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PekypcusHbie hyHKUuU

[lonsTe pekypcuu 3aTpyIHEHO Jaxe M M[POrpaMMHUCTOB C  ombIToM. Jlis
BBIYUCIUTENBHBIX 33/1a4 Oonee 3(h(HeKTUBHOM, YeM peKypcHs, oka3blBaeTcsl urepauus. Kak Mel
3HAaeM, UTEepalus — 3TO IMOBTOPSEMOE BBINOJIHEHUE Ipoliecca A0 TeX Mop, Moka He Oyner
yIoBIIeTBOPeHO HekoTopoe yciosue (While wiu do while). PekypcuBHoe onucanue airoputMos
00paboOTKM W WX TpOrpaMMHAas peaju3aius, Kak MpaBWIO, HE YKOHOMHUYHBI — OHH TPEOYIOT
MHOTO TmaMsATH U BpeMmeHU. Cremyer wu30erarb peKypcMH TaMm, TJ€ €CTb OYEBHJHOE
UTEepallMOHHOE penieHre. Ho i1 clIoKHON CTPYKTYPBI — PEKYPCHS TPEANOUYTUTEIBHEN.

Pexypcus — 3T0 UCIONIb30BaHUE PEKYPCUBHBIX OINpEACIIeHUN. PexypcuBHOE onpeneneHue
3aJ1aeT 3JIEMEHTHI MHOXKECTBA C IMOMOIIBIO JPYTHUX 3JIEMEHTOB 3TOT0 K€ MHOXKECTBA.

PexypcuBHas 3amaya pazOuBaercs Ha 3Tamnbl. s €€ pelIeHus BbI3bIBACTCS PEKypCHUBHAs
GbyHKIMSA, KOTOpas 3HAET, KaK pellaTh TOJIbKO MPOCTEHUIIYI0 YacTh 3aJauyu — 0a30ByI0 3a1ady.
Ecnu sta (yHKUMS BbI3bIBae€TCS ANs pelleHHs 0a30BOM 3afayd, TO OHA IPOCTO BBI3HIBACT
pe3ynbrar. Ecnu QyHKIMS BBI3bIBACTCS AJIs BBIIOJIHEHUS OoJiee CII0KHOM 3a7aun, TO OHA JETUT
3Ty 3a/la4y Ha J[BE YaCTHU: OJIHY YaCTh, KOTOPYIO (DYHKIHS YMEET peliath, U APYrylo, KOTOPYIO
¢byHKIMS pemaTs He ymeeT. UToOBI clienath peKypCcuio BhIMOIHUMOMN, MOCIEAHSS YacTh JI0JKHA
OBITh MOXO0XKAa Ha MCXOJAHYIO 33/a4y, HO OBITh MO CPaBHEHHUIO C HEHl HECKOJIBKO MPOLIEC WM
HECKOJIbKO MEHbIIIE. DTa HOBas 3aJauya Mo100Ha UCXOTHOM, MO3TOMY (DYHKIIKS BBI3BIBAET HOBYIO
KOTIHIO caMoii ce0s, 4To0bl HauaTh paboOTaTh HAJ MEHbBILEH MPoOIeMOii. ITO HA3bIBACTCS IATOM
pexypcumn. [llar pekypcuu colepkKuT KIIF0YEBOE CI0BO leturn, Tak Kak B JajibHEHIIIEM pe3ysbTar
mara Oyner oOBeIMHEH C TOM YacThlO 3aJauyd, KOTOpPYIO (YHKIUS yMeeT pewmarb, U
chopMupyeTcsi KOHEUHBIH pe3yibTaT, KOTOpbIM OyneT mepelaH B HCXOJHOE MECTO BBI30BA,
BO3MOJKHO B Main.

Pekypcusnas ¢pynkuyua — pyHkuus, cogepxxamas BbI30Bbl camMoil ce0si. Boinmosinenue
PeKypcUBHOH (YHKIMM NPOMCXOAUT B [Ba JTama: MepBbIid JTanm 3aBeplLIaeTcs
BBINOJIHEHMEM TaK Ha3bIBAe€MOIr0 YCJOBHUSI 3aBeplIeHHs] PeKypcuu; BTOpPOH J3Tam —
BbIYHCJIEHHE /IeiiCTBHII HA OCHOBE PeKYPCHBHBIX COOTHOIIEHUIA.

Ha nepBom stare ocyiiecTBiaseTcsi HOCTPOEHUE PEKYPCUBHBIX COOTHOIIEHUHM M YaCTUYHOE
BBIYHCIICHUE (C 33JCPKKOM BBIOJHEHUS JCWCTBHW, KOTOPBIC HE MOTYT OBITh BBIIIOJHEHBI Ha
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JTAHHOM OTpE3Ke). 3a/iepyKKa BEIYUCIICHUI 00YCIIaBIMBACTCS TEM, YTO B OMUCAHUN PEKYPCUBHOM
GyHKIMH BCETIa MPUCYTCTBYET OOpalieHne K TOH ke caMoi (pyHKITHH.

BBII[CJICHI/IC TaKux (bpaI‘MeHTOB MNaMsTU MMPOUCXOAUT U NPHU KaXXJIOM BBI3OBC OUYCPCIAHOIO
«TTOKOJICHUS» PEKYPCUBHOW (DYHKIIHH.

[Ipu BbI30BE PEKYpCUBHON (PYHKIIUU C HEKOTOPBHIM 3HAYEHHEM apryMEHTa €€ BBIIOJIHEHHE
HE 3aBeplIAeTCs J0 KOHLA, a MOPOKAAaeT HOBBIH BbI30B C JPYIrHM 3HAYeHHMEM APIryMeHTA.
Kaxnprii pekypCHUBHBIH BBI30B TOPOXKIACT HOBOE «IOKOJEHUE» PEKYPCUBHOW (YHKIIHH,
COMPOBOXKAAEMOE, B YACTHOCTH, BBIJICJIICHUEM CTEKOBOM MaMATH MOJ MapaMeTpbl-3HAUYCHUS U
JIOKaJbHBIE TepeMeHHbIe. JIF00oi JToKambHON TepeMeHHOM X Ha pasHBIX YPOBHSAX PEKYypCHUH
OyIyT COOTBETCTBOBATH PA3NIMYHBIC SUYCHKU TMaMATH, KOTOpPhIE MOTYT HUMETh pa3InYHbIC
3HaueHusl. [103TOMy BBITTOTHEHUE BBIYUCICHUN C OONBIION TIyOMHOH peKypcuu (YUCIOM
IIOKOJIEHUI) HEPEIKO MTPUBOJIUT K HEXBATKE 3TOM MaMATH (CETMEHTA CTEKA).

PopMbl peKYPCUBHbBLIX PYHKLUN

Omnpenenensl ciaenyromue GopMbl peKYPCUBHBIX (DYHKITHIA:

= ¢opma c BBINOJHEHHEM JEeHCTBHH HAa PEKYPCHBHOM CHyCKe (10 PEKYPCHBHOTO
BBI30BA);

= ¢opma ¢ BbINOJHEHHEM [IeliCTBHII HAa PeKypCHBHOM Bo3Bparte (I0ocCie
PEKYPCUBHOTO BBI30Ba);

= (¢opMa c BBINOJHEHHEM [AeCTBUH, KAK HA PEKYPCUBHOM CIIyCKe, TaK M Ha
PEKYPCHMBHOM BO3BpaTe (Kak 710, TaK U I0CJIE PEKYPCUBHOTO BbI30BA).

Hanpumep, cTpykTypa pekypcuBHON (YHKIIUN MOXKET UMETh (DOPMBI:
C BBINIOJIHEHUEM JICUCTBUI HA PEKYPCUBHOM CITyCKE:
void Rec();
{S;
if (ycmoue) Rec();

C BBINOJIHEHUEM JICUCTBUI Ha PEKYPCUBHOM BO3BpATE:
void Rec();
{if (ycnosue) {Rec(); S;}

C BBINOTHEHUEM JICUCTBUM KaK HA PEKYPCUBHOM CITYCKE, TaK U Ha PEKYPCUBHOM BO3BpATE:
void Rec();
{sL;
if (ycmoBue) {Rec(); S2;}

void Rec();
{ if( ycnosme) {S1; Rec(); S2;}
}

[IpuBenenHas HUXe peKypcuBHas QyHKIHS paboTaeT 6ECKOHEUHO U OECKOHEYHO IevyaTaeT
W3BECTHBIE CTPOKHU (3TO (hopMa C BBHIMMOJTHEHHUEM JICHCTBUNM Ha PEKYPCHUBHOM CITyCKe):

#include <conio.h>
void PopeAndDogel();
int main
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PopeAndDogel();

_getch();
return O

}
void PopeAndDogel()
{

cout << " Y popa byla sobaka, on ee lubil."<< endl;
cout << "Ona s’ela kysok mjasa, on ee ubil."<< endl;
cout << " poxoronil 1 nadpic napical:"<< endl;
PopeAndDogel();

}

OnHako eciii onepaTop BbI30Ba (DYHKIIMM MOCTaBUTH IEpe/a BBIBOJOM TEKCTa (TIOJIYyYUThH
(GopMy C BBIIOJHEHHEM JEMCTBUH Ha PEKYpCHUBHOM BO3Bpare), TO IMporpaMma HHUYEro He

HaIeJaTaeT, XoTs OyeT padoTaTh TaKkKe OECKOHEUHO, KaK U MepBasl.
#include <conio.h>

void PopeAndDogel();

int main O

{

PopeAndDogel();
_getch();
return O ;

}
void PopeAndDogel()

{
PopeAndDogel();

cout << " Y popa byla sobaka, on ee lubil."<< endl;
cout << "Ona s’ela kysok mjasa, on ee ubil."<< endl;
cout << " poxoronil 1 nadpic napical:"<< endl;

}

B KoHue KOHLOB, padoTa W TOW M APYroil MporpaMMm NpHuBedeT K IepenoJTHEeHHI0
CTeKa U BOBHMKHOBEHMIO OIIMOKHM BpeMeHH BbINOJIHEHMS.

Yci10BUSI «<NIPABUJILHOT0» PEKYPCHBHOIO ONpeAeIeHus:

"  MHOXECTBO OIpeNeIsIeMbIX 00BEKTOB YACTUYHO yIOPSJ0UYCHO;

" Kaxzaas yObIBaromiass MO 3TOMY YHOPSJOYEHUIO IOCIEI0BATENIbHOCTh 3JIEMEHTOB
3aKaHYMBAETCS HEKOTOPHIM MUHUMAJIbHBIM 3JIEMEHTOM;

" MUHUMAaJIbHBIE JJIEMEHTHl OMNPEIENSIOTCS HEPEKYPCUBHO; XapaKTEpHOE CBOMCTBO
OMHCAaHUs PEKYPCUBHON (YHKIIMM COCTOWT B TOM, YTO B HEH JOJKHA CONEPIKATHCS
MPOBEpKa 3HAYEHUI apryMEHTOB JIsl IPUHSATHUS PELIeHHsI O 3aBepIleHNnN QYyHKIUY;

"  HEMUHUMAJbHBIE 3JIEMEHTHI ONPEAEISIOTCS ¢ IIOMOILBIO 3JIEMEHTOB, KOTOPhIE MEHBIIIE
UX T10 3TOMY YIOPSA0YECHHIO.

Buabl pekypcum

CymectBytoT aBa Buaa pekypcuii. Ilpsimasi pekypcusi — QyHKIUS COJEPKHUT BBHI3OBBI
camoii ce0s1. KocBeHHasi pekypcusi — KoibLo — QyHKIUs oOpamaercss Kk cebe yepe3 BBHI3OB B
npyro ¢yHknuu. [JyOMHa peKypcuMH BbI30Ba (PYHKIIMM — MAaKCHMaJbHOE KOJHUYECTBO
HE3aKOHYEHHBIX BbI30BOB. Tekymiuii ypoBeHb PeKYPCHMH — UYHCIO PEKYPCHUBHBIX BBI30OBOB B
JAHHBII MOMEHT BpeMeHH. OOmiee KOJIHYeCTBO BbI30BOB — KOJIMYECTBO BBI30BOB BCETO,
MOPOX/ICHHBIX BBI30BOM pPEKypcuBHOM (yHKImu. Crenyer yduThIBaTh OAHY OCOOCHHOCTb,
XapaKTEepHYIO JIJIsl peKYpCUBHBIX IIporpamMm. Hanpumep, kak ObLI0 BHIYUCICHO, JJI HAXOXKIACHUS
N-ro uucna @uOoHaYUN KOJTUYECTBO PEKYPCUBHBIX BBI30BOB Oy€T MOpsiika 2N. DTO Ha3bIBAETCS
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HKCIIOHEHLIMAJIBHOM CJI0KHOCTBIO. [[03TOMY IpH HanMcaHUuu IPOrpaMM PEKYpPCHIO UCIIOJIB3YHUTE,
TOJIbKO YO€IMBILIHUCH, YTO OHA HE BBI30BET OYEHb OOJIBIIOE YNCIIO PEKYPCUBHBIX BHI30BOB.

PekypcuBHasa pyHKLMA BblYUceHUs hpakTopuana

PexypcuBHOe onpenenenue akropurana:
n! = n(n-1)!, eciiu n>0;
n! = 1, ecau n=0.

PaccmoTpum nporpamMmy, BHINOJHAIIYI0 BbIUKMcIeHHe GaKkTopHaia HA

PEKYPCHBHOM BO3BpATe.
double Rec Fact Up (int); // npororun dyHKUUM
int main()
{ int i=5;
double Fact;
Fact= Rec_Fact_Up (i); //BH30B QyHKUMM
cout << i1 << "I= " << Fact << endl;
_getch();
return O;

}

double Rec_Fact Up (int n) //onpenenenve QyHKUMU

{
if (n<=1) return 1.0;
else return Rec_Fact_Up(n-1) * n; //BuumcieHme Ha PEKYyPCMBHOM BO3BpATE
//MOXHO TNpPeICTaBUTh COCTOSANMM M3 OBYX AENCTBUM
// Mult=Rec_Fact Up(n-1) — HenocpeACTBEHHO PEKYPCUBHEIT BH3OB;
// Mult *n — onepaTop HakomeHmsa dakTopMasa

Tabnuma TtpaccupoBku mporpammbl Rec_Fact_Up mo ypoBHSM peKypcHH BBITJISIUT
CJIEIYIOINM 00pa3oM:

Texyuuii PexypcuBHbIi criyck PexypcuBHBIN BO3BpaT
YPOBEHB

peKypcun

0 Rec_Fact_Up(5) n== BeiBog n! == 120
1 Mult=Rec_Fact_Up(4); n== Mult * 5 = =120;

2 Mult=Rec_Fact_Up(3); n== Mult * 4 == 24;

3 Mult=Rec_Fact_Up(2); n==2 Mult * 3 == 6;

4 Mult=Rec_Fact_Up(1); n==1 Mult * 2 == 2;

5 Mult=1; Mult==1;

Muorue 3amaun (B TOM 4HCIIe W BbhIUMCIeHWE (akTopuana) Oe3paznudHbl K (opme
UCTIONIB3YEMON PEKYPCHBHOW TOANPOrPpaMMBbI, OJHAKO €CTh KIACChl 3a7ad, MPU pPEIIeHUU
KOTOPBIX MPOTPAMMHUCTY TpPeOYEeTCsl CO3HATEIbHO YIPABISATH XOIOM pPaOOTHI PEKYpPCHBHBIX

byHKUINH.

PaccMoTpuM BbINOJHEHHE JEHCTBHH HA PEKYPCHBHOM CIIyCKe Ha IpUMepe Bce TOro
’Ke aJITOPUTMA BbIYMCJIeHHs GaKTOopHAaJIa.

BBeneM B pekypcHBHYIO (QYHKIMIO JOMOJHUTENBHO aBa mapamerpa: Mult — mns
BBIIIOJIHEHHUSI HA CIIyCKE OMNEepaly YMHOXEHHs HAKalUIMBaeMOro 3HA4YeHMs (akTopuana Ha
OUYepeHON MHOXHTEIb;, M - a1 oOecreyeHHs HE3aBHCUMOCTH PEKYpPCHBHOH (YHKIHMU OT
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UMEHHM KOHKPETHOH TIJI00aNbHON NEpEeMEHHOH, TO €CTh Ul TOBBINICHHUS YHUBEPCAIbHOCTH
byHKIHAH:

double Rec_Fact Dn (double, int, int); // npororun QyHKLUM
int main()
{ int i=5, n=i;

double Fact;

Fact= Rec_Fact_Dn (1.0, 1, n); //BE30B QyHKLMM
cout <<i << "I = " << Fact << endl;

_getchQ);

return O;

}

double Rec_Fact Dn(double Mult, int i, Iint m)
//onpenenenne QyHKLUUM

{
Mult=Mult*i;
if (i==m) return Mult; else return Rec Fact Dn (Mult, i+1, m);

}

Tabnuua TpaccMpOBKM 3HAaue€HUI mapameTpoB pekypcuBHOM ¢yHkuuu Rec_Fact_Dn mo
YPOBHSIM PEKYPCHUU:

Texymmit PexypcuBHslii cyck PexypcuBHBII BO3BpaT
YPOBEHB

peKypcun

0 Rec_Fact Dn(1.0,1,5); BeiBog n! =120

1 Mult= Mult *1 =1; i ==1, Rec Fact Dn(1.0,2,5); Mult*5= 120;

2 Mult= Mult *2 = 2; i ==2, Rec_Fact _Dn(2.0,3,5); Mult*5= 120;

3 Mult= Mult *3 =6; i ==3; Rec Fact Dn(6.0,4,5); Mult*5= 120;

4 Mult= Mult*4 =24; i ==4, Rec_Fact_Dn(24.0,5,5); Mult*5= 120;

5 Mult= Mult*5= 120; i==5; Rec_Fact_ Dn=120.0; Mult*5=120;

PekypcuBHas pyHKUUSA BbiBOAA HA NevYaTb CUMBOJIOB CTPOKM B 06paTHOM
nopsigke

PaccmoTpuM BBIBOA Ha TiedaTh CHMBOJIOB BBeaeHHOH crpoku ‘HELLO’ B obOpaTHOM
HOpsIKE:

void Reverse (); // npororun QyHKUMU
int main()
{ cout << "Input string:\n";
Reverse();
cout << endl;
_getch(Q);
return O;
}
void Reverse ()
{int ch;
it (( ch= _getche())!I="\r")
{Reverse(); _putch(ch);
¥

Tabuuia TpacCMPOBKH JTAHHOW MPOTPAMMBI IO YPOBHSAM PEKYPCHU BBINJISIUT CICAYIOIIUM
obpa3zom:
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Texywui Pexypcusnwiii cnyck Pexypcusnviii 6036pam
YpoBeHb

peKypcuu

0 Reverse;

1 Beoxa: ‘H’; ch '="\n"; Reverse; BeiBox: ‘H’ %
2 Bsox: ‘E’; ch 1="\n’; Reverse; BreBon: ‘E’

3 Bsox: ‘L’; ch '="\n’; Reverse; BriBox: ‘L’

4 Bsox: ‘L’; ch 1="\n’; Reverse; BeBon: ‘L’

5 Bsox: ‘O’; ch '="\n"; Reverse; BreBog: ‘O’

6 Bsox ‘\n’; ch =="\n’;

PekypcuBHas (hyHKLUSA BO3BeAEeHUS BelleCTBEHHOro Ymucna X B Lienyro
cteneHb N>=0

ITporpamma peanusyeT aaropuT™M BO3BEICHHUS BEILECTBEHHOIO yKcia X B LIETYIO CTEIEHb
N>=0 3a MUHUMaJIbHOE YHUCIIO ONEPALNUNA YMHOKECHHUS:

double rec_degree(double, int );
int main
{ double x, y;
int n;
cout << " Input (X<= 10) Input (-90<=N<=90) ?: " << endl ;
cin >> X >>n ;
y=rec_degree(x, abs(n));

cout <<x << " "<«<n" " << (n>0?y : 1/y) << endl;
_getch();
return O ;
}
double rec_degree(double x, 1int n)
{ double r;
if ( 'n) return 1; //OeCTBMA BHIIOJHAKNTCA Ha PEKyPCMBHOM BO3BpaTe
if ( '( n% 2)) return r=rec_degree(x, n/2), r*r ; //n — uerHoe
else return x *rec_degree(x, n-1); //n — neuetHoe
}

PEKprVIBHaﬂ (byHKLI,VIﬂ ne4yaTtun 4Ymcrna B Buae CTpokn CMMBOJ10B

PexypcuBHast GpyHkimst printd Bei3biBaeT ceOsi, 4TOOBI HAame4aTaTh BCE CTAPIIME Pa3psiibl

3aJIaHHOTO YMCIIa, a 3aTeM mevyaTaeT nudpy mocieHero pa3psa.
void printd (int);
int main
{ int a=12345;
printd(a) ;
cout << endl ;
_getch(Q);
return O ;
}
void printd (int n)
{if (n<0) {putchar (*-7);

n=-n;
}
it (n)
{printd (n/10); //OeicCTBMA BHIIOJIHAKNTCHA Ha PEKYPCMBHOM BO3BpaTe
putchar (n%10 +"0%);
}
}

TIporpammuposanue — nekuust 11 (neximu Ctpukenesoii J1.B.)



Bbluncnenne HO[ yepe3s utepauum 1 Yepes peKypCcuBHyH (pyHKLUUIO
int NOD_iter (int, int);
int NOD_rec (int, int);
int main O
{ int m=32, n=16;

cout << m <<" " << n<<"™ " << NOD_iter ( m, n) << endl ;
cout << m<<" " << n<<"” " << NOD_rec (m, n) << endl ;
_getch(Q);
return O ;
}
int NOD_iter (int m, int n)
{ int r;
do {r=m % n;
m=n;
n=r;
Jwhile (r);
return m;
}
int NOD_rec (int m, 1int n)
{ if (!(m % I’l)) return n; //nelicTBMA BHIIOJHAOTCHA Ha PEKYPCUBHOM CIIyCKe
else return NOD_rec(n, m %n);
}

PekypcuBHas pyHKLMA BbIYUCIIEHUA Ymcen PuboHaYum
unsigned long fib (unsigned long);

int main

{ unsigned long number;

cout << " Input number:" << endl;
cin >> number;
cout << "Fib number (' << number << ') = " << Fib (number) << endl ;
_getch();
return O ;
}
unsigned long fib (unsigned long n)
{

if (n==0 || n==1) return n;
else return fib(n-1)+Fib(n-2); //mevicreua BRHNOJIHAKTCH Ha PEKYPCUBHOM
BO3BpAaTE

}

PekypcuBHas (hyHKLNSA BbIYUCIIEHUA CYMMbI 35IEMEHTOB MaccuBa
double sum (int [], int);

const int con =5;

int main

int array[con]= {1,2,3,4,5};
for (int i=0; i<con; i++)
cout << setw(3) << array[i];
cout <<endl;
cout << sum (array, con) << endl ;
_getch();
return O ;

}
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double sum (int s[], const int n)

if (n==1) return s[0];
else return sum(s, n-1) + s[n-1];
//0ercTBUSA BHIIOJHAIOTCA HA PEKYPCUMBHOM BO3BpaTe
}

Yka3zamenb Ha pyHKUUIO

Vkazatenb Ha (YHKIUIO HCIONB3yeTCs Ui Mepefauyd HWMeHH (YHKUHMHM B KadecTBe
napaMmerpa B IpyTryto (pyHKIIHIO, a TAK¥Ke 71 KOCBEHHOT'O BBI30Ba (DYHKITUH.

Uma ¢pynxknunm B C++ — 3T0 yKa3aTelb-KOHCTAHTAa Ha (PYHKIHIO, PaBHBIH aapecy
TOYKHM BXOJa (yHKUUM (aapecy mnepBoii MamIMHHOW KomaHAbl). IlomMuMo KoOHCTaHT,
BO3MOYKHO OIIMCaHME U yKazaTelelH-IepeMEeHHBIX Ha (DYHKIINU:

return_type (*name) (arg_list);

rae return_type — tun BO3BpamiaeMoro (pyHKUIMEH 3Ha4YeHHs; Name — uMs MepeMeHHOMU-
ykazaTess Ha QyHKIHIo; arg_list — crucok THUIIOB apryMeHTOB, TepeaBacMbIX (YHKIUH TIPH ee
BBI30B€ I10 3HAYCHUIO yKa3aTellsl.

VYka3zareau Ha PYHKIHMIO HCHOJIB3YIOTCS B CJIy4YasiX, MepeuyncaIeHHbIX HIXKe:

1. Muorue OubOmmMoTeUHble (DYHKIIMM B KadyeCTBE apryMeHTa IOJydaloT yKaszaTellb Ha
¢ynkuuto. Hampumep, ¢yHkuus coptupoBku (SOrt() momyyaer dYeTBEPTHIM apryMEHTOM
yKazareiab, Ha COCTaBJIEHHYIO IOJb30BaTeleM (YHKIUIO, BBIMOJHSAIONIYI0 CpaBHEHUE
COPTUPYEMBIX 3JIEMEHTOB.

2. MHcnonp3oBanme ykaszareneid Ha (QYHKIMIO B KayeCTBE apryMEHTOB ITO3BOJISIET
pa3pabarbIBaTh YHUBEpCAIbHbIC (YHKIMHU, HATPUMED YUCICHHOTO UHTETPUPOBAHUS H T.JI.

PaccmoTpuM mporpaMmy, HCHOJNB3YIOHIYIO yKa3aTedb Ha (YHKIMIO Ui JOCTyHa K
byuxuusam difference() u sum():

int dif (int, int); //nporoTuns QyHKLUMN
int sum(int, int);
int main()
. N
int (*func_ptr) (int, int); //onpenesieHre ykasaTesda Ha QyHKLUD

int varl=20, var2=5, ret;

func_ptr=dif; //VHMLMaIM3auMa yKasaTeld Ha QYyHKLMUD
ret=C*func_ptr)(varl, var2); //erusoe pynxuum dif
cout << ret << endl;

func_ptr=sum; //VMHULMaIM3auMsa yKasaTesad Ha QYHKLMO
ret=C*func_ptr)(varl, var2); //Br30B QyHKLMM SUM
cout << ret << endl;
_getch();
return O;
}

int dif(int a, int b)
{return a-b;}

int sum(int a, int b)
{return atb;}
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0606w eHHbIe anzopummabl

Hepenko anropurmbl ONHUCHIBAIOTCS KaK HEKOTOPBIE «0000wjeHHble» —an20pummbl,
NPUMEHSEMbIE HE TOJIBKO K Pa3HBIM JaHHBIM, HO ¥ WHBAapHUaHTHBIC OTHOCHTEIHFHO DPa3HBIX
neiictBuii. OOOOIIEHHBIE AITOPUTMbBI OMUCHIBAIOTCS B BUAE MOANPOrpaMM, HMEIOIIUX B
KadyecTBe mapameTrpoB ¢yHkuuu (B C++ Takue mapameTpbl SIBISIOTCA YKa3aTelsiMd Ha
¢ynkuuio). [Ipu oOpameHnn K TakUM MOANPOrpaMMaM B KauecTBE apryMeHTa JOJDKHO OBITh
3a1aHo UM (pYHKIMH, UMEIOUIed Ty K€ CHTHATypy (KOJIMYECTBO M THIl IApaMETPOB), YTO U
dopmanbHbIii mapamerp. B kadectBe mnpumepa 0OOOIIEHHOTO aJrOPHUTMA PACCMOTPUM
BBIYHCIICHUE HHTETpasa.

Bbluncnenue MHTerpana no Mmetoay neBbixX NpAMOYyroyibHMKOB

Ha otpeske [a, b] ¢ 3aganHO# TOUHOCTBIO €PS METOIOM JIEBBIX IPSMOYTOJIBHUKOB
BBIYHCIIUTH HHTETPANIBI ABYX (YHKIIHIL:

% cos(x) p Md
S o
]
r fx)dx
£z =) “
a b [a] :

Borauciuts uHTErpan maus  3amanHoi ¢yakuuu f(X) Ha 3amanHom otpeske [a, b] — aTo
3HAYUT BBIYUCIHUTH IUIOMAAb GUTyphl, orpaHrnueHHOi kpuBol f(X) u ocbto X. Camblii mpoCTOi
Croco0 — MEeTOJI JIEBBIX MPSIMOYTOJBHUKOB — MpEAroiaraeT pa3oueHue otpeska [a, b] ma n
OTPEe3KOB JUTMHBI N W BbrdmciieHHe TpeOyemoil muromaan (Urypbl Kak CyMMbI IUIOIIAACH
HOJTY4EHHBIX TPsMOYyrobHUKOB f(X;)* h.

Beruricienue nHTerpaia npeanoiaraeT mocjie[0BaTeIbHOE BBITOJHEHUE CHCTBHIA:

1. Beruncnienne cymmbl S1 mtoraaeit mpsMoyroabHUKOB ¢ marom h;

2. BBIYKMCICHHE CYyMMBI S2 IIJIO0MIA/IeH MPSAMOYTOJbHUKOB ¢ 1marom h/2;

3. ecim |S1 - S2| >= eps, o S1=S2; wu mepexoj HA BBIOJHEHUE OUEPEJTHOU UTEPALUH
(BBITIOJTHEHHE 11.2 ¢ HOBBIM IIIarOM); 3aBEpIIICHNE BeIYUCICHHI — ripu |S1 - S2| < eps.

Mpbl mpencTaBUM Bech TPOIECC BBIUMCICHUS HHTErpaja B BHUJE MOCIIEAOBATEIBHBIX
BBI30BOB (DyHKIIM:

¢ynkuus main() oOecrieunBaeT: BBOJ-BBIBOJ JaHHBIX M  BBI30B (DYHKIHH IBOHHOTO
mepecuera, KOTOPOM B KayecTBE MapaMETpOB  IEPENaloTCs TIPaHMUbl  OTpe3Ka
HHTErPUPOBAaHUs, TpeOyeMas TOYHOCTh BBIYMCIEHUS] WHTETpaja, MOAbIHTerpajbHas
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(yHkuus, nBc mepeMeHHble (IJisi BBIYHCJIEHHOTO0 3HAYEHHs] WHTErpajia U KOJHYECTBA
COBEPIIIAEMbIX MIPU BHIYMCICHUN UTEPAIHii);

[Tporienypa BBIYMCICHUS HHTErpajia MO KPUTEPHIO JBOWHOTO Mepecdera Mpeanosiaract
peanu3anuio m.3. (CM. BBIIIE aITOPUTM BBIYMCICHUS MHTErpaia) U OyJeT MpeacTaBieHa B BHIIE
¢yuxkuuun Vych_Int_lpram, kortopoii mepemaercss HaOOp COOTBETCTBYIOIIMX MAapamMeTpoB, U
KOTOpasi UMEET MPOTOTHIT:
void Vych_Int_Ipram(double a, double b, double eps, double (*pf )(double), double *I, int *Kk);

3nech @,b — orpe3ok mHTErpHpOBaHuUsA; €pPS — TpeOyemas TOYHOCTh BbIYMCICHMU; P —
yKazarelb-liepeMeHHas Ha QYHKIIMIO 3aJaHHOM CUTHATYPBI U BO3BpariaeMoro 3HaueHus; | u K —
NepeMEHHbIe, MpeAHa3HAUYCHHbIC s monydeHuss w3 QyHkuum pesynprara (I — 3HaueHwue
UHTEerpaia, K — KOIMYecTBO UTepalnii, MOTPEOOBABIIUXCS ISl JOCTHKCHUS 3aJaHHOW TOYHOCTH
BBIYMCIICHHUS).

B cBoro ouepenp, pynkums Vych_Int_lpram BeibeiBaer GpyHKIHIO SUM, BRIYUCISIONIYIO
0HOPa30B0 TpeOyeMyIO IUIOIAAb 10 METOJY JEBBIX MPSIMOYTOJIbHHUKOB. [Ipu 3ToM dyHKINHN

nepegaeTcsi Habop CIETYIOIINX MapaMeTPOB:
void Sum(double a, double b, double h, double (*pf) (double), double *S);

//MpOTOTUN (PYHKIIUH BBIYMCIICHUS CYMMBI TI0 METO1Y JIEBBIX MPSMOYTOJILHUKOB
3nmech a,b — orpesok wmHTerpupoBanus; h — mrar wHTerpupoBanus; Pf — ykasartens-
nepeMeHHasl Ha (yHKIHIO 33JJaHHOM CUTHATYpPHI U BO3BPAIlaEMOTr0 3HAYCHUS; S — MepeMeHHas,
IpeIHa3HAuYCHHAs JUIS IOTYYCHUS U3 (PYHKIIUH 3HAYCHUS TUTOIIAIH.

YroObl BBIYMCIWTH 3HAYCHUE MOABIHTErpaibHOW (yHkuuu f(X) B TpeOyemoit Touke X,
¢GbyHKIMS SUM OpraHU3yeT BBI3OB MOJABIHTErpaJbHOM (yHKLIMHU, TepenaBas €l B KayecTBe

napaMerpa 3HAYCHHE OSTOW TOYKHU. [IpOTOTHUIN TONBIHTETpaTbHOW (QYHKIMH BBITJISIUT Tak:
double f1 (double);

3anuiieM Tenepb TEKCT NPOrpaMMBbl:

//HpOTOTMH @yHKLU/H/I BEIUVICJIEHMA MHTEI'pajla II0 KPpUTEPUIO ﬂBOﬁHOI‘O nepecueTa
void Vych_Int_lIpram(double a, double b, double eps, double (*pf) (double),
double *I, int *k);

//HpOTOTMH @)yHKLLI/H/I BBEIUVMICJIEHMA CYMMEBL IO METONy JIE€BBIX INPAMOYI'OJIBHVMKOB
void Sum (double a, double b, double h, double (*pf) (double), double *S);
double f1 (double); //TNPOTOTHUIIE IOOBHTEIPAJIbHEX GYHKLNMA
double f2 (double);

int main O

{ double a, b, eps; //OTPEe30K MHTETPUPOBAHUSA, TOUYHOCTH
double Int; //mepeMmenHas, B KOTOPOM BO3BpAallaeTCs BHAUEHMe MHTeTpasia
int K_iter; //mepemMeHHas, B KOTOPOM BO3BpAallaeTCs KOJMUYECTBO MTEepaLuin

cout << "lInput a, b, eps\n’;
cin >> a >> b >> eps;

Vych_Int_lpram(a, b, eps, &fl, &Int, &K iter); //zuuucieume wurerpana mns Tl
// vz Vych_Int_lpram(a, b, eps, fl, &Int, &K _iter);

cout << "Integral for f1 =" << Int << " K iter= "<< K_iter << endl;

Vych_Int_lpram(a, b, eps, &f2, &Int, &K iter); //Buunicnenve mHrerpana ana 2
// v Vych_Int_lpram(a, b, eps, 2, &Int, &K _iter);

cout << "Integral for f2 =" << Int << " K iter = " << K_iter << endl;

_getch(Q);
return O;

}
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void Vych_Int_lIpram(double a, double b, double eps, double (*pf) (double),
double *I, int *k)

{int n=20; //MHULMAaIN3aUMsS HadaJlbHOTO KOJNMYECTBa pPas30ueHNt
double h=(b-a)/n; //ornpenenenve mara MHTETPUPOBAHUA
double 51:0, 82:0; //nepeMeHHme IOJIS 3HAUEHMM CyMM C maroM h m ¢ marom h/2

//Br308 byHkuMM Suml ¢ maroM h: B S1 BOSBpamaeTcs cyMMa
Sum (a, b, h, (*pf), &S1); //susos dysxumm mns sanycka npolecca IBOMHOTO Nepecdera
//vmu Sum (a, b, h, pf, &S1);

*k=0;
do
{ S2= S1;
n *=2; //yBenu4YeHne KOJIUYeCTBa OTPE3KOB pasbueHus U
h=(b-a)/n; //yMeHbIleHre mara MHTeIPMPOBaHMA B 2 pasa
//BHBOB OyHKUMM Suml c marom h=h/2
Sum (a, b, h, pf, &S1); //TOBTOPHOE BHUMCJIEHME CyMME B S1
//viiv Sum (a, b, h, (*pf), &S1);
*k +=1;
Iwhille (fabs(S1-S2) > eps) ;
*]=S1;
}

void Sum(double a, double b, double h, double (*pf) (double), double *S)
{ double x, sum;

X=a,
sum=0;
while (x<b)
{
sum=sum+(*pF)(x); //uakonienre CyMMBl BEICOT
//vm sum=sum+pf(x);
x=xX+h;
}
*S=h*sum; / /BHUMCIIEHME IJIomaln
}

double f1 (double x)
{return cos(x)/exp(0.333333*1og(x));}

double f2 (double x)
{return cos(x*x*x)/sqrt(sqrt(x)); }

Eciau B GyHKHHM Main ompeaejnTh NMepeMeHHYI0 THNA «yKa3aTelb Ha (QYHKIHIO», TO
BbI30B (YHKIHMiI OyaeT BO3MOKHO OpPraHM30BaTh HHave. /[ yaydlleHHs] 4UTAaEMOCTHU
IIpOrpamMMbl C TIOMOIIBIO KIIFOUYEBOI'O CJIOBA typedef1 3a1alM CUHOHMM Il OIMCaHWs TUIA

«yKazaTellb Ha (PyHKIHIO»:
typedef double (*pfunc) (dOUble);//pfunC—CMHOHMM TUMa «yKasaTesjb Ha QYyHKLMIO»

Torna umeewm.
typedef double (*pfunc) (double X); //prﬂC — CHHOHMM THUIIa «yKaszaTeJylb Ha QyHKIMO»

1 . .
IIpumep ucnons3oBanus typedef. 06bABUTL Maccu U3 N ykasaTeneii Ha chyHKLMIO, BO3BpaLLAOLLYIO
ykasaTenb Ha pyHKUMIO, BO3BpaLLalolLyto ykasaTensb Ha char: char *( *(*a[N])() ) ();

typedef char *pc; Il pc — ykasaTens Ha char
typedef pc fpc(); /I fpc — dyHKums, BosspalLalowas PC (ykasaTenb Ha char)
typedef fpc *pfpc; /I pfpc — ykasatens Ha fpC (yHKUMIO, BO3BpaLLaOLLyIo ykasaTernb Ha char)

typedef pfpc fpfpc(); [/ fpfpc — dyHkums, sosspawatowas pfpc (ykasatens Ha hyHKuMIo, BO3BpaLLaoLLyto ykasaTenb Ha char)
typedef fppr *pfpfpc; I pfpfpc — ykasatens Ha cyHKUMIO, BO3BPALLAIOLWYIO YKa3aTesb Ha (PyHKLMI0, BO3BpaLLaoLLyto ykasaTerb Ha char
pfpfpc a[N]; I/ onpenensiem maccys us N anementos Tuna Pfpfpc
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//HpOTOTMH (pyHKLLMM BEUMCJIEHMA MHTEeI'pajJla 10 KPpUTEepMIo ,JI[BO?’IHOT‘O rnepecuera
void Vych_Int_lIpram(double a,double b,double eps, pfunc pf,double *I,int *k);
//HpOTOTVIH (i)yHKLLI/H/I BEIUMCJIEHMA CYMMEL [1O MeTOOYy JIEBEIX IIPAMOYI'OJIBHMKOB

void Sum (double a, double b, double h, pfunc pf, double *S);

double 1 (double); //HpOTOTI/IHbI NOOBIHTETPANIbHEIX QOYHKLMM
double f2 (double);

int main O

{ double a, b, eps; //OTPes30K MHTEIPUPOBAHMA, TOUYHOCTL
double Int; //nepevennas, B KOTOPOM BOSBpamMaeTCs SHaueHMEe MHTeTpasa
int K _iter; //repevennasn, B KOTOPOM BO3BpamaeTCA KOJIMUECTBO MUTEpaLMil

cout << "Input a, b, eps\n";

cin >> a >> b >> eps;

pfunc pf:fl; //onpeneneHme ykazarensa Ha byHkuuo pf ¥ ero MHMUMAIM3aUMS
/ /v pfunc pf=&fl;

Vych_Int_lIpram(a, b, eps, (*pf), &Int, &K iter); //sruvcienve uHTerpana mis
fl
// v Vych_Int_lpram(a, b, eps, pf, &Int, &K_iter);

cout << "Integral for f1 =" << Int << " K iter= "<< K_iter << endl;
pf=Ff2; // npuceauBaHme ykaszaTednw Ha OYHKLMIO HOBOTO 3HAUEHUS
/ /i pf=&£f2;

Vych_Int_lpram(a, b, eps, (*pf), &Int, &K iter); //swuucneune uurerpana nns £2
//vmv Vych_Int_lpram(a, b, eps, pf, &Int, &K iter);

cout << "Integral for f2 =" << Int << " K iter = " << K_iter << endl;
_getch(Q);
return O;
}
void Vych_Int_lpram(double a,double b,double eps, pfunc pf, double *I,int *k)
{int n:20; //MHmumanMBauMH HauyaJIbHOT'O KOJIMUeCTBa pasOueHun
double h:(b—a)/n; //onpeneneHme mara MHTeIpUMpOBaHMUA
double S1=0, S2=0; // rnepeMeHHble Jid SHA4YeHMM CyMM C WaroM h ¥ ¢ maroMm h/2

//Br308 byHkuymM Suml ¢ marom h: B S1 BO3BpallaeTCcsa CcyMMa
Sum (a, b, h, (*pf), &S1); //suzor dyukumu nis sanycka npoliecca NBOMHOTO MepecdeTa
//vmv Sum (a, b, h, pf, &S1);

*k=0;
do
{ S2= S1;
n *=2; //yBenuueHnme KOJMUECTBA OTPE3KOB pasbueHusd u
h=(b-a)/n; //yMeHblleHre Hmara MHTeIPMPOBaHMA B 2 pasa
//BH30B GyHKUMM Suml c maroMm h=h/2
Sum (a, b, h, (*pf), &S1); //TNOBTOPHOE BHEUMCJIEHME CyMMBl B S1
//vioiv Sum (a, b, h, pf, &S1);
*k +=1;
Iwhile (fabs(S1-S2) > eps) ;
*1=S1;
}

void Sum(double a, double b, double h, pfunc pf, double *S)
{ double x, sum;

X=a;

sum=0;

whille (x<b) {
sum=sum+(*pF(xX); //HakonyieHue CyMME BBEICOT

//vimmn sum=sum+pF(x) ;

x=x+h;
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}

*S=h*sum; / /BBIUMCJIIEHME TIJIOUAaIIN

}

double f1 (double x)
{ return cos(x)/exp(0.333333*1og(x));}

double T2 (double x)
{return cos(xX*x*x)/sqrt(sqrt(x)); }

Kak MbI BUIMIM B pacCCMOTPEHHBIX Cllydasx, B Bb3oBe (ynkuuu Vych_Int_Ipram Bcerma
NPUCYTCTBYET nepeMenHas Pf, Ho coaepXuT oHa pa3Hbie (YHKIIHU.

BbluncneHue MHTerpana no Mmetoay npaBbIX NPAMOYrofibHUKOB

PaccMOTpPUM BBIYKMCICHUE MHTETpasia M0 METOAY NMPaBbIX NPSIMOYTOJbHUKOB ((QYHKITHS
Vych_Int_rpram).

Opranuzyem HHauye ¥ caMmy NpOLEAYPY BbIUMCIEHUs HHTerpana. OTKaKeMcsl OT BbIAEICHUS
IpoLeAypbl OAHOPA30BOIO BBIYUCICHUS IUIOMAAM B BHJE OTAEIbHOW (QyHKIMM SUum u
«pacTBOpHM» 3Ty mpouenypy B tene ¢ynkumm Vych_Int_rpram, napsmy c mporenypoit
JIBOHOrO mepecyera. ONTUMU3UPYEM Mpolecc BblYMCeHUs ruiomanu. [Ipoananusupyiite
IPUBEJICHHYIO HUXKE (DYHKITUIO U OTBETHTE, 33 CUET YEro 37eCh IPOUCXOIUT ONTUMHU3AIIMS:

Il byHKIMS BEIUMCIICHUS] MHTETPaJia M0 METOY MPABBIX MPSIMOYTOJIBHUKOB
// ¢ BeMeHTaM1 ONTUMU3AINH BBIUYHUCICHUS CYMMBI
void Vych_Int_rpram(double a,double b,double eps,pfunc pf,double *I, int *k)
{double h, S, S1, sum=CpF)(b);
int n=1, m=0;

*k=0;
S=sum* (b-a); // oueHb «TI'pyboe» BLUMCIIEHME MHTeTpaljia IJif BxoJa B LMKII
do
{S1= S;
* Kk +=1; //KOIMYECTBO UTepalun
n=n*2; h=(b-a)/n; // yBenuueHue KOJMUeCTBa OTPE3KOB pa3bueHusa U
// yMeHblleHMe mara MHTeTPUPOBaHMA
int m=1;

while (m<n )
{sum=sum+(*pF) (b-h*m); // Hakonmenre cCyMMEl BEICOT
// 6es HOBTOPHOTO BHUMCIIEHMSI BHCOT B «CTapsx» Toukax!!!

m=m+2;
b
S=h*sum; // BEUMCIJIEHME IJIOWann
while (fabs(S-S1)>eps);
*1=S;
}

Mcnonb3oBaHWe o0MHAKOBLIX BLI3OBOB (byHKLWIVI AnA BblYncrneHusA
UHTEerpasna pasHbiMmm mMmetTogamMmum U AnA pa3HbIiX (byHKLI,VIﬁ

3amaguM CHHOHHM IS OMUCAHUs THUIA «yKazarTeldb Ha (PYHKIMIO, THI BO3BPAIlaeMOro
3HAYEHUS] M CHUTHATYPa KOTOPOHM COOTBETCTBYIOT THILy BO3BPAIAEMOI0 3HAYEHUHA U

CHUTHaType ()YHKIHHU BbIYUCJICHUSA HHTErPaJia mo 3aJaHHOMY METOY:
typedef void (*pfunc_metod)(double,double,double, pfunc, double *, Int *);

®dyHKIMs MAIN TorIa MOXET UMETh BUJI:
// pfunc — cuuoumMm tuna «ykaszsareyb Ha oyHkumo (on MHTerpasiom)»

typedef double (*pfunc) (double x);
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// pfunc_metod — cunoHmMMm Tuma «ykKazaTesb Ha OYHKUMIO-METOI»
typedef void (*pfunc_metod)(double,double,double, pfunc, double *, Int *);
//HpOTOTI/IH @yHKLLI/H/I BEIUMICJIEHMA MHTEeTI'pajla IO KPUTEPMIO ,]IBOIZHOI‘O nmepecueTa

void Vych_Int_lIpram(double a, double b, double eps, pfunc pf, double *I, int
*k);

//HpOTOTI/IH @yHKLLI/H/I BEIUMCJIEHMA CYMMEBI IO MeTONYy JIE€BHEIX INPAMOYI'OJIBHMKOB
void Vych_Int_rpram(double a,double b,double eps,pfunc pf,double *1, int *k);

//HpOTOTI/IH @yHKLLI/H/I BEIUMCJIEHMA CYMMEBEI IO METONY IIPaBBIX IMNPAMOYI'OJIBHMKOB
void Sum (double a, double b, double h, pfunc pf, double *S);
double f1 (double); //OPOTOTHUNE OYHKILUM «IIOI MHTETPAJIOM»
double f2 (double);

int main

double a, b, eps; //oTpe3ox MHTETPUPOBAHMA, TOUHOCTEL, 3HAUEHUE CyMMEI

double Int; //nepevennas, B KOTOPOM BO3BpamlaeTCd 3HAUEHME MHTEeTpasa

int K _iter; //repevennasn, B KOTOPOM BO3BpalMlaeTCA KOJIMYECTBO MUTEpaLMil
pfunc pf:fl; // MHMLManM3aumusa ykazarens anpecoMm oyHxumm £l

pfunc_metod pmet = Vych_Int_Ipram;
// vmvmuanmsanus yxasaTesia ampecoM OYHKLIUM Vych Int lpram
cout << "Input a, b, eps\n";
cin >> a >> b >> eps;
(pmet) (a,b,eps,(*pf),&Int,&K_iter); //szuzoe Vych_Int_lpram nna f1

cout << "lpram for f1 =" << Int << " K _iter= "<< K_iter << endl;
pf:f2; // IpUcBaMBaHME yKasz3aTeJsio Ha OyHKUMIO 3HadyeHus f£2
(*pmet) (a,b,eps,(*pf),&Int,&K_iter); //szuzoe Vych_Int_lpram nna 2

cout << "lpram for f2 =" << Int << " K iter = " << K_iter << endl;

pmet =Vych_Int_rpram; // yxasaremo npuceaupaeTcsa ampec HOBOU OYHKUMM-METONA
Cpmet)(a, b, eps,(*pF),&Int,&K iter); //swuzor Vych_Int_rpram mons T2

cout << "'rpram for f2 =" << Int << " K iter = " << K_iter << endl;
pf:fl; // VHULMaIM3aumsa ykKasaTressa Ha OGyHkUumo 3HadeHueM fl
Cpmet) (a, b, eps,(*pfF), &Int, &K iter); //srsor Vych Int rpram mons 1
cout << "'rpram for f1 =" << Int << " K iter = " << K_iter << endl;
_getch();
return O;
}
void Vych_Int_lIpram(double a, double b, double eps, pfunc pf, double *I, int
*k)
{int n=20; //VHULMaIM3auMs HadaJlbHOTO KOJMUUeCcTBa pas3bueHum
double h=(b-a)/n; //onpenesyieHye mara MHTETPUPOBAHUL
double S1=0, S2=0; // nepeMeHHsle Jid SHadYeHuM CyMM C WaroM h ¥ ¢ maroMm h/2

//Br308 byHkuMM Suml ¢ marom h: B S1 BO3BpallaeTCcsa CcyMMa
Sum (a, b, h, (*pf), &Sl); //suz0s byHnkumm g 3amnycka opolecca IOBOMHOTO IepecueTa
//viiv Sum (a, b, h, pf, &S1);

*k=0;
do
{ S2= S1;
n *=2; //yBenuueHnme KOJMUECTBA OTPE3KOB pasbueHusd u
h=(b-a)/n; //yMeHblleH e Wlara MHTeTPUMPOBAHMA B 2 pasa
//BEH30B OGOyHKUMM Suml c marom h=h/2
Sum (a, b, h, (*pf), &S1); //TIOBTOPHOE BHUMCIIEHME CyMME B S1
//viiv Sum (a, b, h, pf, &S1);
*k +=1;
Jwhile (fabs(S1-S2) > eps) ;
*]=S1;
}

void Vych_Int_rpram(double a, double b, double eps, pfunc pf, double *I, int
*k)
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{double h, S, S1, sum=CpF)(b);
int n=1, m=0;

*k=0;
S=sum* (b-a); // odeHb «TpyBoe» BEUUCIIEHME UHTeTpajla OJd BxoIa
B LMKJI
do
{S1=S;
* k +=1; //KOIMYEeCTBO MUTepaluun
n=n*2; h=(b-a)/n; // yBeIMdYeHMre KOJMUeCTBa OTPE3KOB pas3bMeHMa U
// yMeHblleHMe maTla MHTeTPUPOBaHUA
int m=1;
while (m<n )
{sum=sum+(*pF) (b-h*m); // Hakonmenre CyMMEl BEICOT
m=m+2;
b
S=h*sum; // BBUMCJIIEHME I[IJIoWAann
Iwhile (Fabs(S-S1)>eps);
*|=S;
b

void Sum(double a, double b, double h, pfunc pf, double *S)
{ double x, sum;

X=a,
sum=0;
whille (x<b) {
sum=sum+(*pF)(xX); //HaxkonsieHue CyMME BBEICOT
//vimn sum=sum+pF(x);
X=x+h;
}
*S=h*sum; / /BEUMCJIEHME IIJIOWAaOn

}

double f1 (double x)
{ return cos(x)/exp(0.333333*1og(x));

}

double T2 (double x)
{return cos(xX*x*x)/sqrt(sqrt(x));
}

MUcnonb3oBaHuMe Npu BbIYUCIIEHUN UHTErpana MHorocamnnosou
KOMAUnauuu
// integral.h:

// pfunc — cunoHuM Tuna «ykxaszaTens Ha OyHkumo (OO MHTETpaoMm)»
typedef double (*pfunc) (double x);
// pfunc_metod — cunonmm Tuna «ykazaTesb Ha QYHKUUIO-METOI»
typedef void (*pfunc_metod)(double, double, double, pfunc, double *, int *);
//HpOTOTT/IH @yHKU,MM BEUMCJIEHMA MHTEeI'pajJla 10 KPpUTEepMio ,J.'LBO?’IHOPO repecueTa
void Vych_Int_lIpram(double a,double b,double eps,pfunc pf,double *I1, int *k);
//HpOTOTMH @yHKLU/H/[ BEIUMICJIEHMA CYMMBI IO MeTOoHNy JIE€BBIX IIPAMOYI'OJIBHMKOB
void Vych_Int_rpram(double a,double b,double eps,pfunc pf,double *1,int *k);
//HpOTOTMH @)yHKLU/H/[ BEIUVICJIEHMA CYMMBI I[IO MeTOHNy IIPaBBIX INPAMOYI'OJIBHMKOB
void Sum (double a, double b, double h, pfunc pf, double *S);
double f1 (double); //TIPOTOTHUINEL TOIBHTETPAJIbHEX bYHKIMA
double 2 (double);

// stdafx.h :
#pragma once

#define WIN32_LEAN_AND MEAN
#include <stdio.h>
#include <tchar.h>
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// TODO: reference additional headers your program requires here
#include <iostream>

#include <conio.h>

#include <math.h>

#include <iomanip>

#include "integral_h"

using namespace std;

// T _int.cpp :
#include "stdafx.h"

double f1 (double x)
{ return cos(x)/exp(0-.333333*1og(x));}

double f2 (double x)
{return cos(x*x*x)/sqrt(sqrt(x)); }

// T _metod int.cpp :
#include "stdafx.h"

int main O
{ double a, b, eps;

double Int;
int K_iter;
pfunc pf=Ffl;

pfunc_metod pmet =Vych_Int_lpram;

cout << "Input a, b, eps\n";
cin >> a >> b >> eps;
(*pmet) (a, b, eps, pf, &Int, & _iter); // Vych_Int _lpram ana fl

cout << "lpram for f1 =" << Int << " K _iter= "<< K_iter << endl;
pf=12;

(*pmet) (a, b, eps, pf, &Int, & _iter); // Vych_Int_lpram nona T2

cout << "lpram for f2 =" << Int << " K iter = " << K_iter << endl;

pmet =Vych_Int_rpram;
(pmet) (a, b, eps, pf, &Int, &K iter); // Vych_ Int_rpram nna 2

cout << "'rpram for f2 =" << Int << " K iter = " << K_iter << endl;
pf=~11;

Cpmet) (a, b, eps, pf, &Int, & iter); // Vych_Int_rpram nna fl

cout << "rpram for f1 =" << Int << " K_iter = " << K_iter << endl;
_getch();
return O;
}
void Vych_Int_lpram(double a, double b, double eps, pfunc pf, double *I, int
*k)
{int n=20;

double h=(b-a)/n;
double S1=0, S2=0;
Sum (a, b, h, pf, &S1);
*k=0;
do
{ S2= S1;
n *=2;
h=(b-a)/n;
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Sum (a, b, h, (*pf), &S1);
*k +=1;
while (fabs(S1-S2) > eps) ;
*1=S1;
}

void Vych_Int_rpram(double a, double b,double eps, pfunc pf,double *I,int *k)
{double h, S, S1, sum=CpfF)(b);
int n=1, m=0;

*k=0;
S=sum* (b-a);
do
{S1=S;
* k +=1;
n=n*2; h=(b-a)/n;
int m=1;
while (m<n )
{sum=sum+(*pf) (b-h*m);
m=m+2;
}
S=h*sum;
while (fabs(S-S1)>eps);
*|=S;
}

void Sum(double a, double b, double h, pfunc pf, double *S)
{ double x, sum;
X=a;
sum=0;
while (x<b) {
sum=sum+(*pF(xX);
X=x+h;
}
*S=h*sum;

}

// stdafx.cpp
#include "stdafx.h"
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