPOCTOPIB IMEH, SIKI HAYacTille 3aCTOCOBYIOTh Y
3aCTOCYHKax. 3 YChOrO I[bOTO MEPENiKy I Halloro HaWmpOCTINIOrO BHIAJKY
HEOOXITHUM € JIHIe oJuH HpocTip iMeH — System.Windows.Forms, y sikomy omucano
KJjac Form.

Hami y mpoctopi imen StudioWindowsFormsApplication (¥oro Ha3Ba cmiBnaaae 3
Ha3BOKO TMPOCKTY) oroJjiomeHo yactkoBuil (partial) kmac Forml (psaku 13...19). Ilei
KJIac TMPEACTABISATUME BIKHO TPOrpaMH 1 peanxi3oByBaTUME MOTO TOBEIIHKY.
Moaudikatop partial (1acTkoBHUil) BUKOPHUCTAHO, 1100 PO3IIIMTH OTOJIOIICHHS KJIacy
Ha KUIbKa (aiinis.

3a 3aMOBYYBaHHSM Kjac (OpMHU Mae OJMH KOHCTPYKTOp O€3 mapameTpiB
(psaaku 15...18) 3 Bukiamkom wmeroxay InitializeComponent. Metox mnotpiben s
HIATPUMKH Y 3aCTOCYHKY (hopM, po3poOJIeHUX 3a JTONOMOTO0 au3aitHepa Gopm. Kog
IILOTO METOJTy CEPEIOBHIIE TeHEPYE aBTOMATUYHO 1 PO3MIIIy€ HOTO B 1HIIIOMY (haii —
Form1.Designer.cs. IL1{o6 mporistHyTH HOTO KO, CJTi/I aKTUBYBATH BiIITOBITHUI ITyHKT
y Solution Explorer (mictuar 10.6).
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Nictvar 10.6. Kog danny Form1.Designer.cs 3actocyHky Windows Forms

OO NO UL WN P

A DD OWWWWWWWWWWNDNDNDNNNNNNNRPFPFRERPEPRPEPRPPRPPRPEPRPERPERPER
WNPFPOOO~NOOUOOPM~AWNPFPOOO~NOOOP,WDNPOOOONOOGPMWNLEO

namespace StudioWindowsFormsApplication

{

partial class Forml

{

/// <summary>

/// 3minHa noTpibHa mmzaliHepy GopMm.

/// </summary>

private System.ComponentModel.lContainer
components = null;

/// <summary>
/// OunuenHsa BCix BMKOPMCTAHUX PeCypCib.
/// </summary>
/// <param name="'disposing’>true saxumo pecypcu ciin
/// BuBincuuTM; B iHmomy Bunanxky - False.</param>
protected override void Dispose(bool disposing)
{

it (disposing && (components != null))

{

components.Dispose();
+
base.Dispose(disposing);

}

#region Komx, sreneposauumii Windows Form Designer

/// <summary>
/// VMeron norpibeH mid ninTpuMmku nmszaiHepa GopM —
/// He sMiHoMTe MOTO BMIiCT y pemakTopl Koy .-
/// </summary>
private void InitializeComponent()
{
this.SuspendLayout();
//
// Forml
//
this.AutoScaleDimensions =
new System.Drawing.SizeF(6F, 13F);
this.AutoScaleMode =
System.Windows.Forms.AutoScaleMode.Font;
this.ClientSize =
new System.Drawing.Size(284, 261);
this.Name = "Forml";
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44 this.Text = "Forml';

45 this.ResumeLayout(false);
46 }

47
48 #endregion
49 }

50|}

Takum 4yWHOM, 3a JOMOMOTOK0 MEXaHi3My YacTKOBHX KJaciB Kjac (opmu
PO3JIIJICHO Ha J[Bl YaCTHHM:

» [lepwa onucaHa y panni Forml.cs. Came TyT mporpamict po3Millye KOJI, SKHA
3a0e3nedye HEOOX1AHY (PYHKIIIOHAJIBHICTh BIKHA, POTPAMYyIOUYU MOBEAIHKY
€JIEMEHTIB KEpyBaHHS Ta Peasli3yl0yH aJIfOPUTM MPOrpamu.

» [pyra onucaHa y canni Forml.Designer.cs. Bona aBroMaTH4HO I'€HEPYETHCS
cepenosuiieM Visual Studio. B porieci mpoekTyBaHHS BiKHA 3a IOTIOMOTOFO
muzaitiepa (GopM (30KkpeMa, mpH pPO3MIMIEHHI KOMIIOHEHTIB Ha (opMi,
CTBOpEeHH1 00poO0IIOBaviB iX MOJIN TOIIO) ISl YaCTHHA OTOJIOIICHHS KJacy
(opMH TaKOK aBTOMAaTUYHO 3MIHIOBATUMETHCS. BpyuHy BMICT 1IbOTO (paiiiny
3MiHIOBaTU HE MOTPIOHO.

He 3Bakaroun Ha CyTTEBHUH (1711 MOPOKHBOTO BiKHA) 0OCAT KOAY, CTPYKTypa
daitny Forml.Designer.cs ayxke mpocta. Y psaaKy | MOYHMHAETHCS MPOCTIp iMEH
npoekty StudioWindowsFormsApplication (auB. Takox psimok 7 mictunry 10.4 Ta
psagok 11 mictuary 10.5). Takum guHOM, BCi orosyomienHs y mictuarax 10.4, 10.5 ta
10.6 po3mimieHo B ogHoMy mpoctopi imen StudioWindowsFormsApplication, aie B pizHuX
daitnax. Y paaky 3 npoJoBKEHO OroJIOMIEHHS YaCTKOBOTO Kiacy ¢hopmu Forml (nus.
TakoX psaaok 13 mictuary 10.5).

OO0'ekt components (psaok 8...9) mpexacTaBise CyKyNMHICTH KOMITOHEHTIB
(ememeHTIB KepyBaHHS) ¢Gopmu. Meton Dispose BHBiUIBHSE BCi pecypcH IMam'srTi,
BUKOPHUCTaH1 KOMIIOHEHTaMU (popmu. BiH BUKOPUCTOBYETHCS MPU 3HUIIIEHHT (POPMH.

Mertog InitializeComponent (psaku 31...46) iHimianizye ¢popmy Ta ii KOMITOHEHTH,
CTBOPIOIOUH X Ta 33/1aI04X MEBHI 3HAYEHHS iXHIX BIACTUBOCTEH. SIKIIIO 32 TOTIOMOT OO
nu3aiiHepa (opM po3micTHTH Ha QGopMmy sKuiich kommnoneHT, To Visual Studio
aBTOMATUYHO JIOJACTh Yy L€ METOJ KOJ JUIS CTBOPEHHS LbOTO KoMIlOHeHTa. Komun
SKIFICh BIIACTUBOCTI KOMIIOHEHTa TIPUCBOITH 3HAYCHHS (32 OTIOMOTOI0 BiKHA
Properties), e Takox aBTOMaTH4YHO BimoOpasuthes y metoxi InitializeComponent. Tlpu
BUJAJICHHI KOMIIOHEHTa 3 (OPMHU CEpEJOBHILE aBTOMATHYHO BHUAAISAE KO,
3r€HepOBaHMUi JUIsl HbOro. TakuM YMHOM, BCl Al 0 PO3MIIIEHHIO Ta HAJIAIITYBaHHIO
KOMITOHEHTIB (POpMH 3a JOMOMOIOI0 Ju3aifHepa BIIOOPAXKYIOThCA y KOl METoja
InitializeComponent. Tlpu mnpaBwibkHOMY KopucTyBaHHI 3acobamu Visual Studio
BTpYyYaTHUCS y 1€l KOJI HIKOJIM HE TIOTP1OHO.
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VY npusenenomy B jicTUHTY 10.6 K01 B IIbOMY METO/I1 3aJ1aHO 3HAYEHHS JISIKUX
BiaactuBocteii popmu. Tak, y psuaky 44 3aroioBky ¢Gopmu (BiacTuBicTh Text)
MPUCBOEHO 3HaUeHHs Forml.

3ayBa)xMMO, IO B PSJIKY 25 TUPEKTUBOIO #1EJION MOYMHAETHCS OJIOK KOy, SIKAN
oxortoe metoy InitializeComponent. 3akinuyeThes 1ei 010k qupekTrBOIO #endregion y
psanky 48. [lomiOHMIA perioH € eTeMEeHTOM TPyIyBaHHS TEKCTY MPOTpaMu B peaKkTopi
Kofy. BiH HISIK HE BIUTMBA€ Ha MPOIEC BUKOHAHHS MporpaMu. HasBHICTh TUPEKTUBH

n_n

#region CIPUYHUHUTS 0 TTOSBU Y PEIAKTOPI KOy HAIPOTH PETiOHY MiHIKHONKH "-", 32
JOTIOMOT'OI0 SIKOi MOYKHA 3TOPHYTHU BIAMOBIAHMM perioH. [Ticis nporo MiHikHONKa Oy e
no3HadeHa 3HakoM "+". HaTucHyBIIM Ha HET e pa3, MOXKHA PO3TOPHYTH KOJI pErioHYy.
TakuM 4YWHOM, PEriOHM BHOCSATH JOJATKOBHM €JIEMEHT Yy CTPYKTYpy KOIy,
MOJIETIIYIOUH HOTO CIPUIHSATTS, 0COOJIMBO ISl BEIUKUX MporpaM. OyHKIIOHAIBHOTO
3HA4YeHHsI 3 TOYKHU 30py MPOTpaMyBaHHS PET10HU HE MAIOTh.

SIKIIO 3aITyCTHTH PO3TIISHYTHH II0HHO 3reHepoBanuii mpoekt Windows Forms,

TO B1100pa3UTHCs MOPOKHE BIKHO, aHanoriyHe BikHy Ha puc. 10.1.

[TporpamHe CTBOPEHHS eneMeHTIB KepyBaHHS BikHa

NET Ta C# MicTaTh Kiacu, sIKi ONKCYIOTh BCi HaWBXUBAHIII €JIEMEHTU
KEpYyBaHHS: KHONKH, CIIUCKH, MEHIO, MOJIsI TEKCTOBOTO BBOAY Ta Oarato iHmmXx. Ilifg
yac MPOEKTYBaHHS BiKHA 3a JOMOMOIOI0 Ju3aitHepa (opMm iX MpPOCTO pO3MILLYIOTh
MHUIIIKOI0, BUOMPAIOYH BIANOBIIHMUN KOMITOHEHT 3 BikHa T00lbOX. Ane, 106 kpaiie
3pO3yMITH CyTh €JIEMEHTIB KepyBaHHS, CIIOYATKy PO3TJISHEMO MPOLEC iX CTBOPEHHS
IPOrpaMHo.

KOXeH elIeMEeHT KepyBaHHS € eK3eMILIAPOM MEeBHOro Kiacy. Moro cTBopeHHs
HIYUM HE BIJPI3HAETHCA BiJl CTBOPEHHS 00'€KTa — €K3eMIUIApa SIKOTOCh KJacy.
Hanpuxknan, enemeHT kepyBaHHsa "kHomka" omucye kiac Button. IIlo6 ctBopuTH
€JIeMEHT KepyBaHHS "KHomka", MOTPIOHO CTBOPUTH €K3EMIUIAP I[HOTO KJacy.
HanamryBatu BUJ 1IbOTO €1€eMEHTa KEpYBaHHS MO>KHA, 3aaBIIU MOTPIOHI 3HAUCHHS
BJIACTUBOCTSM BinoBigHOT0 00'ekTa. [1[00 eneMeHT kepyBaHHs BiJoOpa3uBCs y BIKHI,
CJIiJI 334aTH oro BiaacTuBicTh Parent. L{s Bi1acTuBicTh BKa3ye Ha OaTbKIBCHKHIT 00'€KT,
AKOMY HaJjeXaTuMe eNeMeHT KepyBaHHS. Jlifo, sKa BHUKOHYBaTUMETHCS MPH
HATHCKaHHI KHOIIKY, 33/Ial0Th Yepe3 Mpu3HaueHHs ii 00pooiroBaya noii Click (momis
KJIAIlaHHST MUIIKOIO).

VY mictunry 10.7 npuBeneHo KO MPOTrpaMu 3 BIKHOM, SIKE MICTUTb OJTHY KHOIIKY.
[TpoexT cTBOpeHO Tak, K ommcaHo B myHKTI "Haiimpocrima mporpama Windows
Forms" mporo po3ainy (quB. mictuar 10.1 Ta cynmpoBigHMI TEKCT).

BikHo mporpamu omucye kiac FormWithButton (psimku 7...25). Konctpykrop
I[bOI'0 KJIACY MICTUTh KOJI CTBOPCHHS Ta HaJAINTyBaHHsA KHONku (psiaku 14...18).
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Crouatky cTBOproeMo ek3eMinisip binl kmacy Button. ITotiM 3a1a€mMo TeKCT Ha KHOIIIII
(psmox 15) Ta 11 KoopAuHATH Y BikHI (psaok 16).

TTictuHr 10.7. BikHO 3 KHOMKOO
1 | using System;
2 |using System.Drawing;
3 | using System.Windows.Forms;
4
5 | namespace WindowWithButton
61{
7 class FormWithButton : Form
8 {
9 public FormWithButton()
10 {
11 StartPosition = FormStartPosition.CenterScreen;
12 Text = "llpocTe BiKHO 3 KHOMNKOK';
13
14 Button btnl = new Button();
15 btnl.Text = "Kuonka";
16 btnl.Location = new Point(70, 30);
17 btnl1.Click += ButtonOnClick;
18 btnl.Parent = this;
19 }
20
21 void ButtonOnClick(object objSrc, EventArgs args)
22 {
23 MessageBox.Show("'Kuonky natmcueno!'™, "Button'™);
24 1
25 }
26
27 class FormWithButtonProg
28 {
29 [STAThread]
30 static void Main()
31 {
32 Application.EnableVisualStyles();
33 Application.Run(new FormWithButton());
34 }
35 }
36|}

[Io6 mpu HATHCKaHHI HA KHOIMIKY BUKOHYBAJIACh SIKACh Aisl, CI1J] 3a/1aTu JIJIs Hel
oopoomoBau moxii Click. O6pobmoBauemM Moke OyTH OyIb-SIKHH METOJ, IO HE
MOBEPTAE PE3yJbTATy Ta Ma€ MapamMeTpu NoTpiOHOTO /1t oOpobioBayda tumy. [lepemik
Ta TUN mnapameTpiB omucaHo B gokyMmeHTarii MSDN nmms koxuoi momii. VY
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npuBefeHOMyY Koai oOpooOimoBauem moxii Click mis kaomku € merox ButtonOnClick.
[Tepmmii ioro mapameTp BKazye Ha 00'€KT, 110 CIIPUIMHUB TIOJI110, a IPYTUH — OMTUCYE
caMy TOJIiIO.

Y pagky 17 mns kHomku btnl 3a gomomororo omepatopa += 3amaeMo
oopoomroBau nofii Click, Bkasyroun HasBy metona ButtonOnClick. CripaBa y Tomy, 110
KOMITOHEHT MOJKE€ MaTH KiUJIbKa 0OpoOroBadiB Ti€i K TMOAll, Kl B I[bOMY BHUITQJIKY
CIpanbOBYBaTUMYTh IOCIIIOBHO OAMH 3a apyrum. Meroxa ButtonOnClick BuBoauth
MOB1IOMJICHHS, SIKE BKa3ye, 10 BiH CIPALIOBaB.

Ane Bcl ommcaHl BULIE i HE MPUBEAYTh A0 BiIOOPA)KEHHS CTBOPEHOTO 1
HAJAIITOBAaHOTO €JIEMEHTa KEpYBaHHS y BiKHI, MOKH JUIsl HbOrO He OyJie BKa3aHO
OaThKiBChbKe BIKHO. lle 3/iiiCHIOIOTH 3a J1omoMororw BiaactuBocTi Parent. ¥V psinky 18
BJacTUBOCTI Parent mpucBOIOEMO TMOCWJIaHHS Ha TMOTOYHUI €K3eMIULIp Kiacy
FormWithButton (xirouoBe ciioBo this). Tinbku micis bOT0 KHOMKY Oy/ie BUAHO Y BIKHI
(puc. 10.4). 3amicTp 6e3mocepeIHbOr0 MPUCBOEHHS BIACTUBOCTI Parent MoskHa Takox
JIOJaTH CIIEMEHT KepyBaHHS y Koiekmiro Controls ¢opmu. Ils Komekiis MiCTHTBH
3arajbHUM Mepesik BCiX eIeMEHTIB KepyBaHHs (opmu. ToMy HAacTynHI1 1HCTPYKIIT Yy
CBOIH 11 Oy yTh €KBIBAJICHTHUMH:

btn.Parent = this;

Ta
Controls.Add(btn);

85! MpocTe BikHO 3 KHOW.  — O >

Khonka

Knonky HaTucHeHo!

oK
Puc. 10.4. Biknao 3 kHonkoto (smictunr 10.7). Tpu

HAaTHCKaHHI Ha KHOIIKY 3'SBIJISIETHCS TTOB1IOMJICHHSI

EnemeHTn KepyBaHHs 3 naHeni Toolbox

[Tpu mpoekTyBaHHI BiKOH 3aCTOCYHKY B cepemoBuini Visual Studio enementn
KEepyBaHHs PIAKO CTBOPIOIOTH NMporpaMHo. Haltuacriie ix po3cTaBiSiOTh y AU3aiiHepl
dopM, mepeminnyoun moTpiOHI KomroHeHTH 3 maneiai Toolbox. ITanens Toolbox
po3TaroBana 3 J1iBoi croponu BikHa Visual Studio (puc. 10.5). Skio ii He BUHO, CIij
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HATUCHYTH BKJIaIKy T00IDOX, abo BuOpatu komanay rosoBHoro merro View\Toolbox
(un HaTucHYTH KOMOiHarito kiasim Ctrl+W,X).

ITanens ToolbOX MiTuTh OaraTo KOMIIOHEHTIB, 3rPYMOBaHUX 3a IX BHIOM
(eJleMeHTH KepyBaHHs 3aranbHOro mpusHadernns Common Controls, mianorosi BikHa
Dialogs Ttomro). ITynkr All Windows FOrms wmictuTh 3araabHHii MEpeik BCix
nocTymHuX Jutst 3actocynky Windows Forms kommoneHnTiB. 1I{o6 po3MicTUTH eJIeMeHT
KepyBaHHs y aAu3aiiHepl GopM, Cif MPOCTO MEPETATTH HOro MUIIKOI 3 IMaHell
Toolbox B morpioHe micue Gopmu. MoxkHa Tako)X BHOpAaTH KOMIIOHEHT y TaHENI
Toolbox i1 moTiM KiIalHyTH JIBOIO KHOIKOK MHIIKH B au3aiiHepi. BuOpanwmii
KOMITOHEHT 3'siBUThcs Ha popmi. Ha puc. 10.5 Ha ¢opmi po3ramioBaHo oJIHy KHOTIKY.
Po3pobky ¢opmu B mu3aliHepi MIISIXOM PO3MIIICHHS Ha Hili KOMIIOHEHTIB HA3MBAIOTh
BI3VAILHUM NPOEKMYBAHHAM, TaK SK BOHO JO3BOJISIE OIIHUTH BUTJIAJ BIKHA
Oe3nocepeIHbo i yac ioro po3pooku. Lle 3HauHO 3pyuHille, HiXK BpyUHY IUCATH KOJT
10 CTBOPECHHIO €JIEMEHTIB KEPYBaHHS BiKHA, Y KOJII HAJIAIMITOBYBATH iX Ta TPUMATH B
ysIBI KApTHUHY 1X pO3MIILIEHHS Ha (popmi.

w StudieWindowsFormsApplication - Microsoft Visual Studic Y &7 | Quick Launch (Ctrl+Q) Pl = O x
File Edit View Project Build Debug Team Tools Test Analyze Window Help Konovalenko lhor ~ m
S@-0 | @-2 W -0 -] Debug - AnyCPU | b start - | g _E | | | EH:

Toolbox > 1 x Solution Explorer
4l Scarch Toolbox ye - G§| TS5 ¢ & r@| o p o

4 All Windows Forms - Search Solution Explorer (Ctrl+;)

) ] Solution 'StudicWindowsFormsApplication' (1 project) -

P BackgroundWorker g 4 [ StudioWindowsFormsApplication
BindingNavigator - e b S Properties
BindingSource [ =B References
Button ¢ App.config
CheckBox 4 [E] Formles
b 7Y Forml.Designer.cs
Y Formi.resx
ColorDialog b s Form1
ComboBox [P c# Program.cs

ContextMenustrp

Eatajrid\u‘iew button1 System.Windows.Forms.Button -
ataset =
DateTimePicker =§f gl’ |+3 ; |
MinimumSize o0

Modifiers Private
Padding 0000

RightToleft Mo
ErrorProvider Size 75:23
Eventlog Tablndex 0
FileSysternWatcher - -

CheckedListBox

DirectoryEntry
DirectorySearcher

DomainUpDown

Text
The text associated with the control.

i
[
e
=
i
w
&
P
[
X
i
by

FlowLayoutPanel

FolderBrowserDialog

[t T

Error List

Ready

Puc. 10.5. ITanens Toolbox y Visual Studio (3:1iBa), koHCTpYKTOp POopM
(mocepeauHi), BikHO Properties (cpasa 3HH3Y)

Ha ¢popmy mMoxHa momicTuTH 0araTo pi3HUX €JIEMEHTIB KepyBaHHs. KoxkeH 3
HUX, 3QJIEKHO BIJ TUIy, Ma€ CBii HaOip BiactuBocTei. Lli BIacTUBOCTI MOXHa
nepersaIaTd y BikHI Properties, sike 3a 3aMOBUyBaHHSIM 3HAXOJUTHCS CIpaBa 3HHU3Y
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(puc. 10.5). Bikxo Properties BimoOpaxye mepemiK BJIACTUBOCTEH IOTOYHOIO
BUOpaHoro y pauzaiiHepi kommnoHeHTa. [1[06 3amatm 3Ha4YeHHS BIACTHUBOCTI, CIiJ
BUOpaTH KOMIIOHEHT, 3HAWUTH MOTPiOHY BJIACTHBICTH 1 BBECTH YM BUOpATH IS HEl
noTpiOHE 3HAYCHHS. 3ayBa)XUMO, 1110 3HAYECHHS BJIACTHUBOCTSIM KOMIIOHEHTIB MO>KHA
3a/laBaTi K y MPOIECI BI3yaJlbHOTO TPOEKTYBaHHS y au3aiiHepi dopm, Tak i
IPOTPaMHO — TIiJ] YaC BUKOHAHHSI.

Kpim BracTHBOCTEH, KOKEH KOMIIOHCHT Ma€ TaK0X MHOXKHHY CITiBCTaBJICHHUX 3
HUM moziit. IX MoxHa HpornsHyTH, HaTMCHYBLIM y Bikni Properties xnomnky Events
(momii). IloBepHYTHCH 10 TEpETIsAy BIACTUBOCTEH MOJYKHA 32 JOIIOMOTOK) CYCiTHBOT
kHonku Properties. 11{o6 3agatk 1 KOMIIOHEHTa OOpOOJOBaY IOJii, MOTPIOHO
BUOpaTH KOMITOHEHT y JAM3aiHepi, 1 y BikHi Properties narucuytu kHonky Events. Jlami
ciig BUOpaTH 31 cmmcky moTpiOHy moxito (Hampukiazn, Click), i mBiui kiamHyTH
MHUIIKOI y ToJti micyisg Ha3Bu moxii. Cepenosumie Visual Studio y pemaktopi Koy
CTBOPUTH MOTPIOHUN METOJ — 00p0OIIIOBaY MOI1.

TlictuHr 10.8. ABTOMATUYHO 3reHepoBaHUM KOA A1 ONUCY KHOMKK

1 | private System.Windows.Forms.Button buttonl;

2

3] ...

4

5| private void InitializeComponent()

61{

7 this.buttonl = new System.Windows.Forms.Button();

8 A

9 //

10 // buttonl

11 //

12 this.buttonl.Location = new System.Drawing.Point(169, 28);
13 this.buttonl._Name = "buttonl";

14 this.buttonl.Size = new System.Drawing.Size(75, 23);
15 this.buttonl.Tablndex = O;

16 this.buttonl.Text = "buttonl';

17 this.buttonl._UseVisualStyleBackColor = true;

18 this.buttonl.Click +=

19 new System.EventHandler(this.buttonl Click);
20 -
21 this.Controls.Add(this.buttonl);
22 [}

[lin yac Bi3yanbHOro MpOEKTyBaHHS ¢GopMuU B omuc ii Kiacy y Qaiti
Forml.Designer.cs (moyaTok Ha3BM MOXKE OyTH IHIIWH) aBTOMATUYHO J[0JIA€THCS
BiAMOBIAHUM Ko, Hanpukian, akiio Ha popMy MOCTaBUTH KOMIIOHEHT KHOMKH Button
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Ta CTBOPHTH JIJIsl HbOT0o 00pobioBay mozii Click, cuctema monacts y kitac ¢popmu mose
s KHOmkKM Ta B Meromi InitializeComponent 3renepye BimmoBimHmii Ko Y
aictuary 10.8 mpuBeneHo gparmeHT koxy 3 daitmy Forml.Designer.cs, aBTomaTnaHO
3reHepOBaHUM MiCIs PO3MIIIEHHS Ha POpPMi KHOTIKH.

B psinky 1 oromomeno mone buttonl Tumy System.Windows.Forms.Button. HazBy
(buttonl) moxkHa 3miHUTH 3a gomomMororo BikHa Properties. Kmac Button 3 mpoctopy
imen System.Windows.Forms moka3ye, mo e kHomka. Ex3zemrmuisip kmacy Button
cTBoproeThcsi B Mertomi InitializeComponent (psimox 7), 1 MOCWIaHHS Ha HBOTO
30epiraeTbest mosiem buttonl. B psakax 12...19 HamamToBYIOThCS BIACTHBOCTI
elleMeHTa KepyBaHHS. SIkmio iX 3HaYeHHs 3MiHIOBaTH y BikHI Properties,
3MIHIOBaTUMETHCS 1 TpuBeACHWN omuc. [HCTpykmis y psakax 18...19 momae s
kHONKK 00pooOioBau moxii Click. 3 xoxy BumHo, 1m0 HuUM Oyae metox buttonl Click
poro x kiacy. Y psaky 21 kHomka buttonl momaerbcs y KOJCKIIO €IEMEHTIB
kepyBaHHs popmu Controls, o 3a6e3neunTs ii BimoOpakeHHs y miid Gopmi.

Takum ywmHOM, Oaummo, 1o cepenosumie Visual Studio aBromarm3oBaHO
TeHEPYE KO TOTO X BHIY, SIKHHA OYyJI0 PO3TJITHYTO ITiJT 9ac MPOTPAMHOTO CTBOPCHHS
€JIEMEHTIB KepyBaHHS.

EnemeHTH KepyBaHHS

B 3aranbHOMY BUIAIKY, €IEMEHT KEPYBaHHS MOXKHA BU3HAYUTH SIK Bi3yaJbHUMN
00'eKT BiKHA, MPU3HAYEHUI AJIs BBOAY YW BUBOAY iH(popmarii. 3a3BHuail e1eMeHTH
KepyBaHHS 3aliMalOTh MPSIMOKYTHY OOJacTh €KpaHy (Xo4a MOXYyTb OyTH
HETMPSMOKYTHUMHU 200 HaBITh MPUXOBAHUMH) 1 BUKOHYIOTh KOMaH]IH, 110 HAJAXOJATH 3
KJIaBlaTypu a0o0 Muilli. EleMeHTHn kepyBaHHs y au3aiiHepi popM Ha3MBaIOTh TaKOXK
KOMNOHEHMAaMU.

bazoBum kiacoMm Ui eleMEHTIB KepyBaHHs € kiac Control. Bin migTpumye
MHOXXHHY TIOAIM 171 BBEICHHS MaHWX. J[0 HUX HanexarTh, HANPUKIAT, TMOIIi
knasiatypu KeyDown, KeyUp, KeyPress ta mumi — MouseDown, MouseUp, MouseMove.
Kpim 1iboro, enemMeHTy KepyBaHHS MOBUHHI "MpoMaiboByBaTH'" cebe Ha eKpaHi — JJIs
I[bOT'O CJTY>KUTH Moist Paint.

EnemenTn xepyBaHHS MepeTBOPIOIOTH 1H(OpMAITito TIpo omnepariii KopucTtyBada
B TIPOCTI MOIT 1 CITy’KaTh piBHEM abCTparyBaHHsS MiK KOPUCTYBa4eM Ta 3aCTOCYHKOM.
Hanpuxman, ans TumoBoi poOoTu enementa Button moctaTHbo 3agaTv TEKCT IS
KHOMKH 1 00pooHuK moxii Click.

OpxHa 3 roJloBHUX BiacTuBOCTel Kiracy Control — Parent. Bona Bka3ye Ha iHIIHNH,
0aTbKIBCHKHU JJI AaHOTO, 00'ekT THITy COntrol. ¥ mporeci BUKOHaHHS MPOTrpaMH Ha
IUCTIUIET  BiOOpaXaroThCS JIMIE €JIEMEHTH KEpPyBaHHA 3 KOPEKTHO 3aJaHOI0
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BinactuBicTio Parent. IlonoxeHHs enemMeHTa 3aBXIM 33Ja€TbCSl  BIJHOCHO
OaThKIBCHKOTO €JIEMEHTa KepyBaHHA. BiloOpaXyeTbcsi KOMIIOHEHT TaKOX Ha
MOBEPXHI 0ATbKIBCHKOTO.

Kitac FOrm € BUHATKOM 3 IIbOr0 IpaBuiia. 3JHAYEHHS BIACTUBOCTI Parent o0'exra
tuy Form 3a3Buuaii nopiBHioe Null, To6To GaThkiBCBKMM BiKHOM ISl (OPMH €
poOounii ctist. OgHak 00'ekT FOrM, y sikoro 3HaueHHs BIacTUBOCTI TopLevel mopiBHiOE
false (ToO6To GaThKiBCHKMM i OPMU € HE poOOUMiA CTLT), MOXKE OyTH HAIAIKOM
Oyab-SIKOTO IHIIOTO €JeMEHTa KepyBaHHsS. Taka METOINKa BUKOPHUCTOBYETHCS B
3aCTOCYHKax 3 OararomokymeHTHuUM iHTepdericom (Multiple Document Interface,
MDI).

[Ipuznaunt  Qopmy '"mpeakom" eneMeHTa KepyBaHHS MOXHA JBOMa
criocobamu:

» 3ajartu y BIACTUBOCTI Parent eeMeHTa KepyBaHHs MOCUJIaHHS Ha (OpMy.

» Jlomatu eneMeHT kepyBaHHs y KoJiekiiro Controls ¢popmu 3a momomorotro ii

meToxy Add.

1106 BumanmuTy e1eMeHT KepyBaHHS 3 (HOpPMHU, CITiJT BUKOHATH MPOTHIICIKHI il

» [IpucBoitu BnactuBocTi Parent 3auenns null.

» Bupamutu enemenT kepyBanHs 3 kojekiii Controls dopmu 3a momomororo ii

Metoy Remove.

Kounekmis Controls mictute Bci enemeHTH KepyBaHHs (opmu. [lepeOpapiu

€JIEMEHTH KOJIEKIII1 B IIUKJI1, MO’KHA OTPUMATH JIOCTYM JI0 BCIX €JIEMEHTIB KEpyBaHHSI:

foreach (Control Ctrl in Controls)

B poni 6atbKiBChbKOTO 00'€KTa IS €JIEMEHTIB KepyBaHHs, KpiM o0'ekta Form,
MOJKYTh BUCTYIIATH TaKOX 1HII eJIeMeHTH, HaiuacTimre — Panel Ta GroupBox

3a 3aMOBUYYBaHHSIM BCl €JIEMEHTH KEpyBaHHS BHUIUMI 1 JOCTYIHI. SIKIO
BiactuBocTi Visible mprucBoiTH 3HadeHHs false, eneMeHT kepyBaHHS 3HUKHE 3 IOBEPXHI
0aTbKIBCHKOTO KOMIOHEHTA. BiH 1 gam Oyne 3anumatuca y 0aTbKIBCbKOMY HaOopi
€JIEMEHTIB KEPYBaHHs, ajie Y BIKHI HE BiloOpakaTuMeThCs. Bei Hallaaku HEBUIMMOTO
eJIeMeHTa KePyBaHHS TaKO>K HEBUIUMI.

Ane wuacrtime 3MiHIOIOTH BiacTuBicTh Enabled. EjemeHT 3 BmacTUBICTIO
Enabled = false BimoOpaxkaeTbcss Ha ekpaHi, aje BHUIVIAIAE 3HEOApPBICHHM, a00
BUMKHEHUM. Takuii €JIeMEHT KepyBaHHS HE OTpUMYye (DOKYC BBEACHHS 1 HE pearye Ha
KOMaH/I1 KJIaBiaTypu ad0 MUIIII.

KoxeH eneMeHT KepyBaHHs Ma€ po3Mip Ta MOJIOKEHHS, SKe 3a/1al0Th BiJITHOCHO
JIBOTO BEPXHBOTO KyTa MOro OaThbKiBCHKOTO KOMITOHEHTa. [loyokeHHs 3a1aioTh y
HiKCeJIIX 3a JOIIOMOI00 BIacTUBOCTI Location Tumy Point, sskuii Mae aBi BIIaCTUBOCTI: X
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(BLACTYI B[ JIIBOrO Kparo 0aThbKIBCHKOIO KOMIOHEHTa) Ta Y (BIACTYM BiJl BEPXHBOIO
Kpaio). Po3mip 3agaroTh uepe3 BIacTUBICTH Size — 00'ext Size 3 BmactuBocTsamu Width
(mmapuHa) Ta Height (Bucora).

Tekcr 1t eneMeHTa KepyBaHH 33/1a€ BIIACTUBICTH [eXt.

Posrnsaemo HaWBXKHMBaHINII  €IEMEHTH KEpyBaHHsS JCIIO JICTAJIbHIIIE.
3ayBaXUMO, 1110 HUKYE MPUBENICHO JIUIIE JEsKl TOJIOBHI XapaKTEPUCTUKHU E€JIEMEHTIB
KepyBaHHs. 3a IX MOBHUM OomMcOM ciiif 3Beprarucs 10 MSDN.

Knonka; Button

[ToBeninky oOmHOTO 3 HAWBKMBAHINIUX EJIEMEHTIB KEPyBaHHA — KHOIKH —
1HKarncymoe kinac Button. KHonku BUKOPHCTOBYIOTH IS 1HII[IFOBAaHHSI KOPUCTYBaueM
skoick naii. Ha kHomil, sIK mpaBWiIo, MPUCYTHIN TEKCT, ajie BOHU MOXYTbh MICTHTH
300pa)KeHHs, 3 TEKCTOM a00 0e3 Hboro. s 3amanHs 300pakeHH BUKOPUCTOBYIOTh
BJIaCTUBICTH IMage. SIK1o KHOIKa MOBHHHA B10OpaKyBaTH 1 TEKCT, 1 300pakeHHSs, TO
CJIiJ] 3a/1aTH TX B3a€MHE PO3MIIIICHHS BiacTuBicTIO TextimageRelation.

3a1aTH MOJIOKESHHSI Ta PO3Mip KoMIoHeHTa buttonl moskHa Tak:

buttonl.Location = new Point(100, 50);
buttonl.Size = new Size(90, 30);

Po3mip Takox MOXxHa 3a1aT 0€3 CTBOpeHHs 00'ekTa Size:

buttonl.Width = 90;
buttonl._Height = 30;

Texcr, sikuii Bi10Opa)Ky€eThCsl y KHOMII, 3a7at0Th BiaacTuBicTio Text. [Ipu upomy
BiaacTuBicTh FOnt 3amae mpudrt, SKUM BHBOIUTHMETHCS TekcT, a BackColor ta
ForeColor — xomsopu ¢oHy Ta Hamucy. Hwkde mpuBeneHO NMPHKIIA) HAJIAIITYBAHHS
BUJTy KHOTIKH:
buttonl.Text = "Knxonka';
buttonl.Location = new Point(60, 50);
buttonl.Size = new Size(170, 55);

buttonl.ForeColor = Color.DarkSlateBlue;
buttonl.Font = new Font(*'Times New Roman®, 24, FontStyle.ltalic);

Ha puc. 10.6 npuBeaeHo BUTIISA BIKHA 3 TAKOIO KHOIKOIO.

[pyna enemeHTiB kepyBaHHs: GroupBox

['pyma enemeHTIB KepyBaHHs MpeAcTaBlieHa KOMIIOHEHTOM kiacy GroupBox.
['pyna no nepumMeTrpy BUJLIEHA JIHIEIO 1 BTOP1 MICTUTh TEKCT, 3aJJaHUN BIACTHBICTIO
Text. Pamka rpynu TemHima Bif Koibopy (oHy. KOMIOHEHT BUKOPHUCTOBYIOTH IS
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Bi3yaJIbHOTO OO0'€/THAHHS JIOTIYHO TMOB'SI3aHUX MIDXK COOOI0 €JIEMEHTIB KEpyBaHHS.
[Tpukian rpynu nokaszano Ha puc. 10.7.

a5 Form1 — O x a5 Forml — O x
[pyna enemeHTiE KEpYBEaHHA
Knonka
Puc. 10.6. Knonka — 00'exT kiacy Puc. 10.7. I'pyna eneMeHTIB KepyBaHHS —
Button o0'exT kiacy GroupBox
Mitka: Label

Mitka Label — 1ie enemeHT kepyBaHHS, SIKHii BiZJoOpa)kae HepeaaroBaHui TEKCT.
Cam TekcT 3a/aloTh y BiacTHBOCTI Text. Xoda miTka MOXke BijoOpa)kaTh TEKCT B
JEeKIIbKOX psiIkaX, BOHA HE BUBOAUTH CMYT MPOKPYTKH, SKIIO TEKCT HE BMILY€TbCS B
eJIEMEHTI KepyBaHHH.

SIk mpaBHUIIO, MITKM BUKOPUCTOBYIOTH JIJISl PO3TAllyBaHHA y BIKHI HE3MIHHOTO
TEKCTy, IO MOSICHIOE MPU3HAYEHHS IHIIUX EJIEMEHTIB KepyBaHHA. Burisg miTku
BuHO 3 puc. 10.8.

a5l Form1 — O > a5l Formi — O >

MNepwa mitka

Ip ; Mitka = nocunanHam. KnauHite crogn!
yra Mitka

Puc. 10.8. Mitku — 00'extu kiaacy Label  Puc. 10.9. Mitka-nocunanus — 00'€KT
kiacy LinkLabel

MiTka-nocunaxHs: LinkLabel

Lle#i enemeHT KepyBaHHS BifoOpakae BHIIICHHH TEKCTOBHH pPAIOK, 100
NIOKa3aTH, 10 KJIAI[AHHS MUIIKOIO TI0 HhOMY BHUKIIUKAE SIKYCh JIiF0 (HAIPUKIIa] 3aImyCcK
nporpamu a6o Bigkputtss Web-ctopinku). Kinananus Ha nocunanns LinkLabel inimiroe
nozito LinkClicked. Burmsig mitku Buaso 3 puc. 10.9.
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[‘pacbiuHmin Brok: PictureBox

Enement kepyBanHs PictureBox ciry>xuth asist po3MilieHHs y BiKHI 300paXeHHH,
siKe Moke OyTH pacTpoBuM (y popmati bmp, jpg, png um gif) abo BexropauM (hopmary
wmf). 3o0pakeHHs 3amaeTbes BiacTuBicTiO Image. Bmactusicts SizeMode kiacy
PictureBox perytoe maciiTabyBaHHs 300paKeHHsI B MEKaxX OaTbKIBCHKOTO €IEMEHTY
KepyBaHHs. BoHa Mo)ke mpuiiMaTu Taki 3HAYCHHS:

» Normal — 300pakeHHsI PO3MIIYEThCSI TOYMHAIOYHU 3 BEPXHBOTO JIIBOTO KyTa
rpadgiuyHoro 0J0Ky. Moke HE BMICTUTHUCS B MeXax IOTOYHHMX PO3MIPiB
€JIEMEHTa KepyBaHHS.

» Centerlmage — 300paskeHHS pO3MIIIYETHCS 110 [IEHTPY €JIeMEHTa KepyBaHHS.
Tako MOKe HE BMICTUTHUCS B MEXaX MOTOYHUX PO3MIpIB.

» AutoSize — rpadiunmii OIOK MiAraHSAETHCS MiJ po3Mip 300pakeHHs. SIKIo
300pakeHHsI BEJIMKE, BOHO Pa3oM 3 TpadiuHUM OJIOKOM MOKE HE BMICTUTHUCS
y BIKHI.

» Stretchimage — 300pakeHHs iATaHAETHCS i pO3Mip elleMeHTa KepyBaHHs (i
MOE CHOTBOPIOBATHCS, SIKIO CHIBBIJHOIICHHS CTOPIH KOMIIOHEHTa HE
CIIBIIAJA€ 31 CIIBBIAHOIICHHSIM CTOPIH CAMOT0 300paKEeHHS).

» Z00Mm — 300pakeHHS MacIITa0yeThCs 0€3 CIOTBOPEHBD.

Enementu xepyBanHs PictureBox 4acto BUKOPUCTOBYIOTH Ui HAJaHHS BIKHY

nporpamu npuBadnusimoro Burisiay. [pukian 300pakeHHs, BUBEACHOIO y BIKHO 32
JOTIOMOT'O10 1IbOT'O KOMIIOHEHTAa, puBeAeHo Ha puc. 10.10.

o5 Form1 — O = a5 Form1 — O =

Puc. 10.10. I'padiunuii 610k — 06'ekt  Puc. 10.11. Inaukarop nporuecy — 00'ekT
kiacy PictureBox KJiacy ProgressBar
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IHOvkaTop npouecy: ProgressBar

Ile#i enmeMeHT KepyBaHHS BUKOPHCTOBYIOTH JJIA 1HAMKAIlI mepediry sKoroch
JIOCTaTHBO TpUBaJIOro npoiecy. OCHOBHI BIacTUBOCTI ProgressBar — 1ie mimouncenbH1
BiactuBocti Minimum, Maximum i Value. ITo mipi BUKOHaHHSI MPOLECY BIACTUBOCTI
Value mprcBoO0Th 3pOcTaoyi 3Ha4eHH B aiana3zoHi Big Minimum go Maximum.

BrnactuBicTe Style 3amae cTwib eleMeHTa KEpyBaHHS 1 MOXe MPHAMATH
3HadyeHHs: Blocks (3a 3amoBuyBanHsaM), Continuous abo Marquee. Ilpu BuGopi Marquee
BiIOOpaka€eThCsl HE CTyMNiHb BUKOHAaHHS, a aHimails, xig mnpomecy. lle
BUKOPUCTOBYIOTh, KOJIM TMiJ 4Yac BUKOHAHHS BH3HAYUTH CTYMiHb BUKOHAHHS
HEMOJKJIMBO, aJie MOTPIOHO ToKa3aTH, o nporpama npamroe. Ha puc. 10.11 mokazano
3arajibHUi BUIJIS] eJIeMeHTa KepyBaHHs ProgressBar.

[Mpanopeub: CheckBox

3a3Buuaii eixemMeHT kepyBaHHS CheckBOX Burisigae sk HEBEIWMKHIA KBaJpaTHK
371iBa BIJl TEKCTY, B SKOMY MOXXHA CTaBUTH Mapkep — '"ramouky". OnHaK SKIIO
BJacTHBOCTI Appearance 3agaTu 3HaueHHs Button (3a 3amoBuyBanusM — Normal),
CJIEMEHT KepyBaHHS OyJle CXOKHIl Ha KHOIIKY, sKa TpUHAMAaTUME JBa TOJIOKEHHS:
"HaTtrcHeHo'" Ta "BIATHCHEHO" .

Jloriuna BimactuBicth Checked Bka3dye moTouHMI CTaH mTpamopus —
"BcranoBienuit” (true) ado "ckunyrtuit" (false). IToxis CheckedChanged indopmye mpo
3MiHY CTaHy NIepeMHKaya.

IHomi He MOCTaTHRO TIIBKK JBOX CTAaHIB IIPAmopIsl — BCTAHOBIICHUN abo
ckuHyTHiA. JIJI1 BHUKOPUCTaHHS TPETHOTO CTaHy NOTPiOHO BiacTmBOcTi ThreeState
JIOTIYHOTO THWITy TPUCBOITH 3HaueHHs true. [lami 3amicte BiactuBocti Checked
notpiono BukopucroByBatu CheckState. Ile 3mauenust 3 mepemiky CheckState, mio
ckinagaerbes 3 enemenTiB Unchecked, Checked i Indeterminate, Kpim 1poro, 3amicthb
nozii CheckedChange, BuxopucrtoByroth nmoairo CheckStateChanged.

o5 Form1 - O > g5 Form1 - O *
Ipyna nepenmkadie RadioButton

Buginerii (oea ctaHm) (@) TMepwwi nepemiKay

_ () Opyriid nepemikay
[®] Heswzrauermi cTan (Tpu cTaHu)

() TpeTii nepemiicay

Puc. 10.12. IIpamopens — o0'ekT kmacy  Pmc. 10.13. Ilepemukau — 00'eKT KiIacy
CheckBox RadioButton
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Ha pwuc. 10.12 mnokazano o6umBa Buaum kommoneHta CheckBox. 3Bepxy
PO3MIIIICHO TMparopellb, SKUW MOXe IpuAMaTh JiBa CTaHU. BiH BUIUICHUN
(BnactuBicth Checked = true). 3Hu3y po3TaimioBaHo Mpamnoperlb, 0 MOXKE MPUAMATH
TpHU CTaHU (Ha pUCYHKY Horo BiactuBicTh CheckState = Indeterminate).

[Nepemukay: RadioButton

Lleii eneMeHT KepyBaHHs 3a3BMYaii MICTUTh PO3TAILIOBAHUW 3J11BA BiJl TEKCTY
KpYyXeuok, skuii MoxkHa Biamivatu. Sk 1 mis CheckBox, y wmacy RadioButton e
BJIacTUBICTHL Appearance, skiii MoKHa 3aJaTH 3HadYeHHs Button — Tomi ememeHT
KepyBaHHs BHUIIIAIAE K KHonKa. BractuBicte Checked moriunoro Tumy mokasye, un
nepemukad BigmideHo. [1pu #ioro 3mini Bunukae nogist CheckedChanged.

3a3Buuail Kijbka eJeMeHTiB kepyBanHs RadioButton po3TamioByoTh Ha OJJTHOMY
0aThKIBCLKOMY €JIEMEHTI (HaigacTtime HUM BHCTymae koMrmoHeHT GroupBox). Tomi
CTaHJAapTHAa TMOBEAIHKA TPYNH NEpPEeMHUKayiB Taka: MpU BUIAUIEHHI OJHOrO 3
nepeMHuKayiB BCl 1HII MEepeMUKayl Ipynu CTalOTh HEBUIIJIEHUMHU. TaKMM YUHOM, B
KO’)KEH MOMEHT 4Yacy cepejl TPYNH € TiIbKW OJWH BHIIJICHUH €IEeMEHT KepyBaHHS
RadioButton. Came Takuit Bunanok inroctpye puc. 10.13. Ha rpymi enemeHTiB (sSKy
npecTarisie kommoneHT GroupBox) po3ramroBano Tpu enemeHTH RadioButton.

[MoB3yHok TrackBar

[leit enemeHT KepyBaHHSI BUIJIAJIa€ AK IIKajla 3 NOAUIKAMHU. BracTuBiCTh
TickStyle Bu3Hawyae cTwIb TOMIIOK, 1 MoXke mpuiimMaTk 3HadeHHs: None, Topleft,
BottomRight 1 Both. Kiac TrackBar mae mimi BmactuBocti: Minimum, Maximum,
SmallChange, LargeChange i Value (moroune 3HadenHs). Minimum i Maximum
BH3HAYAIOTh Jiana3oH 3HaueHb Value.

[ToB3yHOK MOXE€ TpUHMATH TOPU3OHTAJIbHE Ta BEPTHUKAJIbHE ITOJOKCHHS.
[Tonoxxennst 3amaroTh BiactusicTio Orientation, ska MoKe MaTH JBa 3HAYEHHS:
Horizontal Ta Vertical.

o5 Form1 — O > a5 Form1 — O >

..... . Arnitcs Terket]

Earatoprokoewit TewkoT 1
BaraTtopaokoemi TekcT 2
BaraTopRokoswit TekcT 3

Puc. 10.14. [ToB3yHOK — 00'eKT Ki1acy Puc. 10.15. TexcToBuii 610k — 00'€KT
TrackBar kiacy TextBox
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HOBBYHKI/I qacTo BI/IKOPI/ICTOBy}OTB JJIsL BI/I60py 3HAUCHHA 3 )Z[I/ICerTHOFO
niama3ony. Ha puc. 10.14 moka3aHo BUTJIS TOPU30HTAIBHOTO €JIEMEHTa KepyBaHHS
TrackBar.

TekcToBun Onok: TextBox

TexcroBuii Onokx TextBoX cnmyxuTh mjii BBOAY Ta peJaryBaHHS TEKCTY.
HaiiBaxknuBiiia BIacTHUBICTh, IKa JO3BOJISIE BBOJHWTH Ta 3MIHIOBATH TEKCT — 1ext. Bona
MICTUTh TEKCT, IO BIIOOPAKAETHCS B €JIEMEHTI KEpyBaHHS.

Bnactusicte Multiline Bu3Hauae, 4m MOXKe €IEMEHT KEpyBaHHS MICTHUTH
0araTopsIKOBHI TEKCT. 3a 3aMOBYYBaHHSM BOHa JopiBHIOE false, 1 TekcT BBOAATH
ovime B oauH  psamok. Skmo 3amatm Multiline = true, To KkOMIOHEHT cTa€e
OaraTopsiIKOBUM.

Enement kepyBanHsi TeXtBOX BUKOPUCTOBYIOTH 1 JUIsl BBOY HapOJIs — TOJI CI1JT
3ajgaTu BaacTuBicTh PasswordChar cumBossHOro THIy. HaituacTiiie BKa3yroTh CHMBOJI
"#" Tonal mpu BBEAEHHI B KOMIIOHEHT TEKCTY BIJIOOpa)KyBaTUMYThCS HE BBEICHI
CHUMBOJIH, a 3aaaHi BiaactusicTio PasswordChar.

Ha puc. 10.15 mnokazano 1Bi d¢opmu enemeHTa KepyBaHHS [extBox —
OJTHOPSAKOBUM Ta 6araTOpsIKOBHIA.

TekcToBuM 6ok 3 hopmatyBaHHsIM: RichTextBox

Enement kepyBanus RichTextBox mictuts Tekct y popmari RTF (Microsoft Rich
Text Format). 3a 3aMoBYyBaHHSM, IIeii KOMIIOHCHT OaraTopsakoBui. SIkmo oOcsr
TEKCTY B KOMIIOHEHTI 3HaYHMIA, BiacTuBicTIO SCrollBars 3amaroTh BiioOpaskeHHS MOJI0C
IPOKPYTKH.

KoMmnoHeHT 103BoJIsi€ IPOrpaMHO MPOBOIUTH (OpMaTYBAHHS TEKCTY, 3a4al04U
mpudt, Horo po3mip, Kodip, Tam tommo. Ha puc. 10.16. mokazaHno eneMeHT KepyBaHHS
RichTextBox 3 BBeieHHM y HHOTO MaCUBOM TEKCTY.

a5 Form1 — O * a5 Form1 — O *
B sarancHoMy BMNamMy, ENEMEHT KEDYBEHHA & EnemenT 1 A
MOSKHE BUEHEYMTW AK BiZYansHWA of ek T BikHa, Enement 2
MpvisHaseHil ANA BBOAY 4 BBOLY HBOpMLS
JazEMual ENeMEHTH KEPYEEHHA SaRManTE EnemenT 4
npAMoKyTHY 0fnacTs expaHy (oya MoxyTs Enement 5
YT HENPAMOKY THUMIK 380 HaBITE EnemenT 6
NPVOBEHKMMI) | BMKOHYIDTE KOMEHIW, Wo v Enement 7 e
Puc. 10.16. TexcToBuii 6710k 3 Puc. 10.17. Ciucok — 00'eKT Kjacy
dopmaryBanHsM — 00'exT RichTextBox ListBox
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Cnucok: ListBox

Enement xepyBanus Buay "crucok" (fioro npescrasisie kiaac ListBox) mictuth
nepenik 00'extiB. KopuctyBau moxke BUOpaTH oJuH (200 KijbKa) IMYHKTIB CIIHCKY,
BUKOPUCTOBYIOUM KJaBiarypy a0o wMumy. BubOpani o00'€eKTH BUIUISIOTHCS.
BinoOpaxxyBaHi eleMEHTH CIUCKY 3aJal0Th BJIACTUBICTIO ItemS. SIKIo BIacTUBOCTI
Sorted snoriuHOrOo THITy 3aJaTH 3HAYCHHS {rUE, C€JIEMEHTH CIIUCKY aBTOMATHYHO
COPTYBaTUMYThCA 32 3pOCTAHHSIM.

BrnactuBocti SelectedIndex Ta Selectedltem mMicTsTh iHIEKC BUALICHOTO €JIEMEHTA
Ta caM BUIUICHUH €JIEMEHT CIUCKY. SKIIO y CIUCKY HE BUJLJICHO OJHOTO €JIEMEHTA,
Selectedindex mpuiimMae 3HaueHHs -1, a Selectedltem — 3nagenns null.

3araJlbHAI BHIJISIT TUIIOBOTO eJeMeHTa KepyBaHHs ListBoX moka3aHo Ha
puc. 10.17.

Cnucok 3 npanopusmu: CheckListBox

[Tpu HeoOXimHOCTI BUOOPY KUIBKOX €JIEMEHTIB CIHUCKY 3amicTh LIStBOX kparte
BUKOPHCTOBYBaTH elieMeHT KepyBanHs CheckedListBox. Y mpomy 31iBa Bijg KOXKHOTO
MYHKTY PO3TAIlIOBaHI MPanopili 3 MOXJIMBICTIO BiAMIdyBaHHS Mapkepamu. Crocoou
B3a€EMOJIII 3 UM KOMITOHEHTOM 3a JIOMOMOTOI0 KJIaBlaTypw 1 MHUII MPOCTIMI 1
3pO3YMUTIII Ui KOPUCTyBada, HDK Y CIHCKAX 3 MOMJIHUBICTIO BHOOPY KUIBKOX
€JIEMEHTIB.

BaactuBocti tinbku s yuta"Huas Checkedindices ta Checkedltems waparots
Ha0OpH IIJIOYUCETBHUX 1HIEKCIB 200 00'€KTH, BUOPaHi B TAaHUI MOMEHT.

Burnsag enemenra kepyBanus CheckListBox suano 3 puc. 10.18.

o5 Form1 - O * a5 Form1 - O *
[] Enement 1 -
[] Enement 2 EnemenT 3 P
[] Enement 4
Enement 5
[] Enement & w
Puc. 10.18. Cnicok 3 nmpanopisgmu — Puc. 10.19. KomOGiHOBaHUIA CTHMCOK —
00'exT kiacy CheckListBox 00'exT kiacy ComboBox

KombiHoBaHui cnuncok: ComboBox

Kommonenr ComboBox € komOiHami€ero crnmcky Ta TEKCTOBOTO Oyioky. B
HOPMAJIbHOMY CTaHI B1JIOOPa)Kye€ThCsl TUIBKM TEKCTOBE BIKHO 31 CTPUIKOIO '"BHH3"
npaBopyy Bif Hboro. Ilpu kimanaHHi 1i€i CTPUIKM PO3KPUBAETHCS CIHCOK, 3 SKOTO
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MOKHA BHOpaTH enemeHT. Bmactusicte DropDownStyle 3amae ctuib crmcky 1 Moxke
MaTH TaKi 3HAYCHHS:
» Simple — TekcT MOXHA pearyBaTH, CIIMCOK MOCTIHHO BIKPUTHHA.
» DropDown — TekcT MoOXHa penaryBaTH, CIHCOK pO3TOpPTA€EThCS IpHU
HATHUCKaHHI Ha CTPUIKY.
» DropDownList — TekCcT He MOXXHa pelaryBaTH, CIIMCOK PO3rOPTAETHCS IPHU
HAaTUCKaHHI Ha CTPLIKY.
BrnactuBocrti SelectedIndex Ta Selectedltem micTsaTh iHIEKC BUAICHOTO €JIEMEHTA
Ta caM BUJIJICHUH €JIEeMEHT CITUCKY.
Ha puc. 10.19 mokazano Burisa eiaemMeHta kepyBanHs ComboBox B crwmi
DropDownlList.

[onoBsHe mMeHto: MenuStrip

Kitac MenuStrip n1o3Bouisie CTBOPUTH MEHIO, SIKE MTPUB'SI3aHE JI0 BEPXHBOI'O KPAIO
BikHa. KoOXX€H eneMeHT MEHI0 MOXE€ MaTH PI3HUA BHUJ 1 ONUCYETHCS KJIACOM
ToolStripMenultem. I'o1oBHa moist KoKHOTO eneMmenTa MeHro — Click.

SIk mpaBuUIIO, KOXKEH €JEMEHT MEHI0O MO3HAuyaloTh KOPOTKUM TEKCTOM, SKHUH
OMHCYE CYTh OIepallii, 0 BUKOHYBAaTUMETHCS TIPU BUOOP1 1IbOTO enemMeHTa. Koxxen
CJIEMEHT MOXE€ MaTH CBOE TMiJAMEHIO, IO PO3TOPTAEThCS TPU AKTHUBYBaHHI
0aTbKIBCBKOTO eneMeHTta. Jljis TrpymyBaHHS KOMAaHJ 4YacTO BHKOPHUCTOBYIOTH
pO3AUTIOBaYl — TOPU3OHTANIbHI JIIHII, SIKI J03BOJISAIOTH BIJOKPEMUTH PI3HI TPYyNH
KOMaH/J B MeXax MeHI0. MEHI0 BHKOPHUCTOBYIOTH ISl TOOYIOBH PO3TaTyKEHHX
lepapXi1YHUX HAOOPiB KOMaH/I MPOrpamMHu.

EnemMeHTH MEHIO MIiCTATBCS Y BIACTHUBOCTI ItemS exemenTa kepyBanHs MenusStrip.
Ane y Microsoft Visual Studio naiiwacrinie MeHIO TPOEKTYIOTh 3a JIOTIOMOTOIO
BI3yaJIbHOTO JM3aiiHepa, AKUM 3'SBISETbCA MPU PO3MIIIEHHI Ha (opMmi LBOTO

KOMIIOHECHTA.
o5 Form1 - O > a5l Form1 - O >

Komanga 1 Komanga 2 Komanga 1

Komanaga 2.1 Komanga 2

Komanga 2.2 Komanga 3

Komanga 4

Puc. 10.20. 'onoBHe MeHIO — 00'€KT Puc. 10.21. KonTekcTHe MEHIO — 00'€KT
kiaacy MenuStrip kiaacy ContextMenuStrip
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KoxxeH eneMeHT MOYKHA HaJIaITOBYBAaTH OKpeMo. JIJis 1iboro ciaig Horo BuOpaTu
B qu3aiinepi hopM. laii 3a JomomMororo BikHa Properties s ejieMeHTa 3a1atl0Th TEKCT,
miKTOorpaMy (300pakeHHsI ), KJIaBillli MBUIKOTO BUKJIMKY Ta Oarato iHIIUX [MapaMeTpiB.
Ha puc. 10.20 moka3aHo rojioBHe MEHIO BiKHA 3 PO3TOPHYTUM JIPYTUM T1AMEHIO.

KoHTekcTHe mMeHto: ContextMenusStrip

Knac ContextMenuStrip  mo3Boyise  CTBOPUTH KOHTEKCTHE MEHIO, SIKE
BUKJIMKAETHCS KJIAIIAHHSAM IPaBOi KHOMKW MHINI Ha KoMIoHEeHTi. KokeH eneMeHT
MEHI0O MOK€ MaTH PI3HUI BUJ 1 OMUCYETHCS (SIK 1 JIJIST TOJOBHOTO MEHIO) KJIacOM
ToolStripMenultem. I'omoBHa mois KoxkHOTO enemMeHTa MeHio — Click.

KoHCTpyI0I0Th KOHTEKCTHE MEHIO TaK CaMo, SIK 1 TOJIOBHE — 3a JOMOMOTOIO
nu3aiiHepa MEHIO, KMl BUKIWKAETHCS AKTUBYBAHHSIM KOMIIOHEHTa KOHTEKCTHOTO
MEHIO B qu3aitHepi hopm.

BizyanbHi eneMeHTH KepyBaHHS BIKHAa MalOTh BIIACTUBICTH 3 HA3BOIO
ContextMenuStrip,  skiii NPUCBOIOIOTH MOCHIAHHS HAa €JICMEHT KepyBaHHS
ContextMenuStrip. Toai mpu Ki1amaHHi MPaBO¥O KHOIKOK MUIIIL Ha €JIEMEHTI KepyBaHHS
3'SBISITUMETHCS BKa3aHe KOHTEKCTHE MeHIo (puc. 10.21).

[NaHenb iHcTpymeHTiBToOIStrip

Knac ToolStrip mo3Bosisie cTBOPUTH TMaHENb IHCTPYMEHTIB, SIKa MICTHTh HaOip
€JIEMEHTIB KepyBaHHS (SIK PABUIIO, KHOTIOK) JIJIs IIBUAKOTO BUKIUKY KoMaH. Koxxen
€JIEMEHT TaHeNl 1HCTPYMEHTIB MOKE HaJlallTOBYBaTHCS OKpeMo. KHomkam Mo’kHa
3a/1aBaTH MAJIIOHKU Ta HAITUCH.

BwmicT maHem KepyBaHHS KOHCTPYIOIOTh 3a JOIIOMOTOI0 JW3aifHepa, SKUi
aKTHBYETHCS TPU BUAUIECHHI KOMIOHeHTa 100IStrip y nm3aiinepi gopm. Ha manemi
MOXHa PO3MIIIYBAaTH €JIEMEHTH KepyBaHHsI TaKWX BHUIIB: KHomka (Button), mitka
(Label), xnonka 3 Bumamatounm couckom (DropDownButton), posapimroBau
(Separator), xkom6iHoBanuii crrcok (ComboBoXx), TekcroBuii Omok (TextBox) rta
inaukarop mporecy (ProgressBar). Koxken posmimieHuid Ha MmaHeni 1HCTPYMEHTIB
eJIEMEHT HAJIAIITOBYIOTh OKPEMO, 33JIal09H 3a JJOMIOMOTOI0 BikHa Properties sHadeHHs
fioro BrnactuBocTsM. Ha puc. 10.22 moka3aHo BIKHO 3 MaHEJUTI0 1HCTPYMEHTIB, SKa
MICTUTh YOTHpPU KHONKH BUtton, momapHO po3aineHi exemeHToM Separator, MiTKy
Label ta TexcToBwmii 610k TextBox.

a5 Form1 — O >
B % | Il @) Posmip: 33

Puc. 10.22. [1anenb iHCTPYMEHTIB —
00'exT Kkiacy ToolStrip
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Po3ain 11. Beig-BuBia

» [loTokn BBOAY-BMBOAY

» Knacu notokis

» KoHconbHWK BBIA-BYBIA

» baiToBun BBIO-BKBIA Y pann

» CVMBONbHWI BBIO-BUBIA

» YnTaHHA Ta 3anuc OBIMKOBUX AAHUX
» [OBINbHUM JOCTYN 4O AaHUX (panny
» [10TOKM BBOZY-BMBOAY Y NaM'ATi

» BuKkopucTaHHs noTokie Ans poboty 3
psoKamu TEKCTY

» Knacu ans pobotu 3 hannamu Ta nankamu

» [lepeTBOPEHHS YNCIOBMX PALKIB NMPW BBOAI-
BMBOA|
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[ToTOKM BBOAY-BUBOAY

[Tporpamu C# BUKOHYIOTH BBi/I-BUBIJI 32 JOTIOMOTOFO MOTOKIB. [lomix (Stream) —
e aOCTpakilisi, sika Ha 3araJibHOMy pIiBHI OMUCY€ BUHUKHEHHS a00 CIIOKHBaHHS
iHpopmarii [6]. [loTik moeaHyeThcs 3 BIAMOBIAHUM (I3UYHUM TPUCTPOEM 32
JOTIOMOI'OK0  IMIJICUCTEMH BBOJY-BHBOJY OIEpaliiHOl cucTeMH. Bcl MOTOKM I1FOTh
OJIHAKOBO, HABITh SIKILIO BOHM 3'€/IHAHI 3 PI3HUMH anapaTHUMH MPUCTPOSIMHU. Tomy
OJIHI 1 T1 % KJacH Ta METOAM BBOAY-BHUBOJY MOXYTh OyTH 3aCTOCOBaHi 10 6aratbox
PI3HUX MIPUCTPOIB.

BantoBi Ta CUMBOJIbHI NOTOKU

Ha wnaiinmxdomy piBHI BCl omepariii BBOAY-BUBOAY € OalTOBUMHU, OCKIIBKU
OUIBLIICTh IPUCTPOIB OPIEHTOBAHI HA OOMIH 1HPOPMALIIEIO 3a JOMIOMOI 00 OaiTIB. Alle
JIOJIUHI TpU poOOTI 3 TEKCTOM 3pYuHille omnepyBatd cumBosiamu. Y C# cuMBoOI
npejacTaBieHuid 16-0iTHUM THUIIOM Char, a 6aiT — 8-0iTHuM Tunom byte. Tomy GaiToBi
MOTOKA HE JyXe 3py4yHi I OOpOOKM CHMBOJIBHO-OPIEHTOBAHUX JaHuX. s
BupimeHHs: nporo 3aBnaHHsa y .NET Framework orosomeHo kijmbka KiaciB, siKi
MEPETBOPIOIOTH OAUTOBUM MOTIK Y CUMBOJIBHUM 1 HABITAKHU.

nOﬂepe,EleO B3HAYEHi NOTOKM

IcHye Tpu momepenHbO BH3HAUCHI TOTOKH, JOCTYIIHI dYepe3 BJIACTHUBOCTI
Console.In, Console.Out ta Console.Error kiacy Console, orosiomieHoro y mpocTopi iMmex
System. TIlorik Console.Out mpencraBiasie craHgapTHUW TOTIK BUBOAY (3a
3aMOBYYBaHHSM — KOHCOJIb). Tak, koiu Mu BHKIMKaemo Merona Console.WriteLine,
BigOyBaeThes BuBiA y moTik Console.Out. Console.In mpezacraBise crangapTHUI MOTIK
BBOJAY, SKHM 3a 3aMOBYYBaHHSIM € KiaBiatypa. Console.Error mnpencrasise
CTaHAAPTHUN TOTIK JIJI1 BUBOY TTOBIJOMJICHB TTPO TTIOMIUJIKH, IKUM 33 3aMOBYYBaHHSIM
TaKOX € KOHCOJIb.

[Ipore, KkoXkeH 3 TONEpPEeAHHO BU3HAYEHUX TIOTOKIB MOXE OyTH
NIepeHANpPaBICHUA Ha THIIMA CYMICHUHN TIPUCTPii BBOAY-BUBOYy. CTaHIAPTHI TOTOKH
€ CHMBOJIBHIIMH, TOMY Y HUX 3alUCYIOTh 1 3 HUX YUTAIOTh CHMBOJIH.

Knacw notokis

V.NET Framework Bu3HaueHO KJIacH K JJjIs1 OAMTOBHUX, TaK 1 JIJISI CUMBOJIBHHX
MOTOKIB. AJIe HacmpaBji KJIacu CHUMBOJIbHUX TOTOKIB € JIMIIE OOropTKamMu Jist
MEPETBOPEHHS YKJIQJCHOTO B HUX OalWTOBOTO IMOTOKY B MOTPiOHWI CHMBOJIBHUH,
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ABTOMAaTUYHO BUKOHYIOYHM IEPETBOPCHHS THUIIIB JAaHWX. TaKUM YHHOM, CHMBOJIbHI
MOTOKHU IPYHTYIOThCSI HAa OAMTOBUX, X04a BOHU 1 PO3/I1JIEHI JIOT14HO.

OcHOBHI KJlacM TOTOKIB BH3HaueHO B mpoctopi imeH System.lO. 1106
BUKOPHCTATH iX y IpOrpami, CIijl 10AaTh IHCTPYKIIIO:

using System.10;

[TpocTip imen System.lO He Bka3yOTh sl KOHCOJIBHOTO BBOIY-BUBOY, 00 IS
HBOT0 BH3HA4eHO Kiac Console y mpocTopi imen System.

CeplieBHHOIO MEXaHI3MYy JIJIsE poOOTH 3 MOTOKaMHU BBOAY-BUBOAY € Kiiac Stream.
Bin npeacrasisie 6aiiToBUi MOTIK 1 € 6a30BUM KJIACOM JJIs1 IHILIUX KJIACiB MOTOKIB. Lleit
KJlac € abCTpakKTHUM, TOMY HEMOXKJIMBO CTBOPHTH €K3eMIUIIp Ihoro kiacy. Kiac
Stream orosoirye MHOXUHY CTaHJApPTHHUX omepalii 3 moTtokoMm. ['omoBHI meTonu
kJjacy Stream onucano y tabsmmi 11.1.

Tabnuys Ne11.1. FonosHi MeToau knacy Stream

MeTon Onuc |

void Close() 3akpusae noTik

void Flush() Ckugae BMICT MOTOKY, SKWA Lie 3HAXOAWTHCS B TUMYaCOBOMY
Bydepi, Ha Gi3nyHIIA HOCI

int ReadByte() Untae HacTynHWA GalT 3 MOTOKY i MOBEpTae WOro MoAaHHs Y
copmari int. MNpwm gocsarHeHH KiHa dainny noseptae -1

int Read(byte[] buffer, Untae count 6autis 3 notoky B Oycpep buffer, nounHatoum 3

int offset, int count) enementa buffer[offset]

long Seek(long offset, 3MiLlye NOTOYHE MONOXKEHHS MOTOKY Ha BennunHy offset BigHOCHO

SeekOrigin origin) 3aaHoro nomnoXeHHs origin. loBeptae HOBE MOSOXEHHS

void WriteByte (byte value) = Busogutb 6anT y noTik

void Write(byte[] buffer, Bueogutb count 6aitiB 3 Bydepa buffer y notik, nounHatoum 3

int offset, int count) enemeHTa buffer[offset]

[Toxiguumu Bij Kiacy Stream € Kiibka KiaciB 0aMTOBUX MOTOKIB, MPU3HAYEHUX
JUTsl BAKOHAHHS KOHKPETHHX 3aBJIaHb BBOAY-BUBOJY. [0 HUMX, 30KpeMa, HaJIeKaTh:
» BufferedStream. BydepuszoBanuii OaiiroBuii motik. bydepu3saiiis yacTto
[1BULLY€ MPOTYKTUBHICTh POOOTH.
» FileStream. baiitoBuii moTiK, po3po0eHU#t 171 PailIoOBOr0 BBOIY-BHBOIY.
» MemoryStream. baiiToBuii MOTIK Jy1st pOOOTH 3 MaM'SITTIO.
» UnmanagedMemoryStream. baiiToBuii moTiKk Jjisi poOOTH 3 HEKEPOBAHOIO
nam'siTTIo.
[I{o6 cTBOpUTH CUMBOJIBHUI MOTIK, CIi7] 0aTOBUH MOTIK "3aropHyTH" B OJIMH 3
KJIaciB-000JIOHOK CHMMBOJIBHUX IMOTOKIB. Ha BepiinHi iepapxii KjaciB CUMBOJBHUX
MOTOKIB 3HaXOAThCs abcTpakTHi Kiacu TextReader (st unranus) Ta TextWriter (s
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3anucy). [l kiacu ycmajgkoBaHO KiJTbKOMa CHUMBOJIBHO-OPIEHTOBAHUMM KJlacaMH
MOTOKIB:
» StreamReader. Uurtae cumBoH 3 6aiiTOBOro moToKy. Kitac € 00roptkoro Haj
0aTOBIM MOTOKOM BBOJTY.
» StreamWriter. 3anmcye cumBonu y OaiiToBuii moTik. Kitac € oGroptkoro Han
0aliTOBUM MOTOKOM BHUBO/TY.
» StringReader. Yutae cuMBOIH 3 pAIKA.
» StringWriter. 3anucye CHMBOJIH Y PAIOK.
Kpim kiaciB 6aiToBUX Ta CUMBOJIBHUX MOTOKIB, y C# € 111e /1Ba KJ1acu ABIMKOBUX
MOTOKIB, K1 JO3BOJISIIOTH MpalffoBaTu Oe3mocepeHbo 3 ABIMKOBUMH JaHumu. lle
kiacu BinaryReader (ms untanus) ta BinaryWriter (s 3anucy).

KoHconbHuUi BBIA-BUBIA

KonconpHi moToku mpezactabiieHi BiactuBocTsmu Console.ln, Console.Out ta
Console.Error kmacy Console. Biractusicts In peanizye kimac TextReader, a Bi1acTuBicTh
Out — xiac TextWriter. 3pa3ku KOHCOJBHOTO BBOJY-BHBOIY MH 4acTO PO3MNISIAIN Y
MOTIEPETHIX PO3ALIaX, TOMY IO TaKi MPOTpaMU Iy>Ke MPOCTI 1 100pe MAXOAITh SK
HaBYaJIbHI MpUKIaAu. Asie OUTBLIICTh pealbHUX 3aCTOCYHKIB C# Opl€HTOBaHI HE Ha
KOHCOJIbHUI BBIA-BUBIJ, @ Ha rpadiuHuil BIKOHHHMM 1HTepdelc kopuctyBaya. Tomy
JacTHHA CHUCTEMH BBOJy-BHBOJly, OpPI€EHTOBaHa Ha POOOTY 3 KOHCOJUIIO, HE Mae€
HIMPOKOTO MPAKTUYHOTO BUKOPUCTAHHSI.

Jlns BBoay kiac Console mae tpu metoau: Read, ReadLine ta ReadKey.

{06 mpoynTaTH OJIMH CUMBOJI, BAKOPHCTOBYIOTH MeTO1 Read:

static int Read()

Bin uekae, 10ku KOpUCTYBay HATUCHE KJaBIIIy, 1 TOBEPTA€E HOTO I1ijIe MOJaHHS,
sSIK€ CJTiJ MPUBECTH JI0 TUMTY Char. SIKIIo cTaHeThCst MOMUIIKA, METO]I IOBEPHE 3HAYCHHSI
-1 Ta 3renepye BunsaTok IOException. [Tpu BukoprcTaHHI METOIB KOHCOJIEHOTO BBOIY
CJIIJI TaM'ATaTH, 110 BX1AHI JaHl Oy(epus3yroThCsl MOPAIKOBO, TOMY JJIsl 3aBEPLICHHS
BBOJly KOpUCTYyBau Mae HaTUCHYTH kiaBinry Enter. Tumebku micist mporo mporpama
OTpHUMaE BBEJICHI JIaHi.

JInst 3UUTYyBaHHS psJIKa CHMBOJIIB BUKOPUCTOBYIOTH MeTo 1 ReadLine:

static string ReadLine()
Knac Console mae takox meron ReadKey, skuit go03Bojisie Ge3rnmocepeHbo
OTpUMAaTH JaHl MPO HATHCHEHY KJaBIlly KJaBiaTypu 0e3 MopsakoBoi Oydepu3zairii

(ToOTO, KOpUCTYBay HE MOBMHEH HaTtuckaTu Enter, mob mporpama oTpumana jJaHi).
Merton mae 181 popmu:
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static ConsoleKeylnfo ReadKey()
static ConsoleKeylnfo ReadKey(bool intercept)

Meton ReadKey 0e3 mapamerpiB OdiKye Ha HATHCKaHHsS KIIaBilli, MOBEpTae ii
naHi 1 BimoOpaxye BiAMOBIAHUI CHMBOJ Ha ekpadi. JIpyra dopma 1150r0 METOAy Mae
napametp intercept. Skmo BiH JOpiBHIOBATHUME trU€, TO CUMBOJI Y BiKHI KOHCOJII HE
B1J100pakyBaTUMEThCSI.

Meton moBepTae MdaHI MpO HATHCHEHY KIABily B CTPYKTYpi THUITY
ConsoleKeylInfo. Ti Bmactusicts KeyChar tumy char MicTUTh CHMBOJNBHUIA €KBiBaleHT
knaBinm. BmactuBicte Key wmicTuth 3HaueHHs mepemiky ConsoleKey, sikuii mae
eJIEMEHTH JIsl BCiX KiaBiml kiaBiatypu. Bractusicte Modifiers onucye Bukopucrani
npu HathckanHi kimaBimi wmoaudikaropu Ctrl, Alt uym Shift. Monudikaropu

npezcrasicHo nepenaikom ConsoleModifiers, sikuii mae Tpu 3Hauenns: Control, Shift, Ta
Alt.

TNictvar 11.1. OTpUMaHHa CMMBONIB 3 KnaeiaTypu
1 | static void Main(Q)
2| {
3 ConsoleKeylnfo key;
4 Console.WritelLine ("HaTucHiTs wjyasimy. Jnsa suxonmy— AlIt+X');
5 do
6 {
7 // UuTaeMo KJapliry
8 key = Console.ReadKey(true);
9 // TlepeBipsgemMo kJjaBimi-mommbixkaTopm
10 it ((ConsoleModifiers.Alt & key.Modifiers) = 0)
11 Console.WritelLine ("HaTtucHeHo Alt");
12 iT ((ConsoleModifiers.Control & key._Modifiers) != 0)
13 Console.Writeline ("HaTtmcHeHno Control");
14 iT ((ConsoleModifiers.Shift & key.Modifiers) != 0)
15 Console.Writeline ("HaTucHerHo Shift");
16 Console.Writeline ("HaTtmucHeHo kJjaBimy: " +
17 key.KeyChar);
18 } while (M'((key.KeyChar == "x") &&
19 ((ConsoleModifiers.Alt & key._Modifiers) = 0)));
20 | }

VY mictunry 11.1 momaHo mnporpaMmy, sika y IUKII 3YUTYy€ HATHUCHEHI Ha
KJIaBiaTypl KjaBimi Ta BigoOpaxye iX Ha ekpani. JlaHl mpo HATUCHEHY KIIaBIIIy
30epiraroTbes y 3MiHHIHM Key (BoHa orosomieHa y psiaky 3). LIukin BUKOHYBaTUMETHCS,
JIOKU He OyJie HATUCHEHO KoMO1HaIit0 kiaBiml Alt+x (BiAMOBIIHY YMOBY IIPOMKUCAHO Y
psankax 18...19). Ilpuknan BuBoy mporpamu npuBeaeHo Ha puc. 11.1.
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B filey///E/Progs/Demo MSVS C&#/Consclelpplication1/Consolefpplication/bin/Debug/ConsoleApplication1.EXE

HatucHiTe knaeiwy. AnA eumxogy- Alt+X
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aTucHeHo wknaeiwy: #

Puc. 11.1. Tlpukiiag KOHCOJIBHOIO BBOY-BUBOJY Iporpamu 3 jgictuHry 11.1

baviToBum BBIA-BMBIL Y pann

Jls1st cTBOpEHHSI 6aliTOBOTO MOTOKY, MPUB'SI3aHOTO 110 (haiily, BUKOPUCTOBYIOTh
kiac FileStream, skuit € moxigHuM Bijx kinacy Stream. 3ayBaXuMo, IO KJIACH MTOTOKIB
BBOJIy-BHBOJY, Y ToMy umcii FileStream, orosomeno y mpoctopi imen System.|O.

[Ilo6 cTBOpWTH TMOTIK, CTBOPIOIOTH eK3eMIUIsp kiacy FileStream. Ogun 3
HAWBKMUBAHIIINX HOTO KOHCTPYKTOPIB:

FileStream(string path, FileMode mode)

[Tapametp path 3amae moBHy Ha3By (aiiiny, a mode — pexxum goctymy a0 daiiny. Pexum
3a71af0Th OJIHUM 13 3HAUCHb, IKi MicTUTH nepeik FileMode (quB. Tabmuiro 11.2).

Tabnmusa Ne11.2. Pexvmu BigkpusaHHs dainy

Append [onae aaHi, SKi BUBOAATLCA, B KIHELb ICHYHOYOr0 hansty

Create CTBOPIOE HOBWI BUXIAHMI (hain. ICHYOUMI hain 3 TaKOK X Ha3BOK ByAae 3HULLEHO
CreateNew CTBOPIOE HOBUI BMXiZHMIA (hain. Pain 3 TakuM Xe iM'AM He MOBUHEH iCHYBaTH
Open Bigkpusae icHytoumin chann

OpenOrCreate Bigkpvsae thaitn, SKLLO BiH iCHYe. B iHWOMY BiUNaaKy CTBOPKOE HOBWIA dhann
Truncate Bigkpusae icHytoumin thain, ane CKOpoUye NOro AOBXMHY 0 HYNS

PosrasHyTHil KOHCTPYKTOP BiAKpUBae (haili AJig YMTaHHA-3amuCy. K0 CIij
OOMEXHUTHU AOCTYN A0 (pailily TUIBKM YUTAaHHSAM UM TUIBKU 3alIMCOM, BUKOPHUCTOBYIOTh
IHIINH KOHCTPYKTOP:

FileStream(string path, FileMode mode, FileAccess access)

Ha BigmiHy Bij mOmepenHbOro, BIH Ma€ IMapameTp acCessS, sSKUM 3aJaloTh CIOCiO
noctymy no ¢aitny. Bin Moxe mpuiiMaTé OJHE 13 3HaYCHb, BUBHAYCHHUX IEPEIIIKOM
FileAccess (Tabmur 11.3).
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Tabnuys Ne11.3. Cnocobu goctyny go danny

3HayeHHs Onuc |
Read dann BigKpMBaOTb NS YNTAHHS

ReadWrite ®daiin BigkpMBatoTb 4N YATAHHA Ta 3annucy

Write dann BigKpWBatoTh A4Ns 3anucy

Hampuknan, daiin text.txt y pexumi "TiIbKHA A1 YATAHHA"' MOXKHA BIIKPUTH
TaK:

FileStream fin = new FileStream("'text.txt"”, FileMode.Open,
FileAccess.Read);

[Ticnst 3akiHueHHsT poOoTH 3 (aiiaom, Horo cmijg 3akputd. s 1boro
BUKOPHCTOBYIOTH MeTO 1 Close:

void Close()

[Ipu 3akpuBaHHi (ailly BHUBUIBHAIOTHCS CHUCTEMHI pPECypcH, BUAUICHI IS
poboTH 3 daitiom.

Kunac FileStream micTuth 1Ba MeTO M )i YUTaHHS 3 (alJIOBOTO TIOTOKY BBOJIY-
BuBoAay: ReadByte ta Read. 11106 npounTaTu €quHuii OAaiT i3 (ailry, BAKOPUCTOBYIOTh
metona ReadByte, 3aranpHa opma sikoro Taka:

int ReadByte()

[Ipy KOXXHOMY BHMKJIMKY METOJl YMTAa€ OJMH OallT 3 (ailly 1 moBeprae HOro
HiourcenbHe noaanHs. [Ipu qocsrHeHH1 KiHs ¢aiay MeToa nmoseprae -1.

{00 npounTaTu 00K OalTiB, BAKOPUCTOBYIOTh MeTO Read, 3aranpHa dopma
SIKOTO:

int Read(byte[] array, int offset, int count)

Meroa HaMaraeThCs MpovYUTaTH COUNt OaiiTiB y MacuB array, nourHarouu 3 0anTy offset.

[Ipu poOOTI 3 MOTOKaMU BBOAY-BUBOJY MOKYTh BUHUKATH MOMIIKH. Y IIbOMY
BUIIAJIKy T€HEPYETHCS BUHATKOBA cuTyarlist kiacy IOException.

B nictunry 11.2 mpuBeaeHo ¢hparMeHT mporpamu, KUl mo6aiTOBO YUTAE BMICT
TEKCTOBOr0 (hailiry text.txt 3a JOMOMOIoI IOTOKY BBOJYy-BHBOAY FileStream ta
BUBOJIMTH BMICT IIbOTO (haility y KOHCOJb [6].

3minHa fin Tumy FileStream orosnomena y psaaky 2. Exzemmuisp kinacy FileStream
CTBOPIOETHCS Y pAAKy 6. [Ipu mboMy mporpama HaMara€eThCsi BiIKpuTH (aim text.txt
s untaHHs (BkasaHo pexxum FileMode.Open, mus. ta6m Nell.2). 3ayBaxumo, 1o
BKa3aHa orepallisi po3TalioBaHa BCepelnHi OJIOKY Iy, sikuii J03BOJISIE BIACIIIKYBATH
BUHATKOBI cutTyamii. Y cekmii catch (psaku 8...13) mepexorumoeMo BHHSITOK
|IOException, sikuit omucye 3araibHy MOMIJIKY BBOJY-BUBOAY. SIKIIO Taka MOMMIIKA
TparuisieTbCs IPU BIAKPUBaHHI (haiiry, TO BKa3ye Ha Te, 110 (pailsl He BAanocs BIAKPUTH.

243



Tomy B cekmii catch BMBOAMMO BiAMOBIJIHE MOBIAOMJICHHS 3 OIMKMCOM IMOMMIIKH Ta
PUITHHIEMO POOOTY IIPOTPAMH.

NictuHr 11.2. Yntannsa BmicTy doainny text.txt y notoui FileStream
1| int theByte;
2 | FileStream fin;
3
4 | try
514
6 fin = new FileStream("text.txt", FileMode.Open);
7|}
8 | catch (I0Exception exc)
91{
10 Console.WriteLine ("He Bpmanocs Bimkputu damna!");
11 Console.WriteLine(exc.Message);
12 return; // [punmMHSEMO BMKOHAHHS NpPOTPaMu
13|}
14 | // UumraemMo B LMKJL IO OOHOMY OaMTy OO K1HLA (anity
15| try
16 | {
17 do
18 {
19 theByte = fin.ReadByte();
20 if (theByte = -1) Console.Write((char)theByte);
21 } while (theByte 1= -1);
22 | }
23 | catch (10Exception exc)
24 | {
25 Console.WritelLine ("MloMuika umMTaHHA oannay!") ;
26 Console.WriteLine(exc.Message);
27 |}
28 | finally
29 | {
30 fin.Close();
31|}

Konu daiin BigkpuTo ycmimHo, To y Hukim (psaku 17...21) 3a 101moMororo
metoay ReadByte motoky fin moGaitoBo untaemo BMIcT (ainy. KoxkeH npodnTaHuii
OalT 30epiraetbcst y 3MmiHHIA theByte mimoro tumy (psmok 19). ¥V psuky 20
niepeBipsieMo, uu 0ait 3 aiiny Oysio mpountano. 3HadeHHs -1 3minHOi theByte Bka3sye
Ha Te, 1[0 HOBUX JaHUX HE OTPUMAHO, OCKUIbKH JOCSTHYTO KiHelb (aitmy. Jlami
CUMBOJI, SIKMI BIJIIOBIJIa€ MPOYUTAHOMY OalTy, BUBOJMMO Ha €KkpaH KoHcoii. [Ipu
IbOMY TPOYUTAHE 3HAYCHHS MPHUBOJIUMO JIO THITy Char. 3ayBakKMMO: PO3TJISTHYTHI
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npukian nepeadadae, mo Qaitn text.txt 3amucaHuil y BUlI 3BUYANHOTO TEKCTY Yy
dbopmati ANSI.

ukn ais yuTadHs JaHux 3 Gaiay po3TaimoBaHUi BCepeIUHI 1HIIIOTo OJIOKY try
JUISL BIICTIKOBYBAHHSI BUHSTKOBUX CUTYyallli. SIKIIO CTAaHEThCS BUHATKOBA CUTYaIlis
|OException, To BoHa Oy orpaiibOBaHa BiAMOBITHOO cekiiero catch (psaxu 23...27).
Kpim 11poro, 3raganunii 6110k try mictuts cekitito finally (psaxu 28...31), 3a 1omoMoroxo
SIKOT 3a0e3Meuy€eThesl rapaHTOBaHe 3aKkpuBaHHs (aiiny. Skmo Bukiuk metona Close
o0'exra fin po3ramyBaru 3a Mexamu cekitii finally, To mpu BUHUKHEHHI BHHATKY (aii
He Oyze 3akputo. Lle Moke COpUYMHUTH TOMWIKH Y pOOOTI 1HIIMX 3aCTOCYHKIB MpHU
3BEpTaHHI JI0 1[bOTO (ailry.

[Ilo6 3amucaru OaitT y aiia, BUKOpHCTOBYIOTH MeTon WriteByte kmacy
FileStream. Hafipocrima fioro ¢opma Taka:

void WriteByte(byte value)

Meton 3amucye Oait value y ¢aiin, acorifioBanuii 3 mOTOKOM. Y (haiiia MOKHA TaKOXK
3amucaTy BiApas3y HUTNNA MaCHB:

void Write(byte[] array, int offset, int count)

[le# i meTom 3amucye y mMOTIK COUNt OalTiB 3 MacuBy alray, MOYMHAIOYU 3 €JIEMEHTA
array|offset].

Cnin mam'siTaTy, 110 YacTo MpHu 3amuci y (aiii JaHi He BiApasy 3alucyloThCs Ha
HOCIf, a HaKOMHWYYIOTBCS Yy CHeliadbHOMYy auckoBomy Oydepi. Ile mo3Bossie
MPUCKOPHUTH BUKOHAHHS cepil ApiOHUX orepartiii mo 3anucy B ¢aiin.

Jlns Toro o6 OyTH MEBHUM, IO JaHl HACIpaB[l 3alucaHO Ha JUCK, CIIJ
BUKIUKATH MeToJ Flush motoky BBOy-BHBOTY:

void Flush(Q)

[licns 3akiHueHHs 3amucy B (Qain #oro cmia 3akputd. s 1mporo
BUKOPUCTOBYIOTh Bke posrsiHyTuid Metoj Close. [Ipu mpomy Bci ¢aiuioBi maHi 3
cucreMHOro Oydepa Takox mepeHocsITbes Ha Hociil. Tomy Bukimkaru meron Flush
nepen 3aKpuBaHHAM (ailiry He TOTP1OHO.

VY nictunry 11.3 npuBeneHo gpparMeHT mporpamu, sika 3anucye y daiin test.txt
JiTEpH aHTIIChKOTO andasity [6].

3minHy fout, sska mpejacraBiisie QaiyIoBUH IMOTIK, OTOJONICHO Yy psAaky 1 (1is
3MiHHA TaKOX Bifpa3y iHimiaigizoBana 3uaueHusM NUll). YV psaky 5 BiakpuBaeMo daiin
test.txt. Jami B mukmi (psaku 7...8) y daitn 3anucyeMo BeTuKi JITEpU aHTI1HACHKOTO
andasity. [ BiACHIIKOBYBaHHS BUHSITKOBUX CUTYyaIliil onepaiiii ¢paidoBoro BBOIy-
BUBOJly po3TamoBaHo y Omnomi try. Bunstku Tumy IOEXception oGpobisie BiamoBigHa
cekiris catch. 3akputrs daiiny Bukonano y cekuii finally. IIpu npomy nepeipsemo, uu
sminHa fout me mopiBuioe null. SIkmo omepamis BiAKpuUTTSA (aiily 3aBEepIIMTHCS
IOMHJTKOIO, TO 3MiHHa fout mani marume 3nadenns NUll, 1 3akpuBaTh dain He MOTPiIOHO.
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NMictuur 11.3. 3anuc y doann test.txt
1| FileStream fout = null;
2| try
31 {
4 // BimxkpmBaemo obar
5 fout = new FileStream("'test.txt', FileMode.CreateNew);
6 // 3BanmcyeMo y ©banyi aHIJILMCHKUM ajadaBiT
7 for (char ¢ = "A"; c <= "Z%; ct++)
8 fout.WriteByte((byte)c);
91}
10 | catch (10Exception exc)
11 | {
12 Console.WritelLine ("IloMmunka BBOIOy-BMBOOY:\N"" +
13 exc.Message);
14 | }
15 | finally
16 | {
17 if (fout = null) fout.Close();
18 | }

CuMBOMbHWI BBIA-BUBIA

Xoua Ha 0a30BOMY PiBHI BC1 onepallii BBOAY-BUBOJY € OaUTOBUMM, pU POOOTI
3 TEKCTOM 3pYYHIIIIE ONepyBaTH O€3MOCepeTHhO CUMBOJIAMH. [IepeBaroro CHUMBOIBHUX
MOTOKIB € Te, IO JUIT HUX 0a30BOI oJuHMIEI0 1H(MOpMalii € cuMBoOJ y (opmari
Unicode. Tomy mnpu BBOIi-BUBOAI TekcTy Unicode BUKOPUCTaHHS CHUMBOJBHUX
MOTOKIB YacTO € HaWKpalyM BapiaHTOM. Y 3arajbHOMY BUMNAAKY ISl BUKOHAHHS
CUMBOJIbHO-OpIEHTOBaHUX (halIOBUX oOmepaiiii 0aWToBUH MOTIK (HANMpUKIA,
FileStream) motpibHo "3aropHyTH" Yy cuMBOJIbHUI 1TOTIK StreamReader uu StreamWriter.

[Ilo6 cTBOPUTH CHUMBOJIBHHMI IOTIK BHUBOAY, BUKOPHUCTOBYIOTH KOHCTPYKTOD
kiacy StreamWriter:

StreamWriter(Stream stream)

Tyt stream — Ha3Ba BIAKpUTOro OaWTOBOro MOTOKY. CTBOpPEHHH TakUM YHUHOM
ek3eMIuIIp kiacy StreamWriter aBToMaTHYHO MEepeTBOproe cuMBONM y Oaiitu. Ilicis
3aKiHYeHHs poOOTH 3 oToKoM StreamWriter, ioro ¢i1i 3aKpUTH 3a JOIIOMOTOI0 METOTY
Close. 3akpuBaHHs TIOTOKY HMPHBOJIUTH J0 3aKPHUTTS BIiAMOBIIHOTO oMy 0aiTOBOTO
MOTOKY.

VY nictuary 11.4 nmpuBeneHo KO, SIKAW BBE/ICHI 3 KJIaBiaTypH PSIKU 3aIUCYE B
TekctoBui (aiin y popmari Unicode 3 HazBoto test.txt [6]. Texcr 3anucyeThes y daii,
JIOKH KOPUCTYBa4 He BBele psaaok "stop" (puc. 11.2).
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TNictuHr 11.4. CumBonbHUY 3anuc y dais

O© 0O NO U1l WNP

WWWWWWWWWWNNNNDNNNMNNNNRPERPRPEPERPEPRPEPRPEPR
OCONOUD,WNPFPOOONODUOPMMWNPOOONOOOGPA™AWDNLEO

string str;
FileStream fout;
// BimkpmBaemMo MHOTik GanjIoBOTO BBONY—-BUBOIY

try
{
fout = new FileStream('test.txt"”, FileMode.Create);
by
catch (10Exception exc)
{
Console.WriteLine ("MNommika BimxkpusBaHHA daisy:\n" +
exc.Message);
return;
+

// BaropraeMo MnmoTik GbamjIoBOTO BBONY-BMBONY Yy KJjac StreamWriter
StreamWriter fstr_out = new StreamWriter(fout);

try
{
Console._WriteLine(
"BeeniTe TexcT, abo myd BMXOIy 3 nporpamm — -Stop®™);
do
{
Console._Write('': "™);
str = Console.ReadLine();
if (str = "stop™)
{
str = str + "\r\n"'; // JIomaeMo HOBUI PAINOK
fstr_out._Write(str);
be
} while (str != "stop™);
¥
catch (10Exception exc)
{
Console.WritelLine ("lloMunka BBOAYy-BMBOOY:\N'" +
exc.Message);
¥
finally
{
fstr_out.Close();
+
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: nporpamd - ‘stop’.

Puc. 11.2. PoGoTa mporpaMu 1Jisi CHMBOJIBHOTO BUBOAY

[akonmu mpu poOOTI 3 TEKCTOBUMH (pailjlaMu 3pydHIlIe BiAKpUBATH (haiis
Oe3mocepeIHbO MPU CTBOPCHHI ek3eMIuisipa kiacy StreamWriter, 6e3 mormepeaHboro
CTBOpEHHS 6aTOBOTO MOTOKY. J[J151 ITbOTO BUKOPUCTOBYIOTH TaKi KOHCTPYKTOPH:

StreamWriter(string path)
StreamWriter(string path, bool append)

Tyt path 3amgae usix 10 TekcroBoro (aiy, KM CTi BIAKPUTH. Y APyromy
KOHCTPYKTOpI, SKIIO Tapamerp append mopiBHIoe true, TO HOBOBBEIACHHI TEKCT
JIOJTAEThCSI B KiHEIb BXKE HAsABHOTO TEKCTYy. B iHIIOMY BHMAIKy MOTEpEaHIN BMICT
daiiny Oyae 3aMiHEHO HOBUM TEKCTOM.

[Ilo6 cTBOpUTHM CUMBOJBHUN TOTIK BBOJY, CJiJ TOIMNEPEAHHO CTBOPEHUI
OalTOBHI TIOTIK 3arOPHYTH B €K3eMILISIp Kiaacy StreamReader. Haiiuacririe as1s 1ib0ro
BUKOPUCTOBYIOTh TAKU KOHCTPYKTOP:

StreamReader (Stream stream)
TyT stream — Ha3Ba BIIKPUTOTO MOTOKY.

[Ticnsa 3akindeHHs poOoTu 3 moTokoMm StreamReader, #oro ciix 3akputu 3a
nornomorotro Metoy Close. 3akprBaHHS MOTOKY MPUBOAMTH JI0 3aKPHUTTS BiIIIOBITHOTO
oMy 6aMTOBOTO MOTOKY.

VY nictunry 11.5 npuBeaeHo Ko, SIKUIA YuTa€e TEKCT 3 (paility test.txt (cTBOpeHOTO
y TOMepeaHbOMY MPUKIAi), 1 BHUBOAUTH HOro Ha ekpaH [6]. 3ayBaxkumo, 0
IHAMKATOPOM JOCSATHEHHs KiHIA (aiiny € Te, mo Merox Readline moroky micis
yuTaHHs noBeprae 3uadeHus NUll (psimox 16).

NlictnHr 11.5. YntaHHa 3 anny 3a 4ONOMOMOK CUMBOSTLHOMO NOTOKY
FileStream fin;
string s;
try
{

gaa b~ wdNPF

fin = new FileStream(""test.txt", FileMode.Open);

248



61}

7 | catch (I0Exception exc)

81{

9 Console.WriteLine ("Hommika npu BimkpusaxHHi odaimy:\n" +
10 exc.Message);

11 return;

12 |}

13 | StreamReader fstr_in = new StreamReader(fin);
14 | try

15 | {

16 while ((s = fstr_in.ReadLine()) !'= null)
17 {

18 Console._WriteLine(s);

19 }

20| }

21 | catch (10Exception exc)

22 | {

23 Console.WritelLine ("lloMmunka BBOAYy-BMBOOY:\N'" +
24 exc.Message);

25|}

26 | finally

27 | {

28 fstr_in.Close();

29 | }

Kpim moro, kinac StreamReader mae BmactuBicte EndOfStream. 11st BractuBicTh
JIOTIYHOTO THUIy MICTHTh 3HA4YCHHS {rUe, SKIIO JOCATHYTO KiHelb Qaitny, i false — y
MPOTUIICKHOMY BUIAJIKY.

TakuMm 4UHOM, TIEPEBIPUTHU JOCSITHEHHS KiHIS (allly MiCis YUTaHHS 3 HHOTO
JAHUX MOYKHA 1 TaK:

Akwo snactueicTb EndOfStream =

true, TO AOCSITHYTO KiHELb NOTOKY

while(Ifstr_in_EndOfStream) // Toxku He xiHelp noToky (banity)

{

s = fstr_in.ReadLine(); // UYuraemo pamok
Console._WriteLine(s); // BUBOOMMO PSAIOK y KOHCOJIb

CHUMBONBHHMI TOTIK MOXHa TaKOX CTBOPUTH O€3 MOMEPEeTHHOTO CTBOPEHHS
0aiiTOBOro MOTOKY. /{1151 IbOr0 MO’KHa BUKOPUCTATU TaKUl KOHCTPYKTOD:

StreamReader(string path)

Tyt path 3amae mIAX 10 TEKCTOBOTO (aiiry, SKUi i BIAKPUTH.
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YuTaHHa Ta 3anuc ABINKOBUX AaHMX

[lepen uMM MU pO3rJSHYJIM BB Ta BUBIA OalTIB 1 CUMBOJIIB, aje MOXHa
olepyBaTH TaKOK IHIMMMH THIIAMHU JaHWX, Hampukian, int, double, abo short. 11{o0
YUTATH 1 3aMMCyBaTH JaHl TOMEpeJHhO BU3HAUYEHUX THUMIB C#, BUKOPUCTOBYIOTH
BinoBiTHO Kitacu BinaryReader ta BinaryWriter.

BinaryWriter € oOropTkor HaBKOJIO OaWTOBOrO IMOTOKY, SKa KEpPY€E 3alHCcOM
JNBIMKOBMX JaHWX. HalyacTimie Jjis CTBOPEHHS €K3eMIUIAPY IIbOro  KJacy
BUKOPHUCTOBYIOTH KOHCTPYKTOP

BinaryWriter(Stream output)

Tyt napametp output 3aga€ NOTIK, y IKUI 3aIMCyBaTUMYThCS JIB1MKOBI faH1. Lleil moTik
MIOBUHEH OYTH BiIKPUTHUM JIJIS 3AITUCY.

Knac BinaryWriter mictute psim MeromiB 3 HasBoro Write, siki J03BOJISIOTH
3aIMCyBaTH JIaHi ToMepeIHb0 Bu3HaueHuX C# TumiB. Y poii nmapamerpa meroau Write
OTPUMYIOTh 3Ha4eHHs oxHoro 3 tumiB C# (int, double Tomo), sike Oyne 3ammcane y
norik. Hanpukman, 1is 3anucy 3HaueHHst Tuimy double BUKOpHCTOBYIOTh TaKUH METOI:

void Write(double value)

Knac BinaryReader € oObroptkoro Haj OalTOBUM MOTOKOM, SIKHH KEpy€e BBOIOM
nBiikoBUX naHux. [Ipu poOOTI 3 HUM HalyacTillle BUKOPUCTOBYIOTh KOHCTPYKTOP

BinaryReader(Stream input)

Tyt mapamerp input € MOTOKOM, 3 SIKOTO YUTAOThCs AaHi. [ToTik Mae OyTH BiIKPUTHM
1T YuTaHHs. B poui mboro motoky Moske OyTH BUKOprcTaHo noTik FileStream.

JIJist auTaHHS JaHUX TONEPEIHbO BU3HAUYCHUX THUIMIB Kiac BinaryReader mictuTh
metoau 3 Ha3zBamu Ty ReadNNN, me NNN mpencraBise Ha3By BiAMOBITHOTO THITY
NET. Hanmpukna, 1 yntanHs miyioro 64-0iTHOTO 3HAY€HHS] BUKOPHUCTOBYIOTH METO]]

long ReadInt64()

Merto noBepTae MpoOUYUTAHE 3HAYCHHS BIJIIIOBIIHOTO TUITY.

VY nictunry 11.6 npuBeneHO NMpOrpaMHUN KOJ, SIKUM CIIOYATKY 3amuCcye y (aii
data.bin kigbka 3HaYEHb PI3HUX THIIIB, a MOTIM YUTAE iX 1 BIIOOpaXKye Ha eKpaHi.
3ayBaKUMO, 110 JIJI1 CKOPOUYESHHS TEKCTY KOJI HE BIJIC/IIIKOBY€E BUHSATKOBI CUTYaIIii, aje
y TPHUKJIAIHUX 3aCTOCYHKAX i 000B'I3KOBO MEPEXOITIOBATH BUHATKH. be3 11boro
P BUHHUKHEHH! MMOMUJIKHA BBOAY-BHBOIY (IO TPAIUISETHCS HE TAaK BXKE M PIAKO)
nporpaMa MpPOCTO NPUNUHUTH poOoTy. Jlictunr 11.6 MICTUTh KOMeEHTapi, SKi
NOSICHIOIOTh MPU3HAYECHHS BIAMOBIAHUX AUISTHOK KOAy. Pe3ynbTaT pobOTH mporpamu
npuBeeHo Ha puc. 11.3.

[Tpu po6oTi 3 GiHAPHUMU TAHUMHU CJI1]] TaM'sITaTH, 1110 BOHU MalOTh OyTH 3UMTaH1
TOYHO y TOMY MOPSIKY, B IKOMY BOHHU OyJIH 3aIMCaHI.
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NictnHr 11.6. 3anuc Ta YnTaHHs GiHapHUX AaHNX

O© 0O NO U1 WN P

AP DA WWWWWWWWWWNDNDNNNNNNNNREPRPRPRPRPRPRPEPRPEPRPERPRE
AP OWONPOOONOUDMWNPOOONOUUDMMWNPOOONOOOGPM™AWNDNLEO

BinaryWriter outStream;
BinaryReader inStream;

// BHadeHHd, AK1 3anoucyBaTMMEeMO y Gal
bool b = true;

uint ul = 10;

int 1 = -100;

long I = 9876543210;

double d = Math.PI;

string s = "3paszsok TekcTy";
// BilnkpwBaeMmo bary njg 3anmcy
outStream = new BinaryWriter(new FileStream(''data.bin",

FileMode.Create));

//BanmucyeMo y oami
Console.WritelLine ("3Bammuc: " + Db);
outStream._Write(b);
Console.WritelLine ("3ammuc: " + ui);
outStream._Write(uil);
Console.WritelLine ("3ammc: " + 1i);
outStream.Write(i);
Console.WritelLine ("3anmc: " + 1);
outStream.Write(l);
Console.WritelLine ("3ammuc: " + d);
outStream.Write(d);
Console.WriteLine ("3anmuc: " + s);
outStream.Write(s);

// BakKpuBaeMo IOT1K
outStream.Close();

Console_WriteLine("---——————————————————————— ");

// BimkpuBaemo ©bann 0js UMTaHHS

inStream = new BinaryReader(new FileStream('data.bin™,
FileMode.Open));

// UnTmaemMo maHl y TakoMy IMNOPAIKY, B SKOMY BOHM OYJIM 3anrcaHi

b = InStream.ReadBoolean();

Console._WriteLine("'Reading " + b);
ul = InStream.ReadUInt32();
Console._WriteLine("'Reading ™ + ui);
I = inStream.ReadInt32();

251




45 | Console _WriteLine("'Reading ™ + 1);
46 | I = inStream.Readlnt64();

47 | Console _WriteLine("'Reading "™ + 1);
48 | d = 1nStream.ReadDouble();

49 | Console _WriteLine("'Reading "™ + d);
50 | s = InStream.ReadString();

51 | Console_WriteLine("'Reading ™ + s);
52
53 | // BakpuBaeMo MnoTik
54 | inStream.Close();

BE CAWINDOWS\system32\cmd.exe — O X

3anuc:
3anwnc:
3anuc:
3anwnc:
3anuc:
3anwnc:

Reading

Reading

Reading

Reading

Reading

Reading {

Press any key to continue

Puc. 11.3. PoGoTa nporpamu Jyisi CAMBOJIBHOTO BUBOTY

_2. Lister - [e\Progs\Demo M5V C#\Consclefpplication1\ConsolefpplicationT\bin\Debug\da... — O x
®ain [paska Burnag Kogyeanns [Josigka 100 %
A0000AAAA: 81 BA B8 88 AA 9C FF FF|FF EA 16 BA 4C @2 68 @8 | ..... BAAAK."L ..
aapAea168: 68 18 2D 44 5S4 FB 21 @948 19 DB 97 D1 8@ DO BA | ..-DTwt.@.P-CERP®
aaoeee2a: D8 B7 DO BE DA BA 28 D182 DB B5 DB BA D1 81 D1 | P-PsPe C,PuPeCIiC
feApee3a: 82 D1 83 | | .Cf

Puc. 11.4. BinapHi nani y daitmi

Axmo Biakputu (aitn data.bin, cTBOpeHMI PO3TISIHYTOI NPOrpamMoro, TO
MOKHA TIEPEKOHATHCS, 10 JaHl y HbOMY 30epiraloThCsl y ABIMKOBOMY (opMmaTi 1 HE
NpUIATHI JJIs YATaHHS JroauHoo (puc. 11.4).
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LoBinbHUA OCTYN 40 AaHUX panny

VY nonepenHix npukiagax Oyjao po3MISIHYTO HOCHi00sHUll docmyn A0 Gdaily,
SAKUW TIOJIITa€ y YWTaHHI JAaHUX B JIHIMHIA mocmigoBHOCT. [Ipu 1mmpoMy KkokHa
HACTYMHA TMOPIliS 3YUTAHUX JIaHUX po3MilieHa y daini O0e3nocepeHp0 Micis
IIOIIEPEAHBO].

[Tin gwac omepariiii (ail;iIoBOro BBOAY-BUBOJY BHUKOPHUCTOBYETHCS BKAZIGHUK
nonodicenHs y ¢hatini (AKUW 1€ HA3UBAIOTH (atiiosum exazienuxom). llerr BKa3iBHUK
npejAcTaBisie co0or0 Homep Oaiita y Qaini. Micle, Nmo3HaUY€HE BKa31BHUKOM,
HA3MBalOTh nomouHoro noszuyicto 'y (aitm. Komum 3 ¢aitmy 3untyrotees (uu
3aMUCYIOThCS) JaHl, TO BOHU 3YMUTYIOTHCA (3aNMCYIOThCS) TMOYMHAIOYM 3 MICII,
MO3HAYEHOr0  IIMM  BKa3iBHUKOM. KokHa  omepalliss  4WTaHHA  (3amucy)
CYNPOBOKYETHCS TIEPEMIIICHHSIM (ailyioBOro BKa3iBHUKA Ha BEJIMYMHY, SKa
BIJIMTOBIZIa€ OOCATY MPOYUTAHUX UM 3aITUCAHUX JTAHUX.

besnocepennbo  micns  BiAKpUBaHHA ~— (aily  BKa3iBHUK — TOJIOKCHHS
po3TanioBaHuil nepen nepmuM 6aitom ¢ainy. ToMmy onepallis YATaHHS, HAPUKIIA],
JBOOAMTOBOrO 3HAYEHHS, MPUBEIE 10 YATAHHA NEPIIUX IBOX OaTiB 3 ¢ainy. [licns
1bOro (ailyioBUil BKa3IBHUK IEPEMICTUTHCS 1 BKa3yBaTHME Ha TpeTid (Ie He
npounTanuit) 0ait. [1i1 yac HACTYMHOTO YUTAHHS OyJie OTpUMaHO OAlTH, TOYNHAIOYH
3 TpeTboro i T.4. CaMe 11e UTFOCTpyBaB Mpukiaj 3 JictTunry 11.6. I came 11e € Mpu4IrHOI0
TOTO, 1[0 B IOMY JIICTUHTY JIaHi 3YUTYIOTHCS CTPOTO Y TiH MOCTIAOBHOCTI, Y SIK1i BOHH
Oymu 3amucaHi.

Axne goctyn 10 1aHuXx Qaitiry Moxe OyTH 1 10BUIbHUM. [Ipy IbOMy MOXHA TOYHO
3aJIaTi TOTPIOHE MOJIOKEeHHS (DAMIOBOTO BKa3iBHUKA. [[1s1 IbOTO BHKOPHUCTOBYIOTH
meToj Seek kiacy FileStream. 3aranbha Horo ¢popma Taka:

long Seek(long offset, SeekOrigin origin)

Tyt napamerp offset 3amae HoBy mo3utito (aiimoBoro BkaziBHHKA y OaiiTax BiTHOCHO
TIOJIOXKEHHS, 3aJaHOTO TapamMeTpoM Origin. origin MoXe NpUMAaTH OIHE 13 TPhOX
3Ha4YCHb, 3adaHux neperikom SeekOrigin (tadmurgt Nell.4).

Metox Seek BcraHOBIIOE 1 TIOBEpPTaE HOBY MO3MIIIO (PAIOBOTO BKa3iBHUKA.
[Ticns BukimKy Seek HacTyIHa orepallis YUTaHHS YH 3aIKCy BiJOyBaTUMEThCS Y il
HOBI# MO3UIIii. KO MPOTATOM MOIIYKY 33aHOTO TOJOKEHHS TPAUThCS MTOMIIIKA,
BUHUKHE BHUHSITKOBA CUTyaIlis (HANPUKIAJ], KOJHM TOB'SI3aHUIM TOTIK HE MiATPUMYE
TTO3UIIIIOBAHHA).

Tabnuusa Ne11.4. EnemeHTun nepeniky SeekOrigin
3Ha4eHHs Onuc
SeekOrigin.Begin Mowyk Big novatky danny
SeekOrigin.Current  ToLuyK Bif NOTOYHOI NO3WLLIT (PANSIOBOrO BKasiBHUKA
SeekOrigin.End [owyK 3 KiHUs daitny
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VY nictunry 11.7 npuBeneHo ko, kil untae naxi 3 ¢gaiuty data.bin, ctBopeHoro

nicis po6oTu koay B jictuHry 11.6. Ha BigMiHY BiJl MONEpPEIHBOTO MPUKIANY, TYT

JaHl YUTAEMO Y JIOBUTBHOMY MOPSIJIKY.

TNictuur 11.7. YnutaHHs 3 foBiNbHOT No3uLii daisny

O© 0O ~NO UL WNPRP

W WWWNDNDNDNNNNNNMNNPEPRPRPPRPEPERPERPERPRPRPRPPRE
WNPFPOOO~NOUPPWDNPOOONOOUUEDSA WDNPFEO

// BinxpwBaeMmMo ®arni njg uMTaHHS
BinaryReader inStream;
inStream = new BinaryReader(new FileStream('data.bin™,
FileMode.Open));
Mponyckaemo 1 6ant Big novatky thamny
inStream.BaseStream.Seek(1, SeekOrigin.Begin);
uint ui = InStream.ReadUInt32();
Console.Writeline ("llpoumuTaHo uint: " + ui);
[Mponyckaemo 25 6ant
inStream.BaseStream.Seek(25, SeekOrigin.Begin);
string s = inStream.ReadString();

Console.WritelLine ("IlpouuTano string: " + s);
inStream.BaseStream.Seek(9, SeekOrigin.Begin);
long I = inStream.ReadInt64();
Console.WritelLine ("IlpouuTano long: " + 1);
inStream.BaseStream.Seek(0, SeekOrigin.Begin);
bool b = inStream.ReadBoolean();

Console.WritelLine ("IlpouuTano bool: " + b);
inStream.BaseStream.Seek(17, SeekOrigin.Begin);
double d = InStream.ReadDouble();

Console.WritelLine ("IlpouuTaHo double: " + d);

inStream.BaseStream.Seek(5, SeekOrigin.Begin);
long 1 = InStream.ReadInt32();
Console.WritelLine ("IlpouuTano int: " + 1i);

// BakpuBaeMo IOT1K
inStream.Close();

1106 mpaBUIBLHO MPOYUTATH 3HAYCHHS, BAKOPUCTOBYIOUN TOYHE MO3UIIIFOBAHHS

¢aitioBoro BKa3iBHUKA, CIIiJ] 3HATH MOOANTOBY CTPYKTYpy JaHUX y (aitni. Hetounicts

y MO3UIIIIOBaHHI MPUBEJE 0 HEMPABWIHHO 3UUTAaHUX JaHuX. JIJIsl po3yMiHHS KOOy 3

jictuary 11.7 posrinsiHeMo cTpykTypy (aitiny data.bin 3 monepeaHboro npukiagy
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(muB. mictunr 11.6). Y ¢aiin nani 3anucado B Takii mociigoBHocTi: bool, uint, int, long,
double Ta string (psiaxu 17...28 mictunry 11.6). 1100 npouyuTaTH, HANIPHKIAJ, TPETE
3Ha4yeHHS (int), moTpiOHO MepeMicTUTH (aiIOBUI BKA3IBHUK Y MO3UIIII0, KA JOPIBHIOE
CyMi OaiTiB, 3aMHATHX HepmUMHU aBoMa 3HadeHHsaMH (ool Ta uint). 3BuuyaiiHo, npu
bOMY CHiJ 3HaTU po3mipu (y OaiiTax) BIANOBIAHUX THUIIIB JMaHuUX. Y Tabmwumi 11.5
NPUBEJACHO MOOAWTOBY CTPYKTYpy naHux y ¢aimi data.bin. Takum ywmHOM, 1100
NPOYMTATH TpeTe dYmciao Tumy int, cmig mpomyctutd S5 Oadt (1 +4), 3aiHATHX
nornepeHiMK BOMa 3HaYeHHssMU — bool Ta uint.

Tabmmusa Ne11.5. CTpykTypa gaHux y thanni data.bin

Mopsipok Tun Kinbkicte 6anT  Onuc Ta 3HaYeHHs, nonepeaHbLO 3anucaxe y thann

1 bool 1 ByneBe 3HaueHHs (BiZnoBigHO A0 MicTuHry 11.6 — true)
uint 4 BessHakose Uine yncno (10)
int 4 3Hakose Ljine ymncro (-100)
long 8 [osre 3HakoBe Ljne yncno (9876543210)
double 8 Yncno 3 nnasaroyoto KOMO noABinHoI TouHocTi (Math.Pl)
string  3MiHHa Papok TekcTy ("3pa3ok TekcTy")

o U1 AW

Posrnsmemo Ttemep kox y mictury 11.7. ¥V psakax 3...4 CTBOPEHO TOTIK
BinaryReader ta BigkpuTo (aiii, 3 SKoro yuTaTUMyThes AaHi. [Ipukian nependadae,
1110 3aMKCcaHi JaHi CJIiJI MPOYUTATH B TAKOMY MOpsKy: Uint, string, long, bool, double Ta
int.

VY psinkax 7...8 mporpama 9WTae 3HaYCHHs IPYroi 3MiHHOI (ThIry uint). 3 mieto
METOI0 BUKIMKOM MeToay Seek mpomyiieHo 1 Gaiit, 3aiiHATHI MONEpEAHIMUA TaHUMHA
(bool). IMicns mporo 3a gomomororo meroay ReadUInt32 moToky mpounTano morpioHe
3HaueHHs Uint. 3ayBakMMO: TMPU YHUTAHHI CIIJI BUKOPHCTOBYBATH METOJ, SIKHMA
IPOYUTAE CaM€ Ty KUIBKICTh OailT, Ky 3ailMaroTh BIANOBIAHI JaHl (Y JaHOMY
BUTIAJIKY — Uint).

VY psaakax 12...13 ynuraemMo 3Ha4YE€HHS OCTaHHBOT 3MiHHOT TUIY String. Jlist mboro
(aiioBUil BKa31BHUK BCTAaHOBJIEHO Y IO3MIIIO 25, siKa JOPIBHIOE KUIBKOCTI OaMT,
3aifHsATUX TonepeaHiMu ganumu (1 +4 + 4 + 8 + 8 = 25, aus. Tabnuio 11.5). Cam
PSIOK TIPOYMTAHO 3a IOTIOMOTor0 MeToxy ReadString moToky.

JlaH1 iHIMX THUIIB 3 (daiy yuTaeMo aHayioriyHo. KokHe mpoynTaHe 3HauYCHHS
BUBOJIUMO y KoHcoNb. Ha pwuc. 11.5 mpuBeneHo pe3ynabTaT poOOTH PO3TIASHYTOI
nporpamu. [lopiBHIorOYM ¥oro 3 puc. 11.3 6aunmo, mo BCi 3HAYCHHS BiAMOBIIAIOTH
MIOTIEPETHBO 3aMTUCAHUM.
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BN CHAWINDOWS\system32icmd.exe — O X

MpoyuTaHo uint: 10

MpounTaHo string:

MpoyuTaHo long:

NpoyMTaHo bool:

MpounTaHo double: 3,14159265358979

MpounTaHo int: -100
Press any key to continue .

Puc. 11.5. UurtanHus 3 10BUIBHOT TTO3UIIIT (haliy

[ToTOKM BBOAY-BMUBOAY Y NaM'ATi

[HKOM naHi 3pyuHimie 30epiraTd He y JuckoBomy daiii, a B mam'sati. Jis
peaizalili Takoro MoToKy BBOAY-BHBOJY BUKOPUCTOBYIOTH kitac MemoryStream. Bin €
HAIla KoM Kjacy Stream, sskuii 1711 BBOJY-BUBOY BUKOPUCTOBYE MacuB OaiiTiB. Kiac
MemoryStream mae kiibka KOHCTPYKTOPiB. OJIUH 3 HUX MA€ TaKU BUTIISI:

MemoryStream(byte[] buffer)

Tyt mapamerp buffer — e macuB OGaiitiB, skuii Oyae BHUKOPHUCTAHO SIK JPKEPEo/
npuiimMad s onepariii BBoay-BUBOAY. IIOTIK, CTBOpEHUN TaKMM KOHCTPYKTOPOM,
HiATPUMY€E YHTAHHS, 3allUC Ta MO3UIIIIOBAaHHS 3a jonoMoror Meroxy Seek. Ilepen
CTBOPCHHSIM IOTOKY CJIii OyTH BICBHCHHUM, IO po3Mmip MacuBy buffer mocraruiit mis
30epiraHHs JaHUX, 0 OyIyTh 3alKCaHl y HbOMY.

VY mictunry 11.8 mpuBeneHo Ko, skuit 30epirae qaHi y MOTIK, 10 BAKOPUCTOBYE
AK CXOBMINE JAaHuX mnaMm'stb. CamMi [daHI NPEICTaBIECHO KUIbKOMa 3MIHHUMHU
(psnku 2...7). Jlnsa 30epiranHs JgaHux oroJioieHo macuB buffer posmipom 200 Oaiit
(pamox 9). Cmouatrky cTBOpeHo moTik MemoryStream (psimox 12), a moTiM ioro
"saropuyto" y motoku BinaryWriter i BinaryReader s 3amucy Ta d9WTaHHS
(psokum 15...16). Jlani B mOTIK 3amucyroTh IHCTPYKIii y psakax 19...24. Bukmuk
metoay Flush rapanrye, mo 3anucani 3HaueHHs OyayTh IepeHeceHi 3 Oydepa BBOIY-
BHUBOJAY y CXOBHIIE MOTOKY (ToOTO y MacuB buffer). Jlami Bukmukom metoxy Seek
BKa31BHUK IIOTOKY BCTAaHOBJIIOEMO Ha MOYaTOK (MICas omepauliil 3amucy BIH
3HaXOJIUThCS Yy caMOMYy KiHIlI HOTOKY). [1icist 1iboTo 1m0MHO 3anucaHi 1aHl YUTa€ MOTIK
mrd Tuny BinaryReader (psiaxu 33...38). Otpumani JaHi Bipasy BUBOIATHCSA Y BIKHO
KoHcoJi (puc. 11.6).
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NictuHr 11.8. BukopucTanHs knacy MemoryStream ans BBoAy-BWBOAY Y NaM'ATb

O© 0O NO U1l WNP

A DB WWWWWWWWWWNDNNNNNNNNNPEPRPRPRPEPEPRPEPRPERPERPRERER
NP OOWO~NOUOP,WNPOOOO~NOUOPMWNPOOONOUDMMWNLEDO

// 3BHaueHHHd, AK1 B3anlucyBaTVMMEeMO B IIOTI1K
bool b = true;

uint ui = 10;

int 1 = -100;

long 1 = 9876543210;

double d = Math.PI;

string s = "3Bpaszsok TekcTy";

byte[] buffer = new byte[200];

// CreOpoEMO MOTiK IJiS BBOOY-BUBOLY depes maM'ATb
MemoryStream ms = new MemoryStream(buffer);

// TIoOTOKM nOJid Banucy Ta UMTAaHHHS
BinaryWriter mwr = new BinaryWriter(ms);
BinaryReader mrd = new BinaryReader(ms);

// BamonMcyeMo OaHl y [OT1K
mwr _Write(b);
mwr _Write(ui);
mwr_.Write(i);
mwr_.Write(l);
mwr _Write(d);
mwr _Write(s);

mwr.Flush();

// TlepexoayMoO 1O IOUYATKY I[IOTOKY
ms.Seek(0, SeekOrigin.Begin);

// UMraeMo maHl 3 NOTOKY Ta BMBOIMMO 1X

Console.WritelLine ("UuTaeMo 3 NOTOKYy y mnam'ari");

(
Console.WriteLine (" Ipoumrano bool: " + mrd.ReadBoolean());
Console.WriteLine (" IIpoumTano uint: " + mrd.ReadUInt32());
Console.WriteLine (" IIpoumTano int: " + mrd.ReadInt32());
Console.WritelLine (" IpoumrTaHo long: " + mrd.ReadInt64()):;
Console.WriteLine (" IpouuraHo double: "™ + mrd.ReadDouble());
Console.WriteLine (" IpoumTaHo string: " + mrd.ReadString()):;

// BaxkpmBaEMO IMOTOKU
mwr.Close();
mrd.Close();
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BN CHAWINDOWS\system32icmd.exe — O X

MpoyuTaHo uint: 10

MpounTaHo string:

MpoyuTaHo long:

NpoyMTaHo bool:

MpounTaHo double: 3,14159265358979

MpounTaHo int: -100
Press any key to continue .

Puc. 11.6. PoGoTa 3 mOTOKOM, 1110 BUKOPUCTOBYE MaM'sITh K CXOBHIIE JaHUX

Sxk111o noTik MOBUHEH 30epiraTy He O1HAPHI JIaHl, a AaHi 1HIIIOTO TUITY, TO B POJIi
"oOropTok" mJisi YMTAaHHS Ta 3aMKUCy BUKOPUCTOBYIOTH IHIN KJIach (HAIpPHUKIAL,
StreamWriter ta StreamReader 1151 CHMBOJIBHHX ITOTOKIB).

BukopucTaHHs NoTokiB Ans poboTh 3 psaaKamm TEKCTY

[nkonu pana 30epiraHHs AaHUX 3pYYHINIE BUKOPHUCTOBYBATU pPANIOK, a HE
OariToBuit MacuB. /{11 1bOr0 BUKOPHUCTOBYIOTH Kiacu StringReader i StringWriter. Kitac
StringReader € mamaakom kiacy TextReader, a StringWriter — xmacy TextWriter. s
CTBOPEHHSI eK3eMIuIsIpa Kiacy StringReader BUKOpUCTOBYIOTh KOHCTPYKTOP

StringReader(string s)

TyT nmapamerp S — ps/IOK, 3 IKOTO MOTIK YUTATHME JIaHi.
[1{06 cTBOpHTH ek3eMILIsIp Kiaacy StringWriter, Mo)kHa BUKOPUCTATH TaKHi HOTO
KOHCTPYKTOP:

StringWriter()

Bin cTBOpIOE MOTIK BUBOAY, SIKMH 3aIIUCYE JaHl y psaoK Tuiry String. Ilei psgok
(y Burmsam StringBuilder) crBoproeTbcsi aBTOMaTH4HO. MOro MOXKHA OTpHMATH
BUKIIUKOM MeToy ToString.

Jlictunr 11.9 nemoHcTpye BHKOpUCTaHHS HOTOKIB StringReader ta StringWriter.
Cnouatky 3a gonomoroto 00'exra StringWriter y moTik 3anucano 10 psakiB TEKCTy BUAY
"Psimox Homep N" (psaku §...9 mictunry). Jami moHHO 3anMCcaHuil TEKCT MPOYUTAHO
3 BUKOpUCTaHHAM StringReader i BuBeaeHo Ha ekpan (puc. 11.7).

TlictnHr 11.9. BukopucTaHHS psgKkoBOro NMoToKy

1| StringWriter strwtr = null;
2 | StringReader strrdr = null;
3| try

414
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© 00 N O O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

// CrBopioemo StringWriter (mnsg =zanwucy)

strwtr = new StringWriter();

// Bammcyemo y StringWriter 10 pagkirs TekcTy

for (int 1 = 0; 1 < 10; 1++)
strwtr.WritelLine ("Pamok Homep : " + 1i);

// CreopoeMo StringReader (mJjg UMTaHHSA)
strrdr = new StringReader(strwtr.ToString());

string str;

// UYmrmaemo 3 noroky StringReader

while ((str = strrdr.ReadLine()) != null)
Console._WriteLine(str);

}
catch (10Exception exc)
{
Console.WriteLine ("MNommika BBOmy-BUBOIY\N'" + exc.Message);
b
finally
{
// BUB1JBHSAEMO PEeCyYpCM, SaMHAT1 NOTOKAMM
ifT (strrdr = null) strrdr.Close();
if (strwtr = null) strwtr.Close();
3}

Bl CWINDOWS \system32iemd.exe — O *

{ HOMep :
{ HOMep
OK HOMep :
{ HOMep
{ HOMep :
{ HOMep
{ HOMep :

) ] A o L P =

{ HOMep
{ HOMep : &
{ Homep : 9

s5 any key to continue

Puc. 11.7. BukopucTtaHHsl HOTOKIB AJi1 pOOOTH 3 PSIAKAMU TEKCTY

Knacu ons pobotv 3 dhannamu Ta nankamu

JIns BUKOHAHHS THITOBHX omepalliii 3 QaijamMu BHKOPUCTOBYIOTH Kiac File,

Bm3HaueHnit y .NET Framework. Bin MicTuTh Killbka CTaTHYHHX METOMIB, SIKi

JO3BOJISIIOTh BUKOHYBATHM 4YacTO B)KMBaHI omepauii: KOMilOBaHHS (QaiiiB, iX

nepeMillieHHs, BUAaIeHHs, I pyBanHs ToIno. Kpim nporo, kiac File Mictuts MeToau
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JUIsL 3pYYHOTO BIAKPUTTS (paiily Ta OTPUMAaHHsS MOCHJIAHHS Ha MOTik FileStream st
BUKOHAHHS OIepalliil BBOLy-BUBOJLY.
Jlns xomiroBaHHS (haifliB BUKOPUCTOBYIOTh MeToin COPY 1IbOT0 KiIacy:

static void Copy(string sourceFileName, string destFileName)

static void Copy(string sourceFileName, string destFileName,
boolean overwrite)

Metoau Copy komitoroTh (aiii, 3aganuii mapamerpom sourceFileName, y daiin,
3anannii mapametpom destFileName. Ilepia hopma MeToay Komiroe (aiiia JuIie AKIO
daitn destFileName e icHye. Y npyriii ¢opmi meromy, SKIIO mapameTp OvVerwrite
BCTaHOBJICHO Y true, To Bike icHyrounii ¢aiin destFileName O0yae nepemnucaHo.

Jliist mepeMitiieHHs (aitily BUKOPUCTOBYIOTH MeTo 1 Move:

static void Move(string sourceFileName, string destFileName)
Bin nepemiirye (mepeiimeHoBye) (haiii, 3aganuii mapamerpom sourceFileName, y darin,
3ananuii napametpom destFileName.

Merton Delete Bunainse ¢aiin, 3amanuii mapamerpom path:

static void Delete(string path)

Meton Exists kmacy File mepeBipsie icHyBaHHS 3agaHoro mapamerpom path
daiiny:
static bool Exists(string path)

SIkmio Qaiin icHye, MmeToa oBepTae true, sikmno Hi — false.

Knac File MicTUTh TakoX psiJi METOIIB, sIKi JO3BOJISIOTH OTPUMATH iH(GOPMAITi0
npo ¢aiin. Tak, meron GetLastAccessTime moBepTae 4ac OCTAHHBOTO OCTYIY [0
baiiny:
static DateTime GetLastAccessTime(string path)

[IJo6 oTpuMmaTh nmaTy Ta Yac CTBOpPECHHs (ailily, BHKOPUCTOBYIOTH METO]
GetCreationTime. Yac octanuboi 3minu (aitny moseprae meto GetlLastWriteTime.

3a momomororo Metoa Open MoxkHa BikpuTy noTik FileStream as BukoHaHHS
omepallif BBOJy-BUBOY:
static FileStream Open(string path, FileMode mode)

static FileStream Open(string path, FileMode mode,
FileAccess access)

[Tapametpom FileMode 3amaroth pekuM  BigkpuBanHs — (aiiny  (IuB.
tabmuiio 11.2), a mapamerpom FileAccess — crmoci®6 moctymy g0 daitry (amB.
tabiuito 11.3). Meton Open moBepTae mocwiaHHs Ha 00'€KT MOTOKY BBOJIY-BUBOIY
FileStream, cTBopeHwMit TpH BigKpHBaHHI (ailry.
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Kpim posrisiayTux, kiac File MictuTh 6araTo iHIIUX METOJIB, SIKi JO3BOJISIOTH
BUKOHYBATH omepartii 3 ¢hanaom.

NET Framework mMictuth 1HIIMH KJac, SKUH TaKOXX JO3BOJISE IPAIIOBATH 3
daitmamMy Ta BHKOHYBAaTH 4YacTo BkuBaHi (aimoBi omepamii — Filelnfo. Lleit wmac
BIZPI3HAETHCS BiJ Kiacy File TuM, mo BiH MICTHTh HE CTATHYHI METOIH, a METOJU
ex3eMIuisipa. Tomy, SIKIIO CJIiJl BAKOHYBAaTH KUTbKa (alijIoBUX orepaliii 3 TAM caMUM
daitmom, To kiac FileInfo 3a6e3neunts kpainy edextuHicTb. Kitac Filelnfo mae psin

BJIACTUBOCTEH, 3a JOMOMOTOI0 SKHX 3PYYHO OTpUMYBaTH iH(popmariito mpo Qaiin
(tabmuns 11.6).

Tabnuys Ne11.6. BnacTusocTi knacy Filelnfo

BnacTuBicTb Onuc |
Attributes Otpumye abo 3agae atpubyTi ons panny

CreationTime OTtpumye abo 3agae vac CTBOPEHHs dhanny

DirectoryName [NoBepTae pAOOK, KU MICTUTb MOBHWIA LLISX JO Nanku anny

Exists [NoBepTae NoriyHe 3HaYeHHs, ke NoKasye, Yu icHye dann

Extension [NoBepTae pAOoK, KU MICTUTb PO3LUMPEHHS hanny

FullName [MoBepTae psOoK, KA MICTUTb NOBHWIA LWNSX 4O dhaiiny

LastAccessTime  Otpumye abo 3aaae yac 0CTaHHLOro 4OCTyNy A0 (hanny
LastWriteTime Otpumye abo 3agae Yac OCTaHHLOI 3MiHW hanny
Length MosepTae po3mip dhaiiny B 6antax

Name [NoBepTae psOoK, KU MICTUTL Ha3BY pansy

[Tnarpopma .NET Framework mictuth Takox kiacu Directorylnfo Ta Drivelnfo, 3a
JIOTIOMOT OO0 SIKUX MOHA OTPUMATH JaH1 BIAMOBITHO MPO MAaINKy Ta JIUCK.

VY nmictunry 11.10 npuBeneHo Koj, SKMil BUBOJUTH Y BIKHO 1H(OpMAIlIO0 Mpo
daiin, a TakoX MarnKy Ta IMCK MOro po3TralryBaHHs. (s 1bOro BUKOPUCTAHO KJlacu
Filelnfo, DirectoryInfo ta Drivelnfo. Busig mporpamu mokasano Ha puc. 11.8. 3minna path
3aJla€ MOBHUM NULIX A0 ¢aiiny, mpo sSkuid Oyae oTpuMaHo JaHi. Exzemmisap kiacy
Filelnfo crBopero y psaaky 4. [Ipu 1iboMy KOHCTPYKTOPY IEpeIaHo Ha3By Qailry depes
3MinHy path. ¥V psakax 5...16 depes 3BepTaHHs 0 BIIAaCTUBOCTEH 00'ekTa fi oTprmMano
1H(popmarrito npo ¢aiin 1 BUBEACHO ii Ha eKpaH.

TNMictuur 11.10. OTpuMaHHs iHcbopmaLlii Npo ain, nanky Ta AncKk
string path = @"e:\Utils\cpu-z_1.78-en\cpuz_x64.exe";

Console.WriteLine (" Iudopmaunia npo obamn") ;
FileInfo fi = new Filelnfo(path);
Console.WriteLine ("Hazea oamny: " + Fi.Name);
Console.WritelLine ("Iloruum mjuax: " + fi.FullName);

o U~ WNPE
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Console.WritelLine ("llanka posTamyBaHHga: " + fi.DirectoryName) ;

Console.WritelLine ("Posmmpenusa: " + fi.Extension);

Console.WritelLine ("Posmip y Bawmrax: " + fi.Length);

Console.WriteLine ("Arpuoytu: " + Fi.Attributes);

Console.WritelLine ("Yac cTBOpeHHs: " +
fi.CreationTime.ToString());

Console.WritelLine ("Yac ocTaHHBLOTO JocTyny: " +
Ti.LastAccessTime.ToString());

Console.WritelLine ("Uac ocTaHHBLOI BMiHM OQanny: " +

fi.LastWriteTime.ToString());

Console._WriteLine();

Console.WriteLine (" IudopMalilsa mpo nanky'");
Directorylnfo di = new Directorylnfo(fi.DirectoryName);
Console.WritelLine ("HasBa nanku: " + di.Name):;
Console.WritelLine ("IloBHuM mjaax: " + di.FullName) ;
Console.WritelLine ("BaTepkiBcbkul kaTajior: " + di.Parent):;
Console.WritelLine ("KopeHeBun ejyiemenT: " + di.Root);
Console.WritelLine ("Yac cTBOpeHHs: " +

di.CreationTime.ToString());

Console._WriteLine();

Console.WriteLine (" Inbopmauia npo mmck");

Drivelnfo dri = new Drivelnfo(di.Root.ToString());
Console.WritelLine ("HazBa mucka: " + dri.Name);
Console.WritelLine ("MiTxka TomMy: " + dri.Volumelabel);
Console.Writeline ("Posmip nucka, GanmT: " + dri.TotalSize);
Console.Writeline ("BimpHO, OGamr: " + dri.AvailableFreeSpace);
Console.WritelLine ("®annora curema: " + dri.DriveFormat):;
Console.WritelLine ("Tun noucka: " + dri.DriveType):;

npo manky. Ilpm 1bOMy KOHCTPYKTOpPY TeEpeaaHo
fi.DirectoryName momnepeaHb0 CTBOPEHOro 00'ekTa 3 AaHMMH Mo (aiij, siKka MICTHTb
X 10 (aiiay, Bkazanoro 3MmiHoro path. Takum unHOM, y psakax 22...27 oTpuMaHO

VY paaky 21 crBopeHo exk3emiuisap kiacy DirectoryInfo mist orpumanss ingopmartii

Ta BUBEJICHO y KOHCOJIb 1H(OPMAIIIIO PO MaIKy, y sIKIi po3TalioBaHo (aii.

OTPUMAaHO JaHi PO JUCK, HA SKOMY po3TamoBaHo (air. s mboro KOHCTPYKTOPY
NepeIaHo PAAKOBY iHTeprnpertariiro BiacTuBocTi (i.R00t 00'exrta, sKHil 3UnUTyBaB

Jami cTtBOopeHo ex3eMiuisip kiacy Drivelnfo (psmok 32), 3a T0IMOMOIO0 SKOTO

1H(MOpMAaITiIo PO MANKy po3TantyBaHHs (hauiy.

3ayBAXUMO, II0 PO3MVISIHYTAM TMPUKIA] BUKOPUCTOBYE JIMIIE YaCTUHY

MOJKJIMBOCTEH, Hamanux kimacamu Filelnfo, Directoryinfo Ta Drivelnfo.
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BN CAWINDOWS\system32icmd.exe — d X

IHbopmauia np
Hazea danny: .
MOBHMA wWnA
MNanka po3TawyBaHHA:
PoswMpeHHA: .exe
Posmip y bawTa 3295448
ATpubyTK: Arch
Yac CTBOPEHHA: 11.2
YaC OCTAHHBLOIO A0CTY
Uac oCcTaHHbol 3MiHuW danny:

IndbopmMawia npo nanky
Ha3zea nanku: cpu-z
NoBHMKA WNAX: e:Y,
BaTbKiBCBKWUW KaTano
KOpeHeBUMW enemMeHT: \
Yac cTeopeHHAa: 13.12.2016 16:02:52

Indopmayia npo AUcCK
Hazea amcka: e:\
MiTka Tomy: Data
Pozmip aucka, banT: 48317696
BinbHo, banT: 1140
dalinoga cuTema: NTFS
Tun pgucka: Fixed
Press any key to continue

Puc. 11.8. Orpumanns ingopmariii npo ¢aii, nanky ta Juck

[lepeTBOPEHHS YMCNOBMX PALKIB NPW BBOAI-BMBOA|

[Tin yac BBOJY-BMBOAY JOBOJUTHCS YAaCTO NMEPETBOPIOBATH HETEKCTOBI JIaHl y
TEKCT 1 HaBmaku. Hanpuknan, majis BHUKOPUCTAHHS 4YHCIa Yy MaTEeMaTHYHUX
po3paxyHKax BOHO Mae OyTH mojiaHe B 0JHOMY 3 unciioBux (opmatis (int, uint, double
TOIO). AJle SKIIO AaHl OyJ0 NMPOYUTAHO 3 TEKCTOBOro (ailly, TO BOHU OynyTh Y
dopmarti string. IHmmid mpukiaa: Ipu BBOJI 3 KOHCOJI 3a JomoMorow merony Read
OTPUMYEMO PSJOK, HABITh SKIIO KOPUCTYBay BBOAUB YHCIO. SKIIO mporpami
NOTPiIOHO YMCIIOBE MOJAHHS BBEICHOTO PSIKA, WOTO CIiJ] IEPETBOPUTH Y YHCIOBUMN
dbopmar.

JIJIs TIepeTBOPEHHSI YUCIIOBUX JaHUX 3 psaka (String) B OOWH 13 YHCIOBHX
dopMaTiB BUKOPHCTOBYIOTH MeTox Parse. Moro MaroTh Bci momepeaHbO BH3HAYCHI
yuciosi Tunu C#, Taki sk int, double ta inmri. 1100 nmpaBUiIbHO PO3YMITH CTPYKTYPY
tuamB gaaux C#, ciig mam'sataTtd, M0 HACIpaB/i BCl MOMEPEIHBO BU3HAYCHI YMCIIOBI
THUIIU € TICEBJOHIMAMHU IS CTPYKTYp, Bu3HadeHuX y .NET Framework. ¥V ta6mumi 11.7
IpUBEAEHO BiMOBIIHICTh Ha3B cTpyKTyp .NET Ta ix nceBnoHiMiB y C# 1151 UUCTOBUX
THUIIB JaHUX.
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Tabnuusa Ne11.7. BignosigHicte Tvnie .NET Framework Ta C#

HasBa ctpyktypu .NET Framework Ha3sa tuny C# \
Decimal decimal
Double double
Single float
Int16 short
Int32 int
Int64 long
Ulnt16 ushort
Uint32 uint
Ulnt64 ulong
Byte byte
SByte sbyte

UucioBl CTPYKTypH OTrOJIOLMIEHO y mpocTopi iMeH System. Takum YuHOM,
noBHO Ha3Boro a1 Double € System.Double. Lli cTpykTypu MarOTh HIMPOKHI HAOIp
METOJIB, SKi JIO3BOJISIIOTh BUKOHYBAaTH HaWBXKHMBAHIII omeparii Hax JaHUMHA
BimmoBigHUX TUMiB. Cepen HUX € MeTo Parse, skl IePeTBOPIOE YHCIOBUN PSJIOK Y
BIIMOBIAHUN 4YMCIOBUN THUN. ICHye Kibka TmepeBaHTaxkeHUX (Gopm Metonay Parse.
Haiinpocrima 3 HUX MICTUTh OJMH MapaMeTp — PAIOK, SIKUK MOTPIOHO IEPETBOPUTH Y
yucno. I[ami (opmMu [03BONIAIOTH 3aaBaTh JOJATKOBI YMOBHM TEPETBOPEHHS,
HAITPUKJIA I, HAIlIOHAIBHUH (hopMar.

SIKI0 pSAMOK, MO MEPETBOPIOIOTh Y YHUCIIO, MICTHTh HEIOMYyCTUMI JJIS TAHOTO
dopmaTy cumBOSH, MeTOJ Parse 3renepye BuHsATOK FormatException. Skmio psmox
mictuth 3HaveHHs Null, Buaukuae BuHsATOK ArgumentNullException. Konu 3naueHHs,
3aJlaHe PSJIKOM, IIEPEBUIITYE MEXi TUITY, BUHUKHE BHHATOK OverflowException.

Hwxde mpuBeneHo npuKiIaan BUKOPUCTAHHS METOTy Parse mis AesKux TUITiB:

decimal d = Decimal.Parse("'3,3");

int 1 = int.Parse("'100");

uint uil = UInt32.Parse(''123");

DateTime dt = DateTime.Parse('01.01.2017");

VY nepiioMy Ta TpeThbOMY BHIIAAKY BUKopucTano Ha3eu tumiB .NET Framework
(Decimal ta UInt32), a B apyromy — Ha3By tuiy C# (int 3amicts Int32). Ockinbku THITN
C# € nceBnonimamu BifanoBiguux tumiB mwiatdopmu .NET, Tak moxxkna podutu. Asne
PEKOMEHAYEThCS TOTPUMYyBATHUCS OJHOro miaxoxy. Ilpm Bukopucrtanui Ha3zp .NET
cepenosuine Microsoft Visual Studio mporonye BunpaButh ix Ha Ha3Bu CH.

3ayBaXUMO, 110 TIPH MEPETBOPEHHI PO3IITIOBAY 17101 Ta JECATKOBOI YaCTUHU
JTIACHOTO YHMClia, a TaKOoX PO3JUII0Baul JaTH 1 Yacy MarTh BIJAMNOBIAATH JIFOYUM
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HaJAIITyBaHHAM OIepaIliiHol CUCTeMU. B iHIIOMY BHWMaJKy BUHUKHE BHHSITKOBA
CUTYyaIlIs.

[Ilo6 yHUKHYTH TeHEpyBaHHS BHHATKIB TIpU TEPETBOPEHHI  psJKa,
BUKOPUCTOBYIOTH MeTOJ ryParse, sikuii icHye Juisi BCiX 4ucioBuX TUIiB. OCh HOTO
BU3HAYCHHS 1715 THIry INt32:

static bool TryParse(string s, out int result)

Psymok, 1mo MICTUTHP 4YHMCIO, TepeAaroTh mapamerpoM S. Pesynbrar
HIEPETBOPCHHS — II1JIC YUCIIO — OTPUMYIOTh 3 METOJly Yepe3 BUXIIHUI mapameTp result.
[Ticns ycmimHOTO TMEpeTBOPEHHS METOJ MOBEpHE 3HaueHHs {true. Skmo mijg 4ac
NEePETBOPEHHS BUHUKHE BUHATKOBA CUTYAIlis (PSAAOK MICTUTh HEJIOIYCTUMI CUMBOJIN),
Mmetoa nosepHe false. TakuM YnHOM, TIEPEBIPUBIIHN PE3yIbTAT POOOTH METOTY, MOXKHA
TI3HATHCS, YU TIEPETBOPEHHS OYyJIO YCIIIITHUM.

Jlo mbOTO MU PO3MIISIATU TEPETBOPCHHS PAAKOBUX JaHUX Yy BIAMOBITHUIN
NBIMKOBUW TUI. JIJI1 3BOPOTHOTO IMEPETBOPEHHS BUKOPHCTOBYIOTH MeToj 10String,
SKHUH € y BCIX monepeanso Bu3HadeHux tumis C#. Haitnpocrima ¢popMa 1150ro MeToy
HE Ma€ mapaMmeTpiB i MOBEPTa€E pPe3ysIbTaT MEPETBOPEHHS y BUAI psaka Tumy String.
[cHytOoTh TakoX iHIII ¢opmMu Meromy 10String, ski JO3BOJISAIOTH 3amaTv (hopmar
NepeTBOPEHHS (HAMPUKIad, IJIs JIHCHUX YHCeI — KUIbKICTh 3HAKIB MMICIISI KOMU).

Ochb KijbKa IPUKJIAAIB MIEPETBOPCHHS HEPSIKOBHX THIIIB Y PSAJIOK IS KIJTBKOX
3MIHHUX 3 TIOTIEPETHBOTO PUKIAAY:

string sl = d.ToString();
string s2 = d.ToString("'0.00"");
string s3 = uil.ToString();
string s4 = dt.ToString();

VY npyromy BUINAJAKY 3a7aHo GopMart s epeTBOPeHHs 3MiHHOT TuIy double.
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Po3gin 12. baratonoTokose
nporpamyBaHHS]

» [lpouecu Ta NOTOKN BUKOHAHHS
» Knac Thread

» BusSIBNEHHs MOMEHTY 3akiHYeHHS poboTy
MOTOKY

» [lepegaya napameTpa y noTik

» [1pUNMHEHHS BUKOHAHHS NOTOKY

» Bunam notokis Ta Ix npiopuTeT

» CUMHXpOHi3aLlis NOTOKIB Yepe3 BroKyBaHHS

» |HLWi 3aC00K CMHXPOHI3aLii

266




[TpoLiecu Ta NOTOKM BUKOHAHHS

Jlns peanmizanii MexaHi3My OaraTo3agadyHOCTl omepariiiiHa cucrema Microsoft
Windows BHKOPHCTOBY€ MeEXaHI3M npoyecie Ta nomokié 6uxkorauHs. Komnu
3alyCKa€eThCsl TMPUKIAJAHA MpOrpaMa, CUCTEMa CTBOPIOE CHEIalbHUNA 00 €KT —
npoyec, — AKUI NPU3HAYEHUN JJIs MIATPUMKH ii BUKOHaHHA. [Ipouec € koHTeitHeEpoM
pecypciB, SIKI HaJarThCs CHUCTEMOIO JUIsi BUKOHAHHI €K3eMIuiipa mnporpamu [7].
[leperistHyTH TEpeNiK MPaIOI0YUX MPOIECIiB MOXKHA 3a JOMOMOIrO YTHIITH
"ucneruep 3aBaanb" (puc. 12.1). Cam no codi nporec He BUKOHY€ HIIKUX 1, BIH
JIMIIIE HAJla€ PECYPCH IS iX BUKOHAHHS.

Ilomik euxkonanus (thread) — 11€ CTpYKTYpHHUM €JIIEMEHT MIPOIIECY, SIKUM MICTUTD
BUKOHABYMM KOJ| Ta OTPUMYE MPOIECOPHUN HYac aJisi oro BUKoHaHHs. [loTik, Ha
BIAMIHY BiJ IpOIECY, MOXe 3/1MCHIOBATH sKich Aii. be3 moToky mporpama He MOXe
BUKOHYBATHCS. PO3moAiIsII09M MpOIeCOpHUI Yac MixK ITOTOKaMH, OTieparliiiHa cucteMa
3a0e3neuye 0araTo3aJayHiCTh — OJHOYACHE BUKOHAHHA KUIBKOX 3aCTOCYHKIB.

3ayBa)XuMo, 110 y MPOTpaMyBaHHI ICHY€ KUIbKa PI3HUX TEPMIiHIB, SIKi
YKpaiHCHKOI0 MOBOIO 3a3BHUYal mepekianaroTh sk "motik". " Y po3aim "Bein-
BUBIA" OyJIO PO3MIISIHYTO NOMOKU 8600)-6u600y (OPUTIHAIILHUN aHTIIHACHKUI
TepMiH — Stream), 1o omucyBaiu mepenady JaHux (MOTIK JaHUX) Bil (10)
pKepena abo mpwuiiMada iHdopMaiii. 3apa3 MU PO3TIATAEMO HOMOKU
suKoHants (BUX1IHUHN aHIIiChKU TepMiH — thread), siki ipeacTaBiIsIOTh KO/,
0 BUKOHYETHCS MpolecopoM. TepMiH "MOTIK BUKOHAHHA" YKPaiHCHKOIO
TaKOXX 1HKOJM MepeKiIafarTh sk "Hutka" ad6o "tpen". Y 1boMy MOCIOHUKY
BUKOPHCTAHO YaCTIIlIe BXKUBAHUM TEPMiH "TIOTIK".

Cnim mam'staTv, IO IOTOKM BBOJY-BHBOOY (Stream) Ta mOTOKH
BukoHaHHs (thread) — me 30BciM pi3Hi pedi i CIIUTBHICTh YKPAaiHCHKOTO TEPMiHY
HE O3HAYa€ CHOPIAHEHOCTI BIAMOBIAHUX MexaH13MmiB. [Ipo sikuii came BuA
"moTOKY" i1€ThCsl, B OUIBILIOCTI BUMAKIB MOXHA 3PO3YMITH 3 KOHTEKCTY. [lpu
BUBYEHHI Marepiaidy I[bOro po3[iuly MOTPIOHO MamM'aTaTd, 110 MOBa HJe Mpo
MOTOKH BUKOHAHHS.

VY KOXXHOTO mporecy (3aCTOCYHKY) € TOTIK, 3 SKOTO MOYHMHAETHCS BUKOHAHHS.
Horo Ha3MBAIOTH 20.106HUM NOMOKOM. 3 TOJOBHOTO IOTOKY MOYKHA CTBOPHTH iHIIIMIX
notik  (moroku). Ilpomec, sKuUM  MICTUTh KUIbKa IOTOKIB, HAa3UBAIOTh
bacamonomokosum. Y 11bOMY BUNAJKY BiH OJTHOYACHO BUKOHYBAaTHUME K1JIbKa PI3HUX
3aBAaHb. baraTomnoTokoBl MporpamMu A03BOJISAIOTH €(EKTUBHIIIE BUKOPUCTOBYBATH
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cucTeMHl pecypcu. Hampukian, NOKM OJUMH TMOTIK BUKOHYBaTUME TpHUBAJI
pO3paxyHKH, HIIUK MOKE peasi30ByBaTH MOBUIBHUN MepeKeBH OOMIH TaHUMU.

%= ducnetuep sasgaHe — O >
Qain  [Mapamerpu  [Nepernag

Mpoueck MpogyxTwenicte  Bank nporpam  AsTosasaHTawenHs Kopwcrysadi  Joknaaro  Cryschn

6% 7 45% 1% 3%

Im'a L Mam'ATe duck Mepexa
s Adobe Acrobat (32 Gitw) (5) 0% 128,1 Mb 0 Méit/c 0 Mait/fc *

@ Microseft Word (2) 0,1% 85,2 Mb 0 Méit/c 0 Méit/c

[#z] Antimalware Service Executable 0% 20,8 MBb 0 Meit/c 0 Meit/c

[55] Reporting Services Service 0% 741 MB 0 Mait/c 0 Mait/c

E Microsoft Word 0% &4.8 MB 0 Meit/c 0 Meit/c

}=] Snagit Editor (32 GiTu) 0% 64,1 MBE 0 Méit/c 0 Mait/c

Windows Shell Experience Host 0% 43,9 Mb 0 Meit/«c 0 Mait/c

Ctucno 33EEPLUNTI 33E43HHA

Puc. 12.1. Cnucok nporieciB y nucneTdepi 3aBnanb Windows

Ha xommn'torepax i3 OZHUM OJHOSAJEPHUM IMPOIIECOPOM OJIHOYACHO MOXKE
BUKOHYBAaTHUCh JIMINIE OJIMH TOTIK, TOMY 0araro3aJadHiCTh peaii30BYEThCS uepes
pO3MOAUT  TPOIECOPHOTO  4Yacy MK  pisHuMH  mporpamamu.  CropapxHs
0araTto3aJayHICTh MOXJIMBAa TUIBKM B OaraTomporiecopHux (OaraTosiepHUX)
cucremMax, ado B pO3MOJAIIIEHUX OOUYHCIIOBAIBHUX CUCTEMAX.

Y NET Framework po3pi3HsitoTh NOTOKHM ABOX BUIB: BaxuBi (foreground) Ta
¢donosi (background). 3a 3aMoBUyBaHHSIM BCl MOTOKU CTBOPIOIOTHCS BAXJIMBUMHU, i€
iX MOkHa 3poOUTH POHOBUMH. €A1HA BIIMIHHICTh BaXXJIMBOTO MOTOKY BiJ (POHOBOTO
y ToMy, 110 ()OHOBUM TOTIK aBTOMATHYHO MPUITHHSIE POOOTY, SKIIO BCl BaXKJIUBI
MOTOKH MPOIIECy 3yNMHUHEHI [6].

[ToTOoKM MOXYTh MaTH Pi3HUHN MPIOPUTET, KU BITUBAE HA T€, CKIIBKU 4YaCy
CUCTEMAa BUJIUIATUME Ha BHUKOHaHHSA MOTOKy. Y Windows Bu3HaueHO 7 piBHIB
plOpUTETY MOTOKIB [7].

OCKUIbKH P13H1 HOTOKH MOKYTh ITPAIIOBATH 31 CIIUIBHUMH JAHUMH, TO iX poOOTY
4acToO MOTPIOHO Y3TrojKyBaTh MiX coboro. [lii mo koopauHallii poOOTH MOTOKIB
HA3UBAKOTh CUHXPOHIZAYLEIO NOMOKIE.

[Tnardpopma .NET Framework Ta moBa C# MaroTh 3py4Hi 3aco0u 1151 MOOYA0BU
OararonorokoBux  mporpam. Kiacu, skxi  maTpuMyloTh  0araTomoTOKOBE
nporpaMyBaHHS, OITUCAHO y mpocTopi iMmen System.Threading.
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Knac Thread

OCHOBOIO cUCTeMH 0araTooTOKOBOT 00po0OKH € kiac Thread, sikuii iHKancysroe
notik BukoHaHHsA. Kmac Thread 3ameuaranuii (sealed), Tomy He Moxxke OyTH
YCHAJAKOBAaHUN 1HITUM KJacoM. Y HbOMY BU3HAUEHO PSJI METOMIB 1 BIACTHBOCTEH,
NpU3HAYEHUX JIsl YIPABIiHHS TOTOKAMHU.

[1]0o6 cTBOpHUTH MOTIK, CITiJi CTBOPUTH eK3eMIuIp Kiacy Thread. Hafinpocrimmmii
MOr0 KOHCTPYKTOP TaKUM:

public Thread(ThreadStart start)

Tyt start — rie Ha3Ba METO/y, KM MiCTUTB KOJ JUIsI IIOTOKY, a ThreadStart — mporotwui
[OI'0 METONy (TOuHiIe — Jenerat), BusHaueHuit y cepenoBuili .NET Framework.
Meron start € Toukoro Bxoy B MOTiK. [10Tik MOYMHAETHCS 1 3aKIHUYETHCS BUKOHAHHSM
IIOI'0 METOJTy, aJIe 3 HhOTO MOKHA BUKJIUKATH ¥ 1HII MeToau. Lleit MmeToa Ha3uBaroTh
TaKOX YHKYIEIO NOMOK) .

®yHKI1isS TOTOKY Mae OyTH oroJiomieHa sk Void i He MOBMHHA MaTH ITapaMeTpiB.
CtBOpeHHs 00'eKTa JIJ1s MIOTOKY M€ TaKHil %e BUJI, K 1 CTBOPEHHS OY/b-SIKOT0 1HIIIOTO

o0'exra:
KoHcTpykTOp OyHKLiA NOTOKY

Thread newThrd = new Thread(threadFunc);

Ha3sga knacy Ha3Ba 3MiHHOI

HoBwuiil noTik He MOYHE BUKOHYBATHUCS, MOKU HE Oy/i€ BUKIMKAHO HOTO METOJI

Start. Onna 3 opm 1IBOTO METO1A:
public void Start()

[ToTik Oyne BUKOHYBAaTHCS, NMOKH HE BiIOyNETHCS MOBEPHEHHS 3 METOAIY, Ha
AKUM BKaszye mapametp Start, BkazaHuil npu CTBOpeHHs NOTOKY. Ilicis nmpunuHeHHs
BOTO METOAY MOTIK aBTOMAaTUYHO MPUIHUHSETHCS. SIKIO X cpoOyBaTH BUKIUKATH
meron Start i MOTOKy, SKUH BXXE BHKOHYETbCS, TO BHHHKHE BHUHSATOK
ThreadStateException.

CTBOpEHHS 1 3aIlyCK MOTOKY MOX€E BUTJISAATH TaK:

Thread newThrd = new Thread(threadFunc);
newThrd.Start();

Posrisinemo npukiiaa nporpamu, sika 3 TOJIOBHOTO MOTOKY (BiH NMpeECTaBICHUN
¢yHkiiero Main) cTBoproe noaaTKOBHH MOTIK. [Ipu 1[bOMY TOJIOBHHM MOTIK B LUK
BUBOJIUTh Ha €KpaH KoHcomi mitepy "M", a momatkoBuii moTik — mudpy "1" (auB
puc. 12.2). Tak sik 00uaBa MOTOKK BUKOHYIOTHCS TTapaJIeIbHO, TO Ha €KpaHi CHMBOJIU
"M" Ta "1", gkl € IHAMKATOPOM BUKOHAHHS TOrO YM IHIIOTO MOTOKY, OYyIyTb
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nepemimani. Koa mnporpamu, ska peasidye TaKy IOBEIIHKY, IPUBEJIECHO Y

jictunry 12.1.

NonoBHWA NoOTIK
Qégﬁ MMMMMMMMMMMMBMMMRBMMMMBMMMMBMMMMMMMMMMM

l Hoeui KiHeUb NoToKy

KiHeub

NOTIK 4yac —p nporpamu

%.L Stari() KiHeLb NOTOKY
"MMMMMMMMMMMMMMIIMTIMMMIMIIMIMMIIMIMMIMIMIM MMM

Puc. 12.2. CxemaTtndHa CTpYKTypa MPOCTO1 ABOTIOTOKOBO1T TPOTPAMHU

TictuHr 12.1. MpocTa ABONOTOKOBA KOHCOSbHA Nporpama
1 | static void ThreadFunc()
2| {
3 for (int 1 = 1; 1 <= 40; i++)
4 {
5 Console_Write("1™);
6 Thread.Sleep(100);
7 by
813}
9
10 | static void Main()
11 | {
12 Console.Writeline ("T'ojoBHMM noTik (M) BMKOHYyETHCHS...");
13
14 Console.Writeline ("3anyckaeMo mnorixk (1)...");
15
16 Thread threadl = new Thread(ThreadFunc);
17 threadl.Start();
18
19 for (int 1 = 1; 1 <= 30; i++)
20 {
21 Console._Write("M™);
22 Thread.Sleep(50);
23 }
24 | }
@OyHKIiE  TOAATKOBOTO  IMOTOKY  MpelcTaBieHa Meromom  ThreadFunc

(psinku 1...8). Bin mictuth nukn 3 40 iteparliii, SKUil Mpu KOKHOMY MPOXOJKEHHI

BUBOJIUTH y KoHCOJb Iudpy "1" (motik Nel). o6 Tpoxm "po3TsarHytu" y Haci

BUKOHAHHS KOJy TIOTOKY, B IIMKJI BBEJICHO BUKIMK MeToxy Sleep kmacy Thread, skuii

npu3ynuHse BukoHanHs Ha 100 MimicekyH (TpUBAJICTh MAy3U 3a/I1aHa TapaMeTPOM).

270



["o70BHMI TOTIK 3aBXAM HpeacTaBiceHo meTogoM Main. OO0'ekT 101aTKOBOTO
noroky threadl crtBopeHo y psaky 16. Ilpu oMy y KOHCTPYKTOp MeEpeIaHO
nocwianHs Ha Meron ThreadFunc, skuéi MICTUTH KOXI Jisi TOTOKY. BWKOHaHHs
J0JTATKOBOTO TOTOKY PO3MOYaTo y psAnky 17 BukiamkoM metomy Start fioro o6'ekta
thread1.

[Ticns mporo ToNMOBHUM TOTIK y nukim (psaku 19...23) BuBoauts mitepy "M"
(Main — romoBumi mMOTiK). OCKIIBKH Ha JaHUW MOMEHT JOJATKOBHUU IOTIK BIKE
BUKOHYETBCS, TO Y KOHCOJIb ITUCATUMYTh OOUIBA TOTOKH — FOJIOBHUH Ta J0JIaTKOBHM.
Tomy Ha expaHi Oy yTh npucyTHI 1 JiiTepu "M" (BUBiJ] TOJIOBHOT'O MTOTOKY MPOTrpamu),
1 udpu "1" (BUBII 10AATKOBOTO MOTOKY), IO BUAHO 3 puc. 12.3.

BN CAWINDOWS\system32\emd.exe - O >

ronoBHUWM noTik (M) BWUKOHYETLCA. ..
3anyckaemo noTik (1)...
MiMIMMIMMIMMIMMTIMMIMMIMMIMMIMMIMMIMMIMMIMMIMMTITITIIII3I333333333333333311

Puc. 12.3. Pe3ynbratr BUKOHaHHS ABOTIOTOKOBOI ITporpamu 3 jictuary 12.1.
Jlitepy "M" BUBOIUTH TOJIOBHUM NOTIK, a Udpy "1" — nonarkoBuit

3 momanoMy Ha puc. 12.3 BHBOAI JBOX IOTOKIB MOXXHAa IIOMITHTH TakKi

0COOJIMBOCTI:

» VY oTpuMaHOMy B KOHCOJI PSIZIKY € IUISHKA, € BUB1J 000X moTokiB ("M" Ta
"1") mepemimrano. Ile Bka3zye Ha oJlHOYACHY POOOTY 000X MOTOKIB.

» Ha npomixky, ne cumBonu "M" ta "1" BuBeneHO BliepeMiliky, jgitepu "M"
TPAIUIAIOTHCS MPUOIU3HO BABIYl yacTime, Hixk 1udpu "1". Tak 1 mae OyTu:
yacoBa 3aTpUMKa y IHMKJIl TOJIOBHOrO moToKy (50 mMc) BaBI4I MeEHIIa 3a
4acoBY 3aTPUMKY B LIMKJI1 10AAaTKOBOT0O MOToKy (100 mc).

» Jlinsnka, nae BUBII 000X TNOTOKIB MEpeMIlIaHUNA, OJHOTO MOMEHTY
3aKIHYY€TbhCS, 1 10 KIHIISI BUBOJATHCS TUIbKY Lidpu "1". Le noB'sa3aHo 3 ThM,
IO IIUKJI TOJIOBHOTO MOTOKY KOPOTIIMH 3a IIUKJ A0AATKOBOTO (BiAMOBIIHO
30 Ta 40 iteparriii, Ta ¥ yacoBa 3aTpUMKa y TOJIOBHOMY IIOTOI[I MEHIIIA).

3BUYAIHO, TpOrpaMa MOXE€ CTBOPIOBATH TaKy KUIBKICTh JOJATKOBUX MOTOKIB,

gka TMOTpiOHa [Is peamizamii 11 anroputMy. Ilporpama y mictunry 12.2 €
JIOTIOBHEHHHSM TIOTIEPETHBOTO TPHUKIATYy 1 CTBOPIOE JBa JOJATKOBHX ITOTOKH.
[lepmmii moTik BUBOAUTH y KOHCONb Iudpy "1", a apyrwit — mudpy "2". OyHKIIi
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IIEPIIOro Ta JAPYroro moTokiB — BiamoBiauo ThreadFuncl ta ThreadFunc2. Ctpykrypa

Ta poOOoTa MporpaMu MPUHITUIIOBO HE BIIPIZHAETHCS BiJl PaHIIIE PO3TIIHYTOI.

BuBig TphOXIOTOKOBOT ITpOrpamMu moka3aHo Ha puc. 12.4.

TMictuar 12.2. TpocTa TpbOXNOTOKOBA KOHCOSbHA Nporpama

O© 0O ~NO UL WNPRP

WWRNNNNNNNNNNRRRRERRRRRERR
POOONOUBNWNRLROOOWMNODUONWNERO

static void ThreadFuncl()
{

for (int i = 1; i <= 40; i++)
{
Console.Write(''1"™);
Thread.Sleep(100);

he
}
static void ThreadFunc2()

{

for (int i = 1; i <= 30; i++)
{
Console.Write(''2™);
Thread.Sleep(300);

+
+
static void Main()
{
Console.WritelLine ("T'omoBHMM noTik (M) BMKOHYyEeThCHS...");
Console.Writeline ("3anyckaemo noroku (1) Ta (2)...");
Thread threadl = new Thread(ThreadFuncl);
Thread thread2 = new Thread(ThreadFunc?2);
threadl.Start();
thread2.Start();
for (int 1 = 1; 1 <= 15; i++)
{
Console. Write("'M'™");
Thread.Sleep(50);

by
Console_ReadKey();

}

BusIBNEHHS MOMEHTY 3aKiH4eHHS pobOTH NOTOKY

YacTo y mporpami He0OX1THO 3HATH, KOJIM HOBOCTBOPEHHMH MOTIK 3aKIHUYE CBOIO

pob6oty. YacoBe y3romkeHHs: poOOTH MOTOKIB HA3MBAIOTh CUHXPOHIZAYIEI0 NOMOKIS.

Jliis cuaxpowizanii kiaac Thread mae nBa 3aco6u: Bmactusicts ISAlive Ta meTos Join.

Brnactugicts ISAlive mocTymHa nurine 1t YUTaHHS 1 MA€ JIOTTYHUMN THIT:

public bool IsAlive { get; }
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BN C:AWINDOWS, system32icmd.exe - O *

NronoeHMKM noTik (M) BMKOHYEThCA.
Sanyckaemo notoku (1) Ta (2)

1IM2MIMMIMM2 IMMIMM 1M 1HH1H1 211121112111211121112111211121112

Puc. 12.4. Pe3ynbrar BUKOHaAHHS TPHOXIIOTOKOBOI MPOrpamMu 3 JICTUHTY 12.2

Brnactugicth ISAlive moBepTae 3HaueHHS true, skimo ii MOTIK Bce IIe Mparlroe, i
false — skmo BiH Bxke 3aBepmMB poOOTy. TakuM YWHOM, MEPIOJMYHO YHUTAIOYH
3Ha4YCeHHs BJIACTHBOCTI ISAlive, MOXXKHA MEpPeCBiTUUTHUCS, IO MOTPIOHUN MOTIK BXKE
BIJIITPAL[bOBAHO.

Metox Join mpuIMHSE BUKOHAHHS BHUKIUKAIOYOTO IMOTOKY JIO 3aBEpIICHHS
poOOTH MOTOKY, MPEACTABICHOrO0 EK3EMIUIIPOM, JIg SIKOTO BHUKJIMKAHO METOJI.
Haitnpocrimnia popma meroay Join:

public void Join()

[H111 popMHU LILOTO METOAY JT03BOJISIIOTH 33JaTH Yac OYIKYBaHHS, 1 IOBEPTAIOTh
1H(pOpMaIIiIO PO TE€, UM 3aBEPIICHO POOOTY MOTOKY MPOTITOM Yacy O4iKyBaHHS.

[Io6 mpoaeMoHCTPyBaTH BAXKJIUBICTh CHHXPOHI3aII11 IOTOKIB, PO3TISHEMO TaKe
3apaanHs. [Iporpama mae nBi 3minHuX: A Ta B. 3MiHHY A po3paxoBye nepuiuii moTik, a
3MiHHy B — apyruit motik. Ha ocHoBi 3HaueHb 3MiHHUX A i B y ronoBHOMY moToii
po3paxoByemMo 3HaueHHs TpeThoi 3MiHHOI — C (C=A+B). fxmio pospaxoByBaTH
3Ha4yeHHs 3MiHHOI C /10 TOro, SIK 3aKiH4aTh pOOOTY MOTOKH, TO ii 3Ha4YCHHs OyIe
HEMPABUIIHLHUM.

VY mictunry 12.3 mpuBeAeHO Tmporpamy, SKa HaMara€ThCs BUKOHATH II€
3aBJIaHHS, HE OYIKYIOUM Ha 3aBEPILEHHS MOTOKIB, 1[0 PO3paxoBYIOTh 3MiHHI A Ta B.
3ayBaXUMO, 110 HECHMHXPOHI30BaHICTh IMOTOKIB NpHBEAE A0 HemnpaBuibHOTO (!)
3Ha4eHHs 3MiHHOI C.

PosrasHemo kon mictunary 12.3 neranpHime. Y kiaci Program orosorieHo Tpu
noJist mistoro tumy: A, B ta C (psimok 3). Meroa ThreadFuncA "po3paxoBye" (HactipaBii,
iMiTye po3paxyHok) 3miHHOi A, a merox ThreadFuncB — 3wminnoi B. 3minna A
"migpaxoBye" KITbKICTh TPOXOKEHD MUKITY Y pankax 7...11 1 micis iWoro 3aBepIieHHs
nopiBHioBatuMe 40. KoxkHa iTepamiss LUKy CYHNPOBOIKYEThbCs 3aTpumkor 100
MuticekyHT (psaok 10). OcTaHHBOIO I1HCTPYKIIEI0 TOTOKY € BHUBIJ y KOHCOJIb
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NOBIJJOMJICHHSI NP0 NPUNHHEHHS poOoTH MOTOKY (paAnok 12). Ilicns uporo moTik
3aKiH4y€ poOoTYy.

Mictvar 12.3. PospaxyHok 3HaveHHs 3MiHHOT C 6e3 cuHXpOHi3aLil 3 noTokamn A i B

1 | class Program

2| {

3 static int A, B, C;

4

5 static void ThreadFuncA()

6 {

7 for (int 1 = 1; i <= 40; i++)

8 {

9 A++;

10 Thread.Sleep(100);

11 3}

12 Console._WriteLine(''\tllorik 1 mpunmuHeHo. A = {0}", A);
13 }

14

15 static void ThreadFuncB()

16 {

17 for (int 1 = 1; 1 <= 30; i++)

18 {

19 B++;
20 Thread.Sleep(200);
21 3}
22 Console._WriteLine("'\tllorik 2 npunmuHenHo. B = {0}", B);
23 }
24
25 static void Main()
26 {
27 Console.WriteLine(
28 "ToJIOBHMM nOoTik (M) BMKOHYeTbCH...");
29 Console.Writeline ("3BanyckaeMo noroxkmu (1) Ta (2)...");
30
31 Thread threadl = new Thread(ThreadFuncA);
32 Thread thread2 = new Thread(ThreadFuncB);
33
34 threadl.Start();
35 thread2.Start();
36
37 C = A + B;
38 Console._WriteLine(™A = {0}, B = {1}, C = {2}",
39 A, B, O);
40 }
41 |}
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Amnanoriuno "po3paxoBaHo" 3HadeHHs 3miHHOI B (muB. meron ThreadFuncB).
Komnu noTik, sikuii ii po3paxoBye, IPUIMMHUTH POOOTY, 3HaueHHs B nopiButoBaTume 30.
Ctpyxkrypa metoxy ThreadFuncB anamoriuna no crpykrypu metoxy ThreadFuncA.

Y ronoBHoMy moroiii (MeTo Main) cTBopeHo Ta 3amyIieHo 00K/1Ba J0JaTKOBUX
notoku (psiaku 31...35). Bigpasy micis mporo po3paxoBaHO 3HaueHHsI 3MiHHOT C
(psamox 37) 1 Bci Tpu 3MiHHI BUBEACHO y BIKHO. SIKIIO BUKOHATH IO MPOTpamy, TO
MOKHA MEPEKOHATHUCS, 10 OyJ1e BUBEJACHO MPOMIXH1 3HaUCHHS 3MIHHUX. bijibiiie Toro,
OTpUMMaHI 3HauY€HHs OynyTh HemependadyBaHl 1 MICHS PI3HUX 3alyCKiB MOXYTb
Bijpi3HsTHCS (puc. 12.5). KoHKpeTHI OTpuMaHi 3HA4YeHHS 3aJeXaTUMYTh Bij
IIBUJIKOJIII CHUCTEeMHM, ii 3aBaHTaXeHOCTI Ta iHmUX (akropiB. [IpuwumHOIO TaKOl
MOBEAIHKU MPOTPAMH € T€, 1110 BAKOPUCTAHO 3HAYCHHS 3MIHHUX JI0 3aKIHUEHHS pOoO0TH
MIOTOKIB.

B file:///D:/Progs/Demo MSVS C#/ConsoleApplication2/ConsoleApplication2/bin/Debug/Cons

FonoBHuit NoTik (M) BUKOHYETbCA...
3anyckaemo notoku. (1) Ta (2)...
A=1,B=80,(C=1 FonoBHuidi noTik (M) BMKOHYETbCA...
MoTik 1 NpunuHeHo. A 3anyckaemo notoku (1) Ta (2)...
MoTik 2 npunuHeHo. B A=3,B= %: c=14
MoTik 1 npunuHeHo. A = 40
MoTik 2 npunuHeHo. B = 30

/{/D:/Progs/Demo MSVS C#/ConscleApplication2/ConsoleApplication2/bin/Debug

B file:///D:/Progs/Demo MSVS C#/ConsoleApplication2/ConsoleApplication2/bin/D

ronoBHU noTik (M) BWKOHYETbCA. ..

3anyckaemo noTtoku (1) Ta (2)...
A=2,B=1,(C=3
MoTik 1 npunuHeHo. A = 4@
MoTik 2 npunuHeHo. B = 30

Puc. 12.5. Pe3ynbrat BUKOHAaHHS HECHHXPOHI30BaHUX MOTOKIB HenepeadadyyBaHun

VY nictunry 12.4 npuBeneHo koa MeToay Main 3 momepeaHbOro MpHUKIANY, Y
SKUN JTOMAHO JIBa PSIIKU, IO 3a0e3MeuyloTh CHHXPOHI3AII0 TOJIOBHOTO MOTOKY 3
norokamu A ta B. Ko MeToay MOBHICTIO iIEHTUYHHI TIOTIEPETHBO POTIISIHYTOMY, 32
BUHSATKOM OYiKYBaHHs Ha 3aKiHUCHHS POOOTH MOTOKIB JUIsl pO3PaxXyHKY mapameTpiB A
ta B (psanku 12...13). Tenep pe3ynbratu po3paxyHKy LIJTKOM ovikyBaHi: 3MiHHa A=40,

B=30, a C=70 (puc. 12.6).
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Tlictvur 12.4. MpaBunbHUIN PO3paxyHOK 3HAYEHHS 3MiHHOI C
1 | static void Main(Q)
214
3 Console.WritelLine ("T'ojmoBHMM noTik (M) BMKOHYyEeThCHS...");
4 Console.Writeline ("3anyckaemo noroku (1) Ta (2)...");
5
6 Thread threadl = new Thread(ThreadFuncA);
7 Thread thread2 = new Thread(ThreadFuncB);
8
9 threadl.Start();
10 thread2.Start();
11
12 threadl.Join();
13 thread2.Join();
14
15 C =A + B;
16 Console._WriteLine(A = {0}, B = {1}, C = {2}", A, B, C);
17 | }

BN CAWINDOWS\system32iemd.exe — | X

FrMonoBHWA noTik (M) BMKOHYETbCA. ..
3anyckaemo notokmn (1) Ta (2)...
Notik 1 npunuHeHo. A = 40
MoTik 2 npunuHeHo. B = 30
40, B = 30, C =70

. any key to continue .

Puc. 12.6. Pe3ynpTaT BUKOHAHHS CUHXPOHI30BaHUX MOTOKIB

Jlns ouikyBaHHsA Ha 3aBeplIeHHS poOOTH MOTOKiB A Ta B MokHa Takox
BUKOpUCTATH BiacTuBicTh ISAlive. Jlns 1poro y kom 3 Jjictunry 12.4 3amicTh
pankiB 12...13 MoxHa 3anucaT TaKUd KO/ OYIKYBaHHS:

while (threadl.lIsAlive || thread2.l1sAlive)

{
Thread.Sleep(50);

}

[Tporpama y 1wk Oyjae mepeBipsATH 3HaueHHsS BiactuBocteil ISAlive o6ox
noTOKIB. L{MKJI 3aKIHYUTH CBOXO POOOTY TO/1, KOJIM IPUITHHATH POOOTY 0OMBA IOTOKU
(oOMIBI BIACTUBOCTI IOPIBHIOBATUMYTH false).
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[lepenaya napameTpa y NoTik

IToTtoky npu HOro 3amycky MOKHa II€pelaTu napamerp 3 AaHuMu. s 1boro
CJIiJ] BAKOPUCTOBYBATH TaKHil BapiaHT MeToj1a Start:

public void Start(object param)

O0'exT param Oyme nepenano y GyHKIIIIO MOTOKY. TakuM YMHOM, TI00 mepenaTi
y MOTIK MapaMeTp, CJIiJl nepeaatu noro meroay Start.

BignosizHo, 1 MeTox i PyHKINIT MOTOKY IMTOBUHEH MaTH OJIUH MapaMeTp THUITY
object, sxwuii mpeacTaBIATHME JaHi I epeaayl y MOTiK.

Hanpuxitan, QyHKIIS ITOTOKY MOYKE MAaTH TaKUI BUTJIS:

void Run(object num)

{

if ((Gint)num > 10) ...

Toxi cTBOpeHHS 1 3allyCK MOTOKY 3 OJHOYACHOK Mepefadyer0 oMy IEBHOIO
3HAYEHHSI BUTJIAJaTUME TaK:

Thrd = new Thread(Run);
Thrd.Start(num);

|_|pI/IﬂI/IHeHHFI BUKOHaHHA NOTOKY

JInst mepepuBaHHS MOTOKY 710 HOTO HOPMAJIbHOTO 3aBEPIICHHS CITYKUTh METO/T
Abort knacy Thread. Haitnipocririra ¢hoopma 1boro MeTo1y Taka:

public void Abort()

Metox Abort He 3aBxau 3ynuHsI€ TOTIK HEraltHO, TOMY, SIKIIO MOTIiK MOTPIOHO
3YMHUHUTH TEPE]] THM, SIK MPOJOBKUTH BUKOHAHHS MPOTPaMH, TO micist metoxy Abort
CJIIJT Bipa3y * BUKIUKATH MeTo JOin.

Buau noTokis Ta ix npioputeTt

B cepenoBumi .NET Framework € naBa pi3HOBUAM TIOTOKIB: BaKJIMBI
(foreground) Ta ponosi (background.). [Iporpama He 3aBepIIMTHLCS, MOKK HE 3aKIHYATH
po0OTY 11 BAXKIIMBI TOTOKH, TOJ1 K (DOHOBI MOTOKU 3aBEPIIYIOTHCS aBTOMATUYHO TTICIIS
3aKiHYCHHS BCIX BAXKJIHBUX.

3a 3aMOBUYYBaHHSM HOBOCTBOPEHHUH IMOTIK CTAa€ BAXKIUBUM. AJle oro MoXxHa
3pobutH (HOHOBUM, BHKOPUCTOBYIOUM JIOTiuHY BiactuBicTh ISBackground. II{o6
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3poOUTH MOTIK ()OHOBUM, TIOCUTHh IPUCBOITU 3HAYEHHS {rUe 11ii BiacTuBOCTI. Jloriune
3Ha4eHHs false Bkasye Ha Te, 110 MOTIK € BaXKITUBUM.

VY KOXXHOTO TIOTOKY € CBii TPIOPUTET, KU 3aJa€, HACKIIBKH 9acTO TOTIK
OTPUMYBAaTUME JOCTYHI JO0 MIKpOIPOIIecOpa. 3arajioM, HU3bKOIPIOPUTETHI TMOTOKH
OTPUMYIOTH JOCTYIl 0 IpOLEecopa piAlle, HIXK BHUCOKONPIOPUTETHI. TakUM YUHOM,
IPOTATOM TMEBHOTO MPOMIXKKY Yacy HU3BKOMPIOPUTETHOMY MOTOKY OyJie JOCTYITHO
MEHIIIE MPOLECOPHUX PECYPCIB, HIK BUCOKOIIPIOPUTETHOMY.

Kpim npioputeTy, Ha 4aCTOTY IOCTYITY MOTOKY IO MIPOIIecCOpa BILUIUBAIOTH 1 1HIIT
dakropu. Tak, SIKI0O BUCOKOMPIOPUTETHUHM MOTIK OYIKY€ Ha JOCTYI JO IEBHOTO
pecypcy (HanmpuKiIad, A7 BBEICHHS 3 KJIaBiaTypH ), BiH MPU3YIHHSIE POOOTY, a 3aMiCTh
HBOTO BUKOHYETHCS  HHU3BKONPIOPUTETHWHA TOTIK. Y  TOHiOHIN  cuTyarii
HU3BKOIPIOPUTETHUHN TMOTIK MOXE OTpUMATH OUIbIIE MPOLECOPHUX PECYPCIB, HIXK
BUCOKOIpiopuTteTHUid. KpiM 1pOro, miaHyBaHHsS 3aBJaHb Ha pIBHI OMNepaliiHOi
CUCTEMHU TAaKOXK BILUIUBAE HA 0OCST MPOLECOPHOT0 YacCy, IKUM BUIISETHCS JIJIS TIOTOKY.

Konm moTik cTBOpeHO, BIH 3a 3aMOBUYBaHHSM Ma€ 3BHUYalHUN mpioputeT. B
MOJAIBIIIOMY TPIOPUTET MOTOKY MOKHA 3MIHUTH, 3aJIaBIIM BIJIMOBiAHE 3HAYCHHS
BiacTHBOCTI Priority (BoHa € enemenToM kiacy Thread):

public ThreadPriority Priority{ get; set; }

Tyt ThreadPriority mo3nauae mepenik, SKHH MICTUTh 3HAYCHHS IPIOPUTETIB MOTOKY
(tabmurs 12.1). Bimpasy micist CTBOpEHHS MOTIK Ma€ 3HAUYEHHS 32 3aMOBYYBAaHHSIM —
ThreadPriority.Normal.

Tabnuys Ne12.1. 3HayeHHs npiopuTeTy NOTOKY

Mpioputet Onuc |
ThreadPriority.Highest Havsuwmn npioputet

ThreadPriority.AboveNormal  [lpiopuTeT BuLWiA 3a 3BUYANHNIA

ThreadPriority.Normal 3BUYaNHMI NPIOPUTET (3HAYEHHS 3a 3aMOBYYBaHHSIM)
ThreadPriority.BelowNormal  [piopuTeT HUXYMIA 3a 3BUYAINHUIA

ThreadPriority.Lowest HanHumxumin npioputet

3a1aTH MPIOPUTET MOTOKY y MPOrpami MOXKHA, HAITPUKIA, TaK:

threadl.Priority = ThreadPriority.Highest;
thread2.Priority = ThreadPriority.Lowest;

ne threadl ta thread?2 — exzemmsipu kiracy Thread.

bararonotokoBuii K01 MOXe TTOBOJIUTUCSA MO-PI3HOMY Ha pI3HOMY 00JIaJHAHHI,
TOMY HIKOJIM HE CIIiJl MMOKJIAJaTHCs Ha Pe3yJIbTaTh MOT0 BUKOHAHHS TIIBKH B OJIHIM
cuctemi. Tak, Oyyio 6 TOMIJIKOIO BBa)KATH, IO HU3BKOMPIOPUTETHUHN TOTIK 3aBKIH
OyJe BUKOHYBATHCS JIMILE MPOTATOM HEBEIMKOTO MEPIiOAy Yacy A0 THUX Iip, TOKU HE
3aBEPIIUTHCA BUCOKONPIOPUTETHUH MOTIK. IHKOJIM BUCOKOMIPIOPUTETHUIN MTOTIK MOXKE,
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HANIPUKJIAA, 3aBEPIIMTHCS IIE A0 TOTO, SK HU3BKONPIOPUTETHUH TOTIK TIOYHE
BUKOHYBaTHCs. B neskux BUIagkax BUCOKONPIOPUTETHUN MOTIK MOYXKE BUKOHYBATUCS
HaBITh JIOBIIIE, HIXK HU3BKOINPIOPUTETHUN (HABITh SKIIO BOHU BUKOHYIOTh OJIMHAKOBI
3a 00CSTOM 3aBIaHHS).

PosrnsHemo mpukiaj, SKUil UTIOCTPY€E BIUIUB MPIOPUTETIB MOTOKIB HA Yac ix
BUKOHaHHs (mictuHT 12.5). Imess mporpamm Taka: € naBi BimactuBocti— A Ta B
(psnku 3,4) 1 nBa MOTOKH, mpeacraBieHi metomamu ThreadFuncA ta ThreadFuncB
(panku 7...13 Ta 15...21). [lepmmuii OTIK MaTUMe BUCOKUN MPIOPUTET, a APYTHil —
HU3bKUH. KOXKeH 3 TOTOKIB y IIUKIII HETIEPEPBHO 301IbIITyBaTUME "CBOIO" BIACTUBICTD
(A um B) Ha 1. [{uksim 000X MOTOKIB MPHUITMHITH BUKOHAHHS, KOJIM BIACTHBICTH StOP
MatuMme 3HadeHHs true. dyHkiii 000X MOTOKIB OJHAKOBI, 32 BUHSTKOM 3MIHHOI-
JTYUATBHUKA: TIEPIIMA MOTIK 30UTbINy€e 3Ha4YeHHs 3MiHHOI A, a apyrwii — 3MiHHOI B.
[ToTOKM BHUKOHYBAaTHMYTHCS TMapajeibHO MPOTATOM OJHOTO TPOMDKKY dYacy — 5
cexkyHJ. TakuM 9MHOM, 3HAYEHHS 3MIHHOI Oy/e 1HIUKATOPOM 4acy, BHIUICHOTO IS
noToKy. UuM Oinibllie 3HAYEHHS MaTUME 3MIHHA, TUM O1JIbIIIE ii MOTOKY OYJI0 BUAIICHO

yacy.
NictnHr 12.5. JocnimkeHHs BNAUBY NpiopUTETY NOTOKY Ha Yac NOro BUKOHAHHSA
1 | class Program
21{
3 static long A { get; set; }
4 static long B { get; set; }
5 static bool Stop { get; set; }
6
7 static void ThreadFuncA()
8 {
9 while (1Stop)
10 {
11 A++;
12 }
13 }
14
15 static void ThreadFuncB()
16 {
17 while (1Stop)
18 {
19 B++;
20 }
21 }
22
23 static void Main(Q)
24 {
25 StartAgain:
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26

27 A =B = 0;

28 Console._WriteLine();

29 Console.Writeline ("BamnyckaeMo IOTOKM...");
30

31 Stop = false;

32

33 Thread threadA = new Thread(ThreadFuncA);
34 Thread threadB = new Thread(ThreadFuncB);
35

36 threadA.Priority = ThreadPriority.Highest;
37 threadB.Priority = ThreadPriority.Lowest;
38

39 threadA.Start();

40 threadB.Start();

41

42 Thread.Sleep(5000);

43

44 Stop = true;

45 threadA.Join();

46 threadB.Join();

47

48 Console._WriteLine(A = {0:0,0}, B = {1:0,0}", A, B);
49 Console.Write ("3HoBYy? (Y - Tak) : ");

50 ifT (Console.ReadKey() .Key == ConsoleKey.Y)
51 goto StartAgain;

52 }

53|}

Posrnsaemo wMeton Main.  Crouarky, Tepea  CTBOPEHHSM  IOTOKIB,
BJIACTUBOCTSM-JIIYUIILHUKAM MPUCBOEHO 3HaUeHH O (psAok 27), a BlIacTUBOCTI Stop —
3HaueHHs false (psgok 31). BiractusicTs StOp € mpamnopiieM, BCTAHOBIICHHS SIKOTO y true
MPUTIUHUTH POOOTY MOTOKIB.

Jani ctBopeHo nBa noToku (psiaku 33,34). O0'eKT mepiioro nMoToKy Ma€e Ha3By
threadA, a apyroro — threadB. Ilicist boro mepiioMy MOTOKY MPUCBOEHO HAMBHIIHUI
npiopuret Highest, a npyromy — HaliHmxkumii ipiopuret Lowest (psaxu 36,37). O6unBa
MOTOKH BiJpa3y 3aIlyIIeHO 1O BUKOHAHHS, a TOJOBHUN MOTIK mpu3ynuHeHo Ha 5000
MUTICEKYHT BHKIMKOM Metona Thread.Sleep (psmok 42). IIpoTsirom 1boro wyacy
TOJIOBHUW TIOTIK HE BHUKOHYBAaTUMETHCS, aje€ JBa JOJATKOBHX TOTOKH
IPOJIOBKYBATUMYTh POOOTY, MOCTIHHO BiMPAIlbOBYIOYHM CBOI UK Ta 301TBITYIOYH
3HAYEHHS BIIACTUBOCTEH-IIUMIIBHUKIB.

[To 3aKkiHYEHHIO BiABEJCHOTO Yacy OYIKyBaHHS BJIACTUBOCTI StOP MPHCBOEHO
3HaucHH true (psaok 44). Ilicias nporo MOTOKU MPUIHHATE POOOTY, OCKIIBKU LIUKIIH Y
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meromax ThreadFuncA Tta ThreadFuncB mnepecranyTh mpaioBatu. AJlle HAcTyIHA
IHCTPYKIIiSl TOJOBHOTO TOTOKY MOXE IMOYaTH BUKOHAHHS IIE S0 TOTO, SK OOWIBa
MOTOKH 3yHHHATHCA. TOMY BUKITMKOM MeTO/1y JOIN BiAMOBITHOTO €K3EMILIAPA YeKAEMO
Ha TMPUNUHEHHS poOOTH MOTOKIB (psaku 45,46). Ilicas upboro BUBOAMMO Ha €KpaH
3HAYCHHS 3MIHHUX-TIYMIbHUKIB A Ta B (psaok 48).

Haramaemo: Ouiblle 3HAYE€HHS 3MIHHOI O3HA4YaTHUME, IO NOTIK, IKUH 3 HEIO
MpairoBaB, OTpUMaB Ouiblne TporecopHoro vacy. OCKIIbKM TEPIIMNA TOTIK Mae
BUCOKHUM TPIOPUTET, a APYTHM — HU3BKUN, TO JOTIYHO OYIKYBaTH, IO 3HAYEHHS
BJACTUBOCTI A Oy/ie IOMITHO OLJIBIIIKMM 3a 3HAYCHHS BJIACTUBOCTI B.

[Iporpamy 0yJi0 MPOTECTOBAHO HA JBOX KOMIT'FOTEpAX pi13HOI KOHPIrypamii. s
"crapoi" Ta MOBLILHOI cUcTeMHU Ha 0cHOBI1 ofiHOsiepHOTO CPU Athlon 64 3 wactoToro
2.0 ITo (1 T'6 RAM) pesynbrat ouikyBaHuid: "oOpaxoBaHe" 3HaueHHsS 3MiHHOI A
IOCTIHO cyTTeBO BHIe 3a B (puc. 12.7). 3i ckpiHIIOTY BUAHO, 0 puOIH3HO 98%
MPOIIECOPHOTO YaCy HaJlaBajoCs MEePIIOMY MOTOKY (3 BUCOKUM MPIOPUTETOM ).

cv p:VWonsoleApplication2.exe

3anyckacMo MOTOKM. . .

A =6 699 424 B85, 158 223 819
3noey? (y - Tak)

3anyckacMo MOTOKM. . .

A =7 6858 891 108, 154 654 080
3noey? (v - Tak)

3anyckaeMo MoToKWU. . .

R =7 234 158 038, 159 759 953
3noBy? {y - Tak) :

3anyckaeMo MOTOKWU. . .

R =6 864 180 955, 85 490 426
3noey? (v - Tak) :

3EII'IL-ICKEI€H0 MOTOKHK. .. 1 1
A =17 087 378 712, 161 158 634 Puc. 12.7. Iepmmit noTik

3noBy? (y - Tak) : BUKOHYBABCS 3HaYHO O1JIbLIE
qacy, HIXK JIPyTHM

371 945
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Puc. 12.8. O6uaBsa moToxku

W = WU I Ly
i al

BUKOHYBAJINCS TIPUOIH3HO
OJIHAKOBI MMPOMDKKH Yacy

281



Axne nns "HoBoi" 6ararosaepHoi cuctemu Ha ocHoBl CPU Intel Core 17 (4 siapa,
8 mOTOKIB BUKOHAHHS ) 3 4acToTor0 sijipa 2.4 I'T1 (8 '6 RAM) pesynbTar Aeio 1HIII:
A npubnusHo nopiBHIOE B, 10 TOro x, A mMoxxe OyTHM HaBiTh TPOXH MeHIIe 3a B
(puc. 12.8).

Ile mosicHIOETHCS TUM, 10 B OaraTosiepHil (a00 GaraTonmporecopHiil) cuctemi
o0uBa TOTOKM BUKOHYIOTHCS OJHOYACHO Ha JABOX SApax MPOTATOM OJHAKOBOTO
IPOMIDKKY yacy. ToOTO, IpHU HAsABHOCTI MOTOKY 3 HU3bKUM MPIOPUTETOM, CUCTEMA
cnemniajgbHo He "ranbmye" oro BukoHaHHS. [IpiopUTeT € CyTTeBUM NpH PO3MOALII
00OMEKEHUX CUCTEMHHUX PECYpCIB: SKIIO X HE BUCTAYa€ Ha JiBa MOTOKHU, TO B MEPUIY
Yepry BOHM HAJAIOTHCS TOTOKY 3 OUIBIIUM MPIOPUTETOM. SIKIO K CHCTEMHHX
pecypciB JOCTaTHHO, OOMABA MIOTOKU OTPUMYBATUMYTh X Y MOBHIHM MIpi.

Jlo 1poro yBary OyJsio 30CepeKeHO Ha JOJATKOBUX MOTOKAaX, aje 3 TOJIOBHUM
MOTOKOM MO’KHA BUKOHYBATH Ti K [Iii, 110 1 3 yCiMa 1HIIMMHU MOTOKaMu. 11t mnoctymy
JI0 TOJIOBHOTO ITOTOKY HEOOXiTHO OTpuMaTH 00'eKT THITy Thread, sikuii mocuitaeThes Ha
rojioBHuil motik. Ile poOssTh 3a momomororo BiactuBocTi CurrentThread, mo €
eneMeHToM kiacy Thread. Hanpuknan:

Thread Thrd = Thread.CurrentThread;

CunHXpOHi3aList NOTOKIB Yepe3 BrokyBaHHS

Buie 6yno HarosomieHo, mo npu poOoTi KUIBKOX MOTOKIB BUHUKAE 3aBIaHHS
ix cuHxpoHizarii. Po3risiHyTHii BUNIaJ0K OYiKYBaHHS Ha 3aBEPIICHHS POOOTU MOTOKY
€ JIMIIE OJHUM 3 BHUIAJIKIB CUHXpOHI3alii. YacTo moTpiOHO CUHXPOHI3YBATH MOTOKH,
SIK1 BUKOHYIOTBCSI 1 IOBUHHI JaJll BAKOHYBAaTHCS.

HalimomwupeHimow NOpUYMHOI  CHUHXPOHI3ALll  CIYyXUTh  HEOOXIJHICTh
PO3MOAUIATH Cepe]] KUIBKOX MOTOKIB 3arajibHUi pecypc, SKui 0JHOYACHO MOKe OyTH
JOCTYITHUN TUIBKK OJAHOMY MOTOKY. Hampukiaza, Ko oJMH MOTIK 3alUCYy€ JaHi y
3MIHHY 4H (aiij, To APyromMy IOTOKY Ma€ OyTH 3a00pOHEHO POOUTH 11€ B TOM K€ caMuid
MoMeHT dacy. CuHXpoHI3allisi HeoOXiaHa 1 TO/1, KOJU OJWH TOTIK OYIKY€ Ha MO0,
AKy CHOpUYHMHSE IHIKANA MOTIK. Y MNOAIOHHMX CHUTyalisx MOTpiOHI 3acobu, Mo
JI03BOJISIIOTH MPU3YMUHUTH OJMH 3 MOTOKIB, TOKH HE B1AOYAETHCS MOAIS B 1HIIOMY
noTotii. [Ticas nboro ouikyr4Yuil MOTIK MOKE BITHOBUTHU CBOE BUKOHAHHS.

SIK1o BiICYTHSI CUHXPOHi3allisi poOOTH MOTOKIB, SIKI BAKOPUCTOBYIOTh CIIIbHI
pecypcu, To naHi, c(opMOBaHI IMMHU MOTOKAaMHU, MOKYTh HE BiJIIOBIJATH JIOTII HI
OJIHOTO 3 MOTOKIB, 1110 MPAIOBaB 13 HUMHU. [lopylIeHHs JOTIKK aJIfCOPUTMY ITPOrPaMH,
BUKJIMKaHE HEY3TOKEHICTIO POOOTH MOTOKIB, HA3UBAIOTH KOHGAIKIMOM NOMOKIE.

[Tpu cuHXpoHi3alii KIIOYOBOIO KOHIICTILIEIO € 610K)8aHHs TTIOTOKOM BUKOHAHHS
ninstakd Koy [6]. Komu taka ninsHka Koay (4u 00'€KT) 3a0JI0KOBaHA TOTOKOM, HisTKHMA
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IHIIUN TIOTIK HE MOXE OTpUMATH AOCTYI 110 3a0jiokoBaHoOro koxay. Lledt kom Oyne
JNOCTYIHUN 1HIIUM TOTOKAaM TIJIbKU MICHsl HOTO PO30JIOKYBAHHS TOTOKOM, SIKUW HOTO
0JIOKYBaB.

1106 mo3HaYnTH JUISTHKY KOJTy, sSika Ma€e OyTH 3a0710K0BaHa, KOJIH MOTIK TOCATHE
i, BUKOPUCTOBYIOTh KJIF0UOBe €i10BO l0CK. B 3aranbHOMY OJIOKYBaHHS JUISHKHA KOIY

301MCHIOIOTE TaK:
lock(lockObj) {

// IHCTpykLi, sSKi noTpiOHO CHMHXPOH1ZyBaTU

}

Tyt lockOb] — mocunanus Ha 00'ekT cHHXpOHI3allii. BiH BUKOPHCTOBYETHCS IS
MO3HAYEHHS NIISHKA KONy, BUKOHAHHS SKOi HEOOX1IHO CHHXPOHI3yBaTH 3 1HIIMMHU
MOTOKaMH.

[acTpykis lock rapanTye, o ¢pparMeHT KoLy, 3aXHIeHHI OJIOKYBaHHSM, Oy/e
BUKOPHCTAHO TUILKH B MOTOIII, IKUM 1HIIIF0€ OJIOKYBaHHs. Bei 1HIII MOTOKH, K1 TAaKOXK
XOUyTh OTPUMATH JOCTYN 10 JaHOTO (parMeHTa KOJy, OYIKyBaTUMYTh, IOKH
OoKyBaHHS HE Oyne 3HATE. bJIOKyBaHHS aBTOMAaTUYHO 3HIMAETHCS IO 3aBEPIICHHIO
3aXUIIEHOTO HUM (PparMeHTa KOJy.

TictnHr 12.6. CuHXpOHi3aLis NoToKiB Yepe3 6rokyBaHHS AiNSHKM Kogy

1 | class Program

21{

3 static SumArray sa;

4 static int answer;

5

6 class SumArray

7 { OB'eKT CMHXpOHi3aLji

8 int sum;

9 object lockOn = new object();

10 public int Sumlt(int[] nums)

A
12 lock (lockOn) ’

13 {

14 sum = O;

15 for (int 1 = 0; 1 < nums.Length; i++)
16 {

17 sum += nums[i];

18 Console._WriteLine(

19 Thread.CurrentThread.Name +
20 " sum = " + sum);
21 Thread.Sleep(100);
22 3}
23 return sum;
24 }
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

}

}
static void ThreadFunc(Object num)
{
Console._WriteLine(Thread.CurrentThread.Name +
" crapryBas.");
answer = sa.Sumlt((int[])num);
Console.WritelLine ("Cyma miua '" +
Thread.CurrentThread.Name + "* ' + answer);
Console._WriteLine(Thread.CurrentThread.Name +
" z3akiHueHo.");
}
static void Main()
{
sa = new SumArray();
int[] a={1, 2, 3, 4, 5 };
Thread threadl = new Thread(ThreadFunc);
threadl.Name = "IloTik 1";
Thread thread2 = new Thread(ThreadFunc);
thread?2.Name = "IloTik 2";
threadl.Start(a);
thread2.Start(a);
threadl.Join();
thread2.Join();
by

1 3aMUCYIOTh pe3yibTaT B OAHY 1 Ty X 3MiHHY. Y JicTuHry 12.6 ommcaHo Kiac
SumArray, sikuii MiCTUTB 3ac00M IS MIAPAXyHKY CyMHU 3HaueHb MacuBy [6]. ITose sum
(psimok 8) 30epirae MPOMIXKHI 1 KIHIICBE 3HAUYCHHS CYMH €JIEMEHTIB MacuBy. MeTon
Sumlt (psiaxu 10...25) po3paxoBye cyMy €JI€MEHTIB MacuBY, SIKHI MepeaacTbCsi oMy
yepe3 mapametp. JJs HaoYHOCTI Ha €KpaH BUBEJACHO NMPOMDKHI 3HAYEHHS CYMH 1
BKa3aHO, y SKOMY TMOTOIl BOHO po3paxoBaHe (psaku 18...20). [lo6 npumycutu
porpamy MepPEeMHUKATUCS Ha 1HITUH MOTIK, Y UK PO3PaXyHKY CYMH BBEIECHO METOJ
Sleep (psimox 21), sKHi NPU3YNUHSE BHKOHAHHS ITOTOKY 1 CIOHYKa€ CHCTEMY
MEPEMKHYTHUCS HA BAKOHAHHS 1HIIIOTO MOTOKY. 3ayBakKHUMO, IO JJI PO3PAXYHKY CyMHU

PosrnsneMo npukiiaj, y SKOMy JBa Pi3HUX MOTOKH OOYHCIIOIOTh CYMy MacHBY

BUKIIMK MeTo1y Sleep He moTpiOHUIA.
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[Tone sa xmacy Program mnpencraBisie ex3eMIuiap kiacy SUMArray, sikuit
BUKOPHCTOBYBaTUMEThCS y mporpami. Cam 00'€eKT CTBOPEHO Ha MOYATKy BHUKOHAHHS
metoay Main (psimok 43). Macus @, cyMa sIKOro po3paxoByBaTHMEThCS, OTOJIOMICHHH (i
BIJIpa3y 1HIL1aJ130BaHUM 3HAUCHHIMU) Y pAAKY 45. MacuB Mae Takuii BUTIISIA:

Cyma enemeHTiB macusy: 15

Cyma MacuBy OOYHMCIIIOBAaTUMETbCS NapajesibHO y JBOX IOTOKaX, SKi
npejcTaBieHi QyHKIiero motoky ThreadFunc (psiaku 28...39). TloTik cmovarky
BUBOJIUTH MOBIJOMJICHHS PO 1MO4aTok poootu (psaku 30...31), mOTIM BUKIIUKAE BKE
posrisHyTui Mmetoa Sumlt (pstok 33), 1 B KiHIII BUBOJIUTD PE3yJIbTaT PO3PAXYHKY CYMU
(panku 35...36). Came nipu BUKOHaHHI MEeTOAy SUMIt pi3HUMH MOTOKaMHU BUHUKATHME
KOH(DJIIKT MOTOKIB, 00 1€l METOJl BUKOPUCTOBYE CHIIbHE JJIS PI3HUX MOTOKIB IOJIE
sum kiacy SumaArray.

[ToToku, siKi pO3paxOByBaTUMYTh CyMy MacHBY, CTBOPEHO y psiakax 47,49. llpu
IIbOMY SIK (PYHKIIiFO TIOTOKY BKa3zaHo meto ThreadFunc. Jlis 3pydHoCTi po3mi3HaBaHHS
I}, BAKOHAHUX THUM Y4 1HIIUM ITOTOKOM, IM JaHO Ha3BU. 3 I[I€I0 METOIO BIACTUBOCTSIM
Name ex3eMmmuisipaM TOTOKIB TPUCBOEHO BIJMOBIAHI PAJIKOBI 11eHTU(DIKATOpU
(panku 48, 50). Jlami nporpamMa 3amyckae MOTOKH 1 OYIKy€ Ha MPUIIMHEHHSA iX poO0TH
(psanku 51...54).

[Ilo6 HaoyHiIIe MPOJAEMOHCTPYBATH HACTIIKKA KOH(IIKTY HECUHXPOHI30BaHUX
MOTOKIB, CIOYATKy y PO3TJSHYTIH mporpami "Bimkimroummo' cuHXpoHizamiro. s
IILOT'0 3aKOMEHTYEMO PSAI0K 12 (TIOCTaBUBIIY HAa HOTO TIOYATKy CUMBOJIH /).

o
(=]

B file:///D:/Progs/Demo MSVS CE/ConsoleApplicatio] B file:///D:/Progs/Demo MSVS C2/ConscleApplicatiq B file:///D:/Progs/Demo MSVS CZ/ConsoleApplicatic

=

MoTik
MoTik
MoTik
MoTik
MoTik
MoTik
MoTik
MoTik
MoTik
MoTik
MoTik

cTapTyeas. MoTik
CTapTyBaB. MoTik
sum = MoTik
sum MoTik
sum MoTik
sum MoTik
sum = MoTik
sum = MoTik
sum = MoTik
sum MoTik
sum = MoTik 1 sum = 24 MoTik 2 sum

MoTik sum = 29 MoTik sum 29 MoTik sum 24
Cyma gna 'MoTik 2' Cyma gna 'MoTtik 1' : 29 Cyma gna 'MoTik 2'
MoTik 2 3akiH4eHo. MoTik 1 3akiH4eHo. MoTik 2 3akiH4eHo.
Cyma gna 'MoTtik 1' : Cyma gna 'MoTik 2' : 29 Cyma gna 'MoTik 1'
MoTik 1 3akiH4eHo. MoTik 2 3aKiH4eHo. MoTik 1 3akiH4eHo.

CTapTyBaB. MoTik
cTapTyBaB. MoTik
sum = 1 MoTik
sum MoTik
sum = | MoTik
sum MoTik
sum = 8 MoTik
sum = 11 MoTik
sum 15 MoTik
sum = 19 MoTik

cTapTyBaB.
cTapTyBaB.
sum

sum

sum =

sum =

sum

sum

sum

sum

NRBPNRRNNRPNRRN
NRERNRNRPNRNREN
BPNRBEBNRNRERNRNRN

Puc. 12.9. Pe3ynbratr KOHQIIIKTY MOTOKIB: HEMPABIIIBHO PO3paxoBaHa CyMa
€JIEMEHTIB MacCUBY
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[Ticnst pi3HUX 3amMycKiB MpOrpaMyd HECMHXPOHI30BAaHI MOTOKM JAIOTh PI3HI 1
HETIPaBWIbHI Pe3yJbTAaTH MiIPaxXyHKy CyMH OJHOTO 1 TOoro >k macuBy. Ha puc. 12.9
MOKa3aHO Pe3yJIbTaTu JJIsl TPhOX BUIANKiB. Cepen po3paxoBaHUX 3HaueHb — 29, 24,
asie Hemae mpaBuibHOI cymu (15). [locmioBHICTh BiAMpaIfOBaHHS MOTOKIB TaKOX
pi3Ha.

Tenep po3KOMEHTYEMO psIOK 12, KMl 3a/11F0€ MEXaH13M CHHXPOHI3alli yepes
OJIOKYBaHHS IUISHKHU KOy, 1 II€ pa3 3allyCTHUMO nporpamy. Tenep pe3yapTaT 3aBxKIu
Oyxae npaBuwibHuM (puc. 12.10).

Bl CAWINDOWS systermn32\cmd.exe — O >

CTApTyBaB.
sum = 1
CTapTyBaB.
sum = 3
sum 6
sum 10
sum = 15

A "MoTik 1" : 15
3aK1HYEeHO.
sum =
sum
sum 4]
sum 10

¢ 2 sum 15

Cyma ana 'MoTik 2" : 15

NoTik 2 THYEHO.

Press any key to continue

il

=
3

1
1
1
1
1
1
n
1

Puc. 12.10. Pe3ynbTaT poOOTH CUHXPOHI30BaHUX MOTOKIB

MexaHi3M, SIKAH 3a1IFOEThCS TIPYU BUKOpUCTaHHI iHCTpyKIii lock, HacnipaBi y C#
peaitizoBaHo y kiaci Monitor 3 mpoctopy imen System.Threading. SIkio moTiK BXOIUTh
y IUISHKY KOMy, TO3Ha4YeHy i1HCTpyKiiero |0cK, To s iHiriroBaHHS OJIOKYBaHHS
aBTOMATHYHO BUKIMKAEThbcs MeTon Enter. ITpu Buxosai 3 OJ0KOBaHOI AUISTHKHA MJIsI
po30J0KyBaHHs 00'€KTa CHHXPOHI3aIlil BUKIMKAEThCA MeToa EXit. OOuaBa 11i MeToau
gyepes rmapaMeTp OTPUMYIOTh MOCHIIAHHS Ha 00'€KT CHHXPOHI3aIIii.

Knac Monitor mictute Takoxx meton TryEnter, 3a gomomMoror sKoro MoKHa
nepeBipuTH CrpoOy 3axXOIUICHHS MOTOKOM KEpYyBaHHS HaJl OJIOKOBAHOIO JUISTHKOIO
KOZY:
public static bool TryEnter(object obj)

Meton moBeprae 3HaueHHs {rue, skio cnpoba Oyna ycmimHor, i false — y
MPOTUIICKHOMY BHITAJIKY.
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|HLLI 3aC0BM CUHXPOHiI3aLLi

[crpykuiss lock peamizye wmexaHi3M CHHXpOHi3allii, sKH Yy TepMiHaX
ornepanirnoi cuctemu Windows Bigomuit sik kpumuuna cexyis (critical section).

Onepariiitna cuctema Microsoft Windows 3a6esmnieuye psig 00'€KTIB, SKi TAKOX
BUKOPHUCTOBYIOTh JIJISI CHHXPOHi3aIlii poOOTH OKpeMHX MOTOKIB Ta mporieciB. Jlo HuX
HAJIC)KATh:

» MioTekc.

» Cemadop.

» [logis.

M’tomekc — 00’ €KT B3a€MHOT0 BHKIIOYeHHS (mutual exclusion) — momioHO 10
KPUTHYHOT CEKIIii, MPU3HAUYCHUH ISl 3aXUCTY MEBHOTO 00’ €KTa Y MOTOII BiJl JOCTYIY
IHIIUX TOTOKIB. IIOTOKM MOXKYTh BOJIOJAITH M'FOTEKCOM TIIbKU 1o dYep3i. Y C#
HiATpMKa M'IOTEKCIB peastizoBana y kiaci Mutex 3 mpocropy iMen System.Threading.

Cemachop — 1ie MYMIBHUK, KA MICTUTH IIiJIe YKMCIIO B miama3oHi Big 0 mo
3aJ]aHOTO TIpM HOT0 CTBOPEHHI MaKCHMalbHOTO 3HadeHHs. Cemadop Hamae
OJTHOYACHHUH JOCTYyH JO 3arajJbHOTO PECypCy HE OIHOMY, a KUIBKOM TIOTOKaM.
Cemadop ympasisie JOCTYIOM A0 3arajlbHOTO PeCypCy, BUKOPHCTOBYIOUH JUIS ITi€l
METH JYMIbHUK. SIKIIO 3HAYEHHS JTIUMIbHUKA OUTBINE HYJISA, TO JOCTYI O PECYPCY
JO3BOJICHUM. A SKIIO 1€ 3HAYEHHS JOPIBHIOE HYJIO, TO TOCTYI JO PEcypcy
3a00pOHEHUIA. 3a TOTOMOTOI0 JIYMJIBHUKA BEIE€ThCS MIAPAXyHOK KUIBKOCTI JO3BOJIB.
OTxe, mis IOCTYIy 10 Pecypcy MOTIK MOBUHEH OTPUMATH J03BUI Bia cemadopa.
MexaHi3m cemadopiB peanizye kirac Semaphore 3 mpocropy imen System.Threading.

O0’eKkTH no0oili BUKOPUCTOBYIOTh NIl CUTHAJI3aIlll OYIKYIOUUM MOTOKaMm Ipo
JOCSITHCHHSI TIEBHMX YMOB BUKOHaHHS Tporpamu. I[lozii € ABOX BHUAIB: 3 PyYHHM
CKUJIaHHAM Ta 3 aBTOMAaTUYHUM CKHJaHHSIM. BOHM peamnizoBaHi y JBOX Kjacax:
ManualResetEvent Ta AutoResetEvent.
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