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BBEAEHHE

B nocneHue roasl Bce 6osiee IHPOKOE pacHpoCTpaHeHHe MONyyaoT
nepcoHa/ibHble 3JEKTPOHHO-BbiUHCIUTENbHble MauKuHel ([T9BM). Hx
MONyJ/IIPHOCTL BO3pacTaeT CpPelH Pa3/HYHBIX KaTeropuil nosb3oBare-
JIeli: yueHbIX, HHXKeHepOB, CTyAeHTOB U yualuxcs. Bueapenue [I9BM B
yue6GHbI npolecc Bbiclle# M CpeaHeldl WIKOJNBI HaeT BO3MOXHOCTb
OBJ1aJleTh KOMIIBIOTEPHOH I'PaMOTHOCTbIO, HCIIOJIb30BATh BHIYHC/IUTEb-
HYI0O TEeXHUKY B npaktuueckoil paGore. Ilpu 3ToM Ha nepBbiii nJaH
BblABHTaeTcsi npobjeMa BHeAPEHHS] B CPely MoJib3oBaTeseil XOpOLIo
oTpaboTaHHbIX, HafleXKHbIX aAropuTMOB. [IpaKkTHYECKH BCe MepcoHaslb-
Hble KOMIBIOTEPH! CHAaGKeHb! TPAaHCAATOPaMH si3blKa NporpaMMHpoOBa-
HuA Belicuk. B HacTosiliee BpeMsi HMeeTcst ulib KHUra [22]%, conep-
)Kaulasa nporpammbl Ha Belicuke, onHako B Helt OTCYTCTBYIOT NPOTpaM-
Mbl, pea/H3ylOLlHe CTaHAApTHble MaTeMaTuuyecKHe MeToabl. Kuuru
XKe, BbllycKaeMble pasjHuHbIMH pupMamu, npousBoasuumu [19BM,
colepXaT HauboJjiee npocThle U He Bceraa yAoOHBIC TOJNB30BaTENIO
nporpamMbl. B To e BpeMs cyllecTByeT HOCTAaTOYHO :. .O HCTOYHH-
KOB C MporpaMMaMH Ha JpPYrHX si3blKaX MporpaMMHpoBaHusi. B mep-
BYIO oyepe/ib HaJlo OTMeTUTb c6opHHKH [4—8], a Takxke [20], [21].

Hamu npeanpusaTa nonbiTKa mnepeBecTH Ha DBelcHK HeKoTopble
cTaHAapTHele nporpammbl U3 [4—8], [20]. B noco6uu comepxatcs
TaK»Ke M Jpyrue HanucaHHble HaMH nporpaMmbl, Beero ux okoso 120.
[lonGop mporpamMM oOpHeHTHPOBAH Ha BHeJpeHHe WX B MeNaroru-
YECKyI0 NPaKTHKy OOy4yeHHs CTYIAEeHTOB (DH3HKO-MaTeMaTHYeCKHX da-
KyJIbTETOB MeABY30B, NPOBeJeHHe HHXKEHEPHbIX U Hay4YHbIX pacyeTos.

Heckosbko 3ameuaHHit 06 HCMO/Nb3yeMOM B HacCTOsILIEM IO-
cobuu Auanekte sisblka Beficuk. M3BecTHO MHoro BapuaHToB Beiicu-
Ka: MSX, Beficuk-80, Beiicuk-Arar, Atari, Apple 11, Beiicux / F u ap.
Bce onu oTanualoTcs Kak OAMH OT JApyroro, Tak H OT CTaHAapT-
HOro BapHaHTa, omucaHHoro B [1]. OpaHako BO Bcex BepcHAX
si3blka HMeetcsi obuee siapo. IlporpaMMbl, HamKcaHHble HA €ro OCHO-
BaHHH, MOTYT GbITb HCNOJNb30BaHbl B Ji060ii Bepcuu. OnuuieM oco-
6EeHHOCTH TaKOro COKpallleHHOro sinpa.

* 3zech u AaJjiee 4ncJo B KBAaAPaTHLIX CKoGKax o3Hauaer CCbIIKY Ha HCTOUYHHK,
yKa3aHHblﬁ oA 3THM HOMEpPOM M3 CMHCKa JINTEPATYPbl B KOHLE KHHIH.
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1. Bo Bcex omepaTopax NpHCBaWBaHHS OIyCKaeTcs cayxeGHoe
cioBo LET (nycrs). Hanpumep, Bmecto

10 LETX=38

10X=8

2. VineHTHdHKaTOp MepeMeHHON HJIH MacCHBa COCTOHT He GoJsee
yeM H3 IBYX CHMBOJIOB — JIATHHCKOH GyKBblI H, BO3MOX>XHO, BTOPOH
uudpol. Hanpumep, A, C, B2, C3 (10).

ITIpakTHUeCcKH Mbl HUTle He MOJb3yeMcsi MepeMeHHOl LeJoro THna
(A%, B%) u Tekcrosoii mepemennoit (A$, B3§). To ke camoe
OTHOCHTCSl H K MacCHBaM.

3. B oneparope PRINT (meuatp) paspenutenb ; 3afaer ne-
yaTb BIJIOTHYIO, pa3fie/iiTe]b , 3afaeT neyatb no 3oHam. Hannuue
TOYKH ¢ 3ansatodl ; B KoHue cnucka onepatopa PRINT 3apaer
neuatb caenyioulero omeparopa PRINT B Ty Xe cTpoky, HHaue
BLIBOJ HauyHHaeTcs ¢ HOBO# cTpokd. [Ipu Hanuuuu B onepartope
PRINT cTpokoBoii KOHCTaHTHl ”...” TOUKa C 3anfATOH MOXET ONyCKaTb-
cs1. Hanpumep, neiicTeus onepatopos

10 PRINT "X="; X; "Y="; Y
10 PRINT ”X ="X"Y="Y

MbI MTHIIEM!

H

COBNajalorT.

4. B onepatope INPUT (BBOA) CTPOKOBasi KOHCTAaHTa 3aMeHsieT
3HaK Bompoca (?) npu BBome. Hanpumep:

20 INPUT”X, Y="; X, Y

B MSX-cucteMe Takasi 3aMeHa He TNPOHCXOMAMT.

BBOM HeCKOJIbKHX MepeMeHHbIX OCYLUECTBJISIeTCS uepe3 pasfiefiu-
TeNb ’, ’ 6o HoBbIM onepatopom INPUT.

5. B onHo#t cTpoke MoKeT GbiTb 3alHCAHO HECKOJBKO Oneparto-
poB uepe3 pasnennrteab ‘: ‘. Hanpumep: ‘

100 X=5:Y=2 =+ X—4: GOTO 200

6. Onepatop GOTO (mepeliT Ha) mepesaerT ynpaBJeHHe H3
TeKylled CTPOKH Ha yKa3aHHblii HOMep CTPOKH:

100 GOTO 1000

1000 PRINT X

7. Onepatop IF A THEN... nNOJHOCTbIO BBIYHCASIET JIOTH-
yeckoe BblpaKeHHe A, M, €C/IH OHO HMCTHHHO, BBIMOJHSIIOTCS MocCJe-
BoBaTesNbHO onepaTophl, crosiiiue nocae THEN B nanHo# ctpoke, ecau
OHO JIOKHO, TO BHIMOJIHSIIOTCS ONepaTophl ciaeayiouleit ctpokd. Hanpu-
Mep: .

120 IF X<<0 THEN X=2x% X:Y=Z:GOTO 1000

130 PRINT "X > =0”:END

1000 PRINT X S

Ecin x<<0, 1o Bhmosnsiotcst Bce onepatopbl nocie THEN:

X=2*X:Y=Z:GOTO 1000. Ecniu x>0, To BbINOJHSAETCH onepatop
B cTpoke 130.
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Cayxe6Hoe cnoso ELSE (uHaue) He ucnosab3yeTcssi BBHAY ero
OTCYTCTBHS B HEKOTOPBIX CHCTEMaXx.

8. Mbl HHrZle He HCNoJIb3yeM MaTpHUHble onepautH (B GOJIbIIHHCT-
Be BEPCHH Si3blKa OHH OTCYTCTBYIOT).

9. Onepatop uukiaa FOR I=1 TO N STEP 2..NEXT I
BBITNOJIHSIETCS] CEAYIOIHM 06pa3oM: NMpHCBaHBaeTCs HavaJlbHOe 3Ha-
yeHHe MepeMeHHOH LHUKIa (i=1), 3aTeM BLINONHSAETCS TeNO LHKJIA H K
3HaueHHIO NepeMeHHOH 1HKJa npubaBiaseTcss war (B npHMepe Liar
paBen 2). M TonbKo mnocje 3TOro BHIMOJNHSIETCS CPaBHEHHE C
KOHEUHbIM 3HaueHHeM nepemeHHoil (n). Hampumep, ciaepyoolune nsa
onepatopa uUHKIa 6yAyT BbINOJHEHb OJAHHAKOBO:

10 FOR I=2 TO 1 STEP 3: PRINT I: NEXT
20 FOR I=2 TO 2 STEP 3: PRINT I:NEXT

Ecau cnyxe6Hoe ciioBo STEP (war) onmyuieHo, To war paBHseTcs
elMHule no ymoauaHuio. Ecau nocae cayxe6Horo cioa NEXT (cae-
LylouHi) He yKa3aHo ums nepemenHol, To NEXT oTHocuTcs K mocaen-
HeMy 3arosioBky uukaa FOR (aas1). .. TO (mo)... Ecan Heo6xoaumo
obecnieyuTh HeBbinonHeHHe Tena uukaa FOR [=10 TO Il... NEXT
npu i;<io, Nepej 3aroJIOBKOM LHKJIA HAaAO NOCTABHTb YCJOBHbIH
onepartop.

IF 11 <10 THEN. ..
HJIH 3aMEeHHTb ONlepaTop LHKJIa, HApHMep, CJeAyIoLLell KOHCTPYKLHe:

100 I=10 ’

110 IF I>11 THEN 210

. |T€JIO LHKJa

200 I=I141: GOTO 110
210, . . .

Cayxe6ubiM cioBoM NEXT M0XXHO 3aKpbITb HECKOJIBKO ONeparTo-
poB uukaa: NEXT K, J

10. Onepatop GOSUB (nepeiitu k noanporpamme) 200 mepena-
eT ynpasJ/ieHHe B MOANPOrpaMMy, KOTopasi HauHHaeTcs B cTpoke 200
u 3akaHuupaercsi onepatopom RETURN (Bo3BpaTt), KoTOphifi BO3-
BpalllaeT ynpabJjeHHe Ha ciaenyiowuit mocne GOSUB 200 onepatop
(HeoGsi3aTesibHO HaxoAsiLIuics B HOBO# cTpoke). Hanpumep, npu Bbl-
no/IHeHHH ¢parmMeHTa NPOrpaMMmel

10 X=10: GOSUB 200: PRINT F

20 END

200 F=X % X:RETURN
6yner HameuataHo uucjo 100.

11. Mul crapaemcst H36eratb ynorpe6/eHusi GyHKUHI NOJb30BaTe-
as DEFFN, tak Kak BO MHOTMX BepCHfIX 3TH (YHKLUHH MOTYT
ObITb TOJILKO OJHOOTEPAaTOPHBIMH H 3aBHCETb TOJNBKO OT OAHOH mepe-
MeHHOH. Takve QyHKUHH HCNONB3YIOTCS TOJNBKO B riabe 6.

12. Tlpu Kaxa0M HOBOM BLINOJIHEHHH NMPOrpaMMbl BO MHOTHX Ba-
puaHTax f3blKa MPOHCXOAHT OGHyJ/leHHe 3HaYeHHH BceX NMepeMeHHbIX.
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Mbl, 0iHaKO, 3TO fiBJIeHHE He HCMOJIb3yeM H CMellHaJbHO BBOAHM HYJIH
B XO4e BBINOJIHEHHSI MPOrpaMMbl.

13. Ipu BBOme HcxogHo#t uHpopMauuu no onepatopy INPUT,
KaK NpaBHJO, He NMPOM3BoAMTCA ee aHanu3. [lpemnoaaraercsi, yTo
BBOA JOJKeH ObiTb MpaBuJabHbIM. OTMeTHM, HTO B HEKOTODHIX
CHCTeMax HenpaBHJIbHLIA BBOJ MOXET NPHBECTH K c60I0 B Mporpamme.
Tak, B MSX Bepcnn Ha FI9BM YAMAXA, ecin no INPUT X
BBECTH CHMBOJ $, 3TO NpUBENET K CHHTaKCHYeCKOH ominOKe.

14. Mui Hurze He Hcronb3yem OykBy O, yuuTbiBas, 4TO INPH me-
4aTH Ha NpHHTepe He Bceraa pasauuaerca cuMmBonl O (6yxBa)
U YHCIO0 (HYJb).

15. Y3 noruueckux onepauuii ucnoansyiorci AND (KOHDBIOHK-
uua), OR (mu3bloskuusa), = (paBHO).

16. B 0603HayeHHAX MepeMEeHHbIX H MaCCHBOB MOXHO HCIOJIb30-
BaTb OZMHAKOBbie CHMBOJbI, Hanpumep A u A (10).

17. OtvoweHus (=), (<), (s¢) 3anuchiBalotcsi B Bule ” > =",
"< =","<<>" COOTBETCTBEHHO.

18. M3 cranpapTHbIX QYHKUHMHA HCNOJAB3YIOTCA ClEAYIOLLHE:

ABS (X) — a6conoTHoe 3HayeHHe X;

ATH (X) — apkraHreHc (B pamuaHax);

COS (X) — KocuHyc (x B paamnaHax);

SIN (X) — cuHyc (x B panuaHax);

EXP (X) — ¢%;

INT (X) — uenas uactb x;

SGN (X) — 3HakoBasa ¢yHKUHMSA; NPUHUMaeT 3HaueHue -1 aaa

x>0, —1 paa x<0, 0, ecnu x=0;

LOG (X) — In x.

19. Ipennonaraercsi, 4To HHUXKHSSI TPaHHLA HHAEKCOB MacCHBa
paBHa Hymo. Hanpumep, onepatop DIM A(2) onpenensier oamo-
MepHbli MaccuB ¢ ajnementamu A(0), A(1), A(2).

20. ITporpammbl 3akaHuuBaloTcs onepatopoM END, xora ero uc-
NONb30BaHHE M He SIBJAAETCH 005i3aTeNbHbIM.

21. B nporpammbl HUrjJe He BKJ/IOYEHbl ONepaTopbl KOMMEHTapHeB
(REM).

Tekctn Bcex bBeiicuk-nporpaMM npuBeleHbl Mocje AHPEKTHBHOH
koMauabl LIST (utenue) u npeacrasisiiorT co6oil pacrneyaTky («JHc-
THHT») pa3paboTaHHbIX nporpaMM. KoHTposbHble MPHMephl HameyaTa-
Hbl nocse AWpeKTHBHOH KoMaHapl RUN (BBIMONHMTB HJAH NYCK) H
NpeJACTaB/sAIOT COO0H pacneyaTky pe3yJsibTaTa BbIMOJHEHHS Mporpam-
Mbl. [IpakTHuecKH Bce nporpaMMbl CHaGXKeHbl AeTaNbHbIMH NMOSICHEHH-
SIMH aJIFOPHTMA H CTPYKTYpPbl POrpaMMbl, IPHBOAHTCS CMHCOK H 3Ha-
UeHHe HCMOJib3yeMbIX HAEeHTHhHKaTOPOB. TaM, rie 3To BO3MOXKHO I/
JaHHOro ajropurt™a, B ctpokax 10—90 npousBoauTCst BBOA HCXOA-
HbIX JAaHHBIX, ONpeneseHHe pa3MepHOCTeH MacCHBOB, BbliaeTcs C006-
LIeHHe O COeP>KaHHH NPOrpaMMbl, 3aaeTCsl TOYHOCTb, NpeJiesibl BbI-
yucaeHuid. Ecan Henonb3oBaTh faHHYIO NporpaMMmy Kak MOANporpam-
My, TO 3Ta 4acCTb B GOJIbIIHHCTBE C/ayyaeB AOJXKHA GbiTh onylleHa.

B crpokax 100—490. npon3BoanTCsi peasiH3auusi OCHOBHOIO aJro-
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putMma. B ctpokax 500—990 pasmewiatoTcst noAnporpaMmbl, HCNOMb3Y-
eMble B JaHHO# nporpamme. Hanpumep, 3gecb Npon3BOAATCS BhIUHCIIe-
HHMS1 3HaueHH# (pYHKIUH, KOTOPble MHTErPHUPYIOTCA WJH AJs1 KOTOPBIX
Hafo HaWTH KopeHb. Ta 4acCTb, KaK NMPaBHJIO, JOJKHA H3MEHATLCS
nosb3osaresneM. B crpokax ¢ Homepom 1000 u Gosee MPOM3BOAHTCHA
BBIBOJ, MOJIyYEHHBIX B pe3yJbTaTe BbIYHCJIEHHH 3HayeHHH.

22. OTMeTHM, TaKXe, YTO B CHJy ocobGeHHOCTeH Habopa TeKkcTa
nporpamm (popmat oneparopos neyatd PRINT ne Bceraa coorsercr-
ByeT meuaTH nocye onepatopa RUN.

C MOMeHTa HamHCaHHsA JAHHONH KHHUIM B TMeYaTH MOSIBH/ICA LeJbli
pAn paGoT, aBTOPbI KOTOPbIX MNpec/elyloT CXOJHble C HaMH LeJH.
OrmernM npexne Bcero oTymuHylo kuury B. I1. IbsikoHoBa.

OdbskoHos B.Il. CnpaBouHuk no airopuTmaM H nporpamMmam
Ha sA3blke DBeficuk nssi nepconanbHbix DBM.— M.: Hayka, 1987.

B Hell npuBeneHbl CBeleHHsT O XapaKTEPHCTHKAX COBPEMEHHBIX
OTeYeCTBEHHbIX U 3apy6exHbix [IDBM, onncaHbl HEKOTOpblE BEepPCHH
Beficuka. Knura conepxut Gosee 300 npukiaAHbIX NPOrpamm.

M3 npyrux KHur o6paTuM BHHMaHHE Ha CJelylolLiHe:

Moppun. Beiicuk ana 1IK UBM.— M.: ®dunancel 1 CTaTHCTHKA,
1987.

®okc A, doxkc . Beiicuk ansa Bcex.— M.: DueproatroMusaar,
1987.

Baunan Bb. Meronnbl ontumu3auuu: Beoasbiit kypc.— M.: Paauno
1 cBsi3b, 1988.

Banacausu B. 3, Boragwkesuu C. B, LlaxBep-
noB B. A. IlporpammupoBanue Ha MukpodBM «Hckpa-226».— M.:
®unauncel U cTaTHcTHKA, 1987.

[Tonumas, 4To B MpHUBENEHHBIX 3/€Cb MpOrpaMmax MOryT colep-
XKaTbCA ONMUCKH H OIUKHOKHM, Mbl obpalilaeMcsi KO BCEM YHTATEJNsAM
H T10/b30BaTeNIM C NpPOCcbOOH TpHCHLIAaTh CBOH 3aMeUaHHs M HC-
npas/eHns1 B aapec TepHomoabckoro nmeauncturyta: 282009, TepHo-
nosab, yJa. MakcuMenko, 2. ®u3HKO-MaTeMaTHYeCKHH (paKyJ/bTerT.
AsTopam.

Aptopnl 6naronapst 3a yuactue B paGore §I. I'. T'ocnomapcko-
ro u I1. M. ManaHioka Nno NMOArOTOBKE PYKOMHCH K H3JaHHIO.



Trasa 1
TEOPHUSI YHCEJI
H JIMHEHHAS AJITEBPA

TEOPHA YHCEN

1.1. Aaroputm EBKAHAA AJIsi HAXOMXJAEHHS
Hanboabuiero oGuiero aeauteds
BBYX LeJbIX YHCe

Haun6onbwnum o6uwnm geaurtesem (HOJL) aByx uenbix ukces Hasbl-
BaeTcs Takoe HaHGoJIbllee Mo MOLYJIIO LieJ10e UHCJI0, KOTOpPOe AeJIHT 3TH
aBa uncaa. [To onpenenennio HOJ (0,0)=0.

[epoiit anroputm Boiunciaennss HOJL aByx wesbix uHces a U b co-
CTOHT B CJeAylOllleM: ecJqH XOTs Obl OJHO H3 YHCeJ pPaBHO HYJIO,
to HOH (a, b)=la-+bl, B npyrux cayuasx mnocJaenoBaTeJbHO
HaxoAATCA OCTATKH r; OT AeJIeHHH:

a Ha h—a=bg,+r, (1)
bHa ri—b=r\q2+rs,
ry Ha ry—ry=ryqs3+rs,

H T. A., NIOKA 7p4 1 HE CTAHET PAaBHO HYJIO. Torpa

HOM (a, b)=HOH (b, r\)=HOML (r\, ro)=. . .=HOM (rn—1, ra)=|ral.
HOJI HeCKONbKHX YHCeN HaXOAAT C y4eTOM COOTHOLLUEHHS
HO[ (a, b, ¢)=HON (a, HOA (b, c)). (2)

B nporpaMme HCcnoab3ywTCsi nepeMeHHBbie: A,
B — HauasabHbie uncaa; R2, R1, R — nocaenoBatenbHble OCTaTKH OT
nenenuit (1): ri, rig, rigo.

CTpyKTypa nporpamMbi

10—30 — BBOA uucen a u b;

100—150 — peannsauus anroputma (1);

1000—1020 — BeiBOox HOM.

IMporpamMma moayueHa nepeBoioM Ha si3biK BelcHk Aaros-npor-
pammbl 76 [4].

B KouTpoabHOM npuMepe nokasaso, uro HOJ (40902,
24140)=34.

JLIST

10 PRINT “TTPOrPAMMA BbIYHUCJISIET HAMBOJIbIIWA OBLUWM IEJIMTEJb
IBYX UUCEJI A U B.”

20 INPUT “BBEJIMTE TIEPBOE YMCJIO A=";A

30 INPUT “BBEJIMTE BTOPOE YHCJIO B=";B

100 A=INT (A):B=INT (B)

s



110 IF A= 0 OR B=0 THEN R1=ABS (A+B):GOTO 1000
120 R2=A:R1=B

130 R=R2—RI % INT (R2/R1)

140 IF R< > 0 THEN R2=RI:R1=R: GOTO 130

150 R1=ABS (R1)

1000 PRINT “HAMBOJIbILIWMA OBLUWMA JEJHUTEJb”

1010 PRINT “HOJ (”A”, "B”) ="RI

1020 END

JRUN

TMPOrPAMMA BbIYUCJ/IAET HAUBOJIbILIMA OBILIWHA NEJHUTEJbL ABYX UH-
CEJ1 A U B.

BBEJUWTE NEPBOE YHUCJIO A =40902

BBEIHWTE BTOPOE YUHCJIO B=24140

HAWBOJIbUINA OBIIWA OEJWUTEJb

HOJl (40902, 24140) =

Btopoit anroputm Buiuncaennss HOJ (a, b) ocHoBaH Ha GHHapHOM
anroputMe EBkaupa [15]. BbluncieHuss npoBoAaATcs Ha OCHOBaHHH
cnenylomux csoiicts HO:

HOI (2m, 2n)=2 HOML (m, n);
HOMI (2m, 2n+1)= HOI (m, 2n+1), @)
HOL (—m, n)= HOL (m, n).

Ilporpamma pa6oraer ciaenyouum o6pasom:

1. Uncno Al (Bl) pmenutcsi Ha Takylo CTeleHb 4YHCIa JBa
R=2" (S=2"), uT0o6bl noayuusoch HeyeTHoe uncio A (B).

2. Ecnu pesysbratel nesednit coBnapaior (A=B), To HOI (A1,

Bl)=KA, rae K=min (R, S}.

3. B npoTuBHOM cayuae (A 5 B) npoBoauM BhYHTaHHE A—B (ann
B —A), peaysbTaT CHOBa AeJMM Ha 2 CTOJNBKO pa3, 4TOGbl MOJY-
YUTb HEYeTHOe YHCJIO, H BO3BpalllaeMcsi K wary 2.

B nporpamme ucnoab3ywoTcs nepeMeHHbe: Al

Bl — ucxonubie uesnie Lmc.na A, B — TeKyluHe 3HauyeHHA uHces, Aas
KoTopbix onpenensiem HOJI; R S — uneaa 2% u 28 K=mm (R, S};
R1—HO/ (a, b).

CTpyKTypa nNnporpamMMBbi:
10—20 — BBOA a, b (Al, Bl);
100 — 3apanHe HcXoaHbIX 3HaueHudl A, B, R, S;
110 — ecnn @ wnn b=0, o HO (a, b)=la+bl;
120—150 — penenne uucen A u B nHa 2 tpeGyemoe uucio pas
(nepBbIil War ajaropuT™a);
160—170, 210 — peaausaunss BTOpOro uiara aJropuT™a;
180—210 — peasu3auusi TpeTbero luara aJropHTMma;
1000 — BuiBog HO[II (a, b).
JLIST
10 PRINT “BUHAPHbIN1 AJITOPUTM EBKJ/IMOA OJI9 HOJ (A, B)”
20 INPUT ”A, B="; Al, Bl
100 A=ABS (Al):B=ABS (Bl):R=1:S=1
110 IF A=0 OR B=0 THEN R1=ABS (A+4B):GOTO 1000



120 IF 2% INT (A/2) < > A THEN 140
130 A=A /2:R=R *2: GOTO 120

140 IF 2% INT (B/2) < > B THEN 160
150 B=B /2:S=S % 2: GOTO 140

160 K=S: IF K > R THEN K=R

170 IF A=B THEN 220

180 IF A > B THEN A=A—B: GOTO 200
1990B=B—A: RI=B:B=A:A=RI

200 A=A /2: IF 2« INT (A/2)=A THEN 200
210 GOTO 170

220 Rl1=A*K

1000 PRINT “HOH (” Al1”,” B1”)="RI

1010 END

JRUN
BUHAPHBIA AJITOPUTM EBKJIMJA J1J1S1 HOZ (A, B)
A, B=34, 85

HOJI (34,85) =17

1.2. Haumenbiuee oGuiee KpaTnoe
ABYX HEJBIX 4uCeN

HauMeHblIUM O6GLUHMM KPaTHBIM ABYX LeJbX ynucead a0 u b0
HasblBaeTCs HauMeHbllee LieJioe IMOJOXKHTEebHOe YHCJI0, KOTopoe Je-
JIUTCSi Ha a U b.

H3pecTHo, uTO

HOK (a, b)=ab / HOL (a, b). (1)

CuHauana no nporpamme Bbyucasierci HOZL, (a, b), 3arem HOK no
¢opmyse (1). IlporpamMma moutH coBnagaer ¢ neppoil nNporpaMMoi
anst HOJL B 1. 1.1; BBeaeHo o6osnauenne — R2=HOK (a, b). Otnu-
yhge MpOrpaMM COCTOHT B ToM, uto npu a=0 wan b=0 HOJI ne
BBIUHCJISIETCS.

JLIST

10 PRINT “[TPOFPAMMA BbIYMCJISET HAMMEHBIIEE OBIIEE KPATHOE
IBYX UACEJI A U B

20 INPUT “BBEJMTE TMEPBOE UACJIO A=";A

30 INPUT “BBEIMTE BTOPOE YUCJIO B=";B

100 A=INT (A):B=INT (B)

110 IF A=0 OR B=0 THEN PRINT “UHCJIO PABHO HYJIIO!”: GOTO 20

120 R2=A: R1=B

130 R=R2—RI * INT (R2/Rl)

140 IF R < > 0 THEN R2=RI:Rl1=R: GOTO 130

150 RI=ABS (RIl)

160 R2=A « B / Rl

1000 PRINT “HAUMEHBLIEE OBLIEE KPATHOE”

1010 PRINT IIHOK(IIAII,”B/I) =IIR2

1020 END
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JRUN

MMPOTPAMMA BbIYMCJISET HAMMEHBUIEE OBIUEE KPATHOE JIBYX YM-
CEJ1 A U B.

BBEIUTE TNEPBOE YUCJIO A=0

BBEJIWTE BTOPOE YHUCJIO B =68

YKCJIO PABHO HY.JIIO!

BBEJMUTE TTEPBOE YMUCJIO A =34

BBEJMTE BTOPOE YHMCJIO B=85

HAUMEHBUIEE OBIIEE KPATHOE

HOK (34,85) =170

1.3. Peweto partocdena
AJIsE HAXO0XKACHHS NPOCTHIX YHCEN

H3BecTHO, UTO eciu LieJoe NMOJOXHUTENIbHOE UYHCIO N1 He he-
JUTCA HH Ha OJHO MOJOXKHTEJbHOE MPOCTOe YUC/I0, He GoJbliee w)}ﬁ
TO OHO NpPOCTOe.

B mnociepoBarenbHocTH uHcea 2, 3, ..., # NOCAeAOBAaTENbHO BHI-
YepKHBaeM Kaxjoe BTopoe uncjao nocie 2. [lepBoe HedauepkHyToe
yucso npoctoe (3). [lanee BhluepKHBaeM Kakaoe TpPeTbe YHCJIO Moc/e
3. IlepBoe He3zauepkHyTOe uHc/a0 mpocroe (5). 3aTeM BbluepKHBaeM
KaxJl0e naToe YHC/Io Nocjae 5 U T. A A0 TeX Mop, Noka He AoHAeM [0
uucaa, Goabuero /n. Bce uncaa, KoTopble ocTaloTcs, NpoCThIE.
Taxo#t MeTox Hax0XKAeHUs MPOCTHIX YHCEA Ha3blBaeTcs pelieToM dpa-
-TocdeHa.

Ko/sinuecTBO NMpPOCTHIX YHCEJ r He MpeBbILIAeT:

int (1,6n / In n+41), n<<200,

int‘(l-n—,:'-_—2+l), n> 200. (1)

B nporpamMme HCNOJAb3YIOTCA NepeMeHHDIE:
N — uuciio n; R — oueHKa KOJHYeCTBAa MNPOCThIX uHcea r 1o (1);
P (R) — MaccuB npocThiX uesbix yucen p;, rae i=1, r; I, J, K—
nepeMeHHble UHKNOB; S =+/K.
CTpyKTypa mporpamMBbi
10—20 — BBOA n;
100—120 — onpenenexue r;
130 — 3HaueHHst NepBLIX TpeX NMPOCTHIX uucen 1, 2, 3;
140—190 — nn11 Bcex HeuyeTHHIX uyucea OT 3 OO n MO pelleTy
dpaTocdeHa HAXOAATCH MPOCThble YHCJA;
1000— 1040 — BbIBOJ, MaccHBa p;.
[Tporpamma noJiyueHa nepeBoaoM Ha s3blK DeHCHK nporpammbl
356 |[4].
JLIST i
10 PRINT “TTIPOTPAMMA HAXOJUT BCE TPOCTBIE UUCJIA OT 1 10 N.”
20 INPUT “N=";N
100 IF N > 200 THEN R=INT (N / (LOG (N)—2)+1):GOTO 120
110 R=INT (1.6*N/LOG (N)+1)
11



120 DIM P(R)

130 P (1) =1:P (2) =2:P (3) =3:J=3

140 FOR K=3 TO N STEP 2

150 [=2:S=SQR (K)

160 I=1+1

170 IF P (I) > S THEN P (J) =K:J=J+1: GOTO 190
180 IF INT (K /P (I)) «+ P (I) < >K THEN 160

190 NEXT
1000 PRINT “ITPOCTbIE YHCJ/TIA MEHbLUIE ”“N” PABHbI:”
1010 FOR I=1 TO R

1020 IF P (1) =0 THEN END
1030 PRINT” P (“1”7) ="P (),
1040 NEXT

1050 END

JRUN

MMPOrPAMMA HAXOIHMT BCE INPOCTBIE YHUCJIA OT | 1O N.
N =50

MPOCTLIE YXUCJIA MEHBLIE 50 PABHbI:

P(l)=1 P (2)=2

P (3)=3 P (4) =5

P (5)=7 P (6) =1l
P(7)=13 P (8) =17
P (9)=19 P (10) =23
P (11)=29 P (12) =31
P (13) =37 P (14) =41
P (15) =43 P (16) =47

1.4. Pa3noxeHune uncaa
HA NMPOCTbie MHOXKHTENH

Bcskoe 1eJsoe 4HCJ0 a;el npeacraBiM B BHIE NpoH3BEeACHHUSA
l'lpOCTle qyHcean
a=243%  pk. (1)

ITo nporpaMMe cHauasa onpene/isieTcs CTeneHb £, YHcaa 2, 3aTeM
creneHH ka, k3 Bcex unces no a. Ilpu aTom aBTOMaTHYECKH OCTalOTCA
JIMIIb CTENeHH MPOCThIX yHcea 2, 3, 5, ... .

BnporpaMmMe ncnosab3yloTcsa nepeMeHHbe: A—
pasnaraemoe uucsao a; A, — 3Hak uucaa a; J — nepeMeHHasl LMK.a,
MHOXKHTeJIb YHCJa a; k — mnoka3aTesb CTeneHH ydcaa J.

CTpykTypa nporpamMbi

0—40 — BBOA unca2 a;

100—160 — omnpeneJienHe creneHeil MPOCTbIX MHOXHTEJIEH.

BbIBOA NMPOHCXOAMT B mpolecce BHIMOJHEHHS MPOrpaMMbl.

B KOHTPOJbBHOM NMpHMEDpeE MOKA3AHO:

3080=2°%.5'.7'.11",
JLIST
10 PRINT “ITPOrPAMMA PA3JIATAET HA TIPOCTbIE MHOXWTEJIM LIE-
JIBIE YHCJIAY”
12



20 INPUT “BBEIHUTE YHUCJIO A=";A
30 IFA=00OR A < > INT (A) THEN PRINT “MHO>HWTEJIEF HET!”: END

40 A1=SGN (A):A=ABS (A): PRINT “YHUCJIO “A x Al “"PA3JIATAETCS HA
MHO)XHTEJIN:”

100 FOR J=2 TO A

110 K=0

120 IF A/J < > INT (A/J) THEN 140
130 A=A /J:K=K+1: GOTO 120

140 IF K=0O THEN 160

150 PRINT J”™K

160 IF A=1 THEN END

170 NEXT

180 END

JRUN
MPOTPAMMA PA3JIATAET HA TTPOCTBIE MHO)XHWTEJIM LEJIBIE YUCJIA!
BBEIHWUTE YHUCJIO A =3080

YKUCJIO 3080 PA3JIATAETCS HA MHOXXUTEJIU:
73

5'1
71
111

1.5. Haxoxxpaenue
yucaa coueraHuit C"

Ilo nporpaMme HaXoOAUTCH YMCJIO COUETAHUH H3 N SIEMEHTOB 10 M:

m_ Ch—m ”(n—l) r-'g’!l—m‘f'l) (n}m) (l)
BbluncieHHe NMPOH3BOOHTCH MO PEKYpPPEeHTHOH q)opmyne
c;,"=c;;—m="_*%+_" m—1 00 _ , )

B nporpamMMe HCOJNIb3YyIOTCH nepemeHHble:N—
yueso ny M—m; C=C7;, | — nepemenHas UHKJa.

CTpPYyKTypa nporpamMubk

10—30 — BBOA uMcen n U m;

100—130 — anroputm BbiuMC/AeHHs TO Qopmye (2);

1000—1010 — BriBOA Cr'

JLIST
10 PRINT “YHUCJIO COYETAHHUN U3 N IO M”
20 INPUT “N=";N: INPUT "M ="M
30 IF N<<M THEN PRINT “OWIHWBKA!”: GOTO 20
100 IFM > N/2 THEN M=N—-M
110 IF M=0 THEN C=1: GOTO 1000
120 N=N+1:C=1
130 FOR I=1 TO M:C=C=# (N—1) /I: NEXT
1000 PRINT ”“C="C
1010 END

13



JRUN

YUCJI0 COYETAHHA M3 N 10O M
N=38

M=3

C=56

JRUN

YHUCJIO COYETAHHUH U3 N 110 M
N=3

M=38

OLIHBKA!

1.6. Koadduunentoi noanHoma
(1+x)"

Ilo nporpaMme BBIYHCASIIOTCS GHHOMHA/bHblE Ko3dduuueHtsl Ch,
rae i=0,n. Bbiuncsienne npousBomutrcs no ¢opmyae (2) n. L.5.
Kos¢pdpuuuentnl C;, conepkarca B maccuse C (V).

JLIST

10 PRINT “KO3®®ULIMEHTBI MTOJIMHOMA (1 + X)'N”
20 INPUT “N=";N: DIM C (N)

100 C (0) =1

110 FOR I=1 TO N:C (I)=(N—141) /1% C (I—1):NEXT

1000 FOR 1=0 TO N: PRINT “C (”1”) ="C (I): NEXT

1010 END

JRUN

KO3®PULIMEHTbI MOJITMHOMA (1 +X)'N

N=6

C(0)=1

C(1)=6

C@)=15

C (3)=20

C@)=15

C (5) =6

C(6)=1
1.7. AnodanToBO ypaBHeHHE
ax+by=c

[lyctp 3agaHo nHOGaHTOBO ypaBHEHHE
ax+by=c, rae a, b, c€Z. (1)

Ero yacTHoe pellleHHe MOXKHO HaHTH CJeAylOLIHM o6pa3oM [16].
Haxoaum HanGosbwuii o6wuit geanteab uyucea a u b — HOJL
(a, b) u 3anoMHHMM noc/eoOBaTeNbHble yacTHbie ¢; (cM. m. 1.1) ge-
JeHnst uucea |al u |b| no anropurmy Epkauna. Ecin HOJ (a, b)=
=c=0, To ypaBHenuo (l) ynoBneTBoOpsiOT Ji0Gble LeAblE X H Y.
Ecan HO (a, b)50 u ¢ na HOJ (a, b) He neautcsi, To ypaBHEHHe
(1) pewenus He nmeet. B npoTHBHOM C/lyuae Npou3BOAUM COKpallleHHE
14



Ko3adHuHeHTOB a, b, ¢ ¥ nojayyaem ypaBHeHHe Buna (1) co B3aHMHO
npocteiMi a U b. [lanee Haxoaum pasjoxenue 1 uepes |a| u |b].
ITocnenHee Bcerna BO3MOXKHO M Tpe6yeT 3HAHHSI YacTHHX ¢; [16].
Takum oGpa3om, Mbl HaxoOUM u H v, Takue, uto |a] v+41b] v=1.
YMHOXKHB 4 M v Ha ¢ sgn (a) 1 ¢ sgn (b) COOTBETCTBEHHO, HAaXOAUM
yacTtHoe perteHHe (1)—xo, yo. OOliee pelleHHe TOrAa HMeeT BHA
x=xo+ kb, y=yo—ka.

B nporpamMmme ncnoab3ywoTcsi nepeMeHHbie: Al,
Bl, Ci, (A, B, C)— ucxopHble (Tekyuiue) 3HaueHHS KoaddH-
LHeHToB a, b, ¢; D=HO/ (a, b); M — napamerp B 5 pa3 GosnLILHH,
yeMm KoJauyectBo uudp B max{lal, |b|}; X0, YO — uacTtHoe pelieHHe
(1); N — uucno pneneunii B anropume EBkaupa; Q (M) — yacTHble
gi; U, V — pa6ouue nepemeHHble, pelieHus ypaBHeHus lal u+ 6| v=
=1; R, S, D — paGoune nepemeHHble; | — nepemeHHas uukaa.

CTpyKTypa nporpamMmbi:

10—20 — BBOR 4a, b, c;

100—170 — onpenenenne M;

180—240 — Bbiuncnenue HOJL (a, b), yacTHBIX ¢;, KoJH4ecTBa
Jpenenuit n, cpaBienne HOJM u c;

250—260 — npuBeneHue ypaBHenusi K Buay (1) ¢ B3auMHO
NpPOCTHIMH a, b;

270—310 — pewenne ypaBHenus lal u+ bl v=1;

320—330 — HaxoX/JeHHe YaCTHOTO pelIeHHs] U «MaJjoro» 3Hauye-
HUSl YaCTHOTO peLUeHHs;

1000—1070 — BBIBOA OGLIEro pelueHHs.

IporpaMma nosyuena mepeBogoM Ha s3bik Beiicuk Aaros-npor-
pammu 1396 [6].

B KoHTpoanbHOM mpuMepe HaiileHo ofliee pelLieHHe
ypaBHEHHs

294x —50y=28; x= —13—25k, y= —T77— 147k, k=0, +=1, +2,

JLIST
10 PRINT “OBILLEE PELIEHHUE AHO$AHTOBOI'O YPABHEHUSA AX+BY=C.”
20 INPUT ”A, B, C="; Al, Bl, C1:A=A1:B=B1:C=Cl
100 D=ABS (A):R=ABS (B):V=ABS (C)
110 S=D
120 M=D: IF M < R THEN M=R
130 IF M < V THEN M=V
140 IF M=0 THEN 180
150 I=1:U=1 ,
160 U=U=%10: IF U > M THEN M=5«1: GOTO 180
170 I=I41: GOTO 160
180 N=0:1=0: DIM Q (M)
190 IF R=0 THEN 220
200 I=141
210 N=1:Q (I) =INT (S /R):D=R:R=S—R*Q (I):S=D: GOTO 190"
220 IF D < > 0 THEN 250
230 IF C=0 THEN PRINT “X U Y — ITPOU3BOJIbHbI!”: END
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240 GOTO 1000

250 IF INT (C/D)*D < > C THEN 1000

260 A=A /D:B=B/D:C=C/D

9270 IF N=0 THEN V=0:U = 1 : GOTO 320

280 V=1:U=0

290 IF N=1 THEN 320

300 FOR 1=N—1TO | STEP —1

310 S=V:V=U—-V#Q (I):U=S: NEXT I

320 X0=C + U * SGN (A): YO=C %V * SGN (B)

330 IF B < > 0 THEN C=INT (X0/B):X0=X0—C*B: YO=Y0+C*A
340 GOTO 1010

1000 PRINT “YPABHEHMUE PELUEHUSI HE UMEET!”: END

1010 PRINT “YPABHEHHUE ”Al1” * X”;

1020 IF B1>0 THEN PRINT ”+7;

1030 PRINT B1”+Y=" Ct

1010 PRINT “MMEET OBILEE PEIIEHHWE:”

1050 PRINT ”X=" X0” 41+ (“B”);”: PRINT "Y=" YO” —1 % ("A"),”
1060 PRINT “TIE 1 — LIEJIOE YMCJIO.”

1070 END

JRUN

OBILEE PELUEHUE JHO®AHTOBOI'O YPABHEHMUS AX+BY=C.
A, B, C=294, —50, 28

YPABHEHHE 294 X —50 + Y =28

VMEET OBLUEE PEUIEHME:

X=—1341+ (—25);

Y= —77—14% (147),

TOE I — LIEJIOE YMC/JIO.

JIMHEAHASl AJITEBPA

1.8. OGpaweHne MaTpuubl
C NMOMOIUBIO PACIIHPEHHOH MATPHIbI

IMporpamMma o6pauiaer KBaapaTHylo MaTpuuy M pa3mepom nXn
C MOMOILBIO 3/IEMEHTAPHbLIX OmepallHi, KOTOpble MPHBOASAT MaTpPHUY
M K enunnunoit. O6Go3HaYHM pacluHpeHHYI0 MaTpHuy A:

myme. .. .mp {10...0
A=[ Mame ..M 01...0 . (1)

MuiMpa...Mpn | 00...1

K uncny aneMeHTapHBIX onepawLHil OTHOCATCS:

1. TlepecraHoBka ABYX cTO/NGLOB (CTPOK) MaTpHLbI.

2. YMHOXeHHe CTPoKH (croabua) Ha A=0.

3. CnoxeHue IBYX CTPOK (CTOJ6ULOB).

B nporpamMMe HCHno/nb3yloTCsl mnepeMeHHBeE:
M (N, N) — o6pawaemas marpuua; A (N, 2N) — paciuupeHHasi Mart-
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puua; S=1 -— matpuua BeipoxicHa; I — pabGouas nepemeHnHas; /, J,
K — nepen unble uukao; M=2N.

CtpykTypa nporpammbl: ,

10—50 — BBOA pa3MepHOCTH MaTpHUbl (1) H 3JEeMEHTOB MAaTpH-
ubl mj,

100—150 — onpeneneHHe 31eMeHTOB pacLIMPeHHOH MaTpuubl A;
(1.

160 — 350 — BbINOJIHEHHE 3/1EMEHTaPHbIX ONepauui Haj 3JleMeHTa-
MH pAaCLUMPEHHOH MaTpHUbl C LeJbIo l'lpHBeJJ.EHHﬂ ee J1eBOH yacTtH
K AHaroHajJbHOMY BHLY;

1000—1030 — BeIBOA O6palleHHOM ManHubl

Ilporpamma mosyueHa nepeBofioM Ha s3bK BeficHK mporpammbl
426 [4]).

B KOHTpPOJIbHOM NpUMeEDpe HAaXOAUTCA MaTpuLa, obpart-

Has matpuue M:
2 13
M={3 ©61.}.
8 —4 2
JLIST

10 PRINT “OBPAUIEHHUE MATPHULIBI N * N C TOMOLLbIO PACIIUPEHHOM
MATPHLIbI”

20 INPUT “N=";N:DIM M (N, N), A (N, 2%N)

30 FOR I=1 TO N:FOR K=1 TO N

40 PRINT ”M (“1”, ”K ;:INPUT”) ="; M (I, K)

50 NEXT K: NEXT I

100 M=2+N:S=0

110 FOR I=1 TO N: FOR J=1 TO M

120 IF J< =N THEN A (I, J) =M (I, J): GOTO 150

130 IF J=N+I THEN A (I, J) =1: GOTO 150

140 A (1, J) =

150 NEXT J: NEXT I

160 FOR I=1 TO N

170 K=1

180 IF A (K, I) < >0 THEN 220

190 S=1: IF K<N THEN K=K+1: GOTO 210
200 GOTO 1000

210 GOTO 180

220 IF S< >1 THEN 270
230 FOR J=1 TO M
240 T=A (K, J):A (K, J)=A (I, J):A (I, J) =T
250 NEXT J
270 FORJ=M TO I STEP—1:A (I, J)=A (I, J) /A (I, I): NEXT J
280 FOR K=1 TO N
290 IF K=I THEN 320
310 FOR J=M TO I STEP—1:A (K, J) =A (K, J) —A (I, J) x A (K, I): NEXT J
320 NEXT K: NEXT I
330 FOR I=1 TO N: FOR J=1 TO N
340 M (I, J) =A (I, J4+N) :NEXT J: NEXT I
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350 S=0

1000 IF S=1 THEN PRINT “MATPULIA BBIPOXXIEHA!”: END
1010 FOR I=1 TO N: FOR J=1 TO N

1020 PRINT "M ("1”, "J")*t—1) ="M (1, J)

1030 NEXT:NEXT

1040 END

JRUN

OBPAIIEHUE MATPHLIBI N + N C [TOMOIibIO PACIHIMPEHHOM MATPUILLbI.
N=3

M1, 1)=2

M (1, 2) =1

M (1, 3)=3

M (2, 1)=3

M (2, 2)=6

M (2, 3)=1

M (3, 1)=8

M (3, 2)=—4

M (3, 3)=2

M (1, )" (—1) = —.109589041
M (1, 2)"(—1)=.0958904109
M (1, 3)"(—1) =.116438356

M (2, 1)"(—1)=—.0136986301
M (2, 2)"(—1)=.136986301

M (2, 3)"(—1) = —.0479452055
M (3, 1)"(—1) =.410958904

M (3, 2)"(—1) = —.109589041
M (3, 3)"(—1) = —.0616438356

1.9. BuluucaeHune onpenenunTtens
METOAOM TPHAHTYJSILHH

[To nmporpamme BbluHcasieTcss onpedenutenb matpuubl det ().
Matpuua A umeer pasmep nXn. TpuaHrynsiuus NPOH3BOAMTCH C
BbIOOPOM MAaKCHMAaJIbHOTO 3JIeMEHTa.

ANropuTM BBIYMC/IEHHS: @) B NI€PBOM cToJ6LE onpejeaseTcss MakK-
cuManbHblil 3nemedT M1. Eciiu OH Haxo#uTCs B j-H CTpPOKe, TO mepBas
H j-f1 cTpoku mnepecrapiasitorcsi. [Ipy M1 =0 onpeaenurenb paBeH
HyJI0; 6) 3aTeM M3 3JIEMEHTOB a;; (j =>2) BBIYHTAIOTCA COOTBETCTBY-
IOLLHe 3/1eMEHThI ePBOTrO CTOJNGA, YMHOXEHHbIe Ha aij/a;;. B pe3ysib-
TaTe MOJyuHM:

10...0
det A=A,=a, %2—'a§!) .oath =anAn—1,
1"
e e e (1)
oY .. ol
rape ag/n:aij_ailali/all- (2)
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K onpenenutenio MaTpuubl o)’ npuMeHsieM TOT e MpHEM elle

(n —2) paza. OKOHYaTeNbHO MOJYYHM:
An=anal)... a " (3)

ITpu nepecraHoBke cTO/NGLOB YUHTbIBaeTCA H3MEHEHHE 3HaKa OImpe-
JesiiTeds.

B nporpamMme HMcnoanb3ylTCH mNepeMeHHBE:
A (N, N) — marpuua a;;; N — pa3mep matpuusl (n); M1 — 3HaueHHe
MaKCHMaJIbHOro djemenTa; T — paGouasi nepemenHast; D — sHaueHue
onpeneaurens; K, L, I, J, F, Z — nepemMeHHble IHKJOB.

CTpykTypa nmporpamMmbi:

0—50 — BBOA 1, ajj;

120—160 — BbIGOp MaKcHMaJbHOrO 3jaeMeHTa M1;

170 — ecniu M1=0, TO onpesaesuTe/ b PaBeH HYJIO;

180—230 — nepecraHoBka J- u K-ii CTpOK;

240—290 — BbiyHcaeHus no ¢opmyae (2);

300 — BbluHc/IeHHs no dopmyae (3);

110—310— noBTopeHue anropuT™a nepexoga oT A; Kk Ai_y;

1000 — BeiBOA, det (ay)).

[Tporpamma noayueHa nepeBofoM Ha s3blK BelicHK nporpammbl
416 [4].

B KOHTpPOJNbHOM NMpHMeEpe HaiiaeHo:

=—9.

B orw

2 1
3 6
3 6

JLIST
10 PRINT “BbIYHCJ/IEHUE OETEPMHWHAHTA.”
20 INPUT “N=";N: DIM A (N, N)
30 FOR I=1TO N: FOR K=ITO N
40 PRINT “A(”1”,”K ;: INPUT ”)=";A (I, K)
50 NEXT:NEXT
100 D=1
110 FOR K=1 TO N: M1=0:1=K
120 IF I>N THEN 170
130 T=A (I, K)
140 IF ABS (T) < =ABS (Ml) THEN 160
150 M1 =T:J=1I
160 1=141:GOTO 120
170 IF M1=0 THEN D=0: GOTO 1000
180 IF J=K THEN 230
190 D=—D:L=K
200 IF L>N THEN 230
210 T=A (J,L):A (J, L)=A (K, L):A (K, L)=T
220 L=L+1: GOTO 200
230 F=K+1
240 IF F>N THEN 300
250 T=A (F, K) / Ml
260 Z=K+1
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270 IF Z>N THEN 290
280 A (F, Z)=A (F, Z) =T A (K, Z):Z=Z+1: GOTO 270
290 F=F+1:GOTO 240

300 D=D * A (K, K) -
310 NEXT

1000 PRINT “DET="; D: END
JRUN

BbIYMCJIEHUE JNETEPMHUHAHTA.
N=3

A, 1)=3

A(l,2)=2

Al 3)=1

A (@ 1)=5

A2 2)=3

A (2, 3)=6

A3, 1)=4

A3, 2)=3

A (3, 3)=6

DET=—9

1.10. PemeHne cucTembl
JHHEHHbIX aJreGpanyecKHX ypaBHEHHH
metropom laycca

IMporpaMma peuiaeT HEOAHOPOAHYIO CHCTEMY 1 JIHHEHHbIX anre6Gpa-
HUYECKHX YPaBHEHHH C 1 HEH3BECTHbIMH:

anxi+aixe+. ..t aQinXn=ain+1,
Q21X+ QgeXo+. . .+ Q2nXn=Q2n 41,

(1)
AniX)+ QnaXo+. . . QunXn=Qun+1.

BHauajse HaXoAMM OTJHYHBIH OT HyAsi KO3GbQHUHEHT HpH X.

CooTBeTCTByIOLIEE yPABHEHHE NePECTaBJIsieM C MePBbIM (€c/H 3TO He-

o6xonumo). [Monyuaem cucremy (1) ¢ a1 5=0. Paznenus koapduumnen-
Thl 3TOrO YpaBHEHHSI Ha @;;, NMOJYUYHM:
X|+b|2)C2+...+blnxn=bllx+l~ (2)
C nomouubio (2) HcKIoYaeM x; M3 chucreMbl (1):
a9xs +afs 4. . 4 abdxn=abl s, o
re {af,f)x2+af,'§x3+. . .+a£.'n)xn=afx'n)-+ 1

agjl)—_—aij_ailblir i» ]=2’ n. (4)

Cucrema (3) copepxut n— 1 ypasuenue. [IpuMeHsieM ONUCAHHYIO Bbi-
we mnpoueaypy K cucreme (3). Onepaunn nosTopsieM TpebGyemoe
YHCJIO pa3s, MOKa He NpHBeJEM CHCTEMY K BHIY

X1+ craxo+Ciaxa4. . .+ CraXn=Cin+1,
Xo+Coxz+. . .4 ConXn=Con41, )
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Xn=Cnn+1 -

Ecsu det (A)=0, To cucteMa (1) He uMeeT pelueHHi U mporpamMma
3asepiuaercs (cm. 140).

M3 (5) nerko onpenenuTb Xp, Xn—1, - . ., Xi.

B nporpamMMe HCHONb3YyIOTCS NepeMeHHBbIE:
N — konuyecTBO ypaBHeHHil M HeusBecTHmix (n); A (N, N+1)—
Ko3(ppHLHeHTbl JNHHEHHBIX YypaBHeHHH; X (N) — pelleHHe cHCTEMbI
(x); U, K; M, I, ] — nepemeHHble 1ukIoB, T — pabouasi nepeMeHHas.

CTpyKTypa nporpammsi:

10—70 — BBOJ, MCXOAHBIX NaHHBIX;

120—130 — moucK OTJNHYHOTrO OT HyJs1 Ko3pdHUHEeHTa TPH X,;

170—190 — nepecranoBka U-ro u K-ro ypaBHeHHi;

200 — onpepenenne Ko3dduuHeHTOB ypaBHeHHs THHa (2);

210—250 — onpepenenne Ko3p(HUHEHTOB ypaBHEHHS C HCKIIO-
YeHHOH NepeMeHHOH;

270—280 — pelieHue CHCTeMbl ypaBHeHHH (5);

1000—1010 — BuIBOA, pelleHUS.

[IporpaMMa mosiyueHa nepeBoJOM Ha s3blK DBeiicMk mporpaMmbl
1266 [6].

JLIST
10 PRINT “PELIEHUE N JIMHEHAHbIX YPABHEHUH 10 TAYCCY”
20 INPUT “N=";N: DIM A (N, N+1), X (N)
30 PRINT “BBOJ KO®PHUILIMEHTOB YPABHEHUH:”
40 FOR I=1 TO N: FOR K=1 TO N+1
50 IF K=N+41 THEN PRINT “ITPABASl YACTb:”
60 PRINT ”A (“1”,”K;: INPUT ”)=";A (I, K)
70 NEXT K: NEXT I
100 U=0
110 U=U+41:K=U
120 IF A (K, U) < >0 THEN 150
130 K=K+1: IF K< =N THEN 120
140 PRINT “CUCTEMA HE OIMNPEIEJIEHA.”: END
150 IF K=U THEN 200
170 FOR M=U TO N+1
180 T=A (U, M):A (U, M)=A (K, M):A (K, M) =T
190 NEXT )
200 FOR J=N+41 TO U STEP—1:A (U, J)=A (U, J) / A (U, U):NEXT
210 M=N+1: IF K4 1>N THEN 260
220 FOR I=K+41 TO N
230 FOR J=U+1TO M
240 A (1, J)=A (I, J)—A (I, Uy xA (U, J)
250 NEXT J: NEXT I
260 IF U< >N THEN 110
270 FOR I=N TO 1| STEP—1:X (I)=A (I, M):IF I=1 THEN 290
280 FORK=I—1TO I STEP—1:A (K, M) =A (K,M)—A (K, I) * X (I): NEXT
290 NEXT I

1000 PRINT “PELIEHHUE CHUCTEMbI PABHO:”
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1010 FOR I=1 TO N: PRINT ”X (”1”) ="X (I): NEXT I
1020 END

JRUN

PEIIEHUE N JIMHEPMHbIX YPABHEHHHM IO TAYCCY
N=3

BBOJi KO®PHULIMEHTOB YPABHEHUI:
A, 1)=—2

AQ,2)=3

A (1, 3)=4

MPABASI YACTb:

A (1, 4) =21

A@ 1)=1

A @2 2)=5

A (@ 3)=7

ITPABASI YACTb:

A@ 4)=-3

A3, 1)=4

A3, 2)=2

A3 3)=1

TIPABASI YACTb:

A3 4)=—5

PEIIEHWE CHUCTEMbI PABHO:
X (1) = —7.74074076

X (2) = 19.6666667

X (3) = —13.3703704

1.11. OGpaumeHne MaTpHilbl
metopom laycca

IMporpamMma HaXoAHT MaTpHlly, 06paTHYI0 K KBaJApaTHO# MaTpHLe
A pasmepom nXn, no Merony Iaycca. [las HeocoGeHHOH Mart-
puubl A =(a;;) HaxoauTca maTtpuua A~ '=(x;), Takas, yTO

AA~'=E, (1
rae E — enuHuMyHas Matpuua.

YpaBHenue (1) mpencrasasieT co6oil n cUCTEM n JTHHEHHbIX ypaBHe-
HUHl 17151 n® HeH3BecTHbIX X;j. KaX/as U3 cHCTeM MMEeT OfHy M Ty Xe
OCHOBHYIO MaTpuuy A W pasjiuuHble cBOGOJHbIe uJjeHbl. Bce cuctembl
pewalorcss ogHoBpeMeHHO MetonoM laycca (cm. m. 1.10).

Ecnn marpuua A 6au3ka K BbIpOXKIAEHHOH, TO mporpamma 3a-
Bepuiaercs coobuieHueM o6 stom (cm. 190).

BnporpamMmMe ncnoanb3ywoTcanepeMenHb e N—
nopsaaok martpuusl (n); A (N, N) — maccus, marpuna A=(a;); E1 —
3HAUEHHA TJIaBHBIX 3JEMEHTOB [0JXKHO ObiTh OGosblie uem El,
B MPOTHBHOM CJlyyae BbIYMCJIEHHSI He BbINOJHsAOTCA; W — 3HaueHHe
MaKCHMaJIbHOTO 3j1eMeHTa B cTpokax matpuubl A; C (N), B (N)—
MaccHBbI, B KOTODbIX 3aMOMMHAIOTCS 3JIEMEHTHl IVIaBHOT'O cTonbua H
CTPOKH COOTBeTCTBeHHO; Z (N) — MaccHB, B KOTOPOM 3alOMHHaeTCs
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NOPSANOK MepecTaHOBKH crosabuos; [, J, K — nepeMeHHble LHKJOB;
Y — pabouasi nepemeHHasl.

[Mporpamma noJsyueHa nepeBoAOM Ha sI3biK DeficHK mporpammbi
1206 [6].

B KOHTpPOAbHOM NMpHMepe HaliieHa o6paTHasi MaTpuua
K cienyiolledl Marpuue:

(1 2 3>-‘ (_2/9 1/9 1/3 >
2 1 0) =\ 49 779 —2/3 ).
3 1 2 1/9 —5/9 1/3
JLIST

10 PRINT “OBPAILIEHUE MATPHLBI N * N”

20 INPUT “N=";N: DIM A (N, N), B (N), C (N), Z (N)
30 FOR I=1 TO N: FOR K=1 TO N

40 PRINT “A(“17,”K;: INPUT ”) ="; A (I, K)

50 NEXT K: NEXT I

60 E1=1E—6
100 D=1
110 FOR I=1 TO N:Z (I) =I: NEXT

120 FOR I=1 TO N

130 K=1:Y=A (I, I)

140 IF 14+ 1>N THEN 180

150 FOR J=1+I1TO N

160 W=A (I, J): IF ABS (W)>ABS (Y) THEN K=J:Y=W

170 NEXT

180 D=D Y

190 IF ABS (Y)<El THEN PRINT”MATPHLIA BJIM3KA K BbIPO)KJEH-
HOFM”: END

200 Y=1/Y

210 FOR J=1 TO N

220 C (J)=A (J, K):A (J, K)=A (J, ):A (J, ) =—C (J) + Y

230 B (J) =A (I, J) # Y:A (I, J) =B (J)

240 NEXT

250 J=2Z (1):Z (I) =Z (K):Z (K) =J:A (I, ) =Y

260 FOR K=1 TO N: IF K=1 THEN 300

270 FOR J=1 TO N: IF J=I THEN 290

280 A (K, J) =A (K, J) =B (J) * C (K)

290 NEXT J

300 NEXT K

310 NEXT 1

320 FOR I=1TO N

330 K=Z (I): IF K=I THEN 390

340 FOR J=1 TO N
350 W=A (I, J):A (I, ) =A (K, J):A (K, J) =W
360 NEXT J
370 P=2Z (I):Z (1) =Z (K):Z (K) =P:D=—D
380 GOTO 330
390 NEXT I
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1000 FOR I=1 TO N: FOR K=1TO N
1010 PRINT “A(”1”,"K”)"(—1) ="A (I, K)
1020 'NEXT K: NEXT I

1030 END

JRUN

OBPALIEHUE MATPHULIBI N N
N=3

A, 1)=1

A(l, 2)=2

A(l, 3)=3

A2 1)=2

A (2 2)=1

A (2, 3)=0

A3, 1)=3

A (3, 2)=1

A (3, 3) =2

A (1, N (—1) = —.222222222
A, (=1 =.111111111
A (1, 3)"(—1)=.333333333
A (2, 1) (—1) =.444444444
A (2, 2)"(—1)=.777777778

A (2, 3)"(—1) = —.666666667
A 3,1 (—1)=.111111111

A (3, 2)"(—1) = —.555555556
A (3, 3)"(—1) =.333333333



T'aasa 11
YPABHEHHUS. HHTEPMOJISALLUA.
PAAbl. 3KCTPEMYMbI

NOJIHHOMHUAJIbHBIE H TPAHCUEHAEHTHbBIE
YPABHEHHA

2.1. Kopenb ypaBHeHHsi
x=F (x)

IIporpaMMa HaxoAHT KOpeHb ypaBHeHHsi x = F (x) MeTofOM mpoc-
TOH HTepPallUH C OTHOCHTENBHOH norpelrHocTbio €. o i-my npu6au-
JKEHHIO KODHS X; HaXONHTCA chaenyloulee npuGanKeHue no ¢opmyae

x,~+|=F(x,-),i=0, ],2, (l)
I"lpouecc npoaoJi>kKaercd 00 TeX INop, MOKa OTHOCHTE/NbHas TOY-

HOCTb A JABYX MocJaenoBaTe/bHbIX npu(mm«eﬂuﬁ He CTaHeT
MeHblle §€;:

Ix'L;l_—xll <e&j. (2)
ITpouecc utepaunn cxomutcs Ha [a, b], ecan
[F" (x)] <1 (3)

npu Bcex x€(a, b).

B nporpaMme HCNOJAb3YIOTCH MNepeMeHHBHE:
X — Haua/JibHOe NPHUOJHKEHHE KOPHS, Ha BbiXoJe 3HAUYeHHS KODHS,
N — MaKkcHMa/lbHO JONYCTHMOE 4YMCJIO HTepauui; F — 3HaueHHe
¢yHkunn F (x); E1 — oTHOCHTe/IbHAsi TOUHOCTb KODHA (&)).

CTpyKTypa nporpamMmbi:

10—40 — BBOA M 3amaHHe HCXOAHBIX HAHHBIX Xo, N, €}

100—140 — peanusauust ¢popmyant (1);

120 — nposepka ycsoBus (2);

500 — noanporpamMma BblYHC/IEeHHS] GYHKUHH F (x);

1000 — BbIBO#, KOpHSA X.

B KOHTpPO/NbHOM MpuUMeDpe HalileH OAUH H3 ABYX KOpHeH
YPaBHeHHsl x=e"—2, a HMEHHO TOT KOpeHb, rae |F’ (x)|=e*<1:

x1~ —1.84140566... . Btopoi#i KopeHb 3TOro YpaBHEHHSl Xo=
=1.146193. .. . 10 Xe ypaBHeHHe peliaercs B n. 2.2 ¥ 2.3.
JLIST

10 PRINT “KOPEHb YPABHEHHS X=F (X)!”

20 INPUT “HAYAJIbHOE TNPUBJIM)KEHHUE KOPHSI X="; X
30 EI=1E—8

40 N=100

100 FOR I=1 TO N: GOSUB 500

110 IF ABS (F—X) <EIl * ABS (X) THEN 1000
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120 X=F

130 NEXT I

140 PRINT “TOYHOCTb HE NOCTUTHYTA!”: END
500 F=EXP (X) —2: RETURN

1000 PRINT “KOPEHb X="X: END

JRUN
KOPEHb YPABHEHUSA X=F (X)!

HAYAJIbHOE MMPUBJIU)KEHUE KOPHS X= —2
KOPEHDb X= —1.84140567

2.2. KopeHub ypaBheHust x=F (x) —
MOAH(BHUHPOBAHHBIA MeTOA HTepaLHii

IIporpamMmma HaxoAHT KOPeHb ypaBHEHHsSI MOAH(PHLUHPOBAHHBIM Me-
TOLOM HTepailiy. YCJOBHE CXOAUMOCTH B 3TOM MeTOJe OTJHYaeTcs
oT {3) n. 2.1. [lpouecc cxoaUTCA K 3HAUeHHI0O x=E NPH YCJIOBHH,
4YTO B HEKOTODBLI4 MOMEHT

IF( @I<IF (g)—11-2. (1)

Cinenyioluee npHOJHKeHHEe onpelessieTcss no ¢gopmyJaam:

Xo=0a; Xiy1=x;+d;

do— (xo)—xo, d: d:—l / (ht— l) (2)
h__F(xt l) Xi—1
OF (x,»)—x;

BrnporpamMmMe Hcnonbp3ywoTcsanepeMeHHbe: A—
Hayanb oe MpHOMMKeHHe KOpHA (xo=a); E1 — oTHocuresbHass no-
TPEelIHOCTE KOPHSA; N — MaKCHMaJIbHO JOMYCTHMOE YHCJIO HTepaLui;
X — 3HaueHHe KOPHA, apryMeHT ¢yHKuUHH F (x); F — 3HaueHHe QyHK-
uuH; C — pasnocty F (x)—x; H, G, B, D — paGoune mnepeMeH-
Hble, Hcnoab3yeMble B ¢popmynax (2); M — napamerp, KOTOpPLIH TO-
Ka3blBaeT, CKOJIbKO pa3 MonpaBKa NnpeBocXoausaa npelsayuyio. Ecau
pasHocTh F (x;)—x; UMesna ONHO M TO K€ 3HaueHHe ABa’KJAbl MOA-
pan, To meyaTtaercsi cooblieHHe 06 3TOM M BbIYHUC/AEHHE MNpepHl-
BaeTcs.

CTpyKTypa mporpamm b

10—40 — BBOA NaHHBIX: Q, £y, N;

100 — nmpoBepka TOTO, SIBJSIETCS JH X HYJEM;

110—130 — To ke s TOUKH x=a;

140—210 — peanusauuns dopmya (2);

500 — noanporpamma BbluHcaeHHs1 F (x);

1000 — BBIBOA, 3HAaueHHsI KODHS.

IMporpamMma moJsyyeHa mepeBOOM Ha SI3bIK Beucm( MpOrpaMMbl
266 [4].

B KOHTpPOJNLHOM NpHMepe HaiijeHs JBa KOPHS ypaBHe-
HHAL x=¢e"—2 (cMm. m. 2.1).

JLIST

10 PRINT “KOPEHb YPABHEHHS X=F (X)!”

20 INPUT “HAYAJIbHOE NMPHUBJIM)KEHUE KOPHSI A="; A
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30 El=1E—8
40 N=500
100 M=0:G=0:C=0:X=0: GOSUB 500: IF F=0 THEN 1000
110 X=A: GOSUB 500:
120 G=F:B=G—A:D=B:C=B
130 IF C=0 THEN 1000
140 FOR J=1 TO N
150 X=G: GOSUB 500:C=F—G:
160 IF ABS (C) <ABS (G) *x E1 THEN 1000
170 H=B / C:B=C
180 IF H=1 THEN PRINT “JIBA PABHbIX 3HAUEHU!”: END
190 IF H>0 AND H<2 THEN M=M +1
200 D=D/ (H—1):G=G+D
210 NEXT J
220 PRINT “TOYHOCTb HE JOCTHUTHYTA!”: END
500 F=EXP (X) —2: RETURN
1000 PRINT “KOPEHb X="X: END

JRUN

KOPEHb YPABHEHMFI X=F (X)!

HAYAJIBHOE TPUBJ/IM)KEHHUE KOPHS A=2
KOPEHb X=1.14619322

JRUN

KOPEHb YPABHEHHUS X=F (X)'

HAYAJIbHOE TMPUBJ/IM)XEHHE KOPHS A= —2
KOPEHb X = —1.84140566

2.3. Kopenb ypaBHeHns —
METOJ, NMOJIOBHHHOIO JeJICHHS

ITo mporpaMme HaXoAUTCS KOpPeHb ypaBHEHHs

F (x)=0, (1)
rae F (x) — HempepbiBHass Ha oTpe3ke [a, b] GyHKUMA, YyIOB-
JIETBOPAIOLLAsT YCJIOBHIO

F (a)-F (b)<<0. 2)

Ilna  HaxoXJeHHs KOpHA OTpPe3oK [a, b] nenutcss mnonosam:
E=(a+0b)/ 2 — u Bbi6upaeTcss TOT MOJNYHHTEPBAJ, HAa KOHLAX KOTO-
poro 3Haku F (x) pasHble. 3aTeM npouecC JeJeHHSl NOBTOpseTcs
J0 TeX Mop, MokKa AJMHA HHTepBaJa He CTAaHET MeHblle g).

B nporpamMme ncnonb3ylTcs nepeMeHHB € A,
B — rpauuubl untepBasa; £l — MorpemHocTb B onpefe/eHuH KOPHS;
X — aprymeHT ¢yHKUMH, 3HAUeHUe KOpHS; F — 3HaueHHe (pyHKUHH B
Toyke x; F1 — pabouas nepemeHHasi, 3HaueHne GyHKUHH B OJHOH H3
TOYEeK HHTepBaJa.

CTpyKTypa nporpamwmbi

10—30 — BBOA HCXOAHBIX maHHbIX: A, B;

100—170 — penenue uutepsaga (A, B] nonosam;

500 — Bbruncienue F (x);

1000 — BBIBOJ, KOpHS.
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JLIST
10 PRINT “BBEJWTE MHTEPBAJI JIOKAJIU3ALIMY KOPHSI:”
20 INPUT “(A, B)="; A, B
30 EI=1E—8
100 X=B: GOSUB 500: FI=F: IF F=0 THEN 1000
110 X=A: GOSUB 500: IF F=0 THEN 1000
120 IF SGN (F1) =SGN (F) THEN PRINT “HAJIO M3MEHMTb MHTEPBAJI
(AB)!”: GOTO 20
130 X=(A+B) /2: GOSUB 500
140 IF SGN (F1) =SGN (F) THEN B=X: FI=F: GOTO 160
150 A=X
160 IF ABS (A—B)>E! THEN 130
170 X=(A+B)/ 2: GOSUB 500: GOTO 1000
500 F=EXP (X) —X—2: RETURN
1000 PRINT “KOPEHb X="X: PRINT “®YHKLMS F="F
1010 END

JRUN

BBEIMWTE MHTEPBAJI JIOKAJIU3ALIMHU KOPHSI:
(A, B)y=0,2

KOPEHb X=1.14619322

OYHKUHA F= —6.51925802E — 09

2.4. Peulenne ypaBhHeHnss MeTogom HbloTona
(MeTon KacaTeabHbIX)

JleficTBUTENbHBI KOpEHb £ ypaBHEHHS

F (x)=0 (1)
BbluHcasieTcss MeToaoM HbloToHa no WTepauMOHHOMY ypaBHEHHIO
Xer1=xe—F (xz) /| F’ (xz). 2

ITpouecc (2) cxomuTcsi K TOUHOMY 3HAUEHHIO KOpHSi, €CJH Ha-
ya/jbHOe NPHOJHXKEHHe x| BbIGpaHO TakK, YTO

[F (x1)- F” ()l < |F’ (x1)?
OueHka norpewHOCTH k-ro npuGanxeHus [9]
[xe—El < |F (xe) / mil, 3)

my=min {F’ (x)| x€[a, b]),
B MporpamMme MPOH3BOAHTCA MO MPHOJHXKEHHOH ¢dopmyJe
|F (xa) [ F' (xa)] <er. 4)

B nporpamMe HcHoONb3yHWTCS NepeMEeHHBE:
X1 — navanbHoe npuGJuKeHHe KopHs; El — norpelrHocts onpene-
JeHus kKopHsi € (4); X — apryment ¢yHkuuu; F, F1 — 3nayenus
(GyHKUHMH M ee MPOU3BOLHOM.

CTpyKTypa nporpamMbl

10—30 — BBOA HCXOOHBIX HAHHBIX: Xi, €]

100—130 — peanusauus ¢opmynas (2);
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500—520 — nmoxnporpaMMa BbIYMCJE€HHS 3HAueHHA GQYHKUHH F H
ee NMpou3BOAHOH F’';

1000—1010 — BuIBOA, KOpHSi M 3HaueHHS GYHKUHWM B 3TOH TOY-
Ke x.

B KOHTPONBHOM NMpHMepe HaiileHbl KOPHH ypaBHEHHs
=2t —x42=0: x;=—1, xo=1, x3=2.

JLIST
10 PRINT “METOJ HBIOTOHA /151 HEJTUHEFMIHOTO YPABHEHHS”
20 INPUT “HAYAJIBHOE MPUBJIMXEHME X1="; X1
30 EI=1E—8
100 X=XI1

110 GOSUB 500:F=F / F1:X=X—F

120 IF ABS (F)>EI THEN XI=X: GOTO 110

130 GOSUB 500: GOTO 1000

500 F=((X—2) X —1)#X+2: F1=(3 + X—4)* X —1

510 IF FI=0 THEN PRINT “[IPOU3BOJHAS F’ (“X")=0"
520 RETURN

1000 PRINT “KOPEHb X ="X

1010 PRINT “®GYHKLMS F="F

1020 END

JRUN

METOJ HbIOTOHA AJi51 HEJTMHEMHOI'O YPABHEHMHS
HAYAJTbHOE TMPUBJIHM)XEHHUE X! = —2

KOPEHb X=—1

®YHKUHWA F=0

JRUN

METOJ HbIOTOHA OJ1s1 HEJIMHEMIHOTO YPABHEHUS
HAYAJIbHOE TIPUBJIM)XEHHUE X1 —l

KOPEHb X=1

®YHKUHSA F=0

JRUN

METO HbIOTOHA OA51 HEJTUHENHOIO YPABHEHMSI
HAYAJIBHOE MNMPHUBJHWXEHHUE X1 =

KOPEHb X=2

PYHKUHA F=0

2.5. HaxoxjaeHHe KOpPHeH ypaBHEHHS
moaudHuupoBaHHbiM Metonom HbloTona

(merton xopn)

.Ecan BbluucneHHe npousBogHoii B MeTtofe HbloToHa 3artpynHe-
HO, MOXKHO 3aMEHHTb €e BBIUHCJIEHHE OLEHKOIi:

F (x)~_ﬁ_hw' (1)

CTpyKTypa nporpamMbl TaKkas Xe, Kak B 1. 2.4.
Y — 3Hauenne GYHKUMM B TOUYKe X h, 3HAueHHe MONPaBKH K
KOpHIO.
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B KOHTPOANbLHOM MpPHMEpe HaleHb KOPHH ypaBHEHHs
¥ =24 —x42=0.

JLIST

10 PRINT "METOJ1 HbIOTOHA /151 HEJIMHEFMIHOI'O YPABHEHMUSL.”
20 INPUT “HAYAJIbHOE MPUBJIM)KEHUE X1="; X1
30 El=1E—8:H=1E—4

100 X=X1: GOSUB 500:Y=F

110 X=XI1+H: GOSUB 500

120 Y=Y*H/ (F=Y):XI=XI—Y

130 IF ABS (Y) >EI THEN 100

140 X =X1: GOSUB 500

150 GOTO 1000

500 F= ((X—2) *X—1) + X+2

510 RETURN

1000 PRINT “KOPEHb X="; X1

1010 PRINT “TIPH 3TOM F="F: END

JRUN

METOJ HbIOTOHA OJ1s1 HEJIMHEXMHOI'O YPABHEHHUSI.
HAYAJIBHOE MPUBJ/IM)XEHHE X1 = —2

KOPEHb X= —1

MPHU 3TOM F=0

JRUN

METO/ HbIOTOHA AJ11 HEJIMHEPHOIO YPABHEHHSI.
HAYAJIBHOE MPUBJIM)XEHHUE X1=.5

KOPEHb X=1

MPHU 3TOM F=0_

JRUN
METO/l HbIOTOHA /151 HEJIMHEMHOTO YPABHEHMSL.
HAUYAJIbHOE TPUBJIMKEHUE X1 =3

KOPEHb X =2

TIPH 3TOM F =0

2.6. Peulenne ypaBHeHHs METOAOM
CeKyLULHX-XOPJ,

Ecnin Ha uurtepBane [a, b] nenpepbiBHasi ¢yHKuua F (x) ynos-
JetBopsieT ycaoBuio F(a)-F (b)<<0, To KopeHb ypaBHeHus F (x)=0
MOXeT ObITb HalJeH MeTOAOM XOpA:

xn=xn—l_F(xn—l)'(xn—l—xn—Q)/(F(xn—l)_F(xn—2))' (1)

[TorpelHOCTb 3HaUeHHS] KOPHS OlLleHWBaeTcs no ¢opmyJe

(X0 — X1l <er. (2)

B nporpamMme ucnoab3ywTcs nepeMeHHb e A,
B — unrepBan Jokanusauuu Kopus; Fl, F2 — 3HayeHHs QYHKUHH
F(x) B Toukax a u b; X, F aprymeHt u 3Hauenue ¢yHkuuu F (x);
E1l — TOYHOCTb 3HaueHHs] KOPHS. '
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CTpyKTypa nporpamMmbl:

10—40 — BBOX a, b, &;;

100—120 — BbluncaeHne QyHKUHE B Toukax a W b, npoBepka
YCJIOBHSI JIOKA/NM3aLMH KOPHSl M paBeHCTBA HyJo GyHKuuH F;

130—150 — peanusauus urepaunit (1);

500 — BuluncaeHue F (x);

1000 — BbIBOJ 3HAueHHSI KOpHA H @yHKuHH F (x).

JLIST
10 PRINT “METOJ CEKYWIMX — XOPI”
20 PRINT “BBEJJMTE UHTEPBAJI JIOKAJIU3ALIUKX KOPHSH:”
30 INPUT ”(A, B)="; A, B
40 E1=1E—8
100 X=B: GOSUB 500: F2=F: IF F=0 THEN 1000
110 X=A: GOSUB 500: FI=F: IF F=0 THEN 1000
120 IF F « F2>0 THEN PRINT “"HAJO U3MEHHWUTb UHTEPBAJI!”: GOTO 20
130 X=A—Fl x (A—B) / (F1—F2): GOSUB 500
140 IF ABS (X—A) <E!l THEN 1000
150 B=A:A=X:F2=FI1:F1=F:GOTO 130
500 F= ((X—2) *X—1) * X4+2: RETURN
1000 PRINT “KOPEHb X="; X: PRINT "&YHKUHUS F=*F
1010 END

JRUN

METOJl CEKYUIUX — XOP/1

BBEJUTE UHTEPBAJI JIOKAJIU3ALIUM KOPHSI:
(A, B)=—2,0

KOPEHb X= —1

OYHKLIMS F=1.39698386E — 09

2.7. Pewenne
CHCTeMbl ypaBHeHHH

Peluenne cHcTeMbl TPaHCUEHAEHTHBIX ypaBHEHHH

x|=F|(x|» X2y vvv xll)’
x2=F2 (xlf X2, ..y xn), (l)
xn=Fn(x), X2, ... ,. Xn)

MPOM3BOJUTCA MO HMTEPALHOHHBIM (GOpPMYJaaM MOAUPHLHPOBAHHOTO
metoaa 3edpeas [9]:

AED=F (19, £, ..., xP),
T =Fy ((+1, 29, ..., xP), (2)
D= Fy (D, D] ),
OueHKa TOYHOCTH HMeeT BHUA:
max |1tV —x®} <e), i=1, n. )
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Hrtepauunonnbifi nmpouecc (2) CXOAMTCH NMPH YCJOBHH
n

2 |0F: ] dxel <.
i, k=1
B nporpaMMe HCHOJAbB3YIOTCHA MNepeMEeHHBHE:

N — kosnnuectBo nepemennbix; X (1), . . ., X (N) — HayanbHOe NpHOJH-
JKeHHe NMpH BBOJE M 3HAUEHHH KOPHA Ha k-m uware; E1 — To4yHOCTBb
3HauyeHus KopHeil; Y (1), ..., Y (N) — 3HaueHusi KopHs Ha (k+ 1) —m

ware; K — KOJIHUECTBO MNepeMeHHbIX, YAOBJETBOPSIOUIHX YCJIOBHIO
|xf+D__ x®)| < g; | — pabouas nepeMeHHass LMKJA.

O6pauieHde K noanporpamMmam Bbiunciaenus F,, Fo, ..., F, npo-
uspoautcst B ctpoke 120. [Toanporpammel pis Fy, Fo, . .. pa3MelleHsl
B cTpokax 500, 520, ... .

B KOHTpPONbHOM MpHMepe pellaercs cHCTeMa

xi=¢e" —x3—1,
{x2=x| /2.
JLIST
10 N=2: DIM X (N), Y (N):El=1E—8
20 PRINT “"HAYAJIbHOE NMPHUBJIMXKEHUE KOPHEM:”
30 FOR I'=1 TO N: PRINT ”X(”I;: INPUT ”)=";X (I): NEXT
100 K=0
110 FOR I=1TO N
120 ON I GOSUB 500, 520
130 IF ABS (Y (I) =X (I)) <El THEN K=K 41
140 X (I) =Y (I): NEXT I
150 IF K<N THEN 100
160 GOTO 1000
500 Y (1) =EXP (X (1)) —X (2) —1: RETURN
520 Y (2)=X (1) /2: RETURN
1000 PRINT “CUCTEMA UMEET CJNEAYIOIIEE PEIEHHE:”
1010 FOR I=1 TO N: PRINT ”X ("1”) ="X (I): NEXT : END
JRUN
HAYANBbHOE TMNMPHUBJ/JIM)XEHHUE KOPHEH:
X(I)=.5
X (2) =0.5
CHCTEMA MMEET CNEAYIOUWIEE PELIEHHE:
X (1) =6.51925802E — 09
X (2) =3.25962901E — 09

2.8. Pa3noxeHnne nojHHoma
Ha pauHOHAJIbHBIE JHHeHHbie MHOXHTEJH

[To nporpaMme HaxoasiTCs BCe palMOHAJIbHbIE JIHHEAHbIE MHOXKHTE-
au (Uix + Vi) MHOrousiena
p(X)=aux"+ax""'+.. . Fa=Ux+ V). (Ux+ V)X
X(dox"~"+...+dn-r),
rie Ko3(p¢HUHEHTb a; — leJble, a NMOJHHOM ¢ KoddduuueHtamu dp
JIHHEHHbIX paUHOHA/bHBIX MHOXHTEJIEH He COLEpIKHT.
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B nporpamMme HaxomATCs BCe AEJNHTENH p M g YHCeJa Qo H a, CO-
OTBETCTBEHHO. 3aTeM NpPH YCJIOBHH, UYTO PX— g SBJSETCA MHOXH-
TesieM MHorouseHa (l), p (x) meaurcsi mo anroputmy EBkianga Ha
px — q. Tonyyaercst HOBBIH MOJIMHOM, AJIS KOTOPOTrO MOBTOPSETCA BCS
npoueaypa A0 TeX INOp, MOKa He OYyAeT MNOJyyeH MOJHHOM, He
HMEIOUIHH palHOHA/bHBIX JIHHEHHBIX MHOXHTEJeH.

B nporpaMMe HCHOJNbB3YyIOTCH MNepeMeHHBIE:
N1 — crenenb HcxoaHoro mosuHoma; N — cTeneHb HCXOAHOro, 3aTeEM
KOHe4YHoro nosiiHoMa; B (N) — ko3¢ pHIHEeHTbl HCXOJHOTO MOJHHOMA;
A (N) — ko3 dHLHEeHTH BHayaJle HCXOJHOro MOJHHOMA, 3aTeM IO-
JIHHOMA IOcJie BbiAeJEHHS MHomuTeneﬂ; A0 —laol; R — KosnuecTBO
JuHeiinbix MHOXKHTeneH (r); U (R), V (R)— kospduuueHto u;,
vi(i=1, r r) P, Q—p, g, C=HOQI (ao...a,); F — 3HaueHue aop"+
4+ap"~'g+..+a.q"; L — nepemennaa uukaa (L=Q); N2=
=NI1—R.

CTpyKTypa nmporpamMbi

10—30 — BBOA cTeneHH MoJIHHOMA n H KO3 (HUHEHTOB a;;

100 — ucxoaHble 3HaueHHS KOJHYECTBA JIMHEHHBIX MHOXHTEJeH
(R=0) 1 HOL ko3t dpuunentoB a; (c=1);

110—120 — oTbickaHue MHoxHTesel Buaa (x—O0). Ecam Ttakue
€CTb, TO CTENeHb nosHHoMa moHuxkaercst (N=N—1), a konHuecTBO
MHOXHTe/eH yBennuuBaerca (R=R -4 1);

130 — oTkpbiTHE HHKAA MO p;

140 — npoBepka Toro, sIBJSieTCS1 JIM p MHOXHTENEM Qn;

150 — otkpbiTHe HHkaa no L (L=gq);

160—170 — oTbickaHHe ¢==1, SABAAIOLIErOCA MHOXHTENEM Qg;

180—210 — omnpepneneHue Toro, ABAsIETCS JH ¢ OGLIHM MHOXHTe-
JeM Aasi Bcex @i

220 — ecii g — OOIIUA MHOXHTENb, TO COKpallleHHe Ha Hero
Bcex Ko3¢pduLUEHTOB a;;

230 — C — oOuuHit MHOXKHTE/Ib BCeX a;, MOBTOPHAsA MPOBepKa TOro,
AIBAAETCA JIH ¢ MHOXHTEJEM YHCIA A,

240—250 — Bbuucaenne F=aep"+aip"'g+...+a.q";

260 —ecin F=0, T. e. (px—g) — MHOXHTeJNb, TO Je/NeHHe Ha
Hero HCXOJHOTO MOJIMHOMA;

270—340 — nenenue noJiMHOMA Ha px — ¢ no anroputmy Eskinaa;

360—370 — 3akpbiTHe WHKJIOB 1O L, p;

1000—1190 — BBIBOA Hauya/MbHOrO MOJMHOMA M MHOXHTENEH, HA
KOTOpble OH pa3sJiaraetcs.

[lporpaMma nosyuena nepesosgoM Ha f3blk Beiicuk mporpamMmbl
756 [5].

B KOHTPOJNBHOM MpHMePe MOKasaHo:

3x® —25x% 4 52x* 4+ 9x° -|—38x —40x =
=x(x—4) (x—5) Bx—2) («*+x+1).
JLIST
10 PRINT “MHOXXHTEJIU MMOJIMHOMA CTEIMEHH N.”
20 INPUT “N=";N: DIM A (N), B (N), U (N), V (N)
30 FOR 1=0 TO N: PRINT “A (“I;: INPUT ”)=";A (I):B (I)=A (I) : NEXT
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100 AO=ABS (A (0)):N1=N:R=0:C=1
110 IF A (N) < >0 THEN 130
120 N=N—1:R=R+41:U (R)=1:V (R) =0: GOTO 110
130 FOR P=1 TO AO
140 IF INT (A (0) / P) * P< >A (0) THEN 370
150 FOR L=1 TO ABS (A (N)):Q=L
160 IF Q=1 THEN 240
170 IF INT (A (N) / Q) * Q< >A (N) THEN 240
180 I=0
190 IF I>N THEN 220
200 IF INT (A (I) / Q) + Q< >A (I) THEN 240
210 I=1+41:GOTO 190
220 FOR I=0 TO N:A (I)=A (I) / Q: NEXT
230 C=C=* Q: GOTO 170
240 F=A (0):G=1
250 FOR I=1 TO N:G=G*P:F=F*Q+A (I) » G: NEXT
260 IF F< >0 THEN 340
270 R=R+1:U (R)=P:V (R) =Q
280 FOR =0 TO N
290 F=(A (I)+F) /P:A (I)=F:F=F*Q
300 NEXT
310 N=N-—1
320 IF N=0 THEN 380
330 GOTO 240
340 Q=—Q
350 IF Q<0 THEN 240
360 NEXT L
370 NEXT P
380 IF N=0 THEN C=C A (0)
1000 PRINT “TTOJIMHOM —”
1010 FOR I=0 TO NI
1020 IF B (I) =0 THEN 1070
1030 IF B (I) > =0 THEN PRINT ”+7”;
1040 PRINT B (I);: IF I=NI1 THEN 1070
1050 IF I=NI1—1 THEN PRINT “X”;
1060 IF 1< >NI—1 THEN PRINT ”X" Nl—1;
1070 NEXT : PRINT “PA3JIATAETCS HA:”
1075 IF R=0 THEN PRINT “MHO)XHWTEJIEN HET.”: END
1080 FOR I=1 TO R: PRINT ”(”U (I)”X”;: 1IF V (I) <=0 THEN PRINT ”+4”;
1090 PRINT -V (I)”)”;: NEXT
1100 N=NI1—R: IF N=0 THEN END
1105 PRINT ”(”;
1110 FOR I=0 TO N: IF I=0 AND A (0) <>1 THEN PRINT A (0);
1120 IF 1=0 THEN PRINT ”“X"N;
1130 IF I=0 THEN 1190
1140 IF A (I) =0 THEN 1190
1150 IF A (I) > =0 THEN PRINT “+7”;
1160 PRINT A (I);: IF N—I=1 THEN PRINT “X";
1170 IF I=N THEN PRINT ”)”
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1180 IF I< >N AND I< >N—1 THEN PRINT ”X" N—1I;

1190 NEXT : END
JRUN
MHO)XUTEJIU MMOJIMHOMA CTEMEHH N.
N=6

A (0)=3
A(l)=—26
A@Q)=

A@B)=

A (4) =38

A (5) =—40

A (6) =
MOJIMHOM —

+3X"6 —26X"5 4 52X"4 + 9X"3 4+ 38X"2 — 40X PA3JIATAETCS HA:
(1X40) (1X—4) (1X—5) (3X—2) (X"241X+1)

UHTEPMOJISILUSA ®YHKUHA

2.9. Moaunom Jlarpanka
no JiTexkeHy

[Tyctb Ha orpeske [a, b] aaHo n+ | 3Hauenne pyHkuuu F;=F (x))
B n-+1 pasiMuHBIX TOYKAX: Xo, X1, ..., Xn. 1OrlA TMOJHHOM CTeNeHH
He Bbillle 71, HMEIOILHI B 3aJaHHbIX y3/1aX 3HaueHus1 F;, eCTb NOJHHOM
Jlarpanxa [9]:

_ (x—x0). . (x—xi1) (x—xig1). . (x—xn)
Ln ()= 2 F (xi—x0). . .(xi—xi—1) (i — i) . (i —Xn) )

Bbluncnenue 3Ha'-leHHﬂ L, (x) mo (1) ocyuecTsJ/sieTcs Mo UTepaLH-
OHHOM cxeme DiitekeHa. Hauasbuble 3Hauenuss F; tepsiiorcsi. MHrtep-
BaJibl [X;, Xi4+1] MOI'YT GHITb HEpaBHBIMH.

BnporpamMmMe ucnoab3yoTcsi nepeMeHHb € N—
KoJnuecTBo MHTepBanoB; X (N), F (N) — maccHBbl 3HaueHH# apryMeH-
Ta H OYHKUHH; X, F1 — apryMeHT u 3Hauenue nosuHoma L, (x); J, I —
nepeMeHHble LHKJIOB.

CTpykKTypa nmporpammb

10—60 — BBoOA 1, x;, Fi, x;

100—130 — Bbruncaenne L, (x);

1000 — BbIBox 3HaueHusi L, (x).

B koHTpoabHOM npumepe npu n=3, xo=1, x1=1.25,
xe=1.6, x3=2, y (x;)=1 /x, nalimeno snauenue L3 (1.5)=0.665625.

l'lporpamma nosyyeHa nepeBofoM Ha s3blk Belicuk Asron-npor-
pammbl 706 [5].

JLIST

10 PRINT 11O 3HAYEHHUIO F B X0, ... XN BBIUHUCJISIETCS ITOJIMHOM
JIATPAHXA L (X).”
20 INPUT “N=";N: DIM X (N), F (N)
30 FOR I=0 TO N
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40 PRINT ”[X(”1”), F ("I;: INPUT ”)]="X (I), F (1)
50 NEXT
60 INPUT “APTYMEHT X =";X
100 FOR J=0 TO N—1: FOR I=J+1TO N_
HOF () =((X=X)*F(H—=(X=X{)+F )/ XID=XQJ))
120 NEXT I: NEXT J
130 FI =F (N)
1000 PRINT “L”N” ("X") ="FI
1010 END

JRUN

M0 3HAYEHHIO F B X0, ... XN BbIUUCJSETCS MOJIMHOM JIATPAH)XA
L (X).

N=3

[X (0), F (0)]=1,1

[X (1), F (1)]=1.25,8

[X (2), F (2)]=1.6,.625

[X (3), F (3)]=2,05

APTYMEHT X=15

L3 (1.5) =.665625

2.10. PauvonanbHass MHTEPNONALHA
C NOMOILbIO HenpepbiBHLIX ApoGeit

Ecan 3apano m 3Hauenuét ¢ynkumn Fi=F (x) B m TOuKax

X, ..., Xm, TO 3HaueHHe F (x) MOXeT GbITb onpejeseHo no ¢opmyae
(cm. [10])
— X—X)
F(x)—a.—|—a———_'_x__x2 .
2 aa+...
S Rdmr 1N M

am
HenpeprniBHast apo6b (1) MoxeT GbiThb npeacTaBleHa B BHAE pa-
LIHOHAJIbHOH (YHKLUHH:
bo+b|x+...+b1,\’l (2)
do+d|x+...+d1x’ ’

rae [<my=int (m/2).

B nporpamme BbluHCAsIIOTCH Ko3dduuueHto a;, b;, dj(i=1, m,
j=0, m.).

B nporpamMMme HCnoab3ylOTCH nNepeMeHHBHE:
M — kosuuectBo Touek; X (M), Y (M) — KoopaMHaTHl TOYEK Xi, Yi;
A (M), B(MI1), D(MI1) coorBercTBeHHO a;, b, d;; M1=int (M/2),
K, R, S, P(MIl), Q(MIl)— pa6Goune mnepeMeHHble H MacCCHBbI;
I, ] — nepemeHHble LHKJIOB.

CTpyKTypa nporpammubi:

10—40 — BBOA M, xi, yi (i=1, m); m,=int (m/2);

100—250 — Bbluncaenue a;, bj, dj;

1000—1020 — BuiBOA ai, b}, d;.
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IMporpamma noJyueHa nepeBoioM Ha si3blk Beficuk Ausroa-npo-
rpaMmer 186 [4].

B KOHTpPOJNBbHOM NmpuUMepe id NATH TOueK HaHJeHbl
Ko3ddHuuMeHTb a;, b, dji: x1=0, y1=3; xo=1, y2=2,5; x3=2,
Y3=1,6666...; xs=23, y4=2.25; xs =7, y5=2.125. O K03)PHLUHEHTHI
COOTBETCTBYIOT KO3 dHUHeHTaM GYHKLHH

o —b6—xit24
Yi= —2—xi4x

JLIST
10 PRINT “PALIMOHAJIBHAS MHTEPIIOJISILIUS”
20 INPUT “KOJI. TOYEK M="; M: DIM X(M), Y (M), A (M)
30 M1=INT (M/2): DIM P (M1), Q (M), B (M1), D (M1)
40 FOR I=1 TO M: PRINT “X (“1”), Y ("I;: INPUT”) ="; X (I), Y (I): NEXT
100 FORJ=1 TO M
110 R=Y (J):S=X (J):IF J=1 THEN 130
120 FORI=1 TO J—1:R=(S—X (I))/(R—A (I)) :NEXT
130 A (J) =R: NEXTJ
140 P (0) =1:Q (0) =A (1):K=1
150 FOR I1=1TO MI:P (I)=0:Q (I) =0:NEXT
160 FOR =2 TO M
170 FOR J=INT (I/2) TO | STEP—1
180 R=A () xQ J) =X (I—1) * P (J) +P (J—1):P (J) =Q (J):Q (J) =R
190 NEXT
200 R=A (1) *Q (0) —X (I—1) * P (0):P (0) =Q (0):Q (0) =R
210 NEXT I
220 IF K=2 THEN GOTO 250
230 FOR 1=0 TO M1:B (I)=Q (I):NEXT
240 K=2:P (0) =0:Q (0) =1:GOTO 150
250 FOR I=0 TO M1:D (I) =Q (1) :NEXT
1000 PRINT “KO3®®ULIMEHTDI:”
1010 FOR I=1 TO M: PRINT “A (“1”)="A (I): NEXT
1020 PRINT “KO3®OULIUEHTDI B (I):”
1030 FOR [=0 TO MI: PRINT B (“17) ="B (I): NEXT
1040 PRINT “KO3dOULIMEHTBI D (I):”
1050 FOR I=0 TO MI: PRINT “D (“1”) =D (I): NEXT
1060 END

IRUN

PALIMOHAJIBHASI UHTEPIIOJISILIMA
KOJI. TOUEK M =5

X (1), Y (1)=0,3

X(2),Y(2) =125

X (3), Y (3) =2,1.666666666

X (4), Y (4) =3,2.25

X (5), Y (5) =7,2.125

KO3 ®ULIMEHTDI:
A(l)=3
A@)=-—2
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A (3)=2

A (4) = —.333333333
A(5)=—3
KO3®OULIMEHTHI B (I):
B (0) = —6.00000002

B (1) = — 999999985

B (2) =2
KO3®OULIMEHTHI D (1) :
D (0) = — 2.00000001

D (1) = —.999999998

D (2)=1

2.11. HUurepnoasuus
no Holotony

IMyctb Ha orpe3ke [a, b] 3amaHo n-+1 3HaueHHe apryMmeHTa:
Xo=a, Xi, .., Xpa=>b H n+41 3HaueHHe ¢yHKuMH y;=y (x;). Torna
MHTEPIONALHOHHbIH MHOrouJieH creneHd n B ¢opme HbloToHa Mo-
XeT ObITb MOCTPOEH No cienyiowHuM dopmyiam [17]:

La()=2 CiNi(x), (1)
rae
No (x)=1, -
Ni(x)=(x—x0) (x—x1) ... (x—xi—1) ({=1, n),
C,-=[xo, X1y eony x;],

[x]=y:i (=0, n), )

[)CO, Xly veny xi]= x.-—-l-XO ([x,, ceey x,-]—[xo, . x;_.]).
Bripaxenue [xo, X1, ..., Xi] Ha3blBaeTCsi pasfeNeHHOH pPa3HOCTHIO.

B nporpaMMe ucnoab3yloTcs nepeMeHHb e: X —
apryment; N — creneHb noauHoma; X (N), Y (N)— maccuBbl X; yi
cooTBeTcTBeHHO (i=0,n) (pa3je/neHHble PAa3HOCTH 3aTeM MOMEILAIOT-
‘ca B maccuB Y); I, K — nepemeHHble LHK/IOB; L — 3HaueHHe IO-
JuHOMa B TOuKe x; S, /I — pa6oune mepeMeHHbIe.

CTpykTypa mnporpamMbi

10—40—sBBoOnA 1, X, xi, yi (i=0, n);

100 — 180 — BbluHC/EHHE L, (X);

1000 — 1010 — BeIBO, 3HaueHusi L.

KoHTpoJabHb# mpumep TOT XKe, yto B m. 2.9.

JLIST
10 PRINT “HHTEPIIOJIALIMSA 10 HbIOTOHY.”
20 INPUT “CTEMEHb MOJIMHOMA N="; N
30 INPUT “APTYMEHT X="; X
40 FOR I1=0 TO N: PRINT X (“1”), Y (“I;: INPUT”) ="; X (1), Y (I) : NEXT
100 L=Y (0):S=1
110 FORI1=N TO | STEP—1|
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120 I1=N—1I
130 FORK=0 TO 1—1

140 Y (K) = (Y (K+1) =Y (K)) /(X (K+1+11) =X (K))
150 NEXT

160 S=S % (X—X (I11)):LI=L

170 L=L+Y (0) S

180 NEXT I

1000 PRINT “L ("X”) ="L

1010 END

JRUN
UHTEPIOJSILIAS TI0 HbIOTOHY.
CTEMEHD NMOJIMHOMA N =3
APTYMEHT X=1.5

X (0),Y (0)=1,1

X (1), Y (1)=1.25,8

X (2), Y (2) =1.6,.625

X@3),Y(3) =

L (1.5) =.665625

ONMEPALUH HAJL TOJTHHOMAMH
H CTENEHHBIMH PAJAMH

2.12. YMHOXKeHHe PALOB

[Tporpamma Haxomnut n+1 Ko3pduUUEHT npou3BefeHHs HBYX
CTEMeHHbIX PSAOB:

g()=go+gix+..+gux"+...,
h(x)=ho+hx+..+hx"+ .., (1)
Cx)=gx)h(x)=Co+Cix+..4+Caux"+... .
npuuem (cm. [10])
I

C,-=§0 gih,’_i. (2)

IIporpaMMa no H3BeCTHbIM 3HAUEHUSIM g; M Hh; BLIYHCJSIET IO

dopmyne (2) sHauenus C; (i=0, n).

B nporpamMmMe ncnosnbsylorcanepeMeHHb e: N —
HOMep MOCJ/IeJHEro HyKHOro Koappuuuenra Cn; G (N), H (N), C (N) —
MaccuBbl, coaepxkauiHe Ko3¢pduuueHTol gi, hi, ¢; COOTBETCTBEHHO;
I, ] — nepemeHHble UHKJIOB B (2).

CTpykTypa nporpammbi

10 —80 —BBoA 1 1 KO3pdHUHEHTOB & hi (i=0, n);

100 — 140 — peanusauus BbluHCAeHHH Mo dopmyae (2);

1000 — 1010 — BbiBo, ko3¢ duuuentoB C; (i=0, n).

B KoHTpONbHOM NpuMepe HaiineHo npousBeeHHe PSAOB

e e > npu n=4:

1 1
=1ty o x o,
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e~ ¥=1 —2x+2x2—-;—x3—|—§—x4+...,

—x 1 9 | |
e =l—xt g —e x5 x +... .
JLIST
10 PRINT “INEPBbBIE N41 KO3®®dHWUHUEHTA TIPOU3BEJNEHHUS [OBYX
CTENEHHLIX PAOOB:”
20 PRINT “C (X) =H (X) G (X), TAE”
30 PRINT “G (X)=G (0) +G (1) * X+..G (N) * X'N”
40 PRINT.”H (X)=H (0) +H (1) * X+..H (N) * X'N”
50 INPUT “N="; N: DIM G (N),H (N),C (N)
60 FORI=0 TO N: PRINT “G (”I;: INPUT”)="; G (I): NEXT
70 PRINT “BTOPOW PAL:”
80 FORI=0 TO N: PRINT “H (”I;: INPUT”)="; H (I): NEXT
100 FORJ=0 TO N
110 C (J) =0
120 FOR1=0 TO J
130 C(J)=C J)+G (I)*HJ-=D
140 NEXT I: NEXTJ
1000 PRINT “ITPOU3BEANEHHE PABHO:”
1010 FOR I=0 TO N: PRINT ”C (”1”)="; C (1) : NEXT
1020 END

JRUN

MEPBbLIE N+41 KO3®dHUUHUEHTA TNMPOU3BENEHHS HOBYX CTENMEHHbIX
PAIOB:

C (X)=H (X) G (X), TOE

G (X)=G (0) +G (1) *X+..G (N) »X'N
H (X)=H (0) +H (1) * X+4..H (N) »X'N
N=4 ‘

G (0)=1

G(1)=1

G((2)=5

G (3) =.166666666

G (4) =.041666666

BTOPOA PAN:

H (0) =1

H(l)=-2

H (2)=2

H (3) = —1.33333333

H (4) = .6666666666

NPOU3BENEHHUE PABHO:

C (0)=1

C(l)=—1

C(2)=5

C (3) = —.166666664

C (4) =.0416666696
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2.13. lenenne psaaoB

Ilyctb 3ananbl nBa psza
h(x)=ho+hx+..+hax"+...,

g)=got+gix+..+gux"+.. . (1)
Torna Kosd¢HLHEHTB YAaCTHOTO OT Je/NeHHs] 3THX psALOB
c(x)=h(x)/g (x)=cot+cix+...4cax"+... 2)

MOryT ObITh onpesenieHbl U3 cooTHoluenuit [10]:

Ci=[hi'— §I C,-g;_,-]/go,

i=
Co=ho/go, i=1,2, e (3)

B nporpamme Ko3¢pHUUEHTH ¢; 3aMUCHIBAIOTCS B MacCHB Ko3¢-
(GHUHEHTOB h;.

BnporpaMme ncnoab3yworcsanepemMmeHHbe: N —
KOJIHYeCTBO c/laraembix B psimax paBHo N4 1; H (N), G (N) — mac-
cHBbl KO3dduuHeHToB h;, gi; I, J — nepeMeHHble UHKJIOB B (3).

CTpyKTypa nporpamMmmbi:

10 —50—sBBox n, h;, gi;

100 — 150 — BeiuHC/IeHHss no ¢opmyae (3);

1000 — 1010 — BuiBOA, ¢; (MaccuB H (N)).

ITporpamMma nosnyuena nepesosoM Ha si3bik Beficuk Aaroa-npor-
pammbl 1316 [6].

B KOHTpPONbLHOM NMpHMepe HalaeHb 4 ciaraeMbix OT
neneHus psana e* Ha e** (m. 2.12).

JLIST
10 PRINT “ITPOTPAMMA BbIYUCJISET MEPBbLIE N+41 KO3®dHLIMEH-
TOB”: PRINT "HACTHOI'O OT OEJIEHHS ABYX CTEMNEHHbIX PS00B:”
20 PRINT “H (X)/G (X)”
30 INPUT "N=", N: DIMG (N),H (N)
40 FORI=0 TO N: PRINT ”“H (”1;: INPUT”)="; H (1) : NEXT
50 FORI=0 TO N: PRINT ”G (”I;: INPUT”)="; G (I): NEXT
100 A=1/G (0)
110 FOR J=0 TO N:B=AxH (J)
120 IF J4+1>N THEN 140
130 FOR 1=J+4+1 TO N:H (I)=H (1) =B % G (1—J): NEXT 1
140 NEXT J
150 FORJ=0 TO N:H (J)=H (J) » A: NEXT
1000 PRINT “KO3ddHUUHUEHTbI YHACTHOI'O PABHbI.”
1010 FORI=0 TO N: PRINT “H (“1”) ="H (1) : NEXT
1020 END

JRUN

MPOTPAMMA BbIYHUC/ISIET MEPBBIE N+ 1 KO3$®HLUHUEHTOB YACTHOT'O
OT OEJIEHUA OBYX CTETNEHHbIX PSAOOB:

H (X)/G (X)

N=3

H (0)=1
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H(1)=1

H@) =25
H (3) =.166666666
G (0)=1
G(l)=2
G (2)=2

G (3) = 1.333333333
KO3®®ULMEHTbI YACTHOT'O PABHbI:
H(0)=1 '
H()=—1

H(@©) =35

H (3) = —.166666667

2.14. Bo3senenue psapga
B CTeneHb

ITycrp 3aman psan
fy=1+ax=+...+ax"+.... (1)
Kosdouunentsl p-it creneHn psija f(x) MOXKHO HaHTH MO pekyp-
peHTHOMY cooTHoueHuo [10]:
i=1

bi=pait+=2 [p(i—k)—Fk]aisbs, 2)
k=1

rae
i=1,2,3 .. PW)=14+bix+bax’+ ... .

CooTHolenne (2) cnpaBefJIMBO AJIAA JIOGOTO BELIeCTBEHHOrO 3Ha-
ueHusi p%0. Ecan p=0, To noayuum kospduuuentsl paga In f(x).
Ecin B (1) aos%1, TO HeoGXOAMMO NpeABapHTENIbHO pa3leHTb
BCE a; HAa Ao M B KOHLE YMHOXHTb b; Ha af.

BnporpaMmmMe ucnoanb3yoTcsi nepeMeHHb e: N —
KOJIH4eCTBO KO3((HLHEHTOB, KOTOpble HEOOXOAHMO BBbIYHCIHTb; P —
nokasarenb crenend; A (N) — maccuB Ko3(pPHUHEHTOB HCXOAHOTO
psana; B (N)— maccuB koadpduumuenro papa f?(x); Z paBHO p
npu p A0 u | B mpotuBHOM cayuae; J, K — mapamerphbl LHK/OB;
S — paGouyasi mepemeHHas.

CTpPYKTypa nNporpamMBl:

10—50—BBOA 1, p, a;

100 — 170 — Bbluncsienne no ¢popmyae (2);

1000 — 1020 —BBiBOA b; (i=1, n).

[Tporpamma nosyuena mepeBogoM Ha si3bik Beficuk AJsron-npor-
pamMmbl 1346 [6].

B KOHTpPONBHBIX NpUMeEDpaX npun=4 HaiijeHo: [ (x)=

=14x mpn p=05 [ O=IFx=l+gr—gr+gr'—

_%x“-l- ..., npu p=0 fp(x)=]n (1 +x)=x_;__x2+_;_x3_
1

——4—x4+ e
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JLIST

10 PRINT “TIPOTPAMMA BbIYMCJISIET TTEPBBIE N KO3®®ULIMEHTOB” :
PRINT “P — TOH CTETIEHH PAMA:”: PRINT “F=1-4A (1) * X+A (2) *
*X24+A (3) * X3+ ... ”: PRINT “ECJIM P=0 TO TOJYYHM PSiJ
LN (F).”

20 INPUT “KOJIMYECTBO CJIATAEMBIX N=";N: INPUT “ITOKA3ATEJIb
CTENEHHU P="; P: DIM A (N)

30 FORI=1 TO N

40 PRINT ”A (”; I;: INPUT”) ="; A (I)
50 NEXT

100 Z=P: IFP=0THEN Z=1

110 B (1)=Z = A (1): IF N<2 THEN 1000

120 FORI1=2 TO N:S=0
130 FOR K=1TO I—1

140 S=S+ (P * (I—K) —K) * B (K) * A (I—K)
150 NEXT

160 B (I)=2Z * A (I) +S/1

170 NEXT .

1000 PRINT “KO3®®HLIUEHTB! PABHbI:”
1010 FOR I=1 TO N: PRINT B (I)” X™1: NEXT
1020 END

JRUN

MPOrPAMMA BbIYUCJIAET MEPBLIE N KO3®PULIMEHTOB
P—TOW CTEINEHH PSIA:
F=14A()*X+A(2)*X24+A 3)xX3+ ...
ECJIU P=0 TO IOJIYUHUM PS] LN (F).
KOJIMYECTBO CJIATAEMbIX N =4 '
TMOKA3ATEJ1b CTEIMEHU P=.5

A(l)=1

A (2)=0

A (3)=0

A (4)=0

KO3®OHUILIMEHTbI PABHDbI:

5X71

—.125X"2

0625 X3

—.0390625 X4

JRUN
[TIPOrPAMMA BBIYHUCJ/ISIET MEPBBIE N KO3$®ULIUEHTOB P —TO¥ CTE-
MEHU PSAOA:
F=14A (1) *X+A (2) *X24A (3) *X34 ...
ECJIU P=0 TO [OJIYYHUM PAJ1 LN (F).
KOJIMYECTBO CJIATAEMBIX N =4
TTOKA3ATEJ/Ib CTEINEHH P =0
AQ)=I
A(2)=0
A (3)=0
A (4)=0
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KO3®PULIMEHTbI PABHBbI:
1 X

—5X2

.333333333 X3

—.25 X4

2.15. OGpameHnue psiga

[MycTb 3anaH cTeneHHOH PSR
y=x+ax®+ ... +ax"+ .... (1)
[TporpamMa HaxoAHT KO3((HLUHEHTH O6palIEHHOrO CTENeHHOro
pana
x=y+bax®+ ... +bux"+ .... 2)
B nporpamMmMe HcnoJb3ytoTcsa nepeMeHHb e: N —
KOJIHyecTBO caaraembix paga (1) u psama (2); A (N), B(N) — mac-
CHBbl KO3((HIHEHTOB HCXOAHOrO H OOpAILlEHHOro CTeNeHHHX pSAOB
cootBeTcTBeHHO; Q (N), R (N) — paboune maccusel; I, J, K — nepe-
MEeHHble LHKJIOB. :
[Tporpamma nosyueHa nepeBofoM Ha s3blk Beficuk Asros-npo-
rpammbl 1936 [7].
B koHTponbHOM npuMepe HahaeHo 6 koadduLHEeHTOB
(n=16) obpallleHHOr0 CTENEHHOro psifa AA (YHKLHH:

y=In(l +x)=x——;—x2-|--;—x3-——l—x‘+;—x5—-:3—xe—|- el
— Y — Lo 1 o3y 1y 1 5, 1 ¢
x=e —l—y+—2—y +Fy +gy —I-%y +% v+ ...
JLIST
10 PRINT “I[TPOFPAMMA BbIYHUCJ/IAET N KO3®PHUILIMEHTOB OBPAUIEH-
HOTr'O CTEMEHHOTIO PAOA (N>1):”
20 PRINT "Y=X+4A (2) X24+A (3) X3+ ... +A (N) X'N”
30 INPUT “"N=";N: DIM A (N),B (N), R (N), Q (N)
50 FOR I=2 TO N: PRINT ”A (”I;: INPUT”)="; A (I): NEXT
100 A (1)=0:B (0)=0:B (1) =1
110 FORK=2 TO N:B (K) =0
120 FORT1=0 TO K:R (I) =0: NEXT
130 FORJ=K TO | STEP—1
140 Q (0) =R (0) —A (J)
150 FOR I=1 TO K:Q (I) =R (I) : NEXT
180 FORI=0 TO K
190 S=0
200 FORM=0TO [:S=S+B (M) *Q (I—M): NEXTM
210 R (I) =S
220 NEXT I: NEXTJ
930 FOR 1=2 TO K:B (I) =R (I): NEXT
240 NEXT K
1000 PRINT "KO3®PHUILIMEHTbI OBPALUEHUA CTEIMNEHHOIO PAOA:”
1010 FOR I=1 TO N: PRINT “B ("I”) ="B (I): NEXT
1020 END
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JRUN

MPOTPAMMA BbIYHUCJISET N KO3®PHULIMEHTOB OBPAILLEHHOIO CTE-
MEHHOIO PAOA (N>1):

Y=X+A (2) X24A (3) X3+4...4A (N) X'N

N=6

A@2)=-—35

A (3) =.333333333

A@4)=-—.25

A(5)=.2

A (6) = —.166666666

KO3®®HULUMEHTbI OBPALLIEHUSA CTEIMEHHOI'O PSIOA:
B (l)=1

B (2)=.5

B (3) =.166666667

B (4) =.0416666674

B (5) =8.33333434E — 03

B (6) =1.38888914E — 03

2.16. Koadduunentol nonunoma
npH JMHEAHOM NpeoGpa3oBaHHH aprymeHTa

Ecau B nosnHoMe n-i creneHu
Px)=Co+Cix+ ... +Cux" (1)
aprymeHT Xx 3aMeHHTb Ha x=al-+0b, TO NOJYYHM MOJHHOM

P (at + b)= ,,2= ,Culat+ b ='}=30 dit’, 2)

rape

M=

di= 2 Cha'b*~'C,,

k=i (3)
i k—1) ... (k—i+1
Ci=2t—1 . k—itD
B nporpamme BbiuHcasiioTc Ko3dpduuHenTH d; no ¢opmyae (3).
B nporpaMmMe HCcHonNb3ylTCA nNepeMeHHDleE:
N — creneHb nosuHoMa; A, B — koadpduuunentoia u b; C (N), D (N) —
Ko duuHueHtsl ¢;, di; Z (N), W (N) — pa6Goune maccussl; /, / — nepe-
MeHHble uHknoB; K=/—/J.
CTpyKkTypa nporpammbi:
10—40—sBBOA a, b, c;
100 — 140 — BhluKHcaeHHe do;
150 — 230 — BoluHCaeHHe dy, do, .. ., dn;
1000 — 1010 — BrIBOA, KO3(pdHLUHEHTOB C;, d..
[Mporpamma nosyyeHa nepeBodoM Ha fA3blK Beficuk Aaroa-npo-
rpamMmbl 296 [4].
B KOHTpOoNbHOM npHMepe npeo6pa3oBaH MNOJHHOM
2x?+43x+44. Tlpn x=3{+2 nonyueH npaBu/IbHbIA pesyabrat 18124

+33¢418.

Il

_
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JLIST
10 PRINT “KO2®®HULHEHTbBl [MOJTMHOMA”:

“P=C (0) +

+4+C (1) X4 ... +C (N) X’N”: PRINT “[1OCJIE 3AMEHbI APTYMEHTA

X=AxT+B”

20 INPUT “IIOKA3ATEJIb CTETMEHHM N=";N:INPUT”A="; A: INPUT

”B=”; B
30 DIMD (N), Z (N), W (N), C (N)

40 FORI=0 TO N: PRINT ”C (”I;: INPUT”)="; C (I) : NEXT

100 D (0)=C (0):Z (0)=1:W (0) =1
110 FORI=1 TO N

120 W (I)=1:Z () =B« Z (I—1)
130 D (0) =D (0)+C (I) *Z (I)
140 NEXT

150 FORJ=1 TO N
160 W (0) =A « W (0):D (J) =C (J) * W (0)
170 IF J+1>N THEN 230

180 FOR I=J+1 TO N

190 K=1—J

200 W (K) =A+ W (K)+W (K—1)

210 D (J) =D (J) +C (I) * W (K) * Z (K)
220 NEXT

230 NEXT

1000 PRINT “KO3®®HULIMEHTDI:”

1010 FORI=0 TO N: PRINT”C ("17) ="C (I), "D (“1”) ="D (I) : NEXT: END

RUN

KO3®OULIMEHTBI MOJIMHOMA
P=C (0)4+C (1) X4+ ... 4+C (N) X'N
TMOCJIE 3AMEHbI APTYMEHTA X=A*T+B
TMOKA3ATEJIb CTEMEHU N=2
A=3

B=2

C (0) =4

C (1)=3

C(2)=2

KO2¢ OHULIMEHTDI:

C(0)=14 D (0)=18

C(1)=3 D (1)=33

C (2)=2 D (2)=18

CYMMHPOBAHHE H BbIYHCJIEHHE

KO3¢®»HIULHEHTOB PAA

2.17. Cymma papa dypbe

C nomollbIo NPOrpaMMbl CyMMHpYeTCS 1 cllaraeMbix psigoB Pypbe:

n—1 n—1

a= 20 x, cos (rw), b= ZO X, sin (rw).
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BbluHcaieHHe 3HaueHui cos (rw) W sin (rw) NpoH3BOAMTCH Ha oOC-
HOBAHHH PEKYPPEHTHbIX COOTHOLIEHHH:
to=0; ti=1; t,===—=2cos Wl _1—t,—2(r=>2);
sin (rw)=t¢, sin w; cos (rw)=t,4—1, cos w. (2)
U3 Bolpaxkenu#t (2) moayuum:
n—1
b=sinw X xt,
. r=0
n—1 n—1
a—z Xitrp1—cos w (2 Xitr): 3)
r=0
B nporpamMMe HCNONb3YyITCH HepeMEeHHBbE:
N — kosunuectBo ciaraembix B pagax (1); X (VN —1) — maccuB koag-
(ULHEHTOB Xxo, X1, X2, . . ., Xn—1; W — apryMment; A, B — cymmnt (1);
C2=2cos W; Tl, T2 — paGoune nepemeHHble f,_;, f,_o B *(2);
R — nepeMeHHasi UHKJa.
CTpyKTypa nmporpamMBbl:
10—70—8BOA 1, W, X
100 — 130 —3ajmaHHe HayaJbHbIX 3HA4YeHHH fo, £, €2, Haxoxje-
HHE MaKCHMaJbHOrO 3HayeHHss r, Takoro, uto x, %0 u r<<n—1;
140 — ecau Bce x,=0, T0o a=b=0;
150 — to=ux/;
r—1 r—1

160 — 190 — BBIYMC/IEHHE CYMM 20 xit; H 2 Xitiy1;

200 — 210 — BbluHCsIeHHe a H b 1O qupmynaM 3);

1000 -— 1010 — BbIBOA, K03(ppHUKHEHTOB a, b.

[NporpamMma nosyuyeHa nepeBojoM Ha si3blk Beficuk Asros-npo-
rpammbl 1286 [6].

B KOHTpPOJNDBHOM NpHMepe HalleHbl cymMMbl psinoB Py-
pbe (1) npyu n=4, w=2:

a=1+42cos 243 cos 444 cos 6,
b=2sin 243 sin 444 sin 6.

JLIST

10 PRINT “IITPOFPAMMA CYMMHPYET N CJIATAEMbBIX PAOOB ®YPbLE:”

20 PRINT7A=X (0) +X (1) COS (W) +X (2) COS W)+ ... +X (N—1)
COS ((N—1) W),”: PRINT ”B=X (1) SIN (W) +X (2) SIN (2W) 4+
+ ... X(N=1)SIN (N=1) W).”

30 INPUT "N="; N: DIMX (N—1)

40 INPUT “APTYMEHT W="; W

50 FORI=0 TO N—1

60 PRINT ”X (”L;: INPUT”) ="; X (1)

70 NEXT

100 T2=0: TI=0: C2=2 % COS (W)

110 FORR=N—1 TO 0 STEP —1

120 IF X (R) < >0 THEN 150

130 NEXTR
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140 GOTO 200

150 T2=X (R)

160 FORR=R—1 TO 0 STEP —1
170 T=T2+ C2+4X (R) —TI

180 TI=T2: T2=T

190 NEXT R

200 A=T2—TI  C2/2

210 B=TI1 % SIN (W)

1000 PRINT "A="A,"B="B

1010 END

JRUN
MPOrPAMMA CYMMHMPYET N CJIATAEMbIX PSJOB ®YPbLE:

A=X (0) +X (1) COS (W) +X (2) COS (2W)+ ... +X (N~1) COS ((N—1 W),
B=X (1) SIN (W)+X (2) SIN 2W) 4 ... X (N—1) SIN ((N=1)W).

N=4

APTYMEHT W =2
X (0) =1
X (1) =2
X (2) =3
X (3) =4
A=2.04745661 B = —1.56947463

2.18. Koagpdunuuenrsi
TPHrOHOMETPHYECKOrO MOJHHOMA

[Tyctp Ha npomexytke [0, 2n] 3agaHo k 3Hauenuit F; HeKOTOpOMH
¢yHkuHH F (X) B paBHOOTCTOSAILHKX TOYKaX x;i=2ni/k, rae i=0, 1, ...,
k. B stoM cayyae ¢yHKuHIO F (x) Lenecoo6pa3sHO HHTEPMOJHPOBATH
TPUrOHOMETPHUYECKHM noJsuHomoMm [12], [13]:

ao/2+ Z: (ap cos px—+b, sin px) npu k=2n-41,
p=
Qn (x)= (1

ao/2+ Zl (ap cos px b, sin px)+3-cos nx npu k=2n,
p=
npuueM Qn (x)=Fi=F (x:).

BrnporpamMmme HcnoJb3yoTcAnepemMmeHHb e K —
KOJIHUECTBO PAaBHOOTCTOSILUX ToueK x; pl=n=3.141592653 .. ;
F (K) — maccuB 3HaueHHit Fi; F — BbluHcasieMoe 3HaueHHe QyHKLHMH B
Touke x;; R=2/K; Cl =cos (nR); S1 =sin (nR); N —n; A (N), B (N) —
maccuBbl Ko3doHuueHToB a;, b;, I, P — nepemennble uukion; Ul,
U2, C2, S2 — paGouune nepemenHble; X — aprymedt QyHkuun F (x).

CTpyKTypa nporpammbi:

10 —40 —BBoA4 k, 7, BbluHcJaeHHe F;

100 — 190 — BbluucaeHne ko3¢ dHLUHEHTOB a;, b;;

500 —510 —noanporpamMMa BblYHC/AEHHA 3HaueHHH ¢yHkuuu F;
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1000 — 1010 —BbIBOA a;, b; (HameuataHo 17 nepBbIX KO3ddH-

LHEHTOB) .

[IporpaMma nosyyeHa nepeBofOM Ha s3blk Beiicuk Ausroa-npo-

rpammbl 1576 [7].

B KOHTpPOJNbHOM NpHMepe HaHhaeHH KO3(p(HLHEHTHI

a;, b; s GyHKUHH

X npu x<m,
F(x)—{ (2n—x)® npu x>n.

Pag ®ypbe ans 3TOH (YHKUHH HMEET BHA:

3
ao=2n%/3=6.57973627 ... .

2
F (x)=%-—-l47cos x+§4.,—cos 9% — 2 cos 3x4 ...,

JLIST

10 PRINT “KO3® PHUIIUEHTDI PAJA ®YPbE HA HHTEPBAJIE [0,6,28 ..

20 INPUT “KOJIMYECTBO CJIATAEMbIX K="; K
30 P1=3.14159265359: DIM F (K)
40 FOR 1=0 TO K:X=2x*P1/K % I: GOSUB 500:F (I) =F: NEXT
100 R=2/K:Cl=COS (R * P1):S1=SIN (R * PI)
110 C2=1: S2=0:N=INT (K/2): DIM A (N), B (N)
120 FORP=0 TO N:
130 Ul=0: U2=0
140 FORI=K—1 TO | STEP—1
150 UO=F (I)4+2%C2% Ul—U2: U2=Ul: Ul=U0
160 NEXT I
170 A (P) =R * (F (0) 4+ Ul *C2—U2):B (P) =R * Ul % S2
180 TI=Cl #+ C2—S1 % S2: S2=CIl * $S24S1 » C2: C2=T]I
190 NEXT P
200 GOTO 1000
500 F=X# X: IFX>PI THEN F= (2% P1 —X) "2
510 RETURN
1000 FOR I=0 TO N: PRINT “A (“1”)="A (1), "B ("1”) ="B (I) : NEXT
1010 END

JRUN
KO3®®ULMEHTDbI PSIIA ®YPbE HA UHTEPBAJIE [0,6,28 ...].
KOJIMYECTBO CJIAFAEMBIX K =51

A (0) =6.57720671

A (1) = —3.99746696

A (2) =.997456829

A (3) = — 441884331

A (4) =.24741597

A (5) = —.157384894

A (6) =.108457506

A (T) = — 0789328078

A (8) =.0597457801

A (9) = — 0465655149

A (10) =.0371106532

A (11) = — 0300865392

.
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A (12) =.0247139172
A (13) = — 0205007552

A (14) =.0171237481

A (15) = —.0143631238

A (16) =.0120650077

B (0) =0

B (1) =9.76628389E — 09

B (2) =2.28053187E — 09

B (3) = —4.6440881E — 09
B (4) =1.79696791E — 09

B (5) = — 1.18169622E — 09
B (6) =1.52551112E —09

B (7) = —4.16029966E — 10
B (8) = —4.56678071E—11
B (9) = —3.26935601E — 11
B (10) = —5.16694716E — 11
B (11) = —2.18520998E — 10
B (12) =2.82978039E — 10

B (13) = —7.86571517E— 10
B (14) =8.86466223E — 10

B (15) = —7.02564654E — 11
B (16) = —4.162174E— 10

2.19. Cymma paga
no diinepy

[To nporpamme HaxoauTcs cyMma psina §=2 F (f) ¢ nomMo1ubio
i=0

npeo6Gpa3oBanus diyiepa. CyMMHpPOBaHHE MPOH3BOJHTCA A0 TeX.IOp,
noka f; pa3 noapsA a6GCoJIOTHble 3HAYeHHs cjaraeMbix npeo6pa-
30BaHHOro psifa GyAyT MeHblUe 4eM g;, I'le & — MOrPelHOCTb CyM-
MHpPOBaHHA.

B nporpamMMe HCNOJNb3YIOTCH MNepeMeHHDE:
E1 — norpewHoctb (g1); T1 — uenniit mapamerp (¢;); F — 3HaueHue
F (i); S — cymma psina; M1 —F; M (K)—F (i); T noka3biBaeT, CKOJb-
KO pa3 MOAYJH cJaraeMblx NpeoO6pa3oBaHHbIX pPSIAOB MeHblUE &;;
D — cymma caaraemblx npeo6pasoBaHHoro papa; I, K, J — napa-
MeTpbl LHKJIOB.

CTpyKTypa nporpamMmbl

10—30—sBBox &1, ti;

100—230— Bbluucaenue S;

500 — 520 — noanporpamMma BbluHcaeHHA F (i);

1000 — BeIBOA, S.

[Tporpamma nosyyeHa nepeBojoM Ha fA3blk bBeifichuk Aaros-mpo-
rpammbl 86 [4].

B KOHTpPOJNbHOM NpHMepe HaHaeHa cymMMa psaza (f, =5):

1 1 1
S=ldgrtgrt+g+ .- =e=2718281828 ... .



JLIST

10 PRINT “[TPOTPAMMA BbIYUCJ/ISET CYMMY PSOA 10 SAJEPY.”

20 EI=1E—6

30 INPUT “LIEJIbINN MAPAMETP T1="; Tl: DIM M (15)
100 I=0:N=0:T=0:M (0) =F: GOSUB 500

110 S=M (0)/2

120 I=141:Ml=F: GOSUB 500

130 FORK=0 TO N

140 D= (M1+M (K))/2:M (K) =Ml

150 M1=D

160 NEXT

170 IF ABS (M1) <ABS (M (N)) ANDN<IS5THEN D=MI1/2:N=N+1:

:M (N) =M1: GOTO 190

180 D=M1

190 S=S+4D

200 IF ABS (D) <El1 THEN T=T+1: GOTO 220

210 T=0 '

220 IF T<TI1 THEN 120

230 GOTO 1000

500 F=1: IF <2 THEN 520

510 FORJ=2 TO l:F=E/J: NEXT

620 RETURN
1000 PRINT ”S="S
1010 END

JRUN

[TPOrPAMMA BBIYHUCJISIET CYMMY PSIIA T10 3MJIEPY.
LIEJIBIN TTAPAMETP T1=5

$=2.71828183

3KCTPEMYMbI ¢YHKUHUA

2.20. MeTtoa Hauckopeliuero
cnycka

MeToa0M HaHMCKOpeHIlero cnycka MoxeT ObiTb HaHJeH MHHHMYM
GYHKUHH 1 nepeMeHHbIX F (xi, ..., X,) HJAH HalJeHbl pelIeHHs
cucteMbl ypaBHenuit [3] Buaa

Fi(xi, x2, ..., x2)=0, i=1, n. (1)

Peuenne cucrembl (1) 3KBHBAJIeHTHO OTBHICKAHHMIO PABHOTO HYJIO

MHHHMYMa (QYHKUHH

Fxi, X2, .y X)=2 F?(x1, X2, ..., Xu). (2)

i=1
s HaxoXJeHHss MHHMMyMa F 3ajaeM HeKOTOpOe HayajbHOE
npuGanKenne x (i=1, n) U CTPOMM NOCJEAYIOLIHE MPHOIHNKEHHS
no ¢opmyJe .
KD =xf 20D (=1, n; j=0,1,2, ...), (153)
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rae Hanpasiaenuss V) W BenuuuHa wara Ha j-M 1are cooTBETCT- !
BEHHO paBHBI:

() — _ 9F
Vi Pyt
n 2 A2 —1
=3 (9F [ _0F oF i]
A —i§| ( Xi ) ?k 0xidx, 0x; Oxx ’ )

Bce npousBoaHbie B (4) BBLIYHCJASIOTCSA MPH x;=x§").
Htepaunonnblii npouecc (3) npomoskaercs A0 TeX MNOp, Moka
He GyIeT yAOBJIETBOPATbCH YC/IOBHE
IX(/+I)—X(i)|<81 (l—l—) (5)
HIH Bce nponaaonuble 0F/0x, He cTaHyT paBHbl HYJIO (TOYHee,
noka uucautenb B A He o6paTHTCA B HyJb).

B nporpamMme HcnmoJdb3yloTcA nepeMeHHbe: N —
KOJIMYECTBO MePEMEHHbIX (n); E1 — touHoctb (¢)); Y (N)— maccus,
comepxallMii HauanbHoe (3aTeM j-+ 1) npubauxenue kopHs (x{iT ")
X (N)— j-e npHOanKeHHE KOPHS (x‘) A (N) — maccuB, B KOTOpOM
conepx(a'rca npou3BoHble 0F/dxx; B (N, N) — 10 e nasi 8°F/dxi0xx;

S= 2 (0x> ; L — 3nauenne AY); C — 3namenarenb B (4); F —
i=1 !
3nauenue F (xy, ..., x»); I, K — nepeMenHble LMK,
CprKTypa nNporpamMmb
10 — 40 —BBOA HauaNbHOro nNpHbaHxenHs x{°;
100 — 160 — Beiuncnenuss no (3) ¥ npoBepka ycaoBHsA (5);
500 — 650 —noanporpamMMa BHIYHCNEHHSA N0 Qopmyaam (4);
700 — Bblunc/ieHHe 3HaueHHs F (xi, xo, ..., Xp);
1000 — 1020 — BLIBOA, KOPHSI H 3HA4Y€HHS (YHKLHH.
B KOHTPOJNDbHOM NpHMepe HaldeH MHHHMYM (pyHKUHH
F=(x,— l)2+x§—-,~';-cos (2x3):
(x1, x2, x3)=(1,0, kn), k=0,1,2, ... .
JLIST
10 PRINT “METOJ, HAUCKOPEHIIETO CITYCKA.”.
20 EI=1E—8:N=3
30 DIM X (N), Y (N), A (N), B (N, N)
40 FORI=1 TO N: PRINT ”X (“I,: INPUT”)="; Y (I): NEXT
100 FORI=1 TO N:X (I) =Y (I) : NEXT
110 GOSUB 500
120 FORI=1 TO N:Y (I)=X (I) —L » A (I) : NEXT
130 FORI=1 TO N
140 IF ABS (Y (I) —X (1)) >EI1 THEN 100
150 NEXT
160 GOTO 700
500 A (1)=2x (X (1) —1)
510 A (2) =2+ X (2)
520 A (3) =SIN (2% X (3))
530 FORI=1 TO N: FOR K=1 TO N:B (I, K) =0: NEXTK, I
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540 B (1, 1) =2:B (2,2) =2:B (3,3) =2 COS (2% X (3))
600 S=0:C=0

610 FORI=1 TO N:S=S+A (I)"2

620 FOR K=1 TO N:C=C+B (LK) * A (I) * A (K):
630 NEXT K, I

640 IF C=0 THEN 700

650 L=S/C: RETURN

700 F= (Y (1) —1)'24Y (2)"2—COS (2* Y (3))/2
1000 PRINT “KOPEHb:” ‘

1010 FOR I=1 TO N: PRINT “X (“1”) ="Y (I): NEXT
1020 PRINT “TIPU 3TOM F="F

1030 END

JRUN

METOJ HAMCKOPEPILUETO CITYCKA.
X (1)=1

X (2)=2

X (3)=3

KOPEHD:

X (1)=1

X (2) = — 1.07268253E — 17

X (3) =3.14159266
MPHU 3TOM F= —.5

2.21. MuHMMH3aUUA DYHKUHH
MHOTHX MePEeMEHHbIX METOAOM
KOHGHrypauui

[Myctb 3agaHa ¢yHKUHA n nepeMeHHbIX F (xi, X2, ..., xn). [Touck
MHHMMAaJbHOIO 3HAY€HHs HAUYHHAEeM C HEKOTOpOH HauyasibHOH TOU-
kM P; ¥ HauajabHoro wara S;;=d. Bbluncnsem 3HaueHHe (YHKUHH

B Toukax F(Py, ..., Pi+d, ..., P))u F(P\, ..., P, ..., P,). Ecin
M3 3THX TpeXx 3HaueHHH (YHKUHA MHHHMa/JbHA B KpaiiHeH Touke,
TO MPHHHMAEM ee 32 HauyaJ/bHYIO, ecJid B cpeaHeit Touke (Py, ..., P;

... P,), TO OHa npuHHMaeTCA 3a HayaJbHYylO, a pa3Mep Liara 1o Xx;
yMeHbIlaeTcsA Ha KO3((HLUHEHT r H CTAHOBHTCA PaBHbIM MO i-My apry-
meHTy S|;=3S;-r. BoluHcieHHs npekpallaloTcs, ecjad pa3Mep liara
Mo BCEM apryMeHTaM CTaHOBHTCA MeHblle d; HJH KOJIHYECTBO BbI-
udcaeHult ¢yHKUuM F cTaHoBHTCA GoOJibllie mMmo.

B nporpamme ucnoab3aywoTcsgs nepemMmenanie: N —
KOJIHUECTBO nepeMeHHblx (n); D, R — HauajbHOe 3HauyeHHe H KO3¢-
(HUHEHT yMeHblueHHs wara (Ha Bbixofe D — 3TO KOHeYHbIH pa3mep
mwara); D1 — MHHUMaJbHBIH pa3mep wara; M2 — mMakcuMaJbHO J0-
NyCTHMOE KOJIHYECTBO BblYHCIEHHH QYHKUHHA; S — 3HaueHHe GYHKLUHU
F (x1, ..., xa); P (N) — Haua/nbHasi TOYKA NOHCKA Ha BXOAE M HaMHAeH-
Hasi Touka Ha Bbixoje; M| — HauMeHbwas crenedb 10, npencraBu-
mass B jJgaHHOM MauuHe;, H (N)-HoBas Haua/jbHas TOYKa [OHUCKa;
E — cueTuuk KoJiMuecTBa BbIUHCJAEHHH ¢GyHKUMH; [ — nepemeHHas
uukna; S2, S4 — 3uauenusa F B Touke H (I); S3 — 3nauenue F

B Touke P (I).
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CTpyKTypa Nporpammbl

10—50—BBOA W 3ajanue n, r, di, mi, ma, P;

100 — 110 —3aganne HauyaJbHOrO pasMepa luara 1o i-mMy apry-
MEHTY;

120 — BblyKc/eHHe 3HayeHHsA (GYHKUMH B HayaJbHOH TOYKe, KOJIH-
4yecTBO BBbIYHC/EHHH PyHKuuu E=1;

130 —3Hauenne PyHKUHH B HOBOM TOUKe;

140 — 230 — BHI6Op HOBOTO 3HaueHHA GYHKUHH, HaNpaB/eHHSA W3-
MEHeHHs 1uara;

240 — 250 — npoBepKa YCJOBHH NMpeKpalleHHs BbIYHC/IEHUIH;

260 — 270 — H3MeHeHHe BeJIHUMHbI lliara;

500 — nognporpaMma BbIYHC/IEHHS 3HAUYEHHH (YHKUHUH B TOUKE p;;

510 —To e AJS TOUYKH h;;

600 — 680 — noanporpamMMa BbIGOpAa MHHMMAaJbHOIO 3HAaYeHHs
¢yHKUHM S2 M TOYKH, B KOTOPOH 3TO 3HayeHHe J[OCTHraercs;

700 — 710 — cueTYHK KOJIMUECTBA BbIYHCJIEHHH (YHKUUH;

800 —moanporpaMMa BbIYHCJEHHS] QYHKLHMH;

1000 — 1020 — BbIBOJ 3HAUEHHS KOPHA p;, QYHKLUHH S, KoJHYeCTBA
BbluucJeHHH pyHKuuH E.

[MporpaMma nosyyeHa mepeBojoM Ha si3blk DBeiicHk Auros-npo-
rpammbl 1786 [7].

B KOHTpPONBbHOM NpHMepe HalJeHa TOUKAa MHHHMYyMa
GyHKUHH

F=xi4(x2—3)%.

JLIST
10 N=2
20 R=.2: DI=1E—8: M2=200: Ml =1E —34
30 DIMP (N), S1 (N),H (N): INPUT “HAY. PASMEP IIATA D=";D
40 PRINT “HAYAJIbHASI TOUKA IMTOHUCKA:”
50 FOR I=1 TO N: PRINT ”X (“I;: INPUT”)="; P (I): NEXT
100 FORI=1 TO N: St (I)=D » ABS (P (I)): IF St (I) <M1 THEN SI (I)=D
110 NEXT 1
120 GOSUB 500: S3=S:E=1
130 S2=S3
140 FORI=1 TO N:H (I) =P (I) : NEXT
150 GOSUB 600: IF S2> =S3 THEN 240
160 FOR I=1 TO N: IF (H (I) >P. (I)) = (S! (I) <0) THEN S1 (I) = —S1 (I)
170 Q=P (I):P (I)=H (I):H (I) =2+ H (I) —Q: NEXT
180 S3=S2: GOSUB 700
190 GOSUB 510: S2=S: S4=S: GOSUB 600
200 IF S2> =S3 THEN 130
210 I=1 .
220 IF ABS (H (I) =P (I)) >.5* ABS (S1 (I)) THEN 160
230 I=141: IF I< =N THEN 220
240 IF D<D! THEN 1000
250 IF E> M2 THEN 1000
260 D=D=*R
270 FORI=1 TO N: Sl (I) =R # S1 (I): NEXT
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280 GOTO 130

290 GOTO 1000

500 FORL=1 TO N:X (L) =P (L): NEXT: GOSUB 800: RETURN

510 FORL=1 TO N:X (L) =H (L): NEXT: GOSUB 800: RETURN

600 FORI=1 TO N

610 H (I)=H (I) +S! (I) :GOSUB 510

620 S4=S:E=E+1

630 IF S4< S2 THEN S2=S4: GOTO 680

640 SI (Iy=—S1 (I):H (I) =H (I) +-2 % S1 (I)

650 GOSUB 700: GOSUB 510: S4=S

660 IF S4< S2 THEN S2=S4: GOTO 680

670 H (I) =H (I) =S (I)

680 NEXT I: RETURN

700 IF E<M2 THEN E=E+1: RETURN

710 GOTO 1000

800 S=X (1)"2+ (X (2) —3)"2: RETURN

1000 PRINT “KOPHH PABHbI:”

1010 FOR I=1 TO N: PRINT “P (“I) ="P (I): NEXT

1020 PRINT “TIPH TOM S="S: PRINT “KOJI. BHIUMCJIEHUM SYHKLUUH
E="E

1030 END

JRUN

HAY. PASMEP LUATA D=5
HAYAJIbHASl TOUKA TTOMCKA:

X (1)=1

X (2) =1

KOPHU PABHBI:

P (1) =0

P (2)=3

MIPY 3TOM S =3.46944695E — 18

KOJI. BBIUMCJIEHUA ®YHKLIUH E=70



T'rasa 111
KOMIIJIEKCHBIA AHAJIU3

3.1. YMHOXeHHEe KOMMJEeKCHbIX
YyHceda

o nporpaMme BbBIYHC/ASAETCA NMPOH3BEAEHHE [ABYX KOMIIJIEKCHBIX

yyces:
e+if=(a+ib)(c+id)=(ac—bd)+i (ad + bc).
B nporpamMMme HCNONb3YyIOTCH TNepeMeHHEbe:
A, B, C, D, E, F coorBercTBeHHO a, b, ¢, d, e, |. :
JLIST
10 PRINT “ITPOTPAMMA BbIYHUCJ/IAET MNMPOU3BEINEHHUE KOMINVIEKCHbIX
YUCEJ ”: PRINT”A4+B«1 H C+Dax«1”.
20 PRINT “BBEOUTE OEWUCTBHTEJIbHYIO U MHUMYIO YACTb MEPBO
ro YUCJIA”: INPUT” (A, B)="; A, B
30 PRINT “BBEOUTE ONENCTBUTEJIbHYIO U MHUMYIO UACTb BTOPO
ro YUCJIA”: INPUT” (C, D)=";C,D
100 E=A*xC—Bs*+D:F=AxD4B=s*C
1000 PRINT “(E+F » 1) ="E;: IF F> =0 THEN PRINT " 4-*;
1010 PRINT F” % 1”
1020 END
JRUN
MNMPOrPAMMA BbIYUCJ/IAET MPOHU3BEAEHHWE KOMIIJIEKCHBIX YWCEJ]

A+Bx1H C+DI , v
BBEAMTE AEMCTBUTEJ/IbHYIO HM.MHHMMYIO YACTb TEPBOTO UMCJIA

(A,B)=25
BBEIUTE NEWCTBUTEJIbHYIO U MHHMYIO YACTb BTOPOI'O YMCJIA

(C.D)=—2,1
(E4+Fal)=—9—8x]

3.2. JlenenrHe KOMMAEKCHHX YHcCeJ

[Mo nporpamMme HaxoAMTCA YacCTHOe OT AeJIEHHS] ABYX KOMIWIEKC-
HbIX YHCeJ: .
. a+ib
e+li=m , (C, d);&(O, O)
BbluHc/eHHs1 nPoBOAATCA No dopMyJaMm:

a+4ib _ a4-bd/cti(b—ad/c) )
c+id ~ c+d*/c npu |cl>=1\dl;
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a4ib __ btac/d+i(bc/d—a)
L‘+id - d+€2/d nPH |C|<|d|- (l)
B nporpamMme HCNOJNB3YyIOTCS NepeMEeHHEDeE:
A, B, C, D, E, F coorsercTBenHo a, b, ¢, d, e, f; R=d/c nan c/d;
D1 — 3namenarenu B (1).
B KOHTpONbHOM MpHUMeEDpe HalaeHo:

—246i _ (—246)(3+4) .
e - =— 12404,

JLIST
10 PRINT “IIPOTPAMMA BbIUUCJISET KOMIIJIEKCHOE YACTHOE OT
NEJIEHHUS”: PRINT” A4+Bx1 HA C4+D*1”
20 PRINT “BBEIUTE JENCTBUTEJIbHYIO U MHUMYIO YACTb MEPBO
O UHUCJIA:”: INPUT”(A, B)="; A, B
30 INPUT “BTOPOI'O UHCJIA (C,D)=";C,D
50 IF C=0 AND D=0 THEN PRINT “B 3HAMEHATEJIE 0”: END
100 IF ABS (C) <ABS (D) THEN 140
110 R=D/C: DI=C+R*D
120 E=(A+B#*R) /DI:F=(B—A=xR) /DI
130 GOTO 1000 ;
140 R=C/D: DI=D+4+R=«C
150 E=(A*R+B)/DI:F=(B*R—A)/DI
1000 PRINT “HACTHOE PABHO:”: PRINT ”(E+F x 1) =",
1010 PRINT E;: IF F> =0 THEN PRINT " 47”;
1020 PRINT F” » 17
1030 END

JRUN

MNMPOTPAMMA BbBIUHUCNIAET KOMIWVIEKCHOE YACTHOE OT JIEJIEHUA
A4+Bx1 HAC+D=l

BBEIWUTE INENCTBUTEJIbHYIO U MHHUMYIO YACTbL TMEPBOrO YHC/JIA:
(A,B)=-—26

BTOPOI'O UHUCJIA (C,D) =3, —4

YACTHOE PABHO:

(E4Fal)=—12+44+1

3.3. KopHH n-i cTeneHH KOMMJIEKCHOrO YHCAA
[lo nporpamme BBLIYHCJAAIOTCA BCe n KOPHeil KOMIJIEKCHOTO UHcJla
=r4iu:
w=A4/r+iu="4/|2| [cos (¢ +2kn)+i sin ({ + 2kn)]. (n
BbluHciieHHsl MPOH3BOAATCA MO ¢GopMyJam:
S=(r2+u2)'/2",
5~ 5gn (1) npu r=0,

arctg—'r‘— npu r >0,
n+arctg-‘r‘— npu r<0, u>=0,

arctg —‘r‘——n npu r<<0, u<<0, 2)
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W,,_—.S[cost+2kn+isint+fk"] , k=0, n—1. (3)

n

BnporpaMMe HCNOJAb3ylOTCA NepeMeHHb e: N—
noxasaresb KopHsi (n); R, U — peficTBHTe/IbHAA M MHUMAs YAaCTH YHC/Ia
z=r+4iu; M=1/N; Pl =n=3.14159265...; S=14/|z|; T — apryment
z; C=2n/n; | — nepemeHHass UMKJA.

CTpyKTypa NpPOTrpaMMBbl:

10—40 — BBOA 1, 1, U;

100—150 — Bbruncienue no ¢popmynaam (2), (3);

1000—1060 — BbIBOA KOpHEH ws.

‘Tlporpamma mnoJsiyyeHa nepeBojoM Ha fA3blk Beiicuk Auron-npo-
rpammbt 536 [5].

B KOHTPOJbBHOM NpHUMeEpe HaiaeHs kKopuu &/ —846i:

Wo=1.342407746... 4i0.593612783...,

W, =0.157120123... 4 i1.459365601...,

W,= —1.185287622... 4i0.865752819...,

W;= —1.342407746... —i593612782...,

Ws= —0.157120124... —i1.459365601...,

Ws= —1.185287622... —i0.865752819... .

JLIST
10 PRINT “[IPO'PAMMA HAXOIOHUT N KOPHEP KOPHfl N-PI CTEIEHHU
KOMITJIEKCHOT'O YHUCJIA”
20 INPUT “BBEJMTE OEVICTBUTEJIbHYIO YACTb R="; R
30 INPUT “"BBEAHWTE MHHUMYIO YACTb U="; U
40 INPUT “TIOKA3ATEJ/Ib KOPHSI N="; N: DIM RI (N), Il (N)
100 M=1/N: P1=3.14159265: S=(R* R+U * U)"(M/2)
110 IF R=0 THEN T=SGN (U) =P1/2: GOTO 140
120 IF R>0 THEN T=ATN (U/R): GOTO 140
130 T=P1+ATN (U/R): IF U<0 THEN T=T—2+« Pl
140 T=T*M:C=2xPl+M
150 FOR I=1 TO N: RI1 (I)=S*COS (T): Il (I)=S *SIN (T):T=T+C:

NEXT
1000 PRINT “KOPHU ”“N”-F1 CTETEHH PABHbI:”

1010 FOR I=1 TO N: PRINT
1020 PRINT “X ("I—17) +1% Y (“I—17) ="R1 (I);
1030 IF 11 (I)> =0 THEN PRINT ”+";

1040 PRINT I1 (I)” % 17

1050 NEXT

1060 END

JRUN

IMPOrPAMMA HAXOOHUT N KOPHE KOPHSI N-F1 CTENNEHH KOMITJIEKCHO
ro yncJja

BBEOUTE OEVICTBHUTEJIbHYIO YHACTb R= —38

BBEJWTE MHHMYIO YACTb U=6

TMOKA3ATEJIb KOPHSI N=6

KOPHH 6-F1 CTETTEHH PABHbI:

X (0) 4+1#Y (0) =1.34240775+.593612782 « I

X (1)+1I*Y (1)=.157120124 4 1.4593656 * 1
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X (2)+1*Y (2) =—1.18528762 4 .865752821 * 1
X (3)41xY (3) =—1.34240775—.593612778 % 1
X (4) +1+Y (4) = —.1567120127 — 1.4593656 * I
X (5) + 1Y (5) =1.18528762 — .865752823 * 1

3.4. leiicTBHTENIbHAA CTEMEHb
KOMIJIEKCHOTO YHcJa

JleficTBUTEJbHAS CTeNeHb KOMIUIEKCHOrO YHC/Ia Onpeiensiercs
COOTHOILIEHHEM:
2Y=(x+4iy)*=r" (cos we+isin we),

r=-x*+y} —a<o<a, (1)

¢ — IJIaBHOEe 3HauyeHHe apryMmeHTa z, cMm. (2) m. 3.3.

Ecin w=1/n, T0 nporpamma BbHYHCJSET [VIaBHOE 3HAueHHe %/E
B nporpaMme HCNONb3YIOTCA NepeMeHHb e X,

Y — nmeiictBuTeNibHasA U MHHMas yacTtH z; W — nokasaTenb CTeneHH;

R, F —wmoaynb |z| B cremeu w u aprymenr z; A, B — neii-

CTBUTEJbHAsA M MHHMas uactH 2Y; Pl=mn=23.14159265359... .
[Tporpamma nosyyena nepeBosoM Ha Beficuk Asros-nporpaMmbl

1066 [6]. .

B KOHTpPOJNbHOM NpHMeEDpe HalneHo:

(—443i)P=444117i.

rae

JLIST
10 PRINT “[IPOTPAMMA BbIYMCJISIET JEMCTBUTE/IbHYIO CTEMEHD
KOMIIJIEKCHOTO YHCJIA”: PRINT “(X+Y + )" W”
20 INPUT "BBEAMTE X=":X
30 INPUT “BBEIMTE Y="Y
40 INPUT “TIOKA3ATEJIb W =";W
110 A=0:B=0: P1=3.14159265359
120 IF X=0 THEN F=.54P1+SGN (Y): GOTO 150
130 F=ATN (Y/X)
140 IF X<0 THEN F=F+-P1: IF Y<0 THEN F=F—2 Pl
150 R= (X * X+Y * )" (W/2)
160 A=R # COS (W » F) :B=R # SIN (W * F)
1000 IF Y<0 THEN PRINT ”(“X;Y” + 1)*"W” =": GOTO 1020
IO‘O PRlNT II(//X//_I_IIYII * [)A//W//=II
1020 PRINT:IF B<<0 THEN PRINT A;B” * I”: GOTO 1030
1030 PRINT A”4"B” 1
1040 END

JRUN

I[NPOrPAMMA BbIYHUCJISIET JEFACTBHUTEJIbHYIO CTENEHb KOMITJIEKCHO
ro YUCJIA (X4+Y=*I)"W

BBEIOWUTE X= —4

BBEJIUTE Y=3

MOKA3ATEJIb W =3

(—443*1)"3=
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3.5. KomnJjekcHasa creneHb
KOMIJIEKCHOTO YHcaa

[MycTb 3afaHbl KOMIIEKCHbIE YHC/IA W H Z:

w=c+id; z=a+ib=e"[cos (p42nn)+isin(¢+2nn)], roe r=
=0.5 In (@4 b?), ¢ — r1aBHOe 3HaueHHe apryMeHTa 4Hc/Ia 2, n —
KOJIH4eCcTBO 060POTOB.
Torma (cM., Hanpumep, [14])
zw=(er+i(¢p+2nn))c+id=ecr—d(w+2nn) [COS (dr+ccp+20nn)+
+isin (dr 4+ cp+2cnm)). (1)
BbluncieHHsi MpoH3BOAATCA no ¢opmyae (1), aprymeHT onpepe-
Jed B n. 3.3 (2).
B nporpamMmMme HCNOJb3YIOTCS NnepeMeHHBb e A,
B (C,D) — pefictBuTesIbHass M MHHMas 4actH 2z (w); X, Y —To xe
IUisi pe3yJsibTarta BoluHcaeHus 2¥; N — KoJauuecTBO 060pOTOB apryMeH-
Ta yucaa z; Pl =n=3.14159265359...; P=¢+2nn; R=0.5 In (a®+
+b?);V=CP+DR; W=exp (CR—DP).
CTpyKTypa nporpamMbel
10—40 — BBOXN 4, b, ¢, d, n;
100—160 — BbluHcaeHHe no ¢opmyae (1);
1000—1010 — BeIBOA X, Y.
[lporpamma moJsiyyeHa nepeBoaoM Ha f3blk bBeficuk Asros-npo-
rpammbl 1906 [7].
B KOHTPOJNbHOM NMpHMeEDpe BbUHCJACHO NpH n=1:
(240! ~"=1794.03591 — 636.78002i.
JLIST
10 PRINT “[NIPOTPAMMA BbIYHUCJ/IAET KOMIWJIEKCHYIO CTEIEHDb
C+D % 1”7: PRINT "KOMIIVIEKCHOTO UHCJIA A+B % 1”
20 INPUT “OCHOBAHHE (A, B)=";A, B
30 INPUT “I1OKA3. CTEIEHH (C, D) =";C,D
40 INPUT “KOJIMUECTBO OBOPOTOB N=";N
100 X=0:Y=0: Pl =3.1415926539:P=2 « N« PI: IF A=0 AND B=0 THEN .
GOTO 1000
110 IF A=0 THEN P=P4P1/2+ SGN (B): GOTO 140
120 P=P+ATN (B/A): IFA< =0 AND B<0 THEN P=P—PIl: GOTO 140
130 IF A<<0 AND B> =0 THEN P=P+-Pl
140 R=.5*%LOG (AxA+B xB)
150 V=C*P+D*R:W=EXP (C*xR—D*P)
160 X=W  COS (V):Y=W % SIN (V)
1000 PRINT ”[”A” 41 ("B”)]" [7C”" 4 1% ("D”)] ="X"+1% ("Y")"
1010 END
JRUN
MPOrPAMMA BbIYHUCJ/IAET KOMIWVIEKCHYIO CTEMNEHDb C+D * 1
KOMIIJIEKCHOI'O YHCJIA A+B 1
OCHOBAHHE (A, B) =2,1
MOKA3. CTEIMEHH (C, D)=1, —1
KOJIMYECTBO OBOPOTOB N=1
241 (1)] “[1+1% (—1)]=1794.03591 41 * (—636.78002)
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T'aasa 1V
UHTEIPAJbI

4.1. HurerpupoBanue mMetogom CHMNCOHA
C OLlEeHKOH TOYHOCTH

Co6cTBeHHOE 3HaueHHe ONpeaesieHHOro HHTerpaJa
b

S=|F(x)dx
a
Haxoautcs merogoM Cumncona (napa6oa). Otpesok [a, b] pa3bupa-
eTcsl Ha n=2m 4yacTei xo=a, xi=a-+Hh, ..., x,="> ¢ warom
h="=2 (1)

n

BbluncasiioTcsi 3Hauenus yi=F (x;) QyHKuuu B TOUKax x; U HaXo-
AMTCA 3HaueHHe WHTerpasa no ¢opmysae Cumncona [9]:
S=Sn+Rm (2)
rae

Su="[yo+4y1 +2y2+4ys+ ... + yan),

2m

R.,= —h%/90 IE' y" (&), Er€[xe—1, X&)

3aTeM KOJHMYECTBO TOYeK pa3GHeHHsl YABAHBAETCS H NMPOH3BOAMT-
CSl OLlEHKAa TOYHOCTH BbluMcaeHHH [9]:

S2.—S,
anl 21]5 ll . (3)

Eciu R,>>e¢€), TO KONMHYECTBO TOYeK pa3GHeHHs] yABaHBaeTcs.
3naueHus cyMMbl 2 () +y2+ ... + Yom—1) COXPAHSIIOTCS, TIOITOMY AJIsI
BbIYHCJIEHHS] HHTErpaJ/la npH yJABOEHHH KOJHUECTBa TOYeK pa3GueHHs
Tpe6GyeTcsl BbIYHC/IATD 3HAUEHHS Y; JHIUb B HOBLIX TOYKAX pa3GueHHus.

B nporpaMMe HCNOJAbL3YyIOTCH NnepemMeHHB e: A,
B — npepenbl nHuterpupoBanus; E1 — tounocts; F — 3HaueHue pyHkK-
uun; X — apryment ¢yHkuuu; H — war h; S, S1, S2, S3 — pa6o-
ype nepemenHble; X1 =ux;+h. '

CTpykKTypa nporpamMmbl:

10—20 — BBOA A, B, ¢;

100— 180 — Briuncaenue no cdopmyaam (2) u (3);

500 — noxnporpamMma BbluHC/AeHHS QYHKUMH F (x);

1000—1010 — BuiBog S 1 R.
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B KOHTPOJbHOM NMpHMeEpe BLUHUCICH HHTerpaa (npu
e = 10_6):
0
| exdx=1—e?= —6.389056099... .

2

JLIST
10 PRINT “MHTEI'PAJI OT A 10 B 10 CHUMIICOHY”
20 El=1E—6: INPUT “A=";A: INPUT "B=";B
100 S2=1:H=B—A
110 X=A: GOSUB 500:S=F
120 X=B: GOSUB 500:S=S+F
130 S3=S2:H=H/2: S1=0: XI=A+4H
140 X=X1: GOSUB 500: S =S1+42«F
150 X1=X1+42*H: IF (X <B)=(H>0) THEN 140
160 S=S+S1:52=(S+S1) «H/3
170 X=ABS (S3—S2)/15: IF X>EIl THEN 130
180 GOTO 1000
500 F=EXP (X): RETURN
1000 PRINT “MHHTEI'PAJI="; S2
1010 PRINT “TOYHOCTb=";X
1020 END

JRUN

HHTETPAJI OT A 10O B MO CUMIICOHY
A=2

B=0

HUHTETPAJI = —6.38905665

TOYHOCTb =5.40539622E — 07

4.2. BbiuncaeHHe HHTErpaja
meTonoM CHMNCOHA OT yHKUHMH,
3ajaHHOM TaGanuyHo

Ecan 3anaHbl 3HaueHusi GyHkuuu F (x) Ha uHTepBaJe [a, b] yo,
Y1, ..., Ya B PABHOCTOSILIHX TOYKAX H 7 YETHO, TO NPHOGJIHIKEHHOE
3HayeHHe MHTerpaJja BbUHCAsAeTcA No dopmydne

b
§={ F (x) dx =22 lyo+ 491 + 202+ ..+ ) (1)

B nporpgmme HCNOJNBb3YIOTCH NMepeMeHHb e A,
B — npepennt uHTerpupoBaHHus; N — uucjio pa3bueHHit HHTepBasa
[a, b]; H— war h=(b—a)/n; S — pabouas nepeMeHHasi, 3HaUeHHe
uHTerpana; Y (N) — MaccuB 3HaueHui ¢yHKuuH; | — nepeMeHHas
LHKIA.

CTpykTypa nNnporpamMmbt

10—40 — BBOA 4a, b, n, y;

100—120 — Bbrunciense no (1);

1000 — BbiBOA S.
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IMporpamMmma nosyueHa mnepeBonoM Ha fA3blKk DBeificuk Ausrod-
nporpamMmet 846 [5]. )
B ko HTPOJNbLHOM NpUMepe HaliJleHo Npu6JIHXKEeHHOe 3Ha-

yeHHe HHTerpaja Se"dx no 3HavyeHuio F (x) B nATH Toukax (n=4).

JLIST 2
10 PRINT “HHTETPAJI N0 CUMIICOHY OT TABJIMYHO 3AIAHHOMN
®YHKLUUW.”: PRINT "MHTEPBAJI — [A, B]’: PRINT “KOJIMUECTBO TO-
YEK N — YETHOE”
20 INPUT “N=";N: INPUT ”(A, B) =";A,B
30 H=(B—A)/N
40 FOR 1=0 TO N: PRINT ”Y(”;A+1#H;: INPUT”) =Y (I): NEXT
100 S= (Y (0)—Y (N))/2
110 FOR 1=2 TO N STEP 2:S=S+42Y (I—1)4Y (I): NEXT I
120 S=2+ H*S/3
1000 PRINT “HHTETPAJI =";S
1010 END

JRUN

WHTETPAJI T10 CUMIICOHY OT TABJIMYHO 3AJAHHON ®YHKLHH.
HWHTEPBAJI— [A, B]

KOJIMYECTBO TOYEK N — YETHOE

N=4
(A, B) =20
Y (2) =7.389561

Y (1.5) =4.481689

Y (1) =2.71828183

Y (.5) =1.6487213

Y (0)=1

HMHTEIPAJT = —6.39129431

4.3. BbluKcienue MHTErpana
metonom PomGepra

3apaercs 3HayeHde n (Ha NMepBOM 1uare n=2) U BbIYUCIAAETCSH
npuG/IHKEeHHOe 3HaueHHe HHTerpaJa no ¢opmyJe Tpaneuuii (aeseHHoe
Ha b—a):

n—1
1 1 2j—1
SP=5 S+ X Flat+Ll—(0—a). (1)
i=1
3arem uucio n yasauBaerca (k pas). Kaxawlii pa3 3Haue-
nue SY) sanomunaercs B maccuse T (I). Tpu kaxnom i nocne BbI-
yncaenus SY suiuncaserca S, S, .., S¥+Y no pekyppentHoi

opuyae S =S4 4= (SH7 =S4, @

MorpemHocTs MeToAa HMeeT MOPAAOK 2n -1 (e=10"2"""),
IMporpaMma mosyueHa nepeBofoM Ha s3bik Beiicuk Ausros-mpo-
rpammbl 606 [5].
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B nporpaMMe HCNOANb3YyIOTCA NepeMeHHBle: A,
B — npepenbl HHTErpHpoBaHHs, K — MOpsiAOK JIOrpelwHocTH; D =
=B—A; Z(K+1)— maccuB, B KOTOPOM 3alMOMHHAIOTCS 3HAYEHHs
8P, H=(B—A)/N; M, N — paGoune nepemeHHble (uennie); [, J —
nepemMeHHble LHK/AOB; X — apryment; F — 3HaueHHe QyHKIHH.

CTpykKTypa mporpamMmbi:

10—30 — BBOA 1, a, b;

100—220 — Bbluncsenue no cdopmynam (1) u (2);

500 — nmognporpamma BoluucnieHus F (x);

1000 — BbIBOA, 3HAYeHHS HHTerpaJa.

B KOHTPOJNbHOM MpPHMepe HalfiecHO 3HaUeHHe HHTerpaJsa
npu n=4:

2
§ in xdx=21n 2—1=0.38629436.
1
JLIST
10 PRINT "MHTET'PAJI I10 POMBEPTY.IIOPSIJOK K.”
20 INPUT "K=";K: DIM T (K+1)
30 INPUT “ITPEAEJIbI HHTEFTPHUPOBAHHSA (A, B)="; A, B
100 D=B—A:X=A: GOSUB 500: FI=F
110 X=B: GOSUB 500:T (1) = (FI14+F)/2:N=1
120 FOR I=1 TO K
130 S=0:N=2%*N:H=D/N
140 FOR J=1 TO N STEP 2
150 X=A+J+H: GOSUB 500:S=S+F
160 NEXT J
170 T (I4+1)= (2% S/N+T (I))/2:M=1
180 FOR J=I TO | STEP—1
190 M=4+M:T (J)=T (J+1)+ (T J+1)=T (J))/(M=1)
200 NEXT J: NEXT I
210 11=T (1) D
220 GOTO 1000
500 F=LOG (X): RETURN
1000 PRINT "MHTETPAJI=" 1I
1010 END

JRUN

HHTETPAJI 10 POMBEPTY. MOPA 40K K.
K=4

TMPEOEJIbI MHTETPHUPOBAHHS (A, B) =1,2
HHTEIPAJT =.386294361

4.4, Buiyucaenune
KPHBOJIHHEHHOTO HHTerpaja
B KOMIIJIEKCHOM 00JacTH

[To nporpamme BbluHC/IsIeTCS 3HaUeHHE KPHBOJIHHEHHOTO HHTerpasa

IJIA KOMIJIEKCHON MepeMeHHo# 2.
b

S=S+iS:=\f(2) 2 () at (1)
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C nNoMoubio KOHEUHOH CyMMbl Pumana-CTunbTheca
n
S~ Z f(2) [Zi—Zi—1]. (2)
i=1

B nporpaMMe HCHNOJAbL3YIOTCSH nmepeMeHHble: A,
B — npenesibl HHTErpHpoBaHua no ¢ (a<< b); N — 4HC/I0 HHTEpBAJIOB,
Ha KoTopble pas6GuBaercsi oTpe3ok [a, b]; S1, S2 — peficTBUTENbHARA
H MHMMas yactu unrerpana (1); Fl, F2, K1, K2 — peiictBuTesbHas
H MHHMasi yactH ¢yHkuun W aprymenra f(2); Z1, Z2(Z3, Z4) —
To ke aaa Z (4) (Z (ti—)); D1; D2—ReAZ (t) u JmAZ (t,); D — war
uHTerpupoBanusa d=(b—a)/n. '

CTpyKTypa nmporpamMBbl:

10—20 — BBoA a<<b, n;

100 — Haya/ibHble 3HAYEHHS NepeMeHHBIX;

110—160 — Bbiyncnenus no cdopmyJae (2);

150 — npoBepka ycaoBHus t€[a, b];

500—510 — noanporpamma BbluHcJaeHHus z2=2 (f);

600—610 — noanporpamma BuiuHcaeHHS [ (2);

1000—1010 — BbIBOJ 3HauyeHHs] HHTerpaJna.

IMporpamma nosyyeHa nepepoioM Ha bBeklcuk Auros-nporpaMmbl
986 [5].

B[ l](ou"rpo.n bHOM NMpHUMEpeE BLUYHCJIEHO 3HaueHHe HHTe-

rpajna Sdz/w/z= —2+42i no noayokpy:xHoctH |z|=1, y=0:
z2()=2+ize=cos t+isin t, t€[0, n},
[(@)=1/Nz=1+2)/2—i1—2)/2.

JLIST
10 PRINT “KOMILJ1. KPUBOJIMHENHbIFI HUHTETPAJT”
20 INPUT “A<B, (A, B)=";A, B: INPUT “KOJI. UHTEPBAJIOB N=";N
100 S1=0: S2=0:D=(B—A)/N:T=A
110 GOSUB 500: IF T=A THEN 160
120 D1=Z1—Z73: D2=272—74: K1=Z3+D1/2: K2=2Z44D2/2
130 GOSUB 600
140 S1=S14F1 * D1 —F2+ D2: S2=S2+4F1 * D24+F2 x D1
160 IF T>B—.2*% D THEN 1000
160 Z3=Z1: Z4=Z2:T=T+D: GOTO 110
500 Z1=COS (T):Z2=SIN (T)
510 RETURN
600 FI=SQR (.5#* (14+K1)):F2=—SQR (.5* (1—Kl))
610 RETURN
1000 PRINT ”S141*S2="SI1”+41=* (” S2”)"
1010 END

JRUN

KOMIWJ1. KPUBOJIMHEMIHBIFI UHTETPAJT
A<B, (A, B)=0,3.14159265

KOJI. HFHTEPBAJIOB N =100
S141»S2=—1.99966384 41 * (1.99966384)
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4.5. BbluMcneHHe HHTerpaaa
metoaom laycca

KBagpartypHas (bopmyna Faycca UMeeT BHA:

Sf()dx— ““Z Aif (t)+ R, (1)

a
rae t,i=(b+a)/24(b—a)xi/2; x;, A — Y3Jbl 4 KO3 DHULMEHTH KBa-
parypuoii ¢dopmynel I'aycca. [lpuuem yanibl x; SBASIOTCH KOPHSAMH
MHOTouYJIeHOB JlexKaHApa CTeNeHH n.

Il oCTaTOYHO raajKoH MOAbIHTErpaspHoi (GyHKUHH ¢opmy.a
(1) obecneunBaeT BbICOKYIO TOYHOCTE YK€ NMPH HEGOJELIIOM YHCE y3-
JI0B n. 12151 OLeHKH NMOTPelIHOCTH BblukcaeHH# o dopmyane aycca ¢ n
y3JlaMH CIpaBelJIHBO COOTHOLIEHHE

a [b—a\2" n
Rum == sf( ) max |f®(x)|, x€[a, b @)

[TockoabKY KOHLI HHTEpBaJla HHTErpUpOBaHus [a, b] He BXOAAT
B UHMCJIO Y3JIOB X;, TO HHTerpHpoBaHue mo ¢opmyse (1) ynobHo ans
BbIYHUCJIEHHS HECOOGCTBEHHBIX WHTErpaJioB.

B npuBeaeHHOH HHXKe NporpaMMe BbIYHCJAETCSA HHTErPaj MeTOAOM
lFaycca ¢ BoceMblo y3namu: x;= —xg= —0.96028986, A;=As=
=0.10122854, xo = — x7= —0.79666648, A, =A7;=0.22238103, x3=

= —x¢= —0.52553242, A;=A6=0.31370664, x4= —x5=
= —0.18343464, A;=As=0.36268378.

B nporpaMMe HCNOJb3yIOTCS NepeMeHHble: A,
B — npeneanl unterpupoBahusi; Al, A2 paubl (b+a)/2 u (b—a)/2;
G — 3nauenue uHterpana; X (4), A (4) — maccusnl x; u A; (i=1,4).

CTpykKTypa nmporpamMmbi:

10—20 — BBOA q, b;

100 — 3ananue kK03¢p(HHUHEHTOB Xi, Q;;

110—140 — Bhlukcaenus no ¢opmyne (1);

500—510 — noanporpaMma BbluHcaeHHs [ (1:);

1000—1010 — BbIBOA, 3HA4YeHHs] UHTerpaJga.

B KOHTPOJNbLHOM MNpHMEpe BbYHCACHO 3HAaueHHe HH-

Terpana

4
§)x2dx=’;—3| ;=2I

L
-

JLIST

10 PRINT “MHTETI'PAJI 1O TAYCCY, N=8"

20 INPUT "A,B=";A,B

100 X (1) = —.96028986:X (2) = —.79666648:X (3) = —.52553242:X (4) =
= —.18343464:A (1) =.10122854:A (2) =.22238103:A (3) =.3137066
4:A (4) =.36268378

110 Al=5* (A+B):A2=5% (B—A):G=0

120 FOR I=1 TO 4:X=A14A2+X (I): GOSUB 500:G=G+A (I) *F:
NEXT

130 FOR I=1 TO 4:X=A1—A2%X (5—1I): GOSUB 500:G=G+A (5—1) #F:
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NEXT
140 G=G % A2: GOTO 1000
500 F=X X
510 RETURN
1000 PRINT "G="G
1010 END

JRUN

HHTETPAJT T10 TAYCCY, N=38
AB=0,4

G=21.3333332

OG6bIUHO OlLEHKa TOYHOCTH MpH HHTerpHpoBaHHH no layccy Tpe-
GyeT BBLIUMC/IEHHS] BBICLIHX NPOM3BOAHBIX, YTO He Bcerga MNpPOCTO
caenartb. [ToaToMy yacTo okasbiBaeTcsi yAOGHBIM C/eAYIOLHI MpHEM.
[TpomeXXyTOK MHTerpHpoBaHHs [a, b] pa3GuBaeTcsa MonosjiaM H MPOU3-
BOJSITCS BbIYMCJIEHHS] HHTerpaJjla Ha 3THX 4acTsx. Pe3ysbrar cpaBHH-
BaeTcs CO 3HaueHHeM pe3yJbTaTa HHTErpHpPOBaHHSl Ha BCEM OTpe3Ke
[a, b]. Ecan sto pasinune mnpesbiiaeT TpeGyemylo TOYHOCTb, TO
NPOH3BOJAHTCA AajibHefilee ApoG/eHHe HHTEPBaJIOB. Ile.neHue HHTEp-
BaJla UHTErPHPOBaHHs NONO/NAM MPHBOAHT He MeHee yeM K 22"-kpat-
HOMY YJYUYlIEHHIO TOYHOCTH (nmpH n==8 K 65 536-kpaTHOMY).

OTMeTHM TakxKe, uTQ ¢opmyna (1) TouHa Aasi MOJHHOMOB [0
(2n—1) crenenn (B Hawem caydae f0 15 crenenu).
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T'rasa V
OBbIKHOBEHHDBIE
AHOPPEPEHLUHUAJIbHBIE YPABHEHHUSA

5.1. MoauduuupoBanHble MeToan Jiliiepa
pelieHHst yPaBHeHHsI NepPBOro NMOpsAAKa

INpu ykc/eHHOM HHTErpHpOBaHHH AHddepeHIHaNBHOTO ypaBHEHHS
nepBOro nopsiika

_ y'=F(x, y) (1)
C HayaJbHLIM yCJIOBHEM Yy (xo)=yo (3anauya Kown) cHayana BuiGrupaem
¢uKcHpOBaHHOE NpHpalleHHe aprymenta A=< "2, rze x; — Ko-

HeuHasl TOYKa HHTEepBaJla HHTErPHPOBAHHs, N — YHCIO LIAroB. 3a-
TeM, MPHMEHSS1 NPoUeAypy MOAH(PHLHPOBAHHOrO MeToja Jijiepa
[3], BbluMcasieM y, NO peKyppeHTHOH dopmye.

B nepsoit nporpamme:

Ye=Ye—1F+h[Fec i+ F (X, ye—1+hFr-1)]/2. 2)
Bo BTOpoii nporpamme
Ye=yr—1+F (xe—1+h/2, ye—1+Fr_1h/2), k=1, n, (3)
rne Fr=F (xi,yr), k=1,n.
B nmporpaMMmMax HCNOJB3YIOTCS NepeMeHHBHE:
X — HauaJibHOe, 3aTeM TeKylllee 3HaueHHe aprymeHnta; H — war HH-
terpupoBanus (h); N — kosmnuectBo waroB (n); Y1 — 3nauenue
Yr—1+hFe—y (WM Yp—1+ Fr—1h/2); F — 3nauenune F (x, y); X1 —
KOHeuHOe 3HaueHue apryMmeHrta; | — nepemeHHas LHKJA.
CTpyKTypa nNporpamM bl
10—40 — BBOA X0, Xf, N, Yo;
100—150 — BbluncaeHve no ¢opmynam (2) (4 (3) BO BTOpOH
nporpamme);
500 — nognporpamma BbluHCaeHHSA F (x, y);
1000 — BbIBOA, Yy =y (x)).
B KOHTPOJNEHOM I pHMeEDpe HalaeHo peleHHe 1uddepeH-

uvasecHoro ypaBHenuss y’'= —e~ ", y(0)=1, npyu n=20 B TOuKe
x=2. TouHoe peuieHHe y=-c~*. B 310il Touke y=c"?=0,13533528...
JLIST

10 PRINT “METOI 3WJIEPA IJIS1 Y'=F (X, Y)”

20 INPUT “HAUY. U KOH. 3HAYEHHUE APTYMEHTA (X, X1)=";X, Xl
30 INPUT “KOJIMYECTBO IIATOB N=";N

40 INPUT “HAYAJIbHOE 3HAYEHHE ®YHKUHH Y=";Y
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100 H= (X1 —X)/N: YI=Y

110 FOR I=1 TO N

120 GOSUB 500: FI=F

130 X=X+H:Y=Y4+F xH: GOSUB 500
140 Y=YI+H=* (FI4+F)/2: YI=Y

150 NEXT:GOTO 1000

500 F= —EXP (—X): RETURN
1000 PRINT 7Y ("X17) ="Y

1010 END

JRUN

METO[ 3AUJIEPA OJIS1 Y'=F (X, Y)

HAY. ¥ KOH. 3HAYEHHE APTYMEHTA (X, X1)=0,2
KOJIMYECTBO LIATOB N=20

HAYAJIbHOE 3HAYEHHE ®YHKUHHU Y=1

Y (2) =.13461485

JLIST
10 PRINT “METO/1 3FJIEPA OJI Y'=F (X, Y)”
20 INPUT “HAY. U KOH. 3BHAYEHHUE APTYMEHTA (X, X!1) =":X, X1
30 INPUT “KOJIMYECTBO LLIATOB N=";N
40 INPUT “HAYAJIbHOE 3HAYEHWE ®YHKLUHUU Y=":Y
100 H= (X1 —X)/N/2: Y=Y
110 FOR I=1 TO N ’
120 GOSUB 500:
130 X=X-+H:Y=Y+F %+ H: GOSUB 500
140 YI=Y!+F*2+H:X=X+H:Y=YI
150 NEXT: GOTO 1000
500 F= —EXP (—X): RETURN
1000 PRINT ”Y(” X1”) ="Y
1010 END

JRUN

METO[ 3HUJIEPA IJIS1 Y'=F (X, Y)

HAY. U KOH. 3HAYEHHUE APTYMEHTA (X, X1)=0,2
KOJIMYECTBO WIATOB N =20

HAYAJIbBHOE 3HAYEHHE ®YHKLHH Y=1

Y (2) =.135695455

5.2. Meton Pynre-Kyrra
4YEeTBEPTOro NopaAKa AJs pelleHusi ypaBHeHuUs
nepBoro nopsaka

HauGonee ynorpe6urenbHbiM MetonoM Pyuxre-Kyrra ssiasercs
MeTO/]] 4eTBEPTOro Nopsiika, B KOTOPOM BbIUMCJIEHHS] IPOH3BOASATCA MO

dbopmyse
yk+|=yk+—:;—(k|+2k2—|-2k3+k4), (1)

rae
k|=Fk°h=F(X/¢, yk)'h, k2=F(xk+h/2, yk+k./2)-h, k3=F(xk+h/2,
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yk+k2/2)-h, k4=F(JCk+|, yk+k3)'h, k=0, n—1, h=(Xf—X0)/n‘
CTtpykTypa nporpamMMmbl H 0003HaYeHHs] COBMAAaIOT C

nporpammamu n. 51, rae KI, K2, K3 cooTBeTCTBEHHO ki, ki, ka.
KoHTponbHB N MpHMep TOT Ke, uto B m. 5.1.

JLIST
10 PRINT “METOI PYHTE-KYTTA OJI Y'=F (X, Y)”
20 INPUT ”“HAY. U KOH. 3HAUEHHUE APTYMEHTA (X, X1)=";X, X1
30 INPUT “KOJIMYECTBO LIATOB N=";N
40 INPUT “HAYAJIbHOE 3HAYEHUE ®YHKLUHUHU Y=";Y
100 H= (X1 —=X)/N: YI=Y
110 FOR I=1TO N
120 GOSUB 500: K1=F *H
130 X=X+H/2:Y=Y1+4+KI1/2: GOSUB 500: K2=F * H
140 Y=Y1+4+K2/2: GOSUB 500: K3=F = H
150 X=X+H/2:Y=Y1+4K3: GOSUB 500
160 Y=Y1+4 (KI4+K2%24+K3*24F*H)/6:YI=Y
170 NEXT : GOTO 1000
500 F= —EXP (—X): RETURN
1000 PRINT ”“Y ("X1”)="Y
1010 END
JRUN
METO/l PYHTE-KYTTA OJ1d Y'=F (X, Y)
HAY. U KOH. 3HAYEHUE APT'YMEHTA (X, X1)=0,2
KOJIMYECTBO IIAT'OB N=20
HAYAJTIbHOE 3HAUYEHHUE ®YHKUHHU Y=1
Y (2) =.135335253
5.3. OGbIKHOBeHHbie AH(BdepeHUHANbHbIE
YPaBHEHHSI BbICIIHX NMOPSAAKOB
H cHcrembl auddepeHUHaNbHbIX .ypaBHEHHI

CucremMa 0ObIKHOBEHHBIX AH(P(epeHLHaNbHbIX YPABHEHHI BhICLLE-
ro Nopsiika nyteM BBeJeHHSl HOBBIX (YHKIHH MOKeT GbITh CBeJleHa K
cucTeMe ypaBHeHHH mepBoro nopsiaka (cM. [3], [9]). Paccmorpum

TaKylo CHCTEMY yi=F;(x, y), (1)
e i=1, n, y=(y1, Y2 - - Y Y (K0)=yO =", ..., ).

Cucremy (1) 6ynem pewatb Metonom Pynre-Kyrra, Bhluncass yf
no ¢gopmy.e

gD = 0 4 _('3_ (R 4 26D 4 269 + £P), (2)

HO=Fi (x®, y©) b, B=h-Fi(xD+1/2, 4O+ k1/2)
K =h-F (xO4h/2, y® 4 ko/2), K)=hF (x*+D, y® k),
ks=(kg)» kg2)’ AL ] kg’l))' S=l—’—4-'v y(k)=(ysk)o ygk)» ey Slk))v
h=(x;— x0)/ m, ®)
m — KOJIHUECTBO LIAaroB HHTErpHpoOBaHHA.

rae
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BnporpamMMe HcCHoOJAb3ylOTCsSA nepeMeHHb € N—
KOJINYECTBO HHTErpupyemblx (YHKUHH (n); M — KOJHUYECTBO IIaros
(m); X — HayaJbHOe, 3aTeM TeKyllee 3HaueHHe aprymeHra (x,=
=xo+kh, k=1, m); X] — KoHeuHoe 3HaueHHe aprymeHTa x;; ¥ (N)—
MacCHB, COlepKalluUi Haya/lbHOe, 3aTeM TeKylilee 3HaueHue (QyHKUHiH
(y#+D), Y1 (N)—To xe aasi npeapiaywero npubimxenus (y);
F (N) — maccuB, cojepxallHit npaBble 4yacTH ypaBHeHHH (1), ymHo-
xenHvle Ha h; K1 (N)— maccus, comepxawmi (k4 248+ 2k% +
+k$9)/6; I, L — nepeMeHHEIE LHKJIOB.

CTpykKTypa nporpamMbl:

10—70 — BBoA Xo, X1, m, Y, 3ananue n;

100 — Bbiuncaenue h, 3ananue y;

110—200 — uuKa Mo KOJHYECTBY ILIAros;

120—130 — Bbiuncenue kY

140—150 — Boiuncaenue k% u cymmer k)4 2%,

160—170 — Boluncaenue kY + 2k + 2k5);

180—190 — Bbluncaenne y*+h;

500—530 — moanporpamMma BbluHCAeHHH AF; (x, y);

1000—1010 — BBIBOA, y; (X}).

B KOHTpONbBHOM NpPHMeEpe pelleHa CHCTeMa ypaBHEeHHH

{ yi=y,

Ya= — Y

NpH 3aJaHHbIX HayagbHbIX YCJIOBHAX Y, (0)=1, y2 (0)=0 u m=20.
TouHoe pelleHHe ITOH CHCTEMBI Y ==COS X, Yo = — Sin X, NpH x;=2

NpUHHMaeT 3HaYeHHs yi (2)=—0,41614683 ..., y(2)=

= —0,90929742. .. -

JLIST

10 PRINT “METOJI PYHTE-KYTTA AJiSi N YPABHEHU.”

20 INPUT “HAY. U KOH. 3HAUEHUSI APTYMEHTA (X, X1) =";X, X1

30 INPUT “KOJI. LIATOB M=";M

40 N=2

50 DIM Y (N), YI (N), K1 (N), F (N)

60 PRINT “HAY. 3HAUEHUSI GYHKLWA:”

70 FOR I=1 TO N: PRINT “Y (“I;: INPUT ”) =";Y (I): NEXT

100 H= (X1 —X)/M: FOR I = 1 TO N: Y1 (I)=Y (I): NEXT

110 FOR I=1 TO M

120 GOSUB 500

130 FOR L=1 TO N: KI (L) =F (L):Y (L) =YI (L) +F (L)/2: NEXT

140 X=X+H/2: GOSUB 500

150 FOR L=1 TO N: KI (L)=KI (L)42*F (L):Y (L) =Yl (L) +F (L)/2:
NEXT

160 GOSUB 500

170 FORL=1TON: KI (L) =KI (L)4+2+F (L):Y (L) =Y! (L) +F (L) :NEXT

180 X=X-+H/2: GOSUB 500

190 FOR L=1 TO N:Y (L)=YI (L)+4 (Kl (L)+F (L))/6: Y1 (L) =Y (L):
NEXT

200 NEXT I
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210 GOTO 1000

500 F (1) =H*Y (2)

510 F(2)=—H=*Y (1)

530 RETURN

1000 PRINT “PELIEHHE CUCTEMBI:”

1010 FOR I=1 TO N: PRINT “Y”I”(” X1”7)="Y (1): NEXT
1020 END

JRUN

METO/, PYHTE-KYTTA /Il N YPABHEHUH.

HAU. U KOH. 3HAYEHHS APTYMEHTA (X, X1) =0,2
KOJI. IIATOB M =20

HAUY. 3HAYEHHS OYHKLIWA:

Y (1) =1

Y (2) =0

PEIIEHUE CUCTEMBI:

Y1 (2) = —.416145269

Y2 (2) = —.909297992

5.4. Meton, Pynre-Kyrra
C aBTOMaTHYeCKHM BbLIGOPOM mara

ITo nporpamme uHTErpupyetcsa cucrema auddepeHUHaNbHBIX YpaB-
HeHH#l nepBoro mopsijaka
yi=Fi(x, y), i=1, n, (1)
C HayaJbLHBIMH yeaoBHSAMH Y (x0)=(y", ¥, . . ., y'¥) meTomom Pymre-
Kyrra (cMm. n. 5.3) ¢ aBTroMaTHYeCKHM BbiGopoM Liara. BHayase war
HHTerpupoBaHus BbiOHpaeTcs paBHbiM (100—130):
h=(x; — x0)/ 2. 2)

[To dopmynam (2), (3) m. 5.3 BEIYHCASIOTCA 3HAYEHHS (YHKUHH
Yi=yi(xo+2h) (T. e. Ha wmare HHTerpupoBaHus 2k, CM. CTPOKH
140—160), 3aTeM 3TH XKe (oOpMYJibl NPUMEHSIOTCS JBaX /bl C LIAaroMm,
paBHbIM h: BHauaJje NJsi HaXOXJEHHS DeLUeHHS Yy B TOUKAX Xo—+ A
ctpokd (170—190) ¥ no 3THM 3HAYEHHUAM M/ HAXOXKIAEHHS Y3 =
=y; (xo+2h) ctpoku (200—210). [TosyyeHHble 3HAUEHHS Y); U Y3; CPAB-
HuBatotcs (220—250). Ecau abconoTHble 3HAaUeHHSI Pa3HOCTH MaH-
THCC Y; ¥ Y3; (1OC/Ie BIpaBHHBAHHUSA NOPSAKOB 3THX BeJHUHH U 10 cM.
ctpokun 900—910) GoJblue €, TO NPOHCXOJUT YMEHblUEHHe Liara
BaBoe (300—320).

[Tocsie nATHKPATHOrO HHTErPHPOBAHHSA C LIAroM A MPOUCXOAUT ABY-
KpaTHoe yBesuueHHe wara (280—290). INocse Boiuncaenus y (xo + 2h)
3a MCXOAHYIO NMpPHHHUMaeTcsl Touyka x-2h, a 3a HCXOLHOE 3HAYeHHe
dyHKunuH — y3 (x+2h) (260—270), sateM mnpouecc BbIUHCIEHHS
nosropsiercsi. HauanbHbIl War HHTErpHpPOBaHHS MOXKeT GbITh 3aaH U
u3BHe. [11s sToro Heo6xoaumo B cTpoke 70 3anucatb Pl =0, H1 paBHo
BbIGpaHHOMY wWwary. AHa/OrH4HO MPH MOBTOPHOM O6GpalleHHH K 3TOH
nporpamMMe Kak K noAanporpamme Hajgo mosoXxuTtb P1=0 u nepeiitu
K crpoke 100. HauanpHbl#t mar npu stom 6yaeT aBTOMaTHYECKH paBeH
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nocjefHeMy LIary HMHTerPHPOBaHHS B NpeablaylleM o6palleHHH K
nporpamme (cM. ctpoky 110).

BnporpamMme ucnonab3yloTcanepeMeHHb e: N—
KOJIHuecTBO ypaBHeHHH (n); X, X1 — Hava/bHOe H KOHEUHOE 3HAYCHHUS
aprymeHnta (xo, xy); Y (N) — maccus, cojep:Kalliil HauaabHble, 3aTeM
TekywHe (270) 3HaueHHs HCKOMBIX QYHKUHH y, (x); Y1 (N), Y2 (N),
Y3 (N) — coOTBETCTBEHHO Yyi, Ya2i, Y3 (cM. Bbiute); V (N) — Tekyuiue
3HaueHusi y; (X) MpPH BLIYMCJIEHHH MpaBbIX uyacTeil ypaBHeHuii (1);
V1 (N)— pa6ouunii maccuB; F (N)— npaBble yacTH ypaBHenuit (1),
yMHOKeHHble Ha h, npu atoMm F (I)=h:F; (T, V;); El — TOuHOCTb 4HC-
JIEHHOTO HHTErpHPOBAHHSA Ha KaXXAoM luare; £2 — nokasatenb cTemne-
HH, ONpeaeNsiioIlHA TOYHOCTL UHTErpHPOBaHHUA (MOKa3aTesb CTENeHH
nepeMeHHoil eta B nporpamme 96 [4]); K1 (N) — maccus, copepxa-
it (B9 + 268 4 2k + £{))/6; Pl — 3nauenue paBHo 1, ecan HeoGxo-
JHMO BHauaJe onpeJe/uTb ONTHMAJbHBIH LIar HHTerpHpoBanus; H1 —
NoC/IeIHUI LIar HHTerpHpPOBaHus; S1 — ueJsioe yucjI0, onpeesiollee,
KOrJla MOXXHO YBEJIHUHTH LIar HHTeTpHpoBaHus; U — 3HaueHHe paBHO
| Ha nocsenHeM Liare MHTerpHpoBaHHA H 0 B NPOTHBHOM cJydae;
A — nokasaTesb cTeneHH HauGosbllero u3-uucen |y,l, lysl, 10%;
E3 — pabouas nepemeHHasi; /| — nepeMeHHasi LHKJIOB.

[TporpamMma noJayueHa nepeBofioM Ha f3blK Beiicuk (c nepepa6ort-
Koit) Auaros-nporpamMmbl 96 [4].

B KOHTpPONbPHOM NpuMepe HalfieHO pelieHHe CHCTeMbl
IBYX ypaBHeHHH

{ yi=uys,
Yi=—y
¢ HayaJbHBIMH ycJoBHAMH Y (0)=0.

[lporpamMma pa6oraeT MelJieHHee MO CPaBHEHHIO C Mpeablayluel
(NpH OAMHAKOBOH MOrpeLIHOCTH BbIYHCJIEHHH).

JLIST

10 PRINT “METOJ] P-K J1JI1 CHCTEMbI N YPABHEHUI.”

20 N=2: DIM Y (N), V (N), Y1 (N), Y2 (N), Y3 (N), V1 (N), F (N), KI (N)

30 INPUT “HAUYAJIBHOE 3HAUEHUE X="; X: INPUT “KOHEYHOE 3HA

YEHUE X4 ="; X4

40 PRINT “HAYAJIbHBIE 3HAYEHHUS GYHKLIUM:”

50 FOR I=1 TO N: PRINT “YO (“I;: INPUT”) ="; Y (I): NEXT I

60 El =1E—4: E2=—3

70 Pl=1

100 IF Pl=1 THEN H=X4—X: S1 =0: GOTO 120

110 H=HI

120 U=0

130 IF (X+2.01 * H—X4>0) = (H>0) THEN U=1: Hl =H:H= (X4 —X)/2
140 T=X: FORI=1 TO N:V (I)=Y (I): NEXT

150 H=2* H: GOSUB 500:H=H/2:X1 =T

160 FORI=1 TO N: Y! (I)=V (I): NEXT

170 T=X: FOR I=1 TO N:V (I) =Y (I): NEXT

180 GOSUB 500

190 X2=T: FORI=1 TO N: Y2 (I)=V (I): NEXT
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200
210
220
230
235

240
245
250
260
270
280
290
300
310
320
500

510
520

530

540

GOSUB 500

X3=T: FORI=1 TO N: Y3 (I)=V (I): NEXT

I=1

IF I >N THEN 260

A=Yl (I): GOSUB 900: E3=A:A=Y3 (I): GOSUB 900: IF A<<E3 THEN
A=E3 '

IF A<E2 THEN A=E2

IF ABS (Y3 (I) — Y1 (I))/10°A>E! THEN 300

I=1+1: GOTO 230

X=2X3: IF U=1 THEN 1000

FORI=1 TO N:Y (I)=Y3 (I): NEXT

IF SI=5THEN SI=0:H=2%H

S1=SI1+41: GOTO 130

H=H/2:U=0: X1 =X2

FORI=1 TO N: Y1 (I)=Y2 (I): NEXT

GOTO 170

GOSUB 600: FORI=1 TO N: Kl (I)=F (I): V1 (I)=V (I) +F (I)/2:
NEXT

T=T+H/2: GOSUB 600

FORI=1 TO N:KI (I)=KI (I)4+2F (I): V1 (I)=V (I)+F (I)/2:
NEXT

GOSUB 600: FOR I=1 TO N: KI (I)=KI (I)+2+F (I): VI (I) =V (I) +
F (I): NEXT

T=T-+H/2: GOSUB 600

550 FOR I=1 TO N:V (I) =V (I) 4+ (K1 (I) +F (1))/6: NEXT
560 RETURN

600 F (1) =H %V (2)

610 F (2)=—H=*V (1)

620 PETURN

900 IF A=0 THEN A= —999: RETURN

910 A=INT (.4342944819 x LOG (ABS (A))) +1: RETURN
1000 PRINT “PELUEHHUE B TOUKE X="X;":"

1010 FOR I=1 TO N: PRINT “YF (“1”) ="Y3 (1) : NEXT
1020 END

JRUN

METOJ P-K IJiS1 CHCTEMbl N YPABHEHHH.
HAYAJIBHOE 3HAUEHME X =0

KOHEYHOE 3HAYEHHE X4=1

HAYAJIbHBIE 3HAUEHHUSI ®YHKLUM:

YO (1) =1

YO (2) =0

PEIIEHUE B TOUKE X=1:

YF (1) =.542847407

YF (2) = — 845361473



T'rasa VI
HUHTETPAJIbHbBIE YPABHEHHUS

HuTerpaiipHelMH  ypaBHEHHUSIMH Ha3biBalOTCSl  (DYHKLHOHAJ/bHble
ypaBHeHHs1, coflepKalllie HHTerpajbHble Npeo6pasoBaHUs Hal HEH3-
BectHOi ¢yHkuuei y (x) [3], [20]. MnTerpanbHoe ypaBHeHHe Ha3bi-
BaeTcsi ONHOPOAHBIM, €ClH oy (Xx) €CTb pelleHHe ypPaBHEHHS s
NpOH3BOJIbHOrO a. JIHHelHoe HHTerpa/bHOe YpaBHEHHEe B 061leM BHAE
MOXeT GbiTb NPeNCTaBJ/IeHO:

gy ()= k(x.9)y (s) ds=F (x), (1)

v

rae k(x,s)— AAAPO HHTerpa/JbHOro npeo6pasoBaHusi, NpaBasi 4acTb
f(x) n g (x) ABAAIOTCA 3afaHHBIMH (QYHKUHSMH, A — MapaMeTp ypas-
HeHHsi. OG6/1acTb HMHTerpHPOBAHHSI U MOXeT ObiTb (UKCHPOBAHHOM
(MHTerpasbHble ypaBHEeHH TUNMa (PearosibMOBbIX) HJIH MepeMeHHOMH
(MHTerpaJsibHble ypaBHEHHSI THNA BOJbLTEPPOBLIX).

JluHefiHOe HHTerpasibHoe ypaBHEHHe MepBOro pojAa MoJayvyaercs
u3 (1) npu g (x)=0, A= —1 ¥ umeer BUI:

|k (x8) y (s) ds = (x). @)

OnHoposnHOe JIHHefiHoe HHTerpaJbHOe ypaBHEHHE BTOPOro poja
nosnyuaercst u3 (1) npu f (x)=0, g (x)=1 u umeer BuA:

A SU k(x,s)y(s)ds=y (). 3)

HeonHoponHoe JnHeliHOe HHTerpaJjbHOe ypaBHEHHe BTOPOrO po-
Ja nonydaetrcs M3 (1) mpu g (x)=1 u umeer BHA:

§ ()= & (x. 5)y () ds = (x). @

YpaBHeHust BHaa
y (=) £ (. 5)y () ds =1 (x), (5)
y @)=\ & (x,5) Fy(s) ds=F (x) (6)

v

AIBJISIIOTCS HEJHHEHHbIMH.
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B cnpaBouHoM noco6uu [20] H3/102KeHbl MeTOAbl pelleHHst Han6o-
Jiee paclpoCTPaHEHHBbIX HHTerpajbHbIX ypaBHeHHH. B nocoGuu mpH-
BefeHbl 33 AnroJ-nmporpammbl, peaju3yioliHe 3TH MeToabl. Heko-
TOpble M3 3THX NpOrpaMm MepeBeleHbl HaMH Ha s3blKk DBelcuk u
npuBe/ieHbl 31€eCh.

6.1. Jluneiinoe ypaBHenue Boabteppa
BTOPOr0 poaa

JluHeliHoe uHTerpa/nbHoe ypaBHeHHe BosibTeppa BTOpOro poaa
umeet Bua [20]:

y)—{ k(x5 y (9 ds=] (). x. s€la, b} M

[TpuueM He3aBHCHMble NepeMeHHble X, S H3MEHSIIOTC Ha IpoMe-
XKyTke [a, b], aapo k (x, s) HenpepbIBHO BHYTPH H Ha CTOPOHAX Tpe-
yrojibHHKa, OTPaHHYEHHOTO MPAMBIMH S=a, x=>b, x=s. QyHKUHUSA
f (x) Ha [a, b] HenpepbIBHA.

B npuBeneHHOH HHXe nporpamme ypaBHeHue (1) pewaercs c
MOMOILbIO MeTOAA KBaApPaTypHbIX (OPMYJ, CyTb KOTOPOrO COCTOHT
B 3aMeHe HHTerpajibHOro ypaBHEHHSI aNpPOKCHMHPYIOILEH CHCTEMOH
anre6pauyecKuX ypaBHeHHH OTHOCHTEJNbHO JAHCKPETHBIX 3HaueHHH Hc-
KOMOH (PyHKUHH H pelleHHH 3Toil cucTeMbl. B ocHoBe Takoil 3aMeHbl
JIeXKHT MPHO/IHKEHHe HHTerpaJa KBaiapaTypHeiMH ¢dopmyaamu. [pu-
MeHeHHe (OpPMYJbl TpaneuWi ¢ MOCTOSIHHbIM LIAaroM A NPHBOAHT K
pekyppeHTHoit dopmyJse (1.74) B [20]:

i—1

Fed+h X Ajk (i x) -y (x)
y(@=F (@) y (&) =—— iy @)

rae
i=2,3, v I+ (b—a)/h, xi=a+(i—1)h, Aj=1
npH ]>l ' A,—05 npu j=1.

B nporpamMme HCNONb3yIOTCS MNepeMEeHHBIE:
A, B — npepenbl H3MeHeHHS1 x M §; H — war uHTerpupoBaHus h;
X, S — nepemennsle x W s; N — ueqoe uucio n=(b—a)/h+1;
F (N) — maccuB 3HaueHmil f(x), i=1, n; | — nepemMenHas uLHKJa,
FNK (S) — ¢yHKuHA, BbIUHCASAIOLIAA 3HAYeHHs aapa k(x,s); K1 —
snauenue k(x,a-+(i—1)h); NI, 3HaueHHe peLIeHHS] BBIBOLUTCS C
waroM ny—y (x1), Y (X14n),

CTpPyKTYypa nporpamMmbl:

10—20—sBoA a, b, h;

100 —onpenesenne (YHKUMH, BbIUHCASAIOLEH 3HauyeHde sapa
k(x, s),

110 — BbIuHCSICHHE N

I20— 140 — BuluHC/IEHHe 3HaueHui MaccuBa F (N)—npasou 4acTH
f( (a\—‘f( )

—220 — BLIYUCJEHHA 1o dopmyJie (2)
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170 — 200 — BoruHcaeHHe yHcauTeast B (2);

1000 — 1020 — BuIBOA pelueHHs y (Xx;) C WAroMm ;.

Ilporpamma nosiyyeHa mnepesBosoM Ha s3blk Beiicuk Asros-npo-
rpammul V2 [20].

B KOHTpoJNbHOM NpuUMepe pewaerca ypaBHeHue (1)
npu a=0, b=2.5, k(x,s)=1—(x—s)e?, f(x)=(1—xe*)cos 1 —
—e* sin 1. TouHoe pelieHHe 3TOr0 ypaBHeHHs Yy (x)=e* (cos e —
— e”* sin ¢*). Pelenue nonyuexo pasa wara h=0.01, peuwieHue BbiBe-
JeHo ¢ warom BuiBoaa 1 =20. KOHTpoJIbHbIE 3HAYEeHHs] C TOUHOCTbIO
[0 LIeCTH 3HAKOB MOCJe 3ansTOH NpHBeleHbl B NPAaBOM CTOJGLE.

JLIST
10 PRINT “MHTETPAJIbHOE YPABHEHHE BOJIbTEPPA 2 POJA”
20 INPUT ”A, B="; A, B: INPUT “IIAT H="; H
100 DEFFN K (S) =1— (X—S) * EXP (2 * X)

110 N=INT ((B—A)/H+1): DIMY (N), F (N)

120 FORI=1 TO N

130 X=A+ (I—1)+ H:F (1) =COS (1) * (1—X # EXP (2 # X))—SIN (1) #
EXP (2 * X)

140 NEXT: Y (1)=F (1)

150 FOR I=2 TO N

160 X=A-+ (I—1) * H:G=F (1)

170 FORJ=1 TO I—1

180 FI=FNK (A+(J—1) *H): IFJ=1 THEN Fl =5 % F1

190 G=G+Hx*Fl+Y (J)

200 NEXT J

210 Y (1) =G/(1—.5+H* FNK (X))

220 NEXT I

1000 INPUT “LIAT BBIBOJA="; Ni

1010 FORI=1 TO N STEP N1: PRINT “Y (“A+ (I—1) * H”) =Y (I): NEXT

1020 END

JRUN

WUHTETPAJIbBHOE YPABHEHME BOJIbTEPPA 2 POJIA

A,B=025

LLAT H=.01

IHAT BbIBOJA =20 KOHTPOJIbHBIE 3HAYEHMUS

Y (0) = —.301168679
Y (.2) = —.983602005
Y (4) = —2.10101451
Y (.6) = —3.66915334
Y (.8) = —5.28433389
Y (1) = —5.51384225
Y (1.2) = — 1.30916764
Y (1.4) =10.5452955
Y (1.6) =25.0106403
Y (1.8) = 14.3462028
Y (2) = —45.5272357
Y (2.2) = —39.95559
Y (2.4) =121.881219

Y1 (0) = —.301168679
Y1 (.2) = —.983568912
Y1 (.4) = —2.10091531
Y1 (.6) = —3.66894723
Y1 (.8) = —5.28402058
Y1 (1) = —5.51363573
Y1 (1.2) = —1.3098817
Y1 (1.4) =10.5421372
Y1 (1.6) =25.0060653
Y1 (1.8) =14.3550137
Y1 (2) = —45.4898976
Y1 (2.2) = —40.0142057
Y1 (2.4) =121.768357



6.2. YpaBuenne BoabTeppa nepBoro poaa

JluHeliHoe HHTerpajbHoe ypaBHeHue BoJabTeppa nepsoro poaa
umeet Bua [20]:

£ () y(s)ds=F (). x5€ [a, 0] [1]

Ecau k(a, a)50, f(a)=0 u ecan ¢ynxkuuu f(x), & (x, s) umeror
npousBojHble f’ (x), Ry (x, s), HempepLIBHbIE B HHTepBaJe (a, b), 3akJio-
YeHHOM B HHTepBaJié MHTerDHPOBAaHHS, BHYTPH KOTOporo k (x, s) He
o6paiaercs B Hysb, TO ypaBHeHHe BoJibTeppa nepsoro poaa (1) no-
nyckaet B HHTepBaJe (a, b) HenpepblBHOE H eJIHHCTBEHHOE peLIEHHe.

B npuBeneHHo#i HHMXe nporpaMMe ypaBHeHHe (1) peluaercsi Me-
TOAOM KBaApaTypHbIX (opmyJ. BbluncieHye uHTerpana mpou3BoOHT-
¢ no ¢opmyJse TpameuHd ¢ MOCTOSHHBIM LIaroMm A:

y (@)=["(a)/k (a, a),
i—1

y;=k—(}—?_—)(—i)—[f ()c,‘)//l—-gI Ajk (xi x)) yjl, @)

rae xi=a+({@—1)h,i=2,3, ..., Aj=1 npn j>1 u A;=0,5 npu
j=1.

B nporpaMMme HCNOJNB3YyIOTCH NepemMeHHblEe: A,
B — npepnenbl HHTerpupoBaHHusa; H — war uHTerpupoBanus h; N —
uenoe uucio n=(b—a)/h+1; X, S — nepeMenHble x u s;
F (N) — maccuB 3HaueHHH f(x;), i=1, n; I — nepeMeHHas UHKa,
FNK (S) — ¢ynkuus, 3Hauenue sapa k (x, s); K1 — 3HaueHue & (x, s);
N1 — war BbiBoJa peweHHs ny—y (x1), Y (Xi4n), -

CprKTypa nporpamMmbl:

10—20—s8Box a, b, h;

100 —omnpenesende (GyHKUHMH, BbIYHCASIOLICH 3HaueHHe sApa
k(x,s);

110 — BblUHC/IEHHE 1}

120 — 140 — BoluMCJIeHHe 3HAuyeHHH MaccHBa F (N)— 3HaueHu#
f (x);

( 150 — Beluncaense y (a) mo dopmynam (2) u (3);

160 — 230 — BbIYHCJ/IEHHE BbIpaXKeHHs B CKoGKax B (2);

1000 — 1020 — BbIBOA pelleHHs y (x;) C LIArOM 1y,

[Tporpamma nosyyeHa mepeBoJOM Ha s3blK Belicuk AuxroJ-npo-
rpaMMbl V1 [20]. B KoHTpO/IbHOM mpHMepe peLuaeTca ypaBHeHHe (1)
npH a—O b=3,5, h=0,05, k(x,s)= 2—/[1-x—s. x)=x%. Tou-
HOe pelueHHe 3TOro YyPaBHEHHAl y=xe PeLueHne noJlyyeHo ¢
waroM n;==2. KoHTpO/IbHble 3HaUEHHS C TOYHOCTbIO A0 IIECTH 3Ha-
KOB MocJe 3anAToil NpHBeleHbl B MpaBOM CTOJGIIE.

JLIST
10 PRINT “YPABHEHHWE BOJIbTEPPA | POJA”
20 INPUT “(A,B)="; A,B: INPUT “lIAT H="; H
100 DEFFN K (S) =2+ (X—S) * (X+98)
110 N=INT ((B—A)/H)+1: DIMY (N), F (N)
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120 FOR1=1 TO N
130 X=A+ (I—1) *H:F (I) =X * X

140 NEXT ~

150 X=A: KI=FNK (A):Y (I)=(—3%F (1)+4+F (2) =F (3))/(2* H*Kl)
160 FOR =2 TO N

170 X=A+ (1—1) + H:G=F (I)/H

180 FORJ=1 TO I—1

190 KI=FNK (A+(J—1) *H): IFJ=1THEN Kl =.5 % K|

200 G=G—KI1 * Y (J)

210 NEXT J

220 Y (I) = (G+G)/FN K (X)

230 NEXT I

1000 INPUT “LIAT BbIBOOA="; N1

1010 FORI=1 TO N STEP NI: PRINT ”Y ("A+ (I—1) * H”") ="Y (I) : NEXT

1020 END
JRUN

YPABHEHHUE BOJIbTEPPA 1 POJA

(A,B)=0,35

IIAT H=.05

IIAT BbIBOJA =2
Y (0) =0

Y (.1) =.099625

Y (.2) =.196278043
Y (.3) =.287134566
Y (.4) =.36965458
Y (.5) =.441700359
Y (.6) =.501626991
Y (.7) =.548340666
Y (.8) =.581321985
Y (.9) =.600614771
Y (1) =.606783238
Y (1.1) =.600842575
Y (1.2) =.58416997
Y (1.3) =.558403438
Y (1.4) =.525336624
Y (1.5) =.486816675
Y (1.6) =.444651617

Y (1.7) = .400532204
Y (1.8) =.355970779
Y (1.9) =.312259303
Y (2) =.270445876

Y (2.1) = .231328432
Y (2.2) =.195463135
Y (2.3) =.16318425

Y (2.4) =.134631805
Y (2.5) =.109785273
Y (2.6) =.088497171

KOHTPOJIbHBIE 3HAYEHHUA

Y2 (0) =0
Y2 (.1)=.0995012479
Y2 (.2) =.196039735
Y2 (.3) = 286799245
Y2 (.4) =.369246539
Y2 (.5) =.441248451
Y2 (.6) =.501162127
Y2 (.7) = 547893177
Y2 (.8) =.58091923
Y2 (.9) =.60027913
Y2 (1) = 60653066
Y2 (1.1) =.600681869
Y2 (1.2) =.584102707
Y2 (1.3) =.558424565
Y2 (1.4) = 525435538
Y2 (1.5) =.486978701
Y2 (1.6) =.44485968
Y2 (1.7) =.40076833
Y2 (1.8) =.356217658
Y2 (1.9) =.312501467
Y2 (2) =.270670566
Y2 (2.1) =.231526103
Y2 (2.2) =.195627558
Y2 (2.3) =.163312314
Y2 (2.4) =.134723431
Y2 (2.5) =.109842334
Y2 (2.6) =.0885233826
Y2 (2.7) =.0705278069



Y (2.7) = .0705277116
Y (2.8) =.055576131

Y (2.9) =.0433078068
Y (3) =.0333764461

Y (3.1) =.0254426037
Y (3.2) =.0191867295
Y (3.3) =.0143172667

Y2 (2.8) =.0555550656
Y2 (2.9) =.0432702799
Y2 (3) =.0333269898

Y2 (3.1) =.0253849734
Y2 (3.2) =.0191232735
Y2 (3.3) =.0142488722
Y2 (3.4) =.0105016325

Y (3.4) =.0105753373

6.3. YpaBHenue dpearosbma
BTOpPOro poja

JluHeliHoe MHTerpa/jbHOe HeoJHOpoaHOe ypaBHeHue Ppearosrma
BTOPOro poja HMMeeT BHA:
b

y ) —=AJ k(x, 5)y (s)ds=F (x), (1)

rae x€ [a, b), s€[a, b), a sanpo onpeneneHo B kBagpate V=la, b]X
X[a, b). Kpome Toro, mosaraercsi, 4yto sinpo HenpepbiBHO B V. Ilpu
A=1, Hcnosab3ys KBaApaTypHyio $HOpPMyJy TpameLuii ¢ MOCTOSHHLIM
warom A, noayyum [20]:

y,:_hgl Ajkiyi=F, i=1, n, @)

rie n=(b—a)/h+1 — uenoe, Aj=1 npu j=1, n u A;=0.5 npu
j=1 unu j=n.

B nporpamMe HCNONBb3YIOTCHA MNepeMeHHBE:
A0, BO — npepenbl H3MeHeHHs x H §; H — war HHTErpUpPOBaHHS
h=(b—a)/ (n—1);N — nenoe uucj0, KOJHYECTBO HHTEPBAJIOB HHTE-
rpupoBaHusi; X, S — nepemeHHble x H s; F(N) — MaccuB 3HayeHuil
f(x), i=1, n; FNK(S) — ¢yHnkuusi, 3Hauenne agpa k(x,s); N1 —
uIar BbIBOJA pelleHHst n1—y (X1), Y (Xi4n), -3 ANH1, N+1)—
pabouuit MaccHB, 3HauyeHHe 3JIEMEHTOB MaTtpuubl §;—hk;A;, raoe
0;j — cumBoJs KpoHekepa.

CTpyKTypa NporpamMmbl:

10—30—sBBox a, b, n;

100 —onpenenenne GyHKLUHH, BbIUUCASAIOILEH 3HayeHHe sApa
k(x, s);

110 —3anaHHe 4yHcaa 7, BblUHCJAEHHE g H h.

120 — BeluncsieHue mMaccuBa F (N), 3HaueHu#t f (x;);

130 — 180 — BbluKCJ/IEeHHA N0 (2); .

150 — 180 — Bbiuncsenue §;;—hAk; nas j=1, n,

i — HHKCHPOBaAHO;

190 — 370 — pelieHHe CHCTeMbl JIMHEHHbIX YPaBHEHHH (2) MeTOnOM
TFaycca ¢ BbIGOPOM MaKCHMajbHOro sjemeHta (cM. § 2.3);

1000 — 1020 — BbIBOA, pelleHHs Yy (x;) C LIAroM nj.

[lporpamma mosyyeHa nepeBOfOM Ha s3blK Beiicuk Asaros-npo-
rpammbl F2 [20].

B KoHTponbHOM nmpuMepe peuwaerca ypaBHenue (1)
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npy a= —n,. b=mn, n=37, k(x,s)=0.3/[0,64nc052x'2'_s-—n],

f (x)=25—16 sin® x. TouHoe pelueHHe 3TOro ypaBHeHHs y (x)=8.54
128

~+ 7 cos 2x. Peulenue mnosyueHo ¢ uiaroM n;=2. KOHTpoJbHbIE

3HAUEHHs C TOYHOCTHIO JO IUECTH 3HAKOB MOcCJe 3ansToi mpuBeleHbl

B NpaBoM cToOJGLE.

JLIST

10 PRINT “YPABHEHUE ®PEITOJIBMA 11 POJIA”

20 INPUT ”(A, B)="; A0, B0: INPUT “KOJIMYECTBO WHTEPBAJIOB

N=";N

30 DIMF (N), Y(N),A (N+1,N+1)

100 DEF FN K (S) =G/ (.64 * (COS ((X+S5)/2))2—1)

110 P1=3.14159265:G=.3/P1:H= (BO—A0)/(N—1)

120 FOR I=1 TO N:F (1) =25—16 % SIN (A0O+ (I—1) * H)"2: NEXT

130 FORI=1 TO N

140 X=A0+4 (I—1) * H:A (I, N4 1) =F (I)

150 FORJ=1 TO N

160 S=A0+ (J—1) * H:A (I,J) = —FN K (S) * H:IFJ=10R J=N THEN

A J)y=5%A (1)

170 IF I=J THEN A (I, J) =14A (1,J)

180 NEXT J: NEXT I

190 U=0

200 U=U+1:K=U

210 IF A (K, U) < >0 THEN 240

220 K=K+ 1: IF K< =N THEN 210

230 PRINT “CUCTEMA HE OTIPENEJIEHA.”: END

240 IF K=U THEN 280

250 FORM=U TO N+1

260 T=A (U, M):A (U, M)=A (K, M):A (K, M) =T

270 NEXT

280 FORJ=N+1 TO USTEP—1:A (U, J)=A (U,J)/A (U, U): NEXT

290 M=N+1: IF K4 1>N THEN 340

300 FORI=K+1 TO N

310 FORJ=U+1TO M

320 A (1,J)=A (LJ))—A (I,U) A (U,J)

330 NEXT J: NEXT I

340 IF U< > N THEN 200

350 FOR I=N TO 1 STEP—1:Y (I)=A (I, M): IF I=1 THEN 370

360 FOR K=I—1TO I STEP—1:A (K, M)=A (K,M) —A (K, I) =Y (I): NEXT
370 NEXT I
1000 INPUT “ILUAT BbIBOJA="; NI
1010 FOR I=1 TO N STEP N1: PRINT “Y (“A0+ (I—1) * H”) ="Y (I): NEXT
1020 END

JRUN
YPABHEHHE ®PENTIOJIbMA II POJA
(A, B) = —3.141592654, 3.141592654
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KOJIMYECTBO UHTEPBAJIOB N=37

LAT BbIBOJA=2

Y (—3.14159266) = 16.0294118
Y (—2.7925268) = 14.267864

Y (—2.44346095) = 9.80746864
Y (—2.0943951) =4.73529411
Y (—1.74532925) = 1.42466731
Y (—1.3962634) = 1.42466731
Y (—1.04719755) =4.73529412
Y (—.698131701)=9.8074686
Y (—.34906585) = 14.267864

Y (0) =16.0294118

Y (.34906585) = 14.267864

Y (.698131701) =9.80746863

Y (1.04719755) =4.73529411

Y (1.3962634) = 1.42466732

Y (1.74532925) = 1.42466731

Y (2.0943951) =4.73529411

Y (2.44346095) =9.80746864

Y (2.7925268) = 14.267864

Y (3.14159266) = 16.0294118

KOHTPOJIbHBIE 3HAYEHUS
Y3 (—3.14159266) = 16.0294118
Y3 (—2.7925268) = 14.267864
Y3 (—2.44346095) =9.80746863
Y3 (—2.0943951) = 4.73529412
Y3 (— 1.74532925) = 1.42466733
Y3 (— 1.3962634) = 1.42466733
Y3 (—1.04719755) =4.73529412
Y3 (—.698131701) =9.80746864
Y3 (—.34906585) = 14.267864
Y3 (0) = 16.0294118

Y3 (.34906585) = 14.267864

Y3 (.698131701) =9.80746863
Y3 (1.04719755) =4.73529412
Y3 (1.3962634) = 1.42466733

Y3 (1.74532925) = 1.42466733
Y3 (2.0943951) =4.73529412

Y3 (2.44346095) =9.80746864
Y3 (2.7925268) = 14.267864

Y3 (3.14159266) = 16.0294118



T'rasa VII
CNEWHAJBHBLIE ®YHKUHUH

7.1. Tamma-dynKuus
M CBSI3aHHbie C Helt GyHKUHH

Famma-dpynxkuusa I (2) npeacrasaser co6Goil peleHHe GYHKLUHO-
Ha/nbHoOro ypaBHenus [19]

Fz4+1)=2l(z), T(l)=1. (n

Ona siBisieTcss MepoMopdHOH (pyHKHHel OT Z2=x-iy C NPOCTHI-

MH noJocaMu B Toukax 2= —n (n=0, —1, —2, ...). [na uenasix n
HMeeM:

Fn+1)=n!, n=0,1,2, .... (2)

lF'amMa-pyHKUHA YAOBJIETBOpPSAET CjaelylolleMy ypaBHeHHio [3],
[19]):
Mz r(—z=-—n/zsin nz. (3)
B nanbHelimem 6GyneM paccMaTpHBaATb TOJNbKO JEHCTBHUTE/bHBIE
z=x. [Ina GoabLIHX 3HAYEHHH X HMeeT MeCTO aCHMIITOTHYECKOe pas3-
goxenne Crupaunra [19]:

2 elnxe1) [ 01 st
="\ —F¢"" U+ yor t 588 — 51830, — 2amsazor — ¢ °
4

npHyeM aGCoOJIOTHAA BeJIHYMHA OLIHGKH MeHbLIe MOLYJ/s MOC/eLHEro
M3 B3SITHIX UYJIEHOB.

®dyukuus 1/ (x) B untepBane [—1, 1] MoxeT GbITb pas/okeHa
B pAAn [5]

/T (x)=x(14x) (1 +ax+ax®+ ...), (5)
rae a,= —0.422 784 335 092, az= —0.233 093 736 365,
a3;=0.191 091 101 162, as= —0.024 552 490 887,

as= —0.017 645 242 118, as=0.008 023 278 113,

a7;= —0.000 804 341 335, ag= —0.000 360 851 496,

as=0.000 145 624 324, alo=1.7527917.10~8,

a1 =2.625721.10"%, a12=1.328554.10"9,
ai3=—1.8122:10""7.

Jlorapudmuuyeckas npousBoaHas P (x) raMma-¢QpyHKUHH ompene-
JsieTcsl BblpaxkeHueM [18]

¥ (2)=T" (2)/T (2). (6)
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B uacrHoctH, ¢ (1)= —C= —0.57721566490153 ... . BoluncieHue
3HaueHHH ¢ (x¥) NIPOBOAHTCA HAa OCHOBAHHH COOTHOLIEHHH
P ()=1vp (x+1)—1/x, (7)
P ()= —nctg (nx)+ 9 (1 —x) 8)
H acHMITOTHYECKOH (popmy.nbx [18]
1 1 1

YW=Inx—gr—pmrt e —mm ©)
[Tonnas Gera- (pym(uuﬂ onpegnensierc Kak [3]
rpr
B (p, ) =29 (10)

Henonnass ramma-¢pyukuusa I, (p) u HenosHasi Gera-dyHKuus
B. (p, q) onpenensiloOTCs aHAJIHTHUECKHMH TNpPOJOJKEHHAMH HHTerpa-
JIOB COOTBETCTBEHHO:

r. (p)=§ P='e~'dt (Re p=>0), (11)
0

B. (p, q)=\ #=" (1—1y"'dt (Re p>0, Re g>0, 0<z<1). (12)
0
BenuunHa
B:(p, q)
- Iz(p q) B(p q) (13)
Ha3blBaeTcsl OTHOLLEHHEM HenoJiHOH Gera-(yHKLHH.

B nepBoil M3 NpHBeNEHHBIX 3JeCb NpPOrpaMM 3HaueHHe ramma-
¢yukuuu T (x) BoluHCHAsieTcs: caenyowM ob6pasoM. BHauasne uckiio-
yatorcsl Toukn x=0, —1, —2, ..., B korophix I (x) uMeer mosock!
(ctpoka 100), 3ateM aprymeHT (YyHKUHH Ha ocHoBaHHH (1) mpH-
BoaHTCA K MHTepBany (—1, 1] (ctpoku 110—140) u, HakoHel, Hc-
noJsb3yercs pasnoxenue 1/T (x) B crenennoit pan (5) (cm. [5], an-
roput™ 806].

B nporpamMMe HCHOJNbB3YyIOTCHA MNepeMeHHBIE:
X1 — HauanpHOe 3HayeHHe aprymentra; X — pabouasi nepeMeHHas,
apryment I'(x) B (1) u (5); G — 3nauenune I (x); Gl — pabouas
nepeMeHHasl.

CTpyKTypa nporpamMmbl

10 —20 —BBOA apryMmeHTa X;

100 — 150 — Hck/aoueHHe MOJIIOCOB M TNPHUBEJEHHE apryMmeHTa K
untepsany (—1, 1];

160 — 180 — Bbiuucsienne no ¢opmyae (5);

1000 — 1010 — BoiBog, T (x).

B KOHTPOJNbHOM NpPHMepe HaiifieHo 3Hauenue I' (—2.5).
Tounoe 3nauenne [19] T'(—2.5)= —8-/n/15= —0.945308720...

JLIST
10 PRINT “TAMMA — éYHKLIUS G (X)”
20 INPUT "X="; X
100 X1 =X: IF INT (X) = —ABS (X) THEN PRINT “TIPH X="X"—TI0OJIIOC":
END
110 G=1



120
130
140
150
160

170

180
1000
1010

IFX>1THEN X=X—1:G=G * X: GOTO 120
G=1/G

IFX<—1 THENG=G * X:X=X+1: GOTO 140
IF X=1THEN 180

Gl= (((((((((—.00000018122% X +.000001328554)* X —.000002625721) *X

— .000017527917) % X +.000145624324) + X — .000360851496) » X

— 00080434 1335) * X +.008023278113) * X — .017645242118) » X

— 024552490887) * X

G=G * (((G1 +.191091101162) * X — .233093736365) * X — .422784335092)
* X4+ 1) % X *(1+X)

G=1/G

PRINT “G ("X1”) ="G

END

JRUN
FAMMA — ®YHKUHS G (X)
X=-=25

G (—2.5) = —.94530872

Bo Bropoii nporpamme Ha ocHoBaHuu (1) u (5) BbluHCAsieTCH
snauyenue ¢yukuuu 1/T (x). [Iporpamma orivyaercs oT mpeaplay-
wei orcyrcrBHeM cTpoku 180 u TeM, uTto npu BbiuucaeHuH 1/T (x)
HEeT HeoOXONHMOCTH HCK/alouaTh ToukH x=0, —1, —2, ... (crpo-
ka 100).

[Mporpamma nosiyueHa nepeBojoM Ha fA3blk Beiicuk Anron-npo-
rpamMmbl 806 [5]. B KOHTpO/BHBLIX NMpHUMepax Hal[eHbl 3HaueHUs
1/T(5), 1/F(—1.5), 1/ (1.3), coBnanaiowune ¢ TaGanuHbiMu [19].

JLIST
10 PRINT “OBPATHASl TAMMA — ®YHKUUS (G (X)) —1”
20 INPUT "X="; X
100 X1 =X
110 G=1
120 IF X>1THEN X=X—1:G=G % X: GOTO 120
130 G=1/G
140 IF X< —1 THEN G=G * X:X=X+41: GOTO 140

150
160

170

1000
1010

IF X=1 THEN 1000

G1 =(((({ — 00000018122 » X +.000001328554) » X —.000002625721)

* X —.000017527917) * X +.000145624324) * X — .000360851496) + X

— .000804341335) * X +.008023278113) » X —.017645242118) % X

— .024552490887) * X

G=G # (Gl +.191091101162) * X — .233093736365) * X —.422784335092)
X4 1)x X+ (1+X)

PRINT “G (” X1”)" —1="G

END

JRUN
OBPATHASl TAMMA — ®YHKLIUA (G (X)) "—1

X=5
G (5)

A

— 1=.0416666667
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JRUN
OBPATHASl TAMMA — ®YHKUHUSA (G (X)) —1

X=—15

G (— 1.5 —1=.423142188

JRUN

OBPATHASI TAMMA — ®YHKUHS (G (X)) —1
X=13

G (1.3)"—1=1.11424251

[To Tperbeii nporpamme 3Havenus I (x) Beluncasioress no ¢op-
mysne Crupaunra (4). Ilocne uckniouenusa mosocoB (ctpoka 110)
aprymMeHT x NpHBOAHMTCA (ecad 3TO Heo6xoaumo) mo ¢opmysae (1)
K 3HayeHuio x>=>A =15 (crpoka 120) u 3aTeM NPOU3BOJMTCS BbI-
yucaeHue no (4).

B nmporpaMMe HCNOJNb3YIOTCH MNepeMeHHBE:
X1 —aprymenr T (x); X—pabouas nepemeHHasi, apryment I (x) B
(2) u (4); A—mHHHUMa/bHOE 3HayeHHe aprymeHTa (npu A=15 or-
HOCHTeJIbHAsi TOYHOCTh ~5.107%).

CTpyKTypa nNporpammb

10— 30 —BBoa X, 3ajanue A;

100 — 110 —ucxonnble 3HaueHuss G ¥ X1, UCKJIOYEHHE TOJIOCOB;

120 — Beruncsienue no ¢opmyse (1);

130 — 150 — BiuHcsieHHe 1o opmyae (4);

1000 — 1010 — BuiBoA 3HaueHusi I (x).

B KoHTponbHOM nNpuMepe HalaeHo 3HayeHus I (5)=
=24, T (—2.5). [Mpu sTom I' (—2.5)= —8-/n/15= —0.945308720... .

JLIST

10 PRINT “TAMMA — ®YHKLHUS G (X)”

20 INPUT "X="; X

30 A=15

100 G=1: X1=X

110 IF INT (X) = —ABS (X) THEN PRINT “ITPU X ="X" —TOJIIOC”: END
120 IF X <A THEN G=G/X:X=X+1: GOTO 120

130 G=G * SQR (2 » 3.1415926535/X) * EXP (—X+X * LOG (X))

140 X=1/X

150 G=G * (14X (1/124X * (1/288—X * (139/51840+ X  571/2488320))))
1000 PRINT “G ("X17) ="G
1010 END

JRUN
FTAMMA — ®YHKUHSA G (X)
X=5

G (5) =24

JRUN
FAMMA — ®YHKLHA G (X)
X=-—25

G (—2.5) = —.945308727

B uerBepToii mporpamMme Ha OCHOBaHHH aCHMITOTHUYECKOH ¢hop-
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MyJabl (9) NPOHM3BOAMTCA BbIYHC/IEHHE JIOTAPH(PMHUUYECKOH NMPOH3BOL-
HO#M ¢ (x) raMMa-QyHKIHH.

B nporpamMMe HCNOJbL3YIOTCS NepeMeHHBeE:
X1 — navaJsibHOE 3HaueHHe apryMmeHTa; X — pabouas nepeMmeHHas, ap-
rymet ¢ (x) B (7—9); A —MHHHMaJbHOE 3HAUGHHE apryMeHTa MpH
Bbluncsienusix no (9); Pl=n=3.14159265; P —3HaueHue 1 ().

CTpykTypa nporpammb

10 — 30 —BBOA X, 3afaHue A;

100 — BbIZie/ICHHE TIOJIOCOB;

110 — 140 — Buiuncsaenne no dopmynam (7), (8);

150 — 160 — Bbiuucaenue no cdopmyJae (9);

1000 — 1010 — BbIBOA, P (X).

B KOHTPOJMEBEHB X NPHUMEDaX BblUHCAEHb 3HaUeHHs P (1)
u P (+0.5), npu srom P (4-0.5)= — C—In2= —1.96351002602 . . .
COBMAajaer C BLIUUCAEHHBIM 3HaYeHHeM JO CeMH 3HaKOB MocJe 3anAToH.

JLIST

10 PRINT “JIOTAPUPMHUYECKAS TNMPOHM3BOAHASI TAMMA-OYHKLIMH”

20 A=15

30 INPUT “X="; X: XI=X

100 IF INT (X) = —ABS (X) THEN PRINT “IIOJIIOC TIPH X="X: END
110 IF X=1 THEN P = —.5772156649: GOTO 1000

120 P=0: P1=3.141592654

130 IF X<< —2 THEN P= —P1 # COS (Pl *X)/SIN (Pl *X):X=1-X

140 IF X<A THEN P=P—1/X:X=X+41: GOTO 140

150 X=1/(X—1):P=P—LOG (X) +X/2

160 X=X*X:P=P—X=x* ((X/21—=.1) «X+1)/12
1000 PRINT ”“IICH (”XI1”) ="P '
1010 END
JRUN
JIOTAPUOPMHUUYECKAS NPOU3BOOHASI TAMMA-®YHKUNH
X=1
ICH (1) = —.577215665
JRUN
JIOTAPUOGMHYECKAS MPOU3BOOHASl TAMMA-®YHKLIUN
X=.5
[ICH (.5) = —1.96351003

B nsaroii nporpamme 3HaueHde HemnosHOH ramma-¢yskuuu Iy (a)

BbIUHMC/SI€TCA HAa OCHOBAHMM Da3J/oKeHHA B CTeneHHoH psapg [19]:

— 1y £
a)=1° ; S alt) . (14)

B nporpamMMe HCHoOJNb3YIOTCS DNDepeMeHHEBeE:
X, A—aprymentsl ¢yHkuuu Iy (a); El —oTHOCHTe/NbHAs TOUYHOCTBb
BoluncaeHus Ty (a); G —sHauenune T, (a); S, S| —paGoune mepemen-
Hble; | — nepemeHHas i B (14).

CTpyKTypa nmporpamMmbl:

10—30—BBoa A, X, 3anauue EI;

100 — BblAE/IEHHE HELONMYCTHMbIX 3Ha4YeHHH q;
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110 — 150 — BoluHcieHue no ¢opmyae (14);
1000 — 1010 — BuiBOg, I, (a).
B KOHTPONbHOM NMpPHMEpPE BbluHCIeHO 3HaueHHe Iy (3).

JLIST ’
10 PRINT “HETIOJTHASl TAMMA-®YHKUHSA G (A, X)”

20 INPUT “A, X="; A, X

30 EI=1E—8

100 IF INT (A) = —ABS (A) THEN PRINT “G (”A”,”X”) — HE ONPEJIEJIEHO”
110 G=1/A:1=1:S=1

120 S= —S * X/I: SI=S/(A+1)

130 G=G+Sl:I=1+1

140 IF ABS (S1) >EI % ABS (G) THEN 120

150 G=G * X"A
1000 PRINT “G ("A”, "X") ="G
1010 END

JRUN

HEIIOJIHASL TAMMA-®YHKUHS G (A, X)
A, X=3.2

G (3,2) =.646647168

B uwecroii nporpaMMe NPOHU3BOIAMTCA BbIYHC/JIEHHE OTHOILLEHHS
HenoaHoH Gera-¢oyHkuun (13) Ha ocHoBaHHMH pasnoxeHus I, (p, q)
B creneHHoil psia. Ias yJaydlleHHsl CXOOHMMOCTH pspa mpH x=>0.5
HCIOJIL3YETCsl COOTHOILIEeHHe CHMMETPHH

Le(p, 9)=1—1_x(q. p). (15)

B nporpaMmMe HCNOJAb3YIOTCH MNEepeMEeHHBIE:
X1 —HavuanpHOe 3HauyeHHe aprymeHra x; X —paGouyasi mepeMeHHas,
apryment 2 B (13); P, Q—aprymenTHl p, g; E1 —oTHOCHTe/IbHASA TOY-
Hoctb; G1, T, T1, Q, Q1, S1, $2 — pa6oune nepemennnie; W — ecau
x>0.5, 70 W=1, ecan x<<0.5, To W=0; B—3nauenue I, (p, q); [ —
nepemeHHasi UHKNOB; G —3HaueHue 1/T (u); U— apryment ¢pyHKUHH
1/T (u).

CTpyKTypa nmporpamMmbl:

10—30—sBBoa X, P, Q, 3ananue El;

100 — 110 —onpenenende npaBHAbHBIX 3HAYeHHUH apryMeHTOB,
ecii X=0 uan X=1, 1o Ip (p, 9)=0, I\ (p, 9)=1;

120 —ecan x>0.5, To NPOHCXOAMT NepecTaHOBKA 3HAYEHHH ap-
rymentoB (15);

130 — 190 — BhIUKC/IEHHE CYMMBI CTEINIEHHOro psijfia, NpoBepKa yc-
JoBHs cxoguMocTH (ctpoka 180);

200 — 240 — BbIYHC/I€HHe 3HAYeHHH raMma-QyHKuHUH;

250 — 290 — BbruucseHue I, (p, q);

500 — 590 — noanporpamma Bbluucaenusi 1/ (u);

1000 — 1010 — BBIBOA, /. (P, q).

B KOHTpPOJMNBHBIX TMNpHMepax HallleHbl 3HaueHHA
I,7(0.5,0.5) u Iy, (2, 1.5). Mx TabauuHble 3HaYeHHS] COOTBETCTBEHHO

paBubl [7] 0.6309899, 0.6631506. IlporpamMma nosnyuena nepeBo-
JoM Ha s13blk Beficuk Aaros-nporpammbl 1796 [7].
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JLIST
10 PRINT “OTHOWEHUWE HEIMNOJIHbIX BETA-®YHKLUUMA IX (P, Q)”
20 INPUT “X="; X: INPUT "P,Q="; P,Q: X1=X
30 EI=1E—8
100 IF X>1 OR X<0 OR P<=0 OR Q< =0 THEN PRINT ”“HEIIPA
BUJ/IbHBIE 3HAUEHHUSA APIT'YMEHTOB” : END
110 IF X=0 OR X=1 THEN B=X: GOTO 1000
120 W=0: IF X>.5 THEN T=P:P=Q:Q=T:X=1—-X:W=1
130 S2=0:R=1:T=1—X: Ql=Q:1=Q
140 I=I—1: IF I< =0 THEN 170
150 Ql=1:R=R *(Q1+1)/T/(P+Q1):S2=S2+R
160 GOTO 140
170 R=1: S1=1:1=0
180 I=I1+41: IF R<EIl « S1 THEN 200
190 R=R* X (I—Q1) « (P+1—1)/1/(P+1):S1=S1+4R: GOTO 180
200 U=QI1: GOSUB 500:T=G: T1=G
210 U=QI1+4P: GOSUB 500:R=G: RI=G
220 I1=QIl
230 IF I>Q—.5 THEN 250
240 T1=Tl *I: R1=RIl * (I4+P):I=141: GOTO 230
250 T=XP# (S1 * R/P/T+4S2 % Rl * (1—X)"Q/Q/TI)
260 U=P: GOSUB 500
270 T=T/G
280 IF W=1 THEN B=1-—T: GOTO 1000
290 B=T: GOTO 1000
500 G=1
530 IF U>1 THEN U=U—-1:G=G/U: GOTO 530
550 IF U=1 THEN 590
560 Gl = (((((((((—.00000018122 * U+ .000001328554) * U—.000002625721) =

U—.000017527917) *» U 4-.000145624324) * U —.000360851496) + U
—.000804341335) * U +.008023278113) * U —.017645242118) % U
—.024552490887) » U

570 G=G * ((((G14.191091101162) * U—.233093736365) * U — .422784335092)

*U41) «x U= (14U)
580 G=1/G
590 RETURN
lOOO PR]NT I/l/’ Xl//(llpll' I/Q’/)=’/B
1010 END

JRUN
OTHOWIEHUE HEMOJIHbIX BETA-OYHKUMH IX (P, Q)
X=.7
P,Q=.5,5
1.7 (.5,.5) =.630989881
JRUN
OTHOWEHHME HEMOJIHbIX BETA-®YHKUHUN IX (P, Q)
X=.2
P,Q=2,15
- 1.2 (2,1.5) =.0697957214
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7.2. HekoTopble MHTErpaabHbie
byHKuUMH

Bewecrsennan uHterpadabHas ¢yHkuus E, (x) onpenensiercss Kak
(31, [18].

oo

E, (x)=—-Ei(—x)=S . (1)
Cornacio [18] E| (x) MOXHO anpoKCHMHPOBAaTEk CJEAYIOILHMH
BbIpaXKEeHUAMHU:
npu 0<<x<<l
Ei(x)=—Inx—C+Cix+...4+Csx’+¢ (x), )
rae C=+0.57721566, C,=0.99999193,
Co= —0.24991055, C3=0.05519968,
Cy= —9.76004-107%, Cs=1.07857-1073,
le (x)] <2-1077,
npu x>=1
e~ * [ ao+aix+ax®+ asx® + x* .
Ev(== [ bot bur b L bt T C (x)]’ 3)
rae ao=0.2677737343, a, =8.6347608925,
a,=18.0590169730, a;=8.5733287401,
bo=3.9584969228, b,=21.0996530827,
b2=25.6329561486, b3=9.5733223454,

le (x)| <2-1078,
B nporpaMme 3HaueHHA E) (x) BbIUHCJASAIOTCS Ha OCHOBAHHH ¢op-
Mya (2) u (3). .
B nporpaMMe Hcnoab3ylTCcsi nepeMeHHble: X—
aprymeHT ¢yHkuuu E; (x); El — pabouas nepemeHHasi, 3HaueHHe
E, (x)
CTpyKTypa nporpammbl:
0—20 — BBOX x;
110—120 — Bbruxcaenus no gopmyae (3);
140 — BblukcaeHus no dopmyae (2);
1000—1010 — BbiBoA 3HaueHus E; (x).
[Tporpamma nosyuyeHa nepeBosoM Ha s3bik Beiicuk Auaros-npo-
rpammbl 206 [4].
B KOHTpOJbHOM NMpHMepe HaliaeHbl 3Hauenus E; (0.59), E(10).
Hx 3HaueHusa no rtabauuam [18] pasub: E, (0.59)=0.463649849,
E; (10)=0.091563339-¢~'°=0.4156969012-10°,

JLIST

10 PRINT “BEUHIECTB. WMHTEI'P. IOKA3ATEJIbHASI ®YHKUHA El(X)”

20 INPUT "X=";X

100 IF X<1 THEN 140

110 El = (((X4-8.5733287401) * X 4-18.059016973) « X4 8.6347608925) = X
+.2677737343

120 E1=EXP (—X) * E1/X/((((X+9.5733223454) * X+ 25.6329561486) * X
+21.0996530827) * X 4 3.9584969228)
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130 GOTO 1000

140 El = —LOG (X) —.57721566 4 ((((.00107857 * X —.00976004) * X
+.05519968) * X —.24991055) * X 4.99999193) % X

1000 PRINT “El (”"X"”) ="El

1010 END

JRUN

BEUIECTB. UHTEI'P. TOKA3ATEJIbHASl ®YHKUHUS El (X)
X=.59

El (.59) =.463649764

JRUN

BEWIECTB. UHTEI'P. TOKA3ATEJ/IbHAS ®YHKLMHSA El (X)
X=10

El (10) =4.15696901E — 06

KomnJiiekcHas HHTerpaJbhas nokasareabHas ¢dyukuus E, (z) onpe-
nensiercs uHterpasom [18]: .

® -zt
Ei (2)=S€?‘—dl (k=0, 1,2, ..., Re 2>0). (4)
1
B npuBeneHHO# HHXKe NMporpaMme BbIYHC/SETCSH KOMIJIEKCHAs MH-
TerpajbHas (yHKLHSA
Wi (2)=U+iV=2"E: (2) (z=x+1iy). (5)
BeluncsieHHst NPOU3BOAATCS HA OCHOBAHHH npencTaBiaeHuss W, (2) B
BHJEe HenpepbiBHOM apo6H [18]:

Wy (2)= zk (6)
z-l-—l——
fp—
2+_%_
t+ z24...

[TocnenoBaresnbhble MPUG/MKEHAS BHIUHCAAIOTCS CAeAYIOWHUM OG-
pasom [4]:

Du=smp—+ Re=(Dn—1DRut, Co=Cor+Re.  (7)

rne Dy=R,=C=1, Rio=an+ib,, Dn=cn+id,, Cn=Un+i,Vn,

m={ k—14(n—2)/2, n — yeTHoe,
(n—2)/2, n — HeueTHoe,

BbiyHc/ieHHs] IPOM3BOAATCA A0 TeX MOp, MoKa

|Cn""'Cn—ll>31~ (8)

Mertos BBIUHC/IEHHI MPUMEHHM Ha BCell KOMIJIEKCHOM MJIOCKOCTH,
KpoMe 2z=0 H oTpHLATe/bHOH BelleCTBeHHOH ocH. CXOIHUMOCTb
oueHb MejJieHHass mpu |z| <<0.05 u mjas HeKoTOpo# 06G/aacTH BHYTPH
nosynoJoch |yl <<2, x<<O0.

B nporpamMme HCHOJb3YIOTCSl nNepeMeHHBEIE:
K — pedicrBurennHoe uucao k, X, Y — neiicTBuTeNbHas M MHHMas
yacTH aprymeHra z=x-iy; El — TouHocTb Bbluucienus; U,
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V—W,=u+iv; C, D, W — pabouune nepemennnle; A, B onpenensior
npeabiayuiee npuGanxenue s W,.

INporpamma nosyyeHa mnepeBojoMm Ha Beficuk AJiros-nmporpammsi
146 [4].

B KOHTPOJBLHB X NPHUMeE P aXx HallieHbl 3HAYEHHUs, COBMNa-
JalolHe C TOUHOCTBIO OO LIecTH UH(PP CO 3HAYEHHUSIMH, MPUBELEHHbI-
mu B [4].

JLIST
10 PRINT “KOMIIJI. UHTETP. MOKA3ATEJIbHASI ®YHKLUHS W (K, X
F1xY)”
20 INPUT "K=";K: INPUT "X, Y=":X, Y
30 El=1E—8
100 E1=EI2:A=1:C=1:U=1:N=1

110 W=K—1:V=0:D= OB =0
120 N=N+41:R=INT (N/2)
130 M=R: IF 2*R=N THEN M=R4W
140 P=X4+Mx*xC:Q=Y+M=x*D
150 M=P *P+Q* Q:C=(X+P+Y*Q)/M:
160 D=(Y+P—X % Q)/M:P=C—1
170 Q=A:A=A*P—B*D:B=Q*D+P*B:U=U+A:V=V+B
180 IF (A*A+B+B)/(U*xU+V=*V)>El THEN 120
IOOO PRINT IIW (lell+l * I/YI’, I/KI/) =/’UI/+I * I/V
1010 END
JRUN
KOMINJ1. UHTETP. TTOKA3ATEJ/IbHAS ®YHKUHWA W (K, X41%Y)
K=1
X, Y=1,1
W (141=x1,1)=.6733212274-1 * .147863858
JRUN
KOMINJ1. HHTETP. TTOKA3ATEJIbHASl ®YHKUHA W (K, X 41 Y)
K=2
X,Y=4,0
W (441%0,2) =.698469604 41 0

Huterpanbubiii cHHYC Si (x) DelcTBHTENLHOrO aprymeHTa onpeje-
asietcst uHrerpanom [3], [18]:

Si (x)=§ L at. 9)

Si (x) pasnaraercs B pag,

co

Z )n 2n+ )
b 0(2"+|)(2ﬂ+l)' ' (10)

a B 06/1acTH GONbUINX 3HAYEHHH X >>1 anpOKCHMHPYETCs palHOHaJb-
HbIMH QYHKUHAMH [18]:

Si (x)=--—F (x) cos x— g (x) sin x, (11)
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rpe

1 x*+axb+aux' +asx®+a,
P )= T st bbb, T8 W) (12)
le (x)] <5-1077,
a;=38.027264, b1 =40.021433,
a,=265.187033, by =2322.624911,
a;=335.677320, b3=570.236280,
a;=38.102495, bs=157.105423,
1 PHaxttax'+ax’ta,
gW)== Py e e (x), (13)
le (x)] <3-1077,
=42.242855, b, =48.196927,
a;=302.757865, by =482.485984,
a3;=2352.018498, by=1114.978885,
as=21.821899, b4=449.690326.

B nporpamme 3Hauenus Si(x) BBIUHCASAIOTCA HAa OCHOBaHHH (oOp-
mya (10) wu (11) mpu O0<<x<<l w x>l COOTBETCTBEHHO.
TouHocTb Bbl'-lHCJIeHHﬂ i x<<1 menbuie 3-1079, npH x>=>1 MeHb-
me yem 8-1077,

B nporpamMMe HCnoab3ylTCH nepemeHHble:
X1 — HavaabHoe ,dHaueHue aprymenra Si(x); X — paGouasi nepe-
meHHas (x uau x?); S — dyukuuu f u g, 3HaquHe Si (x).

CTpyKTypa OpOrpamMBbi

10—20 — BBOA X;

110—150 — Bhbluucaenus no c¢opmyae (11);

160—170 — BbiuncaeHus no ¢opmyJe (10) ¢ nATbIO claraeMbIMH;

1000—1010 — BuiBox 3HaveHus Si(x).

B KOHTPOJNBHBX MNpPHMEpaXx BbYHCIAEHbB 3HAUEHHS
Si(0.5) u Si(10). Mix 3nauenus no raGauuam [18] pasHsi: Si(0.5)=
=0.4931074180, Si (10)=1.6583475942.

JLIST
10 PRINT “MHTEFPAJIbHBIFI CUHYC SI (X)”
20 INPUT “X=":X: X1 =X

100 IF X< 1 THEN 160

110 S=1/X:X=XxX

120 S=S * ((((X/100+.38027264) * X +2.65187033) * X + 3.3567732) * X
+.38102495) / ((((X/1004.40021433) = X + 3.22624911) * X+ 5.7023628) * X
+1.57105423)

130 S=1.570796326—S * COS (X1)

140 S=S—SIN (X1)/X * ((((X/100+.42242855) * X +3.02757865) * X +3.52018
498) * X +.21821899) / ((((X/100+.48196927) * X + 4.82485984) * X + 11.1497
8885) * X +4.49690326)

150 GOTO 1000

160 S=X:X=X x X

170 S=S * ((((X/3265920 — 2.834467E — 5) * X + 1.66666666E — 3) * X — .0555555
556) * X+ 1)

93



1000 PRINT 7SI (” X1”)="S

1010 END

JRUN -
HUHTETPAJIbHbBIA CHUHYC SI (X)

X=.5

SI (.5) =.493107418

JRUN

HUHTETPAJIbHbBII CUHYC SI (X)

X=10

SI (10) =1.65834786

Hurerpanbubii kocunyc Ci (x) neACTBHTeNBHOrO aprymeHTa omnpe-
nensietcs uHterpajsom [3], [18]:

X

Ci(x)=C+1n x—}—S Cos!— (14)

®dyukuua Ci(x) npeacras/aseTcs B Bune psana

__ln 2n

Ci (x)= c+1nx+}_‘, oyt (15)

B o6nactH Gosabwux 3HaueHud x>=1 Ci(x) anpoKCHMHpyeTcs

paUHoHa/bHBIMH (PYHKLHAMH [18]
Ci (x)=F (x) sin x — g (x) cos x, (16)

rae ¢oyHKuuu f(x) v g (x) onpenenensl B (12), (13).

B nporpamMe Ci(x) BbUHCAsieTCSI Ha OCHOBaHHH ¢opMy.J (15)
u (16) mnpu0<x<<l mx>=1 COQTBETCTBEHHO. TouHocThb BquHCJ'leHHH
A1 x <<l MeHblIe ueM 3 1078, ana x>1 MeHbue uyem 8.1077.

B nporpamMMe HCNOAbL3YyIOTCH mNepeMeHHBE:
X1 — nauanbHoe 3Hauenne aprymenra Ci(x); X — paGouas nepe-
mennas (x uiu x°); C — dyukuuy f, g, snavenue Ci(x).

CTpyKTypa nporpamMmbi:

10—20 — BBOZ x;

110—150 — BbluHc/eHua no cdopmyae (16);

160—170 — BbluncaeHuss no gopmyse (15);

1000—1010 — BbiBOA 3HaueHus Ci (x).

B KOHTPOJNbPHOM NMNPHMEPeE BbLIYHCACHbI 3HAUEHHUS Cz(05)
u Ci(l10). Hx 3Hauenus no Ttabauuam [18] paBHu: Ci(0.5)=
= —0.1777840788, Ci (10)= —0.0454564330.

JLIST

10 PRINT “HHTETPAJIbHbIFI KOCHHYC CI (X)”

20 INPUT “X="; X: X1=X

100 IF X< 1 THEN 160

110 C=1/X:X=X * X

120 C=C # ((((X/100+.38027264) * X+ 2.65187033) * X +3.3567732) + X +.381
02495) / (( ((X/100+.40021433) * X +3.22624911) * X 45.7023628) + X 4 1.571
05423)

130 C=C * SIN (X1)
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140 C=C—COS (X1)/X * ((((X/100+.42242855) * X +3.02757865) * X 4 3.5201
8498) * X +.21821899) / ((((X/100+.48196927) * X + 4.82485984) * X + 11.149
78885) * X +4.49690326)
150 GOTO 1000
160 C=.577215664+LOG (X) : X=X * X
170 C=C+ (((X/322560 —2.3148148E —4) » X +.010416666667) * X — .25) * X
1000 PRINT “CI ("X17) ="C
1010 END

JRUN

MHTETPAJIBHBIF KOCHHYC CI (X)
X=25

Cl (5) = —.177784079

JRUN

WMHTETPAJIBHBIFL KOCUHYC CI (X)
X=10

CI (10) = — 045456288

7.3. OpToroHajbHble
NOJIMHOMBI

Mosnnomb YeGbimeBa 1-ro pora T, (x) u 2-ro pona U, (x) onpe-
neasiiores Kak [3], [19]
T. (x)=cos (n arccos x), 1
U, (x)=sin (n arccos x). )
®Oyuguuu T, u U, yROBJETBOPSAIOT PEKypPEHTHOH ¢opmyJae

Wag1=2xW, (x)— Wa_; (x), 2)
npuyeM, Kak caepyet H3 (1),
To(x)=1, T (x)=x,
Uo (x)=0, Uy (x)=~/1—x%.
[To nepBoii nmporpamMmme BLIUHCASIOTCA 3Ha4YeHHs1 nosuHoMa YeObl-
weBa T, (x) Ha ocHOBaHUH ¢opMyabl (2).
B nporpamMMe HCHOJNbB3YIOTCS mNepeMeHHBIE:
N, X coorBerctBeHHo n u x; T, B, A — 3HaueHHs1 NOJUHOMOB T4,
Tw, To—i B popmysne (2); /] — nepeMeHHbIe LHKJA.
CTpyKTypa nmporpamMmBb:
10—20 — BBOA 1, X;
100—130 — Beruucaenus no dopmynae (2);
1000—1010 — BbiBox, 3HaueHus T, (x).
IMporpamMma nosnyyeHa nepeBojoM Ha s3bliK Beiicuk AJsros-npo-
rpammer 106 [4].
B KOHTPONbHOM nNpuUMepe BbUYHCIEHO 3HaueHHe
T3(0.25)= —0.6875
JLIST
10 PRINT “ITOJIMHOM YEBbBIIIEBA TN (X)”
20 INPUT “N="; N: INPUT "X="; X
100 A=1:B=X
110 IF N=0 THEN T=A: GOTO 1000
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