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OnucaHs COBpEMEHHEIE OTEUeCTBEHHEIE M 3apyfexkuble MUEPOKalbs
KYJNATOPH JAJS MHXXEHePHBHIX M Hay4YHHIX pacueroB. JlaHO MaTeMaTuue-
CKOE M TporpaMmMHoe obecnedeHde ux. B CNpaBOMHMK BKJIOYEHO OKOJIO
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Anektponrka MK-56. OcHOBHOe BHHMAHHE YHEJNEHO KOHKDETHMOR peasy-
33aUMM OCHOBHLIX YHMCNEHHBIX METOAOB M BHMMHCJIEHHSAM CIelHaJbHbLIX
(pyBKUM.

Jins mMpokoro kpyra uurareneil.

N .
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NPEAUCIIOBHE

3amerHo ycrynasi yHuBepcanbubiM IBM B npesenbnofi CA0XKHOCTH
pellaeMbIX 3ajay M CKOPOCTH BLIUHCJEHWH, MHMMATIOpHEHE H [elleBhHie
SJEKTPOHHBIE KAJBKYJATOPH MO3BOAAIOT PEINATh GOMBIUHCTBO [OBCE-
JHEBHLIX HAYYHBIX H TEXHHUYECKHX 3a4a¥ JOCTATOYHO GHICTPO, GeclIyMHO,
B mo6oe BpeMsl H B JII0G0OH 0GCTAaHOBKE, C BLICOKOH HAJEMHOCTHIO H TOY-
HOCTbIO. COBpEMEHHbIE NPOrPaMMHPYEMEIE MHKPOKAJLKYJATOPE HMEIOT
¢ YHKIMOHAIbEBIE BO3MOMKHOCTH, HGAABHO MPHCYLIHE JHIIL GOJBIIEM
OBM: npsMyI0 B KOCBEHHYIO 24PeCAlMid, OPraHH3alHio Ge3yCJOBHBHIX #
VYCJIOBHEIX GePeXONoB, NMOANPOrpaMM M LMKJIOB, MHKPONPOrPAMMHOE BbI-
WHMCJeHHe 3J€MEHTAPHBIX M OTAENbHBIX CHENHANbHBIX yAKUME BBOAOM
OfHOH KOMAHABL, BCTPOGHHLIE MOAYJTH TNPOGECCHORANbHBLIX MPOrpamMm
nonb3oBateséd, HAKONWTENW Ha MarHMTHBIX Kaprax, negaTaioline
-ycTpoicTBa — NPHHTEPH M T. A.

Onnako adpeKTHBHOE H IPaMOTHOE HCIONL3OBAMME NPOTPAMMHpYe-
MBIX- MUKPOKaNbLKYAATOPOB, Kak u DBM apyrux kaacces, Tpebyer ray-
GOKOro 3namus A3LIKOB MX NPOFPaMMHPOBAHHS, OCHOB BLIYHCHHTENLHON
MaTeMaTHKH, YMEJOro BLIGODA aNrOpHTMOB M YMCJEHHHIX METOLOB pac-
HeTOB, MPaKTHYECKHX HABLIKOB B [EPEBOAE TIPOTPAMM € ONHOTO f3HKA
NPOrpaMMHMpOBAHKSL Ha APYTO#, a rJ4BHOE — HaJNMYHs OTJaX<eHHbIX M-
KeToB n 6uGmortek nporpamm,

CrpaBOuHHK CONEPMHT faHHBE O KOHCTPYKLHM H XapaKTepHCTHKAX
MACCOBLIN OTEUYECTBEHHBLIX H 3apyOEXHHIX MMKPOKAJLKYJAATOPOB, A3bIKax
H O0COCEHHOCTAX MX NPOrPAMMHPOBAHHS, ANTOPUTMAX BHIYHCIUTENbHLIX
npouelyp H uYMC/eHHLIX Merozax MX peaausapuy. OcHoBHOH MaTepman
CnpaBoyYHKKa, B OTJHune OT Kuur [6—8), oprenTupoBan Ha HayyHo-Tex-
HUYECKHE 1 HHIKeHepnble pacueThl ofluiero Xxapakrepa. Fekaouekruem
ABAETCS] JHLb NOCHAEAHAS [NaBa, WIHOCTPHPYIOWasi THNOBHE BJEKTPO+
PanHOTEXHHYECKME pacyeTHl M AONOJHALIAs KHHry aBTopa [8] Ocuon-
ROe BHHMa@HHE B CNPaBOYHMKE YJENEHO NPOrpaMMHON peanvsaiui pasHo+
OGpasHEIX YMCJIGHHEIX METOAOB H BLIYHCJEHHAM CIELHANLHBIX MaTeMaTis
WECKHX (PYHKUMEH, HCAONBIYIOIIMXCS B CaMBIX PA3JAHYBLIX OGNACTAX HAYKY
¥ TeXsuKn.. BBHIY orpanuuenHoro oGbeMa CHPABOUEMKA MaTeMaTHUe-
Ckoe ofecneucHHe MMKDOKANBLKYJATODOB [aeTcsi B OCHOBHOM B BHJE



_KOHeuHHIX ¢OPMYJ, BXONSIUMX B MHCTPYKIMHM 0O VCROJNL3OBAHHIO Npo-
rpamMm. )

B CNpaBOYHMK BKJIOueHa oOOWMpHasi Oubnnoteka nporpamm (mx
CBbILIE 250) ANsL MaccOBLIX . OTEUECTBEHHbIX NPOrPAMMHDPYEMEIX MHKpO-
KanbKyJATOpPoB € 06paTHON OecckofOUHOH JOrMKOH Bbiuncrnennil Snek-
Tporuka B3-34. OHu INpurofssl AJs ©Xx (YMKUHMOHENBLHBIX aHaANOrom
Snextpourka MK-54 n Bnegtpornka MK-56, a Takxke (nocne Hecnom-
HOro mepesosa) Ina, MEkpoxaabkynstopos HP-11C, HP-15C, HP-21C,
HP-67 u np. ¢upmnl Hewlett Packard (CIHA). Onucand Ttaxxe
ceoimie 50 mporpamMM A ONHHX W3 HanboJiee CJIOXKHBIX NPOTPaMMUpye-
MBIX MUKPOKaNbKyJNATOPOB ¢ ajrebGpauueckoil norvkoit 7/-58C u T4-59
¢upmb Texas Instruments (ClIA). 3HaKOMCTBO C HHMH MOSBOJSHT Y-
TaTeNsaM PasobpaTecA € MHOKECTBOM NPOTPAMM, ONHCAHHEIX B 3apyGers
HOll JiuTeparype, W MOJYyYMTh HABHIKH B IepeBofie NPOTpaMm.

Ilpu nopbope H paspaboTke MPOTPamMM [Nl OCHOBHOM YacCTH CIipas
EOYHHKA B [NEPBYI) OYepPelb YUYHTHBAJMCh HX MarJRfHOCTB, BO3MON+
HOCTDL NPOCTOH CTPYKTYPHOM NPOBEpPKM H COOTBETCTBHE NPOrPaMM ajro-
PUTMY pacueTOB W OpHruHanam (sl nepeBophblX nporpamm). Bo Beex
TPOrpaMMax HUCNOJb3OBaHbi TOJNBKO PersaMeHTHpPOBaHHble (T.€. yKasags
Hble B MHCTPYKMMM no 3kcnnyarauuu [25, 26] onepatoper). Hekoroprie
HepersaMeHTHpOBaHEble onepatopbl {cM. § 1.6) u ocoule mpueMul 1po-
FPaMMHDOBAHHS NO3BOJAIOT COKPATHThL IJIMHY INpPOrPaMM, YMEHBLIUHTh
BpeMsi BHIYUCJIEHHl M . MOBBICHTb NPeAENIbHYIO CAOMHOCTL PELaeMbIX 3a«
pau. OCHOBaHHBHIE Ha 2TOM NPOTPaMMEI LJISl KaJbKYJAATOPOB IJIEKTPO=
Euka Bb3-34 pasbl B npunoxeuvu 3 (B TOM YHCJE HECKOJBKO iipOrpamm
na kufrn [29], OnyO/HKOBAHHOR 1OCJe CHAYH PYKOUMCH CNpaBOYHHKA
B Habop). -

CrpaBoYyHHK paccyMTay Ha HayYHbIX paGOTHMKOB, MH2KEHEPOB M CTY-
DeHTOB By30B W TeXHHKymoB. OH NOfe3eH H TeM, KTO BriepBrie MPHCTYs
TaeT K OpBOEHMIO GONee CJOMCHOH BBIYHCIUTENBHON TeXHHKH, B YacTHO<
CTH NepcoHanbHbix OBM.

OOCunme YHCNOBOrO M NPOrpaMMHOIO MaTepHana B CHPaBOYHHKE,
¥3-32 KpaiiHe CXKATOTO H3JONKCHMS, CO3JAeT YCNOBHA AN OTAENBHBIX
HeTouMQCTell U oneyarok. ABTOp BHIpaxaer rnyGOKYIO NPHIHATENLHOCTH
H. T1. Bpycennosy, B. B. Ko3anoBy u ApyruM, CBOMMH 3aMeyaHMSIMH, €O~
BETaMi H NOX2JaHHAMH cnocofcTBOBaBUIMM paboTe aBTOpa Haj KHHroH,
H ¢ 6narofapHOCTBIO OXHLAET 3aMeuyaHuil, COBETOB W NOXKejaHuil No
VIYylleWHi0 MaTepHalila CHpPABOYHHKA, KOTOPHIE GJejyeT BBICHJIATL IO
anpecy: 117071 Mocksa B-71, Jlenunckuit np., 15, I'aBHas pepakims
usuro-MareMaTHeCKOR nuTepaTyphl m3aatennctsa «Haykay, pepakuus
MaTeMaTHIECKAX CNPABOYHHKOB.

/

B. 1. [vsaKonvs



Frnasal

MUKPOKAJNDBKYJIATOPHI C OBPATHOM
BECCKOBO4YHOWM JIOTHWKOM BbIYMCJEHHMH

1.1, OyHKUMOHANBHbIE BO3MOXKHOCTH

MMKPOKAABKYJATOPOB € 00paTHOil OeccKoGOUHO
() 4

JIOTHKO BbIUMCACHHH

Ld
MﬂleOlC(Z/le_!//IﬂTOpr—-CHQHHaJIHSHpOBaHHbIe Ha BBLINOJIIEHHE [10=

peeaHeBULIX pacyeros 3BM nuyroro nonpsosanust. Mx ocnosoit (puc. 1.1)
SABJASIETCA CTeNHANBHOE YCTPOHCTBO AN NPOBEAEHHs JIOTHYeCKHX H apHQ-
METHUECKHX Onepanuit — mukponpoyeccop {MIT). XpaseHue ABYX uuced
(onepannoB) OCYHIECTBASIETCS C NOMOLUBIO 3ANOMWHAIOINX YCTPOHCTB —
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Puc. 1.1, OysEnnonanbuas cxeMa MHKPOKAJBKYJNATOpa

onepayuonnbix pezuctpog X wu Y. Pesynbrat BHUMCIeHHI mocTynaer B
perretp X ® UHAMLHpyeTCss B jecATHYHOH (OPMe C NOMOMIBIO UHOUKa-
Topa (Qucnaes),



. B coBpeMenHBIX MHKpOKaJILKYJIATOPAX € ONePalHOHHEIMM perncrpa-
mMa X u Y ofuennuenn eile Heckonbko perrerpoB (Z, T u 1. 1), 06-
pasya crex (iaeqsun). TlepemeweHze wuncen B cTeke BBepX (X —Y,
Y>Z, Z—Tur n) vap a3 (X< Y, Y« Z, Z<T u 1. 2.) unano-
‘-r ; —~,  MHHEeT nepememenwe NATPOHOB B wa-
raspfe MHCTONETA.
K MII nopx .rnoanO'rc;x TaK¥e Mo+
] CTOAHHOE 3aNOMHHAIOUee YCTPOHCTBO
ewn 22721 ] (TI3¥Y) u onepatmBHBIE 3anoMHunalo-
e yerpoiterBa (O3Y) nannbix W npo-
p— : rpaumM. O3Y  panubix  Npencrabaser
L'E:. AR E-18 ] OGOl OT OZHOrO 1O HECKOMBLKHX COTCH
PETLCTPOB NaMaATi, NOAOGHLIX perucr-
JLTHTPORKEA B3-18M paM X uam Y. llonpsoBatenn moxcer
o6paTHTECA K JMOGOMY H3 HEX, 3alaB
ero Homep (adpec). O3V mnporpanm
XPaHHAT KOMaujk, 3ajaBaeMble Tpo-
rpaMMoil, KOTOPYIO BBOIZMT NONb30Ba«
teab. B TI3V xpausartca xomaunw (mu-
Hponpoeplxiel) JANsL BLINONHEHHS CCe
HOBHHIX onepanuil. ¥ HemporpaMmupye-
MbIX - MEKpOKalbkynaropos O3V  mpo-
rpamm orcyrersyer. Hluoraa O3V pans
EHX M nporpaMM  OGbeAHHSAIOTCH, .
r.e. yactb O3Y wucnonbayercs pans
XpaHeHWsl AaHHbIX, OCTanbHasi 4acThb-—
Y, AJisl XpaneHus Iporpamm. -
Puc. 12. B.{emﬂﬂﬁ B MuK- Ynpapnenne BceMH Grnokammu 01“
POKANLKYNATOPA DJexTnoni- KJNABHIIHOTO NyJkTa HJH ABTOMATHYE-
ka DB3-19M ¢ o6paTHOfi fec- CKM MO NporpaMme  OCYIECTBJAETCH
CKOGOYEO# JIOTHKO BLIYHCAC-  yerpoficTBOM ynpasiienns. Yepes Hero
HHH x MIT MOryT MOAKMIONATLCS HEKOTOpHIE
LONOJNEVTENbIbIE YCTPOHCTBA: MOOYAb € RPOSPAMMAMU NOAL3OBATEAR,
(MIIM]), naxonurers unpopmoyun na mocuurnod zapre (HMK), neua-
Talol(Ee YCTPORCTBO — NpUHTEp B Ap. '
Ilnst npoBejeHust CHOMHBIX pacueToB BecbMa yAOGHOH OKasanach
Oecciobounan aoeuxe GouCACHU, TIPEANIOXKEHHAs NONLCKHM MaTeMaTH»
KoM Jlykacesuuem. MHRpoKanbkyaATOPE ¢ 06paThOll GeccKoGoUHOH J10<

TBKOH BhIyHCTenwuii HMEeIOT crnepHanbHylo KJIaBl.rILUy ANA BBOAA H MepemMes
- *

e yY

eI Yuced B CTeKe BBep¥

4 ,l 4 E |um| 4 ENTER

*) Wnorna pervctpw Y, Z, T u T. A Ha (yNKUMOHA/JLHOR CxeMe
MEKPOKANLKYAATOpa YKasbiBaieTcs moa perscTpom X. B arom cayuae



Tenter — 6600). ApudpmeTnyeckre ONepanyyn Npf 2TOM BLIMOJHAIOTCS N3
cxeme: BBOA uMciz ¢, BBOL oneparopa {komapaw) 4, BBOx uucna b,
BBIOJI onepaTopa COOTBETCTBYIOLIEH Onepauuy * (* — 3Hak onepapuu: -},
—, X wny -+): COKpalleHHO 3Ta CXeMa BHIVIALMT Tak: 4 4} b,

Vs oTeyecTBEHHLIX HENPOrPAMMUPYEMBIX MEKPOKAJbKYJIATOPOB JIMLIL
onna Mojesb —— DiekTponnka B3-19M  orHocuTes K paccMaTpHBaeMOR
Fpyniie MHKPOKaJbKYNATOROB. Ona umeer ctek u3 tpex perucrpos X, Y
i Z. OYHKIHOHANbHLE BOSMOXKHOCTH MMKPOKALKYNATOPA OYEBHAHBI M3
Haﬁnnceﬁ Ha nysabTe ynpaBierua (puc. 1.2). I'abapure 3T0r0 MHKpO-
gasbkyasitopa 86 ) 167 X 41 mm, macca 400 r, ouramse OT cetH H
akkymynsropoB (4 snementa J1-0,55).

MukpokansKkynaTopsl  dnekTponuka B3-19M, kak u npyrre, pac-
CcMOTpeHEEe B KHUIe, ONEPHPYIOT C YHCJaMH, NPeACTABJIEHHbIME B NOKa-
sarensuofi (popme x == M-10%, rpe M — nopmanusoBasHas MaHTHCCa M
E = -£99 — nopsinog uncaa. @ydKnuM, 0603HaYEHHsI KOTOPHIX LaHB Haj
K/IaBUUIaMH, BBONATCS MOcje Ha)Xarus npedukcHoii Knaeummu F u co-
orBercTByloweil knasuiun. Hanpumep, @ynkuua Inx Bouncnsercs nocne

- ‘ In . k
pabopa x W Haxartua kaasuw F HI — l Pesynbrar sanocurcs B pe-

ruetp X

.. Ofparsas Geccxo6ounas JIOTHKa BLIYMCHCHHA OCOGEHHO YAOGHA NpA
BHIYHCJIEHHH CJOMKHEIX BHIpaKeHHil, TPeGYIOLUX BLINONHEHHsT 3a1aHE0d
_NOCNe[OBATeNLHOCTH ONepalivii, HanpuMep:

{axXb)+(cXd)... adbXerd X+ ...
(a—b)l(c+4d) ... adb—chd4 <.,
alg(—ll:}a-—c-)... brc+4d=FligtaX...

Ornepanun ¢ TpeMs ydcaaMi d, b ¥ ¢ MOTyT BHIMOJMHATLCA MOCHe HX
BBOJIa, Hanpumep: '
(a4 b) Xe ctbta+tX
) ) (aXb)+c chbhaX +

B 3TuX NpHMepax OTHETAMBO BHIHB! OCOGEHHOCTH OGPATHOf GeccKos
Gounoii nOrMKi BHIUACNEHHI: BBOA wHCeNl B NOpsKe, OGPATHOM HX HCe
NOJMB30BAKKIO, M paspeNieHHe HX NpH BBOje oneparTopoM 1, BHIOJHEHHE
TOAPSAA ABYX ONEpPaTopOB apHGpMETHYECKHX LeHCTBMH, OTCYTCTBHE CKO-
6ox. Bonee neranibHOe ONHCaHMe jlaeTcs B CAEAYIOUIMX naparpacgax sToi
IJ2BHL. -

Ipumenenne 06paTroit GecckOGOUHON JOTMKH B nporpamwinpyemmx
MEKPOKaNLKYNATOPAX [MO03BOJIsSET SAMETHO yMeHBUIMTb YMCIO LIAroB
1IpOrpamMmel, .OCOCEHHO €CNH [PM BHI30BE OUEPEAHOT0 YHCNA MpejLies
CTBYIOUME YHCNA aBTOMATHYECKH CMELIAIOTCH B BEPXHHE PErHCTPHI CTEKA,
—_—

CTpenka pa knasmue ENTER ofpaillesa ocipuem BHH3. OfHAKO Takoe
000sHaueHHe BCTpeuaeTCsl OueHDb PEKO.



XapaRTeprCTHKH OTEUECTBEHHBIX NPOTPAMMHDYEMBIX MHKPOKaJIBbKYJATOPOB

TaGaura 1.1

Tun 3BM .
ITapamerp SNeKTPOHHKA :
B3-21 MK-46 B3-34 MK-56 MK-52

. Uncsno paspsifioe MaHTHCCH/TIOpSJKA 7,8(2 7,812 8/2 8/2 8/2
Yucyqo  PErducTPOE  oNEPAIHOHHOTIO 2 2 4 4 4
6noka

PerucTp BOCCTAHOBJIEHHS DE3YJILTATA Her Her Ects Ectp Ecth
UpeajlecTBYolell  onepalui

Hucno JOGABOUHKIX PErucTpoB 64 crex 64 cTexk 14 14 14
{A4eeK) mamsTH Ha 6 yucen Ha 6 yucen .
MakcuManbHOe 4HCAO WIaroB Mpo- 60 66 \ 98 98 98
YpPaMMeL

Briuncnenne ¢yuxkumft x: lx, x% Eetb EcTb Ects Ects Ecte
/% %, In x, sin x, cos x

Bromucnenne  ¢yuknmfi x:  tg x, Her Her Ectp Ectn Ecte
arcig x, arcsin x, arccos x, 16%, 1g x

Hpencrapnerne yraos Papnaum., Papuanu Papuanel, rpapych PaznuaHel, rpaiycel, | Paguann, rpagycH,

rpajis *) Tpaju *)

Ajppecaius IpaMasn IIpsimas Ipsamaa u KocBerHas | [IpaMas ¥ KoceenHas | IIpsMast H KocgeHHas
Bpemsi BHMoJHEHHS apHbMeTHYE- 0,5 0,5 0,5 05 0,5

CKHX omnepanuii uHe OGosee, C

Ta6aphTe, MM 18510048 28024090 185100 48 208X 205X 69 167 X78%38
Macca, kr 0,39 2,5 0,39 | < T 0,25
IuTanue Yuupepcanb- Cetp VHupepcainHoe Cetn YuusepcanbHOE

Hoe
Od)opMnEHHe ITepenocnoe Hactoabnoe ITepenocaoe HactosbHoe ITeperocuoe

*) I'pan—Mepa HsMepeHHRs yTJioB, paBHas 1/100 wactw npsAMoro yriaa.




a TpH BHIIOJHEHHHM onepauuil — B HIXKHHE perucTpel. Torha onepanHa
e+ b) X ¢ BHNOJHARTCR CHMBCJIMYECKH TaK: cba+- X. Has cpasuenus
yKRaXeM, UTC Y MHKDOKAILKYJSTOPOB ¢ aireGpanueckoii JIOTHKoH- (cm.
pfaBy 2) Te e BLIYHCJEHHs CHMBOJHUECKH 32NHCHIBAIOTCH B BHIE
(a + b)X ¢c=. Takum obpasom, B nporpaMme OHH 3aiiMyT 8 Marog,
70Ta K4K B NEPBOM CJjydae TOJbKO 5. )

YKkasaHHble OOCTOSITEJBCTBA IIPHBEJH K MacCOBOMY NpPHMeHEHHIO
TpOrpaMMHupyeMLIX MHKPOKAJBLKYJATOPOB ¢ ofparnoil Gecckofouncit no-
rakoli Bhurchennil. K arTeil rpynne oTHocsTcs oTeuecTBeHHble nPOrpav-
MHPYeMHE MUKDOKAJbKYJISTOPH, TEXHHUECKUE XADAKTEPUCTHKH KOTOPHIX
paubl B Ta6a. 1.1. . -

Muxporanskynstopst Suextponska B3-21, Daextponnka MK-46
VCAOBHO MOXKHO OTHECTH K TIEpPBOMY HNOKOJEHHIO NpPOrpaMMHpYeMbIX
MHKPOKaNbKYJATOpoB. OHH HMEIOT Orpasdnuyesvbii Habop KOMaHi W Bbi-
yrcasieMbx Mo HuM (Qynxunil, HeGoJbLIOe NMpefssibHOe YHCNO LIATOB [npo-
TpaMMBl, a IJIaBHOE — TOJBKO Npsimylo anpecanmio (cM. nuxe). Ocoben-
HOCTH BBHIYHCJIEHMH U NpPOTPaMMHROBAHIE 3THX MHKPOKaJbKYJIsiTOPOB
FETaJbHO OnHCaHbl B KHurax [6—9] u nostoMy Raflee He paccMaTpH-
BalOTCS. )

Topazno Gonbliump (GyHKUMOHAJILHHIME BO3MOXKHOCTAMH o6nazaot
RLOrpaMMEpYeMble MHKDOKaJbKYJATOpE BTOPOTO NOKOJenns: DneKTpo-
nuka B3-34, daexrponnxka MK-54 n dusexkrponmka MK-56 (macrosbhas
MHKPO-IBM). DTH MUKPORAJNBKYNATOPB!, a TAaKXKe MNOROOHHE MOXed
3apyOexHbx (bl{i)M (cm. Taba. 1.2 ¢ mapaMerpaMi IIHPOKO pacnpocrpa-
HeHHBIX KanbkynsatopoB ¢upmel Hewlett Packard (HP) CLIA), yrose-
TBOPAIOT BaXKueHIIHM TPeGOBAHUAM, NPeNBSBASEMLIM K COBPEMEHHHIM
MHKPO-DBM HijIBUAYaJbHOTO NOJb30BAHHS, OPHEHTHPOBZHHBIM .HA Ha-
- YUHO-TEXHHYecKHe pacueTH. B mx uncse:

: ~— NpOCTOTa B paGoTe H OBCHY’KMBAHHE ONHHM MOJb30BATEsEM, KAK
TipaBusio, HecneUHAJHCTOM B o6MacTil MPOrpaMMHpPOBAHHS, '

: ~— MaJible TaBapuThl ¥ MaCCa, DHTAHHE OT aBTOHOMHOIO HCTOYHMHKA
H ceTH NepeMeHHOro TOKa,

~— FpOCTOTA s3HIKA NpPOrpaMMHpOBaHNSA, BBOAA H PeAAKTHPOBAHHS
nporpamMu,

— BbIYHCJIeHHe N0 BCTPOGHHLIM MHKDONpOrpaMManm Ba JKueiiinx sse-

mentapubx ¢ynkuuii aprymenta x (1/x, x%, '\/ x, y* nam x9, e*, 10%,
Inx, Ig x, sinx, cosx, ig x, arcsin x, arccos x, arctg x u Ap.),

— NOCTATOYHOE YMCJIO PETHCTPOB NAMATH C NPOU3BOJNBHEIM JOCTY+
oM (ne Menee 10),

— KOCTATOUHOE MAKCHMAJBHOe WHCAO LIaros mporpammfiof mamsTd
(~ 100 u Bouue),

— pasBuTHe NPOrpaMMuble BOSMONKHOCTH (HaJiMu¥e KOMaHZ npsMoi
H KOCBEHHOH aipecaliy, OpranH3allhii-yCJOBHEIX ¥ Ge3yCJOBHLIX mepe-
30708, NOANPOrpaMM H IHKJOB),*

= BO3MOXKHOCTD BHILOsHEHNS] BCex onepaunii ¢ KIaBHLIHOrO MyJbTd,



"TaGauna 12
Xapaxtepucrnkn 3apyGexxunix MUKPOKANLKYMNSITOPOR € 00parHofi GecckoGouMOfi NOrnkofi BRMHCHEHH{

BAS MHDKCHEPHBIX M HayyHHX pacueTop (B, Moaensu, NOMEYEHHBIE 3HAKOM ¥, BCTPOEH MpuHTED)
. ‘ Tin 3BM
ITapametp - N
HP-15C HP-25C HP-29C HP-55 HP-91* ¢ HP-67 HP-97* HP-1C
IporpaMMupyeMocTs Ectb Ectb - . Eemp Ectp Her Eers Ecms Eers
Ypcao PErHcTpOBR  IMaMSTH 64 8 30 20 16 26 26 320
Yucao maror NporpaMmb 448 49 8 49 Lo 224 224 2240
Briuucnenue ¢dbyuruni 1/x, 1/)_:- . yx, Eetn Ecte Ecrn Ecte Ecrs Eers Ecte Ecth
Inx, lg x, &%, 10 ’
TpuronomeTpHaecKye H OOPaTHHE HM Eers Ectn Ectw Ectn Ectb Ecte Ecre Eers
byHRIHK .
Tunep6osndeckue # ofpaTHhle HM Ecrn Her Her Her Her Her Her Her
GYBRIMH .
CraTucTHYecKHe pacyeTh Ecrp - Ecre Ecre Ecte Ecerp Ecre Ecrb Ecrs
Uucno pPaspsiicE MaHTHCCH/IIOPSAKA 1072 8/2 8/2 10/2 10/2 10/2 10/2 1012
BanoMuHan#e HporpaMM EPH BHIKJIO- Eets Ectp Eets Her Her Her Her Ectp
ueHHH
3anuck Ha MAarHHTERE KapTe Her Her Her Het Her Eetn Ecte Ecms
Yucno $AaKKOB/METOK 10/25 Her Her Her Her 4/i0 4010 56
KoceeHHasn &xpecamus Ecrn Her Her Her Her Ecte Ecte Eern
INonxmoseHne npuHTEpa Her Het Her Her Ecte Eern Ects Ectn
TaGapuTel, MM 1288015 | 130)68X30 | 13036830 : 15248134 | 22020364} 152¢81¢34 | 22932033 64| 144%79%¢33




— HH3Kas CTOMMOCTDb, Aesaloniasn MHKpo-3BM noctynHeiMu pas mwi-
pokoro Epyra nonb3oBaTeNell (HHKEHEPHO-TEXHHUECKMX H HAYYHLIX pa-
GOTHAKOB, CTYAEHTOB U T. Ji.).

Pa3prTHe COBPEMEHHLIX NPOrPAMMHUDYEMLIX MHKPOKANLKYNATOPOB C
o6paTHOIl GecekoGOUHON JIOTHKON BLIUMCACHHN HAET 0O ciefylolmEM Ha-
DpaBJCHHAM: YBeJHYeHHe YHCJA PETUCTPOB MAMSTH M LIArOB NPOrpaMMbl
(cM., HanpHMep, MOXeNb HP-41C — ta6n. 1.2), ncnonbsoBanye AOMNONHH-
remprbix O3Y, TI3Y ¢ sanHcsiMu nporpamM (TBepAOTeNbHLIX H B BHAE
LH(POBLIX MarHATO(MOHOB € 3alHCHIO NPOTPAMM HA MHHUATIOPHBIE Mar-
HETHBIE KapThl), ofecneyentie paCoThl ¢ BHEUHWM nepupepHiiEbiM 060-
pyzoBauuem (kacceTihie MarsuT1O(OHL, TPHHTCPLI, yCTPOHCTBA CONpH-
JKeHna € TeneoHHON CeThio B 1p.).

Y HeKOTOPLIX NOCHAEeNHHX 3apyOeXHbX MOZeJeH TaKHX MHKDOKaJb-
KYyJISITOPOB CYMIECTBEHEO paclinper Habop GYHKUui, BLINOJIHAEMLIX MHK-
ponporpammiuo. Tax, mukpoxansryastopel HP-15C nmeoT emxocTb npo-
rpaMmHON naMsTH Ha 448 1IAroB, BHIMONHAIOT Pa3JMyHLIE ONEPAUHH C
‘matpuuaMu (pasmep no 8 X 8), peiaioT cBCTeMB H3 2—7 JHHEHAHbIX
YDABHEHNi], BLINOJHAIOT ONEPALMA C KOMIJEKCHLIMH GYHCHaMy, BLIYHC-
JISIOT ONpefeNieBHLIe HYTErPalibl, MPOBOANT CTATHCTHUECKHE pAaCueTH B
zip. ¥ Muxpoxanbkynstopos ¢ 6yxksoii C 8 nassanun (HP-15C, HP-41C
‘W §p.) mporpaMMa H AaHHble B PErHCTpax NMaMsTH COXPaHAIOTCS NOCHE
OTKJIIOYEHHS MHTAHNEA, YTO AJeT OosbluHe YAOOCTBA MPH OTJANKe CJOMK=
HBIX NPOTPAMM H MPOBELEHHH TPYHLOEMKHX BhHIYHCITCHHH.

Jisi oTeyecTBEHHbIX POrPAMMIPYEMBLIX MHKPOKANBKY/IATOPOB 6a3o-
“Boit sBAseTcs Monens Jnektpounka B3-34. MukpoxansKyasTopsl Oex-
rpornka MK-54 u Duexkrponnka MK-56 MOJHOCTbIO COBMECTHMHI € 5TOH
MOZEJBbIO 1O .ASLIKY NPOrpaMMHpPOBaHHSI H CHCTeMe KoManA. 3Ta coBMe-
CTHMOCTb MPERYCMAaTPUBAETCS H ¥ HOBLIX Mofetell (Dnextponnka MK-52,
Anextponnka MK-61 u zp.), HMelOmUX pACIIHPEHHLIE HAGOp MHKpOMPO-
rpammM, scrpoentsie II3Y u O3V, pa3’beMbI‘ IJist MOAKJIOUCHHS MepHpes
PHAHBIX YCTPOHCTB.

OtevectBernble #  3apy0cxnuie (cepun HP) MEKpokasipkynaTopsl
HMEIOT MNpocroffl CHMBOJIBI(O-KOAOBKH $3bIK NMPOrpaMMHpDOBAHHS C TIHa-
TeJSbHO OPOAYMAHHOH cHUcTeMOH KoManzh. JTO 03HAYdeT, YTO ONepaunp
BBOAATCH HaXAaTHeM KJ&BHIN C H30OpaX<KeHHBIMH HA HHX CHMBOJAMH H
HM MpPHCBAMBAIOTCS KOAbl B BHAE YHCEJl H 3HAKOB, OTOOpaXKaeMblxX AHC-
Ijeem B Xoje BBOJA NporpaMM H WX pepakThpopammd *). Haun6osnee.
-PactpocTpanenuble omepaiun (BBOL YHCeS B pErucTpbl NAMATH ¥ HX
BLI30B, Ge3yc/OBHbe NEPeXOmbl H OOpalleHHs K [OANPOrpaMMam ¢ Xoc-
BeHHOH azpecauuedt H Ap.) BLINOJNHAIOTCS ORHOWEIOBLIMI OEPATOPAMH,
4TO 3aMeTHO COKpallaeT ofulee uncnio Iuaros mporpaMm. He cocrasnser

e ————ee

*) ¥ mukpokasbkysastopos HP-41C onepaTopbl, B TOM uucie Oyx-
BCHHLle, OTOOpamKaoTes an(aBuTHO-LH(GPOBLIM KHAKOKPHCTAIIHYECK M
Racrneey.



TPyAa TEPEBOX MPOrpaMM AJA OTEHECTBEHHLIX MHKDOKAJBKYJIATOPOB Ha
A35IK NPOrPaMMHPOBAHHA KaJbKYJSTOPOB CEpUH HP u nmac6opor.

CHMBOJbHO-KOLOROe HPOTPAMMHDOBAHHE MMEIOT TaK¥e HEKOTOpLIe
gacrolibeie MHKpO-DBM: Suexrpondka J13-28, 15BCM-5, WUckpa-124,
Hcxpa-125 u np. [11, 12} Muxpo-2BM Dnertpounxka J13-28 ¢ emkocTbio
Q3V 16 wmm 32 x6aiiT HMeeT eMKOCTb MpOrpaMMHpyeMOH NaMATH 10
32 256 waros m HONMycKaeT ¢ Oysibra mpaMoe obpamtense x 166 pecsi-
THYHLIM pericTpaM naMsTH (cp. ¢ 98 waramm ¥ 14 perncrpaMu y M-
Kpokanbkysistopa Diextponnka B53-34). Bpems BuuHclerHs na Helt
npuMeprio B 100 pas menbiue, yem y muxpoxanbkyssropos. OcoGenro-
CTH NpOrpaMMHpOBanus JjaHHoH DBM na CHMBOJBHO-KOZOBOM S3BIKE
orucansl B [8) It MuEpo-OBM nporpaMMHpYIOTCS H HA A3bIKE BLICO-
Koro yposus Gedicuk [12, 13]

Mukpo-3BM Hckpa-124 HMeer eMKOCTb NPOrpaMMHOH NaMATH HA
180 maroB, 10 perncTpoB MaMATH H 3 CTEKOBLIX perncrpa. Bpems BoI-
MOJHEHMA ONepalHil CIOMEHHs H BuiyHTaHHs okoao 0,02 ¢, yMHOXeHus
U penenus 0,1 c, u3Bjedenns xsagpatnoro kKopesi 0,3 ¢ u BHuncieHus
¢dyuxmui okosio 1 c.

Muxpo-3BM Hckpa-125 nmeer 6510k orofpamenus HHpoOpMaunn ua
3JIeKTPOHHO-JIyueBOH TpyOKe, obecneunBalollell HHAHKALHIO pesyibTatos
BhIyKC/ennit ¥ BBOZHMON nporpammbl. Emxocte O3V 1 kGaiit, nocrosn-
Horo 3V 4 x6Gaitt. IlpenycMoTpeHs npsiMoe H KOCBEeHHOe obpaiulenie ¥
256 perucTpam NaMsiTH ¥ BO3MOMHOCTb 3aMHCR NPOrPaMM ¥ KaHHLIX A
MArHHTHYIO JIeHTY HAaKOITHTEJS.

CHMBOJIBHO-KO10BOE NPOrPAMMHpPOBAHNe STHX MUKpO-DBM B npus-
il TMOROBHO DPOrPaMMEPOBAHHIO MHKPOKaNbKyAATOpoB. ONHEKO cHs
cTeMa CHMBOJIOR KJIaBHATYpPL!I K KOLOB ONEPaTOpPOB Y HHX HHas.

1.2. Cucrema KOMaHJ U KOOOB MPOrpaMMupyemoro
MHKpPOKaabKyasaTopa Jnexkrponuxa H3-34

BHelunnii BHE NpoOrpaMMHpPYeNMOr0 MHEKDOKANBKYJISTOPA SJEKTpOHH~
ka B3-34 npuseneu ua puc. 1.3. B mepxnedl wactu nepenuell nanesu ero
pacnosomen 12-paspsananuiii MOMHHECUEHTHLIT MHAHKATOP, TOA KOTOPLIM
pacnonaraioTcs BHIKMOYaTeNb HHTaHHs M, Iepekmoyatess P—T (pa-
AHAHE — rpa,uycm) -

Tysbr ynpasnenns Mm<p01<a.nb1<ynmopow umMeeT 30 KJaBull ¢ ABOMH<
HLIM MJ¥ TpOHHLIM ynpaBienweM. OcHOBHAas ONepallisi, BBORHMAS Knas
Bulel, 0003HAyeHa CHMBOJIOM ApsMO HA KiaBRwwe. Onepauuy, o6o3H3-
YEHHLIE CHUMBOJIaMH KPacHOTO IBETA HAJ KAaBHIUAMH, BBOLSTCS MNOC/e
Haxatia npeguxcroll knasumn F, a onepaupH, oGO3HaYeHHLIE CHMBO-«
faM¥ UYEPHOTO 1BETA NOA KJABHIIAME, BEOAATCA NOCHE HAXKATHR MNpe-
¢uxcnolt knasumu K, kotopas HCTIONIb3YeTCsi TAKXe ANIA BBOIA ONepas
ituit KOCBEHHOH azpecaiyu.

OTMeTuM Ha3HaueHHE CHNELHAMBHLIX CHMBOJIOB:



RYJb,

ABT — nepeBoA B peXxXyM aBTOMATHUECKHX BBIYHCJIEHMH,
TIPT — nepeBOR B peXuM NpOrpaMwHUpOBAHUS,

g1 — BEI30B uHena st = 3,1415926,
() —1oBOpOT CTexa AN BHIBOLA WHCEJ H3 HErO B PErHCED X,

plecTBylomeil onepauiy, .

Cx — cbpoc COLEPIUMOr0

onepaunonnoro peructpa X Ha

CF — c6poc  neiicrBus fipe-

¢uxcuoil knayuu-F,

£<<0, =0, x> 0un

x % 0 — BROZ onepauHii ycJoB-
IEIX NEPeXOfoB,

BIl — BBOz onepanun Gesyc-

JIOBHLIX MEPEXonos,

TII1 — BBOZ mOANpPOrpamMm,
I1 —samuck YHCENX B pPeru-

CTPHl MaMsTIL,

WI1— BLI30B uHCes H3 peru-

CTPOB NaMATH,

Ha

—
1HI" — cmemenue nporpaMmet
OfMH 1lar B HAPaBJEHHH

BBOLA,

MLl

‘_—
- HTI — cmemenne

nporpaM-
Ha OfMH lUar UPOTHB Ha-

npaBJjieHMs BBoOZA,

/—/-—cMena 3maxka MaHTHC-

CHl WIH nopshKa,

Mbl

B/0 — ycranoska
Ha HyJepolt uar u

nporpam-
BBOL

onepanki BO3BpaTa H3 MOLNPO-
rpaMmsi,

HOBKH

C/T1 — BBox onmepamnu ocra-
H nycKa BHYHCJEHHH [10

nporpamme,

EO, L1,

Bx — BLI30B YHCAA H3 PETHCTPA BOCCTAHOBJEHHS pPe3ysbTATA Tpefid

~

(

JIEKTPOHUKA

BE3-341p 7t
-]

Bxn
]

z<0 x=0 2>0 z¢0

(7 ) ] ol o
12

(AU

IWIHI

sin €os g«

ojajofals

gresin agees” arctg  t/z VO

ojnlolal=
(4121 (5] (1]

10 O ABT nPr

\

J

12 w L3 -—pBBOA onepauuil Anst OpPraHH3auHH

EBIUHCIERHH

Puc. 1.3. Buewnnit Baf nporpamMmy-
pYeMOro MHKpOKANBKYNATODA Diieks
Tponuka B3-34 ¢ 06paTHOH beccKko-

6oyHOil JIOTHKOI

LYKJAOE,

HOIl — BBon onepauun HelTpajaH32LHH OLIKOOUHO BBeLeUHOd B
NporpaMmy KOMAaHAH,
A, B, C u T — ofo3uayenne perncTpoB mamsth ¢ Homepamu 10, 11,
12 & 13,
} — cmemenue Yncesl B CTeKe BBepX Ha OJIHY CTYOEHb.
Ipu Bkmouennn MUKpOKANBKYNATOPA ABTOMATHYECKH YCTARABIH’A
Baercs pexnM GETOMATUYECKUX 6bilucAenull B ODHYNsIOTCs BCE PRIUCTe



pel mamsiTH M ONEpallHOMHbie DPETHCTPLL C6poc owWHGOYHO BBENEHHOrO
yncna BumosinsieTcs HaxkarueMm Knasums Cx. B sToM _pexnme Muxpo-
KambKynaTop obecneunpaeT BLINOJHEHNE APH(PMETHYECKNX Onepauyii, Bbis
aucsedne $ynruui, OTMeueHHEX B Tabn. 1.1, BB3oB uyucra g, sanuch
yuces B 14 PerucTpoB NMaMaTd U BLI3OB UX H3 3THX PETHCTPOB, 3aNHCh
uHceJ B PEFMCTPH CTEKA M YNpPABACHHE WX TNPONBHIKEHUEM, H3MeReHHe
3HAKA MAHTHCCHI H NMOPALKA YMCHd X B peructpe X, obMeH cOfepumMoOro
perdctpoB X ¥ Y, BOCCTAHOBJeHHE Pe3yJbTata YpeRILECTBYIOILeH one-
pauuR H NPOBEHEHHE CJOXHLIX NOCHeNOBATEIbHEX BLIHCAEHNH Mg, 006~
paTHoil 6ecckoGOuHOM cxeMe BLITHCHIEHHH.

Bce oTH BLIUMCIEHAS MOTYT NMPOBORUTHCA DPYUHYIO HJH IO BBENEH=
Ho#l mporpamme. Pasnuude 3axnouaercs NHIUL B TOM, YTO BBOAHMLIE
nofipsaf ¢ KJAaBHATypul YHCNA paspensiorcs ounepauMeir 4. B cBsizu ¢
HAEHTHYHOCTBIO DYUHHIX BHUYdCHeMMll M BEUHCHEHH Io fporpaMve
npapufla ¥X NPOBEAEHMA NOAPOGHO ONHCAHW B ClefylolleM maparpade,
MOCBALICHHOM OPraHM3alWH BLIYHCIEHMI MO Nporpamme.

Ta6nupga 13

- Onepanusa Kon Onepanus Kon Onepauusna | Kop Onepanusn | Kox
0 00 m 40 | Kx=£00 70 KIIIIo -0
9 09 mn - 49§ Kxz£00 79 K19 -9
R 0- {ma -1 4— | Kxs£0A 7—- | KIII1A -
[—/ oL | IIB . || Kx==0B 7L KIIIIB -L
BI1 o- {fmce 4 | Kx=£0C 7 | KOIIC -
Cx of~ I i Kx==0[, w KIIIn, -r
A OE || FBx 0 KBIIo 80 KIT0 Lo
+ 10 /i 50
- i1 BII 51 KBII9 89 KI19 L9
X 12 | B 52 KBIIA 8- | Kmoa L—
+ 13 I1II 53 KBIIB 8L || KIIB LL
XY 14 KHOIT 54 KBIIC 8 i KIIC Lo
Fo* 15 Fxz40 57 KBILY 8 | KIIg L
re* 16 | FL2 58 [Kxx00 | g0 | KuIo ro
Flg 17 Fx > 00 59
Fln 18 || Fx=0 5E | Kx>=09 99 KUII9 r9
F arcsin 19 Fx <0 5C || Kx>=0A 9- KHITA -
F arccos 1~ FLO 5r Kx > 0B L. KHIIB re
F arclg e | FLY 5. (Kx>0C o KUIIC ,
F sin I || FL3 5- I Kx>01 or KUILL, re
F cos ir | uro 60 Kx <01 Ul Kx=00 EO
Fig 1E e e
Fn 20 UII9 69 Kx <09 C9 || Kg=09 E9
Fv 2 UIIA 6~ [ Kx<coA C~ || Ke=04a E-
Fx? 2 | uns 6L || Kx<0B Ci (| Kx=0B Er
Fljx 23 UuIic 6 Kx<0C [ |f Ke=0C EC
FxY | 24 | wumpg 6 Il Kx<0Z Cr || Kx=0p Ec

e



Tocne nepeBOLA B pedscum Rpozpammuposanus (HaraTuem KAaBHill
F u [IPT) waxpan onepaitds Wid KOMaH[Aa BBONHICA HAXKATHEM COOT=
BeTCTBYIOIIHX KJABHII H KOLHMDYeTCs OIpeneseHHbIM CHMBOJAOM, DBee
CriepallH MHKPOKaJbKyn#ATOpa ¥ HX k00o paum B Ta6n 1.3. Komm
uMeoT Bul UHGp H 3HAKOB, OTOGPaXKaeMbIX CEeMHCErMEHTHLIMH 3JeMeH»
famMu MHAMKATOpPA B TpOLEcce,BBOAA NPOrpaMMbl H ee peZaxTHpOBAHUsL

1.3. OcHOBE mnporpaMMUDOBaHHA MHKPOKAJILKYJAATOPOB

PaccMotpaM ocHOBHBIE NMOHATHA NPOrpaMMHPOBAHAS MHEKPOKAJBKY+
aatopoB daekrponrka B3-34.

Bson n npencrasaenne uncesn. Yncna-onepnnOol BBOLATCH B MHKPO-
KaNbKyJisTOP HAMXKATHEM COOTBETCTBYIOUIMX kJaapuul Ilopsnok uwucna
BBOAMTCS] HaxartueMm kaasnuip BIl. 3wak wmunyc BBOLHTCS HamaTneM
KNapuily f—/ mocje BBoja MaHTHCCH HIM nOpsgka uncha., Yucaa,
Gomwue 1, no memsiine 108, npeactaBssioTcss B OObIyHOM BHAe, Ha-
npumep 9725 nnu 14,1256. Uneaa 3a 3TuMH npenejaMH OPEACTABASIOTCSE
B 3KcnoOHeHUuanbuol dopme M- 105, rae M — HopMasin3eBaHHAS MamuTHC-
ca ¢ mepBetM 3uakom of | fo 9, E— nopapok wicna (ao =£99). Hop-
MaJiR3alus YHCAA NPOHCXOZMT NpH 3alHCH yvuces B Mmo0oll perucrp
(cM. HnKe).

Oneparopnl. CoBoKynHOCTb CHMBOJIOB, OOecneyHBalOLiHX MO Mpo-
TpaMMe BLIMOJHEHHE ORHOH H3 2JEeMEHTAPHLIX oOfepauuii, HA3LBaeTCst
oneparopom. Onepartopsl BBOASTCSH HaXaTHeM ONHOH HJH HECKOJLKHX
kaas. Hanpumep, BuuHcrienHe e* cBOnuTcs K Habopy wHcaa X u Ha
xatmo KnabBuw F u e®. B nporpamme 310 coorBercTByeT onepatopy Fe®,
Kotophit saHmMaer omum war (cm. mmxe). Hexkoropule onepatophl 8=
JSI0TCS ABYXUIATOBHIMH.

Peructpst, Jins xpaneuns wices ¥ pe3ysibTaTOB BHIYHMCIEHHii clyxar
peaucrpo. namary. Tlo cBoeMy Ha3HayeHHIO OHM MOLPA3MENNIOTCH HA TPH
quna. ITepBuii THI — onepayuontoe pezuctpol X u Y, B KOTOpHe BBO-
Istcs pBa onepanna ABYXMecTHHX apudMerTduecknx onepauuil. Bropol
TUN  PECHCTPOB — PEHCTPOL - NAMATY — CHYRHT JJSl 34NKCH HCXOAHBLIX
JAHHBIX M OPOMEXYTOYHBIX pe3yJibTATOB BLIYHCIeHA#. IDTH perucTpel
oGoznavalotcs 6yxBamu A, B, C, I u undpamn 059 (Bcero 14 pe-
ructpos). Kpome Toro, eme gBa taxnx péructpa Z n T obLenuusiores
¢ persctpamu X u Y, obpasys crex. K TpeTheMmy Tuny DErHcTpoB OTHO-
CUTCSL pesucTp B0CCTAHOBAEHUS pesyasTara npeduiecTsyiowjetl ofiepas
yim X, ) ' i

Crpyxrypa CcTeKa W MepeMelleHHE B HEM HKCeJ IPM Pa3NHYHBIX oOfe+
paunsx nokasaHs Ha puc. 1.4: a) omepauma }, 6). BBOA YHCNA X B pe-
rictp X nocse onepaunn 4, B) BH30B B peructp X uMcaa I MY 4ucaa
u3 perucrpa N (cM. umxke), r) ofMeH CONEPIKHMBIM DPErHCTPOB XnY
X==Y, 1) ongoMecTHas oOnepaubs @, ganpuMep BHYHCTeHne €%,
€) mByXMecTHAS apuMeTHIeckas onepapust (3), X) KOILLEBOE MEpeMe-



lieHue uncesl B cTeke — oneparop F{((), 3) BLISOB HHCia H3 PErHCTpa
X1 — oneparop FB. B nanbueiilied OnepaTtopbl X=F n FO 6ynyT
YKa3LIBATbCS YTIPOUIEHHBMH CHMBOJIAME XY nF.. .

BBop uncen B per-lfI(:T»pbl naMaTy, UHCJIO MOXHO BBecTH B perucTtp
ramsTi N matopom n namatmeM xnapal IT u N. 3pece N— cumpoi

I s e - e —\z
= =] = I
N e | == [
X1 — | X1-
Faunv NIIN XEY =XY
% a) T“rﬁ) )] 2)
! ~ S j au
] o = )
v| —— _\\>. /> Y
(so=| [0 B o
il ~— N N ——ixi
@”é‘#é’%ﬂ:é"' @%%yeg:&;;“ FQ:)F- oo
Puc. f.4. Tlepememenne yHCes B PEFHCTPaX CTeKa NPH OCHOBHBIX Omepas

Hisax

peructpa (A, B, C, I, 0+ 9). B nporpammax BBOA COOTBeTCTBYeT Omnes
patopy IIN.

Bbizop umuces w3 PericTpor namsrTi, BLI3LIBAETCS YHCHO H3 peris
crpa namati N Haxatuem kiaasuwi VIl u N (omepatop UIIN).

Hlary nporpamMmu # ux agpecd. KaxxnoMy onepaTtopy B Nporpamme
coorBeTcTBYeT CBOit w2 lllarm nocnenoBaTeNbHO HYMEDYIOTCS HBYX+
3RAUHLIMH fecsTHUHLIME uHcnavun ot 00 po 97 (mcero 98 waros),
B pexume nporpammupoBanus (nocie Hamarus xiaasuu F u [TPT)
LiGMEpa IIAros BLICBeUMBAIOTCS B IIPABOM KOHIE HHAHKaropa. Oneparto:
pEl B NporpaMme ynobHO 3anuchisath nocrpouno, mo 10 oneparopoB B
Kamaoi cTpoke. B sToM ciyuae nosoxenne onepaTopa B NPOrpaMme
1103BOJIAET JIETKO HAHTH HOMep luara, HMeHyeMuIHi ero adpecom,



fipamasn agpecauns. Henocpexncrsenlioe yxasauue anpeca (HoMepa
ara NporpaMil WM CEMBOJA DErMCTPA NAMSITH) HA3LIBAETCHA MpAmol
adpecayueii. Tak, OMHCAHHBI BLILUE BBOZL WHCEN B PETHCTPHl H HX BHI30B
NpPOBOAMIKCL ¢ HCIONB3OBAHHEM NpPSMOil aZpecallHH.

Koceennas appecaums. Ecnn azppec ykasaH CONEPIKHMBIM OLHOTO
U3 PErHCTPOB AMATH, TO 3Apecalust CYAEeT KOCBeHHO. Kocsenras adpe-
cayus BBOAHTCA HaxarneM kJaasuitn K. Hanpuwmep, nps BuinonHeRHn no
nporpamme oneparopa KIS uncio x = PX 6yner 3amHcano -B perucrp
NaMATH, HOMEP KOTOPOrO YKasaH COoZepxRuMbiM perncrpa 5. Auanoruauuo,
onepatop KUIIA obecneunBaeT BLI3OB yMCNA H3 PEFUCTPa C HOMEPOM,
YKA3aHHLIM CcOZepxaHHeM peructpa A, B pernctp X. Yucnam 013
B perucTpe ajpecarin cooTsercTsyioT perucrpw 09, A(10), B(il1),
C(12) v A(13).

Moaudukanua agpecoB NpH KOCBEHHO apgpecaunn. Eéna B Kayectse
perucTpa ajpecanuy, B KOTOPOM XpaHwuTcst alpec obpaweHusi, B3ATb
onnd u3 peructpos 7, 8, 9, A, B, G mmuIl, To npH BLIMOJHCHMA OfE-
paTopoB KOCBEHHO# ajpecailiil CONepXMMOe DerdcTpa ajpecaudy He
usmennercs. Ecnn perverp appecauun uveer womep 0, i, 2 unn 3, 1O
Npy KaXAOM BLINOJHEHHH OMEpaTOpOB KOCBeHHON agpecalydl COAepPIKH-
MOe pPerHCTpa anpecalun yMeHbliaeTcda Ha |, a Npu perucrpax azpeca-
uue 4, 5 mau 6 yeesmuusaercs pa 1. Taxum oGpaszom, NpoHCXOLHT
modupurayug adpecos.

besycrnoBrrle npampie ¥ KocBeHnbie nepexosinl. Jns mocTpoeHust
.PasBETBMSIONIXCS MPOTPAMM HACHOAB3YICTCSH 6esycaosnole nepexolol,
BeaycnoBupiit nepexon Wa miar nporpasabl ¢ ‘agpecom N BBORHTCH Ofles
paropoM BI1 N. Hanpumep, Bo ¢parmenrte nporpammbt

UTMA UIMB + BIL 17 ... v eer eee aen
cee eer eer eer eee eee .. HIOC X QI

nociie BLmOMHENHs onepauuu (da -- b) mpa @ = PA v b = PB mponucxo-
JuT Geaycrosuulil nepexon Ha anpec 17, T.e. (a-}b) ymHOMaercs HaC
{(c = PC), nocse yero BLIUMCJEHIST OCTAHABAHBAKTCA (ONEPATOP C/Tl).
Host npocTOTH MpONYUIEHHHE ONePaTophl O05O3WALENbl TOUKAMH. Onno-
warosas komanna KBIIM o6ecneuyBaer 6e3ycrosHblil KocEenHHbill nepe-
#00 To ajpecy, VKa3aHHOMY COREPAIMGLIM perhcrpa ampecauun M
M=A,8B,C I,0=09).

YcnoBHbte MpsMbie M KocBeHHpie mepexoast. Ilepexonm x ampecy N
MOeT NPOBOLATbCS N0 HAHHLIM aHANN3A COZepMuMOro x permcrpa X
Ha BLINONHEHHE OQHOrO W3 yenouit x'<C 0, x =0, x = 0 win x 7 0.
Takue nepexomm BBopsircs oneparopamu Fx <0, Fx =0, Fx=0u
Fx == 0, nocie KoTOpLIX yKasLiBaeTcst ONepaTop — afpec MNepexona N.
Ecnu yciiosBHe nepexosa He BHIIOJHAETCH, TO NPOHCXOAHT MEPEXon HA
mar pporpaMMu ¢ ajpecoM N, eciin BBLINOJHSETCA — afpec Uepexona
MrHOpHpyeTcsi M BLIDONMAETCSi CJeAyloInas 3a H{Y 4acTh [POrpaMmbl.
Onuowarosas xomarga Kx << OM, Kx = OM, Kx = OM uau Kx 2 0/,



roe M — cumBoat perncrpa agpecaunn (M = A, B, C, Ji, 0+ 9) obec-
NeyuBaeT YCJNOBHLIN nepexof MO azpecy, YkIsanHOMY CONePKHMEIM pes
rucrpa M. . :

Hoanporpamust. Tlopropsiontiecs (parMeHThl NPOrPAMM  MOMHO
ohopMHTL B BHAE n0ORPOZpaMIMbl, KOTOpAsl AOMKHA MAYHHATECSH C 4%~
peca N H KOH4ATBCS OTEPATOPOM BOSBPATA M3 MOAMPOTpaMMLI B/0. 06+
pallelie K HOANPOrpaMMe H3 lo6OTO MeCTa NpOorpammbl 3ajaeTcs ABYXs
maroBoft KOMaHpoH, copepxaueil oneparops I u N,

Ilycrb moanporpaMma HMeeT 7 IIaroB H NOBTOpsieTcst i1 pas. Torma
ona B mporpamme 3afimer n -~ 1 waros. Kpome Toro, mpupercs fath fi
obpauleHkit K mnopnporpaMme, uTo safiMer 2m maroB. De3 BBefienns
MOANPOrpaMMBl BLIYHCTIGHHA 3aHMyT m-# 1Uaros. CrenoBaTesbHO, eClii
2m4-n4-1 < m-n wm 1> (2m 4 1)/(m— 1), T0 BBemeHre NOAIPO-
I'paMMBt cokpamaer ofllee uHcao waros nporpaMmsl. OfH3KO 4YHCHO
OMNepalNil OPH 3TOM BO3PACTAET, PACTET ¥ BpeMst BbluncjeHuit. Moxuo
KCIIOJb30BATE A0 MATH NOANPOTPAMM, BIOXKEHHHX Apyr-B apyra. Onamo-
marosas xomanpa KIIIIM oGecneunBaeT KocRennoe ofpallenHe K nop-
nporpaMme ¢ azpecoM N, OnpejesifieMbM COLEpPXKHMBLIM perHcTpa afpecas’
um M (M= A, B,C, I, 0+9). -

COprannzayys uuxnos. a5 OpraHWsauds yux/108 UMKIHYECKHX TPO-
rpaMM cixyxaT omeparopbt nocrpoenusi cueruumkos FLO, FL1, FL2 #
FL3 B perucrpax 0, 1, 2 u 3. Ilocne aTux onepatopoB YKA3LIBaeTCst
afpec nepexopa N. Ilpd BuNONHEHHN 3STHX ONEPATOPOB COLEPMEHEOR
COOTBETCTBYIOLLETO PErucTpa-cueTynka ymeHkilaercst na 1. Ecnn oo ne
PaBHO HYJIO, TO NPOHCXONHT nepexop no agpecy N, a eciH OHO cTa-
HoBuTCS paBHbIM O — mepexop HueT K IUAry NpOrpaMmel, CHIEAYIOMEMY
Belen 3a onepatopom N. OpuowaroBue womanas KLOM, KLIM, KL2M
# KL3M ofecneunsaior Kocenuble nepexombl ¢ afpecom N, ykasaHubiM
COflepXHMLIN perncrpa agpecayuu M.

OctanoBka W nyck nporpammet. [{ns ocTanoBKH NporpaMvbl B HYXK-
HOM Mecte BBopuTcst omeparop C/I]. HaxaTue KJaBuln ¢ 9THM CHM-
BOJIOM BEJeT K 3afycky MporpaMmbl. JIsis 3amycka NpOrpaMMbl € HyJies
BOro azpeca naxumajorcs ¥iasuwu. B/O u C/TL |

Boop, v pepaktiposaHne nporpaMmbl. IlporpaMMa BBomuTca Haxka-
THEM COOTBETCTBYIOIIHX KJaBHII MOCJe NMepeBOfa KaNibKyJsitopa B pe-
UM nporpaMMuposanns (HaxmarpeM xnasmil F u TIPT). Ilpr stom na
HHAKKATOpe OTOOpPaXKAlOTCH KOAHl TpeXx NOCNEARHX ONepauMii u ajpec
riociefyIolleli onepainy, BanpHuMep:

IMoxasanns uHpHKaTOpa 10 6L 6— 10
‘OuepaToput . 4+ MHIIB HIIA
Hamnpasnenue BBOma MporpaMmel

Tpu ommGouko -Haxaroli npedukcHol Kaasuile .F c6poc ee geit-
CTBHSI NPOH3BORHTCs naxateMm kaasuwu CF. [ns ycranoBRH mporpam-
Mbl Ha 3aJiaHHbH afipec MCIOJB3YIOTCA KJaBHIUM CABHIA, NPOrPaMMEl Ha



OFMH IIAar BIIPaso I.HI‘ HIH BJEBO XHF C ux IOMOLUEIO MOXHG YCTde
HOBUTL [POrpaMMy Ha mar ¢ ommGouno HaGDAaHHBIM ONeParopoM u
‘mcopaBaTh ero. Jna storo (B peXuMe aBTOMATHYECKHX BhluHMcieuwil

.rocne naxmatus knapuit F u ABT) moxHO mimosb3oBaTh KoMauau BI1
un N (ycranoBka mnporpaMMbl Ha war ¢ agpecom N). IlByxiuarobwie

' KoManad, HabpanHbie OWHGOUHO, SAMEHSIUTCH HOBBLIMH MOJHOCTHIO (T. e.
¢ BBOIOM O©OOOMX omepatopos). Ha wmecro smimdero omeparopa BCTase
ssercst oneparop KHOII (uer onepanuz).

Hupuxauus wexoppexTabix onepaumil, Tlpy BLINONHEHHH HeKOPPeKT
rowt onepayuil (nenemue na O, mepenonHeRue paspanHoll ceTku DBM,
BosBeleHne ¥ = O B cTeNeHb y, BLIYHCTEHKEe KBaAPATHOrO KOPUS H3 OT-
PHUATENILHOTO YuCJa, BhiyvcieHre 1/x npu x =0 u T. 1.) BbiuHCJHeHHST
CCTaHABJMBAIOTCA H HA Majimkartope . nosBhasercsi cumBon EITOI (ot
auramickoro ¢noBa error — owmbka). Ilocne 2TOro MOMHO HPOBOLHTH-
BBOJl YHCEJl H NPOROIKATE BEIUHCTCHHSI.

. llpeacraenenne yracB. ApryMeNT TPHUrOHOMETPHYECKHMX (YHKUMI
MOXHO BLIpAaXaTb B IPafycax HiM pajguanax. Il aTOro CHyXHT nepe-
xmoyatese P — T (panwanui— rpanycer).

MNpumepnr ang KoHTPOas mporpaMm. CocTaBsieHHBIE H OT/AXEHHLIE
TporpaMmMbl  NOJIKHBl CONPOBOMHAATECH KOHTPOAbHGIM npumepos (vau
‘mpHMepamy, eclii NporpaMma passersisiomascs). ITpHCTynaTh K- OCHOB-
HBIM BLIYHCJIEHHSAM MOXHO TOJIbKO IIOCJIE MPOBEPKH NPOrpaMMbi 1m0 KOH-
gposibnoMy npaMepy. Ecnm Gymer ofHapyxeHa ownlka, clenyer Npo-
" BepHTb NPaBHJLHOCTb BBOAA NPOTPAMMBI IO KOKAM OCHOBHEIX Omepauuil
{cM. taba. 1.3): Ilps otnamke mporpamMm OniBaeT NONE3HO NpPOBEPHTH
BHIYACJIEHKS] 1O LaraM; AJIS 3TOrO B PeXHUMe aBTOMATHYECKHX BLIYHCJIE
PHil naxumMaerca knasauia [117, -

e
1.4. CnenuasbHble NpHeMBI IPOrpaMMHPOBAKUS
MHUKPOKaAJLKYJASITOPOB

Oneparopsl KockeHHOll anpecauss 0GecUeyHBAIOT JONOJHHTENEHLIE
BO3MOXHOCTH, HE OTMEYEHHLE B HHCTPYKLUHH K IOJb30BANKIO MHKDO-
Kasekynsitopamna, Tak, npu BBOode u9ncna x (1 << x << 10%) B permer-
£ 7, 8,9, A B, Cu I unocienyoutem Bhinosnennn oneparopos KIIM
vnr KHMIIM nporcxomut aBToMatHueckoe OTfpachiBaHHe APOCHOH yacThm
uscna x. Hanpumep, BBenst B perrctp X umcno x = 421,756 0 BLIONHAB
oneparopst [19 KHIT9 HII9, mnonyuum pesysbraT B BHAe 4YHCIA
00000421. IMpr moGoft nocneny:ollel onepallyy 3TO 9HCAO OpuoGperaer
oObnnii Bun gucna 421. Takum oOpasom, scero msa omeparopa TIM u
KUIIM obecneunBaior svideserue yeaoti wactu X.

Ecnn peructp M=0, 1, 2 unmu 3, To nHapsny ¢ orGpacuLBanneMm
BpoGHOH yacté npH Bbinonmenun onepatopa KUIIM max KIIM npowmc-
XOLNT yMeHbllleRue eiofi wacTs uwncia B peructpe M wa 1, a ecun
M=4, 5 unu 6, To npomCXONMT yBennquHe nesioff yacTH Ha 1. dro



I03BOJIET CTPONTH CUETUHKH BUEA A == (n—1) u n==(n+'1) BBOROM
~cero omsoro omeparopa KWUIIM nin KIIM, npuueM TeKyulue 3Hayes
wif f 3aHOCATCS B PErHCTp M u Moryt B panemeiimeM €e3 MORH(HKA-~
1un BuamBathca onepatopom HITM. Tlosropss onmepatopss KHIIM mmu
KIIM _a pa3, MOXHO OpraHH30BAaTE IIOCTPOGHHE CHETYNKOB BHAA
i=(n—a) un=(n 4~ a). IlpennouyTenre clefyeT OTAABATL ONepaTOpy
KUIIM, Tak Kak npu mcnosmsoBanun oneparopa KITM B peructpwl, nO-
Mepa KOTODLIX COOTBETCTBYIOT #, OymyT 3aHOCHTHCS pesyJbTaTii Npej-
LWeCTBYIOLLKEX Onepanui.

Jlns nocienoBatesbHOro BBofia no No = 13 uucen ais, Giz, ..., G4
B peructput 1, 2, ..., 9, A, B, C » Jl MOXHO HCHOJL30BATh LHUKJHYE-
CKyl0 IporpaMMy C KOCBeHHOH ajpecauseil K peructpaM IpH BBOe B
HUX 9HCEJ: -

Ecenu n=N,

: 1 v
N 0 0 C/IT KII0O UII0 1 — Fx=0 02 ...
A Ecru n<< N, l

3neck N==(No 4 1). Ecaz N > 9, anpec 02 B Komue nporpaMMbi Hajo
samenutt Ha 03. Tlpn kax oM nuKJe MeAsiercss Ha —1 ajpec B perscr-
pe ampecauuH Oy COOTBETCTBEHHO KaXj0e HOBOE YMCJIO NONafaeT B
HoBbI# peructp: [I, C,BAS..., 1 Tlocne BBOAA BCEX YHCET MPO=
FCXOAHT BLIXOX H3 HHKJA.

Ewe omun ¢parmenT nporpaMmul ofecneuyuBaeT BBOL A0 8 uwmcel
B peructpH 6, 7,8, 9, A, B,Cu Il

Ecom n=N,
—

I v
b N4 8 Mo C/II KIl4 FLO 04 ,..
- - A Eeau n<Ny=8 |*

B stoM ¢parmente HOMepa perucTpoB, B KOTOpble B3aHOCATCH WYHCJHA,
Gopmupylotcss B peructpe 0 Npy BuONHeHuH onepatopa FLO.

OtmernM, uto BBOL N unces (parMeHTOM INPOrPaMMBbI C HNpsAMOH
anpecauseif

m ¢ ne ¢mn n3 ¢n rn G art o

sanumMaer (2Ngy—1) waros, 1.e. 15 waroB npa No=28 u 25 npa Ny=13,
uTO eyllecTBenHo Goubille, yeM [pH OPramH3al#M BBOAA C HCHOJNbL3OBA+
HIIEM KOCBEHHO# aApecaifi.

B ofmem cnysae mporpammbi MOTyT GhITh AUHEIIHbLML, pOSEETEARIO
wumucs u yukauseckusy. TIpumepoM JrAHEHHO! nporpaMMel  sBJsercs
[porpaMMa BLIYHCJICHHA (QYHKUHH -

y = (sin sinft) [anft (L.1),

c BBOFOM f B perucrp X. OrbeieM NOL sanuck n H f perucTpe 8 u 9
{n =P8, f = P9, { = PX). Byneu sanucbipate nporpaMmy ¢ HyleBoro



ajpecd. B momjom- Bhue mporpaMma mMeeT BHA- (BHH3Y JaHO pasMele«
nue uucen B peractpax X, Y, Z, T u Xl creka nocrne BBona &, f 0.t 4
BLITOJIHEHUS NPOrPAMMHEL IO LaraM):

Anpec 00 01 02 0304 05 06 07 08 09
Kox 20 68 69 1212 18 1] 0 13 50
Onepatop Fr MIII8 U9 X X X Fsin FBx = (/I
T O n f t t t t t t t t

Z n Fot T t t ot t t t t

Y § t m n nt ot t sinmaft t

X t A f nf anf wnft sin nnft snft y Y
Xl 0 t 't t f nf snf =nft nnft ninft sinft

Tlpy BLIYHCTICHHH TIO 9TOH NPOTPAMMe HCIOABIVIOTCA BCE PeruCTpHL
creka. llepen nyckoM nporpaMmibl HaXKHMaeTcsi kjiaBuwa B/0 w npo-
rpaMMa ycTaiapJiusaeTcs Ha HyJepoit ajpec. Ilocsie aToro BBOAsiTCst
HCXOMHbIE JadHbie. Ilepemelllenus yHCes B CTeKe AZHHI [OA NPOrpaMMOiL.
Tpy n==2, f= 1000 = = 1,2-10—* nonyuaem y = 9,0790883.-10-1,

STy .nporpaMMy MOXKHO 3anmHMcaTh HECKONLKO HHAaue, BHIIOJIHSIS Ofie-
PauHE YMHOMECHHS IO Mepe BBOLA KaXJOTO HOBOFO COMHOXHTENA:

Fn X HI8 X HIS X Fsin FBx <+ C/II

OGHYHO TaKO CrOCOS NpPeNNOYTHTENEH, TAaK KaK cjiabee 3arpyaet
C1eK M NpeAOTBpallaeT NOTepio yHCia M3 peructpa T HpH cayyafiHex
HEPENoNHeHHAX CTeKa. '

.B nanvhelimem appeca M KOAB! NMPHBOLETHLCA He 6ynyT. Ampec Jierko
ONpeReNAeTCs HONOMKEHHEM KOMAHALL NMPH 3aMHCH NMPOrpaMMHEL [OCTPOYHO
C JecATH:0 omeparopaMy B KaxkjaoH crpoKe. Koabl HYKHBI TOJBKO IpH
TpOBepKe IpOrpaMv HEONBITHLIMH NOJNE30BATeJISIMM, TaK KaK Ha Iep-
BHIX mopax omuGoyHOE HaXkKaTHe KAABMII He pefkocTh. Ecnim mosb3osa-
TeJIb KPUTHYECKH OLEHHBAET CBOX NMYHKTYaNbHOCTE NpPH BBOAE HPOrpaMM,
OH MOXeT COCTABUTH JONMOJMHHTENALHYIO TaGluly KOHNOB HYXHOH npo-
rpaMmbl, Hcnone3yst 1abs. 1.3. IIpa HeKoTOpOM HaBLiKe KOALI onepanuil
6HICTPO 3aROMHHANWTCH.

Tenepb paccMoOTpHM mpocTeBUIyI0 PasBETBJSIOLIYIOCS IpOrpaMmy.
Herpynno samerntb, gro npu { = 0 smauenue y no (1.1) onpenensite
HeNL3f, TaK Kak (sinmafl)/nnft naer weonpemenennocts Brpa 0/0, a
Jeneure Ha 0 oTOCHTCH K HeKOppeKTHHM onepauusM. Ilpn Bsome {=0
BLIYKCJICHHS] 110 ONHCAHHLIM NPOrPaMMaM HPHBOAAT K MOSBJEHHIO 3HAKA
owgbkun EITOI. Mexny Tem snavenue sin x/x = 1 npu x = 0. Cneno-
"BaTelbHO, GOJNiee TOUNO ONPEAENATh Y MO aByM (GOpMYJaM

y= npu £=0, (1.2)
y = (sin minft)/nnft npu 15=0.

Ilepexon or ommoHt 3 HEX K APYTOll MOMKHO OCYLUECTBHTB, HCIOJB3YS
YC/IoBHLe Tepexopbt 110 yeaouaM x = 0 wam x 7= 0. Torma nonyynm



TaKy©o HNporpamMmy:
Fx=0 04 1 C/fI Fxx HMII8 HII9 X X X
Fsin FBx <+ (/I

Ecan BBecty f =0, 10 ychoBre [ = x = 0 BHIONHAETCH, ajpec
nepexona 04 WrHODHDYeTCA ¥ HA HHAuKanuio Beisomarca 1. Ecam
t = x = 0 ychoBue He BGLINOJHSETCA M NPOMCXOLMT Hepexoj, IO axpe-
cy 04, T.e. BuuucieRue 1o Bropoil ¢opmydse (1.2). OrmersM, uTo npu
BBOLE Ka)KAOFO HOBOIO 3HaueHusi f HApno HaxuMaTth KaaBuwn B/0 u

~C/I1:

Moznnduunpyem nporpaMmy Tak, yroGbl MOCJie BBOAA KaXKJOro 3HA-
uenus { TpeGopajoch HaXuMaTh TOJNbKO KiaBuiy C/IIL:

Fx=0 06 1 . C/I1 BIl 00 Fx HII8 HII9 X
P X Fsin FBx - Bl 03

4

Ionycrum BBesieno ! == 0. Torna nocnie mycka OyleT BHLAHO sHavyeHHe
y = 1. Habpae noBoe 3nauyenue { u naxas xaapuity C/I1, mMbl oGecre-
yuM Gesycqopabifl nmepexoy, (koManna BIT 00) ma ampec 00. Ecom £540,
To ychobue [ == x = 0-He BLITOJHAETCS H NPONOJIKEHHE IMPOrPaMMBI
nofiner ¢ anpeca 06. [ocne menenus sin snft ma mnft (onepanus c anpe-
coM 14) mpoucxomur GesycnoBHHI nepexon Ha ajnpec 03 (omeparopsi
BI1 03), T..c. kK xoManne ocranoeku Buiuucienud C/TL

PacemorpuM mpuMep cocTaBJieHHS! NPOFpaMMbi € IOANPOTPAMMOR H
KOCBEHHOH ajpecauneil PerucTpoB MaMATH. [IyCTh HAJAO BHIMHCHMTE BBl
paxenne

= (ae™? — pe W' 2)[pe% 12, (1.3)

ByneM PYKOBOLCTBOBATECH CJIELYIOLIHM- AJIFOPHTMOM:
. 1. Suayedue 7/2 BHIYHCAHM OAHH pas B Haualde NPOTPAMME], YTO

cokparuT obiliee BpeMs cyeTa.

2. Buigncrienne noxoxux wienob ae™ 2, peT? y ce™ 2 ogop-
MHM HOAMPOrpanMM ofi.

3 Tak kak npu BLINOJHEHHH I. 2 SHAYEHUA X, &, g, b, 2 ¥ € LNOMK~
HBl BHI3LIBATECS MOOUYEPENHO, TO 3TO LeJiecoobpasHo clenatk, UCNONE3Ys
KOCBEHHYIO aflpecalii0 PerHCTPOB MaMsTH W pasMmegTTh X, 4, Y, b, 2
H ¢ nociefoBatesbEO B peructpax 7, 8, 9, A, B u C,

Torna nmosyunM mporpaMMy B Buje

Fn 2 = 116 6 I15 I 15 I0I 15
— I 15 < C/T1 KWIIS Fx% U6 X Fe*
KHUIIS X Bjo .

3amvck wncna 6 B perucTp aipecandd 5 3ajaer Bbl30B NepBOro
YRCsIA X H3 PeracTpa 7 npu nepBoM oOpamleHsH K noanporpamme. Omo
HAYHHAETCS C oNlepauuH Kocseuuoli aznpecauwn KHUIIS nmo ampecy 15.
[Ipu BHINGIHenHH 2TOTO Omepatopa CofepXKHMOe perhcrpa 5 (uucsio 6),



ypenuguaercst Ha 1. CleoBaTesibHO, WPOHCXONHT BHI3OB 9uCHAa X 03
perucTpa 7= (6+1). Jlanee x BO3BORMTCA B KBafpaT, yMHOXaeTcd HA
n/2==P6 u Buuncasercs e 7%, 3arem (omepatop KUII5 mo appecy 20)
fIPOHCXOIMT BLIZOB YHCHA (@ U3 PErHCTPAa 8, TAK KAK COREPIKHUMOE perhcts
pa 5B, YKa3HIBAIOIlee HA HOMEP PETHCTPA, M3 KOTOPOFO BHISHIBAETCH Ole
pasnji, BHOBDL yBeJluunRaercs Ha 1. [loanporpaMma 3aKAHUHBAETCH YMHI«
menuem €7 pa g y Bosspatom -(omepatop B/0) K OCHOBHOM Mpos
_rpavMMe. Amanoruuso (co cMemoit map y, b u 2, c) HPOKMCXOAAT BTOPOS
B TPETEe BHIIOJHEHHE MOANPOrPAMMEL

CpaBHgv 5Ty mporpamMmy c nporpamMoli Bhiudcienns (1.3) 6e3
MOANPOrpaMMEL:

Fnn 2 - I16 Hil7 Fx2 X Fe* WUII8 _ X
HI19 Fx? HII6 X Fe¥ HIIA X — HIB Fx2
Hil6 X Fe¥ HMIIC X - c/ - ’

‘HeTpynno 3ameTsTh, WTO B JaHHOM CJlyyae BBEiEHHE NOATPOrpaMs
Mbl COKpaTHJIO Ofllee 9uCJIO WAroB nporpaMmbi na, 4 mwara. OpHako
BpeMsl BBIYHCTIEHHS NpPH BBEJICHHH IOANPOTPaMMLl HECKONBKO YBEJIHYH<
BaercA. JeficTButenbuo, npu x = 3, g4= 100, y=2,b=05 2z=4u
¢ = 0,01 nonyyum pesynerar f,= 1,6775483-10-! 3a Bpems okosio 15 ¢
1o NepBoil ¥ oKolo 12 ¢ no BTOpO# mporpaMMe,

Teneps paccMOTpUM COCTABeHye UMKJHUECKHX mporpaMM. Ilycth
HaJI0 BLIYHCJHTE (QyHKLUIO

e* 41
Ty =la=v
s x =1, 2, 3; ... Onue n3 npocTeHlux BapHAHTOB NPOrpaMMEl BHls

gHcsieHus f(x) uMeer Bua (0=P4)

KUI14 HI14 Fe¥* 1 4+ MHUII4 1 4+ =+ Fln
¢/ BI1 00

Tlepenie nBa omeparopa o0CeCneuHBAIOT YBeJMYCHHE CONEPKHMOrO
peructpa P4— x na 1 npu KaxnoMm nycke nporpammil. Ilochenyiolnue
oneparopu (¢ axpecamn 03—10) caysxar s Buuxcienus [(x). Onepa-
Topsl BI1 00 oBecneurBaloT mepexOx K Hagany nporpamMMbl. Takum 06+.
Paszom, npr uaxatuy kiaaBaiid C/I1 npoHCXORMT WHKJINYECKOE BLIUMCIIE<
Eue f(x), npuueM npH KaXIOM LuKJe X BospacTaeT Ha 1. Haxnmas
knapuity CfI1 (nepen mepemiM nycgom B/0 u C/II), Gyaem mnonyuaThb
T€1}=0,6201145, f(2) =1,0283157, f(3) =1,6622929 u T. A

BHuuc/enHs MOXKHO aBTOMATH3UPOBATL B elle Gonbllell crenend.
Iycte mwaso amTOMATHueCKH BLHCHHTL RO 12 anauenult f(x) ans.
X=1, 2, 3, ..., 12 ¢ 3anuceo -pe3ysnpTaTop 0e3 BMellaTeNbCcTBA Ofe-
patopa B permerps 1, 2, ..., 9, A. B, C. B stom cayuae tpebyercs
JNOHOHHTENbHO DEIUHTH [BE 3ajlauH: OPTagu3oBaTth IO N << 12 uukioB
Bbmimem_dﬁ H OpeiycMOTPeTb aBToMaTHyecKuii BHEOp perucTpoB AJs



sanucH pesyibraroB. [lepBas 3ajaua peluacTcs HCINOJL3OBAHHEM ONepas
TOpa OPraHM3auMy NHKJA, Hanbmv{ep_ e peructpe 0— FLO. Bropas —
HCHONB3OBaHueM KOCBeHHOH ajpecanud. OzuH ¥3 BapPHAHTOB TaKOH mpo-
rpammMbl Clenylomni (n = P0):

UIo 0n Fe* 1 4+ Hg 1 4+ -+ Fin
Kiig FLO 00 C/II

B nayane nporpaMms! corepxkumoe perucrpa cueryuka 0 (mpu mep-
BOM IIycKe n) mepenHchlBaeTcst B pervcrp anpecauuu PJI — oneparopsi
UII0 I1O. 3arem (omepatopwst ¢ ampecamu 01—09) Buiumcasiercsi f(x).
Oneparop KII[ o6ecneunBaér zamuch f(x) B TOT perucTp, HOMep Ko<
Toporo ykasas cojepxuMblM perucrpa . Omepatop FLO obecnieunBaer
BO3BpaT K Hauasny nporpammel (appec 00) u ymenblenue Ha 1 comep-<
)kuMoro perrcrpa 1. Ulpknnl NponosmKaroOTCs, MOKA COREPKHUMOE PErucT+
pa O ne craser pasuuM 0. Bpeps, manpumep, n = 10, cOycrss MuHYTY
cyera nonyuum f(1) =10,6201145. Hspnekas ¥3 peructpos 2, 3, ..., 9, A
npyrue suavenus [(x), nonyuum: f(2) =1,0283157, f(3) —l 6622929, ceen
f(10) =7,6021501.

Bontluoe 4pcno KOHKPETHBIX NPHMEPOB nporpaMMﬂposaHuﬂ yHTaN
TeJb Halizer B TOCHeAywoOllux pazpenax Keurg. OAHAKO BHHMATENBHOE
3HAKOMCTBO C NPHMBEACHHBIMH [POCTHIMH INpDHMEpPaMy [OMOXET paso-
OpatbCcsl B afirOPHTMax BLIUHCJIEHHH, peaiiH30BaHWBLIX B 0osee CHOMKHBLIX
nporpaMvax. DTH NPEMepH HJNHOCTPHPYIOT TakxKe OGojbinne (YRKHUC-
HaJNEHBle BO3MOXKHOCTH KOCBEHHOH aJIPECAUMM ¥ ONEpaTopoB OPraHu3a«
UHH LHKJIOB. )

CrienyeT o6paTuTh BHHMaHHE HA TO, YTO B HEKOTODHIX MEKDOKA/E+
KYJATOPaX MepBLIX BHITYCKOB HEJb3fl IO NMpOrpaMMe NPOU3BOLHTL CMEHY
3HAKA BHIYMCJeHuH M 38KAHYMBATb MOAIPOTPAMMEI CJEAYOLME ONepas
topamu: Fsin, Fcos, Ftg, Farcsin, Farccos, Farctg, Fe*, Flg, Fln,
Fx2, Fl/x, F4/~, Fr, F10* u Fx¥. Eciu 1o ycJioBHIO 3aiau#l Hamo Ipo-
BECTH CMeHy 3HAKa pesyJbTara, TO NPH YMHOMEHMH H JEJEHHH 3TO
MOXKHO CAEJNATH, NPACBOMB 3HAK MHHYC OAHOMY H3 cOMHOMXHTesel, nubo
BenuMomy, Jubo penutenmo. Hanpumep, ecsu Hago BHYHCIUTD YHCHO
—ab (a=PA, b= PB), to d¢parMenT nporpaMMH IOJIKeH OBITh
HIIA /—/ VB X nm UIA UIB /—/ X, a ae UTIA UIB X /—/.
OtMeuennuie Brillle onepauldd NOMYCTHMO NPOBOLMTH TeEpel 3aCHLIKOf
pesylibTata B KaKOH-JHOO HEHCHOJb3OBAHHLIE DErHCTP NaMATH (B TOM
unciie B peructp Y Komaupohk ). -

Onucannrie B KHure NporpaMMbl COCTABJNEHEI C YueTOM STOTO Orpas
HAYyeHHs C TeM, yTOObl OHM ObLWIM NPHIOAHBI AJIA JIOOBIX MHKDOKAJBKY+
JIATOPOB namHoro Tuma. B BrnmyckaeMbix B sasbHellleM MHKPOKaNbKy<
JIITOPAX 9TH OTPaHMYEHHUs OTCYTCTBYIOT,. 9TO HECKOJBKO YIPOLLAET CO+
CTaBJleHHE NIpOTpaMM.

Hns YMCHDbIUEHHS BpeMeHy BLIYHCNICHHH B, IMKJAHYECKUX TPOrpamMmMax
PEKOMeHAYeTCS BLIHOCHTB 32 NpeieNitl LuKIA (HParMeHTH MporpamMs



BLIIHCJISIOIIAE 9JieHB YPaBHEHHH, KOTODble He MEHSIOTCA OT IHKJa K
uugny. [Nonesso TakKe HOPMHPOBaHHE YDaBHEHHH ¥ NPUBELEHHE HX K
BO3MOXHO 60Jiee MPOCiOMY BHAY.

1.5. MorpeinHOCTH BELIMUCIEHUH HA MUKPOKAJbLKYAATOPAX

INony1aemuiil B pesyJibTaTe BLIMHCJEHHH De3yAbTAT Y OTNHYaETCS OF
TCUHOTO Yo. AGCOMOTHAR NOZPEUIHOCTL BLIYHCJICHUS

v = 18y] = |yo—yl,
a oTHOCUTEAbHAR
- 8y = Bu/]yo].

IMocKONbKY 3HAUEHHS Yo He BCELNA 3apaHee H3BECTHb, HHOTLA 83«
raT Ay nesaBucuMo. Hanpumep, eciu Ay = -£2, T0 npu yo = 5 HMeeM
y=542=3+7, a npu y,= 100 y = 100 =2 = 98 = 102. Yacro
8ajal0T Y UYHCJIOM BEPHLIX 3HAKOB pesynbtata. Bepueimy nasuBa:or

\é}HaKH, echy NpeACTABJNEHHBIR HMH De3ynbTar uMeeT aGCONOTHYO IO-

rremiHocTh He Gosee 1/2 mnapwero paspsapa. Hanpumep, ecsu.pesysbrat
y = 50,0124 3anaH TpeMs BepHLIMH 3HAKAMM, TO MOXKHO NPUHATH, UTO
49,95 << y << 50,05. . _

IMockonbKy pe3ysbTarT BHuHCHEHHH MAKpO-OBM BEHaeT ¢ KOHEUHLIM
YJICJIOM 3HAKOB, €My BCTd HPHCYLIA nO2PeliHOCTs: oKpyeaerus. QObiuHO
ee CYMTaOT paBHOH -+1 mocnennero paspsana.

Ilpr BLIUMCHIEHMH 3JeMEHTADHHIX M CNeHMAJbEBIX. (QPYHKLHE HaOJI04
Laetcs meroduueckan nozpewrocts. OHA cBfizaHA € TeM, YTO TAKHe Bl
YUCJIeHHS NMPOBONATCH PasNioXKeHHeM (YHKUMH B DAL iy HelDEPHIBHYIO
ApoGb ¢ KOHEuHLIM YHCJIOM ulieROB. OT6pachiBaeMeie uliedbl CO3LAIOT MO-
IPEIIHOCTE Pe3yNbTATa, OLEHUBAEMY'D OCTATOMHBIM uliesoM R. 3rta no-
TPElHOCTh OOuIYHO 3aBHCHT OT apryNenrta x (cM. tabn. 1.4 nna MuKpO-
KaJbKyasaTopoB SiexTporuka B3-34).

Ipu  Boiuucienmy  GYAKUHIL  HECKONDKMX — NEPeMEeHHLIX Y ==
&= f(%1, %2, Xs, ..., X2) OTHOCHTEJLHAS NOIPEIIHOCTh BHIYHCJIEHHS

n
o=/ 3 600
i=1 .

Ire S; — Ko3Q(HUHEHT YyBCTBHTEJBHOCTH K OTHOCHTEJbHOMY H3MEHEHHIO
8, i-ro mapamerpa. )
[orpeirocTb, noJyyaeMasi B pedyJjibTaTe NpOBENCHHA Onepauuil Hap
NPUONMKEHHLIMY  YHCJIAME, HA3LIBACTCH ONEPAYUOHHOL nOZPELHOCTLIO.
Onepanuonnas morpelioctt apud)METHUECKHX Onepanuii paBHA CyMMe
norpemnocTell ymces, Hax KOTOpbIME NpoBoasrcs o1 onepauut. Cyuie-
CTBYIOT OnpejesieHHLie IpaBuia yMeHbINeHHst 5ToH morpewHocTd. Tak,
CYMMUpPOBATL YHCHA PeKOMeHIYeTcs C MCHELUHX 3HAYCHHH. IMpu ymnoxe-
HHH clleflyeT yMHOXATh MeHbluee uncio Ha Goabliee. Ecnm mpomexy-
TOYHE pe3ynbTaT NpH 9TOM Y > 1, ero Haj0 YMHOXHTL Ha MEHbLIeS



o

Ta6auna 14

. Makcumansuas
d’yHKllHﬂ ,u.OHyCTHMhle 3HAYCHHA X OTHOCHTENLHAS
. TOTPELTHOCTD
sinx 110~ P < <10 3.10-7
cos % 110~ P [x/ <109 3.10~7
tg % 1-10— 9« x | <10° 3.10~7
arcsin x 1211 3.10~7
arccos X 1x1<1 3.10~7
arcig % 1.10-99< | x] < 9,9995999. 1099 3.10~7
%Y - x>0 1.10-6
e ] % {<100 In 10 4.10-7
*2 | % | <1050 N 1-10—7
10* | x | <99,999999 a7
Ux [ %520 : 1-10—7
V% £>0 104
nx %>0 3.10=7
g x %50 3.10~7

H3 ocTaBlmxcs guced, eciu y: << 1, To mago ymroXuTL Ha Gosbliee.
Onepauny yMHOXKEHHA H JeJieHHa LelecooOpasHo uepenoBaTth Apyr ¢
IpyroM, maberast nepenoJiHeHusi omepaunxonsoro peructpa X. Cnenyer
¥30eraTt BHYHTAHHA ONUSKHX 4HCEN, TAK KaK pesyJLTAT MOXET MONAcTh
B o0nacTk MAIMHHOIO HYJSf, YTO MOXeT NPHBECTH K “COJBILUM TOrpeli-
HOCTAM, HampHMep, NpH NOocJeAylolleM YMHOXEHHH Aaxe Ha Goablioe
YHCJIO.

Hns ymeHbineHusl ONepaUHOHHOH NOTPEiliHOCTH MOJE3HO NPOBOAUTH
npeo6pasoBanist GYHKUMH C Y9eTOM OTMEYCHHHX BHIe npaBml. Hampu-
Mep, Y= (@4 b)2—a? npu b < a chenyer npeacTaButh B BHIAE
Yy = 2ab 4+ b2, uro nOSBOJHT n30exKaTk BLIUUTAHUA OJH3KHX gHCes
(a4 56)2 n b2 K Takum npeoGpasoBanusiM OTHOCHTCH TAaKXKe HOPMHPO-
Banye ypaBHeHHil, CTENEHHBIX NOJEHOMOB H APYTHX (YHKUAI, HPOBOLMA
MOe TaK, yToOBl BBIYKCJIEHHS BEJHCh C 9HCNAMH, AAJEKAMH OT Mailui+
HOro HyJisi HJH GeCKOHEYHOCTH.

1.6. MHCTpyKuMs no BEOAY W DYCKY nporpamm
Iast MUKPOKaJbKYJSITOPOB

1. Tlepex HCHONL3OBaHKEM NPOrPaMM ClEAyET BHUMATELHO O3HAKO®
MHTECS C_aJIrOPHTMOM BHIUHC/eHHHl H NpapuiaMu paGoTH ¢ mporpaMmoi.

2. BRJIOYHB MHKDOKAJNEKYJATOD, UePeBOLHM €ro B pexuM Opo*
rpavMMupoBanusi, Haxas xnapuinn F u IIPI, saTem BBOAuM mporpammy,
' HaXXHMasl yKasaHgbie B Hell KJAaBHLIH, Vs



3. Haxas kaasuwa F, ABT B /0, nepeBORAHM KaJEKYJAITOP B o=
JuM ABTOMATHMECKHX BBIUHCJEHHHI 8 yCTaHaBJMBaeM NPOrpaMMy Ha Hy-
JneBoi Liar.

4. B ToudoM COOTBETCTBHH C HHCTPYKLMeH BBOAHM HCXOIHBIE Aalls
prie: ofo3nayeHie Bufa x;=PN osHauaeT BBOA X; npsaMo B peructp N,
o6osnauenne x;—=PX o3nauaer BBOR x; B pernctp X ¢ QuKcauueit BBona
uyaxatHem knasuita C/TL. Has BBoma x;=PY naxuvaeM kiaasumy 4.

5. Ilyckaem mporpammy, Haxap kaasmuty C/I1. Boelaucnienss comnpo-
BOXIAKTCS MHTaHHeM uHAKKatopa. Eciu BpeMs cyeTa He OrOBOPEHO,
pesysbTAT JLOJMXKeHd NOABUTECS -cnycts 30—40 c. O6Gosnavenus Buna
yi—>PX, 21— PX u 7Tag nanee yKaswBaloT Ha TO, 9TO Pe3yJLTAT i1
TIOABJIAETCS] HA HHAMKATOPE perncrpa X (LA noJNyueHus 3aTeM 2; HAnO
paxare kiasnwy C/IT u 1. n). OGosuauenme yi-—> PN osuagaer, 410
pesysibTaT 3aHocuTCA B perHctp N (pesyawTar H3 peructpa N BLI3bl«
paerci HaxatdeM kjaBuwl HIT u N). Ecnm nporpamMa 3anmkiaunach,
cueT npepriBaeTcs Haxartnem knaBuwa C/T1.

6. IlporpaMMy ciienyeT npoBePUTb O KOHTPOJBHOMY npumepy. Ecan
ero pesyibTaT oOilinGoueH, HeOOXOAHMO BHHMATEeJIBHO NPOAHAJH3HMPOBATH
nporpaMMy no Kopam (cM. Tabs. 1.3) u yTOUHMTE NpaBHILHOCTE BBONA
HCXOIHBIX faHubix. MHOrja noJsesso nposecTH BhIUHCIEHHS O IUaram,
47O MO3BONSCT BHIABUTL H 3aT€M YCTPaHHTL ouIuGKH:

7. HpﬂBeleHHble B OCHOBHOM.TeKCTe COPaBOYHHKA HpOrpAMMbl npu-
TOIHH JJIi MHKPOKaJBKynaTopoB InexTponnka B3-34, ODuekTponnka
MK-54 u Bnektporuka MK-56 ¢ yueroM S5KBHBaJICHTHOCTH CHMBOJIOB:
4 =B4, Ull=1H—>x, II =x—TI, arcsin = sin—%, arccos = cos~',
arctg=1tg, A=¢q B=bC=c¢, I=du XY=X=Y.

Buumanue! Onepatopwi KocseHnoi appecaunu KHII4 (xom [E),
KITt (xon LE), KBI1{ (kon 8FE) u T. n. awajorsuHsl onepaTopam
KHI10, KI10, KBIIO u T. 4. ¢ peructpoM axpecaunu 0. OnHaxo npH ux
HCOOJHenyil copepxumoe peructpa 0 we mozubuuupyercs. Onepatopst
K7- (kon 34), ..., KII (xon 3—) ofecneuuBa:oT BHI30B OJHOH KOMaH-
Boit sHaka owubku EITOF. Oneparop BII npa x == 0 = PX sacwunaer
B 3707 peructp 1. [TocKojbKY AaHHBIE ONEpaTopH He persiaMeHTHPOBaHL,
fiporpaMmul ¢ X MPHMEHeHHEeM LaHLl OTHENBHO B l'IpHJ'IO)KéHPIH 3. Hpn
saBepillenyi BHIIOJHeHys LMKIOB ¢ onepatopamu FLO -+ FL3 B ampec-
HOM peructpe ocraercst umciio 1 (T.e. npu noclieHEM HX HCIOJHEHHH
BhiYMTaHHE 1 He NPOMCXONNT).



I''napa 2
MHKPOKAJIbKYJIﬂTOPbl C AJITEBPAHMYECKON
JIOrMKoy BbIYHUCJEHHNA

2.1. OGwiue cBeneuus

MuKpoRaNIbKYASTOPH ¢ ar2ebpauseckoll A02uKOL BHIIONHAIOT BhLIUHC«
Jieunst B Gofiee ectecTBeHHOM BHIe O6Jarofiaps HCHOJb3OBAHHIO KJaBULL

pBOAA CKOBOK | ( ‘, I« |,l ) ,| ) lnpaaeacma' = |.

B r1akux MUKDOKANEKYNATOpaX uACHAA BBOASTCA B CTEK IpH HAMATHA
K/JaBHIUK C OTKPLIBAIOLUMMHCH CKOSKaMH, a BLIBOAATCH ~— [PH HaXaTHH
K/IaBHIUH ¢ 3aKPHIBAIOLMMHCA CKOOKaMd. YHca0 CKOOOK, HHOTAA TOJLKO
KpyI/ibix, MOXeT GHITE OoT | no 16 B onpenensieTcsi yHCJIOM PErucTpoB
B cTeKe. TaKue KanbKyJATOpPH NOApasfelsiorcs na: 1) memporpaMMu-
pyeMuie, 2) mnporpaMMupyemble ¢ OOGLINHON aarefpauuecKol JIOTHKOH,
3) mporpamMupyemste no cucteme AER (Algebraic Expression Reserve —
anzebpauseckoe solpascerie ycaosull) u 4) nporpaMMapyeMble Ha ymnpos
LLEHHO# BEePCHH f3hiKA BHICOKOTO YPOBHS GeHiCHK. .

B Tadn. 2.1 panbl XapakTepuUCTHKH OTEUECTBEHHBIX HENpOrpaMMupye-
MBIX MHKDOKAJBKYAATOPOB [ HayuyRBIX M HHXCHEPHHIX pACUETOS.
B {ynxumoHai-HOM OTHOIIEHHH OHH paanuyalotca mano. Ilosromy pac-
CMOTPHM HaubOsee COBPeMeHHYI0 MOAEJNE MHHHATIODHOFO MHKPOKAJh-
Kynstopa OneKTpoHuKa B3-38 ¢ HauGONBIUMM yuCIOM BBITOJHAEMLIX
ornepauni. 3rtor KaJbkyasTop (puc. 2.1) umeer TpoiiHOe ympabJieHIle
CONBLLIMHCTBOM KJABHLU, AOCTHrZeMOe MNPHMeHeHHEM JBYX (YHKIHO-
HanbHBIX (npeduKcabix) kiapuit Fy u Fa Ofwmit c6poc ocyuiecTsAss
ercs knaeuueft C, c6poc owmndouno HAGpaHHOro YHCIA OCYLIECTBASETCH
knasuwefi CK. MMeerTcs ONHH HONOJHHTENBHEIH DerucTp namsity (BBOA
YHCESl B Hero 3ajaercs HaxkaTueM Knapuml Fy 311, a BrizoB — namas
tueM knapuwl Fp UIT). Ckobra [(u)] nBofiune.

Ins venporpaMmupyeMuix MIKpOKANEKYJISTOPOB OUEHb [OJIE3HO CO-
CTAaBJIATb NPOTPaMMhi BHuncleHud. Tak, o6osnauasi omnepaHubl=gucia B
KPyXKax, Bpuucienne Bupamenus a4 (b-4(c4-d))=7? MoxHO B
NOJHKTE MO TAKOfl NporpaMue;

@+ (@ + (@+ @) ) =



XapakTepucTuku OTCUECTBEHLX REnpOTpAMMuPYEMLIX  MUKPOKANLEYANTOPOE ¢ Anrebpameck¥h

Tabnuua 21

JOruKoi BLIYUCIEHUH, NPEAHASHAYNCHHBIX JAJifl HHKEHEPHbBIX ¥ HayYHO-TEXHHYCCKMX pacuyctosB
B , .

Tun 3BM
ITapamerp DNEKTPOHHKA
C3-15 Bb3-32 B3-35 B3-36 B3-37 B3-38 MK-51
Uncno paspsiioB HMHAHKATOpa 15 9 12 12 9 9 9
Yucao paspsiioB MaHTHCCH/TOPSIiKa ~10/2 5/2 8/2 8/2 8/0 52 52
Uncsno JOHOJHEHTENbHEX PErHCTPoB 2 1 1 1 1 i 1
naMsiTi
Crobku ) (G I It [ It N (G
Bruncaecnue dysruul: 1/%; %% /% ; Ect, . Ects Ec1b EcTh * Ectb EcTb EcTb
xy; Inx; Ig x; ™3 10%* KpoMme 10 i
BriyHcJieHHe TPHTOHOMETPHYEC KHX Ectb Ectp Ectb EcTb Ectb Ectb Ectp
¥  oOpaTHEIX TPHIOMOMETPHYECKHX
Sdyuxuuil, BHI3OB T -
Onepallud B pErHCTPax NaMsiTH Her Iy I+ H—;H X | IT+ IT—_)H X | T4+ I‘I:>I'I+x2 O4N0-OTx | D4I-TTT %
O+x &0 M+x <& 11 nex
. T pH ; 1 ny
HApyrne dynrunu ,‘/x__,_yz Kggﬂr‘)&ﬁ._ nl os oI n
HBHIX
- ypasHeHHU
CTaTHCTHUECKHE DacyeThl Her Her . Her Her Her Ectb Ectp
Tipeacrasiesue YIioB Papuann Pannann T'pagycnt Pagnann Papnann Paguaun Pagnanst
I'panycet T'panycet I'papycws T'panyven I'pangvceu
- I'panw I'papn
TaBapuTbl, MM 1709032 | 120:473¢30,4] 143X 7922 145% 78,517 155X 7828 53391 X5,5 139X71X8
Macea, T 0,4 0,3 0,25 0,2 0,2 0,06 0,1
TloTpe6asieMasl MOIGioCTh, By 1,2 0,3 0,3 0,35 © 0,3 0,0006 0,0006
lipTanue ¥ —ynuHEepcanssos,” B — v v ¥y Y ¥y B B
oT Garapeek . .




Honcrapasns puecto a - b unena 2, 3, 4 v 5, nosyunm pesyawtar 29,
Hepenxo ¢ MOMOMIEO HEMPOrpAMMHEDYEMEX MHKDOKANbKYNATOPOB MOKHO
BECTH BBIUMC/EHHST TIO NMpOTpaMMaM, COCTaBJEHHBIM AJsl LPOTPAMMEpYes
MBIX MEKPOKAJLKYJANTOPOR (€C/IH K STOMY BLIHYMKJAeT HX OTCYTCTBHE),

. OpnuoMecTHble ONEPALMHE BHINOJHSBOTCS YKA32aHUEM HX ONeparopa mo-
ene naGopa umcaa x. Hampuwmep, sin 30° ebuncasiem, uabpas wncip 30

p Haxap kaaspuln Fy sin (ykasbiBaem Tosbko peficTByOmylo Hajnuch
Ha KJaBHLIe HJH HAR Hei).

4

|
Caakofnlols
AlL AT

SJEKTPOIN XA - - - - .

10 Ine* z¢ % 3n6, e
53-38 e* o FT Ont

[+] [5] IE {tdn DIz
o5’

sin” g!' ¢, EfzenEzx

» ----El

cn C6 0999 / Bn# n+xz N-c¢n

[ [ N EME

Puc. 2.1. Buewnpit Bn MuKpoKanbkysnsTopa Snextponnka B3-38 ¢ ade
reGpapyeckoll JIOTHKOH BBIYHCAEHHH

IIpuBeneM npumepn! 6oJiee CJOKHEIX BHIYHCICHHIL:
1. Bouncnense rumepBosmveckoro xocHnyca chx = (e - 1/e¥)/2

@ B € + F tfzr + @ =

Jns x = 1 nonyyum ch(1)= 1,5430806.
2. Buouncaenne obpatHoro runepGosuueckoro xocuuyca — arch x ==

=In{x+4%—1)

Fost 4+ [ F o oMI ¥ x% e
10 R YV = ® m
D701 NpUMEp WAMOCTPHPYET TpUMeHeHHe PerucTpa namsTa. Jas x == 2
noayunym arch(2) = 1,3169678.
3. Bryncnenwe uncna coveranmii Cg=91/(3l 9—3)n

@ F o o+ [ G 5§ o bl
x I @ - ® 1 6 n ] =

Tonyunm _Cg = 84,

\



. Has nsgty gucen 7, 8, 8, 9 u 95 wmalitm cpemuee m nucmepermo.
Bson npoaomm ne nporpamMme: .

Fz.@ﬁ-”.Fz_-”.Fz
z ® F x @ E ox

Ha:xap kJaBHIly ¢ HajimuCBIO CIipaBa X, moayauM ¥ == 8,3, Hamas Kaa-
BHUIY ¢ HAATHCHIO CIIpaBa-s, MOAYMHM 1 ==5 (4uCO BBeaeHHBLIX YHCes),
HaxaB kJjaBhly Fp u knaBuIy ¢ HAAOHCHIO CBepXY On, [OLYHEM
o, == 0,8717797, u, naxas knasuury F, o kaaBuuly ¢ HAAnuChio cBep-
XY Op-1, TNOAYYHM On—y == 0,9746794. TakKe MOKHQ BHIYHCJIHTH

Dox=415u Y x*= 348,95,
5. Haiitn KOpHPI KBaspaTHoro ypasHeHHs x2-}- px - q == 0 no dop-

MynaM Xp, o= '—'— /\/-—'- —q. Hporpamma BBHIYHCAEHUE HMeCeT
BHA

® B 2 + : ® - @ = &5 v
HE s @ + (@ - — E . m [5
E umr § /- E '

Kopar mnosyuaem nocsie HCIOJHEHHS onepa'roposl = |. Ecamu

P =2736 u g = —5219, To mmMeen X1 = 1,204785 n xz — —4,030785
B aroit nporpamme wieH p/2 cTaHOBHTCS KOHCTAHTOH [IOCJ/E HCIOAHEHYs
LOApsAN ONeparopoB — H —.

6. Haiitn, cxonibko rpaMMoB panus
—In2HT, ,

m (f) = mge

OCTaHeTCS Mocdie ero PanHoaKTHBHOrO pacnaga 3a spems == 2000 set,
ecsM Hcxommas macca mp = 125 r, a mepuog ero monypacmaga Ty ==
== 1620 ser. Ilporpamma BuiyncheHuit m(f) B obuieM BHAE CAENYIOLLAA

®@. 5§ m x @ + @ = " MH
E

x =
¥ & m =

Jlns npuBefienusix Rammbix m(f) == 53,12122 r.

Croxuble ¥ MHOTOKPATHO IOBTOPSIOLINECS BhiyucAenus yaoGHO mfo-
BOAHTL HMa NpPOrpaMMHPYEMbIX MHKpOKanbxyasitopax. OTeyecTBeniuie
EpOrpaMMupyeMele  MUKPOKARBKYJSTOPH € afreGpanteckoil  JIOTHKOR
BLIYHCIICHAN K MOMEHTY NOATOTOBKH JAMHOH KHUM'H HaXONMJHCH B CTajiiM
‘paspaborkn. ITostomy nasce paccMOTpeHRl OCHOBHble THIHL LIHDPOKOpAac-
NPOCTpaBeHubX 3apyGeXHLIX Kanbkyasropes (taba. 2.2),



¢

Tatanna 2.2
XapagrepucTuxy 3apyGexHHX NPOrpaMMUPYEMbIX MAXKPOKAILKYJATOPCS ¢ aareSpauveckoll NOrMKOH BeMUCICHWH

Tun 3BM
IMapametp T
SR-52 SR-56 TI-58C TI1-59 FX-502P FL-5100 FL-5101
Qupma (cTpaHa) M3TOTOBHTENb T1 TI TI TI Casio Sharp Sharp
(CL1A) (CLA) (CILIA) (CLI1A) (Sinonwus) (Smones) | (SInouus)
Uncno pPerHCTPoB IaMATH 20 10 60 100 22 25 12
Ynciao 1aros MporpaMMet 100 224 480 963 256 80 uyenos | 48 wienom
L dopmya dopmyn
DyHRUUH yx. -\/;. Inx, Igx ex, lo", V%, | Ectb Ectb Ectb Ectb Ecth Ectb Ecta.
BLI3OB It
TpuronoMerpuuecxvie H oCGpaTHBIE TPHIOHO- Ecte Ectb Ecth Ectb Ectb Ecmb EcTh
MeTpuYeckHe (QYHKUHH -
CTaTHCTHYECKHE pacydeThl Ectp Ectw Ectb Ectp Ecth Ecte  ~ Ectp
Tunep6oandeckue GYHRUHHA Her Her Het Het Her Ecte Ecth
Uucno paspsioB MaHTHCCH/TIOPANKA 10/2 10/2 10/2 10/2 10/2 10/2 10/2
3anoMuHatte OpOrpaMM u HAHHABIX Her Her Ectb Hert Her Ectp Ecte
Jloruka euuHcCaeHnd (O — obbluHA® HIH O (o] (o] (o] (o] ARE ARE
ARE)
3amuce WporpaMM Ha MarHHTHBIE KapThl Ecte Her Her Ectp Her Her Her
MNMoxnkaoYeHue BPHHTepa Her Her Ectb Ecte Her Her Her
BeTpoeHHBE MOZyabp ¢ GubnuoTeKodl npo- Her Her Ectp Ecrs Her Her Her
rpamMMm NOJB3OBaTeNsn
TaGapurst, MM 90 1603¢40 | 8015030 162X80X36 1628036 141¢71¢9,6 | 175X70X9,8 | 175X70X9,3
Macca, 1 350 235 350 350 72 120 110
v v v ¥ 5 B B,

TMutanne Y — yHEBepcanbHoe, B — o1 GaTa- |’

peex -




Kanexyasropbl 3TOr0 Knacca OOGBIYHO HMEOT wepapxuio onepayud,
7. €. BLUIOJNHEHHS HX B ONPeLeNieHHOM IOPfAKe: 1 -— BHUHCAeHHEe MaTeMas

y
argeckyX yHkupi, 2 — Bhiyuciende QysExkuuE  x¥ u Vx (mm y* n

X

4/—1;), 3 — ymHOXKeHpe H AejeHre, 4 — cJOXKeHHe M BHYHTanie H 5 -
oxoHvaHue Bemucnenuii {(cneparop =). Tak, npd HanuYAH uUepapXHd
pripaxenne 2 - 83X 4 Bouncasercs xak 2 4-(3 X 4)= 14, a upu or«
eyrcrsid ee kKak (2-+3) X 4 = 20. Hanuuve wepapxuu nossoaser Go-
Jiee 3KOHOMMO HCIOAb30BATH CKOGKH M COKpamath AiMHy mporpamm, Ko-
TOpasl OOLIYHO ObiBAeT HECKOMLKO GoJsibille, YeM Y KaJbKYJAsiTopoB ¢ 00-
paTHOf GecckoGoyHOM JiorHKOfl BhIyKCAEHMH.

* Kamxyastops EL-5100 u EL-5101 dupmun Sharp (Snomms) peas
Jm3yloT Metoa nporpaMmupoBauusi AER. Ero cyrb 3akmouaercs B ¢op-
MyJbHOM IpeictaBJiedHa nporpaM. Hanpemep, Boluncienne (QyHKOnH

f(A, B, C) =05 AB sinC
BrMOJIHAETCA No Takofi mporpamme, BBOoiRMOfi B pexnMe AER [23]:
2nd f( y=ABC f( )=54 BsinC

Bravane pesepBupyiorcss nepemenntie A B C B Bunc 6yks, a 3ateM
sarinceiBaercs GopMyaa AJs BHIUECAAEMON QYHKUHH.

Beluncnenns cBOASiTCS K BBOAY HCXOJHBIX AAHHHIX IO IOACKa3Ke
KanpKyasiopa nytem mamates knasmme COMP. TlepBoe ee HaxaThe
BefieT X MOABJAGHMIO HAa AHCIee coobiueHHs A = ? (Hago eeecty A),
Bropoe K coobmienmio B == ? (uapo BBecTu B), Tperve K coofueHNo
C = ? (sboaum C). Hawxap kaapuumy COMP, eme pas nodyuum 3mave-
Bne f(A B C). Ilpu cucreme AER unclio HaXatmii KAaBHLI CymlecTBeHs
HO MeHbille, yem npu obbluuol anreGpaHyecKoll JIOTHKE BbIUHCAeHHH.

MpgpokanbkyIaTOpE € cHeteMoil nporpaMMupobarua AER asmanch
luaroM x paspaforke Hanbojee COBEPLICHHBX MHMPOKAJNLKYNATOPOB,
TporpaMMHpyeMEX H2 f3bke BhICOKoro ypoBus Oefictk [13]. Ero ocos
GeHHOCTH B8aKJIOYAlOTCSt B BHIpAXKEHIM CHOXKHLIX OllepaTopoB B BHAS
coxpautenpnix anraniickux o (INPUT — BBectr, LET — npucsorts,
PRINT — nanesatats, GOTO — uat x crpoxe, GOBUS — nnru x noa-
nporpamme, RETURN — Bosspar u3 nmoamporpammel, END — xoneig
M T. 1.), BO3MOMHOCTH BBOAA CJIOBECHBIX KOMMEHTApPlUEB, AHANOrOBOM
pexume ofweHus c DNoAb30OBaTesieM. TaK, MNporpamsa BblUHCHEHHS
bynxknun F = f(A, B, C) na Geficake uMeeT Harasamuil 0 me Tpebytos
Lui ocobuix mosicHenuil BUA:

10 INPUT ‘ BBEJUTE A, B, ¢ A. B, C

20 LET F = 05+« A = B = SIN (Q)

30 PRINT F : GOTO 10 : END
IToapo6Hoe onucanne MHKPOKaJIBKYISTOPOB, nporpaMMapyemMsix Ha
Oeficuxe (cM. Tabnm, 2.3), w camore fsHKa BLIXOAMT 33 PaMKu nanpof



_Xapax‘repucmm MUKPOKANbKYARATOPOB, NpPOrpaMmMMpyeMblx Ha sisnike Geficux

Tabauuna 23

flapamertp

Tun 3BM

PC-12168

PC-1211

PC-1500

ZX80 %) ZX8l

ZX *) Spectrum

®upma (cTpaHa) HITOTOBUTENDL
Ofpeum I3V, xbafiT

O6em O3Y, xbaiit

ucjio PerHcTpPOB NaMATH
Yueno IIaros NporpaMMs!
BerpoenHm#t pucnye

Brison wuscopMauMe Ha CTaHpapr-
Helft TFeseBH3OD

Mepudepniinre ycrpofictsa: I1—
npuutep, T -~ TeseBusop, KM — kac-
ceTHRE MargnTodos, BII3Y — mHew-
gee T3y °

Pasmepn, MM

Macea, 1

Sharp {SInoxus)
JlaHuEX HeT
JlauHEIX HET

26/40
400
24 snaka

Her

i

175X 71X18
163

Sharp (SInouus)
Jlanubtx HeT
JlauHex wer

178 .
400 1 1024
24 sHaka '

Hex

Il

175X71X15
163

Sharp (finoxus)
16
3,54+35
Jlannpix mer
Jauunx Her
7 X 156 Towex
Her

I
KM
3y

196X 86 25,5
875 ’

Sinclair (Auraus)
. 16
16
JIaHHBIX HeT
Haurux HeT
Her

Eets (;rndspu,
GyKBH, rpadura)
T .

KM

i

22917851
340

Sinclair (Auraus)
s
16/48

Jaunsx Her

" JLanHBIX HeT

Her
Ecrs (uHbpr, GyRsH,
rpaduKka, 8 UBETOE)

T

KM

I

Huexosuft HaKOWH~
Teib Ha 100 xGalir
23314430

300

*) Mozenn ZX oTHOCSTCH X upocTefmuM mepconanpusiM DHBM. Omm He MMEIOT BCTPOSHHOFO IMCNJER T AAst 0TOGPamenus mporpaMm
H DAHEHX NOJIKHE! HOJKJIOYATHECH K CTAHZADTHOMY TeJEBH30DY — lUBeTHOMy &isn ZX Spectfum,.




RHATH, TOCKONLKY ou¥ OnHXe K CAOXKHLHIM mepcoHanbutiv IBM, gem
K. OOBIUMBIM [POrpaMMHpyeMBIM MEKpoxanbkyJstopam. Hepenxo momoG-
gEle MHKDOKAJIBKYJATOPE OCHANIAMTCA MHO[OYHCHEHHBIM Repudepulinem
obopyOosanuem. Tar, opumH M3 HanGojee CJOXKHBIX KaJbKyAsiTopoB
RL-H1000 HHC ¢upmst Panasonic (CIIA) umeer caenpyroiliee nepude-
puitHoe OfopynoBamHe: aKyCTHyecKuil TeNieQOHHBIY MOJeM A TMepenayy
_LAHHBIX 1O TeneOHHEIM JHHEAM co ckopoctbio 110 man 300 6ur/c (pas-
;{ﬂmmcrb or b o 8, npefycMOTPEH KOHTPOJb YeTHOCTH), BHELIHAS mpo-
rpaMmppyeMast maMsth Ha 8§ KGalT ¢ ZBTOHOMHEIM NHTAMHEM, YCTpOii«
CTBO TepMOMEYATH C WIKPHHOH CTPOKY Ha 16 cuMBONOB, ajantep K Tesme-
BH3QPY 4J8 oToGpaxenns 16—32 cHMBOJNBHLIX CTPOK, ajantep AJA
TIOAKMIOYEHHs ORHOro-ABYX KacCeTHBHIX MarsMrooHOB ANS 3anHCH AaH-
HBIX M TIpOrpaMM, nociefoBaTedbHblil mHTEep(deiic /7 NMepenauu HawHEIX
co ckopocthio of 110 no 9600 Gut/e, npaitep ynpasnenuns o 6 mepw-
depuiiAbIX yeTpolicTs BBoma-BuBoNa H T. A. CaepyeT OTMETHTH, YTO
CTOHMOCTE TONOGHEIX KaJIbKYJASATOPOB (YYHTHIBAs MHKDPOMEHHATIOPHOCTH
BCCrO KOMILIEKCA G6OpYROBaHMsA) BHIIEG CTOMMOCTH nepcoHansuelx SBM
u naxe muHEE-OBM. ITosToMy IIHPOKOro pacmpOCTpaHEHHs OHM [OKA He
TIONYYRITH. '

B To e BpeMs PIA UIMPOKO DPACHPOCTPAHEHHEIX COBPEMEHHLIX MO«
Jleniell mpkpoxkaibKysnsropos (manpumep, TI-58C, TI-59, HP-67, HP-97
¥ np.) Takke npuobpes npucymme 3BM yepThi: BCTpoeHHbIE 6UCAHO<
QeKH TporpaMM NOJb30BaTelisl, BCTPOEHHBIE MAarHHTOGOHb AAfl 3anHCH
J@HHLIX ¥ HporpamM, nepudepHiHee (KHOIA BCTPOEHHBIE) YCTPOHCTBA
neyaTy — ApunTeps. IIpuyem aro coyeraercs ¢ yMepeHHOfl CTOHMOCTBIO
H JOCTYIHOCTHIO.

2.2. KaaBnarypa n 936K MEKPOKAJIbKYJIATOPOB
¢ anre6panyecKoil JOTHKOMH

C XnaBEaTypoll H R3LIKOM COBPEMEHHBIX MHKPOKAJILKYJATOPOB € ajle
re6papyecKoll JIOTHKONT MOMHO O3HAKOMHTBHCSl M2 IIPHMepe LIIPOKO pace
NpOCTpaHeHHLIX Mofenell MporpaMMHupyeMblX MHKPOKAJILKYAATOPOB BEICO+
xoro kaacca TI Programmable 58C u 59 (T1-58C/59). Flyast ynpasaes
rus ux (pue. 9.2) comepxut 45 Kaasmil, KoTopeIME BBOasTCa 108 ore-
pauuit. 3T0 AOCTHraeTCs ¢ MOMOHIBIO Kiasuwiy Osolinoll onepayuy 2nd
(oHa HaxkHMaercs, eciH BHIIOMHAeTCH onepanus, o6o3HayeHHe KOTOpPOH
Haxo[HTCA Haj OCHOBHOH KiaBHUeH) M KAABHIIM MHBEPTHPOBAHH: ome+
pauma INV (cMm. ummke). B nporpammax naxatwe Kjiasuun 2nd me
yKasniBaeTcsl, TaK KaK M2 HEro mpsMO ykashiBaeT pacnosioxerye QyHK-
LUOHAJbHOR HajilHCH: GCHOBHOR KaaBuiik. Hanpusep, Hakas KIABHUIY

., log log
-

Inx |, BBomum oneparop Inx, Haxae knasuuz 2nd m | dmx |,
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log

peoanM onepatop log(log x), Hamap kaasumm INV 2nd | Inx >

sBoguM omepatop 10* m T 4.

Onepatopn BBopa 9kces. K uum otuocsitest uudper 0, 1 ... 9, pase
fienuTenbHAN TOYKA . , ONEPATOP CMEHH 3tHAaKa MAHTHCCH HJHM NOPSAKA
+/—, omepatop BBoaa nopagka EE w onepatop Bbi3oBa yxcaa
7t == 3,141592653590 (BriBOAMTCA 10 3HakoB u3 13 ucnoabdyembix mpd
BBIYHCJIEHHSAX) .

Onepatopei ctupauun (cpoca). OGmuil c6poc BCOAMTCA ONEPATOs
pou CLR. Ilpn stom ycramaBnueaercs Ha O copepxumoe perucrpa X,
YCTaHABAMBAETCA CTaHAapTHas GopMa NPeACTABACHHS YHCEN, IPeKpa-
niaercsl MEAEKAURs ownGox (Muramwe mHprkatopa). Copepmumoe pe-
THCTPOB NaMATH COXPAHAETCH. ' .

Oneparop CE (clear entry — crupanue 6600a) oGecrieykBaeT TOMBKO
crupanne yucna B peructpe X (32 uckaoueHrem ypcsa m). Crupadue
nporpaMMbl  ofecrieuuBaeTcs BBOAOM Bpywylo onepatopa CP (clear
progrom — CTupasue npoepammel), a OUHCTKA BCeX PErHCTPOB NaMATH
ocywectaasieTcs: oneparopom CMs (clear meniory — crupanue namaTy).
Ornepatop CP B mporpamme o6ecnewaaer CTHPAHME COAEPMUMOrQ pe-
ructpa cpasHenus f. .

Onepatopnl OpsiMbix ¥ 06paTHsix ynkumii. Onepatops! npambLX
hynkyudl BBOAATCS RAXKaTHEM OCHOBMBIX KMIaBuil, 0OpaTHOIX (yrKyul —
rocnie Haxarusa Kaasuum INV.

Hp;masi dyHKIMA O6patnas QyHKI{HT

EE (BBOA, nOpARKa) INV EE {cGpoc uopsika)

Eng (BBOA HHMKCHePHOTO dopmMara) INV Eng  (cSpot HHiKeHepHoro Qope
Mara)

TFix (BBof, orpanuyenusn yuchaa sHaros) | INV Fix {cOpoc orpaiuyeuun gucna
3uaKon)

log {necsiTuuHBI JorapHpM) INV iog (byuxuyun y=_10x)

Inx (HaTypaabubilt JForapudm) INV In x ((;;yum.um y=ex)

yx (y B cTenteiin x) INV yx (KOpeHBb CTEICHI X W3 YHcsa
)

Int (BhigeNcHHe HeJod YyacTH X) INV Int (sugenside ApoGHOM yacTH
X}

sin (sin x) INV sin (arcsin x)

cos (cos x) INV cos {arccos x}

tan (tg x) INV tan (arctg x)

Prd  (yMHOMEHHE B PerHcrpe) INV Prd  (aeJsienpte B- perucrpe)

SUM (cyMMHpOBaHHEG B PErucrTpe) INV SUM (BHIYHTAH{i€ B perucipe)

D. MS (mpeoGpasopauue yria s rpagycs | INV D. MS (npeoGpasopanue - yraa

C FeCHATHYHHIMY JONAMH) B TIPaZycCH, MHHYTHl, Ces

KyHABI)

P > R (npeoGpasoBanue Moasipabix Koop- | INV P > R (npeoGpasoBaHue JHexapros

AaHAT B neKapTOBHY) BEX KOODAMHAT B MONAPHHE)




Npaman GyHKIHS ] O6patnas QyHKuUHR

54 (HakonJyeHse ¢ CymMMHposaHvenm) - | INV T4 {HaKonJeHHe ¢ BEIYHTaHUCM)
x (cpentee anavenue) INV X (cTaHpapTHOE OTKJ/OHCHWE)
Bist {ne"arb NpoTpam Mt} INV fist {meyaTh JAHANX .HB3 PErnCTs

. E posB)
SBR (o6pauiense K NoANPOTpaMMe) INV SBR (BosBpar us NoanperpaMme)
x=={ (ycnoBke mepexopa) - - INV x=¢ (x51)
x>1 (ycnosue nepexona) INVxZ>t (x<¢)
if flg (npoeepra monbeMa daara) INV if flg (upoeepka cnycka dnara)
st flg (nopunte Guar) INV st flg (onyciute duaar)
Dsz (ckauok, ecnu Ry =0) INV Dsz  (cxauok, ecan R, 5£0)
Wrlte (3aiics nporpammu) INV Write (cuuTtnisaHue mporpamMmst}

Onepatopui YCTaHOBKM (ropmata gucen. Hopmanereul opmar coors
BETCTBY€T BLIROAY HECSATH 3HAKOB MAHTHCCH B Bufie JECATHYHONO WHCAA
¢ ¢uxcupoBasuoil 3ansroit. Ilpn BBoze mopaaka omeparopom EE yera-
RaRIUBAETCH HIYHbI (SKCIONCHIMANbHEIH) dopMaT uncen x==M. lﬂE,
rae M - HopMupoBanyas MauTHcca, copepramasn 8 smpakos, H E—nopsi-
ZOK, conepxaitail zpa suaxa. Manpuvep:

Maurncca TMopsipok
— 2. 5786431 R — 16
3Hak Buax
MaUuTUCCH TNOPARKA

Hpanazon upcesl JexuT B Hpejenax or 1. 10~% IO Xpy ==
= 9,9999999 - 10%,

Huoceneprtssi popmar pBommrcst omepatopom Eng. Tlpu arom nopsa
nox yucen paser 0 man xpaten Tpem. Hanpuwmep, paspenus 1 Ha 3, no-
ayuem .3333333333. Haxae knasumn EE w =, nosyysm 3.3333333 — 01,
Haxap nasee KJasnu 2nd m Eng, nomyunm 333.33333 — 03.

Dopmar ¢ Qukcayueil uucaa 3naros mocne 3anatofit N yeranaaus
Baercs BBosoM onepatopa Fix N. Hanpumep, npu N = 2 npeniectsyio-
mni pesyssTar noayunm (mocne nawatus xaasem 2nd Fix 2) 8 suge
333.33 — 03.

Oneparoprr apugmernyecknx onmepammii. K smM oTHocsren onepas
TOPH CJIOXKEHHA -}-, BLUBTAHHA —, yMHOMewus X, NeneHus -+, BBOAA
OTKpHIBAIOMEX (1 32KPHBAMHX) cKOBOK M 3HAKA paBeHcTBa ==, [lony-
CThM BBOJ O JEBSTI Hap CKoGOK.

_ Oneparopu asrefpanveckux dyuxumit,. K oneparopam axeebpaus
. HeCKUX q')yimuuu OTHOCATCH BHIYHCJEHHE HaTypaJbHoro sorapupma In x,
zecatiunoro norapmbma log(lg x), Gynxupnr e* — INVin x, yHKILIN

- 10* —INV log, gBanpata X — x2, KBALPaTHOTO KOPHS A/x, X, ¢yuxuui y°

x ] *® .
EL 1/;7—- INV y*, 3a ucgmovennem ¢ynxumi g* n Vy OCTanbHbIe



(QYEKUHME BHHCJSIOTCH TOCke BBoAa umcra x B perictp X. Hampuwep,
naxas KjaaBun 2 INV In x, noayuim e? = 7.389056099.
Inst BelyHChenns QYHKLUMM y* BBOLHTCH HHC/AO X, HCMOJHAETCS ONes
PaTop y*, BBOINHTCS HHCJO Y M HCHONHAETCA Oneparop ==. JnsA Bumce
x

JieHHs QYHKIHH '\/5——* y‘/" BBOANTCA YHCHO Y, 3aT€M HCIOJHAETCH ONes
patop INV y*, BBOZHTCA 9nc/ID X H HCOONHAETCA oneparop =—. Hanpus
Mep, AJis BLIUHCJIEHHS ‘\7(-571=4 HaXkuMaeM Knasuiin 6 4 INV y* 3 = |

TprreHomerphyieckue B ofpaTHMe TPAroHoMeTprwueckne QyHKUBH,
OTi QYHKUHH BLIYNCHAIOTCA [PH NPeACTaBJeHHH YIJIOB B rpanycax
(oneparop Deg), pannanax (onepatop Rad) u rpanax (omeparop Grad).

Cunyc, KOCHHYC # TAHIeHC BHIWHCASKOTCA BBOLOM ONEpaTOPOB sin,
cos u tan*). Ecam nocne Hux ncnoJuisierca omepatop l/x, TO Bhiumcns-
JOTCS KOCGKaHC c¢sc¥ == l/sinx, cekaEmc secx == l/cosX¥ u KOTaHreHe
cot x = 1/ig x. Apryment wmoXer HaxOOuTbcss B mpenenax =36 000°,
2005t panuan m +40 000 rpan.

OGpaTHre TPHrOHOMETPHUECKHE (YHKIHH BBIYHCJASIOTCH, €C/i NepeR
onepatopaMi Beoautcs oneparop INV. Pesysbrar nmpH aroM mpencrass
JfETCA B CNEeNYOIINX Npefesax: '

arcsin x 0 + 90°, /2 papmnan, 100 rpan,

arcsin (— x) 0 -+ —90°, — 7/2 papuan, — 100 rpaz,
arccos x 0 - 90°, m/2 pazman, 100 rpan,

arccos (— x) 90 = 180°, /2 + = papman, 100 <+ 200 rpan,
arctg x 0 -+ 90° /2 pamman, 100 rpan,

arctg (— x) 0 -+ —90°% — /2 pannan, — 100 rpan.

" Aprkocexanc arcesc x, apKCeKaHC arseC ¥ M APKKOTAHTeWc arcot %
BHUKCAAIOTCS ¢ moMonbio oneparopoB 1/t INV sin, 1/x INVeos #
1/x INV tan.

Ecan yron sapaH B rpap.ycax MHHYTAX M CEKYyHAAX, TO Cro MOXHO
npeo6pasoBaTh B [PAfyCHl € AECATHYHBIMH NOJSIME € NOMOLLBIO -Onepa-
Topa D.MS. Hanpmmep, yron 24°17°29’" sBopmM B BuRe '24.1729 u,
gpaxas knasuum 2nd B D.MS, noayunm ¢ = 24.29138889°. OGpatHoe
npeobpasobanne NPOH3BOANTCst BBoRoM omeparopa INV D.MS  (naxu-
matores kaasumn INV 2nd 2 D.MS).

OnepaTops BLNENCHHs aGCOMOTHOTO 3HauenHs, uenofi u apoGuoit
yacreit uncen, AGCoJoTHOe 3HaueHne (MOOYAb) NPOGHOrO UHCJIA X Bh-
LeNSeTcs npH McnosHeHuH onepatopa |x|. Oneparopu Int u INV Int
obecneunBaioT BhieNeHue lejoli B ApoGHOR uwacTell yueha x.

Onepatopul ynpasjeHus PerncTpaMp NaMATHL 3anuch yHCen B pes
yucrp XX (XX-—-AByxsﬂaquoe YHCJIO — anpec perncrpa) NPOK3BOAHTCA
‘cnepatopaMi Bupa STO XX (store— sanucviearc). Busos uncad u3
perucrpa XX npomssoputes onepatopamr RCL XX (recall — evissars).

*) O6osnauenne . QyHKuHl COOTBETCTBYET NpHBEAEHHLM B [26]



OGuen conepikumbiM Mexny perderpamu X u XX nponsseputcs npe
ncnonnennn onepatopa Exc XX (exchange — mensts). Oneparop x == ¢

oBecrieunBaeT 0OMen MeikAy pervcrpamMd X H £

Oneparopsi apuMETHuUECKHX Onepaunii B  PerHcTpax MNaMsTH.
C conepxuMbiM pernctpoB X u XX MOXKHO BHIOMHSTL apu(pMeTHuYeCKHe
onepausun ¢ 3adecenueM pesyJibTata B pernctp XX. Takue onmepaiuu
pBoasTCs onepatopamu: choikeiHe SUM XX, ymuoxenne Prd XX, Bb
yuraure INV SUM XX u mesenne INV Prd XX

IIpumep. Pazgenurs uucho 12, xpaHsileecs B pernctpe 00, Ha
gneno 2,5 = RX.

Haxumaem ganaBumm 1 2 STO 00 (sBor wmcna .12 B perucTp
00) 2. 5 INV 2nd Prd 00. Tenmeps, mawmas kjapaum RCL 00, Buzbi-
Baem u3 perncrpa 00 pesyaprar — uncno 4,8. TIpn sTux omepanusx co-
IepKuMoe perncTpa X He MEHSISTCS.

lpeoGpasosauns cucrem xkooppkHat. Ilycrs B cHCTeMe MONAPHHIX
koopauHat (P) mHMeercsi paAHyC-BeKTOp ¢ ° aJiHHOH R u yraom 0
(puc. 2.3,a). HyxHo HailTh KoopauHaThl X H Y B [EKapTOBO{ CHCTeMe

Y
-2 zy)
,/
87
180° /’4\0
. =27 X
210° Q) %)

Puc. 2.3. K npeobpa3opanuio KOOpAHHAT: H3 HOJAPHEX B HeKapTOBE (a)
H U3 JeKapTOBHX B MOJisipHble (6)

koopauHaT (piic. 2.3,6). Jas 3roro cuyxur omeparop P - R. O6par-
noe Npeofpa3oBaHHe BHNOJHAETCH ¢ NOMOWBIO oneparopos INV P—»R
(osnauaer R—=P). lns npoBeneHnst 9THX npeoOPa30BaHUH HCNOJB3YeT-
cs peructp ¢ Ilopanok npeoGpasoBaruil cienyiOLIHii:

P>R R>P

Beomum R X
HcnoaxseM onepatop xZt xZt
BeonumM 0 y
Hcuontisiem onepatop P>R "INV P>R
Noayyaem y 6
Hcrionsiem oniepatop: i<y xZt
IMoayvaem L. x R

Yron © Bouumcnsercss B npefenax  —90° < 0 << 270° - mam

—mn/2 pap << 0 << 31/2 pap mam —100 rpap << 0 << 300 rpaz.



Tpumep. R =05, 0 = 25° Haiiti y H x. .

HaxnmaeM kiapumn 5 x==1 25 2nd P— R ¥ nomywaeM y =
== 2113091309, paxas KJasuuly X == 1, nojyunM x = 4.531538935.

OnepaTopst YEpPAaBneHusl BuluBCAEHBSIMH 00 nporpamme. Crupanus
rpoepaxm (clear program) B O3V npoussoputcsi oneparopom CP. Ile-
PeBOL B pexuM nporpaMMupoBanHs (oOyuwenns IBM) n -HaoGepor

00C
078 f-—————1
batk1
159 p————— 99
239 83 59 000
N9 b 9 . 48 F-—————- 019
BakkZ
Nporpam- A
399 b—————1 69 yan 39— 159
. DaMaTb
419 38 29F—————+ 239
598 F————— 49 ‘——?—~ 19 pF—————- 319
bank 3 v ]
639 p—————- 39 09 pF———- —{ 399
Wcnonpaye- .
719 29 Mble 00 419
perncTpsl Homepa
798 b—————= 19 namaTn - . perm:Tpos
K4
a1 b e 1 og T1-58C
939 00 %) .
Lifarv HoMepa
nporpaMMbl  .pETMCTPOR
) TI-59

Prc. 2.4. Crpykrypa O3Y

npoussognutcs HamarneM kaasnmn LRN (learne — yuute). Ocranos 3sbl-
GuCAeHUll TIO POTpaMMe M HYCK HPO2paMbt NPOH3BOAATCH BBOAOM OLe-
patopa R/S (run— stop). B mporpamMe STOT Onepatop obecnieynBzeT
OCTaHOB BHIYHCJEHHY AJA BWIauy pesyserara. B pexuMe cyera oH ue-
NONBb3yeTCsi I% TyCKA [ROrpaMMu ¢ TOro ajipeca, Ha KOTOpOM 0ild
OCT2IOBRIACD.

Onepatop RST ~(reset — s038par HYAM0) OFecneuHBaeT Nepexoi
Ha HyJeoii agpec (000) nporpammul. KpatkospemeHHmi ocTaHoB (12
70,5 ¢) BhyHCMEHmi nO NporpaMMe OGecneunBaercs BBOLOM B Hee one-
paropa Pause (naysa).

Pacnpeznenenpe o6bema O3Y. Emkocts O3V wmoxeT pacnpenenstsb-
€Al MOJIb30BATNEM MEXAy DErHCTpaMH . NaMsT# M LiaraMi nporpaMMel
(puc. 2.4). Kamare 10 perncrpos naMfTd 3aHAMAIOT B 03Y wmecro st

© 80 waros nporpaMMLl,



YncHO AECHTKOB perdcrpoB N sanaercd NO/b3oBaTeNieM ¢ MOMOIMIBIO
oneparopos N Op 17. TIpn Haxarun kaasutl N 2nd Op 17 Ha HuRHKa-
TOpe BLICBEUHBAIOTCH MaKCHMalibHbifl ajpeC NMPOrpaMMLbl H MaKCHMAJb
Hui Homep perucrpa naMsTH. Hanpumep, ecmn N = 3, 170 Ha HHAHKA«
Tope GynyT wmppr 239.29 (239 — magcumanbHBlil HOMep wara u 29 -=
MakCHMaJbHH#A Homep perncrpa naMmstd). [leperofiHeHue maMsTH, OTBes
"LEHHOfi NON PETHCTPEl HAHM NPOTPaMMy, MAZMIHMPYETCH Kak OlULOKG MH-
raHleM AHCIJSH. ’

OnepaTopss CTATHCTHUECKHX pacueros. IIpocTefiliHe CTATHCTHUIECKHE
pacueTs! MOryT BEUIOJNHATHCH MHKPONPOrpaMMHO TOC/e OYHMCTKH PErHcT-
pos omeparopomM CMs. JIsis BBOA2 umces, MOAJieXKamHX CT2THCTHYECKOH
oOpaborke, chysar kaapumm 2nd X -}, HaKuMaemble nocjie BBORA
Ka3K0ro 9ucia X;. ECAH KaKOe-TO YHCNO BBeJeHO OMHGOYHO, €r0 HCKIMO-
4aKlT nosropoM Habopa ¥ Hamartuem kaasuwml INV 2nd X -J-. Cpennee
3HaueHHe pfAfa BBeJeHHBIX HNCEJ X MOXKHC BHI3BATH HAa HHAMKALMIO,
Haxas kiaBuun 20d ¥ Jlom BolYHCHEHRs - AuCHepcHH, Ko3(hduuueHTa
DapHOP Koppessitiid H mapamerpos Jimmefinofl perpeccru (cm. § 5.12 u
5.13) caymat creusanbikie onepatopel Op 11 -+ Op 15 (cM. nanee).
VIx ucnosb3osaHne NOSCHAET NpMMEp B IPHJOXKEHHH | (omucaHue Ipos
rpamMmu ML-01).

2.3. BaeMeHTAPHOE NpOrpaMMupoOBaHKe
MHEKPOKAJLKYASTOPOB C anreGpanuecKoil nOruKoi

- DjewenTapiiQe NpOrpaMMHPOBaHNe MHKPOKaJbKyJATOPOB ¢ anreG-
panyecKol JIOTHKO# MaJjio OTJHYAeTcsi OT T2KOBOrO AJIS MHUKPOKAJBKYJsie
TOpOB ¢ 0oGpaTHOR OeccKOGOTHOi sNOrHKOi BHuUHCIeHHH. (QueBHAHBE OT<
JIRUMS 3aK/HOYAlOTCH B HCNOJNB30BAHHH ONEPATOPOB BBOAA CKOGOK (n0
9 map) u oneparopa == (OHH HOCTATOYHO OUEBHAHH), 2 TAKKe B yueTe
npuopureTa onepanuil. PacCMOTPHM HECKGJLKO THRIOBHIX NPHMEpPOB.
1. BuancneHte
e=a4bX(c—d) = 21y

npu a = R00, b = RO!, ¢ = R02 1 d == R03 ¢ 3aHeceHueM peaynb'ra'ra"
B pernctp R04 BLmOJHSETCS 110 mporpaMme

RCL 00 4+ RCL 01 X '( RCL 02- —

RCL 03 ) = STO 04 R/S
2. FHorna MOMHO COKDATHTL MpOTpaMMy, HCKJMOUHB CKOOKH B €03+
ZaB OpHOpHUTET BLINOJNHEHMs Orepauuil BBOjOM oneparopa ==. Hampu-
Mep, (2.1) MOXHO BHYMCIANTL O IpOrpavie:
RCL 02 — RCL 03 = X RCL 0t +

RCL 00 = STO 04 R/S

B naunHOM cnyuae cHayana BEYHCASEM (c——d), YMHO}KaeM pesydaorar
H2 b u npuGaensem sateM @, . - ’



+ 3 Buuncrenite
y = 7,06-10-3%%* = 7.06- 103 X (exp(@ X »)) = ? 2.2)
¢$opMaNbHO BHINONHsETCH MO porpaMMe (x = R00):

7 - 0 6 EE 3 +/— X |
2 X RCL 00 ) INV lnx ) = RJS

Hans x = 2 poaywaeM y = 3,8546294 - 161,
4. Beens uncyo 7,06-10=3 s peructp RO} H HeCckO/bKG H3MeHNB
nopAROK BHuKCHeHnt (2.2), MOXHO 3aMeTHO COKDPATHTL NpOrpamMmy:
2 X RCL 00 = INV Inx X RCL 01
= R/S

5. Brgucsenne
gre=x— (lnx41)=72 (2.3)

diopManbHO TpefGyeT 3anOMHEAHHS X AJI8 ROCNERYIOMEro BBOAA €ro B
¢ko0KH H BbIMHCIEHHS In x:

STO 000 — ( RCL 00 Inx + 1)
= R/S

Hans x = 3 monyunm y = 0,9013877113.

6. Briuncnenne (2.3) MOMXHO BHIIOJHHTH NO Goflee HpocTofi npo-

rpamMme:

— ¢ lme 41 ) =R/S
YURTBIBAA, YTO HOCHe HCHOJHEH#As: ONepaTopoB— M ( UHCJG % €0Xpas
HseTens B peructpe X. 3TOT npHeM MOXKHO HCNOJNB30BATh, €CHIH HOCke
oneparopa ( CTOMT OIEPATOP BLIYKCJICHHSI MATEeMaTHYeCKOH GYHKUEE HiH
eneparop CE.

Onepatoput Gesyenosubix Nepexonos. BeayclioBHbe epexofis! 3afas
oTess K Metke N (BBopuTcs JMmoGOH K/AdBHiled, HUMeliel Koa) mi
TPex3HAuHOMY ajpecy N nn ¢ nomouibio omeparopos GTO N (msyxma-
ropeix) m GTO n nn (rpexmarosbix). Cumsost GTO (go f0) osnawaer
«unti K». Hanpumep, nmepexon K Hayasly HporpaMMbl 3alaeTca -onepa-
TopoM GTO 0 00. Taxoit nepexon NzeT W coenmanbHbll onepatop RST.

OnepaTope: YCIOBHBIX Hepexofos, MiMeercs 4YeTwpe THRA ©NEpaTos
POB YCJIOBHBIX TepeXOfioB.

Oneparopnt Venopue nepexona
x>=t N B N onn x>,
x=%¢ N W honrn x =1,
INV x>t N HIR h An x < §,
INV x=¢f N wmm nnn x =1 \

3necn t— conepxumoe perscrpa cpasHenus f. Eciin ycnoBHe HCPeXona
BLINIONHSAETCS, TO MPOHCXORHT nepexon K MeTke N Hiaw anpecy. o nn.
Ecau ycnosHe - He - BHIOJHAETCS, MPOHCXOAHT BHIRONHEHHE ONEPaTOR,



YKA3aHHOrO MOCJie METKH Him anpeca n nn., Omeparop x == f ofecrieads

BaeT OOMEH cORepIKHMOTo pervcrpos X K f, HanpHMep AJa BBoza &

Onepatop CP B nporpamMe OOeceuHBaeT ouncTKy permctpa ¢ (f = 0).
IT1p nMep. Beuncaute ;

C y=sinx/x n-pu x50,

y==1 npu x==0.
ITporpamMma
CP Rad x=¢ 0 18 STO 00.sin =< RCL
00 = R/S 1 R/S

np# ¥ = 0 (8 perucrpe { yncno 0) obecneynsaeT YCJIOBHLIE NMepexofl no
anpecy 013, T.e. BuBon Ha mHaukaumo umcya 1. Ecam x %5 0, TO BHI
YHCHISIETCH Sin X/X.

' Omneparopw Beopa momnporpamm. IlozmporpamMma, HAYKHAIOHIAsCH
¢ ajpeca nhn, BLIIOJNHAETCA [pPH HCIOJHEHHH TPEXLIArOoBOr0 OmepaTopa
SBR nnn (SBR cokpaueHne chioBa subroutine — noBnpozpamma). Eciu
AOANipOrpaMMa HayuHaerTCs oneparTopaMu BBoaa MeTKH Lbi N (cm. Hinke),
TO OHA BBIMOJIHSETCS NPY HCIOJHEHHH AByXmarosoro onepatopa SBR N.
B xoHue nommporpaMMe!l Beopmtcst onepatop INVSBR (Bosspar u3
nopnporpaMmel) *). Uncno snoxeHn# HOANporpaMM JApyr B Apyra H2
JOJIKHO npeBHIUATDL 6.

2.4. CrneunasbHeie BONPOCH NPOrpaMMEPOBaHUS
MHEKPOKAJLKYJASTOPOB ¢ ajreGpandeckoil JOrHKOii

Oneparopw BBOpa mertox. Merxu (labels) sBoparcs oneparopamm
Buna Lbl N, rne N —cumBon J0GOH XniaBullM, KpoMe LH(DPOBLIX,
nuMeforiell kon (oGmas metrka). Ouenb ynobun 10 MeTOK, BBOIHMEE
KJIaBHLIaMA BepxXHEro psina M o6o3naueHHble GykamH A, B, C, D, E,
A’, B’, C’, D’ u E’. Boa takoro cuMBosia ofeclieunBaeT BHINOJHEIe
TporpaMMul C aapeca, CRAeNYIOMEro 3a ONepaTopaMH METKH.

ITpuwmep. Buuncaurs (2.1), o6osnauns nepeMenssie @, b, ¢, d n €
metkamu A, B, C, D u E. ’

‘Tlporpamma npu aToM GyieT uMeTh BHA

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

Tenepy yrncaa A, B, C 1 D moxno BBOIuTL B JIOGOM MNOpSIKe, YKasan
noChe BBOZA COOTBeTCTBYIOWIHME OyKBeHHBIH cuMsod. Hampuwmep, ecan
A=2,B=05,C=4u D = 3, BBOL MOXHO BwMOJHNTb TaK: 3 D 5 B
2 A 4 C. Tenepn, ykasaB cumsod E, nonyunv e = 7.

1SB *) B nporpammax omeparop INVSBR cokpallenHo oGo3naues Kag
R. .



Onepatopr OpraHu3aniH nnKjBoB. 1LUKJAM OpPraHH3YIOTCS OrepaTo-
pamua Dsz X N n Dsz X n nn, rre X-—Homep perucrpa R, {or O
zo 9). Ilpr KaxgoM HCIIOJAHeHHH 3TOTO OlepaTopa . OT CONEPMHMOrO
Ry > 0. otenmaercs 1, a kK comepkuMoMy Ry << 0 npudasasercs. I,
nocie 4ero, ecan -Ry %= 0, npoucxoput nepexop K metke N HIn K an-
pecy n nn. Ecim Ry = 0, merka N (njm anpec’ n nn) uUrHopupyercs ¥
BBIIOJIHAETCS CHEAYIOWIN 32 HUMH ONEPAaTop.

ITpuwmep. Broyncaurs psag

m
- y= Z kn'.
. k=1

Tlporparma mveer BEA (m = RX; n = RX):

CMs STO 00 R/S STO 01 RCL 00 y* RCL-
01 = SUM 02 Dsz 0 O 06 RCL 02
R/S RST

3pecy omepatop Dsz 0 0 06 opranusyer B peructpe RO0 cueTunst
k= (k— 1) c navaipHbIM 3HaueHHeM k= m U LEKJ BuuECJeu#s k7
haynHawmzica ¢ agpeca 0 06 u xoruaromuiica onepatopom Dsz 0 0 06.
Ilpu k£ = 0 nporpaMma BEIXORHT H3 LMAJAA, H COZEPXKEMOE CYMMUpYiO-
nmero perucrpa R0O2 BhIsEBaercs Ha uupukapdio. Jusg m =5 0 n==6
‘nosyuny y == 20 515 npu Bpemenu cvera 5 c.

Onepatops ycTameExu B Koutpess ¢Jaros, @ aae — COeHHANBHEI
yKasaTtenab epexopa B mporpaMme (aHajor (uary B pykax peryanpoB-
LHKa yJHYHOro ABHKeHHs). uaar uMeer Homep y =0, 1, 2, ..., 9.
Tlopnem ¢aara BenonHstercs BBopoM oneparopa St flg y, a cryck—
cnepatopom INV St flg y. Ilposepka yciioBusi ycraHOBK: (rara B HyX-
HOGM MecTe MNporpaMMbl  O0ecneguBaeTCH HCIOJHeH:#eM  OnepaTropa
If flgy N wna If flg y n nn. Ecom ¢uar y nomnar, TO oOCyLUeCTB-
JiseTca nepexop K merse N uam K mary nporpamubl 12 an. Ecan dunar y
OIvieH, TaKoil Tepexox He npoucxonwT. [lp scioaHeHHH CNEePaTopoB
INV If flg y N wnu INV If flg y n nn nepexop NPOHCXOIOHMT, €C/IH
¢aar y ouyueH, B HC NPOHCXOIHT, €cil OH IOLHSAT.

iflpumep. CocTaepTh nIporpamMmy IepeBoja Mep JIJIHEL B COOT-
BEeTCTBHH ¢ dopMyaaMn:

1 xm = 10600 m; 1 ™ = 3,28084 ¢yr; 1 muas = 5,280 ¢yr. Oprn
H3 BapWaHTOB Takoll IIpOrpaMMEl HMeeT BH[,

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

. 2 8 0 4 INV liilg O = =+

5 2 8 0 Lbl- = = ISBR

3nech, ecnn ppopsTcA KuiomeTpH (Metka A), daar y == 0 noxHu-
M.«Tosl, ecllu MeTps (MeTka B) — dmar y = O omyckaercs. B saBucy-
MUCTH OT 3TOTO NepecyeT BEAEeTCsi 1O TOH /M HHOR pépmyae. Hycte



HAJ0 ..yéuarb, CKOJIbKO MHNb B 75 KM. BBomuM unciio 75 m yKasksaeMm
merky A. IMonyuum 46,6 munn Tenepb BHISICHHM, CKONBKO (YTOB 8
1,78 M. Booaum 1,78 u ykasuBaeM MeTKy B. Iloaywam 5,84 dyta (pes
SYJLTaTH OKpyryiemsl Ha Tpetheli umdpe).

Cneupaneisie onepatopwt Op. Komanno#t suma Op nn, rne
nn == 00 = 39 BBOnATCcH 40 creyuanvublx oneparopos:

nn Hasuayenune oneparopa Op nn.

00-=- 08 VupasJienne neuathlo NpHHTepa (OMHCAHH nafee).

09 lanuce B O3Y nporpammel u3 Gnoka ML (cM. nanee).

10 Bulancaenne curiyM-QyexkuuH (y =1 npu x>0, y =0
rpu x =0 ® y = —1 npu x < 0, npuvem y-> RX).

1l Briuncriesne NUCHEPCHH W HAKJIOHA NpsAMOli Mpu JuHelHoH -
perpeccui. .

12 Brruucnenne y(0) npu JHHeHHON perpecCHu. -

13 Briuncrnienne KO3(QUINEHTA KOPPENSALHH.

14 BoluncnieHHe y [ 3aRaHHOMY X UPH JIHHeHHOH perpeccHw,

15 Briuucnenne x 10O 3anaHHOMY Y TNPH JIMHEHHOHR perpeccHs,

16 TIpoBepka pacnpenerieHHsi NMaMSATH.

17 YcrapoBka 3anaHHOrO pacmpefiesleHHs naMsTH.

18 ITopbem ¢nara y == 7, ecan HeT OLINOKH.

19 ITopgbem ¢aara y = 7, ecsim ecTh OLINOKA.

20 <~ 29 Vpenuyenne comepxnmoro perncrpa R0O - RO9 ma 1.
30 < 39 YmMeHblweHne copep¥uMoro permctpa R0O0-<-R09 ma 1. .

Oneparopny kocseHuoll appecanbi,. K HEM OTHOCATCH CleAyluye
oneparopst (XX — HOMep perucrpa ajfpecaliui):

Oueparop Kon, HazHaueHHe omeparopa
STO Ind*) XX 72 XX 3anuch B perucTp namstu R
RCL Ind XX 73 XX BhisoB M3 peructpa  na-

-~ MatH R
EXC Ind XX 63 O6uer R 2 X
(INV)SUM Imd XX (22) 74 XX CyMMHPOBAHHE HIH BHYR~
- TaHHEe B perucTpe naMata R
(INV)Prd Ind XX (22) 64 XX YMHOKEHHE M AeJeHHE
) B perncrpe naMsTu
GTO Ind XX 83 XX BeaycnosHuli nepexop,
Pgm Ind XX 62 XX ‘O6pawenue K nporpaMme
Op Ind XX 84 XX Bumnonuenne onepatopa Op
SBR Ind XX 71 40 XX O6pameHue X HORNpOr-
) ’ pamme
Fix Ind XX 58 40 XX 3ananne uncna undp nocne
Bsanfitoll

*) Onepatops XocBentoft anpecammn STOInd, RCLInd u

T. A B
nporpaMmax cokpatnenHo o6osxauaiorcsi Kak STOIL, RCLI u 1. A



(INV) x==1f Ind XX  (22) 67 40 XX v
(NV) x>t Ind XX  (22) 77 40 XX CTOBHEIC Mepexofiry
(INV) St flg Ind XX (22) 86 40 XX  Tlomwvem (cmyck) ¢nara

(INV) If flg Ind (22) 87 40 Adanus nonoxkenma
XX N e a nn XX, N unu n nn  ¢aara

(INV) Dsz X Tnd XX (22) 97 40

N wm n nn XX, N uwau n an Opranusais HHKI0B

Hanom#nM, yTo IpH KocBeHHOR aipecallin anpeca MPOrPAMME, HO-
Mepa PErncTpoB ¥ HOMepa (WIarOB YKA3HIBAIOTCA COASPKIIMEIM DErHeTpa
anpecanyn XX. JJs MONMPHKAUMH €ro MOTYT HCHONbL3OBATLCS Onepas
aopst Op 20 + Op 39 u Dsz. Hanpumep, B nporpamve

CMs 4+ 1 STO 60 = x2{ RCL 00 R/S
STOI 00 Op 20 RCL 00 INV x=f 0 09
RIS eve men e e e e e e e

. obecneyuBaercs 3amuch N muces ROCHEeNOBATC/ALHO B PETHCTPH OAMATH
o1 ROl no RN ¢ mcnojb3oBanmeM KOCBeHHOfl alpecauny (perucTp ap-
pecauun 00) » wmommuxaumeil anpeca, eGecneyusaeMoll WcnojHEHHEM
oneparopa Op 20.,I1pu mycke nporpammst B peracrp ! ssoguM uucao N,
a B peructp R0O0 — wueno 1. Oasi N = 5, naxas knasuwun RST u R/S,
ToJiygHM #a HMHAWKAaTOpe HOMEp 4HCJIa, KOTOpUe Hal0 BBOIHTH — HO-
mep 1. Beenem x; = 12 n, Haxas kaasuwy R/S, nogyuynMm HobHf HO-
mep 2. Boopum xo =7 H T. I, HanpuMep X3 =7, X, =9 A x5 =15,
Tenepb #erpyaHo yOGenurecs, YTO 5TH YHCJa OKAXYTCA 3anUCAHHBIMH
B perHcrpax ROI -+ RO5. B srofi mporpaMme BLIXOL H3 IHLJIA OCY+
HIeCTBJSICTCS 1O YCAOBIHO Xgo = £ = N. Ecomm x¢0 %= N npoucxonur me-
pexon Ha agpec 0 09 (uayanyio WEKAA € ONMEPaTOPOM 3AIMHCH B PErHCTPR
namsaTH ¢ KOCBeHHOH anpecanueit).

2.5. PaGora ¢ GulnuoTexoll nporpaMm Nonb30BaTeNd

B mukpoxraiekyastopsl TI-58C/59 scrpoen cwennvifi Monynb ¢ 6u6-
AtioTexoll npoepamm nosesogareas ML (Master Library). Ox npencras-
Jiser cob0fl TeepAOTesibHOE NOCTOSHHOE 3aNOMHHANONIEE YCTPOHCTBO eM-
KOCTbi0 OKoflo 40 K6uT, B KOTOPOM MOJYKET Xpauuthcsi OubiHoTeka u3
HECKOJIbKHX JIleCATKOB IIpOCTHIX IpOrpaMM JnbGo CJOKHas nporpamMa
¢ yncaom waros no 5000. Cvena Gnoka ML 1mo3sossieT MrHOBeHHO Iie-
_PEOPHEHTHPOBATL MHKPOKAJBKYJNATOP Ha BHIOJHEHHE Da3JHUHEIX KO-
(eCccHOHANBHBIX BHIUHCIEHH: HAYYHO-TeXHHYEeCKHX, ).IeJloBI:IX (3xoHOMH~

. YeCKHX), CTATHCTHYECKHX, GHOJIOTHYECKHX i T. A.

Tunosoit Gnok ML (mopyms 1) conepxur 25 nporpaMM, B OCHOBe
HOM.. PEaNH3YIOMHX HAyyHO-TexHuuecKne pacyeTh. [lepeuenb STHX mpO-
rpaMM ¥ UHCTPYKHHH 1O MX NpPHMEHEHHI0 AAHH B NPHIOXKeHHH 1.



Tlporpammet ML MOryr nenQub3oBaThCs CamOCTOATENLHO. B stom
ciyuae OHH BBOLATCA C KJABHATyphl HAK@THEM KJABHLI 2nd Pgm mm,
Flle mm — AByx3HauHel Homep nporpammbl ML. Crenyer oTMeTETL, 9TO
BBeneHHAs TakHM 06pasoM mporpamMa ML He 3aummaer Ty uactb O3V,
KoTopasi OTBOAMTCS NOX -BHEUHHe (BBOXHMBE ROJb3oBaTesieM) Npos
rpanwpl. TlosToMy ynCnO maron mporpaMm ML - moxer npeBHIIATH 10+
nycTnMo€ IJisi BHelIHHX uporpamM. OpHaro npr paore ¢ mporpammas
mi ML ucnonb3yeTcss 4acTb PerHCTPOB maMATH (MX HOMepa YKasaHHL B
onHcaunuy - “nporpammM ML), 9TO nOMMeH YYHTHBATL MOJb30BATENb NpPH
COCTABJIEHHH CBOHX (BHEMHHX) NpPOTpamM.

IporpamMmer ML Moxuo nepenucate B O3Y sBonoM KOMaHn
2nd Pgm mm Op 09. DT0 BOSMOXKHO, ec/iH YHCIO WIAr0B IPOrpaMMhl
ML ~ mm MeHblle MAKCHMaNbHOTQ YHCJA WIAaroB NMpOrpaMMHOM MaMsiTy
(480 y TI-E8C u 960 y TI-b9). Takas nepesamuCh IO3BOJIAET AETANLHO
JpoaHanusHpOBaTh nporpaMMy ML -— mm n U3MEAHTL ee. 3aIHCh H3+
ICHEHHOl nporpaMMel B Osiok ML -HeBOsMOXKHa, 4TO obecneyHBaer 3a+
£uTy nporpamm ML. ’

B mporpammax ML mIHDOKO HCIIONb3YIOTCS MeETKU, KOTOPHIE IENAT
<ayK YK NpPOrpaMMy HA uacTH, HMECIILE CaMOCTOSTEJLHOE 3HaueHve.
TIporpamMmy ML — mm nojHOcTBIO WIH YACTHYHO MOIKHO HCHIONIb30BaTh
3 KaueCTBe MONIPOrpaMME, BXOESIEH BO BHEWIMIE NPOIPaMME!, COCTAB-
JsieMie NOJb30BaTeNeM. V1 HanpoTHB, BHEUHNE APOrPAaMMHI MOXKHO HC
[OJIL30BaTh B KayecTBe momnporpaMM pas nporpamm ML, 3t BO3«
sI03CHOCTH Peain3yIoTCsl onepaTopamH:

Fgm mm N O6pauienne K ©wacTH DporpaMmbl ML — mum, nome-
yeHHol meTkoll N.

Pgm  mm SBR N Bosspar n3 nopnporpammitt ML—mm X BBIOJHEs
HHIO BHEWHEH nporpaMmbl.

Pgm mm R/S OGpauiesne kK nporpamme ML—mm € OCTaHOBKOH.

S3IR n ni O6pauieHne H3 nporpaMmel ML—mm ¥ Romnpo<

) rpamme, BRecennoll 8 O3Y ¢ apgpeca n nn.

SBR N G6pamesne ¥ fgoanporpaMme B O3Y, nomeuyeHHoft
MeTKoH N.

Taxkoe KOMGHHHDOBAMHOE HCHONL3GBAHHE NPOrpaMM Hepenxo I103BO-
JSIeT PeasH30BaTh BHYHCJEHHS, KOTOpHe IOTpeGoBaJjin Obl COCTABJIEHHS
nporpaMM ¢ oGLLEM SECAOM laros ao 5000.

ITosichuM KoMOGMHHPOBAaHHOE HCIIOJb30BaHHe nporpamMm ML u suem-
HHX IIPOTPAMM Ha NpPHMepe BLIYHCJEHMS BHpPameHHs

b
i, b)=_S N5 T Tdx + beS = I + bea,

a

CCAepPIKAINEro HETerpad :f, KOTOPHH BHYMCHSETCH Nju., avMolil ML—09



uycieHHOro HHTerpupoBarus. M3 ee. ommcanns BBISICHAEM HCIONB30BAHHE
perucrpos namstH: ROl =a, R02 = b, R0O3 = n, R04 =1, R05 = n,
ITporpamma, seonumasn 8 O3Y, uMeer BuI:

Bsox dpacmeHT UpoOrpaMmnr- [Mosicnenusn

a Pgm 09 A R/S Bsox a no nporpamme ML—09,

b Pgm 09 B RS Beog b no nporpaMme ML~—09,

[ Pgm 09 C Bsox ¢ mo nporpamme ML—09,
Pgm 09 D Boiuucneuse /I no nporpamme ML--09.
RCL 01 INV Inx X Briuncnenne be® ++ 1 1 ocTaHOpKa OCHOB-
RCL 02 + RCL 04 HOI TporpaMmal.
= R/S

Al
Lbl A’ ( S8TO 06 HNopnporpamma B O3Y A sHYUCAeHAN
RCL 06 i 2 + nopHTerpaibuol dynkunu 4/3x 4 1.
1 ) 4/x INVSBR

B stoii mporpamMe 4 pasa vactH mporpammnl ML—O09 wucroawe
8yIOTCH B KauecTBe MOXNpPOTPAMM AJA BHITOJHEHHs OCHOBHOH Mporpa-
pl. C apyrofi CTOPOHEH, 3aKMOUYHTeJbHLIl (QparseHT HPOrpamMMbl — Bbi-
gucnenre f(x) = 4/2x +#4cnonb3yeTcn B KayecTBe [ORNPOTPAMMES AJIS
BulyHcsieHust uaTerpata no nporpavme ML—09. Has a =0, b=1 1
¢ = n = 8 noayuum- f(a, b) = 2,398713896.

2.6. Onepatopsl yppaeaenus uubpOBHM MArHATOGOHOM
¥ NPUHTEPOM

B wmuxpokanokynstop TI-59 Bcrpoen wmuHHaTiOpunlit MarHuTOdOH
ANA 3alKCH NAHHBIX M [POrpaMM C ABYX CTODOH MATHHTHBIx KapT
(zamBa 7,62 cM). Jasnbie BBORATCH OnNepaTopoM. BRAA 7 2nd Write,
rue n— uoMep Ganka aammbix (n =1, 2, 3 wn 4). 3anucs nporpamm
Bunoauserca ssogom oneparopa 2nd Write, CyuTbiBauie AaHHBIX NPo-
nspopurcs omeparopom n INV 2nd Write, a nporpamm~ INV 2nd
Write. Tipu stom HemomyctuMa ycraHoska dopmata Fix (c6poc ero sbi-
monusiercs BBonoMm oneparopa INV 2nd Fix).

K muxpokanexyastopam TI-58C m TI-69 moryT noakao4aTbCsi MH-
Huatiopunte npunTeptl PC-100A w PC-100C. BoiBon KauHbix Ha peuatb
v6ecneunsaeTcs BEOROM B mporpammy omepatopa Prt (ot cnosa print —
neuqrv). Ero paGota HMOCTpUDYeTCH CHEAYIOLWHM TPHMEDPOM.



MDpumep.

O6paaen, nedatd nporpaMmel -
. O6paaen neuary
AAHHHX
Anpec Kox Oneparop
000 85 + 3
00l 03 3 6
002 95 = 9
(1151 99 PRT 12
€04 © 8l RST 15
005 . 00 0 18

Ilpr BBOBe mepen omepatopem Prt (PRT) omeparopa Adv ysean-
nuBaeTcs mnpoben Mexpy crpoxamu. PacneuatRa Texcra {(aucTuneq)
nporpaMmbl {CM. TpuMep Bbilue) obecneyHBaeTCs BBOLOM ¢ MyJbTa one€-
paropa List.

TlpenycmorpeHa BOSMOXKHOCTh NeyaTH alihaBHTHO-IM(POBLIX CHM«
BoJoB B JHO6OM Mecte cTpoku. CTpoka pa3busaercs ua 20 3nHaKemecT,
ycraHnaenuBaeMHX BBofoM oneparopos Opl < Op4:

01234 56789 1011121314 151617 18 19
Opl Op2 Op3 Op4

Kaxnuiit 13 64 cHMBONOB 3aj1aeTCsi KOXOM:

Broped uugpa KoAd -

0.1 2 3 4.5 6 7

. 0 fipoben 0O 1 2 3 4 3 6
1 7 8 8 A B ¢ D E _
g2/ - ¥ ¢ ®# I F K L3
23| M X 0 P @ R $§ T3
f 41 + UV V W X Y Zz + &
25 x %« ¥+ & e ( ) , ¢
= e vV % r 4 = # X X &
7 t 9 =+ t E A m =

- n’eqaraé\wue CHMBOS

Koger cuMBOZOB  yKka3piBamoTes TNepef, BBOAOM  ONEPaTopoB
Opl <+- Op4. HonmycrnM, myxHo Hamevatats ¢pasy INPUT X, Y, Z,
PacnpesensieM sHakoMecTa CTPOKH TeNaTH:

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



Ilporpamma nevatTH HaHHOH (PPa3s! HMeeT BHA:

IToxazaunsn
Oneparop AMcntes {Toncueunsn
CLR Op 09 0, C6poc peructTpa npunTepa
2431334137 Op 01 2431334137 ITevats csosa INPUT
- 0044574557 Op 02 0044574557 IMeuars auaxoB X, Y
460000000 Op 03 © 4600000000 MMeyath znaxa Z
0000000000 Op 04 0009003000 [eyats mpodesos .

Taxum oGpaszom, Tipn pafoTe ¢ MPHHTEPOM OLGEPATOP HMEET BO3MOXK-
HOCTE BBHIBOJia Ha NevaTh He TOJbKO HE(pP, HO H CHEUMAJbHEIX 3HAKOB
K CJOBeCHbx KoMMeHTapueB. C momomibio onepatopa Op 07 mMoxno me-
yaTath CHMBOJOM # DpocThie rpacduku: Tlpm 2TOM pe3ynbTaT BHIGHC
JieHHt Haj0 HOPMHPOBATL TAK, YTOCHI COZEPIKHMOE PerrcTpa X He Tpes
suimaio 20 (soma meyatn pasCuBaercst na 20 smakomect). Tax, meyath
CHHYCOH/IH 3HAKAMH # NDOHSBOXHTCH C [OMOIUBIO TPOrPAMMEL

Ibl A RCL 01 sin 4 1 = X 9
- 9 = Op 07 1 8 SUM 1 A

Amnnuryna CHHYCOHAbI HOPMHDOBAHA, TAK YTO [I€YaTh B CTPOKe 3aHH<
Maet 18 HHTepBaloB.

" Onepatop Op 08 ofecneunBaeT BHBOL Ha [e9aTh TeKcTa (nueTHn-
ra mporpaMmel), kak um omepatop List. Onepatop NN INV List o6ec-
TeYHBAeT PacleyaTKy COLEPXKHMOro JEeCSTH PErHCTPOB NaMATH, HAYHHAS
c Homepa NN B Buge (NN == 20):

OG6pasen neyatd AaHHLIX .

Conepmumoe Howmep ConepxuMoe 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
-—1,225643¢ 08 24
0. 25 ’

2.7. Beop, penakTupoBaHue W NePeBOM NPoOrpamm

Ilepen BBOZOM HOBOH LpOrpaMMBl HHOTLA MOJE3HO CTepeTh CTAPYK,
Haxap KAaBuiH 2nd CP, B OYHCTHTH BCe PETHCTPH NaMATH HaXKaTHeM
knapum 2nd B CMs, Jlna BBOma NporpaMMH HAXKHMAeTCsl KJaBHINA
LRN. Ha aucnnee naceeunpaercs cumposa 00000 (mepeoe uHC/I0—HOMep
liara wIH azpec, BTopoe — kop). Ilocye 9Tero BBoAMTCH Fporpamma
COOTBETCTBYIOIHM HaXKaTheM KJA4BHIL, o



Mpumep. Beemem muporpammy Bhiuucienns akropuana E! =i

= 1.2.3 ... E ¢ yyerom 3Hauenus 0! = 1:
Lbt E STO 0 CP x=¢f A Lbl B RCL
0 X Dsz 0 B Lbl A 1 = R/S

Bosee pmeTanbHO TpoUecc BBOJA BHAEH H3 NOAPOCHOTO OMHCAHHA
ipOrpamMMeL:

IToxaganusn
Iuchnesn
Onepatop - IToscHenusn

Anpec{ Kon

003 76 Lbl Beoa,

001 15 E MeTkn E

002 42 STO 3anuck uymena E

003 09 | "0 g peructp R00

034 29 CP C6poc na ( perucipa ¢

005 67 x=t CpaBuenne E ¢ 0=t

036 11 A Ecan E = 0, nepexon K Metke A: sapanme 0! = [

007 76 - Lbl Beon

033 12 B MeTKH B

039 43 RCL Brisos

010 0) 0 conepiKuMoro pernctpa R00

01 65 X Ouepauysa yMHOMEHHS

012 97 Daz BriloaHekue bnepaTopa OpraHM3alHH LHKAAa ¢ BO3+

013 (411} 0 BpaToM NO MeTKe B ‘

014 12-

015 76 Lbl Bsoxn

016 11 ‘A MEeTRE A

017 01 1 . | BuiBog uHcaa !

018 95 = DuxKcanys KoHLla BBIMACKEHUH

019 o1 R/S " | Ocranos shiuncHCHRH

Kopel omepanpii HameceHE! Ha NPO3payHON MIACTMAcCOBON HarJaf-
Le ¢ mpopessMH I KaaBull (cM. puc. 2.2). Ecnm npe BBOmE mpo-
rpaMMbl WIH TPH ee peJAKTHPOBAHHH MNONyHIEHA U OOHApyXKeHa OIIH<
Counas omepauus, ee cTHpaT Haxcatwem KiaaBuw 2nd Del (ot cnoea
delete — cruparv). TIpenylieHHEN! ODEPATOpP MOXHO BCTABHTB: OH BEO-
InTcsi mocse HakatHs kaasm 2nd Ins (oT cioma insert — ecragante).
Ilpn sTOM aBTOMATHYECKH MEHSIOTCS afpeca BCEX MOCIELYIOUHX One-
PATOPOB (YMeWbINAIoTCA WJH YBeJHYHBAIOTCH).

TlpocmoTp mporpammbl nO 1WAraM GPOH3BOAHTCS TPH HAXKATHH KJa-
sum SST (waz sneped) n BST (waz na3ad). Tlepexon B pexum Bhi
uuCeHul npoucxonur mocie Haxatua kaaeminn LRN. Ecau nyck mpo-
IpaMMBI TPOBOJHMTCA C HYJEBOro Bzpeca, HaxKHMaloTcsi KaaBuinH RST
(ycranosxa nynesoee adpeco) w R[S (runfstop— nycxfcron). Tlyek c
‘appeca n nn obecneunsaercsi BBomoM oflepatopa GTO n nn, nyck ¢
MetkH N (kpoMe ‘GYKBEHHEIX) NPO3BOLHTCH BBOLOM onepatopa GTO N,
Ilyek ¢ Gyxeenmnix Metox A, B, G, D, E, A’, B/, C', D’ u E’ ppous-’



BONMICS yKasaHHeM HYIKHOH GYKBH TiyTeM HAXaTus COOTBeTCTBYouieh
kjasun (s 6yks A'—E’ pepen aTHM HaXXHMaeT<sd KJaBHIIA 2nd).

TlpoBectu BhiUMC/AEHHS [O 1AaraM MOXKHO, HaXKHMasi B peXuMe Cyes
Ta .kjaaBuwly SST. Pesynbrarsl BHIYHMCIEHHS Ha KaXX7O0M ilare BEiBO«
OATCS Ha UHAMKATOP.

BaXHbiM HCTOYHHKOM NpOrpaMMHOro obeclieyeHHS MHKDOKAJBKYJls-
TOPOB sABJAeTcA nepesod npozpamm. B cnpasounoit [6—9] u nepHonpH-
yeckofi JIHTEpATYpe ONHCAHO MHOXKECTBO NPOrpamm I PassiHIHBIX MO-
pefieli MHKPOKaJbKYJsTOPOB € PAa3HOH JOruKoi BbIYHCNEHHH H CHMBO-
JIHKOH KJaBHaTypel. OTO SaTPyIHsieT MepeBOj mnporpaMm H Tpelyer
JIeTallbHOTO 3HAKOMCTBA ¢ $I3LIKOM [POrpaMMHPOBAHHS pas/IMiHBIX MO-
gelell xaneKysnstopoB. TeM He MeHee CaMoOCTOsTe/IbHOe cOCTaBJICHHE
CJIOKHBIX nporpamMm Coniee TPYAOEMKO, YeM IepeBoJ] I'OTOBBIX nporpaMm.
3pech Ta JKe CHTYALHW, yTO H C HANHCAHEEM WM NEPeBOAOM JHTepa-
TYpPHBIX NPOH3BEAEHHI.

OG6LiyH0 NpH mepesoje YYHTHIBAIOTCS Ciexymouwue OOCTOATEIbCTBA:

1. JlerkuM siBJsieTcsl NepeBoj, ¢ DPOCTOTO f3LiKA MpOrpaMMHpoBa-
HuA Ha Gonee cnoxueif. OGpaTHeil nepekon 3HauMTeNILHO TPyAHEE.

2. ®opMaJbHBfl MepeBOl, 3aMEHOH CHMBOJIOB (UI1 Ha RCL, IT Ha
STO, BIT ua GTO, Il ua SBR u T. 1) BO3MOeH, ecnH MOREJE
KaJILKYyJATOPOB HMEIT OAUHAKOBYK JIOTHKY BLIYHCJAEHHl H CHCTEMY
koMmaHn. Tak, BechbMa [IpOCTinv.I ABJseTCH IiepeBol] nporpaMm C FA3HKa
OTeUCCTBEHHBIX ~MHKDOKAJIBKYJIATOpOB OJekrpounka bD3-34 (MX-54,
MK-56) na sisbix kanmskynsrtopos cepud HP (HP-65, HP-67, HP-97
4 np.) u-HaobopoT.

3. [Tpu paznuupsix B JIOTHKE BBHIYHCJEHHH OHM JOJZKHBL ObITE BHH-
MaTe/IbHO M3yuelnl H yuTeHbl npn Iepesode. OcoGbix TpyaHocTeH TaKoii
TepeBoy, He BBI3LIBAET, HO TpefyeT MOBHIUEHHOrO BHHMAaHHI.

4. HauGonee BaXkuofi OBHUHO NBJSETCH JeTaibHas K KOHKpeTHAs
peanusalys anropHTMa BHIYHC/ACHHE b HafneHHOH mporpaMue. r_109T0MY
HepeAKo Hpolue pasoOpafbcsl B HACTSIX AJrOpHTMA, @ 3aTei BOCITPOH3-
BECTH HX HA fA3HiKe HCIOJb3YEeMOro MAKpPOKAaJbKyJsATOpa C y4eTOM BCeX
ero (yHKIHOHANLHBIX BO3MOXKIOCTEH.

[is unrateiedl, KeJAGIMX OCBOWTH TEXHAKY fepeBona, MOJE3HO
BHEMATS/IBHO OSHAKOMHTHCS C pealuzamuell BaXKHefllIMX UHCIEHHbIX Me-
TOLOB Ha PAasNHUHEIX Kaibkyadsropax. OcHOBHO# mMarepHal] AaHHACH KHHTH
TOCESILEH MPOrPaMMHOMY O00ecHeueHHI0 MACCOBBIX OTEUECTBEHHBIX TIpO-
FpaMMHEDYEMBIX MAKPOKAJIbKYNSTOpoB. ONHAKO B .TPUJIONKEHHAX l"ll 2
MOXIO HaiiTH Psif DPHMePOB COCTaBJICHHS TPOrpamm. (or mpocTeHIInX
AC CHOXHHEK) 151 MuKpokasbkyastopoe TI-68C u TI-59. ConocrasJe-
‘HHe HX ¢ nporpaMMamMH AJs OTe4yeCTBEHHBIX MHKpOKaJIb_KY-'_mTOPOB ABHT-
cs xopoulefl WKOJNOH JJIsi OCBOEHHS TEXHHKH Nepeoia H HCROJb30BaHAA
TporpaMM, ONMCAHHEX B 3apyOexHoii nuTepaType. Kpome TOro, A,
Kanexysstopos TI-58C/(59 Tumuuen pJisi GOJBIIMHCTBA. 3apyGemHbiX MO-
Ieseii, a TaKXKe AN HEKOTOPHiX OTEYeCTBEHHBIX Mozeneit.




.l‘.uaaa 3

NMPOTPAMMUPOBAHHE MPOCTBIX
BbIYUCAEHUH

3.1. Onepannu ¢ aeficTEBUTEABRBIMA YRECAAMH

fiporpamma 3.1. Brinenenne Henofi wacru umcen x(l < x'< 109,
Bson: x == PX*) (M=17,8,9, A, B, C wm JI).

M KUIIM HIIM C/T1
Mporpamma 3.2, Buinenenue npoGuoit wacTh ances 'x(O < x << 10%),
Beon: x == PX.
A1 4+ TIM KWUIIM XY UMM — C/I1
Hporpamma 3.3. Vceuenne uncna x{0 << x << 10%) ¢ TIOTPEIIHOCTHIO
== 1.10—% Beoxa: ¢ = PJI, x = PX.
Ui < IIC KHUIIC UINC U1 X C/II
Jdas e =1.10~2 u x = 123,4567 noayuum pesyavrat 123,45.
fiporpamma 3.4. Oxpyrienne wucia X JoGOro sHaKa ¢ KOppexLmelt
nocsiefHell uugpe pesyasTaTa (OHA COXPAHAETCH, €ClM TOCHeAYIOMLHii

3HaK x MeHblle 5 M yBeiauuuBaercsl Ha I, ecqam on Gosvite 5). Beons
g =1.10~"= P[i, x = PX.

¥ Fx<0 04 [~ = 9 FBx WUIIL = TIC
KUIC XY HIIC - Flfx 2 -~ Fx<0 23 HIC
1 + MC  WIC MO X HI9 "X c/m

HOna x = :12,345678 u & = 1-10~2 ponywaem ogpyriiennoe aua-
yenne xo = 12,35, a maa x = :12,344999 oxpyrseHHoe 3navenme
x=£1234. - -

Mporpamma 3.5. Buaenenne monyas |x| umcna x. Beon: x = PX,

coe sse Fx<0 N /""l 2o ssw ese

3neck N — agpec wara nocsie oneparopa /—f. _
Mporpamma 3.6. ITpecOpasoBanne yriia, BHIPAXKEHHOrO B pajiAaHAX
§, B Yrol, BbipaxkeHHH! B rpamycax @°, MHHyTax ¢’ H CeKyHmax ¢,

*) Onepanusa BBOSA WHC/IA X B pérncrp X(x— PX) o6osnavaercs
x = PX.: Onepanust BHBOAG 4ucHa y B peructp X obosnauaercd y—

> s



Beox: 9 = PX, .. :
Fa = 1 8 0 [IIT 19 HIN8 6 0O
It 19 U8 6 0 X ¢/m BIT 00 X
i 27 HMID 1+ — /1 B/O ¢ 4 119
KMII9 XY HII9 — I8 B/O
© Jins @ == 2 pap, naxap rpmwxzel knasmuy C/I1, noayunm ¢° == 114,
@' == 35 u ¢” = 29,616, 1. e. ¢ = 114° 35" 29,616".
Nporpamma 3.7. IlepeBox yria, BEIpaX{eHHOTO B Tpajfycax, MHHY<
TaxX W CeKyHAax B Yrona ’

=({Z 1)L ) =
"’“(’(60"'“’)60"‘“’ 180 * .
BHpaXeHHHl B pamuanax. Beox: ¢°, @' u @” B peructp X.

ng ¢/m ne c/i1 4 6 0 + U9 +

6 0 <+~ HUII8 4+ IIo 1 8 0 -
Fn X CA1 BII 00

HOna ¢ = 114° 35’ 29,616”, seoms 114°, 35" n 29,616”, nonysmm
-@ = 2. Kpome 10TO, 13 perHcTpa O MOXKHO BHZBAThH 3HAYCHHE Prpag ==
== 114,59156°,

3.2. Buouncaenue onpenenurene
U omepauuy ¢ Marpuuamu

Hporpamma 3.8, BH‘MQJIeHHe. onpezesuTells- BTOPOro .nopsmxa:
Ae =P8 b, == P9}
ag = P b= P6

nrns I/IH6 X HIls W9 X — (/1
=9,

I == yby — ‘;Izﬁl-

ITpumenp. I 15 3
TNporpamma 3.9. Briuncliegme onpefelHTeNsi TPeTbero MOpsigKal
a, = P7 b]=-‘p8 C|=p9
aa———-Pl b3=p2 (:3_—_—.:133 .
==.¢y (@bs — asby) -+ ¢z (asby — a1bs) + €3 (@uby — azby).
N4 M2 X WU KB X — HI19 X Wi
U8 X Iz U2 X — M6 X <+ Nz
H1s X W14 HII8 X - W3 X 4+ CAl

TApuwmerp.

12 5 —3
{1 4 —1
it 3 2

Bpems cuera oxosio 10 ¢,



Mporpamma 3.10. Briuxciienne onpefiesliTeNs ueTBepPTOrO MNOPAJAKal

ay by cy dy
a,=PA b P7 ¢; =P8 d;=P9 -
oo PB bi—Pi 0.—P5 d,—p6|=mh—bBi+eaCi—dDy

a;=PC by=Pl ¢,=P2 dy=P3

-t

rie ¥
b2 C3 dg Qg €2 dz
Ay=|bs ¢ ds|, Bi=|as ¢z daf,
'b4 Ca d4 ag €4 d4
az by d az by ¢
 Cy=|as by di|, Dy=las bas c3{.
as b4 d4 as b4 [}

Cx MO TIII 54 M7 INA XY [I7 WIB HI4
NB XY I WIC UM TC XY I MM 54
M8 A XY [I8 MIIB MIIB NB XY Ti5 UG
M2 nc Xy 12 I 54 MIe TA XY 19
UIMB MIl6e NB XY I HIIC U3 [IC XY 113
I 54 MI0 C/IT M4 W2 X Ul HIBB X
—  Mm X MIIl HI8 X UIl7 M2 X —
s X + WUI7 HIls X M4 HI8 X —_
UMz X + C/m X WU + [0 WIIA B/o

IMocne BBOjA TpOrpaMMbl H HCXONHHX [AHHBIX, HaXaB K/JaBHIIY
C/T1, nonyunm 3HavenHe A, Beolmm ay = PX u, naxas knasumy C/I1,
noayyum By BeomuMm ~—by = PX ¥ monyunm C\, BROmMM €; = PX u
nonyuum D), naxonenl seoaum —d, = PX u nonyumm A.

Mpumep:

~N O O
=~ o W
oW N O
LN =

ITonygaem: A =8, B, =16, C,==52, D, =72, Boogum: a; =6,
— by =—3, ¢, =0, — d; = — 3. OxoHuarensHo A = — 216.

Ombezenurent Gojee BHLICOKOrO MNOPSAKA MOTYT BBIYHCASIBCH [y~
TeM pasNoXeHus Ha onpepeturenu 2, 3 u 4-ro nopsinka. OnHako Gosee
paLHOHANbHO TPOBOXHTh TaKHe BLIYHC]EHUS HA HACTOMBHBIX HIH YHH-
BepcaibHeix 2BM 1o craHAapTHLIM IporpaMman.

C noMOILB0 MHKPOKAJBKYJISTOPOB JIErKO NpOBOAUTH ONepal#h Hak
MaTPHUAMH C QHCJOM 5/€MEHTOB, He TPEeBHIIUAIOUMM YHCJA DErHCTPOB
namsitt (16 y Mukpokanekyastopa Daextponnka B3-34; eriouas pe-
rucTpel Z u T crexa). losicuum sTO mpEMepamH, :



IlycTs BanoO CJIOKHTh BeOrpaHHYEHilOa.YHCAO MATPHIL C YHCNOM
crpox 4 u -cronfuoe 3. Ya06HO 2Ty ONEpaliHi0 NPefCTABHTH B BHAE

a; as Qg bs by bg my Mg Me

as as G by bs bg my ms  Ms
‘ a, a, as + by by b +oe= my my g

ay Gip Oy by by by me gy my

\.
rae HUIGKCH! Y 3JIeMEHTOB MAaTpHI 3aMeHeHbl HOMepaMH pPerucTpos, [
KOTOphie 9TH ajleMeHTH 3aHocatcss (P10 = PA, P11 = PB). ‘

Mporpamma 3.11. Cnoxenne wmatpun pasmepa 4 X 3. Bsoon:
o+ ay = P0-- P11, by by == PX ... Pesysprar mg-m; 3aHO0+
cnTest B pernetput PO =- P11 '

7 C/r vnz 4+ 7z 8 c/r1 Hrs - [18e,
9 I une - Im9 4 C/I1 UI4 4+ IT14

5 C/1 UIG 4 I5 6 /I ure 6

1 ¢/ vm 4+ Im 2 ¢/ urnz - I12

3 C/IT U3 -+ I3 0 c/Mm Mo -+ 10

1 0 cn HMHnA + IHA 1 1 C/I1 WIB
<+ IIB BIT 00

IlpH HCnONB3OBAHUM 5TOHl NPOrpaMMBL CHauasta B perucpol PO -
= P1I BROAsiTCH uMcaa MepBOE MATPHULL 3aTeM, HOCAe HAXKATHA Kiaa-
griwk C/T], DOCTPOUHO BBORSAITCA BHAYEHHS 2JEMEHTOB BTOPOH MAaTPHibLL
TipH 5ToM IporpaMMa BCAKHE a3 [OACKASHIBAET HOMEp 4HCJA MaTpi-
el Hanpumep 7, 8 n 9, npe BBOgEé nepBofi cTpokH. Ecam MaTpui ue-
CKOJIBKO, TO B TOil 2Ke NOCJIe0BATEJBHOCTH BBOASTCH 3HAYEHHS S/eMeH-
TOB IMOCJeAYIOLiMX MaTpull. IIpoBepHTh HpPOrpaMMy MOXKHO, HPHCBCHB
SHaYeHHAM 3JIeMeHTOB CKJAABIBAEMBIX ABYX MATPHIl HOMepa perucTpon
(nonyyuM HX YyABOeHHe).

YacTo BO3HEKaeT HeoGXOAHMOCTb B YMHOXennH MaTtpull. Ilpomzee-
neHneM MaTpullel A pasmepa m X n na matpuny B pasmepa n X p as-
sserca martpuita C = AB pasmepa m X p, snemeHT C; KOTOpOii, pac-
TIOJIOXKeHHBH B ij KJIeTKe, paBeH CymMMe HpPOH3BeJeHHI 3JeMEHTOB i-Of
CTPOKH MaTpsilbl /A HA COOTBeTCTByIOUIMe 3JeMEHTH j-ro croabua maTt-
puusr B:

n

Ciy=aub);+apby + .. +ainbnj==;l kb

Taxum obpazom, umcno CTOAOLOB MATPULLI A jonxuo GbTh pPaBHO YHCe
.y .cTPOK mMarpuunl B.

Mporpamma 3.12. Ymuomenne matpunkt A pasmepa 3 X 4 ma mar-
puny B pasmepa 4 X 2. Bson 2jemenToR Matprubi B H BBIBOR 3Haue-
unii snementoB MaTpuusl C COOTBETCTBYIOT YKasaMHbIM B (opmyJe.



any Qg M3 Qe by, =P7 bjs=P8 ¢, =P9 ¢,=PB

Got @pp- Gos Gaa| X |ba==P4 byp=P5 |==]cy =P6 cp=PCl=

Q31 O3z O3z O3 by =Pl b3y =P2

bgy = PO byy= PA C3y = P3 839 == pﬂ

I 16 HUI13 T1I9 uInp 1iB [t 16 HiI3 rI16
HUrig Iic Imi1 16 0 C/I1 crm 4 151974
[13 F, HII8 X I1g cm 4 ) Hli4
urs -+ I13 F, HII5 g - I,
C/I1 4 urin x HIT3 I13 F, HI12
unp -+ Tin 4 C/T1 ‘I/IHO X HI13
113 F, HIIA X HIIT o B/O

PaGoty 970ii nporpaMMei MOXHO TPOBepHTb Ha TPHMEpE:

f'/.\
2 0ﬁf1\>1.3

+X ©X X
+ > X0

51203
0041

1 |=

4 0
35 .

2:-14+0-24+3-441.83=17 2:34+0-143.0+1-5=11
—=|5141.242.440-3=15 5-3+1:142-040-5=16

0-140-244-441:3=19 0-340-14+4-041-5=5

Bsenem snementui marpuuni B. Haxas xnasmuy C/I1, nonyunm na
HHJHKaTOpe LHGPY 1, YKasHBAIOWYI0 Ha BBOJ DEPBOTO S/EMEHTA Hep-
BOil crpoku @) matpuupl A BeozuMm ero, satem Haxas kJasumy CfTT,
nonysum nudpy 2-—Hago BBOAUTR @pp. Bsens TakuMm ofpazom mo-
CTPOUHO BCe SHEMEHTH MaTpEUM A, moayunw Ba wanmkatope hubpy O,
yKasHBaollyio Ha KoHel, puiumcienuit. K3 peructpos 9, 6, 3, B, C u [
BBI3BIBAEM pe3yJbTaT BbiyHcleHuii — umcaa 17, 15, 19, 11, 16 m 5.

Huorna HyXHE o6paTHble MaTpHUB A~!, YI0BJETBODSIOWHE ycJ/ios.
puo A-A-! = 1, Hpapuna ofpamenus marpHusl A B ofpathyio MaTpHs
ny A-' onmmcarum B [4—7] Ha mMuxpoxasibkyasTope Jierko nposectd 06«
pallieHHe KBanpaTHLIX MaTpHI pasmepa 2 X 2 u 3 X 3. O6paiienne Mat-
punl GoJpllero pasmepa MOXHO NPOBOAHTL, pasfuBas Hx Ha 6Jsoku
MEHBIEro pasmepa.

MNporpamma 38.13. O6Gpawmenne matpuubl pasmepa 2 X 2. Beox:

l1|1=p7 02|=p8
a|2=P4 022=P5 )

OGpanennas MaTpPHUA 3aHOCHTICA Ha MECTO MCXOJRHOIL.

W4 UM X M2 M7 119 MIB X M2 —
2 WIE XY + II7 MWI9 W2 =+ I5 M4
W [~/ -+ Il4 U8 MIR /~] -+ 08 C/I
Bl 00



JAns HOHTPOAR HPOrpaMMbl MOMEBO BHTNONHRTE CIERAYIOHINE BLIYHQCe
JieHHn: »
A— -7 8 -1 __l 1,6666666 —2,6666666

“las | —1,3333333  2,3333333 |’
Nporpamma 3.14, O6pawenue marpunbl pasmepa 3 X 3. Broa:
a“=P7 a12=P8 a13=P9
Qg == P4 Qog = P5 o3 == P6
Qsl‘———pl -a32=P2 033=P3
O6paiennas MaTpulla 3aHOCHTCS Ha MeCTO HCXOHOM. |

3 10 Hil4 U1z -+ nn wunmg /—/ 1C  HIb

o HUIs X — INA  HIl6 HWIIO HII9 X —
s Wil unz - on wunn J—/- e W2 UInL
Hrg X — 14 Hns wunp ur9 X — I15

ure Uz = m Urg unz7 -+ 12 HINz Fi/x
13 - UMA N7 UNB I8 HIC 119 FLO 02 am

Pa6ory nporpaMMel MOXKHO NPOBEpHTh Ha NpHMepe:

480 0,08333333 —0,08333333  0,66666666
A=|888| Al= 0,08333333  0,04166667 —0,33333333 |.
201 —0,16666666  0,16666666 —0,33333333

MNoeroproe ofpamenne marpuunt A~! pacr marpuuy A e HeSonbe
. WMMH ONepauiOHHEIMH NOTPelidOCTAMH.

3.3. Bumuncnenue daxkropuancs u kKecMbuHatopuka

Nporpamma 3.15. Briuncaenne dakropuana nl =1-2-3 ... -n ¢
FCKJIOUEHHEM 3aBEAOMO H3BECTHOro sHavenns O = 1 npu n = PX
no. 1 Wro X FLo 02 C/II
NMpumep. 10! = 3628800 Buiuncnzerca 3a 10 c.
Rporpamma 3.16, Briuncnenue daxtopuana n! ajsi Jo6HX 1, BRIG+
yasn 0, npu n = PX,
me Fxs=0 11 1 WII0 X FLO 04 C/IT BIl
60 1 - BI'I 08
INMpumvepn. 0= It=1 3l.=§ 10!=362&800, 20! ==
= 2,432902-10'8 (chv\m cuera fc~~n ¢).-
Niporpamma 3.17. Buuncaenne daxropuana n! Gonpuinx wuucesn (upiu
n > 10 Bepun NATH NCPBHIX 3HAKOB Pe3yrbTata) NO YTOUHEHHOH ¢op-
myne Crupmuura [1, 2]

ol == 17 A/ exp [—-n + m (1 — 3;,1 )] @.1)

Bsox: n = PX npH MmakcuManbnom n == 56,
ne- 4 Fx¥ 1 urng 3 0 X Fljx —
1 2 =+ Hurs = Uum — Fe* X 2,

Fn X WIN9 X - F4/ -X C/T B 00



NMpumepe. 101 = 3628711,6- (rouso  3628800), 20! =
= 2,4328826-10'® (Bpems cuera 12 ¢), 56! = 7,1100172-107,

Niporpamma 3.18. Briuucnenne daxropuana nl npu n << 12 1o T04s
Hoit (popmyaie, a npu n > 12 — no popmyze (3.1).~

n 1 3 — Fx<0 20 HWIO Fx+0 17 1
Hro x FLO 10 QT Bl 0 1 BII 14
U0 4 Fx¥ 1 Hrlo 3 0 X Fl/x —
1 2 + UIge -+ U — Fe* b e 2

Fn X U0 X F4 X Bl 14

INpumvepwn. 3!=6, 10! = 362880, 15! = 1,3076567-10'2,
Nporpamma 3.19. PacueT yucia nepecTaHoBOK Pp = nl, uncia pases
MellleHHH H3 f 3JieMeHTOB DO M: .

Al =nl/(n — m)}
H UHCJa COueTaHuR M3 7 3JEMEHTOB NO-m:
Ct=nYf((n — m) m1).

Bson: n = PX, mt = PX. BuiBon: mt - P4, P, = nl—P5, (n — )l
—P6, A'->PA, C’->PC=PX.

ne Car ns I 26 T4 WIS ITIT 26 IT5
Uuns s — Il 26 I16 UII5 XY = TJIA
U4 = Inc¢ ¢/t BIT 00 [10 1 i x
FLO 28 B/0

s n=10, m==5 nonyuum (cnycrst 30 c cuerd) Ci’0=252,‘
ASy= 30240 n P, = 3628800.

3.4. OnepauBy ¢ KOMNJEKCHEIMH YNCJIAME

porpamma 3.20. Hpeoﬁpasonéﬂge KOMIIEKCHOIO HHCJIa M3 aJre6-
pandeckoit ¢opmbpl Z = a - jb B TpHroHOoMerpuueckyio Z = Mel®, rpe
M = A/oZ F b7 o ¢ ==arccos(a/{M}) npu b= u @=
= —arccos (af|M|) npu b << 0 (—180° << ¢ << 180°). BBon: a = PX,
b =PX. Busox: pesymrata M-»PX, ¢ (B rpasycax)->PY. Ilepe-
kmouatenb P—I' B nonoxkenun I'.

[MA ¢/ IIB UIIA 4 Fx? UIMB Fx2 4+ Faf
ng - Farccos TI9 UIB Fx<0 20 um /—/ 119
e uns ¢/t BIT 00

Npumepn. Hna Z=—14j.1 M= 1,4142135 u ¢ = 135°, naa
Z=—1=—j1 M=14142135 u ¢=—135° s Z=—14j.0
M=1mn¢=180"



. ApudmeTHueckue onepalHu Hajy XOMOJEKCHHIMYM HHCIaMH B aJjres-
pauuecKoil Qopue BHEOMHSIOTCS NO (QopMyJam:
Zo=ZI 4 Zy=(m+a)+j(br+ by}
=127 Zy=(a1a3 — b,b3) I [ (a,b2 + b1as)

Zo=“é= alag—l—b;bg +f blag——albg

Z,  atb &+
Mporpamma 3.21. ApudMeTuueckue Onepalun (cnoxente — rog 0,
yuuoXeune —Koa 1 W pesenne —KOA 2) Haj TapamH KOMIJIEKCHLIX
mucen Zy == ay -+ jb, n Zg = 0z + jbs. BBox: ay, by, a3 b2 B pernerp X
xopn onepalun B peructp X,.4s, bs, Ko B pertictp X u T. 4. Pesyabrar
Zo = ag -+ jby: ag—> P4 = PX, by—- P5 = PY.
n ¢m s cm n2 ¢ mns o C/lT Fx==0

52 I - Fx=s0 30 HUnz2 Fx® W3 Fx2
118 HWIi2 UI8 = nz wns /-;/ WI8 = I3
U3 Ui X IIo HI4 W3 X I uriz urs
X uri - s urz Hri4 x urio -- I14

BIT 03 urrs HII3 + 5 uri4 urig -+ T4
BIT 03

Il pu™ep. Beruncants
6—i-3YB+i-2)
G+i-3)y2—j-9
Beogum 5, —3, 3, 2, 1 (xox ymHOXenns), 5, 3, 2 (xon neneuus), 2,
—4, 2 (xon menenns), 0,5, 1, 0 (xo;m caoxeHus). Ho.nqua Zy =
= 1,1588235 + j- 1,4647059.

INporpamma 3.22. TlocnenoBatesibHoe YMHOXeHHe H AeJielye KOM-
TJIEKCHHIX YHCeJ B TPHIOHOMETpPHYeCKol (ropMe:

Z,— 4 (0,54 j-1).

Z0=Z|Z2=1'V1lee“¢'+‘p’); Zo__%:ﬁ_gl_ei(w—%)’
2 2

Beog: Mi, @1, Mz, @2, xon onepaunmun (1 i yMHOXeHHS W 2 145 jae-
Jenus). Pesyaprar Zo= Meel%: Mg PX ="P6, ¢o— PY =P7.

ne ¢/ nz cm s ¢ one o Caro4
1 - Fx+#0 24 unz un9 — 17 HUIe Hns
<~ TI8 BII 03 uriz U9 < I17 WI6 HII8

X Il BI 03
I1puwmep. Bruyncanrn
Z,Z, 2e"30°, el %°

o= == v .
0 Zg 46_',.“)

Beomum 2, 30, 6, 20, 1 (xop ymuokeuns), 4, —40, 2 (xox pese-
uus). Tloayyaem 74 = 3el-90° (Mo = 3, @y = 90°). Ilepen BBO;U,OM Kozia
B nporpammax 3.21 m 3.22 mmpuuupyercs nugpa Q.



IF'nmasa 4

BLIYMCJAEHUE 3JEMEHTAPHBIX ¢YHKHHUMN, .
MHOT'OYJIEHOB U L& POBbBIX
NOCHAENOBATEJNBHOCTEN

4.1. Tunep6oauyeckue -
M oGpaTHbie runepbonuyeckie GyHKUHK

Dporpamma 4.1, Briyucieune runepSonmueckoro cuuyca shx =3
fe= (e* — 1/e*)/2. Brox: x = PX.
Fe¥ 4 Fifx — 2 + (/M
Tas x = 1 umeen sh(1) = 1,1752012.
Tporpamma 4.2. Buiymcnenne runep@osueckoro Kocumyca chx =3
= (e* 4 1/e¥)/2. Beon: x = PX.
Fe* 4 Flx -} 2 =+ CM
Iaa x =1 umeem ch(1)= 1,5430806.
Dporpamma 4.3. Bruncnenne runepGonyeckoro taurenca thx==
== sh x/4/TF sh® x. Bpox: x=PX.
Fe¥* A Fix — 2 -+ 4 Fx2 1 +
F4 <+ cm - .
Das x =1 noanyyaem th(1) = 0,76159417. Jina BHUHCJICHHA

cthx = 1/thx nepen omeparopom C/I1 BBectu -oneparop FI/x.
Mporpamma 4.4. Boiuncnenne ofpaTtnoro runep6oONHYeCKOro CHHyca

arsh x = In (x 4 /T 4~ %7) npu x = PX B puanaszose snayenuil ot
=00 Ao -}-00,

A Fx2 | 4+ Fa 4+ Fln

Ras x = 1 nmeem arsh(l)=0,88137355.

Tporpamma 4.5. Briuucnenne o6paTHOro rinepGoNHYECKOTO KOCH+
Hyca arch=mn{x+4+ 4/ —1) w1 x=PX > 1

Ay F* 1 /-] + FA/ + Fln ¢/
Jas x = 2 noayvaem arch(2) = 1,3169579. !
fporpavMma 4.6. Briuncsienne ofpaTtaoro runepGoHYeCKOro Tamred-
ca arth x=In 1/(x ~+ 1)/(1 —x) pas x = PX B nnana3done 3nauennii
or —1 a0 J-1. -~ :
4 1 XY 4 FBx 1 XY — =+ F4qf
Fin C/m
Ipu x = 0,7615942 nonyuum arth x = 1,0000001,



Mporpamma 4.7. Brlupcrietne 06paTHOro THNEep6GOIHYeCKOre KOTaH-
reaca arcthx=In4A/1492/(x — 1) mas x=PX > L

4 1 — 2 XY + 1 + F4 Fln
c/m '

Has x = 1,3130352 nonyunm arcth x = 1,0000001.
B nekoroprix Mukpo-3BM, nanpuvep Dnextpourka J13-28, arm
(QYHKIMH BHIYACHSIOTC] MHKPORPOTpaMMHO. '

4.2. HempepbiBHblEe npcty

Hporpamma 4.8. Buunciienre HenpephiBHEIX ApoGell BHRa

_ by [y b, b2, s, ]
[=a+ by —[ao. a’ ap’ e’ I
: a1+"————i)—-3'—‘

a2+ a3+ vee

BBOI}: Oy Oy Gty Bty vevy Q1 b1, Qo B PerucTp X.
A QI XY = 4 ¢/ <4 BI _ 00
8 2
Tipumep. f"—[5, 7
" HenpepbiBHOE LpOGBIO MOXKHO IIPEACTZBHTH HEKOTOPHie IPOGHO-pa-

nuoHatbEbie QYHKUMH, 9TO YIpOMiaeT MX Bhiuncinenust [1—B)
“Hporpamma 4.9. BrluHcsenHe IpoGHO-pallHOHalbHON QYHKUHH

. %] = 6,8765432,

4

_ B2l x4, —x2 —x2 __xz]
f(x)"‘— 15__6x2 —"[l) 1 3 3 » 5 .
Beon: x = PX.
9 U9 /—/ X I8 5 +~ 3 4 WUI8
XY = 1 4 U8 XY <+ 1 + (/I
BIl 00

" IHOna x = 0 nmeem [(0)=1, paa x = 1 f(1) = —0,56555554, nnz
x =2 [(2) = 5,8888889,

' 4.3. Bouncienne MHoro4jesoB ne cxeme I'opuepa

Nporpamma 4.10. Buiuncjenne MHOrowleHa AeHCTBHTENLHOrO mNepe-
MeHHOro ctenens n << 11 no cxeme Topuepa P(x)=ao+ q1x+ iew
pee 0% = (. .(@nx F Gu-1) X F oyr @)% F %o BBOm: " @ = PG,



@y = 0n =Pl +Pn, x=PX (DpH cMeHe x BBOLHTCH TOJbKO HOBOE
suayeHne x W Haxumaercs xnaBuuma C/I1). *)

00 ... ... Mo Wln 4  XY.HWAO X K0
4 MI0 Fx=0 06 XY MIC + ¢/ . Bl 00

Ins wucrounesa P(x)= 0+ lx 4 2x24 323 - 4x4 (n = 4) o«
aysam P(1)== 10, P(2)=98 u 1. A. J1y nporpammy HeTPYLHO NpH-
CROCOOMTL /11 BHIUMC/IEHHS! MHOTOYJIEHOB TOJILKO C YSPHEIMH KJH He
YeTHBIMH CTENEHSMH.

NporpamMa 4.11. Briyncnesne Muorousena KOMIJIEKCHOTO NepeMeH-
Horo Z = a - jb cremesn n << 10 no cxeme I‘opuepa Beox: a, = PO,
al-—Pl ., @g=PY, ap=PA, a=PY un b= PX. Pesymrar
P(Z) = c+]d. ¢ PX, d— PY.

nc XY IB WINA X M9 + HIC MIA X
o XY Wrns Il 42 2 WUII7 [0 42 U6 IOl
42 W5 NI 42 W4 T 42 W3 IHI 42
Uz miI 42 WL T 42 W0 o 42 CJil
BII 00 MIAO MIIC X — XY UnB X 4+
XY MHIC X. MUIO wWneB X + I XY B/o

Ins muorounena P(Z) = 14+ Z 427224 ... 4 8Z8 (g = ajp = 0)
npy Z == 14-j-1 noayyam P(Z)= 144—j-113 npu BpeMeHH cueTa
fe &~ 70 c. Ilpn ycnoxuenMp BBOLA MCXOAHBIX H@HHEIX W HOPMHPOBKE
(zenennn Ha a;3) cTémeHb MHOTOWJeHa MOMXHO NOBBICHTL A0 n = 13,
a npu fefictBuTeNbHOl nepemennok x — no 16 [7]

4.4. BriyncieHne pAAOB B CJAOGKHEBIX MUCIGBHX
NOCAEeACBATENBLHOCTE

B ocnoBe BHyHCHeHuil PsiZOB M CHIOKHBIX YHCHIOBBIX [OCJEZOBATElNbs
HOCTeH JleXaT MHKJAHYeCKHe NpOrpaMMel ¢ HHKJaMM, BLIYHCASIOLIMME
INaBUbifi yJleR NOCJe/[OBATEJBLHOCTH. V3MeHenHe 3TOro ujieHa Sanaerca
NOCNEAOBATENbHOCTHIO  YHCEeN, (OPMHpYeMBIX CUeTUMKaMH BHIAa i ==
=i+ 1mmm i==i— 1, Takue CyeTYHKH COBHAIOTCA ONEPaTOPaMH KOC«
‘Bennofl anpecannn uga KUIIN UIIN “unn onepaTopaMH OpraHHsanyuu
uugnos FLO, FL1 wmi FL3. IlpounniocTpapyeM MeTOLHKY COCTaBJEHHS
T2KHX NPOrPaMM HA KOHKPETHHIX NpHMepax.

Niporpamma 4.12. Briuncienne cyMMEl HeJbIX QHCe]

i=n

S=Yi=142+34 ... F(a—1D+n

i=l

*) Ha mecto muoroTouns BBONUTCA 9MCNIO M, COCTORILEE ns ﬂ.Byx
undp, Hanpuvep, b BBoANTCs KaK O u 5, . ) b



Bsoa: x = PX

VT
o o MII0 + FLo 02 (/11

TnaBHbl WIGH NOCALOBATEbHOCTH — CaMH uHeaa i, KOTOpLIE COSHAT
csl B Iiemcrpe PO: n, n—1 ... 3, 2, 1 u cymmnpyiorest B peructpe X
O Mepe BHINOJIHeHHs Kaxkpaoro Hukna. Yucno 0 (oneparop no ampecy
01) cayxur fns ofnyfeHus HaKaNJHBAOLEro peructpa X Nepef Bhe
mosHeHneM LuknoB. B3ss n = 10 u naxas knasumu B/0 u CJIT, mo.
ayunm S = b5

B negoropbix cayuasix Tekyllee 3HaueHHe FJIABHOrO ujJieHa JerKO
HaliTH C NOMOWIBIO PeKypPeHTHHX coorHoweumd. Tak, NpH BLIUHCIEHHH
TIoCAe A OBATENbHOCTH ’

n
S= ) nl=1+41-241-2.341-2.3-44 ... +(n—1)+nl

i=1

KaXblit noclenylomwufi ujled paBeH NpeIBLYIIEMY, YMHOXeHHOMY HA
Texylee 3HaueHue i, T. e. ! = (i — 1)!li

Mporpamma 4.13. BeiuucneHue cymmsr ¢agropuanoB S(n!). Beoms
n = PX.

n7 o o Ime t 18 KUII6 HII6 WM x

g wre 4+ I9 uie Wnz — . Fx=0 06 uro

C/I1 BII 00

B sTofi nporpaMme n BBOZMTCS B PerHCTp 7, HaKOIJeHHe cyMM Dpos
HCXOLHT B peructpe 9, Tekyulhe 3HaueHus § (QOPMHPYIOTCS B Peruct«
pe 6. Perncrp 8 Hcmodbayercs sl 3aNOMHHAHNS NpPeIIeCTBYIOLIEro
3HaYeHHs TIJaBHOrO 4ieHa nocienoBaTenbHocTH. CueT OCTaHaBHBaeTCs
npu i —n = 0. Bass n = 4 = PX, nonyuyum S(n!) = 33.

Mporpamma 4.14. Beuncnenne npousseneHuss ¢axropuanos P(nl) ==
=1-(1-2)-(1-2-3) ... il"... (n—1)!nl. Beon: n = PX.

7 o 6 t 118 TII19 KWII6 HII6 unsg x
‘8 ume X 9 une HI7 — Fx=0 06 Hrm
c/m BIl 00

B sroit nporpamme AN BHUHCJEHIS [VIaBHOTO uJlena —— QaKTOPHAs
Na —TaKXKe HCIONb3yeTcsl pekyppeHThoe cooTHowedue il = (i — 1)l
Has n = 4 = PX nonyunm P(n!)= 288.
Hporpamma 4.15. Beiuncaenne nocnefoBaTelbHOCTH

m
y= Z E".
k=1

L

BBon: m n n B perscrp X. _

CIm QM M9 o I4 T8 KUM4 W4 U9 XY

. Fx¥ W8 + I8 U7 W4 — Fx=0 06 U8
CIF B 00 ' .



TnaBHLE uled NOCAENOBATENLHOCTH B 9T0M caydae K%, fue K =
=1,23 ..., m Jnma m=20 n n=4 sHayenne y = 72266591
(TouHoe 3HadeHHe 722666), a fc &~ 2 Muu. '

EcH 3HAaKM I7aBHOTO 4ieHa JOJIKHbI NONEPEMEHHO MEHsThCS, BBO+
RHTCSE YMHOXKEHHE ero B KamfioMm Lurne Ha —l. Beluncnenue pspos ¢
GeCKOHEYHHIM YHCJIOM YJEHOB' 3aMeHsieTCsl CyMMHPOBAHHEM KOHEUHOro
yHCa uieHOB € KOHTPOJeM 3Hayehmii kaxporo u3 nux. Ecim onu cra-
HOBAITCS MeHblle MAaJOTQ-4HCHa €, Sa[AIOLIEr0 NOTPELHOCTb BLIYHCIET
HHli, NOCe/lie OCTaHaBUBAIOT,

TipuBenensble BLIlle PeKOMEHAANHH MHPOKO HCMNOMLIYIOTCS B NpO+
rpaMMax BBHIYHCJIEHHS CHELHAJbHULIX (QYHKUME [0 HX PasioXenHio B
PAAbE ;

4.5. Buiyucaenue mHorousenoB Jlareppa, Jlemanpapa,
Jlarpamia; Ipmuta 0 YeOuilleBa u ux Kodhduyuenrcs

Illupoko pacmpocTpanenHble B HAYYHO-TeXHHYECKMX pacderaXx Iud-
¢depenunanbHbie ypaBHeHHs] BTOPOFO NOPSiKa YacTO HMeT pelieHhs
B BHfe OpTOronajbHeX MHorouseHos Jlareppa, Jlexanpapa, JpMuTa U
Yebtimepa [I—3]. B [6] onucan naker nporpaMM BHUHCAEHAR HX KO-
2¢QdHINENTOB Ha MHKpPOKadbkyaAsTope Junekrporika B3-21. Ilpubenes-
Hble HHXe NPOrpaMMsl IOJiyYeHH! NMEPeBOLOM 3THX nporpamm. Bo Bcex
nporpaMMax CTeleEb MHOTGuJiena i BBOAMTCS B peructp X (mocie nas
warug kaapuil, F, ABT u B/0). Kaxnoe naxarue knaBuwg C/I1 Bes
feT K BHJaYe ouepefHoro KoaG¢HlUHeHta MHOrowleHa Jo Tex nop,
OKa He BBICBeTHTCS uH(pa 0, ykasElBalomias Ha KOHel BbUHCTeHHT.

Nporpamma 4.16. Bruncienne xos¢¢HimenTos MHOroudena Jla<
reppa.

2 o N3 U2 Fax X Fcos TI8 C/m1 MUII3

nm 1 <+ I3 Hune urz — Fx? U8 X

umns /-) =+ BI1 07

llJm n == 5, saxnmas gaasumy C/I1 fo nossaesus mudpu 0, Gys
neMm no.nyanb kKo3(hdpanyerTH Mporounena Jlareppa

Ls(x) = —1x5 -}- 26x% — 2003 + 600x2 — 600x -+ 120

B Bulle DOcjeloBaTesbuOcTH umcen —1, 25, —200, 600, —600, -}-120
u 0 (xomen Beuncaennit). Ilepermouatens P—T B noaoxernu P.
lporpamma 4.17. Bounchenre -Ko3d@uideutop MHorouslena Jles
KaHIpd. .
n 1 me 118 - I8 2 n7 X 3

- I5 114 HWI8 X W6 - I8 HIl6 1

- I urn4 2 — Fx<0 12 Hris ¢/ Hii3
1 — J19 1 — I3 UIrg x urg X
Unz -+ HIs [—/ + T8 unz -2 --4°- I7

Urs 2 - 15 bBI1 27



Jas n =5 nonyunM xo3¢hQPUUASHTH MHOTOW:iena
Ps(x) = 7,875x5 = 8,75x% - 1,8756x. - (4.1)

NporpamMa 4.18. Briytcerne KO3(hPHIHERTOB MHOrOYJleHa DPMHATE.

nz 1 N3 I8 4 M4 2 15 U8 /I

M4t - T9 t+ — 4 UIS X WIS

X M j—/ =+ TI8 MIIB 2 <+ ° IB  BII
-~ 08

Ona n = 8 noayunm Ko3(QQHIHEHTs! MHOrOwWieHna
' Hg(x) = 1x® — 28x5 4 210x* — 420x2 4 105.

Tporpamma 4.19. Boyucneune ko3dopuuueutop Muorouiesa YeGri
weBa 1o ¢gopmydne

nf2
3 -
Ta(9) = Z (_l)m m' (n Qm))l (20" ",
n 2 114 HS — I3 UIT4 2 X I14
I3 1 I15 — II3 Fx=0 06 . ur4 c/m -/
HUrz x 4 < TJI9 HIB X c/n urg HIs
- 114 Hrig 1 s -+ I8 7z 2 —
e Uz 119 1 + II7 W9 urz — urs
X Ti5 urie 1 — 116 Fx=0 40 Wria BI1

22

Ana n = 8= PX noayuwM OKpyIrieHuole K03 HUMEHTE MHOTO+
{usteda YeGrimena 8-# crenens:

Tg(x) = 128x8 — 25648 - 160x* — 3252+ 1.

BrluncreHlle 3nayeHHiT OPTOrOHAJBIBIX MIOTOWIEHOB MOMHO opra-
HH30BaTh HENOCPEJCTBEHHO NO WX pa3oXeHHsIM B CTelleliibie DALH,
MpHMeps KOTOPHIX NpiiBefieHb! Bhile. OfHaKo B 5TOM cJayuae JJS Kawms
LOr0 MHOTOWIeHa ¢ 3ajaHHblM h [PHIETCs] COCTABMSTH CBOIO HPOTpaM«
My. Bojee panuoHaibHO BOCROJB3IOBATLCS MH3BECTHHIMH PeKYPPEHTHHIMH
coorHoeHHsIMH [2].

NporpaMma 4.20. Briuncnente suavesuit Ln(x) wmHOroutesa Jlas
Teppa
e* dn (xne—x)

L” (x) = T A

110 peKyppeHTHOR q)opMy.ne (Lo(x)=1; L(x)=1—x):

'L‘.'l'l (x)= i _;_ i [(2t +l—x) Li (x)—'iLi—l (X)] (i = lr?r ‘- v n“‘l)'



Beop: n = PH, x = PX. R
1 XY — M9 1 T8 I6 M6 WII8

|—f X We 2 X 1 4+ W7 — W9
m X + ure 1-. + 1Ié -+ 9 U6
ung — Fx>0 08  WI9 C/II BII 00

IOns x==3 mumeem Lg(3)==—05; Ls(3)==1; L(3)= 1375
(te = 95 ¢).
DporpavMma 4.21. Botuncnesne snauennit Pn(x) wnorounena Jles
mapnpa )
' 27" @"(1—x)
P (3) = (—1)* =+

no pexyppenthoki popuyse (Po(x)= 1, P(x) = x)3
Py (%) ==i—_—;_——1— (2 + 1) xP; (x) —iPi ()] (=12, ..., n—1)

Beox: n = PJi, x = PX.
117 119 1 8 TII6 ure /—; WII8 X MUIG
2 pid 1 4+ HI7 X HUri9 118 X -}
ure 1 + e =+ 119 une unnp — Fxzo
- 06 U119 C/IT BII 00 ’

. JOna x =2 nmeem Py(2)= 55, P3(2)= 17, P4(2)= 55,375.
Nporpamma 4.22. Briuncaenne snavednit [,(x) muoroujena Dpmura

2 dn e"xQ)
Ha (= (—pyre LT .

no pexyppentuoii ¢opmysne (H_oﬁ) =1, Hi(x) = 2x):
Higy (x) =2xH; (x) — 2iH ;- (x) (i=1,2, ..., n—1).
n 2 b4 9 1 I8 e U6 2 X
uns /—/ X unz 2 X Urme 1ms X -+

¢ KuIle HIie UINLO — Fx>=0 07 W9 C/I1 BII
00

Hast x = 3 nonyunm Hy(3)= 34, H;(3)= 180, H,(3)= 876.

MHorounernt Yebpimera nepsoro posa Ta(x) == cos {n arccos x)
n Broporo pona Us(x)= sin((n 4 1)arccos x)/sin(arccos x) HecaOKHO
BBIUMCJNTD HEMOCpenCTBeHHO NO nprBefiennbiM Qopmynam (BBHAY Npos
CTOTH HX RPOrpaMME! He NPHBORATCH).

. Ocofuiit uHTepec npencraBisieT BRIYHCAeHHe K03(pHUHEHTOB HHTEP
NONSILHONHBIX NOJHHOMOB JlarpaHika, KOTOPHE NPHMEHSIOTCS [Js His
Tepno/sILEA QYHKUMH Yy (x), 3afaHHON PsoM OpAMHAT Yo - Yn NPH alce
1HCCaX Xp = Xn. B KauecTBe HYJEBOTO y3zia MOMKHO HCNOAL3OBATh JIH0~
.0off yses, HanpuMep, NPH TPeX YaJiax H HYJeBOM LeHTPaJbiOM Yy3je
snayedns OyHKunit Gyryr o6osnayateesn: Y-y == y(x-1), Yo = y(xo) B



Y1 = Y{x41). Tonnuom Jlarpanioa MONeT 3aMHCHBATLCA B IBYX dop+

Max. .
[lepBan ¢opma umeer sun [I}:

=4 gAY+ +An(x) yn= ZO Am (%) Yo (42)
o m— .

rae k03¢ OHUHenTH OnpeneNATCA H3 GHOPMYJILI

Ap ()=
(x—=x) (X =% oio (¥ —Xm—1) (¥ = Xmy1) - - (¥ — x4n)
(xm — Xo) (xm — X1) v . (Xen — Xin—1) (Xm — Xm41) oo (Xm— Xn) *

BeHiy CIOMHOCTH 9TOrO BHIPAMCSHHA HAa MHKPOKAJBKYJATOPax 3Ha-
gennn Apn(X) MOXKHO BBHIUHCIATH PA3NENbHO [JiSt NOJHHOMOB ¢ 1< B
npy n -} 1 opaunarax. Ilpu nopmuposke

x == xo - ph,
rae h — pasHoctb abCcUHCC COCENHMX Y3JIOB, v
p =(x— x0)/h, (4.3),

¥ OymeM BLIYHCHATH 3HAYEHMA HOPMHDPOBAHHBIX Kosthduudenros Jlarpaw-
-%a Am(p). Huxe pam mnaker nporpamM, NO3BOJSIOIHX BLIYHCIAHTD
An(p) nis n--1, pasuoro 3, 4, 5 win 6 no GopMysnaM, NPHBEAEHHBIM
B [3]. 7

INporpamma 4.23. Briuucnienve x03¢hdHUMEHTOB NONHHOMA Jlarpan-
Ia OpPH TPex OPAHHATAX Y—i, Yo, Y+1t

41 ppP—1)
) An (p) = 0" e =
MO Fx 1 — U X TIIC 0 6 THI
27 2 = M1 rm g7 J/—/ 10 I 927
2 =~ TA 3 C/II BII 00 KWle HUIIC HIIA

uie — 2 -+ = B/0

Hasn p =045 — PX, namas xiasuy C/I1, nomyunm nuugpy 3
‘(yxasarue ma 3 opnumathl). KoaQ@Huienthl NONHHOMA 3aHOCATCH B
persictpur Ay = —0,12375 - P1, A4, = 0,7975— PO, A+1 = 0,32625 —
= PA.

Nporpavma 4.24. Buuncrienme koad@uiyentop romunowa Jlarpau-
Ka NPH ueTbIpeX OPOHHATAX Y—1, Yo Y+1 B Yiat

pp:—1)(p—2) .
(1 +mt@—ml(p—m)

A (p) = (—1)"+2

o Fs? 1 — Vo X uvng 2 — X
Ic o e 10 3 6 [— = I I
39 2 = TI0 THI 39 2 J—] = TIA

mr 39 6 <~ IIB 4 C/1 BII 00 KHII6
. HIIC vnpg umne — 2 + = B0



Hus p = 0,15, namxap xnapuwy C/Fl, noayunm. umppy 4 (uncno
opnuuat). KosuuuenTH NOJHHOMA 32HOCATCS B PErHCTpH: Ay =
= —0,0393125 — P1, A = 0,9041875 — PO, Ay, = 0,1595625 - PA H
A = —0,0244375 - PB.

Tiporpamma 4.25. Buiuncrienve xosdpruventos noiumHoMa Jlarpat+
3Ka OpY OATA OPAMHETAX Y—2, Y—1, Yo, Y+1 I Yzl

e

2 pPP—Np*—4

A (p) = (=)™ e+tm@—m(p—m)’ (44)
Ima Fx? IIC 1 — HIiC 4 - X ura
X Inc o 1B Il 47 2 4 -+ 2
il 47 6 =l -+ It TH1 47 4 =
0 HIT 47 6 = = ITA [ 47 2
4 <+ [IIB 5 C/T1 BII 00 KUII6 HIIC HILL
Hie — 3 + = B/0

Jas p = 0,3, vaxap xnaspwy C/TI, nonyuum umdpy 5 (aucAo ops
munat). KosdPuuuentsl NONHHOMA 3dHOCATCSt B perncrpol: A-p =
= 0,0193375 > P2, A= —0,13685—>P1, A, = 0,8895256 > P0,
Ay =.0,25415—+PA u A4, = —0,0261625— PB.

Nporpamma 4.26. Beiuncaenve xo2GdunueHTor nofuyoMa Jlarpamxa
ApH WECTH OPAMHATAX Y-z, Y1, Yo» Yi41s Yz U Yoist

v ymts PPE—1) (PP —4) (p —3)
Am tp) = (=" C+mB—mip—m

7T Fx2 I8 1 — WM 4 — X o
3 — X ung X m o 16 TIIII 63

1 2 0 |/ = 2 Il 63 2 4
= It Il 63 1 2 J—] = TII0 TIIII
63 1 2 = nA o 6 2 4 |-/
= B IIi1 63 1 2 0 = T[IC 6
C/IT BIT 00 KWI6 WIS WIIm W6 — 3 -+
<= B0

Hasi p= 1,46 = PX, namas xzapuwy C/II, noayuum uudpy 6
(uvciio opmuuat). KoodhHuHEHTH NOMIHOMA SaHOCATCS B PETHCTPBIY
A_p = —0,011356897 — P2, A, =0,079961829 - P1, . A=
= —0,27021584 — PO, Ay, = 0,8706955 - PA, Az = 0,35619361 —
—PB u A3 = —0,025278255 - PC.

Bo eropoit (opme-3anvcu HHTEPOOASIMOHHOIO NOJHHOMA Jlarpamxa

yxX)=Bo@)+ B (1) (x — %0} + B2 (1) (x — %) (x — x1) 4~ 0
vee ‘—}—Bn (W) (x = x0) (x — x1) «oo (x — Xpemp) (4.5)

g03QduumeHTsl Bo(y) + Bn(y), win cokpamenno By - B, sasisioTes
OGyukuuaMy OpAMIAT Yo = yn [1]- AropHTM HX BhIUMCAGHRST [0 CXeMe



Biitkena nosicusierca Ttabn 4.1. TTpu wmssecturix Bo -+ B. Bhiumcsenug
y(x) ans moGoro x MOXHO TpoBecTH HQ cxeMe I'oprepa.

TaGaunua 4.1

x u q- r s
xo—>P0 Y>PA=B,
X1—>P1 ;y;-—)PB y.-—yq.=q=
. X1 —Xg
:'= B[-QPB
Xx2->P2 "Y2->PC Yoo Ga—qr
X5— Xo . X=Xy
. = g;>PC = ry=B;>PC
x> P3 ys—>PI Ys—lo - Gr— rs—re -
X3—=Xg. Xz— X T Xy Xz
=q;>PJ =r;=>PQ = 85;=B,~>P/l

Fiporpamma 4.27. Bpiuncienne xos(duumentos Bo, B; m Bp no
BBOLHMBIM B perHcTp X 3HAUEHHSM Xo, Yo, X1, Y1, ¥z U Yo

Ti0 ¢ mnmA ¢m m ¢ OB QI nz  cIl

-IIC  UNB HIIA — Uil U1 — <+ B HIIC
WA — vriz Mo -- - HIIB —  HII2 HIIl

- = nc o c/rt BIT 00

Hast xg = 1,3, yo == 0,934, x; = 1,4, y, = 0,9523, xo = 1,6 u y; =,
= 0,9661 nonyumm nudpy 0 (oxonuamme ebuucaenuit). KosdduuueHTH
TIONHHOMA 3aHOCHTCs B perucipbl: Bp = 0,934 — PA, B; = (,183 —PB
u By = —0,225 - PC. ]

Hporpamma 4.28. Buiuncienve kosbdunvenroB By, By, By n Ba.
Beon: xp 4+ x5 = PO - P3, yo -+ ys = PA + PJI; pesaynbrar By = Bs;—>
~ PA <P/ '

UlB VA — yuin  uro — = B HIIC MHIIA
- vz Wi - + urns — unz Hmm —

= InC Mo HMIA — uri3 UuIro -— - 1B
- HIB UM — = Hric — i3 IR -

= nom o C/1I

=

Ina xo=13, x =14, %=15 xs= 1,6, yo=0934, g ==
‘= 0,9523, gy, = 0,9661 w y; = 0,9763. nonyunm, Haxkap kaanuwy C/I,
undpy 0 (yxasciBaer ma wower; cueta). KosddmumeHTbl NOTHHOMA 3a~
uocaTes B permerphi: By = 0,934~ PA, B, =0,183->PB, B;=
==.—0,225—+PC u B; = 0,15 Pl

Mporpamma 4.29, Bruucienne rosddunmentos By, By, By Bs u By
Beop: xp - x4 = PO+ P4, yo = P9 w y, + ys = PA -~ PIl; pesynnrat
By—PS, By 5- By-—+PA -+ P,



UIA UIg — Him HIw - - = IIA  HIIB HI9

— Wi Wio — =+  UIA —  CHA2 Ml -~
- MB  HWIIC M9 — M3 UM — = HIMA
- M3 WM — =  HIB — . W3 U2 —
< nc W W —  Wil4 Wl — = HIIA
— Uil4 MM — =+ UWIB — U4 U2 —
- Uric — U4 s — = TIo 0 CJ11

Hoa xo=22, x1=23, x:=24, x3=25, x =26 yo=
= 0,4860966, y, = 0,48927589, .yz.= 0,4918025, y; = 0,4937903 n y; ==
= 0,4953388 nonyuum, Haxas knasuwy C/IT, uudpy 0, yrassiBawoniy:o
Ha xoHel| BHuucienuil. Pesynbrate: By = 0,4860966, B; = 3,1793-10-%,
By = —3,2635-10%, B3 = 1,89833-10~2 u B4y = —5,99965-10-3,

4.6. dnementapHoie GYHKUNH KOMIJEKCHO
nepevMeHHol
t 9

B npuBemeHHBIX HIDKe OPOrpaMMax KOMIJIEKCHAsi nepeMeHHas. 060«
snayena Xak'Z = x -} jy, rie x = P8 u y = P9. Pe3syabrar BhUUCTE+
unf ynrupn f(Z) = u+jv (u—>PX =P5 v—-PY=P6). Kou-
TPOJIbHEIE NPHMEPHE NPUBEIEHHOrO HUXKe NakeTa NpOrpaMM BHYHCTEHHA
BJEMEHTapHLIX (YHKUMil KOMNJeKcHOH nepeMeHHOR Jaumbl AJs  YHCTa
Z=23+4j-2 Dopmyml Ana BLUHCICHHA (YHKUYH KOMIJIEKCHON mes
pemennoll s3ath u3 [1—3].

TNporpamma 4.30. Bospenenye KOMIUIEKCHOTO 4YHC/Ia B KBaJpaTi

2% = (x*— y*) 4] - 2xy.
VI8 Fx2 WII9 Fx2 — II5 U8 U9 2 X
X 6 HIB /Il

Viveem f(Z)=5-3-j-12.
MNporpamma 4.31. OGpanieHne KOMOJIEKCHOTO yHCa: -

1 x

—— —-. y

7= e vy e
U8 4  Fx2 UMY Fx? <+ M7 =+ 115 HII9
/I—/ W7 =+ 16 WUIB C[II

Vimeem f(Z) = 0,23076923 — j-0,15384615.
Nporpamma 4.32. ObpalileHte KBaLPaTa KOMINIEKCHOTO YHCAa:

1 x2—y? 2xy
AR CE s L T
VI8 Fx? U9 Fx? — U Fx2 HII9 Fx? 4~
Fx2 117 = s W8 /—/ U9 2 X X
W7 = 16 W5 C/I

Monyuaem {(Z) = 2,9585798-10~2 — j.7,1005917- 10-2,




: Flporpamma 4.33. OGpameHnue pasnoCT¥ KOMIIEKCHOrO uyucia Z =
&= x + jy ¢ uncnom (a + jb):

1 . x—a . y—>b
Z—@¥m) @ —0 w—aty—0r"
Wrng urna —' 4 Fx?2 WII9 HIB — Fx? -+
n7z = 15 UNB W9 — HN7 <+ 116 WIIB

Cc/m
! HNns a = 2= PA, b= 1= PB naxonum f(Z, o, b)= 0,6 —]-05
Mporpamma 4.34. Buuyciienve KBaAPATHOrO KOpHs H3 KOMINIEKCHOLO.
gHCaa: h

“—x+«/xz+"J ' .v—x+vw
'\[— :‘:/\/ ol | 2 °

W8 Fx2 HIIO Fx2 -+ F4/ @07 WIS -+ 2

<+  F4f 5 W7 W8 — 2 = F4/7 16
WIs ¢TI ' .

Himeen f(Z)== =1,817354k j-0,55025048,

! Hporpamma 4.35. Buuucnenve eZ:

) eZ = e*cosy -+ je*siny.
Ilepexniovateas P —T' 8 monowennu P.
» M8 Fe* TI7 HII9 Fcos X [I5 HII7 W9 F sin
X 6 MUIIs C/I1

Himeem J(Z) = —8,3585327 -}- j-18,263726.
Nporpavma 4.36. Briuncrienke In Z:

In Z——-—-—%ln (24 g7+ (arctg —z—+2kn),

e k=0, 1, X2, ... Ilepexmouatess P —1TI B noaoxennu P.
U8 Fx2 WII9 Fx?z -+ Fin 2 =< II5 HWII9
VI8 = Farcig 116 HIB C/II

Haxonum f(Z) = 1,2824746 - j-0,58800261.

MNporpamma 4.37. Boluuciienve cuHyca KOMINIEKCHOH nepemex—moz'
sin Z = sin x ch y - jcos x sh g.

HI19 Fe* 4 Fi/x -+ 2 <+ HIB Fsin X

II5 HII9 Fe* 4 Fi/x — 2 = HIT18 F cos

iX I8 M5 C/M

IMonyuaem f(Z) = 0,53092081 — j-3,5905644.

Mporpamma 4.38. BriyucjienHe KOCHRYCa KOMIUIEKCHOH nepemeHHoii?
cos Z=cosxchy —jsinxshy.

U8 - Fe¥ 4 Fi/x -+ 2 = HII8 Fcos X

I5- W9 Fe* 4 Fl/x — 2 -+ HI8 /—/

Fsin X -~1l6 HIB ¢/



Haxozgum [(Z) == —3,7245453 — j-0,561182233.
Hporpamma 4.39, BoiunciieHHe Tanrenca KOMIJIEKCHON nepeMeHHOH:

sin 2x . sh 2y

tgZ= cos 2x -+ ch 2y +i ‘cos 2x -+ ch2y *

ure 2 X Fe¥ 4 Fl/x 4 2 = etk
2 X Fcos 4~ I® HII8 2 X F sin HII6
- I U9 2 X Fe* 4 Flix — 2
= W6 =+ II6 HIB C/II.

Umeen f(Z) = —9,8843723-10~3 4 j-0,96538587. )
IMporpamma 4.40. Briuncienne runepGONHYECKOr0 CHHYCA KOMIJIEKC+
HOHl TiepeMeHHOIL:

shZ=shxc'osy+jc.hx sin y.
HUII8 Fe* 4 Fl)x — 2 -+ HI9 Fcos X
115 W8 Fe*r 4 Fl/x + 2 -+ UMY F sin
X~ II6 U /I ;

Hazopnm [(Z) =—4,168907 4 j-9,1544984.
MNporpamma 4.41. Briuncnenve runepGOJHYECKOro KOCHHYca2 KOMs
IJIEKCHOH nepeMeHHO#:

-

. chZ=chxcosy 4 jshxsiny.
HUII8 Fe* 4 Fi/x -+ 2 <+ HIN9 Fceos X
5 UII8 Fe* 4 Fijx — 2 =+ WI19  F sin
X I~ Ws C/m -

meem [(Z)= —4,1896257 -+ j-9,1002272.
Mporpamma 4.42. Briyncyienve Tunep6o0JIMYecKOro TaHrenca KOMa
NJieKCHOH HepeMeHHokH:

sh 2x . sin 2y
ch 2x -+ cos 2y Ti ch2x tcos2y °
Hig 2 X Fe* 4 Fl/x + 2 <+ urme
2 X Fcos 4+ II6 HIIB 2 X Fe* 4
Fi/x — 2 = ure = s Urmg 2 X
Fsin WII6 = 16 MHIB C/II

thZ =

-

Tonyuaem f(Z)= 1,0032386 — j-3,7640263: 103,
OCpatHle TpuronoMerpuvecKkie QYHKIMH KOMIUIEKCHOO nepelvxend
BOTO BBIYHCJISIOTCS MO CEAYIOMMM (hopMyiam:

arcsin Z==arcsin B-}-j In [4 + 4/A7— il,
arccos Z==arccos B — jlrf’[A 4 '\/A" —1 ]

e 2= ke (=) + b0 (L),



vixC

Toa e TN T 1 S TV AT
A=t VGF TG +5 VG5
1 TNE T T 1.
B= AVO+ P +y —5 V=17 +v%
Mporpamma 4.43. BolumcrieHne apkcuHyca KOMIMIEKCHOH HepeMeHs

HoilL. .
uns 1+ Fx2 M9 Fx? 17 4+ F4 2

. II6 uIs )} — Fx? HWN7 4+ F4/ 2
e s -+ A W6 M5 — . [IB  F aresin I16
‘UIMA Fx® 1 — F4 WIA 4+ Fin 06 1Z006]
s - .

Hns Z=x-4jy=3-4j-2 nonyuaem arcsinZ = 0,9646583 4~
- j-1,9686379.
Mporpavma 4.44. BriuucieRne apKKOCHHEYca KOMIUIEKCHON mepeMeH-
HOH.
Wuns 1 4+ Fx2 WII8 Fx2 TI7 4 Fa 2

"+ I8 MIIB 1 — Fx W7 + Fa 2
- I <+ A U6 WIIE — 1B F arceos II5
WITA Fx2 1 — F4/ HOA"+ Fln 4 I~/

IT6 Hrs ¢/

Ina Z = 3--j-2 saxomm arccos Z = 0,60613793 — j-1,9686379,
Hporpamma 4.45. BouuciicHye apkTaHreHca KOMIJIEKCHOTO —mepes
. MEIHOTO. . :

Urs 2 % 1 Wri8 Fx? II7 — WII9 Fx?
— < Farctg 2 <= - II6 WII7 W9 1 + -
Fx* 4+ WUII7 Hrlg 1 — Fx? -+ = FIn
4 + Il6 W5 C/II

C yuetom nonycTrMOH o6nactH onpepenenus Z piaa Z == 0,3 4-
Y4 j-0,2 nonyuum arclg Z = 0,30187467 - j-0,18499461.
~ [ns selynenenus o6patHbix THnepGOnnuecKHX (QYHKIEE KOMIJEKC-
HO mepeMeHHOIl BOCIONB3YeMCSl CBS3BI0 C OOPATHHIMH TPULOHOMETPH+
ueckumy Gyuxuuamu: arsh Z = —j arcsin(jZ), archZ = 3-jarccosZ u
arth Z = —jarctg (jZ). -
Hporpavma 4.46. Buiuncrnenme ob6paTHOro runepGoHYIeCcKOro cugyca
KOMIIIEKCHOrO nepeMetnoro.

e /—/ 1+ Fx* W8 Fx2 II7 + F 4/

2 < 16 My /—/ I — Fx2 W7 +

F° 2 =+« 1©m5 -+ DA W U5 — IIB
Faresin 4 [—] 116 WA Fx? 1 — F4/ WA
Lo Fin 115 ¢/l

Do Z =34j-2 nonyuw arshZ = 1,983387 -+ j-0,5706528. -



MNporpamma 4.47. Brignciienne ofpartnoro nmepﬁommecxoro KOCH-~

Hyca KOMﬂJIeKC‘HOH HEPEMeHHOK . /
U 1 . 4+ Fx2 M9 Fxz N7+ F1/ 2
-+ 16 W8 1 — Fx2 HWII7T 4+ Fa 2
= II5 4+ TIA U6 HWIB — IB Farccos 116
WIIA Fx? 1 — F4/ HIIA + Fhn % /—/

Ik I/IHG XY (/i

Das Z == 34 j-2 nmeem arch Z == 7-1,9686379 =k j-0,60613793,
Mporpamma 4.48. Briunciiense 06paTHOTO rMOEpGONHYECKOrO TaH-
TeHca KOMIJIEKCHOH nepeMenuoi.

Vi [—] 2 X 1 U9 Fx® 117 — |28t
Fx? — =+ Farctg 2 |~ = [I6 Wil7 W8
1 +  Fx* + W7 Uil 1 —_ Fx? -+
= Filo 4 + 15 Hile XY C/II

Has Z = 0,3+ j-0,2 naxonum arthZ = 0,29574995 |- j-0,21564745,

Hporpamma 4.49. Bpiuncienue oThowieHMs MHOrousieHoB [ (Z) =
== A (Z)/B (Z) woMnnexcnoii nepemenHoH mnpu CTelleHH A(Z) n<3,
n B(Zym<4 [7]. Bsom: by by=P0+P4, ay=P5 ..., az=
=P8 0=P9 x=PY u y=PX Pesyapran u-—>PA PX, v
-> PB=PY.
B XY ITA W7 W8 IIIl 47 urie I 54
UIs- + TIIC W9 I~ WIS W4 Tl 47 urz
1T 54 W1 IUT 54 vro -+ 4 Fx?2 U9
Fx?2 4+ =+ INA HIIY FBx = IIB HIC 119

Mg I 55 Uure Cc/i1 bBIT 00 4 HUIB X

- 119 F, WIIA X + A WIIB X HUIIA UIT9
X 4+ U9 XY I8 F UIIB X XY UITA
X XY — B/O

Hasn f24j-1)=(Z2-+2Z 4+ 1)/(382° -+ 2Z2*+ Z+405) nony-
guM % ==0,1863999 u v=—0,12612384 npu f; ~ 70 c.



Fnasa 5

MPOTPAMMHASl PEAJIM3ALLMSA OCHOBHHX
YUCJEHHBIX METOJ10B

5.1. PelieHye CHCTEM JHHeHHBIX YPaBHEHUI

Pemenne cucreM JuHeHHBIX ypaBHEHuil BLINONHAETCS [0 HPOTPaMs
MamM, onucaHHEIM B [28].
Tporpamma 5.1. Peluenne cHcteMbl B3 1 << 4 ypaBHeHuit

ap Qg ... Qi Xy b,

[.. o }[}=[] (5.1)
Qp1t Qpz ««o Gnn Xn bn

wm (b = a, j41) :

n
'231 QX;=0; ;. (5.2)
i=

rng i=1, 2, ..., n METOEOM ONTUMAJBHOFO UCKJIOYEHHS nNepeMeMHEIR.
Esox: n == PO, xosdduuuentst a; = PX, a;, j+1 = PX (noctpouHs, He
ofpalllan BHMMAHMA HA BHBOL NOPOMENKYTOYHLIX pPE3yNLTATOB H 3aBep-
man BBOA kaxporo kosddunmenta namarmeM wNaBmuwn C/II). Buisop:
xi—+PX (x1—> P, x2->PC, 23> PB n x4 PA):

114 1 4 2 HWIo 1 I Urg = KI12
FL1 06 1 4 3 HImo 1 FL1 23 KHII3
C/1 BIT 19 Cx KII2 FL1I 24 KIi2 Hrio W2
-+ I 12 HIis — Fx=:0 42 C/1 11 84
BIT 28 KHIIO UIIO I13 C/Im KHIM2 = 114 (719}

KWI2 — HWil4 = KMl FL3 49 vm uro -+
I3 i 4 o 12 KM /—/ Tl 84 HII3
~+ 13 Wi —  Fx=0 65 vio I KHII3 KII2
FL1 78 BII 12 HII0 XY 4 KHUII3 X KHITL
+ K2 F, F1.0 86 F, I1o B/O

Iast cucremsr w3 Tpex ypasHenufi (n = 3)

4 0,24 -0,08 Xy 81 .
[0,09 3 —0,15 ] of X2 ] == [ 9] (6.3)
0,04 -—0,08 4 X3 20

nonyuuM x; = 1,9091983, xz = 3,1949644 u x3 = 5,0448073 npu 1, =~
'~ 2 muH. Bolee mpocThie NporpaMmbl s pelleHus CHCTEM 13 2u8
ypaBrennit onncausl B [6—8].



Hporpamma 5.2. Pemenve cuctem us n << 11 ypasnenuit B nmonyas.
TOMaTHYeCKOM pexume no merony Koppana ¢ DHK/IMYeCKOH nepecrta-
HOBKOH CTPOK H TpUMEHEeHHeM BLIYMCIMTENbHOTO Oniamka (cM. mpHMep,

Huxe). |

4 Cx XY Ml =+ 110 XY 1 Irc Xy
Cc/ ung HrcC 1 -+ IIC — Fxz=0 26 XY
KHUIIC HII0 X -_ BII 10 XY WHII0 BI1 02

ITpuwmep. Peurs cucremy

4 —2 - 38 1 X1 13
B 0 5 —2 3 x| 1| 16 5.4
2 —3 4 =2 |x|"| of (54
1 0 3 1 X4 —4
BrqucauTenAbHBIH OJaHK AJsi pelueHHs cucTeMbl ypaBHeuuit (5.4)
o j=t | 1=2{ 1=3" i=4 §=5 Z
® 4 -2 3 | 1 13 19
- 0 5 —2 3 16 22 .
2 -3 4 -2 -0 1
1. 0 -3 1 —4 -5
1 5 | —2 3 16 22
1 -2 2,5 -2,5 —6,5 ~8,5
05 | —875 075 7,25 —9,75
1 -0,5 0,75 . 0,25 395 C415
2 1,7 ~1,3 -0, 0,3
—3,55° 0,45 —8,85 -11,95
1 0,55 0,55 4,85 695
1 —-0,4 0,6 3,2 . 44
3 —2,2647059 |  —9,0588235 —11,3285%)
1 0,97058823 4,8823529 6,8520412
1 0,20411765 3,1764706 4,4705382
- 1 —0,76470588 —0,58823529 0,17647058
-4 I xy==1,0000001 2,0000003
1 x2=2 3
1 xs==2,9999999 3,9999998
| x3==3,9999999 4,9999997

Ipada pist p = Gnanka sanonusiercs ko3duUMEHTAMH ypaBHes
Husi, BBOAMTCs #==PJI. Jlanee nociienoBaTefbHO 3anONHsIOTCH Tpadel
s p=1,2 u T. p. JI7ia STOro sBOAMTCA HepPBEI CTONOEL B permcTph
1,2, ..., n (ceepxy smus). 3aTeM BBOAMTCA Nepsblii BieMeHT ClEAYiO
ulero cToidua U HamumaioTes knasuwy B/0 u C/I1 — BricBeyusaetcs 0.



‘ajiee BBOMSTCS OCTAJBLHE® SJEMEHTH B peructp X H HAXKHMACTCS Kia-
BRI C/T1 {nocne BBOXA TOC/EAHErO SJIEMEATa KIaBHIIA C/TT naxu-
maersa pBaxnpl). Tlomyuenmse pesynbratel BiHCHBAOTCS B rpady moj
BBOAEMEIM .cTOA0IOM, 2 B rpade clieBa CHESY zjOnMHCHBaercs 1. Tlocne
SANONESHHS OnauKa AN p == 7 TOAYYaeM X4, X2, ¢+:, ¥u H KOHTPOJb-
Hble CYyMMBL

YV .mexoTopHX MEKpoKasskyastopos (HP-15C, TI-B8C, . TI-69
i ap.) peuerfue crcreM H3 7 << (6 < 10) ypaprennii peasHsoBaHO MHK-
pOVMpOrpaMMEO HAH C MOMOIMIBIO BCTPOEHHHIX NPOrpaMi MOJB3CBATIS.

~ 5.2. Hutepnoasuug M skcrpanoasiuus Qywxumit
© opMo#l mepeMeHHO#

Harepronsiuus 3akNIOYaeTcsl B HaXOXJeHud 3Hauenuii QyHKuHH
y(x), 28naHROA 7 y3NaMH, B TWPOMEXyTKax MeXpy ummi. Ilpm srom
(YHKIHST 3aMeHSeTCH TeM WU HHHM nojdroMoM P{x), sHaueHHsl KOTO-
poro B y3jax coBNajaloT co 3HavenusMu y(x). Hmxe nam maker mpo-
rpaMM, PeaH3yIOWHX HHTEPIOJALUMIO ¢ MOMONILI MoAHHoMA Jlarparmka
{3]. KosddruneHTH HETEPHNONALHOHHOTO NOJHHOMA NpPH NPOH3BOMBHOM
PacnoNoXKenny ysJOB BHUMCASIOTCS MeromoMm JfitkeHa (cv. § 4.5).
C nomouibio NPHBENEHHEIX HHXKe IPOrpaMM MOXKHO TNPOHSBOLNTE H
SKCTPANOJNSNMIO, T. €. BHIUHCIIEHHE y(x) 1IPH X, BHIXOBAIEM 34 NpeResibl
HHTEPBANA HATEPIOSILIAH.

Nporpamma 5.3. Jlmnefinas mpTepmonsuus npu 2= 2 no Qopmyne

y(x) = yo + (x — x0) (1 — Yo} /h. (5.5)

Beon: h=7PY, xp Y, y, u (10Cje HAAMKAUHH ‘undpa 0) x B f)e-
raerp X. -

e /T MA CT MIIA — M9 = TIB 0
C/ M0 — WNB X  MIA 4  BII 10

O b= 0,01, xo =2,47, yo = 0,4932443 u y, = 0,4934309 nony-
anm Y (2/475) = 0,4933376 (unrepnoasumrs). Habpas noBoe suaueHne
% ==2485 u naxas xjapnmy C/TI, momyumm y(2,485)= 0,4935242
(sxcrpanonsiis).

Mporpamma 5.4. KBa,upaquaﬂ HHTEpnONsiuus NpH 1= 3 mo ¢op-

Myae
- y{x) = Bo+ Bi{x — x0)+ 32 (x — Xo) (¥ — x1) {5.6)

TpH [POH3BONLHOM PACIOJLOKEHHH Y3JI0B. BBo,u B perdctp X: Xo, Yo,
X3, Y1, X2, y2 m x {(Nocje WycKa TporpaMvsl K HHAHKaumM mrGpe 0).
Koadduunentst By, By u B2 10C/e BBUNCICHHS 3AHOCSTES B PETHCTPEI
A BuC

I ¢om MmA ¢/ m ¢ HB ¢I1 12 Cm
I'C wnB WA — WM uno — < IIb HIC



WA — ure urg -— = B — U2 U
— - Inc ¢ c/mm s um - UIC X
UMB <+ + HUII8- U0 — pd UIrtA 4 bIl 34
Has xo = 1,3, yo = 0,934, %1 = 1,4, y) = 0,9523, %, = 1.5 11 yy —
= 0,9661 nonyuum y(1,43) =10,9569125. TIpy cMene x HaGupaeM ToaLKo
€ro HOBOE 3Hduenye M HaxmMmaeM xnapuwy C/IT.
NMporpamma 5.5. KeagpaTuunasi HETEpHONSUHS NpH PaBHOOTCTOS LI
ysaax 1o dopmyne

)

Y+ Q—p)y,+ Yyp (6.7)

rne p = (x — xo)/h. Beon: h ='P9Y, x5, Y1, Yo, Y+1 ¥ (n0CIe HHANKA.
unn pudpet 0) x B pernerp X. o

nm ¢ m ¢ 1mn2 ca mns o cmr onv

urg — Hre - ne 1 — HI6 X 2

= It X 1 M6 Fx?2 — MII2 X +

ure 1 + HII6 X 2 + HIIB X +

BIT 08

Hna b= —0,1, xo = 1,4, yo = 09661, y = 0,9523 n y, = 0,934,
HaxaB kJasBuinn B/0 v C/TI, moayuny wudpy 0. Beenss x = 1,43 n na-
xap kaapmuy C/T1, nonyunm y(1,43) = 0,9569125 — unrepnonsiupst Has
sapn (h << 0). ’

MNporpamma 5.6. VIHTEpNONsSUHA NPH ueTHPEX NPOH3BOJLHO DPacnQs
JIOXKEHHBIX y3Jax npu n = 4 10 ¢GopmMyJe

y(x) = [[Bs(x — x2) + B2] (x — x1) + B1] (x* — %0) + Bo. (5.8)
BBop: xp -+ x3 = P0 =+ P8, yo = ys = PA<-PIl u x = PX (nocse mny-
cKa fporpamMel # mHAwkanud ungpst 0). Kospduunents By + By 3a«
BoCsTTCSL B perucrpsl A - J1.

B HnA — urm urme - = 1B UIIC HIIA
— urz WIo - = unB — ure wum -
=+ nc wng WA — ums wre - = urB
—_ s wmm - - uric - urs w2 -—
- nn o cn 1ns uz - unm X uric
+ utre um - X urB 4 ure HIo -

pid WA <+ BI1 43

HOng x=13, xi=14, x= 15, xs=16, y=10,934, p =
== 0,9523, yp = 0,9661 u y3 = 0,9763 nonyunm y(1,43)= 0,95687155
npH TOYHOM 3Hauenun -0,9569.

Hporpamma 5.7. VHTeprnonsuns npu yeTHIpeX PaBHOOTCTOALIHX, Y3+
Jax no ¢oprmyne I

— —9 2 __ —
y(xo_l.ph)g—- .E(_p__l_G)..(_p__).y_l._l.—(_p_l.%uy

0

) (p—2 21 :
__lpfp+2)(p )y“_i_p‘(p6 )y+2. (.9)



Boox: b = P9, y—1, Yo, Y+1, Y2, ¥o B X B PEFHCTD X.
m ¢/ M2 . ¢/ M3 CMI T4 ¢/ N8 C/II

7 wWnms —  wme =+ 16 2 — 2 % .
s 3 = urie 1 — X W6 -] X
num X Hre Fx? 1 — IMA HIlb X  UM2
% 4 Mmé 1 4+ HI6 X WIS X HIB
"X -~ WA MII6 X 6 + W4 X +
BIT - 09

Ilns mpuBefieHHOro Bbiue mpumepa npd b == 0,1, gy, = 0,934, o =2
e 0,0528, Y41 = 0,966, ye2 ==10,9763, xo = 1,4 n x = 1,43 nonyunm
y(1,43)=0, 9568716.

NMporpavma 5.8, MuTepronsuus Npu OsTH NPOHSBONBHO pacnono-
seHHBIX y3nax mo ¢opmyde

y(x) = [[[Ba(x — xs)+ Bs](‘f — xg)+ Bol(x — x1) 4 Bil(x — xo)-+ Bo
Beoa: xo <+ x. = PO+ P4, yo= P9, y1 >y =PA+PIO nu x=PX

(nocre nycka i mugmkanud uadpe 0). Kosdpduuneurs Bo, Bi+ B, 3a-
pocATcs B peruerpul 9, A - JI.

UTIA UI9  — W Hrie — + [IA MHIIB W9
—_ ureg U — =~ UIA — U2 W -

= OB WIC W9 —  WUI3 U0 — =+ HIA
— WII3 umm — =+~ WNB — U3 HI2 —

= - IIC W W — M4 W0 — = HITA
— Wr4 Mm — -~ WINB — W4 ung -—

<+~ UIC — - WM U — - oo o c/n
s M3 - UM X  WIC 4+ MO8 M2 —

b4 WIIB & W8 UMM — X HMIOA 4. UI8
Uio — X UM 4+  FBII 69

B rata. 5.1 pannl sHavenusn GyHKUHH

X
g (%) = @y () = 4/127{; OSe“’ dat

Tabauuma 5.1

x y B B-»PN
Xo=2,2 Y ==0,4860966 By==4,860986-10—" P9
xn=23 . 1==0,4892759 B,=—3,1793.102 PA
Xo=2,4 y2==0,4918025 By== —3,2685- 1072 PB
X%=25 « y3==0,4937923 B,==1,89833- 1472 PC
*5==2,6 © ya==9,4953388 B,= —5,89965.19—2 PO




B ysJjlax HHTEPNOJSUHH H BLIYHCJCHHEE N0 JAHHOH NpOrpaMMe 3HayeHiug
Bo, By =+ B,. Tlpn x = 2,46 nonyunm y(2,456) = 0,49285719 npu Tounom
snauenun 0,4928572.

Mporpamma 5.9. MaTepno/isuus TpH NATH PAaBHOOTCTOSIUHX YaJax
1no ¢opuyne

Z—1)p(p—2 —1 2—4
y (¥, + ph) = (? )2z(p ) Yy (p )zé(p ) v+

(pPP—1)(p*—14 (p+1 *—4
+ )4(p )yo__ p )zé(p )y+1+

2 . 1) )
+ (p l)2z(p+2) U,y (.10)

Boon: A = P9, y_a, y_1, Yo, Y+1, Y+2, Xo B x B peructp X.

m ¢m n2 oI I3 oo e I s o
8 ¢ 17 W8 — MM -+ 116 Fx2 LI
1 — 4 = IIA- V6 2 — X Ve
X 6 + UM x WO 4 — TIC 6
= TIIB W6 X U6 1 - X U x
— MIIA HIC X W3 X 4 U6 | +
e % WIB X WM X «— U6 2 +
U6 X WA X 6 +~ M5 X 4  BII

1n

Jlas npuBeJeHHOrO BHUE mpuMepa, B3sB xo == 24 H 1o==0,4918025,
Iast x = 2,45 noayunM y(2,45) = 0,49285719. .

Nporpamma 5.10. Hutepnossiuust npH IeCTH PABHOOTCTOSINHX y3Jax
1no ¢opvyne

_pPP=0(p—2)(p—3) .

¥ (% + ph) = o y_p+

+ p(p—l)(p22:4) (p—fi Y - (p2—1) (;521—2-4) (p—3) b+

+ ~p(xv—i‘l)(p;—-‘il) (p —3) v, — p(pP—1) (z274+2) (p —3) U,pt+
+ p(p2—112)0(pz—%) Yysr

+

BBog: %o=P8, h=P9, y.3= P2, 51 = Pl, yo= D0, ys1 = PA,
Y+2=PB, yrs =PCu x = PX,

07 W8 — W9 + I7 Fe | — T3
2 4 =+ NI W7 3 — W7 [—]
X M4 HIr 2 - X 5 + M X

UIl7 Fx? 4 — 5 MIl7 3 — X 1



2 - 6 MIIT "X W7 1 —
. Uik X -+ Hlle HII3 3} MHIIO X —
W7 1 4+ W7 X M6 X  MIOA X A4
W4 M7 2 -4 X HiiB X -+ MIi7 Mg
x um X B <+~ unc x -8 ¢/ B

00

¢+ Jins KOHTpOAsl STOH MPOrPAMMEL BOCMOJB3YeMCsl TA0yAMPOBAHHEIMH
paHnbiME QYHKIHHE P(x) nopmaspHOro pacnpesesexuss BepositRocreil [3]
npH X—2 = 0,8, x—1 =06, x0=107, x41 =08, x42=109, x135=19
(r.e. xo=0;7 u h=>0,1). Jlus oTHx snauenuil. x HveeM y_»==0,6914625,
Y1 = 0,7257469, yo = 0,7580363, 1= 0,7881446, y.» = 0,8159399
u yps = 0,8413447. Beenss sty panunle u uonoxus x == 0,86 = PX,
paizem p(0,86) = 0,80510558 npr  msBecTHOM TOYHOM SHAYEHUH
0,80510547 11 f; =~ 1 MEH. _

[IporpaMmsl, ©OeCTeYHBAIOLINE HHTEPHCIALHIO (QyHKnEH Y(x) mpa
TPOHSBOLHOM PACHONOMEHHH Y3JI0B, MOTYT HCNO/B30BATLCS H AAs 0f-
parncii MHTEPHONAINH, T. €. HAXOK/EHHS SHAYEHLI X TIpH 3aKaHHOM Y.
Jima srore sHayeHHS X; B Y3JaX HHTEPHOJALHY 3aHOCSTCS B DErHCTPEL,
OTBefieHHble IO BaMHChb Y;, A 3HAYEHHA I — B PETHCTPH, OTBEJeHiHble
MO 3aLHCh X; B y3Jax.

IpuBenennble BBlNE MPOTPAMMEL OGECHEUHBAIOT MHHEMaJbHOE BPeMs
HMHTCPIONALHE Onaronaps BLMHCIEHNO KO3(D(UIHEHTOB noJHHOMOB Jias
IPAHEA TO TOTOBHIM (OpPMyJaM C 3apayee BHYHCACHHLIME UJIEHAMH,
copepKAWEME pakToprassl. ONHAKO HPO 3TOM AJs Kai[OTO # TPHXO-
JHTCS HCIOJB30BATL CBOIO NMPOrpaMmy. o

B {22] onucansl ynuBepcalibHble MPOrpaMMel [AJ1s MHTEPIONSIIH MO~
JuroMamu Jiarpamka u Hruiotoga (n << 6 npu npomnssosbHoM # 1 << 10
HPH pABHOMEPHOM DACHOJIOKEHIH y3JOB), a TakkKe KyOHUECKHMH craaii-
HaMH, OfHAKO BpeMsi HHTEDNOMSLHH 1O HUM BEJHKO (B 3—4 pasa
Bonbule, yem mo onHCaHHBEIY BhIe nporpaMuan). Iosromy nonoGubie
TporpaMMel yyro0Hee HCHOJL30DATb IJf NPEACTABJICEHA (AIpOKCHMA-
LHH) (QyHRUME creneRHLMI nosnHoMamu (cMm. § 5.13).

5.3. MHTepnoasinus M 3KcTpanoanums QyHruuil
JBYX nepeMeHHBIX

Yacro Berpeuaiores QyHkuMn f(x, 1) ABYX nepeMeHunx y u x. -Orpa-
YHUMBIIKCh AOCTYMHMEIMH [JS MHKPOKAJBKYAATOpeB Djexiponmka DB3-34
METONaMH HHTEpNOJSNHA ¥ SKCTpanoAsuus (YRKuui f(X,y) ¢ nocrosus
HMEM qzaroMm k= Ax w k = Ay [3], BBenem mapsay c napamerpom

! p= (x—x0)/h
Bapaterp.,

- g=(g—yo)lk



Touxky (X0, yo) ycioBHo oGosHaumM kKak 0, a snduenvie QYBERUME nig
nee foo = J (%o, H0). Torna fio == [(x1, §v), for = [(%o, ¥1), 11 = f(xs, 1),
“fo-1 = f{%0, y—i) B T. L.

.l/{ Y

Tor fut o'

Tao folo W
o # = o g
a) d)

Puc. 5.1. Pacrionoenne y3nos npu uuTepnionsiuun GyRKunii IBYX mepe-
MEHHLIX NpH TpeX (a), uernipex (6) ¥ uectH (8) Toukax

Nporpamma 5.11. Vinrepnonsuus v sxcTpanonnuns GyHKIKH f(x,9)
IBYX TEpeMEHHBIX x H y no ¢opmyse aisi Tpex Touex (pue. 5.1, a):

F,9) = (1 —p—g)foo + pfio -+ Gfor

¢ norpemrocthio O(h?), npenopunonansuoii h2 Beop: h = P8, k= P9
u nanee B perucrp X: Xo, Yo, foo, fot, f10, X 1 Y (NPH NOBTOPHEIX TYCKAX
NPOrpaMMHL AJ151 HOBHIX X W § BBOLSITCSA TOJBKO HOCJEIHHE).

I ¢/m m ¢/ M2 ¢/ @m3 ¢m 14 ¢
ns ¢/ 1me wWm — une = - 16 U5 UIo
— HIB <+ IT5 1 XY - ure — HIi2

X HIb HIl4 X 4+ HII6 HUII3 X + BIT
09 . .

Has konrpons mporpammsl paccMOTpEM SHaveHust (cM. TaGu. 5.2)
¢bynkunn nocneneiictsus [5]

. o
N 22 - -z
. f(x y) = S eTVETER g,
—00
Ta6auua 52
X 04 I 07 1,0
y >
0,00 2,500 1,429 1,000
0,05 2,487 1,419 0,955
0,10 2,456 1,400 0,981

Ilns BuiGpannbix y3nos mmeeM h = 0,3, k = 0,1, xo == 0,4, yo == 0,
foo = 2,5, for = 2,456 1 [i0 == 1,429. BBenss 214 panusle H npHAaBas
X M I passHyHHe, OTMEeueHHble HHXKe 3Hauenusi, noayuum f(0,7; 0,06)=
= 1,407 npu Ttounom sHavenmm 1,419, f(0,7; 0,1) = 1,385 npm TOUHOM
snauennu 1,4; f(0,4; 0,05) = 2,478 npu TouHom SHaweRHu 2,487 B T Ja



B yanax HHTEPIOJHHE pacuerTHaie 31_{aqeﬂuﬂ ‘f(x,y) coBmamaioT ¢ Hes

KOOHBIMH. BpeMsT BHUHCTEHHA OAHOTG™ 3HANCHUS f(x, ) .(‘)KO.‘]O 12 ¢,
fIporpamma 5.12, Vntepnosnsiuta v sKcTpanoasuia QyHkuuH f(x, y)

ZBYX TEpEMEHHBIX X M § 1O dopmyne sl uyeTbipex TOYEK (Puc. 5.1,6)1

s fy)=(1—pd— Qfoo+p(l — @) 1o+ g(1 — p)for + pgfra

¢ nOrpelllHOCThIO O(hé), nponopunoranbholl k2. Beox: h = Pl, & = P2
" ;ia.nee, nocrye Haxarus kaaBuwH C/TI, B perncrp X 3uauennit xo, Yo,
Foo, fot, f10, Faiy X H Y.

s
7

£ ma 6 10 C/TT K4 FLO 04 C/II II3
Cn T4 M6 — W2 + T4 W3 WG —
wt = Mm1 U3 — TIB 1 V4 —

IC X M7 X HIB M4 X U8 X -+
urc HIis X Hurg x + Hrn3 w4 X HItA
X BIT 08

JIost IpoBepKH 5TOil NPOrpPaMME BOCHOJB3YeMCs! RaHHbIMH Tabn. 5.2.
Beenss h=03="P1 n &=0,1 = P2, namumaem xaapzuy C[IT—
phicBeurBaercss Lupa 6, yKasbiBaomas Ha BBOI LIECTH MAapaMETPOB?
X0 =04, yo= 0, foo = 2,5, fM = 2,456, fio = 1,429 u fu = 14. an[
BBOzE HX B peructp X mamumaercs kaaBma C/TI. Hasee, nocsne BBoma
B peructp X TeKyllMX 3HayeHmH X M y, nofyuaM 3Hadenume f(x,y).
Hanpumep, Gynev umers [(0,4; 0,05) = 2,478 npu TouYHOM SHAuEHHHU
2,487, {(0,7; 0,05) = 1,4145 npu Toumom smauvenun 1,419, {(0,5; 0,08) =
= 2,1118001 u 7. & ' B . .

Mporpamma 5.13. Mutepnosanus v skerpanonsuus ¢ynkunn f(x, y)
IBYX OepeMeHHHX X H ¥ 1O (opvyZe nis ulectn Ttouex (puc. 5.1,6)3

-

ooy =24 g 2O (14 pg— 7 — 67 oo

-9 1 -
+p(p 2q+ )flo+q(q 22p+1) for + pafix

¢ norpetnocreio O (f1%), nponopuuonanbuoil k3. Beon k= Pl, &k = P2
H pajee, mocne Haxatus kaaBuiud C/IT u BuicBeywBamna uudpol 8, B
perncty X: xo, Yo foor Fr0, fo -1, f=100 For, frin x 1 9.

4 I+ 8 o CJ/ir KN4 FLO 04 ¢/ 13

C/iT T4 WMe — U2 = 4 U3 Ul —
Mm + 1m um 1 — M4 X U9 X
‘M3 1 — U3 X HIA X 4+ W3 W4
X nm i 4+ U3 Fx* — U4 Fxz —
2 X U7 X 4+ W3 M4 2 X =

1 4+ WM x U8 X + WIl4 WI3 2
X = 1 + U4 X HIIB X - MO
UIIC % 2 X 4+ 2 = BIT 08



Hnst XOHTpoJist 37O MPOTPAMMEl BHOBb BOCIOJL3YEMCS. RAHHBIMy
126/ 5.2, B35B B KauecTBe HEHTPANBHOH TOUKH TOUKY xo=0,7, yo==0,05,
Terna HCXORHBIME OyAyT cJefyiomue aamrube: h =03, &= 0,05,
x0 =07, yo= 0,05, foo = 1,419, fro = 0,995, fo—1 = 1,429, f_ ;5 =
== 2487, for = 1,4 u 11 = 0,981. Boens ykasamuble janee SHAueHHs yx
u y, noayunwm f(1,0)= 1 npn Tounom smavenun 1, {(0,4; 0) = 2,502 npy
toutiom: 3naueHnH 2,5, {(0,5; 0,03) == 2,0658579 u 1. A. Bpemst cuerg
oxono 25 ¢,

5.4. BriunciieHue KopHeil HeJuHeHHbIX ypaBHeHui
Hennuefinoe, B yacTHOCTH TPAHCUEH/EHTHOE, YpaBHEHHE
F(x)=10 (5.12)

HMeeT OfMH WIH WeCKOJbKO KOpHeH x = &y, obpautaromux F(x) B myms.
Vix naxomjeHne CBOIHTCS K OLEHKe HHTEpBaja H30/fUEN KOpHS [a, b
(T. e. HHTepBAJA, B KOTOPOM HAXOLUTCS ONMH KODEHb) H €ro MOCJe[yio-
IEMY CYXKEHHI0O A0 TeX NOop, MeKa NpuGAHNeHHOe 3HAYEHHE KOPHA X;
B 9TOM HHTepBaje HE CTAHET OTJHYATBCS OT TOUHOro §; Ha 33jaHHYIO
Manyo Beamunny € Huke naH NakeT NpOrpaM BEIYHCIEHHS KOpHei
dyaxuan F(x) Pas/UTIHEIME METOAAMH [4—8]. Briuncnenne F(x) opoprs
JsieTcsl (parMeNTOM NPOFPAMME], BIHCHBAEMBIM B TEKCT OCHOBHOM npm
rpaMMel HA MECTO MHOrOTOWHSI. :
" TMporpamma 5.14. Onpenesnetne Kopusi (5.12), npuBefeHHOTO K- BHAY
% = [(x), MeTomOM NpOCTHIX HMrepanuil, pealE3OBAHHBIM BbIPAXKEHHAMHI

Xppr==[(Xn) TORA  {(Xpt1— Xn)2 > €2,
Beox: pamume f(x), €2 = PC, nayansHoe npuGirKenne xo = PX.

nll LR} (XX san ses eee seoe s08 aes o I/Inﬂ
XY IO — Fx2 HUINIC — Fx<0 01 MO C/II

OrMernM, 4TO MeTOL NPOCTHIX HTepaliii CXOAMTCS, €Ccl¥ B HHTCD<
Baze [a, b] [/ (x) << L.
I p uwmep. Halinem xopetb ypasBenus -

F(x) == x—sinx— 0,25 = 0. (5.13),
TlpuBenem ero x BHAY

i x = f(x) = sinx 4- 0,25, (5.14),
HMockonpky f/(x) = cos x <C 1, TO MerTOE NPOCTHIX HTepauuil npnMéHHM
ans pewenns: (5.14). Ipu k= 0,25 = P9 ¢parment mporpammbl ATl
suuncnennst f(x) umeer Bua: WUITM Fsim UI9 4, Jaa xp==12 K
€2 = 1-10—® monyunm X = 1,1718537 npu . =~ 22 ¢,



Miporpamma 5.15. Peanusauns MeTOa MPOCTHIX wrepanuit ¢ octa-
HOBKOL 10 KpUTEPLIO MOUIUHHO20 HYASA, T. €. HPH Xpy1 = X C TOUHOCTBIO

0 TIOCTEHErO 3HaKa. Beox: nanmbe f(x), xo = PX.

O ... unO XY IO — Fx=0 of WL o/
Iy npEBEAEHHOrO Bblllle IPHMEPA NOJNYYHM X =1,1712298 npu
1. ~60 c.
BLICOKYIO® CKOPOETh CXORMMOCTH. HTGPANHOHHONO . IPOlieCea: HMeCT Me-
xop Heiorona (KacarelbHBIX), peasusyemblil HTEpaUHOHHBIM yPaBHEHHEM

BHI2 ‘

Xng1 = Xn— F (%) [F' (x2)- (5.15),
CxoauMocTb 00eCeYHBACTCA NPH BHIOOpe HAYAJBHOrO NPHOIAMEHHS Xo,
YZOBJIETBOPSICLIETO YCIOBHIO

F(x0) -F"’ (x0) > 0. « (5.16)

B kauectBe Xo BEIOHpaercsi TOT KOHel uHTepBasa [a, b], ma xkoropom
snakn F(x) u F’/(x) coBnapaior.

MNporpamma 5.16. Peannsanus merona HbioTona € OCTaHOBKO Bbl«
yHcAeHM 10 KPHTEPHIO MawpHHOTO Hyas. Beox: mammbie F(x,)/F’(x)
nopH x, = PJI, xo = PX.

... HIIN XY — TIIO FBx Fx=0 01 MUIIA C/iI

Miporpamma 5.17. Peasmsauus metoga. HbIOTOl:Xa C OCTAHOBKOH BHI+
‘QHCTENMH TI0 KPHTEPHIO (Xa44 —X,)2 << 8% Broa: naHHme F(xn){F* (x,,)
TpH Xp == PII, g2 = PC, xp = PX.

g ... ... oo .. e eea o MO XY

— IO FBx Fx?2 HIIC — Fx<0 01 MO /11

st xoutposns ABYX NMOCAELHEX MPOTPAMM BLIYHCJMM KOpEHb ypaBs
nerust (5.13). B atom cnyuae

F(x)  x—sinx—0,25
F(x) 1 —cosx
H ¢parMenT mnporpaMmel, Bbyucasiomwmii F(x)/F’(x), umeer BuA
(0,25=P9):
unm 4 Fsin — W9 — 1 HIIX -Fcos —

=+

Toexomexy F//(x)=sinx >0 u F(x)>0 npu x==>, 10 Hano
B3It Xo-== b.== 1,3. 1o mporpamme 5.16: nonyunm ¥ = 1,1712297 npu.
tl.: = 30 C.

Ecym HAXOXK/IeHHE npousBopnoll F/(x) 3aTpyZHEHO WJH HEXENas
TeJbHO, MOMKHO HCMOMB30BATb MOXKH(UITHPOBAHHEL MeTo,u Hriorona, pea-
JIH3YeMblii BLIparKeHHEM

Xnt1 = Xp— F(xn)/K,



rae K~ koucranta, Gnmskas K cpeliemy sHauerio F'(X) B uHTepBase
[a, b1

MNMporpamma 5.18. Peanuzanus mMoxndunupoBanroro merona Heuworo.
HAa C OCTZHOBKOIl BBHIUHC/IEHHI 110 KPHTEPHIO MAWHHHOTO HYJAs. Beon:
nausste F (%) npu x, = PJI, K = PB, x0 = PX.

nn ... vee eas eme ees e cie bee UInB
= HIIO XY — I FBx Fx=0 01 WO /1

st npuBenennoro- Beuue npuvepa npu K == 0,64 noayunm % =
= 1,1712297 npu Bpemenn cyera =35 c. Dparmenr NOPOrpaMMbl Bl
yucaenust F(xn) nmeer Bug: WM 4 F sin — UI19 —.

Boiuncsenne xopreil (5.12) BOMOMKHO TaKXKe METOROM XOpA. Tlpu
aTOM MeTofe KaMJoe HOBOe 3uaveHne X HAXONMTCA KAK TOUKA nepece-
YeHHT XOpApl, npoBesenHoll uepes Toukd F(a) m F(b) oymxumu F(x),
¢ ockio alciiuce, MpHYeM OAHA M3 STHX TOYEK duKcHpyercs — Ta, AJs
KOTOPOH 3HAK F(x) coBnanaerT co sHakoM F'/(x). YeaoBue cxogmmocti
3TOro Metona amasioruuno (5.16). Ecam menonBumeH KoHen Xopppl o
x =a, 10 .

F (xn)
bt =*n = F oSy (xn — a),

a4 €CJIM HENOABHIKEH KOHEI XOpPAH ¢ X = b, TO

_ _F(xn)

_ Xnd1=Xn —m(b — Xp).

Tlonyvennoe 3Rauenue Xn4; MPHCBAHBACTCS 3HAUEHHIO D B NEPBOM Clly
yae ¥ @ BO BTOPOM, yr0 obecneunBaer CyKeHue uuTepBana [a, b]l Bers
YHCICHNS NMPEKPAIAIOTCS MPH (Xnt1 — Xn)2 < €2,

Mporpamma 5.19. Peasusanus Meroaa XOpHK NpH HENOABHMHOM KOH<
ue a. Beon: maumete F(x,), a = PA, &2 = PJI, b = PX.

nB MIMA 11 28 nic HUIB 1 28 4 HIIC
— = HIIB HMITIA — X Ui Xy — T1IB ;
FBx Fx? MO — Fx<0 05 unB C/1 ... BJjo

Mporpamma 5.20. Peanusauus Merona XODX IIPH HEIOABMIKHOM KOH«
ue b. Bpox: pauupie F(x,), b = PB, 2 =PIl u a = PX.

A WHIB 11 28 IC UNA 17 28 4 una
— = UMNB WA — X UrnA Xy <+ TIIA
FBx Fx? WO - Fx <0 05 WIIA ¢/i1 ... BJo

B stux nporpamvax Bemmncsiemne F(x.) odopmisercs momnporpam<
MOH, IpHUEM 3HAUEHHS! X, 3aHOCATCS B HAwajlo Nommporpammbl. Ilycte
HAJ0 BHIYHCJIHTb KOPEHb YPABHEHHS

j
F(x) =x3—02x2 —02x — 1,2 = ({(x — 1/5)x — 1/5)x — 1,2, '

Jexaluii B warepane [1; 1,5] Brluncnesme smavemmbt F(x) u F(x),
TNOKASBIBAIOT, YTO MX 3HAKU OAMHAKOBB NpH X = a =1, Cjlef0BaTesbhO,,



paze KCNOAbIOBAThH NPOrpaMMy 5.19, AONONHHE ee NPOrpaMMOi BhIYHC-

nenus F(x):
me 5 Fi/x — HI0 X b Fl/x — WHIIO
x 1, 2 -
Beens a—_l—-PA g2==1.1071%=PJl n b= 15=PX, noayuum
5 = 1,1712297 mipu fc =~ 2 MuH.
I[Jm gourTpons nporpaMmbl 5.20. ualizeM Kopeub ypapuenus (5. 13),
pBelleM B Hee nporpaM\xy sruncaenus Qyaxunn F(x) (0,25.== P9):
Fsin — WUI19 — . Jas b =13, 2= 1-10"1% u g = 1,1 moayyum
% = 1,1712297 npu BpeMensi CYeTa OKOJIO 1 mmm
~ Ilpm mertone XOpA abBecuncest ¢ 1 b RuI6upaloTes Mo 066 CTOPOHLI
or KopHg. EC/ MX B3ATb C OLHOH CTOPOHM, peann3yeTcs MeTOJ CeKy-
junx. HenocTaTkOM METOLOB XOpA M CeKYLINX fBJfeTcs pealu3alds HX
mno oiuoia U3 JBYX HTEpalMOHHLIX (opMys (N0 ABYM IporpaMmam).
' Ha npakTHKe TipeAnouTeHNe YACTO OTLAeTcss METOAaM, He Tpebyro-
mpv auannsa F(x) Ha cxoamMoctb. K TakuM MeTopaM OTHOCHTCS KOM-
GHHHPOBARHLII METOL CEKYLlX — XOpA. B ero ocHoBe Jexwur HTepa-
unounas opmyaa Heiotora (5.15), Ho TouHoe- sHavelHe NPOHIBOMMOH
F’(x) - samensieTcss TPHOIMIKEHHHIM — MHOXHTeNb mocde F(Xn):

Xn — Xn—1

Xn) — F (xp—1) °

MeTOR f#eT CXOLEMOCTb NPH NPOH3BOJBHOM BLGOpE B Ipefelax OTpeds
xa [a, b] HyseBOro xo u NepBOro xy NPpHOARKenuH.

NMporpamma 5.21. Peannsauuss KOMOHHMpOBAHHOrO METOLA CEKY=
myx — xopn. Beoa: aanmme F(x,;), xo = PA, % = PB n &? = P0.

Xn41 =xn*E(xn) F(

WIIA Il 34 IIC WIB IHIT 34 IMMA HWIA HIC
A urng ric Xy — + HWIA WIB — X
+ UIB XY IIB XY ITA — Fxt W0 —
Fx<0 04 uns ¢y ... B/0
! B rta6n. 5.3 panm pesysnbTaTil BHuBCJeHHs kopus (5.13) no mpo-
rpaMme 5.21, ®parveHT mporpaMMbl Begucaenus F(x,) mpm Xn, 32HOCH-

Ta6auma 53

%o - = 3 Bpems cuera tc'
{ C
Ll=g L15 1,1712297 50
Ll=g 1,3=p 1,1712297 80
1,3=p Ll=a 1,1712297 80
N 13=p 1,25 1,1712297 80
Ll=a 1,2 1,1712297 50




moM B ero Hauano H 0,25 =:P9, mves sup: 4 Fsin — W9 —, B
YHCJIEHHs BeJHCh mpu &2 = 1.10-18, :
I'apaHTHpOBAHHYIO CXONMMOCTb IPH NPOCTOH nporpaMMHou peas-
Ballly MMeeT METO JeJleHHs OTpeska nomojlam. B HeM uHTepBas [a, b]
LeJUTCH TOMOJaM, 3aTeM BLIGHDaeTCH TOT NOAYHHTEPBAJ, B KOTOpOM
F(x) TiepexOIuT €epes Hydb, OH NeJNTCSl BHOBb [OLHONAM H T. A., TIOKA
IIHPHHA CY2KeHHOro HHTepBaja He CTaHET MeHblle & [4, 5]
Nporpavma 5.22. Peasusanns MeToAa AelleHHs OTPe3Ka .IONOJAM.
- Beop: pammpie F(x) npu x—PA, a = PA, (b —a)= PB, mo6oe uncso
€O 3HAaKoM, -coBnajaouuM co suakoMm F(a), n = PC n € = Pl

WUMB- 2 = nB 4 WMA 4+ TIA =+ Fx?
W —~ Fx<O0 06 MIA  C/M ... ... ... ...
hnG Xy mc _ X Fx<0 00 WIB /~/ BI 01

Peminy 178 KOHTPOJIs 3TOH NPOrpaMMEl ypaBHEHHE
' U
F(Uy) = E — Uy — RI, (&""5—1) =0,

onpesensiollee NajeHHe HampsukeHus Ha nuofe ¥ = Un, mopkmouen-
HHM uepe3 pe3ucTop R K Hctounuky Hampsokenus E. Torma npu E=PIi,
RIy=P2 u v=P3 cbparMEHT HpOrpaMMel, BERHCHAsONME F(x)=F(Uy),
HMeeT BHA

WMA MO8 X Fe* 1 — W2 X MIA -+
“UMM XY -

HJag E=05 B; I)R="1-10"% B; v=20 1/B; n=F(0)=10,5,
a=0, b=05 B u &= 1-10-% monyum U, =:027172852 mnpu
fc &% 2 MHH .M IpH €2 == 1-10-% U, = 0,27174234 B npu fe &= 4 MuH,
U3 storo mpuMepa BHAHO, yTO CXOAHMOCTE METOa NeJeHHS OTpesKa
nonojlaM MelJeHHasi, 60 ¢yHKuus F(x)=F (Un) OTHOCHTEJILHO [P0+
cTas.

Iapamnponanﬂyro CXOAUMOCTb MMEET TaKXe MeTOh CJayyaliHbIX
npo6 (Morrte-Kapno). B rem npubnmXeHHsiM Xo, X1, X2, ..., Xn 331aI0T
cayvafinbie sHavenus B uHTepBadse [a, b], xaxapil pas cyxas 3TOT HH«
Tepsas. Hampumep, ecns 3Havemus F(a)>0 u F(x,)> 0 odyuxuun
F(x), T0 a npHAcBarBaeTCs 3HAUGHHE X, echB F(x,)<< 0, To b mpHCBam-
BACTCS 3HAYEHHE X, H T. I. JO TeX WOP, MOKa pasHOCTb b —a He CTaHe®
MeHplle €. IeHepanus csayuafigLbIX uKcesl ¢ PaBHOMEDHHIM paclpefesie+
HHeM omucaHa panee B § 5.12.

MNMporpavma 5.23. Peasusauns meropa cayuaiineix npo6. Beoa: nad+
Hhe F(x,) 1npH x, = PC, HavanbHoe chyyaiiHoe ukeno Vo = PO
(Vo< 1), a= PA, b = PB, ¢ = P]l.

urio 3 7 Y 1 + IiC KUIIC XY una
— 0 MWIB WA — X WINA 4+ nc ...

. Fx>0 N WIIC MA - BII (N4-2) yna
1B UIIB WA — UL - - Fx<0 00 HIA Cc/Ii



B sroit- nporpaMme N — uyncao, natoniee HoMep mara komaunu ¥il1C
nocqe SalMcH B JporpaMmMy ¢hparMeHTa, BBMUCJAOHIErO Fi{x.). Husa
npenmecmymmero npuMepa IpH Vo = 0,1234567, E = 0,5 B =PI,
JoR=1-10"3 B=P2 v=20 I/B=P3, a=02 B=PA, b=
—~03B=PBre= 1-10-3 = PJI noayunm Uy == 0,27144498 B mpu
{. a2 70 c. @parMeHr nporpaMbe BouncaeHua F(x,) HMeeT mpH 3TOM
ME L ums ) Fer 1 - M2 X MIC 4 Wt

XY — -

INpouecc (POPMRPOBAKKS SHAUEHHH Xo, X1, X2, s+., Xn MOXKMO yNo
pSLOYHTD, B YACTHOCTH, (OpMHpYsl 9TH 3HAueHHs NOpa3psRHO [8] Ha.
TipuNep, MOKHO (JOPMHPOBATH 3HAYENHS X, C LIATOM

x,=x,_,+0x,, (5.17)

BHUACIASA gaxauil pas F(x.). Ecau F(x.)/Axny = 0 JaeM X, Ouepefs
poe npepamenne Axy. Ecmu F(xn)[Axny << 0, TO nemum A%y HA HEHOTOs
poe uncno —R (UOKa3aTedb PaspsNHOCTH), T.e. TNOJyYaeM HOBOE 3HAs

YeHHE

N Axy=—Ax, /R

Ecnn (Axn)2 > €7, BhluMCaIsieM X, 110 ¢opMyae (5.17), ecan (Axn)2<le?,
8aKaHuHBaeM CYeT. Ilpp R = 10 wmeTon NOpaspAAHOr0 MpREAHKENH:
CTAHOBHTCA METOAOM TOAEKALHOrO MpHGMmKennus [8], TpHueM pesyJaLTat
BHUHCJICHHI 2BTOMATHUYECKH  yceaeTcd (TOYHLIMH  ABJSIOTCA  BCE
uHdpH pesyabrarta).

NMporpamma 5.24. Peanusalusi MeTORa MOLEKaIHOIO MpHOMMIKEHIS.
Bpon: panebie F(x.) mpu xn— PA, %o == PA, Axy = PB n & = PC.

HUMMA HMNB + -TIA ... cee vee eee  ese
... HIOB - Fx<0 00 urnB /—/ 1
0 - B Fx2 HIIC — Fx<0 00 = WINA /I

"~ Ilas npusesennoro spmme mpuvepa TpH AUn = Axi =01 B u
% = 1-10-¢ noayunm U, = 0,272 B npu i =~ 65 c. -
Beuny mesricoxoro 6nicrponeiicTBas MERpo-2BM HEAMBHIYanLHOrO
TIOJIb30BAHNS SHAUNTENbHL HHTepeC MPELCTABJSIOT METOALl pellieHHs
EeUiHHeibX  ypABHeHIH], OfecneunBalollye MOBLIIEHIYIO CKOPOCTL CXO-
REMOCTH HTEpaLHOHHHX NPOLECCOB. .

Kopenv ypasmenus (5.12) MOXHO HaliT nyTeM obpaTtHoHl HHTeps
-oasinuu/skcrparonsuni. Ilpy stom b mutepsane [a, b] sanaercs N 3nae
veHnlt. abeuMce X, ¥ Bounenscres N opamnat F(x.). 3anucap sHaues
BUSl Xn B PETHCTpLI, OTBeJeHHLE B NMPOrPAMMAX HHTEPHOJSUHE C NMPOH3«
BOJeHO pacronoxmennbvu yanamn (§ 5.2) nox samnuch Opannat, a 3Has
et F(x,) —B perHCTpHI, OTBeleHHBle TOX Samuch abeluce, HafizeM
€Pa3y mpuGnmieHHoe sHauemHe XKOPHS 1. Ilocde 9TOro MOKED CY3UTB
JHTepBan {a, b] u moBropHTHL pacuer,



MNporpamma 5.25. Peanusanis MeToa HAXOXKACHUS KOpHefl ¢ To-,
MOWIBIO KBaZpaTHyHOl o6paTHOl HETeprosuun/sscrpanosinny. Bpomr:
narHEe F(x) npu X, 3aHOCHMOM B Hayasio nonnporpaMMm xo == PA,
xy = PB u x5 == PC. -

WUITA 10f1 46 1o HIIB II1 46 I uric

46 T2 © WIB MIA —  HIIl W0 — = B
WIIC WIMA — M2 M0 — +  WIB — W2
Ui — s+ IIC WMl j—/ UOC X = WIB +

Uro /—/ X WIA 4+  CM ... ... .. Bfo
Ilycte Hamo maliTi wanpsimeHHe Ha CTOKe MOILIHOTO M,U,H—Tpausu«
cropa (pHc. 5.2, @ u 6) u3 pelllenns ypaBHeHus
Femle 1 We U =0, 618)
Cc

eCJIH 3aBHCHMOCTb TOKa CTOKa /. OT manpsxenuit pa ctoke Uc u 3a1BO+
pe U, omnucriBaetesi BhlpaskeHHeM

2
L, Ue Uy =8 (U, — U — 02) [P0 t2) 1] (.19)

rae S — KpyTH3Ha, p B b — napaMeTpH annpOKCHMALHMH BOJBT-2aMIIEPHOH
XdpaKTepHCTHKY. :

o

I=7(Us,Uc)

by

[c=(Ec"Uc)/Rc

I
1
|
1
1
1
U Ug

8)

Puc. 5.2. Kackan na mowsom MJIT-tpansucrope {0 # rpaduuecxoe
ompefiefieHHe TIOJOXKEHNsA ero paboueit Toukn (6)

Iogcrapnsas (5.18) B (5.19), nonydsM OKOHUATENBHO

2
pU [(bU-U U
F({U)=E,~U,—RS (bUi—U3+UO)[e of (PVa-Dtvy) —1].
(5.20)
Ipu Ec = P4, Us = P5, SR. = P6, p=P7, b =P8 u Uy=1.1 B
BIMCEIBAEMEI B TOANPOrpaMMy (parMeHT BHIYHC/IEHHS QYHKIHH F(U.)
uMeeT BHA: ) . '
A MII7 X MII8 MIB Faz X 1 4+ W5
- I19 -+ Fe* 1 — HIIg X U6 X
4 U4 XY -— ’



Oass Ec =40 B, Uy=10 B 3R =10 B, p= 1,6 =002 1/B,
Ugg = Xg= 4 B, Ug = %3 =5 “, Usz=x2=86 B MOJYUHM Uc ==
= 48762113 B npu TounoM sHavemnd § = 4,876727 B u spemenn. cueta
~40 c. Takum o6pasoM, yxKe npH OZHOM uuKse HHTeprnoasauun e
orpefesleH0 ¢ TOYHOCTHIO IO 4-X BepHBIX 3HAKOB, ur0 CoJiee weM LOCia-
TOYHO. ANsl IPAKTHYECKHX PacueTos.

'ABTOMATHUECKOE . yTOUKCHHE KODHS MAPH MeTole OOPaTHON mMTeprno-
JNANME/SKCTPANOJSIUIE MOXKHO BBLIOJAHHT PA3NHUHEIMH  croco6amis.
Taxr, AJsi JaHHOrO NpHMepa JYuYllMM OKasajcs clenyiomu# cnocob: Je-
Bas TpaHplla MBTepBaJia M3OJsHH KOpHsi OepeTcs paBHO# xo = 0 (mpn
stoM F(Uco) = E.), 3uaueane x1 == X 0 x; = x1 -} Ax, rne Ax=AUc=
== const (Hanpnmep 1 B). ' ’

MporpamMMa 5.26. Pacuer Uc ans cxeMw pic. 5.2,a meronom ofpat-
HOA HHTePHOASUHK/IKCTPANONALHE C aBTOMATHYECKHM YTOYHEHHeM KOp<
¥si. Beox: nasaannoe snaueune U; = PB, Up = PO, Ec = P4, &2 = P5,
R.S = PG, p=P7, b =P8 n U, = PX.

119 Fx? urisg x  urne -+ Mo — rng HIiB

nmn 57 IMm WIB 1 4+ TIC Im 57 2
WUIIB Il W4 — = o WMcC W2 Wrne —
- MM — MWl U2 — + UMl X  HIn
+ Hri4 J—! X HUIMB XY IB — Fx2 WIS
— Fx<0 09 WIB C/IT B 00 A HIl7 %X
uUre + = Fe* 1’ — urie X W x 4
W4 Xy —  B/O

IMpu Upg=05 B, e2=1:10"1, U, =10 B v yxasaHuux BHuIe
apyrux pammnx F(Uo) noayunw U = 4,8767272 B, mpu U, =6 B
Uy = 6,522966 B, npu U, =4 B U;= 13381808 B, nmpu U.=2 B
U. == 30,8 B. Ilpn nOBTOPHLIX BLIYHCJICHHSX BBOLHTCA TO.BKO 3HAYEHHES
U, = PX u namumaercs kaaBuma C/I1. BpeMs BrlyncJeHHS OJHOrO
sHayeHus Uc 0KONO 2 MHH. ] .

Ycropennyio CXOMHMOCTh NpPH CJOXKHBX ypasheuusix (5.12) “HMeer
Takxke Merop Ditkena — Credencona. Ilpn ero peanmsauun ypabHes
Hue (5.12) nmpusogmrcs K BHAy X = [(X), BhuHCAsieTCH NepBoe npuGau-
9KeHHe JUIA X = Xo: %1 = [(%0), saTem BTOpoe: Xz == f(x1). Ilo HEM
H3XOJMTCH yTOUHEHHOe 3HauedHe KopHs [2]

E= (xuxz—xf)/(xo —2x; 4 xg). (5.21)

Ouo npHCBanBaeTcsi Xo, TOCJe Yero Mpouecc NMOBTOPAETCA RO Tex 1op,
NOKa pasHOCTb (¥ -— Xo)2 He cTaHeT PaBHON W MeHblled 2. B mpo-
TpaMmMe CleiyeT OpelycMOTpeTb KOHTpOJb 3Hamenartends (5.21) ua uyne-
BOe 3HAueHye, KOTOpOe MOXCET BOSHHKATb NIPH PABEHCTBE Xo, Xi M X4
B KOHUe mTepanuii. ECAu Taxas cHTyaiHs BO3HHKAeT, CeAyeT mepeilT
K BHJIAue BHAYEHHA Xo = X. '



Mporpamma 5.27. Peamusauua Merofa DifTkeHa — Creddencona,
Beoa: mauune f(x) npu x,— PX, 82 =PB u x = P0. P
ure i 33 MA O 383 A HII0 X HUIMA
Fx? — XY WIo 4+ MIA 2 X — Fx5:0
51 + WO XY 10 — Fa WUIB — TFx<0
00 HII0 C/TT e ees ses ees ses  aes BJO

ITporpammy 5.27 MoXHO MPOBEPHTH BLIGHCJEHHEM KOPHS ypaBHEHHA
(5.14). Ipu xp==1,2 u €%==1.10"% noayuum ¥ = 1,1714285 npu
te~ 27 ¢,

5.5. Mouck 3kcTpemymos GYHKUMM ONHOH nepeMEeHHOH

ITonck  SKCTPEMyMOB dyHKUHIL ~ HECKONBKHX  NEpEeMeHELIX
F(x, y, 2z, ...) oTHOCHTCS R [OBOJIbHO CJIOXKHEIM BbIYHCJIMTEJIbHBIM 33+
JAayaM, aJTOPMTMEl KOTOPHIX JeTaJbHO omHcauw B [24] Peanusanua
[pOocTeHIIHX M3 HMX Ha NPOrpaMMHpYeMLIX MHKPOKaNbKYJIATOpax AaHa
B [7], HO TpebyeT upesMepHO GOJBLLINX 3aTPAT BPEMEHH. INosToMy MOHCK

: SKCTpeMYMOB (GYHKIHH HECKOJb-
Y Y(z2) <§zs) KHX TIGPEMEHHEIX LenecoobpasHo
BHINOJIHATL HA HACTOJBHHX MH-
Kpo-OBM. B cBasy ¢ 9TUM Orpas
HHYMMCS OMHCAHMEM [OHCKA 35K+
CTpeMyMOB (YHKUMH  ONHOMR
nepeMeHHOH.

IlycTe HekoTOpas medeBas
odyukuus F(x) uMeeT aKCTpemy-
MBI TpH H3MeHeHHUH x. 3ajaua

Puc. 53. Wamoctpamus x momcky PX Toucka Gmiska x peuwenmio

aKCTpeMyMa (byHKuHH F(x) HENMHEHHEIX ypaBHEHEH M CBO-

JHMTCA K OnpefencHHio HHTepBana

[a, b], B xOTOpOM H2XOUUTCSI BKCTPEMYM, H €ro Cy¥eHHto. Bynem nckarts

makcumyv F(x), tak kax ¢ynxuus f(x), HMeomag MHEHMYM, CBOAHTCS

K ¢yuxkuun F(x) ymuoxenreM f(x) ma —1. Bynem pewartb 5Ty 3anavy
METOAOM HOpPa3psiiEOro IpHOGJMKEHHS.

TlockonbKy TIpH OJHOKPATHOM HpOXO)KlIeHHH SKRCTpEMyMa (X Me-
HAeTcs ¢ matoM Ax) s@ax mpupaumenrs F(x) MoXeT He HM3MCHATBCA
(em. puc, 5.3), To caeayer mepen npobJenneM AX NpEeLyCMOTPeTh
‘BO3BpAT HAsajl Ma JBa luara flocne H3MCHEHMS 3Haka mpHpale:
Hea F(x).

fiporpamva 5.28. Ompepesenve Maxcuvyva F(x). Bsop: HRanmbie
F(x), xo==PA, Axo=PB, gf4 ==P0. Buauesuss x=xp 1 F (xn)
B Touke Makcumyma samocstcs B peruictpht PX = PJ| u PC cooTsets
CTBeHHO, TeKyllee SHauyeHHe x —+ PA, :

0 z,'% mawas 2 Zs T



AL 29 € HMIIA HNB + MA TT 29 WG

Xy - IIC — Fx>=0 03 UIB 2 [/—/ = TIIB
Fx<0 23 /—/ HIIO - Fx<0 03 HINA C/II ...
. eee eee ... BJO

Jang F(x)= 10x — 2x%, Brucas B NpOrpaMMy ()parMeut BLIUHCIe-
mra F(x) BuAa )
1 0 UIMMA X FBx Fx?2 2 X -—
npH %o =0, Axo = 1 1 &/4 = 2,5-10~* naiinem (Haxa® kiapuud BfQ u
C/IT) xw= 2,5 npa f. =~ 190 c¢. Ms perucrpa C BhisbiBaeM 3HaueHue
Fxu)= 12,5.

\  5.6. Pemenne anrefpanueckux ypasreduii

Pewenne anre6panyeCKix ypaBHEHMH BLINOJHAETCHA MO IpHBeAeHHEIM
mKe MporpaMmaM, KOTopLle ONHCaWbl Takxe B [7, 27]
NMporpamma 5.29. Brimuchenre KopHefi KBaApaTHOrO ypaBHeHHs

axx* - asx +ap = 0 (5.22)

no gopMynam xi,» = —a/(2a;) %= V/(a:/(2a3))? — aofa; . Beom: g0 ==
= PO, a; = P1 1 as = P2, BuBox pesyJbraToB (OCe HaXaTHs KJia-
prii B0 u C/IT): 7 —PX, x1 > PY, x2—P7, ecnu xopHH BewieCTBeHs+
nue, W 4—>PX, m—>PY n d-P4, ecin KOPHH X3, 2 == d & jm KOM-
IUJIEKCHO CONPKEHHbIE,

urr /—/ Uiz - 2 . 4 . Il4 Fx* WII0O WMII2

~ — Fx<0 18 [—f F4 4 I F4/ 13
urie 4 n0r W4 W3 — 7 . C/I

Has ypasrenns 2x%2 — Bx — 10 = 0 moayuum x, = —1,3117376 u
xo = 3,8117376, a pan ypasHeuus x2 -} 2x -} 156 = 0 monyaum x3, o ==
== —1 4-j-8,7416573.

Nporpamma 5.30. Pemenne ksagpatHOro ypasHenns (5.22) ¢ ymeub-
HIeHMOfi TOrpeIIHOCTbI0 BBIUHCNEHMs BELIeCTBeHHBIX KopHeil (Meublimi
O MORYJIO BeuleCcTBeHHLH KOpeHb BbiupcyseTcs mo ¢opMyle Xz =
== —aof(x102), Fi€ x1 — GonpLIKE N0 MOZYJO KopeHb). Beon: ap = PC,
a, = PB, u 0 = PA. BuBoz pesy/irrartos (nocie maxarus B/0 C/IT):
7—PX, x1— P7, x2 — P8, ecin xopHu Bemecteennsie, u 4—>PX, d->P4,
m—>P5, ecnit KOPHU X1, 2 == d 4 j/m KOMIJEKCIIO CONps2KeHHELe,

- MIIC WIA = 119 H{IB [~/ WIA 2 X =+
4 Fx2 —~ Fx<0 31 |~ F'Al" WIl4 Fx<0 2
XYy - 0o 4 nz Hmng Xy - 118 7

C/ll F4 15 4 CfI1-

IOnn ypardgenuw 3x2 4 20000x 4 12 = 0 nonyguM 1o aToft mpoe
Tpamme xy = —6666,666 u. xp == —6,0000006- 107, Tlo mporpamme 5.25



X1 = —6666,666 u xz = —6 66666666-10—* {TOunOe B3HANEHHE Xp =

= 6 10—(.) . ~
NMporpamma 5.31. Pemenre Ky6uyeckoro ypaBBeHHﬂ
x3tasxttawx-a0=0 (5.28)

BBIGJEHHEM BelleCTBeHHOrO KOpHa ¥, menerneM (523) wa (x—%) u
BHIYHCJIEHHEM KOpHell UOJyueHHOro KBaJpaTHOIO ypaBHeHHs. Bsops
a; == PO, a1 = Pl, a; = P2, 1+ |@uaxc|= PX (31ecb |@maxc| — B33~
TOe 110 MOAYMO 3HaueHHe KOIPGHIUHEHTA € MRAKCHMAJBHHIM YHCHEHHBIM
sHaueHneM). BrBox pesysbTatoB (mocje HaxkaTHd Kjaasulid BJ0 n
CMl): 7—PX, x4+ P7, x2—~>P8 u x3—>P9 (ecnu Kopuu BellecTBeu~
Hue) u 4—->PX, d=>P4, m—>P5 u x3—>P9 (ecim ecTb mapa KoM«
IIEKCHO-COTIPSKEHHBIX KOPHEt).

NA Cx XY FBx 4 4 Hlz + 16 X
Al 4+ I3 X WMo 4+ Fx<0 22 F, WA
+ 4 F, WA 2 = IA - "y —
Fx=0 03 MII6 [—/ 2 +~ TH Fx VI3 —
Fx<0 47 [/—] F4/ I8 4 CM F4/ s MWK
+ N7 W4 W5 — T8 7 C/ -

Ins ypabnernss x3—6x% -4 llx—6 =0 mnafizeM KOpHH X3 =
== 2,9999996; x» == 2,0000006 u xz = 099999982, a nns ypaBHeHuns
#9—6x2} 21x — 52 = O nonymum x5 z = | & j-3,4641015 u xp = 4.

Aporpamma 5.82. Briuucnenne ropHeil asre6pauyeckoro ypaBHeHHd
q9eTBepTOil CTeNeHy

x5 4 asx® ;- a2x2 01X Fao=0 (5.24)

myTeM pasoMNeHHs Ha [ABa KBaAPaTHYHEX MHOXWTens. Beom: ap -+ as=
=P+ P3, 2(1 -+ [auinc|) == PA. BoiBoz pesysbTatos (mocile mazmaTus
xaasuit B/0 v C[TT): x4 — PX, x2— PY, eciu ROpHHU X3, » ZelicTBHTeNb-
nuie, 1 EITOT, ecin KOpHM KOMINIEKCHO-CONpsiKeHuble (TOr[a, HaXawm
knasmwy C/TT, nonyyum d— PX 1 m—>PY). Ilna Bhuncienus anano-
THYHENM 00pa3oM Xg, 4 HRXKHMaeTcs KnaBHllla C/IL

W3 /—/ 2 = no umnp .4 4.  Wm o 4
ne X W2 4. 15 X M1 + Fx=0 65 .
Iy s «+ A.. Fx2 M0 — Fx>065 .Fa
+ 7 WL 2 + . A Fg2 M7 - Fx<0
50 /=] F4 0 + Cx F : XY Bl ~ 54
Faf 4+ "+ "FBx <C/l MWI8 |—/ MUINA — ahif
WMo Uz =  BIT 81 XY W6 + Fx0 84
- nz 4 urs — X uro 4 Fx <0 84

unpg WA — na - MnA.2 . < . 10A  HWNo A+
nan FBx — Fx=0 05 uriz bBII 32



[lasn ypasuerus x* - 9x% 4 31x% + 59x + 60 = 0 nonyusm £y, =
= —1 4 j-1,9099999 (fc & 7 MuR)*H xs == —3 H x5 == —4 ({er 10 C).
Ha peructpoB Il & 7 MOXHO BEI3BATb 3HA4CHUS KOI(QUUHMEHTOB KBajpa-
oHgRbX  MHOXUTenelr (—2 u 4,9999908) *). Ina x; U x4 momyvaeMm
anauenus —3 ¥ —4 ({c = 10 ¢).

Mporpavma 5.32, PeteHue anre6panueckoro ypasHeuws nstrofl .cre-
TeHy :
x5 axt Fasxd +ax® FaxFar=20 {5.25)

BhUIEJEHHEN BE(IeCTBEHHOTO KODHS ¥ IpHBeLeHHeM K YPABHEHHIO yeTBep+
Toit cremend. Beom: o -- 4y = PO+ P4, 2(1 -+ |Quaxc|) = PA = PB.
BLiBoj pe3yabTaToB ([I0c/e HaxartHs kaasHmn B/O u C/IT): 1. xy~PX,
x2—>PY n xs— PI, ecnt xopHu x4, 2 3 Zedictsutenwhnie, 2. EITOC,
eci KODHH Xi, 2 KOMIUIEKCHO CONpsikeHH:le. B cayyae 2, Haxas Knas
pumry. XY, noayaum i, 2, naxas knasumu XY ]—I F A oMy auM
my, 2{xz—~ PI). Hanee, naxas knasswmn BIIl .76 C/I1, noayuaml
1. xae—>PX, x5—PY pau 2. EITOI' (uaxar xaapumy XY, moayuuM

ds, 5, nanee, HaxkaB kaapumn XY /—/ F '\/ o, TMONYUHM My, 5).

Cx= TIIC XY FBx 4 4 Hr4 + I18 ).l

urs - 7 X HIIC Fx=0 63 F, unz 4+

m X Ui - 4 I5 - X U 4+  Fx<0 34

F, una + 4 F WA 2 = IIA -

m - Fx=0 03 WIC Fx=0 76 ~ HIIB [IA rnc
WI9 g Wrs 10 UI7 I3 M8 4 /—f 2

= © BIT 35 F, uvne <+ - XY W8 + -

ns 4 Uiz —  BII 25 HUI10 WIS -+ 5
i )—/ U9 — Ie 2 = A Fx? U5
- F4 + + FBx (I

- - i

Hans ypasuernust x5 - 8x% - 8143 4 802 - 94x 4 20 = 0 mosyuam
X1, 2 == —1 4 j-3,0000178, x5 == —3,7320507, x, == ~0,2679458 n x5 =
= —2,000032 (upu BpeMeHH cuera OKoJO 13 Mum). .

Ypasueunst Gosee BLHICORUX cTemeHell (17 => 6) MoryT 6bITb cmefeHBl
K YpaBHEHHAM MeHblIefi CTelleHM, ONNCAWHMM Bbille (ujaA n=2, 3, 4
u 5), BrieneHseM BELICCTBEHHOTO KOPHA NPH HEYETHBIX N M paslioxe-
HHEM Ha MHOKHTEJH U MOHIXeHHOH creneHbio. OAHAaKO B 9TOM cayyac
BLIYHCTIeHUs! TIPHXORHTCA NPOBORMTL [0 HECKOJbKHM nporpammam [7, 27),
YTO BeleT K- 39ayuTeJIbHOMY pDOCTY BPeMEHH BBIUMCHEHHD M CHHKEHHIO
HX RocrosepHocTH. ITosTOMy pelleHHe aJjreCpanuyecKHX YpaBHeHuii CO
CTEMeHBI0O 71 2> 6  wenecoofpasHo MpoBOuMTH Ha Gosnee Opicrponed-
CTBYIOIHX HaAcTO/bEBIX DBM (w60 Ha MHKpOKAJBRYJASTOpax ¢ 00iibe
KM 0GbeMOM MaMATH) M0 eAUHBIM NPOrpaMMaM.

————————

*) Tlocse BblyuCTenus nepeoii Mapw Kophed.



5.7. Yucaennoe auddepennupopanue

Yycenersoe nuddepenuuponanve raapkol ¢yexuun ¥ = f(x), sa-
LAHHOH opauHataMn ¥; M abchuccaMH xi, USMEHSIONIHMHECH -C HaroM
h = Ax = consi, saxioyaeTcss B NpUGIHKEHHOM HaXOXIEHHH DPOHS--
Bopuoli y’(x). Has storo y = f(x) sameHsieTCH MHTCPNONAUMOHHbIM
MOJIMHOMOM, 2HaJINTHYECKOE BhipaXKeHHe NS TPOH3BOLHON KOTOPOrO Hes
TpyRHO Hafith. TarkuM obpasom BeBOAATCA (DOPMYNE YHCJIEHHOrO AHG-
(eperunpoBanus [2—5], ncnojb3yeMbie B NDUBENEHHOM HIXe TakKeTe
nporpamm. OTMeTHM, YTO B HHX CBS3b p H X cooTBeTcTsyer (4.3).

Nporpamma 5.34. HaxoxxzenHe NPOH3BOZBOH IPHM TPeX OPAHHATAX}

Y () =[p —1/2) y—1 —2pyo +(p + 1/2) y4.11/A.

N
Bson: & = P9, y_i, Yo, Y1, X0 ¥ x B perucrp X (OPH CMEHE.TOJLKO £
BBOJIMTCS HOBOe 3HaveHue x == PX),

Inm ¢m 1o cfa1 1A ¢ s -G/ nz s

— HII9 -+ na 2 Fl/x — HIII X HIQ
2 X MUrio X ~— HWng 2 Fl/x 4+ HIA
X + ure + BII 07. ’

Hna b =0,02, y—, = 0,3555325, yo ='0,3520653, y+1 = 0,3484925,
xo==05 u x = 0,49 nonyunm y’(x)= —0,17336, pas x==0,52 noJy-
ynM g’ (x) == —0,18128 npu TounoM 3Hauenun y’(x) = —0,1812161.

Hporpamma 5.35. Tlaxoxpenve mpousBopHoli NpH YeTHIpeX OpjtHua«
Tax:

) 14 3p2—6p+2
y’(x=ﬁ '——E—'—s—pi—-y—l+

3p2—4p—1 3p—2p—2 ——l
+ L2 2p Yo — £ Qp Y+ 1+ p y+2).

Beop: b= P9 u (nmocne ‘HaxatHs Kaaeumt B0 u C/f1 u wunjpuxanum
WHPPE 4) Y—1, Yo, Y11, Y42, %o B X B pernerp K.

0 16 5 o 4 C/IT KII6 FLO 05 c/r

o n7 WIS — M9 <+ A Fx2 3 X HC
. MIn 4 X - 1 ] =~ W2 X
_WIIC WM 6 X - 2 + 6 .= W
K — MIIC Ung 2 X' - 2 - 2
R U3 X - uric 1. — 6 =+ M4

X + UH9 = BII 09

Jlonoanus pauneie mpepluecTBYIOMIEro npirmepa 3HAYCHHEM By ==
== 0,344818, nonyuum gna x == 0,51 suauerne y’(x) = —0,1786483, a
ans x = 0,52 snayenue y (x)— —0 1812155 TPH TOHHOM SHANeHHI
—0,1812161, -



IporpamMma 5.56. Haxoxenre NpOH3BOAHOH Ipu naTH OPIHHATAX:

1 ( 2p®—38p2—p+1 4p® —3p® —8p 44
y’(x)=-17( 12 Y2 6 Y—1+

2p3 —5p  4p*+3p*—8p—4 2p® + 3p*—p—1
+ 4 9 P Yo — L4 6 Y4 1+ 12 y+2).

Beow: y-z = P2, y—y = P1, yo = PO, y41 = PA, yio = PB, h = P9,
X0 = P8 u x = PX,

=
~ H

6 W8 — W9 = 2 X 3 —
Uz X i — HII7 X 1 4+ 4 2
<~ WUll2 X HI7 4 X 3 — W7 X
8 — U7 X 4 4+ 6 = MM X
— ~ HII7 Fxt 2 X 5 — HI7 X 2
= U0 X 4+ M7 4 X 3 + 5iurg
X 8 — UHIT X 4 — 6 + HITA
X = vz 2 X 3 4 HIm X 1
—  HII7 X 1 — 1 2 =+~ HIB X
4 U9 = C/IT BII 00

Jaa y_, = 0,35889029, y—_, = 0,35553253, yo = 0,35206533, yr1=
= 0,34849251, y.,2 == 0,34481800, xo = 0,5, & = 0,02 u x = 0,51 nosy-
unm y' (x) = —0,1786488, a nast x = 0,5 noayusm y’ (x} = ~0,17603265
npu TOYHOM 3HaueHHn —O0,17603266. B stom H ABYX NpeallecTBYIOLIHX
NpuMepax BHYNCAAANCH NPOK3BOJHBIE (YHKIMH Y (x) =Z (x) = e_"zﬂl
/'\/ 271 HMOPMAJIBHOTO pAaCTpelesieHHs BePOATHOCTEH MO OKPYTJICHHBIM
JanubiM Tabmun [3]

Ecnu ayxuo naiity y’(x) ToMbKO B y3Jax HHTepnommm QopmyJst
yHcNeRHoro AHQdepennupoBanis pe3ko ympouwaworcs. Hampumep, npy
Tpex oppuHatax H p = 0

Y (x0) = (Y41 — Y1) /2h, (5.26)
a npy NATH opAuHaTax B p = 0
. Y’ (%0) = (y—2 — 8Y—1 + Y1 — Y42} [12h. (5.27)

Wuorna, ucnosbsyst 31H  GopMysnbl, UeJeCo06pa3HO  BHYUHCIATH
Yy’ (x'==xp) aHanHTHUeCKH 3ajaHHON (YHKUHH, MPOH3BOAHYI0 KOTOPOHK
HEXeNaTeNbHO HNH CJIOXKHO Hallth B8 ananutiyeckoM BHpe. Ilps .atom
BHIYHCJIEHHA OpAMHAT y(X) OQPOPMJIAAIOTCH NOANPOTPamMMoi.

Mporpamma 5.37. Brmuncrienne mnponssopgHol ¢yskuuu y == f(x),
sanagHol anasnuTuecky no Qgopmyne (5.26). Beoa: naunete f(x), hixo=s
=PC u % = PX.

Mo WIC XY = @B WA WOB — IHI 29

TIA  MIAg T 29 ¢/ Wil Vs 4+ T 29

FI[TA — 2 = HIIB = CA1 BIT 00 ....

ceee ves see. ees  ees cee L eee sse .ees BJO



Tak KagR 3HAYeWust Xo MOrYT MeHATLCS B MINPOKUX Npefiesax, TO
sajaercss e aGCOMIOTHOE H3MEHeHMe X, a OTHOCHTeJbHOe Ax/xo == hfxp.
Bnavenue h/xo ans raapkux QYHEUME Ha NPaKTHKE JIETKO OLEHUBAETCS,

Tyers, HALNO BHIYKCIHTE npousBoHylo ¢yHKIUMR Yy(x) = Z(x) =3
== g ¥12 4/2n B Touxe xo = 0,5 npu h/xo = 0,01. B Tekct nporpammer
BOUCHIBaeM nOAnporpamMMy beamcdenus Z (x): Fx? 2 [—/ < Fe* Fn 2 X
FA +. Haxas knaBHmu B/0 v C/Tl, nonyurm aHauenne
Z(0,5) == 0,35206532, ewme pas wuaxas kaapuuwy C/TI, noJSyunM
Z’(0,5) = —0,1760005 npr Towrnix suawemnsx Z(0,5) = 0,35206533 u
Z'(0,5) = —0,1760327 cOOTBETCTBEHHO. .

Nporpamma 5.38. Briunclenue NPOH3BOAMON AaHaNHTHUECKH 334aH-
HOll (YHKUME f(X) B TOYKe X = Xp N0 MATH ee opAMHATAM C MOMOLLIO
Gopmyaet (5.27). Beox: k/xo = PC n xo = PX.

g urcC Xy - B urig WriB 2 X —

I 56 MA UG WUIIB — ni s 8 X
MIMA XY ~— TIA MIIA I 56 C/I1 MIJL WUIiB
+ @I 56 8 X UMA + MA WILO UIIB
2 X 4+ T 56 HITA XY = 1 2
- MIIB + C/II BII 00 e ... B0

* Jlns mpHBeREHHOro BHUIE -npuMepa NOAYHHM Z (0 5) = 0,35206532
i Z'(0,5) = —0, 1760325,

5.8. Bulunciense YaCTHbIX NPOU3BOLHbIX
¥ Ko3thDRLUNERTOB YYBCTBUTENLROCTH

Hepenko meoGxomumo HalitH wuwacTHBle TPOH3BOLHbBIE dysrIuR
Hx, vy, =z, ...)" HECKOJBKHX hepeMeHHEIX Dpu X = Xo, Y=Yy, 2= 2p
H T. 1. B otmume ot uncnennoro nuddepennupopanus no OIHOMY* Iig-
‘paMeTpy, NPy BLIYUC/ICHHY YaCTHHIX NPOM3BONHLIX HECOXOLHMO BHIGHpATD
"OnHH H3MelHsieMblit NapaMeTp u (PUKCHPOBATL 3HAUEHHN OCTANBHEIX mapa-
'MeTp0B DT0 MOKHO ebecneunth C NOMOLIBIO KOCBEHHON ‘aapecary pe-=
THCTPOB NaMATH, OTBeACHHHX MO BBO. COOTBETCTBYIOIMEX NapPaMeTpOB.
Hanpmvxep, ecmu xo == P1, yo = P2, 20 =P3 u 1. 1, To nporpammy
MOMHO COCTABHTH TaK, YTOCH yxasamue HOMepa perucrpa (Koma nepe-
MeHHOH) HanpuMep UHM(PE! 2, Tpu BeuucheHHy Of/0y ¥ T. n. Hemocpen-
CTBEHHO YKA3BIBAJIO Ha TO, O KaKOMY TapaMeTpPy BHINOJHSETCS nudde-
PeHLEpOBaHHe. B konue BLuHC/eHHS napaMerTpy NMpuCBaMBAETCS HCXOA-
Hoe SHaueHwe. .

Nporpamma 5.39. Bbmuc.neﬂne 4aCTULIX NPOMSBOLHBIX aHAJUTHUECKH

sapaunolt Qymkunu f(x, y, 2,...) no 7Tpem ee opmuHatam. Beon:
.h = PC, pannpe f(x,, Y 2 ... ),, KOJbl NMEPEMEHHBIX,
IIA  KHILO HA. .MIC —  KfJ Tl 27 [IB MIA
MIC#4 .. KHO INE.:27 HIB ~— 2 - % CHUIIC .

C o MIMA  KILO XY ¢/ BII 00 ... ... BJO



TTycts HaZO HANTH YACTHLIE NPOU3BOAMBIE QYHKUHR
f(x,y,2) = 2x* + y? — 322 — 3xy — 2%z, (5.28)

nﬁu x=1x0=0, y=yo=0u 2 =2 = L. @parMeHT nporpammel Bri=
gucaenus Qyukuan f(x,y,2) npu x = Pl, y = P2 u z = P3:

Wl Fx*> 2 X M2 Fx* + UI3 Fxz 3
X — W M2 X 3 X — WUl W3
X 2 X -

BeopuM mnporpammy ¢ STHM (ParMeHTOM H HCXOAHble [aHHbe?
h=0001 =PC, 0=Pl, 0= P2 u | = P3. Ina sruucaeuus 0f/dx
HaGupaem uudpy 1 (xom nepemennoif x) ¥, HaXap Kaauwy C/TI, mo-
nyunM pesysibtaT Of/Qy = —2 npu fc =~ 20 ¢. Habpas uudpy 2 Ykom
TiepeMenHoit y) u Haxas kaapuwy C/TI, noavuum Jf/8y = 0. Hakoneu,
HaGpas uuppy 3 (Kom nepeMeHHOH z), ho.ny-mm 0fl0z = —6. Dru 3ua-
LeHHS NMOJIHOCTHIO COBMNAJAIOT ¢ TOYHBLIMH.

Nporpamma 5.40. BerukicnieHHe YacTHHIX NMPOH3BOAHEIX AHANHTUYECKU

3ananHol QyHkuud f(x, y, 2, ...) N0 mnATH ee opaMHaTaM. Bmop:
= PC, naunsvie f(x, y, 2, ...), KOO NepeMEHHHIX.

ia  KuMIIg ITA & UlIC — KII4 [T 53 B HUIIA
HIric -+ KIOg riar 53 HWIB — 8 X IB
HIIA HUric .2 X — KIIg I 53 UlB -
"B HIIA UIIC 2 xX -+ Krig IT 83 Ung
XY — 1 2 <+~ MHIC = WUITA KOO XY - -
C/lT  BII 00 B/0

Pa6ory sToif IPOrpaMMEl MOKHO NPOBEPHTDL MO MPHBECHHOMY BhILU@
npHiMepy. :

Heperko nepemennstie ¢yukuuu f(x, y, 2, ...) HMEIOT pPe3KO OTJHY«
Hele WCXOnHHE 3HaueHms. B arom ciyyae lenecooGpasHo 3ajaHHe OTHO-
CHTENILHOTO H3MeHeHusl h/p kaxpeli nepemeHHoll p (p=1x, y, 2, ...).

Mporpamma 5.41. Briuucnenne YacTHEIX MPOHM3BOLHBIX AHAJMTHNECKY
sapanuoil Qyuxumuu f(x, y, 2, ...) MO TpeM e€e OPAMHATAM OpH 3aKaHuU
oTHOCHTEJIbHOrO TpHpawenus h/p xaxgoro napamerpa. Bson: h/p = P9,
Bauuse f(x, y, 2, ...), KOmpL. NepeMeHHHIX.

Mo KWOG TA 4 MOC X — KO Im 34
B MIA 4 HWIOC X +° KOG TT 34 WIOB
— 2 = HIrcCc = WUnA = B UIIA KIIX .

UrB ¢/i BIT 00 PO -

Jns npusenenuoro Bollle KOHTPOJBHOIO npuMepa NOJIYYHM NPH hip =
=001, xo=1, yo=2 u 2y =3 suauenus Of/dx =: —8, 9f/dy = 1
H 0f[/8z = —20, koTOpHe TaK:kKe €OBRAAIOT C© TOYHBIMU 3HAUGHHUAMHU.



O6utee a6cosOTHOE NMPHPAINEHNE (YHKUHM HECKOJbKUX TNEPEMEHHBIX
npu H3MeHeHHH KasKAOi W3 HUX

Af (%, 7y, z,...)—— 6f Ax-—}-af Ay 4 fAz-—]—...

YacTHble NpousBOfHLe NPH NpHpamieHusx AX, Ay, Az # 1. 5. Hasw-
BaKTCA abconoTrotmy KO3(GGUUHEHTAMY YyBCTBHTENBHOCTH (YHKUMH K
H3MeHeHUI0 COOTBEeTCTBYIONIEr0 NapaMerpa.

B npakTuge HayuHO-TeXHHYECKHX PACUETOB MPEANOYHTAIT HCMOAL3O-
Batb OespasMepHLIe OTHOCHTENbHBE KOIMODHIHEHTH HECTAGHIBHOCTY MO
Kax oMy Tiapavierpy, Hanpimep:

Sooe Ol _ 1 AJJE

¥ 0xx T axao Bxjx

_H T. 1. B 570M ciiyyae Jerko BEYMCIAIOTCS OTHOCHTeJIbHBE OOLIMe Tpu-

palileHus QyHKIHH ‘
Af

f (X6 Y00 20, ..

Ilpusepenusie Bile NporpamMMbl JIETKO npncnoco6mb JJIS BHIUHCTICHUS
OTHOCHTEJIBHBIX KOIPMUIHEHTOB HECTAGHIILHOCTH.

liporpamma 5.42. Buuucnenne sHaveHns Qyuruuu f(x, y, 2, ...)
CTHOCHTENIbHBIX KOS((HIHEHTOR HeCTAGHINBHOCTH NPH TPeX OPAHHATAX
¢yuxums. Beom: A/p = PC, nannwde f(x, y, ...), KOOH TepeMEHHbIX.
3uayenue f(xo, Yo, 2a, ...) = PA.

nNa. KUurjg rna 4 HIC x -~ Krim Iir 37
B HIIA 4 HIIC X + KIIO NI 37 MIB
— HIcC =+ 2 < B WIIA KIg Il 37

" TA HIIB° XY = C/I1  BI1 00 ces ... B/O

3 _s,_+sy +sz—-+...

Jas wasmocTpanuy BeldHcAMM KOI(QQUIHeHTH OTHOCHTEABHON HecTa~
GHIBHOCTH NMEpHOAA NOBTOPEHUS UMIYJBCOB, (POPMEPYEMBIX pesakcary-
.OHHBIM IeHEePATOPOM HA OJHONEPEXORHOM TPAH3UCTOPE

ta=RCIn (1 —n)~",

rre R =1-10° Om — Bennunna BpeMs3afaioulero pesucropa, € =
==1.10-8 @ — eMKOCTb BpeMsI3afAI0Wero KOHACHCATOPA, 1) == 0,66 —
l{’p)(b(bldu.ieﬂ'l‘ LeJIeHnsl.
. DBrnmcnBaemes B nporpamMmy  5.41 nopnporpaMMa  BHIYHCJIEHESI
t:(R, C, 1) mpu R = P1, C == P2 u 1} = P3 umcer pun;
1 U3 — Fi/x Flo HIIl X W2 X

Beens snavenns R, C, ) u h/p=0,1, nabupaem kox. 1. Haxas KJIaBHILY
C/T1, enycrs fo==25 ¢ nomyuum Sp = 0,99999999. Habpas oz 2 u
namap knasmy CJTI, nonyunm Sc = 0,99899999 u, nakowen, naGpas
KoA 3, moayunm S, = 1,8224953. M3 perucrpa A MOXHO BHI3BATb _HC-
XOLHOe 3HaueHue tn == 1,0788096-10-3 ¢, _ . o .



Tlporpamma 5.43. Bruuciewne swmavenss dyumxuwy f(x, y, 2, ...) n
OTHOCHTEJBHHX KO(Q(MHIHEHTOB HeCTAORJALHOCTH INPY IHITH OPAMHATAX
¢ysruws. BBop: h/p = PC, mamnste f(x, y, 2, ...), KonH nepeMenmbix.
3uavexnue f(xo, Yo, 20, ... ) = PA.

g KUIIg ITA I 53 2 It 57 B I
52 IIII 58 8 [—/ Tl 48 - 1 59

8 T 48 2 X 4+ O 5  MOB XY
— Wnc =+ 1 2 + TIB MIOA KO Ii1 -
50 WIOB XY . MA +  C/I Bl 0 X  WIB
4+ TB  MIDA 4 WIC X B0 X — K
S 1

Lns  apepwectByromero mnpuMepa unpu  hfp == 0,01  nosyumm
Sy =0,9999949, S, =0,9999949, S —~17993745 n 1 ==1,0788396X

><10 "% ¢ npu _ ~50 c

5.9. YucnenHoe MHTErpUPpOBaHue

OcuoBHas 3agava YHCJAEHHOrO™ MHTErPUPOBAHHA CBOOUTCH K HaXQ«
KNEHUIO 3HAUEHUsI COOCTBEHHOrO OIIPE/ICJACHNOr0 HHTErpaJa

b
— S f(x) dx. (5.29)

a

B ofuiem cayuae uHTepBad umrerpupobaums [a, b] pasbuBaercs Ha
m uacreil. B cBOIO oOuepelb Kamjaas H3 HUX JeJHTCA Ha 7 yactell,
npelenax Kaxaoil yacty y = f(x) annpokcHMupyeTCSl MOJHHOMOM, HHTe-
TpupOBanHe KOTOPOro BOSMOMKHO IO JOCTATOYHO HPOCTHIM (hopMyJsaM
[\—5). TipuBenenHble HuMe NPOrPAMMEl OTJIHUAIOTCH CTEHEHBIO I[IOJBI+
KOMa M yucJOM OpAaHHAT f(x), BHuUMCJAsSIEMBIX Ha Kawpoii H3 m uacref.
TMocnenunii unen npuBOAMMBIX (POPMyYJl XapakrepusayeT MOTPELIHOCTh
HOTErPUPOBAHHS.

Nporpamma 5.44. YncsieHnoe BHTErpupoBaHue METOZOM MPAMOYTOMb-
HHUKOB no (opmyne

m-1 b m--1
—a
1=hzy‘= m Zyi’
i=0 i=0

rne h = (b — ) /m. Beon: nemnve f(x), m, b u a B peructp X. Texy-
liye spavennn x — PA, peructpe 0, A, B u C sansuts.

m o T1IC C/li MB CHI ODA ~—  HIC +-
m ... ... - HWIC + [IC HA W0 4+ A
Mg — - Fxz=0 11 UFIC MI0 X Cc/IT BIT . 00




TlycTe Hago BHIYMCJINTB 3HAYCHUS HHTEIDAJNOB, OpUBENeHHBIX B
Tabn. 5.4. ' ’

' . ) ) Taonuuna 54

- Bpema
HuTerpan H ero -Mpo-
TOUHOE 3HAYEHHE rpaMma Meton m | Peayabtat c;lae::.
5.4 HpsimoyrossEHKOB 16} 0,88939982 1.7
. 64 | 0,90313381 7
5 e 5.45 | IMpamoyronbhukos | 16 | 090797012 1.7
I .-_—S ETINT dx== Mopubunuposaunny | 64 | 0,90748612 7
1 5.46 | Tpanenuit 16 | 0,906642285 1.5
==0,9074539 64 | 0,9073897 6
6.47 | CumMncona 8| 0,9074589 2,2
32| 0,9074541 10
544 | IIpaMoyronbHHKOB 16 | 1,3757033 1,4
64 | 1,3920898 5.5
8.45 l'I_paMoyro.vbuuKos 16 | 1,3987863 1.8
1 =S=1/2x+1 Ly == ' monudunupobanubitt | 64 § 1,3987217 6
5.46° | Tpanenult 16 | 1,3985799 1.5
==1,3987175 64 | 1,3987089 6
5.47 | CHuMucona 4| 1,3987137 1,2
- . T 8| 13087172 2,5

Jas nepBoro uHTErpaja (parMeHT NMPOrpPaMMsl, BHMHCHAIOUEH f (x),
HMeeT BHp (umcno 16 BBOguM B persctp 8):

WUITA 4 Fx? X FBx Fx? HII8 4+ =
Ilns Broporo murerpana ¢parvent nporpamMbl, Begmcnsiomuit f{x),
CleyIoL

WIMA 2 X 1 4 Fy~ 4

Peaysnbratsl BbIYHC/eHHD AU pAsJHUHBIX 11 gaHer B Tadn. 5.4.
Mporpamma 5.45. UHcJeHHOe HHTErpHPOBaHHE Mo,uurpnuﬂposaﬂﬂmm
METOLOM MPAMOYTOMbHHKOB

m-1

1= Y F (g, 4 058) + =D pr ),

=0

rie [/ (&) — smauenue- Bropoi mpousBonuod f(xy B Touke ¥ ==E, rne
f'’(x) makcHmanbua, Beoa anasioruuer ouycasHOMY aJisi mporpammel 5.44.

n o mnc ¢ OB CM NA - U  +
10 2 <~ | UINA + naA ...
UIC + [IC WHIIA HII0 -+ MA
U[B — Fx>0 16 HIOC M0 X  CM BIO 00



Jauunle KOHTPOJBHLIX HPHMEPOB cM. B Taba. 5.4.
nporpamma 5.46. LIHCJIeHHOe HHTETPHPOBaHiEe METONOM Tpanellnfi:

h2 (b

, ’—~Z(y¢+ym) L& 1®. :

i=0
Bpon aHaJloruyeH onumcanHoMy nJast nporpammel 5.44. Pernctpet 0, A, B
» C 3ansaTH, Tekyliee suaueHue x > PA.

o ¢/ MB M 41 IIC  WIB C/l'I T 41
WIC 4 2+ [IC WIB MHIA W -+

B HII0 1 —_ o HIA HIB + nr 41
unc +- NnNnC FLO 25 MNOC HIIB X C/IT  BII
00 m ... ... . .. .- ... B/

) B npuBepeHHLIX Boimie nporpaMmax n = [. Jlns noBbllueHuss TOw«
HOCTH WHTErpHpPOBAHHA KaMNbll K3 M OTPE3KOB pas3bHBaeTc Ha # ya«
cTel, TaK yTo Ha mem f(x) 3anaercs n - 1 ophuHaramu. JTO NO3BOJsieT
NOBE:CHTb CTETeHb NOJHHOMA, ANMPOKCHMHPYIOWEro f(x).

Nporpamma 5.47. UncaeHHoz MHTerpHPOBAHMEe METOAOM Napabod
(Cumrnicona) npy n = 2:

b . -

~\1war=L1@+ 41 @+n o @tom+

a

4 (@43 4 ... 41 (5= BT (0)] — o v (z),

Beon: pamiee [(x) npu x—PB, 2m (uethne umcaa), b H a B pes
ructp X.

Mo ¢n mnB ¢/ IA T 44 TIC WIB UNA
MB — W0 = ©NA NI 4 L T 32
4 - 32 2 BT 18 WIC 8 -+  MWOA
X ¢M X MINC -+ TIC FLO 40 B 26
UNB MIOA +  TIB  .ev eee wse eee . ees B0

Kak Buanre us Ta6ha 5.4, U3 UPOCTHIX METOLOB HHTETPAPOBAHHS Me-
Ton CHMOCOHA HaeT HanGosee BHICOKYH TOUHOCTH -— OWHOKA HpONOPILHG-
vaibya h® [3] On npumensiercsi HauGonee uacro. OxHako, ecan Rmop-
TporpamMma BbHIMHCJAEHUA [(x) BUHCHIBaeTCA B MporpaMMmy, TO OpHMelne-
nue Gosee TOYHBIX MeTOHOB (¢ 1 > 2) noapojfieT COKPATHTbL BpeMsl HH<
TerpupoBanus (npu 3ananHoii TOYHOCTH), B NPHBORKMBIX HHKE NPOrpam=
Max h = (b—a)/n, a wareppan [e, b] coorpercrbyer mpu m =l uu-
TepBasty [xo, x,,], B npene.nax KOTOPOrO_paBHOMEPHO DACHONOMKeHbl A6Ca
-URCCHl xo, X1, Xg, . HpenycMorpeHa BOSMO)KBOCTb paaﬁuBKu HE=
Tepraa [e, £} na m mlrepsa.non [xe, %} )



Mporpamma 5.48. Uncaennoe¢ HHTErpupoBaHue MeTOAOM Herorona ~=

Koteca npu n = 4 (¢opmyna Bons):
Xy
2h o\ _ R

F (%) dx= 7z (Tyo =+ 3241 +- 1202 + 3292+ Tye) — g5 fVEE).
e
Beoz: nauntie f(x) mpu x—>PA, m, buas pEI‘PICTp X (peructpui 0,
A, B u C zannarH).

‘o 0 c c/m 4 C/lf [HA - HI0 =
4 -+~ TIB I 26 FLO 13 MIIC WIOB X
2 X 4 5 = C/ll MNA I 58 7
o1 5 3 2 I 50 1 2 M 50
3 2 an 5 7 X  HIC 4+ TNC B

X HIIC 4+ TIC UIIA HIB + na ... B/

Nporpamma 5.49. Upc/ieHHOS MHTETPHPCBAHEE METOROM HblOToHa—-!
Koreca npu n = 6:

Xg

Sf(x)dx——

¥o

w5 (4150 -+ 21641 + 2792 + 2725 + 27ya -+

9h°
) + 216ys + 41g6) —~ 705 V1L (E)
Beon cm. B nporpamme 5.48.

I o Inc cm 4 C/m  I1A —_ HIo ==
6 = nB I 25 FLO 13 HUIIC HIB X
1 4 0 -+ C/lT UMA MIm 70 4 1
m 62 2 1 6 1 62 2 7 3130
62 2 7 2 Il 62 2 7 II1 62
2 1 6 I 62 4 1 X HIrc -+
nc B/ X HIC + nc HITA WIIB + ITA
" aee  eee  see ees ces  ees B/0
MNporpamma 5.50. Uucaennoe MHTErpUpOBaHHe METOLOM YILIAs AJf
n=6:

Xe

V79 dem B g4 0t ot G-t ot Suo-t-0) + 1o 1 (5.

L]
_BB_oA ¢u. B mporpamme 5.48.

o o Inc ¢a 4 CM NA — U0 =
6 <+ B ImM 2% FLO 13 UNC HINB X
3 X 1 0 = CA HWIA NI 5 1
T 51 5 m 61 1. Tl 51 6 i -
5 1 Im st 5 @b 51 HMOC + TG
B ¥ HNC 4+ TIIC WA KB +4 . DA

ono- .eee cso e - [ENY T ees “esw B‘/;’



Ilpu mererprpoBanni metonom Yebsimena mprerpan (5.29) moacra-

HOBKOIL '
. b+a ., b—a

SRR R T (5:30)
ppuBORHTCH XK BHLY
. i
2
1= S f () dtz—n-Zf(ti). (5.31)
-1 i=1

Bufop suauedndl f; npoMsBOZMTCS w3 YCJIOBUS, 4TO Beipaxenue (5.31)
6ynet TOUHHIM AJs f({) smma £, £2, 3, ..., " T.e. AA9 MONHHOMOB
BIOTE 1O n-# cTemenw. Jlag muxpo-9BM npencraBasior umtepec cay-
uau, Korna n =2 (i, z = F 4/8/3= T0,57735 nna i=1,2) u n=3
(hs=FA2Y2="F 0707107 nns i =1, 3 u b =0 paa i = 2).
Mporpamma 5.51. Muterpupobanre meronom Yebrimesa pias n == 2,
Bpoj: .aanubie f(x) mpu x, 3aHOCHMOM B #a4al0 (parMeHTa BLIYHCACHHS
f(x), m, b u a B peructp X (persctpst 0, 1, 2, A, B, C u [l sauath).

M 3 ¥y FBx = HOO 0 AC  C/m 4

¢ oIm - nroe <+ 12 um 4 uriz +
- It XY o 30 FLO 16 HIIC HIIB X c/
"B 4 2 = A HWIIB — FIB Uy, f—/

I 44 MIB MNA X HIiA  + aee
see  ees was cee  eee e+ Iic B/O

TNporpamma 5.52. Hnrterpuposasue meroneM Yebbuuesa npy n =3,
Beon cm. B nporpamMe 5.51. : ’

I1o 2 Fy~ FBx = na o 11C (071 ¥ I

¢n MM ~ MO0 = [2 HUm 4 ure -+
Bl XY AN 34 FLO 16 MIIC WMB X 2
X 8 = CM1 TNiB 4+ 2 +~ TIIA UNB

— OB Wl /-7 THI 51 ¥WHIA FIIT B4 HIiB
UMD X WA + vee ees HIIC A nc B/o

Ilpn- puterpuponanun meropom Tayccad TakKe BHIOJHSETCS [Ofi
cranoeka (5.30), npuuem
£1

S Fit)y di = Z AF (). (5 32)
-1 i=1

a 4; puGupaoTca Kax KOpHH nosinpoMa Jlexamapa. AGcuuccsr f; pacnos
JIAeHb HEPABHOMEPHO M3 YCHOBHS HAmayuliere npubamxenus J(f) nos
Junovom Jlexxannpa. Ipn stom (5. 32) OKazhBACTCS TOUHOH AAd noJRs
Bomos no (2n—1)-# creneny. :



Mpy n=2, i=1, 2 HueeM Ave=1n L =F413=
= 720,57735027, npu n =3, 1 =1, 2, 3 uMeen A3 =59, A: =8/9,
fi 5= F 40,6 =F 0,77459667 n f,=0.

Nporpamma 5.53. Vmrerpupopanwe meromom Iaycca mpu n =2,
Beoz cM. B nporpaMme 5.51.

ITo 3 Fi/x F4~ 114 0 rc c/M 4 c/a
It —  HIe -~ 2 um 4 urnz - I
XY It 27 FLO 15 MIIC g1 IIB  + 2

- MMA HWIIB ~— B urg /—/ HI 41 HUIIB
urng X HIIA -+ I 52 UrB X uric +
Iic B/O ... cer N e B/0

MporpavMma 5.54. Hurterpuposanwe Merogom I'aycca mpu n =3,
Beon cm. B nporpamme 5.51.

10 0 , 6 Fy~ IIL O nc c/m 4

cn M — Mo <+ M2  um 4 ure -+
M XY I 28  FLO 16  MWIC C/T IB -+
2 +~ TIA MIIB — _ TB MIO /—/ T 48
WA T 63 8 Mo 54  WIB MIJL X  HIA
4+ I 63 5 X HWIMB X 9 +  MIC

+ nc B/ ... N . ... Bjo

TMorpelurocTy, npncyume METOAY HHCJEHHOrO UHTerpHpoBawis layce
ca npu n = 2 3, OnpenensIOTCS OCTATOUHHIMH uJeHamu [5]

Re=g (5 LV e, Re= g (55) M@

Ha T126n. 5.4 u 5.5 caepyer, 4yT0 C POCTOM # M 11l TOYHOCTb HHTEs
TpupoBaHis pacrer., OObIUHO /1A NoJyHeHHs ‘TpeGyeMoit TOYHOCTH Ha«
xonat I npu pasueix m (2, 4, 8, 16 u 1. n.). TouHBIMH CUMTAIOT COBMds
natoulde 3HAKH pesyJbrara. KpoMe TOYHOCTH NpH NPOBEREHHH HHTErpH-
pPOBaHRA Hafo YYUTHIBATH CJAOKHOCTH NPOrpaMMEl, YHCJIO 3aHATHX e[
PErHcTPOB MaMATH Y HajHuue Y NONBHTerpanbHoft (QYHKUMH OCOGEHHOs
creit, Hanprumep Bupa 0/0, oofoo mau f(x) — co. Ecam ecth ocobennoctn
npu x —a unu x — b, To npepnourenHe ornaerca Mmetony laycca, T. K.
y Hero abcumccH f(x) HMKOrna He nMOMAZaloT Ha KOHUM HiTepBana [a, b}
Ecnu otobelinocts nostBsiercs B cepenute warepBada [a, b), npenmnouru:
Te/bHell HCHOJB30BAHHE METOLOB € DABHOMEPHBIM H JErKO NpEHCKAa3bi-
BaeMbIM MoOJOXeluem abeuuce (Cumncona, Hulotona — Koteca, ¥Yapnanl.

Huterpupoparre TabauuHo 3afaHHEX QyHKUMIT ofecnieyyBaeTcs no
cenymomieft nporpamme. Yucno wuTepsasioB pasGHeHus n NPy ‘BbIYHC/e
HRAX No 370l mporpaMie AOMKHO 6BITH YETHBIM.



. ‘Tatauna 55

. Bpems
Smmerpan nere | commona Meron m | PVt | cvers
5.48 Bons 4 | 0,907455186
5.49 Hriorona —Koreca 4 | 0,90745414 3
apu n="56
1=S '3;‘430_5?6"“‘=' © 550 Yannna 4 | 0,90745401 3
1 6.51 Yegriwera npu n=2 | 8 | 0,90745077 2,5
==0,9074539 | . 5,52 Yegninena npy n=3 | 8 | 0,9074528 38
5.53 Faycca npn n=2 4 | 0,90737764 1,5
5.54 Faycca npu n=3 4 ] 0,90745631 25
5.48 Bons 4 | 1,3987174 2
5.49 Heotona— Koteca 4 ] 1,3987175 3
1 npu n="=6
1 ___S VTS dx= 5,50 - Vapnast 2 { 1,3987174 2
0 5.51 Yegmuesa npy n=2 | 8 | 1,3987176 2,2
=1,3087175 5.52 Uegsnimena nps n=3 | 8 | 1,3087175 2,6
5.53 Faycca npn n=2 4 ] 1,3087198 1,6
5.54 Faycea npH n==3 4 | 1,3987174 2

'ﬂporpamma 5.55. HMuterpupoBanne TaGAaHuHO safanAbx GYRKIHY
metonoM Cumpncena. Beaa: h = P8, uncno HHTEPBAJIOB pasbuenusa n,
OPAMHATH Yo, Y1, +.., Yn B peructp X.

o ¢/ 19 /It KWIo XY 4 X HUIY
‘Hne C/M1 4 W9 . + FLO 02 FBx HII8
X 8 =~ C/I1 BII. 00

Ecom h == 0,25, n = 4, yo = 3, _/1—-4 Y2 =5, ys GHJ,.—?.
noyyn I =5.

5.10. Pewenne uu(bd)epeﬂuua.n_,pnux ypaBHeHui

) Pemeﬂ.ﬂe oﬁbumosexmoro nlx(p(})epeduna.nbnoro ypamxemm (Bmla
Kom'u)
R —dy/d)c——f (x w © (5.33)

"

sax.moqae'rcsl B RaXOXJeHHH (bym(mm y(x), ;J,OBJxeTBopmomeH ypar-
BeHno (5.33) npy H3BECTHHIX HauaJbHEIX YCJAOBHAX Xo K Yo == Y(Xe).

., Tlpy opnomarcoBbiXx METON2X pelICHMA Kaimjaoe HOBOE SHAYEHNE Yiis
BAXOLHTCS 0O HSBECTHOMY HpeAIecTBYIOUleMy 3HaUeHHIQ Y. OTHM Me-
TOfAM DpHCYHle «CaMOCTapTOBaHue», a..TaKKe BO3MOMNOCTD M3MEHEHE
Wara h = x,,4—x, B nponecce Bpupcheunil..-Peanusauns WHCJCHHEY
Meronos pewelns (5.33) sakiouaerca B pasfoennt GyHKuEH y(x) B



psin Teitnopa, y xoToporo Gepercsl HEKOTOPOe WHCAO WIEHOB, Ompeses
asomee nopsxok n merona [1—8) Iorpewmocts peimerns (5.33) mpox
nopiigoHanbra A7

Nporpamma 5.56. Peulerne Mu(pepeHUnalbHONO ypaBHeHHS HPO-
cThiv MeTofioM Diziepa (mepBoOro nopsiaka):

Yo =y, + b (xp 9))

Bsox: namubie f(xi, yi) opr x:i—PB, yi—PC, x0=PB, o =PC 1
h=PHO. -

HUrB HIIO 4+ B ... ... .. ces  ess s
... HOO X HIic 4+ TIIC HHB C/I1 BIl 00

Jnsi KOHTPONsE 2TOH W HDOCJGAYIOIKX NPOTPaMM PeHHM BPOCTOS
AHQ(}epeHuHasbHOE ypaBHEHHE

= dyldx = —ylx, (5.34)
2HANIMTHYECKOE PelleHHe AJisl KOTOPOrO H3BECTHO: '
y(x) = exp(—x/1).
O@parment Beiunchenus f(x, y) = —y/t umeer Bua:
unc /—/ uig =+

Beensi uexonuple faHube: xo =0, go=FL h=0,1 uv=1="P9, na«
xKaB kaapmnu B/O w C/II, monyumm xy == 0,1. Haxap knapminy XY, u3
perrcrpa Y BuishiBaeMm yy = 0,9. Haljee, HamuMasl noouepesHO K/IABHINH
C/IT u XY, 6ynem nponyuath 3kavennmsi xz = 0,2, y» = 0,81, x5 = 0,3,
ys = 0,729 u 1. A.

Jlng noBbuneHHs] TOYHOCTH BLIUMCJGHME WIAT A LeseCoO6pasuo ae-
JlaTb MafiblM, @ BLIBOA Pe3Y/bTaTOB NPOH3BOAUTH € GOMBIIHM IHATOM
H = Nh. 310 peasmsyer cienyiouiasl nporpaMma.

*  Hporpamma 5.57. Peasmsanua npocToro MeToaa Jiiepa ¢ Brjavelt
pesysbratoB ¢ marom J1 = Nh, BBon: pauube f(x, y) npu x—PB u
y—PC, N == PA, xo = PB, yo = PC n b = P]I.

WITA 110 WIIB HIIO 4+ @B ... eeo  HITO X
wiC 4 Inc FLo 02 HIC HIIB C/I1 BII 00

Iina mpusepenHoro Bume mnpumepa u N =35 Oyzem mnoayuars
21== 05, yi==059049, xz==1, y»=0,34867844, x5=15, ys=
= 0,20589114 u T. . '

Nporpamma 5.58. Pemenne nuddepeHrnanbHOro ypaBHEHHsI MOKH-
_(pnmprnaﬂﬂbm METOAOM Jiiziepa (BTOPOro mMOpsAKa):

Yoo =y + # (2, + 1% gy e05),
TAR .
- Vipos=1; +# (x5 9,)/2



Beox: nauHbe [(x, ¥) opy x—>P0 n y—PA, x0 = PB, Yo=PC g
i = PJ. BuBon: x; > PX = PB, y;— PY = PC.

WB [0 WIIC [HA [T 33 MWL X = 2 -
wic -4 MA MWIOB HWID 2 + 4+ [0 I
33  WIIL X  UIC -+  [IC WIB MW 4+ TIIB
CMT BIT 00 ...  wve wve eee wee ... BJO

'

Jnst panee npuBelleHHOTo DpuMepa HmeeM xi = 0,1, gy = 0,905,
X2 = 0,2, y» = 0,819025, x5 = 0,3, ys = 0,74121763 u 1. 1.

Ipocrefiinefi peasnsaiuefi MeTOXOB NPOIHO3A H KOPPEKUHH fABJS-
eTcsl  yCOBepIIEHCTBOBaHHLY meTon Diinepa — Kou, B ‘HeM . cHauana
BHYHCJAETCS BPHOJHKEHHCEe 3HAYEHHE

y;+1 =y;+hf (x,, yi)

npocThiM metoaoM Diisiepa (nporuos). 3aTeM OHO KOppeKTHpyeTesd € MO-
MOIIbIO (HOPMYJIH

1 *
Yir1=Y; -+ ‘2—’2 [f (xp yi) +f(xi+1: yt+l)].

Tiporpamma 5.59. Peutenne Ru(oepeHnnaibloro ypasHeHHnsl yeopeps
1UeHCTBOBAHHLIM MeTCHOM Diinepa — Komn. Beox: nanwbe f(x, y) mpu
x—+PB, y—PA, xo = PB, yo=PC u h = PJ. BuBop: x;—PX =
&= PB, y;—~PY = PC.

HIIC TIA m 29 1o HIo X HUric 4+ HA
B wng -+ HB IIT 29 HIe - 2 -~

HITH " X urnc <4 IIC HIIB (/1. BII 0o ...
ven aes sev  cess  ees aas ... BJO

Jns WcHoab30BaHHOrO BLULE mpuMmepa umeeM x; == 0,1, yy = 0,905,
xz = 0,2, y> = 0,819025, x3 = 0,3, y3 = 0,74121763 n 1. 1.

Hporpamma 5.60. Pewenne nndepeHiHanbuorc ypaBHEHUs MeTO+
. KoM Pyure — Kyrra 4-ro mopsinka:

Yp =Y+ (K + 2K+ 2K+ K, ) /6

Ky =hf(xp 9;); Ky=nf(x;+hi2 y;+K/[2)
K3=hf(x,;+ hf2, y,+K212); K4=hf(xi'+ h, yi+K3)-

Beox: naunse f(x, y) npu x—PO0 u y—PB, h/2=PA, xo = P(,
go = PX (pervctput 0, A, B, C u JI zaustet). Buizon: x;—+PX = PQ,
y:i— PY = PB. _ )
IIB TIC .3 ¥ ng I 34 nn mr 30
-+ no nom 38 + b F, unB -+ B
mi 30 3 <~ OB Wy CcAI uUns B 01
HOA wrio 4+ FHo ... ... ... 4 HIA X
4  wnc 4+ I8 F, 4 .4 WA+ B

rpe



Jlns- yRA3aHHOTO padee KOHTPOJLHOTO NIpHMepa GyAeM HMeTh Xy =
= 0,1, y4 = 0,9048375, xz == 0,2, y» = 0,81873086, xs=03; ys =l
= (,7408184 n 1. a.

B 1a6a. 5.6 nauo cpaBHeHue Pe3ysibTATOB pelleHHs ypaBuenns (5.34)
meronaMyu ditzepa H Pyure — Kyrra. X0Tfl TOUHOCTH HOCJEIHErO CyIles
CTBEHHO Bhillle, BpeMsi BHUHCJEHHS Taxke BospacTaer. ITostomy, ecan
DOrpeIHoCTL  pelienuss AndQepeHIHanbHOTO ypaBHEHHsS] OTHOCHTEJbHQ
BesmKa (nOpsAKa eAMHHI MPOLEHTOB), TO NMpHMEHeHHe Naxe DPOCTOro
MeTona Diiepa BNOMHe BOSMOXKHO (Taén. 5.6).

' Ta6auma 56

Meton %

% Tounoe
Diinepa Mc?)l?dsﬁfm- Bfinepa — Pyure— pemenue
npocToft " poBaEBHIY Konm Kyrra

0 1 1 1 1 i

0,1 09 . 0,906 0,905 0,9048375 0,90483743
0,5 0,59049 0,60707576 0,60707578 0,6065309 0,60653064
L0 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

—e

‘*) Bpems phbiymeiAeHnil ‘yrazamibMue MeTOAaMH cocrasmer Ha OxMOM Inare
cooTpeTcTBeHRO 5, 13, 12 B 30 c.

" K MHOTOWIATOBEIM “MeTO#aM peliieHHst NE((epeHHUAAbHEX YpaBHe-
uull orHocuTea MeTon AnaMca. B ueM no paay npeAllecTBYIOUIMX SHA«
yeHnH y'(x) ¢ DOMOWBI0 mosmHOMA Jlarpamka Boiymcasercs ouepesiHoe
8HaueHue y(x). B- 3aBuCcEMOCTH OT ynena BPeAIECTBYIOHIHX 3HaueHH!
4’ (x) mopsanor Meroma: Amamca MOXet ObiTb passinynsiM. JLOCTOHHCTEO
METOJA — BBIYHCJ/iEHNe OUEPeHOID 3HAYEHHH yiyq TPeGyeT JHlib OXHOIO
obpaienns ¥ GYHKUHE (¥, y), 4TO 3aMeTHO YCKOpSeT CueT OPH CJOK-
HBIX f(x ¥). Onnaxo meton Azamca Jinilen BOSMOXHOCTH «CamoCTapTo-
BaHEA», TaK Kax npe,uBapmeano Hano HafiTH pAx mpemiecTBYIOILMK
aHaueHul y (x) KaKHMH- deo APYTEME METOIAMH.

Iporpamma 5.61. Peanusangs Meroza AjaMca BTOPOrO HOPAAKaE:

!)1+l—!/t+h(3yi"‘yt—1)/2- _
Bno;r. IanHbe Yy’ -f(x, ‘y) mpu x—PA u y—»PB (xo+AB)=
ys—-PB yJ~PC u b = PI. BuBox: x:— PX = PA, y;—» PY= PB

O 23 UNC XY 1C 8 X — MO j—/
X 2, +. WIB 4 IB MDA WRZ -+ TA
CMT BII 00  wer  “eer ee eee cen eee °BJO



Pemny ypapHeHue (5.34) mpu Xo =0, yo=1, v=1 u h =0,1,
‘[las crapTa BOCHOJb3yeMCsl pesy{IbTamM pacyera g1 == 0,905 npu
x1 == 0,1, Bblyucherdolii no Merony Dinepa — Koww. Mueem Ttarke

14 -
o= —y0/1:= ~ 1. BBens stu namubie, 6yAeM nONyYats 3HAYEHHH X7
¥ yi, Hauuuaa ¢ { = 2, npuselenHbie B Tabi. 5.7.

Tab6auruma 57

Meron %)
x Bitnepa Tounce
~ - 3H Ay e
An_acha Auq:ua Auaqmca Ananca HatueHY
. v 202

0 —_ — -— I 1
0.1 — - —_ 0.905 0,90483743
0,2 0,81925 - - . 0,819 0,81873072
0.3 0.7416125 0,74078578 _ 0.7416125 0,74031822
0.4 067133313 | 0,6702644 0,67032315 067133313 0,67032001
0.5 060771379 | 0,60645471 0,60633567 060771379 0,60653064
1.0 0,36940619 | 0,36775653 | 0,36789008 0,36940619 0.36787944
1,5 0,22454802 | 0,22300808 | 0,22314117 0,22454802 0,22313016
2,0 0,13649423 0,13523351 0,13534472 0,13649423 0,13533520

*) Bpemsa BbluuClNeHUA YKa3aHHBIMH MeToxaMM Ha OAHOM wWare COCTanJsIeT
cooTBeTCTREHHO 8, 10, (3 M 10 c. i

Mporpamma 5.62. Peasumsauusa wmetrona Anamca Tperbero nopsuka:

Vg1 =y + 0 (2y] = 16y; | + 5y;_o)/12.

Beon: mammmie y’ = [(x, y) npy x—>P0 u y—PA, (xo-2h)= PO,

ys = PA, y;=PB, y;=PC

yi - PY = PA.
S Hrc 5 X
IH1T 33 T1IB
1 2 =
C/T1  BI1 00

g h = PJl. BeBox:

A

B e 1 6 X
2 3 X Mm +
MITA + TIA IO ML

xp—>PX = PO,
— m
ymng X
+ 10

B/O

Ilns koHTposs 3TOH HPOrpaMMbl 110 DPHBEAGHHOMY Bbhidle NpHMEpY

BOCllOJIb3y€MCﬂ JOMOJAKBTEINIbHO pesyanéraMn, l'IOJiy‘IeHHbIM[{ METOLOM
f ’ N

Pynre — Kyrra: yz = 0,81873086, y;= — 0,9048375 u == —1. Pe-

8yJAbTATH BEIUHC/EHUH faHel B Tadm 5.7.

Iporpamma 5.63. Peasnmzanust MeTona AnaMca 4erBepTOro NOPSAKA:

. 14 .
Yoy = 95+ h (555, — 59y _y + 8Ty g — %W, -3) /24



‘Bron: nannuie g = f(x, y) mpm x—>P1 & §—>P0, {x+3h)=P1,
ys = PO, JQ._PA y| =PB, y0=PCah-—-P,IL BuBoa: x;— PX ==
= P1, ys—> PY = PO.  ~
Mric /—/ 9 X MOB IIC 38 7 X +
unA nNB 5 9 X - T2 T 40 TIA
5 5 X U2 + mum- x 2 4 =
Huro -+ 10 U vng 4 It CAT BIT 00

PesyabTaTe BEUKCIEHHT KOHTPOMBHOTO BpHMepa- pemeﬂml (5.34)

N0 3TO#H nporpamme Laupl B Tabn. 5.7. 3HayeHns ya——l. y;
= —(,904837, yz— —0,81873086 u y; = 0,7408184 B3sTL u3 peuienus
anddepennnancioro ypasuennss (5.34) meronom Pyure — Kyrra.
; Kax sun#o ua cpasrenus Tabn 5.6 m 5.7, meton Anamca naer cy-
IIeCTBEHNLI BLIMTPLI BO BpeMeHH BHUHCIEHME HA ORHOM Ilare Mo
CPaBHEHHIO C OJHOIArCOBLIMA MeTOZAMHM AHAJOTHYHOINO MOPAAKA. Yo
ROCTOHECTBO MOM{HO COWETaTb & BO3MOMHOCTBIO <«CAMOCTAPTOBAHASY |
OAHOIIArOBLIX METOAOB, YTO HJUIIOCTPHPYeTCS Chelylollleli mporpaMmaii.

Iporpamma 5.64. Pea.nmamm KOMOGHHEPOBaWHOro MeToxa Diine-
pa —Anamca. Bmom: nawube gy =Tf(x, y) npx x—>PA n y->PB,
Xo = PA, o= PB u h = PJI. Buson: x;—PX=PA, yi—~>PY = PB.

NI 44 TIC T 33 Il 44  MIC -+ MIA
X 2 =+ M0 4+ IB  UWMNA ¢/ I 44

WUIC XY IIC 3 X = 2 |~/ = @
8 BNl 17 WIJ X MIB [0 4 B HIA
WO + A B0 ... ...  wee v ... BJO

Ilpn wasatun knasuw B/0 u C/T1 »1a mporpamma cHauaga BLiumce
nser y—>PB.u y0->’PC "YCCHEPLIEHCTBOBAHHLIM ~ MeTonoM  Diiepa.
3areM npu Haxatmu Tombko kaasuuin C/T1 smavemns # m Y1 BHIUHCS-
IoTCA MeTonoM Anavca. Ecnin mo xony BelgnclieHuiH Hano cMennTh war ki,
HOBOe 3HayeHHe h 3aHOCHICA B persctp J| r Baxumalores (Kak ppu
nepsom mycke) kaasuud B/0 m C/IT (manee Tomwko C/IT). Pesyabrarst
BHIYHCJieMAH NpHBeNeHbl B Tabu. 5.7.

" IloMmMO OmicasHoro panee MeTCIA MPOrHO3a M Koppekuuu (ycosep-
INeHCTBOBAHHOTO MeTtona OJitiepa — Kown) ®a  MHKPOKaJibRYJAATOPaN
TPOCTO Peann3oBaTh )wyxmarosbm MeTO,IL [6], Gasmpyromuiics na ¢op-
My.nax OpOrHO3a

Yig1 =y +2ﬁf (=0 ) (5 35)
H.Koppe_KI.mH

Beer =it [F (3 0) +F (30 640)) (536)

- Tporpamma 5.65. Peanusauns merona nporeesa (5.35) u KOppeKs
nuu- (5.36) -Broporo nopsaka. Beoa: mauntle y’.== [{x, y) npu x - PB,



y—~Pl, f(x1, 41)= PO, yo = PA, %, = PB, y1 = PC u h = P]l. Bu-
Bog: x;i— PX == PB, y; > PY = PC.

wrns ung - B HII6 UIHE X 2 X " UTA

I 30  Wrie 4+ Wig X 2 + UIC 1m
‘30 [0 WIC IIA WIl IIC WIB C/lT BIT 00
T 1 <11}

BosbMeM A4S cTapTa AaHHHeE MOLM(PHIUKPOBAHHOrO MeTola isepa
{cm. Bblllle KOHTPOJbHHIE BpuMep): %o =0, yo=1, 2 = 0,1, gy =
= 0,905, f(x1, 1) = —y/t = —0905 mpyu T=1 u h==0,1; Haxu-
maa knaBumx C/IT (npm nepBom mycke B/0 m C/TT) r XY, Gynem mony-
.qaTh maHHble: Xz = 0,2, y, = 08188, x;3 == 0,3, y3 == 0,740798, x.=04,
ye = 0,67022608 » 1. 1. -

ToYHOCTh METOACB MPOTHO32 H KOPPEKIHH MO)KHO HECKOJBKO - IO~

BHICHTb, YTOUHHB OKOHYaTeJIbHOE 3HayeHHe Ji+l=yi+l no pesynabra-
TaM BHIYHCJIEHHA y‘,oj_l NpH OpOTHO3E M y?_)H NpH KOPPEKIHH no (opmy-
Je [6] .
o =4t + v /s (5.37)

lNporpamma 5.66. Peanusanus merona nporHo3a H KOPPEeKLHH €
yTOuHeHMeM pesysbTaTa no ¢opmyne (5.37). Beox s BmBOm cM. B mpo-
1pammMe 5.65. ]
‘UNB  UITHL -+ B uro mrg X 2 . X HIIA
4+ T 37 W 4+ U X 2 = HIC
ITA -+ 4 X HIIl -+ 5 = TIIC I
87 I10 uric vMnB ¢/ BIT o0 I ... BJ/o

BocrnonbsoBapuinck ANA  cTapTa  STOl NPOrpaMmbi  3HAueHHSMH
y1 == 0,9048375 u f(xi, y1) = —0,9048375, uaiinennniMu Metonom Pyn-
re—Kyrra, Gyzem mnoayyath cJjelyiolliHe HAaHHBe: X2 = 0,2, y» =
= 0,8187217, x3==0,3, ys=0,7408034, x.= 04, y = 0,67030034
H T A

HenocTaTkoM BCeX ONMCAHHHIX BHILE METOAOB fIBJACTCA BO3HUKHO-
BeHlie YMC/IOBOii HeycTOMUHBOCTH pemteHMsi npm Gosbiuom mare h. Tag,
TpH pellieHus aupepesnnanbaoro ypasrenus (5.34) ueyctoiiumusocTh
BOsHuKaeT npu h > T, moatomy cxenyer 6patb i << v. Heycroitunsocrs
OTCYTCTBYeT y TAK HA3HBAEMBIX HEABHBIX MeTOMOB, Y KOTOPBIX Yiyi Ha-
XOLUTCH 0O 3HageHHuw [(¥;, Yiys). HeTanspHoe paccMOTpeHHE STHX Che-
UHAUBHEIX METONOB BHIXONWT 38 paMxu nzHAOH KHHIH. OTMETHM JimLub,
YTO COYETAHWE HBHO'C H 1IESIBHOTO METOIOB Jfjepa NPHBOAWT K BHIpa+
IKEHHIO ) -
Yipr == yi + h[Af(x, 4)) + (1 — A (%, gi49)], (5.38)

npagem npy A = 1 peannayercs sBHBA meTox Ditnepa, mpy A =0—
BeaBHE, a mpn 0 << A <C 1 — rombunupopannuit [16] Ilpu srom He-
¥CTORuMBOCTL OTCyTCTBYeT, echn 0 < A << 0,5, IlorpemnocTn HBHGrO H



FesBHOrO MeTONOB [0 Mé)xymc 6nuskp (npomopumoHaibHEl hZ), HO MO
8HAKY Ppa3JIHYHH. l'IoaTo'wy npy A= 05 mnMeeT MecTo S3HAUHTEJbHA
MeHbIIasi NOFPelyHOCTb, 9eM Y STHX METOLOB, HCIOJb3YEMHX B OTAE/bs
HOCTH. IEE S . i

B ofueM cliyya€ ypaBHeHue (5 38) periaercsi HTEPALHOMHEIM METOS
noM. OnHaKO HHOTAA er0 MOXHO PaspelliMTh OTHOCHTENbHO Yipq B fABY

unom Buze. IlpuBenem mpumep.

e(t)} u(t),B q
Bt — o

- L) . De(t) c

9)

A e :
Puc. 5.4. Vnrerpupyiowas RC-uens (@) # npumep pacuera €e peakiup
. Ba sajaHHoe BXoaHoe Bosneﬁc-rm:e 6)

Peaxmm u{t) umerpnpylomeu RC-venn (puc. 54) Ha Bo3nelcTBure

e(t) onpene.nne*cn u3 peuienns ,umbcbepeﬂuua LHOTO ypaBHEHHS
W (1) = du_e(t)t—u' )

Tle T == RC. ,Ile;il_TaKpro.ypaBHeHnﬂ ua (5.38) npu x=-e(l) un y=u(f)
HMeeM

fe(t) — ) U e ]k

Mgy =yt
PaspemnM nocnennee ypaBHe}irié" OTHOCHTENBHO tiyy M [OJTYYHM
ke (t) — ] Abfe+ (L= A) e (fy, ) BT

1+ =A4)h/t :

Nporpamma’ 5.67. Buuncsenne peaxmn RC-Henw Ha Bo3feficTBre
€(f) KOMGHHHMPOB2UHHIM (fIBHHIM U HesIBHEIM) MetofoM Jiinepa (5.39).

Beox: nauynie e(t) npu 1—>PB, A = PA, t, = PB, 1y =PC, h =PIl
M 1=RC= P9 BbIBO).\ t,—>PX u,-—>PY = PC u e(t;) = P6.

U = (5.39)

WIIB TN <42 . ymc — HIIA >< WITO, U9 =
18 ¥ UG =} n7 WHAB uUMO -4+ - HOB [
2. Um X . 1 MITA  — ¥ un7 -+ 1

HHA — . HI8 .- 1 + = TIC  WIB /11
BII 00 ... ... ... .. . ... I8 Bjo



Tlycres Hamo nabitd peakuwmio RC-uenm Ha nnyxat{rnoaeﬂunanbnuﬁ
mvmy.noc
e (f) = Up (et — e~ #m),

Tas 3700 B HpOrpaMMy BHHCHIBaeM (parMeHT BHIYHCJACHHS e(fy v
suae noanporpamMil (1; = Pl, 12 = P2, Up = P0).

WMB [—/ WM -+ Fe* MIB [—/ WMN2 = Fe*
—  uro X

S Beeas mcxoambie pammoe A=05, fHh =0, uy=0, h =202,
Up=10, 1=1, u=1 u =005 noaysum [ =0.2, u(l)=
== 0,1349188, f; = 0,4, u(lz) = 0,44620789, {; = 0,6, u(f3) = 0,7910869
1. A (puc. 54,6). Exunuus uaMeperus I, T, t1, T2, Us 0 u — ceryn-
bl B BOJIBTHL. .

CucteMst nuddeperuuanbiblx ypaBHeH#l nepboil ¢TeNeHH pelualoTcst
ONKCAHHBIME BhHIe MeTofami. OctaHoBHMCS Ha PelI€HHY YacTo BCTpe-
GAIOWHXSH CHCTEM M3 IBYX IMddepeHLUaNbHEIX ypaBHeHH# Braa

y’f——%—f’c—=f (x v, 2), 2’=—;%=q>(x. Y. 2) (540)
Pemenne cucreMtl (5.40) mpoctsiM meToxoM Diifiepa CBOAUTCS K BblgHC-
JICHUAM Yipq W Zipq N0 QopMydiam Disepa.

Iporpamma’ 5.68. Peanuszaums npocToro Merona Silepa M CHe
cTeMbl B3 AByX Au(pdepexLuanbHuix ypasuenuii Buna (5.40). Beox: nams
uole f(x, y, 2) v @(x, ¥, 2) npu x—>PA, y—>PB n z—> PG, xo =PA,
yo = PB, zp = PC n h = PJl. BuBox: x;— PX == PA, 41> PY = PB
H 2;—> PC.

cer eee eer eee ... MO X UOB 4 MO
cee eee e ee o eie...ooHOO X MIOC A+
IIC Mo B PIHA unp 4+ A ¢/ B 00

Mo;mqmunpoaamnbm meron Difinepa (BTOPOrO HOPAAKA) AJS CHe
cTeMbl (5.40) peanusyercs BblpaKeHUAMH

yi+l‘_‘yt (xt’ Y 2) yz+l‘—yi+hf (xt 2' yt+l’ i)’

2;+1=21+'2“¢(x¢v Yor 21)'- Ziy | =2;+he (xl-+ 9 Yo 2i+l)

H crenymwoliell 1porpamMmoit.

Mporpamma 5.69. Peanuzauus M0ﬂn¢)1xuuposa[moro merona Direpa
ans cuetemol (5.40). Beoxn: pannme f(x, y, 2) B @(X, §, ) npu x - PO,
Y—>PA u 2—PC, h/2=P9, xo=P0, yo=PA=PB, 2y =PC=

= PI. Bupog: x; —PX = PO, y;—» PY = PA n 2;—PC. -

M 24 X 119 FBx M0 + mo I 24
XY = 19 Mmoo 4+ 1o HNC nn HnA IB



Mo ¢/1 BT 00
UI9 X - UuiB -+ o ... ...
Hre X ung + nc Wm nA 2 W9  BJO

s npoBepku ABYX HOCJEeNHHX HPOTPaMM pelllim cHcTeMy nudipes
peHIHANBHEIX ypaBHeHHH N

dy dz__( 2y L
dr =% dax — \x z)_x Y

onpenensioukx TabyaupopanHnie GyHkuun Beccens n-ro népﬂnxa [1, 2,
6]. Ilpu h/2 = 0,025, n = 1, xo = 0,2, yo = 0,09950083 u 2, = 0,49235
GyneM nosy4aTh naHHHE, npHBeneHHble B Taba. 5.8 (naHnl BHGOPOYHO).

Ta6anruna 5.8

Meroy,
Tounoe peuienne
% Sitnepa Stirepa C o p=1 ()
npocTolt MoudULHPOBZHHBIH
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

Hupdepennnanbivie ypaBHEHH n-ro NOPARKA CBOAATCA K CHCTE-
MaM #s n ypaBHeHMH NepBOrO MOPAIKa, KOTOPHE PeLIAIOECS COHCAHHBI-
MHA BHHIe meroxami (cMm. npusioxenue 3 u [29]).

b.11. Cnekrpanbhuiii ananns

Ilepuonuueckas QyHRums, 3aBHCAIAs OT BpEMeHH, C NEPHOAOM
T —y(t), ynoenerBopstoiast yeaoBnam Hupuxnae [1, 2], moxer 6wrnb
pasnoxena B pan Pypre

nm

gty ="2+ Z (@n, cos noyt 4 by, sin net) (5.41)
n=1 . :
Hau
| " .
¥ (f) = EZ'L + Z_An cos (o1t — p), (5.42)
.n==1

A€ 1 — HOMep TapMOHHKH, ©1 == 27if; — YIJIOBasi 4acToTa HOBTOPEHHS,
f1 —uacrora noBTOpenns mepBoii rapMOHEKH; ao, Op M by — xozddunn-



crrs pana Qypee. Tounoe npexncrasBiesne Y({) BOIMONHO WPH m-—» €2,
OAHAKO BA TPAKTHKE OOLIHO HCNONBL3YIOTCS YKOPOYeHHbe psinel Pypre
¢ KOBeUHLIM 3BAuEeBHeM Im.

Mporparma 5.70. Buiusenenre y(f) no paznomenrnio B pajf @ypse
4y ¢ m<6 BBox: o as.= PO+ R6; b1-+bs = P7--P9;
b, - be = PA + PC, #/T = PX. Upwu-cvere ¢/T oumiaercs, onepansoH-
pbiit 670k (BamatueM xnasum Cx 144) w BBOARTCA HOBOe sHauenme !fT.
'ne,pexmaqa're\_nb P'— I’ ycrapaBjiuBaeTcst B ficJiokeHse P

Fr X 2 hd nm 4 Fcos HIII X XY
Fsin M7 X+ + 2 ung x4 F cos
ure X- XY  Fsin W8 X + + 3 UI
X 4 Fcos HMHII3 X XY Fsin HII9 X -+

-+ [4 unn X 4 Fcos HI4 X XY Fsin
HUIIA X + + 5 ung 4 Fcos HII5
X XY Fsin UIMIB X -+ + 6 nurn %

4 Fcos HUII6 X XY Fsin HIHC X 4+ 4]
o 2+  + I BO 00

Ecin Bac wmHTepecyer TosbkKo ¢opma y(I), To uied ao/2 MomxeT
6nTH orbpomnen. Torga permcerp 0.MOXBO HCOONB30BaTh NJf BHIYHCSIE-
HisE HOMepoB rapMoHuk n =1, 2, ..., m (m < 6) 1 opraru3alup KOC-
BeBHOH afpecaluH BHI30Ba 0, W b, W3 perncTpos mamaT. lcnoansoba-
Hue KBanPATHEIX. CKOGOK OOLSICHSIETCsI B ONEcansu nporpammer 5.71.

Nporpamma 5.71. Briuucsesre y(f) no pasnoxesmo B pan Oypowe.
(5.41) Ges unena aof/2. Brog: a1 = Pl, by =P2, ..., as = P9, b5 =
= PA, a¢ = PB, bs = PC (BBOnsitcs K03(OHIBEHTE. KO Oy bin. BKITIO-
unresnio), m = PX u /T = PX. Ilpr wnamenenun /T - nosropsietcs
BBof, ToabKe m u i/T. l;lepexmoqa'renb P —T B nonoxensn P.

Y2 X 1 + o 0 C/I[1 F=n 3

2 X M 0 A XY urg WU 1 —

2 <+ X 4 Fsin KUII0O X XY Fcos KUWII0
X 4+ 4+ HI0 1 - Fx=0 15 XY . 11
BIT 00

Ins KomTpossi 9THX NpoOrpaMM BbwCJAHM 3nauenue: psana (5.41)
npH. M = 3 # cReAyIOLEX AanBEX: @ =0, q,.= --523, a; = 0, a3 =
== 5,1, by == 25,3, b2 = 0 u bs = 3,47. Tax xax m = 3 < 6, 70 u3 mpo-
Tpammbi 5.70 MOMXIO MCKMOUHTH (DPArMeHT, 3AK/IOYEHHBI B KRALpaTiibie
ckobxn. Beens koauuentst a., b, ¢ nomomreio nporpamm 570 H
571, 6ynem nenyuate cremyomue asauennz H(/T): yt1/24)=
=T7,5562347, 1(8/24)=29,625443, y(13/24)=—T,5562351; y(20/24) =
= —29,625444 u 1. 1. Bpems cuera okoso 32:C.

" Nporpamma 5.72. Brwncnense y(f) mo pasnomensio (5.42) Ges
wiena . aof2. Beon: Ay = Pl, ¢ =P2, ..., 45 = P9, ¢5.=PA, Ay =
==PB,.qs = PC (pBoaares An B Qs 1O An ¥ Q. BRIOYHTENIBHO), HL==;



= PX u /T = PX. Hpﬂ usMexenny {fT nomopﬁe'rc;{ BBOI.I TOJILKO HE
u ¥T.

42 X 1 + 1o 0 c/ Fr X
2 X IO 0 4 XY WO W0 1 —
2 =+ X KUIM0 — Fcos KUMO X -+ HII0
1 — Fx=0 1I5 XY ¢/ BT 00

Tpumép: npast A; = 25,9, @1 = —0203 pan, A2=0, g2=10Q
Az = 6, @3 = 0,973 pan, eBonsi m = 3 u pasHele !/T, GyneM NOJy4aTb
4(0) = 28,745108,. y(1/24) = 29,047034, y(3/24) = 15,364754,
y(7/24) = —12,728526 u 1. n.

[pe mccnenoBaHHM CHCTEM € Mafiof HeJHHEeHHOCTLIO 3aBHCHMOCTH
y(x), rne X — BXORHOE BOSAEHCTBHE B BHIE TapMOHHYECKOIO CHTHafa
X =K 5y COS O t+x0, fipumeHsietcs meton natH opauuar [6—8]. C ero

ROMOLIBIO o MATH opauuaram y(x)

% . (puc. 5.5) ompenensiioTcA CpefHee

3HAYCHUE Yo M aMIVIMTYABl TIEPBBIX
4-x rapMoHHK 3dBMcuMocTH Y(i):

yo = [(y1 + ys) + 2 (y2 - y4)1/6.
Y = [(y1 — ¥5) + (y= — ya)1/3,
Yyue = (11 + ys)/2 — ys]/2,

A

AN z Yus=[ym — (42 — ¥4)1/2,
; Zy COSQE+ 7, Yma == Ymz — Yo+ Y3,
I

ot Koadbuurerr HeluHefiHEIX Hes

KareHu#
Puc. 5.5. MumocTpames x me- am EO

TONY WATH OPRMHAT K, = V yﬁl ot yia + yi . /yMl-.

INporpamma 5.73. Peé.nnsauﬂﬂ MeTofa NATH opanHaT. BBox: y1=P9,
Y2 = PA, ys=PB, y» =PC n ya——PII, BuBon: yo — PO, yu1 = Yus —>
—P1 - P4, K, —»PX.

HIIA HIC -+ 2 X uro unm - 116 4-
6 - o M9 g -— I8 WA HIC —
-+ 3 = m HI6 2 = WUMB — 2
= 2 Fx? WMl HIA — WUIC -+ 2 -~
3 Fx2 4+ Hrz urno -— HWIB -+ I14 Fx?

4+ FA~ umt = . ¢m

Mycré sasucumocts U (Us) kackapa ma moutuoM MJIIT-Tpanzucrtos
pe sapmana smawenusmu: 46,6(1); 38,9(3,5); 32(6); 26(8,5) u 21(11).
upuyem Uep == Ugs == yy + ys. Beeas 5tH sHauenus, gonyunM  Ke.=|
== 7,0177955-10-2, yo=Uc = 32,9 B, ym = Uy =12,833333 B,
Yz = Uewz = 0,9 B, yus = Ucna = —0,0333335 B, 14 = Ucwa = 0.

Ecay uenuneiinasi ¢yukuusi §(x) 0pH BO3NEHCTBHH X == Xy COS O f
sanaia 12-10 opauuatamu, To KO(GuiHeHTH a2, 8y u b, pana (5.41)



mory? OLITE ofpellesienhl MeronoM 12 opnnﬂa'r 0o cjenymoieil Meromy-

e [

1. BanucuBaem 12 opnumat ¢yekuMn y(f) u onpepeasem NOYJIEHHO

HX CYMME! S; M DAa3HOCTM [0 CXeMe:

y1=P1  y,=P2 y;=P3 y,=P4 y;=P5

. Ye =
#:=PC yu=PB y(=PA yo=P9 yg=P8 y, =P7

P6

sp->PC  51>P1  5;-»P2  5;->P3 s5,->P4 s5-+P5 s, >
di-»PB  d;»>PA dy>P9 dy—>P8 d;-»P7
2. BuncaseM cyMMEl 0; u pasuoctd & mo cxeme:

So St L}
Se S5 Sy

S3

\

c6o—>PC o;—+Pl 0;->P2 o03-P3
8->P6 O --P5 &, P4
3. BuuucnsieMm cymmu 0 M pasHOCTH 1), 10 cxeme:

- d dy ds
ds dy

0, ~PB 0, »>PA 0;-P9
ni~>P7 1n->P8

P6

4. HaxopuM sHavenus k03((bUIMEHTOB bl— bs, Go =~ G5 M SHaueHue

2a5 no Q)opMyJIaM

by = 9]/2+e3+92‘\/3—/2. _ 00+02+0'1+0";
1= 6 s .4

12 ;
b, o 1+ m2) VB2 _ 52+ 848 V32
= a= 5 ;
b___el'_'93_ _ 0'0—"0'2/2"}-0"]/2—0’3;
s== az = 5 ;
3 . 8 — &
b4=“/_2("1| — 19); a3=_0—5%;
0:/2 -8 — 0, 4/3/2 Gp— 02/2~ 61/2+ 03
by = = ; ag = 5 =
s 8o/2 48— 8 /32,
. 5_= 6 - »
: g = St (o +--o3)'

& STH Pacqem Ha Muxpoxanbxynmope Snexcrpoxm'(a B3-34 peann-
SyWTes ABYMS COrJIACOBARHLIMH NPOrpaMMaMH.



Nporpamma 5.74, a. IonroroBka AaHHbIX LA pacyera
12 opnuuar. Beon: ¥y = Y2 = P1 + PC.
HIIB —
IMA HUI2
FBx

HIT1

HI13

+
Hric

Iz
+

3

I14

15

uI2
8 HIl4

Urie — HIIC FBx - [Cc M
HIIB

HUITA FBx +

FBx -+
B HITA HII8

F4/ 2

MeTOonoM

HITA
I19
FBx
[15
HITB
114
FBx
ITA

B KOHIle 3TOH MPOrpaMMbl SHAYEHYC /3, /2 sanocures B perucrp [,
2 Ha WHIHKAalWIO BBIBOEMTCH LM(pa 2, yKasbiBaollas Ha OKOHYAHHE

BBIMHC/ERNE ¥ HEOOXONMMOCTb BBOAA BTOPOI! Mporpammbtl,

Nporpamma 5.74, 6. Pacuer by = b5, ao - as ¥ 2as.
Mo X

UmiB 2

nm 92
U9 I
HII0 . WHIA
HIT1  HII3

2 -

I 92

= HII3
91 . MIIB -

HIs

Puc. 5.6. Unmocrpauus K Merony Bepra

92
I
+
92
A

WIIt -

M4

6

HIIB
92
I79
HIiT4

nil
HIT3



Tlyers y = f(x) sanama caepyiommwmn opamratams [1}: py, =1,
Mp=% ys=05, ys=4, ys=13, ye =385 yr=85, ya=3, yy=1,

pio =105 yu=02 u yp= 0. Pacwer no nporpamme 5.74,a nacr
Op == 3,5, g = 7,7, Oy = 11,5, O3 == 6, 6_.. = 0,3, 62 == 4,5, eg == 4,
&y = —-—3,5, 6 = —5,3, '62"‘:— —2.5, m=13 u 1z == 2,5, Pacuer o

pporpaMve  5.74,6 paer by ='1,3411857, by == 0,54848275, b3 =
== —6,1666666, b, = —0,17320508, bs = 0,042147616, ao = 2,3916666,
a, = —1,6666557, a; = —073333333, a3 = —0,16666666, a, =
= —f,016666666, a5 = -—0,026677566 ¥ 2as == 0,21666666. JLawure
BHIUHCAEHHH 10 3THM fporpaMMaM M npvBenenuble B [l} moanocTbio
copnanaiT. OtveruMm, uro obosmaverns an, u b, B [l] coorBercTByIOT
b, ¥ an, npuHATEM B (5.41).

Yacto HesnmuHeRHas (pyuxuus y = f(x) Moxer ObTbL fnpeAcTaBicHa
aBYMsl oTpe3xaMu npsiMbix (prc. 5.6). Torna neficrByoias 4acTk BXOA-
Hero BOsneHCTBHA

X (§) == xy cos of -+ X,
RAPAKTEPHU3YeTCsT YIJIOM OTCeuKH

0 = arccos [(x¢ — Xo}/xu]-

CrieKTp BHIXOLHBIX EOCHHYCOMIAJbHBIX HMINYfAbCOB QJA STOIO Cliyuas
phiunchen Beprom '[6—8] u sanaercs OTHOCHTEJIbHbIMM CPERHAM_3Haue-
HYMEM Cp H AMIVIMTYLA4MH rdpMOHHK:

Yo sin® — 0 cos 0 Yy 6 —sinBcos @
B T T —es) M Ty T W (1 —cos6)
a1, = Hn __ 2  sinnBcos@—ncosnb-sinl
B TN 1 (nf —1) (1 — cos B)

- 7

Mporpamma 5.75. Pacuer koszddunnentos ¢, o H ¢, Bepra. Beon:
n u 0 (B rpagycax) B pernctp X. Ilepexmoyarear P-—T B nonowxke-
vud P,

0. C/I1  Fxn X 1 8 0 - 9 °F cos
n7z 1 — Fro X I8 HIO0 Fx=0 28"  HII9
MII7 X . HUIN9 Fsin — W8 + B/0 HI10 Fi?
1 — 5 Fx=0 44 M9 Fsin HIO7 X W9
- urg = B/0 urmo Mg X Fcos . HMII9 F sin
X nuro X urio HI19 X Fsin HII7 X =
2 X MG <~ 0 W0 =~  HI8 = B/0

Hatinem ap npu 0 = 30°. Beeps n==0 = PX, a 3arem § = 80 ==
=PX, monyumm  o(30) = 0,11059842.  Amamornuno: -~ op(90) =
& 0,31830985; o, (30)== 0,21522308; «3(90) = 0,2122066 u =..A.



B obmem cayuae pas dymxuun y(f), npefcTaBieH ol PAnoM Oyprea
(5.41), xoadpunpents Gs H bn onpeuenﬁromn sbipaenuamn [6—8]:

T
an =—?T S y (£) cos nayt dt (5.43)
6

~|

bn=

T
S g (¢) sin noyf dt. (6.44)
3 .

Han pﬂﬁa (541)

Ap (0) = Vag, (@) + bn (0)* (5.45)

onpejiesifieT AMIAMTYIHO-YACTOTHYIO XapaktepHcTuxy cnextpa (AYX), a
@n (0) = — arclg [b,, (0)/a, (0)] (5.46)

¢aso-yacToTHYIO xapaxrepucmxy (®4X), Ormerum, uTo 3aech @ =
== 2ntf = 2nnfy = 2an/T,

Ecan ¢yurnus y(t) safana N opAuHatamit g ¢ pasOHeHMEM NepHO+
ga T = 1/f; na pabubie O1pe3kH BpeMenu Af, TO JJfi YHCJEHHOTO HH+
terpupoBanusi (5.43) u (5.44) MOKHO MCOONBL30BATH METOL HOPSIMO+
yroaouukos. Torga Gynem uMeTb

an= Z yy cos 2unfyl Af, « (5.47)
=l

b= " Z y; sin 2nnfd AL (5.48)
(L}

Eenn y(f) — Henepuonyneckas (yuxius, onpefeneHHas Ha KOHew-
HoM uutepBase Bpemend [0, fo], TO oHa XapaKkTepu3yeTCs CHEKTPAIbUON
MJIOTHOCTHIO

8 (jo) = S (0) + S (@) = S (o) /7 ©, (5.49)
rge
1 Y
S¢ (®) =§ y (£) cos ot dt, {5.50)
. 3
S (@) = S g sinodt, G51)

(]



Hurerpriposanue. (5.50) n (5.51) meromoM mpsAMOyrosbENKOB ¢
 yueTOM YCIOBHSA to = NAf paet

N
S;= Al Z y; cos (2nf Ati), (6.52)
i=l :
N
’ Sy = Af Z Yy sin (af Ati). (5.53)

i=1 )
CpaBuuBas (5.52) ¢ (5.47) u (5.53) ¢ (5.48), werpynuo samerurs,
gro mpu f == nfy

S anN

Af' Lull Z y, cos (2fi Af), (5.54)
- iwl

S

A_;= - Z y, sin @i Af), (6.55)

=l
2TH COOTHOWEHHA MO3BONAIOT CTPOHTH €NUHEIE NPOrPaMMEl CrieK-
TPAIBHOrO 2AHAJH3A. KaK MEPHONHYECKHX, TaK M HENEPHOAHYECKHX (yHK-
it y(f). IMocne onperenenus (5.54) u (5.55) maxoautea AYX CIeKTPa
S _ ADN _ /S, F S, ()?
At 2 AT T

(5.56).
n OUX .
@ (/) = arcig [Ss (N/Se (D] (6.57)

Iins ynoGerBa BbiuncJ€HH NPOTPaMubl CTIEKTPAJILHOTO AHAIK3A
CTPOATCH TaK, 4ro0bl 1O Mepe BBOAA Y MHIHUHDOBAJCH HOMep i Opiu-
HaTH y;. KpoMe TOro, eciM HauMHas ¢ HEKOTOPOro HoMepa i = iy opjiM-
Harel yi = 0, crenyeT HPEMYCMOTPETh BOSMOMHOCTb APEPLISAHHS Bi-
YHCNEeHMIL.

Nporpamma 5.76. Cnexrpasnbubilt anauaus. Beon: Af = PA, i, = PB,
f==PX u (woene maxatus: xnasuw B/0 w C1 u Brcseunsanua wid-
pet 1) y1, Yo, .., Yuw B peruerp- X. [Nepexnmovareny P:— I B nosox e-
Hun P. Bueom: S—+PX = P6, ¢ > PY = P7, NAJ2 > P8 NAJ2 >
- P9. .

Ft X 2 X WDA X TIC 0 TI6 I8
I KURe U6 C/a1 I MIIC WI6 X TI5 Fsin
X HII8 -+ rng Hrs Feos WII7 X nure +
no. unB HI6 — Fx=0 11 HMIB HM9 = Farcg
1 8 0o /)~ X Fn = TI7 WI8 Fx?
‘HTI9 Fxo 4+ F+ MDA X II6 C/IT BII 00

- Botuncnum S(f) u ¢{f). nafA. NpAMOYroAbHOro HMIOYynbea C aMmAns.
Tynof, pasmoit 1 (yctopnas elnHuua); AJHTEIBHOCTHIO | MKC H NEpHO«
fom nosropenus T == 4 mxc. Bass N = 32, y: sajaeM BoceMblo eiss



HUUHEIME OTCUETAMH (OCTAWBHbE HyJennie). Beomum Af = 4.1076/32 c=

= 0,125-10~¢ ¢ = PA, iy = 8 = PB ¥ wacrory f = 2,5-105 'y = PX,
Haxap wnasumy Bf0 u C/II, nonyyum na uenmkatope undpy 1, yka«
SLIBAIOILYI0 HA HEOOXORNMCCTh BBOJA fiePBOrC 3HAuEHHS Yy = 5 = I,

Beena y1 = 1, samuvaem xnasumy C/T1 w nocsie o6paGoTku nepsoro
orcyera (32 Bpema okono 10 c¢) moayunm Ha EHuAnkaTope LU(PY 2
H T. 1. ITocnie BBOAA moClienHero HeHyneBoro orcyera yg = 1 mporpamma
aBTOMATHYECKM TIePEXONMT K BuludcyeHHio S = 9,0176423.10-7, ¢ =
= ~—B80,624991°, Nb/2 = 5,5765853 (Bb3biBaercst M3 perucTpa 8) H
Na[2 = 4,5765856 (BLisbiBaercs U3 perucrpa 9).

Hrorpa pns nepuonvueckux ¢ymxumii §(f) ymoOHO HCMOAb30BATH
pasaoxenue B paj PypLd Mo cHHycam:

\ N
y()=4Ao+ Y Ansin @unt/T). (5.58)
n=I\ )

Jasi Takoro psina npu Af = TN

Ao:T:l-Zyi’
i

=1

yi sin (2nnifN),

=[ 0
™M=

N

2 —_——-

Agn =—]VZy cos QmnilN), A w=Al A% 1 A2
i=1

@n == arclg (Aen/Asn).

-Mporpamma- 5,77. Briuncnenve xoadduupentor psina Qypre (5.58).
Bson: N = PB, 1, y1, Y, ..., yn B pervictp X. Buson: A, — PX=— P3,
@n (B rpapycax) - PY = P4, Q. (B paguanax) — PS5, Ag,— P6, Acp—
—-P7, AN[2—~P8 u A:N/2 -~ P9. Ilepexmouatens P —TI B nosome-
HuEH P,

A (] I16 rg- 119 MITA  Fr==0 28 KUIT6 UIl6
C/IT  HII8 -~ I8 HIB HI6 — Fx=008 41t
OB + C/A1 BII 00 2 X Frxt X UriB
- ITA KHII6 HUI6 C/I1 I HITA U6 X I1C

Fsin } HI8 - 8- WL MIIC Fcos X nr9

+ 9 HIIB U6 — Fx=0 32 W9 Mg =
Farctg [15 1 -8 0. X Fr + 4 1rig
2 X HIIB = 6  Fx? v 2 pld B

+ 7 Fx2 4 F4/ 13 BIT 22

Hycts Hapmo wafite cnexTpanbueiil cocras Oynxunn y(f), npen-
CTaBseRHOl Ha puc. 5.7 wpy n < 3. Mockomky ¢ y(¢y cummerpuuna or-
‘HOOHTENLHO ocw abeuuce, Tor Ag== 0 1 ds = 0. CrenoBatesnuo, nocTa-
TOUHO HaliTH Ay, As, ¢y ¥ @z Sapazmy ¥(f) opw N = 24 Toasko mno-



NOMHTENBHBIMH OpRMHATAMH: 41 =7, Y = 11, s =135, g = 154,
Yys = 17,4, _l].s = 20,5, Y7 = 25,4, Yg = 32,5, Yo = 277, Yip = 19'2.
yn =10 ¥ yi2=0. Beexs N =24 = PB u n = 1 = PX, naxnmaem
giaasuty C/TI. BoicBeumpaercsi mudpa 1, ykasmBawoulas Ha HeOGXOMH-
mocTb BBOmA Yi. BmomuM gy, = 7 = PX, unamumaem xnasumy C/I]
u T. o [ocye sBOmA y12 = 0 ¥ Hamarus kaasuwu C/I1 BricBeunBaercs
yucao 13. Tenepr mpepuiBaem BBOK, 32-

paem N/2==12=PB u naxumaem y
xaasuuy BIT 57 C/IL. [Monyuum Ay = S0
= 25,836556, naxasxuasuuy XY, gmo- 20
ayaum ¢ =-—11,407519°. Kpome Toro, 10

}3 PErHCTPOB, YKa3aHHBIX B HHCTPYKLUHH /2 T ¢
K mporpamme, nofyunm @;=—~0,1990988 O f p 27 e
pan, As1 = 25,326161, A,y = ot

=—5,1101083, AqN/2 = 151,95697 u /
AN f2 = —30,66065. -Zﬂr \f

Tlpopens amaloruymeie peficTeuA _3gr
s n= 3, noayuwim Az = 6,1575834,
s == B6,131231°, 3 = 0,9796748 pan,  Puc. 5.7. 3asucumocts y (f)
Ass = 3,431579, Ass = 5,11274186,

AssNj2 = 20,58945, AcsN/2 == 30,67645. INonyyenubie pesysbTaTH ipaKs
THYECKH AHAJIOTMYHE! NpUBeneHHbIM B [15], oTTyna B3sT pavHLIY npuMep.

Ipu ucnommsoBanuu nporpamm 5.76 u 5.77 ycevennnfi m << 2N ujne-
Hamy psn DPypve paer npuGiumenve ¥ y(f) ¢ MHHMMaJbHOH Cpense-
KBanpaTuueckoll morpelinocrsio. ONHAKO 3Ta MOrPEUIHOCTD -3HAUMTENLHA
B cWiy [ByX mpuunH: ¢dymruus y(f) TpakTyeTcsi KaK-pelIeTYaTas M HH-
TerpupoBanue phifaxenuit (5.43) n (5.44), comepxamux OGLHICTPOOCHHI-
JHPYIOIHE MHOMKMTENH, METOIOM NPAMOYIOJBHHKOB COMpAXEHO ¢ GoJib-
IBMMH TOrPEILHOCTAMH.

Jlas DOBEIIEHHA TOYHOCTY CMEXTPAJbHOIO AHAAM34 LeJieco06pa3Ho
anfpokcumyupoBats y(f) cTymenuaroli amuueli M -CMECTHTb ee Ha foJio-
BHHY Iiara Af, no6asus Af/2 x TexyieMmy Bpemend. Kpome Toro, MoxHO
BBIYMCIATD uurerpassl B (5.43) u (5.44) Ha xKaXaoM OTpeske IO TOY-
HBIM anajuTuyeckuM opmytam. Tak, mnias 4, B 3TOM Ciyyae MOJYy4YUM
BbipaxeHne

N I At
At At
Qp = T.22:n; ‘Z Yi S COS[2ﬂﬂf| (t —l— —2—)] d [2T[ﬂf| (t + ‘—2'— ].
i=1 (I-1)Af

Iocne awanuTHyeCKOro BEIHC/IGHHS MHTEIpana HAXOINM OKOHYA-
Teseao 18]

N .
Se _anN _ ( sin senf, At ) ‘Z yy cos (2nnfy Ati).  (5.59)
i=} .

At T2 qinf, At



Apanoruyso (5.59) nosayurm

Ss __ balN ( sin mnf, Af
- o ﬂﬂf; At

N
Se = ln ) Y yisin @y M), 569)
i=1

Or (5.43) u (5.44) ¢opmynm (5.59) u (5.60) orauyarotcs Hamm-
gieM KOPPEKTHDPYIOLIEro MHOKHTEJIs, «CYLIECTBeHHO MNOBHIUAIOLIErc TOY-
HOCTL BHLIUMCNEVHS dn H bn.

loBTOpHOE YMHOXeH¥e Ha KODPEKTHPYIOWHH MHOMUTEJb COOTBeT-
CTBYeT KycOuHO-Jupednoli ammpoxcuMauuu y({f).

Mporpamma 5.78. CrexTpasibHbIi aHAJM3 TOBBULEHHON TOUHOCTH C
BHiUHCNENUeM Qn W bn 00 ¢opmynam (5.59) u (5.60). Beon: Af = PA,
iy = PB, [ = PX (nocne naxarusg kiasnw BJ0 v C/I1 v BoicBeunBanys
uudpet 1) yi, Yo ..., yu B peructp X. Ilepexmouaress P — I g mono-
wennn P. Bmson: S(f)— PX == P0, A.(f)~ P7, ¢(f)—~ P8 (B panna-
nax), @(f) = P9 = PY (B rpaxnycax), nifAt — PC, sin afAf/nfAl— P4,
Nbj2—=>Pb, Na/2 - P6, HecKOppeKTHpOBaHHBle sHauewns Nb/2->Pl,
Naf2 - P2.

Fn X WIA % rc 0 meé ' m 12 KUI6
une C/I1 Ij U6 HMIOC X 2 X M3 F sin
X um + M W3 Fceos UIIN X  WUI2 4

{12 UIMB WI6 — Fx=0 09 MIIC Fsin UIIC =
4 U X 1B Fx? M2 UI4 X TI6 Fx?
+ F4 m7  HIA X [0 W[5 WI6 -=-  Farctg
p |~ T8 1 8 0 X Fn = 19

ATIO C/IT  BII 00

" ONHCAHHEIA METON CNEKTPAJILHOTO AHAJM32 MOBHILIEHHON TOUHOCTH
IaeT BeCcbMa MaJlyl0 MOTPeLIHOCTh OCOGEHHO B TOM CJayuade, KOTJa CTy-
neHyaTas ammpokcHMauna y(f) TOYHA, HanpuMep, NPH BHIUHCJICHMH CREKT~
pa MpPSMOYrONbHbIX UMOYNbCOB. Tax, nyisi NpHMepa, NPHBENEUHOTO K npo-
rpamme 5.76, BrukcnieHHs Mo nporpamMme 5.78 npu [ = 2,5-105 'y gaiop
S(f) = 9,0031637-10-7, @(f) = —50,624991° (—0,8835728  pan),
A (f) = 7,202531, aN/2 = 4,5692374, bN/2 = 55676318 (ueckoppexrn-
poBamHble 3HauedHsi pasub 4,5765854 u 5,5765854, xoppextHpytowmit
muroxuTenb pasen 0,99835443). Mz r1abn. 5.9 suano, uto morpemsocts
suauenus S(f) me mpesbinaer 1-10-7.

Hepnocratkom nporpamm 576 + 5.78 sBasieTcs HeOGXONMMOCTb no-
BTOPHOrO BBONA BCEX OPAMNAT Y; NpH cMeHe n Wi f. Kpome Toro, maxe
npy i = 10 Bpems Botcaenust S(f) u @(f) snaunrenbro — oxono 2—
3 wvmn. Ilpr iy << 10 MOXEBO OpranHMsoBaTh 3aNOMHHAHHE 4; B PErHCT-
pax MAaMsATH, MCIOJb3YA KOCBEHHYIO &NPECAallMio K .HUM, — CM. NpuMep
nimxe. Y mukpoxanbkynstopos TI1-58C/59 ¢ Gospwmm uncriom perucr-
pPOB NaMATH MONKHO OpramusoBaTk 3anoMuuane go 30 u  Goaee
(y T1-59) oTCueTOB 4, YTO MCKIIOYAET HEOGXOAMMOCTb MX MOBTOPHOIQ



Tadbxwuma 59

f-IacKTl_q:a F ) oth Toqﬂo:as ?;:x)a!lel-l}lf!
250 9,0031637-10~7 —~50,624991° 9,0031632.10—7
500 6,366198 107 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 ~73,124981° 1,8006326. 10—7

geosa. Taxce uMCNO OTCYETOB HOCTATOYHO JJi GOJIBLIMHCTBR OPAKTH-
yecKHX 3ajay. .

BaxnblM npunoXeHueM CHEKTPAJbHOIO aHAM3a SBJAAECTCSH pacuer
AYX u QUX snuweliubIX CMCTEM MO HX MEPeXONHBIM XaPaKTePHCTHKAM

a d

a(t) . | ! !

AnpoKGHMaL s
- H a(t) :
4

/&
7o

IR
SV

| e o e e e
[ e

O by t, t5 ty t, ty t; ©

Puc. 5.8. K annpoxkcumauuu a(f)

(T1X), sananneiv B xoreunoM uerepeasie speMenn [0, £]. Cessb I1X a(f)
¢ AUX n OUX naerca M3BeCTHHIMU BHIDAMEHUSIMH

A (jo) == a (0) + A, (©) + jAs (@), (5.61)
rue .
Ae (0) = S a’ (t) cos wf df, (5.62)
0
to
Ag (@)= S a’ (1) sin ot dt, (5.63)
O
Ah = (HEF 45 (% (5.64)
o () == arctg [4g (H/Ac (D] (5.65)

Tnst noBnilleHHs TOYHOCTH BHIUMCHEHul savenum a’(f) crynenuartolf
KpHBOH, cMellieHHO! BO Bpemenu Ha —Af[2. ITo osnauaer, yro [1X a{f)
annpoKCcHMHpYeTess Kycouno-nuuelinolfi ¢yskuneit — puc. 5.8. [lpr stom
B ppeAenax Ka)XJoro OTpeska BpeMeHH

. . a’(t)zAa(t)—_:ai——al"',
At At

(5.66)



BocnoJsibsyemcsy onucapHbM  BBlle  TIPHEMOM -— HHTerpupoBanieM
{562) u (5.63) B npefefiax KamjOro Wiara 1o TOYHBIM aFaJIuTHYECKHM
dopmynam. Torna GyseM uMeTb [8):

Ao () = s";;‘gft Z(a a,_)cosnf At @i—1),  (5.67)

imal

As ()= S";;‘th Z(a a,_)sinaf AE@i—1).  (568)
i==l

Jns MARpOKaJNbKYJISATOPOR DjeKTpoHHKa DB3-34 o6beM naMsaTH Nnoss
BossieT sanoMuHaTh po 11 sHavenu#t @ (Tpu OcTaBIIAXCHA perHcTpa He-
nene3yioTes Kak ciyxkeGHble). Beon u BoiBOR @: B MpoLecce BIYACHeHHut
IJisi ynpolleHHs] NporpaMMEl HeNecoOGpasHO OPraHH30BaTh C OMOLILIO
KOCBEHHOH ajpecalfu.

Nporpamma 5.79. Pacger AUX u @YX mno IIX, sagaumok 11-10 op»
nuuatamu. Beop: aio = PY, @, as, ..., Qo, fAf B peructp X. Ilepes
kmouatesis P—T g nonoxenun P. Ilpu cmewe fif nmocne pacuera A(f)
B ¢(f) BBOAMTCA TONBKO HOBOe 3HaueHMe fAL

1 1 I10 Xy ¢gm - KTI0 FBx MII0 1
— Fx=0 03 Clli Fnx X 1B 1 1 Iio
0 Inc 3014 um 1, - 2 X 1 -~
UNB X 4 Fsin XY Fecos KUIIO XY FBx X

WIIC -+ Inc F, X W + I umo 1
—  Fx=0 23 WUIC Fx2 UM Fx2 4 F4/ UIB
= HWMNB Fsin X CJII UIC Fx<070 1 8
0 o UNO WNnc + TMB Fx>08 W0 /—/

10 WNB Farctg 1 8 0 -/ X  Fm =
unoe -— BI1 13

B sroit nporpamme c nomompio asanusa suakop Ac(f) um As(f)
oGecrieunBaercsl npencrabienue yraoe @(f) B paciumpensom no -=180°
JuianascHe.

Ilycte mano nocrpouts AUX u ®UX cucremst, [1X xoropoii mo-
KazaHa Ha puc. 5.9,a. Beeas nporpammy, naxkuMaeM knasumile B/O O
C/T1. Ha6upaem aio = | u, gaxan gaapuminy {, as = 1,02. Haxae raa-
sumy C/I1 m pompaeuwpch 06paGoTKH OTcueTa (OH BHOBb BHBOLHTCSH
Ha uH;uKartop), sBoauM as == 1,08 # 1. A. Ilocne BBOsa ap  Haxatus
xaaeumn C/TI BoicBeuuBaercn uugppa 0. Beoxum AL = 0,01 u, BrOBB
Haxae xjaapuwy C/I1, uepez BpemMa =2 MHUH MNOJYYMM peSyJbral
A(fy= 1,0088276; naxae eme pa3 xaasumy C/II, nonywnm ¢(f)=
= —6,1442791°. 3uavenuss A(f) # o(f) ans pazaeix fA! pawst B
tabn. 5.10. Tpaduxa paccuutanHnx 3asucamocrelt A(f) u ¢(f) nokaszas
Hel Ha pHg. 5.9, '



12

a 116 1’151,08 A [v\\
ir ] 1,02 0 1,0
| ae) : I
0,75
06| 08}
| 04 R
0,21 0z
0,05
1 L 1 1
0 02 0,6 10 ¢t f
- =100
] o(7)
- 300 }_ '
500

Puc. 5.9. ITepexognan xapakrepucreka (C/ieBa) B pacCuaTaHHBE [0 Hell
AUYX » ®YX (cnpasa)

TaGauya 5.10

FAt AR o (f)
I

0,0t 1,0088276 =-6,1442731
0,02 1,0331342 ~12,82609 -
0,03 1,1341967 - Z38,690029
0! 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 nokasaun#t HBAHKaTOpa oTHHMaeTtcs 180°, rar kak @(f) sebiuIo 82
Npefesibl ONpEeesIeHH OTPHIATENBHBIX YIJICH.

.\ B.12. CraTHCTHYECKHE pacyeTsi M peaju3auus MeTona
Monrte-Kapao

*  Cosokynsocth N pekoTophix Besimqud x; (HanpuMep, AaHHLIX 3KCe
TepHMeHTa) XapakTepH3yeTCsl HAuaJbHHIMH ¥ LEHTPAJLHEIME  MOMeHs
vamMu k-ro nopsinka [1—10]

N N

1 E 1 B .

.’nk (x)=w-— le. Mk(x)=—ﬁ-z1[xl-—-ml (x)] )k—l:2y 3, 4:-:.
i=t i=

QEHTBaJIbeI_i{l_ MOMEHT M_i_gxi = (), OGbigto & < 4.



Jlns WCKJIOUEHHS 3aNOMMHABHS BCEX X
yeUnsM Myl

M, paccyuTHIBAIOTCH IO 3Ha~
My = my — m;,
Mg = mg — 3mymg + o,
My = my— 4mymy - 6mimy — 3, . ’
Hau6onee peposiTHOe (CPe/iHee) 3Mau€HMe YHCJIA B MaCCHBe

N
- 1
__
x=myp=oy L5
imt
BeposiTHas CTenenb OTKJIOHEHHS X3 OT X — JAHCHepCHs

N
1 _
D=02=—I—V—Z(xi——x)2=M2.

i=l

Benuunna o ==4/D sBusercs CTRHHAPTHHM OTKJIOHeHHeM (WM cpeaHe-
KBaJIpaTHYHOH NOT'PEIHOCTHIO).

] |
|
A<0/ } 0
1 ~
. : =~
-~ - / ! N
0 A Z
9

Puc, 5.10. OyukuEE NNOTHOCTH pacupefieNeHun IPH pasHod acHMMer-
pud (a) u arcuecce (6)

Jns uopManbHOro pacnpefiefieHAs BHYHCJIEHHAs JHCIEPCHA SIBJACT+
ca cmeinennolt. Hecmeluennasi aucnepcus

. Dy= Oy = MoN[(N — 1).

‘Xapakrep CKOEHHOCTH YHKIHE IJIOTHOCTH DacHpejiesieRHa p(x),
(puc. 5.10,a) onpexensiercA 3HaueHHeM aCHMMETDHH

N .
1 & 3 32
‘—'—""ND3/2 Z (xi — x) ==M3/M2I S

i=]

A==

Ipu A =0 xpmBas p(x) cummerpuuua, npu A >> 0 BHTSHYT ee Ipad
BB yyacTOk cnapa, a npy A<C0— zeBulil yuactok cnaga (puc. 5.10,a).



[oxasarenem octporel umka p(x) (puc. 6.10,6), e cpasﬂemm e
HOPYANLHAM paACNpe/eseHHes, ABNALTCH JKLUece

Z My
—_—F) = — —3
ND2 (t ) IHZ

i=1

Nporpamma 5.80. Beiuucnenne HawaNbHLIX M LEHTPANLABIX MOMegs
TOB, Cpeiliero, AHCIepCHH, acMMMETPHM u 3Ikcuecca. Ilopsinok Beonma @
BbIBOJIA DE3Y/NbTArOB faH B KOUTPOJNLHOM NptMepe (CM. HuiKe).

M6 C/I1 116 um 4 m HIl6 Fx* M2 4
I2 HI6 Fx* HIB X HIT13 + I3 M6 Fx?
Fx? HII4 14 FLO 00 Huim wna = m

c/l1 M2 WUIA +~ T2 U3 UNA -+ n3 Ul
HIIA -+ 4 WI2 WIl Fx? -— B C/IT ML
Fx2 2 pe HI2 3 X - Hum X W13
4 nc wneg 2 X W Fx?2  — Urm  x
3 X 4 = WM — WM X 4 P
HI4 - [0 WIC WIB. 4 Fx: X Fqf =+

1}

O
=2

c/rnr vrng HMIB Fx? = 3 —

Honyctum, Hafo HafiTH CTATHUCCKHE XAPAaKTEPHCTHKH MacCHBA H3
N == 10 cayuaitupix wucen: 9, 8, 10, 9, 11, 12, 10, 10, 9 u 11. Tlocae
BEOAa nporpammsl BBonuM N == 10 B peructpel O u A u ofHysnsem pe-
ructpel 1, 2, 3, 4, 5 u 6. Haxkumaem knapumwd B/0 # C/I1— ua unanp-
KaTtope BhicBeunBaerca uudpa §. Bsonam nocne0BaTesBHO BCE SHAUCHHA
x1, HaxkuMan Kiaasuy C/IT nocste o6paborku xaXjioro orcuera (BpeMa
obpaGorku oxosto 10 c). [Tocne BBOsa mocnenHero X; HaXKaTHe KiaBHIUK
C/T1 Bener k Beipaue 3naueHuss X == 9,9. Ewe pa3 uaxkas xnaBmuy C/IT,
nonyuum D = 1,29. Huns onpepencuest Do ympoxum D wa N/(N —1),
naxap knasumn HMITA XX UIMIA 1| — - (snauerive N xpauurcis B pe-
ructpe A). Honyunu Do = 1,4333333. [anee, naxkas nBaXKAB Kija-
suwy C/I1, nonyuum A= 0,19656579 u E = —0,752539. 3uaveuun
my -~ m; MOXHO Bb3BaTh M3 peructpos 1--4, a Mz, My u M, —n3
perucrpoe B, C » . :

[To BuiuncnennsiM spavenusm %, D, A -u E M0oKHO B nepsoM npH-
GJMKeHUM CYAUTh O BO3MOKHBIX 3aKOHAX pacOpefieNeHus 4ucen x, Tak,
Ans yauGosiee wacTO BCTpewaeMoro HopMaJpHoro 3akona A=0 m E=0,
MOXHO npuusATL B34KOH pachpefiefleHus 32 HOPMAJBHBIH, €C/iM SHades
Husit A u E B 2—3 pasza MeHblle 3HaueHuil BCIIOMOraTeNbHBIX KO3Phu«
Lentos [2];

BV —1) Ui 24N (W — 2)(N —3) _
WVHDWF3 ' TN W=+ +5) °

U3=



Hporpamma 5.81. BhuHciienre BCIOMOTATENBHEIX KOIDQUIHEHTOB
Ug u Ui Beoa: N = PX.

n 1 — 6 X Mo 1 4+ = HIo
3 + <+ F4/7 qgmn umo 2 4 X M0
2 — X IO 3 — X Mo 1 -
Fx* <+ HIO 5 BIl 07

Has N == 10 nonyuaem Us == 0,61450986 u U == 0,92244356.

Yacro cayvaiineie BeqduuHel X H Y ¢ HOPMAJIBHBIMH © 3aKOHAMR
pacnpefiefieHusl OIKCHBAIOT HEKOTOPYI (YHKHHOHAJBHYIO 3aBHCHMOCTh
Y (X). BaaumocBfisb (koOppensiius) MeXAY BUMH MOXeT ObiTb YCTAHOBs
JieHa ¢ HOMOLIBIO BHGOpouHOro Ko(hthHugeHTa KOppeasudn

ZXY—-ZXZY/N

Na=1 N=1

V(E-EI/)(E -G

Mporpamma 5.82. anmcneﬂue BHIBopounoro kos(oHLHEHTa KOppe-
naupd, Beoa: N == PX, satem nocne Haxarua Kiaasuiu B/0 um C/I1
phicBeunBalorca sHavenna Xi, Yi, Xz, Yo, ..., Xw, Yy B permerp X.

o Im o 3 I 115 TI6 TI7 119 M9
c¢mn 8 WUy 4 7 U8 Fx* WI6 4+ 116
Hris ¢/l Mo  wns 4  [5 M9 Fx2 U4 -+
14 MO8 wr9 X W3 4+ 03 FLO 09 HIl6
MIT7 Fx® WMl = —  MI4 UI5 Fa? M1 =

— X F4fC 2 W3 MUII7T UIIB X UMl =+

- une = 2 C/a1 BII 00

Hpewmep. Haiitu r anst N = 5 snavennst Y (X): 2(0,95), 4,05(2,1y,
5,8(3), 81(4,1) u 9,2(4,9). Beasa N u nonapHo sHavenua X u Y, no-
Jayyum r == 0,99872802. .

BeiGopounsifi Koo duiueHT KoppesaluA MOXeT HPHHHMATH 3HAUE-
gusi ot —1 no 1. Bausocts r ¥ 1 ykassiBaeT Ha TO, YTO BeJIHYHHBL
X u Y KoppeaupoBaHEHL

Hepenxo maccup ciiyuyalHbBIX uucesl XapaKTepH3yOT THCTOIPaMMOH
UX pacnpefesieHusl, T. €. KOJHYeCTBOM YMCEJ, MONANAIOMEX B HHTEepBaJbi
¢ rpanutaMu di, ds, ..., duw. THCTOrpaMMEl HHTEIpAJLHOTO pPacmipeliedes
HAfl CTPOATCS INyTeM DOAcYera 4Yucja MNOnafianufi B uHTEpBAsl
(—o0, di}, (—o0, d2] u 1. 4

Mporpamma 5.83. OGpaGorka MaccuBa CayualfHBIX GHCEN Xy, Xg, ...
.., Xy JUIS HOCTpOeHHs ructrorpaMwm. Ilopapok BBoja m BHBOma fad
HIDKe B KOHTDOJIBHOM HpHMEpe,



T10 Hurio ¢/1m 1o HIg — Fx<o013 U 1

+ Il B/O W0 MY — Fx<0 23 HO2 1|

o+ 2 B0 W0 MIA - Fx<033 W3 1|

+ I3 B/ WI0 MIB—  Fx<040 KHMI4B/O
WM0 MUIIC —  Fx<047 KMWIS B/0  MI0 UIJ —

Fx <054 KWII6 B0 M7 1 + 17 B/0 KHOII

W G/ uIie C/I1 Urns < ¢/ vr4 4
¢/ o Urs - G/ HI6 4 C/r HI17 -+ c/m
0 Fl/x C/II )

IlycTe HYMHO OCTPOHTH THCTOrpaMMy Basti 20 cayuafiublXx qpces:
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; 4,2;
85; 4,8; 5,7; 4,9 u 7,5. Beonum nporpammy, satem rparupbl dy = | ==
=P8, doe=2=P9, dy=3=PA, di=4=PB, ds=5=PC u
ds == 6 = PJ] u zanuceiBaeM 0 B perucrpul 0 <+ 7. Haxumaem xnapuum
B/0 n C/I1 {BrcBeunBaerca 0), HOCHe Yero nocjeNoBATEAbHO BBOLHM Boe
enavenus x;, M peructpoe 1 - 7 peiseiBaeM umcaa 0, 2, 8, 5, 5, 3 u 2,
XapaxkTepusylonike uyHCNO NonajaHul x; B HHTepBaNH ¢ l-ro mo 7-i
Haxkae wiasumn BIT 60 # C/I], nepexoiuM K BHUHCJEHMIO JAHHHX s
NOCTPOEHNsl TUCTOrpaMMbl MHTerpadbHOK GyHKuu# pacupefenenusi. Ilo
mepe maxarus knasuiun C/TT (no nossnenus spaka EITOT, curnamu-
SHPYIOILETO KOHeLl BhluHC/ieHuH) Gyaem moayuats uwucna 0; 2; 5; 10; 15;
18 u 20 — uncao monanawmii x B HHTepBaNH (—oo, d;], (—o0,d:], ...
a++7 (—90, dg}. Ha puc. 5.11 noctpoens! rucrorpaMmel AaKHOTO IpEMepa.

. n
z 20

I 5 5
L4k

3 3
: ok
2 7
Z»—
0 L3 +
0 7 4 6 d o
a)

Puc. 5.11. IucrorpaMmi pacnpenefenusa cayyafigex guces (@) H Hute-
rpaneHolt Qyurnuu pacnpelenenus (6)

" Jnn noctpoeHus rucrorpamMM € GOJbIIMM YACAOM HHTEPBAJOB (IO
12—13) moxuo Bnucate 3Hauewns di, dz, ..., dy HENOCPEACTBEHHO B
nporpamMy nnGo ¢opMHpoBaTe HX B Hporpamme (CM. IIpEMep HuXKe).

[lycTe HY)XKHO NOCTPOMTBH THCTOrpaMMy HANpSXKeHHH cTaGWIH3alAM
EpeMHueBblx crabusmrponoe Tuna JI[814A — JIS14]l, uzroroBnsiemsix 1o
€AuBON TexHojorud ¢ pasGuBKoifl Ba rpynnbl no sunauenusM Ugy, Taxas



pa36uRKa, ecTecTBEHHO, TPeOyeT BHAHUS CTATHCTHYECKOro pas6poca Ucr.
OrpanuuuMca pa6ouum auanasouoM Ucy = 6 < 15,5 B u cocraBuM npo-
rpaMmy, No3BoNsIOLLyI0 rpynnupoBath Ucr B 13 uHTepBaiax ¢ WHPHHOM
xamxaoro u3 Hux AUec: =1 B.

Hporpamma 5.84. O6paGorka anayenuéi Uer NI OCTPORHHS THCTO-
rpammsl Ha 13 unrepsanax (—oo; 5 B), [5; 6 B), [6;7B), ..., [15; 16 B)
i [16 B; oo). BBom: Uc == PX (mocne mamatus wnasum B/O u C/TT).

1 3 I o KII0 HII0 Fx==0 03 1 I
HI1o C/f1 110 HIl0 HUILO 4 -+ -~ Fx<0 26
KW 1 4+  Krpg bl 08 HILL, 1+ I
BIT - 13

Tycts nas U nmeem smavenus: 9,37 10,5; 9,7; 56; 6,1; 15,5; 11,2;
8,9; 12,2; 8,3; 7,8; 9,2; 13,8; 9,05; 10,3. ITo oxonuanuu BBOKA H3 perwuct-
poB 1 +9, A, B u C BbispiBaeM panubHe [ [OCTPOCHHS] QYHKHHK
P(Uer) —umena: 0; 1; 15 1; 2,4, 2, 1; 1, 1. 0; 1.

B ocuoBe psifa CTATHCTHYECKHX pacuetoB Jiexkur Meron Monrte-Kap-
ao. OH sakjlouaeTcsi B MHOTOKpaTHOM -pPacyeTe BBEIXONHBIX MapaMeTpoB
Yy = f(x, 4, 21, ...) cucteMsl HOA BO3AEHCTBHEM BXOAHBIX NapaMeTpOB
Xi, Y, 2, ... C SajJaHHBIMM 3aKOHAMH pacnpelenenus. B pesyabrare no-
Jyuaercst uHgopManus o paGoTocnocOGHOCTH CHCTeMbl, pa3bpoce ee Bhi-
XO[HHX NapaMerpoB, SaKOHAX HX paclpejieNIeHHs U T. [.

OcuoBoli  peajusauuu merofia Moute-Kapno . aBasercss teuepanus
cyuafiubix yncen ¢ paBHOMepHbIM R murepsane [0; 1] pacnpenencaueit.
Ilyrem cooTBercTBylomdx mpeoGpazoBanuii MOMXHO IONYYHTb HHBE 38+
KOHB! pacupenesieHus.

Hporpamma 5.85. Q®opMHpOBauye CyyalHBIX YHCEN C paBHOMeprIM
pacnpeseNieHueM MYJbTRINIMKATHBHEM CHOCOGOM

Vn+l == D([(Vn), (569)
rne K = 8t 43 u D{KV,)— npobuas uwacts KV, (8B nporpamme B3sTO
t=5 u K=85-—8=37). Beoa: navanbuoe cnyuaiinoe yucno
Vo < 1=PY. :

3 7 X 1 + I Kung XY Moo —
C/IT bt 00

Tax, Beenst Vo == 0,1234567 = PY, paxumasn xnasumy C/I1, 6ynem
nosnysats yucna: 0,5678979; 0,012222; 0,452214; 0,731918 u 1. a. Bpemsn
reHepauHu OLHOro quchia 4 c.

Hporpamma 5.86. @opmuposanue Ao 9000 HenosTOpsiOIKXCA CIy-
HaiiHbIX YHCeN C pAaBHOMEpHHIM pacnpenesexueM no dopuyne (cm. [9])3

Vn+l == D(llV,, + J'I:).
Beom: Vo << 1=PY.

1 { X Fa 4 T4 KI/IHJI XY HiId -
C/I1 BIl 00



IOns Vo= 0,002 = PY, naxuvas xzasuwy C/T1, 6ynem nosnyuarg
wucna: 0,1635926; 0.9411112; 0.493816 v T. n.

liporpamma 5.87. GopmupoBanue cayyalubiX yHCES C PABHOMEpHLIM
pacnpesenenuey no (5.69) npeobpasoBauuem ux B uHTepBad [a, b]:

X,,=a+(b——a)V,..
Beoa: a = PA, b = PB, V, = P0.

nrio 3 7 X 1 4+ na KHa Xy HIQg

— o HnNB UIMA — X HIIA + - C/T Bbil

00 ’

Tpu a =2, b =3 u Vo == 0,1234567, naxumas xnasuwy C/I1, 6y-
reM nolyuath uucna: 2,5678979; 2,012222; 2,452214 u 1. .

Cayuafiibie UMCAIA € HEKOTOPHIMH 32KOHAMH DPACTpPENEJEHHS] MOXHO
yioayuaTh € NOMOLULBIO HPOCTHIX (opMyd mpeoGpazopaunus [8, 10]. Hau-
Gosiee yacTo BCTpeuyaeTCs HeOOXOAMMOCTb B reHepanui ciayyailHelx yi-
cell ¢ HopManbHbIM pachipefienenuem. [lapy Takux uyucen R;l I RZ, HMelo-
mEx ¢ = 1 1 X = R == 0, MOXHO noayuutb K3 mapsl uucen Va—y u V,
¢ nomMoulro Gopmyan

TRy = A/ZW (I[V,)cos @V, _,)), Rp=A/2Wn(1/V )sin@aV,_).
' / (5.70)
Mporpamma 5.88. I'eHepaunsa wyucen ¢ HOPMAJNBHBIM pacpefeseHHEM
rn==R -+ Rno (671)

¢ 3apauptiv R w ¢ no (Qopmynam (5.69)—(5.71). Bsom: Vo = PO,
R =PB u ¢ = PC. Ilepexniovatens P — [ B gonoxeunn P,

Wrio 3 7 X 1+ 0o KUh XY MO
— W 2 X Frn ¥ Fsin XY o Fi/x
Fin 2 X Faf X HIC X WIB 4+ /I
BII 00

Ipu Vo = 0,1234567; R =1 n o = 0,1, saxumasn kaasumy C/I1,
6yneM noxywath cjenymollue uucna: 1,0744877; 0,8771866; 1,0096652
¥ T. 1. BpeMs Boliaun ORHOro uxcia okono il c.

Crefiyer OTMeTHTb, wI0 peanusauus Metoma Monte — Kapuao wua
MHKDOKA/JLKYNATOPAX H3-3@ GOJIBIIOrO YMCNA BHIYMCJEHHH BecbMa Tpy-
IloeMKa ¥ paudcRansua, echd f(x, g, ...) fABAsSercs Qyukuyeit He 6o-
-Jiee 2—3-x nepementsix. [TostoMy naHHslli merof GoJee paunOHaNbLHO
IpuMeusThL [pH pacdeTax Ha OslcTpofefcTBylomux Mukpo-IBM. [lpn
9TOM HYXKHO 0cofoe BHEMAHHE YAENSTL NpOBepKe HEOGXONMMbIX 3aKO-
HOB pacrpefiefienusi ClyYafiHpiX 4HCEJ, KOTOpble HEPeNKO 32METHO OTJil-
BAIOTCSI OT NpPUHHMaeMbLIX [IPH pacyere, YTO MOXeT NPHBOAWTL K 3na-
UHTEJILHBIM 1OTPeIBHOCTAM, '



5.13. NpulGnuxenue byHKuii

Hyctb nexo-rop'an ¢yHKLHEA Wi (x:) 3apama N napaMm sHaveHnli aGes
nuce x; M opaumat Y. [lycrte jpajee NPHONMKEHHO H3BECTEH aHAJIHTH«
ueckHE BHA (QYHKUEH y(X) H HYXHO HallTH OCHOBHbIE NapaMeTphi aHas
JIUTHYECKOH (YHKUHH, KOTOPas C MHUHHMAJIBHON CpenHeKBajpaTHYeCKOR
ri_orpemﬂqcrblo npubamikanace 6 K ucxoxmof dymxuma yi(x). Huxe
JaH psp nporpamM, ofecneunBalOIIHX TaKOe HNPHOGIHMKEHHE HO METOLY
RauMeHblnX KBajpatoB [1, 2, 17] npa ppoH3BoJbHOM pacHONOKEHHH
abcurce x. Vcxonubie maHHEle BO Bcex NpOrpaMMax BBOASTCSI B pes
ructp X B chienyromem nopsiike: N, X1, Y1, Xz, Y2, «oo, XN, UN-

INMporpamma 6.89. Briuncsenue kKosbduumeuros by u by nuuelinoro
npubamKenys .

Yy =bo} bix
no dopmynam:

) y
b1= Il Ni::l 5 i-—-;vl ;
(Zx)-# 5
il fml
1 N N
bmﬁ(z y,_b,zxi).
i=1 i=1

Im fo 0 M4 05 I6 [I7 Ul WD —
1 4 . CMI 2 oIl o138 une 4+ e MR
W4 4 [14 U2 Fx2 WIS 4 s Wre uns
X Mn7 4+ 17 FLo 07 UI4 Fx® WIL U5
X — I8 M4 HI6 X WIT U7 X -
Urg <+ -FA C/II W6 UMA UI4 X —  UII
<~ 0B I

Hycre yi = f(x:) samana N = 5 snavennamu yi(x:): 5,5(2), 6,3(4),
7,2(6), 8(8) u 8,6(10). Beenn sTH nammsie, nomyunM by == 0,395 u
bo==4,75. CrenoBatenbso, QyHKRUs y(x) umeer BUR y == 4,75 - 0,305x,

Hporpamma 5.90. Brubcienre Kos¢umuentos bo u by runepGosme
YeCKOro npuGIHIKeHHS

Y = bo -+ by/x
H3 pelleHusl CHCTEMBl ypaBHeHHii:
N N N N N
b by Y Uxy= Y gy by Y Uk by Y UK=Y gy
i=l =l i=1 i=1 i=1

1o 117 0 n3 1 TJ1I6 II8 Uri7 Mo -
1 -+ cm mne Cm e Ui 4 Il6- M9



Fi/x W8 - I8 W9 Fx? Fl/x U5 4 I5

Wiz Wne = W8 4+ 03 FLO 07 WUII7 U5
X N8 UN8 X — [0 HI6 WIIB X U3
uns X NA W3 M7 X  WII6 WUN8 X

— IiB I/IHA Wno = C/II WMB Mo -+  C/I

Ilycte y = f(x) sanana N == 8 suauenusimu y;(xs): 12,2(1), 6,8(2),
5,2(3), 4,6(4), 3,9(5), 3,7(6), 3,5(7) u 3,2(8). Beens atu naumume, nos
ayuuM  bo = 1,9357621 u by = 10,160173. Crenosarenvso, byHxuus
y == f(x) umeer Bug ¥y~ 1,936 < 10,16/x.

MNMporpamma 5.91. Briuucienue napamMeTpos by ¥ by cTeneHHOro mpH-~
Gmxenust Qyukiveis

Y= ngbl

no ¢opmyaam:

N N
Z Znyi-—NZlnxlnyi
b= =l =t .

(me) —~N Z(lnxm

i=l

b——exp[ (Zlnyi b me)]

i=1
o 117 © m 15 6 HMII7 W0 —
1 + c/m Hl Fin II8 uns -+ -I13 UI8
Fx* WI4 -+ m wm ¢/ 1rn2 Fin 19 U5
-+ s Hn8 Hrg X nie 6 FLO 07

s HIs X unr e X - Un3 Fx? U7
Hn4 x - = [IB  HIi5 HII3 HUIB X -
ur7 - Fe* TIA C/II HIB C/I

IycTh Qyukuums y; = f(x) sanana N = 6 suavenusmMu yi(x:): 3(1),
12(2), 27(3), 48(4), 75(5) u 108(6). Torna noayuum bg—29999996
u by = 2. CiienoBatesbio, y(x) uMeer Bug y o 3x2

Mporpamma 5.92. Briunciieme napameTpoB & U b NpuliuKeHHs
nokasaTteabHoll QyHKLKel ’

Y= 1 0a+ bx

nyTem pememm CHCTEMB] ypaBHeHHi'i:

N N
aN+be Zlgji, a}:x Z xi= Z x lg g

i=1" i=1

no n7 o M s I[6 08 M7 HIIO —
1 -+ g m ¢ ne Flg mo X - M



4 I3 v Hrs -+ 116 e HIs + I8
W19 Fx? HIIB + [1s FLo 07 Uiy Ui X

W8 W8 X — [0 UIs HWIs X M3 M8
% = IIA UM W7 X  MIOS MO8 X  —
B HMOA WNO <+ C/ WIB MO0 <+  C/II

Tycte apet N == 6 y:(x;) umeer snavenun: 5(1), 9(2), 12(3), 20(4),
32(5) u 50(6). Beens 378 naHEble, nmoiyusM a == 0,51880038 u» b =
— 0,19641628, . e. y(x) mmeer Bug y o 10%519-+H0.1%0%

Tlpu npubaxxeHun (pyaxuue

y = exp(a + bx)

B nporpamMe 5.92 nocraTouHo samenurh omepatop Flg mo aupecy 16
na omeparop Fln.

MNporpamma 5.93, Buiuncienne napamerpos by u bo npubiuxenus
3KCHOHEHUMaNbHOH bynKuyes

.

y = boexp (b1x)

o poupmynam:
N
nyi—N Z xylny,

)-—NZx ,

==l

et (B )

o nr o 3 14 TII5 116 U7 U0 —

i 4+ QM I W3 4+ I3 Ml Fx W4
4+ 4 WM ¢/ Filn 08 WMIs + TI5 M8
U1 X U6 4+ 16 FLO 07 MII3 MIB X

We W7 X  — W3 Fx® M4 HUI7T X  —

=~ TIIB WIB M3 MIB X — M7 -+  Fe*
MA C/i UIB /I

b1=‘

Mz uMz

i=1

Iycts dynxnust yi(x;) sapasa N =9 sgauesuamu y(x): 3,5(2),
5(3), 6,2(4), 9(5), 13(6), 16(7), 23(8), 30(9), n 40(10). Torna moay-+
yum bg == 1,9394789 u by = 0,30528351. CaenoBarensro, byukuua y(x)
uMeeT Bun y = 1,94 exp(0,30563x).

Mporpamma 5.94. Briuucjienne napaMerpos a u b ﬂpﬂ6JIH}KeHHﬁ no-
KasaTeJbHOHR (ysKLHeH

o . y==ab”



13 CHCTEMBl YpaBHEHuA:

" N N N N
NigatighD,x=Dlgy, lga) x +lgb Yxi=3 (x,lgy,).
=] =] i=1 i=l i=]

o nr o M3 [II5 16 I8 W7 U0 —
1 + c/m M9  C/Mm Fig Il HII6 + 116
W9 WI8 + I8 MWI9 Fx? HIB 4+ [15 M9
v x s <+ I3 FLO o7 UIT7 UIBS X

Hrs Hns x — 1o HIe HWrs X nuri3 Hris
X - DA  WN3 UII7T X Nl HI8 X —_
IB  HINA HII0 = F10* ¢/ WIB WMo -=- F10*
C/1I

Iycre. Qpymxnws 4i(x) sapana N =5 suavenusmu yi(x): 6(1),
7(2), 87(3), 10,4(4) u 12,4(5). Beens oTH paumble, noayuum a ==
== 4,9419802 u b == 1,2029501. CrenoBatenbHo, y(X) HMeer BHR
Yy o 4,942-1,203%

Tiporpamma 5.95. Boluucienve mnapamerpos a u b npubawkenus
Jorapupmuyeckoii pyukunei

y=atbigx
H3 CHUCTEMBI ypasﬂenaﬂ:

N N N N N
aN+b Y lgx, =3 y, az;lgxi+b2(lgxi)2=Z(yilgxi).
=1 i=1. i= i==] =]
Mm 7 0 M3 N5 N6 I8 M7 HI0 —
1+ ¢ 19 Cf m2WNe 4+ 16 UMY
Fig Tl W8 + T8 MWN9 Flg Fx@ W5 +
5 Ml WI2 X W3 4+ M3 FLO 07 W7

W5 X uns Hmns x — o Hne HIL X
WIl3 HII8 X - DA  HII3 UN7 X W6 Hns
X — InB WA HII0 -+ C/II WnB MII0 -+
c/n

Ilyete  y = f(x)) samama N =6 sHavenusMp yi(x): 1(1),
1,451(2), 1,716(3), 1,903(4), 2,048(5) » 2,167(6). Bseus 3tH nannble,
nofyunm a = 0,99993157 n b = 1,4997935, CuenosarelbHo, (QyHKHHS
Y(x) nveer Bum: yo~ 14 1,51lgx.

ITapamerpsl @ m b sorapudmuvyeckoro npubmuxenvs Qynknuei

y=atblnx
MOryT rakie ONpefefsiThest 0 NOCHenHell mporpaMme, eciin B el -One-

parop Flg no appecam 20 u 26 sameuuts Ha omeparop F ln.
Ilapamerput bo, by m b; npuGiwkenus napaGonuueckoll GyHKIHei

y=b0+ng+bzx2 .



ONPENeNiAIOTCS U3 pELlieHus: CHCTEMK H3 TPexX ypasuenuii:

boN + b, Z’Q‘H’zzx ——Zy,,
le—l—szx

i=t .

i+b12x,+b22x Zx?yi.

=1 i=|

Q‘

iMz 'l?Mz

%Yy (5.72)

= IIMZ

Tlporpamma 5.96. Briuucienne Koshounuertos bo, by H ba npu na-
pabosmueckoii armnpokcuMaund [7] Beon: 0 =Pl=P2=.. . =P9
i y = PY, x; = PX (nocje BBoja Kamnofi mapul y, X -HamuMaeu
xknaeuund B/O u C/TI, BpeMst cueta okojio 50 c). [lo okonuagum BBON2
HaxumaeM .knapuy C/I1 n noayuaem bo—P7, b1—P8 n b2— P9
(Bpems cuera okono 60 c). - :

IMA XY IIB 1 Ic oo mmr 79 HI13 14
5 ng  om o 8l urB nc oo 79 C/I1 I
26 I 32 I 37 cm HIe ung 4 I
74 e - HUN3 wun2 Im . 73 I3 urig ur7 A
nmn 73 7 W9 HOA MWIl4 I 74 s HMHOA

HIr -+ 9 His N4 I 73 MA M4 UM
<+ I15. WUz um - 4 HMIA 1mnz nri3 1t
HI6 I13 B/0 HIT2 X uim = B/0 Il

83 I 83 UricC KHWIig -+ KIig I/II'LC HITA X
nc wunno 1 + I B/0

~ Jns yi(x), paemsx 3,76(2), 4,44(4), 5,04(6), 556(8), 6(10),
6,36(12) u 6,64(14), nonyyaem bo = 3, b1 = 0,4 u bz = —0,01.
Uacto HCHob3yercsi npubinikenze y:(x:) MHTEPHONALHMOHHBIMM HO-
JHHOMaMu. 3HayeHHsi- 4 (X) B yé.nax B 3TOM CNIy4ae TOYHO COBHAfamT
co 3payeHusiMu y;(x;), HO B NPOMEKYTKAaX MeXKAY HHMH MOTPELIHOCTH
MoxeT OblTh QoJbinedt, ueM NpH NpubNEXKeHHH N0 METOAY HAaMMEHBLINX
KBagparoB. Kpome Toro, B 3ToM cjyyae CcTeneHb HOJHHOMa 7 OLHO-
BHAYHO ONpejelisieTcsl YUCAOM OpAUHAT.

Hurepnonupyiomas: ¢yHKuusi -Moxker OHTb HPeACTaBJEHA HOJIHUHO-
Mom Hreiotona:

-n i
¥ (x) =by+ ,Z=1 b, ;[Jo(x —x))- (5.73)
Janst npakTeky ynobuee mpeacTaBlieHye B BHe

y(x)——Zaxl——a +ax+ax +...+ax, (5.74)

\ i=0



-KOTOPOE MOMKHO HONYYHTh, BOCHOJL3OBABINKCH CICAYIOUWIUM  AJCOpHT=
MOM, pealii30BaHHLIM B mporpamme 3.97 [22]:
1. 3apaev j=0u b, = 0.
2. Ilpubasasem 1 K j.
3. Boiyncanem

o — bD—p5Y mpn jti=n,
Pl sy-n npa j+i<n

4. Ecoiu | = n -1, npurumaem aizzb([”r” U 32KauyHBaeM BLI«
yucJeHus, B OPOTHBHOM cayYyae HOeM K H. 2.

HOporpamma 5.97. Briyucrelve koshguunentoB b, # a; Crellenubix
mHorounedoB (5.73) u (5.74) mpu n 41 < 6. Beow: yi = PX %, x ==
=PX. (i==0, 1, ..., n). Honyyaem: by—P7, ..., bs— P2, Jlna no-
aydenus ao—>P7, ..., a5— P2 Haxumaem xnasuuu BI1 40 C/T1. as
nosyyenusi y(x) BBoamM n-}1=PY pas kamxporo x==PX u Ha-
wumaem wkaapuly C/TI. Jlas cMeilemwsi Hauaja OTCYeTa X B TOYKY

xy=1xy+ A sBomuM A=PJi=PC=...=P(l4—n), (T—n) =
= P1 u HaxumaeM kjasmun BIT 40 C/I1 (a[’)—-> pP7, ... aé—-) P2).
ng  xy mz 7 1 1 4 I CMm I8
I, WUrg KUrio — XY MU0 5 — 10 F,
KHI0 — XY = Hro 6 4+ ID 6 —
WF1 — Fx=0 10 F, K[l MO8 KM BT 05
Mt 4 I8 7 4+ 10 6 — 1
9"~ Fxs0 79 Kuno 4 F, -4  KHIOI XY
KMO1 X  — urm 2 4+ Il F, KIl F,
MII1  MI18 — Fxr=0 56 UIo 2 BIl 45 c/m
¥ Hmng It Cx MII8 o F, X KHIO -+
uro 2+ FL1 85 F, BI 79

[Mpumep. Hafity b, v @; MHOTOUWIEHOB, ANNPOKCHMHPYIOUIMR 3a-
BuCEMOCTb §i(x:), sapauuyio Tabi. 5.1. Beens y:(x:), noayuam: bo ==
= 0,4860966, b; = 0,031793, b, = —0,032635, bs = 0,0189833, b, =
== —0,00599965, a;=—0,16166365, a4==0,79047151, a.=——0,36226819,
s = 007538001 u a, = —0,00599965. Jlajee MOXHO HafiTn A
x = 2,45 y(2,45) = 0,49285713.

MaxcuMajinHyI0 CTermelb MHOrOueHa MOXHO NOBHICHT € § no 9,
ecu abepucchl x; PACTOJICXKEHB PABHOMEPHO C IaroM A OTHOCHTEJBHO
SHAYEHHS Xo

Nporpamma 5.98. Boyncienze KosQQuaLUUeHTOB ©; MHOrOWIEHA
(5.73), a; m Qysxumm y(2), rne z == x— xo, No Gopuyie (5.74) [22]
Beon: yo = PO, 4y =PI, ..., y. = Pn n n=PX. Haxap kiasumn
B/0 » C/I1, monyuaem ao— PO, @t —Pl, ..., an->Pn. Jlanee BBonam
h=PX g, waxuman krapumy C/TI, -nonyyaem @, a1, ..., @n—PX



{ao, 1, Gz, ++., On B2HOCATCSH TaKXKe B PETHCTPH PO, PI, P2, ..., Pn).
Ins onpenejenus y(z) no ¢opmysie (5.74) IJA KaXAOCrG z BBORHM
1= PIl, z = x — %o = PX u mamuvaem kiasuuin BI1 78 C/T1

A Cx T KHIIOINB  HIA 1 4+ T§C Mg
1 + ng WnB KU I1B XY — HIC +

KO WO WUOA — Fx=0 09 WNnc na WnA —
Fx=0 03 HIA 1 — §OC TIB MIB1 +
M4 KWIIB KUII UMNIC X - KIIB MIIB-1 4
0B WA — Fx=0 37 Wrc 1 —  Fx=0 35
g </ NB KU UIC =+ KOO C/I1 MIIC MIIB
X IIC  ung o1 4+ nn  BII 63 4 1

4 C 4 F, X Kuoa+ HOOI —
T Fx<0 8- F, C/l1  BII 78 .

Jlna Vkasapdoro Buile NpEMepa nNoayuuM oo = 0,4860966, o ==
= 0,0035472167, o2 = —0,0003899, «as = 2,2583333-10-3, ou =
= —6-10~7, q;, = 0,4860966, a; = 3,5472167-10~% a, = —0,3899-10-2,
as = 0,022583333, ai = —6-10-3. Jas x = 2,45 (2 = 0,25) nonyuaem
¥ (x) = 0,49285718.

5.14. CraaxuBanue 3MIUPUYECKHX NAAHHBIX C OMIMOKamMH

Hepeako ¢ynxums yi(x) 3anaercs 3HAYEHUSMH Y; DIPH PABHOCT-
crosimunx afcuuccax x; 3HAUEHHS Y; MOIYT CONEPXKATh CAyyalHble oT+
knonenusi. Ilo psay yi, McHoNb3ys yCPefHeHHe HA OCHOBE HHTEPIOJsi+
pHoHHBX (GOPMYJ, MOXHO YTOYHHTb 3HAYEHHS OPJAHHAT, T.€. HPOBECTH
CriakuBaEyWe B3aBHCHMOCTH yi(¥;). CriiaeHHble ODAVHATH B3aIHChis
BaloTCA B BRIE Fi

Mporpamma §5.99. Jlunefinoe crnaXKHBanve NHo TPeM OpAVHATAM G
nomobio GhopMyJi: -

fo= (BY¢ + 2y1 — y2)/6, i=0,
Gy=(_ Fry,+ )5 1I<igN—1, .
Gy=C0uy+ 2y~ Yy )6 i=N.

Beoa: yo = P7, y1 = P8, ya = P9 n nanee (nocie HamaTHs KiaBHIl
B/O u C/TT) ¥3 Yy ++e» Yy B peructp X. Buson §g G, G «0 Gy ®
peructp X.

W7 5 X U8 2 X 4+ N9 — 6

= C/IT Wri7 urs un9e -+ + 3 = G/

6 HWI8 17 HWn9 n8 WUre 19 BII 12 UII9

5 X uns 2 X -+ uri7 — 6 =

an

Tlocne BBoma yo, ¥1 B Y2 Haxumaem Kiasuuiz B/0 # C/I1 u nony«
yaem fp. Ewe pas waxas knaBuiny C/I1, nojyuaem #;. Temepb BBOpuM



ys u,-paxas kaasuwy C/II, monyuaem §2 w 1. a. [ocne BBORa mocnen.
Hero 8HAYeHHA ¥, W OOJNydeHus gN_l HaxumaeM kJaeHutm BI] 29 g
C/IT u nosnyyaem §,. PeayipraTil craamuBamns ANA QysKuus y = 10x
npH x = 0,1 =+ | panu B 1264. 5.11,

Tabnuwua 5.11

Craaxusauue CryaxusaHue Toauoe aHayenue
Yy Mo TPeM OpAHHATAM | MO MATH OPAMHATAM y==10x
0.9 0,97 0,992 1
2,12 1,98 1,995 2
2,92 8,0633333 2,998 3
4,15 8,99 4,038 4
4,9 5,05 4,998 B
6,1 5,9733333 6,044 6
6,92 7,0566666 7,024 7
8,15 8,04 8,004 8
9,05 9 N 8,957 9
9.8 9,825 9,91 10

Mporpamma 5.160. Jlumefinoe criaxmBaHve OpY NATH OPAHAATAR
o Qopmynam:

Fo=(Byo+ 2u1 ¥ ¥, — 14)/5, =0,
§1=(4y, + 3y1 + 2y, + y3)/10, ~ i=1,
Gr=W ety Ty tu )b USN -2,

Gy =Wyt 20y _o+3yy_ F+ayy)/10,  i=N-1
Iy=0yyt 2yt Yy o~ YUy_3)f> {=N.

Bson: yo = PB, y1 = P6, y. = P7, ys = P8, ys = P9, ys, ys, ..., Uy
B perHerp X (CM. MOSiCHEHHS! B KOHTPOJIBHOM HpHMepe).

WIp 3 X Hile 2 X  + HI17 -+ Hmno.
-— 5 e C/II WIS 4 X HUrie 3 X
4 U7 2 X  + Wrs -+ 1 0 o
C/I1 WUIb U6 un7 -+ MII8  + ure 4+
5 = C/1 4 HIie Iis Hniz Ii6 I 117
Wre n8 MI4 s bl 31 Hr1o 4 pd Hrig
3 X -+ un7 2 )Te + HIl6 -+ 1

0 + Cc/Mm Hro 3 X Hrig 2 X 4+
Hrz + Ursg — 5 = C/T1

IpoBeneM crnaxuBauue 3HaucHHWil y;, DpuBeneHHBXx B T1abn 5.1,
Beens yo-- y. v maxas xnasuiy B/0 m tpmxns C/IT (¢ nepeprisama
Ha BpeMmsl cuera), HOJyYMM Jo, §i, o, Jajiee BBOAMM Y5 B HOJyYaeM Jg



H 7. B Anajoruunc nonyuaem fa, Gy srer Ty_o ITocne BBORA Yy
pamnMaer knasuiiu BIT 56 C/I1 u nonyymeM 7, _,, 3aTem eule pa3
namumaem kaspmuy C/IT u mesywaeM J, (uucioBbe AaHHbIe CM. B
Ta6n. 5.11). )

Hast yuruui y:(x;), 3aMeTHO OTJIMYAIILHUXCS OT JIMHEHHEBIX, HCs
NMOJb3yeTcH HeMupeHHOe Cr2KUBaHKEe C MOMOWMDBIO MOJIMHOMOB BEICOKHY
crenereti m. Ilpm m == 3 Heo6XoAumoe 4YHCJIO OPAMHAT CoCTaBiser 7.

Mporpamma 5.101. Hesumefinoe criaxyBappe Opy CeMH OPAMHATAX
no ¢opmyne

Gy=(04; st oy, ot oy, [+any +agy, tacy; stany;,s),

Te MHAEKCH y KO3(D(OULHEEHTOB @ COOTBETCTBYIOT HOMEPaM PerucTpos,
#3 KOTOpHX OepyTcst HX uucieHHble 3HaueHus,. BBoA: Yo % yo==P0 - PS

Ta6auna 512

i P7 P8 P9 PA | pB | pC | pn nm’;‘g;;“m
o] 30 8 1 -1 | -1 1 3 | -2 B0 C/m
1 8 19 16 6 | -4 | -7 4 B0 C/I
2] -4 16 12 )] 12 2 | -a 1 B/0 C/II
3] -4 6 12 Y 12 6 | -4 B0 C/II
4| -4 6 12 1 12 6 | -4 cm
ol
Ne—2| 1 ]| -4 2 12 19 16 | -4 BO /T
N—i]| ¢ | =7 | -4 6 16 19 8 B0 /I
N | -2 4 1| -4 | -4 8 39 B0 C/II

Ta6nuna 5.13

i Y; gi (CraakeHunie) Y TOYHKIE
0 0,7 0,70142857 0,69314717
1 1,08 1,0807142 1,0086122
2 1,39 1,385 1,3862944
3 1,64 1,6242857 1,6094379
4 1,76 1,7995238 1,7917594
5 1,99 1,9500523 1,9450101
6 2,04 2,0733333 2,0794415
7 2,29 2,1914285 2,1972245
8 2,28 2,3028571 2,3025851
9 2,42 2,412619 2,3078952

H janiee B COOYBerCTBuM € Tabil. 5.12 M yKasauuAMH KOHTDOJBHOrO mpis
mepa,



MIo M7 X Ul UO8 X -+ M2 M9 %

4+ W3 MDA X+ M4 HOB X -+ W8
UINC % 4 W ung X  + 4 2 -

¢l Wl 1o F, W2 m F, W3 M2 F,

Wn4 N3 F, W5 4 F, WUN6 I5 F, 16

BII 00

IlycTh my2xHO TpoBecTH HenHuelinoe craaxxusanue GYRKUEN yi(xi),
npencrasiessbx B 1abn. 5.13. BeoauM yo <+ ye B peructpol 0+ 6 1 a;
s i == 0 cornacto Taba. 5.12. Haxae kaaBumm B/0 » C/II, nonyumnm
fo == 0,70142857, Jlanee, né Menss 3HAYCHHS o -+ Js, BBOAUM 3Haue-
pust @ st i =1, 2 n 3. Tonyuum §, §= » fs- [locne aroro, He me«
Hes sHaueHufi 4;, HaGupaeM OYepelHOE BHAUCHHE 4, == Up Yg «oer Yp»
Haxuvas B konue HaGopa Tonbko kiasuwy C/I1, 6ynem nonyyats sma-
wetun Gy, Jg ooer Jy_3 JI9 mORyuenus §y_o Uy _y ¥ JyBBOLEM HO-
BHE @i ¥ NPy KaXjoM mycke Maxkumaem KiaBuum B/O w C/T1. Hanubie
CIVIAKVBaHust UpuBeleHn B Tabn. 5.13.

K npouenypaM criamusanusi OTHOCHTCS TaK¥e PerpeCCHUBHEI aHa«
a3 (npubmiwkenne GbyHKuuiT), onucannblii B § 5.13. CneK'rpanth'lﬂ aHa«
aus (§ 5.11) ofecneunBaer CrIaXKUBaHHE € HOMOIUBIO YCEYEHHOI'O TPH«
ronoMeTpHyeckoro psna @ypoe. Pajg mpyrux nporpaMm CriakUBanHs
(B ToM uHCJE ¢ OJHO#H, ABYMA H TPEMS ﬂpOPL'iBOJIbeIMH cpym{unﬂMu)
omnucas B [29]



Tnaea 6
BblulMCJEHHE CﬂElJ,VlAJ]belX GYHKHUUN

6.1. Uuterpanbnas nokasatenbHas
¥ poacTBenHbie ¢i yHKUUH

Nporpamma 6.1. BriuHc/ieHne uHTerpajbHOlM IOKa3aTe/IbHOM (Eym(-
DKM PasfIoXeHHeM B Dsii:

[=+]

S =t
Ei(x)=—Vp S f—t—dt=v+1nx+z—n";l—. 6.1)
-x

ne=1
Beop: mnocrosgHas 3Siepa y = 5,7721566-10~1 = PJI, 0 << x == PX,

n 1 s 15 0 4 16 KWI4 WI4 UII5
X 5 W4 X W9 U8 X I8 XY o+
Ml + M6 XY 6 —  Fx=0 07 urie Ui
4+ M9 Fln -+ IO ¢/ BII 00

Has x = 0,5 nonyumm Ei(0,5)== 0,4542199 mpu & ~ 1 muy, ps
= 5 nonyyam Ei(5) = 40,185274 npu I =~ 2 mun.
Mporpavma 6.2. Briuncreniie ¢ynxnun Ei(x) pasnomenneM B psi:
.00 —t 0 non .
El(x)=g-e—t—-dt=—v—lﬂx—2—(—'2—i—. (6.2)

n-nl
x n=|

Bson: y == 5,771566-10~! = PJI, x = PX.

mn 1 e 15 o 4 16 KWM4 W4 U5
X b - W[4 X W9 [—/ VI8 X T8 XY
+ WN6 4+ W6 XY @6 — Fx=0 07 WII6
J—/ Vo — M9 Fln — N0 ¢/ BII 00

Jas x = 0,5 noayumm E,(x)= 0,5697736 npu f{c =~ | mum, gas
x == 5 noayunm Eq(x)==1,1481-10-2 npu {. &~ 2,5 mun. '
_ Mporpamma 6.3, Botuncierre QysKuun

e ot
Es =\ S at
1



s n=20,1, 2, 3,... 0o pexyppeursoii bopmyse
Ly _
E, o =—[e"—xE, (0] r=1223 .. (6.3)

npr Eo(x) = e~*/x u Ei(x), BuuncineMOM passoxeHueM B psn (6.2),
Beon: y="5,7721566-10-1=PJ[, x==PX. Beoa: n-PX, E,.(x)—~ PY,

e /—/ Fe* U9 = I o ms s ¢/
1 s 115 KUAM4 W4 U X s W4 X
Wig [—/ WIS X n Xy = ums -+ Ul
XY 6 — Fx=0 13 HI6 [~ WO — U9
Fln — [0 1 Mma ¢/ KUM4 U9 /—/ Fe*
ure U X - Ui 1 e & rne HWmg
_Ejn BIT 46 .

s x =05 6ynem noJiygathb n=20, Eo(0,5) =
= 1,2130612 (1,2130612), n =1, E;(0,5) == 0,5597736 (0,559773595),
n==2, E;(0,5)=0,32664384 (0,3266439), ... n =10, E(0,5)==
= 0,063458298 (0,06344583) u T. A.

Mporpamma 6.4. Buuucnenne E.(x¥) 0o 3al8HHOMY 3HAYCHHMIO
En(x) upu n> m. Beon: x = PX, En(x) = PX u m = PX. Buson:
n—> PX, E.(x)—> PY.

5 C/I1 ne I19 C/1 [14 KWIl4 Ul [—/ Fe* .

Ure HIs X — WU 1 — = 6 HI4
C/T BII 06

21y nporpaMMy Jerxo NpoBepHTb NO NPHMepy, NPHBEACHHOMY AN
nporpaMmel 6.3.

Mporpamma 6.5, Briuncienne GyHkuuM

an(x)=S t"e~¥dt, n=0,1,2, ...
1
[0 peKyppeHTHOK (opmyne
a, (x)=[e*+nao,_ | ]/*
npu oo(x) == (exp(—x))/x. Broa: x=PX. BuBoa pe3ynstatos: n — PX,
o, (x)— PY = PO. .
19 J—/ Fe* II8 UM9 + [0 0 14 C/II
KUI4 W14 W0 X W8 4 N9 - I UI4
C/l1  BIT 10
: IOnas x=2 wumeeMm oo(2)= 0067667645, ou1(2)= 0.10150147,
a2(2) = 0,16916911, ..., as(2) = 5,5994975 » 1. &.
Mporpamma 6.6. Briuncnernue GyHKuuH
1
Br (1) = S e~ dt, =0, 1,2 ...,
-1



no pexyppenTHoll dopmyne
By () =[(=D"e"—e ¥ 4-nB, _ (0]/x

npu Po(x) = (e*— e~*)/x. Bop x = PX, BuBox pesysvratos: n-»>PX,
Bn (%)~ PY = PO.

19 Fe* 4 Flx “— WM -+ [0 0 T4
cm ot M8 KHWI4 W4 MIO X U9 /—/ Fe¥
— W9 Fe* UM8 [—/ I8 X 4+ U9 <+
[0 M4 C/I1 B 13

Ona x =4 mnonyunm Po(4) = 13,644957, Bi(4) = —10,242876,
P2 (4) == 8,5235195, fis(4) =-—7,2614757 u T, B.

Ecnu npomexxyroulnie 3uauenust En(x), an(x) mwim Bn(x) He HyXs
HBI, MOXKHO COCTABUTB MPOrpPamMMbl C OCTAHOBKO# BEIYHC/ICHH{ MO 3aBaH+
HOMY 3uaueHmio #. [IpuMepoM siBNseTCs npHBeAeHHA® HUKE MPOrpaMMa.

Niporpamma 6.7. Briuncnenne dyuxunu on(x) Ad4 SaK3HHLIX X U 7.
Bsox: x = PX u (nocne BuicBeunBanpsi nudps 0) n == PX,

n /—/ Fe* 118 W9 = 10 0 Cm I
Hro mne o 4 KWUI4 Hil4 HII6 X HIB -

g < e Wnz Wi - Fx==0 14 HII6 BII
- 08

Hycte Hago BHyHCHHTL 06(2). Benass x =2 ¥ n =6, monyunm
s (2) = 5,5994975.
Hurerpaneras bynxuns
x

ll(x)=VpS—1‘—rilt-t==Ei(lnx), £>1,
[}
HLISHCIAETCS MO mporpaMMe 6.1 mpM HBOJle BMeCTO X 3hauenus lix. |

6.2. MuterpanbHbie CHHYC H KOCHHYC
(Bkmouas runepOosHuecKue)

Iporpamma 6.8. BuluMCrnenHe MHTerpajbHOIO CHHYCA PAa3JioKeHHEM
B psan:

- hod ( n 2n+l :
oy fosind —1)" x° -
Si (x)—S 7 dt . ES TR (6.4)
Hn=
Beog: x = PX (x < 10). -
116 n7 I8 Fx2 2 [t~/ +« T9 0 14
KHIT4 U4 2 hd 1 + Fx? TIi5 Uri4 2
X 1 L U9 X HII7 X 4 -~ Uris
<+ 7z - Umns - 118 FBx — Fx=0 10 Hris

C/ BNl 00



Kontponbhvie mpumepsl: Si(0,1)== 0,099944467 (.~ 30 ¢) n
“Si(10) == 1,6583514 (fc ~ 4 mun).

MNporpamma 6.9. Bulunclienve HHTErpajbHOrO CHHYCa NpM GONbLIES
x > 8 acUMOOTHYECKUM DPA3JIOXKEeHHEM:

sima 5~ (1-5 (-7 (-5))) -
Do (5= (- 2),

Beon: x = PX, Ilepeknoyarens P —I' B nonoxenun P.

"II8 Fx? Fix 119 1 2 X 4 oI
- X t + 4 % e X 2 —
I8 Fcos X urg =+ I17 urm 2 0 X
A 4 1 — X 1 4+ 1 2 X
um % 2 — HI8 Fsin Huime X Hmr
-+ Fx 4 2 = C/fT BII 00

Hns x = 10 noayuaem Si(10)= 1,6583685 npu 7. =~ 20 c.
Tiporpamma 6.10. BriuncieHHe WHTErpajbHOIO KOCHHYCA Pa3JOKes
HHEeM B psAl

X .
l)n on

ci (x)=v+lnx+Sc—os—t——dt=v+lnx+Z gﬂ@:)—x (65)
0

Bson: y = 5,7721566.10~1 = P, x = PX.

9 Fx? I8 0 I14 [I5 1 m 17 KUI4
U4 2 X e 1 - 1Iie X Wz -/

X M7 UIe X HWII3 M8 X n xy =+
ums -+ U Xy s — Fx=0 09 WIB HI9

Fln 4 MO 4 C/IT B 00

" Jas x = | umeem Ci(l)== 0,33740392 (f{c =~ 1 mun).
Wnterpaiohbie runepGoNHueckHe CHHYC H KOCHHYC MOMHO pasfos
WHUTh B PSAIbL

x

Shi (x) =OS

shi - xontl
dt = ZO CrnrD@EnFnr
ne=

x
Chi(x)=y+lnx+g'c—ht——dt—‘ +1“"+Z (2n)l2n
(1]

._nnl



Orm BHyncnfoTCH N0 mnporpaMmaM 6.8 i 6.10, ecnu onepatop /—/ no
anpecam 05 u 19 samenwts onepartopoM KHOIT (Her onepauum).

OyHKUMK STOrO maparpapa MOryT BLIYMC/ISTLCSH M IO NMPOrpamMMan
YHC/IEHHOrO HHuTerpupoBadus. OfHAKO npH 3TOM BpeMsi BLIYHCJEHHl
Gonbuie, ’

6.3. Tamma-pyuxuuu (Bxaiouas HenosHuie)

Buuncnienre ramma-¢ynxusit

Fx)=\ e % 'at

°M8

BBHAY CJIOKHOCTH PA3JIOXKEHHs B Pl HENeCOOGPA3HO BHINONHSTL T10
amnpoxcamanssm [3].

Mporpamma 6.11. Bouncnenne I'(x) mpu x > 1 no dopmyne Crup-
JIHHTa C Koppekuue nochiefHero ynesa [3, 6}

r (J-C) = '\/zxﬁ e~ *x*H (x),

- 0,7
l2x + g7 288x‘ T oR8xE !

rne
Hx)=14-——
¢ npeo6pasoBaHHeM
T =T(x+1)}/xmpu x <1,
P(—x)=—a/[xT (x) sinnx] npu x<O.
BBO}.[-: x = PX. ITepexmouarem P —I' B nonoxenun P,

e Fx<0 21 /—/ M9 TIM 2 Fn MO X
Fsin X W9 X  Fi/x Fn [~/ X C/II BII
00 I 25 B 18 A 4 1 4 X
s M 2 4+ & m7 o1 Fe* +  Fx¥

UIs = Mg Fmx 2 X  HIIT + F4f U8
X 8 0 , 7 Uz = 1 XY -
2 4 =+ vz - 1 -+ 1 2 e
iz = 1 + U8 X B/0 ’

Kontponeuse npumepu. I(05)==17724781 (¢, ~ 22 ),
TOYHOE 3Hauemde /g — 1,7724538, I©(1,2) == 0,91817537, T'(4,7) ==
== 15,431423, I'(—3,2) = 0,68905558 (f. =& 25 c).

Hporpamma 6.12. Bruucnenwe I'(x-4-1) npu x <1 ¢ mnorpeute
HOCTBIO He Gosce 2-10~7 annpoxcumanuek:

I'(x 4 1) = {((((((bsx + b7) x + be) x -+ bs) x -+ b4) x + b3) x +-
+ ba) x b)) x+ 10784 l..



Beom: by=-—87719165 == P1, b,=98820589 = P2, bs== —80705694 =
—= P3, b, = 91820688 = P4, b; = —75670408 == P5, bs=48219934 ==
= P6, b; = —19352782 = P7, bs = 3586835 = P8 u x = PX.

g 8 o HMo8 4 XY MO X KUII0O +
WI0 Fx=0 05 XY 1 BII 8 =+ -+
C/IT  BIT 00

Ipu x==0,2 'I‘(l,2)==0,91'81689 (tounoe 3waueure 0,91816874),
mpp x==0,8 T(1,8)= 0,9313837 (Tounoe auayenue 0,931383771);
t.~ 22 c.

Henosinnie ramma-¢yHsids npeicTaBiensl cooTHOweHusiMu [3):

x
S e" 1% dt,
¢

P(a, x)=

{
I' {a)

v(a, x)=P (a, x)T ()= S e~10-1 gp.
[4]

(g, x)=T(a) — 'y-(a, x) = S e~ i1 g,

Bce ati $yHKUKH MOryT GHITH onpefelieHnl yepe3 ¢yHKLkIO

Y (a, x) =x"°P (a, x) =_Ix‘?—a)v (a, x)= li‘(-;) S e~ 11918,
9

Mporpamma 6.13. Buuncienwe ¢ynruun y*(4, X) pasioKenueM E
pAn

T(a)y x)—-m—if—"i)— a0 —1, —2
a)y (a» - (a_l_n)n!: > 3y 3 s e
n=0
Brox: a = PX u x = PX.
118 C/IT 119 1 n3 1I5 0 6 I14 KHII4
yns wrs X 15 U8 HIl4 4 -~ X N7 U9
/—/ HI3 X n3 Xy = Wlte - UWIe XY

I6 — Fx=0 09 W8 Flx MHII6 4 [0 /I

;
" Tpuwmep. Hairu y*(1; 4) u y*(—05; —3). Beonrm a=1 g
& =4, ponysaem I (1)y*(1; 4) = 0,2454211 mpu Zc ~ 2,5 mus. Ho
T'(1}=T(1 4-0)= 0! = 1, eaenosatessro, y*(l; 4) = 0,2454211. Ilaa
Broporo  cayyas, BBeasi a=<—05 wm x=~3, OoJyyuM



T(—0, 5)y*{—0,8; —3) = 10,495471. Ilo onyicaHHEIM BhIIE nporpammam
anp tagdmuam [3] Haxomum I'(—05). B pamnom cayuwae I' (—0,8) =
= — 24/%. Cnesopatensio, y* (—0,5; —3) = .10,49547_1/ (—2 4/n)=
= ~— 2,9607177. :

' 6.4. dyuxuun Beccens (BKJIIOYAA MOAHQHLIHPOBAHHLIE)

GOynxuun  bBeccesisi  ABAAOTCA  pelleHuaME  AH(epeHIHANBHOTO
ypasuesus [1, 2]

2
2%+z-‘-j£—+(22—v2)w=0. (6.6)

npu z == (x4 jy). OrpansuumMca BLIUHCICHHEM dymcamtt- Beccenss mis
NeliCTBUTENBHEIX 2 == X M LeNHX v ==n (nopAgok Oyuxuul). IByM
He3aBHCHMUIM pellilennsim (6.6) coorBercTByloT ¢ynkuun Beccens nep-
Boro J.(x) n Broporo Yn(x) pona.

Nporpamma 6.14. BruncneHue J.(x) pasioxeHHeM B psift

1 x\" (x/2)? (x/2)*
’"(")"’_m"(?) [‘”‘ T+ D T A@+ D (+9) ”‘] ©7)

Beoa: n == P5, x = PX. ’ 3
I19 0 I14 1 116 Hris Fx=0 17 I8 NIig
X 6 W8 1 -~ Fx=0 08 Wro 2 =
{10 Fx2 19 UIs U0 Fx¥ HIie -+ 117 I8
KUIl4 UIr4 WUrms - Hrs X Hure - Wz -l
XY + I7 urs - I8 FBx —_ Fx=0 30

nre /I BIT 00

Pmeem Jo(0,5) = 0,93846981 (i =~ 40 c); Jo(4) = —0,39714976¢
J30(20) = 1,2401602-10-4% (f. =~ 3 mun).
Psan anst Yo(x) Becema cnoxen [3] Kpome Toro, sbiumciaenus [,(x}
u Y.(X) pasnoxenueM B pAj 3aHUM2KT MHOro speMenH. Ilostomy ye-
necoo6pasno Buuncaenue Jo(x), J1(x), Yo(x) u Yi(x} annpokcumanueit
¢ nocnenyolinM BruncienHeM J.(x) B Y.(x} no peKyppentHuM ¢op+
MyJam. )
Nporpamma 6.15. Bummcaenne Jo(x) u Yo(x) anmpoxcumamuehs
Jo (x) =1 — ay (x/3)* + a2 (x/3)* — as (x/3)° + .
+ a4 (x/3)® — a5 (x/3)'° 4- ag (x/3)'3

g —3 << x << 3 ¢ norpemHocTh0 A0 5-10—8 n

Yo(x)=— ln 0] =40 (%) + bo + by (£/3)2 — bs (x/3)* -+
+ b3 (x/3)° — bs (%/3)® + b5 (x/3)10 — b (x/3)”

s 0 << x << 3 ¢ norpemnocTsio 1o 1,4-10-8, Beox: ay == 2,2499997 =
= P1, a; = 1,2656208 = P2, a5 = 0.3163866 = P3, a, = 0,0444479 ==:
= P4, as= 0,0039444 = P5, ag =0,00021 =P6, bo=23,6746691-10~1=5

BRSO



e= P7, by = 6,0559366-10-% = P8, bs = 7,4350384-10-1 = P9, p; ==

= 2,6300117-10-1 = PO,

= 0,0427916-10~1 = PB, b = 0,0024846-10—* == PC u x = PX.
- Fx2 TIO 1 IO Ullp X UIs
X urg - 121801 RDYY Ure — jZiant
+ 178991 D4 30— urg x +
X Fn = unng Fa/ 3 ped 2
X Uz + WIB WIIC UIO X _
WIiA — Wrn x U  + Unno x

4 3
— Hurn
pod uri2
c/m 2

- Fin
unng X
uime -
BIT 00

nrm X uris

-+ Wit X + c/m

Kontponbphbe npumepn (H ckofkax Japbl TOUMHe 3HAye-

HHUSl  Pe3yJILTATOB).

J5(0,5) = 0,9384698 (0,9384698072); Y,(0,5) =

= —0,44451888 (—0,4445187335); Jo(l)= 0,7651977 (0,7651976865);
Yo(1) =0,088256943 (0,0882569642); Jo(2) ==0,2238908 (0,2238907791);

Yo(2) = 0,51037568 (0,5103756726).
Nporpamma 6.16. Briuncnenne ¢yuruuit Ji(x) u_Yi(x) annmpoxcn-

Manuei:

= () e () o () e (3)' -

— g (%)10—’_“6 (%)12

Aast —3 << ¥ << 3 ¢ norpeutHocTeio MeHee 1,3-10-8 p

Yy {x) = (?2?) xIn (_;_) J1 (%) = bo+ b (%)2+ be (%)4'—

(3 (5 - () (3)”

ma 0K x<C3 ¢ unorpemnoctoio Menee 1,1-10-7. Bsom @y ==

= 5,6249985-10—1 = PI,
== 0,3954289-10—1 = P3,

as = 2,1093573-10—1 == P2, as ==
a, = 0,0443319-10—1 = P4, a5 =

= 0,0031;61-10“ = P5, a:=0,0001109-10—! = P6, bo==0,6366198=
= P7, by = 0,2212091 = P8, b, = 2,1682709 = P9, bs = 1,3164827 =
== PO, b, = 0,3123951 == PA, b5 == 0,0400976 = PB, bs = 0,0027873 =

= PC n x = PX.

4 A 4 3 + Fx? TIO U6 X I
— urp X ura 12199100 ums  — I,
X UIez + 151901 QDY um — 121991 QD% 2
Flix + X - CM XY X  FBx 2 - Fin
el 2 X Fn -+ WIC UIMo X Urg  —
oo x UnA - Hnpg X HIo: — UL ¥
M9 4 7 UM X w4 HIMA X + unz
- Ung F+/ 8 X = CAI BII 00 -



HOna x =05 u 3 nonyunM (B cKOOKAX 1aHbl TOYHLIC 3HAYCHHS)?
1,10,5) = 0,24226846 (0,2422684577), ¥1(05) = —1,4714725
(—1,4714723927), J4(3) == 0,33905898  (0,3390589585), V4(3) ==
== (,3216744 (0,324674448).

Mporpamma 6.17. Bruncnenne dyuxuuii Beccens J.(x) u Yn(x) no
PeKYPPEHTHOMY COOTHOILEHHIO

2
By ()= B, ()= B,_, ().

roe B osmauaer J, Y mnn mo6yio supefinyio KomMOuHAUMIO STHX (YHK-
nuil, K05 ULHEHTH KOTOPHIX He 3aBHCHAT OT X M . Beom: %, Ba.i(x)
B B,(x) 8 perucrp X. Buson: n - PX, Bn(x)—> PY.

nz ¢ s & om0 4 KUI4 U4 2
o X W9 X W7 += WUMB — UM 8 XY
Mo M4 1 4 ¢/ BIO 07

o

Bnen;\x x =1, ¥o(1)= 8,8256943-10-2 u Y41{1) =—7,8121282-101,
naxuman kaasmn C/IT u XY, GyneM, mosyyath clefyioliie pesyJib-
TaTh (B cko6Kax HAaHL TOYHbIE SHAYEHHUS):

n=2. Y,(1)=— 16506825 (—1,65068261)
n=3 Y3(l)=—58215172 (~-5,8215)
n=4 Y,(1)=— 3327842 (—33278) u v I

Npu x = 3 ¢yasunn Jo(x) B Yo(x) MOryT BHUHCASTBCE € no-
MOIIBIO anNpOKCHMALHIA:

Jo(x)=x""focos8, m Y, (x)=x"Y%,sin 0,

rpe
e (e () e () v ('
b (2 4 (2
BLIGHC/ISIETCS ¢ MOFpelIHOCTbIO Meree 1,6-10-8 u
oot () e (2) o (2 +(2)
ERORONE
BHIUHCAISICTCS C TOTpelHOCTBIO MeHee 7-10~8. Buavenms KosddHHeR

TOB ao - as U by + bg ykasauw B Taba. 6.1,
Qynxumy Ji(x) 1 Ya(x) opu x > 3 HaXoAATCA NO aNNPOKCHMALUHI

Ji(x) = x“l/r"h.cos 6p »n Yi(x)= x'”zfl sin Oy, .



TaGénuna 6.1

Pyuruun Beccens
n Jo(x), Yo(x) Jux) Yi(x)
a b, a4, by

0 79788456 — 78539816 79788456 ~2,3561945- 1%
1 -77 " —4166397 166 12499612

2 -552740 - 3954 1659667 5650

3 ~9512 262573 17105 —637879

4 137237 —54125 —249511 74348

B —72805 -—20333 113653 79824

6 14476 13558 ~20033 ~20166

rne

oot ()b (D ra (& (D) e
‘ ta () +a (2) )/ 10

BLIYHCJIAETCHA € NOrpelIHOCThIO Menee 4-10-8 u

3 33\? 3\3 3\
omfieen () o (2 (3 (3)
3\5 3\6
. | — = 8
o () 0 (7)) 0
BBIGHCAAETCS € TOrperTuocThio Menee 9-10-8, 3HaueHun Ko3ddULKEHTOD
Qo - Gs U bo = be manul B Tabn. 6.1
Mporpamma 6.18. Bruucnenre ¢ynkuuit Beccens Jo(x), Yo(x),
Ji(x) u Yi(x) annpokcumauasmu (6.8)=(6.11) mas x = 3. Beom: cu.

B MHCTpYKILuM X mporpamme (nocle ee Tekcta). [lepexmouartens P — [
B nonoXesny P. :

Fiyxr 3 X ng v X urs 4+ ung X

Mrns + ung X uns 4 ung X ure 4

vng X um - unm X 7 9 7 8

8 4 5 6 + 1 BT 8 - U
3 =+ Fl/x Fa = WC Wil X =~ UIOB  +

unp x WA + 12089104 ure 4 una X

ure -+ Mo X urs -+ urng X @ W7 4

1 BIT 8 = v 3 = Fix + 39
Feos XY X ¢/ XY U Fsin X c/m BIO
00 .

Oas suuncnenus Gyuxumit Yo(x) H Jo(x) smonsrcs kosdpduunen-
W a3 = ge = P15~ P6 (3nauenne ao 3aHeceHO B TeKCT nporpaMmmt},



bo-= by = P7T = P9, bs=PO0, b;+ bs=PA+PC (cm. Taln 6.1).
3arem BBOAMTCH 3HaueHme x == PX, HamumaoTcs kiasump B/0 u C/II
(nonyuam Jo(x)) u C/II {nonyumm Yo(x)). Ilpu cmene x = PX nawu-
MaeTcsi ABaxKne Toabko kinasuma CfTI. Ins soluucnedss Jo(x) u Yi(x)
BCe ONEpALMH MOBTOPSIIOTCS 32HOBO € BBOLOM 3HAYCHHE Ko3((uLHEHTOB
annpoKcHMAalMi mas 3THX QyHKuM.

KouTponbHbe nprMepn (B cxkobkxax AaHH TOYHLIE 3HAYE-
pun Gyuxunii Beccenst). Jo(4) =—0,3971498 (—0,3971498098), Yo(4) =
== —0,01694075 (—0,01969407393), Jo(10) = —0,24593577
(—0,245937614), Yo(10) = 0,055671124  (0,0556711673), Ji(4) =
= —0,066043332 (-—0,0660433280), Y1(4) = 0,3979257 (0,3979257106),
J,(10) == 0,043472698 (0,043727462), Y1(10) == 0,24901544
(0,2490154242). .

Pemennsamn nu¢depennaJbHOr0 ypaBHeHHS

2.
z"’—%%+z-dd;f—(z?+v2)w=0

asssotes MonntuuapoBanese QGynkuan Beccens J,(2) u K, (2). Kax u
npeXe OrPAmHUMMCH BHMHC/ICHHEM STHX GYHKUuE ANs mefiCTBHTeIIbHbIX
== X'Il UeJBIX V==1l.
dyuxuue {;(x) MMEOT pasnoxkedHe B psi

_ 1 (xy" /2y (x/2)* .
e =2r (5) [1+ M+ TAE+) (ED) + .| 612

W MOTYT BHLIUHCHATLCA MO nporpaMume 6.14, eclin B Heli oneparop CMeHH
auaka /—/ no azmpecy 39 3amenuth onepatopom KHOITI (mer onepauus),
Torma nonymm  [o(2) = 2,2795892, [I:(2)= 1,5906368, Is(10)=
= 2815,7168.

Mporpamma 6.19. Brmucnenne Moauduuuposannnx ¢yrruui Becce-
ag Io(x) w I1(x) mpn —3,75 << x <C 3,75 annporcuMauueii:

[0 ()C) == l + a,t2 + a2t4 -4~ agts -4~ a4t8 + a5t'° + ast”
¢ morpelocteio He Goaee 1,6-10~-7 u

x= (x) =05} Iblté -+ byt? - bat® - bat® + bst'® - bet'*

¢ morpelinocThio ne Gonee 8- 109, npuvem £ = x/3,75, a TakXe QyHKUUH
I,(x) no pekyppeHTHOMY COOTHOIUEHHIO

In_H(x)=——-2n1n (x)/x+1ﬂ_1 (x), nz=2,

Beon: ay = 3,5156229 = P, a, == 3,0899424 = P2, a3 = [,2067492 ==
= P3, a,=0,2659732 = P4, a; == 0,0360768 = P5, ae = 0,0045813
(Buucan B nporpammy), by = 0,87890594 = P7, b» == 0,51498869 = P8,
bs = 0,15084934 = P9, b, = 0,02658733 = PO, bs == 0,00301532 == PA,
be = 0,00032411 = PB u x == PX. BuBox: n~» PX = P6, In(x) - PY,



fic - 3 , 7 5 -+ Fx? nga o 176
urig 4 5 8 1 3 BIT 7 -l X
M5 4 o X H4 -4 HMID X HI13 4
WILE X M2 4 HIOO X HOl 4 HOO X

1 + WO MIIB X HIMA 4 I X M0
+ IR X ure + HUIL X v 44 una
¥ unz - ung x 2 Fi/x HIIC X
XY Ing o cm F, F, KUII6 F, HIte C/I1
XY 2. /- X HIIC + XY X FBx XY
ung -4 XY IO XY BII 76

ns x = 2, naxumas kaasuun C/IT u XY, 6yzneM noaysats: n = 0,
Io(2) = 2,2795853, n = 1, I,(2) = 1,5906369, n = 2, I>(2) =0,6889484
HT I

" Iiporpamma 6.20. Briunciense To(x) nnm I,(x) no annpokcHManusiM
{x > 3,75)

9 - a a a . a a a a a
e =at G+ Gttt et tE

rae t= x[3,75, ¢ norpemnoctbio’ we Gosee 1,6-10-7 ana ¢ymnxumu lo(x)
H 2,2-10-7 gna Iy (x). Beox pas soiuncienust lo{x): ao = 0,39894228 -=
= PA, as = 0,01328592 = PI, az = 0,00225319 = P2, as ==,
=~0,00157565 = P3, a, = 0,00916281 == P4, a;=—0,02057706=DP5;
ae = 0,02635537 = P6, a7 = —0,01647633 = P7," az = 0,00392377 =
== P8, x == PX. Bpoa ans Boiuscnedns [i(x) B perucTpsl, ykasaHRe
Bbilie: @ == 0,39804228, ai = —0,03988024, a, = —0,00362018, as =
= 0,00163801, a, = —0,01031555, a5=0,02282967, as = —0,02895312,
a7 = 0,01787654, as = —0,00420059 u x = PX.

ng 3, 7 5 +~ nc s o Ums
4 XY MINC =  KHIIO + WMo Fx=0 11 XY
UIMA + UM F4f = WUng Fe*, X C/l1 BIT
00

Omi x =10 noayunm [o(10)= 2815,7168 (TouHOe SHaueHHe
2815,7166), I;(10) == 2670,9884 (rounoe suauenme 2670,9884).

MNMporpamMma 6.21. Bruncienne MoAuduUupoBauublx ¢ynxuuit Bece
censt Ko(x) npu 0 <X ¥ < 2 no annpoKCHMAanHH

K'a(lx)=._|n (%.) lo (%) —ag + oy (%)2—[-412 (_’%)44"

. po(5) #a(3) e (5) 40 (5)"

e norpeuxéocmo He Goyee 8-10-9. Bsom: ao== 0,57721-566 = PA,
lo(x) = PB, a, = 042278420 == Pl, ;o = 0,23069756 =P2, =



= 0,03488590 = P3, a, == 0,00262698 = P4, a5 = 0,00010750 = F5,
.ae = 0,00000740 = P6, x = PX.

ng 2 = Fx2" TIC 6 o Ure 4 XY
WIIC X KWIIO -4 HMN0 Fx=0 09 XY MIIA —
ung 2 -+ Fin WUMB X — G BIT 00

Hna x=05 yunruean, uwio 1¢(0,5) = 1,0634834, noayuum
Ko(0,5) = 0,9244191.

Tporpamma 6.22. Bruncnenne MOAMQRIEPOBAHHBIX (QYHKLHE Bec«
cedis I(,(x) npr 0 < x << 2 no annpokcHMaliy

xKy () =x1n (2/2) I (x) + 1 + a1 (x/2)* 4 ap (2/2)* + a3 (x/2)° -

' 4 s (%/2)® + a5 (x/2)'0 -+ as (x/2)'2
¢ morpewHocThio He Gonee 8-10-° Bpom: a4 = 0,15443144 == PI, az ==
== —0,67278579 = P2, az = —0, 18156897 = P3, a. = —0,01919402=

= P4, a5 = —0,00110404 = P5, as = —0,00004686 = P6, I1(x) = PB
u x = PX,

ng 2 -+ Fx?2 TIC 6 S0 M6 4 XY
WMNC X KUMO 4+ U0 Fx=0 09 XY 1 +
Mg + W4 2 =+ Fin MINB X 4 /I

BIT  00.

Has x =05 n 1,(0,5) = 0,2578949 noayuaem Ki(0,5) = 1,6564404
NpH TOUHOM 3uauenunl 1,656441.
'_ . Dporpamma 6.23. Boiuncnenne Monn¢ruipoBanHelXx ¢yRkumit Becs
cean Ko(x) n Ki(x) nas x == 2 no annpOKCHMAaLHH

¥R 2K, 1 (x) = ag + @ (2/%) + a; (2/x)? + a3 (2/x)* +
- + a4 (2/x)* + a5 (2/%)° + a5 (2/x)°

¢ norpewHocThio He Gonee 8-102 pasa Ko(x) m 2,2-10-7 gaus Ky(x).
Beox ans  Bolumcnenust  Ko(x):  ao = 1,2533141 =PA, o=
= —0,07832358 = PI, a, = 0,02189568 = P2, a; = —0,01062446 =,
= P3, @, = 000587872 = P4, a5 = —0,00251540 == P5, g ==
==0,00053208 = P6 n x = PX. Box nna solunchenns Ki(x) B yka-
3autble Bue perHcTpn: ag == 1,2633141; ay = 0,23498619; a2 ==
== —0,03655620, as = 0,01504268; a, = —0,00780353; a5 =
= 0,00325614; ag = —0,00068245 n x = PX.

ng 2 XY + I0OC 6 7I0- M6 4 XY
MIIC X KHIIO -+ WIo Fr=0 09 XY HIA +
Wrg Fe* . ML Fa o+ c/ll BT 00

I x=5 n 10: Ko(10)=1,7780061-105, Ko(5)=3,6910982-10-%,
K1 (10) = 1,8548772- 10-5 1t Kq(5) = 4,0446133-10-%,



6.5. Harerpann $penens

Nporpamma 6.24. Bruluncnenwe uuterpana @Ppewens C(x) pasnos
gkeHueM B paA npr x < 3 (x = PX}:

Cx)= g cos (nté/Z) dt =
0

n=

x

‘YI9 T8 Fx* Fn
4 KHI4 M4 2

nm W4 4 X

XY =+ nns =

. Hne 4 9 FBx
00

O (=D DT anp

@ {an + 1)

X Fx® 4 =
X Mm. -
3 — m 4
Hn7 % urs /—/
~ Fx=0 1l U9

m7r o

HI3 X
+ HI10
X I8
C/m  BIT

[Ipumepn. C(05)=0,49234422; C(1) == 0,77989341 u C(2) ==

= 0,48825334 (Bpems Borumncienust or 50 Ao 160 c).
Mporpamma 6.25. Brluncnenue uuterpasa @pewesns S(x) no pass

- JIOXKEHHIO B pan npH x << 3 (x == PX):

S (x) = S sin (nt%2) dt =
0

x

Fx* Fn

I8

Hiig X 3

2 X I8

X 1 -

= HIB X
FBx — Fx=0

N=
X 2
= In7
I -+
19 4
Uz j—/
18° HII8

(D" (2™~ 4nys

: @n+DI(n+3) *

=~ 119
mn o
Hrie X

-+ U119 .
X 7
C/rt BIl

F x?
4
Iis
XY
urs
00

 BE) HIm
KHUI14 U4
N4 4

~ HI
+ I8

Mpumeps. S{0,5)=0,064732433, S(1)==0,43825912 u S(2)==
= 0,34341539 (Bpems Bouncnenus or 50 go 165 c).
- C uurerpanamy ODpesess cBA3aubl BCHOMOratesbHble (QYHKLHK

f(x)=[—é——- S (x)] cos (22‘_2_) _[_;__ C(x)] i (n;z
g ={% —-C (x)] cos (nsz) + [_;_ -5 (x)] sin ( nzx

).
N

NMporpamma 6.26. Boiuncrnenne f(x) u g(x) mo annpoxcumanzam
’ I+ [279.4

ey =

24 ayx -+ ayx?

H

1

€ norpemHocrbio Menee 2-10-3 (0 << ¥ << o0), a TaKKe

) ' S(x)%—;——f(x)c:s(%i)_—g(x)sin('

gx)= 24 b x + bx?+ b3x®

Tx?
?

2

o= (5) g mos (22).



Beon: ap = 0,926 =PI, a; = 1,792 = P2, g, = 3,104 = P3, §, ==
= 4,142 = P4, by = 3492 = P5, by = 6,67 = P6 n x = PX. Busox
pesyavraroB: [(x}— PA, g(x)—>PB, C(x)—»PC u S(x)-»PX =PI,
Tepexmouaresns P-—TI' B nosoxkenun P.

ne wm X 1 + HI9 Hns x Hre 4+

U x 2 4+ + TA U9 UM X UIis
+ M9 X HO4 4 M9 X 2 + Fi/x
IIB  HH9 Fx? Fn X 2 . + . I8 Fsin 114
MIMA X WH8 Fcos I8 MIIB X  — 2 Flx
4 NC FBx MMNA MI8 X — HOB MO X

= -Ig CMT BII 00~

Hwmeem S(0,5) == 0,06567349 n C(0,5) = 0,49256592 (1. = 23 c).
- Nporpamma 6.27, Brrancnenne C(x) u S{x) npn Gomswnx x 3> | no
ACHMITOTHYECKHM PASNOMKEHHsAM:

.

I i 2[2 . 2/2 5
C(x) =~ + =0 (n,x [2) (l - ()T ) - COSI?ZT;/ ) - (nx"’)"’)'
. L__ cos (nx?/2) | _ __ _sin (wx?/2) . 5
S )= ax (l (nx?)? ) i’ (:mx”)"’)

-

C MOrpenHoCTsI0 Menee 5/ (7ix7) (npu x = 4 BepHH He MeHee NATH 3HAs™
KOB pesyibrata). Beom: x == PX. Baeop pesymwraros: C(x) — PX,
S (x)—-> PX. Hepermouvarens P —T B ‘nonoxenny P.

. 3 Fn p 4 ng X I 2 - Feos T7.
FBx Fsin II6 HIr9 Fx2 3 XY + I —_
HIe X HIg = 5 HIY Fx? & XY =

1 — M7 X HM9 + MO8 = 2 Fl/x
+ UMb — M un7 j—/ 4 W6 /~] 17
XY BIO 12

Has x = 4 nmeem C(4) = 0,49841993 n S(4) = 0,42051702.

6.6. daaunTHyeckue MATErpasbl

Nporpamma 6.28, BuluncnenHe nOJHOro SJIJIHNTHYECKOTO HHTerpasa
NEPBOro poja IO €ro PasfiokeHHIO B psi:

aif2
K (m)=S (1 — msin20)~ 12 40 =

0
=2t ()t () et ]



- Bpon: m = PX. -

ns o s 1 M 6 I8 KHWIIB KHIIS U4
urs =+ Fx2 HUM9 X HIe X TIi6 KN4 KHI4
ure U8 -4 M8 XY 118 — Fx=0 07 Hrs
Frn X 2 = C/l1 BIT 00

Npumepn (B ckoOKkax [AaHH TOYHBE 3HAYEHHs pe3YJLTATOB),
K(0,1) = 1,6124415 (1,61244135), K(0,2)= 1,6596237 (1 ,659623599),
K(0;5) = 1,8540744 (1,85407468). Bpems BbiuHCJeHHS OLHOTO SHAYSHUH
K(m) B 3THX npumMepax ot |50 2,5 muu.
Mporpamma 6.29. Beiukic/eHue NOJHOrO SMINOTHYECKOrO HHTerpalia
BTOPOTO POAA MO €ro pas3loXKeHHIO B Psd:

Em=3[1-(3) - 5 - Gre) T ]

Beon: m = PX.

¥ () 0 I5 nms 1 M4 16 KW KWUIM5 U4
Vs = Fx? MI9 X HI6 X TI6 U4 =
7 KWUM4 KWI4 MO7 MO8 4+ MO8 XY I8 —
Fx=0 07 1 HII8 — Fr X 2 + C/lt
BIT 00

IMMpuMepr (B ckoOKax AaHBl TOuYHLIE SHAYEHHR DPE3YJBLTATOB).
E(0,1) = 1,5307576 (1,530757637), E(0,2)= 1,4800351 (1,489035058)3
E(0,5) == 1,3506438 (1,35064388). Bpemst Buiuucierns ot 1 go 2,5 mud,

DJVIRNTHYECKHE MHTErpaJsl OGiero sujga (HemoJHse):

—

9
FleNo)= F(‘le)-‘g (1 — m sin?0)~ 2 g0,
0

¢
E(gp|m)= S (1 — m sin26)'2 40
p .

MOTYT BHIYHCASTLCA N0 NPOrpaMMaM YuCJIEHHOro uHTerpuposanus. Tak,
e Bemucterus F(@|m) wmoxuo BOCHONb3OBaThCH mporpammol 5.54
HuTerpupoBauns metonom Faycca, prncas B Hee (parMeHT BHYHCJIEHHA
nopkTerpanbHoll Gyukuun (m = P9):

Fsin Fx? M9 X 1| XY — F4f  Flx

Ipu m=05="PY, g=5/2=>0 u =0, neis OTPE3OK HHTES
Ipuposanns; Ha 8 wacredt, noayumm T (m/2]0,5) = 1,85640742 opu fc ~
7 5 mun.  JUmst seucienns  E(@|m) socratoudo yOpats oflepatop
Fllx H KOHLle NpHBEJEHHOrO (parmenta, : '



6.7. Duaorapudm

_ Nporpamma 6.30. BoluHcnenne priorapugua IO €ro pasnomenmo
B psa (¥ = PX): .

x oo
10 =—S It a= Y B0 ogego,
1 n=1

Aot ns — n o 16 17 KWI6 M9
. |—] W8 X I8 WUMe Fx2 = W7 + Wz
XY II7 — Fx=0 08 WN7 C/T BH 00

‘Iipumepn (B CKOGKAaX yKasaHnl ToUHblE 3HAYEHHs DPesSyJLTATOB),
7(0,1) = 1,2997151 (1,209714723), F(0,5)="0,58224055 (0,582240526);
BpeMS BHUHCJAEHHA cocTaBJsieT 6,5 H 2,5 mun.

TIpy TOYHOCTH, MeHELIE PPEREJLHON, H MAajblX X BpeMs BBIYHC/CHHS
punorapaMa MOXHO CYUECTBEHHO 'yMEHDbLIHTh, HCNONL3Yst ANs ITOIC
MpOrpaMMEl WHCEHHOro HHTErpHpOBAHHS,

6.8. dyuxuin Jlebas
®yuxunn Ilebas

- X . 4 R . -
n " dt nt™
D x——--—-S =,S dt, n=1, 2, 3, ¢0s
n (%) ,x"o et —1 et —1) ?

BBHLY CJOXHOCTH DAas/JOMEHHS'B PAA Nesecoo0pasHo BHIUHCARTL NG
nporpaMMaM uuciennoro HuterpupoBariis, Tak kak npu # = 0 nompiH«
Terpanbuas GyHKums nmveer ocoGensocte 0/0, To menecoolpasso HC-
noab3oBaTh Meror [aycca.

Oprannsauus enunolii oporpaMmel (mfs BCexX n) Heuelecoobpassa,
TAK KaK BLIUHCAEHHE MHKPOKAALKYJATOpaMH (YHKUHH x° K {7 omepa-
uueil BHRA x¥ 3adHMaer MHOro BpeMend. Huke maw nprmep BHuHCHe-
BHs GyRkuny Dy(x). TTonobueim ot’)pasom MOrYT BBIYHCJAATLCS (DYHKUMH
Jlebasa npu npyrux n.

v Jas eeuncnenns dynkunn Dy(x) BocnosbsyeMest Iporpammoit 554
HOHGAB B Hee (parMeHT BLUNCAERHs QyRKURR 484/x%(e! — 1)2

118 Fx2 Fx? MHII8 Fe* | — == 4 X
WUr9 Fx? Fx® +

Bunonuie ppoa (m=PX, x=b=PIna=0),paam=2nx= i
ronyunM D,(l) = 0,6548742 npa Tounom 3pavenmn 0,654874, a and
=4 8 x = 10°D,(10) = 0,00967427 npn Toynom suavenuy 0,009674.



6.9. Hurerpan BeposSTHOCTH
] m cBA3anHbie C HUM yHKuUHH

K BakHeHIAM (YHKUAAM TEOPHH BEPOSATHOCTY OTHOCATCH IMIOT-
pocTs ['ayCCOBCKOrO CTAHZAPTHOTO pachpeneseHHs

- P (1) =p (1) = e ¥P[A/2n. (6.13)
# (YHKUEA pacnipejesiedus (uuTerpan BepOSTHOCTH)

x

© (x) = 7‘% S et gz, (6.14)
. 0

Tlnomane Memxay kpusoii P{x) u ocsio abcunce cesa OT BEPTH-
Kaqll, [pOXoAsiledl yepes Touky (x,0)

I (x) = —— S e~ dt. (6.15)

'\/2:n: K

Monaras £ 4/2 = u y = x/4/2, nonyunu [1]:

O (y) = (D( ) ,\/ S'“Z’z,du. (6.16)

Jra ¢ynkuun cBasana ¢ H(x) npocTeiM coOTHOUIEHHEM

. X
¢V —
(vz
Mporpamma 6.31. Brucnenne dyuxine ©(y) pasnoxeduem B psif
{6] (y = PX):

— (!//2)2 (w/2)* _ (9/2)°
W y’\/ (' B o5 sy T ) 618)

(6.17)

Fx? |~ + 16 2 Fn <+ Fal
nng X m n o M4 KWIE U4 2 X
1 + 1B urs 2 - x| — Hre X
H4 <+ U5 + W7 X nr uns 4+ 118
FBxr — Fx=0 16 W8 C/II BII 00

~ Mpuawmepn. ®(0,1) = 0,079655675 priuncanerca 3a 33 ¢, (1) ==
== 0,6826895 —3a 80 ¢ n @(4)= 0,99993495 —3a 5 MHH.
' lporpamma 6.32. Bruiuncsenne @(y) npH y > 4 aAcCHMITOTHYECKHM
' pasfoxennem (y = PX)-

3 1-3.5
-

) (6.19)




119 Fx2 I8 2 |[—f = Fe* 2 - Fx -+
FA/~ X W9 %+ M9 3 HIM8 =+ t XY
— Humns -+ I — M9 X 1 4 g1
BI1 00
IMpumep. ©(4)= 09999365 puiuncaserca 3a 10 c.
Nporpamma 6.33. Briuncaenne ®(y) upm JuoGHX y pasioerHeMm
{(6.18) m1a y << 4 u (6.19) npu y = 4..

ne 4 - Fx<0 52  HWI9 Fx? 2 - =
e 2 Fr + F4 W9 X 17 m o
[14 KWM4 Ung 2 X 1 4+ IIs W4 2
X 1 - ure X U4 = WiIs <+ U7
X 7 ung M8 FBx — Fx==0 21 W8
BIT 81 HI9 Fx? ne 2 -1 =+ Fe* 2
Fn = F4 X. Urg =« 19 3 HI6 =
1 XY - ure =+ 1 — Hme X 1

"+ CNT BII 00

Ipr g = 0,1" nonyusim  ®(0,1)= 0079655675, a npn y =4
® (4) = 0,9999365.

Dynrumio II(x) MOXHO BHUMCAHTD NO COOTHOMICHHIO (6.17). Iast
STOFO B KOHLE BRIYHC/EHH{ HaxiMaeM Ha kiasumi § 1 - 2 =, Tag,
s x = 0,1 nmeem II(0,1)= 0,53982785.

Ecii B onmcamibie mporpammb mepe onepa-ropom C/IT eBecTH
dparment -

HIs 1 4+ 2 -+ TI0 HII9 Fx? 2 -/

+  Fe* 2 Fn X F4/ =+ I HMO
TO OYAyT BulumcanaThest QyHRuus II(x)-—> Pl = PX p ee NpoH3BOfHAR
T’ (x) = e~ *[4/o% > PY. Hanpumep, zas x = 0,1 noaywam T1(0,1) =
== 0,53982785 n II’(0,1) = 0,39695256.
" Oyuxuplo  D(X) MONKHO PACCYHTHBATE TAKKE € IOMOIIBIO 1po-
rpamm, poiuucamomnx @(y). Has naxoxpenns @(x) samo BmecTo ¥
BBECTH sHauehHe x 4/2- Hanpuwmep, uTo6e! BolulcanTs O(x) npy x = 0.5
nepej NyCKOM Nporpammsl HaLO Haxarh kiashmm 0 , 5 4 2 F4/ X
Honyurw @(x) = @ (0,5) = 0,52049986, [ns yCKOPEHHOro BHIGHCHEHHs
¢ysxun @(x) npenaoxen psin annpokchMaumi [2, 3]

Mporpamma 6.34. Briuucnense ®(x) npH x> 0 ANupOKCHMALMEH

C NOrpeLIHCCTHI0 MeHee 2,5- 105
@ (x) =1 — (A (& + A (g + ash)))/e™, (6.20)
rne A = 1/(1 ¥ px). BBo,u p = 047047 = PO, o = (0,3480242 = PI,
ap = —0,0958798 = P2, a3 = 0,7478556 = P3 n x = PX.
Ay U0 X o 4+ FEl/x TI9 UII3 X HI2
+ HMI9 X HIM 4 HN9 X XY Fa? Fe*¥
<= 1 XY — - C/fIT BIl 00



Hueem @ 6,1) = 0,1124832, @ (0,5) = 0,5204876, @ (1) = 0,8427168
n «D(3)=0,9999776. Bpems cuera OAHOro 3HaueHus D(x) oxone 10 ¢,
Fpu x << 0 BLMuCTeHNs MOXKHO BEIIONHTE, HCTIOAL3YSE COOTHOeHMe

O(—x)=1—D(x). -~
VupocTus KO3GQHUKEHTH B (6.20), 3Ty dopmyny MoMeHo sanucars
B BHIE
- D(x)=1][@a (348 + A (—96 + 748%)))/8"2] 10? {6:21)
B HPOBORHTL pacueT Mo HPOFpaMMe C OLHHM SaIATHIM perucTpoM ma-
MSITH.

Diporpamma 6.35. Brluncienye ®(x) no ¢opmyze (6.21) ¢ norpem-
TGCTRIO mopsinka 1-10-4 Beog x = PX.

4 4 o0 4 7 X 1 4+  Flx

s 7z 4 8 X 9 6 — M9 X
3 4 8 + HINS X 1t BIT 3 <
XY Fx® Fe* =+ .1 XY — C/II BII 00

s x=0,1 g 1 umeem @(0,1)=0,1123962, ®(1)= 0,8426262.
Hporpamma 6.36, Buiuucrenye @(x) anmporcumauueit ’

D (x) =1 — (@h + aA2 4 ashd 4 aeh + ash)fe®,

e A = 1/(1 4- @gx) € MOTpelHOCTHIO He Gomee 1,5-10~7. Bpop: ay =,
= 0,2548295 = P1, a; = —0,28449673 = P2, a5.= 1,4214137 — P3,
a3 = —1453152 = P4, a5 = 1,0614054 = P5, a5 = 0,3275011 = P6 g
x=PX. ’

n Wme X 1 + Fi/x 118 5 Mo uris
XY M8 X KHUMO 4+ WMo Fx=0 11 XY
W9 Fx? Feb - | XY — ¢/ BII 00

Hast x = 0,1 u 2 umeen @(0,1)= 0,1124632, ®(2)= 0,9953221. -
Nporpamma 6.37. OrnnospevenHoe Bhluncienye GynKmyi ¥ (%) no
¢opuyse (6.13), II(x) c-norpemuoctoio go 1-10~5 annpoKchManedi
T (x) = 1 — 4 (%) (@ — a2 - ash?),

Fre b == 1/(1 -}- px), a Takxe Gyuxumi

L]

Q(x)=’;7‘2—;S e at =11 (x)

n

' s

x
A== e Par—eme -1,



Boon: p = 0,83267 =P9, & = 0,4361836 = PI, ap = 0,1201676 = P2;
03'= 0,937298 = P3 ' # X = PX. BmBon: A—P8, ¥(x)—»PX = P,[[,
I1(x)-— PX == PB, Q(x)~PX = PC 1 A(x)—PX = PA.

n7 Murng X 1+ Fl/x 18 Nz Fx?2 2

I—/ + Fe* 2 Fmn X F4f =+ - 0 CAl
1 W8 M8 X U2 — uns x um 4
Urns x Mg x — nmp c¢m | Ul —
nc ¢ HIB 2 X 1 — NMA ¢/ Bn
00

Hass x=1 mnoayunm W(1)= 024197072 (rounoe sHaueHHe
{),2419707245), JT(1)=0,8413513 (rounoe 3nauenne 0,8413447), Q(1)=

== 0,1586487 n A(1) = 0,6827026.

. NMporpamma 6.38. Brulukcsenne ¢yuxuuii ¥(x), I{x), Q(x) u A(x)
€ ipuMeHEHHEM AannpoKCHMAaLUH
IH(x)=1—Y¥ (x) (@A + a2} ... + As1),

rie A = 1/(1 + px), ¢ norpewnoctsio - e Gosee 1-10-7. Beog: p =
= 0,2316419 = P9, q, = 0,31938153 = P1, a, = —0,35656378 = P2,
a; = 1,7814779 = P3, a, = —1,821256 = P4, a; = 1,3302744 = P5 u
x = PX. BuBoa cM. B nporpamme 6.37.

7 Um x 1 4+ Flx II8 UN7 Fx2 2
-/ = Fe¥ 2 Frn X Fa = ng cm
5 e Urs 4 XY U8 X KUroe <4 U
Fr=0 24 XY Ung /—/ X 1 -+ B ¢/
1 HMIIB — TIC CJ/II UMB 2 X . 1 -

IIA C/lt  BIT 00

IOna x=1 nonywum W(l1)= 024197072, Ii(l)=0,8413448,
Q(1) = 0,1586552, A(1)==0,6826896.

6.10. dynxunu NJIOTHOCTH BEPOSITHOCTH
H pacnpepeseHns CAyYalHbIX BEJHYHH

Yacrora nossseHus CAy4aliHoil BENHUMHL! X B HuTtepBate dx:
p(x)=dF(x)/dx

OIpefieNAeT MJOTHOCTL BEPOSITHOCTH CJAyuYaliHBIX Benmuud. MHTerpan

F(r)= Sp(x)dx

3afaer QGyYHKUMIO PACTPEAESCHHS CyIAHHbIX BEJHUHH.
Jos MROrHX 3akOHOB pacnpepedenus p(x) u F(x) 3azarorcs mpo-
cthivu ¢opmyiami [10] n cocraBneHne nporpaMM AJst HX BLIYHCJeHHE



‘He’ npelcTaBaser TpyAHocTeil. Huxe naH maker mporpaMm BuIGHCJeRs
p(x) B F(x) nas 1eX 3aKOHOB, y KOTOPbiX BLIUHCHCHHA p(x) m F(x}
“7pebyl0oT CrenuasJbHoro MOXXONa.

Nporpamma 6.39. Bruucnenne p(x)= W(x) (6.13) n H(x) (6.15)
JAJIS TayCCOBCKOTQ CTAaHAAPTHOrO pacnpeleeHis annpoKcHMauHei

W0 =1— (ke e+ oo cox) ™2

¢ norpemiHocThio Ko 1,5:-10~7. Beop: ¢ = 49867347-10-9 = P1, ¢; =
= 21141006- 109 = P2, ¢3 = 3277626-10-°= P3, c; = 38004.10~%==
= P4, ¢5 == 48891-10-2 == P5, ¢ = 5383-10-% = P6 n x = PX (upn
CMeHe X- BBOAUTCH TOJLKO HOBOE 3HayeHne x).

N9 Fx<0 04 J/—] TIA Fx2 2 [—]. °~ = Fe*

Fn 2 X Fv = A8 C/I 6 TI0 I
4 Xy HITA X KUro -+ HIo Fx=0 21 XY
1+ 1 6 /—] XY Fx¥ 2 -] =
| R W9 Fx>=0 50 XY 7 ¢ BIT 00
XY 1 Xy -— BI 46

Has x = 0,5 p(x) = 0,35206532, I1(x) = 0,6914625, a pas x = —1
p(x)=0,24197072 u F(x)= 0,1586552. pn x < 0 Henoabsyercs pop-
uysa I(x)=1— T (]x]).

fporpasma 6.40. Bruncnenne

p(x)=exp[—£‘_;;#lz_]/(;y1/2—ft) H F(x) H( m)

IJA HOpMajbHoOro (raycCOBCKOro) pacnpe,ue,nenﬂﬂ ¢ nucnepcueil o,
Beon: ¢+ ¢s (cM. mporpammy 6.39), m = PC, 0 = PJ] n x = PX.

Wrc -— g = M9 Fx<0 08 J)—/ TMA Fx?
2 -/ = Fe* Fn 2 X F4 = urig,
= s C/1 6 no Wne 4 XY HMIA X
KUI0 -+ M0 Fx=0 27 XY 1+ 1 6
/—] XY Fx¥ 2 -/ = T+ M9 Fx>0
56 XY Iz ¢m . B 00 XY 1 XYy —
BT B2 ’

CJna m= 15 u ¢ =05 p(l) = 0,48394144, F(1) = 0,1586552 n
p(2) = 0,48394144 n F(2) = 0,8413448,
flporpamma 6.41. Bhiuncnenne

—_lge _(]gx——m)"’] F =H(lgx——-m)
P() x0 423 exp[ 22 " () pn

AJi1 norapH(MHYECKOro IaycCOBCKOFO pacnpenenieHusn, BBOJl CM. B IIpOC-
Ipamme 6.40.° . .



m Flg Wrnc — Wi -+ HB  Fx<0 10 f—/
MA Fx? 2 {— = Fe¥ 1~ Fe¥ Fleg X
W = MO + Fan 2 X Faf = 8
ofj O FIo HI6 % XY MIA X KMm -+
Mo Fx=0 35 XY 1 + 6 - XY
Fx¥ 2 I~ = 1 4+ HIIB Fi=0 64 XY
nz ¢/ B 00 XY 1 XY — BIT 60

Oaan m=1 n a==01 p(8)=0,13541585, F(8)==0,1662477 u
p(10) == 0,17325843 u F(10)==10,5.
INMporpammMa 6.42. Brluncaeuse

P(x)==01l/§;t{exp[ ————(x;;m)z]+exp[ “‘(x:'o ;n)z]}
=) en(252)

s pacnipefiefieHns MOAYJA TayccOBCKOil cuyuaiimofl pesnauun: Bson
c¢M. B nporpamMe 6.40 (x > 0).

Fx)= n(

ny Mnc — Ung -+ O7 W9 UNC <+  unjg
- NB Fx2 2 [—! <+ Fe¥ HIW Fx? 2
/- =  Fe* & WNQ = Fx 2 X Fal
o C/M UI7 Fx<0 36 [—/ I 59 WI7 Fx>0
4 XY B 48 XY 1 XY — A WIIB
Oom 59 MOA 4 1 — ¢ BII 00 118
6 n ume 4 XY WM8 X KU 4 HIio
Fx=0 64 XY 1 + 1 6 J— XY Fx¥

2 -/ = 1 -+ B/O

Ina m=2 u ¢d=1 p(l)= 024640257, F(1)= 0,1573054 u p(3)=i
= 0,24197221 n F(3) == 0,8413445. -
Flporpamma 6.43. Buaucienne

p (x) =Ae A*-uify

H
~Ax-nlfy —
F(x)={e /2, o <xX<H
1—e MlxRlfg B<x< o,

Ans pacnpenenenns Jlannaca. Beon: p=P0, A =Pl u x = PX.
M2 M0 — . Fx<0 06 /—/ MIIl [—/ X Fe*
2 &+ M3 WM X CM M2 W0 — Fx<0
25 WM3 C/I1 BH 00 1 W3 — Bl 22

Haa p =1 u k =2 p(—0,5)= 0,049787072, F(—0,5) = 0,024893536 1
p£(1,5) = 0,36787944 u F(1,5) = 0,8160603, *



Nporpamma 6.44. Briunenenue p(x) ==xMe~*/m! 11 NOKAsaTeabHo:
CTeneHHOro pacnpepesenns, Beon: m = PA, x = PX > 0.
19 UIIA TI0 Fx+0 12 1 HIT0 X FLO 08
BIT 13 1 I8 UIMA M9 Fx¥ U9 [—] Fe*
X W - I C/m BIT 00

Hna x=m =3 p(3)=10,22404176, a ana x=m=1 p(1)=x
= 0,36787944.
Nporpamma 6.45, Briunclienne

a 1
P(x)—m 1 F{¥)= -—+§—thax

Ana pacnpenenenns sch?x. Beoa: @ = PA, x = PX. BLiBox pesysbTa»
ToB: p(x) = PX, F(x)~>PY,
M9 HrA X 16 Fet 4 Fl/jx — 2 =+
"4 Fx2 1 4+ F4 = 2 + 2 Fi/x
4+ I8 UII6 Fe* 3 - Fljx 4 Fx? Fl/x  HIA
X 2 X nz C/j1 BII 00

HJasg a=1n x= —1 p(x)==0,20998718 u F(x) = 0,11920292,
flporpamma 6.46. Briuncienne
P I J (L) PN A
AN T(N/2) N
Insi pacnpenenesns CTLIOIEHTa ¢ pHMeHeHHeM AN raMma- -yaxunfk
opuynn Crupanura, 1. e. [6]

A N(N+2) ¢ N4+3\V (6N + 19)
”(")*'\/ 1708 \ N2 '(1v+1)(61v+13)><

~(N+1)2
x(l
Brox: N = PO, x = PX (upn nepBoM mycke x-= P9),
Mmoo 4 4 3 4+ UA0 2 4+ = Fa¥
X urio 2 + pd 1 7 , 0 8
+~ F4/7 Uno e X I8 1 9 + X
HIlo 1 4+ = M8 1 3 4+ =+ I8
U9 119 Fx?2 MO = 1 + HImo 1+
2 /-l =+ XY Fx¥ UN8 X C/I BI 41

Hasa N =3 u x = 2 nonywmn p(x) = 0,067514971.
Nporpamma 6.47, Bhiuncnenne
O La—x/B

Ll )



g ramMMa-pacnpeleseHrs TpH HeNBIX o, KOrja I'{oo 1) = o!l. Beoa:
« = PA, p = PB u x = PX (upn nepsom nycke x == P9). :

WUITA TI0 Fx=+~0 11 1 urio x FLo 05 BI1

12 1 116 WA 1| 4 HUIB Fa¥ HI6 X
B Mo 9 UNA XY Fx¥ WM MHIB. /—] =
Fe* X WM + 07 CII BN 22

Jdana =0, =1u x =02 p(x)==0,81873072.
flporpamma 6.48. Beiancnetine

p (x) o xN—le—xsl2/2N/2—lP (N/2)

AfAs y-pacupefenieRus ¢ npuMenenneM paa I'(N/2) ¢opmyast Ctupinud-
ra, T. e

NN —le—2%2 N
p(x) e

~ e , rne a=1-
2" Af2nja (afe)” (1 + 1/(12a))
Beop: N = P0, x = PX (npu nepsom nycke x = P9).

o 2 +~ 7 2 Fx¥ Fn 2 % W7
1 4+~ "M =+ F4 X 1 U7 1 2
~ X Fljx + X Mo = I8 WUI7T 1 Fe*

= HIl7 XY Fx¥ HII8 X I8 HMI9 I19 HIIO
| —_— XY Fx¥ U9 Fx?2 2 [—/ =+ Fe*
X mng = 7 G/ BII 38

HOna N =11 x = 0,1 p(x) = 0,79449834.
Nporpamma 6.49. BeiuncieHne
p (%) = KNP=1=XI2oNIp (pr10)
AN pacnpesiefiedds ¥2 ¢ npHMeHeHHEM COOTHOLUEHHS
T'(N/2)y=2T'(1 + N[2)/N == 2I'(a}/N

n popmynst Crupnunra pas I'(e), uto paer
NxN2—1g=x/2

~ 2%4/2nja (a/e)® (1 4 1/(12a))’

Beop: N = PO, x = PX (npu nepBoM nycke x = P9).
Hrio 2 + 1 + nz 2 Fx¥ Fn 2
X M7 = F4/ X HII0 =~ 1 Hn7 i
2 X Fifx + X s Uz 1 Fe* =
Hn7z XYy Fx«¥ W8 X ns Hne ne Hno 2
= 1 — XY Fx¥ U9 2 /— =+ Fe*
X Hre =+ c/m BII 37 ’

p (x)

rie a==1—N/J2,

Jdas N =20 n x =10 p(x) = 0,01813276,



Nporpamma 6.50. Briuncnenne mIOTHOCTH pacnpeliefieunst SpJaura
K-ro nopanxa (K — nenoe yncio)

aK+1 K.—hx _ K+l

P —  R,-h
p(x)—-r(K_i_l)xe R e A%,

x
Beon: A = PA, K = PB, x==PX (npu nepBoM NycKe NPOrPAMME
x == P9). ’
HIIB I10 Fxs=0 11 1 U FLO 05 B1l
- 12 1 116 HurB 1 -+ HIA Fx¥ U6 =
I15 Hurio 119 UMNB XY Fx¥ U9 HIIA [J—] X
Fe* X M5 X 7 CM BN 22

Oua K=3 n A=2 mnmeem p(0,5)==0,12262644 n p(2)==
== (,39073354.

* 6.11. Funepreomerpuueckue GyHKUHH

fporpamma 6.51. Briynchenne runepreoMeTpHYecKoro paja no pass
Joxennio [29]

B N
F(a,b,c,x):l—l—Z[
i=1

Beox: a, b, ¢ 1 x B perncrp X.

T2 ¢ M3 ¢/ 4 C/iT Fa Fe* TI0  Flg
L Hro 1 — M ume 4 X uWll W8 +
X WM M4 + <+ dno = X 1 +
FLO 10 C/n

Ina a=b=c=1 1 x = 0,8 nonyunm F(1; 1; 1; 0,8)= 4978539
{(rouno 5). Morpewnocts Bouncienns § < 0,5% nps —0,1 < x < 08

Nporpamma 6.52. Bblutclienne BHPOXKACHHOM rHnepreoMeTpHYECKOR
¢yuxunn no pasnoxermo [29]

-1
(a-+) (5 +1) x]+°~ 1
»

i
LL (1+i)e+])
j=0

N i—1

& N (a+1)

o e *)—"*ZL LT+ e+ "]+°f’+"
=1 Lj—

Beon: a, ¢ u x B peructp X.
Mg C/ii M3 ¢/ Fax Fe* M0 Flg U0 1
—_— n wrz -+ X X Iy Un3 + -5
uiio -+ 1 -+ FLO 08 C/1

Hna a=c¢=1 W ¥=15 nonyuuMm &’(1,_1,5) == 148,41315 (touro
148,41316). Tlorpemnocts shyncienus & << 1-10~% mpr 0<<a<<cn
~5<x <10, Ic =~ 2 MuH, -



Tnapa 7

NPHUMEPBl PACUYETA AJIEKTPHYECKMX
H 3JIEKTPOHHBIX LENEM W YCTPOWMCTB

7.1. Pacyer uHAYKTHBHBIX SJAEMEHTOB

Hngykrueroctb npoBonOB, KaTymiek u APYrHX HHAYKTHBHBIX 9Ji€«
‘mentoB L(w, x4, %5, ..., x,) B cnpaBounoil JHTEpaType OOLIYHO 3asaeTs
cs GyHkuneli yucia BATKOB @ W KOHCTPYKTHBHEIX NApAMETPOB X1, X, ..o
«es Xn [14]. Opnaxo yawe tpebyerca Haiitn w (nnn Kaxofi-nuGo mna«
paMerp Xy, Xp ..., x,) no samammofi L = L, Ecnu L{w, %1, %2, ...
»+-y ¥n) paspeiinma B Bufie W == (L, x4, Xa, ... s Xn), pacuer CBOAHTCH
K (opMyabHomy cuery, B npormBrOM clyuae W ONPENENAETCA YHCNEHw
HEIMH METON2MH PELICHHS HeJHHeHHOro ypaBHeHua

Ly _L(w’ Xny K2y oo,y x") =0.

B npueesennsix mwxe nporpammax L, zapaua B HaHOTCHPH, @ reo+
METPHUECKHe pasMephl KaTyileK— B CAHTHMETpax.

Puc. 7.1. Burok B cBoGonmnoM Puc. 7.2. Ognuocofindn: xas
npocTpancTBe - TYLIKa

-

Nporpamma 7.1. Pacwer mupyktusrocrw KPYIVIOTO BHTKA CO Cpefls
HEM puamerpom D n nmaMerpom mpopoga d o tdopuyne L =g
= 2aD(In(8D/d)— 1,75). Boon: D = PX, d = PX.

4 CMl + 8 X Fln 1 », 7 B
~ X 2 X Fan X C/IT BIT 00
Jags D=2 cM, d =01 eu nodyuny L = 41,785364 uln.

Nporpamma 7.2. Pacuer wncaa BuTKOB: W OANOC/IORHO KATYMIKH

SapanHoit asmuer ! (puc. 7.2) ns ypaBHenns

Lo—L(Aw 4 Bjw—~C) =0, -



e A= (@D)2[(l +045D); B =3,5iD/d u C = 4D. Beox: D = P4,
1=P5,d=P6n Ly=PX.

r Fa W& X F« 06 , 4 5 W4
X WS+ + A MG W6 <+ MM X

3 . 5 X IIB HI4 4 X TIC 0o
n 1 0 13 W2 MWN3 4+ 12 HIA X
yng e -+ 4 Unc — Uune /— X Iz

4+ Fx<0 3 MI2 MI3 — T[2 C/I M3 |
o + M BH 3

- HAna D=2 cM, =2 cu, d = 0,05 cu 8 Lo = 5-10* aTn, Haxas
gpukan knasumy C/IT (c nepephiBaMm Ha BpeMst CyeTa), NOMYYHM
w = 18,9. Ecin cedenne KaTylKH He KpyIJoe H HMeeT BHA MpaBHIb-
HOrO MHOrOYTOJIbHHKA, TO B NpHBeleHHBIX Bhlile (GopMysax Gepercd
D = D cos?(n/(2n)).

L 3
\.!'hn rrr =i <
< e

\/
Dy
D D,

Puc. 73. Topoupanenas katyw‘ Pnc. 7.4. Topoupanbnas kaTyll-
Ka KpPYrJjoro cevueHust i Ka TPAMOYTOJBHOTO CeveHHst.

Mporpamma 7.3. Pacuer @ opnHOCJOHHON 'ropounanbﬂoﬁ KaTyluK\
Kpyrnioro cevenua (puc, 7.3):

w= ’\/LO/ o (D — A/D* — D}).

Beox: D, D, u Ly 8 pernerp X.

e C/1 nme ¢ 4 2 + Fn =  Wno
A Fx? U8 Fx? — F4f — =+ F4f BII
03

HOna D =3 cm, Dy =1 cm, Lo == 105 kT’ monyunm w==304,56901,
Mporpamma 7.4. Pacuer w TOPOHNAJIBHON ORHOCTOHHON l\aTyU.IKH
NpaEMoyroNbHore cevenus (puc, 7.4):

w = v/Lo/2h 1nt (D/Dy).
B.Bon: Dy, Dy, h u Ly B peructp X. - -
o ¢m 08 ¢ n7 ¢/ M7 =+ 2 =+
MII9 U8 -+ FIn <+ F4 BII 05



Has De=3 ¢em, Di=1 oM, =1 u'Ly=1.10® uly nonyunm
w == 213, 33533, ' T - - -

. Nporpamma 7.5. Pacver w MHOrocnoiinoi TOpOHAANbHOK KaTyuiky
*kpyraoro céuenns (pwc, 7.3): - .

o= ,\/ Lo/2nD (m %’f— — 1,755. |

Beom: D, D u Lo B perncrp X.
ng Ciar n8. C/m uno 8 X U8 = Fln
I, 7 5 — MM X Fn X 2
X =+ F+  C/1 BIT 03

Oaa D=4 cM, D, =08

M H Lo=107 ulum nonysuM w =

== 453,00673.
b: d
i >H<—Q
- = N

0 o3 Puc. 75. Muorocaoiinas

T KOPOTKaa IUIHHAPHYeCKas
) . XaTyiiKa
7

fMporpamma 7.6. Pacuer w MHOIOCJIOAHOl ' KOPOTKOR LHAHHAPYYe--
Kol Katywku (puc, 7.5): -
w = /L5 (3D + 9/ -F- 100);25xD%,
Beop: D, Lculys pernetp X.
e ¢/.ns ¢/ ng - C/IT Ume 3 X I8
9 X 4+ Hniz i 0 X 4+ x 2
5 = Fm = UMY Fx? + _ F4 Bl 05

Oas D=25cM, l=c¢c==1 cu u Lo==2.10%
== 103,90895.

Nporpamma 7.7. Pacyer w KaTymlKn Ha XoJblleBoM (eppoMarnurs
HOM CepheyuHKe:

W == VLO (dy “+.dg)/4ph (dy — dp) upn dylds < 1,75,
w = /Loj2uh In (dyidy) npu  dy/dy > 1,75,

Fie dy B dp— HapyXKpui n BUYTPEHHRH nHaMeTphl cepaeynyka, i — erg
BbicoTa. Beoa: du, de, b, pu Ly B peractp X.

9 ¢/ m8 ¢l N7 CI M6 C/I1 15 U119
Humns -+ Il4 1 s 7 5 — Fxr<0 38

uri9 HUrs -+ Hris x 4 - nae - unr
+ U9 W8 — = Fiy~ Bl 07 WIS 2

= HUrié - = HMII7 + UI4 Fin = Fy~ BI1
07 T N .

ulH noayyum w =4




Onadi= 4™, dea=2cM, b= Lem, p = 1000 0 Lp = 2-107 Ty
nonyunM w = 120,11223, a nnst ds = 3 CM 4 STUX e LAUHBIX nOMy-
gquM @ = 187,08286.

NporpaMma 7.8. Pacuer w Ka-rymxu Ha
OpoueBoM cepaeunnke (pHc. 7.6): §
g <) &
w == 4/Ly (A -+ B)/19,74 NN
=N |
1 &
- (h,+hz>( ; )
di—dy T dy—di | e
- d,
B= — ! in ds + ds ds
hy— By di+dy )" 4

Puc. 7.6. Katymka Ha

Bron (nocsie naxcatns xnapHw BJO u C/TI): GpOHEBOM CepedHuKe

d\, dy, ds, dy, Iy, he, p B Ly B peracip X.
Ilpn cMene L, Haéupaerm HOBOE 3HaueHue Lo H HaKuMaerc KiaBd-
wa C/IT.

- 8 n o C/IT  KI0 "HIio 1 — Frx=0 02

C/IT I8 U4 Fx® U5 Fx2 — Flx WUIl6  Fx?
Un7 Fx* —  Fi/x 4+ HI8 M2 4+ X A
U5 U4 4+ U7 Ume + <+ Fla U2 U3
—_ = A 4+ s X HIm =+ 1 9

, 7 4 =~ F4 BI 10

s dy=1 cm, do=2 cM, d3 =4 cM, dy =75 cnm, h;=§ CM,
h:=4 cu, p =10 u Ly =5-10° y['n nomysum w = 103,26144. [aa
Lo =1-10° ulTu w = 46,179922.

a lm a b

N\

9

Puc. 7.7. Cepaeunuxn u3 snementos II- (a) m Ill-o6pasuoii dopmsr (6)

Oporpamma 7.9. Pacuer @ KaTyllexk ¢ 3aMkHyT51M cepAeyHuKOM
(puc. 7.7):

w = VLolm (1 + p difalm)/ 45w Fc,

rae Fe-— nnowaje nofiepeytoro ceqedus ceppeyusxa, [, — cpenuasa niu-
Ha MarsuTHOR Jmmuu. Beop: Fe, Im, @, d, p-n Lo B pernctp X. Ilpn
cMene Lo HaGmpaercs moBoe sHauenue L, u HaMumaerca kiapmina C/TI



e ¢/ 18 <M1 n7oCH me CC| s Mt
W8 X 4 =+ Fn <+ ~HIY9 -+ HHE6 =
o Uuris MIme X HN7 = HII8 + 1 -+ ¥

F4~ BII 09

Haa Fe=1 cM?, In =10 cM, a= 15 cm, di= 0,056 cM, p =

=1000 u Lo==5-10" ul'm mnomyunM w == 41523228. Jlns Lo =
= 1.107 ul's nonyynM w = 185,69752.

Nporpamma 7.10, PacueT @ TOHKONJEHOUHOH KATYIIKH (pnc 7.8)
C 3ananubIMH pasMepaMi Ay B Al

W= {Lo/[kl (As+ AB‘H) In (kz %Et—jﬁ)]}%, .

rae By == 233 u ky==4 pna xpyriolt KaTyuwiku u ky == 12,05 u ke ="
= 8 — A5 kBajpatHOR (k) M ky — KO3 dHIUNEHTH, YyYHTLIBaIOUke TE0-

Avy
oA

9 ;

Puc. 7.8. Tonkonsenounsie KaTYUIKH ¢ BHTKAMH Kpyrnoii (a) m KBallpaT4
Hoil (6) ¢opmbl

MeTpuyeckylo QopMmy Butka). Beon: kg, ks, Au, Aew u Lo B permctp X,
Ilpu BBOsE HOBOro 3uauenns Ly waxknMaetrca tonbko kaasmiua C/T1,

ne ¢/ M8 ¢ nz ¢ m Cn wuo =

nnz vne + - ns < Uns U X U7 uiie

- - Flon - 3 4 ) +~ XY Fa#

BIm 07 :

Ina ky = 233, ko =4, Ay =1 M, Ay = 0,5 cM 8 Lo == 200 ul'n
nonyunM w == 6,5669484. [na Lo == 500 al'n u w = 11,379616.

Nporpamma 7.11. Pacuer @ Tomxonnenounoil xaryumkd {(puc. 7.8)
¢ 3ajiauHEIM WaroM / H3 pellleHdsl ypaBHEHHS

Lot (14 222) w10 i, (1.4 2Y] = o

Bron: ki, ko, A, I v Lo B pernctp X. Hara kpyrao#t katymkn ky = 2,33
H ky = 4, ana xBanpaTuOil by = 12,05 u by = 8.

nz ¢ir n9 ¢m 4 ¢m mns  C/I e - £

m 1 ns un2 Hms <4 12 Uil 2 D



uriz2 = Hns - 1 -+ I8  UI9 X Fin

Mils X HM8 X U7 X I8 8 'y 3
= W2 Fx¥ VI8 j—/ X HI6 4 Fx<0 13-
U2 M3 — [I2 ¢/ M3 1 0 - 3
BII 13

Oast by = 2,33, ks = 4, Asuw == 0,2 oM, [ == 0,05 cM u Ly==100 ul'n
nonyuuM w == 7,14, HaxXuMasi TpU pasa (C nepepbiBaMH Ha BpeMs Cye-
ga) kaasumy CfIT.

Hpoccens ¢unprpa obeiunio pemosnsiercs na I1 wm [-o6pasnom
CepReUHHKe Iis CTANBbHBIX myactHH (Mau JeHtsl). OH no/mxed obecnes
-YHTH 3aJaHNHY© HHAYKTUBHOCTD Lo npH TOKE Jy, TeKyileM uepe3 oGMOT-
Ky npoccesis.

— Pacuer ppoccenss Bunonuserca no Meropuke [8] ¢ momows ABYX
nporpamMM. -

HOporpamma 7.12. Pacuer mMpHALI CTEPIKHSA @, LONEPEUYHOrO CEUCHHSA
Q, onruManbHOro sazopa /2, kosdduuuenta M, OTHOCHTENbHON AJMHBL
BO3AYIIHOTO 3a30pa Iz (B Y% oT ln), sddeknieHofi mMaruutHOH HpOHH-
1aeMOCTH. MaTepHajla CepAeYHuKA M. H TONULMHBL Habopa ¢. Beom: Ip ==
= PO, Ly =P1.

UI0 Fx2 MII X TI9 Fa Fy 2 . 6
X C/lT Fx2 ¥ , 5 % C/TT UIA =
IIC M8 MI2 = W4 - 5 Fx® 1 5
BII 3 X 9 M5 3 3 0 X HII9
—  TI6 M5 /—/ 4 0 1 X  Fe* 1|
"1 4 X 5 0 + 7z W6 UMz - X
2 0 =

Ilycte By»HO paccutath Apoccens, uMetoumi Ly = 3-10—4 I'u npm
pabouem 7ore fo = 15 A. Beeas Io u Lo u, naxan xnasuum BfO i C/II,

HaxonauM a == 2,6 3\/LOI§= 1,3252545 cM. Eme 'pa3 ma}as KiaBuImy
C/T1, maxopum Q == 1,502 = 2,6344491 cm2 Tfo nopmanu H0.666.002
«MariHTonpoBOAH JIEHTOYHBe» BHOHpaeM NOAXONSIIME  CEPACYHHK
ILJT 16)<16. BooguM B MAIKHY ero yIOuHeHHHE AaHuble: ¢ == 1,6 cM==
=PA b=16cM =PB,h=4 cM=P3, In=137cu =P4 1 Q==
te= 2,65 == P2 == PX. Haxas knasuiryC/I], nomyuum: M =LOI(2,/ (acl,)=
= 1,859248+10™% > P5, 1, = 330M — 15- 10°M° = 0,56169979 mMm >
=>P6, p. = 114 exp(-—401M)-}- 50== 104,08949 - P7, c¢=Qfa ==
==1,65625 cM—>PC u [ 2= lz%l-m/20 = 0,38476435 mm ~» PX. [epe-
XOOHM K Cllefyiolle#i IporpaMme.

HNporpamma 7.13. Pacuer puaMerpa npoBofa d, 4HCAa BHTKOB W;
DMHYECKOTO CONPOTHBJEHHS 7 H KO3((DUIHEHTa 3aNOJHEHHs OKH& MeAbIo
ky. BBoxt (nocie BHINO/AeHHS NPOTPAMME 7.12): pomyctuMasi IJIOTHOCTH
roxka § = P8, .

~



WUro Wns =  Fa~ , 1 3 X 19
c/m Wm U X . 2 6 <+ M
- M2 = il ‘BIT 4 X WO C/I-

i

F
WA WRC + 2 WINB Fr X + WAL
X 2 , 2 BT 4 [~/ X WIS
Fx! 19 = C/I1 VI WL X 8 B 3
j—~ X WNB + WM = C

Beens 6=3 A/uM? n naxap knmasuum Bf0 m C/T], nafinem
d=1, 131\/10/6 2,5267567 MM. Haxap eue pas K/aBuury C/T1, mony-
unM  w = 104 1/Lolm/(l26uzac)—34 388184, pasiee, mBaXKAbB HaKaB
xaapumy  C/II, monyunM  r = 2,25-10—*w[2(a-}-¢) -hnB]/d2 =
= 1,39084111.10-2 Om u ky = 8-10-3 wd?/(bh) == 0,27443915.

McxonnbiMy HanHHIMHM TpH pacueTe CHAOBOro TpaHcdopMaTopa siB-
JsifoTest: rabaputHas MoOWHMOCTh Pr, MaKcuMalbHas WHAYKIHA B cep-
Jeunuse B, uncyio crepxsHeit cepieynurka ¢ o6MOTKaMH S, AONYCTHMAas
MAOTHOCTL TOKa O, KO3(QQHIMEHT 32NOJHEHHA OKHA CepAeuHHKa MEABIO
ky, K. I 0. Tpaucgopmaropa 1), Hanpsawenua U, u U, v 1o8u I, 0 Ia
NepPBUYHON 1 BTOpUYHO# 06MOTKH. ITOPSNOK TeXHHYECKOro pacuyeTa CHe
JI0BOrO TpancopMaTopa CIeRYIOUHHA.

1. Haxomum npousserenue cesennfi craim Qcr v Okia Qo ceprews
HUKa

QerQo = P/0,022] B, dv)skcky *

[TopGupaem nNOAXOASINAA THN CEeplEYRHKA W YTOYHsEM AJIS HETO 3Has
vernsi Qcr H Qo '

2. OnpegeasieM 3. [l €. OHOrO ‘BUTKA € == 4,44-10% [B,Qc:k..

3. HaxonuM wucso BuTKOB BTOpHUHGH OOGMOTRH wp = Usfe.

4. Haxopum npuGaikeHHOe YHCJIO BUTKOB nepsmmoﬁ 00MOTKH W) =3
= Uj/e.

5. Onpene.nﬂe-vx IyaMeTp TNPOROAA BTOPUYHOH 06MOTKH (6e3 130+
aanmn) de = 1,13 4/1,/6.

6. OnpenensieM auaMeTp NpOBOJA fePBHuUHOH OOMOTKH (6e3 H30s
asgag) dy = 1,13 NI

7. HaxopuM  pnunmy  npesoga  nepsuunolft oOMOTKR  [; ==
= w[2(a -+ ¢)-}- 7b]- 10~2, roe a-— wupHEa cepreunuKa, b — IIHpHHA
OkHa M ¢ — Tomnuna nabopa.

8. PaccuuThiBaeM nafesye HaNpSXKeEHHs Ha AKTHBHOM CONPOTHBIiEY
Huu nepuuHofl o6Motkn AUy =2,25- 10 21,1,/d¥.

9. Vrounsem uuCAO BHTKOR NMepBHuUROR o6MoTkn w; = (U, — AU))/e,

Mporpamma 7.14. Pacuer cunoBoro tparcdopmartopa. Beon: fBm =
= P11, 6§ = P2, n=P3, s = P4, kp—P5 kM—PG H jalee B coo'n
BeTcTBHH ¢ Taba. 7.1,



Ta6nuna 7.1

Beon, |P.=PX]| a=PA, b =EB|U,=PX|U, =PX| I,=PX| I, =PX| - { -
c=PC

——

BuisoR | Q..Q, e w, w, d, d; e jAU | w,

~ HIIl = Hir2 HO3 =+ U4 -+ Hrs <+

HIe = 4 5 X C/ll MIIA MIIC X Wil
X U X 4 4 4 BI1 6 -1 X

Mo ¢/ W0 = C/1 [I7 M0 = I8  C/II
M2 = Fy 1, 1 3 X CfiT TII9
M2 +  F4" 1, 1 3 X g ¢
MIJA MIIC +. 2 X HUIMB Fx X 4+ urs
X 1 0 0 = C/JI Um X 0 ,

0 2" 2 5 X WO Fx2 = c/m [~
T MITT 4 o = ¢/ :

" IlycTp Hy»KHO PACCUHTATB CHJIOBOH TpaHc(hopMaTOp TPH CNEAYIOMNX
HCXOAHLIX JauHHX: [Bm = 60 Tu-Ta (f =50 Ty, Bn = 1,2 Tn), & =
=2 A/mMZ 1) =096, s =2, k. = 0,95, by =032 u P = 215 Brn.
Ilyctus nporpammy naxKatiem kiasuwt B/0 u C/TI, noayunm QcQo =
= 138,13218 cM2. BuGupaem MarHuronposog jeHrounsiit I1J1-25 X 50 —
65, umeomml QcrQo == 140 eM* (¢ =25 e, b =2 eM 1 ¢ =5 cm).
Beens aTH mawunle B perucrpel A, B u C, nonyunM (naxkap kjaBuiny
C/ll) e=10,31635 B. Manee, Bseas U, =450 B, nomyunm ws =
= 1422,4751; Beegst U, = 127 B, noayuum w, = 401,45408; BBens
I, =10,475 A nonyunm dp = 0,55069387 mwm; Beeas /, = 1,7 A, noay-
wum ;) = 1,0418085 wmm u, nanee, I, = 85442214 ™, AU, =
= 3,0111205 B u w, = 391,93576.

7.2. Pacuer emKocrei

Pacyer eMKocTell xofiencaropos 0ObIYHO MPOBOANTCH NMPH HX pas-
pa6orke. KOHCTpYKTOpH 2JeKTpOTEXHHYecKOH H 3JeKTPOHHOH anmapa-
TYpbl HCTIONBAYIOT HX KaK FOTOBbIE 3JileMeHTH. XapaKTepHoe HCKIIoueHue
COCTaBJ/SIIOT TJIEHOYHbe KOHAEHCATOPHI ménﬂ,uﬂo-nneﬂombrx HHTErpaJib-
HBIX MHKPOCKEM.

Pacyer miieHOUHLIX Kozmencaropos ¢ 3amaunof emkocTeio C, UHCJIOM
obxnanok m, To.mummﬂ ero pusyiekTpuka d H omocme.nbuou RU3JEK-
TpuuecKoll MPOHHIACMOCTHIO £ CBOLATCH K OfpeleNeHHio yAeIBHOA eM-
kocti Co = 0,0885 £(m — 1)/d u nnomanu obknagok S = C/Co. TTociie
$TOFO N0 32/aHHOMY OTHOWeHWI0 cTopdol Q == A/B NPAVOYTOJbHHKA OG-

KRaj0K HAXOAATCH CTOPOHEI A=49QS n B= '\/ S/Q.



Hporpamma 7.15. Pacuer n.vxe;loqzior,o KonaencaTopa. Beop:- m = Pi,
dy=P2, e==P3, Q =P4 u C= PX. Bubon pesyiwratos: Co— PO,
A;—PA, B—~PB, §+PC = PX,

Hr3 Wr 1 — X WM + 0 , 0
8 8 5 X 0 =+ HC M4 X Fy
A WrC WIM4 = F4- B WIC C/fi B 00

Hns m=3, d=1001 cM, e=47, Q=2 u C =100 od noay-
uim Cp == 83,19 n®/cm?, A = 1,5505278 cm, B == 0,77526366 cm n

= 1,2020675 cm2.
Pacuer eMKocTH TPOBOARHKOB B cBOGOAHOM MPOCTPaHCTBE MPOBO-
Burcs no gopmyJe
: C = kielflg(kex/d),

e 3HauenHn &y, k; W RaHMEHOBAHME NapaMeTpa X yKasamw B Tabn. 7.2,
! — pauna nposona u d — ero aHameTp.
TaGauna 7.2

EMKoCTh ky ks { HaumeHoBanue x
Mexny ZByMs ApPOBOfaMH BILAJH OT | | Paccrosiue MeXRY FPOEQS
seman 012 § 2 namMu
MeXZY FOPU3OHTANbLHEIM MNPOBOAOM BricoTa MOABECKH
B 3eMmael : 0,24 |4 |
MeXly BEPTHKAJLHEIM NPOBOJOM H | Hauna nposoza

semsiell IPH PACCTOAHHM OT 3€MJIN
RO MHIKHErO KOHLA
T h>H4 024 |1

Mexay BepTHKaJbHBIM HDOBOZOM H 4 Jlmusa npopona
aeMyell NpPH PacCTORHEM OT 3EMJM
S0 HUKHEro KoHua

k<14 0,24 1,15 |
Memany NpOBOAOM H KOPNyCOM nim I 1 Buamerp oreepcTHs
BEOJle [POBORA Yepes OTRepCTHE 024 | 2

IMporpamma 7.16. PacueT eMkxocTd TMPOBOAHKKE B cBoCOAMOM HpO-
crpanctBe. Beoa: &k = Pl, kg=P2 e=P3, |=P4 d=P5 n
x = PX. ’ -

WI2 X WIB =+ Flg. WM WN3 X WA X
XV + C/M BI 00

Haa k=024, bo=4, e=1, I=10° cm, d=02 eM B x =
== 200 cm nomysaem € = 66,62864 nd, : ’



"' HHOr2 ReKOTOPEHl KOHCTPYKTHBRbII NMADAMETP X, OMpeLesOmMl
€MROCTh *Co, MOXNH( OMpENEHTh U3 DELiCHHs REJIHHeHHOrO ypaBHeHHR

Cx)— Co=0

‘IHCJIQHHHMH MeTOfaMu (cM. NmpHMep HiKe). N
NMporpavma 7.17. PacueT paccTosimusi X MeXAy LeHTpaMH .mayx wa-
POB no 3afanHo#l emkocT Cp Mexay Humu npu C(x) Buna
D (4x2 — D?) ]
2x (4x*— D?*—2xD) }°

C {x) = 0,278¢D [1 +

Baox: Co, nuamerp wapos D n € B peructp X.

119 C/l 18 ¢/ 7 U8 116 i O 15
Urne Hrs -- I Fax2 4 X W8 Fax? -
Ia HIs X 2 < U6 = M4 HI6 2 .
X Wrs x - = 1 + 0 , 2

7 8 X HH7 X U8 X W9 — Fx<0
10 HIe HWIL —~— I C/I1 Urs 1 0 -
I15 BIT 10

B sroli mporpamme x> D (npn x = D mapsl compukacaorcs B
C(x)-> o) Boapacraer rfopaspsgno. Mas Co=15 n®, D=10 ¢u n
&€ =1 ponyunM x = 12,269 cm, Haxap nsTh pas kaasumy CfI1 ¢ me-
PepHBaMu Ha BpeMf BHIAYH KaKnO# Hu(pH.

7.3. Pacuer Junuil nepenaud u 3aAepiKKu

Jlunue nepepaun MOryT -GbiThb NPOBOJHEIE, KOAKCHAJBHEE, HNOJOCKO<
Boie H Ap. IMosockosoie necuMMerpuustle (pHC, 7.9,8) ¥ CUMMETpPHUHEIS
(puc. 7.9, 6) nuuuu IIHPOKO HCMOMBL3YIOTC B PARHOJIEKTPOMHON anma<
patype. Pacuer nuHuii O6HIUHO CBOAMTCS K ONpEAeNEHHI0 HEKOTOPOTQ

w

. /) .
A A A A A ARAA A A mmmﬁﬂsm_—

Pue. 7.9. IonockoBsle mecuMMerpuunbie (@) M CUMMeTpuunbie (6) JHHUB

KOHCTPYKTHBHOTO NapaMeTpa X MO 3aJaHMOMy BXOAHOMY CONPOTHBJIEs
HHIO JIHHEH Zo, 8 TaKKe onpeleieHHio ¢asosoii ckopoctn v. Jlns mius-
HEIX JIHHHMH CYIleCTBeHHA OlEHKA HOTeph Ha EAMHHIY reon.re"rpﬂqecxoﬁ
AJUHEL JHHHY,



Jina HEeROTOPHIX JIMHH i -
D __ exp(ZxVel60)
4=
rae e-— OTHOCHTEJIbHAA [HIJIEKTPHuECKasi NPOHHIAEMOCTh MHAJIEKTPHKa,
d — nuaveTp BHyTDEHHEro npoBoam#ka, a D u k onpepeasioTea cle-
nyomum o6pasem:

1. Ina suEWU B Buge xpymoro NPOBONHMKA, PacONONEHHOIO B
cepefuue MeXKLy NpPOBOLALIKMY TUIOCKOCTSIMH, PACHOJIOXKEHHBIME Ha pace
crosauu D apyr ot npyra, k = 1,27.

2. Ilna nuHuM B BHJe KPYIJIOrO NPOBOAHEKA, MOMELWEHHOrO B 3KpaH
¢ KBaJpaTHbIM ceyeHHem M cTopoHoit D, k= 1,08. ’

3. Ilnn AuHHM B BHOE KPYIJIOro NMpPOBONHHKA, NMOMELIEHHOro B 3Kpax
KpPYIJIOTO cewenus ¢ puamerpom D, k = | -(koakcuaJbHas JHHHS).

4. Jlas NuHEE B BHAE KPYIJIOro NMPOBOAHIKZ, DACTOJOKEHHOro Ha
GucceKkTpHCce NpPAMOro yraia, o0pa3OBaHHOrO JABYMA ROJYGECKOHEUHLIMH
NPOBOASAILAMH {IJIOCKOCTAMH, Ha pacc-rommﬂ D/2 ot ka0t NIOCKOCTH,
k=14

lporpamma 7.18. Pacuer x no dopmyse (7.3):

e Fi/” Zp X 6 0 = Fe* kB =+
Buyucnenne (7.3) no 3toil mporpaMMe NPOBOAHTCH BPYUHYIO.

Mpumep. Ias BosnywHo# koaKcHanbHOH JmHMH € =1, k=1
# Z, = 100 Om noayuum x = Dfd = 5,2944895.

NMporpamma 7.19. Pacuer muphubl nodocku W u v/c (re € — cko-
PocTb  cBeTa B BaKyyMe) HECHMMETPHUHOH  TOJIOCKOBOMl  JIMHMM
(puc. 7.9,a) no dopmynam

(7.3)

W =125 [ 5,98k ] '

exp (2, (e + 1,41)"%/87]
vfc = 1/[0,475¢ + 0,67) ]. _

Beon: Z,, h, t u ¢ B peructp X. BuBoj pesynbratos: v/c— PX, w—
->PY = P]I.

7 ¢/t 18 ¢/ 1m c/m 116 i . 2

5 HUrs 5 , 9 8 X HIB6 1 ,

4 1 + F4° HIO7T X 8 7 - Fe*
5

Mg — X IO e o, 4 7
X 0 , 6 17 4 F4 Flz ¢
BIT 00

Hnag Z; =75 OM, h=1 MM, { =0,05 MM u & =47 no.riquvl
vfc = 0,58696727 u (mamap xnasuuy XY) W = 0,82501161 mm.

Hporpamma 7.20. Pacder v/c u mwupuuL nonocks W cuMMeTpruHOil
nojtockoBoit JuHuK (pHc. 7.8, 6) 1o (bopMysnam

46 -
W =00 |y — 3] ole =1



Beon: Z,, b, { u € B peructp X. BuiBon: vfc - PX, W — PY.

7 ¢/t M8 "C/AI M9 ¢/ M6 0 , 5
9 UIs 4 X W6 Fy~ I M7 X 6
0 =+  Fe* =+ MO 2 , 1 K —
® WIO Fl/x C/IT BIT 00

J IHOna Zy==50 OM, b=25 muM, =05 MM u €=4,7 ponyyum
vfc = 0,46126561 u (uwaxas xkuaBnumy XY) W = 0,34932508 wim.

Ins psna JuEui nepefaun Bhpamenne ANA Z, HEpaspelluMo wim
TPYAHO Pa3peluMO OTHOCHTEJILHO KOHCTPYKTHBHOTO NapameTpa X, oOupes
LelleHse KOTOPOrO SIBASIETCS UeJbio pacuera, Torza, 3azap TpeGyemoe
aHageHue Zjo, €T0 MOXKRO HAiiTH H3 PelUeHHS HeNnHeHOro ypaetennus

Zno— Zn(x) =),

HANpUMEpP, METONOM ToOAeKanuoro upubiumeHHs ¢ BbAauell Kakuodh
ouepenHoi Hudpel pesyavrara saxariem kaasun C/TL

fiporpamma 7.21. Pacuer puamerpa d BHYTpeHHero TNpPOBORHEKA
KOaKCHANBHOR JIHHHH, CMEIERHOTO OTOCHTENBHO BHELUHEro MPOBOAHIKA
€ OTBepcTHeM, HMerolHM auametrp D, Ha paccrosmue [, H3 ypaBHeHs

2 2 2

- 60_ archD+d A

Ve 24D
Beon: D, 1, Zso u & B peructp X,

I ¢ ne ¢/f1 n7 Ch Fy 6 0- XY
-~ 4 0 nz o . 1 n3 U2 HIE
-+ T2 Fx*2 WHI5 Fx? -+ HIle Fxz2 4 X
- 2 +~ W2 =+ WIB = 4 Fx? 1

Zno

0.

- -+ Faf + Fin HI4 X uryy — Fx<0
18 M2 W3 — 12 ¢/ uns i 0 4
M3 B0 18

IOna D=1 cm, [ =025 cM, Zyo= 100 OM u &= 1 nonyunm,
HaXap uerhpe pasa kjgaBrwy C/I1 (c nmepepriBaMy Ha BpeMfi BHIAAUH
ouepenHoii uudpy pesynrrara), d == 0,1403 cm.

Nporpamma 7.22. Pacver napamerpa x = afd JuuMMH B BHIE IBYX
ONIMHAKOBHIX NPOBOAHUKOB C AHAMETPOM d, PaCNOJOIKEHHLIX Ha paccTosis
MHH O [PYF OT Apyra u3 ypaBHells

120
ZJJO - ’Vé

Bson: Zue u & B pernctp X.

arch x = 0.

9 C/T Fy 1 2 0 XYy = m o
2 1 Mg Hne unz 4+ 12 4 Fx2 1
1~ -+ Fy~ 4+ Fln MIO8 X HIM9 XY —
Fx<g 13 M2 HIN3 — 12 ¢/ U3 1 0

= I3 BIT 1 3 -



Ina Zzo == 300 Om u &==1 ponyauw, waxae kaasmuy CfH e-
1Hpe pa3sa, x = 6,132

Nporpamma 7.23. Pacuer napame'rpa x = D|/d nunun B BuHAE Kpyr-
JOF0 HPOBGJIMKKA ¢ LHAMETPOM d,. pacronoxenHore wa paccrosuun D
OT NpoOBOAALRH MIOCKOCTH, H3 YPaBHEUHs

60
Zng =~ —arch x =10,
10 "VG
Beox: Zn 7 & B persctp X.
9 C/IT F4 6 0 XY == I8 @ T2
1 0 I3 Ur2 Huisg - m 4 Fx? 1
-/ + Fi° + Fin HII8 X o Xy -—
Fx<0 13 W2 MO3 — T2 C/II U 1 o

-3 n3 B 13

Jns Zzo == 300 Om n e =1 monyunm x == 74,2, Hakan KJasuury
C/TI pu pasa.

INperpamma 7.24. Pacuer paccTodsua @ MeXAy ABYMA NPOBOAHH<
KaMH JIMMMM B BHJE IBYX ONHHZKOBHIX NPOBOJHHKOB ¢ AHamerpoM 4,
pacrnoyoeHusX Ha paccTOfnHA D OT npoBoAsiuedl NMIOCKOCTH, H3 ypaBs

HeHHs
120 ) a ¢
Z. rch-—-—-ln 71 —_—] =
Y [ '\/ +(2D)]

Beoa: D, d, Z, u & B peructp X.

M9 C/i T8 C/II 16 C/II Fy~ 1 2 0
XY = B 0 T2 1 I3 WUER WB +
YI2 M8 <+ 4 Fx2 1 [~ 4 Fy~ +
Fin M2 2 = W9 =+ Fa 1 4+  Fo
Fln — W5 X M6 XY — Fx<0 17 MR
M3 — Ii2 CHI Us 1 o <+ s B
17

Oass D=15 e, d=0,1 cM, Z,0=200 Om u &=1 nonyuum
a = 0,275 cM nowie yeThipex HamaTuit kiasuiuu C/T1

Tporpamma 7.25. PacueT paccTOsiHHA @ MEKIY ABYMsl MPOBOJHM<
KaMH JIHHMHM C Pa3RBIMH AuaMeTpaMu dy u dz, PACHIONIOKEHHEIMH B CBO<
GonHOM NpocTpaHcTBe, H3 ypaaﬂelmﬂ

Zop— o areh 22 —d?"d.g =0
1/&' 2dy dy
Beoxn: d,, ds, Z,o 1 & B pervctp X, -
M9 C/l M8 C/If M7 C/lT Fy/ 6 © XY
=~ 6 0 I 1 I3 WN2 Ums + - 12

Fx? 4 X HI9 Fx? — - W18 Fx? w 2



<+ W9 <+ W8 = A Fx?2 1 1—I 3

Fv~ -+ Fin U6 X Uz Xy -- Fx <0 16

Ui U3 — . rn2 ¢/ Uumn3 i 0 + 3
. BIT 16

Iasi dy = 0,1 cm, d2 = 0,95 oM, Z,0 == 300 OM u € = | noayysMm
a = 0,434, naxxas ksasuy C/T1 uernipe pasa.

Ins nodyyeruss GonbluX Z, HCMOJBIYIOTCH KOBKCHAJNBHEIE JHUMM,
BHYTpeHRUH NPOBOIHHK KOTOPHIX BHIMOJHEH B BHAe COMpalH, COnepkKa-
Mieit # BUTKOB Ha | cM aJmdn aunui. Jlas 3708 JHHMY

Ly = Z_"KFw, U == UKFW,.
The Z.x H Ux — BOJHMOBOE COMpOTUBJeHue H (a3oBas CKOPOCTL KOaKCH-
aNLHOM JIHRAK ¢ OBHUHEIM BHYTPEHHHM NPOBOILHHKOM, MMEIOUWIMM [RHa-

Merp d (Kak M y BHEIUHero juaMetpa cnupanu), Fy— nonpaBoynnifi
K03bhdHIMERT, WMeOIHN BN

FW=’\/‘+221(ﬂ$;d)[ -(& )] 4)

.Hporpamma 7.26, PacueT n AJs JUHHH CO CNHPaJbHBEIM TPOBOAHY-
KOM ¢ BHEWRMHM JunamerpoM d, PacnosOXeHHbIM BHYTPH HpPOBOASAILEro
SKpana c BHyTpeHHHM auaMeTpoM D, H3 ypaBHenvs

Fy, — Fyy (1) =0,

roe Fy(n) onpeflensierca shipawenueM (7.4). Bpon: Fgs dn DB
peractp X,

116 C/l1 118 C/IT I8 = Fx2 1 XY =
HI18 Fn X Fx2 X 2 = Mg U8 =
Fin -+ 7 0 rn2 i 113 HI12 HI13 4
n2 Fa2 MII7T X 1 4 F4~ U6 XY —
Fx<0 27 Ur2 unis — T2 ¢/ Um3 1 0
F- I3 s 27 ’

Hna FW°= 4, d=05cm u D=1 cm noayyum n == 3,35.

HcrycerBenHrle NuREN 3aflepKu CTposATcs Ha ocHose LT-bnasTpos
BMXEIX 4acTor. I10 333aHHLIM BOJNHOBOMY CONpOTHBAEHHIO Z,, Bpe-.
MEHH SalleDKR f{; M AJUTENbHOCTH (POHTA Ha BHIXOne JHHHH {3 onpe-
JeNfAloTCsl uHCIO ee 3BeHbEB Me== ki (lflp)1® 1 3HaueHHs HAMYKTHBRO-
et L u emroctH C ssenveB C == f/konZ,, L = t,Z,[kn, rie By = 1,1
H kp = 1,07 nns nunué ga ¢wibtpax K-tuna u ky== 094 n ky =12
Aas yuHHl Ha QuabTpax M-tuna.

lporpamma 7.27. Pacuer napamerpos n, € H L HCKYCCTBEHHHX JiH-
Huil sagzeprikn. Bnop: &y = Pl, k2 =P2, Z,, {; n fy B perucrp X.



Tloche HoAyuRHHS £ HHCJIO SIYEEK OKPYryAeTcA B CTOPOHY YBEQHHYEHHS,
yTOuYHeHHOe 3HAUYeHue BBONMTCH B peructp X,

nz ¢/ mne ¢m m =+ 1 . 5 XY

Fx¥Y UIIl X C/I1 116 . U9 HI2 = H6 -+ |

s MIl7 <= C/IT UIls HII7 X ) C/I1 BIT 00

Has k1 =094, ko= 12, Z, =600 Oum, {,=1-10-% ¢ 0 fp =~
= 0,05-10-% ¢ nonyunm n == 84,07614. Okpyrasem no n = 85 u Ha-
Oupaem yTouneHHoe 3Hayempe n. [Toayunm C = 1,6339869- 10“‘ D u
L = 5,8823529-10—¢ I'u.

7.4. Pacuer suoinpsMuTeis

PaccMorpuM pacuer m-as3uoll cxeMbl BHIDpAMHTENs, paGoraouwero
Ha KOHIeHcaTOp (uJbTpa (CM. MOCTOBYIO CXeMy JJIA m ==2 Ha
puc. 7.10). Yron orceyxu 6 AHOROB OfpenessieTCH M3 pEWeHHA TPaHC-
HEHJEHTHOrO ypaBHeHHA ’

tg0 — 0 = nr/mR, = A, (7.5)

rlle r-— BHYTpEHHEE CONPOTHBJIEHHE OTKPHTHIX BeHTHNed H OOMOTKH
Tpancdopmaropa, Ry — CONpoTHBJIeHHe HArpy3KH.

ST

Puc. 7.10. MocroBoit BINPAMHTEND

VD1 +YVD4

Ry

. Tlocne Haxomzaenus O onpejesiffoTCs BCNOMOTartelibHble KO3(dHiH-

€HTBI:
K(0) = sin@—0cos0, F(B) = n(l —cosB)/K(0),
B (0) = _1 DO = ‘\/n[B(l+cos26/2)——3sm26/4]
4/2 cos 8 K (©)

C IOMOWIBI0 KOTOpbIX onpenessiotca Tpebyemoe Hanpaxenue Us =
= UpB(0) Ha BrOpMuHOfi 06MOTKe TpaHCcOpMaTOpa, MHKOBOE 3HAUEHME
TOK2 BeHTHIS Iy == IoF (0)/m, neficTByIOUlee 3HaYeRHe TOKA BEHTHJA

== D(B)lo/m, Tok BTOpHUHON OOVMOTKH [;= 421 w ewkocTh KO-

nencatopa ¢uwibtpa C = (-—- —)/2k,;BfRH, rae f-—uactora cerst

H fne — Koaq)(pﬂuneﬂr nyJibcanuil BHXOAHOTO HANPAKEHHH,
ITporpamma 7.28. Pacuer BrnpAmutesns, paboramouiero Ha eMKOCTb,
Beop: r =PI, R, == P2, m = P3, [ = P4, kua = P5 n & = P6. Bon



soi pesyaeratoB: 6->P0, K(6) = PA, B(0) >PB, F(8)-—~PC,
D@®)—> PO u C— PX. Ilepeknoyatenr P—T B nonoxerun P.

UM U2 =+ WM + Fa X T9 0  TI0

1 I18 HI1e6 W8 4 10 Ftg HII0 - uris
- Fx>=0 12 UI1o urs — 10 I8 3 -~
Ti8 HI16 — Fx<0 12 UHIT0 Fsin UII0 Fcos I17
Hrmo x — ITA 2 F4~ HNn7 X .Fl/x IIB
1 unz — Fn X HUIIA = Nnc Wro 2

X I8 Fecos 2 ~ - 1 -+ Hurio  x 3
HI8 Fsin X 4 = — Fn pd F+/~ HIIA
-+ na wn3 FrFi)x WUIo Fa - 1 2 -
U < Humnz + s = c/m

* Tlyctb 7 = 100 Om, Ry = 1000 OM, m = 2, f == 50 T, kus = 0,1,
Up =150 B u lo'= 0,15 A. Bpeas nepsvie narb napamMerpoB W 3anas
£ == 10~4, nodyunm: € == 7,20187-10-% @, 0 = 0,7200122 pan, K(08) =
== (0,11809036, B(0)== 0,94055459, F(0)=6,6020987 u D(0)=
== 2,2940527. Caenocpareavno, U, = 150-0, 94055459 = 141,08319 B,
Ism = 0,15-6,6029987/2 = 0,4952249 A, = 0,15-2 2940527/2 =

=0,17205395 A u I, = «\/2 1B = 0,24332101 A

. 7.5. Mepecuer napameTpoB TPAH3UCTOPOB

Hepenko nyxuo HaiiTy ¢usHyeckne napaMerpul Tpamsictopa {co-
HPCTHBAGHHA 3MHTTepa rs, Gaswl e, KoaaekTOpa ri M Koadduupent ne-
penaus ToKa SMHTTEpa @ = Fmfrs) 1O h-napameTpam TPaH3HCTOpa, Xa-
PaKTepHSYIOIIHM €rc Kak ueThipexnoniocHuk. [lepecuer Bemercs no ¢op-
Myaam 1a6a. 7.3 [20] u peanusyercs OnHOH DpOrpaMMoii

Ta6auuma 7.3

In]aigf)- Cxema ¢ oﬁmei’l 6aao'n Cxema ¢ ofUUM SMUTTEPOM
5 Byye— (1 +hyr6) Prog/Pase PPN
T hy26/M206 Byig—Tygs (t+Bg15) Po0g
Tx (1126} /B0g (1 + gy} hoos
™m (126 Barg)/Po26 (P1gs + Pg13)/Ttans
a = (Pro6+ Ror6) /(1 —Pi1o6) (M5 + Pyps)/ (11 Byp5)

FMporpamma 7.29. Pacyer q)u3}mecmw napaMeTpos no h-napamer-

paM. Bsoa: hyy = PA hiz = PB, hay =

= PC, hss =PIl u xon (0 nan

cxeMbl ¢ obuleil 6330)4 ¥ 1 ¢ obmuM 3vurTepoM) B peructp X. Brisop
pesyavtatos: re— Pl, ro— P2, ry— P3, rn—> P4 u a —+P6 = PX.

5 WA 1 urnc +
2 WMB ung + I

B X
HIIB UNnc -+

v o+ —
o M,



=~ T4 WIN5 Fx=0 44 1 . UINB — UMg =

n3 un4e /—/ I um /—r r HIIB " — <=

I6 C/I1 BIT 00 W Urez xy 2 Xy Im

¥ HIC 4 urg = 3 M9 1 Hrnc -
" II6 BIT 41

Mpumep. dusa s = 25 OM, hizs = 0,25-10~3, hzyo = —0,98 u
ha2s == 3-10-% Cu, BBeass kon 0 = PX, nonyuum re = 83,333333 Om,
rs = 23,333333 Om, rx==333250 Om, rm = 32658333 OM u a =
== (,97999499. Has  hygs = 2800 Owm, hyp == 2- ]0‘3, hoy, =60 H
hego = 5-10~-5 Om, BBenss kop 1 = PX, nonyumm re = 360 Owm, ry =i
=40 Owm, r, == 1220000 Om, rm == 1200040 Om ® a = 0,98363934."

OGpartHoe mpecGpascBanue (HU3KYECKHX napaMéTpos_ B h-napawers
pH mpoBonuTcs Ho Qopmynam [20], npusenenstiv B Taba. 7.4.

-Ta6.nuua 7.4

Cxema
HMapa- |
METp .
€ o6MUM- 3MHTTEPOM C obmel Gasoft C o6 KOMJIEKTOpoM:
- r.r {l—a) rer Ty
h Iet — 3K r.+ —_  _OK e+ — 3K
1 — 3 —
1 67 ry¥r—ar, 3 [T 6% F Fro—arg
h £ 3 rg T —ary
12- r — : e
Fgtr—ar, rptrg ] £+ re—ar,
& arg—r, re+ar, re
21 — ¥ —
Ty Frg—arg g + Ty | rytre—ar,
1 1 I
by r,+r —ar r.+r, r.+r, —ar
! EXM K K"'6 37K 3

Fiporpamma 7.30. Pacuer h-napamerpoB GHMNO/SPHOrO TPaH3HCTOPA
no ¢QusuyeckuM mnapamerpaM. Beon: re=Pl, r,=P2, r«=P3 u
a = P4. BuBop pesynbtatoB: ki — PA, iz —> PB, Az —>PC=PX u
hz2 =PI Ilpu nepBoM nycke noJydaeM HapaMeTpel CXeMsl ¢ OBLIUM
SMHTTEPOM, HpPH BTOPOM — CX€MEI C OOIIMM KOJ/JIEKTOPOM ¥  [pH
TpeTbeM — cxeMbl ¢ obiLeli 6asoil.

WL W3 4 Fi/x M9 M2 W3 4 W3 M4
X ‘I7 —  Fix M8 T W2 X 0B Ui
W3 W8 X X Ml 4+ IIA M7 W —
I8 X TIC C/I1 W3 WUI7 — MM X @B
UI3 [—f MM X INC C/Il 1 W4 -~ Ul

X MII3 X U9 X M2 + A Hre Mf
UM X @B W W4 VI3 X + WD [~/
X TIc cm - :



TMpumep. flas re = 400 Owm, r,=25 OM, r,=10%® Om B ¢==0,985
[ONY4sM NpPH TIePBOM naxarun Kaapumd CfIT Ay, = 2063,8935 Ou,
hizs = 1,6638935-10—3, hizys == 65,55574 u hazs= 6,655574-10-% Cu.
Ilpu BTOpOM Ha}xamu knappie C/I1 monyunm Ay = 2063,8935 Owm,
Bazc = 0,9983361, ha1x = —-66,55574 H hazx = 6,655574-10—° Cu. ITpu
tperbem Haxaruu kaaspmp C/IT nonyumM  hue = 30,997601  Owm,
hize = 3,9984006-10%, hs16==—0,98500599 u hz26=9, 9960015- 10-7 Cm.

3
7.6. Pacuer MaJloCHIHAJIbHBIX YCUJMTENbHBIX KaCKajioB
Ha puc. 7.11 nmpencrapsientl TPH ympolleHHEBIE CXEMBl YCURHTEJbHbIX
KackaioB ua OunoAspHeIXx Tpamsucropax. llemu nuranmus (no nocrosiu-
HOMY TOKY) He HOKasadbl. DKBHUBaJEHTHEIE CXeMBl smx KacKanoB NaHH
&a puc. 7.12.

4
Y,
Ex

Puc 7.11.. B’npomex-mme cxeMbl KackazoB ¢ ofmeli 6asol (a) OGLU.HM
smurTepoM (6) M obliuM KoJaeKTopoM (8)

i

al,

als Ie3

Q) .
Puc. 7.12. DKBHBaJEHTHBIE CXeMBl KacKazoB ¢ obuieil 6ascfl (g), obmem
amurrepoM (6) u obmuM RoajdekTopoM (&)

OcHOBHBEIME napaMerpamd ycunuresnell B o6nactu CpemHHX HacToT
ABASIOTCH BXOAHCe conpotuBieHHe Rex = Uex/lsx, KO3(QUIMEHT yCUIes
Hu no TORY Ki== lpux/lsx, RO3ODOULUUEHT YCHACHHS NO HANPHKEHHIO



Ky == Ugux/Usgx, ckB03EOH Ko3bOdHIHEHT yculeHHS [O HaHPSXEHHIO
Kg = Upus/Eex M BuxonHoe conpotuBiieHde Rpux = AUpux/AMeux 1pi
Algux, 8202BaeMOM M3MEHEHHEM HATPyskd. PaccMOTpHM pacyer 3Tux
napametpos [20].

Jnan rackana ¢ obweit 6aszoit (puc. 7.11,4 u puc. 7.12,0):

B (1—a)r,+R, ar, rg
R=rstfs 7 ¥R, M=7Fr TR,

K, = (arx+r6).Ru

U™ rg(rgtrg+R)+rgry,(1—a) +rgR,

KE — (arl( + rﬁ) RH

Rytr)(xtrgtR)Fren (l—a)+rgR,’

_ arl(+r6
Ropix = 'xﬁ“’ﬁ(‘ T FR,

fporpamma 7.31. Pacuer napameTpoB Kackaza ¢ ofueft Gasoff,
Beon: re =Pl, re =P2, r,=P3, Ru=P4, Rh=P5 u a=P6.
Buison pesysnstatos: Kp—> PO = PX, K,->PA, K,~PB, R, >
—-PC u R — P11,

BHIX
Wre Wr3 X WM + 7 W3 WM WS 4
4+ M8 <+ 1B 1 WUre — W3 X U5

-+ rng HIm X Huri4 Uiz + urs X +

Fljx U7 X WIS X [0 M7 U5 X W2
W8 X WM MM X 4+ = TIA U9 W8
- WOl X M2 -+~ TC 1 WM7 MI2 Wi
4+ WM 4+ = — WM X W 4+ I

uno ¢/a

Hafinem napameTpn yCWIHTeJs Ha TPaH3HCTOPE, HMEIOLIEM napas
MeTphl: ro ==400 Om, rs =25 OuM, ry= 108 OM ¥ a =098, ecau
Ry=100 Om u R, ==5000 Owm. [lpn stux pauubx noayumm Ky =
== 13951899, K: = 36,130459, K;= 097513427, R.x = 34,94629 Om
" RBHJ( == 253428,6 Owm.

,me Kackana ¢ ‘obiiuM smurTepoM (puc. 7.11,6 u puc. 7.12,6)»

rs (re + Ry) (ary — rs)
.R = +fx(I—a)+"=-+R ! K1=—fx(1"'a)+fs+RH’
K — (arg—1rs) Ry
U T R Fr [0 = R, R
K © —(ary—rs) Ry

C BT 8¢ +Ru)+(R Fr [ —ayr +r R

L wa._-rx(l-—a)—i—rs(l-i—%r_'——_l_rsR—-



TMporpamma 7.32. PacyeT napamerpoB kackaza ¢ obuluM 3MHTTe-
poM. Beox u BuBOj pesynbratoB cM. B nporpamme 7.31.

W6 UM3 X M2 — I7 1 W6 — W03
X UM 4+ M + 8 W4 WM 4+ 119
WUMng X M3 MIls 4+ MI2 X TMNC 4+  Flix
U5 U7 /—/ X TIB X TI0 HIB Kl WIS
X MIC + <+ TA W7 /—/ W8 + @B
W2 WIS M3 + - X MIB + WM 4+ [OC
WM3 W6 X W2 — W9 M2 + = 1
4+ WM X 1 W6 — WM X 4+ I
WI0 /Il

Haiinem napamerpnl kackana ¢ O6LIEM 3MHTTEPOM HpH re==400 Om,
rs =25 Owm, rc = 105 Om, Ry = 1000 Ou, R« = 5000 Om u a == 0,98.
Jna atux pavubix noayuum Ky == —139,45851, Kz=—81,447388, K ==
= —39,15984, Rax == 1403,996 OmM ¥ Ruux = 37217,544 Owm.

Jns xackana ¢ obum KOJLIEKTOPOM {puc. 7. 11 & ¥ puc. 7.12, 6)3

rx {rs 1+ Ry) _ ri

Ra=ret ri—a+ntre ST ni—ointi
K PRy
v, TR)Frelnl—a) +r + R’
K rxRy )

ET T, FR) T (6T R) [_ﬁc(l —a +r TR’

ry (1
Ry ="+ (16 Ry) 7200 =

Mporpamma 7.33. Pacuer napamerpoB Kackajga ¢ ofmum KOJLIeK~
copoM. BBox M BHBOA pesyasTatoB cM. B nporpamme 7.31.
1 urie — HUrs x 8 Wr2 Wurs <+ Ie
-+ nz WIit vrg + nai x HI19 M3 X
B + HII3 U8 X MA XY = o  HIIA

Ml U7z X unB 4 +~ TA W3 UInr7 =
1B HWII3 UM% X uriz -~ um + nc wrng -
ur3 X 1 urie - X Hng urns + =

urz g urno /1

Haiizem napamerpn Kackaga ¢ OOIHM KOJUJIEKTOPOM HpH rg ==
= 400 Om, r, = 25 Owm, r, =10 Om, R, = 10* Om, R, = 500 Om
n a=098. Tlonyuyum Ky = 0,93771684, K¢ = 0,67708474, K;=
= 48,421071, Rsx = 25978,562 OM H Ropux = 230,85906 Om.

Y

7.7. MogenupoBanue HeJMHeHHbIX Lenel

BTOPOTO mOPAiAKa

B panHoanekTpOHHKe BaiKHOe MeCTO 32HHMAIOT HeluHElHble Ient,
ONUCLIBAEMEE HENHHEfiHLMH AH((hepeHUHANBHLMY YPaBHEHUAMH BTO-
poro nopsinka, K HuM otmocsTcst pesakcauponusie B LC-reueparopsi,



Mukpo-2BM saBAAIOTCA yIOGHBIM HHCTPYMEHTOM AN MAaTeMATHUECKOro
MOReJMpOBanKsA TaKEX uemelt (puc. 7.13, a).
Llens puc. 7.13,a omucwiBaeTcs CHCTerO0f MM QepeHNAabLHbX ypaBs
HEMHH
di E—iR—u

= (7.6)
de  i—1(u)
w=7T 0

OTHOCHTEJbHO NEePEMEeHHHIX COCTOSHMA — TOKA | M Hanpamenns t. Qop-
Ma KojieGanuii B NepBY0 CYEpeb SaBHCHT OT HEJHHEHHO#l 3aBHCHMOCTH
I{1), onuceiBaouiell CTATHYECKYIO BONBTAMHEPHYIO XaPaKTEPUCTHKY He-
samsefinoro npubopa HI (puc. 7.13,6). Janee npeamosaraercs, 4TO

Ik
EfR

Q

Puc. 7.13. ek ¢ veauHeiHEM 3nemerToM (@) ‘H ero N-oGpasHas BoeTs
aMmepHasi xapakrepuctura (6)

unepuuosHocTe D yunTEIBaeTCs erc eMKOCTBIO, CocTaBasiioLlel yYacTh
obeit emkoctu C. )

Ilycte B kavectBe HD npumener TyHHenbHblfl nuof, N-oGpasmas
BOJLT-2MIIEPHAS XapaKTePHCTHKA KOTOPOr0 OHHCHIBAETCH BbipazkeHHeM

I (1) = Aue™%% 4 D (eP* —1), (7.8)
rpe mapaMérpsl A, o, D u B Bhpaxaiorcs uepes HanpsixeHue U, npu
nuke Toka I;, ob6paTtHblii TOK Iy M TENJNCBOIl NOTEHUHAN @r B COOTBET<
cTBun ¢ opuynamu A =-ely/Usy; oo =1/Uy; D=1 u p = 1/mg,, rne
m — NONpPaBOYHHI MHOXHTENb (M = 2). -

Wcnone3ys nporpaMMy pelUeHHst CHCTEMH H3 IBYX AudepeHnmanns
HHX ypaBHeHu#l (7.6) m (7.7) ¢ yuerom (7.8), mOJyYHM mporpams
My 7.34, nO3BOJSIOILYIO HalTH saBHCMMOCTE i(f) u u(l).

TNporpamMma 7.34. Pacwer 3aBucumocteit i(f) u u(f) aeToKO/MEGa<
TeJLHOI'O PenakcaTopa Ha TyHHenbHOM auone. Bsom: A = P2, a = P3,
D=P4, =P5, E=P6, R=P7, L=P8 C=PY9, i =PB,
uo=PC, At ==h=PJ] u to= PA. Busop pesyasratcs: I,—>PX,
i(t)—>PY u u(t,)— PC. ) -

VM6 WIB WI7 X — HWIC — MO8 = WML
X WMNB + [0 WMB HIC WM3 /—f X  Fe*
UIIC X W2 X — Wb MIC X Fe* |



- W4 X — WMN9 = MO X HIC -
MC WMo MB HIIA MO + A G/ B 00

lph A=02718 B (muon ¢ [, =10-10-3 A u Uy, =0,1 B},
=10 1/B, D=1-10-¢ A, $=20 1/B, E=03 B, R =10 Om,
L=100-10-° T, € ==10-10"%2 @, ip=0, uo =10, fo =0 u Af —
"= 0,1-10-% ¢, naxumasn knasumu C/I1, XY u UIIC, 6yneMm nonyyarn
CJIELLleLU,He JaHHble:

ty, © i(ty), A u(ty), B

t-10719 3.107% 0o

2.10710 597.107% 3.1078

3.1071 88803.107*  1,0569807 - 103

4-107"0 1,1780027.1073 7,0046111.1073

5.1071% 1,4502172-107% 9,130329-107% u . L

Baumarenbusiit npocmotp sHavemmii u(f,) o6HapyxuEBaeT xapak-
TepHYIO AN MONENHPOBAHHS TAKHUX CHCTEM NEPHONHYECKYIO YHCICHHYIO

.

u,B
10}
o5k
Yig \ —
- T T 1 1 ] L t [ L L
~ 0 A 4 6 8- 10 12 1B tye
LMk T
8_.
4 -
- / ‘
I L 1 I L i ! ] I L ' I
0 2 4 6 8 10 12 % by

Puc. 7.14. Bpemenunie sapHcumoctd i(f) (BHEH3Y) H u(f) (BBepxy) pe-
nakcatopa (pHc. 7.13, a) Ha TYHHeJBHOM JLHONE

HeycTol4HBOCTD petuedusi. [Tpu Bbi6panHOM Al CHA NPOSIBASIETCA TOJNBKO
Toraa, Korga paboyas Toyka TYHHEJLHOrO NHONA MONajfaeT Ha KPyThie
YHaCTKH BOJIBTGMHEPHOl XapaKTepHCTHKH. Ycpenuss 3SHaueHHs u(fn),
LONyYHM npuBefieHunle Ha puc. 7.14 rpaduku sapucumocted i(f) u u(f),
KOTOpble XOPOLIC OMHCHIBAIOT peajibHyio (opmy KoneGauuil. Insi ymeHbe
LIEHHs YHCJICHHOH HEYCTOIYHBOCTH CJIed €T MeHbIath war Af,



IIpunoxenue 1

MHCTPYKHMA 10 MPUMEHEHHMIO
BCTPOEHHOM BUBJIMOTEKM
NPOTPAMM NOJIb30BATENA

A MUKPOKAJIbBKYJIATOPOB TI-58C/59

Iporpamma ML-01. JIHarHOCTHKa, CTaTHCTHYECKHE BBHIYHCHEHRS,
JUEERHAA perpeccHs M YNpaBJieHHe NpHHTEPOM. JIHATHOCTHKA HPOBO-
nutca komaupamu 2nd Pgm 01 SBR = (cnycrs npumepro 15 ¢ mc-
NIPaBHEIR MHKPOKaJbKyanatop BbizaeT nugpy 1). Korrpoae monyna ML
GibaMoTekn nporpamm npoBoauTca KoMaHiamu 2nd Pgm 01 SBR 2nd
R/S( pomxue nonyuuth uudpy 1). Ilpu BBoze cmepauumit 2nd Pgm 01
SBR CLR KanuKyasiTop roToB K NPOBENEHHIO JHHEHHOIO pPErpecCHBHOrO
aHanansa. Ilocne BBoma omepatopoB 2nd Pgm 01 STO 00 TOJIKJIOHEH
HEI K MBKPOKaNbKyJASTOPY DPEHTEP IOTOB K paboTe.

Cratucrrueckue pacyers!, BelmHCAeHue Koabduiyentos by 1 by ans
refinofi perpeccur (§ 5.13) ¥ ko3dpdunuenta napHofl KoppeasilpH Bhis
NOJHATCA Ho nporpamve ML-01 B cnenyomeM nopsuxe:

1. lNonroroBka k BLuMCHeHHsM 3anaercs Komamjamn 2nd Pgm 01
SBR CLR. . -

2. Boonstca snaucsus xi, Y, *2 yz, ..., Xy, Yy B CHACHYIOLIEM
NOPAAKE ANs RAMION NApel HHCEN Xy M yi X X=={ y; 2nd = 4.

" 3. Haxozum cpennee sHaucHue j, Haxae knauwd 2nd ¥, u cpen-
Hee 3HAyeHHe %, HAXAB KJAaBUIIY X == .

4. Haxopum cTaumapTHOe CpelHEKBaIpaTHyeckoe OTKJOHEHHE Oy,
Haxas -Knaspuu - INV 2nd X%, ¥ 0x, H2XAE Kaappily x = f.

5. HaxonuM nucnepcmo Dy, namxas kaasmmn 2nd Op 11, ¥ nHe-
nepcuio Dy, Haxap KaaBuily x == £ :

6. HaxoanM napamerp bo JHHeNHOH - perpeccild, HaXkaB KJABHILH
2nd Op 12, zarem, HamaB KAABHIY X == f, HAXONUM HapameTp bi.

7. KosdduuneHT koppeasliyy « = InUx/Uy HAXOIHM, HaxaB KJja-
sumun 2nd Op 13. '

8. Ilnn suavemns x HaxGAHM y— bo+b;x HHAB  KA2BHIIH
2nd Op 14.



. 9. Ilasi sHaueHus Yy HaxomuM X = (y — bo) /b1, Hakas KiaBums
9nd Op 15. - .

Hast maccusa yi(x:): 2(0,95), 4,06(2,1), 58(3), 8,1(4.1) u 9,2(49)
naxoguM bo = 0,2112006713, b, = 1,86671074, r = 0,9987280191. s
x=2>5 nolyuum y==9544754373, a pan y =15 mnoayaum X ==
= 2,565367641.

/

B nporpamMme ML-01 3ansitel perseTpst ROl = Z y, RO2 = Z yz,
R03= N, R04= Z x, RO5= Z 1%, R06 = Z xy, RO9 u peructp £.

liporpamma ML-02. Brlymcnienve NeTepMHHAHTA MATpHUBl A, BLI-
yHCNeHHe OOpaTHOR MaTpHunl A~! ¥ pelleHHe CHCTEMbl JUHEHHBIX ypap-
peuulfl Ax == B.

‘Pasmep Marputibl A (nX#) | 2X2 | 3X3 | 4X4 | 5X5 1 66 | TXT | 8X8 | 9X9

MaxcuMaNLHEIHR Homep- pe-
THCTPa AN BBIYHCIEHUS A~Y 13 19 27 37 49 63 79 97

MaxkcuManbHEH  HOMep pe-
THCTpPa AJIR DELUEHHS CHCTe-
™Mbl ypasHeHud Ax = B 15 22 31 42 55 70 87 -

Beluucnenue JeTepMHHaHTa MaTpHIbI

iy iz .. Qp
A= Uoy gz -:.. Ugp

Apny Qpa «»e Upp

npousBonaTcs KoManpamu 2nd Pgm 02 n A 1 B

aw RIS ay; R/S ... am R/S az R/S ap RS
sre Qpg R/S din R/S Uapn R/S eee Opn R/S C.

3

ITpuwmep. Ias matpunm

0
A= 8
1

N O s
S o

{(n = 3) nonyium nerepmunant |A]==96.

PelueHue cuCTeMEl ypaBHeHHit DNPOBOAHTCS NOCAE BBIYHCJCUHS Ie-
TepMuHaBTa ¢ nomowpio xomarg 1 D &y R/S by R/S ... b, R/S CLR
E | 2nd A’ R/S (nonyyaem x,) R/S (monyuwaem xz) R/S (momyuaem
xs) ... Jlns cHcrembl ypasHeHHE -

4 8 0 X1 4
8 8 8| % [=]|4
2 01 X3 6

TONYYHM X3 = 4, Xp 7= —1,5 1 x5 = —2.



Bomucienne o6paTHOR MATPHIE A1 MPOBOAKTCH C NOMOUIBIO KO«
manz CLR 2nd B’ 1 2nd C' R/S (nonygaem aj;') R/S (nonyuaem az')

..+ R/S (no.nyqaeM a;ll) ¥ T. A (BHBOAHM 9JIeMEHTH JPYrHX
cTONGHOB). i :
B nporpamme 3amatnl perucrpm RO1 -+ R08 (A = R06, n = RO7)
U CleNyIoliHe R0 YKA3AHHOIC BhIIUE MaKCHMAJILHOrC HOMepa.
Rporpamma ML-03. CaoxenHe ¥ ymHOXeHnue Matpun. Ilepsas
YacTh HpOrpaMMe BblyHchsieT cymmy Matpuu A p B, yMHOMEHHHX Ha
NOCTOSHHEE MHOXHUTENH M H Az:
bit e bin

s o 8 ¢ o ¢

€11 ees Oip

A

2 & & o » 2 s o © @ o ¢ |o

- ‘C“ sss CIipt

Umy sos Umn by oo bmn Cml eee Cmin
Beog: 2nd Pgm 03 m A n A 1 B ay R/S @2 R/S ... @m R/S ar
R/S uz2 R/S ...@mn R/S 1 C (8Bon marpuuyt B) s D A, D CRL E 1
ond A’ R/S R/S ... R/S (BbBOmMM 0O CTOAOLAM 3JNEMEHTHl MaTpu-
su C). PaQory NpOrpaMMel MOXHAGC DPOBepPUTL HA HpHMepe:
2 30 __2_|4 0 ——1|= —6 3 2
1 05 3 2 6 —5 —4 =7
- Bropas wacThb nporpaMMbl CAYXHT [l BHYHMCJEHHs NPOH3BEREHHSA
IBYX MaTpPHIL i

|

.

by .. bip

i see Qi ) €11 ess Cip
« o @ o & 8@ =] e o w0 s 2 |,

aml_ see OUmn bn] eve bnp Cml ees Cmp

ToBTOpseM onepamdl BBOLA <3JieMeHTOB Matpuusl A Hanee BBo-
M koMauis 1 2nd B’ by R/S ... bap R/S (BBOA no croabuam mar-
punyl B) 1 2ud D’ R/S R/S ... R/S (BmBOA nO cTONGHaM 3jeMeHTCB
matpugpl ~C). 3aHstol  peructpw  RO1 - R08 (m = R03, n = R04,
Ay ==.R05, Az == R06) u nocaepymomme ¢ HOMepaMH A0 Ramni7 — AAA
nepBoil 4acTH TPOrpaMmel H JO Rmnizipy——INA BTIOPOA vACTH npo-
I'paMMbl. ’ .

Nporpamma ML-94. IleficTBust ¢ ROMHMEKCHEIMH gncaavu X=a-}-jb
u Y= jd. Pesyaprar — KoMulekcHoe wHcno Z = e jg. Bsop:
ond Pgm 04 ¢ A b A c2nd A’ d 2nd A’. Jlanee BBOmATCS CAEHLYIO-
IHe KOMaHMbh

JlelicTBHS, BRINOJIHAEMHE Hal X _
ROMINIEKCHBIME  SHCHaMH X+Y| X—-Y]|XxY| XiY YX, logy X 1/ Y

KoMaHAE AJ51 NONYHEHHS € B (2ndB’| C }2nd C’ D l2nd D

Komanns st nonysenust ¢ |x2t|xZt|xZt| »Z¢ | 24| xZe | x2#

3apepiuenne Boucaenuii: 2nd E’ (sBox Hoebix X u Y).
Il p v me p. Bryucanrs

[@+j-3) (1 —j-HIFD,



Bsonnv xoMapzsl Znd Pgm 04 2 A3 A 12nd A1 4/— 2nd A’ C
x=={ (nonyuyaem pesymbTaT YMHOXCHHS KOMIUVIEKCHBIX UHCEN, 33KJIIO-
ueHHEIX B KBazpatsbie cko6ki) 2nd E- 1 A1 A D (nonyuaem e =
= —1,068423508) x =={ (nonyuaem g = 4,09577726).

B nporpamme saustet permctpsl ROV - R04 (uncna a, b u pesysm-
TaTHl € 1 g 3aHOCATCS! B perwcTpsl ‘RO1 1 R02).

Tlporpamma ML-05. DyHEIMH KOMIJEKCHOrO mepeMmednoro X ==-
= a + jb. Pesysvrat Y = ¢+ jd. Beox: 2nd Pgm 05 a A b A. Jla-
Jiee BBOJSITCS CHeAYOLIne KOMaHMIEL

Berurncnenne mnosspHoro panmyca r g yra 6: B (momyuwaem r)

== { (noayuaem 0).

DYHIKIHA KOMIIEKCHOro ne-’

PeMERHOTO 1 x VE yx InX X
KoMaHuppl AJs NONYYeHHST € C D E 1 ond A’ 2nd B/
Komapael Aas noJaydcHus g X Z t xZ t xz t X 2). t _xLZ t

ITprwmep. Bouncanrs e2+3), Beoxgum komanms 2nd Pgm 05 2 A
3 A 2nd B’ (monywaem ¢ = —7,2315110095) x==% (nosywaem d =
== 1,042743656). Pacnpepefeque perkcTpoB NaMsTH CM. B IIporpaMe
ML-04.

Tiporpamma ME-06. Bruincienre TPHrOHOMETPHUYECKHX H OGpaTHBHIX
TpHUronoMeTpruecKHX (PyHKHuE KoMAZekcHoro vepemenzoro X = a 4 jb.
Pesyabrar .Z = ¢+ jd. Beox: 2nd Pgm 06 a ‘A » A. Ilagee BBOAATCA
caeJyiolite KOManEL

TpurosoMerpuyeckne
H OGDATHBIC K
oManisl Komangn
TPBTOROMETPHYECKHE
GYNKURE KOMIIEKCHOrO AN NOJYHEHUS € A TONYHEHUS g

HEREMEHHDIO

sin X B x-z k4
cos X C xZt

tg X D xZt
arcsin X 9nd B’ %) | X2t
arccos-X 2nd ¢ +) x 2t
arclg X 2nd D’ 1 xZt

v
*) Eciu b <0, sBossiTest onepatopsl +/~ STO02.
¥*) Ecin b <0, esoasites onepatopet +/— STO 0l.

[Iprwmep. Buyucaurs sin(3 4 j-2). Beoanm komanas 2nd Pgm
06 3 A 2A B (nonyuaem c.==:0,5309210863) x =={ (noaywaem d ==
= —3,6905645), Pacnpeneneﬂne PErucTpoB MaMATH CM. B Jporpamme
ML 04, .



Mporpamma ML-07. Brrunclienue 3HaueHnil NoJuaoMa
P(x)=ao -+ a1x 4 azx®> + ... + anx".

Beox: 2nd Pgm ¢7 n AO B ao R/S a1 R/S ...a. R/S x C  {noany-
vyaem P(x)).
I1p ume p. Brluncsure 3HaueHHe MOMHHOME

P(%) = 0 + Lx + 22 - 3x3 -+ 4t

st x =1 u x == 2. Beogum xomamel 2nd Pgm 07 4 AOBO R/S 1
R/S 2 R/S 3 R/S 4 R/S 1 (3savenue x) C (nosmyuaem P(1)=10) 2
(uoBoe spavenue x) C (monyyaem P(2)= 98).

" TNporpamma ML-08. Bomucienue kopueft ypasmennst F(x) =0 c
"TIOTPElHOCTBIO € B uHTepBase [a, b] H3MeHeHwst X ¢ HayaJbHBIM Mia-
roM Ax. Bruncnenye F(x) odopmiasieM noxpmporpaMmol, HOMe4yeHHOMH
metxoit Lbl A’ u 3axamumpalomeficst onepatopom INVSBR.. Tekyiee
3nayenne X 3aHOCHTCA B Hauaso nognporpammbl. Beoa: pamseie F(x)
2nd Pem 08 a Ab BAx Ce DEE ... (naxkmmaem xaaeuuly E
KaXnplii pas JJif BBIJAYH HOBOIO 3HAYEHHs! KOPHS [0 TeX NOp, NOKa
He nonyunM upcao 9.9999999-10% (mepenoamenwe, o3Magalomiee, WTO
KopHeil GoJbllle HeT).

ITpuwmep. Haiitn xopuu ypasuenust F(x)= 4sinx 4+ 1 —x B un-
TepBane [—3,3] ¢ mavamphbiM waroM Ax = 0,5 H OOrpeuMOCTHIO

== 0,01. Pewenne cocTout i3 cienylomwnx yactedl. ’

1. Beoa mopnporpammsl Bbiyrcienust F(x): RST LRN 2nd Lbl 2nd
A’ (STO 10 2nd sin X 4 + 1 — RCL 10 ) INVSBR LRN.

2. Beon nporpamMmel ML-08: 2nd Pgm 08.

3. Ycranoska snavenuit x B pajuanax: 2nd Rad.

4. BBon Hcxonublx papublx @, b, Ax ne: 3 4+-/—A3B.5C. 0l
D E (nomyuaem x3 = —2,20703125) E (mosyuaem x» = --0,33984375)
E (nonyuaeM x; == 2,69921875) E (mosnyuyaem wmcio 9.9999999-10%,
1. ¢. Gonbuie KOpHell HeT).

Pacnpepenenye peructpoB mnamsiti: a, a--Ax = R0l, & = R02,
Ax = R03, RO04 - R08 3amstthl, & == R09, ocTajbuble pPErHCTPH CBO-
6oxnb.

MNporpamva ML-09. YucneHHoe HHTErPHPOBAHHE AMAJHTHYECKH 3a-
Aannoft Qpynkunn f(x) meronom CrmMncona. Ilopeinterpanbhast Qyskuus
f(x) B Bhipaxenmnu . ~

b

I= S f(x) dx

a
JIOMKHA BBHIUHCIATBCS NOXNpOrpaMmoit, Haqualomeﬁc;g MeTKoit Lbl A’
¥ sakaHumBalomeiicst onepatopoM INVSBR (Tekyllee 3maueHue X 3a-
HOCHTCH B Hayajo nopnporpammbl). Jlanee BBOZ BHINOJHAETCH KoMam-
navu: 2nd Pgm 09 @ A & B-n C D (monywaem I), rae n uuciao um-
TeppasoB pasbuenun [a, O]



Il p u m e p. Buyucaurs

1

= S Ve 1 dx
0
npu n= 8. BeomuM noxnporpaMmMy BhlyHcleHHs [ (x) =A% 1 .
RST LRN 2nd Lbl 2nd A’ X 2 4 1 = 4/x INVSBR LRN. azee pro-
nmv  mporpammy ML-09: 2nd Pgm 09 0 (sBom @) A 1 (sBonm &Y B 8
(8Box n) C D (moayuaem I = 1,398713896).

HcnonpsoBague perncrpop mamsth: a == ROl, b = R02, h == R(3,
I = R04, n = RO5 (ocrajbHble perucTpsl cBOGOLUMI).

NMporpamma ML-10. Yucaeusoe wpHTerpHpoBanne Meronom Cumn-
cona oyuxmup f(x;), 3anaHHoM uyeTHHIM uwHCAIOM £ OpmHEAT fo, [,
Foo <~ fn. Beon: 2nd Pgm 10n AR B O C [, R/S ... f«R/S D (noay-
yaem I). Jass h =1 n fi=1, 8, 27, 64 u 125 nonyuum I = 156. Pac-
IpefiesieHNe PEruCTPOB NaMsTH: 3ausitel pernctpel ROI <+ R05, mpuuem
h = R03, I = R04, n = RO5, oppunatnl fo, f1, ..., f» 3aHOcATCS B
perncTps OT Roe MiA fo 10 Ruye 18 fu. Unclio OpnuMEAT orpasuyi-
BaeTcsl JONYCTHMEIM YHCJIOM CBOGOJHBIX PErHCTPOB NaMsATH.

Tiporpammot ML-11 — ML-13 npenHazHauelbl IJAS NPOBENEHHS 3Je-
MeHTapHbIX BBlUHCJeHH! (YIJIBl M CTOPOHH TPEYrOJbHHKOB, CerMenTH
okpyXHocteil H T. 1.). ITosromy noppobuoe omnucaHue HX ONyLIEHO.

NMporpamma ML-14. Boiuncienne ¢ynkumit Z(x) u -Q(x) zopMamb-
HOTO  pacmpefieleHHs BepOSITHOCTH € ¥ = (m—p)/o. 3BuaveHue
Z (x)=¢e" ¥12fa/om, Q(x) nJolagb IO KPHBOH Z(x) UpH m = X.
Beox: 2nd Pgm 14 x A (noayuaem Z(x)) B (noayuaem Q(x)). Ilao-
INagb NOA KpuBel Z(x) npu m << x BHudcaseTcsi kak P(x)= 1 — Q(x).

Mpuwmep. Nag x = 0,5 nonyunm Z(x)= 0,3520653268; Q(x)=
== 0,3085375322 u P(x) = 0,6914624678. Pacnpenencuie PperucTpoB:
Z(x)== RO}l, R02 sanst, ¥ = R03.

TiporpamMa ML-15. Tenepauust cayyaiinbix urced. Bsoa: 2nd Pgm
15 2nd E’ x, (nayameuoe uucno ot 0. jo 199017) E. Jlanee B cooT-
BETCTBHY CO CReAyIOIIMME pex<uMaMy paGoTsl
- 1. I'epepauus cayuaiinblx yucesl ¢ PaBHOMEPHBIM paclpeliesleHHeM
B nutepBade [q, b]: a-A & B C C ... C (noayyaew. psy Clydaineix
yuceJ).

2. Tesepanus cyyualinbX 4HCeJ ¢ HCPMAJIBHBIM PACIPENEJEHHEM B -
3ajaHHEM CpeinuM 3uavenmeM ¥ m o ¥ A o B 2nd €' 2nd C' ...

. 2nd C’ ¢nonyuaem psi c.nyqaymmx qicen).

. 3. Buuncienne X u 0 a0a qHces, MoJyueHHBlX mO M. 20 2nd %
(no.uyqaeM x) INV 2nd % (nonyuaem o) RCL 03 (moayuaem N).

_ 4. I‘enepaunﬂ C/ydafHbIX YHCe] C PABHOMEPHEIM pacupeiefieHHEM B
HHTEpBAJE’ [0, 1}: SBR 2nd D.MS SBR 2nd D.MS ... SBR 2nd D.MS
K T. A (nOjyyaeM psax ciydafipbelx quces). . :



Dpumep. Jug xe=1, =1 1 0=0,1 noayunm crepyoummul
P UHCE! € HOpMaALHHIM pacnpenenemuenm: 1,093261476; 1,068422521;
0,8696010813; 0,9655443104; 0,8812833351 u T. A. Pacnpeue.nemxe pe-

FHCTPOB NaMsiTH: 3aHsTh pernctpel ROl =<~ R11 (Zy = ROi, Z y = R02
N = R03, Zx—R04 Zx = R05, xg==R09, @, x=R10 u b,-0=
=RIt).

NMporpamma ML-16. Brhunenenne ¢axropnana n! mnepeCTaHOBOR
P} w coverannii C;' (< 69Y). Beon: 20d Pgm 16 n Ar B € (nonys
vaem nl} win D (no.rxyuaeM P,’f‘) ung E (no.rxyuaeM Cf)

Tpuwmep. Oas n=10 » r =4 wnmeem n! = 3628800, P,110=
=5040 u C,1;0=210 (npn BHIMHCACHUAX Pio H C};O MOBTOPHTL BBOL N
H r). Pacnpenelierse peractpos namatd: n = RO1, r = R02, R03 saunt,
nl, P, C = R04.

TporpamMa ML-17. YcpenHenue JaBdbiXx MO Mepe HX BBOJLA:

Moy = (Mg + My e M k=123 ...

Beox: 2nd Pgm 17 2nd E” n A my B ma B ms B u 7. 1. (nonyuaem
Mep). Pacnpenenenne perncTpos namsiTe: 3anatel ROY -~ R06, n = RO2.

Nporpammer MI-18 w ML-19 caymaT INist NPOBENICHHSt NIGNOBbIK
pacueToB (3aHMEI, PedTH, HaKOIJIeHnsi W T. 1.). Onucamme 3THX mHpo-
rpaMM He NPHBOAMTCH, MNOCKOJBKY OHO He COOTBETCTBYET NpPOQHIIO
KHHTH. ~

Nporpamma ML-20. Briunciienre nHs HefleNH H uucaa guell Mexny
AByMst narami. JlaTel 3ajmaioTcst ABYyX3HAUHbIMK UHCJaMH Mecsina MM,
quss DD n (yepes Touky) rona YYYY. Hesnesn samasare DD > 31,
MM > 12 u YYYY << 1582. Box: 2nd Pgm 20 u nasee B cOOTBETs
CTBHH C PEeXHMOM HCIOJb30BAHHSA NPOrPaMMbl,

1. Ymcsno nuedt mexxny nBymsi natamu: MMDD.YYYY (sBon mepsofi
nate) A MMDD.YYYY (sBonm Bropoit gmate) B C (nonyqaeM YHCJIO
AHel).

2. Hens  pellenn,  COOTBETCTBYIOLIH{ onperelenHoll  xares
MMDD.¥YYY (BBox parzl) D (noayuaem pnemb Henem: 0 — cyG6ora,
1 — Bockpecelbe, 2 — monenensHHK 3 — BTOPHEK, 4 — cpena, 5— vere
Bepr #-6 — msTHEIA). ’

IT'pumep. HaiiTn, kKaxoll neHb HefesH cOOTBeTcTBYeT Aate 1 s
Bapst 1984 r. (MM=01, DD=01). Bsonum: 2nd Pgm 20 0101.1984 D
(momyymv guesno 1, T.e. 9TOT newb — Bockpecenbe). Pacnpenesienne pe-
THCTPOB mamsitH: 3aufatel ROI + R05, MM == R0l, DD =R02 wu
YYYY = R03.

Hporpamma ME-21. Hrpa ¢ undpamn Hi-L0 Game.

TNporpavma: ME-22. JlenoBrie pacyerhl, CBA3aHMbie C MJIaTeXaMH,

Nporpamma ML-23. Omepanuu ¢ mepeBofcM Mep H3MEpeHHs Bpes
MEeHH* I¥ YFJIOB:

Ilporpamma ML-24. Tleperon mep AuMHLL, = -



Tporpamma. ML-25. TlepeBox Mep u3MepeHHst TeMIEpaTyphl H Beca,

Mporpammnl  ML-21 -:- ML-25 peaiu3yiT 5JEMEHTAPHHE BHIYHCAG
rusi OOLIEro xapakTepa, BHIXOJSILUME 32 PAMKH TEeMaTHKH JAHHOH KHHIH.
IosToMy OHH MOAPOGHO He OLIMCHIBAIOTCS.

INNprnoxenne 2

BHUBJIHOTEKA BHEIHHX IIPOrPAMM-
AJIsi MUKPOKAJIBKYJIATOPOB TI-58C/59

.

KontposnpHele npyuMepel cM. B COOTBETCTBYIOIIHX INpOrpaMMax s
KaabKyasiTopa dDaekTponnka bB3-34 *).

Nporpamma TI1. Belumcsienre 3xavennii Myorowiena UeGhnuena
‘1-ro pona. Beox: n = RO1, x = RX.

INV cos X RCL 0l = cos R/S RST

fiporpamma T12. BuuncseHne 3navesnit MHorowiena YeGwlles3
2-ro pona. Beox: n = R0Ol, x = RX.

INV cos STO 00 X ( RCL ot 1
) = sin -~ RCL 00 sin == R/S RST

Tporpamma W3.. Boiuucsenye 3naueHmfl MHorouneHa JpMura. Beom:
I=(n—1)=RX, x=RX

STO 0t R/S STO 04 X 2 = STO 03
1 STO 02 STO 05 RCL 05 X  RCL 02
4/~ 4+ RCL 04 X RCL 03 STO 02 =
X 2 = STO 03 Op 25 Dsz 1 0
15 R/S RST

Nporpamma 114, Bimumcienwe 3navesmit mHorowsena Jlareppa.
Beon: i =(n—1)= RX, x = RX.

STO 01 R/S STO 07 +/— + 1 STO 08
STO 06 = STO 09 RCL 06 X RCL 08
+/— 4+ | RCL 06 X 2 + 1 —_
RCL 07 ) X  RCL 09 5TO 08 = ==
Op 2 RCL-06 = STO 09 Dsz 1 0
15 R/S RST

Tiporpamma I15. Bruucaenue .3HayeHHfi MuorouiseHa Jlexanzapa,
Beon: i = (n— 1)= RX, x = RX. N

STO 0f R/S STO 07 STO 09 1 STO 08
STO 06 RCL 06 -+/— X RCL 08 4+ (

*) Bpems Buunojennit Ha Mukpokaipkyiaaropax TI-58C/59 B B-u
7 pas 'meHbile, ueM A MHKpOXaUbKyJIsropos Dmextponnka B3-34.



RCL 06 X 2 4+ 1 ) % RCL 07
%X RCL 09 STO 08 = -+ Op 2 RCL
06 = STO 09 'Dsz 1 0 12 R/S RST

NMporpamma I16.~Briyncaenne mhepﬁoﬁnqecxnx ¢yHrUnl neficTBH«
TeNbHOrO mepemerHoro x = RX.
a) shx (sh1 = 1,1755201194):

INV Inx — 1/x = -+ 2 = R/S RST
6) chx (ch1==1543080635):
INV Inx + I/x = - 2 = R/S RST
B) thx (th1 = 0,761594156)
" INV Inx x2 4+ 1 = = 2 = l/x
+/— 4+ 1 = R[S RST

r) Has eoluwcaekus cth x nepen omepatopom R/S cremyer noctas
BuTH oneparop 1/x.

TiporpaMma T17. Brruucnerue o6paTHBIX mnepﬁom{qecmx yHKIH?
HeHCTBHTEJBHOrO NepeMeHHoro x == RX,

a) arshx (arsh 1 = 0,881373587):

4+ (% 4+ 1) 4/x = Inx R/S RST
* 6) archx (arch2 == 1,316957897) Bobiuncasiercs no mporpamme I17-
a) c 3amexoft 3uaka -} nmo axpecy 003 na spak —.
B) arthx (arth 0,5 = 0,5493061443):
1/x — 1 = -+ 2 = 1/x 4+ 1
= 4/x Inx R/S RST .
r) arcth x (arcth 2 = 0,5493061443):
- 1 = = 2 = 1x + 1 =
A Inx R/S RST

~ INporpamma T18. Briyucsenue runepGosHueckux (yHKUMHA KOMILEKCs
Horo mnepemennoro Z = a -} jb. Beon: a = RX, b == RX. BuiBoa pe-
syaprara [(Z) == c+ jd: ¢~ RX, d - RX.

a) shZ = sh(3 4 j-2) = —4,16890696 -+ j-9,154499147:

STO 02 R/S +/— STO 01l Pgm 06 B x2Zt

R/S x2t +/— R/S RST

6) chZ = ch(3 4 j-2) = —4,189625691 -+ j-9,109227894:

STO 02 R/S +4/— STO 01 Pgm 06 C R/S
<t R/S RST

B) thZ =th(3+j-2) = 1003238697— i-0,0037640256:

STO 02 R/S -/— STO .01 Pgm 06 D x;’_t

R/S x2Zt +/— R/S RST '



Mporpamma I19. Belyncienne o6paTHRIX rHNepGOSHUECKHX (QyHKIMT
KOMIIEKCHOrO nepemennoro Z = a+ jb. Bsox u BeBog cwm. B mpo-
rpamme I18.

a) arsh Z == arsh (3 + j-2) = 1,98338703 + j-0,5706527843:

STO 02 R/S +4/— STO 01 Pgm 06 B’ x2>¢
RIS x22t +4/— R/S RST

6) arch Z = arch(3 4 j-2)= ?—1,968637926 =+ j-0,6061378224:

STO ol R/S STO 02 Pgm 06 C° x22t R/S
xZt R/S RST

B) arth Z = arth(0,3 4 j-0,2) = 0,2957499202 -}- j-0,2154744937:

STO, 02 R/S +/— STO 01 Pgm 06 D' x22¢ -
R/S x2Z2t +/— R/S RST

Tiperpamva. 1110. Huarepnoasimust no ¢opmyse Jlarpamxa nns Tpex
fouex. Beon: y_i, Yo, Y1, h, %o B x B peructp X.

STO 00 R/S STO ot R/S STO 02 R/S STO
03 R/S STO 04 R/S — RCL 04 =
RCL 03 = STO 05 X ( RCL 05 —
1 ) X RCL 00 = 2 +  ( 1
— RCL 05 2 ) X RCL 01 4 ° RCL
+
0

~

05 X RCL' 05 1 ) X RCL
02 = 2 = GTO 14 ;

Tiporpamma 11, Hutepnoasnus no ¢opmyne Jlarpanxa s OSTH
Toyex. Bpon (mocne maxatus KaaBuill RST m RfS): y-2, y-4, Yo, Y41,
Y42, h, %o u x B peructp X.

CMs 7 STO 00 R/S STOI 0 Dsz O ¢ -
4 0 R/S — RCL ot = <+ RCL 02
= STO 08 ( RCL 08 x* — 1 )
S8TO 09 X RCL 08 X ( RCL 08  —
277 )y X  RCL 07 = 2 4 - |
"RELT08 — 1 ) X RCL 08 X (
RCL 08 x*2 — 4 ) STO 10 X  RCL
0w = 6 4+ RCL 09 X RCL 10 %
RCL 05° -+ 4 -_ RCL 08 4+ 1

) X RCL 08 X RCL 10 X RCL 04
=~ 6. 4+ RCL 09 X RCL 08 X (
RCL 08 + 2 ) X RCL 03 =+ 2
4 ‘= GIO 0o 12

Tporpamma IM12, qunc.nenue KOpHe#l  HeJIMHefnoro. ypaBHeHm
F (x)= 0 wmeronom no,uexam{oro npu6.nmxexmsx Beoa: panune  F(x),
= ROD, Axy = RO, ¢ =02, .



CP RCL Of SUM 00 SBR A <+ RCL 01

=_ x>t 0 0 1 -0 4/~ INV Prd Ol
RCL 02 x22¢t RCL 0l |[x] x>t 0 00 RCL
00 R/S Lbl A tee ees see  ees e-. ISBR

NMporpamma Ti13. Beruncienne KOpHe# HeJIHHEHHOro  yPABHEHHA
F(x) = 0 KOMOHHUPOBAHHHM METOLOM CERyLHX — XOpI. Beon: namnbie
F(x), xo = R00, x; = R01, e = R02, RO3 -3apsAT.

RCL 00 SBR A x2t RCL 01 SBR A STO

03 RCL 0. — RCL 08 X ( RCL Ol
— RCL OO ) =+ ( RCL 03 — x2¢
) = x2! RCL 01l STO 00 x2Z¢ STO 0l
— RLC 00 = |xl x2t RCL 02 INV x>¢
o o RCL Ol RS Lbl A ... .. ISBR

NMporpamma Ii14. Yucsennoe Au¢pepeHnupoBanie TaGJIMYHO 323+
ZaHuoli QymEuim B Tpex Toukax. BBoL: f-i, fo, f+1, B, %o B X B pes
ructp X.

STO 00 R/S STO of R/S STG 02 R/S STO

03 R/S STO 04 RIS — RCL 04 = -
RCL 03 = STO 05 ( RCL 05 — .

5 ) X RCL 00 — 2. ¥ RCL 05

X RCL 01 -+ ( RCL 05 4+ - 5

) pes RCL 02 = 4+ RCL 03 == GTO_
0 14

Nporpamma TH5. Uncrenunoe AxddepeHIBpOBaHLE Tabauyuo 33+
Aanuol $yHKUMH B I5TH TouKax, BBox: T2, f-1, fo, F+ts [ B, Xo B X
B pertctp X. Ilepen BBOjOM HamaTh K/IaBHIIH RST u R/S (BbicBeuus
BaeTcs YHEJO- 7).

Dsz 0 0 03

7 STO 00 R/S STOI 0

0 RS — RCL O = = RCL 02 =
STO 08 2 X 3 — STO 10 RCL 08
22 X RCL 08 X 2 = STO 09 (
RCL 09 — RCL 10 — RCL 08 + 1
) X RCL o7 -+ 1 2 — ( 2
% RCL 09 — RCL 10 — 8 X RCL
8 + 4 ) %X RCL 06 -+ 6 -+
( RCL 09 — 5 X RCL 08 ) X
RCL 06~ = 2 — 2 X RCL 09
4+ RCL 10 — . 8. X RCL'08 — 4
) X RCL 04 =+ 6 .+ ( RCL 09
4+ RCL 10 — RCL 08 — 1 ) X
RCL 03 =+ 1 2 = -+ RCL 02 =



Ilporpamma [116. DBriyncjeHnne wacTHbIX NPOHM3BOAHBIX H  OTHOCH-
freNbHBIX KOS(RIHEHTOB HecTabHIBHOCTH MO TPEM OpAHHATAM (DYHKIHE
f(x:). Beon: pammwie f(x), Axi/x; = RO1, xommi x; (3 Buse HOMepon
PeTHCTPOB, OTBENeHHLIX TOJ ~fepeMenHble x;). DEBOL pesyabTaTos:
Si— RX, 0f[0x;— R04, [(xi0) = RO5, peructpui R00O -+ R05 sausrthlL

STO 00 RCLI 00 STO 02 X RCL ot +

STO 03 RCL 02 =  STOF 00 SBR A STO
04 RCL 02 — RCL 03 = STOL 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

Tiporpamyma I117. Bemmcnenne gwacTHBIX NPOM3BOAHBIX H OTHOCH-
ﬂ‘eJIbeIX k03¢ ¢uIHeATOB HeCTAOMIIBHOCTH 1O NATH opJuHATaM QYHKIUH
f(x) Beon 1 BbBOX pe3syJbTarToB CM. B ommcaHum nporpammbl 1116,

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 ple 8. =
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 cae ISBR

Tiporpamma T118. YneseHnoe wuuterpupoBamue wmetonoM [aycea
(n = 3). Beox: npannee f(x), b, @ u m'B pernctp X. 3aHATH PErHCTPHE
ROO0 = RO7. Tlopnporpamma BhMHCACHHS [(X) JOMKHA HAYMHATBCA €O
3HaKa paBeHCTBA == H 3axagumBathbest oneparopamu X INVSBR (cm,
Korel, mporpammel). Tekyllee 3HayeHHe X nOJy4aeTCss TNOCJE HCMOJHE-
HHf TIEPBOrO ONEpaTopa == MOLNPOrpamMmbl,

CMs — R/S- STO o1 = - R/S STO 00

= SUM 07 . 6 A/ STO 03 Lhl B
RCL ot + RCL 07 — STO 02 RCL 01
== - 2 4+ STO 04 RCL 01 — STO
05 ( RCL 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 ol
Dsz 0 . B RCL 06 X RCL 04 = 9

= R/S Lbl A = ves  see  eee X . ISBR



Mporpamma “M19. Petienne AuddepeninaJpHoro ypaBHEHHsS Hep-
soro, mopsinka MetonoM Pymre — Kyrra. Beox: pammeie f(x,y) npu
x—-RO00, y samociM B Mayajo NOANporpaMmbl (mOcae sumaka ==),
x¢ = R00, h/2 = R0O3 u yo = RX. 3ausate perncips ROO < R0O4.

STO 01 STO 02 SBR SBR STO 04 RCL 03
SUM 00 RCL 04 SBR E SUM 04 SBR E
SUM 04 x2Zt RCL 03 SUM 00 x2t X 2

SBR E RCL 04 X RCL 03 == 3 -+
RCL 01 = R/S RST Lbl E X RCL 03
+ RCIL. 02 SBR SBR SUM 04 ISBR Lbhl SBR
= see  eee set  ses  see N ves = ISBR

) NMporpamMma H20. TapMoHuueckn#i aBajHs MeTONOM ISITH OpAMHAT
{§ 5.11). Beox: y1 =+ ys == ROl + R05. Beisox pesyabraros: yo—> R10,
Yur —> R11, yuz = RI12, yus = R13, yus = R14, kr = RX.,

RCL 056 4+ RCL oI + 2 X

( RCL

04 4+ RCL 02 ) = + 6 =  STO
10 RCL 06 — RCL 01 4 RCL 04 —
RCL 02 = = 3 = STO 11 RCL 03
4+ RCL 01 - 2 ¥ 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 183 x2 4 RCL 12 %2 =  4fx

<~ RCL Il = R/S

Tiporpamma 121, Pacwer @(fy w S(f) om. § 5.1L Bsom
4 2nd Op 17 N u 3ateM yi, ¥, ..., Y~ (IPH BBOJE OTCYETOB Z; HHAHU®
LHpyeTcs: WX TeKymufi HoMep), Af u [ (N << 32 menyneBoix ). s

CMs - 1 STO 0 == STO 33 x2Zt RCL
0 R/S STOl 00 Op 20 RCL 0 INV x=t¢
0 11 0 R/S STO 39 R/S STO 38 X
RCL. 39 = X 7 = STO 37" Rad sin
< RCL 37 = STO 36 0 STO 35 STO
3 1 ,STO 00 RCGL 00 ¥ 2 = X
RCL 37 = STO 38 sin ¥ RCLI 00 =
SUM 35 RCL, 38 cos; X RCLI 00 == SUM
31 Op 20 RCL 00 INV x=¢ 0 54 . RCL
3., Prd 35 Prd 34 Deg RCL 34 x2f RCL
35 INV. P>R +4/— INV Eng R/S =x2¢t X RCL

39 = STO- 37. RCL 33, x2¢t RCL 37 Eng
GTO 0 . 26 e . + ° -



Mporpamma M122. Pacuer ammiutynuo- u ¢aso-uactoTaofi xapakre-

pucTHK no mepexonnoii. Beoa: 4 2nd Op 17 u nanee N, ai, a,,

, ty, Af u [ (N <C32)

CMs +

0 R/S
RCL 39

0 11
RCL 39

= RCL
34 1

l =
RCLI 00
00 =

0 64
34 x2t
31 RCL

Mporpamma [123.

1
STO
STO
0

37
STO
X
SUM
RCL
RCL
32

TuA gnaeuln RST)

kJaaBuuH  A):
N - R00, M,—RI12,

STO 0

39 —

38 Op

R/S STO

X 11

= STO

00 RCL

RCL 37

SUM 35

34 Op

36 Prd

35 INV
<>t RCL

P—>R

31

aggusgu%ggn
= [y

STO 32

38

RCL 0

R/S

STO

STO 37

0
X

STO
2

STO 33

33

€os

RCL 00

Prd
+/— R/S

34

GTO 0

xZt
STOI
INV
38
Rad
35

sin
X
INV
Deg
x 2t
36

RCL
00
x=t
X
sin
STO
X
RCLI
x =t
RCL
STO

CratucrHueckan obGpaborka. Beox (mocsie maxka-
x; == RX. BriBom pe3ysnbraTtoB (focie HaxKaTHS
X, D, Dg, A, E, Us u U (mi-:—m4—>ROl

Ms— R13,

E - R17, Us—~ R18, Us— R19).

CMs Lbl
X2 SUM
20 RCL
- RCL
RCL 00
= STO
04 RCL
R/S X

) =
RCL 01
y* 3

3 =
—_ 4

X RCL
RCL ol

x? —_
RCL 00

1 )
4/x  STO
( RCL
—_ 3

x2 -+
RCL 00

B
08
09

STO
R/S
STO
RCL
00
15
RCL
STO

09
RCL

GTO

STO
02
08
RCL
R/S
02
13

01
X

STO

RCL

‘-’8"‘[\7[\7

M, — R14,

SUM 05
09 ==

B Lbl
01 R/S
RCL 07

= RCL
01 x2

( RCL
RCL 03
+ 2

=+ RCL
STO 16
X RCL
RCL 02
STO 14
17 R/S
-+ (

00 +

4 X

) X
RCL 00
+ 3

- WF

-+ R04,
Do —R15, A—>RI6.
x? SUM 06
SUM 07 Op
A RCL 05
RCL 06 -
= ‘RCL  00.
00 == STO
= STO 12
00 —_ 1
— 3 X
X RCL o1
12 y* (
R/S RCL 04
03 + 6
— 3 X
= RCL 12
6 X (
RCL 00 -
3 ) =
RCL 00 X
( RCL 00
— 1 )
) = |
STO 19 R/S



Tlpumeuwauwue. Ilocse BEYHCIEHMS CTATHCTHYECKHX XapaKTepHs
CTHK .MacCHB2 HAPTHH YHCEN ¥; M@IKHO BEPHYTbCA K BBOLY BOBO{l map-<
THH, HabpaB ee TepBoe YHCJO M Ha)KaB Kjasuury.B.

fporpamma [124. Tenepauus cayuyaiiHBIX 4uMCeN € HOBHILEHHOR
CKOPOCTHIO (B 3—4, pasa Bhlle, ueM no nporpamme ML-15).

1. Jlas uucen ¢ paBHOMEPHEIM pacmpefieseHueM B Bureppage [0, 1],
Bson: Vo= RX < 1.

X 1 1 4+ :t = INV Int’ R/S RST

Has Vo = 0,123456789, uaxumas kaasumy R/S, Gynem noayuarb
Vi =0,4996173326, V.= 0,6373833121, Vs = 0,1528090865, V.=
= 0,8224926048, Vs == 0,189011306 u 7. m. (BpeMs reHepallMH OLHOTO
yHcsa mekee 1 c).

2. Jlasi uncell ¢ pABHOMepHHIM pacnpejeielneM B uuTtepsale [a, bl
Beoa: Vo= R0l << 1, a = R02 u b == R03.

RCL 00l X 3 7 = INV Iat STO Ol -
X -( RCL 03 — RCL 02 ) + RCL
02 = R/S RST

HAng Vo=0,123456789, ¢ = 1 u. b = 2 moayuum X,=1,567901193,
Xa==1,012344141, X5 == 1456733217, X, = 1,899129029 u .-x. (Bpe-~
Ms BEIAYH ojHOro uucia 1,5 c).

AS. Jas uucen ¢ HOpManbHBIM - pacnpefesienneM. Beom: Vo =
= R0l << 1, 0= R02 n R ='R03. Ilepen mycKOM HAKATH -KJIABHIY
ond u Rad. -

RCL 01 X 3 7 = INV Imt x2¢ RCL
=01 X 2 X = sin X ( x>t
STO Ol 1/x Inx X 2 ) Vr X RCL _
02 4+ RCL 03 = R/S RST

Iag Vo'= 0,1234567, ¢ = 0,1 u ‘R = | nonayumM, mHaXumas Kias
Bumy R/S, Ry == 1074487657, R. = 0,8771869012, Rs= 1,00966529,
Ru = 1,023339944, .Rs == 0,7849199467 u t. #. (speMsi BHLaul ORHOIO
wHeaa 2 c).

Iporpamma 25 *). .Boiuncnenne xoadduupentor by u by npubaus
XKeuusl runepOonndeckoil GyErumell y = b+ bi/x. Beon (mocse maxkas
i Kaasuil RST m R/S): X1, yi1, X, Y2, ..., %n, Yv B perscrp X
(mocie BBOAA KAXKIOM flapsl X, #: BHCBeuMBaercs mnoMep i). Buison
pesyJbTaroB: mocje HaXaTus KIaBHIUH A monyuuM Kosdbuument bo,
nocJie HaxkaTus KJIaBHIIK X == [-— xo2(pupument by, Jas BHuncaenus
y(x) nabupaem x = RX, HaxuMaeM Kiasuumy B . .

*) B mporpammax T125 - [129 npubnmxenue HeanHeHHOR (QyRKIHel
OCYMIECTBAACTCS ¢ FOMOIIBIO JHHNeapH3upyIOLIuX npeoGpasosannii | 17§
U JIHHeHHOR perpecchH, BuimoJusieMoil omepatopom Op 12 u uporpaM-.
Mol ML-1,



Pgm 01  SBR CLR Lbl R/S R/S 1/x x2Z¢ CLR
R/S Y-+ GIO R/S Lbl A Op 12 R/S Lbl
B 1x Op 14 R/S

Mporpamma T126. Boiuncnenue koadduunentos by u by npubmmxes
b

-

Hus cTencHHOH dydkuueli y==box"'. BBon H BEHEBOZL pe3yibTaToB cM.
B nporpavme T125. ) _
Pgm 0l SBR CLR Lbl R/S R/S log xZt CLR
R/S leg ).+ GIO R/S Lbl A = Op 12 INV
log x22t x2Zt R/S Lbl B log Op 14 INV
~log  R/S ‘
’ Mporpavma MN27. Briuncaenve xoadduunentoB bo u by npuGimuke-
Hus noxasatenbHoll ¢yuruuek y = bgbj. Brox m BLIBOJL DE3y/IbTATOB
cM. B gporpamume 125.
Pgm 01 SBR- CLR Lbl R/S R/S x22t CLR R/S
log Y+ GIO R/S "Lbl A Op 12 INV  log
xZ¢ INV log x2t R/S Lbl B Op 14 INV
. log R/S

. MNporpavma [128. Bruncnenne xosdunuentoB by u by mpuGaukes
HHA SKCHOHeHUMansHOM (yHKuuedl y = byexp(bix). Bson u BHBOL pe-
3yJLTaToB CM. B fiporpamme [125,

"~ Pgm 0l  SBR CLR Lbl R/S R/S x2f CLR R/S
lnx Y+ GIO R/S Lbl A Op 12 INV nx

x2t x2¢t RS Lbl B Op 14 INV Inx R/S

TNporpamma M29. Briunciienve kosdduumentoB by u by npuGnmxes
gua Jnorapudmuueckoil ¢ynknmed y = b, 4 bilogx. Beon u BuBOA
pesynbTaros cM. B mporpamme 1126, -~

Pgm Ol SBR 'CLR 'Lbl R/S R/S log x2f CLR
R/S Y 4+ GIO R/S Lbl A Op 127 R/S Lbl
B log- Op 14 R/S

Nporpamma TN30. Bruncnenue Rosbounuentos a u b mpuGnmke-
Hus [OKasaTeNbHOll (yugiuedt y = 10(5+%), Bpox (nockie Haatus
xaasumu RST): x1, g1, X2, Ysy ---, ¥n, yn B peructp X. Jlaa momyues
HIS 6 HaXartb kJapulty A, 005 nodydenus b -— Haxate knasmmy R/S,
CMs Lbl E STO 09 SUM 08 X R/S STO

02 log SYM 08 = SUM 03 RCL 09 x2
SUM 9 Op 2 RCL 02 R/S GTO E  Lbl
A RCL 00 % RCL 05 — RCL 08 x?
= STO 07 RCL 06 X RCL 05 — RCL

03 X RCL .08 = STO 10 RCL- 03 ..



RCL 00 — RCL 06 X RCL 08 = STO
11 RCL 10 = RCL 07 = R/S RCL 11
= RCL 07 = R/S . .
Tporpamma T31. Bemmciesne koaddunuentoB bo, by m ba mpms
Gamkenus napaGoauueckofi ¢ymxumel gy = bo 4 bix -+ bex2.  Bpom
RST 2nd CMs u panee xiy, Y1, ¥z, Y2, ..., Xy, Yn B peructp X. BuiBog
pesyabratoB: HaxaB kjaBumH 2nd E’, nonysem bo, Haxkap KJaaBHLIY
R/S nBaxne, nodyaum cuayaia bi, satem bs.
STO. 24 SUM (9 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 FE’ 3
Pgm 02 A 1 Pgm 02 2] 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 Lbt D Pgm 02 R/S ISBR

Tiporpamma T132. Bruucienue K03(h$UIUEHTOR Olg, Ol1, «.., Oy HH4
TeplIoJHpYyioIlero MBoroujeHa Heloroma u KoaduluueHTOE mojuuoMa
Y(x)= a0+ aix + asx? ...+ a.x" npu paBHOMEPUOM pAacHOJOKeHHH
y3n0E yi(x) c warom h. Beon (mocne mamarsa Eaasumn RST):
Yo=R0, y1=R1, ..., yn=Rn (n<<16). 1 n = RX. Haxap Knas
pulty R/S, noayuaem 0— RX, oo~ RO, o1 > R1, ..., o.—> Rn. Bgos
auv h==RX u, maxuvas n-41 pas xaasumy R/S, noayyaem
o, 41, ..., 4y (OBHM 3aHocATCA B perdctph RO =~ Rn). Jlag BoiuucheHust
Y(Z), rne Z = x— xo. uaxumaeM kaaeumy A (nmoayuaem 0— RX),
EBOnuM Z u, Haxae kaasmwy R/S, nodywaem y(Z)— RX.

STO 16 0 STO' 19  RCLI 19 STO 17 RCL
19 4+ 1 = STO 18 1 SUM 19 RCL
i7 — RCLI 19 STO 17 = 4/— + RCL
18 = STOI 19 RCL 19 x22¢ RCL 16 INV
x=1 0 6 RCL 18 STO 19 x22f RCL 16
INV x=t 0 06 RCL_16 ~— 1 = STO
18 + 8TO- 17 RCL 17 4+ I = STO 19
RCLI 17 — RCLI 19 X RCL 18 = STOI
7. 1 SUM 17 RCL 17 x22t RCL 16 INV
x=t 0 63 0 x2t RCL 18 — 1 =
INV x=t 0 B9 STO 19 R/S STO 17 RCLI
9 .+ RCL 18 =  STOI 19 R/S RCL 17
Prd - 18 1 SUM 19 GIO 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 . 4  RCL 18 =, GIO 1 3



Mporpamma [133: Péilenne CHCTEMB M3 JBYX nuddepeHiItanbRBIX

. ypasuennit meronom Pynre — Kyrra. Bsom: xo = R00, yo, = R0l =

= R02, Zo = R03 = R04, h/2 = RO7, pannste y'(x, gy, 2) u 2’'(x,7,2)
npu x - R00, iy — R02 u 2 - R04. »

SBR SBR STO 06 4+  RCL 03 = STO 04
x2t STO 06+ RCL ol = STO 02 RCL
07 SUM 00 SBR SBR SUM 06 SUM 06
RCL 03 = STO 04. x>t SUM 05 SUM 05
+ RCL 01 = STO 02 SBR SBR SUM 06
SUM 06 X 2 4+ RCL 03 = STO 04
‘x>t SUM 05 SUM 06 . X 2 + RCL o1

= STO 02 RCL 07 SUM 00 RCL 00 R/S
SBR SBR 4 RCL 06 = : 3 4+ RCL

03 = STO 03 STO 04 R/S x2¢t + RCL
06 = = 3 + RCL ot = STO ot

STO 02 R/S RST Lbl SBR ... ... X RCL
07 = x2Zt .. .. X RCL 07 = ISBR

Jas npumepa x nporpamme 5.69 npﬁ x0 = 0,2, yo = 0,0995008326
¥ 2o == 0,49235 nonyyum npu b = 0,

x 2 y
0,3 0,4831085134 0,1483051274
0,4 0,4702289079 0,1960019786
05 0,4538403861 0,2422342378
0,6 0,4340847683 0,2866579678
0,7 0,4111281313  0,3289445709
0,83 03851618702  0,3687833162
0,9 0,3564017201 0,4058838367
1,9 0,3250861121 0,4399784873

1
MNMporpamma [134. Pewenne cucteMbl u3 TpeXx nugdepeHnUaNbHEIX
ypasienuit meromom Pyure — Kyrra. Bpom: x = R00, yo = ROl =
= R02, 2, = R03 = R04, wo=RO05= R06, h/2=RIll, nauupe
y'(x, 4y, 2, w), 2°(x, y, 2, w) u w(x Yy 2 w) apua x> R0, gy — R02,
2— R04 u w— R06. BuiBon pesysbraToB: X, w, 2 H Y B perucrp X.

SBR SBR™ STO 09 + RCL 05 = STO 06
x&t STO 08 + RCL 03 = STO 04 RCL
10 STO 07 4+ RCL o0 =  STO 02 RCL
11 SUM 00 SBR SBR SUM 09 SUM 09 +
RCL 06 = STO 06 x22¢{ SUM 08 SUM 08
4+ RCL 03 = STO 04 RCL 10 SUM 07
SUM 07 4+ RCL 0t = STO 02 SBR SBR
SUM 09 SUM 09 X - 2 4+ RCL 05 =

STO 06 x2Zt SUM 08 SUM 08 X 2: +



RCL 03 = STO 04 RCL 10 SUM 07 SUM
07 X 2 + RCI. 01 = STO 02 RCL
11 SUM 00 RCL 00 R/S SBR SBR + RCL
09 = = 3 + . RCL 06 == STO ~05
STO 06 ‘RIS x2t 4+ RCL 08 = - 3
+ RCL 03 = STO 03 STO 04 R/S RCL
10 . + RCL 07 = - 3 + RCL 01
= STO 01 STO 02 R/S RST Lbl SBR ...
cen cee . . X RCL 11 = STO 10 .
. .- ves . . X RCL 11 = x2Zt
eee . aes eee X RCL 11 = ISBR’
Jas cucreMbl l
%—z, —g—z————ﬁz—-lly 6w; -‘;—lﬁ-—_—

npu xo =0, 20 =—11, yo=3, Wo =0 u h= 0,1 nonygum:

x 2 Yy w w (TouHOoe) -

0,1 —8,13280 2,05030 0;25010 90,2613

0,2 —b,98340 1,34071 6,41830 4,44833

0,6 —2,26691 0,19219 0,62202 0,62206

1,0 —0,26380 ~—0,31568 0,55062 0,55064

2,0 0,17608 —0,22660 0,24987 0,24988

3,0 0,08855 —0,09425 0,09697  0,09697

4,0 0,035623 —0,03523 .0,03629 0,03629

50 0,01329 —0,01338 0,01343  .0,01343

Touynoe peuienne w(x) = 2% —e~2¥ — ¢—3%,

Bpems cuera mo mporpammam I133 u 134 cocraBasier okono 20 u
25 ¢ ma kawkpeii war. Ilporpavmer I132—34 HAMIAAHO HIAMOCTPHPYIOD
BO3MOXHOCTH HPOTPAMMHPYEMBEIX MHMKPOKaJbKYJATOPOB C NOBLULEHHONR
€MKOCTBIO 3aIOMMHAIOLIMX YCTPOHCTE.

IIpunoxenue 3

NAKET HPOrPAMM C OCOBBIMH NPHEMAMHU

NPOrPAMMUPOBAHM S IAJISI MUKPOKAJILKYIITOPOB

AJEKTPOHHMKA B3-34

Hporpamma [13.1. Briuncnenue arropuana n! OpH n = PX, BKMO-
yasg cayqait n =0 (cM. Eporpammy 3.16).

HIT0 X FLO 03 C/iI

BIT 10 1

Dporpamma [13.2. Bruncienne® SHaueRHH MHOrOujeHa cCTeneHH
n << 12 no-cxeme Tophepa, Bron: ao =='PI, a1 50, = Pl = Pn u sias



Jiee i Kaxaoro x n ="P0 u x = PX {cM. nporpammy 4.10),

A 4 Cx KHMIY 4 X FLO 03 MIJ 4
C/TT BII 00- .

TNporpamma Y13.3, PeueHue cucreMbl M3 n < 13 HequBEHHHIX ypap-
nenull X; = Fi(X;) monmuduuupoBaunbiM Meromom 3efizens [29]. Tlon-
nporpaymMa [odxHa 3aHocHTh X —> PI, % —=PC, ..., xi3—P1l. Beop:
HayaJbuoe suauenue x; B/0 C/I1, mayaneuoe smaveuwe x C/II u 1. 1.,
sareM yucao mrepaumit m = PX BII 09 C/I1 (mosyuaem xi) G/ (mo-
leqaeM X2) M T. A

o4 1 3 To XY ¢/ Ko BIT 06 TI0
om 21 FLO (0o I 4 [0 KHWIO C/IT B
2 7/

Jna cucreMbnl x; = A/[x; (xa+ 5) — 11/2; x= 1/x, +3Inx; non-
nporpaMMa HMeeT BHI

UMC 5 4+ MO X 1 — 2 = Fq4f”
og 4 Fln 3 X 4+ F4 1@c

Tlpu BauanbHBX ¥1 =4, xz = 2,5 B m = 6 noayunm X = 3,7607299
(TOYHOE 3HayeHHe 37568) H % = 2,7811093 (rounoe suauenue 2,7798)
npu le = 70 c.

TNporpamma M3.4. ITouck skctpeMyma ¢ynxumm F(x) oanoii nepe-
MEHHOH X METOLOM ee KBaipaTHYHOH anidpoKCHMaiHu B HHTepBase
x:= h. Beon: maBmme F(x) Oopu X 3aHocHMoM B HayalJo TOANPOrpaM-
Mbl, b = PB, €2 = PC, HavanbHoe snauenne x = x1 = PX. Pesyubrar:

xm~> PX, F(xm)~—>Pl. 3awsrw perucrpn 0, 1, A, B u C. Ilporpamma
BHUHCASET X; = Xy AJA anopokcHmupyloilei F(x) mapabonnt no Tex
[op, MOKa (Xi41— X;)% HE CTaHET MeHblle &%

A WIIA WIB — III 58 110 WMOA IUI 58
M WIOA WIB 4 I 58 4  HIA 2 X

WIIB — X  HWIA 2 X WIB +  HI0 X
+ WM 4 X ,UNA X — XY W0 +
Wr 2 X = 2 . WA XY TIA
— Fx* WIC — Fx<0 01 HIOA C/MT ... BJO

Jasi F(x) = 10x — 2x% 42 0,1x® mpu x4 = 3;-h =10;1; e = 1-10-8
poayumM xm = 3,33375 u F(xm) = 14,814815 npu te =~ 90 c.

Mporpamma H3.5. ‘MunyuMu3auMA rnazkux - pyuxouit F(x) con <9
IepeMeHHLIMH METOLOM KOOPAHHATHONG. CRYCKa, Beon: -naniinie F(x;)



npu x;— Pi, 1-10° = PO, (¢/9)? =PA, 1=PB, Ax=PC=P[,
x:(0) = Pi. Pesynbrar: F(X;i yan) = PX = PO, X; wun —- Pi.

KdNB Wna 4+ . KB ... .., HII0 XY TI0 XY
- Fx>=0 00 WIIIX /—/ 3 = I Fx* HIIC
3 = Fx? -— Fx<0 00 MWIIC 0O n HIIB
1 + nB — Fx<0°00 1 IIB HITA HIIC
9 = IC 114 Fx? — Fx>=0 00 HII0O C/II

Hna F(x) = exp(x1+ x2 + x3)/(x1x§xg) apu &= 1.10~% Ax =
=x;(0) =06 v n=3 nonyuum F(x;muu) == 3,7354517; Xy =
=, 1,0001271; xgmux = 2,0001018; x5 yux = 3,0002796 (fc &~ 21 wmuH),

Hporpamma I3.6. Munumu3anus BuLIyKIbx (yHxuuit n << 10 nepes
MEHHBIX MeroJlOM CIHpaJbHOro criycka. Boj: gauusie F(x:i) mpu xi—Pi,
1.10% = PO, (¢/5)2 = PR, 1.== PC, Ax = PJI u x:(0) = Pi. Pesym;*
Tat: F(%; yun) = PX = PO, x; wuu = Pi.

KHUTIC Mg -+ KIIC ... cee ees

Uro Xy no Xxy — Fx>=0 00 =n HIiC
1 + [c - Fx<0 00 1 IC WIIB ML
I—/ 5 =+~ T Fax? — Fx>=0 00 MII0 C/II

Jnsa opumepa x mporpamme I13.6 momyumm F(X; wua) = 3,7354523;
X1 umn = 0,999872; x5 wuw = 2,000672; X3 wuuw = 3,001184 ({c =&~ 15 mun).

Mporpamma 3.7. Uucnentoe uHTerpuposanue meronoM CHMICOEA
¢ sananHOM norpemwHocteic & Brox: maunnte f(x), (15€)2 == PJ u zna-
qee b T1B a ITA — 117 Bjo C/IL.

HUIB III1 58 119 MITA N 58 v 4+ 19

Iz 2 -+ n7 HuITA s o c Mg
mr 58 2 X Hric  + nc wunr7 2 X
urs 4 118 HIIB — Fx>=0 19 HIIC 4 HI19
+ n 4+ 3 =+ wrz X U6 XY TI6
- Fx? WO — Fx<0 10 MIle C/IT ... B/

Ifpu & = 1-10-5 Bropoit murerpan TtaGn 5.4 BbluMcasercs 3a o =7
~ 1,5 mun, yto naer I = 1,3987138.

INporpamma I3.8. Pewenne crctembl H3 nBYX HudQepeHIHaNbHBIX
ypasHenuit y = f(x, y, 2). u & = g(x, y, 2) meromom Pynre — Kyrra
[29]. Tlommporpamma pomxma Bwupcaare 2 —P3 u y - PX npu
x—P6, y>PA u z—-PB (cBoGomuet peructpul 0, 1, 2; nss samucu
NPOMEXYTOYHEIX Pe3yJIbTaTOB MOXKHO HCIOAb30BaThb peructphl 3, 4, 5).
PBeop: xo = P8, h/2 == P7, 3yo=DPC=PX u (mocne Haxarua Kias
svuit B/0 u C/IT) 320 = PJI = PX. BuBoa pesysibTara NO Mepe Haxa-
tua kAapumn C/I1: y, 2y, Yo, 22 ... B peructp X.



B0 3 .+ I8 TNA /1 wng 3 = 19
NB C/I NI 98 III 24 TIIIT 46 [T 28
WIIB WMNA I 39 WI6 M7 + 16 NI 55
Wnz X 05 W3 M7 X T4 U9 U8 WIS
4 IA XY MIl4 + TIB  UMNA W4 + I3
.WIIC WIS + TC B0 ... v weo ... BJO

Has cucrembl y' = xy-+2 v 2’ = x4+ yz OpH Xo = Yo =20 = |,
£=0,1 6yneM noayyath yi M 2 1; 1; 1,2975429; 1,2284363; 1,6224128;
1,6320161 u 1. &. (fc = 70 ¢ na omHy Hapy yi, 2i).

Mporpamma M3.9. Pewenne audQepeHUHasbHOr0 ypaBHEHHS 2-r0
nopsarka Yy = f(x, ¥, y’) meronoM Pymre — Kyrra [29]. I‘Io.z'mporpam-
Ma mo/pkHa 3adocutb ¥ = PX npu x - P6, y >PA u y’'— PB (ceo-
6om{m perscrpsl 0 <~ 3, MPOMEXYTOUHbBlE pe3y/nbTaThl MOXKHO 3aHOCHTb.
B peructpel 4 # B). BBom: h/2 = P7, xo = P6, 3y, = PC, 3y0-—-
= PJl = PX BhuBoAN pesysibTaTOB: Y1, Y2, Y3 M T. A. B peructp X,

BO 3 = II9 0B WUIC 3 +~ T8 TIA
cm T 97 TIO 923 Il 4 OO 927 WIB
“WIMA THT 38  MI6 MIW 4+ I6 M 54 K7
"X  Il4 MIB W7 X 115 MI9 W8 M5 +
A XY HWIl4 4 TIB MIIC MI5 4+ IIC ML
ura  + nn B/O cie eee eee eee ee. B

) apu kf2 =0,05; x0=y0=y{,=l

6y11eM .no.nyqa'rb y, l; l ,1077563; 1,2321001; 1,3747663 w 1. &
{tc = 70 ¢ Ba war). : :

Mporpamma [13.10. Pemenne nuddepeniinalbioro ypaBHeHHs 3-10 0-
panka yv’ = f(x, y, ¥, ¥’’') meronom Pyure — Kyrra 2-ro nopsaka
129]. HNonaoporpamMMa Jomkua sasocuts Yy’ — PX nmpu x— P7, y—>P5
y ~P3 u y’’ — Pl (cBoGommel peructpnl A~ JI, njsi OpoMeIXyTOUHBIX
pesy.ana'mB MOXHO HCHOJIBSOBaTI: peructp 9). Beon: h = P8, x¢ = P7,
Yo = P6, yO—P4 yo = P2. Pesyabtat: y1, Yz, Ys, ... ¥ T. . B pe~
rucrpe X.

B/0. WIl2 M1 WI4 I3 Ulle 5 C/IT I 14
Uriz M8 + N7 7 TO I 37 119 W3

. JUI 26 .- WIIL TIIT 26 WMI9 UI8 X 2 =

g KWFO 4+  KII4 4+ KIO B/O ... ... B0

Jas ypapnenus y''* = xy(2y"" — 3/2)/(y')? npu xo = 2; yo = 3,0625;
y:) =35 u ,_y:)'.——-«>3,75 Synem nonyuars: .y 3,4313; 3,8405; 4,2936;
4,7938.-;1 1.-4. ApH fc /=~ 45 c na 1 uar (h = 0,1).

+ ;Fiporpamma 113.11. Pewenue mupdepenunaibnoro ypasyeHns 4-ro 0o«
pagka yV = f(x, ¥, ¥, . ¢"",y"’’) meionpom Pymnre — Kyrra 2-ro o«



panka [29]. TlonnporpamMa noJpKH2 SaHOCHTR YIV->PX npu x— P9,
y—P7, y' > PS5, y"—=>P3 u y”” Pl (ceoGomun peructpu Il u C,
NpPOMEKYTOUHEIE pe3yJibTaThl MOXHO 3aHocHTh B perHctp B). Beops

h=PA, x = DP9, yo = P§, y[', =P, ysl =P4, y('," =P2 Peaynn«

TAT: Y1, Y2, Y3 ... 0 T. A. B peructp X. -

B/0 HIT2 Il WIi4 113 Hll6 II6 HI18 H'T. C/T1
I 16 umn9 HuIiA -+ 119 9 no nm 42
1B WIT6 TIIIT 3t UIis nIrr 31 v nom - 31
HUIIB HITIA X 2 = 3 KHUIT0 + KIT4 +

KHO B/O coe T esym T s ese YY) see B/O

Sy Y
v’y Wy
¥,==9, -’/r’)"—‘ 9, y[;' =75 Hu y;" == 4,5 6yseM noayuatb y:: 9,937; 10,955;
12,056; 13,246 u 1. o npu fc =~ 55 ¢ Ha 1 war.

HfporpamMa [13.12. Broiyucienne 5 cMeXHBIX TapMOHHK IO CXeMme
NapaJlesIbHOTO CHEKTPaJbHOrO aHaiausa. Beof: (mocse HaskaTHsl KJIABHIL
B0 u CIT u wuopmkanuu uadpbsl 0) Homep HauyaJbHOH FAPMOHHMKH
ny = PC, 2n/N = PJ] (um 360/N, ecnn nepexymodatenb P—T B mo«
Joxerun I'), HOMEp MayaJpHOTO HEHYJIEBOro orcyera iy = PY, Y;,=PX

Hast ypasuenus ylv=%[ ] o h=01; xo==3,

C/ g; _H—PX C/TI u 7. n. BuBon Ppesyieratos -(mOcie BBOJ.'La 0«

caepsero orcuera): Ao — PO, aN/2 — Pi, biN[2 P2, .,., a:,NI2 - P9
u bsN/2 — PA.

1 0 0. Cx KI4 FLO 03 mo ¢/ IiB
uro + m OO 69 “HUIl + ol F, W2
+ M2 IO 69 U3 + n3 F, W4 +

M4 NI 69 W5 4+ 05 F, M6 -+ 6

I 69 unzy 4+ 07 F, Mris 4+ I8 I
69 HUIn9 4+ 19 F, UINA + A F, MIC
5 —_ c F, 1 + 4 BIl 08 F,

A U X UINC X HIC 1 4+ TIC F,

Feos FBx Fsin MOB X XY WIIB X B/

HOasgs N =32 u yio+ 17 =1 (ocramvuple y: = 0) BBema My = 1,
21t/32 = PJI u ix = 10 monyuum: Ao = 8 (cymma Beex yi), aaN/2 =
= —6,3622798; DiN/2 = 3,4007106; a:N/2 = 2,8477578; b2N/2 =
= —4,2619737; a3N/2 = —0,23875957; bsN/2 = 2,424179; a;N/2 =
= 1.10-%§, buN/2 = 6,7-10-7; asN/[2 = —1,1595353; bsN[2 =
= —0,95160494. Umucio BBOAMMBIX OTCHETOB Y; NPH MHCHOJbB3OBAHHM
DPOrpaMMe! He OrpaHHYeHo,
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