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Tema Ne 1. NMporpamMmbl IMHENHOW CTPYKTYPbI

Ha »ToMm 3aHATHN HEOOXOIUMO ITO3HAKOMHUTHCS C OCHOBAMH Pa0OTHI B Cpelie
Compaq Visual Fortran 6.1 u PGI Visual Fortran 2010. Cnenyet pa3o0paThb
TaKOe MOHATHUE, KAK NpoeKkm M HAyIHThCS OCHOBAM YIPABICHUS MPOCKTaMH.
TpeOyeTcsi MOHATh CTPYKTYpY HporpaMmel Ha DopTpaHe, U3yYUTh OCHOBBI
BBOJIa — BBIBOJIA, HAYYUTHCS COCTABIISATH MPOTPAMMBI JIMHEHHON CTPYKTYPHI.

Cnucok 3adaHul

3agaHue Ne 1

JaHbl nericTBUTENbHbIC yucaa X U ). Ilomy4duts:
x|+ ¥
1+|xy|

3HaueHH NEPEMEHHBIX X W Y MOJIYYUTH C KIIaBUATYpPbl, 3HAYCHHUE BBIYHMCICHHOI'O BBIPAXCHUSA
BBIBCCTH HaA 3KpaH.

3apgaHue Ne 2

Jansl 1gBa BeHIECTBEHHBIX uyMchaa X; u X,. [lomyuunTes KOIQQPUIMEHTHI NPUBEIECHHOTO
KBaJI[paTHOTO YpPaBHEHHS C KOPHSIMU X, U X,. PacueTHple OpMynbl MOXY4YHTH JIMOO BPYUHYIO,
0o IIpA THOMOIIU CHUCTEMBbI Mathematica. 3HaueHHUs NEepEMCHHBIX X; W X, HaxodATCid B
TeKcToBOM (paiinne Coeffs.dat. Paccmorpers ciyyan, korna 06a BEIIECTBEHHBIX YMCIIA YKa3aHbI
Ha OAHOHW CTpoke (hailia U Korma Kaxa0e YHCIO PacloiIoKeHO Ha OTAEIbHOU cTpoke. PesynbraTs
BBIYHCIICHYSI BBIBECTH Ha 3KpaH U B ¢aiin Res .dat.

3apgaHue Ne 3

TpeyroslbHUK 3alaH KOOpAMHATaMU CBOMX BEPLIMH Ha IUIOCKOCTHU. Hailtw mepumerp M 1uiomans
TPEYTroJIbHUKA. 3HAu€HUE KOOPJIMHAT BEPIIMH TPEYrOJIbHMKA BBECTU C KJIABUATYpbI, PE3YJIbTaThl
pacdeTa BBIBECTH Ha 9KpaH U B (aiin Triangle.res. [IpoBepuTh NoiydyeHHBIE PE3YJbTaThl Ha
COOCTBEHHBIX TECTOBBIX IIPUMEPAX.

3apaHue Ne 4

3aIlaHBI HeﬁCTBHTCHBHBIC yucima ¢ U d. BeluuciauTh 3HaYEHME BBIPAXKCHUAA:

sin’|c-x+d-x—c-d|

> +tg(c-x?—|—d-x§—x1 ,
\/(c'x?er-x;—xl) +T1T

rae X, — OONbINMH, a X, — MEHBIIMI KOPHM KBAAPATHOTO ypaBHEHHs x —3-x—|c-d|=0.
3HaYCHUS MIEPEMEHHBIX € W d TOJYYUTh C KJIABUATYPbI, PE3yJIbTAT BBIYMCICHUI BHIBECTH Ha
sKkpaH. IIpoBepuTh momyuyeHHbIE pe3ynbTaThl C MOMOILBIO CUCTeMbl Mathematica U ¢ TIOMOIIBIO
TECTOBBIX PUMEPOB.
3Ha4eHus1 171 NPOBEPKHU:
BXOJHbBIE 3HAYECHUS: c=03, d=04.
POMEXKYTOUHBIE pesyibTarl: X, =2.95945,  x,=0.040548.
(buHaANTBHBIN pPE3yNbTar: —9.32363



3apaHue Ne 5

Jlansl nelCTBUTEIbHBIE 4YHCTA X, Yy ¥ z. BplUMCINTL 3HAYECHUS TMEPEMEHHBIX a u b,
€CIIN:
3+e’! —x)? —x[
a). a= > , b=1+|y—x|+(y x) +|y x| :
1+x7|y—tg(z)] 2 3
ol 2y4 1 (y—2)
X+ +cos(y —
b). a=(1+y)———, b:ﬁ;
e T+ ~+sin
X4 2 (2)
ZCos(x—— )
c) a=— , b=1+—2 =5
5+sin2(y) 3+—
2 5
X~ x
Yy —y— 4.
d). a=n|(y—x|)[ x— || R TRNTE
Z+—
4
3HaueHus TEPEMEHHBIX X, V W Z TOJNYyYUTh C KIABHATYpPhl, 3HAUCHHUE BBIYUCICHHOTO

BBIPQKCHMSI BBIBECTM Ha 3KpaH. lIpoBepuThb MNOIy4YEeHHBIE pE3yabTaTbl C IOMOIIBIO CHCTEMBI
Mathematica n ¢ TOMOIIBIO TECTOBBIX IPUMEPOB.
3Ha4eHus1 171 NPOBEPKHU:

BXOJIHbIC 3HAUCHUS: x=13 y=24 z=2.7
(buHaNBHBIN pe3yibTar: a). a=1.20501 b=3.14867
b). b=27.5318 b=1.19268
C). a=1.49216 b=2.63526

d). a=-—0.401296 b=1.04927

PexomeHOayuu no ebInosIHEHUIO

HekoTopble BCTpOeHHblIe (PyHKLUM

HexoTopslie BcTpoeHHBIE (PYHKITNH, TpeOyeMble I PEeLIeHUs 3aaHni, IPUBECHBI B TAOIHUIIE:

Maremaruueckas 3arnmch 3anuce Ha DopTpane
Jx sgrt (x)
|x| abs (x)
e exp (x)
In (x) log (x)
sin( x) sin (x)
cos(x) cos (x)
tg (x) tan (x)
3amevanus:

Jlannble QpyHKIMK MOTYT paboTaTh ¢ apryMEHTaMHU KaK BEIIECTBEHHOI0, TaK U KOMIUIEKCHOTO THIIA.
[Tpu 5TOM pe3yabTaT 3aBUCHT OT THUIA apryMeHTa. APryMEHTbl TPUTOHOMETPHUYECKUX (YHKIHI



3a1al0TCA B paaraHax.

Pa6oTta B cpene Developer Studio

Jns ynoberBa paboThl, pazpaboTka NpUIOKEHHH B MHTerpupoBaHHON cpene Developer Studio
OpraHM30BaHA C MOMOIIBIO IPOEKTOB. [Ipoexkm (project) — 310 HAOOP B3aMMOCBSI3aHHBIX UCXOTHBIX
GbailnoB, KOMNWIALHUA U KOMIIOHOBKAa KOTOPBIX IO3BOJISET CO3[aBaTh HCIOJHAEMYIO HPOTrpaMMy
HYXXHOTO THIa win Oubmmoreky. VcxomHpie ¢aifipl mpoekta OOBIYHO XpaHATCS B OTIEIHHOM
nozakaraiore. Kpome McXonHbIX (ailyioB ¢ TEKCTaMM NMPOrpaMM HPOEKT OOBIYHO BKJIHOYAET HAOOP
cykeOHBIX (aitmoB. Hampumep, B mpoekTe Bcerna ectb ¢ailn npoexma (project file, dhain ums
KOTOPOT'O COBIAJaeT C Ha3BaHUEM INPOEKTa U pacHIMpeHHeM UMeHu ¢aitna DSP), ¢aiin paboueco
npocmpancmea (workspace file, daitn, UM KOTOPOTO COBMAJA€T C HAa3BaHUEM TMPOEKTA H
pacupenreM umeHu (aiina DSW). Daiin mpoekTa — 3TO TEKCTOBBINM (hailil, B KOTOPOM XPaHATCS
napaMeTpbl KOMIMJIATOPA M KOMIIOHOBIIMKA, a TaKXe OTPAXKalTCs BCE B3aUMOCBA3M MEXIY
UCXOIHBIMUA Mopyasmu. Qaiin pabouero mpoCTpaHCTBA — 3TO TEKCTOBBIM (aiil, coiepiKaiuii
CIMCOK BCEX IPOEKTOB JaHHOM rpymmbl. /i Toro, uytoObl HayaTh pabOTy C CyIIECTBYIOLIUM
MPOEKTOM HYXXHO BBIOpaTh (OTKPHITH B Cpele pa3paboTuhKa) COOTBETCTBYIOMIMU (aiinm pabouero
npocTpaHcTBa. Hekoropsle Ipyrue Tumbl ciaykeOHbIX (ailyioB, BXOJSAIIMX B COCTaB IPOEKTa,
npuseseHsl B Taou. 1.1.

Tadmmua 1.1. Hexotopble THIBI CiTy)KeOHBIX (aiiyioB, BXOAAIIME B COCTaB

IIPOEKTa
DEP Daiin 3aBUCUMOCTEN
DSP ®aiin npoekra
DSW daiin pabouero npocTpaHCcTBa
OPT @aiin koH(puUrypanuu pabodero npocTpaHCcTBa
PLG @aiin xxypHana cOOpKu

Jlyist Toro, 4TOOBI CO3/1aTh HOBBIN MPOEKT HEOOXOIUMO B CTPOKE MEHIO ITIABHOTO OKHA MPOTPaMMBbI
BbIOpath File | New. B pesynbrare Ha dKkpaH OyleT BBIBEIACHO AMAIOTOBOE OKHO New C aKTHUBHOM
BKJasiko# Projects (cm. Puc. 1.1).

Filez  Projects | ‘Work spaces | Other Documents |
] Froject name:
E Fartran Dynamic Link Library |
E Fortran Standard Graphics or Quick'Win Application .
| Fortran Static Library Legstimn .
=] Fortran Windows Application |D:\AIex\Lectlons\Fortran\ J
1] Makefile
4 Utility Praject
* Create new workspace
~
-
Flatforms:
|Win32

Pucynok 1.1. JluanoroBoe oxkHo New. IlepBwlii 1mar macrepa co3naHus
HOBOTO IIPOEKTa

B manHOM nHMamoroBOM OKHE CHadasla HY)KHO BBIOpaTh THN mpoekta (Fortran Console Application
— Konconvroe npunoscenue na @opmpane). 3aTeM B TEKCTOBOM Tone Location clienyeT ykas3arb
MECTOPACIIOIOKEHHE CO3/I1aBaEMOT0 MPOeKTa. BrIOpaHHOE MECTO B (ailjIOBOI CHCTEME KOMITbIOTEpa
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MOYKHO BpYYHYIO 3alllMcaThb B JAaHHOM II0JIe, a MOXHO HakaThb KHOIIKY C TpeMs TOYKamH,
pacrloNoKeHHYI0 chpaBa OT Hero. Ha skpaH OyaeT BBIBEIEHO CTaHAApPTHOE IHAIONTOBOE OKHO
BbIOOpa Karajora. B HeM HYXHO MBIIIBIO BBIOpaTh HYKHBIM JIOTHUECKHUN THCK KOMIIBIOTEpA,
HY)KHYIO TIanKy ¥ HakaTh KHOMKY OK. [lonmHblif myTh K BRIOpaHHOM mMamke OyAeT aBTOMaTHYECKU
3aHECEH B TEKCTOBOE moie Location. [lanee, B TEKCTOBOM none Project Name HyXHO yKa3aTb MUMs
npoekra. CrneayeT OTMETHThb, YTO MMSI IMPOEKTa M MOJHBIM MyTh K HEMY HE JOIKEH COAEpkKaTh
KUPWIMYECKUX CUMBOJIOB. [locie Toro, kak ykazaHa Bcs HeoOXoqumasl JJisi CO3/1aHUS INPOEKTa
uHbopMaIus HyKHO HaxaTh KHONIKY OK. Ha skpan OyzieT BbIBEACHO Cleayollee JUaloroBoe OKHO
cO3/71aHusl KOHCOJIBHOTO npusioxkeHus:t Poprpana (cm. Puc. 1.2).

Fortran Console Application - Step 1 of 1

‘what kind of Console Application do you want to create?

" A simple project.

A "Hello World" sample project.

I This project will be linking against one or mare Fartran DLL Import libraries.

< Back FEinizh Cancel Help
| | | | |

Pucynok 1.2. JlunanoroBoe okHo Fortran Console Application - Step 1.
Bropoii mar mactepa co3gaHusi HOBOTO MPOEKTa

B naHHOM 1MasoroBOM OKHE HYXXHO YTOYHMTH THII KOHCOJIBHOIO IPOEKTA, KOTOPBIM JOJKEH
caenarb mactep. s aToro ciemyeT BHIOpaTh MEPBBIN MYHKT An empty project (IIycmoii npoekm) u
Ha)XaTb KHOMNKY Finish. B pe3ynprare Ha 5KkpaH OyneT BBIBEIEHO AMAIOroBoe OokHO New Project,
coxepamiee 001y HHbOPMaLKIO O co3aBaeMoM npoekre (cm. Puc. 1.3).

New Project Information

Fartran Conzole Application will create a new skeleton project with the following
specifications:

+ Mo files will be created or added ta the project.

Project Directory:
D:alexhLectionsiFortranTest]

Cancel |

Pucynok 1.3. JluanoroBoe okHo New Project Information. Ilocneauuii mar
MacTepa CO3/1aHusl HOBOTO IPOEKTa

HeoOxonumo mpoBepuTh CyMMapHyr0 HHGOpPMAIMIO O MPOEKTE, U €CIIM BCE B MOPSIIKE — HaXaTb
kHonky OK. B yka3aHHOM MecTe (aiisioBoil cucTeMbl KOMIbIOTEpa OyJIeT cOo3/1aHa Marka mpoeKTa u
HEoOXOMMBbIE CITyKeOHbIE (haliiIbl.

Hanee HeoOX0qMMO 100aBUTh K MPOEKTY (ailiibl ¢ UCXOAHBIM TEKCTOM Iporpammsl. st aToro B
CTPOKE  MEHI0  IVIaBHOTO  OKHa  MporpamMMbl  cllieAyeT  BbIOpaThb  JMOO  IYHKT
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Project | Add To Project | New nast co3maHusi ¥ aBTOMAaTHYeCKOro J00aBieHHss HOBOTo (haiina B
npoekt, nmubo Project | Add To Project | Files nnsi noOaBieHHs] K MPOEKTY YyXe CYIIECTBYIOIIEro
daiina ¢ HMCXOOHBIM KOJOM IporpamMmbl. B mocieqHeMm ciiydae Ha 9SKpaH Oy/leT BBIBEIEHO
CTaHAAPTHOE TMAJIOTOBOE OKHO BhIOOpa (aiina Insert Files into Project, B KOTOpPOM HYKHO yKa3aTh
no0aBisieMblid K TIpoekTy Qaitn. Eciu coznaetcst HOBBIH (haiii, TO Ha SKpaH BBIBOAUTCS JTUAJIOTOBOE

OKHO New, OTKPBITOE Ha BKJIAJIKE CO3daHUs %aﬁHOB Files iCM. Puc. 1.4 i

Filez | Projects | Other Documents |

Iv Add to project:

|Test j

File name:
|

Location:
|D:\AIex\Lections\Fortran\Test J

Pucynok 1.4. Jluanorosoe okHo New. Co3ganue HOBOTO (haitiia ¢ HCXOHBIM
TEKCTOM IIPOTPaMMEBI B JOOABIICHHE €r0 B aKTUBHBIN MPOEKT

B  nmaHHOM  fmanoroBoM OKHE HYXHO CHadala BBIOpaTh  HYXKHBIM TUO  (aiina
Fortran Free Format Source File (Mcxoouwiti ¢haiin 6 ceob6oonom ¢hopmame @opmpana) WU
Fortran Fixed Format Source File (HMcxoouwiii atin 6 urcuposannom ¢hopmame Dopmpana).
Manee, cienyeT nmpoBepUTh, YTO YCTaHOBIEH Guaxok Add to project, B KOMOMHUPOBAHHOM CIIHCKE
File Name BbIOpaH HYXHBIM MPOEKT, K KOTOPOMY CIIEyeT 100aBUTh HYXKHBIM (haiim u B moie
Location yxazaHo Tpebyemoe Mecromnonoxenue (Qaiina. I[To ymomuanuto ¢aiinel pasmenaiorcs B
Manke MpoekTa. 3areM, B TEKCTOBOM mone File Name Hyx)HO yka3arb TpeOyemoe mms ¢aiina u
HaxxaTb KHONKy OK. Byner co3nmaH ¢ailn ¢ MCXOOHBIM TECTOM IPOrpaMMbl M aBTOMAaTUYECKH
BKJIIOYEH B aKTUBHBIN NpoeKT (cMm. Puc. 1.5).

*. Test - Compagq Visual Fortran - [Test.f90]

Eile Edit Wiew Insert Project Build Tools ‘Window Help _ |8 |

8 =
[l wWorkspace Test' 1 project{z]
= Test files
—1-423 Source Files
Testf90
(2 Header Files
(2 Resource Files
< 11l > —
\E] FileView M _’I—
| -
|

-
» |\ Build  Debug % FindinFies1 % FndinFies 34 || »[

Feady
Pucynok 1.5. Co3nanHblii M BKJIIOYEHHBI B COCTaB MpoeKTa (aiin.
CrpykTypa npoekra oro0pakaercs B OKHE IPOEKTa

M1t TOoro, 4ToObI UCKITIOUUTH (ailsl U3 cocTaBa MPOEKTa HYKHO BBIACIUTH MBIIIBIO €r0 UMS B OKHE
NpoeKTa W Haxarh KiaBully Delete Ha kiaBuarype. BbieneHHBIH monb3oBareneM  (aiiin



OCTaHETCsI Ha IUCKE, HO OyJIeT CKITFOYEeH U3 COCTaBa MPOEKTA.

st TOr0, 4TOOBI CO3/7aTh UCIIONHAEMBIN (ailyl IporpaMMBbI CIeayeT BHaYalle yKa3aTh TpeOyeMyro
koH(puryparuo coopku. s 3TOro B CTpOKe MEHIO IMIABHOTO OKHA MPOTPaMMbI HYXXKHO BHIOpaTh
nyHKT  Build | Set Active Configuration. Ha »skpan OyneT BBIBEJEHO AMAJIOTOBOE OKHO
Set Active Project Configuration co CIUCKOM BO3MOXHBIX KOHGUTYpanwmii (cM. Puc. 1.6).

Set Active Project Configuration

Project configurations:
Te

Tesl i ebi Cancel

Pucynok 1.6. JluanoroBoe okHo Set Active Project Configuration. Beibop
TpeOyeMoi KOH(PHUTypaIiy MPOeKTa

Kondurypauus Debug mnpennazHayeHa Uisi CO3JaHUA OTIAJOYHOM BEpPCHM NPOTPaMMBI, a
KoHurypauust Release — 11 (uHaIbHOM Bepcun mporpammbl. Ilocine BbeIOOpa HyXHOM
KOH(UTYpalUU CJIEAYEeT OTKOMIIWIMPOBATH (hailll ¢ MCXOAHBIM TEKCTOM Iporpammsl. st 3Toro
HYXXHO YOEAMTBCS, YTO B JAHHBIM MOMEHT OKHO C TpeOyeMbIM (hailioM sBISETCS aKTUBHBIM. Eciu
3TO HE TaK, TO HY)XHO HICTKHYTh Ha HEM MBIIIbIO. 3aTeM MOXKHO KOMITMJIMPOBATH TPEOyeMBbIit
UCXOIHBIA (ain. st 3TOro MOXKHO B CTPOKE MEHIO IJIABHOIO OKHAa IPOrpaMMbl BBIOpaTh
Build | Compile. Tlporniecc KOMIHIISIMKA MOXHO 3allyCTHTh C KJIaBUATYpPhI, Ha)KaB KOMOWHAIIMIO

&

knaguml Ctrl + F7, a 1ub0 C MOMOIIBIO MBIIIY, LIEIKHYB Ha 3HAUKE -~ TaHEIM HHCTPYMEHTOB
Build MiniBar. Pe3ynbsraTsl poriecca KOMIISIIAN OyIyT OTOOpa)KeHbI B OKHE BBIBOJIA COOOIICHUIN
KOMIOWIATOPAa W KOMIIOHOBIIMKA, PAacHOJIOKEHHOIO BJOJb HI)KHEr0 Kpas IJIaBHOIO OKHa
nporpamMbl. Eciii BO BpeMss KOMIWISAIWU OBbUTH OOHAapY)KEHBI OIIMOKH, CIIEAYeT HCIPABUThH
NEPBYI0 M 3aHOBO IE€PEKOMITWIIMPOBATh Iporpammy. Takod mpolecc HCHPABIECHUS CIEAYeT
NPOJIOJDKATh IO TEX TOp, TOKa KOMIMJISTOP HE MEPEeCTaHeT BBIAABaTh COOOMIEHHS 00 OmmMOKax.
Korga xoMnuisiius ucxoqHOro ¢aiiia mporpaMMbl YCHEIIHO 3aBeplIniach, MOXKHO MEPEXOIAUTh K
sTamy cOopku. J{Jist 3TOTO HY)KHO BBI3BAaTh KOMITOHOBIIMK. ClIeIaTh 3TO MOXKHO C ITOMOIIBIO ITyHKTA

+¥

MeHI0 Build | Build, nnb0 ¢ moMomipi0 KiaBuarypsl (kiaBuma F7), 1100 ¢ MOMOIIBI0 3HAYKA
NaHeIn HHCTPYMEHTOB Build MiniBar. Ecnu Ha 3Tane KOMIIOHOBKM OOHApY)XEHBbI OIIMOKH, TO
COOTBETCTBYIOIIME COOOIIEHUsI OyIyT BBIBEJACHBI B OKHE BBIBOJIA COOOIICHHH KOMITWIIATOpA M
KOMITOHOBIMKA. [locie ycrmemHoi KOMIUJISIUN MporpaMMbl B nofmnanke Debug wnu Release (B
3aBHCHMOCTHU OT BBIOpaHHOM KOH(UIypaliK) Nanky NpoekTa OylaeT COXpaHeHa COOTBETCTBYIOLIAs
BEpCHUsl UCMIOIHIEMOM porpaMMel ((aiiia ¢ UMEHeM MPOEKTa U paclIupeHueM UMeHH ¢aiina EXE).
[Ipouecc mMonHOM NMEPEKOMIIISALUN U MEPECOOPKU MPOEKTAa MOKHO 3aITyCTUTh C TIOMOIIBIO ITyHKTa
[JIAaBHOTO MeHI0 mporpammbl Build | Rebuild All, nuGo ¢ mMOMOIIBIO 3HAYKA MTAHETH WHCTPYMEHTOB
Build MiniBar. 3anycTUTh Ha BBIMIOJTHEHUE CO3JIAHHBIN UCIIONHIEMBIN (haidil mMporpaMMbl MOXKHO U3
cpeast Developer Studio. Jlns sToro HyHO BBIOpaTh NMyHKT Build | Execute, 1nb0 HaxxaTb Ha

'
KJaBuatype KomOuHammio kiaBuml Ctrl + F5, nubo IIENTKHYB MBIIIBIO Ha 3HAauke * [aHENIu
UHCTpyMeHTOB Build MiniBar.

Pa6ota B cpene PGI Visual Fortran 2010 ananoruvna padore ¢ Oosee panneid Bepcun Developer
Studio. OmHaKo €cTh HEKOTOpBIE OTAWYMS. Tak, HampUMep TO, YTO paHee Ha3biBaOCh Workspace
(pabouee npocmparncmeo) B HOBOM BepcUM CTYIUU pa3paboTurka Ha3weiBaeTcs Solution (pewenue).
CrnenyeT OTMETUTh, YTO MEXIY dTUMU MOHITHIMH €CTh Pa3INdus, KOTOPbIE MBI PACCMaTPHUBATh HE
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Oynem. Jlnst co3manus HOBOTO TipoekTta B cpene cienyer PGI Visual Fortran 2010 cnemyer mubo Ha
Cmapmosoti Cmpanuye (Start Page) BbiOpath koMaHny New Project, nubo B myHKTe MeHI0 File
BbIOpaTh kKoMaHxy New | Project (cm. Puc. 1.7).

Start Page - Microsoft Visual Studio

Eie Edit Yiew Dsbug Tools ‘Window Help

- I == e =R

A= IR

Ll tart Page X

[ Mew Prosct...

[ Open Project...

Recent Projects

- -G

8 Vistal Studio 2010 shel

Get Started | Guidance and Resources | Latest News

welcome  Windows  web  Cloud  Office  SharePont  Data

What's New i Visual Studio 2010

il

| isual Studio 2010 Overview

o TestMadulez
Testzoos
Test

Recurs
IMSLTest
Helloworld
Testzoos
Array

TestPGIFartran

RecursFarLections

Whak's New in .NET Framewark 4
Customizs the Visual Studio Start Page

5l Creating Applications with Yisual Studio
B = Extending Visual Studio

= Comrunity and Learning Resources

% Show page on startup

Output

¥ Close page after project load

N Y 1 = = =

[ =1 output

Read:

2010

Learn sbout the new features included in this release

~ Solution Explorer

27 solution Explorer [0l

Pucynok 1.7. Cmapmosas cmpanuya (Start Page) PGI Visual Fortran

Ha skpan OyneT BbIBEZICHO OKHO MacTepa co3ianusi HOBoro mpoekra New Project (cm. Puc. 1.8).

Mew Project

Recent Templates
Installed Templates
=1 PGl Wisual Fortran

Win3z
+ Other Project Types

Crline Ten

Mame:
Location:

Solution name:

T

|NET Framewoark 4 j Sark by ‘DeFauIt
Console Application (32-bit)

Dynamic Library (32-bit)

EIEld

Static Library (32-bit)

il
-

Windows Application (32-bit)

Empty Project {32-bit)

Lﬂ'.

ki |

2|

Type: PGI Yisual Fortran

PGI Yisual Fartran
A project for creating a PGI Visual Fortran
console application

PGl Wisual Fortran

Pal Wisual Fortran
Pal Yisual Fortran

Pal visual Fortran

| Taski

| 0T,

j Browse...

|PVFPrD]ectTest

I¥ Create directary For solution

Pucynok 1.8. OxHo co3nanust HoBoro npoekrta New Project

B nanHom okHe cienyer BbIOparh Bepcuro Net Framework, IUisi KOTOpOW IUTaHUPYETCS CO3JaThb
npuioxeHue (PexoMeHIyeTcsi OCTaBUTh 3HAYEHHE, YKa3aHHOE B 3TOM IIOJIE€ IO YMOJYAHHUIO:
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.Net Framework 4). B cnucke Installed Templates nyxHo BbIOparh mabnon npoekra PGI Visual
Fortran | Win 32 n B criucke JOCTYIHBIX IMPOEKTOB YKa3aTh HY)KHBIN; B HalleM citydae 3To Console
Application (32-bit) (Kownconvnoe 32-o6ummnoe Ilpunoscenue). Jlanee B mone Location HYXHO
yKa3aThb MECTOPACIIONIOKEHUE MpoekTa. Ero MOXKHO BNHcaTh BPYyUHYIO, TUOO BBIOPATH C MOMOIIBIO
CTaHJAPTHOTO JMaJIoTa BBHIOOpA MAalKH, KOTOPHIM BBI3BIBAETCS Ha)KaTHeM KHOMKH Browse...,
pacmoNOKEeHHOM cpa3y crpaBa OT 3TOrO MOjsl. 3aTeM clenyeT yka3aTh Ha3BaHUE pelieHus (Toje
Solution name) v Ha3BaHus npoekTa (rone Name). ITH UMEHA MOTYT OBITh KaK OJJUHAKOBBEIMH, TaK
u pasHbiMu. Jlanmee cienyer yOenauThes, 4TO ycTaHoBieH (raxok Create directory for solution.
[Tocne Toro, kak Bce HACTPOMKHU CJENIaHbl HY’)KHO Ha)KaTh Ha KHONKy OK. bByner co3gaH mHpoekT
TpeOyeMOoro TUIla C 33JaHHBIM HMEHEM B YKa3aHHOM MecTa (haiiinoBoii cucteMsl (cM. Puc. 1.9).

PVFProjectTest - Microsoft Visual Studio

Fle Edt Wew Froject Buld Debug Tooks Window Help

R A== = N N S e = e N A e -/ |winzz e Bl o =
= = = 5o
0 eI —2|0PIeBanRA.
7 [EEE— BN o tion Explerer v 4 x
i =
2
! Consoledpp.fSd _* 8 [ solution PYFProjectTest' (1 project)
|
= (28 Task1
| Fortran Console Application 3 Include Files
! Generated by PGI Visual Fortran(R) [C3 Resource Files
! 9/8/2011 10:27:19 AN ==
| )
progran prog
implicit none
! Variables
! Body
end program prog
< Al >

3] Solution Explarer

ConsoleApp.f90 IFUFFrProfHierTten
®=: |

oz k| ‘@

=]

(Hame) CansoleApp.fa0
Filshiame ConsoleApp.F30

1% - 4| f

Output - ax IsFixedFormat  False

IsIncludeFile False
Show outpu From: @[22 <=

ReadOnly False

(Name)
Name of the fils

[Rated =] output

Creating

.. projec ssfiul,

Pucynok 1.9. OxHo cpenpl pa3paboTurKa ¢ HOBBIM IIPOESKTOM

B mpoekr Oyner aBromarmuecku noOaBiieH Qaiin B cBobonHoM ¢opmare ConsoleApp.fo90 c
11a0JI0HOM TOJIOBHOM ITporpaMMmbl Ha @opmparne. J]st Toro, 4toObl AaTh (aiiny Ipyroe uMs HYKHO
B okHe Solution Explorer (O6o3pesamens peuienus) BbIOpaTh MBIIIBIO HYXHBIH (Qaili v MIeTIKoM
IIPaBOM KHOIKY MBIIIH BbI3BaTh KOHTEKCTHOE MEHIO (cM. Puc. 1.10).

Solution Explorer > 1x

-2 Solution PYFProjectTest! (1 project)
= 2 Task1
3 Include Files
[ Resource Files
=+ [ Source Files

[ Open
Open With,..
[Z] View Code
& Compile CtrHF7
% Cut Crrbkz
23 Copy e+
XK Remove Del
Rename
[ Properties Alt+Enter

Pucynok 1.10. KontexctHoe MeHIo (aiina
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B BBI3BaHHOM KOHTEKCTHOM MEHIO CJIEAYeT BhIOpaTh KoMaHay Rename (Ilepeumenosams) v yKa3aTb
Tpedyemoe ums (aitma. Ecoum TpebOyercst yoparh ¢aiin u3 NmpoekTa, HY)KHO BBIOpaTh KOMaHIY
KOHTEKCTHOTO MeHI0 Remove (¥Y0arumv), mub0 Kak U paHblie, BEIOpaTh (ailyl MBIIIBIO U HAXKaTh Ha
knaBuarype kHonky Delete. Ha skpan Oymer BbeiBeneHo nuanmoroBoe okHo (cm. Puc. 1.11), B
KOTOPOM HY)XKHO YTOYHHTB, YTO K€ CJIEAYET CHeNaTh: MPOCTO YHAIUTh (aill U3 mpoekra (KHOIKa
Remove) mubo ymanuTh (Gaiia Kak U3 MPOeKTa, Tak U U3 (HalJoBOM CHCTEMBI KOMITbIOTEpa (KHOIKA

Delete).
T

l Choose Remove to remove 'Consoledpp, FI0° from 'Task1',
N

Choose Delete to permanently delete '‘Consoledpp.Fa0’,

Delete Cancel

Pucynok 1.11. [luasioroBoe oKHO ynajieHus (aiina u3 mpoeKTa

st Toro, uTo0Bl 1006aBUTH (alIbl U UCXOAHBIM TECTOM MPOTPAMMBI K MPOEKTY CIIEAYET BHIOpATh
IOYHKT TJIABHOTO MEHIO Tporpammsbl Project | Add New Item... nast co3naHusi HOBoro (aiina u
n00aBIICHUsI €ro K MpOoeKTy, 0o TyHKT Project | Add Existing Item... niis TOOKITIOYCHUS YKe
cymiecTByromero (aiina B BameMy MpOEKTy. Takue XK€ KOMaHIbl MOXHO BBIOpaTh M U3
KOHTEKCTHOTO MEHIO TTPOEKTa, KOTOPOE MOXKHO BBI3BaTh U3 okHa Solution Explorer (Obo3pesamens
npoexkmos) (cm. Puc. 1.12).

solution Explorer -~ 1 X
% =]
=N [ Solution PYFProjectTest' (1 project)
ST |

(85 Build 1 Include Files
Rebuild 1 Resource Files

" & Source Fies

cas Fad ConsoleApp.fa0

Frafect anly o

Compile Cirl+F7

(] Existing Item... Shift-+Alt-+4

3] Mews Item... Cerl+shift+4 Add 3
et as Startlp Project

i Mew Folder Debug »
% cu Chrbbz

%, Paste Crl+v

%

Remaye Del
Rename
Unlpad Praject

= Properties Al+Enter

|
Pucynoxk 1.12. /TuanoroBoe okHO ynajneHus (haitia U3 IpoeKTa

Komanna no6aBneHus cymecTBylomiero ¢aiiia BbI30BET Ha 3KpaH CTaHIApTHOE JHAJIOTOBOE OKHO
CHCTEeMBI BbIOOpa (haiina, a KOMaH/Aa CO3AaHWsI HOBOTO (paiiia BBI3OBET HA HKPAH OKHO CO3JAHHS
HoBoro (aiina Add New Item (cMm. Puc. 1.13). B nanHom okne ciemyer BblOparh T (aitna (B
OCHOBHOM MBI OyneT pabotars ¢ (aiimamu, 3anucaHHBIMU B CBOOOIHOM (opmare — Free-Format
Fortran Source File (.f90)) n B none Name (Mms) ykazatb TpeOyemoe ums ¢aitia. ITocne storo
cnenyer Haxarb KHONKY Add ([obasumv) n TpeOyembiit (aiim OygeT co3laH W aBTOMATHYCCKU
HOAKIJIIOYEH K IPOEKTY.

[Mepen wommwisimued (aiima cluemayeT BbIOpaTh TpeOyeMyro KOHPUTYPANHIO C IOMOIIBIO
PACKPBIBAIOLIETOCS CIMCKA HA TIIABHOM MaHEIH WHCTPYMEHTOB: * [obw | J[7st KOMOWJISIIMK (paiina
HY)KHO JIMOO BBIOpaTh KOMaHIy TiaBHOTO MeHio Build | Compile. Tlpu 3TOM TEKCTOBBIA Kypcop
JIOJDKEH HaXOOUThCS B TOM (paiiie, KOTOpPBI HY)KHO OTKOMIIWJIMpOBaTh. Kpome Toro, 3Ty KoMaHay
MOYKHO BBI3BATh M3 KOHTEKCTHOTO MEHIO KOMIIIIUPYEMOTo (haiiia, KOTOpOe MOKHO BBI3BaTh U3 OKHA
Solution Explorer (cM. Puc.1.10). JIng cOopku nHpoekTa HYKHO BOCIHOJIb30BaTbCS KOMaHIOH
Build | Build project name. Bce ocTanbHBIE KOMaHABl aHAJIOTMYHBI KOMAaHIAM CTapod Cpembl
Developer Studio.

Jlis 3amycka yCTENmIHO CO3JaHHOW MPOTpaMMbl Ha BBITIOJTHEHHE HYKHO BBIOPATh IYHKT MEHIO
Debug | Start Without Debugging (xnaBuarypHas komOunamus Ctrl+F5).



Add New Item - Task1

Installed Templates

Mare:

[t J| oo

Sort by: | Default -

¥

Free-Format Fortran source file (.f30)

Fixed-Farmat Fortran source file {.F)

Fortran includs file {.fi}

CUDA Fortran source Fils {.cuf)

PGI Visual Fortran

PGI Visual Fortran

PGI Visual Fortran

PGI Visual Fortran

| sourceFile1.fa0

3

Type: PG Visual Fortran

A Free-Farmat Fortran source file

Pucynoxk 1.13. /luanoroBoe 0KHO cO3/1aHHsI HOBOTO (paiiia

13

JUis 3aKkphITUS TPOEKTa HYXKHO BbIOpaTh kKomaHnay MeHio File | Close Solution. OTKpBITH NPOEKT

MOXXHO KoMmaHaoud MeHw File | Open | Project / Solution, nm6o xomanmy Open Project ...
CTapTOBOMW CTaHUIIBI Cpebl pa3padotku (cM. Puc. 1.7).

co
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Tema Ne 2. NMporpamMmmbl pa3BeTBNAKOLWENCA CTPYKTYPbI

DTO 3aHATHE MOCBALICHO IporpaMMmaM pa3BeTBISOLIEHCS CTPyKTyphl. Ha
3aHATUM HEOOXOAMMO HAyYUThCS MPHUMEHATh pa3iM4yHbIE ONEPaTOPBI
BETBJICHUS U ApYrue ornepatopsl Popmparna, KOTOPbIE NMPEAHAZHAYCHBI IS
BbIOOpA ITyTH BBIMOJIHEHHSI TPOrPaMMBbI.

Cnucok 3adaHull

3apaHue Ne 1

JlaHbI BEIECTBEHHBIE YUCAA X, V, 2. DBBIYMCIHTE:
a) max(x+y+z,x-yz)
b) min*(x+y+z/2,x y-z)+1

3aMeuaHue: BrrarcieHns NpoBECTH HE HCIIOB3Ysl BCTPOCHHBIE (YHKIIMU min U max.

3agaHue Ne 2

Ecin cymma Tpex pas3inyHbIX BELIECTBEHHBIX YHUCEN X, ), Z MEHbIIE EIUHULBL, TO
HAaVMEHBIIIEE W3 3TUX TPEX YUCEN 3aMEHUTH IOJIYCYMMOW IBYX JAPYTHX; B IPOTUBHOM Clly4ae
3aMEHMTH MEHBIIEE U3 X MU ) TOIYCYMMOH JIByX OCTaBIIMXCS 3HAUEHUII.

3agaHue Ne 3

Jaubl AefcTBUTENbHBIE YkCIa X, ). Ecim X W Y OTpUIATENbHBI, TO KaXKJ10€ 3HAYEHHE 3aMEHHUTD
€ro MOJYJIEM; €CJIM OTPUIATEIBHO TOJBKO OJHO M3 HHMX, TO 00a 3HaueHus yBenuuuth Ha 0.5; ecnu o0a
3HAYCHNS HEOTPULATENbHB M HH OIHO M3 HUX He mpuHamiexut orpesky [0.5,2.0], To o6a 3HaueHus
yMeHbuTh B 10 pas; B OCTaJbHBIX CIIy4asX X H ) OCTaBHTh 0€3 M3MEHCHHIA.

3apaHue Ne 4

JlaHo BeliecTBeHHOE uncio /. HalTu KopHM KBaJpaTHOrO ypaBHEHUs a-x +b-x+c=0, ecmu:

’

|sin(84)]+17 bzl—\/ 3
(1—sin(4h)cos(h*+18))*" 3+|tg(ah’)—sin(ah)
c=ah’sin(bh)+bh’ cos(ah).

Ilony4deHHBI pe3yabTaT NPOBEPUTh C IIOMOLIBIO TECTOBBIX IpuMepoB. lIporpamma noipkHa
HaXOJUTh U BEIIECTBEHHBIC, U KOMIUIEKCHbIE KOPHH ypaBHEeHHA. [Ipu peanmsanuu mporpaMMel He
CJIENYET UCIIONIB30BaTh NIEPEMEHHBIE KOMIUIEKCHOTO TUIIA JaHHBIX. T€CTOBBIE IPUMEPHI IIPUBEICHBI
B paznene Pexomenoayuu no 6binonHeHuo 3Toro 3aHsATHS.

3apaHue Ne 5

JlaHOo BelleCTBEHHOE 4YMCIO a. Bprumcnurts 3Havenue f(a), ecom ¢ymkums f (x) 3amana
dbopmynoi:

0 mpu x<0,
a) f(x)={x mpm O<x<l,
4
x" B OCTaJbHBIX CIy4asx;



15

0 mpu x<0,
b) f(x)={x"—x npu 0<x<3 u 10<x<13,

2 . 2
x"—sin(Ttx") B OCTaNbHBIX CAyYasX;

3apaHue Ne 6

3aganel Tpu uKciaa a, b wu c. Onpenenuts, MOTYT JIM OHH OBITH CTOPOHAMH TPEYTOJIbHHUKA, U
€CIIU A, TO ONPEACIIUTE €r0 TUIL: TYIOYTOJbHBIN, OCTPOYTOJIbHBIN WIIN IIPAMOYTOJIbHBIN.

3amevanme: [{ng pemeHus 3TOM 3aJaud  MOXKHO IIPM  IIOMOIIM TEOPEMBI KOCHMHYCOB
a’=b"+c*—2bccos(x) ompenenuTh KOCHHYC COOTBETCTBYIOIIETO YIVIA TPEYTONbHUKA. 3aTeM,
10 3HAaKy KOCHHYCa, MOXHO ONPEAETUTh BU yIJIa.

3apaHue Ne 7

Touka Ha IIOCKOCTH 3ajJaHa CBOMMH KoopAuHaTamu (x,)). Hamucare mporpammy, KoTopas
IpoBepsieT, MPUHAJICKUT JIM TOUKA 3alITPUXOBAaHHOM obnactu (cM. Puc. 2.1).

Pucynok 2.1. O6nacts ns 3amganust Ne 6

3apaHue Ne 8

TpeyronbHUK Ha IUIOCKOCTH 3a[aH KOOPAMHATAMHU BepIIMH. [IpUHAmne)uT ju Touka (X, V)
TPEYrOJbHUKY?

3ameuanue: [1i1 pemieHus 5TOW 3aJa4l MOXXKHO BOCIIONB30BaThCsl TeM (PaKTOM, YTO ABE TOYKH
(x;, %) m (x,»,), mHe nexaume nHa kpupoit F(x,y)=0, pasGuBaromeil KOOPIMHATHYIO

IJIOCKOCTh Ha JIBE€ YacTH, MPUHAIIEkKAT OXHOM M TOM K€ 4YacTH IUIOCKOCTH, eciau I (xl,yl) U
F(x,y,) — umucna omHOrO 3HAKA.

3apaHue Ne 9

3ajaHbl KOOPAMHATHI TpPEX TOYEK Ha IJIOCKOCTH (x l,yl): (x 2, ), (x 3, ) 3). BrrsicHuTs,
HAXOJUTCA JIM TOYKA C KOOPAMHATAMM (X, ¥) BHYTPHU OKPYKHOCTH, IPOBEIEHHOI Uepes 3aaHHbIe
touku? PacueTHbie popMyibl MOTYYUTH TUO0 BPYUHYIO, THOO TIpH MOMOIIM CUCTeMbl Mathematica.
Ecnu pacueTHbie hopMyibl TOTYyUYEHBI ¢ TOMOIIBIO cucTeMbl Mathematica, To B popmar @opmparna
UX MOXKHO MpeoOpa3oBarh Mpu nmomMouu GyHKuu FortranForm[ ].

3apaHue Ne 10

Jns sanannoro uncna n (0<n<100), paccMaTprBaeMOro Kak BO3pacT YeJOBEKa, BHIBECTH Ha
9KpaH MpaBuiIbHO chopMupoBanuyo ¢pasy: 21 god, 32 goda, 18 let u T.1.



PekomeHdayuu no ebinosIHeHUo

3apaHue Ne 3

TecToBbIEC IPUMEPBHIL:

16

h a b c X, X,
—1.5| 4.3959 0.112484 —2.02238 —0.691193 0.665604
—0.5| 2.40697 0.194176 —0.0670465| —0.21204 0.131368
0.0 4.12311 1.1x107'® 0.0 —26%x107" 0.0
0.5 16.9031 0.140765 0.287276 —0.00416389 —0.00416389

—0.1303 i +0.1303 i

1.5 3.99827 0.0279651 0.46781 —0.00349715 —0.00349715

—0.342039-i +0.342039-i

3agaHue Ne 8

[Ipu BBIMONHEHUHU 3aJaHus YIOOHO BOCHOJb30BaTbcsd TeM (AKTOM, YTO YpaBHEHHEM HPSMOIi,
npoxossieit uepes aBe Touku (X, ;) u (x,¥,), sBAfeTcs ypaBHeHHE:

(x_xl)'(yz_yl)_(y_yl)'(xz_x1):0-

3apgaHue Ne 9

ITpuBeneM OCHOBHBIE XapaKTEPUCTUKU OKPYKHOCTH, MPOXOJAAIIEH Yepe3 TPU TOUKH Ha MJIIOCKOCTH:
toukn (¥, y,), (x,¥,) m (X5 y;). Paguyc 3T0ii OKPYKHOCTH MOXKHO BEIYHCIIHTS IO GOPMYIIE:

e ((xl _x2)2+(J’1_)’2)2)((x1_x3)2+<J’1_J/3)2)((xz_x3>2+(J/2_y3)2)
4(x1(y3_yz)+x2(y1_y3)+x3(y2_y1))2

KoopauHaTh! IeHTpa BEIYUCIIAIOTCS 10 POopMysIam:

(yz_J’3)(x?‘*‘(yl_J’z)()ﬁ_J’3))+x§(Y3_)’1)+x§(J’1_)’2)
2(x1(yz_y3)+x2(y3_y1)+x3(y1_y2))

Xo=

xf(x3—x2)+xl(x%—x§+y§—y§)—x§x3+x2(x§—y?+ J’32)+x3<J/1_J’2)<J/1+J’2>
2<x1(y2_y3)+x2(y3_y1)+x3(y1_yz))

Vo=

3apgaHue Ne 10

I[JISI BBIYHCIICHUA ocCTaTrka oT yuceal a U b MOXHO

BOCIIONIb30BaThCs (POPMYIIOIf:

JCICHUA ABYX HaTypaJbHBIX
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Tema Ne 3. NMporpamMmmbl LUKINYECKON CTPYKTYpPbI

OTO 3aHATHE TMOCBSILEHO IporpaMMaM IMKJIMYECKOM cTpykTypel. Ha
3aHATUM HEOOXOAMMO HAyYUThCS MPHUMEHATh pa3iM4yHbIE ONEPaTOPBI
opranuzanvu nukia @Dopmpana W TO3HAKOMUTCA C  OCHOBHBIMH
BBIYHCIIUTEIBHBIMY aJITOPUTMaMHU.

Cnucok 3adaHull

3apaHue Ne 1
Jano HarypaibHOe yucino 7. [lodyduTe 7 BEIIECTBEHHBIX yucen a;,d,,...d,. BplUACIUTS:
a) a,ta,t+...ta,

b) la,|+ayl+...+a,|

c) (M—al)2+(w—a2)2+...+(M—an)z

I[JISI HpOBepKI/I HpaBI/IJIBHOCTI/I peH_[eHI/IH 3aa4un HpI/IILYMaTB TCCTOBBIC HpI/IMepH.

3ameuanmue: [Ipu pemeHnn >Toi 3a7a4M BCIO MOCIIEIOBATEIIBHOCTD uncen B maMsTH 11K xpanuth
HC HAaOo0.

3apaHue Ne 2

JlaHo BemeCcTBEHHOE YUCI0 X. BBIUMCINTH:

(x—=2)(x—4)(x—8)...(x—64)
(x—=1)(x=3)(x=7)...(x—63)

[TonydeHHblil pE3yJabTaT MPOBEPUTH C IIOMOIIBIO TECTOBBIX IPUMEPOB. TeCTOBBIE IPUMEPHI
MIpUBEJICHBI B pa3zene Pekomeroayuu no 8bin0IHeHU0 3TOTO 3aHATHUS.

3amevanne: Kak JONOJHUTENBHOE 33aJaHUE MOXKHO YYECThb OTPAHMUYEHUS, HAKIJIAJbIBAEMbIE HA
3HAYEHUS [IEPEMEHHON  X.

3apgaHue Ne 3

BbIUMCIIMTG JUIMHY ~KPHBOH, cooTBercTBytomyio yukuun [ (x)=sin(x) ma orpeske [a,b],
IPUOIMKEHHO 3aMEHMB KPUBYIO JIOMAaHOI, TONY4EHHOM B pe3ynbrare pa3ouenns otpeska |a,b| wa n
paBHBIX YacTeM.

[TosnydeHHBI pe3yiIbTar MPOBEPUTH C MOMOIIBIO TECTOBBIX MPUMEPOB. TeCTOBbIE MPUMEPHI NMPHUBEIECHBI B
pasneine Pekomendayuu no 6blnOIHEHUI0 3TOTO 3aHSTHSL.

3agaHue Ne 4
3az[aH0 HaTypaJ'IBHOC 3HAQYCHUC n, ,Z[CflCTBPITCJ'IBHOG 3HAYCHHUEC X. BBILII/ICJ'II/ITI:Z
n
1
a) 2.3
i=11

n

SE |

i=11 +2i+3
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i=1

[TomyueHHBI pe3ynbTaT MPOBEPUTH C TIOMOILNBIO TECTOBBIX MPUMEPOB. TeCTOBblE NPUMEPHI
IIPUBEJIEHBI B pa3aene Pekomenoayuu no 8bin0IHeHuio 3TOT0 3aHATHUS.

3apaHue Ne 5

Brruncnuts:
100 50
1
a)
i=1 j=1 i+j2
Sy
b) —
i=1 j=1 2 j+i

50 45

c) Z Z sin(i6+j7)

i=1 j=1

[TonydeHHbll pE3yJabTaT MPOBEPUTH C IIOMOMIBIO TECTOBBIX IPUMEPOB. TeCTOBBIE IPUMEPHI
MIpUBEJICHBI B pa3zene Pekomeroayuu no 8binoIHeHu0 3TOTO 3aHATHUS.

3apaHue Ne 6

JaHo HaTypasibHOE YKCIO 7. BprauciauTh cpeanee apupmeTrHueckoe HuQp, UMEIOLUIUXCS B 3alUCH
3TOrO YMCIa.

3agaHue Ne 7

Hano neiictButenbHoe ynucio Xx#0. BBIYHCINTE:

,, 256
X+t
X
[TonydeHHbl pe3yabTaT MNPOBEPUTH C IIOMOIIBIO TECTOBBIX MPUMEPOB. TeCTOBBIE NPUMEPHI
IMPUBCACHLI B pa3aciic P@KOM@HOCIL;MU Nno 6bINOJIHEHUIO 3TOI'O 3aHATHA.

3ameuanmue: [locie Toro, kak mporpamMmma OyAeT MPaBHWIIBHO BBIYUCIISITH 3HAYCHHUE IPOOH, T0OABUTH
COXpaHeHHe 3HaYeHus apodu B ¢ai1 Result.dat npu U3MEHEHUM 3HAYCHUS NEPEMEHHOM X B
3aJJaHHBIX Mpefenax ¢ 3aJaHHbIM I1aroM. [Ipeaensl U mar U3MEHEHHs 3HAYEHUs IEPEMEHHON X
BBOJATCS C KIIABUATYphl BO BpeMs paboTel mporpammbl. CTpykTypa (haiina — pe3ynbrara: nepBblid
cTonber — 3HaYeHHEe TePEMEHHOM X , BTOPOM CTONOEN] — BBIYUCIEHHOE JUIsSl JAHHOTO 3HAYCHUS
NepeMEeHHON X 3HaueHwe wnenHol apoou. Ilo momyueHHomy aimy mnocTpouTh Tpadux
AKCIIOPTUPOBATH €TO B KAKOW-TNO0 rpadudeckuii opmar.

3apaHue Ne 8

Jlano BCILICCTBEHHOC TMTOJIOXKUTECIBHOEC yucao b. IlocnemoBarenbHOCTs 4, d,,ds,...
o0pa3oBaHa I0 3aKOHY:
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a,=b, a=a, ,———F= i=2,3,....
Haiity nepBbIil HEOTPULIATENBHBIN YWIECH I1OCIEN0BATEIBHOCTH.

3apaHue Ne 9

HOCJ’IG,Z[OBaTeJ'IbHOCTB 3agaHa 1o CICAYIICMY ITIpaBHUIIy:
i+l
P

V1=V2=0, V3=1.5, V; V17 Vi Vios, l:4,5,
Jano HarypansHoe n  (n=>4). Tlomyuuts Vv,

3apgaHue Ne 10

3anmcaTh PeKKypeHTHYIO (JOPMYITY U C €€ IIOMOIbIO BBIYUCIUTD HHTETpall:
1
E=[x"e¢"dx n=1,2,...
0
[Tpu cocTaBieHUN PEKKYpEHTHOU (POPMYIIbI yuecThb, UTO
I 1
E=x"e"" O—J«nx"_lex_ldle—nEnfl, n=2,3,... E,=—
0

Beruncnuts 3navenne E,, n=1,2,...,20. Pe3ynbrar BLIYMCICHUN BBIBECTU B BHJE TAOIHUIIGI
3Ha4YeHUI Ha 2KpaH U B (aiin ¢ umeHeM Result.dat. [IpoBepuTh NpaBUIBHOCTh BBIYUCICHHNA
1160 ¢ moMolIIbIo cuctemsl Mathematica, 1100 ¢ MTOMOIIBIO TECTOBBIX TPUMEPOB.

PekomeHdauuu o 8bIfnoJIHeHUr

3agaHue Ne 2

TecToBbIE MPUMEPBHIL:
X -3.6 —2.6 -1.6 —0.6 0.4 1.4 24 3.4

res| 1.68827| 1.83719 | 2.088 | 2.61989 | 4.76637 | —3.23995 | 1.05325 | —1.27956

3apaHue Ne 3

Jimna nyru gysknpm sin(x) Ha matepBane [0,3] mpuGmusurenbHO paBHa 3.62029.

3apgaHue Ne 4

TecToBbIEe IPUMEPBHL:

a). n=100 res=1.63498

b). n=100 res=0.0000313524

¢). n=100

X -1.5 —1. -0.5 0/ 05 1. 1.5

res 0.596401 | 0.632121 | 0.442398 | 0| —0.442398 | —0.632121 —0.596401

i 2i—1.
3ameuanne: ®opmya o0IIEero WieHa 3aJaHHOTO Ps/ia JOCTATOYHO IPOCTast (a,:(— 1 x> it )

HO HCIIOJIB30BaTh €€ HC pallMOHAJIBHO, ITOCKOJIBKY JIA KaXXAOT0 YJICHA pAaaa HYXHO BBIYHCIWUTH
CTCIICHb U (I)aKTOpI/IaH. Fopa3z[0 OobIIeHt S(I)(I)GKTI/IBHOCTI/I MOXHO JOCTHUYb, BBIYUCIIAA YJICH pAlda C
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MOMOIIBI0 PEKKYPEHTHOTO COOTHOWICHUS. J[Is HAaXOXKIECHHS JTOT0 COOTHOLICHUS HalaeM

OTHOIIICHHUC:
a, _ ((_1 )i el )((_ 1 )l‘f] x2(i7] -1 )‘lz_ (i— 1>!x2i72(i71) =_x_2
a;_, i! (i—1)! i! i
HepBBIﬁ JEMEHT ITOU noCIacaJ0BaTCJIbHOCTH, BXOI[?IH_[I/II\/’I B CYMMY, MOXCT 6LITB BBIUNCJIICH OYCHbBb
aopocTo: a4;=—X
TCHCpB CTAHOBUTCS ITOHATCH 3(I)(I)CKTHBHBII>'I CHOCO6 BBIYUCIICHUS CYMMBI n MEPBLIX YWICHOB psa.

3apaHue Ne 5

TecToBbIE TPUMEPHI:
a). res=24.6458
b). res=108.11

c). res=48.8664

3agaHue Ne 6

IIpuBenemM BO3ZMOXKHBIN aITOPUTM PELICHUS 3a/1a4M, 3allMCaHHBIN B BUJE IICEBIOKOMA:

l. BuBecTM npmuIrsialleHMsa IOJid BBOLA HATYPAJILHOTO YMCJa N

2. MonyumMTh C KJIABMATYPH BHAUEHME IJIS N

3. ECJIM n > 0 TO
[IpyCcBOMM HauvaJIbHHE SHAaueHus: cyMMa « 0; xommuecTBO « 0O
[IOKA n /= 0 BHIIOJHUTH

unbpa «n - (n / 10) * 10

CyMMa « cyMMma + uuoppa

KOJIMUECTBO « KOJMYecTBO + 1

n «n / 10
10. KOHEII IIOKA
11. cpensee ~ cpeznmHee / KOJIMUECTBO

XN

12. BrlBOI CpeIHero 3HaUeHUs Ha BKpaH

13. UIHAUE

14, BrBom cooOmeHMsS O HEeOONyCTMMOM SHAaUYeHUM n
15. OcTaHOB HNpPOTPaMMEL

16. KOHEL, ECJIN

3apaHue Ne 7
I{ermHbIE APOOM — 3TO KOHCTPYKIIUU CIEAYIOIIECTO BU/IA:

a,

R,= -
b+ 2

b,+

OOBIYHO LENMHYIO IPOOb YCIOBHO 3alMCHIBAIOT B BUJIE:
a, a, a; a,
b+ b+ byt b,

4

Kak mpaBujio, LOCHHBIC I[pO6I/I BO3HHUKAKOT TMpPU BbBIYUCICHHU TEX WKW HHBIX BBICHIUX
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TpaHCUeHIeHTHBIX (pyHKIMA. Ecnu (yHKIMsS MOXeT ObITh MPEACTBAJICHA B BHJIE LIETTHOM APOOH, TO

3TUM 00s3aTeIbHO HAJ0 BOCIHOJNb30BaThCA, IOCKOIbKY OECKOHEYHbIE LEMHbIe APOOM OOBIYHO

CXOJISITCS TOPaA3Z0 OBICTpEE, YEM PSIbI.

Pazymeercs, nenHesle IpoOM HE CIENyeT BBIYUCIATH B COOTBETCTBHM C SIBHBIM BBIPAXKEHUEM.

[IpsiMOE BBIYUCIIEHHE IIEMHON JPOOM HE JOMYCKAET PEKYPCUM: €Civ J00aBuTh K b, criaraemoe
as/bs, 1o BCIO IPOOL MPHUIETCS MEPECUYUTHIBATEH 3aHOBO. [IpaBHIIbHAS PEKYpPCHBHAS IIPOLEypa

TaKoBa:

An :bn Anf 1 + an An -2

Bn:ann—1+an Bn—2
Yro6bl HauaTh 3Ty pekypcuio, cieayer mnonoxute A4,=0, By=1, A4,=a,, B,=b,.
ITpoBepHTh 1aHHYIO (GOPMYITY MOXKHO € TOMOIIBIO METO/Ia MaTeMaTHIeCKON HHIYKIHH.

TecToBbIE TPUMEPBHIL:
x 0.5 l. 1.5 2. 2.5 3.

res 1.04836 0.618718 0.528505 0.452539 0.382029 0.325643

3apgaHue Ne 8

[Tokaxxem cxeMaTU4HO, KaK MOYKHO TTPOBECTH BBIYHCIICHUE.

I. a «b

1. IJid i OT 2 IO n BHIIOJHUTBL

2. a «a — 1/sqgrt(i)
! B nmparoy uacTtu OGOpMyJEl 3HAUEHME IIEPEMEHHOM a — 3DTO
! mpenpmymmii, <«CTapHM» DJIEMEHT I10CJIeNOBATEJIbHOCTM, a B
! J1eBOM YacTU QOPMYJIHL — BTO «HOBHEI», CJEOYIIUN S3JIEMEHT

3. KOHEIN IJi4

4, BHBOI IMNOJIYyUYEHHOT'O DBJIEMEHTa

3apaHue Ne 9

IToxaxxem CXEMATUYHO, KaK MOXXHO ITPOBCCTU BBIYUCIICHUC.
1. HpMCBOMTb HadaJIbHBEIE 3HAUEHMA II€PBBEIM YWJIEHaAM IIOCJIEOOBATEJIBHOCTU
V1 <—O,'V2 <—O,'V3 4—1.5;

2. IJId 1 OT 4 IO n BHIIOJHUTB

3. BLumMcJIeHMEe HOBOT'O 3JIEMEHTa [NOCJeNOBAaTEeJIbHOCTHY [0 QopMmyJie
Viosoe « (1+1)/ (1%+1)vs - vo*v,

4. «OBHOBJIEHME» MEPEeMeHHHX, YyYaBCTBYOIMUX B BEUMCIIEHMAX
Vi « V2, V2 < V3; V3 < Viosoes
! TNlocyie «OOHOBJIEHUSA» B IIE€PEMEeHHEIX Vi, Vi, Vi XPaHATCH
! mpemeOymMe SJIEMEHTH HyXHHE OJIS BEUUCJICHUSA CJIeOYKRIEeTO
! B3JIeMeHTa I[OCJeNOBATEeJIbHOCTM IO TOM Xe (opMmyJsie, KOTOpad
! 3amnmMcaHa B TEKCTe MNPOTPaMMEl

5. KOHEL IJIid

6. BeIBOI Ha SKpaH NOJIyJeHHOTO SBHadeHUA

3ameuaHmue: BO BpEMA BBIYHCIICHHI nmporpamMma «IIOMHHUT» HE BCC 3JICMCHTHI ITOCJICI0BATCIbHOCTH.
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B mamstu IIK Haxomatcs TONBKO T€ 3JIEMEHTHI MOCIEA0BATENIBHOCTH, KOTOPBIE HEMOCPEICTBEHHO
HY)KHBI JIJIs1 BBIYMCIIEHUS MTOCIEIHETo (TpH mpeanocieanue snemMenTa). [Ipu BerancaeHny MHIEKChI
AJIEMEHTOB JIyYIlle pacCMaTpUBaTh KaK yYKa3aHUE Ha B3aUMHOE PaclOJIOKEHUE AIIEMEHTOB (HOBBIH,

MPEABIAYIINAN, TIEPe MPEABITYIIAM U T.1T.).

3apaHue Ne 10

TecToBbIE TPUMEPBHI:

n 1 2 3 4 5

n 0.367879 0.264241 0.207277 0.170893 0.145533
n 6 7 8 9 10

n 0.126802 0.112384 0.100932 0.0916123 0.0838771
n 11 12 13 14 15

; 0.0773522 0.0717733 0.0669477 0.0627322 0.0590175
n 16 17 18 19 20

; 0.0557193 0.0527711 0.0501199 0.0477228 0.0455449

NMocTpoeHune rpacpukoB TaGNUYHO 3afaHHbIX PYHKLUN

Hns moctpoenusi rpadukoB (YHKIMNA MOXKHO HCIOIB30BaTh mnporpammy GnuPlot. JlanHas
nporpaMMa OTHOCHTCSA K (OHAY OecIIaTHOro HMpOTrpaMMHOIO OOecHeueHHs M pealn30oBaHa Jyis
pa3HbIX OINEpalMOHHBIX CHCTEM U TUIIOB KOMIbIOTepoB. llocnennue Bepcuu mporpaMMbl MOXKHO
CBOOOHO MONIYUUTh U3 MHmepHem ¢ caiiTa pa3paboTuuKa.
C nporpaMmMoii 00bIYHO pabOTarOT B OIHOM U3 JIBYX PEKHUMOB:
¢ UHMepaKmueHomM — IOJIb30BATEIb BBOJUT KOMaH bl MOCTPOEHHUS U 0popMiIeHUs rpauKoB
B KOMAaHJHOW CTpOKEe mporpamMmbl (3THU KOMaHJbl MOXKHO BbIOparb JuO0 U3
COOTBETCTBYIOIIMX ITYHKTOB MEHIO IJIABHOTO OKHA MPOTPaMMBbl, IUOO ¢ OMOUIbIO MaHeNleH
UHCTPYMEHTOB);
¢ nakemHoM — TIOJIb30BATENb TOTOBUT CIIELMAIbHBINA MAaKeTHBIN (haiil ¢ KOMaH1aMu, KOTOPBIN
nepeiaeTcs Kak mapaMmerp nporpaMmme B MOMEHT €€ BbI3oBa. [Ipu aTom nporpamma paboraer
B (JOHOBOM pexHMe, a OCTpoeHHe, ohopMIIeHHE U SKCIOPT rpaduka B HYXKHBIM dopmar
IIPOUCXOJUT AaBTOMAaTUYECKHU.

[Iporpamma mocTaBisieTcsi ¢ XOpOIIeH crpaBoYHOM cucTeMoH, rie ykazana BCS neobxoaumas st
pabotsl uHpopmarms. KpaTtko paccMOTpUM OCHOBBI pabOThI ¢ TPOrPaMMOIA.

ITocne 3amycka mporpaMMbl B IVIaBHOM OKHE HYXHO YyKa3zaTh paOouyl0 NamnkKy M 3arpy3uThb
nakeTHeId aitn ¢ kxomanmamu. [{ns storo crmemyeT BbiOpaTh NyHKT File | Change directory
[IABHOTO OKHA MPOTrpaMMbl MM HakaTh KHONKY ChDir maHenu WHCTpyMeHTOB. Ha skpan Oynmer
BBIBE/ICHO CTaHJapHOE JMaJoroBoe OKHO BbiOopa mamnku. [locnme BpIOOpa HYyXHOW mamnku (B Hel
JIOJDKHBI HAXOMUTHCS (paiiin ¢ JaHHBIMH, TI0 KOTOPBIM HYXXHO MOCTPOUTH IpaduK, U MAKETHBIH (aiin
¢ xomanaamu GnuPlot) n ToATBepKeHHsI BHIOOpPa B CTPOKE BBOJAA MPOrpaMMbl OyJeT BBEACHA U
BBHITIOJIHEHA HY)KHAasi KoMaH/a nepexoaa (cm. Puc. 3.1).

[Tocne »Toro cnmemyer 3arpy3uTh KoMmaHAHBIA (aitn GnuPlot (TeKCTOBBIN (aill ¢ HYXHBIMH
komannamu). OObIYHO, KOMaHHBIE (aitnsl GnuPlot umeromuid pacmupenue nmeHn ¢aiina PLT.
Jlist 3arpy3ku M BBINIOJHEHUSI HY)KHOTO KOMaHAHOTO ¢aiina cienyer aubo BbIOpaTh MYHKT MEHIO
File | Open rnaBHOTO OKHa IIPOrpaMMbl, MO0 HaxaTh KHONIKY Open nanenu 3aaa4. Ha skpan Oyzner
BBIBEJICHO CTAaHJApTHOE OKHO BBIOOpA (hailna, B KOTOPOM HYXHO yKa3aTh TpeOyeMblil MaKeTHBIH
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¢aiin. [locne monrBepxkeHust BeiOopa mporpamma GnuPlot BHITIOIHUT BCE KOMaH/Ibl, HAXO/SIIIUECS B
daiine. Ilpu sToM B CTpOKe BBOJA IVIaBHOTO OKHA MIpOrpamMMbl OyleT yKa3aHa BBIMOJHEHHAs

KOMaH/1a 3arpy3KH MakeTHOTO (haiina. _
: =

File Plob Expressions Functions General fxes Chart es 3D Help

20y
Replutl Open | Save | ChDirl Print | PrtSc | Prev | Next !

GHUPLOT

Yerzion 4.2 patchlevel 2
last nodif ied 31 Aug 2007
Systenz H3-Hindows 32 bit

Copyvight (C) 1986 - 1093, 1998, 2004, 2007
Thonas Hillians, Colin Kelley and nany others

Tupe *help® to access the on-line reference nanual.
The gnuplet FAQ is available fron httpz/fuw.gnuplot. infodfaq/

Send bug reports and suggest ions to <httpr//sourceforge.net/projects/gnu
plot>

Terninal type set to “uindous’
gruploty cd "D:%Alex’
gnuplat> pud

[:"Alex

gruploty load “data.plt’
Exanpla of Plat

gnuplot >

Bl
Pucynok 3.1. ['maBHoe okHO niporpammbl GnuPlot

[Tpumep nmakeTHorO (haiina A MOCTPOSHUS ABYMEPHOro rpaduka 1o Habopy TOUeK, XpaHsIIUXCS B
daiine mpuBeneH Hwke. B makeTHoM aiine ykazaHbl KpaTKHE€ KOMMEHTapUH K OCHOBHBIM
koMangaMm. Ilpu HeoOXomguMOCTH BCe O KOMaHJIaXx MOXHO Y3HaTh B CIPaBOYHOW cHCTeMe
IIPOrPaMMBI.

print "Example of Plot" # BHIBOI TekCTa B OKHO pemakTopa

reset

set nogrid # ©6e3 ceTku Ha Tpaduxe

set nokey # 0e3 aBTOMATUUECKOM JIeTeHIH

set xrange [0.5:5.5] # mmanasoH mjig X Ha Trpaduke

set yrange [0.0:1.7] # mvanaszoH mJjsg y Ha Tpaduke

set tics out # WTpUXU Yy OCel HapyxXy

set xtics border nomirror norotate 0.0, 1, 5.5 # umbdpe y ocm x
set ytics border nomirror norotate 0.0, 0.5, 1.6 # umdpel y ocu y
# xosmuecTBO paszOueHUy OOJBILOTO MHTEPBAajia [0 OCHU X

set mxtics 10

# xoymuecTBO paszbueHuy OOJILWIOTO MHTEPRBAJA IO OCU Y

set mytics 5

# TexcToBa MeTka Ha Tpaduke

# (2To omHa cTpoka Oaitna. ¢ — CHMMBOJ MPOIOJIKEHMA CTPOKM)

set label 1 "Chain Fraction" at 0.7, 1.55 left norotate font &
"Arial Italic,24"

# nocrpoeHme Tpadbmka B OKHE

plot 'Datal.dat' using 1:2 with lines linetype 1 linewidth 3
pause -1 "Press OK to make eps file or Exit to stop..."

# skcrnopT rpadmka B emf dopmar

set terminal emf color solid linewidth 5 "Times Italic" 24

set output 'Figl.emf'

replot

# BOCCTaHOBJIEHME BHBOJIHOTO YCTPOMCTRBA

set terminal windows

set output

pause -1 "Press any key to continue..."

reset
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Tema Ne 4. NMporpaMmmMmbl KOMOUHUPOBAHHOM CTPYKTYPbI

OTO 3aHATHE TOCBAIIECHO TMporpaMMmaM, BKJIIOYAIOUIUM  ITUKIBI U
pa3BeTBieHHs. Ha 3aHATHU HEOOXOAMMO HAYYUTHCS YUCICHHO BBIYUCIATH
Mpeaesbl, CyMMBbl W LEMHbIE OpOOM C 3aJaHHOW TOYHOCTHIO, a TaKXKe
MPAKTHUYECKH  TO3HAKOMHUTBHCS €  OCOOCHHOCTAMHU  IIETOYMCIEHHBIX
BBIUHCIICHUH.

Cnucok 3adaHul

3agaHue Ne 1

JlaHo HaTypaibHOE 4YHMCIO 7 , JAeWcTBUTENbHOe umciao X. Cpenu umcen exp(x’Zk)sin(x%)
(k=1,..., n) wnaiiTn 6Gnmxaiiliee K KAKOMY—HHOY/Ib LIETOMY.

’

3agaHue Ne 2

BEIYHCINTL OECKOHEUHYIO CYMMY C 3aJaHHOM TouHOocThio €  (€>0). Cumrarh, uto Tpebyemas
TOYHOCTh JIOCTUTHYTA, €CJIM BBIYMCIEHA CyMMa HEKOTOPBIX MEPBBIX CJaraéMblX U OYEPEIHOE
cllaraeMoe OKas3aJloCh IO MOJAYJIIO MEHBIIE, UeM € — 3TO M BCE MOCJIECIYIOIIHNE claraeéMble MOYKHO
HE YYUTHIBaTh. BEIUUCIUTE:

S 1
ST

i=1

b) 2(—})’

I

0 <_1)i+1
©) Zl i+ 1)(i+2)

3agaHue Ne 3
Yucia ®uOoHAYYH MOTYUYAIOTCS C TIOMOIIBIO CIIETYIONIEr0 COOTHOIICHHMS:
f1=f2=l, fn:fn71+fn72’ n=3.
C 3a1aHHOM MOTPEIIHCTIO € YHUCJICHHO BBIUYMCIUTH MPEE BRIPAKEHUS:
lim /s
n—o \ f oy

CpaBHHUTH MOJTHEHHBIN OTBET C 3010MbIM Ce4eHUEM:

V5+1
=

3apaHue Ne 4

Hanucars nporpamMmy, KOTOpas BBIYHMCISET HAMOOIBLIMN OOIIMH AEIUTENb IBYX LEIBIX YUCEIL
Hau6onbmmii o6umit aenmurens (HO/) HeoTpULATENBHBIX LETBIX YUCET MOKET OBITh BHIUMCIICH
npu momoiy ajaropurMa EBkimpa. IlycTb m ¥ 7 — OJHOBPEMEHHO HE PABHBIE HYIIO LEJbIE
HeOTpHIaTeNbHbIe uncia u nycts m=>n. Torma, eciu n=0 10 HOHJ(n,m)=m, a ecmm
n#0, , TOo 14 4YuMcesl M, N W F, THe ¥ — OCTaTOK OT JeJeHUs m Ha N,



25

BEIMONHsAeTCs paeHcTBo HOJ (m,n)=HO/ (n,r).
Hanpumep, HO/ (15,6)=HO/J(6,3)=HO/(3,0)=3.

3apaHue Ne 5

Hanucars nporpammy, KOTopasi BBIYMCISET YUCIAO TU € 3aJaHHOM MOJIb30BaTeleM TOYHOCTBIO. Jlis

9TOro BOCHOHBBYﬁTeCL TEM, YTO 3HAYCHHUC YaCTUYHOMU CYMMEI psa

IR SPIR S S
3 57 9
TIPY CyMMHUPOBAHUH JIOCTATOYHO GOJIBIIOTO KOIMYECTBA CIIAraeMbIX NpUOImKaeTcs k- 10/4.
3ameuanne: CpaBHUThL TIONYYEHHOE 3HAYEHHWE, CO 3HAYEHMEM, BO3BPALIAEMBIM CTaHIaPTHBIMH
gysxknumu  (t=ACOS(—1.0)). lnsa yno6crBa paboThl, IpU IIPOBEPKE PACYETOB UCIIONB30BATh

HeOOJIbIINE 3HAYEHHUS TOUHOCTH.

3agaHue Ne 6

Yucno e — ocHOBaHME HATypaJIbHBIX JIOTapU(PMOB (HAIIOMHHMM, YTO OHO HMPUOIM3UTEIHHO PABHO
2.718281828), MoKeT OBITh MOMYYCHO B PE3yNbTaTe MPEACIBHOTO Mepexoaa mo Gpopmye:
: 1/
lim(1—x)"""
x—0
Hammmmure mporpammy, ¢ 3aJaHHOW TOYHOCTBIO JEMOHCTPHPYIOUIYIO CIPABEIIIHBOCTh STOTO
YTBEPXKICHHUS.

3apaHue Ne 7

Hanucare nporpammy, KoTopas TpOBEpseT, SBISETCS M YHUCIO, BBEIECHOE IMOJh30BaTEIEM,
npocThiM. HaTypanbHOe 4MciI0 Ha3bIBaeTCsl MPOCTHIM, €CJIM €ro JEIMTeNH Tolnbko | M camo 310
YHCJIO.

3apaHue Ne 8

Jns npou3BoNbHOTO (TIOJIOKHUTEIBHOTO M OTPHUIIATENBHOIO, OOJNBIIOT0 M MAaJoro) 3aJlaHHOTO
apryMeHTa X, HaIMIIUTe NpOrpamMMmy BhIYucIeHHs (yHkimii sin(x) u cos(x) mocpeacTsom
BBIYHCIIEHUs OECKOHEUHBIX CYMM C 3aIaHHOM TouHOocThI0 € (€>0).

SlIl( ):X—?-FE—F-F
o oxt %
cos(x)=1—a+ﬂ—a+...

Cunrare, yTo TpebyeMmas TOUHOCTb JJOCTUTHYTA, €CJIM BBIYUCIEHA CyMMa HECKOIBKHMX MEpPBBIX
CJIaraeMbIX M OYEPEIHOE CIaraeMoe OKa3aJloCh IO MOIYII0 MEHbIIE, YeM &, — 3TO M BCE IO-
CIIEyIOIIME ClIaraeMble MOXHO YK€ He yuuThiBaTh. [locie BbluucIeHHs (QYHKLMH IPOBEPUTH
TOYHOCTh, C KOTOPOH BBIMOJHSAETCS TOXKAECTBO  sin (x)°+cos(x)’=1.

3apaHue Ne 9

Jlis 3agaHHOTO 3HAueHWss X>1 BBIYUCIUTH ) — 3HAUCHHE KOPHS KBAJIpPaTHOTO OT X IO
uTeparmoHHon popmye:
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C 3aJaHHOM TOTPEIIHOCTBIO &, 3aJ]aB  HavajibHOe NpHOMMKeHHue Yo=X. CpaBHUTb C
PE3yIBTaTOM MCIONIB30BaHUS BCTPOCHHON (yHKIMK. CKOJIBKO UTEPALUH MPHUIILIOCH BHIIOIHHUTD?
3apgaHue Ne 10
Haittu 100 mepBbIX mpocThix umcen. HarypanbHOoe YHCIIO HAa3bIBA€TCS IMPOCTBIM, €CIH €ro
JICTUTENH TOIKO | ¥ caMo 3TO YHCIIO.
3apaHue Ne 11
Haiitu nonoxxeHre MUHIMyMa (DYHKIIMU KOMILICKCHOTO apryMEeHTa, 3aJJaHHOU Pa3JIOKCHUEM B s
k 2 k
_N (=1 (2774)
Jolz )_Z N2

k=0 (k!)

B oomactu O0<Re(z)<3, —1<Re(z)<!, ppluncnss Tabnuily 3HAYEHUI C 3aJaHHBIM IIATOM
h.

3apgaHue Ne 12
C 3a1aHHOW TOYHOCTHIO BBIYUCIIATE TIPEIEIT BRIPAKCHUS:

lim

x—=0

1+tg x (sin)
1+sin x

3apgaHue Ne 13

HaTypaJILHOC YHUCJIO HA3bIBACTCA COBCPHICHHBIM, CCJIN OHO PABHO CyMMEC BCCX CBOUX I[GJII/ITGJIGI\/JI, 3a
UCKITIOUeHneM cebsi camoro, HO BKkiouas 1. Tak, umcnmo 6 — coBepiIeHHOE, TaK Kak

6=1+2+3, a uncno 8 — He coBepumieHHOe, T.K. 8#1+2+4. Haiitu Bce coBeplCHHBIC
YHCJIa, MCHBIIHE 33JJAaHHOTO HATyPaJbHOTO YKCia 7.

3apgaHue Ne 14
JUIs 3aaHHOr0 X € 3aJaHHOM TOYHOCTBIO & BBIYHCIHUTH

2 2 2
X x 4x 9x”

t =
e = 3 5+ 7+

Pe3ynbrar BBIUMCIIEHH CpPaBHUTh CO 3HAUEHHEM, MOJIYYEHHBIM BCTPOCHHOH (QyHKIHEH
(ATAN (x) ). TpakTys 3T0 Kak «TOYHOE» 3HAYCHHE MOIYYUTh AOCOJIOTHYI0 M OTHOCUTEIIBHYIO
omnOku. CpaBHUTH C 3aJaHHOH TOYHOCTBIO pACUETOB €.

PekomeHdauuu o 8bIfnoJIHeHUr

3apaHue Ne 1
Hus x=2.5, n=16 Ommwkaiimum K neiomy oyaer uucio 0.998063 mpu k=6.

3agaHue Ne 2

TecToBbIE IPUMEPHI:

a). 1.0 (tounoe 3Hauenme — 1 );

b). 0.367879 (tounoe 3Hauenue — 1l/e );

¢). 0.136294 (tounoe 3Hauenue — (8:In(2)—5)/4 );
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3apaHue Ne 5

o0 _1 n
PacueTHyto ¢popMyny MOXKHO 3aucaTh B BUJIE: z 2( ll .
n=0 ‘n
3apaHue Ne 8
PacuetHbie popMyIbl MOJKHO 3amucarh B BUJE:
2n—1

sm<x)=il(—1)“(2l’§T)!, cos(x)=2(—1)"(;n)!.

3apgaHue Ne 11

TIpuMepHOE MONOKEHHe MHHUMYMa B 3aJaHHOiT obmacti: Re(z,,,)=2.40483,Im(z,,,)=0.

3apgaHue Ne 12

TecToBslii pe3ynbrar: 1

3apaHue Ne 14

— 2. 2
JUis pacyeToB MOKHO WCIIOJIB30BaTh cieayoomde Qopmyisl: ¢,=X, q,=(n—1)"x" s
n>1; b,=2n—1.
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Tema Ne 5. PyHKUMKU ¥ nognporpamMmmbl. OCHOBbI paboTbl

Ha opmaHHOM 3aHSATMM HEOOXOIMMO TO3HAKOMHUTBCA C OCHOBHBIMHU
IPOrpaMMHBIMU eAMHULAaMU DPopmpana: QyHKUUSIMHA U TOATPOrpaMMaMH.
Ha 3aHsATHH HEOOXOIMMO HAYYWTHCS PaA3IeNsaTh 3a/Jady Ha MPOrpaMMHEIC
eIMHUIIBI 1 0OMEHMBATHCS JAHHBIMHU MEX]Ty HUMH.

Cnucok 3adaHul
3agaHue Ne 1

[ano neictButenbHOE yucno ). IlomydnTh 3HaU€HHE BBIPAKECHMUS:

1.7-£(0.25)+2- f(1+y)

6— f(y'=1)
e gyskims  f (x) ompenenena Tak:
16 2k+1
X
= (2k+1)!
f(x):k (;0 2k
X
i—o (2k)!

TecToBoe 3HaUEHHE IS IPOBEPKU PAOOTHI MPOrPaAMMBI YKa3aHO B Pexomenoayusix no 6blnOIHEeHU
9TOTO 3a/IaHMS.

3apaHue Ne 2

Hamucare mnoamporpammy pelieHusi KBaJpaTHOTO ypaBHEHUs. B kadecTBe mapameTpoB
noJnporpaMmMa MNpUHUMAET KOI(PPUIIMEHTH KBaJpaTHOIO YpaBHEHHS, a BO3BpAlllaeT pEeLICHUS
KBaJIpaTHOTO ypaBHEHHUs (BELIECTBEHHbIC MM KOMIUIEKCHBIE) U MEPEMEHHYIO, YKa3bIBAIOIIYIO0 Ha
KOJIMYECTBO KOpHEH U TUI pelieHus: (KOpHU MOTYT ObITh BEIIECTBEHHbIE WM KOMIUIEKCHBIE; KpOMeE
TOTO, YPaBHEHUE MOXKET HE UMETh PEIICHUS).

3amevyaHue: BO3MOXBIM BapUaHT 3arojloBKa MPOLEAYPbl M TECTOBBIE 3HAUEHUS Ul NPOBEPKU
porpaMMbl IPUBEJCHBI B paszese Pekomenoayuu no 6binonHeHuto 3Toro 3alaHusl.

3apgaHue Ne 3

Janpl HaTypajgbHOE€ YHCIO 7, OEHUCTBUTENBHBIE dYHCIA X, Vi, X,, Vy, ..., X,
Y, Haiinure wiomanas 7 —yrojibHHKA, BEPIIUHBI KOTOPOTO MPH HEKOTOPOM TOCIIEI0BATEILHOM
00X0/1€ UMEIOT KOOPIUHATHI (x,v), (x5, 1,), . (x,,7,) (cm. Puc. 5.1).

3amevanue: /[ pelieHus 3aiaHus ONpeNEIUTe NPOLEypy BBIUUCICHMS TUIONIAAN TPEYrolbHUKA
10 KOOPIAMHATaM €ro BEpLIUH.

3apaHue Ne4

JlaHbl feficTBUTENBHBIE YnuCcaa X, Vi, X5, Yy, ..., Xg, Vs TOUKH C KOOpAMHATAMH
(x,,»,), (x,,¥,), (x;,¥;) paccMaTpuBalOTCs Kak BEPIIMHbLI IEPBOrO TPEYrONbHUKA, TOUKH
c xoopauHatamu (X4, V),  (x5,¥5), (X4 V) — BTOporo TpeyrompHuka. BeIACHUTB, BepHO

JIM, YTO TIEPBBIN TPEYTOIBHUK ICTMKOM COJCPIKUTCS BO BTOPOM, M €CIIM Ja, ONPEACIUTh IUIOMATh
obmactu, mpuHAANEKAIIeH BHEIIHEMY TPEYrOJAbHUKY W HE MPUHAAJCKAIIEH BHYTPCHHEMY.
(BamTpuxoBanHas obmacts Ha Puc. 5.2.)
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3ameuanune: Bo3moxbwiii HaOOp mporeayp, HEOOXOMMMBIA ISl pPEIICHUs 3aJaud TPUBEICH B
pasnene Pexomenoayuu no 6blnoaHeHuo 3TOTo 3a1aHus.

(X, y,)

Pucynok S.1. Bpluncienue I1uiomaayd MHOTOYTOJBHUKA TIpU  [IOMOIIU
pa30ueHus ero Ha TPEYrOJIbHUKU.

Pucynoxk 5.2. O6ﬂaCTb, WIomaab KOTOpoil  TpeOyercss HallTH B
3aganun Ne4

3apaHue Ne 5

Harmmuare (byHKI_II/II-O, NpEAHA3HAYCHHYIO I ONPCACIICHUA HauOOJIBIIErO 06]1_[61"0 JACITHUTCIIA

NOD (x, y), JBYX HaTypaJbHbIX YHCEI X M J C IOMOWIbI anropurma EBkimpa:
NOD (A, B)J=NOD(Bmod A,4), ecou A#0; NOD(0,B)=B.

3ameuanue: Hanucarh HEpPEKypCUBHYIO U PEKYPCUBHYIO MPOLENYpPhl BBIYUCICHHUS HauOOJBILETO
oOuiero penutens. [Ipuaymars TecToBble IPUMEPHI I IPOBEPKU MIPABUIIBHOCTH PEIICHUS 3a/1auu.

3apaHue Ne 6
ﬂJ’I}I 3aIaHHOT'0O BCIIICCTBCHHOI'O HHUCJjia d >0 BBIYUCJIUTH BBIPAKCHUC:
Va —\/6 a’+1
1+{3+a

Kopuu y:’{/} BEIIHCTUTH ¢ TouHOCTRIO € =0.00001 1o cremyromieit ureparonHo# Gopmyre:

X
=1 Yn

n

1
yn+1 yn k

vo=1, n=0,1,2,..., TpUHAB 3a OTBET NpUOIMKEHUE y, . ,, JII1KOTOporo |y, ,—y, <€

3ameuanmue: J[s TpOBEpKM MPABWIBHOCTU BBIMIOJHEHUSI MPOTPAaMMBbl  BBIUYMCIUTE JIaHHOE
BBIPXEHHE C MTOMOIIBIO BCTPOCHHBIX QYHKIIMN DopmpaHna.
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3apaHue Ne 7

JIns1 BEIIECTBEHHOTO YKCIa ! BBIYUCIUTE C TOYHOCTBKD € BEJIUYUHY:

4 ” 2
41_cost+5/1+smt'91+ In¢
4 2 expt

JIns1 BBIYMCIIEHNS] KOPHEW UCIIONIB3YITE caeayrommi psaa Teinopa:

(a_l)x2+a(a_1)(a_2)x3+...

a_q,a _ 4d
(1+x)—1+1!x+ o 30

lx|<1, a>0.
3ameuanmue: HHH IMPOBEPKHU TIPABUJIBHOCTU BBIMMOJIHCHUA MPOrpaMMbl BBIYHUCIWTC JaHHOC

BBIP2KEHHE C TOMOIIBIO BCTPOEHHBIX QPyHKIUNH Popmpana.

3apaHue Ne 8

Hamucares moanmporpamMmbl BBEIYHCIICHHUS (DYHKIMA ODWpHU KOMIUIEKCHOTO apryMEHTa, HWCIOJIb3Ys
Pa3IOKEHUs B CTEIICHHOU PSL:

Adi(z)=c, f(z)-c,g(z)
Bi(z)=\3(c, f(z)+c,g(2))

1 5,14 6,147 5 - k1) z
= l+—z+—z+ +...= ) 3=
f1z) T T T 20: (S)k(3k)'
2 4,25 7258 o if2) 2
= z+—Z+=2+ ===+ = ) 3=
T T T 2 (3)k(3k+1)'
31€Ch
¢,~0.355028053887817, c,~0.258819403792807, a (z), 0003HAa4aeT CUMBOJI

[Toxrammepa: (Z)OZ 1; (Z)nZZ'(Z + 1>~(Z+ 2)-. . .'(Z +n— 1) .
TectoBble 3HauCHWsS] sl OPOBEPKH pPabOThI MPOrpaMMbl MPUBEACHBI B PekomeHOayusx no
8blNOJIHEeHUI0 3TOTO 3alaHUs.

3apaHue Ne 9

Hanmumute nporpamMmy, onpcACJIAOIIY0 TPUMEPHOC MCCTOPACITOJIOKCHUC KOMIIICKCHOTO KOPHA C
MHWHUMAJIbHBIMU ITOJIOKUTCIIBHBIMHA BEIICCTBCHHBIMHU U MHUMBIMU YaCTAMU IJI YPABHCHUA:

f(z)=0
e f(z)=In(Re(z)+i(Im(z)=3))—5-(Re(z)+i-(Im(z)—4))+ sinh(Re (z)+i-(Im (z)—5))

Borunciuth MUHEMaNbHOE 3Hadenne | f(z)| B HaiimeHHOl OKPECTHOCTHU KOPHS.

[Touck NpPUMEPHOrO MECTOPACIONIOKEHHUS KOPHA M €ro IPUMEPHOE 3HAUCHHE BBIYMCIISIOTCS
«mabauunbim  (epaguueckum)» METOAOM. 3HAuUEHHE DHIEMEHTAPHBIX YHUCIOBBIX (YHKUIUH
BBIUUCIIUTh C 33JJaHHOH TOYHOCTBIO CIELMAIbHO HAIMCAHHBIMU MPOLENYypaMH, OCHOBAHHBIMU Ha
Pa3IIOKEHUSAX:

=1 1(z=1Y 1 (z—1\™"
In(z)=2 + = +...| Re(z)=0 z#0
z+1 3\z+1 2n—1\z+1
Z3 ZS ZZn+1
sinh(z)=z+—+—+...+——+... |z]<o

3150 T (2n+1)!
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[TpumepHOE pacronoXeHne KOpHsS, CTPYKTypa (aiina maHHBIX U CKpUIT mporpammbl GnuPlot,
NpeAHa3HAaYEeHHBIM JUIsl MOCTPOHHUS JBYMEPHOro rpaduka MNpuBeleH B Pexomenoayusx no
6bINONIHEHUIO ITOTO 3aaHHs.

3apgaHue Ne 10

Jns  3aJaHHBIX TPAaHUI] MHTCTPUPOBAHUS d W b BBIUKCIUTE 3HAYCHHUE OMPEICICHHOTO
MHTETpaJla CIeIyIoIIero BUaa:

1 CcOS X n—2 dx
— — T — n=2
dx n—1lsin" 'x n—1"Y sin" “x
; = X
sin” x lntga, n=1
X, n=0

TectoBble 3Ha4YeHHs] ISl TPOBEPKU pabOThl MPOrpaMMbl TpPHUBENEHBI B PexomeHoayusx no
8bINOJHEHUIO FTOTO 3aJaHUsl.

PekomeHdauuu o 8bIfnoJIHeHUr

3agaHue Ne 1

TecroBoe  3HaueHWe Ui TNPOBEPKH  pabOTBl  MPOrpamMMbl f(0.5)~0.462117,
result~0.335585.

3agaHue Ne 2

21.]'[5[ BI)I60pa BapuaHTa PCHICHUSA W3 MHOXCECTBA BO3MOXKHBIX PEKOMCHAYCTCA BOCIIOIbB30BaThHCsA
orneparopom CASE.
Bo03MOXHBII BapHaHT 3aroj0oBKa MOANPOrPaMMBI:

subroutine SolveQuadraticEquation(a, b, ¢, x1, x2, par)

37€Ch!
> a, b, ¢ — KkodpQUIMEHTbl KBAAPATHOIO ypaBHEHUA a-Xx°+b-x+c=0. BxojHble
napameTphl;
» x1, x2 — KOPHM KBaJpaTHOTO YpPaBHEHUS B CIydae BEUICCTBEHHBIX KOpPHEH W

BEILIECTBEHHAsA 1 MHUMAs YaCTU PELICHUS B CIIy4ae KOMIUIEKCHBIX KOPHEW, COOTBETCTBEHHO.
BrIxonHbIE TApEMETPHI;
» par — napamerp, ONpeesIFOIIHA THT U KOJIMYECTBO pelleHni. BeIxoaHOM mapameTp.

v par = 0,ecau HeT pemeHni (Habop KodpUIIMEHTOB HE OIpeIeseT ypaBHEHUE)
v par = 1, eciH OHO BEIIECTBEHHOE pelleHHe (ypaBHEHUE JINHEHHO)
v par = 2, eCiH JIBa BEIIECCTBCHHBIC PEIICHHS
v par = -2, eCciIHd KOMIUIEKCHBIC PeIICHUS
TecToBble 3HAYCHUS JIJIsl POBEPKH MPABMIILHOCTH paOOTHI IIPOTPAMMBI:

a b c X, X,

0 0 0,2 Her pemenus

0 1 2 Omno pemrenne, —0.5

1 2 0 -2 0
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1 5 -3 —5.54138 0.541381
1 2 3 —1.0—1.41421-i —1.0+1.41421-i

3agaHue Ne 4

Jlnst perieHus 3aaud OMPEEIUTh MPOIEAYPY, MO3BOJSIONIYIO BBISCHUTH, JIEXKAT JU JBE TOYKU B
OTHOM  TMONYIJIOCKOCTH oTHocuTenbHO Tipsimoit  (Tema Ne 2,  3amanme Ne 8), mnpouenypy
BBIUHCJICHUS] PACCTOSIHUS MEXAY JBYMs TOYKAMH, a TaKXKe MPOLEAYpY BBIUMCICHHS TUIOIIATN
TPEYTOJILHUKA IO TPEM CTOPOHAM.

3agaHue Ne 8

Jnist perieHus 3Toro 3ajaHus HEOOXOUMO aKKypaTHO MOyYUTh pacdeTHbIe (POPMYITBI «Ha Oymare.
TectoBoe 3HaYeHME ISl TPOBEPKU MPABUIIBHOCTH padOTHI IPOTrPAMMBI:

z=0.1+i-0.3  A4i(z)~0.327548—i-0.0785021, Bi(z)~0.657196+i-0.132286.

3agaHue Ne 9

JlanHyto 3amadqy pekoMeHAyeTcsl pemarh mo stanaMm. CHavala HY)KHO Hamucarh MPOIEHyphI IS
pacueTa SJIEeMEHTapHbIX (YHKIUI € 33JaHHON TOYHOCTHIO Ui BEIIECTBEHHBIX apryMEHTOB U
MPOEPHUTh MX C MOMOIIBI0 BCTPOSHHBIX (YHKIMH Popmpara. 3aTeM clemyeT mepeaeiarb ux s
paboThl ¢ BElIECTBEHHBIMH aprymMeHTamu. Jlajee, HamucaTh U MPOBEPUTH PabOTy MPOLETYpPbI
Bbluncnenus f (z) 1ud 3agaHHOro apreMeHTa, a JMIIb 3aTeM (OpMHpOBaTh (aiill JAHHBIX,
CTPOUTH TpaduK U HAXOAUTH TAOIMYHBIM METOAOM MHUHUMYM.

[TpumepHoe pacnionoxenue Kopus: x~3.55427  y~5.36438

Crykrypa ¢aina nqaHHbIX, s nporpaMMbl GnuPlot. JIjist TOCTpOCHHST TPEXMEPHOTO rpaduka 1o
HaOOpy TOYeK (Qaill ¢ JaHHIMU JOJDKEH coiepxarh TpH cronoOma. [lepBwiii cronber — 3HaUYeHUs
BCIIIECTBEHHOM YacTH Zz, BTOPOM CTOJOCI] — 3HAYCHHWS MHUMOW 4YacTH Zz, TPETHH crosnber —
sHauenue | f(z)|. Pasnuunble 3HayeHMs B THeEPBOM CTONOIE OTAEIAIOTCS ITYCTOH CTPOKOIA.
Hanpumep:

0.9200000E+01 -.1000000E+00 0.2383385E+00
0.9200000E+01 0.0000000E+00 .8444091E-02
0.9200000E+01 0.1000000E+00 0.2383385E+00

(@)

0.9210000E+01 -.1000000E+00 0.2390888E+00
.9210000E+01 .0000000E+00 0.8132014E-02
0.9210000E+01 0.1000000E+00 0.2390888E+00

(@)
(@)

0.9220000E+01 -.1000000E+00 0.2398385E+00
.9220000E+01 .0000000E+00 0.7820232E-02
0.9220000E+01 0.1000000E+00 0.2398385E+00

(@]
(@]

U T.J.
Bo3MosHbIi Bua ckpunta nporpammsl GnuPlot.

reset

set samples 20

set isosamples 21

set view 60,30,1,1

set xlabel "Re(z)" -5,-2
set ylabel "Im(z)" 4,-1



set zlabel "Abs (F)"

set title "3D Function Profile"

set contour

set cntrparam bspline

#set cntrparam levels 11

splot 'Profile3D.dat' u 1:2:3 w 1 1
pause -1 "Hit ENTER to continue"

set grid
set view 0,90,1,1
set xlabel "Im(z)" -5,-2

set ylabel "Re(z)" 4,-1

set title "Contour Function Profile"
set nosurface

set cntrparam levels auto 25

splot 'Profile3D.dat' u 2:1:3 w 1 1
pause -1 "Hit ENTER to end"

3agaHue Ne 10

TecToBble 3HaYEHUSI JIsI IPOBEPKU MTPABUIIBHOCTU paOOThI IPOTPAMMBI:
e a=0.1; b=06; n=0; result=0.5

a=0.1; b=0.6; n=1; result=1.82157

a=0.1; b=0.6; n=2; result=8.50495

a=0.1; b=0.6; n=3; result=49.5328

a=0.1; b=0.6; n=4; result=337.473

L I R R 4
1
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Tema Ne 6. MHorocpamnoBble nporpaMmmbl

Ha opmaHHOM 3aHSATMM HEOOXOIMMO TO3HAKOMHUTBCA C OCHOBHBIMHU
YHUCICHHBIMU METOJIaMH, NMPUMEHSIEMbIMH KaK CaMOCTOATENbHO, TaK U B
cocTaBe 0oJiee CIOKHBIX YHUCIEHHBIX AJITOPUTMOB: METOJAaMH BBIUHCIICHUS
MPOM3BOJHBIX, MHTEIPAJIOB M DELICHUs HEIMHEHWHBIX ypaBHeHHH. Kpome
TOTO, HY’)KHO HAy4UThCs paboTaTh ¢ mpoekTamu Popmpana, COCTOSITIMH U3
HECKOJIBKHX (paifsioB.

Cnucok 3adaHull

3agaHue Ne 1

Hamucare mporenypy, KoTopas BBIYHCISIET TPOWM3BOJHYIO 3aJIaHHOW TTOJIb30BareneM (yHKIIUH
f(x) 3amaEEBIM MeTOmOM (IO OTIPE/ICTICHUIO, C TIOMOIIBI0 3-X W 5-U TOUEUHOH CXEMBI) C
3aJaHHOU TOYHOCTERIO €.

3ameuanne: Jlns pacueroB B3ath QyHKIMIO f (x)=x"—e". CpaBHUTH NOJYYEHHOE 3HAYEHHE C
TOYHBIM (aHAJUTUYECKU BBIUMCIIEHHBIM) 3HAUE€HHEM IPOM3BOAHOM B 3ajaHHOU Touke. OCHOBHBIE
pacdeTHbIe (DOPMYITBI B PEKOMEHIAINY TI0 OPTaHU3aLMHU TIPOTPAMMBI IIPUBEICHEI B Pexomendayusix
N0 GbINOJHEeHUl0 3TOTO 33JaHus. B KauecTBe MOMONHUTENBHOIO 3a/aHUSl BBIYMCIUTE BTOPYIO
MPOM3BOJHYIO OT 33/IaHHON (DYHKIIMHU U CPAaBHUTE C AaHATTUTHUYCCKU BHIYMCICHHBIM 3HAUCHHEM.

3apgaHue Ne 2

Hanmcars npouenypy, KOTopast BBIYUCISET ONPENEICHHBINA HHTErPal

szf(x) dx

3aJlaHHBIM ~ METOAOM  (JI€BBIX MPSAMOYTOJBHUKOB, IIPAaBBIX IMPSIMOYTONLHUKOB U  CPEIHHX
IPSAMOYTOJIBLHUKOB) € 3aJ@HHOH  TOYHOCTBIO €. Jlns  pacueToB  B3ATh  (DYHKIIHIO
f(x)=sin(2V(x)). CpaBHUTb pe3yJIbTAT C AHATUTHYECKH BBIYUCIEHHBIM 3HAYCHUEM.

3ameuanue: 3HaueHUE HEOIPEJEICHHOIO HMHTErpaja OT 3aJaHHON (QYyHKUMU (C TOYHOCTBIO [0
KOHCTaHThl UHTETPUPOBAHUS) PABHO:

1 .
55111(2 \/;)f\/}cos(Z \/})
OcHOBHBIE pacueTHbIE (OPMYIIbI IIPUBEIEHBI B PekomeHO0ayusx no 6binoaHeHuro 3TOro 3alaHusl.

3agaHue Ne 3

BpraucnuTe nHTErpai ¢ 3a1aHHON TOYHOCTBEO COCTABHBIM METOAOM TpAIEIUN

12
dx

| 7=
04 V3+x
[Tony4yeHHBIi OTBET CpaBHHUTE C TeCTOBbIM 3HaueHuem: 0.41784

3ameuanue: OcHOBHbBIE pacueTHbIE (HOPMYIIbI IPUBEACHBI B Pexomenoayusx no binoiHeHuo 3Toro
3a/1aHusl.
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3apaHue Ne 4

Brranciouts HUHTCIrpaa C 3aI[aHHOI\/JI TOYHOCTBIO COCTaBHBIM METOI0OM Cumriicona

2 sin(xz—l)

!32&

[TonmydeHHBI OTBET CPaBHHUTE ¢ TeCTOBBIM 3HadueHuem: 0.213079

dx

3ameuanue: OCHOBHBIE pacueTHbIe (POPMYIIbI IPUBENEHBI B Pexomenoayusx no ebinoiHeHuo 3T0ro
3aJjaHusl.

3agaHue Ne 5
C IIOMOLIBIO PaAHCC paBpa6OTaHHHX mnpoucayp BBIYUCIIHUTD ILBYMepHBIﬁ HUHTCIpal C 3a)laHHOI71
TOYHOCTBIO:

2

11
X
'(['of1+y2 dx dy

TT

HOJ'Iy‘ICHHBIﬁ OTBET CPABHUTEC C TCCTOBBIM 3HAUYCHHUECM: E

3apaHue Ne 6

C nomomipio paHee pa3pabOTaHHBIX MPOIEAYP BBIUKUCIUTH C 33JaHHOM TOYHOCTBHIO MHTErpall Ha
oJyOeCKOHEYHOM MHTErpare:

s e Y
[erss 4«
0 x+2

[Tony4yeHHBIi OTBET CpaBHHUTE C TECTOBBIM 3HaueHueM: 1.24827

3ameuanue: MeToauka BBIUUCIICHUN NIPUBE/ICHA B paszene Pexomenoayusx no 6binoIHeHuio 3T0ro
3aJlaHusl.

3apgaHue Ne 7

Hanucare npouenypy, KoTopass HaXOJUT pELIEHHE HEIMHEMHOro ypaBHEHUS METOAOM JAEJICHUS
orpe3ka mnomnojgamM. C IOMOIIBIO 3TOM MNpOLELyphl C 3aJaHHOM TOYHOCTBIO HAWTH IIEPBBII
MOJIOKUTENbHBIN KOPEHb YPaBHEHUS

2
X cos(2x)=—1
[TonmydeHHBI OTBET CPABHUTE C TSCTOBBIM 3HAUCHHEM.
3ameuanue: OCHOBHBIE pacueTHbIE (hOPMYJIBI M TECTOBOE 3HAYCHHE MPUBENEHBI B Pexomeroayusnx
N0 BbINOJIHEHUIO YTOTO 3aJaHuU.
3apaHue Ne 8

Hamucars npouenypy, KOTopasi HAXOAUT PELICHUE HEJIMHEMHOTO YPaBHEHUS METOIOM KacCaTeIIbHbIX.
C noMoOI1IbIO ATOI MPOLIEAYPHI C 3aJAHHOW TOYHOCTHIO HAWTH PEILICHUE YPABHEHUSI

3x—cos(x)—1=0
[Toy4€eHHBIH OTBET CPABHUTE C TECTOBBIM 3HAYECHHUEM.

3ameuanue: OCHOBHBIE pacyeTHbIe (POPMYIIBI U TECTOBBIE IPUMEPHI IPUBEIEHBI B Pekomenoayusx
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no 6bINOJIHEHUIO OTOTO 3aaHusl.

3agaHue Ne 9

Hanucare npouenypy, KoTopass HAXOAUT PELIEHUE HEJIMHEHHOTO YpaBHEHUsI METOAOM ceKkymux. C
MOMOIIBIO ATOM MPOLEAYPHl C 33aJaHHOW TOYHOCTHIO HAWTH MEPBBIM MOJOXKHUTEIBHBIA KOPEHb
ypaBHEHUS

2
tg(0.3x+0.4)=x
HOJ'Iy‘ICHHBIﬁ OTBCT CPABHUTC C TCCTOBBIM 3HAYCHUCM.
3ameuanue: OCHOBHBIC pacyeTHBIE (POPMYIIBI U TECTOBBIE TPUMEPHI IPUBEICHBI B Pekomenoayusx
Nno 6blNOJIHEeHUI0 3TOT0 3aJaHus.
3agaHue Ne 10

Hanucare npouenypy, KoTopas HaXOAUT pPEUICHHE HEJIMHEHHOTO YpaBHEHMsI METOAOM OOpaTHOM
KBaJIpaTu4yHON MHTepHoasanuu. C MOMOIIBIO 3TOM MOANPOrpaMMBI C 3aJaHHOM TOYHOCTBIO HAaWTH
IIEPBBIE 1BA KOPHS YPABHEHUS

3
x —e' =0
HOJ’Iy‘JGHHBIfI OTBECT CpaBHI/ITe C TCCTOBBIMH 3HAUYCHUSIMMU.
3ameuanue: OCHOBHBIC pacyeTHbIC (POPMYJIBI M TECTOBBIC IPUMEPHI MPUBEIICHBI B Pexomenoayusx
Nno B6blNOJIHEeHUI0 3TOT0 3adaHUsl.
3aagaHue Ne 11

Hanncare npouenypy, KoTopas HaXOAUT PEIICHHE HEIMHEHHOTO ypaBHeHUs1 metogoM Mromiepa. C
MOMOIIBI0 ATOM MPOLEAYPhl C 3aJaHHOM TOYHOCTHIO HAWTH KOMIUIEKCHBIA KOPEHb C
MUHHUMAJIbHBIMU TTOJIO)KUTEIbHBIMU BEIIECTBEHHONW U MHUMOM YacTSIMH /Uil ypaBHEHUS

e -02z+1=0
IToy4eHHBIN OTBET CPABHUTE C TECTOBBIM 3HAUCHUEM.
3ameuanue: OCHOBHBIE pacyeTHbIE (POPMYIIBI U TECTOBBIE IIPUMEPHI IPUBEIEHBI B Pekomenoayusx
10 6bINOJHEHUIO ITOTO 3aJAHHS.
3agaHue Ne 12
[Tpu nomou pazpaboTaHHBIX TPOLEAYP € 3aJaHHOM TOYHOCTHIO PEIINTh YpaBHEHHE:

K(x)-p,=0

N S

.2
0 V1—xsin“¢t
31ech MapaMeTp pP; MOXKET MPUHUMATh 3HAUECHHs] U3 JIMalla30Ha p,=T/2. Jns 3amaHHOrO

SHAYCHUS IMapaMeTpa CHavalia HOKaHH3yﬁTC KOPCHb YpaBHCHU:. HOHy‘leHHLII\/'I OTBECT CPABHUTC C
TC€CTOBBIM 3HAYCHUEM.

K(x)= dt

3ameuanue: OcHOBHBIE pacueTHbIe (POPMYIIBI U TECTOBBIC IPUMEPHI PUBEACHBI B Pexomeroayusax
1O 8bINOIHEHUIO ITOTO 3aJaHMSL.
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PekomeHdayuu no ebinosIHeHUo

3apaHue Ne 1

Jns toro, uytoObl YWCIEHHO C 3aJaHHOM TOYHOCTBHIO € IMOJYYUTh 3HAYEHHE IPOU3BOJHON
dynxumn  f (X) HeoOX0aMMO CO31aTh MOCIIENOBATENLHOCTD:

f'(x)~D,,

e D, ompenensercs METOIOM, KOTOPBIN UCIIONL3YETCS 11l BHIYMCIICHUIA:
» TI0 ONIPEJICIICHUIO:
flx+107h)= f(x)
10~ A

n

> 3-X TOUeyHas cxema:
Flx+107"n)= flx—107"A)
2-10 "k

D =

n

> 5-" TodyeyHas cxema:
— flx+2:107%n)+8 Flx+107"n)—8 F(x=10"h)+ £ (x—2-10" 4]
12:10 “h

D,=

s k=0,1,2,...,n 10 Tex mop, noka He OyJET BHIMOIHEHO XOTS ObI OTHO HEPABEHCTBO:

|Dn+1_Dn|>|Dn_Dn—1

, wm |D,—D, |<e

I[Tpu 5TOM mpousBoaHas PyHKIUM f B yKa3aHHOW TOuKe X OymeT npuoOnukeHHo pasua D, .
PexomeHnyercst monpoOoBaTh pean30BaTh BBIYUCIUTENBHYIO TPOTPAMMY, COCTOSIIIYIO U3
CIIEAYIOMX POLENYp:
¢ (QyHKIMS, TPOU3BOJHYIO KOTOPOM HY)KHO BBIUMCINTE: function fun (x)
¢ (QYHKIMS, BBIYHCISIONIAS TMPOU3BOIHYIO C 3aJaHHBIM IaroM (sl 3-X TOYEYHOH CXEeMBbI):
function der3pt(x, h, f), e x — To4ka, B KOTOPOU BBIUMCISETCS MPOU3BOIHAS,
h —mar, ¢ KOTOPBIM HY)XKHO TIPOBECTH BBIYHCIEHHUE, f — (YHKIIHS, MPOU3BOTHAS KOTOPOM
BBIUUCIIAECTCS IIPOTPaAMMOM
¢ (yHKOMA, BBIYHCIAIONIAS MPOW3BOAHYIO B 3aJaHHOM TOYKE C 3aJaHHOM TOYHOCTBIO OT
3aJjlaHHON (YHKIMH 33aJaHHbIM MeTogoM: function D(x, tol, f, meth), rme x —
TOYKA, B KOTOPOM BBIYUCIAECTCS NPOU3BOJAHAA, toOl — TOYHOCTh, C KOTOPOM HYKHO
MPOBECTU BBIUUCICHHE, £ — (QDYHKIUS, MPOU3BOTHAS KOTOPOW BBIYUCISICTCS MPOTPAMMOi,
meth — MeTox ¢ 3aJaHHBIM LI1AaroM, ¢ IIOMOIIBI0 KOTOPOIO IIPOU3BOJAUTCS BEIYMCIICHUE
4 OCHOBHAas porpaMma, OpraHU3yroast BEIYUCICHUE

[IpeumyiecTBa Takoi OpraHU3aluy IPOTrPaMMBI:

¢ Jlerko MOXHO BBIYUCIUTH IMPOU3BOAHYIO JH000H (YHKIIMU — OHA MepeeTcs KaK napaMmeTp
U TJIaBHOE, YTOOBl OHA NMpPUHUMAJIa OJUH apryMEHT — 3Ha4€HHE BELECTBEHHOIO TUIA U
BO3Bpalllajia BEIIECTBEHHBIN pe3y/bTar.

¢ MOXXHO O4EHb NIPOCTO YIPABIATH METOJOM, C IIOMOIIBI0 KOTOPOTO MMPOUCXOIUT BBIUNCIIEHHE
— METOJ] IPOCTO NepeaeTcs Kak mapaMeTp Mpu BbeI3oBe PpyHKIMU nuddepeHupoBaHus.

¢ OueHb IPOCTO pacHIMPATH MPOrpaMMy — MOMKHO JOINNCAaThb HOBBIM METOJ BBIUYMCIICHUS
MIPOM3BOAHON C 3a/JlaHHBIM IIIarOM W MepenaTb Kak apryMeHT MpH BBI30BE (QYHKIUU
mudepeHnmpoBanus. [T1aBHOe — cornacoBats HHTEp(dENC BbI30BA.
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3apgaHue Ne 2

JIns1 BBIUMCTIEHUS OTIPEICTICHOTO UHTETpaia

b
f f(x) dx
a
MOJXKHO  BOCIIONI30BaTbCs  COCTAaBHBIM ~ METOIOM  IPAMOYIOJBHUKOB. IlycTh  MHTEpBal
. _b—a
MHTErpupoBaHus |a,b] pas6ur Ha n dyacTelt ¢ marom A= , Torna nPUOIMKEHHOE

3HAYECHUE UHTETPajIa MOXKHO IOIYYUTh:
» METOJIOM JICBBIX PSMOYTOJILHHUKOB:

n—1

[flx) dx =~ h~;f(xi)

» METOJIOM TPaBBIX MPSIMOYTOJIEHUKOB!

n

[ r(x)dx ~ nY flx)

i=1

» METOJIOM CPEHHX MPSIMOYTOJIbHUKOB:

Jra)de ~ nXy

h
=
X; )

Bpece X,=a+i-h (i=0,1,...,n). bynem cuntarh, 4YTO HWHTErpaj BBIYMCIECH C 3aJaHHOU
TOYHOCTBIO &, €CIM TPH IOCJIEIOBATEILHOM YABOCHHM IIaroB OylAeT BBITIOJHEHO YCIIOBUE

I, —1,,|<€. 3necy I, u I,, — UHTErPajbHbIC CyMMbI, IOCYMTAHHBIC UII 7 W 271 IIaroBs
pazOueHus.

3apaHue Ne 3

I[J'IH BBIYUCIICHUA OIIPCACIICHOTIO HHTCTpAJIa

[ F(x) dx

MOXXHO BOCIIOJB30BAaTbCA COCTABHBIM METOIOM TpaHeI.[HfI. HYCTB HHTCPBAJI HHTCTPUPOBAHUA

. —a
[a,b] pa3bur Ha n wacTeii ¢ marom hZT. Torma mpubmmxeHHOE 3HAYEHHE HWHTErpaa
MOYKHO IOJIYYUTh IO popmyre:

b
1 1
[fx) dx ~ & S IRV, Y,

3necy X, =a+i-h (i=0,1,...,n), y,:f(xi) — 3HaucHUs (YHKIMU HA KOHIIAX OTPE3KOB.
bynem cuuTtarh, 4YTO HMHTErpajJl BBIYMCIEH C 3aJaHHOM TOYHOCTBIO €, €CIH IIpPH
IOCIIE0BATENFHOM YIBOGHHH WIAroB OymerT BeimomueHo yciosue |/,—1,,/<€. 3mecs I, m
l,, — wHTErpajbHble CyMMBI, TOCUMTAHHBIE JUII 7 W 27 IIaroB pa3OUeHwus.

3agaHue Ne 4

Jlnst BBIUMCTIEHUS OTIPEICIICHOTO UHTETpaia

_[f(x) dx

a
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MOKHO BOCIIOJIb30BaThCsl COCTaBHbIM MeTosioM CumrmcoHa. IlycTe uHTEpBan HMHTETPUPOBAHUS

b_
la,b] pasz6ur Ha n wuacteii ¢ marom A= a Torna nmpuOIMKEHHOE 3HAUCHUE WHTErpalia
MOXHO TIOJIYYHUTh 110 popMmyrie:
f h
Jflx) dx ~ o oty d it vty T 2y, )
3necy X, =a+i-h (i=0,1,...,n), y,:f(x,-) — 3HaYeHUs (PYHKIMH Ha KOHIIAX OTPE3KOB.

Bynem cuuTtarh, 4YTO MWHTErpaJl BBIYMCIEH C 33JaHHOA TOYHOCTBIO €, €CIM IpHU
MOCJICIOBATEIbHOM YIBOCHHHM IIaroB Oy/leT BBITIOJIHEHO YCJIOBHE 1 21 zn|<s. 3nece 1, wu
I,, — uHTErpajbHBIE CyMMBL, IOCUYUTAHHBIE IS 7 W 27 IIAroB Pa3OUeHHs.

3agaHue Ne 6

Brruncienne mHTErpana npu OSCKOHEYHBIX IpenesiaX 3aBUCHT OT IMOBEACHUS IOJBIHTEIPAIbHOM
¢byHkun Ha 6eckoHeUHOCTH. Eciam nmoapiHTerpanbHas GyHKIHS yOBIBACT JOCTATOYHO OBICTPO, KaK
B NPUBEICHHOM 33JaHUU, TO JIETKO YHCJIEHHO BBIYMCINTH BEPXHUM Ipelesl WHTETPUPOBAHMSA,
JlaNbIlle KOTOPOTO MATH HE MMEET CMbICia. B 3T0 ciyyae MHTErpHpOBaHUE MPOU3BOAUTCS KaK-Obl
110 KOHEYHOMY MHTEpBay. 3aTeM MOKHO YBEIMYHUThH BHIOPAHHBIN BEPXHHUN TPEIe)l HHTETPUPOBAHUS
B TIOJITOpA — /IBa pa3a U yOEAUTHCS, YTO U3MEHEHUE OTBETA HE MPEBBIIACT 3aKa3aHHYIO0 TOYHOCTb.
Ecnu 510 He Tak, TO mepBOHayYanbHas OIEHKA BEPXHEro Ipezeiia HeBEpHA, U CIIEAYET MOBTOPUTH
NPOJICIAHHYI0  BBIYMCIUTEIBHYIO TPOLEAYpPY, T.€. CHOBAa YBEIMYUTh BEPXHHUHA Tpenen
MHTETPUPOBAHMS, M TaK JI0 T€X MOP, IOKa He OyJeT JOCTUTHYTa TpeOyemasi TOUHOCTb.

O6wme 3ameyaHua No meToAamM peLUeHUs1 HeFIMHENHbIX YpaBHEHUN

[Touck xopHeii (B 00IIeM ciiydae KOMIUIEKCHBIX) HEIMHEHHOTO YPaBHEHUS C OJHUM HEU3BECTHBIM
f(x)=0

BBINIOJIHACTCS B JBa dTama. Ha mepBoM 3Tame OCYIIECTBISIETCS JI0OKAIU3AYUs KOPHA, T.C.
ompesienseTcs Takoil oTpe3ok [a,b], Ha kotopom mccnexyemas dynkuus f (X) umeer crporo
OIMH KOPEHb. ODTOT OTPE30K HA3BIBAIOT oOmpeskom Jjokaauzayuu KopHs X. Ha Bropom stame
BBITIOJTHSACTCST TOUCK KOPHS Ha OTpe3Ke JoKanu3auuu. JloKanm3anmuro KOpHs OyaeM NpOBOIHTH
rpaduIeCcKIM METOJIOM.

[Ipn BBIYMCICHUN KOPHS HEJMHEWHOTO ypaBHEHHS OLEHKY TOYHOCTH HAaXOXKACHHS KOPHS MOXKHO
MPOBOANTH HEKCONILKMMU criocobamu. Eciin ypaBHEHHE «XOpoiiee», TO 3TH METObl MPAKTUICCKH
HKBUBAJIEHTHbI. OOBIYHO, KOpEHb YPABHEHUS CUMTAETCS HAWJEHHBIM, €CJIU JHMOO BBINOJIHACTCS
mepapenctBo |x""V—x"|<e, rme xY x¥ — nBa mocnemoBaTenbHBIX IPUOIMKEHHS K KOPHIO
(MU TpaHMIIBI MHTEpBala JIOKAJW3allMu KOpHs), & — TpeOyeMas TOYHOCTh pacyeroB, MO0
Bimonasiercst HepasernctBo | f(x'¥))|<e. HMuorma mpu pacuerax HCIONB3YIOT KOMOHHMPOBAHHBIIL

KpUTEpUH.

3apgaHue Ne 7
TectoBoe 3HaueHue: 1.18321

JIns TpUMEHeHHs MeTo/a JMXOTOMHHM HEOOXOIMMO KOPpeKTHoe ykasaHue |a,b| — orpeska
noKanmamuu KopHs. Ilpexmomaraercs, uto f (X) HempepbiBHA B OKPECTHOCTH KOPHS U HMEET
pasIMuUHBIC 3HAKM HA KOHIAX MHTepBana nokammsamuu |(f (a) f(a)<0). Ha xaxnoi urepamun
OTPE30K JIOKAIM3aLUK KOPHS JIEJUTCS HOMOoJNaM M B KauecTBE HOBOTO OTPE3Ka BHIOMPAETCS Ta U3
TMOJIOBMH, Ha KOHIAX KOTopoil (gyHkius f (X) uMeer 3HaueHMs pasHBIX 3HAKOB. OOBIYHO,
BBIUMCIIEHHS] TPEKPAlIaloT KOIJa JJIMHHA HOBOTO OTpe3Ka JIOKAJIM3AIMU CTAHOBHTCS MEHBIIIE
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TpebGyeMoii TouHOCTH pacueToB |@—b|<e. Torma B KauecTBe KOPHS MOXHO HCIIONb30BATH
3HauUeHHE CepeAMHbl (MHAIBHOTO OTpe3Ka JOKAIM3aluu KOpHA. MeTon IUXOTOMHUHM o0najgaer
I00aJbHON CXOMMMOCTBIO, YTO 3HAYMT, €CIIM Ha 3alaHHOM HMHTEpBaje (YHKIHMS HENpepbIBHA M
UMeeT pa3Hble 3HaKH Ha KOHIIAaX, TO KOPEHb Oy/leT 00s3aTeIbHO Hal/IeH.

PexoMeHnanuu: Bo BpeMs BBIYUCICHUH [IEHTP OTPe3Ka JIOKATHU3AIMH KOPHS JTy4Ille BBIYUCISATE 110
dbopmyre

b—a
xX=a+
2
3apaHue Ne 8
TecroBoe 3nHauenue: 0.607102
MeTton kacarenbHbIX (€ro emie Has3blBaloT MeToAoM HpI0TOHAa) — 3TO METOoJ, MCIOJIBb3YIOLIUI

CIIELUAJIbHYIO JIMHEAPHU3ALUIO 3a/1a4M, CBOASIIYIO PEIIEHUE UCXOAHOTO HEIMHEHHOro ypaBHEHUS K
PELICHUI0 TOCHEAOBATEIbHOCTA JIMHEMHBIX ypaBHEHW. B gaHHOM wMeTone MJisi HOBOE
HPHOIMKEHUE K KOPHIO YpaHeHus [ (x)=0 BbIUHCISIETCS IO bopmyre:
<k>)
(k1) (k) f(x
X X -

_ L)
)

Cnenyer ydecTb, YTO JaHHBIM METOJ HE BCEIIa MPHUBOAUT K ycmexy. Tak, Hampumep, eciu

MMpoOu3BOAHAA MaJjla, TO METOA MOXKCT HC COMNTHUCE.

Pexomenanmu: Bo BpeMs HalMCAHUS NPOTPaMMbl YUECTb, UTO IIPOM3BOAHAS, HEOOXOAMMAs U1
BBIYHCJICHHUS] HOBOTO MPUOMMKEHUS K KOPHIO, MOXKET OBbITh BBIYMCIICHA WM AHATUTHYECKH, WU
YHUCICHHO. DTO MOXHO MPEIYCMOTPETh ¢ MOMOIIBI0 HE00s3aTebHOTO (POPMAJIBHOTO MapaMeTpa —
GyHKIMM, KOTOpas aHaJUTHYECKH BBIYMCISET MPOU3BOAHYI0. Eciu 3TOT apryMeHT ykazaH MHpH
BBI30BE IPOLEAYPHI, TO MPOU3BOJHAS BBIUUCIISETCS AaHAIUTUYECKH, €CIIM HET — TO BBIYUCIISAETCA
YHCJIEHHO C IOMOIIBIO paHee pa3padOoTaHHBIX MPOLETYP BHIUMUCICHUS TPOU3BOTHOM.

3apgaHue Ne 9
TecrtoBoe 3Hauenue: 0.886345

MeTon CeKymMX MOXHO pacCMaTpuBaTh Kak MOAM(MHKAIMIO MeTona HBIOTOHAa, B KOTOPOM
NpOU3BOAHAS 3aMEHEHa KOHEYHO — PAa3sHOCTHBIM INPUOIMKEHHEM. DTOT METO[ SBISETCS
«IBYXIIATOBBIM» — JUIS BBIYUCICHHS HOBOTO NpHOMMAKeHHs K KkopHIo x'“*! HyxHO 3HaTh jBa
npeapinymux npubmmkenns x'*', x*~'. B nanHOM MeToze /U1 HOBOE MPUOIIKEHHE K KOPHIO

ypanenuss f (x)=0 Bwluncnsercs no Gopmye:

x(k+1):x(k)_ X :x (k)) f(x(k)).

3agaHue Ne 10
TecrtoBbie 3Hauenus: 1.85718, 4.5364

Wnest MmeToa 0OpaTHOM KBaIpaTHUHON MHTEPTIOISAIIMNA COCTOUT B TOM, YTOOBI 110 paHEe HANJICHHBIM
TpeM  TPUOIHKEHUSAM x*2 x“‘_”, PaS KOpHIO  ypaBHeHMs V= f(x) Haiitn
cienymooliee TpUOIMKEHHE Pt Jns STOrO B [JaHHOM METOJE CTPOUTCS KBaJpaTUYHBIN

MHOTOYJICH, TAKOH, 4TO:
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*=pyl £ (2],

rie i=k—2,k—1,k 3aouepeaHoe NpUOIMKEHUE K KOPHIO IPUHUMAETCS x(k“):Pz (0)

MeTon Ha3bIBae€TCS TPEXIIArOBHUM, ITOCKOJBKY JUIS TIOIYYSHHUS OUEPETHOTO MPUOIMKCHHS HYXHO
HalTH TpU NpeAbIAyIuX. HeoOXUAUMBIM YCIOBHEM IMOCTPOEHHS MHOrouwieHa P ,(y) smasercs
pasznuyue 3HaYCHUH [ (x(i )), Ko>purmentsr a, b, ¢ wmHorounena P,(y)=a- Y +b-y+c
MONTYYaIOTCS B PE3YJIBTATE PEIICHUsI CUCTEMBI JIMHEWHBIX YpaBHEHUN

)2 _ _
a-(y(k 2)) + b-y(k T4 o= LY
“1\? _ _
a-(y“‘ 1)) + b-y“‘ T (k=1)
2
a'(y(k)) + b'y(k) + ¢ = ¥
B otopoit y'=f(x"), i=k—2,k—1,k. Tlocine BBUKCICHHUIT IOTYUNM:
(k=1), (k) (k=2), (k)
x("“)sz(O):x“"z) y_ Y +x*D y ¥ +
(k=2) (k—1) (k=2) (k) (k—1) (k=2) (k=1) (k)
(=) (=) =y 2=y
(k=2) _ (k=1)
+x® Yy 'y

(k)_ (k=2) (k)__ (k=1)

=y B2 =y

MeTon oOpaTHOM KBaJpaTUYHONW MHTEPHOISLIUHN 00J1a/1aeT JIOKAIbHON CXOIMMOCTBIO M JUIsl Hayaia
ero paboTel TpeOyeTcs 3aJaHue TPEX «XOPOIINX» HadallbHbIX MPUOIMKEHUI.

3agaHue Ne 11
TecrtoBoe 3Hauenue: 0.106675+2.6459-i

Jlnst onpeeneHnsl KOMIUIEKCHBIX KopHeil ypaBHeHHs [ (z)=0 MO0XHO BOCIOJIB30BaThCsl METOIOM
Miromnepa. Metoa siIBIsieTCs TPEXIIaroBbIM M OCHOBAaH Ha MPUMEPHO TeX K€ HJESX, YTO U METOJ
00paTHO KBaJpaTUYHON MHTEPHONAIMH. B 1aHHOM MeTone /Ui MoMCcKa OYepeHOTO MPUOINKESHHUS

K KODHIO HEOOXOMMMBI TpPHM paHee HaiijeHHble mnpubmmkenus z 2, %V 0 g

coorserctBytonme 3uauenns dynkman £ (2572) £ £(z%). Tlo stuM Tpem Touxam

COCTABIISIETCS €IMHCTBEHHAs KBAAPATHUHBIH momuHoM P,(Z), wHTepmomupyrommii >t TouKw,

Te. Takoi, uro P,(z”)=f(z"), mma i=k—2,k—1,k 3a ouepemmoe mnpuGmmkenue z**

NPUHUMAETCS TOT U3 IBYX KopHeil MHorounena P,(z), koTopslii Gmmke pacnonoxkes k2
2
Koopduuuenter ¢, ¢,, €3 MHorowieHa P,(z)=c,;-z +c, z+c; TOIydaroTcs B pe3yibTa-

T€ PEIICHMS CUCTEMBI IUHEHHBIX YPABHEHUHN

cl-(z(k*ﬂ)2 + cz-z(kfz) + ¢, = (k=2)
l-(z(k_1>)2 + cz-z(k_l) + ¢y = (k=1
cl-(z(k))2 + cz-z(k) + ¢, = (k)
B KOTOpOU y(i):f(z(i)), i=k—2,k—1,k. Ilocne BBIYUCICHUH MOTYyUUM:
y<k),(Z(k—2>_Z<k—1>)+y(k—z),(zuc—1>_Z<k>)+y<k—1),(z(k)_Z(k—z))
aG = (3 ] =2 ) [0 )
y(k).((z(k—l))z_(Z(kfz))z)_l_y(kfl)_((Z(kfz))z_(z(k))Z)_l_y(k—2)_((Z(k))Z_(Z(kfl))Z)

Cr,=
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(k)-z(k_z)-(z(k_z)—z<k_1))-z(k_l)+z(k)-(y(k_z)-z(k_l)-(z(k_l)—z(k))+y

(Z(kfz)_z(kfl))_(z(kfz) _Z(k))_(z(/c—l)_z<k>)

[Tomyuenubie HOpMYIBI HEOOXOIMMO TTPOBEPUTH.

y <k—1)_Z(k—2)_(Z(k)_z(k—2>))

C3=

3agaHue Ne 12

KopeHb ypaBHeHHS JIOKanM30BaH Ha orpeske 0<x<1. JIna p,=37/4 xopeHb ypaBHEHHS
npubmmxaeHHo paBeH 0.838929.
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Tema Ne 7. MHorocpannoBble nporpammbl. Moaynu

Ha panHOM 3aHATHMM HEOOXOAMMO TIO3HAKOMUTHCS C HEKOTOPBIMU
YHUCICHHBIMU METOJaMM, NPUMEHSEMBIMU JUIS PELICHUS OOBIKHOBEHHBIX
maddepeHnnanbHbIX ypaBHEHUH TiepBOro mopsiaka. Kpome Toro, HyXHO
IPOJOJDKUTE MPAKTUKY paboThl ¢ MpoektaMu Popmpana, COCTOSIUMH U3
HECKOJIbKUX (DaiiJIoB W W3yYUTh HCIOJIH30BAaHUE HOBOW MPOTPAMMHOM
enuHULbI Popmpana —MOIYNS U1 XpaHEHUS TII00ATbHBIX TaHHBIX.

Cnucok 3adaHull

3agaHue Ne 1

HaiiTi uncnenHnoe penieHre 0ObIKHOBEHHOTO AU PEpEeHIINaTIbHOTO ypaBHEHUS

dy(t) =y(t)-1+1
dt
C 3aJaHHON TOYHOCTBIO € Ha WHTepBane /€[a,b| ¢ 3a7aHHBIM HAYaNbHBIM  YCIOBHEM
y(a)=«.
Jis pacueroB B3aTh £=10", a=0, b=2, «=-0.5,-04,...,0.5. Bo BpeMss Kaxm0ro
BBIUHCJICHUSI CPAaBHUTh TOMYyYEHHBIM YHUCICHHBIM pa3yldbTaT C «TOYHBIM»  (TIOJYYCHHBIM
aHajguTH4ecku) permerreM. C momoIrsto mporpaMmbel GnuPlot mocTpouTs 001U TpaduK.

HeoOxonumble YnCIEHHBIE METOJbI, BO3MOXKHAS CTPYKTypa pacueTHOIl MporpaMmbl U CTPYKTypa
BXOJIHBIX — BBIXOJHBIX (DailyIOB IPUBEAECHBI B PexoMeHoayusax no 6blnoaHeHuio JAaHHOTO 3a1aHusl.

3apgaHue Ne 2

J51st 0OBIKHOBEHHOTO (P PepeHIINaTbHOTO YPaBHEHHS

dy(t) =y(t)-£+1

dt
HalTH C 3aaHHOM TOYHOCTBIO € Takoe HauanbHoe yciopue »(0), YTOOBI Ha KOHIlE MHTEpBAJA
WHTErpupoBanus (/=2) momyuuth 3ajanHoe 3Hadenue QyHkimu (y(2)=1). ITomyuurs
pelnieHne OOBIKHOBEHHOTO JU(P(PEPEHINATFHOIO YPAaBHEHUS C 33JaHHBIM HavaJlbHBIM YCIOBHEM,
CPaBHUTb C aHAIUTUYECKU MOTYYEHHBIM pellIeHUeM, MOCTPOUTh rpaduk B nporpamme GnuPlot.

3ameuyaHus 10 BBHITIOJTHEHHIO IMPHUBCACHLI B PekomeHdauuﬂx Nno 6blNOJIHEeHUO NJAHHOTO 3aaHHs.

3apgaHue Ne 3

C momomipro pa3pa0OTaHHBIX HAa JaHHOM 3aHITHU TIPOLEAYpP NONYYHUTh YHUCICHHOE peIIeHUEe
OOBIKHOBEHHOTO AU PepeHIInaTbHOTO YpaBHEHUS

dy(t >

L)=B-y(t)—t +1

dt
C 3aJaHHOM TOYHOCTBIO & Ha WHTepBane [€[a,b| ¢ 3a7aHHBIM HAYaNbHBIM  YCIOBHEM

y(a)=wo. Jlng pacueto B3aTh £=10"", a=0, b=2, Heckonbko 3HaueHmii ® u B. Bo

BpPEeMSl KXKJOTO BBIYMCIICHUS CPAaBHUTh TOJYYCHHBIM YHCICHHBIH pPa3ylbTaT C «TOYHBIM))
(moy4eHHBIM aHaIUTUYeCKH) pemieHreM. C moMomnpio nporpammbl GnuPlot mocTpouTh rpaduk
MOJTYYEHHOTO YHCIIEHHOTO PEIICHUSI.
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3aMedaHus 110 BBIIIOJTHEHUIO IMPUBCACHLI B P@KOM@H()CII/;M}ZX NO 6bINOJIHEHUIO JAHHOI'O 3aJaHHA.

PekomeHdauuu o 8bIfnoJIHeHUr

3agaHue Ne 1

OcHoOBHBIC 3aMeYaHHA 110 PeIICHUI0 00BIKHOBEHHBIX TH((epeHnnaNbHbIX YPABHEHHI

Hns  sddexTuBHOrO pemeHus CUCTeMbl OOBIKHOBEHHBIX JU((epeHlHaIbHbIX YpaBHEHUI
PEKOMEHAYETCSI NMPUMEHATh METOJ C IEPEMEHHBIM IIarOM HMHTErpUpoBaHMA. Benuunmua 3TOrO
NEepeMEHHOro 1ara Oyaer BbIOMpaTbcs caMoil IporpaMMoil  (McXoAss U3  3a/1aBaeMoro
MO0JIb30BAaTENIEM HayaJlbHOTO 3HAYEHHUS) TAaKUM OOpa3oM, 4YTOObI YIOBIETBOPUTH HEKOTOPOMY
KPUTEPHUIO JOCTHKEHUS TPeOyeMOl TOYHOCTU MPUOJIMKEHHOTO PELICHHUS.

HeoOxomumo otMeTuth, 4to Qopmynsl PyHre — Kyrta oO4YeHb XOpOIIO MPHCIIOCOONCHBI st
HHTCrpupoBaHus C IMCEPCMCHHBIM 1IAaroM, TaK KaK OHHM IIO3BOJIAKOT JICTKO MCHATH 1Iar
UHTCTPUPOBAHWS H TPU 3TOM HE TPEeOYIOT HHKAKMX JOMOJHHUTEIBHBIX BBIUUCICHUH |
npeoOpazoBanuii. Kpome TOro, ecnum mpaBas YacTh OOBIKHOBEHHOTO nuddepeHImanibHOro
ypaBHEHHsI HE OYCHb CIIOXKHA, TO MeTonbl THma Pynre — Kyrra Moryt 3¢ dekTnBHO npuMeHSThCS
JJI BBIYMUCJICHUA PCIICHUS HAa BCCM MHTCPBAJIC HHTCIPUPOBAHUSA.

Jns pemeHust OOBIKHOBEHHOTO Au(@epeHInanbHOr0 ypaBHEHHUS C KOHTPOJEM TOYHOCTH Ha
Ka)XJIOM IIare MOXKHO BOCIIONb30BaThCsi MeToioM Pynre — Kyrra — @enbabepra. JlaHHblil MeTon
M03BOJISIET YPPEKTUBHO OLEHUBATH JIOKAJIBHYIO OLIMOKY PEIICHHS W HIMPOKO HCHOIb3yeTCs IS
pacdeTa 3JIeKTPOMAarHUTHBIX MOJIeH B pa3HbIX cpenax. OqHako, HE0OX0IUMO OTMETHTh, YTO JaHHBIH
METOJ UMEET OIPaHUYEHHYIO 001acTh YCTOMUHMBOCTH, MIOATOMY OH MPAKTUUYECKH HE MPUTOAEH IS
JKECTKUX YPABHEHUHU.

Paccmorpum  ocHOBHBIE pacueTHbie (opMynbl. [l BBIUMCICHHI HCHONB3YEeTCS  METOJ
Pynre — Kytrta nsitoro nopsiaka:
. 16 6656 28561 9 2

ST LA K.+ ke~ — k+—=k,,
Wi T W s 1T 0895 3 T 56430 4 505 556

JUI TOTO, YTOOBI OIICHWUTH JIOKAJIbHYIO OIMOKY Meroma Pynre — Kyrra werBeproro mopsaka,
3aJJaHHOTO (POPMYIION:

25 1408 2197 1

=Wt + —=
Wi =Wt 161t 2565 0 G104 TS K
rae
ko=h-ft;,w,),
Rl
ky=hef 145wt 7k,
3h 3, .9
ky=hf 142 WA=k =k
S\t g it kit )
12:h 1932, 7200, , 7296
ky=h f o+ 120 ¢ 232y 7200,
ST 1975 2197 M 2107 3)’
439 3680, 845
kg=hf [t R, WA k=8 k2o =
/ Y16 T 513 5 T 4104 )
ho 8 3544, 1859, 11
ko=hf 42wk 2y =2t 02—k
=S\t Wiy 2565 21044 20 )

KOHTpOJ'IBHLIfI YJICH, H606XOI[I/IMBII7I AJI1 OICHKW TOYHOCTHU Ha Mare MHTCrpupoOBaHUSA MOKCT OBITh
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3allMCaH B BUJE:

1
50

2
55

1 128 2197 b+

E= 1= 37 4
360 4275 75240

ki+—k

1 UMECT MATBIN OpAA0K TOYHOCTH.

Kak Gonplioe NmpeuMymecTBO JaHHOTO METOAa HYXHO OTMETHTh TO, YTO JUIsl KaKIOro Iara
JOCTAaTOYHO BCErO IISCTH BBIYMCICHWN TpaBoil dvacTu ypaBHeHus f. Eciaum  pabotath
CTaHJApTHBIM 00pa30M: OLIEHUBATh TOYHOCTH C MOMOIIBI0 MeTooB Pynre — KyTrra mstoro u
IIECTOTO MOPSIJIKA, TO /I BBIYMCICHHUH MOTPeOyeTCs Mo KpaifHell Mepe 4eThipe BhIYMCICHUS [
JUTSL METOJIa YE€TBEPTOTO MOPSIIKA, U JOMOIHUTEIBHO IIECTh BRIYUCICHUN f Ul MSTOTO MOPSAKA.
Takum 00pa3om, Bcero moTpedyeTcst He MEHee JAeCATH BRIYMCACHHN TpaBoii yactu  f.  Kpome Toro,
JAHHBIM MeToj OOBIYHO TOYHEE OlleHMBaeT OIMOKY, yeM Mmertoj Pynre - Kyrra - Mepcona. Ha
Ka)XIOM 1Iare BBIYMCIISAIOTCSA YKa3aHHbIE BbIIIE BEIMUMHBI, OLIEHUBAETCS OMIMOKA U B 3aBUCUMOCTH
OT €€ BEJINYUHBI IPUHUMAETCS PELIEHUE O U3MEHEHNH 11ara UHTETPUPOBAHNS YPAaBHEHHS.
PaccMoTpuM OMH U3 BO3MOMKHBIX aITOPUTMOB YIIPABIEHUS IIATOM UHTETPUPOBAHUS, OCHOBAaHHBIN
Ha JJAaHHOM MeTojie peuieHus AuddepeHnnanbHOro ypaBHeHHS:

BxogmHrle HOaHHBIE

= I'paHMLE OTPEe3Ka UHTEeIPUPOBAHMA yPaBHEHMA: a, b

= HavaJbHOE 3HadeHue: o

= TOUHOCTBL BHUMCJIEHMA: TOL

= MaxKCMMAaJIbHO IOOINYyCTMMAad BeJMUYMHAa llara MHTeTPHMPpOBaHMA: hMax
= MMHUMAJILHO HONYyCTMMasd BeJMuMHa llara MHTeTpupoBaHMA: hMin

BrixonHEIe OaHHBIE
= 3HaUeHUE HE3aBUCHMMOM [NEepEeMeHHOM: t

= 3HaUeHUE SBaBUCHUMMOM [IE€PEeMEHHON : (W annpoxcuMmMpyeT 3BHadeHUue

y(t))
= pasMep MCHOJB30BAHHOTO MMara MHTEeTPUPOBAHMUS :

W

h (mam cooBmeHue

O TOM, UTO TpebyeMel War MeHblIle MMWHMMAJIBHO HOONYyCTUMOTIO)
IMlar 1. IIpMCBOUTE:
t « a
w «— a
h «— hMax
FLAG « TRUE
BEBOI (t, w)
llar 2. Ioka (FLAG = TRUE) BrumnosHuTb llarm 3 - 11
lar 3. IpPUCBOUTE :
K=h ft,wl;
1 1
Kzzh'f l‘+z'h,w+z'K1);
3 3 9
K.=hflt+=h,w+—=K +-—K,|;
s=h /(g ot Kty 2)
12 1932 7200 7296
K,=hflt+—=-h,w+ K, — . ‘K. |;
4 / 13 v 2197 ' 2197 2197 3)
439 3680 845
K.=hflt+h,w+—-K —8K,+ -K,— K, |;
s=h S\ e K R e K T 0s 4)




IMar

ar

Mar
Mar

Mar 10.
Mar 11.

lar 12.
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1 8 3544 1859 . 11
Ko=h-f|t+=h, weooK +2-K, =2t K =02 |
s=he S\t K K ses K 404 K %0 5)
4. IpUCBOUTH: (RZ%ﬂWH4—WHJ)
Rel|l L 128 o 2197 12 ]
h|360 ' 4275 T 75240 T4 T50 T ss

5. Eciim R<TOL To BrmomHuTb llarm 6 m 7:
IMlar 6. IIpuOIMXEeHHOE pEleHMEe NPUHATO. [IpMCBOUTH:
t=t+h;

25 1408 2197 1
216 “ 172565 K3 T 104 K5 RS

Mar 7. BHBOI(t, w, h)

8. IHpuceoursb: §=0.84-(TOL/R)"*.

9. BrUMCJIeHMEe HOBOW IJMHH mara h

Ecimn 6<0.1 To MpucBouTb: h «— 0.1 h

Nuaue Ecau 624 To IpucBouTb: h «— 4 h

w=w-+

NHaue IpucBouTb: h <« O h.
Ecam h > hMax To IlpuceouTb: h <« hMax
Ecyim t=2b To IlpucBouTh FLAG « FALSE
Muaue Ecim t+h>b To IpucBouTb: h «— b — t
MHaue Ecim h < nMin To
Hauamo BOK
[TomceomuTe FLAG <« FALSE
BHBOJ ('llar moJokeH OBITH MeHbIIe MMHMMAaJbLHOTO')
(IpoLenypa pelleHMs 3aKOHUMJIAChE HeyIadeM)
CTOIl
(HopmamnmbHOEe 3aBeplieHMe IPOoLUelyph pelleHUs
onbddepeHUMAIBbHOTO yPaBHEHMU)

AHaJTUTHYeCKOe pellieHne 32/IaHHOT0 YPaBHEHHUs
AHanUTHYECKOE pEIICHUE TPUBEICHHOTO B 3aJaHWH OOBIKHOBEHHOTO auddepeHInanbHOro
YPaBHEHHSI MOXKHO 3aIKCaTh B BHJIE:

y(t)=(x—1)-e'+(1+¢)

sneck &=y(0). M3yunTh rpauKn aHAIMTUYECKOTO PELICHHS JAHHOTO yPaBHEHHS JUIS Pa3HBIX

HavYaJIbHBIX

YCJIOBHI MOXKHO C MOMOIIbIo rporpammel GnuPlot. Jlnsa atoro B cpene GnuPlot Hy>)XHO

ONpeenuTh (yHKIHIO, COOTBETCTBYIOIIYIO PEHICHHIO U 3aTeM IIOCTPOUTSH ee rpaduk (cM. Pue. 7.1).
A snuplot g@@|

File Plob Expressions Functions General Axes Chart Styles 3D Help
Replot| Open | Save | ChDir | Print | PrtSc | Prev | Next |

-

GHUPLOT

Vargion 4.2 patchlewal 3
last nodif ied Har 2008
Systen: HS-Windows 32 bit

Copuright [C) 1986 - 1993, 1998, 2004, 2007, 2008
Thonas Willianz, Colin Kelley and nany others

Tupe *help® to access the on-line reference nanual.
The gnuplot FAQ iz awailable fron hitp:/fuuu.gnuplot. info/fagd

Send bug reports and suggestions to <http:/Vzourceforge.net/projectsfgnuy
plot>

Terninal type set to “windous’

gnuplot> fla,t) = [a-1)%explt] + [{+1]132

gnuplot> plot [0:2] f0-0.5,x)

ghuplot> _ v

Pucynok 7.1. Omnpenenenue (QyHKIMM U TOCTpOCHHE ee Tpaduka B
nporpamme GnuPlot.
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Bo3moxHas CTPYKTYPa BXOJAHBIX / BBIXOJIHBIX JAHHBIX MIPOrpaMMbI

Bxoouvie oarnnvie:

JlaHHble, CYMTHIBaEMbIE MPOTpPaMMON M3 TeKcToBoro (aiina (data.ini): HayanmpHOE YCIIOBHE
X, HEO0OXOIUMOE JUIsl YUCIICHHOTO HHTETPUPOBaHUs AU(PPEPEHINATHLHOIO YPaBHEHUS.

JlaHHbIe, MOJy4aeMble MMPOrpaMMON C KJIaBUATYpbI: TPAHHUIBI OTP3Ka MHTETPUPOBaHUS a, b,

miar sfep , ¢ KOTOPBIM TPeOyeTCs MOIyYUTh YUCIICHHOE PEIICHHE.

JlaHHble, yKa3blBaGMble B TEKCTE MPOrPaMMbl: TOYHOCTh pacueToB fo/, MaKCHUMalbHO U

MUHHMAaJIBHO JOIYCTHMbIE 3HaUeHue mara hMax,  hMin.

Buvixoonwvie oannbie:
BeIBO Ha dKpaH: MmojlydeHHOE U3 (aiiyia 3HAYCHHE HAYAJILHOTO YCIOBHSI O, YHCICHHOE PEIICHUE

OOBIKHOBEHHOTO U depeHMalbHOT0  ypaBHEHUs  (3HadeHus !; u y(t,-) —  3Ha4YcHHUE
HE3aBHUCHUMOM MEPEMEHHON ¥ 3HAUCHUE UCKOMOU (PYHKITUH B ITOW TOUKE).
BreiBon B TekcToBbIM (haiin (result.dat): 3Hauenus I, y(ti) U BEIUYMHA «OIIMOKH» —

a0COJIIOTHOE 3HAYCHUE PA3HOCTHU YUCJICHHOTO U aHAJITUTUYCCKOTO peHIGHI/Iﬁ B 3aJJaHHOM TOYKE.

Bo3moxkHas CTPYKTYypa NporpaMMsl
TekcT mporpaMMbl MOJKHO Pa3MECTUTh B TPEX (ailiiax ¢ HCXOIHBIM KOJIOM:

¢ ¢aiin ODE.f90 — comepkuT  (yHKIUIO, ONPEACISAIONIYI0  OOBIKHOBEHHOE
muddepeHInanbsHOe YpaBHEHHE:
function ode(t, vy).
3nech t — 3HaYCHHE HE3aBUCHMOI MEepeMeHHOU, y — 3HaueHue (PYHKIUH B STOW TOUKE,
pe3ynbTUpyIoas nepeMeHHasi ode — 3Ha4Y€HHE MPOM3BOAHON B JaHHON Touke (IpaBas
4acTh TIPUBEIACHHOTO OOBIKHOBCHHOTO AW(QEpeHIINaTIbHOTO ypaBHEHUs); BxomHble
nmapamMeTphl: t, y.

¢ (daitn odeSolve.f90 — comepKUT MOANPOrpaMMY, KOTOpas HAXOAWT YHUCICHHOE
pelieHne OOBIKHOBEHHOTO mddepeHInaIbLHOTro ypaBHEHHUS METOOM
Pynre — Kyrra — ®enpndepra:
subroutine odeSolve (fun, xStart, xEnd, yStart, vyEnd, tol,
hMax, hMin).
3nech fun — ¢yHKIUS, ONpenensonas o0pIKHOBEHHOE AuddepeHnaibHoe ypaBHEHUE,
xStart, xEnd — HadaJIbHOE M KOHEYHOE 3HAYEHMs HHTEpBaJla, Ha KOTOPOM HILETCS
YHCIEHHOE pPEelIeHHE, COOTBETCTBEHHO (TOUKH BBIBOAA), yStart — HayaldbHOE 3HAYCHHE
(GyHKIIMY B Havaje MHTEPBaJa MOUCKa pemeHus, yEnd — HaiiieHHOoe 3HaueHne PyHKIMH B
KOHEYHOM TOYKE HHTepBana, tol — 3aJaHHas TOYHOCTb pacyeroB, hMax, hMin —
MaKCUMaJlbHOE M MHUHHMAJbHOE 3HAYEHUs IlIara WHTErpupoBaHus auddepeHInanibHoro
YpaBHEHHUs Ha 3a/laHHOM Y4acTKe, COOTBETCTBEHHO. BxonHble mapamerpsl: fun, xStart,
xEnd, yStart, tol, hMax, hMin. Beixogusie napamerpsl: yEnd;

¢ (aitn Taskl.£90 — ocHOBHas mporpaMma, OpraHu3ylolas BCIO paboTy; MPOIEAYPHI
MONyYeHUs] 3HAYCHHM, HEOOXOAUMBIX AJISi pacueToB, U3 (aiiia JaHHBIX U U3 KIABUATYPHI;
(GyHKIMSA, BBIYHCIAIONIAS  aHAJWTHYECKOE  PEIIEHUs  3aJaHHOTO  OOBIKHOBEHHOTO
T QepeHInaIbHOrO ypaBHEHMS.

Bo3moxknbie ckpuntsl nporpammbl GnuPlot

Jli omeparoBHOTO KOHTPOJSI 3a «KaueCTBOM» PpEIIEHUs OOBIKHOBEHHOIO au((epeHIHalIbHOro
YPaBHEHUs 1OCJIE KQKIO0ro pacdyera ClefyeT 3alycTuTh nporpamMmy GnuPlot 11 BbIBOsia Ha 3KpaH
I1K BBIUMCIIEHHOTO pEIIEHUS M paclpeieieHuss OWMOKM — OTIMYUSA YHMCICHHOIO PELIeHHs OT
AQHAJUTUYECKOIO0 Ha BCEM NPOTSHKCHUM MHTUEPBala UHTErpUpoBaHUsA. It 3TOr0 MOXKHO B3ATh 3a
OCHOBY IPUBEACHHBIN HUKE CKPHIIT:

reset
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set nogrid # ©0e3 ceTku Ha Trpadmke

set nokey # 0e3 aBTOMATUUECKOM JI€TeHIE

set tics out # wWTpMxXM y OoCeMr Hapyxy

# sarsiaBue rpabduxa

set title "ODE Solution" font "Arial Italic,lo"

# nmocrpoeHme rTpadmka B OKHE

plot 'result.dat' using 1:2 with lines linetype 1 linewidth 3
pause -1 "Press OK button to continue or Exit button to stop..."
# BarjmaBue HOBOTO Tpaduxa

set title "ODE Error" font "Arial Italic,16"

plot 'result.dat' using 1:3 with lines linetype 1 linewidth 3
pause -1 "Press OK button to continue or Exit button to stop..."

Bce cTpoku JaHHOTO CKpHIITa CHAOKEHBI KPATKUMH TOSICHEHUSIMH. Pa3BepHYTYIO CHpPaBKy IO
UCIIOJIb30BAaHHBIM B CKPHIITE KOMaHIaM MO)KHO ITOJYYUTh B CIPABOYHON CHCTEME MPOTPAMMBI
GnuPlot.

st moctpoeHuss GUHAIBHOTO Tpaduka MO PACCYMTAHHBIM 3HAYCHUSM 32 OCHOBY MOXHO B3SITh
MIPUBEACHHBIN HUKE CKPUIIT:

reset # cBpoc Bcex HacCTpoek B 3HAUEHME IO yMOJIUYaHU
set nogrid # ©6e3 cerku Ha Tpaduxe

set nokey # 6e3 aBTOMATUUECKOM JIeTEeHIH

set xrange [-0.1:2.1] # 1manazoH X, oToBpaxaeMell Ha Tpaduxe
set yrange [-2.5:5.5] # 1nmanazoH y, oToOpaxaeMull Ha Ipaduxe
set tics out # WTpUXU Yy OCel HapyxXy

set xtics border nomirror norotate 0.0, 0.5, 2.0

# odbopmnenue ocu OXx

set ytics border nomirror norotate -2.0, 1.0, 5.0

# odbopmnenHme ocu Oy

set mxtics 10 # xoJIMUECTBO MaJEIX WTPUXOB ocu Ox

set mytics 2 # KOJIMUYeCTBO MaJibIX WTPUXOB ocu Oy

set label 1 "y(t)" at 0.0, 4.75 left norotate font "Arial, 22"
# TexcTOBas MeTKa

set label 2 "t" at 1.85, -2.0 left norotate font "Arial, 22"
# TexcTOBas MeTKa

# =zarjnaBue rTpadmka

set title "ODE Solution" font "Arial, 24"

# mocTpoeHMe TpadMKOB B OKHE

plot 'result 0 5.dat' using 1:2 with lines linetype 1 linewidth 3, \
'result 0 4.dat' using 1:2 with lines linetype 1 linewidth 3, \
'result 0 3.dat' using 1:2 with lines linetype 1 linewidth 3, \
'result 0 2.dat' using 1:2 with lines linetype 1 linewidth 3, \
'result 0 l.dat' using 1:2 with lines linetype 1 linewidth 3, \
'result0 O.dat' using 1:2 with lines linetype 1 linewidth 3, \
'resultO 1l.dat' using 1:2 with lines linetype 1 linewidth 3, \
'result0 2.dat' using 1:2 with lines linetype 1 linewidth 3, \
'resultO 3.dat' using 1:2 with lines linetype 1 linewidth 3, \
'resultO 4.dat' using 1:2 with lines linetype 1 linewidth 3, \
'resultO 5.dat' using 1:2 with lines linetype 1 linewidth 3

pause -1 "Press OK button to continue or Exit button to stop...
# HacTpoMka dopmMaTa BHBOHA
set terminal png font arial 20 size 800,600 \
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xffffff x000000 x000000 x000000

# ykasaHue pesyJbTUpylmero odania
set output 'figl.png'

# B damnne szarsaBue rpadmka HE HYXHO
set notitle

# Dmajiee — TEKCTOBHE METKMU

set label 3 "1" at 2.02, -2.3 left norotate font "Arial, 20"
set label 4 "2" at 2.02, -1.5 left norotate font "Arial, 20"
set label 5 "3" at 2.02, -0.7 left norotate font "Arial, 20"
set label 6 "4" at 2.02, 0.1 left norotate font "Arial, 20"
set label 7 "5" at 2.02, 0.8 left norotate font "Arial, 20"
set label 8 "o6" at 2.02, 1.5 left norotate font "Arial, 20"
set label 9 "7" at 2.02, 2.2 left norotate font "Arial, 20"
set label 10 "8" at 2.02, 3.0 left norotate font "Arial, 20"
set label 11 "9" at 2.02, 3.7 left norotate font "Arial, 20"
set label 12 "10" at 2.0, 4.5 left norotate font "Arial, 20"
set label 13 "11" at 2.0, 5.1 left norotate font "Arial, 20"

# nepepucoBka rpaduka

replot

# BoCCTaHOBJIEHME I[EepPBOHAYAJILHEIX HACTPOEK
set terminal windows

set output

pause -1 "Press any key to continue..."
reset

Bce CTpokM NaHHOTO CKpUNTa CHAOXEHBI KPATKUMH TMOSCHEHHSMHU. Pa3BEepHYTYIO CIIPaBKy IO
UCIIOJIb30BAaHHBIM B CKPHIITE KOMaHIaM MO)KHO ITOJYYUTh B CIPABOYHON CHCTEME MPOTPAMMBI
GnuPlot.

[Tony4ennsrii rpaduk npuseneH va Puc. 7.2.
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Pucynoxk 7.2. Pesynasrupyromuii rpauk, MOCTPOEHHBI B Iporpamme
GnuPlot 10 TpUBEICHHOMY BBIIIE CKPUIITY

3apgaHue Ne 2

OcHOBHBIE 3aMeYaHUS 0 PCIICHUIO 3aITAaHUSA
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I[JISI peICHrd MJaHHOI'O 3aJaHusd MOKHO BOCIOJB30BATBCA MCTOAOM, IIOXOKHMM Ha MCTOJ
«CTPeNbOBY, MPUMEHSIEMBIH U PEIIeHHs TPaHWYHBIX 3a7a4. OCHOBHAs Waes TaKOro MeTona, B
MNPUMCHCHUH K PCHICHUIO Z[aHHOfI 3alauy, 3aKI04YacTCd B YyraJblBAHHUW 3HAYCHUA HA4YaJIbLHOI'O
yCIOBUS X Ha JeBOM TpaHMIlE a WHTepBajia MHTETPUPOBAHUS OOBIKHOBEHHOTO
JU(EepeHIINaIbHOTO YpPAaBHEHUS M 3aT€M, HCIOJb3yd 3TO YraJaHHOE 3HAU€HUE, B UYHCIEHHOM
PELICHUH 3aJaHHOTO OOBIKHOBEHHOTO An((EepeHINANFHOTO YpaBHEHUS OT JIEBOM 10 NpaBoOi
rpaHviibl HWHTCPBAJIA HWHTCTPUPOBAHUAL. Ecam 3HadyeHMe 4YHCIEHHO BBIYHMCICHHOTO PCIICHUA

y(b,x) nHa mnpaBoii rpanune b WHTepBala HMHTEIPHPOBAHMS HE YIOBJIETBOPSET 3aJaHHOMY
YCIOBHIO Ha JTOM TpaHuIe P, TO HEOOXOOMMO H3MEHHUTh Hallle yraJaHHOe 3Ha4YeHue IS
Ha4YaJbHOTO YCJIOBHS Ha JIEBOM TpaHUIE W TPOMHTErpHpOBaTh Anu(epeHInaNIsHOe ypaBHEHNE
(BBICTPENUTB) €1IIE pa3.

3HayeHHE BBIYKMCIEHHOTO PEIICHHs Ha IMpaBOM TpaHUIIE HWHTEpBajla WHTETPUPOBAHUS SIBISETCS
(GyHKIMEH HayalbHOTO YCJIOBMS Ha JIEBOW TIpaHMIIE HMHTEpBajla HMHTErpHpoBaHus. UucieHHOe
pelieHrne OOBIKHOBEHHOTO AU(QEpeHLINaIbHOTO YpaBHEHHs MapaMeTpUdYecKd 3aBUCUT OT ITOTO
HayajbHOrO ycioBus. ClenoBaTelbHO, pellas TpaHCIEHAeHTHoe ypaBHeHue J(b,x)=P
OTHOCHUTEJIbHO Ha4aJIbHOTO YCJIOBUS X MOXKHO HAaMTH TAaKO€ €ro 3HaYeHHEe, KOTOPOE Y OBIETBOPUT
YCIOBUIO Ha TMpPaBOM TIpaHUIE HWHTEpBaja MWHTErpupoBaHus. Jlamee, MOXHO UHCIEHHO
IIPOUMHTETPUPOBaTh OOBIKHOBEHHOE U depeHInalbHOe ypaBHEHHE, HCIIONb3Ysl HaljieHHOe
HayaJIbHOE YCJIOBHE U, TAKUM 00pa3oM, MOCTaBlIeHHas 3a/a4a OyJeT peleHa.

I[JISI pemicHus TPAaHCUHCHACHTHOTO YPAaBHCHUSA MOXHO BOCIIOJIB30BATHCA p33pa60TaHHBIMI/I Ha
NPOIIOM 3aHATUH MPOIEIypaMH DPEUICHUs HETMHEWHBIX ypaBHEHHI, HampuMep MPOIEAYpOH,
peanm3yronieit MeTo1 OMCEKINH (JeJIeHUsT OTPE3Ka MOTI0NaM).

PexomMeHnyeTcsi caMOCTOATENBHO CIPOEKTUPOBATh CTPYKTYPY IaHHOM MPOrpaMMbl, B3sIB 32 OCHOBY
nporpaMmy u3 3aganust Ne 1.

Bo3moxknble ckpuntsl nporpammbl GnuPlot
Jliis mocTpoeHus pe3ylbTUPYIOLIEro rpaduka 1o pacCCYMTAaHHOMY HayaJlbHOMY 3HAYEHHUIO 32 OCHOBY
MOJKHO B35ITh IIPUBEACHHBIA HUKE CKPUIIT:

reset # cOpoc Bcex HACTPOEK B 3HAUEHME I10 YMOJIUAaHMUIO
set nogrid # ©6e3 ceTkmu Ha Trpadmke

set nokey # 0e3 aBTOMATUUECKOM JI€TeHIE

set xrange [-0.1:2.1] # mmanmaszoH x, oToOpaxaeMel Ha Ipabuke
set yrange [-0.2:1.5] # mmanasoH y, oToOpaxaeMell Ha Ipaduxe
set tics out # WTPUXM Yy OCeM HaApPpyXy

set xtics border nomirror norotate 0.0, 0.5, 2.0

# obopmiieHre ocm Ox

set ytics border nomirror norotate -0.2, 0.2, 1.4

# odbopmnenme ocu Oy

set mxtics 10 # xoIMUeCTBO MaJEIX WTPUXOB ocu OX

set mytics 2 # xoJIMUecTBO MaJEIX WTPUXOB ocu Oy

set label 1 "y(t)" at 0.0, 1.35 left norotate font "Arial, 22"
# TexcToBaa MeTKa

set label 2 "t" at 2.0, -0.125 left norotate font "Arial, 22"
# TexcTOBas MeTKa

# sarsiaBue rpabduxa

set title "ODE Solution" font "Arial, 24"

# nocrpoeHme rpaduka B OKHE

plot 'result.dat' using 1:2 with lines linetype 1 linewidth 3
pause -1 "Press OK button to continue or Exit button to stop..."
# HacTporka dopMaTa BHBOIA
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set terminal png font arial 20 size 800,600 \
xffffff x000000 x000000 x000000

# ykazahnume pesyJbTupyomero daniaa

set output 'figZ2.png'

# B daryie szaryiaBre TpadmuKa HEe HYXHO

set notitle

# nepepucoska rpaduka

replot

# BocCTaHOBJIEHME [MePBOHAUYAJILHBIX HACTPOEK

set terminal windows

set output
pause -1 "Press any key to continue..."
reset

[Tonmy4yennsrii rpaduk npuseneH Ha Puc. 7.3.
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Pucynok 7.3. Pesynprupyrommuii rpaduk, MOCTPOCHHBIM B IporpaMme
GnuPlot 10 IPUBEICHHOMY BBIIIIE CKPUIITY

3apgaHue Ne 3

OcHOBHBbIE 3aMeYaHUS MO PelIEHUI0 3aaHUA

Jns mepemadyd MOMYyYEHHOTO OT TMONIb30BaTeNs mapamerpa P B (QYHKIHIO, OMPEIENISIONIYIO
00bIkHOBeHHOE nuddepeHnnasbHoe ypaBHEHHE, a TaKXKe JJIs XpaHEHUs WHTepPPEHcoB K
MpolLelypaM, MOKHO BOCIOJIB30BaThCs HOBOM MporpammHoil enqunuueid Cogpemennozo @Popmpana
— MOJYJIEM.

PexomeHyeTcsi caMOCTOATENIBHO CIPOEKTUPOBATh CTPYKTYPY JAHHOM MPOrpaMMBbl, B3sIB 32 OCHOBY
nporpamMmy u3 3aganust Ne 1.

AHaIUTUYECKOE PEIICHUsS ITaHHOTO OOBIKHOBEHHOTO IU((PEepeHIIMAIBHOTO YpPaBHEHHUS MOXHO
3anucarb B BUJE:

_242:0B [ 1) e (B (14 xB)-2)

y(1) 5
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