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TPEAMCJIOBHE

3aMeTHO ycTymasi yHuBepcaJbHbIM DBM B npenenbHOE CIOXKHOCTH
pellaeMbIX 3agay H CKOPOCTH BBIYHC/IEHHI, MHHHATIODHbIE H JelleBbie
3JICKTPOHHEIE KaJIbKyJASTOpPHl MO3BOJSIOT pellaTh GOJBUIHHCTBO MOBCE-
JHEeBHBIX HayYHHIX M TEXHHYECKHX 3aJay AOCTATOYHO GHICTPO, GECIIYMHO,
B /Mo6oe BpeMsi H B JIOGOH 06CTaHOBKE, C BHICOKON HaJeXKHOCTbIO U TOY-
gocTbio. CoBpeMeHHBlE NpOrpaMMHpyeMble MHKPOKANbKYJIATODE HMEIOT
(ryHKLIHOHA/IbHBIE BO3MOXKHOCTH, HENAaBHO TNPUCYIIHe JHIIb GOJBIIHM
OBM: npaAMyI0 M KOCBEHHYIO ajJpecaliHio, OPraHH3aUMIO Ge3yCHOBHHIX H
YCJIOBHHIX NMEPeXof0B, MOAMNPOrpaMM H LHK/IOB, MUKPONPOTPaMMHOE BhI-
YHC/IEHHE 3JIEeMEHTApHBIX M OTJEJbHBIX CNelHaJbHBIX (YHKIHA BBOAOM
ONHOH KOMAaHAbl, BCTPOEHHbIE - MOAYJH MNPOMECCHOHANBHBIX MpOrpamm
nOMb3OBATeNel, HAKOMMTENH HA MATHHTHBIX KapTax, neyaTaouike
yCTpOHCTBA — MPHATEPH H T. A. ’

OnHako 3heKTHBHOE W IPaMOTHOE HCMONb30OBAHHE NPOrpaMMHpYes
MBIX MHKPOKaJbKYJAsTOPOB, Kak U IBM ppyrux kJaaccos, TpeGyer Iiy-
6GOKOro 3HaHHS $3BIKOB HX NPOrpaMMHPOBAHHs, OCHOB BLIYHC/IHTENBHOI
MaTeMaTHKH, yMeJoro BhHI6Opa aNrOpHTMOB M YHCJEHHBIX METONOB pac-
YeToB, NMPAKTHYECKHX HABLIKOB B I€peBOJe IPOrpaMM C OJHOrO fA3blKa
NPOrpaMMHpOBaHHsl Ha APYroi, a [VIaBHOE — HAJHYHS OT/AXEHHbIX Mas
KeToB u GHGJHOTEK MPOrpaMm.

CripaBOUHHK COZEPKHUT LaHHble O KOHCTPYKLUHH M XapakKTepHCTHKax
MAaCcCcOBBIX OTEYECTBEHHBIX M 3apyGeKHBIX MHKPOKaJbKyJATOPOB, S3bIKAaX
W 0COGEHHOCTSX HX NpPOrPaMMHPOBAHHS, aNTOPHTMAaX BHIYACTHTENbHHX
npouelyp H YHCJIEHHBIX MeToAax HX peanusanud. OcHOBHOH MaTepuai
CIpaBOYHHKA, B OTJHYHe OT KHHTr [6—8], opueHTHPOB3H Ha HayyHO-TeX-
HHUeCKHE M HHXKEHepHHe pacueThl ofmero xapakrepa. Fckiaouennem
SIBJISETCs JIMWb NMOCAEeIHsis IJ1aBa, HMIOCTPHPYIOLLAsl THIOBbIE 3JEKTPO+
paguoTexHHYeCKHe pacueThl M JOmMoJHsoowas kuury astopa [8]. Ocuos-
ROe BHHMaHHe B CIpaBOYHHUKE YIeJNEeHO NPOrpaMMHOH peasH3allHH PasHo-
06pa3HbIX YHCJEHHBIX METOLOB H BBHIYHCJIEHHSIM CNELHAJbHBIX MaTeMaTH-
YeCKHX (DYHKUHH, HCOMb3YIOUWHXCS B CAMBIX Pas/HYHBIX 06JacTAX HAYKH
¥ TeXHHKH. BBHAy orpaHHueHHoro oGbeMa CIpaBOYHWKA MaTeMaTHye-
cKkoe obecneyeHHe MHKPOKaJbKYJATOPOB AaeTci B OCHOBHOM B BHAe
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KOHEUHEIX (GOPMYJ, BXOAAIINX B HHCTPYKIHH MO HCMOJb3OBAHHIO IPO-

rpaMm. .

B crnpaBouHMK BKJIOYeHa oGWHpPHas OHGIHOTEKAa nporpaMMm (HX
cBbime 250) A/ MAacCOBHX OTEUeCTBEHHHIX NPOrPaMMHPYEMBEIX MHKpO-
KaNbKyJNATOPOB ¢ 06paTHOM GecCKOOOYHOH JIOTHKOH BBIYHCJIEHHRA JieK-
TpoHnka B3-34. Ouu NPHTrOAHB I/ HX (PYHKUHOHAJIbHHIX aHAJIOrOB
Anexrponuka MK-54 u Dnekrponuka MK-56, a takxe (mocite Hecnoxk-
HOro TepeBOja) AJsi MHKpoOKaJekyasropos HP-11C, HP-15C, HP-21C,
HP-67 u gnp. ¢upmet Hewlett Packard (CIHA). Omnucano Takxe
cBhile 50 mporpaMM AJs OQHAX H3 HaHGosee CJOXKHBIX NMPOrpaMMHpye-
MbIX MHKPOKAIBKYJIATOPOB ¢ ajreGpauveckoit Jsorukoir TI-58C u TI-59
¢upmbl Texas Instruments (CILIA). 3HaKOMCTBO C HMMH IO3BOJHT YH-
TaTeNsiM pa3o6paThcs ¢ MHOXKECTBOM NMPOrPaMM, ONHCAHHHX B 3apy6ex-.
HOR JiuTepaTtype, H MOJYYHTh HABHKH B NePEBOJE NPOrpaMm.

’ Ipr nonbope p paspaGoTke NporpamMm A/s OCHOBHOA 9acTH cmpa-
EOYHHKA B TepBYl OuYepeib YYHTHBAJHCL HX HAIIAZHOCTb, BO3MOXK-+
HOCTb TPOCTOM CTPYKTYPHOA NPOBEPKH H COOTBETCTBHE NPOTPaMM aJro-
PUTMY pacueToOB M OpPHTrHHajaM (AJsd mepeBOAHHIX mporpamm). Bo Bcex
[porpaMMax HCNOJb30BaHB TOJIBKO perJaMeHTHPOBAHHHE (T.e. yKasaH-
HEIE B MHCTPYKUHH IO SKCIayaTause [25, 26] omepatopw). Hekoropuie
HeperJaMeHTHPOBAaHHHE onepaTopsl (cM. § 1.6) # ocobhie npueMH - [po-
FPaMMHDOBAHHS TO3BOJISIOT COKPaTHTb MJHHY IIPOTPAMM, YMEHBIIHTh
 BpeMsi BHIYHCJIEHHH W TMOBHICHTb MPeJeNbHYI0 CJIOXKHOCTb pelllaeMblX 3a«
nay. OcHOBAaHHEIE H4 3TOM MPOrPaMMbl [IJifl KaJbKYJSTOPOB SJIEKTpPO-+
HuKa B3-34 nanbl B NMpHJOXKeHHH 3 (B TOM 4YACJE HECKOJNbKO HMPOrpaMM
H3 Kuurd [29], onyG6auKOBaHHOM nocjie CJauH PYKOMHCH CIIPaBOYHHKA
B HaGop). ]

CrpaBOuUHHK PacCYUTaH Ha HAYYHbIX paGOTHHKOB, HHXXEHEPOB H CTY+
JIeHTOB BY30B H TeXHHKYMOB. OH MoJie3eH M TeM, KTO BIepBHE NPHCTY+
[aeT K OCBOeHHIO GoJiee CJOXKHON BHIYHCJHTENbHON TEXHHKH, B JaCTHO<
cTH nepcoHasbHEX IBM. -

OGuJHe 4y¥CAOBOTO M TNPOTPAMMHONO MaTepHaJa B COPaBOYHHKE,
H3-32 KpaiiHe CIKATOFO H3JIOKEHHs, CO3NAeT YCJOBHH AJS OTAENbHBIX
HeTOYHOCTell H omeyaToK. ABTOp BEpaxaer TyGOKYI0 NPH3HATEbHOCTb
H. I1. Bpycennosy, B. B. Ko3soBy u ApyruM, CBOKMH 3aMe4yaHHAMH, CO-
BeTaMH H MOXKCJAHHSMH CNOCOGCTBOBABUIAM PadoTe aBTOpPa Haj KHHIOH,
M ¢ 61arofapHOCTBIO OXHAAeT 3aMeyaHHH, COBETOB M MOMENaHHA MO
VJyulIEeHHIO MaTepHaJja CIPaBOYHHK3, KOTOPHE CJERyeT BHICHIIATh MO
agpecy: 117071 Mocksa B-71, Jlennnckuii nmp., 15, aBHas pefakuust
¢u3nKo-MaTeMaTHIeCKOH JIMTepaTyp n3dateabctBa «Hayka», pepaknus
MaTeMaTHYeCKAX CIPaBOYHHKOB,

B. H. Hosakoxas



T'nasa l

MHUKPOKAJIBKYJIITOPbI C OBPATHON
BECCKOBOYHOHM JIOTUKOH BbIYUCJEHUNA

1.1. ®yHKUMOHANbHBIE BO3MOXHOCTH
MHKDPOKaJbKyJAsiTOPOB ¢ 06paTHOil GeccKoOGOUHOH
JIOTHKO#H BbIYHCJIEHHH

MukpokanbKyaaTopst — clellHaNH3HPOBaHHEE HA BLIMOJNHEHHE TIO-
BCelHeBHBLIX pacyeToB IBM usmunoro nonb3obanHs. Fx ocHoBoit (puc. 1.1)
SBJIAIeTCA CIellHa/bHOe YCTPOMCTBO /sl NMPOBeJeHHs JIOTHUECKHX H apH(p«
MeTHYecKHX onepauuii — muxponpoyeccop (MIT). Xpanenue AByx uucen
(omepaHAOB) OCYLUECTBJAETCS € NMOMOLIBIO 3aNOMHHAIOUIMX YCTPOACTB —

Perncrpsl MN —
cTeka [ L Mnn
Mukponpo] 1} e
- ueccop T
1.2345678 12 % —— 1 HMK-}
Avcnnen ¢ X r_::::_
PAVAN L.
H r'::): MputiTep
| ‘
i - 03y
L BHHBIX
Oooog
oooog nay
ogooo
ooono 03y o
KnasuwHbi fporpamm 1
nynst =
1l !
</ 1
g Yorpoicteo  YY |Ad ]
ynpasnenus -

Puc. 1.1. OyHKUHOHAJIbHAS CXeMa MHKPOKaJIbKYJIATOPA

onepaytionnolx peeuctpos X u Y. Pe3yipTaT BHIUKCTEHHH NOCTYNaeT B
peructp X H UHAHLHPYeTCA B JECATHUHOH (opMe c momomwblo urduia-
Tcpa (Oucnaes),
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B coBpeMeHHEIX MHKPOKAJbKYJAATOPAX C ONepPalMOHHHIMH perucrpa-
Mu X #1 Y oObeaHHeHH ellle HeCKOJbKO peructpoB (Z, T u T.\.), 06-
pasya crek (maeasur). TlepemewleHne uncen B cTeke BBepx (X—Y,
Y>Z, Z—>Tur n) umn Bun3 (X<Y, Y<Z, Z<T u 1. A.) Hano-

-

Bxn P2 ]

| 234561.8-13 |

INEKTPOHUKA B3-19M

e.‘L‘
nﬂlﬂ
sin cos Z~m

™ [+ ] (5]

arcsin arccos arctg m~z

m-@-

lg 1/.z

(3]

G : y
Puc. 1.2. BHelunuii BHI MHK-
POKAJbKyJaAaTOpa OJEKTPOHH-
xa B3-19M ¢ oGpaTHoil Bec-
cxo6oqﬂou JIOTHKOH BEIYHC/IE-
HUi

JOTIOJIHHTENIBHEIE  YCTPOIiCTBa:

MHHaeT NepeMelleHHe MaTpPoOHOB B Ma-
rasyuHe IMHCTOJIETA.

K MII noakniyaioTcst TakXKe IO-
CTOSIHHOE 3alloMHHalollee yCTPOHCTBO
(TI3Y) u onepaTHBHHE 3aNOMHHAIO-
wHe ycrpoiicta (O3Y) AanHBIX ¥ mpo-
rpaMmm. O3Y  [JaHHHX [peACTaBasieT
coGoll 0T ORHOr0 N0 HECKONbKHX COTEH
PErHCTPOB MaMATH, NOAOGHBIX PErucT-
pam X wumu Y. ITlonb3oBatenn MOXKeT
o6paTHTBCA K J1I060OMY M3 HHX, 3alaB
ero Homep (adpec). O3¥Y mnporpamm
XpaHAT KOMaHIbl, 3ajlaBaeMble MpoO-
rpaMMol, KOTOpYI0 BBOAHT [0JIb30Ba-
tes. B TI3Y xpaHsATcsi KOMaHAB (mu-
Kponpozpammet) 1S BHIIOJHEHHS OC-
HOBHLIX onepauuil. ¥ HemporpaMmupye-
MbIX MuKpOKanbKyastopos O3Y npo-
rpamm orcyterByer. Wuorma O3V nan-
HBIX W nporpaMM  0ObeAHHAIOTCS,
T.e. yactb O3Y wucnoaesyercs Aaf
XpaHeHusl JaHHBIX, OCTaJbHaf 4acTb —
LJ1si XpaHeHHs NpPOrpaMM.

VnpaBneHne BceMH 6J0KaMH OT
KJI3aBHUIHOTO NyJIbTa HJIH aBTOMaTHue-
CKH MO MporpaMme OCylLleCTBJsETCA
ycrpoiictBom yrrpaBienus. Uepes uero
K MII MOryT noAK/i04aThCsi HEKOTOpHIE
MOOYab € npozpamMmamu noA6L308aTeAs

(MIIIT), naxonureas uwngpopmayuu na maznuthoi kapre (HMK), meua-
Talolllee YCTPOHCTBO — npuxTep U Ip.

IInA mpoBefeHHs CJOXKHHIX pPAcyeToB BecbMa yAOGHON okasanach
6ecckobounan A02UKA Bbi4uUCAeHul, TIPeJIOKEHHAsA MOJNbCKHM MaTeMaTH-
koM JlykaceBHueM. MHKpOKA/IbKYJIATOPH ¢ 06paThO# 6eccKoGouHOH J0-
THKOH BLIYHCJIEHHH HMMEIOT ClelHaJbHYI0 KJaBully AJif BBOAA M OepeMe-

INeHHA 4YHCea B CTEKe BBEPX

¢

*

,| 4 E |nm| » ENTER

*) Huorpa peruetpnt Y, Z, T u T. 4. HA (PyHKIHOHANLHON CcXeMe
MHKPOKa/IbKynsiTOpa ykasblBaloTcsi moj peructpom X. B arom cayuae



Venler — 6603). ApudMeTHYeCKHe ONMEPAlUHH HPH STOM BHINOJHAOTCA N0
cxeMe: BBOA YHcna 4, BBOA onepatopa (kKomaHael) 4, BBon uucaa b,
BBOJ ONEPaTOpa COOTBETCTBYIOUlell ONepalHH * (x — 3HAaK omepauuH: -,
—, X uau =-). CokpalleHHO 3Ta cXeMa BHINIAAHT Tak: a } bx.

N3 oTeuecTBeHHBIX HENMpPOrpaMMHpPYeMblX MHKPOKaIbKYJIATOPOB JHIUb
ofiHa Mojenb — DaekTpoHnka B3-19M oTHOcHTcs K paccmMaTpuBaeMoi
rpynne MHKpoKanbKynasgropoB, OHa umeeT crek H3 Tpex peructposB X, Y
H Z. OyHKUHOHaJbHbE BO3MOKHOCTH MHKDOKAJIBKYIATOPA OYEBHAHB H3
HainHcel Ha my/abTe ympasjaeHus (puc. 1.2). I'abapurel 3TOoro MHKpO-
kajbKyasaTopa 86 X 167 X 41 mM, macca 400 r, nmuTaHue OT CeTH H
akkymynaropos (4 anemenra I1-0,55).

MukpokanbKyasaTopsl  dnekTponuka DB3-19M, kax uw gpyrue, pac-
CMOTPEHHble B KHHIe, ONEPHPYIOT C YHC/IAMH, NpeAcTaBJeHHHMH B NOKa-
3aTeNbHON (opme x = M-10%, rre M — HOpMaNM30BaHHAS MaHTHCCA H
E = +99 — nopsafox uxcia. OyHKUMH, 0603HaUCHHs KOTOPHIX AaHbl Haj
KJIaBHIIAMH, BBONATCA TocJe HaxaTus npeduKcHoi kaaBumH F u co-
orBercTBYyIOefi KnaBuwn. Hanpumep, ¢pyrkuuns In x BblunciseTcs mnocie

In
nabopa x ¥ HaxaTus knaBuw F n| - | Pe3ysbraT 3aHOCHTCS B pe+

ructp X.

O6partnasi GecckoGouHasi JIOTHKA BbIYMC/eHHE 0coGeHHO yHOGHA NpH
BBIYHCJIEHHH CJIOXKHBIX BbIpax{eHHH, TPeGYyIOUHX BLINOJHEHHS 3aAaHHON
N0C/Ie10BaTe/NbHOCTH ONepauHtil, HanpHMep:

(@X )+ (c X d)... arbXerdX + ...
(@=b)/(c+d) ... ahb—chdt =+ ...
alg(b——;c)... brc+4d+FlghaX...

Omnepauuu ¢ TpeMsi 4HCIaMH @, b ¥ ¢ MOTYT BHLIIOJNHSTBCA [OC]E HX
BBOJA, HanpHMep:
(a+0b)Xe chrbra+ X
(aXb)y+c chbraX +

B 3THX mpHMepax OTYeTJIHBO BHAHBI OCOGEHHOCTH 06paTHOM Gecckos
6OYHOM JIOTHKH BLIYHCJIEHHH: BBOX 4YHCesJ B mopsiake, o6paTHOM HX HCe
MONMb30BAHHIO, M pa3jie/leHne HX NPH BBOJAe ONMepaTtopoM f, BLINONHEeHHe
NOAPSAA ABYX ONepaTopoB apHpMeTHUeCKHX AeHCTBHH, OTCYTCTBHe CKO-
60k. Bostee meranbHOe OMHcaHHe AaeTcsl B CJAeAYIOMHX maparpadax 3ToH
rnaBbl.

ITpumenene o6patHO#l GecCKOGOUHOMH JIOTHKH B NMPOrpaMMHPYEMBIX
MHKPOKAJ/IbKYJNATOPAX MO3BOJSET 3aMETHO YMEHEIIHTb YHCJIO 1IAaros
nporpaMMsl, OcOGEHHO ecJH MPH BLHI30Be OYePeJHOT0 YHCJAa IMpejimes
CTBYIOIIHe YHCIa aBTOMATHYECKH CMEINalOTCs B BepXHHe PErHCTDH CTeKa,

crpenka Ha knaBume ENTER o6Gpamena ocTpuem BHH3. OgHaKo TaKoe
0003HayeHHe BCTPeyaeTcs OueHb pelKo.
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a TpH BHIOJNHEHHH Omepanuii —B HuXKHHe perdcTpd. Torna omepamnua
(a+ b) X ¢ BumoOAHsAETCA CHMBOJHYECKH TaK: cha+ X. Jlas cpaBHeHus
yKaxeM, YTO y MHKDOKaJbKyJIATOPOB ¢ anreGpaMdecKof JIOTHKOH (CM.
rnaBy 2) Te e BBIYHCJEHHS CHMBOJIHYECKH 3aMHCHIBAIOTCS B BHAE
(a4 b)X ¢ =. Takum o6pasoM, B mporpaMMe OHH 3aHMYT 8 wWaros.
TOrja Kax B NepBOM CJydae TOJBKO 5.

YKasaHHBle 06CTOSITeNbCTBA NPHBEJNH K MAacCOBOMY NpPHMEHEHHIO
nporpaMMHpyeMbiX MHKPOKAJbKYJATOPOB ¢ o6paTHO#H GeccKoGownoi Jo-
THKOH BhIYHc/leHHHA. K aTofl rpynme oTHOCSTCS OTeyecTBeHHblE NPOrpaM-
MHpyeMble MHKPOKAaJbKYJISTODE, TeXHHYeCKHE XaPaKTePHCTHKH KOTOPHIX
AaHH B Ta6a. 1.1.

MukpokambKyasaTopel  OnekTpoHHKa DB3-21, Jnektponnka MK-46
YCJIIOBHO MOXHO OTHeCTH K MNepBOMY IIOKOJEHHIO MPOrpaMMHPyeMbIX
MHKPOKaJIbKy/1aTOpoB. OHH HMEIOT OrpaHHyeHHbI Ha6Op KOMaHA H BHI-
YUCNeMHX N0 HHM (YHKUHil, HeGosblIOe NpefeqbHOE YHC/IO LIAaroB mpo-
rpaMMbl, a IJaBHOe — TOJIBKO NpsAMYI0 afpecausio (cM. HHxe). OcobeH-
HOCTH BHIYHC/IEHH ¥ MNPOrpaMMHpPOBAHHE STHX MHKDOKAJbKYISATOPOD
lleTabHO OMHCaHbl B KHHrax [6—9] u mo3TOMy JRajiee He pacCMaTpH-
BaIOTCH.

Topasgo GombIHMH (YHKIHOHANBHEIMH BO3MOXKHOCTAMH 06/a[aioT
NpOrpaMMHpyeMsle MHKDOKAJIbKYJASTOPH BTOPOrO MOKOJIeHHSi: DJeKTpo-
unka B3-34, dnexrponnka MK-54 u dnekrponnka MK-56 (nacrosibHas
MHKPO-9BM). DTH MHKPOKAJBKYJIATODPH, a TakKe NOZOOGHBE MojeNH
3apy6exublx ¢pupm (cM. Tabn. 1.2 ¢ mapamMerpaMH IUHPOKO PacmpocTpa-
HeHHBIX KaJbKyasitopoB ¢upmbnl Hewlett Packard (HP) CIIIA), ynosie-
TBOPAIOT BaxKHeHIIHM TpPeGOBAHHAM, NPEAbABJIAEMBIM K COBPeMEHHHIM
MHKPO-DBM HHAMBHAYaJbHOI'O MOJb30BaHHUs, OPHEHTHPOBAHHLIM Ha Ha<
y4HO-TeXHHYecKHe pacueThl. B ux umncJe:

— mnpoctoTa B paGoTe H OGCAyXHBaHHE OLHHM MOJIb30BAaTeJeM, KaK
NpaBuJIo, HeCNEeUHAJHCTOM B 06JacTH MporpaMMHpOBaHHS,

— Majsle raGapHTel M Macca, MATaHHE OT aBTOHOMHOI'O HCTOYHHKA
H CeTH NepeMeHHOro ToKa,

— TNpOCTOTa $3blKa NPOrpaMMHpOBAHHSA, BBOJAa H peAAKTHPOBAHHST
Lporpamm,

— BbIYHCJIEHHe N0 BCTPOEHHEIM MUKPONpOrpaMMaM BaKHeHUIHX dJes
MeHTapHBIX (YyHKuuit aprymenra x (l1/x, x2, Ax, y* wau x¥, e*, 10%,
Inx, lg x, sinx, cos x, tg x, arcsin x, arccos x, arctg x u 1p.),

— JNOCTaTOYHOE YHCJO PErHCTPOB NMAaMATH C NPOH3BOJIBHEIM JAOCTY-
noM (He Menee 10),

— ZOCTaTOYHOe MaKCHMaJIbHOe 9HCJIO IIArOB NMPOrpaMMHOR HaMATH
(=~ 100 u Bblwe), ’

— pasBUTble NMPOrpaMMHLIE BO3MOXKHOCTH (HaJH4He KOMaHA NMpPSMOil
B KOCBEHHOH aJpecanuH, OpPraHH3alHH YCJOBHbIX H Ge3yC/JOBHBIX Mepe-
X0[0B, MOANPOrpaMM H IIHKJOB), : ’

— BO3MOXHOCTb BHINJOIHEHHs1 BCeX ONepalMii C KJIaBHUIHOTO MYJbTa,
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— HH3Kas CTOHMOCTb, Aenamllas MHKpo-OBM poctynubiMu gns wmm-
POKOro Kpyra nosb3oBatesell (HHXKeHepDHO-TEXHHYECKHX M HayuHLIX pa-
GOTHHKOB, CTYAEHTOB H T. I.).

PasButHe coBpeMeHHBIX MPOrpPaMMHPYEMBIX MHKDOKAaJbKYJISATOPOB C
obpaTHOil GecckoGOYHOM JIOTHKOM BBIYHC/IEHHH HIET MO CJAELYIOIHM Ha-

' IPaBJIEHHAM: yBeJHueHHe YHC/JIa PETHCTPOB MAMSTH M MIATOB NPOTPaMMbL
(cm., Hanpumep, Mozneab HP-41C — ta6a. 1.2), ucnosb3oBanue AOMOJHH-
Teqbbix O3V, TI3Y ¢ 3amucaMu mporpamMm (TBepAOTEJbHBLIX H B BHIE
LH(POBHIX MarHUTOGOHOB C 3aNHChI0 NMPOTPaMM HAa MHHHATIOpHblE Mar-
HHTHBEIE KapTe), obecrneyeHHe paboThl ¢ BHELIHMM mepupepuiineiM 06o-
pydoBaHHeM (KacceTHble MarHHTO(OHBI, MPHHTEpH, - YCTPOiicTBA comps-
XKeHHA ¢ TenedOHHOH ceTbio H Ap.).

Y HEeKOTOpBIX MOC/AEeAHHX 3apyGexHbIX MOJAeNedl TaKHX MHKPOKaJb-
KYJATOPOB CYUIECTBEHHO paclUHpeH HaGop (YHKUHil, BHIMOJHAEMBIX MHK-
ponporpamMHo. Tak, Mukpokaabkyaatopst HP-15C uMeior eMkoctb npo-
rpaMMHOH naMATH Ha 448 waroB, BBEINOJHSIOT PasjHYHBIE ONEpPAlHH C
maTpunaMu (pasMep Ko 8 X 8), pelnaloT CHCTEMB H3 2—7 JIHHEHHBIX
VPaBHeHHH, BLINOJHSAOT ONEpallHH C KOMIUIEKCHBIMH YHCJIAMH, BBIYHC»
JIAIOT ONpejesieHHble HHTErpaJbl, NMPOBOASAT CTATHCTHYECKHE PaCUeTHl H
Ip. ¥ MMKpOKaabkyasitopoB ¢ GyxkBoit C B Hassauuu (HP-15C, HP-41C
W 1p.) mporpaMMa H JaHHble B DErMcTpPax NaMATH COXPaHAIOTCs noche
OTKJIIOYEHHS] MHTAHMsA, YTO JaeT Gosblune yAOOCTBA NpPH OTJIAJKe CJIOXK<
HBIX MPOrpaMM H NPOBeJeHHH TPYMOEMKHX BBIYHCJIEHHH.

Ilns oTeuecTBeHHBIX NMPOrPAMMHPYEMbIX MHKPOKAaJbKYJAsiTOPOB Gaso-
BOH sBJsieTC Mojesab DJeKTpoHHKa B3-34. MHKpOKaNbKYJIATOPH DJek-
TpoHuka MK-54 u dnexkrpoHnka MK-56 mOMHOCTBIO COBMECTHMBHI C 3TOH
MOJENbIO MO A3bIKYy MPOrPaMMHPOBaHHSI H CHCTeMe KOMaHZ. DTa COBME-
CTHMOCTb NPeAycMaTpPHBaeTCs H y HOBBIX Mofenell (dnekTponnka MK-52,
Snektponuka MK-61 u 1p.), uMeromux paclinpeHHbit Habop MuUKponpo-
rpamM, BcrpoeHnble [13Y u O3Y, pazbeMbl AJs MOAKNIIOUEHHs MHepHe~
pHFHBIX yCTPOHCTB.

OreyecTBennble H 3apyGexnble (cepun HP) MUKpOKa/ibKyaaTOpH
HMEIOT TIPOCTOH CHMBOJIbHO-KONOBHIA $I3BIK MPOTrPaMMHPOBAHHS C TMa-
TeJbHO NPOAYMAaHHOH CHCTeMOH KoMaH. DTO 03HaydeT, YTO ONepaungx
BBOASATCS Ha)KaTHeM KJaBHII ¢ H306paKeHHbIMH HAa HHX CHMBOJaMH 4
HM-TIDHCBAHBAIOTCS KOABI B BHIE YHCEJ M 3HAKOB, OTOGpax<aeMbIX AHC-
nneeM B XOxe BBOJAa NpOrpaMM H MX pefakrHpoBaHuH *). HauGonee
pacmpocTpaHeHHble onepaudu (BBOL 4MCeJ B PErHCTPHl NAMATH H HX
BbI30B, Ge3yc/OBHblE NMEpeXOAbl H OOpalleHHss K NOANpOrpaMMaM C Kocs
BeHHOH ajpecaumuedfl H Ap.) BEHINOJHAIOTCA OJAHOIIAI'OBLIMH ONEPaTOpaMH,
YTO 3aMeTHO cokpamaer ofuiee umucao waros mporpamm. He cocrasasier

*) ¥ Mukpokampkyaaropos HP-41C omepatopnl, B ToM uncie Gyk-
BeHHble, 0TOOpaxKalTcs an(aBHTHO-UHGPOBLIM KHAKOKPHCTANIHUECKEM
JHCIeeM. : :
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Tpyna nepesox aporpaMM Aaa OTeHECTBEHHHX MHKDOKAJbLKYJATOPOB Ha
A3HK TNPOrpaMMHpPOBaHHA KaspKyasropos cepun HP n maoGopor.

CHUMBOJIbHO-KOLOBOE NpPOrpaMMHPOBaHHe HMEIOT TaKXe HEeKOTOpHEe
aacronbHbie MHEpPo-OBM: Biaexrponnka J13-28, 15BCM-5, Hckpa-124,
Hckpa-125 u gp. [11, 12]. Muxpo-3BM Dnekrpornka J13-28 ¢ eMKOCTbIO
O3Y 16 miu 32 K6GafiT HMeeT eMKOCTb NPOTPaMMHPyeMOH NaMATH A0
32256 maroB H momycKaeT e mMyJbTa mpAMoe ofpauieHde K 166 - mecs-
THUHLIM PerHcTpaM maMsaTH (cp. ¢ 98 waramMH H 14 perucrpamu y MH-
KpOKanbKy/aaTopa OierTpoHnka B3-34). Bpems BbluHC/leHHA Ha Heid
npumepdo 8 100 pas Membile, 4eM y MHKPOKaJIbKyAsTOpoB. OcobeHHO-
CTH TPOrpaMMHEpOBanAd fauHo# OBM Ha CHMBONBLHO-KOLOBOM f3blKe
onucass B [8]. OTH MuKpo-OBM mnporpaMMHpyioTcs H Ha f3HKE BHICO-
Koro yposHa Ge#icuk [12, 13].

Mukpo-®9BM Hckpa-124 nmeeT eMKOCTb NHporpaMMHOA TNaMATH Ha
180 waros, 10 persctpoB maMATH H 3 CTeKOBHIX perucrpa. Bpems Bbi-
NO/IHeAns OnepamAfi cioXeHHs W BHuuTanud okoso 0,02 ¢, yMHOXeHHS
R penends 0,1 ¢, u3Bjeuenns xBajpaTHOro KOpHs 0,3 ¢ ¥ BHIYAC/EHHSA
¢pyHRUHA OROJO 1 c.

Muxpo-3BM Hckpa-125 aMeer 6Jok oToGpaxeHHs HAGMOpMAaIlHH Ha
SJIeKTPOHHO-MyueBoii TpyGKke, oGecnegnBaromiefi MHAHKAUHIO Pe3yAbTaTOB
BHIYAC/eHHR A BBOLHMOR mporpammel. Emkocts O3Y 1 k6aiit, mocTosH-
roro 3Y 4 x6afr. IlpenycMoTpensl HpAMOe M KOCBeHHOe OGpalleHHe ¥
256 pernctpam naMmsaTH B HO3MOXHOCTb 3aNHCH NMPOrpaMM H JAHHHIX BHA
MarsfATHYiO JieHTy HaKONHTeJIs.

CHMBOJ/IPHO-KO10BOe NPOrpaMMHPOBaRAe 3THX MHKpPo-OBM B npun«
uAne Nogo6GHO HPOTPAMMHPOBAHHIO MHKPOKaJAbKyJAATOpoB. OAHAKO CH+
¢TeMa CHMBOJIOB KJaBHAaTYPH H KOJOB OMEpaTOpOB y HHX HHAs.

1.2. Cuctema KOMaHJ U KOJOB MPOrPpamMMHPYEMOro
MHKPOKaJabKyJasaTopa daekrpoHuka B53-34

BHewHufi BHA NPOrpaMMHDYEMOr0 MHKPOKAJNBKYJAATOpA DJeKTPOHH«
xa B3-34 npmsenen Ha puc. 1.3. B Bepxue#t gacTu nepepHefi nanean ero
pacrnojioXed 12-pa3psafHufA JIOMHHECUEHTHHH HHAHKATOP, MOJ KOTOPHIM
pacnosaraioTcs BHIKJIOUaTedb MHTaHHS M mnepekmouareqs P—T (pa-
JAHAHB ~~ IrPanyCH).

[yabr ynpaBierus MAKPOKaJbKYAATOPOM HMeeT 30 KJAaBHIU ¢ ABOf+
WHM HJAH TPOHHBIM ympaBieHHeM. OCHOBHasl oOnepanus, BBOAMMAs Kaas
BHIOeH, 0603H3aYeHa CHMBOJIOM NPAMO Ha Kaasuule. OnepauHH, 0603Ha«
YeHHble CHMBOJIAMH KPacHOr0 LBeTa Haj KJIAaBHLUIAMH, BBOAATCS MoOC/e
maxarus npeukcrod Knasumu F, a onepauuy, o603HagseHHLIE CHMBO-
JlaMH YePHOTo IBeTa NOJ KJIaBHLIaMH, BBOASITCSl TOCJE HAXKATHA IHpe-
¢ukcHoll ka1aBumK K, KoTopas ucmoJb3yercs TaKxke AJS BBOLA Onepas
1afi KOCBeHHOR ajpecalluH. .

OTMeTHM HasHaYeHHE CNELHa/bHbLIX CHMBOJIOB:
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ABT — nepeBox B peXXHM aBTOMAaTHYECKHX BLIUAC/EHRE,

TIPT — nepeBOA B peXHM NPOrpamM HPOBAHHUA,

7 — BH30B gHcaa n = 3,1415926,

{ — noBOpOT cTeKa AJs BHIBOLA YHCEN H3 Hero B perHerp X,

Bx — BHI30B uHc/ia H3 perucTpa BOCCTAHOBJEHHS pe3y/bTaTa IIpefi-
[IeeTBYIOUeH OnepamnHH,

Cx —c6poc  COLEPKUMOro ( )
onepaindoHHoro perdctpa X Ha
HYJb,

CF — c6poc  pelictBus mpe-
dukeHol kaapuun F,

x<0, x=0 x= 0 3JIEKTPOHUKA
x # 0— BBOL omnepauufi ycJaoB- Brl53-34 [5 7
HBIX TepPeXo/oB, e [ =

BIT — BBop omepauun Gesyc-
JIOBHBIX NEPexojoB, 7<0 70 730 270

IIIT — BBOA mopmporpamw, = =
l'I—aaBnl:flci quc:.n B perH-

CTpH MaMsATH, 0 4 Lz 13
UT] — BLI30B uMcea H3 peru- . @ El . .
CTPOB MAMATH, =

LT — cvewente nporpamsis EI E .

Ha OJWH luar B HanpaBJIEHHH aresin arocos” arctg 1/

BBOJ3,
i I =]
— orpaM-
CMellleHHe  MpOrp T B2
Mpl Ha OJHMH INar MpOTUB Ha-
npasaenss 330 E Bluln

|/—/ — cMeHa 3HaKa MaHTHC- 10 O ABT nPr cFf

o s (o] (] (1 B e
B/0 — ycraHoBka mporpam-

R Hon
MH Ha HyJeBOl War U BBOA
onepanHH BO3BpaTa M3 MNOANPO- - /
rpaMMBHl, Puc. 1.3. BHewmnuii BHI nmporpamMu-«

C/I1 — BBOR omepauuu ocra- PYEMOro MHKDOKaJbKy/sTOpa dneks
TpoHHKa B3-34 ¢ o6paTHOH GeccKos
HOBKH H Yy by . o
MycKa BHMHCACHHA MO GOuHOM JIOTHKO# BBIYHCIEHUH
nmporpaMMe,

L0, L1, L2 u L3 —pBBoa omepauuii A5 OPraHH3alUHH L HKJIOB,

HOIl — BBox omepauuu HefiTpanu3auns OWHGOYHO BBeleHHOA B
[IPOrpaMMy KOMAaHH,

A, B, C u 1 — o603HaueRHe PErHcTpPOB NMaMsTH ¢ HoMepamu 10, 11,
12 u 13,

4 — cMeilleHHe wHcea B CTeKe BBepPX Ha OAHY CTYHEHb.

TIpu BK/MOYEHHH MHKPOKAJBKYASTOPA ABTOMATHYeCKH YCTAHABJM+
BAETCS1 PEXHM ABTOMATUHECKUX BbI4UCAEHU U OGHYJISIOTCS BCE PErucTs



pH MaMATH U ONepalHOHHEe' perHcTpHl. C6poc OWHGOYHO BBELEHHOrO
yHc/Ia BHINOJHsIeTCS HaxartheM kaasuuwin Cx. B sTomM pexume MHKpO-
KanbKyJasiTop ofecrneyuBaeT BLIMOJHEHHe apH(pMeTHYeCKHX omepauHi, Bbl«
uhc/leHHe QYHKIHA, OTMeueHHHX B Ta6Ga. 1.1, BLI30OB uHcia m, 3amuch
uhceJ B 14 perucTpoB NaMsTH H BBHI30B HX H3 3THX PErHCTPOB, 3alluCh
4HceJ B DErucTpnl CTeKa W yNpaBjeHHe HX NPOABHIKEHHEM, H3MeHeHHe
3HAaKa MaHTHCCHl M NMOPsiAKa uHcia x B perucrpe X, oOMeH cojiepKHMOro
perdctpoB X u Y, BOoccTaHOBJeHHe pe3yJbTaTa MNpejllecTBYOLEH one-
palHH H -DpoBeJeHHe’ CJIOXKHBIX MOC/Ie0BaTeIbHBIX BHIYHCIEHHH Mo 06-
parHoit 6ecckoGOUHO! cXeMe BBIUMCIEHHH.

Bce 3TH BHIUHC/IEHHS MOTYT NPOBOAHMTbCS BPYYHYIO WM 1O BBeleH-
HO}t mporpamMe. Pasjuuyde 3akmiouaeTcss JMIIb B TOM, YTO BBOAHMBIE
NOAPSAA ¢ KJaBHAaTypel 4ucaa pasjensiiotcss onepauueir 4. B cesasu c
HAEHTHYHOCTBIO DYYHHIX BBEIYMC/AEHHA H BLIYMCIEHH{I 1O Tporpamme
NpaBHJa HX TpOBeleHHs NOAPOGHO OMHCAHH B caelyiomeM mnaparpade,
MOCBSIIEHHOM - OPTraHH3aUHH BHIYHC/AEHHI MO NporpaMmme.

Ta6numa 1.3

Onepanus Kon || Onepanus Kon Onepayun | Kom |[.Onepauus | Kon
0 00 0 10 Kxs£06 [+ 70 KIIIT0 -0
9 09 9 49 Kx 5409 79 KITIT9 -9
. 0- | MA | 4- || Kxs=0A 7— KITITA --
1! oL | B L || Kx0B 4" KIINB -L
BIT oC || nmc 4C || Kx==0C T || KIOIC -C
Cx or I [Tl Kxs=0M " KITIg -r
» OE FBx 0 KBII0 80 KIT0 Lo
+ 10 C/IT 50 .
- 11 BI 51 KBIT9 89 KI19 L9
X 12 B/0 52 KBITA 8- KOA | oL-
= 13 nn 53 KBIIB 8L KIIB [
Xy 14 KHOIT 54 KBIIC 8 || KIIC LC
“F10* 15 [ Fxs%0 57 | kBIIO sr || KA Lr
Fe* 16 | FL2 58 || Kx > 00 90 | KHMO ro
Flg 17 Fx > 00 59
Fln 18 Fx=0 5E Kx > 09 99 KHUIT9 | r9
F arcsin 19 Fx<0 5C || Kx >0A 9- KUTIA r-
F arccos 1- | FLO 5 || Kx > 0B 9L KUIIB re
F arctg 1L | FL1 5L | Kx>0C [ 9C KHUIIC [l o
F sin 1cC FL3 5— Kx >0 Iir KHUITO ,orr
F cos Ir HII0 60 Kx <01 Cl1 Kx=00 EO
Fig 1IE vee e
Fn 20 (‘M9 69 Kx <09 9 | Kx=09 E9
Fy 21 | una | 8- || kx<oa C- || Kx=0A E-
Fa? 22 | une 6L || Kx<OB CL || Kx=o0B EL
Fl/x o3 HUIIC 6C | Kx<oC CC || Kx=0C EC
- Fx¥ 24 || UMM, 6r || Kx<oI Cr || Kx=0m.| Er
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Mocne nepeBona .B pedcuM npozpaMMuposanus (HANKATIeM KAABHIN
F n [IPl) kaxpas onepauus HJIH KOMaHAa BBOJAHTCA Ha)KaTHEM COOT-
BeTCTBYIOUIHX KJaBHLI M KOAHpYeTCA ONpedg/ieHHHIM CHMBOJoM. Bce
cnepallid MHKDOKaJ/bKy/asTopa W HX Kod&l nauel B Ta6a. 1.3. Koauw
HMEIOT BHA HU(P H 3HAKOB, OTOGpaXKaeMBIX CeMHCErMEHTHHIMH 3JeMeH-
TaMHM HHAHKAaTOpa B Npollecce BBOJA NPOTPaMMH H ee pelaKTHPOBAHHA.

1.3. OcHoBbl NpOrpaMMHpOBaHHA MHKPOKAJABKYJISATOPOB

PaccMoTpuM OCHOBHHIE MOHSATHA NMPOrPAMMHPOBaHHA MHKPOKAJbKY+
asropoB  AnexktpoHHka B3-34.

Beon u mpeactasnenne uncen. Uncna-onepando. BBOAATCS B MHKpO-
KaJbKyJ/JITOp Ha)kaTHeM COOTBETCTBYIOIIHX KJaBHuw. [lopsgok uyHcaa
BBOAMTCS HaxaTHeM kjaasumu BII. 3Hak MHHyC BBOAMTCS HaXaTHeM
KJaBUlIM [—/ mocje BBOAA MAaHTHCCH WM MOpsiAka uucaa. YHena,
6onbwine 1, HOo Menbliue 108, mpeAcTaBasIOTCA B OOLIYHOM BHAe, Ha-
npumep 9725 nnn 14,1256. Uncaa 3a sTUMH npefellaMH NpeaCTaBAAIOTCA
B 3KCnoHeHUuHanbHoi dopme M- 105, rae M — HopmanH3oBaHHAS MAHTHCs
ca ¢ mepBbIM 3HaKoM ot | no 9, £ — nopsiaok umciaa '(sz +99). Hop-
MaJIi3alHA YHC]AA MPOHCXOAHMT MNPH 3amucH uHcea B J0GOH perucrp
(CcM. HHXKe).

Onepatopel. CoBOKYNHOCTb CHMBOJIOB, 06€CNEYHBAOWHX MO Tpo-
rpaMMe BHINOJHEHHe OJHOH H3 3/JeMeHTapHBLIX ONepalHH, Ha3blBaeTcA
oneparopou. Onepatopbl BBOAATCA HaXaTHeM OJHOH HJH HECKOJBKHX
knasum. Hanmpumep, BblunclieHHe e* cBoauTcsl K HaGopy uMcna x U Ha-
KaTHio KaasHw F u e*. B nporpamme 3to coorBercTByeT onmepatopy Fe”,
KOTOpbIl 3aHMMaeT OfHH mar (cM. HuKe). HeKoTophble omepaTophi fibe
RAlOTC ABYXLIAroBbIMH.

Peructpbl. [IJ1s1 xpaHeHHs YHCEJ W Pe3yJbTaTOB BHIUHCAGHHH CAYKaT
pezuctpol namary. [To cBoeMy Ha3HAYEHWIO OHM MOAPA3AENSIOTCS Ha TPH
tina. [lepBuil THN — onepayuonnvie pezucrpst X u Y, B KOTOpble BBO-
IATCA ABa ONepaHaa ABYXMeCTHHIX apHdpMeTHueCKHX onepaunii. Bropoi
THII PEerHcTPOB — Pe2ucTpvl AAMATU — CAYXKHT AJ5 3aNHCH HCXOJHbIK
JAHHBIX H MPOMEXYTOUHHIX pe3y/bTaTOB BHIYHCIEHHHA. DTH PerucTpu
oGosnayaiorcst 6ykBamu A, B, C, I1 u uudppamu 09 (Bcero- 14 pe-
racTpoB). Kpome Toro, ewe ABa TakHx perucrpa Z u T 06beNHHAIOTCH
c perucrpaMk X H Y, o6pasys crex. K TpeTbeMy THIY PErHCTPOB OTHO<
CHTCS pezucTp B0CCTAHOBAEHUS pe3yasTara npeduiecTeyroujeii onepa-
yuu X.

CTpyKTypa CTeKa H nepeMellleHHe B HEM UHCEJ MPH PA3JHYHBLIX Ole-
pauMsix nokasaiel Ha puc. 1.4: a) omepauus 4, 6) BBOA uHC/IAa X B pes
ructp X noc/le omepauud 1, B) Bb30B B perucTp X uHc/Aa f WIH 9MCAA
n3 peructpa N (cM. HHXe), I) o6MeH cofepKuMbIM perHctpoB X H Y
X =Y, 1) oaHOMecTHas onepauus (1), Hnanpumep BHIYHCIEHHE €%
e) aByxMecTHas apudMerTHyecKas omepauus (2), X) KOJbLesoe Nepemes
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[IeHHe UHced B CTeKe = omIeparop FO 3) BHI30B 4YHCEAZ M3 pPeErucTpa
X1—oneparop FB,. B naicHefimem oneparopw X ==F m F () 6yayr
yKa3HBaThES yRpommenHbwu cumBoramn XY  F, .

BBox uucen B permerpbl maMATH, UHCIO MOXKHO BBECTH B DEFHCTp
naMats N mabopo u maxartmeM wiasam [T m N. 3nece N — cumson

T //’ - //’ T
2 _//’ - -//r —_—7
Y _//,- —— .//r V Y
X _L). .-cr—> -/(—— /\» X
x| —— L
z Founn KON X=Y =XY

fa) T 8) é) 2)
— = =g ==
L ~= N sl b
= [=>=| 0= [~
x| <D= <O <~ =
1 N— \, N - %1

FBz

OpHomecTHast JAByxmecTHan Q =
@ onepau.na @ onepauuﬂ F 2 F, 3)

Puc. 1.4. IlepememeH’e unCes B PerHCTpax CTeKa NPH OCHOBHHIX Ollepa-
HHAX

peructpa (A, B, C, JI, 0 - 9). B nporpammax BBOA COOTBETCTBYeT omes
patopy IIN. -

Buizop 9Hcen H3 PETHCTPOR NaMsTH. BHIAbIBaeTEs YACHO H3 PErH-
¢Tpa mamsitTR N maxatdem Kaassm MII m N (omeparop HMIIN).

Hlarn nporpamMMm B ux aapeca. Kaxgomy omeparepy B mporpamme
cooTBeTcTBYeT cBoH wae. lllaru nociefoBaTeNlbHO HYMepYyIOTCS ABYX+
3HAYHHIME NecATHYRBIMH yHclaaME of 00 mo 97 (Bcere 98 wmraros).
B pexume nporpaMMHPOBAaEHA (mocie Haxarus Kaassm F u TIPT)
HCMepa IaroB BbICBEYHBAIOTCS B NPaBOM KOHIE HBAHKaTopa. Oneparto-
pHl B liporpamMme yAo6HO 3amHCHIBATL IOcTpoureo, ne 10 oneparopos B
KaXnoi cTpoke. B 3TOM ciywae mOoROXKeHHe ONepatopa B HporpamMme
I103BOJIAET JIETKO HAKTU HOMep IIara, HMeHyeMHd ero adpecos.
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Mpaman appecamus. HenmotpegcTsenuoe ykaszaHue azpeca (zowmepa
{Hara nporpaMMbl HIH CHMBOJA PETHCTPA NAMWATH) HASMBAETCA NPAMOU
adpecayuedi. Tak, onuCaHHLIN BhIlle BBOJ YHCEJ B PErHCTPH K HX BHI30B
OPOBOAUAHCH C HCTOAb3OBAHHEM NDAMOA ajpecalyH.

Kocseanian aapecanus, Ecid ajpec yka3as COJepHKHMHIM OLHOTO
H3 PEerHCTPOB HAMATH, TO aipecanfs GyAeT KocseRHOHA. Kocsennasn adpe-
cayus BBOAMTCA Raxarhem Kaasnme K. Hanpuwep, mpHE BHIOAReR¥H 00
nporpamme oneparopa KIIb sscao x = PX Gyzmer samscado B perHcTp
HaMATH, HOMED KOTOPOTO YKA3aH COAEP:KHMHM peractpa 5. AHaJorHUHO,
onepatop KHIIA oGecneusBaer BHI30B uMCJIA H3 PETHCTPA C ‘HOMEPOM,
YKa3aHHEIM colepixanHeM peructpa A, B peructp X. Uucaam 0= 13
B perucrpe aApecailHd CcOGTBeTCTByioT peructpu 09, A(10), B(11),
C(12) u O(13).

Moanduxauus agpecos npu KocBennos ajpecaunu. Ecam B kauecrse
PerucTpa agpecailsd, B KOTODOM XPaHHTCA ajpec OGpauieHHsd, B3ATb
oAuH u3 peructpos 7, 8, 9, A, B, C uau [, T0 IpH BHHOJHEHHH oOle-
. PaTOpOB KOCBeHHOH ajpecaliyl COAEEPXKHMOe peractpa ajipecalH He
usmessiercd. Ecau persctp aapecanua HmeeT Homep 0, 1, 2 wam 3, TO
TIPY KaXI0M BHIMONHEHHH ONEPaTOPOB KOCBEHHOf aJpecalHd COAEPXKH-
MOe perucTpa aApecallHd yMeHbIAaeTCA Ha 1, a mpu perucTpax aapeca-
uuy 4, 5 uad 6 yBeauuusaerTcs Ha 1. Takum o06pasoM, OPOHCXORHT
modugpuxayus adpecos.

BesycnoBHule mpAmble W kocBesHble mnepexoabl. s HOCTPOEHHS
PasBeTBASAIOWMXCA TPOTPaMM HCIOMB3YIOTCH Ge3yCAOsHble nepexodsh
Besyc/ioBanil nepexon Ha wwar nporpaMmbl ¢ agpecoM N BBOAHTCS oOfes
patopom BIT N. Hampumep, Bo ¢parmesre mporpaMMbl

WIIA HWIB + BII 17 ... ... ...
e vee ese eee ees ... HIIC X CM

nocsie BbINOJMHeHus onepauuu (a -4 b) nps a = PA r b = PB nopoucxo-
AHMT Ge3yc.10BHBIE NepeXoA Ha azpec 17, T.e. (a4 b) yMHoXaercd HacC
(¢ = PC), mocJe uero BhlusCJjeH#usa ocTaHaBjuBaiotcs (omeparop C/IT).
Jlns mpocToThl NMPOMYLIEHHHE ONepaTOpH 0Go3HadeHH TodkaMH. OjHo-
waroBasi Komanna KBIIM oGecneunBaer 6e3ycaosHuiil KocB8eHwbld nepe-
x00 1O aipecy, YKa3aHHOMY COLePXKHMHM perscrpa afpecauun M
(M=AB,C 1O,0+9).

Ycaosubie npsMble H KocBeHHble mepexoanl. Ilepexox k aapecy N
MoXeT MPOBOIUTbCS MO JAHHEIM aHajH3a colepXHMoro x peructpa X
Ha BHIMOJHEHHe OfHOro H3 ychosuit: x << 0, x =0, x=0 nmu x 7= 0.
Takne nepexonnl BsonsTcs onepatopamd Fx <0, Fx =0, Fx=0n
Fx # 0, nocie koTOpbHIX yKa3biBaeTcs omepaTop — aapec nepexoxa N.
Ecnu ycnoBwe nepexosa He BHIIOJNHAETCH, TO HPOWCXOANT MEePexoi Ha
war nporpamMMbl ¢ aapecoM N, eclH BHIMOJHAETCS — afpec MNepexoAa
HTHOPHpYeTCS M BHINOJMHAETCS CJeAYIOAs 33 HEM 4acTh OPOrPAMMEL
Ognowarosas komanaa Kx << OM, Kx = 0M, Kx = OM uu Kx % OM,
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rle M — cuMBosn peructpa appecaunn (M= A, B, C, I, 0= 9) ofec
NeunBaeT YCJOBHHIN I[epexoj TO alpecy, YKa3aHHOMY CONEPXHMbIM pe-
rucrpa M. '

Moanporpammpl, [loBropsiomuecs  ¢parMeHTH NpOrpamMM  MOIKHC
opopMUTb B BuIe n0dnpozpammsl, KOTOPas AOIKHA HAUHHATLCH C al-
peca N ® KOHYaTbCA OMepaTopoM Bo3BpaTa M3 nonnporpammer B/0. O6-
pallenye X NOANpOrpamMme M3 Jo6oro Mecra MpoOrpaMMbl 3ajaercst ABYX-
warosofi KoMaHjoit, cosiepxauweii onepatopn [T 1 N.

[ycTh MOAMPOrpaMMa WMET n MAroB K MOBTOpReTcs m pas. Torns
OHa B mporpamMe saiimer n--1 maros, Kpome TOro, mpuaercs matb m
ofpaumesufi K mnoamporpamMmve, 49ro safimer 2m waros. DBe3 BBeneHHs
NOANPOrpaMMH BBIYMCJEHHA 3afiMyT m.n waros. CJlenoBaresibHO, ecJd
2m+n+1<mn uan n>(@2m-1)/(m—1), To BBeNeHWE nOAMpO-
rpaMMbl cOKpailaeT ofmee uHcjao maroB mporpammel. OpHako uHcJC
omepanui NpH 3TOM BO3pacTaeT, pacTeT H BpeMa BblIucJeHHil, MoxHO
HCI0JIb30BaTh 1O NMATH MOANPOrpaMM, BJIOXKEHHBIX Npyr B apyra. OmHo-
warosast koMania KIIIM ofecnieynBaer kocBeHHOe ofpalleHHe K TOL-
nporpaMme ¢ aapecoM N, OIpeleNfeMBIM COJEPXHMHIM perucTpa aapeca-
wu M(M=A, B, G I, 0-+9),

Oprannzauns unkaoB. I OpraHHsauuH yuxkn08 UHKIHYECKHX NPO-
rpaMM cJyxaT omnepatopsl -nocrpoeHus cdergukoB FLO, FL1, FL2 n
FL3 B perucrpax 0, 1, 2 u 3. Ilocie 35THX ONEpaToOpoOB yKasHBaeTcs
anpec nepexona //. Ilpum BHIMONHEHHH STHX ONEPATOpPOB CONEPIKHMOE
COOTBETCTBYIOIIETO perHCTpa-CueTYHKa yMeHburaetca Ha 1. Ecau ono ne
PaBHO HyJIO, TO TPOHCXOZMT MEpeXOl MO aapecy N, a eCd OHO CTa-
HOBHTC paBHbM O — mepeXoj MieT K liary NpOrpaMMul, CJelyiomieMy
BCJIeZ 3a omeparopoM N,

[LHKJIEI MCNOAB3YIOTCA I/ BHINOJHEHHA ONpeieJeHHHX HpOrpavM
8alaHHOG YHCJO pas.

OcTaHoBKa M myck mporpaMmpl. Jlis OCTaHOBKH IDOrpaMMbl B HYX-
woM Mecte Beogutcg omepatop C/I1. Haxarde KkJaBHIIA C 3THM CHM-
BOJIOM BeleT K sanycky nporpammbl, [lis samycka mporpaMMmbl ¢ Hy.Je-
BOro ajpeca HaxuMaoTca kaasHiu B/0 u C/II.

BBon M pemakTHpoBaHHe mporpamMmbl. IlporpdMma BBOIHTCA Haxa-
THEM COOTBETCTBYIOLIHX KJABHUI TMOCJE MepeBOja KalbKyJastopa B pe-
MHM TporpaMMupoBanHsi (Haxatuem kaasuui F u [IPT). Ilpu atom Ha
HHAMKaTOpe OTOGpaXaloTc KoAe TpeX IOC/AeJHHX olepauuii M aipec
nocjepyiomed onepaudu, HanpuMmep:

[Tokasanus WHAHKAaTOpa 10 6L 6— 10
Onepatophl -+ HIIB HIIA
Hanpassenne BBOja 1MpOrpaMMbl -

Mpr own6Gouno HaxaToH npedukcHOH kJjasume F cOpoc ee ped-
CTBHsS NPOM3BONMTCH HaxatueM kJaaBumu CF. Ilna ycraHoBKu mporpam-
Mbl Ha 3aJlaHHHA apeC HCMOJb3YIOTCA KJABHIIH CABHIa NMpPOrpaMMbl Ha
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OIHMH War BHpaBo LI-JT‘ HJH BJEBO II‘_IT' C uX UNOMOLIbIO MOXKHO yCTae
HOBUTb TNPOrpaMMy Ha IIar ¢ OMMGOYHO HAGPAHHHIM OMNEPATOPOM H
HcrnpaButh ero. Jlas sToro (B pexuMe aBTOMAa THYECKHX BHIGHCJCHUM
nocne Haxartusa knasum F u ABT) moxHo HCMoab3oBaTh Komanan BIT
n N (ycraroBKa nporpaMMel Ha mar c aapecoM N). JIByxmmaroBbie
KoMaHIbl, HabpanHble OMHGOYHO, 3aMEHSIOTCS HOBHIMH MOJIHOCTBIO (T.e.
¢ BBOAOM oGoux omepatopoB). Ha MecTo saummero onmepatopa BcTaB-
nsercs onepatop KHOIT (Her oneparuu).

Wuprkauus HekoppekTHHIX omepauuii. [Ipx BHINOJHEHHH HEKOPPEKT=
Hblx onepayuii (nenenne Ha 0, mepenonHenHe pa3psaaHofl ceTkKH DBM,
Bo3BeleHHe ¥ = 0 B cTemeHb Yy, BHIUHCJIEHHe KBaJpaTHOIO KODHS M3 OT-
pHLATEJbHOrO YHC/IA, BblYWCIeHHe 1/x nmpH x =0 ¥ T. 1.) BBIUHCIEHHA
CCTaHABJMBAIOTCA H HAa WHAHMKaTOpe mnosBaserca cumBoa EI'TOT (ot
aHTJIHHCKOrO cJloBa error — omuGka). Ilocse 3TOro MOXHO NPOBOLUTH
BBOJ YHcCeJ H NMPONONKATh BBHIUHCIEHHA.

Mpeacrasnenne yraoB. ApryMeHT TPHUrOHOMeTPHYECKHX (yHKIHI
MOKHO BbIpaXkaTh B rpajycax HJH pajaHaHax. Ilns 3TOro clIyXur mepe-
kaoyarenp P — T (paguaHel — rpagycsl).

Mpumepyl pas xoutpoas nporpaMm. CocTaBjieHHHE H OTJaXKeHHBIE
IPOrpaMMbl IOJ/IKHB CONPOBOXKLATHCH KOHTPOAbHbIM npumepor (HJH
TNpHMEpAMH, eC/H mporpamma pasBeTBasiowasicsa). Ilpuctynats K OCHOB-
HbIM BBIYHCJEHHAM MOXHO TOJbKO IOCJe MPOBEPKH MPOrpaMMbl MO KOH-
TpoabHOMY npumepy. Ecam Gynet oGHapyxeHa omuGKa, ciefyeT Npo-
BepHTb NMPaBHJIBHOCTs BBOJA NMPOTPAMMEI MO KOJLaM OCHOBHBIX ONepaluit
(cm. tabn. 1.3). Tlpn ornanke nporpaMm GbiBaeT MNOJE3HO NPOBEpHTb
BBIYMCJEHHS 110 IIaraM; IJsl 9TOrO B peXHMe aBTOMAaTHYECKHX BHIYHCJIe-
Pull HaxXuMaeTcs kaasuma IIIT.

1.4. CneunabHbie MPHEMBI NMPOTPAMMHPOBAHHSA
MHKpPOKAJbKYJISITOPOB

OnepaTopbl KOCBeHHO!l ajppecalyd 00ecrneyuBaoT JOMOJHHTEJbHEIE
BO3MOXHOCTH, He OTMEueHHBle B HHCTPYKUHH K IOJb30BAHHIO MHKPO-
KanabkyaaropaMmu. Tak, mpu BBoge uncia x (1 < x << 108) B perucr-
re 7, 8,9, A, B, C u Il u nocnenyiomeM BHnoNHeHHH onepatopos KIIM
una KHUIIM npoucxonut aBTOMaTHuecKoe OTOpachiBaHHe APOGHOH 9acTH
uucaa x. Hanpumep, BBensi B peructp X uucao x = 421,756 u BHIIONHHB
onepatopnt [19 KHI19 MI19, mnoanyysm pesyJabTar B BHOe 9HCJAA
00000421. Ilpu soGoit mocjenyiollell OnepanHd 3TO YHUCIO NMpHOGpeTaeT
o6euHbifi BHA uncaa 421, Takum o6pa3om, Bcero aBa omepartopa I[IMu
KHIIM o6ecnewuBaioT gvideserue yeaol wacru X.

Ecan peructp M =0, 1, 2 unu 3, 10 Hapany c orGpacbiBanHeM
npoGHofi wactd npu Buinonnenun omepatopa KWUIIM -uam KIIM npouc-
XONUT YyMeHblIeHHe LeJofi 4yacTH yucia B peructpe M ma 1, a ecas
M =4, 5 unu 6, TO NPOMCXONUT yBeNHueHHe WeJOH wacTH Ha 1. Dro
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T03BOJISIET CTPOMTb CYeTYHKH BHJa n=(n—1) u n = (n -} 1) sBONOM
Bcero onuero onepatropa KWUIIM wuaum KIIM, npuuem Tekyumiue 3Haue-
HHA n 3aHocsiTC B perdcTp M u Moryt B ZajbHefimem Ge3 Moaupuka-
nuH Bu3uBatbes oneparopom HMITM, Iloeropss oneparopw KHUIIM uau
KIIM a pas, MOXHO OpraHH30BaTh TOCTPOGHHE CUSTYHKOB BH/A
n=(n—a) u n=(n- ). [lpennourenne ciepyer oraaBath ONEpaTopy
KHIIM, tak Kak npu HcnosbzoBandM omeparopa KIIM B peructph, HO-'
Mepa KOTOPHIX COOTBETCTBYIOT f, OylyT 3aHOCHTECS Pe3YJbTarH MpeA-
WeCTBYIOUHX Onepaliuil. '

Las noclefioBare/bHoro Beoja Lo No= 13 gucen agp, Gizy 4.0,
8 peructpu 1, 2,...,9, A, B, G u ]| MOXHO HCNOMb30BATE LLHKJIHYC-
CKYI0 TporpaMMy C KOCBEHHOH ajpecalldell K perucrpaM NpH BBoJe B

HHX YHCEJ:
Ecau n=N,

l !
N II0 0 C/I1 KITO UI10 4 —Fx=002 ,,,
Ecan n<N,

3rece N = (No-+1). Eciu N >9, agpec 02 B KOHIE NPOrpaMMH Halo
sameruTs Ha 03. TIpH RampoM HHKJIe MeHaeTcs Ba— 1 aapee B perucr-
pe anpecanud O H COOTBETCTBEHHO KaXKfgoe HOBOE UMCJO ToOafaeT B
wosblfi peruerp: H, C, B, A, 9,...,1. Hocae Bsoza Bcex umces npo-
HCXOJHT BHIXOJ H3 LHKJA.

Eme onun ¢parMeHT nporpamMMel oGechHedHBaeT BBoA 1O 8 gHcen
B peructpu 6, 7, 8,9, A, B, Cu I

Ecan n=N,

5 14 8 M0 C/IT KII4 FLO 04 .‘.L.
Ecan n < Ny=8 |

B 3roM ¢parMeHTe HoMepa perucTpoB, B KOTOPHe 33aHOCATCA uHEJa,
¢opMEpyIOTCA B perucrpe 4 NmpH BHNOJHeHHH omeparopa FLO u KIT4Y,

OrmeruM, uro BBOL No uHcen ¢parMeHTOM NpPOrpaMMbl C MPSAMOi
anpecauuefi

m gmn m ¢n nm3 ¢n ns giur. o

sanumaer (2No— 1) waros, T. €. 15 waros npu Ny =8 u 25 npu No=13,
9T0 CcyliecTBeHHO OGoJsblie, YeM NpPH OPraHH3allid BBAA3 C HCHOJbL30Ba-
BHUEM KOCBeHHON ajJipecallih..

B ofimemM ciyuae mporpaMMel MOTYT OLITh AuHElHbLMU, DPA3GEMEASIO-
wumucs W yuxkauueckumy. TIpumepoM JIHHEHHOH NPOrpaMMH ABJAETCS
nporpaMMa BHYHCJEHHS (QyRKIHH

y = (sin ninft)nnft (1.1)

c Beogom ¢ B permerp X. OrseneM mop sanuce n w f peructps 8 u 9
(n=P8, f=P9, {=PX)., Bypem sanucniBath mporpaMMy C HyJEBOro
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anpeca. B nomHoM BHje mpOrpaMMa HMeeT BHA (BHH3Y NAaHO pasmeluic-
uite uncen B perucrpax X, Y, Z, T u X1 creka mocie BBoga n, f W ¢ 11
BBITIOJIHEHHS TIPOTPAMMBI MO LIaram)t

Anpec 60 01 062 0304 05 06 07 08 09
Kon 20 68 69 1212 12 1] 0 13 %0
Onepatop Frn MI18 M9 X X X Fsin FBx. - ¢/
T 0 R F Ottt t ¢ t t f
Zn Pt ox ottt ¢ t t ot

Y | t =n n n t ot t sin nenft ¢ t
X t n on f nf sinf maft sin xnft mnft y y
Xl 0 t t t f nf =nnf anft sinft nnft nnft

Ipy BLIgHC/IEHMH MO 3TOH NPOrPaMMe HCMOMB3YIOTCS BCE PETMCTPH
creka. Ilepen myckom mporpaMmer HaxuMmaercs Kaasuma B/0 u mpo-
rpaMMa ycTaHaBJHBaeTCs Ha HyJeBoil ajapec. Ilocie artoro BBoOAsITCS
HCXOAHble nauHpe. [lepeMellleHHs uHcesl B CTeKe JaHH NOA MPOTPaMMOiL.
Tlpr n=2, f=1000 w ¢= 1,2-10~* noayyaem y = 9,0790883-10-1.

DTy mDporpaMMy MOX#O 3aNHCaTh HeCKOJbKO MHAade, BHIMOJHSAS Ome-
PaliyE yMHOMKeHHS O Mepe BBOJA KaXJOTO HOBOTO COMHOMKHTEJNS:

" Fn X MO8 X HIO9 X Fsin FBxr + C/II

O6uuHO Takoil cnoce0 NPeANOUTHTENeH, TaK Kak cJaabee 3arpyxaer
CTeK 4 NpeZOTBpauiaeT HOTepid uucaa K3 perucTpa T mpu cayuafinbix
NepenoHeHHAX CTeKa.

B nanbHefilmen agpeca H KoAn NPHBOAUTHCA He GyayT. Anpec Jierko
onpeneJsieTcs] MOJOXKEHHEM KOMAaHAbI TMPH 3aNMHCH MPOTPAaMMbl MOCTPOYHO
C JecAThIO onepaTopamMd B Kam/jo# cTpoke. Koau HYXHB TOJbKO NPH
TpOBepke HPOTPAMM HEONHITHHIMH NOMbL3OBAaTeAIMH, TaK Kak Ha mnep-
BLIX 1IOpPaX OIIKGOYHOEe Ha)KaTHe KJABHII He peixocTh. EcAd moab3oBa-
Teslb KDHTHYECKH GIIEHHBAET CBOI NYHKTYaJbHOCTb NPU BBOAE NMPOTPaMM,
OH MOXeT COCTaBHTb [ONOJIHHUTEJbHYI0 TaGJHIY KOZOB HYXKHOH IIpoO-
rpaMmel, Henodbaysi Taba. 1.3. IIpH HekOTOpOM HaBHIKe KOAMI Omepauui
GLICTPO 3aNOMHHAIOTCA.

Tenepb paccMOTPHM DpPOCTEHHIYIO Da3BeTBJIAIOWIYIOCS HPOTPAMMY.
Herpynno 3ameruts, uro npu { = 0 3HayeHHe y no (1.1) ompenensrn
HeJb3s, TaK Kak (sin mnft)/nnft pnaer neompemenesnocts BHaa 0/0, a
neseHne Ha 0 OTHOCHTCS K HeKOppeKTHhIM onmepauusM. Ilpu, BBOme (=0
BBIYHCJIEHHS IO ONMUCAHHBIM IPOTPAMMaM NpPHBOAAT K MOSBJEHHIO 3HaKa
omn6ky ETTOT. Mexny TeM 3Hnauenue sin x/x = 1 npr x = 0. Crnexno-
BaTe/bHO, 6OsIee TOYHO ONMpenensth y MO ABYM (opMyJam

y=1 npu t=0, ‘1.2)
y = (sin sinft)/anft npm ¢£0.

INepexoa or onaHo#t H3 HHX K APYroH MOXKHO OCYHIECTBHTb, HCHOJIb3YS
YCJIOBHBIe NepexoAbl 1o ycjaoBuaM x = 0 uaH x 7= 0. Torma moayuum
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TaKylo Nporpammy:

Fx=0 04 1 C/IT Fn HUN8 HUIM9 X X X
Fsin FBx -+ C/II

Ecan BBectn ¢t = 0, To ycioBue ! = x = (0 BHINOJHseTCH, aapec
nepexoga 04 HrHOpupyeTcs H Ha HHAMKanuio BhBoautés 1. Ecau
t = x = 0 yc/JOBHe He BHINOJHAETCS H MPOHCXONLHMT Mepexon Mo ajape-
cy 04, T.e. BuuncaeHne no BTopoil ¢dopmyne (1.2). OTmerum, uro npu
BBOJE KaXKJOr0 HOBOrO 3HAueHHs ! HajO HaAXuMaTh KaaBuwx B/0 u
C/TL. -
MoanduuypyeM nporpamMMmy Tak, 4roGbl Mocje BBOAA KaX<AOro 3Ha-
ueHHs ¢ Tpe6OBaJOCh HAXKHMATh TOJbKO KmaBnury C/IT: -

Fx=0 06 1 C/lT BIl 00 Fx HII8 HII9 X
X X Fsin FBx = BIT 03

Honycrum BBeneHo ¢ == 0. Torna nocie mycka OyneT BhIIaHO 3HAYeHHE
y = 1. Ha6paB HoBoe 3Hauenne ¢ u Haxas knaBuwy C/I1, mb oGecre-
uum GesycnoBHHI mepexod (komanna BIT 00) ma ampec 00. Ecau £520,
To ycaoBue f{=x = (0 He BHIMOJHfETCS H NPOJOJIKEHHE MPOrpaMMmul
no#iner ¢ agpeca 06. ITocne menenus sin mnft na mnft (omepauus ¢ aape-
com 14) mnpoucxoaut 6Ge3ycloBHHI mnepexold Ha aapec 03 (omepaTophl
BIT 03), T.e. K KoMaHae ocTaHOBKH Bhiunchenuit C/TI.

PaccMOTpUM TpEMep CCCTABJEHHS TPOrPaMMBI ¢ MOANMPOrpaMMOl H
XOCBEHHOH anpecaleil perHcTpoB mamsaTH. ITycTh HaxoO BHIYHCJHTL BBl
paxenue )

f= (ae™2 — pe¥'12)[ce™ /2, (1.3)

ByneM pykoBOACTBOBATBbCH CAECAYIOMHM aJrOPHTMOM:
" 1. 3HaveAwe /2 BLIUMCAMM OJMH Pa3 B Hayajle NPOrPaMMbi, 4TO

COKpaTHT oGbllee BpeMs CueTa. .

2. Briuncaenne moxoxux uneros ae™/2, pe™2 y ce™?  ogpop-
MHM NOANPOrPaMMON.

3 Tak Kaxk NpH BBIMOJHEHHH N. 2 3HAYeHHd X, a, Y, b, 2 v ¢ 1OMK-
Hbl BBI3BIBATbCA MOOYEPELHO, TO ITO leJecoo6pasHo CAelaTh, HCTOJb3YS
KOCBEHHYI0 aJpecalujo PerucTpoB NmaMsATiH H PasMecTHTb x, a, Y, b, 2
H ¢ mocJenoBarenabHo B peructpax 7, 8,9, A, B u C.

Torza mojyyuM mporpamMmy B BHIe

Fn 2 <+ II6 6 15 I 15 nm 15

— I 15 -+ C/I1 KWUII5 Fx? HII6 X Fe*

KHUII5 X B/0

3anuce uyHcaa 6 B PerHcTp anpecanHH 5 3alaeT BEI30B NepBOTO
yMcia X U3 peructpa 7 npu mepBom o6paileHHH X moanporpamme. OHo

HayuHaeTcs ¢ omepauud KocseHHoil anpecanmun KHIIS mo anmpecy 15.
Tpyu BLMOJHEHHH STOTO OMEPATOpa COJePHHMOe perucTpa 5 (uncio 6)
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yBeauuuBaetTcss Ha 1. CieloBaTenbHO, NPOMCXOAMT BHI3OB WHCAZ X W3
peructpa 7==(6+41). Ilasee x BO3BOLUTCA B KBaipaT, yMHOXdeTCS Ha
n1/2="P6 u BruncaAeTcs e™¥/2, 3atem (omepatop KHII5 no aapecy 20)
TNIPOMCXOAUT BHI3OB YHCJA a4 W3 perucTpa 8, TaKk KaK COLepXKHuMOe perucr-
pa 5, yKasbiBalollee Ha HOMEpP DerHCTPa, H3 KOTOPOro BHI3LIBAaeTCA Ofe-
panj, BHOBb yBenuuynBaercss Ha 1. [ToamporpamMma 3akaHuHBaeTCsi YMHO-
wenneM €2 ya g p Bo3BpaTom (omepatop B/0) K ocHOBHON mpo-
rraMMe. AHaloruyHo (co cMeHO#l map y, b u 2, ¢) MpOMCXORAT BTOPOE
H TpeTbe BLIIIO/IHEHHE MOANPOrpaMMmBl.

CpaBruM a1y nporpaMMmy ¢ mnporpammoii Bhluncaenuss (1.3) Ge3s
NOANpPOrpaMMEL:

Frn 2 - I16 HI7 Fx? X Fe* HII8 X
HIT9 Fx?2 HII6 X Fe* HIIA X — HIIB Fx?
HII6 X Fe* MHIIC X = c/m

HerpynHo 3ameTuTh, uTO B JaHHOM Clydyae BBeJeHHe MOANPOrpaM-
Mbl COKpPaTHJIO O6llee YHCAQ 11AaroB nporpaMmel Ha 4 mara. OpHako
BpeMs BbIYHC/IEHHS TpPH BBeJAeHUH NOANPOrPaMMBI HECKOJBKO YBEJHYH-
Baercsl. -[efictBurenvHo, mpu x =3, a =100, y =2, b=5, 2=4 u
¢ = 0,01 nonyuum pesyavrar f,= 1,6775483-10-! sa Bpems okono 15 ¢
N0 nepBOfi M OKOJIO 12 ¢ MO BTOPOH mporpamMe.

Tenepb paccMOTPHM cocTaBiefie Lukauyeckux mporpamm. ITycts
HaJ0 BLIYUCJHTb (YHKIIHIO

e* 41
f(x)=In—— FrEa
ana x =1, 2, 8, ... OauH H3 NpocTeHIIMX BAPHAHTOB MPOrpaMMhbl Bbi-

uncnienus f(x) umeer Buy (0=P4)

KWIl4 HWI14 Fe* 1 + HN4 | 4+ = Fln
C/IT  BIT 00

[Teperie nBa oneparopa 0GeCHedyHBAIOT YBeJHUYeHHe COACPKHMOTO
peructpa P4 — x na 1 mpu Kaxaom mycke nporpammbl. I[Tocaenywoune
onepatopn (¢ aapecamu 03—10) cayxar Ans BeuncaeHus f(x). Onmepa-
topi BIT 00 oGecrieunBaloT mepexox K Hayany mnporpammbl. Takum 06-
pasoM, npy Haxatuu kaAaBuwd C/I1 MPOMCXOAMT LHMKJAHYECKOe BbIUHCIIE-
Hue f(x), MpHueM mNpHM KaXAOM IHKAe x Bo3pactaeT Ha 1. Haxumas
kaasuwy C/I1 (nepen nepsbiM nyckom B/0 u C/II), Gynem monyuath
f(1)=0,6201145, f(2) =1,0283157, f(3) =1,6622929 u T. A.

BuludC/ieHUs MOXCHO aBTOMATH3HPOBaTb B elle GOJbluell CTemeHH.
[lycre Hazo "aBTOMAaTHUECKH BLIYHCINTD 10 12 3HaueHui f(x) maa
x=1,2,3, ..., 12 c 3anucblo pesyabTaToB 6e3 BMellaTe]bCTBa oOre-
paropa B peructpnl 1, 2, ..., 9, A, B, C. B stom cayuae Tpebyertcs
JONOJIHUTENIBHO DELINTb [Be 3ajaud: OpraHH3oBaTb 10 7 << 12 uuk/IOB
BbIYHC/IGHHA H TpPeNyCMOTpeTb aBTOMAaTHYeCKHH BbHIGOP PErHCTPOB JHJs
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sanucH peayacratoB. [leppas sajzaua penraeTcs HCHOJB30OBARHEM onepa-
TOpa OpraHusalind LuKna, Hanmpumep B perucrtpe 0— FLO. Bropas —
HCIIOJIb30BaH#EM KOCBeHHON ajpecands. OLMH M3 BapHaHTOB TaKod mpo-
rpaMMsl ciedyomui (n = P0):

WMo II1g Fe* 1 4+ WA 1 4+ =+ Fin
Ko FLO 00 C/TT

B HayaJje MpPOrpaMMEl COAepXKHMOe perucrpa cuetunka O {(mpu mep-
BOM MYyCKe 1) MepenuceIBaeTcsi B perucTp aapecauun PJIl — onepaTopht
UIIO0 T1I. 3ateM (omeparopu ¢ agpecamu 01—09) Briumcaserca f(x).
Onepatop KIT[I oGecneunBaer 3amuch f(X) B TOT perucrp, HoMep Ko-
TOpOro yka3aH copepxuMbiM peructpa [l. Onepatop FLO o6ecneunBaer
BO3BpaT K Hauany mporpaMmbl (agpec 00) u yMeHblleHwe Ha 1 comep-
xuMoro perucrpa 1. Ilukabsl mpojosKalTcsi, MOKa COAEPIKHMOE DErAcCT-
pa 0 He craner paBubiM 0. BBens, manpumep, n = 10, cnycra MHHYTY
cuera noayunM f(1)=0,6201145. M3Bnekas u3 peructpoB 2, 3, ..., 9, A
Apyrue 3xavenns f(x), momyunm: f(2)=1,0283157, f (3) =1,6622929, ...,
f(10) =7,6021501.

Bosblioe yHCAO KOHKPETHBHIX NPHMEPOB MPOrpaMMHPOBAHHS UHTa<
Tens Halifier B HOCTefylollux paszgenax KHHUrH. OgHako BHHMAaTeJbHOE
3HAKOMCTBO C TPHBEIEHHBIMH [POCTHIMH TNPHMEPAMH [OMOXeT paso-
6paThcsi B QIrOPUTMAax BHIUHCJEHHH, Peasu30BaHHHX B GoJiee CJIOMHBIX
nporpaMMax. DT NPHMepHl HJUIOCTPHPYIOT TakKe GoJbliie (GYHKIHO-
HaJlbHble BO3MOXMCHOCTH KOCBEHHOH ajpecaliH H OmnepaTopoB OpraHH3a-
LMK IIHKJOB.

CienyeT o6paTuTb BHHMaHHe HAa TO, YTO B HEKOTOPHIX MHKDOKaJb-
KyJATOPax NePBHIX BHINYCKOB HEJb3fl MO NMPOrpaMMe HPOM3BOAUTH CMEHY
8HaKa BEHIYHUCJEHHA M 3aKaHYMBATh MOANPOrpaMMH CIEAVIOLIUMA oOnepa-
‘mopamu: Fsin, Fcos, Ftg, Farcsin, Farccos, Farctg, Fe®, Flg, Fln,
Fx2, Fl/x, F4/~, Fx, F10* u Fx¥. Ecz no ycJOBRIO 3a1a4u Hajo npo-
BeCTH CMeHy 3HaKa pe3y/bTaTa, TO NPH YMHOXEHHH H ' JeJeHHH 3TO
MOXHO CIeAaTh, NPHCBOHB 3HAK MHHYC OJHOMY M3 COMHOXKHTeNel, nuGO
Aemamomy, sHGo pmeaurenmo. Hanpmmep, ecld Hago BHYHCIUTH YHCIO
~—ab (a = PA, b = PB), 1o dparMent nporpaMmsl JOJXKeH OHTb
HIIA /—/ UNB X nan WUTIA UTIB /—/ X, a me HUIIA UMB X [—/.
OtTMeuennble Bhbllle ONEpalAM AOMYCTHAMO NPOBOIHTb Nepell 3aCHUIKOI
pe3y/bTata B KaKof-AM60 HeHCNIOAb3OBAHHHA DErHCTp NMAMATH (B TOM
uHcse B peructp Y Komaunodt 4).

OnucaHHHe B KHATE NPOTDAMME COCTABAEHH C yYeTOM STOTO Orpa-
HHYEHHS C TeM, 9TO6H OHW GBHUIH NPHFOAHH AJs1 JIOGHIX MHUKPOKAJBKY-
JATOPOB NaHHOrO THMa. B BhNycKaeMbIX B jajibHeHlleM MHKDOKaJIbKY-
astopax 9TH OTpaRMUEHHA OTCYTCTBYIOT, 9TO HeCKONbKO yNpOmaer cO-
. CTaBJIeHHe NPOTpPaMM. . -

Hns ymenbluenust BpeMeHH BHIUHCHAERHH B NUKJIHYUECKHX, IPOrpaMmax
PeKOMEHAYeTC BHIHOCHTb 32 Npeles]sl HHKIa (GPArMeHTH NDPOTPaMM,
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BLIYHCTAIOUIAE UJIEHH YPABHEHH{d, KOTOpHE He MeHHIOTCA OT IMKAA K
nuxay. IloslesHo TakKe HOPMHDOBAaHHe YPaBHEHHH H NpHBEAeHUEe HX K
BO3MOXKHO 6oJiee MPOCIOMY BHAY.

1.5. MorpemwHoCTH BBHIYHCAEHUH HA MHKPOKAJIbKYAATOPAX

INosyyaeMblii B pe3yJibTaTe BHIYHCJEHHH PeS8y/bTaT y OTAHuAeTcs Or
TGUHOTO Yo. AGCOAIOTHAR NO2PEUIHOCTb BHIYHCJEHHS

Ay = Ay} = |yo—yl,
a OTHOCUTEAbHAS
ay = Ay/lyul.

IMockoabKy 3HaYeHHA Yo He BCerJa 3apaHee H3BEeCTHH, HHOrga 3a-
natotr Ay uesaaBucumo. Hanpumep, ecnin Ay = =2, To npu yo = 5 umeeM
y—54£2=3-+7, a upu gy =100 y = 100 & 2 = 98 = 102. Yacro
3a1QI0T Y .9HCJIOM BepHHIX 3HAaKOB pe3yJbTaTta. Beproimu HasbBaoT
3HAKH, €CIH TDEACTABJEHHbIA HMH pe3yJbTaT HMeeT aGCOMOTHYIO MO-
rpemnocTb He Gosee 1/2 mMnapumero paspsna. Hampumep, ecan pesysbrar
y = 50,0124 3anan TpeMsi BepPHBIMH 3HAKaMH, TO MOXKHO NDHHATb, YTO
49,95 < y << 50,05.

TTockoabKy pe3ysnbTaT BHIUHCAEHHH MHAKPO-DBM BHIIaeT ¢ KOHEUHBIM
YHCJIOM 3HAKOB, eMy BCFA3 IpPHCYLIa no2pewinocTs oxpyzaerus. QOGHIHO
ee CYHTAIOT paBHON =1 nocieaHero paspsza. )

Ilpu BbIYUC/EHUM 3JIEMEHTApHHX M CHefHajbHHX (QyHKHHH HaGmo«
naercss meroduueckan nozpewrocTo. OHA CBA3aHa C TeM, YTO TaKHe Bhi
YHCIeHHA TPOBOASATCS DPa3/OXKeHHeM QYHKURE B PAX HAH HENpEDPHIBHYIO
IpoGb ¢ KOHEuHbiM 4HC]IOM WieHOB. Or0pachtBaeMble WIEHH CO3MAIOT N0+
IPEIUHOCTb Pe3yJbTaTa, OLEHHBAEMYI0 OCTAaTOYHLIM uleHoM R. Jrta no«
I'DEHIHOCTh QGHIYHO 3aBHCHT OT apryMeHTa X (cM. Tabu. 1.4 AJasd MHKPO=
KaJbKynaTopoB iekTponnka B53-34).

IMpu  BetuHcjenHH  (PYHKUME  HeCKOABLKHX  HepeMeHHHX Y =
= f(x1, X2, X3, ..., X,) OTHOCHTEJbHAfi NOTPEHIHOCTb BHIYHCJICHUA

n
6y = Z (S:8:)%
i=1

rie S; — k03¢ GHLUHEHT YYBCTBHTENLHOCTH K OTHOCHTEJBHOMY H3MEHEHHIO
6. i-ro mapamertpa.

[MorpemnocTs, AOJMyYaeMas B pe3y/ibTaTe NIPOBeJeHHA ONepalri Hal
NMPUOMHXEHHBIME YHCJIAMH, HA3BIBAETCS ONEPAYUORHON MN02PEeUIHOCT6!0:
OmnepaiuoHdasi MOTPEIHOCTb apH(pMETHYECKHX ONepalHii paBHA CyMMe
norpeulsocTed guces, HaA KOTOPHMH MpPOBOAATCS 3TH onepainn. Cyme+
CTBYIOT ONpeLe/ieHHbe NpaBHia yMeHbIIeHHs 3TOd mOrpemiHocTH. Tak,
CYMMHPOBATh YHCJIA ‘PeKOMEHAYeTCs C MeHbIUHX 3HaueHui. Ilpn ymMHOMes
HHH CJIe[lyeT YMHOXAaTbh MeHbllee YHCHO d4a Goabliee. Ecan npomemys
TOUHBI pe3yqhTaT OPH 9TOM y; > 1, €ro HaA0 YMHOXHTb Ha MeHbIUCG
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Tadnuma 11t

MakcuManbHas
QyHKUHA JonycTHMEE 3HATYEHHUS X OTHOCHTENbHAS
norpem-HocTb
sinx 1,10~ < /x/ <109 3.10~7
cos X 110~ P < /x/ <109 3.10~7
tg x 1.10-9< | x | <10? 3.10=7
arcsin x 1x1<1 3.10~7
arccos X 1211 3.10~7
arctg x 1-10—99 < | x| < 9,9999999. 1099 3.10-7
xY x>0 1.10-6
e | x 1< 100 In 10 4.10~7
«2 | x | <1050 1.10-7
1" | < 99,999999 4.10-7
| 12 x40 1.10-7
/% £>0 1.10—4
inx x>0 3.10=7
g x x>0 3.10~7

M3 OCTaBUIMXCA WYHCEeJ, ecJH y; << 1, TO HAajmO YMHOXHTb Ha GoJbluee.
Onepanun yMHOXeHHS H JeJieHHS IlleJlecOO6pPasHO yepenOBaTh IPYTr ¢
npyroM, usberas nepenoJHeHHsi omepaunnoHHoro peructpa X. Caenyer
r36eraTh BbIUHTAHHA GJH3KHX YHCEJ, TaK KaK De3y/bTaT MOXET MONacTe
B 06J1aCTh MALIMHHOIO HYJf, YTO MOXKeT NPHBECTH K GOJbIIMM MOrpell-
HOCTSIM, HampuMep, NMpH Moc/JedylolleM YMHOXMEHHH Haxe Ha GOJbIIOE
qHCIIo.

Jns yMeHbLIEHHS ONMepalHOHHOH MOrPelIHOCTH MOJe3HD MPOBOIHTH
npeo6pa3oBanusi QyHKUHA C YYeTOM OTMeueHHBIX Bhllle npaBui. Hanpu-
Mep, y = (@ +b)2—a2 nmpu b <« a caegyer nNpeaCTaBHTb B BHJe
y = 2ab 4 b2, uro nO3BOAMT H36eXKaTb BHUMTAHHS OJNH3KHX 4HCe]
(a+b)2 u b2 K Takum npeo6pa3oBaHHsAM OTHOCHTCS TaKXe HOPMHpO-
BaHHe ypaBHEHHMH, CTENEHHbIX NMOJMHOMOB H APYTHX (DYHKIHH, MPOBOIH-
MoOe TaK, 4TOObl BBIYHCJEHHS BeJHCb C YHCJAMH, NAJEKHMMH OT MalluH-
HOTO HyJsl HJIH GeCKOHeYHOCTH.

1.6. MHCTPYKUHSA MO BBOLY M NMYCKYy mporpamm
1J5 MHKDPOKaJIbKYJSITOPOB

1. Tlepen ucnonb3oBaHKHeM NMpPOrpaMM CJeAyeT BHHMATeNbHO O3HAKO-
MHThCSl C aJTOPHTMOM BBIYHCJEHHMH H MpaBHIaMH PaGOThl C MPOrpPaMMOiL.

2. BRJIOUHB MHKDOKANbKYNATOP, NEPEBOLHM ero B DEXHM Mpo-
rpamMupoBanud, Haxas kjaaBumd F u T1PI, 3atem BBOZMM nporpammy,
HaXXHMas yKa3aHHble B Hefl KJaBHIIH.
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3. Haxas xaapumn F, ABT u B/0, mepeBonuM xaabkyastop B pe-
JKUM aBTOMAaTHYeCKUX BHIYMCJEHHH M yCTaHaBJMBaeM NpOrpamMmy Ha Hy-
JleBOH 1luar.

4. B TOYHOM COOTBETCTBHH C HHCTPYKUHeH BBOLMM HCXOJHble [1aH-
nole: 0603HayeHHe Buia x;=PN o03HauaeT BBOA X; npsiMo B peructp N,
o6Go3nauenne x;=PX osnauaer BBOA X; B peructp X ¢ ¢uxcauuedi Beona
Haxardem knaaBumn C/I1. Ina BBoma x;=PY Haxumaem Kaasumy 4.

5. Ilyckaem nporpammy, Haxas Kaasumy C/I1. Berumcienus conpo-
BOXXJIAl0TCSl MHTaHHeM HHAHKatopa. Ecim BpeMa cueTa He OrOBOpEHO,
pesysabrar Jo/mKeH nosBuTbead cnycTs 30—40 c. O6o3Hauendss BHAA
y.— PX, z;—>PX u Tak, najee yKas3blBalOT Ha TO, 4TO pe3yJbTar Y
nosB/iseTcsd Ha MHAHKAaTOpe perHcrpa X (AN MOJYYeHHsl 3aTeM 2; HajLO
naxato knasuwy C/IT u 1. 1.). O6o3nauenne y;— PN osHauaet, uTO
pesyabTaT 3aHocutca B peructp N (pesysnbrat H3 peructpa N BHI3HI-
Baercsi HaxartdeM KaaBuiw HMIT u N). Ecau mporpaMma 3alukIHIach,
CcueT mpepbiBaercsi Haxartdem Kuaasuun C/IT.

6. IIporpaMmy ciepyer mpoBepHTb MO KOHTPOJIbHOMY mpuMepy. Ecin
€ro pe3y/bTaT OIH60YeH, HEOOGXOAHMO BHHMATeJbHO MPOAHANH3HPOBAThH
nporpaMmy mo kKoxam (cM. Ta6a. 1.3) W yTOYHHTH NMPaBHJBHOCTH BBOJA
HCXONHHX AaHHBIX. MIHOrJa mo/Je3HO NpOBecTH BBHIYHCJAEHHS MO LIaraM,
YTO TMO3BOJISET BHIIBHTb H 3aTeM YCTPAHHTb OLIHGKH.

7. TlpuBejeHHEe B OCHOBHOM TEKCTe CNPABOYHUKA NPOrPaMMBI IIPH-
TOAHbl JUJIi MHKPOKAaJbKyJATOPOB JiekTpoHuka bB3-34, DnekTpoHHKA
MK-54 u Dnexkrpomuka MK-56 c yueToM 5KBHBA/NCHTHOCTH CHMBOJIOB:
4+ =Bf, Ul =11—«x, I1 = x—TI, arcsin = sin—!, arccos = cos~¥,
arctg =tg=, A=a, B=bC=c, A=du XY=X=Y.

Buumanne! Onepatopn KocBeHHOH afpecauun KUIIY (koz [E),
KMt (xox LE), KBI14 (xox 8E) u T. n. aHanorHumbl omepaTopam
KHIIO0, KIT0, KBITO u 1. x. ¢ peructpom aapecauud 0. OpHako npu HX
'HCTIONIHEHWH coflepkuMoe petucrpa 0 He Moxuduuupyerca. OnepaTopht
K7 (xon 34), ..., KI (k01 3—) o0BecreuHBAlOT BH30B OLHOH KOMaH-
no# snaka ownbkun ETTOI. Omepatop BII mpn x = 0 = PX 3acsblaaer
B 3TOT perHcTp I, ITockonbKy naHHBIE OnmepaTopel He periaMeHTHDOBaHHI,
NporpaMMbl ¢ HX NPHMeHeHHeM AaHbl OTIAeJbHO B npuioxeHuu 3. Ipu
3aBepLIEHHA BHIIIOJHeHHs HUKJIOB ¢ oneparopamu FLO -+~ FL3 B aznpees
HOM perucTpe octaercs 4ucio 1 (T.e. mpH [OCAeNHEM HX HCHOJHEHAH
BbIYMTAHHE 1 He MPOUCXOMAHT).



IF'naga 2

MHUKPOKAJDBKYJIATOPbI C AJITEBPAWYECKOH
JIOTHKOH BbIYHMCJIEHHH

2.1. O6mue cBepeHHs

MHKPOKAABKYANTOPH C AA2e6pAULECKOL AQ2UKOL BHIOJHSIOT BHYHC+
JieHHA B GoJiee ecTeCTBeHHOM BHIe Girarofaps HCHOJb30BAHUIO KAABHIL

BBOJA CKOOOK I ( I,I [( |, ) ,I )] InpaBeHC'rBa = .

B Tax#x MEEPOKaJLKYJATOpAX uucja BBOUATCA B CTEK NPH HaXaTHH
KJABHINH C OTKPHBAIOMIAMHCA CKOOKAaMH, 8 BHBOZATCA — OPH HaXKaTHH
KNaBHIUIX C 3aKPHBAMAMACA CKOGKaM#. Uuclo cKOGOK, HHOTAA TOJBbKO
KpYrJbix, MoxeT Geite oT | go 16- m onpenejsieTcsi YHCIOM pPerHCTPOB
B creke. Taxme KaabKysnaTopH NOAPa3NelIMOTCHA Ha: 1) HemporpamMu-
pyemsle, 2) nporpamMMupyeMbHe ¢ OGHIHOfl aJjreGpaHyecKoil JIOTHKOM,
3) nporpamMapyembie no cacreme AER (Algebraic Expression Reserve —
aszebpauvecxoe gvipascenue YcAosul) u 4) nporpaMMupyeMue Ha ynpo-
LICHHOH BepCHH fI3bIKa BBICOKOTO YPOBHS GeifCHK.

B Ta6n. 2.1 paHb XapaKTepHCTHKH OTeueCTBEHHEIX HENPOrpaMMHpye-
MHX MHEDOKAJABKYJATOPOB JJIR HAYUHHIX H HHXEHEepHHX pPacyeros.
B ¢ysrumonanbHOM OTHOWIEHUH OHHM pasnuyaloTcs Mano. [TosroMy pac-
CMOTPAM HaHGOJee COBPEMEHHYI0 MONEAb MHHHATIODHOTO MHKpOKaJb-
KyaaTopa ORekTpoHuKa bB3-38 ¢ HanrOOMBIIHEM YHCAOM BHIIOJHSIEMBIX
onepamui. 3TOT KaabKyAATOp (pmc. 2.1) w®Meer TpoiiHoe YympasieHHe
GOMbIIWACTBOM KJNaBWIN, AOCTUraeMOe OPHUMEHeHHeM ABYX (yHKUHO-
HaabEbIX (mpedrrcHHX) KjaaBum Fy m Fz. O6maA# cOpoc ocymiecTsas-
erca Kiasuweft C, c6poc omuGouHO HaGPaHHOrO YHCIA OCYLIECTBJAETCH
knasuineii CK. HMiMeeTcst OZMH JOMOJHUTE/NbHHIN peractp mnaMstd (BBon
9HCeJl B HEro 3ajaeTcAd HaxaTdHem kJasum Fy; 31, a BH30B — HaXa-
TreM knaBum F, HIT). Cko6ku [(n)] xBoiiEHe.

Ins HemporpaMMHpPyeMbIX MHKDOKAJbKYJSATODOB OYeHb NOJESHO CO-
CTaBJATb MPOTPaMMbl BbluHc/IeHHH. Tak, o6o3Hauas omepaHAH-uHCIa B
'KPYXKaxX, BbluHcleHHe BupaxeHusi a -(h 4 (¢ 4 d))=? MOXKHO BRH-
NOJIHATL MO TAKOH Mporpamme:

I
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Tonct aBAifa BMecTo a <+ b guena 2, 3, 4 u 5, moayuuM pesynsTat 29
HepeZko ¢ MOMOMLIbIO HENPOrPAMMHDPYeMHX MHKPOKAJBLKYJIATOPOB MOXKHO
BeCcTH BBIUHCJEHHS MO MpoOrpaMMaM, COCTaBJIEHHEIM AJiS NpOrpaMMupye-
MBIX MHKPOKAaJbKYJATOPOB (€CAH K 3TOMY BEIHYXAaeT MX OTCYTCTBHE).

OnHOMECTHbIE ONepaldy BHINOJHAIOTCH YKa3aHHeM HX OlepaTopa mo-
cne Ha6opa uxcaa x. Hanpuwmep, sin 30° Bbluncasiem, naGpaB uuciao 30

W HaxaB kJjaBumu F, sin (ykasbiBaeM TOJbKO AeHCTBYIOUIYIO HaIIHCh
Ha KJIaBHllle WM HajA Hel)..
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Puc. 2.1. Buemnuii Buj MHKpOKaJbKyJsaTopa dDaekTpoHuka B3-38 c an-
re6pauueckoil JIOTHKOH BHIGHCJIEHHH

IMpusenem npumepsl GoJiee CJAONKHBIX BHIYHCIEHHE:
1. Beiuncienne rumepGoanueckoro Kocuuyca chx = (e 4 1/e*)/2

Has x = 1 nonyuum ch(1) = 1,5430806.
2. Boiuxcienne o6paTHOro runep6oJHYIECKOr0 KOCHHYCa

=In(x+/x—1)
T, +

] v

AroT npHMep MIMIOCTPHPYET NPHMEHeHHe perucTpa naMmatu. Jas x =
roayuuM arch (2) = 1,3169678.

3. Boiyncienue yucsaa coyeTaHui Cg =9!/(3! (9 — 3)!)

® F K k ® F
X[(z @)]anzl

TTonyuum Cg = 84.
32

F, & + F

1/.2: -

arch x =

3I
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4. Nna naru aucen 7, 8, 8, 9 m 9,5 HafiTH cpemHee W AucrepcHio.
BBoa mpoBoguM IO mporpaMme:

F2®szFz
J»'@Fz;z'rzﬂc

z ® §

HaxaB knaBuIly ¢ HaANHCBIO CNpaBa X, moiyuuM ¥ = 8,3, HaXaB KJja-
BHIIY C HaANHCBHIO CNpaBa 7, MOJYYHM 1 = 5 (YHCJIO BBeleHHEIX JHcea),
HaXaB KJaBaly Fp; ¥ KJaBHIIY C HAANMHCHIO CBEPXY On, MOMYYUM
o, = 0,8717797, u, #axas kaaBumy F, W KJIaBHIIY C HaJMHCbIO CBep-
XY GOa-1, HOMYYHM Op—1 = 0,9746794. Takxke MOXHO BBIYHCIHTD

D x=415n ) x*= 348,25
5. Hafitu xopHu kBanpaTHOro ypasHenua x2 - px 4+ g = 0 mo ¢op-

2
MyJIaM Xy 9= — g + z\/—%— —q. [Tlporpamma BHuHCHeHHI HMeeT
BHJ,

®@*r @+ @ - @ =5 v
FE st @ + (® - - §{ un [§
F, M0 F /-

KopHu mosiyyaeM MoOcje HCHOJHEHHS oneparopoal = |. Ecmn

p=2736 u g = —5219, To nMeem x1 = 1,294785 u x> — —4,030785.
B sToii mporpamMMe uwjeH p/2 CTAHOBHUTCA KOHCTAHTOH MOC/IE HCIOJIHEHHR
[OApSJ ONeparopoB — H —.

6. HaiitH, ckosbKO rpaMmoB paans

—n 24T

m (£) = mge 12

OCTaHeTCsl ToC/e ero paJHOakTHBHOTO pacrnana 3a spems { = 2000 Jer,
ec/ln HCXORHas Macca My = 125 r, a nepuox ero mosypacmaga Ty =
= 1620 ner. Ilporpamma BruHcaeHuit m(f) B oblleM BHIe ClelyoLlasnl

® 5 m x @ + ® = F /[

x —_
Fz e x gy =

Ilns npuBeleHHLIX RaHHBIX m(f) = 53,12122 r.

C/i0XHble 4 MHOTOKPATHO MOBTOPSAIOMWIHECH BHIYHC/ICHHSA yNOOHO Npo-
BOJAHTb HA TNPOrPaMMHPYEMBIX MHKpOKaJbKyaAaTopax. OreyecTBeHHbIe
porpaMMHpyeMble MHKDOKAJbKYJATOPH € ajreGpaHyeckoffl  JIOTHKOM
BbIYHC/IRHHA K MOMEHTY NOATOTOBKH JAHHOH KHHIH HaXOAHJHCh B CTaguH
pa3paGotku. [ToaToMy naJjiee pacCMOTPeHBl OCHOBHHIE THIH LIHPOKOPACs
OpOCTPaHeHHEIX 3apy0eXHBIX Ka/JbKyJaATOPoB (Tabi. 2.2),

2 B, M1, Apaxonos 33
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KanbkynsaTopsl 3TOro kjacca OGBIYHO HMeIOT uepapxuto onepayud,
T. €. BLIMOJIHEHHE MX B ONpeleJIeHHOM MOpsifike: | — BbIuHC/eHHe MaTeMa-

y
THUECKHX (YyHKuUui, 2 — BuluHCAeHHe qayuxuuﬁ xY u 4% (mm y*

'\/y) 3 — yMHOXeHUHEe H JeJeHHe, 4 — CJIOXKeHHe M BHIYHTAHHE H 5 —
OKOHYaHHe BHYHCAeHH (omeparop =). Tak, NpH HaJIHUHH HEpapXHm
BoipaxkeHue 2 -4 3 X' 4 BeluHcasieTcss Kak 24 (3 X 4)= 14, a npu or-
CyTCTBUH ee Kak (2 4 3) X 4 = 20. Hannune uwepapxum mossoaser Go-
Jiee 9KOHOMHO HCIOJIb30BaTh CKOGKH H COKpalllaTh IJHHY NPOrpaMM, KO-
TOpas 06buHO GHIBaeT HECKOJNbKO Goblie, YeM Yy KaJbKyJATOPOB C 06-
paTHOH GecCKOGOYHOH JIOTHKON BBIYHCJIEHHH.

Kanekynstoper EL-5100 u EL-5101 ¢upmbi Sharp (SInonust) pea-
JH3YI0T MeToa nporpammupoBanusi AER. Ero cyTb sakmiouaercs B thop-
MyJibHOM TpejacTaBjeHnn nporpamMm. Hampumep, Boiunciende (yHKUHH

f(A, B, C)>= 10,5 AB sinC
BLINOJIHSAGTCS MO TaKofi mporpamme, BmoAuMOil B pexume AER [23]:
ond  f( )=ABC f( )=5A BsinC

Brauane pesepBupylotcsi nepemennsie A B C B Bume Gyks, a 3aTeM
samHChIBaeTcs (opmyJia AJs BBUHCIAeMOH (QyHKUHH.

BblunciieHnsi cBoasiTCsi K BBONY HCXOLHBIX IAHHBLIX MO TOACKa3Ke
KanpKyssaTopa nyTeM- Haxatua kaaBumu COMP. Ilepoe ee Haxarue
BeleT K MOABJGHHIO HA Jucnjee cooblienusi A= ? (Hago BBectn A),
BTOpPOe K coobuwennio B = ? (fiano BBecTH B), Tperbe K cooOGUIEHHIO
C = ? (BBogum C). HaxaB knaBuiry COMP, euwe pas nonyunM 3Haue-
nue f(A B C). Ipu cucreme AER uucJO HaXAaTHH KAABHUI CYLUIECTBEHs
HO MeHbllle, yeM NpH OGHIYHOH ajre6paHyecKol JIOTHKe BHIUHCJEHHH.

MuKpOKAMLKYNATOPH ¢ cHCTeMOH mporpaMMupoBanns AER SBHJIHChH
waroM K paspaboTke HaHGoJiee COBEpIIEHHBIX MHKDOKAJbKYJISTODPOB,
TporpaMMHpyeMbiX Ha s3bIKe BEICOKOro ypoBHs Geiicux [13]. Ero oco-
OGeHHOCTH 3aKJIOYaloTCd B BHIPAaXKEHHH CJOXKHBIX ONepaTopoB B BHIE
COKpalleHHbIX AHMMHHCKHX CJIOB (INPUT — BBect, LET — npucBours,
PRINT — nanesarats, GOTO — uatn k crpoke, GOBUS — uarn k nox-
nporpaMme, RETURN — Bosspar u3 mnoamporpammel, END — konen
H T. &.), BO3MOXKHOCTH BBOJA CJIOBECHHIX KOMMEHTapHeB, AHAJIOrOBOM
peXHMe oOOLIeHHA c MNoJb3oBaTeneM. Tak, mnporpaMMma BHYHCJEHHA
tdyskuun F = f(A, B, C) Ha Geiicuke HMeeT HarIIHHIA H He TpeGYyIO
WHA OcoOblX MOSICHEHHH BHI:

10 INPUT ’ BBEIUTE A, B, C' A B, C
20 LET F = 05 » A « B = SIN (C)
30 PRINT F : GOTO 10 : END

ITonpoGHoe OMHCAHME MHKPOKAJbKYJATOPOB, MPOrPaMMHPYEMBEIX Ha
Geficuke (cM, Taba, 2.3), H caMoro fAsblka BHIXOAHT 33 paMKH JaHHOH

2* 85
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KHHUTH, NMOCKOJbKY OHH O6JHXe K CJIOXKHBHIM mepcoHalpHEIM IBM, uem
K OGbIYHBIM MPOrPAMMHpPYeMHIM MHKpOKaabKyastopaM. Hepenko momo6e
Hble MHKPOKAJbKYJISTOPHl OCHALIAIOTCS MHOTOYHCJIEHHBIM nepugeputino.u
o6opydosanuem. Tak, onuH u3 HauGoJee CJIOKHEIX KaJbKyJsATOPOB
RL-H1000 HHC ¢upmbl Panasonic (CILA) umeer crenywomee nepude-
puiiHoe 060pyaOBaHHe: aKyCTHUeCKHH Tesle(pOHHBIH MOAEM AN Nepefayd
JNaHHBIX MO Tesle(OHHbLIM JHHHAM co ckopocThio 110 mau 300 6ut/c (pas-
pPAAHOCTb OT O H0 8, MpenyCMOTPeH KOHTPOJb YEeTHOCTH), BHEWHSAS NPo-
rpaMmMupyeMasi namsaTh Ha 8 k6afiT c aBTOHOMHBLIM NHTaHHEM, YCTPONi-
CTBO TepMOIMNeEYaTH ¢ IUHPHHOH CTPOKH Ha 16 cHMBOJIOB, ajanTep K Tele-
BH30ODY A/ OTOGpa)ieHWsi 16—32 CHMBOJBHHIX CTPOK, ajantep MJIs
MOAKJIOYeHHSI OLHOTO-IABYX KACCETHHIX MarHUTOGOHOB HJs 3amHCH AaH-
HbIX H NPOTPaMM, MOCJeNOBaTeJbHbIN HHTepdelc A Mepelaud DaHHbLIX
co cxkopocteio or 110 no 9600 Gur/c, npafiBep ynpaBieHuss Ko 6 mepH-
(epuiiHbIX ycTpolicTB BBOAa-BhBOZa M T. O. Clexyer OTMeTuTb, 4TO
CTOHMOCTb NOXOOHBIX KaNbKyJATOPOB (YYHTHIBAsi MHKPOMHHHATIOPHOCTH
BCEro KOMIJIEKCa 0GOpyNOBaHHA) BHILIE CTOHMOCTH MNepcoHanbHbx JBM
u paxe MuHH-DBM. ITosToMy IIMPOKOro pacmpocTpaHeHHs] OHH MOKA He
MOy YHJIH.

B To e BpeMsi psAja IIMPOKO PacmpOCTPaHEHHLIX COBPEMEHHBIX MO-
nenefi MHKpoKanbkysaropoB (mampumep, TI-58C, TI-59, HP-67, HP-97
K 1p.) TakXe upxoGpen npucymue DBM uepTh: BcTpoeHHble GHOJIHO-
TeKH NPOTPaMM I0Jb30BaTeNs, BCTPOEHHbIE MAarHUTO(OHBI IJIs 3amucH
DaHHBIX M Tporpamm, NepudepuiiHble (HHOTAAa BCTPOERHbE) YCTPOHCTBa
neuatH — NpuHTephl. [IpHueM 3TO coueTaeTcsi ¢ yMepeHHOH CTOHMOCTbIO
H JOCTYINHOCTBIO.

2.2. KnaBuarypa u 13bIK MUKPOKAJbKYJATOPOB
¢ aareGpanyecKoi JIOrHKOMH

C KnaBHATypOHl M SA3LIKOM COBPEMEHHBLIX MHKDOKAaJbKYJSATOPOB C aJ«
re6panyeckOl JIOTHKOH MOXHO O3HAKOMHTbCHA Ha NMpHMepe LIHPOKO pacs
NPOCTPaHEHHBIX MOJesell MPOrpaMMHpyeMbIX MHKPOKAJbKYJISTOPOB BHICO-
koro kaacca TI Programmable 58C u 59 (TI-58C/59). Iyasr ynpasie-
HuA KX (pHc. 2.2) comepXHT 45 KkJaBHIU, KOTOpeIMH BBoxsTcs 108 ome-
pauui. DTO AOCTHraercs ¢ NMOMOWbIO Kaaguuiy Osotinodl onepayuu 2nd
(oHa HaxKuMaercs, ec/JH BBLIIOJHACTCS omepauus, o6o3HaueHHe KOTOPOH
HaXOQMTCS HAJ OCHOBHOM KJABHMLUIEA) M KJABHIUM WHBEPTHPOBAHHS OfNe-
paurd INV (cMm. Huxke). B nporpammax maxkatde xnasmwu 2nd He
yKashiBaeTcsl, TAK KaK HAa HEro NPAMO YKa3biBaeT PacmofioiKeHde (yHK-
LHOHAJIbHOH HAANHCH OcHOBHOM kaaBumu. Hanpumep, Haxkas xaasuuly

log log

l Inx |, BBo;mum omepatop Inx, Haxkas kaasumu 2nd u [ Inx |,
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log

sonuM omepatop log(log x), uaxas kaaBumwn INV 2nd | Inx | ¢

BBoxuM omnepatop 10* u T. 1.

Onepartops BBOAa uHcea, K num ortHocsarcs uudpw 0, 1 .,. 9, pase
JleIuTeNIbHaA TOYKA . , ONEPaTOpP CMeHbl 3HaKa MAHTHCCH HJH MOpAIKa
+/—, omepatop BBopa mopsaka EE u onepatop Bbi30Ba uHcaa

= 3,141592653590 (BbiBopuTcs 10 3HaKOB H3 13 HCNOJB3yeMbIX NpH
BBIYHCJIEHHSIX).

Onepatoper crupanns (c6poca). O6wmii c6poc BBOZHTCH ONEPaTO+
pom CLR. Ilpn stom ycraHaBiuBaercs Ha 0 comepxumoe peructpa X,
yCTaHABJHBaeTC CTaHZapTHas (opMa NpeicTaBJeHHs dHCeJ, IpeKpas
ulaercss HHAMKALMS omHMGOK (MHranume uHAukatopa). Coxepxumoe pe-
THCTPOB NaMSATH COXpaHseTCH.

Omnepartop CE (clear entry — crupanue esoda) ofecneuuBaer TOJbKO
cTHpaHue uncaa B perucrpe X (3a HckiaoueHwem uucaa ;), CtHpaHue
nporpaMMmbl  obecrneyHBaeTcsi BBOJLOM BpyuHylo onepatopa CP (clear
program — cTupanue npozpammbl), a OYHCTKA BCEX DPETHCTPOB MaMATH
ocymectsasiercss oneparopom CMs (clear memory — cTupanue namaru).
Onepatop CP B nporpaMme obecrieynBaeT CTHPaHHe COXEPKHMOTO pe-
THCTpa CpaBHeHHs f.

OnepaTopsl OpAMBIX M 06paTHbIx GyHKUMA., OnepaTopsl NpAMbLE
¢yHKYull BBOAATCA Ha)KaTHeM OCHOBHBIX KJIABHLI, 06parxolx (hyrnxyuli —
mocjie HaxXaTua kaasuwn INV.

ITpsimasn dyHKIMA O6paTtHass QyHKLHUSA
EE (BBOJL, MOPAAKA) INV EE {c6poc mopaaKa)
Eng  (BBOJA MHXeHepHoro dopmara) INV Eng (c6poc HHXKeHepHoro &op-
- Mmara)
Fix (BBOJ, orpaHMUeHHs 4HCJa 3HakeB) | INV Fix (c6poc oOrpaHHYeHHs YHCJAA
3HAKOB)
log  (mecaTunmli sorapudm) INV log  (dyuxuus y=10%)
Inx (HaTypaabnbIit Jorapudm) INV In x (d)yum.mﬁ y=ex)
T (y B CTeNeHH X) INV y* (KOpeHb CTeleHH X M3 Uucaa
Y
Int (BuIzeieHHe nenoft wactm x) INV Int (BHaeneHHe APo6HOH yacTu
x)
sin (sin x) INV sin (arcsin x)
cos (cos x) INV cos (arccos x)
tan (tg x) INV tan (arctg x)
Prd  (ymMHOXEHHE B Perucrpe) INV Prd  (menenue B peractpe)
SUM (cymMMupoBaHHe B PErucrpe) INV SUM (BHuHTaHHE B perucrpe)
D. MS (mpeo6pasoBaHue yraa B rpaaycu | INV D. MS (npeo6pa3osanne yraa
C JeCATHUYHBLIMH HOJISIMH) B TIPajychl, MHHYTH, ce-
KYHIh)
P > R (npeo6pa3oBaHHe MOMAPHHIX Koop- | INV P > R (nmpeoGpasoBaHHe [eKapToe
HUHAT B IeKapTOBH) BBIX KOODJHHAT B MOJISAPHbIE)
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Ilpsimasa byHkuus O6paTtHas dyHKUHA
I+ (HaKoMJeHUe ¢ CYMMHPOBaHHEM) INV 24  (HakonjieHHe ¢ BHIYHTaHHEM)
x (cpenHee 3HaueHHe) INV x (cTaHZApTHOE OTKJIOHEHHE)
list (neyats NMporpam Ml INV list (mevyatb NaHHHX H3 PErucT-

pos)

SBR (o6pauieHue K mopuporpamme) INV SBR (soaépar H3 NOANPOrpaMMH)
x==t (ycloBHe uepexopma) . INV x=t (x51)
x>t (ycaoBHE mepexona) INVxx>t (x<¥%)
if flg (npoBepka moabema daara) INV if flg (uposepka cmycka duaara)
st flg (momusATh diar) INV st flg (onyctuth daar)
Dsz (cxavok, ecau Rx-——-O) INV Dsz (cxatxox, ecau quEO)
Write (3anmuch nporpaMmai) INV Write (cuHThHIBAaHHE MpOrpamMMubl)

Onepatopbl ycTaHOBKH (opmara uucen. Hopmaavuolld gopmar coot-
BeTCTBYeT BBIROAY JeCSiTH 3HAKOB MAHTHCCH B BHJe NECATHYHOTO YHCJIA
¢ ¢duxcuponannoii 3anaroft. [Ipn BBone mopsaaka oneparopom EE ycra.
HaBRJHBaeTCA H1Yy4Hbld (SKCIIOHEHUIHANbHBIA) dopmart uucen x =M. IOE,
rie M — HOpMHpOBaHHAs MaHTHcca, cojepxkawas 8 3Hako, u E—nopsi-
ACK, cofepxalui asa sHaka. Hampumep:

Manrucca ITopsnoxk
—_ 2, 5786431 — 16
3Hak 3Hak
MaHTHCCH nopsaka

Juanasod yuce] JieXXUT B mpepenax or 4=1. 10™% o tq =
= 9,9999999 - 10%,

Huoweneproui popmar sBonutcsa onepatropom Eng. Ilpu stom nops-
2ok umcea paBeH 0 unm KpaTeH Tpem. Hanpumep, pasnenus 1 ua 3, mo-
ayunm .3333333333. Haxas knasumu EE 1 =, monyuum 3.3333333 — 01,
HaxaB Jasee kaaBuwy 2nd u Eng, moayuum 333.33333 — 03.

Dopmar ¢ puxcayued wucara 8HAKOS Tocie sanatoir N ycraHaBmu-
BaeTcsi BBOoM oneparopa Fix N, Hanpumep, npu N = 2 npenwecrsyio-
oMl pe3yJabTaT moayyuM (mocje Haxartusi kaaBuml 2nd Fix 2) B BHJe
333.33 — 03.

Onepatopw aphMeTHueckux omepaumit. K EMM oTHocsTCH omepa-
TOpBl CJOXKEeHHs -}, BHIYHTAHHA —, YMHOXeHHs X, Je/eHHs --, BBOZI
OTKpHIBAIOMWHX (M 3aKPHIBAIOWHX) CKOGOK M 3HAKa paBeHcTsa =, Jlony-
CTHM BBOJ 10 [eBSITH Nap CKOGOK.

Oneparopn aare6panvecknx ¢yuxunii. K oneparopam a/zee6pau-
ueckux (pyHKYuil OTHOCATCA BEHIYHCTIEHHE HATYpaJbHOro jorapugma In x,
necatuunoro Jorapudpma log(lg x), dymxumu e* — INV In x, dynkuun

- 10* — INV log, kBazpaTa x — x2, KBaJpaTHOrO KOpHA 1/x, (pym(mm y*

b '\/— — INV y*, 3a HckmoueHHeM ¢yHKUHA y* u x/_ ocTaJbHble
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(yHKUMH BBIYHCAAIOTCA NOCAe BBOAA uMcna x B peructp X. Hanpuwmep,
naxas knaBuiun 2 INV In x, nonyuum e = 7.389056099.

Ias BbluncnenHst GYHKUMY y* BBOAMTCSA YHC/IO X, HCIOJHSETCS OLes
paTop y*, BBOAMTCSA HHC/IO Y H HCIOJHsAeTCs omepaTop =. Ins Briymcs

nenns dyukumnn vy = y'/* BBoautcs wneao Y, 3aTeM HCIIOJHAETCS Omes
parop INV y*, BBoaMTCA YHCNO X H ACNOJHAeTcs onepaTop =. Hampue
Mep, AJS BbIYHCJEHHSA '\76_4=4 HaxxuMaeM knasuuy 6 4 INV y* 3 =
TpuronomerpHueckne M OOpaTHbie TPHUrOHOMETPHuecKHE (YHKUMH,
OTH OYHKIHH BBIUHCJAIOTCA NPH TPEACTaBJEHHH YIJIOB B rpafycax
(onepartop Deg), paauanax (omeparop Rad) u rpamax (omeparop Grad). .
CHHyC, KOCHHYC M TaHI€HC BLIYHC/ISAIOTCS BBOAOM ONEPAaTOpOB sim,
cos H tan*). Ecau nocie HHX HcmoJHSeTCs onepartop 1/x, To BEIYHCHA<
JI0TC KOCEKaHC c¢sc X = l/sin x, cekaHc secX = 1/cosx H KOTaHTeH®
cotx = 1/tg x. AprymeHT MOXKeT HaxXOAuTbcsi B mpereaax- =36 000°,
+200n pamuan u =40 000 rpaz.
OGpatuble TpuronoMeTpuueckne (GYHKUHH BEIYHCASIOTCS, eClH Tiepen
onepatropaMu BBoAuTca onepatop INV. Pesynbrart npu aTom npeacrabs
JsieTcsl B CAeAYIOLIMX Tpefesax:

arcsin x - 0+90° /2 panuan, 100 rpan,

arcsin (— x) 0+ —90°, — m/2 panuan, — 100 rpan,
arccos x 0+ 90° m/2 pammuan, 100 rpan,

arccos (— x) 90 =+ 180° m/2 + m paamuan, 100 + 200 rpan,
arctg x 0 + 90° m/2 panuan, 100 rpag,

arctg (— x) 0 + —90° — m/2 pamuan, — 100 rpan.

ApkKOoceKaHC arccsc X, apKceKaHC arsec X H apKKOTaHreHc arcotx
BHIUMCJASIOTCS ¢ mnoMmowbio onepatopoB 1/x INV sin, 1/x INVcos u
1/x INV tan.

Ecnu yroa 3anan B rpaiycax, MHHyTax H cexyunax TO ero MOXHO
npeo6pa3oBaTh B rpaiychl ¢ AeCATHUHBIMH NOJSAMH C NOMOLIbIO Omepa-
Topa D.MS. Hanpumep, yron 24°17’29”/ BBoanM B Buze 24.1729 m,
raxas knasuwd 2nd # D.MS, noayuum ¢ = 24.29138889°. O6paTHOe
npeo6pa3oBaHue NPOH3BOAHTC BBomoM omepatopa INV D.MS (uaxn-
maioTes knasumd INV 2nd u D.MS).

OmnepaTopbl BblgeJeHHs: aGCOJNIOTHOrO 3HauyeHHs, uenod u ApobHoi
yacreit uucen. AGco/oTHoe 3HaueHne (#00yab) APOGHOTO YHCJIA X BH-
JenseTcss NPH HcnoiHeHHH onepatopa |x|. Onmepatops Int u INV Int
00ecreynBaiOT BhlIeJeHHe LeJoil H Apo6HOH uacTell uHcaa X.

OnepaTopsl ynpaB/jeHHs PerucTpamu mnamsTd. 3anucb Yucen B pe-
ructp XX (XX — mByxsuauHoe YHCJIO — ajpec DerucTpa) NPOH3BOLHTCH
cnepatopamu Bupa STO XX (store — sanuceiears). BuizoB uucaa H3
perncrpa XX npousBopntcs onepatopamu RCL XX (recall — goizsary).

*) OGosHayeHne OGYHKUuA COOTBETCTBYET NpHBEAEHHBM B [26]
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O6MeH conepxxuMuM Mexay peructpamMu X m XX mpousBopuTes mpH
McrnonHeHHU onepartopa Exc XX (exchange — menary). Onepatop x = ¢
obecneunBaeT oGMen Mexay pervcrpamu X u L

Onepatopw apudMeTHYECKHX OMNepauuii B PperucTpax NaMaTH.
C conepxuMuM perHerpoB X H XX MOMKHO BHINOJNHATb apHMeTHYECKHE
omepandR c 3aHeceHHeM pesynbrata B peructp XX. Takue omepanun
BBOAATCSI ONEPaTOpPaMH: CJOXEHHe SUM XX, ymuoxenne Prd XX, BH-
garanne INV SUM XX u nesenue INV Prd XX.
: TIpumep. Pazgennts uscao 12, xpamsmeecs B perucrpe 00, ua
gmcao 2,5 = RX.

Haxnmaem kaasummp 1 2 STO 00 (sBoa uncaa 12 B perHcrtp
00) 2 . 5 INV 2nd Prd 00. Temepp, Haxas kaaBumu RCL 00, Bbisbl-
BaeM u3 perucrpa 00 peayabrat — uncao 4,8. Ilpn 3THX omepamusax co-
RepXHMoe perucrpa X He MeHseTcs.

TlpeoGpa3oBanua cucTemM koopaMHAT, IIycTb B CHCTeMe NOJISIPHHIX
KoopanHat (P) HMeeTcsh pajHyc-BeKTop ¢ AJHHOER R u yriom 0
(pHc, 2.3,a). HyXHo HaiiTH KOODAHHATH X H y B [eKAapTOBOH CHCTEME

Y
y-2 ()
87
180° 8
j z=7 X
270° a) 5

Prg, 12.3. K npeo6pa3oBaHHio KOOPAHHAT: H3 MOJAPHHIX B B AleKapToBH! (a)y
H U3 JIeKapTOBLIX B NOJApHHE (6)

Koopaunar (puac. 2.3,6). Ias storo cayxur omeparop P—»R. OGpat-
Hoe Tpeo6pasoBaHue BHIOJHsETCS ¢ MOMOMbIO omepatopos INV P—R
(o3panaer R—> P). Iins npoBeleHHs 3THX NpeoGpasoBaHHuil HCHONb3yeT-
cs peructp t. IMopsiaok npeoGpasoBanuil cieylomi:

P->R R->P

Beoaum "R > x >
HicnoansieM omepatop x<t x<t
Beogum II 0 v
HcnonHsieM onepaTop A P->R INV P>R
TTonyuaem Y 0
Hcnonnsem omnepaTop | 2y x 2 t
Toayuaem ! x R

" ¥Yron © BHIHCAETC B npene pax —90° << 0 < 270° wmam

=nf2 pan <0< 3nl2 pan unu =100 rpag < 6 << 300 rpan,
42



Mpumep. R=25, 0 =25° HalitH y U %

Haxumaem kaaBuumin 5 x==% 25 2nd P—R u noiayuaeM Yy =)
(= 2.113091309, HaxxaB KJaBHWY X =={, nojayuyuM x = 4.531538935.

Onepatopst ynpaBieHHsi BbUHCJAEHHAMH NO Mporpamme, Crupanus
npozpamm (clear program) B O3Y npoussoautcsi omepatopom CP. ITes
pPeBOA B pexuM nporpammupoBasua (o6yuyeHns ®BM) u HaoGopow

000
079 pr—————
Gann1
159 f—~——— 99
739 89 59 000
319 fm————n 73 49 fr—————1 079
baHkZ
Nporpam-
399 f—————- 69 Moan 39 F—————o 159
_namMaTh
419 59 29— ————o 239
839 F————— i 43 19 pF————=—- 319
bank3 [
639 |F—————- 39 09 f———— — 399
s Ucnonbaye-
79 29 Mbe © 00 413
perMCprl Honepa
799 e ] 19 M3MATH  perncTpos
4
S L P TI-580
959 00 9
Wwaru Homepa
NporpaMmbl perncTpos
a), © TI-58

Puc. 2.4. Ctpykrypa O3Y

Npou3BOAMTCA HaxartheM kiaaBuid LRN (learne — yuure). Ocranos s
ucaenu IO TPOTPAMME H AYCK NpPO2PAMMbL TIPOHSBOLATES BBOJOM ONe+
patopa R/S (run — stop). B mporpamMme 3ToT omepaTtop ofecneunBaer
OCTAaHOB BEIYHCJEHHH IJIA BHAAuUM pesyibTaTa. B pemuMe cuera oH Me-
mosb3yeTcss AJS NMycKa NperpaMMbl C TOTO ajpeca, Ha KOTOPOM OHa
OCTaHOBHJIACH.

Onepatop RST (reset — so3spar K Hyiw) oGecneuHBaeT mepexon,
Ha myneBoAi anpec (000) mporpammbl. KpaTkoBpemeHHE ocTaHOB. (Ha
=~ 0,5 c) BbluucsaeHHit mo nporpaMMe ofecreunBaeTcss BBOAOM B Hee oOne-
patopa Pause (naysa). )

Pacnpenenenne o6nrema O3Y. Emxocts O3Y Moxer pacmpenensthbs
csl MOJb30BaTesNleM MeXJY DErHCTPaMH NAaMsATH H LIaraMu OPOrpPaMMbt
(puc. 2.4). Kaxnasle 10 perucrpos naMard 3aHuMalor B O3Y mecTo AJA
80 waros nmporpaMMhl.
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Yncno pecsiTKOB peructpoB N 3aJaercAl M0JAb30BAaTeNIEM € MOMOLUILIO
onepatopoB N Op 17. Ilpu naxartuu kaasuwt N 2nd Op 17 Ha uHauka-
TOpe BLICBEYHBAIOTCS MAKCHMAaJbHBIA ajpec OpOrpaMMEl H MaKCHMaJb«
HbI HoMep peructpa mamsarh. Hampumep, ecin N = 3, To Ha uHAMKA-
Tcpe Gyayr uudps 239.29 (239 — makcHMaubHEIA HOMep mara u 29 —
MaKCHMa/JbHBIH HOMep DerHcTpa mamsaTH). [lepeno/HeHHe maMaTH, OTBe-
JEHHOH 1oj PEerucTpel HWJH MPOrpaMMy, HHAHLUHPYeTcs Kak owubra mu-
ranueM JHCIVICS.

Onepartopnl cTaTHCTHHECKHX pacyeToB. [IpocTeiiline craTHcTHuecKHe
pacueThl MOI'YT BBHIIOJHATHCS MHKDONPOrPaMMHO IOCJe OYHCTKH DPEruct-
poB onepatopoM CMs. Ina BBOAA uMceJ, MOAJENKAUIMX CTATHCTHYECKON
o6paboTke, cayxat KaaBuiin 2nd X -4, HaxuMaeMnle nocje BBOAA
KaXJ0ro yucaa X;. Eciy Kakoe-TO 4HC/IO BBeJeHO OIIHGOYHO, €ro HCKJIO-
9al0T noBTopoM HaGopa M HaxkatHeM Kaasum INV 2nd X 4. Cpexnsee
SHaueHHe psAfa BBeIEHHBIX 4YHuceJ] ¥ MOXKHO BHI3BATb HAa HHIMKALHIO,
paxas kJaaBmuy 2nd ¥. Jas BBIYHCJAEHHS JHCNePCHH, Ko3dduuueHTa
napHOM KOppessillHH H napaMeTpoB JiHHeHHOR perpeccHn (cM. § 5.12 u
5.13) cayxar cneunasabHeie omepatopst Op 11 = Op 15 (cm. nasee).
Hx ucnons3oBaHue MOSICHAET NMpHMep B NpHJIOXKeHHH 1 (omHcaHue mpo-
rpaMmsl ML-01).

2.3. dnemeHTapHOE NPOrpaMMHpOBaHUe
MHKPOKAJbKYJITOPOB C ajreGpanyeckoil JOrukoi

dJleMeHTapHOe NPOrpaMMHPOBAHHe MHKDOKAJbKYJATOPOB ¢ aJrel-
paHyecKoll JIOTMKOl MaJo OTJIHYaeTcs OT TAKOBOrO MJIS MHKDPOKAJbKyJs-
TOpOB ¢ 0o6paTHOit GeccKOGOUHOH JOrHKO# BhyHC/HeHuH. OueBHIHBE OT+
JIMYHs 3aKJIOYAIOTCSl B HCIOJb30BAHHH ONEepPaTopoB BBOAA CKOGOK (10
9 nap) u omeparopa = (OHH JOCT2TOYHO OYeBHIHH), a TaKXe B yuere
upHopuTera omepamuil. PaccMOTpHM HeCKGJBKO THNOBEIX MPHMEpOB.
1. Bbluncienue
e=a+bX (c—d)=;? 2.1y

npu a = R00, b = RO1, c = R02 u d = R03 c 3aHecenHeM pe3yabTara
B peructp R04 BbInosHsieTcst mo mporpamme

RCL 00 4 RCL ot X ¢ RCL 02 -—

RCL 03 ) = STO 04 R/S
2. lnorna MOXHO COKPATHTb NPOrpaMMy, MCK/IOYHB CKOOKH H CO3<
IaB TPHOPHTET BBHINOJHEHHS ONepalHit BBOAOM omnepatopa =. Hanpu-
Mep, (2.1) MOKHO BBIYHC/IHTbL 1O MPOrpamMMe:
RCL 02 — RCL 03 = X RCL 01 +

RCL 00 = STO 04 R/S

B nannoM cayyae cmavana BoiuucaseM (¢ —d), yMHOXKaeM pesyabTarn
Ha b u npuGaBjseM 3aTeM a,
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3. Brluncaenue
y = 7,06-10-3e2* = 7.06-10-3 X (exp(2 X x))="? 2.2)
¢opManbHO BHIMOJHSIETCs 1o nporpamme (x = R00):

7 -0 6 EE 3 +/— X ( (
2 X RCL 00 ) INV Inx ) = R/S

Iaa x = 2 nonyuaem y = 3,8546294-10-1.
4. Beens uucio 7,06-10-3 B perderp ROl u HeCKOJbKO H3MEHHB
NOPSAAOK BblyMCIeHHH (2.2), MOXKHO 3aMeTHO COKPAaTHTb IPOrpaMMy:
2 X RCL 00 = INV Inx X RCL 01
= R/S

'5. Brluncienue )
y=x—(lnx+41)="7? 2.3y

¢dopMaabHO TpeGyeT 3aNmOMHHAHHA X AJs NOCJAERYIOUlEro BBOAA €ro B
CKOGKH M BbIYHCJEHHA In x:

STO 000 — ( RCL 00 lox + 1 )
= R/S

Ona x = 3 nonyuum y = 0,9013877113.
6. Buiuncaenne (2.3) MOXHO BHINONHHTL MO Gosee MpOCTOH Mpo-
rpamMme: :
— ( Int+1 ) =R/S

VUHTEIBAsl, 4TO IIOCJE HCIOJHEHH OMNepaTcpoB — H ( YHCJIO X cOXpa-
HsieTcsi B perictpe X. DTOT NMPHEM MOXHO HCHOJNb30BATh, €CJH TOC/E
onepaTtopa ( CTOHT ONEPATOD BBLIYHC/EHHS MaTeMaTHYeCKOH (GYHKUHH HJIH
onepatop CE. E

Onepartopsl Ge3ycJOBHbIX NepexooB. BesycnoBHbe mepexoinl 3aja-
ioTcas K Metke N (BBoaHTCsi JoGoM KiaBHlleH, HMeloumled KOA) HMI
TPeX3HAauHOMY ajpecy n nn ¢ nomowbio onepatopos. GTO N (aByxwa-
roBeix) 1 GTO n nn (rpexwaroBeix). CumBon GTO (go fo) o3Hauaer
«HATH K». Hanpumep, mepexon k Hauasy mporpaMMbl 3amaeTcs omepa-
TopoM GTO 0 00. Takofi mepexon AaeT M chellHaJbHbI omeparop RST.

Oneparoppl YCJOBHbIX NMepexonoB. lMeerTcss ueThipe THHA omeparto-
POB YC/IOBHHIX NMEPexXOl0B.

Oneparoput Ycaosue nepexoj!.a
x>t N WIH N nn x>,
x=1t N MIH A nn x=1,

INV x>t N HId n nn x <t
INV =t N W1 N AR x L

3nech t— conepxumoe perucrtpa cpaBHenus f. Ecam ycaosne mepexona
BBINOJIHSETCHA, TO NPOHCXOAHT Nepexoi K MeTke N Hau ajapecy n nn.
Ecan ycnioBde He BHINOJIHAETCHA, NPOHCXOAHT BHINOJHEHHe oONepaTopa,
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yKa3aHHOrO rocje MeTKH HAH aapeca n nn. Omepartop x == ! oGecreums

BaeT OGMeH cOxepXuMOro peructpoB X H {, HampuMep Aas BBoaa f.

Oneparop CP B mporpamMMe oGecneunBaeT O4HCTKY peructpa ! (f =0).
ITp ume p. Boancants '

y==sin x/x npu x70,

y=1 npy x=0.
[MporpamMma
CP Rad x=t¢t 0 13 STO 00 sin <+ RCL
00 = R/S 1 R/S

npH x = 0 (B perucrpe ¢ uucjo 0) obecneunBaeT YCJOBHBIA NMepexox Mo
agpecy 013, T.e. BhBox Ha uHauxanmio uucaa 1. Eciaum x 2 0, T0 BH-
gHcasiercs sin x/x.

Oneparopst BBOga mMoanporpamm. Iloanporpamma, HauuHawOUiasCcs
€ ajpeca nnn, BHIMOJHAETCA NPH HCIOJHEHHH TPEXIIAaroBoro omneparopa
SBR nnn (SBR cokpamtenne cnosa subroutine — nodnpoepamuma). Ecan
noAnporpaMMa HauyHHAeTCsl omepaTopaMu BBoga MeTKH Lbl N (cm. Huxe),
TO OHA BBINOJHAETCS MPH HCMOJHEHHH JNBYyXUiaroBoro onepatopa SBR N.
B koHue mnoamporpammsl BBopuTcst omepatop INVSBR (Bosepar u3
noxnporpaMmer) *). UHcso BiOXeHHA noAamporpaMm Apyr B jpyra H2
NO/IKHO IpeBHILIATDL 6.

2.4. CneuuanbHble BOMPOCH! MPOTPaAMMHUPOBAHUS
MHKPOKAJbKYJISTOPOB C ajre6panyeckoii JOrHKoi

Oneparopw BBoma merok. Merku (labels) BBomsaTcs omepatopamu
Bufa Lbl N, rme N —cpmBon nioGofi KJaBHIIH, KpOMe wH(POBHIX,
uMelomiell kox (o6was Merka). OueHp ynoGHn 10 MeToK, BBOAMMHhE
KJaBHIIAMH BepxHero psza # oGosHaueHnnle GykBamu A, B, C, D, E,
A’, B, C’, D’ u E’. BBox Takoro cuMBona OGeceuHBaeT BHIMOJHEHHE
AporpaMMHEl ¢ aipeca, CAEAYIOLIEro 3a OMepaToOpPaMH METKH.

Mpuwmep. Buuneants (2.1), o6o3HaunB nmepeMeHHble 4, b, ¢, d 4 €
metkamMu A, B, C, D u E.

ITporpamma mpu atom 6yaeT UMeThb BHI

Lbl A STO 00 R/S Lbl B STO 01 R/S
Lbl. C STO 02 R/S Lbl D STO 03 R/S
Lbl E RCL 02 — RCL 03 = X RCL
0l 4+ RCL 00 = R/S

Tenepb uucaa A, B, C u D MoxHO BBOZHTH, B JIOGOM NOpsilKe, yKa3as
mocje BBOZA COOTBETCTBYIOLIHA GyKBeHHBIH cHMBOJA. Hampumep, ecan
A=2 B=5, C=4uD =3, BBoo MOXHO BHNOJHHTL TaK: 3 D 5 B
2 A 4 C, Teneps, ykasas cumBoa E, nomyunm e = 7,

ISBI;) B nmporpammax omeparop INVSBR cokpauenHo oGo3sHaueH Kar
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Onepatopsl OPraHH3alMH NHKNOB. LIMKALI OPraHH3YIOTCS OMEpatas
paMH Dsz X N n Dsz X n nn, rone Xe-mHomep peruerpa R, (or @
n0 9). Ilpn K¥aXOOM HCNIOJHEHHH STOrO ONepaTopa OT CONEPKHMOr@
R:> 0 oruumaercs 1, a k comepkuMoMy R, << 0 npubasaseres I,
nocie 4ero, ecad Ry 5% 0, MpOHCXOAHT nepexol K MeTke N HaH K afs
pecy n nn. Ecin Ry = 0, meTka N (uau ajpec n nn) urHopupyeres B
BBHINOJIHAGTCS CaelyOULHi 32 HUMH OmepaTtop.

IIpuwmep. Beuncants psg

m
y= gj k",
=1

Iporpamma umeer Bug (m = RX; n = RX)1

CMs STO 00 R/S STO 01 RCL 00 y* RCL
01 = SUM 02 Dsz 0 O 08 RCL 02
R/S RST

3necs oneparop Dsz 0 0 06 opranuayer B peructpe RO0 cueruny
k= (k—1) c HayaJIbHLIM 3HaYeHHeM k == M W UHKJ BBLIYHCJEHHA K",
HauHHaowuics ¢ aapeca 0 06 ¥ KoHuawowwiica oneparopom Dsz 0 0 06.
Ipn k& = 0 mporpaMMa BBLIXOAHT H3 LHKJA, H CONEPKHMOE CYMMHPYIO+
mero perucrpa R02 BeI3biBaeTcs Ha HHAMKAuHo, Jag m =05 n n=2~6
nonyunM y == 20 515 npu BpeMeHH cuerta 5 c.

Oneparopni YCTaHOBKM M KOHTpoas ¢naros, P.aaz — crieumasbHH
yKasaTe/b nepexoia B mporpaMme (aHajor ¢Jary B pyKax pPeryJHpoB+
I{HKa yJHYHOro ABHxeHus1). Puar umeer Homep y =0, 1, 2, ,..,s 9.
IToabem ¢aara BumosHsieTcss BBojom omepatopa St flg y, a cmyck —
oneparopoM INV St flg y. TIpoBepka ycnoBHst ycTaHOBKH (haara B HyX-
HOM MecTe [pOrpaMMbl 0GeCrieuHBaeTCsl HCIOJHEHHEM OmepaTopa
If flg y N wan If flg y n nn. Ecau daar y noausrt, TO ocyllecTB-
Jsietcs nepexon K MeTke N wud K wary nporpaMmsl # nn. Ecau ¢aar y
onylleH, TaKof Nepexox He NMPOHCXOAMT. [Ipu HCHONHEHHH OmepaTopoB
INV If flg y N wan INV If flg y n nn nepexon mpoHcXoAHT, ecad
¢aar y omnyileH, U He MPOHCXOLHT, €CJH OH MOTHST.

ITpumep. CocraBuTh mporpaMmy mepeBoia Mep AJHHHL B COOT~
BETCTBHH ¢ (opMyJaMH:

1 xM = 1000 m; 1 m = 3,28084 ¢yr; 1 muaa = 5,280 ¢yr. Onun
H3 BapHaHTOB TaKOH NPOrpaMMbl HMeeT BHJL

Lbl A X 1 0 0 0 Stflg 0 GTO
C Lbl B INV Stflg 0 LbL C X 3

. 2 8 0 4 INV Iiflg 0} = =+

5 2 8 0 Lbl = = ISBR

3nech, ecJH BBOASTCA KHJIoMeTpnl (MeTka A), ¢aar y = 0 nommu-
MaeTcsl, el MeTph (meTka B) — ¢daar y = 0 omyckaetcs. B 3aBucu-
MOCTH OT 3TOr0 mepecueT BejeTca Ho TOH MM HHOi dopmyae. Ilyctb
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HANO Y3HATh,

CKOJIbKO MuJb B 75 KM. BBoaum uucno 75 m yka3biBaeM

metky A. Tlomyuum 46,6 Munu. Temepb BBHISICHHM, CKOJbKO (GYTOB 8
1.78 M. Beoxum 1,78 u ykaswiBaem MeTky B. [Moayuum 5,84 Q)y'ra (pe-
SyJIbTaThl OKPYTJA€Hbl Ha TpeTbeit wLHDpE).

Cnenuan

bHple onepatopet Op. Komannoit suma Op nh, rae

nn = 00 — 39 sBoasaTtca 40. cnequaroHolx onepaTopos:

nn
00 =- 08
09
10

11

12
13
14
15
16
17
18
19
20 =29
30 +— 39

Hasnauenne onepartopa Op nn.

YnpaBnenne mneyaTbi0 NpHHTEpPa (OMHCaHH fAaJee).
3anuch B O3Y nporpammbel u3 Gaoka ML (cM. nagee).
Boluncnenne .curayM-¢yskuun (y =1 mpu x >0, y =0
npu x =0 u y = —1 npu x < 0, npuuem y —> RX).
Brrynciiesse nACHepcHMH H HAaKJIOHA MPSAMOH NIpH JHHeAHOA
perpeccHH.

Boiuncsienue y(0) npu JuHe#HON perpeccH.

Brruncnenue KosdouuuenTa Koppeasiii.

Briuncsienne y Mo 3afaHHOMY X TpH JIHHEHHOH perpeccHH.
Briuncnenne x mo 3afaHHOMY Yy NPH JHHEHHOH perpeccHu.
[TpoBepka pacnpeneneHHsi naMsTH.

YcraHOBKA 3aJaHHOTO paclpefesieHHs] MaMATH.

[Monbem ¢aara y = 7, eCH HET OMIHOKH.

[Tonbem daara y = 7, ecau ecTb omuoGKa.

Vseanuenne comepxumoro perucrpa R00 -+ R09 ua 1.
YMeublileHHe coaepKumoro ,peructpa R00 = R09 na 1.

Onepatopnl KOCBEHHOW ajpecalMd. K HHM OTHOCATCA CJeAyIOLIHe
onepatopu (XX — HOMep perncTpa aapecaluu):

Omnepartop Kon, Ha3snaueHie onepartopa
STO Ind*) XX 72 XX 3anuchk B peruerp namMard R
RCL Ind XX 73 XX Boi3oB M3 peructpa na-

mate R
EXC Ind XX 63 O6men R2Z X
(INV)SUM Ind XX (22) 74 XX CyMMHpOBaHHE HJIH BLIYK-~
3 TaHHE B perucrpe naMsTH R
(INV)Prd Ind XX (22) 64 XX YMHOXKeHHEe H  AedeHH2
B DerucTpe MaMsTH
GTO Ind XX 83 XX BesycnoBubiit mepexon
Pgm Ind XX 62 XX O6paiueHne K nporpamve
Op Ind XX 84 XX Boinonxenue oneparopa Op
SBR Ind XX 71 40 XX OGpamense K moampor-
paMme
Fix Ind XX 58 40 XX 3anauue yncea nudp nocae
: 3anfaToi

*) Omepatopul KocBenHo#t agxpecanuun STOInd, RCLInd u

nporpaMmax
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(INV) x=1 Tnd XX (22) 67 40 XX o
(INV) x>t Ind XX (22) 77 40 XX CTOBHBIE MEPEXONBT
(INV) St flg Ind XX (22) 86 40 XX Ilogwvem (cmyck) daara

(INV) If flg Ind (22) 87 40 Ananna momoxexus
XX N unu n nn XX, N unu n nn ¢nara
(INV) Dsz X Ind XX (22) 97 40

- N wiu n nn XX, N unu n nn OpraHHsauns UHKTOB

HanomuuM, yTo npu KOCBeHHOM ajpecald# ajpeca NPOrPaMMHI, HOe
Mepa perHcTpoB H HOMepa (JiaroB yKasblBAalOTCS COJAEPKHMbIM perhcrpa
aapecanud XX. Jlnsi MomudrHKaUuH ero MOryT HCNOJIb30BAaThCs Ollepas
Topsl Op 20 < Op 39 u Dsz. Hanpumep, B nporpamme

CMs + 1 STO 00 = x2Z2¢t RCL 00 R/S
STOI 00 Op 20 RCL 00 INV x=¢ 0 09

o6ecneunBaetcsl 3amuch N uHcen MOC/Nen0BaTeNbHO B PeCHCTPH MaMATH
or ROl no RN ¢ Hcnonb3oBaHHEM KOCBEHHOH anpecallid (perdcTp as-
pecauun 00) m Moauduxaumeit axpeca, obGecneyHBaeMOH HCIOJHeHHeM
oneparopa Op 20. Ilpu nycke mporpaMMbl B peructp ¢ BBoguM uucio N,
a B peructp RO0 — uncao 1. IIna N = 5, naxap xaasumn RST u R/S,
NOJYYdM Ha HHJAMKAaTOpe HOMep YHcJa, KOTOpoe HAai0 BBOAHTb — HO-
mep 1. BBenem x; = 12 u, Haxas kaaBHWy R/S, noay4nm HOBH HO-
mep 2. BBoaum xo =7 u 1. A, HampuMep X3 =7, x4 =9 u x5 = 1,5.
Tenepb HeTpymHO yGeQuTbcsl, YTO STH YHCJA OKAaXyTCH 3aMHCAHHBIMH
'8 peructpax ROl = R05. B aroit mporpamMMe BHIXOJ H3 UHKJA OCY-
LeCTBJSAETCS. MO YCJOBHIO ¥po = ! = N. Ecam xo %= N npoucxoaur me-
pexon Ha ajgpec 0 09 (#aya/no HHKJIA C OMEPATOPOM 3AMHCH B PErHCTPHI
NMaMATH ¢ KOCBEHHOH ajpecauuef).

2.5. PaGora ¢ OMOJAMOTEKOH MporpaMM noJb3oBaTens

B mukpokaabkyasrops TI-58C/59 BcTpoeH cMeHHbI Moayib ¢ 6u6-
auorexol npozpamm noavdosareas ML (Master Library). Ou npeacras-
JsieT co6oil TBepAOTeJbHOE NOCTOSIHHOE 3alOMHHAlollee YCTPOHCTBO eM-
KocTblo OKos0 40 KGHT, B KOTOPOM MOXET XpaHHTbcAd GubiaHoTeka H3
HECKOJIbKHX JiecsITKOB MpPOCTHIX INporpamMM Ju6O cJ0XKHas nporpamma
¢ yucsaom maros po 5000. Cmena Gioxa ML mossojsieT MTHOBEHHO mie-
PEOPHEHTHPOBATL MHKPOKANbKYJATOP HAa BHIIONHEHHE DA3JHUHBIX TpPO-
(eccHoHaNbHBIX BBIYHCAEHWA: HAYYHO-TEXHHYECKHX, HAe/OBHX (9KOHOMH-
YeCKHX), ¢TaTHCTHYECKHUX, .OHOJNOrHYEeCKHX H T. A. .

Tunosoit 6nok ML (moayab 1) comepxur 25 mporpaMm, B OCHOB-
HOM peajH3yIOLIHX HayyHO-TeXHHuecKue pacueThl. [lepeueHb 3TuX mpo-
rpaMM H HHCTPYKLMH 1O HX NDHMEHEHHIO JaHbl B TPHJOXKeHHH I,
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TporpaMmel ML MOryT HCIOJB3OBAaTHCA CAMOCTOATENbHO. B atoMm
cllyuae OHM BBOASTCA C KJaBHAaTypH HaxkaTHeM Kiasum 2nd Pgm mm,
rae mm — AByX3HauHHi# Homep nporpamMMul ML. Clenyer OTMETHTb, UTO
BBelcHHAasA TakuM oGpasom nporpaMma ML He 3anumaer Ty uacte O3V,
KOTOpasl OTBOAMTCS NOJA BHEIUHHe (BBOZHMHEIE II0/b30BaTesleM) MpO-
rpammbl. [TosTomy uucaio waroB nporpaMM ML MoxeT npeBHIaTh A0-
nycruMoe IAs BHellHHX nporpamM. OpHako npH paGore ¢ mporpammas«
M ML ucnosb3yeTcsl 4acTb PerHCTPOB NaMATH (MX HOMepa YKasaHb B
onucanuuy nporpaMM ML), yTo no/KeH YUHTHIBATH MOJIb30BaTelb MPH
COCTABJIEHHH CBOHX (BHELIHHX) NpOrpaMM.

INporpaMme ML MoxHO mepenHcath B O3Y BBOAOM KOMaHA
2nd Pgm mm Op 09. DTo BO3MOMKHO, €CJIH WYHCJAO IIATOB NPOrPaMMHE
ML — mm MeHblie MaKCHMAJbHOTO YHCJa INArOB NPOrPaMMHON maMsTd
(480 y TI-58C u 960 y TI-59). Takas mepe3anHch MO3BOJIAET [ETaJNbHO
npoaHa/NH3HpoBaTh mporpaMMy ML — mm 4 H3MeHHTb ee. 3amHCh H3+
MeHeHHOH mporpaMMbel B 6Jok ML HeBO3MOXHa, uyTo oGecneyHBaeT 3a-
Uty nporpamMm ML.

B nporpammax ML uIHPOKO HCNOJb3YIOTCS METKU, KOTOpPHE HREJAT
KaXIyl0 nporpaMMy Ha 4YacTH, HMeIOI[He CaMOCTOATeJbHOE 3HaueHMe.
Iporpammy ML — mm MONHOCTbIO HJH YaCTHYHO MOXHO HCIOJBb3OBATH
B KayecTBe NOANpPOrpaMMB, BXOAsAIHeH BO BHeIHHe NPOTpPaMMH, COCTAaB-
JsieMble ToJab3oBateneM. I HanpoTHB, BHEIUHHE MPOrpaMMbl MOMKHG HC+
no/b30BaTh B KauecTBe NOANpOrpaMM HJjs mnporpaMd ML, Dty BO3«
MOXKHOCTH peajH3yIOTCA OlNepaTopaMH:

Pgm mm . N O6palieHHe K 4actu nporpamMmel ML — mm, nome-
YeHHOH MeTkoH N.

Pgm mm SBR N BosspaT u3 moanporpaMMsl ML—mm K BhIIOJHEs
HHIO BHellHel NporpaMmsl.

Pgm mm R/S O6pamenne K nporpamme ML—mm ¢ ocTaHOBKOR.

SBR =n nn OG6pamenne us mnporpammsl ML—mm K noanpos
rpamMMe, BHeceHHolh B O3Y c aapeca n nn.

SBR N O6pamenne k noanporpamMme B O3Y, moMeueHHOH
MeTKoi N.

Takoe KOMGUHHPOBaHHOE HCIONb30BAHHE NPOrpaMM HEpPEIKO I03BO-
JIfET peasiH30BaTh BHIYACJAEHHS, KOTOPble MOTPeGOBastH OBl COCTABJEHHS
nporpaMM c¢ o6uwuM unciaoM waros ao 5000.

IMosichuM KOMOGHHHDOBaHHOE HCIOJb30BaHHe nporpaMM ML u Brell-
HHX TMpOrpaMM Ha NpHMepe BBIYHCIEHHS BHIDAXKEHHs

b

fla, b)= S NZx FTdx+ be® =1 + be®,

a

cofep:Kaulero uHTerpand /, KOTOpH BIYHC/IAeTCH mporpammoii ML—09
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UHCJIEHHOTO HHTerpuposanus. M3 ee ommcanus BHISACHAeM HCMO/Bb30OBaHHE
perucrpoB namath: ROl = a, R02 = b, R03 = n, R04 = I, R05 = n.
ITporpamma, BBoxuMas B O3Y, umeer BHA:

Bsoga dparMeHT HPOrpaMMu IMoscrenns

a Pgm 09 A R/S Beox @ muo nporpamme ML—09,

b Pgm 09 B R/S Beox b mo nporpamme ML —09.

c Pgm 09 C Beox ¢ no nporpamme ML-—09.
Pgm 09 D Beiuucienne I mo nporpamme ML-09.
RCL 01 INV Ilnx X Buuscaetne be? + [ H OCTaHOBKA OCHOBe
RCL 02 + RCL 04 HOH NmpOrpaMmH.
- R/S
Lbl A’ ( STO 06 MoxnporpaMma B O3Y A BoI9UCAEHHS
RCL 06 X 2 + NOAHHTErpAALHOR BYHKIHH A/2% 41 .
1 ) 4/x INVSBR

B sroit nporpaMmme 4 pasa uwactH nporpaMmel ML—09 wucnosb-
3ylOTCl B KayecTBe NOANPOTPaMM 1JIf BHIOJHEHHs OCHOBHOH mporpam-
Mbl. C Jpyrofi CTOPOHBI, 3aK/MIOYHTEJbHBIA (ParMeHT MPOrpaMMhl — BHI-
ancaenne [ (£) = 4/2x 4 | HCTIOMb3YeTcA B KAuecTBe HOAMPOTPAMMbI LS
BHIYHC/AEeHHs1 HHTerpaja no nporpamme ML—O09. [na a=0, b=1 n
¢ = n = 8 noxyunM f(a, b) = 2,398713896.

2.6. Onepatopsl ynpaBjieHHsl UH(PPOBLIM MArHUTOHOHOM
H NpPHHTEPOM

B wmmxpokanbkyastop TI-59 BcTpoen MHHMATIOPHBIH MarHuTOdOH
DA 3aNHCH NAHHBIX M TpOrpaMM C JBYX CTODOH MAarHHTHBIX KapT
(mnuna 7,62 cm). JlanHble BBoAsTcs omepaTopoM Buia n 2nd Write,
rie n—HoMep GaHka AaHHHX (n =1, 2, 3 nau 4). 3anuch mporpamMm
BomoJiHsAeTcs BBogom omepatopa 2nd Write, CunthiBaHHe RaHHBIX npoO-
usBonutrcs onepatopom n INV 2nd Wriite, a mporpamm — INV 2nd
Write. Ilpn stom nHemomyctuma ycraHoBka ¢opmara Fix (c6poc ero Bhi-
wosHsAeTcsi BBoJoM omepatopa INV 2nd Fix).

K wmukpokaabkyastopam TI-58C u TI-59 Moryr moprmouathcsi M-
unatiopuble npuntepnl PC-100A u PC-100C. BriBox naHHEX Ha medathb
ofecreunBaeTcsl BBOAOM B mporpammy omnepatopa Prt (ot cnosa print —
newarv), Ero pafoTa HAMIOCTPHPYETCA CHAEAYIOUHEM NPHMEPOM,
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Hpumenp.

O6paser me4atd mMporpamMmMal
O6paser; neyartu
JLaHHBIX
Anpec Kon Onepatop
000 85 + 3
001 03 3 6
002 95 = 9
003 . 99 PRT 12
004 81 RST 15
005 00 0 18

Ilpn BBome mepex omneparopoM Prt (PRT) omeparopa Adv ysesn-
ynBaercs npobes MexAy cTpokamu. PacrmeyaTka Tekcta (aucTunea)
nporpaMmsl (CM. TpHMep BHIe) obecrieyHBaeTcsa BBOAOM C NyJbTa Ofle-
patopa List.

IpenycMoTpeHa BOSMOXKHOCTb INeyaTH aJ(aBHTHO-UH(PPOBHIX CHM-«
BoJoB B moGom Mmecte cTpoku. Crpoka' pasbuBaerca Ha 20 3HaKomecT,
ycTaHaBauBaeMblx BBOZOM omneparopos Opl = Op4:

01234 56789 1011121314 15 16 17 18 19
Opl Op2 Op3 Op4
Kaxpelit #3 64 cHMBOJIOB 33a1aeTcsl KOLOM:

BTopea uuppa xoaa

0 1 2 3 4 5 6 7

0 [Mpoten 0 1 2 53 4 5 6

1 7 8 9 A B c D E
g : 5
g 2 - F 6 H I JT K L g
% 3 M N 0O P @ R S T &
5 4 -+ U V. W X Y Z + 3
=® [
'é 5 x % I x e ( ) s B
Se6 |t % r /s = s+ x X &

7 2 ? 0+ ! I A I =

NevaTaeMbie cuMBONBI

Koasl cumBo/MIOB  yKasblBalOTC  mepel BBOLOM  ONEpaTOpoOB
Opl = Op4. [HonycTHM, HyxHO HameuataThb ¢pasy INPUT X, Y, Z.
PacnpenenisieM 3HaKOMecTa CTPOKH MeyaTH:

Cumpon I NP UT X ,Y , Z
Kop, 24 31 33 41 37 00 44 57 4557 46 00 00 00 00 00 00 00 00 00

b2



IMporpamma meyatH NaHHOH (pa3u HMeeT BHA?

IMokasanua
. Onepatop aucnaest IMoscuenus
CLR Op 00 0, C6poc perucTpa mpHHTepa
2431334137 Op 01 2431334137 IMeuats caosa INPUT
0044574557 Op 02 0044574557 IMegats 3HakoB X, Y
4600000000 Op 03 4600000000 ITeyaTts 3HaKka Z
0000000000 Op 04 0000000000 - ITevats npoGeJsos

TaxkuM 06pa3oM, npH paboTe ¢ NPHHTEPOM OMNEPATOP MMeeT BOIMONK-
HOCTb BHIBOZA Ha INeyaTh He TOJbKO IHGP, HO H CHElHAJbHHX 3HAKOB
H caoBecHbIXx KomMMeHTapueB. C nomombio onepatopa Op 07 MOXHO me-
yataTb CHMBOJOM % npocrtee rpabuku. IIpu sTOM pesysnbTaT BhHIuHC-
JIeHHIt HaJ0 HODMHPOBATb TaK, YTOOH colep:KHMoe peructpa X He mpe-
Beiaso 20 (30Ha mevyaTu pasGuBaeTcss Ha 20 3HakoMecT). Tak, newaTh
CHHYCOHAB 3HaKaMH % MNPOH3BOAHTCA C NOMOIIbIO MPOrPAMMEIL}

Lbl A RCL 01 sin + 1 = X 9
+ 9 = Op 07 1 8 SUM1 A

AMNIMTYZa CHHYCOHAH HODMHPOBAaHA, TaK YTO NedYaTb B CTPOKE 3aHH«
Mmaer 18 unTepBasioB. _

Oneparop Op 08 ofecneunBaeT BHIBOJL Ha NedaTh TeKCTa (JIHCTHH<
ra nporpamMmul), kak u omepatop List. Onepatop NN INV List o6ec-
NeyHBaeT PacneyaTKy COAEPXKHMOIO JeCATH PerHCTPOB NaMsATH, HauHHas
c HoMepa NN B sune (NN = 20):

OGpasen meyaTH AAHHBIX

Copgepxumoe Homep Coaepxumoe Homep
perucTpa perucTpa peructpa perucTpa
12,73964896 20 0. 26
148,9657318 21 0. 27
0. 22 0. 28
9,1786109—15 23 0,000124564 29
—1,2256434 08 24
0. 25,

2.7. BBoa, peapakrdipoBaHHe U NepeBOA MPOrpamMm

ITepen BBOZOM HOBOM NMPOrPaMMH HHOrIA MOJE3HO CTEpeTh CTapyio,
paxaB kJaBHmH 2nd CP, 4 OYHCTHTb BCe DErHCTPHl MaMATH HaXKaTHEM
kaasuwt 2nd u CMs, g BBoAa nporpaMMBl HaXKHMaeTcsl KJaBHIUa
LRN. Ha nucniee HacBeunsaercss cumosa 000 00 (mepBoe uucio—HOMep
wiara uaM aapec, BTopoe — koa). [Tocse 3roro BBojuTCcS mporpamma
COOTBETCTBYIOLIHM HaXKaTHeM KaaBHLI,
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I[Ipumep. BsemeM nporpaMMy BHYHCHEHHs O(aktopuasa El =)
= 1.2.3 ... E c yyerom 3HaueHus 0! = 1:
Lbl E STO 0 CP x=¢t A Lbl B RCL
0 X Dsz 0 B Lbl A 1 = R/S

Bonee pmeransHo mpolecc BBOxa BHAEH H3 MOAPOGHOro OmHcaHHs
IpOTpaMMbl:

ITokasanus
Rucnaes
Oneparop Hoﬂgneﬂﬂa
Anpec | Kon
000 76 Lbl Bron
001 15 E Metku E
002 42 STO 3anuce ukcaa E
003 00 0 B peructp R0O
004 29 CP C6poc Ha 0 peructpa £
005 67 x=t CpaBHeHue E ¢c 0=t
006 1 A Ecau E = 0, nepexoA X MmeTke A! samanume 0! = I
007 76 Lbl Beon
008 12 B MeTKu B
009 43 RCL | Buisos
010 00 0 coflepKuMoro persctpa R0
011 65 X Onepalust yMHOXeHHUS
012 97 Dsz BrinonHeHHe oNepaTopa OpPraHH3allud LHKJIa € BO3+
013 00 0 -} BpaToM no merke B
014 12 B
015 76 Lbl Beox
016 11 A MeTKu A
017 01 1 Brieog uucia 1
018 95 o= QHKCAaRUA KOHILA BHYHCJACHHH
019 91 R/S OCTaHOB BBHIYHCJAEHHH

Koanl omepauuii HaHeceHbl Ha NPO3pPayHOH MJIACTMACCOBOH HAKAaf-
Ke ¢ mpope3saMu ais kaasum (cM. puc. 2.2). Ecam npu BBoge mnpo-
rpaMMBl WJH TIpH ee DEAAKTHPOBAHHH AONyUleHAa H OGHAapyXeHa OLIM-
Gounas omepalusi, ee CTHpaloT HaxaTHeM Kaasum 2nd Del (ot caosa
delete — ctupars). TlponyllieHHbI# ONepaToOp MOXHO BCTaBHTh: OH BBO-
autcs mocse Haxatua kaaBuw 2nd Ins (oT caoBa insert — ecrasaare).
Ilpn 3TOM aBTOMAaTHYECKH MEHSIOTCA ajpeca BceX MOCJAEAYIOUIMX Ofle-
PaTopoB (YMeHBIIAIOTCS HJH YBeJHYHBAIOTCSA).

ITpocMoTp mporpaMMHl mO lIaraM NMPOH3BOLHTCS NMPH HAXKaTHH KJaa-
Buwl SST (wae eneped) u BST (wae nasad). Ilepexon B pexuM BhI-
4MCJAEHHH TPOHUCXOAMT Nocje Haxkarua kaasuitn LRN. Ecam myck mpo-
rpaMMBEl NPOBOAHTCS C HYJEBOTO ajpeca, HaKHMaloTcsl KaaBuiix RST
(ycranoska nysesoeo adpeca) u R/S (run/stop — nyck/cron). Tlyck ¢
anpeca n nn obGecmeunBaeTcA BBojoM omepatopa GTO n nn, nyck c
metkH N (KpoMe GyKBeHHBIX) MPOH3BOAUTCs BBOAOM oneparopa GTO M.
INyck ¢ 6yksennnix MmeTok A, B, C, D, E, A, B, C’, D’ u E’ npous-
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'BOAMTCA YKA3aHHEM HYXHO GYKBH TyTeM HAXAaTHA COOTBETCTBYIOUleH
Kn1aBuH (a4 OykB A'—E’ neper aTMM HaXnMaeTcss kJaBHma 2nd).

ITpoBecty BLIYHC/IEHHS MO LIaraM MOXHO, RaXKHMas B peXHMe cye-
Ta Knasuuly SST. PesysnbTaThl BHIUMC/EHHS Ha KaXJOM LIare BHIBO-
IATCS Ha HMHAMKATOP.

BaXHbBIM HCTOYHMKOM NPOTPaMMHOrO o6ecreyeHus: MHKDOKAJbKYJs-
TOPOB sIBJIsieTcs1 nepesod npozpamm. B cnpasounoit [6—9] n nepuomu-
YeCKOHl JIMTepaType ONHCAHO MHOXECTBO NPOTPaMM IJisi Pa3jJHYHBIX MO-
Jlefiel MHKDOKAaJIbKYJ/IATOPOB C PAa3HON JIOTHKOH BBIYHC/IEHHH W CHMBO-
JIMKOR KJNaBHAaTypH. IDTO 3aTPyLHseT NepeBOX NpOrpaMM H TpeGyer
JleTaJbHOro 3HAKOMCTBA C S3BIKOM INPOrPAMMHDOBAHMSI Pa3jM4HBIX MO-
nenefi KauabkyasaTopos. Tem He MeHee CaMOCTOSTENbHOE COCTaBJeHHe
CIOXKHBIX TporpaMM GoJiee TPYHROEMKO, YeM IepeBOJ IOTOBLIX HPOTPaMM.
3nech Ta XKe CHTyallHsl, uTO H C HANHCAHHEM HJIH TePeBOLOM JHTepa-
TYPHBIX TPOH3BENEHHH.

OG6LIiyHO HpH MepeBOfe YYHTHIBAIOTCA CJeRYIOIlHe OGCTOSTENbCTBA:

1. JlerkuM sBJasieTcs NepeBOZ ¢ NPOCTOrO S3blKa MPOrPaMMHPOBA-
HHA Ha Gonee c/0XKHHE. OOpaTHbI NepeBOJ 3HAYHTENLHO TPYLHEE.

2. ®opmaabhbiit nepeBon 3amenoit cumsosos (MIT ma RCL, IT na
STO, BIT wa GTO, IIll va SBR u 7. A.) BO3MOXeH, eca® MOZeJE
KaJbKyJasiTOPOB HMEIOT OIMHAKOBYI0 JIOTHKY BBIYHCJAEHHH H CHCTeMy
KoMaHa. Tak, BecbMa HPOCTHIM SfIBJIAETCS NEPEBOL NPOTPaMM C sI3blKa
OTeueCTBEHHBIX MHKDOKaJbKyJaATOpoB JaekTponnka b3-34 (MK-54,
MK-56) na s3mk KaabkyastopoB cepun HP (HP-65, HP-67, HP-97
H JEp.) H HaoGOpOT.

3. IIpn pasnuuusix B JOTHKE BHIYHC/IEHH® OHH JO/DKHH ObITb BHH-
MAaTeNbHO H3yueHB H y4TeHH npm nepeBoge. Ocolbix TpyAHoCcTeH Takoil
nepeBOji He BLI3bIBAeT, HO TpeGyeT MOBLIIIEHHOTO BHHMAHHS.

4. HauGosnee BakHOil O6HYHO ABJseTCA [eTajJbHAasi H KOHKpETHAs
peanu3aliis aJrOPHTMa BbIHCJeHHH B HalnenHod mporpamme. ITostomy
HepeaKo mpolle pa3obparbcsl B WacTSX aJropuTMa, a 3aTeM BOCIPOHM3-
BECTH HX Ha SI3bIKe MCIOJb3yeMOrO MHKDOKAJbKYJATODA C YYETOM BCEX
ero (PyHKOHOHAJBHHIX BO3MOXHOCTEH.

Jns unrarenefi, KeMalOWHUX OCBOHTb TEXHHKY MepeBOAa, MNOJE3HO
BHHUMATe/JbHO O3HAKOMHTBbCs C DeaJsH3aluell BaXKHeHINHX UYHC/IEHHHIX Me-
TOLOB Ha Pa3/iHyHbIX KaJbRyasiTopax. OCHOBHOH MaTepHa/] RAHHROH KHHTH
NOCBAILIEH NMPOrpaMMHOMY OOecleuyeHHI0 MAaccCOBHIX OTedYecTBEeHHBIX Mmpo-
rpaMMHDyeMBIX MHKDOKaJbKyasTopoB. OnHako B mpuaoXeHuax 1 u 2
MOXHO HafiTH psif NPUMEPOB COCTABJIEHHs1 mporpamM (OT NPOCTeHIINX
IC CJOXKHBIX) 1Js MHKpOKasibKy.aaTopoB TI-58C u TI-59. Comocrasie-
HHe HX C IPOrpaMMaMH [Js OTeueCTBEHHHIX MHKDOKaJbKYJATOPOB siBHT-
cs XOpollel INIKOJOH A/ OCBOeHMsI TeXHHKH NepPeBOAAa M HCIIOJIb30BaHHA
NpOrpaMM, ONHCaHHHIX B 3apyGexHoft JauTepaTtype. KpoMe TOro, ssbK
KaabkyasTopos TI-58C/59 Tunuuen A GOMbIIMHCTBA 3apyCe:kHHIX MO-
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I'masa 3

NMPOrPAMMHPOBAHUE MNPOCTbIX
BbIYHCJIEHHUH

3.1. Onepauuu ¢ NeHACTBHUTENbHBIMH YHCIAMYU

Mporpamma 3.1. Buinenenne wmenoit wacru uncen x(l < x'< 108i.
Beox: x = PX*) (M=17,8,9, A, B, C um [).

M KHIIM UM C/II
Mporpamma 3.2. Boinenenne ApoGHOf wactu ancen x(0 << x << 108),
Bsoa: x = PX.
41 4+ IIM KUIIM XY UM — C/1
Mporpamma 3.3. Yceuenne yncaa x(0 < x << 108) ¢ TIOTPEIHOCTBI0
e = 1.10-% Beox: ¢ = PJI, x = PX.
Ung - TIIC KHUIIC HIIC HIIO X C/II
HOas e =1:10-2 u x = 123,4567 monyunm pesyabrat 123,45,
Mporpamma 3.4. Okpyrienne yHcja x Mo6Oro 3HaKa ¢ KOppeKiued
nocienHefl uudpbl pedyabrata (OHa COXpaHseTCs, eC/H TNOCJeAYIOLIHX

3HaK ¥ MeHbllle 5 M yBeJnuuBaeTcs Ha I, €ecid OH 60J1b1.ue 5). Bsox:
e =1.10-"=PJI, x = PX.

A Fx<0 04 /—/ =+ TI9 FBx UM + TIC
KMIIC XY UIIC — Fljx 2 — Fx<0 23 WUIC
1 + [IC HWIIC WIIO X HI9 X c/m

HOas x = 212,345678 u e = 1-10~2 nosyyaeM oKpYIfeHHOe 3Ha-
genne xo = 412,35, a mas x—:|:12 344999 okpyrieHHOe 3HaueHHe
x = 412,34 )

Mporpamma 3.5. Buizenenue monyns |x| umcaa x. Beox: x = PX.

vee we. Fx<O0 N /—/ ... o0 ...

3pecb N — anpec wara mnocae onepatopa /—/.
Iporpamma 3.6. IIpeoGpasoBaHHe yria, BHIPDAXKEHHOrO B pajHaHax
@, B yroJ, BHPaxeHHH{ B rpagycax @°, MHHyTax ¢’ H CekyHiax ¢”

*) Onepauusi BBoja yucaa x B peructp X(x— PX) oGosnauaercs
x = PX, Onepanus BbBOAA uHcAa y B perHctp X oGo3HayaeTcss y—-
— PX,
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Bpox: ¢ = PX.

Fn + 1 8§ 0 .III 19 HI8 6 0
III1 19 HII8 6 0 X C/IT BIT 00 X
IIT1 27 HI9 1 — C/II B/O 1 + TII9

KUI9 XYy WII9 — TII8 B/0
Ina @ = 2 pan, Haxas Tpuxan kaasumy C/I, noayuum ¢° = 114,
=35 u ¢” = 29,616, T. e. p = 114°35’29,616”".
Mporpamma 3.7. IlepeBoa yria, BHIDaXKeHHOro B TIpajycax, MHHYs
Tax H CeKyHAax B yroa

=((Z +o )L ) o

“’_((eo""")eo"’q’ 180 *

BhipaxKeHHHI B paxuanax. Beox: @°, ¢’ u @” B peructp X.,
ng c¢/m mn9y C/iar 4 6 0 =+ HUI9 +

6 0 = Uris + I1m 1 8 0 -+
Fn X C/TT BIT 00

Oaa @ = 114°35'29,616”, BBoga 114°, 35’ u 29,616”, noayunm
¢ = 2. Kpome Toro, u3 peructpa 0 MOXKHO BbI3BaTb 3HAUEHHE Qrpax ==
= 114,59156°,

3.2. BbluHcaeHHe onpeaennTeei
H omepaulH ¢ MaTpUllaMH

Mporpamma 3.8. Briunc/ieHHe onpefeHTeNs BTOPOro Hopsixa:

_|a=P8 b—P9|_ .
A=la,=p5 b,—pg|= D02 2k
WIS MI6 X WUI5 W9 X — C/T

ITpumenp. I?,5 g‘=9.

Mporpamma 3.9. BuiuficneHne onpenesnTess TPeTbero MOpPsAKas:
a,=P7 b,=P8 ¢, =P9
a2=P4 b2=P5 02=P6
a3=Pl b3=P2 Ca=p3

= ¢, (azbs — asby) + ¢, (ash, — a,b3) + c3 (a;b, — azby).

HUI4 U2 X Uit UI1s X — U9 x HI

HI18 X HUriz Ul X — HI6 X 4+ UIz

HI15. X HUIl4 HII8 X = HN3' X + C/m

Ilpumenp.

2 5 —3
1 4 —lI
1 3 2

=10,

Bpems cueta oxoso 10 c,
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flporpamma 3.10. BriunciieHHe onpejesuTeNs YeTBEPTOrO MOPAAKA:

ay by Ci d,

02=PA bg=P7 (:2=P8 d2=P9
a3=PB b3=P4 03=P5 d3=P6
ay=PC by,=Pl ¢,=P2 d,=P3

=aA,—b,B, + ¢,C, —d\Dy,

roe
by ¢ d, ay; ¢y dj
Ay=|bs ¢z ds|, By=|as ¢z ds|,
b4 Ca d4 Qg Cy d4
ay b, d, a, by ¢
Ci=\|as b3 d3|, Dy={as bs csf.
as by dy as by cs

Cx I10 I 54 HI17 TIA XY II7 HWIB HI4
IIB XY T14 HIIC HIIl TIIC XY I I 54
urns 1A Xy rng HIIB HUII5 TIB XY TII5 Hric
Hr2 TI1IC XY n2 TII1 54 U9 ImnA Xy 19
WIIB HII6 TIIB XY II6 HIIC HII3 IIC XY 3
I 54 HUrio C/Im HI4 U2 X HIll UII5 X

— Hum X HI Hmns X Uz HINn2 x —
ure X -+ U117 WIb X HIi4 HI8 X —
Hmn3 X -+ cm X Hrio -+ o HIIA B/0

. Tlocne BBOAA NPOTPAMMBI H HCXOAHHIX NAHHEIX, HAXAaB KJIABHIIY
C/T1, nonyunm 3Havenne A, Bsonmm a, = PX u, Haxas knasumy C/IT,
nonyunm By Beomum —b, = PX u monyuum C,, Bsenum ¢; = PX u
nonyuum D, Hakonen BBoauM —d; = PX u moayuynm A.

IIpumep:

® & DO

3
1
2
5

N o o W

Tonyuaem: Ay =8, B, =16, C, =52, D, =72. Beoaum: a, =6,
— by =—3, ¢,=0, — d; = — 3. OxonuarennHo A = — 216,

Omnpenenntesn Gojee BLICOKOTO MOPANKA MOTYT BBIYHCASTBCA My-
TeM pas/oXeHHs Ha omnpeleautean 2, 3 H 4-ro nopsaka. Oxnako GoJee
PALHOHAJbHO MPOBOJAHTbL TaKHe BLIYHC/IEHHS HAa HACTOJbHEIX HIH YHH-
BepcasbHbix DBM mo cTaHAapTHHIM NporpaMMam.

C momoubpi0 MHKPOKaJBKYJAATOPOB JIETKO NPOBOAHTb ONepaldH Hak
MaTpHIAMH C YHCJIOM 3JeMeHTOB, He NpPeBHIUIAIOMW[HM YHuCJa DPErHCTPOB
naMsatd (16 y MuKpoKaubKyasTopa Oaektponnka bB3-34, Bkmiouasi pe-
ructpul Z u T creka). IToscHEM 3TO nmpUMepaMu,
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[TycTh HAMO CJIOKHTb HEOTPAHHUERHOE GHCIO MATDHIL C GHCJIOM'
cTpoK 4 H croabuoB 3. Yno6HO 2Ty ONepaluio NPeACTaBHTL B BHAE

a; as as b; bs by m; ms my
4 G5 G | by bs  bs + _|m ms mg
a a, as by by b3 T lmy o my ms
@y aip an be b bu 1my myp my

rje HHAEKCH y 3JIeMeHTOB MAaTpHIl 3aMeHeHH HOMepaMH DErHCTpOB, B
KOTOpLIe 3TH 3jeMeHTH 3aHocATes (P10 = PA, P11 = PB).

Nporpamma 3.11. CuhoxeHne MaTpul, pasmepa 4 X 3. Baom
ap+ a;, = P0 = Pll, by—+ by, =PX ... Pesyabrat my-+ m;; 3aHo«
cuTcs B perHerpsl PO = P1L.

7 C/M unr7 + 7z 8 C/lT HIns 4+ I8
9 C/I1 U + n 4 c/l1 Un4 4+ 14
5 C/IT Ul 4 I5 6 C/IT HIl6 +4- 16
1 ¢/ vm 4 m 2 C/IT1 HI2 + 2
3 C/IH HII3 + n3 o C/IT "I + I10
1 0 C/lT HWINA 4+ TIIA 1 1 C/l1 HIIB

4+ B BII 00

Tpu Hcnosb3oBaHHM 3TOM NPOrPaMMbl CHayasna B perHcTpsl PO =
- P11 BBO;ATCH uHeAa NepBOil MATPHIM. 3aTeM, MOCJAe HAXKaTHA Kias
spuiiy C/Tl, nOCTPOYHO BBOAATCA 3HAYEHHS 3/EMEHTOB BTOPOH MAaTpHIUH,
Tlpu sTOoM mporpaMma BCAKHH pa3 NOACKAshiBaeT HOMep w§HcJaa MaTpH-
ubl. Hanpumep 7, 8 u 9, npu BBOoae mepBofi cTpokH. EcaH MmaTpuu He«
CKOJIBKO, TO B TOH e MOCAeAOBATEJNbHOCTH BBONSTCA 3HAYEHHS 3JieMeH-
TOB mocieayiomux MartpHl. IIpoBepuTb MpOrpaMMy MOXHO, ODHCBOHB
3HAUEHHAM 3JIEMEHTOB CKJAJBBaeMBIX RBYX MATPHIL HOMepa PperucTpos
(MoTyuHM HX YABOeHHE).

YacTo BO3HHKaeT HeoGXOAMMOCTb B YMHOXKeHHH MaTpHU. [Ipousse«
IeHneM MarTpuul A pasmepa m X n na Matpuuy B paamepa n X p saB-
asiercss matpuna C = AB pasmepa m X p, sneMmeHT Cy KOTOpO#H, pac-
MOJIOXEHHbIH B [j KJeTKe, paBeH CyMMe IDOH3BelJeHHH 3JIeMeHTOB i-off
CTPOKH MaTpiubl A Ha COOTBETCTBYIOLlMe SJEMEHTH j-F0 CToAfLa Mar-
puLn B:

n

Cy=anby+apby+ ... +a,b,, ; a54bppe

TakuM 06pa3oM, 4HC/IO CTONGLOB MaTpHUE A AOMAKHO GHITH PaBHO THC-
Jay CTPOK MaTpHibl B.

NMgorpamma 3.12. YMuOXKenne maTpuust A pasmepa 3 X 4 Ha MaT-
puny B pasmepa 4 X 2. Bpox anementoB MaTpuunl B H BbIBOA 3Hadge-
HHE 3JIEMEHTOB MAaTPHIbl C COOTBETCTBYIOT YKaSaHHHIM B HOpMyJe.
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Q11 Qi Q13 Qs lbu=p7 b|2=p8 C|1=p9 012=PB

Qa1 Gy Gy3 Bg4| X | b2y =P4 by =P5 |=|cyy =P6 ¢yy=PC

a3 Az Qa3 Qi bsy =Pl bay;=P2

b“ = P0 b42 = PA C31 = P3 C3g = pll :

11 16 HIi3 119 HUI1g TIIB II1 16 HI13 116
urig rIic 11 16 0 c/m 1 C/T1 A HI17
X I3 F, umng x nn 2 c/ma A HI14
X uns + I13 F, UIis X unn -+ I
3 C/T1 A 1000 D¢ U3 - I13 F, 1200
X ung + I 4 c/Im 4 HUIT0 X HrIi3
-+ 113 F, HITA X unn —+ 13011 B/0

Pa6oty aToit mporpamMMbl MOXHO NPOBEPHTb Ha MpHMepe:

13
Xl21]|=
40
35

2:14+0:-2+4+3-441.3=17 2:34+0-14+3-0+1-5=11
=(5-14+1:24+2-44+0:3=15 5:34+1:142:-040:5=16

2031
5120
0041

0-14+0-24+4-44+1-3=19 0.340.144.041-5=5

BBenem siementl MaTpuun B. Haxas kaaBumy C/II, nosyuuM Ha
uHAHKaTOpe LHOPY 1, YKas3hBAalOmIyl0 HAa BBOX NEePBOrO 3jeMeHTa nep-
BO# cTpokHu ap MaTpuusl A. BBoauMm ero, 3atem Haxas kaasumy C/II,
nonyunM uudppy 2 —HaZo BBOAHTbL a;3. BBexas TakuM o06pa3oM mo-
CTPOYHO Bce 3JEMEHTH MaTpuubl A, MOJyYyHM Ha HHAMKAaTope ULHGpy O,
yKasblBaoOULyl0 Ha KoHell Beiunc/enuii. M3 perucrpos 9, 6, 3, B, C u I
Bbi3blBaeM pe3yJbTaT BbluHcaeHuH —uyucaa 17, 15, 19, 11, 16 u 5.

Wrorna HyxHbel o6GpaTHble MaTpuUbl A-!, ynoBieTBOpsiOWMe ycJiio-
suio A-A-! = 1. [IpaBuna o6pamennss matpuusl A B 06paTHyI0 MaTpu-
uy A-! onucans B [4—7]. Ha MHKpOKa/bKyaAfTOpe JIETKO NMPOBECTH 006-
pauleHHe KBaApaTHbIx MaTpHi pasmepa 2 X 2 u 3 X 3. OGpailenne mat-
pull GoJbIIEro pasMepa MOXHO NpPOBOAMTb, pa3buBas HX Ha G6JOKH
MeHpLIerd pasMepa.

Mporpamma 3.13. OGpawenne MaTpuunl pasmepa 2 X 2. Baox:

a) = P7 Qg = P8
ajg = P4 Aoy = P5 |°

OGpallleHHasi MaTpHIla 3aHOCHTCA Ha MeCTO HCXOIHOH.

HIl4 UM X T2 HII7 M9 HIIB X HII2 —
n2 Wrs XY + TII7 HI9 HII2 =+ TII5 HII4
ure /—/ <+ TI14 HUII8 UN2 /—/ =+ N8 (/I
BIT 00
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Jlna KOHTPOJSI NMPOrpaMMBl MOXXHO BHIIOJHHTH CJEAYIOUIHE BHIYHES

JIeHHA:
A_I 78|  ,-1_| 16666666 —2,6666666
145 | —1,3333333  2,3333333 |

Mpoérpamma 3.14. OGpawenue MaTpHUE pa3Mepa 3 )X 3. Bsom
(11|=P7 a]2=P8 a13=P9
a21=P4 022=P5 023=P6
031=P1 a32=P2 033=P3

OG6paiueHHass MaTpHLUA 3aHOCHTCA Ha MeCTO HCXORHOM.
3 o Hri4 unrz - nn ung /—/ IcC Ul

ung umng x - — MA UWI6 UL U9 X  —
B, HIIl U7 =+ oo unno /—/ I6 U2 Ung
Uns X — T4 W3 UNg Umne X — 115
Uns umz -+ Il W9 UN7 =+ M2 UN7 Fl/x

I3 MIIA I17 WMB II8 HUIIC I9 FLO 02 c/m
PaGoTy nmporpaMMbl MOXHO NIPOBEpPHTbL Ha IPHMepe:

480 0,08333333 —0,08333333  0,66666666
A=(888|; A_‘l = 0,08333333  0,04166667 —0,33333333 |,
201 —0,16666666 0,16666666 —0,33333333

MoBTopHoe o6pauienne Matpuubl A-! mact matpuuy A ¢ HeGoMbs
IIHMH ONepalHOHHBIMU MOrPEIHOCTSIMH.

3.3. Bbiuncnenue akropuanoB u KOMOUHATOPHKA

Nporpamma 3.15. Broiuncnenue ¢akropuana n! =1.2.3 ... -n ¢
HCKJIOYeHHeM 3aBeJOMO H3BeCTHoro 3Hauenus O! = 1 mpu n = PX ~
o 1 WMo X FLo-02 C/II

IMTpumep. 10! = 3628800 Bhiuncasierca 3a 10 c.
Nporpamma 3.16. Briuncaenue dakropuana n! ana moGHX 7, BKJIO«
gas 0, npu n = PX.
o Fxs0 11 1 HII0 X FLO 04 C/I1 BIL
00 1 BIT @8
Npumepn. 0'=1, 1l=1 3! =86, 10! = 3628800, 20! =
= 2,432902-10'® (Bpems cyera fc=~n c).
Nporpamma 3.17. Buluncienne ¢dakrophana n! SoJbIHX uyHcea (NpH
n > 10 BepHH NATh NEPBHIX 3HAKOB pe3ynbTara) MO YTOYHeHHOH ¢op-
myne Crupaunra [1, 2]

R 1 1
— nh | — —_— ———
nl = n" A/3mn exp[ nt oo (1 _— )] (3.1)
Bsox: n = PX npu makcumaiabHoM n = 56.
nm 4 Fx¥ 1 nur9 3 0 X Fl/x —

1 2 + UMY =+ "HUN9 — Fe* X 2
Fn X M9 X F4/ X ¢/ BII 00
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fIlpumepws. 101 = 3628711,6 (rouro  3628800), 20! =)
= 2,4328826-10'® (Bpems cuera 12 c¢), 56! = 7,1100172-1074,

Nporpamma 3.18, Buuncnenne daxropuana n! npu n << 12 no Tou-
HOit popmyse, a mpu n > 12 —no ¢opmyne (3.1).

Im 1 3 - Fx<0 20 HUII0 Fx==0 17 1
Hro X FLO 10 c/m BIT 60 1 BIT 14
HUro 4 Fx¥ 1 HII0 3 0 X Fl/x —
1 2 =+ HIl0 + HImo - Fe* X 2

Fn X HUII0 X F4 X BI U4

Tlpumepn. 3! =6, 10! = 362880, 15! = 1,3076567-10!2,
Ilporpamma 3.19. Pacuer ancia nepectanoBok Pp, = nl, uucaa pas-
MELIEHHA A3 n 3JeMeHTOB IO m:

A™ = nl/(n — m)!
H YHcJa COYeTaHHH M3 71 2JeMEeHTOB IO m:
Cl = nl/((n — m)! ml).

Bson: n = PX, m = PX. BuBoa: m!— P4, P, = nl - P5, (n—m)l—
—>P6, AT ->PA, C}->PC=PX.

My ¢/l M8 MIT 26 [14 UM9 MM 26 [I5

HUIi9 Hurs- — I 26 116 HUIIB XY = A

U4 =+ nc C/II BII 00 II0 1 Hro x
FLO 28 B/0

Jdna n=10, m=>5 noayunm (cnycta 30 c cuera) Cf0=252,
A%y =130240 u P, = 3628800,

3.4. Onepauuu ¢ KOMIIEKCHBIMA YUCJiaMH

Mporpamma 3.20. [IpeoGpasoBaHHe KOMIJIEKCHOTO uHC/da H3 anre6-
panueckoit dopMH Z = a - jb B TPHTOHOMETPHUECKYIO Z=Mel® rpe
M=+/a F b? n @ = arccos(a/|{M|) npm b=0 =u Q=
{=. —arccos (a/|M|) npn b <0 (—I180° < @ < 180°). Beon: a = PX,
b = PX. BuBox: pesyarratam M-—PX, ¢ (B rpaaycax)—>PY. I[lepe-
kimouatesb P—I' B nonoxennn I,

A C/II TB UIIA 4 Fx?  UIIB Fx2 + Faf
I18 =+ Farccos II9 HUIIB Fx<0 20 Hur /—/ 19
U9 urs c/II BII 00 ’

Npumepn. Ona Z=—1+4j.1 M= 14142135 n ¢ = 135°, nas
Z=—1—j1 M=14142135 ¥ ¢ =—135° ama Z=—1+4j-0
M=1u =180
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‘ApudMeTHuecKHe ONepalud Haj KOMILIEKCHBIMM YHCJAMH B ajreb-
panueckoi ¢opMe BHINOJNHSAIOTCA MO (GopMynaM:
Zy=2,+2Zy=(ar+ a)) 4 j (b 4+ b,)
Zy=1Z,+Zy=(aia; — b1bs) + j(ab; 4 bia,)

Z aa bib . bia; —aib
Zo=*—l=12+[2+]l; iLE
a;+ b,

Mporpamma 3.21. ApudmerHueckrne onepauud (caoxenHe — kopg O.
yMHOXeHHe — Koa 1 H jeneHHe — KOA 2) Hajl NapaMH KOMIJIEKCHBIX
ukcen Z, = a; + jb, u Zy = as + jby. Beoa: a,, by, ay, by B peructp X,
Koj, onepaund B peructp X, as, bs, xox B perHerp X u T. 4. Pesyabrar
Zy = ay + jbo: ag—> P4 = PX, by— P5 = PY.

s ¢/ 1ms  ¢/o 2 C/m 3 o CAl Fx+0

52 1 — Fx+#0 30 HI12 Fx? HI3 Fx?2 + .
rng Wurn2 HIg -+ n2 wnis /—/ U8 - I3
WII3 HUII5 X 10 W4 HUNn3 X m  HWI2 HIs
X Ui + s Hre Wi X urio — 14

BIl1 03 Uris U3 + I15 HIi4 unz2 + 4
BIT 03

ITpumMmep. Bruncants

_6—-i-30B+i-2
T GB+i-3)E—id
Beoaum 5, —3, 3, 2, 1 (koa yMmHOXeHus1), 5, 3, 2 (xo& Zesenus), 2,
—4, 2 (kop nenenus), 0,5, 1, 0 (xom caoxenus). INonyunm Z, =
= 1,1588235 4 j- 1,4647059.
Mporpamma 3.22, IlocnenoBatenbHOe YMHOXEHHME H JeJIeHHE KOM-
NJEKCHBIX YHCEJ B TPHIOHOMeTpHuecKoi (opme:
z M —
Zo= ZIZZ=M1M2e!'(¢1+(P2); ZO=Z_|2=_]WL_ el @i—g)
Beon: M, @1, M,, q>§, Kox omepaumu (1 Aas yMHOXKeHHS H 2 1Js Ze-
nennst). Pesyabrar Zo= Mee/®: My—> PX = P6, g,-> PY = P7.
e c/ar nz C/1 m8 ¢C/a1 1m9 o C/a1r 4
1 - Fx#%0 24 urz U9 — I17 WUI6 HII8
=+ [TII6 BIl 03 unz umng <+ I17 WUI6 HII8
X 116 BII 03

I1pumep. Beruncants
712, _ 2e1"3%. el
Zs ge= T T

+ (054 j-1).

Zy

Beonum 2, 30, 6, 20, 1 (kox ymHoXeHus), 4, —40, 2 (kox nene-
nus). [Toayuyaem Zo, = 3el"90° (Mo = 3, @ = 90°). Ilepem BBOAOM KOIA
B nporpammax 3.21 u 322 mmaupupyerca ungpa 0,
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‘Tnasa 4

BbIYUCJIIEHUE 3JIEMEHTAPHBIX ®YHKLUHH,
MHOTOYJIEHOB U L H®POBbLIX
NOCJIELOBATEJIbHOCTEN

4.1. TunepGoanuecKue
H oOpaTHbie runepGoaHYecKHe DYHKIUUH

Mporpamma 4.1. Briyucnenne rumepGoauyeckoro cuuyca shx =
= (e* — 1/e*)/2. Broa: x = PX. ’
Fe* 4 Fl/x — 2 = (C/l
IOns x = 1 umeem sh(1)=1,1752012. .
Mporpamma 4.2. Brluncienue runepGosanueckoro kKocHayca chx =
= (e* + 1/e*)/2. BBon: x = PX.
Fe* 4 Fl/x + 2 <+ (C/II
Has x = 1 umeem ch(1) = 1,5430806.
Mporpamma 4.3. Briuncnenue runepGoinyeckoro Tanrenca thx=
=sh x/'\/l +sh?x. Baog: x = PX.
Fe* A Fl/x — 2 =+ 4 Fa2 1 4
FA/~ =+ c/m
Inas x =1 mnoayuaem th(l) = 0,76159417. Ias BHuuCACHHS

cthx = 1/thx nepexn oneparopom C/II BBecTu omeparop Fl/x.
Mporpamma 4.4. Broiuucienne oGpaTHOro runepGoJUYECKOro CHHyca

arshx=1In(x + ATF %?) npu x = PX B auanasone 3suageHusi or
—o00 10 -}-o00,
A Fx2 1 + F4 + Flhn /I
HOas x = 1 mmeem arsh(1) = 0,88137355.
Mporpamma 4.5. BhiuncieHHe 06paTHOro rHNep6OJHYECKOrO KOCH-
nyca arch=1In (x+ '\/xz —1) paa x=PX> 1.

A+ Fx2 1 /=] + FA/ + Fhn C/I

st x = 2 nonyuaem arch(2) = 1,3169579.

Mporpamma 4.6. Boiuncienste 06paTHOro runepOOJHYECKOTO TaHreH-
ca arthx=1InA/(x 4+ 1)/(1 —x) naa x = PX B nnanasone 3HaueHui
or —1 no +1.

A4 1 XY 4 FBx 1 XY — =+ F4a°
Fln C/II
Tlpu x = 0,7615942 noxyuum arth x = 1,0000001,
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Tlporpamma 4.7. Brluncnenne oSpaTHoro runepGoTHYeCKOro KoTaH-
{
reica arcthx=In4A142/(x — 1) ara x=PX > L,

A 1 — 2 XY == 1 4+ F4~ Fh
c/n

Han x = 1,3130352 noayuum arcth x = 1,0000001.
B nmexoroprix Mukpo-dBM, Hanpumep Oaexktponuka J3-28, sta
(YHKIHA BBIYHCASIOTCS MHUKPOMNPOTPAMMHO.

4.2. HenpepbiBHble ApoGu

Mporpamma 4.8. Briuncaenne HenpepbiBHLIX APOGed BHaa

o= a,+ ! =[a0: L = = ]

by a, a as
a + —
3
ay +———
as + cee
Beon: am, Dm, @m—1, bm-1, ..., @, by, ay 8 perncrp X.

A C/m XY = A ¢/ 4+ BI 00

8 2-3

MMpumep. f=[5, 17T E
HenpepreiBHOH 1pOGbI0 MOXKHO MPEACTaBHTb HEKOTOpHe NPOBHO-pa-

LHOHa/IbHBIe (YHKIHH, YTO YNpOILlaeT HX BhIyHucaeHHs [1—5).
Mporpamma 4.9. Briunciende ApOGHO-PaLHOHANBLHON (YHKLIHH

] = 6,8765432.

15 — 21x? 4 x* [1‘ —x2 —x? -—-xz]

T == g = i 3 B
Beon: x = PX.
nm Hmng /—/ X I8 5 = 3 4+ WUII8
XYy =+ 1 4+ UM XY = 1 + (C/II
BIT 00

Laa x =0 umeem f(0)= 1, nas x =1 f(l)= —0,5555554, pas
x =2 f(2)=5,8888889. -

4.3. Bbiuncsienue mHorouneHos no cxeme lopuepa

Mporpamma 4.10. BoiukcsieHHe MHOrou/eHa NeHCTBHTEJbHOrO Iepe«
MeHHoro creneHd n << 11 no cxeme TIopHepa P(x)=ap+ax+ ..«
oo Faxt =(..(@x + a-)x+ ... +a)x+ x. Bsox: a, = PC,
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a, +~a, =Pl +Pn, x=PX (npu cmMeHe x BBOIHTCH TOJbLKO HOBOC
3HaueHHe ¥ M HaxXHMaerca kaasuwa C/II). *)

no ... ... o HIin 4 XY HIA X KUIIO
4+ MHII0 Fx=0 06 XY HIIC 4 C/IT BII- 00

Hast muHorouneHa P(x)=0- lx+ 2x2 4 3x3 4 4x4 (n=4) mno-
ayuum P(1)= 10, P(2)=98 u T. A. DTy nporpaMMy HeTpPyAHO {IpH-
CNOCOGUTb A1 BHYHC/GHHS MHOTOWIEHOB TOJbKO C USTHBIMH HJH He-
YeTHHIMH CTeNeHAMH.

Mporpamma 4.11. BhiuncieHHe MHOrousleHa KOMILIEKCHOTO INlepeMed-
Horo Z = a - jb crenenn n << 10 nmo cxeme lopuepa. Beoa: ay = PO,
a =Pl ..., ag=P9, ap=PA, a=PY u b= PX Pesyaprar
P(Z) =c+jd: ¢~ PX, d— PY.

nc Xy TIIB HINA X Hme + UMC HMNA X
na Xy HN8 TII1r 42 HIl7 II] 42 HI16 TIIIT
42 UII5 TIIIT 42 U4 TIIIT 42 U3 I 42
Hrz IIr 42 HIll IIT 42 Urio I 42 C/m
BII 00 - HUIIO HIIC X - XY HIB X +
XY HIC X HIO HIB X + na Xy B/o

Hast Muorounena P(Z) = 14+ Z 42722 4. ..+ 8Z8 (ag = a;p = 0)
npy Z =1+ j-1 nonyunm P(Z)= 144 — j-113 npu BpeMeHH cueTa
tc & 70 c. IIpu ycnoxkHeHHH BBOAA HCXOAHHLIX JaHHEIX H HOPMHpPOBIeE
(meneHuH Ha @;3) cTeNneHb MHOrOuYJieHa MOXHO MOBBICHTb R0 n = 13,
a npu AeficTBUTEJLHON nepeMeHHOi x — po 16 [7].

4.4. BblunciieHHe PANOB M CJIOXKHBIX YHCJAOBBIX
nocjeAoBaTeAbHOCTEMH

B ocHOBe BbIYHC/IEHHH PSNOB H CJOXKHBIX YHCJOBBLIX MOCJENOBAaTe/b-
HOCTeH JieXaT UMKJIHYeCKHe NPOTPaMMbl C UHKJAMH, BBIYHC/IAIOUIHMH
TJIaBHBIA QIeH MOcJaea0BaTe/bHOCTH. kl3MeHeHHe 3TOro ujeHa 3ajaercs
LOC/IeOBATEIBHOCTBIO  yHCeJ, (OPMHPYeMBIX CYETUHKAMH _BHAA | =
=i+ 1 nam i = i— 1. Takue cyeTYHKH CO3RAIOTCA ONepaToOpaMu KOC-
BeHHo# anpecauun suga KHWIIN MIIN uau onepatopaMH opramH3allin
uukaoB FLO, FL1 uan FL3. [TponaniocTpHpyeM MeTOAHKY COCTAaBJICHHS
TaKHX NPOrpaMM Ha KOHKPETHHIX NpHMepax.

NMporpamma 4.12. Brluucsienne cyMMbl LeJBIX YHCEJ

i=n

S=Yi=14+2+43+ ... +(n—D+n

i=1 .

*) Ha mecto MHOrotoumsi BBOAHTCA YHCJO N, COCTOALlee H3 ABYX
undp, nanpuMep, 5 BBoxuTes Kak 0 u 5.
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Beom: x = PX
UHKA .
v J
rno o HIo0 + FLO 02 C/lI
T/1aBHBIH 9jleH MOCJeN0BaTeNbHOCTH — CAMH YHCJA [, KOTOpPhHE CO34al0T-
ca 8 peructpe P0: n, n—1 ... 3, 2, 1 u tyMmHpyloTca B peructpe X
No Mepe BHIOJHEeHHs Kaxjaoro uuknaa. Yuciao 0 (omepaTtop mo aapecy
OI) cayXut ans oGHyJeHHS HaKalJHBAaWUEro perucrpa X nepea Bbi-
noJHeHHeM UHKJA0B. B3saB n = 10 u Haxas xaasuwu B/0 um C/I1, mo-
ayuum S = 55.

B HekoTOpbix cayyasx TeKyilee 3HaueHHe TJIABHOTO YJeHa Jerko
KafiTH ¢ MOMOIIbI0O PeKyppeHTHBIX cOOoTHOWweHHA. Tak, NpH BBHIYHCAEHHH
Toc/le10BaTeJbHOCTH

n
S=Y nl=1+4+1-241-2-3+1:2:3-4+4 ... +(n—N+nl
i=l
KaXabli TOCAeAylOUIHH 4jeH paBeH NpeAblAyleMYy, YMHOMXEHHOMY Ha
TeKyllee 3HaueHue i, T. e. il = (i — 1) 1.

Mporpamma 4.13. Bouiuncnenue cymmbl ¢aktopnanos S(n!). Bsoas
n = PX.

n7z o o 116 1 g KUII6. UII6 UI8 X

rng HI9 -+ 119 HIl6 HII7 — Fx=0 06 HI19

C/l1 BIT Q0

B sToit mporpaMue n BBOAWTE B PerucTp 7, HaKelJeBe cyMmm npo-
HCXORHT B perucrpe 9, TekyiliWe 3uauesus i (ODMHPYIOTC® B PEruCT-
pe 6. Permerp 8 ucnonbsyerca 1,18 3aNOMHHaHUS [pe]RIeCTBYIOLIErO
3HaueHHs TJIABHOTO WYJeHa NocJjeoBaTeqbHOCTH. CueT OCTAaHABIHBAETCA
npn i —n = 0. Base n = 4 = PX, noayuum S(a!) = 33.

Mporpamma 4.14. Boiuucnenre npoussenequs dakropuanos P{n!) =i
i=1-(1-2)-(1-2-3) ... il ... (n—1)!al Beoa: n = PX.

nm7 o I16 1 I8 I19 KHII6 MHII6 HI8 X
g Hn9 X I HWre Hurrz — Fx=0 06 umnsg
C/IT BIT 00

B oroif nporpaMme IJf BbIYHCJAEHHA TJIaBHOro useHa — (pakTOpHa<
Na —TakXke HCHOJNb3YeTCsl PeKyppeHTHoe coorHomerme it = (i— 1)li
HAas n = 4 = PX noayuum P(n!)y = 288.

Nporpamma 4.15. BeiukciieHwe nocie10BaTebHOCTH

m
y= Z k™
k=l
Boa: m u n B permetp X.

n7z cC/m mn9 o TI4 TII8 KHII4 U4 HRn9 XY
Fx¥ HWII8 + I8 HII7 W4 — Fx=0 06 HHns
C/TT BIT 00
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Tnasnbiéi umen nocsesosatenwHocTH B sToM cayuae K", rre K =

=1,2,8 ..., m Onam=20un= 4snavenne y = 722665,91 (Tounoe
snavenne 722666), a ¢, = 2 mun.

Ecan 3Haku raapnoro useHa JOJI2KHbI MONepeMeHHO MeHATbCS, BBOAMT-
CA YMHOXe€HHe ero B KaXkJoM uHkJe Ha. —l. Buuucaenne psiloB ¢ BGecKoHeu-
HbIM YHCJIOM YJIEHOB 3aMEHSETCsl CYMMHDOBaHHeM KOHEUHOro 4YHcJa 4JeHOB
€ KOHTpOJIeEM SHaYeHHH KaXXIoro M3 HHX. Ecav OHH CTaHOBATCS MeHblle Ma-
JIOr0 YHCJa €, 3aA3I0lero norpeuHocTb BBIYHCJIEHHH, MOCJ/1e1HHe OCTAaHABJH-
BaroT.

l'lpHBe)erbee Bbillleé pEKOMEHALHH LIHPOKO HCMOJIb3YIOTCA B NpOrpam-
Max BbIYHCJIEHHA ChelHa/TbHbIX (I)YHKU.HFI Mo HX pa3JIOKEHHIO B pAAb-

4.5. Bbluucienne muorounenoB Jlareppa, Jlexannpa,
Jlarpanxa, dpmura n Yeb6biieBa u ux Koapduunenron

lupoko pacnpocTpaHekHble B HayYHO-TEXHHYECKHX pacyeTax aHg-
(epeHuHaNbHbIe ypPaBHEHHS BTOPOrO INOPAJKa 4YacTO HMEIOT peLleHHs
B BHIe OPTOroHaJbHbIX MHorouleHos Jlareppa, Jlexaunpa, Dpmuta H
Yebriwepa {1—3]. B [6] omHcaH makeT mporpaMM BBIYHCJEHHS HX KO-
90 }HIHEeHTOB Ha MHKPOKaabKyasTope DjekTpoHuka B3-21. Ilpusenen-
Hble HHXKe NPOrpaMMEI MOJYy4YeHbl NepeBOAOM 3Tux HporpamMm. Bo Bcex
nporpaMMmax crefeHb MHOrogwleHa n BBoiauTcs B peructp X (mocsie Ha-
xartua kaasum F, ABT u B/0). Kaxnoe naxartue kaaBumu C/IT Be-
IeT K BbAaye ovepelHoro Ko3ddulHeHTa MHOroujeHa KO Tex mOp,
noka He BHICBeTHTCsi uuppa 0, yxkasmBaiollas Ha KOHell BbIYHCJEHHT.

Mporpamma 4.16. BoiuucieHne Ko3pdHuHeHTOB MHOroueHa Jla-
reppa.

nmn o M3 HI2 Fa X Fcos T18 C/I1 WHII3

m 1 + I3 M9 Hmn2 -— Fx? HII8 X

un3 /—/ -+ BII 07

Iaa n =5, naxumas xkaasumy C/I[1 no noAB.IeHHS uuopu 0, 6y-
aeM moJayyaTb KO3dduuneHTH MHOrouseHa Jlareppa '
Ls(x) = —1x5 4 25x% — 200x® 4 600x2 — 600x 4 120

8 BHAE MOcJenoBaTeNbHOCTH yucesn —1, 25, —200, 600, —600, 4120
H 0 (xoHen solunucsenuil). [lepexnouatesy P —T s monoxenun P.

Mporpamma 4.17. Briuucjenve k03¢duuneHTOB MHorounena Jle-
KaHapa.

n 1+ 16 I8 4+ I3 D) n7 x 3
— IIs T4 WIS X U6 =+~ I8 U6 |
4+ 16 M4 2 — Fx<0 12 WIS C/I1 U3
1 — 9 1 — 13 UII9 X  UMN8 X
U7 <+ WI5 /—/ -+ T8 Unz 2 + 1z

HUIs 2 — [15 BIT 27
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Has n = 5 nonyunm Ko3ppuuHeHTH MHOrOwICHA
Ps(x) = 7,875x% — 8,75x3 4 1.875x. (4.1}

Mporpamma 4.18. Briuucienne K03pGHLHNEHTOB MHOroO4IeHa JpMHUTA,
n 1 ny ns8 + I4 2 II5 MO8 C/II

HI14 1 — Im9 1 — M4 MII9 X 118
X HIs /—/ = TI18 HUIs 20+ 15  BIT
08

Haa n = 8 monyyum Ko3bdHUHEHTH MHOrOUIeHa
Hg(x) = 1x% — 28x6 4 210x* — 420x% 4 105.

Mporpamma 4.19. Buiuucnenne kodpduuiieHtos mMHorowiena YeGwi-
1eBa no gopmyne :

n/2 ™
R

m=) :
12 2 114 ng — T3 HI14 2 X 114
HIT3 1 I15 — TII3 Fx=0 06 U4 c/m /—/
W2 X 4 <+ TI19 HII5 X C/[T WII9 MUII8
= 114 HII8 1 s+ I18 S I7 2 —_
I16 Hriz 119 1 + II7 HIT9 Ur2 — Uris
X 15 HIme 1 — TI6 Fx=0 40 WIl4 BII

IOas n =3 = PX nomyuuM OKpyrJeHHble KOI(PHUHEHTH MHOrO-
unena Yeb6oimesa 8-if cTenenu:

Ts(X) = 128x8 — 2568 + 160x* — 32x2 4- 1.

Buigticiienne 3HayeHHI OPTOrOHAJbHBLIX MHOrOYJIEHOB MOXHO Opra-
HI30BaTb HENMOCPEACTBEHHO MO HX pPas3/OXKEeHHSM B CTENEHHBIe pPsabl,
npHMepH KOTOPHIX NpHBeleHbl Bhille. OfHAKO B 3TOM cllydae AJA Kax-
LOr0 MHOrou/eHa ¢ 3afaHHbIM £ NPHAETCH COCTaBJAATh CBOIO MpOrpan-
my. Bosee panHOHaJIbHO BOCNO/Nb30BATHCS H3BECTHHIMH PEKypPPEHTHLIMH
COOTHOIIEHUAMH [2].

Mporpamma 4.20. Buluncienne 3HauveHu#t L,(x) MHorouwilena Jla-

reppa

e"{ qn xne—x)
Loty = S-S0

ro pexyppentnoit gpopmyse (Lofx)=1; Li(x)=1—x):
l X .
Ly \x)= TFT [@i+1—x)Li(x)—iLi— (x)] =12, ...,0—1).
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Bson: n =PI, x = PX.

nz 1 XY — 119 1 I8 TII6 WIrie HUris

/—] X WII6 2 X 1 + wumnr — HIT9

nm X + HUIT6 1 4+ TI6 += I19 W6

HIlO — Fx>0 08 WUI9 C/I1 BIT 00

Ona x=3 umeem Lp(3)= —0,5 L3(3)=1; L4(3)= 1375
(fc = 25 ¢).

Mporpamma 4.21. Buluncilenue 3Hauenuit P,(x) wMHorouwlena Jle-
Kanapa
27" 4" (1 =)
Al T dx®

P (¥) = (—1)" o

no peKyppeHTHoﬁ dopmyne (Po(x)=1, Pi(x)= x)?

Pipi(x)= +l [+ 1) xP;(x)—=iPi—(¥)] (=12 ..,n—1)
Beoa: n = P, x = PX.
nz 119 1 I8 1I16 Hurie /—/ UWns X HII6
2 X 1 4+  HII7 X HUrg 118 X +
HII6 1 + e = 119 UIl6 HUIIO — Fx>=0
05 W9  C/lT Bl 00

Hast x = 2 umeem Py(2)= 5,5, P3(2)= 17, P,(2)= 55,375.
Mporpamma 4.22. Buiuucaenne 3Hauenuii H,(x) muHorouleHa DpmHTa

Hat) = (e ST

no pekyppeutnoit popmyne (Ho(x) =1, H,(x) = 2x):
Hipy (x) =2xH;(x) —2iH;— (x) (i=12 ..., n—1).
nz 2 X M9 1 I8 6 HI6 2 X
uns /—/ X Hrz 2 X HI9 18 X +
9 Kule U6 HUNO — Fx>=0 07 uri9 C/in BII
00

HOnst x = 3 nonyuum H,(3) = 34, H3(3) = 180, H,(3) = 876.

Mtuorounensr YeGeimesa nepsoro poaa I,(x) = cos (n arccos x)
u Broporo popa U,(x)= sin((n 4 1)arccos x)/sin(arccos x) HecJa0XHO
BBIYHCJHTD HEMNOCPEACTBEHHO MO MNpHBeleHHbHM ¢opmynam (BBHAy mpo-
CTOTHl HX NPOrpaMMbl He NPHUBOAATCH).

OcoGhlit uHTEepec NMpeACTaBJseT BhIUHCJeHHe KO3((HIHEHTOB HHTEp-
NONSIUMOHHEIX TOJHHOMOB JlarpaHa, KOTOpble NPHMEHSIOTCS AJis HH-
Teprnonsiuun QyHKUHH y(x), 3aLaHHOH PALOM OPIAHHAT Yo = Yn Npu abe-
LHCCax Xo = X, B KauecTBe HYJEBOro y3/Ja MOXHO HCMOJb30BATH JIHO-
6ofi y3es, HanpuMmep, MPH TpexX y3laXx H HYJeBOM UEHTPaJbHOM y3Je
syayeHHs ¢Qyuxuui Gyayr o6o3HagaThea: Y- = y(x-1), Yo = Y(%)
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y+1 = y(x41). Toausom Jlarpamxa MOXeT 3amHCHIBATLCH B nByx dop-
Max.
IlepBas ¢opma umeer Buap [1]:

n
YO =A@ go+ A @ g1+ .. A (W) yn= Y, Am (%) gm: (4.2)
m=0
riae K03 ¢buuHeHTH onpeneasioTcss H3 GopMyJkl
Am (x) =
(x—x)(x—x1) ... (x—xm=1) (X — Xm41) ... (x — xp)
(tm— x0) (Xm — %1) oo (¥m— Xm—1) (Xm — Xmt1) o oo (Xm — %n)

BBHAY CJNOXHOCTH 3TOTrO BHPaXeHHS HA MHKPOKAJBbKYJATOpPax 3HA-
yeHHs! Am(¥) MOXHO BBHIYHCAATH PasfelbHO AJs NOJHHOMOB ¢ N << 5
npu n -+ 1 opaunarax. Ilpu Hopmuposke

X = Xo + ph;
rape h—paBHOCTb abcuuce cocelHUX y3Ji0B,
p = (x— xo)/h, (4.3)

n OyZeM BBIYHCJASTH 3HAYEHHUS HOPMHPOBaHHBIX Ko3¢dduuuentros Jlarpas-
Ka Am(p). Huxe pan mnaxer nporpamMM, NO3BOJSIOUIHX BEYHCJAMTH
Am(p) nas n--1, pasHoro 3, 4, 5 win 6 no dopmy.naM, npuUBELEHHBIM
B [3].

Mporpamma 4.23. Briurcienue ko03bduuxeHToB nmonuHoma JlarpaH-
¥a NpPH TPexX OPAHHATAX Y_i, Yo, Y+1:

m41 p(p?=1)
Am (P) = 0™ T = =)
1o Fx?2 1 — HUng x TIICc 0 T16 TIIT
27 2 = JIIt TIIT 27 [—/ TIO I 27
2 - TTA 3 C/IT  BIT 00 KHUII6 HWIIC MUIIL
HUrie — 2 +  + B/0

Oast p = 0,45 = PX, naxas xknaBumy C/TI, nomyunm uudpy 3
(yxazanne Ha 3 opaunatel). Kosadduunents! noJjnHoMa 3aHocsiTes B
perucTpul A_; = —0,12375— P1, 4, = 0,7975 - PO, A, = 0,32625 —
— PA.

Mporpamma 4.24. Briaucaenne ko3dduuueHtoB nosiHoma Jlarpas-
IKa NPH YeThpeX OPAUHATAX Y_i, Yo, Y+1 H Y42l

p(p’—1{(p—2)
M+ ml@—m)(p—m)’

Am (p) = (—1)™F2

no  Fx2 1 —  HIg X unmo 2 — X
nc o rne Il 39 6 [/—/ <= Il I
39 2 - rmo nm 39 2 /—] = TIA
nm 39 6 =~ nB 4 C/iI BIT 00 KHII6
HIC HIJT U6 — 2 + = B/o
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Has p = 0,15, naxas xnasuwy C/T1, noayuum undpy 4 (uncno
opaunat). KoadouuuenTH NONHHOMA 3aHOCATCA B perucrpu: A_, =
= —0,0393125 - P1, A, = 0,9041875 - P0, A, = 0,1595625 — PA u
A4 = —0,0244375 — PB.

Mporpamma 4.25. Briuucienne ko3¢ dbuuueHTOB moaxnHoma Jlarpau-
2Ka NPH NATH OPAHHETAX Y_3, Y—1, Yo, Y+1 H Y2

m+2 p(p2—1)(p>—4)
Ap (p)=(—1)"F TG = ml =) (4.4)

MO Fx? IC 1 — HUIC 4 — X unm
X [IC o0 [6 M1 47 2 4 + 2
nn 47 6 /—/ = I TIIl 47 4 =

o TN 47 6 [— = MA I 47 2

4 =~ TB 5 C/I BIT 00 KWI6 HIIC UL
M6 — 3 4+ = BJo

Has p = 0,3, naxas kaaBuwy C/IT, nonyuum uudpy 5 (uncio op-
nuHat). KoadduuuenTsl moinHOMAa 3aHOCATCS B PerucTpel: A_p, =
= 0,0193375—~ P2, . A_; = —0,13685—>P1, A, = 0,889525 - PO,
Ay = 025415~ PA u A4, = —0,0261625 — PB.

Mporpamma 4.26. Briuncienue ko duuuenTos noautomMa Jlarpanxa
TIpDH WIEeCTH OPAHHATAX Y-9, Y-1, Yo, Y+1, Y+2 H Y+3:

p(p?—1)(p*—4) (p—3)
Q+m)N@—ml(p—m)"’

Am (p) = (—1)™F?

na Fx?2 TI8 1 — HI8 4 — X Hna
3 — X unao X I8 0 6 TIIT 63

1 2 0 [—/ = 2 nrn 63 2 4

- I TIIT 63 1 2 [—/ =+ TI0 TIII
63 1 2 = MA TIIII 63 2 4 /—/
- B TIIIT 63 1 2 0 =~ TJIC 6
C/TT BIl 00 KHWII6 HII8 HIIO HI6 — 3 +

- B/0

Has p = 1,45 = PX, naxas kaasuwy C/II, nonyuum uudpy 6
(uncao opaunnar). KoadobuuueHTs! NOJHHOMa 3aHOCATCA B PErHCTPbI:
A_y = —0,011356897 — P2, A_; == 0,079961829 — P1, Ay =
= —0,27021584 -~ P0, A, = 0,8706955 > PA, A, = 0,35619361 —
—PB n A;s = —0,025278255 - PC.

Bo BTopoit ¢opMe 3amucH HHTEPHOJALUHOHHOrO moanHOoMa Jlarpanxa

Y (x) =By (y) + Bi (y) (x — x0) + B2 () (x — x0) (x — x1) + ...
vee + Ba(y) (x — x0) (x — x1) oo (X — xp—)) (4.5)

ko3ppuumentst Bo(y)+— Bn(y), nnu cokpauleHHo By =+ B, sABJasI0TCA
QYHKUHAMH OpPAHMHAT Yo <+ Yo [1]. ANrOpHTM HX BHIYHCIEHHA MO CXeme
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diiTkena moacuserca Ttabn. 4.1. Tlpn wusBectnnix By -+~ B, BuuHcJeHHE
y(x) aas mo6oro x MOXKHO NpoBecTu 10 cxeme [opuepa.

Ta6bnuma 4.1

x ] q L r s

xo—>PJ Yo>PA=25,

x1->Pl1 n->PB h—Yo _
n—x 7
= B,>PB

x:>P2 Yy, >PC Yi—Yo __ B—q
Xg— Xo X2— Xy
= gq,>PC =r;=B;>PC

%>P3 y;>PL Ys—Yo = rs—ra
X3 —Xo X3— N X3— X
= q;>PJ =r;>P/] = 5;=B;->»P[]

Mporpamma 4.27. Buiuucienue xos¢duuuentos By, B, H By mno
BBOJAHMbIM B peructp X 3HaueHHUsM Xo, Yo, X1, Y1, X2 H Y.

1o c/m A ¢/ I ¢/m nB ¢/ nz c/m

rnc¢ HIB HIA — HIT1 HUII0 — <+~ INB HIIC
HITA  — HI12 HII0 — = HUrp -— MUz HI

- = rnc o C/T BIT 00

Hns xo = 1,3, yo = 0,934, x, = 1,4, y, = 0,9523, x, = 1,5 u y, =)
= 0,9661 moayuum uudppy 0 (oxonuanue Buiuucaenuit). Kospduunentsr
NOJHHOMA 3aHocsTcs B peructpo: By = 0,934 — PA, B, = 0,183~ PB
u By, = —0,225 - PC.

Mporpamma 4.28. Buiuucnenue kosdduunentos By, By, Bo u B,
BBoa: xo -+ x3 = P0 - P3, yo = ys = PA = P[I; pesyavrar By + By—*
--PA+PI.

WIIB HITA — W1l HUII0 — = B HUIIC HIIA
- Wriz Huro -— + HUIMB — Uz um —

- rnc HWIno HnA — HI13 HII0 — = HIIB
— Hr3 Humr - = HIic — HIi3 Hunz2 —

- nai o c/m

Onsa xo = 1,3, X = 1,4, xo =15, x3s= 1,6, Yo = 0,934, Y1 =l
= 0,9523, y» = 0,9661 u y; = 0,9763 nosayuuM, Haxkas kaasuwy C/IT,
uudpy O (ykaswiBaeT Ha KoHel, cueta). Koadduumnentn monunoma 3a-
HocATcss B perHeTpel: By = 0,934 - PA, B, = 0,183 > PB, B; =
= —0,225—->PC u B; = 0,15 P]I.

Mporpamma 4.29, Briuncienne Koabduunentos Bo, By, By, B3z v By
Boox: xo+ x4 = PO = P4, yo = P9 u y, =+ ys = PA =~ PII; pesysbrar
By—~ P9, B, +~ By— PA + P/l
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A UMY — HIT1t U0 — - MMA UNB HII9

— Hurnz2 U1 -— = MDA — WIi2 M —

- IIB  HIIC HII9 — Hns Hrmo -— - HITA
— I3 U  — - B — umns umnz -—

- rnc Hwng Hurg -— W4 HII0 — = HIA
— 4 M - = HIB — Hri4 W2 -—

= HIIC — Hri4 WIns -— = no o C/mt

Haa x=22, x1=23, x=24 x=25 x1=26 y =
= 0,4860966, y; = 0,4892759, y, = 0,4918025, ys = 0,4937903 u ys =
== 0,4953388 mousyunm, Haxas kaaBumy C/II, uudppy 0, yxasnwiBawllyio
Ha KoHell BHuHcJeHui. PesyabraTe: By = 0,4860966, B, = 3,1793-10-2,
B, = —3,2635-10~2, B; = 1,89833-10~2 u B, = —5,99965-10-3,

4.6. daementaphble QYHKUHH KOMMJIEKCHOMH
nepeMeHHO |

B npuBeneHHbIX HHXKe NPOrpaMMax KOMIJEKcHas NepeMeHHas 060-
3faueHa kak Z = x + jy, rae x = P8 u y = P9. Pesyabrar BhIuHC]eE-
uusg ynkunn f(Z) = u+jv (u—~>PX = P5 v—>PY=P6). Kosn-
TPOJIbHLIE HPHMephl NpPHBEAEHHOTO HHXKe IIaKeTa IPOTrPAMM BHIYHCJEHHS
9J/leMeHTapDHHX (YHKUHA KOMIJIEKCHOH NepeMeHHOH AaHbl A YHC/d
Z =3+ j.2. ®opMyaH paJs BHYHCNeHHs (YHKIHA KOMIIEKCHOH ne-
_pemeHHoO# B3ATH M3 [1—3].

Mporpamma 4.30. BosBeaenne KOMIPEKCHOrO uucjla B KBajJpar:

22 = (x? — y¥) 4+ j - 2xy.
WM8 Fx2 HI9 Fx2 — II5 HII8 HIH 2 X
X II6 HMII5 ¢/

HAmeem f(Z)=5-j-12.
Mporpamma 4.31. OGpalueHre KOMIJIEKCHOTO YHCJA:

1 X

- = )

zZ 22+ 24yt
U8 4  Fx2 U9 Fx2 + II7 + II5 MM
/—/ M7 + 16 W5 C/II

Hmeem f(Z) = 0,23076923 — j-0,15384615.
Mporpamma 4.32. O6pauleHde KBafipaTa KOMIIJIEKCHOTO YHcaa:

1 2=y X 2xy
Ty TR
WII8 Fx? HII9 Fx?2 — HI8 Fx? HIN9 Fx? 4
Fx2 N7 =+ ns uns /—/ W9 2 X X
urnz -+ 16 HII5 C/II

Tlonyuaew f(Z) = 2,9585798-10~% — j-7,1005917-10-2,
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Mporpamma 4.33. OGpauieHue pasHOCTH KOMIJIERCHOLO dHcaa - Z =
= x -} jy ¢ uucaom (a - jb):

1 z—a R y—2b
Z—(@a+/6) " @—aP+y—0F ' w—aZfy—0be"*
HII8 HUIIA — t . Fx2 HUN9 UIOB — Fz2
7 = 5 uInp wnuIig — U7 < 16 NnIs
c

Ina a =2=PA, b=1=PB maxopgam [ (Z, a, b) =0,5—/.0,5,
Mporpamma 4.34. BoiunciaeHHe KBaApaTHOrO KOPH M3 KOMIJIEKCHOIO
YHCJa: .

B PR Ve
'/Z=:tl/-x+l/2$2+y d:’l/- x—l‘lz/x +y .

U8 Fx? UMY Fx? 4 Fy~ II7 U8 4 2
+. Fy~ II5 HI7 U8 — 2 = Fy™ 16
WUIs ¢/m )
Hmeem [ (Z) = 4-1,817354 4 j-0,55025048.
Tlporpamma 4.35.. Briunciaenué &
e? = e*cos y + je¥sin g,

[epexmouarens P — ' B nonoxennu P.

WUII8 Fe* [7 UMY Fcos X 15 WUI17 UMY F sin

X 6 Urs C/m

Uveem f (Z) = —8,35856327 |- j-18,263726.
NMporpamma 4.36. Boiuncaenue In Z:

) .
InZ = - In (22 4 y?) + i (arctg -"i-'+ 2kn) ’

rne k=0, 41, 42, ... lepekmouarens P — ' B nonoxennn P,

UM8 Fx? U9 Fx* - FiIn 2 = TII5 HIN

W8 -+ F arctg [16 WIS C/TI

Haxoanm [ (Z) = 1,2824746 - j-0,58800261.

Mporpamma 4.37. BrluucieHHe CHHYCa KOMILIEKCHOR MNepeMeHHOIA:

sin Z = sin x ch y - j cos x sh y.

W9 Fe* 1 Fli/x 4~ 2 =+ U8 Fsin X

5 WM Fe* | Fl/x —2 = W8 Fcos

x I6 U5 /N

[MNonyuaem f (Z) = 0,53092084 — j-3,5905644.

Mporpamma 4.38. Boiunciende KOCHHYCAa KOMMJEKCHOA TMepeMeHHOM:
cosZ=-cosxchy — jsinxshuy.

U Fe* t FlYx 4+ 2 + MUIB Fcos X

ns W9 rFe* 1 Fl/x — 2 = uns /—}

Fsin X e WIs ¢/I
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Haxonum f(Z) = —3,7245453 — j 0,51182233.
liporpamma 4.39. BuiuucneHde TaHreHca KOMIJIEKCHOH NePEMEHION:

sin 2x . sh 2y ,
cos 2x + ch 2y +i cos 2x + ch 2y *
M9 2 X Fe* 4 Fl/x 4+ 2 - HTII8
2 X F cos + I16 HI8 2 X F sin HWII6
= 15 Hrig 2 X Fe* A Fl/x — 2
= UIre -+ e WIIs CJII

tg Z=

Hwumeem f(Z) = —9,8843723-10-3 - j-0,96538587.
Mporpamma 4.40. Bbiuncsenne runep60oJHYECKOr0 CHHYCa KOMILIEKC-
noil nepeMeHHOIi:

shZ=sh xcosy -+ jchxsiny.
WUI8 Fe* 4 Fl/x — 2 =+ M Fcos X
I15 HUII8 Fe* 4 Fl/x 4+ 2 = WI19 F sin
X I16 HIls C/I1

Haxonum [(Z) = —4,168907 + j-9,1544984.
Mporpamma 4.41. Briuuciende rumepGONTHYECKOTO KOCHHYCA KOM-
IJIEKCHOH MepeMenHoM:

chZ=chxcosy -+ jshxsiny:’
HUII8 Fe* 4 Fl/x <+ 2 = HIN9 Fecos X
115 HII8 Fe* 4 Fl/x — 2 = HUI9 F sin
X e HII5 C/IT

Hwveem f(Z) = —4,1896257 + j-9,1092272.
NMporpamma 4.42. Boiunciense runep6ONHYECKOro TaHreHCa KOM-
OJIeKCHOH NepeMeHHOM:

sh 2x R sin 2y
ch 2x 4 cos 2y +i ch2x +cos 2y *
WIS 2 X  Fe* 4 Flx + 2 +~ W
2 D4 Fcos + TI6 Umg 2 X Fe* 4
Fi/x — 2 -~ U6 = 5 HWII9 2 X
F sin HII6 -+ e HII5 C/I

thZ =

Toayuaen f(Z) = 1,0032386 — j-3,7640263-10-3,
OGparuble TpuroHoMerpHueckHe (GYHKIUHH KOMIJICKCHOTO Tepemel-
HOTO BBIYHC/SIOTCS 10 CJAEAYIOWHM (opMyJaM:
_arcsin Z=arcsin B+ jIn [A+427=T1],
- arccos Z = arccos B— jIn[A 4 /A7 —T], .
_1 2x d (2@
arcth—-a arctg ('l—;xz—_y{) + 4 In (x2 ¥ (y — 1}2 ),
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rTae

A=% Vix+ 1)+ g +% Vix—4)* + ¢

H

By VEF D T o — g VE— D F 7.

Mporpamma 4.43. BriuncleHne apKCHHYca KOMIUIEKCHO: MNepeMCH-
uof.

uns 1 4+ Fx? UMY Fx2 17 + F+ 2

- e Hns 1 — Fx2 U7 + F4 2

= 15 <+ MA HHG_ Ul — INB F arcsin TI5
UMA Fx? 1 — F4/ HNOA + Fin II6 U5
o/

Ona Z=x+4jy=34j-2 mnoayuaem arcsin Z = 0,9646583 -
-+ j-1,9686379.
Mporpamma 4.44. BrluiiciieHde apKKOCHHYca KOMIJIEKCHOH MepeMeds

LOil.

M8 1 + Fx? WUI9 Fx2 M7 <+ Faf 2

= e M8 1 - Fx2 W7 + F4 2

- I15 -+ A I/II'IG_ ) %10 G 1B F arccos II5
UIMA Fx?2 1 — Fa/ WNA 4+ Fln 4 [—!

16 Hris  C/1t

HNas Z = 34 j-2 naxonum arccos Z = 0,60613793 — j-1,9686379.
Mporpamma 4.45. BriuHcieHde apKTaHreHCa KOMILIEKCHOrO —Mepe-
MEHHOro.

I8 2 X 1 UM8 Fx2 117 — U9 Fx?
— + Farctg 2 = 15 HWIl7 WUII9 1 -+
Fx* <4 U7 HIg 1 — Fx2 <+ = FIn
4 +~ TII6 Ulls C/TI

C yuerom pomyctumoli o6nactu ompegenenus Z aaa Z = 0,3 +
“+ j-0,2 nonyuum arctg Z = 0,30187467 -}- j-0,18499461.

Hdnsa sbluncaeHns oGpaTHHX THNep6oaHyecKHX (GYHKUUHA KOMILTEKCs
HOH mepeMeHHO!H BOCMOJb3yeMcsl CBSI3bl0 C OGPATHLIMH TPHTOHOMETpPH-
veckuMu QyHkuusamu: arsh Z = —jarcsin(jZ), arch Z = =j arccos Z u
arth Z = —j arctg (jZ). ’

Mporpamma 4.46. Briuncaenne oGparTHOro runepGo/IHYECKOr0 CHHyCa
KOMIJIEKCHOrO IlepeMeHHOFO.

W9 /—/ 1 4- Fx? WI8 Fx? M7 + Fa~

2 =~ [6 MO /~/ 1 — Fx? U7 +
Fa" 2 + 05 + TA U6 U5 — B
F arcsin A [/—/ T16 HIIA Fx? 1 — F4/" Hna
-+ Fin II5 C/I ‘

Hna Z =34 j-2 noayunm arsh Z = 1,983387 +4- j-0,5706528.
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Mporpamma 4.47. Buuucnenne o6paTHOro rumepGo/HYecKOro KOCH-
Hyca KOMIIEKCHOH LCPeMEeHHOH.

Wms 1 + Fx! U9 Fx2 M7 + F4A 2

- e U8 1 — Fx?2 MWII7 + F4/ 2
- I15 -+ MMA WUII6 HII5 — I[IB F arccos II6
HMIIA Fx? 1 — F4 HUIOA 4+ Fhn 4 /—/

115 HIme Xy C/m

Hns Z =3+ j-2 umeem arch Z = 1,9686379 == j-0,60613793.
Mporpamma 4.48. Buiuncnende 06paTHOrO rHNepGOJHHECKOTO TaH-
TeHca KOMIJIEKCHOH nepeMeHHOH.

U /—/ 2 X 1 UI9 Fx? N7 — W8
Fx? — =+ Farclg 2 /—/ + TI6 WII7 WII8
1 + Fx2 + U7 MI8 1 — Fx2 +
+ Fln 4 =+ 5 W6 XY C/TI

HOas Z = 0,34 j-0,2 naxoaum arth Z = 0,29574995 4 j-0,2154745.

INporpamma 4.49. BuiudcieHHe OTHOLIEHHS MHOTO4aeHOB f (Z) = -
‘= A (Z)/B (Z) komnnekcHo#i mnepemeHHON mnpu cTenedH A (Z) n<<3
n B(Zym<4 [7]. Beox: by+by=P0+P4, q=P5, ..., az3=
=P8 0=P9 x=PY u y=PX. Pesyabrat: u—>PA=PX, v—>
- PB = PY.
nB. XY TITIA  UIl7 UN8 IIT 47 urne ImIr 54
Mrs + TIIC U9 N4 M3 W4 T 47 uri2
IIIT 54 MMl IIII 54 urio +4 A Fx* HII9
Fx? 4 =+ MMA WI9 FBx =+ 1B UIC 119
urg I 55 U9 C/I1 BII 00 4 UnB X
19 F, HIIA X . + 4 UMB X WITA UI19
X 4+ U9 XY TII9 F, UIMB X XY HINA
X XYy -— B/0
Ona [@R4+j-1)=(Z>+2Z41)/(82%+2Z*+ Z+0,5) moay-
auM u =0,1863999 u v = — 0,12612384 npu £, = 70 c.



I'masa 5

NMPOTPAMMHASl PEAJIM3ALHSI OCHOBHbIX
YUCJIEHHbBIX METOJOB

5.1. PeweHune cucteM JuHeHHbIX ypaBHEHUH

Pemenne cucreM JiHHeRHHIX ypaBHeHHA BHINOJMHSieTCS NO NPOrpPam«
MaM, onHcaHHEIM B [28].
Mporpamma 5.1. PeweHnne cuctembl u3 n << 4 ypaBHeHHI

ayy Q12 ... Qpn X1 by
[-. « e s e . ..]-[...]=[..‘.] (5[)
QAur Qp2 ««» Apn Xn bn

uin (b; = a, /+1),
n

]Zia“.xi=ai, I+ (5.2)

rne i=1, 2, ..., n METOIOM ONTHMAJbHOIrO HCKJIOYEHHS TEePEeMEHHBIX.
Booa: n = PO, koadouuventn ay = PX, a; ;+1 = PX (nocrpouno, ve
ofpamass BHUMaHHS Ha BBIBOJ NPOMEXYTOYHLIX DE3yJbTaTOB H 3aBep-
lasg BBOA Kaxporo K@dduuuenta Haxartuem kuaBuuwn C/IT). BuBond
xi—PX (xl—>PlI, x2—>PC, x3>PB u )C4->pA).

4 1 4 Mg MUmo I C/lT W4 = KI2
FLI 06 1 4 I3 HIlo I FL1 23 KHII3
c/m  BII 19 Cx KII2 FL1 24 KII2 WIlo HUII2
+ I I12 WUI3 — Fx£0 42 C/T TIII 84
BII 28 KWII0 MII0 I3 C/lT  KUM2 — 14 C/II
KUII2 — HWIl4 = KIIl FL3 49 MITl M0+
I3 1 4 I Ie KWIl /—/ T 84 W3
+ M3 WMl — Fx=0 65 Uro 1 KHUII3 KII2

FL1 78 BIl 12 HII0 XY A KUI3 X KUIIt
-+ KI12 F, FLO 86 F, T10 B/0

Jast cucTeMbl M3 Tpex ypaBHeHmi (n = 3)

4 024 —0,08 X 8
[0,09 3 —015 ] [ x5 ] = [ 9 ] (5.3)
0,04 —008 4 xs 20

noayynM x; = 1,9091983, x, = 3,1949644 u x; = 5,0448073 npu t. =
~ 2 muH. Bonee npocrble nporpaMmbl AJs pellieHHS CHCTeM H3 2 H 3
YpaBHeHuil onHcaHbl B [6—8].
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Mporpamma 5.2. Pemwrennie cuctem n3 n << 11 ypaBHeHuit B noayas-
TOMaTHYecKOM pexXHMe mno Metoay JKopAaHa ¢ IHKJIHYeCKOH mepecTa-
HOBKOH CTPOK H NpPHMeHeHHeM BHIUHCJHTeJNbHOro 6aaHKa (CM. NpHMep
HHXKe).

4  Cx XY MM -+ TI0 XY 1 Mnc Xy
C/l1  Wna WIC 1 + TC — Fx>0 26 XY
KUMIC W0 X — B 10 XY MO0  BIT 02

ITpumep. Pemnts cuctemy

4 —2 3 17 rx 13
0o 5 —2 3| | x 16 :
2 =3 4 —2| | x|=| of 64
1 0o 3 1 % —4

0 4 -2 3 1 13 19
0 5 -2 3 16 2
2 -3 4 -2 0 1
1 0 -3 1 —4 —5
i 5 | -2 3 16 2
-2 2,5 —-25 —6,5 -85
05 | 375 0,75 -7,% —-9,75
1 -0,5 0,75 0,25 3,25 4,75
2 1.7 -1 0,1 03
—3,55 0,45 -8,85 —11,95
1 0,55 0,55 485 6,95
1 ~0,4 0.6 32 44
3 —9,2647059 —9,0588235 ~11,32352)
: 1 0,97058323 4,8823529 6,8520412
1 0,29411765 3.1764706 4,4705882
1 —0,76470588 —0,58823529 0,17647053
4 1 x1=1,0000001 2,0000003
1 Xp=2 3
1 x3=2,8999999 3,9999993
1 x4==3,999999) 4,9999997

Ipada ans p = 0 Gnanxa 3anonusieTcss Ko3PGhULUHUEHTAMH ypaBHe-
Hust, Beoautcss n = PJI. Jlanee moc/eqoBaTejbHO 3aMOJHAIOTCH Cpadbl
At p=1,2 u 1. n. Ilna 2T0ro BBOAHTCA NepPBHH CTOJNGEL B PerHCTpHI
1,2, ..., n (cBepxy BHH3). 3aTeM BBOAHTCS NEPBHIA JIEMEHT CJAeAyIO-
mero cronbra u HaxuMawoTtcst kaasnuwn B/0 u C/T1 — BbicBeuuBaetcs 0.
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Janee BBOAATCH OCTAJIBHBIE 3/MEMEHTH B perucrp X M HAKUMASTCA KAd-
puiwia C/IT (mocne BBoma- mocsensero ajiementa kaasuma C/T1 Haxi-
‘maerca nBaxnbl). [TonyueHHble pesy/ibTaThl BNHCHIBAOTCHA B rpady mosg
BBOAHMBIM cTosnGUOM, a B rpade cieBa cHH3y nomuchiBaetcs 1. [Toene
3anosiHeHHus GJaHKa AN p = n NOJNy4yaeM Xy, Xz, ..., Xn U KOHTPOJS-
Hble CYMMBHL.

Y uexoropeix Mukpokaabkyastopos (HP-15C, TI-58C, TI-59
W 0p.) peweHue cucteM H3 n << (6 +— 10) ypaBHeHHH peasiH30BaHO MHK-
poONporpaMMHO HJIH C NOMOLIbIO BCTPOEHHBIX MPOrpaMM MOJb30BAaTEJ.

5.2. Uurepnonsiuus u axcTpanoasuus GyHkumii
OHO# NepeMeHHOi

Wurtepnonsiunsa 3axiiouaeTcsi B HaXOXKAGHHH 3HAUeHHA (yHKIHH
y(x), 3agaHHOA n y3JaMH, B NpOMeXyTkax Mexay HumHu. Ilpn sTom
(YHKLHA 3aMeHsieTcs TeM HJIH HHbIM MOJHHOMOM P (x), 3HaueHHA KOTO-
poro B y3Jax cOBMNajaloT co 3HaueHWsAMH y(x). Huxe maH nmaker mpo-
rpamMM, peasU3yIOIHX HHTEPIOMSLHIO ¢ IOMOLIbIO noJuHoMa JlarpaHxa
[3]. Kosdduunentsl HHTEPNONALUHOHHOrO MOJHHOMA NPH MPOH3BOJIBHOM
PAacnoJloKeHHH Y3J0B BLIUHCASIOTCA MeToaoM - JiitkeHa (cm. § 4.5).
C noMolIbi0 TNpPHBENEHHBIX HHMKe MPOrpaMM MOXKHO TPOH3BOAHTL H
9KCTPANOJALMIO, T. €. BblUHCJEHHe y(X) NpPH X, BLIXOAfALIEM 3a MpejeJbl
HHTEPBaJa HHTEPHOJISUUH.

Nporpamma 5.3. Jluneiinasi-uuTepnonsiuus npu n = 2 no QaopmyJe

(%) = Yo+ (x — %0) (41 — yo) /. (55)

Bron: h =-P9, Xy, Yo, ¥ ¥ (nmocae nuauxaunn uudpu 0) x B pe-
ructp X.

M C/T MA C/T WUINA — W9 = TIIB 0
Cc/lT W0 — WIB X  HWMNA 4+  BII 10

IOus h = 0,01, xo = 2,47, yo = 0,4932443 u y, = 0,4934309 moxy-
unm  y(2,475) = 0,4933376 (uurepnonsiuus). HabGpas HOBOoe 3HaueHHe
x = 2485 u wnaxa kaasumy C/IT, nonyunm y(2,485)= 0,4935242
(skcTpanmonsiuus).

NMporpamma 5.4. KsagpaTuuras uxrepnonsiuus npu n = 3 mno ¢op-

- MyRe
y(x) = Bo =4 Bi(x — x0) + Ba(x — x0) (x — x1) (5.6)

IpH MpPOU3BOJBHOM pacroJoXennu ysnos. Bsox B peructp X: Xo, Yo
X1, Y1, Xz, Y W t (mOCAe TMycKa TMpOrpaMMbl H HHAHKAUHMH WHPpH 0).
Koadbduunentnt By, By u By nocse Bbulc/AedHsT 3aHOCATCS B PerucTpol
A BuC.

10 ¢/ A C/m Im c/1 mnB C/n Ii2 C/T1
[Ic HnB HMNA — HIll U0 — = 1B HIC
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A  — Hrz Hrmo — = HUrnB — umnz2 UMt
— - IIc o C/lT 8 HI — HIIC X
HIB - HI18 MII0 — X HITA + BIT 34
Has xo = 1,3, yo = 0,934, x; = 1,4, y; = 0,9523, xo = 1,5 u yy =
= 0,9661 nosyaum y(1,43) =0,9569125. IIpn cmene x HaGHpaeM TOJIbKO
ero HoBOe 3HaueHHe H HaxHMaeM kJaaBuumy C/II.
Nporpamma 5.5. KeajpaTHuHas HHTepHNOJALHS IPH PaBHOOTCTOALIHX
ysaax no ¢opmy.e

1
Y (%o + ph) = My +(l—p’)yo+p—(p—uy+}, (67
rie p = (x — xo)/h. Beox: h = P9, x,, y—1, Yo, Y+ 4 (mocne HHIHMKA-
unn nudpor 0) x B peructp X.

ng C/ar 1m C/r 1m C/a n3 o c/m 17

Hurig — HIT19 = ne 1 — HI6 X 2
= HII X 1 HII6 Fx? — HII2 X +
HIe 1 + e x 2 <+~ HIN3 X +
BIT 08

Ias b= —0,1, xo = 1,4, yo = 0,9661, y; = 0,9523 u y, = 0,934,
HaxXaB kaasuwu B/0 nm C/II, noayunm uudpy 0. Beeas x = 1,43 u Ha-
xkaB knaBuwy C/I1, monyunm y(1,43) = 0,9569125 — uHTepmoAnus Ha-
3ag (h < 0).

Mporpamma 5.6. MHTepmossiliHA NPH ueTHIpeX NPOH3BOJNBLHO PacIo-
JIOXKEHHBIX y3/ax npH n = 4 no ¢popmyie 4

y(x) = [[Bs(x — x2) + Ba] (x — 1) + Bi] (x — x0) +Bo (5.8)

BBox: xp+ x3 = P0+ P3, yp+y; =PA+ Pl u x = PX (nocae my-
cka nporpamMbl H uHaukamud nudpe 0). Kospduunentn By <+ Bs 3a-
nocATcs B peruetpel A+ JI.

MIIB HIIA -— HIl1 W10 — = I[IB  HIIC MHIIA
— unz wro -— = HIIB — HIi2 U —

- rnc unao HIiA -— s Hrmo -— - HI1B
- s Hvm - = HIIC — HUI13 U2 —

- nom o c/m me  Hn2 - o x HIic
-+ U HIit  — X . HIB 4 Hure Hurio -—

X HITA  + BIT 43

nJIﬂ Xo = 1,3, X = 1,4, Xy = 1,5, X3 = 1,6, Yo = 0,934, Yy =
= 0,9523, y; = 0,9661 u y; = 0,9763 moayuum y(1,43)= 0,95687155
npu ToyHoM 3HaueHHH 0,9569.

Mporpamma 5.7. MHTepnosslus NpH dYeThpex PaBHOOTCTOSUIHX Y3-
-Jax no ¢opmyJe

2 —
Y (g + ph)~ — p( (pP—1)(p—2)

!/_1+ P !]0—'

1) (p—2 2
P_(P+T)(P_)y+l+.ﬁ(PT)y+2. (5.9)

p—1(p—2)
6
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Beoa: h = P9, y-1, Yo, Y+1, Y+2, Xo B x B peructp X.
I12 c/i I3

It c/m
Iz HI8
Is 3
HITl X
X +
X —
BIT 09

— HII9
= HI16
Ure Fx?
Ure 1
WUITA UII6

1
1
+
X

C/l T4
nm 2
— X
— TIIA
Ume X
6 =

cm 18 ¢/
- 2 =
ure /—/ X
WUIls X U2
WUlls X U3
U X+

I mpusenessoro Buwe npumepa npu b = 0,1, y—; = 0,934, yo =
'= 0,9523, y41 = 0,9661, yio = 0,9763, xo = 1,4 u x = 1,43 noayunm
y(1,43) = 0,95687186.
Mporpamma 5.8. HuTepnonsuns npu NATH NPOH3BOJLHO PacrloJo-
MEeHHBIX y3/ax 1no ¢popmyJe

y (%) = [[[B4(x — x3) + Bs](x — %) + Bl (x — x1) -+ B1](x — xo)+ Bo.

Beon: xo +~x.=P0+P4, yo=P9, y1+y.=PA+PI n x=PX
(mocne nycka u meaukanuu undpe 0). Koadpduuuentn Boy, B, =+ B, 3a-
Hocsitest B peructpol 9, A +— I

HITA HUIT9 — Uil U1 — - ITA UIIB HUII9
— HUr2 Hurio — = UraA — U2 Hrir -
- I1B HUIIC HI19 — HUI13 HII0 — = HITA
— I3 uri  — = HUIIB — Ui Hur2 -—
-+ TIC Mg U9 -— HUIi4 U1 — = UIIA
- U4 UIn  — e HUnB — U4 Hrz -—
- HUIIC — HI14 U3 — - na o c/m
T18 Ui - IO X HUric 4+ U U2 — .
X  WIB + UM UIll — X  WUMA + M8
urio — X urg -+ BIT 69
B Ta6a. 5.1 ganpl 3HayeHHst YHKLHH
X
1 _p
yW=0@m=— | e a
° /2n p
Ta6aunna 5.1
Y B B->PN
x0=22 " yr==0,4860966 Bo==4,860986-10—" P9
n=23 1 ="0,4892759 B,=3,1793.10—2 - PA
Xo=2,4 y2=0,4918025 By= —3,2635.10—2 PB
x,=25 s =0,4937903 B,=1,89833.10—2 PC
x0=2,6 y.==0,4953388 B,= —5,99965.10—2 PO




B y3J1aX HHTEPNOJSALUH M BHIYHCJEHHBE MO NaHHOHA mporpaMme 3BaueHus
Bo, By + B;. llpu x = 2,45 monmyunM y(2,45) = 0,49285719 npu TouHOM
sravenuy 0,4928572. :

Mporpamma 5.9. Hurtepnonauus npu nATH PaBHOOTCTOSIIHX Y3Jax
no ¢opmyJe

2 —1 —2 —1 )
¥ (% + ph) = (p )2/;(17 ) Y, — (p )ré(p y_,+
2—1)(p2—4 1 —4
+ L2 )4(p )Uo— (r+ );;(p ) v, +
2
4+ e 1)22(p+2) Y,y (5.10)

Beoa: h = P9, y.2, Y1, Yo, Y+1, Y+2, Xo H x B peruetp X.
IT1 C/Im 112 C/IT II3 C/IT 114 C/IT TI3 c/l

ns ¢/ n7 Wns — MU <+ 16 Fx2 1A
1 - 4 +~ TIA M6 2 — X ume
X 6 =~ UMl X HIOO 4 — IIC 6
=~ B W6 X U6 1 — X um X
— HWINA HUIC X HIB X + U6 1 +
Ure X WIIB X M4 X — M6 2 +
M6 X UMA X 6 ~ U5 X + BI

11

Jas npuBefeHHOro Bbillle IpHMepa, B3sIB Xo = 2,4 H Yo=0,4918025,
s x = 2,45 noayuuM y(2,45) = 0,49285719.

Mporpamma 5.10. MuTeprnonsAuus npu WecTH PEBHOOTCTOALIMX y3Jax
no ¢opmyJe

_p(pP=1(p—2)(p—3)

Y (xy+ ph) = 120 y_o,+

+ P(P—l)(P224— ) (p—3 y_, - (p®—1) (sz— 4 (p—3) v, +

+ p(p+1)(p:2’—4) (p—3) Vor— p(p2—1)(g4+2)('p—3) b+
+ p(pz—ll2)0(p?—4) Yog

Beon: %0 =P8, h = P9, y.» = P2, y_y = Pl, yo= PO, y,. = PA,
y+2="PB, y,3s =PCux=PX.

7 Hng — ur9 = 17 Fx? 1 — I13
2 4 = no umnz7 3 - X Humnrz /—/
X Ima W1z 2 — X 5 = Hrz X
HII7 Fx? 4 — I15 Hrz 3 — X 1
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2 = 116 unrz X HUrz 1 — 4 2

- HITI X -+ HUIe HI3 X HIIO X —
HMII7 1 -+ HUI7 X Ul X HNOA X+
4 Nz 2 -+ X HIIB X -+ HI17 UII4
X Ul X 5 - HUIiC x 4+ C/IT BI1
00

Ins koHTpoOaA 3TOH mpoOrpaMMbl BOCMOJAL3YeMCSl TaGyJNHPOBAaHHBIMH
naHHBIMH GYHKUHH P(x) HOpMalbHOro pacnpeieJeHHs BeposiTHOcTel [3]
NnpH X_2 = 0,5, x—1 = 0,6, xo = 0,7, X4y = 0,8, Xi2 = 0,9, X433 = 1,0
(T.e. x0=0,7 u h=0,1). Ilna sTux 3HaueHHH# x uMeeM y_»=0,6914625,
y—1 = 0,7257469, yo = 0,7580363, y41 = 0,7881446, y,» = 0,8159399
u Yy+3 = 0,8413447. BBens 514 naHHble H mnoaoxkus x.= 0,86 = PX,
Halinem p(0,86) = 0,80510553 rmnpu  H3BECTHOM TOYHOM 3HAYEHHIL
0,80510547 u t; =~ 1 MHuH.

[porpamMmsl, oGecreurBaiouiHe uHTeproasuuio GyHKUHH y(x) TpH
NIPOH3BOJILHOV PAaCNONOKEHHH Y3JI0B, MOIYT HCIOMb30BaThes H AJs OG-
paTHOH HHTepIOMSLHH, T.e. HAXOXKAEHHs 3HAYeHHH X NPH 3aLaHHOM Y.
J1a 3TOro 3HayeHHs x; B y3/axX HHTEPMNOJISALHH 3aHOCATCSH B DErHCTPH,
OTBeJleHHble 101 3aMHChb Y;, a 3HAYeHHS] Y; — B DPETHCTPH, OTBeJeHHBIC
LOJ 3amuch X; B y3Jax.

[TpuBenennbie Boille MporpaMmbl oGecrneydBalOT MHHHMAJIbHOE BpPeMa
HHTEpnoNAUMKE Garofaps BEIUHC/IEHHIO KO3(HIHEHTOB noJHHOMOB Jla-
rpaHXa Mo roToBHIM (opMy/naM ¢ 3apaHee BLIYHCJICHHBIMH 4JIeHAMH,
comepXamuMH (akropuasasl. OQHAaKo NPH 3TOM AJs1 KaX<AOTO N NPHXO-
IMTCS HCMOJIB30BAaTh CBOIO NMPOrpaMMy.

B [22] omucanbl yHuBepcasibHBle MPOrpaMMbl /1Sl MHTEPNOJSALMH TO-
nuHoMamu Jlarpanka u Heorona (7 << 6 npu nponssosibiom # n < 10
NPH PaBHOMEPHOM DacCHOJIOKEHHH Y3J0B), a TakXKe KyOHUeCKHMH CIIai-
Hamu. OLHAaKO BpeMs HHTEpPHONALMM [0 HHM Beiuko (B 3—4 pasa
GoJblile, yeM MO OMHCAHHLIM BhILle nporpammam). ITostoMy momoGHble
nporpaMmbl yanGHee HCMOJb30BaTb AJS NpeACTaBJeHHs (annpoKcHMa-
unn) GyHKUHMI CTeNeHHBIMH MoJHHOMaMH (cM. § 5.13).

5.3. Unrepnoasuus u akcrpanonauus GpyHkuui
ABYX NepeMeHHbIX

Yacro Bcrpeuaiorest dynkunn f(x, ¥) nByx mepeMeHHHX y u x. Orpa-
HHYMBLIHCH JOCTYNHBIMH AJIS MHKDOKaJbKyJATOpoB DiekTpoHnka B3-31
MeTOJaMH HHTEpNOJISUWIHK H 3KcTpanoasunu ¢ynkuuit f(x,y) c¢ mocrosn-
nbiM waroM h = Ax u k = Ay [3], BBeseM Hapsay ¢ mapameTpoM

p= (x—xi)/h
napamerp
g = (y—yo)/k.



Touxky (%o, yo) ycnoBHO o06o3naunM Kak 0, a 3HaueHHe GYHKUHH 019
nee foo = f(xo, Yo). Toraa fro = f (x4, 43), for = [(%o, y1), [11 = [(x1, 91),
fo-1=f(x0,y-1) v T. I

y Y Y

fome ff?j " f°’;fm'ﬁ‘
0l r, < of £, = £o O] £ =
a) P 9 ’fo-l

Puc. 5.1. Pacnonoxenue y3noB NpH HHTepHoJalHH (GYHKUUR ABYX mepe-
MEeHHBIX 0pH Tpex (a), ueThpex (6) W wectu (8) TOYKax

Mporpamma 5.11. Vutepnonsuus u skcrpanonsuns Qysxkuus f(x, y)
JIBYX TepeMeHHBHX X H Yy no Qopmyne ana Tpex Touek (puc. 5.1,a):

fex,y) = (1 —p—q)foo + pf1o + gfos

¢ norpewHoctbio O (h?), npcrnopunonasbhoil k2 Bsoa: h = P8, £ = P9

" ¥ nanaee B peructp X: Xo, Yo, foo, fo1, f10, X B y (UpH MOBTOPHHX mycKax
MporpaMMmbl A/ HOBHIX X H Yy BBOLSATCS TONbKO NOCAELHHE).

no ¢m m ¢/m n2 ¢m m3 /I mn4e ¢/m

s C/I1 16 WMl — M9 + 16 WIS MII0
— U8 + 15 1 XY — M6 — M2
X WI5 HIl4 X 4 MUI6 HUI3 X +  BII
09

Ons KOHTPOJIA NPOrpaMMbl paccMOTPHM 3HaueHHs (cM. Ta6l1. 5.2)
Gynkuuu nocseneitctsus [5]

(=]
2,2 -
T ) = (remvsimemxe g,
— 00

TaG6nuua 52

* 0,4 } 07 1.0

y
0,00 2,500 1,420 1,000
0,05 2,487 1,419 0,055
0,10 ®.456 1,400 0,981

Ilsis BbIGpaHubiX y3/aoB umeeM h = 0,3, k= 0,1, xo = 04, yo =0,
foo = 2,5, for = 2,456 u [0 = 1,429. Brensn 3Tu AanHble 0 TpHAaBaA
X W y pasinyHbBle, OTMEueHHHle HEXKe 3HaueHHA, moayurm f(0,7; 0,05) =
= 1,407 npu TouHoM 3Hauednu 1,419, [(0,7; 0,1) = 1,385 npu touHOM
suavennu 1,4; [(0,4; 0,05) = 2,478 npn TouHOM 3HaueHuu 2,487 u T. o,
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B yanax UHTepmONALHH pacyeTHble 3HaueHHs f(X,y) COBNAjalOT C Hc-

XOnHEIMH. BpeMsl BbIUHC/IEHHS OJHOrO 3Hauenus f(x,y) oxosao 12 c.
Nporpamma 5.12. Matepnoasiuua u sKcTpanonsuus GyHkuuu f(x, y)

JIByX TiepeMeHHHX X H y no ¢opMyse AJT yeThipex ToueK (puc. 5.1,6):

Fr,g)= (1 —p)(A —q)foo +p(1 —g)f10 4 g(1 — p)fos + pgf1s

¢ norpemnocteio O (h2), nponopuuoHansHoi A2 Beox: h = Pl, & = P2
1 paJnee, mocie Haxkarua kaasumu C/I1, B peructp X 3HaueHHH Xo, Yo,
foo, fot, f1o, fr1, £ 1 9.

4 114 6 o C/m KI4 FLO 04 c/m I3
cm 1 uie - umnz2 - 4 HWII3 HIB —
um = I3 1 HuIs - I 1 il —
TIC X U1z X HUIIB HI14 X HII8 X -+
HUIIC HII3 X HI19 X + HIl3 U4 X HIIA
X + b1 08

Ins nposepku 3T0H mporpaMMEl BOCHOJAb3YeMCSl LAHHBIMH Tabu. 5.2.
Beenss A =103=Pl u k= 0,1 = P2, naxumaem kaasumy C/I1—
BhIcBeyHBaeTcs Ludpa 6, ykasbiBalomas Ha BBOJ, LIECTH NapaMeTpoOB:
Xo = 0,4, Yo = 0, foo = 2,5, fm = 2,456, fio = 1,429 H fu = 1,4. Hpn
rBoge UX B peructp X HaxxuMaercs kiaaBuwia C/TL. Janee, nocie BBOAa
B peructp X TeKyWHX 3HaueHHA x H Yy, TNOJYYHM 3HaueHHe f(X,Y).
Hanpumep, Gyzem umers f(0,4; 0,05) = 2,478 npH TOYHOM B3HAYEHHH
2,487, f(0,7; 0,05) = 1,4145 npu ToynoM sHauenuun 1,419, f(0,5; 0,08) =
= 2,1118001 » T. &.

Nporpamma 5.13. Mutepnonsuus u skcrpanoasuus GyHkuud f(x, y)
JIByX NepeMeHHHX X H y mo ¢opMmyJe Ais uiecTH ToyeK (puc. 5.1,8):

ooy =LC0 g 2O (14 pg— p?— g?) fark

+ p(p—22q+1) fio+ G —22p+l) for + pafu

¢ norpemoctsio O (A3), nmponopuxosanbHoi h3. Beoa h = P, & = P2
H pajee, nocle HaxaTHa kaaBHmH C/IT u BuicBeunBanus UHQPH 8, B
peructp X: Xo, Yo, foor fro, fo -1, F=100 for, 11, X 1 .

4 Im 8 no C/im K4 FLO 04 C/1T 113

C/1 T4 W6 — M2 =+ [14 WII3 WII5, —
WUl + T3 U4 1 — UIT4 X U9 X
Ums 1 — W3 X Huna x + UII3 W14
X o 1 +  HUMN3 Fx2 — UI4 Fx? —
2 X HN7 X 4+ HN3 U4 2 X -

1 4+ U3 X U8 X + U4 U3 2
X - 1 + U4 X MIIB X 4 uNfa
HIIC X 2 X

.4 2 = BIl 08
‘ 87,



Haa wouTposns 3TOH NpOrpaMMbl BHOBb BOCTOJAb3yeMcA. JAHHLIMH
Ta6a. 5.2, B3AB B KauecTBe LEHTPaJbHON TOUKH TOuky Xo=0,7, yo=0,05.
Torna ucxoanniMu 6yanyT chienyiowue pauusle: h = 0,3, k=005,
%0 = 0,7, yo= 0,05, foo = 1,419, fio = 0,995, fo_, = 1,429, f_y0 =
= 2,487, for = 1,4 n fy1 = 0,981. BBens ykasanHble najee 3HaueHHs X
u y, noayuum f(1,0)= 1 npu TouHom 3Hauenun 1, f(0,4; 0) = 2,502 npu
TouHOM 3HaueHHH 2,5, f(0,5; 0,03) = 2,0658579 u T. a. Bpemsa cuera
~cKoso 25 c.

5.4. Bbluncienne KepHedl HeJHMHeHHbIX ypaBHeHRI

He.mmel‘«’moe, B YAaCTHOCTH TPAHCLUEHAEHTHOE, ypaBHeHuc
F(x)=0 (5.12)

HMeeT OQHH HJIH HecKoJbKO KopHeit x = E;, o6pamatomux F(X) B HyJsb.
Hx HaxoxnieHue CBOLHTCS K OLEHKe HHTepBaja H30JsLHH KopHs [a, b]
(T.e. HHTepBaJia, B KOTOPOM HAaXOAHTCHi OAMH KOPeHb) H €ro nocjelyro-
HeMY CYXXEHHIO 10 TeX NOp, NokKa MNpuGIHKeHHOe 3HaueHHe KOPHA Xi
B 9TOM HHTepBaje He CTaHeT OTJHYaTbC OT TOYHOro §; Ha 3aNaHHYIO
Manyi BeduuyuHy €. HulKe naH nakeT nporpaMm BbIUMCJIEHHA KOpHeit
¢yukunn F(x) pasnuunbivu Merofamu [4—8]. Briuncienne F(x) opopm-
Jfietcs (GparMeHTOM NPOrpaMMbl, BMHCBIBAEMBIM B TEKCT OCHOBHOH mpo-
IpaMMbl Ha MeCTO MHOTOTOYHS.

Nporpamma 5.14. Onpenesenne KopHsi (5.12), npHBeJeHHOTO K BHAY
x = f(x), METOZOM HpOCTHIX HTepaluii, PeaJH3OBAHHBIM BHIPAXKEHHSIMH:

Xnpy = [(Xs) TOKA  (Xn41— Xn)2 > €2,

Beoa: mauuele f(x), €2 = PC, nauanbHoe npuGmukenue xo = PX.

no ... ... ... ... HITO
XY o — Fx? MIIC — Fx<0 01 HIOO C/II

OTMeTHM, YTO METOJ MNpOCTHIX HTepaUuil CXOAUTCH, €CAU B HHTEp-
Base [a, b] f/(x) << L.
Il pumep. HaiigeM Kopenb ypaBHeHHS

F(x) =x—sinx—0,25=0. (5.13)
IpuseneM ero k Buny
x = f(x) = sin x 4 0,25. (5.14y

[MockonbKy f/(x)= cosx << I, TO MeTOA4 MPOCTHIX HTEpauHil NPHMEHHM
ans pewenns (5.14). Ilpm k& = 0,25 = P9 ¢parmedr nporpaMmsl AJsi
BblyHcieHHst f(x) umeer Bug: MITI Fsin UI19 + . Jaa xo =12 u
€2 = 1.10-¢ nonyynm ¥ = 1,1718537 npu {. = 22 c.
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Mporpamma 5.15. Peasuszauusi Merona npocTHiXx HTepauufi ¢ ocra-
HOBKO# MO KPUTEPUIO MAULUHHO20 HYAA, T.€. NPH Xnty1 = X, C TOYHOCTLIO
[0 TmocJeaHero 3Haka. Beox: nawueie f(x), xo = PX.

g Xy I — Fx=0 01 WO C/II

Ius npuBeneHHOro Buille npuMepa mnojyunm ¥ = 1,1712298 mnpu
tc = 60 c.

BhICOKYI0 CKOPOCTb CXOAHMOCTH HTEPALIHOHHOIO MpOLecca HMeeT Me-
ton HeloToHa (KacaTeJbHBIX), peau3yeMblil HT€PALMOHHBIM ypaBHEHHEM
BUIA .

) Xnt1 = Xn— F(x1) [F' (x4). (5.15)
Cxopumocts o6ecnieunBaercsi mpH BbhiGope HAuaabHOrO NpPUGIHMKEHHS Xo,
YAOBJIETBOPSIOLIETO YCJOBUIO.

F(xq)-F"’(x0) > 0. , (8.16)

B kauectBe ¥, BhIGMpaeTcsi TOT KoHell MHTepBasia [a, b], Ha Koropou
snaku F(x) u F'’(x) coBnanaior.

Mporpamma 5.16. Peanusauus Meroga HbloToHa ¢ ocTanoBKOA BLI-
ydCJE€HHA MO KPHTEPHIO MAUIHHHOTO HYJA. BBOIl nanuvie F(xa)/[F’ (x)
npu xn =PI, xo = PX. -

I/Il'lll XY — o FBx Fx=0 01 HIIO C/IT

Mporpamma 5.17. Peanusauus merona HblotoHa ¢ ocTaHOBKOH Bbl«
4iC/IEHHH N0 KPHTEPUIO (Xa41— X,)2 << €2 BBox: nammble F(xn)/F’(x,,)
npu x, = PJI, ez=PCxo—PX .

nn ... una Xy
- l'[,[l FBx Fx"‘ I/IHC —_  Fx<o0 01 Hno c/iaa

Jnsi KOHTPOJIs ABYX MOCJELHEX NMPOrpaMM BBHIYHCIHM KOPeHb ypaB-
Henusi (5.13). B atom caywae )
F(x) _x—sinx—025
F'(x) — 1 —cos x

n  ¢GparMeHT nporpaMMbl, Bbluucasiouii  F(x)/F’(x), uMeeT BHR
(0,25=P9): .
Urg 4 Fsin — HUIM9 — 1 HUIOO Fcos —
Tlockonbky F'/(x)=sinx >0 u F(x)> 0 npu x =0b, T0o Hano
p3aTh o = b = 1,3. Ilo mporpamme 5.16 moayunm ¥ = 1,1712297 npu
t. ~ 30 c.
Ecau waxoxpaenue mnpousBogHoit F’(x) 3aTpyAHeHO HJH HexeJas
TeJbHO, MOXKHO HCNOJBb30BaTh MOAHduUHpPOBaHHHI MeToa HbiotoHa, pea-
An3yeMblii BhIpaXKeHHEM

Xntt = Xp— F(xn)/K,
8).



rne K — koHcTaHTa, SJH3Kas K cpeiHeMy 3Hauenuio F’(X) B uutepBane
[a, b]. '

Nporpamma 5.18. Peasnsanus MoaudHuupoBanroro mMerona Heioro-
Ha C OCTAHOBKON BLIUHCJEHHH TO KPHTepui0 MAlIKHHOrO HyJs. BBoa:
nannme F(x,) npu x, = P, K = PB, xo = PX.

ng ... HInB
= unm XYy — IO FBx Fx=0 01 HIIO C/II
Jns npuBenensoro Bultle npuvepa npr K = 0,64 nonyunm X =
= 1,1712297 npm BpeMeHH cueta =~ 35 c. PparMeHT NMPOrpaMMBl BEHI-
yucaennst F(x.) nmeer Bun: MITO 4 F sin — HI19 —. :
Brluncaesne xopaeit (5.12) BO2MOXKHO Takxke MeronoM xoph. Ilpu
9TOM MeTOje 'KaxkJoe HOBOe 3HaueHHe ¥ HAXOLMTCHd KaK TOYKa mepece-
YeHHS XOpAbl, MpoBefeHHOH uepe3 ToukH F(a) n F(b) dynkunu F(x),
c ocbio abcuHce, TMpHYeM OXLHA M3 ITHX Touek QHKcupyeTcs — Ta, A
xoTropoli sHak F(x) coBmagaer co 3HakoM F’/(x). YcioBue ¢xomuMOCTI
aTOr0 Mertona aHanoriuHo (5.16). Ecan HemoiBHXKeH KOHeIl XOpAB C
x=a, TO ’
. — — F (xn)
= T F e — @ T

a €CJIH HelOJBHXXEeH KOHell XOpAE ¢ X = b, TO

. F(%n) = _
o= T F Gy — F Gy O T

INonyyenHoe 3HaueHMe X,4i NMpPHCBAHBAETCH 3HAYeHHIO b B mepBoM cuy-
gae H a BO BTOPOM, uro obecrneuHBaeT CyxKeHHe HHTepBana [a, b]. Bul-
GHCJIEHHS MPeKPawaloTes NPH (Xny1 — Xn)2 << €2

Mporpamma 5.19. Peanusaius meTona xopa NPH HEMOABHXKHOM KOH-
ue a. Beox: aanuvie F(x,), a = PA, ¢2 = PJl, b = PX.
MB HIMA NI 28 rnc HUIIB IIIT 28 A HIIC

- = WIIB HIIA — X HMIIB XY — TIIB
FBx Fx? HIIO — Fx<0 05 WIiB C/i1 ... B/0

MporpaMma 5.20. Peanusanus Meroga Xopj NPH HENMOABHXKHOM KOH-
ne b. Beox: nauuwie F(x,), b = PB, ¢2= Pl u a = PX.

NnNA HWIB IIIT 28 rnc WITA TIIT 28 4 HIIC
— -+ HIIB HUMMIA — X HUITA XY + T1IA
FBx Fx? MHIIO — Fx<0 05 WA C/I1 ... B/0

B sTtux mporpamvax Beiuncienue F(x,) odopmasercs mommporpam-
Mo, NpHYeM 3HAYeWHsl X, 3aHOCATCH B Hagajo nopmporpammbl. [Tyctb
HaJ0 BbIYHC/HTb KOPeHb yPaBHEHHS

Fx) =x*— 0242 — 02 — 1,2 = ((x— 1/5)x — 1/5)x — 1,2,

Jexawmuii B uurepBane [1; 1,5]. Boruncnenve suawenuit F(x) u F'/(x)
MOKAa3EIBAIOT, YTO HX 3HAKH ONHHAKOBH NpH X = a = 1. ClegoBarebHo,
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HAl0 HCNOMb30BaTh nporpamMmy 5.19, nOnoaHHWB ee NPOrpamMMofi BHI'IHCe
aeHHa F(x):

no s Fi/x — HII0 X 5 Fl/x — HII0
X 1, 2 -

Deens a=1=PA, e2= 110 =PI u b = 1,5 = PX, nonyunm
X = 1,1712297 npu {; ~ 2 MHH.>

Ins xourpoass nporpammsl 5.20 HafizeM KopeHb ypaBHenus (5.13),
BbelleM B Hee LporpaMMmy BbluHcaenus ¢ynkuuu F(x) (0,25 = P9)»
4 Fsin — M9 — . Ona b= 13, e2=1:10-1% u a = 1,1 nomyaum
¥ = 1,1712297 npu BpeMeHH cueTa oKoso | MHH.

Ipu meTome xopn aGeuuccel @ H b BHGHpaOTesi mo o6e cmpouu
ot kOpHA. Ecli HX B3fTb ¢ ONHOH CTOPOHBI, peaiH3yeTcsl MeTOH CeKy-
mux. HenocraTkoM MeTOLOB XOpA M CeKYLUIHX fIBIAETCS peaNH3alus UX
no O4HOA H3 ABYX HTepPalMOHHBLIX GopMyJa (Mo ABYM mporpaMmam).

Ha npakTuke npeimouTeHHe 4acToO OTAaeTcss MeToAaM, He TpeGyio-
wuM aHanmu3a F(x) Ha cxoaumocTb. K TakHM MeTozaM OTHOCHTCA KOM-
GUHHPOBAHHBI MeTOA CeKyLUHX — XOpA. B ero ocHOBe JeXHT HTepa-
nuonias ¢opmyna Hoiotowa (5.15), HOo TouyHOe 3HAYeHHe NPOH3BOAHOA
F’(x) saMeHsiercs npHOJHKEHHBIM — MHOXKUTeNb mocie F(xn):

— Xn—1

(x ) — F(%p-1)*

MeTon naeT CXOLHMOCTb MPH NPOH3BOJbBHOM BbIGOpe B mpenesax OTpe3-
Ka [a, b] HyseBOro xo U NEpPBOTO Xy MpUO/MKeHHi.

Mporpamma 5.21. Peanusauus KOMOHHHPOBAHHOTO MeTOXA CeKY-
IuX — xopA. Beon: manuble F(x.), xo = PA, x;, = PB u g2 = PO0.

MMA TII1 34 [1cC WIIB TIII1 34 g HIIA HIC
A uig rnc Xy -— + HIIA UIIB -— X

+ HUIIB XY MNB XY TIIA -— Fx? HUII0 —
Fx<0 04 unB c/ ... cee eee B/0

Xn1=1X%n— F (x4) F

B rta6a. 5.3 nanbl pesyabraTel BhluEcJAeHHst KopHsa (5.13) mo mpo-
rpamMe 5.21. ®parMenT mporpammbl BuluucaeHHs F(x.) npH x., 3aHOCH-

TaGnuma 53

% . z Bpemst caerta tc'
c
1,1=a 1,15 1,1712297 50
Ll=a 1,3=0b 1,1712297 80
1,3=0b IL,l=a . 1,1712297 80
1,3=05 1,25 1,1712297 80
I,1=a 1,2 1,1712297 50
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vom B ero nasano n 0,25 = P9, nven sua: { Fsin — HII9 —. Bu-
GHCJEHHs BesquCh npH €2 = 1-10-18,

TapauTHPOBAHHYIO CXOAMMOCTb NPH MNPOCTOH NpPOrpaMMHoil pean-
3allHH HMeeT MeTOJ .AeJeHusi OTpe3ka momoJaam. B Hem uHrepBas [a, D]
JleliTCs TIONOJaM, 3aTeM BbIGHpPaeTcsi TOT MOJYHHTepBaJ, B KOTOPOM
F(x) mepexouT uepes HyJb, OH JeJHTCS BHOBb NOMOJNAM H T. A., HOKA
IIHPHHA CYXeHHOTO HHTePBala He CTaHeT MeHblue € [4, 5].

Mporpamma 5.22. Peanusauus Metona ZHefeHHss OTpe3xa IONOJaM.
Bsoa: pannuie F(x) npH x—PA, a = PA, (b — a) = PB, mo6oe uucio
€O 3HAKOM, COBNanaolWuM co 3Hakom F(a), n = PC u e2 = P]IL.

WIB .2 =+ B 4 WMA 4+ A =+ Fx
WO — Fx<0 16 WA C/IT ..o evr ve onn
WUMC XY T1IC % Fx<0 00 WMB /—/ BII 01

PewinM ;118 KOHTPOJIS 3TOH NPOrpamMmel ypaBHEHHC
! U
FU)=E — Uy —RI, ("Y1 —1) =0,

onpesensiolulee NageHHe HanpsKeHus Ha Auofe ¥ = Uy, moakmouern-
HbIM uepe3 pesncTop R x ucTouxHKy HanpsKenus E. Torna mpu E=PI,
RIy=P2 u v=P3 dparment nporpammsl, Boluncasiomuit F(x) =F (Uy).
HMeeT BHI

HUIMA HI3 X Fe* 1 — HII2 X HIA 4+

urm Xy -

fns E=05B; IbR=1.10-3 B; v=20 1/B; n=F(0)= 0,5,
a=0, b=05 B n & =1-10-% nonyuum U, = 0,27172852 npu
te ~ 2 Mud d npH &2 = 1:10~1% U, = 0,27174234 B npu {. = 4 mun.
W3 aroro mpumepa BUAHO, YTO CXOAMMOCTb METOAa A€JEHHS OTPe3Ka
nononaM MeaneHHasi, H60 ¢yukuus F(x)= F(Uy) OTHOCHTeJbHO MHpO-
cras. )

lapauTHpOBaHHYI0 CXOLHMOCTb HMeeT TakKXKe MeTOA CJayYafiHbIX™
npo6 (Moure-Kapso). B neM npuGaHXKeHHSM Xo, Xy, X2, ..., X 3a4aI0T
c1yuaiiHble 3HaueHHsi B HHTepBaJe [a, D], kaxnawi pas cyXkas 3TOT HH-
TepBasn. Hampumep, ecan suauenns F(a)>0 u F(x,)> 0 dynkunu
F(x), To a npucBauBaetcs 3HaueHue Xn, ecau F(x,)<< 0, To b npucBau-
BaeTCs 3HaueHue X, H T. . A0 TeX Mop, MoKa pasHocTb b — a He cTaHeTr
Menblle €. ['eHepalHs cJaydaifHBIX YHCe] C PABHOMEPHBIM pacmpejele-
HHEM OmHcaHa fajee B § 5.12. '

Iporpamma 5.23. Peannsanus Metona cayuyafiHbix npo6. Beoa: marn-
Hoe F(x,) npu x, = PC, HnauanbHoe cayuaiinoe uucio Vo= PC
(Vo<'1),a=PA, b = PB, e = P/.

urio 3 7 X 1 -+ Inc KHUIIC XY I11C

— II0 HIB HUIA — X UIA  + rnc
eie evs v Fx=0 N HIIC TIA BIT (N42) UIC
B HIIB HITA — urg — Fx<0 00 — HIIA C/II
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B sToi nporpamme N — uneno, naouee Homep wWwara komakaw HWITC
nocJle samHcu B8 nmporpammy dparmeHra, ohuucasomero F (x,). Ilas npen-
wecTsylouiero npuvepa npu Vo, = 0,1234567, E= 0,5 B=Pl, [,R=
=1.10° B=P2, v=20 I/B=P3, =02 B=PA $=03 B=
= PB n ¢ = 1.10" = PIl nonyunm U, = 0,27144498 B npn { = 70 c.
O®parMenT nporpammbl  BhluHcAeHHs F (x,) WMeeT NpH 3TOM BHA

HI13 X Fe* 1 — M2 X HIIC 4 HIII
XYy -—

Tpouecc dopmuposanusa 3HaYeHHH Xo, X1, X2, +4., Xn MOXKHO yNO-
PANOYHTb, B’ YACTHOCTH, (PopMHpYys 3TH 3HaueHus nopaspsagHo [8]. Ha-
npHMep, MOXHO (POPMHPOBATh 3HAUEHHS X, C LIATOM

x,=x,_,+Adx,, (5.17)

suluncans Kaxawf pas F(x,). Ecan F(x.)/Axy =0, naem x, ouepen-
roe mpupawenne Axy. Ecnu F(x.)/Axy < 0, To menum ‘Axy Ha HeKOTO-
poe sucno —R (nokaszaTesnb paspsRHOCTH), T.e. MOJYYyaeM HOBOe 3Ha-
ueHHe

Axy = —Ax, /R.

Ecnn (Axy)? > €2, BbiuncasieM x, no dopmyde (5.17), ecan (Axn)2<<e?,
sakanunBaem cuet. [lpy R = 10 MeTox mOpa3psARHOro NPHGJHKEHHN
CTaHOBHTCS MeTOLOM MNoleKaaHoro upubamxkenus [8)], npuueM peaymbrat
BbIUHC/ICHHA aBTOMaTHYeCKH ycekaeTcs (TOYHBIMH  ABJAIOTCH  BCE
uHdpH pe3ynbTara).

fporpamma 5.24. Peanu3auns MeToaa nOAeKAaAHOrO MNPHUOIHXKEHHS.
Beon: nanuvle F(x,) npu x,—> PA, xo = PA, Ax; = PB u &2 = PC.

HIMA HIIB 4+ TIIA
... HIB = Fx <0 00 unB /—/ 1
0 + B Fx* -HUIIC — Fx <0 00 UMA C/n

Ilns npHBeleHHOro Bhbille NpHMepa nbu AUpy = Ax;,=0,1 B n
e? = 1-10-¢ nonyuum U, = 0,272 B npu f. =~ 65 c.

BBHAY HeBBICOKOro GhicTpoaeficTBHA MHKpo-OBM uHAHBHAyaNbHOrO
00Jb30BAHHS 3HAYHTENbHBIA HHTEpeC MPEACTABJSAIOT METOAbl pelueHHs
ue/IHHeHHbIX ypaBHeHHH, ofecreydBaiollHe MOBLIIIEHHYIO CKOPOCTb CXO-
AUMOCTH HTEPAUHOHHBIX MPOLECCOB.

Kopenb ypaBredus (5.12) MoxHO HafiTH nmyTeM o6GpaTHOH HHTep-
goasinuk/sKcTpanoasuun. Ilpu stom B untepsane [a, b] sanaerca N 3na-
geHHii abcuuce %, W Bbluucasgercs N opaHeat F(x.). 3amucaB 3Haue-
HHA X, B PErHCTDHl, OTBeJeHHble B MpPOrpaMMax HHTEPNOJAUHH C NPOH3-
BOJILHO pacmosoxeHHbIMH y3namu (§ 5.2) mox 3amuch opaHHAaT, a 3HA-
geHuss F(x,) — B perHcTpbl, OTBeleHHble NOJA 3amHch alclHce, Haiaem
cpa3y npuGauXKeHHOe 3HaueHHe KOpHs Xy. [locse 3TOro MOXHO Ccy3HTb
HHTepBaa [a, b] B MOBTOPHTb pacuer,
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Mporpamma 5.25. Peannzauug Merora WaXoXIeHHUs Kopued ¢ no-
MOIBI0 KBaApPaTHIHOH o6parsofi HHTEpNOJALHH/KCTPanOAsLUHH. Beox:
IlaHHbIE F(x) npu x, 3aHoCHMOM B HauaJo MOANPOrpammhl, Xo=PA,

=PB u x; =PC.

HMA [0 46 10 HUIMB M 46 m HWNOG I
46 F12 WUIiB HUIA — W1 HII0 — -+ 1B
HMIC IIMA — W12 HIo — - HIIB — HIT2
Wm — + 0OC MM /—/ UNG X UMB -+

urio /—/ x  HUNA + ¢gn ... ee.e ... B0
IMycte wamo HafiTH wanpsamesne Ha cToke mouinoro MITl-tpansn-
Cropa (puc. 5.2, @ u 6) H3 pelleHHs YypaBHeHHUs
E.— U
R
€CJIM 3aBHCHMOCTb TOKA CToka /., or Hampsixkenuil Ha cToke U, u sarso-
pe U, onuceiBaerci BbIpamenHeMm

= — 1, (U, Uy =0, (5.18)

I We U = § Uy Ug— b |1 — PVelE0 )] (5 1)

Tle S = KPYTH3Ha, P H b — napaMerpH aNAPOKCHMALKH BOJLT-aMIEPHOy

XapPaKTePHCTHKH,

Ie=F (U5, Ug)

Ic=(Ec'Uc)/Rc

]
r
t
]
|
J
7 7;

49

Puc. 5.2, Kackan wa wmomnoM MIIl-rpamsucrope (a) ® rpadrmueckoe
onpejie/ieHde NOJIOKEBHUSA ero paboyed TOukH (0)

Ioncrasasa (5.18) e (5.19), nonyunM OKOHUATeALHO

= U l 2_U +U
F (Uc) = Ec —-U,— RCS (bUg Ug Uy) [epUC/(bU:i U+ 0) 1’|‘ '
(5.20)

Mpu E,=P4, U,=P5 SR, =P6 p=P7, b=P8 n Uy=
= 41 B pnuchiBaeMblfi B HOAMpOrpaMMy (parMeHT BbluHc/eHHs (DYHKUHH
F (U,) umeer Bum:

1 U7 x UN8 MIS Fa? X 1 -+ nrs
— M9 = Fe* 1 = HN9 x MUl X

+ U4 XY -
9



Ona Ec. =40 B, U;=10 B, SRe=10 B, p=1, $=10,02 1/B,
Uo=1x%xo=4 B, Uy=x1=05 B, Uca=x2 =6 B wnoaysum U. =
= 4,8762113 B npu TouHOoM 3HauenHu E = 4,876727 B u BpeMeHH cueTa
~40 c. TakuM 06pasoM, yxe NPH OAHOM WHKJIe HHTepPnOAALHH e
onpeliesleHO ¢ TOYHOCTbIO A0 4-X BepHHIX 3Hax0B, YTO GoJee @eM nocTa-
TOYHO A/ MPAKTHYECKHX PacueToB.

ABTOMaTHYECKO® YTOYHEHHE KODHS fpH MeTOle OOGpaTHOX HHTepHO-
JNAUHH/IKCTPANOMSALUHE MOMXHO BHIIONHHTb PAa3/IHUYHBIMH  COcOGaMH.
Tak, Ans AaEHOro NpHEMepa AYYIUEM OKa3ajcs cAeAyOUWA#d cmocol: Je-
Bas rpaHAlla HHTepBa/la H3OASIHH KOpHs Gepercsi paBuoll xo = 0 (mpm
stoM F(Usy) = E.), 3HaueHHe X1 = ¥ U X2 = X1 4 Ax, rne Ax=AU.=
= const (wanpumep 1 B).

Mporpamma 5.26. Pacuer U nas cxemnl puc. 5.2,a meronom o6par-
HOW MHTEePHOJNSUHH/IKCTPANONALUHA C aBTOMATHUECKHM YTOUHEHHEM KOp<
HA. BBon: sagambnoe 3mavenne U, = PB, U, = P0, E. = P4, €2 = P5,
R.S = P6, p =P7, b =P8 u U, = PX.

9 Fx? UM8 X  MI0 4+ MUM9 — 19 UIB
nm 57 1 MIB 1 4+ TIC 0 57 12
WMB MIII U4 — =+ MO UIC U2 W4 —
+ WUIIo  — WU U2 — o+ WUl X MM
4+ W4 /—/ X HIOB XY IIB — Fx* WIS
— Fx<0 09 MIB C/I BII 00 A U7 X
Urg + Fe* 1 — U6 X UM X +

Hri4 Xy — B/0

IMpn Uy =15 B, e2=1.10-1° U, =10 B u yKasanubix BbWe
apyrux paHueix F(Uc) nomyunm U = 4,8767272 B, npu U, =6 B
Uc = 6,522966 B, nmpu Us=4 B U.=13,381808 B, npu U,=2 B
U. = 30,8 B. I[Ipu noBTOPHHX BLIYHCJIEHHSX BBOAHTCHA TOJbLKO 3HAueHHE
Us; = PX u Hawumaetcs kaaBuma C/II. Bpems BHuYHC/AEHHS OXHOTO
3nayenua Uc okoJ0 2 MuH.

YcKOpeHHYIO CXORHMOCTb NpPH CJIOXKHEIX ypaBHeHHax (5.12) wumeer
TakxKe Meron OiitkeHa — Creddencona. [Ipu ero peanusauuu ypabnes
uve (5.12) npuBoauTcs K BHAY x = [(X), BHIUHCJAseTCS mepBOe LpPHOGJH-
XKeHHe ANl ¥ = Xo! Xy = [(Xo), 3aTeM BTOpoe: Xz = f(xi). [To uum
HaxoJAHTCA YTOYHeHHOe 3HaueHHe KopHa [2]

= (xoxz — xf)/(xo — 2x; + %9). (5.21)

Ono npHcBaWBaeTcs Xo, MOCAE 9ero IpoLiecc NOBTOPAETCA HO TexX MHOp,
NOKa pasHOCTh (¥ — xo)2 He cTaHeT paBHOf HJH MeHbleil £2. B mpo-
rpamue cleiyeT NpelyCMOTPeTb KOHTpOJb 3HaMeHaTedAs (5.21) ua ayJe-
BOe 3HaueHHe, KOTOpPOe MOXeT BO3HHKATb HPH DaBeHCTBe Xo, Xy H X2
R KOHIe HTepauuit. Ecin Taxkas CHTyauus BO3HHKaeT, CJeAyeT NepeiTH
K BblJaye 3HAUEHHS Xo = X.
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MporpamMa 5.27. Peanusauus wmerosa DfiTKeHa = Creddencona.
Bsoa: naunnie f(x) npe x,— PX, 82 = PB u x, = PO.

o 1mm 33 MA IIIT 33 A HIT0 X HIIA

Fx? — XYy HImo + HIIA 2 X —  Fx=£0
31 -+ Urmo xy 1II0 — Fx? UIIB — Fx<0
00 urmo ¢/m ... ... ... ... BJ/0

IporpamMmy 5.27 MOXHO NMPOBEPHTb BHIYHCJEHHEM KODHf ypaBHEHHA
(5.14). Mpu x0=1,2 u € =1-10% noayunm X = 1,1714285 npu
te = 27 c.

5.5. Mouck 3kcTpeMymoB (yHKUMHM ONHOH mnepeMeHHOi

Tlonck  3KCTpeMyMOB ¢byHKuHi HECKOJIbKHX nepeMeHHb X
F(x, y, 2, ...) OTHOCHTCS K NOBOJILHO CJOXHBIM BBbIYHCJIHTENbHBIM 3a-
ZauaM, aaropHTMbl KOTOPEIX AeTajJbHO onucaHsl B [24]. Peannsauus
npocTeHIMX - K3 HUX HA MPOrpaMMHpyeMHIX MHKPOKAa/bKyJasiTopax AaHa
B [7], HOo TpeGyeT upe3MepHO GoJblInX 3aTpaT BpeMeHH. [103TOMYy MOHCK

9KCTPEMYMOB (YHKIHH HECKOJb-
g Y(z2) <y(z3) KHX TEpEMeHHbIX IeJecoo6pasno
BHIIOJNHATD HAa HACTONLHBEIX MH-
kpo-OBM. B cBa3su ¢ 3THM orpa-
HUYHMCsl ONHCAHHEM TOHCKA 3K-
CTPEMYMOB GyHKUMH  ORHOM
nepeMeHHOM.

ITycte HeKoTOpast leJeBas
——- -rlzznx; z ‘;5 > dyHruHsa F(x) HMeeT 3KCTpeMy-
\ MB T[pH H3MEHeHHH X. 3ajaua
Puc. 5.3 Mamoctpauns K moucky H+ TOHCKE Gauska K pelentio:

skcTpeMyMa .byHKUHH F(x) IleJIHHENHBIX ypaBHEHHH H CBO-

AHTCA K ONpeleNeHHI0 HHTepBasa
[a, b], B XxoTOpOM HaxXoAHTCs IKCTPEMYM, H €ro cyXeHuwo. Bynem uckatb
MakcuMyM F(x), Tak kak QyHKIUHA f(X), HMeOWAass MHHHMYM, CBOLHTCS
K Gyskuun F(x) yMmHoxeHHeM f(x) Ha —I1. ByxeM pewatb 3Ty 3ajpauy
METOLOM MOPa3pPALHOro NpHGIHIKEHHS.

ITockoJbKy TpH OXHOKPAaTHOM NpPOXOXIEHHH 3KcTpeMyMa (x Me-
HsieTcst ¢ maroM Ax) 3HaK npupamenHa F(x) MoOXeT He H3MEHAThCS
(cM. puc. 53), TO caenyer mepex ApoGaeHHeM Ax mNpeAycMOTpeTb
BO3BDAT Hasajl Ha JBa lara nocle H3MEHEHHs 3HaKa npHpalle-
Hua F(x).

Mporpamma 5.28. Omnpenenenne MakcHMyma F(x). BBoa: nanHble
AF(x), xo = PA, Axo = PB, &/4 = P0. 3nauenns x=xy u F(xy)
B TOuKe MakcHMyMma 3aHocsitca B perHcTpul PX = PJI u PC coorser-
CTBEHHO, TeKyllee 3HaueHHe x — PA,
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I 29 TIC IHIIA HUnB 4+ A Imm 29 HIc

XY [N — Fx>=0 03 HIIB 2 /- = 1B
Fx<0 23 /—/ WD ' — Fx<0 03 HIA C/IT ...

HOna F(x)= 10x — 2x2, BnucaB B nporpamMmy c¢parmMeHT BBIYHCJe-
Hus F(x) BHAa
1 0 UIMMA X FBx Fx? 2 X -—

npu xo = 0, Axo =1 u /4 = 2,5-10~* HafineM (Ha)kaB knaBHWH B/0m
C/TD) xw = 2,5 npu f{. = 190 ¢. U3 perucrpa C BbI3niBaeM 3HaueHHe
F(xu) = 12,5.

5.6. Pewenne anre6panueckux ypaBHeHHIl

Pewenne anre6panuecKHx ypaBHEHHH BBINOJHAETCS IO NPHBeNEHHHM
HMXKe MPOrpaMMaM, KOTOpble OMHCaHH Takxe B [7, 27].
Mporpamma 5.29. BolyxcieHne KOpHeH KBagpaTHOrO ypaBHEHHS

ax®+aix +ao=0 (5.22)!

no dopmynam x, » = —a;/(2a) &= 4/ (a,/(2a,))> — ao/as . Brox: a0 =
= PO, a; = Pl u a; = P2. BuiBox pe3ysbratoB (mocsie HaXXaTHA Kja-
spwr B/0 u C/IT): 7 —PX, x1 = PY, x2 > P7, eciu KOopHU BellecTBeH-
ubie, 1 4—PX, m—>PY u d— P4, ecin KopHH Xy, 2 = d & jm KoM-
1JIEKCHO COMpSKEHHBIE.

um /—/ HI2 = 2 = M4 Fx* HII0 M2
+~ — Fx<0 18 [—/ F4~ 4 Cm F4 13
urms 4+ 17 U4 Uun3 — 7 C/TI

Ina ypapHenus 2x2 —5x — 10 =0 nomyyum xy = —1,3117376 u

x2 = 3,8117376, a nas ypaBHEI-llHH‘ x2 4 2x 4 15 = 0 nonyunM xy, 2 ==
= —1 +j-3,7416573.

Mporpamma 5.39. Pewenne kBaapatHoro ypaBuenust (5.22) ¢ yMeHb-
L:eHHOM MOCPEIIHOCTbIO BBIYHCJAEHHA BEIECTBEHHbIX KOpHeH (MeHbUIHi
M0 MOAY/IO BelIeCTBEHHBI KOpPeHb BblUHCHAsiETCd 10 GopMyle Xz ==
= —ao/ (x1a2), e x4 -— GosbIyuil MO MoAyJ0 Kopeub). Beox: ao = PC,
a; = PB, u a4, = PA. BriBon pesyavtatos (mocse naxkatus B/0 C/IT):
7 — PX, x4 — P7, x.— P8, ecrn xopuH BewecTBeHuuie, H 4—>PX, d—P4,
m—P5, ecnn Kopuu Xy, = d &= jm KOMMNJIEKCHO COMpsKEHHbIE.

HUIIC HIMIA = 119 WIB /—/ WA 2 X =

M4 Fs? — Fx<0 31 /—/ F4/f7 U4 Fx<o0 2
XY — 0 + n7z Wn9 Xy =+ 18 7
C/T F4/7 II5 4 C/1I

Has ypaBdenns 3x% -4 20000x 4 12 = 0 mosnyusm mo 3Toif mnpo-
rpamme x; = —6666,666 u x2» = —6,0000006-10~%, ITo mporpamme 5.29
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xy = —6666,666 u x, = —6,66666666-10—% (TouHOoe 3HayeHHE X2 =
= 6-10"4%).
Mporpamma 5.31. Pelenne xy6GHuecKOro ypaBHeHHS

x34asx?+ayx+a =0 (5.23)

BhIIEJIEHHEM BELIECTBEHHOTO KOpHA X, HeneHneM (5.23) Ha (x—X) u
BBIYHC/IEHHEM KOPHeH MOJy4eHHOTrO KBaJpaTHOrO ypaBHeHusd. Bpox:
a; = PO, a1 = Pl, a = P2, 1 4 |auaxc|= PX (31€Cb [@maxe| — B33-
TOe N0 MOAYMIO 3HayeHHe KOI(D@HIHEHTA C MaKCHMaJbHbIM YHCJEHHBIM
3HaueHHeM). BriBox pesyabTatoB (mocse Haxartus Kinasumu B/0 4
C/): 7—PX, x1—>P7, x2—>P8 u x3s— P9 (ecin KopHH BelleCTBEH-
Bole) H 4—>PX, d—>P4, m—>P5 u x3s—P9 (ecnu ectb napa kKom-
MJeKCHO-CONPSIXKEeHHLIX KOpHeil).

M Cx XY FBx 4 4 W2 + 16 X
‘MM + I3 X W0 + Fx<0 22 F, HOA

+ 4 F HIIA 2 + TIA - m -
Fx=0 03 MII6 /—/ 2 +~ T4 Fx? W3 —
Fx<0 47 /—/ F+/ II5 4 ¢Cm F+ 15 HH4
+ nz U4 W — 18 7 /1

Has ypasHenust x%—6x*+ llx —6 =0 wuafinem KopHR x; =

= 2,9999996; x. = 2,0000006 n xs = 0,99999982, a nna ypaBHeHus
¥ —6x24-21x —52 =0 noayunM xy,2=1=+j-3,4641015 u x3 = 4.~

fiporpamma 5.32. BuunucsieHHe KopHeli aire6paHuyeckoro ypaBHeHHS
YeTBEPTOH CTeNMeHH

- axdtax2taxfa=0 (5.24)

nyTeM Pa3/oOMeHHs Ha [BA KBaJPATHUALIX MHOXHTend. Bpoa: ao + as=
=P0 == P3, 2(1 + |auaxe|) = PA. BuiBoa pe3y/bTaToB (mOc/le Haxarus
kaasuin B/0 u C/IT): x4y — PX, x2— PY, ecu KopHH X1 5 HefACTBHTeNb-
Hole, H EI'TOT, eclH KOpHH KOMIJIEKCHO-COMpsi:KeHHBle (TOra, Hakas
knasuwy C/I1, nonyunm d —PX u m— PY). Jlas BHudcAeHHs auano-
FHYHEIM o6pasom x3, 4 Haxumaerca kaasHma C/IT.

Urns /—/ 2 = IO ML 4 4 uns -
e X U + s X Wl + Fx=0 65
WUl U8 + A Fx* MII0 — Fx>>065 . F4
4+ 7 UL 2 =~ A Fx2 MII7T — Fx<0
50 J/—/ Fa 0 —~ Cx F XY BIl 54
F4~ + =+ FBx C/I W3 /—/ WNO — afi
WUI0 MI7 =  BII 31 XY HI6 + Fx=-0 84
+ . 7 4 MU — X U0 + Fx <0 84
UMO WA — [ UIOA 2 =~ TIA Mg+

rno  FBx — Fx=0 05 UI17 BIT 32
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HOas ypaBreuns x* -+ 9x% 4 31x2 4 59x + 60 = 0 nmonyunm x4 2 =
= —14+/7-1,9999999 ({c = 7 MHH) H x3 = —3 H xs = —4 ({.=10 c).
H3 perncrpos /1 1 7 MOXKHO BH3BATh 3HAaYeHHs K03(D(DHIHEHTOB KBaApa-
THYHRIX MHOXwuTeneli (—2 u 4,9999998) *). Has x; m x, nonysaem
3Hayenns —3 W —4 (ic = 10 c).

Mporpamma 5.32. Peulenne asire6Gpanyeckoro ypasHeHHs NATOH CTe-
NeHH

X4 axt 4 axxt4axtax4a=0 {5.25)

BLIJeJICHHEM BemecTBeHHOTO KOPHsl W NpPHBEEHHeM K YDABHEHHIO YeTBeps
Toii crenenn. Bmoa: ap =+ a4 = PO = P4, 2(1 + |@uarc|) = PA = PB.
BuiBon pesysneraToB (mocse naxatus knasumu B/0 v C/IT): 1. xy —» PX,
x2—>PY u x3— PJl, ecin KOpHA X4, 2, s AeHicTBuTenbHbe, 2. EITOT,
€C/IH KOPHH Xy » KOMIUIEKCHO cONpsiKeHHble. B cayuae 2, HaxaB Kaa-
Buwy XY, noayuum di, ;, Haxap kaasumu XY [—/ F«\/_, MOAYYHM
my, 2(xs— PI). Janee, HaxaB xaaBumn BIT 76 C/II, nonyunm:
1. xi—PX, x5 PY nan 2. ETTOTl (maxaB kaasumy XY, moayyum

di, 5, nanee, naxas KaaBuud XY [—/ F «\/-, NOJIYYHM 114, 5).

Cx IIC XY  FBx 4 4 um 4+ m X
W3 + 7 X MIC Fx=063 F, M2 +
ne X Mm + M X WMo + Fx<0 34
F, WINA + 4 F HDA 2 + TA —
My —  Fx=0 03 MIC Fx=0 76 WIB [IA IC
M9 N M5 10 W7 13 MO8 M4 /—/ 2
= BNl 35 F, W6 + XY WIS + +
nms 4 W7 — Bl 95 WI0 UI5 = 115
W4 /—/ Wme — 19 2 +~ 4 Fg2 I
- F4 + + FBx (/I

Ins ypasusuus x4 8x* 4 31x3 4 80x2 + 94x 4 20 = 0 nonyuum
X1, 9 = —1 = j-3,0000178, x3 = —3,7320507, x, = —0,2679458 u x; =
= —2,000032 (npu BpemeHH cueTa OKoJo 13 MmH).

VpaBHenust Gosee BHICOKHX cTemeHeil (n == 6) MOryT GBITb cBeaeHbt
K ypaBHeHHSM MeHblefl CTeNeHH, ONMHCaHHLIM Bhille (AJA n=2 3, 4
_H 5), BbljesieHiieM BeELIECTBEHHOrO KOpHs NPH HEYeTHEIX 7 H pa3soxe-
HHEM Ha MHOKHTENH C TMOHHXXeHHOH cTeneHblo. OLHAKO B 3TOM cJyuae
BLIYHCJIEHHS TPHXOJMTCS MPOBOAMTDH N0 HECKOJbKHM mporpammam [7, 27},
YTO BeleT K 3AAUMTE/]bHOMY pPOCTY BpPEeMeHH BHIYHC/JEHHA M CHHXeHHIO
X poctoBepuocTH. IlosTomMy pelileHHe aJjre6paHuyecKHX ypaBHeHHH cO
cTeneHblo n == 6 mesecoo6pasHo MNpOBOAMTb HAa Gojee OuicTpojeii-
CTBYIOWHX HacTOAbHEIX DBM (60 Ha MHKDOKAJILKYAATOPAX ¢ 6Ob-
MHM 06beMOM MaMsATH) MO eJHHHM NPOrpaMMmam.

*) Ilocne BbYMCJIEHHS MEPBOH Mapbl KOpHEH.
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5.7. Uncnennoe nuddepeHunpoBaHmne

UucnenHoe nHuddepeHuHpoBanue TMafKoi GyHKuHd y = f(x), 3a-
naHHOHi OpAHHaTaMH y; # abclUUcCaMH Xi, H3MEHSIOUIHMHCSL C [IaroM
h = Ax = const, 3ak/0yaercs B NPHOMMMKEHHOM HaXOXIEHHH NPOH3+
BogHoit y’(x). Lasa storo y = f(x) 3aMeHsieTci HATEPHOJALHOHHBIM
NOJIHHOMOM, aHAJHTHYECKOe BBIpaKeHHe MJISi MPOH3BONHOM KOTODOrO He-
TpyaHo HaiiTH. Takum o6pasoM BbiBoasiTcss GOpPMYJbl YHCNEHHOTO AHG-
¢depeHuHpoBaHHs [2—5], Hcnonb3yeMble B NDHBEIEHHOM HUXe IMaKeTe
nporpamMM. OTMeTHM, uTO B HHX CBSI3b P H X COOTBeTCTBYeT (4.3).

Mporpamma 5.34. Haxoxneuue npou3BoAHOA NpH Tpex OpAHHATAX)

¥ (x)=1[(p—1/2) y=1 —2pyo+ (p + 1/2) y.1/A.

Beoa: h = P9, y—1, Yo, Y1, Xo 1 x B peructp X (NPH CMeHe TOJbKO X
BBOJMTCS HOBOe 3HaueHne x = PX),

M ¢/ Mo C/0 MA C/IT M8 C/MI I7 W8
— MM =+ T4 2 Fl/x — WM X WL
2 X U0 X — WO 2 Fi/x + WIA
X 4+ UM9 + BI 07

Ias h = 0,02, y—4 = 0,3555325, yo = 0,3520653, y41 = 0,3484925,
xo =005 u x = 0,49 nomyuum y’(x)= —0,17336, mna x = 0,52 noay-
suM y’ (x) = —0,18128 npu TouHoM 3Hauennu y’(x) = —0,1812161.

Mporpamma 5.35. HaxoXaeHnHe NPOH3BOAHON MpH. YeThIpeX OPAHMHA-
Tax:

’ 1 3p?—6 2
] (x)= —,;'(—p—ﬁp-‘l-—y—l‘l'

3p2—4p—1 3p?—2p—2 3p?—1

Beon: A = P9 u (nocne maxarus kaasum B/0 m C/I1 u udankauuu
unppsl 4) Y-, Yo, Y+1, Y+2, Xo U x B peructp X.

0 16 5 I10 4 C/lT KII6 FLO 05 c/m
7 HI5 — hmng = na Fx2 3 x Inc

Urng 4 X — 1 — 2 - HUI12 X
HUIC WIIO 6 X — 2 -+ 6 = Ut
X — HUICc ung 2 e — 2 - - 2

- U3 X — HIIC 1 - 6 = HIl4

X 4+ WM + . BIO 09

- Jononuus naHHBE NpeAIIECTBYIOLIEro .HBﬁMepa 3HAYEHHEM {43 =
= 0,344818, nmonyunm ana x = 0,51 3nauenne y’(x) = —0,1786483, a
ana x = 0,52 suayedue y’(x)= —0,1812155 npu TouHOM 3HaueHuH

~-0,1812161,
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fporpamma 5.36. HaxoxjpeHue mpou3BOLHON TPH MATH OPAHHATAXS

1 ( 2p°—3p>—p+1 4p° —3p*—8p+4
y (%) =+ Yy—2— y— +
R 12 6
2p* —5 4p® +3p? —8p — 4 2p? 4+ 3p’—p—1
+ £ 9 d Yo — Pt PG £ !/+|+’——p I 72 P !/+2)-

-Beon: y_» = P2, y_, = P1, yo = PO, y4+1 = PA, y:» = PB, h = P9,
xo = P8 u x = PX.

e MM — MM =+ 17 2 X 3 —
U7 X | — M7 X 1 4+ 1 2
+~ UMm2 X M7 4 X 3 — M7 X
8 — U7 X 4 + 6 = MMl X
— U7 Fx® 2 X 5 — HIO7 X 2
~ WM X 4+ U7 4 X 3 + Uz
Y8 — M7 X 4 — 6 = UIA
X = umr 2 X 3 4+ U7 X 1
—  umr X 1 — 1 2 = UIOB X
4+ WM =+ C/T BII 00

Has y—» = 0,35889029, y_y = 0,35553253, yo = 0,35206533, y41=
= 0,34849251, y1», = 0,34481800, xo = 0,5, h = 0,02 u x = 0,51 nouy-
unm y’ (x) = —0,1786488, a pas x = 0,5 nonyuum y’ (x) = —0,17603265
npu TouHoM suauenun —O0,17603266. B 3ToM u ABYX mpenllecTBYOLUHX

npuMepax BBIUHCAAJIHCH NMPOH3BOAHBIE (YHKUHH ¥ (X)=Z (x) = e_”z/z/

(V2 HOPMaJIbHOT'O pacnpeleseHusl BepOATHOCTeHd MO OKPYIJIEHHBIM
paHHbIM Ta6aun [3].

Eciu HyxXHO HaliTu y’ (x) TOJBKO B y3JIaX MHTEPIOJALHH, HOPMYJIb
uncJeHuoro pauddepeHnupoBanns pes3ko ynpomatorcs. Hanpumep, npu
Tpex opAuHaTax H p = 0

Yy’ (x0) = (Y41 — y-1)[2h, (5.26)
4 npu NATH opAnHaTax U p =0
y (x0) = (y-2 — 8y -1+ 8y+1 — y42)/12h. (5.27)

- Mmorna, wcnoabsys 5Tu  GOpMyJs!, Le1eco06pa3sHO  BHIYHC/IATE
Y (x = x0) aHANUTHYeCKH 3a4aHHOH GYHKUMH, NPOU3BOAHYI KOTOPOil
HeXeJaTe/lbHO MMM CJHOXKHO HAaHTH B aHaauTHueckom Bupme. Ilpu 3tom
DBIYHC/ICHHS OPAMHAT ¥ (X) OPOPMJAIOTC TMOATNPOrpaMMOH.

NMporpamma 5.37. Boiynciense mnpousBogHoil GyHruuH y = f(x),
_3a7aHHOH aHAJMTHYeCKH MO ¢opmyJse (5.26). Boa: naunvle f(x), h/xo=
= PC u xo = PX. -

IO UIC XY = TMB WO WIOB — IO 29
MA  MIIO [T 29 C/I MUIIO MIOB + IO 29
HMA  — 2 = HWIB = c/m BII 00 ...
R <71
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Tak Kak 3HaueHuss Xo MOLYT MEHATbCA B IUWPOKMX HpeAenax, TO
3ajaeTcsl He aGCOVIIOTHOe H3MeHeHHe X, a OTHOCHTeabHOe Ax/xo = i/Xo.
3rauenue h/xo Ans raagkux GYHKUHMHA Ha NpakTHRe JIErKO OLEHHBaeTcs,

IMycTh Hapo BBLIYHCANTH NPOH3BOAHYIO GYHKUHH y(X) = Z(x) =
— e~ %2 A/2% B TOuUKe X0 = 0,5 npn h/xo = 0,01. B Tekct mporpaMmet
BIHChIBaeM noanporpaMvy Bbiuucienus Z (x): Fx22 /—/ + Fe* Fn 2 X
FA~ +. Haxkas xnasnmu B/0 u C/II, MOJIyYUM  3HaAueHHe
Z(0,5) = 0,35206532, ewe pa3 Haxas kuaBumy C/I1, noayunm
Z’(0,5) = —0,1760005 npu Tounnx sHaseHusx Z(0,5) = 0,35206533 n
Z’(0,5) = —0,1760327 cooTBeTCTBEHHO.

Iporpamva 5.38. BhluucieHHe NpOH3BOAHOf aHAJHTHYECKH 3ajal-
HOH ¢yHKuHH f(X) B TOuKe ¥ = Xo MO MATH ee OPAHHATAM C IOMOLLBIO
dopmynnt (5.27). Beoa: hfxo = PC u xo = PX.

no HUic Xy -+ nB Mg HIB 2 X —

N s6 TIA WL UIOB — i 5 8 X
UIA XY — TIA WO IO 56 C/1 WIIO WIB
+ i 56 8 X UITA + [IA WO UIB
2 X 4+ T 56 UIIA XY — 1 2
= WOB <+ C/IT BII 00 ee. e ... BJO

s ppuBeneHHOro BHile HpuMepa noayaum Z(0,5) = 0,35206532
u Z’(0,5) = —0,1760325.

5.8. BbluncjieHye YaCTHBIX NMPOU3BOAHBIX
H K03((hHLHEHTOB 4yBCTBHTENbHOCTH

Hepeaxo Heo6x0auMO HaliTH 4acTHble MPOH3BOAHble (DYHKIHI
f(x, y, 2, ...) HECKOJBKHX HEPEMEHHBIX HPH X == Xo, Y == Yo, 2 = 2o
H T. A. B oTinuue or unciennoro auddepeHUHpOBaHHS NO OZHOMY na-
pameTpy, IpH BBHIUHC/IEHHH YACTHHIX NMPOH3BOAHBIX HECOGXOAUMO BHIGHpATH
OIIMH H3MeHsleMBIl mapaMeTp u QUKCHPOBATH 3HAUEHHs OCTAJIbHBIX Mapa-
MeTpOB. DTO MOXHO OGecneyuTh C MOMOLIbIO KOCBEHHOH anpecaudd pe-
THCTPOB NMaMATH, OTBeJeHHbIX NOX BBOJ COOTBETCTBYIOILMX MapaMeTpOB.
Hanpumep, ecin xo = Pl, yo= P2, 20 =P3 u 1. 1, 10 mporpammy
MOXKHO COCTAaBHTb TaK, 4TOOb yKA3aHHe HOMepa peracrpa (KoAa fepe-
MeHHO#), Hanpuamep uudpH 2, npd BuiuncaeHuu Of/0y u 1. 1. Hemocpen-
CTBEHHO YKa3HBaJIO HA TO, 0 KAKOMYy IlapaMeTpy BhinoJHsercs audde-
penuupoBaHue. B KoHIle BHIUHC/EHHS TapaMeTpy NpHCBAUBAETCS HCXOA-
HOe 3HaueHue.

Mporpamma 5.39. Briauciienne YacTHHX [IPOM3BOAHLIX AHAJIHTHYECKI
3ananHo# ¢yukuuu f(x, y, 2,...) No TpeM ee opAwHaTam. BBsoa:
h = PC, nansble f(x, y, 2, ...), KOLbH IepeMeHHEIX.

na KWilg DA WIIC —  KI4 [0 27 OB HIA
uric + Kno nm 27 HIB — 2 =+~ HIIC
-~ HIMA KO XY ¢/ im0 ... ... B/O
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ITyers Hanmo HafiTH yacTHBlE APOU3BOAHLIE (YHKIMH
f(x,y,2) = 2x% 4 y2 — 322 — 3xy — 2xz, (5.28)

mpH X = xo =20, y = yo =0 B 2 = 2o = |. dparMeHT nporpaMmsl Bhl~
uucneHuss Qymnkuun f(x,y,2) npp x =Pl, y=P2 u 2 = P3;

HUITl Fxz 2 X HUI12 Fx? + U3 Fx? 3
X —  HIM1 U2 X 3 X — UIIr HII3
X 2 X -

Beopum mporpavmy ¢ sTM (parMeAToM H HCXONHHe JaHHbe:
h=0,001=PC, 0 =PI, 0=P2 u | = P3. Jlna Boiunciaenus 0f/dx
HabupaeM mudpy ! (kom mepemenHoft x) H, HaxkaB kJaaBumy C/II, mo-
JyyuM pesyabrat Of/dy = —2 npu fc &= 20 c. HabpaB uudppy 2 (kox
riepeMeHHoll y) u HaxaB kuasuuy C/I1, nonyuum Of/0y = 0. Haxkonew,
ra6paB widpy 3 (kon nepeMeHHOH 2), moayuuM 0f/0z = —6. dtH 3ua-
LeHHs! NMOJHOCTbIO COBHANAIOT ¢ TOYHHIMHU.

Mporpamma 5.40. Boiunciende 4acTHBIX IPOM3BOAHBIX AHAJHTHYECKA
sananEofl Qywkmmu f(x, ¥, 2, ...) DO mATH ee opAuHataM. Bsoar
h = PC, nauuvie f(x, y,‘z, ...), KON NepeMeHHbIX.

g KUILO ITA  HUIIC — KIIO IIII 53 IIB  HIIA
Hurc + KITg II1 53 MIIB — 8 X T1B
HIIA HIIC 2 X ‘— Ko I 53 WIB 4
B HWIIA HIIC 2 X+ KImg TIm 53 HUI1B
XY — 1 2 = HIC =+ HITA KIH XY
C/m BN co B/0

Pa6ory aToit nporpaMMbl MOXHO NPOBEPUTH 1O NPHBEAEHHOMY BHILLC
npUMepy.

Hepenko nepemenHbie (pyHKRnuu f(x, Y, 2, ...) HMEIOT Pe3KO OTJIHY-
Hble HCXOAHble 3HAaueHHs. B 3ToM ciyuae nesecoo6pasHo 3ajaHHe OTHO-
CHTEJIBHOTO H3MeHeHHsl h/p Kaxncil mepeMeHHolt p (p=x, y, 2, ...).

Mporpamma 5.41. BriuncjeRue YacTHBIX NMPOU3BOAHLIX AHAJIHTHUECKH
sagaHHOR GyHKUMH f(x, Yy, 2, ...) 1O TpeM ee OpAHHATAM NpPH 3a[aHHIL
OTHOCHTEJIbHOTO HpHpalwienus h/p kaxnoro mapamerpa. Beoa: k/p = P9,
naHHble f(x, y, 2, ...), KOABl NMepeMeHHbIX. .

IO  KUMNOg A 4 HUrc x —_ KIIo I 34
TIB  UIIA A HIC X -4 KIIo 11 34 WUIIB
C— 2 = HIC = UMA - FIB HIIA KIILO

MIB C/Il BIT 00 B/0

[ mpHUBeReHHOrO BHINE KOHTPOJBHOTO HpHMepa HOMyyuM mpH hfp =
=001, xvo=1, yo=2 u 2z; = 3 3nauvenna 0f/dx = —8, If[dy =1
1 0f/dz = —20, KOoTOpbie TaKke COBNAZACT C TOUHHIMH SHAUHHAMH.
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O6uee aGcomoTHoe mpupaulenne QYHKUHH HECKONbKHX NepeMeHHbIX
UPH H3MEHSHHH KaX[0# H3 HHX

Af(x, Yy, 2, ... =—gf—Ax+a_fAy+ of Az 4.

YacTHble NpPOM3BOAHBE MNpH NpHpaleHHax Ax, Ay, Az u T. A. Hasbl-
BalOTCA abCOMOTHOLMU KOI(DGHIHEHTaMH YYBCTBHTEJBHOCTH (YHKUHH K
H3MEHEHHIO COOTBETCTBYIOLIErO NapameTpa.

B npakTike Hay4yHO-TEXHHYECKHX DPacyeTOB IPEANOYHTAIOT HCIIONb30-
BaTb Ge3pasmepHble OTHOCHTeJIbHblE KO3(DQHUHEHTH HecTaGUILHOCTH NO
¥KaXJOMy NnapaMerpy, HanpHmep:

s, = O _ o AN

Ox/x  Ax-0 Ax/x

H T. 1. B aTOM ciyuae Jierko BBIYHC/IAIOTCA OTHOCHUTEJbHBIE OGlIHEe NMpH-

pallleHHsl QYHKUUH
) S
(%0, Yo 205 ++-)

IlpuBefeHHble Bbille MPOrpPaMMbl JIETKO MPHCNOCOGHTh I/l BLIYUC/IEHHS
OTHOCHTEJIbHBIX KO3 (UL HEHTOB HeCTaGHILHOCTH.

Mporpamma 5.42. Bruiuucnenue 3uauvenuss ¢yukuuu f(x, y, 2, ...) #
CTHOCHTEJIbHBIX KO03()(hHIIHEHTOB HeCTaGHJIbLHOCTH MPH TPeX OpAHHATAX
¢yukuuu. Beoa: h/p = PC, nauuble f(x, y, 2, ...), KOAb NepeMeHHLIX.
3navenue f(xo, Yo, 20, ...) = PA.

nmg KWmg IIA 4 HIIC X — KIo 1m 37
1B HIIA 4 UIIC X + KIIO I 37  HIB
— unc =+ 2 = 1B MITA KIIO IIIT 37
MmA HIB XY = C/TT  BIT 00 ... BJ/0

=SS s, s, 22

It MJOCTPALMK BBIYHCIHM KOI(GHIHEHTH OTHOCHTEJBbHOH Hecra-
6GUNBLHOCTH [EpHOAA MOBTOPEHHs HMMNYJbcoB, (GOPMHPYEMBIX pesaKcalin-
OHHLIM TeHEpPaTOPOM Ha OJHONEPEXOJHOM TPAH3HUCTOpE

th=RCIn (1 —n)7,

roe R =1.105 Om — BesuunHa BpeMsisajaiollero pesucropa, C ==
= 1.10-8 & —eMKOCTb BpeMs3ajnaioliero Kouaencatopa, 1 = 0,66 —
K03 dHLUEHT AeseHus. .
BnucbiBaeMas B mporpaMMy 5.41 moanporpaMma  BHIYHCJIEHIIST
ta(R, C, ) mpu R =PI, C = P2 u 1y = P3 umeer Bun:
1 UN3 — Fl/x Fin HII1 X HII2 X

Beens sHauenns R, C, n u h/p=0,1, uabupaem kox 1. Haxap kaaBuury
C/Tl, cnycrs t. = 25 ¢ moayunm Sp = 0,99999999. Ha6paB kom 2 u
naxas kaasuwy C/IT, nmoayunm Sc¢ = 0,99999999 n, naxoneu, Ha6pas
ko 3, moayunm S, = 1,8224953. s pernctpa A MOMHO BHI3BATb MC-
xonHoe 3Hayenue tp = 1,0788096-10-3 c,
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Tlporpamma 5.43. Brrunciienne suaueHnss Gyukuuu f(x, y, 2, ...) u
CGTHOCHTEJIbHBIX KO3()(HUHEHTOB HeCTaGH/IBHOCTH NPH NATH OpAHHATaX
¢yukuuu. Beoa: h/p = PC, nauuele f(x, y, 2, ...), KOAB NepeMeHHHX.
3uavenue f(xo, Yo, 20, ...) = PA.

NI KWOO A [0 53 2 [0 57  IB 1N
52 mn 58 8 /—/ T 48 4 NI 59
8 M 48 2 X 4 @I, 59 - WIB XY

—  HIIC = 1 2 + 1B MUITA KIIO IIIT
59 HIIB XY MnAa -+ C/IT BIT 00 X HIiB
+ TIIB HITA 4 HIIC X B/0 X — Kng

Ina  nmpemwecrtsyoinero npumepa npu  h/p = 0,01  nosyuum
SR = 0,9999949, SC = 0,9999949, Sn =1,7993745 u ¢ = 1,0788096X

X 1073 ¢ npu ¢, =~ 50 c.

5.9. YucneHHOe HHTErpHpOBaHHE

OcHoBHaA 3ajgaua YHCJIEHHOro UHTErPpUPOBAHHA CBOJAHTCA K Haxo~
JKJAEHHI0 3HAYeHHss COGCTBEHHOTO Onpeae/IeHHOro HnrerpaJa

b
I= S f(x)dx. (5.29)

a

B o6mewm ciyuae uuTepBaJsi- uHTerpHpoBarus [a, b] pasGuBaercsa ma
m vyacreil. B cBowo ouepeap KaxKjAas M3 HHX [eJMTCS Ha n yacTed, 8
npefesax KaXIoH 4acTH y = f(x) anmpOKCHMHUPYETCS MOJHHOMOM, HHTe-
TPHPOBaHHE KOTOPOrO BO3MOXKHO IO JOCTAaTOYHO HPOCTHIM (opMyJaam
[1—5]. IlpuBeneHHble HuXKe NPOrpaMMbl OTJIMYAKOTCH CTENEHbIO MOJII-
KOMa M YHCJOM OpAMHAT f(x), BHIYUMC/IAeMBIX HA KaXK[O#i M3 m yacrefl.
Iocsienunit uneH NPHBOAHMBIX GOPMYJ XapaKTepH3YeT IMOrPeIlHOCTD
HHTErpHPOBAHHS.

Mporpamma 5.44. UuceHHOe HHTErPHPOBAaHHE METOAOM IIPSMOYTOJb+

HHKOB 10 (GOpMyJac
m-1 5 m—1
—a
[="h Z b= Z by
i=0 i=0

rae h = (b —a)/m. Beon: nasuue f(x), m, b u a B peructp X. Texy-
mHe 3xauenus x — PA, peructpu 0, A, B u C 3ansthl.

I10 0 rnc ¢m nB G/ A — HIIe =+
10 uIric + nc HnA Hro + A
UMB — Fx>=0 11 HIIC HIT0 X C/It BIT 00
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TlycTe Hamo BLIYHC/ANTE SHAUCHHA HETEIPANoOB, OPHBEACHHHIX B
€261 54.

Ta6auwma 54

Bpems
Haterpaa u ero ITpo-
TOYHOE 3IHAYEHHE rpaMma Meron m | Peayabrar c;(;fna.
5.44 | ITpEMoyrosbHHKOB 16 | 0,88939982 1,7
64 | 0,90313381 7
5 %3 5.45 | IIpaMoyroabEHRKOB 16 | 0,90797012 1,7
1 =S FTe dr= moxudunHpoBaHHEE | 64 | 0,90748612 7
1 5.46 Tpanenuft 16 | 0,906642285 1,5
=0,9074539 . 64 | 0,9073897 6
5.47 | Cummncora 8 | 0,9074589 2,2
32 | 0,9074541 10
5.44 | IIpaAMOYroJLHHKOB 16 | 1,3757033 1,4
64 | 1,3929898 5,5
1 5.45 ITpaMoyrosbHHKOB 16 | 1,3987863 1,5
1 =S V2%t ] dx= Moanduuuposanuufi | 64 | 1,3987217 6
0 546 | Tpamepui 16 | 1,3985799 1,5
=1,3987175 64 | 1,3987089 6
5.47 | Cumucona 4| 1,3987137 1,2
' 8| 13987172 2,5

Jla mepBoro uHTerpasa (parMeHT mpOrpaMMbl, Buluucssiouiei f(x),
uMeeT BHA (amcao 16 BBoxmM B perrcTp 8):

WA 4 Fs? X FBx Fx? HI8 + .

Jlas Bropore mErerpaia (parvieHT HpPOIPAMMEL, BHUHCAAOMER [(X),
CAERYIOmMAR:
MDA 2 X | 4+ Fy~ 4

Pe3ysbTaThl BbIYHC/IEHHH O/ PpasAuuHbIX m mausl B Tabu. 5.4.
Nporpamma 5.45. UHcileHHOe HHTerpHpOBaHWe MOAHQPHIHPOBAHHBHIM
METOJ0M NPSAMOYTONbHHKOB

m—1

—h ) F(r+ 05h) + L
i=0

b — d) "
—a 1)

rae f’/(E) — 3Hauenue - BTOpoi npousBomHofi f(x) B TOuKe % = E, rae
f’"(x) makcHmasibHa. BBoA aHa/IOTHYeR OMHCARHOMY A/ NPOTPAMMH 5.44.
ITo0 0 rc Cc/l1 TIIB C/lm MA — urio =

8 (0] 2 = HUNnA + na ...
Huric + Inc HMNA Hmne + TA
MITB — Fx>0 16 UIIC HI0 X C/lT BIT 00
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Hannsie KOHTPOALHEIX HPUMEPOB CM. B Taba. 5.4.
Mporpamma 5.46. Uncnennoe uaTerpApOBagHe METONOM TPANeiHis:

m—1
h h? (b — a)
I=5 Y W+ vpy) — gt [ B).
i=0

BBoa auasiordsed OHHCaHHOMY A/ Hporpamuu 5.44. Peructpw 0, A, B
n C 3ausTol, TeKyllee 3HayeHue x — PA.

o Cc/im IIB IT 41 IIC UnB Cc/1 1M1 41

HUric 4+ 2 “+ ¢ unB HIA — HImo  +
nB HI10 1 - [1I0 HIIA HIIB + IIrr - 41
HIIC 4+ I[C FLo 25 HIIC HMIB X C/IT bl
00 nma ... ... ... .. «es ... B/O

B npuseseHHbX Bhille mporpamMmax n = 1. JInst NOBBIUIEHHS TOY-
HCCTH HHTErpHpOBAaHHA KaXKAHHA H3 m OTPe3KOB pa3bHBaeTcd HA N 9a«
cTeif, TaK uTO Ha HeM f(x) 3amaerca n -+ 1 opamHaTaMH. DTO NMO3BOASET
NOBLICHTb CTeNeHb MOJHHOMA, annpoKcHMHupyiouero f(x).

Mporpamma 5.47. UscaeHHoz HHTErpupoBaine MeTOZOM napaGon
(Cumncona) npu n = 2:

b
1=Sr<x>dx=%[f(a)+4f(a+h)+2f(a+2h>+

a

A @R e 46— )+ ()] — T iy (),

Beon: maumbe [(x) npu x— PB, 2m (uetnsle uncna), b u a B pe-
ructp X.

10 ¢/ nB C/m IMA I 44 fiC HIIB HIIA
B — nfio = A TIIT 44 1 32
4 o 32 2 Brm 18 HIIC 3 = HOA
X c/m X uric + 1cC FLO 40 BII 26
UMB HWIA + B B/0

Kax BHaHO u3 Ta6a. 5.4, W3 NPOCTHIX METOAOB HHTEIPUPOBAHHS Me-~
ton CHMICOHA faeT HanGoJslee BBHICOKYIO TOYHOCTb — OIIHGKA NPONOPLHO-
naisa A5 [3]. On npumeHsieTcsi HauGosee gacto. OjfHako, ecAH MOA-
nporpaMMa BbIUHCJeHHA f(X) BNHCHBaeTCA B NPOTPaMMy, TO [IpPHMEHE-
Hue GoJsiee TOUHHX MeTOAOB {C n >> 2) NO3BOJAECT COKPATHTb BPEMS HH-
TerpHpOBaHHA (IIpH 3aAaHHOH TOUHOCTH). B NPHBOAMMEIX HHXKE TIPOrpaM-
mMax h = (b—a)/n, a unurepBan [a, b] cooTBercTByeT mpu m = | HH«
TepBaAy [xo, X»],’B HpeleNax KOTOPOTO PaBHOMEPHO DACHONONKESHH afCe
UHCCH Xo, X1, X2, ... Xn. IIpelycMOTpeHa BO3MOXHOCTH Pa3GHBKA HH-
TepBaa [a, b] Ha m uuTepBasOB [X0, Xn].
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Mporpamma 5.48. YucsieHHoe HuTerpupoBanue Mertogom HeioTona —
Koreca npu n = 4 (¢popmyna Bons):
x4
2h
S F(x) dx = == (790 + 3241 + 122 + 3205 + Tys) — 51 fV 8.
X,

Bron: npaunwe f(x) npu x - PA, m, b u a B peructp X (peructpu 0,
A, B.u C sausto).

nm o nc c/m 4 c/I1  TIA — uro =+
4 = B IIIT 26 FLO 13 HIIC HIIB X
2 X 4 5 = C/lT HIIA IIT 58 7
M1 50 3 2 nm 50 1 2 ITIT 50
3 2 M1 50 7 X Huric -+ rnc B/0

X HIC 4 INIC HWIIA HIOB + A B/0

Mporpamma 5.49. Upcaennos uHTerpupcBanne MeTozoM HploTona —
Koreca npu n = 6:
X6

h
S f(x)dx= Tao (4190 + 21641 + 27y, + 272y5 + 2744 +
Xy

+ 21645 + 4196) — 1750 fV“' (€)
Bsoa cM. B nporpamme 5.48.
I o rnc c/m _4 C/lm TA — HImo -
6 = nB I 25 FLO 13 HIIC HUNB X
1 4 0 - C/IT HITIA IIII 70 4 1
I1T 62 2 1 6 nmn 62 2 7 11
62 2 7 2 I 62 2 7 I 62
2 1 6 Im1 62 4 1 X Hric -+
nc B/ X HIC -+ Inic HITIA HIB + A
Mporpamma 5.50. Yuc/ieHHoe HHTerpupoBaHHE METOAOM Y34A/s AAs
= 6:

X

Sf(x) dx =32y 4 551+ o+ 655+ gt 5ys + y0) + o

12 600 VEE).

Bsox cv. B mporpamme 5.48.

I o nc c¢m 4 ¢C/m mnA — HI10 =
6 =~ 1IIB - 26 FLO 13 HIIC. HIIB X
3 X 1 0 +~ C/IT HUITA TIII1T 59 1
nrm 51 5 I 51 1 I 51 6 111
51 1 nr 51 5 51 Hric + rnc
B/0 X

unc 4. TIIC HIIA HIIB -+ A .
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[pn unTerpuposanuu meronoM Yebuimwesa wnterpan (5.29) moacra-
HOBKO#

_b+a b—a
x=lt8 20y (5.30)
NPHBOAHTCA K BHLY
+1 n
2
I= S Fyat=— "1 (t). (531)
-1 i=1

BuiGop 3Hauexuit #; MPOH3BOIMTCA K3 YCJOBHA, 4TO BhIpaxkeHnue (5.31)
G6yner Tounbim nsa f(f) suma £, £2,-13, ..., I" T.e. IJa INOJHHOMOB
BIIOTh RO n-f creneHu. Jia muxpo-3BM mpelcraBisior uutepec cay-
yau, Korna n =2 ({1, = F A/3/3= F0,57735 pan i = ,2) un=3
(ts= FA2/2=F0707107 paa i =1, 3 u t, =0 gaa i = 2).
NMporpamma 5.51. UuterpupoBanne metomoM Yebwimesa s n = 2.
Beoa: nanusle f(x) mpu x, 3aHOCUMOM B Haua/jo (parMeHTa BHYHCJIEHHA
f(x), m, b u a 8 peructp X (perucrpst 0, 1, 2, A, B, C u [ szanaru).

o 3 Fy~™ FBx =+ nm o rnc c/m 4

C/ I - HIio = 2 vl 4 2 4+
m XYy II 30 FLO 16 HIIC HIIB X c/m
nB + 2 = A HIIB — B vurg /—/

I 44 MUIB HIIO X HMMA  + .
HIiCc rnc B/0

e cee ces

Mporpamma 5.52. HurerpupoBanne metogom Yebblmesa npu n = 3.
Beox cM. B mporpamume 5.51.

nm- 2 Fy FBx =+ TIIO0 0 nc  c/m 4
cn m — WMo = T2 M 4 une +
Mm XY MO0 34 FLO 16 MIOC HWOB X 2
X 3 =+ ¢Mm B + 2 + IIA WIB

— nB ung./—/ T 51 HWIIA I 54 HIIB
1D X HUIIA + «vs ... HIIC 4+ [IC B/0

MNpn unTerpupoBauuu MeTofoM [aycca TakXe BBIIOJNHSETCH IO~
cranoska (5.30), npHuem

+1 n
{roa=3 ar) (5.32)
-1 i=1

a #; BHI6UpalOTCA KaK KOpHW noauHoma Jlexanapa. AGeunccw f; pacmo-
JI0Kelitl HEPaBHOMEDHO H3 YCJOBHMS Hauayullero npubauxenns f(f) no-
aunomoM Jlexanapa. [pu atom (5.32) oxashBaeTca TOUHOH AJIA HOJH-
HOMOB 10 (2n — 1)-ii cTenenH,
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flpu n=2, i=1 2 nmeem Ay2=1 g t;= FA1/3=
= F0,57735027, npu n =3, i =1, 2, 3 umeem 4,3 = 5/9, A = 8/9,
0= F V0,6 =T 0,77459667 n £, =0.

Mporpamma 5.53. HurterpupoBanune metogoM Iaycca npu n = 2,
Bsoa cM. B nporpamme 5.51.

110 3 Fl/x F4 0O 0 ric c/mm 4 c/m
It — U =+ 2 "r 4 urmz -+ m
XY nm 27 FLO 15 HIIC ¢/ TB + 2

- INIA HIIB — ns uno /—/ nm 4 HIIB
urg X HIA + [T 52 HIIB X HUIIC +
Iic B/0 ... v eee e B/0

Nporpamma 5.54. HHterpupoBaHye wmeroaoM [aycca np n = 3,
Bsox cMm. B nparpamme 5.51.

m o , 6 Fy- TIOI 0 nc cm 4
¢gn M — WMo = T2 MM 4 W -+
m XYy 0o 28  FLO 16 WIOC C/M OB+

2 =~ @A HUINB — I1B urin /—/ TIII1 48
MITIA TIIIT 63 8 M1 54 HIIB HIIO X HITA
+ THI 63 5 X HIIB X 9 = HIIC
+ rnc B/ ... ... B/o

TMorpelwHoCTH, NPHECYILHe METOAY UYHCAEHHOro HHTerpuposanus Ilayc-
ca npu n = 2, 3, ONpeleNAlTC OCTATOYHMMH WieHamH [5]

Re=1= (252) V@, Re=1mer (B52) M@

W3 ta6n. 5.4 u 5.5 cjaeayer, 9To ¢ POCTOM 7 M M TOYHOCTb HHTEs
rpupoBanus pacrer. OGHIUHO M1 moJydenns TpeGyeMoll TOWHOCTH Ha-
xonar | npu pasubix m (2, 4, 8, 16 u T. 1.). TOUHHIMHA CYHTAIOT coBma-
JaloiliAe 3HaKH pesyjabrata. KpoMe TOYHOCTH NPH NPOBeJeHHH HHTErPH-
pOBaHHs HaLO .YYHTBHIBATH CJOXKHOCTb HNPOrPaMMbl, YHCJIO 3aHATHX e€I0
PETACTPOB MaMsATH W HAMHYHe y NORBIHTErpajbHOR (YHKIHE OCOGEHHO-
creit, aanpumep Bupa 0/0, oofoo uau f(x) = oco. Ecnm ecth ocoGeHHOCTD
NpH X—a WIH X — b, TO npejnouteHue OTAaercs Merony laycca, T.K.
y Hero aGcuHccnl f(x) HHROFAA He HOHARKAIOT-HAa KOHUBl HHTepBada [a, bl
Econ ocoGennoctb mosiBisieTcs B cepefMHe HHTepBaJa [a, b], mpenmnoutu-
TeJbHeH HCNO/Mb30BaHHE METOLOB C DPAaBHOMEPHBIM H JIETKO INpeiCKashi-
BaeMHM noyioxxerneM aGenuce (Cumncona, Hulorona — Koteca, ¥Yagnash.

Hrrerpuposanre TaGiayRO 328aHHBIX QYHKOHA o6ecreuuBaercs mo
crenyiomeii nporpamme. Yrcno HHTepBasOB Pa3GHERHA n WPH BHIYHCE-
HMAIX 1O 3TOH mporpaMme AO/IKHO ObITh YETHBIM,
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Ta6nauua 55

Bpeus
oo | rpiiona Moo fm | PR cners
5.48 Bons 4 | 0,907455186 2
5.49 Holorona —Koreca 4 | 0,90745414 3
5 . opu n=~6
1=S x‘j—lﬁ dx= 5.50 Yspnas 4 | 0,90745401 3
1 5.51 Ye6nimesa npu n=2 | 8 | 0,90745077 2,5
=10,9074539 5.52 Yeoniuena npu n=3 | 8 | 0,9074528 3
5.53 Tayeca npa n=2 4 | 0,90737764 1,5
5.54 lFaycca npu n=3 4 | 0,90745631 2,5
5.48 Bons 4 | 1,3987172
5.49 Hsuiorona— Koreca 4 | 1,3987175 3
1 npu n=>6
1_—_S VIFox dx= 5.50 Yannas 2 | 1,3987174 2
0 5.51 Yegbimena npg n=2 | 8 | 1,3987176 2,2
=1,3987175 5.52 Yeghimesa npu n=3 | 8 | 1,3987175 2,6
5.33 TFaycca npa n=2 .4 ) 1,3987198 1,6
5.54 Taycea npu n=3 4 | 1,3987174 2

Mporpamma 5.55. MurerpupoBaHue TaGMHUHO 3afaHHBIX (QYHKIM
merogoM Cumncona. Beoa: /i = P8, uucio uHTepBanoB pasGuedns #,
ODIAHMHATH Yo, Y1, -.., Y B perucrp X.

o C/Im 19 C/I1 KUII0 XY 4 X HI9 +
no ¢m 4 HIO + <+ FL0O 02 FBx MHII8
X 3 =~ C/I BII 00

Ecin h=025,n=4 yo=3, ;=4 12=5, ys=6n yu =1,
noayyum [ = 5,

5.10. Pewenue nupdepeHnatbHbIX ypaBHeHMil

Pemenne o6eikHOBeHHOro auddepeHnHanbHOro ypasHeHus (Buaa
Kon)
y =dyldx = f(x, y) (5.33)

3aK/04aerTcd B HaxXoXAeHHH (YHKuHH y(x), yZOBJeTBOpAOmeH ypas-
denuto (5.33) npH H3BeCTHHX HaYaAbHHIX YCAOBHAX Xo H Yo = Y (x0).

[Ipn onHOWAroBHX MeTOZaxX pellleHHS KAMKI0e HOBOE 3HAYEHHE Yii1
HAaXOAUTCA IO H3BECTHOMY NpeAIleCTBYIOLUIEMY 3HAUEHHIO yi. ITHM Me-
TOAAM MpHCYLe «CAMOCTAPTOBAHHE®, A TAKXKe BO3MOXKHOCTD M3MEHEHH:
wara h = X;y 41—, B MOpolecce BbUHCIeHHH. Peaiusauus 9HCIEHHbIX
MeTon0B pelnenusa (5.33) saxuouaeTcss B pa3/ioiKeHHH (QYHKUMH y(x) B
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pan Tefisopa, y Koroporo Gepercsi HEKOTOPOe YHCJO YJEHOB, ONpeje-
Jsoitee nopsinok n meroga [1—8]. Ilorpemnocts pewenus (5.33) mpo-
MopIUHOHA/IbHA *AH1,

Mporpamma 5.56. PeuleHde AuddepeHLHAJbHOrO YpaBHEHHs Npo-
CTBIM MeTogoM Disiepa (mepBoro mopsaka):

iy =Y+ bl (% 4)).

Bson: nawnuste f(xi, y) npu x;— PB, y,— PC, xo =PB, yo=PC u
h=PJ.

urns g + 0B ...
WITO X HIIC + l'lC MIiB C/IT BIT 00
It KOHTpOJIsL 3TOM M MOC/JeAyIOLIHX NPOrpaMM pPellHM MpocToe
ZuddepeHunalboe ypaBHeHHe

y = dyldx = —ylv, ((5.34),
AHAJIUTHYECKOE PEeIleHHEe A/ KOTOPOro H3BEeCTHO:
y(x) = exp(—x/7).
@parMenT BbluncaeHus f(x, y) = —y/t UMeeT BHA:
UIC /—/ W9 -=-

Beens ncxomnble nanuele: xo =0, yo =1, h =0,1 n vt =1 = P9, Ha-
wxaB kaasuwn B/0 u C/I1, noryyum x; = 0,1. Haxas knasuury XY, u3
peructpa Y Bhi3biBaeM yy = 0,9. Jasee, Haxkumasi MooyepelHO KJaBHIUK
C/TT u XY, 6ymem nosyyaTb 3HaueHns x2 = 0,2, y» = 0,81, x3 = 0,3,
43 =0,729 u 1. I.

[ns noBbllIeHHS] TOYHOCTH BHIYMCHAEHHH wWar /i uesecoo6pasHo ne-
JIaTb MaJbiM, a BbIBOJ Pe3YJbTaTOB MNPOH3BOAHTH ¢ GOJIbLIHM LIATOM
H = Nh. 3to peannsyeT cieaywoimas nporpamma.

Mporpamma 5.57. Peanusauns mpocroro Meroia Dilepa ¢ Bblaauei
pesysbratoB ¢ warom /1 = Nh. Beoa: nauuwle f(x, y) mpu x—>PB u
y—>PC, N =PA x=PB,yo=PCuh=PL

WITA 110 HUIIB MIIO 4 IIB ... ..o I X
HIiC 4+ 10ncC FLO 02 HUIIC HIIB C/IT BII 00

s NpUBEAEHHOrO0 BLIIC NpHMepa H N=5 6‘jﬂ.eM noayvars
X4 = 0,5, 7= 0,59049, X2 = 1, Y2 = 0,34867844, X3 = ],5, Y3 =
= 0,20589114 u T. 1.

Mporpamma 5.58. Pewenue nudoepennnanbHOro ypaBHedHs MOAH-
¢uuupoBaHHbIM MeToxOM Jitnepa (BTOPOro mopsiaxa):

Y1 =i+ 0 (x+ 125 gy ,05),

Yiros =y + bl (x; g,)/2.

rae
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BBon: nmauuble f(x, y) npu x—>P0 u y—>PA, xo =PB, yo=PC n
h = PII. BuBon: x; - PX = PB, yi— P = PC.

UIIB TI0 HIIC TIA nm 33 Hng X 2 =

Hrc % MMA UWIIB HIOO 2 =+ + rno 1
33 UIIO X UIIC . + [IC MUIIB WIlO + TIIB
C/1 BII 00 ... BJo

Ilns. pavee npuBeleHHoro nphmepa uMeeM xy = 0,1, y; = 0,905,
x2 =02, y» = 0,819025, x3 = 0,3, ys = 0,74121763 u 1. 1.

[Mpocreiiwedi peasusalueli MeTOLOB M[POTHO3a H KOPPEKLHH SBAS-
eTCA ycoBepLIEHCTBOBAaHHLIE Mertox Jfinepa — Kown. B Hem cuauana
BbIYHC/IeTCS NPUGJIHKEHHOe 3HAYeHHE

Yip1= v+ h (x4 9;)

npocTuiM MeToxoM Diinepa (NporHos). 3aTeM OHO KOPPEKTHpyeTcs ¢ MO-
MoLLbl0 (hopMyabl

J:+l =y+t3 h[’("v Y; ) SRACIT yt+1)]

(Iporpamma 5.59. Peruenue nnddepedinansHoro ypasHeHHst ycosep-
IIeHCTBOBAHHBIM MeToxoM ODiinepa — Kourn. Bson: namuble f(x, y) npu
x—>PB, y—=PA, xo = PB, yo = PC u h = P[1. Busonx: x;—>PX——
= PB, yi— PY = PC.

HIIC TIA nmm 29 10 oo x Uric + 1A
UMB HMO -+ B TII 29 urio 4 2 =
Hng x Huric 4 TIC HUIB C/IT Bl 00 ...
Jlns HCToJb30BAHHOrO Bhille npuMepa umeeM x; = 0,1, yy = 0,905,
x2 = 0,2, y2 = 0,819025, x5 = 0,3, ys = 0,74121763 u . n.
Mporpamma 5.60. Pewenne auddepeHmHanpHOro ypaBHeHHS MeTO-
LoM Pynre — KyTra 4-ro nopsnxa:

Yip1 = y; + (K, + 2K, +2K + K,)/8,

Ky=hf(xp ) Ky=hi(x;+ k2 y,+K\2)
I<3=hf (xi+h/2v !/i+K2/2); K4=hf (x1+h’ !/,-—I-KS)-

Bson: maumwsle f(x, y) npu x—>P0 n y—PB, h/2 = PA, x,= PO,
yo = PX (peructpnt 0, A, B, C u I sausars). Bupoa: x;— PX = PO,
yi— PY = PB.
ng nc 3 X 0O o 34 0O Mo 30
+ ng 1Iim 34 4+ 1o F, UMB + I1B
I 30 3 <~ TIIB MHII0 C/IT HIIB BII 01
WIIA HUII0 + I ... ... e A HITA X
4 Hrc + TIIB F, A N ung -+ B/9
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Jis yKa3aHHOTO paHee KOHTDOJIbHOrO mpHMepa 6ylneM HMeTb Xy =
= 0,1, y1 =0,9048375, x.=0,2, y» = 0,81873086, x3 =03; ys =
= 0,7408184 u T. 1.

B raba. 5.6 nado cpaBHeHHe pe3yJbTaTOB peuleHHs ypaBHexus (5.34)
meronamu diinepa u Pyare — Kyrra. XoTsi TOYHOCTb Moc/lefHero cyuie-
CTBEHHO BHIllle, BpeMsi BHIUHCJEHHS Takxke Bo3pacTaer. [Toatomy, ecail
NOrpelIHOCTh pemleHus: Ax(depeHUHanTbHOrO YpPaBHEHHS OTHOCHTEJILHO
BeJMKa (IOpsAKA €JHHHIL NPOLEHTOB), TO NpPHMEHEHHe Jaxke MPOCTOro
MeToza Dilsfepa BIOJIHE BO3MOXHO (Tabiu. 5.6).

Ta6auua 5.6

Merton *)

x i Tounoe
ditnepa M‘iuﬂ‘;ﬁﬁ"_ Afinepa— Pynre— pewenye
npocToft DOBaHHHI Kowu Kyrra

0 1 1 1 1 1

0,1 0,9 0,905 0,905 0,9048375 0,90483743

0,5 0,59049 0,60707576 0,60707578 0,6065309 0,60653064

1,0 0,34867844 0,36854098 0,368541 0,36787976 0,36787944

1,5 0,20589114 0,2237323 0,22373232 0,22313042 0,22313016

2,0 0,12157667 i 0,13582248 0,13582247 0,13533549 0,13533529

*) BpeMsi BHI9HCHEHHA YKa3aHHBIMM METOJaMH COCTaBAfeT Ha ONHOM LIare
cooTBeTcTBeHHO 5, 13, 12 u 30 c. ’

K wmHorowaroBsiM MeTonaM peueHnsi AuddepeHHLaJbHEIX ypaBHe-
Huil oTHocHTcs MeToA Anamca. B HeM mo pany mnpeallecTBYIOUIHX 3Ha-
yeHull y’(x) c moMolIbo mosMHOMa Jlarpaux<a BBIYHCJAETCS OYepenHoe
sHaueHne Y(x). B saBucHMoOcTH OT yncaa NpenlIeCTBYIOUHX 3HAYeHHI
y’(x) nopsimox MeToma Anamca MOXeT GHTb pasauyubiM. JlocToHHCTBO
MeTo/la — BbIYHC/IEHHE OYepelHOro 3HaueHHs Yi4y4 TPeGyeT JHIIb OXHOTrO
obpaienns K ¢yukuuu f(x, y), 4TO 3aMeTHO YCKOpSIET cyeT NMPH CIOK-
HBIX f(x, y). OnHako meTon AjaMca JiMIIEH BO3MOXHOCTH «CaMOCTapTo-
BaHus», TAK KaK MPeJABAapHTENbHO Haja0 HAfTH PAX MNpPeAleCTBYIOUIHAX
3HayeHufl Y’ (¥) KaKUMH-1E60 APYTHMH METOLAMH.

Nporpamvma 5.61. Peasnusanuss Metrosa Ajzamca BTOPOro mnopsajaka:

Yip1=9;+h (3!/; - y:—l)/z'

BBoa: nammwe y’ =f(x, y) npu x—>PA u y—PB, (x4 %)= PA,
y1 = PB, y6= PC u h = PJ. Busoa: xi—> PX = PA, y;—> PY=PB.
I 23 WIIC XY rnc 3 X — urng /—/

X 2 - HUrB <+ TIB HUIOA HIOO + TIA
C/l1 BII 00 ceo “es res B/0
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Peurum ypasrenne (5.34) mpr %0 =0, yo=1, t=1u h = 0,1,
Ins crapra Bocnojdbsyemcs pe3y.abTaToM pacyeta y; = 0,905 npu
x1=0,1, BbluHC/leHHBIA 10 Merony Oiinepa — Kown. Mmeem Taxke

’
Yyo= —-yo/r = — 1. Bseas 3TH naHHbe, GyneM NOJyuaTb SHAYEHHA Xt
H Yy;, Hauulas ¢ i = 2, npuBejeHHKe B Taba. 5.7,

Ta6nuua 57

MeTton *)

P - Toynoe

Ajamca Azamca Anamca 9211 epa— sHavenue

2 3 4 Jxamca
212

0 - - - 1 1
0,1 - - - 0,905 0,90485743
0,2 0,81925 — - 0,81925 0,81873072
0,3 0,7416125 0,74078578 — 0,7416125 0,74081822
04 0,67133313 | 0,6702644 0,67032315 0,67133313 0,67032004
0,5 0,60771379 | 0,60645471 | 0,60653567 0,60771379 0,60653064
1,0 0,36940619 | 0,36775653 | 0,36789008 0,36940619 0,36787944
15 | 022454802 | 0,22300898 | 0,22314117 0,22454802 0,22313016
2,0 0,13649423 | 0,13523351 0,13534472 0,13649423 0,13533529

*) BpemMs BBIYMC/IEHHS YKa3aHHBIMH MeTOAaMu Ha ONHOM Luare COCTaBJsIeT
COOTBeTCTBeHHO 8, 10, 13 u 10 c.

Mporpamma 5.62. Peanusauus Merona Afamca TPeTbero mopsaka:
’ ’ ’
Yiq1=y;+h (23.’/12 — 16y, 1+ 5yi—2)/12-

Boa: nammwe y’ = [(x, y) npu x—P0 u y—PA, (xo--2h)= PO,
y2 = PA, y{: PB, y(’)= PC u h=PHO Busos: x—PX=P0,

HIIC 5 X HIB IIC 1 6 X - It
nm 383 TIIB 2 3 X HIl 4+ U X
1 2 =~ HINA <+ TIA HII0 HIIO + 10

C/Imt BIT 00 ... cee B/0

JList KOHTPOJIA 9TOH mpOrpaMMel IO NPHBELEHHOMY Bblllle NPHMEpPY
BOCIIOJIb3yeMCSl  JIOMOJHATE/IbHO De3yJbTaTaMH, NOJYUYeHHBIMH METOJO0M
4
Pyrre — Kytra: y» = 0,81873086, y| = — 0,9048375 u yo= — 1. Pe-
3yJbTATH BHIYHCJCHHA AaHB B Ta6u. 5.7,
NMporpamma 5.63. Peanusanus Metona Azxamca yeTBepToro nepsiika’

115



Beox: nmaunbie y’ = f(x, y) npu x—P1 u y— PO, (x0+ 3h)= PI,
ys = P0, yo=PA, y;=PB, yj=PCu h = PJl. Busox: xi —PX =
= P1, yi—~ PY = PO0.

WIIC /—/ 9 X MIOB MC 3 7 X -+
UIIA TIB 5 9 X — 2 M 40 TIA
5 5 X WM2 +  WIO X 2 4. =
WIo 4 [0 MM uig + Mt C/IT B 00
R -

PesysbTatel  BblUMC/AEHHH KOHTPOJBHOrO HNpHMepa-peurenus (5.34)
. ’ ’
no . sToll nporpamme paHe B Ta6an. 5.7. 3HaueHna Y= —1, y; =

= —0,904837, y, = — 0,81873086 u y, = 0,7408184 BaATH U3 pewleHHs
aaddepenunansioro ypasrenuns (5.34) meromom Pyure — KyrTa.

Kak BuaHo u3 cpaBHenus Tabua. 5.6 u 5.7, Meron AnaMca mxaer cy-
LIECTBEHHEI BLIMIPHII BO BpeMEHH BEIYHCJIEHHH Ha OAHOM wlare mno
CPaBHEHHIO C OJHOIIArOBLIMM MeTOJaMH aHaJOrHYHOro nopsiaka. 710
ROCTOHHCTBO MOXKHO COYeTaTh C BO3MOXHOCTBIO «CaMOCTapTOBAHHS»
CIHOIIAroBbIX METOJAOB, YTO HJUIOCTPHPYETCH CJeldylolleHi MporpaMmMoii.

Mporpamma 5.64. Peanusauns KoMGHHHPOBAHHOrO Meroja Odiije-
pa — ApaMca. Bsox: namube y’ = f(x, y) mpu x—PA u y—PB,
x0 =PA, yo=PB u h = PJ. BuBoa: x; >~ PX=PA, y;—>PY = PB.

nm 44 TIIC NI 33 TIIII 44 Unc <+ HIno

X 2 =+ HIlo 4 TIIB HMMA C/IT NI 44
HIIC Xy IIC 3 X - 2 [—/ = I
33 BIl 17 WIIO X 'MIOB TI0 + B HIIA
unao 4+ TIA B/O ... B/O

Ipu uaxatuu xknaBuw B/0 w C/I1 sTa nporpaMma cHayaja BhIYHC-
asger y,—>PB u y6—> PC ycosepumeHcTBOBaHHBIM MeTOAOM Diijepa.
3arteM npH HaXKaTHH ToJbkKO KaaBuiiu C/I1 3HaueHusa x; W y; BHUHCIA-
1otcs MetogoM Anamca. Eciu 1o xoay BeluHc/IeHHI HAZO CMeHHTD wWar h,
HOBOe 3HauyeHHe h 3aHocurca B peructp JI m HakumaioTcd (Kak npH
nepBoM nycke) kiaaBuwn B/0 u C/I1 (nasnee tosnbko C/IT). Pesysbrarn
BbluHC/IeHUH nMpHBeleHH B Ta6a. 5.7.

ITomumo onrcaHHOTrO paHee MeToJZa NPOrHO3a M KOPpeKLHH (ycosep-
LIeHCTBOBaHHOro Meroja Jiiepa — Komk) Ha MHKPOKa/bKyJATOpax
APOCTO peasnn30oBaTh ABYXWarosblii Meron [6], 6asupywowniica Ha dop-
MyJax mporHosa

Yip1 =y +2hf (x5 9;) (5 35)
H KOppEeKLUHH

Yivr =i+ [ (e 02) +F (i 6340)]) (536)

Mporpamma 5.65. Peanusauns meroga mporHosa (5.35) H KOppeKs
nun (5.36) Broporo mopsinka. Bsox: aamable y’ = [(x, y) npu x — PB,
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y—Pl, [(x1, y1)= PO, yo = PA, x, = PB, yy = PC u h = PJ1. Bu-
Boa: x; > PX = PB, y;— PY = PC.
UMB WO + B HIo Mo X 2 X HITA
I 30 urio + HIg X 2 = UIIC T
30 10 UIMC TIA UMl TIC UIrB C/I1 BII 00
+ m .. B/0
BosbmeM nuist crapra AaHuble MOAH(HIHDPOBAHHOrO .MeTOZa Dilepa

(cM. BbIlIe KOHTPOJbHHIA mpuMep): Xo =0, yo=1, .xy =0,1, y3 =
= 0,905, f(x1, 1) = —ys/t=—0905 mpu T=1 u h=0,1; Haxu-
-Mas knasuwa C/IT (npu nmepsom mycke B/0 u C/IT) u XY, Gymem noav-
yaThb pauHble: X = 0,2, y» = 0,8188, x3 = 0,3, ys = 0,740798, x,=0,4,
Yy« = 0,67022608 u 1. 1.

" TOYHOCTb METOAOB IMpPOrHO3a H KOPPEKUHH MOXKHO HECKOJbXKO IO-

BBICHTD,” yTOouHuB OKOHYaTe/IbHOE 3HauyeHue yi+1=y(3_1 no pesyJbTa-
Tam BblYHCJCHHSA y(ﬁl’_l OpH NpPOrHose M -‘/(i]-l)-l IpH KOppeKuHd no ¢hopmy-
Je [6]
2 1 ©
¥ = [4y(i4)-1 +yPh]/5 (56.37)

Mporpamma 5.66. Peannsauua MeTOAa TNPOrHO3a H KOPPEKUHH ¢
yTouHeHHeM pe3y/abTata no Qopmyne (5.37). Beoa u BHBOA cM. B mpo-
rpamme 5.65.

WnB HIIO 4+ 1B HIT0 HITO X 2 X HUIA
-+ nr 37 HTio  + g X 2 <+ . HIIC
I1A + . 4 X Hm  + 5 = TIIC I
37 10 MIIC MIIB C/IT BII 00 It ... B/D

Bocnosib3oBaBIuMCh AAs  CTapTa -3TOH NpPOrpaMMbl  3HAUYeHASAME
y. = 0,9048375 u f(x4,y1) = —0,9048375, nalinenuniMu MeromoM PyH-
re — Kyrra, OGyzem mciyuyaTh caeayiouue fAaHHble: Xz =02, y, =
= 0,8187217, x3 =103, ys = 0,7408034, x.= 0,4, y. = 0,67030034
HT. A '

HenoctaTkoM BceX ONHCAHHBIX Bbillleé METOLOB SIBJISIETCSH BO3 'MKHO-
BeHHe YHCJIOBOH HeyCTOHUMBOCTH pelleHHsl mpu GoJsblioM ware h. Tak,
npu pewenu# AuddepeHuransHoro ypasHeHus (5.34) HeycrofunBoCTh
BO3HHKaeT npu h = T, nostomy caeayet 6patb h << 1. Heycroiiuui octb
OTCYTCTBYeT y TaK Ha3blBaeMblX HeSIBHBIX MeTOJI0B, Y KOTOPHIX Yiy, Ha-
XOAUTCS 1O 3HAuYeHHIO f(X;, yYi+1). JerajibHoe paccMOTpeHHe 3THX che-
LHAJbHLIX MEeTOLOB BBIXOAHMT 3a PaMKH n2HHOH KHUrH. OTMeTHM THIlb,
4TO cOYeTaHHE ABHO'O H HESBHOTO MeTOAOB Diliepa MPHBOAHT K 3bIpa-
JKEHHI0

gt = Y+ h[AF (5, 9) + (1 — AF (4, gien)],  (5.38)

npuueMm npu A =1 peaynsyercs ABHHIH Meron diidepa, npy A= ) —
HesBHBbIH, a npn 0 << A << 1 — kom6unupoBauubii [16]. [Ipu sToM He«
YCTOHUHBOCTL OTcyTcTBYeT, ecan 0 << A << 0,5. ITorpew ioct SIBHOIO d
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HEABHOTO METOAOB MO MOAYMo OJin3kH (NpOmopHUOHAJMbHE h%), HO MO
3HaKy pasyuunbl. [loatomy npu A= 0,5 HMeer MecTO 3HauYHTeNbud
MeHbIlas HOrPEIHOCTh, YeM Y STHX METOAOB, HCIOJb3YeMbHIX B OTAeJb-
HOCTH.

B o6mem ciaysae ypaBuenne (5.38) pemaercss HTepaLlHOHHBIM MeTO-
noM. OQHAaKO HHOrAA €ro MOXKHO pa3pellHTb OTHOCHTEJIBHO Yiyy B Si8-
wom suze. [IpuBegem mpumep.

e(t)) u(t)B R
8 sl —{ 39—
- &) ¢
4 =

a9

Puc. 5.4. Murterpupylomas RC-uenb (@) M npumep pacyera ee peakuud
Ha 3ajlaHHOe BXOJAHOe Bo3aedcTBue (6)

Peaknna u(f) unterpupypouiedt RC-uenu (puc. 5.4) #a Bo3aeHCTBHE
e(t) onpenensiercs H3 pelleHHs AH(depeHLHAJLHOrO ypaBHeHHS

, _du _e(®)—u
wh=gr=—
rie T = RC. [Ins Takoro ypasHenua u3 (5.38) mpu x=c¢e(!) n y=u({)
uMeeM ’

e t.)—u. Ah (l'—-A) et )—uH_, h
ui+1=ui+[ (t - l] + [ (i.:l ] .
PaspewuM mocieAHee ypaBHeHHE OTHOCHTENbHO ity H {IOJAYYHM

= G T"LA(’:/T_JZ&/T Dl 0
Mporpamma 5.67. Beuncaenne peakuuu RC-Liend #a BoanedicTBHE
e(f) koMOHHHPOB2HHLIM (SBHBIM H HeABHbBIM) MeToZoM Disepa (5.39).
BBoa: namuste e(f) npu £ — PB, A = PA, {p = PB, up =PC, h = P[]
n t= RC = P9. BuBoa: t;—PX, u; > PY = PC u e(#:) - P6.

HIIB TIIIT 42 Hric -— HUITA X ung Hvme =+
I8 X Huric + 117 unB Mg 4 nB I
42 Huns x i HIIA — X unr7 4+ 1
HIIA — s X 1 4+ < nc y“nB ¢/l

BIT 00 ree is  B/O
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IMycts Hano Haitti peaknHw RC-UeNH H3 ABYXSKCIOHEHLHAJbHbLIR
1IMIYJIbC
e (t) = Uy (e7"F — e~ H™),

Jnas sToro B NpPOFpaMmy BNHCHBaew (parMeHr BHiHCHeRHA e(f) B
Buge noanporpammel (ty = P, 12 = P2, Uo = P0)

UMB /—/ MWIl + Fe* HIB /—/ HII2 - Fe*
- U X

BBeiss ncxoniHbie Jnanubie A =05 fH =10, #o=0, h=02,
Us=10, 1=1, u=1 n 1.=095 mnoayunm ¢ =02, u(ts)=
= 0,1349188, t» = 0,4, u(f;) = 0,44620789, ¢3 = 0,6, u(ts) = 0,7910869
R T. A. (puc. 5.4,6). Exnnunnl usmepeuus f, v, 11, 12, Up U u — cekyH-
JB H BOJIGTHL. :

Cuctemp paddepeHIHANbHLIX YPABHEHHH NepBOf CTeneHH pellaloTCs
OMHCaHHBIMH Bhille MeTonaMu. OCTaHOBHUMCS HA pellleHHH 4acTo BCTpes
YAIOLIUXCSl CHCTEM H3 JABYX RHG@epeHHHANbHHX YPaBHEHHA BHIa

Yy = %—=f (x. u. 2), z’=Z—i=q) (%, ¥, 2). (5.40)
Pewenne cHcteMel (5.40) TPOCTHIM MeTozoM Jitlepa CBOAMTCS K BHIUHC
JIEHHAM Yipq M 2iyq N0 popMynam Oiyepa.

NporpamMma 5.68. Peaausaunsa npocroro Meroga ODijlepa AJaa CH-
cTeMbl B3 ABYX Aub¢epedmHambHBIX ypaBHeHHH Bmza (5.40). Bsox: mans
mole f(x, g, 2) 1 @(x, y, 2) npu x—>PA, y—PB n z—PC, xo = PA,
yo = PB, 2o = PC u h = PJH. BuBoxa: x;— PX = PA, y;—PY =PB
H 2i— PC.

cee evs see wae Hung X HIIB 4 I10
. ung x uric +
TIC HII0 IIB HWITIA HIO 4 IMA C/IT  BIl 00
MonuduunpoBaHaslii MeTox Dfiyiepa (BTOPOro mnopsaaka) A CH=
creMu (5.40) peanwsyercsi BhiparKeHHSMH

. o4 B s
Yit1 =y,~+7f(x,~. Y zi), Y =y;+bf (xi+3, Yipv zi).

* h h ®
2i+|=2i+§q’(xi» Yo 21)s Zp =27+ he ("i‘i‘?’ Yy zi+l)

H cjepyioumefi mporpaMMoi.

Mporpamma 5.69. Peanusanus mMoxnduuupoBanHoro Meroga diJjepa
s cuctemn (5.40). Beon: nauuvle f(x, y, 2) u @(x, y, 2) npu x— PO,
y—+PA u 2—PC, h/2 =P9, x=P0, yo=PA=PB, 20=PC=
= PJl. BuBoa: x,—~>PX = P0, yi—>PY =PA u z;—>PC.

HI1 24 X 9 F2x U0 + o IIfT 24
XY = 9 HII0 + Fo UWIOC IO HIA IIB
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uro ¢/m brr- 00 - ... ... ... e e
HI19 X HUMnB -+ mn ... ..
U9 X urng + [1C HII1 ITIA 2 Hrm9  B/O

Ilns fpoBepKH ABYX NMOCJAeNHHX MPOrpaMM pewuM cucTeMy andpde-
PeHIMAaJbHEIX ypaBHeHHH .
n?y ) 1
—_— 2 — — y
x x Y

4y _, dz _ (
dx ~ © dx

onpeneasiomux tabynuporannble ¢GyHkunu Beccens n-ro mopanka [1, 2,

6]. ITpu h/2 = 0,025, n =1, xo = 0,2, yo = 0,09950083 u 2o = 0,49235

GyiieM MHonyyaTh JaHHble, NpHBeleHHble B Ta6u. 5.8 (naHb BHIGOPOYHO).

Ta6nuiua 658

MeTtopn

. Tounoe pemenune

i Dhsiepa Shuepa Yy (x)=1(x)

npocToii MoaHdHIUPOBaHHBI A

0,2 0,09950083 0,09950083 0,09950083
0,3 0,14855151 0,14832009 0,14831881
0,4 0,19667502 0,19603182 0,19602657
0,5 0,24350396 0,2422791 0,2422684
1 0,44633959 0,44008729 0,44005058
2 0,59549752 0,57669725 0,57672480
4 —9,074593343 —0,06634331 —0,066044332
4,5 —0,25419072 —0,23126802 —0,231060431

HOuddepentinanpiple ypaBHeHHS n-TO NOPSAKA CBOAATCA K CHCTe-
. T §
MaM H3 7 YpaBHEHHH MepBOro NOPsAKa, KOTOPble PeualoTcsl OMHCaHHEI-
MH Bbllle MeTORAaMH (cM. npuioxenne 3 u [29]).-

5.11. CnekTpaJbHblif aHaJaH3

Teprnonnueckass GYHKUHA, 3aBucAlas OT BPeMEHH, C IEPHONOM
T —y(t), ynosnetBopsiomas yciaosuam Hupuxae [1, 2], Moxer 6wiThb
pasnoxeHa B pan Pypbe

m
y()= 223- + Z (an cos nat 4 by sin nw,t) (5.41)
n=1
RN
m
y(t) = 32-“— + Z Ap cos (noit — @), (5.42)
n=1

TZe fi — HOMEp TapMOHHKH, @1 = 27if, — yIJIOBAs WACTOTA MOBTOPEHHS,
j1 — 4acToTa MOBTOpEHHs! MePBOA FApPMOHHKH, o, Gs H b — K03¢dHUU-
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cutel pana ®Pypoe. TouHoe npeactas/ente y(¢) BO3MOXKHO NPpH M —+ co,
OJHAKO HA TpaKTHKe OOLIYHO MCHOJb3YIOTCS1 YKOpoueHHble paani @ypse
C KOHEYHbIM 3HAueHHeM m.

Mporpamma 5.70. Briuucaerne y(f) no pasnoxennio B pan dypne
(5.41) ¢ m < 6. BBoa: ao—+ as= P0-+P6; by bs=P7=P9Y;
by +— bs = PA = PC, i/T = PX. Ilpu cMmene /T ouunmaercs onepaiHo:i-
bl (650K (HaxaTHeM kaasuw Cx 444) u BBOAuTCS HOBoe 3HaueHHe /T,
[lepekmouatens P — I' ycTanaBauBaercst B noJoxenue P.

Fn X 2 X ng 7 Fcos HIII X XY
Fsin HWI7 X + + 2 Uig X N F cos
Iz x XY Fsin HII8 . X + + 3 unpg

X A Fcos HII3 X XY Fsin HII9 X +
-+ [4 HUrag X A Fcos HII4 X XY F sin
HIDA X+ + 5 HOO X 4  Fcos WIS
X XY Fsin HIB X + + 6 Unia X
A Fcos UII6 X XY . Fsin HIIC X + +1]
U 2 -+ + C/IT BIl 00

Ecan nac wuutepccyer Toabko ¢opma y(f), TO ujneH aof2 Momer
6biTh oTGpowed. Toraa perncTp 0 MOXKHO HCHONb30BATh [Jsi BHIYHCJE«
_ HHsl HOMepOB rapMoHHk n =1, 2, ..., m (m << 6) H opraHHzaluu Koc<
BEHHOM ajpecalliH Bbl30Ba A, H b, W3 perucrpoB mamsitd. HMcnoJub3ena~
11Me KBaJpPaTHbIX CKOGOK OGbLSCHSIETCST B ONHCAHHH mporpammel 5.71.
Mporpamma 5.71. Buiuucienue y(f) mo pasioxenuio B psn Pypee
(5.41) 6e3 uaena ao/2. BBoa: ay = Pl1, by = P2, ..., as = P9, bs =
= PA, as = PB, bs = PC (BBoAsATCcS KO3()ODHUHEHTH 10 Gm, bm BKI.O<
yutenbuo), m = PX u #/T = PX. Ilpu usmenenuu ¢/T mnosropsaercs
rsog toapko m H t/T. Tlepeknmouateas P — T B nosoxenun P.

4 2 X 1 + I10 0 C/ll Fn X

2 X nao o A XY 1209018 Hrio 1 —

2 = X A Fsin  KHII0O X XY Fcos KHIIO
X + + HI1I0 1 — Fx=0 15 XY c/m
BIT ¢o

Ina KOHTpOMs STHX TNpPOTPaMM BHIYNCAHM 3HauyeHHe psxa (5.41)"
npu m = 3 U CJAeAYIOLWHX AaHHBIX: ap = 0, a; = —5,23, a, = 0, a3 =
= 5,1, by = 25,3, b, = 0 u by = 3,47. Tak Kak m = 3 << 6, T0 U3 mpo-
rpaMMbl 5.70 MOXHO HCKJIOUHTb ()ParMeHT, 3aKJIOYEHHbIH B KBaJpaTHble
" cko6kH. BBexa koadouuentn @, b, ¢ nomouwbio nporpamm 570 u
571, 6ymem mnoanyuatb caexywomne 3Hauenus y(/T): y(1/24)=
=7,5562347, y(8/24) =29,625443, y(13/24) =—7,5562351, y(20/24)=.
‘= —29,625444 u 7. 1. Bpemsa cuera okoso 32 c.

fiporpamma 5.72. Brluncaenue y(f) no pasnoxeHuio (5.42) Ge3
uieHa ao/2. Beop: Ay =Pl, ¢, =P2, ..., 4 = P9, ¢s = PA, A=
= PB, @s = PC (Bropatca As ¥ @n 10 Am H @m BKMIOUATENBHO), M =s|
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= PX r T = PX. Hpn usMeHenuu #T nosropseTcs BBOX TOAbKO M

u YT
42 X 1 4+ TII0 0 C/lT Fr X
2 X Tpn 0 4 XYy uyno Mro . —
2 + ¥ KHUII0 — Fcos KHUIIO X + U0
1 — Fx=0 15 XY C/I1 BII Q0

Tpumep: man Ay = 25,9, @1 = —0,203 pag, A =0, @2=0Q

Az = 6, @3 = 0,973 pax, BBoas m = 3 u pasuwle ¢/T, Gynem noayuatb

y(0) = 28,745108, y(1/24) = 29,047034, y(3/24) = 15,364754,
y(7/24) = —12,728526 u 1. n.

*  Ilpn HcClefOBAHHH CHCTEM C MaJioR HelHHeHHOCTbIO 3aBHCHMOCTH

y(x), rae x — BXOAHOe BO3AeACTBHE B BHJAe TapPMOHAYECKOTO CHIHAJA

X=X, cos @, - X, IpHMeHsAeTCA MeTOA NsiTH opaHRAT [6—8]. C ero

TIOMOIBIO N0 NATH OpAHHATAM y(x)

U % (pHc. 5.5) omnpefensioTcs cpeaHee

3HAYEHHE Yo H AMIVIHTYAB TepBHIX

4-Xx TapMOHHK 3aBHCHMOCTH y(f):

Yo =1t + ys) + 2 (y2 + yo)1/6,
yur = (Y1 — ys) + (52 — ya)1/3,
Iue = (g1 + ¥5)/2 — y3]/2,

Zy z s =[ym — (y2 — 14)}/2,

M

}K—_ ZnC0S@WE+Z, Yms = Yuz — Yo + Y.

)

wt Koa¢ppuunenT HeJHHEHHIX HC-
KaXKeHHH

Puc. 5.5. UamocTpaius K Me-
rony e opaar K=/ 7+ 4 [

Mporpamma 5.73. Peannsaunus MeTosa nsiti opaunar. Beoa: yy=P9,
y2 = PA, ys = PB, y. = PC u ys=P]l. BuBoa: ye— PO, Yt =+ Yus—
—P1 + P4, K;— PX.

WIIA HIIC + 2 X ume ung 4+ 116 +
6 - o M9 wHng -— 18 UIMA UIC —
-+ 3 == I Hrs 2 = HrB - 2
- T2 Fx? WM HITA — HUnc -+ 2 -
113 Fx?2 4 Hri2 HuIrmo - uriB -+ T4 Fx?

+- F4~ um = ¢

Ilycts 3aBrcEMOcTs Ue (Us) Rackana Ha MOIMHOM M,D,H-Tpanauc'ro-‘
pe 3amaHa sHauemusma: 46,6(1); 38,9(3,5); 32(6); 26(8,5) u 21(11)
upugem Ugy + Ugs = y; = ys. Bena 3t 3sHavenns, moayurm Ky =
= 7,0177955-10-2, yo=Uco= 32,9 B, yui = Ucn =12,833333 B,
Yuz = Uewe = 0,9 B, Hug = Ucws = —0,0333335 B, Yug = Uene = 0.

Ecnn menmuefinas QyHKUHS z(X) NPH BO3AEHCTBHH X == Xy COS @;f
3apaHa 12-10 opiHHATaMH, To KOI(HUHEHTH Gy/2, 4a u b, paaa (5.41),
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MOTyT GHITh OnpelesNeHs MeTOAOM 12 opanHaT mo cjaeayoouiedi Meronus
ke [1]:

1. 3anucuiBaem 12 opaveaTt GYHKUHA ¥ (f) H onpeae/seM INOWAECHHQ
HX CyMMhbl S; H Pas’HOCTH IO CXeMe: :

y1=Pl  y,=P2 y;=P3 y,=P4 y;=P5 ys;=P8
y1:=PC y,=PB y,=PA y=P9 ys=P8 y,=P7

sp>PC §,->Pl s;—>P2  s3—»P3 s, >P4 s5->P5 s> P6
d,—~+PB d,>PA d;»>P9 d,--P8 d;-»P7

2. Brluncasem cyMMBl 6; ¥ pasHocTH O; mo cxeme:

So Sy Sa 83
Sg Ss Sy

op—>PC 6Pl o03>P2 o3->P3
60 -> P6 61 - P5 62 _*,p“

3. BrludcasieM cymMsl 0, W pasHocTH 1M, fl0 cXeMe:

d, ds ds
ds dy

91 - PB 92->pA 93->P9
m->P7 n.->P8

4. Haxonum 3HaueHHs1 Kod3pPuuueHToB by + bs, @y = a5 W SHaueHHe
2a¢ 1o opmyaam:

b — 91/2+93+92'\/§/2, - G0+ 02+ 01+ 03,
= 6 ’ 0=

12 '
b= Lt m) V3/2 5o S/2+ 0+ 8 AB/2
=6 1= 5 H
b_e.——ea, a_00—02/2+0'1/2—0‘s,
3—_—6 ’ 2 = 6 ]

3 3 — 0
b4=i2—(ﬂ1—ﬂ2)2 aa=°—62:
b 8240 —0,V3/2 _ Go— 022 —01/2+ 05
5= 6 ’ ay = 6 N
— ‘52/2+5o—51'\/3—/2.
6 ?

2a5 = 0o -+ 09 —6(0'1 -+ o3) .

ITH pacueThl HAa MHKPOKaJbKyasTope Osektponuxa DB3-34 peanu-
3yl0TCA ABYMA COIVIACOBAHHLIMH NpoOrpaMMaMH,
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Mporpamma 5.74, a. IToaroToBKa [AaHHHIX I pacueTa MeToAOM
12 opaunar. Beon: y, =+ Y2 = P1 + PC.

WMl WIIB — TIB WMl FBx + Il W2 WA
— TNA HM2 FBx + II2 - M3 MM9 — 119

WUM3 FBx. + T3 W4 WMN8 — M8 MI4 FBx
+ I4 W5 WUN7 — II7 M5 FBx 4+ 115

WUIC UI6 —  II6  HWIIC FBx +  TIC MIIl HII5
— 0I5 WOl FBx + 11 HI2 M4 — T4

WM2 FBx + T2 MIB U7 —  I17 MWIIB FBx,
4+ IIB MNA MM8 — M8 HIA FBx + TIA

3 F/ 2 ~ oo 2 c/m

B KoHLe 3Toff mporpaMMbl 3HauelHe 4/3/2 sauocurcs B peructp I,
a Ha MHIHKaUHIO BBIBOAHTCA HHDpa 2, ykasbiBaloulas Ha OKOHUaHHe
BbLIYHCIEHHH H He0O0XOJHMOCTb BBOJ2 BTOPOH NPOrpaMMBbl.

Y
F/ T
4] 8 @ ya4 Z

0 z

wt

Puc. 5.6. Uamocrpanus k Merony Bepra

Mporpamma 5.74, 6. Pacuer by =+ b5, ao -+ a5 4 2as.

HUIIB 2
I 92
HI19 I
HI10  UMA
uIil HIs3
2 -+
I 92

= HIT3
91 HIB
Hurg -

124

Hro 4 10 MIMA HUna X +

Hrz  HUIs - g X nm 92 HI1B

HIz Hng — g X III1 92

Hurg X I 91 HIIC U2 + I

ns -+ 2 - 1 92 U4

ure + 7z HIs HIng X TA -+
Uric Hnz2 2 = — B MIir 2

na + mr 92 Hrie Hr4 T

HIg, 1 9l WMz WNA 0O 91 W1

- C/I1 B/o



yere y = [(x) 3anana caenywomumu opauxatamu [1]: o 1,
y2=4 ys=05, ya=4, ys =23, ys =35, y1=235, ys =3, Yo =1,
v =05, yn =02 u y=0. Pacuer no nporpamme 5.74,a naer
Oy = 3,5, gy =,7,7, Oy = 11,5, 03 = 6. 6. = 0,3, 02 = -4,5, 03 = 4,
6 = —35, 6,=-—53, 8, =—25 n, =13 8 =25 Pacuer no
aporpamMe 5.74,6 naer by = 1,3411857, b, = 0,54848275, b3 =
= —6,1666666, by = —0,17320508, bs = 0,042147616, ao = 2,3916666,
a, = —1,5566557, a4, = —0,73333333, a3 = —0,16666666, a, =
= —0,016666666, a; = —0,026677566 u 2a¢ = 0,21666666. daunble
BbLIYHCJEHHH 0O 3THM TNporpamMMam H npHBeleHHble B [l1] moanocTbio
coBnanaior. OTMeTHM, 4TO 06O3HaueHHss a, H b, B [l] cooTBeTcTByIOT
ba v a,, npunateiM B (5.41).

Yacro Henuuelinas ¢yHkuus y = f(x) MoXKer OHITb NpeAcTaBjeHa
nByMAa oTpe3kaMmu npambix (puc. 5.6). Torma aeficTByowlas 4acTb BXOA-
HOro BO31eHCTBHA ’

|

x (t) = xy cos of + Xo

XapaKTepH3YeTCs YrJOM OTCEYKH
0 = arccos [(xy — Xo)/xu).

CreKTp BHIXOAHBIX KOCHHYCOHNAJIbHBIX HMIYJbCOB JUJIA STOrO cJayuas
soiyncaed Beprom [6—8] u 3amaeTcs OTHOCHTENLHBIMH CPeAHHM 3Haye-
HHEM Qg U aMIJIHTYRaMi FapMOHHK:

Yo sin® — 0 cos 6 Imi 6 —sinBcosh

a°=§;4= n(l—cosB) ' M= Tyy T a(l—cosh)

sin n0 cos  — ncos nO - sin 6
n(n?—1) (1 —cos 6) ‘

Ymn

Ym

2
Qp = = T *
" Mporpamma 5.75. Pacuet Ko3bdHIHEHTOB oLy, Oy H O Bepra. Bson:

n u 0 (B rpaaycax) B peructp X. [lepekmouatens P —T B nonoxe-
aun P,

no C/1 F=n X 1 8 0 -+ M9 Fcos
nz 1 — Fn X 8 HIo Fx=0 28 UII9
Uiz X HIT9  F sin - Urs - B/0 HI10 Fx?

1 — 115 Fx=0 44 HUI19 Fsin  HII7 X HI19

— U = B/0 HUIo M9 X Fcos HII9 F sin
X uro X UTII0 HI19 X Fsin HII7 X —
2 X HII5 =+ W10 == Hns -+ B/0

Haiinem ao npu 0 = 30°. Beeass n = 0 = PX, a 3atem 0 = 30 =
= PX, nonyunm  o,(30)= 0,11059842. Amnanoruuno: o(90) =
= 0,31830985; o, (30) = 0,21522308; «,(90) = 0,2122066 u 7. n.
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B oGmeM cayuae mas ¢yHruuu y({), npeacrasnennofi psagom Pypre
(5.41), Kosduunentrt @, u b, onpepenmorcs BelpaxKeHHamu [6—8):

T
ap= —?7 S y (f) cos nat df (5.43).
0
H
T .
bp= % S y () sin no,t dt. (544)
0

Hns psina (5.41)
Ap (©) = Vay (0)? + by (0)? (5.45)

onpesenseT aMIJIHTYAHO-4aCTOTHYIO XapakTepucTHKY cmekTpa (AUX), a
@n (0) = — arctg [bn (0)/an (0)] (5.46)

taso-uacrotHylo xapakrepHcTHky (PUX), OTmeruM, uTo 34ech © =,
= 2nf = 2nnfy = 2nn/T.

Eciu ¢yukuus y(f) sanana N opaunataMH y: ¢ pa3GHenHeM nepuo-
ga T = 1/f; na paBHble OTpe3KH BpeMeHH Af, TO LJA YHCJIEHHOIO HH-
terpupoBanuf (5.43) u (5.44) MOXHO HCHOJb30BaTb METOA TPAMO-
yroiabHukoB. Toraa 6yaeM HMeTb

N

ap= _f,_ > g cos 2mafii At (6.47)
i=l
N

bp= % Z Yy sin 2mnfii AL, (5.48)
i=l

Ecnn y(f) — HenepHoauueckas (YHKUHSA, ONpelefeHHas Ha KOHed-
HoM HuTepBase BpemeHH [0, fo], TO OHa XapaKTepuayercs CHeKTpaJsbHOY
MVIOTHOCTHIO

S (jw) = Se (0) + iSs (@) = S () e/® @, (5.49)
TAe
1
Se (@) = S ¥ (¢) cos ot dt, (5.50)
0
t
S (@) = S g (f) sin o dt. G.51)
0
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Hurerpuposanne (5.50) u (5.51) MeTomoM nPAMOYrOJBLRHKOB C
yueToMm ycaoBus fp = NAt paer

N

S = At Z y; cos (2nf Ati), (5.52)
i=1
AI

—At Z yi sin (27 Ati), (5.53)

i=1
CpasuuBaa (5.52) ¢ (5.47) u (5.53) ¢ (5.48), merpyaHo 3aMeTHT,
gro npu f = nfs

S anN
=L = . . Z y, cos (2nfi Al), (5.54)

; sin (2nfi Af). (5.55)

an

DTH COOTHOIUEHHS MO3BOJSAIOT CTPOHTb EAMHBIE MpPOrPAMMBl CIEK-
TPabHOrO aHaJM3a KaK NepPHONHUECKHX, TAK H HeNePHOAHYECKHX (yHK-
uuii y(¢). [locne onpenenenus (5.54) u (5.55) maxoaurcs AUX cnexrpa

SH _AnDN _ VS (P + S, ()
At 2 At

@ (f) = arctg [Ss (1)/Sc (). (5.57)

Jnsi ynoGerBa BHIUHCAEHHH NPOrpaMMbl CNEKTPaJbHOrO aHalH3a
CTPGATCA Tak, yToOHl MO Mepe BBOAA Y; HHAMUHPOBAJCS HOMep i opil-
HaTH y;. Kpome TOro, ecsin HaunHasi ¢ HEKOTOPOro HOMepa i >> iy OpAH-
Hatel y; = 0, caeayet mnpeaycMOTpPeTb BO3MOMKHOCTb NPEPHIBAHHA Bhi-
gHC/IeHHH.

Mporpamma 5.76. CnekrpanbHblil aHanu3, Beox: Af = PA, iy = PB,
f=PX u (nocie raxarus kaapuwl B/0 u C/I1 u BbicBeunBanus uug-
pet 1) yi, Y, ..., yu B peructp X. [lepexkmouatess P — I B nosoxe-
uun P. BuBoa: S—PX = P6, ¢ —=PY = P7, NA,/2—~>P8, NA,/2 —
— P9.

Fn X 2 X  HUINA X nc o 6 118
9 KWIe HuIe C/ 17 UIC UII6 X TII5 Fsin
X U8 4+ T8 UIIS Fcos HUII7 X  HIN9 +

ne MIB MUI6 — Fx=0 11 WUI8 UMY =  Farcig
1 8 0 /=1 X Fx + [I7 W8 Fx?

WIS Fax? + F4/ HUINA X 6 C/r1 BII 00

Boiuncaum S(f) B @(f) Ans npaMOYrosbHOrO HMNyJbca ¢ aMIIH-
TYLOH, paBHOA 1 (ycJIOBHas eNHHHIA), AJHTENbHOCTbIO | MKC M mEpHO-
ZoM nosTopeHun T = 4 mkc. Bans N = 32, yi 3ajaeM BOceMblo ean-
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BHYHBIMH oTcuetamu (OCTanbHble HyseBble). Booaum Af = 4.10-6/32 ¢ =)
= 0,125-10-6 ¢ = PA, iy = 8 = PB u uacrory f = 2,5-10° [u = PX.
Haxap kaaBuwu B/0 w C/I1, monyunm Ha HHAnKaTtope uudpy 1, yka-
SHBAIOULYI0 Ha HEOGXONMMOCTh BBOJA NEPBOrO 3HaueHHs i = y, = L.
Beens y; = 1, naxumaem kaasuwy C/[1 u mocje 06paGoTKH NepBOro
orcyera (3a BpeMs okosno 10 c) moayunM Ha HHAMKaTope uudpy 2 .
u 1. a. [locne BBOAA mocsefHero HeHyJeBOro orcyeTa ys = 1 mporpamma
aBTOMAaTHYeCKH INepexoAuT K BolukcaeHuio S = 9,0176423-10-7, ¢ =
= —50,624991°, Nb/2 = 5,5765853 (BbI3bIBaeTCH H3 peructpa 8) H
Na/2 = 4,5765856 (BuisbiBaercsi W3 perucrpa 9).

Huorna ans nepuoauuecknx OYHKUHE y(f) yRo6HO Hcmo/b30BaTh
pasioxenne B psin Pypbe 1o cHHYCaM:

N
y(t)=A+ Y, Apnsin (2ant/T). (5.58)

n=1

Ins Takoro psina npu Af = T/N
N 9 N
1 . .
Ay =¥ Z Yi, Aspn= v Z y; sin (2nni/N),

i=1 i=1

N I
2
Acn:WZyicos (2mni/N), A,,=’\/A§n+‘4:n’

i=1
@n = arctg (Acn/Asn).

Mporpamma 5.77. Boiuncnenne koadduuuentos paga Oypwe (5.58).
Bson: N = PB, n, y1, ¥z, ..., yn B peructp X. BeBoa: A,— PX=P3,
@, (B rpanycax) - PY = P4, ¢, (B pamnauax) = P5, Asn — P6, Acr —
—P7, AN/2—>P8 u AcN/2 —P9. [lepekmouatens P—T B nonoxe-
HHH P.

ITA 0 I16 g 119 HIMA Fx=025 KHWII6 HI16
C/IT U8 + rng HnB HII6 — Fx=008 I8 .
uUnB =+ C/IT  BII 00 2 X Fr X HIB
- [TA KHII6 HIT6 C/IT I HUIMA U6 X rnc
Fsin X HII8 4+ I8 nna WIC Feceos X KIT9

=+ 9 HWNB MHI6 — Fx=0 32 e ung =+
Farctg I15 1 8 0 X Frn =+ I14 HII8
2 X HIIB =+ 6  Fx? Hurg 2, X HI1B

- 7 Fx2 -+ F4/ I3 BII 22

ITycte Hamo HalTH cneKTpaabHbI cocraB ¢yHkuux y(f), npen-
craBJenqoit Ha puc. 5.7 npud n < 3. [TocKoabky y(f) CHMMeTpHYHa OT
HocuTeabHo ocu abenuee, To Ag = 0 u A, = 0. CnegoBaTenbHo, JocTa-
TouHo HaiTH A,, As, ¢ I ¢3. 3anaaum y(f) npu N = 24 To/bKO MO~
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JIOXKHTENLHEIMA OpAHHATAMH: Y =7, ys =11, ys = 13,5, y, = 154,
Ys = 17,4, Ys = 20,5, Y1 = 25,4, Ys = 32,5, Yo = 27,7, Yo = 19,2,
yu =10 u y12=0. Beena N =24 = PB u n = |1 = PX, Haxumaem
knaBuwy C/I1. BblcBeunBaeTcst undpa 1, ykaseiBaiomas Ha HeoGXoZH«
MOCTb BBOJA Y. BBoauM y = 7 = PX, naxumaeM xkzaasumy C/T1
H T. 1. ITocne BBoja yrp = 0 W Haxatus kaasume C/I1 BuicBeunBaercs
uncao 13. Teneps mpepbiBaem BBOZ, 3a-

naem N/2 =12=PB u nakumaeMm y
knasuwn BIT 57 C/II. IMonyunm A, = 30
= 25,836556, Haxas kAasumy XY, mo- 20
ayunm @ =—11,407519°, Kpome Toro, 10

A3 DErHcCTpPOB, YKA3aHHBIX B HHCTPYKUHH /2 -
K TporpamMe, noayuum ¢;=—0,1990988 0 z 27 JoF,
par, A — 253%161, Aq = _g|

=—>5,1101083, A N/2 = 151,95697 u

AcN/[2 = —30,66065. ~20F

[Tposens awnajorudnbie paedicteua -3p|-
s n = 3, noayaum Az = 6,1575834,
@3 = 56,131231°, @3 = 0,9796748 pan,  Puc. 5.7. 3aBucumocts y(f)|'
Ass = 3,431579, Acs = 5,1127416,

As3N[2 = 20,58945, AcsN/2 = 30,67645. [TonydyeHHble pe3yJbTaTH Npak-
THYECKH aHaJIOTHYHBI NPHBeleHHHIM B [15], OTTYyZAa B3AT mauHBIH npuMep.

Ipr ncnosbsoBanun nporpamm 5.76 u 5.77 yceuennuiit m << 2N ane-
HaMH psag Pypbe naer npubanxenne K y(f) ¢ MHHHMAJbHON cpende-
KBajipaTHuecKOl morpenocTbio. ONHAKO 3Ta MOTPEMIHOCTh 3HAUYHTENBHA
B CHJNy ABYX NpHuMH: (QyHKuusa y(f) TpakTyercs Kak pelleTyaTass H WH-
TerpupoBaHue BhipaxeHu# (5.43) u (5.44), comepKaiHX GHICTPOOCIHJI-
JIMPYIOUHE MHOMXHTEJH, METOAOM MNPSIMOYTOJbHHKOB COIPSIKEHO ¢ GO0Jlb
IIMMH NOrPEIUHOCTAMH.

Jlns nOBBILIEHHST TOYHOCTH CIEKTPaJbHOTO aHAJH3a Leaecoo6pasHo
annpokCHMHpoBaTh y(f) crymeHuartoif JHHHeH W CMeCTHTb ee Ha NOJO-
BHRY Wara Af, go6aBus Af/2 K TekyweMmy BpemeHd. Kpome TOro, Moxmo
BHuHCAATL METerpadsl B (5.43) m (5.44) Ha KAXAOM OTpe3Ke MO TOW-
HBIM aHaJHTHYecKHM ¢opmynaaM. Tak, ans a. B 3TOM cjyyae UOJYIHM
BhIpaXKeHHe

an= 2n Z oy S cos[2nnf, (t + %ﬁ)]d [2nnf1 (t + %’-)]

i=1 - (I-1)At

IMocne ananuTHYECKOro BHIYMC/AEHHA HHTerPaja HAXOAHM OKOHYA-
TeqbHO [8]:

N
Se - anN - ( sin sinf, At ) Z g, cos @anfy Atl).  (5:59)
i=]

At 2 nnfl At
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Ananormuno (5.59) noayuum

N

Sy buN in ninf, At : .

S tn =(s“;mlfflAt )Zyi sin (2mnf, Afi). - (5.60)
i=1 .

Ot (5.43) ® (5.44) dopmyan (5.59) u (5.60) oTiHualTCH HaJH-
upeM KOPPEKTHPYIOUIEro MHOXHTeJs, CYUIeCTBEHHO MOBLIMIAIONIET0 TOH-
HOCTD .BHIUHCJCHHS An H bp.

TMoBTOpPHOE YMHOXeHHe Ha KOPPEKTHPYIOUIHA MHOXHTeNh COOTBET-
CTBYET KYyCOYHO-JIHHeHOA ammpoKcHMaluH y(f).

Mporpamma 5.78. CueKTpasbHHIH aHAJH3 MOBHIIEHHOH TOYHOCTH C
BLIUHCJIEHHEM dn H b, mo ¢opmynam (5.59) u (5.60). Beom: At = PA,
iw = PB, f = PX (nocse naxartis kaasum B/0 u C/I1 u BHcBReuHBaHHSA
madpst 1) Y1, Yo, ..., yu B peructp X. Ilepexmouarems P —T B mono-
xenun P. Bwson: S(f)— PX = PO, A.(f)—P7, ¢(f)—> P8 (8 paanua-
nax), @(f) > P9 = PY (B rpaaycax), nfA? — PC, sin nfAt/nfAt — P4,
Nb/2 = P5, Na/2 > P6, HeckoppeKTHpOBaHHble 3HadeHHs NbL/2—Pl,
Na/2 — P2.

Fn X HITA X rnc 0 rne 1M1 TI12 KHUII6
e C/I1 0o M6 HUIC X 2 X I3 F sin -
X urn 4+ IT1 HII3 F cos UIMMO X umz <

Mg WIB MUI6 — Fx=0 09 HWIIC Fsin UIC =+
4 WM X II5 Fs2 W2 U4 X 116 Fx?
+ F4 7 HIOA X [0 WII5 W6 <+  Farctg

A /=1 18 1 8 0 X Fn =+ 19
Wro ¢/ Bl 00

OnucaHHbIA MeTOA CNMeKTPaJbHOrO aHaJH3a MOBHILEHHOH TOYHOCTH
ZaeT BecbMa MaJlyl0 NOTPELIHOCTh OCOGEHHO B TOM cJydyae, KOFZa CTY-
_ NleHuaTas annpoKchHMauus y(f) TOuKa; HaIpUMep, NPH BbLIYHCJIEHHH CIEKT-
pa UPSIMOYTOJIBHHIX HMINYJbcoB. Tak, 417 NpHMepa, NPHBEAEHHOTO K Ipo-
rpaMMe 5.76, BHuHC/IeRHs To nporpamme 5.78 mpu f = 2,5-10° I'n naiot
S(f) = 9,0031637-10-7, @(f) = —50,624991° (—0,8835728  pan),
A, (f) = 7,202531, aN/[2 = 4,5692374, bN/2 = 5,5676318 (HeckoppeKTH-
poBaHHble 3HaueHHs paBHb 4,5765854 u 5,5765854, xoppekTHpyomuit
MHOXHTenb paBeH 0,99835443). M3 Taba. 5.9 BHAHO, 4TO MOrpelIHOCTb
anavenus S(f) =e npessimaer 1-10-7.

HenocraTkom nporpamm 5.76 < 5.78 sB/seTcss HeoGXQAHMOCTb MO-
BTOPHOTO BBOAA Bcex OPAHMHAT y: NpH cMeHe n uiu f. Kpome Toro, naxe
npu iy = 10 Bpems Boiudciaenna S(f) # @(f) sHaunTeNHHO — OKOMO 2—
3 wun. Ilpu iy << 10 MOXHO OpPraHH30BaTb 3aNOMHHAHME Y; B PErHCT-
pax maMsATH, HCHO/b3Ys KOCBEHHYI0 aJAPecalHio K HHM, — CM. OpHMep
Huxe. Y MHKpoKaabkyuastopoB TI-58C/59 ¢ GOJBIIHM YHCJIOM perkcr-
pOB NaMsiTH MOXHO OpraHH30BaTb 3anomuHanne 10 30 # Gosee
(y TI-59) OTCueTOB Yi, UTO HCKJIOYAET HEOOXOAMMOCTb HX MOBTOPHOIO
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TaGauna 59

'-iacKrIg;a f S H oh Tormoes ?gneﬂne
250 9,0031637.10~7 —50,624991° 9,0031632-10~7
500 6,366193 -10~7 78,750007° 6,3661977-10~7
750 3,0010541-10=7 28,124997° 3,0010544.10=7
1000 1,5835548.10— !4 - 0
1250 1,8006325-10—7 —173,124981° 1,8006326-10—7

BBoaa. Takoe
YecKHX 3aJau.

BaxHbm
AUYX w dUX

9HCJO OTCYETOB JOCTATOYHO AJA GOJBLUIMHCTBA NpaKTh-

NPHJOXKEHHEeM CHeKTDaJbHOrO aHajlH3a sBJIAETCA pacuer

JIMHEeHHBIX CHCTEM MO HX nepexoAHbIM XapaKTEeDHCTHKaM
a
a(t)
R Wnpoml:nmauun'
[
7/ } | la(t)
/4 N R B 1
/2 N |
A i
| B ! .| L
0t t, ts t; t; ty £, £

Puc. 5.8. K annpoxcumanun a(t)

'(TIX), sagaHHbIM B KOHeuHOM HHTepBase BpeMenH [0, £o]. Casp IIX a(f)
¢ AUX n ®UX naercsa M3BeCTHHMH BHIpaXeHHAMH

A (jo)=a0) + A; (o) + jAs (0),

rae

ty

4 (0) = S a’ (¢) cos ot df,

0
ty

A5 (0) = S a’ (t) sin ot dt,

]

A=A (N2 + 45 (D%
9 (f) = arctg [As ()/Ac (D).

(5.61)

(5.62)

(5.63)

(5.64)
(5.65)

Jns noBHINEHHS TOYHOCTH BHUYHCACHHH 3aMeHHM g’(f) cTymeHuaToi
KPHBOil, CMellleHHOH BO BpemeHH Ha —Af/2. 1o o3nauaer, gro I1X a(f)
aNnpoORCHMHpPYETCs KycouHo-nARefinoll ¢ynkuneds — puc. 5.8. [Ipn stom
B npeje/iax KakAO0ro OTpe3Ka BpeMeHH

a’ (1)~

At At

Aa(t) a;—a; ;.

(5.66)
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Bocnosib3yemcs OTHCAHHLIM Bbillle IPHeMoM — HHTerpupoBanneM (5.62)
r (5.63) B mpefenax Kax[oro Iara Mo TOYHBIM aHAJHTHYECKHM QopMyJaM,
Torga Gypem nmets [8]:

N
in nfAt
4, = % Z (a; — a;_y) cos Az (2 — 1),  (5.67)
=1 R

sin ant

AN =" Z (a; — a;_,) sinnf At (2i —1).  (5.68)

Ilns MHKpOKaJbKyAsaTopoB DaekTpoHHka B3-34 o6veM namatn mos-
BOJIET 3aNOMHHTD N0 11 3HaueHHH a; (TPH OCTABIUHXCSH DErHCTPA HCTOJb3Y«
I0TCs KaK cayKeOHble). BBoA H BHIBOX @; B TIpolecce BEIYHCICHKHH /IS ympos
IUeHHS NPOTPAMMEL Ileleco00pasHO OpPraHH30BaTb C [OMOWBI KOCBeHHOM
ajipecanHH.

Mporpamma 5.79. Pacuer AUX u ®UX no IIX, sazanHoii 11-10 opau-
gatamm\ Beox: ajo = PY, ay, as, . . ., @y, fAt B peructp X. l'lepexhloanenb
P — T B nonoxenunn P. IIpu cMeHe fAf nocne pacuera A (f) n @ (f) BBoguTCA
TOMLKO HOBOe 3HaueHHe fAf,

11 10 XY CH —  KIO0 FBz HIO 1
— Fz=0 03 ¢n Fn x IHOB 1 1 10
0 Imc Om umo 1 — 2 x 1 —
UOB X 1 Fsin XY Fcos KHUIO XY FBz X
uic -+ nc- F, x uOA + o umo 1
—  Fz=0 23 WIC Fz* MIJ Fz2 4 Fy WIB

= MNIOB Fsin X ¢/l UIC Fz<O0 700 1 8
0 110 M, HUIC = IB Fx>0 8 KOO0 /—f
0 WIB Farctg 1 8 0 "= X Fn <+
IO — BIl- 13

B sroit mporpamme ¢ momowbio ananu3a auakos A, (f) n A (f) obec-
neunpaeTcsl MpejcTas/enHe yrioB @ (f) B pacunpenHoM 1o 4-180° guanasoxe.

Mycte Hago noctporute AUX u ®UX cucremrr, I1X xoTopoft mokaszana
Ha pHC. 5.9, a. Beeas mporpammy, HaxHMmaem kiasuw B/0 0 C/IN. HaGu-
paeM ajy = | B, Haxas Knasumy 1, @ = 1,02, Haxas knasumy C/T1 n gox-
naBmnch 06paGOTKH OTcueTa (OH BHOBb BHIBOAHTCS Ha HHAMKATOP), BBOZHM
ag = 1,08 u 1. 1. INocne BBOJa a; ¥ HaxaTHa kaasumH C/I1 eeicBeunBaeTcs
nudpa 0, Beoxum fAt == 0,01 n, sHOBE Haxas kaaBmuy C/Tl, uepes Bpems
~=2 muH nonyynm pesyastar A (f) = 1,0088276; Haxas eme pas ksiasHmy
C/I1, nonyunm @ (f) = —6,1442791°, 3uavenus A (f) ¥ @ (f) 212 pasubix
fAt panm B TaGu, 5.10, [padukn paccuntansmx sasucumoctedi 4 (f) u ¢ (f)
NoKasaHe Ha pug, 5,9,
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12

T A
1r 1 02 1,0
) 102 49
075
06F 05
- fos
0zt 02
0,05
1 —l 1
0-02 06 10¢ 7
5100_
o(7)
=300
¢0

Puc. 5.9. Tlepexonnasi xapakTepHCTHKA (c/leBa) H PaCCYHTaHHHIE MO Held
AYX n ®YX (cmpama)

Ta6auma 5.10

f At A(f) o (f)

0,01 1,0088276 —6,1442791
0,02 1,0331342 —12,82609

" 0,05 1,1341967 Z33,690029

0,1 1,0438664 —95,20238
0,125 0,83008103 ~—123,96085
0,15 0,56762792 —151,63527
0,2 0,23672042 ~—160,43524
0,3 0,15961459 —198,81658 *)
0,5 0,050929582 ~—263,99994 *)

*) OT noka3aHHil HHAMKaTopa OTHuMaeTcst 180°, Tak kak @(f) Bbimao 3a
npeaesbl onpelefieHHS OTPHLATeNbHBIX YIJIOB.

5.12. CraTucTHYecKHe pacueTel M peaJM3auHs Meroja
MonuTe-Kapao
CoBokynHocte N HEKOTOpHIX BeJMYHH X; (HampHMep, NaHHEIX 9KC-
nepHMeHTa) XapaKTepH3yeTcsl HAYaJbHbIMM H LEHTPAJbHLIMH MOMEH-
TaMmH# k-ro nopaaka [1—10]
N

N

mk(x)=TIfo, M, (x) =%Z —ml(x)]k,k=1,2?3,4,...
i=1 i=1

Lenrpansubiii Moment Mi(r) = 0. O6biuno £ < 4
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Ilns wcKMOueHHS 3aNMOMHHAHHA BeeX xi M paccumThiBatoTCS MO 3HA-
HEHHAM Mp:

My =my— mf,

Mg =mg — 3mmy + 2m?,

My =my— dmmg A+ 6mfm2 - 3mf.
HanGosee BeposiTHOEe (cpedHee) 3HaueHHe 4HCJa B MaccHBe

N

- 1
x=m]=-ﬁ in.
i=1

BeposiTHasi CTeNeHb OTKJIOHEHHS X; OT ¥ — AHCIepCHS

Bennunna 6 = 4/D  ABAsieTCS CTAHAAPTHBIM OTK/IOHEHHeM (HJH CPefle-
KBaapaTHYHOH TOrPelIHOCTLIO).

(=]
@B =
8

Phc. 5.10. QyHKUHH IJIOTHOCTH paclpefe/ieHHsi NPH PasHOA acHMMeT-
puH (@) u 3Kcuecce (6)

*Inst HOpMAJIBHOTO pacmpefesieHHs BEHITHCIEHHAA RHCIEPCHA ABJASET
cs cMewendoit. Hecmemennas aucnepcus

Dy=oy_ = MaN/(N = 1).

XapakTep CKOWEHHOCTH (YHKHKH MJIOTHOCTH paclpefeeHus p(x)
[(pnc. 5.10, ) onpefensercs 3HAYEHHEM ACHMMETDHH '
1 - -
_ S 3/2
A= ND” Z (¥i — %)° = Ma/ M3",

i=1

TMpu A= 0 xpumas p(x) cummerpuuna, npu A >> 0 BHITAHYT ee mpa-
BhIl yyacToK cnafa, a mpH A<C0 — JeBHlii yuacTok cnaaa (puc. 5.10, a).
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TTokasatenem octpoTsl muka p(x) {puc. 5.10,6), B cpaBHenaAn ¢
HOpPMaJIbHbIM pacnpejie/ieHueM, BJAsSeTCs KcIece

b 3 s

Mporpamma 5.80. BrluHc/ieHHe HagYaJbHBLIX M LEHTPAJBHHIX MOMEH<
TOB, CPeAHero, AHCOEPCHH, aCHMMeTPHH H 3Kchecca. [lopsaok BBoza H
BHIBOAA Pe3y/bTAaTOB AaH B KOHTPOJAbHOM NIpHMepe (CM. HUXKe).

une <C/0 II6 um 4+ m HUI6 Fx2 HIN2 4+
In2 HI6 Fx?2 HII6 X HII3 + 3 HIl6 Fx?

Fx* HWI4 + 14 FLO 00 Ml WUNA =+ I
C/ WM2 MIOA + T2 MI3 MIOA + I3 M4
WA = T[4 W2 MOl Fx? — NB C/II Ml
Fx? 2 X une 3 X — Ml X M3
4+ IC um2 2 X MM Fx2 — Ul X
3 X 4 + Hm — Hum X 4 X
W4 + I HUIC HWIOB 4 Fx? X FAa

C/l1 MUINO HINB Fx = 3 — (/I

JonycTuM, Hano HafTH CTaTHYeCKHe XapaKTEPHCTUKH MAaCCHBA H3
N = 10 caywailupix uucen: 9, 8, 10, 9, 11, 12, 10, 10, 9 u 11. TTocne
BBoxa nporpaMMu BBoauM N = 10 B percTpa 0 1 A u oGHyJsieM pe-
ructpul 1, 2, 3, 4, 5 u 6. Haxumaem knasuun B/0 v C/TI — Ha mrAn-
KaTope BbicBeunBaercs LH(pa 0. BBoguM noc/esoBaTesbHO BCe 3HAUECHHS
x;, Haxumas kiaasumy C/IT nocne o6paBGoOTKH KaXKI0ro orcuera (BpeMs
o6pa6orku okoso 10 c). Iloc/ie BBona moc/enHero x; HaKaTHe KJaBHIUK
C/I1 Bener K Bnigaue 3HaueHns ¥ = 9,9. Eme pa3 naxaB kaaBuwy C/TI,
nonyuuM D = 1,29. \ns onpenenennss Dy ymHoxuMm D wa N/(N—1),
Haxas kaaBumu MIIA X MITA 1-— = (3sazenne N xpasurcd B pe-
ructpe A). Iloaywam Do = 1,4333333. Ianee, mRaxaB ABaXAH KJia-
Bumy C/II, moayunm A = 0,19656579 n E = —0,752539. 3mnauenus
my =~ m; MOXHO BBI3BAaTb H3 perucrpoB | +4, a My, Ms 8 M;—us
perrerpos B, C » [I.

Ilo Bhiyuc/leHHBIM 3HaueHHsM ¥, D, A n E Mo0XHO B DmepBOM NpH-
GIUMEHHH CYyAHTb O BOSMOMKHLIX 3aKOHAX paclpejedeHrs YHCed X, Tak,
Ans Han6osiee YaCTO BCTPEYSEMOTO HOPMaNbHOTO 3aKoEa-A=0 m E=0.
MoxHG NpHHATD 3aKOH pacnpele]eHHs 3a HODMAJbHBIM, €CIH S3Haue-
BEs A w E B 2—3 pasa MeHbllle 3HAaueHHH# BCIOMOTATENbHBIX KO3(h¢H-
LHeHTOB [2]:

U='\/ 6(N—1) Vs 24N (N —2) (N —3)
: W+1HWN+3)’ ! WNVN—1*(N+3)(N+5)°
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Mporpamma 5.81. BoluucjeHHe BCMOMOraTeNbHHIX KO03((hHIHEHTOB
Us u U, BBop: N = PX.

o 1 — 6 X. HII0 1 4+ =+ HIo
3 + = F4/" C/1 UIo 2 4 X HII0
2 - X W0 3 — X Hum 1 -

F¥2 =+ HH0 5 BII 07

Haa N = 10 noayuaem U; = 0,61450986 u U, = 0,92244356.

Yacto cayuaiiiple BednunHel X H Y ¢ HOpMa/IbHHIMH 3aKOHaMH
pacnpeleseHHs ONHCHLIBAIOT HEKOTOPYI0 (YHKLHOHAJAbHYIO 3aBHCHMOCTh
Y (X). B3auMmocBs3b (KoppensiliHs) MeXAy HHMH MOXeT GbiTb YCTaHOB+
JieHa C TMOMOLIbI0 BbIGOpOUHOro Ko3(hdHlHeHTa KOppeaslHK

N N N
_ZXY—ZXZY/N

VE=-(E9/ME-(ET)

Mporpamma 5.82. Briuncienne BHIGOpOyHOro Ko3ddHuHeHTa KOppe-
nsaunH. BBoa: N = PX, sareM mnocsie HaxaTus Kaasuwx B/0 u C/IT
BhicBeunBaloTCs 3HaueHHa Xy, Yi, Xa, Y2, ..., Xy, Yy B perucrp X

no nImn o 3 Mn4 TII5 II6 II7 19 HWI9
C/l1 M8 HUnz -+ [17- WI8 Fx* MHII6 -+ I16
Uns C/r1 n9 HUms 4+ 15 HWI9 Fx2 W4 -+
M4 U8 U9 X U3 4 I3 FLO 09  HII6
Ur7 Fx2 MUl -+ —  UI4 UII5 Fx2 UMl =

— X F4/ N2 WN3 U7 U5 X Wl =+
— ume = M2 ¢/ BII 00

IIpumep. Halith r tna N = 5 snauennit Y(X): 2(0,95), 4,05(2,1),
58(3), 8,1(4,1) u 9,2(4,9). Beena N u nomapuo sxauenus X u Y, no-
ayuuM r = 0,99872802.

Bri6opounbifi Ko3p(hHUHEHT KOppeasilliH MOXeT NPHHHMATb 3Haye-
gHa oT —1 go 1. Bausocts r K 1 yKa3eBaeT Ha TO, 4TO BeJHUYHHBI
X u Y KoppeaHpOBaHHL.

Hepenxo MaccuB cJydafiHBIX 4HCeJ XapaKTepPH3YIOT THCTOrPamMoil
HX pacnpeiesieHHd, T.e. KOJHUeCTBOM uHcCeJ, NMONaJaloulHX B HHTepBaJbl
¢ rpanuuamu di, ds, ..., du. THCTOrpaMMBl HHTErPaJbHOTO paclpenene-
HHS CTPOATCA NyTeM IoAcYera YHCJAA TONAfaHHA B  HHTepPBaJHl
(—o0, di], (—o0, d2] u T R

Mporpamma 5.83. O6paGoTKa MaccHBa cJy4afHBIX UHCEN Xi, X2, ...
..., Xy AJs nocTpoenus rucrorpaMm. [lopsnok BBoja W BelBOAA AaH
AHXKe B KOHTPOJILHOM NpHMepe,
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10 uro C/II 110 Hrs — Fx<013 Ul 1
~+. I B/0 HWII0O HII9 — Fx<0 HI1223 ' 1

+ M2 B/0 U0 HIA—  Fx<033 HI3 1

+ I3 B/0 W0 HIB —  Fx<040 . KHII4 B/0
WMo WNC —  Fx<047 KWI5 B/0  HMoWNm —
F#<054 KWI6 B/0o  HI7 1 + 7 B/0 KHOIE

um Cc/a1 vz + C/1 umns + C/IT U114 -+
C/lT  HII5 + C/mm Ulé + C/I1 U7 + c/m
0 Fi/x C/II

IlycTb HYXHO MOCTPOHTH THcTOrpamMmy Aas 20 caysafiHBIX gHCeN¥
2,5; 5,15; 3,05; 1,1; 1,7; 3,6; 4,7; 4,65; 6,8; 5,6; 2,3; 2,9; 3,2; 3,8; 42»
3,5; 4,8; 5,7; 4,9 n 7,5. BBogum mporpammy, 3aTeM rpaHHUb dy = | =)
=P8, dg=2=DP9, ds=3=PA, di=4=PB, ds=5=PC-u
de = 6 = P]I u zanucuiBaem 0 B peructpul 0 <+ 7. Haxumaem knaBuma
B/0 & C/IT (BbicBeunBaercs 0), mocae yero NOCJIeI0BATeIbHO BBOJHM Bee
" sHayenus x;. VI3 peructpoB 1 -7 Bu3biBaeM uHcaa 0, 2, 3, 5, 5, 3 u 2,
XapaKTepH3YIOIMIMe YHC/IO MNONMajaHH# x; B HHTepBadn ¢ l-ro mo 7-&,
Haxas kaasumu BIT 60 u C/IT, nepeXoauM K BHIYHC/IEHHIO LaHHBIX AJA
MOCTPOGHHSI THCTOrPaMMbl HHTErpaJbHOH (YHKUHM pacmpesenenns. Ilo
mepe. HaxaTus KaaBHH C/IT (Zo mosBsienns 3maka EITOT, curuaau-
supylollero KoHell Buluncienuft) Gynem momysath urcaa 0; 2; 5; 10; 15;
18 u 20 — yHco momajaHHMA X B HHTepBadH (—oo, di], (—oo,d2], . .¢
e101 (—o0, dg]. Ha puc. 5.11 nocTpoeHs rHCTOrpaMMbl JaHHOIO MPHMepa.

n 20
z L
20
5 5 | 18
B R 15

Ar 10

: 3 3
+ jo}

2 2
2} I 5
0 1 1 1 1 é -
0 2 4 6§ a4 0 2 7 z
a) 0)

Puc. 5.11, TucrorpaMmbl pacmpefieieHHsl cayuafiHbIX gMces (@) H HHTe-
rpanbHOR (YHKUHH pacnpefeneHus (6)

Jlnsi moCTPoeHHs THCTOTPaMM ¢ GOJIBIIKM HGHCJAOM HHTEPBAJlOB (20
12—13) wmoxHO Bnucath 3HaueHHs di, ds, ..., dy HENOCPeACTBEHHO B
nporpamMmy Ju60 (GOpMHpPOBaTb HX B HporpaMMe (cM. NMPHMep HHXe).

ITycTe HYXHO MOCTPOHTb THCTOrPaMMY HAMNpSAMKEHHH CTaGHIH3aUHH
KPeMHHeBBIX CTaGHAuTpOHOB THma [1814A — I1814]1, H3roToB/IsSEMHIX MO
€HHOH TeXHOJIOTHH ¢ pa3buBKoii Ha rpynne nmo 3HayeHusM Uc, Takas
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pa3GHBKa, eCTECTBEHHO, TPeOyeT 3HAHMS CTATHCTHYECKoro pasfpoca Uer.
Orpannunmcs paGouuam AxanazoHoM Ues = 6 = 15,5 B ® cocraBum npo-
rpaMmy, mo3BoJsioulyio rpynnipoBaTth Uer B 13 mHTepBasax ¢ WMPHHOM
Kaxporo B3 HHX AUcr =1 B.

Mporpamma 5.84. OGpaGotka sHauesHd Uc. ‘AN NOCTpOeHHs [uCTO-
gpamMMul Ha 13 naTepBanax (—eo; 5B), [5;6 B), [6;, 7B), ..., [15; 16 B)
n [16 B; o). Beox: Ucr = PX (mocae Haxarus xaazsum B/O n C/IT).

1 3 o o KIl0 HI@ Fx=0 03 1 IR
Hrio C/IT II0 MIlI0 HIIO 4 + — Fx<0 26
KMo 1 + KIIO BII 08 U 1 + nno
3] 13

Mycts aas Uer uMeem suavenus: 9,3; 10,5; 9,7, 5,6; 6,1; 155; 11,2;
89; 12,2; 8,3; 7,8; 9,2; 13,8; 9,05; 10,3. Ilo OKOHuUaKHH BBOJA H3 PELHCT-
poB 1+9, A, B # C Bu3nBaeM JaHHHe AJf [OCTPOenHs (QYHKIHH
p(Ucz) —umcna: 0; 1; 1; 15 2; 4,2, 1; 15 1, 0; L.

B ocHOBe psAna CTaTHCTHYECKHX pacueToB JexHT Metod Moure-Kap-
s0. On 3ak/iouaercss B MHOTOKDAaTHOM pacyeTe BBIXOAHHX MapaMerpaB
¥ = f(xi, Yi, 21, ...) CHCTEMBI NOX BO3A€KCTBHEM BXONHHIX NApaMeTpaB
Xi, Yi, 2i, ... C 3aJlaHHLIMH 3aKOHaMH pacmpefeneHds. B pesyasrare mo-
sayuaercs undopmanus o paGoTOCHOCOGHOCTH CHCTEMH, pasGpoce ee BHI-
XOOHHX LApaMerpoB, 3aKOHAX HX paclpeAeJeHHA H T. I.

OcHoBo#i peannsanun Meroga Monre-Kapno sBasercs resmepanus
c/yTafinbIX YHCEN ¢ paBHOMepHHM B MuTepBaje [0; 1] pacnpedenenuem.
Hyrem coorBercTByOHX NPeoGpasoBaHHi MOXKHO NOJYYHTb HHHE 3a-
KOHHl pacmpe/ie/leHHs.

Mporpamma 5.85. ®opMHpOBaEHe CAyuaHHBIX YHCEJN C PAaBHOMEPHBEIM
pacnpene/eREeN MYJbTHIVIHKATHBHBIM COCOGOM

Vags = D(KV4), (5.69)
rae K = 8t +3 u D{KV,)— npabuas uacts KV, (B mporpamme B3siTO
t=5 n K=28-5—3=237). Bsoa: HauaabHoe e¢ayyaliHOoe 4HCJIO
Vo< 1 =PY.

3 7 X 1 4+ 0O RKUng XY HUnog -—
C/IT BII 00
Tax, BBens Vo = 0,1234567 = PY, naxumas mnasumy C/I1, Gynem
noayaarsb uucaa: 0,5678979; 0,012222; 0,452214; 0,731918 u 7. o Bpems
TeHepaUHH OXHOro 9HcAa 4 c.

Mporpamma 5.86. dopmupoBanne no 9000 HemoBTOPAOWIMXCA CaY-
yafHBIX YHCesJ C PaBHOMepHBLIM pacnpeneseHneM no dopmyne (cu. [9]):
. VIL-H = D(lle'f' J‘C).

Beor: V, <1 = PY.
1 1 X Fn + IIA KUOJ XY HIOD —
C/IT BIT 00
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HOaa Vo = 0,002 = PY, naxavaa xaasumy C{I1, Gyaem noxyqarb
gucaa: 0,1635926; 0,9411112; 0,493816 u 1. 1.

MNporpamma 5.87. dopMupoBaHHe CAyJafiHEX YHCe] C PABHOMEPHHIM
pacnpenenenueM mo (5.69) npeo6pazosanuwem uxX B uHTEpBaa [a, b]:

BBeoxa: a = PA, b = PB, V, = P0.

HuIlo 3 7 X 1 4 IO KUIId XY Wulnj

- 10 HUINB HMNA — X HUIA + C/T1 BII

00

TMpa a =72, b =3 u Vo = 0,1234567, aaxuman kaasgmy C/TI, 6y+
IieM noJyuaTth wHcaa: 2,5678979; 2,012222; 2,452214 u 1. A.

CnyuafiHble 9HC/1a C HEKOTOPHIMH 3aKOHAMH paclpejiesieHHss MOXHQ
TioJayuaTh ¢ NOMOLIBIO NPOCTHIX (opMya npeo6pasoBanus 8, 10} Ham«
GoJlee yacTo BcTpeuaeTcss HeoGXOAHMOCTb B reHepalHH CJAyYalHbIX UHe
ceJl C HOPMaJbHHIM pacnpenedenueM. [lapy Takux uucen R,’l H R:,', HMeIo+
wHx 0 = 1 1 ¥ = R = 0, MOXHO NnoNy4YnTh #3.0apsl uuces V,—y u Va
C TNOMOIIBLIO $OpMYyJ

Ry = A/2Tn (1/V ) cos (2aV,_,), Ry = 4/2In(1/V,) sin 22V, _)).
(6.70)
Mporpamma 5.88. I'eBepauus gHcesa ¢ HOPMAJBHBIM pacnpeleseHHEM
rn =R+ Rpo (5.71)

c s3aganEEM R # o mo ¢opuyaam (5.69)—(5.71). Beoa: Ve = PO,
R = PB n o = PC. Ilepeknouarear P —I' B mosoxenun P.

I 3 7 X 1+ 11, Kumg XY WL
—_ urmo 2 X Fn X Fsin XY I Fl/x
Fln 2 X F4/ X HIC X UrB + ¢/
BIT . 00

Tlpu Vo = 0,1234567; R =1 u ¢ = 0,1, naxumasa xaasumy C/II,
CyaeM mOJyyaTh caeayioulue uncaa: 1,0744877; 0,8771866; 1,0096652
H T. 1. Bpemsa Bbinaun onHoro uucia oxoJo 11 c.

Crenyer OTMETHTb, 4TO peanusanus - Meroga Monrte — Kapao na
MHKPOKaJIbKy/NATOPaX H3-3a GOJBIIOr0 YHCJMA BHUHCJAEHHH BecbMa Tpy-
I0eMKa H palHoHanbHa, ecau f(Xi, Yi, ...) ABAseTCH dyHRumed He Ho-
Jee 2—3-x nepeMeHHHIX. [TosToMy nanHblfi MetolX OoJlee palHOHAJIbHO
NPHMEeHATh NMPH pacderax Ha GucrponeficTByomux mukpo-OBM. Ilpn
9TOM HY2KHO oco60oe BHHMaHHE YAeNATb HpoBepKe HEOOXOIAHMBIX 3aKO-
HOB pacmpefle/ieHHs CJydYafiHHX YHCeJ, KOTOpble HEepelKO 3aMeTHO OTJH<
4al0TCcA OT NPHHHMAeMBIX NPH pacdeTe, 9TO MOXKeT NPHBOAHTb K 3Ha-+
YHTeJIbHRIM NOTPEITHOCTAM,
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5.13. Mpu6ankenue GyHKuuit

Ilyctb HexoTOpasi yukuusa yi(x;) 3afana N mapamu 3HaueHuit aGc+
mHcC X M opanHAT Y;. Ilyctb panee NpuOJIHMKEHHO H3BeCTeH aHAJHTH«
yecku#f BUA OQYHKIHH y(X) H HYXHO HaHTH OCHOBHEe NapaMeTphl aHa-
JHTHUECKOH (YHKIHH, KOTOpAas ¢ MHHHMaJIbHOH CpelHeKBaJpaTHYeCKOi
MOrPeuIHOCThI0 NpHGAHKanach 6l K HCXOAHOH (yHKuMH yi(¥:). Huxe
RaH pAA nporpaMm, oGecleuHBAIOIIHX Takoe NPHOJHXKeHHe IO MeTOAY
PFaHMeHbIUHX KBazpatoB [l, 2, 17] npH IpOH3BOJBLHOM pacnoONOXKeHHH
a6eruce x;. Mcxonnble naHeHble BO Bcex TporpamMmax BBOAATCS B pe-
rectp X B ciepyioueM nopsake: N, xi, yi, X2, Yz, ..., Xn, Yn.

Mporpamma 5.89. Briuncienne Ko3dpouunentoB by u by JuneifiHOro
EpUGJIHXKeHUS

Yy = bo + byx
no (opmynam:,

i=1 i=1

m 1T0 0 g I5 TI6 TII7 MMl U0 —
1 4+ Cmmne2 ¢m I3 WUre + 16 U2
WUI4 + T4 WII2 Fx2 WU + 15 W2 U3
X M7 + N7 FLo o7 HUIl4 Fx?2 HIIl MII5
X — I8 MHI4 U6 X Ul U7 X —
Urng - A C/IT U6 HIIA HII4 X —  HII
=~ IIB ¢C/m

IMycte y: = f(x;) 3apana N = 5 3uavenusmu y:(x:): 5,5(2), 6,3(4),
72(6), 8(8) u 8,6(10). Beens aTW nanmple, noayunm by = 0,395 u
bo=4,75. CnenoBatenbHo, GyHKuusA y(x) uMeeT BHm § = 4,75 + 0,395x

Mporpamma 5.90. Briuncienne KoadduurentoB bo u by runep6ovin-
4eCKOro NpHOJHXKeHHs

y=bo+ bi/x

H3 pelleHHs CHCTEeMBI ypaBHeHuﬁ:

N N N N N
2
BN + by Y Uxy= Y gy by Y Ux+ 5, ) 1xF = gy,
i=1 =1 i=1 i=1 i=l
m 7 o0 N3 M5 06 M8 W7 UM —
1  + GO N9 CM M2 W6 + N6 M9
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F1/x W8 - 8 WN9 Fx? Fl/x HUIB + I15

M2 MI9 -+ M3 + I3 FLO 07 WI7 WIS
X UM8 MM8 X — I[I0 M6 U5 X W3
M8 X — TIA WN3 Um7 X  WI6 HI8 X
— MMB  WUIIA MII0 = C/IT MIIB MII0 =  C/I

[lyets y = f(x) sapaua N = 8 snavenuamu y:(x:): 12,2(1), 6,8(2),
52(3), 4,6(4), 3,9(5), 3,7(6), 3,5(7) u 3,2(8). Beens atu naunuble, no-
ayuaM  bo.= 1,9357621 u by = 10,160173. CnenoBatesbHO, (GYHKUHAL
Yy = f(x) umeer Bun y ~ 1,936 4+ 10,16/x.

Mporpamma 5.91. Briuucienne napameTpoB by ¥ by CTENEHHOrO HPHa
6nmxeHust GyHKUHeH

y= boxbl

no ¢opmyJaam:

Zlnxi Zlnyi—NZlnxilnyi

i=l i=1
b=

(Z In xi)2—N Z (In x;)?

i=1

b ——exp[ (;Inyl b llenx)]

mo 17 o0 I3 TI14 TII5 e W7z HIO —
1 + C/m Il Flin TII8 W13 4+ rn3s M
Fx? MHII4 + n4 Wt ¢/ 12 Fin 119 HIB
-+ I15 HII8 HII9 X Hrie 4 16 FLo 07

UI3 WIS X HI7 HIme X - HI13 Fx2 MHII7
Hr4 X - = B HII5 HII3 HUNB X -
nmnz =+ Fe* MA C/II HUINB C/II

IMycts ¢ynkums yi = f(x;) 2anana N = 6 snavenusmu yi(x:)! 8(1),
12(2), 27(3), 48(4), 75(5) u 108(6). Torma noayuum b, = 2,9999996
u by = 2. CnegoBarenbHo, y(X) HMeeT BHA y =~ 3x2,

Mporpamma 5.92. Briuncnenne napameTpoB a u b npuGanxKeHHs
[0Ka3aTesIbHOH (yHKIHeH

y=10%+b*

NyTeM pelleHHsi CHCTeMbl ypaBHeHHil:

N N N N
aN+b Y x, =Y lgy, azlxi+be Z x, 1gy,).

i=l i=1 i= i i=1

=

o nmz 0 n3 1Is TII6 rng HIz HIo —
1 -+ cm ne ¢ 12 Flg M X Hrs
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4+ T3 MMl Ume 4 6 HI9 U8 4~ 118
M9 Fx* WUI5 4+ TII5 FLO 07 M7 U5 X
W8 MII8 X — [0 WI6 HII5 X U3 WIS
X - MA WIB M7 X MII6 U8 X  —
B WIIA UII0 =< C/IT HUIB HII0 = c/ '

Mycts npu N = 6 yi(x:) umeer smavenns: 5(1), 9(2), 12(3), 20(4),
82(5) u 50(6). Beens stu nanHue, noayuuM a = 0,561880038 u b =
= 0,19641628, T.e. y(x) nmeer Buy y ~e10%519+01%6x

ITps npuGnuxerun QyHKuued

y = exp(a + bx)

B nporpamMme 5.92 nocraTouso 3aMeHHTb oneparop Flg no ampecy 16.
Ha oneparop F In.

Nporpamma 5.93. Briuncienue mapamerpoB by u be npuOAMKEHHA
OKCIIOHEHIHAIbHOA (QyHKUHUEeH

y = boexp (b1x)

no Qopmynam:

m mn7? o N3 I4 I II6 HII7 HUII0 —

1 + cm Im U3 + 113 HWIIl Fx? HI4
-+ 4 W C/1 Fin 8 HIB 4+ s HIms
HITT X U6 + 16 FLO 07 HUII3 HIIB X
une umnrz X, kB -— HM3 Fx? HIO4 U7 X —
< IIB HII5 HI3 HIIB X - HIT7 = Fe*
IMA C/1 HIOB C/m

Mycre oyukmua y:(x;) 3anama N == 9 snauennamu yi(x:): 3,5(2),
5(3), 6,2(4), 9(5), 13(6), 16(7), 23(8), 30(9) u 40(10). Toraa nouy-
guM by = 1,9394789 u by = 0,30528351. CnenoBarenbHo, PyHKuusa y(x)
umeet BHA y =~ 1,94 exp (0,3053x).

Nporpamma 5.94. Briuncienne napamMeTpoB @ H b mpuGanXKeHus mo-
Ka3aTeJbHOR (yHELHeR

y = ab*
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A3 CHCTeMb ypaaHeHm’l

Nliga--lgbd Zz —2 gy, Iga Zz +1gb 2.1: —2 (z; Igy)'

i=1 i=1 i=1 =1 i=1
10 7 0 nm3 1s 116 ng Humnm7? wUIo —
1 4+ ¢m my ¢mu  Flg M W06 -+ II6

MIO9 N8 4 M8 UMY Fz2 WIS -+ o5 W9
UM x W03 + o3 FLO 07 HUO7 HI5 X
Uns wums x 0 W6 MI5 x M3 WIS
X — . TA  ums um x W6 UI8 X  —
0B WMNA HI0 -+ F405 C/I WIOB WUI0 -  Fi0*
cm

Mycts ¢pynruus Y;(*;) sanana N = 5 snauenusMH y, (x,): 6 (1), 7(2),
8,7(3), 10,4(4) u 12,4 (5). Beenst 3ty pauume, noayuuMm a = 4,9419892 n
b = 1,2029501. CnemopaTesbHO, y (¥) HMeeT BHR y = 4,942.1,203".

Mporpamma 5.95. Buuncienue napameTpoB a U b NPHOJIHKEHHs Jieras
puMHYecKol (yHKIyei:

y=a-tblgx
U3 CHCTEMEI ypaBHeHuﬁ:
N
aN +b Zlgzi zy‘,az Ig z; —]-bz(lgz)’—Z(yilgxi).
i=1 i=1 i=1 -

m mn7 0 m3 m5 16 I8 un7 umo  —
1 + ¢m m9 ¢m I2 KNI 4 6 W9
Flg I WUO8 4+ 08 W9 Flg Fz2 U5 -+
M5 WM HO2 x WMIO3 4 113 FLO 07 nmn?

uns5 x MO8 UI8 x — [0 M6 HIO5 X
N3 Wm8 x — DA HUO3 W7 x MO8 WIS
X — @B WIA W0 < ¢ UOB HIO0 «+
c/m

Myets y, = [ (x;) sanana N = 6 smavennamn y, (x,): 1 (1), 1,451 (2),
1,716 (3), 1,903 (4), 2,048 (5) 1 2,167 (6). Beepa 5TH NaHHLE, OAYUHM @ =
= 0,99993157 n b = 1,4997935. CnegopaTeibHO, DYHKIHA y (X) HMeeT BHL:
y~1!-+415Igx.

[apamerprl @ # b sorapudmudeckoro npubAHMKeHHs (YHKIHed

y=a+blnx
MOTYT TaKXe ONpelesaThes [0 noc/efieli mporpamme, eclu B Heft onepaTop

F lg no agpecam 20 u 26 samenuts Ha oneparop F In.
[lapametpn by, b1 # b, npuGAMmKenus napaGosuueckofi QyHKuHeRH

Y= by -+ b1x | bex?
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OTPELENAIOTCS U3 PellleHHs CHCTEMB! H3 TPeX ypaBHeHHI!

N N . N
boN + b, in+b22xf=zlyi,

by Z X+ by Z X+ by Z 2= Z 5y (5.72)

i=1 i=l i=l i=1

bo Zx +bl Zx +b2; x‘:= le?yp
1 i=1

i=I

Mporpamma 5.96. Briuucienue Kosabduuuentos bo, by u b, npu na-
paGonuueckoft anmpokcuManul [7]. Beoa: 0 =Pl=P2=...=P9
B yi = PY, vy = PX (nocne BBOoAa KaX[0H mape yi;, X; HaXHMaeu
knaBuwd B/0 u C/TI, BpeMs cuera okoso 50 c). Ilo oKoHuanuu BBOIA
paxuvaem knasumy C/IT n noayuaem bo—>P7, by—P8 u b:— P9
(Bpems cuera okoso 60 c).

NA XY . IIB 1 Iic no r1mm 79 HI13  I14
5 no nom 81 umnB  1c mnom 79 C/1 Il
26 nm 32 mnm 37 C/ll HIe HI4 4 11
74 16 W13 HIi2 11 73 n3 W8 HWI7z IIA
T 73 7 W9 HWIA W4 IO 74 ns HIIA

Hum = ny wurs W4 M 73 MA  HIl4 HIIL
+ I15 Hriz M =+ 4 . UMOA 112 HIms II1
une 113 B/0 HII2 X HITl + B/o IIIT

83 I 83 HIIC KWIlg + KITQ I/IHC HITA X
Inc uno 1 + nn B/0

HOas yi(x:), pasubix 3,76(2), 4,44(4), 5,04(6), 5,56(8), 6(10),
6,36(12) u 6,64(14), nonyuaem bp = 3, by = 0,4"u bz = —0,01.

YacTo HCHOJb3yeTcs NPHOAHKeHHE Y;(Xi) HMHTEePHOJALHOHHBIMH MO-
JUHOMAMH. 3HaueHHsl y(x) B y3Jax B 3TOM CJyyae TOYHO COBNAZAIOT
CO 3HaueHHSIMH yi(Xi), HO B NPOMEXYTKAX MeXAy HHMH MNOTPELIHOCTH
MoXeT 6biTb GOJblIed, YeM NpH NPHOMHKEHHH NO MeTONYy HaHMeHbILHX
xBagpatoB. Kpome Toro, B 3TOM cJjyuae cCTeneHb NOJMHOMAa 1 OIHO-
3HAYHO ONpeleNsieTCs YHCJIOM OpAHHAT.

Hurtepnonupyomasi ¢GyHKUHsT MoXeT ObITb HPeACTaBJEHA NOJHHO-
mom Helorona:

n 1
y(x)=by+ :Zn b, ;[:[0 (x—x,)- (5.73)

1 MPAKTHKH ynoﬁﬂee npeacTtaBjieHHe B BHIE

n

y(n= IZGa‘xi =aytaptap’ .. tat  G74)



KOTOPOe MOKHO TOJIYYHTb, BOCTOJB3OBABIIACH CJEAYIOUIAM aJrOpPHT-
MOM, pea/IH30BaHHBIM B mporpamme 5.97 [22]:

1. 3anaem j =0 u b, = 0.

2. IIpubasasem 1 x j.

3. BuiuncasieM

o 0= R
' by b npH j+i < n.

4. Ecn j= n- 1, npuHHMaem ai=b‘[’+” H 33aKaHYHBaeM BH«
UHCJIeHHS, B NPOTHBHOM CJiyyae HAEM K I. 2.

Mporpamma 5.97. Boiuucienne Ko03hGbHUHEHTOB b; B @; CTeNeHHBEIX
muorounenos (5.73) u (5.74) mpn n+41 << 6. Beox: y; = PX 4}, ;=
=PX (i=0, 1, ..., n). ITonyuaem: bo—P7, ..., bs—P2. Oaa no-
Jay4yeHus ap=* P7, ..., as— P2 naxumaem kaasumu- BIT 40 C/I1. Oasa
nonyyenus y(x) eeoauM n+4 1= P9 ana Kaxkgoro x = PX ¥ Ha-
wumaeMm kaapywy C/I1. Jns cMmeuleHHss Hagasa OTCYeTa X B TOUKY

xg=1%+ A BBomMM A=PJl=PC=...=P(l4—n), (T—n) =
== Pl u naxumaem kaasumu BIT 40 C/IT (a6—> P7, ... aé—) P2).
ng Xy 17 7 1 1 4 . C/o 18
11, WUII8 KUII0 — XY HIO 5 — 1o F,
KUIo — XY + W0 6 + TI0 6 —
‘UF1 — Fx=0 10 F, KIll MII8 K0 BII 05
12008 BRI + I8 7 + TII0 6 - 1
9 — Fx#0 79 KMIIO 4 F, 4 KMI XY
KUl X — W 2 4+ m F, KIl F,
UIIl  UI8 — Fx=0 56 U0 2 BIT 45 c/m
A U9 Cx M8 TI0  F, X KHMII0 +
HIo 2 + FLI 85 F, BI 79

Mpuwmep. Halith b; u a; MHOrouleHOB, aNNPOKCHMHPYIOUIHX 33«
BHCHMOCTb Y;(x;), 3amaHHyl® Taba. 5.1. Beens y:(x;), nomyuum: bp ==
= 0,4860966, b; = 0,031793, b, = —0,032635, bs = 0,0189833, b; =
= —0,00599965, ao=—0,16166365, a;=0,79047151, a,=—0,36226819,
as = 0,07538001 u a; = —0,00599965, [ajee MOXHO HaHTH A
x = 2,45 y(2,45) = 0,49285713.

MakcuMalbHyI0 CTelleHb MHOrOYJieHa MOXKHO MOBBICHTE ¢ 5 go 9,
ec/id a6CUHCCHl X; PACNONOXKEHB PaBHOMEPHO C IIArOM A OTHOCHTEeJbHO
3HAYEHHA Xg.

MNMporpamma 5.98. DBrluHcieHHe Ko3(@HLUHEHTOB o; MHOrouJeHa
(5.73), a; u dyuxkuuu y(2), rae 2= x — xo, no ¢dopmysne (5.74) [22].
Beoa: wo = PO, y1 =Pl, ..., yn = Pn n n = PX. Haxas kaaBuummn
B/0 u C/I1, nonyuaem ao— PO, ay —Pl, ..., an— Pn. Janee BBOgHM
h = PX u, paxuman 'knaBumy C/I1, monywaeM @o, Q1, 44+, @a—=PX
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(a0, a1, ay, 517, G, 3aHOCATES TakKe 8 peruetpw PO, P1, P2, ..., Pn).
Ilnsa oupenenenus y(z) mno copmyns (5.74) AnS KaXKAOFO 2 BBOLHM
n =PI, z= x — xo = PX u Haxumaem kaasumu BII 78 C/IL

A Cx o KUINIO OB . HIIO 1 + nc Hnn

1 + nno UWnB KM IIB XY — MIC =
KI1O WO UIMA — Fx=0 09 HIIC 110 HWINA —
Fx=0 03 HITA 1 - rnic B HIIB 1 +
IO KWIIB KUMO HUIIC X - KIIB HUIIB 1 +
B HIMNA — Fx=0 37 Hric 1 — Fx=0 35
ng c/m TIIB KUIig uric - = KO C/T1 WIC WIB
X rnc wng 1 + Ia BIT 63 4 1

0 Cx 4+ F X  Kdna +  H0g -
MO Fx<083 F, cm  BIT 78

Iins yRa3aHHOro Bulllle mpHMepa nojayynm oo = 0,4860966, oy =
= 0,0035472167, a. = —0,0003899, oas = 2,2583333-10-%, o=
=-—6-10-7, a, = 0,4860966, a, = 3,5472167-102, a; = —0,3899-10-2,
as = 0,022583333, a; = —6-10-3, Has x = 2,45 (z = 0,25) noayuaem
y(x) = 0,49285719.

5.14. CraaxuBaHHe 3MNHPUUYECKMX NAaHHBIX C OIMGKAMH

Hepeako ¢yHKuUMA y:(x:) 3anaeTca 3HAYCHHAMH Y TPH PABHOOT+
croswux afcuHecax x; 3HaueHHA Yy; MOTYT cOlepXkaTbh ClydaHHble OT-
knoHenusi. Ilo psiAy yi, HCNOAB3ys ycpelHeHHe HA OCHOBe HHTEpMOJsi+
UHOHHHX ¢(OpMYyJ, MOXHO YTOUHHTb 3HAueHHs OPAHHAT, T.e. MPOBECTH
crnaXkupaHpe 3aBHCUMOCTH Yi(x:). CriakeHHBHle OPIHHATH 3aIlHCHI-
BalOTCSl B BHIE #i.

MMporpamma 5.99. JIuHeltHOe CrJaXXHBaHHe NO TpeM OPAHHATaM ¢
HoMOLIbIO OpMYII:

o= (Yo + 2y1 — y2)/6, i=0,
=it 9+ 9,003 IKigKN-—-1,
Iy=(09y+ 28y — Iy_o)/6 i=N.

Bson: yo = P7, ys = P8, y» = P9 u nanee (nocne HaxarPus KJIaBHII
B/0 u C/TT) Y3 Y4 - Y, B peructp X. BuBon g, Fys Fgo o+r Gy B
peructp X.

UI7 5 X U8 2 X 4+ M9 — 6

= C/l1 W7 UII8 HI9 + + 3 + C/m

e W rrz W9 g Hre 119 BII 12 HII9

5 X HUI8 2 X 4+ HUO7 — 6 =

C/mt

Tlocne BBOAA Yo, Y1 U Y» HauMaeM kaaBuiiy B/0 u C/T1 u noay-
gaeM Jo. Eme pas maxas kaaBuwy C/I1, moayuaeM 7. Temepp BBOAHM
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ys u, naxas knasuwry C/I1, nonywaeM 7. m 7. n. [Tocne BBoga mocnen-
HETo SHAUeHHW Y, H NOJAySeHHS Jy_, HaXHMaeM KJ2BHIUH BIl 29 a
C/IT u nonywaem f,. Pesynbrats craaxusanns aas Gysruum y o~ 10x
npu x = 0,1 =~ 1 panel B Taba. 5.11.

Ta6auma 5.11

CraaxusaHne CraaxwuBanne Tounoe sHaveHue
Yy 10 TPeM OPAHHATAM | IO HNTH OPAHHATaM g=10x
0,9 0,97 0,992 1
2,12 1,98 1,995 2
2,92 3,0633333 2,998 3
4,15 8,9 4,038 4
4,9 5,05 4,998 5
6,1 5,9733333 6,044 6
6,92 7,0566666 7,024 7
8,15 8,04 8,004 8
9,05 9 8,957 9
9,8 9,825 9,91 10

Miporpamma 5.100. Jlunefinoe criaXknBaHHe NPH NATH OpAHAATaX
no ¢opmynam:

o= 3yo -+ 241 + y> — y4)/5,
71 = (4yo + 3y, + 2y, + y1)/10,
Gp=Wt vty ty, ty)f ISN-2

Iy =(Un_3T20y_o+3yy_+44y)/10,

Iy=0CYyy+2y_1+Yy_os—Yy_3)/5

Beon: yo = P35, y1 = P6, y2 = P7, ys =P8, yu. = P9, ys, ys, «:5, Yn
B perdctp X (CM. NOSICHEHHE B KOHTPOJIbHOM NpHMepe).

HII5 3

C/ll1 HII5 HII6 - HIi7

5 =
ur9 18
3 X
0 -+
urz +

X U6 2

X 4+ U7 4+ U9
— 5 4+ C/M M5B 4 X WO 3 X
+ U7 2 X +

HIs +

1 0 -

+ urs -+ urm9 -

C/1 T4 WMI6 15 U7 16 U8 I7
31 MI9 4 X  WII8
X + uis + 1
X Ums 2 X +

W4 19 bl
+ unz 2
C/Im urn9 3
HI5 — 5

=+ c/m

ITposeneM criaakKuBaHHe 3HauYeHHil yi;, TNPHBeAeHHHX B Taba. 5.11,
Beens yo -y, M Haxas kaasmmu B/0 u tpuxaw C/IT (c mepepriBaMH
Ha BpeMs cdera), MOJMYYHM Jo, 71, J2. Jlanee BBOAHM Y5 H moJydaeM s
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W T. 1. AHANOTHUHO NOAYYaeM §js, Jg, i+vy §y_o IloCTe BBOLA Yy
HaxumaeM Knasuwu BIT 56 C/IT u monywaem §, ), saTem eme pas
HaxuMaeM kaaBuwy C/I1 u moiysaem 7, (uHClOBHe NaHHBe CM. B
Taba. 5.11).

Has ¢ynkuuit yi(x;), 3aMeTHO OTJIHYAIOIIUXCSI OT JIHHEHHEIX, HC4
NOJb3yeTcsl HelMHeHHOe CIVIaXKHBaHHe C NOMOLIBIO MOJHHOMOB BLICOKHX
crenenefi m. Ilpn m = 3 Heo6XoauMoe UHCJIO ODAHHAT COCTaBAAET 7.

Mporpamma 5.101. HenunefiHoe cryia<HBaHHe NPH CEMH OPAHHATAX
no gopmyJe

Gi=(07Y;_sF ag¥;_o+ agy;_+apy, + ”Byt+1+“cyi+2+aﬂyi+s),

rae HHIGKCH y KO3(GQHIHEHTOB @ COOTBETCTBYIOT HOMEpaM pPETHCTPOB,
H3 KOTOPbIX GepyTcsl HX uHCJeHHBle 3HaueHHs. BBon: yo <+ ys=PO0 + P6

Ta6auma 5.12

i p7 | P8 | P | PA| PB [ PC | PR | pportekim
o 39 8 | -4 | -4 1 4 [ -2 B0 C/IT
1} 8 | 19 ] 16 6 | -4 | -7 4 B0 C/I
2| -4 | 16 9 | 12 2 | -4 ] 1 B0 C/TI
3| -4 6 | 12 | 14| 12 6 | -4 B/0 C/IT

4 -4 6 2 | u 12 6 | -4 c/m
N—2| 1| -4 2 | 12 | 19 [ 16 | -4 B0 C/II
N—t| 4| -7 | -4 6 | 16 19 8 B0 C/TI
-2 4 I Y R 8| 39 BO C/T

TaG6nuua 5.13

4
i ¥; gi (CraakeHHHEe) Y TOYHLIE
0 0,7 0,70142857 0,69314717
1 1,08 1,0807142 1,0986122
2 1,39 1,385 1,3862944
3 1,64 1,6242857 1,6094379
4 1,76 1,7995238 1,7917594
5 1,99 1,9509523 1,9459101
6 2,04 2,0733333 2,0794415
7 2,22 2,1914285 2,1972245
8 2,28 2,3028571 2,3025851
9 2,42 2,412619 2,3978952

M Aajee B COOTBETCTBHH C TabJ. 5.12 u yKasaHHAMH KOHTPOJBHOTO MpH-
mepa,
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HUIo UMz X UIll U8 X 4 HI2 VI X

+ WI13 HIMA X + W4 HUNB X + WIT5
UMnc x + UI6 UL X + 4 2 <~

C/l1 Ul TI0 F, U2 Il F, WUI13 12 F,

HIl4 TI3 F, UIls 114 F, HIi6 115 F, I16

BII 00

IlycTe HYXKHO NpOBECTH HeJHHelHOe CriaXXuBanue OYHKUuE y:(x:),
npeacTaBneHHsIX B Ta6a. 5.13. BBomnM yo + ys B peructpel 0=+ 6 u ay
nast i = 0 cornacHo Taba. 5.12. Haxkas knasumn B/0 u C/I, noayuum
Jo = 0,70142857. danee, He MeHsid 3HaYeHHs §o -~ Js, BBOAHM 3Haye-
Hust a; qas i =1, 2 n 3. Toayuum G, J» B s Ilocae sToro, He Me-
HsAsl 3HaueHWil a;, HabupaeM ouepeJHOe 3HAaUeHHe Y;=Yp Yg «oes Ypr
Haxumas B koHle HaGopa Toibko knasumy C/IT, 6yxeM nosyyath 3Ha«
YeHHA [y g ooy Jy_g A8 NONYUEHHS §yy o0 Jpr_y U §p BBOAHM HO<
Bble @; U NPH KaxkJAOM Nycke HaxkKumaeMm kJjaBuliy B/0 u C/I1. 1aunne
Crya’kMBaHHs NpHBeldeHH B Ta6a. 5.13.

K npouenypaM criakHBaHHs OTHOCHTCS TAKXKe DerpecCHBHHIH aHas
aus (npubamxkenne ¢yexuunit), onucasuslit B § 5.13. CrnekTpasbHblid ana-
aus (§ 5.11) obecneunBaeT CrnaXKHBAHHE C NMOMOLIBIO YCeyeHHOTO TPH-
roHomerpuyeckoro psina dypee. Psap apyrux nporpaMm criaXkHBaHHS
(B TOM 9Hcse C. OXHOH, ABYMS H TpPeMS HPOH3BOJBLHBIMH byHRUHAME)
ounxcad B [29].



F'nasa 6
BbIYMCJIEHWHE CHNELHUAJIbHbBIX ®YHKUHUHA

6.1. UHTerpanbHasi moKasartejbHas
U pojcTBeHHble eil PyHKUHH

Mporpamma 6.1. BrluncieHHe HHTerpasNbHON MOKa3aTeJbHOR (YHK-
LHH pa3jloKeHHEM B DAA:

bl ©on

P (x) = — € g *_

Ei (x) = VpS - dt y+1nx+z‘;nm. ©.1)
X n=

Beoa: mocrossHas Diitepa y = 5,7721566-10—-1 = PJ], 0 < x = PX.

m 1 g I 0 s 116 KWIl4 WI14 HII5
X 15 HI4 X U9 HII8 X I8 XY =
vrme -+ HIe Xy I6 — Fx=0 07 WIl6 UI1O
+ U9 Fin + 110, C/IT BII 00

HOas x = 0,5 nonyunm Ei(0,5) = 0,4542199 npu Z. =~ 1 mun, aan
x = 5 nonyuum Ei(5) = 40,185274 npu t. &~ 2 Muu.
Mporpamma 6.2, Briuncienne dynxuun Ei(x) pasnoxenueM B psn:

o

-t hod n._n
E (x)=S S—dt=—y—lx=) ED* 69

nenl
x n=1
BBon: y = 5,771566-10—-1 = PJI, x = PX.
m 1 rng 1II5 o ma 116 KHWII4 HI4 UIB
X TII5 Hr4 X Hurg /—/ vng x ng Xy
+ Hure + HUrme Xy 1I6 — Fx=0 07 HUII6
/—/ WO — U9 FIln — TI0 C/lT = BII 00

Oas x = 0,5 nonyunm E;(x)= 0,5597736 npu f. ~ | wmum, p1a
x = 5 noayuum E;(x)= 1,1481-10-3 npu ¢, ~ 2,5 mun.
INporpamma 6.3. Brruucienue ¢yHkuun

'y e—*t
En ()= S at
1
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man=0,1,2 3,... 10 pekyppeHTHO# (opmyne
I
E,g=—[e""—xE (1], n=123 ..., (6.3)

npr Eo(x)=e~*/x m E(x), BbiaucasieMoM pazioxeruem B psan (6.2).
BBoa: y=>5,7721566-10-t=P]l, x=PX. BuBoa: n— PX, E,(x)— PY.

n /—/ Fe* UM = T 0 M 16 C/I
1 18 I15 KWUI4 MI4 HI5 X s WM X

W9 /—/ M8 X m XY = W6 4+ U6
XY 16 — Fx=0 13 W6 /—/ ML — U9
Fla — [0 1 " TI4 C/1 KWII4 UMY /—/ Fe*
U0 M9 X  — W4 1 - +~ [0 W4
C/l BIl 46

Aas x=205 Gynmem HOJY9aThb n=20, - E;05) =

= 1,2130612 (1,2130612), n =1, E;(0,5) = 0,5597736 (0,559773595),
n =2 E»(0,5)= 032664384 (0,3266439), ... n =10, E(0,5)=
= 0,063458298 (0,06344583) n T. .

Rporpamma 6.4. Bruncienne En.(x) no 3azasHoMy 3HAauEHHIO
En(x) npr n > m. Beox: x = PX, En(x) = PX u m = PX. BuBoa:
n— PX, E.(x)—> PY.

5 CJI1 16 19 C/I1 I14 KWII4 MII5 /—/ Fe*

HUIre HUIs X — HI4 1 — - I6 M4

C/I1 BIT 06

BTy mporpaMmy JIerko npoaepmb N0 NpHMepY, OPHBEACHHOMY IJist
nporpamMmsl 6.3.
Mporpamma 6.5. Bbmac.nenue cpynxuml
On (x)=S the~*t g, n=0,1,2, ...
1
[0 PeKyppeHTHOH (opMmyJie
a, (x)=[e*+na,_, »]/x
npu oo (x) = (exp(—x))/x. Brox: x=PX. BuBog pesynsratros: # — PX,
a.(x)—>PY = PO. i
9 /—/ Fe* I8 HII9 = ITI0 0 TII4 C/II
KWUll4 MI14 HUII0 X M8 -+ HII9 = 110 HII4
C/IT  BIT 10
IOns x=2 mnmeeM on(2)= 0067667645, a:i(2)=0,10150147,
a»(2) = 0,16916911, ..., as(2) = 5,5994975 u 1. .
IMporpamMma 6.6. Bruncienne GyHKIEH
' 1
b= et n=01,2..,
-1
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1o pekyppenTuoit gopmyie
By () =[(=D"e*—e* +np,_, (1)]/x

npu Po(x) = (e* — e~*)/x. Beog x = PX. BuiBog pesysbratos: n—>PX,
Bn(x)— PY = PO.

ny Fe* 4 Fl/x — U9 = I 0 I14
c/m 1 [18 KWII4 HII4 HII0 X HII9 [—/ Fe*
— W9 Fe* HUMIg /—/ TI8 X + Hrm -
o Hri4 C/I1 BII 13

IOna xs=4 mnoayunm fo(4) = 13,644957, P1(4) = —10,242876,
B2 (4) = 8,5235195, Bs(4) =—7,2614757 u T. .

Eciu npomexyrounsie 3HaueHusl En(x), on(x¥) win Bn(X) He HyXK-«
HBEl, MOXKHO COCTABHTb NMPOTPAMMBI C OCTAHOBKOH BBIUHCJEHHI MO 3afaH+
HoMY 3HaueHuio n. [IpHMepoM sBJsieTcs NPHBeNEHHAs HHXKe Nporpamma.

Mporpamma 6.7. Beruncnenue GyHKIUH Oln(X) A5 3aLaHHBIX X\ H M.
Beoa: x = PX u (nocae BuicseynBanusa uuppe 0) n = PX.

19 /—/ Fe* I8 U9 - 110 0 C/m 17
Hrio 16 o 114 KHWII4 HIl4 HII6 X HIs 4+
U9 < II6 WII7 U4 — - Fx=0 14 HII6 BII
08 - :

Ilycte Hapo Beuucauth as(2). BBens x =2 u n = 6, noayuum
as(2) = 5,5994975.
~ Hurerpansnas ¢pyHKuns
X

t
li(x)=VpS-d——Et(lnx), x>1,
0
BBIYHCJAsieTCs 110 mporpamMme 6.1 mpu BBoe BMecTO X 3HAueHHs In .

6.2. UHTerpajbHbie CHHYC H KOCHHYC
(BKJaOUas runepGoNHUECKHE)

Mporpamma 6.8. Briuncsen:e HHTETPAJbHOTO CHHYCA DAsJIOKeHHeM
B Pl

x t had ( l)n 2n+1
.’ sin _ -_— X
Sl(x)—og dt = 2 GG (6.4)
BBoa: x = PX (x < 10),
G 7 I8 Fx2 2 [—] =+ 19 0 14
KUI4 WII4 2 X 1 4+ Fx2 II5 UIl4 2
X 1 — UM X UMN7 X WIl4 =+ U5

- 7 uns + N8 FBx — Fx=0 10 I8
c/m BIT 00
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Kontponeaete mpuMepe: Si(0,1) = 0,099944467 (.~ 30 c) w
Si(10) = 1,65683514 (f{. &~ 4 mun).

Mporpamma 6.9. BhiuncieHue HHTErpaJbHOrO CHHyca MPH GOJIBIIHX
X > 8 acHMNOTHYECKHM PasJIOKeHHEeM:

955 (1= 2 (- 2 (- 2))-
-2 (1- 5 (-2 (- 2)).

BBon: x = PX. INepekmouaress P —T B nonoxennu P,

n8 Fx* Fl/x II9

1 2 X 4 P
- X 1 + 4 X -HUM9 X 2 —
HI8 Fcos X U8 = II7 UI9-2 0 X
4 A1 - X 1 + 1 2 X
W9 X 2 — WUI8 Fsin X U9 X U7

+ Fn + 2 -+ C/lT BII 00

Ons x = 10 nonyuaem Si(10) = 1,6583685 npu . =~ 20 c. '
Mporpamma 6.10. Bbmuc.neﬂue HHTErpajibHOr0 KOCHHyCa pasJjioxed
HHEM B Dsd:

X

o « cost —1 (—1)" %"
Cl(x)-—v+_lnx+§—-dt—y+lnx+zW (6.5)
Beon: y = 5,7721566- 10~ 4 = P]I, x= PX.

119 Fx? TI8 0 I14 I15 1 n3 117 KHI14

Ve 2 X 16 1 —. U6 X UN7 j—/

X M7 W6 X W3 UM8 X m Xy =

s 4 Urns Xy 15 — Fx=0 09 WII5 WII9

Fln 4+ WIOO 4+ ¢/ BII 00

Haa x = 1 umeem Ci(1) = 0,33740392 ({c ~ 1 Mun).
VHTerpaliible THNepOOJHUECKHE CHHYC M KOCHHYC MOMHO Dasios
%KHTb B DSULHL:

. ¢ sht - P
Sh‘(")‘—‘OS ;A= @ F D @+
n=

x
Chi(x)=y+lnx+s hi— dt—y+lnx+z (2n)12n
) 0
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Oun BraucasmoTes no nporpammaM 6.8 u 6.10, ecin omepatop /—/ mo
axnpecaM 05 u 19 samenurb oneparopom KHOII (mer omepauun).
QyRKUEA 3TOTO Naparpada MOryT BHWHCAATBCS H TIO- IpOrpaMMaM
9HC/IEHHOTO HHTerpHpoBanusd. OpAakO0 NIPH STOM BpeMRE BHYHCACHHA
GoabLue. '

6.3. N'amma-pyHKuHY (BKJIOYAa HEMOJHbIE)

BoigHC/IeHHe raMMa-(pyHKIH#E
I‘(x)=S et gt
0

BBHIY CJIOXKHOCTH Pa3/OMeHHs B PS4 LeNeCO00DPA3HO BHIMOJNHATH MO
annpokcrMannsaM [3].

Mporpamma 6.11. Briuncnenune T'(x) npu x = 1 no ¢opmyne Crup-
JIMHra ¢ Koppexuwueil noc/ienHero unena {3, 6]:

I(0) = A/ e~**H (x),
l'ﬂe’
1 1 0,7
H) =1+ 157+ 9557 ~ 288"

¢ npeo6Gpa3oBaHHEM

F'x)=T(x4+1)/x npu x < 1,
T'(—x)=—mn/[xT (x) sinmx] npu x<O0.

Beox: x = PX. IMepexkmoyareas P — I’ B nosoxenau P.

M Fx<0 21 [—/ T19 Il 25 Fn HII9 X

Fsin X HI19 X Fi/x Fn |/—/ X C/l1 BN
00 I 25 BIT 18 4 A 1+ X

118 HI19 2 4 A 7 1 Fe* = Fx?¥
Urns -+ s Fn 2 X U7 = Fa4/ U8
X I8 0 , 7 unz += 1 Xy -—

2 4 <+ HUN7 = 1 + 1 2 =

HI7 = 1 + U8 X  B/O

Koutpoanrubie npumeps. I'(0,5)= 17724781 ({. =~ 22 c),
TOWHOe 3HaueHWe 4/m — 1,7724538, [I'(1,2)= 091817537, T'(4,7)=
= 15,431423, I'(—3,2) = 0,68905558 (¢. =~ 25 c).

Mporpamma 6.12. Buumcaenne I'(x 1) mpm x <1 ¢ norpew-
HOCTbIO He Gosee 2-10-7 annpoxcumanueft

T (x4 1) = (((((((bsx -} b7) x -+ bg) x + bs) x + bs) x + b3) x +
Fb)x4b)x-10"84 1,
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Beoa: by==>57719165 = P1, 52=98820589 = P2, b;= —89705694 =
= P3, b, = 91820688 = P4, b5 = —75670408 = P5, bs=48219934=
= P6, b; = —19352782 = P7, bs = 3586835 = P8 n x = PX.

nn s [0 W8 4 XY MO X KUMTo +
W0 Fx=0 05 XY 1 BII 8 + 1 +
C/Il BII 00

Mpu x =102 T'(1,2)=0,9181689 (Tounoe 3Hauenue 0,91816874),
mpu x =08 T[(1,8)=0,9313837 (Toumoe 3nauenne 0,931383771)}
e~ 22 c.

Henonnble raMMa-GyHKUHH TPeNCTaBJEHH COOTHOWEHHAMH [3]a

X

P (a, x)= T (la) S e a1 g4,
0

x
v(a, x)=P (a, x)T (a)= S e_tta_ldt,
3 .

o =T @100 9= |
x

Bce atn dyHguMn MOryT OuITh OfipedesieEN gepe3 (YHKIHIO
X

—ta-1
T @) OS e 't dt,

x-—a

x—a
¥ (a, x)=x"P (a, x)=mv(a, x)=

Mporpamma 6.13. Briuncnenne dynxuuu y*(a, x) pasaoxenweM B
pan

o (=1

GFma’ a#0 —1, —2, ...
n=0

T'(a)y* (a, )=

Beoa: a = PX u x = PX.

ns C/m 19 1 M3 T5 o 6 T4 KUIT4
W4 HI5 X 15 M8 M4 + X II7 W9
/—/ W3 X m XY =+ W6 + W6 XY
6 — Fx=0 09 MI8 Fl/x WUI6 + II0 C/II

Npumep. Hakiru y*(1; 4) n y*(—0,5; —3). Beoaum a =1 #u
x = 4, noaysaem I'(1)y*(1; 4) = 0,2454211 npu ¢ =~ 2,5 mun. Ho
T'(1)=T(1 40)= 0! = 1, crenosateapno, y*(l; 4) = 0,2454211. ona
BTOporo  cayuas, BBeas a=—05 ©® Xx=-—3, mnomyuum
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L(=05)y*(—0,5; —3)==10,495471. Tlo onHCAHHHLIM BHILIE NPOrpaMMam
win tabauuaM [3] naxommm I'(—O0,5). B naunnom cayuae I' (—0,5) =
=2 1/:—5. CnenoBatensho, y* (—0,5; —3) = 10,495471/(—2 '\/E) =
= — 2,9607177. !

6.4. ®ynkuun bBeccens (BKawouas MoaudHuUMPOBAHHbIE)

Qyukunn -Beccens ABIAIOTCA  pelleHHSIMH  AuddepeHHaIbHOTO
ypaBresus [1, 2]

22 +z—- + (22— v w=0. (6.6)

npu 2 = (x 4+ jy). Orpannqumcx BhHIUHCJeHHEM ¢yHKuuMi Beccensa naa
NeACTBHTe/IbHEIX 2 = X H UeJblx v = n (mopagok ¢ynkuuit). IByM
He3aBHCHMBIM pemeHHsiM (6.6) coorBeTcTBylOT (yHKuHH DBeccens mep-
. Boro J,(x) u BTroporo Y,(x) pona. ’

: ﬂporpamma 6.14. Bolunciienue J.(x) pasioxeHHEM B psl

(x/2)" (x/2)"
e = (5) [ - e+ T T ) 67

BBox: n = P5, x = PX.

119 0 nm 1 e  HII5 Fx#0 17 118 Uris
X e HMs 1 — Fx=0 08 HI19 2 -
110 Fx? I19 HII5 HII0 Fx¥ ure = 17 18
KUIl4 HI14 HII5 + M4 X . H9 <+ wUnr  /—/
XY = nz Uns + I8 FBx — Fx=0 30
urg C/1 BIT 00

"Umeem Jo(0,5) = 0,93846981 (fc =~ 40 c); Jo(4) = —0,39714976;
T30 (20) = 1,2401602-10—* (fc =~ 3 muh).

Psin mas Y.(x) BecbMa caoxeH [3]. Kpome Toro, Bbluncaenusi J,(x)
H Y.(x) pasnoxeHHeM B psii 3aHMMAlOT MHOro BpeMeHH. [loatomy ue-
secoo6pasno Buluncaenue Jo(x), Ji(x), Yo(x) m Yi(x) annporcuManueit
C NOCJTeAYIOLIHM BHIUHC/IeHHeM J,(x) H Y,(X) N0 peKyppeHTHHIM ¢dop-
MyJaM.

Mporpamma 6.15. Beruncnenne Jo(x) u Yo(x) annporcumanuei:

To(x) =1— a1 (x/3)* + a; (x/3)* — a3 (x/3)° +
=+ a4 (x/3)® — as (x/3)!1° + a5 (x/3)'2
s —3 << ¥ << 3 ¢ NOrpelHOCTbIO no 5-10-8 u
Yo(x) =+~ ln 5 fo (x) 4+ bo + by (x/3)"’ — by (x/3)* +
+ b3 (x/3)® — by (x/3)% 4 bs (x/3)'° — bs (x/3)'2

s 0 << x << 3 ¢ norpemnocteio no 1,4-10-8 Beon: a; = 2,2499997 =
= PI, a» = 1,2656208 = P2, a; = 0,3163866 = P3, ai = 0,0444479 =
= P4, a5=0,0039444 = P5, a¢=0,00021=P6, bo=3,6746691-10-'=
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= P7, bi=6,0559366-10"2= P8, &, = 7,4350384:10"2 = P9, p;=
= 2,5300117.107* = PO, b, = 0,4261214.1071 = PA, b5 = 0,0427916X
X10-1 = PB, b = 0,0024846-10"1 = PC u x = PX.

t 8 « Fo Og 1 O HUI6 X M5
— MON x MO4 - HOO. x  HO3 — W[
X U2 4  MOL x MM —  HOL X +
con 2 x Fn o+ MOA Fy 3 X 2
-~ Fln X HO7 4 HOB HIOC UNOA X _
MIN x UOA — MO X UIO0 4+ MO x
M9 — MO x  UO8 -+ nag x4 o/m

BII 00

KouTponbHHEe npuMepH (B CKOOKax JaHH TOYHLIE BHaue-
Hus  pesyabTaroB). Jo (0,5) = 0,9384698 (0,9384698072); Y, (0,5) =
= —0,44451888 (—0,4445187335); J, (1) = 0,7651977] (0,7651976865);
Y, (1) = 0,088256943 (0,0882569642); J, (2) = 0,2238908 (0,2238907791);
Y, (2) = 0,51037568 (0,5103756726).

l'lporpamma 6.16. Briuncienne dyuxuu#t Ji(x) u Yi (x) annpokcuma-
uueft:

o=t a5 (5] 4 o(3) -

— 4 (%") ’ +ae (%)u

s —3 < ¥ < 3 ¢ norpemHocTsio Menee 1,3-1078 u

Yy (2) = ( ):cln( )Ji(x)—bo-l-bi( )+b2( )4_

() a3 -n () s

s 0 < x < 3 ¢ norpemHoctbio menee 1,1-1072, Beom: ay = 5,6249985 %
xlO"‘— P1, a,= 2,1093573-10~* = P2, a, = 0,3954289.10~! = P3, g,=
= 0,0443319-107t = P4, a;= 0,0031761 - 10~1 = P5, ag=0,0001109-10~! =
= P6, bo= 0,6366198 = P7, b1 = 0,2212091 = P8, b, = 2,1682709 =
= P9, by = 1,3164827 = PO, 8, = 0,3123951 = PA, b, = 0,0400976 =
= PB, bg = 0,0027873 = PC u x = PX.

1 T 3 + Fa2 O HUI6 x U5
—  HMOA X CUm4 4 MON X un3 —  uig
x  MN2 4+ HOA x WM — unn x o 2

Flle 4+ x CO XY X FBz 2 + Fln

X 2 X Fn =+ HIIC nIa x unB. —
N0 x WMOA 4+ HOg X HO0  — O x
nno 4 una x - HI8 4 Ung x + HI7
- uang rF y- 3 X = C/II . BII 00



Ons x =05 n 3 nonyaum (B cKoGKax AaHH TouHHE 3HAUCHHA)S
J,(0,5) = 0,24226846 (0,2422684577), Y:(0,5) = —1,4714725
(—1,4714723927), J1(3) = 0,33905898  (0,3390589585), Y,(3) =
= 0,3246744 (0,324674448).

INporpamma 6.17. Brruacienwe (ynxunfi Beccens J,‘(x) g Yn(x) no
PEKYPPEHTHOMY COOTHOIIEHHIO

B, =228 (1~B,_

rae B osnasaer J, Y wm moGyio auBefiAyi0o KOMGHHANHIO 3THX (YHR-
nui, K03} HIHEHTH KOTOPHIX He 3aBHCAT OT X H n. Beox: x, B,-1(x)
H B, (x) B peructp X. BuBoa: n — PX, B,(x)— PY.

7 ¢/1 ms C/IIr 1m o 4 KHWIl4 HI14 2
X HIM9 X HN7 + HIN8 — HII9 I8 XY
I ur4 1 + C/mm BIT 07

Beens x = 1, Yo (1) = &,8256943-10-2 u Y,(1)=—7,8121282-10-1,
Haxumas kjaasumn C/IT n XY, GyaeM moJayuath chaepyioline pe3yJb-
TaThl (B CKOOKaxX AaHbl TOYHblE 3HAYEHHS):

=2 Y,(1)=—1,6506825 (—1,65068261)
n=3 Ys(l)=—58215172 (—58215)
n=4 Y,(1)=—33,27842 (—33,278) u T. m.

IMpu x = 3 ¢ynkuun Jo(x) ¥ Yo(x) MOryr sbuUHCAATBCA C TO-
MOIIBIO aNnpOKCHMALHIK:

Jo(x)= x‘”zf., cosBp u Yo(x)= x'mfo sin By,

rme

f=[ont o () e (2) +a (3) +a (3)'+
ta () +a(3)) o

BHIGHCASIETCS € MOTPelHOCThio MeHee 1,6-10-8 m
' (3 32 333 3\4
=x—[botbi(5)+0:(3) +0 (3) +0u (3) +
3\5 3\6
+0:(3) +8:(2) ]/ 100
BEIMACASETCA C NOTPeIUHOCTbi0 MeRee 7-10-8, 3mauenus koadduumen-

TOB a¢ <+ as U bo +— bs ykasamel B Taba. 6.1,
GynxoaH J1(x) B Yi(x) npu x > 3 HAX0AATCH TIO aNNPOKCHMAIHES

() =x""Pfcos®, n Y, (x) =x~"%, sin 0,
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Ta6nunma 6.1

Pyuxkuus Beceens
n Jo(x), Yo(x) Tux), Yi(x)
an by % by
0 79788456 —178539816 79788456 —2,3561945. 107
1 17 — 4166397 156 12499612
2 —552740 —3954 1659667 5650
3 -9512 262573 17105 , —637879
4 137237 —~54125 —249511 74348
5 ~72805 -29333 113653 79824
6 14476 13558 —20033 —29166
rae

il a @) #a(d) v (2 ra(2)'+

b (3 4 ()Y

BHIUHC/SIETCS C MOorpellHocTeio MeHee 4-10-3 u
3 3\2- 343 3\4
o=x—[tot+bi{5) +0: (5) +0a (3) +0: (2) +

5 6
+ b5 (%) +0s (2) /100
BLIUHCASETCA € MOrpellHncTio MeHee 9-10-8. 3uauenus ko3ddHuHEHTOB
Qo =+ aes U bo + be nausl B Taba. 6.1.

Mporpamma 6.18. Buiuncnenne ¢yuxnnit Beccens Jfo(x), Fo(x),
Ji(x) n Yi(x) annporcumauusmu (6.8)+(6.11) mas x = 3. Beoa: cM.
B MHCTPYKUUM K mporpamme (mocje ee Tekcra). [lepexmouarenp P — [
B TNOJIOXeHHH P.

Fl/r 3 X o Ure X Uns 4+  Ung X

U4 + MO X UIs + Ao X W2 -+

unnm X um  + unn X 7 9 7 8

8 4 5 6 + 1 B 8 = 503011
3 =+ Fl/x Faf = UIIC HINOo X WIIB -+

MO X WIA + Unng X UIo 4  UNO X

U9 + MHIO X Urs -+ WO X W +

1 BII 8 = ung 3 = Fi/x + 1y 0
Feos XY X ¢/l XY MO Fsin X  C/I BII
00

IOnsa swotunciennss ¢yurunit Yo(x) B Jo(x) BBOAsTCS KO3ddHIHER-
TH a1 < a¢ = Pl -+ P6 (3RaueHHe a4, 3aHeceHO B TEKCT IPOTPaMMBI),
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bo= by =P7+-P9, by=P0, b, bs=PA+PC (cMm. Tabn 6.1).
3aTeM BBOAHTCcA 3HaueHHe x = PX, Haxkumalorcs Kiaasumd B/0 u C/IT
(monyunm Jo(x)) n C/TI (nomyuum Yo(x)). Ilpn cmene x'= PX Haxu-
MaeTcsi ABaxabl ToJbko kjaBumma C/I1. Oas BoraucaeHus Jy(x) u Yi(x)
BCe oOnepalHu MNOBTOPSIOTCS 3aHOBO C BBOAOM 3HAueHHH -KOI(pHIHEHTOB
annpoKcHMauHi A 3THX (YHKUHI. )

KouTponbHEEe nNpuMepH (B CKOGKax NaHH TOYHHIE 3Haye-
gus ¢yukunit -Beccens). Jo(4) =—0,3971498 (—0,3971498098), Yo(4) =
= —0,01694075 (—0,01969407393), Jo(10) = —0,24593577
(—0,245937644),  Yo(10) = 0,055671124  (0,0556711673), Ji(4) =
= —0,066043332 (—0,0660433280), Y4(4) = 0,3979257 (0,3979257106),
74(10) = 0,043472698 (0,043727462), Y((10) = 0,24901544

. (0,2490154242).
PemenusiMu puddepediHaIbHOTOypaBHEHHS .

2
z“’%+zj—f—(z?+v2)w=q

siBsiorcst Monuduuuposansble dynkunn Beccens J,(2) u K, (2). Kak u
OpeXfe OrpaHHyHMCSl BHIYHCJEHHeM STHX (GYHKUHR 1A NeACTBHTEJbHBIX .
2= X H UeJHMX V=1,

®yukunn [.(x) UMEIOT pasyoXKeHHe B DSl

|\ (x/2)* (£/2)*
’"""'—'Tu_(?) [‘+ CET I CEDICET) +'°']‘6"2)

M MOryT BHIYHCJASITbCS MO Hporpamme 6.14, ec/im B Heit omepaTop CMeHBI
3Haka [—/ no aapecy 39 3amenutb onepatopoM KHOII (Her omepauun).
Torna moayunm  [o(2) = 2,2795892, [1(2) = 1,5906368, [,(10) =
= 2815,7168.

Mporpamma 6.19. Briuncaenne Monuduunponanunx ¢yukuuit Becce-
aa lo(x) u Iy(x) npu —3,756 << x << 3,75 ammpokcuMauueii:

Io(x) =1+ a)t? + ast* 4+ ast® + a,t? + ast'0 + agt!'?
¢ morpewHocTbi0 He Gosee 1,6-10-7 n

x—Uy (x) =0,5F b1#% + byt* + bat® + bat® | b5t1° + bet!2

¢ morpewHocTeio He Godee 8-10-9, npuuem ¢ == x/3,75, a TakxKe QyHKUHA
In(x) MO peKyppeHTHOMY COOTHOUICHHIO

ln+l (x)=—2nln (x)/x+1n_l (JF), n=2.

Beon: a; = 3,5156229 = P1, a; = 3,0899424 = P2, a; = 1,2067492 =
= P3, a,=0,2659732 = P4, as = 0,0360768 = P5, as = 0,0045813
(Bnucan B nporpammy), by = 0,87890594 = P7, b, = 0,51498869 = P8,
bs = 0,15084934 = P9, b, = 0,02658733 = PO, bs = 0,00301532 = PA,
bs = 0,00032411 = PB u x = PX, Buioa: n— PX = P6, I(x) — PY;
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nc 3 : 7 5 +~ F& NI 0 6

Wrg 4 5 8 1 3 BO 7 - X

U5 +  HMIOO X W4 + U004 X U3 4

WML X U2 + MO0 X WM 4 WO X

1 + UIO WUMOB X  MIOA -+ WML X UIo
+ UNO X UM +  Ung X WIS +  HILI
X M7 4+ WO X 2 Fl/x +  HIC X

XY IO o c/m F, F, KHWII6 F, WI6 C/II
XY 2 /—/ X HMINC + XY X FBx XY

una 4+ XY I XY BIO 76

[na x = 2, naxumas kaasuwn C/IT u XY, 6ynem noaysats: n = 0,
Io(2) = 2,2795853, n =1, I;(2) = 1,5906369, n = 2, I,(2) =0,6889484
HT. R

Mporpamma 6.20. Boiuucnenue lo(x) nawm Iy (x) no anmpokcumanusim
(x > 3,75)

- a a a a a a a | a
x'% xlo"(x)=a°+7‘+-t—§+_t’i+-t74+755_+t—: +—#+t—:,

rae t = x/3,75, ¢ norpemwHocTbio He Gosnee 1,6-10-" pas dyuxuun lo(x)
u 2,2-10-7 pna Iy(x). Beox ansa seiuncaenust fo(x): ao = 0,39894228 =
= PA, a; = 0,01328592 = P1, a; = 0,00225319 = P2, as =
= —0,00157565 = P3, a, = 0,00916281 = P4, a;=—0,02057706 =P5;
ag = 0,02635537 = P6, a; = —0,01647633 = P7, as = 0,00392377 =
= P8, x = PX. BBox ans BbiuHc/eHus Iy(x) B perucTpsl, yKasaHHbie
Beie: ap = 0,39894228, a; = —0,03988024, a, = —0,00362018, as =:
== 0,00163801, a; = —0,01031555, a5=0,02282967, as = —0,02895312,
ar; = 0,01787654, as = —0,00420059 u x = PX.

ni 3 7 5 =+ nc 8 o HI8
4 XY UIC =+ KHUII0 + U0 Fx=0 11 XY
MIOA 4 MIOO F4 = I Fe* X Cc/1 BI
00

HOas  x =10 noayunm [o(10) = 2815,7168 (TouHoe 3HaueHHe
2815,7166), I,(10) = 2670,9884 (Tounoe 3nauenne 2670,9884).

Mporpamma 6.21. Beruncienne moanduurpoBaunbix (Gyukuui DBecs
ceast Ky(x) npu 0 << x << 2 no annpoxcuMauHH

Ko(x)=—In (;;‘) Io(x) —as+a ('g')z-l-az (%)44-

o (3) e (5) +a () +a(3)"

¢ morpeuwruoctbio He Gosee 8:-10-°. Bsom: ao = 0,57721566 = PA,
Iy(x) = PB, ay=0,42278420 = P1, a2 = 0,23069756 = P2, a3 =;
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= 0,03488590 = P3, a: = 000262693 = P4, as=0,00010750 = PS5,
ag = 0,00000740 = P6, x = PX.

no 2 = Fx2 TIC 6 Irno Hrie 4 XY
HUIIC X KHWII0O +4 HI0 Fx=0 09 XY HIIA -
U 2 = Fln HIIB X — C/M BT 00

HJaa  x=0,5, yuurusas, uro JI5(0,5)= 10634834, nonyaum
Ko (0,5) = 0,9244191,

Mporpamma 6.22. Borumcienue MogudwnupoBanHbix ¢yHKumii Becs
censt Ky(x) npr 0 < x << 2 no annpoKCHMalHH

XKy () =x1n (x/2) I (%)} + | 4 a; (x/2)? + a, (x/2)* + a3 (£/2)° -
+ a4 (x/2) 4 as (x/2)'0 + a5 (x/2)!2

¢ morpewHocToio He Gosee 8-10-9, BBox: ay = 0,15443144 = PI, az =
= —0,67278579 = P2, as = —0,18156897 = P3, a. = —0,01919402=
= P4, a5 = —0,00110404 = P5, ug = —0,00004686 = P6, I1(x) = PB
u x = PX,

nm 2 = Fx? TIC 6 10 Hure 4 Xy
UIIC X KHWII0 4 U0 Fx=0 09 XY 1t +
ung < ung 2 == Fln HIIB X 4+ C/I
BII 00

Ons x =05 u [,(05)= 0,2578949 nonyuyaem K;(0,5) = 1,65664404
OpH TOYHOM 3HazeHHH 1,656441.

Mporpamma 6.23. Buuncienne MmoauduuHpoBaHHHX (yHKnuii Bec-
cens Ko(x) # Ki(x) nas x > 2 no annpoxkcHMauuu

e“x Ko, 1 (x) = ao + a1 (2/x) + as (2/2)? + a5 (2/x)* +
+ a4 2/x)* + a5 (2/2)5 + a5 (2/%)8

¢ morpemsocTbio He Gottee 8-10~? mas Ko(x) u-2,2-10-7 maa Ki(x).
Beox aas  Boiuncaenus  Ko(x):  ap = 1,2633141 = PA, a3 =
= —0,07832358 = P1, a; = 0,02189568 = P2, a3 = —0,01062446 =
= P3, a,=0,00587872 = P4, a;= —0,00251540 = P5, as=
==0,00053208 = P6 u x = PX. Beox nnas Bouiyucienus Ki(x) B yka-
3aHHbBIe BHIe perHcTpul: ao = 1,2533141; a4 = 0,23498619; a» =
= —0,03655620, as = 0,01504268; a, = —0,00780353; as =.
= 0,00325614; as = —0,00068245 u x = PX.

nog 2 Xy = c 6 e Hre A XY
UIIC X KUIMo <- U0 Fx=0 09 XY MWIA +
UIg Fe* -+ unn F+ « C/TT BIT 00

HOas x=5 u 10: Ko(10) =1,7780061-10-5, Ko(5)=23,6910982-10-3,
Ky (10) = 1,8548772-10-% u K, (5) = 4,0446133-10-2,
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6.5. Murerpaan ®peHens

Mporpamma 6.24. Buuncienne materpana ®pemens C(x) pasio-
JKeHHeM B pAl MpH x < 3 (x = PX):
X .

n 2n
C(x)= OS cos (nt%/2) dt = {2’1;')(—4(:/4_2)? gintl,
e 18 Fx? Fa X sz 4 =~ Im o
M4 KHI4 U4 2 X 113 1 — U3 X
M3 W4 4 X 3 — nm 4 +  HII0
XY =+ U3 = U7 X W /—/ X I8
U 4 9 FBx — Fx=0 11 WII9 C/II BII

00

IMpumepr. C(0,5)=0,49234422; C(1) = 0,77989341 u C(2)=)
= 0,48825334 (Bpems BbluncieHusi oT 50 xo 160 c).
Mporpamma 6.25. Briuncnenne unterpana @pemens S(x) mo pas<
JIOXeHHIo B psAn nmpH x < 3 (x = PX):
X

o attlo) at = 3 D@2
s(x)_OSS‘n (“‘/2)dt—n-o ErE T

I18 Fx? Fn X 2 = e Fx? TII5 HI19
Hrs x 3 = 7 18 © 14 KWUIl4 U4
2 X 116 1 + HIe X 116 HUri4 4

X 1 — 119 4 4+ U Xy = Hrie
= Urs X unz |-/ X 7 U -+ I8
FBx — Fx=0 18 W8 C/I1 BII 00

Hpumepr. S{0,5)= 0,064732433, S(1)= 0,43825912 u S(2) =
(= 0,34341539 (Bpemsi Bblaucjenus ot 50 no 165 c).
C unrterpanaMu @peHelsi CBS3aHH BCIOMOraTeNbHBle (YHKIHH

f(x)=[%— S (x)] cos (ﬂ—;z-) —[%—C(:.:)]sin(ﬂ;‘2 ),

g (x)= [_l. —C (x)] cos _nTx"’) + [—% - S (x)] sin ( :n:2x2 )

Nporpamma 6.26. Breruncnenne f{x) # g(x) nmo anmpoKCHMaLHAM

_ l+aox _ 1
) =gt ar " V=3I T o708

¢ norpemHoctbio MeHee 2-10-3 (0 << x << o0), a Takxke
2
S (x) = %——f(x) cos (—2—) — g {(x) sin (QL),
2 2
C(0) =5+ () sin (B=) — g (v cos (55).
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Beon: a4y = 0926 = P1, a, =1,792 =P2, a;,=3,104 =P3, b, =
= 4,142 = P4, b, = 3,492 = P5, b3 = 6,67 = P6 u x = PX. BuBon
pesyabratos: f(x)—PA, g(x)->PB, C(x)=»PC u S(x)-»PX=PI.
INepéekmouarenp P — T B nosoxennn P.

119 Il X 1 -+ HUI19 HUI3 X uri2 -
U X 2 4 - A U9 HIme X HII5
+ I x s + Um X 2 + Fl/x
T1B U9 Fx? F=n X 2 I18 F sin II1
HUIA X HUI18 Fcos TII8 WUIIB — 2 Fl/x
-+ [IC FBx HIIA HI8 X HUIIB HIIO X
— nn cj/in bn 00

I X

Hmeem S(0.5) = 0,06567349 m C(0,5) = 0,49256592 (f. = 23 c).
NMporpamma 6.27. Briuncnenne C(x) u S(x) npu Gosbwux x > | no
aCHMITOTHYECKHM pPa3/IOXKeHusiM:

_ 1 sin (x2/2) 3 cos (mx2/2) 5
Cl =5+ x (l T (wa?)? ) 2 1= (nx‘*’)”)'
_ 1 cos (nx?/2) 3 sin (mx2?/2) _ 5
S =g——0p (l T (mx?)? ) 2 I (nx")z)

¢ morpewHocThio Menee 5/(m!x”) (mpu x == 4 BepHBl He MeHee NATH 3HAs
XoB pesyibraTta). Beox: x = PX. BmBog pesyavratos: C(x) — PX,
S(x)— PX. Ilepexmouatens P — T B nosoxenun P.

4 Fn X 18 X m 2 - Fcos M7
FBx Fsin 16 Ur9 Fx2 3 XY = 1 —
HUIe % Urg = 5 HI9 Fx?2 5 XY =

1 — M7 X WM + M8 + 2 Fl/x
4+ M5 — Con MO7 -/ 4 e /—/ 07
XY BI 12

HOna x = 4 umeem C(4) = 0,49841993 u S(4)= 0,42051702.

6.6. dnauntHyecKKe HHTErpaJsl

fiporpamma 6.28. BhiunciieHHe NOJHOrO 3/JIMITHYECKOrO HHTErpana
HEepBOro poja MO ero pas3jioXKeHHIO B PAA:

nj2
K (m)= S (1— msin20)~1240 ="

0
=3[ () ()
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Beox: m = PX.

I o nmn 1 4 TI6 I8 KHWIIG KHIIB HIl4
HIT5 =+ Fx? HII9 X I X TII6 KHIl4 KHI14
Hre HMN8 + HI8 XY M8 — Fx=0 07 I8
Fn X 2 - C/I1 BIT 00

lpumepws (B cKOGKaxX MHaHH TOYHBlE 3HAYEHHA pe3yJbTATOB).
K(0,1) = 1,6124415 (1,61244135), K(0,2) = 1,6596237 (1,659623599),
K (0,5) = 1,8540744 (1,85407468). BpeMsi BbluHc/eHHSI OXHOrO 3HAYEHHS
K(m) B atux npumepax ot 1 10 2,5 MHH.

Mporpamma 6.29. BbluHcleHHe TOJHONO 3J/UIHNTHYECKOrO HHTETpaJa
BTOPOro poja MO ero pasjiokeHHIO B PAI:

t 2 m 2 m>  (1-3.5 2 m3
em=3[1-(3) 1= () 5~ (gas) 5]
Beog: m = PX.

19 0 15 n 1 M4 116 KHUII5 KHUII5 HIT4
HIT5 - F x? N9 X HIl6 X I16 Hi4 =
I17 KWIl4 KWI14 HWII7 UI8 4- I8 XY I8 —
Fx=0 07 1 Ursg — Frn X 2 = c/m
BIT 00

MMpumepw (B ckoGkax maHBl TOUHBle 3HAYEHHS PE3YJbTATOB)..
E(0,1) = 1,5307576 (1,530757637), E(0,2) = 1,4890351 (1,489035058);
E(0,5) = 1,3506438 (1,35004388). Bpemsi BoluucieHust OT 1 10 2,5 MHH.

DNNHNTHYECKHE MHTErpajil OGUIero BHAA (HEMOJHBIE):

Q
Fe\a)=F @lm)={ (1 —msin?0)~'" e,
0

[
E(@|m)= S (1 —msin?20)'2 40
0

MOrYT BBIYHCJAATbCA MO NPOrpaMMaM YHC/IEHHOTO HHTerpuposatus. Tak,
ans BoludcaeHnst F(@|m) MOXHO BOCHO/IB30OBaTbCA MporpamMmoit 5.54
HHTerpupobaHus MertogoM laycca, BmHcaB B Hee ()parMeHT BHIYHCJEHHS
noguiHTerpanpHoil ¢dynkuun (m = P9):

Fsin Fx? MII9 X 1 XY — F4/ Fl/x

MNMpu m=05=P9, p=mn/2=0>5 u a=0, nena orpe3ok HHTe-
rpupoBanus Ha 8 uactefl, mosyuynm F(7/2]|0,5) = 1,8540742 npu ¢ =~
~ 5 Muu. [Jlns soluuchenuss E(@|m) mocratoyno y6parts omepatop
Fl/x B koHUe npuBefeHHOro (hparmenTa.

165



6.7. Nunoraregm

Mporpamma €.30- Buuncienne aumiorapudma 10 ero pas/oKeHHIO
B[R (¥ = PX):

x o

In ¢ —1n

f=={ at= 3 cp LD ocio,
1 n=1

A 1 m8 — m o0 M6 7 KUI6 W9

/- W8 X T8 W6 Fx2 =+ W7 + W7

XY M7 — Fx=0 08 W7 C/T B 00

[Tpumepn (B ckOGKax yKa3aHH TOYHHE 3HaueHHs pe3yabTarTos),
f(0,1) = 1,2997151 (1,299714723), f(0,5) = 0,58224055 (0,582240526);
BpeMs BHIYHCJEHHS cocTaBaser 6,5 H 2,5 mun.

[Tpu TouHOCTH, MeHblUe DPENEeJNbHOM, U MaJbIX X BPeMs BHIYHCJICHHA
nujorapudmMa MOMKHO CYIIECTBEHHO YMEHbLIHTb, HCNOJb3ys LJSA 3TOrO
nporpaMMel 4HCJIEHHOTO HHTEIPHPOBaHHS,

6.8. Pyukuuu NebGas

®Oyukunu e6as
x x

n t"dt nt*
D x=—S =S dt ﬂ=l,2, 3' LY
n (X) p e‘—l p xn(et_l) ’

BBHAY CJNOMXKHOCTH pPa3/IoXKeHus B PAA UeJecoOGpa3HO BHIYHCAATH U0
nporpaMmaM uHCJeHHOro HHTerpupoBaHHd. Tak Kak mpH { = 0 moAbiH-
TerpaibHaf (yHKUHA uMeeT ocoberHocTb 0/0, TO LesecooGpasHO He-
nonb3oBaTh Merox [aycca.

Opranunsaung ennHoll mporpaMMel (IJst BCeX 7) HellelecooGpaswa,
TaK KaK BBIUHCIEHHE MHKPOKaJbKyJasiTopaMH (YHKUIHA x" u {* omepa-
IMedi BHAA XY 3aHHMaeT MHoro BpeMeHH. HuXe naH npuMep BHIYHCJe-
Hust ynkurn Dy(x). [TonoGHbM 06pa3oM MOrYT BHUHMCAATBCA (YHKUHR
Hebas npu Apyrux n.

Ins soruncnenus ¢yukunu D4(x) BOcmosmbsyemcs mporpammofi 5.54,
BNHCaB B Hee (parMeHT BHIYHCAEHHS QYHKUHM 4£4/x*(ef — 1)3

I8 Fx2 Fx? UIIB Fe* 1 — < 4 X
U9 Fx? Fx? =+

Bunosmus eog (m=PX, x=b=P9na=0), mam=2nx=1
noayaum D, (1) = 0,6548742 npa Tounom 3uauenun 0,654874, a ana
m=4u x =10 D,(10) = 0,00967427 npu Tousom 3naueHun 0,009674,
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6.9. HuTerpan BepOATHOCTH
7 CBAA3aHHBIE C HHM ()YHKUMH

K BaxneAHM OYHKUMAM TEOPHH BEPOATHOCTH OTHOCATCHA IJIOT-
HOCTb ['ayccoOBCKOro CTaHAAapTHOTO paclpezneseHHs

P (1) =p (x) =e *"+/2n (6.13)
# OYHKIHA pacnpenelieHHs] (HHTerpaj BepOSTHOCTH)
X

o) =—= S e 2 gy, (6.14)
0

N

Tlnomaas mexxny kpusoff Y(x) H ocbio afecmHce cieBa OT BepTH-
KaJlH, Tpoxoafinefi yepe3 Touky (x,0)

x

H(x)=7\/17_n- S e~ PR g1, (6.15)

Tonaras t4/2 =u u y—x/f\,2 nosnyunm [1]:

W =0(7)= ’\/ S e™ P du. (6.16)
Sra Qyuxuus cBasana ¢ II(x) mpocThIM COOTHOLIEHHEM
x
O — 1 =2II (x). 6.17
(75 )+ (%) (6.17)

Nporpamma 6.31. Brruucnenne ¢yukumu @(y) pasnoxeHHeM B psn
[6) (y = PX):

(y/2)* (y/2)‘ _ (y/2)°
y—=y /\/ (1 +...). (618

113 215 317
9 Fx? 2 /— = 16 2 Fr = Fa
Hre x Iz n o M4 KUI4 UI4 2 X
1 4 II5 Um 2 X 1 —  Ume X
U4 = W5 -+~ U7 X 7 M8 + I8
FBx — Fx=0 16 M8 C/II BII 00

INpumepn. @®(0,1) = 0,079655675 Brruncasercs 3a 33 ¢, O(1)=
= 0,6826895 —3a 80 ¢ u ®(4) = 0,99993495 — 3a 5 mun.

Nporpamma 6.32. Briyuciaenue @(y) npu y > 4 acHMOTOTHUECKHM
pasnoxenueMm (y = PX):

e Y2 P} 1 1.3 1-3.5
Q(y)=1-— 7 /\/;(1—?+—y4——-—ys—...). (6.19)
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119 Fx? 118 2 /-
F+/~ X N9 = 19
— Hrig  += I —
BIT 00
Tlpumep. ®(4)= 0,9999365 sriuucasercs 3a 10 c.
TNporpamma 6.33. Buiuucnenne @ (y) npu JoGHX Y pasfioxKeHHeM
(6.18) g y << 4 u (6.19) npu y = 4.

/] = Fe* 2 Fa —=
3 U <+ 1 XY
U9 X 1 4 C/iaI

no 4 — Fx<0 52 _ WI9 Fx? 2 = =
6 2 Fn =+ F4 U9 X 07 ns o
4 KWUI4 U4 2 X 1 4+ 15 Wra 2
xX 1 — NI16 X HUm4 - HII5 - unrz
X 17 M8 + 8 FBx — Fx=0 21 WIS
BIT 81 M9 Fax? s 2 /—] = Fe* 2
Frn = F4~ X U = m 3 uris =-
1 XY — U116 = 1 — IS N

+ C/I1 BN 00

TNpu y=20,1 mnoayynm ®@(0,1)= 0,079655675, a npu y =4
@ (4) = 0,9999365.

@Oyukuuo II(x) MOXKHO BbUHCAHTH MO coorHowenmio (6.17). Haa
STOr0 B KOHILe BBIYHCJEHHH HaXKuMaeM Ha KaaBumu 4 1 4 2 + Tak,
ana x = 0,1 umeem I1(0,1) = 0,53982785.

Ecnn B onucaHHele nporpaMmbl nepen omepatopoM C/IT BBecTn
¢parmenT

Hrs 1 + 2 <+ IO HUIT9 Fx? 2 -/

+ Fe* 2 Fn X F4 <+ Il MO
T0 Gyayr BbluHcasTbea ¢ynkuua II(x)—> Pl = PX u ee npousBoanas
I (x) = e *"/A/3n > PY. Hanpumep, ang x = 0,1 nonyunm [1(0,1) =
= 0,53982785 u II’(0,1) = 0,39695256.

@Oynkuuio (@ (X) MOXKHO pacCUHTHIBaTh TaKXKe C NMOMOLIBIO MpoO-
rpamM, Bbiyncasiomwux @ (y). Hdaa naxoxnenns @(x) Hago BMecTo Yy
BBECTH 3HaueHHe X A2 Hanpumep, uto6nl Bbiuncauth @ (x) npu x = 0,5
nepej NycKOM MNporpammbl Hago Haxatb knaBuwu 0 , 5 » 2 F vV X
Tonyuum @ (x) = @ (0,5) = 0,52049986. na YCKOPEHHOrO BHIYHC/IEHHS
¢ynxuun @ (x) npeanoxkeH pan annpokcHManui [2, 3]

NMporpamma 6.34. Beruucnenne @(x) mpu x > 0 annpoxcHmaunei
€ NOrpemHocTolo MeHee 2,5-10-5

O () =1— (A (@ + A (a> + ash)))/e", (6.20)
roe A = 1/(1 4 px). BBon: p = 0,47047 = PO, a; = 0,3480242 = P1I,
a; = —0,0958798 = P2, a3 = 0,7478556 = P3 u xr = PX.

A HIIO X 1 4+ Fl/x TI9 U3 X U2
4 U9 X MM + HIMI9 X XY Fx? Fe¢
= 1 XYy — Cc/lm BII 00
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Hmeem @(0,1) = 0,1124832, @ (0,5) = 0,5204876, (1) = 0,8427168
n @ (3) = 0,9999776. Bpems cuera onuoro snauenus @(x) oxoso 10 c,
Ilpu x < 0 BHLIYHCNEHHS MOXKHO BHIIOJHHMTb, HCNOJb3Ysl COOTHOUIEHHE

O(—x)=1—D(x).

YnpoctHs koa¢pduunentr B (6.20), 9Ty (HOpMYJNy MOXKHO 3alHEaTh
B BHIe
@ (x) =1 [(A (348 4 A (—96 + 748))))/e*] 103 (6.21)

Il NPOBOAMTL pacyeT Mo NpPOrpaMMe € ONHHM 3aHATHM perucTpoM mna-
MATH.

NMporpamma 6.35. Boluncaenue @ (x) mo dopmyne (6.21) ¢ morpeln-
nocteio mopsigka 1-10-4 Bsog x = PX.

A A 0 , 4 7 X1 4+ Flx
m 7 4 8 X 9 6 — UM X
3 4 8 4 UM X 1 BI 3 +
XY Fx? Fe* =+ 1 XY — C/I1 BII 00

HAas x = 0,1 u 1 umeem @(0,1) = 0,1123962, @ (1) = 0,8426262.
Mporpamma 6.36. Briuncnenue @ (x) annpoxcumaluei

@ (x) =1 — (@A + 222 + asd® 4 ad® + asn9)/e”),

rae A = 1/(1 4 asx) c norpewroctbio He Gosnee 1,5-10-7. Beom: a; =)
= 0,2548295 = P1, a, = —0,28449673 = P2, a3 = 1,4214137 = P3,
a, = —1,453152 = P4, a5 = 1,0614054 = P5, a5 = 0,3275911 = P6 n
x = PX.

no ume x 1 4+ Fl/x 118 5 o HIm
4 XY HI8 X KHII0 + U0 Fx=0 11 XY
HI19 Fx? Fe* + 1 XY -— c/m BIT 00

HOag x = 0,1 u 2 umeem ©(0,1) = 0,1124632, @ (2) = 0,9953221.
NMporpamma 6.37. Onunospemennoe Bulunciaenne ¢ynkuui ¥ (x) no
dopmyse (6.13), I (x) ¢ norpewnocrsio a0 1-10-% annpokcumauuein

I (x) =1 — P (x) (@A — a;A? 4 azA®),

rpe A = 1/(1 4 px), a Takxe GyHKIHA

o0

Q(x)= 1/_8 e~ at=1—1(x)

u
X

A(x)= S “P2 gt —=9M (x) — 1.

4/—
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Bpoa: p = 0,33267 = P9, a; = 0,4361835 = PI, o, = 0,1201676 = P2;
a; = 0,937298 = P3 u x = PX. BuBog: A—P8, ¥ix)—» PX = P/,
II(x)— PX = PB, Q(x)—PX = PC u A(x)~PX = PA,

7 vm X 1 4+ Fijx TI8 HInz Fx? 2

- = Fe* 2 Fa X Fa = i c/m
1 U3 HI8 X HII2 — Hrs X U 4
Hrg X g X -— I1B c/a 1 UIIB —

Inc ¢/m unB 2 X 1 - NnA C/i1 BII
00

Oas x=1 mnonyunn W(l)= 0,24197072 [rouHoe s3HAYeHHe
0,2419707245), T1(1) =0,8413513 (rouHoe sHauenue 0,8413447), Q(1)=
= 0,1586487 u A(1) = 0,6827026.

Nporpamma 6.38. Buunciaenne ¢ynkuuit ¥(x), II(x), Q(x) u A(x)
¢ MpUMeHeHHeM ANNPOKCHMANHH

Mx)=1—¥(x)(@A+aA?2+ ... 4 AzA5),

rre A = 1/(1 4 px), c norpemnocTeio He Gosee 1-10-7. Beox: p =
= 0,2316419 = P9, a, = 0,31938153 = P1, ay = —0,35656378 = P2,
a3 == 1,7814779 = P3, a, = —1,821256 = P4, a5 = 1,3302744 = P5 u
x ==PX. BuBox cm. B nporpamme 6.37.

7 Hro X 1 4+ Fl/x Ti8 Un7r  Fa? 2

1—1 " Fe* 2 Fr X Fa = nm c/i
5 o Hls 4 XY U8 X KUAMO -+ M
Fxe=0 24 XY HIOO /—/ X 1 + B CJII
1 WIIB — TIIC C/TT UMB 2 X

ITA C/lT BII 00

a x=1 nonymm V()= 024107072, TI(l)= 0,8413448,
Q(1) = 0,1586552, A(1) = 0,6826896.

6.10. dyHKUVH NAOTHOCTA BEPOSTHOCTH

M pacnpejelieHHs cAy4alHBIX BEJHYHH

UYacrora mosiBNeHUs cayyaliHOM BeJHUYHHH X B HHTepBale dx:
p(x)=dF(x)/dx

onpezessieT NJIOTHOCTb BePOSATHOCTH CJ'ly‘laﬁHbIX BEJIHYHH. I/Iﬂ'rerpan
X

Fy= | pnds

- 00

ganaeT (DYHKUHIO pacnpejesieHHs CAyYaiHLIX BEJHYHH.
Jnsi MHOrHx 8akOHOB pacnpelenenus p(x) s F(x) 3apaiorcs npo-
ctamu dopmyaamu [10] i cocTasieHHe mporpaMM AJs HX BBIYHCJAeHHHA
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He npenacTtaBiseT TpyAHocTedl. Hmxe maw naker nporpaMm BhizHCIeHHS
p(x) m F(x) nna 1ex 3aKOHOB, ¥ KOTOPHX BHIGHC/IEHHA p(x) r F(X)
Tpe6YIOT CNeIHATbHOFO NOKXOAA.

Nperpamuma 6.39. Buuucaenne p(x) = ¥(x) (6.13) u I (x) (6.15)
JAs TayCCOBCKOrQ CTaHAAPTHOTO pacnpefe/leHHs annpoKCHMalHeR

T(x)=1—(t+ex4cox? 4 ... +cex®) 12

¢ morpemwHocThio go 1,5-10-7. Beoa: ¢, = 49867347-10-° = PI, ¢, =
= 21141006-10-% = P2, c5 = 3277626-10-*= P3, ¢; = 38004 -10—%=
= P4, cs = 48891-10—% = P5, cg = 5383-10—% = P6 g x = PX (mpu
CMeHe X BBOJHTCS TOJbKO HOBOE 3HAYEeHHE X).

9 Fx<0 04 -1 IMA Fx? 2 [—/ +  Fe*

Fn 2 X Fa = 8 C/i1 6 [0 HIIs
4 XY UMA X KHUII0 + MI0 Fx=0 21 XY
1+ 1 6 I—/ XY Fx¥ 2 |—] =
1+ W9 -Fx>0 50 XY M7 C/1 BII 00
XY i Xy -— BIl 46

HOaa x = 0,5 p(x) = 0,35206532, I (x) = 0,6914625, a maa x = —1
p(x) = 0,24197072 u F(x)= 0,1586552. Ilpu x << 0 ucnosb3yercs dop-
myna IT(x)=1—TI(]x]).

Mporpamma 6.40. Brumenenue

p(x)=eX1>[ 20;")2]/(61/210 1 F(x)=H(x m)

LA HOpMaJbHOro (rayccoBCKOrO) pachnpejeneHnss € AuCHepcHelr o. -
Bpoa: ¢, + ¢ (cm. mporpammy 6.39), m = PC, 6 = PA u x = PX.

UIC — Ung = M9y Fx<0 08 /—/ TIA Fx?
2 - = Fe* Fn 2 % F4 =+  HIA
- s C/I 6 Mo Wre 4 XY HIOA X
KUII0 + UIMO0 Fx=0 27 XY 1 -+ 1 6
/=l XY Fx¥ 2 - = 1+ UM Fx>0
56 XY mn7z ¢/ BIT 00 XY 1 XY —

BIT 52

Ona m=15u ¢ =05 p(l) = 048394144, F(1) = 0,1586552 u
p(2) = 0,48394144 u F(2) = 0,8413448.
Mporpamma 6.41. Boruncienie

A% JIOTapH(MHYECKOr0 FayccOBCKOro pacnpesedennsi. Bsox cM. B npos
rpamme 6.40.
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n Flg  HIC Wna MB [ Fx<0 10 /—/

s

NA Fx? 2 /—l = Fe* 1 * Fe* Fle X
Hre = vng = Fa 2 X Fq4 = I8
C/li- 6 o HIe 4 XY MHIA X KUII0 -+
WUI0 Fx=0 35 XYy 1 + 1 6 /I—! XY
Fx¥ 2 -1 = 1 4+ HIB Fx>0 64 XY
nm ¢ B 00 XY 1 XY — BI1 60

Oas m=1 u 0=0,1 p(8)=0,13541585, F(8)= 0,1662477 n
p(10) = 0,17325843 u F(10)=0,5.
Mporpamma 6.42. Briunciaenue

R R |
F(x)= l'[( m)+n(x+m)

I pacmpelesieHHsi MOAYJA TayccOBCKOM cayuafiHo#i BeaHunHH. BBox
cM. B nporpamme 6.40 (x > 0).

I

119 UIIC — WO = 07 W9 UNC 4 Unf
= B Fx2 2 /— <+ Fe* W7 Fx* 2
/- = Fe* + Urg +~ Fa 2 X Faf
= C/lT WM7 Fx<0 36 /—/ Tl 59 UI7 Fx>0
44 XY BII 48 XY 1 XYy -— [IA MWIMB
I 59 UMA + 1 — ¢m Bl 00 118
6 o U 4 XY HI8 X KUII0 4+ U0
Fx=0 64 XY 1 + 1 6 /—/ XY Fx¥
2 |- = 1 + B/0

Ona m=2u o =1 p(l)=0,24640257, F(1)=0,1573054 u p(3)=
= 0,24197221 u F(3) = 0,8413445.
INporpamma 6.43. Briuucnenue

p (x) =Ae~M*-1lfo
F () e~Mlx-uwlfy —0 <1<y,
x) =
_e-Alx_u|/2, p<x<my

st pacnperenenus Jlannaca. Beoa: p= PO, A =Pl n x = PX.

n2 Hro -— Fx<0 06 /—/ UL [—/- X Fe*
2 =+ I3 Hm X C/IT UM2 U0 — Fx<0O
25 MII3 C/IT BII 00 1 HI13 — BIT 22

Ins p=1 1A =2 p(—0,5)= 0049787072, F(—0,5) = 0,024893536 u
p(1,5) = 0,36787944 u F(1,5) = 0,8160603.
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Nporpamma 6.44. Bruncaenne p(x)=x"e=*/m! nas nokasatenbmo-
cTeneHHoro pacnpenencHus. Beoa: m = PA, x = PX > 0.

rn9 MHIIA I10 Fx=%0 12 1 Hrio X FLO 06
BIT 13 1 I8 UIMA UI9 Fx¥ HWI9 /—/ Fe*
X HNn8 =+ 17 C/lT1  BIT 00

Has x =m =3 p(3)=0,22404176, a ana x=m=1 p(l)=
= 0,36787944.

Nporpamma 6.45. Briuncienne
_t
2 ch?ax
Inns pacnpefenenus sch?x. Beoxa: a = PA, x = PX. BuiBox pesyabra-
TOB: p(x) = PX, F(x)—~ PY.

Mo UIIA X I16 Fe* 4 Fi/x — 2 =

A Fx2 1 4+ Fa = 2 = 2 Fl/x

4+ I8 UI6 Fe* 4 Fl/x + Fx?2 Fl/x UIIA

X 2 X 7 C/i1  BII 00

p(x)= H F(x)=%+%thax

Jas a=1un x = —1 p(x)= 0,20998718 u F(x) = 0,11920292.
Mporpamma 6.46. Boiuncienne

p(x) = r T [(N 4+ 1)/2] l_l__,i)—(Nﬂ)/z
/7N T (N/2) N

ans pacnpenenenns CTbiofieHTa C IpHMeHeHHEM N TamMa, GyHKumE
¢opmyan Crupaudra, T. e. [6]

A/ NW+2) (N+3\V (6N + 19)
”(’f)—'\/ 708 \N¥2) WFnev+m <

£2\ —(N+D2
X (1 + —N_) o
Beox: N = PO, x = PX (npu nepBoM nycke x = P9).
wuro 4 A 3 + UM 2 + = Fa¥
X Hurio 2 + X 1 7 , 0 8
+ F4/ HIO 6 X I8 1 9 + X
HIrm 1 + - HIig 1 3 + = TII8

Hr9 119 Fx? HII0 =+ 1 4+ HII0 1 +
2 =/ = XY Fx¥ HUMN8 X C/IT BII 41
Ins N = 3 u x = 2 noayuum p(x) = 0,067514971.
TNiporpamma 6.47. Buluucaenne
()= i
)=
S TR
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ANA raMMa-pacnpejeNeHHs npA Neaux o, koraa I'(e+ 1)= al. Bsom
o = PA, B = PB u x = PX (upu mepBom nycke ¥ = P9).

HUIMA 110 Fx=s0 11 1 Hrm X FLO 05 BIT

12 1 116 HTIA 1 + HMB Fx¥Y HII6 X
5 U9 119 HUIIA XY F«¥ W9 HIB /—] =+
Fe* X HI15 < Iz c/a b 22

Ona a =0 Bp=1ux=02 p(x)=081873072.
MNporpamma 6.48. Brruncnenue

p ()= &Nl E2NEIT (N 2)

ANA -pacnpelefieHus ¢ npumeHenuem aas I'(N/2) dopmyast CTupiun-
ra, T. e.

NxN-le=%12 1+ N
X) &~ — rie a= —
P N Toa @le)” (L + 1/(12a) 2
Bsoa: N = P0, x = PX (npu nepBom nycke x = P9).
Hrio 2 - TJi7 2 Fx¥? Fn 2 X W7
1 + N7 = F4 X 1 HUN7 1 2
X Fl/x + X Urio = M8 WuIiz 1 Fe*
- HUI17 XY Fx¥ HII8 X 18 UI19 119 UII0
1 - XY Fx¥ WI9 Fx2 2 [—] =~ Fe*
X Urs = 1II7 C/I1 BII 38

Oms N=1u x=0,1 p(x) = 0,79449834.
INporpamma 6.49. Beruucnenue
p (x) = xV2—1e=*2[oN2p (N 12)
A7 pacmpenenieHHst X? ¢ MpUMeHEHHeM COOTHOLIEHHS
T'(N/2)= 2I'(1 + N/2)/N = 2T'(a) /N
n dopmyaet Crupaunra aas I'(a), uro naer
NxN/?—]e—xﬂ
p (x) >~ — T ’
2 4/2n/a (afe)? (1 + 1/(12a))
Booa: N = P0, x = PX (npu mepsom mycke x = P9).
Hrio 2 + 1 + n7z 2 Fx¥Y Fn 2
X M7 + F4/ X MO0 = 1 U7 1
2 X Fi/x 4+ X ng Hmnrz i Fe* =+
Hnz XY Fx¥ U8 X 8 UIY 19 HIo 2

<+ 1 — XY Fx¥ HII9 2 —1 =+ Fe*
X HIs =+ C/1  BIT 37

rie a=1—N/2,

Oaa N =20 u x = 10 p{x) = 0,01813276.
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flporpamma 6.50. BrluncneRde NJIOTHOCTH pacnpefencHHs Dpnanra

K-ro nopsiaka (K — uenoe uncio)
AK+!1 K. —Ax AK+!

- _ K —At
PO=T®RTD * ° R '

xe
Beoa: A =PA, K=PB, x=PX (npu mepBoM Nycke NpPOrpaMMH
x = P9).
HUrnB o Fx=+*0 11 1 U1 X FLO 05 BT
12 1 I16 HMnB 1 + HMA Fx¥ UI6 =
I15 UImo 19 HIIB XY Fx¥ HII9 HIA /—/ X
Fe* X HII5 X nz cC/m b 22

IOns K=3 u A=2 umeem p(0,5)=0,12262644 u p(2)=
= 0,39073354.

6.11. 'mnepreoMeTpuueckne GyHKIEU

MNporpamma 6.51. BrruncieHue rumepreoMeTpHYeckoro psija mo pass
Jgoxenuio [29]

i-1

N
= @+ +45
Fa ”'“’““LZ[H TFnern )T o
i=1 k=0
Bson: a, b, ¢ 1 x B peructp X.
rne ¢/ m3 C/I1 4 C/lT Fr Fe* TII0 Flg
urio 1 - m wun2 + X UM vmn3 4
X umm U4 4 = o + X 1 +
FLO 10 c/mI
s a=b=c=1 u x =08 nonyuum F(1l; 1; 1; 0,8)= 4,978539
(touno 5). ITorpemocts Bhiyucaenus 8 < 0,5% mpn —0,1 << x << 0,8,
Mporpamma 6.52. BoiuncieHHe BHIPOXKAEHHOH TI'HIepreoMeTpHYeCKOR
¢$yuguuE no pasnoxenuo [29]

N i-1 -

= (a+1)

LCE "’=‘+Z[ TFDCFD "]+9~+v
i-1Lio

Beon: a, ¢ u x B perHerp X.
Mg C/I n3 C/IT  Fmx Fe* 0 Flg HIIO 1
— m umn2 + X X Ulll U3 + -
HIrio = 1 + FLO 08 C/II

Oan a=c=1 n x=>5 noayunm ®(1,1,5) = 14841315 (Touno
148,41316). IlorpemHocts BHuncaesH? 0 < 1:10~* mpu 0<<a<<c h
-v=r 10, {. =~ 2 MuH,
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Fnapa 7

NPUMEPBI PACYETA 3JIEKTPHYECKHUX
M 3JIEKTPOHHbIX LLEMEH W YCTPOHCTB

7.1. Pacuer HHAYKTHBHBIX 3JIEMEHTOB

HuaykTHBHOCTL NMPOBOAOB, KaTylllek W ADYrHX HHAYKTHBHBIX e«
MeHTOB L (w, x4, X2, «.., X,) B CIpaBOYHON JHTEpaType OGBIUHO 3aAaeT+
cs1 (DyHKIHefi 9uC/la BUTKOB W H KOHCTPYKTHBHLIX NapaMeTPOB Xi, Xz, ...
...» X [14]. Opnako yame Tpebyercsa HaliTH @ (MM KaKOH-1uGo mna-
pamerp X, X3, ..., X,) no 3axaHuofi L = L, Ecmu L(w,x,, Xz, ...

.., Xn) paspeminMa B Buae @ = (L, x4, X, ..., X,), pacueT cBOAHTCA
K (opMysbHOMY cueTy. B mporuBHOM ciyyae @ onpenessieTcs 4HCJCH=
HbHIMH MeTOJaMH pellleHHs HeJHHEHHOro ypaBHEHHS

Lo—L(w, X1, X, ...,x,,) = 0,

B NpHBENECHHBIX HHZKe IporpamMmax L, 3anana B HAHOTEHPH, a reo-
MeTPHYECKHe Da3Mepbl KaTylleK — B CaHTHMeTpax.

D

d

Puc. 7.1. Butok B cnofoanom Puc. 7.2. Opuocnoiinas Ka-
[POCTPAHCTBE TyIWKa

Mporpamma 7.1. Pacyetr HHAYKTHBHOCTH KpYIJIOTO BHTKA CO Cpel-
HHM pguamerpoM D u nuamerpom mnpoBoma d mno cdopmyte L =
.= 2nD (In(8D/d)— 1,75). Beox: D = PX, d = PX.
A ¢ - 8 X Fln 1 , T 5
- X 2 X Fn X C/I1 BIT 00
Hag D=2 cm, d = 0,1 cm moayuum L = 41,785364 ul'w.
Mporpamma 7.2. PacueT uyuc/a BUTKOB @ ORHOCJOHHON KaTylIKH
3amannoit anudbl [ (puc. 7.2) u3 ypaBHeHHs

Lo— L(Aw + Bjw —C) = 0,
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rne A= (nD)%/({ +045D); B =135/D/d u € =4D. Boon: D = P4,
1l =P5,d=P6 u Ly= PX.

7 Fn . W4 X Fx2 0 , 4 5 T4

X HMIB 4+ = TIA U5 UM6 = UM X
3 , 5 X TIB U4 4 X TC 0
mn i 0 M3 WM2 U3 + [2 HIA X
WIB M2 =+ 4+ WUINC — M2 /— X  HI7
4+ Fx<0 34 W2 UIM3 — T2 C/II U3 1

0 + M3 B 34

Ong D=2 cm, l =2 cM, d = 0,05 cM u Ly = 5.10% ul'n, nakan
TpuXan kaasumy C/IT (c mepepbiBaMd Ha BpeMs cueTta), MOJAy9AM
w = 18,9. Eciu ceueHHe KaTyWIKH He KDYIJOe U HMeeT BHI NpPaBHTbs

HOTO MHOTOYroJIbHHKA, TO B [MPUBEAEHHBIX Bbllle ¢opMmynax Gepercd
D = Dy cos?(n/(2n)).

| H I

W =t <
Dy
D,

Puc. 7.3. Topounanbuas karyw- Puc. 7.4. Topounasibnas Karyus-
Ka KPYIJIOro ceyeHus Ka NPAMOYrO/IbHOTO CeyeHHs

Mporpamma 7.3. Pacuer w OxHOCNOHHOA TOPOHAANLHON . KATYMUIKA
Kpyraoro ceyeHus (puc. 7.3):

w= f\/LO/2n(D—r\/D2 —Df).

Beoa: D, D, u L, B peructp X.

ne C/m m8 C/I 4 2 + Fa =+ U9
A Fx? MIB Fx2 — Fa — + F4/ BII
03

Onss D=3 cM, Dy =1 cm, Lo = 10° ul'd noayuanm w=304,56901.
flporpamma 7.4. Pacuer w TOpOHZA/IbHOH OMHOCNOHHON KaTyHHCH
OpPAMOYrOJNbHOrO ceyeHua (pHc. 7.4):

@ = 4/Lo/2k In (Dy/D)).
Bson: Dy, Dy, h u Ly B perucrp X.
m ¢/ mn8 ¢/ nrz ¢/ Aanr = 2 =
WMg uns -+~ Filn + F4 bIO 05
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Ong Dy=3 em, Di=1ceM, i=1 u Lo=1.10° afH moayusm
w = 213, 33533.

Mporpamma 7.5. Pacuetr @ MHOrocJOiiHOH TODOMAAJIBHOA KaTYILKH
KpyrJoro cedeHus (puc.7.3):

8D
v = z\/Lo/2:1:D (In D, 1,75) .

Fion: D, Dy u Ly B permerp X.
g CJI1 g C/I1 M9 8 X UIB + Fln
1 , 7 5 - HII9 X Fn X 2
X = F+~ C/IT1 BH 03

Oas D=4 cu, D =08 cm ® Ly = 10? uFe moayunm @ =)
= 453,00673.

b d
»H* >I‘-*
= QO =
OGGC Puc. 7.5. Muorocaoiinas
a KOPOTKasi LHJIHH]pHYeCcKast
KaTyliKa

[

Mporpamma 7.6. Pacuer w MHOroc/ioiHOM KOPOTKOH HHJIHHApHYE-
cxoit katyuku (pac. 7.5):

w=4/Ly (3D + 9l 4 10c)/25nDz2,
Beon: D, I, ¢ u Ly B perucrp X.

I C/I1 M8 C/I N7 C/II W9 3 X W8
9 X 4+ HMF1 0 X + X 2
5 = Fx =+ W9 Fx? =+ F4 BI 05

Hngs D=25 cem, l=c=1 cm u Lo =2-105 ul'u monyuum w =]
‘= 103,90895.

Mporpamma 7.7. Pacuer @ KaTyIIKW HAa KOJIbLIEBOM (eppOMArHHTs
HOM CepleuHHKe:

w = /Lo (dx + do)/4pk (ds — dg) TpE  dy/ds < 1,75,
w = +/Ly/2ph In (dy/d5) npu  dy/ds > 1,75,

rne dq B d; — HAPYXKHEIA H BHYTPEHRHH NHAaMeTPH CepkeuHHKa, h — ero
puicata, BBoxg: du, ds, B, p ¥ Lg B perucrp X.

nm ¢/m ns ¢/ Iz ¢/ ne C/Ir 15 Hrig

urig -+ m 1 , 7 5 - Fx<o0 38
Huro uns 4 U5 X 4 = Uure -= Iz
= HIg urg -— + F4° BII 07 HIs 2

- HIe - Uz -+« WI4 Fin = Fy~ BII
07
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Oasdi=4ceM,d:=2em, h=1em, pn=1000 u Lo = 2-10" aTn
noayunM w = 120,11223, a ana ds = 3 ¢M H 3THX XKe NAHHLIX NOJY=-
yuM @ = 187,08286.

Mporpamma 7.8. PacueT @ KaTylwKH Ha NN
6poHeBoM cepreunnke (puc. 7.6):

w = 4/I (A + B)/19,74p

LA

rae

1 1 \
A= (h+nh )
k) (G + =)
B— 1 In (ds + 4d4 )
hy — b di+dy )
Beox {mocne maxarua knasum B0 m CI):
dy, dy, d3, ds hy, hy, p v Ly B peructp X.

Ilpu cmene L, mabupaercs HOBOE 3HaueHHe Lo H HAXKHAMAETCs K/aBH-
wa C/II.

v 77777,

Puc. 7.6. Karymka na
GpPOHEBOM CEpAEUYHHKE

8 n o C/IT KIW HIW 1 - Fx=0 02
C/lm M8 * UIl4 Fx* HII5 Fx* —  Fl/x WII6 Fx?
U117 Fx? — Fi/x + HI13 HII2 + pad MA
urs Hn4 + HII7 W6 4 = Fin MHIR2 I3
- -+ A 4+ s X HITl = 1 9

, 7 4 <+ F4 BII 10

Ona di=1 M, do=2 oM, ds=4 t™, dy=05 cm, h; = 3 cm,
hp=4 cM, p=10 u Ly =5-105 aT'n nonyunm w = 103,26144, Oas
Lo =1-10° uT's w = 46,179922.

7 a b
Iy b2 A
AN r==4 =
[t e | | 1 1
i | T | |
(g Ry 8 0 0 W A
a 0)

Puc. 7.7. Cepaeutikn u3 sjemenroB II- (a) u Il-o6pasuoit ¢popmu (6)

Mporpamma 7.9. Pacuer @ KaTymleK ¢ B3aMKHYTBIM CepAeUHHKOM
(puc. 7.7):

w =V Lolm (1 4 1 di/alm)/4npF,,

rae Fo — nnomanb NonepeyHOro CedeHHs CEPAeYHHKa, [y, — CpelHsda IJH-
Ha MarHuTHO# JauHHH. BBoa: Fe, Im, @, di, p u Ly B perucrp X. Ilpm
cMeHe Ly HaGupaercs HOBoe 3HaueHHe Lo u Haxumaercs knasuma CfII,
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ne ¢jio N8 ¢/ fiz ¢/ n6 CJi1 s ¢/

Wrg x 4+ Frn = U9 -+  HUIls =
Ul HUI6 X Wnrz =+ HI8 = 1 + X
Fy~ BII 09

Oaas Fe=1 cM? I, =10 cu, a= 15 cM, d; = 0,056 cM, p=
=:1000 u Lo=5-10" ul'n noayunm w = 415,23228. Hdaa L, =
= 1-107 ul'n moayuum w = 185,69752.

Mporpamma 7.10. Pacuer w TOHKOMJeHOUHOA KaTywkn (puc. 7.8)
C 3ajaHHbIMH pasMepaMH Ay u Apy:

w={Lo/[#1 A+ A 0 (k2 L2242 [},

rae ky = 2,33 u kp = 4 1is Kpyryiod KaTyWKH H ky = 12,05 u ky =

= 8 — naa kBajgpaTHo#l (k; u ks — KO3(GUIUHEHTH!, YUHTHIBAOlUlHE T€0+
Y - .

A
Ay

2) 4

Puc. 7.8. ToukonJsienoyHble XaTyUWKK ¢ BUTKaAMH KpyrJoil (@) u KBajgpar-
HOH (6) dopMHI

meTpHueckyio Qopmy BuTKa). BBom: ki, k2, A, Asw u Lo B peructp X.
Ilpu BBOAe HOBOro 3HaueHusi Lo Ha)XHMaerca TOJbKO kjaaBuma C/IT.
Im ¢C/m n8 C/1 nrz c/a I1e C/In Ui =
. HMIl7 Une 4+ ns <+ HII5 U8 X Uriz7 HIie
C— -+ Fln - 3 4 5 +~ XY Fux«¥
BIl 07
Jna ky =233, k2=4, Ay =1cM, Ay = 0,5 cM 1 Lo = 200 ul'n
woayunM © = 6,5669484. Ias Lo = 500 ul'n u w = 11,379616.

Mporpamma 7.11. PacueT @ TOHKONJEHOYHOM KAaTyWkH (puc. 7.8)
€ 3ajaHHBIM wWaroM [ U3 pelleHHA ypaBHEeHHs

Lo—k (1+%) lw2/3ln[k2 (1+3‘(:%“ ]= 0.

Boon: k1, k2, Aeu, I 1 Lo B peructp X. s Kpyriolt KaTywku ky = 2,33
B ko= 4, nns xBaapatHoil By = 12,05 u &, = 8.

m7 C/1 e C/1 14 ¢/ 1ms  C/IoIe 0

m i n3 wun2 wvn3 + nz MU 2 P4
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urnz = Uris = 1 + g -uro X Fin

Hris X HI18 X 1518 (DS ns 8 A 3
= Iz Fx¥Y M8 [—/ X HIe  + Fx<0 13
urz w3 -— 2 C/im HI3 1 0 - 3
BIT 13

IOnst by = 2,33, ko =4, Asu = 0,2 cM, [ = 0,05 cM 1 Ly=100 uln
nonyynM w = 7,14, HaxXuMas TPH pas3a (c NepepbiBAMH Ha BpeMs cye-
Ta) kaaBuuy C/IT.

Hpoccenb ¢unbrpa o6Gbiyno BhmoaHsercss na I1 uaum IlI-oGpasHom
CeplleyHHKe AJS CTaJbHbIX NJAacTHH (uad JeHThl). OH pomken oGeche-
YHTb 3aJaHHYI0 HHAYKTHBHOCTb Lo mpH Toke /o, TeKylleM uepe3 oGMOT-
Ky Jpocceist.

Pacuyer jpoccenss BoimosnsieTcs no Metonuke [8] ¢ momolibio ABYX
nporpamm.

Mporpamma 7.12. Pacyer IIHPHHBI CTEPKHA @, NONEPEYHOTO CEUCHHSA
Q, ontuManbHoro 3asopa l./2, koaduuuenta M, OTHOCHTENbHOH MJTHHBI
BO3AyuwHoro 3asopa I (B % oOT lm), 2heKTHBHOH MArHUTHOH TpPOHH-
LaeMOCTH MaTepHaJla CepJeYyHHKA U H TOJILHHB HaGopa c¢. Bsom: Ip =
= P0, L, = Pl.

HI0 Fx?! UMM X 119 F4~ Fy 2 , 6

X C/m Fx? 1 , 5 X c/m UIA =

TIc Hr9 umn2 -= HUri4 = I15 Fx? 1 5

BT 3 X I19 U5 3 3 0 X Urio
— II6 W5 /—/ 4 0 1 X Fe* 1

1 4 X 5 0 -+ M7 MI6 U4 X

2 0 = C/m

ITycTb HyXHO paccuutaTb Apoccesb, HMeomuid Ly = 3-10—* T'n npn
paGouem Toke Io = 15 A. Beens /o u Ly u, naxap xaasumy B/0 u C/II,

HaxonuM a =2,6 é\/LOI§= 1,3252545 cm. Eue pa3 HaxaB KJIaBHIY
C/T1, naxomum Q = 1,502 = 2,6344491 cm2. [lo mopmaaun HO.666.002
«MarHHTONpoBOAL JIEHTOYHBIE» BBHIOHpPaeM MNOAXOAAIUHA  CeplAedHHK
IIJT 16)16. BeoauM B MALIHHY ero yTOyHeHHble faHHble: @ = 1,6 cM=;
=PA b=16cM=PB,h=4cMm=P3 ln=137cM=P4 u Q=
= 2,65 = P2 = PX. Haxas xaasuuryC/TI, noayunm: M=Lyl5/(acl,,)=
= 1,859248- 10 "2 > P5, 1,o = 330M — 15+ 10°M” = 0,56169979 mm —>
—->P6, .= 114exp(—401M)+ 50= 104,08949 - P7, c¢=Q/a =
=1,65625 cu ~PCu [ [2= lz%lm/ZO = 0,38476435 MM —> PX. ITepe-
XOAHM K CJeAylolledl mporpaMme.

Mporpamma 7.13. Pacuer puamerpa npoBoia d, uneJa BHTKOB ),
OMHYECKOTrO COMNPOTHBJEHUS r H KO3((HIHEHTA 3aMOJHEHHS OKHA Melbio
kw. BBox (mocse BbinosiHeHHst mporpaMmbl 7.12): pomycTumas MJOTHOCTD
ToKa § = P8.
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W0 UM8 +  Fy~ 1 , 1 3 X I9
C/1 MMl MM X 1 , 2 6 =+ u7
+ HM2 =+ F4 1 B 4 X IO C/I
WUMA UNC + 2 X WIOB Fn X 4+ WA
X 2 , 2 5 BII 4 /—] X VIO
Fx? 19 =+ C/IT WUM9 WML X 8 B 3
/[~ X UIB + M3 + /I

Beeas 0 =3 A/MmM2 B maxam kaasuing B/Q w C/I1, naitnew
d = L134/T,[d = 25267567 mm. Haxap eme pas gaasumy C/II, noay-
ym  © = 104 1/Lolm/(l,26p,zac)=34,388184, fajiee, JBaXAH HaXap
kaapumwy  C/TT,  momywum  r = 2,25-10—*w[2(a + ¢) + nBl/d? =i
= 1,3984111-10-2 Om n kuy = 8-10—3 wd?/(bh) = 0,27443915.

HcxonubiMy NaHHBIMH NPH pacyeTe CHJIOBOTO TpaHcgpopmaTopa siB-
JAI0TCA: ra6apHTHAs MOMIHOCTh Pr, MakKCHManbHas HHIYKUHS B Cep-
JleuHHKe B, 9HCI0 cTepkHedl cepleuRnnAKa ¢ OGMOTRAMH S, NOMyCTHMast
IJIOTHOCTL TOKa O, K03dHUHEHT 3aMOJNHEHRS OKHA CEPAEYHHKA MEABI0
kw, K. 1. 1. TpaHcdopmartopa m, Hanpsokeans Uy m U, w toru 1| n Iz
NepBHYHON M BTOPHuUHON O6MOTKH. [TOPSMOK TEXHHYECKOrO pacyeta CH-
JIOBOTO TpaHchopMaTopa CAeAYIOUHA.

1. Haxonum mrpoussenenne ceueHuii crand Q. H okHa Qo cepaeu-
HHKa

QcrQo = Pr/0,022f Byidnskcky.

[TonGupaem nonXoxsmuii THO CepAEUHMKE M YTOYHSEM NJs Hero 3Has
yeHust Qer ¥ Qo.

2. OnpeneasieM 3. A.c. ofHOro BuUTKa e = 4,44.-10~% [B,Qc-ke.

3. Haxoaum 4YHCJO BHTKOB BTOPHUHOR OOGMOTKE w, = Usfe.

4. Haxonum nprGanXKeHHOE YHCJIO BHTKOB NEPBHYHON OGMOTKH @, =)
= Utfe.

5. OnpenesiseM nnaMeTp NpPOBOZA BTOPHYHOR ©OGMOTKH (Ges H30+
maunr}y d; = 113 w/m

6. OnpenenseM AakaMeTp NPOBORA MepBHuHOR o6MoOTKH (Ge3 u3o-
asumn)  dy = 1,13 4/1,/8.

7. HaxoguM  gnuBEy  TNpoBOZa  HepBHUBEONl  o6MoTRE [} =
= wn[2(a + c)+ nb]-10-3, rme a — mHpUHA cepReuHAKE, b — mupHHA
OKHa H ¢ — TOJIIIHHa Habopa.

8. PaccyuThiBaeM NafeHHMe HANpAXKEHHS HA AKTHBHOM COMNPOTHBJeE-
HuH mepBHuHON o6morku AU, =2,25:10" 21111/51%.

9. Yrounsiem yuCJIO BHTKOB NepBHYHON o6MOTKH w; = (U, — AU,)/e.

Hporpamma 7.14. Pacuer craoBoro tpancdopmaropa. Beon: fBm =
'= Pl, 8 =P2, n =P3, s = P4, k. = P5, ky = P6 1 nanee B coor-
BeTCTBHH ¢ Tabm. 7.1.
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Tab6auuwa 7.1

Bsox |P.=PX|a=PA, b=PB|U,=PX|U, =PX]| I,=PX{ {, =PX| -1 - -
c¢c=PC

BoiBoxn | Q.Q, e w, W, d2 d, e |AU|| w,

MOl + MI2 + M3 +— M4 = W5 =

Ure = 4 5 X C/lT MIA HUIC X MM
X MIB X 4 4 4 BII 6 I~ X

e ¢/1 Mmoo = C/I1 Iz Mo = 18 C/l
U2 + F4° 1, 1 3 X ¢/ TI9
U2 =+ Fq~ 1 1 3 X  III  C/II
WMA UTC 4+ 2 X HIB Fx X -+ U8
X 1 0 0 + C/I WM X 0 ,

0 2 2 5 X MO Fx?2 =+  C/I /—/
Unz 4  WUI0 + C/II

ITycTs HyXHO paccuHTaThb CHJIOBOH TPaHC(HOPMATOP HPH CJeAYIOLIHX
IICXOAHBIX AaHHBIX: fBpm = 60 Tu-Ta (f =50 Ty, B, = 1,2 Ta), 6 =,
=2 A/um?, 1 =096, s =2, k. =0,95, by = 0,32 u P, = 215 Br.
ITyctus nporpammy HaxatdeM kjasumi B/0 # C/T1, monysmm QcrQo =
== 138,13218 cuM2. BriGupaem marauronpoBoj Jentouusii I1J1 25 X 50 —
65, umeromuii QcrQo = 140 cM* (a =125 cM, b =2 cMm u ¢ =5 cMm).
Beens atu nauneie B peructpu A, B uw C, monyyum (HaxaB KJaaBuuIY
C/lI) e=10,31635 B. [Hanee, BBens U, = 450 B, mnonyumm w;=
= 1422,4751; BBems U, = 127 B, nonyuum w, = 401,45408; BBens
1, = 0,475 A noanyuum dy = 0,55069387 mm; Bmeas {, = 1,7 A, nmoay-
uum d; = 1,0418085 w™m wu, panee, [, = 85,442214 M, AU, =
= 3,0111265 B u »; = 391,93576.

7.2. Pacyer emKocre#

Pacyetr eMgrotTell KOHZeHCAaTOPOB OOBLIYHO TPOBOAUTCH NPH HX pas-
paGoTke. KOHCTPYKTOpH 3JIEKTPOTEXHHUECKOR H 3JIEKTDOHHOH ammapa-
TYPH HCHOMB3YIOT HX Kak TOTOBble 3JeMeHTH. XapaKTepHOe HCKJOYEHHe
COCTABJANOT NACHOYHBIE KOHAEHCATOPH TIHOPHAHO-I/IEHOYHHIX HHTErpaJb-
HBIX MHKDOCXEM.

PacyeT M/JIeHOYHLIX KOHAEHCATOPOB C 3afaHHON eMKOCThIO C, yicioM
OOK/MafOK M, TOMUIMHOA €ro AH3JeKTPHKa d H OTHOCHTE/bHOH IHIJIEK-
TPHYECKOfl MPOHULAEMOCTBIO € CBOAHTCS K ONpENEeHHIO YAe/bHOH eM-
xoctn Cop = 0,0885 e(m — 1)/d u naomwanu ob6kaanok S = C/Co. INocne
BTOTO {10 3aJAHHOMY OTHOWEHHIO CTOPOH Q = A/B mpsiMoyrosbHEKa 00-

KMafok Haxoaarca ctopord A =4/QS u B = 4/S/Q.
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Mporpamma 7.15. PacueT nienounoro Konaencatopa. Beoa: m = PI,
d, = P2, ¢ =P3, Q =P4 u C = PX. BuBog, pesyabratoB: Cy— P0,
41—~ PA, B—~PB, S—~PC=PX

MM3 WL 1 — X MM + 0 , 0
8 8 5 X M0 = TIC M4 X Fy
MA WIC WUM4 = F4~ NB MIIC C/IT BII 00

Ona m=3,d=001 c™M, e=47, Q=2 u C =100 n® nony-
guM Co = 83,19 n®/cm2, A = 1,5505273 cm, B = 0,77526366 cm n
S = 1,2020675 cm2.

Pacuer eMKOCTH NpPOBOAHMKOB B CBOGOJAHOM NpPOCTPaHCTBE NpOBO-
AHTCS 10 opmyJe

C = kyel/ig (kox/d),

Tle 3Hayenus ky, k, W HauMeHOBaHHe mapaMeTpa X ykasaHu B Taba. 7.2,
I — nmuna nposoaa u d — ero guamerp.
Ta6auuna 7.2

Emxoctn ky Ry HaumeHnoBaHue x
Mexny AByMs npoBojaMn BJLajlH OT PaccrosinHe MeXAY NpoBo+
3eMaH 0,12 | 2 JaMHu
MexAy TropH30HTaNbHbLIM NPOBOAOM BricoTa nojBecKH
n semJedt 0,24 4
MeXAy BepTHKaJbHLIM [IDOBOAOM H JauHa nposoaa

3emJiell NMPH PacCTOSIHHM OT 3eMJIH
A0 HHXKHEro KoHla
h>1/4 024 |1

Mexly BepTHKaJbHbIM NpPOBOAOM H JJauHa npososa
seMJieli NpH pPacCTOSHHM OT SeMJU
JlO HHJXHEro KoHua

h <l/4 0,24 1,15
MexXay NpoOBOAOM U KOpPHYycoM npu JuaMeTp OTBepPCTHA
BBOJE MpOBOja 4Yepe3 OTBepcTHE 0,24 2

Mporpamma 7.16. Pacuer eMKOCTH NpOBOAHMKA B CBOGOAHOM IIpO-
ctpanctBe, Bpox: k= Pl, ky=P2 &¢=P3, |=P4 d=P5 n
x = PX.

HI12 X HII5 + Flg HIII HN3 X HII4 X
Xy = C/1 BII 00

Oaa by =024, k=4, e=11=10 cm, d=02 cM u x =
‘= 200 cM nmoayvaem C = 66,62854 n®D,

184



Huorna HeKOTOPHH KOHCTPYKTHBHBIY NMapamcTp x, onpeneasiom il
emxocTs Co, MOXHO ONPLACIHTb H3 pelleHHs HeJHHEeHHOTO ypaBHEHHs

Cx)—Co=0

YHC/IEHHBIMH MeTOJaMH (CM. MpHMep HHXKe).
Mporpamma 7.17. PacueT paccTOAHHSI ¥ MeXK1y LEHTPAMH IBYX ILua-
poB no 3aanaHHOil emMkocTH Co Mexay Humu npu C(x) Bupa

D (4x? — D?) ]
2x (4x2 — D*—2xD) 1°

C (x) = 0,278¢D [1 +

Beon: Co, anamerp wapos D u e B perucrp X.

n ¢/m n8 ¢/ nz Hms 16 1 0 5
HIe HIs + 6 Fx? 4 X HI18 Fx? —

M M8 x 2 ~ HMI6 = W4 U6 2

X M8 X = = 1 + 0 , 2

7 8 X M7 X MO8 X M9 — Fx<O
10 W6 MII5 — [6 C/I1 UM5 1 0 =
115 EBII 10

B sroit mporpamme x > D (npu ¥ = D wapbl CONpHKAcawTCs o
C(x)— o) Bospacraer nopaspsaano. Oas Co =5 n®, D= 10 cM u
€ = 1 nomyuum x = 12,259 cm, Haxas nate pa3 kaasumy C/IT ¢ ne-
pepbiBaMH Ha BpeMs BBLAAYH KaXAOH LUQpHL.

7.3. Pacuer aunnunii nepenaun u 3afepxKH

Jlnnuu nepefaud MOryt GHITb NPOBOJHBE, KOAKCHaJbHLe, MOJOCKO-
Bble U ap. [TonocKOBLie HecuMMeTpHuHble (pHC. 7.9,a8) H CHMMeTpPHUHbIE
(puc. 7.9,6) JMHMH WHPOKO HCMOJB3YIOTCs B PaJHO3JEKTPOHHOH amma-
patype. Pacuer JnHuiI 06BIYHO CBOJAHTCA K ONpEJEJEHHIO HEKOTOPOro

w
W
" AV AV AVAYAY NS
W////// E -
mvmvmv.vmmmmvmuuv - | AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV/ IEEES
o)

Puc. 7.9. IlosockoBele HecHMMeTPHYHLIE (@) M CHMMeTPHYHBE (6) JHRHH

KOHCTPYKTHBHOTO MapaMeTpa X MO 3aJaHHOMY BXOIHOMY CONpPOTHBJe-
HHIO MHHUK Zo, a TakXe onpeleseHHio (a3oBoii ckopoctd v. Ias Ajnu-
HbIX JIMHMIT CYLleCTBEHHA OLEHKA IOTepb Ha eAMHHILYy TeOMeTPHuecKoi
IJAHHB JIHHHH.
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Jna HEKOTOPHX JrHHmi

coD _ ex(Z, A/&/60) 73)

d R ! )
rie € — OTHOCHTEJbHas AH3JIeKTPHUeCKas NPOHHIAEMOCTb AHAJEKTPHUKA,
d — nuaMeTpP BHYTPeHHero nposoiuuka, a D M & onpepensiorca cJe-
AyoIHEM 06pa3oM:

1. Ina auHuH B Bule KPYIJOrO NPOBOJAHHKA, PACMOJNOXKEHHOrO B
cepefiHHe MEXAYy OPOBOASLIUMH ILUIOCKOCTAMY, PaclioJOXKeHHHMH Ha pac-
crosunn D ppyr ot apyra, k= 1,27.

2. JIns NMHHHM B BHAE KPYIJIOrO NPOBOAHHKA, IOMELIEHHOrO B 9KPaH
C KBaJpaTHHM ceueHHeM H ctopouoit D, k = 1,08.

3. a1 MMHEM B BHAe KPYIJIOrO IIPOBOJNHHKA, NMOMEIIEHHOIO B 3KpaH
KPYyrJIoro cevenusi ¢ aaaMetpoM D, # = 1 (xoaxcuajbHAs JIHHHSA).

4. las AAHUH B BHAe KPYTJIOr0 NPOBOAHHKA, PacHOJOKEHHOro Ha
GucceKkTpuce MNPSIMOro yria, o6pa3soBaHHOTO IBYMs NOJyGEeCKOHEUHHMHY
NPOBOAAINAMH TIJIOCKOCTSIMH, Ha paccTosHuH D/2 OoT KaXAof MI0CKOCTH,
k=14

INporpamma 7.18. Pacuer x no ¢opmyne (7.3):

e Fy~ Z; X 6 0 + Fe* kB =
Briuncnenne (7.3) nmo aToil mporpaMme IPOBOLHTCS BPYYHYIO.

Mpumep. [aa Bo3pyWHOH KoakcHanbHOH Jmmun € =1, k=1
Bn Z, = 100 Om noanyunm x = D/d = 5,2944895.

Mporpamma 7.19. Pacuer mupunnl nosocku W u vfc (rme ¢ — cgo-
POCTb  cBeTa B BakKyyMe) HECHMMETPHYHOH  IOJIOCKOBOH  JIMHUH
(puc. 7.9,a) no ¢opmynam

W=l,25[

5,981 _ t]
exp [Z, (e + 1,41)"/87] ’
v/c = 1/[0,475¢ + 0,67)].

Beoxa: Z,, h, t u ¢ B peructp X. BriBog pesyibratos: vic—+ PX, w >
- PY = PJI.

7z ¢m 1m8 ¢/ rne G/ Ie 1 , 2

b MHMI8 5 , 9 8 X HI6 1 ,

4 1 4+ F4° U7 X 8 7 - Fe*
<=~ Hmnm — X na HIe o , 4 7

5 X 0 , 6 7 4+ F4~ Fl/x C/I
BIT 00

Hna Z, =75 Om, h=1 mM, £ = 0,00 MM u & = 4,7 noayyum
ofc = 0,58696727 u (uaxaB knaBuuy XY) W = 0,82501161 mwm.

Mporpamma 7.20. Pacuer v/c u mmpunnl nojocku W cHMMeTpHYHO
DOJI0CKOBOjT JinHHH (pHc. 7.8,6) no ¢opmynam

W = 0,59 [ vje = 1/+/e.

4b

S ———T1 }
exp (25 +/e/60) ]
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Bsoa: Z,, b, ¢ u e B peructp X. BuBox: v/c - PX, W~ PY.

n7 ¢/ ng <C/m mne cC/r Imne o , O
9 HI8 4 X WUre F4~ IO HII7 X 6
0o = Fe* = HImo 2 ' 1 X —
X ung Fl/x C/IT BIT 00
Oaa Z;, =50 OM, b =25 mM, {=05 MM u e =47 noayuum
v/c = 0,46126561 u (naxas knaBumwy XY) W = 0,34932508 mwm.
HOna panga aunufl nepefaud BHIpaXKeHHe AAA Z, Hepa3pelliMO WIH
TPYAHO Pa3pelllHMO OTHOCHTEJbHO KOHCTPYKTHBHOFO mapaMeTpa X, ompes
Jle/leHHE KOTOPOro siBJsieTcd LeJblo pacuera. Torza, 3amas TpeGyemoe
3HaueHHe Zny, €FO0 MOXHO HafiTH H3 pellleHHs HeJHHEAHOro ypaBHEHH:
Zyo—Z;(x)=0,
nanpuMep, MeTOJOM NOJNEKAaAHOTO TpHOMMXKeHHS C BHayell Kaxpof
ouepexnoit nHdpH pesyabrata nmaxatneM Kaasuira C/IT
Mporpamma 7.21. Pacuer nnaMerpa d BHYTPEHHEro MPOBOJXHHAKA
KOARCHAABLHOH IMHHH, CMELIEHHOTO OTOCHTE IbHO BHEHIHEFO MPOBORHHKA
C OTBepCTHEM, HMeHIAM Auamerp D, Ha paccrosiHue f, A3 ypaBHERHA
D244 —ar
2dD

Zo— 16/(; arch 0.

Beoxa: D, I, Z,, u & B peructp X.

5 C/IT 6 C/IT M7 C/IT Fy 6 0 XY

=~ It o0 n o . 1 M3 W2 HI3
4 M2 Fx? U5 Fx? + U6 Fx?2 4 X

- 2 +~ MM2 = U5 = 4 Fx2 1
/-/ + F4 + Fln M4 X HII7 — Fx<o0
18 MM2 M3 — T2 C/IT W3 1t 0 =
3 BI 18

Ona D=1 cM, =025 cM, Z,o=100 Om u & =1 noayuuw,
HaXaB ueThipe pasa kaasvmy C/I1 (c mepepeiBaMuH Ha BpeMsl BhAaud
Ouepennoll uuppu pesynrrara), d = 0,1403 cum.

Mporpamma 7.22. Pacver mapamerpa x = a/d UMUK B BHIE IBYX
OIMHAKOBHX HPOBOAHUKOB C JHAMETPOM ¢, pacHOVIOKEHHLIX Ha PaccToss
HHH @ JPYF OT Apyra H3 ypaBHeHHA

ZM—%(_) archx =0,
e

Bsox: Z.o m & B peruerp X.
9 C/ll Fy 1 2 0 XY + I8 0

2 1 n3y wmne wum 4+ . 12 4 Fx? 1
1~/ -+ Fy~ + Fln HIN8 X HIM9 XY —
Fx<o 13 U2 HIN3 — nz2 cja w3 t 0
-+ I3 BIT 1 3
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Ias Z, =300 OM B € = | nonyunM, Haxan waamuy C/IT ace
1Hpe pasa, ¥ = 6,132.

Mporpamma 7.23. Pacuer napamerpa x = D/d nunuu B BHAE KPyr-
JIOTO NMPOBOAHHKA C NHaMeTpoM d, PAcMoOIOXKeHHOro Ha paccrosuun D
01 npoBojslleli MJIOCKOCTH, U3 ypaBHEHHUS

Zpo— —22_ arch x =0

Ve

Beoa: Zy u & B peructp X.

119 C/lT F4" 6 0 XY = I8 0 T12

1 0 I13 W2 Hrs + T2 A Fx? 1
-/ 4+ F4° 4+ Flno U8 X HM9 XY —
Fx<0 13 Umn2 Wmn3 -— 112 C/IT HII3 1 0

- 113 BIl 13

Onsn Zzo= 300 OM u € = | nonyyuMm x = 74,2, HAXKaB KJAaBHIUY

C/I1 Tpu pasa.

Mporpamma 7.24, Pacuer paccTosiHHA @ MeXHy ABYMS NPOBOJAHH-
KaMH JIHHUH B BHIAE ABYX OJHHAKOBHIX MPOBOJIHHKOB C JHaMeTpom d,
PACIOJIOKEHHBIX Ha paccTOfHHH D OT mpoBOAsiLEH MJIOCKOCTH, H3 ypas-

HeHHs
120 a a \?
Zgo— — jarch— — In 1 — =0.
Y [ d ’\/ +(2D)]

Beson: D, d, Z,, u ¢ B peructp X.

M C/I M8 C/II 16 C/II Fy 1 2 0
XY + @05 0 nn2 1 O3 MW Ums +
Mm Wms = 4 Fe 1 /— + Fyv~ +
Fln HWIM2 2 =+ W9 = Fx2 | +  Fa-
Fln — W5 X W6 XY — Fx<0 17 U2
W3 — T2 C/1 U3 1 0 + I3  BII
17

Ona D=15 cm, d =0,1 cM, Z,0 =200 Om u & =1 noayuum
a = 0,275 cM nocse uetsipex Haxatu#t kaasuun C/TL

Mporpamma 7.25. Pacuer paccTosHHA @ MeXAy ABYMS MpPOBONAHU-
KaMH{ JIHHHH C Pa3HBIMH JAHaMeTpaMH dy u di, PacnoyoKeHHbIMH B CBO-
60 HOM HPOCTPAHCTBe, H3 ypaBHEHHSA

60 4® —d} —d}
Zagy— — arch =
€ 2d| fig
Bsou: dy, ds, Z,0 1 & B peructp X.
9 ¢/ n8 C/I01 Iz C/IT F4~ 6 0 XY
<+ . II6 0 112 1 I13 U2 Urs -+ Ti2
Fx? 4 X U9 Fx?2 — HUII8 Fx* — 2
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+~ M9 = WM = 4 Fe U /- +

Fv™ -+ Fln WUII6 X umz Xy -— Fx <0 16
W12 UMn3 — M2 C/I1 Wl 1 0 -+ 13
BIT 16

Ona dy = 0,1 cM™, d2 = 0,95 cM, Z,0 = 300 OM u € = | noayunm
= 0,434, naxkas kaasuiiy C/IT uyeThipe pasa.
Lns nonyuesnss GoJbWIHX Z, HCHOAb3YIOTCA KOAKCHAJbHblE JAHHHA,
BHYTPEHHHH NPOBOJAHHK KOTOPHIX BHIMOJHEH B BHJe CINHPaH, COAepXKa-
we# n BUTKOB Ha | cM AJuubl auHAH. Il1s 3T0# NMHHMH

ZJI = ZJIKFW1 U= OKFW,
171€ Zn,x H Uy — BOJIHOBOE COMpOTHBJIEHHE H cbaaoaan CKOpOCTb KOaKCH-
aNbHOl JIHHUH C OOLIYHBIM BHYTPEHHHM NPOBOAHHUKOM, HMeEWOWHUM JAHa-

metrp d (Kak H y BHellHero AHaMeTpa cnupanu), Fy— NONpaBOyHbIA
Ko3(uueHT, UMelomuil BHA

"\/ L+ (ﬂ(tgjd) [ ‘(%)2]' (7.4)

Nporpamma 7.26. Pacuet n ajsi JHHHH CO CNHPaJbHLIM TIPOBOAHM-
XKOM € BHEUIHMM JuameTpoM d, paclojIOXeHHbIM BHYTPH MPOBOLSLIErO
9KpaHa ¢ BHYTpeHHHM JAHaMmeTpoM D, u3 ypaBHeHH#

Fy, —Fy(n) =0,

rae Fy(n) onpepensiercs BuipamenueM (7.4). Beop: Fy, d u D B
perucrp X.

116 c/m mng c/a mn9 =+ Fx? 1 XY
Hns Fn X Fx?2 X 2 =+ HIt9 HrIi8

<
Fln = 17 0 n2 i n3 Hr2 Ui <
12 Fx? U7 X 1 + F4~ U6 XY —
Fx<0 27 U2 vn3 — 12 C/II U3 1 0
- n3 BII 27

Oua Fyy =4, d=05cm 1 D=1 cu noayyum n = 3,35.

I/lcxyccmeuﬂme JIMHUH 3aJiepKKH CTpoaTcs Ha ocHoBe LC-¢puibTpoB
BuNHUX yacTor. [1o 3aJaHHBIM BOJIHOBOMY CONpPOTHBJIEHHIO Z,, Bpes
MEHH 3aepXKKH f; U JJHTENbROCTH (POHTA HA BHIXOAE JNHHHH fy Ompes
DBeNsIIOTCsT YHCJIO ee 3BeHbeB n = ky(f,/fp)"® H 3HAUEHHS HHAYKTHBHO-
ctu L u emroctn C 3BedbeB C = tyfkonZ, L = t,Z,/ksn, rae ky = 1,1
n ke = 1,07 ana auuuft Ha Quabtpax K-tvna w ki =094 u k2 =12
Aas JTuHUA Ha ¢uabTpax M-tuna.

Mporpamma 7.27. Pacuer napametpoB n, C u L HCKYCCTBEHHHX JH~
gui sagepiku. Bron: ky = Pl, k2 = P2, Z,, t; n ty B peructp X,

189



Tocse mosyuesns n GHCIO sfUeeK OKPYIAARTCA B CTOPOHMY YBeMHUeHHH,
yTOUHeHHOe 3HaueHne BBOAMTCA B peructp X.

nz c/ar mn9 ¢/ mng =+ 1 , 5 XY
Fx¥ WIIl X C/II II6 U9 HM2 =  HI6 =
5 HIr7 = C/I1 HII5 U7 X C/l1 BIT 00

Ona ky =094, ko =12, Z, =600 OM, {,=1-10% c B { =
=0,05-10-% ¢ nonyaum n = 84,07614. Oxpyrasem no n = 85 ® Ha-
6HpaeM yTouHeHAOe sHaueHue n. Iloaywum C = 1,6339869-10-11 @ 4«
L = 5,8823529-10—% Tn.

7.4. Pacuer BoimpamaTeas

Paccuorpam pacuer m-(pasHo# cxeMb BHIPAMHTeNs, paboraiouiero
Ha KOHIeHCAaTOp (HALTPA {(CM. MOCTOBYI0 CcXeMy JAJas m = 2 Ha
puc. 7.10). Yron orceuku O AHONOB ompefensieTCsl H3 pellleHHsi TPaHC-
LieHJEHTHOrO ypaBHEeHH:

tg 8 — 0 = ar/mR, = A, (7.5)

rne r— BHYTPEHHee CONDOTHBJEHHE OTKPHITHIX BEHTHIEH H OGMOTKH
TpaHcopmaropa, Ry — cONpoTHB/IeHHe HATPY3KH.

Tp
U, | Uz

Puc. 7.10. MocToBOjt BHIIPSAMHATEJNB

VD1+VD4

ne

Tlocne maxoxpenust O onpefensiloTCs BCNOMOraTesbHBE Kodthduuu-
€HTHI:
K(08) =sin@—H0cosB, F(0) =m(l—cos0)/K(0),

B (8) =_1/_‘1—' D (8) — VIO (L cos 2672) —3 sin 20/4]
2cos O K (6)

C TNOMOHIbI® KOTOPHIX ONpeleasioTcs TpebyeMmoe Hampsixenue U, =
= U,B(0) Ha BTOpHuHOH OGMOTKe TpaHC(OpMaTOpa, NHKOBOE 3HAYEHUE
TOKA BeHTHIA /ym = JoF(0)/m, meficTBylOllee 3HAyeHHe TOKA BeHTHJSA

I. = D(®)1o/m, ToK BTOpHuROH O6MOTKH [y = A/2I5 H eMKOCTb KOH-
0
nencaropa pumstpa C = (-tl; + —n—) [2knpfRy, rtme f—wuvactora cetd

H kns — K03GGHIHEHT NyJbcalufi BHIXOAHOTO HAMPSIKEHHS.
Mporpamma 7.28. Pacuer BHnpaMuTens, paGoTaioliero Ha eMKOCTb.
Beon: r="Pl, Ru =P2, m =P3, [ =P4, kys =P5 n ¢ = P6. Bu-
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Bom pesyasraton: @=PBD, K{8) = PA, B{8)>PB, F{6)~PG,
D) - PO u C—PX. Iepekawiatesn P =T B nonoxeHuwd P.

HUIlt HUn2 = urs + Fx X ns o e

1 118 HII0 UII8 +4- I1o Ftg U0 — U9
— Fx>0 12 HTI0 Urig — 10 HUIs 3 -
118 urie — Fx<0 12 HUIT0 F sin HUII0 Fcos II7
HIT0 X - A 2 Fy HII7T X Fi/x IB

1 unz -— Frn X HUITA = IICc Uurmo 2

X 18 Fcos 2 - 1 + U x 3
HUM8 Fsin X 4 = — Fn X Fy~ HUIIA
= o HWIs Fil/x HUII0 Fn + + 2 =
HI14 = Hrz - Uurs = c/m

Nyers r = 100 Om, Ry = 1000 OM, m = 2, [ = 50 T, kwe = 0,1,
Uo=150 B u I, = 0,15 A. BBens nepsuie OATh NapameTpoB M 321aB
e = 10~¢, moaysnm: C = 7,29187-10-5 @, 6 = 0,7200122 pan, K(0) =
= 0,11809036, B (0) = 0,94055459, F(0)=6,6029987 u D(0)=
= 2,2040527. CnenoBaremHo, U, = 150-0,94055459 = 141,08319 B,
I.» = 0,15-6,6029987/2 = 0,4952249 A, I, = 0,15-2,2940527/2 =
= 0,17205395 A u I, = /2 I, = 0,24332101 A.

7.5. Mepecyer napamMeTpoB TPAH3UCTOPOB

Hepenko HyXHO HaiiTh dusuueckde napaMeTpst TpaH3NCTOPa (cOs
NPOTUBJIEHHA 3MHTTEpa rs, 6asbl rs, KOMIEKTOPA rx M KOIDQHIHEHT me«
pellayH TOKa 3MHTTeP2 @ = r'm/ry) 1O h-mapaMeTpaM TPAaH3HCTODA, Xas
PaKTepH3yIOIHM €ro Kak YeTHIPeXmoJocHHK. Ilepecuer Bexercss mo ¢op
mynam T1aba. 7.3 [20] 1 peanusyerca oxHoO# mporpaMMoil.

Ta6auma 7.3

r,,’,i‘;f,' Cxema ¢ o6ueil Gasoft CxeMa ¢ o6IHM SMHTTEPOM
Ty by o= (L+516) M196/ 206 LPY YN
Tg Ry 56/M226 Byis—Pigs (1 +Bgy5) /R
Ty (1 —="y96)/ g0 (U hyy5)/aes
Tm —(P126 * 1916)/ 206 (s ¥ Poys)/Ma0n
a = (P96 + a16)/(1 —P126) (Pras * Bgys)/ (L4 Byy5)

Mporpamma 7.29. PacuerT (H3HUeCKHX NapameTpoB no h-mapaMerd
pam. Beox: Ay = PA, hys = PB, hsy = PC, hs2s = PII 4 xox (0 pas
cxeMH ¢ oGueii 6a3oif u | ¢ o6mumM swvurTepoMm) B peructp X. BuiBopg
pe3yabTatoB: re — Pl, rs— P2, r¢ > P3, rm — P4 1 a—> P6 = PX,

5 HIIA 1

I2 WNnB WO - I

HIIC 4+ HIIB X
HIIB HIIC 4=

ung + —
9 Mg

i3



< TJI4 U5 Fx=0 44 1 HUINB  — Urna =

3 Wum4 /—/ I8 Um /—/ 1 UIB — =
6 C/IT BII 00 WMIl U2 Xy 02 Xy I
1 MIC + WO =+ N3 W9 1 Urc +

= TII6 BIT 41

I1 pumMmenp. ,U,Jlﬂ hys = 25 Om, hia6 = 0,25 10-3, hais = —0,98 u
haze = 3-10-% Cm, BBena xoa 0 = PX, moayunm re = 83,333333 Owm,
r, = 23,333333 Owm, r« = 333250 OmMm, rm = 326583,33 OM u a =
= 0,97999499. s hys = 2800 OM, hyzp = 2-10-3, hay, =60 n
hy?s = 5-10-5 Owm, BBeas kox 1 = PX, momyyum r¢ = 360 OM, r, =;
=40 OMm, r, = 1220000 Om, r» = 1200040 OM u a = 0,98363934.

O6paTHoe npeo6pasoBaHHe (H3HYECKHX NapaMeTpoB B h-mapaMeT-
put mposoautcs mo opmynam [20], npuBeneHHsiM B TaGa. 7.4.

TaGnuua 7.4

Cxewma
Hapa-
MeTp . .
C o6urdM 3Murrepom C odueit dasoft C o6ulimM KONACKTOPOM
" o+ LR - (l—a) 67« - ryre
1 6 — 3 _ 6 —
rytre—ary, ret iy rytry—arg
" ry re re—are
12 — E —_
s + rgy—aryg retrg ryhre—arg
pe ar —ry _ rgtary _ T
21 . —_— _
rg+re—arg re+ry ry+r.—ar,
h 1 1 1
22 — —ar.
rytre—arg ret+rg ry+re—arg

Mporpamma 7.30. Pacuer h-napamerpoB 6GHUMONAPHOTO TPaH3HCTOPA
no ¢usnueckuM napamerpam. Bsom: re =Pl, r, =P2, r,=P3 u
a = P4. BuiBon pe3ynbraToB: fyy — PA, hyp— PB, A2y —>PC=PX u
hea— PII. Tlpn mnepBOM mycke MOJy4aeM NapamMeTpbi CXeMbl € OGLIHM
SMHTTEpOM, NPH BTOPOM — CXeMBl C OOWHM KOJJIEKTOPOM W OpH
TpeTbeM — cxeMHbl ¢ ofwefl 6a3oil.

W1l Uns + Fl/x TI9 W2 HI3 -+ U3 HrIi

X n - Fl/x TI8 IO MHI2 X B Hil2
un3 Ung x X um + MA WUI7 UN2 —
HII8 X [Ic ¢/ Uur3 unrz — HII8 X B
HI13 /—/ HIO8 X nc c/am 1 Hrs — M

X U3 x HIm9 X unz + MnmA Hm 1A
Hm X nB HWIII U4 HII3 X + um9  f--/
X rnc c/m
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TTpumep. das re = 400 OM, r;=25 Oum, r =10 Om u a=0,985
nosyyuMm npe nepsoM Haxatud Kiaasumn C/IT hys = 2063,8935 Om,
f112, = 1,6638935-10-3, h»y, = 65,55574 u haz2, = 6,655574-10-3 Cwm.
IMpu sropom Haxartum KiaBuww C/IT nonyunm Ay = 2063,8935 Om,
huze = 0,9983361, ha1x = —66,55574 u haac = 6,655574-10-5 Cm. Ilpu
Tpetbem HamaTuu kaasuun C/IT noaysum hie = 30,997601 Ow,
hizg = 3,9984006 - 10—*, h246=—0,98500599 1 h226=9,9960015-10-7 Cm.

7.6. Pacuer MaJOCHIHAJbHBIX YCHJIMTENbHbLIX KaCKaloB

Ha puc. 7.11 npexcraBiieHbl TPH YNPOIIEHHble CXeMbl YCHJIMTENbHbIX
KackajoB Ha GunoaspHex Tpan3ucropax. Llemr nuranus (mo noOCTOAH-
HOMY TOKY) He MOKa3aHbl. DKBHBAJEHTHble CXeMBl ITHX ‘KACKANOB MAAHLL
#a puc. 7.12. “

UGX
+ Ex
Us Ex Es +
a) )
Puc. 7.11. Ynpoutennse cxeMbl Kackanos ¢ cOweil 6aszoit (a), obuium
3MuTTepoM (0) M OGLHM KOJJIEKTOpOM (8)
al, aly

R
a) 4) L=loun
IE=IBK s r
—— +— 1T 17
Iy=Tpux
Ry In; Unn ‘ 9 7ty
Usx
Eax
aly I3
0)

Puc. 7.12. OknupanenTnsie cxembl Kackanos c obulei Gasoft (a), oGmum
amutTepoM (6) M O6MHM KoJieKTOpoM (8)

OCHOBHBIMH apaMeTpaMH YCHJMTeJell B 06JacTd CPeJHHUX YacTOT
ABNAIOTCA BXOAHOE CONPOTHBJISHHE Rax = Usx/lex, KO3 @HUHEHT ycHIe-
nua no Toky Kr = loux/lsx, K03(QULHEHT YCHICHHSA NO HANPAXKEHHIO
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Ku == Usux/Uqx, CKBO3HOH KO3((ULHEHT YyCHIEHHS N0 HANPsKEeHHIO
Kg = Usyx/Eex 1 BbIXOAHOE CONPOTHBIACHHE Rpws = AUsux/Alsnx 0pa

Alsyx, 3alaBaeMOM H3MEHEHHEM HArpy3kd. PacCMOTpPAM pacueT STHX
napaverpos [20].

Iaa xackana c obureli Gasoit (puc. 7.11,a u puc. 7.12,a):
(l—ayr, + R’H K — ar, +rq
retrg R, T g +RC
_ (e +ro) R,
v Ts (rK+r6+RH)+r6rK(l _a)+r6Ru '
K — (arK + rﬁ) RH
E (RyFr)(re trgt R +rgre(l—a) +rgR,’

_ ar, +rg
RBux_rK_l-rﬁ(l— r9+r6+RH).

RBX = rs+ f6

K

Mporpamma 7.31. Pacuer napamerpoB Kackaga c ofweill 6asoil.
Beoa: r¢=Pl, ro=P2 r«=P3, Ru=P4, Ri=DP5 u a= P6.
BriBOg pe3ysbTaToB: KE - P0 = PX, KU —-> I?A, K, - PB, RBX—>
—-PC n Rmx—> Po.

U6 WUIM3 X ML
4+ I8 =+ 1B
4+ 19 Hm X

Fl/x W7 X  UIB
WUI8 X  MIIl M9
=~ MM X Um
+ U4 + =

Mo  C/II

7 UM3 UM U5 +

Urs — UIMB X U
WUMe + MO8 X +

Mo W7 WUI5 X W2
+ =+ TIA W9 M8
nc 1 U7 UM2 MM
UMl X WM + I

| +XXE "+
o~

Hafinem napaMerprl ycHJIHTeNs Ha TpaH3HCTOpe, HMelONleM napa-
MeTpbl: 7o = 400 Om, r; =25 Om, rx =108 OM u a = 0,98, ecau
R, =100 OM u Ry =5000 Om. Ilpn 3tux mauublx noayunm Ky =
= 139,51899, Kz = 36,130459, K= 0,97513427, R.x = 34,94629 Om
H Rsux = 253428,6 OMm.

Jns kackaja ¢ obmuM smurrepoM (puc. 7.11,6 u pue. 7.12,6)1

rs (\r ary —r.
Rw=%+muf£ifi&' &=_m015+2+&’
K — — larg — rs) Ry
U (g +R) +rg[(l—a)r +r + R
K — (arx —r3) Ry

ET A R)F R Frg[l—ar +r, +R]"

-] 0
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Mporpamma 7.32. Pacyer napameTpoB Kackana C OGLIHM 3MUTTE«
pom. BBoa u BolBOA pe3y/bTaToB cM. B mporpamme 7.31.

U6 HI3 X HII2 — 17 1 U6 —  HII3
X M2 4+ U5 + T8 W4 UMl + 109
MI8 X  MII3 MI5 + HIN2 X IC 4+  Flx
MII5 U7 /—/ X TIB X TI0 MIIB Ml WIS
X MIC 4+ =+ TA WN7 /—/ WI8 =+ TIIB
U2 WMms Mn3 4+ X WM + Ul + IIC
UM3 U6 X  UM2 — HUM9 WUme 4+ = 1

4+ MM X 1 Ums — U3 X  + I

Hurio ¢/

Haiinem napameTpH Kackafa c obuum 3MHTTepoM npH rs=400 Om,
rs = 25 Owm, rx = 10® OmM, Ry = 1000 Om, Ry = 5000 Om u a = 0,98.
s athx aauxuix noayunm Ky = —139,45851, Ke=—81,447388, K;=
= —39,15984, Rsx = 1403,996 OM u Ruux = 37217,544 Om.

Insi kackana ¢ obwuM Kojsektopom (puc. 7.11,8 u puc. 7.12,6)1

re (r " r
Rﬂx=’6+rx(1x—(as)i1rz)+1eﬂ' K== +rn+ R
K —_ fKRH
U re(re+R)+rg[ry (1 —a)+r + R’
Ky= reRa
E - r(ry+R)+(rg+R) [ (l—a)+r,+R,]
Raux=r9+(r6+Ru)?llﬁ|_“%—+‘%‘-'

Mporpamma 7.33. Pacyer napameTpoB KackKajza ¢ oBMHM KOAJIeK-
TOpoM. BBOA H BLIBOA pesyJibTaToOB cM. B mporpamme 7.31.

1 Hies — Umns X rng Hmn2 H!IL <+ 9
-+ 7z Wm uwur4 4+ nm x HIT9 HMII3 X
nB + MII3 HIIs X A Xy =+ rno MHIA
I Hung7 X HIIB 4+ + TITIA HII3 HUN7 =
IIB  HII3 HII9 X Hriz7 = um + IICc  HIIf
Hn3 X 1 Hurie — X HILO W3 + =

unm 4 Ing umo ¢

Hajiinem napamerpsl KacKaga ¢ O6GDIMM KOJMJIEKTOPOM HPH fs =
(= 400 OM, r, = 25 Om, rx = 108 OM, Ry = 10* OM, Ry = 500 Om
¥ a=098 TIlonyuum Ky = 093771684, Kr = 0,67708474, K;=
= 48,421071, Ryx = 25978,562 OM 1 Rsux = 230,85906 Owm.

7.7. MozenupoBaHie HeJHHEHHbIX nenei

BTOPOro nmopsaAnka

B pamHO3JeKTPOHHKE BaXKHO€ MeCTO 3aHHMaoT HeAHHefiHHe Hend,
OfiACLIBaeMble HeJAHHeHHBIMH nubdepeHIHaAbABIME YpPaBHEHHAMH BTO-
poro mopaaka, K HHM OTHOCATCA peaakcaiyuopuie n LC-remeparopsl
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Mugpo-3BM sBasiioTcsi yAOGHBIM HHCTPYMEHTOM HJisi MaTeMaTHueckoro
MOJENMPOBalHA Takux Heneil (puc. 7.13,a).
"Uenb puc. 7.13,a onucbiBaeTca CHCTEMON AHQPQEPEeHUHENbHBIX YPABs

HeHHi
di E—iR—u

=1 (7.6)
du _ i—1I(u)
= 7.7

OTHOCHTENIbHO NePEMeHHBIX COCTOSHHS — TOKa { W HanpsaxeHnus u. ®op-
Ma xoMe6aHHil B MepBYIO Ouepelb 3aBHCHT OT HeJHHeMHON 3aBHCHMOCTU
I(u), onmuceiBaiollell CTATHUECKYIO BOJBTAMIIEDHYIO XapaKTepHCTHKY He-
auneiinoro npu6opa HD (puc. 7.13,6). Ilanee npeanonaraercs, 4TO

Puc. 7.13. Llensb ¢ nenunHeiinbiM 271emeHTOM (@) H ero N-o6pasnast BOJbT-
amnepHas xapaktepuctuka (6)

wHepunonHocth H3 yunThiBaeTcs ero eMKOCTBIO, COCTaBafOUIedl yacTb
o6ueit emxoctn C.

IMycrs B xawectBe HD npumenen TyHHeabHblii anoa, N-o6pasnas

BOJIbT-aMMepHasi XapaKTePHCTHKA KOTOPOTO OMHChIBaeTcs BhipaXKeHHEM

I ()= Aue™ % 4 D (eP* —1), - (7.8)
roe napamerpul A, a, D u B Boipaxalorca yepes Hampsxenue Uy npu
nuke TOKa Iy, o6paTHbil TOK /o M TenJoBOil MOTeHUHAN @; B ¢ooTBeT-
crBun ¢ qopmynamu A = ely/Uy; a = 1/Uy; D=1 n B = l/me,, rae
M — TONpPaBOYHBI MHOXHTENb (M = 2).

Hcnonb3ys nporpaMmy pelueHHst CHCTeMBI M3 ABYX Audepenunans-
HbIX ypaBHeHuit (7.6) m (7.7) c¢ yuerom (7.8), mosyuHm mporpams
My 7.34, N03BOJSIOMYI0O HAalTH 3aBHCUMOCTb £(f) U u(f).

Nporpamma 7.34. Pacuer 3aBucumocTeil i(/) n u(f) aBroxose6a-
TeJBHOTO peslakcaTopa Ha TyHHenbHOM znHone. Beom: A = P2, a = P3,
D=P4, p=P5 E=P6, R=P7, L=P8, C=P9, iy=PB,
up=PC, Al=h =P u fy=PA. Busox pesyabratos: #,—PX,
i(t.)— PY u u(t,)— PC.

MI6 UMNB U7 X — Wrc -— Unsg -- WIS,
X WIB 4 [0 WIMB MIIC W3 [—/ X Fe*
HIC X U2 X - UIs HUINC X F* 1§
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— HIM4 X - M9 = o X HIic +4-
nc uro 1B HIA WO + NnA C/M BII .00

Mpu A= 02718 B (mmon ¢ I, =10-10-% A n U,=0,1 B),
.= 10 1/B, D=1-10-8 A, =20 1/B, E=03 B, R=10 Ow,
L=100-10-° Ty, C=10-10-12 @, ir =0, uo=20, tor=0 u At =
= 0,1-10-? ¢, naxuman xaaBuwn C/II, XY u HIIC, 6ynem noayyars
cJenyloUulHe AaHHbe:

th, C i(ty), A u(t,), B
1-1071° 3.107* 0

2.107 597.107* 3.1078
3-107'° 88803.107* 1,0569807 - 103
4-1071% 1,1780927-107% 7,0946111-1072

5.1071 14592172-10"% 9,130320-10™* w t n.

BuumartenpHelif nmpocMorp 3HaueHnft u(f,) obuapyxusaer xapak-
TepHYI0 AN MOAEJHPOBAHHA TAKHX CHCTEM IepHONHYECKYID YHUCIEHHYIO

u,B
10F

s

02- -

0 7 4 6 8- 10 12 14 brg

1
0 2 4 6 8 10 1 14ty

Puc. 7.14. Bpemeuusle 3aBucumoctu i(f) (BHH3Y) n u(l) (8Bepxy) pe«
JakcaTtopa (pHc. 7.13, a) Ha TYHHeJbHOM AHOAE

HeycTo#4uBOCTb pellledusi. [Ipn BoIGpaHHOM Af OHA NMpPOSIBJAAETCA TOJNBKO
TOoraa, Korga paGouasi TOYKA TYHHEJBHOrO AMOAA NONajaeT Ha KpyThie
yyacTKH BOJbTAMIEPHOH XapaKTepHCTHKH. YcpenHas 3sHauenus u(la),
RLOJYYuM NpHBeleHHUble Ha pHC. 7.14 rpacukn 3aBucHMocTed i(f) u u(f),
KOTOpble XOpOIIO QMHCHBAIOT peadbHyio (GopMmy KosleSauuit. Jas ymenb-
WEHHA 9HCJICHHOH HeyCTOHYHBOCTH CJeAYeT yMEHbluaTeh Mar Af.
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IMMpunoxenune |

WHCTPYKILUA 1O MPUMEHEHHIO
BCTPOEHHOH BUBJHOTEKH
NPOTPAMM IOJIb3OBATEJIA

OJ9 MHUKPOKAJIbKYJIATOPOB TI-58C/59

Mporpamma ML-01. JuarHocTHKa, CTaTHCTHYeCKHe BHIYHC/ICHHS,
JIUHeHHAs perpeccusi H ynpaBJleHHe NpHUHTepoM. JlnarHoctHka mnpoBo-
nutcs komadnamu 2nd Pgm 01 SBR = (cmyctss npumepHo 15 ¢ Hee
MpaBHBIH MHKpOKaMbKyaATOp BuiaaeT uudpy 1). Korrpoas monyns ML
6ubanoTekH mporpamM mnposoantcs Komawaamu 2nd Pgm 01 SBR 2nd
R/S( momxnbl noayunts undpy 1). Ilpu BBOme omepauuit 2nd Pgm 01
SBR CLR Ka/lbKyJsTOp rOTOB K NPOBElNeHHIO JHHEHHOr0 PerpeccHBHOrO
;anamusa. [locne BBo;a omepatopos 2nd Pgm 01 STO 00 moakmoueu-
\ MBI K MHKPOKaJIbKYJISITOPY NPHHTEP TOTOB K paboTe.
: CraTucTHyeCcKHe pacuyeThl, BHIUHC/IeHHe KO3(HIHeHTOB by u by JH-
:nefiHolt perpeccun (§ 5.13) m xosapdHIHEHTA NapHON KOPPENALHH Bbi~
;no.rmmorca no nporpaMme ML-01 B cienyiomem nopsiike:

1. MoaroToBKa K BLIYHC/EHHAM 3ajlaeTcs Komaniamu 2nd Pgm 01
\SBR CLR.

2. BBonsiTct 3HAYeHHA Xy, Y1, X2, Y2, .., Xy, Yv B CJEAYIOLIEM -
HNOpAAKe AJA KaXXAOH mnapbl yucesl x; U yit x1 x=1¢ y; 2nd I 4.
' 3. HaxoauM cpennee 3Hauenue j, HaxaB knaasuwd 2nd X, H cpen-
Hee 3HaueHHe ¥, HaXaB KJaBHUYy x == [,

4. Haxonum craHzapTHOoe CpefHEKBaJApaTHuUeCKOE OTKJIOHEHHE Oy,
HaxXaB KaaBumm INV 2nd X, u 0O, HaXaB KnaBuly x =f.

5. Haxonum nucmepcmio Dy, gaxas kaaBuwu 2nd Op 11, u auc-
nepcuio Dy, HaXaB KJaBully x == f.

6. Haxoaum mnapamerp b, JMHefiHOA perpeccHH, HaXaB KJaBHUIK
2nd Op 12, 3ateM, HaXxaB KJaBHWY x == {, HaXoAUM napametp bi.

7. Kosddunnent xkoppensiiuu r = mo./6, HAXOZMM, HaXaB Kjas
Bumu 2nd Op 13.

8. llna 3HaueHHA X HAaXOAHM Y = bo - bix, HaxaB KJaBHIUK
2nd Op 14,
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9. Insn 3Hauenus y wuaxoaum x = (y — bo)/bi;, waxaB KaaBuin
2nd Op 15.

s maccusa y:(x:): 2(0,95), 4,05(2,1), 5,8(3), 8,1(4,1) u 9,2(4,9)
Haxoaum by = 0,2112006713, b, = 1,86671074, r = 0,9987280191. HOns
x =05 monyunm y = 9,5644754373, a ana y=>5 moaysum x =
= 2,565367641.

B nporpamme ML-01 3ausats pernctpa ROl =Z y, R02= Z yz.
R03= N, R04= Z x, R05= Z %%, RO6 = Z xy, R09 u perucrp L.

NMporpamma ML-02. BoiuncieHue AeTepMHHAaHTa MaTphub A, BH-
yHc/ieHHe OGpaTHOR Matpuubl A~! H pelleHHe CHCTEMBI JHHEHHBIX ypaB-
Henut Ax = B.

Pasmep Matpuunl A (n X n) | 2X2 | 3X3 | 4X4 | 5X5 | 6X6 1 7X7 | 8X8 | 949

MakcuManbHblE  HOMep pe-
THCTPA AJA BbIUHCAEHHS A~ 13 19 27 37 49 63 79 97

MakcuManbHelf  HOMep pe-
THCTPA AJsl pelIeHHSI CHCTe-
Mbl ypaBHeHHiI Ax = B 15 22 31 42 55 70 87 -

BriuuciieHHe AE€TEpPMHHAHTA MaTpHUbI

npousBonutcs koMauaamu 2nd Pgm 02 n A1 B

an RIS ay R/S ... am R/S a R/S apy R/S
eee Qpo R/S [23%7) R/S Qan R/S ese Qpp R/S C.

IIpumvep. Jas maTpuun

A=

N 00 o>

0
8
1

S o

(n = 3) noayuum nerepmunant |A]= 96.

Pellenne cucTeMbl ypaBHeHHWHA NPOBOAMTCA IOC/Te BHLIYHC/IECHHS He-
TepMHHAHTa ¢ nmomoubio koMauz | D by R/S b, R/S ... b, R/S CLR
E 1 2nd A’ R/S (moayuaem x;) R/S (moayuaem x2) R/S (momyuaem
x3) ... JAns cucTeMbl ypaBHeHHiH

4 80 X1 4
8 8 8i:[x2]|=]4
2 0 l X3 6 1

nonyuum xy = 4, x2 = —1,56 1 x5 = —2.
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Briuucaerne o6patnoit marpuubl A-! npeBOANTCH C NMOMOLILIO KO-
mana CLR 2nd B’ 1 2nd C’/ R/S (nonyqaeM al-ll) R/S (noﬂyllaeM a2_]l)

... R/S (nonyuaem a,’{,]) H T. A. (BbIBOOIHM 3JIeMEHTHl JpYrux '
€T0a61L0B).

B nporpamme sauarthl peructpel ROl - R0O8 (A = R06, n = R07)
H CJeAyiollHe 10 YKa3aHHOrO sbillle MaKCHMaJbHOTO HOMepa.

Mporpamma ML-03. CnoxeHue H yMHOXMerue Martpuy. Ilepmas
9acTb NporpaMMbl BblYuCJSAeT cyMMy MmaTpuu A H B, yMHOXeHHBIX Ha
NOCTOSIHHBIE MHOXHTEJH Ay I Az:
by ... bin

R Y

ay; «.. Qipn Ci] +eo Cin

Moo oo, .

2

L Y

Amy ++. Amn bm| eee bmn Cmi ««¢ Cmn
Bpoa: 2nd Pgm 03 m A n A1 B ayy R/S a2y R/S ... ami R/S a2
R/S a2 R/S ... amn R/S 1 C (BBOR MaTpuubt B) Ay D A, D CRL E 1

2nd A’ R/S R/S ... R/S (BbiBogum no cToa16LaM 3/eMeHTH MaTpH-
p C). Pabory nporpaMMbl MOXHO TPOBEPHTb Ha NpuUMepe:
1'230_2‘40—1_—632
1 05 3 2 6 -5 —4 77

Bropas wacTb nporpamMbl CJAYXKHT ISl BbIUHCJeHHS NPOH3BENEHIHSI
ABYX MaTpHL:

ayy ... Qp b“ e b|p N ce0 Cip

Amy ««« Amn bny ... bnp Cmi +«« Cmp
TMoBTopsiem onepauud BBoAa 3jeMeHToB MaTphusi A. Iajee BBO-
aum koMmanasl 1 2nd B’ b4y R/S ... b R/S (BBoA mo cTonbuaMm Mar-

puust B) 1 2nd D" R/S R/S ... R/S (BbBox mo cToabuaM 3jeMenTos
matpuust  C). 3auwnte  pernctpe  ROI = RO8 (m = R03, n = R04,
Ay = R0O5, A, = R06) u nocjenymomue ¢ HOMepamu 10 Rampy7 — ANA
‘MepBOfi YaCTH NpPOTpaMMbl U 10 Rmntz2n47— ANA BTOPOH gacTi mpo-
TPaMMBI.

INMporpamma ML-04. IleiicTBHA ¢ KOMMJIEKCHBIMH uncaamyu X=a-jb
n Y= c+4jd. Pesyaprar — KommlexcHoe uncio Z = e -} jg. Bpopn:
2nd Pgm 04 a A b A c 2nd A’ d 2nd A’. [anee BBOAsITCS caenyio-
e KOMaHZLL.

JlehicToug, BbiNoNHSeMble Hal X__
KOMIJIEKCIIBIMH  YHCAaMU X+Y[X=Y| XXY| XY yX logy X| /Y

Komanabl AAsi noayuenus e B [2ndB’| C |2ndcC’ D |2nd D/ E

Komanawel ans noayuerus g xl)_t xzt th xzt th th x:_)t

3apepulenve Buuncaennii: 2nd E’ (BBoa HoBeix X u Y).
ITp uwmep. Bruncaurs

[2+j-3) (1 —j.-n)i+ih,
2C0 .



Beozum komamam 2nd Pgm 04 2 A-3 A1 2nd A’ 1- 4/— 2nd A* C
x ==1 (mosyyaeM pe3yJbTaT YMHOXEHHS KOMIVIEKCHBIX d4HCes, 3aKJio-’
yeHHHX B KBaaparable ckobkn) 2nd E’ 1 A1 A D (noayyaem e =
= —1,058423508) x ==t (monyuaem g = 4,09577726).

B nporpammve 3anAThl pernctpsl ROl -- R04 (uncna a, b u pesyuas-
TaThl e H g 3aHocsTca B pernctpel RO1 n R02).

Mporpamma ML-05. @®yHKuuM KOMIJEKCHOro mnepeMensoro X =
= a + jb. Pesyabrar Y = c+ jd. Beox: 2nd Pgm 05 a A b A. Ja-
Jiee BBOAATCA caelyioliie KOMaHIBL.

BriuncaeHue mnoJadpHoro pagnmyca r u yraa 0: B (moayvaem r)
x =1 (nonyuaem 0).

(PyHKl.lHH KOMINIJIEKCHOro Ine-

PEMEHHOTo X2 VX /X In X X
Komanabl AJis noJydeHus ¢ C D E 2nd A’ 2nd B’
KoManabl Ans nonydyeHus g x,Z t x'I_ t xZ t xi_) t xi t

ITpumep. Boiyucauts e2+/3, Bpoaum womanas 2nd Pgm 05 2 A
3 A 2nd B’ (moaywaem ¢ = —7,315110095) x =1 (noayyaem d =
= 1,042743656). Pacnpenenenne perucTpoB naMATH CM. B TporpaMme
ML-04.

NMporpamma ML-06. BbluncieHne TpPHTOHOMETDHUYECKHX H OGPaTHBIX
TPHrOHOMETPHUECKHX (YHKIHI KOMIIEKCHOro iepeMenHoro X = a + jb.
Pesyabratr Z = ¢ + jd. Beon: 2nd Pgm 06 a A b A. Jlanee BBOASTCH
CleaylolulHe KOMaH/bl.

TpurcHoMeTpuyeckne
H o6paTHLIe K
OMaHAbl Komanan
HrOHOMETPHUECKHE
dj;gK;‘:m K’O;ﬁﬂemuom ANsl MOJYUeHHS ¢ Nas nosy4enus g
nepeMeHnHoro
sin X B x z t
-cos X (o] x2t
g X D % <’- ¢
aresin X nd B’ *) x2t
arccos X 2nd C’ *%) x (Z t
arctg X 2nd D’ 12t

*) Ecau b <0, BBOASITCS

onepatopsl +/— STOO02.

**) Ecan b <0, BBonsiTcsl oneparopnl +/— STO 01.

Mpumep. Bouncants sin(3 4-j-2). Bonum komanms 2nd Pgm
06 3 A2 AB (nmonysaem c¢ == 0,5309210863) x ==t (monyyaem d =
= —3,5905645). Pacnpefieficiie perucTpoB NaMsTH CM. B TPOTpaMme
ML-04,

201



TMporpamma, ML-07. Briuncnenue sHaueHuH MojHHOMa
P(x)=ao+ ax 4+ azx* ... 4 anxn.

Beox: 2nd Pgm 07 n A OB ao R/S a1 R/S ...an R/S x C  {(uoay-
uaeM P(x)).
ITpuw™ep. Bouneants 3Hauesue noJHHOMa

P(x)= 04 lx + 2x2 4 34% 4 4x*

ana x =1 u x = 2. Beoaum komauan 2nd Pgm 07 4 A0 B 0 R/S 1
R/S 2 R/S 3 R/S 4 R/S | (3uauenue x) C (mosmyyaem P(l)=10) 2
(uoBoe 3Havenue x) C (monysaem P(2) = 98).

NMporpamma ML-08, Brluncnenue xopHeit ypaBHeHus F(x) =0 ¢
MOTPEIIHOCTHIO & B HHTepBase [a, b] H3MeHEHHA X C HayaJbHHIM LIa-
roMm Ax. Buuncaenne F(x) odopMasieM noamporpaMmoln, mOMeueHHOIl
metkoit Lbl A’ u 3akanumBawoweiica onepatopom INVSBR. Tekyuee
suayeHHe X 3aHOCHTCS B Hauajo noAamnporpaMmbl. Beox: nasuee F(x)
2nd Pgm 08 a A b B Ax Ce D E E ... (naxumaem kiaaBnmy E
KaXJbil pa3 Ansi BHIAAYH HOBOTO 3HAYEHHsi KOPHS RO TeX MOp, INOKa
He noayuuM uncao 9.9999999-10°° (mepenonHeHHe, O3Hayalomlee, YTO
KopHeit GoJblle HeT).

ITpumep. Haittu xopun ypaBHeuns F(x)= 4sinx+1—x B nn-
TrepBasie [—3,3] ¢ HauanpHeIM mwarom Ax = 0,5 ¥ TOTPEIIHOCTHIO
€ = 0,01. Peluenne cocTOHT 13 CJeAYIOLIHX yacTeil.

1. Beoa noxamporpaMmel Beluucaenust F(x): RST LRN 2nd Lbl 2nd
A’ ( STO 10 2nd sin X 4 4+ 1 — RCL 10 ) INVSBR LRN.

2. Bsox mporpammsl ML-08: 2nd Pgm 08.

3. YcraHoBka sHaveHuit x B paguanax: 2nd Rad.

4. BBox ucxonHbX paHHbX @, b, Ax ne: 3 +/— A3 B .5 C. 0l
D E (nonyuvaem x; = —2,20703125) E (moayuaem x, = —0,33984375)
E (monywaem xs = 2,69921875) E (moanyuaem uucao 9.9999999-10°,
T.e. Gosibllle KOpHeil Het).

Pacnpeznenenne peructpoB mnamstH: a, a -+ Ax = R0l, b = R02,
Ax = R03, R04 + RO8 3auatsl, & = R09, ocTaibHble PErHCTPH CBO-
60mHEL

MNporpamma ML-09. UucjenHoe HHTErpHpOBaHHe aHAJMTHYECKH 3a-
nanHoft ¢yHKuuH f(x) MeromoM CummncoHa. IToabiHTerpanbHasd QyHKius
f(x) B BHIpaKeHHH .

’ b
I= S f(x) dx
a

LOJXKHA BHUYHCASITBCA MOANMpPOrpaMMoii, HauuHalOmelcsd Merkoil Lbl A’
H 3akaHuyuBamoulefica omeparopomM INVSBR (texymee snavenne x 3a-
HOCHTCL B Hayasjo mnoxnporpammbi). Jlasee BBoA BHIIOJHSIETCS KOMaH-
nemu: 2nd Pgm 09 a A b B n C D (noaysaem I), rie n gucaO HH-
TepBajIoB pasbueHus [a, b].
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Il puwsep. Beluncauts

1

I=S'\/2x+l dx
0

npa n = 8. BBomum moamporpammy BHuyHcAeHHs [ (x) = x/2x +1,
RST LRN 2nd Lbl 2nd A’ X 2 -+ 1 = 4/x INVSBR LRN. Janee BBO~
num  nporpammy ML-09: 2nd Pgm 09 O (BBox a) A | (BBO; b) B 8
(eBox n) C D (nmoayuaem [ = 1,398713896).

Hcnosb3oBaHue peructpoB mamsatd: a = RO1, b = R02, h = RO03,
I = R04, n = R05 (ocra/bHBle PETHCTPHl CBOGOJHBI).

Mporpamma ML-10. Uncnenvce uHTerpupoBaHue meronoM Cumme-
coHa @yukuud f(¥;), 3a1aHHOH UETHBIM 9HCJIOM N OpAHHAT fo, [i,
fo ...y fn BBom: 2nd Pgm 10n A A B OC f, R/S ... f» R/SD (noay-
yaeM [). Oasa h==1mn f; =1, 8, 27, 64 u 125 noayuum [ = 156. Pac-
[tpejesieHiAe PErucTpoB maMsaTH: 3aHATHl pernctpul ROl <~ RO5, npuuem
h = R03, | = R04, n = R05, opaunatul fo, f1, ..., [« 3aHOCATCA B
peructpel 0T Rog aas fo 10 Rnute Aas fn.. UHCAO OpAMHAT OrpaHH4H-
BaeTCs AOMYCTHMBIM 4HCJIOM CBOGOAHLIX PETHCTPOB aMSTH.

Mporpammer ML-11 <~ ML-13 npesHa3HaueHbl AJSI MpOBeleHUs 3Je-
MEHTapHbIX BHIYHMC/IEHHH (YIJIBl M CTOPOHbI TPEYrONbHHKOB, CErMeHTH
okpyxHuocteil H T. 1.). [ToaToMy noapoGHOe OMMCAHHE HX OMYLIEHO.

Mporpavma ML-14. Briuncnenne ¢ynxkuuit Z(x) u Q(x) HopMaJb-
HOTO  pacnpeliesieHHsi BePOSITHOCTH ¢ X = (m —p)/o. 3HaueHue
Z (x) =e *"?/4/2x%, Q(x) maomans mox xpuBoit Z(x) mpu m = f.
Bsox: 2nd Pgm 14 x A (nonyuaem Z(x)) B (monyuaem Q(x)). Ilao-
maxe non kKpusolt Z(x) mpu m << x BHuAcAeTes Kak P(x) = 1 — Q(x).

[Mpumep. Daa x = 0,5 noayunm Z(x)= 0,3520653268; Q (x)=
= 0,3085375322 u P(x) = 0,6914624678. Pacnpenenenne perucTpos:
Z(x)= RO1, R02 3zaustT, ¥ = R03.

Mporpamma ML-15. Terepauusa cayyaiineix uncea. Beox: 2nd Pgm
15 2nd E’ xo (HayasbHOe uucao or 0 mo 199017) E. Ianee B coor«
BeTCTBHH CO CJEAYIOWIHMH peXHMaMu paGoTHL.

1. enepauns cayuafHLIX YHces C PaBHOMEDHBIM pacipejeseHHeM
B untepBase [a, b]: a A b B C C ... C (monyuaem psax CayyaiHBIX
qHcea).

2. Tedepauua cayyafivblX uuce] ¢ HOPMaJAbHBIM paclpefiesieHHEM H
3aJaHHbIM CpelIHAM 3HaueHueM ¥ u o: ¥ A ¢ B 2nd C’ 2nd C’ ...
... 2nd C’ (monyuaeMm psa cayyafiHbIX ugucesn).

3. Buiuncnenne ¥ M 6 LA uHcesl, TOJYYeHHEXx no m 2: 2nd ?
(nonyyaem %) INV 2nd % (moayuaem o) RCL 03 (moayuaem N).

4. [eHepanus ciyyaHEX YHCeN ¢ PABHOMEDHHIM pacnpeleleHHEM B
nutepeane [0 1]: SBR 2nd D.MS SBR 2nd D.MS ... SBR 2nd D.MS
U T, A. (MOJyyaeM psj CAyYaHHBIX YHCeJ),
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Mpumep. Hna xo=1, =1 u ¢ =0, noryyum cjiexyoumui
pAA yucesq C HOpMaJbHBIM pacrnpelenernem: 1,093261476; 1,068422521;
0,8696010813; 0,9655443104; 0,8812833351 u T. n. Pacnpezneneuue ' pe-

FHCTPOB NMaMATH: 3aHATH peructpul RO1 = R11 (Zy = R01, Z y2= RO?i
N =R03, ) x=R04 ) x*=R05 x,=R09, a, &=RI0 n b, o=
= RI1).

Mporpamma ML-16. Bruncnenue ¢akropnana n!/ nepecTaHoBOK
P! u couerannmii C (< 69!). Beon: 2nd Pgm 16 n Ar B C (uony-
yaem nl) wiu D (nonyqaeM P;’) uin E (nonyqaem C;‘)

Mpumep. Oaa n=10 u r =4 umeem n! = 3628300, P:P=
=5040 Ci0=210 (npu BBIYHCIICHHAX P}O H Cio MOBTOPHTb BBOA 1
u r). Pacnpesenende perucrpos namatH: n = RO1, r = R02, R03 3aunT,
nl, P, C = R04.

Mporpamma ML-17. YcpeaHeHve RauHHBIX [O Mepe HX BBOJA:

mcp_=(mk+mk+l+ +mk+n_|)/n k=12 3,...

Bsoa: 2nd Pgm 17 2nd E’ n A my B mz B ms B u 1. n. (nonyyaem
mcp). Pacnpepnenenve perucTpos maMsTH: 3aHaTe ROl = R06, rn = RO2.

Mporpammm ML-18 w ML-19 cnyxar 144 npoBeleHHs JeJ0BHIX
pacueToB (3aiiMbl, peHTHl, HaKomdenuss u T. A.). Onucanue 3THX mpo-
rpaMM He MNPUBOAHMTCH, MOCKOJABKY OHO He COOTBETCTBYeT RPODHIIO
KHHTH.

Mporpamma ML-20. Boiuncienne IHA HeAeJd H 4uC/a AHel MexIy
nByms patamn. JlaTel 3anaioTcA ABYX3HAuHHIMH uHclaMu mecana MM,
guss DD u (yepes Touky) roma YYYY. Hembss sapasate DD > 31,
MM > 12 u YYYY < 1582. Beoa: 2nd Pgm 20 u pnajnee B cooTBer-
CTBUM C PeXHMOM HCIIOJb30BAHHA MPOrPaMMBbL.

1. Yucno nueit mexxay asyma natamu: MMDD.YYYY (sBoa mepsoii
natbl) A MMDD.YYYY (BBox BTOpOii math) B C (momyuaem 'wucsio
JtHe#t). "

2. Henb HeJesH, COOTBETCTBYIOIIU onpefe/eHHOH nare:
MMDD.YYYY (eBoa naTh) D (moayvyaem neHbp Henenn: 0 —cy66ora,
1 — BockpeceHbe, 2 — moHeneJbHHK 3 — BTOpHHK, 4 — cpeaa, 5 — wer-
Bepr ¥ 6 — NATHULA).

ITpuwmep. HaiitTu, xako#t neHb HexeJau cooTBeTcTByeT mate 1 smd-
papa 1984 r. (MM=01, DD=01). Beoaum: 2nd Pgm 20 0101.1984 D
(monywum umcio 1, T.e. 3TOT jAeHb — BockpeceHbe). Pacnpenenenue -pe-
ructpoB  mamsTtd: 3aHATH ROl < R05, MM = ROl, DD =R02 =u
YYYY = R03. '

Mporpamma ML-21. Urpa ¢ uudppamu Hi-LO Game.

Mporpamma ML-22. [lenoBhie pacyeThl, CBs3aHHble C MJAATEXKAMH.

Mporpamma ML-23. Onepausu c mepeBoAOM Mep H3MepeHHA Bpe-
MeHH H YTJIOB. :

Mporpamma ML-24. TlepeBog Mep AMMHBL



Mporpamma ML-25. TlepeBoa Mep n3MepenHa TeMIIepaTyphl H Beca.

Mporpammol ML-21 - ML-25 peanu3ylor 3JeMeHTapHble BhIYHC/Es
ByA o6Llero xapakrepa, BHIXOAALIHE 32 PaMKH TeMaTHKH JaHHON KHHFH.
TToaToMy OHH TOAPOGHO He ONHCHIBAIOTCA.

Mpunoxenne 2

" BUBJIHOTEKA BHEWIHHX NPOrPAMM
2J13 MUKPOKAJIbKYJIATOPOB TI-58C/59

KOHTpOJIbHbIe TMPHMepbl CM. B COOTBETCTBYIOILHX NpOrpamMMmax Ajis
KanbKyasTopa diaektpoHuka B3-34 7).

“'Mporpamma [I11. BriuncieHne 3HaueHHH MHorouneHa UYeGrnimesa
1-ro pona. Beoa: n = ROl, x = RX.

INV cos X RCL 01 = cos R/S RST

Mporpamma [I12. Bhbiuncnenue 3HaueHHHt MHoroujseHa YeGhiluesa
2-ro pena. Beoa: n = ROl, x = RX.

INV cos STO 00 X ( RCL 01 4 1
) = sin <+ RCL 00 sin = R/S RST

... Tporpamma I13. Buuncienye 3HaueHHii MHorouleHa DpMHTa. .Bao,iu
i=(n—1)=RX, x=RX.

STO o1 R/S STO 04 X 2 = STO 03
1 STO 02 - STO 05 RCL 05 X RCL 02
+/— + RCL 04 X RCL 03 STO 02 =
X2 == STO 03 Op 25 Dsz 1 0
15 R/S RST

.. Mpoerpamma T4, Bruiulicjenne 3HayeHHH MHOrouJIeHa Jlareppa.
Beon: i =(n— 1) = RX, x = RX.

"STO 01 R/S STO 07 4/— 4+ 1  STO 08
*“STO ‘66 = STO 09 RCL 06 X RCL 08
B At S RCL 06 X 2 + 1 =

RCL 07 ) X RCL 09 STO 08 = :
° Op 2 RCL 06 = STO 09 - Dsz 1
15 R/S RST

' Mporpamma T5. BriuHcaenne 3HayeHuit MHorouseHa Jlexanapa.
Beoa: i = (n— 1)= RX, x = RX.

STO 01 R/S STO 07 STO 09 1 STO 08
STO 06 RCL 06 +/— X RCL 08 + (

0

*) BpeMmsi BbuMCJeHHH Ha Mqu0KéJ1beJ1m0p3x TI-58C/59 B 5—
7 pas Meubule, YeM AJT MEKPOKANLKYIAATOPOB 9,'15KTR0311'1K:1 53-34.
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RCL 06 X 2 + 1 ) X RCL 07
X RCL 09 STO 08 = =+ Op 2 RCL
06 = STO 09 Dsz | 0 12 R/S RST

Mporpamma [I16. Brryucaenne runepGonuyeckux GYHKUEI AeHcTBH-
Te/JbHOTO nepeMeHHOro ¥ = RX.

a) shx (sh1 = 1,1755201194):

INV Inx — 1/x = + 2 = R/S RST
6) chx (chl = 1,543080635):

INV Inx 4+ 1/x = + 2 = R/S RST
B) thx (th1 = 0,761594156)

INV Inx x? 4+ 1 = = 2 = l/x

+/— 4+ 1 = R/S RST

r) HOna Beiuncaenns cthx nepen omeparopoM R/S caexyer mocra«
CuTh omepaTtop 1/x.

Mporpamma 7. Beluncaenne ofpaThHuix rumepboanueckux (GyHKuiH
AeHCTBUTE/ILHOTO HepeMeHHoro ¥ = RX.

a) arshx (arsh 1 = 0,881373587):
+ (2 + 1) 4/x = Ilnx R/S RST
6) archx (arch2 = 1,316957897) Briuncndercd mo nporpamme [17
a) c 3aMeHoit 3HaKa -} no ajgpecy 003 Ha 3HaK —.
B) arthx (arth0,5 = 0,5493061443):
I/x — i = + 2 = 1/x + 1
= 4/x Inx R/S RST
r) archt x (arcth2 = 0,5493061443):
- 1 = -+ 2 = 1I/x + 1 =
A/x Inx R/S RST
Mporpamma 8. Buuncnienne rinepGonnueckux GYHKUHA KOMILJIEKC-
Horo mepeMexHoro Z = a 4 jb. Beoa: a = RX, b = RX. BuBoa pe-
syabrara f(Z) = ¢+ jd: ¢—~ RX, d - RX.
a) shZ = sh(34j-2) = —4,16890696 - j-9,154499147:
STO 02 R/S +4/— STO 01 Pgm 05 B x22t
R/S x2Z¢ +/— R/S RST
6) chZ = ch(3 + j-2) = —4,189625691 - j-9,109227894:
STO 02 R/S +/— STO 01 Pgm 06 C R/S
x2Zt R/S RST
B) thZ = th(3 4 j-2) = 1,003238697 — j-0,0037640256:
STO 02 R/S +j/— STO 01 Pgm 0 D xZ¢
R/S x2Zt¢t +/— R/S RST
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Mporpamma IM9. BriuncieHHe oGpaTHbIX TrHNepGOJHYECKHX (PyHKUMA
ROMIlJIeKCHOro mniepeMenHoro Z = a - jb. BBopy u BblBOA CM. B npo«
rpamume JI8.

a) arsh Z = arsh(3 4 j-2) = 1,98338703 -+ j-0,5706527843:

Pgm 06 B’ x>t

STO 02
R/S

R/S  +/—

xZt +/—

STO 01
R/S RST

6) arch Z = arch(3 + j-2) = +1,968637926 = j-0,6061378224;

STO o1

x2t R/S RST

B) arth Z = arth(0,3 4- j-0,2) = 0,2957499202 - j:0,2154744937;
Pgm 06 D’ x2¢

STO 02
R/S

x2Zt +/—

RIS  +/—
R/S RST

STO ot

R/S STO 02 Pgm 06 C’

x2t R/S

Nporpamma M10. Hutepnonsanus no ¢opmyne Jlarpanxa aas Tpex
Touek. Beoa: y_1, Yo, Y+1, h, ¥o H x B peructp X.

STO 02
RCL 04

STO
03
RCL
1

05
02

00 R/S STO
R/S STO 04
03 = STO
) X  RCL
RCL 05
X ( RCL
+~ 2 =

01 R/S
R/S -

05 X
0 =+
) X
05  +
GTO 0

(
2

RCL
+

RCL o1

1
14

)

R/S STO
05—
(1

+ RCL
X RCL

INporpamma M11. Mutepnonsuua no dopmysae Jlarpanxka ansg mara
ToueK. BBoa (nocne Haxarua KaaBuml RST u R/S): y_2, y—1, Yo, Y+1s
Y2, h, xo 1 x B peructp X.

CMs
04
STO
2
RCL
RCL
06
RCL
)
RCL
4

7

0
STO
09

)
08

08
05
X
6

08

STO 00
R/S —
08 (

X RCL
X RCL
— 1

x2? —

6 +
= 4
RCL 08
+ RCL
-+ 2
GTO 0

R/S STOI 0
RCL 01 =
RCL 08 x?
0 X (

07 - 2

) X RCL
4 ) STO
RCL 09 X

- ( RCL
X . RCL 10
09 X RCL
) X RCL
12

Dsz
RCL
4

08
10
RCL
08

8 X

03

oo
@]
(e
[}

X;UAAIVOQ
(@]
[

[

TXE+EXX 1 8"
I

NSO -

INMporpamma [12, Brluncienne KOpHe#t HeJAWHEHIHOrO YypaBHeHHS
F(x)= 0 metomoM nojiekaaHoro NpHGIHKeHHd. BBon: nammbe F(x),
xo = R00, Ax; = RO1, ¢ = 02,

207



CP RCL o1

= x>t 0
RCL 02 x>t
00 R/S Lbl

SUM 00 SBR A
00 1 0 +/—
RCL 0l x| x>t
A

INV
0

RCL
Prd
00

01

0l
RCL
ISBR

Miporpamma IM13. Brluucienne KopHelt HeaHHeHHOro ypaBHeHHR
F(x) =0 KoMOHHHPOBaHHbBIM MeTONOM CeKylMX — xopA. BBoa: paudbie
F(x), xo = R00, xy = ROl, & = R02, R0O3 3aHst.

RCL 00 SBR A Zt RCL ol SBR A STO

03 RCL 01 — RCL 03 X ( RCL ol

- RCL 00 ) -+ ( RCL 03 — x 2t

) = xZt RCL ol STO 00 x2t STO o1

— RLC 00 = [x| xZt RCL 02 INV x>t

0 00 RCL 01 R/S Lbl A ... ISBR
Tlporpamma 14, UYucnennoe anddepenurpoBanne TabAHYHO =38~

‘mauHoi yukunu B Tpex Toukax. Beoa: f-i, fo, fi1, A,

ructp X.
STO 00
03 R/S
RCL - 03
5 )
X RCL
i) X
0 14
Mporpamma

7 STO
0 .. R/S
STO 08
x? X
RCL 09
) X
X RCL
08 4

- ( RCL
RCL 05
+ RCL
) X
+ RCL
RCL 03
GTO 0

R/S
STO

"X

01
RCL

STO 01 R/S STO
04 R/S — RCL
STO 05 ( RCL
RCL 00 — 2
+ ( RCL 05
02 = + RCL

02
04
05
X

+
03

Xo U X B pes

R/S -+ STO
RCL 65
B
GTO ’

. M15. Yucnennos nuddepenuuposaHue TaObJIHIHO 3a-
‘maHHOA (YHKUMM B NATH ToukKax. Beom: f—z, f—1, fo, f+1, Fi2, A, Xo 1 X
B peructp X. Tlepen BBogom Haxarh kKaaBuwn RST n R/S (seicBeun-
BaeTca yucao 7). ‘

00

x2

RCL

RCL
09

09
10
RCL
10

11

R/S
RCL
X
08
RCL
07

SIRIERIT

STOI 0 Dsz
01 = =

3 = STO
X 2 =

10 - RCL
=+ 1 2
RCL 10 —
X RCL 06

5 X RCL
— ( 9

8 X RCL
= 6 -+
RCL 08 —

2 = =

0
RCL
10
STO
08

8

08:
X
08
( .
1.
RCL

0 - 03
02 .=
RCL 08
09 . (
+ 1
( 2
X RCL
6. -+
) X
RCL 09
— 4
RCL 09
) X
02 =



flporpamma 16, BoiuucieHHe YaCTHBIX NPOM3BONHLIX M OTUOCH+
TeJNHHBIX KO3(pHIHEHTOB HeCTAGHALHOCTH 1O TpeM OpAHiaTaM Qyuxuad
f(x:)). Beoa: naumbie f(x), Axi/xi = ROl, xoabl X; (B BHAe HOMepom
"perncTpoB, OTBeLeHHLIX mNOJA mNepeMeHHble X;). BbiBog pe3yabTatosi
Si— RX, 0f/0x, - R04, f(xi0) = RO05, perucrper R00 <+ R05 3ausTul.

STO 00 RCLI 00 STO 02 X RCL 01 +

STO 03 RCL 02 = STOl 00 SBR A ST@
. 04 RCL 02 — RCL 03 = STOI 00 ~ SBR
A INV. SUM 04 RCL 02 STOI 00 SBR A
-STO 06 RCL 04 =+ 2 - RCL 03 X
STO 04 RCL 02 = RCL 05 = R/S RST

Lbl A ... ISBR

HAporpamma T17. Belunciende uacTHbIX NPOM3BOJHBIX H OTHOCH-
Te/IbHBIX KO3 duLHeHTOB HeCTaGOHJILHOCTH 1O NATH OPRHHATAM (VHtKHHH
f(x). Beon u BHIBOA pesynsTaToB cM. B omucanuu mporpammb I116.

STO .00 RCLI 00 STO 02 — RCL 01 X
RCL 02 X STO 03 2 SBR B STO - 04
RCL 02 — RCL 03 SBR B X 8 o=
INV SUM 04 RCL 02 + RCL 03 SBR-B
X .8 = SUM 04 RCL 02 + 2 X
RCL 03 SBR B INV SUM 04 RCL 02  SBR
B STO 05 RCL 04 = 1 2 + - RCL
03 = STO 04 X  RCL 02 =+ RCL 05
= " R/S RST Lbl B = STOI 00 ... ISBR

" fiporpamma [M18. Uucnemsoe unterpupoBanme metoaoMm I éycca
(n = 3). BBoa: aauuvie f(x), b, a u m B peructp X. 3aHATBl PerucTpnl
ROO -~ RO7. Toanporpamma BbiuHc/AeHHs [(X) ROMKHA HAYMHATBCA CO
3HaKa paBeHCTBa = H 3aKkaHuuBaTbcs omepatopaMu X INVSBR (cm.
Kotter, mporpamumul). Tekyllee 3HaueHue % nosyuaercs mocae ucnem-xe'
HUA MepBOro omepatopa = nonnporpaMMH

CMs — R/S STO 01 = - R/S STO 00

= ' SUM o7 . 6 4/x STO 03 Lbl B
RCL 01 + RCL 07 - STO 02 RCL ot
= = 2: 4+ STO 04 RCL 01 — STO
05:° ( REL 04 X RCL 03 ) SBR A
5 = SUM 06 RCL 05 SBR A 8 =
SUM 06° RCL 04 X RCL 03 + RCL 05
SBR A 5 = SUM 06 RCL 02 STO o1
Dsz 0 B RCL 06 X RCL 04 = 9
= RIS Lbl A = vee eer eee X ISBR
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Mporpamma IM119. Pewenne nuddepeHuHasbHOTO YpaBHEHHS Mep+
Boro mopsiaka wmerogoM Pynre — Kyrra. Bsoa: paunble f(x,y) npH
x—R00, y 3aHocHM B HavaJ0 HOANPOrpaMMbl (MOcJe 3HaKA =),
xo == R00, #/2 = R03 u yo = RX. 3anatu pernctpn R00 < R04.

STO ol STO 02 SBR SBR STO 04 RCL 03
SUM 00 RCL 04 SBR E SUM 04 SBR E
SUM 04 x2t RCL 03 SUM 00 x2t X 2

SBR E RCL 04 X RCL 03 - 3 -+
RCL ol = R/S RST Lbl E X RCL 03
+ RCI. 02 SBR SBR SUM 04 ISBR Lbl SBR
= oo ees vl e = ISBR

Mporpamma [120. [apMoHHyeckHii aHaJH3 MeTOAOM NSATH OPAHRAT
(§ 5.11). BBoa: y: + ys = ROl = R0O5. BuiBoa pe3yabraToB: yo— R10,
Yut = R11, yuz = R12, yus = R13, yus = R14, ke > RX.

RCL 06 4+ RCL o1 4+ 2 X | RCL
04 -+ RCL 02 ) = e 6 = STO
10 RCL 06 —  RCL 01 4+ RCL 04 —

RCL 02 = =+ 3 = STO 11 RCL 05

+ RCL 01 - 2 X RCL 03 = =

4 = STO 12 RCL 11 — RCL 04 4

RCL 02 = = 2 = STO 13 RCL 12

- RCL 10 4 RCL 03 = STO 14  «x?

4+ RCL 13 x* 4+ RCL 12 «x? = Ax
= RCL 11 = R/S

NMporpamma TM21. Pacwer o(f) u S(f) cm. § 5.11. Bsonm:
4 2nd Op 17 N u 3ateM yi, Y, ..., Yy~ (IpH BBOAE OTCUETOB Y; HHAU-
nupyerc X Tekywu#i Homep), Af B f (N << 32 HeHyJeBHX Yi).

CMs < 1 STO 0 = STO 33 x2t RCL
0 R/S STOI 00 Op 20 RCL 0 INV x=t¢
0 11 0 R/S STO 39 R/S STO 38 ple
RCL 39 = X T = STO 37 Rad sin
-+ RCL 37 = STO 36 0 STO 35 STO
34 1 STO 00 RCL 00 X 2 = X
RCL 37 = STO 38 sin X RCLI 00 =
SUM 35 RCL 38 cos X RCLI 00 = SUM

4 Op. 20 RCL 00 INV x=t 0 54  RCL
36  Prd 35 Prd 34 Deg RCL 34 x2¢ RCL
3 INV P>R +/— INV Eng R/S x2t X RCL
3 = STO 37 RCL 3 x2t RCL 37 Eng
GTO 0 2
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Mporpamma M122. Pacuer aMnautyaHo- u ($a3o-yacToTHO# xapakre-
puctuk mo mepexoadoii. Beox: 4 2nd Op 17 u nanee N, ay, as, ...
e, iy, At u f (N < 32)

CMs
0
RCL
0
RCL
34

1
RCLI
00

0

34

31

+
R/S
39
11
39

RCL

1

00

==

64

x2t
RCL

1

STO
STO

0

37

STO

X

SUM
RCL
RCL

32

STO o0 = STO 32
39 — RCL 38 =
38 Op 20 RCL 0
R/S STO 39 R/S STO
X T = STO 37
= STO 36 0 STO
00 RCL 00 4 2
RCL 37 = STO 33
SUM 35 RCL 33 cos
34 Op 20 RCL 00
36 Prd 35 Prd 34
35 INV. P->R 4/— R/S
£t RCL 31 GTO 0

x2t
STOI
INV
38
Rad
35

sin
X
INV
Deg
xZt
36

RCL
00
=
X
sin
STO

X
RCLI
=t
RCL
STO

Mporpamma MM23. CratuctHueckass oGpaGotka. Beoa (mocne Haxa«
T kaaBnwu RST) x; = RX. BuiBox pe3y/braToB (mocje HaxKaTus

KaaBug  A):

.i, D, Do, A, E, Ua H UA
Ms;— RI13, M.—RI14,

09
RCL
GTO
STO
02
08
RCL
R/S
02
13
oL

X

STO
)
RCL
2
2

(
00

N —R00, M:—RI12,

E —RI17, Us—~ R18, Uy~ R19).
CMs Lbl B STO
x2 SUM 08 -
20 RCL 09 R/S
= RCL 00 =
RCL 00 = STO
= STO 03 RCL
04 RCL 02 -
R/S X RCL 00

) = STO 15
RCL 01 X RCL
y* 3 = STO
3 =~ 2 )

— 4 X RCL
X RCL 01 x2
RCL 01 x2? x2?
x? — 3 ==
RCL 00 —_ 1

1 ) = (
+/x STO 18 R/S
( RCL 00 —
— 3 ) -
a2 - ( RCL
RCL (O + 5

)

SUM’

09

B

01
RCL
01

(
RCL
+

STO
X
RCL
STO
17

05

Lbl
R/S
o7
RCL
%2
RCL
03

2
RCL
16

RCL
02
14
R/S
(

-+
X
X
00

3
W5

%2
SUM
A
RCL
00

00

X
12
R/S
03

SUM
07
RCL
06
RCL

"STO

3
RCL
yx
RCL
_|..

3
RCL
X
00

)

00
RCL
1

-
-
O

19

(my <+ my— RO1 =~ R04,
Do— R15, A— RIS,

06
Op
05
00
STO
12

1

X

EXI+7"8X2™=2

m—~~ o
S~
»n

2:1



. Tipuméuanne [Ilotne BLuHCAEHHS CTATHCTHYECKHX XapaKTepH-
CTHK Maccuba MapTHH YHMCeJ X; MOXHO BEepHYTbCSl K BBOLY HOBOIi map-
THH, HabpaB ee MepBoe 4HCJIO W HaXKaB Kiaasuuly B.

Nporpamma [124. Tenepauus 'c.'lyqaﬁﬂblx yluceJ C TMOBbIIEHHOI
cKopocThio (B 3—4 pasa Buie, yeM no nporpamme ML-15).

1. Ins uncen ¢ paBHOMepHBIM pacnpedzjeHHeM B nHTepBase [0, 1].
Beox: Vo= RX < 1.

X 11 4+ m = INV Int R/S RST

Oas Vo = 0,123456789, naxumas knaBuuy R/S, Gynem moayuatb
Vi = 0,4996173326, V, = 0,6373833121, Vs = 0,1528090865, V.=
= 0,8224926048, Vs = 0,189011306 u T. 4. (BpeMa reHepalHu OJHOTO
uHCNa MeHee 1 c).

2. Jais uuces C paBHOMEPHBIM pacnpeje/eHHeM B mrrepnane [a, b)..
Beon: Vo = R0l << 1, a = R02 u b = R03.

RCL 0f X 3 7 = INV Int STO 0l
“% ( RCL 03 — RCL 02 ) <4+ RCL
02 = R/S RST

Ilnn Vo=0,123456789, a = 1 n b = 2 moayuum X,;=1,567901193,
Xa== 1,012344141, X, = 1,456733217, X, = 1,899129029 u 1. a. (Bpe-
M# BEIJAuH -0AHOTO uyHcaa 1,5 ¢). .

3. lna uucen ¢ HOpPMaJbHBIM pacmpenejenueM. Bsox: Vo=
= R0l << 1, 0 =R02 u R = RO3. Tlepen nycKoM HaxaTb KJaBHIUH
2nd u Rad. ‘

RCL 01 X 3 7 = INV Int xZ¢t RCL

o1 X 2 X m = sin X ( >t

STO 01 1/x Inx X 2 ) Vx X RCL
o 02 + RCL 03 = R/ RST :

Has Vo = 0,1234567, 0 = 01 H R =1 noayuuM, HaXuMas Kaa-
pumy. R/S, Ry = 1,074487657, R: = 0,8771869012, Rs = 1,00966529,
R, = 1023339944 Rs = 0,7849199467 n 1. A. (BpeMs BEHIaYH OAHOrO
uncna 2 c).

Mporpamma [125 *). Buluucaenne kosdduunenros by u by npubiis
aenusa runepboanueckoit -bynkuneii y = b -+ by/x. Beox (mocse maxa-
gusn kaasuir RST u R/S): %1, y1, X2, Y2, ..., %n, Yy B peructp X
{nocne BBOJA KaxJoil mapwl X; Y; BICBeyHBaeTca HoMmep i). BmBoj
:@3yAbTaTOB: TOCJE HAXaTHA KJAaBHWM A noayynM KoadouuueHTt bo,
1Oc/le HAXKaTHA KJaBHIMH X == f — Ko3duuueHT by, Jas BeluncAeHHN
i1(x) HaGupaeMm x = RX, Haxumaem KnaBuuy B u 1. A.

*) B mporpammax I125 = 1129 npu6anxenne HeauHelHOMN yHKIHE
OCYUIECTRIAeTCA ¢ TOMOUIBIO JHHeapu3HpYOUIEX npeobpasoBanuii [17]
M JHHeHHOV: perpeccuH, BLIIOANAEMOH  0i1epPITOPOM Cp 12 n nporpaM~
woil ML-i,
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Pgm - 01 SBR CLR Lbl R/S R/S 1/x . x22t CLR,
R/S )+ GTO R/S Lbl A Op 12 R/S Lbl !
B 1/x Op 14 R/S

Mporpamma I126. Buiyncaenne kodpduuueHtoB by u by npuGmuke-

HHSl CTeNeHHOH (yHKuuei y=b,,xb'. BBox H BBIBOA pe3yabTaToB CM.
B nporpamme I125.

Pgm 0l SBR CLR Lbl R/S R/S log x2Zt CLR
R/S log Y+ GTO R/S Lbl A  Op 12  INV
log x2Z2t x2Zt R/S Lbl B log Op 14 INV

log  R/S
Mporpamma M27. Boruucaenne kodddumuenTos by u by npubiuxe-

HAA TOKasaTeabHOll (ynKuneit y = byb}. Bsox n BuiBom pesyabraToB
cM. B mporpamme I125.
Pgm 0] SBR CLR Lbl R/S R/S x22t CLR R/S
log >+ GTO R/S Lbl A Op 12 INV  log
x>t INV log x2Z2¢t R/S Lbl B Op 14 INV
log . R/S
Mporpamma TN28. Beuncaenue kosdpduunento b, u by npubaumme-
HUA JKCIOHEHIHAJbHOR (yHKIMeH y = bgexp(b,x). BBox u BbBOX pe-
3y/AbTaTOB cM. B nporpamme [125.
Pgm 01 SBR CLR Lbl R/S R/S x22t CLR R/S
lnx Y+ GTO R/S Lbl A Op 12 INV Inx
x2Zt x2t R/S Lbl B Op 14 INV Inx R/S

Mporpavma I129. Brriuncienre xoadduuuerToB by u by npubanme-
Hua sorapudmuyeckoil Qynxunei y = bo+ bilogx. Bson n BHBOAK
pesynbraToB cM. B mporpamme I125.

Pgm 01 SBR CLR Lbl R/S R/S log x22¢ CLR

R/S Y4+ GTO R/S Lbl A Op 12 R/S Lbl

B. log  Op 14 R/S

Mporpamma [130. Beuncaenue koddpHuHeHTOB a u b mpubIuKe-
HUA TNoKasaTeabHOH GyHkuue# y = 10(¢+0%)  Bpop (mocie HakaTus

knasuwd RST): x1, yi, X2, Y2, ..., %n, yy B peructp X. Jaa nonyue-
A @ HaKaTh KJAaBUWY A, AJA moayueHus b — HaxaTbh KaaBuwy R/S. -

CMs Lbl E STO 09 SUM 08 X R/S STO

02 log SUM 06 = SUM 03 RCL 09 x2 ¢
SUM 95 Op 20 RCL 02 R/S GTO E  Lbl-
A RCL 00 X RCL 05 — RCL 08 «?
= STO 07 . RCL 06 X RCL 05 — RCL
03 X RCL 08 ° = STO 10 RCL 03 . %
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RCL 00 .—- RCL 06 X RCL 08 =  sTO

11 RCL 10 = RCL 07 = R/S RCL 11

= RCL 07 = R/S

Mporpamma M31. Bruncaenue kosdbunuentos bo, by n by mnpu-

6auxennsi napaGosuueckoii ¢yHKuneir Yy = bo 4 bix -+ bax2. Bponm:
RST 2nd CMs u nanee xy, Y1, X2, Y2, ..., Xn, Yv B peructp X. BuBog
pesysbTaToB: HaxaB kiaaBHwH 2nd E’, mosiyuum bo, HaxaB KJaBuuly
R/S pBaxael, nonyunm cHauagaa by, 3ateM bs.

STO 24 SUM 09 SUM 11 x? SUM 10 SUM

12 SUM 14 x? SUM 16 + RCL 24 =

SUM 13 SUM 15 RCL 24 X R/S STO 25

SUM 30 = SUM 31 X RCL 24 = SUM

32 Op 28 RCL 25 R/S RST Lbl E’ 3

Pgm 02 A 1 Pgm 02 B Pgm 02 C

1 Pgm 02 D RCL 30 SBR D’ RCL 31

SBR D’ RCL 32 SBR D’ CLR Pgm 02 E

1 Pgm 02 A’ SBR D’ R/S SBR D’ R/S

SBR D’ R/S Lbl D’ Pgm 02 R/S ISBR
Mporpamma [132. Briuncnenne Kod3pGUIKEHTOB Qo, Cl1, ..., Oy HH<

TepnoJaupyiouero MHorowieda HsioToHa H KO3QHUHEHTOB moJHHOMA
y(x¥)=ao+ ax + axx> 4 ...} a.x" npy pABHOMEPHOM pacHOJIOXKeHUH
y3a0B yi(x:) ¢ waroM h. Beon (nocne maxatua kaaBumm RST):
Yo=R0, y1=R], ..., yo=Rn (n < 15) u n = RX. HaxaB kuna-
sy R/S, monyuaem 0—> RX, ao— RO, a1 —Rl, ..., a,— Rn. Bso-
anM  h = RX u, maxmmas n-+1 pas kaasuuy R/S, mnoaysaeu
o, a1, ..., @n (OHH 3aHOCATCA B peructpnl RO -+ Rn). IIns BbuHCJIeHHsA
y(Z), rae Z = x — xo, HaXuMaeM kiaaBuwy A (mosyuaem 0— RX),
BBOAHM Z H, HaxaB kaasumwy R/S, nonyuaem y(Z)— RX.

STO 16 0 STO 19 RCLI 19 STO 17 RCL
19 + 1 = STO 18 1 SUM 19 RCL
17 - RCLI 19 STO .17 = +/— = RCL
18 = STOI 19 RCL 19 x2Zt RCL 16 INV
x=t 0 16 RCL 18 STO 19 x22t RCL 16
INV x=t¢t 0 05 RCL 16 —_ 1 = STO
18 STO 17 RCL 17 -+ 1 = STO 19
RCLI 17 — RCLI 19 X RCL 18 = STOIL
17 1 SUM 17 RCL 17 xZt RCL 16 INV
x=t 0 63 0 xZt RCL 18 — 1 =
INV x=t 0 59 STO 19 R/S STO 17 RCLI
19 = RCL 18 = STOI 19 R/S RCL 17
Prd 18 1 SUM 19 GTO 1 09 Lbl A
RCL 00 STO 18 0 R/S STO 17 RCL 16
STO 00 RCLI 00 = X RCL 17 4+  Dsz
0 1 42 RCL 18 = GTO 1 35 ‘
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Hporpamma I133. Pemenne cHcTeMB H3 AByx AHddepeHIHATBHBIX
ypaBueunii merogroM Pynre — Kyrra. BBoa: xo = R00, y, = R0l =
= R02, Zo = R03 = R04, h/2 = RO7, nauuue y’(x, y, 2) u 2’(x,Y,2)
npu x — R00, y = R02 u z— R04.

SBR SBR STO 06 + RCL 03 = STO 04
xZt STO 05 + RCL 01 = STO 02 RCL
07 SUM 00 SBR SBR SUM 06 SUM 06 -+

RCL 03 = STO 04 x>t SUM 05 SUM 05
-+ RCL o1 = STO 02 SBR SBR SUM 06
SUM 06 X 2 + RCL 03 = STO 04
x2Zt SUM 05 SUM 05 X 2 + RCL 01

= STO 02 RCL 07 SUM 00 RCL 00 R/S
SBR SBR + RCL 06 = > 3 + RCL

03 = STO 03 STO 04 R/S =x22t + RCL
05 = - 3 + RCL o1 = STO 01

STO 02 R/S RST Lbl SBR ... o X RCL
07 = xZt ... e X RCL 07 = ISBR

HOas mpumzpa x mporpamme 5.69 mpu xo = 0,2, yo = 0,0995008326
n 2o = 0,49235 nonyuum mpu h = 0,1:

x z y
03 0,4831085134 0,1483051274
0,4 0,4702289079 0,1960019786
0,5 0,4538103861 0,2422342378
0,6 0,43408476%3 0,2866579678
0,7 04111281313  0,3289445709
6,8 0,3861618702  0,3687833162
0,9 0,3564017201 0,4058838367
1,9 0,3250861121 0,4399784873

Mporpamma N34, Pewenne cucreMel H3 Tpex AudepeHUHANLHEIX
ypasHeHu#i merodom Pyure — Kyrra. Bmoa: x, = R00, y, = R0l =
= R02, zy= R03 = R04, wy= R05 = R06, h/2 = RIll, paunse
y'(x, 9, 2, w), 2'(x, 4, 2, w) n W (x, y, 2 w) npa x—> RO0, y — RO2,
2—>R04 n w— R05. BulBoa pe3ynbTaToB: X, @, 2 H Y B peructp X.

SBR SBR STO 09 + RCL 05 = STO 06
xZt STO 08 -+ RCL 03 STO 04 RCL
10 STO 07 - RCL o1 STO 02 RCL
11 SUM 00 SBR SBR SUM 09 SUM 09 -+
RCL 05 = STO 06 x2Zt SUM 08 SUM 08
-+ RCL 03 = STO 04 RCL 10 SUM 07
SUM 07 + RCL 01 = STO 02 SBR SBR
SuM 09 SUM 09 X 2 -+ RCL 05 =
STO 06 x2t SUM 08 SUM 08 X 2 -+
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RCL 03 = STO 04 RCL 10 SUM 07 SUM -
07 X 2 + RCL 01 = STO 02 RCL
11 SUM 00 RCL 00 R/S SBR SBR 4 RCL
09 = = 3 + RCL 05 = STO 05
STO 06 R/S x2t + RCL 08 = - 3
- RCL 03 = STO 03 STO 04 R/S RCL
1w+ RCL 07 = + 3 + RCL 01
= STO o1 STO 0O R/S RST Lbl SBR ...
X RCL 11 = STO 10
e e cee e e e RCL 11 f— xzt
e X RCL 11 = ISBR
Jna cucreMu

—Z%=z; %i—=—62—lly—6w; %:

npa xp =10, zo=—1I, yo=3, wo =0 u h = 0,1 noxyynm:

x F] y w w (TouHOE)
0,1 —8,13280 2,05030 0,25010 0,2513
0,2 —b5,98340 1,34971 0,41830 0,41833
05 —2,26691 0,19219 0,62202 0,62205
1,0 —0,25380 —0,31568 0,55062 0,55064

2,0 0,17508 —0,22660 0,24987 0,24988
3,0 0,08855 —0,09425 0,09697 0,09697
4,0 0,03523 —0,03523 0,03629 0,03629
5,0 0,01329 —0,01338 0,01343 0,01343

£ TouHoe pewenre w(x) = 2e~* —e~2* —e~%*,
Bpems cuera no mporpammam II33 u I134 cocrasaser okono 20 u
25 ¢ Ha kaxabi#i war. [Iporpammer [132—34 HarasaHo HJIMOCTPHPYIOD
BO3MOXHOCTH HPOrPaMMHpPYEMBIX MHKPOKAaJbKyJSTOPOB C HOBEHILICHHON
€MKOCTBIO 3aMIOMHHAIOILIHX YCTPORCTB.

INpunoxenue 3

NAKET NMPOrPAMM C OCOBbBIMH NMPHEMAMHU
NMPOrPAMMHUPOBAHUA NJA9 MHKPOKAJIBKYJISITOPOB
3NEKTPOHUKA B3-34

Mporpamma M3.1. Briuncnenve dakropuana n! npu n = PX, BKJio-
gas cayyalt n = 0 (cm. nporpammy 3.16).

BIT I0 1 WIM0 X FLO 03 C/II

NMporpamma [13.2. Buiuncienne 3HaueHH MHOrOuJEHa CTemeun
8 << 12 no cxeme Topuepa, Beoa: ay = P, a1 - a, = P15 Pn u pas

256



Jee ‘mis kaxnporo x n = PO n x = PX (cm. nporpaMmy 4.10).

A 4 Cx KHMIA 4 X FLO 03 MIIA 4
C/l1 GIT 00

Nporpavma T13.3. Pewenne cucrembl u3 n << 13 Heanue#HbIX ypas-
Hennit Xi; = Fi(X,) moxnouuuposasnmm Merogom 3eiizens [29]. Toa-~
nporpamMma A0JiZKHa 3aHocHTb X3 — PJI, x; - PC, ..., x;3—> P1. Bsoa:
HavasbHOe 3HaueHHe x4 B/0 C/I1, nauansHoe 3nauenue x; C/I1 u 7. A,
satem uncno wurepaunii m = PX BIl 09 C/I1 (nonyuaem %) C/jI1 (mo-
JyuaeM ¥z) u T. A.

no 1 3 Mo Xy CyI KII0 BIT 05 10
I 21. FLO 10 1 4 nmo KHUIO C/IT BIT
g ... B/

Jina cictembt %, = A/[% (xa--5) — 1]/2; xs=A/x, + 310 %, noa-
nporpaMMa HMeer BHA

unc’'s + WMo X 1 — 2 = Fv~
na .4 Fin 3 X 4+ F4/ IIC

Ipu Bavaapublx Xy =4, x2 = 2,5 0 m = 6 noayunm ¥, = 3,7607299
(TouHoe 3HaueHHe 3,7568) u X» = 2,7811093 (TouHoe 3uauenne 2,7798)
npu e = 70 c. '

Mporpamma Mi3.4. Tlonck skcrpemyma dyHKUHH F(x) onHo# nepe-
MEHHOM X MeTOIOM ee KBaJApaTHYHONA annpokCHMAanHH B HHTEpBaJe
Xx; =+ h. Beox: npaHeble F(x) npu X 3aHOCHMOM B Hayaslo MOANpPOrpam-
mH, h = PB, g2 = PC, HauanbHoe 3HaueHHe x = xy = PX. Pesyubrar:
xm — PX, F(xm) = P1. 3anami perucrpst 0, 1, A, B u C. Ilporpamma
BLIUHCAAET X; = Xm AJA anmpokcumupyloumei F(x) napaGoabl 1o Tex
NOp, NOKa (Xi41— Xi)? He cTaHeT MeHblle &

NMA  WIIA HIIB — 11 58 T10 HIA TIIT 58
m HUITA HIIB 4+ M1 58 4 HTTA 2 X
numnB — X HIMTA 2 X HWIIB + Mo X
+ HITl 4 X HITA X - XY urio 4
nim 2 X — = 2 = UINA XYy TIA
— Fx?2 HIIC — Fx<o0 01 HIMA C/II ... BJO

IOaa F(x) = 10x — 2x2 + 0,1x2 npu x4 = 3; h=0,1; e2 = 1.10-¢
voayusum xm = 3,33375 u F(xm) = 14,814815 npu fc = 90 c.

Mporpamma M3.5. Muxnmusanns raaakux ysxkuuii F(x:) ¢ n<<9
nepeMeHHBIMH METO/IOM KOOP/\MHATHOTO cnycka, BBox: aanmme F(xi)
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npu x;—>Pi, 1-10°% = P0, (e/9)2 =PA, 1 =PB, Ax=PC =P/,
x;(0) = Pi. Pesyabrar: F(Xiuan) = PX = PO, x; uua = Pi.

KUIIB U1 4 KIIB ... ... U0 Xy 1o XY

—_ Fx>=0 00 MO /—/ 3 =+ nno Fx? HIIC
3 - Fx? — Fx<0 00 HIIC TIIO n HIIB
1 -+ nB — Fx<0 00 1 1B HIIA HIIC
9 - TIC IO Fx? — Fx>=0 00 HIIO0 C/II

Oas F(x;) = exp(xy+ %2+ xs)/(x.xgxf?,) npu € = 1:10-%, Ax =
=x;(0) =05 u n=3 mnoayuuM F(x;uu) = 3,7354517; Xy yux =
= 1,0001271; Xoyuu = 2,0001018; x5 mux = 3,0002796 ({c =~ 21 mun).

Mporpamma MN3.6. MunuMu3auus BeinykJabix ¢Gynkunii n << 10 nepe-
MEHHBIX METOJIOM CNHpaJbHOro cnycka. Beoxa: nauusle F (x;) mpu xi—Pi,
1-10% = PO, (¢/5)2 = PB, 1 = PC, Ax =PIl u x;(0) = Pi. Pesyas-
aat: F(x; wun) = PX = PO, X; uun = Pi.

KUIIC HUMng + KIIC

urio Xy TI10 XY — Fx=0 00 n HIIC
1 -+ Inc  — Fx<0 00 1 IIC HIIB HILO
1—/ 5 = IO Fx? — Fx>=0 00 MHII0O C/m

Has npumepa K nporpamme I13.6 monyunm F(x; wus) = 3,7354523;
X1 yug = 0,999872, X2 mug = 2,000672; X3 yun = 3,001184 (tc ~ 15 MHH).

Mporpamma M3.7. UncnenHoe uHTerpuposanue MeronoM CuMmncoHa
¢ 3amaHHOH morpewHocTelo €. Beoa: paumnbie f(x), (15e)2 = PJ n na-
nee b [1B a TIA — I17 B/0 C/TL. .

HUIIB TIIT 58 9 HITA  TIII 58 ung + 119

unr 2 = 7 UnA + ns o IIC HII8
nrn 58 2 X HIicC -+ rnc wnz 2 X
urs 4+ 118 HUrB — Fx=0 19 unc 4 HI19
-+ m + 3 =+ 151814 X Huiie Xy I16
-— Fx2 HIIO — Fx<0 10 ure c/jaI ... BJO

Vipp e = 1-10-3 Bropo#i mHTerpanm Tabn. 5.4 Buuucasercs 3a [c =~
~ 1,5 muH, yto maer I = 1,3987138.

Mperpamma 3.8, Peirenne cucteMb M3 AByX AH(depeHHHANBHBIX
ypaBHenui y’ = f(x, y, 2) u 2’ = g(x, y, 2) meronom Pyure — Kyrra
[29]. Moanporpamma nomkHA BoECAAT, 2 —~P3 u y —PX npu
x—>P6, y—~PA u z—PB (cBoGoxusl peructps 0, 1, 2; mas samucu
NIPOMEXYTOUHHIX Pe3yJbTATOB MOXKHO HCNOJb3CBATb PErHCTPH 3, 4, 5).
BBox: xo = P8, h/2 = P7, 3yo = PC = PX u (nocie Ha}xaTus KJja-
sum B0 m C/IT) 32 = PJl = PX. BuiBox peayabrata 0O Mepe Haxa-
Tha KAaaBHwHd C/IL: y, 21, Yz, 22 ... B peructp X,
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B/O 3 =~ T8 TIIA C/IT HIg 3 - 9
nB C/m I 28 I 24 I 46 I 28
WIIB HUIIA TIIT 39 uIe MMz + ne III 55
unrz "X 5 HII3 HII7 X 4 U119 UII8 MUII5
+ NnA XY HUI4 + B UIlO HI4 + nn
urc yns <+ nc¢c B/ ... ... «ee ... BJO

Ias crereMu y’ = xy+2z 0 2’ = x4 yz npH X0 = Yo = 2z = |,
h=0,1 6ynem moayuatb yi u 2;: 1; 1; 1,2275429; 1,2284363; 1,5224128;
1,56320161 u 1. 1. ({c = 70 c Ha onHY Hapy yi, 2i).

Mporpamma T13.9. Pemenue aubddepeHunanbHoro ypaBHEHHS 2-TO
nopangka Yy’ = f(x, y, y’) meromom Pynre — Kyrra [29]. ITognporpam-
Ma nomkHa 3adocutbs Y’/ —PX npn x—P6, y—PA u y’ —PB (cBo-
6oaHbl percTphl 0 = 3, MPOMEXYTOUHbLIE Pe3yJbTaThl MOXHO 3aHOCHTb
B peructpel 4 # 5). BBom: h/2 = P7, x, = P6, 3y, = PC, 3y6=
= Pl = PX. BuiBoasl pesysnbTaTOB: yi, Ya2, Ys M T. A. B peructp X.

B/0O 3 = 19 1B UIIC 3 = g TIIA

c/m  IIm 27 nm 23 T 45 I 27 UIB

MUIA TIIT 38 Uurie HII7 -+ I16 I 54 1508¢4

X 4 UWIIB MUII7T X I15 ur9 HuIri8 UIis 4+

nA XY ul4 4+ B UIIC HUII5 + nc wunng

UM4 + OO B0 v ver eer eer B/0
Jlna ypaBueHHs y”=%(':/y_ + 1) npu h/2 =0,05; xy=y,= y6= 1
Gynem  moJaydatb Yi 1 y1,1077563; 1,2321001; 1,3747563 wu 1. &
(tc = 70 c 4a war).

Mporpamma I13.10. Pewenne auddepennnanbHoro ypasHeHHs 3-ro nos
psaoka y''" = f(x, y, ¥, y’’) meromom Pyrre — Kyrra 2-ro mnopsiaxa
[29]. Moamporpamma pomxua 3aHocutsh Y’ — PX mpu x — P7, y—>P5
y —P3 u y’" —P1 (cBoGonubl peructpsl A == I, AJs NPOMEXYTOUHBIX
pesyJbTaTOB MOXKHKO HCIOJb30BaTh peructp 9). Bsoa: A = P8, x, = PT,

yo = P8, y6=P4, y6'=P2. Pesyabrat: yi1, Y2, Ys, ... H T. 1. B pdn
ructpe X.

B/0 WI2 II WM4 T3 WUM6 II5 C/AT I 14
W7 W8 4+ N7 7 TIo M 37 I19 W3
T 26 WIIl I 26 MI9 M8 X 2 =+
4  KMMO +  KI4 + KIO B/O .v. ... B0

Ins ypasuenns y’”’ = xy(2y’’ — 3/2)/(y’)2 npu xo = 2; yo = 3,0625;
y(')= 35 u y6'= 3,75 OyneM noaysath: yi 3,4313; 3,8405; 4,2936;
47938 u . . npu fc = 45 ¢ Ha 1 mar (h = 0,1).

Mporpamma M3.11. Pemenne nuddepernnanbHOro ypasHeHus 4-ro no-
panka y'"V=f(x, y, ¥', y", y’'”’) wmeropom Pyure — Kyrra 2-ro mo-
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pAnKa [29].'Honnporpamma nonxHa 3anocuts y'v = PX npu x—rPQ,‘
y—=>P7, y—>P5, y”—>P3 n y'’'—Pl (cBoGogusi peructps [ un C,
NMPOMeXYTOYHble pe3yJbTaThl MOXKHO 3aHOCHTb B peructp B). Bsom:
h = PA, xo = P9, y, = P8, y(',= P35, y",’ = P4, y(," = P2 Desynan:
Tar: Yi, Ys, Ys ... H T. 4. B peructp X.

B/O0 HMII2 IIt U4 113 HIIS Ii5 UIs 17z Cc/I

In 16 U9 UIIA 4 119 9 110 In 42
IB HIls IIIT 31 HUII3 IIll 31 WUIIt I 31
HIIB HIMA X 2 = 4 KUIT0 + K4 +
Ko B/ ... ... B/0
3 3y” y ] .
as BHe W= —|—mg — 3| npp h=0]1; x,=3,
Jina ypastenns 2 (y ¥ oWl ™

y,=9, y =9, y '—175 uyo " = 4,56ynem noayuars yi: 9,937; 10,955
12056 13246 U T. A npu tc &z 55 ¢ Ha 1 war.

Mporpamma T13.12. BeluncaeHne 5 cMeXHBIX TapMOHHK [0 CXeMme
napaJiieIbHOTO ClIeKTpa/ibHOro aHaan3a. Beox: (mocie HaXKaTHA KjaBuW
B/0 u CIT w ungnkauuu uudppsl 0) HOMep HauaJbHON TapMOHUKH
ny, = PC, 2n/N = PJ] (uan 360/N, ecan nepekmioyatenp P—T B mo-
JoxkeHnd I'), HoMep HAuaJbHOIO HEHYJEBOro OTCYETA [y = PY,yiH =PX

c/m Yy, +I=PX C/IT n 1. 1. BuBoa pe3yasraToB (moc/iie BEOAA MO-

caepnero orcyera): Ao — PO, a.N/2 —PI1, 4N/2—>P2, ..., asN/2 - P9
u bsN/2 — PA

1 0 1o Cx KI14 FLo 03 rno c/im IIB
Hrio +4- I10 T 69 ur  + I F, T2
-+ T2 I 69 un3 -+ n3 F, HIi4 4
nmse 11 69 urs -+ 15 F, Hrs -+ I16
nm 69 unrz + n7 F, Hrs -+ rng IIn
69 ur 4 19 F, HUna + [TA F, Hric
5 - Ic F, 1 -+ 4 BIT 08 F,

A ung X HIIC X HIIC 1 + nnc F,
Fcos FBx Fsin HIIB X XY HIB X B/0

HAaas N =32 u yio+ ya=1 (ocranvusle y; = 0) BBexs ny, =1,
2n/32 =PI u iy = 10 nonyuuM: Ao = 8 (cymma Bcex y.), aiN/2 =
= —6,3622798; b,N/2 = 3,4007106; a>N/2 = 2,8477578; b:N/2 =
= —4,2619737; asN/2 = —0,23875957; bsN/2 = 2,424179; aiN/2 =
=1.10-8%;, bN/2=6,7-10-", asN/2= —1,1595353; b:sN/2 =
= —0, 95160494 Uueno BBOAMMBIX OTCYETOB Y IMPH HCNOJb30OBAHHU
nporpaMMel He OrpaHHtueHo.
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