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Tema Ne 1. NMporpamMmmbl IMHENHON CTPYKTYPbI

Ha »ToM 3aHATHE HEOOXOIUMO MO3HAKOMHUTHCS C OCHOBaMHU pabOTHI B cpejie
Compaq Visual Fortran 6.1. Cnenyer pa3o0paTh Takoe IOHATHE, Kak
npoekm U HAy4UTbCSl OCHOBAM yIpaBiieHUs mpoekrtaMu. TpeOyeTrcs MOHAThH
CTpYKTypy mnporpamMMmbl Ha DopTpaHe, W3yuyuTb OCHOBBI BBOJIAa — BBIBOJA,
HAy4YHUTbCS COCTABIISITh IPOTPAMMBI JINHEHHOU CTPYKTYpHI.

Cnucok 3adaHul

3apaHue Ne 1

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

3HaueHHS INEPEMEHHBIX X W Y MOJNYYUTH C KIIaBHATYPhl, 3HAYCHHUEC BBIYMCICHHOI'O BBIPAXKCHHA
BBIBCCTH Ha 3KpaH.

3agaHue Ne 2

Jansl 1OBa BEHIECTBEHHBIX 4YHchaa X; U X,. [lomyuuTs KOOQQPUIMEHTH MPHUBEIEHHOTO
KBaJI[PAaTHOTO YpaBHEHUS C KOpHSAMU X; U X,. PacueTHple (popMynbl MOTY4IUTH JIMOO BPYYHYIO,
100 IIpA IMOMOIIM CHUCTCMBI Mathematica. 3HaueHus IEpEMEHHBIX X; U X, HaxoJdTCsi B
TeKcToBOM (paiinne Coeffs.dat. Paccmorpers cinyyan, Korna 006a BEIIECTBEHHBIX YMCIIA YKa3aHbI
Ha OJHOMW CTpoke (haiiia M KOTma KaXKI0e YUCIIO PACIONOKEHO Ha OTAENbHOM cTpoke. Pe3ynbrarh
BBIYHCIICHUS BBIBECTH Ha dKpaH U B (haiin Res .dat.

3apaHue Ne 3

TpeyrosbHUK 3a/laH KOOpAMHATaMM CBOMX BEPIIMH Ha IUIOCKOCTH. HaliTu mepumeTp M miomanb
TPEYTroJIbHUKA. 3HAuU€HUE KOOPAWHAT BEPIIMH TPEYroJbHUKA BBECTH C KJIABUATYpPbl, PE3yIbTaThl
pacdeTa BBHIBECTH Ha 3KpaH U B Qailn Triangle.res. [IpoBepuths MoiaydeHHbIE pE3yNbTaThl HA
TECTOBBIX IIPUMEpPAX.

3apaHue Ne 4

3a,I[aHBI HeﬁCTBHTCHBHBIe yucna ¢ U d. BeluucauTh 3HaYEHHE BbIPaXXCHUA:

sin’|c-x+d-x2—c-d|

> +tg(c-x?—|—d-x§—x1 ,
\/(c'x?er-x;—xl) +1r

rae X, — OONbINMi, a X, — MEHBIIMI KOPHM KBAAPAaTHOTO ypaBHeHHs x —3-x—|c-d|=0.
3HaYCHUS MEPEMEHHBIX € W d TOJYYHUTh C KJIaBHATYPhI, Pe3YJIbTAT BHIYMCICHUN BHIBECTH Ha
sKkpaH. [IpoBepUTh MOTYUEHHBIE PE3YABTATHI C TOMOILBIO TECTOBBIX IPHUMEPOB.
3HaueHus /151 IPOBEPKM:
BXOJIHbIE 3HAYECHUS: c=0.3, d=04.
IPOMEXYTOUHBIE pe3ynbrarhl: X, =2.95945,  x,=0.040543.
(buHATBHBIN pe3ysbTaT: —9.32363



3apaHue Ne 5

Jlanel JeWCTBUTEIbLHBIE 4YHCIA X, Yy ¥ z. BplUMCINTh 3HAYCHUS TEPEMEHHBIX a U b,
€CIIU:
3+e’! —x)’ —x[
a). a= 2 ) b=1+|y—x|+(y ) —|—|y | ;
1+x7|y—tg(z)] 2 3
ol 2y 4 1 (y—2)
X+ +cos(y —
b) a=(l+y) 5 1 , b=ﬁ;
e T+ ~+sin’(z
x*+4 2 (2)
2cos (x - )
z
C) a=— , b=1+ =5
>t sin’(y) 3+—
2 5
X~ x
—_ y b =x——4=:
d). a=In|ly—|x|)| x— = EETRETE
Z+—
4
3HaueHUs TEePEMEHHBIX X, V W Z TOJNYYUTh C KIABHATYpPhl, 3HAYCHHE BBIYHUCICHHOTO

BBIDQKCHMSI BBIBECTH Ha OJKpaH. [IpoBepuTh NOIy4YEHHBIE PE3YJAbTaThl C IMOMOIIBIO TECTOBBIX
IPUMEPOB.
3Ha4eHus 171 NPOBEPKH:

BXOJIHbIC 3HAYCHUS: x=13 y=24 z=2.7
(uHaNBHBIN pe3yabTaT: 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 ebInosIHeHUro

HekoTopble BCTpOeHHble (hyHKLUN

HexoTopslie BcTpoeHHBIE (GYHKIIUH, TpeOyeMble [T pelIeHHs 3aJaHui, TIPUBEICHBI B TAOIHUIIE:

Maremaruyeckas 3anmch 3anuce Ha DopTpane
Vx sqrt (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 GpyHKIMK MOTYT paboTaTh ¢ apryMEHTaMU KaK BELIECTBEHHOTO, TaK M KOMIUIEKCHOTO THIIA.
[Tpu 5TOM pe3yabTaT 3aBUCHT OT THIA apryMEHTa. APryMEHTHl TPUTOHOMETPUYECKHX (YHKIUH



3a1al0TCA B paariaHax.

PaboTa B cpeae Developer Studio

Jns ynoberBa paboThl, pa3paboTka NpUIOKEHUH B HMHTerpupoBaHHOW cpene Developer Studio
OpraHM30BaHA C MOMOIIBIO IPOEKTOB. [Ipoexkm (project) — 3T0 HAOOP B3aMMOCBSI3aHHBIX UCXOTHBIX
GbailnoB, KOMNWIALMA M KOMIIOHOBKA KOTOPBIX IO3BOJSET CO3/aBaTh HCIOIHAEMYIO HPOTpaMMy
HY)XHOTO THIa win Oubnmmoreky. Mcxomuble (ailibl mpoekTa OOBIYHO XPAHATCS B OTICIHHOM
nozakaraiore. Kpome ucxonHsix ¢ailioB ¢ TeKCTaMH MPOrpaMM MPOEKT OOBIYHO BKIIOUAET HaOOp
cyxeOHbIX (aitmoB. Hanpumep, B mpoekTe Bcerna ectb gaiin npoekma (project file, daiin, nms
KOTOPOT'O COBIAJaeT C Ha3BaHUEM MPOEKTa U pacuMpeHueM umeHu (aiina DSP), ¢aiin paboueco
npocmpancmea (workspace file, (daitn, UM KOTOPOTO COBHAJACT C HA3BaHHEM TIPOEKTa |
pacumpenreM numeHH (aiiina DSW). Daiin mpoekTa — 3TO TEKCTOBBIHM (paiiin, B KOTOPOM XpaHATCS
napaMeTpbl KOMIWIATOPAa W KOMIIOHOBIIMKA, a TaKKe OTPAKaIOTCS BCE B3aMMOCBI3U MEXKAY
UCXOMHBIMU Moayisimu. Daiin pabodero mpocTpaHCTBA — 3TO TEKCTOBBIA (haii, compepikamuit
CIHMCOK BCEX IPOEKTOB JaHHON rpynmsl. st Toro, 4roObl HauaTh paboOTy C CYLIECTBYIOILIUM
IPOEKTOM HYXKHO BBIOpaTh (OTKPBITH B CpeAe pa3paboTuMKa) COOTBETCTBYIOUIMIA (ailn pabouero
npocTpaHcTBa. Hekoropsle npyrue Tumbl ciyxkeOHbIX (DaiioB, BXOIAIIMX B COCTaB IPOEKTA,
npusjeHsl B Taou. 1.1.

Tadmmua 1.1. HexkoTopble THIBI CIy)KeOHBIX (ailyioB, BXOASIINE B COCTaB

IIPOEKTa
DEP Daiis1 3aBUCUMOCTEN
DSP daiin npoekra
DSW daiin pabouero npocTpaHCcTBa
OPT ®aiin koH(pUTrypauy pabovyero NpocTpaHCTBa
PLG @aiin xypHana cOOpKu

Jlyist Toro, 4TOOBI CO37IaTh HOBBIM MPOEKT HEOXOIMMO B CTPOKE MEHIO INIABHOTO OKHA MPOTPaMMBbI
BbIOpath File | New. B pesynbTare Ha 5KpaH OyAeT BBIBEJICHO JUAJIOTOBOE€ OKHO New C aKTMBHOM
BKJIaiko# 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. IlepBbiii mar macrepa co3laHus
HOBOTO IIPOEKTa

B manHOM nMamoroBoM OKHE CHavaia HY)XKHO BbIOparh TuIl mipoekTa (Fortran Console Application
— Konconvroe npunoscenue na @opmpane). 3aTeM B TEKCTOBOM Tone Location clienyeT ykas3arb
MECTOPACIIOIOKEHUE CO3/1aBaeMOro poeKTa. BeiOpaHHOE MecTO B (ailloBON cHCTEME KOMITBIOTEpa
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MOYKHO BPYYHYIO 3allMcaTh B JaHHOM II0JIE, & MOXHO HaXXaTh KHONKY C TpeMs TOYKaMH,
pacroyioKEeHHYI0 crpaBa OT Hero. Ha skpan OyaeT BBIBEAECHO CTaHIAPTHOE AMATIOIOBOE OKHO
BbIOOpa KaTajmora. B HEM HYXHO MBIIIBIO BHIOpPAaTh HYXHBIH JIOTHYECKUH JHUCK KOMITBIOTEDA,
HYXHYIO Manky U HaxaTh KHONKY OK. IlonHblif myTh kK BIOpaHHOMN mamke Oy/eT aBTOMaTHYECKU
3aHECEH B TEKCTOBOE noie Location. Jlanee, B TEKCTOBOM nosie Project Name HYXHO yKa3aTb UMS
npoekra. Cienyer OTMETHTh, YTO MMS IPOEKTA U TOJNHBIA IyThb K HEMY HE JIOJDKEH COIEPIKaTh
KUPWIMYECKUX cUMBOJIOB. [locie Toro, kak yka3zaHa Bcs HeoOxoaumasi JJis CO3JaHMsI MPOEKTa
uHpOpMalus Hy)kKHO HaxkaTb KHONIKY OK. Ha skpaH OyzeT BbIBEIEHO CIeayolee 11ajloroBoe OKHO
CO3/71aHusl KOHCOJIBHOTO npusoxkeHu 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. JlmanoroBoe okHO Fortran Console Application - Step 1.
Bropoii mar mactepa co3gaHusi HOBOTO MPOEKTa

B naHHOM 1ManoroBoM OKHE HYXHO YTOYHUTb TUI KOHCOJIBHOTO IIPOEKTA, KOTOPBIN JIOJIKEH
caemnarb mactep. [ aToro ciaemyeT BeIOpaTh MEPBBIA MYHKT An empty project (Ilycmoii npoekm) u
Ha)XaTh KHONKY Finish. B pe3ynbrare Ha KkpaH OyleT BBIBEACHO AMAJIOroBoe OkHO New Project,
coxepxamiee 00y HHMOPMaLKIO O co3aBaeMoM mpoekre (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. Jluanorosoe okHo New Project Information. Ilocnennuii mar
MacTepa CO31aHus HOBOTO MPOEKTa

Heob6xoaumo mpoBepuTh CyMMapHYIO MHPOPMAIIMIO O MPOEKTE, U €CIU BCE B TMOPSAIKE — HAXKATh
kHonky OK. B yka3zaHHOM MecTe (ailioBoii ccTeMbl KOMITbIOTepa Oy/eT co3/jaHa Mamnka NpoeKTa u
HE0OXOMMBbIE CITy>KeOHbIE (halJIbl.

JHanee HeoOx0aUMO J00ABUTh K MPOEKTY (hailyibl ¢ UCXOTHBIM TEKCTOM Mporpammbl. st 3Toro B
CTPOKE  MEHI0  IJIaBHOTO  OKHAa  IporpaMMbl  cileqyeT  BbIOpaTh  JUOO  MYHKT
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Project | Add To Project | New nist co3maHusi ¥ aBTOMAaTHYECKOro j00aBieHHss HOBOro (aiima B
npoekt, 1mbo Project | Add To Project | Files nist no0GaBieHHs K THPOEKTY YXKe CYHIECTBYIOIIETO
daiina ¢ HMCXOMHBIM KOJOM IporpamMMbl. B mocnemHem ciydae Ha 5KpaH OyAeT BBIBEACHO
CTaHAApPTHOE TMAJIOTOBOE OKHO BbIOOpa aiina Insert Files into Project, B KOTOPOM HY)XHO yKa3aTb
no0aBisieMblid K ipoekTy ¢ain. Eciu co3maeTcs HOBBIN (aiiii, TO Ha SKpaH BBEIBOJIUTCS JHATIOTOBOE

OKHO New, OTKPBITO€ Ha BKJIQJIKE CO3aHUs %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. Jluanororoe okHo New. Cozanue HOBOTO (haiiia ¢ MICXOTHBIM
TEKCTOM MIPOrpaMMbl U JOOABJIEHHE €r0 B aKTUBHBIA MPOEKT

B  nmaHHOM  fmanoroBoM OKHE HYKHO CHadasa BbIOpaTh  HYXKHBIM TuUn  (aiina
Fortran Free Format Source File (Mcxoouwiti ¢haiin 6 ceoboonom ¢popmame @Popmpana) WK
Fortran Fixed Format Source File (HMcxoouwiii atin 6 pukcuposannom popmame @opmpana).
Janee, cienyer npoBepUTh, UTO yCTAaHOBIEH (hrnaxkok Add to project, B KOMOMHOPOBAHHOM CIHCKE
File Name BbIOpaH HYXHBI TIPOCKT, K KOTOPOMY CIieAyeT J00aBUTh HYKHBIA (ailm u B 1mone
Location yxazaHo TpeOyemoe MmecrtomnonoxeHnue ¢aitna. [lo ymomuanuio Qaiiiasl pazMeraroTrcs B
Manke TPOeKTa. 3areM, B TEKCOBOM rmolie File Name HyXHO yka3aTh TpeOyemoe mMms daiina u
HaxxaTb KHONKy OK. Byner co3man ¢ailn ¢ MCXOIHBIM TECTOM NPOTpaMMbl U aBTOMATHUYECKU
BKJIIOYEH B aKTUBHBIN NpoekT (cMm. Puc. 1.5).
.. *. Test - Compagq Visual Fortran - [Test.f90]

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

[l wWorkspace Test' 1 project{z]
= Test files

—1-423 Source Files

Test (30

(2 Header Files

(2 Resource Files

] FileWiew

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

Feady
Pucynok 1.5. Co3nanHblii M BKIIOUYEHHBIH B COCTaB HpoekTa (haili.
CrpykTypa npoekra oTo0pakaeTcs B OKHE IPOEKTa

st TOoro, 4ToObI UCKITIOUUTD (hailll U3 coCcTaBa MPOEKTA HYXKHO BBIJCIUTH MBIIIBIO €0 UMS B OKHE
MpOeKTa W HaxaTh KiaBuily Delete Ha kiaBuarype. BpiieneHHBI Tonb30BareneM  Qaiin



OCTaHETCsI Ha JIUCKe, HO Oy/IeT UCKITFOUEH M3 COCTaBa MPOEKTA.

st Toro, 4TOOBI CO37aTh UCIIONHSAEMBIN (aill mMpOrpaMMBbl CIIeyeT BHaYalle yKa3aTh TpeOyeMyro
KoH(puryparuo coopku. Jis 3TOro B CTpOKe MEHIO TNIABHOTO OKHA MPOTpPaMMbl HYKHO BBIOPATh
nyHKT Build | Set Active Configuration. Ha »5kpan OymeT BBIBEJEHO JAMAJOTOBOE OKHO
Set Active Project Configuration co CIUCKOM BO3MOXHBIX KOoHUTyparwii (cM. Puc. 1.6).

Set Active Project Configuration

Project configurations:
Te

Tesl i ebi Cancel

Pucynok 1.6. JluanoroBoe okHo Set Active Project Configuration. Bpibop
TpeOyeMoi KOH(PUTYypaIiH TPOEKTa

Kondurypaiuss Debug mnpenHasHadeHa i1 CO3JaHHUS OTIAJI0YHOM BEPCHHM NPOTPaMMBI, a
KoHpurypauusi Release — s GuHAIBHOW Bepcuu Tmporpammbl. [locime BbIOOpa HYKHOM
KOHQUTYpAIUU CIICAYET OTKOMITMIMPOBATh (aill ¢ MCXOJHBIM TEKCTOM IMporpammbl. Jljisi 3TOro
HY)KHO YOEIMTBCS, YTO B JAHHBIH MOMEHT OKHO C TpeOyeMbIM (hailioM siBIsieTCss akTUBHBIM. Ecin
3TO HE TaK, TO HYXHO MICIKHYTh Ha HEM MBIIIbIO. 3aT€M MOXHO KOMIHIIMPOBAaTh TPEOyeMbIii
UCXOMHBIN (aiin. [l 3TOro MOKHO B CTPOKE MEHIO IVIABHOTO OKHA MPOrpaMMbl BbIOpaTh
Build | Compile. TlpornecCc KOMOWISALIUKA MOXHO 3aIlyCTHTh C KIABUATYphl, Ha)kKaB KOMOWHAIUIO

&

knaguml Ctrl + F7, a 1160 ¢ MOMOIIBIO MBIIIM, IIEJKHYB Ha 3HAYKe -~ TaHEIM HHCTPYMEHTOB
Build MiniBar. Pe3ynbsratsl mporecca KOMIHISAIIHA OyIyT 0TOOpaskeHbl B OKHE BBIBOAA COOOIIECHHIA
KOMIOWIATOPA W KOMIIOHOBIIMKA, PACHOJIOKEHHOTO BJOJb HI)KHEr0 Kpas [JaBHOIO OKHa
nporpamMbl. Eciii BO Bpemsi KOMIWIALWK ObUTM OOHAPYKEHBI OINMOKH, CIEAyeT HCIPABUTh
HEpBYI0 M 3aHOBO IEPEKOMIIMIMPOBAThH Mporpammy. Takod mporecc HCIpaBiIeHUsS CIeIyeT
NPOJIOJDKATh 10 TEX TOp, NMOKa KOMIHISTOP HE TEpPECTaHeT BBIAABAaTh COOOIIEHUS 00 OIIMOKax.
Korga xomnuisiiys ucxoqHoro ¢aita mporpaMMbl YCHEIIHO 3aBEpIUIMIIACh, MOKHO MEPEXOIUTh K
sTamy cOopku. [yt 3T0ro Hy>KHO BbI3BaTh KOMIIOHOBIIUK. C/I€7IaTh 3T0 MOXHO € TOMOUIbIO ITyHKTA

R

MeHI0 Build | Build, nn60 ¢ moMomipio KiaBuaTypsl (knaBumia F7), 1100 ¢ MOMOIIBI0 3HAYKA
HaHeau MHCTpYMEHTOB Build MiniBar. Ecnu Ha 3Tarne KOMIOHOBKM OOHAapyXeHbl OLIMOKH, TO
COOTBETCTBYIOIINE COOOIICHUS OyIyT BBIBEJICHBI B OKHE BBIBOJIa COOOIIECHUH KOMITHIISATOpA H
KomnoHoBIuKa. [Tocne ycrnemHoi koMmuisnuu nporpammsl B nofnanke Debug unu Release (B
3aBHCHMOCTHU OT BbIOpaHHON KOH(MUTrypaluu) Mankyd npoekra OyAeT COXpaHEHa COOTBETCTBYIOLIAS
BepCHUsl UCMIOIHIEMOI porpaMMel ((aiia ¢ UMeHeM IpOoeKTa U pacuIMpeHreM UMeHH (aitna EXE).
[Ipouecc momHOM MEePeKOMIIIALNU U TepecOOPKH MPOEKTa MOXKHO C TOMOIIBIO ITyHKTa IIaBHOTO
MeHI0 Tporpammbl  Build | Rebuild All, mubo ¢ TOMOIIBI0 3HAa4YKa TMAHENIH WHCTPYMEHTOB
Build MiniBar. 3anycTuTh Ha BBITIOJTHEHUE CO3/IaHHBIN MCTIOIHSAEMBIN (paili mporpaMMbl MOXKHO H3
cpeast Developer Studio. Jlns storo HyxHO BBIOpaTh NMyHKT Build | Execute, 1nb0 HaxaTb Ha

'
KJIaBuarype KomOuHanmio kiasuml Ctrl + F5, nubo IIENKHYB MBIIIbIO Ha 3HAa4YKe * [aHENIu
uHCTpyMeHTOB Build MiniBar.
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Tema Ne 2. lNMporpamMmmbl pa3BeTBAKOLWENCA CTPYKTYPbI

DTO0 3aHATHE MOCBALICHO IpOorpaMMaM pa3BeTBISAOIIEHCS CTpyKTyphl. Ha
3aHATUM HEOOXOAMMO HAyYHUThCS MPUMEHATh Ppa3IUYHBIE OINEPATOPbI
BETBIICHUS U JIpyrue oneparopel Popmpana, KOTOPbIE NPEAHA3HAYECHBI IS
BbIOOpA ITyTH BBIMOJIEHUS IPOTPAMMBI.

Cnucok 3adaHull

3apaHue Ne 1

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

3aMeuaHue: BrrarcieHns MpOBECTH HE HCIIONB3Ysl BCTPOCHHBIE (DYHKIIMK min U max.

3agaHue Ne 2

Ecin cymma Tpex pasJMyHBIX BEIIECTBEHHBIX YHUCET X, ), Z MEHbIIE EAWHULBI, TO
HAaVMEHBIIIEE W3 ITHUX TPEX YHCENl 3aMEHHUTh MOIYCYMMOH [BYX IPYIMX; B NPOTUBHOM CIly4dae
3aMEHMTb MEHBIIEE U3 X U ) MOJYCYMMOH JIByX OCTaBIIMUXCS 3HAYEHUI.

3agaHue Ne 3

Jlanbl AeHCTBUTENbHBIE YKCia X, ). Ecim X W Y OTpUIATENbHBI, TO KaXKJ10€ 3HAYEHHE 3aMECHUTH
€ro MOJYJIEM; €CIM OTPHULATEIBHO TOJBKO OJHO M3 HHUX, TO 00a 3HaueHus yBenuuuTh Ha 0.5; ecnu o0a
3HAYCHHS HEOTPHLATEIBHB M HH OIHO M3 HUX He npuHamiexut otpesky |0.5,2.0], To oba 3nauenus
yMmeHbIuTh B 10 pas; B OCTaJbHBIX ClydassX X H ) OCTaBHTH 0€3 W3MCHEHHUIA.

3apaHue Ne 4

JlaHo BeliecTBeHHOE unciao /. HalTu KopHM KBaJpaTHOrO ypaBHeHUs a-x’+b-x+c=0, eciu:

|sin(84)[+17 =1_J 3
(1—sin(4h)cos(h*+18))*’ 3+ltg(ah’)—sin(ah)
c=ah’sin(bh)+bh’ cos(ah).

’

IlonydeHHBI pe3yiabTaT NPOBEPUTH C IIOMOLIBIO TECTOBBIX INpuMepoB. lIporpamma nomxHa
HaXOIUTh U BEIIECTBCHHBIC, M KOMIUIEKCHBIE KOPHM ypaBHEeHMs. [Ipu peannsanuu nporpaMMsl He
CJIENYEeT UCIIONIb30BaTh IEPEMEHHBIE KOMIUIEKCHOTO THIIA JJaHHBIX. TeCTOBbIE MPUMEpHI IPUBEACHBI
B pazaeine Pexomenoayuu no 6inoaHeHuo 3Toro 3aHsATHS.

3apaHue Ne 5

JlaHOo BelleCTBEHHOE YMCIO a. Bprumcnuth 3Hauenue f(a), ecom ¢ymkums f (x) 3amana
bopmyIo:

0 mpu x<0,
a) f(x)={x mpm O0<x<l,
4
x" B OCTaJbHBIX CIy4asix;



11

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

2 . 2
x"—sin(1mx"°) B OCTANbHBIX CIAyYasX;

3apaHue Ne 6

3aganel Tpu ukcia a, b wu c. OnpenenuTts, MOTYT JIM OHH OBITH CTOPOHAMH TPEYTOJIbHUKA, U
€CIIU 1A, TO ONPEACIIUTE €r0 TUIL: TYIOYTOJbHBIN, OCTPOYTOJIbHBIN WIN MIPAMOYTOJIbHBIN.

3amevanme: [{ng pemeHus HTOM 3ajaud  MOXKHO IIpU  IIOMOIIM TEOPEMBI KOCHHYCOB
a’=b"+c*—2bccos(x) ompenenuTh KOCHHYC COOTBETCTBYIOIIETO yIIa TPEyrodbHHKA. 3aTeM,
10 3HAaKy KOCHHYCa, MOXHO OIPEeTUTh BUJ yIJIa.

3apaHue Ne 7

Touka Ha IIOCKOCTH 3ajJaHa CBOMMH KoopiumHaTamu (x,)). Hamucare mporpammy, KoTopas
IpoBepsieT, MPUHAICKUT JIM TOUKA 3alITPUXOBaHHON obnactu (cM. Puc. 2.1).

Pucynok 2.1. O6nacts as 3agaaus Ne 6

3apaHue Ne 8

TpeyronbHUK Ha ILIOCKOCTH 3aJaH KOOpAMHATAMM BepiuMH. [IpUHAIJIEKUT 1M Touka (X, V)
TPEYroJIbHUKY?

3ameuanue: [lyi1 pemieHHus 3TOW 3aadll MOXHO BOCIIOJIB30BaThCS TeM (DaKTOM, YTO JIBE TOUYKU
(x;, %) n (x,»,), wHe nexaume Ha kpuBoit F(x,y)=0, pasGuBaomeil KOOPIMHATHYIO

IJIOCKOCTh Ha J[BE€ YacCTH, NPUHAJIEKAT OJHOM M TOM € 4YacTd IUIOCKOCTH, ecnu [ (xl,yl) U
F(x,y,) — 4mucna omHOro 3HAKA.

3apaHue Ne 9

3ajaHbl KOOPAMHATHI TPEX TOUYEK Ha IJIOCKOCTH (x l,yl), (x 2, Y ), (x 3, 3). BrrsicuuTs,
HAXOJUTCA JIM TOYKA C KOOpAMHATAMM (X, ¥) BHYTPHU OKPY’KHOCTH, IPOBEICHHOI uepes 3aaHHbIe
touku? PacueTHblie GopMyIIbI MOMYUUTh MO0 BPYUHYIO, JIMOO TIPH TOMOIITM cucTeMbl Mathematica.
Ecnu pacueTHbie (opMyIbl TOTYyUYEHBI ¢ TOMOIIBIO CUCTeMBI Mathematica, To B popmar @opmpara
UX MOXKHO TpeoOpa3oBarh npu nomomu GyHKun FortranForm[ ].

3apaHue Ne 10

Jns zagannoro uncna n (0<n<100), paccMaTpuBaeMOro Kax BO3pAcT YeNOBEKa, BHIBECTH Ha
9KpaH npaBuiIbHO chopMupoBannyio dpasy: 21 god, 32 goda, 18 let u T.1.



PekomeHOauuu rno ebInoJyIHeHUI

3apaHue Ne 3

TecToBbIE TPUMEPBIL:

12

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

[Ipy BBINONHEHUU 33JaHUS YIOOHO BOCIIOJB30BaThCSl TeM (DAKTOM, YTO ypaBHEHUEM IMPSIMOH,
npoxozsei uepes aBe Touku (X, ;) u (x,¥,), sBAfeTcs ypaBHeHHE:

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

3agaHue Ne 9

[TpuBeneM OCHOBHBIE XapaKTEPUCTUKU OKPYXHOCTH, MPOXOAAIIEH Yepe3 TPU TOUKHU HA MJIOCKOCTH:
toukn (¥, y,), (x,¥,) m (X5y;). Pammyc 3710l OKPYKHOCTH MOKHO BEIYMCIIHTS IO HOPMYIIE:

= ((xl _x2)2+(J’1_)’2)2)((xl_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

KoopaunHaTh! IEHTpa BBIUUCIIAIOTCS MO GopMyIam:

(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))

Yo=

3agaHue Ne 10

I[JISI BBIYMCJIICHUSA ocCTaTrKa oT yuceal a U b MOXKHO

BOCIIOJNIb30BaThCs (POpMYIoi:

JCIICHUA ABYX HaTypaJIbHBIX
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Tema Ne 3. NporpamMmmMmbl LUKITMYECKON CTPYKTYPbI

DTO 3aHATHE TMOCBSILEHO IporpaMMaM IMKJIMYECKOM cTpykTypel. Ha
3aHATUM HEOOXOAMMO HAyYHUThCS MPUMEHATh Ppa3IUYHBIE OINEPATOPbI
opranuzanyu nukiIa @Dopmpana W TO3HAKOMUTCA C€  OCHOBHBIMH
BBIYHUCIIUTEIBHBIMY 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) (Jm—al)2+(@—a2)2+...+(m—an)2

I[JISI HpOBepKI/I HpaBI/IJ]LHOCTI/I peIJ_ICHI/IH 3a1a4Yn HpI/II[YMaTb TCCTOBBIC HpI/IMepr.

3ameuanue: [Ipu pemennn 3Toil 3a7a4u BCIO MOCEN0BaTEIHLHOCTD yrcen B namsatu [1K xpanuts
HC HAaOo0.

3apaHue Ne 2

JlaHo BemecTBEHHOE YUCI0 X. BBIYUUCINTH:

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

[TonydeHHbl1 pE3yJbTaT MPOBEPUTH C IOMOLIBIKO TECTOBBIX MNPUMEPOB. TECTOBBIE NPUMEPHI
MIpUBEJICHBI B pa3zeinie Pekomeroayuu no 8bin0IHeHUI0 3TOTO 3aHATHUS.

3amevanne: Kak [ONOJHUTENBHOE 3aJ@aHUE MOXHO y4Y€CTh OTpaHUYEHHUs, HaKJIaJbIBa€Mble Ha
3HAYEHUS [IEPEMEHHON  X.

3apaHue Ne 3

BbIUMCIIMTL  JUIMHY KpHBOH, cooTBeTcTBytomyio dyskmuu f (x)=sin(x) ma orpeske |a,b],
IPUOIMKEHHO 3aMEHUB KPUBYIO JIOMAHOM, TIOJydeHHOI B pe3yisTare pa3duenus otpeska |a,b| wa n
paBHBIX YacTEH.

[Tony4eHHBIN pe3ysabTar MPOBEPUTH C MOMOIIBIO TECTOBBIX MPUMEPOB. TECTOBBIE MPUMEPHI TPUBEIEHBI B
pasnene Pekomendayuu no 6plnOIHEHUI0 3TOTO 3aHSTHSL.

3apaHue Ne 4
3az[aH0 HaTypaanoe 3HAQYCHUC n, ,Z[CP'ICTBHTCJILHOC 3HAYCHHUEC X. BBI‘H/ICJ'II/ITB:
n
1
a) 2.3
i=1 l

n

SE |
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i=1

[TomyueHHBI pe3ynbTaT MNPOBEPUTH C IOMOIIBIO TECTOBBIX MNPHUMEPOB. TeCTOBBIE MpPUMEpPHI
IIPUBEJIEHBI B pa3zaene Pekomenoayuu no 8bin0IHEHUI0 3TOT0 3aHATHUS.

3apaHue Ne 5

Brruucnuts:
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 pPE3yJbTaT MPOBEPUTH C IOMOLIBIO TECTOBBIX MNPUMEPOB. TECTOBBIE NPUMEPHI
IMPUBCACHBI B pa3gcic PekozweHOauuu NnO 6blNOJIHEHUNO OTOI'O 3aHATHUA.
3agaHue Ne 6
JlaHo HaTypaJbHOE YMCI0 #. BBMHCIUTH cpeaHee apudMeTndeckoe udp, UMEIOIMUXCS B 3aUCH
9TOI0 yucia.
3agaHue Ne 7

Hano neiictButenbHoe unciao x#0. BeI4uciuTh:

,, 256
X+t
X
[TonydeHHBI pe3yJabTaT MPOBEPUTH C IMOMOIIBIO TECTOBBIX MNPUMEPOB. TECTOBBIC MPUMEPHI
IMPUBCACHLI B pa3aciic P@KOM@H()CZL;I/{M no 6blNOJIHeHU 3TOIO 3aHATHA.

3ameuanue: [locie Toro, kak mporpamma OyJeT IPaBUILHO BRIUUCIATH 3HAYEHUE IPOOH, 10OABUTH
coXpaHeHue 3HaueHus npoou B (aiin Result.dat npu U3MEHEHUH 3HAYCHUS IEPEMEHHON Xx B
3aJJaHHBIX Mpefenax ¢ 3aJaHHbIM maroM. Ilpenensl u mar u3MeHeHusl 3HaueHusl IEPEMEHHON X
BBOJATCS C KJIABUATYphl BO BpeMsi paOoThl mporpaMMmbl. CTpykTypa (aiina — pesynbrara: MepBblid
cTonben — 3HaYeHHe MePEMEHHOM X , BTOpOM CTONOel — BBIYUCIEHHOE JUIsSl JAHHOTO 3HAYCHUS
NepeMEeHHON X 3HaueHwe wnenHod apodu. Ilo momyueHHomy (aiimy mocTpouTh Tpadux
AKCIIOPTUPOBATH €TO B KAKOW-TNO0 rpadudeckuii opMmar.

3apaHue Ne 8

Jlano BCIICCTBEHHOC TMOJIOXKUTEIBHOEC yucao b. TlociienoBareabHOCTh d),d,, A5, ...
o0pa3oBaHa 110 3aKOHY:
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1
a,=b, a,-=a,-,1—$, i=2,3,....

Haiitu nepBbIi HEOTPULIATENBHBINA YWICH I10CIEI0BATEIbHOCTH.

3apaHue Ne 9
HOCJ’Ie,I[OBaTCJ'IBHOCTI) 3a4aHa I10 CJ'ICI[YIOIHeMy npaBI/my:

i+1
v,=v,=0, v;=1.5, V.= ’
"+

Vie17 Viea Vi3, i=4,5,...
Jano HarypansHoe n  (n=>4). Tomyuuts Vv,

3agaHue Ne 10

3anmcaTh PeKKypeHTHYIO (JOPMYITY U C €€ IIOMOIIbIO BHIYUCIUTD HHTETPAI:
1
-1
E=[x"¢"dx n=12,...
0
[Ipu cocTaBieHUH PEKKYPEHTHON POPMYIIbI yU€CTbh, YTO

n

1
1
-1 -1 _x-1
E =x"¢e" |0—fnx" ¢ dx=1-nkE, |, n=2,3,... E,=—
0

Berurcnuts 3nauenne E,, n=1,2,...,20. Pe3ynsrar BLIYMCICHHN BBIBECTU B BHJE TaOJIHUIIGI
3Ha4YeHUI Ha 2KpaH U B (aiin ¢ umeHeM Result.dat. [IpoBepuTh NpaBUIBHOCTh BBIYMCICHUN
1100 ¢ moMoIIbI0 cuctemMbl Mathematica, 1100 ¢ MTOMOIIBIO TECTOBBIX IPUMEPOB.

Pekomeudauuu o ebInoJIHeHUr

3apaHue Ne 2

TecToBbIE TPUMEDHI:
X -3.6 —2.6 —1.6 —0.6 0.4 1.4 24 34

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

3apaHue Ne 3

Jimina nyru gysknpn sin(x) Ha maTepBane [0,3| mpuGmumsurenbHO paBHa 3.62029.

3agaHue Ne 4

TecToBbIE IPUMEPBL:

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: ®opmyra o0IIero WieHa 3aJaHHOTO PsJia JOCTATOYHO MPOCTast (a,:(— 1 x>t )

HO HCIIOJIB30BaTh €€ HE palMOHAJIBbHO, ITOCKOJBKY IJId KaXXJ0ro 4JICHa psAda HYKHO BBIYUCIIMTDH
CTCIICHb U (baKTOpI/IaJ'I. Fopa3;lo OobIIeH B(I)(bCKTI/IBHOCTI/I MOXHO JOCTUYb, BBIYUCIIAA YJICH pAlda C



16

MOMOIIBI0 PEKKYPEHTHOTO COOTHOLICHUS. [[s HaxXOXKIEHUsT 3TOr0 COOTHOUIEHUS HaWJeM

OTHOIIICHUC:
a, =((_1 )i x2i71 )((_ 1 )l‘f] x2(i7] -1 )—1=_ (i— 1>!x2i72(i71) =_x_2
a;_y i! (i—-l)/ i! i
HepBBIﬁ 3JIEMEHT ITOU II0CICA0BATCIBHOCTH, BXOI[HIJ_II/Iﬁ B CYMMY, MOXKCT 6BITB BBIYHCIICH OYCHbB
npocTo: a;=—X
TenepL CTAaHOBUTCS ITOHSTCH B(I)(beKTHBHLIﬁ CHOCO6 BBIYHUCJICHUS CYMMBI n MEPBLIX YWICHOB pAa.

3apaHue Ne 5

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

c). res=48.8664

3agaHue Ne 6

IIpuBenemM BO3MOXKHBIN aITOPUTM PELIEHUs 3a1a4H, 3aIIMCaHHBIN B BUJIE IICEBIOKOA:

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{erHbIe APOOM — ITO KOHCTPYKIIMH CIEAYIOIIETO BUAA:

a,

R,= -
b+ 2

b,+

OOBIYHO LIEMHYIO IPOOh YCIOBHO 3aIIUCHIBAIOT B BUJIE:
a, a, a; a,
b+ b,+ bi+ b,

4=

Kak IpaBujio, MNOCIHBIC ,Z[pO6I/I BO3HHUKAIOT TIIPpU BBIYHUCICHHUU TEX WM HWHBIX BbICIIHUX
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TpaHcUeHIeHTHbIX pyHKmiA. Ecnu GyHKums MoxeT OBITh MpeacTBajieHa B BUIE LIEMTHON ApoOH, TO
TUM 0053aTeNBHO HAIO BOCIIONB30BATHCS, IMOCKOJIBbKY OECKOHEUHBIE IIETTHBIE IpOoOM OOBIYHO
CXOSATCS TOPaA3o ObICTpee, YeM PSIIBL.
Pa3ymeercs, menHple ApoOM HE ClleyeT BBIYHCIATH B COOTBETCTBHU C SIBHBIM BBIPKCHHEM.
[IpsMOE BBIYUCIIEHHE IIEMHON ApOOU HE JOIMYCKAeT PEKypCHH: eciau a00aButh K b, ciaraemoe

as/bs, 0 BCIO MPOOL MpUIETCS MEPECUNTHIBATH 3aHOBO. IIpaBuIbHAS PeKypCHBHAS MPOIETYpa
TaKoBa:

A

R =—"
B

n

An =bn Anf 1 + an An -2

Bn=ann—1+an Bn—2
Yro6bl HauaTh 3Ty peKkypcuio, ciexyer mnonoxuts A4,=0, By=1, A4,=a,, B,=b,.
[TpoBepHTh 1aHHYIO GOPMYITY MOXKHO € TOMOIIBIO METO/Ia MaTeMaTHYeCKOH HHIAYKIHH.

TecToBbI€ IPUMEPBHIL:
x 0.5 l. 1.5 2. 2.5 3.

res 1.04836 0.618718 0.528505 0.452539 0.382029 0.325643

3apaHue Ne 8

[Tokaxkem cxeMaTU4HO, KaK MOYKHO ITPOBECTH BBHIYUCIICHHUE.

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

3apgaHue Ne 9

IToxaxxem CXEMATUYHO, KaK MOXHO 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 nporpamMmma «IOMHHUT» HEC BCC DJICMCHTHI ITOCIICAOBATCIIBHOCTH.
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B mamsatu [IK Haxomarcs TOABKO T€ 3JIEMEHTHI MOCIEI0BATEIbHOCTH, KOTOPBIE HEMOCPEACTBEHHO
HY)KHBI JIJIs1 BBIYMCIICHUS MTOCJIETHET0 (TP MpeanocieqHue sneMenTa). [lpy BeIYMCIeHUN HHACKCH
AJIEMEHTOB JIy4llleé paccCMaTpUBaTh KaK yKa3aHHUE HA B3aUMHOE PACIOJIO0KEHHUE AJIEMEHTOB (HOBBIMH,
MPEIbIIYIINN, Tepe NPEAbAYIINM U T.1.).

3apaHue Ne 10

TecToBbIE TPUMEPBL:

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 TabNMYHO 3afaHHbIX PYHKLUNA

Hns moctpoenuss rpadukoB (YHKIMA MOXKHO HCIHONAB30BaTh nporpammy GnuPlot. JlanHas
nporpaMMa OTHOCHTCA K (OHAY OecIIaTHOTO MPOrpaMMHOTO OOECIeUYeHHUs U peaju3oBaHa s
pa3HBIX OINEpaIMOHHBIX CHCTEM U THUIIOB KOMIIbIOTEpOB. llocieanue Bepcuu MmporpaMMbl MOXKHO
CBOOOHO MONIY4UTh U3 MHmepHem ¢ caiiTa pa3paboTuuKa.
C nporpaMmMoii 00pIYHO paboTarOT B OIHOU U3 IBYX PEKHUMOB:
& UHMepaKmueHom — IMOJIb30BATENb BBOAUT KOMaH/Ibl HOCTPOEHUS U 0popMIIeHHS TpapUKOB
B KOMAaHJHOM CTpOKE mporpamMmbl (3TH KOMaHIbl MOXHO BbIOpaTh JHOO U3
COOTBETCTBYIOLIMX ITYHKTOB MEHIO IJIABHOTO OKHA MPOTPAMMBI, JINOO C MOMOIIbIO MMaHenen
UHCTPYMEHTOB);
¢ nakemHoM — TIOJIb30BATENb TOTOBUT CIIELUATIbHBINA MAKETHBIN (Paiis ¢ KoMaHIaMU, KOTOPBIH
nepeaeTcs Kak mapaMmerp nporpaMmme B MOMEHT ee BbI3oBa. [Ipu 3ToM nporpamma paboraer
B (DOHOBOM peXHME, a MOCTpoeHHe, opOopMIIEHHE U IKCIOPT rpaduka B HYXHbIH (popmar
IIPOUCXOJUT AaBTOMAaTUYECKHU.

ITporpaMMa nocraBisieTcsi ¢ XOpoILIe CpaBouHOM cucTeMol, rae ykazana BCS neobxonumas s
pabotsl uHpopMmalms. Kpatko paccMOTpUM OCHOBBI pabOTHI € TPOrPaMMON.

[Tocne 3amycka mporpaMMbl B IJIaBHOM OKHE HY)XHO YKa3aTh pabodyl0 TarKy H 3arpy3uTh
nakeTHeId ¢ain ¢ komannamu. [[ns storo crnemyer BwIOpath TYyHKT File | Change directory
[IaBHOTO OKHA IpOrpaMMbl WM HaxaTb KHONKY ChDir maHenu uHcTpyMeHTOB. Ha skpan Oyner
BBIBE/ICHO CTaHJApHOE AMAOr0BO€ OKHO BbIOOpa mamku. [locne BbIOOpa Hy:XHOH manku (B Hel
JIOJDKHBI HAXOMUTHCS (Paiiil ¢ JaHHBIMU, IO KOTOPBIM HY>KHO TOCTPOHTH rpaduK, U MakeTHHIN (aiin
¢ xomanaamu GnuPlot) n ToATBepKeHHsI BbIOOpa B CTPOKE BBOZAA MpOrpaMMbl OyneT BBEACHA U
BBHITIOJIHEHA HY)KHasi KoMaHa nepexoza (cm. Puc. 3.1).

[Tocne »Toro crmemyer 3arpy3uTh KoMaHAHBIA ¢ain GrnuPlot (TekCTOBBIM (ala ¢ HYXKHBIMH
komannamu). OObIYHO, KOMaHAHBIE (aitnel GnuPlot umerommid pacmmpenue uMeHn ¢aina PLT.
Jlist 3arpy3ku ¥ BBINOJHEHHS HY)KHOTO KOMaHIHOro (aiia ciexyer au00 BbIOpaTh MYHKT MEHIO
File | Open rnaBHOTO OKHa IPOrpaMMbl, MO0 HaxaTh KHONKY Open naHenu 3ana4. Ha skpan Oyzner
BBIBEJICHO CTAaHJApTHOE OKHO BbIOOpa (hailia, B KOTOPOM HYKHO yKa3aTb TpeOyeMblil MakeTHbBIH
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¢aiin. [Toce moaTBepkeHUs BhIOOpa iporpamma GrnuPlot BRITIOTHUT BCe KOMAH/IbI, HAXOSAIIHECS B
¢aiine. Ilpu sToM B cTpoke BBOJA IJIABHOTO OKHA MPOrpaMMbI OyIeT yKa3aHa BBIMIOJHEHHAs

KOMaH/1a 3arpy3KH1 ITaKeTHOTO aiina. _
: I [=[ 3]

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 nporpammbl GnuPlot

[Tpumep nmakeTHOTO (paiina A MOCTPOEHUSI IBYMEPHOro rpaduka 1no Habopy TOYeK, XpaHSIIIUXCS B
daiine mpuBeneH Hwke. B makeTHoM (ailie ykazaHbl KpaTKHe KOMMEHTAapHM K OCHOBHBIM
koMangaMm. Ilpu HeoOXomuMOCTH BCe€ O KOMaHAaXx MOXHO Y3HATh B CIPABOYHOM cHcTeMe

IIPOTrPaMMBI.

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 KOMOUHUPOBAHHON CTPYKTYPbI

OTO 3aHATHME TIOCBAIICHO TMporpaMMmaM, BKIIOYAIOUIUM IUKIBI U
pa3BeTBieHHs. Ha 3aHATHH HEOOXOAMMO HAYyYUTHCS YMCICHHO BBIYUCIATH
Mpeaenbl, CyMMbl W LEMHBIE IpoOM C 3aJaHHOM TOYHOCTHIO, a TaKXKe
MPAKTHUYECKH  TO3HAKOMHUTBCS €  OCOOCHHOCTAMH  IIETOYMCIIEHHBIX
BBEIUMCJICHUH.

Cnucok 3adaHul

3apaHue Ne 1

JlaHo HaTypaibHOE 4YHCIO 7 , JeWcTBUTENbHOE 4mciao X. Cpenu umcen exp(x’Zk)sin(x%)
(k=1,..., n) wnaiiTn 6Gamxaiiliee K KAKOMY—HUOY/Ib LIETOMY.

’

3agaHue Ne 2

BLIYHCINTL OECKOHEUHYIO CYMMy C 3aaHHOM TouHocThio &€  (£€>0). Cuurars, uto Tpebyemas
TOYHOCTh JOCTUTHYTA, €CJIM BBIYKMCIIEHa CyMMa HEKOTOPBIX IEPBBIX CIAraéMbIX M OUYEpPEIHOE
clTaraeMoe OKas3aJioCh IO MOAYJIIO MEHBIIIE, YeM & — 3TO U BCE MOCICIYIOIIHNE claraeéMble MOYKHO
HE YYUTHIBATh. BEIUUCIUTE:

S 1
ST

i=1

b) 2(—})’

I

0 (_1)i+1
©) Zl i(i+1)(i+2)

3agaHue Ne 3
Yucina @UOOHAYYH TIOTYUIAFOTCS ¢ TIOMOIIBIO CIEIYIOMIEr0 COOTHOMIEHHUS:
fi==1 So=fuat nz3.
C 3a1aHHOM MOIPEMIHCTRIO &€ YHCIIEHHO BBIYUCIHUTH MPEIEN BBIPAKEHUS:
lim /s
S N

CpaBHUTH OJTHEHHBIN OTBET C 30/10MbIM Ce4eHUEM:

V5+1
=

3apaHue Ne 4

Hanucare mporpammy, KOTOpasi BBIUMCISICT HAUOONBIIUN OOLIMN NENUTeNbh ABYX LENBIX YHCEI.
HaubGonbmmii o6muii gemurens (HO) HEOTPUIIATETHHBIX IEJIBIX YUCET MOXKET OBITh BBHIYHCIICH
npu nomonm ainroputma EBxmmpa. [lycte m uw n — OZHOBPEMEHHO HE paBHBbIC HYIIO IEJbIe
HeOTpHUIaTeNbHbIe unciaa U mycts m=>n. Torma, ecim n=0 10 HOHJ(n,m)=m, a ecmm
n#0, , TO gNa uMcen m, N WU F, IO€ ¥ — OCTaroOK OT JEJIEHWsS M Ha N,
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BEITIONHsAETCs paBeHcTBo HOJ (m,n)=HO/ (n,r).
Hanpumep, HO/ (15,6)=HO/J(6,3)=HO/(3,0)=3.

3apaHue Ne 5

Hanucats nporpammy, KOTopasi BBIYMCISET YUCIO TT € 3aJaHHOM IOJIb30BaTeIeM TOYHOCTBIO. [l

9TOro BOCHOHBSYﬁTCCB TEM, YTO 3HAYCHHUC YaCTUYHOHU CYMMEI psga

IR SPIR S S
3 57 9
TIPY CyMMHUPOBAHUH JJOCTATOYHO GOJIBIIOTO KOMMYECTBA CIAraeMbIX npubmmkaercs k- 1w/4.
3ameuanne: CpaBHHThL TIONYYEHHOE 3HAYEHHE, CO 3HAYEHWEM, BO3BPAIAEMBIM CTAHAAPTHBHIMH
gyakuumu  (m=ACOS(—1.0)). nsa yno6erBa paGoThl, HpU IPOBEPKE PACYETOB UCIIONB30BATH

HeOOJIbIINE 3HAYEHHUS TOUHOCTH.

3agaHuve Ne 6

Yucno e — oCHOBaHME HATypalIbHBIX JIOrapu(pPMOB (HAIOMHUM, YTO OHO NMPHOJIM3UTENBHO PAaBHO
2.718281828), MoKeT OBITH MOMYYCHO B PE3yNbTaTe MPEAeIbHOTO Mepexoa no GopMye:
: 1/
lim(1—x)"""
x—0
Hammmmre mporpammy, ¢ 3aJaHHOW TOYHOCTBIO JAEMOHCTPHPYIOIIYIO CHPaBEIINBOCTh 3TOTO
YTBEPXKICHHSL.

3apaHue Ne 7

Hanucare nporpammy, KoTOpas TNpOBEPSET, SIBISETCA JIM YHCIO, BBEICHOE I0JIb30BATENIEM,
npocThiM. HatypanbHoe 4HcIo Ha3bIBae€TCs MPOCTHIM, €CIHM €ro JASTUTENIH Todbko | M camo 310
YHCJIO.

3apaHue Ne 8

s mpou3BoONIbHOTO (TIONOKHUTEIBHOTO M OTPHUIATENbHOTO, OONBIIOI0 M MAajoro) 3aJlaHHOTo
apryMeHTa X, HaIMIINTe HporpamMMmy BbrducieHus (ynkmumit sin(x) u cos(x) mocpeactsom
BBIYHCIIEHUs OECKOHEUHBIX CYMM C 3aJ1aHHOM TouHoCcThIO € (£>0).

sm(x)=x—?+§—?+
x xt X’
cos(x)=l—a+ﬂ—a+...

Cunrare, 4To TpeOyeMas TOYHOCTb JOCTUTHYTA, €CIM BBIYMCIEHA CyMMa HECKOIBKHX IEPBBIX
CJIaraeMbIX W OYEPEJHOE CIIaraéMoe OKa3aJoCh II0 MOAYIIO MEHBIIE, YeEM €&, — 3TO M BCE IIO-
CIIENyIOIIME ClIaraeMble MOXHO YK€ He Y4uThIBaTh. Ilocie BblunciieHus (YHKLHMH HOPOBEPUTH
TOYHOCTh, C KOTOPOH BBIMOJHAETCS TOXKAECTBO  sin (x)°+cos(x)’=1.

3apgaHue Ne 9

Jlis 3agaHHOTO 3HAueHWsl X>1 BBIYMCIUTH ) — 3HAUCHHE KOPHS KBAJPAaTHOIO OT X IO
uTeparmoHHon Gopmye:

1
=—ly. .+
yl 2 yz—l yl-,l



22
C 3aJaHHOH TOTPEIIHOCTBIO &, 3aJaB  HavajbHOe mpHOMmKeHue Y,=X. CpaBHUTh C
PEe3yJIBTaTOM UCIOIB30BaHMS BCTPOCHHON (QyHKIMH. CKOJIBKO HTEpaIMil MPHUIILIOCH BBITOJHUTE?
3agaHue Ne 10
Haittu 100 mepBbIX mpocThix umcen. HarypambHoe YMCIIO Ha3bIBACTCS TPOCTBIM, €CIH €Tr0
JICTUTENN TOJIBKO | ¥ caMO 3TO YKCIIO.
3apaHue Ne 11
Haiitu nonoxxeHre MuHMMYyMa (QYHKIIMY KOMIUIEKCHOTO apryMEHTa, 3aJaHHOHN pa3ioKEHUEM B PSIII:
k 2 k
_v (=1 (z74)
J o(Z )_Z N2

k=0 (k . )

B oomactu O0<Re(z)<3, —1<Re(z)<l, ppruucnss Tabnuily 3HaYeHUH C 3aJaHHBIM IIATOM
h.

3agaHue Ne 12
C 3a/1aHHOW TOYHOCTHIO BBIYUCIIUTE TIPEICIT BEIPAIKCHIS:

lim

x—=0

1+tg x (sin)
1+sin x

3agaHue Ne 13

HaTypaHBHOG YHUCJIO HA3bIBACTCA COBCPUICHHBIM, €CJIM OHO paBHO CYMMC BCCX CBOUX [[eJ’IHTe.Heﬁ, 3a
UCKITIOUeHHeM cebsi camoro, HO Bkmtowas 1. Tak, uymcmo 6 — coBepiIeHHOE, TaK Kak

6=1+2+3, a uucno 8 — He coBepumieHHOe, T.K. 8#1+2+4. Haiitu Bce coBepIICHHBIC
YHUCJIa, MCHBIIIAE 33JJAHHOTO HATYPaJLHOTO YUCIa 7.

3agaHue Ne 14
JUIs 3aaHHOr0 X € 3aJaHHOM TOYHOCTBIO & BBIYUCIHTH

2 2 2
X x 4x 9x”

t =
e = 3 5+ 7+

Pe3ynbrar BBIUMCIIEHWH CpPaBHUTH CO 3HAYEHHEM, IIOJYyYCHHBIM BCTPOCHHOW (yHKUMEH
(ATAN (x) ). TpakTys 3T0 Kak «TOYHOE» 3HAUCHHE IOJIYYMTh AOCOJIOTHYIO U OTHOCHUTENIBHYIO
omnOku. CpaBHUTH € 33JaHHOW TOYHOCTHIO PACUETOB &.

Pekomeudauuu o ebInoJIHeHUr

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

3agaHue Ne 2

TecToBbIE IPUMEPHI:

a). 1.0 (tounoe 3Hauenme — 1 );

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

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

o0 _1 n
PacueTHyto popmMyny MOXKHO 3amKcaTh B BUJE: z 2( ll .
n=0 ‘N
3apaHue Ne 8
PacuetHble popMyIibl MOXKHO 3amIcaTh B BUJIE:
2n—1

sin(x)=22(—l)"l(2flT)!, cos(x)=2(—1)"(;n)!.

3apgaHue Ne 11

TIpuMepHOe MONoXKeHHe MHHIMYMa B 3ajaHHO# oGmacti: Re(z,,,)=2.40483,Im(z,,,)=0.

3agaHue Ne 12

TecToBbIil pe3ynbrar: |

3apaHue Ne 14

— 2. 2
JUis pacyeToB MOKHO HCIIOJb30BaTh cienyiomue QGopmyisl: ¢,=Xx, q,=(n—1)"x" s
n>1; b,=2n—1.
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Tema Ne 5. PyHKUMKM 1 nognporpammbl. OCHOBLI paboThbl

Ha opmaHHOM 3aHATUM HEOOXOAMMO TIO3HAKOMHUTBCS C  OCHOBHBIMU
IpOrpaMMHBIMU eAUHULAMU Popmpana: QyHKIMSIMUA U TOANPOrpaMMAaMHU.
Ha 3ansatun HeoOX0IMMO HAYyYUTHCS pa3leisaTh 3aJadyy Ha MpOrpamMMHbIE
eIMHUIIBI 1 0OMEHHMBATHCS JAaHHBIMH MEX1y HUMH.

Cnucok 3adaHul
3agaHue Ne 1

[ano neiictButenbHOE ynucino ). IlomydnTh 3HaU€HHE BBIPAKECHUS:

1.7-£(0.25)+2- f(1+y)

6— f(y'=1)
e gyskius  f (x) ompenenena Tak:
16 2k+1
Z X
= (2k+1)!
[ (x) =
X
i=o (2k)!

TecToBoe 3HaUeHHUE OIS IMPOBCPKHU pa6OTLI nporpaMmsbl yKa3aHO B P€KOM€Haal4Mﬂx NnoO 6blNOJIHEHUIO
OTOTO 3aaaHus.

3apaHue Ne 2

Hamucare moamporpammy pelieHusi KBaJpaTHOTO ypaBHEHUs. B kadecTBe mapameTpoB
noJnporpaMmMa MpUHUMAET KOI(PQPHUIIMEHTH KBaJpaTHOIO YpaBHEHHUS, a BO3BpAIlAeT pPELICHUS
KBaIpaTHOTO ypaBHEHHUs (BELECTBEHHbIC MJIM KOMILJIEKCHBIE) U MEPEMEHHYIO, YKa3bIBAIOIIYI0 Ha
KOJIMYECTBO KOPHEH U THUIl pelIeHUs (KOPHU MOTYT OBITh BEIIECTBEHHBIE HJIM KOMILIEKCHBIE; KpOME
TOTO, YPaBHEHHUE MOXKET HE UMETh PELICHUS).

3amevyaHue: BO3MOXBIM BapUaHT 3arojloBKa IMPOLEAYpPbl W TECTOBbIE 3HAYEHHUS ISl MPOBEPKHU
porpaMMbl IPUBECHBI B paszaere Pekomenoayuu no 8binoiHeHuro 3Toro 3a1aHusl.

3agaHue Ne 3

Jlanpl HaTypadbHOE YHCIO 7, HEHUCTBUTENbHBIE 4YHCIa X, Vi, X5, Vy, ..., X,
Y, Haiigurte wiomanas 7 —yrojibHHKA, BEPIIUHBI KOTOPOTO MPH HEKOTOPOM TOCIIEI0BATEILHOM
00X0/1€ UMEIOT KOOPIUHATHI (x,v), (x5, 1,), . (x,,7,) (cm. Puc. 5.1).

3ameuanue: /[ pemieHus 3a1aHus ONPENETUTE IPOLEAYPY BBIYMCICHUS IUIOMAAN TPEYTOJbHUKA
10 KOOPIAMHATaM €ro BEpLIUH.

3apaHue Ne4

JlaHbl JeificTBUTENBHBIE YnuCaa X, Vi, X5, Yy, ..., Xg, Vs TOUKH C KOOpIAMHATAMHU
(x,,»,), (x,,¥,), (x;,¥;) paccMaTpuBalOTCs Kak BEPIIMHBI IEPBOrO TPEYrONbHUKA, TOUKH
c xoopauHatamu (X4, V),  (x5,¥5), (X4 ¥s) — BTOporo TpeyronmpHuka. BeIACHHTE, BepHO

JIM, YTO TIEPBBIH TPEYrOJIbHUK ICIMKOM COJIEP’KUTCS BO BTOPOM, W €CIIH Ja, ONPEICIIUTh TUIOIIA b
o0mactu, mpUHAANIEKAIIEH BHEIIHEMY TPEYroJdbHUKY W HE MNpPUHAANSKANIEH BHYTPECHHEMY.
(BamTpuxoBanHas obmacts Ha Puc. 5.2.)
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3ameuanue: Bo3moxbiii HaOOp mpouenyp, HEOOXOAMMBIA [JIsi PEIICHHs 3aJaud TPUBEJCH B
pasnene Pexomenoayuu no 6vblnoaHeHuo 3TOT0 3a1aHus.

(X, y,)

Pucynok S.1. Bpruncnenue 1uiomand MHOTOYTOJIBHMKA IIPU  IOMOILU
pa3OHeHus ero Ha TPEYTONbHUKH.

Pucynoxk 5.2. O6JIaCTb, IUIOIAAb KOTOpOM  TpeOyercss HalTH B
3aganun Ned

3apaHue Ne 5

Hamumure QyHKIU0O, OpeaHa3sHAYEeHHYIO IS ONPEACNICHHsT HauOOJBIIEro OOIIEro JIeTUTels

NOD (x, y), JBYX HaTypaJbHBIX 4YHCEI X M ) C TOMOIpl0 anroputMa EBkimna:
NOD (A, B)=NOD(Bmod A,4), ecou A#0; NOD(0,B)=B.

3ameuanue: Hanucarh HEPEKypCUBHYIO M PEKYPCHBHYIO MPOLEAYpPHl BBIUYUCICHHS HauOOJIBILETo
obuiero nenurens. [Ipuaymars TecToBbIE IPUMEPHI ISl IPOBEPKU MTPABUIIBHOCTU PELICHUS 3a1a4H.

3apaHue Ne 6

J1Jis 331aHHOTO BEIIECTBEHHOTO uuciia @ >0 BBIYUCIUTH BhIPAKEHHE:
3 6/ 2
Ja— \/ a+1
—
1+3+a
Kopuu y:’\‘/ a BeucauTh ¢ ToyHOCTEI0 € =0.00001 MO cnenmyromieit urepanronHoi Gopmyre:

X
=1 Yn

n

1
yn+1 yn k

vo=1, n=0,1,2,..., TpUHAB 3a OTBET NpUOIMKEHUE y, . ,, U1 KOTOporo |y, ,—y,|<&

3ameuanue: J[ns TpOBEpKM MPAaBWIBHOCTH BBITIOJIHEHUS] TPOTPAMMbI BBIUUCIUTE JIAHHOE
BBIPXEHHE C TTOMOIIBIO BCTPOCHHBIX QYHKIIUNU DopmpaHna.
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3apaHue Ne 7

I[J'If[ BEUIECTBEHHOI'O YMCJia { BBIYUCIUATE C TOYHOCTHIO BCJIIMYHHY:

/ cos t smt i/ In¢
expt

Jns1 BBIUKCIIEHUS] KOPHEN UCTIONB3YHTE clenyromui pan Tennopa:

a(a—l)x2+a(a—l)(a—2) 3

X +...

a_1, a
(1+x)—1+1!x+ o 30

lx|<1, a>0.

3ameuanue: J[s1 TPOBEPKH TMPABHIBHOCTH BBITIOJIHEHHUS] TMPOTPAMMBI BBIUHUCIUTE JTaHHOE
BBIPKEHHE C TIOMOIIBIO BCTPOSHHBIX QyHKIMNH Popmpana.

3apaHue Ne 8

Hamucare moamporpamMmbl BEIYMCICHHST (DYHKIHH DWpH KOMIUIEKCHOTO apryMeHTa, HCIIONb3YS
Pa3IOKEHUs B CTEIICHHOU PSL;

Ai(z)=clf(z)—02g(z)
Bi(z)=\/§(clf(z)+c2g(z))

1 14 5,147 o1 2
= 1+=—2+—z%+ +..= ) 3=
f1z) 317 " el 91 - 20: (S)k(3k)!
2 2:5 7,258 10 - (2] 2
= 2+ +==7+==" = ) | ——
glz) = z T T Y 20: (3)k(3k+1)!
371€Ch
¢,~0.355028053887817, c,~0.258819403792807, a (z), 0003HAa4aeT CUMBOJI

[Toxrammepa: (Z)0= 1; (Z>n=Z'(Z + 1>~(Z+ 2)-. . .'(Z +n— 1) .
TecToBble 3HaueHWS] ISl MPOBEPKHM pabOTHI HPOrPaMMbl MPUBEACHBI B PexoMeHOayusix no
8blNOJIHEeHUI0 3TOTO 3alaHuA.

3apaHue Ne 9

Hanumute nporpamMmmy, onpeaACIArOmyr0 NpuMEpHOC MECTOPACIIOTIOKCHHUE KOMIIJICKCHOI'O KOPHS C
MHWHHUMAJIbHBIMHU ITOJIOKUTCIBbHBIMHA BECIICCTBEHHBIMU U MHUMBIMHA YaCTAMU I 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))

Boruncinth MUHEMaNbHOE 3HaueHne | f(z)| B HaiimeHHOl OKPECTHOCTH KOPHS.

[Touck TpPUMEPHOrO MECTOPACIOJIOKEHUS KOPHA M €ro HPUMEPHOE 3HAU€HHE BBIYUCISAIOTCS
«mabauunvim  (epaguueckum)» METOAOM. 3HAUYEHUE OHIIEMEHTAPHBIX YHCIOBBIX  (DyHKIMH
BBIUUCIIUTh C 3aJJaHHOM TOYHOCTBIO CHEIMAJIBHO HAMUCAHHBIMM IPOLEAYPAMH, OCHOBAHHBIMHU Ha
Pa3IIOKEHUSAX:

(2n—1)

3
In(z)=2 Z_l—l—l z—1 1 z—1 +... 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 pacronoXeHue KOpHs, CTpyKTypa (aiiina JaHHBIX M CKpUNT mporpammel GnuPlot,
IpeIHa3HAuYeHHBIM ISl TOCTPOHHSA JBYMEpHOro Trpaduka mpuBeleH B Pexomenoayusx no
6bINONIHEHUIO ITOTO 3aaHHS.

3apaHue Ne 10

Jns  3aJaHHBIX TPAHUI] HMHTETPUPOBAHUS d W b BBIUMCIUTE 3HAYCHHUE OMPEACICHHOIO
MHTETpaJia CIeIyIoIIero Buja:

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

TectoBble 3Ha4YeHHs S TPOBEPKHM pPAOOTHI MpPOTrpamMMbl TMPHUBENEHBI B Pexomenoayusx no
8bINOJHEHUIO STOTO 3aJaHUSl.

PekomeHdauuu o ebInoJIHeHUr

3agaHue Ne 1

TecroBoe  3HaueHwe  JUIsi  NPOBEPKHM  pabOThl  MPOrpaMMbl f(0.5)~0.462117,
result~0.335585.

3apgaHue Ne 2

21.]'[5[ BI)I60pa BapHaHTa PCHICHUA K3 MHOXCECTBAa BO3MOXHBIX PEKOMCHAYCTCA BOCIIOJIB30BaATHCA
orneparopom CASE.
Bo03MOXHBIIT BapHaHT 3arojoBKa MOANPOTPaMMBbI:

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

31€Ch!
> a, b, ¢ — Kko>pQUIMEHTHl KBAAPATHOIO ypaBHEHUA a-Xx°+b-x+c=0. BxojHble
napaMmeTpsl;
» x1, x2 — KOPHM KBaJpaTHOTO YpPaBHEHUS B CIydae BEIICCTBEHHBIX KOpPHEH W

BEILIECTBEHHAsA 1 MHAMAs YaCTH PELICHUS B CIy4yae KOMIUIEKCHBIX KOPHEU, COOTBETCTBEHHO.
BrIxonHbIe TapeMETpHI;
» par — napamerp, ONpeIesIFOIINA THIT U KOJIMYECTBO pelieHn. BeIxoaHOH mapaMeTp.

v par = 0,ecnu HET pewieHui (Habop K03 (HULIMEHTOB HE ONpeeNsieT ypaBHEHHE)
v par = 1, €eciu OIHO BEILECTBEHHOE pelleHNe (YypaBHEHUE JINHENHO)
v par = 2, eCliiu JIBa BeIIECCTBCHHbBIC PEIICHHS
v par = -2, eCciHd KOMIUIEKCHBIC PEIICHUS
TecToBbIe 3HAYEHUS JIJISl POBEPKH MPABHIILHOCTH Pa0OTHI IPOTPAMMBI:

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

3aaaHue Ne 4

st pemieHus 3a1aud OMpPEeIUTh MPOIeypy, TO3BOSIONIYI0 BBISICHUTD, JIEXKAT JIM JIBE TOUYKHU B
OTHOM  MONYIJIOCKOCTH oTHOocuTenbHO Tipsimoit  (Tema Ne 2, 3aganme Ne 8), mnpouenypy
BBIYHCIICHUSI PACCTOSHUSA MEXKIY JByMsS TOUKAMU, a TakKe MPOLEAYPY BBIYHMCIEHUS IUIONIAIN
TPEYTOJIbHUKA TT0 TPEM CTOPOHAM.

3agaHue Ne 8

Jnist perieHuns 3Toro 3ajjaHusi HEOOXOUMO aKKypaTHO MOMYyYUTh pacdeTHbIe (POPMYITBI «Ha Oymare.
TectoBoe 3HaYeHHE ISl MPOBEPKH NMPaBUIBHOCTU PaOOThI MPOTPaMMBbI:

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

3apaHue Ne 9

JanHyto 3amadqy pekoMeHIyeTcs pemarh rmo 3tanam. CHavana HY)KHO HAIMCaTh MPOLETYPHI LIS
pacueTa d3JIEeMEHTapHbIX (DYHKIUH € 3aJaHHONM TOYHOCTHIO JUIsl BELICCTBEHHBIX apryMEHTOB H
MPOEPHUTh MX C TIOMOIIBI0 BCTPOSHHBIX (QyHKIMI Dopmparna. 3areM clieayeT nepeaesaTh ux s
paboThl C BElIECTBEHHBIMH aprymMeHTamu. Jlanmee, HamucaTth W MPOBEPUTH PadOTy MPOLEAYPbI
Bbuucienus f (z) jns 3agaHHOrO apreMeHTa, a IMIIb 3aTeM (OPMHUPOBATh (aiil JaHHBIX,
CTpOUTH TpaduK U HAXOAUTH TAOIUYHBIM METOJOM MHUHUMYM.

[TpumepHoe pacmionoxenue Kopus: x~3.55427  y~5.36438

Crykrypa ¢aiina gaHHbIX, a1 nporpamMmmbl GnuPlot. JIist mocTpoeHUs: TpeXMEepHOro rpaduka 1o
HaOOpy TOYeK (Qaill ¢ JaHHIMH JOJDKEH CoAepKarh TpU ctondna. [lepBerii cronber — 3HaUYeHUs
BEIIECTBEHHONW 4YacTW z, BTOPOM cTonOel — 3HAauYeHUs MHMMOW 4YacTH Z, TpeTwuil ctonber —
3Hauenue | f(z)|. Pasnuunble 3HayeHHs B MEpBOM CTOJNOIE OTAENSAIOTCS IYCTOH 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.
Bo3MorkHbIil 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"

3aagaHue Ne 10

TecToBble 3HaYEHMSI ISl IPOBEPKU NMPABUIILHOCTU PAOOThI IPOTrPaMMBbl:
e a=0.1; b=06; n=0; result=0.5

e a=0.1; b=06; n=1; result=1.82157
e a=0.1; b=06; n=2; result=8.50495
e a=0.1; b=06; n=3; result=49.5328
e a=0.1; b=06; n=4; result=337.473
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Tema Ne 6. MHorocpamnnoBble nporpaMmmbl

Ha opmaHHOM 3aHATUM HEOOXOAMMO TIO3HAKOMHUTBCS C  OCHOBHBIMU
YHUCICHHBIMU METOJAaMH, MPUMEHSEMBIMH KaK CaMOCTOSITEIbHO, TaK U B
cocTaBe OoJsiee CIONKHBIX YHCICHHBIX AJITOPUTMOB: METOJAMHU BBIYMCICHUS
NPOM3BOJHBIX, MHTErPaJoB M pPELICHUs HEeNUHEHHbIX ypaBHeHui. Kpome
TOT0, Hy’KHO Hay4UThCs paboTaTh ¢ mpoekTaMu @opmpana, COCTOSIILIUMU U3
HECKOJIBKHX (aifioB.

Cnucok 3adaHull

3agaHue Ne 1

Hamucare mporenypy, KoTopas BBIYUCISET TPOWU3BOJHYIO 3aJIaHHOW TTOJIb3oBareneM (DyHKIMH
f(x) 3amamEBIM MeTonOM (IO OMPEIEICHUIO, C TMOMOIIBIO 3-X U 5-U TOYEUHOH CXEMBI) C
3aJaHHOU TOYHOCTRIO €.

3ameuanne: Jlns pacueroB B3ath QyHKuuIO f(x)=x—e". CpaBHUTH NONYYEHHOE 3HAYEHHE C
TOYHBIM (aHAJUTUYECKU BBIYMCIEHHBIM) 3HaU€HHUEM HPOM3BOAHOHN B 3a7aHHON Touke. OCHOBHBIE
pacdeTHbIe (POPMYIBI M PEKOMEHIAINH [T0 OPTraHU3aIUK POTPaMMEI IPUBENEHBI B Pexomenoayusix
nO GbINOIHEeHUl0 3TOTO 3a7aHus. B KadecTBe JOMONHUTENBHOTO 3aJaHUsl BBIYUCIUTE BTOPYIO
MPOM3BOJHYIO OT 33/IaHHON (DYHKIIMU M CPABHUTE C aHATMTHUECKU BBIYMCICHHBIM 3HAYCHUEM.

3apaHue Ne 2

Hanucars mpouenypy, KOTopasi BBIYUCIISET ONPENEICHHBINA HHTETpall

I=ff(x) dx

3aJlaHHBIM ~ METOAOM  (JIEBBIX MHPSAMOYTOJLHHMKOB, MPABLIX MNPSAMOYTOJLHMKOB M CPEIHHUX
IPSAMOYTOJILHUKOB) € 3aJaHHOW  TOYHOCTBIO €. Jlns  pacueToB  B3ATh  (PYHKIIUIO
f(x)=sin(2+V(x)). CpaBHUTb pe3yJIbTAT C AHATMTHYECKH BEIYUCIEHHBIM 3HAYCHUEM.

3ameuanue: 3HaueHUE HEOIPENEICHHOIO HMHTErpaja OT 3aJaHHONM (GYHKUMH (C TOYHOCTHIO /10
KOHCTaHThl UHTETPUPOBAHHUSI) PABHO:

1 . —
55111(2 \/x)f&cos(Z \/})
OcHOBHBIE pacueTHbIE (GOPMYJIbl IPUBEIEHBI B Pekomenoayusax no 6binoIHeHuI0 TOT0 3aJaHusL.

3apaHue Ne 3

BpruucnuTe MHTErpai ¢ 3a1aHHON TOYHOCTBIO COCTABHBIM METOAOM Tparenun

12
dx

| 7=
04 V3+x
[Tonmy4yeHHsbIi OTBET CpaBHHUTE C TecTOBEIM 3HaueHueM: 0.41784

3ameuanue: OcHOBHbBIE pacueTHbIe (OPMYIIBI IPUBEACHBI B PexomeHOayusx no 6binoiHenuio 3Toro
3a/1aHusl.
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3apaHue Ne 4

Brrancauts HHTCIrpaia C SaI[aHHOfI TOYHOCTBHIO COCTaBHBIM MCTOA0M CumncoHa

2.1

sin(xz—l)
1£ R

[TonmydeHHBIH OTBET CpaBHUTE ¢ TeCTOBBIM 3HaueHuem: 0.213079

3ameuanue: OCHOBHBIE pacueTHbIe (POpMyYIbI IPUBEAEHBI B Pexomenoayusx no 6blnoiHeHuo 3T0oro
3aJjaHusl.

3agaHue Ne 5
C IIOMOIIBIO paHCEC pa3pa60TaHHHx npoucayp BBIYHUCIIHUTD I[BYMGPHHﬁ HUHTCIrpaa ¢ 3a,£[aHHOI>'I
TOYHOCTBIO:

2

11
X
'(['of1+y2 dx dy

T

HOJ'Iy‘IGHHI:IfI OTBET CPABHUTEC C TCCTOBBIM 3HAYCHUCM: E

3apaHue Ne 6

C nomomibio paHee pa3pabOTaHHBIX MPOIEAYP BBIUUCIUTH C 33aJIaHHOW TOYHOCTBIO MHTETpas Ha
MoayOeCKOHEYHOM HHTETpalie:

s e Y
[ess 4«
0 x+2

[Tony4eHHBIi OTBET CpaBHHUTE C TECTOBBIM 3HaueHueM: 1.24827

3ameuanue: MeToauka BBIUUCIICHUI NIPUBEICHA B pasfene Pexomenoayusax no 6binoaHeHuio 3T0ro
3aJlaHusl.

3agaHue Ne 7

Hanucare npouenypy, koropass HaXOOUT pEUIEHHE HEIUHEHHOro ypaBHEHHUS METOJOM JeNICHUs
orpe3ka mnomnonaM. C IOMOIIBIO 3TOM MpOLENYypbl C 3aJaHHOM TOYHOCTBIO HAWTU IEPBBIN
MIOJIOKUTENIbHBIN KOPEHb YpaBHEHNUS

2
X cos(2x)=—1
[TonmydeHHBI OTBET CPABHUTE C TECTOBBIM 3HAUCHUEM.
3ameuanue: OCHOBHBIE pacdeTHbIE (DOPMYIBI M TECTOBOE 3HAUCHUE MPUBENCHBI B Pexomeroayusnx
N0 BbINOJIHEHUIO YTOTO 3aJaHuU.
3apaHue Ne 8

Hamncars npouenypy, KOTopasi HAXOAUT PELICHUE HEITMHENHOIO YPaBHEHUSI METOIOM KacaTeIbHBIX.
C noMOI1IbIO ATOM POLEAYPHI C 3aJTAHHOW TOYHOCTHIO HAWTH PEILICHUE YPABHEHUS

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

3ameuanue: OCHOBHBIEC pacyeTHbIE (POPMYIIBI U TECTOBBIE IPUMEPHI IPUBEACHBI B Pekomenoayusx
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no 6bINOJIHEHUIO OTOTO 3aJaHus].

3agaHue Ne 9

Hanucare npouenypy, KoTopas HAXOAUT PELIEHWE HEITUHEHHOTO YpaBHEHHsSI MeToaoM cekymux. C
MIOMOIIBI0 3TOM MPOLEAYPHl C 33aJaHHOW TOYHOCTHIO HANTHU TEPBBIA IMOJOXKUTEIbHBIA KOPEHBb
ypaBHEHUS

2
tg(0.3x+0.4)=x
HOJ'Iy‘ICHHBIfI OTBCT CPABHUTC C TCCTOBBIM 3HAUCHUCM.
3ameuanue: OCHOBHBIEC pacyeTHbIE (POPMYIIBI U TECTOBBIC MIPUMEPHI IPUBEACHBI B Pekomenoayusx
Nno 6blNOJIHEeHUI0 3TOT0 3aJaHusl.
3agaHue Ne 10

Hanucare nmporenypy, KOoTopash HaXOJUT PELIEHUE HEIMHEWHOTOo ypaBHEHHUS METOJOM OOpaTHOU
KBaJpaTuyHON MHTEepHoaAnuu. C MOMOIIBIO TOM MOANPOrpPaMMBI C 33aJaHHOM TOYHOCTBIO HAWTH
IIEPBBIE J1BA KOPHS YPAaBHEHMS

3
x —e'=0
HOJ’Iy‘lGHHBIfI OTBECT CpaBHI/ITe C TECTOBBIMU 3HAYCHUSIMMU.
3ameuanue: OCHOBHBIC pacyeTHbIC ()OPMYJIBI U TECTOBBIE MPUMEPBI IPUBEACHBI B Pexomeroayusx
Nno B6blNOJIHEeHUI0 3TOT0 3adaHUs.
3aagaHue Ne 11

Hanucare npouenypy, KoTopasi HAXOAUT PEIIeHUE HETMHEWHOTO YpaBHEHHsI MeToioM Mromepa. C
MOMOIIBI0 3TOM MPOLEAYPHl C 3aJaHHOM TOYHOCTbKO HAWTH KOMIUIEKCHBIM KOPEHb C
MUHHUMAJIbHBIMU MTOJIOXKUTEJIbHBIMU BEILIECTBEHHOM 1 MHMMOW YacCTSAMU JUIsl YPaBHEHUS

e -02z+1=0
ITosy4eHHBIN OTBET CPAaBHUTE C TECTOBBIM 3HAYCHHUEM.

3ameuyanue: OCHOBHBIEC pacueTHbIe (OPMYIIBI U TECTOBBIE MTPUMEPHI PUBEICHBI B Pekomeroayusax
1O 8bINOIHEHUIO ITOTO 3aTaHMSL.

3agaHue Ne 12

[Tpu momoty pa3paboTaHHBIX MPOIEAYP C 3aJaHHON TOUHOCTHIO PELIUTh YpaBHEHUE:

K (x)-p,=0

K(x)=f ! dt

.2
0o V1—xsin“¢
3IeCh MapaMeTp pP; MOXET NpUHUMaTh 3HAUEHUS W3 JIMalla3oHa p,=m/2. Jns 3amaHHOrO
3HAYEHUsl MapaMeTpa cHayaja JIOKAJIU3YWTe KOpEeHb ypaBHEHHUs. [loayuyeHHBIN OTBET CpaBHHUTE C
TCCTOBBIM 3HAYCHHUCM.

3ameuyanue: OCHOBHBIEC pacueTHbIe (OPMYIIBI U TECTOBBIE MTPUMEPHI PUBEICHBI B Pekomeroayusax
1O 8bINOIHEHUIO ITOTO 3aTaHMSL.
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PekomeHOauuu rno ebInoJyIHeHUI

3apaHue Ne 1

Jnst Toro, 4toObl YWCIEHHO C 3aJaHHOM TOYHOCTBIO & TMOJNYYUTh 3HAYEHHE MPOU3BOJHOM
dynxkumn  f (X) HeoOX0aMMO cO31aTh MIOCIIENOBATENBHOCTD:

f'(x)~D,,

e D, ompenensercs METOIOM, KOTOPBIN UCIIONL3YETCS I BHIYMCIICHUIA:
»  TI0 OIPECIICHUIO:
flx+107h)— f(x)
10~ A

n

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

D =

n

> 5-" TodeyHas cxema:
— flx+2:107%n)+8 Flx+107"n)=8 Fx=10"h)+ f(x—2-10"n
12:10 “h

D,=

s k=0,1,2,...,n 10 Tex mop, noka He OyJeT BHIMOJIHEHO XOTs ObI OTHO HEPABEHCTBO:

|D _Dn|>|Dn_Dn—1

ntl , wm |D,—D,_|<e

I[Ipu 5ToM mpousBoaHas PyHKIUK f B yKa3aHHOW TOuKe X OyneT mpuoOnmxeHnHo pasua D, .
Pexomenayercst monpoOoBaTh pean30BaTh BBIYUCIUTENBHYIO TPOTPAMMY, COCTOSIIYIO U3
CIIEAYIOIMX POLEnyp:
¢ (QyHKIUS, TPOU3BOIHYIO KOTOPOM HY)KHO BBIYMCINTE: function fun (x)
¢ (QyHKIMS, BBIYUCISIONIAS MPOU3BOAHYIO C 3aJaHHBIM IIaroM (st 3-X TOYEYHOH CXEeMBbl):
function der3pt(x, h, f), Tie x — TO4Ka, B KOTOPOH BBIYMUCIISACTCS MPOU3BOIHAS,
h —mar, ¢ KOTOPBIM HY)XHO MPOBECTH BBIYHCIIEHUE, f — (YHKIIHS, MPOU3BOIHAS KOTOPOM
BBIUUCIIAETCS IIPOTPAMMOM
¢ (yHKOMA, BBRYUCISIONIAS MPOW3BOAHYIO B 3aJaHHON TOYKE C 3aJlaHHOW TOYHOCTBIO OT
3aJlaHHOM (DYHKIMH 3alaHHbIM MeTogoM: function D(x, tol, f, meth), rme x —
TOYKA, B KOTOPOM BBIUMUCISAECTCA MPOU3BOJAHAS, tol — TOYHOCTb, C KOTOPOM HYX HO
MPOBECTU BhIUMCICHHUE, £ — (DYHKIMS, MPOU3BOIHAS KOTOPOW BBIYUCISICTCS] MPOTPAMMOH,
meth — MeTox ¢ 3aJaHHBIM IIAaroM, ¢ [IOMOILBIO KOTOPOI'O IIPOU3BOAUTCS BEIYUCIICHUE
4 OCHOBHAJ IporpaMma, OpraHU3yIoLIast BEIYMCIICHUE

[IpeumyiecTBa Takol OpraHU3aLUU IPOTPAMMBI:

¢ Jlerko MO)XHO BBIYUCIUTH IPOU3BOAHYIO JH000H (DYHKIIMU — OHA MepeleTcs Kak mapamerp
U TJIaBHOE, YTOObl OHA MpPUHUMANA OJUH apryMEHT — 3HAU€HHUE BEIECTBEHHOTO THIA U
BO3Bpalllajia BEIIECTBEHHbIN pe3yJbTar.

¢ MOXXHO 04EHb NIPOCTO YIPABISATH METOJOM, C IIOMOIIBI0 KOTOPOTO MPOUCXOIUT BBIUNCIICHHUE
— METO]] IPOCTO NepeaeTcs Kak napaMeTp Nnpu Bei3oBe QyHKIMU nuddepeHnupoBaHus.

¢ OueHp IPOCTO PACIIUPATH NPOrpaMMy — MOXKHO JIONMCATh HOBBI METOJ| BBHIYMCIICHUS
MPOM3BOAHON C 3a/JlaHHBIM IIIarOM W IepenaTh KaK apryMeHT IpH BbI30BE (YHKIMU
mudepeHnupoBanus. [1aBHOe — cornacoBath HHTEp(dENC BHI30BA.
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3apaHue Ne 2

JIn1s1 BBIYKCIIEHHS ONPENEIICHOTO0 HHTErpaia

b
f f(x) dx
a
MOJXKHO  BOCIOJIB30BaTbCs  COCTABHLIM ~ METOAOM  NPAMOYTOJNLHHMKOB. IIycTh  MHTEpBal
. _b—a
MHTErpupoBaHus |a,b| paséur Ha n dyacTelr ¢ arom A= , Torna nPUOIMKEHHOE

3HAYEHUE UHTErPajla MOKHO IOJYy4YHTh:
» METOJIOM JIEBBIX PSIMOYTOJIbHUKOB!

n—1

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

» METOJIOM TPABBIX MPSIMOYTOJIEHUKOB!

[fix) dx =~ h-gf(xi)

» METOJIOM CPEIHHX MPSIMOYTOJIbHUKOB:

n—1

[fx) dx ~ nYf

i=0

h
=
X; )

Bpece X,=a+i-h (i=0,1,...,n). Bynem cunTarh, 4YTO HMHTErpajl BBIUYKUCIEH C 33JaHHOU
TOYHOCTBIO &, €CIM TPH TMOCIEIOBATCILHOM VIABOCHHH IIAaroB OYIAET BBIMOIHEHO YCJIOBHE

I, —1,,|<€. 3necy I, u I,, — UHTErpajbHbIC CyMMbI, IOCYMTAHHBIC JJI1 N WU 271 IIaroBs
pa30ucHus.

3apaHue Ne 3

I[J'IH BBIYUCIICHUA OIIPCACIICHOTO MHTCTpaJIa

[ F(x) dx

MOXXHO BOCIIOJB30BaTbCA COCTAaBHBIM MECTOAOM Tpanem/lﬁ. HyCTB HWHTCPBAJI HHTCTPUPOBAHUSA

. —a
|a,b| pa3dur Ha n dacTeil ¢ marom h=7. Torna npuOIMKEHHOE 3HAYEHHE WHTErpana
MO’KHO TOJIYYUTh 10 popmyIe:

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

3necy X, =a+i-h (i=0,1,...,n), yi=f(x,~) — 3HaueHUs (PYHKIMUM HA KOHIIAX OTPE3KOB.
bynem cuuTath, 4YTO HHTErpaJl BBIUMCIEH C 33JaHHOM TOYHOCTBKO &, €CIM  IIPH
IOCIIE0BATENFHOM YIBOCHHM IIaroB Oymer Beimomueno yeiosue |/,—1,,/<€. 3mecs I, m
l,, — wHTerpajbHble CyMMBI, TIOCYMTAHHBIE JUIS 7 W 27 IIaroB pa3OUeHws.

3agaHue Ne 4

Jlns1 BBIYKCIIEHHS ONPEIEIICHOT0 HHTErpaia

_[f(x) dx

a
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MOKHO BOCIIOJIb30BaThCsl COCTaBHBIM MeTofoM Cumncona. IlycTh MHTEpBanm HHTETPUPOBAHUS

b_
la,b] paszéur Ha n wuacrteii ¢ marom A= a Torna mpubIMKEeHHOE 3HAYCHHE WHTErpasia
MOXHO TIOJIYYHUTh 110 (POopMyIIe:
f h
[rioy dx ~ Z{ytyta{ynt vt tr,ap+t 2t 4y,
3necy X, =a+i-h (i=0,1,...,n), y,-=f(x,-) — 3HayeHUsT (PYHKIMM Ha KOHI[AX OTPE3KOB.

Bynem cuutarh, 4YTO WHTErpaj BBIUMUCIEH C 3aJaHHOM TOYHOCTBIO &, €CIM IpHU
MOCJIEIOBATEIbHOM Y/IBOCHHHM IIaroB OyleT BBIMIOJHEHO YCJIOBHE 1 21 zn|<e. 3nece 1, wu
I,, — uHTErpanbHBIE CyMMBL, IOCYUTAHHBIE IS 7 W 27 IIAroB Pa3OUeHHs.

3apaHue Ne 6

Beruncienne nHTErpasiia mpu OSCKOHEUHBIX MpEAeNax 3aBUCHT OT IMOBEICHUS IOIBIHTEIPAILHON
¢bynkuuu Ha GeckoHeyHOCTH. Ecnu nmogpiHTerpagbHas GyHKIUS yObIBa€T JOCTATOYHO OBICTPO, Kak
B TPUBEICHHOM 3aJaHUH, TO JIETKO YHMCJIEHHO BBIYMCIMTH BEPXHUH NpeNesl WHTEIPUPOBAHMUS,
JlaNbIIe KOTOPOTO MATH HE MMEET CMbICia. B 3TO cilyuyae MHTErpUpOBaHKUE MPOU3BOIUTCS KaK-Obl
110 KOHEYHOMY WHTEpBay. 3aTeM MOKHO YBEIHMUYHUTh BHIOPAHHBIH BEPXHUH MPEIET HHTEIPUPOBAHHS
B TIOJITOpA — /IBa pa3a U YOAHUTHCS, YTO M3MEHEHUE OTBETA HE MPEBBIIIACT 3aKa3aHHYIO0 TOUYHOCTb.
Ecnu 310 He Tak, TO NepBOHaYabHAsi OIICHKA BEPXHEro Ipejesia HEeBEPHA, M CIEAYyeT IOBTOPHUTH
NPOJICIaHHYI0  BBIYMCIUTEIBHYIO TPOLEAYPY, T.€. CHOBAa YyBEIMYUTh BEPXHUH mpemen
MHTETPUPOBAHMS, M TaK JI0 TEX MOP, OKa He OyJIeT JOCTUIHYTa TpeOyeMast TOUHOCTb.

O6wme 3ameyaHus No MeToAaM pelueHUA HefIMHEUHbIX ypaBHEHUN

[Touck xopHeii (B o011eM ciryyae KOMIUIEKCHBIX) HEIMHEHHOTO YPaBHEHUS C OJHUM HEU3BECTHBIM
S (x)=0

BHITIOJTHSICTCST B JiBa dJTama. Ha TmepBOM »JTame OCYMIECTBISCTCS JOKAIU3ayusi KOpHA, T.€.
ompesienseTcs Takoi orpesok |a,b], Ha kotopom mccnemyemas dynkius f (X) umeer crporo
OIMH KOPEHb. DTOT OTPE30K HAa3bIBAIOT Ompe3kom Jjokanmuzayuu KopHs X. Ha Bropom stame
BBITIOJTHSACTCSI TOUCK KOPHS Ha OTpe3Ke JIoKanm3auuu. Jlokanm3anuio KOpHS OyaeM NpOBOIHUTH
rpaduueCcKUM METOIOM.

[Ipn BBIYMCICHUU KOPHS HEIWHEHHOTO ypaBHEHUS OLIEHKY TOYHOCTH HAXOXKICHUS KOPHS MOXKHO
MPOBOANTH HEKCONIBKMMHU criocobamu. Ecim ypaBHEHHE «XOpoIIee», TO 3TH METOMIbI MPAKTHYECKU
9KBUBANEHTHBI. OOBIYHO, KOPEHb YpPAaBHEHHs CUMTAETCS HaMJIEHHBIM, €CIU JIMOO BBIMOJIHIETCS
mepapenctBo |x"V—x"|<e, rme xV x¥ — nBa mociemoBaTeNbHBIX IPUOIMKEHHS K KOPHIO
(unmu TpaHMIBI MHTEpBala JOKATU3alMUd KOpHsS), & — TpeOyeMas TOYHOCTb PacyeToB, JUOO
BionHsiercst HepasenctBo | f(x'Y))|<e. Muorma mpu pacuerax HCIOMB3YIOT KOMOMHMPOBAHHBIIL

KpUTEPUIL.

3agaHue Ne 7
TectoBoe 3Hauenue: 1.18321

JIns TpUMEHeHHs MeETo/a JMXOTOMHH HEOOXOIMMO KOpPpeKTHOe yKasaHme |a,b| — orpeska
nokanmamuu KopHs. Ilpennonaraercs, uto f (X) HenmpepblBHA B OKPECTHOCTH KOPHS M HMEET
pasIHUHBIC 3HAKM HAa KOHIAX MHTepBana nokammammu |f (a) f(a)<0). Ha xaxnoi urepamuu
OTPE30K JIOKAIM3aluK KOPHS JENUTCS MOMoJaM U B KauecTBEe HOBOIO OTpe3Ka BHIOMpaeTcs Ta M3
TMOJIOBMH, Ha KOHIAX KOTOpoil (yHkims f (X) uMeeT 3HaueHMs pa3HBIX 3HAKOB. OOBIYHO,
BBIUKMCIIEHHS] NPEKPallaloT KOoIJa JJIMHHA HOBOIO OTpPE3Ka JIOKATM3alliM CTAHOBUTCS MEHBIIE
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TpebGyeMoii TouHOCTH pacueToB |a—b|<e. Torma B KadecTBe KOPHS MOXHO HCIIONb30BATh
3HauUeHHE CepeAMHbl (DUHAIBHOIO OTpEe3Ka JIOKAJIM3alMKU KOpHA. MeToa AMXOTOMHMM 00jaaaeT
100aJbHOM CXOIMMOCTBIO, YTO 3HAYHT, €CJIM Ha 33JaHHOM WHTEpBasie (YHKIHS HETNpepbIBHA U
UMeeT pa3Hble 3HAKM Ha KOHIIAX, TO KOPEHb OyAeT 00s13aTenbHO HalIeH.

PexoMeHnaanuu: Bo BpeMsl BBIYUCICHUH LIEHTP OTPE3Ka JIOKATH3AIMHI KOPHS Jy4Ille BBIYUCIATD 110
dbopmyre

b—a
x=a+
2
3apaHue Ne 8
TecroBoe 3nauenue: 0.607102
MeTton kacarenbHbIX (€ro emie Has3blBaloT MeTogoM HbIOTOHa) — 3TO METOH, MCHOJIb3YIOIIMN

CHEIHUAJIBHYIO JINHEAPU3aLHUIO 3a7ja4l, CBOJSLIYIO PEIIEHNUE UCXOIHOTO HEJIMHEWHOTO YPaBHEHHUS K
PELICHUIO TOCIENOBATEIbHOCTH JIMHEWHBIX YpaBHEHM. B 1aHHOM Merone [UIi HOBOE
npubnmxenue K KopHio ypanenus f (x)=0 Bpumcisgercs no popmyie:
<k>)
L= B f(x

= — o
£
Cnenyer ydecTb, YTO JaHHBIM METOJ HE Bcerla NMPUBOOUT K ycmexy. Tak, Hampumep, eciu
MMpOu3BOAHAA MaJjld, TO METOA MOXKCT HC CONTHCE.

Pexomenaganmu: BO BpeMs HAUCAHUS MPOTPAMMBbl Y4€CTh, YTO MPOM3BOAHAS, HEOOXoAUMAas IS
BBIYHCJICHUS] HOBOTO MPUONMKEHUS K KOPHIO, MOXKET OBITh BBIUMCJICHA WU AHAJIUTUYECKH, WU
YHUCICHHO. DTO MOXXHO MPEAYCMOTPETh C MOMOIIBI0 HE00A3aTeIbHOTO (hOPMATFHOTO TMapamerpa —
GbyHKIMM, KOTOpas aHaJUTHYECKH BBIYHMCISET NMPOU3BOAHYI0. EciiM 3TOT aprymeHT ykasaH Npu
BBI30BE IPOLEAYPHI, TO MPOU3BOJHAS BBIYUCISAETCS AHAIUTUYECKH, €CJIU HET — TO BBIUUCISETCS
YHCJIEHHO C IOMOIIBIO paHee pa3paboTaHHBIX MPOILETYP BHIUMNCICHUS TPOU3BOJHOM.

3apaHue Ne 9
TecroBoe 3Hauenue: 0.886345

MeTon CeKyIuX MOXHO paccMaTpHBaTh Kak MOAM(HUKAIMIO MeToaa HbIOTOHAa, B KOTOPOM
NpOU3BOAHAS 3aMEHEHa KOHEYHO — PAa3sHOCTHBIM NPUOMMKEHHEM. DTOT METOH  SBISETCS
«IBYXIIATOBBIMY» — JUIS BBIYMCICHHS HOBOTO NPHOMMKeHns K koprio x'“*! HyxHO 3HaTh 1Ba
npeasinymux npubmmkenus x'*',  x"""Y. B nanHOM MeToze Ul HOBOE NPUOTIKEHHE K KOPHIO

ypanenuss f (x)=0 Bwluncnsercs no Gopmyie:

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

3agaHue Ne 10
TecrtoBbie 3Hauenus: 1.85718, 4.5364

Wnest meToa 0OpaTHOM KBaJpaTHUYHON WHTEPTOSAIUNA COCTOUT B TOM, YTOOBI 110 paHee HallACHHBIM
TpeM  TPHUOTMKCHUAM x*2 x“‘_”, Pk KOpHIO  ypaBHeHHMs V= f(x) naiitn
cienymoliee MpUOIMKEHUE Pt Jns 5TOro B JAaHHOM METONE CTPOMUTCS KBaJApPATHUHBIN

MHOTOYJICH, TAKOH, 4TO:
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*=pyl £ (2],

rne i=k—2,k—1,k 3aouepenHoe NpuOIMKEHNE K KOPHIO IPUHUMACTCS x=p,(0).

MeTon Ha3bIBaeTCS TPEXIIIATOBHM, ITOCKOJBKY JUISI TTOJMYYEHHUS OYEPEITHOTO MPHOIMKEHUS HYKHO
HaifTH Tpu mpepyyimx. HeoOXUauMbIM yCIOBHEM MOCTpOeHHst MHOrowieHa P,(y) sBmsercs
paznuyue 3Ha4YCHUH [ (x(i )), Ko>durmentsl @, b, ¢ wmHorounena P,(y)=a- Y +b-y+c
MOJTYYaIOTCSl B PE3YJIBTATE PEIICHUsSI CUCTEMBI JIMHEHHBIX YpaBHEHUHN

Py _ _
a-(y(k 2)) + b-y(k Iop o= LMY
“1\? _ _
a-(y“‘ 1)) + b-y“‘ D4 oo = (k=1)
2
a'(y(k)) + b'y(k) + ¢ = ¥
Botopoit y'=f(x"), i=k—2,k—1,k. Tlocine BHIUUCICHHUIT IOTYUHM:
(k=1), (k) (k=2), (k)
(k+1) (k-2) Y (k=1) Yy Y
x=P,(0)=x +x +
(k=2) (k—1) (k=2) (k) (k—1) (k=2) (k=1) (k)
Y=yt ) S A
(k=2) _ (k=1)
+x® Yy Yy

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

(y -y )(y -y )

MeTton oOpaTHOU KBaJpaTUYHOW MHTEPIONSALUU 00JaAaeT JOKaJIbHOW CXOAMMOCTBIO U JJIsl Hadasia
ero pa0oTel TpeOyeTcs 3aJaHue TPEX «XOPOIINX» HadalbHBIX MPUOIMKEHUI.

3agaHue Ne 11
TecroBoe 3nauenue: 0.106675+2.6459-i

Jlnst ompeeNieHnsl KOMIUIEKCHBIX KopHeil ypaBHeHHs [ (z)=0 MOXHO BOCIOJIB30BaThCsl METOZIOM
Miomepa. MeToa siBisieTCs TPEXIIAaroBBIM U OCHOBAH Ha MPUMEPHO TEX Ke UJIEAX, YTO MU METO[
0o0paTHOI KBaJpaTUYHON UHTEPHONAIUU. B JTaHHOM MeTo/e Uil TOUCKA 0YEPETHOTO MPUOIKEHUS

K KODHIO HEOOXONMMMBI TpPHM paHee HaijeHHble mnpumommkenus z 2 %0 0 g

coorsercByrone 3uadenns pynkman £ (2572) £ £(z%). Tlo staM Tpem Touxam
COCTABIISETCS €IMHCTBEHHAs KBajpaTuuHblil nomunom P,(Z), wmuTepnonupyrommuit 5t TouKH,

Te. Takoil, wro P,(z”)= ("), mma i=k—2,k—1,k 3a ouepemmoe mnpuGrmxenne z**

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

T€ PEIICHNS CUCTEMBI JIMHEHHBIX YPABHEHUI

cl-(z(k*ﬂ)2 + cz-z(kfz) + ¢, = (k=2)
cl-(z(k_1>)2 + cz-z(k_l) + ¢y = (=1
cl-(z(k))2 + cz-z(k) + ¢, = (*)
B KOTOPOM y(i)=f(z(i)), i=k—2,k—1,k. Tlocie BHIYMCIEHHI TTIOJYIUM:
. = y(k)'(Z(k_z)—Z_(k_1))+J_/(k_2)'(2_(k_1)—Z(k))+)_/(k_l)'(z(k)—Z(k_z))
(Z(k 2_ ”)-(z“‘ 2)—2”‘))-(2“‘ ”—z("))
y(k).((Z(k—]))z_(z(kfz))z)+y(k71)_((Z(kfz))z_(z(k))Z +y(k—2)_((Z(k))Z_(Z(kfl))Z)

€= PN e N N ]
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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

(k*2)_Z(k*1))_(Z(k*2) _Z(k))_(z(k*l)_z(k))

¥ <k—1)_Z(k—2>_(Z<k>_z<k—2>))

C3=
(2

[Tomyuenubie HOpMYIBI HEOOXOTUMO TTPOBEPHUTH.

3agaHue Ne 12

KopeHb ypaBHeHHs JIOKamM30BaH Ha oTpeske 0<x<1. JIna p,=31/4 xopeHb ypaBHEHHS
npubmmxaeHHo paBeH 0.838929.
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Tema Ne 7. MHorocpannoBble nporpammbl. Moaynum

Ha paHHOM 3aHATHMM HEOOXOAMMO TIO3HAKOMUTHCA C HEKOTOPBIMU
YHUCICHHBIMH METOJaMM, NPUMEHSEMBbIMU ISl pElIeHUs OOBIKHOBEHHBIX
maddepeHnranbHbIX ypaBHEHHI TepBOro mopsiaka. Kpome Toro, HyX)HO
NPOJIODKUTE MPAKTUKY PabOThl ¢ MpoekTaMu Popmpana, COCTOSIUMHI U3
HECKOJbKUX (paliJIoB M M3Y4YUTh MCIIOJIB30BAHUE HOBOW INPOrpaMMHOMN
euHULBI Popmpana —MOIYNS Ui XpaHEHUs TII00aTbHbIX JaHHBIX.

Cnucok 3adaHull

3agaHue Ne 1

HaiiTi uncnennoe penieHre 0ObIKHOBEHHOTO JU(depeHIINaTbHOTO YpaBHEHUS

dyl(t 2

dy() )=y(t)—t +1

dt

C 3aJaHHOM TOYHOCTBIO & Ha HWHTEpBaJEe IE[a,b] C 3aJaHHBIM HaYaJdbHBIM YCIOBUEM
yia)=c.

Jis pacuetoB B3aTh £=10", a=0, b=2, «=-0.5,-04,...,0.5. Bo BpeMss Kax10ro

BBIYMCIICHUS] CPaBHUTH TIOJTYYEHHBIM YHUCICHHBIA pas3ylbTaT C «TOYHBIM» (MOJIYYEHHBIM

aHajmuTudeckn) pemenreM. C momolnsto nporpaMmbl GnuPlot mocTpouTh 00IIHi rpaduk.

HeoOxonumble 4MCIEHHBIE METOJIbI, BO3MOXKHASI CTPYKTypa pacueTHOM MPOrpaMMBbl U CTPYKTypa
BXOJIHBIX — BBIXOJHBIX (DallJIOB IPUBENEHBI B PexoMeHOayusax no 6blnoaHeHuio JaHHOTO 3a1aHusl.

3apaHue Ne 2

J51s1 0OOBIKHOBEHHOTO TU(PepeHIINaTHLHOIO YpaBHEHHS

dy(t) =y(t)-£+1

dt
HalTH C 3aJaHHOM TOYHOCTBIO & Takoe HayambHoe ycinoue »(0), 4TOOBI Ha KOHIlE MHTEpBajia
uHTErpupoBanus (/=2) momyunth 3ajaHHoe 3Hadenume ¢ynxmuu (y(2)=1). ITomyuurs
penieHne OOBIKHOBEHHOTO JU(P(PEpEHINAIBFHOTO YPAaBHEHUS C 3aJaHHBIM Ha4aJbHBIM YCIOBUEM,
CPaBHUTbH C aHAJTMTUYECKU MOJTyYEHHBIM pelIeHneM, TOCTPOUTh rpaduk B nporpamme GnuPlot.

3ameuyaHus 110 BHITIOJTHEHHIO IMPUBCIACHLI B Pekomeﬂdauuﬂx no 6vlnoJjIHeHUurw JaHHOTO 3aJaHus.

3agaHue Ne 3

C momomipio pa3pabOTaHHBIX HAa JaHHOM 3aHSATHH NPOIEAYp IMOJYYHTh YHCICHHOE DEIICHHE
O0OBIKHOBEHHOTO AU PepeHInanbHOr0 YpaBHEHUS

dy(t >

L)=ﬁ'y(l‘)—l‘ +1

dt
C 3aJaHHOH TOYHOCTBIO & Ha HHTepBane [€|a,b| ¢ 3amaHHBEIM HAYANBHEIM YCIOBHEM

y(a)=«. Jlng pacuetoB B3aTh £=10"", a=0, b=2, Heckonbko 3HaueHnmii x u B. Bo

BpeMs KaXJIOTO BBIYHCICHUS CPAaBHUTH TIOJYYECHHBIA UHCICHHBIA pPa3yabTaT C «TOYHBIM»
(moy4eHHBIM aHaIUTH4ecKu) perreHrueM. C momoinsio mporpammbl GnuPlot mocTpouth rpaduk
MOJTYYEHHOTO YHCIICHHOTO PEIICHUSI.
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3aMeuaHus 110 BBIIOJTHEHUIO IMPUBCACHLI B PeKOJweH()auuﬂx no 6blNOJIHEeHUI0 JAHHOI0 3aJJaHusd.

PekomeHdauuu o ebInoJIHeHUr

3agaHue Ne 1

OcHoOBHBIC 3aMeYaHMA 110 PelIeHUI0 00BIKHOBEHHBIX NH((epeHnnaNbHbIX YPABHEHHIT

Hns  sddexTuBHOrO pemieHus CUCTEMbl OOBIKHOBEHHBIX U (depeHIMalbHbIX ypaBHEHUN
PEKOMEHAYETCSl NPUMEHATh METOA C IEPEMEHHBIM I1aroM HHTErpupoBaHus. BemuuunHa sTOrO
NEPEeMEHHOro 1ara OyAeT BbIOMpaTbcs caMOMl MporpaMMol (MCXols U3  3a7aBaeMoro
[0JIb30BaTENIEM HA4aJbHOIO 3HAYEHHUS) TaKUM 00pa3oM, YTOOBI YIOBIETBOPUTH HEKOTOPOMY
KPUTEPHUIO JOCTHKEHUS TpeOyeMOoi TOUHOCTH MPUOIMKEHHOTO PELLIEHUS.

HeoOxomumo otMeTuth, 410 Qopmyiasl Pynre — Kyrta o4eHb XOpOIIO MPHUCIIOCOONIEHBI ISt
HHTCrpupoBaHus C IMECPCMCHHBIM IIAaroM, TaK KaK OHHM [O3BOJAKOT JICTKO MCHATH IIar
UHTCTPUPOBAHUST M TPU OTOM HE TPeOYIOT HUKAKUX JIOTOJHUTEIbHBIX BBIYHCICHUNA U
npeoOpazoBanuii. Kpome TOoro, ecnu mpaBas YacTh OOBIKHOBEHHOTO auddepeHmaibHoro
ypaBHEHHsI HE OYCHb CIIOXKHA, TO MeToibl Thrna PyHre — Kyrra moryt 3¢dexkrnBHO npumeHsTbCs
JJI1 BBIYUCJIICHUA PCIICHUS HAa BCCM MHTCPBAJIC MHTCTPHUPOBAHUSA.

Jns pemeHuss OOBIKHOBEHHOTO AUQPQPEPEeHLNATIbHOIO YpPaBHEHHS C KOHTPOJIEM TOYHOCTH Ha
Ka)XJIOM IlIare MOXKHO BOCIOJIb30BaThcsi MeTonoM Pynre — Kyrra — @enpabepra. JlaHHbiil MeTon
M03BOJISIET APPEKTUBHO OLEHUBATH JIOKAIbHYIO OIIMOKY PEHIeHHS U LIMPOKO HCIOJB3YeTCs JUIs
pacdeTra 3JIeKTPOMAarHUTHBIX MOl B pa3HbIX cpenax. OnHako, HEOOXOAMMO OTMETUTh, YTO AAHHBIN
METOJ, UMEET OIrPaHUYEHHYIO0 001acTh YCTOMYMBOCTH, MIOATOMY OH NMPAKTUYECKU HE MPUTOJEH IS
JKECTKUX YPaBHEHUM.

PaccmoTpuM  OCHOBHBIE pacdeTHbie (opMmynbl. JlJis BBIYHUCICHWA HCIOIB3YETCS  METOJ
Pynre — Kytrta nsitoro nopsiaka:
- 16 6656 28561 9 2

=w.+ k. + k. + k ——k +—k )
W s 1T 0805 3 T 56430 74 505 556

JUIA TOTO, YTOOBI OICHWUTH JIOKAIbHYIO OImMOKYy MeTtona Pynre — Kyrra uerBeproro mopsixa,
3aJJaHHOTO (POPMYIION:

25 1408 2197 1

=wAt + 2
Wi =Wt e Kt 5565 T 4104 5
e
k=hft;,w,),
hoo 1
ky=hf( 1wk,
3h 3. 9
ky=he e 422w =+ —k
S\t g it kit )
128 1932, 7200, , 7296
ky=he | +120 4 D32y 7299,
Sh ST Mt 97 M T 0107 K 5107 3)’
439 3680, 845
k= he f 24 b, w4222 k=8 ket 2o —
/ Y16 T 513 5 T 4104 )
ho 8 3544 , 1859, 11
k=he f 642 Wk A2 ey =2 o f
Sh S\t Wiy 2565 21044 20 )

KOHTpOJIBHBIfI YJICH, HCO6X0ﬂHMLIﬁ AJI1 OICHKW TOYHOCTHU Ha HIAare MHTCTPUPOBAHUSA MOKCT OBITh



41
3alliCaH B BUJE:

1
50

2
55

E= 1 128 2197 b+

= - — k+
360 ' 427573 75240 ¢ >

k6

1 UMEET IATHIN MOpAA0K TOYHOCTH.

Kak Gonploe nmperMymiecTBO JAaHHOTO METoJa HYKHO OTMETUTh TO, YTO Ui KaXJIOro miara
JOCTAaTOYHO BCEro IIECTH BBIYMCICHWH TpaBod vacTd ypaBHeHus f. Eciaum  pabotath
CTaHJIApPTHBIM 00pa3oM: OILIEHMBAaTh TOYHOCTb C IMOMOIIBIO MeTonoB Pynre — Kyrra mstoro u
IIECTOTO MOPSIJIKA, TO JUIs BBIYMCICHUH MOTPeOyeTcs Mo KpaiHel Mepe 4YeThipe BBIYMCICHUS [
JUTSL METOJIa YE€TBEPTOrO MOPSI/IKA, M JOMOJIHUTEIBHO [IECTh BBIYUCICHHN [ JUIS MATOTO MOPS/IKA.
Takum 00pa3om, Bcero moTpedyeTcst He MeHee AeCSITH BBIYUCICHUI paBoit yactn  f.  Kpome Toro,
JAHHBIM MeToZ OOBIYHO TOYHEE OIIEHMBAeT OIMOKY, yeM Meton Pynre - Kyrra - Mepcona. Ha
Ka)XIOM 1I1are BBIYUCIIAIOTCS yKa3aHHbIE BBILIE BEJTMYMHBI, OLIEHUBAETCS OUIMOKA U B 3aBUCHMOCTH
OT €€ BEJINYUHBI IPUHUMACTCS PEIIEHUEe O U3MEHEHUH 11ara UHTETPUPOBAHUs YPaBHEHHUS.
PaccMoTpuM OMH M3 BO3MOXKHBIX aJTOPUTMOB YIIPABICHHS [IArOM WHTETPUPOBAHUSI, OCHOBAHHBIN
Ha JJAaHHOM MeTojie petleHus AuddepeHnnanbHOro ypaBHeHUS:

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 B3aBUCHMMOM [IEPEeMEeHHOM:
y(t))
= pasMep MCHOJB30BAHHOTO MMara MHTETPUPOBAHUSA :

w (W annpoKCUMMPYET 3HaUeHUe

h (mam cooBmeHue

O TOM, UTO TpebyeMeM mar MeHbIle MMWHUMAJLHO IOOMNYCTUMOTO)
IMlar 1. IIpMCBOUTE:
t «— a
w «— a
h <« hMax
FLAG <« TRUE
BHBOI (t, w)
Mlar 2. Iloxka (FLAG = TRUE) BrmmosHuTs llarm 3 — 11
lar 3. IpPUCBOUTE :
K&=h:fU,W%
1 1
K2=h'f l‘+z'h,w+z'K1);
3 3 9
K.=h-flt+=h,w+—-K,+—-K,|;
Shiflttg vty Kty 2)
12 1932 7200 7296
K,=h flt+—=-h,w+ ‘K, — . K. |;
4 ! 13 W 2197 ©' 2197 7?2197 3)
439 3680 845
K=hflt+h,w+——-K,—8-K + K- -K,|;
s=hf Yol T T s 13 T 404 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, weo K 42K, =2t K =02 o)
She S\t K K oses K 404 K %0 5)
4. IpUCBOUTH: (R=%ﬂWH4—WHJ)
Rel| L 128 0 2197 12 ]
1|360 ' 4275 75240 T4 750 U055

5. Ecim R<TOL To BrmosHuTb 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. Mpucsouts: §=0.84-(TOL/R)"*.

9. BrUMCJIeHMEe HOBOW IJMHH mara h

Eciu 6<0.1 To IpucBouTb: 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 pelieHne 32/IaHHOT0 YPaBHEHHS
AHaTUTHYECKOE pEIICHUE MPHUBEICHHOTO B 3aJaHUM OOBIKHOBEHHOTO JU(GEpPEeHIIMATHEHOTO
YpaBHEHHSI MOYKHO 3aIllCaTh B BHJIE:

y(t)=(x—1)-e'+(1+¢)

sneck &=y(0). M3yunTh rpaQuKu aHaIMTHYECKOTO PENIEHHMs JAHHOTO YPABHEHHUS JJISl Pa3HBIX

HavYaJIbHBIX

YCJIOBHI MOXKHO € MIOMOIIIBIO porpamMmbl GnuPlot. Jlnis atoro B cpene GnuPlot Hy>xHO

OIpeeNuTh (yHKIMIO, COOTBETCTBYIONIYIO PELICHHUIO 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. Ompenenenre (yHKIIMM W TMOCTpOCHHE ee Tpaduka B
nporpamme GnuPlot.
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Bo3moxHas CTPYKTYPa BXOAHBIX / BBIXOJIHBIX JAaHHBIX IPOrpaMMbl

Bxoouvie oannvie:

JlaHHbBIE, CUMTBHIBaEMbIE MPOTpaMMON U3 TEKCToBOro (aiina (data.ini): HayalbHOE YCJIOBHE
&, HEOOXOIUMOE JIJIS YNCIICHHOTO HHTETPUPOBaHUS TU(PPEPCHIIMATBLHOTO YPaBHECHUS.

JlaHHbIe, MOJyYaeMble MPOrpaMMOi C KJIaBHATYpPbhl: TPAHMIIBI OTP3Ka MHTETPUpOBaHus a, b,

miar sfep , ¢ KOTOPbIM TPeOyeTCs MOJIYYUTh YUCICHHOE PEIICHHE.

JlaHHbIe, yKa3bIBaGMble B TEKCTE MPOrPaMMbl: TOYHOCTh pAacueToB fo/, MaKCHUMalbHO U

MUHHMAaJIbHO JOIYCTHMbIC 3HaUeHue mara hMax,  hMin.

Buvixoonwvle oannuvie:
BEIBOJT Ha dKpaH: MOJydYeHHOE U3 (aiiyia 3HaYCHHE HAYaIBHOTO YCIIOBUS (X, YHCJICHHOE PEIICHUE

OOBIKHOBEHHOTO U depeHalbHOI0  ypaBHEHUs  (3HaueHUs f!; u y(t,-) —  3Ha4YeHHUE
HE3aBHCHUMOM MEPEMEHHON ¥ 3HAUCHUE UCKOMOU (PYHKITMH B ITOH TOUKE).
BreiBon B TekcToBbIM (aiin (result.dat): 3HaueHus I, y(ti) U BEIWYMHA «OHIMOKM» —

a0COJIFOTHOE 3HAYCHUE Pa3HOCTH YUCJICHHOTO U aHAJITUTUYCCKOT'O peHIGHI/Iﬁ B 3aJJaHHOM TOYKE.

Bo3moxkHas CTPYKTYpa nNporpamMmsl
TekcT mporpaMMbl MOJKHO pa3MECTUTh B TPeX (ailiiax ¢ HCXOIHBIM KOJIOM:

¢ ¢aiin ODE.f90 — comepxuT (yHKIUIO, ONPEOSNISIONIYI0  OOBIKHOBEHHOE
muddepeHInansHoe YypaBHEHHE:
function ode(t, vy).
3nech t — 3HaYeHHE HE3aBUCHUMOM MEPEeMEHHOU, y — 3HaueHue (DYHKIMH B OTOW TOYKE,
pe3yibTUpYIOlas NepeMeHHass ode — 3Ha4YeHUEe MPOU3BOAHON B JaHHOW TOYKe (IpaBast
4acTh TPUBEICHHOTO OOBIKHOBEHHOTO JU(PQPEpPCHIIMATHLHOTO ypaBHECHHS ), BxXomHble
nmapamMeTphl: t, y.

¢ (daitn odeSolve.£f90 — comepKUT MOANPOrPaMMY, KOTOpas HAXOAWT YHUCICHHOE
pelieHne OOBIKHOBEHHOT'O nuddepeHIraIbHOTro ypaBHEHUS METO0OM
Pynre — Kyrra — ®enpndepra:
subroutine odeSolve (fun, xStart, xEnd, yStart, vyEnd, tol,
hMax, hMin).
3nech fun — QyHKIMA, oNpeaensonas o0bIKHOBEHHOE MU PepeHnranipbHOe ypaBHEHHE,
xStart, xEnd — HadaJbHOE M KOHEYHOE 3HAYEHUs MHTEpBala, HA KOTOPOM HIIETCA
YHCIEHHOE PEeIICHHE, COOTBETCTBEHHO (TOYKHM BBIBOJA), yStart — HauaJdbHOE 3HAUCHUE
(GyHKIIMY B Hauaje WHTEpBaIa MOUCKa pelleHns], yEnd — HaiIeHHOe 3HaueHue (PYHKINH B
KOHEYHOM TOYKE HHTepBana, tol — 3aJaHHas TOYHOCTh pacyeroB, hMax, hMin —
MaKCUMaJlbHOE M MUHHMAlbHOE 3HAYeHMs IIara WHTErpupoBaHus auddepeHInanibHoro
yYpaBHEHUs Ha 3a/laHHOM YYacTKe, COOTBETCTBEHHO. Bxoanble mapamerpsl: fun, xStart,
xEnd, yStart, tol, hMax, hMin. Beixogusie mapamerpsl: yEnd;

¢ (aitn Taskl.£90 — oCHOBHasg mporpaMma, OpraHu3ylollas BCIO paboTy; MPOIEAYPHI
MONyYeHUs] 3HAYCHHI, HEOOXOAMMBIX AJI pacdyeToB, U3 ¢ailia JaHHBIX U U3 KJIaBUATYPHI;
(GYHKIMSA, BBIYHCIAIONIAS  AHAIMTUYECKOE  PEIICHUS  3aJaHHOTO  OOBIKHOBEHHOTO
T QepeHInaIbHOr0 ypaBHEHUs.

Bo3moxknble ckpuntel nporpammbl GnuPlot

Jlis omeparoBHOTO KOHTPOJIS 3a «Ka4eCTBOM» pELIEHHs OOBIKHOBEHHOIo aAuddepeHLnanbHOro
yYPaBHEHUS TOCJIE KaX/JOr0 pacueTa ClIeayeT 3amyCcTuTh nporpammy GrnuPlot 1iist BbIBOAa Ha 3KpaH
ITK BBIUMCIIEHHOTO pELICHUs M PACHpEeAe]eHHs OIIMOKM — OTIMYMS YUCIEHHOIO PEIIEHUs OT
AQHAJIMTUYECKOIO0 Ha BCEM IPOTSHKCHUU MHTUEPBaja MHTEIPUpPOBaHUA. [[J1s1 3TOr0 MOXKHO B3STh 3a
OCHOBY IIPUBEICHHBIN 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
# 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..."

"Arial Italic,lo6"

Bce cTpoku maHHOTO CKpHIITa CHaO)KEHBI KPATKUMHU TIOSICHCHUSAMHU. Pa3BepHYTYIO CIPaBKy IO
UCIIOJIb30BAaHHBIM B CKPHIITE KOMaHIaM MOXHO TOJIYYHUTh B CIPABOYHON CHCTEME IMPOrPaMMBbI
GnuPlot.

st moctpoerust GUHAIBHOTO TpaduKa MO PACCUYMTAHHBIM 3HAYCHHUSM 32 OCHOBY MOXHO B3ATh
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

# obopmienme ocm Ox

set ytics border nomirror norotate -2.0, 1.0, 5.0

# odbopmnenHme ocu Oy

set mxtics 10 # xoIMUecTBO 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"

# TexcrToBasa MeTka

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

# TexcToBaa MeTKa

# marnaBue rpaduka

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 cTpoku NMaHHOTO CKpHUITAa CHAOKCHBI KPATKUMH TOSICHEHUSIMH. Pa3BepHYTYIO CHpaBKy IO
UCITIOJIb30BAaHHBIM B CKPHIITE KOMaHIaM MOXHO TOJIYYHUTh B CIPABOYHON CHCTEME IMPOrPaMMBbI
GnuPlot.

[Tony4ennsrii rpaduk npuseneH va Puc. 7.2.
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Pucynok 7.2. Pesynprupytommii Tpaduk, TOCTPOEHHBIH B NpoOrpaMme
GnuPlot 10 TpUBEJCHHOMY BBILIE CKPHUIITY

3apgaHue Ne 2

OcHOBHBIE 3aMeYaHHUS 110 PCIICHUIO 3aJaHU S
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I[JISI pemiCHusd HOAaHHOTO 3aJaHus MOXHO BOCIOJB30BATBCA MCTOAOM, IIOXOKHM Ha MCETO/
«CTPeNbOB), MPUMEHSIEMBIN JUIS PEIIeHUs] TPaHWYHBIX 3agad. OCHOBHAs HMJes Takoro MeToja, B
MNPUMCHCHUH K PCIICHUIO HaHHOﬁ 3aaa4ur, 3aKI04YacTCAd B YraJblBAHHU 3HAYCHUA HA4YaJIbHOI'O
yCIOBUSI X Ha JIeBOM TpaHUIle @ WHTEpBaja MHTETPUPOBAHHUS OOBIKHOBEHHOTO
III/I(i)epeHIII/IaJH)HOFO YpaBHCHHUA H 3aTcM, HCIOJIB3yA OTO YraaaHHOC 3HAYCHUC, B YHUCICHHOM
pELICHUH 3aJaHHOTO OOBIKHOBEHHOTO AH((hEepeHIHaNbHOTO YpPaBHEHHS OT JIEBOW JO TIPaBOi
rpaHviibl HWHTCpBAJIa HHTCTPUPOBAHUA. Ecim 3pauenne 4YHCIEHHO BBIYHCIICHHOTO peicHud

y(b,x) na npaBoii rpaHune b WHTepBaja WHTEIPUPOBAHHS HE YIOBIETBOPAET 3aJaHHOMY
YCIOBUIO Ha 3TOW TrpaHuIe f, TO HEOOXOIUMO H3MEHUTHh HaIllle yrajJaHHOe 3HAYCHUE I
Ha4YaJbHOTO YCJIOBHMS Ha JIEBOM TpaHMIlE W NPOWHTErpHpoBaTh AHD(epeHIransHOe ypaBHEHHE
(BBICTPENINTB) €1LIE pa3.

3HayeHHe BBIYMCIIEHHOTO pEIIeHHs Ha MpaBOil TpaHHIle MHTEpBala HMHTEIPUPOBAHUS SBISETCS
(GyHKIMEH HayalbHOTO YCIOBHMS Ha JIEBOW TIpaHMIle MHTEpBaJla MHTErpUpOBaHMsA. UHCIECHHOE
pelnieHrne OOBIKHOBEHHOTO AU(EpEeHIINaIbHOTO YpaBHEHUS MapaMEeTpUYeCKd 3aBUCUT OT 3TOTO
HayaJbHOTO ycloBus. ClieoBaTeNbHO, pellas TpaHCLEHAEHTHoe ypaBHenue J(b, )=
OTHOCHUTEJIbHO Ha4aJIbHOTO YCJIOBHSI (X MOXKHO HalTH Takoe ero 3Ha4eHHEe, KOTOPOE Y/IOBIETBOPUT
YCIOBUIO Ha TpaBOM TIpaHULE UWHTEpBajla HWHTerpupoBaHus. Jlajee, MOXHO YMCIEHHO
IIPOMHTETPUPOBaTh OOBIKHOBEHHOE Ju(pdepeHanibHoe ypaBHEHHE, MHCIONb3Yys HaWIeHHOe
HayaJIbHOE yCJIOBHE U, TAKUM 00pa3oM, IOCTaBJICHHAas 3a/1a4a Oy/eT pelieHa.

I[JISI pemicHusd TPAaHCUOCHACHTHOIO YPaBHCHHA MOXHO BOCIIOJbL30BaThCA pa3pa60TaHHI>IMI/I Ha
NPOIIIOM 3aHATUU MPOIEIypaMH PEUICHUs HEITWHEWHBIX YpaBHEHHH, HAIpUMEp MpOIECTypPOH,
peanusyloiei MeTo1 OMCEKINH (JeeHUsI OTpEe3Ka MOmojam).

PexoMeHnyeTcsi caMOCTOSITEIbHO CIPOEKTUPOBATh CTPYKTYPY JAaHHOW NMPOTrpaMMBbl, B35IB 32 OCHOBY
nporpaMmy u3 3aganust Ne 1.

Bo3moxknble ckpuntsl nporpammbl GnuPlot
Jlis mocTpoeHus pe3ynbTHPYIOLEro rpaduka 1o paCCYUTAHHOMY HaualbHOMY 3HAYEHUIO 32 OCHOBY
MOJKHO B3SITh 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

[Tomy4yennsrii rpaduk npuseneH Ha Puc. 7.3.
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Pucynok 7.3. Pesynsrupyroniuii rpaduk, MMOCTPOEHHBIH B TMpOrpaMme
GnuPlot 10 IPUBEACHHOMY BHIIIIE CKPUTITY

3agaHue Ne 3

OcHoOBHbIE 3aMeYaHMS 110 PelIeHUI0 3aIaHUSA

Jis mepenadn TOMYYEHHOTO OT TIOJIb30Baresist mapaMerpa f B (DYHKIHIO, OIPEeIsONIyIo
oObIKHOBeHHOE auddepeHnanbHOEe ypaBHEHHE, a TakXKe JUIsl XpaHeHHs UHTepdeircoB K
npolexypaM, MOKHO BOCIIOJIb30BaThCsl HOBOW MporpammHon equnuleil Cospemennozo @opmparna
— MOZYJIEM.

PexomeHyeTcst caMOCTOATENBHO CHPOEKTUPOBATh CTPYKTYPY JAaHHOW NMPOrpaMMBbl, B3sIB 32 OCHOBY
nporpamMmy u3 3aganust Ne 1.

AHAIIUTUYECKOE PEIICHUS JTAaHHOTO OOBIKHOBEHHOTO IH(DQPEepeHIINaNIBHOTO ypaBHEHUS MOXKHO
3anucaTh B BUJIE:

2421 B2 1)- B+ e (B (14 - B) -2

y(1) 5




	Страница 1
	Module1.pdf
	Модуль № 1 «Основные свойства Фортрана»
	Тема № 1. Программы линейной структуры
	Список заданий
	Задание № 1
	Задание № 2
	Задание № 3
	Задание № 4
	Задание № 5

	Рекомендации по выполнению
	Некоторые встроенные функции
	Работа в среде Developer Studio


	Тема № 2. Программы разветвляющейся структуры
	Список заданий
	Задание № 1
	Задание № 2
	Задание № 3
	Задание № 4
	Задание № 5
	Задание № 6
	Задание № 7
	Задание № 8
	Задание № 9
	Задание № 10

	Рекомендации по выполнению
	Задание № 3
	Задание № 8
	Задание № 9
	Задание № 10


	Тема № 3. Программы циклической структуры
	Список заданий
	Задание № 1
	Задание № 2
	Задание № 3
	Задание № 4
	Задание № 5
	Задание № 6
	Задание № 7
	Задание № 8
	Задание № 9
	Задание № 10

	Рекомендации по выполнению
	Задание № 2
	Задание № 3
	Задание № 4
	Задание № 5
	Задание № 6
	Задание № 7
	Задание № 8
	Задание № 9
	Задание № 10
	Построение графиков таблично заданных функций


	Тема № 4. Программы комбинированной структуры
	Список заданий
	Задание № 1
	Задание № 2
	Задание № 3
	Задание № 4
	Задание № 5
	Задание № 6
	Задание № 7
	Задание № 8
	Задание № 9
	Задание № 10
	Задание № 11
	Задание № 12
	Задание № 13
	Задание № 14

	Рекомендации по выполнению
	Задание № 1
	Задание № 2
	Задание № 5
	Задание № 8
	Задание № 11
	Задание № 12
	Задание № 14


	Тема № 5. Функции и подпрограммы. Основы работы
	Список заданий
	Задание № 1
	Задание № 2
	Задание № 3
	Задание №4
	Задание № 5
	Задание № 6
	Задание № 7
	Задание № 8
	Задание № 9
	Задание № 10

	Рекомендации по выполнению
	Задание № 1
	Задание № 2
	Задание № 4
	Задание № 8
	Задание № 9
	Задание № 10


	Тема № 6. Многофайловые программы
	Список заданий
	Задание № 1
	Задание № 2
	Задание № 3
	Задание № 4
	Задание № 5
	Задание № 6
	Задание № 7
	Задание № 8
	Задание № 9
	Задание № 10
	Задание № 11
	Задание № 12

	Рекомендации по выполнению
	Задание № 1
	Задание № 2
	Задание № 3
	Задание № 4
	Задание № 6
	Общие замечания по методам решения нелинейных уравнений
	Задание № 7
	Задание № 8
	Задание № 9
	Задание № 10
	Задание № 11
	Задание № 12


	Тема № 7. Многофайловые программы. Модули
	Список заданий
	Задание № 1
	Задание № 2
	Задание № 3

	Рекомендации по выполнению
	Задание № 1
	Задание № 2
	Задание № 3




