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AHHomauuﬂ. B nmamHOM mcciemoBaHUH paccMaTpuBaCTCA METOAUKA PCHICHUA BbIYHUCIHNTCIBHBIX
3aJa4 Ha A3BIKC Fortran. OcHOBHOEe BHHMAaHUE YACIACTCA HAYYHBIM pacdy€TaM 110 MATEMATUKE U
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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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BBEJAEHUE

[Ipy coBpeMEHHBIX TeMIax HAy4YHO-TEXHHYECKOTO Iporpecca, 3a1adr, KOTOphIE peraeT YeJIOBeK B
CBOCH 00pa3oBaTENIbHOM, HAyYHO-UCCIICI0BATEIBCKON, MPO(ECCUOHANBHOMN NCATEIBHOCTH, JICIATCS Ha JIBE
KaTerOpuM: BBIYUCIUTEIbHBIE M (YHKIHWOHANbHBIE. DYHKIMOHAIBHBIE 3a/adud TPeOYIOT peIIeHHs NpU
peanu3anyy GYHKIMNA yIIpaBiIeHUs, MPOSKTUPOBaHHs. Llenh BRIYMCIUTENBHBIX 33a1a4 — pacyeT apameTpoB,
XapaKTepUCTUK, 00paboTka JaHHBIX. [IpH WX pellleHHH OCHOBHBIE YCHIIUS HANPaBJICHBl HA TO, YTOOBI HAUTH
ee pelleHue.

FORTRAN - oguH U3 NepBBIX SA3bIKOB, KOTOPBIM MIMUPOKO HCIOIB3YETCS O HACTOSIIETO BPEMEHU
JUIsSl MH)KEHEPHBIX U HAYYHBIX BblUMCIeHUHA. OH 3aHUMAET JUIUPYIOLIee TOJI0KEHHE, OPUCHTUPOBAHHBIX Ha
pellieHre HayYHBIX W YHUCICHHBIX pacueToB. OH sBISETCS >KECTKO CTAaHAAPTHU3UPOBAHHBIM SI3BIKOM U
MOATOMY JIETKO MEPEHOCUTCS Ha pa3inyHble TatdopMel. HoBble cTaHAapThl sA3bIKa B 3HAYUTEIBLHON Mepe
COXPAaHSIOT TPEEMCTBEHHOCTh C 00Jiee CTapbIMH, YTO MO3BOJISIET MCIIONB30BAaTh KOJBI paHEe HAIMCAHHBIX
MporpaMM ¥ MOJTU(PHUIIUPOBATH UX.

MATEMATHYECKOE MOJEJIMPOBAHUE

C TOUKM 3peHHs LeJed MOAETMPOBAHUS MOXKHO BBIAEIHTH CIEIYIOLIHE THIBI MaTeMaTHYECKHX
MOJIETIeH: onucamenvHble, ONMUMUZAYUOHHbBLE, USPOBbIE, UMUMAYUOHHDBIE.

OnucamenvHvle Mamemamudeckue Mooeay UCTIONB3YIOTCS ISl OITMCaHUs 00bEKTa MOJICIIMPOBAHHUS C
MOMOLIBI0 MaTeMaTHiyeckux (opmyn. Hampumep, B pelIeHMHM 3KOHOMHMYECKHX 3a[ad IIMPOKO HCHOIB3YIOTCS
MaTpHYHbIe MATEMaTHYECKHUE MOJIEIH, JUISl MCCIIE0BAHMSI KOTOPBIX IIPUMEHSIOTCSI METOIbI INHEWHOW alreOphl.

Onmumuzayuonnvie mooenu. BO3MOXKHBI ClIydaW, KOTJIa, MOJEINUPYS T€ WM HHBIC TPOIIECCHI,
MO>KHO BO3/ICHCTBOBaTh Ha HUX, MBITAACh JOOUTHCS Kakoi-To 1meiu. B 3ToM cimyyae B MoJeNb BXOJUT OAWH
WM HECKOJIBKO MAapaMeTPOB, 3HAUYCHHSI KOTOPHIX MOKHO U3MEHSTh.

Heposvie modenu TipeqHa3HAYCHBI Ui 00OCHOBAHUS PEIICHUH B YCIOBHSAX HEOIPEICIICHHOCTH H
CBSI3aHHOTO C 3TUM PHCKa. PaccMaTpuBarOTCsl CHTYyallH, B KOTOPBIX CTAJKHUBAIOTCS IPOTUBOOOPCTBYIOIIHE
CTOPOHBI, Ka)K1asi U3 KOTOPBIX IpeciieyeT CBOIO 1eib. JlOCTIKEHNE eI KaKA0H M3 CTOPOH 3aBHUCHUT OT
TOT0, KaKWe JISHCTBUS MPEIPUMET IIPOTUBHHK. TaKkue CUTyaluy Ha3bIBalOTCS! KOH(PIINKTHBIMH.

Hmumayuonnvie mooeau. VIMUTAIMOHHOE MOJEIMPOBAaHHE — O3TO METOJ| HWCCIICAOBAHHSA, IPH
KOTOPOM H3ydaeMblil OOBEKT 3aMEHSETCSl KOMIBIOTEPHOH MaTeMaTHYECKOH MOJIENbI0, C JOCTaTOYHON
TOYHOCTBIO ONUCHIBAIOIIEH peanbHbIii 00beKT. C MOIyuYeHHOH MOJENBI0 MPOBOISATCS SKCIEPUMEHTHI C
LIEJIBIO TIONy4eHus: nHpopmaruu 00 o0bekTe [1, 5, 6].

METOJIUKA PEIHEHUSA BBIYUCJIIMTEJBHbBIX 3ATAY



CocTraBiieHne alropiuTMOB peleHus 3a1a4 - 3T0 pabora TBopueckas. Het yauBepcanbpHOro croco0a,
MTO3BOIISAIONIETO 0€3 0CO00TO TPy/la COCTABIIATH JIIOOBIE aNTrOpUTMBL. [Ipy pemeHny BEIYUCIUTEThHBIX 33134
MOXHO BOCTIOJIB30BaThCS ONpPEACICHHOM cxemoii. EcTh paznen MaTeMaTHKH, Ha3bIBAEMbIA BBIYUCIUTEILHON
MaTEeMaTHUKOM, B KOTOPOM MPEICTABIICH OMBIT PEIICHUS pa3HbIX BRIUMCIUTENbHBIX 3a1a4. Hanpumep, MeTo b1
OTBICKAHWSI KOPHEH HENMHEHHBIX YpaBHEHWI, BBIUMCICHUS ONPEICICHHBIX HWHTETPAIOB, YUCICHHOIO
MHTETPUPOBaHus MU depeHITaTbHBIX ypaBHEHUH, METOIBI COPTUPOBKH JAHHBIX M MHOTHE JPYTHE.

B OosbmMHCTBE ciy4yacB Ta WU MHAs 3ajiadya MOXCET OBbITh pEIlIeHAa HECKOJbKUMHU YHCICHHBIMHU
MeTo/laMi. BbIOOp KOHKPETHOTO YHCIIEHHOTO METOJa pEeIIeHUS 3aJa4d OOBIYHO IPOU3BOIUTCS TIO
CIIEIYFOIINM KPUTEPHSIM:

. o0ecrieyeHne ONTUMAIILHOTO BpEMEHH pellieHHs 3a1a4H;

. o0ecreyeHne ONTUMAILHOTO HCIIOIB30BaHUS UMEIOIINXCS PECYpCoB (MaMsITH);
. obecrnievenne TpedyeMoi TOYHOCTH BBIYHCIICHHIA;

. MUHHMMAaJbHBIE CTOUMOCTHBIE 3aTpaThl;

. BO3MOYKHOCTb UCTIONIb30BAHUS CTAHAAPTHBIX MOJIPOrPaMM.

Ilpyn manpHE#IIEH MOCTaHOBKE 3aadd HAa TIEPCOHATBPHOM KOMIIBIOTEPE OTBICKHBACTCS HamOoJee
panroOHAaJIbHBIA CIIOCO0 PELIeHHUS 3a1aUH.

[Mon BbIMMCIMTENHHON 3amaueidl OyJeM MOHUMATh OAHY W3 TpeX 3aiay, KOTOpble BO3ZHHKAIOT TPHU
aHaJM3e MAaTeMaTHYECKUX MOJICTICH: NpsAMYIO 3ajady, OoOpaTHyI 3ajady WIM 3ajady WACHTH(QHUKALNU.
CnoBo "BeUHCITUTENBHAS" MTOMYEPKUBACT, YTO OCHOBHBIE yCHJIHs OyIyT HANpaBJICHBI HAa TO, YTOOBI HAWTH
(BBIUHMCIINTB) e pereHue [2-4].

IlepBas 3axaua
B ocHOBY MeTOIMKH 3a710KEH METO Pa30MEeHHUS Ha YIaCTKH.
AnroputM pacyera

Paz0ouBaeM rpaduk Ha ydacTKH (ciedyeT BbIOpaTh mar TaOyJsIMK KaXIoro ydacTka). Jlis
MPSIMOJTMHEWHBIX YYaCTKOB IIar BEIOMpaeTcst U3 pacyera 2-5 TOYeK Ha ydacToK. Ha KpHBOJIMHEWHOM ydacTKe
C HeNbto yimyumeHus n3oopaxkenus B AGrapher mar Beioupaercs Oonee menkuid, 70 50 Touek. s mpsamoH,
napamiensHod ocu X BeIBoasATcS nBe Touku (0e3 1mmkina). ([Ipunmoxenne Advanced GRAPHER
pacnpocTtpaHseTcs OeciuiaTHO, aapec caiita http://www.alentum.com/agrapher/.)

s Talyssiunu Kaskaoro ydacTKa UCTIONIb30BaTh onepatop uukia DO
x=xn,xk,step

enddo
3ILCCI> X— nepeMeHHaﬂ OUKJIa, Xn, Xk — Ha4aJIbHOC 1 KOHCYHOC 3HAYCHUA X, step - mIar iISMCHCHMUAA X.
KonunuecTBO NOBTOPEHUH 1MKJIA PACCUYUTHIBACTCS 1O (hopMmyJie:

xk — xn + step
M = Max| 0, Int( )
step

nimn

xk — xn
M = Max| 0, Int (— + 1)
step

W3-3a npumeHenus B pacueTax (yHkiuu Int (mpeoOpa3oBaHUe B IENBIA THIT) MPH BEIIECTBEHHBIX
3HAYCHUSX XN, xK, step MOXKHO MOTEPATh KOHEYHOE 3HAUCHHE MEPEMEHHOM IUKIA. BO3MOKHBIC BapHAHTHI
MPEIOTBPAICHUS ATON OIIHOKH:

a) MpU BEIIESCTBECHHBIX 3HAYCHMSX XN, XK MM Step KOHEUHOE 3HAuYCHHE B OlepaTope LHMKJa BCeria
3anuchiBaTh B Buje XK + step/2.0;

b) mocTpouTh MK HE TO BEIIECTBEHHOW mNepeMeHHou X, a mo nemoit I (do I=1,M). 3mece M —
KOJIMUYECTBO MOBTOPEHHUH IMKJIA, PACCYMTAHHOE BPYUYHYIO IIPU HAIIMCAHUU NporpamMmsbl. [Ipu 3TOM B HHKIIE
MPUIETCS  MEPECUUTHIBATh  IICJOYUCIICHHYIO IEPeMEeHHYI0 | B BEIIECTBEHHYIO IEPEMEHHYIO X
orneparopoM x=xn+step*(I-1). B aTom cirydae ommoOka BEIYUCICHUIN HE HAKATITUBACTCS,

¢) BeIpakaTh yrona alpha B HenbIX rpajycax, a He B pajriaHax, U MPU 3TOM HCIOJIb30BaTh (BYHKITUH
sind, cosd;

d) KOOpAMHATHI MOCTIEAHEH TOYKH YUACTKA BHIBECTH MOCIE [IUKIIA.

IIpumep

Oyukws 3a0aHa rpahuyecky Ha uHTEpBaie [-2, 3]


http://stu.sernam.ru/book_stat1.php?id=16

Ne

2 1 r it 2 3
Lhoeoan -—
Ypasenenus yuacmrkos cpaghuxa
I'panuywt Ypasnenue a2 Konuuecmeo Ilpumeuanue
yuacmka UUKA mouex
[-2,0] y =x/2 +1 1 3 IpsiMast mepecekaeT ocu B
toukax (-2,0) u (0,1). YpaBHeHHE
IpsIMOM B OTpE3Kax.
[0, 1] X = COoSa 3 31 [TapameTpryecKkue ypaBHEHHUS
a€[0, 90°] y=sina OKpYXHOCTH paanyca R=1 ¢
LIEHTPOM B Havaje KOOPIUHAT.
[1,3] y=-1 HET 2 [opu30oHTANIBHAS TIPSMAst
(mapannensHa ocu X)
Ilpozpamma

Program Function_graph! TaGymsims GpyHKIAN
! crynent (pamunus, umsi) rpynma Ne pabGora Ne Bapuant Ne
Implicit None
Real x, y, alpha
Integer,parameter:: tabl=6 ! umenu tabl npucBoen Homep ycTpoiictsa 6
Integerk !HoMep TOYKH KPHUBOIMHEHHOTO y4acTKa
! yaactku s AGrapher
Open (1,File="L3_F1.txt’)! 1 — koopaMHATHI TOYEK MIPSIMON
Open(2,File="L3_F2.txt’)! 2 — koOpAMHATHI TOYEK YT’ OKPYKHOCTH
Open(3,File="L3_F3.txt’) ! 3 — ropu3oHTab (KOOPANHATHI TPAHHMYHBIX TOYECK)
Open(tabl,File="Out.txt”)! KOHTPOIBHBINA TEKCTOBBIN (haiii
Write(tabl,*) npsimas’
Dox=-2,0,1
y =0.5*x+1
Write (1,*)x,y; Write (tabl,*)’(x,y)=",X,y
Enddo
Write(tabl,*)’ nyra okpyxHOCTH’
k=0 ! HauanpHas yCTAHOBKA CUETYMKA TOUYEK HA J[YT'e OKPYKHOCTH
Do alpha=0,90,3 ! apryment ¢ynkiuii Sin d, Cos d - B rpajgycax, miar [yKIIa - Hebli
x=Cosd(alpha)
y=Sind(alpha)
Write(2,*)x,y
k=k+1
! B tabl nevaTtaercs kaxmas 5-1 Touka, Mod(k,5) — ocrarok ot nenenus k Ha 5
if (Mod(k,5)==1) Write(tabl,*)’(x,y)=", X,y
Enddo
Write(tabl,*)’T'opu3oHTasb - 1BE TOYKH O€3 KA’
Write(tabl,*) ’(1,-1) ==>(3,-1,)’
Write(3,*) 1,-1; Write(3,*) 3,-1
EndProgramFunction_graph



Ananu3 PE3YyJAbTATOB UCCICIOBAHUSA

1.f90

Integer N
| guacmru gy
Openil.File=
Open( 2, File=
Open( 3, File=
Openitabl Fil
Write({tabl, =

Write(tabl,K *
k=0 | mauaaey

[ |

o || = || 2
Inplicit Hon
R?itegérvﬁe 7| "C\FORTRANdiplom2\Debug diplom2.exe” = ===
. Press any key to continue_
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Bropas 3agaua
B 0CHOBY METOAMKH 3aJI0)KEH METOJT IIPOCTOTO OOMEHa.

B co3naBaeMOM POEKTE MOTYT HCIOIb30BATHCS:

1.BCTpOCHHBIE MPOLIETYPHI;

2 .TOIKJTFOYaeMbI€ TIPOIIEAYPHI;

3.co3naBaeMble IpH pa3paboTKe MPOEKTa MPOIEAYPHI.

Bempoennvie  npoyedypvr Bxomar B coctaB @DopTpaHa W aBTOMAaTHYECKH BKJIOYAKOTCS B
UCTIONTHAEMBIH KOJI IPH OOpAIICHHH K HUM B TEKCTE MPOrpaMMbI (HATIpHMep, potieaypsi Sin, mod, tan u T.11.).

Tooknmiouaemvie npoyedypvl HAXOIATCS B paHEe CO3MAHHBIX OMOIMOTEeKax. [k X MCIOIb30BAHUS B
MPOrpaMMHON €IUHHMIE CIACAYET MOMKIIOYNTh K HEHl MOIYJb, COACPIKAIIUIA HCIIOIb3yeMble TIPH paboTe ¢
npoueaypaMu rinobanbHble JaHHbIe U uHTEepdeiichl. Takoe moakiIroueHne BINONHAETCs oneparopom USE.
[Tonp30BaTelb MOXKET CO3/1aTh COOCTBEHHBIC MPHUKIAAHBIC OMOIMOTCKH U HCIONB30BaTh XPaHUMbBIC B HUX
OpoLeayphl M MOIYJIH B JIIOOOM M3 CBOMX MPOCKTOB. Il JOCTyma K COMEpPIKAIIUM OOBEKTHBIA KOJI
OnOIMOTEKaM MOJTB30BATEIIO CIIEAYET yKa3aTh ee UMs B omiiu kKommussitopa /link.

JIrobast mporpaMma UMeET OJIHY TOJIOBHYIO MPOTpaMMy, KOTOpas HaXOAUTCS B Hayaje MpOrpaMMBbl.
B 0011eM BH/IE TOJIOBHYIO POrPaMMy MOKHO MPEACTABUTb:

[PROGRAM wumst npoepammei]
[onepamoper onucanus)
[ucnoansemoie onepamopwi]
END[PROGRAMI[ums npoepammei]]

B ®opTtpane MOTyT OBITH ONpPEIEICHBI [BA THIIA IPOLICAYP: HOORpozpammol u Qyukyuu. Oynxyus
OTJIMYACTCSL OT NOONPOSPAMMbI TE€M, YTO BBI3BIBACTCS HEMOCPEICTBEHHO W3 BBIPAKCHUS M BO3BpAIlacT
pe3yNbTaT, KOTOpPBIA 3aT€M HCIOJIB3YeTCsl B 9TOM BblpakeHuu. [Ipoueaypy crieayer ohopmisiTh B BUjE
GYHKIMH, ecii ee pe3y/IbTaT MOXHO 3alucarth B OJHY MEPEMCHHYIO, B IPOTHBHOM Cilydyae CIEAyeT
MPUMEHSITD HOONPOSPAMM).

Hms npoyedypwl SBISCTCS 2100anbHbIM, T.€. K TPOLEAYPE MOXKHO OOpaTHThCS W3 TOJOBHOI
MPOTPaMMBI U JIF000H Jpyroi IpoLeaypsl.

I[Mporterypa MOXKET KOMAIUIUPOBAMBCSL OMOCIbHO OT UCTIONB3YIOIIUX €€ MPOrPAMMHBIX €IUHHII.

CTpyKTypa MpoIeyphI-IIOANPOrPAMMEI

SUBROUTINE ums noonpoepammui|[([cniucok hopMaibHBIX MapaMeTpoB])]
[omepaTopsl onmcanus |

[ucnionHsIeMBIE ONIEPATOPHI |

END[SUBROUTINE[ums noonpocpammut]]

CTpyKTypa mporeaypbi-QyHKIIHH:

[type]FUNCTIONums gynxyuu([criicox popManbHBIX mapaMeTpoB]) &
[RESULT (ums pesyromama)]

[omepaTopsl onmcanus |

[ucrionHsemMBbIE OTIEpaToOpHI|

END[FUNCTION[ums ¢pynxyuu]]

Daxmuueckue napamenpbol Dopmansvrvle napamempol

IIpocTast nepeMeHHas IIpocTast nepeMeHHas

Crtpoka Ctpoka

IloxcTpoka Ctpoka

MaccuB, cedeHHE MacCHUBa WU Maccus WIH  TpocTas

JJIEMEHT nepeMeHHas

Maccua

[Iponenypa IIpouenypa

Brlpakenue, KOHCTaHTa [lepemennas
Ilpumep
Co3znmats nporerypy oOMeHa COIep>KIMOT0 JIBYX MaCCHBOB.
Ilpozpamma:
integer, parameter:: m=3, n=4, k=m*n Mexny  BbI3BIBAIOLICH  NpOrpaMMod U
real a(m, n)/k*1/, b(m, n)/k*2/ MpoLIeAYpPOl SWap ycTaHaBiauBaeTCs WHTEpdeic Bo
call swap(a, b, m,n) BpeMs BBI30Ba NOPOLEAYphl MO  (aKTHUIECKUM

write (*,'(3(/10x,415.2))") ((a(i, j), i=1,3),j =1,4) maccuBam a, b u pakTryeckum nepeMeHHBIMM, N.
end



subroutine swap(a, b, m, n) a,b— wmaccuBel 3amaHHON (OPMBI, HIDKHSSA

integer m,n rpaHdIia UX W3MEPEHHUi paBHA |, BEpXHss rpaHHIA

real a(m*n), b(m*n) =m*n, Tmem, N— mnepeaaBacMbie B MPOLECAYPY

real c(size(a)) 3HAYCHUS u3 BBI3BIBAIOIIECH MPOTPAMMBI;

c=a (opManbHBIE MacCUBHL a,b 1 pakTHUECKEe MaCcCHBEI

a=b a,b nMeroT pasubie HOPMEL;

b=c C — aBTOMATHYECKUH MAaCcCHB; aBTOMATHYECKUI

end MacCHUB — 3TO JIOKAJIbHBIH MacCHB B IPOIEIypE,
pa3Mep KOTOPOrO MEHSETCS TPH Pa3HBIX BbI30BAX
MPOLIEYPHI

5.f90

integer. paramster:: m=3, n=4., k=m*n

real afm, nj-slk®ls, bim, ni-l=is

call swapi{a. b, m. n )}

write (*,'({3(-10=x 4£5.2))"'}) {fa{1. 7). 1=1.3). 1 =1.4)
end
subroutine swap(a. b, m. nl| &5 .-, o
integer m. n 5] "CAFORTRAN\555\Debugh555. exe
real a(m*n), bi{m#*n)

real ci=zize(al) 2.00 2.00 2.00 2.00
c=a 2.00 2.00 2.00 2.00
a=hb 2.00 2.00 2.00 2.00
b=c Frezs any key to continue

end

3AKJIIOUEHUE

B cratbe paccMmarpuBaeTcs alrOpUTMbl PELICHUsS] BBIYMCIUTEIBHBIX 3a7a4 MPOrpaMMHUPOBaHUSA Ha
s3pIke Fortran, kak ogHOTO M3 OCHOBHBIX COCTAaBISIOMIMX (DOPMHUPOBAHUS U Pa3BUTHA MPO(ECCHOHATHHBIX
KOMIICTCHIIMHA — CIIOCOOHOCTEH JEHWCTBOBaTh Ha OCHOBE MMECIOIIMXCS YMEHWH, 3HAHWA M MPAKTHICSCKOTO
OIIBITA B OTIpe/IeIeHHON 00JacTh MpoeCCHOHATBHOM AEATEIbHOCTH.

Pemiennie BBIYMCIHUTENBHBIX 33/ad  CIMOCOOCTBYeT (OPMHUPOBAHUIO TPAKTUYECKHX HABBIKOB
COCTABJICHHSI IPOTPAMM C HCIIOJIH30BAaHUEM OCHOBHBIX KOHCTPYKIIMH SI3bIKA MporpaMMupoBanws Fortran.
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