[nasa 10. [Nonet Ha JIyHY

Tak Ha3pIBascs coBeTcKUi MynbTdriaeM 1953 rona, aBa Kaapa koToporo mokasansl Ha puc. 10.1. Ero MmoxHO
HOCMOTpETh B HHTEpHEeTe. PHIbM HaUBHBIN, HO JOBOJILHO 3a0aBHBIH, €CIIU IMIPUHSATH BO BHUMAHHE, YTO Yepe3
4yeThIpe rosa ObLT 3aImyIieH MePBhIA UCKYCCTBEHHBINH CIyTHUK 3eMin. A B 1961 romy denoBek moieTen B
kocmoc. A B 1969 romy monu Beicagumuch Ha JlyHe.

B Te nanekue BpeMeHa MOYTH BCE MAaJIBUHUINKH, BKIIIOYAs M aBTOPa 3TOW KHUTH, MEUTAIIN CTaTh KOCMOHABTaMU
U TaK PHCOBAIM CTApT KOCMUYECKOTO aIllapara: pakeTa pa3roHseTcs Mo JIMHHOW MapabomrnuecKoil dcTakaje
U 110 TUaroHaJId B3MBIBACT BBBICH «HABCTpEUY 3Be3aaM» — cM. puc. 10.1.

Puc. 10.1. AiBa Kagpa n3 mynotdunbma «lonet Ha JTlyHy»

Ho korya aBTop, Oyyun yxke He peOeHKOM, a IOHOIIEH BIepBbIC YBUET KaJpbl KHHOXPOHUKH ITyCKa
peanbHOM pakeTsl, TO OH OY€Hb YIUBHIICS U pa3zodaposaics. Hukakoit pomanTtuku! PakeTa, mpuBsizaHHast K
KaKOMY-TO CTOJIOY, OTBSI3BIBAETCSI OT HETO M KaKk ObI HEXOTS OTPBIBAETCS OT MOBEPXHOCTU 3€MIIN M MEIIEHHO
B KiIy0ax JpiMa nogHuMasich BBepx (cm. puc. 10.8 Hike). [eno B Tom, 4To 10 KoHIa 60-X ro10B MpOIIIoro
Beka B CoBeTckoM Coro3e 1o cooOpaXeHUsIM CEKPETHOCTH KHHOXPOHHUKY ITyCKa PAKET HE MOKa3bIBAJIM HU B
KHHO, HU 0 TeneBu3opy. [loaTomy-To pebsita 1 prcoBanu paHTacTHUECKHUE OTPOMHBIE ACTAaKaIbl U3
3HAMEHHUTOTO B T€ BpeMeHa MyJIbT(hUIbMA.



A naBaﬁTe pacCcUruTacM IIYCK paKEThl — UBMCHCHUC BO BPECMCHHU €€ BBICOTEI U CKOPOCTH. 3aO,ILHO IIOKaXXEM,
3a4CM PAKCTEI IO COBECTY ]_[I/IOJ'IKOBCKOFO ACIAa0T MHOTOCTYIICHYATBhIMU.

Ha pucynxke 10.2 moka3an Takoii pacueT B cpeae SMath st omHOCTyneHUaTo# pakeTsl. MIcXomHsie JaHHbIe
(omeparopsl ¢ SPIBIKAMU-KOMMEHTAPHSIMH) YCIOBHEIC. UNTATEIh MOXKET UMH «IIOUTPATh» U MMOCMOTPETh, YTO
OyZeT momyyarscsl.
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Puc. 10.2. PacyeT nonerta og4HOCTYNEHYaTon paKkeThbl

Ha pucynxke 10.2 10 BBOma NCXOMHBIX JAHHBIX (YHCTIA C €AUHUATIAMA U3MEPEHUS) AHATUTUIECKH PEITaeTCsI
T depeHnnaILHOe YpaBHEHHE (YaCTHBIN ClTydail ypaBHEHUsT Melepckoro), 0Todpaaroliee BTOpoi 3aKoH
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Herorona. Macca marepuaiibHOM TOYKH ((PU3HUYECKOTO 00BEKTa, HMEIOIIETO MACCY, HO HE UMEIOIIETO
pasMepa) Co BpeMEHEM YMEHBIIIACTCS 3a CUST CTOPAHUS TOIUIMBA U OKUCIUTENA. DTa Macca YMHOXKAeTCs Ha
YCKOPEHHE — Ha TIEPBYIO MTPOU3BOIHYIO CKOPOCTH v 0 BpeMeHU t (JieBast 4acTh ypaBHeHus ). Ha pakety
JICHCTBYIOT JIBE CHJIBI B TIPOTHUBOIIONIOKHBIX HATIPABICHHUSX — TATAa PAKETHOTO JBHUrares (F) u cuina
NpUTSDKeHHsT 3eMITH (TIpaBasi 4acTh ypaBHEeHUs ). [lepBas cuiia MOCTOsIHHAS, & BTOPasi yMEHBIIASTCS 38 CUET
cropanus TorumBa. KoncranTta g (g-) — 3T0 yCKOpeHHe cBOOOAHOTO majeHwus. Kcraru, B COBETCKOM
MYJIBT(OUIBME MOXKHO BUJICTh, YTO JIBUTATENb (DAHTACTHYCCKON PAKeThl UMITYJIBCHBIN. Y HAC e paKeTa C
JIBUTATEJIEM HENPEPHIBHOTO JCHCTBUS.

B cpene SMath HeT cpencTB aHATUTHYECKOTO pelieHus AudQepeHIMalbHbIX YpaBHeHUH. OHU €CTh B ITaKeTe
Maple, koTopbIii Kak TUTaruH moakitouaeTcs k SMath depes komanny mento Cepsuc/lononnenus/"anepes
onsaiin. Beigannoe gyHkimeit dsolve pelieHne Bpy4Hyo JopadarbiBaeTcs U GopMUPYET (PYHKIIUIO
MONB30BaTeNs v ( t) , KOTopasi oToOpaxkaeTcst Ha rpaduke. MBI OTYIHIN 3HAMEHUTYIO POPMYITy
[{1OIKOBCKOTO C HATYpATLHBIM JIOTAPU(PMOM OTHOIIECHHUSI MACCHI PAKETHI B IBYX MOMEHTAX BPEMCHH.

BayTpu rpaduka Ha pucynke 10.2 momemeHs! Tpu pacdeTHbIE OllepaTopa, U3 KOTOPEIX BUIHO, YTO HAllla
pakeTa MOJHUMETCA Ha BBICOTY MOYTH 112 KM, HO HE JOCTUTHET NEPBOM KOCMUYECKOH CKOPOCTH U HE
BEIBE/IET Ha OpPOUTY UCKYCCTBEHHBIH cIyTHHK 3emun. DopmMyra mepBoi KOCMHYECKOH CKOPOCTH B35ITa U3
HWHTCPHETA, HO €€ ITPU KCJIAHUH TOXKE MOXKXHO BbIBECTH. I[J]Sl BbIYUCJICHUA HpOfIIlCHHOFO ITYTU UCIIOJIB3YECTCA
OIIPEJEIICHHBIN HHTErpaJl.

A Kak Bce-TaKy BBIBECTH CIIYTHUK Ha opOuTy 3emin!? MOXXHO yBeTMYUBATh 3aIlac TOTUTNBA M OKUCIIUTEINS, a
MOYKHO MOCTYIHUTh WHAYE — 3aIyCTUTh B OJIMKHHI KOCMOC JBYXCTYIIEHUATYIO PAKeTy, UCTIOJIB3YIOIIYIO TaKOe
K€ WJIH J1a)kKe MEeHbIlIee KONUYECTBO TOIUIMBA U OKHCIUTETIS.

Pacuet, mokazanusif Ha puc. 10.3, oTIryaeTcst OT MPEABIAYIIET0 TEM, YTO HEKOTOPHIE UCXOIHEIC TaHHbBIC
MIPEICTABICHBI HE B BUJIC CKAIISIPOB, a B BUJIC BEKTOPOB C ABYMS JIEMEHTAMH, XPAHSIIIUMHU MapaMeTPhl ABYX
cTymneHel pakeTsl. Kpome Toro, BBeieHbI ABe (PyHKIIUU-CTYIIEHbKH, BO3BPALIAIOIIAE MAcCy pakeThl m (t) U ee
TATY F (t) B 3aBHCHMOCTH OT BpeMeHHU. B 3Tn (yHKIIMK BBeAeH oneparop 1 f, KOTOPHIH 3aTpyIHUT
aHAIMTUYECKOE PEelIeHre 3aa4 1Mo mabiIoHy, TokazaHHoMy Ha puc. 10.2. MoxxHO, KOHEYHO, pa30UTh 3a/1a9y
HA JIBE€ YaCTH M HaWTHU OTIEIBHO (GOopMyITbl L{[HOTKOBCKOTO AJISt CTAPTOBBIX ABYX CTYIIEHEH U AJIsT BTOPOI
CTyTeHH pakeThl. Ho ecnu B fanpHEHIIEM YIUTHIBATh COMPOTHUBIICHNE BO3AyXa M U3MEHEHHE 110 BHICOTE
YCKOpPEHHUS CBOOOHOTO MApEHMsI, TO aHAJINTHUKA CTaHeT OecCIbHOU. Harry 3amaqy Hy»KHO OyzieT pemiaTrh
YKCJIEHO, 4 HE aHAJTUTHYECKH. A KaKUM METOI0M?

B HacTos11ee BpeMst HaOJI0IaeTCsl HeKHMI BRIYUCIUTEIbHBIN peHeccaHc [ 1]. Ilonp3oBaTesin COBPEMEHHBIX
OBICTPOAEHCTBYIONINX KOMIIBIOTEPOB BO3BPAIIIAIOTCA K TPOCTHIM U TIOHATHBIM aJlropuT™MaM. PaHbiie oHU
MIPUMEHSIINCH PEJIKO B TOM YHCIIE U M3-3a MeJUIEHHOTro cuéra crapsix OBM. B HacrosIee Bpems 310
OrpaHUYEHNE CYIIECTBEHHO 0CJIA0JICHO B MIEPBYIO OUepelb IS 33/1a4 y4eOHOTo II1aHa, I7e
HEJOTOBOPEHHOCTh HEKENATEIbHA.

BepHemcs B criaBHYIO 510Xy 3aITycKa MepBhIX KOCMUYECKUX almaparoB. B Te BpeMeHa mpoucxoanso He
TOJIBKO «TIOKOPEHUE KOCMOCay», HO U HaOJIOIAJICS] PEBONIFOIMOHHBIN MEPEX0l OT PyYHBIX PACUETOB K pacyeTaM
Ha IEKTPOHHBIX BBIYMCIUTENBHBIX MAIIMHAX — HU(PPOBBIX U aHAIOTOBBIX. Eciin roBOpUTH 0 HU(PPOBBIX
3NEKTPOHHBIX BBIYUCIUTENbHBIX MamurHax (DLIBM — nHOCcTpaHHOE CIOBO KOMITBIOTED TOTa N30eraau
YIOTPeOIATE), TO OHU PadoTalIl 110 MPOrpaMMaM, UCIOJIB3YIOIIUM Pa3JInUHbIEC AITOPUTMBI, B TOM YHCIIE U 110
TeM, Kakue ObLIH MPEeAokeHbl HECKOJIBKO BEKOB Ha3al. Hauanack roHka He TOJNIBKO B KOCMOCE, HO U Ha
3emiie — co3aBaliich Bee 0ojiee TOUHBIE M OBICTPBIE MPOrPaMMBbI pellieHus TeX ke auddepeHaIbHbIX
ypaBHEHUH, OTOOpAKAIOIINX MOJIET KOCMUYECKHX ammaparoB. CaMblil TepBBIA U CaMblil TPOCTON METOJ
YHCIICHHOTO petieHus auddepeniansHoro ypasHeHus B 1768 romy npetoxun Benvikuid Jitep (1707—
1783). B aTo Bpems oH paboran B Poccun. Ho 3TOT MeTOx Kak-To ymien B TeHb. ETo oTTeCHMIN BCIKUE
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Pynre, KyTth1, Anamcel, JleBenbepru, Mapkapartsl... K coxanenuro, GaMuIuil COBETCKUX YYEHBIX B 3TOM
cnucke HeT. OT4acTH MOBTOPUIIACH CTapasi UCTOPUS ¢ ypaBHeHHEM MeniepcKoro (cM. HUXKE), yCyryOuBIIasics
YCIOBUSMH CEKpPETHOCTH®,

Y Hac koMIblOTep OBICTPBIH, J1a ¥ 3a]1aua JIOBOJILHO mpocTas. [laBaiiTe pemum ee meTomoM Ditnepa!l

Ero cyTh mpenenbHO MpocTa U B 3TOM €0 eJUHCTBEHHOE MTpenMyIiecTBo. HaM n3BecTHO 3HAYEHNE MCKOMON
(GbyHKIHMA (CKOPOCTH TIOJIeTa PAaKeThl) B MPENBIAYIIEH TOYKE — MBI MOJKEM OIEHUTH 3HAaYE€HUE 3TOW (DYyHKITHH B
MOCIICAYIONICH TOYKE, €CITM HaM U3BECTHO 3HAYCHUE MPOU3BOAHON UCKOMOH (PYHKITUH (YCKOPEHUS PaKeThI) B
MPEIBITYIICH TOUKe. DTOT METOI MOXKHO OBLIIO OBl Ha3BaTh METOIOM KacaTelIbHBIX (BEpHEE, METOIOM
KacatenbHOU — cM. puc. 10.4), ecnu Obl 3TO Ha3BaHUE HE OBLJIO OBl BTOPHIM Ha3BaHWEM MeTona HeroToHa [1],
MpeIHA3HAYCHHOTO JIUIsl YUCIICHHOTO PelICHHs anredpandeckux, a He auddepeHmanbHbIX ypaBHCHUH.

B HacTosiiee BpeMs CKOPOCTB JIae TaKoro KOMIIBIOTEPA Kak cMapT(OH?, HECPABHUMO BBIIIE CKOPOCTH
MEPBBIX KOMITBIOTEPOB. DTO U OIMpeAesieT OTMEUCHHBIH PEHECCAHC B BEIYUCICHHUAX. YCIOKHEHHBIE OBICTpPBIE
AJTOPUTMBI M IPOrPaMMBbl UMEIOT OIMH CYIIECTBEHHBIM HEAOCTATOK — UX TPYIHO MOHITH HEMOCBSILIEHHOMY.
OTO BHOCUT HEKUH TUCKOM(OPT B MPOLIECC PeIeHHs 3a0a4i. A TYT IOJDKHA OBITh PafoCThb, YIOBOJILCTBUE U
YAOBJIETBOPEHHOCK.

Ha pucynxke 10.3 cpa3y 3a pyHkuusmu m (t) u F(t) BBeaeHa GyHKIUA a (t) — MPOU3BOAHAS UCKOMOU
¢yakmmu v (a: acceleraton — yckopenue). Jlanee 3amucana HeOoIbIIas MporpaMMa ¢ MUKIOM for,
TCHEPUPYIOIAs MaTPUIly t v (BpeMs U CKOPOCTh), U3 KOTOPOH 3aT€M M3BIMAIOTCS BEKTOPBI £ U V IS
MOCTPOEHHS Tpadyika U3MEHEHUS CKOPOCTH PAaKeTHI IO BBICOTE.

Koneunast ckopocTh AByXcTyneH4aToi pakets (10,91 km/c) ¢ 3amacoM npeBbICHIIA TIEPBYIO0 KOCMHYECKYIO.
VYpa! CnyTHHK BbIlIeT Ha OPOUTY

! Ha 3aKkaTte CoBeTCKOM BNACTM BblAaBanm Taja0Hbl 3a CAAHHYIO MaKynaTypy Ans npuobpeteHne AeGUUUTHBIX KHUT,
MHOTME M3 KOTOPbIX, KCTaTW, Camu Bblaiv MaKyaaTypoid. [OBOPAT, YTO B 3TM 3aCTOMHbIE BPeMeHa B YyTU/b OTHEC/IM MHOTO
nakeToB NeppoKapT U MOTKOB NepdONeHT C LeHHeWLWMMM Nporpammamm gas IBM.
2 MNporpamma SMath moxet paboTaTb U Ha cMapTdoHe.
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Puc. 10.3. PacyeT noneTta ABYXCTYNeHYaTOM paKeThbl

Berpoennas B SMath dyskiust 1spline NpoBOIUT CILIAHH-UHTEPIIONAIMIO (CM. TIIaBy 6) AUCKPETHBIX
3HAYCHNH, XPAHSIIUXCS B BEKTOpax t u v. [lo momydueHHON GyHKINU v (t) Yepe3 MHTETpUpPOBaHUE
paccUMTHIBAETCS BBICOTA TOeTa. Takoi e pacder depe3 WHTerpall ObUT CAeNaH | U OJHOCTYTIEHYaTOH

paxkets! (puc. 10.2), Ho Tam dyHKIHS v ( €) OblIa cpa3y MmoilydeHa yepe3 aHaJTUTHIeCKOe PELIeHHe 3aJa9H ’
UHTEPIOJISAIUN HEe TOTPEOOBAIOCH.

Ha pucysnke 10.4 moka3aHbl pe3yJabTaThl pad0Thl PyHKIUMN Fuler ¢ OAHOCTYIEHYAaTONW PaKeTOM, Koraa
M3BECTHO aHAJTUTHYECKOE — a0COIIOTHO TOUHOE pemeHue. [loj cunel raakoii KpuBoi (aHAIUTHYIECKOS
pellieHre) MPOPUCOBAHBI TaK Ha3bIBAEMBIC JIOMaHHBIC Diiiepa — MPUOIKEHHS (AIMPOKCUMAITUH )
YHUCIIEHHOTO pelleHns K aHanuTtrdeckomy mpu n = 2, 10 u 300. B pemennn Ha pucynke 10.3 3HageHue n
pasHo 1000, uTo rapaHTHpYET MpUEMIIEMYIO TOYHOCTH pemeHus. VcnonszoBanne n=10000 (cM. BepxHUit
neBwIi yroi Ha puc. 10.4) — 310 yke «JI0BIs OI0X», Kak TOBOPAT MPUKIIaHbIE MaTEeMaTHKH.

v [1:8]:7,655H

a

n:=10000 ;;M
KM max|v)=7,576 —
va[te]:7,655? (v) ’
max(v)

KacatenbHas

KacaTtenbHas

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Puc. 10.4. JlomaHHble diinepa

MOoXHO 3aMeTHTh, YTO (PyHKLMS ITOJIB30BATENs C UMEHEM a Ha puc. 10.3 umeer 1Ba apryMmeHTa —
MEPEMEHHBIE t U V, XOTA JOCTATOYHO OHOTO apryMeHTa t. DTy 0COOEHHOCTh MBI YIIOMSHEM HIKE.
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Oxomno 1900 roga Hemenkumu Maremarikamu Kapnom Pynre (1856-1927) u Maptunom Kytroit (1867-1944)
OBLT IpeATIoKEH METOI, CYIIECTBEHHO YCKOPSIIOIIUHN YHCIEHHOE pelIeHHe OOBIKHOBEHHBIX
JuddepeHInaIbHBIX ypaBHEHUH, yBETMUUBAIOIINHA TOUHOCTh. OH moKka3aH Ha pucyHke 10.5.
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Puc. 10.5. CpaBHeHne meToa0B dinepa n PyHre — KyTTbl (n = 2)
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B pacuer BBoasaTCs ueThipe ko3 dunmenta ki, k2, k3, U k4 A1 HEKOH «IPUCTPETKN» — IJIsl CTPENBObI HE
Ha paccTosiHUE A, a He ero MojoBUHY. Pe3ynprar Takoro mpruema nokasas Ha puc. 10.5 u 10.6.
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Puc. 10.6. CpaBHeHMe meToaoB dinepa n PyHre — KyTTbl (n = 20)

B cpene SMath moxHO He icath (pyHKITHIO TIOTB30BaTeNs, peanu3ytomnieit Mero Pynre-KyTra, a
BOCIIOJIB30BATHCSI BCTPOCHHOM (pyHKIHEH ¢ numeHeM rk fixed. Bykss fixed o3HadaroT, 9To «X0a60a» B0
apryMeHTa UCKOMOH (yHKIIMHU BeleTCs ¢ (UKCUPOBaHHBIM (TIOCTOSIHHBIM) IIAaroM. ETo MOYKHO MEHSITh, €CITi
paborarb ¢ pynkuueil rkadapt, noacrpanBaroei (alanTUPYOIIEH ar) MOMCcKa peleHus. JTo
JIOIIOJIHUTEIILHO YCKOPSIET pacyeT, AenaeT ero 0osaee TodHbIM. OO0 3THX HI0OAHCAX MOXKHO IPOUYECThb Ha hopyme
nons3oBareneir SMath mo agpecy https://en.smath.com/forum/yaf postst726 Mathcad-Toolbox.aspx.

Pemapka. B pemenusix, mokazanHbix Ha pucyHkax 10.3 u 10.5, ucnonb3yroTcs HHCTPYMEHTHI, COOpaHHBIE B
nanenu «IIporpaMMupoBanue».

Korza roBopst o mporpaMMHpPOBaHKH, TO BBIIENISIOT TPH €r0 aTpulyTa:

1. OObenvHeHUE OTJENbHBIX ONEPATOPOB B MIPOrpPaMMHBIE OJIOKH, KOTOPBIE BBITTOIHSAIOTCS B OT/AEIHHBIE
OIIepaTropbl — CM. BEpTUKaJIbHBIE MPSMbIE JIMHUU B Tiporpammax Ha puc. 10.3 u 10.5.

2. JlokanbHble IEpEMEHHBIE, BUANMEBIE TOJIBKO B IIporpamMme. JTo, HalpuMep, IepeMeHHbIe k1, k2, K3,
u k4 B mporpamme Ha puc. 10.5.

3. CrpyKTypHbIE yNPaBJsIOIe KOHCTPYKIINN, U3MEHSIOIINE €CTECTBEHHBIIN MOPSI0K BHIIIOTHEHUS
OIEPaTOPOB CJIEBA HANIPaBO U CBepXy BHU3. B nporpammax Ha puc. 10.3 u 10.5 ucnonp3oBanack
KoHCTpyKuus for (MK ¢ mapameTpom), 3actasistonias asa (puc. 10.3) nmum mectsb (puc. 10.5)
OTIepaToOpOB TeJia IUKJIA BRITOIHATHCS HECKOIBKO pas.

Ha pucynxke 10.7 moka3aH pacueT nosera AByXCTyIIEHUaTOH pakeTsl C UCIIOIb30BaHUEM BCTPOEHHOM, a HE
MOJIb30BaTENbCKON (PYHKIHMH, peanusytomiei Metoy Pynre — Kyttsl. [IpenmyiiiecTBo BCTpoeHHOM QYHKITUH B
TOM, YTO 3aMuch TUPPepeHIIUATLHOTO YPaBHEHHS BEJIETCS B €CTeCTBEHHOH (hopMe Oe3 BBIICICHUS B ITPABOMA
YacTH ypaBHEHHS MIPOU3BOIHON UCKOMOM (QYHKITUH. bojee Toro, MOXXHO peraTh ypaBHEHHUsT HE TOJIBKO
TIEPBOTO MOPSIIKA, ¥ HE TOIBKO OIMHOYHBIE YPABHEHHUS, a U UX CUCTeMbl. HemocTaTok e BCTPOEHHOM
(GYHKIIMH B TOM, UTO OHA HE MOXKET paboTarh ¢ pusndeckuMu BenuunHaMmu. [IpuxonuTces 3Ty QyHKIHIO
«0OMaHBIBaThy — JeNIaTh €AMHULBI U3MEPEHUs Oe3pa3sMEepPHBIMU: CM. TPETHH apryMeHT QyHkuuu rkfixed,
3anucanHbli nox AuddepeHnaIbHbIM ypaBHEHHEM BTOPOTO HOPSIIKA U HadaJlbHBIMH yCIOBUSIME. B 3TOM



TperbeM aprymente unciio 1000 — 3To nepemeHHas n — 4ykcio pa3OHeHuil nHTepBaia, rae Tabymupyercs
UCKOMasi QyHKIIHS.
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Puc. 10.7. Pabota c Mathcad-6nokom u ¢ dyHkumeln rkfixed

Koneuno, Tpaekropus nosnera pakeTsl, BeiBozsiiel Ha opouty MC3, naneko He BepTHKaJIbHAS psAMas — CM.
puc. 10.8. Ho Hamm pacdeTsl MOXKHO yCIIOKHUTH — BBECTH, HaIIpuUMep, 1Ba 1 depeHInanbHbIX YpaBHEHNUS,
¢ OanaHcoM CHJI IO BEPTHKAJIU U TOPU3OHTAIIH.



Puc. 10.8. MNpumepHas Tpaektopun Boisoga NC3 Ha opbuTy

Ha caiirax nonb3oBareneii SMath no aapecam https://en.smath.com/forum/yaf postst24863 Error-by-ODEs-
solution.aspx u https://en.smath.com/forum/yaf postsm84488 Euler-method-without-for.aspx o6cyxaanace
3aj1a4a o mojiere pakeTbl. Tam, B 4aCTHOCTH, PACCMATPUBAIOCH AaHATTUTHYECKOE PEIICHHE C BHIBOIOM
(dopmyiel LIHOIKOBCKOTO U PYTHe HHTEPECHBIE MOMEHTHI — HAallpEMep, pa3Hasi TPAaKTOBKa BTOPOTO 3aKOHA
HproToHA MPUMEHHUTENBHO K TENTy C MEPEMEHHOM Maccoi (Macca, YMHOKEHHAsI Ha TIEPBYIO TIPOU3BOIHYIO
CKOPOCTH I10 BPEMEHH WJTH [IepBast IPOU3BOIHAS [TPOU3BEICHHS MACChI TeIa Ha €r0 CKOPOCTh — Ha UMITYJTbC
Tena). TaM jke MOYKHO CKavaTh PEIIeHNs, TOKa3aHHBIE BHIIIE.

Ha oTmeueHHBIX caiiTax paccmarpuBaics U 00jee COBEPIISHHBIA METO/ YHCIEHHOTO PELIeHHUS
muddepeHnnanpHoro ypaBHeHus: — Meton Pyare — Kyrra (https://ru.wikipedia.org/wiki/Meron_Pynre —
KyTTHI).

Ha pucynxkax 10.2 u 10.3, kak ObIJIO y’Ke OTMEUYEHO, PUBEICHBI YACTHBIE CITyYan ypaBHEHUS Memepckoro
(https://ru.wikipedia.org/wiki/Ypasuenue Memepckoro). JJuddepeHiinanbHoe ypaBHEHUE ABHKSHUS Teja
nepeMeHHoM Macchl, kotopoe M.B. Memepckuii BeiBeln u onyoiukosai emg B 1897 rony, ciiycrs 31 roz Obuio
(1o He3HAHUIO TPYIOB MeIepcKkoro) 3aHOBO BRIBEICHO UTAIBSIHCKUM MaTemarukoM Tymnno JleBu-Uusuta. K
COXAJICHHIO, KaK JTO YK€ He pa3 ObIBaJIo, 0 PyCCKOM IEPBOOTKpHIBaTeIe Ha 3amnajie 3a0bIIH, U 9TO YpaBHEHHE
CTaJI Ha3bIBaTh ypaBHeHueM Jlepu-UnBnra.

3aaHne YnTaTenaAm.
Paccuurars nmoser TpeXCTyHQanTOﬁ PAaKCTHI.

Nntepatypa:
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TexHuKa, 3xonorus. Ne 9. 2023. C. 7-16 (http://www.twt.mpei.ac.ru/ochkov/EEE-9-2023-
Newton.pdf)
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