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AHHomauuﬂ. B nmamHOM mcciemoBaHUH paccMaTpuBaCTCA METOAUKA PCHICHUA BbIYHUCIHNTCIBHBIX
3aJa4 Ha A3BIKC Fortran. OCHOBHOE BHHMMAaHHE YACTACTCA HAYYHBIM pacuC€TaM II0 MAaTCMATHUKE U
OIMUCBIBAIOTCA UX AJITOPHUTMBI.
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Abstract: Solving technique of computing tasks in a programming language Fortran is considered in
this study. Main attention is focused on the scientific calculations in mathematics and description of their
algorithms.
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BBEJEHUE

IIpu coBpeMEHHBIX TeMIIaX Hay4YHO-TEXHUYECKOTO Iporpecca, 3a/ladu, KOTOphIE pellaeT YeJoBeK B
CBOEH 00pazoBaTeNbHOW, HAYYHO-UCCIIEIOBATEIhCKON, TPO(ECCHOHANBHON AEATEeNBHOCTH, JENATCS Ha JTBE
KaTeroOpuy: BBIYUCIUTEIbHBIE M (YHKIHOHANbHBIE. DYHKIMOHAIBHBIE 3a/adud TPeOYIOT pelieHHus MpU
peanuzanuy QyHKIMK yIpaBlieHHs], TPOESKTUPoBaHus. Llenb BEIYMCIUTENBHBIX 33]]a4 — pacyeT MmapaMeTpoB,
XapaKTepUCTUK, 00paboTKa AaHHBIX. [IpH MX pellleHnH OCHOBHBIE YCHUIIUS HAIPABJIEHBl HA TO, YTOOBI HAUTH
ee pellIeHue.

FORTRAN - oauH U3 NepBbIX S3bIKOB, KOTOPBIA HMIMPOKO HCIOJIB3YETCs 10 HACTOSINEr0 BPEMEHH
JUISL MTH)KEHEPHBIX M HAY4YHBIX BBIUUCIECHUH. OH 3aHMMAaeT JUAMPYIOLIEE MOJI0KEHUE, OPUEHTHPOBAHHBIX Ha
pElIeHne HAay4HBIX M YHUCJIEHHBIX pacdyeToB. OH sBIseTcd KECTKO CTAHJAPTU3UPOBAHHBIM SI3BIKOM U
MOATOMY JIETKO MEPEHOCUTCS Ha paszinuyHble miatdopmbl. HoBele cTaHIApTHI S3bIKa B 3HAYUTENLHOW Mepe
COXPaHSIOT MPEEMCTBEHHOCTh ¢ 0o0Jiee CTapbIMHU, YTO TO3BOJISIET UCIIOJIL30BATh KOJbI paHee HallMCaHHBIX
porpaMM ¥ MOIUGHUINPOBATH UX.

MATEMATHYECKOE MOJEJIMPOBAHUE

C TOUKM 3peHusi LeJeld MOAETHPOBAHUS MOXKHO BBIAEIHTH CIEIYIOLINE THIBI MaTeMaTHYECKHX
MOJIEJIeH: onucamenvHvle, ONMUMUZAYUOHHbLE, USPOBbIE, UMUMAYUOHHDbIE.

Onucamenvhvie Mamemamuyeckue Mooeau UCTIONIb3YIOTCS U1l OIMCAHUS 00bEKTa MOAETUPOBAHUS C
MOMOIIBI0 MaTeMaTnieckux ¢popmyn. Hanpumep, B perieHur SKOHOMHYECKHX 3a/1a4 MIHPOKO HCHONB3YIOTCS
MaTpUYHBIE MAaTEMAaTUYECKUE MOJENHU, Uil HCCIEAOBAaHUS KOTOPBIX NPUMEHSIOTCS METOABI JIMHEHHON
anreOphl.

Onmumusayuonnvle mooeny. Bo3MOXKHBI cilydad, KOTAA, MOAENUPYS T€ WJINM HHBIE IPOLECCHI,
MO>KHO BO3JICHCTBOBATh Ha HUX, MBITAACh JOOUTHCS Kakoil-To meiu. B 3ToM ciyyae B MOJeNb BXOAUT OAWH
HJIN HECKOJIBKO MMapaMETPOB, 3HAYCHNA KOTOPBIX MOXXHO U3MCHATE.

Heposvle mooenu mpeqHa3HaueHbI A1 0OOCHOBAHMS PELICHUH B YCIOBUSX HEONPEAEICHHOCTH U
CBSI3aHHOTO C 3TUM PHCKa. PaccmarpuBaroTcsi cuTyaluy, B KOTOPBIX CTaJIKHBAIOTCSl IPOTHBOOOPCTBYIOLIHE
CTOPOHBI, Ka)K1asi U3 KOTOPBIX HpeciieyeT CBOIO 1eib. JlOCTImKEHNE e KaKA0H M3 CTOPOH 3aBHUCHUT OT
TOT0, KaKWe JISHCTBUS MPEIPUMET IIPOTUBHUK. TaKue CUTyallui Ha3bIBalOTCSl KOH(QJINKTHBIMH.

HUmumayuonnvie mooenu. VIMUTaMOHHOE MOJEIUPOBAHHE — 3TO METOJ HCCIEIOBaHMSA, IPU
KOTOPOM H3y4aeMblil OOBEKT 3aMEHSETCSl KOMIBIOTEPHOH MaTeMaTHYECKOH MOJIENbI0, C JOCTaTOYHOH



TOYHOCTBIO OIHCHIBAIOLIEH peanbHbIl 00beKT. C MONyuYeHHOH MOAEIBIO MPOBOIATCS SKCIEPUMEHTHI C
IENBIO TIONTyUeHus nHpopmarmu 06 oobekre [1, 5, 6].

METOAUKA PEINEHUS BBIYUCJIIUTEJBHBIX 3AJAY

CocraBieHue anropuTMOB pelIeHus 3a/1a4 - 3To pabota TBopueckas. HeT yHuBepcanbHOro crnocoda,
MO3BOJIIIONIETO 6€3 0c000ro TpyZAa COCTABIATh JTOObIE anropuTMbl. [Ipy pereHny BEIYUCIUTEIbHBIX 3a1a4
MOXHO BOCIOJIb30BaThCs ONPEACICHHON cxeMol. EcTh paznen MaTeMaTUKH, HA3bIBAEMbIN BEIYACIUTEIBHON
MaTeMaTHKOH, B KOTOPOM MpEACTaBJIECH OMNBIT PEIICHUS Pa3HBIX BBIYUCIUTENBHBIX 3amad. Hampumep,
METOABl OTHICKAHUS KOPHEH HENMHEHHBIX YpaBHEHMH, BBIUUCICHHSA OIPEICICHHBIX WHTETPaoB,
YHUCJICHHOTO HMHTETpUpOoBaHMs Iu(epeHINaNnbHbIX yYPaBHEHUH, METOAbl COPTHPOBKHM AAHHBIX M MHOTHE
IpyTHE.

B GonpmiMHCTBE CiyyaeB Ta WIIM MHAs 3a7ada MOXET OBbITh pelleHa HECKOJIbKHMHU YHCICHHBIMA METOJaMU.
BbI00p KOHKPETHOrO YHMCIEHHOI'O METOAA PEIleHHs 3aJayd OOBIYHO NPOU3BOIUTCA [0 CIEAYIOIINM
KPUTEPHSM:

e o0ecrevueHue ONTUMATLHOTO BPEMEHH pEIICHHs 3a1auH;

e o0ecrnedeHne ONTUMATFHOTO NCTIOIB30BaHMS HMEIOIIXCS PecypcoB (TTaMsITH);

¢ oOecrnievenmne TpedyeMoil TOYHOCTH BBIYHCIICHHIA;

¢ MUHHUMAaJIbHBIC CTOUMOCTHBIC 3aTpPaThI;

¢ BO3MOXKHOCTb HCIIOJIb30BaHUsI CTAHAAPTHBIX HOANPOrPaMM.

[Ipn nmanpHEWIEW MOCTAHOBKE 3a/adil HA MEPCOHAIBHOM KOMITHIOTEpE OTBICKMBAETCS HamOolee
palMOHATBHBIN CTIOCO0 PELICHHUs 3a/1a4H.

[Mon BbIMMCINTENHHON 3amaueil OyJeM MOHUMATh OAHY W3 TpeX 3aiay, KOTOpble BO3ZHHKAIOT TPHU
aHaJIM3€e MAaTeMAaTHUECKUX MOJAEICH: NpsAMYIO0 3ajady, OoOpaTHyI 3ajady WIM 3agady HIACHTU(PHUKALNU.
CrnoBo "BeruHCHIHTENBHAS" TIOAUYEPKUBACT, YTO OCHOBHBIC YCHIIMSI OyAyT HAmNpaBiICHBl HA TO, YTOOBI HAUTH
(BBIUHMCIINTB) e pereHue [2-4].

IlepBas 3axaua

B ocHOBY MeTOTUKH 32/10:K€H METO/1 pa30MeHHsl HA YYACTKH.

AnroputM pacyera

PaszouBaem rpaduk Ha yuacTku (ciedayerT BbIOpaTh Imar TaOYJISAIMHM KaXIOro ydactka). Jlims
MPSIMOJTMHEWHBIX YYACTKOB IIar BEIOUpaeTCs U3 pacueTa 2-5 Touek Ha yyacTokK. Ha KpuBonMHEHHOM ydacTke
C LEJBI0 yiy4ilieHus u3o0pakenusi B AGrapher miar Beioupaercs Oosiee Menkuid, 10 50 Touek. [yt mpsamoit,
napajuienbHo ocum X BeIBOmATCS aABe Touku (0e3 mwmkina). ([Ipunmoxenwme Advanced GRAPHER
pacnpocTtpaHsercs OecriaTHo, afpec caifta http://www.alentum.com/agrapher/.)
Jiist Ta0yISAIUU KaXKI0TO y4acTKa UCTIONIb30BaTh omnepaTop mukina DO

x=xn,xK,step

enddo

3nech X — mepeMeHHast UKIIa; Xn, XK — HadaJabHOe M KOHEYHOE 3HAYCHUST X, Step - Iar W3MeHEeHHUs
X.
KonndecTBo moBTOpeHNH UKIIA PACCYUTHIBAETCS IO (OpPMYJIE:

xk —xn + step)

M = Max| 0, Int(
step

nimn

xk — xn
M = Max| 0, Int (— + 1)
step

U3-3a npumenenus B pacuerax pynkuuu Int (mpeoOpazoBaHue B LENBIA THM) MPHU BELIECTBEHHBIX
3HAYEHUSX XN, XK, step MOKHO MOTEPATh KOHEUYHOE 3HAueHHE MEPEMEHHON LUKIa. Bo3MOXXKHBIE BapUaHTHI
MPEOTBPAIICHUS dTON OIINOKH:

a) MpH BEILECTBEHHBIX 3HAYEHUAX XN, Xk MM step KOHeUYHOe 3HaueHHEe B OlepaTope IHMKJIA BCernaa
3anuceIBaTh B Buae xk + step/2.0;

b) MOCTPOUTH IMKJI HE IO BEIIECTBEHHOW INepeMeHHou X, a mo nenoit I (do I=1,M). 3mece M —
KOJINYECTBO MOBTOPEHUH MWKJIA, PACCUNTAHHOE BPYYHYIO TIPU HAITUCAHWH MPOTrpaMMbl. [Ipu 3TOM B IHKIE
NOpUAETCS  MEPecUMTHIBATh  LEJNOYHCICHHYI0 IepeMEeHHYI0 | B BEIIECTBEHHYIO NEPEMEHHYIO X
oneparopoM x=xn+step*(I-1). B aTom ciryuae ommbOka BEIYMCICHUI HE HAKAIUIMBACTCS;
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http://stu.sernam.ru/book_stat1.php?id=16

¢) BeIpaxkaTh yroi alpha B mensIx rpagycax, a He B pajuaHax, ¥ MPU 3TOM HCIOIL30BaTh (DYHKIIMH
sind, cosd;
d) KoopAMHATEI TOCIIEHEN TOYKH Y4aCcTKa BRIBECTH ITOCIIE ITHKIIA.

Ipumep
Oyukus 3a71aHa rpagudecky Ha nHTEpBae [-2, 3]

\ -
v
L

Ypasnenusa yuacmroe zpagpuxa

Ne | I'panuyw Ypasuenue Ilaz | Konuuecmeo Ilpumeuanue
yuacmka yukia | mouex
1 [-2,0] y =x/2 +1 1 3 Ipsimast mepecekaer oOcH B

toukax (-2,0) u (0,1). YpaBHenue
NpsIMOM B OTPE3Kax.

2 [0, 1] X = cosa. 3 31 [MapameTprueckue  ypaBHCHHUS

a€[0, 90°] y =sina OKPY)KHOCTH paamyca R=1 ¢
IIEHTPOM B Ha4yaje KOOPAUHAT.

3 [1,3] y=-1 HET 2 T'opusoHTaNbHAS npsmast

(mapannensHa ocu X)

Ilpozpamma
Program Function_graph! TaGymsus GyHKImMH
! crynent (pamunust, umsi) rpynma Ne pabora Ne Bapuant Ne
Implicit None
Real x, y, alpha
Integer,parameter:: tabl=6 ! umenu tabl npucBoen Homep ycTpoiicTa 6
Integerk !HoMep TOUKM KPHBOJIMHEHHOTO y4acTKa
! yaactku s AGrapher
Open (1,File="L3 F1.txt")! 1 — koopauHATHI TOYEK MPSMOU
Open(2,File="L3_F2.txt"’)! 2 — koOpHATHI TOUYEK AYTHU OKPYKHOCTH
Open(3,File="L3_F3.txt") ! 3 — ropu3oHTab (KOOPIUHATHI TPAHUYHBIX TOYEK)
Open(tabl,File="Out.txt’)! KOHTPOIBHBINA TEKCTOBEIH (haiin
Write(tabl,*) nipsimast’
Dox=-2,0,1
y = 0.5*x+1
Write (1,*)x,y; Write (tabl,*)’(x,y)=,X,y
Enddo
Write(tabl,*)’ 1yra okpy>kHOCTH’
k=0 ! HayanpHas ycTaHOBKA CUETYMKA TOYEK HA JIyT'e OKPYKHOCTH
Do alpha=0,90,3 ! apryment dyuxrmii Sin d, Cos d - B rpagycax, Imar 1uKia - e
x=Cosd(alpha)
y=Sind(alpha)
Write(2,*)x,y
k=k+1
! B tabl nevartaercs kaxmaas 5-1 Touka, Mod(k,5) — ocratok ot nenenus k Ha 5
if (Mod(k,5)==1) Write(tabl,*)’(x,y)=", X,y
Enddo
Write(tabl,*)’T'opu3oHTab - B TOYKHU Oe3 IUKIIA’
Write(tabl,*) ’(1,-1) ==> (3,-1,)’



Write(3,*) 1,-1; Write(3,*) 3,-1

EndProgramFunction_graph

AHaJu3 pe3yJIbTATOB HCCJIEJ0OBAHUSA
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o || @] IR
Implicit Hom
R?:%egérﬁ’ﬁ& 5| "CA\FORTRANM diplom2!Debugdiplom2.exe” =0 =R
Integef )@FPress any key to continue_

| yuacmeu g
Open(l.File=
Openi(2.File=
Openi(3d.File=
Openitabl Fil
Write(tabl, =
Do == -2, 0,
v = 0. Gex+]
Write(l.*)H
Enddo
Write(tabl, =
k=0 | nauaaey
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®ain  Mpaeka $opmar Bug Cnpaska

| -2.000000 0. 0000000E+00
-1. 000000 0. 5000000
0.0000000E+00  1.000000

Daiin

Mpaeka

Dopmar

Bua Cnpaeka

Qaiin  lMpaeka Qopmat Bug  Crpaexa

| 1.000000 0.0000000E+00
0.9986295 5.2335955E-02
0.9945219 0.1045285
0.9876884 0.1564345
0.9781476 0.2079117
0.9659258 0.2588190
0.9510565 0.3090170
0.9335804 0.3583679
0.9135454 0.4067366
0.8910065 0.4539905
0.8660254 0. 5000000
0.8386706 0.5446391
0.8090170 0.5877852
0.7771480 0.6293204
0.7431448 0.6691306
0.7071068 0.7071068
0.6691306 0 31448
0.6293204 0 71460
0.5877852 0.8090170
0.5446391 0.8386706
0.5000000 0.8660254
0.4539905 0.8910065
0.4067 366 0.9135454
0.3583679 0.9335804
0.3090170 0.9510565
0.2588190 0.9659258
0.2079117 0.9781476
0.1564345 0.9876884
0.1045285 0.9945219
3.2335955E-02 0,9986295
0.0000000E+00 1.000000

1
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Feree

Bropas 3apaua

B ocHOBY MeTOAMKH 3a7105KE€H METOJI IIPOCTOT0 OOMEHa.

B cozmaBaeMoM MPOEKTE MOTYT UCTIOIB30BATHCS:

1.BCTpOCHHBIE MTPOLIEAYPHI;
2 .OAKITI0YaeMBbIe TIPOLIECYPBL;
3.co3maBaeMble MpU pa3pabOTKe MPOEKTa MPOLETyPHI.

Bempoennvie npoyedypur  Bxomatr B coctaB DopTpaHa W aBTOMAaTHYECKH BKIIOYAIOTCS B
UCIIOJHSEMBI KOJ MpH OOpalleHHd K HUM B TEKCTE MPOrpaMMbl (Hampumep, mpoueaypsl Sin, mod, tan u
T.0.).

THooxntouaemvie npoyedypsl HAXOATCS B paHee CO3AaHHBIX OMOmMoTekax. s ux UCIOIb30BaHUs B
NPOrpaMMHON €IMHHIE CIEIYyeT IMOMKIIOYNTh K Hell MOMIyJb, COASpIKAIINA HCIOJB3yeMble TIpH padoTe ¢
MpolieAypaMu TII00aIpHbIE JaHHBIE W WHTep(delcel. Takoe moakMoueHne BBITOMHSAETCs oneparopom USE.
[Tonp3oBaTeslb MOKET CO3JaTh COOCTBEHHBIC MPHKIIAAHBIC OUOIMOTEKH M HMCIIOJIb30BaTh XpaHHMbIC B HHX
IpoLeaypsl M MOIYJIHM B JIIOOOM M3 CBOHMX MNpPOEKTOB. [y jocTynma K conepiKamuM OOBEKTHBIH KOX
OMOIHOTEeKaM TOJIb30BATEIIO CIISAYeT YKa3aTh ee UMs B ornuun kommuisitopa /link.

JIrobGast mporpaMma UMeeT OJIHY TOJIOBHYIO NMPOrpamMMy, KOTOpasi HAXOAMUTCS B Hayalie POrPaMMEI.
B o0mieM BuJie TOJOBHYIO IPOTPaMMy MOXHO MPEJICTABUTh:

[PROGRAM ums npoepammei]
[onepamoper onucanus)]
[ucnoansemvie onepamoput]
END[PROGRAM[ums npocpammsi]]

B ®optpane MOryT OBITH OINpEEIICHBI 1Ba THIIA IPOLENYP: ROORpozpammsl u Qynkuyuu. OyHKyus
OTJIMYAETCSI OT MOONpOZpaAMMbl TEM, UTO BBI3BIBAETCS HENOCPEJCTBEHHO M3 BBIPRKEHUS M BO3BpAlIacT
pe3yibTaT, KOTOPBIA 3aTeM HCIONB3YyeTcs B 3TOM BblpaxkeHHH. [Ipouenypy cieayer opopmisTh B BHIE
GyHKIMM, eclu ee pe3y/lbTaT MOXKHO 3alucarh B OJHY IIEPEMEHHYIO, B IPOTHBHOM Clly4dae CIIEAyeT
MIPUMEHSTH HOONPOSPAMMY.

Hmsa npoyedypur sBusieTcss 2100anbHbiM, T.e. K TIPOLEAYpe MOXKHO OOpaTUThCS U3 TOJOBHON
MPOTpaMMBI U JIF000# Jpyroi Npoueaypsl.

[Mpoueypa MOXKET KOMIUAUPOBAMBCS OMOEIbHO OT UCTIONB3YIOIIUX €€ IPOrPAMMHBIX €IWHHII.

CTpyKTypa npoueayphl-oIIporpaMMbl
SUBROUTINE ums noonpoepammui[([criucok ¢popmanbHbIX mapaMeTpos])]

[omepaTopsl OMUCAHUS |
[MCTIOTTHSIEMBIE OTIEPATOPHI]
END[SUBROUTINE[ums noonpoepammsi]]

CrpykTypa npoueaypbl-QyHKINN:

[type]FUNCTIONumsa ¢pynxyuu([crmcok popManbHBIX mapamMeTpos]) &
[RESULT (ums pesyavmama)]

[omepaTopsl OMUCAHUS |

[MCIIOJTHSIEMBIE OIIEPATOPHI]

END[FUNCTION[ums ¢pyrryuu]]



Daxmuueckue napawempbl

Dopmanvrvie napavempbi

HpOCTa}I NCPECMCHHAA

HpOCTa}I NCPCMCHHA

Crpoxka Crpoxka

IToncTpoka Crpoxka

Maccus, ceueHre MacCHBa WM PIEMEHT | MacCcHB WiIH IIPOCTasl IepeMeHHas
MaccuBa

[Ipouenypa [Ipouenypa

Bripaxenue, KOHCTaHTa [lepemennas

Ilpumep

Coznats mporieypy oOMeHa coIepKUMOT0 IByX MacCHBOB.

Ilpozpamma:

integer, parameter:: m=3, n=4, k=m*n
real a(m, n)/k*1/, b(m, n)/k*2/

call swap(a, b, m,n)

write (*,'(3(/10x,415.2))") ((a(i, j), i=1,3), j =1,4)
end

subroutine swap(a, b, m, n)

integer m,n

real a(m*n), b(m*n)

real c(size(a))

c=a

a=b

b=c

end

5.f90

Mexnay BBI3BIBAIOLIEH NPOrpaMMON M NPOLERYPOH
swap ycrtaHaBIuBaeTcsi HHTepdeHc BO BpeMs BbI30Ba
npouenypsl mo (akTHUeCKUM MaccuBaM @, b u
(aKTHYECKUM TIepeMEeHHBIMM, N.

a,b— MaccuBbl 3a1aHHOM (OPMBI, HIKHSS TpaHHIA
WX W3MEpPCHUN paBHA 1, BepxHss TpaHUIla =m*n,
raem, N— mnepeaaBacMbie B MPOILEIYPY 3HAUCHUS U3
BBI3BIBAIONICH IMPOTpaMMBbL; (POPMaIIbHBIE MAaCCHBEI
a,b u ¢daktHueckue MaccuBBl a,b MMEIOT pasHbIe
(bopMmBI;

C — aBTOMAaTHYECCKHMH MACCHB;, aBTOMAaTHYCCKHI
MacCHMB — OTO JIOKabHBIA MacCHB B TMPOIEIype,
pasMep KOTOPOTO MEHSIETCSI MpPHU Pas3HBIX BBI30BaX
MIPOTIEAYPHI

integer. paramnster:: m=3., n=4. k=m*n
real afm, ni-k*ls. bim, n)-l*®?~
call svap(a. b, m, n )

end

write (*,'(3(/103:4f5.2))') fafi, 7). 1=1.3).

j =1.4)

subroutine swapi{a, b, m,
integer m, n

real ain*n), b{m#*n)
real ci=izeial)

3AKJIIOYEHUE

n) B | "CAFORTRAN555' Debug) 555, exe”

2.00 2.00 2.00
2.00 2.00 2.00 2.00

c=a

a=b 2.00 2.00 2.00 2.00
b=c Press any key to continue

end

B cratbe paccmarpuBaeTcs alrOpUTMbl PELICHUS BBIYUCIMUTENBHBIX 3a]a4 MPOrpaMMUPOBAHUS Ha
s3pike Fortran, kak oJHOro M3 OCHOBHBIX COCTaBJISIOIIMX (DOPMUPOBAHHUS U Pa3BUTHS MPO(EeCCHOHATBHBIX
KOMIIETCHIIMHA — CIIOCOOHOCTEH JEWCTBOBaTh Ha OCHOBE MMEIOIIMXCS YMEHWH, 3HAHWA M MPAKTHUYCSCKOTO
OTIBITA B OTpEAeNIeHHON 00IacTH MpodecCHOHATBbHON NeATEThHOCTH.

PemieHre BBIYMCIUTENBHBIX 3a/a4  CIHOCOOCTBYET (DOPMUPOBAHUIO TPAKTUYECKHX HABBIKOB
COCTABJICHHSI IPOTPAMM C HCIIOIH30BaHNEM OCHOBHBIX KOHCTPYKITUH SI3bIKA MMporpaMMupoBanwst Fortran.
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