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1. METOAUKA PEHIEHUA 3AIAY

Hayunpiii moaxoa K M3YYEHHI0O MHpPAa XapaKTepU3yeTCs MCIOJIb30BAHUEM OIPEIEICHHBIX
WHCTPYKIUH, YIIOPSAJOYEHHOE IPUMEHEHNE KOTOPBIX COCTaBIsET HayuyHbId MeToa. Ha meTon taxxke
HAKJIaJbIBACTCA PpsI  JONOJHUTEIBHBIX YCIOBHM, W3 KOTOPBIX MBI OTMETHUM CIEAYIOLIUE:
000CHOBAaHHOCTbH, PAIlMOHATBLHOCTD, HATJISTHOCTh U JOKa3yeMOCTh. JTO O3HAYAET, YTO PEIICHUE
Pa3IUYHBIX 33]]a4 MOXKET M JIOJKHO OBITh pa3OUTO Ha PsAJl OJUHAKOBBIX IATOB, JJISI KOTOPBIX, KaK
MPAaBUIIO, PA3IUYACTCS TOJIBKO (GOPMYIHPOBKA, CYTh K€ OTACIBHBIX ITAllOB OCTACTCS TOU Ke.
VYuudunupys peuieHue, Mbpl u30aBiseMmMcs OT JMIIHUX JEHCTBUI W co3laeM (QyHIaMEHT IJis
pacumpeHusi BO3MOKHOCTeH MeToza. [1o100HbI cCHCTeMaTHYECKU TTOIX0/] MTO3BOJISET IMOBBICHUTH
¢ deKkTuBHOCT, pPabOThl W yrayOuTh €€ TMoHMMaHwe. Ha OCHOBaHHWH BBIMIEU3TIOKEHHOTO,
CUCTEMATHU3UPYEM MPOIIECC HAXOXKIACHUS PEIICHUS TPUMEHHUTEIHHO K YUSOHBIM 3a/ladaM.

HIar nepsbiii. [locTanoBKa 3a1a4u.
HeoOxoaumMo BHUMATENbHO MPOYUTATh ycioBue. He mpocTo mpousBecTH MexaHM4ecKoe JelcTBHE
1o nMpeoOpa3oBaHMUI0 MUCHMEHHOT'O TEKCTa B YCTHYIO PeUb,  TIOHATh, YTO UMEHHO TpeOyeTcst HaluTh
B 3a/1aue. J[oypKHA OBITH MOJTHAS ICHOCTh OTHOCHUTEBHO BCETO 3aaHMsl, KaXI0H (pa3bl U KaXa0ro
cioBa Bo (pase. IIpuynHON TOJOBHHBI JIOCAIHBIX OLIMOOK CTAaHOBUTCA HEAOCTATOYHO
BHHUMATEJIBHO ITPOYNTAHHOE YCIOBUE.
Ha HavanpHOM 3Tarne moie3Ho 3a/1aTh cede CIeIyIONIHe BOMPOCHL:

1) xakoit o0macTv 3HaHUH WK TEME COOTBETCTBYET 3a/1a4a;

2) moTpeOyeTcs I JUIsl peIeHUs TOTIOJHUTEIBHBIN TEOPETUIESCKUN MaTepHal,

3) HYXHO JIM UCIIOJIb30BAaTh U3BECTHBIE KOHCTAHTHI UM TAOJIMYHbIE JaHHBIE;

IIar BTopoii. PucyHnok.
Janee HeoOxomuMo HapucoBaTh cxemy. Jlake ecnm 3amada KaKeTCsl TPUBHAIBHOW, CIEIyeT
NepeBecTH ycloBUe B rpaduueckoe npenactaBieHue. lIpakTuka mnokazana, 4To TpU ITOM
BBISIBJISIETCSI MHOXKECTBO JIOMOJHUTENBHBIX JAeTaleil U «IOABONHBIX KaMHel». K Tomy ke, 3TO
00JIeTYnT MOHUMAaHUE X012 Ballel paboThl APYTUMU JTIOABMHE, HAIIPHUMED, MPENO01aBaTEIeM.
Pexomenpanuu 3aech caegyromme:

1) puCYHOK JOJIKEH OBITh [0 BO3MOKHOCTH OOJIBIIINM U JIETKO YUTAEMBIM;

2) HE CTOMUT 3arpOMOKJaTh PUCYHOK MHO>KECTBOM MEJKHUX AETajeH, Jydllle HapucOBaTh €Ie

OJIMH, €CITH 3TO KaXKETCS BaM HEOOXOTUMBIM;
3) omHako H300paKeHHE CIIEAyeT CAelaTbh JOCTaTOYHO MOAPOOHBIM, OIYCKas TOJBKO
HE3HAYUTeNIbHbIe 0()OPMUTEIHCKUE I€TAITH.

Hlar Tperunii. MogeJib.

HeobxonuMo moctpouts Mozenb BerarcieHuit. Cro/1a BXOAUT KaKk MaTeMaTudeckas Moieib (Habop

UCTIONB3YEMBIX (DOpMyIT), Tak W MpearnouynTaeMas mapaaurma. [lox mapagurMoil Mbl TOHHMaeM



OOIIETPU3HAHHYIO COBOKYITHOCTH MOHSTHI, TEOPUHM M METOJOB HCCICIOBAHMS, KOTOpas JIacT
HaYYHOMY COOOIIECTBY MO/IEb TIOCTAHOBKH MPOOJIEM U UX PELICHUH.
[lepBoe, uTO crneayeT caenarh — 3TO ONPEACTUTHCS € MOAX0A0M. 3/1eCh CYIIECTBYET TPU BapHaHTA:
JeyKTUBHBIN, HHIYKTUBHBIN W aOAYKTHBHBIN (MeTO aHajoruu). [lociennuii HaM HEe MOIXOIUT TI0
COOOpaXeHHUSIM HHU3KOH HAaJeKHOCTU. MBI PEKOMEHIyeM ISl XOpPOIIO 3HAKOMBIX THUIIOB 3a7ad
MCII0JIb30BaTh UHIYKTUBHBIN MOAXOJ. JTO 3HAYUT, UTO, OMUPASCh HA ONBIT MPEIbIAYIINX PEIICHUH,
BBI 3aIlMChIBacTe HEOOXOAMMBIE (DOPMYIBI U BBIBOAUTE M3 HUX UTOTOBOE COoOTHOIIeHue. Eciu He
yaJoch HAaWTH WTOTOBOE COOTHOILIEHHE STHUM CIIOCOOOM, WM K€ C JIaHHBIM THIIOM 3aJa4 BbI
CTaJIKMBAeTECh BIIEPBBIC, MOJX0J MEHSAETCS Ha JeAYKTUBHBIN. 3/1ech Bbl KaK Obl MOJMEHSAETE OHO
HEU3BECTHOE HA JIPyroe W, ABUTAsACH IOCIENOBATETHHO OT (OpMyNbl K (opmyle, CBS3bIBacTe
HMCKOMYIO BEJIMUMHY C YK€ M3BECTHBIMU. B MACHHOM CMBICIIE TE€ K€ CaMbl€ IIArd BBITOIHSIIOTCS
IpU PELIECHUH MPAKTUUYECKH JIOOBIX TUIOB 3aJlady: CUCTEM WHTErpalbHbIX U IuddepeHantbHbIX
ypaBHEHHUM, paboTe ¢ BEKTOpaMU U MaTpULlaMu, MPUMEHEHUH rpapruuecKuX METO0B U T.II.
YacTo BBl MOXKETE MOJIYYUTh HECKOJIBLKO BapUAHTOB MOAEIH. BBIOOp OJHOTO M3 HUX JOJKEH OBITH
MPOJUKTOBAH IIEJIECO00Pa3HOCTHIO (3aTpaunBaEMbIMH PECypcaMu) U MPEnojIaraéMoil TOYHOCTHIO
MOJIyYaeMBIX PE3Yy/IbTAaTOB. 3J€Ch MHOTOE€ 3aBHUCHT OT pACIONIaraéMblX TEXHHUYECKHUX CPEJCTB,
JUMHUTOB BPEMEHHU, OTBOJIMMBIX Ha PELICHHE, CTEIEHU TOBEpUsS K KOHKPETHBIM YHMCICHHBIM (WM
WHBIM) METOJIaM.
[Tocne cocraBieHus MOJEIN MPOBOJAATCS TECTOBBIE BbIUMCIECHUS. TO €CTh, 3a/1al0TCs YCIOBUSI, TPU
KOTOPBIX pEIIEHUE JJO0DKHO 3aBEJOMO OOpamaThCs B HOJb, OECKOHEYHOCTh WM HPUHUMATH
W3BECTHBIC 3HAYCHMs. MOXKHO TakXe pacCMOTPETh KaKOW-IMOO YaCTHBIM Ciy4dad 3amadd
(HampuMmep, 3HaYCHHE B y3J1aX CETKU JJI TAOIUYHBIX TAHHBIX ).

Ilar yerBepThIii. BhluKciIeHUS.
KiroueBbIMM MOMEHTaMU 3/1€Ch CTAHOBSTCSI aKKypaTHOCTb M HArJISAHOCTh. JTO 3HAYUT, YTO BECh
IUKJ BBIYMCICHUI HAAO0 pa30uTh Ha HECKOJBKO ATamoB. Tak MpoIIe OTCIEKUBATH OOIIYIO
CTPYKTYpY 3aJaud U BBINOIHATH MpoBepky. ClieqyeT TakXkKe 3alUChbIBaTh BCE MPOMEKYTOUHBIC
pe3yabTaThI.
Ecniu panga cdera mnumiercs KOMIBIOTEPHas MporpaMma, TO Pe3yJabTaThl MPOMEKYTOUHBIX
BBIYHCIICHHI, TECTOB M BO3HUKAIONIUX OIIMOOK HEOOXOJUMO 3aHOCUTH B log-(hailyibl (TEKCTOBBIC
(aiinel )KypHAJIOB 7151 KOHKPETHOM MpOorpamMMbl) WM BBIBOAMTH Ha dKpaH. IlocTapaiitecs crnenath
nporpaMmmy 0oJiee MHTEPAKTUBHOMN M MOHSATHOM MOJIb30BATEISIM.
[Tpu pemieHnM yuyeOHBIX 3a/1a4 HA STOM Iare 0ObIYHO 3a/1a€TCS U TOYHOCTh BBIYMCIEHUHN (CKOJIBKO

3HAKOB TOCJIC 3aMSATON OCTaBIATh, 0 KAKOTO WICHA PACKIIAIbIBATh PSII U T.I1.).



Ilar nareii. IIpoBepka.

KoHeunslii pe3ynbTaT MpoBepsieTCss HCXO U3 CISAYIOIUX COOOpaKeHUH:

1)

2)

3)

4)

MpaBUJIbHAS Pa3MEPHOCTh HAWICHHBIX BEIMYHUH. TO €CTh, CKOPOCTh HE MOXKET U3MEPSATHCS
B KWJIOTpaMMax, a SHEPTUS B ACTPOHOMHYECKUX CIMHHIIAX;

COOTBETCTBHE (PU3MYECKOMY CMBICITY. He odeHb Xopomio, eciu HeOecCHble OOBEKTHI B
HallleM PelIeHUH BAPYT CTaHyT JIBUTAThCS CO CKOPOCTHIO, MPEBBIIIAIONIECH CBETOBYIO; a UX
paauycel Oynyt Mmensbiie llIBapamuiabaoBckoro. Bmpodem, 3TO HE CIMIIKOM JKECTKOE
ycinoBue. B HEKOTOpBIX Cilydasx ompaBiaH OTXOJ OT  «(pU3HYHOCTH» (Hampumep,
KCTOJIb30BAHUE MHUMBIX PACCTOSIHUMN);

nonajaHue pelieHus B UHTepBa oxxuaanuil. Kak npaBuiio, mocie cocTaBieHus! MOJIETU U
HaJja BbIUMUCIECHUN, @ UHOTJIA U PAHbIIIE, MBI MOKEM IMPENOIOKUTH BOSMOXHbIE BAPUAHTHI
orBeTa. CHJIIBHOE OTKJIOHEHHE, KOHEYHO, HE SIBIAETCA OIMMOKON. HO 3TO MUIMHUNA MOBOL
TIePENPOBEPUTD PEIICHUE;

KOHTpOJIb mpeapiaymux maroB. llocme Toro, kak OTBET HaWIeH, BCErjAa IMOJE3HO

BCPHYTBHCA K HA4YaJTy U CHOBA MOCJICIOBATCIILEHO HpOﬁTH BCC OTallbl.

B cnydae HapyiieHust ycloBUN NMPOBEPKH MOUCK OLIMOOK BeIETCs B 0OpaTHOM HampaBiIeHUH, TO

€CTh CHauaja MPOBEPSAIOTCS BBIYUCIICHHS, 3aT€M — MOJIENb, M, HAaKOHEIl, 3aHOBO aHAJIIM3UPYETCS

YCIIOBHE.

Hlar mecroii. 3anuckh oTBeETA.

Maino IOJIYYHUTH OTBET, HYKHO TAKXKC IIPABUJIBHO €r0 3alnCaTh. OTBeT — 3TO HE TOJBKO 3HAUCHHUE

KaKo#-1100 BCJIIMYHMHBI, HO W BBIBOJABI OTHOCHUTCIBHO (bI/ISI/I‘ICCKI/IX IIPOLECCCOB, OIMCBIBACMBIX B

3ajaue,

a TaKKC BbBIABJIICHUC TpaHULl TPUMCHCHUS PCIICHUS. OToT 1Iar JOJI2KCH OBITh

CTPYKTYPUPOBAH TaKXKe, KaK U IPEAbIAYIINE [Iary.

Pesrome.

Wrak, B mporiecce pemeHust 3aa4i He00X0IUMO BBITIOJTHUTH CISAYIONINE IIaTrH:

1. Ilpountats yciaoBue.

Hapucosats cxemy.

ITocTponTh MaTeMaTUYECKYIO MOJEIb.
Pemmmts 3amauy.

IIpoBeputs pe3yibrar.

AN O i

3amucarb OTBET.



2. TEOPUA HBIOTOHCKOI'O NNOTEHINAJIA
CornacHo 3aKOHY BCEMUPHOTO TAroTeHus: HpioToHa JBE MaTepuaabHble TOUKH C MacCaMy m; M my
INPUTSTUBAIOTCA APYr K JAPYry C CUJION MPsIMO MPONOPIHOHATBLHOM MPOU3BEIEHUI0 MX Macc U
00paTHO MPOMOPIMOHATLHON KBaApaTy PACCTOSTHUS T MEX]1y HUMU

mm,

F=f ey

T
rae f = 6,669- 10 KM3/(KF'C2) - IOCTOSIHHASA TATOTEHUSI.
[Ipu pemeHun 3amad acTPOJMHAMHKH, B KOTOPBIX MPHUTATHBAIONIMM TEJIOM SIBISETCS 3eMilsl,
TEOLICHTPUYECKUM T'PAaBUTALIMOHHBIN IIapaMEeTp PaBEH IIPOU3BEIACHUIO IOCTOSHHOM TATOTEHHs Ha
Maccy 3eMiii ms:
f-ms = 398,60-10° km’/c® = K3
ECJII/I HpI/ITﬁFI/IBaIOH_[I/IM TCJIIOM  ABJISICTCS COHHLIG, TO HpI/IMeHHGTCH FGJ’II/IOI_IGHTpI/I‘-IGCKI/Iﬁ
TPaBUTAIMOHHBIN MapaMeTp:
f.me=132,51-10° xv’/c* = K
AHaJOTMYHO BBOJMUTCS CEICHOUECHTPUYECKUI TPaBUTAIIMOHHBIN MapaMeTp:
f.my = 4,90-10° kv’/c*= Ky
[Ipy wu3ydeHWW [BWKECHHS CIYTHHUKOB JPYrUX IUIAHET WCHOJIB3YIOT IIJIAHETOIICHTPUUECKHE
IpaBUTALlMOHHBIEC ITAPaMETPEIL.
B actponomuueckoil cucteme eQUHUIl 3a €IUHMIY Macchl nmpuHsaTa mMacca CoiHuA, 32 €IUHULY
JUTMHBI — CpEHEee PACCTOSHHE MEXIY IIEHTPOM Macc cucteMbl 3emuis — JlyHa, a 3a equHUILY
BPEMEHU — CPEJIHUE COJIHEUHBIC CYTKHU. [Ipr 3TOM B Ka4eCTBE MOCTOSTHHON TATOTEHUS HCIOJIB3YIOT
rayccoBy IIOCTOSIHHYIO k
k=0,01720209895
["ayccoBa mocTostHHAs cBs3aHa ¢ f cooTHOIIEHHEM
f=¥

ACTPOHOMHYECKYIO CHUCTEMY €IWHHUIl yJ0OHO HCIIOJIb30BAaTh MPH PEIICHUWU 3a7ad O IABUKCHHUU
IIJIaHET UJIN KOMET OTHOCUTCIIBHO COHHHa.
IIpumep 1. Macca IOnurtepa cocrabnser 1/1047,3 maccer Connia, a macca 3emuun 1/329390.
Onpenenurte rpaBUTalMOHHBIN TapameTp FOnuTepa.
Pemenne. BenmnuumHa TpaBUTAIMOHHOTO TapaMeTpa MNPsSMO  MPOMOPIHMOHAIbHA  Macce
TPABUTHUPYIOILETO TeJla, TO3TOMY MCIOJIb3yeM COOTHOIICHUE

K, m

=2 @)

K, my
TOTJIa

Kio= K3 25 =398.60-10°- 0,0031795 = 1,267-10° kn’/c? .
mg,



IMpumep 2. C kakoii cunoii CoJtHIIe TPUTATHBAET KOMETY MacCOM 10° kr Ha paccrosHuu 13 10° kv
Pemenue. [To hopmyne (1) Beramcisem

F=fm;my/r* = fmem/r* = Kem/r* =132,51-10°-10° /(13-10° )* = 78,4-10° kr-m/c?
3amauu.
1. Kakoe u3 ten, 3emuss wnu Conuue, npurarusatotr JIyny cunibaee? OTHomenne mace JIyHsl
n 3emnu npuHATh paBHbIM 1/81. Cpennee paccrosiune JIynbl oT 3emiu okono 380000 kM, a
paccrosuue ot 3emmu 10 Comnna okono 15-107 k.
2. T'paBuMeTpuyecKue OIpeneseHUs] YCKOPEHHs CUJIbI TSDKECTH Jajll B HKBATOPHUAJIbHBIX TOYKaX
Ha MOBEPXHOCTH 3eMJid 3HaueHune g = 9,78034 M/ce. DKBaTOPUAIBHBIN panyCc 3€MIIM B3SITh
paBHbIM 6378,165 kM. Berunciure rpaBUTallnOHHBIN apaMeTp 3eMIIN.
3. Omnpenenute Cuily NPUTSHKEHUS OJHOPOJHOTO KOHyca C BbICOTOM h B ero BepumHe. YToa
pacTBopa KOHyca paBeH 20, €ro MIOTHOCTD O.

4. BBIYUCIIUTE SHEPTHIO OJHOPOAHOTO IPABUTHPYIOIIETO MIapa PaanycoM R U MIOTHOCTHIO J.

3. IEPBBIE UHTEI'PAJIbBI 3AJIAYU JIBYX TEJI
3amaya ABYX TeJd COCTOMT B H3Y4YEHHUU aOCOJIIOTHOTO JBHKEHHUS JIBYX MaTepUalbHBIX TOYEK,
NPUTATUBAIOLIUXCS IPYT K APYyry 1o 3akoHy HeioTona. Eciu momMecTuTh mpUTSATHBAIOIIEE TETO C
Maccoil my (LEHTpaJbHOE TeJla) B HAYajJ0 CUCTEMbl KOOPJMHAT C HEM3MEHHO HalpaBICHHBIMH B
a0COTIOTHOM MPOCTPAHCTBE OCSIMU KOOPJIUHAT, TO IOCTATOYHO M3YYUTh JBHKEHHE MaTepuaibHOU

TOYKH P ¢ Maccoid m OTHOCUTENIBHO IIEHTPAJILHOTO TENa.

z

Puc. 1. JIBm>keHne MatepuaibHOM TOUKM P OTHOCHUTENBHO LIEHTPAJIBHOTO TENA.

ITonoxxeHne marepuanbHOW TOYKM P 3amanuMm paauycoMm-BeKTOopoM r (puc. 1), Torma oTHOCH-
TEJIBHOE [JBM)KEHHME TOYKM C Maccodl m  ONUCBHIBAETCS BEKTOPHBIM U depeHInalIbHbIM
ypaBHEHHEM

&r/d’t + Kr/’ =0 (3)



rae K=f-(mo+m). Beigenenue sxupHpiM mipudToM OyaeM MPUMEHSTH I 0003HAYCHUST BEKTOPOB.
BekTtopHoMy ypaBHeHHIO (3) COOTBETCTBYET CHCTEMa TpeX CKaSIpHBIX U depeHInaTbHbIX
YpaBHEHUM.
Ha npakTuke 4acto pemamT orpaHUYEHHYIO 3a/7ady ABYX Tel. OHa CBOAMTCS K MCCIEIOBAHUIO
JIBUKEHHUSI MaTepuanbHOM TOYkM P B MOJe HBIOTOHOBCKOTO TOJII TATOTEHUS HEMOJBHUYKHOTO
1eHTpa. Takasg MaTeMaTHYeCKOM MOJEIb JOMYyCTUMA, €ClId Macca m Teja P HUYTOXKHO Mana mo
CpaBHEHHIO C Maccoil LIEHTPAJIBHOIO Tejla ¢ Maccoil my. B nanHOM ciyyae B quddepeHnaaibHoM
ypaBHeHuH JBWkeHus (2.1) Bemmumna K Oyzmer paBHa IPAaBUTALlMOHHOMY IapaMeTpy
MPUTSTUBAIOLIETO [IEHTpa

K =fmy
Bekroproe auddepenunansaoe ypaBHeHue (2.1) J0MMycKaeT cleayroIie mepBbie HHTETPAIIbL:
a) BEKTOPHBIN MHTErpa MIomaaeu

rxV=o 4)
rae V — CKopocTh ABM)KEHHUS; G - BEKTOPHAs MOCTOSHHAS TUIOIIAIEH;
0) BeKkTOpHBIN nHTErpas Jlammaca

oxV+Krlr=-1 (5)

rae A - Bekrop Jlamaca;
B) MHTErPaJl SHEPTUU U UHTETPa JKUBBIX CHJI

2K
="+
r

v? h (6)

rae h — mocrosiHHas SHEPTUM WK MTOCTOSTHHAS KUBBIX CHJL.
[TepBeie unTerpaisl (4) u (5) cBs3aHBI MEKIY COO0N COOTHOIICHHUSIMH
Ao=0 (7

K+ho =X (8)
W3 uHTerpana miuomajaei ciaemnyer, 4ro OpOWTa OTHOCUTEIHHOTO JBIDKEHHUS TOYKU C MAaccoi m
IpEeJCTaBIsieT Cco0OW TUIOCKYI0 KpHUBYIO, JI€XKallyl0 B IIJIOCKOCTH, MPOXOJslIel uepes
MPUTATUBAOIIMN HEHTP U MEPICHAUKYIISIPHON BEKTOPY O.
Ecnim B kadecTBE OCHOBHOM KOOPAMHATHOM TUIOCKOCTH MPHHSATA MJIIOCKOCTH OpOUTHI (z=0), TO

MHTETpaJj IJIOMIAIeH B CKAISIPHOM BUJI€ IPUHUMAET BUJ]

d dx
Py P )
dt dt
Ecnu BBeCTH MONSIPHYIO CUCTEMY KOOPAMHAT, TO MHTETPAI TUIOLIA/ICH 3alMIIETCS B BUIC
d
e (10)
dt

¢ - TOJNSIPHBIN YroJl, OTCYUTHIBAEMBIN OT OCH a0CIUCC.



N3 BextropHoro unterpana Jlamiaca (5) u BEKTOpHOrO MHTErpajia Iomaneit (4) cienyer nepsuiii
3axon Kennepa: &IBUXXEHUE MaTEPUAIbHOW TOYKM OTHOCHUTENIBHO MPUTATMBAIOLIECTO LIEHTpa
INPOUCXOAUT 1O KOHMYECKOMY CEUYEHHUIO, B OJHOM M3 (HOKYCOB KOTOPOTO HaXOAMUTCH
MPUTATUBAIOIINI LIEHTP.
Cootnomenue (10) maer mareMaTudeckyro GOpMYyITUPOBKY 8mopo2o 3akoHa Kennepa: cexTopHas
CKOPOCTh MaTepUaIbHON TOUYKH €CTh BEJIMUUHA TOCTOSIHHASL.
IIpumep 3. Kocmuueckuii 301 Ha reonieHTpudeckoM pacctosHuu 320000 km umen ckopocts 2,31
km/c. Kakyro ckopocTh uMen 3017 Ha pacCTOSTHUM 230 KM OT MOBEPXHOCTH 3eMIIH ?
Pemenne. PaccmaTpuBaeM ABMKEHHE 30HIA B T0JIE TATOTEHHUS 3€MIIM, TOATOMY I'PaBUTALMOHHBIN
napametp K Oyner paBen
K3 = fmz=398,60-10° km’/c?
W3 unrerpana suepruu (2.4) Berunciaum h NocTOSIHHYIO SHEPTUU
h=V’-2K/r=2317-2398,60-10/320-10" = 2,85 xm’/c’
Ucnonp3ys uHTErpan sHEPIMM W BBIYMCICHHOE 3HAUY€HHE h TOCTOSHHOW 3HEPTUH, BBIYUCIUM
CKOPOCTh 30HJ]a Ha T'EOLIEHTPUUECKOM PACCTOSHUU I, KOTOPOE PaBHO CyMMe pajauyca 3eMid U
3aJ1aHHOTO paccToAHUs 230 KM OT MOBEPXHOCTH 3€MITH
r=230 kM + R3 =230 + 6371 = 6601 = 6,601-10° km
Torna
V2 =2K/r + h=2-398,60-107/6,601-10° + 2,85 = 123,6 xm’/c’
V=11,12 km/c.
3amauu.
1. 3anummuTe BEeKTOPHBIN HHTETpas Jlamimaca B KoopauHaTHOM dopme.
2. JIoKaxuTe CrpaBeaJIMBOCTh COOTHOUIEHHUSI, CBA3BIBAIOIIETO TOCTOSHHYIO SHEPTUH, MOCTOSIHHYIO
IJIOLIAJEN U IIOCTOSHHYIO HHTerpana Jlamnaca
K+ho =X
3. Kocmuueckuii anmapaT Ha paccTosHud 415 kM oT moBepxHocTH Mapca nMeer ckopocts 6,8
km/c. Haiiaure mocTosiHHyr0 3Hepruu, eciau otHomeHue Macc ComHua m Mapcea cocraBisier
3090-10°, a pamuyc Mapca pasen 3407 km. (Ilpu pemienun ucnonb3yiite cooTHouieHue (2) u3

npumepa 1).

4. YPABHEHUE OPBUTHBI CIIYTHUKA
Ecau paccmarpuBaTh [BMJKEHME MAaTepUalbHOM TOYKM B IUIOCKOCTH OPOHUTHI B MOJSPHBIX
KOOpJIMHATAax C MOJOCOM B (POKyCe KOHMYECKOIO C€UYEHUs], B KOTOPOM HaXOAUTCS MPUTATUBAIOLIEE

TEJO, TO ypaBHEHUE OPOUTHI TOYKH C Maccoil m Oy/leT UMETh BUJ

r=— P (11)

" 14e-Cosv
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I7ie € — SKCIEHTPUCUTET OPOUTHI U p — (OKAIBHBIN MapaMeTp OpOUTHI, KOTOPBIE OMPEAEISAIOTCS 1O
dopmymnam

e= A/K (12)

p=0'/K (13)
Hampasnenue momspuoit ocu All, KOoTOpyro Ha3bIBAIOT .JjuHuel ancud, OyAeT ONpenensThCs
BekTopoMm Jlarmaca A. Brwkaiinmas k Gokycy Touka IT opOUTHI HasbIBaeTCs nepuyenmpom (puc.
2). IlonspHbIi yroa U OTCYUTHIBAETCS OT JIMHUU allCUJl U Ha3bIBACTCS UCMUHHOU AHOMATUEU.
OpOuThl 3amayn JBYX Tel Ha3bIBalOTCS Kenaeposckumu. KerepoBckas opbuta Oyner
annunmuyeckou ipu 0 < e < 1 (B yacTHOCTH, 1TpH € = 0 0OHA OYIET OKPYKHOCTBIO), NApaboIuueckoll

npu € =1, eunepooruyeckoti ipu e >1.

Puc. 2. DnemMeHTHl KETUIepOBCKOW OpOUTHI

Ecnun opbutra —ommne, To Hambosnee ynajieHHas OT  (OKyca, 3aHATOrO  MPUTATUBAIOIIMM
LIEHTPOM C MacCoi my, TOUKa A Ha3bIBaeTCAd anoyeHmpom. 3Ha4eHUs BEIMYUHBI PaJyca-BeKTopa
I' B IEPULIEHTPE Iy U AlIOLIEHTPE I; MOKHO BBIYUCIUTH 110 (OpMysiaM

rn = p/(1+ e), ipu TOM UCTUHHAS aHOMAJIUSI D = 0’ (14)

r, = p/(1 - ), TIpU 3TOM UCTUHHASI AHOMAJIUA U = 180°
Benuunna a - cOOTBETCTBEHHO 00JbINAs MOIYOCh 3JUIMIICA, b - €ro Manas 1nosiyocs u ¢ - IOJOBHHA
paccrostHus Mexny Qokycamu. bonbiiasg momyoch OyaeT MOJOXKHUTEIBHOH s DIUIMIICA |
OTPHILATENBHON JUIsl TUNepOobl. bosbmias moayoch M SKCUEHTPUCUTET XapaKTepU3yIOT pasMmep U
dopMy (OKpYKHOCTb, O3JUIMIIC, Tapabosna wnu rumnepbosna) opouthl. Craenyroume QGOpPMYITbI

CITpaBeJIMBHI ISl 000MX TUIIOB OPOUT

e=cla (15)

p =b’/a (16)

A =d® b’ (17)
rn=a-{l—e), ro=a{l+e) (18)
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Ipumep 4. Bonsmas monyock opouTel 3eMin B aBrKeHHH BOKpyr Comuna pasHa 149,6-10° k.
Bbluncnute HanMeHbllee U HaumOOJbIIEe TEIUOLICHTPUYECKOE pAacCTOsIHME 3eMIId, €clid
HKCIIEHTPHUCUTET ee opOuThl coctasisieT 0,01679.
Pemienne. MuHuManbHOE PACCTOSHUE ABHMXKYILEWCS TOYKH OT UEHTPAIBHOIO TEa TOCTUTAaeTCs B
TOYKE MEpUIIEHTpPa, a MaKCHUMaJbHOE pacCTOsSHUE Jocturaerca B amoueHTtpe. I[loatomy s
pelieHus 3a1a4u ucnoyib3zyem Gpopmyss (14)

r, = a1 —e)=149,6:10°(1 - 0,016) = 147,20-10° km

re = a{l +e)=149,6-10°(1 +0,016) = 151,99-10° km
IIpumep S. [TocTosiHHAs )KMBBIX CUJI ABUXKYIIErocs Bokpyr CarypHa cryTHUKa paBHa -0,5 km7/c?.
BrrurcnuTe 00IBIIYIO MOTYOCh KEIUIEPOBCKOM OPOUTHI CITyTHUKA TIIAHETHI, €CITH TPaBUTAI[MOHHBIH

2

napametp CatypHa coctasiset 37,86 10° km’/c?.

Pemenue. U3 puc. 2 u coorHomenut (15) — (17) umeem

c=e-a
b =d- :az(]— ez)
p=a(l-¢&) (19)
BrIpa3zum SKCIIEHTPUCUTET U OOJIBIIIYIO MTOTYOCh OpOUTHI uepe3 cooTHomeHus (8), (12) u (13)
& =(K+ho)K =1+ h-c/K (20)
& =akK(l-é) 1)
a=/NK(I-é%)) = /Kl -1 -h-o/K’) =-K/h (22)

Boruncnum 6osbinyio noiayock opouTsl cnytHuka CaTypHa

a=-K/h=-37,8610" (-0,5) = 18,9-10° xm
3agaun.
1. Cpennee paccrosaue Henryna ot Connna coctasinser 30,1 a.e., a cpennee paccrosinue [Lmyrona
ot Connua paBao 39,5 a.e. DxcueHTpucuteTsl opout Henryna u [lmyToHa cOOTBETCTBEHHO paBHBI
0,009 u 0,25. Kakas u3 3TuX OBYX IUTaHeT Onuxke moaxoaut K ComHiry?
2. Hang xakum mojymapueM - CEBEPHBIM WM 0XKHBIM - OOJbIlIe BpEMEHH HaXOAWJICS MEpBBIN
WCKYCCTBCHHBIM CIYTHHK 3€MJIM B TEUEHHE TEPBBIX e€ro o00opoToB BOokpyr 3emnu. (Ilepureii
HaXOJWJICS HaJl HEKOTOPOW TOYKOW CEBEPHOTO MOTYIIAPHUS).
3. Hepurenuiinoe u adenuitHoe paccTosiHHE OpPOUTHI KOMEThI COOTBETCTBEHHO paBHBI 1,4 a.e. u
33,5 a.e. Ompenenute pazmep U GopMy OpOUTHI KOMETHI OTHOCUTENbHO COJHIIA.
4. Kocmuyeckuid ammapaT ABHKETCS O THUIEPOOTUYECKON opOuTe. YTONI MEXIy aCHMITOTaMHU
opOuThI paBeH o = 60°. HaliiuTe SKCIIEHTPUCUTET OPOUTHI.
5. Cnyrauk FOmwurepa nuxkercs mo opoute ¢ (okansubiM nmapamerpom 25000 kM. Onpexpenurte
3HA4YCHUE MTOCTOSIHHOM IUIOIIANEN U ee pasMepHOCTh. (Mcnonb3yiiTe COOTHOLIEHUS, IIOJyYEHHBIE B

MIpUMeEpE).
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6. UC3 naxomutcs Ha opOUTE B TOUKE C UCTUHHOW aHOMATHEH 196,70. Haiinure reouentpuueckoe
paccrostaue 1o MC3, ecnu Gonblas moxyock opouTsl paBHa 27800 KM, a SKCLHEHTPUCHTET OPOUTHI
cocrasirsteT 0,43.

7. UC3 umeer opbuty ¢ skcueHtpucureroM 0,15. Haiinure 3HaueHHME MCTUHHOW aHOMAIUW JUIS
Touek, B koTopblx MC3 Haxomutcs Ha paccTtossHMM 780 KM HaJl NOBEPXHOCTBIO 3€MIIM, €CIIH
U3BECTHO, YTO Nepurei opoutsl cnytHuKa paBeH 1500 kM, a anoreii cocraBmser 7650 k.

8. MuHMMaJIbHOE PacCTOSIHUE MEXIUIAHETHOM aBTOMAaTHMYECKON CTaHLMM OT LieHTpa Mapca paBHO
16370 km. Onpenenure (OKATBbHBIA TapaMeTp OpPOHWTHI CTAHIIUU, €CIU IKCHIEHTPUCUTET OPOUTHI
cocrtasisteT 0,38.

9. DkcueHTpucHuTeT OpoUTHI pakeThl coctapisieT 0,450, a ee OGonpmas monyocsk — 3,8 a.e. Haitnure
MOCTOSIHHYIO TUIONIa/IeH IBH>KEHUS pakeThl BOKpyr CouHIla.

10. TlokaxuTe, 4TO CpemHee apuPpMETHUSCKOE HAWOONBIIETO W HAUMEHBIIEr0 PACCTOSHHMA
CIOyTHHKA OT TMPUTATHUBAIONIErO LIEHTPa paBHO OOJBIION TMOJYyOCH €ro OpOuTHl, CpelHee
TEOMETPHUECKOE — MaJOi TOJYOCH, a CpelHee TapMOHUYECKOe — (POKAITBHOMY MapaMeTpy
opOuTHl (IPH JAHHBIX X, Yy CPEeIHEE TIeOMETPHUecKoe c=V(X-y); CpelHee TapMOHHYECKOE Z
onpenensiercs u3 cootTHowenus 1/z = (1/x + 1/y)/2.

11. Jlokaxxute, uro HeBo3MyIIeHHbIe opouThl 3emun (a = 1.000 a.e., e = 0.017) u acteponma Dpoc
(a=1.458 a.e., e =0.223) He MOT'YT TIepeCeKaTHCS.

12. Onpenenute UCTUHHYIO aHOManuio komeThl IlIBaccmana-Baxmana 3 B MOMEHT, Korja oOHa,
ynanssice ot ColHIIa, HAXOIUIACh HA TeNMOIeHTpUYeckoM paccrosiuuu 1,026 a.e., eciiu GombImast

oJIyoch ee opouTsl paBHa 3.062 a.e., a axcrenTpucutet 0.693.

5. CKOPOCTbD KEIIVIEPOBCKOI'O ABUKEHU S
BekTop ckopoCTH MOYKHO pa3jioKHUTh HA JABE COCTABISAIOIIME — PAAUAIBHYIO VU NONEPEYHYIO Vi
(puc. 3). Monaynb CKOPOCTH MaTepHAIBHOW TOYKH, JBIDKYIICHCS IO KEIUIEPOBCKOW OpOHTE,
onpenensercs GopMyoi:
V= (I + ¢ + 2eCos v)I; (23)

PannanbHas V. u nonepeunas V,; KOMIIOHEHTBI CKOPOCTU COOTBETCTBEHHO PaBHbI

V,=e-Sin v /K /p (24)
Vo=(1 +e-Cos v)./K/p (25)

Benuunnaa BeKTOpa CKOPOCTH JIBIDKYIIEHCS TOYKU 3aBHCUT OT TOJIOKEHUS €€ panyca-BeKTopa Ha
opOuTe U pazMepa camoit opouThl. Beipazum nmoctostHHy0 3Hepruu h u3 hopmyssr (20)

h=-( 1)K/ (26)
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Puc. 3. CocraBnsronie BEKTOpa CKOPOCTH KEIMJIEPOBCKOTO ABUKEHHS.

C yueroMm p = /K u(l - é )/p = 1/a paBeHCTBO (26) 3anuIIeTCs
=-K(1-¢)/p=- K (27)
a

[ToncraBuMm Beipaxkenue (27) B MHTErpai 3Hepruu (6)

o 2K h—z—K—E—K(f—f)
r r a r
V= K(g—l) (28)
r a

®opmyna (28) npeacraBiseT cOO0H MHTErpaj YHEPTUH, 3alMCaHHbIN B Oojee yaoOHOH dhopme s
OTIpeIeNIeHUs] CKOPOCTH ABIIKYIIEHCS O OpOUTE TOUKH, TaK KaK MOKa3bIBACT SBHYIO 3aBHCHMOCTb
CKOPOCTH OT MECTa TOJIOKEHHS TOUKH Ha OpOUTE U ee pa3mepa.

N3 popmysl (28) criemyeT pst BAXKHBIX COOTHOIICHUM JIJIST M3YYCHHS IBHKCHUST MaTEPHATbHOM
TOYKH 10 KEIUIEPOBCKOI opouTe.

Ecnu opbuta siBisieTcst OKpYKHOCTBIO, TOTIA I = @, IPU ITOM KPYroBas CKOPOCTh V,, paBHa

V2Kp = (29)

,
Kpyeoeas ckopocmo V,, — 3TO Ta CKOPOCTb B JJAHHOH TOYKE MPOCTPAHCTBA, KOTOPYIO CIETyeT
COOOITUTH MaTEPHATHHONU TOYKE, YTOOBI OHA CTaJIa 00PAIIATHCS BOKPYT MPUTITUBAIONIETO IIEHTPa
110 KPYroBOii opoure.

Ecau opOuta - mapaboina, Torna a — oo, Ipu 3TOM apaboaryecKas CKOPOCTh Vg, PaBHA

2K

VZnap == 2'V2Kp (30)

Ilapabonuueckas ckopocmb V,,, €CTh MHUHUMAIbHAs CKOPOCTb, KOTOPYKO CIIEAYET COOOIIUTH
MaTepuaIbHOW TOYKE, HAXOJAIICHCS B JaHHOW TOYKE MPOCTPAHCTBA, YTOOBI OHA MOTJIA yIaThCs Ha
T1000€ CKOJIb YTOHO OOJIBIIOE PACCTOSTHUE OT MPHUTITUBAOIIETO IIEHTPA.

®dopMy opOUTHI MaTepUATLHON TOYKHM MOYKHO ONPENETUThH MO BEIMYMHE MOCTOSHHOW SHEpPruu h,

ucrnonb3ys popmyny (20)
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e=-1+ho’ /K>

Ecmu npunssite  h=0, To e=1 - opbuta umeer Gpopmy napadoisl,
h<0, To e<1 - opbuta mmeeT Ghopmy JLIUIICA (31)
h>0, To e>1 - opbuta umeeT hopmy THIICPOOITHI.
B ciydae smmuntrdeckoil opOUTHI CKOPOCTh MAaTePUATbHOW TOYKHM B TMEPHUIIEHTPE W aIlOIEHTPE
CBi3aHbl C PACCTOAHUCM OT IMPUTATHUBAOIICTO MNCHTPA COOTHOUICHUCM, KOTOPOC HA3BIBACTCA

«npasujiom peluaza» u 3aIllChIBACTCA KAaK
r
‘1o _ a (32)

IIpumep 6. Bricora MUC3 B mepuree cocrtaBusier 680 kM, a B amoree — 2120 xm. Haiinure
MUHMMAJIbHYIO 1 MaKCUMaJIbHYIO CKOPOCTb JABHKEHHSI CITyTHUKA 10 OpOuUTe.

Pemenue. 13 popmyiner (23) ciaemyer, 4To MaTepHalibHasl TOUYKA, IBMDKYIIASCS MO KETIEPOBCKOM
opbuTe, UMEET MaKCUMAIIbHYIO CKOPOCTh B IEPULICHTPE OPOUTHI

Ve = (1 + €%+ 2--Cos 0°)-K/p = (1 + &>+ 2-e)-K/p = (1 + e)>K/p
Viee=(1+e)-/K/p (33)

MuHHMMaIbHYIO CKOPOCTh MaTepUaibHas TOYKA MMEET B allOLIEHTPE CBOEH OpOUTHI

V2w = (1 + &>+ 2-e-Cos 180%)-K/p = (1 + e*- 2-¢)-K/p = (1 - e)>K/p
VmuH = (1 - e)' A/ K/p (34)

UroObl HaliTH (OKaNIbHBIM MapaMeTp p W DKCIEHTPUCUTET € OpOWTHI, ONpEaesiUM 3HAueHHUE
00JIBIIION TIOTYOCH KaK
a=(r,+r a)/2

IJI€ TEOLIEHTPUYECKOE PACCTOSIHUE B MEPUIIEHTPE U alloLUEeHTpe (prc. 4) COOTBETCTBEHHO PaBHO
rn = Rs+ H,=6371 4+ 680 =7051 xm
ro = R3+ H,=6371 + 2120 = 8491 km

a= (7051 + 8491)/2 =7771 km

H,, H,- BbIcOTa CIIyTHHKA OT MTOBEPXHOCTHU

IMJIAHCTHI B IICPHULCHTPC U AlIOLICHTPC.

A

Puc. 4. Dnementsr opoutsr MC3
ITo popmynam Haxoaum (18) u (19) HaxoaUM apaMeTpbl OPOUTEI
e=1-(r,/a)=0,093
p=a(l-é)=173110,652 = 7703,8 km

Haxomum makcumanbHyo 1 MUHUMaNbHYIO ckopocta MC3 o popmynam (32) u (33)
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Viar = (1 +0,093)1398,60-10°/ 7,703-10° = 7,26 xm/c
Vi = (1 - 0,093) V398,60-10% 7,703-10° = 6,52 km/c
IIpumep 7. bonwmas momyock opOUTH KOMETHI paBHa 5,5 a.e., a ee akcueHtpucurer 0,86. Kak
65u3K0 KoMeTa moaxo uT K CONHILY U KaKyro PH 3TOM UMEET TeIHOICHTPHUECKYIO0 CKOPOCTh?
Pemenne. Komera Ommke Bcero noaxoaut Kk CoJHIYY B TOYKE MEPUTENUs CBOCH OpOMUTHI M MpU
9TOM MMEET MaKCUMAIIbHYIO CKOPOCTh. [103TOMY HaxoIuM MepermimiiHoe pacCTOsIHUE W CKOPOCTh
B niepurennu 1o popmynam (14), (32)
r.=a{l-e)=5,5(1-0,86)=0,77 a.e.
I'paBuranmonssiii napamerp Connna K¢ = 132,51- 10° km’/c?, ¢dokanbHbBIN MapaMeTp OyAeT paBeH
p=a(l-¢)=55(1-086"=143a.c.
nepeBeieM  acTpOHOMHYECKHE €JIWHUIBI, B KOTOPBIX BBIYMCICHBI OOJBIIAs MONYOCh d W
(OoKaTBHBIN MTapaMeTp P, B KHIOMETPHI
p =1,43-150-10° = 214-10° km
Vo = (1 - ¢)K/p = (1 +0,86)V132,51-10°/0,214-10° = 46,3 xm/c
IIpumep 8. CnyrHuk Benepsl HaxoauTcs Ha opOUTE B TOUKE, UCTUHHAS aHOMAJIUSI KOTOPOW paBHA
112,4°. UsBecrna KpyroBasi CKOPOCTb CIIyTHUKa JUIsl 3TOro0 MoMeHTa 8,3 kM/c. Haiinure ckopocTth
CIyTHHKa 10 OpOuTe B 3aJaHHBIA MOMEHT. OKCHeHTpucureT opoutel paBen 0,23, a
IPaBUTAIMOHHEIN mapameTp Beneps! cocrasisier 32,6-10° km'/c”
Pemenue. CKopocTh CITyTHHMKAa MOXHO HaWTH 1Mo dopmyne (28), sl 3TOro HeoOXOAMMO HAUTH
BEJIMYMHY PATUYC- BEKTOpa I M OOJBIION TOJIYOoCH ¢ OpOUTHI CIyTHUKA. BenwmuuHy r Haiimem 1o
dopmyne (29) gepe3 KpyroByr CKOPOCTh
r=K/V,,=32,6107/8,3* =473 km
3raueHue OONBIION Moyocu onpeaenuM ¢ yaetoM dopmyi (11) u (19)
r=a(l —ez)/(] + e-cos V)
TOora
a=r{l +eCos V(I -e)=470-(1 +0,23-Cos 112,4°)/(1 - 0,23%) = 511,19/0,947 = 539,8 km
BbruucnuM cKopocTh CIIyTHHKA B 33JaHHOM TOUKE OPOUTHI
V? = K(2/r - I/a) = 32,6:10°(2/470 — 1/539,8) = 77,45 xm’/c’
V=./77,45=28,8 xm/c
3agaun.
1. JlokaxkuTe «mpaBUiIo pbluara», HCIOJIb3ys HHTErPaJl IIOMIaACH.
2. Haiigute KpyroByio, mapaboiInyecKylo, MAKCUMAIbHYI0 U MHHUMAJIbHYIO T'eIMOLEHTPUYECKHE
CKOPOCTH JIBHIKEHHS 3€MJIH.
3. Ecim xocmumyeckas pakera Ha BbicoTe 230 KM Haja 3€MHOH IMOBEPXHOCTBIO IIONYYUT B

HalpaBJICHUHU, MEPHEHANKYISIPHOM €€ T'€OLEHTPUUYECKOMY  pPaaUyCy-BEKTOpYy, ckopocTh 10
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KM/C, TO amoreil OpOUTHI paKeThl OKAXKETCs MPUMEPHO Ha TeolleHTpuYeckoM pacctossauu 370000
kM. Kakyto ckopocTb OyaeT uMeTh pakera B anoree?

4. KA B nepuree Ha pacctosHuu 4340 kM Haja IMOBEPXHOCTHIO 3€MJIM UMEET CKOpOCcTh 12,4 km/c.
Omnpenenure Gopmy ero OpOUTH OTHOCUTEITHHO 3eMITH.

5. HalinuTe 3Ha4eHUE CKOPOCTH, KOTOPYIO HEOOXOIUMO COOOITUTh CIYTHUKY Ha paccrosiuuu 1300
KM HaJl MIOBEPXHOCTHIO 3emiin, 4To0bl opouTa MC3 cTana nmapaboandeckoi.

6. B mepurenmuu Ha pacctostHuu 1500 kM oT 1ieHTpa BeHepsl CyTHHK MUMEET CKOPOCTh 8,6 Km/C.
Haiinure mapamerpsl opOUTHI CHyTHHKA OTHOCHUTENbHO Benepwl. OTHomenune maccbl ConHIa K
Macce maHeTsl coctasisier 407000.

7. CnytHuk Mapca B HEKOTOpBI MOMEHT UMEET UCTHHHYIO aHoManuto 306,7°. Halinute ckopocTh
CIYTHHKA B 3TOT MOMEHT, €CJIH HKCIIEHTPUCUTET ero opouThl paseH 0,2, a ero OoJblias MOIyoCh
120100 kM.

8. Bbruncanre Moayib CKOPOCTH W MEPUOA OOpalieHHsl KpyroBOTO CITYTHUKA, JABIKYIIErocs Ha
reoleHTpuuecKoM paccTostHuu 6600 kM.

9. KA nBwxercs B IIeHTpajbHOM ToJie TsiroteHus JIynsl. bonbmas moxyock ero opoutsl paBHa 2R
(Ry — pammyc Jlywer). Kakoit Oymer BenuymHa CKOpPOCTH B TOT MOMEHT, KOTJa €ro
CEJICHOLICHTPUYECKOE paccTossHue Oyaet paBHO 4R j?

10. T'paBUTanMOHHBIM MapameTp IEHTpaJbHOro Teida S paBeH K, Oombinas moiyocs u
HKCIIEHTPUCUTET MAJIOr0 HAYaJbHOTO JIIIMIICA PAaBHBI dj, €], @ OOJBIIEr0 KOHEYHOIO JJUIMIICA —
ap, € (cm. puc. 5). 3anumuTe, Kakoe MpHUpaIieHue CKOPOCTH MOXKET OOeCIeYuTh MEPexoj IO

AJUTUIICY, KacatoleMycsi opOuTHI 1 B ee mepulleHTpe U OpOUTHI 2 B €€ aroLEHTpE.

opbHTa £

opbmTa 1

\j
Puc. 5

11. B nepuree ckopocts MC3 cocrasinser 5,8 km/c, a pacctosiHue 788 KM, BBIYUCIUTE CKOPOCTh U

paccrosinue MC3 B amnoree.

12. Kocmuyeckuii amnmapaT COBEpIIAeT mepeieT ¢ opOuThl 3eMin K opouTe Mapca U B HEKOTOPBIHA
MOMEHT BPEMEHHM HAXOAWUTCS HAa  TEIHMOLEHTPUYECKOM  PACCTOSHUH 150-10° xm. Ckopoctb
anmapara B 3TOT MOMEHT paBHa 35 KM/C U COCTaBJISIET C IeJIMOIEHTPUYECKUM PaInyCOM-BEKTOPOM
amnmapara yroi 60°. Beranciute UCTUHHYIO aHoMainio KA B TaHHBI MOMEHT.

13. B MOMEHT OTAENIEHUsI OT PAaKEThl CKOPOCTh aBTOMAaTHYECKON MeXIuiaHeTHOW craHuuu (AMC)
OTHOCHUTEIIFHO 3eMJIHM MpeBbIIIaa mapadomueckyto ckopocTh Ha 661 m/c. Ha kakoit BbicoTe Han
noBepxHocThio 3eMian AMC oTaenunach OT pakeThl U KaKyl CKOPOCTh UMela B 3TOT MOMEHT?

Boruucnure BennuuHy OOJNBIION MOITyocH reouneHtpuueckoid opoutst AMC u onpenenure Gpopmy
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ee opoutel. M3BectHO, uTo Ha pacctossHuu 488900 kM ot moBepxHoctH 3emim AMC umena
ckopocthb 4,05 km/c.

14. Jlokaxkure, 9TO MPH MPOXOKACHUU CITYTHHUKA, ABMKYILIETOCS 10 JUIANITHYECKON opOuTe, yepes
KOHEIl € MaJIo OCH CKOPOCTh CIIyTHHKA paBHA MO aOCOJIOTHOM BEJIWYMHE MECTHOH KpYyroBOH
CKOPOCTH.

15. Tlpu mpoxoxaeHuu 4vepe3 mnepuactp cnyTHUK P 3Be3apl A umen ckopocth V. MectHas
KpYyroBasi CKOPOCTb B IEPHACTPE U3BECTHA V. BEIUMCINTE SKCLEHTPUCUTET OPOUTHI CIIYTHHKA.

16. IIpu mpoxoxAeHUH 4Yepe3 HEKOTOPYI0 TOUKy P, oTcTosiyto OT 3Be3Abl A Ha PacCTOSIHHUE Iy,
CITYTHUK 3BE3/Ibl UMEJI CKOpPOCTh Vo. MecTHas mapaboiudeckas CKOpOCTh B Touke P paBHa V.

Breraucnure 00MbIIyto Moiayoch OpOUTHI CITyTHHKA.

6. IOHATHUE HYJIEBOI'O CIITYTHHUKA
Hyneesoti cnymnuk maneTsl (3Be€37bI) — 3TO TUIMOTETUYECKUM CIYTHUK, KOTOPBIN JIBUTAJCS OBI MO
OKPYKHOCTH B HEIMOCPEJCTBEHHOW OJIM30CTH OT MOBEPXHOCTU HEOECHOTO Tejia MpH JOIMYIICHUH,
YTO 3TO TEJIO — UCATBHBIN map (co chepuyecKruM pacripeaeseHueM II0THOCTH). JlaHHbIe O TaKOM
BOOOpa)KaeMOM CIyTHUKE MOTYT OBITh WCIOJB30BaHBl B KAueCTBE 3TajJOHA TPU BBIYUCICHUU
JTAHHBIX O PEAJIbHBIX CITyTHUKAX.
[lon nepesoii kocmuueckoii ckopocmvio Vi HyI€BOTO CIIYTHUKA OTHOCUTEIBHOTO LEHTPAJIBHOIO
Tena, TPUHUMAEMOTO 3a UACAbHBIN 1Iap, TOHUMAIOT KPYTOBYIO CKOPOCTh y MOBEPXHOCTH 3TOTO
Tena.
[lon eémopou kocmuueckoii ckopocmvio Vi HyI€BOrO CHYTHHKAa OTHOCUTEIBHOTO LEHTPAJIBHOIO
Tena, MPUHUMAEMOr0O 3a WACaJbHBINA 1Iap, MOHUMAIOT NapaboInYecKyl0 CKOPOCTh y MOBEPXHOCTH
ATOTO Tea.
Ipumep 9. Boruuciure I u Il kocMuueckne CKOpOCTH, a TaKKe MEpUOJ OOpaIleHUs HYJIEBOTO
CIIyTHHKAa OTHOCUTEIBHO IUIaHETHI, eciin ee paauyc R cocrtaBinger 70000 kM, OTHOIIEHHE MACCHI
CouHIta K Macce miIaHeTsl coctasirsieT 1047.
Pemenne. Ina Boruncnenuss [ u Il kocMuueckoit ckopoctu B dopmynax (29) u (30) 3HaueHue
paauyca-BeKTOpa r MPUHUMAIOT PaBHBIM paiauycy mapa R npursrupatomiero tena (B JaHHOM
ciydae miaaHeTsl). ['paButanonHsiil mapamerp Ky miuanerst onpenenum no ¢popmyse (2)
KoK= 1047
Kiy = Kc/1047 = 132,51-10°/1047 = 126,56-10° xw’/c”,
[ToncraBum 3nauenust Ky, R B dopmysst (29) u (30) u Beruucaum V;u Vyy
V1= K/r = 126,56:10°/70-10° = 0,181-10*
Vi=6,5 km/c
Viir=1,4V,=146,5=9,1xv/.
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OpOuTy HYIEBOTO CIyTHHKA MOXHO TPHUHATH 32 OKPY)KHOCTh, TOorja mepuoj obpamenus Ty
Haliem o gopmyne

27R
Tp=— 35
0 v (35)

Tp=23,1470-10°/6,5 = 67630 c =18,8 u.

3amauu.

1. Acrepoun mnpexacraBnsier coboii map paamyca 80 xm CcO CPEepUUECKUM pacmlpeeieHueM
MJIOTHOCTH, paBHOU 5,52 r/em”. C acTepoujia co CKopocThio 150 M/c BepTHKaIbHO BBEPX OpOIICH
KaMeHb. YTaJIeT U KaMeHb 00paTHO Ha acTepoui?

2. Ha mnoBepxHoctu ConHua cujiia TsSKecTH B 28 pa3 0osblie, 4eM Ha MOBEPXHOCTH 3EMIIH.
Bcnenctsue B3pbiBa obpazoaics nporydepaner] Beicotoir 100000 kM. Cuuntasi, 4TO BEIIECTBO,
oOpa3oBaBlliee BEpXHHUI cJOW MpoTyOepaHila, HE HCIBITHIBAJIO CONPOTHBICHUS JIPYTHX CIIOEB
COJTHEUHOM aTMoc(depshl, BEIUUCIUTE, KaKOil J0KHA OblIa OKa3aThCsl CKOPOCTh ATOTO BEILIECTBA Y
nosepxHocty CosHua.

3. Beruncaute I n II kocMuyeckue CKOpOCTH HYNEBBIX CIYTHUKOB 3emiu U JIyHsl (paguyc JIlyHbl
paBeH 1738 km).

4. Opb6uty JlyHy MOKHO B MEpBOM NPHOJMIKEHUN CUHUTATh OKPYXKHOCTBIO pamuycom 384400 kwm.
HaiinuTre ee KpyroByro u nmapaboandecKyo CKOPOCTh OTHOCUTEIBHO 3€MJIH B TOUKaX 3TOH OPOUTHI.
5. BeruucnuTe MOJyNIb CKOPOCTH M MEPUOJ OOpaIleHUs] KPYroBOrO CITyTHHUKA, JBMXKYILETOCs Ha
reoLeHTPUUECKOM paccTosiHuU 6600 kM.

6. Kakyro ckopocth nomkeH moinyuuts MC3, obparmaronuiics mo KpyroBo opouTe B MIOCKOCTH
36MHOT'0 JKBaToOpa, 4YTOOBI OH BCE BpeMs HaXOJWJICS HAJ OJHOW M TOW K€ TOYKOH 3eMHOM
noBepxHocTH. Ha kakoii BbICOTE TOIHKEH OBbITh 3aIyIieH TaKoil CTallMOHAPHBINA CITYTHHK.

7. 1lpu mpoXOo’KAEHUU Yepe3 MEepUacTp CIyTHHUK 3BE3[bI UMEI CKOPOCTh Vo MecTHas Kpyrosas
CKOPOCTb V, B IEPUACTPE U3BECTHA. BBIYMCINTE SKCLIEHTPUCUTET OPOUTBI CITyTHHKA.

8. IIpu nmpoxoKaeHun 4yepe3 HEKOTOPYIO TOUKY Ha PACCTOSIHUU Ty CIIYTHUK 3BE€3]IbI UMENI CKOPOCTh
Vo . MecTHas napaboauyeckas CKOPOCTb B 3TOH TOUKE paBHA V,p. Bbruncaure 00bLIyI0 IOIYOCh

OpOUTHI CITyTHHKA.

7. TPETUHN 3AKOH KEILJIEPA
Ilepuooom obpawenuss CIIyTHHKA BOKPYT HMPUTATHBAIOLIETO IIEHTPAa HA3BIBAIOT BpeMs T MexIy
JIBYMsI TIOCJIEIOBATEIbHBIMU MOMEHTAMHU MTPOXOXKJICHHSI CITyTHUKA Yepe3 MEePULIEHTP €ro OpOUTHI.
[lepuon oOpaieHusi CHyTHUKAa BOKPYT HPUTSTHUBAIOLIEIO HEMOJBHXKHOIO IIEHTpa U Oosbluas

MOJIYOCh @ €r0 OPOUTHI CBSA3aHbI 3aBUCHMOCTbIO, BhIpakatole mpemuil 3akon Kennepa
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= (36)

B cnyuae maccuBHO ITpaBUTHPYIOLIETO CIIYTHUKA IPaBUTALMOHHBIN NTapaMeTp B (36) paBeH
K=fm
B cnyuae akTUBHO rpaBUTHPYIOILErO CIyTHUKA IPaBUTALIMOHHBINA napameTp B (36) paBeH
K = f(mg+m)
rZie Mo ¥ M — Macca NPUTATUBAIOIIETO Tela U CIIyTHHUKA COOTBETCTBEHHO.
N3 dopmynsl (36) crneayeT BhIpake€HUE ISl CPEIHEHW YIJIOBOW CKOPOCTH N BpalICHHS paanyca-

BEKTOpa CIIyTHUKA BOKPYT IIPUTATUBAIOLIETO LIEHTPA

n=2wT=-Kla’ (37)

Jlnist ABYX MAaCCUBHO IPABUTUPYIOIIMX TEJ, OOPALIAIONIUXCS HAa OpOUTaX ¢ OONBIIMMHU MOTYOCSIMH A
U @y BOKPYI OJHOTO U TOTO K€ MPUTATHBAIONIEr0 Tena ¢ mepuonamu obpamenus T; u Ty, u3
dbopmyisl (36) BeITEKaeT TpeTuit 3aKkoH Kersepa B ero KJ1acCMYeCKOM BUIE
3 3
IMpumep 10. /{ns nepBoro MC3 BeicoTa nmepurest H, 6pu1a paBua 230 kM, a BeicoTta anorest H, — 950
kM. Onpenenure ero nepruoja oopamieHus.
Pemenne. Vcnons3ys puc. 4, 3nauenue 00mb10ii nmomyocu opoutsl MC3 nmomydaem kak
a=(2R;+ H,+ H,)/2 =(2-6371 + 230+ 950)/2 = 6961 km
[lepron oOparieHns MOXHO HaiTH AByMs criocobamu. Bo-niepBeix, u3 popmynsl (36) umeem
T=2mxa” /K (39)
Bo-BTOpBIX, ompenenuM Mepuoj] OOpalleHHs CIHYTHUKAa BOKPYr MPUTATHBAIOLIETO Teja 4epes
IepuoJl €ro HyjleBoro crnytHuka. [lepuon HyneBoro cnytHuka To BOKpYr HpUTATHBAIOLIETO Teia,
panuyc kotoporo R, pasen
T, =2-7R"”/\K (40)
Torga ¢ yuerom (39) u (40) umeem
T = To(a/R)”’ (41)
[ToxcraBum B (41) BeIpaskeHre AJist OOIBIION TOTYOCH a
T=Tolll + H,+ H)2R)]” (42)
Cnemnaem BerancneHus no ¢popmynam (40) u (42)
Ty =2-3,14-6371"7 N398,60-10° = 5061 ¢ = 84,3 mun
T=843[1 + (230 + 950)/(2-6371)]** = 84,3-1,142 = 96,3 Mun
IIpumep 11. Komera nmeer GoJbIIyIO MOJNYOCh TeIHOLEHTpHUecKoi opoutel 10 a.e. Haiimure

nepuoJI ee 00paIeHHs U CPEIHIOI CYyTOUYHYI0 CKOPOCTh BOKpYT CoJHIIA.
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Pemenne. IIpu paccMoTpeHnn NBHKEHUS HEOECHBIX Tel (IUIAHET, KOMeT) oTHOcuTenbHO ColHIa
yInoOHee HCIOJIb30BaTh aCTPOHOMHYECKYIO CUCTeMy eauHuI] (cM. ['7. 1), mpu 3TOM mocTOsTHHAS
I'aycca k = 0,0172 cBsizaHa ¢ NOCTOAHHOM TATOTEHUS COOTHOIIEHUEM
f=¥
[Tosromy dopmyina (39) npumer Bug
T=2-ma”/k=62810"7/0,0172 = 11545,99 cyrok = 32 roza
[To ¢popmyne (37) BEIUUCIUM CPEAHIOIO YIIIOBYIO CKOPOCTH KOMETHI
n=2-7T=6,28/11545,99 = 0,00054 pan/cyTku
3amauu.
1. Ilepuon obpamenus MC3 coctaBnsn 106 MuH, a HauOoJbIIAs BBICOTA €0 HaJ MOBEPXHOCTHIO
3emau — 1880 kM. BrrunciinTe ero HaMMEHbIIIYIO BEICOTY HaJl 3€MHOM MOBEPXHOCTHIO.
2. CoBeTCKHil HICKYCCTBEHHBI CITYTHUK 3eMJIH «IJEKTPOH-2» UMEN B JI€Hb 3allyCcKa MEePUTCHHYIO
BeicoTy H, = 460 kM. Ilepuox oOpamenust cmytHuka coctaBisul 22 yaca 40 muH. Haiigure
aIllOreMHYIO BBICOTY CIIyTHUKA U €0 allOTeHHYI0 CKOPOCTb.
3. AmepukaHckas KocMmuueckas pakera «lIuonep-5», 3amymeHHas B ctopoHy Jlywsr 11
mapta 1960 r. u craBmIas UCKYCCTBEHHOM IUIaHETOM, nMena nepuosi oOpamieHus Bokpyr CoinHua
312 cyrok. ['enmomneHTpUYecKOoe pacCTOSTHUE TEPUTENHs] OpOUTHI  PAKETHI 120-10° k.
Bbruncnure remoneHTpuYeckoe pacCTOsTHIUE PakeThl B a)ennu.
4. MuHuManpHOE YyjajgeHUe coBeTckoro cnyTtHuka «KocMmoc-11» oT moBepxHocTH 3emiu
coctaBisuio 213 kM, a MakcumanbHoe - 1560 kM. [loacunraiite, KakuMm OBLI EPHO OOpAIICHUS
CIyTHHKA BOKPYT 3€MJIU U €T0 CPEIHIOI0 CYTOUHYIO CKOPOCTb.
5. Kocmuueckuii anmapaT ABrkeTcst BOKpyr CoHIA 1Mo TOH ke opOuTe, 4To U 3eMisi, ¥ IPUTOM
Ha CTOJIb OOJIBIIIOM PAacCTOSHUU OT 3eMJIM, YTO €€ BIMSHUEM MOXHO IpeHeOpeub. Ammapar
MOJly4YnusJ B HalpaBICHUHU  CBOETO  JIBIKEHUS JIOMOJHUTEIBHBIA  HUMIIYJIbC  CKOPOCTH,
JIOCTAaTOYHBIN I TOCTHKEHHS opOuThl Mapca. CKOIBKO BpeMeHHU 3aiimeT 3ToT nepenet? Kakyro
ckopocTh oTHOcuTeNnbHO ConHia nomkeH uMeTb KA B MoMeHT crapra ¢ 3eMHO# opOuThl? (Cuntarh
op6uts 3emiu (pazmep 150- 10° km) 1 Mapca (pazmep 22810° km) KPYTOBBIMU.
6. OpbOura UC3 umena skcriertpucuter 0,758, a mepuojn ero oOpamieHus coctaBis 45166 c.
Bbruucnure OONBIIYIO MONYOCh, TEOLIEHTPUYECKOE pACCTOSHUE B IEpPUree U amoree, a TaKkxke
MOJ1yJIb CKOPOCTH B aroree u nepuree.
7. Tlpo nBoitHyro 3Be3ny Crmka U3BECTHO, UTO OJHA €€ KOMIIOHEHTa COBEPIIAET MOJIHBIH 000pOT
BOKpYT Jpyro# 3a 4,1 cyrok. B MOMEHT BpeMeHHU, KOTJJa BEKTOP OTHOCUTEIBHON CKOPOCTU OJHOU
U3 KOMIIOHEHT MapajliesieH JHHUU amncua OpOUTHI, BEIWYMHA CKOPOCTH COCTaBisieT 58 Km/c.
Brruucnute cpennee paccrostHue Mexkay KoMmnoHeHTaMu CHUKH.
8. 3Has, uyro JlyHa coBepmiaeT OAWH TMOJHBIA 00OpOT BOKpYr 3emun 3a 27,3 3BE3AHBIX CYTOK

3emun, a ee CpeAiHee pacCTOsIHUE OT IeHTpa 3emiu coctasisieT 60,3 paguyca 3emnu. Beruncnure
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BEJIMYMHY OOJBINON TOMYyOCH OpPOUTHI CYTOYHOTO CITyTHHKA (CIYTHUK, COBEPINAIONIUN OJUH
TIOJTHBIN 000POT BOKPYT 3eMJTH 32 OJHU 3BE3/IHBIEC CYTKH).

9. CpennHee CyTOYHOE NBI)KCHHE Majol TuiaHeThl coctaBisier 881,623 c. Berumcnure nepuon
maneTsl BOKpyr CodiHila U ee cpeaHee paccrosiuie ot CoyHIa.

10. Manas nnanera Ukap asmkercst mo opoute ¢ skcueHtpucureroM 0,826 1 60bIION MOIYOCHIO
1,078 a.e. CkoIbKO BpeMeHH 3aHMMaeT JBMKeHue Mkapa ot mepurenus 10 adenus ero opoUThl U
Kak 01m3k0 moaxoauT Kk ComHIy.

11. Conyrauk FOmurepa [N'annmen nmeer nepuon oopamenust Bokpyr FOnurepa 7 cyrok 3 gaca 40
MUH, a 00JbIIasi MoJayock OpOUTHI cocTaBisieT 15 pamuycoB FOmurepa. Ilepuon oOpamenus JIyHbI
BOKpYT 3emui paBeH 27 cyTok 7 yacoB 40 MuH, a OOJbIIas OTYOCh €¢ OpOUTHI paBHa 60 3eMHBIM
paauycam. Halimute oTHomeHue cpeaHel IiotHocTd IOmurepa K cpeiHed IUIOTHOCTH 3€MIIH.
Cxkaruem lOnurtepa u 3emiu npeHeOpeyb.

12. Jloxaxkute, 4TO TMEpUOJ OOpaIlleHHUsS TMACCHBHO IPaBUTHUPYIOIIETO CIYTHHUKA, IBHKYIIIETOCS
HEIMOCPEICTBEHHO OKOJIO OBEPXHOCTH IJIAHETHI, 3aBUCUT TOJIBKO OT CpEIHEN IIIOTHOCTH TUIAHETHI,
a He oT ee pazmepa. Kakyo mpoAomKUTEeTbHOCTh UMEN OBl MepHoJ 0OpalleHusl CIIyTHUKA, €CIIU
CpeIHsis IUIOTHOCTD LEHTPAJIBLHOTO Teja Obljla Obl paBHA IUIOTHOCTH BOABI?

13. JIa mocnenoBaTenbHBIX Bo3BpamieHus k ComHily koMmeTsl bapuapma (177P) maGmroganock B
1889 u 2006 romax. Ee mepurenuitnoe paccrosaue coctaBmsuio 1,10 a.e. Ouenute adenuitHoe

PACCTOSAHNEC KOMCTHI.

8. YPABHEHHUE KEIUIEPA. ITOJIET OT NEPULEHTPA
B cnyuae sniaMntudeckoil opOUTHI MOJO0KEHHUE TOYKU B IUIOCKOCTH OPOUTBHI MOXKET OBITH 3aJ1aHO
OPSMOYTOJIBHBIMH KOOpAMHATaMM, KOTOpPble BBOAATCA B CHCTEME KOOPJMHAT C HAyajJoM B
npuTsruBaronieM I1eatpe. Ocp aOciycc HampaBieHa BIOAb OCH allCHI, a OCh OpAWHAT
NepHEHANKYIISIpHa €H, Tak d4YToObl cucTteMa Obla mpaBod (puc. S5). Torma mpsMOyronbHBIC
KOOPJMHATHI payca-BeKTOpa ABIKYIICHCS MO AIUIUNTUYECKON OpOUTE TOUKU MOTYT OBITh 3a/1aHbl
B IIapaMeTpHUecKoii (hopme

x=a(Cos E—e) 43)

y=aSinE-~/(1-e”)

rae E — BcrmomorarenbHas yrioBas BETUYMHA, KOTOpasi HA3bIBACTCS IKCYEHMPUUECKAS AHOMATUA.

Monyinb painyca-BeKTOpa CBSI3aH C YKCIEHTPUYECKOW aHOMAIMEN COOTHOIIEHUEM
r=a{l—-e-CosE) (44)

CBA3b MEXIYy JKCIEHTPUYECKOW aHoManuei E, KoTopas COOTBETCTBYET 3alaHHOMY 3HAYECHUIO

MCTUHHON aHOMAJIUH V, U BpEMEHEM JIBUYKEHUS OT MEPULICHTpa 110 JI000H APYroil TOUKu OpOUTHI B
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Puc. 5. JIBmwkenune Tena B MIOCKOCTH OPOUTHI

MOMEHT t yCTaHaBIUBAETCs ypasHeHnue Kennepa
E-eSinE=M (45)
B KOTOPOM
M =n-{(t—1) (46)
Benmnunay M Ha3bIBalOT CpeHEN aHOMAIMEH, COOTBETCTBYIOLIEH HCTUHHON aHOMAJIMKA 'V B MOMEHT
BpeMeHH t (puc. 5), a t) — 3TO MOMEHT MPOXOKACHUS TEJIOM Yepe3 MEPULIEHTP €ro OpOUTHI.

CBs13b MEXTY HCTUHHOM M SKCIEHTPUYECKON aHOMAITUSAMHU J1aeTcs (hopmynon

zg‘;ztglj/(lw)/(l—e) (47)

VpaBuenne Kermiepa MOXHO peIIMTh METOJIOM IOCJIEIOBATEIbHBIX MPUOIMIKEHUNH (METOM
HETOABIKHOW TOUYKM). 3a HyJeBoe MpHOIMKeHHe UCKoMoro KopHa E moxxno mpunsats 0 niam M.

[ocnenoBarenbubie npubmkenus E, k kopHio E Beraucisrores no gopmynam

Ey=0
E =M
E,=eSinM+ M (48)

E;=eSinE,+ M
E..i=eSinE,+ M
Taxkum oGpazom, ipu 10O60M BBIOOpE HyJeBOoro mpubamxkeHus: Ey mocie KOHEUHOTO YKClia MIaroB
noyduM E, 1, KoTopoe OyaeT B mpeesiax HeKOTOpOH JOMYCTUMOM 3aJIaHHON MOTPEITHOCTH €
[Ens1 —En/<E
B ciayyae 3/IMITHYECKOTO JABMKCHHS JIUIS HAXOXKJICHUS 3HAYCHUH SKCICHTPUICCKOW aHOMAIIMH U
CpGI[HGfI AHOMAJIMU MOKHO HCITOJIB30BaTh PAJAbI PA3JIOKCHUA 11O CTCIICHAM 3KCIICHTPUCUTCTA €
tla=1-eCos M+ e*(Cos 2-M — 1)/2 — 3-¢*(Cos 3-M — Cos M)/8 + ... (49)
v=M + 2-e-Sin M + 5-¢>-Sin 2-M/4 + ¢’-(13-Sin 3-M — 3-Sin M)/12 + ...
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PHI[I:I CXOOATCA OJisd BCEX 3HAYCHUH SKCHCHTPUCUTCTOB, HC IPCBOCXOAAIIHNX IIpCaciIa Jlannaca
e <0,6627

B ciydae mapaGonndeckoit OpOUTHI CBSI3b MEKAY HCTUHHON aHOMAlIMEl U BpEMEHEM t IPUHUMAET

1 v v K
g’ g =2—1,). | 50

Pematot ypaBaenue (50) mo anroputmy:

BU]I

a) BBIYHCIIOT BeroMoratenbsiit yron B (-90° < 2B < 90°%) u3 ycmosus

2/3-ctg2-B=2(t—1ty)/K/p’

0) 3aTeM HaXOST BCIIOMOTATEeIbHBIN Yo Y (-90° < Y< 90°)

tgy=131gf

B) ONPEACISAIOT UICTUHHYIO aHOMAJIUIO
tg v/2 =2-ctg (2+)
Jnis opOuT, ONMM3KUX K KPYTOBBIM, JUJIS IPEIBAPUTENIBHBIX BBIYMCICHUH y1O0OHO UCTIOIb30BaTh
CJIeAyIOINEe TPUOINKEHHbIE (POPMYJIBI
E=M-eSinM
r=a{l —-eCos M) (51)
v=M+ 2-eSinM

Ipumep 12. VIC3 umeeT crnenyroniye napameTpsl OpOUTHI: SKcLeHTpUcHTeT paBeH 0,5, a OonbIas
MOJIyOCh — 10° k. TpebyeTcs mpenckasarh 3HAUCHUS SKCIEHTPUUECKON M MCTUHHOW aHOMAIIUK U
BbicoTy MIC3 Han moBepXHOCTHIO 3eMiin yepe3 50 MUH 1ociie MPOX0KICHHSI CITYyTHUKOM TIepUTEs.

Pemenue. 3amaua pemaercs yepe3 ypaBHenue Kemiepa (45). IloaTroMmy BeIMUCTNM, PEXKAE BCETO,
3HaYeHue cpepHer anomanuu M mo Qopmyne (46), B KOTOpPO# t — 3TO BpeMsi, UCTEKIIee MOcIe
IIPOXOXKACHUS CIIyTHUKOM Ilepurest typ, B HalleM ciydae pasHuua t — tp = 50 mun = 3000 c.

CpenHio10 yriioByI CKOPOCTh BeIUUCsieM 1o Gopmyite (37)

n = VK/a’ = (1/a)-VK/a = 1/10°N(398,60-10°/10°) = 1,99-10” pax-c’
M = n{t—t) = 1,99-10°-3000 = 0,0597 = 0,06 pax
3HayeHWe OSKCUEHTpUUEeCKOM aHoManuu E Haxomum, pemasi ypaBHeHue Kemepa wmertomom
MOCIIEI0BATENBHBIX MPUOIHKEHHH ¢ TouHOCTHIO 0,01 (48)
Ey=0
E; =M = 0,06 pan
E» =0,5-Sin 0,06 + 0,06 = 0,090 pan
E3;=0,5-Sin 0,090 + 0,06 = 0,105 pan
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E4=0,5-Sin 0,105 + 0,06 = 0,112 pax
Es=0,5-Sin 0,112 + 0,06 = 0,116 pax
E¢=0,5-Sin 0,116 + 0,06 = 0,119 pax
E;=0,5-Sin 0,119 + 0,06 = 0,119 pax
E=0,119 pax = 6,82°

WcrunHas anoManus L cBsi3aHa C SKCLIEHTpUUecKol aHoManuu E cooTHomeHnuem (47)

tg U2 =tg (0,119/2) J(l +0,5)/1-0,5) =0,103

v=0,205 pag = 11,8°
Urto6s1 onpeaenuts BoicoTy MC3 Hax moBepXHOCTHIO 3eMJiIH B 3a/JaHHBII MOMEHT BpeMeHH, HaiiieM
TEOIICHTPHUUECKOE PACCTOSIHUE I' B 3TOT MOMEHT BpeMeHH 1o popmyite (11) wmm (44)
r=a{l-eCosE)=10"-(1-0,5Cos 0,119) = 50354 xm
Torma BeicoTy H Hajg moBepXHOCThIO 3e€MJIM CIYTHHKA B 3aJIaHHBIA MOMEHT BPEMEHHM HaWJIEM,
BBIUNTAs U3 BEJIMYMHBI I 3HaUeHUE paguyca 3emian 6371 km
H =50354 - 6371 =43983 km

Ipumep 13. KA mpu BbIXOJie HAa DITUNTHYCCKYIO OPOWTY OTHOCHUTEIBHO 3€MJIM B TIEpHUTee Ha
BbicoTe 230 kM umen ckopocth 10,9 xkmM/c. Haitnute Bpems nonera KA g0 opoutsr JlyHsl, eciu
TEOIICHTPUUECKHUI painycC JIyHHOUM opOUTHI paBeH 384400 kM .
Pemenne. Bpems mepenera oT nepuiieHTpa OpOUTHI O 000 Apyroi TOUKHM OMpEeNseTcs Kak
(t — tp) ¥ COOTBETCTBEHHO BBIYHCIsETCS 10 hopmyde (46). st 3T0ro He0OXOAUMO MPeIBAPUTEIHHO
BBIYHCIIUTH MapaMeTpsl opouTsl KA a u e, n. ['eonenrpuueckoe paccrosaue r, KA B mepurieHTpe
HaxOoJIUM C Y4ETOM paauyca 3eMiH Kak 1; = 6371 +230 = 6601 kM. 3HaueHue OOJIBIION MOTYOCH
OIpEAEINM U3 UHTETpaa FHepruu (28)

a=r/(2 - (r, V//K) = 6601/(2 - 6601-10,9/398,60-10°) = 206281 km
Ncnonbiyst hopmysl (18) BEIYUCTIM SKCIIEHTPUCUTET OPOUTHI

e=1-(r,/a)=1-(6601/206281) = 0,968

3HaYeHHE CPETHETO ABIKEHUS N OyAET paBHO

n=-+Kla>=210%¢"

3HaveHne IKCIeHTpUuUeckord aHomamu E Haxoaum mutst Touky Beixoga KA Ha nmyHHYIO opOuUTY, TO
€CThb JIJI1 MOMEHTA, KOI'/1a TE€OLEHTPUUYECKOE 3HAUCHHE I paJlyca-BeKTopa cinyTHUKa paBHo 384400
kM. Onpenenum 3nauenue E o popmyse (44)
Cos E = (a—r)/ae)=(206281 — 384400)/(206281-0,968) = - 0,892
Cos E=0,108
Sin E = 0,988
E=81,11°=1,415 pax
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Torna o ¢popmynam (45) u (46) umeem Bpems nepeneta KA 10 1yHHOI 0pOUTHI

(t—t9) = (E - e-Sin E)/n = (1,415 — 0,968-0,988) )/ 2-10° = 64 uaca
3amauu.
1. UC3 B 10 yacoB B amoree umeer BbicoTy 1636 kM u ckopocTh 7,7 km/c. Halimute Ha Kakom
paccrostHuHM oT 1ieHTpa 3emin Oyaet Haxoautbess IC3 B 22 yaca TOro ke JAHS.
2. ABTOMaTuuecKasl CTaHIMS OOpaimaercs BOKPYr 3emMiid MO0 OopOHTe, MaKCUMAJIbHOE PACCTOSHUE
kotopor oT meHtpa 3emiu coctasisier 700000 kM, a muHumanbHoe — 90000 kM. Ha kakom
TEOLIEHTPHUECKOM PACCTOSHUU OyJeT HAXOAUTHCS CTAHIIMS Yepe3 IBOE CYTOK MOCTE TPOXOKIACHUS
NIEPUTEH.
3. UC3 umen mnepureii Ha paccrosaun 6600 kM oT 1eHTpa 3emun. CIIyTHHUK TIpOIIET TEpUren
opOuTHl B 4 Yaca M0 MOCKOBCKOMY BpeMeHH. B 5 dacoB 20 MuH OBUIO BKJIIOUEHO TOPMO3HOE
YCTpOMCTBO cnyTHUKa. HailguTe miig ’Toro MoMeHTa DKCUEHTPUUECKYI0 aHOMAJIUIO CIYTHUKA, €ro
HMCTUHHYIO aHOMAJIMIO U BBICOTY HaJl TOBEPXHOCTHIO 3€MJIH.
4. UC3 nmen MakcuMaibHy10 BeIcOTy 1927 kM, a MunumanbHyto — 877 kM. Haiinure paccrosiaue
NC3 or uentpa 3emuu 111 MOMEHTA, Korja uctunHas anomanus MC3 paBHa 154° u ero cpeaHioro
YIJIOBYIO CKOPOCTb.
5. HackoJIbKO OTJIMYAeTCs UCTUHHAs aHOMAJIMS acTepouza ['epabl OT ee CpelHeil aHOMaluU B TOT
MOMEHT, KOTJIa CpEIHssl aHOMajaus paBHa 125,5870. VYron skcueHTpucureTa (P=arcsin(e) paBeH
1,834°, cpenmee cyrounoe apmkenne paBHo 14,678". Ilpn KakoM 3HAYCHHH CPEIHEH aHOMAIMH
CIYTHHKA, B3SITOM MEXKIY 0° u 1800, OHa OyJIeT CWIbHEE BCETO OTIMYAThCS OT €r0 MCTHHHOU
aHOMAaJIHH.
6. VC3 mnpomen uepes mepureii B MomenT 3"8"55%58 UT. Ilepuox oGpaiIeHHsi CITyTHHKA
cocrasisut 752,77, sxcuenTpucuTeT opouThl ObLI paBed 0,758. YKa)uTe MOMEHT BPEMEHHM, KOT/Ia
SKCUEHTpUYECKAs AaHOMalus CIOYyTHUKA PaBHSJIACH 144,9°. Bbraucnure AKCUEHTPUYECKYIO
AHOMAJIMIO, UCTUHHYIO aHOMAJUI0O U TEOLEHTPUYECKOE PACCTOSIHUE CITyTHHUKA MO HCTEUYCHUU Y4

nepuoJia 00paIieHus Mociie MOMEHTa POXOXKICHUS CITyTHHKA Yepe3 MepUren.

9. KOOPAUHATHBI TEJJA B HEBO3MYIUIEHHOM
KEIIVIEPOBCKOM JIBUKEHUU
JIBukeHHEe MaTepuanbHOM TOYKHM P 1O HEBO3MYIICHHOH KEIUIEPOBCKOW  opOute  Oyaer
OJIHO3HAYHO OIpeNeIeHO, ecau OyayT 3a/laHbl MapaMmeTphl, OINpenessioue pazMepsl U hopmy
OpOUTHI, TIOCKOCTh, B KOTOPOM HAXOAWUTCA OpOUTa, MapaMeTpbl, XapaKTEepPHU3yIOIINe OPHUEHTAIUIO
OpOUTHl B OTOWM IJIOCKOCTH, a TaKKe MOMEHT TMPOXOXKICHUS ABWXKYIICHWCS TOYKH Uepe3
OTIpEICICHHYI0 TOYKY OpOUTHI (WM TOJOXKEHHE JBIDKYIICHCS TOYKHM Ha OpOUTE B 3aJlaHHBIN
MOMEHT BpPEMEHH). DTU TapameTpbl Ha3bIBAIOTCS 21eMeHmamu opobumel (puc. 6) M BBOIATCA

CJIEIYIOIINUM 00pa3oM:
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1. Haxnonenue (i) — 3TO yroil MeXAy IIOCKOCTBIO opOuTel CEN M OCHOBHOM KOODAMHATHON
MII0CKOCThIO0 Cxy. YTOJI HAKJIOHA U3MEHAETCS B MpeEEeaax oT 0° o 180°.

2. Mloneoma socxooswezo y3na (£2 ) — 3TO Yyrojl MEXy OCBhIO aOCITUCC X W JIMHUEH y3JIOB, TO €CTh
JMHUEH TepecedyeHus! MIOCKOCTH OpPOUTHI C OCHOBHOM KOOPJMHATHOW IJIOCKOCTBIO. DTOT YTOJI
saxmouaercst B npeaenax ot 0° 1o 360°.

3. Apeymenm nepuyenmpa (@) — 3TO yrojl MKy JIMHUEH Y3JI0B U JIMHUEH allCUJ, TO €CTh YTOJI C
BEPIIMHON B MPUTATUBAIOIIEM LIEHTPE MEX]ly HAMPABICHUSIMHU Ha BOCXOJAIIUNA y3€1 U MEPULIEHTP
OpOUTHI. APTyMEHT MEPUIICHTPA U3MEPSIETCS B TIpeieax OT 0° o 360°.

4. Bonvuwasn noayocs opoumsl a.

5. Okcyenmpucumem opoumeol e.

6. Momenm ty - MOMEHM NPOXOHCOEHUS OBUINCYUWELICA MOUKU Yepe3 nepuyenmp opoumal.

YacTo BMeECTO ty 3aJal0T APYTrOi JIEMEHT — CPEIHIOI0 aHOMaJUI0 My B 310OXY to.

Puc. 6. DnemMeHThI KEMIepOBCKOM OPOUTHI ABMKYIIEHCS TOUKU P.

Ecnu 3a OCHOBHYIO IIZIOCKOCTH IPUHUMAETCS IIJIOCKOCTb JKJIUITHUKHA OIPENEICHHON JIOXH, TO
AJIEMEHTHl OpPOMTHI HA3BIBAIOTCSA SKIUNTHUYECKUMH. ECIM 3JIeMEHTHI OTHECEHBl K IJIOCKOCTH
36MHOr0 3KBaTropa (0och alCIMCC HAIpPaBISIOT B TOYKY BECEHHETO PAaBHOJIEHCTBHS), TO OHHU
Ha3bIBAIOTCS DKBATOPHUAIbHBIMHU.

3Hasi 3JIeMEHTHI SJUIMNTHYECKON KETIEPOBCKOM opOUTHI TOUKH P, ee mpsMoyrojabHble KOOPAMHATHI
(X, ¥, z) B m00OO# 3aAaHHBII MOMEHT BPEMEHU t OTHOCUTEIIbHO M30paHHOW OCHOBHOH CHCTEMBI

KOOpPJMHAT MOKHO BBIUYUCIIUTD C TIOMOIIbIO CIEAYIOUINX (HOPMYIIL:

X Px QX
y |=| Py|la(CosE-e) +| O,| bSinE (52)
Z Pz Qz
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IIpoextuBHble MHOXUTENU P, Py, P, O,, O,, Q. B (52) 3agatorcs popMynaMu
P,=Cos 2Cos w- Sin 2Sin wCos i
Py = Sin 2 Cos w+ Cos £2Sin @ Cos i
P,=SiniSin @ (53)
Q.= -Cos 28in w- Sin 2 Cos wCos i
0O, =-Sin 2Sin w+ Cos £2Cos wCos i
0.=S8iniCos @
IMepexon ot opbutanbHbix KoopauHat (&, 1, {) mpou3BobHON TOUYKU (HEOOA3ATENBHO JISKAIICH B

IJIOCKOCTH OPOUTHI) K €€ MPSIMOYTOJIbHBIM KOOPJIMHATAM (X, Y, Z) BBIIOJHSIOT 110 hopMysiaM

X & r-Cos v
y |=B|{|=B| rSinv 4
Z n 0
Marpuna B umeert Bun
Pc Or R:
B=| P, O, R
P, Q. 0O

a MpoeKTUBHBIE K0dGduuueHTs Ry, Ry, R, paBHbI
R,= Sin 28Sin i
Ry=-Cos 2Sini (55)
R,=Cos i
Ipumep 14. . ABTomartmueckass MexiuiaHeTHas cTaHiuss AMC B HEKOTOpPBIIT MOMEHT BPEMEHH t
Haxoauiach Ha TEIUOLUECHTPUYECKOM pacCTOSHUU, PaBHOM 3- 108 KM, M HUMeJla HCTUHHYIO
anomammio 0=45". V3BecTHBI CIICAYIOIINE JKJIUINTHYECKUE 3JeMeHThl opoutel AMC: e=0,7,
02=150°, @=90°, i=60". Borumcaure KOMIOHEHTHI paHyca-BEKTOpa M BekTopa ckopocti AMC B
SKIIMITHYECKON CHCTEME KOOPAWHAT B YKa3aHHBII MOMEHT BPEMEHH.
Pemenue. KoMmoneHnTsl paamyca-BekTopa r ompeaenum mo (opmyne (54). us 3Toro mpexsie
BCEro HEOOXOJUMO BBIYHCIUTH KOMIIOHEHTHI MaTpullbl B mo dopmynam (53) u (55)
P, = Cos 150° Cos 90" - Sin 150° Sin 90° Cos 60° = -0,25
P, = Sin 150° Cos 90° + Cos 150° Sin 90° Cos 60° = -0,433
P, = Sin 60° Sin 90° = 0,866
Qx=- Cos 150° Sin 90° - Sin 150° Cos 90° Cos 60° = 0,866
Q, = - Sin 150° Sin 90° + Cos 150” Cos 90° Cos 60° = -0,500
Q, = Sin 60" Cos 90° =0
Ry = Sin 150° Sin 60°= 0,433
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Ry = - Cos 150° Sin 60° = -0,750
R, = Cos 60°= 0,500
HJ’IH KOHTPOJIA BBEIYMCIICHUN HCIIOJIB3YEM COOTHOIICHUA
P’+P’ +P’=0"+0,°+0.°=1
P, Qv+ Py-Qy+ Pz-Qz=0
-0,25% +-0,433% + 0,866 = 0,866 + -0,5007 + 0> = 0,9999 ~1
-0,25-0,866 + (-0,433)-(-0,500) + 0,866-0 = 0
Brrumcisiem 3HaueHre onpeneTuTeNnsl MaTpuilbl B 1100bIM H3BECTHBIM CITOCOOOM
025 0,866 0,433
B= |-0,433 -0,500 -0,750 | = -0,125
0,866 0 0,500
HaxonuM KOMIIOHEHTHI panyca-BEKTOpa
X =-0,125-3-10% Cos 45" = - 0,266 -10° km
y =-0,125-3-10% Sin 45° =-0,266 -10° kM
z =0

Tenepb MOXHO HalWTH KOMIIOHEHTHI BEKTOpa CKOPOCTH V KaK MPOU3BOJHYI0 KOMIIOHEHT pajguyc-

BekTopa (54)
-Sin v Cos v
V=B Cos v |rdvodr + | Sin v| d/dv
0 0

Toraa ¢ yueroM ¢opmyn (24) u (25) umeem

(o
Sinv./K
—u+ e-Sinv-Cosv-/K/p
r

N

) Cosv./ K
v=p | “2NBP L sintv (KT p

r

0

I'paBuranmonssiii napamerp ConHua paseH Kce=132,5 1-10° xm’/c?, a ¢dokanbHBI TapameTp p
opOuUTHI HaiteM, ucob3ys hopmyy (11)
p =ro{l + e-Cos /(I - &) =3-10°(1 + 0,7-Cos 45°)/(1 - 0,7%) = 8,79-10° km

Breruncinm KOMIIOHEHTEI BEKTOpa CKOPOCTHU

Ve =-(V(132,51-10°-8,79-10° )-Sin 45°/3-10% +/(132,51-10°/8,79-10%)-0,7-Sin 45"Cos 45° =
=-2,653 xmMm/c

V, =(132,51-10°-8,79-10° )-Cos 45°/3-10° +V(132,51-10”/8,79-10%- 0,7-Sin> 45° = 3,731 wwm/c

V.=0
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3amauu.

1. WM3BectHbl aneMeHTHl OpOuTHl MC3 OTHOCHTENBHO TE€OLEHTPHUECKOW  3KBATOPUATBHOM
cucteMbl koopaunat: a=7000 km, e=0,2, i:600, Q=90°, w=45°. Ilo >TUM [OAHHBIM BLIYUCINUTE
JIEKapTOBBIC SKBAaTOpPHAIbHBIE KOOPAWHATHI Tepurest opOuThl. Halinure Takke SKBaTOpHAIbHBIC
chepuueckue KoopauHatel nepures opOutel UC3 pamuyc-BeKTOp r, IPSIMOE BOCXOXKICHUE O U
CKJIOHEHHE O.

2. Kocmuueckuii xopabnb apmwkeTcs BOKpyr CoilHIIA MO AIUIMITHYECKON opOuTe, MMerouien
CJEeNYIOIIMEe IKIUNTUYECKHE 3IeMeHThl: a=3 a.e., e=0.4, i:600, Q=120° ®©=90°, ty=1992, sHB.
5,12"23™ UT. Kakumu GbUIM B SKIHITHYECKON CHCTEME OTCYeTa MPSMOYTOJIbHBIE KOOPAMHATHI
Kopabuis 3a 30 CyTOK JI0 TIepe]T €ro MPOX0XKJACHUEM Uepe3 MEePUTEeIINid OpOUTHI.

3. Opb6uta MC3 umeeT cremyromniye dKBaTOpUalibHbIe dJIeMeHTH: a=4-R3 (R3 — cpennuii paguyc
3emnu), e=0,3, i:650, Q=40°, ®=50°, t,=1992, sHB. 4,4}120m UT. Kakue npsMOyroJjibHbIE
KOOPJMHATHI UMEJI CITYTHUK B YKBAaTOPUAIBHON CUCTEME OTCUETa B MOMEHT 1992, gHB. 4,9}’20m UT.
4. Opobura UC3 umeer crienyromme 3KBaTopuanbHbie aMeMeHThl: a=4-R3 (R3 — cpennuii pamnyc
3emnn), e=0,2, i=650, Q=60°, ®=120°, tx=1992, uroHL 3,121110In UT. Beruncinure, KOrjaa CoyTHUK
B TIOCJICTHUHN pa3 mepe]] yKa3aHHBIM MOMEHTOM IPOIIE Yepe3 BOCXOAIININ y3ell CBOCH OpOUTHI U

KOoraa OH MocCJji€ 3TOT0 MOMCHTA BIICPBBIC MTPOMICIT YCPE3 HI/ICXO,Z[}IH_II/Iﬁ y3¢i1 Op6HTBI.

10. TPACCA CIIYTHUKA HA NIOBEPXHOCTHU INJIAHETbBI
[Ipeamonokum, 4YTO TIaHETA WMeEeT MmapoByw Gopmy. [loocnymHukogol moukou Ha3bIBAIOT
OpPTOTOHAJIbHYIO MPOEKIINIO CITYTHUKA Ha MOBEPXHOCTH IIaHeThl. Korya CryTHUK OMUCHIBAET CBOIO
TPACKTOPUIO B TMPOCTPAHCTBE, €ro MOACHYTHUKOBAs TOYKAa ONHUIIET HEKOTOPYIO JIMHUIO Ha
MOBEPXHOCTH IUIAHETHI. DTy JIMHUIO HA3bIBAIOT MPACCOl CNYMHUKA HA NOGEPXHOCMU NIIAHEMbL.
IIpumep 15. Opouta MC3 Gauska K OKPYKHOCTH, U OH JIBUTAETCS BOKPYT 3eMiii Ha BbicoTe 314
kM. IlmockocTh OpOMTBHI CIyTHMKA HAKJIOHEHA K IUIOCKOCTH 3€MHOTO JKBaTopa IMOJ YIJIOM,
paBHbIM 65°. Iloa KakuM yIiioM Tpacca CIyTHUKA [IepeceKaeT 36MHOM 3KBaTop?

Pemenne. PaccMoTpuM cHavasia JBUKEHME IOJCIYTHUKOBOW TOYKM Ha HE Bpalllaloleics 3emiie.
Cpennee qBUKEHHE CITYTHUKA U €T0 MOJICITYTHUKOBON TOYKU PaBHBI

n = Kya’) =\396-10%(6371+314)’ = 396-10%(6685)" = 0,0012 ¢!
Toraga ckopocTh MOACTYTHUKOBOM Toukn V OyneT paBHA

V =R3n =7,36 xm/c

B MOMEHT poXO0KIeHUs CITyTHUKA HaJl SKBATOPOM (M3 FOXKHOTO MOJIYIIapUs B CEBEPHOE) CKOPOCTh
MOJICITYTHUKOBOM TOYKH MOKHO Pa3JI0KUTh Ha JIB€ KOMIIOHEHTHI: IO MEPUIUAHY V U 110 SKBATOPY
V53, KOTOpBIE ONPEAETAIOTCS KaK

V, = VSini="7,36-Sin 65° = 6,67 xm/c
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V, = V-Cos i =7,36:Cos 65° = 3,10 xm/c.
PaccmoTpuMm Tenepp ABMKEHME MOJACMYTHUKOBOM TOYKHM Ha Bpalarouiercs 3emiie. Y4TeM, 4To
Ka)KJ1asi TOUKa 3KBATOpa BPaIlaeTcs CO CKOPOCThIO V(, KOTOpas paBHa
Vo= 2-mR5/86164 = 0,464 xm/c.
[TosTOMYy CKOPOCTH CITyTHHKA OTHOCHTEIILHO BPAIArOIIEHCs 3eMIIH KMEET KOMITOHEHTHI V,' 1 V,,
V,=V,-Vo u V,’=V,.
Torma yron Y MeXIy Tpaccoll CIIyTHHKa M SKBaTOPOM B MOMEHT, KOrJa MOJCHYTHUKOBas TOYKa
HAXOJUTCS Ha HKBATOpPE HalAeM 1o Gpopmyie
tgy=V,7V,’ =V, V,-Vy) =-15,96
7=93%0".
3agaun.
1. CnytHUK oOparaercsi BOKpYr 3eMJIH 110 OKPYKHOCTH Ha BbicoTe 230 KM HaJl MOBEPXHOCTHIO
3emnu. OpOuta CHyTHUKA TPOXOAWT HaJ OOOMMH  TOJIFOCaMU (TOJSIpHBIA cyTHUK). [Ton
KaKHM YTJIOM MIEPECEKaeT Tpacca CIyTHUKA 3KBATOp 3emiu?
2. Opburta mepBOro COBETCKOro CIyTHUKA ObUIa HAKJIOHEHA K IJIOCKOCTH 3€MHOI'0 3KBaTOpa Moj
yriaom 65°. CyTHHK TpoIIen Haj rojoBOW  HAOMIOgaTeNs, HaXOMSAIIErocs Ha DJKBaTope, B
HAPaBIICHUU C IOT0-3aMajla Ha CEBEPO-BOCTOK. B 3TOT MOMEHT HaOII0aaTeNh N3MEPHIT BUIUMBII
yroJl MeXAy Tpaccoll CHyTHHKAa M HampaBiIeHHEM Ha BOCTOK. YUemy noikeH ObUT OKazaTbes
paBHBIM ATOT yroi? Pemmre aHanornyHyro 3ajgady, Korja Tpacca CIIyTHUKaA IEepeceKaeT HKBAaTop
3eMJIH C ceBepo-3amajia Ha I0ro-BOCTOK. JlaHHBIE 00 OpOHTE CITyTHUKA CIeIyIOIUe: MUHUMAILHOE
paccTosiHue CIyTHUKA HaJl MOBEPXHOCThI0 3emiin cocTaBisuio 230 kM, MakcumainbHoe — 950 kM,

aprymeHT nepuiieHTpa obut paBeH 58°. (McnonbiyiiTe GopmyIibl, MOJydeHHBIE B IpuMepe 15).
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11. METOAbI YUCJIEHHOI'O UHTEI'PUPOBAHUA
[TouckoBsie aeMepuIbl, a TAaKKe OPOUTHI HA CIEIYIOIINE WU MPEABIAYIITNE MOSBICHUS MAIIBIX TEJ
COJTHEYHON CHCTEMBI MOKHO TOJYYHTh TOJBKO NMPU TOYHOM Yy4YeTe BO3MYILEHUN OT OOJBLIMX
aHeT. B 3Tol 3agade aHaIUTUYECKHE METOAbl IPUMEHUTh TPYJIHO, TAK KAK YKCLEHTPUCUTETHI U
HAKJIOHBI TNIOCKOCTH OPOUTHI, IO CTENEHSM KOTOPBIX Pa3NiararoTcsl BBIPAKEHUS ISl BOSMYIIICHHIM,
HEJb3sl CUUTATh MAJILIMU BEJIMYUHAMM.
Bropoii croco6 yuera Bo3MylneHud — uuciaeHHBIH. OH OCHOBaH HAa MPUMEHEHUU YHCICHHOTO
UHTETpUpoBaHusl  nuddepeHnaNbHbIX  YpaBHEHUM  JIBMKEHHMS Ha  MPOTSHKEHUH  BCETO
paccMaTpuBaeMoro OTpe3Ka BpeMEHU. METONMKHM, BXOASIIME CHJAA, NPOCThI, MPUMEHHUMBI K
opbuTtam m000OTO BUAA M TO3BOJSIOT BaphbHUPOBAaTh TOYHOCTH BBIYMCICHUN B 3aBHUCHUMOCTH OT
MTOCTaBJICHHOM 3a/1a4H.
BriepBeie MeTOJ| YHCIEHHOTO MHTETpUpOBaHUs Tud(epeHMalbHbIX YpaBHEHUH ObLI MPUMEHEH
Knepo (Knepo Anekcuc Kmoxa, 1713—1765) nnst uccnenoBanusi ABMKeHUs KoMeThl [amnes. [lpu
9TOM MM OBUTH Y4TEHHI Bo3MylneHus oT KOmurepa u CarypHa, a mpeAcKka3aHue MOsSBICHUS KOMETBI
B 1759 r. 6bu10 caenano ¢ ommbkoi Bcero B 31 aenb. [lo3anee Kiepo mokasan, 94To MOXKHO OBLIO
YMEHBIIUTH ATy OMHOKY 110 19 CyTOK.
Cy1iecTByeT MUPOKUM CHEKTP METOAOB, MPUMEHSEMbIX Ul YCIEUIHOTO MPOBEIEHUs MOIOOHBIX
uccieoBaHMi. B 3aBUCMMOCTHM OT BHAa TIOCTaBIEHHOW 3aJjaud  MOXHO NPUOETHYTh K
UHTETPUPOBAHUIO AU HEPECHINATBHBIX YPABHCHHUH IBMKCHHUS B MPSMOYTOJIBHBIX KOOPAWHATAX,
kak 910 BrepBele caenanu Koysmn u Kpommenun (Kpommenun Anxgpro, 1865—1939).
BnocnenctBuu MeTon cTan MpUMEHSThCA 1O Ha3BaHueM "Meton Koyama", B TOM 4ucie u mocie
npeobpaszoBanuii J.K.Kynukosa.
MOXHO 3aMEHUTh OOBIYHBIE TPSIMOYTOJbHBIE KOOPAMHATHI CHEIHMATBHBIMH, YTO IO3BOJHT
YBEJIMYUTh UHTEPBAJ BPEMEHHM, IOJIOKEHHBI B OCHOBY MHTETPUPOBaHUS. DTa METOJIUKa ObLia
paspadorana B UTA (Mactutyr Teopermueckoir Actponomuu, HbiHe WIIA — MHWHCcTHTYT
[puxnagnoit Actponomun) B 1920 r. mpu co3gaHuu CIyXObl MajbIX IUIAHET M BIOCJIEICTBHH
yIIydIIeHa.
Jpyroii mnoaxox K TIOCTaBIEHHOW 3a7ay€ — BBIUHUCIATH OTKJIOHEHHS BO3MYILEHHBIX
MPSIMOYTOJIBHBIX KOOPJWHAT OT HEBO3MYIIEHHBIX. DTOT MeETOj ObuT mpeioxeH OJHKe (DHKe
Horann ®pani, 1791—1865) u bonaom ( boun Ixopmx @eoukc, 1825—1865). MoxHo nipu 3TOM
HCII0JIb30BaTh U MOJSIPHbIE KOOPJIUHATHI, KAK 3TO B CBOE BPEMsI MOCTOSTHHO PEKOMEH10Bal [ aH3eH
(I"'anzen Iletep Annpeac, 1795—1874).
Crnenyrolee NpeUioKEHHE B 3TOM psly — HUHTErpupoBaTh AuddepeHnnaabHble ypaBHEHUS
BO3MYIICHHOT'O JBM)KEHHUS CIIOCOOOM BapHallly MPOU3BOJIBHBIX NOCTOAHHBIX Jlarpamxka (Jlarpamx

XKozed Jlyn, 1736—1813). Cpeau HOBBIX METOAOB CJEIyET MPEXKIE BCEro yKazaTh Ha METOJ
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OBepxapra, pa3paboTaHHBIA U OMyOIMKOBaHHBINA UM B 1974 r. DTOT OAHOIIATOBBIA METOJ ITMPOKO
IIPUMEHSIETCS B HACTOSILIEE BPEMS.

Bce MeTonpl 4MCIEHHOTO MHTETPUPOBAHHUS MOXHO pa3feiauTh HAa 2 TIPYyNIbl MO0 UX OCHOBHOMY
IPU3HAKY:

1) ocHoBaHbl Ha pa3ioXkeHUH B psa Telnopa, NpUYeM NIPOU3BOJAHBIE BBICHIMX IOPSIKOB
OTpeneNgioTcs myTeM IudQepeHIMpoBaHus JaHHOTO ypaBHEHUs (MeTonsl Anamca, Koyamia,
OBepxapTa);

2) TO’KE€ OCHOBAHbI Ha Pa3JIOKEHUX B PAAbI, HO HE UCIOJIb3YIOT IPOU3BOAHBIE BBICIIUX MOPSIKOB.
BMecTo 3T0ro Ha KaXJIoM I1are BBIYHUCISIIOT MPABYI0 YacTh YPABHEHUS U pa3IMUHbIX 3HAYCHUH
BXOJILINX TyJa nepeMeHHbIX (Meroabl Pynre-Kyrra).

WHorna MeTonbl pa3AessioT elle 10 0AHOMY MpU3HaKy: MHoromarosble (Koyamn) u ogHomarossie
(OBepxapr).

[IpeumyiecTBa METOIOB BTOPOM TPYMIBI MEpe] MEPBOM B TOM, YTO HE TPEOYIOTCS KaKHe-Tn0o
Jpyrue METOJbl JJIs Hayajla WHTETPUPOBAHUS, TaK KakK Ui MPOJBUKECHUS BIEpe] Ha OJWH IIar
UCTIOJIB3YIOTCS TOJBKO 3HaueHUs (QYHKUMU B mociieHed Touke. Bennuunna mara maMensiercs 0e3
JIOTIOJTHUTEILHOM pabOoTHI.

K HenocraTkaM MeTOJ0B BTOPOW IPYIIIBI MOXKHO OTHECTU CIIEAYIOIINE: MPOLECC NHTETPUPOBAHUS
JIMIIEH TPOCTBIX CPEICTB KOHTPOJIS MPaBHIIBHOCTH BbIOOpa miara, oOBIYHO B KayecTBE KPUTEPHUs
U3MEHEHMS IlIara CIyXaT pe3yJbTaThbl BHIUMCIECHUH ¢ OOBIYHBIM U IMOJIOBUHHBIM IIaroM; METOJIbI
TpeOYIOT OOJBIIIOr0 YHCIIA TOJICTAHOBOK B TpaBble 4YacTH AuGdEepEeHIINATbHBIX YpaBHCHHM, YTO
OOBIYHO HEXKENATENbHO, OCOOCHHO €CIM OHM MMEIOT CIIOKHYIO CTPYKTYPY; YBEJIMYEHHE TOYHOCTU
CBSI3aHO C OOJIBIIMMHU TPYIHOCTSAMH, TaK Kak paboure (GopMyibl CTAaHOBATCS 3HAYUTEIBHO Oojee
IPOMO3AKMMHU, a UCIPABIIEHNE IPOrPaMMBbl Ha IIPAKTUKE 3aTPYAHUTEIBHO.

Mertoabl nepBoOi TPyIIIBI JIMLIIEHBI 3THX HETOCTATKOB.

B HeOecHol MexaHWKe ypaBHEHUS JBWKEHUS B TEIHMOIICHTPUYECKON CHCTEME UMEIOT BU:

d X X —X X.

d—_—k (1+m)—+2k mi ==

y _ 4 (1+m)—+2k m| 2 Y

dr’ A, T,

d’z _ ;-2 %

?——k (1+m)—+21< m| s -
A7 = =) + (= y) + (5 -

T X, Y, Z — KOOPJAMHATHI UCCIICTYEMOTO TENA; Xi, Vi, Zi — KOOPJAUHATHI BO3MYIIAIOIINX TEJ.
3nech Macca ComHIla MPUHSATA 32 €IWHUILY, MACCOM M3y4aeMOTO Tella M MOXHO NMpeHeOpeUYb IO

CpaBHEHHMIO ¢ MaccaMHu OonbIuX IutaHeT. CyMMHMpOBaHUE paclpoCTpaHseTCss Ha Bce OoJblIMe
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TUTAHETHI, BO3MYIIIEHUSI OT KOTOPBIX MBI XOTHM yUYUTHIBaTh. lIpaBbie 4aCTH TaKOBBI, YTO BCE TpU
YPaBHEHHUS JOJIKHBI UHTETPHUPOBATHCS MapaILIEIbHO.

W3 Bceil rpymmbl METOJ0B, OCHOBAaHHBIX Ha KBaapaTypHbIX Gopmyrnax, Mmeron Koyamna nanbonee
TOYEH, TaK KaK MMPU OAHOM M TOM K€ HAWBBICILIEM MOPSAKE YUUTHIBAEMBIX PA3HOCTEH OCTATOUHBIM
YJieH ero mmeer MeHbUMi ko3 duuuent. Koysman pa3zpaboran cBOW MeTOJ WHTETPUPOBAaHUS B
cBsi3u ¢ oTKpbiTHeM B 1908 r. cnytHuka lOmutepa. B cuny Oonbimx Bozmymnienuid ot ConHIa ero
JIBUKEHHE HE OMHCHIBAIOCh 3akoHamu Kemnepa maxe otmaneHHo. Koyasmn Gnectsine mpuMeHWT
CBOM METOJ U K MPEABBIYUCICHUIO TTOsIBIICHUSI KOMeThI ['ames B 1910 r.

B nanpHelmeM 3TOT METOJ TOCITYXIT OcCHOBOM i1 moaudukarnuii b.B.Hymeposa (UTA). B CIIIA
meTo; Koyanna ObLT MONOKEH B OCHOBY Pa0OOTHI MO0 COBMECTHOMY MHTETPHUPOBAHHUIO YpaBHEHUU
nerkeHns BHemmHUX maneT Ha 400 net. B UTA JI.K.KynukoB npuBen ocHOBHBIE ()OPMYITBI ATOTO
MeTOJIa K BUAY, yI0OHOMY JUIsl TporpaMMupoBanust, a B.d . Ms4un npoBen rccieaoBaHue BIUSHUSA
MOTPEIIHOCTH KaK UCXOJHBIX JTaHHBIX, TAK U HAKOIUIEHHsI OIMOOK B MpOLIECCe MHTETPUPOBAHUS Ha
Ka)XI0M Im1are. [ J1aBHbIe ICTOYHUKHU OLTHOOK:

— oTOpachkIBaHHE OCTATOYHOTO YeHAa B OCHOBHOHU (hOpMylie MHTETPUPOBAHUS;

— OIMMOKH OKPYTJIEHUS HA KaXJIOM I1Iare;

— OomMOKH B HAaYAJIbHBIX JaHHBIX, JEKallle BHE METO/1a MHTETPUPOBAHUS;

— OomMOKH, BOZHUKAIOIINE OT HEOOXOIUMOCTH Ha Ka)JIOM IIlare mpuoeraTh K UTepaIusM;

— HETOYHbBIC 3HAUCHUS MMapaMeTpoB, HAPUMEP KOOPAMHAT, WIU CKOPOCTEH, WM Macc OONBIIUX
IUTaHET.

Pa3paboTka mporpaMMbl HHTETPUPOBAHMSI BKIIOYAET B ce0sl HECKOJIBKO 3TAIOB.

1 — omnpeneneHne HAYaTbHBIX YCIOBHIA: BHJI OPOUTHI, TOCTOSIHHBIE HHTETPUPOBAHHS;

2 — ompeneneHre HEOOXOMUMON TOYHOCTH, T.€. YMCIA JECATUYHBIX 3HAKOB TPU OXKHUIAEMOM
HAKOIUIEHUU OILINOKH;

3 — ompezaeneHue HayaldbHBIX JTAHHBIX, HAIPUMEP KOOPJAMHAT Ha JBAa MOMEHTAa WJIM KOOPAMHAT U
CKOpOCTEW Ha OJIUH MOMEHT;

4 — BBIOOp W MPOBEPKA I1ara HHTETPUPOBAHUS, KPUTSPUHU YIBOCHHSI WITU JICJICHHS IIara Momnojam;
5 — WHTerpupoBaHue OT 1Iara K Iary;

6— BBIBOJl pE3yNbTAaTOB, €CIM HEOOXOAMMO — MHTEPIOJUPOBAHUWE WX, HAIpUMep, s
orpezeNieHus: HanOOIbIIETO COMMKECHHUS.

PaccmoTpum Gosiee moapoOHO HEKOTOPbIE YHCICHHbBIE METO bl HHTETPUPOBAHHMSL.
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11.1. METOZ KOY3JLJIA

3anuiemM YpaBHCHHUC IBUKCHUA B BUJIC:

o k(1+m) T,
= kZm( 1”3} (56)

r’ i
rae m,F — TeMOLCHTPHYECKHE KOOPAMHATHI Teia; m,,;; — Macca M TeMOICHTPHYCCKHE
KOOD/IMHATHI BO3MYLIAKOIINX TeT; A, — X B3aHMHOE PAacCTOSHHUE.

OcHoBHas uzaes meroaa Koyaiia cBOAUTCS K CIeAyIOMEMY: TaK KaK B IPaBYIO YacTh HE BXOJUT T,

HAJ0 OT 7 cpa3y MeperTH K T, UCIOJIb3Ysd UHTepHOIsAuoHHy0 ¢popmyny Crtupnunra. CoraacHo

n d}’l’7
n! \ dt" .

n d"l,7
t +@)=r.. =T +
( ) T =Tk z (dt j

dopmyne Teiinopa

F(t —ZD’) h,=T1

n=1

Orcrona

I 2n 2n
wr =2y Z 4]
=~ n d™ ),

O6o3HaunB @°F =f , uMeeMm

w-Zn dZn r
ANt =1, +2z 2nf .
Qn+2)l d*> )
BBIpa?;PIM IMPOU3BOAHBIC YCPC3 PpPa3HOCTHU, HUCIOJIB3YySA HC q)OpMyfIy HBIOTOHa, a, cjIeayd 3a

Koyamnom, popmyny Ctupnunra. Ioayunm

31 289

I 1 . i} .
Nr=f +—f— ‘+ 6 S+
fi 12 fi 240 fi 60480 fi 3628800 fi
Cymmupyst 3toT psig ot 0 1o i u ot 0 10 k, umeem
. 1 . 31 . 280 317 .
7 —2+7 2 4 4_ %7 e, 00T 8’
=i 12 fi= 240 fi 60480 fi 3628800 fi 22809600 fi

rac

. 1. 1 . 31
A ;—
Jom =1 12 fo 240f° 60480

4
Jo +

~ _ 1 .
£ =AF L+ 3
-1/2 r—1/2 f—1/2 240 f—1/2 60480 f 1/2

1L 1 L, 191
= —_— + —
k f—1/2 24f0 720f0 60480f0
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CKOpOCTH BBIPXKEHBI B €UHUIIE BPEMEHHU, PaBHOM (O CYTOK M MX HAJ0 pa3AeiuTh Ha WK mepen
BBIBOJIOM 3JIEMEHTOB.
CocTaBUM cxeMy peIlleHUs Ha MpUMepe yueTa TOJbKO BTOpBIX pasHocTei. Paboume ¢dopmyssl
HalmuvuieM Ijid KOOpAUHATHI X.

-2

S e

" 240

HazoBewm n1Ba mocieaHue wieHa peayKIuen
Red =— f - f
! 240

¥ BBIPA3HM BTOPYIO Pa3HOCTh uepe3 camy (yHKIIHIO

Red, = @f ——O(fm = fia). (57)

Jlanee BbIUUCIISIEM 110 AITOPUTMY

1. Ha 3agannabie 4eThipe MoMeHTa BeauciauM f mo gopmye (56).

2. Onpenenum Red, no (57) 1u1st BTOPOTro ¥ TPETHETO MOMEHTOB.

3. f?=x,—Red, nnan=2,3 (58)
4. f7 =217 =1+ (59)
5. Red, = x, — f,” (60)
6. [TepBoe mpubIMIKEHNE HA TIaT BIEPE/I;
7 =21"~f"+1, (61)
7. Red, =3Red, —3Red, +Red, (62)
8. X = f.* +Red, (63)
Bropoe npubnmkeHne npeapIayIiero mara;
9. fs mo popmye (56) (64)
10. Red4=£f4—i(fs+f3) (65)

1207 240
11. x, = f,> +Red, (66)

Jlst cnenyroriero mara £y mo gpopmyne (56).

11.2. METO/l 9BEPXAPTA

OpHUM ¥3 TNIaBHBIX MPEUMYIIECTB METOa DBepXapTa SBISETCS TO, YTO OH OJHOMATOBbIH. OH ObLI
pazpaboTaH He CHEIUAIBHO JUIsS 3a7ad HEOSCHOW MEXaHWKH WM BKIIOYAeT B CeOSl alIrOPUTMBI

pEILIeHUs YeThIPEX OCHOBHBIX BUIOB Iu((hepeHIINanbHbIX ypaBHEHUH.
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9TO THUIIBI:

x=f(t,x)
X =1(t,Xx)
* = f(t,x,x)

X=f(t,x xXx%)

Hac nntepecyer penieHue ypaBHEHHUS BTOPOIO U3 3TUX BUJIOB:

X =f(t,x), (67)
IIpUY4EM B HaYaJILHBEIA MOMEHT MOTYT OBLITh BBIYUCIIEHBI KAK KOOpJAUHATHI, TaK U CKOPOCTH, T.C. X, X.
Paznoxum pyskmuio f B psij1 o cTeneHsM t B OKPECTHOCTH HaYaJIbHOW TOYKH t)

X=f+At+AL +. At (68).

JIBaxxibl UHTErpUpys ypaBHEeHHE (68) 110 HE3aBUCUMON NIEPEMEHHOM, TOITYYUM

t* t
x:x1+flt+A15+...An .
n+

n+l

(69)

t2 t3 tn+2
X=X, 450+t A—— A (70)
2 2.3 (n+1)(n+2)

[TosnmHOM B mpaBoii yacTu BelpakeHUs (68) He sBIIsAETCA OTpE3KOM psizia Teilnopa, y Hero npyrue
KOd(UITMEHTHI, KOTOPBIE ¥ HaJI0 HalTH. J{71s aToro nmpeacraBum Gyukuuio f B Buae
f=fi+rat+ott—t)+atit—1,)t—1t)+.. (71)
Ecnu mrar uaTerpupoBanus h pa3our Ha n 4acteld, TO MOMEHTHI HIIYT B TIOPSIKE
titytyt, =T

31ecy HavyaJIbHBIM MOMEHT BpeMeHH t;=0, mar narerpupoBanus h, MOMEHT B KoHIe mara T.
B mpaBoit wactu ycnoBus (71) moryr ObITh mojacTaBieHbl 3HadeHus f mo (70) mnms Kaxmoro

MOMCHTa t.
t, f,=ftat,
t, fi=fitat+at —t,) (72)
t, fi=fitat, +at(t,—t)+at,(t,—t)t, —1).

VYcenoBus (72) mO3BOMSIIOT HAM BBIYUCIATH KO3(PHHUITUESHTHI OL:
o =(f, =),
o, =0, - fi—at)/t,(t, —t,) (73)
o, =, - fi—ot,—o,t,(t,—t,)/t,(t,—t,)t,—t).

[IpupaBHuBast K03 GUIMEHTH IPU OJUHAKOBBIX cTereHs X t B (68) u (71), Haiinem A;
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A = —ant, —ai,t,
A, =a,—at, —at, (74)
A =a,.
Torma WCKOMBIE 3HAYEHHs] KOOPAMHAT W CKOPOCTEH, KOTOPBIE OUYEHb Ba)XHBI, HANPUMED, IS

ompeeneHus OpOUTHI, Ha KOHIIE I1ara

T? T* T*
x(T)=x1+x1T+f17+Al 2'3+A23'—4+...
T? T’
X(T):Xl +f1T+A17+A2?+... (75)

Cxema pemieHus 11 9ncia pa3OueHus mara MHTerpupoBaHus n=>5.
Wcxonnele nanHsle: h — mar MHTErpupoBaHUs;
N — YKCII0 pa30OMeHMH 1m1ara;

X, ¥,Z - KOOpAWHATBHI U KOMIIOHECHTHI,
X,¥,Z - CKOpOCTH T€JIa B HUCXOIHBIII MOMEHT;

t; — Ha4aJIbHBIM MOMEHT, Ha KOTOPBIN JaHbl KOOPIMUHATHI U CKOPOCTb.

1. Beruncnaum y3i161 pa3OveHus mara

h h h
t, t,=— t,=2— t,=3— t,=T=h
4 4 4
2. [Monmyynm 3HaueHHUs! PYHKIUH B UCXOIHBIA MOMEHT. [IpH 3TOM B NpaBoi 4acTH 3aIHUILIEM TOJIBKO
OCHOBHBIE WICHBI, HE YUYUTHIBAsE BO3MYILEHHUS OT APYIUX TEIl.

X

_ 2 M. a2 ). _ 2%, 2 _ 2 2 2
f,=—k 3 fly__k T30 fi.=—k s L =X FY L

h h h
Jlanee Bce BBIUUCIECHUS UIYT MIAPAUIEIIBHO 110 KaXA0W KOOPAUHATE.

3. B mepBoM npuOIMKEHUH UMEEM:

2
, t
Xy :x1+x1t2+f1?2 (76)
2

. 5
x3=x1+x1t3+f13

2
Xy =X 50 +f1t;
4. Beruucnsem f,, f;, f, no dopmynam (76).

5. OnpenensieM BcrioMorareibHbIe KOO PUITUEHTHI:
- f, - fi

t2
— fy - fi —at;

I (1 2Tl )

a,

2
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f,—fi—at, —apt, (1, ~ 1))
t,(t, —1,)(t, —13)

6. [Tomyuaem k03 PUIIIEHTH OCHOBHOTO Psa:

o, =

A =a —-at,—at, +at,
A, =a, +at.t,
A, =a,
7. Tenepb MOXXHO BBIYUCIIUTE KOOPAWHATBI U CKOPOCTH Ha KOHEYHBIM MOMEHT IlIara:

T? T° T T°
x(T)Y=x+xT+f —+A + A +A
R R T A E WS I

T? T’ Tt
x(D)y=x,+fT+A —+A —+A, —.
M=%+ fT+A -+ A+ A

Taxum 06pa3oM, MbI MOITYYMIH KOOPAUHATHI M CKOPOCTH B TIEPBOM MTPHOIMKEHUH.

8. BpluncisieM yToOuHEHHbIE KOOPUHATBHI:

1 5 1, t5
X, =x1+xlt2+f1§+{A1 2'23+A2 3_24+A3 4'25}

3 4 5
I3 +A, f5 + A, f5
2.3 "73.4 745

2
t
X, =x1+x1t3+f1;+{Al

A s 1, f
X, =x1+xlt4+f1£+{A1 2f‘3+A2 3f‘4+A3 4?‘5}

9. Unem Ha Bropoe npubinxeHue, HauuHas ¢ nyHkta 4: f,, f,, f, ¥ T.4.

[Iponece nocnenoBaTeNbHBIX NPHOIMKEHUN TTOBTOPSIETCS 10 TEX MOP, IMOKa J[Ba MOCIEA0BATEIBHO
noiy4eHHbIX 3HaueHus X(T) He OyAyT OTIMYaThCS APYT OT JIpyra MEHbIIE, YeM 3apaHee 3aJjaHHast

omuodkKa €.
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