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BBEOEHUE

Baxwnerimei 0COOEHHOCTHIO COBPEMEHHOTO JTana Hay4HO
TEXHUUYECKOTO TMporpecca SBISIETCS CTPEMUTENBHO BO3pacTaromias poJib
OBM Bo Bcex 00gacTsIX UWHXEHEPHOW JEeATETbHOCTH - OT CHCTEM
ABTOMATU3UPOBAHHOTO  MPOEKTUPOBAHUS U  YOPABICHUS A0  KOHTPOJS
TEXHOJOTHUYECKMMH Tpoueccamu. B Hacrosimee Bpemss OBM  cranm
HeoOxoauMbiM  obopynoBanuemM HUWM, koHCTpyKTOpCKHX OrOpO, 3aBOOB.
OTO TO3BOJWJIO OT NPOCTEHMIIMX PACUYETOB M  OLEHOK  Pa3IMYHbIX
KOHCTPYKIIMM WJIA TMPOLECCOB IMEPEUTH K HOBOMY YPOBHIO HWHKECHEPHOU
NEATeIbHOCTH -  JICTAIbHOMY  MaTE€MaTHUYE€CKOMY  MOJCIMPOBAHUIO
(BBIUMCIUTENBHOMY  JKCIIEPUMEHTY), KOTOpPOE€ CYIIECTBEHHO COKpamlaeT
NOTPEOHOCTh B HATYPHBIX HKCIEPUMEHTAaX, a B pAJIE CIy4acB MOXET UX
3aMEHUTh. B CBSI3W € OTUM COBPEMEHHBIM CHEHUAIUCT C BBICHIUM
oOpa3oBaHMEM JOJDKEH 00jajaTh HE  TOJbKO  BBICOKHUM  YPOBHEM
MOJATOTOBKUA MO TPOPIII0 CBOEH CHENUATBHOCTH, HO M XOPOIIO 3HATh
MaTeMaTUYeCKUEe METOAbl PEIICHUS WHXKCHEPHBIX 3a7ad, OPUEHTUPOBATHCS
Ha HCHOJIb30BAHUE BBIYUCIUTEIBHOW TEXHUKH, MPAKTUYECKU  OCBOUTH
OpyuHIUIBl padoTel HAa DBM.

SAzpik Cu - onuH w3 Hambolsiee TMOMYJAPHBIX COBPEMEHHBIX SI3BIKOB
nporpammupoBanus. C MomeHTa mosiBieHus (Hadaino 70-x TOOOB) A0
HACTOAILETO BPEMEHHU OH MPOLIET HECKOJIbKO JTAllOB CBOErO0 pPa3BUTUS U
coBepuieHcTBoBaHus (B 1983 r. coznan ANSI crangapt C). C 1980 rona on
BKJIFOYAET HOBBIM MOJXO0J K pelHIeHUI0 3aja4 Ha DOBM, Ha3BaHHBIN 0OBEKTHO-
OPUEHTUPOBAHHBIM MPOrPAMMHUPOBAHUEM.

A3pik mporpammupoBaHus C++ OueHb MOMYJSAPEH. ITO OOBICHACTCS HE
TOJBKO TMOMYJSPHOCTBIO ero mnpeauectseHHuka C, HO u Omaromaps
OpUEHTAlIMM Ha aOCTPaKIMIO JAaHHBIX U OOBEKTHYIO OPHUEHTHPOBAHHOCTb.
PazButne C++ ObUIO OTMEUEHO AaKTUBHBIM JHAJIOTOM  COOOIIECTBa
MOJIH30BaTENIC, KOTOpPHIC IUIOJOTBOPHBIM OOMEHOM HJESIMHU TIOMOIVIM €ro
dbopmuposarts. B pesynbrare, si3pik CH++ mpuoOpesr MHOXKECTBO Y€pPT, KOTOPbIE
MOAACPKUBAIOT PA3TUYHBIE METObI U MPUEMBI TPOTPAMMUPOBAHUS.

SAzpik  C++ mJyuine Bcero u3ydarh, paccMaTpuBasi, KakuM 00pa3zom
B3aMMOJICUCTBYIOT 4YepThl s3bIKa TIpU HamucaHuu nporpamm. Kak wu
OOJBIIMHCTBO TOJIb30BaTeneil C++, BO BpeMsi CTAaHOBJICHUS S3bIKA, Mbl UMEEM
BO3MOXXHOCTh YBUJIETh, TOUEMY KOHKPETHBIC JIEMEHTHI SI3bIKa ObLIIU Pa3BUTHI U
MOYYBCTBOBATh B HUX YCOBEPIICHCTBOBAHWUU YEPE3 HUX MPUMEHEHUE U
UCIIOJIb30BaHUE.

Beimycknuk BVY3a pomkeH yMeTb TNpaBWIBHO M PalMOHAJIbHO
COCTaBUTh MPOTrpaMMy pacyeTa, HCIOJb3ysl CYIIECTBYIOIIUE CTaHIAPTHbHIC
MOAYJIA, OTJIaAUTh €€ W TMPABUIBHO HWHTEPIPETUPOBATh MOJIYYEHHBIE
pE3yJIbTATHI.
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JlabopaTopHble 3aHATUS, IpejlaraeéMple B JaHHOM  COOpHUKe,
BBITIOJTHSAIOTCS Ha d3Tamne oOuied 06a30BoM moaAroToBkU. OHU MpeHAa3HAYCHbI
JUISL 3aKpEIUICHUsI Ha TMPAKTUKE 3HAHWM, JaBaeMbIX B Kypce JIEKUUHA H
BBIPAOOTKU Yy CTYJICHTOB MPAaKTUYECKUX HABBIKOB B MPOrpaMMHUPOBAHUHU, a
TaK)Ke Pa3BUTHE HABBIKOB OQOpMIICHUS Pa3pabOTaHHBIX MPOTPAMM.

Kaxxmas w3 mabopaTopHbIX pabOT mpeacTaBiseT coOOW pa3padOTKy
HEOOJIBIION MPOrpaMMBbl, U MPEANoIaraeT CaMOCTOSITEIbHOE W 3aKOHYEHHOE
VCCIIEIOBAHNUE, BKJIKOYAIOIIECE COCTABIICHUE W OTJIAAKY IPOrpaMMbl, aHAIN3
pe3ysbTaTOB pacuyeToB Ha OBM.

B cOopHuke conepxarbCsi OCHOBHBIC CBEICHHS TEOPETUUYECKOTO
XapakTepa, JaHbl KOHKPETHBIE MPUMEPHI, YTO BIIOJHE JIOCTATOYHO JIJIS
pa3paboTKM TporpaMM  peanbHbIX 3amad. [lpu HE0OXOAUMOCTH ClieqyeT
BOCIIOJIb30BaTbCA YKA3aHHOW JIMTEPATypOd U KypCOM JIEKLIMM.

Enunas Metonuueckas OCHOBAa U JOCTYIMHOCTh H3JIOKEHHUS MaTepuasna
MO3BOJISIET CTYJEHTAM CaMOCTOSITEJIbHO BBITIOHSATH MpejjiaraeMbie padoTHhl.

METOAOMYECKUE YKA3AHUA MO BbINMOJIHEHUIO PABOT

Kaxnas maboparopHas paboTa JODKHA BBITOJHATHCS IOCIE HU3YyUCHUS
CTYJAEHTAMU COOTBETCTBYIOIIUX Pa3AEIOB TEOPETHUYECKOTO Kypca JICKIUH.

K nanmbneitmeit pabore Ha OBM pomyckarTCs TOJBKO T€ CTYACHTHI,
KOTOpPBIE B TPOIIECCE BEHITIOJHCHHS JAaHHBIX JTAOOPATOPHBIX PadOT MOKa3aiu
3HaHHWE TEOPETHUYECKUX BOMPOCOB. PaboTa cuuTaeTcs BBITIOJIHEHHOW IOCIe
TOr0, KakK MNpenojaBaTeib, NPOBEPUB PE3YJIbTAThI M OTBETHl CTYJACHTOB Ha
KOHTPOJIbHBIE BOMPOCHI, MOANUCHIBAECT MPEAOCTABICHHBIA CTYJIEHTOM OTYET
10 YCTaHOBJICHHOU (opme.
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JTIABOPATOPHAA PABOTA Ne 1

PABOTA B CPEJAE BU3YAJIBHOI'O ITPOI'PAMMMUPOBAHUSA

1. Heab u 3ag1aun padoThI

[Ipy BbIMOTHEHUH PabOTHl CTYJCHTHl 3HAKOMSTCS C OCHOBHBIMU
AJIEMEHTAaMHU CpeJbl BU3YaJIbHOTO MPOTPAMMHUPOBAHUS AJITOPUTMHUUECKOTO
s3pika C++, ¢ mpaBwiiaMu CO37aHus MPOEKTOB, BU3YaJIbHBIMU KOMIIOHEHTaAMH,
WX CBOMCTBAMHU, METOJIaMH M COOBITHSIMHU, TOJYy4YalrOT HABBIKM B HalMCAaHUU
porpamMm.

CryneHtam HEOOXOAUMO caMOCTOsITeTbHO chopMmMupoBath Ha C++ psf
MMCH IMIEPEMEHHBIX, YMCIOBBIX KOHCTAHT U apU(DMETHUSCKUX BBIPAKCHUM.

OcHoewvl meopuu

C++Builder npeanasnaden st 6picTpoit pa3paboTku npuioxkenuit (RAD), moctpoen-
HbIX Ha COBPEMEHHOM (yHIaMeHTe OOBEKTHO-OPUEHTHUPOBAHHOIO IPOIPAMMHPOBAHUS
(OOII). C++Builder cam mocreneHHo OyneT momorarb BaM OBJIQJEBATH MPEMYIPOCTIMHU
RAD, OOII u s3pika C++, moHayany TpeOys JUIIb MUHUMAIBHBIX TPEIBAPUTEIbHBIX 3HA-
HU. Bamym HaBbIKM OyIyT paciiMpsTHCS MO0 MEPE POCTa CIIOKHOCTH BalllUX Pa3pabOTOK: ueM
CJIOJKHEE 3a/lava, TeM OOJBIINI 10 00beMy KOJ MOTpeOyeTCsl HalucaTh Ui €€ peaTi3allyH.
[ToydyeHnue 3HaHUM repecTaeT ObITh caMollenbio. Bel camu yoeaurteck B ToM, uto C++Builder
B KOpPHE MEHSIET MPOIeCcC pa3padOTKKA HACKOIBKO JIerde u ObICTpee BbI CMOXKETE MOyYaTh pa-
OOTaroIIMe W HAJCKHBIC TIPOTPAMMBI ISl OTIEPAIMOHHBIX ccTeM Windows, 4eM MpH UCTIOb-
30BaHUH TPATUIIMOHHBIX HHTEP(EHCHBIX 000JI0UEK APYTHX CHCTEM.

NnmroctpupoBath MOmHOCTh U THOKOCTH C++Builder 6yaem Ha nmpumepe mocTpoeHust
TECTOBBIX NMPUJIOKEHUH, pa3BUBas HX OT MPOCTEHIINX MPOTOTUIIOB JI0 3aKOHYCHHBIX pad0YHX
IPOTPaMM.

Ilepgoe 3nakomcmeo

Kak HaumHarolye, Tak 1 ONbITHBIE IPOrPAMMHUCTBI HAYMHAIOT 3HAKOMCTBO C HOBOH CH-
CTEMOM C MOMBITKU CO3/1aTh IPOCTYIO MPOrpaMMy, a YTEHUE JTOKYMEHTALUU OTKJIa]bIBAeTCs
710 Jy4IIUX BpeMeH. [Ipy 3TOM OLleHMBAIOT pa3HbIC acHEeKThl Pa3pabOTKU: HACKOIBKO IOJIE3-
HBIMU OKAa3BIBAIOTCS Ballli MHTYHUIIMS W OMBIT, JAKOHUIHOCTh U 00BEM KOJa, JOCTOMHCTBA
CepBHca CpeJibl, Bp€MEHHBIE 3aTpaThl, yI00CTBa OTIAKN U MHOTOE-MHOTO€e apyroe. [Tocnemy-
€M U MBI 110 3TOMY ITyTH 3HAKOMCTBA cO cpesioil nmporpammupoBanust C++Builder.

Ms! nomyunM oO1iee MpescTaBiIeHne 0 paboTe Co CIEAYIONMMUA OCHOBHBIMH HHCTPY-
MEHTaMHU HHTETPUPOBAHHON CPEIIBI:

 [lanutpa xommoHeHT conaepxut Oosnee 100 MOBTOPHO HMCHOJIb3YEMbIX KOMIIOHEHT,
IpeUIaraeMbIX JUISL TOCTPOSHHUSI TPHIIOKEHHIA.

* Penaktop hopMm mpenHasHaueH s Co3MaHus HHTepdelica mporpaMMBI ¢ MOJTb30BaTe-
JEM.

* PenakTop Koja mpenHa3zHaueH MJIs HANMCAHMUSA TEKCTa MPOTPAMMBI, B YaCTHOCTH,
¢byHKIIMI 00paObOTKH COOBITHI.

* MHCriekTop 00BEKTOB MO3BOJISIET BU3yalbHO YCTAHABJIMBATH CBOMCTBA OOBEKTOB 0e3
HEOOXOIMMOCTH PYTUHHOTO MTPOTPAMMHUPOBAHUS M COIAEPIKUT COOBITHS, KOTOPBIE MOKHO CBSI-
3BIBaTh C KOJIAMH peakIii 00BEKTOB HA UX BOSHUKHOBEHHE.
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* Xpanunuiie 0ObEKTOB COICPKUT TaKHe 00BEKTHI, KaK (hOPMBI U MOJTYJIH TaHHBIX, KO-
TOpBIE PA3JEIISAIOTCS MHOITMMH PUIOKEHUSIMH C LEJNbI0 YMEHBIICHUSI BPEMEHHBIX 3aTpaT npu
paspaboTke.

r Co+Builder "rlv!»fv i

=y e

m h . ! r L"“u

HHcriexrop 06bekToB

Penaxrop xoza

L L R A R R N
L L L R L L L »
..‘.O.'....Ol...‘
R A R

Puc. 1. OcHOBHBIEC BU3yaJIbHBIE HHCTPYMEHTBI HHTETpUpOoBaHHOM cpenbl C++ Builder.

C++Builder peanusyer BU3yaabHyl0 METOIAMKY ITOCTPOSHHS MPUIOKEHUN MTOCPEICTBOM
BbIOOpa u3 IlayuTpbl KOMIIOHEHT HYXKHBIX YIpPaBISIOUIMX 31eMeHTOB (puc. 1). C kaxaon
KOMIIOHEHTOH (Hampumep, KHOIKOW) CBS3aHbl CBOWCTBA, KOTOPhIE MEHSIOT €€ BHUJI U MOBEIe-
Hue. JI1o0as KOMIOHEHTa MOXET BBI3BIBATh CEPUIO COOBITHUI, KOTOPBIE ONPEAEISIOT €€ peak-
LUIO Ha pa3jMyHble BO3AEUCTBUS. B nanbHeiieM M3710KEHUU CUMBOJIBI => 0003HAYAIOT T€
JeiicTBuUs, KOTOpBIE BbI OyneTe coepiuath B cpene C++Builder.

=> BpzoBute C++Builder u HaunuTe paboTy HaX HOBBIM IPUIIOKEHHEM IO KOMaHJE
File | New Application u3 rmaBHOTO MEHIO.

=> [llenkast MpILIBIO MO BKJIagKaM [laduTpbsl KOMIIOHEHT, MPOCMOTPUTE MMEIOLIUICS
ACCOPTUMEHT 3JIEMEHTOB MHTep(delica MporpaMmbl C MOJIb30BATEIEM.

Ilepexoast oT BkIaaku K BKiIajake [TalruTpbl, MOKHO 3aMETHTbh, YTO HAOOP JOCTYIHBIX
KOMIIOHEHT MeHsieTcs. Kora Kypcop MBIIIM OCTaHABJIMBAETCS Ha 3HAYKE KOMIIOHEHTHI, BO3-
HUKaeT MoJcKa3Ka ¢ ee Ha3BaHueM. Eciu Haxarts kiiaBuuty F1, cnpaBouHas cimyx0a cuctemMbl
BBIJIACT MOJIHYIO HH(POPMALIMIO O BEIOPAaHHON KOMIIOHEHTE.

Bu3zyansnoe npoekmuposanue
Hame nepBoe mpuiiokenue OyaeT reHepupoBaTh pelleHne KBaJIpaTHOro ypaBHeHus. B
HavyaJIbHOW BEpCHUM MOTPeOyeTCsl TOIBKO 12 0OBEKTOB: 5 TOJIeH PeTaKTUPOBAHUS, 5 METOK U
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nBe KHOMKH. IlepeHeceM KOMITOHEHTHI Ha (OpPMY MPOEKTUPOBAHHUS W HAYHEM ITOCTEIECHHO
pa3BuBarh mpwioxkeHue. Meroy mneperackuBanusi (drag-and-drop) cocTouT B criemyromiem:
Ha)KMHUTE KHOIIKY MBIIIM HA BHIOpAHHOW KOMIIOHEHTE, NEPEBEAUTE Kypcop Ha JII000e MECTO
¢GopMmBI, a 3aTeM CHOBA HAKMHUTE KHONKY MbIIIH. J[J1s Havana orpaHnauMcs "'cTaHiapTHEIMA"
KOMNOHEHTaMHu [lamuTper:

=> Bribepure BkIaaky Standard.

=> [lepeTamuTe KOMIIOHEHTHI 0JIs pefakTupyemoro BBoja TEdit.

=> [leperamure komnonentsl TLabel.

=> [leperamure KOMIOHEeHTH! TButton.

=> PacnonouTe KOMIOHEHTHl U U3MEHHUTE UX pa3Mepbl TaK, KaK Bbl XOTEIH Obl UX BU-
JIETh B OKHE BAIIETO MPUIIOKEHUS.

C nomourpto MHCIEKTOpa 0OBEKTOB ONpENeIUTe HavyalbHbIC 3HAYEHUSI CBOMCTB KOM-
IIOHEHT.

Ternepb MOXKHO HEPEKIIOUUTHCS Ha PemakTop Kola M Hamucarb, Kak ObUIO MPUHSATO,
1r00yr0 mporpammy Ha sizbike C++, BKITIo4as nociequue pacmupenus cranaapra ANSI/ISO.
OpHako, MOMbITaEMCSl CHavaja BOCIIOJIb30BAThCSl HOBBIMU CPEACTBaMH OBICTPOI pa3paboTKu
NPUIOKEHUN U TOTIOJIHUTENIbHBIMU aTprOyTaMi KOMIIOHEHT, 3ajioxkeHHbIMHA B C++Builder.

Cesoiicmea, memoosl u coovimus

BricTpas pazpaboTka MpHIIoKEeHUH MOApPa3yMeBaeT MOJAEPKKY CBOHCTB, METOJOB U CO-
OBITUIl KOMIIOHEHT B paMKaxXx OOBEKTHO-OPHEHTHPOBAHHOTO MporpammupoBanus. CBoiicTBa
MO3BOJIAIOT BaM JIETKO YCTaHABIMBATh Pa3HOOOpA3HBIE XAPAKTEPUCTUKH KOMIIOHEHT, TaKUE
KaK Ha3BaHUs, KOHTEKCTHBIC MOJICKA3KHU UM UCTOYHUKHU JaHHBIX. MeTo bl ((DyHKIIUU-YIICHBI)
MPOU3BOJIAT OIpPEEJICHHbIC ONEPalud HaJl KOMIIOHEHTHBIM OOBEKTOM, B TOM YHUCIJIE U TaKHe
CJIOKHBIE KaK BOCIIPOHM3BEJCHUE WM MEPEMOTKA yCTpoiicTBa MynbTuMeua. COOBITHS CBSI3bI-
BalOT BO3JICHCTBUS MOJIb30BATENsI HA KOMIIOHEHTHI, TAKUE KaK aKTUBU3AIUs, HAKaTHEe KHOTIOK
WIM peAaKTUPYEeMbIil BBOJ - C BallUMU KOJaMH peaklUU Ha 3TH Bo3aehcTBusa. Kpome Toro,
COOBITHSI MOTYT BO3HUKATh MPHU TAKUX CHEHUPUYECKUX MU3MEHEHHSIX COCTOSHUS KOMIIOHEHT
KaKk OOHOBJICHHE JaHHBIX B MHTEP(EHMCHBIX 3JIeMEHTaxX AOCTymna K 0a3am naHHBIX. Paboras
COBMECTHO, CBOMCTBA, METO/IbI U COOBITHSI 00pa3ytoT cpeay RAD MHTYUTHBHOTO pOrpaMMu-
pOBaHUS HAJICKHBIX MPpUIoKeHuH 1t Windows.

=> B NHcnekTope 00bekToB yKaxuTe BKIaaAKy CoOwitrii (Events), uToObl yBUIETH BCe
COOBITHS, aCCOIIMMPOBAHHBIC C BEIOPAHHBIM 00BEKTOM.

=> J[BaXKbl LICJIKHUTE MBIIIbIO IO KOMIIOHEHTE KHOIMKHU, KOTOPYIO Bbl IOMECTUIIM Ha
dbopmy.

=> B otkpsiBImIeMcst okHe PemakTopa Koma Kypcop MOKaKeT MO3WIMIO IJI BBOJA WH-
ctpykumii B Tenmo Qynkmuu ButtonlClick, mpennasnaduenHoil m1si 0OpabOTKH COOBITHS
OnClick, Bo3HUKAIOMIETO MTPU HAXKaTUU KHOIIKH.

DTan MPOSKTUPOBAHUS TIEPBOM BEPCUU TPHIIOKEHHUS HA ITOM 3aBEPIIACTCS M MOXKHO
MPUCTYIUTD K CO3IaHHI0 paboyeil mporpaMmBl.

=> Komanno#t rmaBHoro MeHo Run | Run 3amyctuTe mporiecc KOMOWISIITUN U COOPKHU
MIPUIOKEHUS.

=> [loce BbI30Ba MpOrpaMMbl HECKOJIBKO pa3 Ha)KMHUTE Ha KHOTIKY "Pe3ynbTat".

Texnonozusa 08ynanpaseneHHoil pa3padomxu

C++Builder He craBuT HUKaKUX OapbepPOB MEXKIY MPOTPAMMUCTOM U €ro KoaoMm. Tex-
HOJIOTHUS JIBYHAIpaBlieHHOU pa3pabotkun Two-Way Tools obecrieunBaeT KOHTPOIb 32 BallTUM
KOJIOM TIOCPE/ICTBOM I'MOKOT0, HHTETPHPOBAHHOTO U CHHXPOHH3UPOBAHHOTO B3aMMOACHCTBUS
MEXJly MHCTPYMEHTAMHU BU3YyaJlbHOI'O IPOEKTUpOBaHUs U Penakropom kona.

Uro0b! IpociennTh 3a T€M, KaK JEHCTBYIOT MHCTPYMEHTHI JBYHAIIPAaBJIEHHOHN paspa-
OOTKH, BBITIOJHHUTE CIIEAYIOIINE ONEPAIIIH:



9

=> OTKpoiiTe KOHTEKCTHOE MEHIO PemakTopa Koaa IIeTYKOM MpaBOi KHOIKH MBIIIH, a
3arem ¢ momomplo onmuu Swap Cpp/Hdr Files mepeximountech Ha ¢aiin oOBSIBICHUI
Unitl.h..

=> Opra"u3yiiTe dKpaHHOE OTOOpPaXKCHHE HMHCTPYMEHTOB TaK, YTOOBI OJHOBPEMEHHO
BUJIETH IPOeKTHpYyeMyto ¢popmy 1 (daiin Unitl.h B okne Pemakropa xoza.

=> [leperamuTte eme oaHy komroHeHTy kHonku OK Button Ha ¢opmy. B cBoiictBe
Caption KHOIIKM YKa)KHTE €€ CMBICIIOBOE Ha3BaHHE.

[Ipocrneaurte 3a TeM, 4TO KaK TOJBKO BbI MEPEHECIN KHOIKY Ha (popMy, oObsBICHHE
o0bekTa Button2 MmomenTanbHo nosiBuTcs B (paiine Unitl.h, a onpenenenue codbrrus OnClick
crenepupyet oobsBienne merona Button2Click ob6paboTtunka atoro codertus (Puc. 2). Takas
CHUHXPOHH3AIMs IPOIECCOB MPOCKTHUPOBAHUS (POPMBI M aBTOMATHYECKOW TeHepaluu Koja
JCWCTBUTEIILHO YCKOPSIET BU3YaIbHYIO pa3pa0doTKy C++ MPUIIOKEHHUS, TOTHOCTHIO COXPAHSS
KOHTPOJIb HaJl HCXOJHBIM TEKCTOM ITPOrpPaMMBI.

flecaTs HerpuTaT
: Mownm kynaTben B Mope
|5 decaTe HerpuTaT
Pessunumcs Ha npacTope
OfuH M3 HMyTon

Erysynianu rpob

8 CAProgram Files\Borland\CBuilder\Projects\Unitl .h

class TForml : public TForm
{
__published: // IDE-managed Components. . '
I TListBox *ListBoxl; ;
* TEdit *Editl;
» TButton *Buttonl:;
' TButton *Button2;
void _ fastcall ButtonlClick(TObject *Sender);
void _ fastcall Button2Click(TObject *Sender);
private: // Usexr declarations
public: // Osexr declarations
char previz4] '
__fastcall TForml(TComponent* Owner): ;

}.
’
R L R R e e e e W R e e e e e e e e e e R T L e
R R A N Y NN RN N O e
L AR L L R R R R LR R R O L R L L R
U N R AN FE A RN RN RENFERE RN EE NN N N NS N
.8 . g . . »

FAAA LS & s

Puc. 2. C++Builder aBromaTiuecku renepupyer o0bsiBiieHus B aiine Unitl.h, mox-
JepKUBast MOCTOSIHHBIM KOHTPOJIb MPOTPAMMHUCTA HAJl €70 KOJIOM

Crenyet 3anoMHUTbH, 4To CH++Builder acconnupyer ¢ KaxIpIM TPUIOKESHUEM TPH HC-
XOJHBIX (haiina co CIeAYIOIMMI UMEHAMH 110 YMOJTYaHHUIO:
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* Unitl.cpp XpaHUT HCIONHIEMBIH KOJ peaau3alliy Ballero MpHIoKeHus. MIMeHHO B
HEM BBl 3aIMCBhIBaeTe OOpAOOTUMKM COOBITHH, OTBEYAIOUIME 32 PEAKIUI0 MPOTPaMMBI MPH
BO3/ICIICTBUU M0OJIH30BATENSI HA OOBEKTHI KOMIIOHEHT.

* Unitl.h cogepxut 00BsBIEHUS BCEX OOBEKTOB M MX KOHCTPYKTOpOB. OOparure BHU-
MaHHe Ha KJroueBoe cioBo _fastcall B 00bsiBieHUsIX QyHKIHMI 00pabOTKN COOBITHI, KOTOpPBIE
C++Builder remepupyer aBToMaTHuecku. biarogaps fastcall mepegaua nmapamerpoB opranu-
3yeTcsl He Yepe3 CTEK, a Yepe3 PerucTphl HEHTPATBHOTO Ipolieccopa. Bri30BbI 00paboTINKOB
COOBITHI MPOUCXOAAT OYEHBb YACTO, OITOMY SKOHOMHS BPEMEHH, 3aTPauMBaeMOro Ha BbI-
OOpKy mapaMeTpoB M3 MaMATH CTEKa, OKa3bIBAETCS BEChbMa OLIYTHMOW. 3/1eCh KpoeTcs OJHa
U3 MPUYUH BBICOKOTO OBICTPOAEHCTBHS NMPHIIOKEHUH, KOTOphIE KOMIHIUPYET U COOMpaeT
C++Builder.

* Projectl.cpp oGciy>kuBaeT Bce 0OBEKTHI, 3aKIIOYCHHBIE B MPUIOKEeHHUH. Jlto0ast HoBas
¢opma, MpOrpaMMHBINA MOJYJIb WM MOJIYJNb JAHHBIX aBTOMAaTHYECKH BKJIFOYAIOTCS B MPOEKT-
HBII (ailn. Bel MokeTe mpocMoTpeTh B OkHe Peakropa koja copepskaHue HCXOAHOTO TeKCTa
IPOEKTHOTr O (aiiyia ¢ HOMOIIBI0 KOMaH bl IIaBHOTO MeHI0 View | Project Source unu BeiOpaB
OJTHOMMEHHYIO OIIUI0 U3 KOHTEKCTHOr0 MEHI0 AIMUHHCTpaTopa npoekta. Hu B koem ciaydae
HE pelakTUpPYyHTe MPOEKTHBIN (aiin BpyuHyro!

BeITh MOXET, 3aBepIIMB pa3pabdOTKy MEPBOTO MPHIIOKEHUS, BBl 3aXOTUTE COXPAHHUTH
UCXOJIHBIE (hailsIbl IS CIIEAYIOIIEr0 CeaHca, BBIMOJIHUB OJJHO U3 CIEAYIOIINX JeHCTBUMI:

=> Komanpa File | Save All coxpansier Bce ucxonnsie Gailsibl MpUIOKEHHS.

Komanna File | Save coxpansier 06a ¢aiina nporpammHoro Moxysisi, a komanaa File |
Save As no3BosisieT 1aTh UM HOBOE UMS.

Komanna File | Save Project As coxpaHsieT H3MEHEHHsI BCEX COCTaBIISIOIIUX MPOEKTHO-
ro ¢aiina, ucnoab3ys TEKyIIue UMeHa (aios.

Hcnonvzosanue npoeKmHuulx uiadionos

Hcnonp3oBaHne rOTOBBIX MPOEKTHBIX MAO0JI0HOB M3 XpaHWIHIIA OOBEKTOB JaeT BaM
BO3MOXXHOCTh Ha4aTh pa3pabOTKy, OMYyCKasi THUIIWYHBIC JUIT MHOTHX TPUJIOKEHUH MpenBapu-
TEJIHBIC OTIEpPAIMH 110 COCTABJIICHUIO TNIABHOTO MEHIO M TMaHENM KHOMOK OBICTPOTO BBI30BA,
OpraHu3aluil CTaHAAPTHBIX TUAJIOTOB BBHI30BA M COXpaHEHUs (QaiiyioB. BHeceHHbIC BaMU W3-
MEHEHHUSI HUKAaK HE OTPaKAIOTCS HA UCIOJIB30BAHUU TOTO K€ MPOCKTHOTO MIa0IoHa APYrHMHU
pa3paboTYHKaAMU.

UT0oOBI CO371aTh HA OCHOBE MPOCKTHOTO MIA0JIOHA MPOTOTHUIT TIPUIIOKESHUS TSI PaOOTHI B
pexumMe MHOrojoKkyMeHTHoro uatepdeiica (MDI), Beibepute n3z Xpanunuiia 06bektoB MDI
Application.

New | Projectt | Fomms | Dislogs | DistaModules Profects |

i
SDI Wing5 Logo |
Application Application

,\1['!
spplicaton

« Copy « it o4 Lins =

oK Cancsl Hslp

Puc. 3. IIpoekTHbIE 111a0IOHBI.
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Puc. 4 mokassiBaeT riaBHyr0 (GOpMY IMPOTOTHIIA MPHIOKEHHS, CIPOCKTHPOBAHHYIO Ha
0ase roToBOro madiIoHa.

Puc. 4. I'maBnas ¢popma npororuna MDJ npunoxeHuu 11st poOOTHI ¢ TEKCTOBBIMU (haii-
JIaMH.

Ecnu BB ckommumupyete u codepere Takoe MPUIIoKEHUE, TO YBUIUTE, 4TO OHO "ymeeT"
TOJILKO OIEPUPOBATH C OKHaMHU B peskuMe MDI U BbI3BIBaTH AMANOr OTKPBITUS (aillioB, HE
3aIoJIHsASL OKHA TEKCTOBBIM COJIEPYKUMBIM BBIOpaHHBIX (haiiiioB. To ecTh mMpoTOTHUIT OKa3aycs
He(YHKIMOHATIBHBIM M MPaKTHUECKU Oecrose3HbIM. YTOOB! mpUaTh MPHUIOKEHUIO HEKOTO-
poO€ OCMBICICHHOE MOBEAECHUE, HEOOXOAUMO 100aBUTh Ha (HhOpMY HEOOXOAUMBIE Ul KOH-
KPETHOTO NMPHJIOKEHUS] KOMITOHEHTHI.

Hanumpa komnonenm - Kpamkuii 0030p

Komnonenmur exnaoxu Standard

KoMIoHeHTHI 3TOil BKJIaKU OCYLIECTBIISIOT BKIIOUEHHE B Ballle MPUIIOKEHHE CIIEIYIO-
LIMX TUIOBBIX UHTEp(deNcHBIX 2meMeHToB Windows:

TManMenu CosznaeT maHe b KOMaH]I TJIABHOTO MEHIO JUISl (JOPMBI.

TPopUpMerm Cosznaet "BhICKakuBaromiee" MeHIO sl (POPMBI WIH IS IPY-
IO KOMIIOHEHTBHI.

TLabel Otobpaxaer Ha (opMe TEKCT Ha3BaHUS, KOTOPBIA HENb3s
pEelaKTUPOBATh.
TEdit OTtobpaxaer 001acTh pPEJAKTHUPYEMOr0 BBOJA OIAMHOYHOM

CTPOKH HH(pOpMAIMK Ha GopMme.




12

TButton Co3/1aer KHOMKY ¢ HAMHUCHIO.

TCheckBox Co3zfaeT 37eMEeHT yIpaBIeHUs C ABYMS COCTOSTHUSIMU.
TRadioButton Co3zfaeT 371€MEHT yNpaBJIeHUs C ABYMS COCTOSTHUSIMU.
TListBox OTtobOpakaeT 061acTh CIIMCKa TEKCTOBBIX CTPOK.
TComboBox Co3znaer xoMOMHaNMIO0 00JaCTH PEAAKTUPOBAHUS M BbINaa-

HOHICTO CIIMCKA TCKCTOBBIX CTPOK.

TScrollBar Cozmaer MUHENKY MPOKPYTKH JIJISI TPOCMOTpPa COAEPKHUMOTO
OKHa, (pOopMBI, CTIMCKa UK IUara30Ha 3HaYCHHH.

TGroupBox Cozmaer koHTelHEp, 0ObeAUHSIIONUN Ha (OpME JIOTUYECKH
CBﬂSaHHyIO rpynny HeKOTOpBIX KOMITOHCHT.

TRadioGroup Cozmaer KoHTEWHEp, 00bENUHSIONTNN HA (OpME TPYIITY JI0-
TUYECKH B3aMMOUCKITIOUYAIOIINX PaJIHO-KHOIIOK.

TPanel C03z[aeT MaHeJIb HHCTPYMCEHTOB WU CTPOK COCTOSIHUS.

Komnonenmut éxnaoku Windows
KoMITOHEHTHI 3TO# BKJIAJIKH OCYIIECTBISIOT BKIIOUYCHHE B BaIlle TIPHIIOKEHUE CIETYIO-
IIMX TUTIOBBIX HHTEep(eHCHBIX eMeHToB Windows:

TTabControl OtobOpaxkaeT HAOOp MOJEH, UMEIONTUX BHJ YaCTUYHO TIEpe-
KPBIBAIOIINX APYT IpYra KapTOTEYHBIX BKIAJOK.

TPageControl OTtobOpaxkaer HabOp MOJeH, UMEIOUINX BHJI YACTUYHO Iepe-
KPBIBAIOLIMX JAPYT Apyra KapTOTEYHBIX BKIAJOK, JUIsl Opra-
HU3AI[MH MHOTOCTPAHUYHOTO JTHAJIOTA.

TTreeView OTtobOpaxkaeT IpeBOBUAHBIN MEepPEeUeHb IEMEHTOB - 3arojioB-
KOB JIOKYMEHTOB, 3anuceil B ykaszarese, (paiiioB uiM KaTaio-
rOB Ha JIUCKE.

TListView OTto0paxkaeT ApeBOBUIHBIN MEpPEeYeHb 3JIEMEHTOB B Pa3iiny-
HBIX BUJIAX - TI0 CTOJIOLAM C 3aroJI0BKaMH, BEPTHUKAIBHO, T'0-
PU30HTAIBHO, C IMKTOTPAMMAaMH.

TImageList Co3zmaet KOHTEWHEp IS TPYIIIBI U300paKeHHI.

THeaderControl Co3zmaet KOHTEMHEep ISl 3aT0JIOBKOB CTOJIOIIOB.

TRichEdit OtobOpaxkaeT 007acTh peJaKTUPYEMOTO0 BBOJIa MHOXKECTBEH-
HBIX cTpoK uH(popmaruu B popmare RTF.



13

TStatusBar Co3zmaer cTpoKy MaHesed COCTOSHUS NIl OTOOpaKeHHsI CTa-
TYCHOU MH(pOpMaIIH.

TTrackBar CoznaeT mkamy ¢ METKaMH U PEryIsTOPOM TEKYIIETo MoJo-
KEHUS.
TProgressBar Co3maer WHAUKATOpP TMIpollecca BBIMOJHEHUS HEKOTOPOU

IIPOLIEIYPHI B IIPUIIOKCHUH.

TUpDown Co3gaer cHapeHHble KHONKM CO CTpelakamu '"BBepx' U
"BHU3". Haxkatne 3TMX KHOIOK BBI3BIBAECT YBEJIMYCHUE WIIU
yYMEHBIIICHUE 3HaueHus cBoricTBa Position.

THotKey Hcnonp3yercs Ui yCTaHOBKU KJIaBHUII OBICTPOTO BBI30Ba BO
BpEMSI BBIIIOJIHEHUS [TPOTrPAMMBI.

Komnonenmul exnaoku Additional
KoMmoHeHTHI 3TOW BKJIAJKH OCYIICCTBIISIOT BKIIOUYEHUE B Ballle MPHIIOKEHHUE CIIETYIO-
HIMX CHEeHaTN3UPOBaHHBIX HHTEpENHCHBIX 351eMeHToB Windows:

TBitBtn Co3naer KHOIIKY ¢ n300pakeHreM OUTOBOro oOpasa.
TSpeedButton Coznaet rpadguueckyro KHOIKY ObICTPOTO BHI30BA.
TMaskEdit Co3znmaer 005aCcTh PeIaKTUPYEMOTO BBOIA JAHHBIX CHEIUDU-

yeckoro opmara.

TStringGrid Cozmaer ceTky s OTOOpaKeHHsSI CTPOK IO CTPOKaM WJIU
CTOJNIOLIAM.
TDrawGrid Cozmaer ceTKy ajig OTOOpakeHUs TpauuecKuX JaHHBIX IO

CTpPOKaM WJIM CTOJIOIaM.

TImage Cozmaer Ha (popme KOHTEHHEp IJIsi OTOOpakKeHUs OMTOBOTO
o0pa3a, MUKTOrpaMMBbl HJIK MeTadaiina.

TShape Pucyet nmpocTble reoMeTpuuecKue GUrypsl.
TBevel Co3iaet TUHUU U PaMKH ¢ 00bEMHBIM BHIOM.
TScrollBox CoznlaeT KOHTEHHEp MEPEMEHHOro pasMepa ¢ JUHEeHKaMu

IPOKPYTKH, €CJIU 3TO HE0OXO0IUMO

OcHoe6bl npozpammuposanus

Brayane  kaxaoil — mporpaMMbl  HaxXOOUTCA  pa3fel  ONHUCAHUsA
UCIIOJB3YEeMbIX OMOIMOTEK, 32 TEM MO HEOOXOJUMOCTU MCHOJIB3YETCS pasiel
OMMCaHUsl TJIOOANbHBIX TEPEMEHHBIX, 3aT€M pacIoyiaraloTcs (QYyHKIUU, U3
KOTOpPBIX  cOCTOMT mporpamma. DyHKIMM MOTYT pacmojararbcsi B
IPOU3BOJILHOM, YJOOHOM Mg Tosib3oBaTenst mnopsiake. [loxg dynkiuen unum
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IpoLEAYpPON NOHMMAETCS 3aKOHYEHHAs! MOCJIEI0BATEIbHOCTh apU(PMETHUECKUX
WM JIOTUYECKHUX JIEMCTBUM MHOTOKPATHO BBIMOJIHSIOIIKUXCS B mporpamme. Pe-
3ynbTaT (QYHKUMU WIM MPOLEAYpPbl NEPENACTCs B BBI3BIBAIOILYIO TOUKY JIMOO C
NOMOILBIO (POPMANIBHBIX MTAPAMETPOB, JINOO C MOMOILIBIO UMEHU (PYHKIUH, JTHOO
C MOMOIIBIO I00aNbHON nepeMeHHOW. Tenmo (QyHKUIMM 3aKitOYaeTcss MEXIY
¢urypusiMu ckobkami { }.

1. Koncmanmeoi
B si3b1ke C++ CyIIecTBYIOT TpH THUIIA KOHCTAHT:
LIEJIBIE 23,456, - 234

JpoOHbIC 123.4, 567.987, - 455.987
CHUMBOJIBHBIE ‘A’, ‘2’

Jns onucanus nensix yncen B C++ CyHIECTBYIOT CIEAYIOLIUE KITIOUYEBBIC
CJI0BA:

short int (Imara3oH BO3MOKHBIX 3HaYCHUH ~ * 128)
int (Irama3oH BO3MOXHBIX 3HaueHui ~ = 32 000)
long int (Inama3zoH BO3MOXKHBIX 3HaueHu ~ + 2 147 483 648)

Jlnis onucanusi IPOOHBIX YHCEN CYIIECTBYIOT KIIOYEBBIE CIOBA:
float (n1nana3oH BO3MOXHBIX 3HaUeHUN ~ +3.4E+38)
double (nInana3oH BO3MOXHBIX 3HaUeHUN ~ +3.4E+38)
long double (nnama3oH BO3MOXHBIX 3HaueHHN ~ +1.7E£308)

llepemennvie u HaUMEHOBAHUA NEPEMEHHBIX

Tepmun “nepemennas’” ynotpeossitor B C++ 111 0003HaYCHUS BEJTUYUHBI,
oOpallieHre K KOTOpPOW MPOU3BOIUTCS Yepe3 €€ HAUMEHOBAaHWE M KOTopas
MO’KET IPUHUMATh Pa3IMUHbIE 3HAUYEHNUS, @ HE OTPAHUYECHA KaKUM-THM00 OJJHUM.

HNmena nepeMeHHBIX:

UMs1 HauMHaeTcs ¢ OYKBbI MJIM ¢ CUMBOJA . “;

B UMEHHU HE MOXKET ynoTpeOasThes « - ;

UMs OTPAKAET CYIIIHOCTh IEPEMEHHOM;

B UMEHH MPUHATO KaXXJ10€ HOBOE CJIOBO MUCATh C O0NbIION OyKBBI;

3arjJaBHbIE U MPOIMUCHBIE OYKBBI Pa3INYaAIOTCS.

Onepayuu u gvlpadicenus
B C++ cymectByer 4eThlpe OCHOBHBIX ONEpalMU, KaXkaas U3 KOTOPBIX
0003HaYaeTCst 0COOBIM CHUMBOJIOM:

CJI0KEHUE +
BBIYUTAHUE -
YMHOKEHHUE *

JICTICHUE /
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Onepayuu npuceauanusi.

B wmarematuke u A=2.8 u X+2=VY+1 saBuastorcs BepHbiMH, (I-
IpUCBauBaHue, 2-paBeHCTBO). B C++ cylecTBYIOT ABE OTIIENbHbBIE ONEPALUU:
MpUCBaNBaHKUE U CPABHEHHUE HA PABEHCTBO:

1) A=2.8 - npucBanBaHue, B SUCHKY MaMATH A MMOMEIIAIOT YKCio 2.8, mpH
3TOM CTApOE COJIEPKUMOE STUEHKU A CTUpaeTCs;

2) X==V¥-1 - omepauus CpaBHEHHS, HCIOJB3YETCSI B JIOTHUYECKUX
orneparopax.

CrenyeT NOMHHUTBH, CIEIYIOLIME IpaBuia HAMWCAaHUsA mporpamm. J[Ba
CMMBOJIa OIEpaluii HE OJDKHBI CTOSITh psaoM. [loatomy a*-b sBusercs
OecCcMBICIIEHHBIM BbIpaxkeHueM, HO a*(-b) - qomyctumo. CKOOKH MCTIONB3YIOTCS
JUTSl YKa3aHUsI OYEPETHOCTH BBITIOJTHEHUSI ONEpaIuii TakK ke, KaKk U B OOBIYHOM
MaTeMaTU4YECKOM 3aIHCH.

Huxe nokazano, uro C++ mo3BosisieT B onepanud NPUCBAUBAHUS MOYKHO
OTMETUTh JBYKpPATHOE OOpaiieHue Kk nepemMeHHon X *=2, X /=2, X += 2,
X -= 2, 4TO MO3BOJISIET YCKOPUTH MPOLECC BHIUUCICHUSI.

B amroputmuueckoM s3pike CH+  ompeAeneHbl TakKe CIEAYIOIIue
omnepanuuyu U3MEHEHUs epeMeHHOoM Ha 1:

1++ ]
.__ - BHAUAJC UCTIONB3YCT 3HAYCHHE 1, & 34TEM H3MCHSCT HA C/IMHMUILY.

++1 ,
. - BHa4YaJIC UIBMCHACT HAa CANMHHUILY, d 3aTCM HCIIOJIb3YCT 3HAUCHHC 1.
—-1

Mamemamuueckue ¢pyHxyuu

B C++ npenycMoTpeHa BO3MOKHOCTh UCIIOJIB30BAHUS HEKOTOPBIX AJIEMEH-
TapHBIX MaTeMaTHUECKUX (PYHKUUN, TAaKUX, KaK JIorapuM, SKCIIOHEHTa, CUHYC,
KocuHyc, U T.n. KoHkpeTHbIi HaOop (QyHKIUH, HOPEIyCMOTPEHHBIX S3bIKE
3aBUCUMT OT BapuaHta C++, OJHAKO BCE BapUaHThl NPEAYCMaTPUBAIOT
BO3MOYKHOCTh BBIYMCIICHUSI HXKETIEPEUNCICHHBIX DYHKIIUHI U psia IPYTUX.

Matemarnueckas QyHKIHS HanmeHnoBanue
KBagparHslii KOpEeHb sqrt(x)
DKCIIOHCHTA exp(x)

Cunyc (pan) sin(x)
Kocunyc (pan) cos(x)
APKTaHI€HC, yroJl B paaraHax atan(x)
HatypanbHbliil torapudgm log(x)
AOcomoTHas BEIMYUHA abs(x)
Bo3Benenue X B CTENEHb Y pow(X,y)

VYron nomxeH ObITh BbIpaXkeH B paavaHax. Hampumep, HeoO6Xoaumo
BBIUMCIUTh KOCHHYC yriaa X. 3amuch B KakOM-JIHOO BBIPAKEHHH COS(X)
NpUBEJET K BHIYMCIICHUIO KOCHHYCa yria X.
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OcHOBHBIE OIIEPaTOPbI

Apugmemuuecxkue onepamopwi

OcHoBHBIE 3neMEHTHl s3blka (C++, pPacCMOTpPEHHBIE paHee, IIUPOKO
OPUMEHSIIOTCSL MPU COCTABJIIEHUM HCXOAHBIX MHporpamMM. Haubonee BaxHBIM
IIPUMEHEHUEM SIBIIIETCS BBIUYMCICHUE HOBOT'O 3HAYEHUS MEPEMEHHOU, KOTOPOE
MPOU3BOAUTCS C TOMOIIBIO ApU(PMETHUECKOTO OTNIepaTopa NPUCBAaUBAHUS.

[IpucBanBanue, Kak HampuMmep B BbIpakeHuH ratio=a/b umm ch=getch(),
ABJISIETCA OJHOW W3 OCHOBHBIX onepauuii. B s3pike C++ mnpucBanBaHue
o003HayaeTcsi 3HAKOM paBEHCTBAa = ; 3HAYeHHE C TMPaBOM CTOPOHBI
IIPUCBANBACTCS IIEPEMEHHOM C JIEBOW CTOPOHBI.

3HaK paBeHCTBA B apU(PMETHUYECKOM OIepaTrope MNpHCBaUBaHUS
UCIIOJIB3YETCSl HE COBCEM B TOM CMBICIIC, YTO B OOBIYHOM MaTEMaTHYECKOU
3anmucu. 3HAUYEHHWE 3HAaKa PABEHCTBA B J3TOM ciy4yae OyAeT CIeIyHOIINM:
3aMCHUTH [IPEKHEE 3HAYCHUE I[EPEMEHHOW, CTOSIIEH B JIEBOW YacTH, Ha
3HaYEHUE BBIPAXKEHMSI, CTOSILIErO B MPaBOM YacTu orneparopa. Takum oOpa3om,
onepatop A = B + C ectb HM 4YTO MHOE, KaK KOMAaHJA BBIYHUCIHUTH CYMMY
3HaYeHui nepemMeHHbIX B u C 1 3aMEeHUTh MpeKHEee 3HAYCHUE MEPEMEHHON A
aTo cyMMmou. IIpexxHee 3HaueHME NEPEMEHHOW NPH ITOM TEPSAETCS, HO
3Ha4eHMs nepeMeHHbIX B n C ocraroTcst HeW3MEHHBIMH.

B napyrom mnpumepe apudmeTHyeckoro orepaTtopa NpPUCBAaUBaHUS 3TH
cnenupuyeckue 0COOEHHOCTH 3HaKa PaBEHCTBA MPOSBISIOTCS MPEAEIBHO SIPKO.
Oneparop tuna N=N+1 umeeT cMbICI: TPUCBOUTH mepemMeHHol N ee crapoe
3Ha4YeHUEe IUIr0C 1. DTOT TUN omepaTopa, SBHO HE HMEIOLIWNM aHAJIOTUU B
O0OBIYHOM MaTeMaTHIECKOH 3aIliCH, ITUPOKO pacrpocTpaneH B C++.

[IpucBanBaHusi MOXHO CBSI3bIBaTh TakKMM oOpa3zoM: sum=a=b. B Takom
Cllydae BBIYHCIICHHE TMPOM3BOAMUTCA CIpaBa HaJeBO, T.e. 3HaueHUE b Oyzaer
IIPUCBOEHO NIEPEMEHHOM a, a 3aTEM IMPUCBOEHO MEPEMEHHOM sum, IPU 3TOM BCE
TPHU NEPEMEHHBIE MOJIYYaT OJHO U TO K€ 3HaYeHue (MIepBOHAYAIbHOE 3HAUYECHUE
NepeMeHHOM b).

Heckonbko mpuMepoB MOMOTYT YSICHUTh MPUMEHEHHE apU(PMETHUECKUX
oneparopoB npucBauBanus. Ilpenmonoxum, uto A , B , C, D u X yxe
BBIUKCJICHBl C IOMOILBIO MPEABIIYIIUX ONEepaTopoB, U TENepb HEOOXOIUMO
BBIYMCIIUTH 3HaUeHnEe R 3 cooTHOMEHNS:

R=A+BX/C+DX

Heo6xonuMble BBIYMCIEHUST MOTYT OBITh MPOM3BEIECHBI C MOMOIBIO

CIIEAYIOLIETO oIeparopa:
r=(a+b*x)/(c+d*x)

Hu ogHO u3 3HaUYeHMi IEpeMEHHBIX B MPaBOM 4acTH HE OyJeT M3MEHEHO
[I0CJIE BBINOJIHEHMSI OIlepaTopa, MNEpPEeMEHHOM 1 OyAeT NPUCBOEHO HOBOE
3HAaYEHUE, CTApOe 3HAYEHUE I OYJET YyTepSHO.

[Ipeanonoxkum, YTO HEOOXOJMMO BBIUMCIWTH OJMH W3 KOpPHEH
KBaapaTHOTo ypaBHeHns aX~ + bX + ¢ = 0. [To npexneMy a, b, ¥ ¢ JOKHEI
ObITh BBIYUCIEHBI C IMOMOULIBIO MPEABIIAYIINX ONEPATOPOB WM BBEIEHBI C
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OMOUIbIO oneparopa BBoAa. Cienyromuii ornepaTop OnpeIeanuT HeOOX0UMBIH
MOPSAIOK BBIYUCIICHUWA Y TPUCBOUT BBIYUCIIEHHOE 3HAYCHUE MEPEMEHHOM X 1
x1=(-b+sqrt(b*b-4.0*a*c))/(2.0*a).

Bb110 OBI MOJNIE3HO enle pa3 HaOMHUTh O 3HAYEHUH CKOOKHU.

Cxo0Oku, B KOTOpBIE 3aKJIIOYEHO BbIpakeHue b*b-4.0*a*c, neobXomumsl
JUIS TOTO, YTOOBI 0003HAYNTH apTyMEHT (QYHKIIMU KBaAPaTHOTO KOpHsS. CKOOKH
BOKPYT YHCIHUTENST HEOOXOAUMBI JUIsl TOrO, 4TOOBI BCE, YTO HAXOIUTCS Mepen
3HAKOM JIeJIeHHs], ObUIO pa3esieHo Ha To, 4To cienyer naiee. CKOOKU BOKPYT
BbIpakeHus 2.0*a moka3bIBalOT, YTO 3TO BHIPAKEHUE HAXOAUTCS B 3HAMEHATEJIE:
eciii Obl 3TU CKOOKHU OTCYTCTBOBAJIM, TO YHUCIUTENb OBLI Obl pa3zesieH Ha 2, a
pe3yabTar JefeHus OblT Obl YMHOXKEH Ha A.

[Tocnennuii mpuMep MOKa3bIBa€T, KaK apryMeHT (YHKIHWH, B CiIydae
HEOOXOAMMOCTH, MOXXET caM ObITh Jpyroil ¢yukuueit. [lpeamonoxkum, 4to
HEOOXO0JIMMO BBIYUCINUTD 3HaUeHUE V U3 POPMYIIBI:

V=1/cosX+log[tgX/2].

Omnepartop Juist BIYUCIEHUS V 3alUIIETCA CIeIYIOIINM 00pa3oM:

v=(1.0/cos(x))+log(abs(tan(x/2.0))).

Bnonne nomycTumo BBeleHHE MPOMEXKYTOUHBIX MEPEMEHHBIX, YTO MOKET
00JIETYNTH YTEHUE UCXOJTHON MPOTPaMMBI;

y=abs(tan(/2.0)); z=1.0/cos(x); v=z+log(y).

[Ipumepbl, mpuBENEHHBIE HIDKE, MOKA3bIBAIOT MPABHJIBHO HANMCAHHBIC
apudMeTHYeCKre ONepaTophbl U SKBUBAJICHTHBIE UM MaTeMaTH4YecKue GopMyJIbl
(Tabm.l).

Taomuma 1

ApudmeTHiecKuii oneparop Hcxonnas popmyna

b=-1.0/(2.0*x)+a*a/(4.*x*x); b=-1/2x+a*a/4*x*x

Fy=x*(X*X-y*y)/(X*x+y*y);

Fy=x*(x*x-y*y)/x*x+y*y)

C=1.112*D*r1*r2/(r1-r2);

C=1.112*D*r1*r2/(r1-r2)

Y=(1.E-6+A*X*X*X)**(2.0/3.0);

Y=(1.E-6+A*X**3)**(2./3.)

J=4*k-6%k1*k2; J=4*k-6k1*k2

I=1+1; Inos.=IcTap.+1
K=12; k=12

Pi=3.1415927; n=3.1415927
M=2*M+10%*]; MuoB.=Mcrap.+10*]

R=cos(x)+X*sin(x); R=cosx+x*sinx

S=-cos(x)/4.0; S=-cosx/4

T=atan(1.414214*tan(x); T=arctg(1.414214 tgx)

HanmMeHnoBaHus mepeMEHHBIX BbIOpaHbI MPOU3BOJIBHO; JIIOOBIE ApyTHe
JOTYCTUMbIE HAUMEHOBAHMSI IEPEMEHHBIX MOYKHO OBLIO OBl yHOTPEOUTH C TEM
xe ycriexoM. Kpome Toro, nojpasyMeBaeTcsi, 4TO BCE BEIMUYMHBI IEPEMEHHBIX B
paBOil YacTW M3BECTHBI K MOMEHTY Hayana JACHCTBUUA apu(PpMETHUYECKOTO
omeparopa.
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[IpuBeneHHblE TpUMEpPHl MOAYEPKUBAIOT HEOOXOAMMOCTH CTPOTOrO
COOJIIOJIEHNsI TpPaBWJI HAINMCAaHMs BBIPAXKEHUM, TaK Kak ycremHas padora
TpaHcisitopa C++ HEBO3MOXHA IpU HAPYIIEHMM 3TUX NpaBuwil. Kaxasiid
OnepaTop, MPUBEICHHBIA HUXKE, COAEPKHUT IO KpailHE Mepe OJHY OLIMOKY
(Tabm. 2).

Ta0muma 2
Apudmernueckuit orneparop Ommbka
Y=2.0X+A; OtcyTcTBYeT * (3HaK YMHOKEHHSI)
3.14=X-A; CrneBa JOJKHO CTOSTh HAMMEHOBAHUE IEPEMEHHOM
Y=((2*X-5)+6; HeonnHakoBoe KOMTMYECTBO MPABHIX U JIEBBIX CKOOOK
P1=3,1415927; 3ansATeie B KOHCTAHTaX YIOTPEOISATh HENb3s
Z=a+%*g-3; Heinb3st ctaBuTh 7Ba 1 60s1€€ 3HAKOB OMEparii MOIpsiT
sqrt(z)=z*8/5.5; Nwms dpynkuun sqrt() Henab3s UCHOIB30BaTh B KayeCTBE
UMEHH NIEPEMEHHON

llepedaua ynpasnenus. Onepamopul nepexooa

OneMeHThI A3bika C++, pacCMOTpEHHBIE paHee, MO3BOJISIIOT IPOU3BOJINUTH
BECHbMa CJIOXHBIE BBIUUCIIECHHUS, HO MIPU UCIIOIB30BAHUU X OCTAETCS HE CHATHIM
CEpPbE3HOE OrpaHHucHUE. Bce omeparopel MOTYT BBINOJHATHCS TOJIBKO B TOU
IIOCJIEA0BATEIBHOCTA, B KOTOPOW OHM HANMCaHbl, © HU B KaKOM JPYTOU.
CHMMaIOT 3TO OIpaHUYEHHE OIIEPATOPBI EPEXOAa.

B sa3pike "C" npenycMoTpeH omepaTop goto M METKH sl BeTBieHus. C
dbopMalbHOW TOYKM 3pEHUsS omepaTop goto HUKOrJa He  SBISIETCS
HEOOXOAMMBIM, M Ha MPAKTUKE IMOYTH BCET/Ia MOXXHO OOOWTHCH Oe3 Hero. Tem
HE MEHEE, CYIIECTBYIOT CUTYallNH, T/I€ ONEepaTop goto MOKET HAUTH CBOE MECTO
u obecrmeunTh Hambojee ONTUMAbLHOE pelieHre. B CBI3u ¢ 3TUM 3TOT
oreparop coxpaHeH gaxe B si3bike C#. MeTka umeer Takyro ke Gopmy, 4To U
UM TIEPEMEHHOW, W 3a HEW Bcerjaa ciaeayeT ABoeToure. MeTka MOXET ObITh
IpUIUcaHa K JO00My omeparopy TOH ke (DYHKIIMU, B KOTOPOM HAXOIAUTCS
omeparop goto.

Onepatrop goto ompenenser nepeAady YHOpaBJieHUsS KaKoOMY-JIHOO
ONEepPaToOpy, OTIAUYHOMY OT CJIEAYIOLIEro. ITOT ONEPaTOp 3alUCHIBAECTCS B BUJE
goto met; , rae met - METKa, HAa KOTOPYIO OCYHISCTBIISICTCA II€pexoJ] IIpHU
UCIIOJIHEHUM Tporpammsel. Korga B Xo0/€ BBINOJHEHUS MPOTPAMMbl OYEpEb
JOXOAUT J10 oreparopa goto met; , TO CAEAYIOMUM OyAET UCIIOIHEH ONEepaTop
IIOMEUEHHBIM METKOM met. DTOT oneparop MOXKET OBITh PACIONOKEH Kak [0,
Tak W mocie omeparopa goto. OmepaTop goto met; sBISETCS ONEPaTOPOM
0€3yCIIOBHOTO Mepexo/ia.

Opnako 4vacto TpeOyeTcss M3MEHATh IOCJEN0BATEIbHOCTh BBINOJHEHUS
ONEPATOPOB B 3aBUCUMOCTH OT TOT'0, YTO IPOUCXOAUT B IPOLECCE BBIITOIHEHUS
IpOrpamMMBl.

OnHUM U3 TaKUX CPEJICTB, MO3BOJSIONIUX PEIIUTh 3Ty MPOOJIEMY, SIBISETCS
noruueckuit onepatop if. UncTpykuus if ucnonezyeTcst B TeX Ciydasix, KOrjaa
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HEO0OXOAMMO PEUIUTh, JODKHA JIM OBITh BHITIOJIHEHA KOHKPETHAsST WHCTPYKITUS
nporpammbl  (if mo anrnumiicku 3Hauut "ecnau"). CtpykTypa 1if BBINVISAHT
CIEAYIOITUM 00pa3oM:

if (condition) instruction;

Otoi 3anuceio Mbl roBopum: "Ecinum HEKOTOpoOe yCIIOBHE BBIMOTHSAETCA
(sIBNISIETCS MCTUHHBIM), WHCTPYKLMS JOJKHA OBITh BbINoOJHEHA". TO €cTh,
KOMITBIOTEP, BCTPETUB KIIOUEBOE CJIOBO if, BBIMOJNHSET WHCTPYKIHIO,
CIIEIYIONIYIO 32 HUM, €CJIM YCJIOBUE B CKOOKAX SIBIISICTCS UCTHHHBIM.

Omnepaop if BBIMOJTHSET TOJABKO OJIHY MHCTpyKUMIO. Eciam Bo3HUKaeT
HEOOXOAMMOCTh, YTOOBI TIPH BBIMOTHEHUU OJHOTO YCIOBHS BBITIOJIHSIIOCH
HECKOJIbKO KOMaHJ, CJIAyeT HCIOJb30BaTh COCTABHYK) HWHCTPYKIIMIO.
CocraBHOW  MHCTPYKIIMEW  HA3bIBAETCS  IOCJIEAOBATEILHOCTh  JIFOOBIX
MHCTPYKIIUH, 3aKIIOUYEHHBIX B (purypHbie ckOOKU. C TOYKH 3pEeHHs] CUHTAaKCUCa
S3bIKa TakKas IOCJEAOBATEIbHOCTh OYJET paccMaTpuBaThCs Kak eIuHas
WHCTPYKITHSI.

B o6miem citydae Bu 9TOTO omnieparopa Cle Ty oIl

if (;Tornyeckoe BeIpakeHHE)

{

JICVCTBUSI HICTUHHOCTH OIEpaTopa;

}

else

{

nericTBUA “‘UHaAUE’’;
}

brox “uctmHa” wWim Onok ‘“‘WHave’’ MOXKET OTCYTCTBOBaTh. Eciam B
IporpamMMe BCTpEYaeTCsl HECKOJBKO ONEepaTopoB €lse, To Kaxablil omeparop
else otHocuTCs K Onmokaiitiiemy omneparopy if.

Hapsiny ¢ JjormdyeckuM  OmepatopoM  HCIHOJIB3YIOTCA — JIOTUYECKUE
BBIPAKCHUS:

a<b- awmenpmeb

a>b- aobompmeb

a<=b - a MeHbIIe Wi paBHO b

a>=b - a Oosble WK paBHO b
==b- apaBHob

a!=b- amnepasHob

Jlorndeckoe ‘U’ O0OOBEAMHSAET HECKOJIBKO JIOTUYECKUX BbIpaKEHUM
((a<x)&&(x<b)) sxBuBanenTHo a<x<b .

Jlornueckoe “umn” ((2>X)||(x>b)) ecnu ogHO M3 ABYX yCIIOBUII BEpHOE, TO
OHO U BBINIOJIHSETCS.

Cama no cebe uHCTpyKUHMs if HCHONB3yeTCsA B T€X CIy4asix, KOTJla BaKHO
BBIMIOJIHUTh HEKUE JAEWCTBHUS MpPU HUCTUHHOCTU OIPEJEICHHOIO YCIOBUS.
Bo3moxHa cutyarus, Korja npyu UCTUHHOCTH yCIIOBUS I0JKEH OBITh BHIMOJIHEH
OJIMH Ha0Op MHCTPYKIMM, a B MPOTUBHOM ciy4ae - Apyrou. JlomycTum, Mel
XOTHM, 4TOOBI B T€X CIydasx, KOTJIa IleHa KaKoro-1ubo ToBapa HUKE TOW, IS
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KOTOPOM yCTaHOBJIEH HAJIOT Ha MPEAMETHI POCKOLIN, IpOrpaMMa reHeprpoBaa
coobuienue: "/[ns1 TaHHOr0 HAaMMEHOBAHMSI HAJIOT HE YCTAHOBIIEH". DTO MOYKHO
CeNaTh C MMOMOIIBIO ABYX MHCTPYKIUH if.
if (cost > 40000.00)
{ luxury= cost * 0.005;
printf("Pa3mep Hanora nns JaHHOrO HAUMEHOBaHUs cocTaBisieT %f",
luxury);
}
if (cost < 40000.00)
puts(" 1151 JaHHOTO HAMMEHOBAHUS HAJIOT HE YCTaHOBJEH");

Ho ects Oomee sddexTuBHbI crnocod. MoxHO 00BEeAUHUTH 00€
UHCTPYKIUU B OJIHY, MIOJIb3YSICh TEM, YTO €CTh TOJIBKO JBa BO3MOXHBIX CIy4as B
UCIOJIb30BaHNN OJHOW M TOHM e MepeMEeHHON: 0o 1eHa ToBapa Oosnbiie 40
ThICSY J0JIUIApOB, JIMOO 1I€HA TOBapa MEHbIIE WM paBHA YKAa3aHHOW CyMME.
Ecnu oiHO 13 yClIOBUiA HE BBITIOJIHSIETCS, CJIEI0BATEIHLHO, BBITIOIHSIETCS BTOPOE
yCIJIOBHE, TaK YTO MOKHO CKOMOMHHUPOBATH UX, UCHOJIb3Ys KIIFOUEBOE CJIOBO else
(koTOpOE MepeBOAUTCS Kak "mHaue").

if (condition) instructionl;

else instruction?2;

3nech ckazano: "Ecnu ycioBue MCTHMHHOE, TO JIOJKHA OBITh BBIMOJIHEHA
KOMaHJla, SIBJISIOMIAsACS YacThbl0 MHCTPYKIMM 1if, HMHAUYe HaJAO0 BBINOJHUTH
UHCTPYKIMIO, cheayronryto 3a else". HWHcTpykuus, mnomemieHHas mocie
KJIFOUEBOI0 CcJIoBa else, BBIMOJHSETCS TOJLKO B TOM ClIydae, €Clid yCIIOBUE
0Ka3aJoCh JOXHBIM. ECIM BO3HUKAET HEOOXOAMMOCThH BBINOJHUTH B 3TOM
ClIydya€  HECKOJIbKO  HWHCTPYKIIMH, MOXKHO  HCIOJIb30BaTh  COCTaBHYIO
UHCTPYKIIMIO, 3aKII0UYMB €€ B (UTYpHbIE CKOOKM TOYHO TaK ke, Kak s if.
Touka ¢ 3amsToi CTaBUTCS B KOHIIE KaXKJIOM MHCTPYKIIMU U HE CTaBUTCS TOCIIE
KJIIOYEBOTO clioBa else.

Koncrpykus if...else MoxeT comepkaTh HHCTPYKIUU Jt00oro tuna. OHu
MOTYT BKJIIOYAaTh BBOJ M BBIBOJ 3HAYCHWMW, BBITOJTHEHUE MAaTEMAaTHUYECKUX
omnepanuii Wi BbI30B COOCTBEHHBIX (GyHKUMA. Ho MHCTpyKIMs B ycloBUU
MOXXET OKaszaTbcsi W Apyroi wHCTpykumeit if. B srom cioyuae ona Oyner
HA3bIBAThCSl BIIO)KCHHOW WHCTpYKIMeH. Hmke mpuBeneH mpumep, Tae OHA
UHCTPYKIUS if BJIOKEHa B IPYTyIO:

if (income > 100000)

if (status =="'S") taxrate = 0.35;

Bropoe ycnoBue mpoBepsieTcs TOJBKO B TOM CIIy4ae, €CJIU BBINOJIHEHO
NepBoe, TaK YTO 3HAYCHUE MEPEMEHHOM taxrate MpPHCBAWBAETCS TOJIBKO IPHU
BBITIOJTHEHUH 000UX ycioBUH. Ty e caMylo JIOTUYECKYI0 KOHCTPYKIIMIO MOYKHO
OBLJIO 3amUCaTh CIEAYIOUUM 00pa30M:

if (income > 100000 && status =='S") taxrate = 0.35;

O06e MHCTPYKLMH BBITIOJIHSIIOT OJIHY U Ty € 3ajady, HO BTOpOH crocod
3aluCH, C UCI0JIb30BaHUEM oreparopa &&, KaxkeTcs: 00Jiee sICHBIM, TaK KaK HET
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HE0OXOAMMOCTH pactInpoBbIBaTh CMbICT BTOpOi uHcTpyKiuu if. JloctatouHo
MPOCTO MPOYUTATh UHCTPYKIMIO, YTOOBI MOHSATH MPUHIIUT ACHCTBUS:

"Ecniu 3HaueHue mepemMeHHOM income Oosbmie uyem 100000 wu
OJHOBPEMEHHO IIepeMEHHas status mMmeeT 3HadyeHue "S", mepeMeHHOU taxrate
npucBanBaercst 3Hauenue 0.35".

Kak mpaBumno, n1ro0ble ABE MOCIEIOBATENFHO BIIOXKEHHBIE MHCTPYKIHUH if
MO>KHO 3aMEHUTh OJHOM MHCTPYKLMEH, UCTIOIB3YIOUIEH JTOTHYECKU onepaTop
"N". Onsth ke, KaKk MpaBUI0, UMEET CMBICI U30eraTh BIOKEHHBIX MHCTPYKIIHI
if, Tak Kak OHM MOTyT MPHUBOJAUTH K TMOSBJICHUIO 3alyTaHHBIX CHUTYyalUH,
JIOTUYECKUX OMMOOK U TPYIHBIX JJISl YTCHHUS (parMeHTOB TEKCTa MPOTPAMMBI.
[TocMoTpUTE HA CIEAYIOLINUN TIPUMED:

float income;

cin>>income;

if (income > 20000.00)

if (income < 100000.00) cout<<"Pa3mep Haynora coctapisieT 22%";

else cout<<"Iloxox menniie 20000$ - Hamor pasen 15%";

B stOoM cnyuyae jorumka paccykAeHHl aBTOpa MporpaMMmbl Oblia, MO-
BUIMMOMY, TakoBa: "Ecnu 3nauenume mepemeHHo#l income Oosbine 20000 u
menblie 100000, cienyeT BEIBECTH OJJHO COOOIIEHHE, a €CIU 3HaUYCHHUE income
MenbIe 20000, 1oKHO OBITH BRIBEACHO BTOPOE cooOIIeHne".

Komnuiguuss nporpaMmbsl mpoiger 0e3 omuboK, HO, K HECUYacThlo,
pabortath oHa OyneT HenmpaBwibHO. Kor/ia BbI BBeIeTEe 3HaUECHNE MEHbBIIIEE, YeEM
20000, He OymeT BHITIOJHATHCS HU OJTHA W3 PYHKIIUNA cOut<<, a KOorja BBEIETE
3HayeHue Oombine 100000, moIOXOMHBIM HAJIOT OKAXKETCS OIpeeeHHBIM B
pasMepe 15 npoueHToB.

[IpyuynHa omuMOKM KpOeTcs B TOM, YTO KJIIOYEBOE CJIOBO else cBs3aHO C
OmmKkalIelt K HeMy UHCTPYKIMeH if He3aBHCHUMO OT OTCTYNOB, KOTOPHIE OBLIN
CeJIaHbl B TEKCTE IporpamMmel. B 3Toil nmporpaMMe uconb30BaHUe TaOyIsUN
CO3/IaeT BIEYATIICHUE, YTO €lse CBsA3aHO C MEePBBIM ycloBUEM if, HO 3TO HE Tak.
Ha camom Jiene else cBsizaHO cO BTOpOIl MHCTpYKIMEH 1f, KoTOopas BHINOIHSAETCS
TOJILKO B T€X ClydyasiX, KOorja 3HaueHue nepemeHHou income Oosbine 20000 u
mensbie 100000.

Ecnmu BBl XOTHTE, 4TOOBI TIpOrpamMma padoTajia B COOTBETCTBUU C Balllei
JIOTUKOH, TAKUM 00pa3om :

if (income >= 20000.00)

{ if (income <=100000.00)cout<<"Pa3mep Hanora cocrapiysieT 22%";

telse cout<<"Jloxox menee 20000$ - mamor pasen 15%";

durypHble CKOOKH H30JUPYIOT BJIOKEHHYIO HWHCTPYKIHIO, M Tenepb
KITF0UEBOE CJIOBO else AecTBUTENbHO OyIEeT CBSI3aHO C IEPBOM MHCTPYKIMEH if.

Eme nyumie Hamucath 3Ty K€ OpOrpaMMy € HMCIOJIb30BAHHEM TOJIBKO
OJTHOM MHCTPYKIMH if.

if (income >= 20000.00 & & income <= 100000.00)

cout<<"Pa3mep Hanora cocrasisietr 22%";
else cout<<"Iloxon e mpesbitnaet 20000$, Hamor cocrabmsieT 15%";
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B »TOoM BapmaHTe MBI TMOJHOCTBHIO HCKIIOYAEM MYTAHUIY MEXKIY
BJIO)KCHHBIMH WHCTPYKIUAMHE if W UCIIOIB30BAaHUE JOMOJHUTEIBHBIX HAOOPOB
(bUrypHBIX CKOOOK.

Jlaxxe Tenepp, MOCIE TOTO Kak Mbl pa300palucCh C JOTUKOW MPOTpaMMBbl,
OHa BCE €Ille UMEET HEKOTOpoe ymylieHue. Bece coobienusi, mpeicrabiseMbie
MIPOrpaMMOM, OTHOCSTCA K YPOBHIO 10Xx0jJa, He mpesbimaromeMy 100 Teicsau
noJiiapoB. B xopomio mpogymMaHHOM mporpamme JOJKHBI ObITh MPUHSITHL BO
BHUMAaHHE BCE BO3MOXKHBIC cuTyaruu. Ecinu B mporpaMmy, B TOM BHJIE, B KAKOM
OHa CYIIECTBYeT ceWyac, BBECTH 3HAaY€HUE IEPEMEHHOW Income, paBHOE
150000, mporpamMma He BBIIACT HUKAKOTO COOOIIEHUS. 3HAYUT JIK 3TO, YTO U
MOI0XOIHBIM HAJIOT TUIATUTh HE 0053aTeNIbHO?

OnuH U3 cmocoOOB yueTa BCeX BO3MOXKHBIX BapHAHTOB B MCIOJIb30BAHUH
BJIOKEHHBIX MHCTpYKLMH if...else.

Ecnu B mporpamme ciietyeT ydecTb 0OJIbIlie TPEX BO3MOXKHBIX BapUAHTOB,
KOHCTPYKIUSI C BJIOKEHHBIMU MHCTPYKLMAMU if...else MOKeT oka3aTbCs OY€Hb
3amyTaHHOW. B Takux ciy4asx B KadecTBE albTEPHATHBBI MCIOJIBb3YETCS
nepeximoyatens  switch.  Ilepexmouatens switch mpeacrtaBiser  coOoi
CTPYKTYpY, NOCTPOCHHYIO MO MPUHIUIY MEHIO, U COAECPKUT BCE BO3MOXKHBIC
BapUAHTHI yCIIOBUM M WHCTPYKIIMH, KOTOPBIE CJIEIYET BHIIIOJHHUTH B KaKIOM
KOHKpPETHOM CJIy4ae.

Oneparopa switch mnpenHasHaueH JUIsL  OpraHu3aluyd BbIOOpa U3
MHOKECTBA PA3IMYHBIX BAPUAHTOB.

®dopmar oneparopa:

switch (n) // 3aromnoBok oneparopa

{ casea: ... ;
case C. ... ; break;
case b: ... ; break;
default: ... ;

}

Ecnmu norunueckmit omepatop if mpencraBiser coOod K04 € JABYMS
BBIXOJIaMU, TO oOmepaTtop BblOOpa switch mnpeacTaBiasier coOoil K4 €O
MHOTMMHU BBIXOJJaMH B 3aBUCHMOCTH OT 3HA4€HHMs N. n - JUOO HEKOTOpas
NepEeMEHHas WM BBIpAKEHHE, HANpuUMep IeJoro THIa, CHMBOJBHAS - 3TO
BO3MO>KHOE 3HAYEHHE ITEPEMEHHON N WU BBIPAKECHHUSL.

Cxewma BBITIOJTHEHUS oriepatopa switch:

1) Beruucnsercs n.

2) OTBICKMBAETCA CTpOKa case, KOTOpas COBIAJAET C N WU Iporpamma
HA4YMHAET BBIPAXKaThCs C JAaHHBIMHU HalJIEHHOW CTPOKH U JJaJIee MO MOPSIKY.

3) Eciin HE OWH U3 ONEpAaTOPOB CaS€ HE COBMAJAET C N, TO BBIMTOJHIETCA
ctpoka default. Onepatop default MmoxeT ObITH OMyIIIEH.

Ecnu HaiiieH BapuaHT case, KOTOpPbIA COBHAAAET ¢ N U HEOOXOAMMO
BBITIOJTHUTH TOJBKO OJIMH ITOT CIy4yail M MOCIE 3TOTO MPEKPATUTh BBIOJTHUTH
CTPOKHU OmepaTopa BbIOOpa, He0OX0IMMO HCIOIB30BaTh onepatop break.
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Takum oOpaszoMm, omepatop switch gaeT cnenuangbHBIM croco0 BbIOOpa
OJTHOTO W3 MHOTHX BapUAHTOB, KOTOPBIM 3aKIIOYACTCS B MPOBEPKE COBMAICHUS
3HAQUYECHHsS] JAHHOTO BBIPAXKEHUS C OJIHOM W3 3aJaHHBIX KOHCTAaHT B
COOTBETCTBYIOIIEM BeTBJICHUHU. Hampumep:

answer=getchar();

switch(answer)
{ case '1": cout<<"Omuu\n"; break;
case 2" cout<<"Jlga\n"; break;
case '3": cout<<"Tpm\n"; break;
case '4" cout<<"Yetripe\n"; break;
default: cout<<"3nHauenwue Oopiice 4\n";

}

B kpyribix ckoOkax mocie nepekitodaresns switch HaxoauTcs nepeMeHHast
Tuna int win char, ciegoM pacrnojoKeH OJIOK WHCTPYKIMH, 3aKIIOUYEHHBIX B
burypHbeie CKOOKHM, KOTOpbIE colepxaT psia BeTBel case. Kaxas BeTBb case
BBITIOJIHSIET WHCTPYKIIMU, OCHOBBIBASICh HA BO3MOXXHOM 3HAYCHUU IMEPEMEHHOM.
DTO 3HAYCHHE JIOJDKHO OBITH MPEICTABIICHO B BHJIC IIEJIOTO YUCIA UM CUMBOJIA,
3aKJIIOYEHHOTO B OJMHAPHBIC KaBBIYKU, JTUOO B BUJE WMEHHU IIEIOYHCICHHOU
WJIM CHMBOJIBHOW KOHCTAHTHI.

BerBp case 'l':; Hampumep, MPEANUCHIBAET MPOTPAMME BBITIOJIHUTD
CIIEYIONINE HWKE WHCTPYKIIUHU, CCIIM 3HAYCHHE TIEPEMEHHOM IMEepPeKITI0YaTeNs
switch coorBercTByeT cumBoity '1'. Eciu 3HaueHne nepeMeHHOW OTIMYaeTcst OT
S IMHUITBI, KOMITIJIATOP MIEPEXOANT K TIPOBEPKE YCIOBHS BTOPOH BETBH Case.

B Tex cmydasix, xorma 3Haue€HHE TMEPEMEHHON YIOBJIETBOPSET YCIOBHUIO
BETBH Cas€, BBIMOJHSIIOTCS WHCTPYKIMH, CIACAYIOMHAE 32 JTaHHBIM YCIOBHEM.
Nuctpykuus break B KOHIIE KaXKJI0M BETBU case MepeaeT yIpaBieHUEe B KOHEIl
switch, Tak 4TO, KaK TOJIBKO BBITIOJTHEHBI MHCTPYKIIMHM OJHOW W3 BETBEU case,
OCTaJIbHbIE UTHOPUPYIOTCS U BBIMOJHEHUE switch 3aBepiiaeTcsl.

Ecnu 3HayeHue nepeMeHHON HE YAOBJIETBOPSAET YCIOBUSM HHU OJHOW W3
BETBEH case, BBINOJHACTCS BETBb, IOMEUCHHAs1 HHCTpyKuuei default. OTo maer
BO3MOKHOCTh YYE€CTh BCE BO3MOJKHBIE BapuaHThl BBoja. [locie MHCTpyKIUU
default Her HeoOxoguMocTH cTaBUTH break, MOCKOJIbKY OHa BCerja SIBJISIETCS
nocieaHe B mporeaype BeimosHeHus switch. Mimeer cmbic Bkarouats default
Jake TOrJa, KOTJa BBl IOJIAraeTe, YTO yYIU BCE BO3MOJKHBIE YCIIOBHUS U BCE
BO3MOYKHBIE CIIy4au BBO/IA 3HAUCHUH.

Ecnmm BBl TmpomycTHUTE WHCTPYKIHMIO break, KOMIBIOTEp BBINOJHHUT BCE
WHCTPYKITUH, TTIOMEIIEHHBIE B COOTBETCTBYIOIICH BETBU case, W Jajiee, BIUIOTh
70 TIEPBOTO BCTPEUCHHOTO B TeKCTe break. Bl MokeTe HMCHONB30BaTh 3Ty
OCOOCHHOCTh JJI BBITIOJIHEHUSI OMpEJEICHHOr0 Habopa HWHCTPYKIHM, MpU
HAJTMYUH HECKOJIBKUX PaBHOIICHHBIX BAPUAHTOB OTBETA, HAIPUMED, TaK:

case 'Y"

case 'y'": cout<<"Bwsi orBeTunm \"Jla\""; break;

case 'N"

case 'n': cout<<"BrI orBeTmin \"HeT\""; break;
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PaccmoTpuM emie onMH NpUMEp: COCTAaBUTh (PYHKIUIO, NMPUHUMAs B
KauecTBE apryMeHTa HOMEp Mecsla roja, a BO3BpallaeT HAa3BaHHE MecsLa
CJIOBOM.

char* mes(int n)

{ char m[20]; // nepemeHHas, KOTOpas NPUHUMAET HA3BaHUE MECSLA

switch (n)

{ case l: strcpy (m, ”ssaBaps”); break;
case 2: strcpy (m, ’deBpaip”); break;
case 3:
case 4:
case 12: strcpy (m, ’nexadbpp”); break;

default: strcpy (m, “ommbka”);

}

return m;

Maccusui.

OueHp YacTO Balleil IporpaMme MOXKET IOTPEOOBATHCS COXPAHHUTh U
00pabarbiBaTh HEKOTOPOE MHOXKECTBO 3HAYEHHUM OJIHOTO M TOTO K€ THIIA.
dopmart omnpeiesIeHns] MacCUBa CISAYIOITHH:

TUT JaHHBIX UMS_MacCHBa [pa3Mep MaccuBa]

[Ipumepsl onMcaHusl MacCUBa:

int temperature(7];  //be3 uHULIMATU3AUU

int temperature[7]={78,79,90,96,85,120,55};

Jlist mocTyma K DJIEMEHTY MacChBa HWCTOJB3YETCS UWMs MacCuBa, 3a
KOTOPBIM CJIeyeT UHJIEKC B KBaJIpaTHBIX CKoOKax. [Ipumep:

void func()
{
int array[10];
if(ycnoBue) array[5]=67,
}

Bl Mokete cAenaTb MacCHB MHOTOMEPHBIM, 33/laB  HECKOJIBKO
pa3MepoB, 3aKIIOYEHHBIX B CKOOKH. JIByMepHBIe MAaCCHBBI O0OBIYHO
UCIIOJIB3YIOTCSL  JUISI TIPEJCTABICHUS MATPHUIl, KOOPAWHAT Ha IIJIOCKOCTH.
Hanpuwmep:

int matrix[5][5];

Ecnu pasmep maccuBa 3apaHee HEM3BECTEH, a Tak)Ke JJIsI CO3/JaHUs OYCHb
OOJBIIMX MACCHBOB WCIOJB3YIOT JIUHAMHUYECKOE BBIJICJICHUE TMaMITH C
MTOMOIIIBIO OTIEpaTOpa NEW:

int n, *X;

cin>>n;

X=new int [n];
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[Tocne oxkoHuyaHus pabOTHI C TAKUM MACCHUBOM HEOOXOIUMO OCBOOOIMTH
BBIJICJICHHYIO MMaMsITh C MOMOIIbIO orniepaTopa delete:
delete[] x;

AHaJIOTMYHO MOKHO BBIACIIATE TAMATDh 1JI1 MHOT'OMCPHBIX MACCHUBOB.

Onepamopul yuxia.

Omneparop while.

KiroueBoe cioBo while mo3BosieT BBITOIHATH ONEpaTop MK OJOK J0 TeX
nop, TOKa YCJIOBHE He Tmepectaer ObITb HMCTUHHBIM. CHHTaKCUC €ro
CIIEYIOLINM:

while(BbIpaxkeHue)

oreparop

while(BbIpaskeHue)

{
}

Orneparop uiu Teno 0J10Ka, cBsa3anHoro ¢ while, He OyaeT BBITOTHATHCH,
€CJIM BBIPAXKEHUE U3HAYATBHO JIOXKHO.
[Ipumep: KomupoBaHue CTPOK, OKaHUMBAIOIMIMUXCS HYJIEM, C ITOMOIIBIO
onepartopa while.
void copy_string(char*dest,char*src)
{
while(dest++=src++);
//3mech ToUKa C 3amaToH (;) SIBISIETCS OTIEPaTOPOM

0JIOK omepaTopoB

Omneparop for.

Iukn for moxox Ha nwmkia while, HO maeT BamM JBE JIONOJIHUTEIBHBIC
BO3MOYKHOCTH:

1.Bel MOXeTe BKIIOYHTH B OINEPATOp HMHUIMAIU3UPYIONIEE BBIPAKCHHE,
UCITOJTHSIEMOE OJIMH pa3 Mepea TeM, Kak OyIeT Ipou3Be/ieHa OIICHKA YCIOBHSI.

2.Bbl MOKETE yKa3aTh BBIPAKEHHUE, KOTOPOE OYJET HUCIOJHITHCS IOCHe
Ka)KJI01 UTepally orepaTopa Ui 0JI0Ka, CBI3aHHOTO ¢ UKJIOM for.

CunTakcuc onepaTopa CJieIyOIIHii:

for(uaunmanuzamnus; YCIIOBHOE BBIPAKCHUE; apudmMeTHIECKOe
BBIPAXKEHHUE)

omnepaTop Wiu OJIOK ONepaTopoB

HyxHo wumeth BBUAY, YTO BCE TPU BBIPAKEHUS SABISIOTCS

HeoOs13aTebHBIMU, HO 3HAK ‘;” oOs3areneH. MHunmanu3upyroliee BbIpaKeHUE,
€CJIi €CTh, BCerja OYIET BBINOJIHATHCS; BHIYMCIEHUE KOHEYHOI'O BBIPAKEHUS
MOXET He MTPOU3BOAUTHCS, €CIIN YCIOBHE JIOKHO C CaMOro Hayasna.

Omneparop do/while.
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B nukne do/while onienka ycinoBus NPOU3BOAUTHCS MOCHE HCIOJHEHUS
TeNa UK. DTO O3HAYaeT, YTO ONepaTop UM OJIOK OMEepaTOPOB, CBA3AHHBIX C
IIUKIIOM, OyZIET 00s3aTeIIbHO UCTIOHATHCS XOTs ObI OJTUH pa3s.

CuHTakcuc oneparopa UMeeT BUJ:
do
orepaTop WK OJIOK OTIepaTOpOB
while(BeIpakenue);

3. O0beKT uccjeg0BaHusA, 000pyA0BaHHE

OOBEeKTOM HCCIeTOBAHUS SBISIOTCS JIEMEHTBI CPEABI TPOTrPAMMHUPOBAHUS
AITOPUTMHUYECKOTO si3bika CH++.

Jlns  BBIIOJNIHEHUs — JabopaTopHOW  paboThl  TpeOyeTcss  HaIudue
3JIEKTPOHHON BBIYMCIUTEIBHON TEXHUKH C YCTAHOBJICHHBIM MPOTPAMMHBIM
o0ecreueHneM.

4.BapuanTtsbl 3aJaHNH

Co3panue mpocTteieit ¢GopMbl I MpOrpaMMBl PEIICHHUS KBaJIPaTHOTO
ypaBHECHHUSI.

Co3nanune popMbl ¢ BBITAIAOITUM CIIMCKOM U BBIOOPOM U3 HETO.

Coznanue Gopmsl ¢ padoTaromum koMmnoneHTom TStringGrid.

Coznmanrie (GopMbl C padOTAOIMKMM KOMIIOHCHTOM JUISI Pa3MEIICHHS
U300paKeHHUs.

Coznanre GopMbl ¢ pabOTAIONIUM KOMIIOHEHTOM JUISI PEAAKTHPOBAHUS
TEKCTa, YTCHUS U3 (pailia u ero COXpaHeHUS.

Cosznaiite popMy ¢ KHOIIKOW M peau3yiTe B KAUeCTBE PEaKIIuu (PYHKITHIO,
B KOTOPOH BBITIOJIHUTE CIEAYIOLIEE:

— OOBSABHTH TEPEMCHHBIC W TPUCBOUTH KM 3HAUCHUS B BHUJC
JEUCTBUTENLHBIX KOHCTAHT coOmrofas mpaBmia C++: 256; 2.56; -43000; 102
0.000000492; -10; -107"°; 16; 4.59016; -10000; 10""; 0.00006; -1; -10

— HANUIIUTE BBIPAKEHUS, COOTBETCTBYIONINE KAXKI0M U3 MaTeMaTHIEeCKUX
dbopmyir:

+b

Dxy: 6 B T
— OHpeI[eJ'II/ITe OIHI/I6KI/I " 3aIlIUIINTC HpaBI/IHBHO CHCIIYI'OH_II/IG BBIpa)KeHI/IH:
a) 2*2 X+2.0/Y+4.0:

Y+4
5) AB AB/(C+2):;

C+2
B) (A+B)(C+D) A+B*C+D;

A

—_ + —_— .
D5t a0 A/B+CD/FGH:

S.I1opsiioK BHINOJHEHUS Pad0ThI
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N3y4yeHue TeopeTuyecKuX BOIPOCOB.
BrlnonHenue 3ajanus MpenoaaBaTesis.
[IpoBepka BBIOJIHEHHOTO 3a/1aHUS.
AHanu3 TONyIEHHBIX OUIMOOK.
OTBeThl Ha BOIPOCHI.

ITpoBepka oTueTa nmpenoaaBaTeseM.

6.Yka3zanus no opopmjieHuI0 OTUETA
Kax b1 cTyIeHT COCTaBIISIET OTYET, KOTOPBIN JOJKEH COAEPHKATh:

OcHOBHBIE 3Tallbl peleHns 3a1ad Ha DOBM.

Tuns! uncen, ucnonb3yeMbix B C++, popma UX HpeacTaBiICHUS.
[IpaBuiia cocTaBieHUs UMEH NIEPEMEHHBIX Ha si3blke CH++.
[TpaBuiia popmupoBanus apupMeTUIECKUX BHIPAKECHUI.
[IporpammupoBaHue 3a/1aHusl, ONPENEIEHHOIO MPENOAABATEIEM.

7.KOHTpOJIbHBIEC BONIPOCHI

N3 yero cocTouT najaurpa KOMIIOHEHTOB?

OOBsicHUTE HA3HAYCHUE UHCIIEKTOpa 00bEKTOB?

Kak B mporpamme co3gaercst peakuus Ha HaKaTue KHOTIKHU?

Kak onpenensiercs koopauHaTa Kypcopa MbIIIU?

JloGaBbTe K CYIIECTBYIOIIEMY MMPOEKTY HOBBIM TEKCTOBBIM MOAYJIb.
N3 yero cocTout nporpamMmma Ha a3pike C++?

EcTte nu mnpenensl BEIUMYMHBI YHCEN,  MCHOJIB3YEMBIX IPHU

BbIUHCJIEHUU HAa DBM?

Kak 3anucath BO3BCIACHHC YHCJIA B CTEIICHb?
KaK MOXHO YCKOPHUTDH IIPOUCCC BBIYUCIICHUA Ha C++?
Kakwue 9JICMCHTAPHBIC MAaTEMAaTHYCCKHEC (I)YHKHI/II/I MOJXHO

HUCIT0JIb30BaTh B C++7?
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JIABOPATOPHAA PABOTA Ne 2

XAPAKTEPHBIE [TPUEMbI AJITOPUTMU3ALINN
N ITIPOI'PAMMMWPOBAHNMA 1TPU PEIHEHUN
NMH>XEHEPHbIX 3A/IAY

1. HEJIb PABOTbI

[enwro manHOM pabOTHI SIBISICTCS:
— HM3y4YEHHE OCHOBHBIX 3TaIlOB pelleHus 3a1a4 Ha OBM;
IpaKTUKa B pa3paboTke JITOPUTMOB MIOCJIEI0BATEIBHOM,
PAa3BETBIAIOLIEHUCS U IMKJIIMYECKOU CTPYKTYPHI;
— MPaKTUKA B UCTIOJIb30BAHUM TUIIOBBIX IPUEMOB MPOrPAMMHUPOBAHMS;
II0JIyYCHHUE HABBIKOB OTJIAJIKH IIPOIPaMM,;
— yriiy0JieHHE HaBBIKOB MPAKTUYECKON paboThl Ha DBM.

2. OCHOBbBI TEOPUM

2.1.0cHoBHBIC 3TAaNbI pelieHus 327124 Ha DBM

[Tonsitue “pemenue 3amaun’” ¢ nmomoiibio IBM BritouaeT B cebst ropaso
OoJbIIIe, HEXENH MPOCTO BhluMcieHus Ha DBM. byaer nosie3Ho nmpeacTaBuTh
ceOc OCHOBHBIC JTambl PELICHUS THUMUYHOW HH)KEHEpHOW 3amaun Ha DOBM wu
YCTaHOBUTb, UTO JIEJIAET YEJIOBEK U UTO JIeJIaeT MalIuHa.

Ilocmanoexa 3a0auu u onpedenenue KOHEUHbIX yenell

DTOT BOMpPOC KacaeTcss BhIOOpa OOMIETO TOAXO0/da, OMPEICICHUS
COBOKYITHOCTH KPUTEPUEB, KOTOPBHIM JOJKHA YAOBIETBOPITH CUCTEMA, U
3a/1aHus YCIOBUH ee padoThl.

B HeEkoTOpBIX cily4yasix 3TO MPOCTO CHENaTh, B APYTHMX CIy4yasX Ha 3TOT
3Talm MOTYT YWTH Mecslbl pabotel. Ha nanHom stame TpeOyeTcst riayOokoe
MIOHMMAaHUE CYIIECTBA 3aJaud. J[0 HacToAIEero BpEMEHU UCIoNIb30BaHuE DBM
Ha OJTame IMOCTAaHOBKHM 3aJaud ObUIO BechbMa OrpaHHYEeHHbIM. OJHaKoO B
nocienHee Bpemsi HaOonaercss Bce Oojee MIMpokoe ucnoiab3oBanue BT,
3aKJIIOYAIOIeecss B JUAJIOTOBOM peXHME padOThl, MPU KOTOPOM CIIELUATUCT
HEMpPEPHIBHO CBS3aH C MAIIMHOW, MOKET OINEpPaTUBHO BMEUIMBATHCA B €€
paboTy, 3a7aBaTh BOMNPOCHI M TOJy4yaTh OTBEThl HA HUX B IPHUBBIYHOU €My
TEPMUHOJIOTUU.

Bo mMHOrux cimyuasix 310 00JIer4aer u YCKOpSeT MPaBUIIbHYIO TOCTAHOBKY
3a/1auu.

Mamemamuueckoe onucanue

Kak mnpaBuiio, cCymecTByeT HECKOJbKO CHOCOOOB MaTeMaTH4eCKOro
OMMCAHU 33J]a4M; JOJKEH OBbITh BIOpaH OAMH M3 HUX WIM pa3pabOTaH HOBBIN
cnoco0, €clnM HM OJUH M3 HMEKIIMXCA HE MPWIOKUM. OTOT 3Tall TaKKe
TpeOyeT TMOJIHOTO TOHUMAHUA NPOOJEeMbl M 3HAHHUS COOTBETCTBYIOIIMX
oOJacTeil MaTeMaTUKH.

Yucnennwtii ananus
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MaremaTuueckas dbopmyIupoBKa 3a/1a4u MOXET OKa3aThCs
HEMEepPEeBOAMMON HEMOoCpeACTBEHHO Ha s3blk OBM, Tak kak ona (DBM)
BBITIOJIHSIET TOJBKO apudMeTUYeCKHe ICUCTBUS W TPUHUMAET POCTEHIne
jgoruueckue peuieHus. Takue oOle W3BECTHBIE MATEMATUUECKUE TMOHSITHUS, KaK
TpUroHoMeTpuieckue GyHKuuu, auddepeHrnanbuble ypaBHEHUs, THTETPabl,
KBaJ[paTHbIE KOPHH, JIOTapu(PMbl - BCE 3TO JOJIKHO OBITh, BBIPAKEHO 4YEpe3
aleMeHTapHble  apudMeThyeckue ornepanuud. boiee Toro, HeoOXOAUMO
yOemUThCsI, YTO HUKAKWE MOTPENTHOCTH, COACPIKAITUECS B MCXOTHBIX JaHHBIX
WM BHECEHHbIE B IIPOLECCE BBIYMCICHHWIN, HE BIMUSAIOT HAa TOYHOCTH
pe3yNbTaToB. DTO 1iesas 00JacTh COBPEMEHHOW MaTEMaTHKHU.

Ipozpammuposanue ona IBM

UucrieHHbIe aITOPUTMBI PEIICHUS 3a/1aud HEOOXOJAMMO BBIPA3UTh B BHUJIC
TOYHO OIpeJeieHHON mocienoBaTeabHOCTH omnepanuit OBM. OObluHO 5Ta
paboTa mMpou3BOAUTCS B JIB€ cTaauu. Ha mepBoil cTaauu MocieaoBaTeIbHOCTh
omepanuii n3o0paxkaercsi rpad@uUecKu B BHJE OJOK-CXEMbI. 3aTeM aJITrOpUTM
HY)KHO M3JIOKHUTh Ha fA3bIKE, KOTOpPbII MoxeT ObiTh “moHsT’ OBM
HEMOCPEACTBEHHO WJIA TMOCJI€ MPEABAPUTENBHOrO ‘“‘nepeBona’. Takumu
s3BIKAMU ABJISIOTCS, Harpumep, C++, Pascal, Java. JIpyrumu cmoBamMu, 006IYHO
PUCYIOT OJIOK-CXEMY METOJa PEILIEHHUS; 3Ta CXeMa BaKHAa TEM, YTO OHAa JAeT
SACHYIO KapTHHY THPEACTOSIIUX OIepaldid, HO HE MOXET ObITh ‘‘moHsTa”
MalIMHOM. 3aTeM, HCHOJb3ysd OJIOK-CXEMy B KAaueCTBE PYKOBOJICTBA, MHUIIYT
nporpammy Ha C++, kotopas OyAeT “moHsiTa” MAaIIMHOW MOCIE HEKOTOPOTO
IPEABAPUTEIILHOIO MIEPEBOA.

Omnaoka npozpammot

B nmpouecce mnporpaMMHUpOBaHMS HMEETCS CTOJBKO BO3MOXKHOCTEU
JOMYCTUTh OMIMOKY, YTO OOJIBIIMHCTBO MPOTPaMM pabOTaeT CHayajga HEBEPHO.
Ommbkn B mporpamme JAOJDKHBI OBITh OOHApYyXEHbl W UCHpPABJIEHBI, a CaMy
nporpaMmMy HEOOXOAMMO TINATENbHO HUCIBITaTh, OBITb YBEPEHHBIM B
JIOCTOBEPHOCTHU PE3YJbTATOB, HA 3TOM 3Tare Ucnoyb3dyercss IBM.

Buvituucnenusn

Ha nanHom 3Tane MOXHO MPOU3BOJMUTH PACUETHI IO MPOrpamMMe, UCIIOIb-
3ys MCXOJHBIE AaHHbIe 3a1auu. Kak mpaBuio, pacueT Jenaercs cpa3y AJid He-
CKOJIbKMX BapHaHTOB HA0Opa MCXOJHBIX JAHHBIX, ITOT 3TANl MOXKET 3aHATh OT
HECKOJIbKUX JI0JIeH CEKyHJ| 10 MHOTHUX 4YacOB, B 3aBUCHMOCTH OT 33JIaud U OT
BO3MOXHOCTH OBM.

Humepnpemayusa pezyibmamos

Kak yxe roBopuioce, pe3ysbTaThl BbIUYMCICHHS, BbIIaBAEMbIE MAIIUHOM,
HE BCErJa COJEpKAT MOJIHBIM “OTBET” K 3agaye. YeloBeK, MpOU3BOASIINN pac-
yer Ha DBM, A0mKeH KakMM-TO 00pa3oM HHTEPIPETUPOBATH PE3YyJbTaThI,
YTOOBI TOHATH, YTO OHM O3HAYAIOT C TOYKH 3PEHUS] KPUTEPUEB, KOTOPHIM
JOJDKHA YAOBJIETBOPATH Hcclieqyemasi cucremMa. OueHb 4acTo ObIBAE€T HYKHO
YAaCTUYHO WJIM MOJHOCTHIO MOBTOPUTH MPEIIIESCTBYIONIME 3TArbl, TOKA 3a/1aya
He OyJeT AeCTBUTENBHO pelleHa.



30

N3 3TOr0 Kparkoro pacCMOTPEHHUS MOYKHO CHE€JIaTh HEKOTOPHIE BBIBOJBI.
Bo-nepBeix, OBM cama 3aga4 He pemraer, oHa TOJIBKO NPOWU3BOIAUT 3apaHee
3aJlaHHBIE ITIOCJIEOBATEIILHOCTA BBIYMCIECHUNW. BO-BTOPBIX, HCIIOJIBb30BaHUE
OBM 3acraBisieT yAensaTh ropasno OoJiblliee BHUMAHHE OCMBICIMBAHUIO
pemaemMoil 3amady. MammHa MOXET TMPOU3BOJUTH BBIUMCICHUS OBICTpee H
TOYHEE YEJIOBEKa, HO OHAa HE CIOCOOHA pellarh, KakoBa JOJDKHA OBbITh
porpaMma BBIYMCJIIEHUA WA YTO AENaTh C MOJy4aeMbIMH pe3yJibTaTaMu. B-
TpeTbux, OBM HukKOoUM 00pa3oM HEe CHUMaeT HEOOXOJUMOCTH JAETaIbHOTO
U3YYEHHUS] HCCIENyeMOl o00JacTM W MNPUMEHSEMBIX [UJIs pElIeHUs 3aJadu
pa3ziesoB MAaTEMATHKU.

2.2. 3anoMmuHaHMe pe3yJIbTATOB

B paccmoTpeHHBIX paHee 3ajayax pe3yJbTaTOM BBIYMCICHHS OBLIO
3HAYEHUE MPOCTON NEPEMEHHOM, Il 3amucu KOTopol B mnamsitu OBM
BBLICIISICTCA OJHA A4YeiKa. Ecau B mpoliecce BBIUUCICHUN 3HAYCHUE BPEMEHHOU
U3MEHseTCs, TO B naMsaTu DBM mnociie OkoH4aHUs BEIYUCIECHUN OCTAETCS JIUIIb
nociielHee 3HaYeHue pe3ynbrara. UToObl 3alOMHHUTH BCE MPOMEKYTOUHBIE
3HAYEHUSsl, HY’)KHO BBLACIUTH JUIsl UX PELIEHUs HE0OX0AUMOE KOJUYECTBO SUEeK
namMaTu (MaccuB), a TEKYIIMI pe3yJabTaT 0003HAYNUTh EPEMEHHON C UHAECKCOM.

2.3. BoruuciieHue CcyMMbl M IIPOU3BeICHUS

Ecin HeoOXoauMO BBIYMCINUTH CYMMY 3HAUE€HUN HEKOTOpPOW (yHKIUU
y=f(X) mpu pa3nuyHBIX 3HAYEHUSX apryMEeHTa, LEIecCO00pa3HO OpraHU30BAThH
LIMKJI, B KOTOPOM HAJ0 MNPEAYCMOTPETh HE TOJIBKO BBIYHCICHUE 3HAYCHUU
GYHKIIMM, HO W HAKOIUICHME CyMM IIyTeM MpuOaBlIeHUs MOIy4YEeHHBIX
claraéMbIX K CyMM€ BCEX MPEAbIAYIINX ciaraeMbix. @opmysa, UCHOJIb3yeMas
JUISl HAKOTUIEHUSI CYMMBI, UIMEET BU/L:

Sn: Sn-l"'yn

[TockoyibKy HaJOOHOCTM B 3allOMWHAHUM 3HAYEHUW BCEX CIAraéMbIX U
MIPOMEXKYTOUHBIX CYMM HET, B KQUECTBE S M y HY>KHO HCIIOJb30BaTh MPOCTHIE
NIEPEMEHHBIE 1 HaKOIIJICHUE CYMMBI BECTH B ITUKJIE 1O (opMyIie

S=S+y,

rA€ 3HaK O3HayaeT MpHUCBaWBaHWE 3HAadYeHUA. Eciaum HavyanbHOE
3HAQYEHUE S MNpPEeABAPUTEIBHO MPUPABHATH HYNIIO, TO TMOCIE TEPBOTO
BBIMOJHEHUS LIUKJIA 3HaUYeHue S OyeT paBHO MEPBOMY 3HAYEHHIO (DYHKITHH.

AHanoruyHO  HAKaIlJIMBaeTCd W  NpOU3BEJAEHUE (HAmpumep INpH
BBIYHCIICHUH (paKTOpHayia ) C TOW JIMIIb Pa3HUIICH, YTO JJIsi €ro HAKOIUICHUS
UCIIOJB3YyeTCs hopmyia

n_n

P=P Y,
a HayaJIbHOE 3HaYEHHUE NPOU3BEIECHUS JTOJKHO ObITh PABHO €IMHULIE.

2
20x

_ i
Hanpumep, BBIYUCINTD 3HaYCHUE (PYHKITHH Z= E ., TZI€ X; - DJIEMEHT MacCHBa.
i=1
Cxema anropurma peleHus 3Tou 3aJja4d UMEeT BU:
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C HA4ajIo )

/ X1, X2, ... X20

{
C KOHCIL )

bnox 3, 3amaromuii HauanbHOE 3HAYEHHE CYMMBI, CTOMT IEpe]l LIMKJIOM, B KOTOPOM
HaKaIIMBaeTcsl cyMMa. biiok 5 BbIUMCIISIET 3HaYEHHE CIIaraéMOro M HaKaIllJIMBAeT ATY CYMMY.
[TockonbKy pe3yapTaT pelieHus 3TON 3aa4d OJTHO YMCII0, OJIOK MeYaTH CTOUT 3a LIUKIOM U
BBITOJIHAETCS OAUH pas.

PaccmoTtpuM erie oauH nprUMep: BBIUUCIUTD NPOU3BEICHUE MOJIOKUTEIbHBIX 3JIEMEH-
TOB MaccuBa (X1, X2, ... X100)-

C HAYATO )
!

X1, X2, .-« X100

1

z=1

!

—— i=1, 100 >j

Xi>0

C KOHETT )

B nanHOM ciiyuae 3HaUYE€HHS COMHOXHTENEH BBIYUCIATH HE TpeOyeTcs, MOCKOIbKY OHU
y)Ke UMerTcst B MaccuBe. OfHaKo, MpeXxae YeM HaKaluluBaTh MPOU3BENEHUE, HAZ0 MpOBe-
pUTh, SBIIAETCS JIU COMHOXKHTENb MOJOXKUTENbHBIM (0510K 5). briok 3 3agaetr HavanbHOE 3Ha-
YyeHue Tpou3BeleHus, paBHoe 1. B ogHONM W3 BeTBe# 3TOro mporecca CTOUT OJIOK 6, ocy-
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IIECTBISIONMI HaKoIUleHue mnpousBeneHus. llpu HeBblmosHeHUM yciaoBus Xi>0 HHMKaKHUX
JEHCTBUH HE IIPENyCMATPUBACTCS, & OCYLLECTBIIACTCA EPEXO] K HaYally IUKJIIA.

2.4. BoruucieHue CyMMbl YICHOB 0€CKOHEYHOIro psjaa

3ajadn 3TOro BHMJA SIBIIOTCS TUIMYHBIMU 3aJa4aMH, HCIIOJIb3YIOIIUMHA
UTEPAIMOHHBIA LHUKI, T.K. 3apaHee HE U3BECTHO, IPH KaKOM 4JieHe psiaa Oynaer
JOCTUTHYTa Tpedyemasi TOYHOCTh. BBIX0 U3 LIMKIJIa OPraHU3yeTCs 10 YCIOBHUIO
JNOCTH)KEHHSI TpeOyeMOW TOYHOCTH. [[7si BBIYMCIEHUS CYMMbl YJIEHOB psla

HCITIOJIB3YCTCA paCCMOTpeHHBIﬁ PpaHEC IMPHUCM HAKOIIJICHUSA CYMMEI.
Cxema airopuTMa pelieHus 3TON 3a/1auu MPeI0CTaBIeHa HUKE:

C HAYaJIo )
!

- n=n+1 >
!

y=y - x>/ [(2n-1) -2n]

!

z=z+y - (-1)"

ly|<e

L_{—\I
C KOHeEIl )

brok 3 3amaer HayaJlbHOE 3HAYEHHE Yy, paBHOE |, HAYAIbHOE 3HAYEHUE CYMMBI, PaBHOE
yieHy psaga ¢ HomepoM 0 M HayabHOE 3HAYEHWE MapaMeTpa nukia. B 6moke 5 Beraucnsercs
3HAYEHHE TEKYIIero wieHa psga. biok 6 makammuBaer cymmy. biok 4 m3aMeHsieT mapamerp
nukia. biaok 7 mpoBepsieT ycioBHe NMOBTOPEHUS LIMKIIA U OCYHIECTBIISET MEPEX0] K Hadaly
LIUKJIA, €CIH |y[>€, UM BBIXOJ U3 HETO B IPOTHUBHOM CIIy4ae.

2.5. Haxoxkaenne Hau00JIb1IEro U HAMMEHbIIEr0 PAIa YHUCeJI

Haxoxnenne HamOospliero (HaMMEHBIIETO) 3HAYCHHUS B 3aJaHHOM HWJIU
BBIYHCIIIEMOM PSJI€ YUCEIT BEINOJHIECTCS B IIUKJIIE, B KOTOPOM KayKJI0€ YHCIIO U3
JAHHOTO psJia CpPaBHUBAETCS C HaWOONbIIMM (HAUMEHBIIMM) U3 BCeX
npeabaymux. Eciam odepenHoe 4yuciao okaxeTrcs Oobllle HAauOOJIBIIEro M3
IPEALIYINX 3HAYCHUH, TO €ro HaJ0 CYUTATh HOBBIM HAUOOJIBIIINM 3HAYCHUEM,
B TIPOTMBHOM CiIy4ae HaWOOJbBIINEE YHCIO OCTaHeTCs NpekHuM. CKazaHHOE
MOYHO OIHMCATh YCIOBHON MaTeMaTHYECKOU (popMyJIOii:
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Vi ecmy;, >y, . (1=12,..,n);
Ymax = .
Vo> €Cy. <y . (1=L2,..,n).
AHaJ0TM4HO JJIA HAUMCEHBIICTIO 3HAYCHM A .

Vi ecimy; <y, (1=12,..,n);
Ymax = .
Yos €CHAY, 2y . (1=12,.,n).
B xauecTBe HaYaTBbHOTO 3HAYCHUS Ynax U Yinin 1IETIECO00PA3HO OpaTh KaKoe-
100 U3BECTHOE 3HaUeHHUE Y, HarpuMep Y ;.

AJNTOPUTM HaXO0XKJICHHsI HAaNOOJIBIIEro 3HAYCHUS B 3aJJaHHOM MaccuBe 10 ducen nMerT
CIEAYIOUIUN BU:

HAUATTO )

a,b, e

!
= >
!

Fa=FUNC(x)
Y
x=(a+b)/2
!
Fx=FUNC(x)

A A

Fa'E

| a=x |_ b=x

C KOHEerr )
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Crnenyer OTMETHTB, YTO 3/1€Ch P€4b MJET HE O HAaXOXKICHWH MaKCUMyMa
WIM MUHAMyMa (PYHKIOUH € 3aJaHHOM NEpeMEHHOH, a O HauOOJIbIIEM HIIU
HAaVMEHBIIEM 3HAYEHUU M3 3apaHee 3aJaHHbIX WM BBIYMCIICHHBIX B JaHHOU
nporpaMme 4ucena. B CBSI3M ¢ 3TUM MpU HAXOXJICHHM HauOOJBLIErO
(HaMMEHbIIIEro) 3HAUYEHUs U3 BBIUMCICHHBIX 3HAYEHUNW (YHKIUU 1O aHHOMY
QITOPUTMY HCTHHHBIA MakCUMyM (MUHUMYM) (DYHKIHHA MOXKET HAaXOAUTHCA
MEXIY HCCICAYyEeMBIMH JHCKPETHBIMM 3HaueHUAMH. OUYEeBUAHO, 4YTO IS
HaXOXJACHUS DSKCTpeMyMma (QYHKIUH HEOOXOIMMO CTPOUTh HUTEPalMOHHBIN
porecc.

3. OFBEKT UCCJ/IEJOBAHUSA, OBOPYJIOBAHUE

OOBEKTOM HCCIIEIOBAHUS SBIIAIOTCS DJIEMEHTHl alTOPUTMHU3ALUU U
AIrOPUTMHUYECKOTO si3bIKa CH++.

Jns  BeIMOJIHEHUs  jabopatopHOM  paboThl  TpeOyeTcs  Hajluuyue
AJICKTPOHHOW BBIUMCIUTEIHPHOM TEXHUKHA C YCTAHOBJIEHHBIM MPOTPAMMHBIM
o0ecreueHneM.

4. BAPUAHTBI 3AJAHUI

Kaxnplii BapranT coAepKuT Tpu 3anauu. B 3amade 1 BO Bcex BapmaHTax
HEOOXOJUMO BBIYMCIUTh 3HAUY€HHE apuU(PMETUYECKUX BBIPAKEHUN TNpHU
3aJlaHHBIX 3HAYEHHUSX MEPEMEHHBIX. 3ajada 2 COCTOMT M3 TPeX OTIEIbHBIX
3aJa4, B KOTOPBIX JOJUKHBI OBITh BBIYMCIEHBl 3HAYEHHUS YCIOBHOIO
apumMeTHuecKoro BbIpakeHUsA. B 3amaue 2a BBIpaKCHHE BBIYHCIACTCS MPH
OJIHOM 3HAuYe€HMHU aprymeHra. B 3agadyax 20 u 2B He0OX0AMMO HalTu
(mpotalOynupoBath) (YHKIIUIO COOTBETCTBEHHO MPH MPOU3BOJLHOM 33JaHHOM
HaOOpe apryMEHTOB M Ha OTPE3KE NpPU HM3MEHEHMM apryMEeHTa ¢ 3aJaHHbIM
NOCTOSTHHBIM 1maroM. I[lpu pemennn 3anauun 26 UCHOAB30BATH UK C 33 JaHHBIM
4K1CIOM NOBTOpeHMM. [Ipu pemenun 3anauu 2B - UTEPALMOHHBIN UK. BriBOx
pe3yNbTaTOB pelieHus 3anad 26 u 2B opOpMUTH B BHJE TAOIHIBI C TPEeMs
CTOJIOLIAMM U C 3ar0JIOBKOM B CIIEAYIOLIEM BUJE:

Howmep crpoku AprymeHt DOyHKIMA

3amaua 3 dopmynupyeTcs Uil Kaxaoro BapuaHTa. Pa3paboranHytio
porpaMMy TIPOBEPHUTHh PEIICHHEM TECTOBOM 3a/Jadd ,MCXOJHBIC JaHHBIC IS
KOTOPOH 3a/1aTh CAaMOCTOSITEIBHO.

Bapuanr 1
3amaua 1.1
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B sin’3x + arctgp® —2-10°!
eyl

m(x+13)

Y =COS—F/————
VE2 +18x2

rae x=1,184; ¢ =4.3; a=12; r=2,3-10* 7=3,14159; 0 =0,5.

+1In

b

T
1g(x— E)

+x(p—1g‘52+18x2‘+S2,

3anaua 1.2
cos’(m—a
lg % pH
Z(a)= ey a9,
ictg{oc—lj
L3 v DA
rae n=3,14; ¢=9,3; y=10. a 0

a) a=12,3;
0) aa=(-1;7; 12; 19),
B) o €[ a,b], a=1; b=3,4, A a=0.3.

3amauga 1.3

[TocTpouts MaTpuity A, , IEMEHTHI KOTOPOU BBIYUCIISIFOTCS TTO0 (hopMyIie
In(i/2++/j), ecma(i+ j)-uetroe

a; = I+J

sin%,

eciu(1+ j) - HEYETHOE

Bapuanr 2
3anaua 2.1
cosc tg’p|+13
y= 1 +In 1
sin3(a+x4j xé—2a
rae

gp—(ebx 3* +sin3(7r—t2)

(04 4 ef
x=43; a=10; b=2,1-10""; z=-414-10%; t=0,5; W =12; T=3,14159.
3amayga 2.2

4 \3 .
—e Zt) +arcsin

9
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axt
3] coOS— + 4w
arctg? , U t<x
¢ £ +4|t+b) w
()=
1
lg[e’” + ax3e} opu > Xx

rac
a=2,31; x=11,3; b=12; n=3,1416; ¢=21-10".

t=2,91;
t=(1;2;7; 19;24.)
te [tl,tz] ’ t1=2, t2=14, At=2.

3amayga 2.3
Boraucnauth MaTpuily , paBHYIO CyMME JBYX MaTPHIL A, ¥ By -

Bapuanr 3
3anaya 3.1
_xfl,.3
; x—13 e ¢ +cosln‘b3‘
o = arcsin ; 2 | Y
10° k=13 43101 ctg(ﬁ - 3j
X
cosla z
V=I1g4 5 ——ln‘cos5 o,
l+a” 2

re x=4,18; n=3,14159; a=180; b=-2,1-10%; z=4-10".

3amaua 3.2

.3 X—ae
arcsin” ——— ompu  x>a

V) = Jx+ 2010

gln‘cos5 (r—x)

roe a=-6; ©=4,45; b=21-10; n=3,14;
a) x=7.

b) x=(-8,-7,4,7, 17).

C) xe[X1,X3], X1=-6, X,=9, Ax=3.

, IIpu x<a

3amaua 3.3
BriBecTu Ha m1eyaTh MOJIOKUTEIBHBIE DJIEMEHTHI IJIABHOW JUArOHAIN
MaTpHUIbl X, U UX CYMMY .
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Bapuanr 4
3anaua 4.1

2\ 1€ Inx’r42107
V:cos3(2go+zj+ ;

. T
\/esm(2¢+4) N ‘l// N e‘

b

Z = \/‘arctg3V + ‘1/13H
rae 0=2,14; n=3,14159; x=10; wy=0.5.

3agaua 4.2
2% 4 3sin? 5x+¢, mpu X<
Z(x)= 7(x+b)
cos X2

—— )¢
7/x2 +a2 p
roe a=4,2; o=11; m=3,14159; b=18,3-10%
a) x=7.3.

b) x=(1, 4, 7, 15, 21).

C) x e[X1,Xa] , X1=-2, X,=8, Ax=2.

3amaua 4.3
BriBectu Ha nedats HOMepa 3emMeHTOB MaccuBa (Y, Yo,
YAOBIETBOPSIOMHKX ycnoBuo 0<Y;<l , n ux cymmy.

Bapuanrt 5
3amaua 5.1

sin x3

3 2 1,3
L1 1+ cos? )+ 48101

9
\/‘a2 +b‘ +3/1+cos® x

r=e

1n(1 + cos’ x)

g 1g|cos(7z - r){
e\m +a”
e x=-4,3; a=13; b=2,4-10"; n=3.14.

o =arctg

3agaua 5.2
s? ln‘cos3 (7z - Sb)(
Vis)= s—+Jla—s
arccos

2+a’-10* ypy s<o

roe n=3,4159; ¢=41; b=21-10"; a=8,121;
a) s=40;

0) s=(-6,4; 14, 46);

B) S€[s1;82]; 81=1; $,=18; As=4.

cees Y100 )9
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3amaua 5.3
BriBecTr Ha mevyaTh MUHUMAaIBHBIN JIEMEHT MaccHBa (Xi; X} ...; Xjo ) ¥ €0
HOMED .

Bapuanr 6
3amauya 6.1

etz 3% cos’ ln‘l//3‘ +2,8-107*

= Z‘g
\/‘t2 * a‘ \/sin{n - qu
2

rae a=4,8-10%; ¢=-0,51; n=3,14159

+ ‘12 +a‘

3agauda 6.2
5\/ ‘(:os3 r? +a(02 , Ipu r<e@
d(r)=
lg‘r3 —e"|, mpu r<e
rme n=3,14159; a=14; ¢=2,7-107
a) r=2,8

0) r=(-4;3;4,1,7;9,2; 13)
B) re[ ry, 1], r=-2, =5, ar=0,5.

3amaua 6.3

BeraucianTh, 3almOMHATH W HaleyaTaTh IIOJOKWTEIbHBIC 3HAYCHUS
bynkuun Y=n-sin(X) - cos(nx) s X ,M3MEHSIONIETOCS OT X; A0 X, C IIaroMm
AX.

Bapuanr 7
3amaua 7.1

ln3‘sinb2‘+\/tg2‘¢) — az‘—i— 1,3
k=4x1lg0—a2‘+ 3

2,3 sin5‘1n|z”

e’ —ne”

3k +18.1
roe x=8,12; o¢=10; a=7,5-107; b=3,8-10"%;
z=-0,141; n=14; n=3,14159.

y=1In

3agaua 7.2
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a
lntg(x——], mpH x < a
5 =
(x) COSM npu x = a
3/b2+x2 ’

rae
n=3,14159; vy=12; b=121-10"% a=4,46,
a) x=2,51
0) x=(1,2;4,5;8,9;17,1)
B) x €[ X;; X2 |; X1=-5; Xp=6; A x =1.

3amaua 7.3
BbrauciiuTh cymMmmy 20 TEpBBIX 3IeMeHTOB psiaa S=1+ x + x */2+..+ x /19,
UCIIONB3YS. JUIS ONpENEICHHs X ' TPHEM HaKOIUICHHS IPOU3BEICHMS,
i_ il
T.e.X =X "X

Bapuant 8
3amaua 8.1

—t t+2 2,1
f:\/;e%ﬁ+ln(e +ae'™)+4.1-10
bV yinftg| F o+ X

g(4 2]

. T X
, sin| —+ =
a = arccos’ (4 2j

£ +3e+1 .

9

x=2,11; t=14-10%; y=0,64; b=19; 7=3,14.

raue

3anaua 8.2
tge” + ‘22 +x{, mpu x>z
t{x) =
arctgx3 + 5> HpH X <z
cosz
rme z=2,41; a=2,1-107; b=14; n=3,14159.
a) x=1,3;

0) x=(-3;1;2;7,1;8,3.);
B)X el xy5 X2 | 5 xi=-4; x,=5; Ax =1.

3amgaua 8.3

Beraucaute  cpepHee  apudMETHYECKOE OTPHUIATEIBHBIX  AJIEMEHTOB
JBYMEpPHOW MaTpHIlbl A, Tojiaras, 4To B HEW HMEIOTCS OTpHUIIATEIIbHBIC
3HA4YCHUS, ¥ BEIBECTH €TI0 Ha IeYaTh .
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Bapuanr 9

3agaua 9.1
1
ox +41-107% tg3(go)—lg ‘az +r‘
+

y =
(x — 7 Wsin® 5x + 1,2 !

cz‘g‘a2 + ,,‘2 1 el

rac
o X +42).
2 b
s +m x=-4,87; 1=3,14; ¢=-2,9; a=10.
3amaua 9.2
M(t) = {a‘[2 - cc:s3 (n — t2)2
2,3tcos” Bt npu t<a; mpu t>a.
rae n=3,14; a=12; p=2,41-10".
a) t=4,31;

0) t=(-4; 1; 2; 8,6; 23;41,6.);
B) te[ t; tp |; t;=-6; t,=10; At=2.

3amaua 9.3
B kaxgom cronbue AByMEpHON MaTpuilbl A, HAUTH HAUMEHBIIUH IO
MOJTYJIIO AJIEMEHT U €r0 KOOPJIMHATHI U BHIBECTH UX Ha ME€YaTh.

Bapuant 10
3amaua 10.1

==

y=e "+ 3 2 2
cos’ 1° +eq
b

,/‘sz‘ +23-10%°

ln‘t3 +13

rae ; m=3,14159; t=2- 10'3; x=14; z=-1,24.

3amauga 10.2

()= é(x+bepx) npux > b,

3\/x2 + ‘cos3 (ﬂ'bX npu X < b

Trac
b=4,18; a=12; p=2-10"; 1=3,14159.
a) x=2,1;
6) x=(-1;3,1;8;10;17,1.)
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B) X€[ X1; X |5 X1=-3; X,=7; Ax=0,5.

3amauga 10.3

HaiiTi HauMeHblIee 3HaueHre GYHKIHH y=a-¢ - sin(ox+o)
B nHTepBase u3MeHenus aprymenra X ot 0 1o C ¢ marom X
Y BBIBECTH €0 Ha NeYaTh .

Bapmuanr 11
3amaua 11.1

52 10*2 + lg(e_t + |a|et+2)

o543

rae x=2,3, 0=0.64, b=19, n=3,14159, t=2.41,

%sin §+f 107*
3 2 4

Ve+1 +£°

Ig

a = arccos

3amaua 11.2
2 3\
F(x) B {ax cos (7r x) npr X < a

b

2,1x cos® fix mpux>a
rae n=3.14, a=10, p=2,31-10"
a) x=4,23,
0)x=(4,9 238,21, 41,3)
B) Xe[ X1, X2 |, X1=-6, Xo=11, Ax=2.

3amaua 11.3

Bplunciuth W BBIBECTH HA  I€4aTh CpEeJHEE T'€OMETPUYECKOE
MOJIOKUTEJIBHBIX 3JIEMEHTOB OJTHOMEPHOI0 MaccuBa. Eciin Takux 4ucesn HeT, TO
BeiBecTH TekcT "[IOJIOXKUTEJIBHBIX 3JIEMEHTOB HET "

Bapuanr 12
3agaua 12.1

2,9-10 + cos® ln‘l//‘ e’ e

stm ﬁ—— +4Jt +a ‘t +a‘

v = arctg S 12" YOS 14— 1024810

£3 + 8,74
rae ¢=0,51, n=3,14.

3amaua 12.2
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3 ‘cos3 (ﬂb)( +t* mput<b

7(£) =
¥ l(z‘+be‘m) pu t > b
a

rae b=4,2, a=11, p=2-10*, n=3,14.

a) t=2,1;
0)t=(-1;3,2;8,1; 10; 17,8.)
B) tG[ t; t ]; t1:-3; t2:7; At=0,5.

3agaua 12.3
Brrauciauts cyMmMy 4JICHOB psila

S =x"+ x"V2 + x"?/3 4.+ x/n+1/(n+1) + (x-D/(0n+2) +...
C TOYHOCTBIO 0 YJIEHA psijia , MEHBIIETO 10°°. Jid onpeneneHus TEKyILIETO
YJICHA PsAJIa UCTIOJIB30BATh PEKYPPEHTHYIO (hOPMYITY.

SITMIOPAAOK BBINNIOJIHEHUSA PABOTbBI U METOANYECKHUE
PEKOMEHJAIIUN
1. U3yunth TEOpETHUECKHUE BOIPOCHI.
2. Pemnth 3a1aHHbIE BAPUAHTHI 33/1a4:
— COCTaBHUTb AJITOPUTM BBIYMCIICHHUS;
— COCTaBHUTb NMPOTPAMMY PACUETa;
— OTJIaIUTh NIPOTPAMMY;
— IMPOBECTU BBIYMCIICHUS IO COCTABIEHHON IpOrpamMmme.
3.IIpoaHann3upoBaTh pe3yJbTaThl PACUETOB.
4.0TBETUTH HA KOHTPOJIbHBIE BOIIPOCHI.

6 YKAZAHUS 110 O©POPMUIEHUIO OTYETA

Kaxxpiii ctyneHT opopmiisieT 0TueT KOTOPBIN JOJIKEH COACPKATh:

— IOCTaHOBKY 3aJa4H;

— QJITOPUTM PELICHHUs 3aa4u;

— pacmne4aTky OTIaJ0K;

— pacreuaTtky pe3y/ibTaToB pacueTa B HauOoJiee HarisgHou hopme;

— aHaJu3 pe3yJbTaToB;

— MEpPEeYeHb U XapaKTepUCTUKa OIIMOOK ,JOMYyLIEHHBIX B IpoLEecce

MIPOXOKICHUS 3a/IaHUS;

— OTBETHI HA KOHTPOJIBHBIE BOITPOCHI.

IIpu cocraBieHUM MNporpamMMmbl ClEAyeT JaTh [0 HEOOXOAMMOCTH
MOSICHEHUE UCIIOJIb30BaHHBIX UMEH ITEPEMEHHBIX .

7. KOHTPOJIBHBIE BOITPOCHI
1. HazoBuTE OCHOBHBIE ATalbl MOATOTOBKH K pEIlICHHIO 3a1a4 Ha DBM.
2. YTo Takoe anropyuTM pELICHUS 3a1a4u?
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3. Kakue TUIIbl HUKINYECKUX BBIYMCIUTEIBHBIX MIPOLIECCOB BbI 3HAeTE?

4. MOXHO JIM MCHOJIb30BaTh OINEpPAaTOp LHKJIA B WUTEPALUOHHOM LIUKJIE?
OO0pbsacHure.

5. Uro Takoe ommanka mnporpammbl? Ilepeunciaute TUOBI  OMIMOOK,
BO3HUKAIOIINX npu IpOrpaMMHUPOBAHUH.
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NNABOPATOPHASA PABOTA Ne 3-4
BBO/1 1 BbBIBO/I UHO®OPMAIIMN

1.eab 1 3a1a4u padoOTHI

[Tpu BeITTOTHEHUU PaOOTHI CTYICHTHI 3HAKOMSATCS C OTIEpaTOpaMu BBOJA H
BbIBoJIa WH(popManuu. M3ydaroT cmocoObl BBOAAa W BBIBOJA MPOCTHIX
NEPEMEHHBIX, MACCUBOB, TEKCTOBOW MH(OpPMAIIUH.

CrynmeHTaM HEOOXOIMMO CaMOCTOSITENbHO Hamucath Ha C++  psn
mporpamm, 00eCTeYMBaIOIINA BBOJI U BHIBOJ MH(MOPMAITUH.

2.0cHOBBI TEOPUH

2.1.KoHCObHBIN BBOJ U BBIBO/I.

Azpik C++ He ompenenseT BBOJ-BBIBOJ, HO MPEIOCTABISIET IIUPOKUM
HA0Op CpENCTB IS pealv3allii BBOJA-BbIBOJIA. MOXHO HCIIOJIB30BATh Kak
CpeAcTBa, oOOecleurBaeMble KOHKPETHOM peanu3aiueid OMOIMoTeKu iostream,
Tak U pa3pabarbiBaTh coOCTBeHHBIE cpeacTtBa. B C++ daiin paccmarpuBaercs
KaK MOCJIeA0BaTEILHOCTh 0alTOB, a HA0Op PyHKIMI OUOIMOTEK OOecreunBaeT
BO3MOXKHOCTh 0OpaOOTKM JTaHHBIX PA3IMYHBIX pa3MepoB U (popmaroB. Broa-
BbIBOJ B C++ - 3TO MHKPOKOE HCMOJIb30BaHUE meperpy3ku. Hcnonb3ys
neperpy3ky omepamuii << u >>, OuOnMoreka iostream JaeT BO3MOXKHOCTb
BBOJIa U BBIBOJIA JTAHHBIX. MOYKHO BBIBOJUTH JaHHBIC KaK BCTPOCHHBIX THUIIOB,
TaKk W THIIOB, OMpeNIeJICHHBIX TOoJIb3oBaTesneM. [IporpaMMucT MOXKET
UCIIOJIB30BaTh U HOBBIE CPEACTBA BBOJa-BhIBOAA si3bika C++, U crapele, Te,
4YTO U3BECTHBI B TpaauliMoHHOM Cu. boiiee mpeanoyTUTENbHO UCIOJIb30BAThH
HOBBIC CPEJICTBA, MPEIOCTABIsIEMbIe OMOTMOTEKOM 10stream. ITOT BBOA-BBIBOJ
IPOILE U DJIETaHTHEE.

Jlns opraHu3anuu BBOAA-BbIBOJA B mporpamme Ha C++  wucnosb3yercs
daiin BKIIIOYEHU 1ostream.h, KOTOpPBIA COAEPKUT OMNpeeTICHNE HECKOJbKUX
KJIACCOB U OOBEKTOB, OOECMEYMBAIOIINX METO/bI BBOJAA-BbIBOAA. B wacTHOCTH,
S3BIK MOJIJICPXKUBAET JIBA MPEAONPEACICHHBIX O0BEKTa, BBIMOJIHSIOMINX BBOJI-
BBIBO/I:

cout - OOBEKT Kiacca l1ostream. DTOT Kiacc HCHOJb3YyeTCA IS
yrnpasieHus: (HOpMaTU30BaHHBIM M He(POpPMaTH30BaHHBIM BBIBOJOM. 371€Ch
OIIpeaCIIACTCA oIepanusa << IJIs1 BBIBOJA,

cin - 00BEKT KJ1acca istream. DTOT KIIACC UCTIONIB3YETCsI IJIsl yIPaBIICHUS
dbopMaTU30BaHHBIM U HE(POPMATHU30BAHHBIM BBOJIOM. 3J€Ch OIpEIeIIeTCs
orepanus >> JUId BBOJA.

Takum o00pa3zoMm, sl BBOJa JOCTaTOYHO B TMpOTrpaMme HamucaTh
BBIPAKECHHUE:

cin >> uACHTH(PHUKATOD;



45

[lo »ToMy  BBIpOKEHMIO W3  BXOJHOTO  TIOTOKAa  YHUTAETCA
MOCJIEA0BATEILHOCTh CUMBOJIOB JI0 MPOOEIHHOTO CUMBOJIA, MpeoOpasyercs: K
TUIy ““ uaeHTU(GUKATOp “ ¥ IoMeIaeTcs B “ueHTudurarop’.

char text[20]; // oObsiBnenne MaccuBa u3 20-TH CHUMBOJIOB
int name; // 0ObABIEHHE POCTOM 11ETI0N IEPEMEHHOM

cin >> text;

cin >> name;

Jlist BeIBOIa MHGOPMAITMK B BBIXOJHOM MOTOK HCITOJIB3YETCS] BHIPAKCHHE
BU/JIA:

cout << 3HAUYCHUE;

“3nayeHue” mpeoOpazyercss B  TMOCIEIOBATEIBHOCTh CHUMBOJIOB U
BBIBOJUTCS B BBIXOJHOU MOTOK.

Tak kak >> u << - 3TO 3HAKM OMEpaluu, TO ‘‘Cin>> MnepemMeHHas U
“cout<< 3HauyeHHE’- 3TO BBIPAKEHUS. 3HAUCHHEM BBIPAKEHUS CO 3HAKOM
OTICpAIlMK BBOJIA SIBIISICTCS CCBHUTKA Ha OOBEKT Cin, a 3HAYCHUEM BBIPAXKCHUS CO
3HAKOM OTIEPAIIMH BHIBOJIA SABJISIETCS CChIIIKA Ha 00BEKT cout. M3 aToro cienyer,
YTO HECKOJIBKO BBIPOKCHHUH C Omepamueil BEIBOAA MOKHO OOBCIMHHUTH B OJHO
BhIpakeHue. Hamnpumep,

cout<<“atb=“<< at+b<<‘\n’;
OObeIMHEHHBIM OIepaTop BBIBOJA  MOXET OBbITh, PACIOJIOKEH Ha
HECKOJBKHUX CTPOKaX:
cout<<* cymma atb =*
<< a+b
<<“\n’;
Bripaxenus co 3HaKkaMu OIepanuy BBOAA TAKKE MOTYT OBITh OOBEIMHEHBI
B OJIHO:
cin>> vall >>val2;
[Ipu Habope MaHHBIX Ha KJIaBUAType 3HAYEHHUS JIJIl TAKOro omeparopa
JOJDKHBI OBITH pa3jielieHbl MPOOETbHBIMU CHUMBOJIAaMU (MIPOOEIBI, CUMBOJIBI
TaOyJSALUHA, CAMBOJIBI HOBOW CTPOKH).

2.2.BBoj u BbIBOJ, (hailyioB.

Jlns Toro 4tro0bl MCIOJIB30BaTh IMOTOKOBBIM BBOJ M BBIBOJ (haiijioB HaMO
noAKIIOUNTE OuOnuoreky #include < fstream.h>. B nanHoit Oubiuorexe
UMEEeTCS HECKOJIbKO KOHCTPYKTOPOB JIJIsl CO37]aHuUsI 0ObEKTOB KJIACCOB:

ofstream- kJ1acc Jij1s1 BbIBOJIa B (paid;

ifstream- kiacc st BBojia 3 daiia;

[lepBbIii KOHCTPYKTOpP Ka)XAOTO M3 3THX KJIAcCOB co3daeT (haisioByIO
MepEMEHHYI0, HO HE CBS3bIBACT €€ ¢ (paiaom.

ofstream f1;

OOBEeKT 3TOro Kjacca COJCPKHUT B CBOEM COCTaBE HEKOTOpHIC JaHHBIC U
HEKOTOpbIE (DYHKIUH.

B sTux knmaccax ecteb moJsie, KOTOPOE JIOJHKHO COoepkaTh Ha3BaHUe (aiina,
B KOTOpBI OyneT OCyIIeCTBIAThCA BBIBOA. Kpome TOro, ecTh Mo,
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cojepxamiue crnocod OTKphITUs (aiiia (TEKCTOBBIM WM OWHAPHBINA), IO
yMOJ4aHuio (aill OTKpPBIBAETCS B TEKCTOBOM pexkume. JlaHHBIM Kitacc
COJIEPKUT pasznuuHble (QyHkuuu. Hampumep, umeercs (QyHKIUS OTKPBITUS
daiina:

fl.open (“Ha3Banue daiina”);
f1.close ();
fl << // mepeonpeneneHHbIN ommepaTop BeIBojA (aiina
PaccmoTpum npumep BbiBoJIa (haiiioB:
#include<fstream.h>
#include<iostream.h>
void main ()
{ floatx;
inty;
ofstream f1;
cout <<“x=*; cin >>X;
cout <<*y=*; cin>>y;
fl.open (“exampl.dat™);
if (!f1) // npoBepka npaBUIBHOCTU OTKPBITUS
{ cout<<*OmmOka oTkpbITUs (aitna “; abort();
}
fl <<x="‘<<x<<"\n y="<<y;
f1.close ();
}

PaccmoTpum urenue ¢aina. Ilpenmomoxkum, duro wumeercs dain, B
KOTOpPOM 3aIlicaHbl JiBa yucia. Heobxoaumo mpountats U3 ¢aiia 3Ty yucia u
IPUCBOUTH UX IBYM nepeMeHHbIM float X u int y.

#include<fstream.h>

#include <iostream.h>

void main()

{ float x;

inty;
ifstream f1; // nias urenns
fl.open (“exampl”);
if (f1==0)
{ cout<<*“OmmOKka OTKpbITHS (paiina’;
abort ();
}
f1>>x >>y;
f1. close ();
cout <<*x="<<x<<* y="<<y; //ay1 npoBepKH NMPaBUILHOCTU YTCHUS

}

Kiaccor ofstream u ifstream mmeroT HECKOJIBKO KOHCTPYKTOpPOB. BTopoi
KOHCTPYKTOp HE TpeOyeT QYHKIIUN OTKPBITUS U 3aKphITUs (aiinoB. OH cpazy B
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MOMEHT CO3/1aHUs 00BEKTa OTKPBIBAET (pailsl, HO JUIsl ATOr0 HAJIO UCIOJIb30BAThH
KOHCTPYKTOp B clieaytouieid popme:

ofstream f1(“ums ¢aiina’);

ifstream f2(“umsa daiina”);

Hampumep:

ofstream f1(“example”);

JlaHHBIN KOHCTPYKTOp co3naer (aitioByto nepeMmennyio fl, oTkpbiBaer
(aiin u cBsI3pIBaCT ¢ HUM NepeMeHHy0. Heo0xonuMo npoBepuTh NpaBUILHOCTD
OTKpBITUS (ailna, mpexae YeM OCYUIECTBIATh BBOJ WK BbIBOA. Mcnonbs3oBath
GyHKIMIO 3aKkpeiTUA (aiijja B SBHOM BHJAE TOXE HEOOs3aTENbHO, T.K.
JECTPYKTOP aBTOMATHYECKH 3aKpbiBaeT (aiim Mpu OKOHYAHUU PaOOTHI
IPOTPaAMMBI.

3. OBFBEKT UCCJIEAOBAHUS, ObOPY1OBAHHUE

OOBEKTOM HCCIIeIOBaHUS SIBISIOTCS 3JIEMEHTHI alTOPUTMUYECKOTO SI3bIKa
C++: onepaTopsl BBOAA U BbIBOJIa MH(OPMALIUH.

Jlnst  BeIOJIHEHHWS  JabopaTOpHOW  paboThl  TpelyeTrcss  Haaudue
AJNIEKTPOHHOW BBIYUCIUTEILHOW TEXHUKA C YCTAaHOBIECHHBIM MPOTPAMMHBIM
oOecreyeHreM.

4. BAPUAHTBI 3AJIAHUU.
1. 3anucaTh oneparop BbIBOJAA Ha MevaTh 3arojiopka “VcxomgHbie naHHbIE”
U 3aTeM TaOJIMIly 3HAYEHU MEPEMEHHBIX C UX HAUMEHOBAHUSIMU:

E=0,574 T=121,876
A=2,0 B=7.5
K=0.0987 L=87

2. BBecTu 1 BBIBECTH Ha ME€YaTh MACCUB UCXOAHBIX JAHHBIX U3 MSTH LIEJIbIX

DJIEMEHTOB
K=[-1, 6, 18, 765, 73].

3. Coznars daitnoByto nepeMmennyto f11 u cBs3ate ee ¢ danmom.

4. TlpounTath W3 Kakoro-to (paiima JBa 4YWclia W MPUCBOUTH HMX JABYM
nepemMeHHbIM int X u float y.

5. IlpounTats u3 aiina 2 ApoOHBIX YKCIa, CIOKUTh UX U 3anucaTh (aili B
daiin pe3yapTaToB.

5.1IO0PAJOK BBIINIOJIHEHUSA PABOTBI.
— H3yyeHue TeopeTUYECKUX BOIPOCOB.
— CocraiieHue nMporpamMm 1o 3aJlaHuIo MPernoiaBaTes.
— IIpoBepka cOCTaBIEHHBIX IPOTPAMM.
— AHanu3 ¥ UCIpaBJIEHUE OMYIIEHHBIX OIIHUOOK.
— OTBeThl Ha KOHTPOJIbHBIE BOIIPOCHI.
— IIpoBepka oTuera npenojjaBaTesiem.



48

6.YKA3ZAHUS 110 COCTABJIEHUIO OTYETA.

— Kaxnaplii  cTyneHT cocTaBiasieT OT4eT, KOTOPBIH  JOJIKEH
COJIepKaTh:

— IlpaBuna ncnonb30BaHMs ONEPATOPOB BBOJA M BHIBOJA.

— IlpaBuna BBOJa ¥ BBIBOJ]A TUIIOB, OTIPEACIICHHBIX MOJIB30BATEICM.

— IlpaBuiia BBosa 1 BbIBOJA (hAJIOB.

— [lpaBuna yrenus u3 gaiina.

— [Iporpammsl pemeHus 3a1a4, 3aJaHHBIX IPENogaBaTeNIeM.

— OTBeThl Ha KOHTPOJIbHBIE BOIPOCHL.

7. KOHTPOJIBHBIE BOITPOCBI.
— Kak BBeCTH U BBIBECTH Ha dKpaH yuciia?
— Kak BBeCTH THI JaHHBIX, ONPEICIICHHBIN MOJb30BaTEIEM?
— Kak co3xatbh 00BEKTHI KJI1acCOB?
— Kak npounTtats u3 (aiina yuncio?
— Kak 3T0 unciio mpucBOUThL IEPEMEHHOM int y?
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NABOPATOPHAA PABOTA Ne 5
ITOMICK SKCTPEMYMA ®YHKIIIH

1.leans padoTbl
[enbro naHHON PabOTHI SABIAETCS:
— MpaKTUKa B pa3pabOTKe aIrOpUTMOB, COJEPKAIINX
— UTEpPaUUOHHbBIC UKL,
— HCHOJIb30BaHUE METOJIOB MUHUMH3AUUU (PYHKIIUH TIpU
— PpELIeHUU 3aJ1a4y YMCIIEHHOTO aHaJn3a;
— MpaKTUKa MPOTPaMMHUPOBAHUS;
— HAKOIUIEHHE OIbITa OPOPMIICHUS PE3YIbTATOB BHIUYMCICHUS;
— yriiyOJIeHHE HaBBIKOB OTJIAJKH MPOTrpaMM M MPaKTUYECKOW paboThl Ha

OBM.

2.0cHOBBI TEOPUH

PaccmoTpuM BHavasie METOJbI TMOMCKAa 3KCTpeMyMa (QYHKIMU OIHOU
NEPEMEHHOM. DTa OJHOMEpPHAs 3ajaya IIUPOKO PaclpOCTPaHEHA B INPAKTHKE,
KpOME TOro, OOJIBIIMHCTBO METOJIOB PEUIEHUSI MHOTOMEPHBIX 3a/1a4 CBOJUTCA K
IOMCKY OJJTHOMEPHOI'O MUHHUMYMa.

Bbynem cuutath, 4To aHanu3upyemasi QyHKIMS 3a/laHa Ha OTpe3Ke a X b,
UMEeT Ha OTOM OTpe3ke (BKIIOYas W €ro KpaeBble TOYKH) TOJBKO OJIMH
JOKaJbHbIA MUHUMYM. [IpocTermmi uTepaumoHHbIA TPOLECC, CXOMAMNNC K
ATOMY MHUHUMYMY, WMEET CIIEIYIOLIYI0 CTPYyKTypy. BHauane wunTepBai, B
KOTOpPOM HIeTcss MUHUMYM (yHKinu y = f(X), pazouBaeTcs Ha psii OTPE3KOB
paBHOM juuHBL (puc. 4). Jlamee cpaBHUBarOTCA 3Ha4YeHHS (QYHKIUU Ha
rpaaumax mepBoro otpeska f (x;) m f(x;). Ecm f (x5) < f (Xxy), TO
OCYILIECTBIISIETCA TIepexoJ Ko BTopomy oTpe3ky. Ecmm f(x;3) < f(x;), TO
NEPEXOJAT K TPEThEMY OTPE3KY M T.JI. YKa3aHHYIO IPOLEIypYy HOBTOPSIOT 10
TeX MOop, MoKa He OyJeT MpoiliecH MUHUMYM (DYHKIUH, T.€. YCIOBUE HE Oyner
BeinosHATCSI( £ ( x; +1) > f (X )). [ocne aToro mar aprymeHTa yMEHbIIAeTCs B

N pa3 u uzmensiercs ero 3Hak A X =- AX/N.

JanbHeiiee M3MEHECHUE apryMeHTa OCYILECTBIISIETCS B
IIPOTUBOIIOJIOKHOM HAINpaBlIeHUU ¢ 00Jee MEJIKUM IIarom, Mpu 3TOM YCIIOBUE
nepexojia K CIeayIoleMy Iary OCTaeTcsl MPEXHUM U T. 11 . JO JOCTHXKCHUS
3aJIaHHOW MOTPEIIHOCTH BBIYHUCIICHHM.

B npaktuke 0OBIYHO HCIHOJIB3YETCSl YAaCTHBIM CIydail pacCMOTPEHHOTO
croco0a HaxOXJICHHS MUHUMyMa (DYHKIIMH — CHOCOO TMOJIOBUHHOTO JIETICHUS
mara, T.e. mpu N= 2, o0ecrieurBaroui HauMEeHbIIIeEe YKCIIO 11aroB MOUCKa.
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Puc.1. Yucnennoe HaxoXJaeHUE MUHUMYMa METOJIOM JIEJICHUS
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Puc. 2. Cxema anroputmMa MeTOAA MOJOBUHHOTO JICJICHUS
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Meron xopn
Meton ocHOBaH Ha 3aMeHE (DYHKIMU Ha KaXKJIOM IlIare moucka XOpJiou,
NepeceyeHre KOTOPOIl C OChI0 JIaeT MPUOIMIKEHUE KOPHS.

4T 4T

. = A
i Iubﬁ rmTa X

Puc. 3. Merona xopa

[Tpu 5TOM B IpoIIEcCe MOMCKA CEMEMCTBO XOPI MOXKET CTPOUTHCS:
e 1pu GUKCUPOBAHHOM JIEBOM KOHIIE XOPJ, T.€. Z=a, TOT/Ia HauaIbHasI
ToYKa Xo=b (puc. 3a);
e 1pu (GUKCUPOBAHHOM TMPABOM KOHIIE XOpH, T.e. z=b, Torma
HayaJlbHas TOYKa Xo=a (puc. 30);
B pesynbpTaTe uTepalimoHHbIi MPOIECC CXOXKICHUS K KOPHIO Peau3yeTCs
PEKYPPEHTHOU (POPMYIION:
TS cllydast a):
flxa)
Tt = I ) @ %
Jutst ciry4ast 0):

flag
1= P T )

HpOHCCC IMONCKa MpOAOJDKACTCA MO0 TEX II0Op, IMOKAa HE BbIIIOJIHUTCA

YCIIOBHE |2 1= Fnl <€y Al <€

Meron obecneunBaeT OBICTPYIO cxomumocTb, ecnu f(z)* f >’(z) >0, T.e.
Xopibl GUKCUPYIOTCS B TOM KOHIIE MHTEpBaya [a,b], rae 3naku ¢pyHkuuu f(z) u
ee KpuBU3HGI f “’(z) coBmaaaroT.

Cxema anroputma YTOYHEHUS KOPHS METOIAOM XOpJ NPEACTABICHA Ha
puc.4.



X=a X=
z= zZ=Q

Ha
S=d(x)

Puc. 4. Cxema airoput™Ma yTOUHEHUSI KOPHSI METOJOM XOP/I
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Jpyrum, Takke pacrpoCTpaHEHHBIM, SIBIISETCS METOJ 30JI0TOTO CEUCHUSI.
[Touck MUHHMMyMa 3THUM CHOCOOOM OCYIIECTBISIETCS CIECIYIOMIUM OOpa3oM.
Beraucnsiercss (yHKIMA Ha KOHIIAX OTPE3Ka, a TaKXke B JBYX BHYTPEHHHX
TOYKAaX X; U X,. CpaBHHBas BCE YEThIPE 3HAYCHUS (PYHKIHH MEXITY COOOM,
HaxoAsaT HauMeHblnee. IlycTh HamMeHbliee okazanoch f(X;). OueBumHO,
MUHUMYM PACIOJIONKEH B OJHOM U3 MPUJIETAIOINX K HEMY OTpe3koB. [loatomy
OTPE30K X, b oTOpackIBaeTCs, M OCTaCTCs OTPE30K a X,. [lepBhIii mar mpoiecca
caeman. Ha otpeske a X, BBIOMpAETCS JUITL BTOpasi BHYTPEHHSS TOYKA, T. K.
nepBas X; y)K€ M3BECTHA M3 MPEIBIAYIIETO IIara. TO BUETBEPO yMEHBIAET
00bEM BBIYHMCJICHHI HA OJTHOM IIare.

Kak wu3BecTHO, MJIMHY Iara X, X3 I€JI€cO000pa3HO BHIOMpATh TaKUM
o0pa3om, 4TOoObI CIAEAYIOUINI OTPe30K ObUI MOAENEH MOJA0OHO MPEbIayIEMY.
DTO JOCTUTAeTCA MpU JUIMHE IMara, paBHOM MpuOauzutTenbHo 0,38 JIUHBI
oTpeska: [X; x3] & 0,38 [a X;]. Takum 00pa3oM MmoCiE KaKJIOTO Iara JTHHBI
OTpE3Ka, Ha KOTOPOM MUMEETCSI MUHUMYM, cokpamiaercs A0 0,62 ero AjivHbI Ha
PEABIYIIEM Iare.

PaccmoTpeHHbIE METOABI OTBICKAHWUS MHUHUMyMa (QYHKIUNA SBIISIOTCS
JOCTATOYHO HSKOHOMHUYHBIMH, OHH MOTYT OBITh TPHUMEHEHBI JaXe K He
nuddepeHurpyeMbiM GyHKIUSAM U Beeraa cxoasaTes. OHAKO CXOAUMOCTb dTUX
METOJ0OB JINHEHHAs 1 OTHOCHUTEIBLHO MEJIJICHHAS.

Eciu na uHTEpBaje MNOMCKAa HECKOJBKO JIOKAJIbHBIX MHUHHUMYMOB, TO
MIPOIIECC COMIETCS K OTHOMY U3 HUX (HO HE 00s3aTelIbHO K HAUMEHBIIIEMY ).

PaccMoTpeHHbIE aJITOPUTMBI MOCJIE HECIO0XKHBIX MPeoOpa3oBaHUN MOTYT

OBITH HCIIOJIH30BaHbI I HAXOXKACHUA MAKCUMYMOB q)YHKHI/Iﬁ

[Ipu oThICKaHUM KCTPEMYMOB PACCMOTPEHHBIMH METOJAAMH B CTOXAaCTHUECKUX 3aJauyax
HEOOXOUMO MOMHHUTH, YTO M3-32 OLIMOOK SKCIEPUMEHTOB MOKHO HEMPABUIHLHO OMPEEIUTh
COOTHOILIEHUS MEXAy 3HaYCHUSAMHU (DYHKIUN B TOUKaX, OJM3KUX K dKCTpeMyMy. Bomusu sxc-
TpeMyMa HeOoJbllas MOTPENIHOCTh (DYHKIUNH MOXKET NMPUBECTH K TMOSBIECHUIO JTOBOJBHO
OoJpIIoi obsacTH HeomnpeaeneHHocTu. [losromy, ecnu paznuuust QyHKIUH B BBIOpAaHHBIX
TOUYKAX CTaJId TOTO K€ MOPSJIKA, YTO U OMIMOKU SKCIIEPUMEHTA, TO UTEpAIM HAJO0 MpeKpa-
11aTh.

OcHOBHbBIE TPYJHOCTH MHOTOMEPHBIX 3a/lad y0OHO pacCMOTPETh Ha mpumepe (QyHK-
MY JIBYX TEepeMeHHBIX t(X,y). OHa OnHMChIBaeT HEKOTOPYIO TOBEPXHOCTH B TPEXMEPHOM IIPO-
CTPaHCTBE C KOOpJIMHATAMH X, Y, Z.

Anamuzupysi GOpMBI MMOBEPXHOCTEH B TPEXMEPHOM MPOCTPAHCTBE MOXKHO BBIICIHTH
HECKOJIPKO Pa3JIMYHBIX THUIOB peibeda (HampuMmep: KOTIOBUHHBIN, OBPAXKHBIH, HEYIIOPSIO0-
YEHHBbIN), OJJTHAKO B MaJIOW OKPECTHOCTU HEBBIPAKEHHOTO MHHHMMYMa, peibed Takux (QyHK-
[IUH - KOTJIOBUHHBIN (pHC. 5).
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Puc. 5. KotnoBunHsIi penbed QyHKINH

I[J'ISI peuicHu-d 3aJIaHHOM 3aJ]Ja4ul OThICKAHUS OKCTpEMyMa (I)YHKLII/II/I HECKOJIBKHUX IIEpC-
MCHHBIX MOKHO IPUMCEHUTH PACCMOTPCHHBIC BBIIIC MCTOABI IIPOCTBIX I/ITepaHPlﬁ, OJHAaKoO B
HO,Z[O6HLIX 3aJadyax MUHUMHN3AIIUH 5T MCTObIL 00BIYHO CXOOATCA MCAJICHHO.

H_[I/IPOKOG MNPUMCHCHUC JIA YUCIICHHOI'O IIOMCKa 3KCTPEMyMa (1)YHKI_[I/II/I HECKOJIBKHUX
MNEPEMCHHBIX HAXOJAT METOAbI "CHYCKa", O66CH€‘II/IBaIOH_[I/IC YCKOPCHUEC UTCPALIMOHHOI'O IIPO-

v k+) 3 .
neMMa. B IaHHBIX MeTofiax Kaxioe ouepeaHoe mpuoimkenne X (b (X - KoOpAMHATHEII
v (k
BEKTOp) TOJNY4aeTcsl U3 MPEAbIIYIIEro X ® varom" s HalpaBJIEHUN HEKOTOPOI'o BEKTOpa
I7 (k)
v (k+1 v (k 17 (k
X =x®©4+2,v®
Bri6op BekTopa y o olpezessieT pa3IMuHble BapuaHThl MeTona "crmycka'. Bennunna

I1ara yrnpasJsieTcsi BBIOOpOM At . Tounocts MOJTY4E€HHOTO MPHUOIMKEHUS] Y MUHUMYMY OObIY-

o k k+1
HO OIICHUBACTCS 1O BEJIUYHMHE OTKJIOHCHHUS JBYX COCCTHUX MPUOIMKEHUH X EED Gl
HarpuMmep:

Ay =X —X0= maX|Xi(k+l) _Xi(k)|
X‘kﬂ) —X.(k)
Oy, = max|— D l
WIH i
rae X; - IpoCTpaHCTBEHHbIE KOOPAUHATHL X=X, X>o=Y, ...

I[Ipouecc mpubmmkenus mpekpamarnT, eciu A< € (abcomoTHas oLEHKa MPUOIIKE-

HUS) WIN o k< €& (oTHOCHTENBbHAS OLIEHKA NPUOJINKEHHUS), I/ie € - 3a/1aHHasi TOUHOCTb.

B npaktuke Hanbosiee 4yacTo MpUMEHSIOT "clyck" MO KOOpAMHATaM, HauCKOpeHIun
CIYCK ¥ MOJU(HUIMPOBAHHBIE METOJBl HAMCKOPEHIIETro CITyCKa, METOJ COMPSKEHHBIX
HaIpaBJICHUW U IPYyTHE.

B Merone cnycka mo KoopJauHaTaMm Iociieé BbIOOpa TOYKM HAdyaibHOrO MPHUOIMKEHUS
(Touka A, Ha puc.6) GUKCUPYIOT BHaYaje OIHY M3 KOOPAWHAT, HAPUMEP X=X,, UCHOJIB3Ys
METO/bI TPOCTOW HWTEepaIlH, HaXOAAT MHUHMUMYM (YHKIHMH OJHOW TEpEeMEHHOH Z(X,,y) B
iockoctd XoYZ (Touka Aj). 3aTem i TOYKH A (GUKCUPYIOT Ipyryto KoopauHaTy (i), a
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MHUHUMHA3ALUHI0 BEAYT aHAJOTUYHO B IJIOCKOCTH XY (Z. YKa3aHHYIO MPOUEAYPY TPOJOTIKAOT
JI0 JOCTHKEHUS 3aJaHHOM TOYHOCTH.

A

Z

Y1

X0

Puc. 6. Ciyck o koopauHaTam

3. O0beKT ucciie10BaHuA, 000pPyI0BaHME

OOBEKTOM HCCIIeIOBAHUS SIBJSIIOTCS DJIEMEHThI aITOPUTMHYECKOTO SI3bIKA
C++ ¥ 4uCJIeHHbIE METO/EL.

Jns BeIMoNIHEHUs  jabopaTopHOM  paboThl  TpeOyeTcs  Haluyue
AJIEKTPOHHON BBIYMCIUTEILHOW TEXHUKH C YCTAHOBJIEHHBIM MPOTPAMMHBIM
obecrieueHneM.

4. Bapuanrtsl 3a1aHuii

B npennaraemom 3amanuu (Tabdauia 1) He0OXOIUMO YUCIEHO ONPEISTUTh
AKCTpEMalbHOE 3HaueHWe (YHKIIMM W KOOPAWHATHI TOYKH OKCTpEeMyMa B
3aJJaHHOM MHTEpBaJi€ TMOWCKA OJHUM U3 PACCMOTPEHHBIX METOJOB C
abcomoTHOM TmorpentHocThio mopsaka 0.001. Ha mewats BwIBeCTH BHI
3KCTpemMyma (MHUH., Makc.), KOOPJAUHATHI TOYKH YKCTPEMYyMa, COOTBETCTBYIOIINE
3Ha4YCHHUS] (PYHKIUH, JOCTUTHYTYIO TIOTPEITHOCTh BBIYUCICHUN ¢ YHUCIO
utepanuii. Heo0xoaumo npeaycMoTpeTh MpeKpalieHue UTepalluoHHOr0 1HUKJIA,
€CIM 3aJlaHHasl TOTPEIIHOCTh HE JOCTUTAeTCs 3a HEKOTOPOE€ MaKCHMabHO
JOMyCTUMOE KOJIMUEeCTBO MOBTOpeHUi. [Ipu 3TOM Ha mnedatrh JOMOJHUTEIHHO
nobKHa — BeIBOAMTHCS — Hammuceh  SAOAHHAA TOYHOCTb HE
JOCTUTHYTA”.
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Tabmmma 3.1 HcxonHble JaHHBIE
No | Bua skctpe- X€ [a, b] y € [cd] AHanuTtnyeckoe

Bap Myma elIeHNE

a b c d X y Z
1 MIN -2 5 0 10 0 3 -9
2 MIN —4 5 -1 5 0 2 0
3 MAX 0 30 0 40 21 20 282
4 MAX 0,2 0,5 0,3 1 0,25 0,5 1/64
5 MIN 0 1,8 7 0 3,5 -4.,8 4,2
6 MIN 4 6 4 8 5 5 -125
7 MAX —4 4 -6 6 0 0 4
8 MIN 3 5 —4 3 0 0 -3
9 MAX 0 5 -6 0 2,5 -3,1 6,2
10 |MIN -5 5 -8 8 0 0 0
11 MIN -3 4 -1 5 0 2,1 5,8
12 MAX -4 4 -5 5 0 0 -2
13 |MIN -6 0 -3 3 -3,7 0 0
14 |MIN 1 6 -6 0 3 -3,1 8,2
15 MIN -3 4 -4 5 0 0 3
16 MAX 1 7 - 14 -3 3 9,1 12
17 MIN 1 5 -3 2 3,8 0 0
18 MIN -3 4 0 5 0 2,1 3,8
19 MAX 0 5 -2 3 3 0 5,1
20 MIN -3 2 0 5 0 3 1,8
21 MIN 2 3 -3 0 0 -2 0
22 MIN -2 3 -3 2 0 0 0
23 MIN -2 3 0 5 0 3,2 5
24 MIN -3 2 0 5 0 2 0
25 MAX -3 2 0 5 0 3 9,2

Oyukuuu (IpUIoKeHue K Tabaune).

1) z=x2 +xy+y2 —3x -6y
2) z=3x? +(y—2)2 +x?

1 1 1
z=5xy+(47—x—y)(§x +—)

3)

4) z=xy’(1-x-y)

4

5) 2=(x =357 +(y +48) +4.2

6) z=x° +y3 —15xy

7) z :4—(x2 +y2)%

8) ? =3wl(x2 +y2) -3

9y z=62-3(x ~235% +(y +31)’

14) z=(x =3)> +(y+3D% +82

15) z =+/4x? +5y+9

16) z=12-3(x =3 + (v +91)?

17) 2= (x =387 07 1?2

18) 7 =x> +(r—2D7 +38

19) z=51-((x -3)* e

20) z=x2+(y=3)" +18

z=x*+(y+2)? +32x2

21)

22) z=x*(y+2)*+x*+(y+2)*




57

10) z= (x? +y2)e_(x2+y2) +(x2+y%) 23) z =5\/x2 +(32-y)* +5
11) 2= 0,5x2 +3(y-2)% +58 24) z =17 +3(x =2)% +?

2
12) 2= —38x% +42y” +4 25) 2 =92- (2 +(y =) ?

13) z=5\/(x Jr3,'D2 er2 +y2

S. llopsaAoK BbINOJIHEHUS PA0OTHI

1. BbiOpath METO/ YMCIEHHOTO MOUCKA AKCTPEMyMa U pa3paboTaTh aJIrOPUTM
penieHus 3a/1auu.

2. CocrtaBUThb M OTJIAJUTh NPOrPAMMY BBIUKUCIEHUS TOYKH DJKCTpEMyMma
byHKIIUI 110 pa3paboTaHHOMY aJITOPUTMY.

3. BoInoaHUTS HEOOXOAMMBIE PACUEThI MO pa3paboTaHHON porpamMme.

4. IlpoaHanu3upoBaTh pPE3YJBTATHl PACUYEThl, CPABHUTh C AHAIUTHYECKUM
pelIeHueM.

5. OTBETUTH Ha KOHTPOJIBHBIE BOITPOCHI.

6. Ykazanusi no oopMJIeHUIO OTCYETA.
Kaxxnprit cTyneHT opopmiiseT OTYET, KOTOPBINA JOJIKEH CONEePIKATh:
— TIOCTaHOBKY 3aJa4H;
— pa3pabOTaHHBIN AITOPUTM PEIICHHUS;
— IporpaMMy pacyera;
— TEKCTBhI PACl€UaToK, MOJYYEHHBIX MPH OTIAJTKE NIPOTPaAMMBbIL;
— pacneyaTKy pe3yJiabTaTOB PaCUETOB;
— MepeyeHb M XapakTEePUCTUKY  OLIMOOK, IOMYHIEHHBIX B MpPOIECCE
MPOXOXKJCHHUS 3a]IaHMUS;
— AHAJIN3 PE3yJIbTaTOB;
— OTBET Ha KOHTPOJIbHBIE BOMPOCHI.
Jns cocTaBieHHOM  MporpaMMbl  HEOOXOAMMO  JaTh  TaOJHILY
MCIIOJIb30BaHHBIX UMEH MEPEMEHHBIX.

7. KoHTpOJIbHBIEC BONPOCHI.
1. Yro Takoe penbed ¢pyHkuuu? M Kkak OH BIMSIET HA CXOJUMOCTb YHUCICHHOTO
MOMCKa AKcTpeMyMa QyHKUIHUU?
2. Yro OyneTr mMOJy4eHO B pe3ysibTaTe BBHINOJHEHUS pa3pabOTaHHONW BaMu
nporpamMMmbl, €ciidi B O00JacTH MOHMCKAa HET JOKAJIbHOTO 3KCTpemMyMa?
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NNABOPATOPHASA PABOTA Ne 6

PEIIIEHUE
TPAHCHEHAEHTHBIX YPABHEHMI

1. HEJIb PABOTHBI.
[enpro manHO# paOOTHI SBISICTCS:

— MpakTUKa B  HWCIOJb30BAHWHM  YHCICHHBIX  METOJOB  PEIICHHS
anreOpanveckux M TPAHCLICHICHTHBIX YPaBHEHUI;

— MpakTUKa B pa3pabOTKe aJrOpPUTMOB | TIPOTrpamMM, COACPKAIIUX
UTEPAITUOHHBIC ITUKITBL;

— TMOJy4YeHUE HavaJbHBIX HABBIKOB UCITOJIH30BAHUS OUOIMOTEK CTAaHIAPTHBIX
pOrpaMM U JIMYHBIX OUOIHOTEK;

— yriiyOJIeHHE HaBBIKOB OTJIAJKH MPOrpaMM U TMPAKTHYECKOW padoThl Ha
OBM.

2. OCHOBBI TEOPHUM.

AHanuTHYeCKOE pElIeHHE JJIi MHOTHUX HEIMHEWHBIX alreOpandeckux M
TPaHCUEHJEHTHBIX YpPaBHEHUW MOMy4yuTh He ynaercda. OOmas gopma Takux
ypaBHeHu#l f (x) =0.

Alre6pandeckie YPaBHEHHUS amy; X'+ am X + Amt Xmo + ... +2; = 0
UMEIOT M KOpHeW. TpaHCLEHIEHTHbIE YpaBHEHUS, BKJIIOYAIOIINE CTEIECHHbBIE,
TPUTOHOMETPUYECKHE U OKCHOHEHIMAIbHbIE (PYHKIUM OT HEKOTOPOTO
aprymenTta X, Hanpumep arctg(x) - x=0, OECUHCIEHHOE MHO>KECTBO KOPHEM.
JIist perieHust TaKUX ypaBHEHUN UCIOJIB3YIOT MPUOIMKEHHBIE UTEPAIlMOHHBIC
MeTonbl. PemeHue ypaBHEHUST OOBIYHO CKIAIBIBACTCA W3 JBYX OTalloB:
OTBICKAaHUE HAYaJIbHOTO MPUOIMKEHUSI KOPHS, T.€. ONPEACIICHIEe HHTEPBAJIOB, B
KOTOPBIX HMMEETCS KOPEHb YPABHEHUSMH IOCJIEAYIOIIEro  yTOYHEHUS
HAYaJIbHOT'O MPUOIMKEHUS KOPHS 0 TOCTHKEHUS 3aJJaHHOM TOUHOCTH.

IIpouecc onpeneseHnst MHTEPBaja, COAEPKALIETO TOIBKO OJUH U3 KOPHEU
ypaBHEHUS, HA3bIBAETCS OTIEICHUEM KOpHS HTOro ypaBHeHUs. OOBIYHO
IPOLECC OTJEICHUS KOPHEH TPOBOAST UCXO01 U3 (PU3UUYECKOTO CMBICIHIA 3a/1a4H,
rpadUuecKy WK C MOMOIIbIO Ta0nuI 3HaueHu pynkuuii f(x). U3BecTHO, 4TO
ecn HempepbiBHas (yHkius f(x) Ha KoHIAx oTpe3ka [a, b] mpuHUMaeT
3HAYEHHMS Pa3HbIX 3HAKOB, TO BHYTPH 3TOTO OTpPE3Ka €CTh XOTA Obl OJJHA TOUYKa
X=U ,B KOTOpOH (pyHKLMS NTpuUHUMAET HyJeBoe 3HaueHue f(u)=0 .Ecnu npu sTom
3HaK MEepBOM MpOM3BOJHOM f'(X) Ha 3TOM OTPE3KE HE MU3MEHSETCS, TO KOPEHb
X=U SBJISIETCS €AMHCTBEHHBIM Ha JAaHHOM OTpPE3KE.

Haubonee pacnpocTpaHEHHBIM YHMCIEHHBIMM METOJaMU  YTOYHEHUS
KOPHEH SBJISIOTCS METOMABI IMOCIEI0BATENILHOTO MPUOIMKEHHS, TTOJTOBHHHOTO
nenenus, HproToHa, urepanumu.
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MeToa NOJIOBUHHOIO JIeJIeHUS
YTouHEHHE KOPHS MPOU3BOAUTCS B CIACAYIONICH MOCIEI0BATEIbHOCTH:

- BBIUUCIISIETCSI KOOPAUHATA X| CEPEAUHBI OTpe3Ka MOUCKa [a, b];

- ompenenstoTcs 3Haku GyHKIuH f(X) B TOUKax X, a, B;

- ONpeNensieTcsl HOBBbIM YMEHBIICHHBIM HWHTEpBaJ IOWUCKA IO pe3yJibTaram
cpaBHeHUs 3HakoB (pyHkiuu f(X) B yka3aHHBIX TOYKaX (OTOpachIBaeTcs Ta
MOJIOBMHA TIPEABIAYIIEr0 HMHTEpBajia, KOTOpash COACPKUT HAa TpaHUIIC
3Ha4YeHUs QyHKuM f(X) TOro ke 3HaKa, YTO U B CEpeMHE UHTEPBaJa;

- yKa3aHHasi MOCJIEIOBATENIbHOCTh JIEUCTBUM MOBTOPSETCS 10 JOCTHUKECHUS
TpeOyeMol TOYHOCTH | Xj- Xjj | < &, IJ€ € -JOIMyCTHMas IOTPEIIHOCTb
pelieHus.

[IpumeHenre MeToja MOJOBUHHOIO JIEJICHUS MPOWIIIOCTPUPOBAHO Ha
puc.l.

y=f(x)

X1 X2 X3 X

\ —
a \4 b

Y

Puc.1. YTounenue KOPHA METOJAOM ITOJIOBHHHOI'O ACJICHUSA

AJTOPUTM PACCMOTPEHHOTO BBIYUCIUTEIBHOIO MPOLIecca UMEET BUJ:
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HaydyaJio )

a,b,e

C
(
< =

!

Fa=FUNC(x)

!

x=(a+b)/2

!

Fx=FUNC(x)

Fa-Fx <

' a=x |_ b=x

Mertox Herotona

YTouHeHNEe KOPHS MOXKET ObITh MPOU3BEICHO TaKxke 1Mo MeToay HeroToHa.
CymHocth MeTofa HproToHa 3akitouaeTcs B TOM, YTO B MHTEpBAJC IOMCKA
BBIOMpAETCs] HadaJlbHOE MNPUOIIKEHHE KOpHS X (pUC.2) U B ITOW TOYKE
IIPOBOJIUTCS KacaTenbHas K (PYHKIIMH, U TOYKA X IEPECEUEHUs KacaTeIbHOM ¢
OCBI0 a0CITUCC TPUHUMAETCS 32 YTOUHEHHOE 3HAUYE€HUE KOPHHI.
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y=f(x)

\ :

Puc. 2. I'padmueckast uareprperaius meroga Herotona

HOBTOp?I?I INIOCTPOCHHUC KACATCJIIBHBIX B TOYKaAX X, X2, X3 ... Xp.1, Xp,
IMOJYYaroT IMOCJICA0BATCIbHO YTOUYHCHUE KOPH. AnanuTnyeckas 3aBUCHUMOCTD,
OITKMCBhIBArOIias TaKoOM nponecc, UMCCT BU/I:

Xn= Xp-1 - f( Xn-l)/f' ( Xn-1)-

MCTOI[ HrroTona (KaCaTeHBHBIX) B OTIM4YMUEC OT MCTOAA ITOJIOBHMHHOI'O
ACJICHUA HUCITIOJIB3YCT I/IH(I)OpMaL[I/IIO 0 (1)0pMe (I)YHKHI/II/I, 4TO YCKOpACT IMpPOoUeCC
YTOUYHCHHUA KOPHAI. OI[HaKO ,HaHHBIﬁ MCTOA OI'PAaHHMYCH B IIPUMCHCHHUH,
IMOCKOJIBKY JIA q)yHKI_[I/Iﬁ C UBMCHCHNECM KPUBU3HLI U IIOJIOTUMHU y4aCTKaMH B
HHTCPBAJIC IIONUCKA IICPECCUCHUC KacaTeJbHOM C OCBhIO a6CHI/ICC MOXKET BBIMTH 3a

MpcAciibl MHTCPBAJIa, U TOrAa YTOUYHCHHUA KOPHA HC IMOJYHYHTCA.
ANTOpUTM yTOUHEHUS KOpHS 110 MeToay HbroToHa nmeeT BU:

Ax=f(x)/f'(X)

{

X=X - AX

Metoa npocToi HTepauuu
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Meton  mpoctoii  uTepauuu  (MOCHENOBATENbHBIX  MPUOIMKEHU)
3aKJIF0YAETCsS B TOM, YTO MCXojaHoe ypaBHenue mmeer Bux P (x)= x . Ecim B
MHTEepBaJe TOHcKa BeimonHsercs ycmoue | ?7 (x) | < 1, To merom maer
BO3MO>XHOCTh BBIYMCIIUTH 3HAUEHHE KOPHS C 3aJaHHOM TOYHOCTHIO. Ecim 310
yCIOBHE HE BBIMOJHACTCS, TO MOXHO TepedTH K oOpaTHOW (YHKIHH.
[pubmmkeHne K KOPHIO ocymecTBisiercs 1o  dopmyne Xj = @ (x).
W TepaltmoHHBINA POIECC MPEKPaIaeTcs, €CIIU BHITOTHAETCS YCIOBHE

|x.+1 —xi| <eg

1

rAe € - JIONYyCTUMAasl TMOTPEHIHOCTh pemieHus. CXoauMocTh OyJeT TeM

Gostee OBICTPOIL, YeM MeHbIie Benmunna | P '(x) |.

=X =X
y A y y A y

i y=0(X)

Y

y

A

=@(x)

Y

><V

X0 X1 X2 X0 Xz X1 X

a) 0< Px)<1 6)-1< P'x) <0
Puc. 3. YTounenue kopHs no merony HetoTona

CrnenyeT OTMETUTh, UTO IJsl BCAKOTO ypaBHEHHS f(X)= 0 MOXHO HalTU
00JIbIII0€ KOJMYECTBO COOTBETCTBYIOIINX €My YPaBHEHHH X= ((X), HO HY>KHO C
00JIBIION OCTOPOKHOCTHIO MOJXOIUTh K UX KOHKPETHOMY BBIOOpPY, T.K. OT HETO
3aBUCHUT CXOJUMOCTb U CKOPOCTh CXOJMMOCTH METOA UTEPALIHIA.

IIpudau:xkeHHOE pelIeHHe CHCTEM HeJIMHEHHBIX ajJred0pamyecKux H
TPAHCUECHJACHTHBIX YPaBHECHUI

[IpuOnmxeHHOe pelieHHe CHUCTEM HEIMHEMHBIX anreOpandeckux U
TPAHCLIEHACHTHBIX YPAaBHECHUI

fi (X1, X2...%,) =0

fz( X1, X2 ... Xn) =0 ;

TaK)K€ OCYILECTBIIETCS B JBa JTalla: OTACICHHE KOPHEW M YTOYHEHME
KOpHEM ¢ TOMOIIBI0O METOJa MOCJEeA0BATEIbHBIX MNPUOIMKEHUN (METOI0M
HrroTona unu Merogom utepanuii ). OqHAKO MPU YyTOYHEHUU KOPHEH, cucTeM
ypaBHeHnit B dopme x; = P(xi, X» ... X,) NpeICTaBIeHWE HX U aHAJIU3
CXOJIMMOCTH TIpoliecca HUTepanuii 0osnee TPyJAOEMKH U CIIOXHBI. 3meHeHue
(OpPMBI HCXOHOTO YPaBHEHUSI MTPH STOM HEOJHO3HAYHO IMOATOMY HEOOXOAUMO
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TIIATEIBHO IPOAHATU3UPOBATh Pa3IMYHBIE BapUaHTBl PEOOPAa30BAHHBIX
YpaBHEHUH C 1IEJIbIO TOJYYEHHS IPUTOAHON ISl UTEPALIMH (POPMBI.

B 3akitoueHnr HEOOXOIUMO OTMETUTh, YTO JAOIYCTUMYIO MOTPELIHOCTh €
ONpeJeNeHUs] KOPHS YPaBHEHHsI B UTEPALMOHHOM IIPOLECCE HEJb3sl 3a7aBaTh
CJIMIITKOM MaJloi, T.K. OIIMOKU OKpyrieHus B OBM He MO3BOJSIOT MOIYYUTH
0oJ1e€ TOYHOTO MPUOJIMKEHUS.

3. OFBEKT UCCJ/IEAOBAHUA, OBOPYJIOBAHUE

OOBEKTOM HCCIIEIOBAHUS SIBJISIIOTCS 3JIEMEHThl YUCIEHHBIX METOJIOB U
AIrOPUTMHUYECKOTO si3bIKa CH++.

Jns BeIMOJNIHEHUs — jabopatopHOM  paboThl  TpeOyeTcs  Hajluuue
ANIEKTPOHHOM BBIYMCIUTEIBHON TEXHUKU C YCTAHOBJICHHBIM MPOTPAMMHBIM
o0ecreueHneM.

4. BAPUAHTBI 3ATAHUI

Jlnst pyHKIMM, 3aJaHHON B KaXKJIOM BapHaHTE, HEOOXOIUMO HANTH NBYMS
Pa3IMYHBIMU TPUOIMKEHHBIMA METOAaMU HAUMEHBIIIUHI 110 MOJTYJIIO OTIMYHBIN
OT HyJIsl KOPEHb YPaBHEHUS C OTHOCHTEJIBHOW IMOTPEIIHOCThI0O HE Ooiee
€=0,001. Tpu miara npuOIMKEHUS MO KAXKIOMY M3 METOJOB BBINOJIHUTH
BPYYHYIO C TOMOIIIBI0O MUKPOKAJIBKYJISITOPA U U300pa3uTh rpaduecKu.

D 1/ (1+x*) - 1,5x =0

2) 0,1x” - x In(x)=0

3) x7-1,473x%-5,738x+6,763 =0
4) tg*x -1,5x =0

5) e™-1,5x =0

6) 1/( 1+x*) - 1,5x*=0

7) In ( 24+x ) - 5,5 =0

8) x*-10-1,5Vx-2 =0

9) V1-x?-2,5x°=0
10) 1-x* - 0,4e* =0

11) sin2x - 2x* =0

12) 2x -e ™ 10=0

13) e %* =0,7x

14) x* - 3x -1 =0

15) sin x —x cos x =0
16) x* + 2x* - 10,2x =0
17) x=tg x

18) x*- 2,5x* +x =0

19) 1/ (1+x%) - 2,5x*=0
20) x° +3x +1 =0

21) 1,5cos x =2x°

22) 4x* - 12,3x* - x + 16,2 =0
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23) In (1,5x + 3,2 ) =4,3x
24) 2,5x7 +1,2x* =32
25) 1,2e *=cos x

5. HOPAAOK BBINIOJHEHUA PABOTbI U METOAUWYECKUE
PEKOMEHJALIUAN

— HUccnenoBars 3amaHHyro (QYHKIUIO, HAWTH MHTEpBal, B KOTOPOM
HaXOJUTCA TpeOyeMbli KOpPEHb YpaBHEHHUS, MPOBEPUTH MPUMEHHUMOCTb
Pa3TMYHBIX YUCICHHBIX METOJIOB U BEIOPATh METO/] PEIICHHUSI.

— Pazpaborarh airoput™m pemieHus 3ajaqd ABYMsI BEIOpAaHHBIMU METOJaMH,
IPEICTaBUB €ro CTPYKTYPY B BHJIE€ OJIOK - CXEMBI U 1aB €ro HepopMaabHOe
OIIMCaHHUE.

— CocTaBuTh U OTJIAAUTH MPOTPAMMY PEILICHUS 3a/1a4UH.

Boraucauts Tpu mara mpuONMIKEHUS BPYYHYIO U TIOCTPOUTH Tpaduk
IPUOJIMKEHUS.
— CocTaBuTh MpoOrpaMmy peIIEHUS 3aJa4d C T[OMOIIBIO OJHOM U3

CTaHJAPTHBIX MTOANPOrPaMM.

— Pemmts 3agauy Ha OBM no pazpaboTaHHBIM POTPAMMaM.
— IIpoaHanu3upoBaTh pe3yiabTaThl PACUETOB.
OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI.
I[Ipp  ornmagke TporpaMmsl  CIIEAyeT IPEXIAE BCETO  OTIAAUTH
UCIIOJIB3YEMYIO TOJNpOrpaMMy BbIUMCIEHUS (yHKUUH. [ 3TOro Hy»XHO
MOJITOTOBUTH M PEIINTh COOTBETCTBYIOIIMI HAOOp TECTOB.

OTnanKy 4YHMCIEHHOTO peUIeHUs YpaBHEHHUS II€JIecO00pa3HO CcHavaia
IIPOBECTH HA YPABHEHUU C 3apPAHEE U3BECTHBIM PEILICHUEM.

6. YKAZAHUS 10 O®OPMJIEHUIO OTYETA
Kaxxapiii ctyneHT opopmiisieT oTyeT, KOTOPBIH T0JKEH COePKaTh:
— IIOCTaHOBKY 3a/Ja4H;
— QJITOPUTMBI PEIICHUS 3a1a4H;
— IPOrpaMMBbl PacyerTa;
— TEKCTBI PaclieyaToK OTIAL0K IIPOrpamm;
— pacmne4aTky pe3yJbTaToB;
— MepeuYeHb U XapaKTepUCTHKa OIIMOOK, [OMYIIEHHBIX B Ipolecce
IIPOXOKJACHHUS 3a/IaHMUS;
— OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI.
K cocraBieHHbIM mporpamMmam cieAyeT AaTh TaOIHIly MCHOJIb30BaHHBIX
UMEH NEPEMEHHBIX.

7. KOHTPOJIBHBIE BOITPOCHI
I[.Uem onpenensiercss CyIIECTBOBAHUE TIpelesia JOCTHKUMOW TOYHOCTH
NpPUOJIMKEHHOTO BBIYMCICHUST KOPHEW, OJWHAKOB JIM 3TOT Mpeaen s
pa3IUYHBIX METOA0B?
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2.Kakum 00pa3oM MOXKHO TMPEAYCMOTPETh BBIXOJ U3 HUTEPAIMOHHOTO
IIPOIIECCA, €CIIU 3aJaHHAsI TOYHOCTh HE JOCTUTAETCS?

3.Kakoe BiIMSIHME HAa KOHEUHBIA PE3YyJbTAT BBIYMCICHUS KOPHS YPAaBHEHUS B
UTEPAIMOHHOM  TIPOLIECCE  OKa3blBaeT  OWMOKa, JONyILIEHHas Ha
IPOMEXKYTOUHOM IlIare JaHHOTOo mpoiecca’?
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NNABOPATOPHASA PABOTA Ne 7

BbIUMCJIEHUE OIIPEJEJIEHHBIX MHTEIT'PAJIOB

1 HEJIb PABOTHBI
[enpro manHOM PaOOTHI SIBISIECTCS:

— TMpaKTUKa B MCIOJIb30BaHUU YHCIIEHHBIX METO/IOB
uHTerpupoBanus GyHkiuid Ha DBM;

— yrayOlieHne HaBBIKOB pa3pa0OTKH aJTOpPUTMOB U TPOTpamw,
UMEIOUINX MOAYJIBHYIO CTPYKTYPY;

— TMpakTUKa B  HCHOJb30BAaHUM  OMOJIMOTEKH  CTaHJAPTHBIX
HOAMPOTrPaMM U JTUYHBIX OMOJINOTEK.

2. OCHOBbBI TEOPUH

3amauu, B KOTOPBIX TPeOyeTCsl BBIUMCIECHUE OMNPEIEIECHHBIX WHTETPAJIOB,
BO3HUKAIOT TIOYTH BO BCEX 00JIACTAX MPUKIAIHON MaTeMaTUKu. MIHOrAa MOXHO
BBIBECTH AHAJIUTHYECKYI0 (QOpMyly M TMpEACTaBUTh MHTErpajl B BHJIE
KOMOMHaIMK  anreOpaMdyeckuXx W TPAHCLUEHJAEHTHBIX  (QYHKIUH ¢
COOTBETCTBYIOIIIMMHU IpefenaMd. Bo MHOrMX ciydasx OJHAKO, HE yHAeTCs
HAalTH HHUKAKOW aHAJIUTUYECKOM 3aBUCUMOCTM WM JK€ OHA II0Jy4aercs
HACTOJIBKO CJIOKHOM, YTO BBIYHCIIHTH C €€ MOMOIIBI0 MHTErpal TPyIHEE, YeEM
IpyrUMH criocobamu. B Takux ciydasx NPUXOIUTCS NMPUMEHSTHh PAa3IUYHBIC
METOJbl YHCICHHOTO HWHTETPUPOBAHMS, KOTOPBIE OCHOBAaHbI HAa TOM 4YTO
MHTErpajl MPEACTABISAETCS B BUAEC KOHEYHOM CYMMBI IPOCTBIX ClaraeMbIx. B
r€OMETPUYECKON MHTEPIPETALUHA MPHU YUCICHHOM HWHTETPUPOBAHUM ILIOLIANb
0]l KPUBOW MHTErPUPOBAHUS MPHUOJMKEHHO 3aMEHSETCS CyMMOM ILIOLIAEH
3JIEMEHTapHBIX (QUTYyp (MPAMOYTOJIBHUKOB, Tpamneuud u Ap.), KOTOpble MOTYT
OBITh HAWJIEHBI MO MPOCTHIM AHATTUTUYECKUM 3aBUCUMOCTSM.

Haubonee pacnpocTpaHeHHBIMH METOJAMU YUCJIEHHOIO MHTETPUPOBAHUS
¢byukuuii Ha DBM sBigeTcss METOJl NPSMOYTOJIbHUKOB, YAaCTHBIM CIIy4aeM
KOTOpPOI'O SIBJIIETCSI METOJ CpPEJHUX, MeToj Tpaneunid u meroj CuMIicoHa
(MmeTon  mapaboi).  YKazaHHbIE  METOJBI  pa3IMYaloTCsl  CIOCOOOM
annpoKCUMALIUKA MHTETpupyeMoil (QyHKIIMU Ha Ka)KIOM IlIare MHTErPUPOBAHMUSL.
B merone mpsMOYroJIbHMKOB NHPUMEHSETCS CTYIIEHYaTasl almpoKCUMAalMs, B
METOAE Tpaneui— JHWHEHHAs amnmnpokcuMmanus, B wmeroge CuMmIiicoHa —
anmpoKCUMAaIns mapadosioi BTOPOM CTETICHH.
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AX AX AX

a b X a b

a) 0) C)
Puc. 1. I'eomeTprueckoe NpeaCcTaBICHUE YHUCIECHHBIX
METOJI0B UHTETPUPOBAHUS:

a) - METOJ NPSMOYTOJIbHUKOB;
0) - MeTOJ Tpamneuuii;
B) - MeTo CuMIICOHA.

X

ol |

VYKa3aHHbBIE YMCIIEHHBIE METOABI MOTYT MPHUMEHATCS HE TOJNBKO K
GyHKUMSM, 3aJaHHBIM AHAJIMTUYECKH, HO U K TAOJIMYHBIM (QYHKLIHSM, IIUPOKO
paclpoCTpaHEHHOW B WHXKEHEPHOM  mpakTuke (  3TO  pe3yJbTaThl
AKCIEPUMEHTOB, CIIPABOYHBIE TaOIMUI[bI CBOWCTB MAaTEPHAJIOB U T.J.)

KBanpatypHble (popMysbl yKa3aHHBIX METOAOB JJisi MOCTOSHHOTO Iliara
UHTETPUPOBAHUS A X IPEICTABICHBI HUXKE.

1.MeToa npsiMOyroJibHUKOB
b

S=a f(x)dx = Ax(f(x)) + f(x5) + ... +{(x,)),

A x= (b- a)/n, n — 4KMCI0 MWAroB UHTErPUPOBAHUS

OcratoyHble YWICHBI AJI Pa3IUYHBIX BAPUAHTOB METO/1a MPSIMOYTOJIbHUKOB
BBIYHCIIAIOTCS (hOpMYJIaMU:

Xi=a + Ax*(i-1): R=-(Ax)* /2 f(x)=0[(Ax)’];
Xi= a + A X*i: R= (AXx)Y/2 - f(x)=0[( AX)*];
Xi=a + Ax*@i- 1/2): R= (Ax)/2a" f'(x;)= 0[(Ax)’];

2. MeToa Tpanemnuii.
b

S=a f(x)dx = Ax- (1/2 f(x)+ f(x)+ f(X3)+ ... +H(xp)+ 1/2 f(Xp41))
rae x; =a + Ax(i-1) , Ax=(b-a)/n
Ocratounbiii wieH: R=-(Ax)*/12 f'=0[( A x)"]
3. ®opmyJa CumIicoHa.
b

S=a f(X)dx=Ax/3*( f(x;) + 4(X5) + 2f(x3) + ... + 4f(xp)+ {(Xps1)),
rae x; = a+ Ax*@-1), Ax=(b-a) /n.

Ocrarounbiit wieH: R=( A x )4/ 180 : f"'(x;) =0[(A X)4]
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Jliia obecnieuenus: TpeOyeMol TOYHOCTH HpU MPUOINKEHHOM BBIYMCIEHUU
3HAYEHUs MHTErpaja MO0 KBaAPAaTypHbIM (opMyslaM Ha MPAKTHKE YacTO
UCIIOJIB3YETCSI METOJ IOCJEN0BATEIBHOIO YABOCHMS 4YMCJIA LI1aroB, KOTOPbIN
3aKJIF0YAETCS B CIETYIOLIEM.

WNurterpan S BeUMCIgeTCs MO KBaJIpaTypHOU (QopMyiie ABa)Ibl: CHayaiga
[P YKCIIE IIaroB, PABHOM N, a 3aT€M IIPU YKCJIE IIaroB PaBHO 2n.

[TorpemrHocTh MPUOIMKEHHOTO 3HAYEHUs MHTErpaia Sn, BBIYMCICHHOTO
0 KBaJpaTypHO (opMysie MpH YHUCIE IIaroB, paBHOM 2n, ONpeeNseTcs

IpUOJIMKEHHO 1O NpaBuily PyHre:

82n ze‘sn _S2n

;
rjae ais GopMysibl cCpeHUX U Tpaneuuit 0=1/2, ans popmynsl Cummncona
0=1/16.

Taxum 06pazom, S, BbIUKCISETCS AJIs MOCIEeI0BATENbHBIX 3HAUEHUH N, 2n,
4n u 1. A. [Ipouecc BbIUMCIEHNS 3aKaHYMBAETCS, KOTAA JJI1 OYEPETHOTO YHCIIa
[IaroB MHTETPUPOBaHUS He OyneT MOoJyyeHa JOMyCTUMasi IOTPEIIHOCTb.
HavanbHoe yncio maros n pekomenayercsa Boioupats ot 10 1o 100.

s DKOHOMMM ClieAyeT y4ecTb, YTO IPU YJBOCHUM 4YHUCJIA LIAroB HET
HEOOXOAMMOCTH 3aHOBO BBIYUCIATH 3HAUYECHHS MOABIHTErPAIbHON (DYHKIIMU BO
BCEX Y3JIaX, TaK KAK YacTh Y3JIOB CETKU C LIaroM 2n sIBJSUIMCH y3J1aMU U paHee,
Y B HUX Y€ BBIUHCIIUTMCH 3HAYCHUS (PYHKLUH.

Cnenyer Tak ’K€ YYMTBIBaTh, YTO 3HAKU MOrPEIIHOCTEH Yy (HOPMyIbl
cpenHux U (opmynbl Tpameuwii pasHeie. [losTomy, ecnu ecTb pacdeTsl MO
o0euM (opmynaMm, TO MOKHO YTBEp)KJaTh, UTO TOYHOE 3HAUCHUE MHTErpaa,
KAK IPABUIIO, JIEKUT MEXKIY 3TUMHU PE3YIbTATAMH.

3. OBBEKT UCCJIEJOBAHUSA, OBOPYJAOBAHHUE

OOBEKTOM HCCIECOBAHUSA SIBIISIOTCS SJEMEHThl YHUCICHHBIX METOJ0B U
AIrOPUTMHUYECKOTO si3bIKa CH++.

Jns BeIMoJIHEHUs  jabopatopHOM  paboThl  TpeOyeTcs  Hajluuue
ANIEKTPOHHOM BBIYUCIUTEIBHON TEXHHKHA C YCTAHOBJIEHHBIM IPOrPaAMMHBIM
o0OecreueHneM.

4. BAPUAHTHBI 3AJJTAHUI

C ucnosnp3zoBanreM 9BM BBIUHUCIUTE C OTHOCUTEIBHOM MOTPEITHOCTHIO HE
b

[ feoax
Gomee 10" 3Hauenme JUI. UCXOJHBIX JAaHHBIX, IPHUBEACHHBIX B
tabnuie 1. BeluuciaeHue Npou3BeCTH MO pa3pabOTaHHOM CaMOCTOSATEIBHO
OporpaMMe M C UCIHOJB30BaHUEM OJHOW M3 CTaHAAPTHBIX OMOIMOTEUHBIX
NOANPOrpaMM, HMCCIIEOBaTh BIMSHHE YHCIA IIaroB HMHTETPUPOBAHUS Ha
TOYHOCTb pEIIeHUs 3aJaud. Pa3paboTaHHyIO MporpamMmy NpEACTaBUTh B BUJE
HOJIMPOTpaMMbl M 3alHCcaTh €€ B JIMYHYIO OMOIMOTEKY MCXOAHBIX MOJIYJEH,
o0ecrieyrB  BO3MOXHOCTb ~ MHTETPUPOBAaHUSA  (QYHKUMM,  3aJaBacMoOMu
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[I0JIb30BATEIEM BO BHEIIHEH NOANpOrpaMMe— (QYHKIUM MPEeTyCMOTPUTE
BO3MOYKHOCTh BBIBOJIa BMECTE€ C BEJIMYMHOW HWHTErpajla— 4Yucia [Iaros
UHTETpUpPOBaHUs  (BEJIMYMHY IIarOB HHTETPUPOBAHMS), TIPU  KOTOPOM
JOCTUTHYTA 33JJaHHAasi TOYHOCTb.

Tabmuua 1.McxoaHble 1aHHBIE

No f(x) a b KBanparypnas

n/n dbopmyna

1 le* —1 0,1 2 MPSAMOYTOJIbHUKOB
2 e*x*sin(x) 0 T Tparneuui

3 (x*-1)*10-2x 0 1 |cpennnx

4 x*3+x 1 9 CumncoHa

5 1/[342co0s(x)] 0 T MPSIMOYTOJIBHUKOB
6 1/(In2x) 2 3 Tpaneuui

7 arcsin(v/x / 1/x(1—x)) 0 0,3 |cpennux

8 x'e’x 0 | Cumriicona

9 tg[3(x/2+7/4)] 0 n/4 | IpSIMOYTOJILHHKOB
10 |arctg(x) 0 J3 | Tpamennii

11 1/(1 +/x) 0 4 CpEeaHUX

12 1/[5-3cos(x)] 0 21 | Cumrmcona

13 2x/(1-4x) -2 -1 MPAMOYTOJIBHUKOB
14 V[(x+1) [2 4 1] 0 3/4 | Tpanenuii

15 cos(nx? )/ VL2 +x : 0.6 10,7 |cpenrux

16 (0.3+x2)cos " le—x 0,2 (0,6 |Cummcona

17 sin(ex?)/ /0,8 + 3x 0,5 0,6 |OpSIMOYTrOJBHUKOB
18  |e-x/4/(n+x2) 0 1 Tpaneuui

19 | 15-04x tgx2/5m) 1,5 |2 |cpenuux

20 e—03x/2m+x 0,5 1,5 |CumrcoHna
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21 (- x2)sin/2,1 + x 5 25 |OpsAMOYTOJBHHUKOB
22| J0,7-0,Ix In[0.3(n+ x)] -1 4 | Tpamenuit

23 |3/01+02x In(n/3-x/5) -3 2 |cpenHux

24 | (2,5-x)ctg(m/x) 1,8 (2,3 |Cumicona

25 15 /4/ x2490 0 2,1 | OpsSMOYTOJIbHUKOB

5 MMOPAJOK BBIIIOJHEHUSA PABOTbI U METOAUWYECKUE
PEKOMEHJIALINA

1. Pa3paborath anroput™M peieHus 3aJauu, MpeICTaBUB €ro CTPYKTYpY B
BUJI€ OJIOK-CXEMBI U J1aB ero HehopMalbHOE ONMCAHUE.

2. CocraBuTh ¥ OTJIAAUTHh MPOrpaMMy pPEHIEHUS 3aJayud 110
pa3paboTaHHOMY AJITOPUTMY.

3. 3anucaTh pa3zpaboTaHHYIO IPOTPaAMMY B JIMYHYIO OMOJINOTEKY.

4. CocraBuTh NOpPOrpaMmy peEIICHUA 3aJayd C TOMOIIBIO OJHON H3
CTaHJIapTHBIX IPOTPaAMM.

5. Pemuts 3aauy Ha D9BM 1o pa3paboTaHHBIM IpOrpaMmam.

6. Ilpoananu3upoBaTh pe3yJabTaThl PACUETOB, IMOCTPOUTH Tpaduk
3aBUCUMOCTH TOYHOCTH PEILIEHUS OT YHCJIa IIaroB UHTETPUPOBAHMUSL.

7. OTBETUTH HA KOHTPOJIbHBIE BOIIPOCHI.

Otnagky pa3paboTaHHOM TpOrpaMMbl  TMPOBECTH HA  HECIOXKHOM
YpaBHEHUU C 3apaHee U3BECTHBIM PEIICHUEM.

6. YKASAHUE 110 O©®OPMJUIEHUIO OTYHETA
Kaxxnp1it cTyieHT opopMIIsieT 0TYET, KOTOPBIN JOJIKEH COIEPKATh :

— TIOCTaHOBKY 3aJa4H;

— QJITOPUTM pEIICHUS 3a]1a4u;

— TpOrpaMMBbl pacyeTa;

— TEKCTHI pacrevyaToK OTJIAJIKHA NPOTrPaAMMBI;

— pacmeyaTKH pe3yJIbTaTOB PACYETOB;

— TIepedYeHb U XapaKTEPUCTHKA OLIMOOK, JOMYIIEHHBIX B pE3yJIbTaTe
MIPOXO0XKACHUS 3a1aHUM;

— rpaduK 3aBUCHMOCTH TOYHOCTH pEHICHUS OT 4YHWCla IIaros
WHTETPUPOBAHMUS;

— OTBEThI HA KOHTPOJIbHBIE BOMPOCHI.
K cocraBieHHbIM mporpamMmam cieayeT JaTh TaOJMIYy HCIOIb30BaHHBIX

VMEH ITEPEMEHHBIX.

7. KOHTPOJIBHBIE BOITPOCHI
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CymecTByeT 1M mpenen JOCTUKUMOW TOYHOCTH BBIUMCIICHHUS MHTErpaja
PacCMOTPEHHBIMUA METOAAMMU ?

KaxoBbl npeumytiectBa Gpopmyinsl CUMIICOHA TIO CpaBHEHUIO ¢ (hOPMYJIIOi
Tpaneuui U CIEACTBUEM YETO SABJISIOTCS 3TH MIPEUMYIIECTBA?

[Touemy octaTouHble ujieHBI (POPMYINBI CpEeTHUX U (POPMYIIBI Tparenuit
UMEIOT pa3Hble 3Haku? JlaliTe reoMeTpUyYecKyr HHTEpIpETalni0 OTBETa U
MOSICHUTE, KaK MO>KHO MCIIOJB30BaTh YKa3aHHOE 00CTOSATEIHCTBA MPU pacyeTax.
Kakue nmpyrue (popmynbl 94UCIEHHOTO WHTETpUpPOBaHUS (YHKIHA C Pa3HBIMU
3HAKaMHU OCTAaTOYHBIX YJIEHOB BbI 3HaeTE?
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JIABOPATOPHAA PABOTA Ne 8

PEINEHWE OBbIKHOBEHHbBIX TU®PEPEHIMAJIBHBIX
YPABHEHUU METOIOM SUJIEPA

1. HEJIb PABOTbI
[enbro naHHOM PabOTHI SABISAETCS:

— OBJIQJICHUE MPAKTUYECKUMHU HABBIKAMHU HCTOJIB30BaHUS DBM s
YHCIIEHHOTO pPEIIeHUs OOBIKHOBEHHBIX UG depeHnanbHbIX ypaBHEHUN
nepBoro nopsijaka (3amada Komm);

— TMPOBEJICHUE BBIYUCIUTEIBHBIX 3KCIEPUMEHTOB MO MPUMEHEHUIO
MeTo1a Diliiepa;

— W3y4YCHHE BJIMSHUS LIara MHTETPUPOBAHUS HA TOYHOCTH PEIICHUS
KOHKPETHOTO YPaBHEHUS ;

— HAKOIUICHHE OIbITa MO MCIOJIH30BAHUS aJTOPUTMUUYECKUX S3BIKOB
U OTJIQJIKE IPOTPaMM;

2. OCHOBbBI TEOPUH

OpauMm w3  HauOosiee  pacHpOCTPAHEHHBIX  METOJOB  pPELICHUS
OOBIKHOBEHHBIX AU (PEepeHINATBHBIX YPaBHEHUN SIBJISIETCS METOJ KOHEYHBIX
pasnocreii (MKP). Paccmorpum npumenenne MKP 1151 uncnenHoro peuieHus
Ha OBM npocreiimero qudpepeHnnaibHOro ypaBHEHUs IEPBOTO MOPSAIKA:

ay _ f(X,Y)
dX

C HaYAJIbHBIMHU YCIOBUSIMH X, Y(Xo) =Y. .

Pemenne Oyaem uckath B uHTepBajie [X, , b] u Oynem momaraTh, 4TO
GyHKIMS Ha JTAHHOM UHTEpBaje YAOBIETBOPSAET YCIOBUSIM TTIaAKOCTH.
Pa3obbem obmacTh aprymenTa X Ha MHOXKECTBO OTPE3KOB jumHOW A X U
paznoxum GyHKIU0 Y B psg Teisiopa B OKPECTHOCTA MPOU3BOJIBHON TOUKHU X;
13 00J1aCTH CyIIeCTBOBAaHUS (DYHKIIUU:
AX AX?
Y, =YX, +AX) = Y(X)+—Y'(X,) +
1! 2!
OTtOpaceiBas 4jeHbI psaa, CoAepkKallue MPOU3BOJIHBIE BTOPOTO U BBICUIETO
TIOPSIKOB, TIOTy4aeM KOHEUHO-Pa3HOCTHOE BBIPAKEHUE TIEPBOI MTPOU3BOTHON
Y. Y,

Y!(Xi) — i+lAX i

Y'(X,)+...

Otcrona Yiu =Y, +AX* (X, Y))

Brerancnas mocinenoBaTenbHO OT HAYaJIbHOI'O 3HAYCHUS Y 3HAUYCHUSI Y ,
Y, Ys,...,Y 10 ganHo#M popMyIie, HAXOIUM UCKOMOE pellIeHHE.

Ha puc.2 mnokasana ¢Qopma 4YHCIEHHOTO pEIIEHUS, TMOoIy4aeMas C
ITOMOIIIBIO TAKUX BBIYMCICHUM.



73

Y
y, Ys v
Y — X
/— ‘\
Yy
,,,,, X

\4

Xo Xi X X3 Xy

Puc.2. Cxema nmpuOiamKeHHOT0 pelIeHHs] MeTOI0M Diliiepa

JlaHHBI ~ MeTOA ~ pelieHuss  OOBIKHOBEHHOro  JauddepeHIuaibHoro
YpaBHEHHS HOCUT Ha3BaHHMe MeToaa Ounepa. Ilpu nmocratouHo wmaibix
BEJIMUMHAX I1ara AX MeToj Diliepa AaeT penieHrue ¢ 00O TOYHOCThIO, TaK

2
Kak morpemHocth Onm3ka Kk 0 (A X") Ha KaXJoM Iiare mnporecca mo MeTOdy
Ditnepa.

1 HAYyajIo )
2
X0, Yo, AX, Xk
; Y
- y=y + Ax -f (x,y) >
R
X=X + AX
[

B IIaHHOP'I O10K-CcXeMe Xx - KOHCYHOC 3HAYCHHUC KOOPANHATHI X
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3. OBFBEKT UCCJIEAOBAHUS, OBOPY1OBAHUE

OOBEKTOM HCCIIEJOBAHUSA SIBJISIOTCS 3JEMEHThl YUCIEHHBIX METOJ0B H
aNTOPUTMHYECKOTO si3bika C++.

Jlns  BeIMoNHEHUs — JabopaTopHoi — paboTel  TpeOyeTcs  Hajau4due
AJIEKTPOHHOW BBIYMCIUTEIBHON TEXHUKH C YCTAHOBIICHHBIM MPOIPAMMHBIM
o0OecreueHneM.

4.BAPUAHTBHI 3ATIAHUH
Hano nuddepeHnnaibHOe YpaBHEHUE TIEPBOTO MOPSIIKa

Y'(X)=f(X,Y),

rae f(X,Y) -3agannas GyHKIMS.

Tpebyercs HaliTu 4yMCIEHHOE pelleHue 3anauyd Komu Ha 3agaHHOM
otpeske [X, , b] (b > X;) npu HayansHoM ycnosuu Y (Xo) =Yy metomom Ditnepa
C pa3IMYHOM BEIMYMHOMN Illara MHTErpPUPOBaHMUS AX U UCCIIENOBAaTh BIUSHHUE
BEJIMUMHBI I1ara HMHTETPUPOBAHUS HA TOYHOCTh pemieHus ( CpaBHEHHE
OCYIIECTBJISITh C AHATTUTUUECKUM PEIICHUEM 3a/1auH) .

Hwxe npuenensl BapranTsl GyHkiuil f(X,Y).

DyHKIMSA MOXKET OBITH 3alaHa IPOU3BOJIBHBIM HA00pOM ABYX (yHKimi P
¢ x,Y), ¥ (X.Y):

f(X,Y)= ¢ (X, Y)+ ¥V (X,Y).

®Oyuxun - P (X)Y):

) Y/x; 2) X?2+Y; 3) X*+7;
4) X +Y?; 5 X+Y°; 6) X*+Y7?;
7 €Y 8) e 9) e +Y 7.
OyHKIUH v (X,Y):

1) e* XY ; 2) et 3) XY :

4) 3.2; 5) 48X°Y ; 6) e*+3Y;
7 e’y 8) 8.7; 9) VX +Y .

Pemenne 3amaum ocCymiecTBUTh B UWHTEpBaie [2, 3] mpu HadalbHOM
YCJIOBHH, 33ITAaHHOM IPETIOAABATEIEM.

5. HIOPAAOK BBIIIOJTHEHUSA PABOTHBI U METOAUYECKHUE
PEKOMEHJAIIUN

1. U3yuenune merona ditiepa.

2. CocraBiieHue OJOK-CXEMbI alITOPUTMA.

3. CocraBieHue mnporpamMmbl pacuera (B MporpaMMe MpeayCMOTPETh
BO3MOYKHOCTb €€ UCIIOJIb30BaHUS ISl PA3JIMYHBIX IIarOB MHTETPUPOBAHUS AX ).

4.Broj niporpaMmbl B DBM u oTiagka mporpamMMsl.

S.1IpoBenieHne BBIUMCIUTEIBHBIX SKCIIEPUMEHTOB.
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6.AHanu3 NMOJYyYECHHBIX PE3YJIbTATOB.

6.YKA3ZAHUA 11O OPOPMJIEHUIO OTYETA

OTtcuer noJKeH COIepKaTh:

- MOCTAHOBKY 3a]1auu;

- OJIOK - cCXeMy aJropuTMma;

- pacreyarky OTJaJ0K MPOTrPaMMBbl;

- pacleyaTKu pe3yiabTaTOB PEUICHUS

- aHaJIU3 PE3yIbTATOB;

- TepeYeHb OUIMOOK , 0OHAPYKEHHBIX B MPOLECCE OTIAIKH;

- OTBETHl HA KOHKPETHBIEC BOIIPOCHI.

B orcuere cnemyer naTh HEOOXOAUWMBIE TMOSCHEHUS HCMOJBb30BAHHBIX B
porpaMMe UMEH MEPEMEHHBIX.

7. KOHTPOJIBHBIE BOITPOCHI

1. Yem orpaHnueHa MUHUMAaJbHasl BEJMYMHA 111ara UHTErPUPOBAaHUS AX ?

2. Kakum 00pa3oM MOKHO YTOYHHUTH peuieHue aud@epeHnrnaibHoro
YPaBHEHUS METONOM OWjepa, HE WU3MEHsS BEIMYMHY IlIara MHTETPUPOBAHUS
AX ?

3. Kakoe u3MeHeHHe HEOOXOIMMO BBECTH B Balll aJITOPUTM , YTOOBI
MIOJIyYUTh PEUICHHE C 3aJaHHOW TOYHOCTBIO?
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JIABOPATOPHAA PABOTA Ne 9

PEILIEHUWE OBBIKHOBEHHBIX JUOPEPEHIINAJIBHBIX
YPABHEHUUN METOIOM PYHI'E-KYTTA

1. IIEJIb PABOTbI

[enwro manHOM paOOTHI SBISICTCS:

- OBJIaJICHUE TMPAKTUYECKUMM HABbIKAMHM YHCIIEHHOT'O pEIICHUs 3aJlayu
Komm 151 06p1kHOBEHHBIX MU PepeHIInaIbHbIX YpaBHEHH;

- MIPOBEJCHUE BBIUUCIUTEIBHBIX IKCIIEPUMEHTOB 110 MPUMEHEHUIO METO/1a
Pynre-Kyrra;

- cpaBHEHHE MeTO0B Juiiepa u Pynre-Kyrra;

- MPAaKTUKA W HCIIOJIb30BAHME CTAHJAPTHBIX MOANPOTPAMM IS PEIICHUS
nuddepeHnanbHBIX YPaBHCHUH;

- 3aKpEIUICHUE HABBIKOB IPOrPAMMUPOBAHUS HA AITOPUTMHUYECKOM SI3BIKE
U OTJIAJIKU MPOTPAMM.

2. OCHOBbBI TEOPUM

VYBenuueHne - TOYHOCTH  PElIeHHs INPU  YKPYNHEHHBIX  IIarax
UHTETpUpOBaHus  obOecrieuuBaoT  MeTonbl  Pynre-Kyrra.  YTounenue
JIOCTUIaeTCs 3a CYET CIELHMAIBbHOr0 Mmoadopa KOOpPAMHAT MPOMEXYTOUYHBIX Ha
11are MHTErpUpPOBAHUS TOYEK, B KOTOPBIX BBIYMCIISETCS IepBasi MPOU3BOIHASL.
BmecTto 3HaueHus mepBOM NPOU3BOJHOW B Hayaje IIara WHTEIPUPOBAHUA,
UCIIOJIB3YyEMOM B METOJe OMiepa, BBIUMCIACTCA YCpPEAHEHHas Ha Liare
WHTETPUPOBAHHUS NIEPBaAsi NPOU3BOAHAS. POpMyJIa YUCIEHHOIO HHTETPUPOBAHUS
npuoOpeTaeT BUA:

—~

Yin=Y+ AX* v ,

rjae S yCpeHEHHAsl Ha 11are HHTErPUPOBaHUS NIepBasi MPOU3BOIHAS .

Hwuxe npuBenensl popmyisl Meroaa Pynre-Kyrra paznuunoro mnopsiaka:
1. Meron 2-ro nopsinka, € = 1072
- mepBbIM BapuaHT Y= Y;+ K, ,
rae Ko= AX*(X;+ AX/2,Y,+K;/2),
K= AX*(X;,Y;);
- BTOpo# BapuaHT Y =Y+ 12 (K;+K,),
rjae K= AX*(X;,Y;),
K= AX*(Xj+ AX,Y;+K)).
2. Merox 3-ro mopsinka, € =107 :
- mepBbId BapuaHT Yiy = Y;+ 1/4K, + 3/4K;,
rae K= AX*(X;,Y;),
Ko= AX*(X;+1/3*AX,Y;+ 1/3K;),
K;= AX *(X; +2/3 *A X, Y; +2/3K,) ;
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- BTOpo# BapuaHT Y= Y;+ 1/6 (K;+4K,+Kj3),
rme K= AX*(X;,Y;),
Ky= AX*(X;+ 1/2*AX, Y;+ 1/2K,) ,
Ki= AX*(X;+ AX, Y, - K;+2K,) ;
3. Meron 4-ro nopsiaka, € = 10*:
- mepBblid BapuaHT Y = Y;+ 1/6 (K, +4K3+Ky),
rme K, = AX*(X;,Y;),
Ko= AX*(X;+ 1/4 *AX ,Y;+ 1/4K,) ,
Ki= AX*(X;+ 12 *AX, Y;+ 1/2K,) ,
Ki= AX*(X;+ AX, Y+ K, — 2K, + 2K3) ;
- Bropo#t BapuaHT Y= Y;+ 1/6 (K| + 2K, +2K3+K,),
rae K= AX*( X;,Y;),
Ko= AX*(X;+ 172 *AX, Y;+ 1/2K,),
Ky=AX *( X;+ 1/2 *A X, Y;+ 1/2K,),

K= AXH(Xi+ AX, Y+ K3).

B nmpaktuueckux pacu€rax uWHTErpupoBaHue AU EepeHIHATBHBIX
YpaBHEHUH  OCYIIECTBISIETCS C  aBTOMaTU4YeCcKUM  BbIOOpOM  Iara,
ofOecreynBaroniee IMOJYYEHUE pe3ysibTara C 3aJaHHOM MOIPEIIHOCTHIO
peuieHus.

[Ipu uHTErpUpOBaHUH C ABTOMATUYECKUM BHIOOPOM IIIara peKOMEHIyeTCs
UCIIOJIb30BaTh CJIEAYIOIIME MTpaBuia BpIOOpa 1mara .

B y3ne Xy B3t AX = AX,, AX,— 3a1aHHBIA HAYaJIbHBIN IIar, HAUTHU

—~

OpUOJIMKEHHBIE 3HAYeHHMs pemeHus Y u Y ¢ maramu AX u AX/2
COOTBETCTBEHHO. 3a a0COJIIOTHYIO MOTIPEUIHOCTh MPUOIMKEHHOTO pelieHus (B

KayecTBE KOTOPOr0 €CTECTBEHHO B3sITh Y Kak 00Jiee TOUHOE), BBIYMCIEHHOTO
no merony Pynre-Kyrra n-ro mopsaka ( meton DJilnepa [BISIETCS METOIOM
Pynre-Kytra nepsoro nopsiaka ), (puHUMAaeTCs

5= Y-Y
2" -1

b

Eciu 02¢, 1o mar AX yMeHbIIaeTcs B ABa pPa3a M BHIYMCIICHHS
MOBTOPSIIOTCS, UCXOJs U3 y31a X, . Kak ToibKO Ha o4yepeTHOM MPUOIMKEHUN

—~

GyneT MoaydeHo O <€ , CUMTAeTCS, 4TO Y U SIBISACTCS PEIICHHEM B y3Iie
X=Xp+ A X, HOJy4YEHHBIM C 33ITaHHOM TOYHOCTBIO Ha 3TOM IIIare .

Pemienne B cnepyromem ysne X, , ucxoas u3 yszna X; , IOJIy4yaercs
aHAJOTUYHBIM 00pa3oM. [Ipu 3ToM HavalbHBIN AT BeIOUpaeTcs no mary A X, ¢
KOTOPBIM OBLIO TIOJIyYE€HO PELICHHE B y3Jie X, B 3aBUCUMOCTH OT OTPEUTHOCTH
§:ecmm &< e /2™ To mpenplLyMii MIAr yBaMBAESTCS; B IIPOTHBHOM CITydae
miar He M3MEHSETCS. AHAIOTMYHO HAaXOAUTCA PEIICHWE U B MOCIEIYIOIIHNX
TOYKAX .
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IIpu BeIXOzE K TOuke X = b cienyer NposiBIsITh OCTOPOKHOCTD, T.K. IIPU
3HaueHusX X > b nmpasas yacth f(X,Y) auddepeHunanbHOro ypaBHEHUS MOXKET
ObITh HE OMNpe/elieHa U MpU pEelIeHUH 3a7adyu Ha DBM MoxkeT mpou3onTu
pepbIBAHKE, B pE3yJbTaTe Uero 3ajada OyIeT CHATA CO CUETA .

Bo wusbexanuwe Takoll cHUTyallud HEOOXOJUMO Ha KaXJAOM IIare
UHTETPUPOBAHMS MPOBEPATH YCIOBHE BBIXOAA 3a NPEACHbl HMHTEPBaja
uHTerpupoBanus. Ha mare Bbixoma 3a Touky X = b mpuHATH MOCieaHEe
3HaueHne A X TakuM, 4TOOBI TOUHO BBIMTH Ha TOYKY b.

Jns oTnagku mporpaMMmbl MOKHO B3SThb NPOCTEHIIEE YpaBHEHHUE U
HEOOJIBIION OTPE30K UHTETPUPOBAHUS.

B OubnuoTexke cTaHIapTHBIX MPOrPaMM MMEIOTCA MPOrPaMMBbl, IS
uHTerpupoBanus nuddepeHmansHbIX ypaBHeHu MmetogoM Pynre-KyTTa.

3. OBBEKT UCCJIEJJOBAHUS, OBOPYJTOBAHHUE

OOBEKTOM HCCIIEIOBAHUS SIBIISIOTCS DJEMEHTHI YUCICHHBIX METOJIOB H
ANTOPUTMHUYECKOTO si3b1ka C++.

Jlnst  BbIOJIHEHHWS  JabopaTOpHOW  paboThl  TpeOyeTrcs  HaJudue
AJICKTPOHHOW BBIYUCIUTEILHON TEXHUKA C YCTAHOBJIICHHBIM IPOTPAMMHBIM
oOecreyeHreM.

4. BAPUAHTHI 3AJIAHUN
Hano muddepernuanbHOoe ypaBHEHNE TIEPBOTO TOPSIIKA BUIA
Y'(X) =f(X,Y) = F(X) - g(X)*Y(X) ,

rae F(X), g(X) — 3apannbie PyHKIINUM.

Tpebyercs:

1. Haiftu uncnenHoe penienue 3aaaun Ko Ha 3aganHoM oTpeske [Xo,b]
npu HayajasHOM ycioBuH Y (Xo) = Yy oaHuM u3 metoaoB Pynre-Kyrra:

a) ¢ moctostHHBIM marom A X = (b — X)) / N, rae N — 9ucio maros;

0) ¢ aBTOMaTUYECKUM BBIOOPOM II1ara, BeIMAS Ha TOYKY X = b ¢ TOYHOCTBIO
e=10"

2. Hailtm pelieHre TMOCTAaBIEHHOM 3aJadyd C  HCHOJIb30BAHHEM
CTaHJAPTHOM IOAIPOTrPAMMEL.

3. CpaBHUTH YUCIICHHBIE PEILICHUS, MTOTyYeHHbIE MeTogamMu Pynre-Kyrra ¢
MOCTOSIHHBIM IIaroM, ¢ aBTOMAaTUYE€CKHUM BBIOOPOM U C TTOMOIIBIO CTaHIapTHOM
POTPAMMBI.

Hmxke mpusenensr Bapuantsl dymkumii g(X) n F(X) = @ (X)xV (X) .
®dyukuus F(X) Moxker ObITh 3a1aHa Mpou3BobHEIM HabopoM ¢yrkimid P (X) n

v (X) B 3a1aHHOM MHTEpBAJIC.
3.1. AXp=0.5,Xo=1,b=6,Y,=10,g(X)=2(X-2).
®Oynxmun @ (X):

—(x+4)x ~ 2%
(x+4) X X
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4 xe*; 5 (x+2)e’; ) e *SinX,

7) e_XZCOS(O-SX); 8) Cos(X/2)€™ " ”X; 9) Sin(0.6X)eX
Oy ¥V (X)

1)e 2@-2, 2) 0.01; 3)e*;
He 5y e 6) N2
7) eZX-3; 8) e3X-2; 9)eX-15;

3.2. Axg=0.5, xg=—-1, b=2T —1, yp=8, g(x)=—sin(x+1)
OyHkuu @ (X) :

10) sin(x+1);  11)e ™D 12) (x4+2)e ~<*+D
Oynkunn W(x) :

10) 1/6 cos(x+1); 11) 1/8; 12) 4cos(X+1) .

5. HOPAJAOK BBIIIOJTHEHUSA PABOTHBI U METOANMYECKHUE
PEKOMEHJAIINN

1. N3yuenue meronoB Pynre-Kyrra.

2. CocraBiieHre OJIOK-CXEMbI allITOPUTMA.

3. CocraBneHue mnporpaMmbl pacuéra (B MporpaMMe IpeayCMOTPETh
BO3MOYKHOCTh €€ MUCIOJIb30BaHUs A1 pa3inyHbIX GyHKuil f(X,y) ).

4. Box nporpammel B 9BM u oTnagka nporpaMmsl.

5. I[IpoBeneHune BEIYUCIUTEIBHBIX YKCIIEPUMEHTOB.

6. AHQJIN3 MTOTYYEHHBIX PE3YIbTATOB.

6. YKASAHUA 110 BBIITIOJTHEHUIO OTYETA

Kaxnp1it cTyeHT opopmiisieT OT4ET, KOTOPBIN JOJIKEH COIEPKATh :

- IOCTAHOBKY 3a/1a4H;

- OJIOK-CXEeMY alIropuTMa YUCIEHHOTO PEIICHMUS;

- pacreyaTKky OTIaJ0K MPOTrPaMMBbl;

- pacrievaTKu pe3yJbTaToB pacuéra;

- aHaJIN3 PE3YJIbTATOB;

- IEPEUCHb OIMMOOK, TOMYIIEHHBIX B IIPOIECCe MPOXOXKICHUS 3a/1aHNS;

- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHL.

B otBere cienyer natb HEOOXOIUMMBbIEC TMOSICHEHUSI HCIIOJIb30BaHHBIX B
porpaMme UMEH NEPEMEHHBIX .

7. KOHTPOJIBHBIE BOITPOCBI
1. YUem oObsicHsieTCS pa3nuuue TOYHOCTU MeTonoB Pywre-Kyrra 1, 2, 3, 4-ro
nopsijaka?
2. Kakum 06pa3om B mporpamme o0ecreuyrnBaeTcsi BRIX0 Ha TOUKY X =b?
3. KakoBa peanbHass MakCHUMajbHAas TOYHOCTb YMCJIECHHOTO METOJAa PEUICHUS
nuddepeHanbHOTO ypaBHEHHS Ha KOHKpeTHOH DBM ?
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NABOPATOPHASA PABOTA N2 10
PACUYET TPAEKTOPHU I1OJIETA

1. IIEJIb PABOTbI

[enwro manHO# paOOTHI SBISICTCS:

- OBJIQJICHWE TMPAKTUYECKUMHU HABBIKAMHM  YHCIEHHOTO  pEIICHUS
muddepeHIMaNbHbIX ~ YpaBHEHHH ~ BTOPOTO  MOpAIKa | CUCTEM
nuddepeHnaIbHBIX YPaBHEHUH;

- MPAKTUKA U UCIOJIb30BaHUE CTAaHAAPTHOW MPOTPaMMbl PELIECHUSI CUCTEM
0OBIKHOBEHHBIX JU((PepeHIIaIbHBIX YPaBHEHHUI;

- NpPOBEACHHE BBIYUCIMTEIBHBIX OKCIEPUMEHTOB IO  PEHICHUIO
MPAKTUYECKUX 3a]1a4.

2. OCHOBBI TEOPUHA

[Ipu  wunHTerpupoBaHuu  AU(GEepEeHUUATbHBIX  YpPaBHEHUM  BBICIIMX
HOpﬂI[KOB MO>XKHO HCIIOJIB30BATH JBa moaxoaa. BO—HepBBIX,
i epeHraiIbHOE YpaBHEHUE MOKET ObITh HEMOCPEICTBEHHO MPE0Opa3oBaHO
B KOHCYHO-PA3HOCTHYIO q)OpMy IIyTEM MPCACTABJICHUA BCCX €TI0 IIPOU3BOIAHBIX
COOTBETCTBYIOIIIUMH  KOHEUYHO-PAa3HOCTHBIMM  BBIpaKEHUsIMH. Hampuwmep,
YPaBHCHUC IIAJICHUA TCJIa

d’Y

t2

=—GY), Yt=0)=h, Vt=0)=V,,

rae Y - BeicoTa, t - Bpems, G(Y) - yckopenue naaenus, h,V, - HaganpHas
BBICOTA M CKOPOCTh, MOXKET OBITh YHCIEHHO PEIICHO C MOMOIIbI0 KOHEUHO-
Pa3sHOCTHOTO YPaBHEHUS

Y., =2Y, - Y, +(A)* - G(Y)) ’

B KOTOPOM TOYKH Y ¥ Y| HAXOJSTCA U3 HAYAIbHBIX YCIOBUN:

Y, =h,

Y, =Y, +V, ‘At

Bo-BTOopeIX, nuddepeHnnaasHoe ypaBHEHHWE BBICIIETO TMOPSIKA MOXKET
ObITh TIpeAcTaBieHO B (opme cucteMbl auddepeHIuaIbHbIX ypaBHEHUN
MIEPBOTO TIOPSJIKA, KOTOPBIC PEIIAOTCS TOCIEIOBATEIPHO PACCMOTPEHHBIMU

paHee Metojamu. Hampumep, HamvcaHHOE BBIIIE yYpaBHEHHE MAJICHUS Tela
MOXET OBITh IPEACTABICHO CUCTEMOM

dy
— = V(v),
m (t)
dv
—=-G(Y
m (Y)
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Pemenre naHHOM CUCTEMBI METOAOM Oillepa JAaeT CUCTEMY KOHEYHO-
Pa3HOCTHBIX YPaBHEHUU
Vi =V, +At(-G((Y)),

Vi +\/vi+1
Vi =Y, A,
V,=V..Y,=h

rae
Kyrra.

. AHaJOr'MYHO MOXKET OBITH MMPpUMCHCH MCTO PYHFG-

3. OBPBEKT UCCJIEJOBAHUS, OBOPY1OBAHUE

OOBbEeKTOM HCCNEAOBAHUS SBISIOTCS 3JEMEHTBl YUCIEHHBIX METOJOB U
aNTOPUTMHUYECKOTO si3b1ka C++.

Jlnsg  BbIIOJNIHEHUsA — JabopaTopHOW — paboThl  TpeOyeTcss  HalIu4due
ANEKTPOHHOW BBIYUCIUTEIHLHOW TEXHUKA C YCTAaHOBIECHHBIM MPOTPAMMHBIM
o0ecrieueHUEM.

4. BAPUAHTHI 3AJIAHU N
Hana cucrema auddepeHInalIbHbBIX YpPaBHEHUW BTOPOro TOpSAJIKa,
ONMCBIBAIOLIUX TPACKTOPHIO JIBHKECHHMS TEJIa IEPEMEHHON MacChl B BO3yXE€,

m(t) —- = [P(t) ~R(V)]cosa(t)}

m(t)%:[P(t)—R(V)]sin[a(t)]—m(t)-g<Y>;

X=X,,Y=Y,,V=V,,a=0a,t=0.

m(t)-g(h)

X
>
Puc. 3. Cxema AeHCTBYIOIMMUX CUJI
B npuBenenHoun cucreme ypaBHeHUM X, Y - MOPOCTPAHCTBECHHBIC

KOOpIMHATHL; t - BpeMsi; O - yroj, oOpa3yeMblil KacaTelbHON K TPaeKTOPHH
JIBWKEHUS € OCBIO X ; M - Macca Teja, U3MEHSAIOIAACS 110 3aJaHHOMY 3aKOHY;
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R=(C,P V2 Sm) /2 - cuna conpoTuBIIeHUs Bo3ayxa ABrkeHuto Tena (Cy -

KOHCTaHTa, P - MIOTHOCTL BO3AyXa, M3MEHSIOMANACSA C BBHICOTOM JABUKEHHUA Y
S - TUIONIA/Ib CEUYCHHUS TelIa) ; g - YCKOpEeHHe CBOOOTHOTO NajieHust; V - moHas
CKOpOCTh JBWXeHUs;, P - cuna, cozmaBaemasi MCTEKAIOIIMM TOTOKOM MAacChl,
U3MEHSETCS M0 33JJaHHOMY 3aKOHY.

KaxnoMmy cTyneHTy npeajiararorcs 1O 3aJaHUI0  [PEnojaBaTelts

onpe/ieJIeHHbIE HaYalbHbIE YCIOBUS U 3akoHOMepHOocTH m(t), P(t), P (Y) .
Heo0xo1ruMo 4nCIeHHO PEeIInTh JaHHYIO 337a4y IByMs ClIocoOamu;
1) HemocpencTBEHHO METOAOM KOHEUHBIX Pa3HOCTEW MOJIYYUTh PEIICHHE
3aJ1a4M, UCIOJIb3Ysl KOHEUHO-PA3HOCTHOE MPEJCTaBICHNE BTOPOI MPOU3BOHOM;
2) npuBecTtu audPepeHianbHble ypaBHEHHUsI BTOPOro MOpsi/iKa K CUCTEME
muddepeHIIMaIbHBIX YpPaBHEHUH IEPBOTO MOPSAIKA, YHCIEHHO PEUIUTh 3Ty
CUCTEMY C IMOMOIIbIO CTAHAAPTHOU MOAIPOTrPAMMBI.

5. MOPAJOK BBIIIOJIHEHUS PABOTHBI U METOANYECKHUE

PEKOMEH/IalINH .

l. BeiBectn KOHEYHO-PAa3HOCTHYIO bopmyiy YUCJIEHHOTO
WHTETPUPOBAHUS.

2. PazpaboraTh anropuT™ peiieHus 3a1auu.

3. [lepBble neCATH IAr0OB UHTEIPUPOBAHUS IPOU3BECTH BPYUHYIO.

4. CocTtaBuTh TMpOTPaMMbl pEHICHUS 3aJadyd MO0 pa3paboTaHHOMY
AITOPUTMY U C UCIOJIb30BAHUEM CTAHJAPTHOM MOAIPOrpaMMBI.

5. I[Ipoananu3upoBaTh pe3yJabTaThl pacyeTa.

6. YKAZAHUSA 10 O®OPMJUIEHUIO OTYETA

Kaxxaprii ctyneHT ohopmIiseT oTueT, KOTOPBIH TOJDKEH COMePIKaTh:
- IOCTAaHOBKY 3aJ1a4H;

- pa3HOCTHYIO (hOPMYITy pEIICHHS;

- OJIOK-CXeMy alropuTMa;

- TaOJIMILy PE3yJIbTaTOB PyYHOTO PAacUeTa;

- pacrmevyaTKy MpoTrpaMM U OTJIAJIOK MIPOTPaMM pPacyeTa;

- pacTieuyaTKu pe3yJIbTaTOB PACYETOB;

- aHaN3 Pe3yIbTaTOB ( MIPOMILTIOCTPUPOBATH TpadUuecKn);

- OTBETHI HA KOHTPOJIBHBIE BOTIPOCHI.

7. KOHTPOJIBHBIE BOITPOCHI

1. KakuM 00pa3oM MOKHO YHCIIEHHO PEUIUTh JIaHHYIO 3aJady, €Clid 4acThb
IPaHUYHBIX YCJIOBMM OyneT 3ajaHa HE B HayalbHOM TOYKe (Hampumep, B
KOHEYHOU TOYKE TPAEKTOPUU WM B IPYTOM TOUKE) ?

2. Kakyr0 MUHUMAaJIbHYIO BEJIMYMHY JOIYCTUMOU MOTPEIMIHOCTH PELICHUS
MOJKHO 337aBaTh?
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