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1.1. BBeneHme B 3aJa4y ONpakKTHUKyMa.
1.1.1. Ileam penteHus ypaBHeHUN JBUXKEeHUSA HEOECHBIX TeJI

MeTopl YnCIEeHHOTO MHTETPUPOBAHNUSA YPABHEHUM JIBMKEHUA HEOECHBIX
TeJl pa3pabaTbIBalOTCA U IIPUMEHSIOTCH JJId PEIleHus PA3JIUYHbIX 33/a4
HebecHoit mexanukn. COBMECTHO C aHAJIMTUIECKUMA W KAIE€CTBEHHBIMU Me-
TOJIAMHU OHM SABJITIOTCS TIPOTEIYPAMU, CIYXKAMMUMHU TEJAIM TPAKTHIECKOTO
MMO3HAHUSA TTPUPOJIHI.

[Iponecc u3y4denus HeOECHBIX TeJI, B IIEPBYIO O4Ye€peb, COCTOUT W3 IIO-
CTPOEHNS MOJIEe U UX ABU:KeHUsi. Mojenb saBaseTcss OCHOBOM BCeX HAayYHBIX
n3bIcKaHuii. OHa MOCTOSTHHO YTOYHSIETCS Ha OCHOBE BCE HOBBIX HAOJIIOICHUIA.

Yro ke npeacrasiser coOoil MOesb ABuxKeHus Hedbecubix tTe! K Ha-
CTOSIIIIEMY BPEMEHH MbI y2Ke 3HAeM JI0CTaTOYHO MHOro O Tesjax CoJiHedHOM
cucreMbl. OTKPBITHI 3aKOHBI, COTJIACHO KOTOPHIM B3aMMOJAEHCTBYIOT TIJIaHEe-
ThI U CIIYTHUKH. DTH 3aKOHBI BbIpazkarorcsa B dpopme muddepeHmaabHbIX
yPaBHEHHUI IIOCTYIIATE/JILHOIO U BPAIATEIbHOIO JIBUXKEHUI TeJl.

Hcriosib30BaHre MOJIEJIN 3aKJIIOYAETCA B IIPEJIBbIYUCIEHUN KOOPIUHAT U
YIJIOBBIX TIOJIOYKEHUWI Tes Ha 000N 33/JaHHbIH MOMEHT BpeMeHHW. Takum
MOMEHTOM MOXKeT OBITH JIHOO MOMEHT OUYepeaHOr0 HAOJIIOAeHUA HeOECHOTO
TeJsa, JIMOO MOMEHT BCTPEYM KOCMHUYECKOI'O allllapara C HEeOECHBIM TeJIOM,
b0 MOMEHT TPOBEJEHNUS HAOIIOAEHUN C MCKYCCTBEHHOTO KOCMHYECKOTO
00beKTA.

[Ipeapbrauncienue OpoOUTAIBLHOTO U BPAIIATEILHOIO JIBUKEHUN HEOECHBIX
TEeJl MOXKET JIeJaThCd Ha OCHOBE aHAJHUTUYECKOIO pelreHus JuddepeHIiy-
AJTbHBIX YPABHEHUI JIBUYKEHUS, €CIIU TaKoe perenne nMeercd. OaHako mo-
YTU BCE MPAKTUYECKN 3HAYUMBbIE MOJIC/TN JIBUXKEHUsT ONMCHIBAIOTCS ypaBHe-
HASAMH, TOYHOE PEIIeHne KOTOPBIX HEM3BECTHO. UTO KacaeTrcd NMpubIMKeH-
HbIX aHAJIMTUYECKHUX PEIIeHUil, TO O4YeHb YaCTO IIOIPEIIHOCTb IIPUOJINKEH-
HOTO peIeHnsl OKa3bIBAETCsT HEJIOMYCTUMOM, MO0 Tpu TpebyeMoit TOUHOCTH
MIPOIEYyPa MOCTPOCHUS PEIIEHUsT OKA3bIBACTCA Ype3MEePHO TPYAOEMKOMH Ja-
JKe JIJIsi MOIITHEHAIINX COBPEMEHHBIX KOMIIbIOTEPOB.

[TpeapbrauncieHne KOOPAWHAT W YTJIOB BPAIllEeHUs Tesa Ha 3aJaHHBII MO-
MEHT BPEMEHU MOXKET BBITIOJHATHCA METOJaMU YHMCJIEHHOTO WHTErPUpPOBa-
HHsT OOBIKHOBEHHBIX audepennnaabHbIX ypaBHenuii. IIpenmyinecrsa dnc-
JIEHHBIX METO/IOB II0 CPABHEHUIO C AHAJUTUIECKUMH 3aKJIIOYAIOTCSI B OTHO-
CUTEJILHOI TIPOCTOTE WX PEeAJU3allnd B BUJE aJTOPUTMOB M BBIYUCIUTETb-
HBIX TIPOTPAMM JIJIT KOMIbIOTEpoB. Bo MHOTUX ciydasx YUCJIEHHbIE METO-



I 00JIaTAI0T OOJIbIIEil TOYHOCTHIO MPEIBBIYNCICHUsST KOOPANHAT HEeOECHbBIX
TeJI. Y Ka3aHHBIE IIPEUMYIIECTBA, OOBIYHO JOCTUIAIOTCS IIPH BHICOKOHN Tpedy-
eMoil TouHOoCTH BhruncaeHuii. HemocrarkaMuy MeTo10B YUCIEHHOTO PEIIeHU S
ypaBHEHUIT JIBUKEHNS SBJISTIOTCST OOJIBININE 3aTPaThl BPEMEHU BBIYUCIEHUI,
OBICTPBIN POCT ITOTPEITHOCTH PEITeHHUsI ¢ POCTOM WHTEPBAJIa MPEIBLIUNCIe-
HUSI JBUKEHUA U HEBO3MOXKHOCTD JOCTOBEPHOM OLEHKH TOYHOCTH PEIIeHHs.
IIpu 3a1aHHBIX YPABHEHUSAX IBUKEHWS, HAYAIbHBIX 3HAYEHUSIX KOOPIUHAT
TeJ W 33JJaHHOM MOMEHTE MPEIBBIYUCICHUS TOYHOCTD PEIeHNsT OKA3hIBACT-
Csl OrPaHMYEHHOMN, CKOJIb COBEPIICHHBIM Obl HU OBLI MPUMEHSIEMbIA YHUCJICH-
HBIA METOJ, PEMICHUA.

YucreHHbIE METOIBI HE3aMEHUMBI B 33Ja49aX, 7151 KOTOPBHIX HEBO3MOYKHO
MOJIYIUTh aHAJATAYECKOe pernenne. MeToabpl Yuc/IeHHOrO NHTerPUPOBAHUS
CIy2KAT TAKXKe IJIsI [IPOBEPKU IPABUJIBHOCTH W OIEHKH TOYHOCTHU HAMIEH-
HOroO B (popMe Psifia. aHAJTUTHIECKOTIO PEIIeHUS.

1.1.2. O6Gimue cBoiicTBa METO/0B YMCJIEHHOTO MHTEIrPUPOBaHUS
YPaBHEeHU JBUKEeHUA

ITocTanoBka 3a7a4um O pEIeHUN YPaBHEHUM IBMXKEHUA METOIAMU YHC-
JIECHHOTO MHTEIPUPOBAHUA PACIIaIaeTCsd Ha JBa HE3aBUCUMBIX dTama. Bo-
IIEPBBIX, COCTABJISIOTCH ypPaBHEHUs JBUKE€HHUHA. BO-BTOPBIX, pa3padarbiBa-
eTCsT HOBBIH MJIM BBHIOMPAETCST OJWH M3 U3BECTHBHIX METOI0B YHMCJIEHHOTO MH-
TerpupoBaHusi. YToObI CBsI3aTh 3TH JABa JTalla, HEOOXOINMO IPUHATH HEKO-
TOPBIA CTAHJAAPTHBIN BUJ YPABHCHUU NBUZKCHUS.

Nrak, B 33/1a4aX YUCJIEHHOIO WHTEIPUPOBAHUS YPABHEHWIT JIBUXKEHUS
HeOEeCHBIX TeJI TPUHATA, CIeayolas hdopMa ypaBHEHHI:

dzx i
dt

= fi(z1,22,...;xpn,t) (1=1,2,3,....,n), (1)

ryie x;(t) siBasitorcst uCKoMbIMA QyHKIHAMEA. O0A3aTEIHHBIM YCIOBUEM STB-
nsgerca 3aganue dyskuyii fi(x1, T2, ..., Ty, ) TaKUM 00pa30M, YTOOBI UX
MOKHO OBbLIO BBIMHC/ISTH IIPU JIFOOBIX 3a/IAHHBIX 3HAYEHUSIX apryMEHTOB.
DTr QYHKIUN MOTYT COMEPKATH TAKKe MOCTOSTHHBIE TTApaAMEeTPhI, 3HAUEHU ST
KOTOPBIX 33/IaHBHI.

K nacrosiemy BpeMmeHu pa3pabOTaHO OIPOMHOE MHOXKECTBO METOJIOB
YHUCJIEHHOI'O HMHTEIPUPOBAHUS OOBIKHOBEHHBIX quddepeHIinaibHbIX ypaB-
HeHuit. OHU pa3IUIHBI MO CBOEit Y3(PPHEKTUBHOCTU U 0OJACTH TPUIOKEHUI.
Cy1iecTByOT OHOIIIATOBBIE METOIBI M METO/IbI, OCHOBAHHBIE HA WHTEPITOJISI-
IAOHHBIX (POpMyIax. B psijie MEeTOI0B UCIIOIb3YIOTCH PA3I0KEHUs PEIIeHUS



B pAJbI MO ToJimHOMaM HeObIieBa. XOpoIui 0030p METO/I0B YUCJIEHHOTO
WHTETPUPOBAHUS YPAaBHEHUN IBUXKEHUSA, IPUMEHAEMbIX B HEOECHON Mexa-
Huke, gaH B pabore [1|. CymecrByer jgaxke Teopusi METOJOB HYUCIEHHOTO
perrennsi ypaBHEHUT, 0000IAIONass MHOKECTBO TAKUX METOJIOB U JTAIOIAS
IyTh pa3pabOTKu HanboJIee ONTUMAJIBHBIX CXeM WHTerpupoBanus [2 — 5.

Paznoobpas3ubie MeTO/IbI YUCIEHHOI'O MHTEIPUPOBAHUS [TPU UX IIPUMEHe-
HUY 00J13JaI0T HEKOTOPBHIMHU OOIIIMMHE CBOMCTBAMK. JTH CBOICTBA HEOOXOIM-
MO 3HATHh MPU PENIeHNN KOHKPETHBIX 33149 JIJIS JIOCTUKEHUST HAWJTYJIITero
pe3ysbrara U 3PEPEeKTUBHOCTH HUCCJIEI0BAHMIA.

OCHOBHYIO H/IEI0 METOJ/IOB YUCJIEHHOI'O MHTEIPUPOBAHMS OOBIKHOBEHHBIX
mudpepeHnnaIbHbIX YPAaBHEHNH JTETKO OObSICHUTD Ha, TPOCTENTIeM 13 HUX
— MeTO/Ie JIOMAHBIX OTPE3KOB, HAa3hIBAEMOM Memodom Jtsepa . Ilpu s3Tom
MOYKHO OIPAHUYUTLCA PACCMOTPEHUEM OHOTO TudPEpPeHITnaIbHOr0 ypaB-
HEeHUs 00IIero BUa.

HHomycTrm, 9TO0 MBI UMeeM OAHO JuddepeHInaIbHOe YpaBHEHNE

dx

% - f(.fC,t),

B KOTOPOM ¢ eCTh He3aBHCHMas INepeMeHHas — Bpems. TpeOyerca HalTH
dbyurnuio x(t), ymoBaeTBOPSAIONLYI0 3TOMY JuddepeHInaJIbHOMY ypaBHe-
HUIO U HAYAJIBHOMY YCJIOBUIO:

x(to) = X,

rae to — Ha4aJbHbIIT MOMEHT BPEMEHH, & Lo — 3aJaHHAsd KOHCTAHTA.

st Havdaa BaxKHO IIOHSATH TO, YTO HUKAKON MeTOH YKUCJIEHHOI'O HH-
TErPUPOBAHKS He TO3BOIUT HafiTu camy (yHKImio x(t), a TOJbKO psj ee
3HAYEHUH HAa KOHEYHOE YHUCJIO MOMEHTOB BpeMeHH. PaccMOTpUM HEKOTOPBIM
MOMEHT BpPeMeHH t1, HeJaJIeKO OTCTOSIIUN OT MoMeHTa tg. Pa3znocTh t1 — tg
obozHaunm 1yepe3 h, TO ecTh

h =1t —to.

Tounoe 3navyenue x(t1) HAM HEM3BECTHO, HO €CJIM BEJUIUHA, h JOCTATOY-
HO MaJa, a yukus f(z,t) HempepbiBHA, TO TPUOIUKEHHOE 3HAYEHUE T B
MOMEHT BpPeMEeHHU t] MOYKHO OMPEJIEUTh MO (hOopMyJIe

r1 = xo + f(0,%0) h.

OdeBuIHO, UTO OTJIMYME £1 OT TOYHOTO 3HAUeHUsT X (t1) OyaeT TeM MeHb-
e, yeM Mmenbite h. Iloepewnocms 00yCIOBIE€HA BO3MOKHONW HEJTMHEIHO-
crbio yukimu x(t) Ha orpeske [to, t1].



Hamee MbI MOXKEM OIpPEIEUTh TPUOINKeHHOe 3HaYeHne pyHKuyn & (t)
Ha MOMEHT BpeMeHu to = t1 + h nmo dopmyie

T2 = 21 + f(x1,11) h.

[TorpemHocTs HaiiIEHHOIO 3HAYEHN A NCKOMO# (DYHKIINU B MOMEHT to Oy-
JIET CKJIAIbIBATHCA K3 IIOIPEIIHOCTH T1 U IIOIPEIIHOCTH, BbI3BAHHOI HeJIH-
HelHOCTRIO byHKINHU 2(t) Ha oTpeske [tq,ta].

Tenepp ajropuTM omnpeeseHnsT 3HAYEeHNI NCKOMON (PYHKIIUHM Ha MOCTIe-
JI0BaTEIbHbIE MOMEHTBI t; = t;_1 (i = 1,2,...) MOXKHO 3aIIMCATH TaK:

x; = xi—1+ f(xi—1,ti—1) h. (2)

B srom asiropurme Beaumuuny h HA3LIBAIOT NOCTMOAHHBIM WAZOM HUC-
JIeHHOro uHTerpuposanusd. OumubKa 3HadeHus T; OyIeT COUepP:KATbL CYMMY
OIMOOK, COBEPIIEHHBIX HA BCEX MPEIBIAYIIUX Iarax NHTerpUPOBAHNASA. DTH
OMOKN MOT'YT MMETh PA3JIMYHBLIC BEJUYWHBLI U 3HAKH, HO IIPHU JOCTATOYHO
npou3BobHON GyHKIMU f(T,t) cymmapras owubka, KaK MPABUIO, BO3PAC-
raer. O4eBUIHO, YTO BO3PACTAHKE Cy MMAaPHOHA OMIMOKY IPOUCXOIUT C HAPAC-
TaHUEM YNCJIA, BLITOJHEHHBIX 1Iaros MHTErpUpOBaHnd. dem OObIIe I1aros
IPU MOCTOAHHON BeJIMYMHE IIara, TeM OOJIbIIe OIMMOKA, TAKOTO PEIICHUSI.

JIio6as 3a1a4a 9UCACHHOrO MHTEIPUPOBAHKSA YPABHEHUN JIBUKCHUS HE-
OecHOro Teja OObIYHO CTABUTCS TaK, YTO B KOHEYHOM HUTOre TpeOyercst Haii-
TH KOODJMHATHI TeJa Ha 3aJaHHLIM KOHEYHBLI MOMEHT BpemeHu ti. Eciau
ar WHTETPUPOBAHUA BBLIOPAH, TO MOXKHO IMOICYATATHL KOJIWYCCTBO IIATOB
k, HeoOxomuMmoe A1 perreHnd 3a1a9u. OQ9eBuIHO, YTO

tr — to
k=F| —— 1.

Meron Ditsiepa OTHOCUTCS K TPYIIIE TaK HA3BIBAEMBIX 00HOWG208bLL Me-
modo6 YHCIEHHOTO HMHTErPUPOBaHMS. Kpome HHX CYIIECTBYIOT €Ille SKC-
TPATOJISIIMOHHBIE ¥ MHOTOIIAroBbie Metonbl [1]. Bee st merombr umerot
HEKOTOpbIe 0011I1e cBoiicTBa. Ilpn nx mpuMeHeHNN BO3HUKAIOT OOIIHE IIPO-
onevbl. Omaa u3 mpobiieM — 3TO 66t00p wWa2a urmezpuposarus. Ha mepBorit
B3IJISI SICHO, 9TO €CJIM Al WHTErPUPOBAHUST YMEHBIITUTH, TO OIMIUOKA, 10-
MIyCKaeMasi Ha, KaxKJIOM Iare, YMEHBIIUTCS, &, CJAeI0BATEeIbHO, TTOBBICUTCS
TOYHOCTb peIlleHusi YpaBHEeHU IBU2KeHns HeOecHoro tejya. Ilpu 3amanHom
HHTEPBAJIE BPEMEHHU IIPEIBbIYUC/ICHUs] IBUKEHHSI, TO €CTh UHMEPEAAG UH-
mezpuposarus ty — ty, KOTUIECTBO BBITIOJIHSIEMBIX IMIAarOB BO3PACTET, UTO
BBI30OBET yBeJMYEHNE 3aTPAT BBIYUCIUTEILHOINO BPEMEHHU, TO €CTh BpeMe-
HHU pabOThl KOMIIbIOTEPA. B HEKOTOPBIX CiIydasX MaKCUMaJbHas TOYHOCTH



PEIIeHNsT OIPEIeIsIeTCs TOJIbKO JOMYCTUMBIMH 3aTPpaTaMi BPEMEHHN BBIUMC-
JICHUN.

Ha mepBblil B3I/ KaXKeTCsl, YTO €CJIH yBEJIHWYEHHE BbIYMCIUTEIbHBIX
3aTpar elme JOMYCTUMO, TO VAYUIIeHWs TOYHOCTH BCETIAa MOXKHO JIOCTHT-
HYThb YMEHBIITEHHEM IIIara WHTerpupoBaHus. MoXKHO IpOBECTH TaKoO#M 3KC-
IepUMEHT. 3aJaTh KOHKPETHbIC yPABHEHHUs [IBHXKCHHsI, YHUCICHHOE pelle-
HIE€ KOTOPBIX MOYKHO IPOBEPUTH. DTO MOI'YT ObITH YpABHEHWS, WMEIOIINe
TOYHOE aHAJUTUYIECKOe PeIleHne, Ul YPABHEHN, JOIMYCKAIOIINe M3BECTHO
yacTHoe pernenne. Jlamee MOKHO 3aaTh HHTEPBAJ HHTEIPUPOBAHUA (Lo, tx],
B3ATh KaKOW-HUOYIb METO. YHCJIEHHOIO0 MHTEIPUPOBAHMS M PellaTh 33/1a-
1y MHOTOKDPATHO, YMEHBINast KayKIblii pa3 Iar nHTerpupoBanus. 3yuas
3aBUCUMOCTH TOYHOCTHM PEIIeHUsI OT Iara WHTEIPUPOBAHUSI, MBI YBUINM,
YTO CHAYaJIa IPU YMEHBIIEHU! IIara MOTPENTHOCTh YUCIEHHOTO PEeITeHUS
yMenbiaercss. Ho mpu HEKOTOPBIX BECbMa MAJIbIX 3HAYEHHAX IIara HHTE-
TPUPOBAHUST TOYHOCTH HAYHET YXVIAIIATHCS, CKOJIb ObI MBI HU YMEHbBITAIN
mar. YTo ke mpoucxoauT?

Jlesi0 B TOM, YTO BCE BBIYMCJICHHUS JI€JIAIOTCS BCErIa ¢ (pUKCHPOBAHHOMN
TOYHOCTBHIO BBIIOJHEHUS IIPOCTHIX aprdMeTndecKux omeparuii. Ee MoxKHO
VIYUIIATh C TTOMOIIBIO CIIEIUAIBHBIX CITOCOO0B OTOOpAasKeHNsT Unces B Ia-
MATHA KOMIILIOTEPA U IMPUMEHEHNEM COOTBETCTBYIOIINAX AJATOPUTMOB apud-
METUYECKMX JeACTBUIL. DTO IPUBEIET K elne OOJILIINM BbIYUCIATEIbHBIM
3arparaMm. BaxKHO TO, 9TO B JIFOOOM KOMITBIOTEDPE C COOTBETCTBYIOIIUM ITPO-
TpaMMHBIM ODeCriedeHrneM MaKCHUMAaJbHAs TOYHOCTD MPEICTABICHUS THCe
U TOYHOCTH BBINOJIHEHUA apudMeTndecKux omepanuii ¢pukcuposana. Ilpu
Ka2KJIOM OIlepallii COBEPIIAeTCs HEeKoTopas omubka. Ee HasbiBawOT owud-
Kol okpyenenus auces. Ilpu mociegoBaTebHOM BBITTOTHEHUN apudMeTnve-
CKUX JIeACTBUIl OMMOKN OKPYIJIEHNST HAKAILJIMBAIOTCS.

UeMm MeHBINE MIar MHTETPHUPOBAHUS, TEM MEHBIIE IIOIPEIIHOCTH (hop-
MyJabl (2), MeHbIIe OmuOKa, COBEpIIAaeMasi Ha Kayk/IOM Iare, U MEHbIIe
ee HaKOILJIeHne Ha, KOHEYHBIH MoMeHT BpeMvenu. C Ipyroit CTOpOHBI, THC-
JIO IIAarOB PACTEeT, U OMMOKYM OKPYTJIEHUS HAaKAIJIMBAIOTCA. Takum oOpa3om
CYyIIECTBYEeT HEKOTOPbLIA ONTHUMAIbHLIN [Iar MHTErPUPOBAHUS, IIPHA KOTOPOM
MOI'PEITHOCTh BHIYMC/IEHNS] 3HAYEHUsT NCKOMON (DYHKIINKM HA KOHEYHBIA MO-
MEHT BPEMEHU MUHHUMAaJIbHA. [IjIsT BBIOpAHHOTO METO/Ia WHTErPUPOBAHUS U
3aJaHHOM KOHKPETHOM 3aa4n JIydIlias TOYHOCTh HeaocTrKuMa. Ilyrem co-
BEPIIEHCTBOBAHUSA METOI0B UKMCJIEHHOIO MHTErPUPOBAHUS MOXKHO J100UTh-
cs HEKOTOPOTO YIyUINeHus: TOYHOCTH. OJHAKO COBPEMEHHBIE MEeTOIbI yIKe
CTOJIb COBEPINEHHBI, YTO JAJILHEHIee MOBBIIMEHNe TOYHOCTH TOYTH HE IIPO-
ncxoauT. Ha mpakTuke BBIYUCIEHUS C ONTHMAJIbHBIM IIArOM, KaK IIPABUIIO,



HE MMPOU3BOJIAT — CJUIIKOM BEJIMKU MPU STOM BBIYUCIUTEIbHBIE 3aTPATHI.

Caenyromyio mpob/ieMy BbI3BIBAET TOT (PAKT, YTO CTEIIEHb HEJIMHEHHOCTH
UCKOMOI (DYyHKIIMU MOXKeT ObITh PA3/JMYHA HA PA3HbIX yYaCTKaX WHTEPBa-
na [to,tr] . [lpu 3aTaHHOM TOCTOSTHHOM IIare WHTEIPUPOBAHUST CyMMapHasT
OIMOKA CO3/IaeTCs, B OCHOBHOM, Ha, T€X YYacTKaX, I/le HEJIUHEHHOCTh MaK-
cuMaJsibHa. Her cMbicia BbIOMpPATH TAKON K€ MAJIbIA MIar Ha APYIUX yIacT-
KaX U TPAaTUTb HalIPpaCHO BPEM:A Ha BBIYHCJICHHA C W3JINIIHEN TOYHOCTBIO.
OnTuMaabHO OBLTO OB BHIOMPATH HA KaykJIOM y4JacTKe CBOM Iar WHTEerpH-
pOBaHUsI B 3aBUCUMOCTH OT CTEIEHU HEJIMHEHHOCTH MCKOMOM dynKinu. B
COBEPIIIEHHBIX METOAX YMCJIEHHOTO MHTEI'PUPOBAHUS IIOBEJIEHUE PEIICeHUS
aHAJIU3UPYETCS Ha, MPEBIAYIIEM Iare, YTo0bl 9KOHOMHO BBIOPATH CJIEIyI0-
mui mar. aa 3Toro, KoHeYHO, Mmepeji HavaJloM WHTEIrPUPOBAHUS 33/IaF0T
HEKOTOPBIN NapaMeTp, KOHTPOJUPYIOUNA TOYHOCTH BBIYUCJICHUN HA KaZK-
JIOM I1are. 9TOT MapaMeTp HA3bIBAIOT 3a0aHHOU MOYHOCTIbI0 UHMEZPUPOBA-
HUA, OJHAKO 3Ta TOYHOCTH JIAJIEKO HE COBTAIAET C MOYHOCTBI0 NOAYUEHUA
peweHus Ha KOHEUHBI MOMEHT BPEMEHH tf. ITH JIBE TOYHOCTU OOBITHO TTPO-
MOPIUOHAJBHBI TP OIHON M TOU Ke (POPMYJIUPOBKE 331a4U, TO €CTh IpHU
3a/IaHHBIX YPABHEHUSX JIBUKEHUS, HAYAJIbHBIX YCJIOBUSX M KOHEUYHOM MO-
MeHTe BpeMeHu. /I1s1 aHaan3a moBeIeHus pelieHust UCTIOIb3YIOT Pa3IndIHbIe
npueMbl 1 (popMystbl. OUH U3 HUX COCTOUT B TOM, YTO KaXKJIbIH IIar JeJIai0T
JIBaZK/Ibl: CHAYAJIA OJIMH LAl BEJIMYMHON h, 3aTeM JBa I1ara, BeTuauHoi h /2.
Pazuuily aByx pe3y/bTaroB CPABHUBAIOT € 33aHHON KOHCTAHTON — 3a0aM-
HOT MOYHOCTBIO UHMe2PUPosarus. Ecim pa3sHOCTh OKa3bIBaeTcs: OOJIBIIE,
TO IIAr YMEHBIIAIOT BABOe. Ecyim e 3Ta pa3sHoCTh B JecATh Wau boJiee pas3
MEHbIIIE, YeM 33/IlaHHasi TOYHOCTb, TO HIAr yBejuduBaioT. B Haumbosiee co-
BEPITEHHBIX AJITOPUTMAX YHUCJIEHHOTO WHTETPUPOBAHUS HMCIOJIB3YIOT OoJiee
CJIOXKHBIe TpueMbl. K coXKajieHnio, Ha TPaKTHUKE HE BCETJIa a8MoMamue-
ckutl 6u00p wWaz2a MOXKET ObITh 3P deKTUBeH. B HEKOTOPBIX C/IydasX BCe XKe
UCIIOJIB3YIOT NOCMOAHKbIY Ua2 UHNEZPUPOBAHUA.

Hambonbmryto mpobieMy B MPaKTUKE YHUCIEHHOTO WHTETPUPOBAHUS
ypaBHEHHI IBUXKEHUs HEOECHBIX TeJ MPEJICTABJIAET OIEHKa TOYHOCTH TO-
ny4daeMoro pemrenus. OKa3bIBaeTCsi, HE CYIIECTBYET CTPOruX (POPpMYJT WK
YCJIOBI/IfI, IIO3BOJIAIOIIIUX BBIIIOJHUTH TaKHWE OICHKMN. Ha JdeJie UCIIOJIb3YHT
HEKOTOPBIE TPUEMbI, KOTOPBIE BCE K€ HeJIb3sT CINTATh BIIOJIHE HAIEXKHBIMU.
Opuu u3 HUX — 9TO WMHTErpupoBaHue “‘BHepea-Ha3ax’. To ecTts mocsae mo-
JIydYeHUs 3HAYEHUs UCKOMOU (DYHKIMM HA KOHEYHBII MOMEHT BPEMEHHU 3TO
3HaUEeHNe TPUHUMAIOT 33 WCXOIHOE W BBITIOJIHSIIOT WHTETPUPOBAHUE C OTPH-
IaTeJbHbIM IIaroM J0 Ha4vaJIbHOO MOMEHTa. B KOHIle cpaBHUBAIOT TOJY-
YEeHHBINA pe3yJibTaT C HaYaJbHBIM ycaoBueM. [lomydennyio pa3HocTh 3Hade-



HUI U CYUTAIOT TOYHOCTHIO BBITOJIHEHHOI'O HMHTEIrPUPOBAaHUA. HHOF,D;& TaKHe
OLICHKH IIOJIYHYalOTCAd YAOBJICTBOPUTC/JIbHBIMY, HO Yallle BCEI'O peaJibHad TOY-
HOCTDb OKa3blBa€TCA XYy2KeE. CymeCTByIOT n apyrue MeToJbl ONE€HKHN TOYHOCTH
YHUCJICHHOI'O HHTEIrPpUPOBAaHUA, HO BCE€ OHHM Ha CaMOM JdeJie HEHaJC2KHBI.

1.1.3. Metoa Pyure-KyrTa mHTerpupoBaHus OOBIKHOBEHHBIX
anddepeHInadbHBIX ypaBHEHUN

Metom, TOMaHBbIX OTPE3KOB, W3J0XKEHHBIM B MPeIblaylieM maparpade,
IIOYTH He IpuMeHsiercs Ha npakruke. CyiiecTByior 60/1ee TOYHbIE METOIbL.
OmanM u3 HuX sBiasercs memod Pynee-Kymma [1, 6]. 9ToT Meron mase-
KO He CaMbIif COBEPINEHHBIN, OJHAKO B CBOE BPeMs OH MIMPOKO ITPUMEHSLICS
B aCTPOHOMHMYECKHUX 3ajadax. @opmysabl Meroga Pynre-Kyrra moctaTodno
npocTel [6]. VIx MOXKHO JIerKO 3amporpaMMUpPOBATH HA JIFOOOM TTOIXOISIIEM
sI3bIKe TporpaMMmupoBanusi. B 3agadax, rjie He TpedOyeTcs MoJydaTh IIpe-
JIETBHO BBICOKYIO TOYHOCTH YHMCJECHHOTO PEIICHUsl YPABHEHUM JIBUKCHUS,
meroj; Pynre-KyrTa MoxkeT ObITb 3 PEKTUBHO IPUMEHEH.

OnwuriteMm 3TOT MeTod 1 (POPMYJIBI, TTO KOTOPHIM BBITIOTHSIIOTCS BBIUHCTIE-
HUsA. PaccMoTpuM 33/a9y 9MCJIeHHOTO WHTETPUPOBAHUS CUCTEMbI OOBIKHO-
BEHHBIX AU PEpPeHInaJbHbIX YPABHEHUI [TePBOr0O MOPIIKa,

dx;

= filen wa o aa t) (1=1,2,3,.m) (3)
¢ HaYaJIbHBIMU — (0 _ .(0) _ (0 PR

YCTOBUSIME X1 = Ty, T = Ty .., Ty = Tp,’ TpH L = tg.

Ilepemennsbie 1, Ta, ..., Ty AJs ya00CTBa OyieM HA3bIBATh KOOPAUHATAMU, &
HE3aBUCHMYIO IEPEMEHHYIO t — BpeMeHeM.

®opmynsr Pynare-KyTTa, nmpuBoanMmble HUKE, TTO3BOJISIOT OMPEIETUTD
KOODP/JUHATHI Ha MOMEHT BpeMeHu tgi1 = tp + h, ecu OHM WU3BECTHLI HA
MOMEHT BpemeHu tr. POpMyJbl COCTaBJIEHBI HA OCHOBE METOIA WHTEPIIO-
JIAIUNA TTOJIMHOMAaMK OTHOCUTEIBHO Iara, MHTErpupoBaHus h, B KOTOPHIX
TIpeHeOperaT YJIeHaMW HEKOTOPOro MOpsAKa MAaJIOCTH OTHOCUTEJIHLHO Be-
JIMYUHBI 11ara. B 7anHoM ciydae COXpaHAIOTCd BCE YICHBI /10 4-T0 MOPAIKa,
BKJIIOUHUTEILHO OTHOCUTEIbHO mara. ®opmynsl Pyare-KyrrTa nmeior By

2 = zi(ty),

pgk) = fz (xgk)axék)v 7565@]{:);751{) )

1 1 1 1
o = 1 (04 2+ Lot + L ).



1

NN fi( (k)—l-hr(k) (k)+hr(k),...,x7(f)+hr§f),tk—|—h),

2

R 6h (P9 + 26 + 2r") + 5(7)

(i=1,2,3,..,n).

N3 npuBeileHHBIX (POPMYIT JIETKO BUJIETh CXEMY aJrOPUTMa OJHOIIATO-
BBIX METOJ/IOB YMCJEHHOIO MHTEIPUPOBAHUS OOBIKHOBEHHBLIX g pepeHiim-
aJbHBIX ypaBHeHwil BUAa (3). AJITOPUTM COCTOUT W3 JBYX OTHOCHUTEJIHHO
He3aBUCUMbIX 010KOB. B mepBoM 6/10k€e IpOU3BOAATCA BhIUUCAEHU 110 (DOP-
myaaM Pynre-Kyrrta. BxomHbIMEU JTaHHBIME 715 9TOTO OJIOKA, SIBJISTFOTCS 3Ha-
YeHUsI UICKOMBIX (DYHKITMI Ha MOMEHT BpeMenu ti. Pe3ynabrar pabornl 0J10Ka
— 3HAYEHHUS UCKOMbBIX (DYHKIIMI HA MOMEHT BpeMmeHu lii1. Pasymeercs, uc-
XO/IHBIMU TIAPAMETPAMU SBJISIOTCSH TAKXKEe CAMU MOMEHTHI ty U tg41, & TaK-
JKe mar mHTerpupoBanus h. Peanuzanus sToro 6JioKa He 3aBUCUT OT KOH-
KPETHOM 33/1a4un HeOEeCHOM MexaHuKu. BTOpoit 610K — BBIYUCICHUAS ITPABBIX
yacreil ypaBHenwuii (3) mpu JiOOBIX 33/IaHHBIX APIYMEHTAX T, T2, ..., Tn, L.
DTOT OJIOK TIOJTHOCTHIO ONPEIETIeTCA TOCTAHOBKOM 3a1a4i O IBUKEHUN UJTU
BpaIlleHUW HEeOECHBIX TeJT U He 3aBUCHUT OT METO/Ia WHTErPUPOBAHUSI.

1.1.4. AgropuT™Mm perrieHns 3aa49 O ABMXKeHUW HebDecHOro Teja
MEeTOaMU YUCJIEHHOTIO UHTErPUPOBaHUA

Paccmorpum cienyromuil Kiace 3a/4a49 O JABUXKEHUHM CUCTEMbI HEOECHBIX
ten. Ilycrs manbr auddepeHnuaabHblie YPaBHEHUST OTHOCUTEIHHO KOOD/IH-
Hat Tes1. KoopanaaraMu MOryT ObITH KaK MPSAMOYTOJIbHBIE KOOPAMHATHI IT€H-
TPOB MAacCC KaxKJIOr0 TeJa, TaK U YIVIbL IIOBOPOTA KaXKJIOI'O Teja B HEKOTO-
poOil 3aJaHHOI CHCTEeMe KOOPIUHAT. Y paBHEHUs JIOIXKHbI ObITh BbIPAsKEHBI
B ¢dopme (3), a UX TpaBble YACTH 33JAHBI TaK, YTO W3BECTHHI MPABUIA,
110 KOTOPBIM UX MOYKHO BBIYMCJISITH JJIsI JIIOOBIX 33 JaHHBIX 3HAYEHUHN HMCKO-
MbIX KOODAUHAT U, BO3MOXKHO, BpeMeHnu. Kpome Toro, n0/KHbL ObITH 331~
HbI 3HAYEHUS KOOPJWHAT HA HEKOTOPBIA HAYAJIBbHBIA MOMEHT BPEMEHU (.
O06o3Ha"nM 3TV 3HAYEHUST Gepe3 ;r;go),azéo), . (0) . Tpebyercsi onpeneanTh
3HAYEHUS KOOPJAWHAT HA HEKOTOPBINA JAPYTON TaKXKe 3aJIaHHBIIT MOMEHT Bpe-
MeHu t1. IIpakTuyeckue meau pelieHud 3aJa9d O ABUXKEHUU CUCTEMBI TeJl
JIUKTYIOT HEOOXOIUMOCTD II0CJIEJ0BATEIbHOIO BHIYUC/IEHUS KOOPAMHAT TaK-
JKe W Ha JApyTrue 33JaHHble MOMEHTHI to, t3, ... , tx. Hallle BCero MOMEHTHI



BbI6I/IpaIOTC$I PaBHOOTCTOAIIIMMHA TaK, 9TO
ti :t@'_1+H (Z: 1,2,...716), (4)

rae H — 3amanubiil mar TabyIMpoBaHus IO BpeMeHu (HO He IIar WHTerpH-
poBanusi). Takum 06pa3oM, pe3ysibTaToM perreHus 3a1a9u OyayT 3HAIECHUS
UCKOMBIX (DyHKIIMIT HA MOMEHTHI t1, to, ... , t,, TO €CTh ajgi),xgi),...,xg)
(1 = 1,2,..., k). TlocraBiennas 3ajada sBJSIETCS TUIIMYIHON HE TOJBKO B
IIPAKTUIECKOil HeDEeCHOIT MeXaHnKe, HO TaKzKe IIPU PA3/IMIHbIX HCCIe10Ba-
HUSX TEOPETUIECKOTO XapaKTepa.

CooTBeTcTBEHHO CHOPMYIMPOBAHHON MMOCTAHOBKE 33/Ia9M MOXKHO COCTA-

BUTH aaroputM ee perrenus. OH OyIeT cOCTOSITh U3 CAEAYIOMUX OJI0KOB:

e (1.) Baganme HAYATBHOTO MOMEHTA BpPEMEHW, HAYAIbHBIX 3HAUEHUI
KOOp/IMHAT, mmara TadbyaupoBanusa momenToB H. Ha aTom stame 3a11a-
eTCsl TaK»Ke TOYHOCTb YMCJIEHHOTO MHTEIPUPOBAHUA JIUOO IAT WHTE-
rPUPOBaHUA, €CJIM UHTEIPUPOBAHUE BEIAETCA C IMTOCTOAHHBIM IIArOM.

e (2.) 3amanue CIeaYIONIEr0o MOMEHTa BPEMEHH JJIs1 BBIIAYN PE3Y/IbTATa.

¢ (3.) BoirosiHeHrE YUCIEHHOrO HHTEIPUPOBAHKS YPABHEHUN U IIOJIY 96~
HUe 3HAYEeHUH UCKOMBIX (DYHKIHH Ha CJIEAYIONINil MOMEHT BPEMEHH.

e (4.) BamomuHaHWEe MOJyYEHHbIX 3HAYEHUWH B baiiae wim Hemocpes-
CTBEHHOE HCIIOJIb30BAHUE PEe3y/IbTaTa.

(5.) IIpoBepKa JOCTUKEHUS TIOCTIETHETO 33 IaHHOIO MOMEHTa, BPEMEHH
¥ [ePexo/] K IMyHKTY (2), ecyin mOoC/JeHui MOMEHT €Il1e HE JIOCTUIHYT.

e (6.) IIpekpamienne paboThl AJITOPUTMA.

[TyuxT (1.) BBIIOJHSETCS IIyTeM BBOJA duces u3 dailja MCXOAHBIX JTaH-
HBIX WM 33/laHUeM 3HAYeHUU IPSIMO B TEKCT€ BBIYUC/IUTEIbHON IIPOrpaM-
MBL.

[Tyukr (2.) BbImOTHSAETCS TIO hopmye (4).

Peanuzanus nmyHkra (3.) B BBIYUCAUTENBHON IIPOrpaMMe JOJIKHA ObITh
HE3aBUCUMA, OT IMOCTABJEHHON 3aja4u, 49TOObI JIIOOYI0 KOHKPETHYIO 3a/a-
Yy MOYKHO OBLJIIO peraTh JIOObBIM MEeTOI0M YHCJIEHHOTO WHTEerPUPOBAHUS.
[TosToMy cam MeTO[ MHTErpupOBaHUS OPOPMIISIOT B BUIE 0MdeabHol npo-
yedypor Ha BBIOPAHHOM sI3bIKe IIPOrPAMMHUPOBAHUSA. DTy HPOIEILYPY OOBIYHO
COCTABJISIOT CIEIUAJIUCTHI TTO METOaM YHUCJIEHHOTO MHTErPUPOBAHNS OOBIK-
HOBEHHBIX JudpepeHnuaabHbIX ypaBHenuii. /y1a ncmoab3oBanus mporery-
Pbl B KOHKPETHOM 3a/Ja4e HY»KHO 3HaTh TOJBHKO (popMy oOpallieHus K ITOM
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TIPOIEIyPe U CIIOCOOBI OOMeHa JaHHbIMU ¢ Hel. Heobxomumast nHdOpMAaIns
OOBIYHO COAEPXKUTCA B MHCTPYKIIMM, KOTOPOM CHAOXKAETCs MPOIEaypa IpH
ee nepegade uin nybsaukanuu. [Iyakr (3.) anropurma peann3yercs COriac-
HO WHCTPYKIIMU K mporeaype. [Ipumep Takoit MHCTPYKIIUA TPUBOIUTCS B
cJeIyroneM naparpade.

Ha mepBbIii B3I/ B OMMCAHHOM BBIIIE aJTOPUTME COBEPIIEHHO OTCYT-
cTByeT OJIOK BBIYMCJIEHUS TPaBbIX 4dacTel pernaeMbix ypaBHenwii. Ha ca-
MOM fiejie 3TOT OJIOK BKJIIOYEH B TMYHKT (3.), HO peajn3yeTcsi OH B BUJIE
HE3aBUCUMOIT TIPOIIETYPhI, KOTOPYIO COCTABIAET CIEMUATUCT, CDOPMYIUPO-
BABIIUI U PEIIAoNIni 3aa9y. JTa HE3aBUCUMAas IIPOIE/IYPa UCIIOIb3YeTCs
TIPOLEAYPOil YUCJAEHHOTO WHTETPUPOBAHUS, KOTOpasi He 3aBUCUT OT BUA
MpaBbIX dacTeil ypapHeHuit. YToObI OpraHn30BaTh COCTABJIEHNE AJTOPUTMA
U MPOrPpaMMbl, YCTAHABIUBAIOTCS HEKOTOPHIE MPaBUJIa, IO KOTOPBIM IPO-
HUCXO/IUT OOpaleHne K IIpoIeype BbIYUCIeHNs [IPAaBbIX YacTell ypaBHEHUM
JNBUYKEHUS. DTU TIPABUJIA TaKKe SBJISIOTCS YaCThI0 MHCTPYKIIMU K TIPOTIe-
Iype MHTerPUPOBAHUSA. AJTOPUTM TIPOIEAYPhI BHIYUCIEHNS MIPABBIX JdacTell
ypaBHEHUI He 3aBUCUT OT METO/Ia MHTEIPUPOBAHUS, OJHAKO 3ar0JIOBOK ITOM
IIPOIEYPhI JOJZKEH ObITh COIVIACOBAH C MHCTPYKIHUEN K IIPOIeaype IUC/IeH-
HOT'O MHTETPUPOBAHMUSI.

[Tyukrsr (4.), (5.) u (6.) arropurMa I0CTATOYHO MPOCTHI IJIsT TPOrPAM-
MUPOBaHUSA. 3aMETHUM TOJIBKO, UTO IMYyHKT (4.) MOXKeT ObITh peajn30BaH
0oJ1ee 3aMbICJI0BATHIM criocoboM. Hanmpumep, MOXKHO 3aporpaMmMupoBaTh
MOCTpOeHre TpadpuIecKux M300parKeHuil Ha dKpaHe KOMIbIOTEpa B 3aBU-
CUMOCTH OT MOJIYYEHHBIX 3HAYCHUI UCKOMBIX QpyHKIMil. B utore nociemno-
BaTe/IbHAs CMEeHA KapTUHOK B IIPOIECCEe pelleHus 3aJadd JacT HarJisaTHOe
TIPEeJCTaBIEHUE O JIBUKEHUHN CUCTEMBI TeJl.

3aMeTuM TakK:Ke, YTO TPU HCIOJH30BAHUN HEKOTOPBIX TPOIEAyP UHC-
JIEHHOT'O WMHTEIPUPOBAHUSA HEOOXOAUMO 33JaTh OIPeIeSIEHHbIE TapaMeTPhI
paboThI POLEAYPbl. ITO MOI'YT ObITH, HAIIPUMED, [IapaAMETPhI, 33/IAI0IIHe
TOYHOCTH MHTETPUPOBaHUs. B TO Ke BpeMs pe3yIbTaTOM BBITIOJTHEHUs TTPO-
ey Pbl MOI'YT OBITH HEKOTOPBIE BCTIOMOTATE/IbHBIE JaHHbIE, KOTOPBHIE TAKXKe
MOYKHO HCIIOJTb30BATh B IIPOTPAMMe PEIeHus 33 a9H.

1.1.5. UHCTPpYKIIUSA K BBIYUCJIUTEJHbHOU ITporpaMMe
YH1CJIEHHOTO MHTETrPUPOBaHNUA OOBIKHOBEHHBIX /AN dhepeHNnaTbHBIX
yYpPaBHeHU1 MeToaoM 3. DBepxapTa

B npakTwyeckoii HeOecHON MexXaHWKe MPUMEHAIOTCS MHOTO Pa3JIUIHbIX
METO/IOB YHCJIEHHOI'O HHTErpupoBaHus ypaBHenuil japuxkenusa. OnHa gaer
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CTUMYJI /ISl PA3BUTHS U COBEPIITEHCTBOBAHMUS TAaKNX MeTO/MOB. B TO e Bpe-
MdA 33Ja9i HeOeCHOUW MEXaHWKHU SIBJIAIOTCA CBOCOOPA3HBIM ITOJIUTOHOM JIJIs
HCIIBITAHKUSI HOBBIX Pa3paboTok B 3Toil obmactu. OmauM u3 Haumbosee mpu-
MEHsIEMBIX B TIOCJIEJTHee BpeMs B HeOEeCHOM MeXaHWKe METOJIOB YNCJIEHHOTO
WHTEIPUPOBAHUA ABJIETCSI MeToa J. Jeeprapma. IlokazareabHo, 4TO ero
aBTOPOM SIBJIETCH CIIeIUaJIUCT B objacTtu HebecHOil Mexanuku. MeTo 1mo-
npobHO ommcaH B Kuure [1], rue maHbl TakKe CCHIIKM HA OPUTHHAJIBHBIE
nyonukanmun . IJBepxapTa. IlepBoHavaibHO TPOIEIYPa WHTETPUPOBAHUS
OblLa cocTaBjieHa HA A3bIKe TporpamMupoBanus Poprpan caMuM JBepxap-
TOM, IIO9TOMY €€ TaK U Ha3bIBAIOT npouedypoli Jeeprapma.

OCHOBHBIM JTOCTOMHCTBOM METOJIa JBeEpXapTa SBISIETCS BbICOKas JI0-
CTHXKUMAas TOYHOCTH MHTerpupoBanud. [lmaToit 3a TOYHOCTH OKA3bIBAIOTCS
OoJIbIle 3aTparbl BpeMeHU BbIuuc/IeHui. IIpolieaypa mHTErpupoBaHus IO
METO/y JBEPXapTa COCTABJIEHA TAK, 9YTO C IOMOIIBIO IBYyX IapaMeTPOB MO-
JKeT ObITh 3a/I1aHa HeoOXo uMasl TOUHOCTh BhIUucaeHnii. B 3aBucumMocTu ot
3aJJaHHONW TOYHOCTHU U3MEHSIOTCS HeOOXOIWMbIE 3aTPAThl BPEMEHU BBIYMC-
nenuii. [Ipu AHU3KOI TpeOyeMoil TOYHOCTH BBIYUCIUTEIbHBIE 3aTPATHI OyIyT
HEeOOJIbIIMMU, OJIHAKO HAWUJIy4Ilee COOTHOILIEHWE TOYHOCTU BBIYMCIICHUM U
3aTpaT BPEeMEHW JOCTUTAETCS WMEHHO TPHW BBICOKOHW 3aJITAHHONW TOYHOCTH.
OcHoBHOIT mapaMeTp &, ONPeAesaiONIuil TOUYHOCTh BBIYUCICHUN HA KaXKIOM
1Iare, BbIPAXKAeTCs B BUE

e =10, (5)

rae | — HeKOTOopoe 33 IaHHOE T1eJI0€ YHUCJIO.

B MeToze 9BepxapTa UCIOIb3YIOTCs CHeInaIbHbIE AlllIPOKCUMUPYIOIIHEe
IIOJIMHOMBI 10 CTeleHsiM Iiara narerpupoBanusi. CTeneHb 3TUX [TOJIUHOMOB
Norder MOXKeT OBITH BhIOpPaHa M3 CIIEAYIONEro KOHEYHOTO crucka: 7, 11, 15,
19, 23, 27. B mporieaype MOXKHO B34Th J1I0060e U3 3TnX 3HadeHuit. OgHAKO
IIPU HEBBICOKON 33 /IAHHON TOYHOCTH MHTETPUPOBaHUs OECIIOIe3HO 3aaBATh
BBICOKYIO CTEII€Hb ITOJIMHOMOB. STO MOZKET IIpUuBECTU JIMIIb K HEOIIpaB/JaH-
HBIM 3aTpaTaM BpeMeHHu BbraucjeHuii. [loaromy Ny, ger BHIOMpAIOT B 3aBU-
CUMOCTH OT 33JaHHOI TOYHOCTU BBIUYMCJEHUN B Mpeaeaax

3
Zl < Norder < 2l7 (6)

rae | — nesoe yuciio, purypupyoiee B dhopmyie (5).

[Tponenypa JBepxapra IO3BOJILET PEIIaTh YPABHEHUs IBUKCHHUSA KAK B
peKUMe aBTOMATHYECKOTO BBIOOpA ITara WHTEIPUPOBAHNA, TAK W MPH TIO-
CTOAHHOM 3a1aHHoM mmare. IToCKoIbKy B HEGECHOI MexaHnKe OOJIBLITNHCTBO
38184 OIUCBIBAIOTCA OOBIKHOBEHHBIMU U depeHInaIbHbIMEI YPABHCHUAMA
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BTOPOTO TIOPS/IKA, TO JUI yA00CTBa MPOrPAMMUPOBAHUS 3318491 TIPOIIETY-
pa IBepxapTa IO3BOJIAET PeIlaThb CPpaly ypPaBHEHUS BTOPOrO ITOPSIKa, He
pazjaras UX Ha YJABOEHHOE YKCJIO yPABHEHUH 1mepBoro mopsaka suaa (1).

HanbGombIyto 4acTh BpeMeHW WHTErpUPOBAHUS 3aHUMAIOT BBIYHCIEHUST
paBbIX dacTeit ypapuenuii. Iloatomy 3ddekTuBHOCTH HTpOLEayPHI XapaK-
TepU3yeTcs KOJIUIECTBOM OOpAaIleHn K BbIUYUCICHUIO IPABbIX YacTeil ypaB-
HEHUM B KOHKPETHO# 3a/1a4e. st oneHkr 3P PeK TUBHOCTH TTPOIELYPbI OKa-
3bIBAETCS MHTEPECHBIM TaK>Ke KOJMYECTBO BBIMOJHEHHBIX IIArOB MHTErpPH-
POBaHUs IIPU aBTOMATHIECKOM BbIOOpe mmara. Q0e KondecTBeHHbIE XapaK-
TEePUCTUKU BBIIAIOTCS IIPOLEIYyPOil dyepe3 ee BhIXOAHbIE IIapaMeTPhl.

Meton, DBepxapTa COAEPKUT TPOIECC UTEPAIil TPU TMOCTPOEHUU TIO-
JINHOMOB IO CTEMeHsAM Iara WHTeIPUPOBaHUs Ha mepBoM Iare. OOBIYHO
OKa3bIBAETCHA JOCTATOYHBIM BBIIOJHUTH JBE UTEPAILUMNA, HO B HEKOTOPBIX 3a-
JIadax yBeJIMUeHUe YKC/Ia UTePAIUi Ha 9TOM dTalle aJrOpUTMa MOXKeT IIpPH-
BECTU K HEOOJBITTOMY TOBBITIEHUIO (D HEKTUBHOCTH TPOIEIYPHI 0e3 cyTie-
CTBEHHOI'O YBeJWUYEHUsI 3aTpaT BpeMeHH BbrumucieHuit. Iloaromy BXOTHBIM
IIapaMeTPOM IIPOIELyPbl ABJISAETCSA YKa3aHHOE YUCJIO UTEPAIUii, C TIOMOIIIHIO
KOTOPOI'0 MOXKHO YHPaBJATH 3(P(PEKTUBHOCTHIO B HEKOTOPBIX HEDOJIbIINX
npenenax. Ha Hava bHOM CcTauu pereHus KOHKPEeTHOH 3a/a9M MaJjo UTO
M3BECTHO O CBOMCTBAX YpaBHEHMI ¢ TOYKHU 3PEHUs IPUMEHEHUS IIPOIIEIy PhI
Osepxapra. [loaromy 6e3 coMHEHHI MOXKHO 33/aTh YHCIO UTEPAInil paB-
HbIM 2.

B 3aBucuMocTH OT TOro, ypaBHEHHsI KaKOTO BHUJIa HYKHO peIaTbh Me-
TOJOM DBEPXapTa, 33aJAI0T KAGCC YPasHEHUUT. Y PABHEHUS Pa3deIsiiOTC Ha,
TPU KJIacca.

Ypasuenus epsoro kjaacca umeroT Bua (1). Ko Bropomy kmaccy oTHO-
CATCS YpaBHEHHUsT BTOPOT'O MOPSIIKA BUIA

d’z; _ (oo . dri dzo dz,,
dtQ — Ji\L1ly L2y .eey b, dta dt PERES) dt

YpaBHeHUsT TPETHErO KJIACCa OTIMYAIOTCS OT ypaBHeHHUil (7) TOIHKO TeM,
YTO MPaBbIe YACTU He 3aBUCAT OT CKOPOCTH, TO €CTh OT MEPBBIX IPOU3BOJI-
HBIX 10 BPEMEHH OT HCKOMBIX (DyHKIIHI. DTO HanboIee 9acTO BCTPEUAIOIIe-
cs B HeDECHO MeXaHuKe ypasHeHus. Kiacc Takux ypaBHEHHH [0 TPAJUIUN
obo3HavaeTcst Kak -2. YpaBHeHUs KJIacca -2 UMeoT BU/T

dzxi
dt?

[Toce onucanust Bcex OCOOEHHOCTEH MPOIEIYPhl IBepXapTa MPUBEIEM
37IeCh MHCTPYKIMIO I €e UCHoJib3oBanud. Vcnosib30Banue peain3yercs

1) (i=1,2,3,...n). (7)

:fi<$1,$2,...,$n,t) (Z: 172737'°'7n)' (8)
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BBI3OBOM TIPOIEAYPHI B IIpoOTpaMMe moJsib3oBaresss. IHCTPYKIUS COCTOUT B
MIPABUJIAX 3AITMCU ODPAIEHNS U ONMUCAHWH [TapaMeTpoB mporeaypbl. Dopma
3aIMCH, KOHEYHO, 3aBUCHUT OT KCIIOJB3YEMOIO si3bIKa IIPOIPAMMUPOBAHUS.
OOBIYHO 9TO OAWH M3 SA3BIKOB MPOIEAYPHOrO THMA, Hampumep, DopTpam,
[Tackasb wan Cu. OOo3HAUEHUST U CMBIC TTAPaMETPOB OYAyT OTUHAKOBBIMU
B 9THX TPEX CJIy4asX.

Ecau nporpaMMa BeIYHCIEHUIT COCTABISETCS HA SA3bIKE IPOrPAMMUPOBa-
uusg @oprpan, obOpalleHne K Mporeaype B MporpaMMe MoJIb30BATesT TMeeT
BH/I

call Rada27(X, V, TL TF, XL, LL, NV, NI, NF, NS, NCLASS, NOR)

Ecnm mporpaMma BBIMUCICHUN COCTABASCTCA HA, A3bIKAX IIPOrPAMMUPO-
Banusa Cu miu Ilackasb, oOpalneHue uMeeT BIT

Rada27(X, V, TI, TF, XL, LL, NV, NI, NF, NS, NCLASS, NOR);

OmnmireM TUII ¥ CMBICJ KaXKIO0I0 ITapaMeTpa. ¥ I00HO HAIATh C BXOIHOIO
mapaMmerpa NV. 9T1o mapamerp 1emoro tuna. OmnucaHne cOOTBETCTBYIOIIEH
TIepeMeHHON B TTporpaMMe pas3jIndHO Ha Pa3HbIX S3bIKaX MPOrpaMMHUPOBa-
nug. [lapamerp BBI3BIBAETCSA NPOIEAYPOil 1O €ro 3HAYEHUIO, TO €CTh IIPH
obpalleHun K IIPOIe/Iype Ha MeCcTe 3TOr0 IIapaMerpa MOXKEeT CTOATbH JIIboe
BhIpaxkenwne 1esioro tuma. [lapamerp NV 3amaer qunciio nCKOMbIX (hyHKITHIT
n.

[Tapamerp NCLASS 3agaer kiacc pemtaeMbix ypapaenuii. OH MOXKeT
MMeThb 3Ha4deHus 1, 2 uian -2 COOTBETCTBEHHO OIMCAHHON BbIIIE KJaccudu-
karmu ypapuennii. [Tapamerp NCLASS nenoro tuna. OH BBI3BIBAETCS TPO-
Heaypoil 10 3HAYCHUIO.

I[Iapamerp X - OJHOMEPHBIII MAaCCHUB, OIIMCAHHBIA B IIpOrpaMMe II0JIb30-
Baresst Ha @oprpaHe B Bujie

DIMENSION X(<n>)
DOUBLE PRECISION X

Ha a3bike Cu B BuIe
double X|<n+1>|;

niam Ha a3bike [lackaab B BHUIC
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X: array [0.. <n+1>] of Double;

IJe N - KOHCTAHTA, OIPEeIeIsoIas YUC/I0 YPAaBHEHUH. DTOT MACCUB HCIIOIb-
3yeTcs JIJIT XpaHeHus 1 TlepeJadu 3HaYeHn i ncKoMbix gpyukiwuii. [Iporenypa
DBepxapTa COCTAaBJEHA HA TPeX A3bIKax TaK, YTO B MAcCUBE X HCIOJIb3Y-
I0TCA 3JIEMEHTbI, HaunHasA ¢ HoMepa 1. IlocKo/bKy Hymepalusa 3JIeMEHTOB
MAaCCHBa OPTAHU30BAHA PA3INTIHBIM 00PA30M HA PA3HBIX sI3bIKAX, TO HA S3bI-
kax [Tackanab u Cu MPUXOIUTCST ONMUCHIBATH MACCUB HA OJIMH 3JIEMEHT OOJTb-
e, mpu 3ToM 3jaeMeHT HoMep 0 He ucnosb3yercs. Ilepes obpamenneM K
IIPOIIEIyPe B 3TOM MAaCCHUBE JIOJI2KHBI COJIEPXKATHCA HaYaJIbHbIE 3HAYEHUS HA
MoMeHT tg. [loce obpalenns 31eMeHThI MacCuBa, X OYAyT cOoAepKaTh 3Ha-
YeHUsT UCKOMBIX (DYHKIINI Ha KOHEYHBbIH MOMEHT t. [lapamerp X aBjisercs
MAaCCHBOM OTKPBITOTO THIIA, TO €CTh €ro JIJINHA B IIPOrPAMME TIOJIHb30BATEIs
MO2KeT ObIThb J1I000I, OJHAKO OH JIOJI2KEH ObITh OIMCAH B YKA3aHHOM BbIIIIE
BUJIE.

[Tapamerp V — ogHOMEpHBINI MacCUB, ONHMCAHHLIA M HUCIIOJb3yeMbIA B
IIporpaMme MoJb30BaTe g aHaJIOTuIHO MaccuBy X. MaccuB V ucnosb3yerca
TOJIbKO JIJIsi YPaBHEHMI KJj1accoB 1 1 -2 JJ1d XpaHEHUs U IIepejladnd 3HAUeHU A
TIePBBIX TTPOU3BOAHBIX OT MCKOMBIX (DYHKIMI 110 BpeMeHu. Ilepea obparie-
HUEM K TIPOIEAypPe B 9TOM MAaCCHBE JIOJI?KHBI COAEPKAThCs HadaIbHbIE 3Ha-
JeHusd KOMIIOHEHT CKopocTeii Ha MomeHT ty. Ilocsie obOpalienus 31€eMeHTbI
MaccuBa V OyayT coAep»KaTh 3HAUYEHUST KOMIIOHEHT CKOPOCTEHN Ha KOHEYHbBI
MoMeHT ti. [lapamerp V Tak:ke, Kak n X, sIBJIIETCSI MACCUBOM OTKPBITOTO
THUIIA, €r0 JJIMHA, B TPOrPaMMe MOJIb30BATEIA MOXKET ObITH JII000M, TP 3TOM
ssemenT maccusa V|[0] B mpomeaype He UCIOIb3yeTcs.

[Tapamerpsr TI u TF tunma DOUBLE PRECISION na ®@optpane nian
double na Cu nu ITackase 33/1a10T HaYAIbHBIN U KOHEYHBI MOMEHTHI Bpe-
MeHH tg U ., COOTBETCTBEHHO. JTHU IIAPAMETPHI IIEPEJAIOTCS 0 3HATCHUIO.

[Tapamerp LL menoro tuia 3agaer TOYHOCTh BbraucieHunii. OH cooTBeT-
cTByer Benuuune | B popmyne (5). DTOT mapamMeTp mepesaeTcs 1mo 3Hade-
HIAIO. ABTOMaTHYECKUi BBIOOD I1ara, MHTETPUPOBAHUS JIEJTA€TCA B TOM CJIY-
4Jae, ecad 3HadeHue napamMerpa LL 3amaHo momoxKuTeabHbIM. /[1JIs BKIOYe-
HUST PEXKUMA, TIOCTOSTHHOTO 11ara, MHTErPUPOBAHUS CJIEAyeT 33/ 1aTh 3HAYEHNE
LL paBHBIM JIFOOOMY OTPHUIIATETHFHOMY YHUCAY. B 3TOM pexkume 17151 3a1aHUs
BEJIMYUHBI [TOCTOSHHOTO IIara UHTErPUPOBAHUS UCIIOJIb3yeTcs mapamMerp XL
tuta DOUBLE PRECISION na ®oprpane niu double na Cu nmm Ilackaire.
DTOT BXOIHOW TIapaMeTp TepemaeTcs Mo 3HadeHno. [Ipu aBToMaTudecKom
BBIOOpE IM1ara MHTErpUpoOBaHus napaMeTp XL He UCIoIb3yeTcs.

s 3aaHUs CTEIIEHH AIITPOKCUMUPYIONINX TMTOJTUHOMOB N dey CAYIKHUT
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BxoaHo#t mapamerp NOR menoro tuma. OH mepenaercss B OPOILEAypPYy MO
3nadenuio. /Ijs1 BBIOOpa 3HAUEHUs ITOrO IMapaMeTpa CJIeyeT UCIOIb30BATh
HepaBercTBa (6).

[Tapamerp NI 1menoro Tuma 3a7aeT 9uCIO0 UTEpaIAil TPU OMpeIeTeHUN
AMPOKCUMHUPYIONIETO MOJUHOMA. IJTO BXOMAHOIN IMapaMeTp, OH IepesaeTcs
B Ipoleaypy 10 3HadeHuio. Kak yKe yKa3aHO BbIllle, 3HAYEHHE dTOrO I1a-
pameTrpa MOXKeT ObITh BHIOPAHO PaBHBIM 2, ecju HaubOoJee OINTUMAJIBHOE
3HaYEHNe ITOTO MapaMeTpa HEU3BECTHO.

Boixoanawie mapamerpsr NF u NS nmepemator B mporpaMmy moab30BaTe st
KOJINYECTBO CIAEJIAHHBIX OOpAIleHil K BIYMCIECHHUIO IIPABbIX YacTeil ypaBHe-
HUIT ¥ KOJTMIECTBO BBHITTOJTHEHHBIX IIAar0B HHTETPUPOBAHUsI, COOTBETCTBEHHO.
DT TapaMeTphl TEPeJAI0OTC B MPOIEAYPY Mo HamMmeHoBaHuio. Ha mecre
9TUX IIAPAMETPOB MOI'YT CTOSTH TOJbKO HUACHTU(MUKATOPHI IEPEMEHHbBIX 1~
JIOO THUIIA.

Temeps paccMOTpUM TO, KaK TPOIEAypa UUCIEHHONO WHTErPUPOBAHUSI
dBepXapTa B3aUMOAECHCTBYET C Npouedypoti 8ubluUCAEHUA NPABHIT “acmel
ypaBHEHHI, KOTOPYIO JIOJIZKEH COCTABJIATH IOJb30BaTe b. B COOTBETCTBUH
¢ ¢popMmoit obpalneHns K 3TOM IPOIeaype BHYTPH IIPOHEAyPhl JBEPXAPTA, €e
3aroJIOBOK B TpoTrpaMMe TOJb30BaTeN s JI0KeH nMeTh BuI Ha PopTpaHe

SUBROUTINE FORCE(Xc, Ve, TM, F)
DOUBLE PRECISION Xc¢(1),Ve(1),TM,F(1)

na Cu
void FORCE(double *Xc, double *V¢, double TM, double *F)
u Ha Ilackare

procedure Force(var Xc, Ve : array of Double; TM: Double;
var F: array of Double );

Maccusbl Xc u Ve 1ipu BXOJie B HPOLEAYPY COJIEPKAT 3HAYEHUS apry-
MEHTOB (DYHKITHI, OMPEeISIONINX TpaBble YacTH PeIiaeMbIX ypaBHEHUIA.
B maccuBe Xc XpaHSTCA 3HaUYEeHUd KOOPIHMHAT, 8 B MacCuBe VC — 3HaUe-
HUs IIPOU3BOJHBIX OT KOOPIUHAT II0 BpeMeHU. APryMeHThI PACIIOIAraf0TCs
B MaCCUBaX COTJIACHO WX HOMepaM, HaduHas ¢ 1. IIpu aTom 31eMeHTHI Mac-
cuBoB Xc|0] u Vc[0] nuxorma we ncnoan3yiorcs. Kpome toro, mapaverp Ve
UCIIOJIb3YETCA TOJIBKO TOTa, KOT/Ia PEIIAIOTCS YPABHEHUs KJIACCa 2.
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Bxomnoit mapamerp TM tuma DOUBLE PRECISION (unu double) 3a-
IaeT TEKYIIUA MOMEHT BPEMEHH — apIyMeHT IPaBbIX YacTeil ypaBaenuii. OH
IIePe/IaeTCs B IIPOLEYPY 110 ero 3HadeHuro. Eciu npaBble 4acTyu He 3aBUCSAT
OoT BpeMeHHU, TO mapamerp TM He mcmomb3yercs.

PesynbraTr BhIMuCIennit mpaBbIX dacTeil ypaBHEHUH TOJIb30BATEb T0JI-
»KEeH IIOMECTHUTh B dJIeMEeHTaxX BbIXOJAHOro Maccusa F. /s sToro rociepoBa-
TEJIbHO MCIOJIb3YIOTCS JIEMEHTHI 9TOI0 MACCHBA, HaYWHAsA ¢ nepsoro. Hy-
JIeBO# 371eMeHT MaccuBa, F He mcnob3yercs.

[Ipu cocTaBieHUM BBIYUCIUTEILHON MPOrpaMMbl YHCJIECHHOTO PEIIeHUs
guddepeHnnaabHbIX YPAaBHEHUN JIBUXKEHUsI HEOECHBIX TeJI MOI'YT IIPOSB-
JATHCS HEKOTOPBIe OCOOEHHOCTH, CBSI3aHHBIE C TIPUMEHSIEMbBIM SI3BIKOM TTPO-
TPAMMUPOBAHUS M JPYTUMH CPEICTBAMH IIPOrPAMMHUPOBAHUS, HAIPUMED,
Komnuaamopom. B dacrHOCTH, HEOOXOAMMO 3HATH, UTO IPOIEAypa IJBEp-
XapTa, 3alKucaHHad Ha sa3bike [lackajib, uCIob3yer Jijid cBoeil paboThl Hec-
KOJIbKO pab0ovunX MacCUBOB, KOTOPbIE JOJKHBI OBITH OITUCAHBI BHE TEJIa MPO-
ey pbl KakK rJIo0aabHbIe TIepeMeHHbIe ¢ (PUKCUPOBAaHHbIMU UMeHaMmu. Jliu-
Ha 3TUX PabOYUX MACCHUBOB 3aBUCUT OT KOJHUYECTBA HCKOMBIX (DYHKITHUIA,
TO ecTtb OT 3Havyenus n B Gopmynax (1), (7) u (8). Ilpome Bcero 3ape-
3ePBUPOBATH HEKOTOPYIO JJIMHY 9TUX MACCHUBOB M TMTOMHUTH MaKCHUMaJIbHOE
JIOITYCTUMOE YUCJIO UCKOMBIX (PYHKITUIT, KOTOPOE HeJIb3sl TPEBbIaTh. B Bep-
CHHM IIPOLE/YPbL, KOTOPYIO MbI HCIIOJIb3yeM Ha s3bike [lackasb, yIoMsaHy Thie
MAaCCUBBI OO'bSABJISIOTCS B MOJIyJIe, cojepzkailieM rporeaypy Rada27, vo Bue
TeJIa ITOH MPOIEeaypbl. DTU O0bSIBICHUST UMEIOT BU/I

var F1, FJ, Y, Z : array [0..60] of Double;
BE, BT, B : array [1..13,1..60] of Double;

B stom ciydgae uncio 60, burypupyoiiee B 00bABIEHUIX PabOINX Mac-
CHBOB, O3HAYaeT MAKCUMAaJIbHOE YHMCJI0O MCKOMbBIX PyHKIui. Eciu Heobxo-
JIIMO WHTErPUPOBATH YpaBHEHUsT ¢ OOJBIITAM YHUCJIOM UCKOMBIX (DYHKITHH,
TO BMecTO 4ducjaa 60 B 00bsABIEHUIX MAaCCUBOB HYKHO IIOCTaBUTH OOJIbIIIEe
qucyao. IIlpu nHeobxommMocT MOXKHO CIKOHOMHUTH 3aHUMAEMYIO MaCCUBAMU
IIaMsTh KOMIIbIOTEpa, ecjii BMecTo 60 IIOCTaBUTH PeaibHO HCIOJIb3yEMOE
YUCTI0 UCKOMBIX (DYHKITHIH.

[Ipu mporpamMMupoBanuu Iporeaypbl Force BoraucieHnst IpaBbIxX dacTei
ypaBHEHUI MOI'yT IIOTPebOBaTHCA ITapaMeTPhbl, KOTOPbIE BBOASTCS WUJIM 3a1a~
I0TCs1 B OCHOBHO# miporpamme. [lepemady 3nadenuit 3Tux mapamerpoB MOXKHO
cJeaTh TOJBKO Yepe3 IobaIbHbIE TIepeMeHHbIe, O0bsIBJIEHHbIE B OJHOM U3
MOJIyJIel IIporpaMMbl U CBSI3aHHbBIE depe3 nHTepdeichbl MOmyJIeil.

[Ipy ncnoab30BaHMKM BAPHAHTA, IIPOIEAYPbl JBEPXAPTA HA APYIUX SA3bI-
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KaX IporpaMMHMpPOBaHUA YKa3aHHBIC BbBIIIIE pa6OT—II/I€ MaCCHUBBI MOT'YT OIIUCBI-
BaTbCA HHa4C.

1.2. IlocTranoBKa 3aJaum MpaKTUKYyMa

BapuaHTbI 3371291 MPAKTUKYMa PA3BETBJSIIOTCS 10 PA3TUIHBIM TPU3HA-
kaM. [lepBblit mMpu3HaK — 3TO BHIOOD permaeMoit 3a1a4un. Bropoit mpu3Hak —
rnccaemyeMas MeXanudeckas MO/Iesb. 1 peTnit mMpu3HaK — METOJT YUCJAEHHOTO
WHTErpupoBaHud. PacCMOTPUM OTAEBHO 3TU BaPUAHTHI.
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1.2.1. I/ICC.TIe,Z[OBaHI/Ie 3aBUCUMOCTHU TOYHOCTHN YUCJIEHHOI'O NH-
TerpupoBaHud OT BEJINMYHMHDBI IIOCTOAHHOTO IITIara MHTErpumpoBaHHMd.

Kax yxke ObL7I0 cKa3aHO BO BBeeHnM, TOYHOCTD PEe3yJIbTaTOB UNCIEHHO-
'O MHTEIPUPOBAHKS 3aBUCUT OT BEJIMYMHBI I11ara MHTEIPUPOBAHUSA HE MOHO-
ToHHO. [Ipu yMeHbIleHnY 111ara TO9HOCTH BO3pacTaeT (OrPeItHOCTh Y MeHb-
mmaetcst). Ho mpu 1ocTaTovH0 MasIbIX Iarax morperntHoCTh MOYKeT He yMeHb-
IIAThCA C YMEHBIIIEHUEM Iara M Jake Bo3pacTarh. VIMeHHO 3aBHCHMOCTH
TOYHOCTH YMCJIEHHOI'O HMHTEIPUPOBAHUs OT BEJIMYUHBI IIOCTOSHHOI'O IIAra
WHTErPUPOBAHUS MTPEJIAraeTCsi N3y9uTh B JAHHOM BapHUaHTE 3a1a49H.

[TockoabKy JIsI TPOM3BOJILHBIX AudpepeHInaabHbIX YpaBHEHNH TOY-
HOCTb YHCJEHHOI'O MHTEIPHUPOBAHUs OIEHUTH HEBO3MOXKHO, MbI OyIemM WH-
TEerpupoBaTh TaKWe YPaBHEHUs, JJId KOTOPbIX H3BECTHO TOYHOE AaHAJIUTH-
YeCKOe perlieHne, W CPABHUBATH Pe3yAbTaT YUCIEHHOTO WHTETPUPOBAHUS C
TOYHBIM AHAJUTHYIECKUM perreHreM. OTpaHuYNMCA MOJEJISIMUA, B KOTOPBIX
JBUKEHUE ITPOMCXOAUT B HEM3MEHHOH IiockocTHu. IIpu sToM paccMoTpum
TaKue Cay4dau, KOrja JABuzKeHue epuojaudeckoe. Toraa jijisi cpaBHEHUsSE HAM
JlaXKe He TMOHAI00UTCsS caMO aHAJIUTUYecKoe perieHne. 3BecTHO, 9TO B Te-
PUOIMYECKOM JIBUKEHUH Yepe3 Meprojl 1’ TOUKa OKaXKeTCs B TOM K€ MECTe C
TO#1 7K€ CKOPOCTBIO, YTO U B HAYAJIbHBINA MOMEHT BpeMeHnu. IloaToMmy norperi-
HOCTH YMCJIEHHOIO WHTEIPUPOBAHUSA MbI OyJIeM OIEHWBATH 10 PACCTOSTHUIO
MEXK/Iy HaYaJbHBIM IOJIOKEHNEM TOYKHM C KOOPAMHATAMU I, Yo U €e TMOJIO-
>KeHUEeM T,y II0CJIe YUCJAEHHOIO MHTEIPUPOBAHNUS YPABHEHUI IBUKEHUs HA
WHTEPBAJIE BPEMEHH B OJHUH IIEPUOA. DTO PACCTOSHHE U OyJeT IOrpPeIIHO-
CTBIO UMCJIEHHOTO MHTErPUPOBAHMUSI.

Anropurm mccaemoBanus OyaeT IpUMeEpPHO caeayonmM. Buagame
BO3bMEM JOBOJIbHO OOJIBIION IAr YUCJIEHHOI'O MHTerpupoBaHus h = hg.
MozkHO, Haupumep, B34Tb hg = T/2. BbIIOIHMM HHTEIPUPOBAHUE U BbI-
YUCJIUM BEJIUUUHY TTOTPENTHOCTH

e =/ (2 —20)? + (y — y0)*.

3areM OyjeM HECKOJBKO pa3 MOBTOPSTH TAKOH MPOIIECC PeleHust, KasKIbIi
pa3 UCXO/Id U3 HAYAJIbHONW TOYKH, YMEHbIIas Iar UHTerpupoBanus h BaBoe.
Fcim nponymepoBarh Takue BapuaHThI pelieHus: uHjaekcom j = 1,2, ..., N,
TO TIOJYYUM B Pe3yabTaTe P 3HATCHUH

hj = h021_j,8j (j = 1,2, ,N) .

ITosryuennyio TabanUIly MOXKHO HAIle9aTaTh. 3aTE€M CJIEAYyeT IIOCTPOHUTH IIO
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sToit Tabsuile rpadguk. IIpu sTom nHa rpaduke 3nadenus hj,e; Jgydiie oT-
KJIQ/IBIBATD B JIOTApUPMUIECKON IITKaJIe.

KonugecrBo BapuanToB N ciegyer BbIOpaThb OIBITHBIM IIyTeM, MCXOJs
13 IPUEMJIEMOTO BpeMeHU BBIYUCIEHUI Ha KOMIbIOTEPE.

ITo rpadukamM MOXKHO YBHIETH MCKOMYIO 3aBUCHUMOCTH TOYHOCTH UHC-
JIECHHOI'O MHTErPUPOBAHUSA OT IIara MHTerpupoBaHus. MOXKHO yCTaHOBUTH
TaK»Ke TO 3HAYEHHWE Iara WHTEIPUPOBAHWS, MTOCJIE KOTOPOro AajbHeirnee
yMeHbIIIeHUe IIara y»Ke HeleaecooOpasHo.

Takue wcciaegoBaHusa MOXKHO Je€JaTh OTIEJIBHO IS psAJda HAYaJIbHBIX
YCJIOBUM, JIJII HECKOJIbKUX MEXaHHYeCKHX MOJiesiei, 00JIaJaiolux OICAH-
HBIMH BBIIIIE€ CBOMCTBAMHU, U HECKOJbKUX METOIOB UNCIEHHOTO WHTETPUPO-
BaHUSI.

Takum 0O6pa3oM MOXKHO CPABHUTH JOCTUXKUMYIO TOUYHOCTH U 3P PeKTUB-
HOCTb JIJIsi Pa3HbIX MeTo0B. CpaBHUBATDH HYKHO PEIIeHNs IJId OJHOU U TOM
JKe MeXaHU9IecKoi Momenn (ypaBHEHUI JIBUKEHUs) W JIJIsT OJHUX U TEX JKe
HAYaJIbHBIX YCIIOBUN.

3aMeTnM, 94TO OOBITHO B IIPOIEAYPaAX YUCJIEHHOI'O WMHTEIPUPOBAHUS Pe-
3yJIbTaT OKA3bIBAETCs B IIPOrPaMMe B TOM K€ MAaCCHBE II€PEMEHHbIX, YTO U
HadaJbHbIe yCaoBUs. [loaTOMY TIpM KaxKaI0M 3amycKe HHTETPUPOBAHUS CJe-
JIyeT 3aHOBO 3aChLIAaTh B 9TU MEepeMeHHbIe 3HAYEHUsT HAYaJIbHBIX YCIOBUIA.

1.2.2. I/ICC.TIG,Z[OBaHI/Ie 3aBUCHMMOCTH TOYHOCTHN YUCJIEHHOI'O NH-
TerpupoBaHnd OT MHTepBaJia BpeMEeHNn

Takoe ucciaegoBanre MOXKHO BBINOJIHSITH JJIS Te€X K€ MOJeseil, 4To u
B OpeablayiieM BapuanTe 3agadu. CjeayeT MCIOJAb30BATH TO OOCTOATEIb-
CTBO, YTO B IEPUOAUYECKOM JIBMKEHHHU, CKOJILKO Obl TOYKA HU JIBUTAJIaCh,
OHA, Yepe3 KazKIbli I1epuo/l, JOJ2KHA OKA3bIBATHCSA B HAYAIbHOM IOJIOXKEHUU.
OgHako 1n3-3a MOrPEeINTHOCTH YHCAEHHOTO MWHTEIPUPOBAHUSA TOCJIEe KaXKIOrO
IIepPHOoIa TOYKA OYIeT CMeIaThes OT €€ HAYaJIbHOT'O TTOJIOXKEHMSI.

[TocTaBuMm 3a7a4y cjaemyiommmM odpa3oM. BeibepeM MoaXOadAInii ar nH-
TerpupoBanus h u He OyIeM ero H3MeHSITh B IIPOILECCe NCCIeI0BAHMS. 3a1a-
JIMM HadvaJbHbIE YCIIOBUS X(, Yo U BBITOJHUM WHTETPUPOBaHNE HA WHTEpPBa-
Jie BpeMEeHU OHOTO Tiepno/ia ApuKeHnd 1. 1o pe3yabTaTry HTErpupOBaHUS
X,y BBIYKUCJUM 3HAUYEHUEe IOI'PEIIHOCTHU € 1O (popMmyIie

e =/ (z—20)? + (y — y0)*.

Hanee OyneM TOBTOPSTHL MHTEIPUPOBAHME HECKOJIBKO a3, 3ajlaBas Ha
KazK/I0M 3Talle HavdaJIbHbIE YCJIOBUA 110 PE3YJIbTATy, KOTOPBINA ITOJYYUJICS B
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TpeabLIYIIeM HHTerpupoBanun. IIpoHyMepyeM BBITIOJTHEHHbIE STAITHI HH/IEK-
com 7 = 1,2,..., N. OueBraHO, YTO HA KaXKIOM dTaIlle HOMEDP j MbI OydeMm
[IOJIy4aTh pellleHue YPaBHEHUH /IS MOMEHTa BPEMEHH, OTCTOSIIEM OT Ha-
JaJIbHOTO Ha WHTepBas BpeMeHn t; = j x T

KommmuaectBo stanmoB N cieayerT BbIOPATH ONBITHBIM ITyTEM, UCXOAS U3
[PUEMJIEMOIO BPEMEHU BBIUKCJICHUI HA KOMIIBIOTEPE.

Takum 00pa30M MOJYIUTCS Psi 3HAUEHU I

j,tj,Ej (] = 1,2,...,N) .

[Tosryuennyio TabanIly MOXKHO HAIlE9aTaTh. 3aTE€M CJIE€AYyeT IIOCTPOHUTH IIO
sroit Tabsuie rpaduk. Ha rpaduke 1moaydurcs 3aBUCUMOCTD TOYHOCTH UKUC-
JIEHHOTO WHTErPUPOBAHNSA OT WHTEPBAJIA BPEMEHH.

Takue mccienoBaHus MOXKHO J€/1aTh OTAEJBHO JJIsT HECKOJBKUX 3HAUe-
HUI [Iara HHTerPUPOBAHUS, IJIA PsIIa HAYAJIBHBIX yCIOBHM, HIJIsi HECKOJIb-
KAX MEXaHHIECKUX MOoJieieil, 00J1a,1ai0uX OIMCAHHBIMY BbIIIe CBOMCTBAMHU,
1 HECKOJIbKUX METOJIOB UMCJIEHHOTO WHTErPUPOBAHMSI.

Tak MOXKXHO M3YyYHUTDH MOBEJEHUE MOIPEITHOCTH CO BPEMEHEM B 3aBUCH-
MOCTH OT BBIOPAHHOIO IIara HHTEIPUPOBAHMNS, [IOCTPOUB HA OJHOM PHUCYHKE
HECKOJIBKO TpaphWKOB, COOTBETCTBYIOIINX PA3HBIM BeIWYUHAM Irara. Moxk-
HO TaK’Ke CPABHUTH XOJ U3MEHEHHsI TOTPEITHOCTH CO BPEMEHEM JIJIsT PA3HBIX
METO/IOB MHTEIPUPOBAHUSI.

3aMeTuM, 94TO OOBIYHO B IIPOMHEAYyPAX UUCICHHOI'O MHTEIPUPOBAHUS Pe-
3yJIbTAT OKA3BIBAETCS B MPOTPaMMe B TOM YKe MACCHBE MMePEeMeHHBIX, 9TO U
HaJaJIbHbIE yCJIOBHUsI. [I09TOMY TIpH KarKI0M CJAEAYIONIEM TAlle HHTEIPUPO-
BaHUs 3TH MACCUBBI y2Ke OyAyT coAepKaTh HeOOXOIMMbIe HaYaJbHbIE YCJIO-
BHsi, KOTOpPbIe OepyTCsa KaK Pe3y/bTaT IPEAbLAYINEero 3Tama. 3aHOBO 3aChI-
JIaTh B 3TU TMepeMeHHbIe MCXOIHbIe 3HAYeHNsT HAYaJbHBIX YCIOBUI He cie-

JIyer.

1.2.3. Hcxoanble manuble ajig 3amauu Kemiepa.

Kak yxke cka3zaHO B IpeAblAyIIUX pa3jelax, He CYyIIeCTBYeT Ha IesKHbIX
U JIOCTOBEPHBIX METO/0B OIIEHKU TOYHOCTU YHCJIEHHOIO MHTErPUPOBAHUS B
3aja9ax HebecHO# MeXaHUKu. TOYHOCTh YMCJIEHHOTO MHTETPUPOBAHUS MOXK-
HO YCTQHOBUTBH TOJBKO TOrJIa, KOTJIa U3BECTHO TOYHOE AHAJUTUYECKOE pe-
menue. Ha npakTuke B TaKUX CJIydasiX OTIIAAAeT HEOOXOAMMOCTb He TOJIbKO
B OIIeHKAaX TOYHOCTHU, HO B CAMOM YHMCJIEHHOM WHTETPUPOBAHUHU, TAK KaK 3a-
KOH JIBUKEHUS 337aH (POPMYJIaMU, BBIYUCIEHNE TIO KOTOPBIM JIeJIaeTCs Cpa-
3y C TOYHOCTBIO IIPEJICTABJIEHUS Yuces B KoMmbioTepe. OIHAKO CBOMCTBA M
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BO3MOYKHOCTH METO/IOB YMCJIEHHOTO WHTETPUPOBAHMS OKA3bIBAIOTCA aHAJIO-
THYHBIMY TIPU PEITEHUN YPaBHEHMWIT BO3MYIIEHHOTO JIBUYKEHNS U TIPU PeIlie-
HAW ypaBHEHWH, JIjisi KOTOPBIX M3BECTHO O0Illee aHAJIUTHUIECKOE PeIleHue.
IToaTomy pa3ymMHO y3HaBaTh W M3ydaTh TU CBOHUCTBA Ha TAKWUX MMPOCTHIX
MEXaHUIECKIX MOJETIX.

OiHOM M3 MEeXaHUYIECKUX MOJENe, /1IJis KOTOPbIX U3BECTHO TOYHOE aHa-
JIMTUYECKOE pellieHune, saBjsercd 3agada Kensepa. st MHOrUX peajibHbIX
HeOECHBIX TeJT 3Ta MOJIETh Y2Ke JIaeT TPUOJIUKEeHHOe MTPeJICTaBIeHne O TBU-
>keaun. [Ipu TouHOM ommcaHuM ABMXKEHMS HeOeCcHBIX Tes 3ajada Kemaepa
UCIIOJIb3YeTCd KaK OCHOBA JIJisl IPUMEHEHUS TEOPUU BO3MYIIEHUIA.

s HarasgHOCTH paccMoTpuM 337a9y Kemepa B TPpUIOKEHUN K OTH-
CaAHUWIO JIBUXKEHUsI MCKYCCTBEHHBIX CIYTHUKOB 3eMJyiu. B aToM ciydae mpu-
TATUBAIONIAM [EHTPOM SIBJISIETCS 3eMJIs, Macca KOTOPOM COCPeI0TOYEHa, B
ee IEHTpe, a JABUXKYINAACT II0 JeCTBUEM ee MPUTIKEeHWs MaTepHaIbHas
TOYKA, — 9TO UCKYCCTBEHHBIN CITyTHUK.

JIBmkenne TOYKM B 3a1a4e Kemmepa TponcxoanT B HEM3MEHHOH TIJIOCKO-
ctu. IloaTomy g onucanus ABUKEHUS MOXKHO OTPAHUIUTHCA CUCTEMOM 13
JIBYX KOOPJMHAT, KOTOPbIE JJis yI0OCTBA IMPOrPAMMHUPOBAHUS ITOJIY YEHUS
pelieHnst 0O03HAYNM HYepe3 X1, To. ¥ PABHEHUs JABUXKEHHWS B ITOH 3ajgade
3aIMUCHIBAIOTCS B BUJIE

d?xq 25
a2 3
d?zs T
a2 3

rae t - BpeMs, [ - PaBUTAIMOHHbII IIapaMeTp, a 1 onpeaesderca popMyJIoi

— /2 2
r=\/x{+ 5.

Meton Pynre-KyTTa, Kak OH onucaH BBIIIE, IIPUMEHACTCA AJIS CUCTEMbI
0OBIKHOBEHHBIX JuddepeHIiuaibHbIX yPaBHEHUM 1epBoro nopsaka. 1losro-
MY TIEpENUIeM ypaBHEHUs JIBUKeHus 331a4un Kenmepa B claeayoIeM BUe:

da:l

— =

dt 3>

dZUQ

— =7

a v
drs  px;
dt r3
dry  pxs
dat 3
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Tabmmuna 1: IlapaMmerpsl KemiepoBoii OpOUTHL.

e xfl()) T
0.1 7.403220836230674 8340.301091536389
0.3 8.048149554400688 12159.01609766036
0.5 8.645099406600250 20141.43860897035
0.7 9.203411120340110 43337.47572288957

ITpaBble wacTW 3TUX YETHIpEX YPaBHEHWI 3aBUCAT OT YETHIPEX MUCKOMBIX
dyHKIMR X1, X9, X3, T4. BUa 3TUX ypaBHEHHWH IMOAXOIUT IIOJ, OOIIUN BU/I
ypaBHeHuil npuzkenus (3).

[TockOIbKY 110/ IPUTATUBAIOINIUM [IEHTPOM Mbl PEIIUIA PACCMATPUBATD
3eMiTio, TO caemyer B3ATh p = 398601.3 xv3 /2.

Tenepp HYKHO 33/1aThb HAYaJbHBIE YCJOBUA ABUKEHUSA, TO €CTh 3HA-
YeHUsd 4YeTbIpeX MCKOMbBbIX (PYHKIUN X1,T2,T3, T4 HA HAYAJIbHBIA MOMEHT
BpeMenu tg. OOO3HAYMM ITH 3HAUECHHUSI Yepe3 a:ﬁo), :13;0), xgo), xio) s mpo-
CTOTBI Oy/eM IIpeJoJararb, 4YTO B Ha4YaJbHbIE MOMEHT BPEMEHH CIIyTHHK
HaxoauTCcs B mepuree. He orpanmyumBasi OOIIHOCTH MOYKHO CYUTATh, UTO
xéo) =0, :céo) = 0. Ecnm ipm saTom mgo), xff’) 3aJaHbI, TO TTEPUOT, OOPAITIEHUST
T onpenenuTcs 10 popmyae KeImiepoBOro JTBUKEHUS

(0 >
_ 1
T_%“( (0)2 (o>> |

20—z, Ty

Ecnu kemiepoByio opOuTy 3a/iaBaTh JABYyMsi IIapaMeTpPaMu — PACCTOsHU-
0 0
€M B Iepuree :U% ) SKCIIEHTPUCUTETOM €, TO CKOPOCTb B Iepuree xi) u

1epuo, obpariennst 1 MOKHO BBIYUCIUTH U3 COOTHOILIEHUM

(0) H 2 [ i :
z,) = |L<(1+e), T="= .

0
Tak xaK p BEIpasKeH B KM° /c2, To, 3a1aBad :cg ) b KM, TIOJIyYUM MEPUOT,

T, BbIpaKEeHHBII B CEKYHIAX.
(0)
1

Hns xz7’ = 8000 KM m HEKOTOPBIX 3HAYCHUM SKCIEHTPUCUTETA, € 3Hade-

(0)

oA T, w1 maEel B Taba. 1. TH 3HAUEHUS MOYKHO B3SATh JIJIsT YUCIEHHOTO
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WHTETPUPOBAHUSA YPaBHEeHUI ABUKeHNA 337a9u Kernepa.

1.2.4. AaropuTm YmMcJIEHHOTO MHTETPUPOBAHUA METOA0M JIOMa-
HBIX OTPE3KOB

Briire MeTos JJOMaHBIX OTPE3KOB PACCMATPHUBAJICS B IIPUJIOZKEHUN K OJI-
HOMY YpaBHEHHUIO TIEPBOTO TOPSIIKA OTHOCUTETHHO OJTHOM TIepeMeHHoi. YTo-
ObI IIPOBECTHU UCCJIEA0BAHUs I 3a7a4u Kemepa u Ipyrux 3a7ad, HYKHO
3anucaTb (GOPMYJIbl METOAA JJid IIPOU3BOJILHOIO YHCJIA [IePEMEHHbIX.

Paccmorpum 3a1a4y 4uC/IEHHOIO HHTEIPUPOBAHUS CUCTEMBI J1uddpepeH-
IIMAJIbHBIX YPAaBHEHUH MEePBOr0 MOPS KA,

dx;
= filen za o aa t) (1=1,2,3,.0m) (9)
C HA4YaJIbHBIMUA — 20 _ .0 _ (0 _
YCJIOBUAMU L1 = Ty ', T2 = Ty y...,Typ = Ty~ HOpu t = tp.

Ilepemennbie x1,x2,..., Ty, CYTh KOOPJAUHATHI, & HE3aBUCHMAasd IEepEeMEHHas
t — Bpems. VInTerpupoBanne 3TUX ypaBHEHUN METOAOM JIOMAHBIX OTPE3KOB
IIPOBOJIUTCA IO CJEAYIOIIMNM IIPOCThIM popmysiaMm. IlycTh MbI HMeeM 3HaUe-
HHsI UCKOMBIX (DYHKIUHA AJi MOMEHTA tg, T. €.

2 =2ty (i=1,2,3,....n).

Bribepem mar naTerpupoBanus h. 3Hadenuss QYHKIHAN 1151 MOMEHTA

tka1 = tg + h, T. e, $§k+1) = xi(tgr1) (@ = 1,2,3,...,n) HaAlDYyTCA TIO
dopmyJie
:L’Ekﬂ) = :r;l(.k) + fi(:ﬁgk),xék),...,:I:?(f),tk) h (i=1,2,3,...,n).

IIpumenss sty dopmyay aas k = 0,1, 2, ..., MOXKHO 700OpATHCSA 10 KOHETHO-
ro MOMeHTa BpeMmenu t = 1.

1.2.5. OO6mag cxema pernieHus 3ajaad

V13 BbIlIIe ONMMCAHHBIX 33,189 ¥ METO/IOB MOXKHO YBHUIETHh TPU OTHOCHTE b=
HO HEe3aBUCHMBIX OJIOKA aJrOPUTMa, PereHus 100l Takoi 3a1a4m.

B niepsoM 6710Ke POPMYIUPYETCsT UCCIIEIOBATEIBCKA 33/1a49a. DTO JIUOO
IOJIy YeHHe 3aBUCHMOCTH TOYHOCTH MHTEIPUPOBAHMS OT IIara, JuO0 MOJIyde-
HI€ 3aBUCUMOCTU TOYHOCTH WHTEIPUPOBAHUS OT WHTEPBAJIA BPEMEHU. JTH
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dopmynupoBka
nuccnegoea- ) ,
TeNbCKOW MeToz
3agaun
=] YMCNeHHoro BeluncneHune
NHTErpu- npaBbix
poBaHuUA yacTen
ypaBHEeHUN
3aBUCUMOCTb MeTop Oinepa 1 -
TOYHOCTM OT Luara 3apava AByx Ten ]
WHTErpupoBaHUA MeTog PyHre-KyTTa] f
) 3agaya Tpex Ten
3aBMCUMOCTb MeTon OBepxapra
TOUHOCTU |
— OT uHTepBana
BPEMEHM

Puc. 1: CrpykTypa BBMUCIUTEILHON MporpaMMbl perteHus 3agaqu. CBep-
Xy: 6710Ku porpamMMbl. CHU3Y: BO3MOXKHBIE BAPUAHTHI OJIOKOB.

GOPMYIUPOBKH HE 3aBUCAT OT TOTO, KAKHE YPABHEHUS PEIIAIOTCA M KAKUM
METOIOM.

Bropoit 610K comep:KuT aaropuTM METOd UHCJIEHHOI'O HHTErPHPOBa-
HUsI. DTO MOKeT ObITH MeTo T Jitmepa, Meton Pyare-Kyrra nin Mmeron 9Bep-
xapTa. B aToM asropurme moHa 00nTHCSA BEIYUCICHUE IPABLIX 9aCTel ypaB-
HeHuii. Berauciienre mpaBbIx 9acTeil CpeACTBAME SI3BIKOB IIPOrPAMMUPOBA-
HHUA MOXKeET 6bITb BBIHECEHO U3 6J10Ka MeTOda YUCJAEHHOI'O MHTEIrPUpPOBaHUA.
Torma 3ToT OJIOK OKA3BIBAETCS HE3ABUCHUMBIM OT ITOCTAHOBKHU 33Ja9M U OT
BUJIQ IPABBbIX 9aCTEU YPaABHCHUN.

B Tpernem 6j10Ke IpOCTO BBHIYHUCIAIOTCA IPABbIE YACTH yPABHEHUH. DTOT
OJIOK He 3aBUCUT HU OT MTOCTAHOBKHU 33,1841, HA OT METO/1a MHTETPUPOBAHUS.

Takoe pazaenenne pyHKINN Ha Tpu OJ0KA MO3BOJISET JEIKO MOINQU-
IIXPOBATH BBIYUCIUTEILHYIO IIPOrPpaMMYy [Jis JIF000H 3a1a4u pacCMaTPUBa-
emoro cemeiicrsa. HyzkHO IIpocTo 3aMeHATH COOTBETCTBYIOMIHE OJIOKH.

CTpyKTypa BBIYUCIUTEIBHON TporpaMMbl puBedeHa Ha Puc. 1. Bapu-
anT “3agada Tpex Tes’ U300pazkeH J1jis1 000DIIe s CXeMbl Ha pa3HbIe MO/Ie-
JIA OBV2KeHWsI. B JaHHOM OIMCAHUU PACCMATPHUBAETCS TOJBKO 33,/1a4a, ABYX
TeJl.
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Bce BapuanThl Tpex OJIOKOB MOTYT OBITH 3alpOrPAMMHUPOBAHBI TTO JTAH-
HBIM BBIIIe onmucanusM. He xBaraer TOJIBKO ONUCAHUS METOJA JBEepXapra.
g mpuMeHeHns 3TOr0 MeTO/la CIeJlyeT B3sTh I'OTOBYIO IIPOrPAMMY, HAITH-
CaHHYIO Ha BHIOPAHHOM sI3bIKE TTPOTpaMMHUPOBaHUA. B BeIyIIINX acTPOHOMHU-
yecknx nHCcTUTyTaxX (Hanpumep, AU MI'Y, UTTIA PAH, TAO PAH) stu
MIPOrpPaMMBbI IIIUPOKO UCIOIb3YIOTCSA U IIepeJaloTCsd 3aMHTEPECOBAHHBIM KOJI-
smeraMm. HCTPpYKIMS I TPUMEHEHUST MeTO/Ia JBEPXaPTa, MPUBEIEHA BHIIIIE.

Ha a3wikax nmporpamvupoBanus @oprpan, Cu u [lackaib BbIIeyKa3aH-
Hble OJIOKW peasiu3yloTcd B Buje nporeayp uin dyskmuii. OTMeruM HEKO-
TOpbIe OCOOEHHOCTHU ITPOrPAMMUPOBAHUs JTAHHOTO ceMeiicTBa 3a1ad.

OOMen JaHHBIMU MEKIY OJIOKAMH TTPOTPaMMBbI OCYIECTBISIETCS depe3
dopMabHbIE TapaMeTpbl mporeayp unn dyuknnit. O HAKO I BBIYUCIIE-
HHASA TIPABbIX YacTell ypaBHEHWI MOTYT MOHAIO0OUTCS 3HAYEHUS HEKOTOPBIX
IIOCTOSIHHBIX MapaMmeTpoB. Hampumep, B 3amade Keriepa 3T0 rpaButaiiy-
OHHBIN TTapamMeTp W. UTOOBI He 3arpoMOXKJIATh OOpAIeHusT K TPOTEeIypaM
nepejadeil 3HaYeHU 9TUX apaMeTpPOB, MOYKHO MCIOJIB30BATH JJIs1 HUX TJIO-
OaJibHbIEe IIepEeMEHHbIE.

B 610ke MeToa YUCAEHHOIO HHTEIPUPOBAHUS OHO IIPOBOIUTCS /1S BCe-
TO 3aJJaHHOrO WHTepBaja BpeMeHu. Omepalyu 1Mo IaraM WHTerpupPOBaHUS
OpPraHu3yoTcs BHYTpHU OJioka. TakuM oOpa3oM, MCXOTHBIMU JAHHBIMU IS
6J10Ka MeTO1a YMCIEHHOTO MHTerPUPOBaHNs OYIy T 3HAYEHU ST UCKOMBIX (DYHK-
Ui HA HAYAJIbHBIN MOMEHT BPEMEHW, BEIMYMHA WHTEPBAJIA WHTEIPUPOBa-
HUS W IIar WHTerpupoBanusa. PesyabraToM paboThl OJ0Ka OyAyT 3HAYEHUS
UCKOMBIX (DYHKIIMI HA KOHEYHLIH MOMEHT BpeMeHU. B paccMOTPEHHBIX BbI-
Ile BapraHTaX 33739 HAYaJIbHbIII MOMEHT BpeMEHH MOXKeT OBbITh 33/1aH PaB-
HBIM HYJIIO.

B obriem caydae BeJIMYUMHA I1ATa HHTETPUPOBAHUS MOXKET ObITH HECOU3-
MepuMa C HHTEPBAJIOM uHTerpupoBanus. T. e. B uHTepBaJie UHTETPUPOBAHU S
HE YKJa/IbIBAETCs IEJI0e YUCJIO IIAroB. DTO MOXKET IPUBECTU K CUTYAIIHH,
KOT/1a BBIYHMCIEHUE 3HAYEHWH NCKOMBIX (DYHKIIMI Ha KOHEYUHBINT MOMEHT Bpe-
MEHU OKa3bIBAETCS HEBO3MOXKHBIM. JTO TMPENSITCTBAE MOYXKHO TPEOI0JIETH
CJIEAYIOIIUM CIIOCOOOM.

Paccmorpum 1mK 1 BeIYMCAEHMH 110 1taramM mHTerpupoBanns. Cxema, aji-
TOPUTMa MOXKET OBITh TAKOiA.

1. Baganue mara MHTErpUpoBaHus (B TepeMeHHOM hg).

2. IlepechLika 1mara MHTErpUPOBAHUS U3 IIEPEMEHHON 1y B HEKOTOPYIO IIPO-
MEXKYTOUHYIO MMEPEMEHHYI0 h - TeKYIInii 1mar WHTerpupoOBaHNI.

3. IIpucBoenne HAYAIBHBIX 3HAUEHUIT HCKOMBIX (DYHKIIMI 1 HAYAJTHHOTO MO-
MeHTa Bpemenu t = 0.
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4. IIpoBepka: He BBIXOJIUT JIM MOMEHT BpeMeHHu ¢+ h 3a mpeJieibl HHTepBaJIa
BpEeMEHU WHTEIPUPOBAHUS.
5. Eciiu momenT Bpemenu t + h BBIXOJIUT 3a IIPe/e/bl MHTEPBAJIA BpEMEHU
WHTETPUPOBAHUsI, TO HYKHO MOITUQPUIIMPOBATH IIaT, T. €. TPUCBOUTH Tepe-
MeHHO# h 3uadenue 1" — t.
6. Bbraucienne 3HadeHnit KICKOMbBIX (pYHKIIMM Ha MOMeHT t + h 1mo dpopmy-
JIAM METO/Ia YMCJIEHHOIO WHTEIPUPOBAHUS.
7. Ilpuparrenne TeKyImero MOMeHTa BpeMeHHu, T. €. oneparus t =t + h.
8. IlpoBepka HoCTMKeHWS KOHIQ WHTEPBAJIA WHTETPUPOBAHUSA — TTPOBEPKA
ycaosud t > T'. Ecnu ycjioBue He BBIIIOJHEHO, TO ITEPEXOInM K MYHKTY 4.
9. lnave 3akaHINBaeM WHTETPUPOBAHNE — BBIXOINM U3 OJIOKA.

B Takom aaropmTme BBIYUCTEHUS aBTOMATHUYECKNW 3aKOHYATCS TOJTyde-
HUEM 3HAYCHUN MCKOMBIX (pyHKIMI Ha MOMeHT 1.
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1.3. Mertoaudyeckoe yka3aHue o (popMyJHUPOBKe 3aJa4uM KaXK-
JOMY CTYAEHTY

Kax BuaHO M3 onncanns MpakKTUKyMa, BO3MOXKHA (POPMYJIUPOBKA, OOITh-
IIIOTO Psi/ia, PA3JUYHBIX 33719 B PACCMATPUBAEMOM ceMmelicTBe. 3a1a9u MO-
I'YT PA3JUYATHCA 110 MOCTAHOBKE MCCJIEIOBAHUIN (3aBUCUMOCTh TOYHOCTH OT
1ara MHTErPUPOBAHKUS WM 33aBUCUMOCTH TOYHOCTH OT JJIWHBI MHTEPBAJIA
BPEMEHM ), TI0 HAYATHHBIM YCJIOBUSIM, ¥ IO METOIY YUCIEHHOTO WHTETPUPO-
Banus (Meron Distepa, meron Pynre-Kyrra, meron DBepxapra). Crempyer
IIPEAyCMOTPETh CPaBHEHME MeXKAy CODOi pe3y/IbTaroB B PA3HBIX BapHAH-
Tax.

st peanmm3anuy METOIOB M BBITIOJHEHHUsT MPAKTUKYMa ITOHATOOMTCS
KOMITBIOTEP C YCTAHOBJIEHHBIM B HEM KOMIIHMJIITOPOM C OJHOTO U3 S3BIKOB
nporpammvupoBanus (Poprpan, Cu nin [Tackanb).

CrymenTaM, UMEIOINM HEKOTOPBIHA OIBIT MPOTPAMMWPOBAHUS, MOXKHO
MPEII0KHUTh COCTABJICHUE TTPOTPAMMBI PEIeHNs 3a0a4Uh CAMOCTOATETHHO
C BO3MOKHOCTBIO HEOOXOJMMBIX KOHCyJbTarui. C oCcTajbHBIMEU CTYIEHTa-
MM HY2KHO IIPOBOJAUTDH 3aHATHA, IYTOOBI OOYIUTDH UX IPOrPAMMUPOBAHUAIO HA
TpuMepe 3a0a91 MPAKTUKYMA.

1.4. ®Popma oTvera mo 3ajave NpPpaKTHUKyMa.

Kaxk1oMy CcTyeHTy mpejjiaraercs OJIMH BapuaHT U3 33]a4 PacCMaTpHU-
BaeMoro ceMeiictsa. [locsie permenus 3a1a9u CTYAEHT JOJIKEH MOATOTOBUTD
MIICbMEHHBIN OTYeT I10 CJIeAYIOmEeMY ILIaHy:
1. Beenenne (O gem uaer peun? Ilouemy BO3HMKAIOT pPACCMATPUBAEMBIE
npobsieMbl? 3adeM 3TO HY>KHO B IIMPOKOM ILIaHE? ).
2. ITocranoska 3amaqu (Ilenb uccnenoanus. Yro gano? Yro onpenenurs?).
3. Onucanue uccienyemoii mexanmdaeckoii mojenu (IIpuBectn ypabaenwust
TTBUZKEHMST ).
4. 3amanne HAYAJIBHBIX YCJIOBUM.
5. YKazanus Ha npuMeHsieMbie MeTobl (Omucanus MeToI0B HHTErPUPOBA-
HUSI TPUBOJINTH HE CJIEMIyeT).
6. [Tosmyuennnbie pesynbrarhbl (Tabmauisl, rpadukn ¢ 0ObICHEHUSIMA).
7. Beioanl (KoHcraramus TOro, 9To0 MCKOMBIA pe3yJIbTAT MOJIYUEH ).

B nestom Takoit oruer MOXKeT UMeTh 00beM 3-5 CTpaHuII.
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