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BCTYII 

Jia6oparnpHi 3amnni 3 Kypcy «TexHoJioriï nporpaM)'BaEIID! B 3a.uaqax Ten­

Jiocpi3HKH» MalOTb 3a MeTy HaBqHTH CTy.UeHTÎB OCHOBaM p03po6KH nporpaMHOro 

3a6e3ne'IeHIDI .llllil p03B'H3aHIDI aKTYaJibHIIX 3a.Ua'I Mo.uemoBaHIDI Te1IJ1ocpÎ3H1IHHX 

npoueciB rn npoeKT)'BaHHH eHepreTH'IHHX ycrnHOBOK [ 1-4] . 

CTy.UeHTH MalOTh YHBJ15!TH, mo rnKe MeTO.UH aHaJIÎ3y, npoeKT)'BaHIDI, peani-

3auiï Ta TeCT)'BaHHH nporpaMHJIX npo.uyKTÎB, HaB'IHTHCH opieHTyBaTHCH B icHym­

'IHX ni.uxo.uax i TeXHOJ10rÎ5!X Ta BHKOpllCTOByBaTH ïx Ha npaKTHUÎ. Ili.u qac Jia6opa­

TOpHoro npaKTHKYMY CTy.UeHTH BqaTbCH BHKOpllCTOB)'BaTH TeXHOJioriï CTPYKTyp­

HOro, o6' eKTHo-opieHTOBaHoro (OOII) rn y3araJihHeHoro nporpaM)'BaHH5! .llJ15! po-

3B 'H3aHHH 3a.uaq:a B rany3i TeI11IocpÎ3IlKH [l, 2, 5-1 1 ] .  

Jia6opaTOpHÎ po60TH p03I10.llÎJ1eHO 3 a  TeMaMH, mo IIOB 'H3aHi 3 IIOCJlÎ.UOB­

HÎCTlO BHKJla.UeHIDI TeopeTH'IHOro MaTepiany 3 Kypcy. B npoo,eci BilKOHaHHH Jia6o­

parnpHHX po6iT cTy.UeHTH oTpHMymTh HaBH'IKH BHKopttcrnHIDI yHicpiKoBaHoï Mo­

BH Mo.uemoBaHIDI (UML) Ta eJieMeHTÎB o6'eKTHO-opieHTOBaHoro .UH3alffiy Ha npH­

KJla.uax p03po6KH KnaciB peaJibHIIX eJieMeHTÎB Te1IJ10BHX cxeM [l, 5 ] .  

Jia6opaTOpHÎ po60TH BHKOHYlOTbCH BilpO.UOB)(( .uecHToro ceMeCTpy, nporpa­

MH p03po6n5!lOThCH MOBOlO nporpaM)'BaHIDI C++ (Ha.uani, C++). Ko)((Ha po6orn 

MÎCTHTb Heo6xi.UHHH TeopeTH'IHHH MÎHÎMYM Ta npHKJia.UH nporpaM . 

Ilo KO)((HÎH Jia6oparnpHÎH po6oTi CTy.UeHT BllKOHye ÎH.UHBÎ.UYaJibHe 3aB.uaH­

IUI Ha nepCOHaJibHOMY KOMil'lOTepi 3 ocpopMJleHHHM 3Biry Ta tioro IIO.UaJibWOIO 

3.UaqeIO BHKna.uaqy. IH.UHBi.UyaJihHe 3as.uaH1U1 o6ttpaeThCH 3ri.uHo 3 HOMepoM npi-

3BHWa y )((ypHaJii. 

PeKoMeH.UYeThCH BHKOpHCTOB)'BaTH pecypCH Internet [ 1 0-1 1 ]  Ta cyqacHi 

6e3KOWTOBHi KOMniJIHTOpH rn cepe.uosttma p03po6HHKa Ha Mosi C++, TaKi HK 

gcc [ 12] ,  Code: :Blocks [ 1 3 ] ,  Visual Studio Express [ 1 4] Ta iH. 
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3Ar AJibHA IIOCT AHOBKA 3A,11,A qJ 

Ilpwttu:wnosa Tennosa cxeMa napoTyp6iHHOÏ ycTaHOBKH (ITTY) e CYKYTIHic­

no eneMeHTiB napOBO)J,�IHOro TpaKTY 3 TeXHOJlOriqHHMH 38 'll3KaMH Mi)!( HHMH. Ïï 

eneMeHTaMH e: TYP6iHa, KOH)J,eHcaTop, KOH)J,eHcaTHHH i )f(HBHJlhHHH Hacocw, e)f(eK­

Top, ni)J,irpisaqi HH3hKOro i BHCOKOro THCKy, Mepe)f(eBi i CaJlhHHKOBi ni)J,irpisaqi, 

)J,eaepaTOp, KOTeJl Ta iH. , llKi o6wpa!OThCll Bi)J,TIOBÏ)J,HO )J,0 TeXHOJlOriqHHX BHMOr )J,0 

npoeKTOBaHoï TEC(pwc. 1 ). 

3 

4 

P11cyttoK 1 - IlpHHUHnosa Tennosa cxeMa ITTY: 
1 - KOTeJJ; 2 - ryp6iHa; 3 - reHepaTOp; 4 - KOl{!leHCaTOp; 5 - KOl{!leHCaTHHH 1mcoc; 

6 - ni)J,irpiBaYi HH3bKOro THCKy; 7 - ,llpeHmKHHH Hacoc; 8 - )J,eaepaTOp; 
9- lKHBHJlbHHH Hacoc; JO- ni)J,irpiBaYi BHCOKOro THCKY 

B 3aJJe)f(HOCTi BÎ)J, THIIY Typ6oycrnttoBKH )J,O)J,aEOTh Heo6xi)J,Hi eneMeHTH 3 

pi3HHMH KOHCTPYKTHBHHMH oco6nwsocTllMH. ,11,JUI Tennosoro p03paxyHKy Heo6-

xi)J,HO BCTaHOBHTH 3B'll3KH Mi)!( eneMeHTaMH, 3HalhH TelIJlOBi 6anaHCH KO)f(HOro 

eneMeHTa Ta 3HaTH oKpeMi KOHCTPYKTHBHi xapaKTepHCTHKH. Oco6nHBo u:e cTocy­

€TbCll IIÎ)J,ÎrpiBa'IiB BHCOKOro Ta HI13hKOro THCKy. TaKO)f( Heo6xi)J,HO spaxosysaTH 

HallBHÎCTb OXOJlO)J,)f(ysa11iB napH i ,llpeHa� Ta cxeMH ïx BKJIIOqeHID! B JlÎHÎIO oc­

HOBHOro KOH)J,eHCaTy. EneMeHTH TelIJlOBOÏ cxeMH 3PY1IHO rrpe)J,CTaBHTH KJlaCaMH 

o6'€KTÎB )JJUI 110)1,aJlblllOro BHKOpHCTaHHll Ta peanÎ3ao,iï 3aco6aMH o6'€KTHO-opi€H­

TOBaHOÏ MOBH nporpaMysaHHll. 

3 Bi)J,OMHX 6e3KOIIlTOBHHX npocpeciHHHX CHCTeM TennocpiJttqHHX po3paxytt­

KiB BH)J,iJlHMO nporpaMy DNA (Brian Ehnegaard, ,11,aHill), Hanwcatty Ha <l>opTpa­

Hi 77 /90. He3Ba)!(aJOqH Ha MO)f(JlHBiCTb ïi p03WHpeHHll, BOHa € CKJla)J,HOJO, B ïi 6i-

6nioTeo,i eneMeHTiB si)J,CYTHi nolllwpeHi eneMeHTH Tennoswx cxeMH ITTY, TOMY 

3a)J,aqa po3po6KH nporpaMHoro 3a6e3neqeHHll no)J,i6Horo )J,O DNA e aKTYMhHOJO. 

4 



Jla6opaTOptta po6orn 1 

P03POliKA KJIACIB EJIEMEHTIB TEIIJIOBIIX CXEM 

MemoJO € 03HaHOMJleHJUI 3 OCHOBHHMH nOJUITUIMH o6'€KTHO-opi€H­

TOBaHoro nporpaM)'BaHJUI, pü3pü6Ka KJlaCiB eneMeHTiB TenJlOBHX cxeM, OTpHMaH­

JUI HaBH'IOK po6oTH 3 o6' €KTaMH sse)l,eHJUI-BHBe)l,eHJUI C++. 

3aB)J,aHHH 
Bapiattrn 3as)l,aHJU1 o6ttpaJOTI>CH i3 )l,O)l,aTKa A. 

1 .  3ri)l,uo 3 sapiauTOM po3pofüm1 Knac � omrcy B rrporpaMi eneMeHTY 

TeIIJlosoï cxeMtt: a) HK eneMeurn p03paxyuKosoï cxeMtt; 6) HK KOHCTPYKTHBHoro 

eneMeHTa. 

2. P03po6ttrn KouconoHY nporpaMy 3 BHKopttcrnHHHM cpopMaTyBaHHH rn 

o6' €KTÎB BBe)l,eHJUI-BMBe)l,eHHH C++. 

3. 3BiT rrpo po6oTy IIOBMHeH MÎCTHTH KüpüTKrrH OffilC po6on1, anropMTMll, 

UML-)l,iarpaMM, TeKcT rrporpaMM i pe3ynornTM ü BMKouauJUI. 

MeTO)J,HlJHÎ BKa3ÎBKH )J,O BHKouauuH 3aB)J,aHHH 
06 'eKm - IJ,e )l,eHKa cpi3ll'!Ha a6o a6cTpaKTHa CYTHÎCTh, HKa qÏTKO Î)l,eurncpi­

KY€TbCH, uarrpttKJla)l,, Typ6iuHa ycTaHOBKa, Typ6iua, TeIIJloBa cxeMa, KOH)l,eucaTop, 

rri)l,irpisa'I, Tomo. KmKHMH o6'rnT - o,e eK3eMIIJlHP )l,eHKoro Knacy o6'€KTÎB a6o 

rrpocTo Knacy. Knac - IJ,e a6cTpaKTHe noHHTIH, HKe xapaKTepEnye cnopi)l,Heui 

o6' €KTM. Typ6iua, KOH)l,eucaTOp - rrpHKnam1 Knacis, TO)l,Î HK Typ6iua K300-240 -

rrpMKJla)l, o6'€KTy. 

06'€KTM xapaKTepmyroToCH ampu6ymGMu. ATp116YTaM11 eneMeHTiB Tenno­

BHX cxeM € ïx xapaKTepMCTHKH, TaKi 5!K BeJlll'!MHa IlOBepxui TeIIJl006Miuy, IIHTOMÎ 

BTpaTM, KoecpiQÎ€HT Kopwcuoï )l,ÎÏ, TllCK rrapll, euTanorriH rn iH. Ti )(( caMi eneMeHTM 

3 TO'IKH 3opy KOHCTPYKTopcoKHX p03paXYHKIB xapaKTep!l3YJOTbCH KOHCTPYKTMB­

HHMM rrapaMeTpaMM - cpopMOIO, reoMeTpH'IHHMll pü3MipaM!l, TMIIaMM TeIIJlOHOCÎH 

TOmo. KpiM aTptt6YTiB, o6 ' €KTII xapaKTepmy10TbCH rrose)l,ÎHKOJO, HKY B OOII ua-

3MBaJOTb onepal{if!Mu a6o MemoôGMu. TaK, Typ6iuua ycrnuosKa rrepeTsop10e rro­

TeuQiiiuy euepri10 uociH B KÏHeTll'IHY euepriJO o6eprnHH5!, aBTOMo6ÎJib pyxan&cH, 

KOMn'10Tep 06qttcJ110€. TaKHM qttuoM, o6' €KT CKJla)l,a€ThCH 3 aTptt6YTiB Ta MeTO­

)l,iB, npHXOBylOqH Bi)], iHlllHX o6'€KTiB, mo B3a€MO)l,il0Tb 3 HHM i BHKOpHCTOBYJOT& 

i1oro cpyHKIJ,iOHaJlhHiCTb, CBOIO peani3ao,i10. 

,Zl,nH npe)l,CTaBJleHJUI KJlacy ytticpiKOBaHOIO MOBOIO MO)l,eJllOBaHJUI BHKOpHC­

TOBYJOTb npHMOKYTHHK, pü3)],inetttti1 Ha TPH qacTHHH. Y sepxttii1 qacTHHi MiCTHTh­

CH iM '5! KJlacy (iMeHHHK, 3an11caHMH 3 BeJlMKOÏ niTeptt), B cepe)l,HiH - aTpH6YTH, B 

Hll)((HiH - MeTO)l,ll (pttc. 1 . 1  ). Il03HaqKH «-» (3aKpHTHH (private)), «+» (Bi)l,KpHTHH 
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(public)), «#» (3axmuettwi1 (protected)), llKi 306pa')!(etto nepe,!1, iMetteM aTptt6yTy 

a6o Ha3BOIO MeTO)J,y, 03HaqaJOTb piBeHb )J,OCTyrry )J,0 BÏ)J,nOBi)J,HHX KOMnOHeHTiB 

o6' €KTY 330BHi. 

Typ6itta 
-Tttn : string 
-KK)J, : double 

+IJycK() 
#PerymoBamrn() 
+3ynttH() 

a 

class Turbine { 
private: 

std::string m_type; Il THn 
double m_efficiency; Il KK� 

public: 
void start(); Il nycK 
void stop(); Il 3ynHH 

protected: 
void tuning();ll peryn�saHHR 

}; 
6 

PHcyttoK 1.1  - ÜnHc KJJacy: 

a - .uiarpaMa UML; 6 - KO.li C++ 

ÜCHOBHHMH napa,!1,HrMaMH o6'€KTHO-opÎ€HTOBaHoro rrporpaMysaHHll € ÎH­

KarrcyilllUÎll, ycrra)J,KysaHHll i rroniMop<j:li3M. 

IHKancyJ1RlfÏR - npwxosysaHHll BHYTPÎIIIHhOÏ CTPYKTYPH o6'€KTY BÎ)J, 30BHi­

IIIHboro CBlTy. 

YcnaôKyeaHflfl - cnoci6 BH3Ha'IeHHll HOBoro Knacy Ha ocHoBi Toro, mo B')!(e 

icttye. IlpH UhOMY ycna)J,KOBYIOTbCll snacnrnocTi i MeTO)J,H Knacy, mo icttye, rn 

)J,O)J,aIOTbCll HOBi, MO)J,H<j:liKyIOqH a6o po3IIIIlp1010qH i1oro. 

llofliMopr/Ji3M (ad hoc noniMop<j:li3M) - ue 3)1,aTHicTb o6' €KTÎB pi3HIIX Kna­

cis, 3B 'll3aHHX iepapxieIO ycna,!l,KysaHHll, pearysaTH no-pÎ3HoMy nptt 3BepHeHHi )J,O 

O)J,HÎ€Ï M: TÎ€Ï ')!( <j:lyttKUiï-eneMeHTa . 

.ll:nll po3po6KH o6'€KTHO-opÎ€HTOBaHilX nporpaM 6y)J,eMO BHKOpHCTOBysan1 

MOBY rrporpaMysaHHll C++[5, 8]. 

llomoKu eeeôeHHR-eueeôeHHfl e C++ peani3oBaHo 3a )J,orroMoroIO BH3Ha'Ie­

HHX B <j:lallni iostream KnaciB istream (BBe)J,eHHll), ostream (BHBe)J,eHHll) Ta CTaH)J,a­

pTHHX o6'€KTÎB : cin (BBe)J,eHHll), cout (BHBe)J,eHHll), cerr (noMillIKH, BHBe)J,eHHll), 

clog (3aITHC CTaHÎB y rrporpaMi, BHBe)J,eHHll) . .ll:illl po6oTH Î3 IlOTOKaMH BHKOpHCTO­

BYIOTb onepauiï «IloMicTHTH B noTiro> ( < <) rn «B3llTH 3 nom Ky» (> > ), HanpHKna)J,, 

cin>>a>>b>>c; cout <<"rez: "<<a<<", "<<b<<'',"<<c; 

.lJ:nll <j:lopMarysaHHll TeKCTy, mo BHBO)J,HTbCll Ha eKpaH, BHKOpHCTOBYIOTb 

MattinynllTOpH (<j:latin iomanip) a6o BÏ)J,IlOBi)J,Hi BJ1aCTHBOCTi o6' €KTiB BBe)J,eHHll­

BHBe)J,eHHll (rn6n. 1 . 1  ) . .lJ:nll 3MiHH <j:lopMary Bi)J,o6pa')!(eHHll 3a )J,OnOMOrolO MeTO­

)J,iB setfü, unsetf() BHKOpHCTOBYIOTb napH 3HaqeHb «<J:iopMaT, BJ1aCTHBiCTb», Ha­

I1pHKJ1a)J,, cout.setf(ios: :scientific, ios: jloatfield). 
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Ta6nmv1 1 . 1  - Mattinym1TOptt Ta MeTO)J,H noToKiB 

Mattinym1TOp MeTO)J, 
lllttpHHa nOJlR ni)], 3HaqeH� 

setw(n) width(n) 

CHMson-3anosHIOsaq 

setfill ('c ') fill('c ') 

ToqttiCTh (KÏJlhKiCTh po3pR)J,i nicnR KpanK11) 

setprecision(n) precision(n) 

<!>opMaT BÎ)J,o6pa)KeH� )J,aErnx 

scientific,jixed, dec, oct , hex, setf(), unsetf() 
lefi, right adjustfield (snpiBHIOBaEilli!), basefield 

( cncTeMa qncneHIU1), 
jloatfield ( cpopMaT qncen 3 pyxoMoEO 
Kpa[Il(OIO) 

#i n c l ude  < iostream> 
#i n c l ude  < ioma n i p >  
u s ing  n ame space  std ; 
int  main ( )  { Il Ta6n ��R 

} 

i nt timel [ ]  = { 4 , 48, 2937 , 123011 , 221073 } ;  
i nt time2 [ ]  = { 8, 16 , 293 , 12301 , 22107 } ;  
cout < < " s i ze " < < setw ( 20 ) < < "time " < < setw ( 20 ) < < "t ime2\ n " ;  
cout < < setfi ll ('- ' ) < < setw ( 60 ) < < " - " < <endl ; 
i nt run  = 10;  
cout«setfi ll ( ' . ' ) ; l l01Mson - 3a noBHt0Ba"I " n po6in " 
for ( i nt i = 0 ;  i < 5 ;  i++ )  { 

cout < < setw ( 20 ) < < left < < run ; run  *= 10 ; 
cout < < setw ( 20 ) < < left < < t imel [ i ] ; 
cout < < setw ( 2 0 )  < < left«t ime2 [ i ]  < < "  \n " ;  

} I l  pi3Hi  Ma H i nynRTOp� 
double a = 0 . 2 ; double  b = 2 . 0 ; double  c = 1234567890 . 0 ; 
cout < < " l .  " < < a < < " ,  " < < b< < " ,  " < < c < < e n d l ;  
cout« " 2 . " «fixed«a«" ,  "«b« " ,  "«c«e nd l ;  
cout < < " 3 .  " < < s c ientifi c < < a < < " ,  " < < b < < " ,  " < < c < < e n d l ; 
cout < < " 4 .  " < < fixed < < setpre c i sion ( 3 ) < < a < < " ,  " < < b < < " ,  " 

«c «end l ;  
cout < < " 5 .  " < < set p re c i s ion ( 20 ) < < a < < e n d l ;  
cout < < " 6 .  " < < setw (8) < < setfi ll ('* ' ) < < 3 2 < < 98< < e n d l ;  
cout < < " 7 . " < < setw (8) < < 34<< setw ( 8 ) < <45 < < e n d l ;  
cout < < " 8 .  " < < setfi l l ( '  ' )  < < setw ( 8 ) < < hex<< 54 < < oct < < 54 < <  

< < dec < < setw ( 16 ) < < right< < 54< < e n d l ;  
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IIopHJJ,OK suKonannH poôoTu 
1. P03po6uTu Knac, CTBopurn i1oro JJ,iarpaMy UML Ta ttanucarn siJJ,nosiJJ,­

HHM KO)], MOBOIO C++. 

2. P03po6uTu nporpaMy rn6ymnüï 3HaqeHh <j)yttKu,iï 3 BHKopucTaHIDIM no­

TOKÏB sseJJ,eHIDI-BHBeJJ,eHfül. O<j)opMHTH susiJJ, Ha eKpaH y surJUIJJ,i rn6nuu,i. 

IIuTannH JJ,.JIH caMonepesipKu 
1. 51K BHKOpHCTOBYIOTh a6cTparysamrn JJ,aHIIX y nporpaMysaHHi? 

2 . .lJ:aihe HacTynHi smuaqeuIDI: «06'eKn»,«Knac», «.lJ:iarpaMa UML». 

3. ÜCHOBHÎ npHHL(HUH o6'eKTHO-opÎeHTOBaHoro nporpaMysaHIDI? 

4. .1J:ai1Te smua11euID1: «IHKancyJUiu,Î5!», «Y cnam<ysaHHID>, «IloniMop<j}i3M». 

5. 51Ki nepesaru Ta HeJJ,oniKH o6'eKTHo-opieHToBaHoro niJJXoJJ,y JJ,o po3-

po6KH nporpaM? 

Jla6oparnpHa po6orn 2 

P03POI>KA IIPOrPAMll )1,.IDI P03B'513AHHH 3A)J,A1H TEIIJIO<l>I3HKH 

MemoJO e po3po6Ka nporpaMu JJ,Jl51 p03s'a3aHJU1 3aJJ,aqi Tenno<j}i3HKH 3 su-
. . . 

KüpHCTaHHJIM npoCTJIX KJlacrn, KOHCTPYKTüplB, JJ,eCTPYKTüplB, CTaTII'IHifX THillB 

JJ,aHJIX Ta KOHTponeM IlOMHJlOK (Blllli!TKOBHX CHTyauiiI) . 

3aBJJ,3HHH 
BapiaHTu 3aBJJ,aHIDI o6upalOTDCH Î3 JJ,OJJ,aTKa E. 

1. 3rÎJJ,HO 3 BapiaHTOM p03pü6HTH nporpaMy MOBOlO C++ 3 BHKOpHCTaHJUIM 

Texuonoriï OOII. 

2 . .lJ:oJJ,aTH )1,0 nporpaMH KJlaC )1,JUl o6po6KH BHHJITKOBHX CHTyatJ,ÎH. 

3. 3BÎT npo po6oTy IlOBHHeH MÎCTHTH KüpüTKHH OITHC po6oTH, anropHTMH, 

UML-JJ,iarpaMn, TeKcT nporpaMJI i pe3yn1>TaTH ü BHKOHaHIDI. 

MeTOJJ,HIJHi BKa3ÎBKH JJ,o BHKonannH 3aBJJ,annH 
Po3rn51HeMo npHKJlaJJ, nporpaMJI )1,JUl po3B' H3aHH51 KBaJJ,parnoro piBIDIHIDI, 

po3po6neuy y BÎJJ,IJOBÎJJ,HOCTÎ JJ,O npHHL\HilÎB OOII. IIIDKqe HaBeJJ,eHo BH3HaqeHJIB 

o6' eKTa SquareEq, HKe CKJlaJJ,alOThCH 3 KJllüqosoro cnosa class, iMetti KJJacy Ta 

l1oro «Tina» y <j)irypttux JJ,)0KKax Peani3auil0 KJJacy ttaseJJ,eHo B JJ,OJJ,aTKY B.  

#ifn def SQAUR E EQ_H_ 
#define  SQAUR E EQ_H_ 
c l a s s  Squ a re Eq { 

double m_a , m_b , m_c ; 
double m_xl, m_x2 ; 

Il Koe<j>i1..1iEHT11 
Il p03 B ' .R3Kl'1 
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double d i s c rim ( ) ;  llAH C KpHMi H a H T  
p u bl i c : 

Squ a re Eq ( ) ;  I l  KOH C TPYKTop 
Squ a re Eq ( double  a, double b, double c ) ;  Il KOH C TPYKTop 
void set_a ( double  a ) ;  I l  c eTTep 
double get_xl ( ) con st ; I l  reTTep 
double get_x2 ( )  con st ; I l  reTTep 
void sol ve ( ) ;  

} ;  I l  o6os ' R 3 KOBH � eneMeHT  BH3HaYeHHR  Kna cy 
#e ndif  I * SQAUR E EQ_H_ * I 

KoHcmpyKmop - ue cpym<Ilfa 6e3 nmy, iM 'a HKOÏ cnisoa.uae 3 ÎMeHeM Kna­

cy. KottcTpyKrnp BlIKOpHCTOByiüTh JlJU! crnopeHIU! o6'eKTy. 51Krn,o KOHCTpyKrnp 

KJJacy He BH3HaqeHO, TO BHKOpHCTOBYE:TbC5! KOHCTPYKTOp 3a YMOBqaHIU!M. 51K 

npasHJJo, KOHCTpyKrnp npttiIMae napaMeTpH Ta 3.UÎttcmoe ittiuiani3ao.Îlo aTptt6yTÏB 

KJJacy qepe3 CilHCOK lHLUlaJJÎ3ao.iï, 5!Klfll pü3TaIIlOBYeTbC5! IlÎC.illl « :» 

Sqau reEq : : Sq u a reEq ( double  a , double b , double c )  : m_a ( a ) ,  
m_b ( b )  , m_c ( c ) , m_x1 ( 0 ) , m_x2 ( 0 ) { } .  

l(e .ll03BOJJ51e BCTaHOBHTH KopeKTHÎ 3HaqeHIU[ .uaHIJM-qJJeHaM KJJacy .uo iJo­

ro crnopeHH51. ITapaMeTpH MO)(()'Th Mani 3HaqeHIU! 3a yMosqaHHHM (HaoplIKna.u, 

double a=O), TaKÎ napaMeTpH IlOBHHHÎ 6yrn OCTaHHÎMII B CilIICKY napaMeTpÎB. 

ATptt6yTH Knacy ittiuiani3y10T&ca Jri.uHo 3 nopH.UKOM BH3HaqeHH51, a He oopH.UKOM 

CJJÎ.U)'BaHH51 B CilHCKY napaMeTpÎB. 

OnepaTop po3IIIIIpeHH51 o6nacTi .uiï <<::» BlIKOpHCTOByiüTh .U.illl no3HaqeHH51 

npHHaJJe)l(HOCTÎ aTptt6yTy a6o MeTO.UY .uo BÎ.UilOBÎ.UHOro KJiacy a6o npocrnpy ÎMeH 

(namespace). 

/{ecmpyKmop - ue cpyHI<UÎ51 6e3 Tttrry Ta rrapaMeTpis, iM 'a HKOÏ cnisoa.uae 3 

ÎMeHeM Knacy, HKOMY nepe.uye «�». )J;ecTpyKrnp si.unosi.uae 3a 3BÎJJ&HeHH51 pecyp­

cis, HKÎ 3aifMas KJiac. 

,l1;.illl .uocTyrry .uo aTpH6yTÎB KJiacy ÎHO.UÎ BHKOpHCTOByiüTb crreuian&Hi cpyH­

KUÎÏ - rereptt (getter) Ta ceTepH (setter). Ileprni ooseprnEOTh 3HaqeHH51, TOMY Ma­

EOTh THii BÎ.UIIOBÎ.UHO .uo THIIY aTpH6yTy KJiacy. )J;pyri - BCTaHOBJIIOIOTb 3HaqeHIU!, 

TOMY npttiIMalOTh oapaMeTp Ta npHCBOEOEOTh iJoro si.unosi.uttoMy aTptt6yTy Knacy. 

>IKIUO cpyHKUÜI He 3MiHIOe BHyrpirnHiiJ CTaH o6 ' eKTy, TO oicm1 ü ÎMeHi BKa3yiüTh 

coeu.11cpiKaTOp const. 

B C++ .um1 KOHTpOJIEO DOMHJJOK Ta BHKJJ}OqHHX CHTyau.iiJ BHKOpHCTOByiüTh 

MexaHÏ3M BHKJIEOqeHh (exception). )];na iJoro 3acrncysaHHH y Micu.i nporpaMH, .ue 

MO)l(JJHBÏ BHKJJ}OqHÏ CHTyau.iï, reHepyiüTh BHKJIEOqeHH5! (throw). ,l1;.illl oepexooneH­

H51 BHKJIEOqeHh cpparMeHT KO.UY p03MÎUJ,yiüTh B 6nou.i 
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t ry{ 
/* KOA , �o MO�e reHepysaTH BH Kn��e H H R */ 

} 
catch  (/*nepexonn e H H R */ )  { 

/*o6po6Ka */ 
} 

3a3BH'laH CTBOplOIOTh BJlaCHi 06po6J110Baqi BHKJIIOqeHh a6o BHKOpHCTOBy­

IOTh CTaH!laprni, BH3Haqetti B cpatini stdexcept. 

IIopH!lOK BHKouauuH po6oTu 
1. BttKOHaTH TeCTOBHH rrpHKJla!l (!lO!laToK B), !lO!lan1 MeTO!lH, mo !l03BO-

. . . 
JlfilOTb BBO!lHTH 3 KJlaBJaTYPH Ta BHBO!lHTH Ha eKpaH 3Ha'lemrn Bl!lIIOBl!lHHX aTpH-

6YTÎB KJlacy. 

2. P03po611TH Knac, mo rrpmua<JeHHH )J,JlJI p03s '513amrn 3a!laqi Terrnocpi-

3HKH (!lO!laTOK E). 

3 . .r:i;o)J,aTH y rrporpaMy BJlaCHHH KJlaC )J,Jl5I o6po6KH BHKJllOqunx CHTyao,iti. 

IIuTaHHH )J.JIH caMonepesipKu 
1. 51K smua'IHTH Knac MOBOIO C++? 

2. .r:i;e MO)l(e 6YTH BI13Ha'leHa ( OII11CaHa) cpyttKD,Î5! KJlacy? 

3. ITopÎBH5!HTe BHKJIHK 'IJieua-cpyHKUiï KJiacy y cpyHKUÎID< KJiacy rn II03a 

cpyttKUÎ5!MH Ubüro KJiacy. 

4. Ha3BÎTb crreuwcpiKarnpH !lOCTyrry .uo qJieHÎB KJiacy. llH MO)l(e 3 '5!BJI5!TH­

c5! y smua<Jeuui KJiacy O!lHH i TOH )l(e crreuncpiKarnp .uocTyrry 6ararn pa3ÎB? 

5. 51KHH piBeHb )lOCTyrry 3a 3aMosqysamrnM )J,Jl5I aTptt6yTÎB KJiacy? 

6. 51Ki cpyttKUÎÏ B rrporpaMi MalOTh !lOCTYil !lO 3aKpHTHX Ta BÎ!lKPHTHX aT­

pH6YTÎB KJiacy? 

Jla6oparnpHa po6orn 3 

)UIHAMPIHI MAC:UBll ,Il)UI 31iEPir AHHH 
EJIEMEHTIB P03PAXYHKOBllX TEIIJIOBllX CXEM 

MemoJO e po3po6Ka KJiacy, mo peani3ye cxoswme )J,Jl5I 36epiraHH5! o6 ' eKTÎB 

Ha OCHOBi !lMHaMiqttoro MaCHBY )J,aHHX Ta nepesaHTa)l(eHfül CTaH!lapTHHX onepa­

TüpÎB MOBH nporpaMysattH5! C++. 

33B)J.3HHH 
Bapiattrn 3aB!laHH5! o6ttpaJOThC5! i3 !lO!laTKis A rn E. 

1. P03po6ttrn K11ac Array )J,Jl5I 36epiraHH5! o6' eKTis, CTBopettHX B na6opa­

rnpttHX po6ornx 1-2. 
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2. 3BiT rrpo po6oTy nOBHHeH MiCTHTH KüpOTKHH OnHC po60TH, anropHTMH, 

UML-)J,iarpaMH, TeKCT rrporpaMH i pe3yJlbTaTH W BHKOHaHJUI. 

MeTO)J,H'IHÎ BKaJÎBKH )J,O BHKouauuH 33B)J,auuH 
)J,m1 crrpow,eHJUI p03rmrneMo peani3au,üo KJJacy, llKHH 36epirae uini 'lttcna 

y )J,HHaMi'IHOMY Macttsi. Btt3Ha'lemrn KJJacy Array ttase)J,etto HH)f('le, a noBHHH 

rrpHKJla)J, y )J,O)J,aTKy r. KoHCTPYKTOp KJlacy rrptti1Ma€ 0)1,HH napaMeTp - pü3Mip, Ta 

BH)J,Ïfül€ Heo6xi)J,HY KÏJlbKÏCTb 6ai1T y naM 'llTÏ. )J,eCTPYKTOp 3BÏJibHll€ 3aHJUITY 

naM'llTb. 

#ifn def ARRAY_H_ 
#define  ARRAY_H_ 
#i n c l ude  < iostream> 
#i n c l ude  < ioma n i p >  
c l a s s  Array { 

friend std : : ostream &operator< < ( std : : ost ream &o s ,  con st 
Array & a ) ;  

friend std : : i st ream&operator> > ( std : : i st ream&i s , Array& a ) ;  
size_t s i ze_; ll po3Mi p MaC H BY 
i nt * storage_; I l  AHHaMi Y H H H  MaC H B  

p u bl i c : 

} ;  

Array ( ) ;  
Array ( size_t s z ) ; 
Array ( co n st Array & a ) ;  
virt u a l  -Array ( ) ;  
i nt &operator [ ] ( con st si ze_t i nd ) ;  ll 3a n H c  
i nt operator [ ] ( const  size_t i n d )  const ; ll Y H Ta H HR 
Array &operator= ( const Array &a ) ;  
size_t s i ze ( )  con st ; 
void resize ( const  size_t new_s i ze ) ; 
i nt sum ( ) const ; 
i nt operator ( ) ( )  const ; 
void print ( )  const ; 
void set ( ) ;  
void i n it ( const  size_t s z ) ; 

#e ndif  I * ARRAY_H_ * I 

HOBHM y nopiBHllHHi 3 na6opaTOpHOIO po60TOIO 2 € HallBHÏCTb KOHCTpyK­

Tüpy Koniï (Array(const Array & a)), nepesaHTa)f(eHHll onepaTOpis « [  ]», «( )», 

«=», «+=», noTOKOBHX onepaTopis «>»>, <«<» Mll po60T11 3 MaCHBOM. Btt3Ha­

'leHJUI 0)J,HÏ€Ï 3j CTaH)J,apTHHX onepauiti )J,Jlll po60TH 3 onepaH)J,aMH a6cTpaKTHHX 

THIIiB 3)1,ÏHCIIlOIOTb 3a )J,OnOMOrOIO <PYHKLJ,ÏÏ «operator 3HaK( )», )J,e «3HaK» - no3-

Ha'IKa onepauiï («+», «-» , «+=» i T.n.) . 
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51Klll,O o6' €KTY )LJUI 36epiraHJUI )J,aHHX noTpi6HO BH)J,ÜlHTH naM'»Th y Kyni 

(new a6o malloc), BÏ)J,nOBÏ)J,aJihHÎCTh 3a BHBÎJThHeHJUI pecypciB y )J,eCTPYKTOpi (de­

lete a6o free) ttece KJTac (i nporpaMÎCT) . Tpe6a 3anaM 'inaTH npaBHJTO Tphox -

llKill,O y KJTaci BH3HaqmoTh )J,eCTPYKTOp, KOHCTPYKTOP Koniï a6o oneparnp npttcso­

€HJUI («=»), TO y KJTaci BH3HaqmoTh sci TPH 03Haqetti KOMnotteHTH. B ttawoMy 

BHna)J,KY Heo6xi)J,HHH )J,eCTPYKTOp )LJUI BHBÎJThHeHHll pecypciB, TOMY )J,O)J,aTKOBO 

BH3HaqaeMo ÎHlllÎ )],Ba KOMnotteHTH. KottCTPYKTOp Koniï )J,03BOJTll€ crnopttTH 

o6' €KT 3a )J,OnoMoroIO CHHTaKCttcy class A b(); class A c(b), a oneparnp «=» -

class A b(); class A c=b. B o6ox BHna)J,Kax 3ano6irm0Th nosepxHeBoMy (shallow) 

KOnÜoBaHHIO a)J,pec noKa)KqHKÎB, HaTOMÏCTh BHKOHYIOTh noBHe KOnÜoBaHJUI BMÎC­

TY naM'llTi, Ha llKHH BKa3Y€ noKa)KqHK (nrn6oKe (deep) KoniIOBaEilli!). 

Oneparnp B3llITll ÎH)J,eKcy « [  ]» BHI<opttcTOBYIOTh JJJlll )J,OcTyrry )J,O eJTeMeH­

TY Mac1rny, a cpymrn,ÎOHaJihEIJIH oneparnp «( )» - )LJUI )J,OBÎJihHOÏ o6po6KH Mac1rny 

Array, HarrpHKJTa)J,, IIOIIIYK cyMH rn KÎJihKOCTÎ eJTeMeHTÎB, mo BÎ)J,IIOBÎ)J,moTh 3a)J,a­

HiiI YMOBi. TaKO)K i1oro MO)l(Ha BHI<opucrnBysaTH )LJUI ÎH)J,eKcauiï eJTeMeHTiB MacH­

By, B TOMY qttcJTi 6araTOBHMipHnx. 

Y BHIIa)J,Kax rrepeBaHTa)KeHJUI orrepaTopa llK qJieHy KJTacy, BÎH rrpttiIMae rre­

pumiI rrapaMeTp (noKa)KqHK this, Ill,0 BKa3y€ Ha o6' €KT, llKHll 3)1,ÎHCHHB BHI<JTHK 

cpyttKUÎÏ ) Hel!BHO, a )J,pyrHH (rrocHJTaHHll Ha o6 ' €KT BÎ)J,CTOBÎ)J,HOro KJTacy) - llBHO, B 

ÎHlllOMY BHIIa)J,Ky - )],Ba rrapaMeTpH (nocHJTaEilli! Ha o6'€KTH) nepe)J,alOThCll llBHO 

const  MyC l a s s  operator+ ( const  MyC l a s s  &o ) { return  m_a+o . m_a ; } ;  

a6o 

friend MyCla s s  ope rato r - ( co n st MyCla s s  &ol, const MyClass  &o2 ) 
{ ret urn  ol . m_a - o2 . m_a ; } ;  

Ta6JTHUll 3.1 - IlpaBHJTa rrepeBaHTa)KeHHll oneparnpiB 

Orreparnp a6o KJTac orreparnpiB <!>opMa 

YHapHi lJ.rreH KJTacy 
=, ( ), [ ], ->, ->* 06oB' ll3KOBO qJieH KJTacy 
+=, -=, !=, *= /\=, &=, 1=, %=, >>=, lJ.rreH KJTacy ' 

<<= 

lttllli 6ittaptti He qJieH KJTacy 

51Klll,0 onepaTOp a6o cpyHKUÜO BH3HaqeHO )J,py3llMH (friend) KJTacy, TO BO­

HH OTPHMYIOTh )J,OCTyn )J,O i1oro npttBaTHHX qJiettiB . )J,pyJi He e qJiettaMH KJTacy, 

TOMY BOHH MO)KYTh 6yTH BH3HaqeHHMH B 6y)J,h-llKÎH ceKuiï, )J,e BH3Haqa€ThCll pi­

BeHh )J,OCTyrry )J,O qJiettiB KJTacy - pubL ic, pri vate a6o protected. 
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IIopHJJ,OK suKouauuH po6oTu 
1. BuKouaTu rrpuKnaJJ, nporpaMu (J1.0JJ,aTOK r) Ta rrpoauani3)'BaTH iY po6o­

Ty, 3pü6HTH BHCHOBIŒ. 

2. )J,oJJ,arn B rrporpaMy iurni apH<pMeTH'IHi onepaTOpu, peani3ysasurn ïx y 

BÏJJ,nOBÏJJ,HOCTi )1,0 peKOMeHJJ,aI..\ÏH, HaBeJJ,eHHX y Ta6Jl. 3.1. 

3. 3MiHHTH rrporpaMy, po3po6neuy B na6opaTOpuii1 po6oTi 2, JJ,OJJ,asurn 

nepeBaHTa)KeHJUI DOTOKOBHX onepaTopiB «>»>, <«<». 

4. 3MiHHTH rrporpaMy n. 1 TaKHM 'IHHOM, mo6 BOHa MOrna 36epiraTH 

o6' eKTH, BH3Ha'Ieui B na6opaTopuHX po6ornx 1-2. 

IIuTaHHH JJ,.rrn caMonepesipKH 
1. Ilpmua'IeHJUI MexauÎ3MY nepesaHTa)KeHIDI cpyuKuiiI? 

2. q" MO)l(Ha nepesaHTa)KHTH KOHCTPYKTop? >IKLUO TaK, TO J1,Jl51 1Ioro? 

3. q" MO)l(Ha nepeBaHTa)KHTH JJ,eCTPYKTOP? 

4. ll{o TaKe aprYMeHTll no 3aMOB'I)'BaHHJO i KOJlll ïx BHKOpllCTOBYIOTI,? 

5. )J,n51 'Ioro BHKopucTOBYfOTh KOHCTPYKTOp KoniiI? 

6. IlpoKoMeHTyiITe peani3aui10 KOHCTPYKTOpa 3 napaMeTpoM. 

7. IlpoKoMeHTyiITe peani3aui10 KOHCTPYKTOpa Koniï. 

8. IlpüKOMeHTyiITe peani3aui10 JJ,eCTPYKTOpa. 

Jla6opaTOpua po6orn 4 
Y3Ar AJlhHEHE IIPOrPAMYBAHHH. IIIAJ>JIOHM 

MemoJO e 03uaiI0MneuID1 3 rna6noHHHMH cpyHKo,ÎHMH Ta KnacaMu, po3po6-

Ka nporpaMH 3 ïx BHKOpHCTaHIDIM. 

3aBJJ,3HHH 
BapiaHTu 3aBJJ,aHIDJ o6upaIOThC5! Î3 JJ,oJJ,aTKÎB A Ta E. 

1. P03po6uTu nporpaMy 3 BHKopttcTaHIDIM nepesaHTa)KeHIDJ cpyuKuiiI Ta 

rna6JlOHHHX cpyHKUÎH. 

2. P03po6uTu rna6nouuuiI Knac )1,Jl5! p03B' 5!3aHH5! 3aJJ,a'li TeilJlocpÎ3HKH. 

3. 3BÎT npo po6oTy IlOBHHeH MÎCTHTH KüpüTKHH OITilC po6on1, anropHTMil, 

UML-JJ,iarpaMu, TeKCT rrporpaMu i pe3ynhTaTH ïi BHKouauJUI. 

MeTOJJ,uqui BKa3ÎBKH JJ,O BHKouauuH 33BJJ,3HHH 
C++ uaJJ,ae MO)l(JlHBicTh cKopornrn KÏJlI>KÏCTh cpyuKuii1, llKi BHKopucTOsy­

IOTh B rrporpaMi, 3a JJ,ODOMOrOIO Mexaui3My nepeBaHTa)KeHJUI, KOJlH cpyHKUÏÏ Ma­

IOTh 0)1,HaKOBi iMeua, ane BÏJJ,pi3H5!IOThCll KÎJlhKÎCTIO Ta THDaMH napaMeTpiB (curua­

TYPOIO ). Ilpu D,hOMY crrpomynhCll uan11cauJU1 KOJ1.y, ane noTpi6uo MaTH peani3ao,iï 

nepeBaHTa)KeHHX cpyttKUÎH 3j BCÏMa Mû)l(JlHBHMH apryMeHTaMH. 11,e )1( cnpaBe)],JlHBe 
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i1 )J,.rrn Knacis. Bi)]nosi)]anhHicn. 1a npaBHJlhHHH BHKJlHK <PYHKuiï noKJJa)]a€ThCH Ha 

KOMnim1TOp. € iHIIIHH MexaHi3M - MexaHi3M napaMeTpH30BaHHX <j}yttKUiH Ta KJla­

ciB . 

I1o)]i6HO )]0 KJlacy, w,o € cxeMaTWIHHM OllHCOM no6y)]OBH o6 '€KTiB, wa6-

Jl0H TaKO)!( e cxeMaTWIHHM onwcoM no6y)]OBH KJJacis Ta <j)yttKuii1. BttKOpHCTOBy­

IOqH wa6JlOHH, CTBOplOIOTh Y3aranhHeHi cneuw<j)iKauiï )]JUI KJlaCiB Ta <PYHKUiH, HKi 

Ha3HBaIOTh napaMeTpH30BaHHMH (generic) KJlaCaMH Ta <j}yttKI.Ü�MH. 3a )]OllOMOrOIO 

peani1auiï Y3aranhHeHHX <PYHKUiH Mû)!(Ha 3MeHWHTH pü3Mip Ta CKJla)]HiCTb npo­

rpaMH, a Haj{qacTiIIIe IIIa6JlOHH BlIKüpHCTOBYIOTh B 6i6nioTeKax KJlaciB . 

BmHa'Im01rn rrapaMeTpmoBaHHH Knac, crnopIOIOTh KapKac(wa6noH), HKHH 

OIIHCY€ yci anropHTMH, W,O BlIKüpHCTOBYIOThCH KJlaCOM. <l>aKTH'IHHH THII )]aHHX 

6y)]e BKa3aHHH B HKOCTÎ napaMeTpy npH KOHKpeTH3auiï o6 ' €KTÎB L(bOro KJlacy. 

KoMIIÎAATüp aBTOMaTH'IHO 1reHepye BÎ)]TIOBÎ)]HHH o6'€KT Ha OCHOBÎ BKa3aHoro 

THny. 3aran1>Ha <j)opMa )]eKnapysaHHH oapaMeTpn1osaHoï <j)yHJ<Uiï Ta Knacy 

templat e < c l a s s  T>T F u n cName ( T  pa rml) {//Tino $yHK�iï} ; 

Ta 

template < c l a s s  T> c l a s s  C l a s sName {//o n H c  Kn acy} ; 

B KOHCTpyKUiï <class T> T e iM 'HM THTIY wa6notty, HKHH B KO)!(HOMY Blma­

iJKY KOHKpeTmauiï 6y)]e 3aMÎHIOBaTHCH KOHKpeTHHM THTIOM )]aHHX. 3a Heo6xi)]HO­

CTÎ BH3Ha'ImOTD 6iJI1>IIIe O)]Horo rrapaMeTpmosattoro THny )]aHnx, 1arrncy10•rn ïx 

q:epe1 KoMy. 3a3BH'IaiI «template T» eKBisaneHTHHH «class T». Y Me)!(ax BH3Ha-

1IeH� KJlacy IIIa6JlOHHe iM'H MO)!(Ha BHKOpHCTOBysaTH y 6y)]h-HKOMY Micui, Ha­

rrp HKJl a)], 

template <typen ame T> T s u m ( T  a ,  T b ) {  
ret u rn ( a+b ) ;  

} 

a6o 

template <typen ame T ,  type name U> T sum ( T  a ,  U b ) {  
ret u rn ( a+b ) ;  

} 

llla6JlOHHi KJlaCH MO�Th MaTH )]O)]aTKOBi Hewa6JlOHHÏ napaMeTpH, Ha­

npHKJla)], template <class Type, int size> class Buffer{}; 

Coeuiani3auil0 wa6noHy BHKOpHCTOBYIOTh TO)]i, KOJlH KOMllÏAATOp He MO­

)i(e BH3HaqnTn THn ooepaH)]ÏB (HanpttKJJa)], )]JlH char* He BH3HaqeHo onepaTop 

«»>) 
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templat e < c l a s s  î >  
T Max ( T  a ,  T b )  { 
ret u r n  a > b?a : b ; 
} 

template < c h a r * >  
c h a r *  Max ( c h a r* a ,  c h a r *  b )  { 
ret u r n  strcmp ( a , b ) <0?a : b ; 
} 

Mero)J,11 wa6nottttoro Knacy BH3HaqaJOThCll ttacTynttMM q11HOM : 

#i n c l ude  < iostream> 
templat e < c l a s s  î >  
c l a s s  A { 

T d ata_; 
p u bl i c : 

} ;  

A ( T  data ) : data_ ( d at a )  { } 
void hello ( ) ;  

void by ( ) { std : : cout < < "By, " < < data_< < " ! \n " ;  } 
template < c l a s s  U >  friend std : : ostream& operator < <  

( std : : ostream& stream , A< U>&obj ) ; 

template <type name T> 
void A< T > : : hello ( ) { std : : cout« " Hello,  " « data_ « " ! \n " ; }  
template <type name T> 
std : : ost ream& operator < < ( std : : ost ream& stream,  A< T >&obj ) 

{ ret u r n  stream < <  obj . d ata_ < <  std : : e nd l ;  } 
int  main ( )  { 

} 

A<const  c h a r * > a ( " Iva n " ) ;  
a . hello ( ) ;  a . by ( ) ;  std : : cout < < a ;  
ret u rn 0 ;  

Peani3aUill Ta BM3HaqeHHll wa6noHHHx Knacis, llK npaBHJJo, 3Haxo)J,l!ThCll B 

TOMY caMoMy <j:laibii. 

IlopH,llOK BHKOH3HHH po60TH 
1. P03po6HTH <j:lyHKUÏJO BHBe)J,eHHll Ha eKpaH O)J,HOBHMipHoro MacHBy 3a 

)J,OOOMOfOIO nepeBaHTa)l(eHHll Ta wa6JlOHÏB. 

2. 3aMÏHHTH po3po6neHHH B na6oparnpHil1 po60Ti 3 Knac Array wa6-

JlOHHHM KnacoM ArrayT, llKHH npuiIMae 2 oapaMeTpH - THO eneMeHTY rn po3Mip 

MaCHBy. 

3. P03po611T11 oporpaMy, B l1Kii1 <j:lopMyeThCll MaCHB po3po6nettux B na-

6oparnpttii1 po6oTi 2 o6'eKTiB ArrayT<type, n> rn p03B'll3YeThCll 3a)J,aqa )J,Jlll 

pi3HHX ua6opiB BXÎ)J,HHX )J,aHHX, !l,pyKyJOTbCll pe3yJlhTaTM po60TM nporpaMH Ha 

eKpau y s11rm1)J,Î rn6nuui. 
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IlHT3HHH )J,JIH caMonepesipKH 
1. lll,o TaKe wa6nott rn wa6notttta cpyttKu,ill? 

2. CKiJlhlŒ pa:3iB KOMnimo€ThCH wa6notttta cpyttKu,IB? 

3. q" MO)!(JlHBO, lll,06 wa6JlOHHa cpyttKLJ,iH Mana apryMeHTH 3a 

3aMosqaH�M? 

4. Ha3BiTh npaBuna BH3HaqeH� wa6noHHHX Knacis . 

5. q" MO)!(e wa6JlOHHHM KJlaC MaTH apryMeHTH 3a 3aMosqeH�M? 

Jla6oparnpHa po6orn 5 

KOHTEMHEPH TA AJirOPHTMH STL 

MemoJO e 03Hai1oMneH� 3 rrpHHU,HIIaMH BHKopucrnH� crnH.uapTHOÏ 6i6-

nioTeKu rna6noHiB C++ (Standard Template Library, STL) rrpu p03po6u,i nporpaM. 

3aB)J,3HHH 
BapiaHTu 3aB.uaH� o6upmoThCH Î3 .uo.uaTKa .z:i;. 

1. P03po6uTu rrporpaMy, B HKÎH .uaHi 36epiraIOThCH B 3a.uaH0My KOH­

TeM:Hepi, .uo.uaTH o6po6Ky .uaHIJX 3 BHKOpHCTaHHHM CTaH.UapTHilX anropHTMiB 
. . 

3rt.UHO 3 BaptaHTOM. 

2. 3BiT rrpo po6oTy IlOBHHeH MiCTHTH KOpOTKHH ODilC po60TH, anropHTMH, 

UML-.uiarpaMu, TeKcT rrporpaMu i pe3ynhTaTH Ti BHKOHaH�. 

MeTO.UH'IHi BKa3iBKH .uo BHKouauuH JaB)J,aHHH 
Ei6nioTeKy STL no6y.uoBaHo Ha wa6noHax KnaciB i cpyttKu,ii1, lll,O 3a6e3ne-

1IY€ MO)!(JlHBicTh ytticpiKoBaHoï po6orn 3 pÎ3HllMH TunaMH .uaHHX. B STL po3pi3-

�Th HacTyrrm KOMilOHeHTU: 

• KOHmei:mepu (containers) - u,e Knacu, npH3Ha'IeHÎ .llJlH 36epiraHHH cyKyrr­

HOCTeM: o6' €KTiB (HK B6y.uoBaHHX, TaK i BH3HaqeHIJX KOpHcTyBaqeM THiliB);  

• imepamopu (iterators) - u,e a6cTpaKLJ,Î5! rroKa)!('IHKa. IlpH3HaqeHHH iTe­

paTopa - 3a6e3rre'IeH� .uocTyrry .uo o6'eKrn, Ha HKHM BÎH rrocHJJa€ThCH (p03ÎMeHy­

BaH�), i rrepexi.u Bi.Il o.uttoro eneMeHTa KOHTeM:Hepa .uo iHIIIoro (iTepau,i51); 

• Œ12opumMu (algorithms) - u,e cpyHKLJ,iï .llJlH MaHirrymoBaHHH o6 ' eKTaMH, 

lll,0 MiCrnThCH B KOHTeMHepi; 

• rjJyHKZJÎOHŒlbHÎ o6'€KTH (cpyHKTOpu,functors) ; 

KoHmeuHepu. y Ta6Jl. 5.1 npuBe.uetti OCHOBHi KJlaCH KOHTeMHepiB 6i6nio­

TelŒ STL (C++03). Crntt.uapT C++ 11 BH3Haqae .ueKiJlhKa .uo.uaTKOBHX KOHTel1tte­

pis. IIpu3ttaqeH� KOHTei1ttepy - 36epiraH� o6'€KTÏB. He3ane)!(HO si.u cpaKTH'IHOÏ 

opratti3auiï KOHTeHHepa, , KO)!(eH 3 HHX Ha.uae CTporo BH3HaqeHHM iHTepcpei1c (iTe­

parnp ) , qepe3 5!KHM 3 HUM B3a€MO.UÏIOTh anropHTMH. ,lJ;m KO)!(HOrO KOHTeMHepy 
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ofürpa€ThC51: Hatt6iJlhllI cpyttKI.ÜOHaJlhHHH THn iTeparnpa (rn6n. 5.2), HKHH MO)f(e 

6yrn ecpeKTHBHO peani30BaHHH )J,Jrn )JaHoro KOHTei1ttepa. 

lmepamopu. Y 3aJJe)!(HOCTi si)] tta6opy ni)JTj)HMysattHX onepau,iti po3pi3-

Hfil0Th 5 THniB iTeparnpiB (rn6n. 5.2), HKi 3a6e3neqyioTh )JOCTyn )JO eneMeHTiB 

KOHTetittepis. Crntt)Japrni iTeparnptt BH3Haqetto B cpatini iterator. 

3 TQqKH 30j)H iTeparnpa eneMeHTH, HKi 36epiraJOThC51: B KOHTeHHepi, CKJla­

)JaJOTh ttenepepstty nocni)JOBHiCTh. ITeparnp nepworo eneMeHTY B u,iti nocni)JOB­

HOCTi noseprne MeTO)J begin(), a iTeparnp eneMeHTa, !Il,O po3rnwosattHi1 3a ocrntt­

HÎM - MeTO)J end(). KpiM 3BttqattHHX iTeparnpiB y STL icHyJOTh 3Boporni iTeparn­

pH (reverse iterator). 3sopoTHIIi1 iTeparnp BÎ)JpÎ3tta€Thca THM, !Il,O o6xomnh noc­

JlÎ)JOBHicTh eneMeHTÎB y KOHTei1ttepi y 3BOj)OTHOMY nopa)]Ky. 

IlpH pü3MÎ!IJ,eHHÎ y KOHTei1ttep BHKOj)HCTOBY€ThC51: Ko nia: 06 ' €KTa ( nOBrl.HeH 

6YTH BH3HaqeHHH KOHCTPYKTOp Koniï) . .lVrn eKOHOMÎÏ naM 'Hi B KOHTei1Hepi 36epi­

raJOTh noKa)f(qHKH Ha o6'€KTH. Bi)] npaBHJlhHoro BH6opy KOHTei1Hepy 3aJJe)f(HTh 

ecpeKTHBHÎCTh nporpaMH. 

Ta6nttu,a 5.1 - KoHTei1HepH STL 

Tttn KOHTei1ttepa Knac KOHTei1Hepa )l;HpeKTHBa 
#include 

ITocni)JoBHi KOHTei1HepH vector - MaCHBH < vector > 
(sequence containers) deque - )JBOCTOj)OHHH qepra <de que> 

fist - CffilCKH < list> 

Acou,iaTHBHi KOHTei1Heptt map, multimap - BÎ)Jcoprnsamrn <map> 
(associative containers) KOHTettHep, !Il,0 MÎCTHTh napH 

«KJIJOq-)JaHÎ» 
set, multiset - MHO)f(HHH <set> 

A)JamopH queue - qepra FIFO, priority <queue> 
(container adaptors) queue - npwpHTerna qepra 

stack- cTeK LIFO <stack> 

ITceB)JOKOHTei1ttepH bitset - 6irnsi Ha6opH <bits et> 

valarray - MaCHB qucJIOBHX <valarray> 
)JaHHX 

AJ12opumMu. Ei6nioTeKa STL Ha)Ja€ anropttTMH: 1) onepau,iti, !Il,O He 3Mi­

HJOJOTh nocni)JOBHOCTi ( find_if, count, search); 2) onepau,iti !Il,O 3MÏHJOJOTh nocni­

)JOBHÏCTh ( replace, remove, reverse); 3) copTysatttta ( sort, stable_sort, par­

tial_sort); 4) 6ittapttoro nOllIYKY ( lower _bound, upper _bound); 5) po60TH 3 Ky­

noJO ( make_heap, push_heap); 6) 3JIHTTH (merge); 7) nOllJYKY MÏHÏMYMY Ta MaK­

CHMYMY (min, max) rn itt. [7, 8] 
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ITptt3HaqeHJUI arrropttTMiB MattinymosaHJUI eneMeHTaMH KOHTeH:ttepa. 

Ey)J,I,-HKHH anropHTM p03ffül)J,a€ BMiCT KOHTeH:ttepa HK nOCJli)J,OBHÏCTb, !IJO 3a)J,a­

€TbCH iTepaTopaMH nepworo i ttacTynttoro 3a ocrnttttiM eneMeHTiB. ITepaTOptt 

3a6e3neq)'IOTb iHTep<t>eH:c Mi)!( KOHTeH:ttepaMH Ta anropHTMaMH, 3aB)J,HKH qoMy 

)J,OCHra€ThCH rnyqKÏCTh H: yttisepcanhHÏCTh 6i6nioTeKH STL. 

Ta6nm.1H 5.2 - ITepaTOptt STL 

Tttn iTepaTopa ,lJ,oCTyn Po3iMettysaHHH 

BHBOJlY (output) read * 

Bso)ly (input) write * 
' -> 

ITpHMHH iforward) r!w * 
' -> 

,lJ,siqj cnpHMOBaHHH r!w * 
' -> 

(bidirectional) 
3 )lOBÏJlbHHM )lOCTynoM r!w *, ->, [] 
(random-access) 

ITepal.(ÎH 

++ 

++ 

++ 

++, --

++,--, +, 
-, +=, -= 

ITopiBHHHHH 

-- I= 
' . 

-- I= 
' . 

-- I= 
' . 

-- I= 
' . ' 

<<= > >= 
' ' ' 

KO)f(HHH anropHTM BHKOpHCTOBY€ iTepaTOpH TÎJibKH BH3HaqeHoro THIIy. 

TaK, anropHTMY rrpocToro rrornyKy (jind), HKHH neperJIH)lae sci eJieMeHTH niJlpHJl, 

Il0Tpi6HHH iTepaTOp BBO)J,y, a anropHTMY )lBÎHKOBoro IlOillYKY (binary _search) 

Heo6xi)J,HO rrepexo)J,HTH )J,O 6y)J,h-H:Koro eJieMeHrn rrocni)loBHOCTi, TOMY oOTpi6eH 

iTepaTOp 3 )J,OBÎJlbHHM )J,OCTYITOM. 

qaCTHHY anropHTMÎB )lO)laTKOBO peanÎ3oBaHO HK MeTO)lll KOHTeHHepHHX 

Knacis . TaKi anropHTMH orrTHMÎ3oBaHi rn opaiJ,IOEOTh IllBH)lwe 3a attanori'IHi, BH-

3Ha'IeHi B algorithm. 

IIopH)lOK BHKOHaHHH po6oTH 
1. BHB'IHTH po6oTy rrpHKJla)J,y (Jlo)laTOK E). 

2. BHB'IHTH oco6nttsocTi po6oTH 3 3a)laHIJM KOHTeti:HepoM, Ha rrpHKJla)li 

po60TH j3 UÏJlHMH 'IHCJlaMil. 3acTOcysanI )10 )laHHX, IIJO 36epiraIOTbCH B KOHTeiI­

Hepi, anropHTMH find, count, for _each, generate, transform, replace, remove, 

unique, sort, binary_search, max, min, max_element, min_element. 

3. 3MiHHTH rrporpaMy Il. 1 )1JIH po6orn 3 o6' €KTaMif, p03po6JieHIIMH B 

na6opaTOpHHX po6ornx 1-2. 

IIHT3HHH )l.JIH caMonepeBipKH 
1. ITptt3HaqeHJUI STL? �o TaKe KOHTeH:ttepH, anropttTMH, iTepaTOptt? 

2. Ha HKÏ THilll no)J,imnoThCH KOHTeHHepH. 

3. 51K npalJ,IOEOTb anropHTMH? 51Ki anropHTMH BH 3Ha€Te? 

4. BH)J,H iTepaTOpis. Bi)], qoro 3aJle)!(HTh o6pattJUI rnny iTepaTOpa? 
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Jla6opaTOptta po6orn 6 

YCII�YBAHHH 

MemoJO e 03Hai1oMneHJUI 3 rrpttHUHnaMH ycna;:i:K)'BaHJUI rn po3po6Ka npoc­

TOÏ iepapxiï KJlaCiB . 

3aB)J,aHHH 
1. P03po6HTH iepapxüo Knacis «Ili;:i:irpisaq» ):(JUI BHKOpHCTaHJUI B po3pa­

xyttKOBHX TennosHX cxeMax. B iepapxiJO BKJllOqttrn 3BH1IaHHHH ni;:i:irpisaq, pi3Hi 

THTIH TIOBepXHeBHX ni;:i:irpiBa'IiB, ni;:i:irpiBa'Ii, mo 3MÏrnyJOTb. 

2. CrnopHTH nporpaMy ):(JUI po6orn 3 po3po6neHoEO iepapxieJO KnaciB. 

3. 3BiT npo po6oTy TIOBHHeH MÏCTHTH KüpüTKHH orme po6orn, anropHTMH, 

UML-;:i:iarpaMH, TeKcT nporpaMH i pe3yn&rnTH ü BHKOHaHJUI. 

MeTO):(HlJHi BKa3ÎBKH ;:i:o BHKouauuH 3aB)J,aHHH 
Ili;:i: 'lac po3B 'H3aHJUI 3a;:i:aq TennO(pÏ3HKH nocrne npo6neMa po6oTH 3 reo­

MeTpH1IHHMH cpopMaMH, mo o6Me)KyEOT& ;:i:eHKHH npocTip, cpopMyEOq[l KOHCTpyK­

UÎJO eneMeHTÏB . .ll:m TaKHX eneMeHTÏB ):(00,ÎJibHO BH3Ha1IHTH KJlaCH npoCTHX reoMe­

TpH1IHHX cpiryp Ta 3a ïx ):(OTIOMOroJO cpopM)'BaTH 6iJihill CKJla):(HÏ KOHTyptt, TIOBepx­

Hi rn o6'€MH. O;:i:ttieJO 3 cyrryTttix 3a;:i:aq e BH3Haqemrn nnorn.i nosepxHi, mo BH­

rrpoMiHJOe a6o rrornwttae TeIIJloBy eHeprüo . 

.1J:m1 BttpimeHJUI uieï rrpo6neMH ):(00,ÎJibHO CKüpHCTaTilCH O):(HHM Ï3 Me­

xaHÎ3MÏB OOII, a caMe ycnaÔKJ16aHNRM - npoo,ecoM crnopemrn HOBHX noxiôNux 

(derived) KnaciB Î3 B)Ke icttyJ01IHX 6moeux (base) KnaciB . Iloxi;:i:HHH Knac oTpn­

Mye aTptt6yTH Ta IIOBe):(ÎHKY 6a30BOro KJlacy, ane MO)Ke 6yTH B):(OCKOHaJleHHH 3a 

paxyttoK ;:i:o;:i:aBaHHH snacHHX. Ea3oBHi1 Knac rrpH u&oMy 3aJJHIIIa€ThCH He3MÎHHHM. 

Iloxi;:i:HHH Knac e 6in&m crreuncpi1IHHM, Hi)!( H:oro 6a3oBHi1 Knac, rn npe;:i:crnBJJH€ 

Mettmy rpyrry o6'€KTÏB. Ko)KeH o6'€KT noxi;:i:Horo Knacy e TaKO)K o6'€KTOM Bi;:i:no­

BÏ):(Horo 6a3oBoro Knacy, npOTe, 3BopoTHe HeBiptto - o6'€KT 6a3osoro Knacy He e 

o6' €KTOM KnaciB, nopo;:i:)KeHHX HHM. HanpHKna;:i:, npHMOKYTHHK e qoTBPHKYTHH­

KOM, ane He KO)KHHH qoTBpBKYTHHK e npHMOKYTHHKOM. Ycna;:i:K)'BaHHH cnpHHe 

noemopHOMY 6UKOpucmaHHIO Koôy, mo npHCKüpEO€ pü3pü6Ky Ta 3MeHIIIY€ KÏJlb­

KiCT& TIOMHJlOK. 

Ycna;:i:K)'BaHHH peani3ye si;:i:ttoweHJUI «is-a» Mi)!( o6'€KTaMH. C++ ni;:i:Tptt­

MY€ o;:i:wttoqtte (si;:i: o;:i:ttoro Knacy) rn MHO)KHHHe (si;:i: ;:i:eKÏJl&Kox KJJacis) ycna;:i:Ky­

saHJUI, HKe MO)Ke 6yTtt si;:i:KpttTHM (public), 3aKpHTHM (private) i1 3axwmeHHM 

(protected). Bi;:i:KpttTe - o,e ycna;:i:KyBaHHH iHTepcpei1cy, a 3aKpttTe - ycna;:i:K)'BaHHH 

peani3ao,iï. B 6y;:i:&-HKOMY Bttna;:i:Ky, ;:i:ocTyn ;:i:o rrpttBaTHHX qnettis 6a3osoro KJJacy 

3a6opottettwH: (pttc. 6.1 ). 
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YcnauK)'BaHHll s C++ 
public protected private 

base derived base derived base derived 
public public public protected public private 
protected protected protected protected protected private 
private - private - private -

PHC)'HOK 6.1 - YcnanK)'BaHHll B C++ 

Iloxi)J,Hi Knacn ycrra)J,KOBYlOTb )J,aHi li Mernm1 6a3osoro KJiacy. KoHcTpyK­

Topn He ycrra)J,KOBYlOThCH, )J,eCTPYKTOPH ycoa)J,KOBYEOTbCH. ITopH)J,OK BHKmIKy 

KOHCTPYKTOpiB : 

• HK1UO B KOHCTPYKTopi rroxi)J,Horo KJiacy HBHIIH BHKJIHK KOHCTPYKTopa 6a-

30Boro Knacy BÎ)J,CYTHitt, aBTOMaTwrno BHKJIHKaE:ThCH KOHCTPYKTOp 6a3osoro KJia­

cy 3a 3aMOB'IaHEUIM; 

• )J,JIH iepapxiï, mo cKna)J,aE:TbCH 3 )J,eKÎJII>Kox piBHÎB, KOHCTPYKTOpH 6a30BHX 

KJ1aciB BHKJIHKalOTbCH, rroqrrna10qH 3 caMoro BepXHboro piBHH. Ilicm - KOHCTpyK­

TOpH THX eneMeHTÎB KJiacy, HKi e o6' E:KTaMH, a OOTÎM - KOHCTPYKTOp KJiacy; 

• rrapaMerpn )J,O KOHCTPYKTopa 6a3osoro KJiacy oepe)J,aEOTbCH qepe3 CIJHCOK 

iHiuiaJii3auiï. 

IlpaBHJ1a ycrra)J,KYBaHEU! )J,eCTPYKTOpÎB : 

• HK1UO B IIOXÎ)J,HOMY KJiaci He OIIHCaHO )J,eCTPYKTOp, TO BÎH cpopMyE:TbCH 

3a 3aMOB'IaHHHM i BHKJIHKae )J,eCTPYKTOpH Beix 6a30BHX KJiaciB; 

• Ha BÎ)J,MÎtty BÎ)J, KOHCTPYKTOpiB, )J,eCTPYKTOPH 6a30BHX KJ1acrn BH­

KJIHKalOTbCH aBTOMaTaqHo; 

• )J,eCTPYKTOpH BHKJIHKalOTbCH B rropH)J,Ky, CTporo 3BOpOTHOMY BHKJIHKY 

KOHCTPYKTopiB : crro'IaTKy )J,ecTpyKrnp KJiacy, IJOTÎM - )J,ecTpyKTop eJieMeHTÎB 

KJ1acy, a IIOTÎM )J,eCTPYKTOp 6a30BOro KJiacy. 

IlpnKna)J, po6oTH 3 iepapxie10 KJiaciB reoMeTpH'IHHX cpiryp (pnc. 6 .2) :  

c l a s s  S h ape { } ;  
c l a s s  Dot : public  S h a pe { } ;  
c l a s s  E l lipse : public  Poi nt { } ;  
c l a s s  C i rc le : public  E l l i pse { } ;  
c l a s s  Polygon : public  S h a pe { } ;  
c l a s s  Rectangle : public  Polygon { } ;  
c l a s s  Sqa u re : public  Re cta ngle { } ;  
c l a s s  Tria ngle : p ublic  Polygon { } ;  
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I l  AOnoMi�H i Kn ac11 
c l a s s  Point { } ;  Il  TO�Ka H a  KOOPAH HaTH i �  nno�H H i  
c l a s s  Angle { } ;  Il  KYT 

KBa)lpaT 

P11cyttoK 6.2 - Icpapxill KJJaciB 

IIopH)lOK BHKouauuH po6oTn 
1. PeanÎ3YBaTH iepapxiio KJiacis (pttc. 6.2). .l(mc KO)((HOro KJiacy BH-

3Ha�HTH MeTO)lH )JJIJI BBe)leHH51-BI1Be)leHH5! )laHHX, p03paXYHKY rrepHMerpy Ta 

1IJ1omi 3a cpopMynaMH. )J;o)laTH B KOHCTpyKrnp Ta )lecTpyKrnp BHBe)leHHJI Ha eKpau 

BÎ)lIIOBÎ)lHOro IIOBÎ)lOMJieHEU! «Shape» Ta «�Shape», «Dot» Ta «�Dot» rnmo. 

2. P03po6HTH iepapxilO KJiacis rri)lirpisa�is ()lHB. )lO)laTOK A Ta [l]), rrpH­

secTH rrosuy UML-)liarpaMy Ta KO)l C++. BHRecn1 B 6a30BHH KJiac sci snacTHBoc­

TÎ Ta IIOBe)lÎHKy, xapaKTepui )lJI5! Beix IIOXÎ)lHHX KJiaCÎB. 

1. 

2. 

3. 

4. 

KYBauui? 

5. 
6. 
7.  

Barn BH6ip. 

IInTanuH )l.JIH caMonepeBipKn 
y �OMY IIOJI5!rae cyTb ycna)lKYBaHH51? 

51Ki BH)lll ycna)lKYBaHHJI BH 3Haere? 

qH BCÎ �J1eHH 6mosoro KJ1acy ycna)lKOBYlOTb IIOXÎ)lHÎ KJiactt? 

51KJiiI nop5!)lOK BHKJIHKY KOHCTpyKrnpis Ta )lecTpyKrnpis opH ycna)l-

51K na )lÎarpaMax UML no3uaqaerbc5! ycoa)lKYBaHH5!? 
y 5!KI1X BHIIa)lKax ycoa)lKyBaHHJI He MO)((Ha 3aCTOCOBYBaTn? 
P03po6iTh iurni sapiattTH iepapxiï reoMeTpuquHX cpiryp. 06rpyHTyihe 
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Jla6opaTOptta po6orn 7 

IIOJIIMOP<l> 13M 

MeroIO e 03Hai1oMneHJUI 3 a6cTpaKTHHMH KJJacaMH, sipTyanhHIIMH <j}yttKu,i-

5!MH Ta rrpIIHU,IITiaMH BIIKOpHCTaHH5! TIOJlÏMop<j)HOÏ TIOBe)l,ÏHKH o6' €KTÏB. 

3aB)J,3HHH 
1. 3aMÏHIITII B iepapxiï Knacis (na6opaTOptta po6orn N26) 6a30BIIH KJJac a6-

CTpaKTHHM 6a30BHM KJlaCOM. 

2. HanttcaTII nporpaMy 3 BIIKopttcTaEilli!M p03po6neHoï B n. 1 iepapxiï Kna-

CLB . 

3. 3BiT npo po6oTy TIOBIIHeH MÎCTIITII KüpüTKHil On:IlC po6oTH, anropIITMll, 

UML-AiarpaMII, TeKcT nporpaMII i pe3ynhTaTII Ti BIIKOHaHJUI. 

MeTO)J,H'IHi BKa3ÎBKH )J,O BHKOHaHHH 3aB)J,aHHH 
llofliMopr/Ji3M - u,e 3)1,aTHÎCTh o6'€KTÎB pi3HIIX KJlaciB, IIOB '5!3aHIIX 3a )l,OTIO­

MOrmo ycnaôKyeaHflR, pearysaTII pi3HHM 'IIIHOM rrpII 3BepHeHHi AO O)l,Horo i1 Toro 

)1( MeTO)l,a. IToniMop<j}i3M peani3yeThC5! 3a )l,onoMoroIO sipTyanhHIIX <j)yaKu,iiI, 

BH3Ha'IeHHX 3 KJilO'IOBllM cnoBOM virtual: virtual void print(). Ilicmc Bll3HaqeHHH 

BipTyanhHOJO, <PYHKLJ,Î51 JUIIIIa€ThC5! TaKOIO Ha Beix TIÎ)l,JlernHX piBHID< iepapxiï. 

5IKILJ,o y Knaci BH3Ha'IeHo •mcmy eipmyGJ1bHY (pure virtual) <j)yHKu,iJO, TO 

TaKHH KJlaC Ha3IIBalOTh a6cTpaKTHHM a6o ÎHTep<j)eticoM. Ilp11 B!I3HaqeHHi 'IIICTOÏ 

sipTyanhHOÏ <j)yttmiï nOTpi6Ho npasopyq )l,O)l,aTII «=0», Hanpm<Jia)l,, virtual void 

print()=O. Bci BÎpTyannHi <PYHKU,ÏÏ IIOBIIHHÎ 6yTII BH3HaqeHIIMII y KJiacax­

HaIIIa)l,Kax. 3a6opoHeHO CTBüpIOBaTII o6'€KT a6cTpaKTHOro KJiacy, ane MO)l(Ha 

BIIKüpIICTOBysaTII IIOKa)KqllK Ha TaKHil o6 '€KT. 

5IKILJ,O y KJlaci € BÏPTYaJihHÎ <j}yttKU,ÎÏ, TO )l,eCTPYKTOp TaKO)K - BÎPTYaJihHIIH. 

)J,mc po60TII 3 BÎPTYaJihH!IM <j)yHKLJ,Î5!Mll BHI<üp!ICTOBY€ThC5! MexaHÎ3M TIÎ3Hboro 

3B'5!3ysaHJUI, KOJlll KOMIIÎJ15!Tüpy He BÎ)l,OMÎ T!IIIII )l,aHIIX, a )],JU[ ïx B!I3Ha'IeHJUI IIÎ)l, 

'lac BIIKOHaHJUI rrporpaMll Bm<op11cTOBY€ThC5! MexaHÏ3M RTTI (RunTime Type 

Information). 

HarrpIIKJla)l,, CTBüpHMO MaCIIB, eneMeHTaMII 5!Koro 6y)lyTh IIOKa)K'IIIKH Ha 

Shape, noTiM )l,O)l,aMo noKa)KqIIKII Ha )],Ba o6 ' €KTII Circle rn Rectangle, nicm qoro 

)l,Biqj BIIKJlITTeMO Me'fO)],print( ): 

#i n c l ude  < iostream> 
#i n c l ude  < vector>  
struct  S h a pe { 

virt u a l  void print ( ) =0 ;  
virt u a l  -Shape ( )  { } } ;  
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struct  Circle : public  S h a pe { 
void print ( )  { 

std : : cout < <  " C i r c le\n " ;  
} 

} ;  
struct  Rectangle : public  S h a pe { 

void print ( )  { 
std : : cout < <  " Rectangle\n " ;  

} 
} ;  
int  main ( )  { 

} 

std : : vector <Shape * >  f ;  
f . pu sh_ba c k ( new Circle ) ;  
f . pu sh_ba c k ( new Rectangle ) ;  
f [ 0 ] - >print ( ) ;  // «Ci r c le» 
f [ l ] - >print ( ) ;  // «Re ctangle» 
delete f [ 0 ] ; 
delete f [ l ] ; 
ret u rn 0 ;  

3 a  ):(OIIOMOrmo IIOKa)l{qlIKa Ha 6a30Bl1if KJiac MO)l{Ha 3BepeynlCH ):( 0  MeTO­

):(ÏB IIOXl):(HOro KJJacy, BHKOpHCTOBytOqn mrnaMÏqHe apHBe):(eHIU! THIIÎB dynam­

ic_cast<TMII*>(rroKa)KqlJK), HarrpHKJia):(, 

C i r c l e  * c = new C i r c le ; 
S h ape * p  = c ;  
dynamic_c a st < Circle* > ( p ) - >out ( ) ;  

Ilepnmiî BHIIa):(OK (f[O]->print()) - rrpHBe):(eHIDI rnrris no iepapxiï sropy 

(upcast), ):(pyrniî (dynamic _cast<Circle*>(p)->out();)- BHH3 (downcast). 

IIopH):(OK BHKOHaHHH po6oTH 
1. 3MÎHHTH rrporpaMy, p03po6JieHy B Jia6opaTOpHÎH po60Ti 6 TaKHM qlIHOM, 

mo6 Knac Shape BHKottysas poJib iHTepcpel1cy. 

2 . .r:i;o):(aTH B 6a30BHH KJiac MaCllB ):(JIH 36epiraHIDI KOOp):(HHaT TffqoK, mo 

cpopMylOTb KOHTYPH cpirypH . .r:i;o):(arn sipTyaJihHHH MeTO):( draw(), HKHH 6y):(e 3ano­

BlflOBaTH ueti MaCHB. 

3 . .r:i;o,[(aTH ):(0 6a30BOro KJiacy MeTO):( o6qHCJ1eHfül [JJ10LL(Ï qepe3 p036HBaHfül 

oayKnoro 6araTOKYTHHKa Ha Tpaaeuiï S = � II�1[(xi + xi+1)(yi - Yi+1)] 1. 06-

qttcJJHTH anomi noxi):(HHX cpiryp o6oMa cnoco6aMH - 3a cpopMynolO nnomi Ta 3a 

KOOp):(HHaTaMH TOqOK. 

4. 3MÏHHTH iepapxi10 Knacis ni):(irpisaqis (Jia6oparnptta po6orn 6), 3po6tt­

BIIIH 6a30BHH KJJaC a6CTPaKTHHM. 
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IlHT3HHH )1,.JIH caMonepesipKH 
1. lll,o 03Haqae noniMopcpÎ3M Ta llK BÎH peani3yen.cll? 

2. q" MO)!(Ha UOKa)!(qHKY Ha 6a30BHH KJlaC npHCBOÏTH 3HaqeHHll aJJ,pecH 

o6' €KTa UOXÎJJ,HOro KJlacy? 

3. lll,o Heo6xiJJ,HO JJ,m1 rnro, lll,06 peani3ysaT11 noniMopcpi3M B nporpaMi? 

4. )J,m1 qoro BHKOpHCTOB)'IOTb a6cTpaKTHÎ KJlaCH? 

5. q" MO)!(Ha CTBOpIOBaTH o6' €KTH a6cTpaKTHOro KJlacy? 

6. Ha3BÎTI> BÎJJ,MÎHHOCTi Mi)!( sipTyanoHHMH Ta q11cTHMH sipTyanoHHMH 

cpyttKuimrn. 

7. q" BCÏ BipTyanoHi cpyttKUÎÏ B a6cTpaKTHOMY 6a30BOMY KJlaci UOBlIHHÎ 

6YTH BlI3Ha'IeHi llK 'IlICTÎ BÎpTyanoHÎ cpyttKUiï? 

8. qlI MO)!(Ha CTBOplOBaTlI cpyHKIJ,ÎlO, napaMeTpOM llKOÏ € IJOKa)!('IlIK Ha a6-

CTpaKTHlIH KJlac? 

Jla6oparnpHa po6orn 8 

P03POI>KA IIPOrPAMH .IJ:IDI P03PAXYHKY 
�PArMEHTY TEII�OBOÏ CXEMH 

MemoJO e po3po6Ka rrporpaMM J1,Jl51 po3paxyttKy cpparMeHTy Tennosoï cxe­

MM Ta BlIKOplICTaHHll cpai1niB )1,Jl51 36epiraHHll JJ,aHHX. 

3aBJJ,3HHH 
BapiaHTM 3aBJJ,aHH51 o6MpalOTbCll Î3 JJ,OJJ,aTKa )1(. 
1. P03po6MTM rrporpaMy J1,Jl51 p03paxyttKy cpparMeHTy Tennosoï cxeMM n 

BlIKOplICTaHHllM KOMil03lIUÏÏ, arperauiï Ta ycnaJJ,KysaHHll. 

2. 3BiT rrpo po6oTy Ma€ MÎCTlITlI KOpOTKHH OIHlC po60TH, anropHTMH, 

UML-JJ,iarpaMM, TeKcT rrporpaMM i pe3ynoTaTM ü BlIKOHaHHll . .  

MeTOJJ,HlJHi BKa3iBKH JJ,o BHKOHaHHH 3aBJJ,aHHH 
B JJ,aHii1 po6oTi nOTpi6Ho p03po6mM rrporpaMy J1,Jl5I p03paxyHKy cpparMeH­

TY TeilJloTexHÏ'IHOÏ cxeMM. CxeMtt, p03paxyHKOBi crriBBÎJJ,HomeHHll, MeTOJJ,HKll Ta 

rrplIKJlaJJ,lI p03paxyttKÎB HaBeJJ,eHO B [l] . 

A2peza4m (p11c. 8.1 a) Ta KOMno3UlJi5l (p11c. 8.1 6) - ue cnoci6 B3a€MOJJ,ÎÏ 

MÎ)!( o6'€KTaMll «has-a», KOJlH UOMMH JJ,aHHX o6'€KTY € ÎHIIlÎ o6' €KTH. Pi3HHUll 

MÎ)!( KOMU03HUÎ€IO i arperauielO UOJ151ra€ B TOMy, lll,0 y pa3Î KOMU03HUÎÏ uine llBHO 

KOHTPOJ1l0€ qac )!(HTTll CBO€Ï CKJlaJJ,OBOÏ qacTHHH ( qacTHHa He ictty€ 6e3 uinoro ) , a 

B pa3Î arperauiï uine xoq i MÎCTHTb CBOIO CKJlaJJ,OBY qacTHHy, TepMÎH ÏXHbOrü )!(HT­

Tll He nos 'll3atti (HarrpttKJJaJJ,, CKJlaJJ,osa qacTHHa nepeJJ,a€ThCll qepe3 napaMeTpll 

KOHCTPYKTopa) . 
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EneMeHTH Tennosoï cxeMH (,!1,0)J,aTOK )I{) CKJla)J,aJOThCll 3 )J,eKiJlhKOx OKpe­

MHX KOMnottettTiB, ttanpttKJla)J,, ni)J,irpisaq BHCOKoro THCKY MO)f(e 6yTtt 3 OIT, 3 

O)J,, 6e1 OIT rn O)J,, 3 OIT rn O)J,. Y KO)f(HOMY BHnMKY napaMeTptt cxeMH BH3Ha­

qaJOThCll napaMeTpaMH OKpeMHX eneMeHTiB Ta YMOBaMH po60TH (THn HOcill, THCK, 

eHTaJlhnill rnmo) . )J,Jlll TaKHX eneMeHTiB noTpi6HO npaBHJlbHO BH6paTH THn 

3B'll3KY. HanpttKJla)J,, MO)f(Ha no6y,!1,yBaTH iepapxiJO KJJacis, B llKitt KO)f(HHH OKpe­

MHH KJlaC € KOMn03HTHHM, T06TO, tioro qneHH-)J,aHi € o6' €KTaMH a6o noKa)f(qHKa­

MH Ha o6'€KTH, llKi BH3HaqaJOTb BttyTpiwHÏH CTaH o6' €KTÏB iepapxiï. 

1 TenJIOBa cxeMa p...-----1 Ili)J.irpiBa'l 

a 

--�-T_y_p6_i_u_a�__.�l�..---1,___r_e_u_e_p_a_To_p� .... 
6 

P11cyttoK 8.1 - B3aCMO.llÎll MÎ)I( KJ1acaM11 no T11ny «has-a» : 
a - arperauill; 6 - KOMn03HUÎll 

)J,m1 KOMCT03HUÏÏ (pHC. 8.1 6) KO)], (cnpomeHIIil) MO)f(e 6yrn HacTynHilM 

c l a s s  Gene rator { } ;  
c l a s s  Tu rbine  { 

Gene rator *gen_; 
publi c : 

Turbine  ( )  gen_ ( n ew Gene rato r )  { } 
-Tu rbine ( )  { delete gen_; } 

} ;  
int  main ( )  { 

Turbine  t u r b ;  
ret u rn 0 ;  

} 

3a3Ha'IHMO, mo KO)f(HHH eK3eMililllp KJlacy, llKlIH BHKOpHCTOBY€TbCll llK no­

ne )J,aHHX KOMn03HTHoro Knacy, e nostticTIO caMocTiiIHilM o6'eKTOM. KoMn03HT­

HHH KJlaC Kepye TÏJlbKH q:acoM )f(HTTll TaKOro o6 ' €KTy. y npHKJla)J,Î o6' €KT KJlacy 

«rettepaTOp» CTBOpl0€TbCll 0)1,HOqacHO j3 o6 ' €KTOM KJlacy «Typ6itta» , a HanpttKi­

HUi 0)1,HOqacHO 3 HHM 3HHmy€TbCll. 

Po6oma 3 rjJaü.na.Mu 'lepe3 nomoKu 66eOeHHR-6UBeOeHHR. <l>ai1nosi onepauiï 

B C++ BHKOpHCTOByJOTh si)J,nOBÏiJ,HÏ KJJactt BBe)J,eHHll-BHBe)J,eHHll, BH3ttaqetti B 

cpatini fstream. OcHOBHi npHHOMH po60TH 3 cpattJlOBHMH nOTOKaMH TH )!( caMi, mo 

6yntt p03rJlllHYTi B na6opaTOpttiH po6oTi 1. )J,nll po60TH 3 cpaHJlOM y pe)f(HMi qH­

TaHHllhanttcy crnopJOIOTh o6'€KT KJJacy fstream (a6o ofstream (1anttc), a6o 
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ifstream (qHTaHJUI)) . .ll:Jrn Kep)'BaHIUI MeTO)J,OM )J,OCTyny )1,0 )J,aHID( BHKOpHCTOBy­

IOTh BÏ)J,nOBÏ)J,Hi KOHCTaHTH KJlacy ios_base (rn6n. 8.1) . 

.z:t:eranhHHH rrpttKJla)J, po6orn 3 <j)ai1naMH ttase)J,etto B )J,O)J,aTKY H. 3 MeTOIO 

3ano6iraHIUI nOMHJlKaM qHTaHIUI )J,aHID(, )],JUI rrpüCTID( TeKCTOBID( <Pai1ni OnTHMa­

JlhHHM € 3qHT)'BaHJU1 )J,aHill( pll)J,KaMH Ta ïx nO)J,aJlhlIIHH p036ip (napCHHr), )J,HB. 

rrpttKJla)J, s )J,O)J,aTKy H. 

Ta6nm-1a 8.1 - KottcTattTH KJlacy ios base -
Pe)f(HM Onttc 

ios base: :app .z:t:o.uasaHHll .uaHHX y KiHeU,h <j)aHJJY 

ios ios: :ate TiepeMiCTHTH noKa)f(qHK B KiHeU,b <j)af!JJy. 

ios base: :in Bi.uKpHTH <j)affn Mll qHTaHIUI (sso.uy). 
-

ios base: :out Bi.uKpHTH <j)afln Mll 3anttcy (sttso.uy) 

ios base: :trunc 51KlIIO <j)aHJl icHyE:, BH.UaJJHTH 

ios base: :nocreate 51KlIIO <j)aHJl He icHyE:, TO BH)J,aTH noMHJJKy. 

ios _base: :noreplace 51KlIIO <j)affn icHyE:, TO BH.UaTH noMHJJKy. 

ios base: :binary Bi.uKpHTH <j)afln y .usiHKOBOMY pe)f(HMi 

3a3tta'IHMO, mo y BHna)J,Kax, KOJIH aTp06yn1 KJiacy - noKa)f('IIIIŒI Ha )J,aHi B 

Kym a6o CTaH)J,apTHÎ KOHTei1HepH, nOTpi6HO BHKOpHCTOByBaTH npocTÎ TeKCTOBÎ 

<j)ai1JIH a6o cepiani3aUÎIO (nepernopeHIU! o6'E:KTY Ha nocJIÎ)J,OBHÎcTh 6aihis), a He 

3anwc )J,aHID( 6JJoKaMH 3a )J,OIJOMormo MeTO)J,ÎB write(), read(). 

Ta6JIHUll 8.2 - CrnttH noTOKÎB 

EiT <l>yttKU,ill ÜnHC CTaHY 
)J,OCTyny 

eojbit eofO 1 ,  llKlIIO .UOCllrHYTO KÏHeU,b <j)aHJJY 

badbit badO 1 ,  llKlIIO noTÏK noWKO)J,)f(eHHH 

failbit failO 1 ,  llKlIIO noMHJlKa qHTaHHllhanttcy )J,aHHX 

goodbit goodO 0, llKlIIO 3 noTiK y cnpaBHOMY CTaHi 

rdstateO nosepTaE: cTaH noToKy 

clearO cKH.uae sci 6iTH noMHJJOK, «oqmuyrn noTÏK, reHepye 

BHKJJIOqeHHll ios_base: :failure, llKW.O HeMO)l(JJHBO BHnpa-

BHTH CTaH nOTOKY. 

Po6orn 3 <j)ai1naMH - noTettuii1tte )J,)f(epeno noMHJlOK, TOMY B rrporpaMHHH 

KO)], noTpi6Ho BKmoqaTH nepesipKH iCH)'BaHIDI <j)ai1nis (noToKis). Ha noMHJlKH, mo 

BHHHKalOTh B rrpoueci qHTaHIDlhanttcy, noTiK pearye Bi)J,nOBi)J,HHM qHHOM qepe3 

BCTaHOBJleHIUIM Bi)J,nOBi)J,Hill( 6iTiB (npanopuis) (rn6n .. 8.2). 
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IIopHJJ,OK suKouauuH po6oTu 
1 .  3riJJ,uo 3 sapiattTOM po3po6HTH JJ,iarpaMy Knacis eneMeurn po3paxyu-

KOBOÏ cxeMH, Tennouociti TaKO)!( peani3ysaTH OKpeMHM KJlaCOM. 

2. P03po6Hrn rn npoTecTysarn nporpaMy JJ,m1 po3paxyuKy <j)parMeHTY 

Tennosoï cxeMH. BHXiJJ,ui JJ,aui rn MeTOJJ,HKY po3paxyuKiB JJ,HB. [ 1 ]  rn JJ,OJJ,aTOK )1(. 
BHXiJJ,ui JJ,aui rn pe3yn1>TaT MaIOTh 6yrn siJJ,nosiJJ,uo y <j)atinax in. dat rn out. da!. 

IIuTauuH JJ,.JIH caMonepesipKu 
1 .  51KHM qHHOM peani3y€ThCH 3B'H30K «has-a»? 

2. 51KHH: TlHI 38 ' H3KY CHJibHÎIIIHH arperauiH "IH KOMII03HUÎH? 

3. B HKHX BHIIa)J,Kax )1,0pe"IHO BHKOpHCTOBysan1 ycnaJJ,KysaHllil, a B HKHX 

KOMII03HUÎ10? 

4. 51Ki THIIH 3B'H3KÎB Mi)!( KJlaCaMH BH o6panu rrpu p03po6o,i ÏH)J,HBi-

)1,yannHOro 3aB)J,aHUH? 06rpyHTyttTe CBÏH BH6ip. 

5. 51Ki eneMeHTu STL BH BIIKOpHcTanu B rrporpaMi, "IOMy? 

6. 51Ki THIIH )1,0CTYIIY )1,0 BMÏCTY <j)atiniB BH MO)!(eTe Ha3BaTtt? 

7. Ilpmuaq:euHH KnaciB fstream, ofstream, ifstream? 
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.IJ:oAaTOK A 

3AB.IJ:AHHH .IJ:O JIAJ>OPATOPHOÏ POliOTII 1 

P03p06HTH KJlaC )l,fül THTIOBOro eneMeHTY TeTIJlOBOÏ cxeMH Typ6oycTaHOBKH 

3ri)l,HO 3 sapiaHTOM llK eneMeHTY )],Jlll TIO)l,aJlbWOro Tennosoro Ta KOHCTPYKTHBHO­

ro po3paxyttKy [ 1 ]  : 

1 )  Typ6itta; 

2) KOHAeHcarnp; 

3-4) KOH)l,eHCaTHHH Ta )IŒBHJlbHHH Hacoctt; 

5-9) rriAirpiBa'Ii BHCOKOro (IIBT) Ta Hll3bKOro (IIHT) TllCKY 6e3 OXOJlOWKY-

Ba'Ia rraptt (OIT) Ta 3 OXOJlO)],)Kysa'IeM Apetta� (0.IJ:), 3 OTI, 3 0.IJ:, 3 OTI Ta 0.IJ:; 

1 0) )l,eaeparnp; 

1 1 - 12) Mepe)KeBi Ta CaJlbHlIKOBÎ rriAirpiBa'Ii; 

1 3 )  BHrrapHHK; 

14) KOTen; 

1 5) retteparnp. 

.IJ:oAaTOK E 

3AB.IJ:AHHH .IJ:O JIAJ>OPATOPHOÏ POliOTII 2 

3aôaiû 3a meMOJO «TenJ1oeiôôa1.Ja npu 3M)lUWHOMY nonepe'IHOMY o6miKamti 

lfUJliHôpa i ny1.JKa mpy6» [2, c. 1 1 9 ] : 

1 .  MiAHHH IIIHHOilpOBÏA Kpyrnoro rrepeTHHY AÏaMeTpOM d = 1 5  MM OXOJl0-

)1,)KyeTbCll rrorrepe11HHM IlOTOKOM TIOBÏTpll. illBHAKÏCTb i TeMnepaTypa TIOTOKY no­

BÏTpll, mo Ha6irae, BÏ)l,IlOBÏAHO w = 1 Mie i fp = 20 °C. 06qHCJlHTI1 Koecpiu,ieHT Terr­

JlOBÎMa'Ii BÏA rrosepxHi w:11HonpoB0Ay AO nosiTpa i1 npHilycTHMY CHny CTPYMY B 

IIIHHorrpoBoAi 3a YMOBH, mo TeMnepaTypa l1oro nosepxHi He rroBHHHa rrepeswmy­

BaTH te = 80 °C. IlHTOMHH eneKTpH'IHHH onip MÎAÎ p= 0,0 1 75 0M "MM2/M. 

Biônoeiôb: a =  23,8 BT/(M2 
· rpaA) 1 = 825 A 

2. BOAllHHi1 KanopHMeTp, mo Mae cpopMy Tpy6KH i3 30BHiIIIHiM AiaMeTpoM 
d = 1 5  MM, TIOMiweHHM y nonepeqHHM TIOTiK TIOBiTpll. IlosÏTpll Mae WBH)l,KiCTb 
w = 2 M/c, cnpaMoBaHy rriA KYTOM 90° AO oci KanopHMeTpa, i cepeAHJO TeMnepa­
TYPY fp = 20 °C. Ilptt crnu,ioHapHoMy TennosoMy pe)KHMi Ha 30BHiwttii1 nosepxtti 
KanOpHMeTpa BCTaHOBJilOeTbCll TIOCTii1Ha cepeAHll TeMnepaTypa te = 80 °C. 06qttc­
JlHTH KOecpiu,iettT TeTIJlOBiMaqi Bi)], Tpy6KH )1,0 TIOBÏTpll i1 TeTIJlOBHM TIOTiK Ha 0)1,H­
HHLOO )l,OB)KHHH KanOpHMeTpa. 
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flpo006:JICCHHR oooamKa E 

Biono6iOb: a =  36,3 BTl(M2 - rpa;1,) q1 = 102 BTIM2 

3 .  U:11nitt)lpH'IHa Tpy6Ka )]ÏaMeTpOM d = 20 MM OXOJ10)l)f(Y€Tbell nonepeq­

HMM noTOKOM BO)]H. illBH)lKÏeTh noToKy w = 1 Mie. Cepe)]IDI TeMnepaTypa BO)]H tp 
= 1 0  °C, a TeMnepaTYPa nosepxtti Tpy6KH te = 50 °C. Btt3Haq11T11 Koe<j)iu,i€HT Ten­

JlOBi)l)laqi Bi)] nosepxtti Tpy6KH )10 OXOJlO)lHOÏ BO)]H. 

Biono6iOb: a =  7050 BTl(M2 ·rpM) 

4. y TelIJl006MiHHlIKY IIIaXOBlIH rryqoK Tpy6 o6TiKa€ nonepeqHHli DOTÎK 

Tpatte<j}opMarnpHoro Maena. 3osHiIIIHili )]ÎaMeTp Tpy6 y rryqKy d = 20 MM. Ilorre­

pe'IHHH KpoK s1 = 2,5d, II03)lOB)f(HiiI KpoK s2 = l,5d. Cepe)]H5! IIIBII)lKÎeTb y BY3E>KO­

MY rreperHHi rry'IKa iI eepe)]Hll TeMnepaTypa Maena BÎ)]IIOBÎ)]HO )lopiBHIOIOT& w = 
0,6 Mie i tp = 40 °C. Btt3Ha'IHTII Koe<j)iu,ieHT Te1IJ10BiMa'Ii BÎ)l nosepxHi Tpy6 )JO 

Macna )lJl5! Tperboro pll)]Y rryqKa Tpy6 3a YMOBH, mo TeMnepaTypa rrosepxHi Tpy6 

le = 90 °C. IloTÎK o6MHBa€ Tpy6H IIÎ)l KYTOM aTaKH 1ff = 60°. 

Biono6iOb: ar60 = 1 060 BTl(M2 ·rpa)l) 

5 .  Tpy6q:aeTHH nosiTporri)lirpiBHHK rrepe)l6a'Ia€Tbell BHKOHaTH Î3 Tpy6 )lia­

MerpoM d =3 8  MM, p03TalIIOBaHHX y KOplI)]OpHOMY rropH)lKY 3 nonepe'IHHM i 003-

)]0B)f(HÎM KpOKaMH s,  = S2 = 2,5d. llHeno Tpy6 B O)]HOMY pH)lÎ rrorrepeK IIOTOKY 06-

paHe m = 8, 'IHeno pll)]ÎB n = 5. TeMnepaTypa rrosiTpH, mo Ha)]XO)]IIT& y ni)lirpiB­

HHK, lp 1 = 20 °C i Ha BlIXO)lÎ 3 IIÎ)]ÎrpiBHHKa, lp2 = 80 °C. TeMnepaTypa eTÎHKif 

le = 1 50 °C. 51KOÏ )lOB)f(lIHH DOBlIHHÎ 6yTH Tpy6II, mo6 rrpH UIBH)lKOeTi DOBÏTpll y 

BY3bKOMY rrepeTHHÎ rryqKa w = 1 0  Mie, KÏJihKieTb TeDJia, nepe)laHa DOBÎTpEO, eTaHO­

BlIJlO Q = 125 KBT? 

Biono6iOb: l = 3 M 

3aoaiû 3a meMo/O «Te1V106iooa1.Ja npu 6ÎllbHOMY pyci piow1u»[2, e. 134] : 

6. BmHa'IIITif Koe<j)iu,i€HT TelIJlOBÎ)l)la'Ii BÏ)l BepnII<aJlbHOÏ DJIIITH BIIeOTOIO 

H = 2 M )10 HaBKOJllIIIIHboro erroKÎHHOro IIOBÏTpH, HKIIIO BÏ)]OMO, mo TeMnepaTypa 

rrosepxHi IIJlIITH te = 1 OO °C, TeMnepaTypa HaBKOJllIIIIHboro noBiTpH B)lanIIHi BÎ)l 

IIOBepxHi lp = 20 °C. 

Biono6ÎOb: a =  7,92 BTl(M2 · rpa)l). 

7. y KOHTypi )]Jlll. BHBqeHIDI ri)lpO)lHHaMÏKH i TenJlOBÏ)l)laqi pi)lHHHOMeTane­

BlIX TennottoeiïB MeTaJl y 3a6ipHOMY 6aKy HarpiBa€Tbell 3a )]OnOMOroIO ropH30H­

TaJlbHOro eneKTpH'IHOro HarpiBHHKa, w,o Ma€ <j)opMy LJ,HJlÏH)lpa )]ÏaMeTpOM 

d = 50 MM. Q6q11eJlHTH KOe<j)iu,i€HT TenJlOBi)l)laqi BÏ)l nosepxtti HarpiBHHKa )10 Me­

rnny )]JlH s11na)]Ky, KOJlH KOHTYP 3anosttett11l1 ttaTpieM 3 TeMnepaTypoEO 

tp = 200 °C, a TeMnepaTYPa nosepxHi ttarpisaqa te = 400 °C. 

Biono6iOb: a =  1 5750 BTl(M2 - rpa)l) . 

29 



flpo006:JICCHHR oooamKa E 

3aOaIJa 3a meMOIO «Ten.no6iOOaIJa npu KOHOeHcalJiï napw> [2, c. 142] :  

8 .  Ha 30Bttiurniti nosepxHi sepTHKa.JihHOÏ Tpy6tt AiaMeTpOM d = 20 MM i BH­

COTOIO H = 2 M KOH)l,eHCY€ThCH cyxa HaCH'leHa BO)l,HHa napa npH THCKY p = 1 6ap. 

TeMnepaTypa nosepxHi Tpy6tt te = 94,5 °C. Btt3HaqHTH cepeAHitt 3a BHCOTOIO Koe­

cpiuirnT TennosiMaqi si)], naptt AO Tpy6tt ti KÏJlhKÏCTh naptt G Kr/ro)l,, LIJ,O KOH)l,eH­

cy€ThCH Ha nosepxHi Tpy6tt. 

Biono6iOb: a =  7840 BT/(M2 · rpaA), G = 8 Kr/ro)l, 

3aoaIJa 3a meMOIO «Ten.no6iOOaIJa npu KuniHflÎ piow1w> [2, c. 165] : 

9. BmHa'IHTH KoecpiuieHT TeIIJloBiMaqi BÏA 30BHÏilIHhOÏ nosepxHi Tpy6KH 

BHIIapHHKa )1,0 KHIImf'IOÏ BO)l,H, m<IIJ,O TelIJlOBe HaBaHTa)((eHHH IlOBepXHi HarpiBaH­

HH q = 2 · 1 05 BT/M2, pe)((HM KHIIÏHHH rry3ttpKOBHH i BO)l,a 3Haxo)l,HThCH rriA THCKOM 

p = 2 6ap 

Biono6iOb: a =  1 8400 BT/(M2 - rpaA) 

3aoaIJa 3a meMOIO «Ten.nonpo6iOHicmb npu cmalJÎOHapHoMy pe:J1CUMi» [2, c. 7] : 

1 0 .  EneKTpH'IHHH HarpiBHHK BHKOHaHHH 3 HixpoMosoro ApoTy )l,ÏaMeTpoM 

d = 2 MM i )l,OB)((HHOlO l = 1 0  M. HarpiBHHK 06)1,ysaeTI>CH xono)l,HHM nosiTpHM 3 

TeMrrepaTypOlO fp = 20 °C. 061IHCJ1HTII TeIIJlOBIIH IIOTÏK 3 0)1,HOro IIOrüHHOro MeTpa 

HarpiBHIIKa, a TaKO)(( TeMrrepaTypH Ha nosepxHi ti oci ApoTy, HKillO cmrn CTPYMY, 

LIJ,O rrpoxo)l,HTh q:epe3 HarpiBHHK, crnHOBIITh 25 A. IlIIrnMilli eneKTpH'IHIIH onip 

HixpoMy p 1 , 1  ÜM "MM2/M, KoecpiuieHT TelIJlOIIpOBÎ)l,HOCTÎ HixpoMy 

À =  1 7,5 BT/(M - rpaA), KoecpiuieHT TeIIJlOBÎMaqi BÎ)l, IIOBepxHi HarpiBHHKa )1,0 rro­

BÏTpH a =  46,5 BT/(M2 · rpaA). 

Biono6iOb: q1 = 2 1 8,5 BT/M, TeMnepaTypa Ha oci ApoTy t0 = 770 °C, TeMrre­

paTypa Ha rrosepxHi APOTY te = 769 °C. 

3aOaIJi 3Q meMOIO «Ten.n06ÎOOaIJa npu 3MYUlCflOMY n03006:J/CflbOMY o6mi­

KQflflÎ n!IOCKOÏ n.nacmUflU» [2, c. 63 ] : 

1 1 .  ToHKY IIJlaCTHHY )l,OB)((HHOIO 10 = 2 M i  urnpHHOIO a = 1 ,5 M o6TiKa€ no-

3)1,0B)((HiiI IIOTÏK IIOBÏTpH. illBH)l,KÏCTh i TeMrrepaTypa IIOTOKy, Lll,O Ha6irae, piBHi 

BÏ)l,IJOBÏ)l,HO w0 = 3 M/c i t0 = 20 °C. TeMnepaTYPa nosepxHi nnaCTHHH ln = 90 °C. 

Btt3HaqHTH cepe)l,HÏH 3a )l,OB)((HHOIO nnacTHHH KoecpiuiettT TennosiMaqi ti KÏJlh­

KÏCTh TenJlOTH, LIJ,O BÏ)l,)l,a€ nnaCTHHOIO nosÏTplO. 

Biono6ÎOb: a =  4,87 BT/(M2 - rpM), Q = 2050 BT . 

12 .  IlJlOCKa TOHKa nnaCTHHa )l,OB)((HHOIO lo = 1 M o6TiKa€ThCH n03)],0B)((HÏM 
nOTOKOM nosÏTpH. lliBH)l,KÏCTh i TeMnepaTypa nOTOKy, LIJ,O Ha6ira€, piBHi BÏ)l,nOBÏ)l,­
HO wo = 80 M/c i t0 = 1 0 °C.  
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Ilepe,!1, nnaCTHHOIO BCTaHOBJleHi Typ6yni3yioqj rpaTH, B pe3yJlnTaTi qoro pe­

)!(HM pyxy B npHMe)!(OBOMY wapi no scii1 )J,OB)!(HHi nnacTHHH Typ6yneHTHHH. Btt-

3HaqHTH cepe,!1,HÏH no nosepxHi nnacTHHH Koe<j)iu,ieHT TennoBÏMaqi i1 3HaqeHIDI 

Micu,esoro KOe<j)iu,irnrn TenJlOBÏMaqi Ha 3a)J,HÏH KpOMLJ,i, a TaK caMO TOB!l(HHY ri)J,­

p0,!1,HHaMÏqHoro npHMe)!(OBOro wapy Ha 3a)J,HÏH KpOMLJ,Ï nnaCTHHH. 

Biôno6ÎÔb: a =  202 BT/(M2 - rpM), a,, = 1 57,5 BT/M2 rpa)l, Ôm = 1 6,6 MM . 

3aôaIJi 3Q meMO/O «TefVI06UU p03pCIX)IHOK mefVI006MiHHUX anapami6» [2, c. 2 16] :  

1 3 .  Bmtta'IHTH rmsepxmo ttarpiBaHIDI BO)J,Httoro eKottoMai13epa, y HKOMY 

TeIIJlOHOCÎÏ pyxaJOTbCH 3a rrpOTlIBOTO'IHOJO cxeMOIO, HK!l(O BÎ)J,OMÎ HacTyrrtti BeJllI-

'IlIHlI: TeMrrepaTypa ra3ÎB Ha BXO)J,Î 1; = 420 °C, Blnparn ra3ÎB G1 = 220 T/q, TeIIJlo-

€MHicT1> ra3ÎB cp, =  1 ,045 K,Il;)!(/(Kr · rpa,!1,), TeMnepaTypa BO)J,11 Ha BXO)J,Î 1� = 1 05 °C, 

BIITparn BO)J,lI G2 = 120 T/q, TeIIJlO€MHÎCTb BO)J,lI cp2 = 4,22 K,Il;)!(/(Kr · rpa,!1,), Kllb­

KÎCTb rrepe,!1,attoro TeIIJla Q = 1 3 500 KBT, Koe<j)iu,irnT TeIIJlorrepe,!1,a'Ii BÎ)J, rmiB )J,O 

BO)J,H k = 79 BT/(M2 - rpa,!1,). B113Ha'Il1TH KiHu,esi TeMrrepaTypH TeIIJloHociïB i nnomy 

IIOBepxtti TeIIJl006Mitty. 

Biôno6ÎÔb: 1;· = 208,6 °C , 1; = 20 1 °C, F = 1 108 M2. 

14 .  BmHa'IlITH rroBepxmo HarpiBaHIDI BO)J,HHoro eKoHoMai13epa, y HKOMY 

TeIIJlOHOCÎÏ pyxaJOTbCH 3a rrpHMOTOqHOIO cxeMOIO, HK!l(O BÎ)J,OMÎ HaCTYIIHÎ BeJII11IlI-

HlI: TeMrrepaTypa ra3ÎB Ha BXO)J,Î 1; = 420 °C, Blnparn ra3ÎB G, = 220 T/q, TeIIJlO-

€MHÎCTb ra3ÎB cpl = 1 ,045 I<,[1;)!(/(Kr · rpa,!1,), TeMnepaTypa BO)J,11 Ha BXO)J,Î I� = 1 05 °C, 

BlITparn BO)J,lI G2 = 120 T/q, TeIIJlO€MHÎCTb BO)J,lI c p2 = 4,22 K,Il;)!(/(Kr · rpa,!1,), Kllb­

KÎCTb rrepe,!1,aHoro TeIIJla Q = 1 3 500 KBT, Koe<j)iu,ieHT TeIIJlorrepe,!1,a'Ii BÎ)J, rmiB )J,O 

BO)J,H k = 79 BT/(M2 · rpa,!1,). füI3Ha'IlITH KÎHu,esi TeMrrepaTypH TeIIJloHociïB i IIJlOIUY 

IIOBepxHi TeIIJl006Mitty. 
" " 2 Biôno6ÎÔb: 11 = 208,6 °C , 12 = 20 1 °C, F = 207 1 M . 

1 5 .  Cyxa HaCI11IeHa BO)J,HHa napa KOH)J,eHcyeT1>CH nptt p =  4,75 6ap. Bo)J,a 

pyxaeT1>CH no Tpy6ax i HarpisaeT1>CH si)], TeMnepaTyptt T� = 293 K )J,O TeMnepaTy­

ptt T�· = 343 K, BHTparn BO)J,H G6 = 8 T/ro)J,. Btt3HaqHTH Tennosy npo,!1,yKTHBHiCTb 

Tennoo6MiHHHKa, cepe,!1,HiH TeMnepaTypHHH Hanip i BHTpaTy napH. 

Biôno6ÎÔb: Q = 464 KBT, !:il = 1 02,9 K, Gn = 0,22 Kr/c . 
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.IJ:oAaTO K B 

IIPIIKJIA.IJ: IIPOrP AMII 3 BIIKOPIICT AHHHM 0011 )J,JIH 
P03B'H3AHHH OliqlfCJIIOBAJlbHOÏ 3A)J,Aql 

<l>atin SqaureEq. cpp 
#i n c l ude  < stdexcept > 
#i n c l ude  " Sqau reEq . h "  I l  A 11 B . o n 11 c  B 11 a 6opaTOpH H i  po6oTi 2 
double  Squ areEq : : d i s c rim ( ) { 

} 

double d = m_b * m_b - 4 * m_a * m_c ; 
if ( d  < 0 )  

t h row std : : invalid_a rgument ( " E rror , d < 0 " ) ;  
ret u r n  d ;  

Squa reEq : : Sq u a reEq ( )  
: m_a ( 0 ) , m_b ( 0 ) , m_c ( 0 ) , m_x1 ( 0 ) , m_x2 ( 0 )  { } 

Squa reEq : : Sq u a reEq (double  a ,  double  b ,  double c )  
: m_a ( a ) ,  m_b ( b ) , m_c ( c ) , m_x1 ( 0 ) , m_x2 ( 0 )  { } 

void Squ a reEq : : set_a ( double  a )  { 
if ( a  == 0 )  

t h row std : : invalid_a rgument ( " E rror , a =0 " ) ;  
m_a = a ;  

} 
double  Squ areEq : : get_xl ( )  
double  Squ areEq : : get_x2 ( )  
void Squ a reEq : : solve ( )  { 

const { 
const { 

ret u rn m_xl ; } 
ret u rn m_x2 ; } 

m_xl - m_b - d i s c r im ( )  
m_x2 = - m_b + d i s c r im ( )  

I ( 2  * m_a ) ;  

I ( 2  * m_a ) ;  
} 

<l>aibi main.cpp 
#i n c l ude  < iostream> Il cout , c i n  
#i n c l ude  < stdexcept > Il std : : i nval id_a rgume nt 
#i n c l ude  " Sqau reEq . h "  
u s ing  n ame space  std ; 
int  main ( )  { 

} 
} 

t ry { 
Squ a re Eq eq1 ( 4 ,  7 ,  2 ) ; eql . solve ( ) ;  

cout« " xl= " «  eql . get_xl( ) « '' , x2= "« eql . get_x2 ( ) ;  

ret u rn 0 ;  
} c at c h  ( std : : exception &e ) { 

cerr  < <  e . wh at ( )  < <  std : : e ndl ; 
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IIPIIKJIA.IJ: PEAJII3AIJJÏ KJIACY Array 

#i n c l ude  < c st d l i b >  
#i n c l ude  < ctime >  
#i n c l ude  < stdexcept > 
#i n c l ude  " Array . h "  
Array : : Array ( ) :  s i ze_ ( 0 ) ,  storage_ ( 0 )  { }  
Array : : Array ( co n st s i ze_t sz ) 

} 

s ize_( 0 ) , storage_ ( 0 )  { 
if ( s z  ! =  0 )  { 

size_ = s z ;  
storage_ = new int [ size_ ] ( ) ;  

} 

Array : : Array ( co n st Ar ray& a )  { 

} 

if ( t h i s  ! =  &a ) { 

} 

delete [ ]  storage_; size_ = a . s i z e ( ) ;  
storage_ = new int [ size_ ] ; 
for ( s i ze_t i 0 ;  i < size_; ++i )  

storage_ [ i ]  = a [ i ] ; 

Array : : -Array ( )  { 
delete [ ]  storage_; 

} 
i nt& Array : : operator [ ] ( const  size_t i n d )  { 

if ( i n d  < 0 1 1  ind  > size_)  

} 

t h row std : : out_ of _range ( " I ndex out of range " ) ;  
ret u r n  storage_ [ in d ] ;  

int  Array : : operator [ ] ( co n st s i ze_t ind ) con st { 
if ( i n d  < 0 1 1  ind  > size_)  

} 

t h row std : : out_ of _range ( " I ndex out of range " ) ;  
ret u r n  storage_ [ in d ] ;  

Ar ray& Array : : operator = ( con st Array& a )  { 
if ( t h i s  ! =  &a ) { 

if ( si ze_ == a . s i ze_) 
for ( s i ze_t i 0; i < s i ze_; ++i ) { 

storage_ [ i ]  = a [ i ] ; 
} 

else  { 
s i ze_ a . s i ze_; 
de lete [ ]  storage_; 
storage_ = new int [ s ize_ ] ; 
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} 

} 
} 

for ( s i ze_t i 0 ;  i < s i ze_; ++i ) { 
storage_ [ i ]  = a [ i ] ; 

} 

ret u r n  *th i s ;  

Ar ray& Array : : operator += ( const Ar ray& a )  { 
if ( t h i s  ! =  &a ) { 

} 

for ( s i ze_t i = 0 ;  i < size_; ++i )  { 
storage_ [ i ]  += a [ i ] ; 

} 
} else  { 

} 

for ( s i ze_t i = 0 ;  i < size_; ++i )  { 
storage_ [ i ]  += storage_ [ i ] ;  

} 

ret u r n  *th i s ;  

s i ze_t Array : : s i ze ( )  const { 
ret u r n  s i ze_; 

} 
int  Array : : s u m ( ) const  { 

int s u m  = 0 ;  

} 

fo r ( s ize_t i = 0 ;  i < size_;  ++i ) { 
sum  += storage_ [ i ] ;  

} 
ret u r n  s u m ;  

int  Array : : operator ( ) ( )  con st { 
int s u m  = 0 ;  

} 

fo r ( s ize_t i = 0 ;  i < size_;  ++i ) { 
sum  += storage_ [ i ] ;  

} 
ret u r n  s u m ;  

void Array : : print ( )  con st { 
fo r ( s ize_t i = 0 ;  i < size_;  ++i ) { 

std : : cout < <  std : : setw ( 6 )  < <  storage_ [ i ] ; 
} 
std : : cout < <  std : : e n d l ;  

} 
void Array : : set ( )  { 

std : : cout < < " I n put elem of ma s s iv . \ n " ;  
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} 

fo r ( s ize_t i = 0 ;  i < size_;  ++i ) { 

std : : cout « " Ar ray [ "  « i « " ] = " ;  

std : : c i n  > >  storage_ [ i ] ;  
} 

std : : ost ream &operator< < ( std : : o st ream &os ,  con st Array & a )  { 
fo r ( s ize_t i = 0 ;  i < a . size_; ++i )  { 

o s < <  std : : setw ( 6 )  < <  a . storage_ [ i ] ; 
} 
ret u r n  o s ;  

} 
std : : ist ream & operator > > ( std : : ist ream & i s ,  Array & a )  { 

std : : cout < < " I n put elem of ma s s iv . \ n " ;  
fo r ( s ize_t i = 0 ;  i < a . size_; ++i )  { 

std : : cout « " Ar ray [ "  « i « " ] = " ;  
i s  > >  a . storage_ [ i ] ; 

} 
ret u r n  i s ;  

} 
void Array : : i n it ( const  size_t s z )  { 

size_ = sz ; storage_ = n ew i nt [ s ize_ ] ; srand ( t ime ( 0 ) ) ;  
fo r ( s ize_t i 0 ;  i < size_;  ++i ) 

storage_ [ i ]  = ra n d ( )  % 10;  
} 

,lJ;o.uarnK ,lJ; 

3AB)J,AHHSI )1,0 JIAEOPATOPHOÏ POI>OTH 5 

P03po6HTH rrporpaMy 3 BHKopttcTaHWIM KOHTelittepy STL Jri.utto 3 BapiaH-

1) vector; 

2) deque; 

3) list, 

4) map; 

5) multimap, 

6) set; 

7) multiset; 
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IIPHKJIA.IJ: POEOTH 3 KOMIIOHEHT AMH STL 

#i n c l ude  < iostream> Il std : : cout 
#i n c l ude  < vector>  Il std : : ve ctor 
#i n c l ude  < a lgorit hm>  Il std : : copy 
#i n c l ude  < fu n ct ion a l >  I l  std : : greater 
#i n c l ude  < ite rato r >  I l  std : : ost ream_iterator 
u s ing  n ame space  std ; 
int  main ( )  { 

} 

ve cto r < i n t >  v ;  I l  BeKTOp Hyn bOBOÏ AOB�H H H  
int i ;  
cout < <  " po3Mip : " < <  v . s i ze ( )  < <  end l ;  I l  Po3Mi p v .  

Il HOBi eneMeHTH  AOAa�TbCR B KiHe�b 
fo r (i  = 0 ;  i < 10 ; i++ )  

v . pu sh_ba c k ( i ) ; 
cout < <  " HOBH � po3Mip : " < <  v . s i ze ( )  < <  endl ; 

Il AocTyn yepe3 iHAeKCH  
fo r (i  = 0 ;  i < 10 ; i++ )  

cout < <  v [ i ]  < <  " " ;  
cout « end l ;  

I l  ne pwH � T a  ocTa H H i �  eneMeHTH  BeKTopy . 
cout < <  " ne pwH�  en eMeHT : " < <  v . front ( )  < <  e nd l ;  
cout < <  "ocTa H H i �  eneMe H T "  < <  v . ba c k ( ) < <  endl ; 

Il AocTyn yepe3 iTepaTop . 
ve cto r < i nt > : : con st_iterator p = v . begin ( ) ;  
wh ile  ( p  ! =  v . e n d ( ) )  { 

cout < <  * p  < <  " " ;  
p++ ; 

} 
cout « end l ;  
cout « " s c bo ro en eMeHTiB  = =  5 : " « cou nt ( v . begi n ( ) ,  

v . end ( ) ,  5 )  < <  end l ;  
sort ( v . begin ( ) ,  v . begin ( )  + 5 ,  greater<int > ( ) ) ;  
ost ream_ite rato r < i n t >  out_it ( cout ,  " ,  " ) ;  
copy ( v . begin ( ) ,  v . e nd ( ) ,  out_it ) ;  
ret u r n  0 ;  
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.IJ:o)l,aTOK )I{ 
3AB.IJ:AHHH .IJ:O JIAliOPATOPHOÏ POliOTH 8 

P03po6HTH rrporpaMy 3 BHKOpttcTaHIDIM MeTOAonoriï OOII AJUI po3 -
paxyttKy cpparMeHTY Tennosoï cxeMH. Heo6xiAtti po3paxyttKOBi cniBBÏAHOwettfüI 
HaBe)l,eHO B [ 1 ] .  

BapiaHm 1 .  Mepe)f(eBa niAirpisan1>tta ycrnttOBKa (pttc . .z:i: )l{. 1 )  

B C  

T C  

P11cyttoK ,Il, )J{.l - P03paxyttKOBa cxeMa Mepe)((esoï niAirpiBaJlbHOÏ ycrnHOBKM : 

BC - sepxHill CTynÏHb niAirpisy; HC - HH)((HÏH CTynÏHb niAirpisy; TC - TennoMepe)((a; 

CH - Mepe)((eBHH Hacoc; a8e , D8e - BHTparn nap11 y BC; aHe , (D8e + DHe) - BHTparn 
nap11 y HC; i8e , i' se - eHTaJIE>niH nap11 Ha BXOAÏ Ta BHXOAÏ 3 BC; iHe , i' He - eHTaJIE>niH 
nap11 Ha BXO)l,Ï Ta BHXO)l,Ï 3 HC; Ces , ies , i' es - BHTparn Ta eHTaJlbniH Mepe)((eBOÏ BO)l,11. 

BapiaHm 2. Typ6ü)f(HBHJihHIIH Hacoc (p0c . .z:i: )l{.2) 

ITapa .110 UHT ITapa 3 Bi.116opy 
ÜCHOBHHH KOH.[\eHCaT 

1 

)l{H 

� 
)1{11BHJlbHa BO)l,a 

TIT 

P11cyttoK ,Il, )J{.2 - P03paxyttKOBa cxeMa Typ6ü)((HBHJJbHOro Hacocy: 
)J{H - JKHBHJJE>HHH Hacoc; TIT - Typ6onp11si.11 
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BapiaHm 3. BHnapttHK B Tennosii1 cxeMi (pHc . .lJ: )K.3)  

2 
3 

4 

6 

P11cyttoK ,Il, )1(.3 - P03paxyttKoBa cxeMa BKJ110'leHHJ1 s11napH11Ka B cxeMy: 
1 - ninseneHHll rapw10ï nap11; 2 - sinneneHHll BTOpHHHOÏ nap11; 3-ninseneHHll lKHBHJJbHOÏ 
son11; 4 - nponysaHHll; 5 - sinseneHHll KoHneHcaTy nap11, mo Harpisac; Il l ,  I12 - ninirpi­

BaYi; B - s11napH11K; KB - KoHneHcaTop s11napH11Ka 

BapiaHm 4. Ili.uirpiBa'I BlICOKOro TlICKY 3 on Ta O.lJ: (pHC . .il: )l{.4) 

Ilapa 3 sin6opy 

+-�---1,.....•.r+�-. KoHneHcaT 3 

/8 K {8 

HaCTynHHX 
ITBT 

KoHneHcaT )1( 11s 11J1bHa sona 

P11cyttoK ,Il, )1(.4 - P03paxyttKOBa cxeMa ITBT 3 OIT Ta O,Il, 
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.IJ:oAaTOK H 
IIPHKJIA.IJ: IIPOrP AMH .ll,JUI POI>OTH 3 <I> AÜJIAMH 

#i n c l ude  < iostream> I l  c i n , cout 
#i n c l ude  < ite rato r >  l lo st ream_iterator 
#i n c l ude  < a lgorit hm>  Il copy 
#i n c l ude  < vector>  I l  vector< i n t >  
#i n c l ude  < string>  I l  string 
#i n c l ude  <fstream>  I l  of - if - fstream . 
#i n c l ude  < s st ream>  I l  st rin stream 
#i n c l ude  < c st d l i b >  I l  ra n d  
struct  Person { 

c h a r  n ame [ 2 5 ] ; 
u n s igned int  age ; 
friend std : : ost ream&operator< < ( std : : o st ream&st ream, con st 

Pe rson &p ) { 
ret u rn st ream < <  p . name < <  " " < <  p . age ; 

} 
} ;  
struct  s Person  { 

std : : string n ame ; 
u n s igned int  age ; 
friend std : : ost ream&operator< < ( std : : o st ream&st ream, con st 

s Pe r son  &p ) { 

} 
} ;  

ret u rn st ream < <  p . name < <  " " < <  p . age ; 

int  main ( )  { 

Il BH XiAH H �  MaC H B  
std : : vecto r < i n t >  v ( 10 ) ,  w ( 10 ) ; 

Il 3anoBH�EMO B H n aAKOBHMH Y H cnaMH 
std : : generate ( v . begin ( ) ,  v . e n d ( ) ,  std : : ra n d ) ; 
std : : ofstream off ( " data . dat " ) ;  l l BiAKPH TTR H a  3a n H c  

I l  std : : fstream f_in_out ( " data . dat " ,  std : : ios_base : : out ) ; 
if ( ! off . i s_open ( ) )  { 

} 

std : : cerr  < <  " E rror ! . Can ' t  open file\n " ;  
exit ( EXIT_FAI LURE ) ;  

Il BH XiAH H �  iTepaTop Aa H H X  wino ro  THny  

Il AnR �a�nosoro noToKy 
std : : o st ream_ite rator < i n t >  out_it ( off , " \ n " ) ;  

39  



flp0006:JICCHHR OOOamKa J1 

std : : copy ( v . begin ( ) ,  v . e nd ( ) ,  out_it ) ;  
off . c lose ( ) ; 

Il 
std : : ifstream iff ( " data . dat " ) ;  

Il std : : fstream f_in_out ( " data . dat " ,  std : : ios_base : : i n ) ;  
if ( ! iff . i s_open ( ) )  { 

std : : cerr  < <  " E rror ! . Can ' t  open file\n " ;  
exit ( EXIT_FAI LURE ) ;  

} 
std : : string line ; 
int c n t ( 0 ) ; 
wh ile  ( get l i n e ( iff , l i n e ) )  { 

std : : stri ngstream stream ( l i ne ) ; 
stream > >  w [ c nt++ ] ; 

} 
std : : o st ream_ite rator < i n t >  cout_it ( std : : cout , " \ n " ) ; 
std : : copy ( w . begin ( ) ,  w . e nd ( ) ,  cout_it ) ;  
ll C TBOp�EMO MaC H B  eneMeHTiB  THny  Person 
Pe rson p [ 5 ]  = { { " Ivanov " , 2 5  } ,  { " Petrov " , 25  } ,  

{ " S idorov " ,  2 5  } ,  { " Ivanova " ,  2 5  } ,  
{ " Sychov " , 2 5  } } ;  

I l  3a n H cyEMO Aa H i  OAH HM 6noKOM 
std : : ofstream pout ( " person . d at " ,  std : : ios_ba se : : b i n a ry ) ; 
pout . write ( ( const  c h a r* ) &p, sizeof( p ) ) ;  
pout . c lose ( ) ;  

Il 3Y H TYEMO AaH i  y Ma C H B  
Pe rson p p [ 5 ] ;  
std : : ifstream pi n ( " person . dat " ,  std : : io s_ba se : : bi n a ry ) ; 
pin . read ( ( c har* ) &pp ,  s i zeof ( pp ) ) ;  
pout . c lose ( ) ;  
fo r ( i nt i = 0 ;  i < 5 ;  ++i ) 

std : : cout < <  pp [ i ]  < <  std : : en d l ;  

ll C TBOp�EMO MaC H B  eneMeHTiB  T H n y  s Pe r son  
sPerson  sp [ 5 ]  = { { " Ivanov " , 2 3  } ,  { " Pet rov " , 2 5  } ,  

{ " Sidorov " ,  2 2  } ,  { " Iva nova " ,  24 } ,  
{ " Sychov " , 2 7  } } ;  

I l  noMHn Ka , H e  MO�H a Kon i�BaTH TaKHM Y H HOM 
Il Kn a c H  i 3  YneH aMH , �o E AH H aMiYH HMH AaH H MH 

Il Ta KOHTe � H epaMH STL  
std : : ofstream s pout ( " sperson . dat " ,  std : : ios_ba se : : b i n a ry ) ; 
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} 

spout . write ( ( co n st c h a r * ) &s p ,  sizeof ( s p ) ) ;  
spout . c lose ( ) ;  

Il 3HOBY noMHnKa , H eMo�H a Y H TaTH AaH i  y CTPYKTypy , 
Il B R Ki H  n pH CYTHi  YneH H ,  �o E AHHaMiYH HMH Aa H HMH 

Il Ta KOHTe H H epaMH STL  
sPerson  spp [ 5 ] ; 
std : : ifstream spin  ( " s pe r son . d at " ,  std : : ios_base : : b inary ) ;  
spin . read ( ( c h a r * ) &spp,  si zeof ( s p p ) ) ;  
spin . c lose ( ) ;  
fo r ( i nt i = 0 ;  i < 5 ;  ++i ) 

std : : cout < <  s pp [ i ]  < <  std : : e ndl ; 

Il AnR TaKHX CTPYKTyp , R K  sPerso n ,  noTpi6Ho 

Il BH KOp H C TOByBaTH cepiani3a �i� a6o n pocTi TeKCTOBi $a HnH  
std : : ofstream s_out ( " s_person . dat " ) ;  
fo r ( i nt i = 0 ;  i < 5 ;  ++i ) 

s_out < <  sp [ i ]  < <  std : : e nd l ;  
std : : ifstream s_in ( " s_person . dat " ) ;  
fo r ( i nt i = 0 ;  i < 5 ;  ++i ) { 

} 

I l  3 Y H Tyysa HHR  Aa H H X  AO nepwo r o  n po6in bHOro CHMBony 

s_i n >> s pp [ i ] . n ame >> s pp [ i ] . age ; 

std : : cout < <  s pp [ i ]  < <  " \n " ;  

ret u r n  0 ;  
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