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1 Apndmernka 4uces ¢ IaBamMieil TOYKOM

Tnapnwm ucrounukom uroOpMAaIE s 3T0T0 pasgena ctana pabora [10],
B KOTOPO# HA MATEMATHHECKOM YDOBHE CTPOTOCTH H3NATAIOTCH OCHOBHLIC [IpPO-
0.u1eMB! KOMIIBIOTEPHON APAQMETHKH ¢ HELEBIMH YHCIAMHE.

HaunbBonee pacrnpoerparenoft ¢hopmoit npeacrapnenys qefCTBUTOIBHEIX Y-
Cel B MAIMEHLIX BRIMMCICHHAX SBARIOTCR ABOH4YHBLIE QOPMATHL ¢ LAABAIOmER
TouKOR. Dri hopMaTHl N03RONAIOT XPAHUTL ToTHO (Ges ommbku okpyruieann)
YHCAA CAE/YIONIero Buja:

i(dn + dy - g s +dp-1 : 2‘-@—1])?, di =0,1, emaz < € < emin- (1]

Joboe jpyroe neflCTBETRILHOC MTHCIO OKPYIASCTCE JI0 OQUOTO W3 TPEACTA-
BAMBIX B hopume (1).

Ludprr dy. . . d,—y ofipagyror mgumuecy, & UeI08 THLIO € HASLIBACTCH 110-
KasaTeneM (IKCIOHeHTOl ).

3a TeYHeCTL MPEACTARACHHS THCIIA OTRCYAST NAPAMET] P, KOTHYECTBO 3HA-
ganmx urd)p B MasTACCE. DUOT NAPAMETDP OLPEACTSIETCs K&K nporpamauolf,
Tak | annaparoit wactamu naargopme. Crawmaprom IEEE-854 apeayemor-
peibl CegyrollEe BAPHAHTE BLICOKOTOUHEIX MpeicTanieHui:

- double, apo#iuas TogaoCTb;

- double extended, npo#izan pacimpennas.

"nena ¢ niasmomet Toukolt, nepeuill 3HAK KOTOPRTX OTHUYEH OT HYJH, Ha-
SLIBAIDT NOPMAITHIOPANTHIMK.

Yupaxknenne. HaliTy KOMHYCCTEO HOPMATMIOBAHHAIX HHCEN ¢ TIIaBAIOEH]
TOUKOR B MAPAX eQHENYHOrO PRANYCA ¢ uentpamu B Tovxe 0 1 Touke 217,

Apxurekrypa Intel X286 peanuzyer 8 conpoUrcCope BLIYMCICHRS ¢ UBORHOH
PACHEPCHHOR TOMHOCTEI0, TaKnM 00pasoM, s GoAbUMHCTBA COBPEMEHHbBIX
THEPCOHAUILULIX KOMILIOTEDOR BHYTPEIHHM ATMAPATILIM (DOPMATOM #BIseTCH
80-6rrosuii double extended. Tem ue menee Takue HKCAA NONTEPIKUBAIOTCH HE
BCEMH KOMIHAATOPAMHE A3KIKOB BLICOKOTO YPOBHA. 3/10Ch Mbl PACCMOTPHM S3hIK
C xax camoe VHHBEPCAILHOS CPGJICTBO CO3/AHES KOHCOIBHBIX NPUNOMKEHKIT 101
PEITHTIBEIMK ONEPALIRORNLIME CHeTeMAME, a Taore cpeiy Turbo Delphi, ocro-
paiyio ga sauke Object Pascal, Gecina o pacnpocTpassiomyio 1s HEKOMMep-
HECKOI'D HCTIOAB30BAHMS, KAK OIHY U3 CAMBIX YU0BHEIX cped Gpicrpoll paspabor-
KK BBICOKONPOMIBOANTENLHLIX NPOrpamMy ¢ rpadudcCKuM noNb30BATENLCKUM
nuTepdeicom.

B vrazasnbx s3nikax BCOKOTOURBE BEMUCICHES POAIMBOBAKREI WA 0CHABC
CReAVIONUX THEIOB:

- B C: double (64 6uta) » long double, peanusauus koToporo 3aBHCHT oT
KOMIWASITOPE ¥ €r0 KAKodel, OCHOBHEe orpanndenns oM. & [11],

- 8 Object Pascal: float (64 6mra) 1 extended (80 Bur).
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Yopaxsaenue, Besicaars ¢ nomometo dyuxuud sizeof() pasaep THmos
double u long double B poctyunoll BaM peanu3alns KomuuaaTopa 83sika C
C YCTAHORKAMH 10 YMOTIAHHIO.

VYupaxuenne, Hanucars nporpammy na sssike Object Pascal n poisicusts,
BO CKOJIBKO pa3 OnicTpee Ha BAIIEM KOMNLIOTEPE BHIOIHAIOTCH OANH M Te XKe
neftcrens Haa gncnamu dopmata double, yem raxn uwenamu B hopmare extended.
3710 COOTHOUICHHE CYINECTBCHHO MCHACTCA B 38BUCHMOCTH QT MOAEMH [IPOIecco-
pal

VKA3AHAC: W1 TOYHOTO 3aMEPA HAYANBLHOTO H KOHETHOTO MOMENTOB BEIMHC-
et MOZKHO HCIIOTBE30BATH CIEAYIOMYR (DYEKIHIO:

function RdTsc: Int64;
asm

rdtsc

end;

Ona BOSBDAIGAEST TeKYLLee [10KA30HAE CHeTHYHKA TAKTOR TPDOLECCOD.

Buifhop pacmmpessoii jBOANOR TOMHOCTH B KAYGCTBE OCHOBbI BbiMHCHEHMH
Josker OeITh OCOZHAEHEIM, HAUDAMED, OLIH O NPOAMKTOBAH PAKTHYCCKONA
HeoOXOMMMOCTHIO B JIOMONUNTETHHEIX JHAYALEX Mudpax. XOoTd HCNONL30BAHTE
PACHIMPEHROR TOYHOCTH BHITISMT ecrectpenubM (uMenno B Takom dopMare
XPAHATCH YHMIA B componeccope, a MaremarTayeckue Gyakuun Delphi wenons-
3VIOT Ast NEPENAyu apryMenTos U smatenuil Tun extended), MmHycsl TAaKoro
NOARGAA FHAYHTEAbHBE 9T He TOALKO Gojee uu3kay (B pasbl) CKOPOCTE BEIMHC-
nennfi, wo n cviiecTsesnnie (B crnyyae C) npobieMbl TOPTHPYEMOCTH.

B xauecrse Baoxnoro npuMepa o0opynosasns, He noguepxuBaionero double
extended, MoxEO npuBecTy rpadHHECCKEe LPOIECCOPE], HCTOMBIYEMBIC JUIA LIErpa-
duyeckux Buruucaenuil. buarogaps GonswoMy KomHuecTsy sfep 3TH yerpofi-
CTBA JIEMOHCTPAPYIOT BLICOKYIO TPUHIBO/IMTENILHOCTL HA XOPOINO Trapaslien-
SYEMEIX 38JI848X, HO MIPH ITOM JHIIL B NOCIEAHEM NOKOZeHun (IO COCTORHUI
sa 2008 roj) BHACOKApT NOAEMAACH NOANEPKKA gpoftHoil (me pacimpeHHO#R)
TOMHOCTH.

Jaske mpe nnardopmi, coorsercrayomue crangapry IEEE-854, moryT poi-
HONHSTE OJIHY ¥ Ty JKe NPOrpAMMY € pasHLiM pesyisrarom. [Ipuunan xpooren
B TOM, 410 HEKOTOphie AcHCTBUN KOMIUIATOPOB, BIMAIONIME HA BoIMHCIIEHUH,
HHKAK He pernamedTupylores cramaaprom. Qo #3 caMblx acTBIX TPHYHH
HECOIIACOBAHEOCTH SRARETCH pudHnia 8 ¢opmMare, B KOTOPOM XPAHSTCH UPO-
MEMCYTOMHEBIE SHAUEHTA BRpaNeHi.

Yupaxknenns:

- BBIYHMCIMTL, HACKOALKO OyaeT oranvaroes or 1 cyMma Z'“j: 10°° npu ue-
NOAL3OBAHAM MUCen ¢ JB0HHOA TOYHOCTHIO;
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- IPOBCPHTH, HCTHHHO JH YCJI0BHE NOCAEAHETD OUEPATOPA B JaHHOH nocne-
JOBATENbHOCTH KOUR:

double p=1.0;
p=p/10.0;

if (p==0.1)
{...}

2 Ymcnennoe marerpupoBapue qudpepenimain-
HbIX ypasHenuit Meronamu Pyrre-Kyrra

Huddepermnamuane ypapacHAs — omun w3 Hanbonee BAXKHLX KHCTDYMeri-
TOB MaTemaTHyeckoro mogemupobanus. Ociopa Goubumncrsa duIMtecKx 38~
KOHOB chopmMysHpUBaEA B uX TepMutax. Sakoun HeioTona B Mexauuke o ypas-
nenps Makenesina 8 TOpHM 9NEKTPOMArEUTHOTO Nodd, 3axoHs Kupxroda s
TEOPHH BUEeKTPAYCCKHX Henelt u ypapnenne llpe/unrepa B KBAHTOBOR MeXaHn-
Ke, a Takxe muorue upyrue gucddepennuansibie VPABEEHAS AN X CHCTeMb
COCTABIAIOT 5J(PO0 MATEMATUHECKOTO AMIAPATE (DUIMNECKHX HCCHe0BAHIH.

Anannriyeckoe pemenye nanbonee nyrepecuix AuddeperuiaabiLx ypas-
HeLni, K&K Npagnio, HeBAaMoKI0. B cBA3N ¢ 91HM BO3IHKKAET 38/18498 YHCIEIH0-
L0 OLPEJIENeHNS MHTETPANBHEX KPUBKIX necheayemux ypasnennlt. Cpegu yau-
BEPCATBHLIX METO/IOB pemenns HauansHo# aajawn Koum nambomee nomynsp-
HBIMA SBAsoTeA Merosl Pyare-Kyrra, C nomMonisio sTex MeroioB HavaisHas
sanaua Ko

£=f(6,2), zlta) == @
JAMEHACTCA DCKYDPPEHTHLIM COOTHOUMEHMEM
L1 = &g + Sh(f\ f'm' a‘.ﬂ) (3)

¢ 3auanEol HauanbHOR TOUKOR by, 2o ¥ Gynkomeit S, (f, ta, z,), KOTopas onpeje-
nsercs n3bpanybiv uncaennbiv Merogom. B dopmyne (3) mar unrerpuponanus
h esenen Tax, 410 £, = g + nh. OcHoBuoll npofreMoil YMCIEHHLIX METOLOB
ABNALTCH BONTPOC BLGOpA [HAra HETErPUpoBanis h 15 obeciedenns 3auaunoi
To4R0CTH. Meroas Pyure-KyTra nossonsior nathe ouesky |z, —o(t,)| = O(k*),
SIC 71— LeN106, & YHCIO § NA3LBARTCH NopsaxoM Mercua. OuuaKko TpaKruueckoe
UPHMEHCHHC TAKHX OLCHOK, KAK TPABKIIO, HEBOSMOXKIO, OITOMY JUIS KOHTPO-
JISLTOMHOCTH HA wiare OyjieM npHMeHATs nparmio PyHIe upakruyeckol! oleHku
norpemHocT kRTerpuposanus. ObosHagHm

Tnil :zﬂ.+sh(f! LruIn)-;
Tni1/2 =T1;+Shf2(f|f-u;xn);
él‘l‘t‘l = Zpyi/2 + Sh)'?(f! ty + 11/21 In+|/2).
A = |:Erl+1 - InHV(?" o 1)

6



Ilps jocraro4Ho MAsioM SHAYEHHH A NOTPeIuHOCTh BLIMACJIEHAN OLCeHHBACTCH
[ — 2(ts)] < A, 9T0 nO3BOASCT ABTOMATHSUPUBATEL BLIGOD WIAIA BhIMACHEHUHE.
HocTarouno genuTs A nonmosam G0 TeX HOP. HOKA HE BBLITOJHEHO 1IEPABENICTRO
A < &. OrmeruM, 4o B oydae, ecad A CIMNIKOM Mano, a uMerro, 271 A < g,
TO MMeeT CMBICT Ha CIICIVIOLIEM STANC BEIYHCTEHUR Y/IBONTh Bennianty A.

2.1 TlocrasoBka 3amxaqu

1. Ha niofom s@pike BRICOKOTO yPOBHS HANHCATL MPOrpamMMy, HPHBIHKERHO
RHTErPUPYIONIYTO HauaibHylo 3a1asy Komn (2) va npomexyTxe [ty b] ¢
TOMHOCTRIO €.

2. WurerpansHyio Kpusyw ypansenus (2) orolpasuts Tabnuuno u rpadmu-
yeck# Ha 9xpane [19BM.

3. Iporectuposats nporpammy (0.1) e 3ajarnoM npamepe. [Tpu 310M 1pa-
huxn 1 Tabauisl TPEOAMIKCHEONO ¥ TOMHOPO Peliennil CIeqy¢T BaIBeCTH
omoppemenno. (IIpHmepnl COCTABICHE! TAK, STO AHANHTHYECKOE DeleHHe
nerxo onpegensiercs). @yuxums (¢, r), Ha9aNbEbIE YEA0BAA fp, T, YHCAA
b, € n oaun n3 Merogos Pyrre-KyTTa onpeaensioTca BAPUAHTOM 300AHI.

2.2 DBapunante merogos Pynare-Kyrra

1. Oguonapamerpuyccroe cemeiicrso Merouos Pynre-Kyrra werseproro no-
paaka (s = 4) sanaerca dopmynamu:

h = hf(t'ns :Cn)- ko = hf("-n + hf?, Ty + k1/2)‘
ky = hf(te + h/2, 25+ ((1 — 1/8)ky + k2/8)/2),

ka =hf(t.+ h,zn + (1 — 0)ks + dky),
Si(f.tnyZn) = (ki + (4 — 20)ky + 28k + kq) /6.

Mpuvare § =05, e =0.5- 1073,
2. B dopmynax m.1 nprmure § =1, £ =0.5-107%

3. B dopmynax n.1 upamure § =2, £ =0.5-10 3.
7



4,

10.

Mertoa nartoro nopska Buia

ky = hf(tn,Zn), bz = hf(tn + h/2, 2, + k1 /2),
ky = hf(ta + h/2, 20 + (ki + k3)/4),
ki = hf(ln + h,Ta — ko + 2k3),
ks = hf(tn + 2h/3, zn + (Tky + 10ky + kq)/27),
ke = hf(ty + h/5, x5+
(28k; ~ 125ky + 546ks + 654k — 378k5)/625),
r = (42k, + 224k + 21k, — 162ks — 125kg) /336,
Sh{fr tﬂ:zn) =i+ (kl + 4k3 + k‘i)/a

TIO3BOISICT OUEHHMBATL NOFPCIIHOCTL RA Wware, He npuberas K npaBuiay
Pynre, n0cKobKy BeHYHEA T €CTh MABHLI YIEH HOIPENIHOCTH AAHHOIO
meroga. [pumure sesmumny € = 1073,

ki = hf(tn,zn), ko = hf(ta + h/3, 24 + k1 /3),
ks = hf(tn +2h/3, 20 — ki /34 ky),
kﬂi =hf(tﬂ+hsrn+kl _k2+k3)1
Shlf tus ) = (k1 4 3k + 3ks + k4)/8, £ =0.5-1073, s =4.

ki . hf(t'm xﬂ)l k2 - hf(t'“ + k/'% xﬂ + k1/4)|
ks = hf(tn + 1/2. 7o+ ka/2), ks = hf (tn + h. o + ky — 2kp + 2k3),
Sh.(fm tm I"I) — (k]. 4 ‘5”5.5 + k{)/ﬁ, £ = 0 5- 10_3, s=4.

kl = hf(‘u: In), k? &= hf(tn < h’/-?s Ty, + kl/2).
ks =hf(t+ bz, -k + 21!72),
Sulfs b ) = (B + 4hy + K3)/6, € =0.5-10°2, s =13,

kl i hfa'm:zn-)' k? — hf(tu + h/;}:‘rn + k1/3)
ke = hf(t+2h)3, 0 + 2k2/3),
Sulf b Tn) = (ky +3k3) /4, € =0.5- 1072, 5=13.

ky =H8f(tn. Tn), ko= hf(ty+ h/2. 20+ ky/2),
Sﬁ(f‘ b, :I:ﬂ} — k2g £= 01, §=3,

ky =hf(ts, 20). k2 = hf(tn+ h, T, + ki),
Sﬁ(fa tn:In) = (kl 4 \’92;/2. e=(0.1 s=2

8§



2.3 BapwaHTH TeCTHPYOIHX IPAMEPOB
Myers

ft,z) = =20t — Dz + d(E)p(t), to=0, z0=10, b=6, hg=05,

a dynxuun G(t) 1 () onpenensiorc oAHuM 13 HEpPEHMCICHHEBIX HIDKeE ciocobos

é(t) : W(E) :
1. texp(—t?), 1. cos(t),
2. exp(—(t —2)?), 2(m+%
3. sin(t)exp(—t?), 3. (t—2)7
4. exp(—t? + 4t). 4. tcos(l).

3  @Da30Bblil HOPTPET JAHHAMUYECKON CUCTEMBI HA
JIOCKOCTH

Heeneposanne cacrem auddepeniManbEbnix YpABREEHA TPHBOAMT K OAHO-
BPEMEHHOMY W3VHEHHI0 JIBVX ¥ Bonee rpaduxos 3asucHMBIX nepemesssix. Inx
Toro 4Tobul cuenarTs pesyasTaThl Dosee oboapumbiMu, penieHne p300paaoT
KAK [2PEaMeTPHHECK 30I8HHYIO KPHBYID B IPOCTPAHCTRE 3UBHCHMBIX TEPEMeH-
HBIX, TAKAHA KPHBAH IA3hIBASTCA TPACKTOPHCH, 4 NPOCTPAHCTRO 3ABMCAMBIX Ile-
PEMEHHBIX CHCTEME! ~ (Da30BLIM NPOCTPAHCTBOM. PACCMOTDEM JIBYNMEDIYIO 4B-
ToHOMHEYIO creTeMy audibepeHunanbERIX ypasHeRT

= P(z,y, ),
g =Q(I,y.ﬂ)- (4)

Mycers P(z,y, i), Q(z, ¥, jt) — HenpepuiBrnie dyHKIAK CBOWX APIVMEHTOB, Ta-
KHE, Y4TO UPH KAXJIOM 3HAYECHMM UAPAMETDPA i ¥ JOOBIX HAMAJLHBIX YCJIOBH-
AX CYUICCTBYET CAHHCTBenNoe pemenne ravaianrol zagaun Konm cucrema (4).
Crenugpuka 7a30B0ro0 NpoCTPARCTBA PA3MEDHOCTH JBa TEKOBA, YTO0 BCHKAS 38
MKHYTA3 HeOpepbiBHad Kpusas Ge3 caMonepece ennii JellHT €€ HA JBE “ACIH:
BHVTPENHION A BHEMEW0. Jtor dakT, surekaonmi w3 temmsl 2Kopiasa, u
BANIPET HA 1IEPECENCHNA | CAMONEDace e s TPAEKTOPHIH ABTOHOMERIX CHCTCM
(obvemoBier CYMIECTBOBARMEM H €AWHCTBCHHOCTBIO DelIeHMs HAYATLION 3a1a-
g Komm cucremsr (4)) nospoasiior pasburs $asosylo 1I0CKOCTb HA 0BaacTH
{w{eﬁxn), coAepKALINe OQHOTHIIHLIE TPASKTODHHA. l"panuul-l AYeeK COCTOAT H3
0COBRIX TPAEKTOPHH, KOTOPEIE HA3BIBAKITCSH CElIAPATPHCAMY. 34/1a4A KAYECTREH-
HOTD BHAIM3A JMHAMHYECKHX CACTEM COCTOHT B OTHICKAHMM CEllApATDUC U B
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OlPEASICHIMH 3ABHCHMOCTH pasbueHns A30BOH MIOCKOCTH HA SHMelKA OT mapa-
Merpop cueremsl. CornacHo NpuHsTEIM yoiopaaM cueTeMa (4) [1a/Ko 3aBUCHT
OT HAPAMETPA 4, NOFIOMY ECTECTBEHHO NPEANON0KATE, ITO HeDOBII0E ¢ro Hi-
MeHeHRe MaI0 MeasAeT (ha3osei noprper. OkaskiBaeTes, OJIHAKO, YTO CYNIECTBY-
0T Takue ocolhle 3naYeHns NapaMeTpa, PH MPOXOAKIEHHH KOTODLIX ITPOWCKO-
JIAT CYMECTREHHBIE, KANCCTHEHHBIE H3MEICHUS CTPYKTYPH (hasosoro noprpera.
[pumepom Taxix H3MeHCHHE MOMET Ciy:urb uponece poxaenns (Grdypra-
1M1) 3AMKHYTOR TpaeKTOprh (nepusonmyiecknx Kouebauuil), korja na hasosoi
ITOCKOCTH CHCTEMB BOSHHKACT HOBaA sieHka, 3aK/iOyenHas BHYTPH 6udyp-
uupyiomedi samxnyvrofi kpueoi. Paspaborano Gombimoe KOAMICCTBO AHBIHTH-
HYECKHX ACHMINOTHYECKHX MeLTOJA0B, NUSBONAKUIHX IIDBACKM&TE: TaKe KaMe-
CTBEHHRIC W3MeHeHHsL. [1aBHBIR HX HEJOCTATOK COCTONT B JOKANLHOCTH, HHSYE
rOBOpPSl OTPAHKYEHHOCTH NPHMEIMMOCTH KAK N0 NapamMerpy. TaK ¥ uo ofaacru
B dazopom npocrpancree. B enisyu ¢ 3tiv Gonbmoe snadenue npuobpetaer co-
YeTAHHE AHATUTAMCCKAX ¥ THCACHHLIX Meronos. Hama nens 6yjer cocToaTs B
nocrpoesny QE30BUMG NOPTPETE AHHAMAYECKOHR cucTemsl ¢ nomomeso [12BM
[pY YCIOBHH, YTO H3BECTHA JOCTATOMHO y3Kast 001aeTh, B KOTOPoH HaxXoamTes
KPETHYECKOe 3HAMEHAe TAPAMETDA.

3.1 TIlocranoska 3aaadn

1. Moandpuunposars 0pOrpaMMy HHTCT PAPOBAHKS AR @EPeniua/IHOTO Ypan-
seHns merogoM Pyrre-Kyrra, nocrpoennyvio B naboparoproft pabore N2,
Tax, TTOOH!

(#) pemaiacs HaganhRas 3ags9a Kol nig asyMepHol cactemnr aud-
depeRIHATLHBIX YPaBHeHUN;

(b) Ha3Kpan AHCILIES B KOOPAHBATAX 34BHCEMBIX Iepemessbix 20y Bul-
HOLW/HCE TOUKH TPAeKTOPHY, TAPAMET PHYCCKH 3aNaHILE PeIICHHEM

(=(8), y(6));

(c) nocTpoenHe TPACKTOPEN ¢ 3aLAHHBIMY HAYATHHEIMH YCIOBHAMN 11DE-
Kpamagock no "ropageit" knasuue;

(d) npeaycMoTPETL BHEIBOZ HE FRPAL IPOHIBONBHOTO YRS TPACKTOPK
H €r'0 O4HCTKY B (iyvae HEOEX{M.HMOC'I‘H.

2. llporecTupoBaTh NOCTPOSHAYIO B 1.1 MporpaMMy HA THOCHNLIX CHCTCMAX.
YacaeHro nocTponTs Ga30pLIe NOPTPETEL JUIA ciy4aes oKyea, YA, Cei-
na.

3. OrrecTHpoBasHyIo IPOrpaMMy IPHMEHHTS K IHHAMHYECKOH CHeTeMe, o1pe-
AeneHucH paprasToM 3anarus. [Toerponts dasosetit noprper stoft cucie-
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3.2

MBI TIPH PASTIHYHBLIX 3HAYECHHMSIX DapaMeTpa H NpoclenTs 34 NPOoHCcxola-
IMTHMH IPH 3TOM H3MEeHeHHAMH,

BapuasaTe! 3aganmii

B zanadax 1-2 prigctute, npn Kaxux a u b gynesoe pewenue — yerofaneb i
Gokyce, & NpA KAKHX — HEYCTORYHBLIN.

i

e

Vpasuenue Baun-gep-Ilons B kpuruueckom ciyuae
t- (—a+bid)i+x=0.

Vpaenenne Penest 8 kpuruueckom cayaae

i~ (~ae? + btz +z=0.

Vpagnerne Jvduura B kprrutueckom ciyyae
#F—ar +x=0.

Qupepennre, KK MEHHETCH TUT HYTOBOIO COCTOAHWS PABHOBECHS TP W3-
MEHEHHEX NapaMeTpa a.

B aagauax 4-8 veTAHOBHTE THN HYZIEBOIO COCTOAHMA DABHOBECHA

=y-a' -z,
§ = —x— zyi.

.8

& =gy -3,
v =—x— 2y’

i =y—2(22® +47),
¥ =—1— 22y’

i =-y—a(a+ ).
y =r+1%

T =ay™+2® +d,

§ = —z+ 2 — 32%°,
riee)m=1; bm=2.
B zayavax 9-19 upocneante 38 poXKACHHEM HHKIS [IPA HAMCHERUY NAPA-
METpA €.

11



10.

11

13.

14,

16.

17.

18.

Vpasnenue Bau-gep-Tloas

F—ei(l—a2*)+z=0

Vpasuedue Bas-aep-lloan (yurenn: cagraembie 6osiee BuICOKOI0 HOD3UIKA
MATOCTH)
i—(c— 02 +yaYi+2 =0,

B)ﬁ=l,'}'=2? b)=19=1 ¢)f=0,y=-2
Vpasueuue Panes

F—(e—p*+viYe+z =0,

a)f=1r=0e>0 bI=19=2
)f=Lly=-1; df=-1y=1
. Vpasuenne Jdyddunra

#— 23 +ax+ 2 =0,

onpegenuTe kakue-stnbo 3HAUENHA NAPaMeTpor o U (1. UpKH KOTOPBIX JAH-
HOe VPAasHelne uMeeT YCTORHBLIA Npe/iebhbli THKa.

- »—-—-_&‘.ﬂf'l'\ 1w 4.3
o e a2 ] ] - o
v =—-z-2(224 )y
& =y — Yyl
y =—x4sy-z
& =y - &z,

¥ =—-z+e2®+ )y

& =z-y+exr—zay -1
¥ =2z —-y+zy + 2.

& =y,

gy =—sin(z)+e(y~-y), =0
& =ex - 4y - z(z? +92).
U =z—ey—y(z?+ 7).

12



19.
& =-p,
¥ = —sin(z) + &ly — A1 — dcos(z))].
a)y=1,A=05d=2 by=2A=-054d=1.

20. Mzofipasute dalopsilt mopTper KBAAPATHYHON CHCTeMbI

& = —y— 102 + 5zy + ¢*,
¥y =x+2t—2bay

€ MeTLIPLMS [IPe/IEILULIMK HAKIAMH.
21 Haliawre coCTOANAA PABHOBECHA CHOTEM B

&) = 2sina —sinas + &(1 + cosay),
Gy = 2sinag — sina; + &(1 +cosey ),

HeeaeayHTe ux xapaktep upu k = 0 u £ = 3. Yucnenso HETCrpHpPYA CH-
cremy B Keagpare 0 < ay < 27, 0 < ap < 2w, n300pasure ee azopbii
HOPIPeT.

22. Buinonnure sajanue saaaan 21 408 cucremsl

@y = 2siney - sin(ay 4+ az) — sinas + s(cos(ay + az) + cosay),
fey = 2€inay —sinfay | @) — sinay + k(cos(ay + ag) + cos ay),

npa k=0nk=3.

4 HennHeilible 0JHOMEPHBLIC OTOOparKeHus!

MaremaTnueckoe pMogenupopanie 00I6IOrQ 9NeIa NPHPOIHEX TPOLECCOR
[PHBOAKT K MCCACHIOBAHMIO PAINMYMLIX HenaHeitHsx oTobpasennfl. IlpocTen-
LLME JAKONGE, ONUCLIBAIOILAC FKCIOHCTIHATRIIEIC KOMHIECTREHHAE HIMEHEHHS,
MOIYT GLITH BLIDaKENL KK AnGhePOrIIMabHEIME, TAK 1l DASHOCTHHIMI Y par-
pedusMu. CHOTeMbl PA3HOCTHLIX YPABHEHHH BOSHHKAIOT B PaMOPHINTECKIX
20a4ax, TeOPUH nepeaadn Nid)opMAINH, TONVAALAOnIOf 6HONern ¥ BO BCE-
BOSMOMCHBIX JADYIHX 0018CTAX HAVKI [PH OLMCAHME JUCKPETHRIX B Oau3Knx K
JHCKPETHREIM TPOHECEOR.

Qeolpif uETepee K HEIHECHHEIM OIHOMEPHEIN OTOOPAsKEHUSIM BOSHHK B [10-
CHEAHEe BPEMsl B CBA3M ¢ U3YYelHeM XAUTHACCKEX KONCORITH JNHAMBYeCRIX
cneran. Kak 0xazaioch, MEOrHe hyiIaMed TAILILIE CHOACTHA 9THX CHCTOM Oll-
CHIBAIOTCH € MOMOLIBIO 0T06pazkenull, HOCTDOBHHBIX 10 KAKOMY-1u00 3aK0Ry
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BiOJb TPaeKTOpit Mayuaemoll cuctemsl. [lomyuennuie oTobpakenus MHOro-
KPATHO [POIIe HEXOHOro 00BeKTA, X0TH caMH 1o cebe onu obAAJAIT J0CTA-
TOYHO CIMKNHOA AMHAMHBKOI, KOTOPAS LIPH OTPEJAETCHHAIX JOMYUICHHAX OTpPa-
ZKALT CYTIECTBO MPOUCXOAAIMX B HCCaeAyeMOl 3a1a4e NpoLeccos. PaceMoTpim
OjiHoMEpHOE OToBpamenne

Tnir = [z, A), ()

rue z, — BelecTrennpie wwena, f(z,, A) — wenpepusno Anddepennupyemasn
(kycouno seupepsipro tudibeperuupyemas) GyHKIME CHOMX APIYMEHTOB, A —
uneaopoll napamerp. Beesem nexotopsie ofosnavenns. Yucio 37 Gygem Hasni-
BATh HENOABHIKHON TouKof oToBpaxenus (5), ecan f(z*, A) = z*. Llenouky un-
Cel 7y, T9 . .. Tj HA30BEM WHKIOM Nepuoaa k, ecial Tmyy = f{Tm, A), m=2..k
0 Tpep = 2y Ouenigaro, 1T0 NEHOABHACHAS TOYKE X" SBMSCTCH UHKIOM fepH-
ona expanua. Huxn oy, 20 ... 7y HazopeM yerofsusbiM. ecan Ve >0, 3 >0
Takoe, uTo Vi > 0, w3 nepasercrsa |y — 71 < 8 eneaver, w10 |y, — x| <
g,m=2,3. .. 8 9HCIA Ty, Yy, ONPEACIHIOTES M3 PEKYPPEHTHONO COOTHOWICHMN
(3).

Mporue geangeflinie oTOOPAKOHKA UMEIOT CROAHBIE HEYIORIA0YEHHDLIR KO-
nebarps. Cnesapiil BO3HUKHOBCHMA TAKHX PeXKHMOB, ouncanunil Pefrentay-
MOM, COCTORT B TOM, 470 B Hpouecee H3MENeANH napaMerpa }'c'-:nﬂ-uwmnu pe-
FKiumami 0To0pazKeHis (5) OKABKIBAIOTCA 11004CPEHO UKL eproaa 2,4,8...2" . .
Boauukuosense nuknos usoffHoro neproga paskisaercs dndiyprayueft yisoe-
Hna. 3nadenns \y,, TPH KOTOPLIX IPOHCXoasT 11 6HdVPKAINN, HMEIOT KOHeY-
shifl npeaes upy m — oc. [lokasano, 4To BeINOHERO NPENEILHOe PABEHCTEO

. Am'_)lm—l - n

e & - koseranTta Pefirenbayma. [yers

Ao == hm Am:
m—o
ACHO, 4O Opy A > A, nopeaenie orobpaxenus () Oyvier elwe Gosee cnombniuM,
BOAMOAKIO xaoTiieckunt. Ilpeacrasanercs tenecoobpagiaM ¢ nomoiisio [I9BM
NPOCACAUTL 38 ITAMY HIMEHEHUAMA M HANTU Qs ONPEIENTCHHBIX BAPHAHTOM
aaaanns dyekmal f{z, \) Gudyprannoknne 3natens Ay (m = 1.2,3.4) u
1epBOE NPHBANIKEN e KOHCTANTH 0.

4.1 llocranoska 3a1aum

1. Cocrasuts nporpaymy, 0Tolpasxaonivio Ha 3Kpax aucnies rpaduk Gynk-
un y = f(x,A) (ONpesensioTcs SAPUAHIOM 3AJAMHS) B KOOPAMHATAX
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4.2

w

10.
11.
12.
13.
14
15.

2Oy u urepaunn otodpaxennd (5) B dopme auarpammnr Jlamepes. Ha-
YANbHOE SHATEHEE Tp JIOMNHO SAIPAIABATRCH nporpamMolt. TIpeayemor-
PeTh OTTHCTKY JKpana /s gabmofenus YCTORTHBONO PEXKAMA, K KOTOPG-
My npubamxalores urepaiuy (9).

. Haditu snavenns napamerpa Ap, m = 1,2, 3.4, npu koropsix nponcxousr

OrypKaunE YIBOCHAS HEPHOJIE.

. Io nosny4eHHRIM NEPBLIM TPCM-HETHIPEM SHAYEHHAM Ap, HCIOAB3YH Olipe-

neneuue (6), oucnaTs 4.

. Oopegennty 3aavenns napamerpa A (kakue-1ub0), UK KOTOPLIX BABIKO-

JHIOTCH HEYHOpaA0Yeinse Koaehanny,

. B cnyuae geynops gouesabix KoaeGagni NOCTPOUTE THCTOrPAMMY VIS OTEH-

K# IIOTHOCTH PacUpeicIenus BEPOITHOCTH uTepauri orobpaxenns (H).

Bapnanrel orodpaxxenuit f(z. A)

LAz(l-z), (0<z<1,A>0)

M-z (0<z<lA>0)

.gexp(Al —2)), (0<z<1.A>0)
A (22-1)4 (0<z<1,A>0)

M (2ch*(Az)), (0<z<1,A>0)

1=Xz-05)?% (O<z<1,A>0)
A=z’ rme a)z=3,b)z=4
.Aginz, 0<z<mA>0)

AN 222 -05), (0<z<1,A>0)

NN+ (2 -05)%), (0<z<1,A>0)
exp(—(z = 05)2/(23))/A, (0<z<4,0<A<2)
zexp(—z*/(2A%))/)?, (0<r<4,0<A<2)

Az texp(—2z?), (05<z<2,A>0)

exp(—(z —~05)2/)), (05<z<2,A>0)
(1 =N/ = (z+05))? ~4A(z+05)%, (l<zr<20<A<l1)
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16. Aexp(=Alz - 0.5)/2, (z>0,A>0)
17. Asinzexp(l — Az), (z>0,A>0)

18. sinzexp[A(l —zsinz)], (z>0,A>0)
19.

2\z, 0<z <05
f(“'*)z{z)«(l—z), 05<z<l

16



5 Mopensubie cucrembl CrporTa

Tabnuna 1, sammcreosannas u3 crarei Crporra [13], cogepamr npocreti-
HIHE TPeXMepHble CHCTeMbl 0OBIKHOBeHHEIX AnddepeHIHanbiLIX VPABHCHNH C
KBAIPATHIRON HenuuelHOCTLIO, 0BJIAJAIOIIRE XAOTHYCCKUM NOBCIEHHEM.

Tabmmua 1
Nt | Caerema Henoanmkunie Jlsnyuosckne | Pasmep-
TOMKH IKCNONEHThI HOCTh
i=y 0.014,
1| g==z+yz ‘Oreyrersysor 0, 3.000
F=1—17 ~0.014 al
T =yz 0.210,
8 | gy (_(11 1_{1’) ) 0, 2.174
i=1l—gy s 1210
i & =yz 0.163,
3| g=x—-y (_(_11’ l__(;)b) 0, 2140
i=1-g? ¥ -1.163
=y 0.103,
4| y=2+z (0,0,0) 0, 2078
2 =1zz+ 3y -1.320
T=yz 0.078,
5| g=2~y (0.25,0.063,0) 0. 2072
z=1—4z -1.078
t=y+z 0.117,
§ | §=—g+08y (_{20'__0;0)_' " 0, 2.190
i=gt—z ks —0.617
t =04z + 2 0.034
- 0.0,0), k
T|g=32—-y (_2( 5 __2)5 1 0, 2.054
i=—-a+y Rl i —0.634
z = —y+z° 0.117,
8 | y=2z+0.5y (_gD'_Uf)_'z) 0, 2,190
i=5-2z ol —0.617 el
& =—02y 0.012,
9| g=2+2 (0.0,0) 0, 2.012
i=z—z+y -1.012 |
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N¢ | Cucrema Heuoasmxmnpie Jlsimynopckne | Pasmep-
TO9KH JKCNOHEHThL HOCTb
T = -2z 0.076.
0| g=-2y+=z (0,0,0) 0, 2037
t=-rty+y’ —1.076
T=zy—2z 0.038,
s (0,0,0),
11| g=z—y9 0, 2.042
i=2+03 $(30,30, 100) —0.890
F=y+39z 0.061,
12| §=0922—y (1,0.9,-0.231) 0. 2.057
i=1=-z —1.061
FT=-2
13 g=-z—y (2.406, —5.791, 0}, 0'%44' 9 043
:2=17(1+z)+ (—0.706, -0.5,0) 2 :
—1.044
+y e N
T = -2y 0.076.
4| g=a+2 (-0.25,0,0.5) 0, 2.037
F=14y—22 —2.076
&="1 0.049,
15| 1=2—2 (Eti % 0)'1) 0, 2.154
i=a4+5z+4+2Ty T —(.319
T=2Ty+z2 0.087,
16| y=—az+y (1(0;(:‘ 02)‘7) 0, 2181
i=a+4y A —0.481
L==z
7| §=F-v (0.0,0), : :JOQ‘ 2179
i=31lz+y’ (-3.1,-3.1,0) —0.609
4+0.52 .
F=00—y 0.062,
18| y=04+z (-3,0.9,-0.4) 0, 2.058
=Y —2 -1.062
i= -z -4y 0.188,
1] gmmasd ((_‘11111./4:‘-_131-) 0, 2.151
z=l+4x | —~1.188

[oerpoenne npeacrannennof rabmmpt 6mn0 npeanpuusiro Coporrom ¢ ne-

JbI0 NEPEYHCNINTD BCE TPEXMEDHLIC CHCTEMEl ODLIKHOBEHHELX Anddeperinars-
HEIX YDABHEHAHN ¢ XAOTHIECKAM NOBSAEHHEM U MUHHNATIBHLIM KOMHYLCTBOM MO-
HOMOB MAHAMAJLIOR CTENCHR B TOAHUOMUATLHON HenMieinOCTH.
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6 MaremarndeckKkne MOIean
I'IIPOIMHAMUAKH
5.2.1. Mogent rennopo#t xompexunn. [Ipn uayyennn Pypoe-paznoxenui

peienyit Knaccuseckoro ypasnenns Haspe-Crokea Jlopesn [12] noayunn cn-
cTemy BRAR

X' = a(Y - X),
Y = rX-Y - X2 (5.1)
Z' = —bZ + XY,

Hecnenyiite cucremy Jlopenna npu

a) a =10.r = 5, u3mensa bor 0 go 9;

b) a = 10, r = 20, uamenss b or 0 1o 12,

¢) a = 10,b = 8/3, usmensis v or 166 no 167 (nposepsre, 910 IpE T =
166 umerT MECTD YCTOHYMBBIE HEPHOJIHYCCKHC ABHIKCHHA, a Opu r = 166.1
XAoTHIeCKHe Konebauna).

5.2.2. Mogeas Mapuoka-Lllnmuny Teniopoii Kopsexuuyu npu 6oasmmx quc-
aax Peltroapaca. Dra mogens Db NpeqioxKena KaxX AlbTepHaTUBHAS MOISIH
Jopenna (em. [9)).

X =Y
Y = X—AY - XZ, (5.2)
Zl' = —aZ + X%

lIpoananmsupyiite cucremy (5.2) npu

a) a = 10, a3menss A, or 0 g0 9:

b)a = 10,05 < A < 0.6 (y6egurecn, 910 npu A = 0.547,0.553,0.555
nponcxostt Sudy praunic yaBoeHus nepuoga).

5.2.3. Monens Tennosoii kouseknun Mypa u Llnarens (em. [7, c. 77-79]).

X =¥
Y = Z- {182z (5.3)
Z' = —pZ+(1-48Z2)Y.

Haydure caoxuse kopebanus cucremsr (5.3) upn

a) d =10, p > 100;

b) d =10, p > 50.

Creayiomse A8¢ CACTEMBbI BUOIHEKEKY IPH HOCAEA0BEHHA USIRHEALLIX Hapa-
GunMYeeKIX CHOTEM TUIa peakiua-1uduby3us, pojIcTBeHREIX ypasaenuio [Tapbe-
Croxea.

5.2.4. AsyxxomnonenTnas moaets ypasnenas Kypamoro-Lymayka (em. [1]).
19



£ = 26— 2(¢+1) — Enlcosf +c; sind),
i1 = 21— 2n(2€ + 0.75n) — 26n(cosf — c3sin §) — 2k, (5.4)
! = co(2¢ — 0.5n) + (2¢ +n)sin @ + 2(2¢ — n) cos @ + 2c,k*.

Mapamerpst &, ¢, ¢ soifKpaOTes pARKLIMI

a) k = ¢ = 1,¢p = —3.15, 4, —4.05 (yOemurech, 970 NP FTUX 3HAYE-
HHSIX TAPAMETPOB [IPOUCXOIAT Gudypranny YBOCHUS TePUOJA ¥ HCCaeayite
XaoTuaeckne xosebanua npu cp = 4, 7);

b) k= 1,c; = 5, =2 > ¢ > —8 (HaltuTe 3ma’eHAC MAPAMETPa Cp, TIPH
KOTOPOM [POMCXOuMT nepsas Oudiyprauus yABoeHRA DEPHOAS).

5.2.5. ®a3opas Mogenb CHCTeME N c1abo cBs3alLx ocuuIATopoB (e [5]).

G; = 2sinay — sina_,-v_l ~ 8in a4 + s(cos aj-) + cos aji),

F=12, i m=L (6.5)

Heenepyitre cueremy (5.5) B cayuasix paamuainx IPAHKIHRIX YCIOBHT:
a)g=a,=0n=34%x=3;
b)ag=ap =01+ - +au-1, n=33x=3.

7 KonebareibHble MEXaHHMUYECKUE CUCTEMBI € HEJIA-
HEeMHBIMM dJIEMEHTAMH

5.3.1. Mogens Hyddunra usorayToro crepxus (HHONmA HA3LIBASMAS
ypasrernem Xoamea [8]).

X=X
V' = —6Y +X(1-X?)/2+ fcos %, (5.6)
Z' = w.

B&pHaHTbl napaMeTpoB 7718 YHCIEHEOMN0 HCCUIEOBAHMA !

a) f=10.15,6 =0.05,0 < w < 1.2;

b) f=040=020<w<12

¢)d=015w=0801< f <0.3;

d) § =0.15,w =0.3,0.2 < f < 0.6.

Mamensn dudypranmonssill IapaMerp w B IepBLIX ABYX BapHaHTax u f B
OCTANLHLIX, HARILUTE TAKHE UX BHATEHHHA, TPH KOTOPLIX MPOUCKOJIAT ABE lepBne

OudvpRalMH VABOSHHA TIEPHOJIA, ¥ HCWIEVATE XanTHIeCKHil PeXXAM CHCTEME]
(5.6).
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5.3.2. KoneOanus ¢ NpoBANAME aPKH Ha MAPHEPAX 10A BO3/CHCTEREM rap-
Morrveckolt sueinelt cunwl (dbepma Museca, oM. [4, c. 237]).

X =Y,
Y' = Y +k(1 -V +X?) X + feos Z, (5.7)
2 = w '

BapuasaThl napamMerpos A4 YHCIEHHOr0 HeCHenoBaH st

a)§=01k=10=2F=020<w<ls

b} §=01,k=1b=15F=020<w< 15

¢)8=015k=1b=2,w=0801<f<03.

Mamenas Gudypkanuonase napamerpsl w uiy f, HalfTy Takue ux 3Habe-
HEA, PR KOTOPRIX MPOHCXOAAT JIBe neperie OudypKALNHE YABOCHWS TePHOLE, 1
HOC.I€10BATH XAOTHIIECKAR peskuM cucTemnt (9.7).

5.3.3. MaaTnuk ¢ xonebmomeiica Touxot noasecs (cm. [2]).
6+ 06 + (1 + A coswt) sind = 0. (5.8)

Jas noayuennn xonebanuit cnoxknol erpykrypu neobxoamvo pubpars na-
paserprl . A, w rak, 41106m A ¥ w Guun senmky, a @ — Mano, upuven A ~
(8)°5, w = 1/P.

BapuayTh! 3anannit:

a) sacuxcuporas J = 0.01 u w = 30 u usmensns A or 5 g0 10, pobeirecs
VCTORYMBOCTH BEPXHErO COCTOAHUS paBHOBecHs Manteuka f =7 0 =0

b) npu 8 = 0.1 ¥4 w = 40 safiyure 3HadenHs A, IIPH KOTOPLIX PELLEUHH
ypagHerus (5.8) H3MEHsI0TCH HeVIOPAA0YCHHD, B HecIeayiiTe TAKHE pellenus
THCITEHHO.

5.3.4. Mogenn aunaMuKn H30PHYTONO CTE[RKHA ¢ ABYMs cTenensMu cpobosisi

(. [8]).

X +9X -05(1 - X)X +6XY? = f, (5.9)
Y +0Y +a(l +eY)Y +8Y X2 = fy+ ficoswi. '
Bacuxcupyiire vy =9 = 0.1,a = 2,¢ = 0.05,8 = 1, fo = [1 = 0.2 4, u3menss

napamerpsl fi ¥ w TAK, 9TO

a) 1=04,0<w<12um

h)w=0802<fi<2
Hall e TAK#E UX JHAMEHURA, UpK kKorophix peiennd (5.9) seayr cebs neynops-
norernbiy obpasom. Viceneayfite nonysiennsle pemenna 110 A3N0KeHHOH cxeme.

5.3.5. Mogens uddyInoHroro B3aUMogeiCTBYA ABYX OfAHAKOBLIX HCIH-
Heflubix ocuuInTOpoB |3).
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§ = déycos(a+8)+ (1 —deos(d) - &)1,
& = i cos{a—d)+ (1 — deos(d) — )&, (5.10)

& = ~d[gsin(a+8)+Esinfa —o}] +b(€2 —€2).

3uecs £, € ~ amnuuTyisl konebanuil Tepsoro U BTOPOro OCHHIAATOPOB COOT-
BETCTBEHHO, & — PASHOCTE (a3 MeXLY HIMH.

Hayunre nepecrpoiiku daszosoro noprpera cacremu (5.10), duxcrpys § =
—a/3,b =10 u yseauunpas napamerp d

a) or 1.45 no 1.459;

b) or 1.5 no 1.5075,
TpocAeAnTe 38 GudypLaluaAMK YABOSHKA LEPHOZAA, IIPOMCXOAALIAMH C CHCTEMOR
(5.10).

ITpu snaxenun uapamerpa d = 1.7 ©3vuuTe HUCIOBEE PA3MEPHOCTHBIE Xa-
DAKTEPHCTHKA XAOTHHECKOr0 aTTpakTopa cucrembl (5.10). .
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