


|

o) &

‘ QL ;
| \(\"3‘ " B.Il. IbAKOHOB

CITPABOYHHK
10 PACHETAM
HA MUHKPO-
KAJIbBKYJIATOPAX

U3IAHHE BTOPOE, UCIIPABJIEHHOE

MOCKBA «HAVKA»
‘ TJIABHASI PESAKLIHS
| DHU3NKO-MATEMATUYECKO! JIMTEPATYPDI
J 1986



BBK 22.18

1193
VIK 519.6

IIeaxownosn B. IN. Cnpaounsik mo pacyeram fAa MHKPOKANBKY=
Jasiropax.—2-¢ usi., ucnp.—M.: Hayka. [a. pen. ¢pus.-Mar. au, 1986.—
4 c.

Omnricansl coBpevennbie OTeUecTBEHHEE H SapyGemmbie MHKPORANbKY=
NATOPEI AJIsl HHKEHEPHBIX M HayyHBIX pacueroB. JIaHO MATEMATHYECKOE H
nporpaMMHoe ofecrneueHie HX. B chnpaBownuK BxJioyeHo 0koso 300 npo-
TpamM, DJABHBIM OOpPasoM AJIsi OTEUECTBEHHBIX MPOrpamMMAPYeMBIX MHKPO-
KaJNbKYJsITOPOB DuiekTponnka B3-34, nexrponnka MK-54 1 DaeKTpOHHKA
MK-56. OcHOBHOE BHEMaHHE YIENEHO KOHKDETHOH peann3auii OCHOBHBIX
YHCJICHHEIX METOJOB H BBIYHCJIEHHSM CHelHaJbHBIX cpyHK!lm'l-

Jlsisi mEPOKOro Kpyra uurarteseii. Moyker GbiTh Mcno/b30BaHa B yueo-
HOM IpOIlecce TeXHHKYMOB.

Ilepeoe mapanune Boimgio 8 1985 p,

‘PeuensedT Kasaugar Texuuuecknx mayk H, [1. Bpyceryos

Baagumup Tasnonus A esaxgonos I»l\
CIIPABOYHHK ITO PACHETAM HA MHKPOKA JIbK VJISTOPAX Z\j‘

N
Penaxrop JI. I, Cuaxosa Xynoxecrpennutit pegaxtop I'. M. [oposura 9
Texn. pepakrop C. f. Urazp "Koppekrop H, E,”pym%eaa r\\i

HB Na 12576

Ileyatb ¢ matpiu. TToanucano K neuarn 09.07.86. T-16701, dopmar 84X 108/,
Bymara run., Ne 2 l‘a;')nu'rypa Jauteparypuasi. IMevats nbicokas. Yo med. a. 1176
Yen, kp.-otT. 11 Yu.-usn. m. 15,5,  Tupamx 300000 ska. (2-t sasom 150001—

300000 3K3.). Bu\.i Ne 282, ilcnna 80 kon,

Opaena Tpynonoro Kpacuoro 3namenn nsgaresscrao «Hayxan
Iyannas pepakuust GH3INKO-MATEMAaTHueCKOlt JIHTEPaTy phl
vy,
e A e
JT T BAR YE :
eI pagcKas Tlmorﬁadmﬂ-. s, B foR0nnG
Kpacnoro 3Hamenu 3

Enrennn Coxosonoil ColOan‘ papnpomMa npu [ocyZaapeTEeHH
110 ZIcIaM USAATeJILeTH, AUCPADH SH  KHIDKHOMN- TOPTOBIH, 198!

Mamailyiosekuii npocnexTy 29 2 e
\ @
_DB’\TﬁB’;’KﬂD. 121099 Mogkea I'-S9,

Tpexripuatie jopaena TpymoBoro
eI Oro obvemunenns «TexuHueckasi KHHra» HM.
KomuTeTe CCCP
2 Jlenuurpag JI-52,

Ornevarano ¢ MaTpHIy
LU yGrucknii nep., 6., 3ak,

1702070000—124%
—asTaR 24~ (H .
o T © fazmmspenc ey
DHINKO-MATeMATAYECKOX

\"j aiTepaTyph, 1985
————



OrJIABJIEHHUE

Hpeaucnonue. P T R

FTnasa I. Munpouanm&ynmopm ¢ obOpatHoii GecckoGOHHONH 0=

1618
1

==
St kW o

THKOIi BBLIMHCHEHMH . .« .  « & . « . « « o &
DyHKIHORANLHEE  BO3MOKHOCTH MHKDOKAJIbKYJIATOPOB  C
00paTHOit GeccKOGOUHOI JIOTHKOH BBIUNCIIEHHIT - 5

Cierema KOMana H KOL0B nporpammpye\xoro MI(KpOKaJlb-
Kkyasitopa Duexrponnka B3-34 . . ; 3
OcHOBL! f1POrpayMMHPOBAHHS Ml]KpoKaJlbI(meropoB -

Crenpaabibie npueuu nporpaMMHpOBaHlm MquOl(a.'lbl(y<
JIATOPOB . . - .
[TorpeunocTn ‘puincaenmit Ha Mxmpox(anbxynmopax. .

Huctpykuua no nnony H IycKy nporpamm IISI, MHKPO-
KaJdbKyJSTOPOB . . 5

TaaBa 2 Muxpoxmnwynmopu c anreﬁpanqecxon JIOTHKOM BBl=

Tnasa 3. MpoerpaMMupoBanie npocTLIX BLIMHCACHHIT

umexennii . .,
OGumue csejeHns . .
Kaasnarypa n s13bix mm(pmmubx(ynnropon c anre6pauqe-
cKOil JOrHKOil .

Daemenrapuoe nporpammponanuc mmpox(anbxynﬂ'ropoa
¢ aare6paHYecKoil JOrHKOIl .

Crennasnbibie BOIPOCH nporpawmupouamm Muxponanm{y-
JISITOPOB ¢ anreGpaHyecKoii JIOTHKOIL o
PaGora ¢ GUGMIOTEKOfl NPOrpamy NoAb3OBATENs . . -

Oneparopn  ynpdsienus uudposbm Marnmod)ouo“ "
NIPHHTEPOM . . .

Beoxn, pe'mmupouauuc n ncpcnon nporpam“ 5

Onepauui ¢ JefiCTBHTENAbHBIMII YHCAAMH . G it
Bognesnenue onpeaenuteseii # onepauud c Ma'rpuuawm
Burmeaenne (akropuanios it Komﬁuua'ropm(a ¢
Onepauni ¢ KOMIJICKCHBLIMH YHCAAMH |

Tnasa 4. Buuncienie 9aeMEHTapHEIX q:ym(ulm,"muoro-mcuou n

unponIX mochepppatejbHoCTeH . . . . . .
TunepGomieckue 1 oGpa'mbxe riunep6onnyeckue d)ym(mm
HenpepuiBisie ApoGH 3
Buuic/eHle MHOTOUIGHOB TIO CXeMe I'opucpa SR
Bulyncaenne psAAOB H CJAOMHBIX 4HCIOBLIX 110C1e0BATE -
HocTeil ;

Bhiuic/ciie MHOTONICHOB JIareppa, Jlemalmpa, J'Iarpau-
ska, dpmura B YeGniesa u HX KOI(HUUEHTOB . . .
SJIL‘AIGHTapl{Ne QyHKIHE KOMNAGKCHOII nepeMeHHoi

14
17

21
27

28
30
30
37
41

48
‘9

51
53

56
56

61
>

64
64
65
65

63
Tt



Taasa 5. MporpamMMHas peanH3auMs OCHOBHBIY HHCHCHHBIX Me-

TOROBA 5 5% i v sl & 5 - el o ey 1D
5.1, Pewenue CHCTEM JHHEHBIX YpaBHeHHIl . . . . 19
5.2. HWurtepnonsuus H sxcrpanomunm yHKIuH omxou nepe-

MeHHOH . . 81
5.3. I/Imepno.'mmm " axcwpanonnum «pyuxuun nnyx nepemen- o
HBIX . . ol gk - .
54, Brunciense Kopueu TenuHeRHEX ypaauelmu P
5.5. Tlonck sxcrpeMymoB (yHKUHIT OAHON nepemenHoit . . . 96°
5.6. Pewense anreGpaHyeckux ypaBHEHHIl o« o o+ « & 4 » 97
5.7. Uucnennoe pud@epesuuposanmse . . . . . . . . . . 100

5.8. Bhluicienne YaCTHEIX TNPOHSBOAHEIX H Ko3((HIHEHTOR
YYBCTBHTENBHOCTH & « « v & o & + & o o « « » . 102
-5.9. UncseHHoe WHTerpHpOBaHHe . . . L. . 10D
5.10. Pemenne middepennuanbEux ypanﬁe}mu S o« e LI
5.11. CnexTpanpumii anamms . . . . 120

5.12. CTaTicTHYECKHe DacueTH H pea:maamm “metona More-
Kapio . . ............133
5.13. TIpuGanzKenye q;ynxunu. 5 ¢ ol o geliil
5.14. Craax<uBaHHe SMIHPHYECKHX nammx o TR )
Tnasa 6. Bomucaenne cneumanvupix Gymkumi , . o o o . 150
6.1. Wuterpanbuas mokasatesibHas H.poAcTBenmbie eif Gynxuun 150
6.2. MuterpajbHple CHHYC M KOCHHYC . . . . . . . . . . 102
63. TaMMa-QYHRIMH . , . o « o o o s o« s o+ o« s . 154
64, OQynkmun Beccens . . ., . ., . . .. . . . . 186
6.5. Hnterpans dpemens . . . . . . . . . .. . . 1683
6.6. DaaunTivecKne MHTELPAAH « . . . , . . . . . . - 164
6.7, JIBNOTapHOM ; o v wlnsnen w B sl ol ebans o o 166
6.8. ®yuxuun Jebas . . . : . 166
6.9. Hurterpan 8eposTHOCTH H csﬁsarmue ¢ HuM (pym(uml .. 167

6.10. ®ynkuuy NAOTHOCTH BEPOSTHOCTH H PACHPEAENeHHS CaYy-

yailHLX BeJMuHd . . . S - . 170
6.11. T'nnepreoMeTpuieckue ¢y}mmm N Y-T . - 170

Tnapa 7. lipemeps pacuera ONEKTPHUECKMX M SICKTPOHHBLIX

ueneit M YCTPOHCTB , . « 4 . + & . o - « , « o176
7.1. PacueT NHAYKTHBHLIX 9JIEMEHTOB . , . » . + « .+ « 176
7.2. Pacuer emxocrei . . w1 mel . 183
7.3. Pacuer auuuit nepenauu H aanepmm S e . L L 185
7.4. Pacyer BmnpsMurenst , . LI <1190
7.5. Ilepecuer napameTpoB TpallBHcTOpOB Ahalt=la . 2191

7.6. Pacuyer ManocHIHaJBHEIX YCHAHTCNILHBIX Kacxauou . 193
7.7. MoaemipoBanne WedHHEANBIX uenelf BToporo mnopsaka 195

Mpuraoxenne 1. MHCTPYKUHS 10 NpHMEHEHHIO BCTPOEHHON 616-
JIHOTEKH NPOrpaMM TOJbL30BATENst AJS MHKPOKAJbKYJATOPOB

TI-58C/59 . . . . . 198
Mpuanoxenne 2 Bubaiorexa BHemAuX nporpaMM nas Mm(po-
xaavkyastopos TI-68C/59 . . . . . o G o & . 205

IMpunoxenne 3. Ilaker nporpaMm ¢ OCOGHIMH TpHEMaMH IIpo-
rpaMMBpOBanus AJs MHKPOKaJbKyasTopos daexrponuxa B3-34 216

CricoK JHTCPATYPHl v . . . . & « « « o o o+ « o« » » 221

YKasaTelb 4ArOPHTMOB B YHCACHHEIX METOAOB . . . , o o 223

4



[NPEAUCJIOBUE

3awmeriio yerynas ymnusepcaJbbiM OBM B npe/esibHON CAOMHOCTIE
pewaeMuX 3afay M CKOPOCTH BHIMHC/ICHHI, MHHHATIOPHBIE H JELIEBbIE
SJMEKTPOHHBIE KAJBKYJIATOPLI MO3BOJAIOT peWaTh GO/MBLUIHHCTBO MOBCE~
JHEBHBIX HAYYHBIX H TeXHHYECKHX 3aJa4 JOCTATOYHO GHICTPO, GECUIyMHO,
B Jiofoe Bpemst H B J1060if 06CTAHOBKE, C BHICOKOA HALEMHOCTBIO H TON-
101610, CoppeMeHHble NPOrpaMMHPYeMble MHUKPOKAJBKYJIATOPE! HMEIOT
(yHKUHOHANLHbIC BO3MOMKHOCTH, HEAABHO MPHCYUIHe JHIIb OGOJBUIHAM
OBM: npsmyio i KOCBeHHYIO aAPecaliio, Oprauu3auuio Gesyc/0BHLIX i
YCJIOBHLIX MEPEex008, MOANPOrPAMM H IHKJIOB, MHKPONPOrpaMMHOe Bbl-
ylC/ICHIE SJEMCHTAPHBIX H OTAENLHBIX chewHanbHbX (YK BBOLOM
OAHO KOM@HAB!, BCTPOGHHLIE MOLYJH MPO(ECcCHOHAMbHBIX ‘MPOTPaMAL
10Jb30BATeICH, HAKOMMTENH HA MAarHuTHHIX Kaprax, neyaraoutie
YCTPOHCTBA — NPHHTEPLI H T. A,

Onnako adipexTHBHOE H rPaMOTHOE HCMONLIOBANHE MPOLPAMMHUDYEs
MBIX MHKPOKAJABKY/IATOPOB, Kak u IBM apyrux Kaaccos, TpeGyer riays
GOKOro SHAHHA S3BIKOB HX nporpaMmMupoBaHus, OCHOB DN'HIC:’IHTC“bHOﬁ
1MATEeMATHKI, YMeJOoro BLlGOpa ajiropHTMOB i YHCJIEHHBIX METOAO0B pac-
YeTOB, MPAKTHYECKHX HABLIKOB B MEPeBOLE MPOrpaMm ¢ OAHOrO A3BIKA
nporpaMMHPOBaiiHL Ha APYrOif, a rAaBHOE — HAJUYHS OTJAMKEeHHBIX Mas
KeTon i GlOJIHOTEK Tporpam.

CrpaBoyHAK COACPIKUT AAHHbIE O KOHCTPYKLMH M XapaKTepHCTHKaxX
MACCOBLIX OTEUECTBEHHBIX M 3apyGerKHblX MHKPOKAJBKYJATOPOB, S3bIKAX'
1 0COGEHHOCTSIX HX HPOrPAMMHPOBAHHMA, AJATOPUTMAX BEIMHCIHTEILHDBIX
NPOUCAYP M YHCAGHUBIX Merogax HX peaausauud. OCHOBHOH MaTepua
CnpaBoyHiKa, B OoTauyie or kuur [6—8], opmentnpoBan Ha HAy4HO-TEX~
HHYeCKHE W HiDKenepible pacyerst ofulero Xapakrepa. Flekmiouenues
ABAACTCS JHIUD [OCAGANAA INIABA, WIIOCTPHPYIOULAs THIIOBBIE 3/EKTPO+
pafHOTeXHHYECKHe pacueTsl H Jonojusiomasi xuury astopa [8]. Ocuos«
1oe BHHMAHNE B CIpaBOYHHKE YAeNeHO NPOrpaMMHOil peanHsamui pasHos
00pasHbIX YHC/AGHHLIX METO/0B H BBIMHC/EHHAM CHELHANLHBIX MATEeMAaTH~
YeCKHX (DYHKILHH, HCOONMb3YIOWUXCA B CAMBIX PA3JIHYHLIX 06/ACTAX HAYKIL
W TexHukH. BBHAy orpanuuenioro o0beMa CHPABOYHHKA MaTeMaTHie«
CKOE o0ecneyenue MHKDOKAAbKY/NATOPOB Maetci B OCHOBHOM B BHje
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KoleuHBX (QOopMYJ, BXOAAUIHX B HHCTPYKIHH N0 HCMOJL3OBAHHIO Mpo-
rpaMm.

B cnpaBouHHK BKJIOMeHa OGWIHpHas GnGaHoTeKa mporpamM (ix
cepime 250) AJs1 MAcCCOBEIX OTEYECTBEHHBIX MPOrpaMMHpYeMbIX MHKPO-
KAJBKYJSITOPOB € 0OOpaTHOI 6eccKOGOYHOI JOrHKOii BeuHCAEHHE Diek-
Tpounka B3-34. OHH nNpPHrOAHBI AN HX (DYHKHHOHANBHEIX aHAJIOroB
2uaekTpounka MK-54 u Daextponnka MK-56, a taxiKe- (nmocje Heca0x-
1HOro IepeBoia) AJsl MHUKpOKaabkyasTopos HP-11C, HP-15C, HP-21C,
HP-67 w pp. ¢upmb Hewlett Packard (CIIA). Omucano Taiie
cepitie 50 nporpaMm 4Jisi OAHHX H3 HauGoJee CJOMHBIX NMPOrpaMMHpye-
MLIX MIUKPOKAJIbLKYJSITOPOB ¢ aareGpanueckoii gornxoi T/-58C n T1-59
¢hupmpr Texas Instruments (CIIA). 3wakomcTBO ¢ HHMH MO3BOJNT UH-
TaTeJsiM pasoGpaThCsl ¢ MHOXKECTBOM NPOrpPaMM, OMHCAHHBIX B 3apyGer-
1oii jurepaType, H NONYYHTh HABLIKH B NEPeBOAE MPOTPadMM.

IIpu noxGope H paspaGoTKe MPOrpamMM AJs OCHOBHOI HacTH Cmpa<
EOYHHKA B MEPBYIO OYEPeAb YYHTHIBAJHCH HX HArJSAHOCT, BO3MOK-
HOCTb TPOCTOH CTPYKTYPHOH MPOBEPKH H COOTBETCTBHE MPOrpaM aro-
PHTMY DAacyeToB H OpHTHHAJAM (4Js nepeBoAHHIX nporpamm). Bo Beex
NpOrpaMMax HCIOJB3OBAHLI TOJIBKO pernamMeHTHpoBannbie (T.e. ykasad-
Hble B HHCTPYKUAM MO oxcmiayaramun [25, 26] onepatopsi). Hexotoprie
HeperIaMeHTHPOBAHNLIe onepaTophl (cM. § 1.6) u ocoGbie npHEMBL NPO-
IPaMMHPOBAHNS MO3BOJAIOT COKPATHTH IJHHY [POrpamM, YMEHbUIHTE
BPEMsT BBIMHCJCHHIT H NOBBICHTH NPEACAbHYIO CJIOMKHOCTb pelaeMblX sa-
nay. OcHOBaHHEIE HA 9TOM MPOrPAMMBI AJA KAJBKYJASATOPOB DICKTPO-
tnka B3-34 nanwr B npHuaoxeuwnn 3 (B TOM ulucJe HECKOJBKO MPOrpamy
H3 KHHIH [29], OonyGIHKOBAHHON MOcJae chpauf PYKOMHCH CHOpPaBOYHHKA
B HaGop).

CnpaBOUHHK DACCUHTaH HA HAYYHLIX PaGOTHHKOB, HHZKEHEPOB H CTY-
JICHTOB BY30B H TeXHAKYMOB. OH IOJIe3eH H TeM, KTO BrepBLie NpHCTY:
naeT K OCBOGHHIO GoJiee CJIOMCHOII BHIUHCAHTENbHON TEXHHKH, B 4aCTHO-
CTH nepcoHaJbHeIx DBM.

OGmuie =WICJOBOTO M MPOrPaMMHONO MaTephana B° CHpPaBOVHIKE,
n3-3a KpailHe CIKATOrO HBJIONKEHIS, CO3NAET YCJNOBHS IJs OTAEABHBIX
HETOUHOCTElH W OmeyaTok. ABTOp Bhipa)kaer rIyGOKYIO MpH3HATENLHOCTS
H. Il. Bpycenuosy, B. B, KosnoBy u apyrim, cBouM#E 3aMeuaHHsMH, CO-
BETAMH H MOXKeJIAHHAMH cnocoGerBoBaBiinM paGoTe aBTOpa HAaA KHHTOM,
H ¢ 0J1arolapHOCTHIO OXKHIAET 3aMeuaHHil, COBETOB M MOMeaHHi no
VIYUIIEHHIO MaTepHaja CNpaBOuHAKA, KOTOpHE CJEAYeT BHICHWIATE MO
anpecy: 117071 Mocksa B-71, Jlennnckuit np., 15, Tiasnas peaakums
(u3nKO-MaTeMATHUECKOl JIHTepaTypsl u3nareascrBa «Haykay, pepakmus
4aTEMATHYCCKMX CIIPABOYHIIKOB.

B. Il. Jbakorose



Fnasa I

MUKPOKAJbKYJISITOPbI C OEPATHOM
BECCKOBOYHOM JIOTMKO¥ BbIYMCJIEHUH

1.1. ®yHKuuOHANbHbIE BO3MOXKXHOCTH
MHKDOKAJIbKYJIATOPOB ¢ oGpaTHoOi ﬁeccxoﬁoqﬂoﬁ
JIOTHKOCH BLIYHUCJIEHUI

MurporarbkyasTops. — CelHANH3NPOBANHEE Ha BHINOJNHeHHE M0+
BeeaHeBubx pacuetos ABM umunoro noassosanus. Mx ocxosoii (puc. 1.1)
SIBJSIETCA CHIeIHaIbHOR YCTPONCTBO VISl MPOBeAeH s JOTHYeCKHX H apu(-
MeTHYeCKHX onepanuii — surxponpoyeccop (MII). Xpanenue ABYX wuicea
(onepan/ioB) OCyLUIECTBJSIETCA C NOMOLUIBIO 33aNOMHHAIOIHX YCTPOHCTB —

PerucTpbl MN U H
cTeKa fi= L mMan J
Mukponpof
T |ueccop i r —‘——'1
1.2345678-12 m% ' = HMK ¢
Lucnneh__|¢— Sl : ,‘::::_—:
- o ﬂ ATIT 4 r=! Opurrep |
- Wia L____J
[EENEE= | 03y |
ABHHBX
oooa .3
oooof il sy
Ooooo
gonoo
K naBuwHbIH
nynbT

yotpoiicteo  YY

ynpasnexus

Puc. 1.1. ®ynku#onanbHas cxema MHKPOKaJBKYJAATOpA

onepayuorHely peeuctpoe X n Y. PeaynbTaT BBEIMHCJAEHHIT NOCTynaer B
pernerp X 1 UHAHIUPYEICS B AECATHUHON (OpPMe C mOMOWBIO uHOuKa~
T0pa (ducnaes),



B coppeMeHREX MHKPOKAJLKYJATOPAX C ONEpalMONHKIME perHeTpa-
un X 1 Y oObexunens eme Heckonbko pernerpos (Z, T ® T. 4.), 06-
pasys cTex (#1a2asuH). TTepeMeuienne wuicen B cTeke BBepx (X—-Y,
Y—>Z Z—Tu 7 o) winpans (X<Y, Y<Z, Z<T u 7. A) Hano-

MHHAZeT TepeMellelie NaTPOHOB B Ma-
Ta3nHe NHCTONeTA.

K MIT noaxmioyaioTesi TaKmKe mo-
CTOSIHHOE 3aNOMHHAIONIEE  YCTPONCTBO
(T3Y) n onepaTBHHE 3anoOMHHAIO-
mue yerpoficrsa (O3V) maunblX B npo-
rpamM. O3Y  pnawmmx npencraBasier
€o6oit OT OJHOTO [0 HECKONBKHX COTCH
PETHCTPOB NaMATH, NOAOGHHX pPerueT-
pam X wmn Y. TlonbsoBarenb MOmeT
06paTHTHC K MI0GOMY H3 HHX, 3aAaB
ero nomep (adpec). O3Y nporpamm
XPaHHT KOMam/bl, 3ajaBaeMbie Mpo-
TPAMMOIi, KOTOPYIO BBOAHT MOJB30Ba-
Tenb. B TI3Y xpauaresa komaupst (au-
Kponpoepammel) AAA BHIMOAHEHHA OC+
HOBHEIX Onepauuii. Y Henporpammupye-
MBIX MHKpoKaubkyasTopo O3V mpo-
rpamm otcytersyer. Muoraa O3V nau-
WHX M MpOrpaMM  OGHLEANHSIOTCS,
T.e. vacte O3Y ucnosssyercsa mast
XpaHeH#s AAHHMWX, OCTaNbHAfl YaCTh —
AJIS XPaHEeHHs MPOrpamm.

Bl 1100 Brentunk sl ke VYnpasneniie Beemu GAOKAMH
POKAJBKYANTOpa OnekTpomu- KIABHUIHOTO MyJbTa WaW aBTOMATHYC-
xa B3-19M c obpatnoif Gec- CKM TO TporpaMMe  OCyLIeCTBAseTCS
CKOGOWHOI VIOTHKOfi BHNCJe:  yerpoficTBom ynpasnenns. Uepes mero

U Kk MIT MOryT MOAKMIONATECH HEKOTOpHE
JIONOJNHNHTENIbHEIE YCTPOIiCTBA: MOOYAb € npoepammamu noav3osaressn
(MITI), nakonuteab utihoprmayuu ta Mazxurxo kapre (HMK), neua-
Talouiee YCTPONCTBO — nPUKTEP W AP.

w0 V2200

‘ 234567. B-13 \

3NEKTPOHIKA B3-19M

e*

stn  cos

g

arcsin aregos arcty m=

oT

Ias npoBeaeHusi CIOMHLIX PacueToB BechMa yaoGHON OKasanach
6ucckoGONHAA AO2UKQ BLIMUCAGHNI, TIPENNOKEHNAs NOMLCKHM MATeMATH-
wouM Jlykacesnyem. MHKDOKanbKyNATOPE ¢ 0OpaThoil GecckoBounoil N0-
TIKOM BLIMHCICHNI HMEIOT CNeUNaibHylo KAaBHWY AN BBOAA W nepeMes

.lTE\mm -

WA YHCEJ B CTEKE BBEPX | 4

4 ENTER

*) Wnorpa pernerpu Y, Z, T n 7. a. na (hynKunonanbHON cxeme
UIKPOKA/LKY/IATOPA yKashiBalotest moA pernerpom X. B stom cayuae
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{enfer — 6600). ApndMeTnyecKie ONepauun NpH STOM BHNOJHAIOTCA N0
cxeMe: BBOA 4HeJa 4, BBOA Oneparopa (komamam) 4, BBox wuncaa b,
BBOJ| ONEPATOPa COOTBETCTBYIOUIEH OMepaunn « (» — 3Hax omepaumun: --,
— X uan =-). CoxpalleHHo sTa cxeMa BHINISAT Tak: @ | bs.

Hs oreuecTsennbiX HENPOPAMMHDY@MEIX MIKPOKAJILKYJIATOPOB JHIIL
onna  mozenb — Auexrponnka B53-19M othocntes x paccwmarpusaemoit
Tpynne MHKPOKaabKyJATOPOB. OHA mMeeT cTek w3 Tpex perucrpos X, Y-
U Z. DynKuHOHANbHEIE BOSMOMHOCTH MHKDPOKAJNLKYJNATOPA OUEBHANH 113
najmiceii na nyabte ynpasienus (puc. 1.2). TaGapurs sTOro MuXpo-
xaupkyasTopa 86 ) 167 X 41 mm, macca 400 r, nuranne OT ceTH i
aKgymyanTopos (4 saementa JI-0,55).

Muxpoxkaaskynatops Dnextponnka B3-19M, xax u apyrue; pac-
CMOTPEHHBIE B KHHTFC, ONEPHPYIOT C YHCAAMH, NPEACTABJEHHEIMH B NOKa-
sarensHoll dopme x = M.10% rne M — nopManusoBanuas ManTHCCd i
E = 3:99 — nopanox uncaa. Oyskuii, 0603HAYEHNS KOTOPHX AaHH Haj
KJ4BHINAM}, BBOASTCA NOCJe HaxXaTus npedukcHoii xaasumm F H co-
orserersylomeil xaasuum. Hanpumep, Gyikuns Inx Buuncaserca mocle

In

nraGopa x i namarns xnasum F u . PeayavraT 3anocurca B pes
rietp X.

O0pariian GecckoGOYHASA JOTHKA BHIUHCACHHIT 0cOGenHO yao6Ha npi

BLIYHCHEHHHE CJOKHBIX BLIpayieHuil, TpeOylomuX BLINOJIHEHHS 3amnnwu
110C/ICZI0BATEBHOCTH ONepaluil, nanpumep:

(@Xb)+(eXd)... atbXehd X+ ..,
(@a—b)/(c+d) .. a’l\b—c$d++...
alg(%)... bhedAd=FlghaX...

Onepanun ¢ TpeMs YHCJAMH @, b H ¢ MOryT BHNOJHATLCA MOCAE HX
BBOJ2, HampHMep:
(a+b)Xe chbha+ X
< (aXb)+e¢ chbraX 4

B 5THX npHMepax OTUeTVIHBO BHAHE OcoGeHnocTH o6paTuoii Gecckos
GOuNOiT JIOTHKH BLIYHCJENNH: BBOJ uHCeN B nopsiaxe, oOGpaTHOM HX He<
NOAL3OBANNIO, W pasjielieNHe HX NpPH BBOAE onepaTtopom 4, BLnoJnenne
NOAPSA ABYX ODEPATOPOB apu(pMeTHUECKHX AHCTBHI, OTCYTCTBHE CXO-
Gox. Bosee neranpuoe omicajie faeTcs B cAeAylomux naparpadax stof
TIaBH,

Mpumenenne obpaTnoii GecckoGOUHOI JOPMKH B NPOrPaMMHDYeMEIX
MEKPOKAJLKYJATOPAX NO3BOJSET 3aMETHO YMEHEWINTbL UHCIO IMAros
nporpamMME, OCOGEHHO - €cil NPH BbI30BE OYEPELHOrO HHCAA MpeAules
CTBYIOLIHE VHC/IA ABTOMATHIECKH CMEINAIOTCsl B BEPXHHE PErNCTPH CTexa,
P = a o Lo

crpeska ua xaaspme ENTER oCpamiena ocTphem BRH3, 0;11131(0 TaxKoe
pbO3HaueHIle BCTPEyaeTes OueHb PE/KO,
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a mpi BHIMOJHEHHI onepaunii — B miskHie perserpl. Torza omepanua
(a - b) X ¢ BHIIOMUACTCS CHMBOJHYCCKH -TaK: cba-- Y. JJis cpaBHEHHs
YyKaxeM, uro y MHKDPOKaJbKYJIATOPOB ¢ aireGparyeckoii JIOPHKOM (CM.
rAaBy 2) Te JKe BLIUHCJACHHSI CHMBOJIHYECKH 3amyCcHIBAIOTCA B BHJC
(a4 0)X ¢ =. Takum o6pasom, B mporpamve omm saiimyr 8 Imwaros,
10rjia KaKk B NepBOM Clyyae TOJBKO 5.

Yxazaunple 06CTOATENLCTBA MPHBEJH K MAacCOBOMY HNpHMEHEHHIO
NpOrpaMMHpPYeMBIX MHKDOKAJBLKYJAATOPOB ¢ oGpaTHoil GecCKOGOUHOM Jio-
ruxoii Beiyncsennii. K o710t rpynne oTHOCsATCS OTeuecTBEHHBIE MPOrpanM-
MipyeMue MHKPOKAJbKYJASTOPE], TEXHHYECKHUE XapPaKTepHCTHKH KOTOPHIX
Aaupt B Tabn 1.1,

Muxpoxanbkyaaropsr  Duexkrponnka B3-21, Duexrponnka MK-46
YCJAOBHO MOMKHO OTHECTH K TEPBOMY MOKOJAEHHIO MPOrpaMMHPYEMBIX
MUKPOKAJBKYJATOPOB. OHH HMEIOT OrpamiyeHHsiii HaGop KOMaHA H Bhi-
HHCIABMBIX 1O HAM (QYHKUHII, HeGOoabIIOe NpeaesbHoe YHCJIO UIAroB IPOo-
FpaMbl, a rJaBHOe — TOMBbKO MpAMYyIo ajipecaumio (cM. muze). Ocoben<
HOCTH BBIMNCJEHNA H NPOrpaMMHPOBaHHEe 3THX MIKPOKAAbKYJIATOPOB
JleTaJuio onucansl B kumurax [6—9] m nostoMmy nmajee He paccMmarpi-
BAIOTCH.

Topasno Goabiimsi (‘byHl(ullOHaJlethH BO3MOXHOCTAMH 00J1aAaI0T
rrorpasuiipyemMsic MHKPOKAJIBKYJATOPLI BTOPOrO NOKOJCHH: sllel(TpO'
uusa B53-34, daexrponuxa MK-54 n Dnexrponnka MK-56 (nacronbuas
nMikpo-9BM). Ot MUKDPOKAJLKYJIATOPH, a TakKe NOAO6GHbIE MOJEnH
aapyGesxnsx gupm (cm. Ta6m 1.2 ¢ mapamerpaMu IIHPOKO pacmpocTpa-
HEHHLIX KaabKyaaTtopos. qupmer Hewlett Packard (HP) CIIA), ynosie-
TBOPAIOT Ba)KHellNM TPeGOBAHHAM, NpPEAbLABASEMBIM K COBPEMEHHLIM
MuKPO-OBM HHANBHAYAJLHOTO NOJL30BAHNS, OPHEHTHPOBAHHBIM HA Ha<
yuno-texumnyeckue pacuersl, B ux uncae:

— npocrora B paGore H 0GCAYKHBAHHE OAHHM MOJL3OBATEJNEM, KAK
NpaBuio, HECMNEUHANICTOM B obaacTi nporpaMMupoBanus,

— MaJible raﬁapmm H Macca, NHTAHHE OT aBTOHOMHOro HCTOYHHKA
Il CETI MepeMeHioro ToKa,

— IPOCTOTA $I3BIKA NPOrpaMMHPOBAHHSA, BBOAA H PeNaKTHPOBAHMUS
TporpamMu,

— BLIYHCJEHIE N0 BCTPOGHHLIM MHKPONPOrpaMMaM BarKHeiuIHx sJe-
MenTapHoix (Gynkupii aprymenra x (1/x, x%, '\/?, y* nan x4, ex, 10%,
Inx, lg x, sinx, cosx, g x, arcsin x, arccos x, arctg x n ap.),

— JIOCTATOYHOE WYHCJO PEerHCTPOB NaMSATH C NPOH3BOJBLHBIM JOCTY+
nom (me menee 10),

— JI0CTATOUHOE MAKCHMA/bHOE YHCIO LIAroB NPOrPaMMHON NaMsiTH
(~ 100 1 Bbime),

— PasBuTHie MPOrpamMMuble BO3MOMKHOCTII (ua.unlme KOMaHJ MpsAMOit
1 KOCBEHHOIl ajpecaiii, OpPralMsalili yCJOBHbIX 1 Ge3yCc/OBHLIX nepe-
XO[0B, MOANPOrpasMM i LHIJIOB),

— BO3MOZKHOCTb BLIIOJIHEHHSE BCEX onepauuii ¢ KAaBHIIHOIO NyJIbTa,
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— HH3Kas CTOMMOCTh, Aejaomas Mukpo-BM xocrynmeMn aas wi-
POKOro Xpyra noab3oBaTefeli (MHIKeHepPHO-TEXHHYECKHX H HAaYuHLIX pa-
GOTHHKOB, CTYNEHTOB M T. A.).

PasputHe cOBpeMEBHBIX NPOrpaMMHPYEMHX MHKPOKaJbKyJSTOPOB C
00paTHOji OecckoGOYHOI JIOTHKO/ BHIYHCJEHHI HAET MO CJAeAYIOUIHM Ja-
TIPABJIEHHSAM: yBeJHYeHHe UHCJIA PErHCTPOB NAMATH H WaroB IIPOrpaMmbl
(cm., Hanpumep, monear HP-41C — ra6a, 1.2), ncnonbaosanue AONOJHH-
Teabnpx O3Y, TI3Y ¢ sanucaMu nporpaMm (TBepAOTeJbHEX H B BHIC
LH(POBLIX MarHiTO(OHOB C 3aMHCHI0O NPOrpaMM Ha MHHHATIOpHBIE Mar-
HUTHEIE KapThl), obecmeuenne paGoOTH ¢ BHeUHHM mnepHpepHitHuM 0060-
pyAoBaHHeM (KacCeTHEe MarHHTO(QOHLI, NPHUTEPH, ycTpoiicrBa comps-
FEHHA ¢ Tene()OHHOI CeThIO H AP.).

Y HeKOTOpLIX NOCJEeAHHX 3apYyGeXHbIX Mojeleil TAKHX MHKPOKaJb-
KYJIATOPOB CyUleCTBEHHO paclinpel Ha6op (yHKIHII, BHINOJHAEMBIX MHK-
ponporpammuo. Tak, MukpoxaasryasTops HP-15C nmeloT eMKOCThb Ipo-
rpaMMHON nMaMaTH Ha 448 1aros, BHIMOJHSIOT pasJjHuELIE ONEpaliy C
marphuamn (pasmep 1o 8 X 8), pewaior cHcTeMs H3 2—7 JHHERHBIX
VPABHEHHI], BLNOJNSIOT ONEPALHH ¢ KOMIVIEKCHHIMH uHHCJaMH, BBLIMHC-
JISIOT ONpelesennble MHTErpajibl, NPOBOAAT CTATHCTHYECKHE PpACYeTHl I
Ap. Y MAKPOKanbKyAATOpoB ¢ Gyksoit C B nassanun (HP-15C, HP-41C
I p.) NpOrpaMMa § JaHHLe B PerHCTPaxX NAMATH COXpausioTes moee
OTK/TOYEHNs NHTANHA, uT0 AaeT Gosbulie YA0GCTBA NPH OTJIaJKe CAOMKs<
HLIX DPOPpPaMyM H NpoBejieHH TPYAOEMKHX BRIMHCJEHII.

Jlia oTeyecTBeHHBIX NPOrPAMMHPYEMEIX MHKPOKaJbKYyJsTOpPOB 6aso-
Boil aBJgercs mMonenb diexrponnxa B3-34. MHKpOKAJLKYJISTOPH Diek-
rponnka MK-54 n Daexrponnka MK-56 nojHOCTbIO cOBMECTHME! C STOM
MOJIeABIO N0 A3BIKY NPOrPAMMHPOBANNS H CHCTeMe KOMaHA. DTa COBMe-
CTHMOCTDL NPeAYCMAaTpUBacTes W y HOBHIX mogeneii (duekrponnka MK-52,
SuexTponnka MK-61 u ap.), nMeomux paclipeniblii 1a6op MUKPONPO~
rpamu, Berpoennuie TI3Y n O3V, paznemul ads NOAKJIOYEHIsT NepHfpes
prilEex yerpoilers.

OreuecTBennble n sapyGexnme (cepun HP) MuxpokaabKyasTopu
HMEIOT TIPOCTOIi CHMBOJBLHO-KOAOBHI! A3HK NPOrPAMMHPOBaHMS C Tila-
TEABHO TPOAYMAHHOI CHCTEMONl KOMaHA. DTO o3Hauaer, uTO ONEPAIHI
BBOASITCS HAXKATHEM KJAABHII ¢ H300pa’KeHHEIMH §a HUX CHMBOJAMH W
KM NPHCBANBAIOTCS KOAL B BHAE YHCeJ H 3HAKOB, OTOGpaKaeMblX JRCs |
njeeM B Xoje BBOJA NporpaMM M ux peaakTnposapun *). HanGoisee !
pACIpOCTPAREHHLIE Onepauiy (BBOA uNceJ B PericTphl NaMaTu I HXY
BLI30B, Ge3ycJoBHEIC Nepexonbl H ofpamenns K NOANPOrpaAMMAM € KOCs
BEHHOIT appecaunedl N Ap.) BHIOJNHAIOTCHA OAHOWIATOBLIMHE ONEPATOPAMM,
UTO 3aMETHO COKpaliaer ofuiee gneno waros nporpamm. He cocrasasen

*) ¥ muxpokanbkyastopos HP-41C onepatopu, B ToM uncie Gyks'
pennble, 0TO6paxanTes alpaBuTHO-UHGPOBEIM JKHAKOKPHCTANNHUCCKIM
AHCTUIEEM, .
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TpyAA TMepeBOJ MPOrpaMM IS OTeyecTBEHHBIX MIKDPOKAJNBKYJATOPOB HA
A3BIK MPOTPaMMIPOBaHNA KaabKyaaTopos cepun HP n maoGopor.

CHMBOJbLHO-KOOBOE TIPOrpaMMHDOBAHHE HMEIOT TaKKe HEKOTOpble
pactonbHble MHKpO-OBM: dnexrpornka J13-28, 156BCM-5, Hckpa-124,
Wckpa-125 1 ap. [11, 12]. Mukpo-9BM dnextponuka J13-28 ¢ eMKOCTLIO
03Y 16 wam 32 xOafiT HMeeT eMKOCTb NMPOrpaMMHDYEMOil MaMATH 10
32256 waroB H AOMyCKaeT C mynabTa npsamoe obpamenne k 166 neca-
THYHBIM pernctpaM mamatd (cp. ¢ 98 maramm u 14 perucTpamu y M-
KpoKasbKyasTopa Ouextponnka B3-34). Bpewms Bbiumcienus Ha meil
npumepro B 100 pas menbltle, yeM y MHKPOKanbKyasTopos. OcoGerno-
crn mporpaMMmpoBamns fannoit OBM Ha CHMBOJBbHO-KOLOBOM f3HIKE
omucansl B [8]. Dti Mukpo-OBM nporpaMMupyloTes i Ha A3HKE BLICO-
xoro ypoBis Geircnk [12, 13].

Murpo-9BM Hckpa-124 mveer eMKOCTb NPOTpaMMuOil maMatH Ha
180 maros, 10 perncTpoB maMATH H 3 CTEKOBBIX permerpa. Bpems Bbi-
NOJHEHHs! Onepanmit CJAOMKeHHst H BhluHTaHAA OoKoao 0,02 ¢, ymuoxenns
n genenns 0,1 ¢, usBiaeuemns kBaaparxoro kops 0,3 ¢ m BLiuiCJeHHs
¢dyaxmuil oxono 1 c.

Muxpo-9BM Hckpa-125 nmeer 610Kk oroGpaxKenns nupopmainin na
9JICKTPOHEO-y"eBoii Tpy6Ke, olfecneunBaiouleii HHAHKAIIO Pe3yJAbTaTon
BHIUHCAEHHIT i BBOAMMOH mporpamuul. Emxocts O3Y 1 kGaiir, noctostii-
woro 3V 4 kGaiir. ITpeaycMoTpensr mpsMoe I KOCBeHHOe oGpalleie K
256 perncTpaM naMATH H BO3MOMXHOCTH 3aMHCH MPOrpaMM H AAHHLIX HA
MATHNTHYIO JIGHTY HaKOMHTeJIs,

CiMBOJIBHO-KO0BOE NPOrpaMMupoBanie 31X Mukpo-3BM B npui-
nume NMoR0GHO MPOrpaMMHDPOBAHHIO MUKDPOKAJABKYASTOPOB. Onmako cit-
cTeMa CHMBOJIOB KJIaBHATYPH I KOLOB ONEpaTopoB y HHX HHAs.

1.2. Cucrema KOMaH/ H KONOB OPOrpaMMHpPyeMOTo
MUKPOKaJbKyJsiTopa dunekTponuxa B53-34

Buemnnit BHA NporpaMMHPYEMOr0 MHKPOKAJIBKYJIATOPA DJICKTPORI-
ka B3-34 npusenen na puc. 1.3. B pepxmneii wactu nepeaseil namenn ero
pacnonoxen [2-pa3psanblil MOMHHECUEHTHENT HIAMKATOP, MOA KOTOPHIM
PacnoaaraloTes BHIKJIOYATENb MHTAHUS H nepekaiouatens, P—T _(pa-
JHAHLl — TPaAyCH).

IlyabT ynpasienns MHIKPOKAJbKYaaTopoM umeer 30 KiAaBuur ¢ ABOif-
HBIM WIH TPOilHBIM ynpaBjeHneM. OCHOBHasi onmepauusi, BBOANMAs Kaa-
Brimeii, o6o3nasena cHMBOJOM NpsAMo Ha Kaasnme, Onepauxu, o6o3Ha-
yeHHbIe CHMBOJAMH KPacHOro lBera Haj KJAABHIUAMH, BBOAATCA mOcje
Ha)XKaTHR npeurcroll knaBumn F, a onmepauun, 0G03HAYEHHBIE CHMBO-
JIaMH uEPHOro LBeTa MOA K/IaBHIIAMH, BBOAATCA MOCJE HAMKATHS Tpes
¢ukcnoil kaasuwn K, Kotopasm ncmoabsyetcst TakdKe A5 BBOAQ Onepas
11 KOCBeHHOIl aapecalni.

OryMeruM lasHayeHie CHELHANbHLIX CHMBOJOB:



ABT — nepeBoji B PEIKHM aBTOMATHUECKIIX BHIUMC/EHHIT,

TIPT — nepeBoAl B PezKuM NPOrpaMiipOBAHIs,

It — BEI30B uHcaa st = 3,1415926,

{0 —nosopor cTeka JuiA BHBOAA uicen 3 Hero B pernctp X,

Bx —BBI308 4iC#a N3 PETHCTPA BOCCTAHOBJEHHS peay/bTara mpeir
ulecTByouleil onepanim, - —

Cx — cbpoc  COmepPIKHMOro
omepauuoiiioro perincrpa X Ha
HYJib, L

CF — cGpoc  pneficTBusa mpe-
¢uxenoil kaapmun F,

S E T JIEKTPOHUKA

’ " ‘
¥ 7= 0— pBoj onepaunii ycios- Bun | B3-34 |p r
HBIX MCPEXO0/0B, =y =

BIT — psox onepaunn Geayc-
JIOBHBIX MEPEX0/0B,

IIT— BBOA moanporpamm,

IT —aamich uucen B peri-
CTPBHI MaMsiTH,

HII1 — BLizoB ymnces B3 peru-
CTPOB MaM#ATH,

z20 z#0

—

IIT — eMeluen e nporpamMmLL
Ha OIH ar B HampaBJeHHi
LBOJA, §

aresin arccos arcty 1/z ¥V

f[ll'——cmemeuu'e nporpam-
MHl HA OMNH WAr MpOTHB Ha-
npasJesns BBOAA,

|—/ — cvena 3naka MamTic-

cul HIH MOpSAKE, III E]
B/0 — ycranoBka nporpam-

MBI Ba HYJEBOH wWwar H BBOA
oflepailii BO3BpaTa U3 MOANPOr
rpaMMbl, Pyc. 1.3. Buewmnuil Buj nporpaMmu<
C/T1 — ppox omepauus ocra-  PYeMoro mxmponanbxy.vmmpaaSnexd
: - Tponixa B3-34 ¢ oGparnoit Gecckos
HOBKH H mycl g & .
YRKA S BLEHCACHRIL IO GOuHOM JIOPHKOM BBIUHCJICHUH
nporpamme,

LO, L1, L2 n L3 —pBoa onepauuii Add Opramusdauid UHKIOB,

HOIT—BBoa onepauun HeifTpaiusanun OwHGOUHO BBEACHHON B
NpOrpaMMy KOMAHALL,

A, B, C n 1 — oGosnauenne perncTpos namaru ¢ momepamu 10, 13,
12 u 13,

4 — cmemienne yicen B CTEKe BBEPX HA OANY CTyneHb.

Tlpu BKJIOYEHIN MHKPOKAJAbKYJATOPA aBTOMATHYECKH YCTAHABINA
BaeTCA PENHM @BTOMATUMECKUX Suiuucaenutl 1 OGHYJSIOTCS BCE PErHCTs
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PH MaMATH W ONEPANHOHHLIE DETHCTPBL. Cépoc ownGOUHO BBEAEHHOrO
witena BHMOAHARTCA gaxcarueM knaBumu Cx. B sToM pexuMe MHKPO-
KaaKyAATOP OGecneunBaer BHIOMNHEHHEe apu(MeTHUeCKHX ONepauui, Bb+
uicsere GYHKIME, oTMeuernsix B TaGm. 1.1, BH3OB wuena s, 3amich
uicesl B 14 DerncTpoB MAaMATH i BHI3OB HX H3 3THX PErHCTPOB, 3amMHCh
yicen B PETHCTPHl CTeKa I yNpaBjieHHe HX NPOABINEHHEM, H3MEHeHHE
aHAKA MAHTHCCH I MOPSAKA uHCNA X B perderpe X, oOMeR COAepKHMOr0O
perncrpos X ® Y, BOCCTaHOBJeHHE pe3yJsbTaTa mpelllecTByOllefi one-
paliK i NPOBE/HHE CJIOKHBIX TOC/AeNOBATE/BHBIX BBEIYHC/CHIHE MO 06-
patHofi GecckOBOUHO! CXeMe BBINHC/EHHI,
Bee 9TH BHIUHC/EHHA MOTYT MPOBOAHTHCA BPYYHYIO HJH MO BBEAGH-
Hoft mporpamve. Pasnuupe 3aKmouaeTcs JHMWG B TOM, YTO BBOAMMBIC
MOAPAA C KJAaBHATYPH uNcia pasfensiorcs omepaumeit f. B csasu ¢
NAGHTHYHOCTHIO PYYHEIX BHIYWC/ACHME W BHYHCJACHHI N0 mporpamMme
npaBHAa HX NPOBECHHA NOAPOGHO OmHcaWbi B CAefylomieM maparpade,
TNOCBAIEHHOM OPraHH3aLUA BLIYHCACHHIT MO MPOrPaMue.

Ta6anua 1.3

Onepanus Kox One.pamm Kon || Ouepauua | Kox | Onepauus | Koa
0 . 00 o 40 Kx 00 70 KIIro -0
9 09 m 49 Kx#09 79 KImo -—9
: 0- ImA 4= Kxs:0A 7— KITITA -
i oL | mB 4L [ Kxs0B 7L Krns -L
B o |l e 4C || Kx40C 7T | KOG -C
Cx o | A ar || Kes=04 " KO =
A 0E FBx 0 KBIT0 80 KIT0 L0
+ 10 C/II 50
- 1 BIT 5l KBI9 89 K9 L9
X 12 B/0 52 KBITA 8~ KITA 2=
- 13 It 53 KBIIB 8L KB Gt
Xy 4 KHOTT 54 KBIIC 8C Krc =
F10% < 15 || Fxs20 57 [ KBIg 8r | Kmg (30
Fe* 16 | FL2 58 || Ke300 20 KMo -0
Flg 17 JFx>0 5 ..
Fln 18 Fx=0 5E Kx > 09 99 KMo 9
F arcsin 19 Fx<0 5C Kx > 0A 9— KHITA r—
l't’ arccos 1= FLO 5 Kx > 0B 9L KHITB ro
F arctg 1L | FLL 5L (| Kx>0C 9C || Kunc 1 [
F sin 1IC || FL3 5= Kx>00 o KU rr
F cos Ir | Mo 60 || Kx<<OL Bl Kx=00 EO
Fig 1E e
Fa 2 Mo * 69 [ Kx<09 0 || Kxe=09 =)
Fy/ 2 | MImA 6~ || Kx<OA C- || Kx=0A E-
Fx? 22 Uns 6L || Kx<0B EL EL
Fl/x 23 | HMIC SC || Kxe<OC i} EC
Fx¥ 24| A 6r || Kx<0X | Cr, Er
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Tlocne nepenosna B peoicuss npozpamsuposanus (HaxKaTHEM KIABHIN
F u IIPT) "xaxcpan onepamds HIH KOManaa DBOAHTCS HAXATHEM COOT:
BETCTBYIOUIHX KAABUW 1 KOAHPYETCH ~OfifjeAeeHHbIM cumBOJIOM. Bcs
Onepauni MHKPOKAJIbKYJATOpA W UX KOJu: nausl B Taba 1.3 Konbr
HMEIOT BHA UH(P 1 3HAKOB, OTOGPAXKaeMbiX. CeMHCErMEHTHBIMH JJeMEH-
TAMH HHAMKATOpAa B Npouecce BBOAA NPOrpaMMbl H ee peAaKTHPOBAHHA.

1.3. OcHOBBI npPOrpamMMupOBaHisl MHKPOKANLKYJASATOPOB

Pacemorpum ocnoBHEe mOHATIHA MPOrpaMMUpOBAHHS MHKPOKAJIBKY=
JAATOPOB  uextpounka B3-34.

BBox n npepcrannenye wncen. Uncna-onepande: BBOAATCA B MHKPO-
KAABKYIATOP HAKATHEM COOTBETCTBYIOMHX KJABHLI, TNopagoxk 4HcaAa
BBOANTCS HaxaTHeM kaasmmn BIL 3mak MHHyc BBOZMTCA HAMKATHEM
KIABUIN [—/ mocie BBOZA MAHTHCCH HAH nopaaxka wucaa. HHCIa,
Goavuwie 1, wo-wensinue 108, mpeAcraBifioTcs B OOBIMHOM Bife, HA<
apusep 9725 nan 14,1256. Yncna sa stamu npeaeiamMi NpeacTaB/IAoTca
b aKcrionenuuanbuoii gopme M-10E, rae M — nopmaausoBanuas MaHTHC:

() €2 ¢ nepBeiM suakom or 1 go 9, E— nopagok uncaa (mo =£99). Hop-
TN MANM3AUHA UHCJA [POHCXOAUT MPH 3aUHCH uHces B J0GOI perHcTp
O) (M. HinKe),
~ Oneparopst, CoBoKynHocTs CHMBOJIOB, - 0GecHeyHBAIOMIAX N0 MPO-
4 rpaMMe BLITOJHEINHE OAHOW M3 S/eMeHTApHBIX omepaliil, HasbBaeTcH
% oneparopos. OtiepaTops! BBOAATCS HAXATHEM OMHON IV HECKONBKHX
raapnm. Hanpumep, pstuncienye e* csogures k naGopy umcjaa x i Ha-
Aarmo kaasuw F n e®. B nporpamste 3o coorsercrsyer onepatopy Fef,
KoTopblit 3anuMaer omuu war (cm. mike). Hexoropsle onepaTopsl sis<
JRlOTCA ABYXIIATOBLIMUL.

Peructpu, Jluna Xpanemis wicesn W pe3y/ibTATOB BHUHCHACHHIT CYHAT
peeucrpot naxaru. [lo ceoemy HA3HAYEHHIO OHI MOAPA3AEAFIOTES HA TPU
Tuna. [epsptit Tun — onepayuonnvie peeucrpee X n Y, B KOTOpble BBO-
JATCH NBA ONepaHja ABYXMeCTHnIX apudMeruuecknx onepauuii, Bropoit
THIT pel‘llCTpOB-—-[]@«?UCTphl IIﬂM}ZT!l-—Cﬂy)KI!T A 3anHcH HCXOAHBIX
JAHEBIX W NPOMCIKYTOUHKBIX Pe3Y/bTATOB BLIYHCJICHUHA. DTH PerHcTpoLl
oGosnauatores Gyksamu A, B, C, Il u undpamu 0+ 9 (scero 14 pe-
ructpos). Kpome roro, eue apa takux perncrpa Z u T o0beAHHAIOTCH
¢ peructpamu X n Y, oGpasys crex. K TperneMy THIY perHcrpos OTHO-
CHTCA PeeucTp GOCCTAHOBAGHUA pesyabTata npedulecrayioujett onepa-
yuu X 1,

Crpykrypa cTeKka M nepeMellenie B HeM uicea NpH Pasauyubix orne-
paumsix moxkazansl Ha puc. 1.4: a) onmepaumst 4, G) BBOA uuCAA X B pe-
riactp X nocye onepauuy 4, B) Bb3oB B pernctp X umcJa ;WM qucaa
uz pernetpa N (oM. minie), r) obmen .comepxcumuim perncrpos X u Y
=Y, n),.oggnxlgggi\a_n onepauun (1), Hanpumep BuiyHCAEHIE ef,
e) nuyx.\tétr@hhi;rrqme-rﬁb_'e,“c'ugﬂ onepauua (), i) Koabuesoe nepeme-




HIeHNe uHcen B cTeke — onepatop F(T), 3) BHIGOB uleJd U3 pETHCTPA
X1 — oneparop FB. B nanuueiiimem omepatopst X ==Y u FO OynyT
YKasLBaThesl ynpowenusivu civsoaami XY u F. . .
Bsoy, uuce: B peruerpsl namaTH, UHCIO MOXKHO BBECTH B PErHCTP
namare N naGopom u uamariem wiasmur IT w N. 3zecs N —camBoa

a0
T

F_7 AN s
|

i M Rl (1S =07 o B (5 Ol

% —4_, Z 5 —{.--—, _/\-n— X

A1 \>' X1
A g FZunw UNIN HX=Y=XY
() () 6) 2)

- 57

P

e vad) =

el

~/ T e Y
.

CanonecTHan =
@) onepauma F( ) Fy FBe
) ) 39)
Puc. 1.4. Tlepemelenue unces 8 pPerucTpax crexa NpH OCHOBHLIX onepa-
LHAX

perictpa (A, B, C, I, 0+ 9). B nporpamuax BBOA cOOTBETCTBYeT Ofe-
patopy IIN.

Bpidop uicen n3 PruCTPOB MamatH,  BHSHBACTCA 4HCAO 13 peri
ctpa nmamsti N damaruem waasuw HII u N (onepatop HWIIN).

Lilarn nporpammer u ux aapeca. Kaxmomy onepatopy B mporpamue
coorBercTByer cBoii waz. [arn mocaeiosaTenbHO HyMepylOTCs ABYX-
SHAYHBIMH  JleCATHYHBEIMU uneaavi ot 00 no 97 (scero 98 wmraros).
B pexume nporpammuposaunus (nocie Haxarus wkaasmm F o IIPT)
HOMEPa WAros BEICBEUHBAIOTC B NPAaBOM KOHle HHAukaTopa. Omepato-
pul B mporpavae yaoGHO 3allilCLiBaTe MOCTPouHo, no 10 omepatopos 8
Kaxcaoil ctpowe. B sTom ciyuae noaoxenne omepatopa B mporpanie
1i03BOJISIET JIEKO HAilTil HOMEp ara, HMeHYeMElii ero adpeco,
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fipsmas appecauns. Hemocpescrsentoe yKkasatine azpeca (nomepa
1ara NporpasMbl M CHMBOJIA DErHCTPa NAMsATH) HA3LIBASTCH npanoit
adpécayued. Tax, ONuCaHHEI( BHle BBOX uices B PerucTpel i HX Bh30D
0POBOAMMECE C HCNOJb3OBAHNEM MPSIMOIi ajpecary.

Koceeunasn appecauus. Ecan a7pec ykasaH COAEpPKHMBIM OAHOrO
H3 PericTPOB NaMATH, TO aapecauns Gyaer kocBenHoil. KocsenHan adpe-
cayus BBOANTCA Haxarnem kaasnwi K. Hanpumep, npu BHINOAHEHHH IO
nporpayye oneparopa KIIS uncno x = PX Gyner samiucaio B peracrp
naMsTi, HOMEP KOTOPOro yKa3aH COAePXUMEIM perscrpa 5. AHAJIOrHYHO,
oneparop KHMITA oGecneunsaer BH30B uymeaa u3 perscTpa C HOMEPOM,
yKa3aunslM cofepikanues pernetpa A, B peruerp X. Ymcaam 013
B perucTpe aipecaliin COOTBETCTBYIOT perierpnt 0 -9, A(10), B(11),
C(12) u I(13).

Mopubukauus AJIPEecoB MpPH KOCBEHHOIT aapecaunu. Ecau B Kauectse
pericIpa ajpecanui, B KOTOPOM XpaHuTcs ajgpec oGpalleHis, B3ATb
oann mus periierpos 7, 8, 9, A, B, C nan II, To nph BLITOJNHEHHH OTe-
paTopOB KOCBEHHOIl ajapecauud COAEPXKHMOe perhcTpa ajpecailun e
Hanewsercs, Ecan pernerp aapecamuu mveer momep 0, 1, 2 man 3, T0
TPH KaX<10M BLITIOJHEHHH ONepaTOPOB KOCBEHHOIl aApecalliil CONEepIKHs
MOe perscTpa ajzpecaulf ymenbluaetcs Ha 1, a mpm permcrpax aapecas<
w4, 5 wan 6 ysemmuusaercs Ha 1. Takum 06pasoM, IPOHCXOANT
sodugurayus adpecos. .

Besycuosuble npAMBE W KOCBEHHble nepexoisl. JiA NOCTPOEHHS
PA3BETBISIOWIXCA NPOrPaMM  HCNOAB3YIOTCA 6esycAoBHbIE nepexodl.
Beaycuiosuurii nepexof Ha WIar NPOrpaMMer ¢ ajpecoM N BBOAHTCS omes
paropoy BIT N. Hanpumep, Bo ¢parmente nporpaMmst

UIA HIOB 4+  BIT 17 .ev evr ven eee aae
s el g oS s Mo el elel eieie ) TATTGA %60 C/IT

nocie BLTOAHeH s onepauun (a -+ b) npu @ = PA u b = PB npoucxo-
AuT GeaycaoBuEf nepexon Ha aapec 17, T.e. (a -+ b) ymmomkaercs HaC
(¢ = PC), nocite uero puuncjesus ocrauasiausaiotcst (oneparop C/IT).
Jlas mpocToTH MPONYyMIEHHEE ONepaTopsl 0GosHauenbl ToykaMmiu. OAHO+
maropast komanaa KBIIM oGecneunBaer 6e3yca06HbiL KOCBEHHLIL nepe-
x00 mO agpecy, yKasaHHOMY COZep:HMblM persetpa azpecawmn M
(M=A, B, C, I, 0-+9).

Yenosune npsmble H Kocbenuwme nepexoawt Ilepexox k azpecy N
MOJKET NpOBOAMTLCS MO AAHHBM aHannsa cojepknmoro x perucrpa X
Ha BHIMOMHSHHE OAHOro n3 yemosuii; ¥ << 0, x =0, x =0 mm x 5= 0.
Taxue nepexoasl BBoasTcs onepatopami Fx <0, Fx =0, Fx=0 u
Fx 5= 0, nocje XOTOPHIX yKasslBaercsi onepaTop — aapec nepexona N.
Ecan ycaoBre Tepexoia He BHIOMHsAETCA, TO NPOHCXOXHT MNEPEXON Ha
mar nporpaMysl ¢ agpecomM N, ecin BhINOMHAETCS — ajpec nepexona
HTHOpHpYeTCA H BGLINOJNHAETCS CJEAYiOulasi 33 HHM uACTh HPOFPaMMEL
Opnowarosaa xomanga Kx << OM, Kx = 0M, Kx = OM naun Kx == OM,
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rie M — cumpon perncrpa apecaumn (M = A, B, C, I, 0--9) ofec-
neyYnBaeT. yCJAOBHEIT TepeXof MO ajpecy, yKa3aHHOMY COAEDPIKHMBIM pe-
ruerpa M.

Moanporpammer. [losropssominecs @parMenTsl NpOrpaMM MOMKHO
odopMHTE B BHIE n00npo2parMel, KoTopas IOMKHA RauiHatees € al-
peca N H KOHUAThCA ONEPAaTOPOM BO3BpaTa M8 MOAMPOrpaMMbl B/0. O6-
palienie K MOANPOrpavMe Hs Ji060ro Mecta MporpaMmsl S3JaETCs ABYX-
1aroBoii KOMaBzoil, coaepaameii onepatops I u M.

ITycts MOAUpPOrpaMMa HMEeT n IaroB M moBTopsierca m pas. Toraa
ORa B nporpamme saiiMer n--1 maros. Kpome TtOro, npniercs aarte m
ofpamesnii K mNOAnporpamme, uto safimer 2m waros. bBes peezenns
NOANpOrpayMH BHUHCJACHHA SafiMyT men Waros. CrejoBaTeasno, ecam
2m4-n-1<mn wam n>@2m-1)/(m—1), To BBEIEHHE MOANPO-
rpaMMel coxpamiaer ofmee umca0 warop nporpammsl, Onmako wmcso
onepauuii NpH STOM BO3PacTaer, pacTeT W Bpems . Buumcaennii. Moxnio
NCIIONB30BATh JIO MSTH MOANPOrpaMM, BJOMKEHHHIX Apyr B apyra. Oano-
maropasi komanna KIIMM obecneunsaer xocmennoe ofpaleHue K Nof-
nporpavye ¢ aapecom N, ONpele/isfieMEIM COXEpIKHMBIM perucrpa ajpeca-
umn M(M=A, B, C, I, 0+9),

Opranusaunss UMKA0B. [l Opranmaamimn 4ukA08 MHKTHYECKHR NpoO-
rpaMM CJysKaT OneparopH mocrpoennst cyerwnkos FLO, FL1, FL2 u
FL3 B perncrpax 0, 1, 2 u 3. Tocre stix onepaTopos ykasmiaertcs
anpec mepexopa J/. Tlpn BunoIHenwn 3THX onepatopoB comepiKmMOE
COOTEETCTBYIOLIErO PerHCTpa-CuETIHKa ymenswaercss Ha 1. Ecan omo me
pasno Hy/”0| 0 TPOHCXOANT HEPQXO,!,[ no anpecy N, a eCJIH OHO CTa=~
nosutes. papHeM O — MEPEXOX MAGT K WaPy nporpamvhl, CJeayioleMy
EcJqien sa onepatopom N,

LlHkABl HCNOJB3YIOTCA JJIf  BBHINOJHEHHS ONpejeNIeHHBIX  TpOrpamm
BajanHoe 4IICJIO pas.

Ocranoska i NycK mporpammel. Jns ocTaHOBKH NMPOrpaMybl B BY K=
noM mecre BeoauTcs onepatop C/I1, Haxarnme XaaBmmm ¢ sTam CHM=-
BOJIoM Eefler K 8anycky nporpammel, Has samycka DPOrPaMMEl ¢ HyJe-
BOro agpeca HaXKHMaioTCsl Kaasumn B/O u G/II.

Bson u peaakTHpoBanke uporpammer. IporpamMa BEOANTCA Hana-
TieN  cOOTECTCTBYIONUIX KAABHIUI NOCJe nepeBOsa KaJbKyJsTopa B pe-
24N nporpanMipoBatis (aatuenm xnapmm F w ITPT). Mpm stom ma
Hungarope 0TOOPaKaOTCS KOAW TpeX mocJegunx onepannii u agpec
nocaenysoueii onepauni, Hanpumep:

Tloxazanus HHLHKATOpa 10 6L 6— 10

Oneparops -~ HINB WA
Hanpapsiene BBORA NPOTpamMEr

—

Tlpu. omuGodHo BAWATON NpeduKcHOl Kyasyme F cOpoc ek peii-
CTBHA npousEoANTCS HAKATHEM Kaavimu CF. Hua yeranosky npor aM
b Ha ganaunmii GAPEC HCHOMESYIOTCH Kiapuwu cppira nporpamu: : a

a
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OJIMH WIAr BIpaBo IH_’[‘ win Baeso LIT. C HX NMOMOMIBIO MOXKHO YCTA4
HOBHTb MpOTPaMMy Ha War ¢ OWHGOYHO HAGPAaHHBIM ONEPATOPOM H
HenpaBute ero. Jlnm STOro (B pexuMe aproMaTHYECKHX BbIGHCHEHMUIT
nocsie naxaria xnapiin F w ABT) MOXHO germosbaosats KoManas BIT
n N (ycramomka mporpaMmel mHa uiar ¢ aapecom N). JIByxuarosble
KOMaH/ibl, HabpaHuble OMHGOYHO, 3aMEHSIOTCA HOBBIMH MOMHOCTHIO (T.&.
¢ BBOLOM oGoux oneparopos). Ha mecto sHuiHero omepatopa BCT@B-
ssercs oneparop KHOII (ker onepamun).

Hnpukanus sexoppexTHuix onepauuii. IIpH BHNONHEHHN HeKOPPerT+
nolx onepayuil (neneune na 0, mepenosmenue paspsanuoil cetkn DBM,
posBenenye ¥ = 0 B cTenesb Y, BLIUNC/IEHHE KBAJPATHOrO KOPHA H3 OT-
PHLATENBHOTO YHCNA, BhiuncaeHue 1/x npu x =0 u T. A.) BBIYHCIEHHA
CCTAHABANBAIOTCS W HA HHAMKATOpe mnossaserca cumBon EITOT (ot
anrauiickoro cqosa error — owno6xa). ITocje sTOro MOMHO NPOBOAUTH
BBOJ YHCE H NPOAONKATH BLIYHCICHHHA.

Mpencrasaenue yraos. APryMeHT TpHrOHOMETpHYECKHX (YHKIHIL
MOZKHO DBBIPAXATh B rpajycax HAH pagnauax. [as 9TOro CJAyMHT mepe-
waouareas P—T (paanansl — rpagycet).

fMpumepst ans koutpoas mporpamm. CocrasiedHsle H OTIAMKEHHHIE
HPOPPAMMDl  JLOJKHLI  COMPOBOMKAATLCH KOHTPOALHBIM NPUMEPOM (s
npuMepami, ecis nporpamMma passersisiomascs). Ipucrynate K OCHOB-
HBIM BLIYHCHCHHAM MOXHO TOJIBKO MOC/e MPOBEpPKH NpOrpaMMsl MO KOH<
apoasiomy npusmepy. Ecan Gyaer oGHapy:eHa ouwuGKa, cJeAyeT npo-
BEPHTL NPABHILHOCT BBOAA MPOrPaMMbl [0 KOAAM OCHOBHBIX Omepauuit
(cu. TaGa. 1.3). Ilpu ornaske nporpamu GHBaeT MNOJE3HO MPOBEPHTH
BLIYNCAEHNA MO WAray; AJIs STOrO B pexKHMe ABTOMATHYECKHX BBIMHCJIEs
et paxumaercs xaaswuwa ITIT,

1.4, Cneuuanbume npHemsl nporpammuponanuu
MHKPOKAJAbLKYJISATOPOR

Onepartopsl KOCBeHHO aapecal# 06ecneduBaloT AOMOMHHTENbHEIC
BO3MOMKHOCTH, He OTMEHCHHbIE B HHCTPYKUHH K TNOJb30BAHHIO MHKPO-
kaabkyantopamu, Tak, npn pBoge umena X (1 << x << 10%) 8 perner-
pat 7, 8,9, A, B, Cu Jl 1 nocnienyomem Buimoasenny onepatopos KITM
nan KUIIM npoucxosnt aBroMaTHyeckoe orGpachiBanie APOGHOI gacTu
giena x. Hanpumep, Beeas B perucrp X uuesao x = 421,766 4 BLUIOJNND
onepatoput 19 KHUII9 MII9, mnosyunm pesyasTar B Bhje uHcsaa
00000421, ITpu noGoit mocJsenyomeil onepaiuy 3T0 YHCAO npuoGperaer
oGblunbti Bua uncaa 421. Takum oGpa3som, scero gpa oneparopa IIM u
KUTIM oGecneunBaor gbldenchue KeAol 4acTy Xx.

Ecan perserp M =0, 1, 2 nau 3, To napsay c orGpachiBamnem
npobHoit wacti npr Benoatednn onepatopa KHIIM wau KIIM npomc-
XOAMT yMeHbIUeHHE UeJOfl wacTy uucaa B pernctpe M ua 1, a ecau
M =14, 5 pan 6, T0O NPOUCXOANT yBeduuenie ueaoil wactd #a 1. dro
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N03BO/AET CTPOHTH CHETYHKH B3 n=(n—1) u n=(n-1) BBoiom
scero onmoro oneparopa KHMIIM mam KIIM, mpruenm tekyuwue snaue-
4usl n saHocsTcsi B perHcrp M m MoryT B nAanbHeiilnem Ges MoAH(HKa-
1HH BEISHIBATECA ONEPaTopoM MUIIM, Mosropas onepartopst KUIIM nan
KIIM a pas, MOXHO OpraiH3oBaTh MOCTPOSHIE CHETYHKOB  BIi1d
n=(n—a) 8 n=(n-a). [pennourenye CJeAyeT OTAaBalb Oneparopy
KWIIM, Tak Kak NpH HCNOJb30BaHHH oOmeparopa KIIM B perucrpsi, to-
Mepa KOTOPBIX COOTBETCTBYIOT 7, OYAyT 3aHOCHTLCS PesyJITarhl MpeA-
WleCTBYIOULEX Onepaumii,

Ilna nocjenosatesseoro Beofa 0 No= 13 ugncen au, iz, «..,a
s perucrpa 1, 2,...,9, 4, B, C n I MOKHO HCTOJB30BATH IHKJHYE-
CKyio Nporpasdy C KOCBEHHO ajpecanueli K PerucrpaM npu Beoje B

HHX YHCEJ:
Ecan n=N,

|
N 00 /T KII0 M0 1 — Fx=002 ..,
T ) Ecan n<N, ,

3nece N = (No-+1). Ecaiu N >9, anpec 02 B Konue mporpammsl Halo
gavennte Ha 03. TIpu kaxpmom umkae mensiercst Ha— 1 agpec B pericr-
pe anpecaunu O H COOTBETCTBEHHO KaKAOS HOBOE WYHCJO MOMaiaeT B
noewtii pernerp: I, C, B, A, 9,,..,1. Ilocze BBoxa BCEX wMCes] Mpo-
HCXONHT BBHIXOA H3 WHKJa.

Eme onun ¢parMent mnporpammbi ofecnednsaer BBOA X0 8 umcen
B peruerpe 6,.7, 8,9, A, B, Cu I

Ecan n=N,

5 M4 8 M0 ¢/ Km4 FLO 04 ...
T Ecan n < No=8 l

B stoM dparMente Howepa perncrpos, B KoTopse 3aHOCATCH gmCaa,
!]Jopl\l(l::pylorcn B perucrpe 4 npu pemoanennn oneparoposFLO m KIT4.

TMETHM, 4TO BBOX No uHCen (parmentoM MporpaMMbl € npsNOil
anpecaneii

M ¢ N2 cn m con m Ghour. a

2::11&:1& (2No— 1) luaros, 7. e, 15 warop npu No =8 u 25 npu Ny=13,
yluecwen?o Gombue, weym mpn OpPraHH3aUHH BBOAAa C HCNOJb3OBa-
HIEM KOCBEHHOI azipecainn,
B
u‘““um"m:m’ CAyHae NporpamMbl Moryr Guts THBLMU, P Ao
& A 1 Yuxaudeckumu, Tlpumepom ammeiisoft [pOrpaMMbl  sIBJISIETCS
porpayya enCHCHUA (ynxyuy

Y = (sin stnft)fnnft (1.1)

PPX. Orsenen mox sanmes n n f peructpsr 8 m 9
=PX). Byaeym sanucwpars OporpamMMy ¢ HyJIeBOro

C BBOZOM ? B perycr
(n=P8, =Py,
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agpeca. B monHoM BHAe mporpamMMa HMeeT BHA (BHH3y AaHO pasMelles
uie uncen B perucrpax X, Y, Z, T u X1 creka nocne.Bsoza n, f n t
BLIOJIHEH IS IPOrPAMMEL 110 WIaram):

Anpec 00 01 02 0304 05 06 07 08 09
Kon 20 68 69 1212 12 If 0 13 50
Onepatop Fx MII8 UMY X X X Fsin FBx = C/II
T 0 n f s onrl AE 6 t Elez

Z n i s 7 t of ¢ t t £ t

Y t = n x t ¢ t sin sinft ¢ 1

X t T on f nf snf wnft sin wnft snft y Y
X1 0 5" g t f nf =;nf anft anft anft anft

ITpir BEIHC/EHHH O 3TOIl NPOrpamMMe HCIOJbL3YIOTCS BCe PErHCTpLI
crexa. Ilepexs nyckom mnporpammer Haximaercst kaasuwa B/0 m mpo-
rpaMma ycraHaBJuBaeTcsi Ha HyJeBoif azxpec. [Tociie 3TOro BBOAATCS
Hexoauste paunble. Ilepemetienusn yuces B cTeKe AAHBl MOZ NPOrpaMMoif.
Tlpu n =2, f = 1000 = ¢=1,2-10—* mosyuaem y = 9,0790883-10-".

31)’ nporpaMmy MOKHO 3anHCaTh HECKOJBLKO Hiiaue, BLINOJHAS Olle-
panud YMHOEeHHS [0 Mepe BBOAA KaiK/[0ro HOBOrO COMHOXKHTEIA: )

Fru X HWI8 X HI9 X Fsin FBx <+ C/IT

O6umHo Takoil crocod npeanouTHTEJEH, Tak Kak caalee 3arpyzaer
c1eK M NpeAoTBpaulaeT norepio uHeJa n3 perscrpa T npH cayuaiiHbix
HepenojHeHuax crexa.

B nanbpeiiwen agpeca M KOALL NPHBOANTECA He Gyayr. AJpec Jierko
onpeueserci M0JIOKEHHEN KOMAHALI NPH 3aMHCH nporpamMasl MOCTPOYHO
¢ JIecsiThio OnepaTopau B Kamaoii cTpoke. Koabl Hy:KHBI TOJIBKO Npit
NpoBEpKe NPOrpaMM HEOMBITHBIMH TOJB3OBATEJNSMH, TaK KAK HA nep-
BLIX 110pAX OmHGOYHOE HaXaThe KJAABHLI He PeAKOCTb. Ec/H moJjb3oBa-
TeJib KPHTIYECK! OLEHHBAET CBOIO NMYHKTYaJbHOCThL MpH BBOJE NMPOTPaMM,
OH MOXET COCTaBHTh JOMOJHHTEJbHYIO TAaGaHIy KOAOB HYXHOIl NPO-
rpamMmel, nenoab3ys ta6u. 1.3, Tlpi nexoTopom HaBbike KOAB! Onepaiguii
OHICTPO 3aMOMHHAIOTCSL.

Tenepb paceMOTpHM NpPOCTEHLIYIO PA3BETBJAIOLLYIOCS NPOrpaMmy.
Herpyauo sametuts, uto npu ¢ = 0 suauenne y no (l.1) onperensth
Heab3sl, TaK Kak (sin znft)/mnft naer weonpesesennocts suaa 0/0, a
neqenie na 0 orHocHTes K HeKoppekTibim onepaunss. Ilpn ssoge /=0
BBIMHCTCHNS 110 ONHCAHHBIM NPOrPaMMaM NPHBOAAT K MOSABJEHHIO 3HAKA
ounibkn EFTTOT. Mexkay Tem 3Havenue sin x/x = 1 npu x = 0. Creno-
BaTe/bHO, GoJiee TOYNO ONpeAe/ATh ¥ Mo ABYM (opMyaas

y=1 npu t=0, (1.2)
y = (sin ztnft)/sinft npn ¢ 0.
ITepexos OT OXHOIl W3 HHX K JDYrOil MOMHO OCYUIECTBHTD, HCNOL3YSt
YCJIOBHEE Depexojnt 10 yeaosiam x = 0 wan x 7= 0. Toraa nmoayuum
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TaKylo TPOrpammys:
Fx=0 04 1 C/1 Fax HI8 HMN9 X X X
Fsin FBx =+ C/II

Ecan BBectn 1 =0, To yenioBHe 7= x = 0 BumoaHsieTCs, aApec
nepexoga 04 Hruopupyercs M Ha uHAHKaumio BeiBoautcess 1. Ecan
1= x %= 0 ycnoBHe He BHIIONHAETCS M NPOHCXOZWT TEPEXOA IO ampe-
cy 04, 7.e. BhiunceRHe no BTOpoit dopmysie (1.2). OrmeTum, uTO NpH
BBOZE KaXK/IOro HOBOTO 3HaueHHs ¢ Hajgo HaXumarth kaasuun B/0
C/IL.

Monndnuupyem nporpammy Tax, yroGsl nocje BEOAA KAXJOro 3ia-
ueHHs ¢ TpeGoBaJloch HaXKBMaTh TOAbKO kKaaBnmy C/IT:

Fx=0 06 1 C/IT BII 00 Fa MI8 HI9 X
X X Fsin FBx + BII 03

Honyctim BBeseno ¢ = 0. Torna nocae nycka Gyjer BhAano 3magenrne
y = 1. HaGpas HOBOE 3HaueHWe ! n HakKaB KJaBHuy C/IT, mu oGecne=
unM Geaycnosuuli nepexon (komamaa BIT 00) wa ampec 00. Ecan 550,
TO yeaoBie ! = x =0 He BHNOJHAETCS H NPOJOJIKEHHE NPOrpPaMMLL
noiiner ¢ agpeca 06. Ilocie aenenns sinmnft ma mnfi (onepaums ¢ axpe-"
com 14) mponexomnt GeaycaoBuii mepexoa na aapec 03 (omepaTopul
BIT 03), 1. e. X KOManjae ocTaHOBKH Boiuncaennii C/IT.

PaceMoTpuM TpHMep COCTABJeHHs MPOrpamMmbl ¢ MONIPOrpanMoii H
KOCBeHHOIl azpecauneii peructpoB mamsTi. ITyeTb HafQ BLIMHC/IHTDL BBIY
paxenne - . .

: f= (ae™P — peW'R)[penE N2, (1.3)

ByJier PYKOBOACTBOBATLCH CACAYIOLAM aATOPHTMOM:

1. 3navenne /2 BLUNCAHM OAMH pas B Hauade NPOrpaMMBI, YTO
COKpaTHT oflllee BpeMsi CyeTa.

2. Buunczente noxoxux uneron ac™¥2, pe W2 g oo™ opop
MHM NOANPOrpaMMOit,

3. Tax xax npu BHNOJHEHHH M. 2 SHAueHHus X, a, Y, b, z 0 ¢ AOMK-=
bl BHI3LIBATLCS TIOOYEPEAHO, TO 3TO lenecooGpasno caenath, HCNOAL3YR
XOCBeHHYIO a[PECaUnio PericTPOB NaMATH H PasMecTHTh X, @, ¥ b, 2
M ¢ nocaenoBarenbno B perscrpax 7, 8, 9, A, B n C,

Toraa moayunm nporpamMmy B BHAe

Fn 2 = TII6 6 I15 I 15 I 15

— nOm 15 = C/I1 KWII5 Fx? M6 X Fe*

KMIIs X B/0

' Bannch wnena 6 B permcTp aapecaumnn 5 sajaer BH3OB NEPBOrO
uHCaa X u3 peructpa 7 mpi mepBoM ofpaiueHnn X noanporpamme. Ono

Maunnaeres ¢ onepauuu Kocsennoit aapecaunn KWII5 no aapecy 15.
Tlpi BLmOAHEHHN 9TOTO ONEPAaTOPa COAEPHKMMOE perietpa 5 (umcao 6) -
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yseanunsaetcs Ha 1. CnenoBartenbio, MPOHCXOAHT BEI30B yHCad X M3
pernerpa 7= (6+4-1). Hdasee x BO3BOANTCS B KBaapaT, yMHO#<aercs Ha
n/2=P6 1 Bhuncasercs e/, Bartem- (oneparop KHUII5 no aapecy 20)
NPOHCXOAMT BLI30B UHCJIA @ H3 PerHcTpa 8, Tak Kak cojepiKHMoe PerHers
Pa 5, ykasmBaouee Na HOMEp pEricTpa, H3 KOTOPOrO BhHI3HIBAETCSA Ones
PaHA, BHOBb yBeanuusaercs Ha l. IToanmporpamma sakanugBaeTcs yMHO+
sennem €2 pa g BosBpaToM (omepaTtop B/0) x ocHOBHOH NpO=
rpamme. Aunanornyno (co cMenoii map y, b u 2, c) NPOHCXOAAT BTOpOE
Il TpeTbe BLITOJHEHHE MOANPOrpaMMbL.

CpasuiM 3Ty nporpaMMy ¢ nporpammoii smyucaenus (1.3) 0e3
NOANMPOrpaMMer:

R 2 = 6 HIIZZ Ex* X Fe¥ HII8 X
HI9 Fx? HII6 X Fe* HIIA X — UIB F#?
HI6 X Fe* HIC X = Cc/mn

HeTpyano samerTnTb, 9T0 B JaHHOM cJyuae BBejeHile MOAMPOrpaM-
MBI COKpaTHIO ofulee YHCJO INArOB nporpammel Ha 4 wara. Opuako
Bpeysl BLIYHC/CHHA NPH BBEACHHH MOANPOrPAMML HECKOJNLKO YBeJHUH-
Baeves, Jleitersurenbno, npu x =3, a= 100, y =2, b =205, 2=4
= 0,01 noayunym pesyavrar fo= 1,6775483-10-! sa spema oxono 15 ¢
no nepsoii # 0K0s0 12 ¢ no BTOPOIl mporpamme.

Tenepb paccMOTpHM cOCTABJEHile LHK/AHYeCKHX nporpamm, IIyetsh
HAJL0 BHINHCIHNTE (YHKILHTIO
e 1
X + 1
aag x=1, 2, 3, ... Oaun 13 npocreilligX BapHaHToOB NMPOrpPaMMbl Bbl-
upicaenus f(x) umeer Bua (0=P4)

KMII4 MI4 Fe* | + HI4 | 4+ = Fln
C/ BIT 00

Filx)=in

IMepsuie apa omeparopa 0GecneynBaloT yBeJHUYEHIE COAEPIKHMOrO
pernctpa P4—»x ma 1 npum Kamaom nycke nporpammul. Iociemyioutme
onepatopsl (¢ aapecamn 03—10) cayxar ans seuncaenus f(x). Onepa-
roput BIT 00 oGecrieunBaioT mepexoj K Hauany nporpamwmbl, Taknm 06+
pazom, npu naxkarun xaasmun C/IT npoucxoanT muKINYecKoe BHYNCIC-
fie f(x), mpiuuem NpH KaMJoM UuxkjJe X Bospacraer ma 1. Hamuman
kaaspmy C/T1 (nepen mepmm nyckom B/0 m C/IT), Gymem noayuath
f(1)=0,6201145, [(2) =1,0283157, f(3) =1,6622929 u r. A.

Boluncsiensi MOXKHO aBTOMATH3HDPOBAaTh B eule Goawlueii crenecu.
Ilycrb Hano ABTOMATHYECKH BHUHCAHTH A0 12 sHavennit f(x) ann
x=1,2 8, ..., 12 c samucbio pe3y/bTaToB 6e3 BMeLIaTeJbCTBA Olle-
patopa B peructps 1, 2, ..., 9, A, B, C. B srom ciyyae TpebGyercs
JIONONHATENLHO PElUIlTh ABE 3a/14ui: OPranis3oBaTh 10 7 << 12 muki0B
BLIYHC/AEHHH H NPELycMOTPETh ABTOMATHYECKHII BHIGOP PerucTpoB Ais
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sanuen pesyauraros. Ilepsas sajaua pemaeTcA HCHONb3OBAHHEM omnepa-+
Topa Oprauisalii UHKAA, HANDHMep B perucTpe 0—FL0. Bropas —
yenoab3oBanieN KocBeHroli appecaunn. Onus ¥3 BapHAHTOB TaKoil npo-
rpaxyy caeayomyii (n = P0):

Ao na  Fe® 1 4+ ung ! 4+ =+ Fn

Koo FLO 00 C/IT

B nauaie nporpaMybt copepxKnyoe perucrpa cuerunxa 0 (npm mep-
BOM NyCKe 1) NepenichLiBaercs B PErHCTP ajpecauun Pl — onepatops
JATO T1J. 3atem (onepatoput ¢ agpecamn 01—09) BbuHCAsIETCS f(x)-
Oneparop KII[L oGecneunsaer 3amich f(¥) 8 TOT perhcrp, Homep Ko-
Toporo ykasai copepimmeiy perncrpa I, Oneparop FLO oGecneunpaet
po3BpaT K nauaay nporpammbl (agpec 00) m ymenbwenue na 1 conep-
scivoro perrctpa 1. LHKasl NPOLOMKAIOTCS, IOKA COAEPIKHMOE PericT-
pa 0 uz craner pasuuy 0. Boeas, nanpnmep, n = 10, cnyerst munyTty
cqera noayuns f(1)=0,6201145, Wasaexasn us perucrpos 2, 3, ..., 9, A
apyrue 3pasennn [(x), noayunm: f(2) =1,0283157, f (3) = 1,6622929, ...,
[(10) =7,6021501.

Boasoe uucao KOHKPeTHBIX NPHMEPOB MNPOrpaMMypoBanus 4HTA-
TeJb Haiffer B mocxeayiownx paszenax Kuurn. Oamaxko Buumartesblioe
SHAKOMCTBO C HNPHBCUCHHBIMIT NPOCTBIMH [IPHMEPaMH INOMOXKET paso-
GpaThCA B AATOPHTMAX DLIUICTEN], peain3oBaHHLIX B GoJee CJHOMHLIX
nporpaMmax. ITi NpHMEpl MAMOCTPHPYIOT Takie GoAbluMe (yHKIIO-
Haabible BO3MONKHOCTII KOCBEHHOH ajpecalHii 1 ONEPATOPOB Opramiaa-
I LHKJI0B,

CrieiyeT 00paTdTh BHIMAHNE HA TO, YTO B HEKOTOPLIX MHKPOKAJb-
EYIATOPaX MePBLIX BLITYCKOB HEJb3si 110 NPOrpaMMe NPOH3BOANTE CMEHY
3HAKA BHMHCJIRHUIT I 3AKAHYNBATL MOANPOTPAMME! CJIEAYIOUHMIT Onepa-
Topamu: Fsin, Feos, Ftg, Farcsin, Farccos, Farctg, Fe¥, Flg, Fin,
Fx?, Flfx, Fo/7, Fx, FI0* u Fx Ecay no ycloBmo 3ajaun nano npo-
BCCTH CMCHY 3HAKA pe3y.JbTara, 10 OpH YMHOMKEGHMH H [edeHHH 370
MOKHO CACTATDL, NPHCBOHB 3HAK MUIYC OAHOMY H3 COMHOMKHTedeli, A10O
AeanMomy, anbGo aeantemo. Hanpumep, ecan nazo BBIYHCIIHTEL  YHCJIO
—ab (a=PA, b=PB), 1o ¢parmenr NpPOrpaMMbl  1OJIZKEeH  GhiThb
HIIA /—/ HIB X wan WUIIA UNB /—/ X, a we UIIA HIIB X [—I-
Orveuesnble BLILIE ONEPauyn AOMYCTIIMO TPOBOANTH MEpPei 3achLIKOIT
pesyabpTata B Kakoii-An60 HEHCNOJAL30BAHHEIL PEeTHCTD mamaTH (B TOM
uiese B peraetp Y xomaunzoii 4).

Omicaniibie 8 KHire nPOrpaMMbl COCTABMRHLI C YHeTOM 5Toro orpa-
el ¢ TeM, uTobH oMy GLIIH TPHTOAHBI AAS MOGHX MHKPOKaJBKY~
JIATOPOB Jauforo Tima. B BuimycKaeMblx B naabHeiimem MHKDOKaJIbK Y-~
JIATOPAX 3TH OrPANHYCHHS] OTCYTCTBYIOT, 4TO HECKOJBKO ynpomaer co-
CTaBJIEHNE NPOTPaNAL.

Has yumeubluenia BpesMeni BHUHCACHRN B WIKANNeCKHY nporpammax
PCKOMEHAYETCH BLIMOCHTb 33 MHpeAeasl MHKIAA (ParMents nporpan,
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BEUHCAAIOMME UNEHH YPaBHEHHIT, KOTOPHE We MeHSIoTes OT UHKAA K
wikay. ITonesno Takie HOpMHpPOBaHHe ypanueuxm H npnae}xenue HX K
BO3MOXKHO GoJee MPOCTOMY BHAY.

1.5. [lorpeniHoOCTH BEIMHCIEHHH Ha MUKPOKaAbKYIATOPAX

Toaysaenlit B pesysibTaTe BLIUHC/AEHHIT DE3yJAbTAT y OTIHUAETCA OT
TGUHOTO Yo. AGCONOTHAR NO2PEUIHOCTb BBIYACICHHS -

Ay = |Ay| = [yo—yl,

= Ay/lyol-

TlockonbKy SHAueHHA Yo He BCETJa 3apaHee H3BECTHL, HHOTJA 3a<
naior Ay mesasucuyo. Hanpimep, ecnn Ay = +2, To npH Yo = 5 nveeM
y—542=3-+7, a npu Y= 100 y = 100 4= 2 = 98 = 102. Yacro
3a7a0T Y 4UHCAOM BepHLIX 3HAKOB pe3ysabTarta. BepbiMi Ha3BBAIOT
aNaKM, ecan MPeACTABJEHHBI HMU pe3ysibTaT HMeeT aGCOMOTHYIO TO-
rpennoeTs He Gosiee 1/2 maamwero paapsaa. Hanpumep, ecan pesyJbTat
y = 50,0124 sanan TpemA BepHbLIMH 3HAKAMH, TO MOMKHO NpPHHSTH, 4TO
49,95 < y < 50,05.

IMockoubKy pesynibTaT BLIUNCACHHT Mikpo-9BM Bhinaer ¢ KOHEUIHIM
YICJIOM 3SHAKOB, eMy BCrja MpHUCYLla no2pemrocTs oxpyeaedus. OGHIYHO
ee cyllTaloT paBHOIi ==1 mocJexuero paspsaa.

Tlpn BLIYUCJICHHHE SJEMEHTADHBLIX H CHCUHANBHEIX (YHKUHA HAG/MIO
neeres meroduteckan nozpewrocrs. Oua cBsizaHa ¢ TeM, 9TO TaKHE BbI<
UHC/EHHSA NPOBOASTCA pasjoxKeHHeM QYHKUN{ B pajg WIH HENPepHBHYIO
ApoGb ¢ KOHEYHBIM YHCJIOM uienoB. OrGpachiBaeMble WieHB CO3AAIOT MO<
I'PelIHOCTH pe3yJibTaTa, OLUEHHBAEMYIO OCTATOYHbIM uneHoM R. OTa mno-
TPeHocTb O65IUHO 3aBHCHT OT aprymenta x (cM. TaGa. 1.4 Aas MHKPOs
KaNbKYATOpoB diekTponnka 53-34).

a OTHOcUuTenrbHAR

[Mpn  soyucienun  GYHKUH  HECKOJABKHX — NepeMeHHblX § =
= f(¥1, X2, X3, .vs, X;) OTHOCHTEJbHAS MOLPRIUHOCTL BLIYHCJICHHS
n
— 2
61/ iZ‘ (Siéi) >

rae S;— Ko3(:pHINEHT YYBCTBUTE/ILHOCTH K OTHOCHTEALHOMY H3MEHEHHIO
8, i-ro mapamerpa.

IMorpenIHocTs, noJjyyaesmas B peayJabTaTe MpoBeieHHs onepawguii Rag
NPHOJIDKEHHBIME YHCHAMH, HA3LIBACTCS ONEPAYUOHHOL NO2pPewiHoCTbIO.
OrnepalionHasi NOrPElHOCTs apH(METHYCCKHX Omepaliii paBHA CyMMe
norpelHocTeil yices, HajA KOTOPLIMH NpPOBOAsiTcs 3TH omepauuu. Cyue-
CTBYIOT ONpEjeJeHrke MPAaBHJa YMEHbIUEHHs 9TOji morpemnocti. Tak,
CYMMHpOBAThL YHCJA PeKOMeHAyetcs ¢ MeHbiunx 3navesuil. [Ipu ymmoice-
HiA CleayeT yMHOMKATh MeHbllee uncio Ha Goabulee. Ecanm mpomen;ys
TOUHbLl pe3yaLbTaT npH STOM 41 = 1, ero Hajgo yMHOXHTH Ha MeHbliee
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TaGnuuma L4

Magkcumansnas

@)’“Kuﬂﬁ ILOIIYCTI!MHE 3HAYEHHA X~ Dl’l'l;l:.f)pcellli‘::lolzf:«:ﬁ
sinx 1.10-9 < /x/ < 10 (FpaR) 3.10~7
cos % 110~ </x/< 109 ‘rpuR) 3.10=7
tg % 1.10-%¥< | x | <109 (rpax) 3.10~7
arcsin ® [x1<1 3.10—7
arccos X x|t 3.10~7
arctg % 1.10~9 < [ x] < 9,9999999.1099 5.10-7
x¥ x>0 1.10-6
&* | 1< 100 In 10 4.10-7
= 1 x1<10%0 1.10=7
10* | x1<99,999999 4.10-7
1z X0 1.10=7
A% x>0 1.10-4
LS x>0 3.10-7
Igx x>0 3.10-7

H3 OCTaBUIMXCA yHCes, eclu Y; << l, TO HaZO0 YMHOMHTbL Ha GCoJbuiec,
Onepauui yMHONEHHA 1 AeJEHHS UeJecoo6pasHo yepeaoBaTsh Jpyr ¢
apyroy, uiberas nepeno/menusi onepaumonnoro perncrpa X. Caexnyer
r3beraTh BEIYHTAHHA OJH3KHX YHCEN, TAK KaK PesyjbTar MOXKET [onactb
B 00/1aCTh MAUINHHOrO HYJIS, YTO MOMKET MPHBECTH K GOJBLINM IOrpeti-
HOCTAM, HANDHMEp, NpH TOC/JEAYIOWEM YMHOMKEHHH Aaxe Ha G6oabLioe
YHCJI0.

Jast ymeHblWeHIT ONepauHOHHOIl MOTPEIIHOCTH MOJE3HO MPOBOAMT.
npeoGpa3oBanis GYHKUUIT ¢ yueToM oTMeueHHHIX Bhiwe mpasmi. Hampu-
wep, y= (a+4b)>—a® npu b < a cremyer mnpescTaBuTh B BiIe
y = 2ab +b%, uto 003BOANT H3GeKATb BLIYHTANHA OJHKHX YHCEJ
(a+0)* u b K Takum npeoGpasoBanHaAs OTHOCHTCH TaKiKe HOPMHPO-
BaH{e ypaBHEHHi, CTEMEHHLIX MOJIHHOMOB it APYrHX GyHKIHIT, TPOBOALIL-
MOe TaK, 4TOObl BLIMIC/AEHHA BEJHCh C WiHC/AMH, A2JEKUMIl OT MALINii-
HOro HyJA HAH GRCKOHEUHOCTH.

1.6. Hucrpyxuns no ssoay nycKy nporpamm
AASl MHKDOKAJbKYJASITOPOB

1. Iepea #cnoabaosauuem nporpaMMm clefyeT BHHMATENbHO 03HAKO-
MHTLCA C aNTOPHTMOM BLIYHCJCHHI i NPaBHJAMH PAGOTHI ¢ MPOrPAaMMOiL.

2. Biouns MHKPOKa/ILKYJAATOP, NEPeBONHM ero. B PeXKHM Mpo-
rpammupoBanun, naxas.kaasnwy F u ITPT, satem BBOAUM nporpammy,
HAACHMAA yKa3auusic B Hell KAasuuil,



3. Hawap xnasnum F, ABT n B/0, nepesoany KaabKyJastop B pe-
2HHM aBTOMATHYECKHX BBHIYHCANH M ytTanas/inBaeM HpPOrpammy Ha Hy-
JIeBOif 1mar.

4. B TOYHOM COOTBETCTBHH € MHGTPYKLNeii BBOAHM HCXOAHbIC AaH~
nble: o0osnavene Buaa x;=PN oanauaer BBoj x; mpsMo B perserp N,
o6osnauennie x;=PX osHauaer BBOA ¥ B pernctp X ¢ gukcauneil BBOAA
naxarsem xuasuuwy C/IT. Jas Beopa x;=PY nasumaem xaaspwy 4.

5. Iyckaem nporpammy, naxas knasmwy C/I1. Brigucienns conpo-
BOXJAIOTCS MNranHeM HHAHKATOpa. Ecam Bpems cuera He OroBOPeHO,
pe3ysbTar poJpken mnosBHTbea cnyersi 30—40 c. OGosnauenusi Buaa
y:—PX, 2;—PX u TaK najee ykaskBalOT Ha TO, UTO PE3yJbTaT Ui
nosiBAsieTcs Ha WEAuKaTope pernctpa X (AnA monyuenns 3aTeM 2i HALO
naxarb kaasywy C/IT n 7. a.). OGosnavenne y;—~PN osnauaer, uro
peayJsbrar sanocurcs B peructp N (peayabrat u3 perderpa N BRI3EIs
Baercs naxarwem knasuw HIT u N). Ecan nporpamMma SauuKImiIach,
cyer mpepeiBaeTcs Haxcatuem Kaasnwm C/IT. -

6. Tlporpanwmy clieiyeT npOBEPHTL N0 KOHTPOJALHOMY npumepy. Ecan
ero pesy.anprar ownGoved, HeOOXOAWMO BHHMATEJbHO NMPOAHANH3IPOBATH
HporpaMMy no xogam (cm. Ta6a. 1.3) ¥ yTOUHHTb NPaBHALHOCTL BBOAA
NCXOANEIX Aannbix. Muoraa mnosnesno mposecTH BHuMCAEHHS MO lIaram,
YTO IO3BOJASET BLIABUTL H 3aTeM YCTpauuTh OUIHOKH.

7. Tlpuseienibie B OCHOBHOM -TEKCTe CIPaBOYHUKA NPOFPaMMBl MIpH-
FOANEl JUI  MHKPOKAJBKYJAATOPOB Diektponnka B3-34, Duexkrponuka
MK-54 u 3uextponnxa MK-56 ¢ yueToM SKBHBAJEHTHOCTH CHMBOJIOR:
4+ =Bf, Ul =Tl—x, Il = x—1II, arcsin = sin—!, arccos = cos—*,
arclg =tg~, A=0, B=0b,C=c, A=daXY=X=Y.

Bunmanue! Oneparops kocentoii agpecaunn KHUITH (xoa [E),
K (xon LE), KBII{ (kxopx 8E) M 7. n. aHanornuml oneparopam
KHIIO0, KI10, KBII0 u . a. ¢ perncrpom ampecanun 0. Onnako npn mx
HCIOJHERIN cofepxknmoe peructpa 0 me mopuduuupyercs. OnepaTopit
K7 (xom 34), ..., KII (xox 3—) oGecneunBaioT BHSOB OAHOI KOMaH-
noii suaka ownbin EFTOTL. Oneparop BIT npn x = 0 = PX sacuiaen
8 stor pernetp 1. Tlockoabky nannuie onepaTopul ne perJiamMenTHPOBAMbI,
NPOrpaMMBl € HX NPHMEHCHHEM JaHbl OTACALHO B npnaoxennn 3. Ilpn
3apepuienyil BHIIOAHEHNA WLIKNOB ¢ onepaTopami FLO <~ FL3 B ajpec-
HOM periicTpe ocraeTes upmeao 1 (T.e. npn mocaefneM HX HCNOAHEHHI
BLwWiTanie 1 ne npoicxonur),



Faapa 2
MHKPOKAJBLKYJISTOPBl C AJITEBPAHYECKOM
JIOFTHKON BbIYMCJHEHNH

2.1. Ofwue ceepeHus

POKQNLEYIATOPSL C azeebpauueckol 20200 BHITIOJHAIOT BBIUHC:
means 8 GoJee ecTecTBEHHOM Buie 0Jarojaps HCHOAb30BAHUIO KiaBHL

( |,E,I ) I,l)—]|u paaenc*rrml = I.

B TaRHX MUKDOEGNLEYJIATOPAX uHCAA BBOAATCH B CTEK OpH HAXaATHH
EJZBHLI C OTKPLISAIOLIMMICH CKOGKaMH, a BHIBOASTCA — MpH HAXKATIL
KIasfilll ¢ 3AKPBIBAOMEMECH cKOOKaMH. YHCAO cKOGOK, HHOIAA TOJILKO
KPYTABIX, MOKeT ObTh oT | 1o 16 m onpeaensercs 4HCJIOM pericTpos
B crere. Takue KaNbLKYIaTOPE MOAPA3AeJIAIOTCS Ha: l) HenporpaMmi-
pyemuie, 2) muporpamyiupyemsie ¢ OObYHO{l ajreGpanueckoii JIOTHKOIL,
3) nporpasuupyemuie no cucreme AER (Algebraic Expression Reserve —
aazebpauneckoe evipascenue ycaoeutt) n 4) nporpamMMupyeMbie Ha Ynpo-
LIEHHOIl BEPCHH. ASLIKA BEBICOKOrO yposHs GeilcHk,

B 1aGa. 2.1 nansl XapaKkTepluCTHKI OTEHeCTBEHHBIX HENpPOrpaMMiupye-
MEX MUEDOKAALKYJIATOPOB AJS  HAYYEBIX M HHXKEHEPHBIX pPacyeros.
B ¢yHxunonaNLHOM OTHOMWEHNN OHN pasauuaiotes mMano. [Tostomy pac-
MOTPHM HauGO/Ice COBpeMEHHYI0 MOAedb MUHHATIOPHOTO MIKPOKATb-
EyaaTopa Oaextpownka B53-38 c nanGonmnmigy  YHCNOM BHIMOJAHSEMBIX
onepauiii. 3ToT KaabkyAsTop (pme. 2.1) umeer TpoiiHOe ynpabdelie
GOZBUINHCTBOM KJaBHIN, NOCTHTAaeMOE [NpHMeHeHHEM ABYX (DyHKIHO-
nameHuX  (npedrrcnsix) xaasum Fy n Fa. OGuwuii cGpoc ocyutecTssi-
erca mnapiueii C, cGpoc ommGOYHO HAGPAHHOTO YHCAA OCYIICCTBIACTCH
apweii CK. Mveetes oxun- nononuuteasusi perucrp: maMati (BBOZ
WiHceJl B HEro 3anaercs Haxkatmem Kaasuw Fy 3I1, a BHISOB — Haka-
Titen kaasiw Fy HIT). CkoGku [(1)] asoiinse.

JlnA HenporpaMMupYeMbX MEKPOKAAbKYJISTOPOB OueHb TOME3HO CO-
CTABJSITE TporpayMmer Belgucaenuit, Tak, oGo3nauas onepaHabl-uHcaa B
KpyzKax, Buiuicaenue Buipamenns a +(h 4-(c 4 d)) = ? MONKHO Akl
NOJMHETL MO TAKOil nporpame:

@+ O+ O+ @) )

N

BBOAA CKOOOK

I

30
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Tloncrapasas BMecto a <+ 6 aueaa 2, 3, 4 m 5, monyunm pe3ymbrar 2%
HepeKo € MOMOUIBIO HENPOrpaMMHDYeMBIX MHKPOKA/IbKYIATOPOB MOMKHO
BecTH BBIYHC/ICHHSI IO NPOrpaMMaM, COCTABJEGHHBIM Vsl NPOrpaMMEpyes
MBIX MHEKPOKANbKYJIATOPOB (CC/if K 3TOMY BBIHYIKAAeT HX OTCYTCTBHE)
OZnHOMeECTHbIE ONePALHK BLIMOIHATCS YKA3aHHeM HX ONEPATOPa mo:
cae naGopa uncna x. Hampmumep, sin 30° Bhiuncasem, na6pas uucio 30

u HaxkaB kaasumi Fy sin (ykassiBaem TOIBKO JeHCTBYIOWYIO HaAMHCh
Ha KAaBllle HJH HAM Heit).

[ B A
[

——— PEX[O] '\’- z2 1fzn?
[ PALAF F
SJERTPORUKA -

u”ln z¥ ' 306, WG
5%-38 i e* n n1

[5] [e] [dnDal= f}

sin® we‘ tg! ¢y X zenZET

----EI

CII c6 o999 /—/ n+z n-cn

IEIEIEIIEI

Pue., 2,1. Bueunmu BIL MUKDOKAJIBKY/IATOpA DeKTponiKa B3-38 ¢ an®
| reGpauieckoit JIOTHKOH BLIYHCACHIIT

2
I'Iplmeae\( TPHMEpHl GOJIee CAOMMUBIX BLIYHC/ICHHIL,
. Buwncnenne rumepGosmueckoro kocuuyca chx = (0 + 1/e*)[2
> as
@ B .+ ® Mz + @

Tas x = 1 monyuum ch(1j = 1,5430806.
2. Boruncaenne OGPATHOrO ritllepGoAnieckoro Kocuiyca

archx=
=In{x+4/x*—1)
@' X 3L TR NI
2Ll FEiaye A= Ty m

STOT NpHUMEp HIIOCTPUPYET mpuMenexnue perucrpa namarim. Juas x == 2
noayuum arch(2) = 1,3169678.

3. Bruumesienue uncaa couerauuii G = ol/(31 (9 — 3)1)

@an!+[([(@x=,n!)1
x L ® - @1 & j o=

Moaywium Cj = 84.
32



4. Ina marn uncen 7, 8, 8, 9 n 9,5 mafiti cpeguee # AHCHEPCHIO,
Bsoj nposoiuy 1o nporpasse: 2
L,

R

Hakas kaaBuury ¢ HaAmuchio cnpasa ¥, moayynm ¥ = 8,3, Hawap K/ia<
BHIIY ¢ HA/ANUCHIO CrpaBa A, NOAYYHM n =5 (YN0 BBEACHHBIX HHCE),
Haxap knappuwy F, W KnaBilly ¢ HAAOHCHIO CBEPXY On, MOJMYMHM
on = 0,8717797, u, uaxkas xaasuuly F # kaaBHIy ¢ HAANNCHIO CBEP-
Xy Onp—1; NONYYHM Gn-y = 0,9746794. Taxkke MONXKHO BBLIYHC/IHTH
D x =415 u ) x> = 348,95

5. Haiiri xopun kBajpatnoro ypasueuns 24 px -+ q = 0 no dop-

b

Yy o2 7)) I
£ o

L

2
MyJaM Xy o= -—g 3 z\/%- —g. [Tlporpamma BhIYHCJEHHI HMORT
BHA

® ®.2 + @O - @ = K
FE ot @ = ® - - § m [H
¥ m § /~ [E

KopHir noayuaeM nocje  HCHOJIHEHHS oneparopon, = ‘. Ecau

p= 2,736 n g =—5219, To nmeem x; = 1,294785 n x2 = —4,030785.
B aroit nporpamme uieH p/2 CTAHOBHTCA KOHCTAHTON MOCJE HCHOJNHEHHS
noapsJ oneparopos — i —,
6. Haiiti, ckosnbko rpaMmos paaus
—In 2T
m (t) = mge Ty,

ocTaieTcss TOCJE ero pajAKOAKTHBHOrO pacnama sa spema f = 2000 zer,
e/l mcxoanas macea o = 125 r, a mepuox ero mosnypacnaga Tie =

= 1620 ner. [Tporpamma BuiuncaeHnit m(f) B obwem Buie c/iexylOULan?

® 5 uwx @ + @ =8/ H

F eF &« m =

Ins npuBefeHHBIX RaHubix m(f) = 53,12122 r.

CiloXHble H MHOFOKPATHO IIOBTOPSIOUIHECH BHIYHC/ICHHA YAOGHO MPO<
BOANTH HA NPOrpAMMHDPYEMBIX MHKDOKaAbKyasTopax. OreuecTBeHHbe
EPOrpaMMipyeMBle MHKDOKAIbKYJATOPHl € ajire6panveckoil JIOrHKOX
BLYHC/HEN K MOMEHTY MOATOTOBKH AAHHOH KHHTH HAXOAMJICH B CTALHH
.paspaGorkit. [ToaTomMy Rasee paccMOTPeHB OCHOBHbIE THINEI MIHPOKOPACs
fIpocTpaHeHHBIX 3apyGeKHLIX Ka/bKy/IATOPOB (Tabil. 2.2),

9 B, [l, Juaxonon 33
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KaJ‘leleﬂTOpb( 3TOro Knacca OOBIYHO HMEIOT Uepapxuio onepayuil,
7. €. BLUIOJIHEHHe HX B ONpelieseHHOM [NOpsKe: 1 — BhluncJexne MaTeMa-

)
tHuecknx (yuxunii, 2 — pouncaenne Qynkuit  x¥ uw 4/x (Hnn y* o

x
1/—1/-), 3 — ymMHOMNeHHe H JeJeHne, 4 — cJOMKeHHe H BHIUHTAHHE H 5 —
oKOHYaHHe BuuHCAeHuit (omeparop =). Tak, NpH HAaJAHIHH Hepapxuy
Bhlpaxenue 2 -3 X 4 puuncaserca kak 2+4-(3X4)= 14, a npu or-
eyTcTBHN ee Kak (24 3) X 4 = 20. Hanuune uepapxum mossonser Gos
Jiee HKOHOMHO HCMOJB30BATH CKOGKH H COKPALIATh JUINHY HPOrpam, Ko=
Topasi 06HuHO GbiBAaeT HECKOJBKO GOJblie, 9eM Y KaJbKyJsTOPOB C 00~
paTHoii 6ecckOGOMHOI JIOPHKOH BhIMHCICHHIL,

Kanbkyastopst EL-5100 m EL-5101 ¢upmer Sharp (SImomns) pea<
Jmaylor smeroa nporpammupoBanns AER. Ero cyTh sakaiouaercs B ¢op-
MyJabHOM npeactasJjennn nporpasy. Hanpumep, Botuncienne QyHKuuy

f(A, B, C) =05 AB sinC
BLINOJIHSETCS N0 Takoil mporpamme, esoanmoll B pexime AER [23]:
2nd f( )y=ABC f( )=5 A BsinC

Buavane pesepsupyiorcs nepemennsie A B C B Buae Gyks, a 3arteMm
sanucpiBaercs (Gopmysia As BEYHCAAEMON (YHKIHIL
Berluneaenust csogstes K BBOAY HCXOAHBIX AAHHBIX MO MOACKa3Ke
Kagabkyasropa nyrem uaxkarus xnaBimn COMP. Tlepsoe ee naxarue
BCAET K nosBJacumo na jauciviee coobuenns A= ? (Hamo BBectu A),
nTopoe K coobwennio B = ? (mago BmectH B), Tpetbe K cOOGLIEHIIO
C =2 (spoaum C). Hamas xaasnuy COMP, eme paa noayunm gHave-
e f(A B C). INpu cricreme AER uyueso HaXKaTiii KJaBHII cyulecTBeH-
[O Meublle, yey npH o0bunoil anreGpanuecKoll JOrnKe BbiuHC/eHHil.
MugpokaabkyasiTopsl ¢ cicremoii nporpammiposauns AER siBHARCH
waroM K paspaGorke nanGoJee COBEPHIEHHEIX MIKPOKAJIbKYJIATOPOB,
nporpaMMupyeMbLlX Ha AsLiKe BEIcOKoro yposusi Geifenk [13]. Ero oco-
GeHHOCTH 3aKMNOYAIOTCsi B BHIPAXKCHIH CJO/KHBIX ONEPATOPOB - B BHAER
cokpauennnx anramiicknx caos (INPUT — ssectn, LET — npucsonts,
PRINT — naneyarars, GOTO — narn x c'rpofce, GOBUS — warn K non-
nporpamye, RETURN — posspar u3 noamporpammsl, END — xoneit
I T. /), BO3MOXKHOCTH BBOAA CJIOBECHBIX KOMMEH1aplieB, HHaJOrOBOM
pexcuMe oOuleHis ¢ mob3oBateneM. Tak, MpoOrpaMma  BLIMHCACHHS!
fyukuun F = [(A, B, C) na Geiicnke nmeer HanNBiAHBil u He TpeGyios
Wil 0co0LIX MOACHENl BIL:
10 INPUT “ BBEOWUTE A, B, C’ A B, C.
20 LET F = 05 = A = B +« SIN (C)
30 PRINT F : GOTO 10 : END
ToapoGioe OMHCAHNHE MHKPOKAJILKYJIATOPOB, HPOrpaMMHPYEMBIX Ha
Gelicuie (cm. 1aba. 2.3), u camoro A3slKa BLIXOAUT 3a PAMKE Aantoil

2% a5
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KHHTH, TMOCKOAbKY OHH GMiKe K CJOMKHBIM mepcopanbusim DBM, uew
K OGBLIHBIM MPOrpaMMHpPYeMbiM MHKpOKaJbKyasTopam. Hepeako nmozoGs
Hble MUKPOKAJIbKYJIATOPb! OCHAUIAIOTCH MHOIOYHC/ICHHBIM NepUpeputinbti
obopydosanues. Tak, omuH n3 HauGoJee CJOKHBIX KaJbKyJsTOPOB
RL-H1000 HHC ¢upms Panasonic (CLLA) umeer cieayioulee nepuge-
puitoe 0GOpyAOBaHHe: aKyCTHUECKHIT Tese()OHHbIT MOAeM AJsi mepeaus
Janupx no Teaed)oHHLIM JHHAAM cO ckopocTbio 110 man 300 Gur/c (pas-
pAmHOCTL OT 5 10 8, MpeaycMOTPeH KOHTPOJb YeTHOCTH), BHELHAS PO~
rpamMmupyemas namsaTh Ha 8 kGafiT ¢ ABTOHOMHBLIM IHTAHHEM, YCTPOii«
CTBO TEPMOMEYATH ¢ IIHPHHOI CTPOKH Ha 16 cHMBOJIOB, ajantep K Tejes
Bu3opy aan oroGpayienus 16—32 CHMBOJNLHBIX CTPOK, ajanrep s
NOAK/IOYCHM OAHOrO-ABYX KACCETHBIX MArHHTO(OHOB 1A 3amHCH HaH~
HEIX W [pOrpaMM, MOC/AeA0BaTe/IbHbI HuTepdeiic A nepesadd NaHHLIX
co ckopoctbio or 110 go 9600 Gur/c, mpaiiBep ympaBJjenus A0 6 mepus
(epuiinsix yerpoitere BBoja-BeBoga M T. A. CrielyeT OTMETHTB, HTO
CTOMMOCTb 10A00HBIX KaJbKyJITOPOB (Y4HTHIBAS MHKPOMHHHATIODHOCTH
BCEro Kommsiekca oGOpYZOBaHHA) BEHIE CTOHMOCTH NepcoHambhbix BM
i paxe muan-9BM. ITosToMmy LIHPOKOro pacnpocTpaHeHHA OHH NMOKAa He
TOJTY I,

B 10 e Bpems pfijf LWHPOKO PacnpoCTPaHEHHbIX COBPEMEeHHBIX MO«
neseii Mukpoxanskyaaropos (uanpumep, TI-58C, TI-59, HP-67, HP-97
1 Ap.) Takue upuoGpes mpucymue BM ueprh: BeTpoeHHble GHGMHO<
TeKIl IPOrPaMy MNoJIb30BATeNs, BCTPOeHHble MATHHTO(POHLI ANA 3amuci
JAHHBIX If nporpamm, nepidepuiinble (HHOrAa BCTPOEHHBIE) yCTPOHCTBA
nieyatin — npuxtepsl, [Ipuuem 9TO coueraercs ¢ yMEPEHHOH CTOUMOCTHIO
It L0CTYHOCTBIO,

2.2. Knasuatypa u f3blK MHKPOKAJIbLKYJSATOPOB
¢ anre0panyecKoii JOrnKoit
C K/aBHAaTypOil It A3LIKOM COBPeMEHHBIX MHKPOKAJBLKYJIATOPOB C aJs
reGpanyeckoil JIOrHKOi MOXHO O3HAKOMMTBCS HA MpUMepe LIHPOKO pacs
NPOCTPAHEHHBIX MOJeJIell NPOrpaMypyeMsIX MHKDOKAJIbKYJIATOPOB BBICO-
koro kmacca TI Programmable 58C u 59 (TI-58C/59). Iyssr ynpasJjies
Hua nx (pue. 2.2) copeprsut 45 xuaBHI,.KOTOPLIMH BBOAATCA 108 one-
pauuii., DTO AOCTHraeTcs C NOMOWIBI0 Kaasuwiu 06olHol onepayuu 2nd
(oHa HAaMHMAercs, echiH BHIMONHAGTCA onepauusd, 0003HayeHHe KOTOPOil
HAXOANTCA HAJA OCHOBHOM KJIaBHIIEH) H KJABHUIN HHBEPTHPOBAHHA ONe-
paumit INV (cm. mivke)., B mporpammax Haxatne xaaBHwun 2nd me
yKasplBaeTesl, TAK Kak Ha Hero NpsMO yKa3slBAaeT pacnoliomenue ymi-
1HOHAJILHOM Hajinicl OCHOBHOH kiaaBuuy, Hanpumep, Hawas xiaBuiuy
log log

| In x I BBOAUM omepatop In¥, HaxaB kaasumy 2nd u Inx ‘
3

7




Texas INSTRUMENTS

[1.12 A45~ 6

Del 57 Eng 58 Fux 59 Int 50 |zl

[s1] e [Ee ] =[] ]=[=]

66 Pause 67 z=f 68 Nop 69 Op 60 Deg

% LsL 77 &>t 18 _E+ 19 & 70 Rad

75|
80 Grad
N e e

6 o7 Dsz 9 Adv 99 Prt so List
[0 1L W]
TI Programmable -58C

Solid State Software
Constant Memory

Key Code
Overlay

Puc. 2.2. Brewnnit BIA NPOrpaMMEpYeMoro Mukpokanskyssropa TI-58C
¢ aare6panyeckoii JIOTHKOIi BbIYHC/ICHHI
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log
pBoaum oneparop log(log x), maxas knaBumu INV 2nd | Inx | 5

BBOAMM omneparop 10% u . 1.

Onepartopur Beopa uucen, K uum otnocsites upgpw 0, 1 ... 9, pas-
JeJuTeNbHAA TOYKA . , -ONEPaTOP CMEHbl 3HAKA MAHTHCCH HJH NMOPSAKA
-+/—, onepatop BBoma mnopaaka EE n onepatop BbizoBa uucaa
7 = 3,141592653590 (nuiBoautcs 10 suakoB W3 13 HCMOMB3yeMBIX NpH
BBINHCJICHHSIX) .

QOneparopwl crupanns (cOpoca). O6Gmmii c6poc BBOIHTCS ONEpPaTO=
pom CLR. Ilpn arom ycranapansaercs Ha 0 comepxkumoe perncrpa X,
ycTaHaB/AHBaeTcs cranzaprHas (opMa npeACTaBleHHA WHCEJ, NpeKpa-~
uraercs MHAMKAUNA ownGok (Muramme nuankaropa). CoxepxiMoe pe-
THCTPOB NAMSITII COXPAHAETCH.

Oneparop CE (clear entry — crupanue 6600a) oGecneyHBaeT TOJILKO
cTupanne yncsaa B permcrpe X (3a nckmouenxenm umesna ). Crupanite
nporpaMmel  oGecneynsaercst BBOAOM Bpyunyio cnepatopa CP  (clear
program — crupanue npozpamavt), a OYHCTKA BCEX PEPHCTPOB: MaMATH
ocymiecraiserea onepatopom CMs (clear memory — erupatue namaru).
Onepatop CP B nporpamme oGecnmeyusaeT CTHpAHUE COAEPIKHMOIO pe-
rHcTpa cparnenns L.

Oneparopu npsampix n obpatheix  Qynkuuii. OnepaTopul npasbLy
yryuid BBOAATCS HAKATHEM OCHOBHBIX KJIABILI, OGPATHOLLY (PYRKYLL
nocae naxcarng kaasumyg INV.

IMpaman Gynxis Odparuas Qyniuus

EE (8BOJL NOpPsAKA) INV EE (cOpoc mopsagKa)

Eng (BBOj, nuzKCuepuoro gopmara) INV Eng (cGpoe umgeHepuora (op-
naTa)

Fix (spoj orpannuenns vucaa suaxkon) | INV Fix (cGpoc orpammienita  4ncaa

- 3naKos)’

log (recaTuunwlit porapudmn) INV log (d:yul(unn y=10‘x)

Ing (natypaabuiit gorapudna) INV In x (‘byuuulm y=a’\)

yx (y B creneni X) INV [/x (KOpeHL CTENeHn X Ha wieaa
y)

Int (sutmencune weaoft wacrir x) INV Int (ouigeacane apodHoil wacyit
x)

sin (sin x) INV sin (aresin x)

cos (cos x) INV cos (arccos x)

tan (g x) INV tan (arctg x)

Prd (ymuoswenne n perierpe) "INV Prd  (meaenue B pernerpe)

SUM  (cymmupopaMite 1 peruorpe) INV SUM (smunranne s perucrpe)

D, MS (npeoGpa3osaniie yraa B rpagycst | INV D, MS (npeoGpasonaujte yraa

C JeCATIHNHLIMI JOAAMH) B TPAAYCH, MIUYTH, ce.

KYHLbI)

P > R (npeoGpaaopanne noaspuux xoop- | INV P > R (npeoGpasosanne  aekapro-

JUNAT B AeKaPTORLY) BEIX KOOPILIAT B Noanpuule)
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Ipasmas Qynkuus

O6patian dyuKuis

24  (nakonaeiie ¢ CymMiupoBaRueM)
X (cpenuee auayenue)
Iist (neynars Nporpam Mel)

SBR  (oGpamenie K noanporpamMme)
(ycaioBiie nepexona)

x>t (ycaosie nepexona)
(nposepka noaseMa ¢ara)
st flg (nopuats duar)

Dsz  (ckauok, ecan R =0)

Wiite (2annch nporpamas)

INV 4+ (uakonjenile ¢ suanrannes)
INV % (cTangapTHOE OTKJIOHEINE)
INV list (neuath JAUHEIX U3 PErHcTs
PpoB)

INV SBR  (B0o3Bpar H3 MOANPOrpasmLl)
INV x=1 (x%1)

INV x>1 (<)

INV if flg (npomepxa cnycka daara)

INV st flg (onycTuts daar)
INV Dsz CKAUOK, eC/n Rx¢0)
INV Write (cuntmisanie mporpamMe)

Onepartops ycranosku opmara uncea. Hopuaaovubii opsiar cooT-

BETCTBYET BBHIBOAY AECATH 3HAKOB MaHTHCCH B Biie AECATHYHOrO YHC/IA
¢ (ukcHposannoil sanstoii. Ilpu BBOze mopsiaka omepatopom EE yera-
HABAHBACTCS HAYUHbLE (IKCTOHEHIHANBHEIT) dopmar vices x =M - 108,
rae M — HopmupoBaHHas MaHTHCCa, cofepiKamas § sHakos, 1 E—IOpis
AOK, conepaunii nBa 3naka. Hanpumep:

Manmneca Tlopsaok
— 2, 5786431 — 16
8nak 3uaxk
MaHTHCCH nopsiaka

Inanasoy uicen JIeXHT B
=9,9999999 » 10%,

Huoceneproid gopsar BsosuTcs oneparopom Eng. Ilpn stom mopsi-
nox uncen pased 0 maun kpaten Tpem. Hanpumep, pasgenus 1 na 3, no-
Ay9un .3333333333. Haxas kaasnum EE 1 =, noayunm 3.3333333 — 01,
HaxaB nanee kaasuwn 2nd n Eng, noayunm 333.33333 — 03.

Popuar ¢ ¢urcayued wucaa sxaxos mocae sansroil N yeranasaits
Baercs BBOZOM onepatopa Fix N. Hanpumep, mpu N = 2 npeauectsyio
Wil pesyabTar monyusm (nocie maxarus xaasnm 2nd Fix 2) B Buae
333.33 — 03.

Onepatopsi apudmernveckux onepauuii. K miM OTHOCSTCS onepa-
TOPH CNOKEHHA -, BHIYNTAHH —, yMHOXemis )X, Aenciis =-, BBOXA
OTKPHIBAIOIX (1 saxpwiBalomux) ckoGox m smaka pasenctsa =. Jlony-
CTHM BBOA 10 /CBATH Nap CKOGOK.

Oneparops asreGpamyeckux dynkuui. K onepatopam aseebpat-
HeCKUX (hYHKYuUL OTHOCATCS BHNCAEHNE HATypaJbHOre Jorapudma Inx,
Aecamignoro norapudma log(lg x), dymxkmun ef— INViny, ¢ymkumn

10— INV log, kpanpata x — x2, KBagpaTHOrO KOPHS A, ynxunit y*

npeaenax or =k 1- 10~% 1o M=

x x .
u Ay —INV g*, 32 uckmoscusen dynkuuii y* n Ay ocrasnse
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QYHKIER BEYHCASIOTCH TOCJe BBOAA uHCAa ¥ B peridcrp X. Hampmmep,’
naxcan xuasuwy 2 INV Inx, noayunm e? = 7.389056099.
Jns Berunclenis (pYHKUHH y* BBOANTCS UHCAO X, HCMOAHSETCS Ofies
paTop y*, BBOAHTCA YHCIO § H HCHOJAHSETCs onepatop =. Jlaa BEujics
x

JIeHHST QYRKLIH V= y"/* BRomnTCs wiCKO Y, 3aTeM HCHOAHAETCA Ones
parop INV y*, BBOANTCS 9YHCJIO X M HCNOJHSATCs onepatop =. Hanpus
Mep, AJs BhIYHCIICHHS /64 = 4 naxcnmaen knasumm 6 4 INV U5 3 ==

TpuroHomeTpuieckine u 00paTHBIC TPHIOHOMETPHYECKHE (ynKimE.
Oty (QYNKUUH BEMHCASIOTCS IpPH TNPeACTAaBJEHIH YINIOB B rpagycax
(oneparop Deg), pasuanax (omeparop Rad) n rpanax (onepatop Grad).

Cunye, KOcHHyc ¥ TaHTEHC BBIYHCASIOTCS BBOAOM ONEPaTOpPOB. sin,
cos u tan*). Ecau nocse mix ucmoansiercs omeparop 1/x, To Buumens-
10Tcsl Kocekanc cscx = lI/sinx, cekaHc secX = 1/cosx u KoTamreuc
cotx = 1/ig x. Aprymenr MOXKeT HaxOANThCA B npedeaax ==36000°,
#2007 pagnan 1 =40 000 rpaa. )

OGparaLie TPHrOHOMETPHYECKie (PYHKUHN BEIYHCHAAIOTCS, €cil mepexn
oneparopami BEOAuTes oneparop INV. PeayanaT [pH 3TOM IIPEACTaBs
JAeTCsT B CISAYIOIIX Npefenax:

arcsin x 0 = 90° «t/2 papgnaw, 100 rpan,

arcsin (— x) 0+ —90°, — /2 papuan, — 100 rpaz,
arceos ¥ 0= 90° /2 panuan, 100 rpan,

arceos (— x) 90 + 180°% /2 =+ ; panman, 100 <+ 200 rpag,
arelg x 0 -+ 90° mt/2 pamuan, 100 rpax,

arclg (— x) 0+ —90°% — /2 panuan, — 100 rpan.

ApKKocekaHc arcesc X, apKceKkaHC arsec ¥ H apKKoramrenc arcof x
BLIYNCANOTCS ¢ momouwkio onepatopos 1/x INV sin, 1/x INVcos u
1/x INV tan.

Ecaun yroa 3ajan B rpagycax, MHHYTax N CeKyHJaX, TO €ro MOKHO
npeo6pasoBath B rpajiychl ¢ ACCATHUHLIMI JAOJNSAMH C TIOMOIIBIO Omepa-
7opa D.MS. Hanpumep, yron 24°17/29" seoaum B Buge 24.1729 u,
naxas xkaasuum 2nd W D.MS, nomyuwnm ¢ = 24.29138889°. O6patnoe
npeoGpasosanne npoussopurcsi Beopom oneparopa INV D.MS (maxiu-
malorest kaaspun INV 2nd - D.MS).

Oneparopn BLjeaenns aGCOMOTHOrO 3HaueHus, UeA0i M APo6HOil
yacreii uncen. AGeonoTHoe snauenne (#00yab) HpoGHOro™ wHesa X Bhi-
jlesietest mpH Herosuenui onepatopa |x|. Omeparopst Int n INV Int
olecneynBaloT BhjelieHile neaoil i ApoGHOil uacTeil yucaa X.

OnepaTops ynpabjensi PErMCTPaMy namstH, 3anuch uicea B pe-
ruerp XX (XX — ;Byxauaunoe Ym0 — ajipec PEerucrpa) NpOH3BOAHTCS
cneparopamu Bupa STO XX (store— sanuceisars). Buwisos wncna ns
perictpa XX nponasopurcsa oneparopamu RCL XX (recall — aerasare).

*) OGosnavenye (yKuuii COOTBETCTBYeT NpHBEACHHbIM B [26]
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O6ien comepXHMBIM Mexay perdctpame X ¥ XX npoHaBOmHTCS NpH
uenosenui oneparopa Exe XX (exchange — menars), Onepatop x == ¢
obecneynsaer o6Men Mexny perncrpamm X u £,

Onepatopsr apH(METHYECKHX Omepauuit B PerHcTpax NaMATH.
C cozepxumbiM perkctpoB X H XX MOXKHO BEINOJHATH apH(pMeTHYeCKHe
onepauny ¢ 3aHecenueM pe3yiabrata B perHctp XX. Takue omepaudH
BBOAAITCA onmeparopamu: cioxenne SUM XX, ymuoxenne Prd XX, BB+
unrause INV SUM XX u nenenne INV Prd XX.

TIpunmep. Paspenurs uuciao 12, xpausumeecs B perncrpe 00, Ha
gueno 2,5 = RX.

Haxumaem kaasuwm 1 2 STO 00 (BBOox uwcna 12 B permcTp
00) 2 . 5 INV 2nd Prd 00. Temeps, naxaB knaBump RCL 00, BbiSbl«
Baem u3 pericrpa 00 pesyssrar — wncno 4,8, Ilpn srux omepaiuHsax cO<
JepiuMoe perucrpa X He MeHseTCH. ;

Ipeo6pasosanus cHcrem KoopaHHaT, IlycTe B cHCTEME HOJAPHBIX
KoopauHaT (P) uMeeTcss pajHyc-BeKTOp ¢ IJHHON R m yraom 0
(puc. 2.3,a). Hyxuo Hafitin K0OpAMHATH! ¥ M y B JeKapTOBOIl CHCTEME

180°

20° ) )

Puc. 2.3, K npeoGpagosanimio koop/usat: 13 NouAplblx B Aekaprosul (2)
I M3 [ieKaproBux B nossipuble (G)

koopansar (pic. 2.3,6). Has sroro cayaur oneparop P—-R. OGpar-
HOe NpeoGpa3oBaiiie BHMOMNETCS ¢ MoMombio oneparopos INV P—R
(osnauaer R~ P). Iina mpobe/enns STHX NpeoOpasoBamiil sienob3yer-
s pernerp . [opsiaox npeodpazoBanmil CJeXyIOULiii:

P>R R>P

Baogun *

Hcenoannen onepatop 4 | x2t xZt

Booaum (] Y

Hcnoausiem oneparop | P>R INV P> R
Moayuaenm v (]

Hcnonusex onepatop xZy xZt
Tloayuaen x R

Yron 0 ewuncaserca B mpemesax  —90° < 0 << 270°  wim

=2 par < 0 < 8w/2 pax w —100 rpas < 0 << 300 rpaa.
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TMpumep. R=15, 0 = 25°, naiitn y u £.

Haxnmaem knasnun 5 x==7¢ 25 2nd P— R u monyyaem ¥ =j
= 2.113091309, makap KuaBHmy X =={, nojyunm x = 4.531538935.

OnepaTopel ynpaBsieHusi BBHIMHCAGHHAMH NO nporpamme. Crupanue
npozpasm (clear program) B O3Y nponssoantcst oneparopom CP. ITe«
PeBOZ B peXiM nporpamMvupoBanus (oGyuenus 3BM) u maoGopor

000
1) ;| SEE———
bank 1
159 f-—————— 39
239 89 59 000
Jiee—— 78 49 079
fank2
Nporpam=
399 f-————— 69 yhona 39 |F—————= 159
NamMsTh
479 59 A 29 f—————1 239
559 f-—————1 PO I B | 319
bankd +
639 |-—————- 39 09 ———— —399
Uenonsaye-
gak:] 29 Mbe 00 479
pervcIpil  Homepa
egil=———ed 19, HSHHATH perncTpos
4
819 __?_HH_K_._._ 09 TI-58C
959 0o )
Warn Homepa
nporparmol peruc‘ruou
a) TI-53

Pic. 24. Crpykrypa O3Y

npousBoanTes naxaruem wnapuumn LRN (learne — yuurv), Ocranos ebi-
“UCACHUE TIO TIPOTPAMME H RYCK Npo2pamabl NPONIBOASTCA BBOAOM OMe-
patopa R/S (run— stop). B nporpamme 3TOT OmepaTop oGecneyHBaeT
OCTaHOB BHIWACJEHHIl JJIs BLUIAYI pe3ynibrara. B pexume cuera om me-
NOJIB3YeTCs JUIsl IyCKa MPOrpaMMbl ¢ TOrO ajpeca, Ha KOTOPOM OHA
OCTaHOBHJIACh. X

Oneparop RST (resel — sosspar & #yao) OGecleuHBAET TEpexoxn
ua nyzaesoit azpec (000) mporpammbr. KpartkoBpemenuuli ocraHoB (ua
0,5 ¢) Bruncaenuii Mo nporpamMme obecnednBaeTcsi BBOAOM B Hee ofe-
paropa Pause (nayaa).

Pacnpenenenne o6vema O3Y. Emxocts O3Y MOXKer pacnpeiensitb-
CA noJb3oBaresieM MeXxAy perHcrpaMy NaMAaTH H maraMi TporpaMmbt
(pnc. 2.4). Kaxpie 10 persctpos mamaty 3anumalor B O3V mecto jgs
80 waros nporpammbl,
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Uneno pecaTros perscTpoB N 3afaeTcA MOJL30BATE/NEM € MOMOILbIO
oneparopos N Op 17. Ipu naxarun knasmu N 2nd Op 17 Ha HEAMKA-
TOpe BHICBEYHBAIOTCH MAKCHMANbLHBI ajipec NPOrPaMMB! M MaKCHMalb:
Hblii HoMep perucTpa mamatk. Hanpumep, ecin N = 3, 70 HAa HHAMKA-
Tope Gynyr uudpu 239.29 (239 — makcHManbHLIT HOMEp ara i 29—
MaKCHMAJbHLIl HOMep pericrpa mamsarn). IlepenojHense NasATH, oTBe:
AEHHOIf MOJ PErHCTPH WJH NMPOrpamMmy, HHAHLIPYeTCA KaK ouubra M-
TaHHeM JHCIJISS. .

Onepatopsl CTaTHCTHYECKHX pacueros. Ilpocreiimie CTaTIICTHYCCKIC
PACYETEl MOTYT BHINOMHATECS MHKPONPOTPAMMHO MOC/E OUHMCTKIL pericr
pos oneparopom CMs. [laa BBoAa umces, MOAJEHKALLHX CTATHCTHYECKOH
o0paGotke, cayxat xaasuwn 2nd 3 -, HaxuMaembie mocde BBOAA
Kama0ro umeaa x. EcH Kakoe-To yic/0 BBeAeHO OUHGOUIO, ero HCKJIO-
YaT noBTOPOM HaGopa M Hawaruem kaasmwu INV 2nd = . Cpeance
suauenne pAga BBEJEHHBIX uHCcesN % MOXKHO BbI3BaTh Ha [IHKALNIO,
naxap xvaasmumt 2nd ¥, Jlas BeluHC/AeHHA' ‘ AHCIEPCHI, K03 (pchuiHeHTa
NapHOil KOPpeNalid W mapamerpos JjnHeiinoir perpeccun (c. § 5.12 n
5.13) caymxar cneunaiisnbie onepatops Op 11 < Op 15 (ch. nanee).
Mx mcnionb3osanie MOACHAPT mpumep B mpuioxendm 1 (omicamue Mpo-
rpammer ML-01),

2.3. dnemeHTapHOe NpOrpaMMHpPOBaHHE .
MUKPOKAJbKYATOPOB ¢ anredpaudeckoil JOraKoi

DJIeMEHTAPIIO. _ MPOrPAMMIPOBAHHE MHKPOKAILKYIATOPOB C anreG+
PaHYECKOMH JIOTHKOIl MA0 OTJIHYAETCS OT TAKOBOTO AJIS MIIKPOKAJILKYJI
TOPOB ¢ 00partioii GecckoGounol noruKoit BHaMCHenHil, OueBualLEe Ol
JAYHS 3AK/IONAIOTCA B HCNOJL3OBAHMI ONepaTopoB BBOAA CKOGOK (40

9 map) u onepatopa = (OHH JOCTAaTONHO OYEBN/HK), a TAKNE B Y4eTe
NPHOPATETA onepauuit. PaceMoTpum Heckc/abKo THMOBHIX MPHMEPOB.
1. Briyucnenie ‘
e=a-+4bxX (c—d) =z 2.1)

npu a = R00, b = ROI, ¢ = R02 u d — R03 ¢ aamecemieM pesy/ibTaTa
B peructp RO04 Bhinosmsercs no nporpamme

RCL 00 + RCL 01 X ( RCL 02 —

RCL 03 ) = STO 04 R/S"

2. Mioraa MOXKuO COKpaTHTL mporpampty, HCKMIOMHB CKOGKH 1 CO3-
AaB’ NpHOPHTET BHIMOMHENHs onepauuit BBosoM onepatopa —. Hanpi-
pep, (2.1) MOMHO BBIMHCAHTH To nporpame:

RCL 02 — RCL 03 = X RCL 0l +

RCL 00 = STO 04 R/S

B naummom caywae cmawana suiucasent (¢ —d), ymHomaem pe3ysbTat
H2 b u npuGansiem satem @,
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3. Bruncaenune
y = 7,06-10-%% = 7.06-10—3 X (exp(2 X x)) = ? 2.2)

(opManbHO BEITOJAHAETCS No nporpamme (x¥ = R00):
7 - 0 6 EE 3 = > (
2 X RCL 00 ) INV. nx ) = R/S
Jaa x = 2 noayvaem y = 3,8546294-10-1,
4. Beeasn uncno 7,06-10-3 B periictp ROl m Heckonbko H3MEHNB
TOpAACK Buiuncaennii (2.2), MOKHO 3aMeTHO COKPATHTH NMPOrpamMMy:
200 % RCL 00 = INV Inx X RCL 01
= R/S
5. Bruncaenne
y=x— (Inx+41)=7? (2.3)!
¢gopManbiHo TpeGyeT SamoMHHAHMS X AJA MOCAEAYIOUIEro BBOAA €ro B
ckoOKH H Buiupcaenns In x:

STO 00 — ( RCL 00 Inx 4 1 )
= R/S
Jaa x = 3 nonyunm y = 0,9013877113.

6. Bowneaeniie (2.3) MOXHO BHINOAHHTL 1O Gosee npocrToil mpo-

rpammc:

— ( Inx 41 ) =R/S
YUHTHIBAS, YTO NOCJe HCHOJHEeH#s OnepaTopoB—H ( YHCJO X COXpa<
nsercss B perucrpe X. DTOT NpHEM MOXKHO HCIOAbL3OBATh, CCAH TOCHE
oneparopa ( CTOHT ONEPaTOpP BEIMHCJCHNA MaTEMaTHYECKON (YHKUHH HIX
oneparop CE.

Onepatopi Gesycaopuix nepexofos. BeaycsioBHbie nmepexoat: 3ana-
lotcst Kk Merke N (BBommTCs JI0GOit Xaapiuwelf, mMelowlell kox) Hax
TPeXaHawioMy aapecy n nn ¢ nomouisio oneparopos GTO N (aByxwa-
ropuix) #u GTO n nn (rpexwaroseix), Cumsoa GTO (go fo) osmauaer
anarn k». Hanpumep, nepexoa K Hauaay nporpammbl 3ajaercsi onepa-
Topom GTO 0 00. Taxoii nepexoa jaer n cneunaJbusii oneparop RST.

Oneparoper yenoBuLIX Nepexojos, ¥iMeercs ueTeipe THia oneparo-
POB YCJOBHLIX NEPEXOJ0B,

Oneparopnt Yenonie nepexosa
x>t N W nonn x>,
x=it, N wWig  n.nn A —

INV x>t N Wi n nn <t
INV x=t N w nonn x =1

Bnech f— conepanmoe persicrpa cpasuenns f. Ecun ycaosue nepexona
BHITOJHSIETCS, TO TPOHCXOAHT mepexox K Metke N iuut aapecy n nn.
Ecan ycnoBue He BBHINOJHAETCS, NPOHCXOAWT BHINOJHEHNE ONepaTopa,
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YKA3aHHOrO Mocye METKH Had aapeca n nn. Omepatop x =1 oGecneud«
BJeT OOMEH COAepXuMOro pericrpoB X H 7, Hampumep Aus BBona b
Onepatop CP B nporpamme oGecneunBaer oyHcTKy peructpa ¢ (& = 0).
[Ipuwep. Berncaurs i
y=sinx/x npn xz=0,
=1 npn x=0.
[porpamma

CP Rad x=t 0 13 STO 00 sin <+ RCL
00 = R/S 1 R/S

npu x = 0 (B perucrpe ¢ uncno 0) obecneynBaeT yCJIOBHbIL nepexoi Mo
anpecy 013, T.e. BuBoA Ha puzmkawmo uncaa 1. Ecam x 7%= 0, TO BbI-
wHeaAfeTes sin x/x.

Onepatops spoxa moanporpamm. ITomnporpamma, HauHHAIOMWLACA
€ ajpeca nnn, BHIMOJHAETCH NPH HCNOJHEHHI TPEXWAroBoro omepartopa
SBR nnn (SBR cokpaurcnne cnosa subroutine — nodnpozpanma). Ecai
NOANpPOrpaMMa HaunHaeTcs onepatopami ssoaa merkn Lbl N (em. winke),
7O OHA BLITOJHSIETCS NPH NCROMHEHHH ABYXuIarooro onepatopa SBR V.
B xouue nomnporpammsi Bsoautes omepatop INVSBR (mosppar 13
noanporpamybl) *). Yiejo BaoxKennit mognporpamMm Hpyr B Apyra U2
ROILKHO NPEBHILATL 6.

2.4. Cneumasbipie BONPOCH NPOrpaMMHPOBAHNS
MHKPOKAJIbKYNATOPOR C ajre6pauveckoil JOrnKon

Oneparopm Beoja metok. Merku (labels) sBoasTes onmepaTopaiii
suga Lbl N, rne N —cumson moGoii kJaBHIIH, KpoMe LHPOBLIX,
muerouteii Ko (obwasn merka). Owenb ynoGust 10 MeTOK, BBOAiMULC
KAaBHUIAMI Bepxsero psina n oGosuauennste Oyxsamn A, B, C, D. E,
A’, B/, C’, D’ u E’. Beog taxkoro cumeona ofecneunBaeT BLIIOJHEHIHE
nporpaMyLi ¢ ajpeca, cJeAyiouniero 3a OnepaTopaMi MeTKil.

Il punep. Bouncaurs (2.1), oGosnauus nepementsie a, b, ¢, d un ¢
merkamu A, B, C, D u E.

Ilporpasmya npu srom GyAeT HMETh BHA

Lbl A STO 00 R/S Lbl B S8STO 01 R/S
Lbl C STO 02 R/S Lbll D STO 03 R/S
Lbl E RCL 02 — RCL 03 = X RCL
0l + RCL 00 = R/S

Teneps unicia A, B, C n D moxuO BBOAHTH B M0GOM TMOpsAKe, yKkasan
nocae BBOAA COOTBeTCTBYOWMii GykBeHusli cumzon. Hanpumep, ecuu
A=2B=05 C=4uD =3, pog Moxno Bemonunts TaKk: 3 D 5 B
2 A 4-C. Teneps, ykasas cumsoa E, noayuum e = 7,

lSBI;) B nporpavuax oneparop INVSBR cokpameniio oGosnaven Kaig

46



Oneparopst Opranusauyu upkion. Llukapt opranHsyioTes oneparos
pamu Dsz X N u Dsz X n nn, rape X —Homep perncrpa R (or O
1o 9). Ilpy KaX<[OoM HCIOJHEeHHI 3TOro OnepaTopa OT COAECPKHMOra
R:> 0 oruumaercs 1, a x conepxnmomy Ry << 0 npuGapagercs I,
nocne uero, ecan Ry 5= 0, NpOHCXOAHT mepexoi K Merke N uaH K af=
pecy n nn. Ecou Ry = 0, merka N (W14 ajpec n nAn) HrHOpHPYETCS B
BHIIOJIHSAETCS CJeyIOUHil 3a HIMH ONepaTop.

IIpume p. Beuicants paa

n

Y=

k=1
Iporpamma nmeer Bua (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

Bnech oneparop Dsz 0 0 06 opramnayer B peructpe RO0 cueryus
k= (k—1) c nauaabHplM 3HAYEHHEM R = m H UHKJI BuiuHcJeHus k7,
HaynRaomuiica ¢ aapeca 0 06 n Komualouniics onepatopom Dsz 0 0 06.
Ilpn £ = 0 nporpamma BLIXOANT M3 WHKJIA, H COMEPAUMOE CYMMHPYIO-
mero persetpa R02 smsuipaercs Ha mpankaumio. das m =5 n n=6
nojtyuyns y = 20 515 npu Bpemenn cuera 5 ¢

Onepatoppr ycTaHOBKM 1 KOHTPOast (haaroB. <Piaz — crenHasbHbT
yKasaTenb mepexoja B mporpamme (amajor ¢uary B pyKax peryiHpos-
WHKa yauyHoro aBmcenns). daar mmeer momep y =0, 1, 2, ..., 9.
Tlonvem duara Buimosusercst sBogom oneparopa St flg y, a coyex —
oneparopom INV St flg y. IlpoBepxa ycaoBusi ycTanosKH (iiara B HyzK«
HOM MecTe Tiporpammbl  ofecneunBaercsi HCIOJHEHHEM — onepaTopa
If flg y N wm If flg y n nn. Ecan uiar y NOAHSAT, TO OCYLIECTB-
asieTcsl nepexof k Merke N mam K wary nporpammet n nn. Ecan daar y
onylen, Takoif nepexoj -He npoucxoant. Ilpn ncnosnenun oneparopos
INV If flg y N nan INV I flg y n nn nepexoj TPONCXOANT, ec.lit
¢aar y onywen, n He NPOHCXOAHT, €CAH OH NOAHAT.

Mpumep. CocraBuTh NporpaMmy nepesoja Mep MJIHHBEL B COOT-
BETCTBHH ¢ opmyamit:

1 kM = 1000 m; 1 M = 3,28084 ¢pyr; 1 muas = 5,280 ¢yr. Onnn
13 BapHANTOB TAKOil NPOrpaMMBl HMeeT BIJL

Lbl A X 1 0 0 0 Stflg 0 GTO
Cc Lbl B INV Stilg 0 Lpbl. C X 3

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

5 2 8 0 Lbl = = ISBR

3xech, ecan BBOAATCS Kuiaomerpsl (merka A), daar y = 0 noamu-
Maerest, ecan Merpsr (Merka B) — duar y = 0 omyckaercs. B sasieu-
MOCTH OT 3TOFO HepecueT BEAETCA IO TOi mwin umoii popmyne. [lycrs
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H220 Y3EATH, CKOALKO MiAb B 75 kM. Bmomum unenao 75 m yxasntBaeMm
werry A [loayusm 46,6 muau. Tenepb BbIACHHM, CKOJbKO (yTOB B
1.78 m. Booaum 1,78 n ykasmisaem Mmerxy B. IMomywnn 5,84 ¢yra (pe-
SyABTATHl OKPYLJAEHE! Ha Tperheil nudpe).

Cneunansupie  oneparops Op. Komawpoii suza Op nn, rae
nn = 00 = 39 sBoxarca 40 cnequarbHblx oneparopos:

nn
00 =08
09
10

19
20 +29
30 <39

Hagsnavuenue oneparopa Op nn.

VnpasieHe meuatsio mpunTepa (omucaHs pajee).
3amiucs B O3Y nporpammul 3 6aoka ML (cy. maree).
Boumcnenne curaym-¢gyukuun (y =1 npn x>0, y =10
npu x =0 1 y =—1 npu x < 0, npusem §—> RX).
Buiunc/ienie MUCIEPCHH M HAKAOHA MPSMOIl mpH Jumeiinoi
perpeccuir. :
Brruucnenne y(0) npu anHeiiHOH perpeccHir.

Beoiuncserite K03 (uiHeHTa KOPPeIALHH.

BeriuncsieHne y To 3afaHHOMY X IpPH JIHHEHHON perpeccHil,
Beouscsenie x MO 3afaHHOMY Y TpH JIHHEHOI perpeccild.
[Tposepka pacnpejesnients NamsTH,

Yeranoska 3afaHHOrO pacnpefeneHus NaMATiL.

IToasem ¢aara y = 7, ecat HeT OWHOKIL

[onwem ¢aara y = 7, ecan ects owmnbxa.

Yseanuenne comepicumoro periictpa R00 - R09 na 1.
Vnmenstuenne conepimmoro perncrpa R00 < R09 ua 1.

Onepatopst KocBeHHO aapecauud, K HuyM OTHOCATCA CHACAYIOULHC
onepatopsl (XX — womep perucrpa ajpecauit):

Ounepartop Kox Haaunaueuite onepartopa
STO Ind*) XX 72 XX 3anuce B perucTp mamaTH R
RCL Ind XX 73 XX Buizos u3 peructpa na-

Mati R
EXC Ind XX 63 O6men R 2 X
(INV)SUM Ind XX (22) 74 XX CyMMHPOBAHHEC HAH BHIYH-
TaHHe B pericTpe namary R
(INV)Prd Ind XX (22) 64 XX YMuoxenne H  AeJIeHue
B perHcTpe mamsri
GTO Ind XX 83 XX Beaycnosulit nepexon
Pgm Ind XX 62 XX OGpawenne K mporpamse
Op Ind XX T84 XX Bumosnnenne oneparopa Op
SBR Ind XX 71 40 XX OGpawenne K mogmpor-
) pamme
Fix Ind XX 58 40 XX 3aganne unena uupp nocie
3anaToit

—_—

*) Oneparopr kocseroit appecaun STOInd, RCLInd u . 4. B
U[OrpaMyMax CoKpawenio 0603HAYAI0TCH KK STOI, RCLI u . a:
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(INV) x=1£ Ind XX  (22) 67 40 XX v
(INV) x>1¢ Ind XX (22) 77 40 XX CIDHHMEEE CHERUALE
(INV) St flg Ind XX (22) 86 40 XX TTogwem (cmyek) duiara

(INV) If flg Ind (22) 87 40 Ananus nonoKeHus
XX N wau n nn XX, N unu n nn  ¢aara
(INV) Dsz X Ind XX (22) 97 40

N w n nn XX, N unu n nn OPraHHIALI wikion

Hanomuuwm, 4uro npu KOCBeHHO{l ajapecanuu ajpeca INpOrpaMmsl, HO-
Mepa- PerHcTpoB i HoMepa (hJ1aroB yKasblBalOTCS COAEPIKHMBIM pericrpa
agpecanun XX. Jist mMoumpuKamid ero MOLYT HCIIOJNb30BAThCA ONepa-
Topsl Op 20 =~ Op 39 u Dsz. Hanpumep, B nporpamme

CMs 4+ 1 STO 00 = x2Z¢t RCL 00 R/S
STOI 00 Op 20 RCL 00 INV x=¢t 0 09

oGecneunsaerca 3amitch N uices MOC/TeAOBATENbHO B PericTPbl HAMATH
or ROl no RN c¢ ncrnonszoBannem KOCBeHHOIl aapecauun (permcrp am-
pecanun 00) u moguduxauneit aapeca, oGecreynBaeMoil HcnoNHeHHEM
oneparopa Op 20, ITpu nycke nporpaMmsl B peructp f BBOAUM umnciao N,
a B perucrp RO0 —ypeqo 1. Jlas N = 5, uwamkas kaasuwia RST g R/S,
NOAYYHM HA HHIHKATOpPE HOMep uifcja, KOTOpPOe HaA0 BBOAHTH — HO-
mep 1. Beemem x; = 12 u, naxkas kaaBuwy R/S, nojyuum HOBbli HO-
mep 2. Beoaum xp = 7 it 1. 4., manpumep X3 =7, x4 =9 u x5 = 1,5.
Tenepb HETPYyAHO yGCﬂHTbCﬂ, 4TO ISTH 4HCJIA OKa)KyTCsd SanicaHHbIME
B perucrpax RO1 - R05. B 9roit mporpamMme BHIXOX H3 WHKJA ocy-
LECTBJIACTCH M0 YCJaO0BHIO Xgo = [ = N. Eciuit xgo 7= N npoucxoaur mne-
pexoji na agpec 0 09 (mauayo uHK/AA ¢ ONEPATOPOM 3AMHCH B PErHCTPH!
NavMATH ¢ KOCBEHHOIl ajpecaueii).

2.5. PaGora ¢ GuGauOTEKOil MporpaMm NOJib3OBaTe/Is

B mukpoxanvkyastopet TI-58C/59 Berpoen cMeHHBI MOAYyab ¢ 6u6-
auorekod npozpamm noavsosarean ML (Master Library). On npeacras-~
JsieT co0oil TBepAOTE/bHOR NOCTOSHHOE 3aNOMUHAIONIee YCTPONCTBO em-
KOCTBIO OKOJIo 40 KGHT, B KOTOPOM MOMKET XPaHuThes GHOAHOTEKa u3
HECKOJIIbKHX [eCATKOB MNPOCTHIX MporpaMm JsnGo c/OMHast nporpamma
¢ uneaom waros no 5000, Cmerda Gnoxka ML mo3posisieT MTHOBEHHO Ie-
PEOPHEHTHPOBATL MIKPOKAJLKYJATOP HA BBLINOJIHEHHE PA3JIHYHBIX NPO-~
(eCCHOHAMBEBIX BLIUHC/CHTIT: HAYYHO-TEXHNYECKHX, AGJOBLIX (IKOHOMI-
YECKHX), CTATHCTHUECKHX, GHOJOTHYECKHX M T. M.

Tunosoit 6roxk ML (monyss 1) comepxur 25 nporpaMs, B OCHOB-
HOM peadiiaylolx HayuHo-TexHnueckne pacuersi. Ilepeuens STHX mnpos
FPaMM H HHCTPYKIHH [O HX NPHMEHEHHIO AAHBI B HpHIOKeunu 1,
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Tlporpamser ML MOTyT HCMONB30BATHCSA CAMOCTOAITEAbHO. B 3TOM
‘cliyyae OHI BBOAATCH ¢ KJAABHATYPhl HaxKaTheM xaaBuw 2nd Pgm mm,
TAe mnt— ABYX3HAuHbI HOMep mporpammbr ML. Ciepyer oTMeTHTh, 9TO
BBEleHHAA TakuM oOpasom nporpamma ML ue saunmaer Ty uacts O3V,
KOTOpasi OTBOANTCH [OA BHeWIHHe (BBOAHMEIE I10Jb30BaTeleM) Npo-
rpasmil. [Tostomy uueno maros mporpamy ML moiker mpeBBlLATh A0-
DyCcTHMOR Ans BHeWNHAX mporpamm. OnHaxko mpH paGore ¢ NpOrpamMma-
uil ML ncnmons3yercs yacThb PericTpoB NaMaTH (HX HOMepa yKasaHbl B
onucanuy nporpamm ML), ut0 A0MKeH YYHTHLIBATL MOJIb30BATeNb IPH
COCTaBJEHHH CBOHX (BHEUIHNX) IPOrpaM.

Mporpammer ML wmoxuo muepemucats B O3Y BBogoM Komaiza
2nd Pgm mm Op 09. D10 BOSMOXHO, €CJH YHCJO WATOB HPOrpaMMbl
ML — mm wmenblie MaKCHMaJbHOrO YHCJA LUArOB MPOrPaMMHOI NaMATH
(480 y TI-58C u 960 y TI-59). Takaa mepe3amiicb MO3BOJSICT ACTANBHO
TpoaHaxusnpoBaTh nporpamMmy ML —mm: u H3MeHNTh ee. 3amuch MH3-
MenenHoil mporpamyul B 6ok ML HeBo3moX<Ha, uTo oGecrneunBaer sa-
WuTy mporpamm ML,

B nporpammax ML WHPOKO HCHONB3YIOTCH METKU, KOTOpHle ACAAT
Ka)XKIyl0 TMPOrpaMMy Ha YacTH, HMelol(le CAMOCTOATeJbHOe 3HaueHHe.
Iporpammy ML — mm MONHOCTHIO WM YACTHYHO MOXKHO JCHOJIL30BATH
B KauecTBe MOANPOrpaMMbI, BXOASIIEIl BO BHEUIHIE NMPOrpaMMEI, cOCTaB-
JsieMuie moJb3opaTeseM. I HampaTHB, BHeIUHHE NPOrpaMMbl MOXKHO HC-
TIOJIL30BATh B KauecTBe NOATPOrpaMM Aas mnporpamyv ML, Itu BO3-
MOJKHOCTH Peajii3yIoTCst OnepaTopamit:

Pgm mm N O6paumenue K wacTn nporpammsl ML — mm, nome<
uenHoft metkofi N.

Pgm mm SBRN Boaspar u3 moanporpammbl ML—mm K poinosies
Hillo BHemHefl TPOTPaMMLL.

Pgm mm R/S OGpautenne x nporpamme ML—mmt ¢ 0CTaHOBKOI.

SBR =n nn OGpawente u3 nporpammbl ML—mm X noanpo=
rpamme, pHeceHHolt B O3Y ¢ ajpeca n nn.

SBR N OGpamenue x moanporpamme n O3V, nomeuennoit
metxoft N.

Taxoe KOMGHRHPOBAHHOE ICMOAL3OBARIE MPOrPAMM HEPEeAKO MO3BO-
JSIeT peavin3oBaTh BBIYHCIEHIST, KOTOpHe MOTpeGoBalil GBI COCTaBJeHNHs
nporpamMm ¢ obuuy uncaoM waros o 5000.

Ilosicnum koMONHHPOBaHHOE HCNOAb30BaHNe nporpamy ML u Buel-
HAX IPOrpaMM Ha NpHMepe BEIYICACHUS BHIPAXKEHIS :

b
(a0 = S N Tdx + be®—= I+ bed,

a

coxepiKallero uuTerpad /, KOTOpEUI BhIgHCAsercsa nporpanmoii ML—09
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YHCJIEHROr0 HHTerpHpoBauns. M3 ee ommcanis BLISICHsSieM HCIONb30BAaHHE
perucrpo namath: R0l = a, R02 = b, R03 = n, R04 = I, R05 = n.
Mporpamua, sBoaumas B O3Y, umeer BHA:

Bnon @parMentT TporpaMMmul Hoacuenus

a Pgm 09 A R/S Beon a nc; nporpamme ML—09,

b Pgm 09 B R/S Bsoa b no nporpamme ML —09.

c Pgm 09 C Bpoa ¢ no nporpamme ML—09.
Pgm 09 D Briuncaensie / mno nporpamme ML—09.
RCL o1 INV Inx X Bmuncaenne be®+/ 1 ocTanoska OCHOBe
RCL 02 ok RCL 04 HOH nporpamMmel.
= RS
Lbl A ( STO 06 Toanporpamma B O3V Aasa eblupcaeHHn
RCL 0§ X 2 i noAuHTEr padbroil ynKuun 1/2x+ 1.
1 )} 4/x INVSBR

B svoit nporpamme 4 pasa uwacti mnporpammbl ML—O09 mncnonb-
3yI0TCA B KayecTBe TOANMPOrpaMM JJIA BHINOJIEHHs OCHOBHOIl mporpam-
Mil. C Apyroii cTopoubl, 3aKJIOYHTENBHE (DparMent nporpaMmbl — Bbl-
uricnenne f(¥) = 4/2% 4 1 HcnossayeTes B KauecTse NMOANPOrPAMMEL IS
BLIMHC/AGHNsI nuTerpaja no nporpamme ML—O09, Haa a=0, b =1 u
¢ = n = 8 noayuum [(a, b)= 2,398713896,

2.6. Cneparopsl ynpapjeHust DUMPOBLIM MarnuTo(pHoHOM
M NPUHTCPOM

B mnepoxaasxyaarop TI-59 serpoen muBHATIOPHBIT MaranrTogon
A8 SamHCH AAHHLIX H NPOrpaMm ¢ JABYX CTOPOH MAarHHTHBIX Kapt
(amma 7,62 cm). Hanusie BBojarcs onepatopom Buaa n 2nd Write,
rie n— Homep Gadka papuex (n =1, 2, 3 nau 4). 3anuch nporpamm
BunoaHsercst Bofom onepatopa 2nd Write. CuntsiBanne XanHbBIX HpoO-
H3BOAHTCs onepatopom n INV 2nd Wriile, a nporpamm — INV 2nd
Write. Tlpu stom memonycruma ycranoska gopmara Fix (cGpoc ero poi-
aoansercs spofoM omneparopa INV 2nd Fix).

K muxpoxanskyaatopam TI-58C u TI-59 moryr noaxmouarsest mu-
nnatiopakie npuntepst PC-100A u PC-100C. BuiBoa AauAbLIX Ha Neyarts
oGecneanpaercs BBOJAOM B mporpammy oneparopa Prt (or cnoBa print —
neware), Ero pabora HWIOCTPHPYETCs CIACAYIOLLUM IHPHMEpOM,
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IIpumenp.
OGpasey, neYary NporpaMMbl Otpaen neits
B JaHHBIX

Anpec Koxn Oneparop

000 85 + 3

0oL 03 3 6

002 9% = 9

003 1] PRT 12

004 8l RST 15

005 00 0 18
Tlpn BBOme mepen onepatopom Prt (PRT) omepatopa Adv ysedil

yuBaeTca

npoGen Mexay cTpokamu. Pacneuatka Tekcra (aucTuxea)

nporpaMmel (cM, npuMep Beime) ofecrneunBaercs BBOLOM € MyJbTa one
paropa List.
TpenycMoTpena BOSMOMKHOCTD TewaTH aJ(aBATHO-LH(POBLIX CHM=

BOJIOB B

moGom Mecte crpokn. Ctpoka pasGuBaercss na 20 snakomecT,

ycraHasiiiBaeMeX BBojoM onepatopos Opl =+ Op4:

01234 56789 10111213 14 15 16 17 18 19
Opl Op2 Op3 Op4
Kaxnauit u3 64 cnMBOJIOB 3amaeTcss KOAOM:
Bropss unppa Kopal
0 1 2 3 4 '5 (i} 7
. 0 MlpoGen 0 1 2% 5 4 5 6
l.m 1 7 8 9 A B c D E )
g 2 = TN R T AT K T e
23| M XN O.2 a0 R 8 ‘T3
= 4 < U .V W X Y Z + 2
g B
25 Xl o s Rel ()RR
= t % Fr /7 = s %X X &
7 “ g ER G ! i A I z
ﬂouamemle CHHBONbI

Koasl  CHMBOJIOB  YKASHIBAIOTCS — NEPen BBOJOM oneparopon
Opl = Op4. [Honycrnm, nyxno uanewatats (pasy INPUT X, Y, Z.
PacnpezessieM 3HAKOMECTa CTPOKH HevaTi:

Cumaoa
Kop,
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[MporpamMma nedaT RauHoi dpassl HMeeT BHAT

Tlokasauus
Oueparop Aucnaen Mosicuenna
CLR Op 00 0. Cépoe peructpa npunrepa
2431334137 Op 01 2431334137 [Mexate caopa INPUT
0044574557 Op 02 0044574557 ITewars anakos X, Y
4600000000 Op 03 ~ 4600000000 ITevars suaka Z
0000000000 Op 04 0000000000 Ilewars npoGenon

Takuym 06pa3oM, npH paGoTe ¢ MPHHTEPOM ONEPATOP HMEET BO3MONK-
HOCTh BLIBOJA HA NeYaTh HE TOJBKO UH(P, HO H CHELHAJNBHBIX SHAKOB
u caosecHbix Kommenrapues. C momoutsio oneparopa Op 07 MoKHO mes
yarath CHMBOJIOM % mpocrthie rpadnxu. IIpn 9TOM pesyJbrar BhluHC-
Jienuii 1ag0 HOPMHPOBATH TaK, YTOOB copepiKumoe perictpa X He npe-
puirano 20 (soua neuatn pas6usaercs Ha 20 snaxomect). Tak, neuath
CHUYCOH/Bl SHAKAMH % MNPOHMIBOAUTCA C MOMOLUBIO NPOrPAMMbIL:

Lbl A RCL 01 sin 4 1 = X 9
. 9 = Op 07 1 8 SUM.1 A

AMMIHTYAA CHHYCOMABl HOPMHPOBaHA, TAK YTO MeyaTb B CTPOKe 3aHH-
Maer 18 uHTEpBaJIOB.

Onepatop Op 08 ofecneunBaer BHIBOA Ha MeYaTh TeKeTa (JNHCTHH-
ra nporpammsi), kak g oneparop List. Onepatrop NN INV List oGec-
neyHBAET pacreuaTky COAEPIKHMOrO AECATH PErHCTPOB MAMSTH, HAYHHAS
¢ Homepa NN B une (NN = 20):

OGpasen meuaTH AAHHLIX

Copneprcnmoe Homep Copnepximoe Homep
perueTpa perscTpa perucrpa perncTpa

12,73964896 20 0. 26
148,9657318 21 0, 27

0. 22 0. 28

9,1786109—156 23 0,000124564 29
—1,2256431 08 24

0. 25

2.7. BBop, penakTupoBaHue U mepeBoj mporpamm

TMepes BBOJAOM HOBOH NpOrpamMmbl HHOIZA NOJE3HO CTEPeTh CTApyio,
naxxas xnasnui 2nd CP, n ouncTuTh BCe PErHCTPHl MAMATH HaXKaTHeM
knaBuw 2nd u CMs, [lng BBOAa NpOrpaMMEl HAMUMAETCs KJaBHILA
LRN. Ha aucnuee nacseunsaerca cumsosn 00000 (nepsoe uncno—Homep
mara WM agpec, BTOpoe —koa). ITocje 3TOro BBOAHTCA hporpamma
COOTBETCTBYIOULUNM HaXaTHeM KJaBuul,
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ITpnwnep. Boeaem mnporpamyy Buyncaenns (axropuama E! =)

== 1.2-§ ... E ¢ yweroM snauenns 0! = I:
Lbl E STO 0 CP x=t A Lbl B RCL
0 X Dsz 0 B Lbl Al = R/S

Bonee nmeranuuo mpouece BBoja BHAeH H3 MOAPOOHOTO OMHCAHHS
TPOrPaMMbI:

ITorasanus
Ancna .
Oneparop Tosicuenusn
Aapec | Koa
000 76 Lbl Boox
001 15 E Metkn E
002 42 sTo Banncs uncaa E
003 00 (] B peructp R0OD
034 29 CP Copoc na 0 perserpa £
005 67 x=t Cpasnenne E ¢ 0= 1
036 11 A Ecan E = 0, nepexox K merke Al sapamie 0! =1
o7 76 Lbl Bron
038 12 B metky B
009 43 RCL Buizos
010 00 0 cozepusoro pernctpa R00
ol 65 DS Onepauus yMHOMKeHHA
012 97 Dsz Brinonienie onepaTopa oprafu3anuy OUKAd ¢ BO3<
013 .00 0 Bparom no Metke B
o014 12 B
015 78 Lbl Boon
016 11 A MeTKH A
07 01 1 Buison umena 1
018 95 = Dur KOHIa
019 a1 R/S Ocranos BhIMRCAEHMHI

Kozpl onepauuii HaneceHbl Ha TPO3payHOil MJIAacTMACCOBOIl HaKmam-
Ke ¢ mpopessiMi Juist kaasuwr (eMm. pue. 2.2). Ecanm npm BBOze npo-
rpaMMbl HJH TNpH ee peAakTHPOBAHHH AoNylIeHa I oﬁuapyn(ena o1~
Gounas onepauus, ee crupalotT Haxartnem kuasnwr 2nd Del (or caopa
delete — crupars). TIponymenmslii OnepaTop MOMKHO BCTaBHTb: OH BBO-
autes nocae Haxarus xiasmin 2nd Ins (or-caosa insert — scrasany).
ITpu s70M aBTOMATHUECKH MEHMIOTCS ajapeca BeCeX MOCJEAYIOLIX one-
pa‘ropoa (ymeuuwaxorcsx Hin yBe.uuanachn).

[IpocMOTp NPOrpaMMEI MO MIAray NPOH3BOANTCA NMPH HAMATHH Kida-
numw SST (waz 6neped) n BST (maz na3ad). Tlepexox B pexcnM BL-
ugeenuil IPOUCXOMNT nocde Haxarnsa xkaasuuwm LRN. Ecan mycx mpo-
rpaMMBEl IPOBOANTCS C HYJEBOro ajgpeca, HaXKHMaloTes kaapawn RST
(ycranoska Hyasesozo adpeca) m R[S (run/stop— myckjcron). Tlyck c
aapeca n nn oGecnegnsaercs BBojoMm oneparopa GTO n nn, myck c
merkn N (Kpome GyKBEHHBIX) IPOM3BOANTCA BBOAOM omeparopa GTO N,
Ilyck c Gyksenusix Merox A, B, C, D, E, A’, B/, C, D’ u E’ npous-
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BOMHTCS YKAasaHHeM HYXHOIl GyKBEI MyTeM HAXKATHS COOTBETCTBYIDLLEIT
xnapuwH (s 6yks A'—E’ nepea sTM maxiumaercst kJasBuwa 2nd).

IMpoBecTH BLIYMC/AEHMST MO WIArAM MOMKHO, HAWKHMAA B PeXKHMe cue-
Ta kJaBuwy SST. PesysbTarsl BBIYHCJACHHS HA KazKAOM miare BBIBO-
JITCSL HAa HHAHKATOP.

BaxcHBIM HCTOUHHKOM HPOrpaMMHOrO obecreyeist MHKPOKaJbKy.Is-
TOpOB siBIAETCA nepeod npozpamsm. B cnpasounoit [6—9] u nepromu-
4ecKOll JHTepaType ONMHCAHO MHOMKECTBO NMPOrpaMM JJIsi PasiHYHBIX MO-
Jedeif MHKPOKAJbKYJATOPOB C pPa3HOil JIOFHKOIf BLIYHCJIEHHH K CHMBO-
JHKOiT KJaBHATYpEl. DTO 3aTpPyAHsieT IepeBOA IporpamMm H TpebGyer
JIeTAJBHOTO 3NAKOMCTBA ¢ S3BIKOM MPOrPaMMHPOBAHHA Pa3JMYHBIX MO-
nmeneii KaabkyuasitopoB. Tem He MeHee caMOCTOsITeJNbHOE cOCTaBJeHHe
CA0MHBIX nporpavy GoJee TPYROeMKO, YeM MepeBOJ OTOBLIX MPOrpaMM.
3zech Ta JKe CHTYAIHA, YTO H C HaNHCAHHEM HAH TEpeBOAOM JHTEepa-
TYPHEIX NpPOH3BeXeHHiL

O06B1uHO npu nepenoje YUUTBIBAIOTCH CJeAYIOLLHe 00CTOATEJLCTBA:

1. Jlerkum sBJaseTCs nepesox c NpOCTOro s3bIKa nporpaMM:|posa~
s pa Gonee caoucustil. OOGpaTHLIE MepeBOj] SHAYHTENBHO TPyAHEe.

2. Gopmasbniii nepesox samenoit cumposos (HIT na RCL, IT ua
STO, BIT na GTO, IlIT wa SBR n 7. A.) BO3MOMEH, ecJil MOAEF
KaNpKyasTopos HMEOT OAUHAKOBYIO JIOrHKY BLIYHCICHHIT H cHeTeMy
xkomaui. Tax, pecsma NPOCTLIM ABJSIETCS NEPEBOA NPOrPaMM ¢ s3biKa
OTEHeCTBeHH Mikpokanbkyaaropos  Auextpounka B3-34 (MK-54,
MK-56) ma sspig kaapkyasropos cepun HP  (HP-65, HP-67, HP-97

I Ap.) 1 HAOGOpOT.

3. Ilpn pasauuusix B JIOPHKE BLIMHCJACHHIT OHH AOJZKHGLI GBITH BHII-
MaTeabHo u3yuenbl it yurenbl npu mepesoae. OcoGuiX TpyAHOCTEHd Takoit
TEpeBojl e BLI3LIBACT, HO TPeOyeT NOBBHIIEHEOrO BHUMAaNM.

4. HanGosee pazuoil OGLIMHO sBASCTCH AeTanbHasg I KOHKpETHAM
peanysanua ajaropuTya sulyseseiii B Haifxennoii nporpamme. I'Iu?rro:.iy
B MacTAX aJropuTMa, a 3aTeM BOCHDOuS-

HepeARo mpoie pasolparthes
CMOTO MIKPORAILKYJISTOPA € YUETOM BCex

BECTH HX HA SI3LIGE MCMOJLS
ero ()YNKIHOHAJLILIX BO3MOMHOCTEIL,

Iaa unratedacl, KeJaIOWHX OCBOHTL TEXHHKY NEPEBOAA, ROJC3HO
BllllMﬂTe.‘thO OZHAKOMITBCs € pca:msau.ucii BAKHEHWHX YHCIIeHY IX Me-
TOAOB HA - PA3MHUHBIX KaAbkyaATOpax. OCHOBHON MATCPUAN ZAHHO KHIFH
TOCEAUICH NPOrpaMMHOMY ofecneyeHtHIo MaccoBLIX OTCYECTBEHHEIX npo-
rpaMMEPYeMLX MUKpOKAabKyasropon. Ozuaxo B npuaoxenusx 1 u 2
MOXKHO HaiiTi psg upumepos cocramjennsi nporpamm (or npocrefimux
AC CHOMHBEIX) Aa4s Mikpoxaavkyusropos TI-58C u TI-59. Conocrapiie-
HHe HX C MPOrpaMMamMiy sl OTCYCCTBEHHLIX MUKPOKAVILKYMTOPOB sBHT-
¢l Xopouleii KO0l AJA OCBOEHHSI TEXHHKH TIEPEBOAA H HCIONBIOBAUHT
nporpams, onucamHulx B 3apyGexwoii Jureparype. Kpowme roro, sspik
xaupkfusiropos TI-58C/59 rtunmuen ads GoJbUNHCTBA Jap)GM\xwl\ MO-
Henelt, a TaKce JUIA HEKOTODPLIX OTEHeCTBLIUHBIX mozeeil.
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I'nmasa 3

NPOrPAMMMPOBAHUE MPOCTBIX
BbIYHCJEHUHA

3.1. Onepauuun ¢ geHCTBHTENbHBIMH YHCTAMH

Tporpamma 3.1. Bumpgenenue uenoit wactn umcea x(1 << x'<< 108),
Beox: x =PX*) (M=17,8,9 A, B, C uan JI).
M KUllM UM c/m
Nporpamma 3.2, Brijesnenie npoﬁﬂou wactn uncen x(0 < x < 108),
Beox: x = PX.
A1 4 IIM KUIOM XY UM — C/II
Nporpamma 3.3. Yeeyenne wnena x(0 < x < 10%) ¢ morpeunicctsio
e = 1-10-", Beox: ¢ = PJI, x = PX.
unQg = IC KUIIC UMNC HIIO X C/II
Has e = 1.10"2 n x = 123,4567 nonyunm pesysbrar 123,45.
Mporpamma 3.4, Oxpyrienne uicia’x JoGOro snaka ¢ Koppekiiefi
noczeaneli Wu@psl pesyabrara (OHA COXpaHAETCs, eCMl TOCJeAYIONLHiT

3HaK X Menbwe 5 u yBennumBaercs Ha 1, ecan om Gosbwe 5). Bpoay
e=1.10-" = PJI, x = PX.

4 Fx<0 04 - = 19 FBx UIIO =+ TIC
KUIIC XY urc -— Fl/x 2 — Fx<0 23 HIIC
1 + Tic UIMC U X HN9 X C/I1

IOasn x = +12,345678 n & = 1.10-2? nonyuaem oxpyriennoe 3ua-
"wenme xo = =£1235, a anm x = +12,344999 oxpyraennoe smavenie
x = 412,34

Mporpamma 3.5. Buinenenne mopyns |x| uiena x. Beoa: x = PX.

v e FX<O N [~ i wn

3pech N — azapec wara nocqie onepartopa /—/.
Mporpamma 3.6. IIpeoGpasoBanne yryia, BLIPAXKEHHOTO B p’mnanm
¢, B yroJ, BhPaXKeHHGLI B rpapycax @°, MuHyTax ¢’.u cexkymmax ¢

*) Onepauns BBoaa uncna ¥ B pernctp X (x—PX) oGoanauaercs
x = PX, Onepauus BuiBOAa uncaa y B pernctp X oGosHayaercs Y —>

== »
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Bpon: @ = PX.
Fxn = 1 8 0 IIIr 19 HI18 6 0
iuiug 19 HMII8 6 0 X C/I1 BIT 00 X
TII1 27 HMN9 1 — C/I1 B/O 1 + 119
KHII9 XY HII9 — II8 B/0
Has @ = 2 pan, naxas TpuKAsl kaasny C/I1, monyunm ¢° = 114,
¢’ = 35 u @’ = 29,616, T. e. ¢ = 114°35”29,616”.
Mporpamma 3.7. TlepeBoa yruia, BHIPAXCEHHOrO B rpajycax, MiHYys
Tax H ceKyHAax B yroj

Al U, T ) L

o=((&+*) w+*) w0

BHpaXeHHEI! B paguanax. Beox: ¢°, @’ n @” B perucrp X.
8. C/I1 119 C/I1 4 6 0 = HI9

6 0 -+ HWMN8 4 M0 1 8 0 +
Fn X C/II BII 00

Has @ = 114°35'29,616”, Bpoas 114° 85’ u 29,6167, moayuum
@ = 2. Kpome Toro, us pericrpa 0 MOXHO BLI3BATh SHAUEHHE (rpag =
= 114,59156°,

3.2. Brluncaenue onpeaenureseit
H omepauuM ¢ Marpunamu

Mporpamma 3.8. Briuicyieniie ONpeAC/NTENs1 BTOPOro MOPsAKa3
_ | =P8 b =P9
~lay=P5 b,=P6

UII8 HII6 X MII5 HII9 X — C/II

Mpumep. |?,5 g|=9.

Nporpamma 3.9. Briuicienie onpeaesuTels TPEThero MOPSIAKA:
a,=P7 b =P8 ¢, =P9 :
ay=P4 b;=P5 c¢,=P6
ay=Pl b03=P2 ¢3=P3

= ¢, (@yba — agh,) - ¢a (asby — ayb3) + 3 (a1 by — asby).

W14 W2 X HUIIl UIIs X — HI19 X HITL

HIs X HII7 HII2 X — HII6 X -+ HIl7

HIT5 X HIl4 HII8 X - HI3 X - C/IT1

|=albg 2 tlgb;.

Mpuwmep,
0 2 5 —3
1 4 —1|(=10.
1.3 2 ]

Bpems cueta okono 10 c,
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Nporpamma 3.10.

ay b\
a,=PA b,=P7
a3=PB b3=P4
ay=PC b,=Pl
rae
A=
C =
Cx 110 TIIT
B XY T4
Wms TIA XY
HI2 I11c XY
WIB MII6 TIB
I 54 I
— s  x
e X =+
ums X -+

Brigncnenie ONpe/eyHTeNsT 4YEeTBEPTOr0 MOpsiAKa:

cy

¢, =P8
c3=P5
¢y =P2

XY

C/I1
um
U117
C/IL

dy
d,— PO
d;—P6
dy=P3
d;
d:l ) Bl >
dy
dy
ds|, D=
dy
W17 TI1A
Hrit  1ic
UIIB HII5
T 54
116 Hric
HIl4 HII2
HI8 X
UIs X
X Mo

a, ¢ do
as cs dsf,
ay ¢y ds
a by ¢
as bz caf.
ay by cu
XY 17
Xy 1Im
nB XY
Hure ITA
UI3 r1c
X uIm
HI17  HIT2
Wr4  MIis
-+ TI0

UIrB
TIIT
116
XY
XY
HII5
X

X
UITA

=a14; —b,By +¢,C; —d, Dy,

4

B/0

Tlocne BBOAA NpOrpaMmol I HCXOAHBIX RAHHLIX, HAXaB KJaBHury
C/I1, monyuns suavenye Ay Beoauy @ = PX u, naxas wmasnuy C/IT,

noayunm By Bsomum —by = PX u noayuum C,, BBogum ¢

noayuus Dy, naxonen, psoguy —d; = PX u noayunm A,

MMpumep:

NOo o

N s W
@ s O

SN — W

PX 1

Monyuaem: A; =38, By =16, C; =52, D;=72. Beougum: a, =G,
— by =—3, c;=0, —d, = — 3. Oxonuareapno A= — 216,

Ounpenesntenm Gosiee BHICOKOTO MOPAAKA MOTYT BLIGHCMIATHCS 11y-
TeM pagnoxkenust Ha onpefeantean 2, 3 n 4-ro nopsiaka. Oanaxo Gosce
PAUHOHAILHO NPOBOANTL TaKHe BHYNCACHHS HA HACTOABHEIX W Yiiu-
pepcaibiupx OBM no cranpapTHuM nporpamMman.

C noMoWbI0 MUKPOKAJILKYIATOPOB JIETKO TPOBOAHTL ONEPAIG 1A
MaTPUUAMH € YHCJOM 5/EMEHTOB, He NpEeBLUIAIOLIEM YHcja DErHCTPOB
nayati (16 'y MHKPOKaubKyasTopa DIeKTPOHHKA B3-34, pkaouas pe-
rierpsl Z n T crexa), IToscuiy ato TpIMepaMil,
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IlycTs HAZO CAOKNTL HEOrpAaHHUGHHOE WICJAO MAaTpHI, C UHCJIOM
cTpok 4 i crTonbuos 3. YA06HO 3Ty ONEpaliio NPEACTABHTH B BHAC

a; as Q b; bg bs mz ms Mg
as as Qg 4 by bs bg i _|ma ms  mg
a a, as by by bs Sttt T |lmy oma ma |

ay @ an by b bu me mye my

re HHAGKCH Y SJIeMeHTOB MaTpHI[ 3aMeHeHbl HOMepaMH Perucrpos, B
koTople oTi djeMeHTHl sanocatea (P10 = PA, P11 = PB).

Mporpamma 3.11. Cnoxenune maTpui, pasmepa 43X 3. Bpoms
ay~ ay = PO = P11, bo—=by = PX ... Pesyasratr mg -~ m;, 3aHOs
cutes B pernerpsl PO = P11,

7 C/M HUn7z -+ 7458 C/IT HII8 - 118

9 C/Im U9 -+ 9 4 C/I1 M4 I14

5 C/II HII5 + I15 6 C/IT HII6 - 116

1 ¢/ um + Im 2 C/IT HII2 -~ T2

3 C/I1 HI3 -+ 3 o C/IT HII0 -~ 110

1 0 C/IT HIIA -+ TIIA 1 1 C/T1 WIIB
4+ IB BII 00

Tlpi HCNOJB3OBAHNIH 3TOH MporpaMmbl cHauajga B perucTpsl PO ==
— P11 BBOgsiTCH uHCJa MEPBOIT MATPHLBL 3aTeM, Mocje HaXKaTHs KJa-
guwi C/T1, MOCTPOMHO BBOAATCS SHAYGHHS SJIEMEHTOB BTOPOIl MaTPHIILI.
[lpu 5TOM MpOrpamMma BCAKHIf Pa3 NMOACKASLIBAGT HOMEp 4YHCJIA MATPIi-
upt. Hanpuvep 7, 8 n 9, npn BBOAe mepsoil crpoxu. Ecan marpum ne-
CKOAIBKO, TO B TOIf e IOCJIef0BATEeNbHOCTH BBOAATCA 3HAYEHHST SJEMeH-
ToB nocaeayiowinx Matpuil. IIpoBepHTbL NMPOrpamMMy MOYKHO, TPHCBONHB
SHAYEHHAM S/EMCHTOB CKAAJBIBAGMBIX ABYX MATPHIL HOMEpPa pPEerHcTpon
(noJIysns HX YABOEHHE).

Yacto Bo3HEKaeT HEOGXOAMMOCTL B YMHOMeHHH MaTpuu. Ilponsse-
zennem matpuunl A pasmepa m X n na Marpuuy B pasmepa n X p ap-
asieress matpita C = AB pasmepa m X p, snement Ci KoOTOpoii, pac-
TIONIOKEHHBIT B {f KJeTKe, paBeH CyMMe NpPOH3BeACHHII 3JIeMEeHTOB i-oit
CTPOKH MaTpaup A Ha COOTBETCTBYIOULHE JEMEHTH! j-ro crTonabua mar-
pius B:

n

Ciy=aub,+ by oo tay b, = kz:l @by

Taxinm 06pasom, uucao cTosbuos maTpuusl A JLOMKHO GHITH PaBHO uuC-
Ny cTpOK MaTpHubl B.

Mporpamma 3.12, Ymuoxenne matpuust A pasmepa 8 X 4 na mar-
puny B pasmepa 4 X 2. Bpox sanemeHToB MaTpHUE B H BBIBOA 3iade-
Uil 3/IeMeHTOB MaTpHIbl C COOTBETCTBYIOT YKASAHHBIM B (OpMyJie.
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ay ayp a3 ay| [by=PT7 b,=P8 ¢y =P9 ¢, =PB
@y Gy @y ay| X |by=P4 by =P5 |=]|cy =P6 cpn=PC
Q3 Gy Gy a3y byy=Pl by, =P2

by =P0 b4y =PA ¢y =P3 cyp =PIl

NI 16 M3 9 WO B MO 16 O3 II6
MOR MC° I 16 0 cm 1 ¢ 4 M
X M3 F, MO8 X Ig 2 C/m 4 W4
X MM 4+ I8 F, MI5 X MO 4+ IO
3 C/m A MM X WM + I3 F, U2
X  Wnm 4+ nmo o4 C/m 4 W0 X W3
+ m F, WOA X MIOO + TIIA  B/O

PaGoty 9Toii mporpamyel MOMKHO MpPOBEpPUTH Ha MpHMEpe:

2031 3
5120
0041

2:14+0:2+4+3.441.3=17 2:340-14+3.0+41:5=1!
=|5:141:24+2:440-3=15 5.-8341-1+4+2-040-5=16

0:14+0:2+4.441.3=19 0.34+0.144:0-41:5=5

Boeaem onementst matpuunt B. Haxas wiasuuy C/TI, nomyuuym a
nugukatope UKpy 1, ykasuBaomyio Ha BBOA IepBOro siemeHrta mnep-
Boii cTpoku ay MatpHubt A. Bsomum ero, satem naxas wrapuury C/IT,
noaydus uuppy 2 —mnago BBOAuTH a5 Bmeas Takum 00pasoM MO+
CTPOUHO Bee SMEMeHTH! Marpuust A, moayanm Ha muguxkarope wuppy 0.
YKa3hIBAIONLYI0 HA KOHeW Bhiuncaennit. M3 perucrpos 9, 6, 3, B, C # a
BLI3BIBAEM Pe3y/IbTaT BhlYHCAeHHit —umena 17, 15, 19, 11, 16 u 6.

Huoraa uyxus obparusie matpuust A-!, yunosnersopsiouiue yc/ao-
Bii0 A-A~!' = 1. TIpasuna obpamenns marpuust A B ofpaTHyl0 MaTpi-
uy A-! onncaust B [4—7]. Ha mukpoxanskyssirope Jerko mposectit 00-
paente KBaJpaTHBIX MaTpui pasmepa 2 X 2 u 3 X 3. OGpaluenie MaT+
puil GOJbLIEr0o pasMepa MOXHO NpPOBOAHTH, pa3bmBas ux Ha OJOKH
MeHbLIero pasmepa.

Mporpamma 3.13. OGpauwenne matpuupt pasmepa 2 X 2. Boog:
ay=P7 a, =P8
a2=P4 a,=P5 |

OGpawennas MaTPHUA SaHOCHTCA HA Meém NCXONHOIT.

MII4 M8 X- M2 W7 19 HI5 X W2 —

N2 W5 XY =+ 7 M9 W2 ~ [5 M4
U2 /—/ -+ T4 MO8 W2 /—/ <+ M8 C/II
BII 00
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: Ilna XOHTPOJA NPOrpaMML MOMKHO. BHITOJHHTH CJEAYIONLNE BLIYIC
JIeHus;
e 1,6666666 —2,6666666
~ | —1,3333333  2,3333333 |°
Nporpamma 3.14. OGpawenue maTpuus pasmepa 3 X 3. Bsoa:
ay, =P7 a),=P8 a;3=P9
ay =P4 a,,=P5 ay;3=P6
a3 =Pl ayp=P2 agp=DP3
OGPGMGHHHSI MaTpHua 3aHocCHTCs HA MeCcTo HCXORHOI. )
3 0 Wn4 urnz - I[OO WO /—/ TIC WIS
unp ums . — A WI6 MOL HO9 X  —
OB WMl Wn7 = OO Wnm /—/ II6  MO2 MO
Uhng X  — 4 wun3 umg ung X 0 o — 15
M8 Mn7 +~ m  Wmne WUnz - e W07 Fl/s
M8. WMNA 17 MIB I8 WIIC II9 FLO 02 C/H

PaGory nporpamuini mokn0 npoBeputh Ha mpHMepe:

e E7es: -1
A_l45’ 4

480 0,08333333 —0,08333333  0,66666666
A=1888(; A7'—| 008333333 0,04166667 —0,33333333 |.
201 —0,16666666  0,16666666 —0,33333333

TosTopnoe o6pawenie marpuum A-! pgact marpuny A ¢ HeGO/b
LWHMI ONePALHONNBIMI TIOrPEIIHOCTSMH.

3.3. Boiuucaenue akropnasoB n KOMGHHATOPHKA

Mporpamma  8.15. Buwumesenne axropuana nl = 1:2:3 ... - ¢
HCKIIOYeHneN 3aBesomo m3sectnoro auavemns 0! = 1 mpu n = PX
Mo 1 Wmno X FLO 02 C/II
TIpnmep. 100 = 3628800 puuncasterca sa 10 c.
Mporpamma 3.16. Buuncaenne paxtopuana nl Aus JoGLIX 1, BKO-
uas 0, npy n = pX,
T0 Fx=+0 11 1 W0 X FLO 04 C/IT BII
00 1 BIT 08
Hpnmcpm. o0l=1 1l=1, 31=6 100= 3628800. 20! =
= 2,432902. 1018 (Bpems cuera fe2zn c).
Mporpamma 3.17. Bumicaenne daxropnana fil Goublix Hiice] {ngrs
n> 10 nepuut nats NepBLIX 3HAKOB pesysibTaTa) IO YTOUHCHIOH pop-
mysie Crupamnra [1, 2J:

e - 1 1 .
nl= n" A/2xn exp [—- n+ o Li— 567[)]‘ 3.1)

Bsop: n = PX npu maxcumanbiom n = 56.
e 4 Fx¥ 1 ue 3 0 X
1 2 =+ WM + Wme — Fer X 2
Fn X WMo X ' Fa/ X ¢m bi 0
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Mpumepu. 10! = 3628711,6 (rouno  3628800), 20! =
= 2,4328826-10'® (Bpems cuera 12 c¢), 56! = 7,1100172-1074,

Nporpamma 3.18, Buiuncrenue pakropuana n! npu n << 12 nmo Tou-
HOii dopmyne, a mpu n > 12 —mo dopmyne (3.1).

m 1 3 = Fx<0 20 HII0 Frx+%0 17 1
HIo X FLO 10 c/m BIT 00 1 BIT " 14
HII0 4 Fx¥ 1 nrio 3 0 X Fljz —
1 2 = U0 =+ Hro — Fe* X 2

Fn X W0 X Fa X BIO 14

Mpemepu. 3! =6, 10! = 362880, 15! = 1,3076567-10'%
Mporpamma 3.19. Pacuer uncsna nepecranoBok P, = nl, uicaa pas-
MelleHHil 13 n SJeMeHTOB 1O n:

A =nl/(n — m)!
1l yHcJa coueTaHuil H3 n 3JeMEHTOB Mo m:
Cp = nf((n — m)l ml).
Bson: n = PX, m = PX. Buson: m! —P4, P, = nl— P5, (n —m)!—>
—P6, A->PA, C;'>PC=PX.
Mo ¢/ I8 I 2 I[14 MMO9 I 26  II5
W19 MI8 — I 26 116 HII5 XY = IA

W4 = TIC C/I1 BII 00 IO 1 MO0 X
FLO 28  B/0

s n=10, m=>5 noayusum (coycra 30 c cuera) C?°=252.
A%y = 30240 u P o= 3628800.

3.4. Onepaitni € KOMITIEKCHBIMH YHCIAMH

lporpamma 3.20. [lpeoGpasosanue KOMOJEKCHOTO YHCAA H3 anareG-
pauueckoii (popmst Z = a - jb B TPHTOHOMETPHUCCKYIO Z=Mel® rne
M=4/a"-b* n @=arccos(a/|M]|) mpn b=0 n ¢=
= —arccos(a/|M|) npn b <0 (—180° < @ << 180°). Bmox: a = PX,
b = pPX. Bemox: peayasratam A —PX, @ (8 rpamycax)--PY. Ilcpe-
Kaouareas P—I B nonoxenm I,
na ¢/m MB HITA 4 Fx? HIIB Fx* 4 F+4f
s+ Farccos T19  HIIB Fx<0 20 U9 /—/ 119

Wy wumns c/I1 BIT 00

Opumeps. dan Z=—1+4j.1 M = 1,4142135 n ¢ = 135°, aas
Z=_]—j1 M=14142135 un ¢=—135% amn Z=—1+0
M=14y4q=180,
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Apudnernyeckie ONMepamui NaA KOMIJGKCHBIMG WHCAAMH B aareG- .
panyeckoii QGopme BLITOJAHAIOTCA MO (GOpMyJIam:
Zo=2i+ Zy= (@ + @) +ji(by + b2)’
Zy=2Z - Zy=(a1a; — b1b2) + j(a1b2 -+ byay)
Zy a;a; + bibs

Eym 2L BTN
g a0

bia; — ayby
a3 + b

Mporpamma 3.21. Apudnmernyeckie onepauun (cnoxenne — ko 0,
yMuOXKeHHe — Koa 1 M Jesenie — KOA 2) Haja Napasil KOMIJEKCHBIX |
yncen Zy = ay + jb, u Za = as + jby. Beox: @y, by, as, ba B perucrp X,
KOJ onepaunn B peructp X, @i, bs, xox B pernerp X u T. x. Pesyubrar
Zy = ag + jbo: ap—r P4 = PX, by— P5 = PY.
M4 Cc/1 1ms  c/m nz ¢/ 1m o C/IT Fx#0

52 1 = Fxs0 30 HI12 Fx? WI3 Fa?
g HI2 W8 =+ 2 M3 /—/ HI8 =+ I3
W3 MIs X 110 HIT4 HI3 X 11 HIT2 HMII5
X Hrir - - 15 WIi2 Hri4 X HMII0 — T4

BIT 03 HI15 KI13 + I15 HI14 HII2 + 114
BIT 03
I puwnep. Buuneants
_(B—j3)3+j-2)
SNCER R CE EE)
Boogum 5, —3, 8, 2, 1 (kox ymuoweuns), 5, 3, 2 (xon nerenns), 2,
—4, 2 (kon nenenusn), 0,5, 1, 0 (xox cuoxenns). Ioayuum Z, =
= 1,1588235 -}- j-1,4647059.
Mporpamma 3.22. ITocaenopaTesnbroe YMHOMXKeHne M JIeseHHe KOM-
TVICKCHLIX YIICeJl B TpHronomerpiveckoil hopme:

+ (05 -+ j+ 1)

Zo=21Zy= ﬂ’l.M:cl(q" ), Zs =_§L - _:%_ ol (0=

Beon: M, ¢y, My, ¢z, xon omepauwmi (1 ams yMROWemHs 0 2 A7 Ae-
senin). Pesyavrar Zo= Mye!¥: My —> PX = P65, @o—~> PY=P7

6 ¢/ nz ¢m ng ¢/t mng o cmo 4
[ Frs£0 21 UIl7 W19 — TI7° WII6 M8
= TII6 BII 03 WI7 Wmn9 -+ II7 UI6 HII8
X TI6 BII 03

ITpuwep. Buuneanrs
Z\Zy  2eI% . gl

R

Booxum 2, 30, 6, 20, 1 (xomx ymuowennus), 4, —40, 2 (xon neye-
nna). Toayuaem Zg = 3e/:9%° (My = 3, qo = 90°). Ilepes BBOAOM KOAQ
B nporpammax 3.21 n 3.22 muguiipyerca nugpa 0.

Zy
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FTnasa 4

'BbIYUCIEHUE 3JIEMEHTAPHBIX ®YHKUWU
MHOTOYJIEHOB U LLH®POBbBIX
NMOCJIENOBATEJIbHOCTEN

4.1. TunépGonuueckue

u obparnbie runepGosanyeckne GYHKIUHN

Mporpamma 4.1, Buiuncnesue runepGoamueckoro cunyca shx =
‘= (e* — 1/e*)/2. Beon: x = PX.

Fe* 4 Fl/x — 2 =+ C/II

HOas x = 1 umeem sh(l) = 1,1752012,

Mporpamma 4.2, Buiuncnenue runepGosugeckoro kocuayca chx =
= (e* + 1/e*)/2. Beox: x = PX.

Fe* & Fl/x + 2 =+ C/II

IOaa x = 1 nmeem ch(1)= 1,5430806.

Mporpamma 4.3, Buuucsenne runep6osuueckoro tamrenca thx=
=sh x//\/l + sh? x, Bpoa: x=PX. 1

Fe* A Fl/x — 2 = A Fx* 1 +
F4 =+ ¢/

IOna x =1 mnonyuaem th(l) = 0,76159417. [das BbuncaeHis
cthx = 1/thx nepex onepatopom C/IT sBectn omepatop Fl/x.

Mporpamma 4.4. Buuncnenne o6paTHoro rumepGoJHyeckoro ciHHyca
arsh x=In (x+Vl+x’) npe ¥ = PX B ananasone smauenuit o
—o00 10 o0,

4 Fx* 1 + F4 + Fhh ¢/m

Ilan x = 1 umeem arsh(1) = 0,88137355.

Nporpamma 4.5. Briuncnenne o6patHoro runepGQAHYEcKOro KOCIH-
uyca arch=In (x+4/¥=T1) n1a x=PX > 1.

A F¥ 1 |—=] + FA 4+ Fln C/II

Jlus x = 2 noayuaem arch(2) = 1,3169579.

Mporpamma 4.6. Buuucnenne oGpaTHOro riumepGOMHYECKOr0 TawHreH-
ca arthx=In4/(x + )/(1 = %) A% ¥ =PX B puanasome smauciiii
or —1 xo 1.

4 1 XY 4 FBr 1 XY — = F4f°
Fln C/II
Hpr v = 0,7615942 noayyun arth x = 1,0000001,
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Mporpamma 4.7. Bolumcnenne oGpaTtHOro rumepGONHUECKOTO KOTAIl-
renca arcth x =In A/T+ 2/(x — 1) ais x=PX > L.
A 1 — 2 XY = 1 + FA Ehn
C/m . . 1
Has x = 1,3130352 noayunm arcth x = 1,0000001.
B mexoropeix Mukpo-3BM, manpumep I)Jlempouuxa I3-28, arn

(byHl\Llll A BBIYHCJISIIOTCs MHKPONPOrpamMmHo.

4.2. Henpepsisunie npo6u

fiporpanma 4.8. Botuncuienie nenpepuiBHbI ApoGeil BiLa
[ . b1, b2, bs, ]
ke iy b

=i+ by =iag —
. L N8 a’ a' as
ay - *b—
a, +
1 as+ .
Boon: am, b, @u—y, bu—y, ..., ay, by, ay B perncrp X.

4 C/Mm XY <+ 4 C/II + BII 00
8 2 38
Mpumenp. =[-._. il _]____
P P- [=|5 7i 7 & |=68765432,
Henpepusioii poGhio MOMHO NpeAcTaBTS HeKOTOpHE APOGHO-pa-
UHOHAJbNLe (YHKIUMH, 4TO ynpoulaer HX BuMHCAenHs [1—5].
Tporpamna 4.9. Buiyucsenue pOGHO-palHOHaNbHOI (DYHKIHHE

il
il

_10—21,\7+\‘ et y
flx)= — 6T [l. T 3 5
Boox: ¥ = PX.
9 Hm /—/ % m8 5 - 3 + HIB
XY =+ 1 + HUm8 Xy =+ 1 + C/I

BII 00
Has x =0 umeem f(0)= 1, ana x = 1 f(1)= —0,6555554, ana

¥ =2 [(2) = 55888889,

4,3. Boiyucienne MHOrOUJieHOB M0 CXeMe rOPHCPa

Mporpayma 4.10. Buiuncaenue wMporowiena JAeficTBHTENLHOTO nepe-
Mennoro crenens n << 11 no cxeme Toprepa P(x)= @+ @i+ .

+an\‘=(...(anx+an DX+ oo Fa)xFx Boox a= pc
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a+a, =Pl +Pn, x=PX (upu ciene x BBOJANTCA TOJNLKC HOBOS
3Hayenune x W Haxumaercs wiavuwa C/IT). *)

TS e no Hrn 4 XY HIIo X KWIo
+ HII0 Fx=0 06 XY MHIC 4 C/II BII 00

Ias wuorowntena P(x)= 0+ lx 2524334 4x! (n=4) nos
ayuam P(1)= 10, P(2)=98 u 7. & 2Ty mporpammy uerpyaso mpu-
CNOcOOHTh NIl BLIYHCJICHHS MHOTOWIEHOB TOJBKO C UYSTHBIMH @iy He-
METHBIMH CTEMeHSAMI.

Mporpamma 4.11. Briuncnenne MHOrOYJEHa KOMIIEKCHOrO mMepeMeH+
Horo Z = a- jb crenesu n << 10 no cxeme Topuepa. Beog: @y = PO,
a, =PI, ..., ap=P9, ao=PA, a=PY u b=PX, Pesyiprar
P(Z) = ¢+ jd: c—>PX, d—PY.

OC XY IIB MIOA X HO9 + HIOC HMIA X
IO XY W8 TN 42 W7 NI 42 Urie  TIMT
42 WIs M 42  HWI4 IO 42 W8 O 42
UIM2 nOm - 42 WUMi I 42  MIT0 T 42 c/
BII 00 MIO MUIOC X — XY WIB X  +
XY MIC X WM, UIB X oo XY B/

Ilnst muorounena P(Z) = 1+ Z 4222+ ...+ 8Z°% (ay = aie = 0)
npu Z = 1+4j-1 nonyunm P(Z)= 144 —j-113 npu spemenn cuerd
te 7~ 70 c. TIpn yCJOXHEeNHM BBOAA HCXOAHLIX AANHBIX W HOPMHPOBKE
(menennn ma @3) CTeNeHb MHOPOWIEHAa MOXKHO MOBLICUTL A0 1 = 13,
a upn feficTbuTenbioll nepementoit x — 1o 16 [7].

4.4, BouucaeHue panoB ¥ CNOMHLIX YHCAOBBIX
nocJesoBaTeabHOCTeH

B ociiope BbIUNCAEHRI PAAOB B CAONHLIX YICJOBbIX NOCACAOBATCNh:
WOCTell JIeXaT WHKJIHYECKHE NDOTPaMMBl ¢ HHKJAMI, BLIYHCASIOWLIMIT
riaBHBil uien mocaeposaresbrocTH. Mismenenne storo uiena 3apaerch
NOC/Ie0BATEBHOCTHIO  uncesl, (OPMHPYeMHX cueTunkamu sima | =
=i+ 1 man i =i—|. Takue CyeTYNKH CO3MAIOTCs OmMEpaTopammu KOC-
Bennoli appecannn supa KUIN WIIN uau onepatopami oprasusalliil
mukaos FLO, FLI uan FL3. TlpomuaiocTpupyeM MeTOAHKY cocTasieHid
TAKHX NPoOrpaMM Ha KOHKPETHLIX MpHMepax.

Mporpamma 4.12. Buiucjeune cyMMBl NeABIX uiiced

i=n

S=Yi=14+2+34 .os +(a—D+n

i=1

*) Ha MecTo MHOFOTOWNS BBOANTCSH WHCJO 7, COCTOAUleE U3 ABYX
ungp, nanpuvep, 5 ssoantes kak 0 u 5.
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Beox: x = PX
- UHKA

v

o o MIo -+ FLO 02 C/II

TaaBHBI 9ieH MOCJef0BATeNbHOCTH — CaMIl §Heaa i, KOTOphle cOo34aloT-
ca B permetpe PO: n, n—1 ... 3, 2, 1 u cymmupyiores B persierpe X
N0 Mepe BhINOJHeHHs Kaxporo mukna. Yueao 0 (oneparop mo aapecy
01) cayxur mis oGHyJeHHs HaKami@Balouiero perucrpa X mepea Bhl«
nonpennem uukaos, Bass n = 10 u namas xaaspum B/0 n C/IT, nos
ayunm S = 55,

B HexoTOpmx cayuasix Tekyllee 3HAaueHHe TIJIABHOrO WieHa Jerko
'HafiTII ¢ MOMOUILIO pexyppenTHbIX cooTHOWeHuit. Tax, NPH BLYHCISHHH

Toc/Ie10BaTe/ILHOCT I
n
S=2 U=14+1.241-2.34+1:2:3:44+ ... +(r—DI+4al

i=1

KaWAbli nocaeayiounit uien paped NpeAbLAyEMY, YMHONKEHHOMY HA
TeKyliee 3uavenue i, 7. e. il = (i — 1)l

NMporpamma 4.13. Buuncaenue cyvms daxropuanos S(nl). Bsox:

n = PX.
n7 o0 .19 16 1 [18 KUII6 MII6 HIB X
T8 W9 -+ [19 M6 M7 — Fs=0 06  HII9
C/l BIT 00

B sroii nporpamye n sBoANTCH B peructp 7, HaKomjieuyue cymMM mpo<
HeXonur B pericrpe 9, Tekyuwne sHavennsi i (GOPMUPYIOTCH B PErHcTs
pe 6. Perucrp 8 ucnoabsyercss 1 3anOMHHAHNS NpeAMIECTBYIOUEro
SHaUCHHs TVIABHOrO wieHa nocsenoBartenbHoct. Cuer ocraHaBiuBaercs
NpH i —n = 0. Bags n = 4 = PX, noayuny S(n!) = 33. 1

Mporpamma 4.14. Bruncsenne nponssenenns daxropuanos P(nl) =i
= 1:(1-2)-(1-2-3) ... il ... (n— 1)!nl. Bsox: n = PX.
| n7 o 116 1 I8 119 KHII6 HII6 HII8 ' X
| T8 W9 X  I19 M6 MW7 — Fx=0 06 HII9
| C/TT BII 00 G

B s1oit mporpamme a5 BelumcseniA [aBHOTO uiena — (pakTopuas
2 —TakKe [ncnoab3yercs pexyppenTHoe coorHoweme il = (I— l)ll.'
Has n = 4 = PX nosyuum P(nl) = 288.
Mporpamma 4.15. Briuncienne nocaef0BaTe/bHOCTIE
n
Y= Z &%
k=1
Bsox: m u n s perucrp X.

07 C/m 9 o T4 I8 KAM4 W4 M9 XY
Fx¥ WN8 -+ TI8 MI7 U4 — Fx=0 06 WII8
C/IT BII 00 '
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TaaBumii ynenw mocneporatenblioctn B otom cayuae K% rae K =

=1,23 ...,m Oun m—=20 u n=4 szuavenne y = 722665, 91
[(rouioe snauenne 722668), a 7, ~ 2 Muu.
;  Ecan suakm IMaBHOTO uN€HA JO/IKHE! NONEPEMEHHO MEHsTbCA, BBO<
JAHTCS yMHOXKEHHe ero B Kawnou-uukjae Ha —l1. Bruncienue psaaos ¢
GeCKOHeuHbIM YHCJOM YJeHOB 3aMEHSEeTcs CyMMHPOBAHHEM KOHeyHoro
9icyia WIEHOB ¢ KOHTDOJEM 3maueHuil kaxporo u3 umx. Ecan onu cTa-
HOBSATCA MEHBIIC MajJoro YHexd &, 3a7alOllero MOrpeulnocTb BHIYHCIC:
HIi, moc/eANue OCTaHABJNBAOT,

TlpuBesienEHe BEIUE pexoMenaamul WIHPOKO NENOIL3YIOTCS B [P0t
TPaMMaX BHIMHCJGHHS CNCUEATLHEIX GYWKLMi Nno lx pasnoienno B
PANEL 7

4.5. Boluucnenne wiorounenos Jlareppa, Jiemanapa, .
Jlarpanxa, 3pmura u Yebuuwesa i HX Ko2(h@uuueHTo

Ilupoko pacnpocTpanekuble B HAYSHO-TEXHHYECKHX PacyeTax Fiveln e
(epenunansiie ypaBHeHHs BTOPOrO MOPSAKA UACTO HMEIOT peleHild
B BHAe ODTOrOHaMBHHX MHOrouienos Jlareppa, Jlemanapa, dpmira i
Yebnena [1—3]. B [6] omican naxer mporpany BhUHC/EHI HX KO*
s¢dunuenton Ha MuKpoKanbKyaaTope daexTponnka B3-21. TIpibeAcH”
uLe HmKe NPOrpaMMH MONYHeHH NepeBOAOM STHX mporpain. Bo BCex
NPOrpaMMax cTeNeHb MHOTOWIeHa n pBOAuTCs B permerp X (mocae 1as
aarea xnasnw F, ABT u B/0). Kaxpoe naxarie KJIaBHiun C/IT ee+
AeT X BHAUE OYEPEAHOro KOS(uuienta MuOrowiena A0 Tex TOPy
0OKa me BHcpetnTes undpa 0, yxasmBalouias Ha KomeW shiuucieniti

Tporpamma 4.16. Brmuczenne Kos(uiunenton MHOrowicia Jlas
reppa.

I2 0 I8 WM Fx X Fcos M8 C/I M3

M 1 4+ M3 wum ume —  Fa? HI8 X

MIB /—/ = BO o7

Haa n =5, naxmyan xaaswmy C/TT zo mossaenna ungps 0, bYal

AeM noayuaTth KO3(dnuentTs mnorouwncna Jlareppa
Ly (x) = —145 4 25x4 — 90043 -+ 600x2 — 600x - 120

B BUAC NOCTENOBATeAbHOCTH wicen —1, 25, —200, 600, —G600, +120
# 0 (xonenm muuncaennir). Iepexmonatens P—T B NOJOMEHNH P"
Mporpanma 4.17. Buuncienne EOSO@NIIENTOR MHOrOUWICHA Jle-
aKanapa.
nz 1 16 08 4 13 2 7. X 3
- 5 T4 WI8 X W6 = ng Wmne 1
+ 16 ul4 2 — Fx<0 12 MO8 C/I1 W3
10— TSI =g une x  Mms X
unz7 =+ WIS /—) <+ @8 W7 2 + 7
M6 2 — 115 BIO 97



Ian n = 5 nonyuuy xoda(duumeHTs MiuorowacHa

Ps(x) = 7,875x5 — 8,75x3 + 1,875x. (4.1y

Mporpamma 4.18. Butuncienne Ko3()OHIUEHTOB MHOIOUIEHA IPatuTa,
n 1 M ms + M4 2 TII5 HO8 C/IT

nm4 1 — ‘9 1. — 4 Hme X HIi8
X HMns /—/ = . TI8 U5 2 + I5  BI
08

Haa n = 8 noayuns kod(PAUHEHTH MIOroueHa

Hg(x) = 18— 2840 + 21024 — 420x2 + 105.

fporpamma 4.19. Bouncsenne xoa(Quuiientos muorouneda HYeds-
TieBa no (opamydae

n/2
. n (n—m—1) o ‘n-9
Te =3 [\_: (S ml-(n — 2m)! (22)"77

m=1
m 2 14 ns — 113 HI4 2 X 14
HI13 1 115 — TI3 Fx=0 06 urs c/ir /—/
Hrz X 4 =+ II9 HIIS X C/IT HII9 HII8
== M WM 1 15 4 . T8 Iny - 2 ==
e HMI7 119 1 + 7 HI9 Hz — HUI1S
X - 5 HI6 1 — TI6 Fx=0 40 WIl4 BII
22

Oan n =8 =PX nonyuum oxpyrjienusie Kospuimentst

} MHOrQo-
wiena YeGuwena 8-it crencuu:

Loy o Te(x)= 1288 — 256x5 + 160x* — 3242 + 1.

Betunesenne suavennii opToroHanbuLIX MHOTOU/IEHOB MOXHO Opra-
HU30BATL HENOCPECTBEHHO MO HX PA3JNOMEHHAM B CTeneHuble paAbl,
n]’)“Mepbl l'\UTO[\le NpHBEASHD! BbIlIE. oﬂllﬂKO B 3TOM cCJyyae s Kax-
AOr0 MHOFOW/IENA ¢ 3ajalibIM N TPHAETCS COCTAaBJATL CBOIO Nporpam-

My. Bojee paunonajnio Bocnosb3oBaThCs MIBECTHLIMH PEKYPPEHTHLIMIL
coorHouenmMK [2],

Tporpamma 4.20. Buiuncaenne snauvewmit  Ln(x)

muorowena Jla~
reppa

et " (xe™)
Ly (x) = T' dx”
no pexyppentuoit dopmyse (Lo(x)= 1; Li(x)=1—x):
1 . . >
Livitx) = TEe [~ 1=x) Li(x)—ili— (¥)] (=1,2,...,n—1).
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Boox: n = PJI, x = PX. -
n7 1 XY — m 1 g Ii6  MI6 HII8
/=] X WHII6 2 X 1 + Uz — Eg:
nm x + HI6 1 + I6 =+ 119
HMIIO — Fx>0 08 U9 C/I1 BIT 00
. = 1,375
Oas x=3 mmeenm Ly(3)= —05; Li(3)=1; Li(3)=13
(fe = 25 ¢), ] i
Mporpamma 4.21. Buwuncaenue swauennii P,(x) MHOr0WIeHa Jle
Kanapa
L 27" d*(1—+)
Pa()= (CWE— ==
no pekyppentnofi dopuyne (Po(x)= 1, Pi(x)= x):
, . i, e
Pl+|(x)=i_‘l_—l{(2i+1)xPi(x)-—-tP,_| ()] (=12

Beox: n = P[i, x = PX. - = -

7 19 1 @8 16 W6 /—/ HBHB X =

2 D 1 4+ M7 X  MII9 II T
W6 | 4+ M6 = 19 MIS MIII Fr=>
05 HI1I19 C/IT BIl 00

— 55,375.
Lan x =2 mieen Py(2)= 55, Py(2)= 17, Pi(2) -’;5d s e
TNporpamma 4.22. Buiuncaenue suasenuit Ha(x) muorouse

1 X

. d? —x‘-’)
Hp (x)= (—1)"e¥ %—

’

10 pexyppentroii hopmyne (Ho(x)= 1, H,(x) = 2x):
Hygy (x) =2xH) () — 2iH ey (x) (i1, 2 ees B— ”'X
nz 2 X 19 1 I8 e M6 2

WI8 j—) X Wmr 2 X umo s ><[1 ;3"[1
19  KWM6 MI6 WML — Fx>0 07 MIN9 C/
00 ;

s x =3 nonyuny Hy(3) = 34, Hy(3)= 180, Hi(3)= 876. >

Miuorounenst YeGriuiena nepsoro poma T,(x) = cos (7 arccos.“0
1 BTOpOro poaa Un(x)= sin((n -+ 1)arccos x)/sin (arccos x) WCJ‘“"‘O‘
BLIYHCANTH HEMOCPEeACTBeHNO N0 NPHBEAEHHBLIM dopmysam (sBHRY DD
CTOTH X NMPOrpaMMbl He MPUBORSTCS). L

OcoGuiii mutepec mpencrasaser phuncaeHiie KO3((HUHEHTOB HHTEP
NOJSMIORUEIX MoAMHOMOB Jlarpania, KOTOpHe NpHMEHSIOTCA AIA 'é"'
TepmoALul Qynkuun y(x), Sananuoil PAAOM OPAHHAT Yo = Ya MPH 20C
Luccax xo--x, B KayecTse HyJeBOro yaja MOMHO HCHOAB30BATH JIO-
Goft ysen, manpivep, npu Tpex ysnax u HYJICBOM LeHTPaAbHOM yaﬂf
Skaverun dyuxunit Oyayr oGosnauatbes: y—; = y(x—1), Yo = Y(¥) @
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Ys1'= y(¥+1). TomHom Jlarpamka MOXKeT 3amiCHBATLCA B ABYX (op-
Max.
Ilepsasi popma umeer Bup [1]:

Y (x) =40 (%) yo+4- A (%) Y14+« + Ap (%) yn= Z Ap (%) Ym, (4.2)

m=0
rae Ko3((uIuenTs OnpeAensioTes u3 (opMyJibl
Am (%) =
(= %0) (£ — %1) «o0 (¥ — Xm—1) (¥ — Xmt1) 000 (X — %)
(m — Xo) (¥m — *1) « oo (¥ — Xm—1) (¥m — ¥m+1) =« (¥m — ¥4n)

BBuy c/I0JKHOCTI STOrO BhHIPAX<GHIsS HA MHKPOKAJbKYJsTOpax 3Ha-
ueHHA Ap(¥) MOXKHO BHEMHCJATH PasAebHO A NOJHHOMOB ¢ N <5
npi n+ 1 opaunarax. Ilpn HopMupoOBKe

X = xo -+ ph,
rae /i — pasinocTh aleliice COCeAHNX Y3J0B,
p = (x— x0)/h, (4.3)

1 GyAen BLUNCAATHL 3uauenns HOpMupoBanublx Xo3(pduuuentos Jlarpan-
#a Au(p). Hike nan naker nporpaMy, NO3BOJSIONIX BEIYIC/NTE
An(p) ana n--1, paesoro 3, 4, 5 wan 6 no Gopmysam, NPHBEACHHLIM
B [3]. . :

Mporpamma 4.23. Buuncaeune xoa(puuuenton moinnoma Jlarpahs
Ia Npu Tpex opAHHATAX Y—1, Yo, Y1t

m+41 p(p>—1)
Am (p) = (=D™* (T4 ml (L —m)l (p—m) "
NI Fx2 | — WIOO X TIIC 0 16 IIII
27 2 = TIIl TIIT 27 [—/ TI0 TIIT 27
2 =~ TA 3 C/IT BIT 00 KHII6 HIIC MIIL
Hre — 2 + = B/0

Haa p = 045 = PX, namas xaasnmy C/IT, noayunm uudpy 3
(yxasaune na 3 opaunate). Kos(duunentst nojusoma saHocsTest B
pernetpr A-y = —0,12375 - P1, A, = 0,7975 — PO, A4, = 0,32625 —
— PA.

Nporpamma 4.24. Buuucsenne xoapduuuentos noauroma Jlarpas
Ka NpH Yerblpex OPAHHATAX Y-i, Yo, Y+1 H Yio: -

e 2 p(PP=1((p—2)
Am (p) = (—1)™F T+ miE—mi(p—m) "

IO Fx? 1 — WIOO X MOO 2 — X
Inc o e Iim 3 6 /—/ = Il III
39 2 =~ 0 T 89 2 s T
I 39 6 = TIIB 4 C/I BII 00 KHII6
WIIC MM W6 — 2 + = B0
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Ias p= 0,15, naxas xknaumy C/IT, noayunm audpy 4 (uncno
opunnat). Kosd@uuuents NOMuHOMA 3aHOCATCS 8 perHerpel: A_p=
= —0,0393125 — P1, A, = 0,9041875 > P0, A4, = 0,1595625 — PA n
Ao = —0,0244375 — PB.

Mporpamma 4.25. Buunciaenne xoadguunentos nommoma Jlarpan-
KA NPH NATH OPANHETAX Y-2, Y-1, Yo, Y41 H Yot

m+2 p(p>— ”(P?." 4)

Am (p) = (=1)"* @+m!@E—ml(p—m)" 4
(TN E X2 T0C Sl — Hric 4 —_ X WITL
2 rnc o 6 Il 47 2 4 = I12
TIT 47 6 1= = It TITT 47 4 =
T10 N 47 6 /=] + MA I 47 2
4 =~ TIIB 5 C/l1 BIT 00 KUHII6 MIIC MITI
Hure — - 3 + = B/0

Has p = 0,3, namas kaasuwy C/TI, noayuim mudpy 5 (uiicyio op-
nunar). Koshouuuents! noaunoma samHocsTes B peruetphli: Ao =
= 00193375 P2, A= —0,13685>P1, A, = 0,889525— PO,
Ay = 0,25415 - PA u A4y = —0,0261625 - PB.

Mporpamma 4.26. Beuucaense kosdhuuuenTos nonnuoma Jlarpaumxa
TIPH WECTH OPAMBATAX Y—2, Y1, Yo, Y+1, Y+2 M Y+3

o msepiin2 =)i(p2=d)ipi— 3)
A (P)=(=1) C+ml@—m)i(p—m "

No Fx? T8 1 — M8 4 — X unn
3 — X HOog x I8 0 I6 TIIT 63

1 2 0 /)=/ = II2 WO 6 2 4

=~ Il Im 63 1 2 [—] =+ TI0 IIT
63 1 2 = NA nm 63 2 4 (=1
-~ B II 63 1 2 0 =+ TIC 6
c/m gn 00 KHII6 MM8 WMIm urme — 3 -+
= /0

Oas p=145= PX, nawas xaasmmy C/TI, noayunm undpy 6
{uucao opaunar). KOE(D¢I!UI!ellTb! NOJITHOMA SaHOCATCH B PErHciphi:
A_y = —0,011356897 — P2, = 0,079961829 — P1,. Ay =
i= —0,27021584 —~P0, A., =0 8706955—» PA, A= 0,35619361
= PB 1 Ay = —0,025278255 —+ PC.

Bo propoii dopme sanuch uiTepnonsunonnoro noaunoma Jlarpaiika

Y (¥) =By (y) + Bi(y) (x — xo) + Bs () (x — x0) (v — %1) + ...

sre T+ Ba(y) (x— x0) (¥ — %) v (¥ —"xp—1) (4.5)
kos(drunentst By (y) <+ Bn(y), mam coxpamenno Bp - B, aBasioTes
DYNKISIMG OPAHHAT Yo = Y [l] AnropuTM HX BBHINHCJEHHS NO CXeue
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Siltkena moscuseres Taba 4.1. Ilpn mssecthuix By - B, BHuncaenue
y(¥) aaa moGoro x MOXKHO mpoBecTH no cxeme I'opuepa.

Ta6anuna 4.1

X u q r s
Xg=>P0 Yo>PA=Bg
X =P h=+PB y.—_lla_=q=
Xy —Xo
= B=>PB
X3-P2 y:=»PC yi—yo Ga—m _
N Xi—%
= q:=>PC =r.=B,>»PC
x> P3 yy=»PJ Q—di ., ra—fa
Xi—X Xy— X1 Xy—xy
= q;,>PJ =r;—>PI = s;=B,>PI

Mporpamma 4.27. Buuncaeune xosdduuuentos By, By n Bz no
BBOAUMEIM B pernerp X anauenusim Xo, Yo, X1, Yy, Xa 0 Yo

I10 C/I1  TIA C/IT m C/I1 TIB C/IT T2 C/II
Nnc HWnB HIA — WMl HMI0 — =3 B WIIC

Hna — e Mo — = HIIB — unz M
= =3 nc o C/IT  BIT - 00 v

Han xo = 1,3, yo = 0,934, x; = 1,4, y; = 0,9523, xo = 1,6 11 g2 =I
‘= 0,9661 noayunm unpy O (okomuanue seiuncaenmii). Koadduunenrnt
NOJMIOMA 3aHOCsTCS B perierpe: Bo = 0,934 — PA, B, = 0,183 = P13
¥ By = —0,225 — PC,

Dporpamma 4.28. Brmencnue xosdduusentos By, By, Ba n B;
Beoa: xg-+ x5 = PO+ P3, yo+ ys = PA + PJi; peaynerar By <+ Bz~
— PA = PJ1.

HIIB MMA — WIi uro — = TIB  UWIIC HIOA

= W12 HImo  — + UNne — MI12 WIm  —
S Ic MIL WA — HI13 NI = = HITB
= Hrs M — == Urc -— NI unz. «~—

= ng o C/I

INan xo=13, x; =14, %= 15, xa= 16, yo= 0934, 1 =
= 0,9523, y» = 0,9661 n ys == 0,9763 moayunm, HAKAB KAaBUUIY Cc/IT,
unpy 0 (yxasupaer na koweu cuera), Kosgduuuentnl nojunoxa sas
nocsiresi B pernerpu: By = 0934 —+PA, B, = 0,183 — PB, By =)
= —0,225— PC n Bs = 0,15— P/LL.

Niporpamma 4.29. Buuncnenne kosdguunenron Bo, By, By, By n B
BBon: xp= x4 = PO = P4, yo = P9 u y, + ys = PA - PJL; pesyusrar
Bo—+ P9, B, = B,—+PA+PJ,
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WA HII9 — ur vm -— + A UMB M9

— W2 W0 — - = HWIOA — HIO2 Ul —
-+ B MIOC MM9 — W3 Ul — = UITA
— - M3 Ulll — =+ HWNB — HWMI3 U2 —
= " I0C HOg W9 — W4 HUIO0 — = HITA
— M4 MWm — + HWIB — W4 U2 —
=  HIC — WIl4 W3 — + IO 0 C/II

Oua x=22 x=23, %=24 x=25 x=26 y =
1= 0,4860966, y, = 0,4892759, y» = 0,4918025, ys = 0,4937903 n y, =
= 0,4953388 nouyuynym, naxas kaasuwy C/IT, mudpy 0, ykasmpaiouiyio
Ha xoHel shluncaenuii. Peayaprathi: By = 0,4860966, By = 3,1793-10-2,
B, = —32635-10-2, By = 1,89833-10~2 u B; = —5,99965-10-3,

© 4.6. SnemenrtapHble (yHKUHH KOMMJICKCHOH
nepemMeHHo
i

B npuseseHnbix HIdKe NPOrpaMMax KOMIIEKCHAS IepeMenuas oGo-
spaueHa Kak Z = x4 jy, rae ¥ = P8 u y = P9. Peayabtar Bhitlcie-
us dyukusn f(Z) =u+jv (u—+PX = P5 v—>PY=P6). Kou-
TPOJbHEIe MPHMEPH NPUBEICHHOrO HIDKe naxera MPOTPamMM BHUNCIEHHH
BJCMENTAPHEX (ynKiuit KOMIVIEKCHOH NepeMeHHO JAambl AJs  uHcaa
Z =38+j-2. GopMyin ana BHUHCIAeHHS GyHKUM KOMIVIEKCHO! me-

peveiHoil B3ATH u3 [1—3].

I
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. Mporpamma 4.30. Bosseneniie KOMIJEKCHOTO YHCAA B KBAADAT:

2= (22— y?) + j - 2xy.

HMI8 Fx? MI9 Fx* — II5 MII8 HMMO9 2 X

X 6 HIls C/In
Wneenm f(Z) =54 j-12.
Nporpamma 4.31, OGpauienne KOMIIEKCHOrO Huc/aa:

A s W gLr
AR
MO8 4 Fx? MO9 Fv* + II7 = II5 W9
/=] HWUN7 <+ Ti6 HI5 C/I1

Hyeex f(Z)= 0,23076923 — j+0,15384615.
Mporpamma 4.32. OGpauensie KBagpaTa KOMIVIEKCHOTO HHCAA:

L xRy 2xy

Z =@y Erer
M8 Fx? WM9 Fx? —  HWM8 Fx? MI9 Fx2 +
Fx* N7 + II5 U8 /—/ W9 2 X X

HI7 = 16 M5 C/I
osysaen f(Z) = 2,9585798-10-2 — j.7,1005917-10-2,



Mporpamyz 4.33. OGpalenne pasHOCTA KOMIJICKCHOrO uueaa Z=j
=¥+ jy c unciaon (a4 jb):

1 _ x—a By y—>b
Z—@+0) G—art@—0 ' G—arFy—0¢
MII8 HUIIA — 4 Fx?* HI9 HUIIB — Fx?* 4
n7z = 15 MIIB HII9 — Wnrz - II6 HIIS

c/m

Nnsi a = 2= PA, b =1 = PB naxonum [(Z,a,b)= 05— j-05.

Mporpamma 4.34. Boiuncsienyie KBaApaTHOrO KOPHS H3 KOMIUIEKCHOTO
YHeaa:

> _ x+ VP +y7 - .,\/—x+'\/x’+y’
'\/Z—i’\/—Q— =+ i

M8 Fx? HMII9 Fx? -+ F+/ 07 U8 + 2
+~ F4 05 MO7 MO8 — 2 =+ F4/ 06
urs ¢/

Hneen f(Z) = ==1,817354 j-0,55025048.

Mporpamma 4.35. Buiuncaenne eZ:

e? = e* cos y + je* sin y.
[Mepexmouatens P — T B noaoxennn P.
MIT8 Fe* II7 HII9 Fceos X TII5 HWII7 HII9 F sin
¢ 6 WII5 C/II
Hneenm f(Z) = —8,3585327 - j- 18,263726.
Mporpamma 4.36. Buiuncnenne In Z:

nZ ='7 (224 g2} (arctg —i—+2lm),

rne k=0, xI1, =2, ... Mepexmouatess P —T B monoxenuun P.
W8 Fx® HMII9 Fx? + Fln 2 =+ TI5 MHII9
MI8 <+ Faretg 6 WIS C/IT

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

Mporpamma 4.37. Boiumcsenne cupyca KOMIJIEKCHOI mepeMenHofis
sin Z=sin xch y + j cos x sh .

WI19 Fe* 4 Fl/x + 2 = HII8 Fsin X

5 HWM9 Fe* 4 Fl/x — 2 = HWII8 F cos

X e HUIs C/m : A

MMoayuaenm [(Z) = 0,63092084 — j-3,5905644.

Mporpamma 4.38. Bryucaenne Kocuuyca KOMIIIEKCHO{T nepemeniof:
cos Z=rcos xchy — jsin xshy.

W19 Fe* 4 Fl/x + 2 <+ M8 Fceos X

15 U9 Fe* 4 Fifx — 2 = umns /—/

Fsin X 16 HII5 C/II
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Haxomum f(Z) = —3,7245453 — j-0,51182233.
Mporpamma 4.39. Buluic/enue TaHrenca KOMIJICKCHOIl MepeMeHHofl:

to 7 — sin 2x : sh 2y

B 4= os2x +ch2y cos 2% +ch2y *
WMo 2 X Fef 4  Fl/x + 2 =+ W8
v X Fcos 4+ II6 Uurs 2 X F sin HMII6
- 15 ums 2 X Fe* 4 Fl/x — 2

(o ure - 116 WIS C/IT

HUnmeen f(Z) = —9,8843723-10—% -+ j-0,96538587.
Mporpamma 4.40. Boraucienne runep60/IYEcKOro CHEyca KOMMJeke-
Hofl nepeMeHHoit:

shZ=shxcosy-+ jchxsiny.
HII8 Fe* 4 Fljx — 2 =+ HIN9 Fceos X
I15 MII8 Fe* 4 Fl/x 4+ 21 =+ KII9 F sin
X 16 HIOs /I

Haxonuy f(Z) =—4,168907 + f-9,1544984.
Mporpamma 4.41. Boiuicaenie runepGoJNYecKOro KOCHHYCAa KOM»
NUEKCHOH mepestentoii:

ch Z=ch x cos y + jsh x sin y.
WM8 Fe* 4 Fljfx + 2 - W9 Fcos X
II5 W8 Fe® 4 Fi/fx — 2 = HI9 F sin
X II6  HMI5 C/l

Hteen [(Z) = —4,1896257 -+ j-9,1092272.
Mporpamma 4.42. Bowuncaenne runepGOJAHYCCKOrO TaHreHca Kods
TUIEKCHOIT niepeMento:

sh2x sin 2y
‘hZ=ch2x+c052y il ch2x +cos 2y °
Hung 2 374 Fe* 4 Fi/x + 2 = HI19
2 X Fes + II6 MO8 2 X Fet 4
Fl/x — 2 =~ Uums =+ II5 W9 2 X

Fsin HI6 = I6 WIS C/II

Moayuaen [(Z) = 1,0032386 — j-3,7640263 - 10—2.
OGparitsie TpuronoMeTpuueckie (ynKiEH KOMIACKCHOTO Tepevel-
1OrO BHIYHCAAIOTCA. IO CACAYIOUIIM (OPMYJIAM:

arcsin Z = aresin B4~ jIn [A + 4/AT—1],
arceos Z = arccos B — jIn [A 4+ 4/A22—1],

2x

! j 2 (g4 1)
ctgZ=—arclg {—2F 41 *_"‘_/_)
arctg Zarcg(l_xz_y2)+4|n( »

24 (y—1)7
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rae

A=y VEFTPFT + g Va0 7

Bt EF T F 7 — g V= D F 7.

Mporpamma 4.43. Buiuncsienine apkcuiyca KOMIICKCHOI nepemen-
noii.

I8 1 4  Fa? MII9 Fx? 17 -+ Faf 2
= 6 W8 1 — Fx* M7 + Faf 2
- s - IIA MI6 M5 — ° TIIB F aresin II5
MITA Fsx? | — F4f HUOA + Fin TII6 WII5
/I

HOna  Z = x+4-jy=3+j-2 nonyvaem arcsinZ = 0,9646583 -~

= j+1,9686379.
fiporpamma 4.44. Bruncienne apKKOCHHyca KOMINIEKCHOII mepemeds
HOIT,

urs 1 4+ Fa® MII9 Fx* N7 + Fa/ 2

= 6 W8 1 = Fx! HWI7 + F4f 2
= s TTA HII6 HWII5 — IIB F arccos II6
WIA Fx? 1 — F4/ HINA 4+ Fln 4 =1

6 U5 C/II

Han Z = 3+ j:2 naxonum arccos Z = 0,60613793 — j-1,9686379.
fporpamva 4.45. Bpmucsienne apkTanreica KOMIVICKCHOTO repe~
Melnoro,

HI8 2 X 1 HI18 Fx? 117 — HIT9  Fx?
— =+~ Farctg 2 = II5 MII7 W9 1 +
Fx 4 HII7 M9 1 — Fx* A+ =~ _Fln
4 =+ II6 WIs  C/IT

C yuerom nomycrumoii obnactn onpenenenns Z aan Z = 03-H
Y- j-0,2 noayunm arclg Z = 0,30187467 - j0,18499461.

Ilnst suiulcsetins o6paTnblX rumepGoanvecknx (GyHRKUR KoMmmnJexcs
HOfl NepeMeHNOil BOCNONbL3YeMCA CBA3bI0 ¢ OOPATHLIMH TPHTOHOMETDIL
yecknmn @yukunann: arsh Z = —jarcsin(jZ), archZ = =jarccos Z &
arth Z = —jarctg(jZ).

flporpamma 4.46. Buiuncsenne 06paTHoro rimepGosivecKoro cuiyea
KOMIVIEKCHOrO TIepeMeHHoro.

U119 /—/ U 4+ Fx* WI8 Fx* II7 F4f
o

2 &+~ T6 M9 /~/ 1 — Fx? W7 +
F4/~ 2 = IB + TIA HIO6 MIO5 — _ TIB
Faresin 4 [—/ Tl6 WIA Fx? 1 — F4/ UNA
+ Fin TI5 C/IT

Oan Z =3+ -2 moaywum arshZ = 1,983387 + j-0,6706528.
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Mporpamma 4.47. Bogncsienne 0GPaTHOro rHNEPOOIHYECKOr0 KOCIs
Hyca KOMILIEKCHON IepeMeHHON.

WM 1 4+ Fx? W9 Fe II7 -+ FA 2

= II6 WIS 1 — Fx? U7 4+ F4 2
=~ II5 <4 TIA U6 HI5 — IIB F arccos II6
UIA Fx? 1 — F4/ MDA 4+ Fln 4 -/

II5 - MI6 XY C/II

Jas Z =3+ j-'2 umeem arch Z = 51,9686379 == j-0,60613793.
Mporpamma 4.48. Boiuncsenne oGpaTHOro runepGOJHYECKOro TaH-
TeHCa KOMNJIEKCHOIl mepeMeRHOIl,

um /—/ 2 X 1 Wm9 Fx 17 — HIB
Fx* — = Farelg 2 [—/ = TII6 W7 W8
1 + Fx + W7 W8 1 — Fx? -+
+ Fln4 =+ M5 WI6 XY C/II

Han Z =03+ j-0,2 maxopum arth Z = 0,29574995 - j-0,2154745.

Iporpamma 4.49. Bhuncnenue oTHOIIeHHs MHOrowWIeHoB f(Z) =
=A(Z)/B (Z) xomnnekchoii mepemennoit npu crenemn A (Z) n<<3
B B(Z)ym<4 [7]. Boom: by by=P0-=P4, ay=P5, ..., as=
=P8 0=P9 x=PY un y=PX. Pesyaprar: u->PA=PX, v—>
=> PB =PY.

B XY MA MN7 MO8 NI 47 W6 IIIT 54

HIl5 + TIC M9 I10 HUII3 MIl4 I 47 HI2
O 54 ML I 54 UIo + A Fx* HII9
F¥# 4+ <+ TA WuN9 FBx = JIB HMIC II9

MO IIT 65 MII9 C/IT BII 00 A .HMIOB X

I F WIHA X + 4 HOB X HIA M9
X -+ HI9 XY I19 F, HIIB X XY HITA
X XY — B/0

Has [(2+]1) = (22+2Z 4 1)/(32° 4- 222+ Z 1+ 0,5) nony=
M 1= 0,1863999 1 v=—0,12612384 npu f, =~ 70 c.



Trapa 5

NMPOrPAMMHAA PEANTMBALLKA OCHOBHALIX
YHCHAEHHBIX METOLOB

5.1. Peutenye cucrem auHeHHLIX ypaBHEHHIH

Pewenne cuetenm JnHefiHBIX ypaBHEHHIl BLIIOJNAETCS Mo NPOrpams
May, omicananiy B [28].

flporpamma 5.1, Pewenne cicteMsl 03 n << 4 ypaBHeHHit

[ Sz i ] [x'] — [b‘] ®.1)
Guy @py «v. Qun X bn

win (b = ay, 7441)

n
121 @ =ay, jyp ©(62)

rie f=1, 2, ..., N METOZOM ONTHMAJBHOFO HCK/IOUEHHs MePEMEHHHIX,
Booa: n = PO, xosaduuuentu ay = PX, ai, )41 = PX (nocrpouo, e
00paliasi BHUMAHHA HA BHLIBOJ NPOMEXYTOYHHLIX PE3yIbTATOB H 3aBep-
1as BBOA KaMA0ro kod(ouuuenta naxkarnem kmasuum C/IT), Breoa:
x;—PX (51— P, x> PC, x—PB u x;— PA).

m 1 4 Me WMo i C/I W4 +  KIO2

FL1 06 1 4 T3 Wm0 Il FLI 28 KW
C/l B 19 Cy KM2 FLI 24 K2 WO M2
4+ Il T2 W38 —  Fxs£0 42  C/II I 84
BT 28 KHI0 WI0 M3 C/IT KUI2 — [4 G/
KUM2 — W4 = KIII FL3 49 WMl WO +
m 1 4 m I2 KWAOl /—/ T 84  HIB
4+ I3 Wl — Fx=068 W0 Il  KHIO3 KI2

FL1 78 BII 12 WMo XY A KHII3 X KHITL
-+ KI12 F, FLO 86 E, o B/0

Has cuctemsl H3 Tpex ypasuennit (n = 3)

4 0,24 —0,08 X1 8 .
[0,09 3 —0,15 ] o] Xg ] =| 9 (6.3)
0,04 —0,08 4 X3 20

noayunm X3 = 1,9091983, x» = 3,1949644 n x3 = 5,0448073 npn te ~'
~ 2 mun. Bosee mpocThie MpOrpaMbl IS peleHus cucteM Hs 2 B 3
ypasHeHuit onucansr B [6—8].
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Nporpamma 5.2. Pewenne cuctem us n << 11 ypaBHeHuii B nomyas-
TOMaTHYECKOM pexcume no meroay Kopaawa ¢ muk/mnueckoif mepecra-
HOBKOIl CTPOK M NpHMEHEHHeM BBHIYHC/AHTENbHOrO OuaHka (cM. mpumep
Hiice).

A Cx XY Ml = TII0 XY 1 rnc Xy
C/IT umnm Urnc 1 4+ TJIC — Fx>=0 26 XY
KHIIC HII0 X — BIT 10 XY HIIO0 BIT 02

Tl pumep. Peunrs cucremy

4 —2 3 1 .\‘;“ F 13
5 —2 1 3 xi_| 16
—9 i .
1

o

—3 4 Xa 1=
1
1 0 3 T L—“l

BulMHCAHTE/ibAbIT CTAHK AAA pemeidns CHCTEME ypasmenuil (5.4)

(3]

P j=2 | j=3 j=4 j=5 Z
0 1 -2 3 i 13 19
0 5 =) 3 16 22
2 -3 4 —2 0 1
1 0 -3 1 -1 -5
Sl e
1 5 =7 3 29
=2 25 -2,5
0,5 | —3,75 0,75
1 —-05 | * 075 0,25
e
2 1,7 -1,3 0,1 03
-3,55 0,45 —8.85 —11,95
1 0,55 0,55 4,85 6,95
1 -0,4 06 32 44
e |l
3 —2,2617059 —9,0588235 —11,323529
1 0,97058823 4,8823529 6,8529412
1 0,29411765 3.1761706 4,4705382
1 —0,76470588 20,6882352) 0,17647058
S —r
4’ 1 | 0000001 2,0000003
I X 3
1 x5 ._2 0999’393 3,9900098
. 1 xe=3,9999999 4,9999997
——

rpada A1 p =0 Grauka sanonnsercs Koa(ppHuuenTans ypapue-
tyg, BBOANTCA 1= PIl. Nanee nocnenosatetbHO SANOJIHSAIOTCS rpadil
g p = 1, 2 u 7. x Ian storo nsomntes nepohiii cronGen B pericrpbt
1, 9, ...» [ (CBEPXY BHuS). 3aTem BBOANTCA MePBHl jeMenT caexyio-
iero €1OA0UA 1 HAKuMaoTes kaasuum B0 n C/IT — Bricednpaeten 0.
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Janee BBOAATCS OCTAJNLHBIC dNeMENHTH B persetp X H HAMHMACTERA Kia-
piua C/IT (mociie BBOja nocieaHero snementa kKaasxma C/IT Haxu-
Maercs poaxst). Ilosyuenubie pesyabTaTsl BnHCHIBaloTes B rpady nox
BBOMNMELIM cTOAOMOM, a B rpade cieBa cuusy aomuckidaerca 1. ITocne
sanosuens Granka Basi p == n NOJydaeM Xi, Xz, ..., %; H KOHTPOJb-
IBe CYMMBL.

Y wuekoropeix MmKkpoxaaskyastopos (HP-15C, TI-58C, TI-59
1 1p.) peuwienye cucrem w3 # << (6 -+ 10) ypapHemuit peaansoBaHO MHK-
PONPOrpaMmHO W ¢ NOMOUIBIO BCTPOSHHBIX MPOrpaMM I0Jb30BATE.

5.2, Vinteprionsiuya u oxcrpanonsuus GyHKuHi
CLHOl nepemMeHHO

Vintepnonsuia sakmouaerca B HAXONACHHH 3Hauennii QyHEmHn
y(x), sanammoii n y3liami, B npomexyTkax mexmcay uumu. IIprn stom
QYHEUEA 3ameHAETCA TeM INIH HibIM NMOJAnHOMOM P(X), 3Haueuisi KOTo-
horo B ysjlax connajgaloT co 3SHAMEHHAMH y(.\‘). HH'/KC AaH NaxeT npo=
TpawmM, peannayiomnx HHTepPHoasuilo ¢ MOMOILIO MOJHHOMA ﬂarpa;mca
[3]. Kospuuientst nuTepnoisIHONNOrO MOMHHOMA TPH NPOH3BOJBHOM
JacnosioKeniy ysios puuHcaAioTes merogom iiTkena (cm. § 4.5).
C UOMOMBIO UPHBEAGHHLIX HINGE NPOTPAMM ~MONKIO NPOHIBOAHTH - K
SKCTPANOJSIHNIO, T. €. Bbluuc/eHie y(X) TMpH X, BLIXOAAUIEM 3a Npeiest
nuTepnana HUTePnoJsiunn.

fporpanma 5.3. Jluneiinas uureprnoaauust npu n = 2 no Qopmyne

§(x) = o+ (x — xa) (0 — yo) (. (5.5)

Broa: It = P9, %o, 4o, yy u (nocie nupuxammi uudpum 0) x 8 pe-
ruerp X,
nmo C/m nOA C/IT HIOA — ur = 1B 0
C/IT UIo — HIOB X . HIIA + BIT 10

g h = 0,01, x = 2,47, yy = 0,4932443 1 y, = 0,4934309 noiry-
aine 4(2,475) = 0,4933376 (unrepnonsuun). HaGpas nosoe suatenue
4856 o naxas xnasuwy C/IT, nonyunm y(2,485) = 04935242
(aKeTpanonsis).

fporpanma 5.4. Ksagparnunan nutepnossigus npu 1= 3 00 op=
mynie

5.6)

{

y(x) = Bo By (x — x0)+ Ba(x — x0) (¥ — x1)

GpH HPOUSBOABIOM pacnosoceni yajion, Boox s pemierp
X1, U, X2, Up 0¥ (MOQJS NYCKA NPOCPAMMBLL U HIATIRAIH
Koaummentst By, By m By nocie BLMUCACHIN JUHOCKTCN ¥

A, BucC

110 C/IT TIA C/I1 I cm e Cl
Iic HrB HMiA — LT M - » {




A — Hm2 Him — = HIIB — e Kt
- =+ [Ic 0 C/rm 8 um  — HIIC X
WIB -+ U wre — X WA 4- BI1 34

Has xo= 1,3, 10 = 0,934, x, = 1,4, y; = 0,9523, v, = 16 u 9, =
= 0,9661 noaymuy y(1,43) =0,9569125. Tipu cmeHe x HAGHPAEM TOJLKO
€ro HOBOE 3HAveHne i Haxcumaem kaasumy C/IT.

Mporpamma 5.5, KsagpaTuugas HHTEPUOMSIHS TPH PAaBHOOTCTOSILLIX
yanax mo gopmyJse

peatpny=LC=D ) q_pyy 2EED, g

rie p = (¥ — xo)/h. Beog: h = P9, Xy, -1, Yo, Y41 B (moche nuamKa-
i ougput 0) x B perucrp X.

ng ¢/m m ¢/ Im2 C/II I3 o C/I1 17

nrg — um = nm 1 — HI6 X 2
kS Hm X 1 HII6 Fx* — HII2 X -+
W6 1 3 o UIe X 2 <= M3 X -+
BIT 08 :

IOan h = —0,1, xo = 1,4, y-.= 0,9661, y, = 0,9523 u 7, = 0,934,
nawas kmasuug B/0 w C/I1, monyunm uudppy 0. Beens x = 1,43 n na-
wap kaasmy C/IT, momyunm y(1,43) = 0,9569125 — uutepnoasums na-
aan (h < 0).

Nporpamma 5.6. Mntepnossuns npu ueThIpeX MPOHIBOALUO PACNO=
JMKERHLIX y3/1ax npH n = 4 no dopmyae

Y (%) = [[Bs(x — x2) + B3] (x — x1) -+ B1] (* — x0) + Bo. (5.8)
Boon: xp+ X3 = P00+ P3, yo+y; = PA =PIl n x= PX (nocsie my-
cKa mporpammst B nHAuKanmun undper 0). Kosdduunentn By -+ By 3a-
nocates B pernerps A <+ I,

UMB MIOA — UM Mm — =~ TIIB HWIC HIIA
- M2 WIo — =~ WOB — W2 MIl —
= ncC WO MOA — WM3 HII0 — = HIB
— M3 Ml — =~ HWIC — HN3 Hm2 —
- nn o Cm m9 WM — @ HIO X Uuric
+ MIT9 HIIl — X  WIB 4  WI9 MU0 —

X HITA 4+ BIT 43~

g =13, xi=14, x, =15 x = 1,6, yo=0934, y =
= 0,9523, y» =09661 u y; = 0,9763 momyamm y(1,43) = 0,95687155
npy Tounom anavennn 0,9569.

TNporpamma 5.7. Muvepnossiuus npi yethipex paBHOOTCTOSIUAX Y3+
Jax no gopmyie

Y (%y+ ph) = — plp—1)(p—2) y_+ 7 = n?(p = Yy

6
n(p+D(p—2 2 — 1) -
— PR ) (p )5’+1+ n(ﬂ6 U, (59)




Boon: i = P9, g-1, Yo, Y+1, Y42, Xo H & B permerp X.

m ¢/ me C/I1 I8 C/M I4 CAI I8 C/IT
7  WIg — Hm = I6 2 — 2 -~

5 3 = I 1 — X HI6 = ¥

WOl X M6 Fx? 1 — TIA WIS X W2
X + WIe 1 + HII6 X MW X U3
X —_ UITA HIT6 X 6 = M4 "X

BII 09

Ilas npusesennoro seiuie npuMepa npu i = 0,1, y—; = 0,934, yo =
‘= 0,9523, g4+ = 0,9661, y4+2 = 0,9763, xo = 1,4 u x = 1,43 noayuum

y(1,43) = 0,9568716.

Mporpamma 5.8. MnTepnoNsAlua NpH NATH NPOH3BOJLHO PACHOO-

IMeHHLIX y3nax mo (opmyae

y(x) = [[[Bs(x — xs)+ Bs](x — X2)+ Ba](x — %;)+ Bj](x¥ — %0) + By.

Beom: xp-+x3 = P0-+-P4, yo=P9, y1+ys =PA<+- P n x= PX
(mocste nycka u umankawmi nudps 0). Kospuuuents By, By + By sa«

HocsTea B perucrpu 9, A= 1

HWIIA MIT9 — WITT  UII0 — - IMA HMOB HII9
—_ M2 Huro — = HUIA — HI2 HUri —
- B HIC HUI9 — W3 U — - HIIA
- MII3 HIIl — - HUIIB — HUII13 HUr2 —
- IIC HIlg M9 — HIl4 MII0 — - HITA
- ur4 UIi  — = UIIB — HIl4 HII2 —
Cx uric — Wr4 Mg — = om o C/I
T18 urs — unm X HUIrc + uris ure —
X  UIB + WUM8 WMl — X HIA + WIS -
Hur - X umne 4 BIT 69
B taGa. 5.1 panb snavenns QyHKUHH
X
1 (%) = Oy () = — Se"”dt
E 0 i !
TaGaunua 5.1
x v B B->PN
x0=2,2 y=0,4860966 By=4,860986.10—" P9
=23 1=0,4892759 B,=3,1793-10~2 PA
x=2,4 y-=0,4918025 By=—3,2635.10—2 PB
%,=25 /5=0,4937903 B,=1,89833.10—2 PC
x=26 4=0,4953388 B=—5,99965.10—2 PI

83



B ya/lax HHTEPMNOJALITH H BLIYHC/ACHHBIC MO AAHHOI Nporpamme anauenus
By, By = By, Tpi ¥ = 2,45 noayunm y(2,45) = 0,49285719 npn Tounom
anavenuy 0,4928572. ;

Mporpamma 5.9. Hutepnonsuus npi nati paBHOOTCTOAIINX y3Jax
no gopmyse

— = = vl
Y (5 + ph) = (p?- 1)23(17 2) g (p l)ﬁ(p 4) v+
T 4 1) p(pt—14 ‘
i (p )4(/) ) e (p )I:sﬂ 1) P
21 2
+%(P_+_)y+? (5.10)

Boox: h = P9, y-s, Y-y, Yo, Y1, Y42, Xo 1 X B peruerp X.
I ¢/ 12 C/IT I3 C/il T4 - C/IT II5 C/TL

ng" ¢l M7 MO8 — M9 <+ 16 Fx* TIJL
1 = 4 =~ TJIA MIs 2 — X M6
6 =~ MM X MOOo 4 ~ TIc 6
=~ B HWI6 X M6 I — X um X
— HWINA MIC X HIB X 4  Hme 1 +
e X WNB X U4 X — HIi6 2 +

Hrne X HIA X 6 = HIs X -+ BIT

Jas npuenentoro suiwe npuMepa, Bans Yo = 2,4 1 Jo=0,4918025,
s x = 2,45 noayunm y(2,45) = 0,49285719.

Nporpamma 5.10. Muteprossiwiiss npil WecTit paunumcm,mm\ yanax
no gopmyase

pp* =N (p—2) (p—3) 7 B

¥ (5 ply=— 0 2t
L2lp=1) (p’grn B23), oo o7 1)(17"]2—‘” e =8 s
£ At TR S Nt 09, ,+

Bgon: ¥y =P8, h =P, y.o=P2, y_, = Pl, yo= PO, ysi = PA,
Y42 =PB, yy3s = PC u x = PX.

7 W8 —  MMN9 + 7 Fa?.l = 185
2 4 = LSRRI 8 - X unz /—/
X 4 Hunz 2 - X 5 = Uz X
M7 Fi2 4 — 5 unr 3 — X 1
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o5 il TR Bl bt B i i di b 2R e N et i A e el R - B

2 = 6 M7 X M7 1 — X 2
=~ Ml X -+ W6 MM X HIO X —
un7z 1 + M7 X M6 X HIA X +
W4 W7 2 « + X HOB X -+ W07 W04
X M5 X 5 = HOC X -+ C/I BI
00

Jlnsi KOHTPOJsSt 5TOf MPOrPaMMbl BOCHOJb3YeMCH TaGYIUPOBAHHEIMIL
nauubiMy Qynkuus P(X) HOPMaJbHOTO pacnpejenenis BeposiTHocTeil [3],-\
npu X—2 =105, x-1 = 06, x0 =07, x41 =08, x42 =09, x5 =19
=0,7 1 h=0,1). IDna sTux snavennii ¥ nveem y—»=0,6914625,
y—y = 0,7257469, yo = 0,7580363, y+1 = 0,7881446, y:2 = 0,8159399
i y3 = 0,8413447. Bpexsi sty aawnple n mosoxns x = 0,86 = PX,
naitien  p(0,86) = 0,80510553 npH  H3BECTHOM TOMHOM 3HAUCHHN
0,80510547 u fo &~ 1 MuH.

Tporpammel, ofecrneunBaiouiie HHTEPNOAAUINIO (YHKLHE _/(x) npa
NPOH3BONLHOM PACHOJOMNKEHIHI Y3/I10B, MOTYT HCMO/b30BATLCA H AA OG-
pATHOIl HHTEPMOJSIY, T.e. HAXOXK/IEHHS 3HaueHnil X NpH 3aXaHHOM 4.
Jlnst 9TOrO SHAYEHHA X; B Y3/1aX HHTEPMOJAIUNN 3aHOCATCA B PErHCTPHI,
OTBeJeNHLIe 10X 3aMich {; & 3Ha4YeHHA J; — B PErHCTPLI, ‘OTBEAEHHbIC
LOM 8anuch X; B y3Jax.

Ipupenennsie BLUIE MPOrpaMMbl 0GecneuHBalOT MUHHMAJIBLHOR BpPEMs
HHTEPIOJANKN G/1arofaps BeIMUCACHHIO KO3(]HUHEHTOB noanHoMOB Jla-
IpAmNKa 1Mo roToBuM (opMyJiaM C 3apaHee BLIYHC/ACHHBIMH WieHAMH,
coxepxautuMi pakropuansl. OAHAKO NpPH 9TOM ISl KAMILOrO 7 MPHXO-
JNTCA HCMONb30BATh CBOIO MPOrPAMMY.

B [22] onucanst ynusepcavbibie nporpauuu DA HHTePOIALNH 110~
smovamn Jlarpamxka u Heorowa (2 << 6 mpu npousBosbHoM # # << 10
Npit PaBHOMEPUOM DACHONOMKeHHH Y3J0B), a TakKe KyOHYeCKuMit crvaii-
nasu, OAHAKO BpeMs HHTEPHOSUHH NO HUM Beauko (B 3—4 pasa
Goablie, ueM MO omucauiisiv Buiwe nporpamman). ITosromy monoGusre
nporpammil yAoOHee HCMO/AL3OBATL JJA MpeACTaB/eHHA (ANMPOKCHMA-
win) (pyuxunit creneHHeMi nonngoMamu (em. § 5.13),

5.3. Wurepnoasiuus u oxcrpanonnuuﬂ (bym(um‘i
ABYX flepeMeHHDIX v .

Yacro serpevaiorest ¢pynkiuun f(x, y) AByX mepemenubix y u x. Orpa-
HIYHBUIHC JOCTYNHBIMH AJ5 MHKPOKAJLKYJIATOPOB DJexrpoHika B3-34
METOAAMH WHTEPIOJNALMI “H IKCTPANOIALHE yukuuit f(x, y) ¢ mocross
HbIM waroM it = Ax u k = Ay [3], sBesem Hapaay ¢ mapamerpom

p= (x—x0)/h
napamerp
g = (y— yo)lk.
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Touky (¥o, yo) YyCIOBHO ofosnauny kax 0, a 3magedne GYHKIAN 415
nee foo = f(xo, ya). Torna fio = f(x1, 90), for = [(%o, ¥1), f1r = {(¥s, 1),
fo-y = [(x0, y-1) 1 T. A

Y Y

£ o fit fut ©

. i o

0 f = £y 0‘ fo Z
fo-

P 9|

Prc, 5.1. Pacnonoxenne y370B npi HATepnoasnun QyHKnuit AByx nepe-
MEHHBIX TnpH Tpex (@), verwipex (6) m miecTn (8) TOYKax

Mporpamma 5.11. Hutepnonsiunst @ sxerpanonasnna ¢yskoun f(x,y)
JBYX MEPEMEHHBIX X W y no opmyne ans Tpex Touex (pue. 5.1,a):

f(x.4) = (1 —p—q)foo + Pf10 + gfox

¢ norpewmnoctsio O(h?), npenopunonansnoii k% Bsoa: h = P8, k = P9
u nanee B peructp X: Xo, Yo, foo, fos, fro, ¥ 0 y (NpH MOBTOPHEIX MycKax
TpOrpamMmbl A HOBEIX X H § BBOAATCS TO/NLKO MOCAEAHHE).

m c¢m m ¢/ ne ¢/m I3 ¢/ 14 ¢/

ns Cc/Im re MW — MU = e KOs HIo

— HN8 =+ IT5 I XYy - U6 — HI12

X HIls W4 X 4+ U6 HUM3 X + BIT

09

Ias xourpoas nporpaMmbl pacchoTpum 3suavenns (cM. TaGa. 5.2))
dyrkmun nocaeneiicrons [5] -
o
-y’ —z-xe~2
flep=\ e¥? dz.

-0

TaG6anua 52

s 0.4 07 1.0

Y
0,00 2,500 1,429 1,000
0,05 2,187 1,419 0,055
0,10 2,456 1,400 0.981

Jna suGpannsx yanos nveem =03, £ = 0,1, xo = 0,4, yo =0,
foo = 2,5, fos = 2,456 n fio = 1,429. Bseas 3TH AaHHBle H TpHAAaBasn
X 1 Yy pasanunbie, OTMeuennble Hixke snavennus, noayuum [(0,7; 0,05) =
= 1,407 npu Tounom 3uavemnun 1,419, f(0,7; 0,1) = 1,385 npu rtouHOM

" snavemnn 1,4; [(0,4; 0,05) = 2,478 npu Tounom suauennn 2,487 u 1. A
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B yanax HmTepnosfnmnH pacueTHne amauenns f(x,y) cosmagaior ¢ me-

X0HbIMIL, Bpems Bhiuncienna oguoro spaueans f(x, y) oxomo 12 c.
Mporpamma 5.12. Hurepnoaauns u s¥crpanonsmis pyuxuun f(x, y)

ABYX NEPeMCHHHIX X I Y N0 (opmyae Aig ueTsipex Toex (puc. 5.1,6)3

fxy)= (1 =p) (1 —q)foo + p(1 —q)f1o + q(1 — p)fos + pgfus

¢ morpewnoctsio O (h%), nponopuuonaasroit A% Bsox: h = Pl, £ = P2
n pazee, nocie maxkatus xiasmwn C/II, B perncrp X suavenuit xo, Yo,
fuo, fol, fin, [n, Xy

4 Ims 6 rno ¢/ Ki4 FLO 04 C/I1 113
C/im 14 HI6 — U = 14 HMII3 HMII5 —
ur = 113 1 HII3 — B 1 ur4 —

Tic 4 unz X UIIB WIl4 X HII8 X +
HIIC U8 X Hume X =+ WII3 HUIT4 X HUIIA
X -+ BIT 08

Jlais mpobepxkit 9TOI TPOrpamMMel BOCHO/b3yeMes AaHHBIMA Ta6a. 5.2,
Boeasn k=03 =Pl u k=0,1= P2, unaxnmaem xaasuwy C/IT—
BhicBeunBaercs uudpa 6, yxaspBalomas Ha BBOJ IUECTH NapaMeTpoB:
X0 =04, yo=0, foo = 2,5, for = 2,456, fro = 1,429 u f1y = 1,4. Tlpn
BBOje Mx B perncrp X naxnmaercs kaasuwa C/IT. Hasee, mocsie BBoga
B perctp X TeKyWHX 3HaueHmii X ® Yy, NMOJYuHM 3HaueHue f(X,Y).
Hanpunep, Gymem nmers [(0,4; 0,05) = 2,478 npu TouHOM 3HAuEHHIT
2,487, [(0,7; 0,06) = 1,4145 npu Tounom smauennn 1,419, f(0,5; 0,08) =.
= 2,1118001 n . x.

Mporpamma 5,13. Murepnoasamus n sxcrpanosuis dpynkumm f(x, y)
ABYX IepeMeHHHIX X H y no ¢opmyse mas wectH Toyek (puc. 5.1,8)3

1) =2 p 4 2O g (g pg— p2— g8 fork

+ p(p—22q+ D) fio+ q(q—22p+ 1) for + pafix

¢ norpewnocreio O (A*), nponopunonansHoit 3, Beon h = Pl, & = P2
0 jaanee, nocde maxarus knasuun C/IT n BuicBeunsauus wudpst 8, 8
pernerp X: xo, Yo, foo, fr0, fo -1, f-10, for, fir, X 8 g.

4 4 8 o C/I1 KI4 FLO 04 C/IT I3

C/lT Il4 HI6 — urnz -+ 14 HII3 UIl5 —
um = I3 M4 1 — uis X urme x
ums 1 - HI3 X HUIMA X + HI13 W14
2} I 1 -+ W3 Fx* — HIl4 Fx* —

2 X Hn7z X oF HIT3 HI4 2 Ded —_

1 + UM X HII8 X -+ U4 WII3 2

X L + um X urB X ar WITH,
HriIcC X 2 X ~t= 2 ' = BIT 08 -



Ilan KOHTpOAs STOIl NPOTPAMME! BHOBb BOCTONb3YEMCS AANHLIMI
7a61. 5.2, B3B B KayecTBe LEHTPANbHON TOukH TOuKy ¥o=0,7, y0o=0,05.
Toraa mcxonueMn OyayT cJeayiomne pampee: b =03, k=005,
X0 =07, yo= 005, foo = 1419, fio= 10995 fo—1 = 1,429, f_o =
= 2,487, for = 1,4 u [y = 0,98]. Bpeast yxasaunsie najee 3Hauenus x
n y, momyunm f(1,0)= 1 npu Tounom swavenuy 1, f(0,4; 0) = 2,602 npu
Toynom snavennn 2,5, f(0,5; 0,03) = 2,0658579 u 7. A. Bpems cuera
okon0 25 c.

5.4. BeigucseHue KopHeli HeJHHEHEIX ypPaBHEHE]

Hemmeﬂuoe, B YacTHOCTH TpancUeHIeHTHOE, ypaBHeHle
F(x)=0 5.12)

AMEET OJHH AJH HeCKOJbKO Kopheil x = i, oGpautalomux F(x) B myan,
Hx maxoxeHue CBOANTCS K OUeHKe NHTepBata msoasuun xopus [e, 4]
(. e. EHTEpBaJa, B KOTODOM HAXOJAHMTCS OHH KOPeHb) H €ro mocieiyio-
weMy CyKeHHIO A0 TeX NOp, Moka mpnGamKeHHOe SHAueHNe KOPH: %1
B 9TOM HHTEpPBAJNe NG CTAHET OTJHYATECA OT TOYHOro & Ha sajannyio
manyio Beauwnny e. Hidke nam naxer nporpaMM BLIYHCJIEHHA KOpHeil
dyuxkunn F(x) pasmnannmn meropamn [4—8]. Bruncnenne F(x) odopn-
JiseTcsl ParMEnToM NPOrpaMMul, BONCHIBAEMEIM B TEKCT OCHOBHOIl Npos
TpaMMBEI Ha MECTO MHOTOTOMHSL.

Mporpanma 6.14. Onpenenenne kopua (5.12), NpHBeAGHHOrO K BHAY
% = [(x), METOAOM NPOCTHIX HTEPauuil, peanHsOBAHHEIM BLIPANKEHIS I

Yo+t = [(Xs) mOKA - (Xp41— Xa)2 > €%
Beox: mauubie [(x), 2 = PC, wavasbiice npuGmKelie Yo = PX.
Tt [evs sne one ovm oed meoW oo MIT
XY IIII — Fs? MUIIC — Fx<0 01 HIIO C/I1

OrMeTHM, 9TO METOA MpPOCTHIX HTePalnii CXOANTCSH, €S/l B HuTep-
saze [a, b] ['(x)< L.
IIpuuep. Haiinem koperb ypasteniis

F(x) = x—sinx—0,25=0. (5.13);

TlpuBesey ero x Biay ]
x = f(x) = sinx + 0,25. (5.14)]
Mockoabry f*(x)== cosx < 1, TO MeroA NPOCTHIX NTEPALMHIl MpiMeHinM
ansi pewenusn (6.14). Ipn & = 0,256 = P9 dparment nporpamms ngs

puiuncaeHun f(x) mmeer Bam: WUIIM Fsin UM 4 . Haa xo =12 g
&% = 1-10-° moayunm % = 1,1718537 npu fc = 22 ¢,
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Mporpamma’ 5.15. Peannsauns Meroaa npocThix nrepaunfi ¢ ocra-
HOBKOIl N0 KPUTEPUIO MAUUHHOZO KYAR, T. €. NPH Xnid = Xu C TOYHOCTHIO
10 nocaeanero anaxka. Beoa: nammbie f(x), xo = PX.

I4n,[1 XY no — Fx=0 01 urm c/m

Iana npuseienaoro Bbille npuMepa noaywmM ¥ = 1,1712298 npu
e =~ 60 ¢,

BLIcOKYI0 CKOPOCTh CXOANMOCTH HTEPALHOHHOrO MPOUECca HMeeT Me-
ron Helotona (kacatenbHux), peajnsyemblil HTCDALHOHHEIM YypaBHEHHEM
BlAa I

Xpd4 = Xn— F(xn) [F’ (xn). (5.15)
Cxoznyoers ofecneynBaercs npi BEIGOpe HAYalbloro mpHOJMMKEHHS Xo,
YA0BJETBOPAIONIEro YCJOBHIO
F(x0) +F"" (x0) > 0. (5. 15)
B xawectse ¥, BLGHpaeTcss TOT KOHen HuTepBana [a, b], ma xm'opon
snaku F(x) n F”(x) coBnagaior.

Nporpamma 5.16. Peannaauus meroaa Helotona ¢ cc‘rauosxoﬁ BBbl+
upeacHn{l No KpuTeprio MawnHHOro nyas. Beox: manmuie F(Xa)/F’(x)
npn x, = PII, xo = PX.

TTLISES, Slpisl arbaodiataal o iaa o RS e

. U XY — 14 FBx Fx=0 01 MWL C/IT

Tporpamma 5.17. Peanusaumus meropna HeioToHa ¢ ocTaHOBKOM BhI-
WICAEHIT N0 KPNTepHio (¥a+1— Xa)? < €2, Brom pannme F(xs)/F’ (xs)
npu X, = PH, €2 = PC, x; = PX,

TR R e o s L UILD XY

— TIIJI FBx Fx* HUIIC — Fx<0 01l HIOA C/II

Jluist KOHTPOJS ABYX MOCJEAHUX NPOrpamMM BLIMHCANM KOPeHb ypas-
uenns (5.13). B sTom cayuge

F(x) x—sinx—0,25
Fr(x) 1 —cosx
0 ¢parvedt nporpaMmbl, Buwicasiouwmii  F(x)/F/(x), umeer Bua
(0,25="P9):
unpg 4 Fsin — M9 — 1 HIIO Feos —

Tockoauky F'/(x)=sinx >0 n F(x)>0 npn x=b, 10 Hano
pagtb xo = b = 1,3. Ilo nporpamme 5.16 nonyunm ¥ = 1,1712297 npn
« =~ 30 c.

Ecan naxoxaenne npousBoanoii F/(x) sarpyaneno Ham Hexenas
TeNbHO, MOKHO HCNOJbL30BATh MOAN(HIMpPOBaHKLl MeTon Hblotona, pea-
Jm3yeMiii BRpaKelHen

Xnpr = Xn— F_(X,.)/K,
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rie K — Komcranra, 6au3Kkas K cpesHeMy sHauemmio F’(x) B m-xrepnaae’
[a, b].

Mporpamma 5.18. Peanusanus MoAn(pHUHPOBaHHOrO Meroxa Heioro-
Ha C OCTAHOBKO{l BLIYHC/EHHIT TO KPHTEPHIO MAIUMHHOro HyJas. BBoa:
namnsie F(x;) npu x, = PII, K = PB, x, = PX.

EINVELE o0 e qor e o L A LIIIB
+ MO XY — TIA FBy Fx=0 01 WHII C/I

Hns npusefieHHoro Beiwe npumepa npu K = 0,64 momyunm X =)
‘= 1,1712297 npu ppemenn cyeta &35 ¢, PparMeHT NpOrpaMMbl BELl
queqenna F(xa) nmeer Bup: MITI 4 F sin — WUI19 —.

Brncnenne xopueit (5.12) mosmoxno Takxke merogom xopA. Ilpu
STOM MeToje KaKjoe HOBOe SHAyeHHe ¥ HAXOMHTCA KaK TOUKA Mepeces
- yeHHs XOPAHI, NpOBeleHHOi yepea Toukn F(a) u F(b) dymxunn F(¥),
c ocblo abcuHce, NpHYEM OAHA M3 STHX TOYEK (HKCHPyeTcs — Ta, A
KoTopoit auax F(x) coBnagaer co 3Hakom F’/(x). YcioBlie CXORHMOCTH
210r0 Meroza ananoruyno (5.16). Ecnn HemoABinKeH Komell XOpPAbl C
X =010

— e F (xn) :
i1 =0 — Fs T (¥n —a),
a ecal HenoABHIKEH KOHel, XOpAsl ¢ ¥ = b, To
o _ F (xn)
U= T F ) — F (e

IMonyuennoe 3HaYeHHE Xn4y TNPHCBAHBAGTCS 3HAYEHHIO b B NMEpBOM Cly-
yae K @ BO BTOPOM, uTO oGecmeunBaer cyxKeume mutepsana [a, b]. Bu-
GHCJACHNS NPeKPalaloTest npi (Yaes — Xa)2 < €% >
Mporpamma 5.19. Peannsauus MeToAa XOpA TPH HEMOABHAUCHOM KO-
ne a. Booa: nanuste F(x,), a = PA, e2 = P[], b = PX.
IIB MITA Il 28 rc HIIB Il 28 4 wumnc
= = WUIIB HIA — X UrnB Xy — IIB
FBx Fa? HINO — Fx<(0 05 WrB C/I ... B/0
Mporpamma 5.20. Peamusauust MeToAa XOPA TPH HEMOABHMCHOM KOHx
ue b. Beoa: nanume F(x,), b = PB, 62 = P[] n a = PX.
A MIB IIT 28  IIC UMA T 28 4 HIC
- =+ WIIB WA — X  WODA XY + TA
FBx Fx* UIO — Fx<0 05 UIMMA C/II ... B/0
B oTix nmporpammax suiumcienie F(x;) opopyiisercs MOAMPOrpan-
wiofl, TIPHYUEM 3HAveHus X, 3aHOCATCA B Hawajo mogmporpasuel ITycTh
HaA0 BEUHC/IHTD KOPeHb ypaBHEHHS
F(x) = x*—02x2 —0,2x — 1,2 = ((x — 1/5)x — 1/5)x — 1.2,

sexawuit B purepsane [1; 1,5). Buuncnenne snavemmit F(x) m F7/(x)
NOKa3LIBAIOT, UTO HX 3HAKH OAHHAKOBE! NPH ¥ =@ = 1, C/ieAQBATRIbHO,

(b — xn).
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nano ACnoaL3onath nporpamyy 5.19, NONONHWE ee MPOLPAMMOIl BHIUHCS
genns F(x):

o 5 Fljx — HUI0 X 5 Fl/x — HII0
X 1, 2 W

Deeasn a=1=PA, e2=1:10"=PJl u b= 1,5 = PX, noayuum
¥ =2 apu {.~2 wmuH,

Jas xourpoas mporpammsl 5.20 naiizem kopenb ypasrenus (5.13),
ppoeieM B Hee Hporpammy Buiumcsenns ¢yskuun F(x) (0,25 = P9)y
4 Fsin — HUI9 — . HOas b= 13, e*=1-10"'% g a = 1,1 noayuum
X = 1,1712297 npn Bpemenn cuera okosao I uu.

Ipu meroge xopx abeuucewt a u b BLGHpalOTCa N0 ofe CTOPOHL
or xopusl. Ecai Bx B3sTL ¢ ONHON CTOPOHbLI, PeamiH3yeTcss MEeTold CeKy-
uytx, HemocraTkoM MeTON0B XOPA H CEKYUUIX ABJAETCS PeanH3aufs Hx
L0 0AHOII B3 JABYX HTePalHOHHLIX (opmyn (MO ABYM mporpammam).

Ha npaxruxe npennoutenye uacTo OTAaeTcsl MeToaaM, He TpeGyio-
min anagansa F(x) na cxommmoers. K TaknM MeToaaM OTHOCHTCS KOMs
GuHIpOBaNHLIT METOA cekywlnx — xopA. B ero ochose sexur urepa-
unonnas opmyna Heiorosa (5.15), HO Tounoe sHayeHHe NMPON3BOAHOIL
£'(x) samensiercs npuGAHIKEHHLIM — MHOMKHTeAb nocde F(xn)3

Xp — Xpp—i

F (x3) — F (xp—1) *

MeTon maet cXOMHMOCTH MPH NPOH3BOJLHOM BLIGOPE B Mpeienax OTpes-
Ka [a, b] HysneBoro xo 1 NepBOTO Xy NPHOMIDKEHMIL.

Mporpamma 5.21. Peannsauns KOMOHHHPOBAHHOTO METOAA CeKy-
mux — xopa. Bson: nanuvie F(x,), Xo = PA, x; = PB u &2 = PO0.

Xp41 = Xp — F (xp)

HITA I 34 IC HWIB [T 34 M  HIIA HIIC
A vrg nc Xy -— + HIIA UIIB — X
+ MIIB XY TIIB XY MmA — Fx* HUII0 —
Fx<0 04 une c/a ... B/0

B raGa. 5.3 naum pesyabratel Buiunchenns xopua (5.13) mo npo-
rpamme 5.21. dparment nporpaMmbl Beruncsenus F(X,) UpH X., SaHOCH~

TaGaunma 5.3

%o % % Bpems cuera to
¢

1,I=a 1,15 1,1712297 50

Ll=a 1,3=b 1,1712297 80

1,3=b Ll=a 1,1712297 80

1,3=0b 1,26 1,1712297 80

Ll=a 1.2 1,1712267 50
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woM 8 ero nayano n 025 = P9, mmen sua: § Fsin — HII9 —. Bar-
YHCJCHHS BeqHeh npu g2 = 1-10-1°.

TapantnpoBannyio cxoAUMOCTb OpPH NpPOCTOH NPOrpaMMHOIT peasiH-
3alun HMeeT MeTOJ JeJeHiA OTpe3kKa momojam. B Hem unrtepman [a, b]
Jle/IUTCS TIOMO/IaM, 3aTeM BHIOHPAeTCs TOT MOJYHHTEPBAJ, B KOTOPOM
F(x) mepexomur uepes Hy.ab, OH HEJIHTCS BHOBb MOMOJAM H T. A, IOKA
IHPYHA CYIKeHHOTO HHTEPBAJa He cTaHeT Menbie € [4, 5]

Tporpamma 5.22, Peanusauus MeTOAa Ae/eHIST OTpe3Kka TNOMOMaM.
Bson: pamusie F(x) npu x—PA, ¢ = PA, (b—a)= PB, moGoe unc:10
€O 3HaKkoM, coBmafaoWuM co 3nakom F(a), n = PC u g2 = PJI.

HIB 2 - B 4 HITA + MA =+ F«?
HMIOOI — Fx<0 16 HIOA C/II- ...
HIC XY IIC X Fx<0 00 HIIB /—/ BII 01

Pewmny a5 KOHTPOJA 5TOil MPOrpaMMbl ypabreriiie

R U=t — R (o2 e =)=,
onpefessioulee najenHe HanpszeHus Ha Auoae ¥ = Uz, moxx0veH-
HLIM yepe3 peanctop R x ucrounuxy nanpsxenus E. Toraa npu £=PI,
RIy=P2 u v=P3 dparsenr nporpamusl, seraucasioniiit F(x) =F (Ua),
HMEeT BHJ,
HIIA WM3 X Fe* 1| — HM2 X HIA +
HIIlr Xy —

Inn E=05 B; ILR=1-10-*B; v=20 I/B; n=F(0)=105,
a=0, b=05 B u & =1-10-° noayunm U, = 0,27172852 mpit
te & 2 yMun u npu g2 = [-10—1* U, = 0,27174234 B mpu fc &~ 4 MU
M3 storo mpuvepa BIAHO, 4TO CXOAUMOCTH METoAa AeleHis OTpeska
monojaM Mejiennas, n6o Qyakuua F(x)= F(U,) otiocureasHO 1PO-
cTas.

FapanTipoBaiiyl0 CXOAUMOCTb IHMEET TAaKXKe MeTOA CJlydaifHbix
npo6 (Monte-Kapso). B HeM npuGmukednsist Xo, X1, X2, ..., Xa 3343107
c/lyuaiiuble anavenus B uurepsade [a, b], Kaxawlt pas cyias 9TOT Hil-
Teppas. Hanpusep, ecan suavenns F(a)>0 u F(x,) >0 ¢ynxunn
F(x), 10 a npucsanpaercs 3uavenne X, ecan F(x.) << 0, To b npucsait-
BAGTCA 3HAUCHHE X, W T. A. AO TeX MOp, NOKa pasuocTh b —a He craner
menblwe e, Temepaunsi chayyaitublX 9uce] ¢ PaBHOMEPHBIM pacmpejcnes
Hues onucana naaee B § 5.12.

Mporpamma 5.23. Peannsauns Meroaa cayuaiinnix npoG. Bsou: nai-
mee F(x,) npu x, = PC, wauanskoe cayuaiioe uncao Vo= PO
(Vo< 1),a=PA, b =PB, e =P/,

Mo 3 7 e 1 + rnc KHIIC XY HIIC

—. II0 HWMB HUIDA — X HITA rnc B
Sev e ... B0 N HIic 1A BIT (N+2) HTIC
B HWMB WA — ung — Fx <0 00 HIMA C/iI
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B oroit mporpamme N —unenio, naiontee woMep mara xomana MITC
1OCAE ganmucn B nporpammy -¢pparsenta, Bhuscasomero F(x,). Iaa
npepwectByowero npuyepa npn Vo = 0,1234567, E = 0,6 B = PI,
IR =110 B=P2, v=20 I/B=P3, a=02 B=PA, b=
=03 B=PB n &g= 1.10% = PJl noayynn U, = 0,27144498 B npn

;=70 c. ®parment nporpaMmul Bhiuncienus F(x,) mmeer mpn s1om
(G A

HUIM3 X Fe* 1 — HII2 X HIC + U1

XY —

Tpouece GopmupoBanis 3HaYeHuii Xo, X1, X2, «,¢, &n MONKHO yNO-
panounTh, B wacTHOCTH, (OpMHPYS STI 3HAaueHus nopaspapHo [8]. Has
OplsMep, MOHHO (POPMIPOBATL SHAYEHNS X, C LIATOM

=%, 1+ Ax,, (5.17)

oreans kaxawii pas F(x,). Econ F(x.)/Axy =0, naem x, ouepesn~
soe nprpamenne Axy. Ecan F(x,)/Axy < 0, TO nennm Axy Ha HeKOTO-
poe uuca0 —R (nokasaresb paspsAHOCTH), T.€, NMOJydYaeM HOBOe 3Ha-
qeHue

X

Axy =—Axy /R

Ecan (Axy)? > e%, puuicasier x, no gopmyse (5.17), ecan (Axy)?<e?,
saranunsaem cver, Ilpn R = 10 MeToR mOpaspsmHOro npuGimKenis
CTZHOBHTCS METONOM NOojeKaaroro npnénmkenns [8], mpiuuem pe3yabTar
BEIYHCJACHRT "aBTOMAaTHYCCKH ycekaercs (TO‘leIMH ABNAIOTCA BCE
HHpL pesyasTaTa).

fiporpapma 5.24. Peajnsaunis MeToAa MOACKAANOrO TPHGAIIKEHS.
Beoa: aaunsle F(v.) npu x,—#PA, xo = PA, Ax; = PB g &2 = PC.

WIA HIMB 4+ IA ... 3.
we. HIB =+ Fx<0 00 l/IﬂB /—! 1

- B Fx? WIC — Fx<0 00 HiEA CT

Jast npuseacutoro  Bume npumepa  npun AU,=Axv=01 B u

e?=1-10-% noayunm U;=0,272 B npn t.~65 c.

. Beiy neswicoxoro GuicTpojeiictsis Mukpo-9BM  HuANBIAYaAbHOTO
NOAB3OBANN SHAUHTEABLULIT HHTEPeC TNPEACTABJSIOT METOAL pelieHis
seamieiinbx ypasnennil, ofecneunBalolie MOBLILIGHHYIO CKOPOCTL X0«
JUIMOCTH HTEPAIUTOHHLIX NPONECCoB. .

Kopenb ypapuennsi (5:12) moxno naiitn nyreMm oGpaTioii 1Teps |
noaaunn/axcrpanoasunn. Ipn atom B Hnrepsane [a, b] sanaetcs N shas|
vennii aGeunce x, u suuncaserca N opaunat F(x,). 3anucas awaue-
HIS X B PETHCTPH, OTBEJeHHbE B MPOrpaMMaX MHTEPNOJSUMI C NPOH3~
BOALHO pacnodoxkenHpMu yanamu (§ 5.2) nop samuch opammar, a anas|
yennsi F(x,) — B perucTpsl, OTBeJGHHLIC NOA 3amuch aleumec, mﬁneui
cpaay npulauzennoe sHauenne xopus ¥y, Ilocse atoro Moxio cyaurb'
uuTepsas [a, b] u NOBTOPHTL pacuer,
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fiporpamma s.és. Peannaanus MeTofla HAROMIGHHA KopHefi C MO
MOUIB0 KBAAPATHYHOI oOparHoii HHTEpHOJsLHH/3KCTpanonsnuy, Beoxs
Jaume F (%) 0pu %, 3aHOCHMOM B Hauajo MOZTPOPPaMMEl, ¥p=PA,
x1=PB 1 xo=PQC,

WA T 46 o MIIB Il 46 I wrG mnmn

46 N2 WIB WA — UMM HUI0 — = B

HMIIC HIIA — WI2 Mo — = HUIIB — uriz

HIl — - né¢ wm /—/ UnG x HIOB +

IO /—/ X HMIOA 4  C/ ... eeo eo. B0

[Iyets Bamo waiitn mampsenwe Ha croke momuoro MIII-rpansn=
Cropa (pHe. 5.2, a u 6) U3 pelweHHs ypaBHEHHS
E

— U,
C_Ru—o —1 (Uc' Us) = O’ - (5.18)

€c/Iil 3aBHCHMOCTb TOKA CTOKAa [, OT HampsiKeHHil HA CTOKe U, u sarso-
pe U, onmnceiBaercs BepasenueMm

2
Io (Um-ua) =8 (Ua = Uﬂ = bU‘;’) [’1 = e—pUc/(Us-Uo-bUg)] ? (5-19)

rre S—KpyTHaua, p U b— napaMerpsl anmpoKCHMAUMH BOJLT-AMIEPHO]
Xa| AKTePHCTHKH,

f;“f(”a. (/c)

I.=(Ec™ Uc}/”c

Ug

a) x
Puc. 5.2, Kackan wa wommon MJTI-rpassmcrope (a) u rpaguieckod
onpeseseHHe noaoxeuus ero padoueii Touxm (0)

[ozerasnasa (5.18) 8 (5.19), momydum oxoHyaTeabHO

2
F(U) = B, — Uy — RS (3 — U, + Uy [ £7el008003%0) _ .
(5.20)

Mpe E,=P4, U,=P5, SR, —=P6, p=P7,b=P8 alp=+1B
snuchBaevbifi B noanporpammy (parMent BeIYHCACHHS PYHKUHE F (Us)
HMEEr BHA:

f HUIO7 x W8 HMO5 Fa? X 1 -} WG ®

— M9 = Fer 1 — Hm x M6 X
4+ W& XY — -



Oan Ec=40 B, U, =10 B, SR, =10 B, p=1, 5 =10,02 1/B,
Uwo=2x0=4 B, Uan=x1=5 B, Ua= 2= 6 B noayunm Oc =
= 4,8762!13 B npu Touiom 3naverun § = 4,876727 B u Bpemenu cueta
240 c. Taxum o0pasoyM, yXe NpPH OAHQL .UHKIe naTepnoasunn UOe
ONpeAeeHO ¢ TOYHOCTBIO 210 4-X BepPHBIX SHAKOB, uTO (oJee yeM AocTa-
TOMHO JUISl MPAKTHUCCKHX PACueToB.

ABTOMATHYECKOE YTOUHEHHe KODHA NpH MeTole OGpaTHOH HHTEPMO-
NAUHN/9KCTPANONSUNE MOMKHO BHINOJHHTE DPa3iHMHBIMH  CHOCOGAMH.
Tax, aas AanHOro mpHMepa JydYWlHM OKasajcs caAeayloutnit cnocob: Je-
£as rPAaHHIA HATEPBAJA H3OJSUHI KOPHN Gepercsi paBHoii Xo = 0 (npm
stom F(Uc) = E.), 3navenne xy = X 0 Xa = X1 + AX, rie Ax=AUc=
= coust (nanpumep 1 B).

[Iporpamma 5.26. Pacuer U aaa cxeMmsl puc. 5.2,a meronoM o6Gpart-
1HOil HHTEPMOJSUAN/3KCTPANIOMNANNH C ABTOMATHYECKIM YTOYHEHHEM KOp«
s, Beoa: navaasnoe snavenne U = PB, U = PO, E. = P4, g2 = P5,
RS = P6, p=P7, b = P8 u U; = PX.

n9 Byt W8 X HIo  + ure - rn9 HMB
nm 57 N ~HIB 1 + nc Im 57 112
MIIB  HITL HI4 — - Mo HWIC W2 Hr4d —

= uno - urm Urn2  — + ur X HIIL,
+ 1114 /—1 X HIB XY IIB - Fx? HII5
= Fx<0 09 WIIB C/IT  BIT 00 4 HIz X
Hne = Fe* 1 — U6 X ure x +
HIe XY - B/0 .

Opn U =15 B, g2 =1-10-1°, U, =10 B n yxkasamusx BEIE
npyrnx gannsx F(Uc) moayunm Uc = 4,8767272 B, mpu Us =6 B
Ue = 6,522966 B, npu Uy =4 B U.= 13381808 B, npu U, =2 B
U = 30,8 B. [pin mOBTOPHLIX BHIYHCJEHIAX BBOAHTCS TOALKO 3HAUEHIE
U, = PX u namumaercs kaasumwa C/I1. Bpems »BLluncaenus oAHOro
anagenus Ue oxono 2 Mun. ’

YeKopeHnyio cXOANMOCTb MPH CAONKHBIX ypaBHennax (5.12) umeer
raxue meron iitkena — Creddencona. [Ipn ero peannsauun ypabmes
Je (5.12) npusoxnTes K BHAY X = f(X), BhIuHC/AsETCH nepsoe mpHGAH«
Jenrtle M ¥ = Xo¢ Xy == f(xo), 3arem Bropoe: Xz = f(x1). ITo num
HAXOMNTES YTOUHEHHOE 3HaveHue Kopus [2]

= (xuxz - xf)/(xo — 2x; + Xy), (5.21)

Ouo mpHCBaHBARTCSl Xo, MOCJe WEro MPOLECC NOBTOPAETCS A0 TeX Mmop,
noka pasuoctb (¥ — xp)* He cTaHer paBHONi man Mewblieit €2 B npo-
rpaMye cjenyer NpeaycMoTperh KOHTPOJb suamenareas (5.21) ma myJves
BO¢ 3HaveHpe, KOTOPOE MOMKET BOSHHKATh NpPH DABEHCTBE Xo, Xy H Xa
B KOHUE nHTepauuil. Ec/i Tagas CHTyamusi BO3HHUKAET, c.rie,'xyer nepeiita
K Bbijave 3HayeHHs Xo = X,
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Mporpamma 65.27. Peanusanus Meroga DitTkena — Credderncona.
Beon: nauuuie f(x) npu x,— PX, 2 = PB u xp = P0.

WI0 ITT 33 IIA TIIT 33 A7 HII0 X WA
Fx? — XY MUI0 4+ HIA 2 X  — Fx=40
31 - HI0 Xy 110 — Fx?! HIIB — Fx<0
00 HIOO C/T ... wee wev wee +oe  es. BJO

[Tporpannmy 5.27 MOXHO NPOBEPHTH BLIUNCJEHHEM KOPHS ypaBHEeHi:
(5.14). Tpn 0 =12 u & = 1-10-% noayuum ¥ = 1,1714285 mpu
te =~ 27 c.

5.5. Mouck axkcTpemymoB (yHKUMM OJHOH meperenHoi

Tlomcrk  aKcTpenyMoB bynxuHit HECKO/IBKIX nepeMeHHbIX
F(x, y, 2, ...) otocutcst K NOBOJBHO CHOMCHBIM BBIYHCANTEALUEIM 32~
LagaM, ajirOpHTMBL KOTOpHIX Aeranbio ommcanst B [24]. Peamusauia
NpPOCTefIIX H3 HEX HA MPOTPAMMHDYEMBIX MHKPOKAJBKYJIATOPAX Aald
B [7], 110 TpeGyer upesnepuo Goabwux arpar spement. [Toaromy mOMCK

SKCTpeMyMOB (YUKl HEeCKOJb:
y Y(E) <Y () KiX MepeMeHnuX 1enecoo6pasio
BLINOJHATE HA HACTONLHBIX MH-
kpo-9BM. B cpAsi ¢ 9THM Orpa-
HIYUMCA OMHCAHHEM TOHCKa 9K-
cTpeMyMoB  pyHKUHH oauoii
nepeMexHoiL.

i
bl

i TMycrs Hekoropas —uesaenas
1
7 rukmusA [ (x) HMeeT SKCTpeMmy=
0 by
R e s Z  Mp npn uaMenemmy X 3anava

ux mnoHcka Gin3ka K pewieniio
ylesuueitbX  ypasuewif H CBo-
ANTCA K ONpe/eseHnio HuTepsana
[a, b], B xoTOpOM HaxoaHTCA SKCTPEMYM, H ero cyXKeHmio. Byaem HCKaTh
MarcHmym F(x), Tak kak Qyuxuus f(x), HMEIOWLAs MUHIMYM, CBOAHTCA
K Qynkuin F(x) ymuoxenuem f(x) ma —I1. Byaem pewars o1y saiaty
METOAOM NOPa3psAANOro MPHGJIHIKEHHS.

Tlocko/bKY TpH ORHOKPATHOM MPOXOMICHHH 3KcTpenyma (x e
IHeTCH ¢ warom Ax) 3Hak nprpatenns F(x) MOKET He HIMCHATLE
(cst. pue. 5.3), 7o csenyer mnepea ApoGaenmeM Ax MPeAyCMOTPCTh
BO3BPAT HA3aA NHa JBA lAra TOCJe H3IMEHeHHsA 3HAKAa mpHpaule-
A F(x).

Mporpamma 5.28. Onpesesenne maxcnmyma F(v). Bsoa: pamubie
F(x), xo=PA, Axo= PB, g/4 = P0. 3nauenus X=Xy U F(xy)
B TOuke Makcnmyma sasocsitest B peruerpsl PX = PIL u PC coorser-
CTBENIHO, TeKyluce suaveuiie X — PA,
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O 29 TIC MOA “HAB + MA 0T 29 HOC

XY nc — Fx>0 03 HIIB 2 =/ = IB
Fy<0 23 /—/ HIIO — Fx<0 03 HMIOA C/iaI ...

Iaa F(x)= 10x — 24?, Bnucas B nporpammy (paryeut BblyHCe-
s F(x) puza
1 0 UMA X FBx Fx? 2 X —
npu Xo =0, Avg = 1 n e/4 = 2,5.10~% naitnem (naxas xnasmun B/0 i

C/M) xu= 2,5 npn fc = 190 c. U3 pericrpa C pbiabiBaem SHAuCHHE
Fe) = 12,5.

5.6, Pewenne anreGpanieckux ypasueHuii

Pewenie anreGpanteckiy ypaBHeRuii BLNONHACTCS N0 NPHBEACHHBIM
HiHe nporpamMaas, Kortopule onucasbl Takxe B [7, 27].
Nporpamma 5.29. Briuncienie KOpHeil KBAaApaTHOrO ypasHeHHs

axx* -+ aix 4+ ag =0 P (5.22)'
no opuynas xi,» = —ai/(2az) & V(@/(2a;))Y — agla,. Boom: av =

= P0, ay = P1 n az = P2. BuBog pesyabratoB (nocne HaX<aTHs kia-

v B/0 u C/IT): 7—PX, xy—PY, xa—P7, eciu xopun BewecTsen-

uwe, u 4—+PX, m—>~PY u d—P4, ecan xopun xy, 3 =d = jm kom-
+ [LICKCHO CONpfKCHHLIE.

um /—/ w2 - 2 5 14 Fx? HII0 U2

5+ — Fx<0 18 /= F4/ 4 C/M F+ I3
W4 4 07 W4 W3 — 7 ¢/

HOan ypasuenus 2x* — 5x = 10 = 0 noayunm xy = —1,3117376 u
sz = 38117376, a ana ypassenus x2 -+ 2x - 15 = 0 noayunm x4, 2 =
= —1 = j-3,7416573.

Mporpamma 5.30. Pewenne ksanparioro ypasueuns (5.22) ¢ ymeun-
1weHoff NOPPeHOoCTLIO BHIYNCAEHIS BEUIeCTBEeNHLIX KOPHeH (MEeHblni
N0 MOAYMIO BellecTBCHHLI KOpellb BHUHCJAseTCA TO (opMyde Xz =
= —ao/(x1a2), Tae Xy — Goabluiil MO MOAYJIO Kopenb)., Broa: ay = PC,
a; = PB, u a: ="PA. Buoa pesyasraros (nocue muaxcarus B/O C/IT):
7= PX, x1— P7, . — P8, ecan xopun peuiecrsennsie, u 4—+PX, d—P4,

m—=P5, ecan kophn Xy, 2 = d &= jm KOMIJIEKCHO CONPsKEHHLIE,
MIIC MIA =+ 119 UMB /—/ WIA 2 X -
T4 Fx2 — Fx<0 81 [—/ F4/7 U4 Fr<o 23
XY — 0 + 7z WUnme Xy + JI8 7
C/m F4/ 15 4 c/r

Hus ypapuaenns 3x® +-20000x + 12 =0 noayuum mo 370ii npo-
rpamve Xy = —6666,666 u x2 = —6,0000066-10-*, ITo nporpamme 5.29
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xy = —06666,666 n x» = —6,66666666-10—% (Tounoe 3nauenne Xz =
= 6-10-4).
MNporpamma 5.31. Pewenne KyGHYeCKoro ypasseins

X Bt ax®taxtap =0 (5.23)

BhIZiCJIeHIeM BelleCTBEHHOro KOpHA ¥, Aejdenuem (5.23) wa (x— %) 4
BHIYHC/ICHHEM KOpHeil NO/yY4eHHOro KBaApaTHOro ypasHenus. BBoi:
a, = P0, ay = Pl, a = P2, 1+ |ayac|= PX (amechb [Guaxe|— B3~
TCE MO MOAYNO 3Havenie KOI((HUHEHTA ¢ MAKCHMAJLHBIM YHCJICHHDBIM
sHauendeM). BruBoa pesyastato (mocde maxkatusi kaaspuwn B/0 4
C/M): 7—PX, x1—P7, x2—>P8 u xs— P9 (ecan xopuin BeulecTBes~
uoie) 0 4—>PX, d—>P4, m—P5 u xs—P9 (ecanm ecrb mapa KO-
TIIEKCHO-CONPSKEHHLIX KOpHeil).

A Cx XY FBx 4 A "2 4 nm X
HII1 + Mm3 X U0 4+ Fx<0 22 F, WIIA

+ 4 F, HWOA 2 A - m -
Fx=0 03 MWII6 /—/ .2 = Il4 Fx?  MM3 —
Fx<0 47 /—) F4/ N5 4 Cm F+ 115 HIH4
4+ 7 M4 U5 — T8 7 c/I

Hns  ypasHennsi x3—6x2+ 1lx —6 =0 mnaiizem KOpHI X3 =
= 2,9999996; v, = 2,0000006 u x: = 0,99999982, a aaa ypaBsenia
x%—6x% 4 21x — 52 = 0 nonyynm xy,2 = 1= j.-3,4641015 n x3 = 4

Mporpamma 5.32. Buuncienne Kopueil aareGpanyeckoro ypabHeHi:
ueTRepTolf CTeneHn

X5+ a3x® + a2x?®  aix + ag = 0 (65:24)

nyTeM PasjOXeHHus HA ABa KBAAPATHYHHIX MHOMHTeNs, BBOA: @y + Q3=
=P0 = P3, 2(1 + |ausxc|) = PA. BuiBon peayibtaToB (mocde HamaTis
xkaaBuw B/0 u C/IT): xy — PX, xz— PY, ecn KOPHH Xi, 2 ACIHCTBHTEMIb-
upie, @ ETTOT, ecan xopunm KOMMzeKcHO-cOnpsikeHHbie (TOraa, HAXA?
xaasuwy C/TT, noayuum d - PX u m—-PY), Jlaa Buumcaenns anajo-
THUHEIM 00pasom Xy, ¢ HamuMaercs kaasuma C/I1.

U3 /—/ 2 = 15610021091 G S urs -+
m X M2 4+ m, X Il 4 Fx=0 65
Wl W3 = 4 Fx? W0 — Fx>0 65 F A/
-+ I17 I 2 - A Fx? MUII7 - Fx<0
80 /—/ F4/ 0 =~ GCx F XY BIT 54
Fy~ + <+ FBx C/I W8 /—/ WO — Mo
WMo M7 <+ B 381 XY W6 + Fx=£0 84
+ 7 4 MUNs — X U0 + Fx <0 84
WOA MDA — [0 MOA 2 = TIA una -+

Nna FBx — Fx=0 05 WIl7 BIT 32
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Ins ypasuenna x* 4 9x® 4 31x2 4 59x 4+ 60 = 0 noayuum xy, 2 =
= —1 =4-1,9999999 (fe =~ 7 MuK) H x3 = —3 0 x4 = —4 (fe=10 c).
Ha perucrpos [ # 7 MOXKHO BEI3BATh SHAYEHHA KOI((HUHEHTOB KBaApa<
THYHBIX MHOMHTesefi (—2 n 4,9999998) *). Ias X3 H Xy nojaydaem
3Hayennss —3 1 —4 ({ic = 10 c).

Mporpamma 5.32. Peuwrenne anreGpanyeckoro ypasHeHHA MATON CTes
nexn

X5+ et 4 asx® - aax® 4 ax a0 =0 (5.25),

BbIICJEHAEM BEUleCTBEHHONO KOPHS i MPHBEJEHHeM K YPABHEHWIO yeTBeps
Toil crenenn. Bpoa: ap+ @y = PO+ P4, 2(1 + |auaxc|) = PA = PB,
BriBon pesyabraros (nocse naxkatus kaasuwn B/0 u C/IT): 1. xy — PX,
x2—PY u x3— PJIl, ecii KOpHH Xi 2 s AeiictBuTenburne, 2. ELTOT,
eCal KOPHI Xy, » KOMIVIGKCHO compsnkenuue. B cayuae 2, Hamas Kiaas
iy XY, noayunm dy, 2, Haxkas kaasmwn XY /—/ F'\/—. HOJY4HM
my 2(xs —PJI). [Hdanee, nmaxkaB kaaspuin BII 76 C/IT, nmoayuuma
1. xo—PX, xs—PY nun 2. EFTOr (uaikas kaasuwy XY, monyuum
di 5, nagee, namas kaasuwn XY /—/ F A, NOAYYHM M4, 5).

Cy TIC XY FBx 4 4 W4 + 118 e
Wns + | I % WIIC Fx=0 63 F, W2 +
ne X MM+ I5 X M0 + Fr<0 34
F, HIA + A F HINA 2 =+ TIIA —
M —  FEx=0 03 MIC Fx=0 76 MWIIB IIA  IIC
WIS TI  MIO05 [0 M7 103 Wms e /—/ 2
+ B 35 F, W6 + XY W8 + =
s 4 Wz — B 95 U0 WIT5 = I5
W /—/ W9 — 19 2 =~ 4 Fx* WIB

= o +~ FBx C/m

Haa ypazuznnn x® -+ 8x% 4 31x% - 80x2 4- 94x + 20 = 0 mosyunm
Xy, 0 = —1 = j-3,0000178, x5 = —3,7320507, x, = —0,2679458 u x5 =
= —2,000032 (npu Bpemenn cuera oxoao 13 mum).

Vpavuenus Gosee BhCOKuX cTenmeneii (n == 6) MOryT GHTb CBeAeHH
K ypaBHeHHAM MeHblUeil CTeneHH, OMHCARHLIM Bhime (Aaa n=2,"3, 4
u 5), BHILENCHHEM BELICCTBERHOrO KODHs TPH HEYeTHBIX N H pasjoikKes
fileM HAa MHOMKHTEJH C MOHIPKeHHOH crenmensio. OAHAaKo B STOM cayyae
OBIYMACHCHIIA MPUXOITCS NPOBOAUTD MO HECKONbKHY nporpammaw [7, 27),
4TO BENeT K 3AAuNTeJbHOMY DOCTY BPEMEHH BHIYHCJCHHH H CHIXEHHIO
ux nocrosepuocrir. ITosromy pemenne anreGpanyeckiux ypaBHeHHH co
cremenbio n>>6 uenecooGpasHo MpOBOAHTE HAa Gosjee GrICTpoOAeit
crByiomux HacToabubix OBM (nuGo Ha MUKDOKANBKYJNATOPAX ¢ 6OMbs
miM 0G'beMOM MaMATH) N0 eAHHBIM IporpaMma.

*) Mocae suunucneHns nepsoil mapsl KopHeil,
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5.7. Yycnennoe nuddepenuuposanue

Uncaennoe anddepenuupoBanie raaxxoit ¢ynxunn y = [(x), sa-
AaBHOR opAHHAaTaMH Yy ¥ abcuHccaMm X;, H3MEHSIOMIEMHCS € ULIaroM
h = Ax = const, sakmiouaercs B OpUGAIMEHHOM HAXOMKIEHHH MPOH3-
soanoit y'(x). Has sroro y==[(x) sameHsieTCs HHTEPNOJISLIOHHbIM
TOJIHHOMOM, aBaJHTHYCCKOE BRIpAXeHHe AJS NPOH3BOAHOI KOTOPOro He-
Tpyauo maiith. Takum oGpasoM BHIBOAATCS (HOPMYJB HiCIEHHOro AnG-
depennnposanus [2—5), memonbayeMble B NPHBENCHHOM HuzKe Nakere
nporpamm. OTveTH:, uTO B HEX CB3b p H X c00TBeTcTBYET (4.3).

NMporpamma 5.34. Haxoxpenyue mpoH3BORHOI NMPH Tpex OPAHHATAX?

¥ (%)= [(p = 1/2) y—1 — 2pyo+ (p + 1/2) y-1: /5.

Bson: h = P9, y-4, yo, ys, xo 1 x B peructp X (Hpu cueie TOALKO %
BBOANTCA HOBOE 3Havenne x = PX).

m ¢ 1o C/1 A g1 I8 C/I1 I7 WIS
— W = njg 2 Fl/¢ — HIIl X WO
2 X MI0 X — WO 2 Fl/x - HIA
X + MI9 =~ BII 07

Ias h = 0,02, y-y = 0,3555325, yo = 0,3520653, ¢+ = 0,3484925,
xo =05 # ¥ = 0,49 noayunm y’(x)= —0,17336, aay x = 0,52 noay-
unm y’(x) = —0,18128 npu Tounom snaveuny y’(x) = —0,1812161.
HOporpamma 5.35. Haxoxenue NpoH3BOAHOI NpPH YETLIPEX OPAMHAS

Tax:
S, S 3p?—6p+2
v W= (==
' W An = 2 __0op . v 32— 1
+3p ;p Iyo—ap 22p 2IJ+|+ pG !/+2)-

Beox: k= P9 n (nocse maxarun kaasum B/0 m C/T1 n mmanxauin
LHPPE 4) Y-y, Yo, Y+1, Y+2, Xo B x B pernetp X.

Ga T16 5 T10 4 C/TT KII6 FLO 05 c/n

n7 Um — Uy =+ oo Fx2 3 X TIIC
una 4 3 B 1 — 2 = unz X
MIIC MIg 6 X = F Wa e e ]
X —  HUIC Mo 2 S-SR i - D :
=~ UM X - WIc 1 — 6 = um

X ot g = BIT 09

Jonosnup AanHble NpEAIECTBYIONEro NPAMepa SHANCHHEM iz =)

‘= 0,344818, noayunm ans x = 0,61 snasenne y’(x)-= —0,1786483, a
A x = 0,52 suavense y'(x)= —0,1812185 npu TouHOM 3HAYLHILE
—0,1812161,
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fiporpamma 5.36. Haxoxcnenie npoM3noAHOIl NPy MATH OpAHHATAX:

3 —3p? — 1 4p® —3p? —8p + 4
e (e T RS e LS
N 3L 3pt—8p —4 2p® 4 3p*—p—1
+2p 25p yn—qp - ‘"6 P TpsSE L "1)2 B !/+2)-

Beoa: y-» = P2, y—, = Pl, ypy = PO, y+1 = PA, yi2 = PB, h = P9,
%= P8 u. x = PX.

s Mg — U = n 2 X 3 —
Hnr X 1 — Urz X 1 -+ 1 2

+ UM X WUI7 4 X 8 — HII7 X
8 — W7 X 4 + 6 =+ urrn X
—  HMO7 Fs? 2 X 5 — HN7 X 2
= HIM % Ak Urrz 4 X 3 + HI17
X 8 oS HI7 X a4 — 6 = WA
X — unz 2 X 3 4+ M7z X 1
— Hm7 X 1 —_ 1 2 = HUIB X
+ WM = C/1 BII 00 ~

Han y—» = 0,35889029, y—y = 0,35553253, y» = 0,35206533, y41=
'= 0,34849251, y» = 0,34481800, xo = 0,5, h = 0,02 u x = 0,51 noay-
UMy’ (x) = —0,1786488, a pas x = 0,5 noayunm y’ (x) = —0,17603265
npu Tounom suavennu —0,17603266. B sToM 1 ABYX mpenLiecTBYIOMIHX
UpHMepax BeiuuCAAJCs npousBopuble (ynkuun ¥ (x) = Z (x) —e~ ¥
/'\/Zn HOPMAJILHOTO pacnpejeseHusl BepPOATHOCTeH [0 OKPYrJeHHbLIN
AauuLiM TaGmy 3],

Eenu nyskno uaiitn 4’ (x) ToNbKO B y3anax HHTEpHoASmuH, HOpMybl

HHCaeHIOro  nuddepenunposanns pesko ynpousaiores, Hanpumep, npu
Tpex opauHarax # p = 0

U (%0) = (Y1 — y—1) /2R, (5.26)
a npu asaTn 0[)1.[[1[!(] Tax u p = 0

Y’ (X0) = (Y=o — 8 —1 + 8y 41— y42) /120 (5.27)

Hioraa, HCIIONL3YS  STH  (POPMYJbl, 1eJ1eco00pasHo  BLIUHCIATH
Y'(x = x) amanntiuecku sagaunuoit (yHKUAH, NPON3BOAHYIO KOTOPOi
HeXesareabuo CJI0(HO HaiiTH B aHaJNTHYECKOM BiLle, I'Ipn aToM
BLUNCACHHA opAHAT Y (X) OHOPM/IAIOTCS MOANPOrpaMMOoil.

Mporpamma 5.37. Briuncsenie nponssoanoil (Qyukuimn y = J (&),

sanaunoit ananuriueckn no dopmyse (5.26). Booa: manusie [(x), hxvo=
= PC it xop = PX,

g Hrnc Xy = OB WL HOB — T 29
A Mo IIm 29 C/IM M MOB 4 TIT 29
MIMA  — 2 = unB = c/lmt BIT 00 5
e aee wes  ses e e 2o 3 P  O0)
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Tak Kak 3HAUEHHS Yo MOTYT MEHATBCH B IINPOKHX Tpeienax, To
3ajaercs He aGcoNIOTHOe H3MeHEHHe X, 4 OTHOCHTeJbHOe Ax/xo = h/Xo.
Bnauenne hi/xo Ans riagkux (YHKUH{ HA [PAKTHKE JIEFKO OLEHHBAETCS.

Ilyets Hago BHYHCANTB NPOH3BOAHYIO GYHEUHE y(x) = Z(X) =
—; e""/zo\/ﬁn Touke xo = 0,5 mpu fi/xo = 0,01. B Texcr nporpammbt
BIICEIBAaeM MOATPOrpamyy Boluncienns Z (x): Fx? 2 /—/ + Fe* Fu 2 X
F‘\/- +. Hawas xnasumn B/0 ® C/II, noayunm snaueHHe
Z(0,5) = 0,35206532, ewe pas Haxas kaaBuwy C/I1, moayunm
Z'(0,5) = —0,1760005 npu Toummx 3mayennax Z(0,5) = 0,35206533
Z’(0,5) = —0,1760327 cooTBETCTBEHHO. i

Mporpamya 5.38. BhunclenHe NPONSBONHON AHANHTHYECKH Sajai-
HOIl Gynkumn f(x) B TOYKe X = Xp MO NMATH ee OPAHHATAM C [OMOLBIO
'¢:op.\|y.nu (5.27). Beox: h/xo = PC u xo = PX,

1o HIC Xy -+ B UMD HIB 2 s —
I 56 A HUIIg HWIOB — nm s 8

HUIIA XY — TIA urg 1 56 C/I1 HWIpg WIB
+ Il 56 8 X  HIOA + [IA HIIO WIB
2 X + I 56 HIA XY — 1 2

= HNB + C/lT BII 00 B/0

Hns npusesennoro seiwe npuvepa moayunm Z(0,5) = 0,35206532
u 2'(0,5) = —0,1760325. .

5.8. BhIuMC/IeHHe YACTHBIX MPOU3BOAHBIX
H Ko3th(hHUHEHTOB YYBCTBUTEJILHOCTH

Hepenko mneo6xoanmmo mHajitén wacThble npoH3Boxuble  (ymKuun
(%, 9, 2, ...) HeCKOAbKHX TepeMeHHBIX NPH X = Xo, § = Yo, Z2 = 20
H 1. A B ommmune or unciaenHoro angepeHuHpoBanis MO OXHOMY na-
PAMETPY, NPH BLIYHCJICHHH YAaCTHLIX NPOH3BOAHBIX HEOGXOAUMO BHOHPATh
O/l H3veHsieMblit napamerp u ¢uKcHpdBATL 3HAYEHNA OCTA/IbHBLIX Napa-
METPOB. DTO MOMHO OGeCHeynTsh ¢ MOMOLILIO KOCBEHHOIl axpecamin pe-
THCTPOB MaM#ATH, OTBeAeHHLIX NMOA BBOJ COOTBETCTBYIOUIUX NapaMeTpoB.
Hanpuwmep, ecmu xo = P, yo= P2, 2o = P3 u T. x, T0 nporpammy
MOXKHO COCTABHTL TAK, YTOGB yKasanue ROMepa peructpa (koaa mnepe-
MeHHOIT), nanpumep wHGPH 2, npn Bhuucaerun Of/CY W T. A. Hemocpea-
CTBEHHO yKasbiBano Ha TO, N0 KaKOMy napamerpy Bhnojmsercs Andde-
pelliponanne. B Konlle BLIUHC/ICHHS napamMeTpy HpHCBAlBAETCs HCXOA:
Hoe 3HaueHHe, .

Nporpanma 5.39. Briuncaenne yacTHEIX NPONSRORHHIX AHATHTHYECKI!
3aiaunoit gynkunn f(x, 4, 2, ...) mo Tpem ee opaumaras. BpoA:
= PC, nanue f(x, y, z, ... ), KOABI MepeMeHHLIX.

I  KHAMO MA  MOC — KOL OO0 27 1IB HIIA
unc + KIIg nin 27 WMOB — 2 = HIC
- HIIA KNI XY ¢/m Bl 00 ... ... .B/O
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ITyets Hazno HalTH YACTHEIE MPOH3BOAHBIC (YHKIHU
f(x,y,2) = 2% 4 y*> — 328 — 3xy — 2x2, (5.28)

mpix=x =0,y = yo =0 8 2= 20 = 1. Pparment NpOrpaMMbl Bhty
uicaennst Gpynkuuy f(x,y,2) npp x = Pl, y =P2 n z = P3:

Il Fx* 2 X HM2 Fx* -4 HII3 Fx* 3

Dol — HIIl HII2 X 3 X — HIT1 HII3

X 2 X =

Beoguym nporpammy ¢ 9THM (parMeHTOM H HCXOAHBIE JAaHHbIe:

h=0001=PC, 0=Pl, 0=P2 u I = P3. Haa pouucaenuns: 0f/dx
Habupaem uugpy 1 (KOI[ nepevennoii x) m, naxcas kuasuumy C/IT, mo-

Jyany peaydasrar 9f/dy = —2 npu fc ~ 20 c. HaGpas uundpy 2 (xox
nepemennoii y) u naxas waasnuy C/IT, monyunm 9f/dy = 0. Haxoneur,
Habpas wudpy 3 (ko nepemenroii z), noayunm 0f/0z = —6. Dru 3ua-

YeHIIsl NOJHOCTEIO COBNANAIOT C TOMHBIMIL

ﬂporpm\mm 5.40. Briunicnenue YACTHBIX NMPOH3BOJHBIX AHAJHTIMECKH
saganmoit dymsuun f(x, y, 2, ...) No natn ee opauHaram. Bsom:
h = PC, nauuwe [(x, y, 2,"...), KOABI NepeMeHHLIX.

I KWL A HWIOC — KIO I 53 IIB  HIIA
HIIC KIg Il 53 MIIB — 8 X 11B
WA HWIc 2 X — KIIg It 53 HIIB
TIB  HMMOA HIIC 2 X+ Krjg IOl 53 HITB
Xy — 1 2 = Hrne -+ FMA KITJ XY
C/IT Bl 00 B/0

PaGory oToil mporpaMMel MOKHO NPOBCPUTL MO NPHBEACHHOMY BEIIIC
npHMEpY.

Hepeako nepemennste Qyueuun f(¥, y, 2, ...) NMEIOT PE3KO OTJIHU-
HEle HCXOAHbIe anauenud., B 3tom cayuae lesecoolpasio 3agaHiue OTHO-
cHTesbHOro m3Menenu:n fi/p xaumcieit nepesmenmoit p (p=x, y, 2, ...)-

Mporpasma 5.4!1. Boiuncienne 4acTHBIX NPOH3BOAHBEIX aHAITHYECKLT
saganuoii Qpyuxuus f(¥, y, 2, ...) 0O TpeM ee OpPJHHATAM NpPH 3aLaHUI
OTHOCHTe/IbIOrO npupautenusa i/p kaxcioro napamerpa. Beom: h/fp = P9,
panusie f(x, y, 2, ...), KOJAbl NepeMeHHbIX.

T4 KUmpm ITA 4 Huric X = KIig, IIT 34
IIB HIA 4 HIC X = KITH, TIIT 34 HIiB
— 2 = HIC = WA = TiB HUITA KIT

HIIB C/IT BIT 00 e “es s B/O

TLast npuseae;moro BEILUE KOHTPOJBHOTD NpPHMEPA MOJYuuM npu hfp =)
=001, vo=1, yo=2 u 20 = 3 suavenusn 9Jf/dy == —8, 6f[dy = U
u 6[/0,_ —20, KQTOpEHle TaKIKe COBNAZAIOY C TOMHLIMIE SHAYCHUMH.
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OGuuee aGeomoTHOe MpHpAIleRHe (GYHKUHE HECKOJLKHX NepeMeHHhx
UPH HSMEHEHHH KaXKAoii H3 HUX T

AF (%, 4 z,...)_—a’—Ax+ ‘7’ Lay+5L "f ot
Yacriible MPOH3BOAHNIE NpH TPHPALIEHHAX AX, AJ, Az u T. p. HagH-
BaloTCsl @OCOAIOTALIMU KOSDDHUHEHTaMI YYBCTBHTELHOCTH (BYHKLIN K
H3MEHEHIIO COOTBETCTBYIOWEro napamerpa.

B mpakTiike HayuHO-TeXHHYECKHX PACYETOB MPeAncMRTAIOT HCMOL3O-
BATh GespasMepHble OTHOCHTENbHBIE KOI(G(HUHEHTH UHECTAOHALHOCTH 10
KaxAOMy TlapaMeTpy, Hanpumep:

s aIF . Af/F
= 0xlx . Axno Ax/x

B T. 1. B sToM cayuae Jerko BHIUHCARIOTCA OTHOCHTC/AbHLle ofmue npH-
paieHns (yHKUHH
Af

T (X0, Yo 20, ---)

IpuBenentble BLIE MPOrpaMMLl JIEPKO MPHCNOCOOHTH JUIsi BhIuICJCHHA
OTHOCHTEJLHBIX KO3(D(HILHCHTOB HecTaGHAbLHOCTIL.

Mporpamma 5.42. Briuneaenne suavenns ¢yunxuwn [(x, y, 2, sxa) @
CTHOCHTENBHLIX KO3((UUHEHTOB HeCTAOHALIOCTH NpPH TPex OpANNaTax
¢ynxunn. Booa: h/p = PC, nanusie f(x, y, 2, ...), KOAL nepeMenibix.
Snavenne [ (%o, Yo, 20, ...) = PA.

—s, b Ay Az
T T

M KA IA 4 WOC X . — KO T 87
nB MOA 4 HOC X 4 Ko nomo 87 HIB
— unc =+ 2 + 1B WOA KMA [T 37
‘TIA WOB XY +  C/T BI 00 ... ... B/

[l uAMOCTPALIN BEIMHCANM KO3 (MHUMENTL OTHOCHTEAbHON HECTa~
OHABLHOCTH MEPHOAA NOBTOPCHIIS AMOYILCOB, (bOpMII])_\IC?\lhIX penmccmuh
ONNHLIM FEHEPATOPOM Ha OAHONEPEXOIHOM TPaH3NCTOPe

) S ty=RClIn (1 —1)"}

e R = 1-10° Om — Beanunua Bpemsisapalomero peaicropa, € =
= 1-10-% & — emKocTh BpeMsisazalowero komaencaropa, 1 = 0,66 —
K03(pPuUHenT AeNeHHs.
BnucwiBaemas B nporpammy 5.41 mnoanmporpamma  BLIMHCACHIA
ty(R, C, m) npn R = P1, C = P2 n 1 = P3 nmeer pu:
I M3 — Fl/x Fin MOl X M2 X

Beena auavesnsa R, C, n u A/p=0,1, naGupaem koa 1. Hawas xaaBuury
C/T1, enyerst fe =25 ¢ noayuny Sp = 0,99999999. HaGpas-® kox 2 it
naxas xaasuuy C/IT, noayunmyv Sc = 0,99999999 u, naxonen, HaGpas
KoM 3, MOAYUHM Sn= 1,8224953. 13 perserpa A MOXKHO BH3EATbL MC=
xoznoe snauenie lu = 1,0788096-10-7 ¢,
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Tiporpamma 5.43. Buuncaenne snauenns dynkuun [(X, ¢, 2, «..] B
OTHOCHTENBLILIX KO3(M@UUIECHTOB HecTaGHIbHOCTH NPH NsATH OpAHNATAE
Oynkunin. Beoa: h/p = PC, nanuve f(x, g, 2, ...), KOAL NepeMEHMIX.
3uauenue f(xo, Yo, 20, ...) = PA.

o KHILL TIA Ir1 53 2 IIT 57 nB I
52 I 58 8 /—/ Il 48 TIIT 59
8 TTIT 48 2 X = TIIT 59 WIB XY

1

I

0

— . HIIc = 2 = NB MIA KIIX IUT
59  HIIB XY A = C/IT BIT 00 X HIB
<+ 1B MITA HIIC X B/0® X — KIijax

Ilas npeatsecrsyiomero  mpusmepa  mpiu hf/p = 0,01  noaywms
Sp=009999949, S =0,9999949, S, =1,7993745 w ¢, =1,0788096X
X 107% ¢ npn ¢~ 50 c.

5.9. Yucaennoe UHTErpupoBarue

Ocuosuast 3ajaua YNCJEeHHOro HHTErpHpPOBAHMST CBOAHTCA K Haxo-
JKACHINO 3Havenns coOCTBEHHOrO ONpPEeJe]ieHHOro HHTerpaJa

b
fi= S f(x) d. (6.29)

a

B oGem cayuae mnreppan unrerpuposanis [a, b] pasGusaercs na
m uacteil. B cpolo ouepeib Kax<ias NS HHX JIGINTCH Ha 1 wacteil, &
npejenax KazxJjoil yacti y = f(x) annpokcuMupyercs NnOJMHOMOM, HHTe=
IPHPOBaHHE KOTOPOrO BO3MOXKHO MO JOCTATOYHO NPOCTLIM (hopMysans
[1—5]. Tlpuseneunbie HiuKe NPOTPaMML OTJIHYAIOTCS CTENCHLIO NG«
HOMA 11 ulcaoM opanHAT f(X), BhHuHC/ASEMBIX Ha KaMJAOl M3 m wacreil.
Tlocaeausnil wjen NPHBOAMMBIX (POPMYJ XapaKTepH3YeT MNOTPelIHOCTR
HHTErpupoBanisl,

Mporpamma 5.44. Uncnennoe HHTErPHPOBAHHE METOAOM IPAMOYroJbs
nnKos no dopmyie

m-1 m-1

(kY = BE D
i=0

1=0

rae h = (b— a)/m. Boon: panuwie f(x), m, b u a B perucrp X, Teky+
e auayenusn x — PA, pernerpu 0, A, B n C sansrur,

10 0 TIIC c/1 MB C/IT TA — Hrie =
T10 e urc + nc  HIA MIo  + TIA
HHB: — Fx2>0111 HIc MIo X C/IT  BII  00
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[lycts Hal10 BLIYHCANTb SHAYCHHS HHTErPAJIOB, upnseneﬂubxx B
13641 5.4.

TaGauna 54

Haterpaa u ero Tpo- Bpeust
TOuHOE 3Hauenne rpag.ma Meron m | Pesyaprar c:ﬁ;‘;:"
: 5.44 | TpamoyronbHHKOB 16 | 0,88939982 1,7
64 | 0,90313381 7
5 4 545 IMpasmoyroasunkos 16 | 0,90797012 1,7
I =S m dy= Moauduunposanuut | 64 | 0,90748612 7
1 5.46 Tpanenuit 16 | 0,906642285 1.5
=0,9074539 64 | 0,9073897 6
547 | Cumncona 8| 0,9074589 2,2
32 | 0,9074541 10
5.44 Mpsvoyroasiikos 16 | 1,3757033 1,4
64 | 1,3920808 55
1 545 | IMpamoyroasunkon 16 | 1,3987863 1,5 7
=§ V241 dy= moaubnmuposanusit | 64 | 1,3087217 6 !
546 | Tpamenuit 16 | 1,3985799 . 16
=1,3987175 64 | 1,3987089
6.47 | Cunmncona 4 | 1,3987137 1,2
8 | 13987172 2,5

Jas nepsoro murerpada (parMent mporpammsl, spiuncasiouedr f(x),
Humeer Bua (uucao 16 ssoanm B pernetp 8):

HITA 4 Fx* X FBx Fx®* WUIIB 4 =

Jlas BTOporo uuterpana (parsent mnporpaner, smamcamowuii f(%)
CJIeAyIouLiiL:
HIIA 2 X 1 4 Fy~ %

Pe3yubTaThl BLMHCAEENT ANA PA3MHUULIX M AaHs B Tala 5.4
Mporpamma 5.43. Uncaennoe uur(.rpuposaunc MOANDHIEPOBANHEIM

MCTO/LOM NPAMOYTOJBHIIKOB v
m—1 : S
I=hy f(x+ 05+ 02 o,
1=0

rae ['/(E) —3uauense Bropoii mponsBomHoii f(¥) B Touke ¥ = §, rie
f*(x) maxcumanbna, Bsoa anasoriues onHcagHoMy Aaa nporpammsl 5.44.
10 0 Iic c/m 1B C/m TIA — HII0: =
I10 2 = Una -+ A NS 550
S urc +- nc HhIoA MO+ TiA
HMB — Fx>0 16 HIIC HIT0 X c/1 Bl 0
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Jlanneie KOHTPOALHLIX NPHMEPOB cM. B TaGn. 5.4.
Mporpamma 5.46. Yncsennoe HHTErpHpoBaline METOAOM Tpaneumniiz
m—1

h
=iy Z(Ut T Y0) —

i=0

2 .
LO=9 f).

Bpon ananornsen onucannoMy Ans nporpammu 5.44. Perumerpm 0, A, B
1 C 3auaTel, Tekywee snavenne x — PA.

110 C/lT B IIT 41 rnc WMIIB  C/IT TIIIT 41
HMc + 2 = IIC HIB HIIA — HI10 =
B MO 1 - o HWIIA HIIB 4 I 41
HIiCc + I[NC FLO 25 HIC HIIB X C/IT  BIT
00 T L e e s rers B/0
y

B npusesennuix Buiwe nporpammax n = 1. Jlis nosbilenia Togs
HOCTH HHTErpHpoBanis Kaxcabtii H3 m OTpe3koB pasbuBaercs Ha n yas
creil, Tak uTo Ha Hem [(x) saaaercs n - 1 opauHatamu. DTO NO3BOAAET
NOBLICHTL CTeNeHDL MOANHOMA, anfpoKcHMipyloulero f(x).

Mporpamma 5.47. Uncscnnoe u#TerpupoBanue MeTofoM napaGod
(Cuntncona) npun n = 2:

b
/=Sr<x>dx=§[r(a>+4f(a+n)+2f(a+2h)+
a

AT @30+ e 4T 0 — 1)+ [ O — iy gy,

Bioa: pamuwe [(x) mpn x—PB, 2m (uernuie umena), b m a B pe-
rierp X.

110 C/lm 1nB C/1 TMA TIT 44 IIC HWIIB HMIIA
1B - HIimo = INA TIT 44 1 Ir 32

4 oo 32 2 BIl 18 HIIC 3 =+ HIIA
X c/mm X Uric +4 IIC FLO 40 BIT 26
UIIB HNOA nB B/0

Kak Bnapso u3 ta6a. 5.4, U3 NPOCTEIX METONOB HHTErPHPOBAHHSA Me-
Ton Cumncoda faer HauGoJsiee BHICOKYIO TOUHOCTL — OWINGKA MPOMOPLHO-
naawpa h® [3]. On npumenserca nanGosee uwacro. Oamako, ecanm non-
nporpamMma BelyicJenns [(x) BUUCEBaeTCA B NPOrpaMmy, TO NpHMeHe-
Hife GoJee TOYHBIX METONOB (¢ # => 2) NO3BOJISIET COKPATHTH BPEMs Mii-
TerpHpoBanus (nMpu 3agaHHOl TounocTH). B npuBoanmblx HIKEe mporpam-
Max h = (b —a)/n, a nutepsan [a, b] coorseTcTByer npn m = 1 ug-~
TepBaay [Xo, X;], B mpesenax KOTOPOro paBHOMEPHO pPAacnoJioXeHbl afes
uMcesl Xo, Xy, X2, . Xu. IlpeaycmoTpena BO3MOMKHOCTL PAa3OHBKH -
Tepsana [a, b] wa m uuvepsason [xg, X,].
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Mporpamma 5.48. Yucaennoe muterpupoBanne merogom Heiorona —
Koreca npu n = 4 (popmyna Bona):
Xy =
2h 8h"
S f(x)ds= '4T(7y°+ 32y, + 12y, + 3295 + Ty4) ~ 915 iV1(E).

X
Bsoa: aanuste f(x) npy x—PA, m, b u a B peructp X (perugi‘pm 0,
A, B u C sauatw),

I o nc c/ia 4 C/IT  TIIA — HImo =
4 = B IIIT 26 FLO 13 HIIC HunB X
2 X 4 5 = C/lm HMIA TII 58 7
I 50 3 2 nm 50 1 2 nr 50
3 2 I 50 7 X HIiCc + Iic B/0

X HIIC + TIIC HWIMA HIB + na ... B/0
Mporpamma 5.49. Yucaeunoz uuterpupcsaine meropom Hoiorona —
Koreca npu n = 6:

X
h
S F (%) dx=ﬁﬁ (41yo + 216y, + 27y, -+ 27245 + 27y4 +
Xy “
9
+ 21675 + 41yg) — 1?1/(‘)0 v (g)

Bsox cm. B nporpamme 5.48.

m o0 Ic c¢m 4 ¢n NA — M0 +
6 = TIIB M 2 FLO 13 HIC MIOB X
1 4 0 =+ C/ WIDA I 70 4 1

nmm 62 2 1 6 I 62 2 7 i
62 2 7 ‘2 mm 6 2 _ 7 - 62
2 I 6 Im 62 4 1 X HIC +
NC, B/0 X WOC + TIIC HMOA HMOB 4  MA
P e BBD

fporpamma 5.50. Uncnennoe HHTErpHpoOBaiie MeToA0M YIMAIa AL
n=6:

X
3h AThT vy (s
f (x) d-"=l-0(!/u+5!/x+!/2+5!/3+y4+5!/5+!/6)+mi (8.

Do eM. B iiporpase 5.48.

[ o nc g¢m 4 ¢ nA  — HImo =
6 = @B nm 2 FLO 13 Hnc uns X
BT 0 + C/iT HWIIA Il 59 1
i 51 5 I 51 1 I 51 6 bgis
51 1 @Om 51 5 IO 51 Urc -+ rc
B/0O X HMIIC - IIC HIOA MHIB + HAE  =eae
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Ipu nurerpupoBannn mMeronom YeGuiuena xin‘rerpa.n (5.29) noncra-
HOBKOI} ¥
b b —
x= ’g“ + =t (5.30)

NPHBOANTCS K BRAY
1

+ n
1=\ roa=2%1u. G.31)
=i

i=1

BuiGop snavennii # npouanomncxha yesoBus, 9To Bhipaxienne (5.31)
Gyner TounnM ans [(f) Bupa ¢, 13, %, ..., 1", T.e. NJA NOJHHOMOB
BINIOTH 1O n-it crenenn. Jas mukpo-2BM npeacTaBisiior HHTEpEC Cliy-
yap, Korna n = 2 (fy,2 = F «/5/3: F0,67735 ang i=1,2) un=3
(h,s= F4/2)2=F0,707107 aan i =1, 3 u t, =0 aan i = 2).
Nporpamma 5.51. Muterpuposanue Metonom YeOuena agaa n = 2.
Bron: manmue f(x) npn x, 3anocuMOM B Haualo (GparMenTa BHIYHCICHNT
f(x), m, b ua v pernerp X (perncrpm 0, 1, 2, A, B, C n Il sansrtui).

n 3 Fy~  FBx = nn 0 rnc c/m 4
(o710 B v § (I Hurio = 2 M1t 4 Hri2
I XY I 30 FLO 16 HUMIC HIB X C/T1
nB +4 2 =+ IMMA  HWINB  — B umnm /—/
T 44 MIIB MO X WA - aee vals e
s "hea  ses UIc - Inc- B/0

Nporpamma 5.52. Materpuposaniie meronom YeGunuesa npu n = 3.
Beoa cv. B nporpamue 5.51. °

10 2 Fy~ - FBx =+ nm o rnc C/IL =4
c/m Im - W10 =+ n2  Hm A urz -+
I XY T 34 FLO 16 HMIC HIIB X 2

X 3 = C/IT NB + 2 o A HITB
- ng unm /—/ Il 51 HTIA  TII1 54 HIB
g X HIA - wes  Lees, HAIIC < Tic B/0

Tpu unrerpuposaunn merogoM laycca Takke BLIIOARACTCA O~
cranoska (5.30), npuuem

+1 .n
S FWyat=")" Af(t) (5.32)
-1 i=1 -~

a 4 BubupaloTes Kax Kopun nosnnoma Jlexxawapa, AGewicest ¢ pacnos
JIOJKeHbl HepaBHOMEpHO H3 yc/oBis nauaysutero npnémpkeuna J(¢) no-
aumovom Jlexanapa. Tlpu srom (5.32) oxaaumpaercs TOUHOM AN HOJIM«
BOMOB 0 (2n — 1)-ii cTeneni.
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TMpy n=2 i=1 2 ueen HA=1 u {;=FVI3B=
= F0,57735027, npu n =3, i = 1, 2, 3 umeem A;, 5 = 5/9, A =8/9,
3= F 10,6 = F 0,77459667 u #, — ;

Nporpamma 5.53. MuterpupoBanne merogom Iaycca npu = 2
Bsoa oM. B nporpamye 5.51.

o 3 Fl/x Fy IO 0 FCRNNC/TIN C/I

m — W0 <= T2 HWI 4 urne + I
XY Imoo27 FLO 15 MIIC ¢/ TIB + 2
: IIA WMIOB — I@IB uWmOp /—/ I 41 WIB

MO X HWOA + IO 52 MIIB X  HIC -+
IC B0« oo oo aee e wew ees B0

Mporpamma 5.54. Muterpuposanme merogom Iaycca npH n=3
Bsox cm. B nporpanse 5.51.

110 0 q 6 Fy~ g o Inc cm 4

C/m Il — Mo = T2 M 4 vz +
mr XY Im 28 FLO 16 Wric ¢/ nsB - A
2 + [IIA WNB — 1B uWng /—/ I 48
WA T 63 8 M 54 MOB WO X  HIA
+ I 63 5 X HUIB X ‘9 = HIIC
B/0

+ nc B/ ...

TorpewnoeTy, npIeyilie MeToay YHCJIEHIOro HHTCIPHPOBAHI Faye-
ca mpu 7 = 2, 3, ONpeiesioTea 0STATOUHBIMH wieHaMit [5]

R=1z (5@, Re= gy (A52) M@

Hs raGa. 5.4 u 5.5 creayer, uto ¢ pocTon n M /M TOYHOCTb MHTE:
rpupoBanis pacrer. OGLUHO Aas noayueHms TpeGyeMoii TOUHOCTH Ha-
xoaar'l npu pasueix m (2, 4, 8, 16 u T. n.). TounsiMu cuuTaioT COBOA-
Jaiouie 3HAKK pesynbrata. Kpome TounocTH mpH npoBejeRHi HHTErpi-
PpUBaNHA HALO YUHTLIBATH CJOIKHOCTb MPOrPAMMEI, 4HCAO 3aMATHIX €10
PErHCTPOB MAMATH I HAJHYHE y MOABHTErpAJbHOi (YHRKIHH OCOGCHHO:
creit, Hanpnyep Biaa 0/0, cofco man f(x) — co. Ecamr ecth 0COGEHHOCTE
np® X—-a wul X—-b, 10 npeanourenne oraaetcs meroxy laycea, T.K.
y Hero aGewicen f(x) Huxoraa we momapaior ma Komusl miTepsada [a, 0]
Ecam ocoGennocts nosasieres 8 cepenune HuTepBaJa [a, b], npeanodTi-
TebHell IICMO/ILI0BAINC METOZOD C© PABHOMEPHLIM I JIeTKO MPeAcKashi-
BaeMBLIM HOAOXerneM aGeuuce (Cuvncona, Heotona — Koreca, Y2114

Hlirerpuponanne TaGanuno 3azammsy dyuxunii oGecnewipaercs [0
caegyoueil nporpanye. Yucao HHTEPBAJIOB pa3CHenysn 7 NpH BLYHCIC
HUAX MO 9TOJf NpOrpanye J0MKHO GLITh GETHEIM,
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TaGauna 5

Bpema
Totoe SHatens | rpiaaia Meron m | PevpmeT | ctera
548 | Bons 4 | 0907455186 | 2
549 Hyiotona—KoTteca 4 | 0,90745414 3
5am L npi n="6
1= x:_“i = 550 | Yomuan 4 | 0,90745401 3
1 5.51 YeGuiwena npu n=2| 8 | 0,90745077 2,5
==1,9074539 5.52 Yegniuena npin n=3 | 8 | 0,9074528 3
5.53 Tayceca npir n==2 4 | 0,90737764 1,5
5.54 Taycca npn n=3 4 | 0,90745631 25
—
5.48 Boxo 4 | 1,3987174 2
5.49 Hpiotona— Koreca 4 | 1,3987175 3
1 npi n=>06
1 =§ VIFEX dx= 6.50 Yannas 2 | 1,3987174 2
a 6.51 UYegwmena npn n==2 | 8 | 1,3087176 2,2
=1,3087175 5.52 YegGrmmena npn n=3 | 8 | 1,3987175 2,6
5.53 Taycca npn n=2 4 | 1,3987198 1,6
5.54 Caycca mpn n=3 4 | 1,3987174 2
L e

Mporpamma 5.55. Murerpnposanue TaGAnuno sapamHbIx (pyuxullﬂ
meronom Cumncona. Bpox: h = P8, uncjo unrepsason pasCuenus
ODAHHATH Yo, Y1, +.., Ya B peruerp X.

o C/It 19 C/Im KWIo XY 4 X Hm 4

o ¢/ 4 U9 + 4+ FLO 02 FBx MII8
X 8 = C/I BII 00
Ecan h =4,yg=3,y,=4.y==5,y;=6nya=7-

noayunm / =

5.10. Pewenne nud(pepeHynanbHbEIX YpaBHeHUi

Peuerite  0GHKHOBeHHOro An(pepenunabroro ypasmenns (BUAZ
Komn) :
Y’ = dyldx = [(x, y) (5.33).

saxmouaercst B Haxomzuenun Qysxwmi y(¥), ymoiersopsiomeil YPaB*
Henuio (5.33) NpH H3BECTHHIX HauaJbHEIX YCJNOBHAX Xp If y,-;.-y(xcl)'

Ilpn onHOUIATOBHIX METOAAX pellleBHs KaXK1oe HOBoe smaueHne Yi+t
HAXOZANTCA MO H3BECTHOMY NpCALIECTBYIOMIEMY SHAueHMO gy DTHM ME*
TOAAM MpHCYIe «CaMOCTAPTOBAHHE», 4 TAKXE BO3MONKHOCTH H3MEHEHHT
wara h = Xip4— % B mpouecce Buuncienuit. Peammaamua uncaeBnp®
MeTop0s pewenns (5,33) sakmouaerca B pasnomenmun ¢ynxuus Y (¥) ?
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psa Teltopa, y xoroporo Gepercsi HEKOTOPOE YHCJO 4ICHOB, ONpeje-
naiomee nopsxok # meroxa [1—8]. Morpemnocts pewenua (5.33) npo-
nopuHoHannHa A"+,

Nporpamma 5.56. Peuienne angdepeHunanbuoro ypasheuus npo-
CTBIM MerojoM Diiiepa (MepBOro mopsiaka):

Yy =Y+ b (xp 1))
Bsox: nmauusie f(xi, yi) ups xi— PB, yi—PC, xo = PB, yo="PC 1
h =PI,
Wrns wung -+ IB - ...
W X HUicC + I'lC WMB C/II BIT 00
Ias koutpoas sTofi 1 MOC/AGAYOLLNX NPOrpamMy peilHm Npocroe
nudepennnanbioe ypaBHerie

Cy =dyldx = —ylv, (531
AHANATHYECKOS pElieHie AJA KOTOPOro H3BECTIO:
y(x) = exp(—=x/v).
Dparsment puuncacnns f(x, y) = —y/T nMeer BHA
¢ HIC [—/ W9 =+

Boeaa nexonusie paunme: xo =0, yo =1, k=01 n v=1= P9, ua-
san kaasuin B/0 i C/I1, noayunm xy, = 0,1. Haxas wnapuuty XY, 1
peracrpa Y suisbiaes .y = 0,9. dasee, naxnMasi noouepeiHo Kaasiuli
C/IT u XY, Gynem nonyyats suauenus Xz = 0,2, y2 = 081, x5 =03,
Y3 = 0,729 u 1. 1.

Jasn nopuimennsn ToumocTH BLIUMCJACHNI wWwar f ueinecoolpasuo Jjic-
J1aTh MaJbiM, a BLIBOA Pe3yJbTaToB NpPOH3BOAHTL € OOALLINA LIArOM
H = Nh. 910 peanusyer caeayiomas NporpaMMma.

Nporpamma 5.57. Peaansauns npocroro meroxa itepa ¢ puaaveit
pesyavraros ¢ maroM M == Nh. Bsox: nammwte f(¥, y) npn x—PB u
Yy—+PC, N = PA, xo = PB, 4o = PCn h = P

HMIIA 110 MIIB MIE + IIB ... woe n HITHT G
< MIIC + TIIC FLO 02 HMIC HMOB C/IT BIT 00

Has npusciemoro swwe npumepa 1 N =05 GyxeM noayuyars
Yr=005, g =0,59049, x2=1, y»=0,34867844, x3 =15, ys=
= 0,20589114 u 1. n, '

Hporpamma 5.58. Pewenie Andgepenunaisioro ypaBuenis MoAi-
(UuEpoBaNHLIM MeTOLOM diiepa (eTOporo nopsAKa):

Yipr =i+ hf (-"1 e ’1/_2; !/;4.0,5):

Yrvo5= Y+ 0f (5 9;)/2

rae

Ly
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Booa: naunste [(x, ¥) npy x—>P0 u y—PA, ¥ = PB, yo=PC n
h = PJI, BuBoa: x;— PX = PB, yi— PY = PC.

HMIIB 110 HIIC TIA . 33 Mg X 2 ==

urnc + IMA B Unma 2 = + T10 TIIT
33 151061 G4 HIIC 4 rnc unB Mg -+ IIB
C/lt  BIT 00 .»+ JBf0

Hus pawee npuseacunoro npuMepa mmeem Xy = 0,1, yy = 0,905,
x2 = 0,2, y» = 0,819025, x5 = 0,3, ys = 0,74121763 u T .

Mpocreiiweii peannsanueii MeTof0B NPOrHoO3a H KOPPEKLHH HBJIS-
eTCs ycoBepuercTBOBaHLT Meron Diiepa — Kown, B Hem chauana
BuiuyegeTes npzlésm)x;cmloe 3llayenne

Vit =9+ 0 (x5 9;)

npoCTLIM MeToAOM Dittepa (mporos). 3ateM 0HO KOPPEKTHpYeTes C MO-
MOLLBIO (hopay it

Y=yt %" U (oo ) + 1 (e wi40) )

fporpamma 5.59. Peweuue Auddepennuansnoro ypasHEHHT ycoBep-
uiencTsosaniuimM Merogom diiepa — Kown. Bsox: naunuste f(x, y) npu
*==PB, y—PA, xo = PB, yo=PC u h = PJl, Busoa: x—>PX =
= PB, y,— PY = PC.
HIC 1A nm 29 10 Mo X Uric + IA
WIB Wi -+ B I 29 HIio - 2 -+
Umg X Hunc +4 T1C WnNB C/1 BII 00 ...
s uenonkaosauioro seiue npusepa nveem xy = 0,1, yi = 0,905,
X2 =102, y» = 0,819025, x3 = 0,3, y» = 0,74121763 u . .

Hporparpma 5.60. Pewenne audipepeniianbioro ypavienus Mero-
Eom Pyure — Kyrra 4-ro nopanka:

Yy =Y;+ (l\’l + 2K, + 2K, + £,)/6,

K, = hf (p )y Ko= hf (% nf2, y,+ K, /2)i
Ky==hf(x, 4012 g, + K2 K =hf (¥ + b v+ Ky):

Beoa: paunmie f(x, y) wpu x—-P0 u y-—-PB, 12 = PA, xy = PO,
Yo = PX (peructpi 0, A, B, C u JI sanater). Bueoa: si— PX = PO,
Yy1—~ PY = PB,
g 1nc 3 X 0o oo 84 Ijg  Imr 30
-+ I TIT 34 4 no F, MIB - 1B
T 30 3 = TIIB Mo ¢/ unB BII - 0L
UIMA WMo + 10 . = B HITA X
0y uric + 0B F, 4 4 ung B/0
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Ins ykasanuoro paHee KOHTPOJNLHOTO MpHMepa GyxeM HMETh X
=01, yi= 09048375, x» =10,2, y»= 0,81873086, x3 = 03; ys =
= 0,7408184 u T. .

B 1a6a. 5.6 nawo cpaBHenie peayJbTaToB pewlenis ypasHewus (5.34)
metonamu Jitnepa u Pynre — Kyrra. XoTsi TOMHOCT MOCJEAHEro cyuue«
CTEGHIO BLIUE, BpeMs BLIYHC/AEHNSI TakKe Bospacraer. [Toaromy, ecad
NOrpelrHoCTL  pewenis  nu(depennatbioro ypasienHs OTHOCHTENLHO
BeJKa (NOpA/Ka eANHHAN MPOLEHTOB), TO MPHMEHEHHEe Aaj(e MPOCTOrO

Meroja Jiiiepa BnosHe BO3MOXKEO (Taba. 5.6).
TaGanna 56

Meton *)

x Tounoe
dltnepa "33:';,'33", Bitaepa— Pynre— BEEHLS
npocrof posanuuft Komu yTTa

o 1 1 1 1 1

0,1 0,9 0,905 0,905 0,9048375 0,90483743

0,5 0,59049 0,60707576 0,60707578 0,6065309 0,60653064

1,0 0,34867844 0,36854008 0,368541 0,36787976 0,36787944

1,5 0,20589114 0,2237323 0,22373232 0,22313042 0,22313016

2,0 0,12157667 0,13582248 0,13582247 0,13533519 0,13533529

*) Bpems poiancaenuit YKQ3aHULIMH METOLAMH COCTapJAsieT Ha OJAHOM ware

cooTeeTcTsenHo 5, 13, 12 i 30 c.

K sorowaroseryt meropam peiiennsi AnQ(epeHHIANbHEIX ypaBHes
Hull oTHOCHTCS MeTond Azamca. B Hem mo pany npeaulecTBYIOWIHX 3Ha«
veunii y’(x) c nomouwsio noanHoma Jlarpanika BEIYHCJASETCH Ouepennoe
3HaueHHe y(x). B saBucumocTH OT uHC/Ja NPeALIECTBYIONINX 3HAYECHHIY
y’(x) mopanox meroma Axamca moxer Omrth pasamyneiM. JlocTommcTso
METOA2 — BBIYHCJICHHE OYEePeIHOro 3HAYeHHS iy TPeOyeT JHIIL OAHOTO
obpawenis K ¢ynkumi f(¥, y), 4TO S8aMETHO YCKOPSET CYeT MPH CJA0XK-
ubx f(x, y). Onnaxo meTox Azavca JulLeH BO3MOXKHOCTH <CaMOCTAPTO-
Bauisa», TaK Kak NpeABapHTeJbHO HAAO HAIITH PAA MNPEALIECTBYIOULIX
sHavennit y’(¥) KaknuMu-au60 APYTHMH METORAMIL

Mporpamma 5.61. Peainsauus meroza Azamca BTOPOrO nOpsijKa:

/
Y=Y+ 5 (30, = yi-1) 2.
Bsox: nanuse y’ =f(x, y) npn x—>PA n y—PB, (x4 4)= PA,
91 = PB, yy=PC u k= PII. Busox: xi—>PX = PA, 11—~ PY=PB.

nrm 23 HMOC XY TIC 3 X - unm /—/
X 2 = UMB <4 TIIB WMIA MIOH -+ A

C/l1  BIT 00 s ves B/0
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Pemniv ypasuenne (5.34) npu %0 =0, yo=1, tv=1u h=0,1.
Jna crapra BocmoJb3yemcsi pesyabtatoM pacuera. yy = 0,905 npm
xy=0,1, Bounciaenupii no merony OJiinepa — Komi. Hmeem Ttakxke
y(',=—y0/1:= — 1. Bgens sty aadHble, GydeM N0AydaTh 3HAYEHHS Xz
H Y;, HauHnas c i = 2, npuBefeHHsle B Taba. 5.7.

Tabnuua 57

Meton *)
Tounoe
x* —_
Ana‘zmca I\naar\lca Ap,aquca 3}{;{‘;&2:' SHAYEHUE
2/2
0 —_ —_ —_ 1 1
0,1 —_ — —_ 0,905 0,90483743
02 0,81925 —_ —_ 0,81925 0,81873072
03 0,7416125 0,74078578 — 0,7416125 0,74081822
04 0,67133313 0,6702644 0,67032315 0,67133313 0,67032004
05 0,60771379 0,60645471 0,60633567 0,60771379 0,60653064
10 0,36940619 0,36775653 0,36789008 0,36940619 0,36787944
15 0,22454802 0,22300898 0,22314117 0,22454802 0,22313016
2,0 0,13649423 0,13523351 0,13534472 0,13649423 0,13533529
e
') B]'ICMTI BLIMHCHCHIS yl(ﬂ:lﬂll"l‘.\lllll MeToflamMi H3 OJHOM wWare cocrapaser
coorneTcTenso 8, 10, 13 u 10 c.

Oporpamma 5.62. Peanusauus merofga Afamca TPETLEro Mopsuka:
4
Yipr =y + h (23y] — 1657 + 50 -2)/12.

Beon: pannwe y’ = f(x, y) npu x—P0 u y—>PA, (xo0+2h)= PO,
Y2=PA, y;=PB, y)=PC u h=PHI Busox x—PX=P0,
Yi—PY = PA,

WIC 5 X MOB IIC 1 6 K = Ll

31 33 TIB 2 3 X Ml 4+ unng X

1 2 = WIDA 4+ TIIA Wmo HMOA -+ 110

C/IT  BIT 00 4us  wve «ee ass  oes  wes B0

JIaisi KoHTpOAs STO mporpamMbl NO NPHBECHHOMY BHILE npusepy
BOCHOJNBL3YeMCs  J0NOHATENLHO peslebTaTal\ul, TOAYHCHHEMIL  METOROM
Pynre — Kyrra: y» — 0,81873086, y| = — 0,0048375 1 y=—1. Pe-
3YJILTATEl BLIUHCJAeHUiT Aaus B Ta6m 5.7. .

Mporpamma 5.63. Peanmaauus MeTOAa AzaMca 4eTBEPTOrO MOPAAKAY

’ ’
i1 =Y+ (55y; — 599}y + 37Y1-2— 9 -3)[24.
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Bson: nannue y =[x, y) npn x—>Pl u y— PO, (x0 -+ 3h) =PI,
ys =P0, yo=PA, y;=PB, y;=PCu h = PJI. Busox: xi— PX =
= P, yi— PY = PO0.
Hric /—/ 9 vid HIIB TIC 3 7 X =t
UIIA TIB 5 9 ¢l e nz I 40 TIA
5 5 X um2 + WO X 2 4
WMo 4 TI0 MIIL MIO 4 Il C/IT BII 00

vo. BJO
PesyabtaTsl BhiuNCACHNH KOHTPOABHOTO npHMepa-pewerns  (5.34)
" - 7 ’
no stoit mporpamme panw B Taba. 5.7, 3mawenns y;=-—1, 4=

= —0,904837, y£= — 0,81873086 u y3 = 0,7408184 m3siTel 13 peiweniss
nuddepennuansioro ypasrenus (5.34) meromom Pynre — Kyrtra.

Kax BuanHo na cpasmenna Ta6a. 5.6 w 5.7, metoa Aaamca maer cy-
INeCTBeRHLIl BHIIFPLI BO BpeMeHH BLIYHCJAEHHII HA OAHOM ware 0o
CPABHEHNIO C OAHOWIArOBBIMH METOAAMH AaHAJOTHYHOro mopsaka. 1o
JOCTOIHCTRO MOXKHO COUETaThb C BO3MONHOCTBIO «CAMOCTAPTOBANIIN>
OJHOLIArOBEIX METOMOB, 9TO HJWHOCTPHpPYeTCs cheayioulefl mnporpamaioif.

Hporpamma 5.64. Peannsauns KoMOHHHPOBaHHOrO Meroaa diie-
pa — Anamca. Bpoa: paunme y’ = f(x, y) npu x—>PA w y—PB,
X0 = PA, ys = PB u h = PI.'Busoa: xi>PX=PA, y.— PY = PB.

III 44 TIC TIIT 33 I 44 uric  + nrg

X 2 ~ HIo -+ IIB MDA C/IT  TIIT 44

Hrc Xy 1nc 3 X = 2 /—/ + I

33 BIT 17 HIIO X HMIOB TI10 =+ B  HIIA
WO < MHA B0 ... «o.  wee  ees wes BJD

Tlpn wanaruu xaasuin B/0 n C/I1 sra mporpamMMa cHawana Buiuie-
aser y;—>PB n _1/6 —> PC ycoBepiieHCTBOBANHHBIM  MeTOAOM  iinepa.
3arem npu saxcatin toavko kaasuun C/IT smawennst x; W Y BLIdcan-
1orest Merosom Anamca. Ecan mo xony BmiumCJeHNil Han0 CMEHUTL wiar /2,
HoBoe sHawenne /i samocnres B perderp [l m HaMuMaores (kax npi
nepsom mycke) kaasuwn B/0 u C/IT (aanee toasko C/IT). Pesyubraris
BhluHcaenuil npusesens B 1a6a. 5.7,

Tomumo onucannoro panee mMeToja mporHosa H Koppexuuu (ycosep-
LIeHCTBOBAHHOro Meroaa diepa — Kown) na  MHKPOKAJLKYJIATOPA X
TPOCTO peavin3oBaTh ABYXIAarosuii merox [6], Gasupyowniicsi ma dop-
MYJIaX nporLosa .

Urp= v+ 24 (50 4;) (5 35)
H KOPpexiiin

Y =Y+ 'g [lf (-"r» .’/1) il (~"b !/;-H)l' (5.36)

Hporpamma 5.65. Peaiansawys merona mpornosa (535) u Koppek-
win (5.36) sroporo mopsuka, Booa: panmbte y' = f(%, ¥) npu x— PB,
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y—Pl, [(x1, y1)= PO, yo = PA, x4 = PB, J.—PC uh =PI Bw-'
Bou: x;— PX = PB, yi— PY = PC.

B Mg + nB Hro Mg X 2 X HITA !

I 30 o 4 HUIrg X 2 = WIIC  TIIIT
30 1o HIIC TIA HMITI TIIC HIIB C/IT BII 00
=+ 11 B/0

Boabmenm aas crapra namnsie MOXH(UUHPOBAHNOro Meroaa diwiepa
(cM. Boiwe KonTposabublil npumep): xo =0, yo=1, xx =0,1, yy =
= 0,905, f(xy, ys) = —ys/t = —0,905 npn t=1 n h=0,1; Hamu-
Maa kaapuwn C/TT (npu nepsom nycke B/0 n C/IT) u XY, Gysem moay-
uath faumvie: x» = 0,2, y» = 0,8188, x3 = 0,3, ys = 0,740798, xs=04,
Y« = 0,67022608 u 1. A

TounocTs MeTO10B NPOrHO3a I KOPPEKUHN MOKHO HECKOJILKO MO-
BLICHTB, YTOWINB (:‘!\onu.nenbnoe 31|aueuue J,+1=!/(,:3_1 0 pe3yJbTa-

TaM BLIYHC/ICH A _;1 l, Hpy nporiose u JH_I npu Koppexuuit no opay-
Jae (6]
0)
o = [+ 2] /5. (8.37)

fMporpamma 5.66. Peasuzauua Meroga n[pOrHo3a H KOPPeKUHH C
yiouneniten pesysivrara no popmyse (5.37). Bsoa u BbLBOA cM. B 1po-
Ipamme 5.65. =

HIIB MOO -+ 1B W umao X 2 X HITA

R Tt 37 nrmo -+ ung X 2 = HIIC

ImA = 4 X Wt +- 5 -+ IIC 1T

37 110 HIC UnB C/n bI 00 IIt ... B/O

Bocnonbsopasuiich  aaa  crapta  9TOif  MPOrpaMMLl - 3HAUCHHAMI
g1 = 0,9048375 u [(xy,ys) = —0,9048375, maiinenuuiniu Meropom Pyu-
re — Kyrra, Oyaem nosyuarh caeayioutye paupbe: X2 =02, g2 =
= 08187217, x3 =03, ys= 0,7408034, x.= 04, yi= 0,67030034
HT. oA,

HC.'lQCTaTKOM BCeX ONMicaHHbIX Bbille METOJAOB fBJACTCA BO3HHKHO-
Belliie 4HCNOBOIl HeycTolfuuBOCTH pelerins npi Goabuom ware h. Tak,
npu pemewint  puddepenuransuoro ypasueuns (5.34) neyeroituusocts
Bo3iKaer npu h = t, nostomy caepyer 6parh i << v. Heycroilyusoers
UTCYTCTBYST y TAaK HA3LIBAEMBLIX HeABHLIX METO/MOB, y KOTOPLIX Jiiy Ha-
XonuTes no auayeuuio f(xy, yig:). HeraapHoe PACCMOTPEHNE ITHX cne-
LIATLHLIX METONOB BLIXOAMT 3a PaMKil A2HHOI KHHTH. OTMeTHM Jlils,
YTO coueTanie SBHOTG H HESABHOrO MeToA0B Diliepa NPHBOANT K BLpa-
JKCHHIO

Yirr = yi -+ h[Af (%, ) + (1 — DFEE 2001, (5.38)
npuuem npn A = 1 peaansyerca spHuiil meron Iiisepa, npH A=0—
Hensabil, a npn 0 < A < 1 — komMGHEIPOBAHHBIT [16]). Mpn sTOM He:
YyeToiiunBoeTh oreyrerRyer, ecan 0 << A < 0,5. Ilorpeliuoctti ABHOre 1
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HESIBHOTO METOAOB MO MOAYyMO Gau3kn (mponopurnosansust h?), Ho no
8Haky paannunbl. [Tostomy npu A=~ 0,5 umeer wecTo 3HAUHTEJbHO
MeHbIUAA MOTPEeIHOCTb, YeM y STHX METONOB, HCNOAb3YEMbIX B OTAEIb:

HOCTH.
B obmem cayusae ypasuenue (5.38) peiraerca nTepaunoniLM MeTO-

noM. ONHAKO HHOrA ero MOXKHO pPa3pelliiTh OTHOCHTEALHO Yi+s B AB:
Hom Buze. Tlpupenem nprvep.

)\ u(t),B
ey ut)s

Puc. 5.4. Muterpupyiomas RC-uenv (a) 1 npHMep pacuera ee peaxititil
Ha 3azannoe BXoaRoe BospeiicTsie (6)

Peakuns u(f) mnrerpupyomeii RC-uenn (puc. 5.4) na soaneiictnie
e(?) onpenensiercs u3 pewens AU QepenunaibHOro ypaBHenis

o T
u (1)=%’ti=_e_()t_"'

rie T = RC. Ilns takoro ypasuenusn na (5.38) mpn x=e(l) n y=u(l)

HMeeM
[e(t;) —u] Ah x (1=A)[e(t;, ) — Ui h .
T

Uiy =+ =
Paapel.uml nocjiennee )'pﬂBHCH“C OTHOCHTEeALHO iy H ﬂOJ]y‘HIM
5 _ nl—-}-[a(ti)——ul] .4h/1:+(l-—/l)e(11“)h/‘r (5:39)
EHl T+ —A)hjt - (5

Mporpamma 5.67. Buuncsenne peaxunn RC-uenn Ba BosneiictBie
e(f) KoMGHHNpOBannsIM (ABHEIM H HesBHBIM) MeTonoM Sitzepa (5.39).
Bson: naunsie e(f) npn {— PB, A = PA, to ="PB, uo = PC, h = PJI
¥ T= RC = P9. Bupoa: t;—PX, s~ PY = PC u ¢(f:) - P6.

HIIB M1 42 unec — UMNA X UMO W9 =+
I8 X wunc + 7 WNB MO + B 1I1
42 HII8 X 1 HITIA X Hurz 1

MIIA —  ums x 1 NC WIB C/it
BIERE00R A u = ava evs wws aon  "Tme. HEZ%BJO
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Tlyers Hano waiiti peaxiumio RC-uenu H& ABYXSKCHOHEHIHAMLHBLL
HMIYJIBC

elt)y="U, (e—tl-n — e~tiw),

Hlas storo B mporpaMmy BnucHBaeM (parMeHT Bhiuucaenns e(f) b
BHAe noAnporpammbl (13 = Pl, 12 = P2, Uy = P0) i

<« HMIB /—/ WMl =+ Fe* WIIB /—/ MHI2 -+ Fe*
= HI10 X

Beean wmcxommwe namume A=005, fh =0, ue=0, h=02,
Us=10, t=1, y=1 u =05, mnoayuum £ =02, u(t)=
= 0,1349188, 1. = 0,4, u(t2) = 0,44620789, ¢s = 0,6, u(fs) = 0,7910869
H T A (puc. 54,6). Eanunus namepenns f, T, T4, T2, Up ¥ @ — cexyH-
BBl H BOJBTHL

CucreMLt andepenmianbubx ypaBHeHiii nepBoil cTenedi pewaioTest
ONMHCAHHBIMIL BLIlIe MeToAamH. OCTaHOBHMCS Ha peuleHHH 9ACTO BCTpes
Haoluxes cuerem n3 Asyx angdepenuuabHEX ypaBHenuii Buaa

Y= Z—l‘é =f(x y, 2), 2’ =—Z—i—- =@ (x, Y, 2). (5.40)
Pewenne ciicrenu (5.40) npocrsiM Meroom Siiiepa CBOANTCS K BLIuMC-
JICHHAM Yfiq U 2;44 MO (popumynam Diinepa.

Niporpamma 5.68. Peanusauus npocroro meroaa diitepa misi ch-
CTCMEL M3 ABYX juihpepesumnansubiy ypasuennii Buga (5.40). Beoa: nams
nsie f(x, y, 2) u @(x, y, 2) npu x— PA, y—PB u z—PC, xo = PA,
Y= PB, 29 = PC u h = P[. Busox: x—PX = PA, yi—PY =PB
H z;— PC.

« e ... MOO X MOB 4+ TI0
... Hng X urc -+
NC WMo 1MB MOA Mg -+ nAa  ¢/m BII 00

Ave s o

Moauduunposannuii amerox Ditiepa (BTOpOro HOpsAKa) IS CH-

- erenst (5.40) peanmayercs BhlpaNKeHHsMi

. h o
-'/t+l=.’/i+—l2ii(x,-, U zi)v yi+l=”l+hf (x, 20 Yitn zi).

e It .
2=z ’*‘%‘P(xz- Y 21)s Zpg1 =2+ (x‘-{— v Ub z,H)
Il citenyioweit mporpamMmoir. o ARAEN .

Tiporpamma 5.69. Peasnsauis MoanduIipoBarnoro metona iiiepa
nan cherenst (5.40), Brog: mamusie f(x, 4, 2) 1 9%, U, z) npu x— PO,
y—PA n z—PC, /2 = P9, xo = PO, yo=PA = PB, 2o =PC =
= PI. Bzpos: % — PX = PO, y;—~PY = PA u 2~ PC.

Oom 24 X 9 F3y MIO + [0 IMT 24
XY = 19 W0+ 0 MrcC Iy MMOA TB
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Wrio C/im BN 0] S35 e
HI9 X HIIB + I11
Hrs X ung 4 TIC  MIIl TIA 2 ur9 B/0
Jlast npoBepKH ABYX TOCHEAHHX NpOrpaMi peunM cictemy Andde-
PCHUNATBHKX YpaBHERHI
du g e (mn )L
dx =2 dx - \x )z =¥

onpenensiomux Tabyanposasrsie Gynkunn Becceas n-ro mopsaka 1524
G]. TIpu 1/2 = 0,025, n = 1, xo = 0,2, yo = 0,09950083 1 20 = 0,49235
GyneM nojyyaTs Aauliile, NpHBeACHHEIE B Ta6a. 5.8 (mambl BLIGOPOYHO).

TaGanua 58

Meron
§ Tounoe peureHne
&1 \ Bhaepa 1 y(X)=1(x
npocroft Mo diunposanbil
0,2 0,09950083 0,09950083 0,09950083
03 0,14855151 0,14832009 0,14831881
© 04 0,19667502 0,19603182 2657
0,5 0,24350396 0,2422791
1 0,44633959 0,44008729
2 0,59549752 0,57669725 0,576
4 ~0,074593343 —0,06631331 —0,066014332
45 -0,25419072 —0,23126802 —0,231060431

Juddepenunansubie ypaBHCHHS 7-TO NOPAAKA CBOAATCA K CHCTE-
MaM M3 n ypﬂﬂli(}llllﬁ NEepBoro Nopsiika, KOTopble peUmaloTes onucanuL -
MH BRUUE Merojamu (cM. mpuaoxcenne 3 i [29]).

5.11. Cnexktpaabnblii ananns

HepHOAH‘lQCKElﬁ (b)’l”(llllﬂ, 3aBHcAmAan oOT Bpemenn, ¢ neproaoM
T —y(t), ynoBnersopsio:man ycaosuam Hupnxae [I, 2], moxer Gutb
pasnoxena B pin dypse

m
a,
v ()= 70-—{— Z (an cos nwyt + b, sin na,t) (5.41)
te
i ¢
m
a
y(t)= 70‘ S Z Ap cos (nat — @), (5.42)

n=

TAe 7 — HOMEp rapMOHNKY, @y = 27, — yrnopas wactova mOBTODEHINS,
fi— uactora nosropeiis nepBON rapPMOUNKN, @o, x u by — KOSDOHIL-
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cntil papa ®@ypee. Tounoe npejcTasienue y(#) BO3MOXHO NPH M —- 0,
OHAKO Ha MpakTHKe OGLIYHO HCNOAL3YIOTCS YKOpOUeHHble psaabn Dypoe
C KOHEYHBIM 3HAYeHHeM 77,

Mporpamma 5.70. Boiuncaenue y(f) mo pasaoxenuio B pag Pypse
541) ¢ m<6. Bsom: ao= as= P0=P6; by+ bs=P7= P9
by + bg = PA + PC, /T = PX. Ilpu cmene {/T ounulaercs onepaiuoi-
bl 6ok (namarnem kaasmn Cx 444) u meoawutcsn nosoe anauenwue (/7.
Tepexmouaren P — I yeranasausaercs B nojioxenne P,

Fa X 2 G ng 4 Fcos MIII X XY

Fsin MI7 X TG UITO X 4 F cos
U2 X XY Fsin HI8 X 4 4+ 3 WTI,
X 4 Feos U3 X Xy Fsin U9 X -4
=+ [4 151901 D¢ A Fcos MIT4 X XY F sin
Hnma X+ + 5 WO X 4 Fcos HIIB
X XY Fsin HIOB X + + 6 UNa X

A Fcos M6 X XY Fsin MIOC X +]
Humo 2 = g

C/I1 B 00

Ecnn nac mutepecyer Ttomsko Qopma y(f), TO wien ao/2 MOKeT

Guthb oTGpouwen, Torna pernerp 0 MOXKHO HCHOJBL3OBATL AJs1 BhIUHCIE-

HHS HOMEpOB rapmonnk n =1, 2, ..., m (m << G) n opraHusauniy Koc-

BEHHON ajipecalltn phi3osa a, n b, u3 perucrpoB namsatH. Menoansona-
Hie KBaApaTHLIX CKOGOK 0GBLACHSCTCA B omucamun nporpammbr 5.71.

: Mporpamma 5.71. Bruncaenie y(f) no pasaoxenuio B paa Pypoe
(5.41) Ges unena ao/2. Broa: ay == Pl, by = P2, ,.., as = P9, by =
= PA, a5 = PB, by = PC (snopsress o5Q(UUUEHTH 10 @n; bnm BKiO-
UHTeAbHO), m = PX u /T = PX. TMpu  uamenenun #/T nosropacres
BBOA TONBKO m u t/T. Tlepekaiouarens P — I B nosoxenun P.

2 T ] + 110 0 C/TT  Fn >
2 X nm o A XY UIg  MIo 1 —_
2 + X 4 Fsin  KWUIO X XY Fcos KWITO
A+ + HIo 1 — Fx=0 15 XY C/I1
Bl o0 . 5

Tas

KONTPOMs STHX TPOrpaMy BHlulc/iM aHaueHue psga (541)
npR m = 3 u cacaylommux aaunbix: @ = 0, @, = —528, a3 =0, a; =
= 5,1, by = 253, b, = 0 4 bs = 3,47. Tax xax m = 3 < 6, T0 M3 upo-
rpaMMel 5.70 MOXNO MCKIIOUHTL (PPATMEHT, SAKMOUEHHBIE B KBaApaTHuie
ckoGkn. Beepa koadpuuentst a,, b, ¢ momowpn nporpamm 570 i
571, Gymem moayuath caeayowme suauenns y({/T): y(1/24) =
=17,6562347, y(8/24) =29,625443, y(13/24) =—7,65662351, y(20/24) ==
= —20,625444 u 1. 1. Bpems cuera oxoJso 32 c.

Mporpamma 5.72. Buuncaene y(/) no pasnoxeunno (542) Ges
. wiena ap/2. Beoa: A, =PI, ¢ = P2, ..., As = P9, g5 = PA, Ay =
= PB, g = PC (usopsaresn Ax'u @n 20 An U Pn BRJOUHTENBLLO), 1l ==
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= PX u #/T = PX. IMpu usmeuennu /T mOBTOPSETCA BBOA TONLKO Ik

a lT.
t 2 X 1 4+ II0 0 C/M Fn X
2 X 0o 0 4 XY Hmg HAm 1 —
2 + X KWAI0 — Fcos KUIO X -+ HIO
1 — Fx=0 15 XY ¢/ BII 00

= A = 0 Q2 = Q
Tpuvep: ans Ay = 259, @i = —0,203 paz,
As= l:s s = 0,973 pan, ssogs m = 3 u pasupte /T, Gysem moayuath

¥ (0) = 28,745108, y(1/24) = 29,047034, y/(3/24) = 15,364754,
y(7/24) = —12,728526 n 1. n.
TIpn meenejoBamui cHeTeM € MaJioff HeIMHEMHOCTBIO 3aBHCHMOCTII

y(¥), rme x—BxoamOe BOsxeiicTBHEe B BHAE TAaPMOHHUECKOrO CHIHAIA
X=yx, cos o + Xg» NPUMEHSETCS METOA NATH OpAHHAT [6—8]. C ero
TOMONIBIO TIO TATH opAunaram y(x)
(puc. 5.5) onpemensiioTest cpejiee
SHAYCHHE [p M AMINIHTYIBI nCpBle
4-x rapmonnk 3sasmcumoctn  y(f):
Yo = [(41 -+ y6) + 2 (42 + y)1/6,
Y =[(11 — ys) + (ya — y)1/3,
Yo =41 + y5)/2 — y5)/2,
z Yo = — (42 — y4)1/2,
Ty C0SQE+ 2 Yua = Y2 — Yo+ Use
0t Koshpuunenr nennefinpix 1e-
KazKenHit

Puc. 5.5. Mnaoerpanns « me-
TORY TATH OPAHHAT >
S P '\/-/\x +Jn3+“u4/»/ul'

HOporpamma 5.78. Peamnaauns Meroma msitis opauuat. Beox: y,= P9,
Y2 =PA, ys = PB, y. = PC 1 ys==PJI. Busox: 4 Yo PO, Vit + yur—
=Pl <+ P4, K. — PX.

HIIA HIC -+ 2 X Hre ung  + ITs =
6 = 110 ume unm — I18 WITA  HIIC —
-+ 3 = IT1 Hile 2 = HIB — 2
= I12 Fx?* HII1 HIMA — urc + 2 =
I3 Fx* -+ HIi2 Mrio — HIIB 4 T4 F.

+ F4 um =+ ¢

Iycrs 3aBucusocrs Ue (Us) xackana ma mousonm MUOTI-rpansucro-
pe sapama snavemasyi: 46,6(1); 38,9(3,5); 32(6); 26(8,5) n 21(11)
npuges Ug == Ues =1, =~ Ys. Beeas stu 3mauenns, nonyuum Kp =;
= 7,0177955-10-2,  yo=Uso = 32,9 B, y = Ucsa = 12,833333 B,
Yuz = Ucuz = 0,9 B, yus = Ucys = —0,0333335 B, yus = Ucyy = 0.

Ecmn neaupefinas fynxnus y(x) upH BOBACHCTBHH X == X €OS O
sajata 12-10 OpAHHATAMH, To KOIDQUUUEHTE Ag/2, ay u ba paxa (541),
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MOryT GLITh onmpenenenh MeTOAOM 12 OpaHHAT MO cAeayiouteli MeTOMH<

ke [1]:

1. 3anuceiBaem 12 opaunat yukmwin y(f) @ onpesesses MNOUNEHHO

UX CyMMb! S; H PasHOCTH MO cXeme:

y1=P1  y,=P2
112=PC  yy=PB p,;=PA

y5=P3 y,=P4 y;=P5 y,=P6
ys=P9 ys =P8

Yy ="P17

sp>PC 5Pl s;-+P2

s3—>P3 s4>P4 s5-—>P5 s¢->P6

d\—>PB  d,>PA d;—>P9 dy—»>P8 ds—P7

2. Buuncasem cymmm 0 u passocta §; 10 cxeme:

So s

Sa S3
Sg Ss S
gp—>PC ¢, ->Pl 06,->P2 a3—>P3
0, -»P6 8, —»P5 8, P4

3. Buuneasen cymmm 0y 1 passocTn 1 no cxeme:

dy dy ds

ds dy

0, - PB 0, —+PA 05->P9
M =>P7 1> P8

4. Haxonnw snawenus xosduuuenton by = bs, G = @s u SHauerue

2ag 10 hopmynam:
by — 0124 0:+6,4/3/2
= ;
by 1+ M2) VB2
g Tn

bz:@

by = 4—23 (M — )

by D112 48— 8, /32
b——ﬁ———_'

2a,

g+ 02+ 01403,
o/ =i 1o~

82/2 + 80+ 01 V/3/2
o e

o — 02/2+ 01/2— 03 |
=-———6'—‘_'r

8y — 02,
ay=———}

Gy —03/2—01/2+0a,
= - :

as = 6 L

= 6

-34 peanu-
OTH pacueTHl HA MHKDOKAJbLKYJISTOPE DJEKTPOHIKA Rty
3YI0TCs ABYMsl COMVIACOBAHULIMH NPOrpamMmami.
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Nporpamma 5.74, a. IoarotoBka MAHHEIX AJ1A pacuera METOAOM -
12 opaunar. Beoa: yy =+ yi2 = P1 +PC.

WMl WOB — IIB WOl FBx -+ Il HO2 HIIA
— @A WM2 FBx + T2 M3 MI9 — 9
WUN3 FBx -+ I3 M4 M8 — 18 M4 FBr
+ 4 M6 MMO7 — @7 WM FBx + I3
WMC U6 — I6  WIC FBx +  IIC Ml HIIS
— 5 WOl FBrx + M1 W2 HO4 — T4
W2 FBx + M2 WMB M7 — @7 WIB FBx
4+ TIIB MIOA MO8 — 8 HIA FBrx + [A
3 F4 2 = JHugse B e

B xonue 370it mporpamMmbl 3Hauenue 1/3/2 sanocutes 8 perucrp [T,
a4 HAa HHAWKALIHIO BHIBOAHUTCH uutppa 2, YKaspiBaiolas Ha OKOHuaHHC
BBUYHC/ICHHIT 1 e0GXOAUMOCTL BBOAA BTOPOIT MPOrpaMmel,

Puc. 5.6. Hamocrpauus k meroay Bepra

Mporpamma 5.74, 6. Pacuer by =+ bs, ao =+ as u 2as.

HOB 2 = Ume -+ 10 HMIOA MO X e
I 92 W7 MAS 4 HOO X - 92 WIB
U9 I 91 HI7 M8 — IO X I 92
MIT0 HMIOA MO X T 91 HIIC WM + 9
Wl M3 -+ nms + 2 = om - 92 MITA
2 = M6 4+ [I7 HIB WO X A+
- 92 HUIIC W2 2 = = B M 2
= W3 — nm -+ Im 92 W6  MI4 I
9l WUMB MWL TIT 91 M7 MIOA TII 91 15106
HII8 — 6 =~ C/ll B0



Mycts y = f(x) samana caenyomumn opaunatamn [1: y =1,
2=4 ys=25, ys =4, ys =3, Y5 =235, Y1 =235, Ys =3, Y= 1,
Y10 =05, yu =02 n y2=0. Pacuer no nporpamme 574,a naer
O =35 01=177 0a=115 03=06, 0,=03, 0, =45 0;=4,
8y = —3,5, 6, =—53, 62=—25, 1 =13 1 N =25 Pacuer no
nporpamye 574,6 naer by = 1,3411857, b, = 0,54848275, by —
= —6,1666666, b = —0,17320508, b5 = 0,042147616, as = 2,3916666,
a4 = —1,55665657, @ = —0,78333333, a3 = —0,16666666, as =
= —0,016666666, a5 = —0,026677566 u 2as = 0,21666666. Nanuue
BLIYICJGHHN 1O 3THM nporpaMyam n npusenennsle B [1] moanoeTbio
copnanaior, OTmerum, uro o6Go3Hauenus a, u b, 8 [1] coorsererByior
Ya 1 an, npussTem B (5.41).

Yacto wesnueiinan Qynkuns y = f(x) moxer GHITb NpeacTaBJera
uByMsi orpeskamu npamblx (pue. 5.6). Toraa jeiicTByiomas uacTh BXOA~
BOro Bo3peicTons

X (1) = xy cos 0f + Xp
Kﬂpﬂl('lcl‘ll]ye'f\lﬂ yriiom orceukn
0 = arccos [(xo — Xo)/xu].

CrexTp BLIXOANLIX KOCHIYCONZAALHLIX FMMYJALCOB AN STOrQ caydas
suiuneaen DBeprom [6—8] u sajaercsi OTHOCHTENbLHBIMH CPeAHHM 3Haue-
HHEM o U AMINTYNANME PapMOHHK:

Yo sin0 —0 cos 6 5 Um1 6 — sin B cos O
T Uy w(l—cosB) ' “=Tyy T m(1—cos0) *
ay — Yun 2 sin n0 cos 0 — n cos n - sin O
p=ML 2, L,

Y 7 n (n? — 1) (1 — cos 0)

Mporpamma 5.75. Pacuer wos(uuuentos oo, @ n ¢ Bepra. Bsom
n u 0 (b rpaxycax) s perucrp X. Iepexmoyarens P—T B nonoe-
unn P,

M ¢/m Fx X 1 8§ 0 = 9 Fcos
n7z 1 — Frt X . T8 MI0 Fr=0 28 MIIY
Hnz X WUM9 Fsin — M8 —+ B/0  MII0 Fx?
1 — I15 Fx=0 44 WI9 Fsin MII7 X  HII9
—_ Hrig = B/0 U0 MImo X Fcos MII9 F sin
X v x MII0 M9 X Fsin MW7 X —

2 X M5 =+ WIo = M8 =+ B/0

Haiinen o npn 0 = 30°, Boeaa n = 0 = PX, a sarem 0 = 30 =
= PX, nbayumu  «g(30)= 0,11059842. Ananoruuno:  co(90)=
== 0,31830985; z, (30) = 0,21522308; 2(90) = 0,2122066 1 7. A.

e
<
4



B o6uen cayaae mis Gyrkmin y(£), MpeACTAaBJCHHON PALOM Dypse
(6.41), xoaduunents a, u b, onpeneasiorcs sbipazcenusivMa [6—8):

T
a, =-%- S y (#) cos nwqt dt (5.43)
0
5
T
bn= % ‘ y (t) sin noyf dE. (5.44)
0

HOas psana (5.41)
An (©) = Vag @F + bn (@) (5.49)
oUpCAesieT aMIINTY/I0-4acTOTHYI0 XapakTepeTuky crextpa (AUX), a
(Pn.(ﬁ)) = — arctg [bn (0)/an (0)] (5.46)

faso-uactoTHylo xapakrepuernky (®UX). Otmernm, uaro 3mece © =
= 2nf = 2nnfs = 2nn|T. :

Eean dynkuusa y(f) sanana N opausaramu ¢ ¢ pasGiennes rnepuo-
as T'=1/f, na pasnsie oTpesks Bpemenn Af, TO AJS YHCJIGHHOIO MHH-
Terpiposanns  (5.43) u (5.44) MOMHO HCMONB30BATE METOJ MPAMOST
yiuauiukos, Toraa Gynem nMetb

N
2 . o
an=r Z y; cos 2nnfii A€, (5.47)
=1
g &
bu=— z vy sin 2nfyi A, (5.48)
i=l

Ecan y({) — wencpuonnueckan GyHKUus, Onpene’enuas Ha goned-

HOM Hutepsase ppemenn [0, fo], T0 ona Xapaxtepuayeres cnexrpdasiold
DJI0THOCTBIO

S (j0) = S (0) + 16 (0) = S (o) &/ ), (5.49)
rre
fy
S (0) = S u (£) cos ot dt, (5.50)
(::
S5 (@) =J u (f) sino df, (551)
[}
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Huverpnposanne (550) m (5.51) MeTomoM npAMOYrONBANKOB ¢
yuetom yeaosus fy = NAf paer

N

Sp= At Z 3 cos (2af Atd), (5.52)
i=l
N

So= At Z g sin (2af Ati), (5.53)
i=1

Cpasnuban (552) ¢ (547) u (553) ¢ (5.48), nerpyano. 3aMeTHTS,
W10 npu [ = nf,

N
Se _ anN _ 3
AT— 5= Zl Y, cos (2nfi At), (5.54)
=
S bnN ud
LIS (/e i [ At). 2
For=h ‘Zl Y, sin (2xfi Af) (5.55)

9T cooTHOWENIA N03BONNOT CTPOHTH eAHHEE OPOrPaMME Creks
TPAJILHOrO aHaJH3a Kak TNepHoOAHYeCKHX, TaK H HENnepHOAHYECKHX q)ylll(-
uuil y(f). Nocse onpenenenns (5.54) u (5.55) maxonutesn AUX cnexrpa

S _An(DN _ VS (P +S: 1 (5.56)
At 2 At

n GYX
9 (f) = aretg [Ss (/Sc (D] (5.57)
st ynoGersa BulukcieHuii NPOrpasMbl CHEKTPAILHOTO aHAJH3A
CTPOsITCA Tak, yroOhl 1O Mepe BBOAA Y HHAHLUPOBAJICS HOMEP i opau=-
Hatul yi. Kpose Toro, ecun Haunpas ¢ HEKOTOPOro HoMepa i >> fu OpJH=
Hate 4 = 0, caepyeT npefycMOTPeTh BO3MONKHOCTb HpPepHIBAHHA BH-
Yicaen il
- TMporpamma 5.76. Cnextpanbhuiii ananus. Bsoa: Al = PA, iu = PB,
[ =PX u (nocse naxarus xaasum B/0 u C/IT n Bh[l)cncll;l-lBaHHﬂ und-
b 1) yi, ya, ..., yu B persictp X. INepexmouaress P—TI' 8 moJoxce-
an L.JBano,u: S i Pxp_—_. PG,p ¢—PY = P7, NA;/2— P8, NAJ2—+
— P9,

I8
Fn = X 2 X WIOA X Imc o I ’
19 KWMme Wme C/I1 M7 WUIC WI6 X 115 Fsin
X Wm8 4 {8 M5 Feos M7 X - HIO +

N9 WNB U6 — Fx=0 11 Wr8 Wr9 =  Farclg
1 8 ol VTS Fn = [II7 WI8 Fx?
WUI9 Fx? 4+ F4 HMmA X 16 ¢ Bl 00

Buuycany S(f) 8 @(f) ans mpsMOYroibHOrO HUMIYJbca € aMmii-
TyNON, pasnofi 1 (ycnoBHas eAHHHNA), AJHTENLHOCTLIC 1 MKC H OEpHOs
Aom moBTOpenusn I =4 MKC. Bass N = 32, y: 3ajaeM BOCEMbIO enu-

127



-\ ool

HHYHLIMI OTCYeTaMH (ocTanbHbte HyJensle). Beomuy Af = 4.10-¢/32 c=|
= 0,125-10-% ¢ = PA, iu = 8 = PB u uacrory f = 2,5-10% 'y = PX.
Haxas kaasuwy B/0 u C/I1, nomyunum Ha HEAuKAaTOpe Lugpy 1, yka-
SHBAIOWYI0 Ha HEOGXONHMOCTb BBOAA NepBOro 3uaueHusi yr= Y= L
Boeas y, = 1, waxivaem knasumy C/IT u mocje o0paGOTKH NEepBOro
oTeuera (sa mpeMa okono 10 c) mosaywHM Ha HHAHKaTOpe UH(PY 2
1 7. 1. [Mocsie BBOAA mOC/EAHErO HEHYJEBOrO OTcyeTa s = 1 mporpasma
aBTOMaTHuecKy mepexoanT Kk suunciaenmo S = 9,0176423-10-7, ¢ =
= —50,624991°, Nb/2 = 5,5765853 (pumiseiBaeTcss H3 peructpa 8) u
Na/2 = 4,5765856 (BniwiBaercss u3 pericrpa 9).

Huoraa aas mepuomnveckux ¢ynkuuii y(f) ymoduo ucnoibLoBarh
pasiiokenue B pag Pypse o cuuycaM'

y ()= A, + Z Ap sin(2nntT +x)- (5:68)

n=

Hasn Takoro psta npu Al = T/N

N N
1 2 ' -
°=WZ,J,, Asn=7v-zly, sin (2ani/N),

i=1 i=

N
2 —_—
Acn =) grcos @unilN), A,=AlAZ, + AZ,,
i=1
Qn = arelg (Aca/Asn).

Mporpamma 5.77. Boiuucrenie koddpuuuentos psaga dypoe (5.58).

Beog: ¥ = PB, n, g1, ¥, ..., yv 8 perictp X. Buigog: Ay —+PX=P3,
@n (b rpanycax) - PY = P4, ¢, (8 pamnanax) = P5, Asn— PG, Ay —
—P7, AN/2—P8 u AN/2—P9. TMepexmovatess P—T p nonoe-
iy P,
TTA 0 6 Mg I9 WA Fr=0 25 KH6 Mrie
C/iT  HI8 + I8 HIIB M6 — Fx =008 HIT8
M8 -+~ C/IT  BIL- 00 2 X Frn ¥ UIB
= IMA KHIT6 UIT6 C/IT I HITA HII6 X nc

Fsin X Hrig -+ 118 WD HIOC Fcos X HI1

-+ Yy HIOB HI6 — Fx=0 32 HIT9 MI8 =
ra.cra ns i 8 0 ¢ Fn = 4 urs
2 X HIB = 6  Fx? HE9" 2 - X uns
= 7 Fx* 4+ T4/ I3 BIT 22

ITyets wano maiiTn cnexrpaivublii cocras dynxuun  y(f), npen-

crapaeunoit na puc. 57 npu n < 3. IMockoabky g y(f) cummerpiuuna or-
Hocuteabno ocx abeuiee, T0 Ay = 0 i A, = 0. Cienosareisuo, mocra-
Touno maitd Ay, Ay, ¢ u @ Sagaguym y(f) upn N = 24 toibKO N0~
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JIOXHUTENIHLIME - OpAHHATAMIL: ¢y =7, =11, gy =135, y; = 154,
ys = 17,4, ys=20,5, y; =254, ys=325, yo=277, yo— 192,
Yyn=10 8 y2=0. Beena N =24 =PB un=1= PX, mamknsmacs
kaasuiy C/T1. Bucseunpaeten mudpa 1, ykaasBaiomas Ha HeoGXOni-
Mocth BBona yi. Bsoaum, yi =7 = PX, nasumaem kaasuwy C/I
# 1. 1 Ilocne BBona yi; = 0 u maxarus waasume C/I1 sbicBequsaercs
uieao 13. Tenepn npepniBaem 88oa, 3a-
aaem N/2=12=PB u naxumaem yL
kaasuwn BI1 57 C/IL IMoayunm A, = 30
= 25,836556, maxas xiasuwy XY, mo- 20
aysns @=—11,407519°. Kpome Toro, 4gf

H3 DErHCTPOB, YKA3IAHHBIX B HHCTPYKLHH /2 Tt
K nporpamse, noayunym ¢, =—0,1990988 0 z 2w ot
paxa, Ay = 25326161, Ay = -10 }-

=—"5,1101083, A,N/2 = 151,95697 u

AaN/2 = —30,66065. -0F

Ilposeas  anasoruunsie  aeiictsus -0
Aas n o= 3, uonyunm Az = 6,1575834,
93 = 56,131231°, s = 0,9796748 pagn, Puc. 5.7. 3asucumocts y (1)
Ass = 3,431579, Ay = 5,11274186,

AsN[2 = 20,58945, AgN/2 = 30,67645. [Tonyuennsle peayabTaThl mpak-
THYSCKH aiasorHunsl npusegenisM 8 [15], oTTyna B3aT mannsii apusep.

Ipn nenosvsosanun nporpamy 5.76 i 5.77 yceuenusiit m << 2V aie-
uamu pan Oypbe naer npabmmkenne K y(f) ¢ MHUHHMAAbHON cpexue-
lmaupanmecxoﬁ NnorpelHocThio, OHH"IKO aTa norpeumpcrb 3HAYHTEJbHA
B Cuay AByx opHunH: Qyskuus y(f) TpakTyercs Kak pewleryards Hm His
Terpuposaiie soipaxenuii (5.43) n (5.44), comepxalux GLICTPOOCIHI-
JIHPYIOULHE MHOMKHTEJH, MeTOAOM ﬂpﬂMOer.’lbllHKOD COUpsIAKeHo C 60.15-
WiHMHE NOrpeurHOCTAMEH.

JLisi 1OBLIIEHHA TOYHOCTH CHEKTPaJbHOrO aHA/IH3A Uesecoo6pasHo
annpoKcHMHpoBaTh y(f) crynesyartoii JHHHell H CMECTHTh ee Ha moJo-
siHy mara Af, poGasus Af/2 x Texyuemy spemeni. Kpome Toro, moxuo
puuyeants uuterpadsl 8 (5.43) u (5.44) una KaxcAOM OTpeske Mo TOY-
HBIM  @HAJINTHYECKHM xpopmy.vlam. TﬂK, AN A, B STOM cJayuae noJayyuM

Bbipaxenie
N L At
2 At At
au=gig e | esfomon (¢4 ) e [ (¢ 4 1))

i=1 tt=1) At

[Mocsie apanUTHUCCKOro BBIYHC/AGHHA UHTErpaja HAXOAHM OKO AY3

TebHO (8]:

N
Se _ anN _(W_“M) Z: cos @nnfi A (559) °
_E__._Q_ = . A i I_/1 ( fl ) ( j

* 5 B.IL [duaxoxos 129



Ananoruuno (5.59) noayunm

N
%j—= b';N = (%) 3"y sin 2nnfy Ati). (5.60)
i=1

Or (5.43) u (5.44) dopmyms (5.59) m (5.60) oramuaioTcn HafH-
9HEM KODPeKTHPYIOIIEro MHOXKHTEJS, CYMEeCTBeHHO MOBLIUAIOMEro TOYs
HOCTb BEIMHCJEHHA @4 B Dp.

IMoBTOpHOE yMHOMeEHHE Ha KOPPeKTHPYIOUIHii MHOMCHTENb COOTBET=
CTBYET KYyCOYHO-JIHHEHHOl annpokcamaunn y(f).

Nporpamma 65.78. CnekTpavbHbll aHAJH3 NOBLILEHHOI TOYHOCTH
BhiuHC/eHneM a, B b, no dopmynam (5.59) m (5.60). Beom: At = PA,
iy = PB, [ = PX (nocie naxatus xaasumw B/0 u C/IT u BhicBeuHBAHHA
uudps 1) g1, Y2, ..., yu B peruerp X. INepexmouaress P—T s nouo-
wernn P. Bupox: S(f)— PX = PO, 4.(f)—P7, ¢(f)—P8 (s paaua-
nax), @(f) >~P9 = PY (8 rpamycax), mfAf—PC, sin nfAt/nfAt—rP4,
Nb/2—P5, Na/2—P6, neckoppexThpopauHse 3Hauenns Nb/2—Pl,
Na/2 — P2.

Fn X HUIA X rnc 0 116 It 112 KHII6

WIe C/I1 IIg WIe HMIOC X 2 X 13 F sin
38 um  + m I3 Fcos MITH X urz +4-

2 MIIB MII6 — Fx=0 09 MIC Fsin UIIC =
I4 Ml X I5 Fx®  UMN2 W4 X TII6 Fi?
4+ F4/ 07 HUOA X [0 HWI5 HI6 -  Faretg
A /= T8 1 8 0 X Fzx -+ 19

UIio C/rm  BII 00

Onucannufi METOZ CHeKTPaNbHOrO aHaJf3a MOBHIUICHHON TOYHOCTH
JaeT BecbMa Majiylo NOTPelHOCTh OCOGeHHO B TOM cJyuae, KOTAa cTy-
NeHyarTas annpoxcHMauusa y(f) TouHa, HampHMep, NpPH BBHIYHCACHHH CHEKT-
pa mpsIMOYTOJILHBIX HMIYJbeOB. Tak, il npHMepa, NPHBEIeHHOro K mpo-
rpamme 5.76, BeuncaeRHs no nporpamme 5.78 mpu f = 2,5-10° 'y naior
S(f) = 9,0031637-10~7, q@(f) = —50,624991° (—0,8835728  pan),
Ai(f) = 7,202531, aN/2 = 4,5692374, bN/2 = 5,5676318 (neckoppexTit-
posanHbie sHauenns pasHel 4,5765854 u 5,56765854, KoppekTHpYyIOLLHit
muoxurens pasen 0,99835443). M3 ta6n. 5.9 Bmauo, uTo morpewHocTh
suayenus S(f) ne npessimaer 1-10-7.

Hepnocratkom nporpamy 5.76 < 5.78 spisercs HeoGXOANMOCTH NoO-
BTOPHOr0 BBOJA BCeX OPAMHAT y; NMpH cMeHe n man . Kpome Toro, naxe
npH iy = 10 Bpena puuncnenns S(f) u @(f) sHaunTensHo — okono 2—
3 mun. Ipn & << 10 MOXKHO oprannsoBaTh 3aNOMHHAHHe ¥; B perucr-
pax naMmATH, HCNOJAb3Ys KOCBCHHYIO AAPECalHio K HHM, — CM. OPHMEp
Hinke. Y wmukpoxanbkyasrtopoB TI-58C/59 ¢ GombIIEM YHCJOM perHcr-
poB NAMATH MOXHO OpramnsoBath sanomunauue 10 30 um Gomee
{y TI-59) orcueToB Y, 4TO HCKAIO4aET HEOOXOAHMOCTE HX HOBTOPHOIO
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TaGauuna 59

‘Zav;(rlz_):a f sth o anuog (afn;uenue
250 9,0031637.10~7 —50,624991° 9,0031632-10—7
500 6,366193 +10~7 78,750007° 6,3661977:10~7
750 3,0010541.10~7 28,124997° 3,0010544.10~7
1000 1,5835548.10—14 - 0

1250 1,8006325-10=7 T —73,124981° 1,8006326-10~7

BBOAA, Takoe uHC/IO OTCYETOB AOCTATOYHO VA GOJBIUHHCTBA MpAKTH-
YeCKHX 3ajau,

BaztupiM npujioXeHHeM CNEKTPaibHOTO aHANH3A SBJAETCA pacue?
AYX n OUX jmneiibiX CHCTeM MO HX NEPEXOAHEIM XapaKTeDHCTHKAM

—

CHMaUuA

1
1
|
{
!
1
L]
L,

2 bz by U5 g T €
Puc. 5.8. K annpoxcumauuu a(f)

(TX), sagannpM B KoneyHoM muTepBane Bpemenn [0, Zo], CBilab X a(ty
¢ AUX u QUX paercs H3BECTHBIMH BHPaXKEHHSMH

A (jo) = a (0) + Ac (0) + j4s (@), (5.61)

i to
A (0) = S a’ (t) cos ot dt, (5.62)

1’,
As (0) = S o’ (t) sin of d, (5.63)

0

A()) =AA (D + 45 (D% (5.64)
@ (f) = arctg [4s (F)/Ac (D] (5.65)

Jlas nOBHILICHHS TOUHOCTH BEIYHCAEHHN 3aMeHEM a’(f) crynmeHuarof
KpHBOII, cMemenKOl Bo Bpemeni Ha —A#/2, D10 o3nauaeT, uT0 X a(t)
annpoKcmMupyercs Kycouno-minelinoit dyuxunet — puc. 5.8, Ilpu srom
B npezeJax KaXXZOro OTpe3ka BpeMeHH

)~ Aa (t) ) a,—a;_; .
At

DX 131

(5.66)




\
Bocnonb3yeMess OMHCAHHEIM  BhIllEe TPHEMOM = HHTErPHPOBAHHEM
(5.62) n (5.63) B npejesax KaxAOro ara N0 TOYHBIM AHAJHTHYECKHM
opmyaam. Torna Gynem umethb [8]:

Ao =T AL Z(” a,_)cosmf A @i—1),  (67)

As ()= 5'";’;' Z(a a, ) sinafAF@i—1).  (5.68)
i=l

JIlnsi MHKPOKaNbLKYNATOPOB DaeKkTpornka B3-34 o6beM namaTi 103«
BOJsieT 3anoMuHaTh A0 11 suavenuit a; (Tpm OCTAaBlWIHXCA. perucTpa He-
NO/B3YIOTCS KaK cyKeGuble). Broxa u BEIBOA @; B mpouecce BHUHCEHHI
JUIS YNPOMIEHHN MPOrpaMMbl Le/ecoo6pasHo OpPraHH3OBaThb € MOMOULBIO
KOCBeHHON . anpecanns.

NMporpamma 5.79. Pacuer AUX u ®UX no IIX, sagaunoit 11-10 op-
nuratamu. Beom: ajo = PY, ag, as, ..., ao, [At B pernctp X. Ilepe-
kmouarens P —TI B nonaxenun P. Tpu cmene fA¢ nocne pacuera A(f),
# @(f) BBOAMTCS TOJIBKO HOBOe SHaueHHe [Af.

1 1 - T10 XY ¢m — K10 FBx MII0 1

— Fx=0 03 C/Mm Fn X B 1 1 10
0 Tic nn Urio 1 — 2 X1 —
WIIB X A Fsin XY Fecos KHUIIO XY FBx X
Hrnc + rc F, X U + M Mmoo 1

— Fx=0 23 HIIC Fx? HIIO Fx? + F+/ HIB
- UIMB  F sin X C/IT HIIC Fx<0 70 1 8

0 110 MIIg MUIIC -+~ TIB Fx>0 81 HIo  /—/

JI00 WIB F arctg | 8 0 =1 X Fa =
umo — BII 13

B stoft mporpamme c momomslo anamn3a sHakoB A:(f) u A()
oGecrieynBaercs npeiacrabiesde yraos @(f) B pacwupensom po =-180°
nnanasone.

Ilycrs nago noctponts AYX m @YX cueremm, ITX xoropoit mo-
kasana na puc. 5.9,a. Beens nporpammy, HaxmmaeMm kaasumd B/0 0
C/I1. HaGupaem ago = 1 u, HaxaB knasumy f, as = 1,02. Haxas xaa-
umy C/I1 n poxpuasmuch 06paGOTKH OTCYeTa (OH BHOBb BHIBOXHTCSI
Ha HHAWKartop), BBOAHM as = 1,08 u 1. a. Ilocse BBOAA ag m HaXkaTna
xnasuuwy C/IT BucBeynBaercs uudpa 0. Beomnm fAf = 0,01 u, BHOBL
naxas xnaBuwy C/I1, uepes Bpems =2 MHH NOJYYHM peayJbTar
A(f) = 1,0088276; naxas ewe pas kaasumy C/II, nonyunm @(f)=
= —6,1442791°. 3navenns A(f) u @(f) ans pasumx fA! namm B
1a6n. 5.10. Tpaduky paccunraunbix sasucnmocrtest A(f) n ¢(f) nmokasa-
HBl Ha puc. 5.9,
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Pue. 5.9. IMepexoanan xapakrepucruka (caesa) H paccuntanusle no Heff
AYX y @YX (cnpasa)

TaGauuna 5.10

fat A(f) @ ()

0,01 1,0088276 —6,1442791
0,02 1,0331342 —12,82609
0,05 1,1311967 =33,600020
0,1 1,0438664 —95,20238
0.125 0,83008103 —123,96085
0,15 0,56762792 —~151,63527

0.2 0,23672042 ~169,13524

0,3 0,15961459 —193,81658 %)
0,5 0,030929582 —269,99994 *)

*) Or nokasaunil HHAuKatopa orimmaetca 180°, Tak kak @(f) bumao sa
npeacab! ONnpeAcaeHis OTPHILATEABHBIX Yraos.

5.12. CrarucTMyecKkHe pacueThl W peaju3auus Meroaa

Moure-Kapao

Cosokynnocts N HEKOTOPHIX BeJuuHH % (HAaupHMep, NAHHBIX SKC-
nepUMeNTa) XapaKTepHIyerTcs HauaubbLIMi M UEHTDAJBHBIMH  MOMeHs
ramu k-ro nopayka [1—10]

N~ N
1 LA A1k
my (¥) = Z o M= 21 [r,— m, ()]t k=1,2,3,4....
Q=1 i=

Llewrpanbhbiit soment My(x) = 0. OGbiuno £k < 4.
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JLa51 MCKJIOUEHHS 3amOMHHARHS BCex % Mi PACCUHTHIBAIOTCS MO 3HA
BCHHAM Mgy

My =my— mf,
My = mg — 3mymy - 2/71?,
My =my— dmymz + Gmfmz - 3m',‘.
HauGonee BeposiTHOe (cpefHee) 3HaueHHe uHcja B MaccHBe

N

:‘c=ml=7t,- le.

i=l

Beposmian cTeneHb OTKJOHEHHSA X OT X — JLHCNEepCH:A

Bennunna ¢ = 4/D  sBAseTcH CTARAAPTHHIM OTKJIONeHHeM (W cpeaes
KBaJpaTHYHO} NOrpPELIHOCTHIO),

¥

P i
i
4<0/ | \A>0
; i A
I 2
< / ! N
0 Z z
a

Puc. 5.10. OyHKUHH NJOTHOCTH pacmpefeseHHs] NMpH PasHoli acHMMeT-
puu (a) u skcuecce (6)

Jlas HOpMAaNBHOTO pacipejieieHiisi BHAUHC/JEHHAS AHCOEPCHS SBJAETs
csl oit. Hec s AHCIepPCHS

Dy=0j_y = MoNJ(N — 1).

XapakTep CKOWEHHOCTH (YHKLHH IVIOTHOCTH pacupefenenns p(x)
{(puc. 5.10,a) onpenensiercs 3HageHueM acHMMETPHH

N
1
A= ) (= B = Mo/ M3
i=1

Ipn A= 0 xpusas p(x) cummerpnusa, npu A > 0 BHTSHYT ee npa-
Bl yyacTok cnaja, a npu A<<0 — Jesbiii yuacTox cmaga (puc. 5.10,a).
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Moxasarenem ocrporst muka p(x) {(pue. 5.10,6), B cpammenan c
HOPMA/bHLIM pachpese/eHueN, ABASETCs IKcuece

N
1 e M
E= X, —X)i=— —3.
7o 0 (=4

Nporpamma 5.80. Bhlunciienne HayaibHBIX H LEHTPAJIbHEIX MOMeH«
TOB, CpejHero, AlcnepcHy, acHMMeTpHH M 9Kcuecca. ITopamok BBoma m
BLIBOZA pesyJsTAaToOB [aH B KOHTPOJILHOM IpHMepe (CM. HHXKe).

WIl6 C/IT Il6 MMl + 1 W6 Fx® MIO2 -+
2 HII6 Fx? UI6 X M8 -+ 13 UII6 Fx?
Fx? U4 -+ 14 FLO 00 HMIIl HIOA =+ II1

C/1 WM2 MHOA =+ 12 W3 WA =+ I3 M4
UIIA = [l4 VM2 WOl Fx? — B C/II  Hm
Fx? 2 X Hre 3 X - HIOL X HII3
-+ fnc umne 2 X Ml Fx? — Um X
3 5% 4 =~ U — um X 4 X

um 4 Mg WIC MIIB 4 Fx* X Faf =+
C/Il WO HMIB Fx® = 3 — e/

HODyCTIIM, HAMO HAITH CTaTHYecKHe XapaKkTepHCTHKH MaccHBa H3
N = 10 cayvaiiusix wicea: 9, 8, 10, 9, 11, 12, 10, 10, 9 u 11. ITocas
BBOAa mporpammbl oM N = 10 B peructpst 0 u A 1 oGHyJsem pe-
rictpel 1, 2, 3, 4, 5 n 6. Hamumaenm kinasnwn B/0 u C/I1 — Ha uuan-
KarTope BuicBeyusaercst uudpa 0. BBogum moc/egoBaTesbHO BCe 3HAYCHHS
Xi, Haxumas kaasuwy C/IT nocse oG6paboTki Kaxioro orcyera (Bpems
oGpatGorki oxoso 10 ¢). [Toce BBOAA MOCJEAHEr0 X; HAXATHe KJIABHIIK
C/IT Bezer x Bhigave spayenus ¥ = 9,9, Eme pas nmaxcas kunasuwy C/IT,
noayunm D = 1,29, Ilas onpeneneuna Do ymuoxum D na N/(N—1),
saxas kaasumm MITA X MITA 1 — = (3uauense N Xxpauutes B pe-
ructpe A). Tlomyunm Do = 1,4333333. [anee, BakaB ABAXKAB Kia-
suwy C/I1, noayunm A= 0,19656579 n E = —0,752539. 3uavenus
my -=m, Moxuo Bu3Bath u3 perucrpos 1--4, a Mz, Ms u My—u3
peructpos B, C n Il

Mo seuncaennsM 3Havenisy %, D, A u E MOXHO B DepsoM mpu-
GJIDKEHIN CYANTb O BO3MOMCHBIX 33KOHAX pacnpeienedus uncen x,. Tak,
U HauGoJiee 9acTo BETPEdAeMOro HopMaanhoro saxona A=0 u E=0.
MoKHO NpHHATH 3aKOW pacnpejleeHus 33 HOPMaJbHLI, eclH SHayes
Hust Ay E B 2—3 pasa MeHblle 3Ha4CHHIl BCMOMOraTe/bHLIX KO3((Qus

nuedtos [2]:

e 6 (N —1) e 24N (N —2) (N —3)
Lo W+nWw-+3)’ ‘ (W —1)*(N+38) (N +5) *
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Mporpamma 5.81. BuluncieHHe BCOMOraTeNbHHIX Ko3((hHilHEATOB
s u Us. Beon: N = PX.

mn 1 =g X WMo 1 + = uIo
3 + = F4/" C/IT WMo 2 4 X W0
2 — X uro 3 — X um 1 -
Fx2 =+ W0 5 BIl 07

Oas N = 10 nonywaem Us = 0,61450986 r Uy = 0,92244356.

Yacto cayuaiinsle BeawunEnl X B Y ¢ HOpMasbubIMM  3aKOHAMH
pACNpesiesieHts ONHCHIBAIOT HEKOTOPYIO (YHKUHORANbHYIO 3aBHCHMOCTh
Y(X). Baaumocssab (KOppeasuHs) MeXAy HHMH MOXKeT OLiTb yCTAaHOB-
JIeHa C NOMOLLbIO BEIGOPOUHOTO KOS((HIHEHTa KOPPEIsALHI

ZXV—ZXZY/N

AEG )/”)(NZ,Y’—(N%.")Z/”)_'

Mporpamma 5.82. Briuncienne BLGOPONHOrO Kosduuuenta Koppe-
asuun. Beoa: N = PX, satem nocse Haxatus xaasuw B/0 u C/II
BuicBeunBaiores suavenns Xi, Yy, Xz, Y2, ..., Xy, Yy B perucrp X

nm Im o n3 I4 M5 I6 N7 T9 MM
¢/l N8 ‘Wn7 4+ M7 W08 Fx? HWI6 + II6
W8 C/r1 T19 Wn5 +  I15 W9 Fx® HI4 +

4 WI8 MM9 X WI3 + I3 FLO 09 WII6
M7 Fx? WMl + —  WI4 WIS Fx? WM =+

— X F4 N2 WN3 UIO7 U5 X uri =+

—  Um <+ ng ¢/ BO 00

Npuwmep. Haitrin r nna N = 5 suavennit Y (X): 2(0,95), 4,05(2,1),
68(3), 8,1(4,1) u 9,2(4,9). Beeass N n nonapso suavenns X un Y, mno-
aysum r = 0,99872802.

BriGopounnif K03¢G@HUHERT KOPpesALHH MOXET NpHHHMATh 3Haue-
i or —1 no +1. Bamsoets r K 1 ykaswiBaeT Ha TO, uTO BeJHYHHBI
X 1 Y KoppeanpoBansr

Hepenxo Maccus cayuaitisix uicen XapaKTepH3yloT THCTOrpaMMOit
HX pacnpejesedis, T.e. KOJNYECTBOM uices, NONALAIOWIHX B MHTEPBAJL!
¢ rpaunuami dy, da, ..., du. THCTOTpaMMH HHTerpansHOro pacmpeselic-
HHSL  CTPOATCS NyTeM [MOACYETAa YHCJA NONajamuii B  HITEPBAJL
(=00, di], (—oo, d2] u 1. 1.

Tporpamma 5.83. OGpaGoTka MacchBa cAyuafiHBIX QHCEN X5, Xg, ...
«ry Xy MASL mocTpoenusA rncrorpamm, ITopsanox sBoaa n BuiBOAa Aau
HiDKe B KOHTPOMLHOM mpHMepe.
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10 urio ¢/ I1o Hrns — Fxr <013 WL 1

-+ nm B/ HIIo HO9 — Foc </00730 = @712 =1

+ nz B/0 . W0 MDA — Fx<0833 MMN3 1

+ rn3 B/ HWUII0 HIB — Fx <040 KHIT14 B/0
W10 HIIC — Fx<047 KHWII5 B/0 WUIT0 UIT —

Fx <0 54 KHII6 B/0 Hnz 1 =i n7 B/0 KHOIL
i C/I1 MI2 A+ C/IT HUI3 - C/IT M4 +

c/m IS + C/IT HI16 + c/m HI7 + C/m
0 Fl/x C/I

Ilycth HBYXHO NOCTPOHTHL THCTOrpaMMy Ans 20 caysaiinbix uHcens
2,5; 5,15; 3,05; 1,1; 1,7; 3,6; 4,7; 4,65; 6,8; 56; 2,3; 2,9; 3,2; 3,8; 4,2;
3,5; 4,8; 5,7; 4,9 n 7,5. Boaum nporpammy, 8aTem rpaHnubl dy = 1 =
=P8, da=2=P9, dy=3=PA, di=4=PB, ds=5=PC n
dy = 6 = PJ1 un eanucwiBaem 0 B perncrphl 0 -+.7. Haxumaem gaasmnumm
B/0 n C/IT (pucsewnipaerca 0), mocie uero nocjenoBaresbHO BBOAHM Bee
snauenist X. Ma pernmcrpo | == 7 BmsbiBaem uucaa 0, 2, 8, 5, 5, 3 1 2,
XapakTepusyloulie uieJ0 TMonajanuii X; B HHTEpBaJn ¢ 1-ro no 7-ii.
Haxas wnasuwy BIT 60 u C/I1, nepexozum K BLIYHCAEHHIO AAHHBIX AJS
nocTpoens HCTOrpaMMBl HHTErpajibHON (ynkunn pacnpeaenenns. Ilo
mepe naxkatns knasuwy C/IT (no nossnenns smaka EITOT, curhani-
supyloulero Kowell Buiupcaennil) Gyaem noayuate uncaa 0; 2; 5; 10; 15;
18 u 20— uncno nonagauuii X B HHTepBaNE (—oo, di], (—oo,d2], ...
++y (—0,.dg). Ha puc. 5.11 nocTpoeHn FHCTOrPaMMbl AaHHOIO NPHMEp:L.

Z 20
5.9
4
3 3
10
2 2
2
0
0 2 4 6 a 0 z
a)

Puc. 5.11. Tncrorpammu pacnpepesienus cayuaiinpix uncesn (@) B Hures
. rpasbioil (ynkuun pacnpesnenenns (6)

Jlan mocTpoeHus THCTOrpaMm ¢ GOJBLIMM WHCJIOM HHTEPBANOB (a6
12—13) MOXHO Bnucath 3uavenns dy, dz, ..., dy HenocpejcTBeHHO B
nporpasmy 6o (opMipOBaTh HX B nmporpamme (CM. NpHMEp HuKe).

[TyeTh HYXKHO NMOCTPOMTb THCTOTPAMMY HANPSUKEHHI cTaGHan3anun
Kpemuiepbix craGuantponos Tina JA814A — I814]1, usrotobssiemux 1o
€ANHOMH TeXHONOrHN ¢ pasGuBkoli Ha rpynns no suauenuam U, Takas
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pasGuBKa, eCTECTBEHHO, TPeOyeT 3HaHMs cTaTHCTHUecKoro pasbpoca Ucr.
Orpannunymes pabounm ananazonom Uer = 6+ 15,5 B u cocrasum npo-
TpaMMy, mossoasiowyio rpynnuposats Ucr B 13 uHTepBanax ¢ mupHHoil
xaxporo u3 HuX AUcr =1 B.

Mporpamma 5.84. O6paGorka 3Hauennit Ucr 1A NOCTPOGHHA [HCTO-
TpaMmb Ha 13 uutepeanax (—oo; 5 B), [5; 6 B), [6;7B), ..., [15; 16 B)
B [16 B; =), Baoa: Uc: = PX (mocne Haxatua knasuw B/0 u C/II).

1 3 o o KI0 MII0 Fx=0 03 1 I
HI10 C/IT II0 WIo Mg 4 -+ — Fx<0 26
uno 1 + KIIo BII 08 1514914 1 + uhig
BIT 13

[ycrs mas Uer nveen snauenns: 9,3; 10,5; 9,7; 56; 6,15 15,5; 11,2
89; 12,2; 8,3; 7,8; 9,2; 13,8; 9,05; 10,3. I[To oxoxuauui BBOAA H3 perucr-
poB 19, A, B u C BH3biBaeM NaHHEe I/ MOCTPOEHHS (DYHKILHN
p(Uc:) —umena: 0; 1; 1; 15,2, 4; 2, 13 15 15 0; L.

B ocHoBe psiaa CTATHCTHYECKHX pacueToB Jexut meron Monre-Kap-
no. On sakaiouaercsi B MHOTOKDATHOM -pacueTe BLIXOJAHKIX TapaMerpos
y = f(x1, Yy, 2 ...) CHCTEMB MOX BO3/efiCTBHEM BXOAHLIX IApaMeTpon
Xi, Yi, 21, +». C 3a4aHHEIMH 3aKOHaMH pacnpeiesenus. B pesayabTare no-
ayuaercs HuEopmauus o paGOTOCMOCOGHOCTH CHCTEeMB!, pasbpoce ee Bbl-
XOAHBIX MapameTpoB, 3aKOHAX HX pacrpencjeHus # T. 1.

OcHoBoit peanusauun Merona Monre-Kapino ssasercst renepaumus
cayvaiiHeIX yiceJ ¢ paBHOMepHBIM B HHTepBane [0; 1] pacmpenesentes.
TMyrem coorBercTByIOUNX Npeo6pa3oBaHuil MOXHO MOJNYUHTb. HHbIE 3a+
KOHBI pacrnpenesieHust.

Nporpamma 5.85. PopymupoBanke cAyyaiiHEIX YHCE C PABHOMEPHLIM
pacnpeesieHHeN MYJIbTHIJIHKATHBHLIM CHOCOGOM

Vays = D(KVa), (5.69)
rae K = 8t -3 n D(KV,)— npobuas uacte KV, (B mporpamue B3sro

t=5 u K=285—3=237). Bsoa: HauaabHoe cayuaiiHoe uHCJO
Vo< | =PY.

3 7 X 1 4 OO KUIIO XY HUOO —
C/1 BIT 00

Tax, sseasn Vo = 0,1234567 = PY, nawnmas xaasumy C/IT, Gynesm
noayyats uncaa: 0,5678979; 0,012222; 0,452214; 0,731918 u 1. a. Bpeums
reHepamui ONHOro yHcJaa 4 c.

Mporpamma 6.86. Popmuposanue 1o 9000" nenosTOpsIOLLIXCA CIIY-
HaHHBIX 4iCe/l ¢ PABHOMEPHEIM pacipenenenieM no dopMyie (cu. [9]):
Vagr = D(11V, + m).

Bsox: Vy < | = PY.

1 1 X Fa -+ TO KUllA XY WO —
C/IT BI1 00
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Ius Vo = 0,002 = PY, naxumas xnasumy C/II, 6yneMm noayuars
ynena: 0,1635926; 0,9411112; 0,493816 1 7. a.

NMporpamma 5.87. dopymupoBanie cayyafiHbiX UiHCea ¢ PABHOMEPHLIM
pacnpeseaeuuem no (5.69) npeoGpasopanuem HX B HHTEpBAA [a, b]:

Xn=a+ (b—a)V,
Bson: a = PA, b = PB, V, = P0.

uro 3 7 >4 1+ 0O KUHIID XY ML

— II0 HMIB HMIIA — X HWIIA -+ C/IT BI

00

Tpu a =2, b =3 n Vo= 0,1234567, naxxumas xaasumy C/II, Gy-
ZAeMm moayuath yneqa: 2,5678979; 2,012222; 2,452214 u T. a.

C.'ly‘laﬁﬂl;le UHCJa ¢ HEKOTOPBIMH 3aKOHAMH pacnpene.nemm MOKHO
NOJlyyaTh ¢ MOMOLLLIO npocThix dopmyn npeoGpaszosanus [8, 10]. Ham-
Gosiee 4acTo BeTpeyaeTcsl HeOOGXOAHMOCTH B TeHEpalHH CAYYANHBIX Yh-
cesl ¢ HopMadibHBIM pacnpenenennem. ITapy Takux uices R:l " R:,'. HME0
wix 0 =1 1 ¥ = R =0, MOXKHO nonyunTh 3 mape unces Vo—y u Vi
C MOMOILBLIO (hopMyr

Ry = 4/ZTn (V) cos 2V, ), Rp=+/ZIn (1/V,)sin @V, _).

(5.70)
Nporpamma 5.88, I'enepauns unces ¢ HOPMaJIbHEIM pacrpeaesenienm
rn=R 4 Rno (6.71)

c sanauesM R n o no ¢opmynam (5.69)—(5.71). Bsmom: Vo = PO,
R = PB u ¢ = PC. Iepexmouvarens P —T' B nonoxennn P.

WIo 3 TR 1 + IO KWL XY HIOf
—  um 2 X Fx X  Fsin XY o Fl/x
Fln 2 X F4/7 X HUNC X MIIB 4 C/II
BIT 00

Tlpr Vo = 0,1234567; R =1 u o = 0,1, Haxumas xaasumy C/II,
Gyaem monyuath caexyloutne wmena: 1,0744877; 0,8771866; 1,0096652
1 T. A Bpems Beiiaun ogmoro umeaa oxono 11 c.

Crenyer ormerurs, uro peanusauus meropa Monre — Kapio wua
MHKPOKAJLKYNATOPAX H3-32 GOJBLIOrO NHCAA BLIYHCUEHH{I BechbMa Tpy-
JI0eMKa W palHOHaNbHa, ecan [(xi, Y ...) ABAseTcs (ynxuueir He Go-
nee 2—3-x mepemennuix. ITosTomy Aanmmli Meton Gollee palHOHANbIO
NpHMEHATh NpH pacueTax Ha OwleTpofeiicTByiomux MHKpO-9BM. Ilpn
9TOM HYXKHO OcoGoe BHHMaHHe YHeaAThb NpoBepKe HeOOXOXMMBIX 3aKo-
HOB pacrnpejieieHis cJyyaiiHbIX 9ices, KOTOpHE HEePeAKO 3aMeTHO OTJlils
yaioTesA OT NPHHNFIAGMEIX NPH pacueTe, 4TO MOXET NPHBOAHTL K 3Ha-
YHTeAbHAEIM TOrpeIHOCTAM,
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5.13. Mpubauienue GyHKuni

IMycts Hexotopas dyukuus yi(x:) sanama N mapamu asavemuil aGe:
LHCC X H OpAHHAT Y. [lycTb najee npHGAHIKEHHO H3BECTeH AHAJIHTIL:
yeckult BHA QYHKUHH y(X¥) H HYXKHO HAiiTH OCHOBHLIE mMapamerphl ana:
NUTHYECKON (YHKUHH, KOTOPAR C MHHHMAJILHOH CpelHeKBaApATHUeCKOH
NOTpeuHoCTbi0 NpitbamKanacs Gbl K HCxomHok dynkuus yi(x). Hike
BaH psil mporpamm, obecrnegdBalONIHX TaKoe NPHOJHIKeHHe MO METOAY
Baumenbiiux ksaapatoB [1, 2, 17] npu rpoussosbHOM pAacnonOKeHHI
abeuuce ¥ Mcxoausle pansble BO Bcex mnporpammax BBOAATCS B pe-
ructp X B caepyiomem mopsake: N, X1, ys, X2, Yz, ..., Xw, Yn-

Mporpamma 5.89. Bryucaenne xosdduuuentos by u by JnHeiHOro
npHGAIKEeHHS

y=bo+bix
no Qopmyaam:

Im I o 4 I5 6 nz HITL HIT0 —

1 = C/1 n2  C/I1 I3 Hre 4 o HII2

W4 + 14 WI2 Fx* HI5 + 15 M2 HI3
X U7+ nz FLO 07 HIl4 Fx? MII1 MIIS

X - I8 HI4 HII6 X WM Mz X

Hns + DA C/1 W6 HIIA HIl4 X

= nmB CjiI

— K1

Tyers yi = f(xi) 3anana N =5 snavenussu yi(%1): 5,5(2), 6,3(4),
7,2(6), 8(8) u 86(10). Boenn atn nawmmsle, noayuum by = 0,395 u
bo=4,75. CaneaoBateasto, Oynsuus .y(x) umeer sup y = 4,75 + 0,395x.

Mporpamya 5.90. Beruncsnenne koadduuuenton by n by rumep6osi-
UeCKOro mpuoaiKkenis

Yy =bo+4 by/x
H3 pem(’[“lﬁ CHSTEeMbBL )'pﬂBllE}lIlﬂ:
N N N M v
oN 0, Z I/x;= z Up by Z x40, Z 1xf = Z Yyl ¥p
= =) = =1 =
Io 17 0 3 15 [16 I8 Uiz | —

1 + c/mm ng  ¢/mom Wi + 6 HI19
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Fl/x uns + I8 HMMN9 Fx* Fl/x HIIB + T15
Hrz wumne = HI3  + 3 FLO 07 unz  1mns

X WII8  MII8 X — 0 HII6 " UITs X I3
urng X = IMA  HI3 unz x HI6 HI8 X
= I1B HITA HWII0 =+ C/1 HWIIB HII0 =+ C/m

TMyers y = [(x) sanana N = 8 snavenusvu y;(x): 12,2(1), 6,8(2),
52(3), 4,6(4), 39(3), 3,7(6), 8,6(7) u 3,2(8). Boeas st nanubie, no-
ayuum  bo = 1,9357621 u by = 10,160173. Cnenoatenbno, Qyir s
y = [(x) umeer Bun y =2 1,936 + 10,16/x.

Mporpamma 5.91. Buiunicsenne napamMeTpos by H by CTENEHHOTZ »iis
Gauxcenus Gynxuneit

y= boxbn

no (opmynam:

N N N
lZIn.\'l Zlnyl—NZln.\".lny,
_ =1 {=1 i=1
ST N 2 N L
(len "t) —N Z(In x))?
=

il

N N
1 .
by=exp [W(Z Iny, —b) Z In "1)] 5
=1 i=l

1m mnz o M3 I4 05 6 M7 W0 —
1 4+ ¢/l m  Fin I8 HO3 + M3 M8
Fx! WI4 4+ T[4 MM ¢/ T2 Fin 9 WS
4+ M5 WI8 M9 X W6 -+ I6 FLO 07
UM3 WIS X  HUI7 U6 X — W3 Fx? W7
WM4 X — + TB M5 MWIO3 WIB X —
MII7 + Fe* TA C/IT WIB C/II

b

Tyets dynkuns yr = (%) sanana N = 6 suavennamn yi(x;): 3(1),
12(2), 27(3), 48(4), 75(5) n 108(6). Torna monyunm bo = 2,9999996
u by = 2. CenoBarennio, y(x) uMeer BHL y =2 3x2,

Mporpamma 5.92. Bruncienne napamerpoB @ 0 b npuGaienHs
NnoKasaTenbHOlt ynKiueit

y= |Oa+bx
nyTeM pelllenys CHCTEMbl ypaBienui:
N N N N 5 N

aN+b‘z1x‘=legg,, az‘llx,—l—blzI = zl(x, Ig 1,).

= i= i= = (=
rno Iz 0 ny ns s rng Hnz MHro —
1 + c/m 1o "Ca e Flg I >4 WIs

141



+ I3 WM Hrme 4 6 W9 HUrs - gt}
WII9 Fx? W5 4 5 FLO 07 W7 U5 X
HIi8 HWms X - Mo HI6 HIB X W3 HUII8
] — MA HIIB HI7 X UIe HI8 X -
B HITA HII0 = C/l1 HIIB HII0 = C/IT

Mycrs npu N = 6 yi(x:) umeer snavenna: 5(1), 9(2), 12(3), 20(4),
32(5) m 50(6). Beega 3tu nausee, mosyunm a = 0,61880038 n b =
= 0,19641628, T.e. y(x) umeer pun y ~z10%01+0196%

Tlpn npuGnmxenun Qynxmuei

y = exp(a 4 bx)

B nporpamme 5.92 aocratouxo aamenntb onepatop Flg mo appecy 16
na omeparop F In.

Mporpamma 5.93. Briuucienne napameTpoB by H bg mpubamenus
SKCTIOHeHIHANLHON (yHKIHei

y = boexp (b1x)
0o opmynanm:

N N N ’
Z ¥, Z lnyl—‘NIZ x,Iny,
=1

i=l i=l

(ix‘)z_lvilz::lx% :

i=1

N N
bo=cxp [—},— (Z; In Y — by [ﬂzl \‘)]

"I 7 o n3 14 ns TI6 W7 HUII0 —
1 -+ C/Mm m HUm -+ I3 HIIl Fx* HIN4
-+ Il4 WM C/m Fin I8 MHI5 -+ s U8
HIT1 X M6 + I16 FLO 07 HM3 WIS X
HIT6 HIT7 X - WM3 Fx? M4 UNT7T X -
- B HII5 HI3 HIOB X — Hr = Fe*
A ¢/ urB C/II

b=

‘Hyc'n, ynxuus yi(x) sagana N =9 snavennamu g:(x:): 3,5(2), -
5(3), 6,2(4), 9(5), 13(6), 16(7), 23(8), 30(9) m 40(10). Torma moy-
auM bo = 1,9394789 u by = 0,30528351. Caenoraremsio, dyssuusa y(x)
umeer BHA y 2~ 1,94 exp (0,3053x).

Mporpamya 5.94. Briuic/eriie napaMeTpos a i b npuGIRKeHna mo-
KasarteabHoll Qyaxuueil

y= ab®
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U3 CHCTeMbl YpaBHeHHIT

Jii N N N N
Nig a+|gbz = lgy, lgay x;+1gh fo: IZ AN
=1 =t =t i=t =1

o 1z 0 rny I 116 I8 unz urio —

1 + cm 19 C/ar Flg Il HIe - 16
W9 Hms + g M9 Fx* HIB -+ 5 W9
ur X Hrs  + I3 FLO 07 HIiz UIs X
urg Mmns Xx — o HIe urms X I3 U118
X — IMA U8 HII7 X WIT6 HII8 X —
IIB  WIOA HII0 = F10* C/I1 HIIB HII0 = F10*
C/1

IMycrs ¢ynkuns yi(x) sanama N =5 snavennamn y;(xi): 6(1),
7(2), 87(3), 10,4(4) u 12,4(5). Beens oru naHHBle, NOJYYHM a =
= 4,9419892 .u b = 1,2029501. CuepoBatenbHo, y(X¥) - HMeeT BHA
y =2 4,942.1,203%,

HNporpamma 5.95. Briuncyenne mapameTpoB @ H D npHGAHIKEHHS
sorapadmuueckoll GyHKnue

y=a-+blgx
03 CHCTeMb! YpaBHenuii:

N N N N N
RN TS WS W ERTS WIS WO TE
i=1 i=1 1=l =] =]

n nz o 3 s TIi6 118 HII7 HMII0
1 + C/IT  TI19 C/ 12 UIe 4 6 M9
Flg Il M8 + 8 MHI9 Flg Fx* HIE +
15  HI Wn2 x W + m3 FLO 07 unr
HIs X U8 Hm8 X - 0 HMII6 HIIB X
urs HUmne X - MA HWn3 Hnz X WIl6 KII8
- [IB  HWIIA HII0 = C/IT HIB HII0 -+

X
c/m

Iyers yi = f(x) sapana N =6 sHauenuaMu gi(x): 1(1),
1,451(2), 1,716(3), 1,903(4), 2,048(5) u 2,167(6). Beexa stu nanuwe,
noayunm @ = 099993157 u b = 1,4997935. Cunenopatenbio, (yHKUHS
y(x) umeer su: y~14151gx.

IMapamerpsr a n b norapudmmyeckoro npubamnKenus Qyngmnei

y=a+blnx

MOTYT TAKNE ONpefe/aThesl MO Moc/AeaHell NporpaMme, ecin B Heil one-
patop Flg no aapecam 20 u 26 samenuts Ha onepartop F In.
INMapamerpu by, by 1 ba npuGnuicenisn napaGoanyeckoil dyuxieit

§ = bo+ byx + bax?
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Onpene/ATCs A3 PelleR s CHCTEME! H3 TPEX ypaBHemHiis

N N 3 N
boN 4+ b, le,+b2 Zx;=lz:ly,,
i= i=1 =

N N ; N . N
by 12‘1 Xl Y KA by Y xi= ) Xy, (5.72)
= i=l i=l i=1

N N N N
by Y, %1+ b Zx‘,’+b22xf= Y, %y
i=| . fe=] i=l i=]

Fporpamma 5.96. Boucaenne kospduuuentos bo, by # b2 npu na-
paGonuueckofi annpokcumamun (7). Bsoa: 0 =Pl=P2=...=P9
W ye= PY, x; = PX (nocnie BBOAA KAXKMOH MNAPB Yi, X1 HAKHMaeMm
kaasumu B/0 u C/IT, spems cuera oxosno 50 c). Ilo okonuawun BBOAa
naxumaem kaasuuy C/IT u moayuwaem bo—P7, by—P8 u ba—PY
(Bpems cuera oxono 60 c). =

na Xy InB 1 rnc no mom 79 HMIT3  I14
5 nm nm 81 MMB IIC TII1 79 c/1
26 TIIT 32 e 37 - C/IT W16 HI4 4 T
74 116 WM3 un2 I 73 I3 M8 urr A
nmn 73 7 W9 HIOA ' WM4 111 74 I8 HMITA

M1 = 9 HI5 U4 nm 73 A HIT4 ML
+ 115 Huriz Mrr =+ T4 HImA - 12 HIT3  IT1
UIie I3 B/0 HMM2 X urim. =+ — B/0 I

83 I 83 HIC KHUIIoL - KA HIIC MOA X
nc ung 1 + na B/0

IOns yi(x), pasumx 3,76(2), 4,44(4), 5,04(6), 556(8), 6(10),
6,36(12) u 6,64(14), nonyvaem bo = 3, by = 0,4 n by = —0,01.

Yacto nenonb3yercst npuGmKeHHe Yi(X:) HHTePNOJALKORHBIMU [10-
Judomamy, 3uavenus y(x) B yanax B 3TOM cjyuae TOYHO COBMAAAOT
CO 3HAYEHMAMH y(X), HO B MPOMEXYTKAX MeXKAy HUMI [OTPeUIHCCTh
MOXeT GbiTh Goablieil, yeM MpPH NPHOMMKEHHH MO METOAY HAMMEHbUINX
KBagparos. Kpome Toro, B STOM cayuae cTemeHp mOJAMHOMA £ OXHO-
8HAYHO ONpejeNsieTcs YHCJIOM OpAHHAT.

Hurepnonnpyioman GyHkuus MoxeT G6uiTh mpeAcTaBiena MOJIIO-
som Helorona:

g =0bo+ ¥ 6, TT (x—x). (5.73)
=1 =0

Jna NPaKTHKH yRoGHee NpeAcTaBjicHHe B BHAC
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KOTOpOE MOMHO MOJNYYHTh, BOCNONb30BABIUNHCH CJACAYIOUIHM AJCOPHT-
MOM, peasiH30BaHHbLIM B nporpasme 5.97 [22]:

1. 3ajaem j=0u b, = 0.

2. TIpuGasasem 1 K j.

3. Buiuncasem

PO 0 Gl L O
e oY= npu [+ i < n.

4. Ecan j=n+ 1, npunumaem a;=b%"*t" u saxanunsaem su-
Qic/ieHHs!, B MPOTHBHOM CJiyyae HieM K m. 2.

Mporpamma 5.97. Buiuncienne ko3pHUHEHTOB by H a; CTeNeHHbIX
muorousenos (5.73) u (5.74) npa n4 1 < 6. Bon: vy = PX ¢, xy=
=PX (i=0, 1, ..., n). INonysaem: bo—P7, ..., bs—P2. llna no-
Jayuenus ap—> P7, ..., as— P2 uamxumaem kaapumu BIT 40 C/I1. Haa
noayuenns y(x) ssoaum n-+ 1= P9 mas xaxmoro ¥ =PX u Ha-
wumaesm kpasuwy C/I1. Ilas cMvelleHHs HAauaja oOTCYeTa X B TOUKY

X, =xy+A ssogum A=PIN =PC=...=P(l4—n), (T—n) =
= Pl n naxcmaem kaasuwe BIT 40 C/IT (a(,—) PTis, ag—-b 92)‘
A XY m 7 m 1. 4 0 ¢/ I8
F, M8 KWImo — - XY HII0 5 - 10 B
KHIT0 — XY + HIT0 6 -+ 1710 6 —
Hrir — Fx=0 10 F, K[l MI8 KII0 BII 05
A1 1 + I8 7 + I0 6 - m
9 — Fx=#%0 179 KHIT0 4 Es iy KHITl XY
KHIOI X — HITL 2 + m )5 K F,
ML HII8 — Fx=0 56 HIio 2 BIT 45 + /1
4 U9 1Im G MI8 I10 F, X KHII0 +
Hrmo 2 == FL1 85 iy BI1 79

Mpumep. Hafitu by 1 @ MHOrOWIEHOB, ANNPOKCHMHPYIOMIUX 3a-
pitcaMocth (%), samannyo Taba 6.1. Beeaa yi(x:), moayuam: by =
= 0,4860966, by = 0,031793, b2 = —0,032635, bs = 0,0189833, by =
= —0,00599965, ap=—0,16166365, a;=0,79047151, a,=—0,36226819,
as = 0,07538001 u ay = —0,00599965. Hasee MOXHO HaliTH aun
x = 2,45 y(2,45) = 0,49285713.

Makcnma/bHYIO CTernenb MHOTOWIeHAa MOXHO NOBLICHTS ¢ § a0 9,
ecau aGCUHCCHl X; PACMOJIOXEHbl PABHOMEPHO ¢ WAroM fi OTHOCHTEJNBHO
sljaveHns Xo.

Mporpamma 5.88. Beiuuciaenne Kos(pGHIHEHTOR @ MHOrowJeHa
(573), & n dyaxnun y(2), rue 2 = x— Xo, no dopmyae (5.74) [22].
Broa: go = PO, y1 =PI, ..., ya=Pn u n= PX. Haxas xaasuwu
B/0 u C/I1, nonyyaeMm ao— PO, oy —Pl, ..., o — Pn. [anee BBogum
it = PX u, namuman kaasuwy C/II, moayyaem ay, @y, ..., G- PX
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{ao, @y, @2, +4+, A, 3aHOCATCH TaKxke B perncrpw PO, PI, P2, ..., Pn).
Ilna onpexenenns y(z) mo dopmysne (5.74) AnA KaxAOro 2 BBOAHM
n = PJIl, z= x— xo = PX u maxumaem knasuwn BIT 78 C/IL.

DA Cry IO KWANAMB ML 1+ I[IC WL

1 ~+ I, WIB KHIIO B XY — umnc =
Koo MO UmA — Fx=0 09 HIIC T1O HMIIA —
Fx=0 03 WIA 1 - Iic B HIB 1 +
IO KWIIB KU UIIC X = KIIB HIIB 1 +
IIB HUIIA — Fx=0 37 Hric 1 — Fx=0 35
nn C/m 1B KU WIC- =+ KIIA C/IT HIIC HWIIB
X nc “mnmo 1 "+ T BIT 63 4 1

4 Cx 4 F X KWL + M L
1 Fx<0 8 F, ¢/ Bl 78

Ilns ykasamHoro Bellle nprmepa mouyunm oo = 0,4860966, oy =
= 0,0035472167, o2 = —0,0003899, a3 = 2,2583333-10-5, ou=,
= —6-10-7, ay = 0,4860966, a; = 3,5472167-10~2, a, = —0,3899-10-%
as = 0,022583333, ay = —6-10-3, Idaa x = 2,45 (z = 0,25) noayuaem
y(x)= 0,49285719. »

5.14. CryiiaXXuBaHHe SMOHPHYECKHX JAHHBIX C OMIHGKAMH

Hepeaxo ¢ynkuns yi(x) sajaercs SHAUEHHSMH Y NpPH PaBHOOT-
CTOAMIX aGCUHCCAaX X; 3HAYEHHS §fy MOTYT COAEpPXaTh CJyuaiinbie OT+
knonenns. ITo pamy ¢;, HCnONb3ys ycpelHeHHe HA OCHOBE HHTEPHOJs-
LHOHHBIX (OPMYJI, MOMCHO YTOUHATH SHAueHHs OPAHHAT, T.e. MPOBECTH
CriaXKuBaHne 3aBHCHMOCTH yi(Xi). CriaXkenuble OpPAHHATBI 3aIHChI+
BalOTCA B BHAE Fi.

Nporpamma 5.99. Jluneiinoe criaxuBaHye 1O TpeM OpAUHATAM @
noMowbio Gopmya:

To= (5Y0 -+ 251 — y2)/6, i=0,
By=Uiy T 9+ 9,8 I<ISN-—,
Ty =ty +20y_, — 9y_5)[6. i=N.

Bsoxi yo = P7, ys =P8, yo = P9 u panee (mocje HamaTHs KB
B/0 u C/IT) y,, Yy ++o» Yy B periictp X. BuBon g Jpp Jop =oor Gy B
perderp X.

U7 5 X HO8 2 X 4+ MO9 — 6

= G/l U7 M8 M9 + + 3 <+ C/I
6 W8 m7 M9 I8 MIe 119 B 12 HII9
5 ,X M8 2 X + urz — 6)) "=
c/a

Tlocae BBOAA Yo, Y5 W Y2 BawmMaen kaasnum B0 u C/TT m moay-
uaeM Go. Eme pas naxcas ksasmuy C/II, nodyuaem gy Teneps BEOLuM
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ys H, naxas knasuwy C/I1, monywaem ¥, u 7. n. ITocse BBOAa mocaens
HEro SHAYeHH$! Y, W NOJYYERHA Jp | HaXHMaeM KaaBHUIH BIT 29 u
C/I1 1 nonyyaem §y. Pesyabrats: craaxuBanua aas dynxuun y = 10x
npa x = 0,1 = | gamst 8 Taba. 5.11.

Ta6auna 5.1

Craaxinsanne

Craaxunanue

Tounoe anauenue
y==10

Yy TO TPEM opAuHATAM | MO NMATH OPANHATAM

0,9 0,97 0,992 1
2,12 1,98 1,995 2
2,92 3,0633333 2,998 3
4,15 3,99 4,038 4
4,9 5,05 4,998 5
6,1 5,9733333 6,044 6
6,92 7,0666666 7,024 7
8,15 8,04 8,004 8
9,05 9 8,957 9
9.8 9,825 9,91 10

MNperpamma 5,100, Jluxeiinoe cryiaxuBamue mpH
oo Qopmynam:

]

el

3

=
7=

Fo=Byo -+ 2y + y2 — y4)/5,
Yo+ 3y1 + 2y5 + y3)/10,
o T U YT Y U)/5

Iy =(Uy—a™+20y_ot3yy_y+49y)/10

Ty =@y 20y Yy_o— Uy_g)/5

nsiTH OpAHHATAX

Bson: yo = P5, ys = P6, y2 = P7, ys =P8, ye = P9, ys, Yo, ..+, Un
B perdcrp X (CM. NMOSICHEH!A B KOHTPOJLHOM NpHMEpE).

HIT5

-+
c/Il
5
U9
3

0
unz

3

5
urz
Huris
I18
X

%

X M6 2 i
=~ ¢/l W5 4 X
2 X 4+ ums +
W6 4 M7 + W8
C/l T4 HI6 I15 U7
W4 119 BII 31  MII9
+ M7 2 S AL
c/m um 3 X U8
Wms — 5 L i

Hrz -+ I

W6 3 X
1 0 =
+ um 4
6 W8 I7
4 X ums
W6 + 1
2 X ehe

[TpoBenenm craaxkpBaune 2HaueHuil Y, NpHBEAEHHHX B Tabu. 5.11,
Beenst yo - y: 1 waxas knasawn B/0 u rpuxant C/IT (¢ nepepmBama
Ha Bpena cyera), HOAYWHM Jo, §1, f2. Hajiee BBOAHM Y5 W monyuaes gy
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H T. 4. AHanorHuHO NONyuaeM i, fg sevr Py_oe Tlocne BBORa Yy
naxxumaey knaspuwi BI1 56 C/IT u monyuaem 7y, 3aTeM elle pas
naxumaem kiaasuuty C/IT n monysaem 7, (YHCJOBble NaHHbe CM. B
Ta6a. 5.11).

Has Qyukumii yi(x;), 3aMeTHO OTJIHYAIOWIHXCS OT JHHEHIX, HC-
NONb3YeTes HENHHeioe CraXXHBaHie ¢ NMOMOWIBI0 MOJHHOMOB BHICOKHX
creneneii m, [lpn m = 3 Heo6xoAMMOe YHCJO OPAHHAT cocraBaser 7.

Mporpamma 5.101. Henunefinoe craamcuBanHHe NpH CeMH OpAHHATAX
no gopmyJe

Gy=(agy; 5+ agy; o+ agyy_y + 8pY; + gy Facy; ohand 8) /42,

Ije HHAEKCH Yy KO3((HIUHEHTOB @ COOTBETCTBYIOT HOMEpaM PerucTpos,
U3 KOTOphix GepyTcsi MX UHC/JeHHhle 3HaueHHs. BBox: yo = Ye=P0 - P6

TaG6anuna 512

Cod P7 P8 Py pPA | PB | PC | PR ,,p;}gg;‘m
o] 3 8 -4 -4 1 4 =2 B0 C/IT
1| 8 19 16 6 | -4 | -7 4 B0 C/I
2| -4 16 19 12 2 | -4 1 B/0 C/IT
3 -4 6 12 14 12 6 -4 B0 C/M

4| -4 6 12 14 12 6 -4 c/m
N—2| 1| -a 2 12 19 16 | -4 BO C/II
N=1| 4 | =7 | -4 6 16 19 8 B C/m
DF o Rl 4 1| -4 | -4 8 39 B0 C/I

TaGanua 513

¢ Yy 7 \craaxennuie) ¥ TouHHE

2 07 0,70142857 0,60314717

! 1,08 1,0807142 1,0086122

2 1,39 © 1,385 1,3862044

S 1,64 1,6242857 1,6004379

2 1,76 1,7995238 1,791724

2 199 1,0509323 1,0459101

9 2,04 2,0733333 2,0794415

z 222 2,1914285 2,1972245

o 228 2,3028571 2,3025851

2 2,42 2,412619 2,3078952

H Janee B COOTBETCTBHU ¢ TaGi. 5.12 B ykasanuaMH KOHTPOJBHOIO mpi-
mepa,
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uro  Mnz X um uns X 4+ urz um X

+ MI3 MIIA X -+ HI14 HMOB X 4= HITS
HMAc X + U6 MO X + 4 2 o
C/li  HWIIL II0 E; HIT2  I11 5y HI13 .2 F,
14 I3 F, UII5 114 I3 HI6 II5 F, 16
BIT 60

[Mycts nylKHO mpoBecTH HeJjmHeidnoe craaxusanue Gyukusit yi(x:),
npejcTasiaeHubx B 1abu. 5.13. BBoaum Yo = ys B perucrpel 06 u @
aaa i = 0 cornacno TaGa. 5.12. Haxas knasuwy B/0 u C/II, momysum
Jo = 0,70142857. lanee, He MeHss 3HAYCHHS Jo = Js, BBOAUM SHAuc-
Hua @ aaa i =1, 2 n 3. Tloayunm #i, 2 #u Fs. Ilocne sroro, He Mme-
Hiist 3navennii @;, HaGupaeM OuepefHOe 3HAYCHHE ¥; =Y. Ygi vaer Yyr
Hasxuvasn B koxne raGopa tonsko kaasumy C/IT, 6yaem moayxath 3Ha-
YeHHA s Jgp voer Ty_g Jan nonyueHus !7N-2' yN_l H [ BBOAHM HO-
BLie @ i npH KaxaoM nycke namumaem knasuwu B/0 w C/TL. Manuasie
CrjaXkusanus npusegens B Ta6a, 5.13.

K npouexypam craadkuBamis OTHOCHTCA TaKiKe PerpeccHOHHBIL ana«
au3 (npubamikensue. pynkuuit), onncanunit 8 § 5.13. CrnexkrpanbHbiit ana-
aus (§ 5.11) obecneynsaer craaxcuBaHue ¢ NOMOWIBIO YCEYECHHOrO TpPH-
roHomerpuyeckoro paga Pypwe. Pajg apyrnx nporpaMu  CriaX<HBaHHS
(v rom umese ¢ ofNOH, ABYMA W TPeMA NPOH3BOJLHBLIMH (DYHKIHSMI)
vuitatt B [29). .



FnaBsa 6
BbIYMCJIEHUE CHEIHUAJbHBIX ®YHKIWHA

6.1. Wnrerpanbuasi nokasarteJjbHas
W POACTBEeHHbIE el PYHKUHH

Mporpamma 6.1. Buuncienne HHTErpajibHON NOKA3ATENbHOH (QyHK:
LHHE Pa3/oMEeHHeM B pAA: .

El(x)—-—VpS———dt-—v+lnx+Z ©.1)

nnl *

-X n=1
Boon: mnocrosuuas diinepa y = 5,7721566:10-1 = PJI, 0 < x = PX,
119 1 118 s o 114 I16 KWIT4 HI14 HIIS
X II5 HIl4 X HI9 HI8 X I8 XY =

ure +- Hre Xy Ims — Fx=0 07 Hre ML
o HII9 Fln 4 II0 C/II BII 00

IOas x = 0,5 nonywnm Ei(0,5) = 0,4542199 npu fc ~ 1 MuH, 1w
x =5 nonyunm Ei(5) = 40,185274 npu fc =~ 2 MuH.
Nporpamma 6.2, Beluucaenne GyHxuuu E;(x) pasnoKeHHeM B paA:

E (x)= S—dt——-y-—ln ‘.—Z (_l) i (6.2)

nenl

Bson: y = 5,771566-10-t = P]II, x = PX.

m 1 ng 1ms o M4 II6 KWI4 M4 KI5
X II5 M4 X U9 /—) W8 X s Xy
+ M6 4 HMIO6 XY II6 — Fx=0 07 HII6
/—/ MO0 — W9 Fln — M0 C/II BIT 00

Oan x =05 nonyunm Ey(x)= 0,5597736 mpu fc~ 1 MuH, 1A
= 5 nonyunm Eq(x)= 1,1481.10-3 npu fc =~ 2,5 MHH.
Iporpamma 6.3, Brluncaenne dyuxunn

e e—¥t
Ey ()= S e dt
1



aian=0,1,2 3, ... 10 peKyppeHTHOil Gopmye
3ok X
E,aW=—[c*=2E, 0], n=12..., (6.3)

npi Eg(x) = e~*/x u Ey(x), BHuncaAseMOM pasnoxeHuem B psax (6.2).
Beox: y=5,7721566-10-*=PJl, x=PX. Buson: n— PX, E.(x)— PY.

my /—/ Fe* UM = TII0 0 4 I6 C/II
1 M8 TII5 KHUI4 U4 WIS X M5 U4 X

UMY /—/ W8 X me Xy = UG 4  UII6
XY 6 — Fx=0 13 HWI6 /—/ WO —  HI
Flon — TII0 1 M4 C/I1 KWII4 WI9 [/—/ Fe*®
Mo umy X  — WUMT4 1 — = o UIl4
C/IlL BIT 46 '

Inst x=105 Gynem noJjiyuath n=0, Ep(0,5) =
= 1,2130612 (1,2130612), n =1, E;(0,5) = 0,5597736 (0,559773595),
n=2, [E;(05)= 032664384 (0,3266439), ... n =10, E;(0,5)=.
= 0,063458298 (0,06344583) u T. 4.

Mporpamva 6.4. Bruucaense Ex(x¥) 1o 3ajnaHHOMy SHaueHHIO
Eyn(x) npu n> m. Beox: x = PX, En(x) = PX u m = PX. BuBoas
n— PX, E,(x)— PY.

s Cy/rm 16 M9 C/I1 I4 KWUIl4 HNI5 /—/ Fe*
HI6 HMII5 X — HWI4 1 — = 6 HIi4
C/IT BIT 06

BTy nporpammy Jerko NpOBepHTL NO NpHMepY, NpPHBEACHHOMY s
nporpaMmir 6.3.

Mporpamma 6.5. Buluncaeune QyHKIHA

dn (x)=g te~¥ dt, n=0,1, 2, ceo
1
00 peKyppenTHoit dopyie
a, (¥)=[e"*+na, _, (x)]/x
npu oo (x) = (exp(—=x))/x. Bsoa: x=PX. Busos pesyavbraros: n —- PX,
on(x)—>PY = PO.

9 |~/ Fe® T8 W9 = IO 0 II4 C/II
KWI4 W4 WII0 X MI8 4 MII9 = I10 UI4
C/lT  BII 10

Onn x=2 umeem ao(2)= 0067667645, a:(2)==0,10150147,
0:(2) = 0,16916911, ..., ce(2) = 5,5994975 u . n.
Mporpamma 6.6. Briuncnenne (yHKUHK
1
B (x)= S ISR I W = Y o
-1
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mo peKyppenTHoil hopmyse
B, (x)=[(—=1)"e*—e~* +nB,_, ()]/*

npu Po(x) = (e*— e~*)/x. Beox x = PX, BuiBop pesy/bTaToB: n—> PX,
Bn(x)— PY = PO.

My Fe* 4 Fl/x — W9 = IO 0 I14
C/m 1 M8 KWIM4 M4 WMo x Hm /—/ Fe®
— WM9 Fe* WUM8 /—/ N8 X -+ U9 =+
10 WIl4 C/IT BII 13 .

Ins x =4 noayunm Bo(4) = 18,644957, Pi(4) = —10,242876,
P2(4) = 8,6235195, fa(4) =—7,2614757 u 7. A. -

Ecau npoMexxyTounble snauenns En(x), oa(¥) nma Ba(x) me myx-
Hibl, MOJKHO COCTABHTH NPOTPAMME! C OCTAHOBKOIl BBIYHC/EHHII MO 3ajak-
Homy 3HayeHuio n. IIpuMepoM fiBJsieTCS MpHBeJleHHas HHXKe nporpamma.

fNporpamma 6.7, Buiuncsenne Qynkunn oa(x) s sajanublx x # .
Beoa: x = PX u (nocne suicBeunsanusn undps 0) n = PX.

M9 /=] Fe* TI8 HII9 = 110 0 ¢/ 17
uro 16 o rna KWIT4 HWI14 HII6 X HI8 +
Hre -+ TI6 HWN7 W4 — Fx=0 14 WII6 BII
08

Hycrs nano ‘Buuncants «e(2). Beeas x =2 .u n =6, noayunm
ag(2) = 5,5994975. -
Hurerpanbuas (ynxuns
X

dit

n(x)=VpSm=£z(|nx), x> 1,
0

BLIYHCAsETCs NO nporpamme 6.1 nmpu BBOAe BMecTo x 3Hawenns Inx.
6.2. WHTerpanbHbie CHHYC B KOCHHYC
(Bxmouas runepGosanyeckne)

Nporpamma 6.8. Briuncienne HHTErpa/bHOrO CHHYCA pas/ioielHeM
B pAm:

< ¢ = )n 2n+41
_ [ sin - {(=1)"% i
S"")“S T H=), el 6:8)
0 n=0
Boon: * = PX (x < 10).
116 17 18 Fx® 2 [—/ =+ II9 0 4
KWI4 W4 2 X 1 + Fx II5 UI4 2
X 1 — M9 X WUIl7 X M4 = Wuris

= nz wung + M8 FBx — Fa=0 10 nris
c/m BI1 00 -
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Kontponwhnie npumepsi: Si(0,1) = 0,099944467 (tc =~ 30 ¢) =
Si(10) = 1,6583514 (fc ~ 4 mun).

Mporpamma 6.9. Bruuciienie HHTECPAJbHOro cHHyca npr Goabuiux
X > 8 acHMIOTHYECKHM DA3jIOWeCHHEM:

g2 (12 (12 (1- 2))) -
Sdn (8 (2 (2 )

Bsoa: x = PX. Iepexmouareas P — T B nonoxenun P.

I8 Fx? Fl/x 19 1 2 X 0 4
- X 1 + 4 X Mo X 2
W8 Fecos X uris 0
2

%

=~ N7 W9 2 X
4 4 1 - X 1 -+ 1 X
e % 2 = M8 Fsin X W9 X W7

G Fxn + 2 = Cc/1  BIT 00

IOaa x = 10 noaywaem Si(10)= 1,6583685 npu fc &~ 20 c.
Mporpavma 6,10, Buunc/ienne HHTErPaNLHOrO KOCHHYCa pasjoxes
HHEM B paa:
% 2 5
. cost—1 _ . (=) st
Ci (x) v+lnx—l—§—’——d1—v+lnx+ Zl it D)
ne=

Beon: y = 5,7721566-10-! = PII, x = PX.

N9 Fx? I8 0 I4 TI5 1 M3 I7  KWl4
Wms 2 X e 1 — U6 X M7 [—/
X M7 W6 X WI3 U8 X TE XY o
WM5 4 WMs XY II5 —  Fx=0 09 W5 MII9

Fln + MO + C/ BIO 00

IOas x = 1 umeem Ci(1)= 0,33740392 ({c =~ 1 mun).
Wnrerpanbubie THnepGojHyecKie CHHYC H KOCHHYC MOIKHO pasiio-
SKHTb B PAJbI:

x

Shi (x) = S_i‘iut
0

”u—H
Z ©2n l) @n + 0’
”=
¢ oent—1 e
 Chi (x)=v+1nx+g—,_‘d’=Y+ ) e

U] n=1
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Ous BoiuHcasiotes no nporpammam 6.8 n 6.10, ecnm onepatop /—/ mo
aapecam 05 u 19 samenuts omeparopom KHOII (mer onepanmun).

@yHKUHE 3TOro maparpad)a MOryT BLIYHCAATHCS H MO Nporpammam
UHC/IEHHOTO HHTerpHpoBaHHs. OXHAKO OpH 9TOM BpeMA BHIYHC/IEHHH
GoJblue.

6.3. FamMa-yHKUHE (BKIOYAS HEMOJHEIE)

Buigicyienne ramMma-(hyHKIH{
o
I‘(x)=-S e il at
(]

BBHIY CJIOKHOCTH pA3/iOXeHHs B pAA [enecooGpasHo BHIIOAHATE 0O
annpoxcumauusim [3].

Mporpamma 6.11. Beiuncaenne T'(x) npu x = 1 mo popmyse Crups
JIHHra ¢ Koppekuueit mocnenuero unexa [3, 6]:

T(x)= /\/27_:“ e~ *x*H (x),

1 1 07
H@) =1+15>+ 5552 — 2m8e

rae

¢ npeoGpasoBaHiem
Tx)=T(x+41)/x opux < 1,
T'(—x)=—a/[xI' (x) sinwx] npu x<O0.
Beoa: ¥ = PX. Ilepexuiovatens P — I’ 8 nosoxennu P.
My Fx<0 20 /—/ 9 IO 2 Fx HI9 X

Fsin X W9 X Fl/x Fx /—/ X C/IT BO

0 mm 2 BO 18 4 4 1 + X

ng um 2 + 4 m 1 Fe* = Fx¥
WIs = s Fmn 2 X Um7 = F4/ U8
X I8 0 , 7 Uz = 1 XY -
2 4 = o= 1 SRRSO -
unz = 1 4+ HUms X B0

Kontpoabusie nmpumeps, I'(0,5)= 1,7724781 (f. =~ 22 c),
TOUHOR 3HAueHWe 4/7 — 17724538, [I(1,2)= 091817537, T(4,7)=
= 15,431423, T'(—3,2) = 0,68905558 ({. &~ 25 c).

Nporpamma 6.12. Bepcnesne [(x+1) mpn x < I c morpew-
HOCTBIO He Gonee 2-10-7 annpoxcumanueft

T (¥4 1) = (((((((box + b7) ¥ + bs) % + bs) x - by) 2+ bs) x+

o+ by) %+ b)) x-1078 41,
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Bon: by=—57719165 = P1, b,=098820589 = P2, bs=—89705694—=
= P3, by = 91820688 = P4, b; = —75670408 = P5, bs=48219934 =
= P6, by = —19352782 = P7, bs = 3586835 = P8 n x = PX.

nm 8 o HMmns 4 XY HWOO X KHIIO +
MII0 Fx=0 05 XY 1 BI 8 === 1 +
¢/l BN 00

Tpn x =02 I'(1,2) = 0,9181689 (tounce suauenne 0,91816874),
mpi x =08 I(1,8)= 09313837 (tousoe suauenne 0,931383771);
lo ~ 22 c.

Henomibie ramma-dynkumn npexcrabiens cootHowenusMi [3]:

x
X Se"t““ at,
0

Pa, x)= @

X
v (a, x) =P (a, X)T (a) = S cRtA=Tar
(]

o
T(a x)=T(a)—v(a %) =S e~halay,
£ ‘
Bee otu dhynxummn moryr GuTh OnpefeeRH uepes (yHKILIO
X

V(a4 x)=x""P (a, x)=—;f—:al)v(a. x)= lf(_:) Se"t““ dt.
0

Mporpamma 6.13. Buiuncaenne ¢ynxnun y*(a, ¥) pasnoxennem B
pan

T@y (@ =) =)

CER a0, —1, =2, ...
n=0

Bpoa: a = PX u x = PX.

ng ¢/ I9 1 m3 I5 0 6 I4 KHUI4
U4 HIB X 5 Wng Mma + X II7 W9
/=] W3 X 3 Xy = WI6 -+ UIIB XY

6 — Fx=0 09 WIS Fl/x WUI6 + IO C/I

TMpumep. Haiitu y*(1; 4) n y*(—05; —3). Beomnym a=1 u
x = 4, nonyuaem I(1)y*(1; 4) = 0,2454211 npu fe =~ 2,5 mun. Ho
I'(1)=T'(1 4+ 0)= 0! = 1, cienosareasno, y*(1; 4)= 0,2454211. INus
BTOpOro  cayyas, BReas a=—056 n Xx=—3, noaywum
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r(—0,5)y*(—0,5; —3) = 10,495471. ITo onmHCcaHHBIM Bbllle NPOrpasMManm
uan tadanuam [3] maxoaum I'(—0,5). B nmammom cayuae I' (—05) =
— —24/n. Cnenosateasuo, y*(—0,5; —3)= 10,495471/(—2 4/x) =
= — 2,9607177.

6.4. ®ynkuuu Becceas (BKIouas MoOAH(HUKPOBAHHBIE)
®yuxkuun  Becceas  ABAAIOTCA  pelweddaMu  audpepenyHanbHOro
ypasienun [, 2]
d*w dw
2T Aodote 2 w2 —
22— +z +(22—=v)w=0 (6.6)

npi z = (¥4 jy). OrpannunMeca BelyncienueM ¢ymxuuit Beccenn gaa
JeHCTBUTENBHBIX 2 = X H ueaAkx v =n (mopsgox dQynkuui). Hsys
HeaasicumbiM pewenusaym (6.6) coorserctByior (yHkunn Becceas mnep-
Boro /,(¥) u Broporo Y.(¥) poaa.

Mporpamma 6.14. Boruncaensie J.(x) pasioxenneM B piR

L e e\ (x/2)? (x/2) -

{rte)y = (2)‘[1 T ll(nF1) i o (n+ 1) (n+2) ] &0
Beou: n = P5, x = PX. :

9 0 m 1 6 MWI5  Fxs£0 17 TI8 M5

X 6 Hmns 1 — Fx=0 08 HI19 2 =
I10 Fx* TI19 HII5 MIIO0 Fx¥ Hre = 7 s
KHM4 MIT4 HIT5  + HIT4 X HI19 = unr /=
XY = nz Mg -+ I8 FBx — Fr=0 30

un8  ¢/I1 BIT 00

Hveem Jo(0,5).= 0,93846981 (fc ~ 40 c); Jo(4) = —0,39714976;
J30(20) = 1,2401602-10-¢ (tc ~ 3 mun).

Pan nas Y.(x) secbma caoxen [3]. Kpome toro, seruncaesus Ja(x)
i Ya(x) pasnoxenuem B psif 3aHHMAIOT MHOTO spesenn. IMostomy me-
J1ec006pazno Buiaucaenne Jo(x), Ji(x), Yo(x) u Yi(x) annpoxenmauuei
¢ mocsemyioutuy BuuncaeHuem Ju(x) # Y,(x) no pexyppentHeiM (op-
M)’.’IHIMA

fMporpamma 6.15. Buunciegne Jo(x) u Yo(x) anmpokcumalmeit:
Jo (%) =1 — a1 (¥/3)* + az (x/3)" — as (x/3)° +

a4 (x/3)* — a5 (x/3)!° + a5 (+/3)"2

s —3 << x << 3 ¢ norpewnoctsio 20 5-10-8 1

Yo () = % In 3 Iy (3) + bo -+ by (</3)* — ba (¥/3)! +
4 b3 (x/3)% — by (x/3)® + bs (x/3)'° — bg (¥/3)"*

s 0 < x < 3 ¢ norpewioetsio 10 1,4-10-5. Beoa: ay = 2,2499997 =
= P1, a; = 1,2656208 = P2, as = 0,3163866 = P3, ax = 0,0444479 =
= P4, as= 0,0039444 = P5, as=0,00021 =P6, by="3,6746691-10~'=
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'= P7, by = 6,0569366:10~% = P8, b, = 7,4350384.10~! = P9, b: =

= 2,5300117-10=* = PO, by = 0,4261214-10-1 = PA, bs =
= 0,0427916-10-* = PB, bs = 0,0024846-10~* = PC n x = PX.

4 3 = Fx* T 1 WUITO MI6 X W5
- I X U4 - I X Hrg — ML
S Uz  + Ung x 1505 I IO X +
(of]5 ) X Fan = Unp F4/ 3 X 2
= Fln X unz 4 WUMB  WUIIC ML X -
WOm x UITA — Unom X WUIo - HITI X
urig  — WA X HIis -+ 151001 8D -+ C/It
Bl 00

Kourposnnse npumepn (5 cko6Kax AaHb TOUHBIE 3HAues
il pesyapratos). Jo(0,5) = 0,9384698 (0,9384698072); Y,(0,5) =
= —0,44451888 (—0,4445187335); Jo(1)= 0,7651977 (0,7651976865)3
Yo(1) =0,088256943 (0,0882569642); Jo(2) =0,2238908 (0,2238907791)3
Yo(2) = 051037568 (0,5103756726).

Nporpamma 6.16, Briuncsenne ynkunit Jy(x) u Yi(x) annpokcm-
Manuei:

0=t () e (3 =0 (3 4 (3) -

o (2 e I

ana —3 << ¥ << 3 ¢ norpewnocroio Menee 1,3-10-% u

¥y (x) = (%) xin (5) 4 () — bo+ by (%)2+ ba (%)‘ -

—n () () - () e (3)"

s 0<x<<3 c norpewHocthio Mexee 1,1-10-7. Bom: ay =
= 5,6249985-10-t = P1, a; = 2,1093573-10—* = P2, ay =
= 0,3954289-10-! = P3, a, = 0,0443319:10—! = P4, as =
== 0,0031761-10-* = P5, as=0,0001109-10-* = P6, bo=0,6366198=
= P7, by = 0,221209] = P8, by = 2,1682709 = P9, bs = 1,3164827—
= PO, b, = 0,3123951 = PA, bs = 0,0400976 = PB, bs = 0,0027873 =
= PC n x = PX,

0 iy A 3 =~ Fx MO W6 X W5
— MO X W4 4+ HMOQ X M8 —  WOL
X Uz -+ WO X M — Moo X 2
Fl/x <+ X Gfinl 0¢ 54 FBx 2 = Fln
X 2 P4 Fx =  MIIC MO X  HWIB —
Ui X HIIA  + WNa X WMo — MO0 X

U9 4+  HWOL X Mg 4+ MO X - 4+ W0z
-~ ung F4/ 3 X = ¢ Bm 00
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IOas x =05 n 3 monysnM (B cKOGKaX NaHK TOUHbC 3HAUEHHA)3
1,(0,5) = 0,24226846 (0,2422684577), Yy(0,5) = —1,4714725
(—1,4714723927), J:(3) = 0,33905898  (0,3390589585), Yi(3) =
= 0,3246744 (0,324674448).

Mporpamma 6.17. Boiuncaenne dynxunit Beccenn J,(x) # Ya(x) no
PEKYPPEHTHOMY COOTHOLUIGHHIO

By (=228, ()—B,_, (%

rae B osmauaer J, Y uam mo6yio JHHEHHYI0 KOMGHHAUMIO STHX (yHKs
ugit, Ko3(hHINEHTE KOTOPHX He 3aBHCAT OT X H 1. BBom: ¥, Ba—1(¥)
B B, (x) B perucrp X. Buson: n— PX, B,(x)— PY.

I7 I I8 CHI M9 0 M4 KWAM4 HIT4 2
X WM9 X M7 = ,MWI8 — W9 I8 XY
M9 HMI4 1 <+ CL BII 07

Boens x = 1, Yo(1) = 8,8256943-10-2 u Y3(1) =—7,8121282-10~1,
Haxkumas xaasumn C/IT m XY, Gysem mosydarh cieiyiouiie pesylibs
TaThl (B CKOOKAX AAHBI TOUHbE 3HAYEHHS):

n=2 Y,(l)=—1,65068256 (—1,65068261)
n=3 Y;3(1)=—528215172 (—5,8215)
n=4 Y,(1)=—3327842 (—33,278) n 1. a.

Tipu x >3 Qynxumn Jo(x) n Yo(x) moryr Bmurrcnmbcn ¢ mo-
MOMIBIO ANNPOKCHMALHIL:

Jo(x)=x""fycos8, u Yo (x)=x"", sin 0,
rae ]

fo="[ﬂa +a (%) 1= 02‘(%)2 ik (%)3 s (%)4 &
+as (2) 4 (2) o0

BHUHCAAETCS ¢ morpewsocThio Menee 1,6-10—8 u
et (£) 40 (2) 40 (2) 40 () +
+0 (&) 40 ()Y

BHYHCASIETCA C mOrpewHocTbio Memee 7-10-%. 3Hayenus Kospduuue-
TOB @0 =~ ay u bo + be yxasauw B TaGn. 6.1.
Dynuxuny Jy (¥) 1 Yi(x) npu x > 3 HaxoAATcs MO aNNPOKCHMALUHS
I()=x""Pcos0, nu Y, (x)=x""hsin0y,
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Ta6anua 6.1

Oynkuusn Beccens
n Jo(x), Ya(x) L(x), Yi(x)

an by n LI
0 79788456 — 78539816 79788456 - —2,3561945. 10%
1 =77 — 4166397 156 12499612
2 —552740 —3954 1659667 5650
3 —9512 262573 17105 ~—637879
4 137237 —54125 ~249511 74318
5 —72805 —29333 113653 79824
6 14476 13558 —20033 —29166

rie

= (2) b (2 4 () 4 ()
R il

BHUHCITCS ¢ norpewnocTsio Menee 4-10-8 i
el - D)+ u (3) o (3)
== [oot 00 () 4. () 40 (3) +04 (3) '+

35 361/ s

o (2)+u(2) ]/

BEIMHCASeTCs ¢ norpemnnctsio Menee 9+ 108 3uauenns KosdpiienTos
Q0= o H bo =~ bg nauwt B Tabm. 6.1, ‘

Mporpamma 6.18. Brumcnenne Gynkunit Becceas Jo(x), Yo (%)

J1(%) u Yi(x) annpoxcumauusisu (6.8)<(6.11) pan x = 3. Bson: cw-

B HHCTPYKuMi K mporpamme (mocsie ee Tekcra). Ilepexaiouaresns p—I
B nonoxennn P,

Fl/x 3 X% [mm uWme X M6 + MO X

W4 4 umm x = W3 + @ MO0 X Wi +

WO X Wm 4+ Moo X 7 9 7 8

8 4 5 6 I Bl 8 +~ WA

3 + Fl/x F4 = WIC HIOL X  HIOB +

Mg x WnA 4+ 12080104 Uro +  unm X
+

WI19 WML X urg  + UIL X unz -
1 BIT 8 ~  ung 3 + Fys + 1A
Feos XY X  C/ XY MO Fsin X  C/I Bl
00

] 1
Ian pouncnenns ynxwiic Yo(x) # Jo(x) sBOAATCH K°3¢¢““".::)
Th @y + ag = Pl < P6 (smauenue do 3aHECEHO B TEKCT NpPOrpaMmbt)s
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b+ b, = P7+ P9, by=P0, by+bs=PA=-PC (cm. tabn 61).
3atem BBOAHTCA 3HayeHHe x = PX, naxumalorcs kaasuwu B/0 a C/II
(noayuum Jo(x)) w C/IT (mosyunm Yo(x)). Ipu cmene x = PX Haxu-~
MaeTca ABaXAW Toabko kaasuma C/IT. Mua swancaedns Jo(x) B Yi(x)
BCe ONepaliH MOBTOPAIOTCA 32HOBO ¢ BBOAOM 3HAueHHil KO3(DhuUHeHTOB
annpoxcHManuf ANA STHX (QyHKIHIL.

KonTpoababe npamMepHn (B ckobGKkax HaHLl TOYHbIE 3Haye-
uns pyskunit Beccens). Jo(4) =—0,3971498 (—0,3971498098), Yo(4) =
= —0,01694078 (—0,01969407393), Jo(10) = —0,24593577
(—0,245937644), ,Y,(10) = 0,055671124  (0,0556711673), Jy(4) =
= —0,066043332 (—0,0660433280), Yi(4) = 0,3979257 (0,3979257106),
J4(10) = 0,043472698 (0,043727462), Y(10) = 0,24901544
(0,2490154242).

PewesHadu nleJd)epem«a.qbuoro ypasHeHus

2 — ]-z —(*+vHw=0

dz‘
ABAAIOTCA MoanduuupoBanHLie Gynxunn Beccens /,(2) u K, (2). Kak u
DPeXie OrpauHyHMCs BhluHCAeNHeM 3THX (QYHKUHA A4S AefiCTBUTEABbHBIX
2 =X 4 UeANX V=1,

Dyuxuun ,(X) HMEOT pasnoxesue B pal

_ 1 (xy" (x/2)" (x/2)*
fa(¥) =7 (2) [H‘ TS GRS ) "'](6'12)

. M MOryT BhluHCAATbCA MO mporpamme 6.14, ecsin B Helt omepaTop CMeHb!
sunaka /—/ no anpecy 39 samenutb oneparopom KHOIT (ker omepaus).
Torpa noayunm  [o(2) = 2,2795892, [/4(2) = 1,5906368, {,(10)=
= 2815,7168.

Mporpamma 6.19. Berancaense Moauduuuposannsix ¢pynxunii Becce-
as Lo(x) u I(x) npn —3,75 < x < 3,75 annpokcumauueii:

Lo (¥) = 1 + @2 + agt* + ast® + aut® + ast'® + ast"?

¢ morpetlHocTeio He Goaee 1,6¢10-7 u
x| (%) = 0,6 + b1£% + bot* + bat® + byt® + bst'® -+ bgt'?
€ MorpeliyocTsio He Gosee 8-10-9, npuvem ¢ = x/3,75, a Takxe Qyuxuny
1, (x) DO peKypPEeHTHOMY COOTHOLIGHHIO
I"“(x)=—2uln @)/x+1, (%), n=>2.

Bson: ay = 3,5156229 = Pl, a, = 3,0899424 = P2, as = 1,2067492 —
= P3, a.=0,2659732 = P4, a5 = 0,0360768 = P5, as = 0,0045813
(Bnucan B nmporpammy), by = 0,87890594 = P7, ba = 0,51498869 = P8,

bs = 0,15084934 = P9, b, — 0,02658733 = PO, bs — 0,00301532 = PA,
bs = 0,00032411 = PB u x = PX, Busog: n— PX = P6, la(x) — PY.
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nc 3

, 7 6 + F¥® TO 0 I
WIIA, 4 5 8 1 3 B 7 /=l X
WIS +  WOO X M4 + MOO X W03 +
WML X W2 4 MOL X MO 4+ WO X
1 + UOO WNB X  WMIOA + UM X W0
+ WO X W9 + @ MIOO X WIS -+  WIA
X U7 4 WO X 2 Fi/fx -+ HIOC X
XY Lo o ¢/l F, F, KHUI6 F, M6 C/IT
XY o /—/ X HMIOC + XY X EBx XY

ang  + XY nom XY BII 76

Iast & = 2, gaxcumasn kaasua C/IT u XY, 6yaem noayuats: n = 0,
10(2) = 22795853, n = 1, I,(2) = 1,5906369, n = 2, [:(2) =0,6889484
H T 1

Mporpamma 6.20, Butuncaenne Jo(x) nan [y(X) mo anopoKCHMAaMHsiM
(x > 3,75)
as
[l

$Pe Ty ()=t S+ B+ B+
rae ¢ = x/3,75, ¢ norpewmoctsio He Goxee 1,6+10~7 ans dyrxuun Jo(x)
W22.10-7 gaa [y(x). Beox mas swuncaenna [o(x): ap = 0,39894228 —
=PA,  a; =001328592 = Pl, a:= 000225319 = P2, a:s=
=—0,00157565 = P3, ag = 0,00916281 = P4, as=—0,02057706=P5;
a5 = 0,02635537 = P6, a; = —0,01647633 = P7, as = 0,00392377 =
=P8, x = PX. Beox aan suuncjenus [((¥) B perscTpsl, ykasanauie
Bule: ao = 0,39894228, a; = —0,03988024, a2 = —0,00362018, as =
= 0,00163801, asx = —0,01031555, as=0,02282967, as = —0,02895312,
a; = 0,01787654, as = —0,00420059 n x = PX.

{0 sl 7 5 = nc 8 [0 - Hms
A XY UMNC = KHUM0 + U0 Fx=0 Il XY
MIIA 4 MO F4f = UM Fe* X C/IT BII
00

IOan  x =10 nonyunm [o(10) = 2815,7168 (rouioe a3uauemnie
2815,7166), /,(10)= 2670,9884 (roumoe 3uauenue 2670,9884).

Mporpamma 6.21. Beuicsenne MoAH(pHIHPOBAHHBIX (yuKiuuik Bec:
cean Ko(x) npu 0 << x << 2 no annpoKCHMAILHIT

Ko(x)=—1n (—5—) Iy (x) — ag + a (%)2 + a; (%)ll +

6 £\8 x\10 x\12
+as (%) + a (7) +as (7) + as (?) ,

¢ morpemuocTsio ne Gomee 8-10-°. Bsom: G0 = 0,57721566 = PA,

lo(x) = PB, a(= 042278420 = P1, a; = 0,23069756 = P2, as=

6 B. 0, HQuakonos 16)



O\l

= 0,03488590 = P3, a: = 0,00262698 = P4, a5 = 0,00010750 = P5,
ag = 0,00000740 = P6, x = PX.

nom 2 -+ Fx2 TIC 6 o ums 4 XY
HUIIC X KUII0 +4 HII0 Fx=0 09 XY MHIA —
urg 2 = Fin HIIB X — C/I1 BII 00

Hns  x=0,5, yurwBag, uro [o(0,5)= 1,0634834, monyunm
Ko(0,5) = 0,9244191. '

Mporpamma 6.22, Briuncnenne MogudHUHpOBaHHEIX ¢ynkumi Bec-
censt Kq(x) npu 0 < x << 2 no annpoxcHMauun

2Ky (%) = x1In (%/2) I (%) + 1+ ay (x/2)* + a5 (x/2)! + aa (2/2)° +
+ as (x/2)® + a5 (x/2)'° + ag (£/2)"*

¢ morpemwHocToio He Gonee 8-10-°, Beox: ay = 0,15443144 = PI, a2 =
= —0,67278579 = P2, as = —0,18156897 = P3, ai = —0,01919402=
= P4, a5 = —0,00110404 = P5, ag = —0,00004686 = P6, /1(x) = PB
v x = PX,

mog 2 = Fx? TIC 6 110 wure 4 XY
UIC X KHII0 + UII0 Fx=0 09 XY -
ung o+ unm 2 = Fln UnB X 4 C/iI
BIT 00

Haa x = 0,5 u 7;(0,5) = 0,2578949 noayuaem Ki(0,5) = 1,6564404
npa Tounom sHavewHn 1,6566441.

Mporpamma 6.23. Bruncaenne Monn(uumapoBanHuix ¢ynkuuii Bec-
cens Ko(x) u Ky(x) ana x = 2 no anmpoxcHMaumny

5" PKo, 1 (%) = ao + a1 (2/%) + a2 (2/%)? + a5 (2/x)°
+ a5 (2/x)* + as (2/%)5 - ag (2/x)°

¢ morpenocThio He Gonee 8:10-° aas Ko(x) n 2,2:10-7 nas Ki(x).
Beoax mis  Buumcnenmns Ko(x): @ = 1,2633141 = PA, ay =
= —0,07832358 = P1, a, = 0,02189568 = P2, as = —0,01062446 =
=P3, a;=0,00587872 = P4, as= —0,00251540 =P5, as=
== 0,00053208 = P6 u x = PX. BBoa aas Boiuncaenns Ki(x) B yka-
SAHHBIC Bl perucrpei: @o = 1,2533141; ay = 0,23498619; a: =
== —0,03655620; a; = 0,01504268; ay = —0,00780353; as =
= 0,00325614; as = —0,00068245 u x = PX.

IOl Xy = fnc 6 o wure 4 XY
HIIC X KUII0 + U0 Fx=0 09 XY WA -
IO Fe® = urna Fa/ = C/lT BII 00

Ias x=5 m 10: Ko(10)=1,7780061-10-3, Ko (5) =3,6910982-10-3,
K1(10) = 1,8548772-10-% u K (5) = 4,0446133-10-3,
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6.5. HuTerpans ®penens

Nporpamma 6.24. Bruumcnenne unterpana Opeuens C(x) pasnos
JeHHEM B psix npH x < 3 (x = PX):
X o 2
n n
(o — 2 — (—1)" (7/2) dn+1
(%) [S cos (nt?(2) dt , eI
ne=

m 18 Fx* Fmx X  Fx? 4

=~ 7 0
4 KWAIM4 WIa 2 X 113 1 —  Um X
I3 MM 4 X 3 — I 4 +  Um
’é’[fm = W3 = W7 X s /—/ X I8

o el I FBx — Fx=0 11 uI9 ¢/ BII

Mpumepu, C(0,5) = 0,49234422; C(1) = 0,77989341 n C(2)=
= 0,48825334 (Bpemst Beumcaennst or 50 xo 160 c).

TMporpamma 6.25. Buuncnenne muterpana ®pemens S(x) mo past
IOKEHUIO B prig npu x < 3 (x = PX):

¢ = i 2n-+1
S (x) = S sin (uf%fo) d — (=D @/2)"*" ants,

p X @n+ DI(4n+3)
as

M8 Fx2 Fg X 2 =~ 9 Fx IB A9
I;““ X 3 ~ m ms ‘0 I4 KWI4 W4

X 16 1 4+ HWIe X 6 W4 4
s M m 4 -+ UM XY =+ HII6
F+B UIls Wy j—/ X 7 M8 I8
iy i

Fx=0 18 W C/i1 BII 00

2]
Upumepu. $(0,5)= 0064732433, S(1)= 0,43825912 u S(2)=
= 0,34341539 (mpems suancacnnn or 50 40 165 ©).
C unterpasamn penenn cpagamsl BCHOMOraTeNbHbE byHKIHT

=[5 ] (255) [ ~ ] n ()
g (¥) =[% —-C (x)] cos (ﬂzﬁ) +[—;— - S (x)] sin (11251—).

M
Tporpamma 6.26, Bruncnense f(¥) B £(x) 00 aUNpOKCHMALI

vt L = e e
At e M A B TR R

© norpewoctsio menee 2-10-2 (0 < ¥ < ©), 8 TAINE

S (1) = 5 — F (x) cos (ﬂ;—’) —g(®)sin (”%i)
C(®) = +F () sin (1‘;-) —igi(#)e0 (izx_) o
Gt



Beom: @y = 0,926 = Pl, a, = 1,792 = P2, a,= 3,104 =P3, b, =
= 4,142 = P4, b, = 3,492 = P5, bs = 6,67 = P6 m x = PX. Busos
pesynbratos: f(x)—PA, g(x)—>PB, C(x)=>PC u S(x)»PX= P,
Iepexmounatens P—TI' 8 nonoxenun P.

19 HII1I X 1 + Hre umns X ure +

HIm9 X 2 + -+ MA HUI9 HII6 X WII56
+ U X Wr4 + Hurm X 2 + Fl/x

IIB  HI9 Fx* Fax X 2 = 118 Fsin I1I0
UMA X WII8 Fcos II8 HIIB X — 2 Fl/x
e IIC FBx HIIA HII8 X — WIB HIIO X

= nno C/I BII 00

Hmeem S(0,6) = 0,06567349 u C(0,5) = 0,49256592 (ic = 23 c).
Mporpamma 6.27. Beiuncaenne C(x) u S(x) npu Goapwux x 2> 1 mo
ACHMNTOTHYECKHM pa3JIOXKeHHAM:

_ 1 sin (mx2/2) 3 cos (x?/2) __5
)= 2 + 123 (l T md)? ) = n2x3 ! (m:f):) 2
o ] cos (mx?/2) __ 3 __ sin (nx?/2) N b
(=i nx (l (mx?)? ) X L (nx")z)

© morpelnocTbio Menee 5/(n*x7) (mpim X = 4 BepHBI He MeHee MATH 3HA«
KoB peayubrara). Beoa: x = PX. BuiBop pesyasratos: C(x) - PX,
S(x)— PX. Ilepekmouarenr P — T B nonoxennu P.

A Fn >4 118 X 119 2 = Fcos TII7
FBx Fsin II6 UI19 Fx? 3 XY + 1 -
HII6 X ~ HII8 =+ I15 M9 Fx* b XY =

1 — Hnz X Hrne -+ uns =+ 2 Fl/x
+ UMs — c/n un7 /—/ 4 HI8 /—/ M7
XY BII 12

Has x = 4 umeem C(4) = 0,49841993 r S(4) = 0,42051702.

6.6. duaMnTHYECKHE HHTErpaJibl

Mporpamma 6.28. Briunc/eHie NOJHOrO ®JHOTHYECKOro HHTErpaja
DepBOro poAa Mo ero pas/OXeHHIO B PAA:

n/2
K (m) = S (1 — msin26)~"Pdo=

0
=§2‘.[1 o (%)2m+ (% 2m’+ ]
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Boog: m = PX.

m o m 1 M4 TI6 I8 KHII5 KHIIS HIT4
HII6 = Fx? HUII9 X UII6 X [I6 KHWI14 KHIT4
W6 Hrs -+ M8 XY I8 — Fx=0 07 Hmns
Fr X 2 = C/IT BIT 00

IIpumeps (B CKOOKAX AAaHB TOYHHIE 3HAUEHHA pe3yJbTATOB).
K(0,1) = 1,6124415 (1,61244135), K(0,2) = 1,6596237 (1,659623599),
K(0,6) = 1,8540744 (1,85407468). Bpems BuIuHCJIEHHA OAHOTO 3HAUEHHS
K(m). B sTux npumepax or 1 go 2,5 sun.

Mporpamma 6.29. Bhlunciiensie MOJHOTO SJNHNTHHECKOro HHTErpaJa
BTOPOr0 pOAA MO ro Pas/OKeHHio B P

_n 1\2 m 1:3\2 m? 1.3.5 \2 m?®
E(m)—T[l—(?) —_——l—) =—= ) ]‘

1 2.4 3 2:4-6 5
Bsog: m = PX.
119 0 T15 n 1 M4 TI6 KHUII6 KHITE HIT4
HTI15 + Fx% HIm9 X urme X 16 um =
7 KHUIT4 KWII4 HUI17 HI18 + HIg XY I8 =
Fx=0 07 1 U — B | X 2 == c/m
bIT 00

ITpumeps (B ckoGKax HaHH TOUHBIE SHAYEHHA PE3y/NBTATOB)s
E(0,1) = 1,5307576 (1,530757637), E(0,2)= 1,4890351 (1,489035058);
E(0,6) = 1,3506438 (1,35064388). Bpema BhiuncaerHa ot 1 o 2,5 mum,

dMnTHYECKHe HHTErpassl obuero suaa (HEemoaHsIe))

Q
FoN\a)=F(p|lm)= S (1 — m sin?0) "2 d0,
0

]
E(p|m)= S (1 — m sin® )24
0

MOTYT BHIYHCAATHCA NMO MPOrpaMMaM UHCACHHOrO HuTerpmposanus. Tax,
aaa Beluncaenns F(@|m) moxuo Bocnonbsosatses mporpammofi 554
HHTerpHpoBaHus Merofom laycca, suHcas B Hee (DPATMEHT BBIMHCJEHHS
noauinTerpansHol Gynkuun (m = P9):

™ Fsin Fa2 WO X 1 XY — Fa/ Fl/x

TMpe m=05=PY, g=n/2=0b n a= 0, neast OTPE30K HHTEs
rpupoBanua Ha 8 uacteil, moaysmy F(m/2]0,8)= 18540742 npn fc &~
~ 5 mua. Jna sbumcaenns  E(@|m) A0CTATONHO yGpaThb OnepaTop
Fl/x B KOHUE NpHBEAEHHOro (parMenTa,
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6.7. Juaorapum

Mporpamma 6,30, Bruncienne annorapuGMa Mo ero pasaoieHHo
B paa (¥ = PX):

x ©
— n
f(x).—_--—S b a=Y oy E2D ocese,
1 =1
A4 1 m8 — [ 0 6 7 KWI§ M9
|~/ VI8 X 08 W6 F¥ + W7 4+ M7
XY 7 = Fx=0 08 M7 C/I BI 00

Mpumepn (B ckoGkax yKasaHH TOYHLHIE 3HAUEHHS Pe3yJbTATOB).
7(0,1) = 1,2997151 (1,299714723), f(0,5) = 0,58224055 (0,582240526);
BpeMsi BEUHCJEHHA cocTaBaser 6,5 H 2,6 mum.

TIpu TOUHOCTH, MeHblle MpeleJbHON, H MaJEIX X BPeMa BHUHCJEHNS
LHJAOrapH(Ma MOMCHO CYUIECTBEHHO YMEHBWHTb, HCNO/b3Ys AJIs STOrO
NpOrpamMMel YHCJCHHOTO HHTErPHPOBAHHS,

6.8. ®ynkuun JMebasn

Qynkunn JeGas
x x
n 1" di nt"®
D, x=——S —S dt, fB= 1323, s.e,
n )= pey Ry

n 1
x e 1 2

BBHAY CJOXKHOCTH pas/NOXeHHs B DAL LeJecO06pPasHO BHLIMHCIATL MO
nporpaMmaM uHCJeHHOro Hurterpuposarns. Tak Kax npu ¢ = 0 mnoauiu-
Terpanbnas Qynkuus mmeer ocoGennocts 0/0, TO mesecooGpasHo 1c-
noab3oBath merox Iaycca.

Opraunsaliia enuHoli nporpaMMel (AJs Bcex n) HelenecooGpasna,
TaK KaKk BBHIYACJEHHe MHKPOKAJBKYJISTOpaMm GyHKumii x* m #* onepa-
nueit BuAa xY samuMaer MHoro BpememH. HuiKe nam mpumep shlumcde-
nust pynxupn Dy(x). IomoGueiy 06pasoM MOryT BHIMHCAATLCA (YHKIHH
JHeGas npu ApYrux n.

Ias seuncaesus ¢ysxunm Dy(x) Bocmoabsyemcsi mporpammoi 5.54,
BHNcaB B Hee (parMenT BHuHCHeHHs GyEKmEE 444/x*(ef —1):

II8 Fx? Fx? HI8 Fe* 1 — = 4 X
HUI19 Fx? Fa? =

Bumonnns eop (m=PX, x=0=PIne=0), mmam=2nx=1
noayann Dg (1) = 0,6548742 npu TtoyHom sHavennu 0,654874, a naa
m =4 n x = 10 D;(10) = 0,00967427 npu Touynom suauennn 0,009674,
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6.9. Murerpasn Bepoarnocta
M CBSI2aHHblE ¢ HHM QYHKUHH

K paxHeiinM (QYHKUHAM TEOPHH BEPOATHOCTH OTHOCATCA MJIOT-
neerh I'ayccOBCKOro CTaHZapTHOrO pachpejeeHus
P (1) =p () =e"*+/2n (6.13)
1 GYHKUHA pacnpeenieHist (HHTErpa BepOATHOCTIH)
x

O (x) = e ¥ at, (6.14)

TInomans Mexcay KpHBoii '\p(x) H_ocplo abcmmce ciepa OT BEPTH-
KaJq, npoxoasuueii gepes Touky (x,0)

X

1 132
I(%)=—— S e dt. (6.15)
W=z )
Ionaras ¢ 4/2 =u u y=x/'\/2—, mosyurm [1]:
_u
X 2 — 1
0w =0 (=)= /2| R an (©16)
) s
Sra ¢ynxuns csasana ¢ IT(x) mpocTEIM COOTHOUIGHHEM
X
O (=) + 1 =21 (x). (6.17)
(F)+ &)

Tiporpamma 6.31. Briwucienue dynkuun @(y) pasnoxensem B PiA
[6] (y = PX):

_ w2 | w2 _ (y/2)° .18
@ (y)= y/\/ (‘ 13 25 317 +) 649

Fx? 2 =] =2 STehtiz Fn = FA
Im9 X 7 m o 14 KHWII4 UI4 2 X
1 4+ I W4 2 Yo —  une X
M4 +~ W5 = W7 X 17 urs + I8

FBx — Fx=0 16 W8 C/II BII 00

Mpumeps. ®(0,1)= 0079655675 suuicasercs 3a 33 ¢, o)==
|= 0,6826895 —3a 80 ¢ u @(4) = 0,99993495 —3a 5 muH.

Tporpamma 6.32. Buuucnense @(y) mp y >4 acHMATOTHYECKIM
paanoxennem (y = PX):

e~ VR 2 1 ‘.3_].3.5 ) (6.19)
o@=1- A Z(1- bt -
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119 Fx? II8 2 /—] =  Fe* 2 Fa =+
F4~ X U9 = II9 3 I8 = 1 XY
— Wrg - 1 — HIM9 X 1 4 C/m
BIT 00
Tpumep. ®(4)= 0,9999365 sriuncasercs sa 10 c. '
Mporpamma 6.33. Briuncnense @(y) npu MOGHX Yy passoXKeHAeM
(6.18) ana y < 4 u (6.19) npu y = 4.

o 4 — Fx<0 52 U9 Fx? 2 fi=] " ==
16 2 Frn = F4/ HUO9 X 17 RG]
4 KWI4 W4, 2 X 1 + 15 W4 2
X 1 = uIe X W4 <+ W5 = U7
X 7 uns -+ 8 FBx — Fx=0 21 W8
BII 81 W9 Fi? e 2 = = Fe* 2
Frn -+ Fv X U9 = I9 3 U6 =+
oame = ure = 1 — ume X 1

4+ C/I  BII 00
! TMpn y=0,1 noaysum @(0,1)= 0,079655675, a npn y =4
@ (4) = 0,9999365.

Oynkumio II(x) MOXHO BHUNCAHTL TO cooTHowenHo (6.17). Has
9TOro B KOHUE BHIWHCJIeHnfi Haxumaem #a kaasumd 4 1 4 2 +. Tag,
nas x = 0,1 ameem IT(0,1) = 0,53982785. )

Ecan B omncannble mporpamMmil mepen omepatopom C/IT aBecti
¢parsent

Hurs 1 + 2 =+ TI0 HII9 Fx? 2 1—/

=~ Fe* 2 Fan X F4/ -+ TII HIO
To Gyayr BuiuHCAATbes (ynkuus II(x)—-Pl1 = PX n ee npoussonnasn
N (x) = e“"’ﬂ/'\/f:r_f—) PY. Hanpumep, aas x = 0,1 noayunm T1(0,1) =
= 0,53982785 u II”(0,1) = 0,39695256.

DyHkuE0 @ (x) MOXKHO pacCUHTHIBATL TAKME C NOMOLIBIO Npo-
rpamy, peuHcasiomux @ (y). Hdas paxoxpaenns @(x) Hamo BMecTO §
BuecTH aHAvenne ¥ 4/2- Hanpnmep, yroGel Beiuneants @ (x) npu x = 05
TCpei NMYCKOM MpOrpaMMH Hano Haxars kaasuum 0 , 5 4 2 F4/ X.
Noayuny @ (x) = ®©(0,5) = 0,52049986. lns YCKOPEHHOrO BHINHCJEH ist
@ynkunn @ (x) npeanoxen psia annpoxcumanuii [2, 3]

Mporpamma 6.34, Buiuncsenue @(x) npu x > 0 annpokcumauueil
¢ norpewHocTeio Menee 2,5-10-8

O (¥) =1— (A (a + A (a: + asA)))/e*, (6.20)
rie A = 1/(1 4+ px). Beon: p = 0,47047 = PO, a; = 0,3480242 = PI,
a; = —0,0958798 = P2, as = 0,7478556 = P3 u x = PX. :

A HITO X 1 + Fl/x 9 MO8 X M2
+ HII9 X HIl + U9 X XY Fx? Fe®
=l Y = C/I1 BII 00
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Hmeen @(0,1) = 0,1124832, @(0,5) = 0,5204876, @ (1) = 0,8427165
1 @ (3) = 0,9999776. Bpema cueta opnoro suavenns @ (x) okoao 10 ¢,
Tlpi x << 0 BLIUHCAEHHST MOXHO BHIOJHHTb, HCHOJB3YS COOTHOLIEHHE
O(—x)=1—D(x).
Ynpocris kosdduuuentnt 8 (6.20), sy dopmyay MOKHO 3anHcaTh
B Ble
© (x) =1 [(A (348 + A (—96 + 7481)))/e*] 10° (6.21)
H TPOBOAHTL PacyeT Mo MPOrpaMMe ¢ OJHHM SAaHATHIM PErHCTPOM ma-
MSATH.

Tporpamma 6.85. Briuucnenne @ (x) no gopmyne (6.21) c norpeu-
nocreio nopsaaka 1-10-4, Bsox x = PX.

Y4 0, 4 7 X1 =t Fl/x
[O 7 4 =08 .3 e NeNN— . WY X
3 4 8 4 HN9 X 1 BI 3 +
XY Fx* Fe* + 1 XY — C/II BII 00

Hasn x = 0,1 u 1 nmeen @(0,1) = 0,1123962, @ (1) = 0,8426262.
TNporpamma 6.36. Briyncaenne ®(x) annpoxchmMauuefi

O (x) =1 — (a1 + a:A? + ash® + ad* 4 aghs)/e®,

rae A = 1/(1 + aex) ¢ norpewnocreio e Gosmee 1,5-10~7. Beom: a; =)
= 0,2548295 = P1, a; = —0,28449673 = P2, a; = 1,4214137 = P3,
ay = —1,463152 = P4, a5 = 1,0614054 = PB, a; = 0,3275911 = P6 n
x = PX.

119 HI6 X 1.+ Fl/x 118 b 110 HIIs
4y XY HI8 X KHII0 + MI0 Fy=0 11 XY
Wr9 Fx* Fe* = 1 XYy B -— C/IT BIT 00

HOas x = 0,1 n 2 umeen @(0,1) = 0,1124632, @ (2) = 0,9953221.
Mporpamma 6.37. Opuospemennoe bhunciaenne Gynxunii W (x) oo
dopmyae (6.13), I1(x) ¢ morpewnoctbio A0 1-10~° annpokcHMauuei

10 (x) = 1 — B (2) (@A — a:A? + ash?),

rae A = 1/(1 4 px), a Tawxe QynKiui
0

Q= S e at=1— 11 (x)

1/2:1
x

A(x)= :/‘27“ S e P2 gy =21l (x) — L.

-x

169



Poor: p = 030267 = P9, ay = 0,4361836 = PI, a» = 0,1201676 = P2;
03 = 0,937298 = P3 n x = PX. Bmsoa: A—PS§, ¥ (x)—PX =PI,
Ii(x)= PX = PB, Q(¥)=PX = PC u A(x)—PX = PA.

n7 Wi X LT Fl/x TIS WMz Fx? 2

—] = Fe* 2 Fa X Faf = oa /I
1 M3 HWI8 X WM2 — W8 3¢ WMl +
W8 X MO X — @B ¢/ i UrnB —
Tnc ¢/ WOB 2 X 1 - IMA C/II BII

00

Oas x=1 nonysum W(1)= 0,24197072 (tounoe 3HayeHHe
0,2419707248), T1(1) =0,8418513 (Tounoe swHauenue 0,8413447), Q(1)=
= 0,1586487 u A(1)= 0,6827026.

Tporpamma 6.38. Briuncnenne dynxuuit W(x), II(x), Q(x) u A(x)
Q. IpHMEHeHHeM anNmpOKCHMALKH

I(x)=1—Y (x) (@A + aA2 4 ... -+ Ash9),
rae A =1/(1 4 px), c morpemroctsio He Gozee 1-10-7. Bmox: p =
= 0,2316419 = P9, a; = 0,31938153 = P1, a, = —0,35656378 = P2,
a; = 1,7814779 = P3, a; = —1,821256 = P4, a; = 1,3302744 = P5 u
x = PX. BuBog M, B nporpamme 6.37. :
7 ume X 1 + Fi/x TI8 unrz gl D)
=" =  Fe* 2 Fx X Fa = o c/Ia
] 110 ums 4 XY HIN8 X KWII0 -+  HII0
Fy=—=0 24 XY Hnonm /—/ X 1 + B /It
1 . HIOB — TIIC C/I UWIOB 2 X =
A C/lT BII 00

HOas x=1 nomyanm W(1)= 0,24197072, II(1)= 0,8413448,
Q(1)= 0,1686552, A(1)= 0,6826896.

6.10. DyHKUMH NMIOTHOCTH BEPOSITHOCTH

H pacnpefiesieHus: caydafinbiX BeJHYHH

Yactora nosBieHus cnyqaﬁuoﬁ BeJHYHHBI ¥ B HHTepBaJie dx:
p(x)=dF(x)/dx

onpejensieT IVIOTHOCTL BEPOSATHOCTH CJayvuaifHLIX BeanunH. HMurerpan
x

F (x)= S p(x)dx

—c

ganaer (hYHKUHIO pacnpeieseHHs CAYHaiiHbIX BeJHYHH.
Jasi MHOTHX 3aKoHOB pacnpexenenns p(x) H F(x) samaorcs mpo-
croi opymyaamu [10] 1 cocTaBienue mporpamMM ANA HX BBIYHC/ACHHI
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fe npeacTaBiser Tpyanocreil. Huke jan naker nporpaMm BHUHCTERNS
p(¥) u F(x) nna Tex 3aKOHOB, y KOTOPHIX Bhuncienus p(x) m F(x)
Tpe6yioT CHenHaNbHOro MOAXOAA.

Mporpamma 6.39. Briuncaenne p(x)= W(x) (6.13) u I(x) (6.15)
IUI TayCCOBCKOrQ CTAHAAPTHOTO pacmpefielieRHs anmpokcuMaiuedi

M(x)=1—(1Fcrx+cox®+ ..o +cex®) 152

¢ morpeiunoersio jgo 1,5-10=7. Bsox: ¢; = 49867347109 = P1, ¢x =
= 21141006-10~? = P2, ¢ = 3277626+10~%= P3, ¢, = 38004-10-*=
= P4, ¢; = 48891-10-% = P5, c; — 5383-10- =P6 u x = PX (npn
CMEHE X LUOALTCS TOJBKO HOBOE 3HaueHHe X).

Y Fx<0 04 /—/ TIIA Fz* 2 [—/ =+ Fe*

Fr 2 X Fa = s C/; 6 o Hris
4+ XY UMA X KUII0 - MO0 Fr=0 21 XY
1 4 1 6 f=1 =& XX JExY w2 - =+

+ W9 Fx>0 50 XY 07 C/I B 00
XY 1 XY —_ BIT 46

Ias x = 0,6 p(x) = 0,35206532, I (x) = 0,6914625, a naa x = —1
p(x) = 0,24197072 u F(x)= 0,1586552. Mpu x << 0 mcrnosvayercs (op-
mysa I(x) = 1 —TII(|x]).

Mporpamma 6.40. Brunchenne

pey=en[- Lt ovm) w Feo=m(Z5E)

AV HOPMAJbHOro (rayccoscKOro) pacmpejenieniisi ¢ amucrepcreii d.
Beox: ¢+ ¢ (cM. nporpammy 6.39), m = PC, ¢ =PIl n x = PX,

UINC —  Wng -+ o Fx<0 08 /—/ TIA Fx?
2 |~ = Fe* Fr 2 X Faf5 = WA
= m C/ 6 o Wme 4 XY HIOA X
KWUIO -+ M0 Fx=0 27 XY 1 + 1 6
/—I XY FxV 2 = = 1+ WI9 Fx>0
56 XY m7 ¢/ BII 00 XY 1 Xy -—
Bl 52

Han m=15 n o =05 p(l) = 048394144, F(1) = 0,1586552 u
p(2) = 0,48394144 u F(2) = 0,8413448.
Mporpamma 6.41. Briuncienne

p(x)= 11/_ eM)[___(lgx—m)i] - F(x)=ﬂ(lgxo_"‘)

2¢?

AR NOTZPHPMELECKOTO rayccoBcKoro pacnpeaedenis, BEOA ci. B mpe-
rpamue 6.40,
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m Flg urnc - ana = TIB  Fe<0 10 =/

MA Fx? 2 =l = Fe* 1 Fe* Flg X
U9 -~ U = Fx 2 X Faf = I8
C/Im 6 o HIs 4 XY MIIA X KHIT0 +
U0 Fx=0 35 XY 1 E— 6 /-~ XY
Fx¥ 2 = = 1 4+ HMOB Fx>0 64 XY
o7 C¢m  BO 0 XY 1 XY — BII 60

Ouma m=1 u o=0,]1 p(8)=0,13541585, F(8)= 0,1662477 u
p(10) = 0,17326843 u F(10)=05.
Mporpamma 6.42. Buiukcnenue

e e R e

F(x)=ﬂ(x;m)+l'[(xtm)-—l

NI pacnpenesieHHs MOAYJA TayCCOBCKOM caydafinof sesuuunbl. Baox
cM. 8 mporpamme 640 (x > 0),

My UNC — HWNL = 07 W09 WOC + WA
e MB Fx* 2 |—| -+ Fe* W7 Fx* 2
/—| =~ Fe* 4 ung = Fn 2 X Faf
= C/lT WI7T Fx<0 36 /—/ TIT 59 UIT7 Fx>0
44 XY BII 48 XY 1 XY -— A 1B
mo 59  HIOA + 1 — C/IT BII 00 I8
6 I His 4 XY HI8 X  KHII0 +- HII0
Fx=0 64 XY 1 + 1 6 /—/ XY Fy¥
2 I~ = 1 + B0

Jaa m=2 u o= 1 p(1)= 024640257, F(1)=0,1573054 n p(3) =
= 0,24197221 u F(3) = 0,8413445.
Mporpamma 6.43. Buyicienue

p(x)=2Ae M *-1ljo
—Alx-p| 2
e 2, —oo<x<y,
Fx) ={ ; / i
[ —erMlx=ilo. p<x< oo,
nns pacnpenenenns Jlannaca. Beom: w = P0, A =Pl u x = PX.

2 urm -— Fx<0 06 /—/ HIl /—/ X Fe*
2 = 3 Ml X C/IT HUIM2 HII0 — Fx<O0
25 M3 C/IT BIT 00 1 HI13 — BIT 22

Ias pe=1 1A = 2 p(—0,5) = 0,049787072, F(—0,5) = 0,024893536 n
p(1,5) = 0,36787944 u F(1,5) = 0,8160603.
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Mporpamma 6.44. Bruncnenye px) =x"e~*/m! nas mnokasareabuc-
CTeneHHOro. pacnpezenenus, Bsox: m = PA, x = PX > 0.

19 HITA TI0 Fxs=0 12 1 Hrio X FLO 06
BIT 13 1 T8 WIIA HM9 Fx¥ MII9 /—/ Fe*
'X HI8 =+ 17 C/It BIT 00

Has x=m =3 p(3)=0,22404176, a ana x=m=1 p(l)=
= 0,36787944.

\
Hporpamma 6.45. Buuncaenne

1 1
P(X)=2—c:m " F(x)=?+-2—lhax
Aansi pacnpedenenns sch?x. Beox: a = PA, x = PX. Buisog pesyabras
roB: p(x) = PX, F(x)—~ PY, :
9 MIMA X I6 Fe* 4 Fl/fx — 8 =

4 Fa? 1 - SEA/f Rt o + 2 Fl/x
4+ I8 W6 Fe* 4 Fi/x + Fx?* Fl/x HUIA
X 2 X N7 GBI 00

Hus a=1 n x= —1 p(x)= 020998718 u F(x)= 0,11920292,
Hporpamma 6.46. Buuncaensne
1 TN+ —(N+R
Pl = L DI+ )/1(1
VN T (Nf2)

ans pacnpepenenns CrThiofenta ¢ mpuMeHeHHeM AJS ramma Qynkuui
Gopmyanst Crupannra, 1. e, [6]

A/ NWN¥2) (N+3 (6N + 19)
”(")“'\/ 17,08 N¥z) WEDENF X

X(l %_)—wwﬂ '

Beoa: N = PO, x = PX (npu nepsom nycke ¥ = P9).

Huro 4 4 3 + UIo 2 + =+ Fax¥
X uro 2 + X 1 7h 0 8
+ F4 Mmo 6 x m 1 9 + X
WIo 1 + - W 1 3 -+ =+ I8
WMo M Fyx? Mmo = 1+ HIO +

1
2 =l = XY Fx¥ M8 X C/II BII 41

Ilan N = 3 u x = 2 nonyuns p(x)= 0,067514971.
liporpasmma 6.47. Bouxcaenne
ue—xlﬁ
XY=
p(x) BT @t 1)
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JUIs raMMa-pacnpefeNieHns npH Ueasix o, xorma I'(e - 1) = ol. Bsom

o = PA, p = PB u x = PX (npu nepsom nycke x = P9).

HMIMA TI0 Fx=<0 11 1 uro FLO 03 Bl
12 1 16 HIA 1 + MIB Fx¥ HI6 X
15 ure 119 WUITA XY Fx¥ W9 HIB /—/ =
Fe* X HI1s == n7 C/II BI 22

Onaa=0,f=1unx=02 p(x)= 0,81873072.
Mporpamma 6.48. Briuncaenne

p(x) ===t~ ¥PleNEIT (V)2)

ANs y-pacnpefenenus ¢ npuMeHeHmem aus I'(N/2) dopaysst Crupani-

ra; T, e,
NvN—le—.\:’/Z

2N A/2m]a (afe)* (1 + 1/(12a))’
Brox: N = PO, x = PX (upu nepBom mycke x = P9).

p(x) >~

N

a=1+4—.

2

= 7 2 Fx¥ Fm 2 Sa NATIT
1 4+ Im7 + F4 X 1 umr 1 2
X Fl/x + X Uro = 8 HI7 1 Fe*
= HUM7 XY Fx¥ HII8 X 18 WIm9 119 MII0
1 —_ XY FxY M9 Fx2 2 [—| = Fe*
X urg + II7 C/1  BII 88
Haa N=1 1 x = 0,1 p(x) = 0,79449834.
lporpamma 6.49, Beruucienue
p (x) = NP1 =X E[oNEr (vj2)
WIS pacnpeseNeHnst X2 ¢ mpHMeHeHHeM COOTHOLIeHHS
T'(N/2) = 2T'(1 4 N/2)/N = 2T'(a)/N
w popmynsr Crupaunra aas I'(a), uro naer
N2=1_—x[2
p(x) >~ _N’\ = , rtae a=I1+ N/2.
22 A/97]a (afe)? (1 4 1/(12a))
Booat N = PO, x = PX (npun nepsox nycke x = P9),
um 2 = 1 + Im7 2 F«¥ Fx 2
X HMm7 = F4/7 X M0 = 1 W07 1
2 > Fl/x -+ v I8 U7z 1 Fe* =+
17 XY Fx¥ HI8 X rng HI9 I19 HIo 2
- 1 — XY Fx¥ HI9 2 =l =+ Fe*®
X uris = C/lT  BIT 37

Tass N =20 n x =10 p(x)= 0,01813276.
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Mporpamma 6.50. Briuncaerne IIOTHOCTH pacnpefeseHHa dpiaanra
K-ro nopsiaxa (K — mesoe uncio)

1
Ke=tx _ Mt g _ax
K1 .

K1
PO=TERFD

Beox: A= PA, K=PB, x=PX (npu nepsoM nycke nporpamMms
x = P9).

WIB [0 Fx+£0 11 1 W0 X FLO 05 BII
12 1 I6 WIB 1+ MIIA Fx¥ W6 =+
5 W9 19 WIB XY Fx/ WI9 HOA /— X
Fe* X W5 X 17 CM BO 22

Ous K=3 u A=2 mueen p(0,5)=0,12262644 n p(2)=)
= 0,39073354.

6.11. T'unepreomerpuueckue GYHKUHU

Mporpamma 6.51. Bplukc/enne rumepreoMeTpHYECKOro pija mo past
q0xkennio [29]

N
F(a,b,c,x)=l+Z[
i=]

Boox: a, b, ¢ i x B perucrp X.

M2 C/T I3 C/II T4 C/1 Fn Fe® Tl0 Flg
HIT0 1. —_ I un2 -+ X HIIl W3 -+
X uIm  ur4 4 = Hro = X 1 +
FLO 10 c/m
I a=b=c=1 u x=08 noaymu F(l; 1; 1; 0,8)= 4978539
(touno 5). IMorpemmocrs Buiuncaenusa 8§ < 0,6% npn —0,1 < x < 08.
Mporpamma 6.52. Briuncsenne BbIPOMASHHOI runepreo.\mrpuuecum’l
Qyuxuun no pasaoxennio [29]

N i-1

~ ' @+

Bac xF‘*ﬁZL Om"]“’m
=1 Lj=

i-1
(@) (b+1)
L aFheEn "] + O

Beoa: a, ¢ n x B pernerp X.
112 C/lT 113 C/II Fx Fe* 10 Flg HII0 1
—_ 1 unz -+ pre X Wl M8 - =
UI =+ 1 + FLO 08 C/IT
s a=—c=1 n x=>5 nonyunn O(1,1,8) = 148,41315 (rouso
148.41316). Torpemnocts shiuncaenna 8 < 1-10~=* npn 0<a <cH
=5 < x <10, fc & 2 mu,
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Fnapa 7

NPUMEPBI PACYETA 3JIEKTPUYECKUX
H 3JEKTPOHHBIX UENENW WU YCTPOKCTB

7.1. Pacuer HHAYKTHBHBIX 3JIeMEHTOB

HHAyKTHBHOCTL NPOBOJOB, KAaTylleK H ADPYPHX HHAYKTHBHBIX 3Je-
MenToB L(w, Xy, %2, ,+., X¥a) B COPABOYHO{l JHTEpAType OGLIYHO 3ajaer-
cA (yHKUOHelt YHC/IA BHTKOB W H KOHCTPYKTHBHBIX MapaMeTpoOB Xy, X2, ...
..+y ¥ [14]. OnHako game Ttpe6yercs Ha¥TH w (WAH Kakoif-nuGo na-
pamerp X, Xz, ..., X¥,) mo 3agammoft L = L, Ecau L(w, %, ¥z, .-.

-+, Xa) paspewdMa B Buge w = (L, Xy, X2, ..., ¥a), PACHUET CBOAHTCI
K dopMynsHOMY cuety. B nporuBHOM ciaywae @ ompefeafierca wHc/ael-
HBIMH METOJaMH DelIeHHS HeJHHe{HOro ypaBHEHHs

Lo—L(w, %1, %2 vo., Xa] = 0.

B NpPHBEACHHBIX HHXE MporpaMmax L, 3ajgaHa B HAHOreHpH, @ reo-
MeTpHYeCKHEe pa3Mephl KaTylleK — B CAHTHMeTpax.

%
)
(7
Pue. 7.1. Butok B cBOGOAHOM Puc. 7.2. OamocnoitHas xa-
NpoCTPAHCTBE v TYIWKa

Mporpamma 7.1. PacueT HHAYKTHBHOCTH KDYIJIOrO BHTKa CO Cpei-
wuM  guaserpom D u  auamerpoyd npososma d no ¢opmyne L =
= 2nD(In(8D/d)— 1,75). Beon: D = PX, d = PX.

4 ¢Mm - 8 X Fln 1 , T 5
— X 2 X Fx X C/I1 BIT 00
Hag D=2 cM, d = 0,1 ey nonysum L = 41,785364 ulm.

Mporpamma 7.2. Pacuer yHcja BHTKOB W ONHOC/OIHON KaTywmki

sajannoil aanubl ! (puc. 7.2) u3 ypaBHeHHA
Ly— L(Aw + Bjw —C) =0,
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rae A= {nD)2/(l 4 0,45D); B =3,5!D/d u C = 4D. Beoa: D = P4,
=P5,d=P6 u Ly = PX.

N7 Fx M4 X Fx2 0, 4 5 U4
X W5+ = A M5 U8 = M4 X
3 , 5 X IIB HI4 4 X IC 0
n 1 0 M3 MM MM3 + O2 HIA X
WIB M2 =  + HIOC — M2 /—/ X U7
+ Fx<0 34 MM2 W3 — 12 C/MI M3 1

0 = M3 B 34

Has D=2 cMm, =2 cM, d = 0,05 e 1 Ly = 5-10% ul'n, naxan
TpwkAsl knasuwy C/I1 (c mepepwBamMu Ha BpeMA cgeTa), MOJYYHM
w = 189. Ec/n ceveHne KaTyWIKH He KPyryioe H HMeeT BHA MpPaBHIb-

HOr0 MHOrOyro/bHHKa, TO B NPHBEJEHHBIX Bbille (opmyaax Oeperca
D = Dy cos?(r/ (2n)).

Puc, 7.3. Topoupanvuan xarym- Puc. 7.4, TopousanbHas Katyils
L Ka KPYIJoro ceveHus Ka MpAMOYroNbHOrQ CeyeHHs

Mporpamma 7.3, Pacier w o0aHOC/OMHO TOPOHAANBHOR KATYWKE
Kpyraoro cevewus (puc. 7.3):

W= '\/L0/2u (D —'\/DZTD%)

Beox: D, D, u Ly 8 peructp X.

M ¢/ m c/m 4 2 <+ Fn + W9
A Fx? WMB Fx* — F4 — = F4/ Bl
03

Ilas D =3 M, Dy = 1 o, Lo = 10° el nosyanm w = 304,56901.
Mporpamma 7.4. Pacuer @ TOPOHAANbHOK OAHOCAOMHON KaTyWKH
npAMOYrOALHOro ceuenna (puc. 7.4):

w = /Lo/2k In (D,]Dy).
Bsoa: Dy, Dy, h u Lo B perucrp X.
9 ¢/ mg ¢/ rnrz ¢/ wunrg + 2 -+
W9 WMB + Fln + F4/ BI 05
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IOna Do=3 cm, Di=1 oM hi=1 1 Lo= 1.105 ul'n noayuum
w = 213, 33533,

fporpamma 7.5. Pacuer @ MHOrOCJIOHHON TOPOHAAJBHOH KATYIUKH
Kpyraoro cesenns (pue, 7.3):

8D
w = /\/LDIQnD (ln D 1.75) .

Beox: D, Dy n Ly B peruerp X.
my ¢/ m8 C/i1 U9 8 >3
1 5 7 6 - U9 X
X = F4~ C/I BII 03

IOns D=4 em, Dy=08 cu n Ly= 107 al'n noayunm © =I
i= 453,00673.

b
e i
Q.— a0 =
%—Eé" ofd Puc. 7.5. Muorocnoiinas
= (i el KOpOTKast WHAHHAPHYIECKas
%830 ol KaTymKa
L

MNporpamma 7.6. Pacuer w MHOroc/0iHON KOPOTKO LHJANAApHUC:
cKolt karymkn (puc, 7.5):
w=4/Ly (3D + 9/ + 10c)/25nD2,
Beoa: D, I, ¢ u Ly 8 percrp X.
m C/m mg8 C/im mnz C/I1 HIIS 3 X HII8
9 X + Hnz 1 0 X =+ X 2

N

6§ =+ Fmn = HI19 Fx? = F+~ BII 05

Has D=25cM, l=c=1cM u Lp=2-105 ul'n nonyuum w =}
= 103,90895.

Mporpamma 7.7. Pacuer w KaTyWKH HA KOJbLCBOM (epPOMATHHTS
HOM CepevHHKe:

w = 4/Lo (dy+ dy)[Aph (dy — dy) npu  dyldy < 1,75,
w = A/Lo/2uh In (dy/dg) npu  dy/ds > 1,75,

rae dy 0 dy— HAPYXKHLHI A BHYTPEHHHIT ANAMETPHl CepAcuHiKa, 2 — ero
ouicota. Beoa: dy, du, h, p u Ly B peractp X.

m ¢/o mg ¢/ 07 ¢/ 6 C/II II5 Hrio
HIg = m 1 AU 5 - Fx<0 38
W9 HI8 —+ HII3 X 4 = Hre = umnz
-+ W19 Hrs — =~ F+~ BII 07 Hris 2

Lo HII6 WMz -« W4 Fln = Fy~ BI1
07
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Ias dy =4 cx, do=2cM, h = 1 e, p = 1000 u Ly = 2:10" aln
nonyunm @ = 120,11223, a pus do = 8 cM H STHX 2Ke AAHHBIX MOJY-
uiM w = 187,08286.

Nporpamma 7.8. Pacuer w KaTyWKH Ha
GpoHeBoM cepaeunnke (puc, 7.6):

w=4/L, (A + B)/19,7411s
rie
A= (h =+ ha) -,—1-2- “2_1—2‘ ,
di—d3 T d}—df ds
d.
B Y |p (dstds =
hy— by dy+d, ) 3

. 7.6. Ha
Bsoa (mocne maxarus kaasnm B/0 m C/IT): %;gHgEgM K;?;:,_’.l::m(e
dy, dy, dy, ds lhy, hy, p o Ly B pernctp X.

Tlpu cmene L, naGupaercs HOBOe SHaueHHe Lo H HAXKHMACTCA KJaBhs
wa C/TI.

8 m o C/IT  KII0 HIo 1 - Fx=0 02

C/TT TI8 WI4 Fx? WIS Fx* —  Fl/x HI6 Fx?
HM7 Fi? — Fl/x + U3 W2 + X A
WI5 W4 4 U7 WII6 -+ =~ FlIn W2 uri3
— = TIA 4 U8 X UMl -+ 1 9

5 7 4 - F4~ BII 10
IOaa dy=1 oM, do=2 cM, d3 =4 cM, dy =05 cm, hy =3 oM,
hy=4 c, p=10 n Ly=5-10° uT'x nonyuum w = 103,26144. [ast
Ly =1-10° uTu w = 46,179922.

L 2b a ln a b

[== =
P ==

: il

1

| = 0 | RS
i 1 I 1 | i I

| Dp—— = L J y

_____ == =

a) )

Puc. 7.7. Cepneunnuxu u3 sjementon II- (a) n Ill-oGpasnoit dopyst (G)

Mporpamma 7.9. Pacuer w KaTyllek ¢ 3aMKHYTHIM CepAedHHKOM
(pue. 7.7)1

w = 4/ Lol (1 4 p dyfalm)/4mpFe,

rie Fo— nJomanp nonepeysoro CeyeHus cepAeuliuka, ln — cpepuss AJIH-
Wa wmarmnTHOR JamuEH. BBox: Fe, Im, @, di, p 1 Lo B permetp X. ITpH
cMmere Lo HaOupaercs HOBOe 3Hauenue Lo M HAXKHMAETCs KIaBHIA C/IL.
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ne ¢m n8s ¢m n7 C/II ne ¢/ ns ¢/l

HIIS X 4 = Fn =+ Hre = HIS =
HIIS MII6 X M7 = MO8 = b Gk X
Fy- Bl 09

Hag Fe=1 ov% I, =10 cm, a= 15 oM, d; = 0,05 cn, p =
= 1000 n Ly=5-10" ulH noayuum w = 415,23228, Has Lo=
= 1-107 BT'H noayunm w = 185,69752.

fiporpamma 7.10. Pacuer w TOHKONJEHOYHOfi KarTywxn (pHc, 7.8),
C 3aJaHHEIMH pasMepaMH Ay H Aga:

w= {Lu/[kx (Ay - Apy) In (kz H})]}%,

rae ki = 2,33 0 k2 =4 ana xpyrioit Karywxn u ki = 12,05 u ks =
= 8~ pas xBappatHON (R m kp — KO3b(HUHENTH, YulTLHBAIOWIE Levs

i

Am
Ay

q g

Puc. 7.8. ToHKONJIENOYHEIE KaTyIUKH ¢ BUTKAMI Kpyrvioii (a) u KBaapar-
Hoit (6) dopmur

MeTpHueckyo (popmy sntka). Bmom: ki, kz, Au, Awm u Lo B pernctp X,
Ilpu BBOje HOBOro 3HaueHns Lo HaXKpMaerca TOAbKO kJaBuwa C/I1,
119 C/m m8 C/II II7 C/I II6 C/I1 M9 =
Wz ure -4 II5 =+ HIIB HII8 X W17 HI16
—_ = Fln = 3 4 5 == XY Fua¥

BIT 07

Han ky = 2,33, ka =4, Ay =1 cM, A = 0,6 cM 1 Lo = 200 #ln
noayunm w = 6,5669484. Ousn Lo = 500 nl'n n w = 11,379616.

MNporpamma 7.11. PacueT @ TOHKOMJEHOYHON karywku (puc. 7.8)
¢ 3ajaHHbM waroM ! 13 pelleHus ypasHeHHs

Bo—ki (1 +2ul'}i) 1w 1n [Ieg € +%)]= 0.

Buon: ky, ks, Any, I 1 Lo 8 perucrp X. Il KpyrJioit Katywkn Ry = 2,33

n kg = 4, pas ksaaparhoit ky = 12,05 n ky = 8.
Nz ¢/1 e ¢/ n4 ¢/ mns  C/I1 Ie 0
n2 1 13 U2 WIS -+ rnz M4 2 e
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urz2 = HIs = 1 + rng wune ~£ Fla
Hns X HUIg X UMz X« s 8 A 3
- UM2 Fx¥ HUIB /—/ X UI6 - Fx<0 13
uriz vri3 — I12 C/l1 HII3 1 0 = 113
BIT 13

Oasn ky = 2,33, ks = 4, Ape = 0,2 e, ! = 0,05 cu 1 Ly=100 al'"
noayunM w = 7,14, maxumasi TpH pasa (c mepepeiBaMu Ha BpeMd Cue-
Ta) xnasuwy C/IT.

Ipoccens ¢uabrpa o6buno Bumonnsercs Ha IT mau II-oGpasnom
CcepievnnKe A CTaAbHLIX maacTHH (MiH JedTh). OH xomked oGecre-
YHTh Sajannyio NHAYKTHBHOCT Lo mpH Toke [o, TeKyulem wepes oGMOT«
Ky npocceJist.

Pacyer apoccens BHIMOJHSETCS MO MeTomuke [8] ¢ moMmoumeio AByx
Tporpana.

Nporpamma 7.12. Pacuer WHPHHE CTEPHKHA @, MONEPEUHOrO CedeHst
Q. onrumansroro sasopa l:/2, koappuuuenta M, OTHOCHTENBHON JUTHHbLI
Bo3aymmoro sasopa Iz (B % OT lm), 9deKTHBHON MarHHTHON MPOHM-
LdeMOCTH MaTepnasa cepAeuiHKa = H TOJAUHHB HaGopa c. Beom: Io =l
= PO, Ly =PI.

MII0 Fx2 HMITL X 19 TFo Fy 2 . 6

X C/IT Fx* 1 . 5 X C/IT UIA =
InC  Hmn9 Hunz = Hr4 =+ 15 B2 il 5
BIT 3 X ne MHris 3 3 0 X HIT9
— 6 HIs /—/ 4 0 1 X He™ 401,

1 4 X 5 0 + 7 U6 M4 X
2 0 = c/m

Tycts HysHO paccuHTarsh Apoccens, ameioutut Lo = 3-10—¢ I'n npn
paGouem Toke o = 15 A. Boens [o u Lo i, Haxcas kaasumn B/0 u C/IT,

Haxoaum a = 2,6 VLOI§= 1,3252645 cm. Euwe pas Haxas KiaaBHuly
C/T, maxomum Q = 15a® = 2,6344491 cm® [To nopmann HO0.666.002
«MarHuTONpOBOAK JIEHTOUYHBIE» BHIGHDAEM TOAXOAAWMA  CepAedHiHK
1LJT 16)16. Boogum B MalimHy ero yTouheHHble faHuble: @ = 1,6 cM=j
=PA b=16cM=PB,h=4cua=P3, l[n =137 cM =P4 u Q=
= 2,66 = P2 = PX. Haxas xuasuury C/I1, moayunm: M=Lulg/(ac1m)=
= 1,859248+ 1072 > P5, L,o = 330M — 15 10°M" = 0,56169979 mm >
—>P6, p.= 114 exp(—401M)+ 50= 104,08949—P7, c¢=Q/a =
= 1,656256 cm — PC n [ [2=1,q 1,,/20 = 0,38476435 mm — PX. ITepe-
XOAHM K CleAyloulei nporpamue.

NMporpamma 7.13. Pacuer nmamerpa nposoaa d, 4WHC/A BHTKOB w,
OMHYECKOro COMpOTHBJIEHHA I H KO3((HUHeHTa 3aNONHCHHA OKHA MEAbIO
ky. BBox (mocse BLINOJIHEHHS mporpammbl 7.12): ponyctumas MVIOTHOCTH
Toka 6 = P8,
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W0 M8 = Fy~ 1 - 1 3 X 9
C/lT Wl U4 - X 1 , 2 6 + Uz
=+ Uz = Fy 1 BII 4 X OO C/IT
WA HIIC + 2 X HWIB Fm X -+ UL
X 2 ) 2 5 BIT 4 /—] X HI9
Fx2 T19 = C/l1 W9 urnm X 8 BII 3
=1 X< UMIB + W3 =+ C/I1

Beeasn 6 =3 A/mm? n wawap xnasumn B/0 n C/I1, naiiney
d'= l,lS'\/E/-é=2,5267567 MM, Haxas eme pas xaasnmy C/IT, nony-
unM W = 104 1/Lglm/(].26p.zac)=34.388184, nanee, ABaXKAHR Ha¥an
xaasamy  C/II,  moz;yunm r=225-10"*w[2(a + c) 4 nB]/d? =.
= 1,3984111-10~2 Om u A, = 8:10-3 wd?/(bh) = 0,27443915.

HcxonuslMy AaHHEIMH TIPH pacuete CHJIOBOrO TpaHcopmaropa so-
JsoTes: rabapHTHAas MOMHOCTH Pr, MakCHMAJbHAA HHAYKUHS B cep-
neunnke By, uHCAO cTepiKHeil cepAeuHHKA ¢ OGMOTKAMH S, HOMYCTHMAR
TJIOTHOCTh TOKa O, KOS(OHIHEHT 3anONHEHHs OKHA Cepieunnka Mejblo
ky, X.1. 1. Tpanchopmaropa 1, nanpsxenus U; u U, u tokn Iy n /a
TepBHYHONA 1 BTOpHuHON o6MOTKH, ITOp;AZOK TexHHYecKOro pacuera Cii-
JIOBOTO TpancdopmaTopa caeryioutmil. ;

1. Haxonum npoussesenne ceuennii crainm Qcr H OkHAa Qo cepaev-
HIKa

QcrQo = Pr/0,022f B dnskeky.

TToaGupaem moaXonmsAWMil THN CepAeYHHKA H YTOUHSEM IJs1 HEro 3Ha-
uernst Qer # Qo.

2. Onpenensien 3. 7. c. ORHOrO BuTKA € = 4,44-10~% fBnQcrke.

3. Haxommm umCnO BHTKOB BTOPHUHOIT o6MOTKH wp = Usfe.

4. HaxonuM npuGimKeHHOe 4HCJO BHTKOB NEPBHUNOI OGMOTKI W) =)
= U/e.

5. OnpenensieM nHAMETP NPOBOZA BTOPHYHOIN oOMorTkm (Ges mH30-
asumn) da = 1,13 4/T,/5.

6. OnpeneisieM jpHaMeTp NPOBOJA TepBHUHON o6MoTKI (6e3 m3o-
asmmn)  dy = 1,18 4/1/8.

7. Haxoaum  aau#y  npoBojxa  WepBHUHOIl  OGMOTKE [ =
= wy[2(a 4- ¢)+4- @b]-10-2, rae a— wnpnua cepaeynuka, b — wHpHHA
OKHA H ¢ — TOJINHEA HaGopa.

8. PaccunthiBaeM NajeHile HANpsKEHHS HAa AKTHBHOM CONPOTHBJE-
i mepsignofi 06MoTkn AUy = 2,25+ 107 °1 1, /d}.

9. VrounsieM uncJ0 BHTKOB NepBHYHON oOMoTKH w, = (U; — AU,)/e.

Mporpamma 7.14. Pacuer cuiosoro Tpanchopmaropa. Beoa: [Bm =
= Pl, 6 = P2, 3= P3, s = P4, k. = P, ky = P6 n panee B coor-
BeTeTBHH ¢ Ta6a, 7.1,
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TaGnuma 7.1

Broa  |P,=PX|a=PA, b=PB|U,=PX|U,=PX| 1,=PX| I, =PX| - | = | -
¢=PC

BuooA | QqrQq e Wy L d, d e | AU, @y

um = 519/ W3 =+ U4+ Urs =

UG = 4 5 X C/I WA HMIOC X WM
X M5 X 4 4 4 BII 6 -l X

o ¢/ Wi + ¢/ I7 MWl = I8 C/I
ure = Fy 1, 1 3 X C/I II9
U2 + Fy~ 1 , 1 3 X 0o ¢/
MIIA WIIC 4+ 2 X HMINB Fax X +  Hn8
X 1 0 0 + CaI um X 0 ,

0 2 2 5 X ML Fa? = c/i =/
W7 + W0 = C/II

ITycrb myHo paccynTaTh CHIOBO TPaHC(HOPMATOP NMPH CAELYIOUIHX
HCXOAHBIX AaHubiX: By = 60 I'm-Ta (f = 50 'y, Bx = 1,2 Ta), 6 =
=2 A/mm%, 0 =096, s =2, k.= 0,95, by =032 n Pr=215 Br.
IMycrus nporpammy Hakartuem xaasmm B/0 u C/IT, nomyumm QcrQo =!
== 138,13218 cm®. BwGupaem maruntonposoj jenrounsi ITJI 26 X 50 —
65, mmelomnfi QerQo = 140 cm* (@ =25 cm, b =2 cM 1 ¢ =5 cM).
Bpepst atu pannwe B perucrpst A, B u C, noayunM (HaXas kaaBHmy
C/Ml) e=0,31635 B. Hanee, moems U, = 450 B, nomyunym wp; =
= 1422,4761; BBensn U; = 127 B, noayunm w; = 401,45408; BBeas
I, = 0,475 A nonyum dy = 0,55069387 mu; meeas [, = 1,7 A, moay-
ugM  dy = 1,0418085 mm u, panee, [ = 85442214 u, AU, =
= 3,0111205 B u w, = 391,93576.

7.2. Pacuer emKocreil

Pacuer emKocTeii KOHAEHCATOPOB OGHYHO NMPOBOAMTCA HPH HX pas-
paGorke. KOHCTPYKTOPE SJeKTPOTEXHHYECKOH H S/IeKTPOHHON anmapa-
TYpPH HCMOMB3YIOT HX KAK TOTOBHE SMeMeHTH. XapakTepHoe HCKIIOUEHHE
COCTABJAIOT TJIEHOYHEIE KOHAEUCATOPH! THOPHAHO-MVIEHOYHBIX HHTErpalibs
HHIX MHKPOCXeM.

Pacuer MVICHOYHLIX KOHIGHCATOPOB ¢ 3ajaHiofi eMKocTbio C, yHCaOM
oGKJIaNOK /M, TOMIHEONE ero ANJeKTpHKA d H OTHOCHTEJBHON JIHOJEK-
TpHUECKOH MPOHALLACMOCTBIO € CBOMNTCS K ONPeACJICHHIO YARMbHOIl ex-
xoetu Co = 0,0885 e(m— 1)/d n naowazy o6kaanok S = C/Co. Iocae
BTOrO MO 3a/IaHHOMY OTHOMIEHHIO cropon Q = A/B npaMOyroJibHHKa 00+

KaazoK Haxoantes croponst A=4/QS u- B=+/5/Q.
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Mporpamma 7.15. Pacuer nieHoyHoro Konjencartopa. Beon: m = Pl,
d, = P2, e =P3, Q=P4 u C= PX. Buson peayabratos: Co—- PO,
Ay—PA, B—PB, §—+PC = PX.

Wrs umi 1 - X Wz -« 0 5 0
8 8 5 X I = TIC WI4 X Fa
MMA HWIIC WI4 = F4 IIB HMIIC C/IT BII 00

Jas m=3, d=001 cM, e=47, Q=2 5 C = 100 n® noxny-
ynm Co = 83,19 n®/cm?, A = 1,5605273 cm, B = 0,77526366 cm n
S =, 1,2020675 cm?.

Pacyer eMKOCTH NPOBOAHHKOB B CBOGOJHOM NpPOCTPaHCTBE IIPOBO-
auTcs no Gopmydae

C = kyel/lg (kox/d),

TJe 3Hauenis ky, k, B HaHMEHOBaHie napamerpa X ykasanu B Taba 7.2,
{ — nanna npoeofa i d — ero AuaMerp.
TaGnauua 7.2

EmxocTs ky ka . Haumenosanne x
MeskAy ABYMS NPOBOAAMH BAANH OT Pacctosiine MeJKAY MNPOBO+
seM 0,12 |2 Ramit
Mesay rOPH3OHTA/LHBIM [POBOAOM BricoTa NOABECKH
#H aemnefl 0,24 4
Mesly BepTHKAALHEIM NDOBOAOM M Jauna nposona

semzefl MPH PAaccTOMIMNN OT SEMJl
RO HUXEro KoHIa
h> 1/ 024 |1

MeX1y BePTHKANBHBIM MPOBOLOM 1l Iania 1posoaa
seMzell NpH PacCTOSHIM OT SemMau
20 HMXKHErO KOHNa

h <l 0,24 1,16
Mexay NpoBOMOM H KOPNYCOM Mpi IiiaMeTp OTBEpCTHS
BEOAE INpOBOAA Yepes OTBEpCTHE 0,24 2

Mporpamma 7.16. PacueT eMKOCTH NpOBOAHUKA B CBOGOAHOM TNpO-
crpanctBe, Bmon: ky =Pl, ko=P2 e=P3, |=P4, d=P5 n
x = PX,

HI2 X MWI5 = Flg MIIl HMN3 X HI4 X
XY =+ C/I1 BII 00

Oaa k=024, k=4, e=1, =103 cM, d=02 cn 1 x =

= 200 cm noayuaem C = 66,62854 nd,
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HWHorna HexoTOpHH KOHCTPYKTHBHMIY mapamerp ¥, onpeneasiontaf
emMKocTb Cp, MOJXKHO ONpeJieNTh H3 pelleHis HeJHHCHHOro ypaBHeHus

C(¥)—Co=0

YHCAEHHLIMI MeTOAAMH (CM. TIpHMep HiXKe).

Mporpamma 7.17. PacueT paccTORHHA X MeXJLy LEHTPAMH ABYX Ia-
PoB 1o 3ajauuoii emkoctH Co Mexay mamu npu C(x) Buma

D (4x* — D?)
9x (4x* — D*—2xD) |*

C (x) = 0,278eD [1 A

Boon: Co, auamerp wapos D u & B peructp X.

9 ¢/l I8 C/I1 II7 HII8 116 1 0 116
UIe HIs -+ 6 Fx?* 4 X urs Fx* —

4 Uns x 2 = W6 -+ W4 M6 2

X HIm8 X - = 1 + 0 s 2

7 8 X M7 X W8 X MO9 — Fx<0
10 W6 WIS — 6 C/II WI5 1 0 -
iII6 BIT 10

B oroii nporpamme x> D (npu x = D maps conpukacaiorcs H
C(x)—o0) Bospacraer njopaspamso. Hus Co=5 n®, D =10 cm n
e =1 noayunm x = 12,259 cm, naxas narb pas xaasuumy C/IT c me-
PepHIBAMI HA Bpems BLIAAYH Kax A0 (P,

7.3. Pacuer JMHUMI nepefayH H 3a4epKH

Jluuny mepepaun MoryT GbiTh MPOBOAHLIE, KOAaKCHaJbHEE, MOJOCKO-
Bhe 1 ap. ITosockosule wecummerpuunsie (pne. 7.9,a) M cHMMETpHuHLIE
(puc. 7.9,6) Jumnn 1UHPOKO HCMOAB3YIOTCs B PaJAHOS/NEKTPOHHON amna-
parype. Pacuer smmuii oGHuYHO CBOANTCS K ONpejieJieHHIO HEKOTOPOro

[ AYAYAYAY AT ARAYAY AYAYAXAYA

a)

Puc. 7.9. Ionockossle Hecummerpuunble (@) u cummerpuunsie (6) AnHEH

KOHCTPYKTHBHOrO NapameTpa X MO 3aJaHHOMY BXOAHOMY COMNpPOTHBJe-
Hmo Juamy Zo, a TakiKe onpeienenmio $pasosoil ckopoery v. Iasi pamn-
HEIX JIHHE{ CYLIECTBEHHA OLEHKA NOTepPh HA EAHHNIY reOMeTPHYECKOi
JAAHHB! JIHHHAH,
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JInst HEKOTOPHIX JIHHHIL
D _ exp (2, 4/&/60)
d k J

x= (7.3)

rAe e— OTHOCHTe/]bHAs AHB/EKTPHUECKAs NPOHHIAEMOCTb AHSJIEKTPHKA,
d — nHaMeTp BHYTPeHHero NpoBoAHHKA, a D u %k ompemessiorcs cie-
AylouEM 06pa3on:

1, Jns JuEHH B BHAE KPYIVIOTO NPOBOAHHKA, DACHOJOMKEHHOTO B
cepe/iie MeXAy NPOBOAAMIMMH MVIOCKOCTAMH, PACHONIOMKeHHBIMH Ha pac-
crosinun D npyr ot apyra, k = 1,27.

2. Jlns MUHEE B BHZE KPYIVIOTO NPOBORHHKA, NOMEUIEHHOrO B SKpaH
¢ KBaJApATHEIM ceueHHeM H cTOpoHoif D, k = 1,08.

3. Jins JuHEH B BHAE KPYIVIOTQ NpPOBOAHHKA, NMOMEIIEHHOr0 B SKpan
Kpyryioro cevennsi ¢ nuamerpom D, k=1 (koakchanbhas JHEHS).

4, lnn aumui B BHAe KPYIVIOrO NPOBOAHHKA, DACHOJOMKEHHOrO Ha
@ricceKTpHCe TpPsIMOro yraa, O0pPa30BAaHHOTO ABYMS NONYGECKOHEUHEIMH
APOBOAAMAMI TIOCKOCTAMH, Ha paccToARHH D/2 oT Kaxoii mIocKocTH,
Bo=a14.

MNporpamma 7.18. Pacyer x mo ¢opmyae (7.3):

e Fyy~ Z; X 6 0 + Fe* kB =+
Brgnenenne (7.3) mo aToit mporpamMme MPOBOANTCS BPYUHYIO,

Ipumep. Jna BO3AyWHO KoakcHadbHOIl amuun e=1, k=1
& Z; = 100 OM monyunm x = D/d = 5,2944895.

Mporpamma 7.19. Pacuer mmpnust nonockn W n v/c (rae ¢ — cko-
FOCTh cBETa B BaKyyMme) HECHMMETDHUYHOI  MOJIOCKOBOH  JIHHHH
(pue, 7.9,a) no Qopmyaam

W= 1,25[ 5,984 ] )

TR T e S
exp [Z; (e + 1,41)"/87]

/e = 1/[0,475¢ + 0,67) ]
Baom: Z;, h, t n e B pernctp X. BuBoa pesyastatos: v/c—PX, w—
=~ PY = P[.

N7 C/T I8 C/II I C/I I6 1 , 2
5 Hm8 5 , 9 8 X W6 1 ,
4 1 4+ F4 M7 X 8 7 =+  Fe*
+~ MM — X III WIe o 4 7

5 X G 6 7 + F+/ Fl/x C/II

BIT 00

Doa Z, =175 Om, h =1 mm, £=0,05 MM 1 &= 47 noayunm
/e = 0,58696727 n (naxas xaasnmy XY) W = 0,82501161 wmm.

NMporpamma 7.20, Pacyer v/c u whpHubt nonockn W cuyMMerpHyHOil
£0/10CK0BON yiHun (puc. 7.8, 6) mo gopmysam

4b s
W = 0,59 [m _2,”], ofc = 1/'\/ 2



Buon: Zy, b, ¢ u & b perncrp X. Busoa: vjc—> PX, W PY.

7 ¢/mm mn8 </ 9 G/ Ie o > 4D
9 HI8 4 X U6 Fy~ IO HI7 X 6
0 = Fe* = ur9 2 > 1 X -
X ung Fi/x €/ BII 00
IOas Z, =50 Oum, b=25 uM, £=05 mM 1 &= 4,7 nonyzum

vfe = 0,46126561 n (naxas xnasmmy XY) W = 0,34932508 mm.
Hns psna nnunii nepejaun BbpaxeHnue NA Z; HepaspeliaMo R
TPYAHO PA3PEINHMO OTHOCHTEIbHO KOHCTPYKTHBHOrO NMapamerpa X, ompe-
ZleNleHHe KOTOpOro ssJjsiercs wesibio pacuera. Torza, sazas TpeGyemoe
3uayente Z, €ro MONHO HAiiTH H3 pellleHHs HEJIHBEAHOTO ypaBHEHHA

Zno— Za(x) =0,

HanpuMep, MEeToXOM NOAEKaAHOro MpHOJAMKeHNs ¢ Buiaavell Kamuo «
ouepeaHoit nugps pesyabrara saxarnem kiasuun C/IT.

Mporpamma 7.21, Pacuer auamerpa d BHYTpeHHero NpOBOAHAKA
KOaKCHANbHON JIMHHA, CMELIEHHOIO OTOCHTENbHO BHEIIHEro NpOBOAHHKA
C orBepcTaey, mmeiomum araMerp D, wa paccrosiHpe /, H3 ypaBHEHHA

. 60 D? 4 d* — 41?
Zgo— — arch =0,
*T Ve 2dD
Beon: D, I, Z, u e & perncrp X.

I15 ¢/ 16 ¢/I1 7 C/I1 F4 6 0 XY
=~ I4 o n o . 1 I3 Wri2 Hlis
+ 12 Fx? WIS Fx? + UM Fx? 4 X
- 2 = M2 = M5 = 4 Fx? 1
=l + Fof + Fln M4 X HIl7 — Fx <0
18 HII2 HII3 — rn2 c/ar um 1 0 =
3 BII 18

Oas D=1 cu, 1 =025 cM, Z, =100 Om 1 &= 1 noayums,
HaXaB verhipe pasa xaaswy C/IT (c mepepeiBaMi Ha BpeMa BHIAAYA
ouepenuoit mudpu pesyasrara), d = 0,1403 cm.

HNporpamma 7.22, Pacuer mapametpa x = a/d JUHAH B BHJE ABYR
ONHHAKOBLIX NPOBOJHKKOB ¢ AHAMETPOM d, PAacMOJIOKEHHHIX Ha PaccTOiis
RUH @ APYr OT Apyra H3 ypaBHEHHS

Zyp— };2 arch x =0.
Bson: Zs0 u e B perucrp X,
9 C/IT F4~ 1 o) 0 XY = s o
2 1 M3 Hnz vWms + Imn2 4 Fx* 1
=1 + F« -+ Fln MI8 X HI9 XY -—
Fx<Qo 13 WN2 WM3 — 12 C/1 M3 1 Q
= s BII 1 3
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Mng Z, = 300 OM u & = | monyuum, #axas waasuumy C/IT e«
twipe pasa, x = 6,182
fiporpamma 7.23. Pacuer mapamerpa x = D/d /uHHH B BHAE KpyT-
MOTO UPOBOAHHKA C AHAMETPOM d, PACHOJOKeHHOro Ha paccrosuus D
OT mpOoBOAAULeN MIOCKOCTH, H3 YPaBHEHHS
60

Ve

arch x=0.

Zno—

Beox: Zn u & B perierp X.
9 C/lT F4 8 0 XY = 18 0 m2
1 0 M3 W2 vns + nz 4 Ex? "1
=l + Fy~ + Fln HI8 X HI9 XY —
Fx<0 13 HWI2 W3 — N2 C/IT Mms 1 0
= n3 BII 13

Hns Z,o = 300 Om # e = | moayuum x = 74,2, HAXKaB KnaBuily
C/IT tpu pa3a.

Mporpamma 7.24. PacyeT pACCTOAMHA @ MeMCAYy ABYMA NPOBOAHH<
KaMi JHHUM B BHAE JBYX OJHMHAKOBBIX MPOBOAHHKOB ¢ HHamerpoM d,
PACTONOMKEHHBIX HA paccTOAHHH D OT mpOBORAILEt MJIOCKOCTH, H3 YpPas-

HEHUSA .
120 2
Zm= - [wren = £ [+ (55 ) | =0

Beon: D, d, Zx 1 e B peractp X.

M9 C/I M8 C/IT 6 C/I Fy 1 2 0
XY =+ II5 0 N2 1| M3 HI2 M3 +

m2 Wne = 4 Fe2 | /— + Fy~ +

Fln HIM2 2 =+ HI9 =+ Fxt | 15 e
Fln — HI5 X HIO6 XY — Fx<0 17 U2
W3 — M2 C/ HI3 1 0 = M3  BII
17

Haa D =15 ey, d=0,1 cM, Z,0 =200 O m &= 1 mosmyaum
a = 0,275 cm mocate wersipex HaxaTHi kaasawu C/IT.

Mporpamma 7.25. Pacuer pACCTOAHHA @ MeXAY ABYMS TNDPOBOAMM<
KaMmi JIHHHH C PAasHbIMH AHAMeTpaMn dy H dz, PACMOJIOMEHHBIMII B CBOY
GORHOM NPOCTPAHCTBE, H3 YPABHEHHS

, 60 : 40> — d} — d3 o
=2 aren —————————=1y
e 2d, dy
Boon: dy, da, Zao 1 & 8 peructp X.
ny ¢/ mns8 C/im N7 C/I F4 6 0 XY
= s o m 1 3 Hm2 Hm + 2
Fx* 4 X HI9 Fx* — UM8 Fx? — 2
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="' Hnm9 = MUIm = 4 Fx* 1 =] +

Fv~ -+ Fln HII6 X HIO7 XY — Fx<0 16 -
M2 Wmn3 — T2 C/II HIB 1 0 -+ 3
BIT 16

Jnsi dg = 0,1 cm, dz = 0,05 cM, Z0 = 300 OM 1 &= 1 monyunm
a = 0,434, naxkas kaasuuty C/IT uetsipe pasa.

Ias nonyuennsi Goabuiux Z, HCNONb3YIOTCS KOAKCHAJbHBIE JHHHH,
BRYTPeHHHii NPOBOAHHK KOTODHIX BHINOJHEH B BHAE CHOHDAJH, COAEpKa-
weil n BUTKOB Ha 1 oM auunsl auean. Jns oToil aHEHR

Zp = ZaFw, v = UxFr,

rie Zxx B Uy — BOJHOBOE CONMpOTHBIeHie N (hasoBas CKOPOCTH KOaKeH-
anbHON JuHNE ¢ OGHIMHEIM BHYTPEHHHM NPOBOAHMKOM, HMEIOIIHM JHa-
Merp d (KaK M y BHeWHero AHamerpa chupain), Fy— IONpaBoyHbL
K03 puuuent, nMeomnii B

Fp= ,\/1 " ,;2—2{%)/2{1—) [1 - (-%)2] (7.4)

Mporpamma 7.26. Pacuer n# AJs JHHHH CO CHHPAJbHEM TpPOBOAHA-
KOM ¢ BHEIWHHM AuaMeTpoM d, PacnoJIOKEHHHIM BHYTPH NPOBOAAIISIO
9KpaHa ¢ BHYTPEHHHM JnameTpoM D, U3 ypaBHEHHSA

Fyy, — Fyy (n) =0,

rne Fg(n) onpemenserca supaxennem (7.4). Bsox: Fy, d u D B
peructp X,

I16 C/1 m8 C/1 M9 = Fa? 1 Xy -

Hrs Fn X Fx* X 2 + WIT9 HII8 =+
Fin =+ n7 o ne 1 I3 M2 U8 +
12 Fx? HWIN7 X 1 + F4° W6 XY —
Fx<0 27 M2 Wng — 1I2 ¢/ HIe 1 0
= n3 bBn 27

Hns qu= 4, d=05 cm u D=1 cM noayunm n = 3,35.

HckycerBennple AKRHAN SafiepKKi cTposaTes Ha ocHose LC-huabTpos
mkHnx uacror. ITo 3ajanALM BOJHOBOMY CONPOTHBJEHHIO Z; Bpes
MEHR 3aNePKKNH f; N AanTeAbHOCTH (POHTA HA BLIXOAE JIHHHH I Onpes
DeNISIOTCS UHCJIO ee 3BeHbeB n = Ry(fa/fy)® W 3HAYEHNS MHAYKTHBHO-
cri L n emxoetd C ssenveB C = lu/konZ,, L = t,Z,/kan, tie ky = 1.1
B kp = 1,07 pas ouunf sa ¢uavrpax K-tina n ki =094 u k=12
ans auanl 5a guasrpax M-tana,

Nporpamma 7.27. Pacuer napamerpoB n, C i L HCKYCCTBEHHBIX Ji-
Buit sagepmkn, Broa: kv =Pl, k2=P2, Z, 1 n {3 b perucrp X.
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[ocne moayseHHs n YACNO AYECK OKPYNMISETCS B CTOPOHY YBEMHUCHIA,
YTOuHeNHOe 3HAyeHHe BBOAHTCA B perxcrp X,

nz ¢/ me c/m mg -= 1 > 5 XY

FxV HIIl X C/IT II6 HI9 HI2 = HII6 =

6 HI7 = C/II HII5 HM7 X C/IT BIT 00

Hns kg =094, k=12, Z, =600 Om, £, =1-10-% ¢ u ty =)
= 0,06-10-% ¢ moayunm n = 84,07614. Oxpyrasiem no n = 85 u Ha«
Gupaem yrouHeHHOe sHauenue n. IMonyynm C = 1,6339869-10-% & u
L = 5,8823529.10—° [H.

7.4. Pacuer BbINpsIMHTENS

Pacemotprm pacyer m-(asHOil CXeMB! BHIIPSAMHTEJS, paforaouiero
Ha KOHZeHcaTop (uabTpa (CM. MOCTOBYIO CXeMy A m =2 Ha
puc, 7.10). Yron orceuks 6 RHOMOB ompejensieTcsl H3 peWeHHA Tpauc-
LEeH/IEHTHOTO yPaBHEHHS

tg 0 — 8 = nr/mRy = 4, (7.5)

rle r— BHYTpeHHee CONPOTHBJEHHe OTKPHITHIX BEHTHJENl H OGMOTKIl
TpancthopmMaTopa, Ry — CONPOTHBIeHNe HATPY3KH.

Tp
Y %! Uz T

Puc. 7.10. MocToBoii BEINPSMHTENE

VD1+VD4

1

Hocne maxoncaenus 0 onpexeasiotcs BenoMoraTeabHBE Kod(OALR-
EHTHI:
K(8) = sin@—0cos0 F(B) = m(l —cos0)/K(0),

B (0) = _I . D)= A/7 [0 (1 4 cos 26/2) — 3 sin 20/4] .
A/2 cos B K (0)

€ MOMOLILI0 KOTOPHIX onpefensmiorcsi TpeGyemoe Hanpskenne U =
= U;B(0) na Bropmunoft o6moTKe TpaHcdOpMaTOpa, MHKOBOE SHAYCHHE
ToKa BeHTHAN [om = IoF (0)/m, neifictByoimee 3sHayenue TOKA BEHTHJA
Iy = D(9)Io/m, Tox BrOpHuHOf O6MOTEM [, =4/2 Iy H eMKOCTb KO-

nedcaropa ¢uaptpa C = (I—:{ + -g—)/ka,fR.,. rie f—uacrora cetd

H oy — KO3 HUKEHT My bcauril BHIXOAHOTO HATPAXKEHNS.
Mporpamma 7.28. Pacuer BHmpsiMuTess, paboTaomero Ha eMKOCTE.
Boon: r = Pl, Ry = P2, m = P3, | = P4, kns = P5 n & = P6. Bu-
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Box pesyasratos: 6 -—+P0, K(0) =PA, B(0)->PB, F(08)—~PC,
D(6) >PO u C—-PX. Ilepexmoyatrenb P—T B nosoxenun P.

urm vmne = MTII3 - Fn X m o 110

1 118 WIio M8 + o Ftg W0 — IS
— Fx>0 12 HIIo nurg — 8(0] HIs 3 =
I8 ure — Fx<0 12 WII0 Fsin HMII0 Fcos II7
Uro x - IA 2 F4~ HIO7 X Fl/x TB
1 unz - Fn S UIA = Iic HIo 2

X I8 Fecos 2 -~ 1 + UI0 X 3
WI8 Fsin X 4 = — Fx X F+~ HUIIA
+ nm M3 Fl/y MO0 Fa = “t* 2 -+
W4 = urz = Urs = c/m

Myers r = 100 Om, R, = 1000 Om, m = 2, [ = 50 T'n, knp = 0,1,
Uo =150 B u I, = 0,15 A. Beeas nepsble nsTh napamerpos i 3anas
& = 10-*, moayunm: C = 7,29187-10—% &, 8 = 0,7200122 paxn, K(6)=
= 0,11809036, B(0) = 0,94055459, F(0)= 6,6029987 u D(0)=
= 2,2940527. Cienosateastio, U = 150-0,94055459 = 141,08319 B,
Iyn = 0,15-6,6029987/2 = 0,4952249 A, I, = 0,15:2,2940527/2 =
=0,17205395 A n I = '\/f Iz =0,24332101 A,

7.5. [lepecuer napameTpoB TPaH3HCTOPOB

Hepenxo uysxHo RaifiTn Qusuyeckie mapamerphl Tpamsucropa (co-
HPOTHBJIGHHS SMUTTEPA ro, 6asbl rs, KOMIEKTOPA ry H Ko3((uUHEHT ne-
pefaun TOKa SMHTTEPA & = rm/r«) MO h-mapameTpam TPamsucropa, xas
PaKTePH3YIOUHM ero Kak weTbipexnosiochnx, Ilepecuer seaercss no ¢ops
wynam Ta6a, 7.3 [20] n peann3yercs oaHOil nporpaMmoif.

TaG6auna 7.3

T‘igf, Cxema ¢ oGuielt Gasoft Cxema ¢ oGmuM SMHTTEPOM
’s By (14 1t316) Bia6/Paa6 Hyag/lt359
6 hya6/Ma26 o —Ttygq (L Biy15)Hazs
Tx (1 ="156)/ 226 (L Byy5) lgg5
Tm = (M126+ #216)/M226 (F1gs +Bgy5)/ltng
a = (M6 +P216)/ (1 —"126) (129 7+ fgy5) (1 +Pray5)

5 HIIA 1
12 WIB

Mporpamma 7.29. Pacuer uanvyecknx 11apamerpoB no /-mapamer-
pam. Beoa: hy = PA, hyz = PB, hay = PC, hyp =PIl u xox (0 nun
cxeMBl ¢ obutefi Gasoif i1 1 ¢ obwum amurTepom) B peructp X. Boizog
peayabraros: ro—Pl, rs P2, rx—P3, rm—P4 n a—P6 = PX.

WMo -+ m

UIIC + WIB X
WIB WIIC +

I

ne unp
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+~ 4 W5 Fr=0 44 1 WOB —  UOO =
M3 W4 /—/ I14 U9 /—/ 1 B — e =
I6 C/II  BII 00 Wl W2 Xy T[22 XV I
1\ HWOC + MWOm = 13 M9 1 Hne -+
~ TI6' BI 41

Mpumep. Oaa ks = 25 OM, fiizg = 0,25-10-3, hays = —0,98 n
nags = 3:10-% Cy, BBean xox 0 = PX, momyunm rs = 83,333333 Owm,
r, = 23,333333 Om, r.= 333250 OMm, rm = 326583,33 OM u a =!
= 0,97999499. st Ao = 2800 OwM, hyzs = 2103, hays =60 u
hy? = 5:10-5 Om, sBeas kom | ='PX, nomyunm rg = 360 Om, ry =i
=40 Om, r« = 1220000 Om, r» = 1200040 Om u a = 0,98363934.

OGparnoe npeoGpa3oBanie (H3HYECKHX MapaMeTpoB B A-mapamer~
put nposoautes no dopmynam {20], npuseseHnsM B Taba. 7.4.

TaGanma 7.4

Cxenma
ITapa-
Metp
C ofuuM 3MATTEPOM C oGmelt Gasoft C o6uiiM KoJaneKTopoM
& ro+ LS i (l—a)rgr, = (R
n —_ El (V) =
rgtre—ary e+ [
" £} s Tic 59Tk
12 — —
ry+re—are Rt rg Ty tre—ar,
. A=y rgtarg e
21 — —
Iy tre—ar, Tgtre ryFre—are
n 1 1 1
22 = =
rg ¥ e—ary retrg Cyetihe—ate

Mporpamma 7.30. Pacuer h-napamerpoB GHOOASPHOrO TPAHIHCTOPA
no ¢pu3nyeckuM napamerpam. Bsox: rg=Pl, r,=P2, rx=P3 n
a = P4. Boizox pesyasraros: hyy—-PA, fya—PB, 2y —>PC =PX &
h::—PI, Tpr mepsoyM mycke MOMydaeM WAPAMETPH CXEME! C OOLIUM
SMHTTEPOM, 0OpH BTOPOM — CXeMBI ¢ OGUIHM KOJJIEKTOPOM H OpH
TPETbeM — cxeMsl ¢ ofuteit 6a3oif.

HUITL M3 + Fl/x TI9 HN2 HMO3 + I3 HIT4
X n7 - Fl/x T8 IO HIO2 X nB U2
U3 HI8 X X U + MA HUI7 M2 —
U8 X [c ¢/ U3 wnr — ums X B
HI3 /—/ UM8 X nc c/ia 1 Ur4 — urt
X I3 X HImo X Wz + MA W9 T
MMM X B WM HII4 HII3 X  + HIm9 /—/
X rnc ¢/



Mpumep. daa re = 400 Om, r,=25 Ow, r,=10° Om n a=0,985
noay4uM mnpu nepsoM Hamatu# xaasuwn C/IT fiy, = 2063,8935 Owm.
li2s = 1,6638935-10-3, hag, = 65,55574 u hazs = 6,655574- 103 Cm
ITpu Bropom uaxcarun kaasuws C/IT monyuum hyg, = 2063,8935 Owm,
hiae = 0,9983361, fa21c = —66,55574 1 hoax = 6,635574-10-% Cm. Ilpu
TpetbeM HaxaTun kaasuwn C/IT  moayuum  Aye = 30,997601 O,
hyzg = 3,9984006 - 10—*, /1216=—0,98500899 u h226=9,9960015:10-7 Cm.,

7.6. Pacuer MaJOCHrHAJbHBIX YCHJIUTENbHBIX KacKaaom

Ha puc. 7.11 npexcraBiieHsl TPH YNpPOLIEHHbIE CXEMbl YCHINTEAbHbIX
Kackazos na Oumonapibix Tpauamcropax. Llemn muramus (no moctosis
HOMY TOKY) He NMOKa3aHbl, DKBHBAJEHTHbIE CXEMbl STHX KACKAJIOB Aauut
t1 pue. 7.12,

]

Puc. 7.11. Vnpourennsie cxeMsl kackagoB ¢ obweit Gasoit (a), oOuimum
amirTepon (6) B OGUIHM KOJIEKTOPOM (8)

R
‘ \
@ ) Le=lyux
T5=Iax s n
-
Ty=Tyux
Ry I"‘ Unir ‘
Uge i
65!
aly 3
9

Puc, 7.12. SxnupasenTHbe cXeMbl Kackanos ¢ obuteil 6asoit (a), oGuram
amurrepoym (6) 1 o6uM KoJJIeKTOPOM (8)

OcHOBHEIMI TIApAMETpPaMH yCHAATesel B OGJACTH CPeAHHX 4ACTOT
ABAAIOTCA BXOAHOE conpoTusienie Rux = Uux/lsx, K03(dHUMEHT youne-
nug o Toxy Ki = lwux/lsx, KOS(h(UUHEHT YCHICHHA NO HANPAKEHHIO
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Ky = Usux/Usx, CKBO3HOH KOIpOHUHEHT YCHICHHA 0[O HAOPSUKEHHIO
Ke = Upux/Esx 1 BBIXOZHOE cONPOTHBJEHHE Rypux = AUpux/Aloux mpa

Alyuyx, 32 oM ueM Harpyskn., PaccMoTpum pacuer 9THX
napamerpos [20].

Jns xackana c obumeir Gasoit (pue. 7.11,a u puc. 7.12,a):

_ (1—a) rK-i— Ru ary B Ts
Rox =157 e trg R, T rybrg R,
= (arK ar rG) Ru
u rs(rk+rG+RH)+rGrl((l —a)+rgR, ;
K (arx o rd) Rn

B Ry ¥ 7 (e F g+ Ry) F i U — @) F 1R,

o arK+r6
e e e )

TNporpamma 7.31. Pacuer mnapameTpoB Kackazma c oGuteit Gasoir.
Beop: r¢=Pl, rs="P2, rx=P3, Ry=P4, Ry=P5 u a= P6.
BrIBOA pe3ysibTaToB: KE—> P0 = PX, KU—>PA, K, - PB, Rnx—>
->PC wR Pl

X
W6 W3 X MOl 4+ T[7 W3 MOl W05 -
4+ 1M -+~ ImB 1 U6 — W3 X WIS
4+ T9 Wl X U4 MIN2 + W8 X -+
Fl/x U7 X  WII5 0 W7 WUI5 X W2
M8 X  WIIl HII9 4+ =+ [A W9 W8
=~ WM X U2 nc 1 W7 W2 ML
+ UM + = HUITl X W3 + T
MIT0  C/IT

I +XX

Haiigem napameTpsl ycHAHTENA Ha TPAHIHCTOpE, HMEIOMmeM mapa-
Merpl: ro = 400 Om, 7, =25 Om, re=10° Ou n a = 098, ecau
Ry =100 Om n Ry = 5000 Om. Ilpu sTux Aammbix noayumyu Ky =
= 139,51899, K& = 36,130459, K; = 097513427, Ryx = 34,94629 Om
H Roux = 253428,6 Om.

Has xackana ¢ o6y smurrepoM (puc. 7.11,6 n pue. 7.12,6):2

_ rs (rc + Ru) S (arg —rs)
R=ret o ¥R T R—atrtR’
o= — (arg —rs) Ry
£ rs(rK+Ru)+r5[(l—a)rK+rs+RH],
Ky — (arx —rs) Ry

TR TR =D+, TR
- r.
K,=ra—m+r0+—ﬂLJ;.
BhIX K - rs + f(, _:4 R“

Q3
it



Tporpamma 7.32. Pacuer napameTpoB Kackaja ¢ OGIIHM SMiTTEs
poM. BBOX 1 BEIBOA pesysbTaTOB cM. B mporpamae 7.31.
MII6 MIB X W2 — M7 1 Ul — W3
X W2 + WIS 4 I8 M4 MM 4 119
HI8 X Uri3 Hms -+ HI12 X nc 4 Fl/x
urs Mz /—) X nmB X 0 HMIOB HIIl HII8

X HIic + =+ MA U7 /—/ HI8 =+ IiB
WI2 WIS NI + X U8 =+ UL - rnc
WII3 UII6 X umnz — HI19 uI2 - = 1

+ M2 X 1 HIl6 — M3 X + I
uro ¢/
Haiiaem napamerph kackaga ¢ o6uIaM SMHTTepOM IPH r6=400 O,
rs = 25 Owm, re = 10° Om, Ry = 1000 Om, Ry = 5000 Om u a = 0,98.
Hast atux nanueix noayunm Ky = —139,46851, Kg=—81,447388, ;=
= —39,15984, R,x = 1403,996 Om u Ryux = 37217,544 Om.
Haa xackama ¢ obuum Kosviekropom (pme. 7.11,8 i pue. 7.12,8)3

_ i (rs 4 Ru) . g
Ro=rst -0 Frnth ST RO—a+FrnTR’
o= PRy
U (ry+R) +rg[r 1 —a) +7,+ R, ]
It = xRy
B (g +R) + (s TRy [l —a) 7, + R, ] ’
rg (1 —a)
Rox=rs (s R+ 7 R,

Nporpamma 7.33. DacueT napaMeTpoB Kackaza ¢ OOUIHM KOJICKs
TopoM, BBOA i BBIBOA pe3yJTaTos cm. B mporpamue 7.31.
1 UIe — HI3 X I8 HWI12 HI6 + 19
+ 7 MWl HWIM4 - nm X UI19 MIs X
IIB HI13 WI5 X A XY = 10 HIA

W uIz X HIB 4 =~ TMA WIB U7 =+
IiB  WM3 HI8 X Hn7 = UM + nc Hnng
umns X 1 UG — X UNnp UL 4 =

unz -+ g Hro ¢/

Haitnem napamerpel Kackaja ¢ OOUHM KOJMJIEKTOPOM IPH rg =
=400 On, rs =25 Om, re=10° Om, Ry = 10* Om, Rx =500 Cu
n a=093 Tlonymn Ky = 093771684, Ke = 0,67708474, K;=
= 48,421071, Rex = 25978,562 Onm u Rpux = 230,85906 On,

7.7. MopenupoBanue Hequkelnbix nenefi

BTOPOrO mOpsjKa

B pannosneK'rpomme BAXKHOE MECTO SaHKHMAIOT HeJHHeiTble nen,
OnpchiBaeMeie HeJHHeHHRMH mic])tbepeumlanbnm\m YPaBHEHHAMHI BT0«
poro mopsAka, K HHM OTHOCATCA peaakcaiuonuvie n LC-renepa:optl,

T&
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Mukpo-9BM sBAsioTCA YAOGHEIM HHCTPYMEHTOM LIS MaTeMaTHYeCKOro
MONeJIHPOBAHNS TaKux uenefi (puc. 7.13,a).
Lenb puc. 7.13,a onnchiBaeres cHcTeMoil AH(GepeHUHaIbHEIX ypaBs

HeHHi
di E—iR—u

FES— ~Lreal (7:5)
du _ i—1(u)
==, .7)

OTHOCHTEJIbHO NepPeMeHHEIX COCTORHHA — TOKAa ! B Hanpsukenns u. Pop-
Ma KoJeGaHHii B NepBylO Oyepellb 3aBHCHT OT HeNHHeHHOR 3aBHCHMOCTH
I(z), onuchiBaiomielf CTATHYECKYIO BOJLTAMNEPHYIO XapaKTEPHCTHKY He-
auneiinoro npu6opa H3 (pue. 7.13,6). Janee mnpeanosiaraercsi, uTo

I
E/R /
1,.\
1
]
)
] i
) 0 U ENU, Uy u
a) IJ) 2 3

Puc. 7.13. Lens ¢ sennneiinuiM snementoM (a) u ero N-o6pasnas BoJbT-
amnepHas xapaktepucruka (6)

HHepunoaHocTh HD yunTHIBaeTcsi ero eMKOCTHIO, cocTaBasioulell uacTh
oGueii emxoctn C.

Tycrs B kauectse H® npumenen Tymmenbnulit amon, N-oGpasnas

BOJIbT-aMIIepHas XapakTePHCTHKA KOTOPOro OMHCLIBACTCS BhIPAKEHHeM

I (1) = Aue=% 4 D (P4 — 1), (7.8)
rze napamerpnl A, o, D 1 B BHpaxcaioTes yepes Hanpsxenie Uy npu
nuKe TOKa fn, 06paTHblii TOK [o M TeNVIOBON MOTEHUHAN (r B COOTBET-
crBun ¢ popuyaamn A = eln/Us; o = 1/Us; D = I u f = 1/mg:, tae
m — 10NnpaBoYHbli MHOKNHTENb (m =~ 2).

Henonbsys nporpaMmy pelueHHst CHCTEME! H3 ABYX Aud)epentuuans-
BuX ypasuennii (7.6) u (7.7) c yuerom (7.8), moayuwmm nporpan-
My 7.34, mospossionyio HaiiTi saBHcHMOCTb i(f) u u(f).

Mporpamma 7.34, Pacuer sasucumocrteit i(f) n u(f) aBroxoneGa-
TeJIbHOrO peiakcatopa Ha TyHHeabHoM auone Bsoa: A = P2, o = P3,
D=P4, p=P5, E=P6, R=P7, L=P8, C=PY, ir=PB,
4o =PC, Al =h=PJl n fo=PA. BuBoa pesyabratos: f—»PX,
i(ts)=PY u u(t,)— PC.

HIl6 HIIB UN7 X —_ HIIC — UIs = I
X MIB + 10 MIB MIC M3 /—/ X Fe¥
MIC X U2 X — HII5 HIIC X Fe* 1
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= U4 X — U9 =  HOOo X  HIOC +
[IC W0 [IB WA MIOJ + DA C/IT BT 00
Mpu A= 0,2718 1/Oxnf{nwroz al, =10-10-3 A u U;=0,1 Bj,

=10 1/B, D=1:10- A, g=w20 I/B, E=03 B, R =10 O,
L =100-10-° T, C =10-10~12 @, ip =10, uo =0, fto =0 n Al =)
= 0,1-10-° ¢, waxuman kaasmmn C/II, XY u HIIC, OyaeMm MOJMydaTs
CleAylolLie faHHble:

tn, C i(ty), A u(ty), B

1-1071% 3.p07* 0

2:107% 597.107* 3.1072

3-1071° 8:8803.10% 1,0569807 - 102

410710 11780927 . 107% 7,0946111 1073

5.1071% 14502172 107% 9,130329-107* u 1. m.

Bunmatensunii npocmMorp 3HaueHuit u(f,) OoGHApyXHBAaeT Xapar<
TEpHYIO VI MOAE/NHPOBAHHA TAKHX CHCTEM MNEePHOAHYECKYIO 4HCIEHHYIO

u,B

14 by !
i,nA

L

f L
0 7 4 6 8 0 12 14t

Puc. 7.14. Bpemenusie 3aucumoctd i(f) (BH3y) u u(f) (BBepxy) pe-
nakcaropa (pue. 7.13, a) Ha TYHHEAbHOM AHOAe

HeycToitunsocts pewennsd, [IpH BHOpaHHOM Af OHA MPOFBJIAETCA TOMLKO
TOrAA, KOrKa paoyast TOYKA TYHHENABHOrO AHONA MOMANAET HA KPyThie
YYaCTKH BOJIGTAMIEDPHOX XAPAKTEDHCTHKH. YCPeAHss 3HAueHus u(fx),
LO/YuHM mpuBejeHnble Ha puc, 7.14 rpaduxu sapucumoctedt i(f) u u(f),
KOTOpHIE XOPOUIO OMHCHLIBAIOT PeaibHyo opmy koneGauuit. s yMeHbs
WeHHA YHC/JeHHON HeyCTOAUHBOCTH C/GAYET yMEHbWaTth war Af,
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Tlpunoxenmne 1

HHCTPYKILUS N0 MPUMEHEHHUIO
BCTPOEHHO¥M BUBJIMOTEKH
MPOrPAMM TOJIb3OBATEJISA

IDJIst MUKPOKAJIBKYJISTOPOB TI-58C/59

Mporpamma ML-01, JInarHOCTHKA, CTATHCTHYECKHe BHIMHCJACHNA,
JuneitHas perpeccHst ® ynpabieHue npuHTepoM. JlHarHocTiKa TNpoBo-
autea xomauaamu 2nd Pgm 01 SBR = (cnycrs npumepno 15 ¢ mes
npaBuBll MAKPOKaAbKyaaTop seinaer uudpy 1). Kontpoan momyns ML
6uGnuorexkn mporpaMM mposoautes komamaamu 2nd Pgm 01 SBR 2nd
R/S( momxusl noayunts mndpy 1). Ilpu BBose onepauuit 2nd Pgm 01
SBR CLR xaJbKyJsiTOp rOTOB K IPOBELEHHIO JHHEHHOro perpeccHBHOro
ananusa, Ilocse BBoga omeparopos 2nd Pgm 01 STO 00 noaxsiouer-
Hblil K MHKPOKANBKYJISATOPY NPHHTEP FOTOB K paGore.

CraTicTHYecKe pacyeTsl, Bhiuncsenne KoddduuueHtoB by u by -
ueiinoii perpeccnn (§ 5.13) n xosdguuuenta napHoii KOPPEsUHH B
noausoTes no nporpamye ML-01 B cieayiolteM nopsjake:

1. IMoaroToBka K BHIMHCJHeHHAM 3amaercs Komawaamu 2nd Pgm 01
SBR CLR.

2. Boonarca SHAYEHHS Xi, Y1, X2, Yz, «.., Xy, Yy B CJACAyiOLIEM
Nopsiike AV KaXcmoif nmapel wicen x; My Xr x==1 y; 2nd T 4.

3. Haxomum cpennee sHasenne j, Haxas knaBmmm 2nd X, un cpen-
Hee 3HAyeHHe X, HAXaB KJAaBHLIY X == I.

4. HaxoanM craHpapTHoe CpelHEKBaApaTiuecKoe OTKJIOHEHHE Oy,
naxas kuaasuuwg INV 2nd X, u oy, HAXaB KaaBuumy x ==1.

5. Haxonum nucnepemio Dy, maxas waaspwy 2nd Op 11, u guc-
nepenio Dy, HaXaB KJIaBHIIYy X = 1.

6. Haxozmnm mapamerp bo JmHeiiuoii perpeccum, HaX<aB KJaBHINN
2nd Op 12, sateM, HaX<aB KJaBHIIy X == 7, HAXOAHM mapamerp bi.

7. Koappuuuent Koppeasiuu r = mox/oy HAXOAHM, HAXKaB Kia-
Buwn 2nd Op 13.

8. Mua suavenusnn x Haxoanm y = bo-DiX, HaXKas KIaBHIIH
2nd Op 14.
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9. Ilas suavenns y maxomum ¥ = (y=bo)[bs, HAKAB KinaBHuA
2nd Op 15.

st macensa yi(xi): .2(0,95), 4,05(2,1), 5,8(3), 8,1(4,1) n 9,2(4,9)
Haxoamm by = 0,2112006713, b, = 1,86671074, r = 0,9987280191. Iaa
x=05 moayuum y = 9,544754373, a aaa y=1>5 mnoayuyHM X ==
= 2,565367641. .

B nmporpamme ML-01 sausate perncrpst ROL =Zy, R02=Z!I‘-
R03 =N, R04= Z X, R05= Z %% R06= Z xy, R09 wu perucrp £

Mporpavima ML-02. Buiyncienue AeTepMuHAanTa MaTpuust A, Bil-

uncsenie obpatHoil MaTpuup A-! § pelleHHe CHCTEME! JIHHEMIBIX ypas-
Henuit Ay = B,

Pasmep matpummt A (n X n) | 2X2 | 3X3 | 4X4 | 5X5 | 6X6 [ 77 | 8X8 | 9X9
MarciManbibtil Homep pe-
THCTDA a5 nuMmcxenua A—'| 13 19 27 37 49 & ] z
Maxkcumaasiuit HoMep pe-
rueTpa aan pewienns cnere-
MBL ypashenuii Ax = B 15 22 31 42 Gl e 3

—_—

Briyitesien e AeTepMuHANTa MaTPHLLL

Ay Qg ... Qp
A=| %2 G2 ... Gon

Auy Qupa <. Qun
ponsBoanTesn Komanaavu 2nd Pgm 022 A 1 B

. R/S ay R/S ... am R/S @z R/S am RIS
o+ @ RIS @y R/S aw RIS ... am RIS C

MOpamep. dua MATPHILB!

4 80
A=|8 8 8
2 01

(= 3) mosyunm gerepunnanr |A|= 96.

Pewenne cucrems ypaBHEHHiT MPOBOANTCS TOCJE BLITHCHCHIA Je-
TepMuManTA ¢ nomompio komana 1 D by RIS bz R/S ... bx R/S CLR
E 1 2nd A’ R/S (noayuaem x) R/S (nomyuacst xz) R/S (noryuacht
A3) ... Ian cneremur ypaBHemuit

48 0] |x 4
8 8 8| x|=|4
2 0 1| |x 6

HOAYUIM %y = 4, X == —1,5 11 53 = —2.
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Brruncaenne o6paTHOii MaTpuusl A-! NpOBOAHTCS C TOMOMILIO KO-
manz CLR 2nd B’ 1 2nd C’ R/S (nonyqaem al-l‘) R/S (nonyqaem aal)

i R[S (nonyqaenl a;ll) H T. A (BBIBOAMM SJIEMEHTH ADYrHX
cT0JIGLOB) .

B nporpamme 3anars pernerpm RO1 =+~ R08 (A = R06, n = RO07)
i cjefyiouiie 10 YKAa3aHHOTO Bhille MAKCHMalbHOrO HOMepa.

fporpamma ML-03. Cnoxenne H ymuoxenne Matpuu. Ilepsas
4acThb NPOrpamMMHl BuYHCAsier cymMmy Martpun A # B, yMHOMKeHHHIX HA
[OCTOSIHHBIE MHOMHTeJH Ay H Azt
ay ... Qip by ... bin

Cl1 ++s Cin

A

Amy o+ Qmn bmy ovv bmn €mi +«« Cmn
Beoj: 2nd Pgm 03 m A n A 1 B ay R/S ax R/S ... ami R/S an
R/S @2 R/S ... ams R/S 1 C (mBom MaTpiiust B) Ay D 22 D CRL E 1
2nd A’ R/S R/S ... R/S (BniBoaum no cToabuam SjeMeHTH MaTpi-
uu C). PaGory nporpaMmbl MOXCHO NMPOBEPHTL HA MPHMEpE:

2 30 40 —1]|_|—6 3 2 l

1 05| “]ls-2 5\‘-5—4— ¥
Bropas yactb npOrpaMMul CJAYIKHT ANA BLIMHCJEHHS NPON3BCACHNA
ABYX MATpHIL;

‘ 1. 2.

J

\an e ou @y i by ... byp €1 ... Cip
4my «++ Qmn b . bup €m) <<« Cmp
t  TlosropsieM onepauui BBoAa SJeMeHTOB Marpuubt A. Ianee BBO-
anM xomanast 1 2nd B’ by R/S ... by R/S (BBOA HO croabuam mar-

puusi B) 1 2nd D’ R/S R/S ... R/S (BmBox mo croaGuam 3JieMenTon
marpnupt  C). 3auster permcetpsl ROl - R08 (m = R03, n = R04,
Av = R05, A> = R06) u nociepylouine ¢ HOMepamMH 10 Rappiz — I
TepBOii 4acTH DPOrpamMMbl H A0 Rpnianss — AAS BTOPOIl 4acTH Hpos
IPaMMBL.

Mporpamma ML-04. IleiicTBust ¢ KoMnjekchbMn uncaamu X=a--jb
n Y = c+jd. Pesyibrar — xoMmmiekcuoe unciao Z = e - jg. Beomw
2nd Pgm 04 a A b A ¢ 2nd A’ d 2nd A’, lanee BBOASiTCA CleAYIO-
1IHe KOMAaHJbl.

JeflcTsusi, phMoaHAeMble HAR X _
KOMIJICKCHBIMI  HHCAAMK X+ Y| X=Y| XXY | X/¥ yX logy X VY

Komanau ans monyueHus e B |2ndB| C |2ndC’ D |2nd D’ B

KoMaHAW Ans monyuewns g |x2 i xZt xzt xix IZI e xZt

3asepwenne suuncaennit: 2nd E’ (BBox nosuix X n Y).
ITpumep. Buuncants

[@+j-3) (1—j - nIttiy,
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BeozguM komanawm 2nd Pgm 04 2 A3 A 12nd A’ 1 4/— 2nd A’ G
x==1 (noayuaem pe3yJbTaT YMHOMEHHS KOMIVIEKCHHIX W4HCEJ, 3aKnio=
UeHHHIX B KBaapathpie ckoOku) 2nd E/ 1 A1 A D (nonyuaem e =
= —1,068423508) x == { (nonyuaem g = 4,09577726).

B nporpamme sauaTw pernerpsi ROL =~ R04 (uncna a, b 1 pesyiibs
TaThl e u g sanocsites B pernerps ROl u R02).

Mporpamma ML-05. dynxkuuy KOMNJAEKCHOTO nepemMenHoro X =
=a+ jb. Peaymwrar Y = ¢+ jd. Beoa: 2nd Pgm 05a A b A. Jla-
Jiee BBOAATCS CJEAYIOlHe KOMaHLl.

Buuncyenne noasproro pamnyca r u yraa 0: B (nomywaem r)
x3=1 (noayuaem 0).

DYRKIN  KOMNJACKCHOTO fe-

peMenioro X2 -VX X lnX eX
Komanam ann nonywenun ¢ c D E 20 AEHIE IR
Komanaw ann noayueunsn d xii X'<>-t xZt X3t xif
e

Mpuwep. Bouncanrs, e@+/9), Broxuy xomanau 2nd Pgm 05 2 A
3 A2nd B (nonyuaew ¢ — —7,315110095) x ==t (noayuaem d =
]‘=’le0442743656). Pacnpejenenne perncTpos naMsTH CM. B Nporpamme

Mporpanma ME-06. Buuncsenne TPUTOHOMETPHYUECKHX 1 OGpaTHbX
TPUTOHOMETPUNCCKIX (yyHKIM KOMIIEKCHOTO nepenenioro X = a4 jb.

Peaynsrar Z = ¢ +jd. Boon: 2nd Pgm 06 @ A b A. anee sopsTCA
CIenyIowHe KoManpL,

Tpnruuog\crpsmccu e
1 oGpaTnue
TPUTOHOMETPHYECKIIE Kouanis oo

bynxui xomnaekenoro A4S noayucHus ¢ AR noayHenus g
nepementoro

sin X B x2t

cos X ' c Fxzt

g X D xZt

aresin X 2nd B’ *) x3t
>

arccos X 2nd G’ *%) e
>

arclg X 20d D’ *&1

—

*) Ecan b <0, mponstes omepatopn +/— STOO02.
**) Ecan b <0, ppojatcs onepatops +/— STOOL

TIpumep. Buuncants sin(3 - J-2). Booum xomanas 2nd Pegm
063 A2AB (nonyuaem ¢= 0,5309210863) x==1 (nonysaen d =

= —3,5905645). Pacnpesienenue PerucTpoB namsaTh CM. B .NpOrpamae
ML-04,
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Mporpamma ML-07. Boranenenue 3HaueHuH nosumoma
P(x)= Qo + Q1% 4 @2x% 4. . - apx”,

Esox: 2nd Pgm 07 # A 0 B ao R/S a1 R/S ,..as R/S ¥ C (moay-
uaem P(x)).
Tlpnmep. Belyicaurs SHAaueHHe NMOJHHOMA

P(x)= 0+ lx - 2x% 4 3x3 - 4x4

pas x = 1 u ¥ = 2. Beoaum xomauasl 2nd Pgm 07 4 A0 B 0 R/S 1
F/S 2 R/S 3 R/S 4 R/S | (sunauenne x) C (monyuaem P(1)= 10) 2
{:coBoe amavenne x) C (momyuaem P(2)= 98).

Mporpamma ML-08, Boiuncaenne xopHeit ypasnenna F(x) =0 c
LOTPELUHOCTBIO & B uHHTepBave [a, b] H3MeHEHHs X C HAYaJbHBIM LIa-
rou Ax. Boumcsenie F(¥) opopmiseM MOANPOrpaMMoif, TOMEYeHHOH
metkoit Lbl A’ u 3akanunBaoweiics oneparopom INVSBR. Texymes
BHA¥eHNe ¥ SAHOCHTCA B HAaualo moanporpammsl. Bmon: nammeie F(x)
2nd Pgm 08 a A b B Ax Ce D E E ... (uaxumaem xuasumy LD
KaX/iblil pas Juis BHILAYH HOBOTO 3HAUEHHS KODHSA JO TeX MOp, MOKa
He mnoayaum uncao 9.9999999-109° (mepenonmenHe, O3HAayaioulce, uTO
KOpHeii GoJblue Her).

ITpumep, Haiitn xopun ypasuenus F(x¥)= 4siny 41 —x B Hi-
Tepsasie [—3,3] ¢ wnavaseHbM  mwaroM Ay = 0,5 u NOrpETIHOCTLIO
e = 0,01, Peluenne coCTONT U3 CHGAYIOUHX yacTeil.

1. Beoa noanporpammer Bhiynciennst F(x): RST LRN 2nd Lbl 2nd
A’ ( STO 10 2nd sin X 4 + 1 — RCL 10 ) INVSBR LRN.

2. Bsoa nporpammur ML-08: 2nd Pgm 08.

3. Yeranosxa suavennii ¥ B paguanax: 2nd Rad,

4. Bpox ncxoaubix paunublx a, b, Ax ne: 3 4-/— A3B .5 C .0l
D E (momyuaem x; = —2,20703125) E (mosyuaem x: = —0,33984375)
E (noayuaem xs = 2,69921875) E (moayuaem wumcao 9.9999999-10%,
T, e. GoJblle KOpHEit HeT).

Pacupenesienne perncrpos mamsmi: @, a4 Ax = R0l, b = R02,
Ax = R03, RO4 -+ RO08 sanarsi, &€ = R09, ocranbuble PErHCTPLl CBO=
Goausl.

Mporpamma ML-09. Yncaensoe HHTErpHpOBaHie AHMAJHTIMECKIl 33-
Aanuoit pynkuun f(x) merozom Cummncona. IToapiurerpaibHas (ynuid
f(x) B BBpaxenun

b

1= S f(x) dx
a
ROMKHA BBIYHCAATBCA MOANPOTPAMMOil, HaumHaollefics meTkoit Lbl A’
Il sakanunsatomeiicst omeparopod INVSBR (rexyinee smauemie X 3a-
HOCHTCA B HawaJo nogmporpamubi). [lasee BBOA BLITOJHACTCS KOMAl-
zesin: 2nd Pgm 09 @ A b B o C D (moaysaem I), rae n uHCaO -
Tepnanos pasbuenus [a, b].
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Tlpunep. Beuncants
1
= g ABE T dx
(i

npi n=8. Beoaum mnoanporpammy sbluncaenna f(x) = A2x 1.

RST LRN 2nd Lbl 2nd A’ X 2 4 1 = 4/x INVSBR LRN. [Tanee peo-
auM nporpammy ML-09: 2nd Pgm 09 0 (sson a) A | (sson b) B 8
(eBop n) C D (moayuaem ! = 1,398713896).

Ucnosb3osanne perncrpos namatim: a = RO1, b = R02, h = R03,
I'=R04, n = RO5 (ocranbible perHcTphl CBOGOAHEL).

fporpamma MEL-10. UYncnennoe nnTerpuposanue Mmeromom Cunm-
toHa Gymkum# f(x;), sanannoii ueTHmM aucaom n opaunar fo, [,
f2y «ovs f Bon: 2nd Pgm 10n A h B O C fy R/S ... f»R/SD (noay-

saeM I), Joia h == 1 n f; = 1, 8, 27, 64 n 125 noayuunm I = 156. Pac-

Tpefesienne perucTpos namatH: saHathl peruerpsl ROl -+ ROS, npuuenm
h=R03, I = R04,

n == R05, opausatsl fo, fs, ..., [a 3aHOCATCA B
PETHCTPE OT Rop anist fo 20 Rpye AN [ UHCAO OpAHHAT Orpanuui-
BACTCS IONYCTHMBIM UHCJIOM CBOGOAHBIX PEFHCTPOB MaMATI.

Mporpammu ML-11 <+ ML-13 npeanasHavens AJs MPOBEACHHA e~
MEHTADHLIX BBIUMCJEHHI] (YIVBl M CTOPOHB TPEYrOABLHHKOB, CErMEeHTH
OKpyXtnocreit w 7, n.). [MosroMy noapoGHOE ONMHCAHHE WX OMYIIEHO.

Mporpamma ML-14. Buuncnenue dynxumii Z(x) B Q(¥) Hopumaub-
HOrO  pacnpenesennss BeposTHOCTH ¢ X = (m— p)/o. 3navenne
Z(’-')*e_wg/‘\/ﬁ. Q(x) nnomaxs nox Kpusoii Z(x) nps m = X
Bron: 2nd Pgm 14 x A (noayuaem Z(x)) B (nonysaem Q(x)). Ilio-
Wane nox kpusoit Z(x) npu m << X shuHeasercs Kak P(x) = 1 — Q(x).

HNpumep, an x =05 nonyunm Z(x)= 0,3520653268; Q(x)=
= 0,3085375322 P(x) = 0,6914624678. Pacnpeaenenne pErucTpoB:
Z(x)= RO1, RO2 sausit, x — RO3.

Nporpamma ML-15. Tenepauus cayuaiimsix uicen. Brog: 2nd Pgm
15 2nd E’ xo (mauasnsnoe wmeso or 0 mo 199017) E. [anee B coor-
BeTCTBHH CO CIGAYIOLIMI PeIHMaMn paGoThl.

L. Tenepauus CJIydaitiLIX uHCeJ C paBHOMEpPHBIM pachpeAe/ieHHeM
B nntepsane [a, b]: a A b B C C.,, C (monyuaew psa caydyafiibix
gHcen).

2. Tenepauus cayuaiingix uMcen ¢ HOPMAJbHBIM pacrlpefiesieHHen o
S3JHHBIM CcpenHnM sHavennem ¥ ® o ¥ A 0 B 2nd C 2nd C7,..
¢+« 2nd C’ (nonyuaem psin cayuaitHelx wHCedN).

3. Buluncaense ¥ m o AAs uHces, TOJAYGEHHBX mo m. 23 2nd 2
(monysaem %) INV 2nd % (mosmyuaem o) RCL 03 (nonyqaem NY.

4. Tedepauus cayuaiiublx yHcen C paBHOMEp €
nurepsane [0, 1]: SBR 2nd D.MS SBR 2nd DMS s SBR 2nd DMo
U T, A (NONydaeM pPaAA cayuaiiHblX 49HCEN),

2035



Mpumep. Oas xo=1, =1 n 0=0,1 noayuum cneayomud
PAL uices ¢ HOpPMaJbHbIM pacnpenenennem: 1,093261476; 1,068422521;
0,8696010813; 0,9655443104; 0,8812833351 u T. A. Pacnpeneneuue pe-
THCTPOB MaMsATH: 3aHATH pernctpsl RO <+ Rll(ZJ—— RO1, Z y 2= R02,
N = R03, Zx-—RM. Zx = R05, xo=R09, a, £=R10 u b, 0=
=RIL).

OporpaMma ML-16. Boiuncsienne (haktopnana n! mepecTaHOBOK
P? u coueraunit C (< 691). Beox: 2nd Pgm 16 n A r B C (mo;y-
gaem nl) wau D (nonyqaeu P ) i E (nony'-laem C")

Mpn Mep IOas n= 10 u r =4 umeem n! = 3628800, P
=5040 u CY =210 (npu sauncennsx P uw CY nostoputs BBOA £
n r). Pacnpesesnenne perncrpos namatH: n = ROI, r = R02, R03 zamuar,
nl, P, C = RO4.

Mporpamma ML-17. YcpenneHue AaHHBIX 0O Mepe HX BBOAA:

”‘cp=('"k+ my + .0+ mk+n_l)/n kR=1;2,3; oo
Beon: 2nd Pgm 17 2nd B’ n A my B ma B ms B un 1. a. (momyuaem
Mmcy). Pacnpesenenne periicTpoB namsTH: sauatsl ROl == R06, n = RO2.

Mporpammsel ML-18 w ML-19 cayxar Ana NpOBEleHHR [EN0BBIX
pacueToB (3afiMBl, PeHTHl, HaKomleHus W T. A.). Onucanwe 3TAX MpPO-
rpaMM He NPHBOLHTCHA, MOCKOAbKY OHO He COOTBETCTBYeT mpoduiio
KHHTH.

Mporpamma ML-20. BbruiicsieHne QHA HeleNd W uHc/ia AHelt Mexay
aByms paramu, JlaThl 3a7aloTcH ABYX3HAUHBIMH wHCAaMH Mecsua MA,
mus DD wu (uepes touky) roma YYYY, Heasssn samasate DD > 31,
MM > 12 u YYYY < 1582. Beoa: 2nd Pgm 20 u najee B cooTBer-
CTBHH C PEXCHMOM HCIOJIb3OBAHKHA TMPOrPaMMBL.

1. Yucao aueit mexay nsymsa patamu: MMDD.YYYY (Bsoa nepsoii
ratet) A MMDD.YYYY (sBox BTopoit matet) B C (monyuaem wgicao
nHeit).

2. Ieun HeaewH, cooTsercTBYIOmLHit onpeneeHHOIt nare:
MMDD.YYYY (BBom natet) D (monyyaem aedp weaesn: 0 — cyGGora,
I — Bockpecerbe, 2 — moweneJLHHK 3 — BTOPHHK, 4 —cpeaa, 5 — vyer-
Bepr i 6 — nATHNNA).

IMpuwmep. Haiirn, kakoit femb Hezens coorsercTByer mate 1 fis
Bapa 1984 r. (MM=0l, DD=01). Beogum: 2nd Pgm 20 0101.1984 D
(moaygim gmeso 1, T.e. STOT AeHb — BocKpecenbe). Pacnpejesenne pe-

raoTpoB  maMati: samatel ROl - R05, MM = ROl, DD = R02 u
YYYY = R03.

Mporpamma ML-21. Hrpa ¢ mudpamu Hi-LO Game.

Mporpamma ML-22, [lenoBbie pacyeThl, CBS3aHHBIE C TJIATEXaMU.

Mporpamma ML-23. Onepauwn ¢ MepeBOAOM Mep H3MEPEHHST Bpes
MEHH 1 YIVIOB.

Mporpamma ML-24, [lepeBog Mep AVHHBI,
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Mporpamma ML-25. TlepeBop Mep H3MEpEHHs TeMnepaTypsl H Beca,
Mporpammm  ML-21 + ML-25 peanusyior ojeMeHTapHble BblyHC/es

Rif o0lero xapakrepa, BLIXOJASULHE 32 PAMKH TeMaTHKH AAHHON KIHFH.
Tostomy omu noapoGHO He OLNCHIBAIOTCA,

MNpunoxenune 2

BUBJIMOTEKA BHEWIHUX NPOTPAMM
IJIsT MEHKPOKAJILKYJISITOPOB TI-58C/69

\
Konrposbusie npivepst oM. B cooTBeTeTBYIONIHX MpOrpaMMax A%
Kanbkyanaropa Daektponnka 53-34 *).

Mporpamma M1, Bruncnenne snavennii Muorounena YeOnmesa
1-1o pona. Beon: n — RO1, x = RX.

INV cos X RCL 01 = cos R/S RST

Mporpamma MN2. Buuncsenne suavenuit muorounena “eGuiuesa
210 posa, Bop: n — RO1, x = RX.

INV- cos STO 00 % ( RCL 01 + I
) = sin 4+ RCL 00 sin = R/S RST

: fiporpamma M3, Briyncnenne sHavennii muorousena Spmura. Broa:
t=(n—1)= RX, x = RX.
STO 01  R/S STO 04 9 = FGTOR0
1 STO 02  STO 05 RCL 05 X  RCL 02
+/— + RCL 04 X RCL 03 STO 02 =

X 2 = STO 03 Op 25 Dsz 1
15 R/S RST

Hporpamma 4. Bryucaenne snavennii MHOrowIeHa Jlareppa«
BBOR: i = (n— 1) = RX, x — RX.

STO 01 R/S sTO 07 +/— + 1| 6T0 08

STO 06 = STO 09 RCL 06 X RCL 08
=, " ™ CRGE e
RCL 07 ) X RCL 09 S8TO 08 = o
Op 26 RCL 06 = STO 09 Dsz I
15 R/S RST

.
“DOI‘DKMM«’I M5. Boluncsenne Slla‘leﬂlli‘l MHOrouJeHa ﬂe)l(a"}lp
BBox: i = (n— 1)= RX, x = RX.
STO 01 R/S STO o7 STO 09 1 STO (()8
STO 06 RCL 08 +/— X RCL 08 -+

’ 59 B 55—
*) Bpemsi Bhumc/ennmii Ha MHKPOKAABKYJATOPAX T,f,,?(iclsa»u.
7 pas MeHble, ueM JUIA MHKPOKA/IBKYAATOPOB OJEKTPO
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RCL 06 X 2 -+ 1 ) X RCL 07
X RCL 09 STO 08 = = Op 26 RCL

06 = STO 09 Dsz 1 0 12 R/S RST

HOporpamma T6. Briuncaenne runepOoiueckux (yuxuuii Aefcrsits
TeJIbHOrO TMepeMeHHoro ¥ = RX.

a) shx (shl = 1,1755201194):

INV Ilnx — 1/x = = 2 = R/S RST
6) chx (chl = 1,543080635):

INV Inx 4+ I/x = =+ 2 = R/S RST
5) thx (th1 = 0,761594156)

INV Inx x*2 4 1 = == /%

+/— 4+ 1 = R/S RST

r) Hus souncaerns cth x mepex omepatopom R/S caeiyer mocra-
puTh onepatop 1/x.

Tiporpamma 7. Boincaenne OGPATHEX THOEPGOMUYECKHX (QYHKLUT
peficTBuTeNBHONO Nepementoro ¥ = RX.

a) arshx (arsh 1 = 0,881373587):
4+ (%2 4+ 1) 4/x = Inx R/S RST
6) archx (arch2 = 1,316957897) pwumneasiercst no nporpame I17
a) c 3amenoii snaka 4 no aapecy 003 na sHak —,
B) arthx (arth 0,5 = 0,5493061443):
1/x — 1 = = 2 = lfx 4 1
= 4/x Inx R/S RST
r) archtx (arcth2 = 0,5493061443):
— 1 = = 2 = 1l/x + 1 =
4/¥ Inx R/S RST

Nporpamma [18. Briuncaerne runepGoangecknx GYHKIUl KOMILICKC-
noro nepementoro Z = a+-jb. Beox: a = RX, b = RX. Busoa pe-
syavrata [(Z) = ¢+ jd: ¢—RX, d - RX.

a) shZ = sh(3 + j-2) = —4,16890696 -+ j-9,154499147:
STO 02 R/S +/— STO 0l Pgm 06 B s3=¢
R/S x2Zt +/— R/S RST g
6) chZ = ch(3 + j-2) = —4,189625691 - j-9,100227894:
STO 02 R/S +/— STO 01 Pgm 06 C R/S
¥t R/S RST
p) thZ = th(3 --j-2) = 1,003238697 — j-0,0037640256:
STO 02 R/S +4/— STO 01 Pgm 06 D x22¢
R/S x2¢f 4/— R/S RST
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Tlporpamma 9. Beiuscaenne obpatnbix rrnepGosnyeckax (pyRKmni
ROMIJleKcHoro nepemennoro Z = a+-jb. Beop u BHBOA cM. B Mpos

Pgm 06 B’ x22t

rpamume II8.
a) arsh Z = arsh(3 + j-2) = 1,98338703 +- j-0,5706527843:
STO 02 R/S +/— STO 01
RIS x22t +/— R/S RST

6) arch Z = arch (3 + j-2) = +1,968637926 = j-0,6061378224: '

R/S STO 02 Pgm 06 C° x2t R/S

Pgm 06 D’ x2ZXf

STO 01

x2t R/S RST

B) arth Z = arth(0,3 + j-0,2) = 0,2957499202 - j-0,21547449372
STO 02 R/S -/— STO 0l

R/S x2¢ +/— R/S RST

Mporpamma M10. Mutepnonsunsa no dopmyae Jlarpanka ana Tpes
To4ex. Booa: y_y, yo, y+1, h, Xo n X B perncrp X.

STO 00 R/S STO
03 R/S STO o4
RCL 03 = STO
1 ) X  RCL
- RCL 05 x?
G X RCL
02 = 2 =

o1
R/S
05
00

)

GTO

R/S

X
X
Tl
0

STO 02 R/S STO
RCL 04 = &=

( RCL 05 —

2 JE 1
RCL 01 + RCL
1 ) X RCL
14

Mporpamma M11. Uurepnonsuus no opmyse Jlarpamika fas msrh
Touek. Bnon (moce mamcarus xaasum RST i R/S): y-z, y-1, Yo, Yrhs

Y42, h, xo m x B pernerp X.

CMs 7 STO 00
04 0 R)S —
= STO 08 (
STO 09 X RCL
2 ) X  RCL
RCL 08 — 1
RCL 08 x2 —
06 = 6 +
RCL 05 - 4
) X  RCL 08
R O o L SRCL
RCL 08 2 )
4 = GTO o

R/S
RCL
RCL
08
07

A

09

)
12

STOI
01
08
X
X

)

09

(
RCL
X
X

0 Dsz 0 0

= - RCL 02
%3 - 1 )

( RCL 08 ~—
g0 et
RCL 08 X (
STO 10 X RCL
% RCL 10 X
RCL 08 -+ 1
10 bd RCL 04
RCL 08 X (
RCL 03 = 2

Tporpamma 1112, Bruncienwe Kopmelt mesmieloro ypapmesii
F(x)=0 wmetonom nomekammoro mpuéimiennsi, Baop: anusie £(%)s
X0 = R00, Axy = R0I, e = 02,
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CP RCL Ol SUM 00 SBR A = RCL Ol

— x>t 0 0 1 0 +4/— INV Prd ol

RCL 02 x2f RCL Ol || x>f 0 00 RCL

0 R/S Lbl A ... wv. .n .. ... ISBR
Mporpamma [113. Bpluscnenne Kopueii HeJNHHEHHOro YypaBHeHHS

F(x)= 0 KOMGHHHDOBaHHBIM METOAOM CeKyLIX — XopA. Bsox: pauubie
F(x), xo = R00, x; = RO, e = R02, RO3 3ansr.

RCL 00 SBR A x2Zt RCL o0l SBR A STO

08 RCL 00l — RCL 03 X ( RCL 0l
— RCL 00 ) = RCL 03 — x2xt
) = x2t RCL 0 STO 00 «x2f STO Ol

— RLC 00 = |x| =x=2f RCL 02 INV x>t
0 0 RCL O R/S Lbl A ... .. ISBR

Mporpamma M14, UYucaenuoe pauddepenunposanne TabanIno 3a-
ZAHHON (yHKUMK B Tpex Toukax. Bmom: f-y, fo, f4s, y, X0 M X B pe-
ruerp X.

STO 00 R/S STO 01 R/S STO 02 R/S STO

03 R/S STO 04 R/S — RCL 04 = =+
RCL 03 = STO 05 ( RCL 05 — .

b ) X RCL 00 — 2 X RCL 05
X  RCL o1 o ( RCL 05 -+ - 5
) X RCL 02 = =+ RCL 03 = GTO
0 14

Mporpamma M15. Yucnennoe au¢pdepenuipobanie TadLuHo 3a-
aniHok Gyukuun B nate Toukax. Beoa: f-z, f-i, fo, f44, fez M, Xo u ¥
¢ perrictp X. Tlepea BBomom uawarts kaasuwn RST u R/S (BuicBeun-
BUCTCA 4iicdio 7).

7 STO 00 R/S STOI 0 Dsz 0 0 03
0 R/S — RCL o0l = =+ RCL 02 =
STO 08 x2 X 3 = STO 10 RCL 08
¥ X RCL 08 X 2 = STO 03 (
RCL 09 — RCL 10 — RCL 08 + 1

) X ° RCL 07 = 1 2 = ( 2
¥ RCL 09 — RCL 10 — 8 X  RCL
08 + 4 ) X RCL 06 <+ 6

( RCL 09 — 5 X RCL 08 ) >
RCL 05 =+ 2 — ( 2 %  RCL 09
4+ RCL 10 — 8 X RCL 08 — 4

) X RCL 04 = 6 ac RCL 09
4+ RCL 10 — RCL 08 — 1 ) X
RCL 03 = 1 2 = + RCL 02 =
GTO 0 1
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Mporpamma T116. Botuicaenie 9acTHBIX MPON3BOAHLIX H OTHOCHs
TeNbHBIX KO3 (pHIIHEHTOB HECTAOMIIBHOCTH NO TPEM OpAHHATAM (YHKUIE
f(x)). Beoa: naumwste f(x), Axi/x: = ROl, koast x; (B Biae HOME[OB
PEricTpoB, OTBEJGHHLIX MOA NepeMeiible ;). BHIBOX pe3y/bTaTosd
Si—RX, 0f/0x:i— RO4, [(xw) — R05, perncrpsr RO0 - R05 sauathl.

STO 00

RCLI 00 STO 02 X RCL oL P
STO 03 RCL 02 = STOI 00 SBR A STO
04 RCL 02 — RCL 03 = STOI 00 SBR
A INV SUM 04 RCL 02 STOI 00 SBR A
STO 05 RCL 04 = 2 = RCL 03 X
STO 04 RCL 02 =+ RCL 05 — R/S RST
Lbl A som e ISBR

Mporpamma M17. Bolunesenne 4acTHBIX NPOHIBOAHBIX H OTHOCH-
TEJbULIX KOI(DHUNENTOB HecTaGHILHOCTH MO TATH OpAUHATAM (YHKIMH
f(x). Beox u Buison peayabTatos cum. B onucaiii nporpammst ITI6.

STO 00 RCLI

00 STO 02 — RCL 01 X
RCL 02 X STO 03 2 SBR B STO 04
RCL 02 - RCL 03 SBR B X 8 =
INV SUM 04 RCL 02  + RCL 03 SBR B
X 8 = SUM 04 RCL 02 + 2 X
RCL 03 SBR B INV SUM 04 RCL 02  SBR
B STO 05 RCL 04 = 1 2 + RCL
03 = STO 04 X  RCL 02 =+~ RCL " 05
= R/S RST Lbl B = STOI 00 ... ISBR

Mporpamma M18. Uncnenuwoe wuuterpuposanie Merogom [laycoa
(n = 3). Bon: nanusie f(x), b, a w m B peructp X. 3auarsl pererot
R00 =- RO7, Toanporpamma Bobluncaenia [(x) AOMKHA HAYMHATBCA CO
3yaKa paseHcTBA = I 3akaHuusaThea onepatopamu X INVSBR (cm.
xomer mporpammut). Tekyiulee SHaueHue X MOAYYAeTCA MNOC/Ae HCNOJEs
A NEepBOro onepatopa = MOANPOrPAMMDL. =

CMs

= R/S STO 01 = + R/S STO 00
= SUM 07 6 /¥ STO 03 Lbl B
RCL 0l 4+ RCL 07 — STO 02 RCL Ol
= = 2 4+ STO 04 RCL 0I — 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 o0l
Dsz 0 B RCL 06 X RCL 04 -+ 9
= R/S Lbl A = e e see DXESSISHIY



Mporpamma [19. Pemenne au(depeRUHaNEHOr0 YPaBHEHHA nep-
Boro mopsiAka Metofiom Pyure — Kyrra. Bson: npammme f(x,y) upa
x—R00, y saHocHM B HayaJ0 NOANPOrpaMMAEl (mocie 3HakKa =),
Xo = R00, h/2 = R03 u yo = RX. 3amaru peructpsi RO0 -+ R04.

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 Eimi Bd 2

SBR E RCL 04 X RCL 03 = 3 -+

RCL o1 = R/S RST Lbl E X RCL 03

ar RCI. 02 SBR SBR SUM 04 ISBR Lbl SBR
= ISBR

Mporpamma M20. TapmoHuuecKnil aHaAN3 METOAOM NATH OpPAHHAT
(§ 5.11). Beox: g1 =+ ys = ROl =~ R05. BuBon peayantatos: yo—>RI10,
Yur = R11, yu2 = R12, yus = R13, yus — R14, ke — RX.

RCL 05 4+ RCL 01 4+ 2 X ( RCL
04 4+ RCL 02 ) = = &6 = STO
10 RCL 06 — RCL 01 4 RCL 04 —

RCL 02 = -+ 3 = STO 11  RCL 05

4+ RCL 01 — 2 X RCL 03 = =

4 = STO 12 RCL Il — RCL 04

RCL 02 = = 2 = STO 13 RCL 12

— RCL 10 4 RCL 03 = STO 14 42

4+ RCL 13 v 4 RCL 12 x? = Ax
= RCL 11 = R/S

Mporpamma 21, Pacuer ¢(f) n S(f) em. § 5.11. Bsoa
4 2nd Op 17 N u sateM Yy, ¥z, ..., Yn (UIPH BBOJE OTCUSTOB Y HHAIl-
nEpyeTcl BX Tekywmit Homep), Af B [ (N << 32 menyaesux yi).

CMs + 1 STO 0 = STO 33 x2Zt RCL
0 R/S STOI 00 Op 20 RCL 0 INV x=t¢
0 11 0 R/S STO 39 R/S STO 38 S
RCL 39 = NG T = STO 37 Rad sin
- RCL 37 = STO 36 0 STO 35 STO
34 1 STO 00 RCL 00 X 2 = K
RCL 37 = STO 38 sin X RCLI 00 =
SUM 35 RCL 38 cos X RCLI 00 = SUM
34 Op 20 RCL 00 INV x=¢ 0 54 RCL
36 Prd 35 Prd 34 Deg RCL 34 x2Zt RCL
35 INV P>R +4/— INV Eng R/S x22t X RCL
39 = STC 87 RCL 33 x2Zt RCL 37 Eng
STO 0 26
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Hporpamma 22, Pacuer aMmANTYAHO- W ()a30-uacTOTHOH XapaKTes
pHCTHK no nepexonuoil. Bsoa: 4 2nd Op 17 u namee N, ai, @z, 4o
o iy, At n (N < 32)

CMs
0
RCL

0
RCL

31

Mporpamma 1123,
T Krasmun RST)

KaaBuuy A):

N—~R00, M.~ R12,

£ R17, Us—~-R18, Ui - R19)
CMs Lbl p STO
¥ SUM 08 =
20 . RCL 09 R/S
= RCL 00 =
RCL 0o = STO
=, STO 03 - |RCL
04  RCL 02 —
R/S % RCL 00

) = STO 15
RCL. 01"~ 50 ROl
gE- 3 = 3710
3 - 2 )

= 4 K RCL
X RCL 01 x?
RCL o1 x2 x2
x? — 3 .
RCL 00 =

1 I} = (
VX STO 18 R/S
( RCL 00 —
= 3 ) =
x3 = ( RCL
RCL 00

-+

R/S

39

11
39
RCL

ek

RCL

1 STO 0
STO 39 —
STO 38  Op

0 R/S STO
== X [

37 = STO
STO 00 RCL
X RCL 37
= SUM 35
SUM 31  Op
RCL 36 Prd
RCL 35 INV
32 xZt RCL

09
RCL
GTO
STO
02
08
RCL
R/S
02
13

01

RCL
20
39

36
00

RCL
20
35

STO 32 a2t
38 = STOI
RCL 0 INV
R/S STO 38
STO 37 Rad
0 STO 35
X 2 =
STO 33 sin
33 cos X
RCL 00 INV
Prd 34 Deg

P->R +/— R/S =21
GTO 0 36

31

SUM
09

B

01
RCL
01

(
RCL
3=
STO
X
RCL
STO
17
00

4

)
RCL

05 %2
= SUM
Lbl A
R/S RCL
07 S
RCL 00
X2 =
RCL 00
03 =

2 X
RCL 12
16 R/S
RCL 03

02 =

14 =
R/S ©

( RCL
+ 3

X RCL
4

00 =

3

+/x STO

SUM
07
RCL
06
RCL

STO

RCL

RCL
00
x=t
X
sin
STO

X
RCLI
x=1
RCL
STO

Crarncruueckas o6paGorka. Beoa (mocne maxa:
¥ = RX. BuBojp pesyasratop (mocie HamaTHI
¥ D, Dy A, E, Us n Us (m—=+
Ms—R13, M:—R14,

mg— R0l = RO4,
Dy~ RIS, A—RIG,

06
Op
05
00
STO
12
1
X
()1
(
04
6

X

=
w

—

| T
—
=



IIpumeuanne Ilocne BbIYHCAEHHS CTATHCTHYECKHX XapaKTepi-
CTHK MaccHBa IApTHH YHCEJ X; MOMHO BEpHYThCS K BBOJY HOBOil maps
THH, Ha0paB ee nepBoe UHCJO M HaxaB KaaBuuy B.

NMporpamma M24. Tenepauus cJaysaiiiblx uiced ¢ NOBHILIEHHON
CKOpPOCTHIO (B 3—4 pasa Buie, yem no nporpavme ML-15).

1. Oan uncen ¢ paBHOMepHEIM pacnpenedennem B maTepsane [0, 1]¢
Beox: Vo =-RX < 1.

X 1 1 4+ = = INV Int R/S RST

" Ias Vo = 0,123456789, naxkuman xaasumy R/S, Gyaem moaydarb
Vi = 0,4996173326, V» — 0,6373833121, Vs = 0,1528090865, Vi=
= 0,8224926048, Vs = 0,189011306 u 7. 4. (Bpems reHepaluuy OXHOrO
uncsa Menee 1 c).

2, Jlnn uncesi c paBHOMepHEIM pacnpeiesensiem B mntepsaie [a, b
Beox: Vo= ROl < 1, a = R02 u b = R03.

RCL 01 X 3 7 = INV Int STO 01
X ( RCL 03 — RCL 02 ) -+ RCL
02 = R/S RST

It Vo=0,123456789, a = | u b = 2 monyunm X3=1,667901193,
Xa = 1,012344141, X5 = 1,466733217, Xi = 1,899129029 n 7, A. (Bpe:
M3l BBIZIayH ojHoro uueaa 1,5 c).

3. Ilnn wMces ¢ HOPManbHbIM pacnpesenennem. Bsom: Vo =i
= R0l <1, 0 =R02 n R = R03. Ilepen nyckomM HaXarb KJAaBHLIH
2nd u Rad.

RCL 01 X 3 7 = INV Int x22¢ RCL
01 X 2 X T = sin X _ |« x2Zt
STO 01 I/x Inx X 2 Vr X RCL
02 - RCL 03 = R/S RST

Oan Vo= 0,1234567, 0 = 0,1 u R = | noayunm, Haxumas KJja<
Bumy R/S, Ry = 1,074487657, R. = 0,8771869012, Rs = 1,00966529,
Ri = 1,023339944, Rs = 0,7849199467 u T. A. (BpeMs BHAAuYH OAHOLO
wicaa 2 c).

NMporpamma 1125 *). Briuncaenne kospduuuentos be i by npuGai«
JKeHHsl runepGoanueckoil dyunkuueit y = b + by/x. BBox (mocie naza-
Tust kaaBuwt RST u R/S): x4, ys, ¥s, g2, ..., %n, Ynv B perucrp X
(nocnie BBOJA KaMOH Napel X, y; BhicBeumBaercss Homep i). BriBox
PesyJIbTAaTOB: TOCJAE HaXaTns kiaaBHum A noiyunM Koadduuuent bo,
llocJie HaMaTHSl KAABHWN X = ¢ — ko puumuent by Jaa Bblunc/enmy
Y(x) uaGupaem x = RX, Haxkumaem kaaspwy B i T. A.

*) B nporpammax I125 -+ I129 npuGamkenne HeJHHIHOI GyniuHei
OCYIIECTBAACTCS ¢ [IOMOULbIO JHHeapH3HpyoWnx npeoGpasosannii [17]
;O{i““MeEHlou perpeccu, BLITO/AHAeMOir omepaTopom Op 12 m mporpam-

i -1, -
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Pgm 01 SBR CLR Lbl R/S R/S 1/x x22t CLR

R/S Z—i— GTO R/S Lbl A Op 12 R/S Lbl

B 1/x Op 14 R/S

Mporpamma M26. Bruucaenne ko3(ouiientos bo n by npubamies
HOA cTeneHHoll (ynkuueii y=boxb'. Bsoa u BLIBOA pe3y/bTaToB CM.

nporpamue I125.
Pgm 01 SBR CLR Lbl R/S R/S log x2Zt CLR
R/S log Y+ GO R/S Lbl A Op 12 INV

log x2t x2t R/S Lbl B log Op 14 INV
log R/S

Mporpamma M27. Beiunenenne xos(puumentos by u by mpuGmmke-

WS nokasaTenbuoil (ynkuueir y = byby. BBOA u BHIBOA pPe3yJbTaTOB
cM. B nporpamme I125.

=

Pgm 0l SBR CLR Lbl R/S R/S x2t CLR R/S
log Y+ GIO R/S Lbl A Op 12 INV log

x2Zt INV  log x22¢ R/S Lbl B Op 14 INV
log R/S

Mporpamma M28. Beiuncnenne xo3pdunuentos by n by npubamke-
HHA SKCNOHeHUHANbHON (ynkuuelt y = by exp(b,x). Beox # BbiBOA pe-
3yALTATOB cM. B mporpamme [125.

Pgm Ol SBR CLR Lbl R/S R/S vt CLR R/S
Inx >+ GIO R/S Lbl A Op 12 INV

Inx
x2Zt x2Zt R/S Lbl B Op 14 INV

Inx R/S

Mporpamma M29. Bumucnenne koaduuuenron by u by npuGanmKe-
nua aorapudmuveckoit dynkuueit y = by + by log x. BBox u BLIBOA
pesyJibTaToB cM. 8 nporpase I125.

Pgm 01 SBR CLR Lbl R/S R/S log x22t CLR

R/S Y, 4+ GTO R/S Lbl A Op 12 R/S Lbl

B log Op 14 R/S

Mporpamma M30. Bomucienne kosdduuuentos a n b npuGmuke-
HHA noKasarteJbHOll Qynkuueir y = 100@+°%) Bpop (nocne namaTHA
wnasuwn RST): xy, yy, %2, Y2, ..., %n, yv B perucrp X. [das mosaydes
HIS @ HAXKATh KJAaBHWY A, s nosyuenus b — Haxatb kiaasuiy R/S.
CMs Lbl E STO 09 SUM 08 X R/S STO

02 log SUM 06 = SUM 03 RCL 09 £
SUM 05 Op 20 RCL 02 R/S GTO E Lbl
A RCL 00 X RCL 05 - RCL 08 «*

= STO 07 RCL 06 X RCL 056 — RCL
03 X RCL 08 = STO 10 RCL 03 X

218



RCL 00 — RCL 06 X RCL 08 =  STO

11 RCL 10 = RCL 07 = R/S RCL 11

= RCL 07 = R/S

Mporpamma T31. Brunenenne kospuunentos bo, by u bz upu- |

Gukenns napaGosiyeckoll  ¢yukuueit y = bo 4 bix - box2.  Bpon:
RST 2nd CMs n naznee xy, yy, %2, Y2, ..., Xn, Yn B periicrp X. BriBon
pesyabTatoB: Hax<aB xaasumn 2nd E’, monyunm bo, HaxkaB KiaBuuIy
R/S maxcawt, monyynm crauana by, 3ateM ba.
STO 24 SUM 09 SUM 11 x% SUM 10 SUM

12 SUM 14 %2 SUM 16 = RCL 24 =
SUM 13 SUM 15 RCL 24 X R/S STO 25
SUM 30 = SUM 31 X RCL 24 = SUM
32 Op 28 RCL 25 R/S RST Lbl E’ 3
Pgm 02 A 1 Pgm 02 B Pgm 02 C

1 Pgm 02 D RCL 30 SBR D’ RCL 3l
SBR D’ RCL 32 SBR D’ CLR Pgm 02 E

1 Pgm 02 A’ SBR D’ R/S SBR D’ R/S
SBR D’ R/S Lbl D’ Pgm 02 R/S ISBR

TNporpamma T132. Briuncienne KO3((HUHEHTOB Clo, Ct, +«., A HH<

TepHoJIHPYIOero MHOrowleHa HbioToHa u KO3((HIHEHTOB IOJIHOMA
Y(x)=ao+ a;x + a:x®>+ ... - a,x" npH pPAaBHOMEPHOM pPAaCIOJONKEHIH
yanoB y;(x:)) ¢ warom h. Bsox (mocne naxatust kaasumm RST):
Yo=R0, ys=RIl, ..., yao=Rn (n < 15) n n = RX. Haxas xna-
sumy R/S, nonyuaem 0—> RX, ow— RO, as—RIl, ..., &.—= Rn. Bso-
M b= RX 1y, uHaxuman n--1 pas xaaBumy R/S, noayuaewm
@o, ay, ..., a, (oHH sanocsTess B perncrpst RO =~ Rn). Ilas serancaenns
Y(Z), rne Z = x — xo, muxnumaem kaasuwy A (momyuaem 0-—-RX),
BBOARM Z H, HAXaB Kaasnwy R/S, noayuwaem y(Z)— RX.

STO 16 0 STO 19 RCLI 19 STO 17 RCL
19 + 1 = STO 18 1 SUM 19  RCL
17 - RCLI 19 STO 17 = 4/— = RCL

STOI 19 RCL 19 x22t RCL 16 INV

18 =
x=f 0 16 RCL 18 STO 19 x2Zf RCL 16
INV x=¢ 0 05 RCL 16 - 1 = STO
18 STO 17 RCL 17 - 1 = STO 19
RCLI 17 - RCLI 19 X RCL 18 = IS T0L
17 1 SUM 17 RCL 17 ¥t RCL 16 INV
x=t 0 63 0 +r2>¢ RCL 18 — 1 =
INV x=t 0 59 STO 19 R/S STO 17 RCLI
19 = RCL 18 = STOI 19 R/S RCL 17
Prd 18 1 SUM 19 GTO 1 09 Lbl A
RCL 00 STO 18 0 R/S STO 17  RCL 16

STO 00 RCLI 00 = X RCL 17 4+ Dsz
0 1 42 RCL 18 = GTO 1 35

214



Mporpamma [133, Pemenne cHcTeMbl H3 ABYX AH(pQepeHuuanbLb
ypasrennit mMerogom Pymre — Kyrra. Bpoa: xo = R00, yo= R0l =
= R02, Zo = R03 = RO4, h/2 = RO7, nanuse y’(x, y, 2) 1 2'(%,4,2)
npu x—R00, y— RO2 u z— R04.

SBR SBR STO 068 -+ RCL 03 = STO 04
x2x¢t STO 05 4 RCL 01 = STO 02 RCL
07 SUM 00 SBR SBR SUM 06  SUM 06 +
RCL 03 = STO 04 xxf 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 05 X 2 + RCL 0!
= STO 02 RCL 07 SUM 00 RCL 00 R/S

SBR  SBR + RCL 06 = = 3 =+ RCL
Ci = STO 03 STO 04 R/S x22t + RCL
() = - 3 + RCL 0l = STO 01

£TO 02 R/S RST Lbl SBR ... seisl e RCL
07 = x2t ... e X RCL 07 = ISBR

Ias npuyepa x nporpamme 5.69 mpu xo = 0,2, yo = 0,0995008326
n zo = 0,49235 nonyuum npu h = 0,1

% z Yy

03 04831085134  0,1483051274
0,4 0,4702289079  0,1960019786
0,5 0,4538403861 0,2422342378
0,6 0,4340847683  0,2866579678
0,7 0,4111281313  0,3289445709
0,3 0,3851618702  0,3687833162
0,9 0,3564017201  0,4058838367
1,0 0,3250861121  0,4399784873

Nporpamma N34, Pewenue cucremst us rpex auddepennnanbubIX
ypaprenuit metonos Pynre — Kyrra. Bsom: xp = R00, yo — ROl =
=R02, 2 =R03=R04, wy=R05=R06, h/2=RIl, panuse
g (% u, 2, @), 2°(%, 0, 2, @) ww(y, Y, 2, w) upn x—R00, y— RO2,
z—>R04 1 w—-RO6. Busoa pesysinratos: ¥, w, z u y B perucrp X.

SBR SBR STO 09 + RCL 05 = STO 06
x==t STO 08 i RCL 03 = STO 04 RCL
10 STO 07 4+ RCL 01 =  STO 02 RCL
11 sSUM 00 SBR SBR SUM 09 SUM 09 -+
RCL 05 = STO 06 x2Zt SUM 08 SUM 08
4+ RCL 03 = STO 04 RCL 10 SUM 07
SUM 07 = RCL o1 = STO 02 SBR SBR

SUM 09 SUM 09 X 2 + RCL 05 =—
STO 06 x2xf SUM 08 SUM 08 X 2 4
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RCL 03 = STO 04 RCL 10 SUM 07 SUM
07 X 2 -+ RCL 01 = STO 02 RCL
11 SUM 00 RCL 00 R/S SBR SBR - RCL
09 = = 3 -+ RCL 05 = STO 05
STO 06 R/S x2ZZt -+ RCL 08 = = 3

<+ RCL 03 = STO 03 STO 04 R/S RCL

== 3 + RCL 01
= STO 01 STO 02 R/S RST Lbl SBR ...

gale X RCL 11 = STO 10
S RCL 11 = x 2L
e X RCE" =11 = ISBR
s encremnr

ai __ . 92 e . 4w _

m—:z, T 62 1ly — 6w; -(F—I
mpi xo =0, 20 =—I11, yo=23, wo=0 n h=0,1 noayuns:

X z y w w (Tounoe)

0,1 —8,13280 2,05030 0,25010 0,2513

0,2 —5,98340 1,34971 0,41830 0,41833
05 —2,26691 0,19219 0,62202 0,62205
1,0 —0,25380 —0,31568 0,65062 0,565064
2,0 0,17508 —0,22660 0,24987 0,24988
3,0 0,08855 —0,09425 0,09697 0,09697
4,0 0,03523 —0,03523 0,03629 0,03629
5,0 0,01329 —0,01338 0,01343 0,01343

Tounoe pelueniie @ (x) = 2e—* — e~2¥ — g=3%,

Bpemst cuera mo mporpamyvam I133 n I134 cocrasasier oxono 20 n
25 ¢ ma kaxapit war. Ilporpammbl I132—34 HarIAAHO HAMIOCTPHPYIOT
BO3MOXXHOCTH TPOrpaMMIPYEMBIX MHKPOKAJbKYJISITOPOB ¢ NOBLIIEHHOIT
€MKOCTBIO 3aNOMHHAIOUIHX YCTPOIiCTB,

Tlpunoxenue 3

NMAKET IPOrPAMM C OCOBbIMH TNPHEMAMH
NPOrPAMMHPOBAHHSA IJIs1 MUKPOKAJBKYJIATOPOB
SJIEKTPOHHKA B3-34

Nporpamma 3.1, Bruncnenne Qakropnana nl npu n = PX, BkJ0-
uast cayuait n = 0 (cm. nporpammy 3.16).
BIT I10 1 HMII0 X FLO 03 C/IT
Nporpamma I13.2. Broluncnenne 3HaueEHii MHOrowiena Cremen:n
n << 12 no cxeme Iopnepa, Booa: ag = PJl, ai + @, = Pl 5= Pn u xu-
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. LA

Jee s Kaxcnoro ¥ n = PO u ¥ = PX (cm. mporpammy 4.10).
A 4 Cx KUI4A -+ X FLO 03 WO +
C/IT BII 00 o

Nporpamma T13.3, Peienne cuctemsl H3 n << 13 HeauHefHLIX YpaB-
wenuit X; = Fi(X;) momuduumposannsim Mertopom 3eitgeas [29]. Tox-
fporpaMMa Ro/KHA 3anocHTh Xy —- PII, % —PC, ..., ¥;3— Pl. Beoa:
navanbHoe 3navenue x, B/0 C/IT, mauvanpHoe anavense ¥ C/IT u 7. X,

sateM wicao nrepaumii m = PX BI1 09 C/IT (nonywaem %) C/I1 (no-
JiyuaeMm X2) U T. A.

nm 1 3 110 XY CJ/I1 KIT0 BIT 05 TI0
T 21 FLO 10 1 4 10  KWII0 C/I1 BIT
{7 S aeien miere e el el ... B0

Ias cncrems X, = 4/[x; (x2+5) — 11/2; %2=+/x; +3Inx  noa-
nporpamMma HMeer BHA

UNC 5 4+ MO X 1 — 2 = F4f”
IJi 4 Fln 3 X + F4/ IIC

Tlpi navasbublx ¥y =4, x> = 2,5 u m = 6 noayunm ¥, = 3,7607299
(tounoe suavenne 3,7568) u ¥ = 2,7811093 (Tounoe 3uauenne 2,7798)
npn fc = 70 c.

Tporpamma T13.4. Tlonck skerpemyma §ymxumn F(x) onuofi mepe-
MEHHOI X METOJOM ee KBafpATHYHON AaNNPOKCHMALHH B HHTepBase
x; == h. Beop: npaumnule F(X) npx X 3aHOCHMOM B HavaJjo noanporpam-
wbl, i = PB, e* = PC, nauanbioe suauenne x = x; = PX, Peaysprar:
xm—>PX, F(xy) =PIl 3ausma persierpwt 0, 1, A, B u C. Mporpamma
BHIUNCISICT Xi = Xy A5 annpokcumupylomeis F(x) napaGoss ao 7Tex
nop, moKka (Xi+1— X;)2 ile cTauer Menbwe g2,

NA WA WOB — T 58 I0  MOA IO 68
M WA WIB 4+ TN 58 4  MOA 2 X
WMB — X  HMIA 2 X WIOB + Wm0 X%
4+ Wm 4 X WIDA X — XY W0 +
Wr 2 X - = 2 =+ WIOA XY TIA
_  Fx® MIC — Fx<0 0l WIOA C/I ... B

s F(x) = 10x —2x2 4 0,14 npu x5 = 3, h=0,1; 2 = 1.10-9
gonyui ¥y = 333375 u F(xy) = 14814815 npn fe ~ 90 c.

Mporpamma M13.5, MunnuMu3aiis raIaakiux dynkunit F(x) ¢ n<9
nepeMeHHbBIMI METOZIOM KOOPAHHATHOIO cenyeKa, Beop: pamnuie F(x;)
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aps x—Pi, 1:.10 = P0, (e/9)* = PA, | = PB, Ax = PC = P]I,
#(0) = Pi, Pesynbrar: F(%i ) = PX = PO, X yuy — Pi.

KB UL 4 KIOB ... ... MIIO XY II0 XY
— Fx=0 00 uIm /—/ 3 = II[ Fx? HIIC
8 = Fx? — Fx<0 00 HIIC TIO = HUIIB
i 4+ 1B — Fx<0 00 1 IIB HMITA HIIC
9 = IIC TI4  Fa? — Fx>0 00 MII0 C/I

)’ Has F(xi) = exp (x4 +xg—|—x3)/(x1x'§’x§) npn £ =1.10-% Ax=
=x(0) =05 u n=3 noayuum F (%) = 3,7354517; Xywm =
=2/ 1,0001271; oun = 2,0001018; X3y = 3,0002796 (fc ~ 21 wmu).

Iporpamma N3.6. Munumusauus Buioykisx (Gynxuuii # < 10 nepe-
SCHHBIX METOJOM CHHpajbHoro cnycka.Bsox: saunme F(x;) npu xi—-Pi
1-10°* = PO, (e/5)2 = PB, | = PC, Av = PJ n x;(0) = Pi. Peayas-
22t F(Xi ) = PX = PO, ; sy = PL.

KHAIIC WIim + KIC ...
UI0 XY 1o XY — Fx>=0 00 =n Hre
i -+ nc — Fx<0 00 1 IIC HMIOB ML
=/ 5 = IIO Fs? — Fx>=0 00 MII0O C/II

Has npuvepa x nporpamve I13.6 noaymwy F(xrum) = 3,7354523;
Zaaun = 0,999872; X2 uu = 2,000672; ¥ wn = 3,001184 (fe &~ 15 pam).

liporpamma M3.7, Uncaennoe mnurerpupopanue Mmerogom Cmamcona
¢ sajannoii norpemnocrsio €. Bsox: aaunsie [(x), (15e)2 = P n na-
nee b TIB a ITA — T17 B/0 C/II.

WIB 11T 58 9  MMOA I 58 MI9 -+ 19
unz 2 = 7 HOA -+ ns o TIc M8
I 58 2 X HUIIC - [c Humnz 2

WIS 4 118 WIB — Fx>0 19 HIIC 4 HIDO
-+ o+ 3 - Ury X  Ule XY TII6
- Fe2 Wma — Fx<0 10 ure c/r ... B/

Ilpn & = 1-10-% propoit uuterpaqn Tabn 5.4 BmuHcasercs 3a le =
~ 1,6 mmn, uro maer J = 1,3987138.

Mporpamma M3.8, Peuwerie cicreMbsl 03 ABYX An(QepeHuna/bibix
ypasHenuit y’ = f(¥, y, 2) n 2’ = g(x, y, 2) merogom Pyure — Kyrra
[29]. Momnporpasmma momkma swwmeaars 2’ —~P3 n g —PX mpu
x—>P6, y—PA u z-PB (csoGoansr permerpsr 0, 1, 2; aas samicit
TIPOMEXYTOUMLIX PesyABTATOB MOMCHO HCNOAB3OBATh perncrphl 8, 4, 5).
Beog; ¥o = PG, £/2 = P7, 3y, = PC = PX u (mocie mamarus Kia-
vuw Bj0 1 C/IT) 32 = PJT = PX. Busox pesyasrara II0 Mepe Haza-
Tt ks C/TG gy, 21, gy 20 0we B pecieTp X,
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B0 3 =~ I8 TMA C/lT HUINA 3 = 119
TIB C/II TIIIT 28 I 24 IO 46 IIIT 28
WIMB HMITA TIII 39  MIT6 MI7 + 6 I 65
Uz X II5 WI3 UIl7 X 4 U9 MII8 HUIS
+ IMA XY W4 + MB HUOO WH4 -+ IO
HIIC HIO5 4+ TIC B0 wee  «ee  «aa «os B0

I cucteMsl §' = xy4-2z o 2’ =X+ yz mpH X0 = Yo = 20 = I,
h=0,1 Gyzem nomyuate y: u z;: 1; 1; 1,2275429; 1,2284363; 1,5224128;
1,5320161 v 7. 1. (fc =~ 70 ¢ Ha onHy mapy yi, 2i).

Miporpamma M3.9, Pemenne nuddepeHuuansioro ypaBHeRHa 2-10
nopsiaka y’‘ = f(x, y, y’) meronom Pynre — Kyrra [29]. [Tomnporpais
Ma JOMKHA 3adocuth y'’ — PX mpn x—P6, y—PA m y’—>PB (cso+
GomHE! perHeTphl 0 == 3, mpoMmeKyTOUHBIE Pe3yJbTaThi MOXHO SaHOCHTE
B peructpe 4 u 5). Bmom: h/2 = P7, xo = P6, 3y, = PC, 3y =
= PIl = PX. BuBoas pesyanTaTos: yi, Ya, Ys B T. A, B PErHCTP X.

B0 3 =+ m9 @B HIC 3 =~ T8 IA
c/1 I 27 I 23 M 45 TIIm 27  MIIB
MUITA T 38 WIl6 WMz + 6 IIIT 54 M7
X 14 WIB MI7 X II5§ M9 WO8 WIS -+
NA XY MII4 4 TB WUIOC UIs 4+ T[IC MIIA
W4 4+ IO Bjo cir L v e B0

3/ xy
Jloist ypaBHeHus y” =7 {_ + ]) npi 1/2=0,05; xy=yo= y{, =1

Gyaem moayyate g 1; 1,1077563; 1,2321001; 1,3747563 M T. A.
(- =~ 70 ¢ Ha war), i

“POl;PIaMMa 113.10. Pemenne andepenunansioro ypasnenus 3-ro no-
praka "' =f(%, y, ¢, y”) meronom Pymre — Kyrra 9-ro mopsma
[29]. Monnporpamma momKkna 3anocHTs y'* — PX npu x— P7, y=>P5
y'—~P3 u Y~ Pl (cnoGomnm perncrpm A <+ JI, o IpOMeIRYTOYHEX
pesyJIbTaToR MOKHO HCronb3oRath pernetp 9). Beox: h = P8, xo = P7,

’ "

yo = P6, Yo="P4, yo =P2. Pesysrar: gy, g2, ys, ... n 1. 1 B pe
ruerpe X

B0 MN2 Tl W4 M3 M6 T5 ¢/ 14
W7 UM + 07 7 M0 T 37 [9 W03
T 26 WML T 26 W09 MO8 X o
4 KUI0 4+ KA 4+ KO Bjo

st BB/
Ilas ypasmemna y"'’ = xy(2y" —8/2)/(y')* mpm xo = 2; yo = 3,0625;
y,=351 y:,' =3,75 Oynem moayuaTh: yi 3,4313; 3,8405; 4,2936;
4,7938 1 T. A npH fc &~ 45 c a 1 war (R =0,1).

Mporpamma 13,11, Pemenne Audheperiuanbroro ypasuenns 4-ro no:
panka y"V = f(x, y, ¥, y”, y""’) weronom Pymre — Kyrra 2-ro Mo
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paaxa [29]. TMoanporpamma aomkHa 3anocHTs y'v—>PX mpn x— P9,
y—~P7, y'—>P5, y” —~P3 u y’”’ > Pl (cBoGonuwm peructpst I u C,
NpPOMEXKYTOUHBIE pe3yJIbTaThl MOXKHO 3aHOCHTh B, perHcrp B). Bsom
h=PA, xo=P9, yo= P8, y,=P6, yj = P4, y;" =P2 Peay
Tar: Yy, Yz, Ys ... H T. 4. B pericrp X.

B/0 HIT2 TIIl HWII4 T3 HII6 II5 HII8 I17 C/m

O 16 HI19 MIIA + m 9 10 Oom 42
B HMII5 TIIII 3L HII3 IIIT 31 HI1l - 31
MIIB HIIA X 2 - A KUII0 + RITA ST
KImo B/ ... ... B/0
3 3yll ¥
Wes S92 ¥ =0,1; =3,
Jns  ypasuenna y 3 [(y"')"’ THE ] npu h=0,1; X,

¥p="9 ’I;=9- yl;’=7,5 H y;/'==4,5 6ynem nosmyuats yp: 9,937; 10,955;
12,056; 13,246 u 1. &. npn f. ~ 55 ¢ ma | war.

Mporpamma TM3.12. Beludcqenne 5 CMeXHBIX FapMOHHK IO CXeme
napasne/ibHoro CeKTpaibHOro awaumi3a. Beox: (mocse HaaTis KJaaBHUl
B/0 u CIT n maaukauun undpst 0) HOMED HAuaAbHOI IAPMOHHKIL
ny = PC, 2nt/N = PIl (unu 360/N, ecns mepekmouareas P— T B m0-
Joxenn I'), HOMED HAYA/IBHOrO HeHYJEBOTO OTCYeTa fy = P‘t’.y," =PX
/It -’/l,,+l=PX C/IT u . x. BuBox pesyasratos (mocse BBOAA MO-
cennero oreyera): Ay — PO, aiN/2 — P1, byN/2 — P2, ..., asV/2 P9
u bsN/2 — PA.

1 0 0 Cx KIp FLO 03 o C/IT TIB

HIo - [ nImnm 69 MUl + mF, U2
+ 2 I 69 HUI3 + 3 F, W4 +
M 0O 69 MII5 4 [05 F, ure + I16
Mo 6 W7 4+ 07 F, WUM8 -+ 18 I
69 M9 M9 F, HUIA + MA F, HIC
5 — nc F 1 du A prm 03 F,

4 MO X HIC X HIC | + mnc F,
Fcos FBr Fsin UIMB X XY HIB X B/0

Haa N =32 u yo~+yir =1 (ocramsunie y: = 0) sBeas Ay = l.
21/32 = Pl 1t iy = 10 nosyumm: A, =8 (cymma Bcex yi), aiN/2 =
= —6,3622798; bN/2 = 3,4007106; a:N/2 — 2,8477578; b2N/2 =
= —4,2619737; asN/2 = —0,23875957; bsN/2 = 2,424179; aiN[2 =
=1.10-%  bN/2=67-10-7;  asN/2 = —1,1505353;  bsN/2 =
= —0,95160494. Umcso RBOAUMBIX OTCUETOB 4 OpH HCIOJIb30BAHHNL
aporpaMmbl e OrpaHiyeHo,
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