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BBEOEHUE

Baxwnerimei 0COOEHHOCTHIO COBPEMEHHOTO JTana Hay4YHO
TEXHUUYECKOTO TMporpecca SBISIETCS CTPEMUTENIBHO BO3pacTarouias poJib
OBM Bo Bcex 00gacTsIX UWHXEHEPHOW JEeATETbHOCTH - OT CHCTEM
ABTOMATU3UPOBAHHOTO  MPOEKTUPOBAHUS U  YOPABICHUS A0  KOHTPOJS
TEXHOJIOTHUYECKMMH TporieccaMu. B Hacrosmee Bpemss OBM  cramu
HeoOxonuMbiM  obopynoBanuemM HUWMU, koHCTpykTOpckux OroOpo, 3aBOJIOB.
OTO TO3BOJWJIO OT NPOCTEHMIIMX PACUYETOB M  OLEHOK  Pa3IMYHbIX
KOHCTPYKIIMM WJIA TMPOLECCOB IMEPEUTH K HOBOMY YPOBHIO HWHKECHEPHOU
NEATeIbHOCTH -  JICTAIbHOMY  MaTE€MaTHUYE€CKOMY  MOJCIMPOBAHUIO
(BBIUMCIUTENBHOMY  AKCIIEPUMEHTY), KOTOPOE CYIIECTBEHHO COKpallaeT
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 1O TPOPWII0 CBOEH CIHENUATbHOCTH, HO W XOpPOIIO 3HATh
MaTeMaTU4YeCKUe METOAbl PEIICHUS WHXKCHEPHBIX 3a7ady, OPUEHTUPOBATHCS
Ha HCHOJIb30BAHUE BBIYUCIUTEIBHOW TEXHHUKH, MPAKTUYECKH OCBOUTH
OpyuHIUIBL padoTel HAa DBM.

SA3pik Cu - omuH w3 HauOolsiee TMOMYJISPHBIX COBPEMEHHBIX S3BIKOB
nporpammupoBanus. C MomeHTa mosiBieHus (Hadaino 70-x TOOOB) A0
HACTOAILETO BPEMEHHU OH MPOLIET HECKOJIbKO JTAllOB CBOErO0 pPa3BUTUS U
coBepuieHcTBoBaHus (B 1983 r. cozgan ANSI cranpapt C). C 1980 rona on
BKJIFOYAET HOBBIM MOJXO0J K pelIeHUIO 3aja4 Ha DBM, Ha3BaHHBIN 00BEKTHO-
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.
PasButne C++ ObBUIO OTMEYEHO AKTHUBHBIM JIHAJIOTOM  COOOIeCTBa
MOJIH30BaTENIC, KOTOpPHIC IUIOJOTBOPHBIM OOMEHOM HJESIMHU TIOMOIVIM €ro
dbopmuposarts. B pesynbrare, si3pik CH++ mpuoOpesr MHOXKECTBO Y€pPT, KOTOPbIE
MOAACPKUBAIOT PA3TUYHBIE METObI U PUEMBI IPOTPAMMUPOBAHUS.

SAzpik C++ mJyuine Bcero u3ydarh, paccMmaTpuBasi, KakuM o0pa3om
B3aUMOJICUCTBYIOT 4YepThl s3bIKa TIpU HamucaHuu nporpamm. Kak wu
OOJBIIMHCTBO TOJIb30BaTeneil C++, BO BpeMsi CTAaHOBJICHUS A3bIKA, Mbl UMEEM
BO3MO>XHOCTh YBUJIETh, TOUEMY KOHKPETHBIC JIEMEHTHI SI3bIKa ObLIIU Pa3BUTHI U
MOYYBCTBOBATH B HUX YCOBEPIICHCTBOBAHWUU 4YEpPE3 HUX MPUMEHEHUE U
UCIIOJIb30BaHUE.

Beimycknuk BVY3a pmomkeH yMeTb TNpaBWIBHO U PalMOHAJIbHO
COCTaBUTh MPOTrpaMMy pacyeTa, HCIOJb3ys CYIIECTBYIOIIUE CTaHIAPTHbHIC
MOAYJIA, OTJIaAUTh €€ W TMPABUIBHO HWHTEPIPETUPOBATh MOJIYYEHHBIE
pE3YIbTATHI.
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JlabopaTopHble 3aHATHS, TpejaraeMbple B JaHHOM  COOpHHUKe,
BBITIOJTHSAIOTCS Ha d3Tamne oOuied 06a30BoM moaAroToBkU. OHU MpeHAa3HAYCHbI
JUISL 3aKpEIUICHUSI Ha TMPAKTUKE 3HAHWUM, JaBaeMbIX B Kypce JEKUHH U
BBIPAOOTKU Yy CTYJICHTOB MPAaKTUYECKUX HABBHIKOB B MPOTrpaMMHPOBAHHH, A
TaK)Ke Pa3BUTHE HABBIKOB OQOpMIICHUS Pa3pabOTaHHBIX MPOTPAMM.

Kaxxmas w3 mabopaTopHbIX pabOT mpeacTaBiseT coOOW pa3padOTKy
HEOOJIBIION MPOTrpaMMBbl, U MPEANOIaraeT caMOCTOSITEIbHOE W 3aKOHUYEHHOE
VCCIIEIOBAHNUE, BKJIIOYAIOIIECE COCTABIICHUE W OTJIAAKYy IPOTrpaMMbl, AHAIU3
pe3ysbTaTOB pacueToB Ha OBM.

B cOopHuke conepxarbCsi OCHOBHBIC CBEICHHS TEOPETUUYECKOTO
XapakTepa, JaHbl KOHKPETHbIE TMPUMEPHI, UTO BIOJHE JOCTATOYHO JIJIs
pa3paboTKKM TporpaMM  peanbHbIX 3amad. [lpu HE0OXOIUMOCTH ClieqyeT
BOCIIOJIb30BaTbCA YKA3aHHOW JIMTEPATypOd U KypCOM JIEKLIMM.

Enunas Metonuueckas OCHOBAa U JOCTYIHOCTh H3JIOKEHHUS MaTepuasna
MO3BOJISIET CTYJEHTaM CaMOCTOSITEJIbHO BBITIOIHSATH IpesjaracMbie paboThl.

METOAOMYECKUE YKA3AHUA MO BbINMOJIHEHUIO PABOT

Kaxnas maboparopHas paboTa JODKHA BBITIOJHATHCS IIOCIE HU3YyUCHUS
CTYAEHTAMU COOTBETCTBYIOIIUX Pa3AEIOB TEOPETHUYECKOTO Kypca JICKIUH.

K nanmbneitmeit pabore Ha OBM pomyckaroTcss TOJBKO T€ CTYJICHTHI,
KOTOpBIE B TIPOIIECCE BBHITIOJIHCHHS JaHHBIX JTA0OPATOPHBIX PAabOT TMOKa3aIH
3HaAHHWE TEOPETHUYECKUX BOMPOCOB. PaboTa cuuTaeTcs BBITIOJIHEHHOW IOCIe
TOr0, KakK MNpenojaBaTeib, MPOBEPUB PE3YJIbTAThI M OTBETHl CTYJACHTOB Ha
KOHTPOJIbHBIE BOMPOCHI, MOANUCHIBAECT MPEAOCTABICHHBIA CTYJEHTOM 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
AJIEMEHTAMHU CpeJbl BU3YaJIbHOTO MPOTPAMMHUPOBAHUS AJITOPUTMHUUECKOTO
s3pika C++, ¢ mpaBwiamMu CO3JaHUs MPOEKTOB, BU3yaIbHBIMU KOMITIOHEHTAMH,
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 npeanasnaven st 6bicTpoii pa3paboTku npuiioxkenuit (RAD), noctpoen-
HbIX Ha COBPEMEHHOM (yHIaMeHTEe OOBEKTHO-OPUEHTHPOBAHHOIO IPOIPAMMHPOBAHUS
(OOII). C++Builder cam mocreneHHo OyneT momoratb BaM OBJIAJIEBAaTh NPEMYAPOCTAMHU
RAD, OOII u s3pika C++, nmoHayanmy TpeOys JIUIIb MUHHUMANBHBIX TPEIBAPUTEIbHBIX 3HA-
HU. Bamym HaBbIKH OyIyT paclIMpsTHCS MO0 MEPE POCTa CIIOKHOCTH BalllUX Pa3pabOTOK: ueM
CJIOKHEE 3a/lava, TeM OOJIBIINI 10 00beMy KOJ MOTpeOyeTCs HAIKMCATh JJIS €€ pealn3alluu.
[TomydyeHnue 3HaHUM MepecTaeT ObITh caMollebio. Bel camu yoenurech B ToMm, uto C++Builder
B KOpPHE MEHSIET MPOIeCcC pa3padOTKKA HACKOIBKO JIerde u OBICTpee BbI CMOXKETE MOyYaTh pa-
OoTaroIIMe W HAJCKHBIC TIPOTPAMMBI ISl OTIEPAIMOHHBIX cucTeM Windows, 4eM Ipy UCIIONb-
30BaHUM TPATUIIMOHHBIX HHTEPHEHCHBIX 000JI0UEK APYTHX CHCTEM.

NnmroctpupoBath MOIHOCTS U THOKOCTh C++Builder 6ynem Ha mpumepe mocTpoeHHs
TECTOBBIX MPUJIOKEHUH, pa3BUBas HX OT MPOCTEHIINX MPOTOTUIIOB JI0 3aKOHYCHHBIX pab0YHX
IPOTPaMM.

Ilepgoe 3nakomcmeo

Kak HaumHarolye, Tak 1 ONbITHBIE IPOrPAMMHUCTBI HAYMHAIOT 3HAKOMCTBO C HOBOH CH-
CTEMOM C MOMBITKU CO3/1aTh IMPOCTYIO MPOrpaMMy, a YTEHUE JTOKYMEHTALMU OTKJaJbIBAETCs
710 Jy4IIMX BpeMeH. [Ipy 3TOM OLleHMBAIOT pa3HbIC acHEeKTHl Pa3pabOTKU: HACKOIBKO IOJIE3-
HBIMH OKAa3bIBAIOTCS Ballli MHTYHIHS U OTBIT, JAKOHUIHOCTh U 00BEM KOJa, JOCTOMHCTBA
CepBHca CpeJibl, BpeMEHHBIE 3aTpaThl, yI00CTBa OTIAIKH U MHOTOe-MHOroe apyroe. Ilocnemy-
€M U MBI 110 3TOMY ITyTH 3HAKOMCTBA cO cpesioil nmporpammupoBanusi C++Builder.

Ms! nomyunM oO1iee MpescTaBiIeHne 0 paboTe Co CIEAYIOUIMMH OCHOBHBIMH HHCTPY-
MEHTaMHU HHTETPUPOBAHHON CPEIIBL:

 [lanutpa xommoHeHT coxaepxut Oosnee 100 MOBTOPHO HCHOJB3YEMBIX KOMIIOHEHT,
IpeUIaraeMbIX JUISL TOCTPOSHHSI TPHITIOKEHHIA.

* Penaktop hopMm mpenHasHaueH A Co3MaHus HHTepderica mporpaMMBI ¢ MOJb30BaTe-
JEM.

* PenakTop Koza mpemHa3sHaueH ISl HANMMCAHUS TEKCTa MPOTPAMMBI, B YaCTHOCTH,
byHKIHI 00paObOTKH COOBITHIA.

* MHCriekTop 00BEKTOB MO3BOJISIET BU3yalbHO YCTaHABJIMBATH CBOMCTBA OOBEKTOB Oe3
HEOOXOIMMOCTH PYTUHHOTO MTPOTPAMMHUPOBAHUS M COAECPIKUT COOBITHS, KOTOPBIE MOKHO CBSI-
3BIBaTh C KOJIAMH peaKkIMi 00BEKTOB Ha UX BOSHUKHOBEHHE.
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* Xpanunuiie 0ObEKTOB COICPKUT TaKhe 00BEKTHI, KaK (POPMBI M MOAYJIN JAHHBIX, 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 IlayMTpbl KOMIIOHEHT HYKHBIX YIpaBIsOUMX 31eMeHTOB (puc. 1). C kaxaon
KOMIIOHEHTOH (Harmpumep, KHOIIKOM) CBA3aHbI CBOWCTBA, KOTOPbIE MEHSAIOT €€ BUJ U MOBEe-
Hue. JI1o0as KOMIOHEHTa MOXET BBI3BIBATh CEPUIO COOBITHUI, KOTOPBIE ONPEAEISIOT €€ peak-
LUIO HAa pa3jMyHble BO3ACUCTBUSA. B nanbHeIeM M3I0KEHUH CUMBOJIBI => 0003HAUYaIOT Te
JeiicTBuUs, KOTOpBIE Bbl OyzeTe coepiuath B cpene C++Builder.

=> BpzoBute CH++Builder u HaunuTe paboTy Hax HOBBIM IPUIIOKEHHEM IO KOMaHJE
File | New Application u3 rImaBHOTO MEHIO.

=> [llenkast MpIIIbIO MO BKJIagKaM [laquTpbsl KOMIIOHEHT, MPOCMOTPUTE MMEIOLIMHACS
ACCOPTUMEHT 3JIEMEHTOB MHTep(delica MporpaMmbl C MOJIb30BATEIEM.

Ilepexoast oT BkIanku K BKiIajake [TanruTpbl, MOKHO 3aMETHTbh, YTO HAOOP JOCTYIHBIX
KOMIIOHEHT MeHsieTcs. Kora Kypcop MBIIIM OCTaHABJIMBAETCS Ha 3HAYKE KOMIIOHEHTHI, BO3-
HUKaeT MoJjicKa3Kka ¢ ee Ha3BaHueM. Ecau Haxatp kiaBunty F1, cnpaBouHas cimyx0a cuctemMbl
BBIJIACT IOJIHYIO0 HH(POPMALIHIO O BEIOPAaHHON KOMIIOHEHTE.

Bu3zyansnoe npoekmuposanue
Hame nepBoe mpuiioskenue OyaeT reHepupoBaTh pelleHne KBaJIpaTHOro ypaBHeHus. B
HavyaJIbHOW BepCHUH MOTpeOyeTcst TOIbKO 12 00BEKTOB: 5 moJiel peIaKTHPOBaHUS, 5 METOK U
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nBe KHOMKH. IlepeHeceM KOMITOHEHTHI Ha (OpPMY NMPOCKTUPOBAHUS M HAYHEM ITOCTETIEHHO
pa3BuBarh mpwioxkeHue. Meroy mneperackuBanusi (drag-and-drop) cocTouT B criemyromiem:
Ha)KMUTE KHOIIKY MBI Ha BHIOPAaHHON KOMIIOHEHTE, MIepeBeIuTe Kypcop Ha JIF000e MecTo
¢dopMmBI, a 3aTeM CHOBa HAKMHUTE KHOMKY MbIIIH. J[71s Havana orpanuyumMcs ""crangapTHHIMH"
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 BbI XOTEIH Obl UX BU-
JIETh B OKHE BAIIETO MPUIIOKEHUS.

C nomourpto MHCIEKTOpa 0OBEKTOB ONpENeIuTe HavyalbHbIE 3HAYEHUSI CBOMCTB KOM-
IIOHEHT.

Tenepb MOXKHO NEPEKIIOUYUTHCS HAa PemakTop Koja M Hamucarh, Kak ObUIO MPUHSATO,
1r00yr0 mporpammy Ha si3bike C++, BKITto4ast nociennue pacmupenus crangapta ANSI/ISO.
OpHako, MOMbITaEMCSl CHavaja BOCIIOJIb30BATHCSI HOBBIMU CPEACTBaMH OBICTPOH pa3paboTKu
NPUIOKEHUN U TOTIOJIHUTENIbHBIMU aTprOyTaMi KOMIIOHEHT, 3ai0’keHHbIMHA B C++Builder.

Cesoiicmea, memoosl u coobimus

BricTpas pazpaboTka NpuiIoKeHU MOApa3zyMeBaeT MOIACPKKY CBOWCTB, METOJIOB M CO-
OBITUI KOMIIOHEHT B paMKaxXx OOBEKTHO-OPHEHTHPOBAHHOTO MporpammupoBanus. CBoiicTBa
MO3BOJIAIOT BaM JIETKO YCTaHABIMBATh Pa3HOOOpA3HbIE XapPAKTEPUCTUKU KOMIIOHEHT, TaKHe
KaK Ha3BaHUs, KOHTEKCTHBIC MOJICKA3KHU UM UCTOYHUKHU JaHHBIX. MeTo bl ((hyHKIIMU-UIICHBI)
MPOU3BOJIAT OIpEEJICHHbIE ONEPalud HaJl KOMIIOHEHTHBIM OOBEKTOM, B TOM YHUCJIE U TaKHe
CJIOKHBIE KaK BOCIIPOM3BEJCHUE HIIM MEPEMOTKA YCTpoiicTBa MynbTuMeua. COOBITHS CBSA3BI-
BalOT BO3JICHCTBUS MOJIb30BATENsI HA KOMIIOHEHTHI, TAKUE KaK aKTUBU3AIUs, HA)KaTue KHOTIOK
WIM peAaKTUPYEeMbIi BBOJ - C BallUMU KOJAaMH peaklMd Ha 3TH Bo3aelcTBusa. Kpome Toro,
COOBITHUSI MOTYT BO3HUKATh MPHU TAKUX CHEHUPUUECKUX MU3MEHEHHSIX COCTOSHUS KOMIIOHEHT
KaKk OOHOBJICHHE JaHHBIX B MHTEp(ENCHBIX 3JeMEHTaxX JOCTyna K 0a3am naHHbIX. Paboras
COBMECTHO, CBOMCTBA, METOJIbI U COOBITUSI 00pa3ytoT cpeay RAD MHTYUTHBHOTO IpOrpaMMu-
pOBaHUS HAJICKHBIX MPUIoOKeHUH 1t Windows.

=> B HHcnekTope 00bekToB yKaxuTe BKIaaKy Coowrtuii (Events), 4ToObl yBUIETH BCE
COOBITHSI, ACCOIIMMPOBAHHBIC C BEHIOPAHHBIM 00BEKTOM.

=> J[Ba)KIbl LIEJIKHUTE MBIIIbIO IO KOMIIOHEHTE KHOMKH, KOTOPYIO Bbl TOMECTUIIN Ha
dbopmy.

=> B otkpsiBmieMcst okHe PemakTopa Koma Kypcop MOKaKeT TMO3UIMIO IJIT BBOJA WH-
ctpykuuii B tenmo Qynknuu ButtonlClick, mpennasnauenHoir st 0OpaOOTKH COOBITHSA
OnClick, BO3HHKAIOIIETO MPU HAXKATUU KHOIIKH.

DTan MPOEKTUPOBAHUS TIEPBOM BEPCUM TPUIIOKEHUS HA ITOM 3aBEPIIACTCA U MOXKHO
MPUCTYIUTD K CO3IaHHI0 paboyeil mporpaMmel.

=> Komanno# rmaBHoro MeH0 Run | Run 3amycTtuTe mporiecc KOMOWISIITAN U COOPKHU
MPUIOKEHUS.

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

Texnonozusa 08yHanpaeneHHoil pa3padomxu

C++Builder He cTtaBUT HUKaKUX 0apbEPOB MEKIY MPOTPAMMUCTOM U €ro KoaoMm. Tex-
HOJIOTHS JIBYHAIpaBlieHHOW pa3pabotkun Two-Way Tools obecrieunBaeT KOHTPOIb 32 BalllUM
KOJIOM TTOCPEICTBOM I'MOKOT0, HHTETPHPOBAHHOTO U CHHXPOHU3UPOBAHHOTO B3aUMOICHCTBHUS
MEXJly MHCTPYMEHTAMU BU3YyaJlbHOI'O IPOEKTUpOoBaHus U Penakropom kona.

Uro0b! IpociennTh 3a T€M, KaK JEHCTBYIOT MHCTPYMEHTHI JBYHAIIPaBJIEHHOHN paspa-
OOTKH, BBITIOJHHUTE CIEAYIOIINE ONIePALIHH:
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=> OTKpoiiTe KOHTEKCTHOE MEHIO PermakTopa Koja memdKoM MpaBoid KHOIKM 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 ¢opmy 1 ¢aitn Unitl.h B okne PenakTopa koxa.

=> [leperamuTte eme oaHy komrnoHeHTy kHomkun 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 obpaboTtunka storo codertus (Puc. 2). Takas
CHUHXPOHH3AIMs IPOIECCOB MPOCKTHUPOBAHUS (POPMBI M aBTOMATHYECKOW TeHepaluu Koja
JCWCTBUTEIILHO YCKOPSIET BU3YaIbHYIO pa3pa0boTKy C++ MPUIIOKEHHUS, TOTHOCTBIO COXPAHSS
KOHTPOJIb HaJl HCXOIHBIM TEKCTOM IIPOrPaMMBI.

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 IPOTPAMMUCTA HAJT €r0 KOJOM

Crenyet 3anoMHUThH, 4To CH++Builder acconnupyer ¢ KaxIpIM TPUIOKEHUEM TPH HC-
XOJHBIX (haiina co CleAYIOIMMI UMEHAMH IO YMOJTYaHHUIO:
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* Unitl.cpp XpaHUT HCIONHSIEMBIH KOJ peaau3alliy Ballero NMpHiIokKeHus. VIMeHHO B
HEM BbI 3allMChIBaeTe OOpaOOTUMKU COOBITUH, OTBEYAIOLIME 3a PEaKLUIO0 MPOrpaMMbl IPU
BO3/ICIICTBUU M0JIb30BATENSI HA OOBEKTHI KOMIIOHEHT.

* Unitl.h cogepxut 00BsBIEHUS BCEX OOBEKTOB M MX KOHCTPYKTOpOB. OOparuTe BHU-
MaHHe Ha KJroueBoe ciaoBo _fastcall B oObsiBeHMsIX QyHKIMIA 00pabOTKH COOBITHI, KOTOpBIE
C++Builder remepupyer aBToMaTHuecku. biarogaps fastcall mepegaua nmapamerpoB opranu-
3yeTcsl He Yepe3 CTEK, a Yepe3 PerucTphl HEHTPATBHOTO Ipolieccopa. Bri30BbI 00paboTINKOB
COOBITHI MPOUCXOAAT OYEHBb YACTO, MOITOMY SKOHOMHS BPEMEHH, 3aTPaulBaeMOro Ha BbI-
OOpKy mapamMeTpoB M3 MaMATH CTEKa, OKa3bIBAETCS BEChMa OLIYTHMOM. 3/1eCh KpoeTcs OJHa
U3 MPUYUH BBICOKOTO OBICTPOAEHCTBHS NMPHIIOKEHUH, KOTOphIE KOMIHIUPYET U COOUpaeT
C++Builder.

* Projectl.cpp oGciy:xuBaeT Bce 0OBEKTHI, 3aKIIOYCHHBIE B MPUIOKEeHHUH. J[to0ast HoBast
(dopma, MpOorpaMMHBIA MOJYJIb WIM MOJYJNb JJAHHBIX aBTOMATHYECKH BKJIFOYAIOTCS B MPOEKT-
HBII (ailn. Bel MokeTe mpocMoTpeTh B OkHe Peakropa koja copep:kaHue HCXOAHOTO TeKCTa
IPOEKTHOro (aiiyia ¢ MOMOIIBI0 KOMaH bl ITaBHOTO MeHI0 View | Project Source unu BeiOpaB
OJTHOMMEHHYIO OIIUI0 U3 KOHTEKCTHOr0 MEHI0 AZIMUHHUCTpaTopa npoekTa. Hu B koem ciydae
HE pelakTUpyHTe MPOEKTHBIN (aiin BpyuHyo!

BeITh MOXET, 3aBepIIMB pa3pabOTKy MEPBOTO MPHIIOKEHUS, BBl 3aXOTUTE COXPAHHUTH
UCXOJIHBIE (hailsIbl IS CIIEAYIOIIEr0 CEaHca, BBIMOJIHUB OJJHO U3 CIEAYIOIINX JeHCTBUM:

=> Komanpa File | Save All coxpanser Bce ucxonansie ¢ailsibl MpUI0KEHHS.

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

Komanna File | Save Project As coxpaHsieT H3MEHEHHs BCEX COCTaBIISIOIIUX MPOEKTHO-
ro ¢aiina, ncrnoab3ys TeKyIue UMeHa ¢aios.

Hcnonvzosanue npoeKmHuulx uiadionos

Hcnonp3oBaHue rOTOBBIX MPOEKTHBIX MAO0JI0OHOB M3 XpaHWIHIIA O0BEKTOB JaeT BaM
BO3MOXXHOCTh Ha4aTh pa3pabOTKy, OMyCKas TUITUYHBIC JJIi MHOTHUX MPHIIOKEHHUH MpeIBapu-
TEJIbHBIC OTIEPAIMH 110 COCTABJICHUIO TNIABHOTO MCHIO M IAHEIH KHOMOK OBICTPOTO BBI30BA,
OpraHu3aluil CTaHAAPTHBIX TUAJIOTOB BBHI30BA M COXpaHEHUs (QaiiyioB. BHeceHHbIE BaMU U3-
MEHEHHUSI HUKAaK HE OTPAKAIOTCS Ha UCIIOIB30BAHUU TOTO K€ MPOCKTHOTO MIA0JIOHA IPYTUMHU
pa3paboTYNKaAMU.

UToO0BI cO37aTh HA OCHOBE MPOCKTHOTO MA0JIOHA MPOTOTHI MPHIIOKEHUS 711 paOOTHI B
pexumMe MHOrojoKyMeHTHoro untepdeiica (MDI), Beibepute n3 Xpanuiuiia o6bektoB 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 ckoMmunmupyete u codepere Takoe MPUIIoKEHUE, TO YBUIUTE, YTO OHO "ymeeT"
TOJILKO OIEPUPOBATH C OKHaMHU B peskuMe MDI u BbI3BIBaTH AMANOr OTKPBITUS (aillioB, HE
3aIoJIHsASL OKHA TEKCTOBBIM COJIEPYKUMBIM BBIOpaHHBIX (haiiiioB. To ecTh mpoTOTHI OKa3aycs
He(YHKIMOHATIBHBIM M MPAKTHUYECKH Oecrosie3HbIM. YTOOBI mpUaaTh MPHUIOKEHUIO HEKOTO-
poe OCMBICICHHOE MOBEAECHUE, HEOOXOAUMO N00aBUTh Ha (hOpMY HEOOXOIUMBIE Ul KOH-
KPETHOTO NMPHJIOKEHUS] KOMITOHEHTHI.

Hanumpa komnonenm - Kpamkuii 0030p

Komnonenmur exnaoxu Standard

KoMIToHEHTHI 3TOil BKJIaJKU OCYLIECTBIISIOT BKIIOUEHHE B Ballle MPUIIOKEHHE CIIEIYIO-
LIMX TUIOBBIX UHTEp(deNcHBIX 21eMeHToB Windows:

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

TPopUpMerm Cosznaet "BpICKakuBaromiee" MeHIO I (hOPMBI WIH JIISL IPY-
IO KOMIIOHEHTBHI.

TLabel Otobpaxaer Ha (opMe TEKCT Ha3BaHUS, KOTOPBIA HENb3s
pEelaKTUPOBATh.
TEdit OTtobpaxaer 005acTh pPEJAKTUPYEMOrOo BBOJA OIMHOYHOM

CTPOKH HH(pOpMAIMK Ha GopMme.
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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 xoMOMHaNKIO0 00JaCTH PEAAKTUPOBAHUS M BbINAJa-

HOOICTO CIIMCKA TCKCTOBBIX CTPOK.

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

TGroupBox Cozmaer koHTelHEp, 0ObEIUHSIONUN Ha (OPME JIOTUYECKU
CBﬂSaHHyIO rpynny HeKOTOpBIX KOMITOHCHT.

TRadioGroup Cozmaer KoHTEWHEp, 00bENUHSIONINN Ha (hOpME TPYIITY JIO-
TUYECKH B3aMMOUCKITIOUYAIOIINX PaJIHO-KHOIIOK.

TPanel C03z[aeT MaHeJIb HHCTPYMCEHTOB WU CTPOK COCTOSIHUS.

Komnonenmut éxnaoku Windows
KoMITOHEHTHI 3TO# BKJIAJIKH OCYIIECTBIISIOT BKIIOYCHHE B BAIlle TPUIOKEHUE CIICTYIO-
IIMX TUTIOBBIX HHTEep(EeHCHBIX 1eMeHTOB Windows:

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

TPageControl OTtobOpaxkaer HabOp MOJeH, UMEIOUINX BHJl YAaCTUYHO 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 JIEMEHTOB B Pa3iny-
HBIX BUJIAX - TI0 CTOJIOLAM C 3aroJI0BKaMH, BEPTHUKAIBHO, T'0-
PU30HTAIBHO, C IMKTOIPAMMAaMH.

TImageList Co3zmaet KOHTEWHEp IS TPYIIIBI U300paKeHHI.

THeaderControl Co3zmaet KOHTEMHEep ISl 3aT0JIOBKOB CTOJIOIIOB.

TRichEdit OtobOpaxkaeT 007acTh peAaKTUPYEMOT'0 BBOJa MHOXKECTBEH-
HBIX cTpoK uH(popmaruu B popmare RTF.
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TStatusBar Co3zmaer cTpoKy MmaHesed COCTOSHUS Jisi OTOOpaKeHHs CTa-
TYCHOU MHpOpMaIIH.

TTrackBar CoznaeT mkamy ¢ METKaMH U PEryIsTOPOM TEKYIIETo MoJo-
KEHUS.
TProgressBar Co3maer WHIUKATOpP TMpoOllecca BBIMOJHEHUS HEKOTOPOH

IIPOLIEIYPHI B IIPUIIOKCHUH.

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

THotKey Hcnonp3yercs Ui yCTaHOBKU KJIaBHUII OBICTPOTO BBI30Ba BO
BpEMS BBIITOJIHEHUS [TPOTPAMMBI.

Komnonenmul exnaoku Additional
KoMmoHeHTHI 3TOW BKJIAJKH OCYIIECCTBIISIIOT BKIIOYEHUE B BaIlle MPIIIOKEHHE CIIEAYIO-
HIMX CHEeHaTN3UPOBaHHBIX HHTEpENHCHBIX 351eMeHToB Windows:

TBitBtn Co3naer KHOIIKY ¢ n300pakeHreM OUTOBOro oOpasa.
TSpeedButton Coznaet rpadguueckyro KHOMKY ObICTPOTrO BHI30BA.
TMaskEdit Co3zmaer 005aCcTh PeIaKTUPYEMOTO BBOIA JAHHBIX crienudu-

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 HJIM MeTadaiina.

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

IPOKPYTKH, €CJIU 3TO HE0OXO0IUMO

OcHoe6bl npozpammuposanus

Brayane  kaxaoil — mporpaMmbl  HaxOOUTCA  pa3fed  ONUCAHUS
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 ToJib3oBaTens mnopsake. [lox gyHkuuen wiu
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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 MMAPaMETPOB, JIMOO € MOMOIIBIO UMEHH (PYHKLIUH, TUOO
C MOMOIIBI0 I00aNbHON nepemMeHHOW. Tenmo (QyHKUMM 3aKitOYaeTcss MEXIY
¢urypusimMu 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 1nensix yncen B C++ CyHIECTBYIOT CIEAYIOLIUE KIIOUYEBBIC
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 YHCEI CYIIECTBYIOT KIFOUEBBIE CIIOBA:
float (nInama3oH BO3MOXHBIX 3HaUeHUN ~ +3.4E+38)
double (nInama3oH BO3MOXHBIX 3HaUeHUN ~ +3.4E+38)
long double (nnama3oH BO3MOXHBIX 3HaueHU ~ +1.7E£308)

llepemennvie u HaUMEHOBAHUA NEPEMEHHBIX

Tepmun “nepemennas’” ynotpeonsatoT B C++ s 0603HaueHUsI BEIUYUHBI,
oOpallieHre K KOTOpPOW MPOU3BOIUTCS Yepe3 €€ HAUMEHOBAaHWE M KOTopas
MO’KET IPUHUMATh Pa3IMUHbIE 3HAUYEHUS, a HE OTPAaHUYECHA KaKUM-IHM0O0 OJJHUM.

Nmena nepeMeHHBIX:

UMs HaYMHaeTCs ¢ OYKBbI MJIM C CUMBOJA . “;

B UMEHHU HE MOXKET yIoTpeoasaThes « - ;

UM$ OTPAKAET CYIIIHOCTh IEPEMEHHOM;

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

3arjJaBHbIE U MPOIUCHBIE OYKBBI Pa3INYaOTCS.

Onepayuu u gvlpasicenus
B C++ cymectByer 4eThlpe OCHOBHBIX ONEpalMy, KaXKaas U3 KOTOPBIX
0003HaYaeTCst 0COOBIM CUMBOJIOM:

CJI0’KEHUE +
BBIYUTAHUE -
YMHOKEHHUE *

JICTICHUE /
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Onepayuu npuceauanusi.

B wmarematuke u A=2.8 u X+2=VY+1 saBuastorcs BepHbiMH, (I-
NpUCBauBaHue, 2-paBeHCTBO). B C++ cylecTBYIOT ABE OTIENbHbBIE ONEPALUU:
MpUCBaBaHNUE U CPAaBHEHHUE 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 - omnepauus CpaBHEHHS, HCIOJb3YeTCd B JIOTMUYECKUX
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 OYEPETHOCTU BBITIOTHEHUS OTIEpAIMil TaK ke, KaK U B OOBIYHOU
MaTeMaTU4YECKOM 3aIHCH.

Hwuxe nokazano, uro C++ mo3BojisieT B ONepaluy MPUCBAauBAHUS MOKHO
OTMETUTh JBYKpPATHOE OOpaiieHue Kk nepemMeHHon X *=2, X /=2, X += 2,
X -= 2, 4TO MO3BOJISIET YCKOPUTH MPOLECC BHIUUCICHUSI.

B amroputmuueckoM s3pike CH++  ompeAeneHbl TakKe CIEIyoIIue
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 ¢ynxyuu

B C++ npenycMoTpeHa BO3MOKHOCTh UCIIOJIB30BAHUS HEKOTOPBIX AJIEMEH-
TapHBIX MaTeMaTHYECKUX (PYHKUUN, TAaKUX, KaK JorapudM, SKCIIOHEHTa, CUHYC,
KocuHyc, U T.n. KoHkpeTHbIi HaOop (QyHKIUH, HOPEIyCMOTPEHHBIX S3bIKE
3aBUCUMT OT BapuaHta C++, OJHAKO BCE BapUaHThl IIPEIYCMATPUBAIOT
BO3MOYKHOCTh BBIYMCIICHUS] HXKETIEPEUMCICHHBIX (DYHKIIMHI U psia IPYTUX.

Matemaruueckast QyHKIHUS 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

OcHoOBHBIE 31€MEHTHl s3blka (C++, pPacCMOTpPEHHBIE paHEEe, MHPOKO
OPUMEHSIIOTCSL MPU COCTABJIIEHUM HCXOAHBIX MHporpamMM. Haubonee BaxHBIM
IIPUMEHEHUEM SIBIIIETCS BBIUYMCICHUE HOBOT'O 3HAYEHUS MEPEMEHHOU, KOTOPOE
MPOU3BOAUTCS C TOMOIIBIO ApU(PMETHUECKOTO OrepaTopa NpucBauBaHUsl.

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

3HaK paBeHCTBA B apU(PMETHUYECKOM OIepaTrope MNpHCBaUBaHUS
UCIIOJIB3YETCsl HE COBCEM B TOM CMBICIIE, YTO B OOBIYHOM MaTEMaTHYECKOH
3anmucu. 3HAUYEHWE 3HAaKa PABEHCTBA B J3TOM ciy4yae OyAeT CIeIyHOIINM:
3aMCHUTH [IPEXKHEE 3HAYCHUE I[EPEMEHHOW, CTOSIIEW B JIEBOW YaCTH, Ha
3HaYEHUE BBIPAXKEHMSI, CTOSILIETO B MPaBOM YacTu orneparopa. Takum oOpa3om,
onepatop A = B + C ecTb HM 4YTO MHOE, KaK KOMAaHJA BBIYHCIUTH CYMMY
3HaYeHul nepemMeHHbIX B u C 1 3aMeHUTh MpekHee 3HAYCHUE MEePEMEHHON A
aTo cymmou. [IpexxHee 3HaueHHME NEPEMEHHOW NPU ITOM TEPSETCA, HO
3Ha4eHMs nepeMeHHbIX B n C ocTaroTcst HEW3MEHHBIMH.

B papyrom mnpumepe apu@meTHUecKOro orepaTropa NPUCBAaUBaHUS 3TH
cnenupuieckue 0COOEHHOCTH 3HaKa PaBEHCTBA MPOSBISIOTCS MPEAEIBHO SIPKO.
Oneparop tuna N=N+1 umeeT cMbICIA: TPUCBOUTH mepeMeHHol N ee crapoe
3Ha4YeHUEe IUI0C 1. DTOT TUN omeparopa, SBHO HE HMEIOLIWN aHAJIOTMU B
OOBIYHOM MaTEeMaTHIECKOM 3aIiCH, ITUPOKO pacrpocTpaneH B C++.

[IpucBanBaHusi MOXHO CBSI3bIBaTh TakKMM oOpa3zoM: sum=a=b. B Takom
Cllydae BBIYHCIICHHE TMPOM3BOAMTCA CIpaBa HaJEBO, T.e. 3HaueHUE b Oyzaer
IIPUCBOEHO NIEPEMEHHOM a, a 3aTEM IMPUCBOEHO MEPEMEHHOM Ssum, IpU 3TOM BCE
TPH MEPEMEHHBIE MOJIY4YaT OJHO U TO K€ 3HaYeHHUe (MIepBOHAYAIbHOE 3HAUYECHUE
NepeMEHHO b).

Heckonbko mpuMepoB MOMOTYT YSICHUTh MPUMEHEHHE apU(PMETHUYECKUX
oneparopoB npucBauBaHus. lIpeanomoxum, uto A , B , C, D u X yxe
BBIUMCJICHBl C IOMOILBIO MPEABIIYIIUX ONEpaTopoB, U TENepb HEOOXOIUMO
BBIYMCIIUTH 3HaUeHUEe R u3 cooTHOmEHNS:

R=A+BX/C+DX

HeoO6xonuMmble BBIYMCIEHUST MOTYT OBITh MPOM3BEIECHBI C MOMOIBIO

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

Hu ogHO U3 3HaYeHMI IEpeMEHHBIX B MPABOM YacTU HE OyJeT U3MEHEHO
[OCJIE BBINOJIHEHHSI OIlepaTopa, MNEpPeMEHHOM 1 OyAeT NpPUCBOEHO HOBOE
3HaYEHUE, CTapOe 3HAYEHUE I OYJET YyTepSHO.

[Ipeanonoxkum, YTO HEOOXOJMMO BBIUMCIWTH OJMH W3 KOpPHEH
KBaJpaTHOTO ypaBHeHns aX~ + bX + ¢ = 0. [To npexnemy a, b, ¥ ¢ ZOIKHBI
OBITh BBIYMCIIEHBI C IMOMOUIBIO MPEABIIYIINX ONEPATOPOB WM BBEIEHBI C
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IOMOUIbIO onieparopa BBoAa. Cienyromuii onepaTop ONpeIeauT HEOOXOAUMBbIN
MOPSAIOK BBIYUCIICHUWA Y TPUCBOUT BBIYUCIIEHHOE 3HAYCHUE MEPEMEHHOM X 1
x1=(-b+sqrt(b*b-4.0*a*c))/(2.0*a).

Bbb110 OBI MOJNIE3HO enle pa3 HAMOMHUTB O 3HAYEHHH CKOOKH.

Cxo0Oku, B KOTOpBIE 3aKJIIOYEHO BbIpakeHue b*b-4.0*a*c, HeoOXoauMbl
JUIS TOTO, YTOOBI 0003HAYUTH apTyMEHT (QYHKIIMU KBaAPaTHOTO KOpHs. CKOOKH
BOKPYT YHCIHUTEINSI HEOOXOAUMBI JUIsl TOrO, 4TOOBI BCE, UTO HAXOIUTCS Mepen
3HAKOM JIeJIeHHsI, ObUIO pa3fesieHo Ha TO, 4To cienyeT ganee. CkoOKH BOKPYT
BbIpakeHus 2.0*a Moka3bIBalOT, YTO 3TO BHIPAKEHUE HAXOJAUTCS B 3HAMEHATEJIE:
eciii Obl 3TU CKOOKHU OTCYTCTBOBAJIM, TO YHUCIUTENb OBLI Obl pa3zesieH Ha 2, a
pe3yabTar JiefeHus ObLT Obl YMHOXKEH Ha A.

[Tocnennuii mpuMep mMoOKa3bIBaeT, Kak apryMeHT (GYHKIHWH, B Ciydae
HEOOXOAMMOCTH, MOXET caM ObITh Jpyroil ¢yukuueit. [Ipeanonoxum, 4To
HEOOXO0JIMMO BBIYUCINUTD 3HaUEHUE V U3 POPMYIIBI:

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

Omnepartop Juist BIYUCIEHUS V 3aIUIIETCA CIEAYIOIIMM 00pa3oM:

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

Bnonne nomycTumMo BBeneHHE MPOMEKYTOUHBIX MEPEMEHHBIX, YUTO MOXKET
00JIETYNTH YTEHUE UCXOAHON POTPaAMMBI;

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

[Ipumepbl, mpuBENEHHBIE HIDKE, MOKA3bIBAIOT MPABWJIBHO HANMCAHHBIC
apudMeTHYeCKHe ONepaTophl U SKBUBAJICHTHBIE UM MaTeMaTH4YecKue GopMyJbl
(Tabm.l).

Taomuma 1

ApudmeTnieckuii oneparop Hcxomgnas 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)

HanmeHnoBaHMs TepeMEHHBIX BBIOpaHbBl MPOU3BOJBHO; JIIOOBIE ApyTHe
JOTYCTUMbIE HAUMEHOBAHMSI IEPEMEHHBIX MOYKHO OBLIO OBl yHOTPEOUTH C TEM
xe ycriexoM. Kpome Toro, nojpasyMeBaeTcsi, 4TO BCE BEIMUYMHBI IEPEMEHHBIX B
IpaBoOil YacTW M3BECTHBI K MOMEHTY Hayana JACHCTBUUA apupMETHYECKOTO
omeparopa.
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[IpuBeneHHblE TpUMEpPHl MOAYEPKUBAIOT HEOOXOAUMOCTH CTPOTOrO
COOJIIOJIEHNsI TpPaBWJI HAINMCAaHMs BBIPAXKEHUM, TaK Kak ycremHas padora
TpaHcisitopa C++ HEBO3MOXHA IpU HAPYIIEHMM 3TUX NpaBuwil. Kaxasiid
OnepaTop, MPUBEICHHBIA HUXKE, COAEPKUT 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

Ilepeoaua ynpaenenus. Onepamopwbl nepexooa

OneMeHTHI a3bika C++, pacCMOTpEHHBIE paHee, MO3BOJSIOT MPOU3BOINUTH
BECHbMa CJIOXHBIE BBIUUCIIECHHUS, HO MIPU UCIIOIB30BAHUU X OCTAETCS HE CHATHIM
CEpPbE3HOE OrpaHHucHUE. Bce omeparopel MOTYT BBINOJHATHCS TOJIBKO B TOU
IIOCJIEA0BATEIPHOCTA, B KOTOPOW OHM HAIMCaHbl, © HU B KaKOM JPYrOu.
CHHMMaIOT 3TO OrpaHUYEHHE ONIEPATOPBI EPEXOAA.

B sa3pike "C" npenycMoTpeH omepaTop goto M METKH sl BeTBieHus. C
(dopManbHOW TOYKM 3pEHHUs oOIlepaTop goto HHUKOIrzJa HE sBIAETCA
HEOOXOIMMBIM, M Ha MPAKTUKE MOYTH BCET/Ia MOXHO O0ONTHCH Oe3 Hero. Tem
HE MEHee, CYIECTBYIOT CUTYyalluH, IJI€ ONepaTop goto MOKET HATH CBOE MECTO
u obecrmeunth HambOojee ONTUMAILHOE pelieHre. B CBI3u ¢ 3THUM 3TOT
orepaTop coxpaHeH naxe B s3bike C#. MeTka uMmeer Takyro ke (Gpopmy, 4To U
UM TIEPEMEHHOW, W 3a HEeW Bcerjaa cieayeT ABoeToure. MeTka MOXKEeT OBITh
IpUNucaHa K JO00OMYy omepaTopy TOW ke (PYHKIMH, B KOTOPOM HAXOIUTCA
omneparop goto.

Oneparop goto ompenenser nepeAady YHOpaBJiCHUS KaKoOMY-JIHOO
ONEPATOPY, OTIAUYHOMY OT CJIEAYIOLIEro. ITOT OIEPaTOp 3alUCHIBAECTCS B BHUJIE
goto met; , rae met - METKa, HAa KOTOPYIO OCYHISCTBIISICTCA II€pexoJ] IIpHU
UCIIOJIHEHUM Tporpammel. Korja B Xoj€ BBINOJHEHHS NPOrpaMMbl OYEpEb
JOXOAUT J10 oreparopa goto met; , TO CAEAYIOMUM OyAET UCIIOIHEH ONEepaTop
IIOMEUEHHBIM METKOM met. DTOT onepaTop MOXKET ObITh PACIOJIOKEH Kak [0,
Tak M mocie omeparopa goto. OmepaTop goto met; sBISETCS ONEPATOPOM
0€3yCIIOBHOTO Mepexo/ia.

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

OaHMM M3 TaKUX CPEACTB, MO3BOJISIFOIIMX PELIUTh 3Ty MPOOIEMY, SBISETCS
noruueckuil onepartop if. MucTtpykuus if ucnonb3yercss B Tex ciaydasix, Korja
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HEO0OXOAMMO PEUIUTh, JODKHA JIM OBITh BHITIOJIHEHA KOHKPETHAsST WHCTPYKITUS
nporpammbl  (if mo anrnumiicku 3Hauut "ecnau"). Ctpykrypa 1f BBITISAIUT
CIEAYIOITUM 00pa3oM:

if (condition) instruction;

OTol 3ammuchio Mbl roBopuM: "Eciu HEKOTOpPOE YCIOBHE BBIMOJIHAETCS
(sIBNISIETCS MCTUHHBIM), WHCTPYKLMS JOJKHA OBITh BbINoOJHEHA". TO €cTh,
KOMITBIOTEP, BCTPETUB KIIOUEBOE CJIOBO if, BBIMOJNHSET WHCTPYKIHIO,
CJICTYIOIIYTO 32 HUM, €CJIM YCJIOBUE B CKOOKAX SIBIISICTCS HUCTHHHBIM.

Onepaop if BBIMOJHSET TOJBKO OJHY MHCTpyKuMiO. Eciaum Bo3HuUKaer
HEOOXOAMMOCTh, YTOOBI TIPH BBIMOTHEHUU OJHOTO YCIOBHS BBITIOJHSIIOCH
HECKOJIbKO KOMaHJ, CJIAyeT HCIOJb30BaTh COCTAaBHYK) HWHCTPYKIIMIO.
CocraBHOW  MHCTPYKIIMEW  HA3bIBAETCS  IOCJIEAOBATEILHOCTh  JFOOBIX
MHCTPYKIIUH, 3aKIIOYEHHBIX B (pUurypHbie ckoOOKU. C TOUKHM 3pEHUs] CHHTaKCHCa
S3pIKa TakKas IOCJEAOBATEIbHOCTh OYJeT paccMaTpuBaThCs KakK eIuHas
WHCTPYKITHSI.

B o6miem citydae Bu 9TOTO omnieparopa Cle Ty oIl

if (moruueckoe BeIpaKeHHE)

{

JICVCTBUSI ICTUHHOCTH OIEpaTopa;

}

else

{

JericTBUA “‘UHaAUE’’;
}

brnox “uctmHa” wWim Onok ‘“‘WHaye’’ MOXKET OTCYTCTBOBaTh. Eciam B
IporpamMMe BCTpEedaeTcs HECKOJBKO ONEepaTopoB €lse, To Kaxablil omeparop
else otHocuTCs K Oimokaiitiiemy omneparopy if.

Hapsiny ¢ JjormdyeckuM  OmepatopoM  HCIOJIB3YIOTCA — JIOTUYECKUE
BBIPAKCHUS:

a<b- awmenpmeb

a>b- aobompmeb

a<=b - a MeHbIIIe WK paBHO b

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

a!=b- amnepasHob

Jlorndeckoe ‘U’ O0OBEAMHSAET HECKOJBKO JIOTMYECKUX BBIPOKCHUU
((a<x)&&(x<b)) sxBuBanenTHo a<x<b .

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

Cama no cebe uHCTpyKUHMs if HCHONB3yeTCsA B TEX CIyyasix, KOTJla BaKHO
BBIMIOJIHUTh HEKUE JAEUCTBHUS MpPU HCTUHHOCTU OIPEAEIEHHOIO YCIOBHS.
Bo3moxHa cutyarus, Korja npyu UCTUHHOCTH yCIOBHS I0JKEH OBITh BHIMOJIHEH
OJIMH Ha0Op MHCTPYKIMM, a B MPOTUBHOM ciy4ae - Apyroi. JlomycTum, Mel
XOTHM, 4TOOBI B T€X CIydasx, KOTJIa IleHa KaKoro-1ubo ToBapa HUKE TOW, IS
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KOTOPOU YCTAHOBIIEH HAJIOT HA MPEAMETHI POCKOIIN, IpOorpaMMa reHepupoBasa
coobuienue: "/[ns TaHHOrO HAMMEHOBAHMSI HAJIOT HE YCTAHOBJEH". DTO MOXKHO
CeNaTh C MOMOIIBIO ABYX MHCTPYKIUH if.
if (cost > 40000.00)
{ luxury= cost * 0.005;
printf("Pa3mep Hamora 1yisi JaHHOTO HAMMEHOBAHUS cOCTaBisieT Yof',
luxury);
}
if (cost < 40000.00)
puts(" 1151 7aHHOTO HAMMEHOBAaHUA HAJIOT HE YCTaHOBJEH");

Ho ects Oomee »sddexkTuBHbIl crmocod. MoxHO 00BEeAUHUTH 00€
UHCTPYKIUU B OJIHY, MIOJIb3YSICh TEM, YTO €CTh TOJIBKO JBa BO3MOXHBIX CIy4as B
UCIOJIb30BaHUN OJHOW U TOHM ke MEepeMEeHHOM: TuOo 1eHa ToBapa Oosbiie 40
ThICSY J0JIUIApOB, JIMOO 1I€HA TOBapa MEHbILE WJIM paBHA yKa3aHHOW CymMe.
Ecnu oiHO U3 yClIOBUIA HE BBITIOJIHSIETCS, CJIEI0BATEIHLHO, BBITIOJIHIETCS BTOPOE
yCIIOBHE, TaK YTO MOKHO CKOMOMHHUPOBATh UX, UCIHOJIb3Ys KIIFOUEBOE CIIOBO else
(KkoTOpOE MEepeBOAUTCS Kak "mHaue").

if (condition) instructionl;

else nstruction?2;

3nech ckazano: "Eciu ycioBue MCTHMHHOE, TO JIOJKHA OBITH BBIMOJIHEHA
KOMaHJa, SIBJISIOMIAsACS YacThbl0 MHCTPYKIMM 1if, MHAUYe HaJAO0 BBINOJHUTH
UHCTPYKIIMIO, cieayomy 3a else". WMHcTpykuus, mNOMEIIEHHass Moclie
KJIFOUEBOTO cJIoBa else, BBHIMOJIHSETCS TOJBKO B TOM Cllydae, €Clid yCIIOBUE
0Ka3aJoCh JOXHBIM. EcCiIM BO3HUKAET HEOOXOAMMOCThH BBINOJHUTH B 3TOM
ClIydya€  HECKOJIbKO  HWHCTPYKIIMH, MOXKHO  HCIOJIb30BaTh  COCTaBHYIO
UHCTPYKIHMIO, 3aKIIOYMB €€ B (PUTYpHbIE CKOOKM TOYHO Tak ke, kak s if.
Touka ¢ 3amsTON CTaBUTCS B KOHIIE KaKJIOW MHCTPYKIIMU U HE CTaBUTCS TOCIIEe
KJIIOYEBOTO clioBa else.

Koncrpykius if...else MoxeT comepkaTh HHCTPYKIUU Jdto0oro tuna. OHu
MOTYT BKJIIOYAaTh BBOJ W BBIBOJ 3HAYEHWMW, BBITIOJIHEHHE MATEMAaTHYECKHUX
omnepalnuii Wi BbI30B COOCTBEHHBIX (GyHKUMA. Ho MHCTpyKIMS B ycloBUU
MOXXET OKa3zaTbcsi W Apyroi wHCTpykuueit if. B srom cioyuae ona Oyner
HA3bIBAThCSl BIIO)KCHHOW WHCTpYKIMeH. Hmke mpuBeneH mpumep, Tae OHA
WHCTPYKIUS if BJIOKEHa B IPYTyIO:

if (income > 100000)

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

Bropoe ycnoBue mnpoBepsieTcs TOJBKO B TOM CiIy4ae, €CJId BBIMOJHEHO
NepBoe, TaK 4YTO 3HAYCHUE MEPEMEHHOM taxrate MpPHCBAWBAETCS TOJIBKO IPHU
BBITIOJTHEHUH 000UX ycioBUH. Ty e caMylo JIOTUYECKYI0 KOHCTPYKIIMIO MOYKHO
OBLJIO 3amuCcaTh CJIEIYIOUUM 00pa3oM:

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

O06e MHCTPYKLMH BBITIOJHSIIOT OJIHY U Ty € 3ajady, HO BTOpOH crocod
3aluCH, C UCI0JIb30BAHUEM oreparopa &&, KaxkeTcs: 0oJiee sICHBIM, TaK KaK HET
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HEO0OXOAMMOCTH paciInpoBBIBaTh CMBICT BTOpOM MHCTpyKIuu 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, nro0bie 1BE MOCIEIOBATENBLHO BIIOKEHHbIE MHCTPYKIMH if
MO>XHO 3aMEHUTh OJHOM MHCTPYKIMEH, UCTIOJb3YIONIEeH JTOTUYECKHUI orepaTop
"N". Onsth ke, Kak MpaBUI0, UMEET CMBICI U30eraTh BIOKEHHBIX MHCTPYKIIHI
if, Tak Kak OHM MOTyT MPHUBOJAUTH K IMOSBJICHUIO 3alyTaHHBIX CHUTYalUH,
JIOTUYECKUX OIMMOOK U TPYIHBIX JIJIST YTCHHUS (parMeHTOB TEKCTa MPOTPAMMBI.
[TocMoTpuTE Ha CIEAYIOIINI IPUMED:

float income;

cin>>income;

if (income > 20000.00)

if (income < 100000.00) cout<<"Pa3mep Hanora coctaBiysieT 22%";

else cout<<"Iloxoxa mennie 20000$ - Hamor pasen 15%";

B sTOoM cnyuyae jorumka paccykAeHHl aBTOpa MporpaMMmbl Oblia, MO-
BUIMMOMY, TakoBa: "Ecnu 3nauenume mepemeHHoil income Oosnbiie 20000 u
menbiie 100000, cienyeT BEIBECTH OJJHO COOOIIEHHE, a €CIU 3HaUYCHHUE income
menbIre 20000, 1omKkHO OBITH BRIBEACHO BTOPOE cooOIIeHne".

Komnuiguuss nporpaMmbsl mpoiaeT 0e3 omuboK, HO, K HECUYacThlo,
pabortath oHa OyneT HenpaBwibHO. Korna Bel BBeIeTe 3HaUE€HUE MEHbBIIIEE, YeM
20000, He OymeT BHIIOJHATHCS HU OJTHA W3 (PYHKIIUNA cOut<<, a KOorjJa BBEICTE
3HadyeHue Oosmbine 100000, moIOXOMHBIM HAJIOT OKAXKETCS OMpPEACICHHBIM B
pasMepe 15 npoueHToB.

[IpyunHa ommMOKH KpoeTcs B TOM, YTO KJIIOYEBOE CJIOBO else cBs3aHO C
OmmKaiIelt K HeMy UHCTPYKIMeH if He3aBUCHUMO OT OTCTYMOB, KOTOPHIE OBLITN
ceJIaHbl B TEKCTE IporpamMmel. B 3Toil nmporpaMMe ucnonb30BaHue TaOysun
CO3/IaeT BIEYATIICHUE, YTO else CBs3aHO C MEepPBBIM yClIOBUEM if, HO 3TO HE Tak.
Ha camom piene else cBsizaHO cO BTOpPOIl MHCTpYKIIMEH 1f, KOTOpas BBIMOIHSAETCS
TOJILKO B T€X ClydyasX, Korja 3HaueHue nepemMeHHo income Oosbiie 20000 u
mensbie 100000.

Ecnu BBl XOTHTE, 4TOOBI TIporpamMma padoTana B COOTBETCTBUU C Ballleh
JIOTUKOM, 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 BJIOXKEHHYIO HWHCTPYKIHIO, U TeNeph
KITFOUEBOE CJIOBO else AecTBUTENBHO OyIET CBSI3aHO C IEPBOM MHCTPYKIIMEH if.

Eme nyume Hamucath 3Ty K€ OpOrpaMMy € HMCIOJIb30BAHHEM TOJIBKO
OJTHOM MHCTPYKIHH if.

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

cout<<"Pa3mep Hanora coctasiuset 22%";
else cout<<"Jloxon e mpesbitnaet 20000$, Hamor coctabmsieT 15%";
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B »TOoM BapmaHTe MBI MOJTHOCTBIO HCKIIOYAEM MYTAHUILY MEXITY
BJIO)KCHHBIMH WHCTPYKIUAMHE if W UCIIOIB30BAaHUE JOMOJHUTEIBHBIX HAOOPOB
(bUrypHBIX CKOOOK.

Jlaxxe Tenepp, Mocie TOrO Kak Mbl pa3o0palicCh C JOTMKOW MPOrpamMbl,
OHa BCE €Ille UMEET HEKOTOpoe ymylieHue. Bece coobienusi, mpeicrabiseMbie
MPOrpaMMOM, OTHOCSTCS K YPOBHIO 10X0jJa, He mnpesblmaromemy 100 Teicsau
noJiapoB. B xopomio mpogymMaHHOM mporpamme JOJKHBI OBbITh MPUHSITHL BO
BHUMAaHHE BCE BO3MOXKHBIC cuTyaruu. Eciu B mporpaMmy, B TOM BHJIE, B KAKOM
OHa CYIIECTBYeT ceHWyac, BBECTH 3HAY€HUE IEPEMEHHOM Income, paBHOE
150000, mporpamMma He BBIIACT HUKAKOTO COOOIIEHUS. 3HAYUT JIK 3TO, YTO U
MOI0XOIHBIM HAJIOT TUIATUTh HE 0053aTeNIbHO?

OnuH U3 cmocoOOB yueTa BCEX BO3MOKHBIX BapHAHTOB B MCIOJIb30BAHUU
BJIOKEHHBIX MHCTpYKLUH if...else.

Ecnu B mporpamme ciietyeT ydecth 00JIbIlie TPeX BO3MOKHBIX BapHUAHTOB,
KOHCTPYKIUS C BJIOKEHHBIMU MHCTPYKLMAMHU if...else MOKeT oka3aTbCs OY€Hb
3amyTaHHOM. B Takux ciy4asx B KadecTBE albTEPHATHBBI HCIOJIB3YETCS
nepeximoyatens  switch. Ilepexmouatens switch mpeacrtaBiser  coOoi
CTPYKTYpY, NOCTPOCHHYIO MO MPUHIUILY MEHIO, U COJEPKUT BCE BO3MOKHBIC
BapUAHThl yCIIOBUM M WHCTPYKIIMH, KOTOPBIE CJIEIYET BHIIOJHHUTH B Ka)KIOM
KOHKPETHOM CJIy4ae.

Oneparopa switch mnpenHasHaueH JJIsL  OpraHu3aluud BbIOOpa U3
MHOKECTBA PA3JIMYHBIX BAPUAHTOB.

®dopmMmar oneparopa:

switch (n) // 3aromnoBok omepaTtopa

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

}

Ecimu norumueckmit omepatop if mpencraBiser coOod KITOY C JIByMs
BBIXOJIaMU, TO oOmepaTtop BbiOOpa switch mnpeacTaBiasier coOoil KoY €O
MHOTMMHU BBIXOJJaMU B 3aBHUCHUMOCTH OT 3HA4€HHs N. n - JUOO HEKOTOpas
NepEeMeHHas WM BBIpAKEHHE, HalpuUMep IeJoro THIa, CHMBOJBHAS - 3TO
BO3MO>KHOE 3HAUEHHE NTEPEMEHHON N WU BBIPAKECHHUSL.

Cxema BBITIOJTHEHUS oriepaTopa switch:

1) Beruucnsercs n.

2) OTBICKMBAETCS CTpPOKa c€ase, KOTOpas COBIAJAET C N W Iporpamma
HA4YMHAET BBIPAXKaThCs C JAaHHBIMHU HaliIECHHOW CTPOKH U JJaJIee MO MOPSIAKY.

3) Eciin HE OWH U3 ONEpaTOpPOB CAaS€ HE COBMAJAET C N, TO BBIMOJIHIETCA
ctpoka default. Onepatop default MmoxeT ObITH OMmyIIIEH.

Ecnu HaiiieH BapuaHT case, KOTOpPbIA COBHAAAeT ¢ N U HEOOXOAUMO
BBITIOJTHUTH TOJBKO OJIMH ATOT CIy4yail M MOCIE ATOTO MPEKPATUTh BBIOJTHHUTH
CTPOKHU OTepaTopa BbIOOpa, He0OX0IMMO HCIOIB30BaTh onepatop break.



23

Takum oOpaszoMm, omepatop switch gaeT cmenuaibHBIM croco0 BbIOOpa
OJTHOTO W3 MHOTHX BapUAHTOB, KOTOPBIA 3aKITFOYACTCS B MIPOBEPKE COBIAICHUS
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
Tumna int win char, ciemoM pacmonoxeH OJ0K WHCTPYKIUH, 3aKITIOYCHHBIX B
burypHbeie cKOOKH, KOTOpbIE cojaepKaT psija BeTBed case. Kaxnias BeTBb case
BBITIOJIHSIET WHCTPYKIIMU, OCHOBBIBASICh HA BO3MOXXHOM 3HAYCHUU IMEPEMEHHOM.
DTO 3HAYEHUE JIOJIKHO OBITh IPEACTABICHO B BU/JIE 11€JIOT0 YKCJIa WJIM CUMBOJIA,
3aKJIIOYEHHOTO B OJMHAPHBIC KaBBIYKU, JTUOO B BUJE WMEHHU IIEIOYHCICHHOU
WJIM CHMBOJIBHOW KOHCTAHTHI.

BerBp case 'l';, HampuMmep, NpPEANUCHIBAET MPOrPAMME BBHIIIOIHUTH
CIEAYIONIUE HUKE MHCTPYKIMU, €CJIM 3HAUCHUE MEPEMEHHOW MepeKIroyaTens
switch cootBercTByeT cumBoity '1'. Ecnu 3HaueHne nepeMeHHOW OTIMYaeTcs OT
€AUHULIbI, KOMIWISTOP MEPEXOIUT K IPOBEPKE YCIOBUSI BTOPOU BETBU Case.

B Tex cmydasix, xorma 3Haue€HHE TMEPEMEHHON YIOBJIETBOPSET YCIOBHUIO
BETBU Cas€, BBIMOJHIIOTCS WHCTPYKLHH, CIEIYIONIUE 32 JAHHBIM YCJIOBHUEM.
Nuctpykuus break B KOHIIE KaXKJI0M BETBU case MepeacT yIpaBiIeHUEe B KOHEI
switch, Tak 4TO, KaK TOJHKO BBITTOJTHEHBI MHCTPYKIIMHM OJHOW M3 BETBEU case,
OCTaJIbHbIE UTHOPUPYIOTCS U BBIMOJHEHUE switch 3aBepiiaeTcsl.

Ecnu 3HaueHue nmepeMeHHON HE YAOBJIETBOPSAET YCIOBUSM HU OJHOW W3
BETBEH case, BBINOJHACTCS BETBb, IOMEUCHHAs1 HHCTpyKuuei default. OTo maer
BO3MOKHOCTh YYE€CTh BCE BO3MOJKHBIE BapwaHThl BBoja. [locie WMHCTpyKIuu
default Her HeoOxoguMocTH cTaBUTH break, MOCKOJBKY OHa BCerja SIBJISIETCS
nocieaHel B nporeaype BeinosHeHus switch. Mimeer cmpicn Bkimrouats default
Ja)xxe TOrja, KOTJa Bbl IMOJIAraeTe, YTO yWId BCE BO3MOXKHBIE YCIIOBUSI U BCE
BO3MOXKHBIE CIIy4au BBO/IA 3HAUCHUH.

Ecnmm BBl TpoImmycTHUTE HWHCTPYKIHMIO break, KOMIBIOTEp BBINIOJHHUT BCE
WHCTPYKIIUH, TTIOMEIIEHHBIE B COOTBETCTBYIOIICH BETBU case, W Jajiee, BIUIOTh
JI0 TEpPBOr0 BCTPEYEHHOTO B TekcTe break. Bbl MoXkeTe HCMONB30BaTh ITY
OCOOCHHOCTH JJI BBITIOJTHEHUSI OMPENIETICHHOTO Habopa WHCTPYKIUH, MpU
HAJTMYUH HECKOJIBKUX PaBHOIICHHBIX BAPHAHTOB OTBETA, HAIPUMED, TaK:

case 'Y"

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

case 'N"

case 'n': cout<<"BrI orBeTmin \"HeT\""; break;
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PaccmoTpuM emie onMH NpuUMeEp: COCTaBUTh (PYHKIHUIO, MPUHUMAs B
KayecTBE apryMeHTa HOMEp Mecsla roja, a BO3BpalllaeT Ha3BaHUE MecAla
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, ’nexabpp”); break;

default: strcpy (m, ”ommbka’);

}

return m;

Maccusui.

OueHb YacTO Ballleii IporpaMMe MOXET IOTPEOOBATHCS COXPAHUTH U
00pabarbiBaTh HEKOTOPOE MHOXKECTBO 3HAYEHHUM OJIHOTO M TOTO K€ THIIA.
dopmart omnpeieIeHns MacCUBa CISAYIOITHH:

TUT JaHHBIX UMS_MacCHBa [pa3Mep MaccuBa]

[Ipumepsl onMcaHuss MacCuBa:

int temperature(7];  //be3 uHULIMATHU3AUU

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,
}

Bel Mokete cAenaTb MacCHB  MHOTOMEPHBIM, 3a/1aB  HECKOJIBKO
pa3MepoB, 3aKIIOYEHHBIX B CKOOKH. JIByMepHBIe MAacCCHBBI 0OBIYHO
UCIIOJIB3YIOTCSL IS TIPEJCTABICHUS MATPHUIl, KOOPJAWHAT Ha IUIOCKOCTH.
Hanpuwmep:

int matrix[5][5];

Ecnu pasmep maccuBa 3apaHee HEM3BECTEH, a TaK)Ke JUIS CO3AaHUs OYEHb
OOJBIIMX MACCHBOB WCIOJB3YIOT JUHAMHUYECKOE BBIJICJICHUE TMaMSITH C
MTOMOIIIBIO OTIEpaTOpa NEW:

int n, *X;

cin>>n;

X=new int [n];
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[Tocne oxkoHuaHus pabOTHI C TAKUM MACCHBOM HEOOXOIUMO OCBOOOIUTH
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 YCJIOBHME HE Tmepectaer ObITb HMCTUHHBIM. CHHTaKCUC €ro
(13201117078

while(BbIpaxkeHue)

orieparop

while(BbIpaskeHue)

{
}

Orneparop uiu Teno 0J10Ka, cBs3anHoro ¢ while, He OyaeT BBITOTHATHCH,
€CJIM BBIPAKEHUE U3HAYATBLHO JIOXKHO.
[Tpumep: KomupoBaHue CTpOK, OKaHUMBAIOIIMXCS HYJIEM, C TOMOIIBIO
onepartopa while.
void copy_string(char*dest,char*src)

{

while(dest++=src++);
//31ech TOUKa C 3amsITOH (;) SBIAETCS OTIEPATOPOM

0JIOK omepaTopoB

Omneparop for.

Iukn for moxok Ha 1muka while, HO maeT Bam JBE IONMOJTHUTEILHBIC
BO3MOYKHOCTH:

1.Bel MOXeTe BKIIOYHUTH B OINEPATOp WHUIMAIU3UPYIOINIEE BHIPAKEHHE,
UCITOJTHSIEMOE OJIMH pa3 Mepea TeM, Kak OyIeT Ipou3Be/iecHa OIICHKA YCIOBHS.

2.Bbl MOKeETE yKa3aTh BBIPAKEHHUE, KOTOPOE OYJIET HUCIOJHITHCS TOCIe
KaXKJI0M UTepalvy orepaTopa uiu 0JI0Ka, CBI3aHHOTO ¢ UKIIOM for.

CunTakcuc onepaTopa CJieIyOIIHii:

for(uaunmanuzamnus; YCJIOBHOE BBIPAKCHUE; apuMeTHIECKOe
BBIPAXKEHHUE)

ornepaTop Wiu OJIOK ONepaTopoB

HyxHo wumeThb BBUAY, YTO BCE TPU BBIPAKEHUS SABISIOTCS

)

Heo0s13aTeTbHBIMU, HO 3HAK ;” oOs3aTerneH. MHuImanm3upyoIiee BrIpaKeHUE,
€CIIi eCTh, BCeTJla OYACT BBIMOJHATHCS, BHIYUCICHHE KOHEYHOTO BBIPAKEHUS
MOJKET HE MPOU3BOAUTHCS, €CIIH YCIOBUE JIOXKHO C CAMOT0 Havasa.

Omneparop do/while.
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B mukne do/while onienka ycrnoBus MNPOU3BOIUTHCS TMOCHE MCIOTHEHUS
TeNa UKJIAa. DTO O3HAYaeT, YTO OMepaTop UM OJIOK OMEepaTOPOB, CBSI3AHHBIX 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 HCCIIeTOBaHUS SBISIOTCS JIEMEHTBI CPEAbl TPOTrPAMMHUPOBAHUS
AITOPUTMHUYECKOTO si3bika CH++.

Jlns  BBIIOJNIHEHUs — JabopaTopHOW  paboThl  TpeOyeTcss  HaIudue
3JIEKTPOHHOW BBIYMCIUTEIBHON TEXHUKH C YCTAHOBJIEHHBIM IMPOTrPaMMHBIM
o0ecreueHneM.

4.BapuanTtsbl 3aJaHNH

Co3panue mpocteiieid ¢GopMbl I TPOrpaMMbl PEIICHUS KBaJIpaTHOTO
ypaBHEHHUSI.

Co3nanue popMbl ¢ BBITTAIAOITUM CITMCKOM U BRIOOPOM U3 HETO.

Coznanue Gopmsl ¢ padoTaromum koMmnoneHToMm TStringGrid.

Coznmanre GopMmbl C pabOTAOIKUM KOMIIOHEHTOM JUISI pa3MeElICHUs
U300paKeHHUS.

Coznmanre ¢GopMbl ¢ pabOTAIONIUM KOMIIOHEHTOM ISl PEAAKTHPOBAHHUS
TEKCTa, YTCHUS U3 (pailia u ero CoOXpaHeHUs.

Coznaiite popMy ¢ KHOIIKOW M peau3yiTe B KAUeCTBE PeaKIUu (PYHKITHIO,
B KOTOPOH BBITIOJIHUTE CIIEAYIOLIEE:

— OOBSABHTH TIIEPEMCHHBIC U TPHUCBOWTh WM 3HAYCHUS B BHJC
JEUCTBUTENLHBIX KOHCTAHT coOmrogas mpaBmia C++: 256; 2.56; -43000; 10'%
0.000000492; -10; -107"°; 16; 4.59016; -10000; 10""; 0.00006; -1; -10

— HANUIIUTE BBIPAKEHUS, COOTBETCTBYIONINE KaXKI0M U3 MaTeMaTHIEeCKUX
dbopmyir:

+b

a) x+y3; 0) (x+y)3’5 : B) x4’3; r) aC 4
— OHpeI[CHI/ITC OIJ_II/I6KI/I U 3aIIUIIIUTC HpaBI/IHBHO CJ'ICI[yIOH_[I/IC BBIpa)KCHI/IHZ
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

_ + — .
r) B FGH A/B+CD/FGH;

S.I1opsiioK BHINOJHEHUS Pad0ThI
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N3y4yeHnue TeopeTnyecKux 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 peleHus 3a1a4 Ha DBM.

Tuns! uncen, ucnonb3yeMbix B C++, popma UX HpeacTaBiICHUS.
[IpaBuiia cocTaBieHUs UMEH NIEPEMEHHBIX Ha si3blke CH+.
[TpaBuia opmupoBaHust apuGMETHUYECKUX BHIPAKCHUI.
[IporpammupoBaHue 3a/1aHusl, ONPENEIEHHOIO MIPENOAABATEIIEM.

7.KOoHTpOJIbHBIC BONIPOCHI

N3 yero cocTouT naaurpa KOMIOHEHTOB?

OOBsicHUTE HA3HAYCHUE UHCIIEKTOpPa 00bEKTOB?

Kak B mporpamme co3gaercst peakuus Ha HakaTue KHOTIKHU?

Kak onpenensiercss KoopanHATa Kypcopa MBI ?

JloGaBbTe K CyIIECTBYIOIIEMY MMPOEKTY HOBBIM TEKCTOBBIM MOIYJIb.
N3 yero coctout nporpamMma Ha si3pike C++?

EcTte nu mnpenensl BEIUMYMHBI YHCEN,  MCHOJIb3YEMBIX IPHU

BbIUHCJIEHUU HAa DBM?

Kak 3anucath BO3BCIACHHC YHCJIA B CTEIICHb?
KaK MOJKHO YCKOPHUTDH IIPOUICCC BBIYUCICHUA HA C++?
Kakue 9JICMCHTAPHBIC MAaTEMaTHYCCKHEC (I)YHKHI/II/I MOJXHO

HUCIT0JIb30BaTh B C++?
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JIABOPATOPHAA PABOTA Ne 2

XAPAKTEPHBIE [TPUEMbI AJI'OPUTMU3ALINN
N ITPOI'PAMMMUWPOBAHNMA 11PU PEIHEHWN
NMH>XEHEPHbBIX 3A/IAY

1. HEJIb PABOTbI

[enpro manHO# pabOTHI SABISICTCS:
— HM3y4YEHHE OCHOBHBIX 3TAIlOB PelIeHHs 3a1a4 Ha DBM;
IpaKkTUKa B pa3paboTke JITOPUTMOB MIOCJIEI0BATEIBHOM,
PAa3BETBIAIOLIENUCS U IUKIIMYECKOU CTPYKTYPHI;
— MPaKTUKA B UCTIOJIb30BAHUM TUIIOBBIX IPUEMOB MPOrPAMMHUPOBAHMS;
II0JIy4CHHME HABBIKOB OTJIAJIKH IIPOIPaMM;
— yriiy0JieHHe HaBBIKOB MPAaKTUYECKON paboThl Ha DBM.

2. OCHOBBI TEOPUM

2.1.0cHoOBHBIC 3TAaNbI pelieHusd 32124 Ha DBM

[TonsaTue “pemrenue 3amaun’ ¢ momoIislo 9BM Bkitouaer B cebs ropasio
OoJbIIIe, HEXENH MPOCTO BhluMcieHUus Ha DBM. byaer nosie3Ho mpeacTaBuTh
ceOc OCHOBHBIC JTambl PEIICHUS TUMUYHOW HH)XEHEpHOW 3amaun Ha DBM u
YCTaHOBUTb, UTO JIEJIAET YEJIOBEK U UTO JIeJIaeT MalIuHa.

Ilocmanoexa 3a0auu u onpeoenenue KOHEUHbIX yenell

DOTOT BOMpPOC KacaeTcss BhIOOpa OOMIETO TOAXO0/da, OMPEICICHUS
COBOKYITIHOCTH KPUTEPUEB, KOTOPBHIM JOJKHA YAOBIETBOPITH CUCTEMA, U
3aJ1aHus YCIOBUH ee padoThl.

B HEKOoTOpBIX cilydyasix 3TO IPOCTO CHENaTh, B APYIHMX CIy4yasX Ha 3TOT
3Tam MOTYT yWTtu Mecsaubl paboTel. Ha manHoM stame tpebyercss riyOokoe
MIOHMMAaHUE CYIIECTBA 3aJauM. J[0 HacToAILIEero BpEMEHU UCIoIb30BaHuE DBM
Ha OJTame IMOCTAaHOBKHM 3ajJaud ObLJIO BechbMa OrpaHUYeHHbIM. OJHaKo B
nocienHee Bpemsi HaOmonaercs Bce Oojee MIMpokoe ucnoiab3oBanue BT,
3aKJIIOYAlOIeecss B JUAJIOTOBOM peXHMe paboThl, MPU KOTOPOM CIIELUATIUCT
HEMpPEPHIBHO CBSI3aH C MAIIMHOW, MOKET OINEpPaTUBHO BMEUIMBATHCA B €€
paboty, 3amaBaTh BOINPOCHI U TMOJy4YaTh OTBETHl HA HUX B TPUBBIYHON €My
TEPMUHOJIOTUU.

Bo mMHOrux cimyyasix 310 00JIer4aer u YCKOpPSIeT MPaBUIbHYIO IOCTAHOBKY
3a/1auu.

Mamemamuueckoe onucanue

Kak mnpaBuiio, cCymecTByeT HECKOJbKO CHOCOOOB MaTeMaTHYeCKOro
OMMCaHUs 3aJ]a4M; IOHKEH OBITh BHIOpAH OJMH M3 HUX WM pa3paboTaH HOBBIN
cnoco0, €clnM HU OAWH M3 UMEKIIHUXCA HE NPWIOKUM. OJTOT 3Tall Takke
TpeOyeT TMOJMHOTO TOHUMAHUA TNpPoOJEeMbl M 3HAHUS COOTBETCTBYIOIIUX
oOJyacTell MaTeMaTHUKH.

Yucnennwtii ananus
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MaremaTuueckas dbopmyIupoBKa 3a/1a4u MOXET OKa3aThCs
HEMEePEeBOAMMON HEMNOCpeACTBEHHO Ha s3bik OBM, Tak kak ona (OBM)
BBITIOJIHSIET TOJBKO apudMeTUYeCKHe ICUCTBUS W TPUHUMAET POCTEHIne
jJoruueckue pemieHus. Takue oOlle U3BECTHbIE MATEMATUUECKUE TOHSITHUS, KaK
TpUroHoMeTpuieckue GyHKuuu, auddepeHrnanbuble ypaBHEHUs, THTETPabl,
KBaJ[paTHbIE KOPHH, JIOrapu(PMbl - BCE 3TO JOJIKHO OBITh, BBIPAKEHO YEpe3
aleMeHTapHble  apudMeThyeckue ornepanuud. boiee Toro, HeoOXOAUMO
yOeIUThCSI, YTO HUKAKHUE MOTPENTHOCTH, COACPKAIIUECs B MCXOMHBIX JAaHHBIX
WIM BHECEHHBIE B IIPOLECCE BBIYMCICHHWM, HE BIMUSAIOT HAa TOYHOCTH
pe3yNbTaToB. DTO 1ieas 00JacTh COBPEMEHHOW MaTEMaTHKU.

Ipozpammuposanue ona IBM

UuclieHHbIE aITOPUTMBI PEIICHUS 3a/1ayd HEOOXOJMMO BBIPA3UTh B BUJE
TOYHO OINpeJeiIeHHON mocienoBaTenbHoCTH omnepanuit IBM. OObluHO 5Ta
paboTa mMpou3BOAUTCS B JIB€ cTaauu. Ha mepBoil cTaauu MocienoBaTeIbHOCTh
omnepanuii n3o0paxkaercsi rpad@uuecKu B BUJIE OJIOK-CXEMBI. 3aTeM aJrOpUTM
HY)KHO M3JIOKHUTb Ha fA3bIKE, KOTOPbIH MoOXeT ObITh “moHsAT’ OBM
HEMOCPEACTBEHHO WJIA TIOCJI€ TMPEABApUTENBHOrO ‘“‘nepeBona’. Takumu
s3BIKAMU ABJISIOTCS, Haripumep, C++, Pascal, Java. JIpyrumu cmoBamMu, 00bIYHO
PUCYIOT OJIOK-CXEMY METOJa PEILIEHHUS; 3Ta CXE€Ma BaKHA TEM, YTO OHa JAaeT
SCHYIO KapTHHY TPEACTOSIIMX Orepanuid, HO HE MOXET ObITh “‘noHsATa”
MalIMHOM. 3aTeM, HCHOJIb3yd OJIOK-CXEMy B KAaueCTBE PYKOBOJICTBA, MHUIIYT
nporpammy Ha C++, kotopas OyAeT “moHsiTa” MAIIMHOW MOCIE HEKOTOPOTO
[IPEABAPUTEIILHOIO MIEPEBOA.

Omanaoka npozpammot

B 1npouecce mnporpaMMHUpOBaHMS HMEETCS CTOJBKO BO3MOXKHOCTEU
JOMYCTUTh OMIMOKY, YTO OOJIBIIMHCTBO MPOTPaMM pabOTaeT CHayajga HEBEPHO.
Ommbku B mporpamme JAOJDKHBI OBITh OOHApYyXEHbl W UCHPABJIEHBI, a CaMy
nporpaMmMy HEOOXOAMMO TIIATENbHO HUCIBITaTh, OBITb YBEPEHHBIM B
JIOCTOBEPHOCTHU PE3YJbTATOB, HA 3TOM 3Tare Ucnoyb3dyercss IBM.

Buvtuucnenusn

Ha nanHom 3Tane MOXHO MPOU3BOJHUTH PACUETHI IO MPOrpaMMe, UCIIOIb-
3y MCXOJHBIE JAaHHbIe 3a1auu. Kak mpaBuio, pacueT Jenaercs cpa3y AJid He-
CKOJIbKMX BapMaHTOB HA0Opa MCXOAHBIX JAHHBIX, 3TOT JTAIll MOXKET 3aHATh OT
HECKOJIbKUX JI0JIeH CEKyHJ 10 MHOTHX 4YacOB, B 3aBUCHUMOCTH OT 3aJa4d U OT
BO3MOXHOCTH OBM.

Humepnpemayua pezyivmamos

Kak yxe roBopuiioce, pe3ysbTaThl BbIUYMCICHHS, BbIIABAEMbIE MAIIUHOM,
HE BCErJa COJEpKAT MOJIHBIM “OTBET K 3aaade. YeloBeK, MPOU3BOASIIUNN pac-
yeT Ha OBM, nomkeH KakuM-TO 00pa3oM HHTEPHPETUPOBATH PE3YJIbTATHI,
YTOOBI TOHATH, YTO OHM O3HAYAIOT C TOYKHU 3PEHUS] KPUTEPUEB, KOTOPHIM
JOJDKHA YAOBJIETBOPATH Hcclienyemasi cucrema. OueHb 4acTo ObIBAE€T HYKHO
YACTUYHO WJIM MOJHOCTHIO MOBTOPUTH MPEAUIESCTBYIOIINE 3TAMbl, TOKA 3a/1aya
He OyJeT AeCTBUTEIBHO pelIeHa.
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N3 3TOr0 Kparkoro pacCMOTPEHHUS MOYKHO CHE€IaTh HEKOTOPHIE BBIBOJBI.
Bo-nepBeix, OBM cama 3aga4 He pemraer, oHa TOJIBKO NPOWU3BOIAUT 3apaHee
3aJlaHHbIE IIOCJIEAOBATEIbHOCTA BBIYMCICHUM. BO-BTOpBIX, HCIOJIBb30BAHUE
OBM 3acraBisieT yAensaTh ropasno OoJiblliee BHUMAHHE OCMBICIMBAHUIO
pemaemMoil 3amady. MammHa MOXET TNPOU3BOJUTH BBIYHUCICHUS OBICTpee H
TOYHEE YEJIOBEKa, HO OHAa HE CIOCOOHA pellarh, KakoBa JOJDKHA OBbITh
porpaMma BBIYMCJIIEHUW WA YTO AENaTh C MOJy4a€MbIMH pe3yJibTaramu. B-
TpeTbux, OBM HukKOoUM 00pa3oM HEe CHUMaeT HEOOXOJUMOCTH JAETaIbHOTO
U3YUYEHHUS] HCCIEAyeMOil o00JacTH W MPUMEHSIEMBIX [UJIsl pEelIeHUs 3ajauu
pa3ziesoB MAaTEMATHKU.

2.2. 3anoMmuHaHMe pe3yJIbTATOB

B paccmoTpeHHBIX paHee 3ajayax pe3yJbTaTOM BBIYMCICHHS OBLIO
3HAQYEHUE IMPOCTON MEPEMEHHOM, ISl 3alucu KOTOopod B mnamsatu OBM
BBIICJISIETCA OJHA A4€lKa. ECiy B mpolecce BRIYMCICHUN 3HAYEHUE BPEMEHHOM
U3MEHseTCs, TO B naMsaTu DBM mnociie OkoH4aHUs BEIYUCIECHUN OCTAETCS JIUIIb
nociielHee 3HaYeHue pe3ynbrara. UToObl 3alOMHHUTH BCE MPOMEKYTOUHBIE
3HAYEHUSs!, HY’)KHO BBLACIUTH JUISl UX PELIEHUSI HE0OX0ANUMOE KOJUUYECTBO SUEeK
namMsaTu (MaccuB), a TEKYIIUI pe3yabTaT 0003HAYNUTh IEPEMEHHON C MHAEKCOM.

2.3. BoruuciieHue CcyMMbl U IIPOU3BeICHUS

Ecin HeoOXoauMO BBIYMCIUTH CYMMY 3HAUE€HUN HEKOTOpPOW (yHKIUU
y=f(X) mpu pa3nuuHBIX 3HAYECHHSX apTryMeHTa, LeJIeCO00pa3HO OPraHU30BaTh
LIMKJI, B KOTOPOM HAaJ0 NPEAYyCMOTPETh HE TOJIBKO BBIYMCIEHUE 3HAYEHUU
GYHKIIMM, HO W HAKOIUICHME CyMM IIyTeM MpuOaBIeHUs MOJy4YEeHHBIX
claraeéMbIX K CyMM€ BCEX MPEAbIAYIINX ciaraeMbix. @opmysa, UCHOJIb3yeMas
JUISl HAKOIUIEHUSI CyMMBI, UMEET BUJL:

Sn: Sn-l"'yn

[TockoyibKy HaJOOHOCTM B 3allOMUHAHUM 3HAYEHUW BCEX CIAraeMbIX H
MIPOMEXKYTOUHBIX CYMM HET, B KQUECTBE S M y HY>KHO HCIIOJb30BaTh MPOCTHIE
NIEPEMEHHBIE 1 HaKOIIJICHUE CYMMBI BECTH B ITUKJIE 1O (HopMyIie

S=S+y,

rA€ 3HaK O3HayaeT MPUCBAaWBaHWE 3HAa4YeHUs. Ecim HadalibHOE
3HAQYEHUE S MNpPEABAPUTEIBHO IPUPABHATH HYJIO, TO IOCIE TMEPBOTO
BBIMOJHEHUS LIUKJIA 3HaUYeHue S Oy/eT paBHO MEPBOMY 3HAYEHUIO (DYHKITUH.

AHanoOrMyHO  HAKaIJIMBAaeTCd W  NpOU3BEJAEHUE (HAampumep INpH
BBIYHCIICHUH (PaKTOpHayia ) C TOW JIMIIb PA3HUIICH, YTO JIJIi €r0 HAKOILJICHUS
UCIIOJB3YyeTCs hopmyia

n_n

P=P- Y,
a HayaJIbHOE 3HAYEHUE MPOU3BEAECHUS JODKHO OBITh PAaBHO €AMHHUIIE.

2
20x

_ i
Hanpumep, BIYUCINTD 3HaUeHUE (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 3HAYEHHWE CYMMBbI, CTOMT NEpE] LHUKJIOM, B KOTOPOM
HaKaIJIMBaeTcsl cyMMa. bilok 5 BbIUMCIISIET 3HaYEHHE CJIaraéMOro M HaKaIllJIMBAeT ATY CYMMY.
[TockonbKy pe3ynbTar peleHus 3Tol 3aauu OJHO YHUCIIO, OJIOK Me4YaTH CTOMT 3a LIUKIIOM U
BBITOJIHAETCS OJMH pas.

PaccmoTtpum ermie oguH npruMep: BBIUUCIUTD NPOU3BEICHUE MOJIOKUTEIbHBIX 3JIEMEH-
TOB MaccuBa (X1, X2, ... X100)-

C HAYATO )

X1, X2, .-« X100

1

z=1

1

—— i=1, 100 >—

Xi>0

C KOHETT )

B nanHOM ciyuae 3HaUY€HUS COMHOXHTENEH BBIYMCIATH HE TpeOyeTcs, MOCKOIbKY OHU
y)ke uMerTcst B MaccuBe. OfHaKO, Mpexae YeM HakKaluluBaTh MPOW3BEIEHUE, HAZ0 MpOBe-
PUTh, SBIIAETCS JIU COMHOXHTENb MOJOXKUTENbHBIM (0510K 5). briok 3 3amaer HauanpHOE 3Ha-
YyeHue Tpou3BeneHus, paBHoe 1. B ogHONM W3 BeTBe#l 3TOro mporecca CTOUT OJIOK 6, ocy-
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IIECTBISIONIUI HaKOIUIeHUE mnpousBefeHus. [lpyu HeBbImogHEeHMHM ycnoBUsA Xi>0 HHMKaKHUX
JEICTBUI HE ITpelycMaTPUBAETCs, a OCYILECTBIIAETCSA EPEX0/] K Hayaly [IUKJIA.

2.4. BoruucieHue CyMMbl YICHOB 0€CKOHEYHOIro psjaa

3ajadn 3TOro BHMJA SIBIIOTCS TUIMYHBIMU 3aJa4aMH, HCIIOJIb3YIOIIUMHA
UTEPAIIMOHHBIA LUKII, T.K. 3apaHee HEe U3BECTHO, NPU KAKOM 4JIeHE psAna Oyaer
JOCTUTHYTa Tpedyemasi TOYHOCTh. BBIX0J U3 LIMKIJIa OpraHU3yeTcs MO YCIOBHIO
JNOCTH)KEHHSI TpeOyeMOW TOYHOCTH. [[7si BBIYMCIEHUS CYMMbl YJIEHOB psla

HCITIOJIB3YCTCA paCCMOTpeHHBIﬁ PpaHEC IMPHUCM HAKOIIJICHUSA CYMMEI.
Cxema ainropuTMa peleHus 3TOM 3a/1aur MpeoCTaBICeHA HUXKE:

C HAYaJIo )
!

X, €

1

y=1, z=1, n=1

!

- n=n+1 >
!

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

!

z=z+y - (-1)"

lyl<e

L_{—\J
C KOHeEIl )

brok 3 3amaer HayaJlbHOE 3HAYEHHE y, PABHOE |, HAYaJIIbHOE 3HAYEHNE CYMMBI, PaBHOE
yieHy psaga ¢ HomepoM 0 M HayabHOE 3HAYEHWE MapaMeTpa nukia. B 6moke 5 Beraucnsercs
3HAYEHHE TEKyIIero wieHa psja. biok 6 HakammmBaer cymmy. biok 4 m3amenser mapamerp
nuKia. biok 7 mpoBepsieT yciaoBHe MOBTOPEHHS IUKJIA U OCYHIECTBIISCT MEPEX0a K Hadaly
LIUKJIA, €CIH |y[>€, UM BBIXOJ U3 HETO B IPOTHUBHOM CIIy4ae.

2.5. Haxoxkaenne Hau00JIb1IEro U HAMMEHbIIEr0 PAIa YHUCeJI

Haxoxnenue HamOoJbliero (HaMMEHBINETO) 3HAYCHHUS B 3aJaHHOM HWJIH
BBIYHCIIIEMOM PSI€ YUCEIT BEIIOJHIECTCSA B IIUKJIIC, B KOTOPOM KaXKJ10€ YMCIIO U3
JAHHOTO psJia CpPaBHUBAETCS C HaWOONbIIMM (HAUMEHBIIMM) U3 BCeX
npeabaymux. Eciam odepenHoe 4yuciao okaxeTrcs Oobllle HAauOOJIBIIEro M3
NPEALAYINX 3HAYCHUM, TO €ro HaJ0 CUMTATh HOBBIM HAMOOJIBIIUM 3HAUCHHEM,
B TIPOTMBHOM CJIydae HaWOOJBIIIEC YHUCIO OCTaHeTcs NpekHuM. CKazaHHOE
MOYHO OIHMCATh YCIOBHON MaTeMaTHYECKOU (popMyJIOii:
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Vi ecmy;, >y, . (1=12,..,n);
Ymax = .
Yma» €CAY, <y_ (1=L2,.,n).
AHaJIOTUYHO 7151 HANMEHBILErO 3HAYCHUS:

Vi ecimy; <y, (1=12,..,n);
Ymax = .
Yos €CHAY, 2y . (1=12,.,n).
B xaguecTBe HaYaTBHOTO 3HAYCHUS Yax U Yinin 1IETIECOO0PA3HO OpaTh KaKoe-
100 U3BECTHOE 3HaUeHHUE Y, Harpumep Y.

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

HAUATO )

|/Kﬂf'\
N

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

Fa'E

| a=x |_ b=x

C KOHerr )
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Crnenyer OTMETHTB, YTO 3/1€Ch pedb MJET HE O HaXOXICHUM MaKCHMyMa
WIM MUHAMyMa (PYHKIUH € 3aJaHHOM NEpPEeMEHHOH, a O HauOOJIbIIEM WM
HAaVMEHBIIEM 3HAYEHUU M3 3apaHee 3aJaHHbIX WM BBIYMCIICHHBIX B JaHHOU
nporpaMme 4ucena. B CBSI3M ¢ 3TUM MpU HAXOXJICHHM HauOOJBLIErO
(HaMMEHBIIIEr0) 3HAUYEHUs U3 BBIUMCICHHBIX 3HAUYEHUN (PYHKIMU MO JaHHOMY
QITOPUTMY HCTHHHBIA MakCUMyM (MUHUMYM) (DYHKIHUHA MOET HaXOIUTHCS
MEXIY HCCICAYyEeMBIMH JHCKPETHBIMM 3HaueHUAMH. OUYEeBUAHO, 4YTO IS
HaXOXJACHUS DSKCTpeMyMma (QYHKIUH HEOOXOIMMO CTPOUTh HUTEPalMOHHBIN
porecc.

3. OFBEKT UCCJ/IEAOBAHUA, OBOPYJIOBAHHUE

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

Jns BeIMOJIHEHUs — jabopaTopHOM  paboThl  TpeOyeTcs  Hajluuue
AJICKTPOHHOW BBIUYMCITUTEIHPHOM TEXHUKHA C YCTAHOBJIEHHBIM MPOTPAMMHBIM
o0ecreueHneM.

4. BAPUAHTHI 3AJTAHUI

Kaxnplii BapraHT coaepkUT TpH 3aaauu. B 3amade 1 Bo Bcex BapuaHTax
HEOOXOJUMO BBIYMCIUTh 3HAUYE€HHE AapU(PMETHUECKHX BBIPAXKEHUN MpH
3aJlaHHBIX 3HAYEHHUSX MEPEMEHHBIX. 3ajada 2 COCTOMT M3 TPEeX OTIEIbHBIX
3aa4, B KOTOPBIX JOJUKHBI OBITh BBIYMCIEHBl 3HAYEHHUS YCIOBHOTO
apuMeTHuecKoro BbIpakeHUs. B 3amaue 2a BbIpakeHHE BBIYHUCISETCS MpU
OJIHOM 3HA4YeHMHU aprymeHra. B 3agadyax 20 u 2B HEOOXOAMMO HaWTH
(mpotalOynupoBath) (YHKIUIO COOTBETCTBEHHO IMPH MPOU3BOJIBHOM 33JaHHOM
HaOOpe apryMEHTOB M Ha OTPE3KE NpPU HW3MEHEHMM apryMEeHTa ¢ 3aJaHHbIM
NOCTOSIHHBIM 1marom. [Ipu pemenuu 3agauun 20 UCIONB30BaTh LUKII € 33 IaHHBIM
4K1CIIOM NOBTOpeHHi. [Ipu pemenun 3anauun 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 TPOBEPUTHh PEIICHHEM TECTOBOHM 3aJadd ,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

Trac
a=231; 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 11e4aTh MOJIOKUTEIBHBIE DJIEMEHTHI [NIABHOW 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 rnemeHToB 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
bynkun 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; m=3,14159.

y=1In

3agaua 7.2



39

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
BorauciiuTh cymMmmy 20 TEpBBIX 3IeMeHTOB psiaa S=1+ x + x */2+..+ x /19,
UCIIONB3YS. JUIS ONMPENCICHHs X ' TPHEM HAaKOIUICHHS MPOU3BEIEHHUS,
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; n=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 I1eYaTh .
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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 3HaueHHe GYHKIHH y=a-¢ - sin(mx+0)
B nHTepBaje u3MeHenus aprymerra 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 OJITHOMEPHOTO MaccuBa. Eciu Takux 4yucesn 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 UCTIOJIH30BATh PEKYPPEHTHYIO (hOPMYITY.

SITMIOPAAOK BBINNIOJIHEHUSA PABOTbBI U METOANYECKHUE
PEKOMEHJAIIUN
1. U3yunth TEOpETHUECKHUE BOIPOCHI.
2. Pemnth 3a1aHHbIE BAPUAHTHI 33/1a4:
— COCTaBHUTbH AJITOPUTM BBIYUCIICHHUS;
— COCTaBHUTb NMPOTPAMMY PACUETa;
— OTJIaIUTh NIPOTPAMMY;
— MPOBECTU BBIYMCIICHHMS TIO COCTABIEHHON POrpaMMme.
3.IIpoaHann3upoBaTh pe3yJbTaThl PACUETOB.
4.0TBETUTH HA KOHTPOJIbHBIE BOIIPOCHI.

6 YKAZAHUS 110 O©POPMUIEHUIO OTYETA

Kaxpiii cTyneHT opopmIIieT OTYeT KOTOPBIN JOJKEH COIePKATh:

— 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 IIEPEMEHHBIX .

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

4. MOXHO 1M HMCHOJIb30BaTh OINEpPATOpP LHKJIA B HUTEPALUOHHOM LIHUKJIE?
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 OTlepaTopaMu BBOJAA U
BbIBoJIa WH(popManuu. M3ydaroT cmocoObl BBOAAa W BBIBOJA MPOCTHIX
NEPEMEHHBIX, MACCUBOB, TEKCTOBOW MH(OpPMAIIUH.

CryneHTaM HEOOXOIMMO CaMOCTOSTENbHO Hamucath Ha C++  psan
mporpamm, 00eCTeYMBaIOIINA BBOJI U BHIBOJ MH(MOPMAITUH.

2.0cHOBBI TEOPUH

2.1.KoHCObHBIN BBOJI U BBIBO/I.

Azpik C++ He ompenenseT BBOJ-BBIBOJ, HO MPEIOCTABISIET IIUPOKUM
HA0Op CpENCTB IS pealv3allii BBOJA-BbIBOJIA. MOXHO HCIIOJIB30BATh Kak
CpeicTBa, oOecreurBaeMble KOHKPETHOW peanu3arueid OMOIMOTeKH 1ostream,
Tak U pa3pabarbiBaTh coOCTBeHHBIC cpencTtBa. B C++ ¢aiin paccMmarpuBaercs
KaK MOCJIeA0BaTEILHOCTh 0alTOB, a HA0Op PyHKIMI OUOIMOTEK OOecreunBaeT
BO3MOXKHOCTh 0OpaOOTKM JTaHHBIX PA3IMYHBIX pa3MepoB U (popmatoB. Bpon-
BbIBOJ B C++ - 3TO MHKPOKOE HCMOJIb30BaHUE meperpy3ku. Hcnonb3ys
neperpy3ky omnepamuii << u >>, OuOnMoTeKa ilostream JaeT BO3MOXKHOCTb
BBOJIa U BBIBOJIA JTAHHBIX. MOYKHO BBIBOJUTH JaHHBIC KaK BCTPOCHHBIX THUIIOB,
TaKk W THIIOB, OTpeNIeJICHHBIX ToJIb30oBaTesneM. [IporpaMMuctT MoXeT
UCIIOJIB30BaTh U HOBBIE CPEACTBA BBOJa-BhIBOAA si3bika C++, U crapele, Te,
4YTO U3BECTHBI B TpaaulmoHHoM Cu. boyee mpeAnoyTUTeNHO MCIOIb30BAThH
HOBBIC CPEJICTBA, MPEIOCTABIsIEMbIe OMOTMOTEKOM 10stream. ITOT BBOA-BBIBOJ
IPOILE U DJIETaHTHEE.

Jlns opraHu3anuu BBOJAA-BbIBOJA B mporpamme Ha C++  wucnosb3yercs
daiin BKIIIOYEHHUA 1ostream.h, KOTOpBIA COAEPKUT OIpeIeIeHUEe HECKOJIbKUX
KJIACCOB U OOBEKTOB, OOECMEYMBAIOIINX METOBI BBOJAA-BbIBOAA. B wacTHOCTH,
S3BIK MOJIJIEPXKUBAET JIBA MPEAONPEACIICHHBIX O0BEKTa, BBIMOJIHSIOMIMNX BBOJI-
BBIBO/I:

cout - OOBEKT Kiacca liostream. DTOT Kiacc HCHONb3YETCA IS
yrnpaBieHus: (HOpMATU30BaHHBIM U HEPOPMATU30BAHHBIM BBIBOJOM. 371€ChH
OIIpeaeIIACTCA oIepanusd << IJIs1 BBIBOJA,

cin - 00BEKT KJ1acca istream. DTOT KIIACC UCTIONIB3YETCsI IJIsl yIPaBIICHUS
dbopMaTU30BaHHBIM U HE(POPMATU30BAHHBIM BBOJIOM. 3J€Ch OIPEIEIIeTCsS
orepanus >> Ui BBOJA.

Takum o00pa3zoM, Jyisi BBOJIa JIOCTaTOYHO B TMpOrpaMMe HamucaTh
BBIPAKEHHUE:

cin >> uACHTH(PHUKATOD;
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[lo »ToMy  BBIpOKEHMIO W3  BXOJHOTO  TIOTOKAa  YHUTAETCA
MOCJIEA0BATEILHOCTh CUMBOJIOB J10 TPOOEIBHOTO CUMBOJIA, Mpeoldpaszyercs K
TUIy ““ uaeHTU(GUKATOp “ ¥ IoMeIaeTcs B “ueHTudurarop’.

char text[20]; // oObsBnenne MmaccuBa u3 20-TH CHUMBOJIOB
int name; // 0ObABIEHHE POCTON 11EJI0N IEPEMEHHOM

cin >> text;

cin >> name;

Jlist BeIBOIa MHGOPMAITMK B BBIXOJHOM MOTOK HCITOJIB3YETCS BHIPAKCHHE
BUJA!

cout << 3HaAUYCHUE,

“3nayeHue” mnpeoOpa3yeTcss B  MOCIEAOBAaTEILHOCTh CHMBOJOB U
BBIBOJMTCS B BBIXOJHOW MOTOK.

Tak kak >> u << - 3TO 3HAKM OMEpaluu, TO ‘‘Cin>> MnepeMeHHas U
“cout<< 3HauyeHHWE’- 3TO BBIPAKEHUS. 3HAUCHHEM BBIPAKEHUS CO 3HAKOM
OTICpaIlMK BBOJIA SBJISICTCS CCBHUIKA Ha OOBEKT Cin, a 3HAYCHHEM BBIPAKEHUS CO
3HAKOM OTIEPAIIMH BBIBOJIA SABJISICTCS CChIIIKA Ha 00BEKT cout. M3 aToro cienyer,
YTO HECKOJIPKO BBIPOKCHHUH C OTepamueil BEIBOAA MOKHO OOBCIMHHUTH B OJHO
BeIpaxkeHue. Hampumep,

cout<<“atb=“<< at+b<<‘\n’;
OObeIMHEHHBIA OIepaTop BBIBOJA  MOXET OBbITh, PACIIOJIOXKEH Ha
HECKOJBKHX CTPOKaX:
cout<<* cymma atb =*
<< a+b
<<“\n’;
Bripaxenus co 3HaKkaMu orepanuy BBOJA TAKKE MOTYT OBITh OOBEIMHEHBI
B OJIHO:
cin>> vall >>val2;
[Ipu HaGope MaHHBIX HA KJIaBUAType 3HAYEHHUS JUJI TAKOro omeparopa
JOJDKHBI OBITH pa3/ielieHbl MPOOETbHBIMU CHUMBOJIAMU (TIPOOEIBI, CHUMBOJIBI
TaOyJSALUHA, CHMBOJIBI HOBOW CTPOKH).

2.2.BBoj u BbIBOJ, (hailyioB.

JIns Toro 4toObl MCIOJIB30BaTh MOTOKOBBIM BBOJ M BBIBOJ (DAiIOB HAJIO0
NOoAKIIOUNTE OuOnuoreky #include < fstream.h>. B nanHoilt Oubiuorexe
UMEEeTCS HECKOJIbKO KOHCTPYKTOPOB JIJIsl CO37]aHuUsI 00bEKTOB KJIACCOB:

ofstream- kJ1acc Jij1s1 BbIBOJIa B (paid;

ifstream- kiacc s BBojia U3 daina;

[lepBbIii KOHCTPYKTOpP KaXJOr0 M3 3THX KIJIACCOB co3AaeT (haiIoBYIO
NepEMEHHYI0, HO HE CBS3bIBACT €€ ¢ (paiaom.

ofstream f1;

OOBeKT 3TOro Kiacca COACPKHT B CBOEM COCTaBE HEKOTOPHIC JaHHBIC U
HEKOTOpbIE (DYHKIUH.

B stux knmaccax ecteb mosie, KOTOpOe JIOJHKHO CojepkaTh Ha3BaHUe ¢aiina,
B KOTOpBIM OymeT OCYyHIeCTBISThCS BBIBOJA. Kpome Toro, ectb ToJ,
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cojepxamiiue crnocod OTKpbITUs (Daiiyia (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 BbiBoJa (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) // mpoBepka NpaBUIBHOCTU OTKPBITHS
{ cout<<*OmmOka oTkpbITUsA (aitna “; abort();
}
fl <<x="‘<<x<<"\n y="<<y;
f1.close ();
}

PaccmoTpum urenue ¢aiina. Ilpenmonoxkum, uro wumeercs ¢aiin, B
KOTOPOM 3aIlicaHbl Ba yucia. Heobxoaumo mpountats U3 ¢aiia 3T 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<<*“OmmOKa OTKpbITHS (aiina’;
abort ();
}
f1>>x >>y;
f1. close ();
cout <<*x="<<x<<* y="“<<y; //1y1s npoBepKU NMPaBUILHOCTU YTCHUS

}

Kiaccrr ofstream u ifstream mmer0T HECKOJIBKO KOHCTPYKTOpPOB. BTopoi
KOHCTPYKTOp HE TpeOyeT MyHKIUA OTKPBITUS U 3aKpbiTus ¢aiinoB. OH cpa3y B
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MOMEHT CO3/1aHUs 00BEKTa OTKPBIBAET (pailsl, HO JUIsl ATOr0 HAJIO UCIOJIb30BAThH
KOHCTPYKTOp B clieqtytoiei popme:

ofstream f1(“ums ¢aiina’);

ifstream f2(“umsa daiina”);

Hampumep:

ofstream f1(“example”);

JlaHHBIN KOHCTPYKTOp co3naer (aitioByto nepemennyio fl, oTkpbiBaer
(aiin u cBsI3pIBaCT ¢ HUM NepeMeHHy0. Heo0xonuMo npoBepuTh NpaBUILHOCTD
OTKpBITUS (ailia, mpexkae YeM OCYIIECTBIATh BBOJ WX BbIBOA. Mcnonbs30Bath
GyHKIMIO 3aKkpeiTUs (aiia B SBHOM BHJAE TOXKE HEOO0sS3aTelabHO, T.K.
JECTPYKTOP aBTOMATHYECKH 3aKpbiBaeT (aiim Mpu OKOHYAHUU PaOOTHI
IPOTPaAMMBI.

3. OBFBEKT UCCJIEAOBAHUS, ObOPY1OBAHHUE

OOBEKTOM HCCIIEI0BAHUS SIBISIFOTCS JIEMEHTHI aJITOPUTMUYECKOTO SI3bIKa
C++: onepaTopsl BBOAA U BbIBOJIa MH(OPMALIUH.

Jlnst  BeIONIHEHHWS  JabopaTopHOW  paboThl  TpeOyeTcss  Hamu4yue
AJNIEKTPOHHOW BBIYUCIUTEILHOW TEXHUKA C YCTAaHOBIECHHBIM MPOTPAMMHBIM
oOecreyeHreM.

4. BAPUAHTBI 3AJIAHUU.
1. 3anucaTth oneparop BbIBOAA Ha MeyaTh 3aroyioBka “Vcxoaneie 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 M€YaTh MACCUB UCXOAHBIX JAHHBIX U3 MSITH LIEJIbIX

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

3. Coznars daitnoByto nepeMmennyto f11 u cBsi3ath ee ¢ danmom.

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

5. IlpounTats u3 aiina 2 ApoOHBIX YKCIa, CIOKUTh UX U 3anucaTh (ailsi B
¢aiin pe3yapTaToB.

5.1I0OPAJOK BBIINIOJIHEHUSA PABOTBI.
— H3yyeHue TeopeTUYECKUX BOIPOCOB.
— CocraiieHue MporpamMm 1o 3aJlaHuIo MPernoiaBaTesl.
— IIpoBepka cOCTaBIEHHBIX IPOTPAMM.
— AHanu3 ¥ UCIpaBJIEHUE IOMYIIEHHBIX OIIHUOOK.
— OTBeThl Ha KOHTPOJIbHBIE BOIIPOCHI.
— IIpoBepka oTuera npenojaBaTeiem.
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6.YKA3ZAHUS 110 COCTABJIEHUIO OTYETA.

— Kaxnaplii  cTyneHT cocTaBiasieT OT4eT, KOTOPBIH  JOJIKEH
COJIepKaTh:

— IlpaBuna ncnonb30BaHMs ONEPATOPOB BBOJA M BHIBOJA.

— IlpaBuna BBOJa M BBIBOJIA TUIIOB, ONIPEACICHHBIX MOJIB30BATEIEM.

— 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 TUI JaHHBIX, ONPEICIICHHBIN MOJb30BATEIEM?
— Kak co3xath 00bEKTHI KJ1acCOB?
— Kak npounTtats u3 (aiina yucio?
— Kak 3To unciio mpucBOUTh IEPEMEHHOM int y?
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NABOPATOPHAA PABOTA Ne 5
ITOMICK SKCTPEMYMA ®YHKIIIH

1.leans padoTbl
[enbro naHHON PabOTHI SABIAETCS:
— MpaKTUKa B pa3pabOTKe alrOPUTMOB, COAEPKAIIUX
— UTEpPaluMOHHbBIE UKL,
— HCHOJIb30BaHUE METOJIOB MUHUMH3AUUU (PYHKITUH TIpU
— PpELIeHUU 3aJ1ay YMCIIEHHOTO aHaJn3a;
— MpaKTUKa MPOTPaMMHUPOBAHUS;
— HAKOIUIEHHUE OIbITa OPOPMIICHHUS PE3YIbTATOB BHIUYUCICHUS;
— yriiyOJIeHHE HaBBIKOB OTJIAJKHM MPOrpaMM U TMPAKTHYECKOW padoThl Ha

OBM.

2.0cHOBBI TEOPUH

PaccmoTpuM BHavasie METOJbI MOMCKAa 3KCTpeMyMa (QYHKIMU OIHOU
NEPEMEHHOM. DTa OJHOMEpPHAs 3ajaya IIHUPOKO PaclpOCTPaHEHA B INPAKTHKE,
KpOME TOr0, OOJIBIIMHCTBO METOJIOB PEUIEHUSI MHOTOMEPHBIX 3a/1a4 CBOJUTCA K
IOMCKY OJJTHOMEPHOI'O MUHUMYMa.

Bynem cuutath, uTo aHanu3zupyemas (yHKIMS 3aJJaHa Ha OTpe3Ke a X b,
UMEeT Ha O3TOM OTpe3ke (BKIIOYas W €ro KpaeBble TOYKH) TOJBKO OJIMH
JIOKaJIbHBI MUHUMYM. [IpocTermmi uTtepaumoHHbIA IPOLECC, CXOMAINNC K
ATOMY MHUHHUMYMY, UMEET CIIEAYIOLIYI0 CTPYKTypy. BHauane wunTepBai, B
KOTOpOM wHIercs MuHUMYM (yHKuuu y = f(X), pazOuBaercss Ha psiJi OTPE3KOB
paBHOM juuHBL (puc. 4). Jlamee cpaBHUBarOTCA 3Ha4YeHHS (QYHKIUU Ha
rpaaumax mepBoro orpeska 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 U T.A. YKAa3aHHYIO MPOLEAYPY MOBTOPSIOT A0
TeX MOop, MoKa He OyJeT MpoiliecH MUHUMYM (DYHKIMH, T.€. YCIOBUE HE Oyner
BeinoHATCSI( £ ( x; +1) > f (X )). [Tocne aToro mar aprymeHTa yMEHbIIAeTCs B

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

JanbHeiiee M3MEHECHUE apryMeHTa OCYILECTBIISIETCS B
IIPOTUBOIIOJIOKHOM HAINpaBlIeHUU ¢ 00Jee MEJIKUM IIarom, Mpu 3TOM YCIIOBUE
nepexojia K ClIeayloleMy IIary OCTaeTcsl MPEXHUM U T. 1T . J0 JOCTHXKCHUS
3aJIaHHOW MOTPEIIHOCTH BBIYHUCIICHHM.

B npaktuke OOBIYHO HCHOJB3YETCS YACTHBIM Cllydall pacCMOTPEHHOIO
croco0a HaxOXJICHHS MUHUMyMa (DYHKIIMH — CHOCOO TMOJIOBUHHOTO JIETICHUS
miara, T.e. mpu N= 2, oOecrieurBaronuii HAMMEHbIIIEE YUCIIO IIaroB MOUCKA.
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Puc.1. Yucnennoe HaxoXJaeHUE MUHUMYMa METOJIOM JIEJICHUS
WHTEpBaJIa MIOUCKA

HAWAT O
a b s, o

r=(a+b/1
I

Fl=Mzx-2)
|

Fi=Rx +3))

I
a=x =x
!
HEeT
ga

y=(h+ar2
|
FA = M)

EOHEIT

Puc. 2. Cxema anroputma MeTOAA MOJOBUHHOTO JICJICHUS
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Meron xopn
Meton ocHOBaH Ha 3aMeHE (DYHKIMU Ha KaXKJIOM IlIare moucka XOpJiou,
NepPECEUCHNE KOTOPOIl C OChIO JTaeT MPUOIMIKEHNE KOPHSI.

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 HayaIbHasI
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 obecrieunBaeT OBICTPYIO cXomumocTs, eciau 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 aJiropuT™Ma yTOUHEHHSI KOPHSI METOJIOM XOPJ
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Jpyrum, Takke pacrpoCTpaHEHHBIM, SIBIISETCS METOJ 30JI0TOTO CEUCHUSI.
[Touck MUHMMyMa 3THUM CHOCOOOM OCYIIECTBISICTCSl CIEAYIOIIMM 00pa3oMm.
Beraucnsiercss (yHKIMA Ha KOHIIAX OTPE3Ka, a TaKXke B JBYX BHYTPEHHHX
TOYKaX X; U X,. CpaBHMBas BCE YEThIpE 3HAYCHUS (PYHKIMU MEXAY COOOM,
HaxoAsaT HauMeHblnee. IlycTh HamMeHbliee okazanoch f(X;). OueBumHO,
MUHHMYM PACIOJIORKEH B OJHOM U3 MPUIIECTAIONINX K HEMY OTpe3koB. [loaTomy
OTPE30K X, b oTOpackIBaeTCs, M OCTaCTCs OTPE30K a X,. [lepBhIii mar mpoiecca
caeman. Ha otpe3ke a X, BBHIOMpAeTCs JUITL BTOpas BHYTPEHHSS TOYKA, T. K.
nepBas X; y)K€ M3BECTHA M3 MPEIBIAYIIETO IIara. TO BUETBEPO yMEHBIAET
00bEM BBIYMCJICHHMI HA OJTHOM IIare.

Kak wu3BecTHO, MJIMHY Iara X, X3 I€JI€cO000pa3HO BHIOMpATh TaKUM
o0pa3om, 4TOoObI CIAEAYIOUINI OTPe30K ObUI MOAENEH MOJA0OHO MPEbIayIEMY.
DTO J0CTUTaeTCs MNpU JUIMHE Imara, paBHOM MnpuOiausutenabHo 0,38 miuHbI
oTpeska: [X; x3] & 0,38 [a X,]. Takum 00pa3oM MmocCie KaKJIOTO Iara JTHHBI
OTpE3Ka, Ha KOTOPOM MMEETCSI MUHUMYM, cokpamaercs A0 0,62 ero AjivHbI Ha
IPEABITYIIEM Iare.

PaccmoTpeHHbIE METOABI OTBHICKAHWUS MHUHUMyMa (QYHKIIUN SIBISIOTCS
JOCTATOYHO DSKOHOMHUYHBIMH, OHH MOTYT OBITh TPHUMEHEHBI JaXe K He
nuddepenurpyeMbiM GyHKIUSAM U Beeraa cxoasaTes. OIHaKO CXOAUMOCTb ATUX
METOJOB JINHEHHAs 1 OTHOCUTEIBLHO MEJIJICHHAS.

Ecim Ha uHTEepBaje MNOMCKA HECKOJbKO JIOKAJIbHBIX MHUHUMYMOB, TO
MIPOIIECC COMIETCS K OTHOMY U3 HUX (HO HE 00s3aTelIbHO K HAUMEHBIIIEMY ).

PaccMmoTpeHHbIE anTOpUTMBI MOCTE HECIOKHBIX MPEOOPa30BaHUNA MOTYT

OBITh UCIIOJIH30BAHBI I HAXOXKACHUA MAKCUMYMOB q)YHKHI/Iﬁ

[Ipu oThICKaHHH PKCTPEMYMOB PACCMOTPEHHBIMH METOJIJAMH B CTOXAaCTHYECKUX 3a]1auax
HEOOXOIMMO TIOMHHTB, YTO U3-3a OIIUOOK SKCIIEPUMEHTOB MOYKHO HEIPABUIIBHO OIPEICIIUTh
COOTHOIIICHUS MEX/y 3HAYCHUSMHU (DYHKIMI B TOYKaX, OJIM3KUX K dKCTpeMymy. BOmm3n skc-
TpeMyMa HeOOoJIbIasi TMOTrPEIHOCTh (YHKIIMKA MOMKET TPUBECTH K TOSBICHHIO JTOBOJHHO
OoJbIIoN 0b6sacTH HeomnpeaeneHHocTu. [loaromy, ecnu paznuuust QyHKIIUH B BBIOpaHHBIX
TOYKaX CTAJIIM TOTO XK€ MOPSIKA, YTO W OIIHOKH SKCIIEPUMEHTA, TO UTEpPAIMH HAJ0 TpeKpa-
IIaTh.

OcHOBHBIE TPYJHOCTH MHOTOMEPHBIX 3a/iad yII0OHO pacCMOTPETh Ha Mpumepe (PyHK-
MU IBYX MepeMeHHBIX t(X,y). OHA OMUCHIBAET HEKOTOPYIO TIOBEPXHOCTh B TPEXMEPHOM TIPO-
CTPaHCTBE C KOOPJIMHATAMH X, Y, Z.

Ananm3upyst GOpMBI MMOBEPXHOCTEH B TPEXMEPHOM IPOCTPAHCTBE MOYKHO BBIJICITHTH
HECKOJIBKO PA3JIMYHBIX THUIIOB penbeda (HampuMmep: KOTIIOBUHHBIN, OBPaXHBINA, HEYIIOPSIO-
YCHHBIN ), OJTHAKO B MaJlOW OKPECTHOCTH HEBBIPAKCHHOIO MHHHMYyMa, peibed Takux (yHK-
[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 IMPUMEHUTH PACCMOTPCHHBIC BBIIIC METOAbI IPOCTHIX 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 UTCPALMOHHOI'O ITPO-

v k+) 3 .
neMMa. B IaHHBIX MeTofiax Kaxoe 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

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

o k k+1
HO OIICHUBACTCS 10 BEJIUYHHE OTKJIOHEHHUS JBYX COCCTHUX MPUOIKEeHUH 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 NPUOJIMKEHUA), Tie € - 3a1aHHasi TOUHOCTb.

B npaktuke Hanbosiee 4yacTo MpUMEHSIOT "clyck" MO KOOpAMHATaM, HauCKOpeHIun
CIYCK ¥ MOJU(HUIMPOBAHHBIE METOABI HAMCKOPEUIIEro CITyCKa, METOJ COMPSHKEHHBIX
HaIpaBJICHUHU U IPYyTHE.

B merozne crmycka mo KOOpAMHATaM IMOCIE BBHIOOpAa TOYKH HAYAIBHOTO MPHOIMKEHHS
(Touka A, Ha puc.6) GUKCUPYIOT BHaYaje OIHY M3 KOOPAWHAT, HAPUMEP X=X,, UCHOJIB3Ys
METO/BbI TPOCTOW HWTEpaIlH, HaXOMAT MHHUMYM (YHKIUU OJHON MEepeMEHHOH Z(X,,y) B
iockoctd XoYZ (Touka Aj). 3aTem s TOYKH A (GUKCHUPYIOT Ipyryto KOOpAMHATy (Y1), 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 SIBJISIFOTCS DJIEMEHTBI aJTOPUTMHUYECKOTO SI3bIKA
C++ ¥ 4uCJIeHHbIE METO/EL.

Jns BeIMoNIHEHUs  jabopaTopHOM  paboThl  TpeOyeTcs  Haluyue
AJIEKTPOHHON BBIYHCIUTEILHOW TEXHUKH C YCTAHOBJICHHBIM IPOrPaMMHBIM
obecrieueHneM.

4. Bapuanrtsl 3a1aHuii

B npennaraemom 3amannu (Tabdauia 1) HE0OXOIUMO YHCICHO ONMPEICIUTh
AKCTpEMalbHOE 3HaueHWe (YHKIMM W KOOPAWHATHI TOYKH OKCTpEeMyMa B
3aJaHHOM MHTEpBaJi€ TMOHWCKA OJHUM U3 PACCMOTPEHHBIX METOJOB C
abcomoTHON TorpentHocThi0 mopsaka 0.001. Ha mewats BwIBeCTH BHI
AKCTpemMyma (MHUH., Makc.), KOOPJAUHATHI TOYKHU SKCTPEMyMa, COOTBETCTBYIOIINE
3Ha4YCHHUS (PYHKIUH, JOCTUTHYTYIO TIOTPEITHOCTh BBIYUCICHUN € YHUCIO
utepanuii. Heo0xoaumo npeaycMoTpeTh MpeKpalieHe UTepallioHHOr0 1HUKJIA,
€CJM 3aJlaHHasl TOTPEIIHOCTh HE JIOCTUTaeTCs 3a HEKOTOPOE€ MaKCHMabHO
JOMyCTUMOE KOJIMUeCTBO NOBTOpeHUi. [Ipu 3TOM Ha medaTh 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)*
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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 BBIUMUCIEHUS TOYKH DJKCTpEMyMma
byHKIIHI 110 pa3paboTaHHOMY aJITOPUTMY.

3. BoInoHUTS HEOOXOAMMBIE PACUEThI MO pa3paboTaHHON pOorpamMmme.

4. IlpoaHanu3upoBaTh PE3YJBTATHl PACUYETHl, CPABHUTh C AHAIUTHYECKUM
pelIeHueM.

5. OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHL.

6. Ykazanus no oopMJIeHUIO OTCYETA.
Kaxxnprit cTyneHT opopmiisieT 0T4eT, KOTOPBIN JOJKEH COACPKaTh:
— TIIOCTaHOBKY 3aJa4H;
— pa3pabOTaHHBIN AITOPUTM PELICHHUS;
— IpOorpaMMy pacyera;
— TEKCTBhI PACIl€UaToK, MOJYYEHHBIX MPH OTIAJTKE NIPOTrPaAMMBIL;
— pacneyaTKy pe3yiabTaTOB PACUETOB;
— MepeyeHb M XapakTEePUCTUKY  OMIMOOK, JOMYHIEHHBIX B MpOIECcCce
MPOXOXKJCHHUS 3a]IaHMUS;
— AHAJIN3 PE3yJIbTaTOB;
— OTBET Ha KOHTPOJbHBIEC BOMPOCHI.
Jns cocTaBieHHOM  MporpaMMbl  HEOOXOAMMO  JaTh  TaOJHILY
UCIIOJIb30BaHHBIX UMEH MEPEMEHHBIX.

7. KoHTpOJIbHBIEC BONPOCHI.
1. Yro Takoe penbed ¢pyHkuu? M Kkak OH BIMSIET HA CXOJUMOCTb YHUCICHHOTO
NOMCKa AKcTpeMyMa QyHKUIUU?
2. Yro OyneTr mOJIy4eHO B pe3yibTaTe BBINOJHEHUS pa3paboTaHHOW BaMH
nporpamMmbl, €ciii B O00JacTHM MOHMCKAa HET JOKAJIbHOIO 3KCTpemMyMa?
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NNABOPATOPHASA PABOTA Ne 6

PEIIIEHUE
TPAHCHEHAEHTHBIX YPABHEHNI

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

— MpakTUKa B  HWCIOJH30BAHWHM  YHCJICHHBIX  METOJIOB  pEIICHUs
anreOpanveckux M TPAHCLICHICHTHBIX YPaBHEHUI;

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

— TMOJyYEHUE HaYaJbHbIX HABBIKOB UCITOJIH30BAHUS OUOIMOTEK CTAaHIAPTHBIX
pOrpaMM U JIMYHBIX OUOIHOTEK;

— yriIyOJIeHHE HaBBIKOB OTJIAJKU MPOTpaMM M MPAKTUYECKON pabOThl Ha
OBM.

2. OCHOBBI TEOPHUM.

AHanuTHYeCKOE pElIeHHE JJIi MHOTHUX HEIMHEWHBIX alreOpandeckux M
TPaHCUEHJEHTHBIX YpPaBHEHUW MONy4uTh He ynaerca. OOmas (opma Takux
ypaBHeHu#l f (x) =0.

Alre6panueckie YPaBHEHHUS amy; X'+ am X + Amt Xmo + ... +2; = 0
UMEIOT M KOpHEW. TpaHCLEHIEHTHbIE YpaBHEHUS, BKJIIOYAIOIINE CTEIECHHbBIE,
TPUTOHOMETPUYECKHE U OKCHOHEHIMAIbHBbIE (PYHKIIUM OT HEKOTOPOIo
aprymenTta X, Hanpumep arctg(x) - x=0, OECUMCIEHHOE MHOKECTBO KOPHEM.
JInst perieHust TakuX ypaBHEHUU UCIOJIB3YIOT MPUOIMKEHHBIE UTEpPAllMOHHBIC
MeTonbl. Pemenue ypaBHEHHST OOBIYHO CKJIAIBIBACTCA W3 JBYX OTalloB:
OTBICKAHUE HAYaJbHOTO MPUOIMKEHUS! KOPHS, T.€. ONPECICHIEe UHTEPBAJIOB, B
KOTOPBIX HMMEETCS KOPEHb YPABHEHUSMH IOCJIEAYIOIIEr0  yTOYHEHUS
HAYaJIbHOT'O MPUOIMKEHUS KOPHS O TOCTHKEHUS 3aIaHHOU TOYHOCTH.

IIpouecc onpenesieHns: MHTEPBaja, COAEPKALIETO TOJIBKO OJUH U3 KOPHEH
ypaBHEHUS, HA3bIBAETCS OTIEICHUEM KOpHS HTOro ypaBHeHUs. OOBIYHO
IPOLECC OTJCNECHUS KOPHEH MPOBOAST UCXO/Is U3 (PU3UUECKOTO CMBICIIA 3a]JauH,
rpadUuecKy WK C MOMOIIbIO Tabnul 3HaueHud Qynkuuit f(x). U3BectHO, 4TO
ecnu HempepbiBHas (yHkius f(x) Ha KoHIAx oTpe3ka [a, b] mpuHUMaeT
3HAYEHMs pPa3HbIX 3HAKOB, TO BHYTPH 3TOTO OTPE3Ka €CTh XOTA Obl OJHA TOYKA
X=U ,B KOTOpO# (pyHKLMS NprUHUMAET HyJeBoe 3HaueHue f(u)=0 .Ecnu npu sTom
3HaK MEepBOM MPOMU3BOJHON f'(X) HAa 3TOM OTPE3KE HE MU3MEHSETCS, TO KOPEHb
X=U SIBJISIETCS €AMHCTBEHHBIM Ha JAaHHOM OTpPE3KE.

Haubonee pacnpocTpaHeHHBIM YHCIEHHBIMM METOJIaMU  YTOYHEHUS
KOPHEH SIBJISIOTCS METOMABI IMOCJIEI0BATENILHOTO MPUOIMKEHHS, TTOJTOBUHHOTO
nenenus, HproToHa, urepanuu.
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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 YMEHBIIEHHBIM HMHTEpBaj MOWCKA 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;

- yKa3aHHas MOCJIEIOBATENbHOCTh JIEUCTBUUM MOBTOPSETCS 10 JOCTUKCHUS
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 BBIYMCIUTENBHOTO MIpOIecca UMEET BU:



X=a >
!

Fa=FUNC(x)

!

x=(a+b)/2

!

Fx=FUNC(x)

. I)\jm

' a=x |_ b=x

Y

Mertox Herotona

YTouHeHNEe KOPHS MOXKET ObITh MPOU3BEICHO TaKxke 1Mo MeToay HeroToHa.
CymHocth MeTofa HproToHa 3akitouaeTcs B TOM, YTO B HHTEpPBAJIC 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 TOYKaX Xj, X3, 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(l)OpMaHI/IIO (0) (I)OpMC (bYHKHI/II/I, 4dTO YCKOPACT IIpoLecc
YTOUYHCHHUA KOPHAI. OI[HaKO ,HaHHBIﬁ MCTOA OI'PAaHHMYCH B IIPUMCHCHHUH,
IMOCKOJIBKY JIA q)yHKI_[I/Iﬁ C UBMCHCHNCM KPUBU3HLI U ITOJIOTHUMH YHACTKAMH B
HHTCPBAJIC IIONUCKA IICPECCUCHUC KacaTeJbHOM C OCBhIO a6CHI/ICC MOXKET BBIMTH 3a

npcaciibl MHTCPpBAJIa, U TOrAa YTOUHCHHWA KOPHA HC ITOJTYYHUTCA.
ANTOpUTM yTOUHEHUS KOpHS 110 MeToay HbroToHa nmeeT BU:

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

{

X=X - AX

Metoa npocToii uTepanuu
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Merox  mpoctoit  urepanuu  (MIOCIENOBATENBHBIX  MPUOIKEHHI)
3aKJIF0YAETCsS B TOM, YTO MCXojaHoe ypaBHenme mmeeT Bua P (x)= x . Eciu B
MHTEpBalle TOKCKa BhimoaHsercs yciaosue | 7 (x) | < 1, To meron maer
BO3MO>XHOCTh BBIYMCIIUTH 3HAUYCHUE KOPHS C 3aJaHHOW TOYHOCThIO. Eciu 310
yCIIOBUE HE BBIMOJHAETCS, TO MOXHO IMepedTH K oOpaTHON (yHKIUH.

[pubmmkeHne K KOPHIO ocymecTBisiercs 1o  dopmyne Xj = @ (x).
WTepanmoHHBIH Mpoiiece MPEeKpaiaeTcs, €CIIU BRIMOTHICTCS YCIOBHE

|x.+1 —xi| <eg

1
re € - JOMyCTHMas MOTPEIIHOCTh pelreHus. CXOAMMOCTh OyneT TeM
Gostee ObICTPOIL, YeM MeHbIie Besmunna | 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 NOJXOJUTh K UX KOHKPETHOMY BBIOOpPY, T.K. OT HETO
3aBUCUT CXOJUMOCTb U CKOPOCTh CXOJMMOCTH METOA UTEPALIMIA.

IIpudaun:xkeHHOE pelIeHHe CHCTEM HeJIMHEHHBIX ajaredpamyecKux M
TPAHCUEHJACHTHBIX YPaBHECHUI

[IpuOnmxeHHOe penieHre CHUCTEM HEIMHEWHBIX anreOpandeckux U
TPAHCLIEHACHTHBIX YPAaBHECHUI

f1 (X1, X2...X,) =0;

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

TaK)K€ OCYILECTBIIETCS B JBa JTama: OTACIICHHE KOPHEW M YTOYHEHHE
KOpHEM ¢ TOMOIIBI0O METOJa MOCJEA0BATEIbHBIX MNPUOIMKEHUN (METOI0M
HrroTona unu Merogom utepanuii ). OJHaKO NMPU YTOYHEHUU KOPHEH, CUCTEM
ypaBHeHnit B dopme x; = P(x), X» ... X,) NpeICTaBIeHWE HX U aAHAJIU3
CXOJIMMOCTH TIpoliecca UTepanuii 0osiee TPYyAOEMKH U CIOXHBI. M3meHeHue
(OpPMBI HCXOHOTO YPaBHEHUSI MTPH STOM HEOJHO3HAYHO IMOATOMY HEOOXOAUMO
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TIIATEIBHO IPOAHATU3UPOBATh PpA3IMYHbIE BapHaHThl MPEOOPa30BAHHBIX
YPaBHEHUH C 1EJIbIO OJYYEHHS HPUTOAHON ISl UTEPALIMH (POPMBI.

B 3akitoueHnr HEOOXOAMMO OTMETUTh, YTO JOMYCTUMYIO MOTPEIIHOCTh €
ONpeJeNeHUsT KOPHS YPaBHEHHsI B UTEPALMOHHOM IIPOLECCE HENb3sl 3a7aBaTh
CJIMIITKOM MaJloi, T.K. OIIMOKU OKpyrieHus B DBM He MO3BOMSIOT MOJIY4YHUTH
00J1e€ TOYHOTO MPUOJIMKEHUS.

3. OFBEKT UCCJ/IEAOBAHUSA, OBOPYJIOBAHUE

OOBEKTOM HCCIIEIOBAHUS SIBJISIOTCS 3JIEMEHTHl YUCJIEHHBIX METOJIOB U
AIrOPUTMHUYECKOTO si3bIKa CH++.

Jns  BeIMoJNIHEHUs  jabopaTopHOM  paboThl  TpeOyeTcs  Hajluuue
AJIEKTPOHHOM BBIYUCIUTEIBHON TEXHUKHU C YCTAHOBJICHHBIM MPOTPAMMHBIM
o0ecreueHneM.

4. BAPUAHTHI 3AIAHUI

Jlnst pyHKIMM, 3aJaHHON B KaKJIOM BapHaHTE, HEOOXOIUMO HANTH NBYMS
Pa3IMYHBIMU TPUOIMKEHHBIMA METOAaMU HAUMEHBIIINHI 110 MOJTYJIIO OTIMYHBIN
OT HyJIsl KOPEHb YpPaBHEHMSI C OTHOCUTEJIBHOW TMOTPEIIHOCThI0O HE Oolee
€=0,001. Tpu mara nNpuOMMKEHUS MO KAXKIOMY W3 METOJOB BBINOJIHUTH
BPYYHYIO C TOMOIIBI0O MUKPOKAJIBKYJISITOpA U U300pa3uTh rpauuecku.

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* - 0,4¢e* =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 PABOTbBI U METOAUWYECKUE
PEKOMEHJALIUAN

— HUccnenoBars 3amaHHyio (QYHKIUIO, HAWTH MHTEpBal, B KOTOPOM
HAaXOJUTCA TpeOyeMbli KOpPEHb YpaBHEHUS, MPOBEPUTH MPUMEHHUMOCTH
Pa3TMYHBIX YUCICHHBIX METOJIOB U BHIOPATH METO/] PEIICHHUSI.

— Pazpaborarh airoput™m perieHus 3ajaqd AByMsl BEIOpAHHBIMUA METOJaMH,
IIPEICTaBUB €ro CTPYKTYPY B BHJIE€ OJIOK - CXEMBI U 1aB €ro HeopMaabHOe
OIIMCaHMUE.

— CocTtaBuTh U OTJIAAUTH IPOTPAMMYy PELICHHUS 3a]1auu.

Boraucauts Tpu mara mpuONMIKEHUS BPYYHYIO U TIOCTPOUTH Tpaduk
IPUOJIMKEHUS.
— CocTaBuTh MporpaMmy pemIeHUs 3aJa4d  C I[OMOIIbIO OJHOM U3

CTaHJAPTHBIX MOANPOrPaMM.

— Pemmts 3a1auy Ha OBM no pazpaboTaHHBIM POTPAMMaM.
— IIpoaHanu3upoBaTh pe3yiabTaThl PaCUETOB.
OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI.
I[Ipp  ornmagke mporpaMmsl  CIIEAyeT IPEXIAE BCETO  OTIAAUTH
UCIIOJIB3YEMYIO TOJNPOTrpaMMy BbIUMCIEHUA (QyHKIUU. [l 3TOro Hy)XHO
MOJITOTOBUTH M PEIINTh COOTBETCTBYIOIINI HAOOp TECTOB.

OTnanky 4YHMCIEHHOTO peLIeHUs YpaBHEHHUS IIeJecO00pa3HO CHavalia
IIPOBECTH HA YPABHEHUU C 3apPAHEE U3BECTHBIM PEILICHHUEM.

6. YKAZAHUSA 10 O®OPMJIEHHTIO OTYETA
Kaxxpiii cTyeHT opopmIIseT 0TueT, KOTOPbIN JOKEH COIepPKAaTh:
— IIOCTaHOBKY 3aJa4H;
— QJITOPUTMBI PEIICHUS 3a7a4H;
— IPOrpaMMBbl pacyera;
— TEKCTBI PacClieyaToK OTIAL0K IIPOrpamm;
— pacneyaTky pe3yJbTaToB;
— MepeuYeHb U XapaKTepUCTHKa OIIMOOK, JOMYIIEHHBIX B Ipolecce
IPOXOKJACHHUS 3a]IaHMUS;
— OTBETHI HA KOHTPOJIBHBIE BOITPOCHI.
K cocraBieHHbIM mporpamMmam cieAyeT AaTh TaOJIMIly MCHOJIb30BaHHBIX
UMEH NEPEMEHHBIX.

7. KOHTPOJIBHBIE BOITPOCHI
I.Uem onpenensiercss CyIIECTBOBAHWE MpeAeiaa JAOCTHKUMONW TOYHOCTHU
NPUOJIMKEHHOTO BBIYMCICHUST KOPHEW, OJWHAKOB JIM 3TOT Mpeaen s
pa3IUYHBIX METOJO0B?
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2.Kakum 00pa3oM MOXKHO TMPEAYCMOTPETh BBIXOJ U3 HUTEPAIMOHHOTO
IIPOIIECCA, €CIIU 3aJaHHAsI TOYHOCTh HE JOCTUTAETCS?

3.Kakoe BIMSIHUE HA KOHEUHBIA PE3YJIbTAT BBIYMCICHUS KOPHS YpPaBHEHUS B
UTEPAIMOHHOM  TIPOLIECCE  OKa3blBaeT  OWMOKa, JONyILIEHHas Ha
IPOMEXKYTOUHOM IlIare JaHHOTOo mporecca’?
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NNABOPATOPHASA PABOTA Ne 7

BbIUMCJIEHUE OIIPEJEJIEHHBIX MHTEIT'PAJIOB

1 HEJIb PABOTHBI
[enwro maHHOM pabOTHI SIBISICTCS:

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

— yrayOlieHne HaBBIKOB pa3pa0OTKH ajJTOpPUTMOB U TPOTpamw,
UMEIOLINX MOAYJBHYIO CTPYKTYPY;

— MpakTUKa B  HCHOJb30BAaHUM  OMOJIMOTEKH  CTaHJAPTHBIX
HNOANPOTPaMM U JTUYHBIX OMOJINOTEK.

2. OCHOBbBI TEOPUH

3amauu, B KOTOPBIX TPeOyeTCsl BBIUMCIECHUE OMPEIEIECHHBIX WHTETPAJIOB,
BO3HUKAIOT TIOYTH BO BCEX 00JIACTAX MPUKIAIHON MaTeMaTUKu. MIHOrAa MOXHO
BBIBECTU AHAJIUTHYECKYI0 (QOpMyly M TMpEACTaBUTh MHTErpajl B BHJIE
KOMOMHaIMK  anreOpaudyeckux W TPAHCLUEHJAEHTHBIX  (QYHKIOUH ¢
COOTBETCTBYIOIIIMMHU IpeaenaMd. Bo MHOrHX ciaydasxXx OJHAKO, HE yHAaeTCs
HAalUTH HHUKAKOW aHAJIUTUYECKOM 3aBUCUMOCTM WM JKE€ OHA I0Jy4Yaercs
HACTOJIBKO CJIOKHOM, YTO BBIYHCIIHUTH C €€ MOMOIIBI0 MHTErpal TPyIHEE, YeEM
IpyruMH criocobamu. B Takux ciydasx NPUXOIUTCS NPUMEHSTb PAa3IUYHBIC
METOJbl YHCICHHOTO HWHTETPUPOBAHMS, KOTOPBIE OCHOBAaHbI HAa TOM 4YTO
MHTErpajl MPEACTABISAETCS B BUAEC KOHEYHOM CYMMBI IPOCTBIX ClaraeMbIx. B
r€OMETPUYECKON MHTEPIPETALUH NPU YUCICHHOM HMHTETPUPOBAHUM ILIOLIANb
0]l KPUBOW MHTErPUPOBAHUS MPHUOIMKEHHO 3aMEHSETCS CyMMOMW ILUIOLIAEH
3JIEMEHTapHBIX (QUTYyp (MPAMOYTOJIBHUKOB, Tpameuud u Ap.), KOTOpble MOTYT
OBITh HAWJIEHBI MO MPOCTHIM AHATTUTUYECKUM 3aBUCUMOCTSM.

Haubonee pacnpocTpaHeHHBIMH METOJIaMU YMCJICHHOT'O MHTETPUPOBAHUS
byukuuii Ha DBM sBigeTcss METOJl NPSMOYTOJIbBHUKOB, YAaCTHBIM CIIy4aeM
KOTOpPOI'O SIBJIIETCS METOJ CpPEJHUX, MeToj Tpaneuuid u meron CumIiicoHa
(MmeTon  mapaboi).  YKazaHHbIE  METOJBI  pa3IMYalOTCsl  CIOCOOOM
anmnpoKCUMALUA MHTETpUpyeMoi QyHKIMU Ha Ka)KIOM IlIare MHTErPUPOBAHMSL.
B merone mpsMOYroJIbHMKOB NHPUMEHSETCS CTYIIEHYaTasl almnpoKCUMAalMs, B
METOAE Tpanelui— JUHEHHAs amnmnpokcuMmanus, B wmeroge CumIiicoHa —
anmpoKCUMAaIns mapadoioli 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) - METOJI Tparemuuii;
B) - MeTo CuMIICOHA.

X

ol |

VYKa3aHHbBIE YMCIIEHHBIE METOABI MOTYT MPHUMEHATCS HE TOJNBKO K
GyHKUMSIM, 3aJaHHBIM AHAIUTUYECKH, HO U K TaOJIMYHBIM (PYHKIUSAM, ITUPOKO
paclpoCTpaHEHHOW B WHXKEHEPHOM  mpakTuke (  3TO  pe3yJbTaThl
AKCIEPUMEHTOB, CIIPABOYHBIE TaOIMUI[bI CBOWCTB MAaTEPHAIIOB U T.J.)

KBagparypHsie ¢GopMmynbl ykazaHHBIX METOJIOB JIJIsi MOCTOSTHHOTO IIara
VHTETPUPOBAaHUSA A X IIPEICTABICHBI HUXKE.

1.MeToa npsiMmoyroJibHMKOB
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 obecnieueHus: TpeOyeMoil TOYHOCTH IIPU MPUOJINKEHHOM BBIYMCICHUN
3HAYEHUs MHTErpaja MO0 KBaAPAaTypHbIM (opMyslaM Ha MPAKTHKE YacTO
UCIIOJIB3YETCSI METOJ IOCJIEN0BATEIBHOIO YABOCHUS 4YMCJIa LIaroB, KOTOPBIN
3aKJIF0YAETCS B CIETYIOLIEM.

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

[TorpemrHoCTh MPUOIMKEHHOTO 3HAYEHUs MHTErpaia Sn, BBIYMCIEHHOIO
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 BbIUMCIICHNS 3aKaHYMBAETCS, KOT/AA Il OYEPEIHOrO YHCIIa
[IaroB MHTETPUPOBaHUS He OyneT Mojy4yeHa JOMyCTUMasi MOrPELIHOCTb.
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 (PYHKIIMU BO
BCEX Y3JIaX, TaK KAK YacTh Y3JIOB CETKHU C I1aroM 2n sBJBUIACH y3JIaMHU U paHee,
Y B HUX Y€ BBIUHCIIUTMCH 3HAYCHUS (PYHKLUH.

Cnenyer Tak ’K€ YYMTBIBaTh, YTO 3HAKU MOrPEIIHOCTEH Yy (HOPMyIbl
cpenHux U (GopMmynbl Tpamenuit pasaeie. [losTomy, ecnu ecTb pacdeTbl MO
o0euM (opmynaMm, TO MOKHO YTBEp)KJaTh, UTO TOYHOE 3HAUCHUE MHTErpaa,
KaK ITPABUIIO, JIEKUT MEXIY 3TUMHU PE3YIbTATAMH.

3. OBBEKT UCCJIEJOBAHUSA, OBOPYJAOBAHHUE

OOBEKTOM HCCIEOBAHUS SIBIISIIOTCS AJEMEHThl YHUCICHHBIX METOJOB H
AIrOPUTMHUYECKOTO si3bIKa CH++.

Jns BeIMOJIHEHUs  jabopaTopHOM  paboThl  TpeOyeTcs  Hajluyue
ANIEKTPOHHOM BBIYUCIUTEIBHON TEXHUKHA C YCTAHOBJICHHBIM MPOTPAMMHBIM
o0ecreueHneM.

4. BAPUAHTHBI 3AJITAHUIA

C ucnosnp3zoBanreM 9BM BBIUHUCIUTE ¢ OTHOCUTEIBHOM MOTPEITHOCTHIO HE
b

[ feoax
Gomee 10" 3Hauenme JUI. UCXOJHBIX JAaHHBIX, IPHUBEACHHBIX B
tabnuue 1. BeluuciaeHue Npou3BECTH MO pa3pabOTaHHOM CaMOCTOSTENBHO
OporpaMMe M C UCIHOJB30BaHUEM OJHOW M3 CTaHAAPTHBIX OMOIMOTEUHBIX
NOANPOrpaMM, MCCIIENOBAaTh BIWSHHE 4YHWCIA II1aroB HMHTETPUPOBAHUS HA
TOYHOCTb pEIICHUs 3aJaud. Pa3paboTaHHyIO MporpamMmy NpeICTaBUTh B BUJE
HOJIMPOTpaMMbl M 3alHCcaTh €€ B JIMYHYI0 OMOJIMOTEKY HCXOIHBIX MOIYJEH,
o0ecriedrB  BO3MOXHOCTb  MHTETPUPOBAaHUS  (QYHKUMH,  337aBacMoOMu
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[I0JIb30BATEIEM BO BHEIIHEH NOANpOrpaMMe— (QYHKIUM MPEeTyCMOTPUTE
BO3MOYKHOCTh BBIBOJIa BMECTE€ C BEIMYMHOW HWHTErpajla— 4Yucia [Iaros
UHTETpUpPOBaHUs  (BEJIMYMHY IIarOB HHTETPUPOBAHMS), TIPU  KOTOPOM
JOCTUTHYTA 33JJaHHAast 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 |CumrmcoHna

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 adroputm pelieHus 3aJadu, MpPeJACTaBUB €r0 CTPYKTYpPY 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. CocTaBuTh NOpPOrpaMMmy peEIICHUA 3aJayd C TOMOIIbIO OJHOW U3
CTaHJIapTHBIX IPOTPaAMM.

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

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

7. OTBETUTH HA KOHTPOJIbHBIE BOIIPOCHI.

Otnagky pa3paboTaHHOM MporpaMMbl TMPOBECTH HA  HECI0XXHOM
YpaBHEHUU C 3apaHee U3BECTHBIM PEIICHUEM.

6. YKASAHUE 110 O©®OPMJUIEHUIO OTYHETA
Kaxxnp1it cTy1eHT 0popMIIIEeT OTUET, KOTOPBIN JOJIKEH CONEePKATh :

— TIOCTaHOBKY 3aJa4H;

— QJITOPUTM pEIICHUS 3a]1a4u;

— TpOrpaMMBbl pacyeTa;

— TEKCTBI pacrnevyaTok OTJAJIK! MPOTrPaMMBblI;

— pacmeyaTKH pe3yJIbTaTOB PACYETOB;

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

— rpaduK 3aBUCHUMOCTH TOYHOCTH pEIICHUS OT 4YHWCia [IaroB
WHTETPUPOBAHMUS;

— OTBETHI HA KOHTPOJIbHBIE BOMPOCHI.
K cocraBnenHbIM mporpamMmam cieayeT AaTh TaOJMIly HCIOJIb30BAaHHBIX

VMEH MTEPEMEHHBIX.

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

KaxoBbl npeumytiectBa Gpopmyibsl CUMIICOHA TIO CpaBHEHUIO ¢ (HOPMYJIIOi
Tpaneuuii ¥ CIEACTBUEM YETO SBJISIOTCS 3TH MIPEUMYIecTBa?

[Touemy ocTaTouHble ujieHBI (POPMYINIBI CPETHUX U (POPMYIIBI Tpareuii
UMEIOT pa3Hble 3Haku? JlaliTe reoMeTpUYecKyr0 HHTEpIpETalUi0 OTBETa U
MOSICHUTE, KaK MO>KHO MCIIOJIB30BaTh YKa3aHHOE 00CTOSATEILCTBA MPU pacyeTax.
Kakue npyrue (popmynbl 4MCIEHHOTO MHTETPUPOBAHUS (PYHKIIUN C pa3HBIMU
3HAKaMHU OCTAaTOYHBIX YJIEHOB BbI 3HaeTE?
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JIABOPATOPHAA PABOTA Ne 8

PEINEHWE OBbIKHOBEHHbBIX TU®PEPEHIIMAJIBHBIX
YPABHEHUU METOIOM SUJIEPA

1. HEJIb PABOTbI
[enbro naHHOM PabOTHI SABISAETCS:

— OBJIQJICHUE MPAKTUYECKUMHU HABBIKAMHU HCTOJIB30BaHUS DBM s
YHICIIEHHOTO PEIIeHUs OOBIKHOBEHHBIX U depeHInanbHbIX ypaBHEHUN
nepBoro nopsijaka (3amada Komm);

— TMPOBEJICHUE BBIYUCIUTEIBHBIX 3KCIEPUMEHTOB MO MPUMEHEHHIO
MeTo1a Diliiepa;

— W3y4YCHHE BJIMSHUS LIara MHTETPUPOBAHUS HA TOYHOCTH PEIICHUS
KOHKPETHOTO YPaBHEHUS ;

— HAKOIUICHHE OIbITa 1O UCIOJIb30BAHUS aJTOPUTMUYECKUX SI3BIKOB
U OTJIQJIKE IPOTPaMM;

2. OCHOBbBI TEOPUH

OpauMm w3  HauOosiee  pacHpOCTPAHEHHBIX  METOJOB  pPELICHUS
OOBIKHOBEHHBIX U (PEepeHINAIBbHBIX YPAaBHEHHUH SBIISIETCS METOJl KOHEUYHBIX
paznocreir (MKP). Paccmorpum npumenenne MKP nist uncnenHoro peuieHust
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 TAHHOM MHTEpBaje YIOBIETBOPSET YCIOBUSIM TTIaAKOCTH.
Pazo0bem obmacTe aprymenTa X Ha MHOXKECTBO OTPE3KOB JumHOW A X U
paznoxum GyHkIuoo Y B psag Teisiopa B OKpECTHOCTH MTPOU3BOJIBHOM TOUKHU X;
U3 00J1aCTH CyIIeCTBOBAaHUS (DYHKIIUU:
AX AX?
Y, =YX, +AX) = Y(X)+—Y'(X,) +
1! 2!
OTtOpaceiBas 4jeHbI psaa, CoAepKalIUe MPOU3BOIHBIE BTOPOTO U BBICIIETO
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.
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Y
y, Ys v
Y — X
/— ‘\
Yy
,,,,, X

\4

Xo Xi X X3 Xy

Puc.2. Cxema nmpuOiamKeHHOT0 pelIeHHs] MeTOI0M Diliiepa

JlaHHBIA ~ MeTOA ~ pelieHus  OOBIKHOBEHHOro  JauddepeHnnanbHOro
YpaBHEHHS HOCUT Ha3BaHHMe MeToaa Ounepa. Ilpu nmocratouHo wmaibix
BEJIMUMHAX I1ara AX MeToj Diljiepa HaeT perieHrue ¢ 00IbIION TOYHOCThIO, TaK

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

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. OBBEKT UCCJUIEJOBAHUSA, ObOPYJ1OBAHHUE

OOBEKTOM HCCIEIOBaHUS SBJISIIOTCS 3JIEMEHThl YUCJIEHHBIX METOJIOB U
aNTOPUTMHYECKOTO si3bika C++.

Jlnst  BeIMOJTHEHHWS — JabopaTOpHOW  paboThl  TpeOyeTcs  HaJudue
AJIEKTPOHHOW BBIUUCIUTEILHON TEXHUKA C YCTAHOBJIEHHBIM MPOTPAMMHBIM
o0OecreueHneM.

4.BAPUAHTHI 3ATAHUM
Jano muddepeHnnaibHOEe YpaBHEHHE IIEPBOTO MOPSIKA
Y'(X)=f(X,Y) ,

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

TpeOyercs HalTH 4HCIEHHOE pelieHne 3amadn Komm Ha 3aJaHHOM
otpeske [X, , b] (b > X;) npu HayansHoM ycnosuu Y (Xo) =Yy metomom Ditnepa
C pPa3IMYHON BENUYMHOW IIara MHTETPUPOBAHHUS AX H HCCIENOBATh BIHMSHUE
BCJIMYMHBI [1ara WHTETPUPOBAHHMS HA TOYHOCTh pemieHusl ( CpaBHEHUE
OCYIIECTBIIATH C AaHATUTUYCCKUM PEIICHUEM 3a1a4H) .

Hwxe npuenensl BapranTsl GyHkiuil f(X,Y).

DyHKIMSA MOXKET OBITH 3alaHa IPOU3BOJIBHBIM HA00pOM ABYX (yHKIui P
?(X)Y), VY 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 +Y7; 5 X+Y°, 6) X +Y7?;
7 €Y 8) e 9) e +Y 7.
OyHKIUH v (X,Y):

e XY, 2) et 3) XY ;

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

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

5. NIOPAAOK BBIIIOJTHEHUS PABOTHBI U METOANYECKHUE
PEKOMEHJAIINN

1. U3yuenue merona Ditiepa.

2. CocraBiieHH€e OJOK-CXEMBbI alITOPUTMA.

3. CocraBieHue mporpaMmbl pacuera (B MporpaMmme MpeaycMOTPETh
BO3MOYKHOCTb €€ UCIIOJIb30BaHMS JUISl PA3JIMYHBIX IIarOB MHTETPUPOBAHUS AX ).

4.Broj niporpaMmbl B DBM u oTiagka mporpamMMsl.

S.1IpoBenieHne BBIUMCIUTEIBHBIX SKCIIEPUMEHTOB.
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6.AHanu3 MOJYyYEHHBIX PE3YIbTATOB.

6.YKA3ZAHUA 11O OPOPMJIEHUIO OTYETA

OTtcuer noJKeH COIepKaTh:

- MOCTAHOBKY 3a]1auu;

- OJIOK - cCXeMy aJropuTMma;

- pacreyarky OTJIaJIoK IPOrpaMMBbl;

- pacleyaTKu pe3yiabTaTOB PEUICHUS

- aHaJIU3 PE3yIbTATOB;

- TepeYeHb OUIMOOK , 0OHAPYKEHHBIX B MPOLECCE OTIAIKH;

- OTBETHl HA KOHKPETHBIE BOIPOCHI.

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 MOXKHO YTOYHHTH peuieHue auddepeHunanbHOro
YPaBHEHUS METONOM OWjepa, HE WU3MEHsS BEIMYMHY IlIara MHTETPUPOBAHUS
AX ?

3. Kakoe u3MmeHeHue He0OXOJMMO BBECTM B Ball ajJrOPUTM , YTOOBI
MIOJIyYUTh PEUICHHE C 3aJaHHOW TOYHOCTBIO?
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JIABOPATOPHAA PABOTA Ne 9

PEIIEHUWE OBBIKHOBEHHBIX JUOPPEPEHIINAJIBHBIX
YPABHEHUU METOIOM PYHI'E-KYTTA

1. IIEJIb PABOTbI

[enwro maHHOM paOOTHI SBISICTCS:

- OBJIaJICHUE NPAKTUYECKUMM HABBIKAMHM YHCJICHHOTO pEIICHUs 3aJaydu
Komm st 06p1kHOBEHHBIX MU PepeHIInaIbHbIX YpaBHEHH;

- MIPOBEJCHUE BBIUUCIUTEIBHBIX IKCIIEPUMEHTOB IO MPUMEHEHHUIO METO/1a
Pynre-Kyrra;

- cpaBHEHHE MeTO0B Jusiepa u Pynre-Kyrra;

- MPAKTUKA W HCIIOJIb30BAHME CTAHJAPTHBIX MOANPOTPAMM IS PEIICHUS
nuddepeHnanbHBIX YPaBHCHU;

- 3aKpEIUICHUE HABBIKOB IPOrPAMMUPOBAHUS Ha AITOPUTMHUYECKOM SI3BIKE
Y OTJIAJIKU MPOTPAMM.

2. OCHOBbBI TEOPUM

VYBenuueHne - TOYHOCTH  PElIeHHsT INPU  YKPYNHEHHBIX  [Iarax
UHTETpUpOBaHus  obOecrieuuBaoT  Metonbl  Pynre-Kyrra.  YtouHenue
JOCTUIaeTCs 3a CYET CIEHHAIBHOr0 Mmoadopa KOOpAMHAT MPOMEXYTOUYHBIX HA
11are MHTErpUPOBAHUS TOYEK, B KOTOPBIX BBIYUCIISIETCS IEpBasi MPOU3BOIHAS.
BmecTto 3HaueHus nepBOM NPOU3BOJHONW B Hayajle IIara WHTEIPUPOBAHUA,
UCIIOJIB3YyEMOM B METOJe OMiepa, BBIUMCIACTCA YCpPEAHEHHas Ha Liare
WHTETPUPOBAHUS NIEpBasi NPOU3BOAHAS. POpMyJIa YUCIEHHOIO HHTETPUPOBAHUS
npuoOpeTaeT BUA:

—~

Yin=Y+ AX* v ,

rjae S yCpeHEHHAsl Ha 11are HHTErPUPOBaHUS NIepBasi MPOU3BOIHAS .

Hwuxe npuenensl popmyisl Metoaa 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. Meron 3-ro nopsinka, € = 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,),

Kiy= AXH(Xi+ AX, Y+ K;3).

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

[Tpu uHTErpUpOBaHUH C aBTOMATUYECKUM BHIOOPOM IIIara peKOMEHAYeTCs
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 MOTPEUIHOCTh MPUOIMAKEHHOTO peleHus (B

KayecTBE KOTOPOr0 €CTECTBEHHO B3sITh Y Kak 00Jiee TOUHOE), BBIYMCIEHHOTO
no merony Pynre-Kyrra n-ro mopsaka ( meton OJilnepa ABISIETCS 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 ToJbKO Ha ouepeTHOM MPHUOIMKEHUN

—~

OymeT MonydeHo O <€ , cumTaercs, 4TO Y U SBISCTCS PELICHHEM B y3IIe
X=Xp+ A X, HOJy4YEHHBIM C 33ITaHHOM TOYHOCTBIO Ha 3TOM IIIare .

Pemenne B cnenyromem yszne X, , UCXOAsA W3 y3ia X; , MOJy4daeTcs
aHAJOTUYHBIM 00pa3oM. [Ipu 3ToM HavalbHBIN AT BeIOUpaeTcs no mary A X, ¢
KOTOPBIM OBLIO MOTYYEHO pElIeHUE B y3ii€ X, B 3aBUCUMOCTHU OT MOTPEIIHOCTH
§:ecmm & <e /2™ To mpenplLymii MIAr yBaMBaeTCs; B IPOTHBHOM Ciydae
miar He M3MEHSETCS. AHAJIOTMYHO HAaXOAUTCA PEIICHHWE U B MOCIEIYIOIIHNX
TOYKAaXx .
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IIpu BeIXOZE K TOuke X = b cienyeT NposiBISITh OCTOPOKHOCTh, T.K. IpU
3HaueHusX X > b nmpasas yacth f(X,Y) auddepeHunanbHOro ypaBHEHUS MOXKET
ObITh HE OmpejelieHa U MpHU pelieHuH 3agaun Ha OBM moxker mpouszoiiTu
pepbIBAHKE, B pE3yJbTaTe Uero 3ajada OyIeT CHATA CO CUETA .

Bo wusbexanuwe Takoll cHUTyallud HEOOXOJUMO Ha KaXJAOM IIare
WHTETPUPOBAHHS MPOBEPATH YCIOBHE BBIXOAA 3a NPEACHbl HMHTEpBaJa
uHTerpupoBanus. Ha mare Bbixoma 3a Touky X = b mpuHATH TOCienHEe
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 nuddepeHmanbHbIX ypaBHeHUH MeTo1oM Pynre-KyTTa.

3. OBBEKT UCCJIEJJOBAHUS, OBOPYJTOBAHHUE

OOBEKTOM HCCIIEIOBAHUS SIBIISIOTCS DJEMEHTHI YUCICHHBIX METOJIOB H
ANrOPUTMHUYECKOTO si3bika C++.

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

4. BAPUAHTHI 3AJIAHUN
Hano muddepernuanbHOoe ypaBHEHNE TIEPBOTO TOPSIIKA BUIA
Y'(X) =1(X,Y) = F(X) - g(X)*Y(X) ,

rae F(X), g(X) — 3apannbie PyHKIINUM.

Tpebyercs:

1. Haiftu uncnennoe penienue 3aaaun Ko Ha 3aganHom otpeske [Xo,b]
npu HayajapHOM yciioBuu Y (Xo) = Yy oaHuM u3 metoaoB Pynre-Kyrra:

a) ¢ moctostHHEIM 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 YUCIICHHBIC PEIICHUS, MTOTyYeHHbIE MeTogamMu Pynre-Kyrra ¢
MOCTOSIHHBIM IIaroM, ¢ aBTOMAaTUYE€CKHUM BBIOOPOM U C TTOMOIIIBIO 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*;
4)e >, 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-CXEMBbI allTOPUTMA.

3. CocraBneHue mnporpamMmbl pacuéra (B MporpaMMe MpeayCMOTPETh
BO3MOYKHOCTh €€ UCIOJIb30BaHus A1 pa3inyHbIX GyHkuil f(X,y) ).

4. Box nporpammel B 9BM u oTnagka nporpaMmsl.

5. I[IpoBeneHne BEIYMCIUTEIBHBIX YKCIIEPUMEHTOB.

6. AHQJIN3 MTOTYYEHHBIX PE3YIbTATOB.

6. YKASAHUA 110 BBITTIOJITHEHUIO OTYETA

Kaxnpiit cTyeHT opopmiisier OT4ET, KOTOPHIN JOJIKEH COJIEPKATh :

- IOCTAHOBKY 3a/1a4H;

- OJIOK-CXEMY alropuTMa YUCIEHHOTO PEIICHMUS;

- pacreyaTrKky OTIaJ0K MPOTrPaMMBbl;

- pacrevaTKu pe3yJbTaToB pacuéra;

- aHaJIU3 PE3YJIbTATOB;

- IEpEUCHb OIMUOOK, TOMYIIEHHBIX B IPOIECCe MPOXOXKICHUS 3a/1aHNS;

- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHL.

B otBere cienyer natb HEOOXOIUMBIEC TMOSCHEHMS HCIOJIb30BAaHHBIX B
nporpaMme UMEH NEPEMEHHBIX .

7. KOHTPOJIBHBIE BOITPOCBI
1. YUem oObsicHsIETCS pa3inuuue TOYHOCTU MeToaoB Pynre-Kyrra 1, 2, 3, 4-ro
nopsijaka?
2. Kakum 06pazom B mporpamme o0ecreuynBaeTcsi BRIXO Ha TOUKY X =b?
3. KakoBa peanbHass MakCHUMajabHAas TOYHOCTh YUCICHHOTO METOJA PEUICHUS
nuddepeHnanbHOTO ypaBHEHHS Ha KOHKpeTHOH DBM ?
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NABOPATOPHASA PABOTA Ne 10
PACUYET TPAEKTOPUU I1IOJIETA

1. IIEJIb PABOTbI

[enwro maHHOM paOOTHI SIBISICTCS:

- OBJIQJICHWE TMPAKTUYECKUMHU HABBIKAMHM  YHCIEHHOTO  pEIICHUS
muddepeHIMANBHBIX  YpaBHEHHI BTOPOTO  TMOpsSJKAa M CHUCTEM
nuddepeHnanbHBIX YPaBHEHUH;

- MPAKTUKA U MCIOJIb30BaHUE CTAaHAAPTHOU MPOTpPaMMbl PELIEHUSI CUCTEM
0OBIKHOBEHHBIX AU (PepeHIaIbHBIX YPaBHEHHUI;

- NpPOBEACHHE  BBIYUCIUTEIbHBIX OKCIEPUMEHTOB IO  PEIICHUIO
MPAKTUYECKUX 3a]1a4.

2. OCHOBBI TEOPUH

[Ipu wunTerpupoBanuu  AudPepeHIHATBHBIX  YPaBHEHUW  BBICHIMX
HOpﬂI[KOB MO>XKHO HCIIOJIB30BATH JBa moaxoaa. BO—HepBBIX,
i epeHraibHOe ypaBHEHUE MOKET ObITh HEOCPEICTBEHHO MPe0Opa3oBaHO
B KOHCYHO-PA3HOCTHYIO q)OpMy IIyTEM IPCACTABJICHUA BCCX €TI0 IIPOU3BOIAHBIX
COOTBETCTBYIOIIIUMH  KOHEUYHO-PAa3HOCTHBIMM  BBIpaKEHUsMH. 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-
Pa3HOCTHOTO YpaBHEHHUS

Y., =2Y, - Y, +(A)* - G(Y)) ’

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

Y, =h,

Y, =Y, +V, ‘At

Bo-BTOpeIX, muddepeHimaibHoe ypaBHEHUE BBICIICTO IMOPSAKA MOXKET
ObITh TIpeAcTaBieHO B (opme cucteMbl auddepeHIuaIbHbIX ypaBHEHUN
NIEPBOTO TIOPSAJIKA, KOTOPBIC PEIIAOTCS IMOCISAOBATEIBHO PACCMOTPECHHBIMU

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

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

OOBEeKTOM HCCNEAOBAHUS SBISIOTCS 3JEMEHTHl YUCIEHHBIX METOJ0B U
aNTOPUTMHUYECKOTO si3b1ka C++.

Jlnsg  BbIIOJNIHEHUsA — JabopaTopHOW — paboThl  TpeOyeTcss  HalIu4due
ANEKTPOHHOW BBIYUCIUTEIFHOW TEXHUKH C YCTAaHOBIECHHBIM MPOTPAMMHBIM
o0ecrieueHUEM.

4. BAPUAHTHI 3AJIAHU N
Hana cuctema auddepeHUnanbHbIX YpaBHEHUNW BTOPOro MOPSIKA,
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 conpoTuBIICHUs BO3ayxa ABrkeHuto Tena (Cy -

KOHCTaHTa, P - MIOTHOCTL BO3AyXa, M3MEHSIOMANACSA C BBHICOTOM JABUKECHHUA Y
S - TUIONIA/Ib CEUYCHHUS Tela) ; g - YCKOPEeHHE CBOOOIHOTO MajieHus; V - mojHas
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) HenmocpenCTBEHHO METOAOM KOHEUYHBIX Pa3HOCTEH MOJY4YUTh pEelICHUE
3aJ1a4M, UCIOJIb3Ysl KOHEUHO-PA3HOCTHOE MPEJCTaBICHNE BTOPOI MPOU3BOHOM;
2) npuBecTtu audPepeHIanbHble YpaBHEHHUsI BTOPOro MOPAAKa K CUCTEME
muddepeHIIMaIbHBIX YpPaBHEHUH IEPBOTO MOPSAIKA, YHCIEHHO PEUIUTh 3Ty
CUCTEMY C IMOMOIIbIO CTAHJAPTHOU MOJIPOTrPaAMMBI.

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. CocrtaBuTh MpPOTpaMMbl pEHICHUS 3aJladyd MO pa3paboTaHHOMY
AITOPUTMY U C UCHOJIb30BAHUEM CTaHJAPTHOM MOAIPOrpaMMBI.

5. IIpoaHanu3upoBaTh pe3yJabTaThl pacyeTa.

6. YKAZAHUSA 10 O®OPMJUIEHUIO OTYETA

Kaxxaprii cTyneHT ohopmIisieT oTueT, KOTOPBIH TOJDKEH COMEPIKaTh:
- IOCTAaHOBKY 3a]1a4H;

- pa3HOCTHYIO ()OPMYITy pEIICHHSI;

- OJIOK-CXeMy alropuTMa;

- TaOJIMIly PE3yJIbTaTOB PyYHOTO PacUeTa;

- pacrmevyaTKy MpoTrpaMM U OTJIAJIOK MIPOTPaMM pacyeTa;

- pacriedaTKu pe3yJbTaTOB PACUETOB;

- aHaNIU3 Pe3yIbTaTOB ( MPOMILTIOCTPUPOBATH TpadUuecKn);

- OTBETHI HA KOHTPOJIBHBIE BOTIPOCHI.

7. KOHTPOJIBHBIE BOITPOCHI

1. KakuM 00pa3oM MOKHO YHMCIIEHHO 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 JOIYCTUMOM NOTPEIIHOCTH PELIEHUS
MOJKHO 337aBaTh?
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