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BBEJAEHHE

MceicaoBanue AHHAMHKH OTHOCHTCIBHOTO ABH/KCHUS SIBISICTCA NMOJTECDKICHHCM 3HAYHMOCTH TCOPCTHYCCKOH MCNAHHKN KaK
(VHIAMSHTANBHOM  AHCOMIIMHBL  A18  (JOPMHDOBAHHS MBIIICHHS CTYJSHTd B TOXHOMOTHUSCKOM TPOUECCE  MOATOTOBKH
CTEIHATACTOR HHIKEHEPHOTO IPOGIIIA.

M3y4CcHHC TCOPHH OTHOCHTCILHBIN ABHMCHHH HMMCCT OrpOMHOC 3HAUCHHUC B TCOPHM KOCMMMCCKHN NOIETOB, FAC MPHNOIMTC:
PACCUMTLIBATb CIOMHBIC TPACKTOPHH JACTATCMbLHbLIN ANMAPATOB NO OTHOLICHHIO K MOABHKHBIM CHCTCMAM KOOPAHHAT. CBsI3dHHBIX ¢
MIAHCTAMM.

CneaycT OTMCTHTL. UTO B DONBIIMHCTES CYYACE TOKA3ATCIH TCXHOIOMHYCCKHY NMPOLCCCOB NPH 00padoTKe MAaTCPHANOB, KaK
KAUCCTBCHHBIC. TAK H KONMUCCTECHHBIC. 3ABHCAT HMCHHO OT NAPAKTCPHCTHK JBHKCHHs MATCPHANA OTHOCHTCIBHO PAbOUNX OPraHoB,
KOTOPBIC CAMH COBEPIIAIOT JIBIKGHHA IO OTHOUICHHK) K KOPIVCY MAIIMHEL B OCHOBE TEOPHM MEPEPADOTKH CEINYYMX H KHIKHX
MATEPHANOB, K KOTOPOH OTHOCATCA CEMAPHPOBAHME. TPAHCHOPTHPOBIHHME. CMEIIMBIHHE, JQIHPOBAHHE H JAPYIOE. NEKHT TEOPHA
OTHOCHTCIBHOIO BHHCHHSL

Llcnbio HM3YHCHHY YKA3AHHOH TCMbl #BIICTCH VCBOCHHG OCHOBHOLO 33KOHA ABHMKCHHA B NOJIBHMKHbLIX (HCHHCPUMANBHbLIN)
CHCTCMAN KOOPIHHAT. Bnarogaps NOHHMAHHWIO OCHOBHBIX OCOOCHHOCTCH OTHOCUTC.TBHOMO JBHKCHHS MATCPHAIBLHON TOYKY CTYICHTH
yOC#Iar0TCs B OC3IPAHMUHBIN BO3MOKHOCTSIX [OCTHRCHMS 3aKOHOMCPHOCTCH MCX3HHYCCKOIO B3aHMOICHCTBH TC.1 B OKPY AKAKOLLCM
HIC MHPE. 9T0 OTPAKAST METOANIOTHICCKYR) THATHMOCTE 3TOH TEMBI [UIA NOHHMAHHAA 3AKOHOB MEXAHHKH.

1. HHEPUUA/BLHLIE H HEUHEPHHA/JLHLIE
CHCTEMEBI KOOPIHHAT

B KHHCMATHKC HC 3aTPACMBACTCAH BONIPOC O NMPHTHHAN, BbISBIBAOLIKN JBHAKCHHC, MO3TOMY NPHHLHITHANBHON PA3HHUBl MCHIY
PASTHYHBIME CHCTEMAMH KOODAHHAT HET. T.€. B 3TOM OTHOIICHHH BCE OHH DABHONPUBHEL. B AMHAMHKE NPH HIVICHHM 31KQHOB
JBHKEHHA 7Aen0 OOCTOMT COBEPIIEHHO HHAYE, TaK K4K 3AeCh OOHAPYAKHBAETCS TPHHUAMHATEHOS PA3THIHE MEXAY DAHEIMH
CHCTCMAMH KOODAHHAT K TPCHMY LLICCTBA CAHOMO K1acca CHCTCM KOOPAHHAT MO CPABHCHHIO C ADYTHMH.

3aKOHBI MCNAHHKH B PA3HbIN CHCTCMAN KOOPAMHAT HMCIOT, BOOSLIC FOBOP:L. PAMIMUHbIH BUI, NO3TOMY MOMCT OKA3ATLC, UTO B
MPOU3BONbHOH CHCTCME KOOPAHHAT 3AKOHBI JAKC MPOCTHIN ABICHUH OyIyT BHINIAICTE O4CHD CIOWHO, [103TOMY, BOSHHKACT 3a1a4a
OTBICKAHHS TAKOH CHCTCMBI KOOPAHHAT. B KOTOPOH 3AKOHBI MCXAHHKH BbITTISICTH Obl BOSMOAHO OONCE MPOCTO H KOTOPAs Hanbo1ce
vI00HA ANA OIMHCAHHA MEXAHHYECKHX ABICHHH (Takad CHCTEMA KOOPAHHAT MOIYYHI: HABAHHE HHEPUHATBHOH).

Hccieaosanne ABMAKEHHA OJHOH TOUKH MATEPHAIBHOTO TENd JAET NOMHOE NPEICTABISHHE O ABH/KEHHH TENd B LENOM, ECIH OHO
COBCPLUACT NOCTY MATCNEHOC ABHXCHHC. B CBA3H € 3THM, MATCPHANBHAS TOMKA — 3TO TOUKA, 3AMCHHIOLIAs PCATBHOC TENO, KOTOPOC B
CHAY KOHKPCTHBIN VCIOBHI COBCPUIACT TOMBKO MHIb NOCTYNATCILHOC ABMACHUC, MaTcpuanbHOH TOUKS NpUIAKOTCH BCC CBOICTRA
MOCTYMATCNBHO IBHKY LICTOCs TCIA, 4 BOIMOKHOCTb 3AMCHBI MATCPHANBHOH TOMKOH TOTO MM WHOTO 0OBCKTA 3aBHCHT B OonbLicit
CTCTICHH OT OCODCHHOCTCH Cro ABHKCHHA W HACATH3ALHH 33Ja4H, TCM OT PA3MEPOB 00BCKTA.

OmbIT MOKA3LIBACT, UTC B MOOOH CHCTCMC KOOPAMHAT NPOW3BONBHOC TENO BBIBIBACT HCEKOTOPOC YCKOPCHHC CBOBGOIHOH
MATEPHANBHOH TOYMKH, IPHUEM 3TO VCKOPCHHE CTAHOBHTCA OCCKOHCHUHO MANBIM IO MEPE YIAICHHA TEIa Ha OSCKOHCYHO OOIBIIOS
PACCTOSHHE OT TOUKH.

MMoustue o0 MHCPLUMANBHOH CHCTEMC KOOPAMHAT CBA3AHO C MOHATHCM o0 MIOMMPOBAHHON MaTcpHaIbHOM TOuke, T.C. TOUKCE,
KOTOPdsl HAXOQIMTCH HA BCChbMA OOMBIIMN PACCTOAHMHN OT BCCX TMPOUMX TCA H. CICIOBATCIbHO, CBOSOMHA OT BIAMMOACHCTBHS C
APYTHMH TC1aMK BCCNCHHOA HTH HAXOOWTCS 1O ACHCTBHCM YPABHOBCILICHHON CHCTCMBI CHIL.

IKCHCPHMCHTANBHBIC HECICIOBAHNS MOKAIBIBAKOT, UTO OTHOCHTCIBHO OIHHX CHCTCM KOOPIHHAT YCKOPCHHC TAKOH TOUKH PABHO
HYIK. 4 OTHOCHTCIBHO APYTHUX CHCTEM KOODOHHAT HIOMHPOBAHHAA TOYKA ABHAKCICA YCKOpEHHO. HampHmeEp, M30IHpOBAHHAL
MATEPHATBHAA TOMKA. NOKOAMAACT OTHOCHTEIBHO CHCTEME! KOOPRIHHAT OX1)1Z M VIHHMAIOWIAT MONOMKCHHEES, OTNNYHOS OT HATATd
KOOPAMHAT (J, OYACT HMCThL YCKQPCHHC QTHOCHTEIBHO CHCTEMbI KOOPAMHAT OXVZ, BPALLAKILCHCH BOKPYT OCH Z ¢ YINIQBOI CKOPOCTHK) (.
JcHCTBUTCIBHO, OTHOCHTCIBHO CHCTCMbI KQOPAMHAT oxVZ TOuka QVACT MABMIATHCH MO OKPYWKHOCTH, H MO3TOMY CE VCKOPCHHC
OTHOCHTCIBHO ¥KAIAHHOH CHCTEMbl KOOPIUHAT HC PABHO HYJIFO.

PaccMoTpHM TCTICPb BOMPOC, CBAAHHLIH € TPHYHHOH BOSHHUKHOBCHH YCKOPCHHS MATCPHATLHOH TOUKH OTHOCHTCIBHO MPOHIBONBHOI
CHCTEME! KoOpauHAT. ONEIT DOKAIBIBACT, ITO ITOM NMpHIAHOH MOKeT OBITH KdK ACHCTBHE Hi TOUKY KAKMX-TO ONPEIETEHHEIX TEIL TaK H
CBOMCTBA CAMOH CHCTEMBI KOOPIMHAT. TAK KdK VCKODEHHS DAYIHYHO OTHOCHTCIBHO DPasHEIX CHCTEM KOOPAHHAT. OJHAKO, MOWKHO
NPCANCIOMKHTb, YTO CYLICCTBYCT TAKA CHCTCMA KOODAMHAT, B KOTOPOH Y CKOPCHHUC MATCPHANBHOH TOUMKH NONHOCTLID OGYCNOBACHC TOILKO
B3aMMOICHCTBUCM ¢€ ¢ APYTHMH TCAaMH H DABHO HYJIHG IDH OTCYTCTBHH ¥ KA3ZAHHONC BiaumMoAcHceTBus! | 1.

(HeTeMa KOOPIWHAT HARLIBACTCH HHCPUHATEHOH. CCITH M0 OTHOLWICHHKO K HEH 003 H30JIHPOBAHHAS MATCPHANLHAN TOUKA THOO
MOKOHTEs. DO IBHKCTCH PABHOMCPHO W NPAMOIMHCHHO HC3aBHCHMO OT HAYATBHOTO MOJOWCHH H HANPABICHHA HAUANBHOI
CKOPOCTH (ABHKCHHES [0 HHEPLHH).

CHCTEMBl KOOPIHHAT. AN KOTOPHIX YCJIOBHA NPHBSIACHHOTO ONPEICNCHHA AT MATCPHATBHOH TOUKH HE BEINONHAEOTCH.
HA3bIBAOTCH HCHHCPUHANBHBIMY, Tak kak J1t080C TCA0 BO BCCICHHOH HC #BI4CTCs MOAHOCTLIO H3ONHPOBAHHBIM OT BOSICHCTBUH, TO
HHCPLUHATbHLIC CHCTCMbI KOOPAHHAT SBIOTCH BOOOPAKACMbIMH W MOTYT ObITh BBCACHBL! C TOH UMM HHOI CTCMCHBIO MTPHOMNKCHHSL.
Hanpuycp. 6113K0H K HHCPUWANBHOH ABIACTCSA [CIHOLUCHTPHYCCKAS CHCTCMA KOOPJAWHAT, HAYANO KOTOPOH COBMAJACT C LCHTPOM
CoiHua. 4 oOcH HAMPaBICHEl HA VIATISHHBIC 3BC3ABL B MCHBIICH CTCNCHM YCTOBHKD HHCPUHMATBHOCTH  YIOBICTBOPSICT
TEQUEHTPHIECKAA CHCTEMA KOOPIUHAT, CBASAHHAA ¢ 3eMngi.

TleppeIi 3dkOH KTICCHIECKOH MEXJHMKH HIH 3aKOH HHEpLuH HEBKTOHA CBOIUTCS K YTBEPKICHHE), YTQ WHEPLHATBHEIE
CHCTCMBI KOOPAMHAT CYLUCCTBYOT, CJICAYCT OTMCTHUTL, YTO VTBCPMKIACHHC B OTHOLICHHHM TOH MAM HHOH CHCTCMBI KOODAHHAT O cé
HHCPUHATLHOCTH BCCrAA Hy #kaacTcs B 000CHOBAHUH |2].

CyIICCTBOBAHNC HHCPUHANBHEIX CHCTCM  KOOPIMHAT TOATBCPMIACTCA C HM3BCCTHOH CTCMCHBIO TOUHOCTH TIPOCTCHLIMM
IKCICPHMCHTOM [ AMHNCH, KOTOPBI 3aKmOva1cs B HAOMIOACHHH HAA OTNMONHPOBAHHBIM MCTALTHICCKHUM LIAPHKOM. CKaTBIBAOLLILMCS
MO HAKIOHHOH rI1aixoH Jocke. BblIO YCTAHOBICHO, ITO CCMH YTOd HAKIOHA MOCKH K FOPHIOHTY CTPCMHUTCH K HY.1H0. TO YCKOPCHHE
IAPHKA TAKEES CTPEMHTCS K Hy T10. OTCHOI4 OBUI CASTIH BEIBOA O TOM. UTO «KOTAA TEIO IBHACTCS IO FOPH3OHTAIEHOH ILTOCKOCTH.
HE BCTPETdd CONPOTHRICHHA TO ... JBHKEHHE €I0 ABIAETCA DABHOMEPHBIM H NPOIOIHIAIOCE OBl OECKOHEUH(. €C/H OBl MIQCKOCTh
NPOCTHPA1aCh B NPOCTPAHCTBC OC3 KOHLA».

Mocneayiowne ©oCC TOUHLIC OMbIThHl YCTAHOBHIM HCHHCPLHANBHOCTb [COLCHTPHUCCKON CHCTGMBI KOOPAHHAT, KOTOpast
(haKTHUCCKH HCTIOB3YCTC: B 3KCHCpHMCHTS [aaunes. B 1o #c BpeMs HAOMOACHMA HAZ YCKOPCGHHHMH HCOCCHBIX TGN MOKasalu



HHCPLUHAIBHOCTL TCMHOUCHTPHYCCKOH cueTeMbl KonepHuka., YvacTHC COMHCUHOH CHCTCMBI BO BRALLCHHM BOKPYL LCHTPA Hawcit
Fa1akTHKM OPHBOAWT K MATOH HCHHCPUWATLHOCTH [CIWOLCHTPHYCCKON CHCTCMBI, OJHAKO TOTAAd 34 HHCPUHANBHYKY CHCTCMY
KOOPAMHAT MOMXHQ NPHHSTE CHCTCMY, CRI3AHHY IO ¢ HCCKQIBKUMH FATAKTHKAMH,

B cumy 3axoHA HMHEpPOHH AMA OOBACHEHHA PABHOMEPHOTO H INPAMONHHEHHOTO IBHIKEHHS TOUKH HET HEOONOMHMOCTH
HPEINQIArATE CYIECTBOBAHUE KAKUX-THOO IPHHEHH, HE 3ATHOYAKIIANCH B CBORCTBAN MATEPHH. KOTOPBIE HOIIEPIKHBAIH OBl TAKOES
JBIKEHHE TOUKH. BOIee TOro, eclu NpH JBHKEHHH CKOPOCTb TOUKH H3MEHAETCH, TO OTCHIa CIEAVET 3aRNKYEHHE O CYIIECTBOBAHUH
HEKOTOPBIX NPHYHH, HIMEHAIOMMX JABHKCHHE H HE 3aKTHOYAROIUMXCA B CBOHCTBAX caMOH MATepHH. JTH INPHYMHBI O CYIIHOCTH
MATEPHH. HABIBAKOTCA CHIAMH, KOTOPBIE NPOUIBOAAT ACHCTBHA, 3AKIOUAKIINECS B COODIIEHUN YCKOPEHHH MATEPHATBHBIM TOYKAM.
H4 KOTOPLIC OHH ACHCTBYIOT. YCKOPCHHC MATCPHAIBHOH TOUKH SBISCTCS MCPOH CE OTKIOHCHH: OT HHCPLUHANLHOTO COCTOSH Hsl,

CueTeMa  KOOPAMHAT, KOTOPAS ABHMKCTSS TOCTYOATCIBHO PABHOMCPHO W TPSMOTMHCHHO OTHOCHTCIBHO HHCPUHMATLHOH
CHCTEMBI, TAKEKE SBIACTCA HHEPUHANBHOM CHCTEMOH KOOPIMHAT, TAK KAK YCKODEHHA MATSPHATBHOH TOTKH B 3THX CHCTEMAX
KOOPINHAT OIMHAKOBEL. (1€I0BATEIHHO. HHEPIHATBLHEIX CHCTEM KOOPIHHAT CYINECTBYET DECKOHETHO MHOTO. CHCTEMBI KOODIHHAT.
JBIGKYIMECA QTHOCHTEIBHO HHEPUHANBHOH CHCTEME! YCKOPEHHOQ, ABTAOTCA HEHHEPIHAILHBIME CHCTEMAMH KQOPAHHAT, [|BHIKCHHE
MATEPHANBHOH TOUKH OTHOCHTENBHO HMHEPUHANBHOH CHCTEMBI KOOPAHMHAT, KOTOPYK) HHOTAA VCIOBHO HA3SHIBAIOT HEMOABHIKHOIM.
HA3BIBACTCs AOCOIHOTHRIM ABHKCHACM, 4 OTHQCHTCJIBHO HCHHCPLHANBHOH CHCTCMbBL KQOPAHHAT, KOTOPRYH) HA3BIBAIOT NOABHMKHON,
HA3BIBACTCS OTHOCHTCIBHBIM JABHKCHHCM.

2. OCHOBHOE YPABHEHHUE JHHAMWKH
ABCOJIIOTHOI'O ABHKEHHUA MATEPHAJILHOH TOUKH

M3 3akoma meepumH HBrOTOHA CIEIYET, MTO €CNH HA MATEPHAIBHYEO TOUKY B HHEPLUHATBHOH CHCTEME KOOPIAHHAT JeHCTBYET
CHJId, TO OHA BbI3LIBACT H3MCHCHHC CKOPOCTH TOUKH., YKA3aHHYIO CBH3b MCHAY CHIOH (MCpOH MexaHmucckoro Bo3acHCTBUSE) M
YCKOPCHHCM (MCPOH OTKJIOHCHH: TOUKH OT HHCPLHANLHOIC COCTO:HMS) YCTAHABIMBACT OCHOBHOH 3aKOH MMHAMHKH (BTOPOH 3aKOH
HHOTOHEI): YCROPCHHC, KOTOPOC CcoolLaeT MélTEPHilJ'IBHOﬁ TOUKS I[eI\/iCTByI‘OH.IEIﬂ Ha He€ CHIA, B HHEPHI/IHJ'IBHOH CHCTCMC KOODAHHAT
MPOMOPIMHOHAILHO BCIMIHNC CUILI H HMCCT MITPABICHHC CH.IBL

Kak cienver u3 0CHOBHOIO 34KOHA JHHAMHKH MATCPHATBHOH TOUKH, IPHMHHOH HAPYIIEHHA HHEPUHATEHOTO COCTOSHHA TOYKH.
T.€. MOABICHUA YCKOPEHHS ¥ TOUKH, ABISETCA BO3NEHCTBHE HA HEE JPYIHX MATEPHANBHBIX TOYEK HIH TENl. 4 XapaKTEPHCTHKOM 3Toro
BO2CHCTBHS SIBLICTCST BCKTOPHA BCIMUMHMHA, HAZBIBACMAS CHIOH, MPHIMKCHHOM K AAHHOH Touke. [lpu 3TOM, CHna xapaxkTCpHiveT
HANIPABJICHHOCTL BO3ACHCTEHS HA JAAHHYHKY TOUKY H HHTCHCHBHOCTb M 3ABHCHMMOCTL PC3YJLTATA BO3ACHCTEHS, T.C. YCKOPCHHS TOUKH,
OT COTMPOTUBITACMOCTH MaTepH'd:IBHOﬁ TOYKH 3TOMY BOICHCTRHO.

(OcHOBHOE YPABHCHHC JHHAMHKH 40COIIOTHOTO JBHIKEHHA M'dTCpHElJ'H:HOﬁ TOUKH ABJLACTCA dHUTHTHICCKHM IIPCIACTABICHHCM
3TOrO 3aKOHA H HMEET BHT,
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ric K- BCKTOP CH.IbI, ACHCTBYKOLUCH HA MATCPHANBHY O TOUKY ., Wo— BCKTOP a0COMOTHOrG ¥ CKOPCHHH TOUKH,

OnbiT mokasblBacT, uTo NMPH MoOOH MO BCIMYMHC H HATIPABICHHIC CHAC OTHoWeHue f/H” ansd gaHHOrO Teia ocradres
MOCTOSIHHLIM, A3 PA3HBIX SKC TC/ 3TO OTHOLICHHC OKA3bIBACTCH PaszIduHbIM. BenmunHa oTHowcHust F/H xapakTepuiver cBoHCTRO
HHEPTHOCTH Tel, KOTOPOE BEIPAMKAET CTENEHb HEMOAATIHBOCTH TENNd K HIMEHEHHID €ro CKOpOCTH. JId KOTHYIeCTBEHHOH
NAPAKTEPUCTHKY HHESPTHOCTH TN BBOJUTCA (VHIMGECKAS BRIHTHHA /1, IIPONIOPIHOHANEHAS oTHOICHMO [/ W 1 HazmBaeTcs MaccoH
TC.Id.

Macca 00134aCT CACTY FOIIMMH ABYMST BAKHCHIUITHMH CBOHCTBAMM!

1) Macca — BeIHUHHA aNTHTHBHAL, T.€. MACCA COCTABHOTO TEIA PABHA CYMME MACC ETQ HACTEH;

2) Macca Tena — BEIMYHHA IOCTOAHHAA, HE HIMEHAKINAACA IPH €IC IBHKESHHH,

Bropob sakon HBEOTOHA YCTAHABITHBACT NPHIKMHY HAPYIIEHUS HMHEPLUHAIBHOTO COCTOSHUA MATEPUATBHON TOUKH (IeHCTBHE HA
TOUKY JPYTHX MATEPUATBHBEIX Ten). [[pHHIHUI HE3aBUCHMOCTH IEHCTBHA CHI B COOTBETCTBHH C KOTOPBIM VCKOPEHHE. MOIYISHHOe
MATCPUANBHOH TOUKOH M0 ACHCTBHCM CHCTCMB! CHIT, PABHO MCOMCTPHICCKOH CYMMC YCKOPCHUH 3TOH TOUKH OT ACHCTENA OTICIBHBIX
CHJI, MO3BOJICT 33MHCATE OCHOBHOC YPABHCHHC THHAMHUKH 4DCOMIOTHOMO ABMKCHHI MATCPHANBHOH TOUKH B BHAC
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rie ZF,(:F — PAaBHOJGHCTBYKOINAS CHCTEMEI cHI ([, {5....[). llom aelcTBMeM CHCTEMBI CHI MATEPHANBHAA TOYKA
=

COBCPLIACT TAKOC HC ABHKCHHUC KAK H N0 ACHCTBHCM OAHOH CHILL, PABHON PABHOACHCTBYIOWCH 3TOH CHCTCMBI Chat | 3].
3. OCHOBHOE YPABHEHHUE THHAMHAKH A
ANO@PEPEHIHAJIBHBIE YPABHEHHUA OTHOCHTEJIBHOI'O
JABHKEHHUA MATEPHAJIBHOH TOUYKH

IlepBEle BA 3AKOHA KIACCHYECKOH MENAHHKH M IIOIVYEHHBIE H3 HHX YPABHEHHA CIPABSINMBBL 118 NBIKECHMSA MATSPHAIBHOH
TOUKH OTHOCHTC/IBHO MHCPUHANLHOH CHCTCMbLI KOODAHHAT (HCMOABHIKHOH WAM ABHMYLICHCH PABHOMCPHO, TNPIMOJHHCHHO H
MOCTY NATCALHO), MCHAy TCM BO MHOCHN CIyUAsX HCOOXOAWMO MOAYHMHTL PCLICHHC HHTCRCCY FOLUCH HAC 3814491 B HCHHCPLHAILHOM
(MOIBMSKHOM)  CHCTEME KOODPJHWHAT (HANDHMED. ABMIKEHHE CHOYTHHKA OTHOCHTEIRHO TMOBEPXHOCTH  3€MIH, JBHIKCHHE
MATEMATHUECKOTO MIATHHKA ¢ TOABHAKHOH TOUKOH MOABecA W Ap.). B CBA3H ¢ 3THM BOBHHKAET BOTPOC, KdK CICAYET MIMEHHTh
OCHOBHOE VPABHEHHE AMHAMHKH, YTOOBI OHO OKARAIOCE CHPABCIIMBLIM U 1151 HEMHEPLHAIBHBIX CHCTEM KOOPIHHAT?

Pas1mme B KHHEMATHUECKAX XAPAKTEPHCTHKAX B OTHOCHTENBHOM H a0COTKTHOM JBHKSHHIX TOUKH 3aKTKOUAETCA B TOM. 9TO
OTHOCHUTCABHOC M A0COAKTHOC VCKOPCHU TOUKH B 3THX JABMMCHWMX PAIUUHBL 49TQ BBI3IBAHO NCPCHOCHBIM JBHMKCHUCM, Byacr
CCTCCTBCHHO NPCANOIIOMHMTL, UTO A NOJABHMKHOH CHCTCMbl KOOPAMHAT 3TO PA3IHUMC B YCKOPCHHAX CYLUCCTBYCT BCJCACTBHC
JeUCTBUA KAKWX-TO JAOTIOIHHUTENBHEIX CHI. KpoMe TEX, KOTOPEIC ,I[eﬁCTB}’IOT Hi MATEPHANIEHYH) TOUKY CQ CTOPOHBL JPYTHX



llﬂTCpHﬂJ’lebl.\' TOYCK MU TCIT. TOF,I[EI K 3THM CHIAM BO3MOWHO l'[pP[MCHCHPIC BTO])OFO JAKOHA Hb}OTOHEL_ T.C. 3TOT 3AaKQOH MOXKHO
PACLUHPHTL, ICPCHOCS CrO HA OTHOCHTCILHOC JBHKCHHC,

Cnc10BaTCILHO, MOYKHO CHHMTATh, MTO MPOU3BCICHHC MACCHl MATCPHANbHOH TOYKH HA CC OTHOCHTCILHOC VCKOPCHHC PABHO
paBHOICHCTRYIOWCH TEX CHA. 1O ACHCTBHCM KOTOPBIN TOUKA MOJIYHACT OTHOCHTCILHOC ABMMCHHC. [ITs BBUICHCHUM XdpakTepa
TAKWX CHI U MX OTHOIIEHHS K CHIAM, (DAKTHIECKHM NPHUIOMEHHBIM K MATEPHATBHOH TOUKE, CISIVET HCIIONBIOBATH COOTHOIICHHT
MEK IV KHHEMATHISCKAMHE XAPAKTEPHCTHKAMH B a0COTIOTHOM H OTHOCHTEIBHOM JBHKEHHAX.

M'ﬂy‘l]{l\[ ABUMKCHHUC Mﬂ’T‘CpHBJ'IbHOﬁ TOYKH OTHOCHTCILHO HCHHClePIHJTbHOﬁ I'IO,ELBI/I')KHOI‘/II CHCTCMbL KOO]),‘ZL[/]H&T ()nz I{OTOpﬂH
COBC]JLL[EICT 340dHHOC IBHWKCHHC QTHOCHTCIBHO HHCpL[HHJ'IbHOﬁ (}"C.‘[OEHO HC]'IO,Z[BI/]}KHO[:"]) CHCTCMBI KOOD,Z[HHEIT ()l,YLl‘lZl, ]_I}'CT])
MdTEpUanbHad Todka A COBEPLIACT JIBMMEHHE [0 OTHOLIEHHIO K IIOABHKHOH CHCTEME KOODAMHAT, KOTOPOE HAJBIBAETCA
OTHOCHTETIBHEIM. JIBHXKEHHE TOUKW A{ MO OTHOIDGHHIO K HENMOIBHXKHOHM cHCTeMe KOOPIWHAT HA’eIBaeTcs abCOMFOTHRIM, 4 ABHKEHHE
CHCTEMBI KOOPIHHAT ¢X)'Z OTHOCHTEIBHO CHCTEMEI KOOPIHHAT (X312 ABIASTCS U4 TOUKH Af IEPEHOCHBIM JBHASHHEM (CM. pHC. 1).

Hﬂﬁﬂ[’OﬂﬁTCJ’lb, Hﬂ.‘(O,E[SILL[HﬁCSI B HHCleHﬂJ'IbHOﬁ CHCTCMC KOOp,ElMHaT HMCCT lTpﬂBO .15 H'i}-"ICHI/lH ABHKCHH3I MﬂTCpHBJ’leOﬁ
TOYUKH l'[pHMCHHTb 3AKOHLI MCXAHHUKH, O KOTOpr.\' pC‘-]b 114 BbIWC, B HaACTHOCTH BTOpOI‘:I JAKOH Hb}OT‘OHﬂ
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rae W —yCKOpeHHE TOUKH OTHOCHTEIBHO HHEPLHATEHOH CHCTeMEL KOOPANHAT (A0COMIOTHOE FCKOPEHHE TOUKH).

Ecmu HAOIIOJATENE. HAXOIAMKHCS B HEMHSPUHATEHOH CHCTEME KOODIHHAT H CIHTAFOIIMNA. 4TO HA TOUKY A/ ICHCTBYET Ta Xke
caMas cu1a [7 | MONBITAETCS MPHMEHHTE BTOPOR 3aK0OH HEROTOHA. TO OH OOHAPYHKUT, UTO 3TOT 3AKOH B €TI0 CHCTEME KOOPIHMHAT HE
BEITIOTHACTCSA. T.€. MAcca, YMHOKEHHAST HA YCKOPEHHE, KOTOPOE OH HAOTIOJAET, HE PABHA JeHCTBYIOINGH HA MATEPHAIBHYEO TOTKY
cune KL

B ¢Bsi3u ¢ 3THM, NONYYHM OCHOBHOC YPABHCHHC AMHAMHKH OTHOCHTCIBHOIO JBHMCHMH TOUKH. CHMTAs. 4TC NCPCHOCHOC
JABIMKEHUE CHCTEMEI 0X}Z 1 CHJIBL ACHCTBYVIOUIHE HA TOUKY, H3BECTHBI.

B pazgere «KuBeMmMaTHE4» YCTAHOBNEHO, 4TO a0CONKOTHOE YCKOPEHHE TOUKH NOpH € CIOKHOM JBHJKGHHH PABHO

Fe0METPHIECKOH CYMME OTHOCHTENBHOIO JF, | mepenocHoro M, W xopHonHcoBa F, yCKOpeHMH 3TOH TOUKH

W=, + 1, +1F,. (3.2)

[TogcTaBmss 370 3HaueHHe JF B PABEHCTRO (3.1), moTy4uM
m(F, 4, 1) =F.

K3 3TOTO ¥YpABHEHHUS OMPEISINM TPOHIBSICHNE MACCE TOUKH HA €€ OTHOCHTENBHOS YCKOPEHHE
mi, = F +(=mM.) + (—mlt,). (3.3)

Beeaém 182 BEKTOPA Cf)e = fmlf'e“ ff)C =—m If’c H JAIHAIIeM paBeHCTBO (3.3) B BHIES
M, =F+®,+d,. (3.4)

B mpapoit wactH (opmyasl (3.4) x cuie, AcHcTBYIOmMEH HA MATEPHATBHYIO TOUKY. JOOABILAKOTCSA [BA CHATAEMEIX — CHH
MOABIAIOTCA B Pe3y IbTaTe HATHUHA IePEeHOCHOTO M KOPHOTIHMCOBOTO YCKOPeHHH ToukH. Bextopsl @, . (b, HMEIOT pa3MepHOCTb CHIEH

M HA3BIBAKOTCI CHIIAMH HHEPUHH. Bekrop (i)t, HA3BIBAETCS NEPEHOCHOH CHIIOH WHEPUHH, BEKTOP ff)c. — KOPHOJIUCOBOH cuIoii
HHepIuH. [lepeHOoCHaA H KOPHOMHCOBY CHIBI MHEPLHH MOIYHAIOTCA COOTBETCTBEHHO YMHOMKEHHEM IEPEHOCHOIO H KOPHOMHCOBA
VCKOPEHHH Hd MACCY TOYKH, HANPABICHHE 3THX CHII IPOTHECNICIQKHO HANPABISHHIO COOTBETCTBYIOLINX YCKODEHHH.

PaeencTBO (3.4) MOXKHO TPAKTOBATH KAK 3AMHCH BTOPOTC 3akOHA HEBEIOTOHA TPHMEHHTEIBPHC K HEHHEPLUHANBHOH cucTeme
KOOPIHHAT. OHO HA3ZBIBAETCS OCHOBHEIM YPABHEHHEM JMHAMHKH OTHOCHTENBHOIO JBHKEHHA MATEPHATRHOH TOYKH. KaK MOKA3BIBAET
3TO YPABHCHHUC, MPOH3BCACHHC MACCHI TOUKH HA CE OTHOCHTCILHOE YCKOPCHHC HC PABHO CYMMC ACHCTBYIOLLHN HA HCE CHIT.

[Nocncanuc ABa BekTOpa B Npasoi uacTH (3.4) MOWKHO PACCMATPHUBATL KAK MOMPABKH KO BTOPOMY 3aKOHY HBKOTOHA, KOTOPBLIC
JOTIKEH BBECTH HAOMHOJATENb. HANOIAIMUNCA B HEHHEPIUAILHOH CHCTEME KOOPIHHAT. AL TOIO, YTOOBL B 3TOH CHCTEME KOOPAHHAT
OCHCBHOE ¥PaBHEHHE JMHAMHKH COXPAHHIO (OPMY BTOPOTO 3akoHa HEIOTOHA.

B pc3yaeTaTe Mbl mOoayuacM CACAYOWMHA MCTOA, YPABHCHHC IMHAMHKH OTHOCHTC/ABHOIO ABMMCHHMS MATCPHANBLHOH TOUKH B
HEHHEPUHATBHOH (IOABHAKHQH) CHCTEME KOOPANHAT MOMKHO COCTABHTE TUKHM K¢ 00PA30M KK B YPABHEHHES JUHAMHAKH a0COMOTHOID
JIBHKEHHSL TOH TOYKH B HHEPLHANBHOH CHCTEME KOOPIMHAT. €C1M K (DAKTHYECKH ASHCTBYKOLIMM HA TOYKY CHIAM J00aBHTH
NCPCHOCHVE) H KOPHO.IMCOBY CHIbL HHCPUHH. TakuM 00pasoM. BTOpoil 3akoH HBIOTOHA MOXCT ObITh MPUMCHEH H B HCHHCPLHANLHOT
CHCTEME KQOPIMHEAT C YKA3IHHEIMH BHIIE TIOMPABKAME (BREICHHEM OCQOBIX CHII, HAYBIBASMBIX CHITIMH HHEPIIHH).

ComocTaBICHHE OCHOBHBIX YPABHCHHH AWMHAMHKH A0COMOTHOTO H OTHOCHTEIBHOTO IBMKESHHH MATEPHANBHOM TOYKH
NOKA3bIBACT, UTO B HHCPLHAILHOH CHCTCMC KOOPAMHAT YCKOPCHHC TOUKH BISCTCS TOIbKO PC3Y.ILTATOM ACHCTBY HA HCE CHML T.C. ¢
B3dHMOACHCTBHA ¢ APYTHMHE MJTCPHAIBHEIMHE TEIAMH, B HEHMHEPLHATIBHOH CHCTEME KOODAHHAT YCKODEHHE TOUKH €CTh PE3yIbTAaT He
TOTBKO AeHCTBHS He He€ CHII, HO H Pe3y.IbTAT ABHXEHH: caMOH CHCTeMBI KOODIHHAT.

JHHAMMUCCKOH TPUUMHOHA ABHKCHMS TOUKH C HCKOTODBIM VYCKOPCHHMCM SIBTHCTCs ACHCTBHC HA HCC CHJI, KMHCMATHUCCKOH
OPHYHHOH YCTAHOBICHHA 3TQIO VCKODEHHA ABIACTCS ABHIKCHHE CAMOH CHCTEMBI KOODAHHAT. ECIM DACCMATPHBATE ABHECHHE
MATEPHATBHOH TOUKH OTHOCHTEIBHO PAZIHIHEIN HEHHEPUHANBHLIX CHCTEM KQOPIHHAT. TO CHABL JEHCTBYIONHE HA TOUKY CO
CTOPOHEI IPYTUX T U OUPEAesieMble (JHIUISCKHMH 3AKOHAMH B3AMMOJCHCTBHI. HMCEOT OZHM M T e 3HAUCHUS] HE3ABUCHMO OT
CHCTCM KOQOPAHMHAT, YCKOPCHHS! KC MATCPHAILHOH TOUKM B ¢ ABHKCHHUSIN OTHOCHTCAbHO PA3AHUHBIN CHCTCM KQODAHHAT 3aBHCHT Kak
QT JeHCTBYIOIIUX CHJL, TdK H OT JABMAEHHA 3THX CHUCTEM KOODIHMHAT, d HO3TOMY OHM paziudHbl. [locneanuM oOBACHAETCA TO



0OCTOATETECTBO, ITO B HEHHEPLHATEHHIX CHCTEMAX KOOPIMHAT JMBHCHMOCTH. CBAIBIBAIOIIAE VCKOPEHHI MATEPHATHHOM TOYKH H
ACHCTBY FOLUHC HA HCC CHIBL DA IHYHBL

B nmpoekumsx Ha OCM TMOJMBMKHOH CHCTEMBI KOOPJIMHAT o©X3Z M3 ypaBHeHHA (3.4), YUYMTHIBaA., 9TO CHIa SBIACTCA
papHoIeicTByIomeH CHI, JeHCTBVIOIINX HA MATEPHATBHYIO TOUKY. HOIvuaeM IH(depeHIIHATbHbIE VDABHEHHS OTHOCHTEIBHOIO
ABHKCHHA .\IaTCpI/IH.'IbHOI‘;I TOUYKH

mx = Z F +®, +P
mi=> L+ @, +D, (3.5)
mi=> F AP+ D

LIE X. ¥, Z — OTHOCHTENIBHBIE KOOPIHHATH TOUKH.

Takum 00paszoM. OTHOCHTCILHO HCHHCPUMAILHOH CHCTCMBI KOOPAMHAT MATCPHANILHAS TOUKA JIBHIKCTCH TaK *C. KAK cclu Obl 312
CHCTEMA KOOPIHHAT OBbl1d HHEPUHAILHOH H €CIH OBl K 3TOH TOUKE, KpoMe (pakTHICCKH JEHCTBYIOIHY HA HEE CHIIL, OBLTH IPHIOKCHBI
IIEPEHOCHAS H KOPHO.IHCOBA CHIIBI HHEPLIHH.

4. CLJILI HHEPIIMHA B THHAMHWKE
OTHOCHTEJIbHOTO JABHXEHHA MATEPUAJIBHOH TOUKH

W3 mpeaplayvimix paccy i IeHHH CIGTYET, YTO BBEICHHE CHI HHEPIMH MO3BOIACT COXPAHHTH MO (HOPME OCHOBHOE VPABHCHHS
JMHAMHEKH H 1714 HeHHEePUHATbHELX CHCTEM KOODIMHAT, CI€Ba — IPOHIBEISHHE MACCH HA VCKOPEHHE, CIpaBa — cHIHL. Ho kpoMe chl
(X MOKHO HABATHL A0COTIOTHEIMH CHIAMH), OOVCIOBICHHEIN JEHCTBHEM OMPEICIEHHBIX TE1 HA MATEPHAILHYIOD TOUKY (CHI
B3aMMOIeHCTBIT). HeOONOIHMO YHECTh H CHIIB HHEPUHH. KOTOpHIE NMPOIOPLUHOHATEHEL MAcce TOUKH H 3ABHCAT KaK OT IBHKEHHI
HEHHEPIHUATLHOH CHCTEME! KOOPTHHAT, TAK M OT MOJIOKCHHSI H CKOPOCTH MATEPHAIBLHOH TOUKH B 9TOH CHCTEME KOOPTHHAT.

A4 cHI HHEPLUHH HEeIb3d YKa3aTh (H3HIecKHil HCTOYHHK B BHIE ONpeIeISHHOrO Tena. JelCTBYIOLUIETo Ha paccMaTPHBAEMVIO
MATEPHAIBHYIO TOUKY, TIOITOMY CHILI HHEPIHH HE HWMEIOT TPOTHBOACHCTBYIOIHX H, B OTIHYHC OT CHI B3dMMOJICHCTBHA, HE
HNOTHHESIIOTCA TpeTheMy takoHy HetoToHa. B ¢BS3M ¢ 3THM CHIB HHEPIHH HEIBR31 HATBATH CHIAMH B OOBITHOM CMEICIE CIOBA. HX
MOMKHO HA3BATh NCEBIOCHIAMHU. ECIM B HHEPIMANBHOH CHCTEME KOOPAUHAT HAOMOTA0TCA TAKHE SBICHUI KAK Je(POPMAliA TETA HIH
VCKOpEHHOE IBHCHHE TOUKH. TO OHH OOBACHAIOTCA B3aHMOIeHCTBHEM Tel. T.€. AeHCTBHEM HEKOTOPEHIX CH {3T0 OCHOBHOE CBOHCTBO
HHEPIMATBHOH CHCTEMBI KOOPIHHAT). HO ecnu 9TH ke ABNeHHA HAOTOTAIOTCS B HEHHEPUMATLHOH CHCTEME KOODIHHAT, TO OHH
MOCLYT OBITE OOBACHCHE] HE BIAHMOICHCTBHCM TC1. 8 IBHKCHHCM CAMOH HCHHCPLHAIBHOM CHCTCMBI KOOPIHHAT.

Ecan MekIy MATEPHAILHOM TOUKOH M TEIOM. ¢ KOTOPHM CBAZAHA HEHHEPUHAILHAS CHCTEMA KOOPAMHAT €CTh (Mr3HdecKad
CBH3b. TO CHIBl HHCPUWH OV I¥T MPHIOKCHE HC K MATCPHANBHON Touke, 4 K Teay. B 3ToM ciyyac OCHOBHOC VDABHCHHC IHHAMHKH
OTHOCHTEIBHOTO ABH/KEHHA TOUKH MOWKHO PACCMATPHBATE KAK PACIPOCTpAHEHHE MpHHUHIA Jamambepa Ha 32349y 00 onpeIeIcHHH
OTHOCHTCIALHOIG ABHKCHHH TOUYKH.

[punenss npraupn JdanavOepa. MBI MBICICHHO OCTAHABIHBACT IBHAYIOYIOCS MATEPHATBHYIO TOUKY. H I8 TOro. 9To0BI HE
H3MCHHMTL ¢ B'SaH\IO,I[CI‘;ICTBI’ISI C OKPYHADIMHUMH TCTAMH, BLITLIBAKIIHMA ¥YCKOPCHHAC TOUKHA, MPUKIAALIBACM K TOUKC CHILI HHCPLHHA,

Takam 00paioM. H3VIagd OTHOCHTETBHOE JBHKEHHE TOUKH, MBICICHHO OCTAHABIHBACM MOIBHKHYIO CHCTEMY KOOPIMHAT H J19
TOrQ, YTOOLI MPH 3TOM HC HAIMCHWIOCH B3AHMOACHCTBUC MATCPHAILHOH TOYKH € TCIOM, CB3AHHBLIM ¢ MOIBHKHON CHCTCMOH
KOOPIHHAT, BBOIHM CHIBI HHEPLHH.

CacaoratcnbuO, B PACCMOTPCHHOM CIVHAC, KAK M ¢HIA &, CHALl nacpudn @, &, apISI0TCH PC3YILTATOM BIAUMOICHCTRHY

MEKTY MATEPHAIBHOI TOUKOH. HaxoIAmeHcA B CIOWKHOM JBHKGHHH, H HEKOTOPHIM TEIOM. OOVCIOBIMBAIOIIHM TNEPEHOCHOE
JBHKEHHE. K 9TOMY TeIy W TPHIOKESHH CHIH HHEPUHH. TPHIEM HN (PH3HUECKOEe JeHcTBHE MOXeT OBITB OOHAPYKEHO
HaOTIOACHUAMH H OIIBITOM.

Ecan MaTepHaIBHAA TOUKA HMEET OTHOCHTEIBHOE ABH/KEHHE MO ABHKYIICHCA MATEPHATLHOIH MOBEPXHOCTH. TO CHILI HHEPIHH
IPOABATCH B BHIC JTABICHES TOUKH HA 3TV MOBEPXHOCTE. HATPHMED. NOBBIUCHHEIC HATPYIKH TOS3Ia HA NPABEI PETEC B CECBEPHOM
MOV IIAPHN, TIOIMBIB IPABOTC depera pek CEBePHOrO MOy LIAPHSL.

Ecan (u3mucckast CBA3b MCHKITY MaTCPHAIBHOH TOMKOH H TCHOM, € KOTODBIM CBS3aHA MOBHXHAM CHCTCMA KOOPAHHAT
OTCYTCTBYCT, TO CHIIbl HHCPIHH CICI¥CT PACCMATPHBATL KAK HCKOTOPBIC YCIOBHBLIC BCIHUHHBI, BBCACHHBIC B OCHOBHOC YPABHCHHT

JAHHAMHKH OTHOCHTEILHOTO ABHKEHHA TOUKH. MHIHYECKHE CHIBL PABHBIC (I)e. (I)C B 3TOM CIIVHAC HE CYIIECTBYIOT. HEIle/IMCp,

MOMKHO COCTABHTb YPABHCHHC JIBHAKCHHSI MATCPHAILHOH TOUKH, OPOLICHHOH MOA VIO K TFOPH30HTY, OTHOCHTCIBHO CHCTCMbI
KOOPIHHAT, CBA3AHHOIN ¢ IPOH3BOIBHEIM JIBHKVIIHMCS TEIOM.

B OTHOCHTCIBHOM IBHMKCHHH MATCPHANLHOH TOUKH A3l HAOMKOAATCIS, CBI3AHHOTO C MOIBHNKHON CHCTCMOH KOOPAHHAT, CHIIbI
HHCPUMH «MPCACTABISIOTCSY KAK PCATbHLIC CHIbL OHH MOMYT BHIZBATL OTHOCHTCIBLHOC ABHMCHHC C VCKOPCHHCM Y CBOOOAHORN
MATEPHATBHOH TOYKH, HE HCTIBITHBAKILEH PEAKLHH OT MATCPHATIBHBIN TEI. C KOTOPBIMH CBSI3AHA TOABHKHAA CHCTEMA KOOPIHHAT.
Hanmpunep, Bee mATARMIAE TETA IPH CBOEM JBMKCHHH OTKIOHIOTCS K BOCTOKY. UTO BEI3BBACTCH KOPHOIHCOBOH CHIOH HHEPUHH.

Takny 00pa3soM, OCHOBHOE YPABHEHHE IHHAMHKH OTHOCHTENBHOTO IBHIKCHHS B PACCMOTPEHHEBIN BHIIIE CIVIAMN HEOOXOIMMO
pacCMATPHUBATE KAk METO] HCCIEIOBAHHA OTHOCHTENBHOTO TBISKEHHSA MATEPHATLHOH TOYKH € IOMOMIBID €ro (JUKTHBHOTO
IIPHBEIEHHA K a0COMIOTHOMY ABHKEHHIO.

Cacayer OTMCTUTL, MTO BCC 3333YH IHHAMHKH OTHOCHTCIBHOMO JABHKCHHSI MATCPHANBHON TOUKH MOWHO PCIIHTB HC BBOIM CHII
HHCPLUMH, a4 OMCPUPYS TOIBKO CHIAMM, (DUIMUCCKMH HMCTOUHHK KOTOPBIX Mbl MOXCM YKa3aTh, JICHCTBHTCIBHO, MPOHHTCIPHPOBAB
VPABHEHHE JBHUKCHHS TOTKH B WHEPUHATHHOH CHCTEME KOOPAHHAT, MBI HAHIEM KaK (¥ HKLIWH BPEMEHH A0COMOTHBIC KOOPIHHATE! TOUKH.
3Has 3aKOH JBHIKCHHS HeMHEpPUHATBHOH (MOABHAHOH) CHCTEMEBI KOOPIMHAT, MOWKHO BEIPA3HTL OTHOCHTEIBHBIE KOOPIHHATHI TOYKH.
HCIOIBV A TEOMETPHYECKOE COOTHOIIEHHE MEKTY KOOPIMHATAMH TOUKH B VEA3AHHBEIX CHCTEMAX KOOPAHHAT.



5. ONPEAEJEHHE CWJI MHEPUUU B JUHAMMKE
OTHOCHTEJBHOT O ABUKEHHUA MATEPHAJIBHOH TOYKH

OnpeﬂeneHHe CHJI MHEPUHH ch’ (1)[ W 3anucCb OCHOBHOro YpaBHEHHA AHHAMHKH MaTepuaanoP’l TOYKH paccCMOTpHMM Ha

YAaCTHBIX ClyHaAX, COOTBETCTBYHOLIHUX Pa3/IMYHbIM BUAAM MEPEHOCHOIO ABUKCHHUA.
1. HPEHHOHO)KHM, HTO MOABHIMKHaA CUCTEMa KOOPIAWHAT COBEPLUACT MOCTYNATE/IbHOE ABWMIKEHHUE, T.€. NMEPEHOCHOE ABHIKEHHE

SABJIACTCA TMOCTYNATEJIbHBIM. B stom Ccliy4yae YyrioBas CKOpPOCTb TIEPEHOCHOI0 MABHUIKEHHA 6]e=0 H YCKOpE€HHue KOpHOJ’[HCﬂ

marepuaibHol Toukn W, =0, Tak kak W, =2[w,F,] (¥, — oTHoCHTe/bHAsA CKOPOCTH TOUKH).

Puc. 1

Takum o6pazom, kopHoaucoBa cuna nHepuun @, =0 1 ocHOBHOE ypaBHeHue (3.4) npumer BT,
mW,=F+®,. (5.1)
CiaeayeT yuecTb B 3TOM Cly4ae, UTO MEPEHOCHas CUa MHEPLMH HE 3aBUCHT OT MOJIOKEHHS, 3aHHMaEeMOT0 TOYKOH B MOJIBHKHOM
CUCTeMe KOOpAMHAT.
Mdopmyna 11 NEPEHOCHOTO YCKOPEHHs TOUYKHM UMeeT B, [3]
W, =, + (@, (@p))+ Ep) (5.2)
3mech ®,, €, — YrJoBas CKOPOCTb M YTJIOBOE YCKOPEHHE MOIBHAKHON CHCTEMBI KoopauHat; W, — yckopeHHe eé Havana; p —
paavyc-BeKTOp TOUKH B MOJIBHIKHOH cHcTeMe KoopauHar (puc. 1).

=—mW

0*

Tak kak ®, =€, =0, 10 W, =W, u nepeHocHas cuna nHepuuu @, O, =mW,.

2. IlpennonokuM, 4TO MOABHMKHAS CHUCTEMA COBEPIUACT HEPABHOMEPHOE BpalleHWE BOKPYT HemoABM)KHOH ocu (puc. 2). Toraa
nepeHocHoe yekopeHue W, paBHO reoMETPHUECKO cyMMe BPaLaTe/IbHOrO H LIEHTPOCTPEMHTEINLHOTO YCKOPEHHH

W, =W +W!".

[ToaTOMYy, MEpeHOCHas CHlla WHEPUMH HMEET IBE COCTABIAIOLIME: BPalATENbHYIO
cuiny unepuun OF =—mW.,” u uenrpodexkuyio cuy unepuun O =—mW ", T.e.
T — B o gl T B 1L
B, =0+, O LD
VYpaBHeHue (3.4) npuHUMaeT BUI

mW,=F+®*+®"+®_. (5.3)

IMepeHocHOE BpaLlaTENbHOE W NEPEHOCHOE LIEHTPOCTPEMHTENBHOE YCKOPEHHA TOUKH
onpeaenstores no Gopmynam

W: = R(’]E > Wcu - Ramg ’

rae ,, € — anredpadueckue BENHUYMHBI YIIOBOH CKOPOCTH W YIJIOBOrO YCKOPEHHA
MEPEHOCHOrO BpalEHUA; R, — PACCTOSIHME MAaTEPHaNbHOI TOUKH 10 OCH BpaLLEHHS.

e

TMepenocHas BpawareibHas cuia vHepuuu pasia @) =mR/Je,| w wanpasnena

| — TpaexTopHsa NepeHOCHOTO
JIBHIKEHHA MAaTEPHATBHON TOUKH

II — TpaekTOpusi OTHOCHTENLHOIO
JABHIKCHHSA MaTCpPIaJ[hHOﬁ TOYKH

TIPOTHBOMOJIOKHO BpalaTebHOMY ycKopeHHio W, mepeHocHas UeHTpoGeskHas cHia

Puc. 2



~ =
HHEpURN paBHa O = R ()" ¥ HAMPABTEHA TPOTHBOTIONMKHO LEHTPOCTPEMHTEIRHOMY YeKkopeHuto W (T.e. OT OCH TEPeHOCHOTO
BPULIEHIT).

KopHonncosa cuma  HWHEPUWH DiBHA (I>L,=2n.'|mg I.sin{,.l,) ¥ HAUpaBIeHa TNPOTHBOTONOMKHO VCKOpEHHAK [,

MEPHCHIHKYJISPHO K BCKTOpaM ), H .
3. [peamonosxkuM, 4TO IOABHAKHAL CHCTEMA KOOPAHHAT COBEPIIAET PABHOMEPHOE BPAINCHHE BOKPYT HEMOABHAHOH ocH. B atoM
cavage €, =0 1 O} =0, 10ITOMy OCHOBHOE VPABHCHHE THHAMUKU OTHOCHTEJIBLHOTO JBHIKEHHS TOUKH IPHMET BHI

miy, =F+®"+®_. (5.4
6. OTHOCHTEJIGHOE PABHOBECHE MATEPHAJLHONH TOYKH

MaTepuaibHad TOYKA HAXOIMTCA B COCTOAHHH OTHOCHTCNIBHOIC PABHOBCCHA, T.€. BE COBEPUIACT IBMKCHHHA OTHOCHTCIBHO
TMOABHKHOH CHCTEMEI KOOPAMHAT, &CNNH OTHOCHTENBHAA CKOPOCTh H OTHOCHTENBHOE YCKOPEHHE TOUKH PaBHBl HY T (If.. = =0).B
3TOM CIy4ac KOPHOJIHMCOBA CHIIA HHCPUMH OOPAIAETCA B HYIb M a0COTHOTHOE YCKOPCHHE TOYKH DABHO €€ NEPEHOCHOMY YCKOPCHHIO,
Te W=,

OcnoBHOE ypaBHEHHE (3.4) IPHHEMAET BHT

F+d,=0. (6.1)

PapenctBO (6.1) BRIpasaeT VCIOBHE OTHOCHTENBHOTO PABHOBECHA MATEPHATBHOH TOUKH: TeOMETPHYECKAA CVAMA
HCTIOCPCACTBCHHO ACHCTBY FOLLMX HA TOUKY CH1 M NCPCHOCHON CHIIBL HHCPLHE PABHA HY .

YcioBue (6.1) BOBce He 03HATAET. 4TO TOCTE COOOILIEHHS MATEPHATHEHON TOYKE HATANBHOH CKOPOCTH OHA OVIET IBHTATHCS
PABHOMCPHO M OPMMONHHCHHO, KAK 3TQ ObUIO B WHCPUHAIBHOH CHCTEMC KOOPIHHAT, ECIH COODUIMTH TOUKC OTHOCHTCILHYHD

CKOPOCTL, TO NMOSIBUTCS KOPHOMHCOBO YCKOPCHHC H CHITd HHCPUHH (I)C'._ OpH 2TOM MOKCT HIMCHHTLCS NCPCHOCHOC YCKOPCHHC (OHO

JABMCHT QT MONIOKEHHSA TOUKH B MOJBHIKHOH CUCTEME I(OOpJJ,HH'dT), 9TO BRIZOBET HIMEHCHHC HepeHOCHOi/i CHJTRI HHEDPIHH (I),_, .

B OPOCKIHAN Hd OCH HO,E[BI/I)I{HOﬁ CHCTCMBI KOODIAWHAT W3 BCKTOPHOTO PAdBCHCTEL (61) OOTYYHM TPH DUBCHCTBY B CKZL'IﬂpHOﬁ
hopme

ZFkx + (I)e.v =0
> +®,, =0 (6.2)
> B +d, =0.

BEBIICHEM IPH KAKAX YCIOBHAX IBHMCHHC TOUKH B NOJABIKHOH CHCTEME KOOPIRHAT SBISASTCA PAMOIHHEHHEIM H PABHOMCPHEIM.
Iomaras B (3.4) ¥, = 0. noayIHM

F+d +D, =0, (6.3)

PaBcHeTBO (0.3) BRIPAKACT ¥YCAOBHC NPAMOIHHCHHOIO H PABHOMCPHOMC ABHKCHU MATCPHANLHOH TOUKH B MOABHKHOH CHCTCMC
KOOPIHHAT, HMMEKIIEH INEPEHOCHOE IBHIKEHHE, AHANOTHYHOE YCIOBHE B HENOIBHAKHOH (MHEPLHATBHOH) CHCTEME KOOPIHHAT

3amHcEBaeTcsa B popme 7 =0.
W7 papencre (6.2) cnenyer. 9o YPaBHEHHs OTHOCHTENBHOTO PABHOBECHS COCTABMNSIOTCA TAK €. KAK YPABHEHHS PABHOBECHS B

HEMOABMKHOM CHCTEME KOOPAHHAT, €CJIH IPH DTOM K (JAKTHUECKH JcHCTBYIOMEM HA TOUKY CHIAM JA004BUTL MEPEHOCHYIO CHLIY
HHEPLIHH.

7. MPHHLAN OTHOCUTEABHOCTH KJIACCHYECKO MEXAHHKH

PaceMoTpuM TOT wacTHBIH cnv4ait, KOTOa MOJBHKHAA CHCTEMA KOOPAWHAT IBHKETCS OTHOCHTENBHO HHEPUHANBHOH CHCTEMBI
KOQOPIHHAT NOCTYIIATENBHO, HNPAMOIHHSHHO H PABHOMEPHO. KaK OTMEHYATOCH PAHEE. B 3TOM CIYYA€e KOPHOIHCOBA CHIIA HHEPIHH
PABHA HYIK. KPOME TOIO HMEPEHOCHOS YCKOPSHHE. 4. CICIOBATEIBHO. H NEPECHOCHAA CHIA HHEPLHH TAK XE PABHBI HYIKO, TAK KAK
HAYATO MOABHKHOH CHCTEMEL KOOPIHHAT IBHKETCS PABHOMEPHO H IPAMOIHHEHHO (3.2).

Takuym 00pazoM, B PacCMAaTPHBAEMOM CIVUAE OCHOBHOC VPABHEHHE AWHAMHKH OTHOCHTENBHOIC IBIKCHHS MATEPHANBHOH
TOYKU MPHMET BHT

miy, = F. (7.1

B npasoii wacTi ypasucaust (7,1) 0CTATHCE TONLKO (DAKTHYCCKH NPHIQKCHHBIC K TOMKG CHIb, KAK B OCHOBHOM ¥paBHCHHH (2,1)
adCoM0THOD ABHMKCHHI TOUKH, T.C. NOABHWHAAN CHCTCMA KOOPAHHAT B 2TOM CAYVUIC TAKWKC HBIHCTCH PlHCpL[Hﬂ.J'leOﬁ (B TAKOH
CHCTEeME KOODJIHHAT BTOPOH 3aK0H HBEOTOHA TpUMEHHM B TOi ke (lopMe, Xak H B HenoaBHxHOI cucteme). C IMHAMHHECKOH TOUKH
JPEHEA OTHOCHTENBHOS JBHKCHUE HE OTIHYAETCA OT aOCOMIOTHOIO JBIUKCHHEA, T.€. OTHOCHIEIBHOE JBHKCHHE MATEPHATBHOH TOUKH



MO OTHOLICHHIO K MOJBHKHOH CHCTCMC KOODMHAT, ABHIKY LUCHCI NOCTYNATCILHO MPSIMOJIMHCIHO, M PABHOMCPHO, MPOMCNOQAMT TaK
IKC, KAK W MO OTHOLICHHIQ K HCNOABHKHOH (HHCPLUHATLHOM) CHCTCMC KOOPAHHAT.

Bee TakMC NOABMKHEIC CHCTCMBl KOOPIHHAT SIBIBIOTCH HHCPUHAILHBIMU W IBMKCHUC MATCPHAIBHOH TOUKH OTHOCHTCILHO
T000H M3 HAX MOMKHO PACCMATPHBATE KaK A0COTIOTHOE JBHIKEHHE. YDUBHEHHA IBHAEHHA TOUKH KAK MO OTHOLIEHHID K OCHOBHOH
HHEPIHAIBHOH, TAK H MO OTHOIIEHHIO K K000 IpyToi HHEPLUHATEHOH CHCTEMAM KOOPAHHAT OKAIBIBAOTCA OIHHAKOBBIMH.

[NoaToMy HADMIOICHHA Hal OTHOCHTEIBHBIM JBHKCHMEM MATSPHAJILHOH TOYKH IO OTHOIICHHIO K JI00OH H? TAKHN CHCTEM
KOOPIAHHAT HC NO3BOJBICT ONPCACIMTL, COBCPLUACT M 3TA CHCTCMA KOOPAMHAT PABHOMCPHOC NPSIMOJIHHCHHOC NOCTYNATCIALHOC
ABHAKCHHC MIIH HAXOAMTCH B NOKOC, T.C. HC NO3BOIMCT OTIHYHTb OAHY HMHCPLUHAILHYH CHCTCMY KOOPAHHAT OT 1pyroi. 3T0
MOIOKECHIE HAIBIBACTCS NPHHLIUNIOM OTHOCHTETBRHOCTH KIACCHIECKOH MEXAHHKH.

Cdop My THPOBAHHBIH NPHHINI OTHOCHTEIFHOCTH 3KBHBATEHTEH TAKOMY YTBEPHKACHHIO, €CIH BBl HAXOAHTECH B JA0ODATOPHH,
OCHAMEHHOH J100bIMH HIMCDUTCIBHBIME NPUOOPAMH, HO HC MOKCTC MPsMbIM  HAOJHOACHHCM HAA BHCLUHHMH NPCAMCTAME
O0HAPY ¥HMTh  ABHKCHUC JaDOPATOPHH., TO HHKAKHMHM H3MCPHTCALHBIMHM  TIPHOOPAMM  Bbl HC CMOXCTC OOHAPYKHTh ¢
HOCTY HATETEHOTO. IIMOIMHEHHOIO M PABHOMEPHOTO ABHAKCHHA. HO JMEODOC IBMNCHHE TA00OPATOPHH IPH HAPYIICHHH XOTS OH
OJHOTO U} YKA3AHHBIX TPEX OTPAHHYEHHH MOKHO ODHAPYKUTH MPH NOMOIMH H3MEPHTEIBHEIX TPHOOPOB.

B kauecTBe HILTIOCTPATHBHOTO MOKHO NPHBECTH NIPHMEP € MACCANHPOM B KAIOTE CYIHA: €CTH CYIHO JBHKETCA MO CIIOKOHHOMY
MOPE) MOCTYNATCIBHO. MPIMONHHCHHO 1 PABHOMCPHO, TC, HC M1 B HITEOMHHATOP, MACCAXNHP YACTO HC CMOMKCT CKA3ATh, ABHKCTCS
M CYIHO, HIH CTOHT HA MECTE.

Bceé cxazapHOE JOCTATOMHO SICHO CBHIETEILCTBYET 00 HCKIHYHTEIBHOCTH CBOHCTE HHEPUHATBHBIN CHCTEM KOODIHHAT. B
KOTOPEX QTHHAKOBE CBOHCTBA MPOCTPAHCTBA H BPEMCHH.

8. MPHMEPHI HCTIOJIL30BAHHA YPABHEHHI
OTHOCHTEJILHOI'O IBHKEHHA U PABHOBECHA.
PABHOBECHE H JIBUXKEHHUE MATEPHAJILHOU TOUYKH
OTHOCHTEJLHO 3EM.JIM

8.1. HeBecoMocTh

Teopusa OTHOCHTEIBHOTO JIBHJKEHHA MATEPHATBHOH TOYKH MOJBOIACT NOACHHUTH TAKOE ABIEHHE, KAK COCTOSHHE HEBECOMOCTH B
KOCMHHYECKOM Kopadiie, COyTHHKE. najarome audre. camo1ére. [1o1 HOBeCOMOCTHIO MATSPHATEHOH TOUKH B KAKOH-HAOY Ib CHCTEME
KOOPAHHAT IIOHMMAKOT OTCYTCTBHE JARICHHA TOUKH HA TE14. HAXOILILIHECH B IIOKOS B 3TOH CHCTEME KOOPIHHAT.

Jrodoe Te10. HaNoIAmieecs B kopadle, CHVIHHKE H T.OI. B TO BPEMfA. KOTJIA OHH INOJBEPKCHBl TONBKO ACHCTBHE) CHIE
TAFOTCHHA 3CMIH KAk Obl TepsacT ceoii «Becr. KOCMOHABT CBODOIHO «napuT» B KAOMHC, HH HA 4TO HC OTNHPAsCh, OH MOKCT
«I10.10HUTL» CBOH KApaHJall «B BO3NYXC» W KapaHaaw He OyacT nmaaate. JKMIKOCTb, CCIM OHA HC CMAUHBACT CTCHKH COCYAA,
CTPCMUTCS! MPHHATL POPMY Wwapa ¥ T.4. OTMCTHM, HTO BCC AINAPATLL, B KOTOPLIX HAOIKIIACTCSH COCTONHHC HCBCCOMOCTH, HAXOINTCS!
B COCTOSHHH ¥CKOPEHHOTO IBH/KEHIS 0] ACHCTBHEM TOILKO CHIL TATOTEHHS. B COCTOSHEH CBOOOIHOTO MAACHH.

VUUTEIBAS, UTO J4BICHHC MATEPHATLHOH TOUKH HA TEI0 IO BEIMYHHE PABHO CHIC PEAKIMH HA MaTEPHAIBHYVIO TOUKY,
HEBECOMOCTL HAOTIOMAIOT NP PABSHCTBEC HYJIIO CHIBL PEAKIHH OT J1I000TO HENOABHKHOTO TEIa B 3TOH cHCTEME KOODIHHAT. C
KOTOPBIM CONMPHKACACTCS HETIOABHAKHAS MATCPHATBHAT TOUKA.

PaccMoTpEM HEBECOMOCTE MATEPHATLHOH TOUKH B HEHHEPUHATEHOH CHCTEME KOODIHHAT, KECTKO CKPENNEHHOH CO CBODOIHBIM
TEIOM. KOTOPOE JBIKETCA M0 JeHCTBHEM CHIIH IIPHTKEHHA 3eMITH (TAKAM TEIOM MOKET OBITH HCKY CCTBEHHBIH CIIY THHK 3€MIH 34
NpeIcnaMu e€ aTMOChepEL).

$IBICHHC HCBCCOMOCTH CICAYCT PACCMATPHMBATL 1181 MATCPHANLHOH TOUKM, HAXOJMLUCHCH B OTHOCHTCILHOM PABHOBCCHH,
KOTOPOC HMCCT BH.I

R+N+®,=0, (8.1)

rac R=mg — CHIA MPUTSBKCHUS MATCPHANLHON TOUKH 3cMadii N - PCAKLM3! CMYTHHKA U1K 11000r0 HCNOABHKHOIO TCIA B 3TOM
CIIY THHKE: Cf)é =—#t II_;, — NIEPEeHOCHAA CHIIA HHEPLIHH.
M3 ypasHerR4 (8.1) CIETVET, HTO — N=R+ (i)e . Tlpn meBecoMocTH A =0, mosToMy R+ (f)e =0. ITo3ToMy HEBECOMOCTB Oy IET
MPU BRIMQTHCHUY YCIORBHSI
R=—O,=miV,, (8.2)
CJICIOBATCIBHO, KOMAA NEPCHOCHOC YCKOPCHHC MATCPHATIBHON TOUKH !f’e PABHO ¥CKOPCHHKY § OT ACHCTBHS CH.Ibl MIPHTSKCHHSL, TAK

KAK R:JTI(Q, 310 YCJIOBHUC HMCCT MCCTO, CCOH MATCPHAABHAM TOUKI HANOAWUTCH B LUCHTDC MACC COVTHHKI, TAK KIK HCHTD Macc
JBHKETCA TAKKE TOABKO Mo AciCTBHEM BHEITHEH CHITHE TPHATAKCHIA 3eMIH 1 ero VCROPCHUEC PABHO §

B CIVHdC, CCIIH MAaTCPHAIBHNA TOUKID HAXOINTCA HC B LCOTPEC MdACC, TO NCPCHOCHOC VCKODPCHHC BCJICACTBHC BDAIICHHA CITY THHKA
OTJIHYHO OT YCKOPCHUH (Q H HCBCCOMOCTH HC 6_\',101". O,CLH(']KO, CCIH CHYTHHK JBHKCTCH NOCTY MATCALHO, TG MATCPHATILHAN TOUKA

HAXOIHUTCA B HEBECOMOCTH B TH000H TOUKE CITY THHEA.
Taxag e xapruHa GyvIeT HAOTIOIATECA HA CAMOIETE. KOTJA MPH HEKOTOPOH CKOPOCTH MOIETA NETUHK BHIOMPACT PEXKHM TAK.
yto0bl CHABL, ACHCTBVIOUMC HA CAMOJET CO CTOPOHLI BO3IYXA (MOILEMHAM CHNA, CUIA COMPOTHBICHHI) VPABHOBCIHMBAINCD



NONHOCTLEY CUIIOH TAM, TOMAA NOA ASHCTBHEM CUJIbL THKECTH camMondr GyAeT «naaars» ¢ yckopenuwem g u nétuuk Habnwnaer

COCTOSIHUE HEBECOMOCTH.

B cocTosHWY HeBECOMOCTH 4ACTHULI TeNla ocBOOOMKIATCA OT B3aHMOISHCTBHI W cOBEpLIAIOT ABHKEHUE Kak cBoDOAHBIC
MATEPHANLHLIE TOYKH, YTO BbI3bIBAET ¥ HENOBEKA OLLYLUEHUE, NOIYUHBLICE HAIBAHHE KHEBECOMOCThY.

B kauecTse npuMepa pacCMOTPUM KAK M3MEHACTCA BEC Tena B YCKOPEHHO ABIKYyLleMcs nudre. bynem Ha3blBaTh BECOM He CHNY

TATOTEHHA R, ACHCTBYOLLYIO HA TEIO, a cUly N , NIPUNOKESHAYIO K noay andTa, yaepxKusatowero Teno; N, — cuiia, NpuiokKeHHan K
Teny €O cTOpoHbl nona audra, npuuém N, =N, N/ =-N (puc.3).

[Tpu apmxennn nudTa BHUI © yeKopenueM W, ypaBHEHME OTHOCHTENBHOTO PABHOBECHSA TeNa HMEET BUA

_ R+N, +®,=0. (8.3)
I,
: -
v W, B npoekuny Ha BepTHKANLHYH) OCk ¥ U3 paseHcTea (8.3) nonyunm
N
R-N,—®,=0. N =N=R-0,.
R
v B pesynwrare cuia N onpenensercs no gopmyiie
Puc. 3 N =m(g-W,). (8.4)

Cuna R npakTHUeCKM HE MeHaeTed, a cua N (Bec Tena MnM Ccuna JABNSHUS Teaa HA Mo nudTa) 3aBHCHT OT YCKOPEHHS
nudra.
M3 dopmynsr (8.4) acno, uto npu W, = g nomydum N = 0, T.e. cHNa Beca paBHA HYJO; FOBOPAT, YTO TEIO TOTEPSET BEC W B

JudTe, OBHIKYUIMMCA © BEPTHKAILHBIM YyCKopeHuem g, Oyner walsmonatecs senedue HeBecomocTH. CHa MHEpUHW paBHA M
NPOTHBOLIIOMNHA CHIIE THIOTEHUA — CYMMA 3THX CHIL PaBHA HYJH (JIMQT MOKET ABHI'ATHCH KAK BBEPX, TAK H BHH3] BAXKHO, YT00LI 810

ycKopeHne ObiIo PABHO ¢ W HAMPABNEHO BHH3).

8.2, PagHoBecHe MATEPHATLHOH TOYMKH HA NOBEPXHOCTH 3€MJIH,
OTKI0HEHHE THHHH OTBECA 0T HANIPARJEHNHS PAaAHYCa 3emuiH, Bee Tena

3amaun AHHAMMKH MATEPHANBHBIX TeJl OTHOCHTENBHO 3eMII HMEHT HCKIIOUHTENbHOe 3HAYeHHe. K TOYHOCTH peleHns 3TuX
38/184 MOTYT NpefbABIATECA PAasAuYHbLIE TpeOOBAHNUA, MOITOMY BOIHHKACT HEOOXOAMMOCTh YCTAHOBUTE, HACKOIBKO CYLIECTREHHBIM
ABNAETCA OTNMYME CHCTEMbl KOOPAMHAT, CBA3aHHOI ¢ 3eMN&il, OT HHepLHanbHOM.

JpwieHwe 3emMnu OTHOCUTENBHO WHEPUWANBHON Te/TMOUEHTPHYECKOH CHCTEMEBI KOOPAWHAT ABMSETCA CNOXHbIM, Ecnn He
YUHTHIBATE 3GQEKTH BIHAHNA NYHB W niaHeT CoNHEMHOH CHCTEMBI, TO MOSKHO CUMTATE, YTO 3eMIS YUACTBYET B JABYX JABHKEHHAX:
obpawmaerca sokpyr ConHua no 61n3koit k Kpyrosoii opéure ¢ paauycom Ry = 149.6 -10° kM (cpeaHss nuHeiiHas CKOPOCTH TAKOTO
JBHKEHHA cocTaBnsaeT v, = 29,8 km/c); BpalaeTea BOKPYT coOCTBEHHON OCH ¢ NPaKTHUECKH TIOCTOAHHON YTIIOBOH CKOPOCTLIO ), ~
0,729 -107¢™", coepwias oaun 0BOPOT B CYTKH.

C 3eMnéii ECTKO CBSKEM CHCTEMY KOOPAMHAT ¢ HAYaJIOM B LEHTPE 3eMNH; YCKOPEHHE HAUana ToH CUCTEMBI KOOpANHAT OyIeT
2

= v 3 2 —1
paBio W, =—=59 107" M/c”. Dt0 yckopenue coctaBnaer 0,6 - 107 % 0T yCKOpeHHS CMIbI TSXKECTH, YTO MO3BOJAET €ro He

H
14

yuuTbiBath [4]. Takum obpazom, Oyaem cuuTaths, 4TO 3eMA BPAWAETCA BOKPYT CBOSH OCHU ¢ NOCTOAHHOH YIMOBOH CKOPOCTHIO ), U
NpeACTABIAET COO0N OAHOPOAHbBLA Luap.

B kauecTBe NpHMepa pacCMOTPUM OTHOCUTENLHOE paBHOBecHe (NOKol) MarepUallbHON TOUKM, Haxomswelics Ha riaskoil
MAOCKOCTH, HA MOBEPXHOCTH 3eMIH. Y CIOBHE OTHOCUTENRHOTO NOKOA TOUKH M MoKeT ObITh 3aMcaHo B BUZE

D1 A4l
R+N+®, =0, (8.5
— . Y . Rl
rne R — cuna nputaxeHns 3eMiu, HaNpaBicHHas K e uentpy; N — peakuns onopel; @,
— NIEPSHOCHAA UCHTPOOSKHAS CHIIa UHepuHH (puc. 4).
JleiicTeMe marepualbHOR TOYKM Ha ONopy Bolpaxaerca cunoit P=-N, Te.
P=R+®}. Cuna I, NpeacTansaiowas paBHOAEHCTBYIOWLYIO CH DPUTSHEHHS 3eMIN H

mepelocHoil CHILI MHepuuM, npeacTasnseT coloit Ty culy, KOTopas HAa3LIBACTCH CUNO
TAXKECTH, HaﬂpaBﬂeHl/le ITOH CUIIBl ABIAETCA HaﬂpaBﬂeHHeM BepTl/lKaJ'[l/[ B ﬂ.aHHOFl TOUKE

BGMHI/I, 4 IJOCKOCTL, NEPNeHANKYNApHAL K Fad . SAIBJTACTCH FOpH30]lTaJ'[bIIOI7I TJIOCKOCTBIO.

ﬂpu BIBCUIMBAHHH Tell olpeleldacTed HMEHHO CHIla P, TaK Kak ¢ Takol cuyoil Teso

JABHT HA uvawky secos. CnenosarensbHO, BBOAS B YPABHEHUE PABHOBECHA CHIy [, Mbl

u
R

Puc. 4 yUYHTBIBAEM W cuny @), T.e, hakTHHECKM yYUTHIBAEM BJIMSHHE BPALIEHUS 3EM/IM, 4 TIOITOMY



TPH COCTABJIEHHH YPaBHEHHWH PaBHOBECHS TeJl 10 OTHOLIEHHID K 3eMJle MONPAaBOK Ha BpallleHHe 3eMIIM BBOAHTE HE HAAQ.
Yron ¢ wmexay nunHued orseca (fimHuedl aelcTBuMa cuibl TAmeCT P} M OKBATOPHANLHON 1LIOCKOCTLIO HA3LIBASTCS
reorpadUecKon LWHPOTOH; YI'0Jl Y HA3bIBARTCS I'@OUEHTPUHECKON LupoTol {puc. 4).

BEJ'II/]l[l/lHy CHABI TAMHECTU £ MOMKHO 3AMHCATH B BHAC

P=yR2+(®) —2RD cosy.

2
rae R =mg,, Ry — paguyc 3eMIn; g;— YCKOPEHHE CHITLI TAIKECTH Ha niojioce; @) = m Ry cos ya;, .

Torma
R2 2 4 2R. 2 2
P=mg, 1+ BB YO 25008 YO (8.6)
8o o
Rt R |
YyuThigas, uto 30 . ’—(:J‘ n (1 +x) 7 = 1+—=x{x < 1), u3 gopmynsi (8.6) nonyuum
5 5 2
&0 £0
o Ry
P = mgy| 1= 25 cos?y | (8.7)
go

B PC3VILTATC TIONYyYacM, YTO CHJIA TAXKCCTH NCPCMCHHAA BCJIMYKHA, 3aBUCALLAA OT LWUPOTEl MCCTa (.OT WHPOTEL MCCTA 3aBHCHT U
YCROpEHHE CUIBI Tﬂ)KeCT[d)

g=g¢ - m“’} cos yr | . (8.8)
go
Hﬂlfll’lt‘,HbLLleE 3HAYEHHE }/CKOpeHI/]e g MUMEST HA BKBﬂTOpE (CHJ’Ia THAWESCTH TAK K€ UMeeT HaMMEHbLLSe 'SHH'-IEHHE)
= (1 l J~ 9,83 M/c’
g:) - gU 29(0) h -

2

HaunBonsles 3uadeline yekopenue g (CHta THKECTH) HMEeT Ha nomoce go = 9.83 m/c.

OneiTHas nposepka GopMyns! (8.8) npoM3BoANMNAch ¢ MOMOLLUBIO HACOB ¢ MASTHUKOM, KOTOPbIE HA 3KBATOPE OTCTABANH. DTO
OTCTaBAHHE 4acOB OOBACHAETCH TEM, UTO HA IKBATOPE YCKOPEHHE ¢ WMEeT HAMMEHLILIEE 3HAYEHHE W, KaK cneayeT 3 Gopmynsl ans
nepuoaa T =2ml/ g , nepuoa konebaHnii ManTHUKa yBENUYHBAETCH.

[TepenocHoit cunoii HHepLKK, BbI3BAHHOR BpallleHHeM 3eMaK, 00biIcHIeT A e€ HE3HAYHTENLHOE CHATHE K MIIOCKOCTH dKBATOpa.

8.3. r[lBl‘l?KEHI’l(‘B MaTepHa.ﬂbHOﬁ TOYKH OTHOCHTEJIbHO IMOBEPXHOCTH 3€M.TH

Yuét pauanug epawelus 3eMan Heo0XoIuMo NMPHITHMATL BO BHUMANNE WIH MpH DOMbLIIUX CKOPOCTAX ABHXEIHA (NenET pakeT
JANBHETO ASHCTBHAY MAM ANS JBHMEHHH, AIUBLIMXCA JOCTATOMHO AOJITQ (TEHEHME pPeK, BOMYLUHBIE M MOPCKHE TEUEHMS ).
PaccMoTpuM KauecTBeHITYIO KAPTHHY BAMSHHUS Bpalleling 3eMin 1ia ABUKSHHE Te,

I IycTh B MCPHAHOHAIBHOM HANPABICHUH C KOTa HA CCBEP, B CCBCPHOM MNONYLLAPUM ABHAKCTCA

noezy Maccoll m co cKOpocThio V.. Ha nocan neHcTBYHOT cHa MPUTKeHUS 3eMan R, peakuus co
CTOPOHBI JIEBOCO W NPaBOro Pelibea, KOTOPYH PA3ONHM HA BEPTUKANBHYID N (HanpaBieHHyw

NPOTHEOMOJICKHO R ) M TOPH3OHTAIbHYK NV, (HANpaBNEHHYIO MEPNEHAUKYMAIPHO [JIOCKOCTH

MEpPHAHAHA) COCTARISIOILHE (pHC. 5).
Yrobbl 3anucath ypaBHEHHE AMHAMMKH NMoe3la B HEUHEPUHANbHOH CHCTEME KOOpAWHAT
{cesa3anHOii ¢ 3eméi), KOTOpas PABHOMEPHO BPAIIAETCs ¢ YIIIOBOH CKOPOCTBIO ®,, HECOXOAWMO K

yKazaHHbM CHNaM NoGaBdTL nepeHocnyd D) u kopronncosy @, cunul unepuun. [lepenocioe

YCKOPEIME HanpapJielio K 0OCH Bpallelivg 36,\’1.}1[/], KCOPHUOJHCOBO YCKOPEIIWE HANpapJicio 1a 33[‘]3;];

cuabt DS, D, HAuPABIEHBI IPOTHBONONOKHO YKATAHHBIM YCKOPEHHAM.
OCHOBHOE ypaBHEHHE JHHAMHKH OTHOCHTENBHOIO JBHKEHHA 110€31a HMEET BHI
Puc. 5 mW, =R+ N, + N, +D+D_. (8.9

BeKTOp OTHOCHTEIIBHOIO YCKOPCHHMA I’V, PacnoioKeH B MJIOCKOCTH MCPHIMAHA, NODTOMY B NPOCKLHK HA KACATCJBHYHK) K
napanneny ypasHenus (8.9) nonyuum
N, =D, =0.

[

8.10)
M3 ypasuenns (8.10) naxoaum N, =@, =2mwm,v,siny . Takum o0pasom, ropusontainlias peakuus peiLec llanpaBngna

HAJICBO, CCJIH CMOTPETE (10 HANIPABICHHIO ABHMKCHUA T10C3 14, Ilo TPCTBECMY 3aKOHY HbroToHa, AaBJCHME N0¢30a HA PCJILC HANMPABJICHO
NpoOTHBONONOKHE, T.e. ,EleF]CTByET Ha ﬂpaBblFl pense (STO Npaplno He MeddeTea W npy ABMMKEHHH Noe3la ¢ cebepa Ha }Ol").
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Beneactere 3TOro Ha ABRYXOYTHBIX KEAE3HBIX A0POTax B CEBEPHOM MONYIIAPUH MPABBIE PEAbCH W3HALWMBAKTCA OBICTPEE, uYem
JIEBLIE.

Takum ke oOpazoM o0bACHAETCA Pa3MblB MpaBelX Oeperos pek (OHW 00Ace OTPBHIBUCTLIE) CEBEPHOrD noaywapus. B wmxHom
nonyumapHu OpICTpee W3HALIMBAIOTCS JIEBbIe PENLChl M Pa3MBIBAIOTCA BB Gepera pek; B CEREPHOM NOMYLIAPHM CEBEPHBIH BETEp
MMEET TEHASHUHIO 00PATHTLCH B BOCTOUHBIH, 4eM OOBACHAIOTCA CEBEPO-BOCTOUHBIE NACCATLI B 3TOM MONYLIAPHH.

Kopuonucosa cuna wuepunu 0yaeT ¥ Toraa, Koraa noesf ABWkeTcs no napannend. Ecnu aBmxkeHHe npoMCXOIMT HA BOCTOK, TO
KOPHOJHUCORA CHUMTA MHEPLIMK HAMPABNEHA OT 0CH 3eMJIM; NPH ABMMKEHUH HA 33Naj OHA HANPABIeHa K e ocu (puc. ).

[TpoeKkuMst KOPHONHUCOBOH CUJIbl HHEPLUHMH HA FOPM3OHTANBHYH) TINOCKOCTh paBHa @, siny =

=2m v, m, sin\]l , T.C. TOM xKe BCJIMUHMHE, YTO W MPpH JABUAKCHHH 110 MCPpHIHAHY, W HANPABJICHA TAKKC

BMpaBo MO OTHOWICHHIO K ABHAEHHIO Moe3fa. Takum oOpazom, NpaBblil penbc M3HAlIMBaeTea ObicTpee
(mpaBblii Oeper pekH pa3MBIBAETCA) B CEBEPHOM NONYLIAPHH HE3ABUCHMO OT HanpaBJeHHUA IBHKESHHS.
8.4. IlageHue ce0BOAHOI MATepHAIBLHOM TOUKH B IYCTOTE
€ HYJIeBOIl HAYAILHOIH CKOPOCTBI0 0THOCHTEBHO Bpallaloieiics 3eMin

OTKNOHEHHE MATEPUANBHOI TOUKH OT BEPTUKAILHOIO HANPABICHHA K BOCTOKY M HOTY, KOTOPAn
HAYMHACT naaeHne O3 HaYansHOH CKOPOCTH OTHOCHTENbLHO Bpawawouelica 3emau, ObL1o
npeacka’aso HeloTOHOM U NOATBEPKAEHO 3KCNEPUMEHTANBHO B 1795 1.

Jna MatepuanbHOi TOUKH, Naaalouel ¢ BbICOTh A BOAM3M MOBEPXHOCTH 3eMau, OCHOBHOE
YPAaBHEHHE AMHAMHKH OTHOCHTE/IbHOTO ABHMKCHUA HMEET BHA Puc. 6

mW, =P+®_, (8.11)

rae £ —cuna taxectn P=(R+d,); R —cuna nputamenua 3emid; P, — KOpHOTUCORa CUTa HHEPLMN.
Taxk kaxk BeKTOp cKOpOCTH cBOGOOHO MAjalwLICH MaTepHanbHONH TOuKM ONH3OK K BEPTHKANIHM MECTa, TO KOPHOJNHMCOBA CHIA
uHepunn P =—2m[6)t,ff,.] MOUYTH NEPTIEHAMKYISAPHA K IUIOCKOCTH MEPWIMAHA W HANPABIEHZ HA BOCTOK. 3JalMILEM BEKTOPHOE

pasencTBO (8.11) B MPOEKLMAX HA OCTb X, HAMPABIEHHYID NO KACATENbHOH K NAapaaieni Ha BOCTOK, HA OCb V, HAMPABJIEHHYIK) TIO
KacaTeNbHOI K MEPUAHAHY HA CEBEP, W OChb Z, HANDABNEHHYHY N0 BEPTHKWIA BBEPX. B yKa3aHHOH NOABUMKHOA CHCTEME KOODAMHAT
BEKTOPBI @, (YMI0BOH CKOPOCTH 3eMAN) H ¥V, HMEIOT CNSIYIOUINE KOOPAHHATHbIE NPeACTABNEHUSA:

@, ={0; ®, cos; @, sin @};
v, =11 3 2}

HuppepeHumnansHbie ypaBHEHHU OTHOCHTENBHOTO IBHKEHUA MATEPHATILHON TOHKH UMEEOT BUAL

mx =-"2mw,(zcosP— ysinQ);
my =—2mm,xsin Q; (8.12)

mZ =—mg+mw,xcosQ,

rje @ — 1HpOTa MECTA; g — YCKOPEHHUE CUIIbI TAXKECTH Ha LIMPOTE .
Huddepenunansiele  ypaBHeHua (8.12) HyXHO MPOHHTETPHPOBATH NPU  HaYaJbHBIX
yenogusx: npu ¢ =0, x =y=0,z=4h, x=y=2=0.
3 Broporo v tpeTbero ypasHeHnit (8.12) ¢ yu&Tom HauaibHbIX YCIOBHIA OMyHaeM
v=-20,xsin@, z=-gi+20,xcosQ.
(8.13)

[Toactaensas B nepeoe ypaeHeHue (8.12), monyuum nHHeliHoe HEOIHOpPOAHOE VpaBHEHHE C
NOCTOAHHBIMH KO3 (PULIMEHTAMEH

¥+4m,.x =20,2 X050, (8.14)

HHTef‘pprﬁ ATO YPABHEHHE IMPH YKA3aHHLIX BbIIC HAYAILHBIX YCNIOBHAX, MOMYHUHM

cos
p= BSOSO
4

(4

(2w, f—sin 2w, ), (8.15)

nocie 3roro no (8.13) Haxoaum y u z
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sin ©cos
yzg (Pz (P(l_

€05 20,1 —2m}t7),
de

[

s (8.16)
z=h_gcosj (p(1
40y,

g

202
t
—Cos2mc,[)—%m(p.

[Tpu nageHun ¢ HeGONbWOH BHICOTH! BEIMYHHA (), MaJIa, MOITOMY PA3JI0KHM TPHIOHOMETPHUECKHE PryHKUHH Sin2¢w.i, cos2a.f B
paa Maknopena, nperedperas unenamu (¢x.4) # > 4. B pesynbTate noay4um npubauxeHHbe GopMybl
. gcosp 1 _ gsin2e
x=2—(0a) y=E
30

a0,

(4 (4

(8.17)

2 4
g 2 geos” o{md)
O e

¢ [

z

[Tonaras z = 0, HaXO/MUM U3 TPETLETO ypaBHEHH:A cHcTeMbl (8.17) ((1){,1)2

2 2 2
; R 1
cos (p(wﬁt)-l_(mu‘r) +B%:0~ B: @, .

6 2 g 2907

(Ct),_,f)zz;.) l—w—§cos3 q)& .
2cos”" @ 3 R

3HaK MHHYC Tiepell KBaapaTHLIM KOpHeM BuiOpaH BeheacTBHE TOTo, uTo npu iz =10, et = 0.

Hcnonbzya dopMyny ~1+x = 1+x/2 (x < 1), HaxonuM NpubIHKSHHBIE QOPMYIb

32 312
oy B0 s g e
g

R 30

-
3

: ) _gsinZ(p(,Z_[fw'an_hsin(p%
N e UR 3 R

Takum 00pa3oM, MAaTepUaNbHAsL TOUKA, CBOOOIHO MAJAKOLLAS HA 3eMIH), OTKIOHACTCA K BOCTOKY Ha
BETHYUMHY X ] BENUUHHA 1| < () COOTBETCTBYET OTKIOHEHHIO TOUKH K tory. Tak kak [ = 1/290, oTHoleHue
k / R wmano, To BelMiYHHAa y, ecTb Manas BTOPOro MNOPANKAa MO OTHOIIEHHK K Xy, MpHYEM

|3/ x| =sin QJBh/ 2R (puc. 8).

8.5. MagaTHuk ®yko

Puc. 8

Ecan MarepyalbHaa TOYKa MOABEWICHa Ha HWUTH, OTKJIOHEHA H OTOYUIEHA 0e3 HauvalsHOMH CKOPOCTH H e€ NBUKEHHE
paccMarpHuBacTCa OTHOCHTEIBHO 3EM.III~‘1, TO 6y£l8M HMETh TaK Ha3bIBAEMbIH MAATHHUK (DyKO, HOBHKEHHE KOTOPOTI'o SIBUJIOCH OJHHAM H3
AOKAZATENLCTR BpalueHns 3eman (1851 r.).

PaccMoTpum npocTyto ¢xemy onbita. [lycTh HAOMIOAATEL CHAKT HA CTYIE, PABHOMEPHO BPALLAIIEMCH BOKPYT BEPTHKANBHON
OCH B HATIPABNEHHHW NPOTHB X044 YAcOBOH CTPENKH (ECIH CMOTPETE CBEPXY) € YITOBOH CKOPOCTBHY @ CO CTYJIOM HKECTKO COCOUHEH
CTONIMK, HAA KOTOPBIM NOJABCWCH MAATHWK, Had KOHUE rpy3a MAATHUKA BACJIAHA YCPHWUIIbHUUA, B AHE KOTOpOf/'I TOHKOE OTBEPCTHE ¢
HAcajKoH s HCTeYEHHA YEPHWI Ha CTOJIHKE HATAHYT JIMCT oenoi 6yMaFH.

MasTHHK OTTAHYT B BEPTHKaNbHOU MIOCKOCTH M oTNYLWIEeH Ge3 HavanbHoW ckopocTH. Ecnn 6bl cTyn

CO CTOJIMKOM HE BpallaJIMCh, TO MAATHHK koJnedancsa Obl B 3TOH BCpTI/IKEU'[bHOi“I MIOCKOCTH K Ha JIUCTE

Oymarn ObuT Obl BIUEPUEH OTPE30K HeM3MeHHOI npamoit. [1pn BpalleHnHy cTyna co cTonnkoMm Ha Bymare

\ BblUEpUUBAETCA po3eTka (pHc. 9); TakoBo Habmwomaemoe AieHHe. YKa3aHHaA CxeémMa 3KBHBAJEHTHA
;m masTHUKY PyKo, KONedNOoWeMyCa Ha NoNoCe.

B HenonBwHOW CHCTEME KOOPAMHAT HET CH/, KOTOPBIE 3aCTABUAN 0Obl MAATHUK H3MEHWUTH
MIOCKCCTh KauaHus, H OH OyIAeT cOXpaHATb €€ HEM3MEHHOH B MpoCTpaHCTBe, a AMCK (MnW 3emis)
MOBOpPAuHBAETCsl oA HHM. OUeBHAHO, UTO HA MOJIKOCE NNOCKOCTL konebaHuit MasTHIKA GyIeT BpallaThCes

Puc. 9 C ¥IIOBOH CKOPOCTHIO BpallleHHA 3eMH B HATIPABIEHHH, NPOTHBOIONOKHOM BPAILEHHIO 3eMIIH.
Eciu ke oTHecTH KosiebaHHA MaATHHKA Ha NOJKOCE K CHCTEME KOOPIMHAT, CBA3AHHOH ¢ 3eMnéit, To
BPALLEHNE [UIOCKOCTH KosiebaHMH MOJKHO TNPEACTaBUTL ccbe KaK pe3y/bTaT ACHCTBUA KOPHOJNHCOBOH CHJIBl HMHEPLHH, KOTOpas
NEPNEeHARKYJNAPHA K [JIOCKOCTH BPALEHAA H paciojlozKeHa BCE BpeEMs B FOpHBOHTEUleDﬁ MUIOCKOCTH. ITa cula NnponopuruoHalbHA
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CKOPOCTH ABHM:KEHMA Ipy3d MAATHHKA W YINOBOI CKOPOCTH BPALIEHHA 3eMIH W HAMNPABAEHA Tak, 4To ¢& aeficTBME 3aBOpAuMBACT
TPAEKTOPHIO B HYKHYIO CTOPOHY.

9. METOAUYECKHE YKA3AHHWA K PELIEHHKO 3A1AY
HA OTHOCHTEJLHOE ABUKEHHUE 1 PABHOBECHE
MATEPHAJBHOH TOYKH

[Mpu peluennn 3anay peKOMEHAYETCA NPHACHIKUBATLCA CAEAYIOLIEH NOC1eN0BATENLHOCTH:

1. BbifpaTh HEMOABHKHYIO {(MHEPLIMANBHYI0) CHCTEMY KOOPAMHAT U NOABHAKHYH.

2. Paznoxurs abconorios JBHMKEHHE Ma’l‘epHﬁJleOﬁ TOYKH HA OTHOCHTEJIBHOE W [NIEPEHOCHOE.

3. H300pasHTb MarepHANbHYH) TOMKY B NPOMENKYTOMHOM MOJIOMKEHHU, COOTBETCTBYHOILEM [OJOMHTEIBHBIM OTHOCHTENLHBIM
KOOPAMHATAM 3TOMH TOUKH, U MPEANOAKKHTE, YTO TOHKA ABHIKETCA B CTOPOHY BO3PACTAHHS 3THX KOOPIHHAT.

4. lNokazaTh Ha pUcYHKe (hakTHUeCKH AefCTBYOLHE (aGCONIOTHBIE) CHIlbL, MPHUIGKEHHBIE K MaTepHankHoll Touke.

5. OnpenennuTe NEPEHOCHOS M KOPHOMNCOBO YCKOPEHHA MAaTEPHATBHOH TOUKH W NEPEHOCHYIO H KOPHOJUCOBY CHIIBI HHEPLUHK (B
Clyuae MocTyNAaTENbHOrC NEPEHOCHOrO ABUKEHUA WIH PABHOBECHA KOPHONMCOBA CMIIA HHEPLMH PaBHA HyM0). JoGaBUTb 3TH CHIbI
HHEPLHMH K AeACTBYIOLIAM Ha TOUKY CHIaM.

6. B 33BUCHMOCTH OT XapaKkTepa paccMATPUBASMON 3a734M COCTABNTL JH{HEepeHLHANbHBIE YPABHEHHS OTHOCHTRNLHOIO
ABMKEHMA UM YPAaBHEHUA OTHOCHTENBHOMO YPaBHOBECUA MATEPHANBHON TOUKN B NPOSKLMAX HAa MOABHIKHBIE OCH KOOPAWHAT.

7. B enyuae, ey pelnaeTes 3a1a4a JHHAMKUKH, MPOHHTErPUPOBATL COCTaBNeHHbIE TN depeHUHaNbHEIE YPABHEHHS ABHKEHN
MATEPHANBHOM TOUKH C YHeTOM HAYANLHBIX YCIOBUI €8 OTHOCHTENLHOTO ABHKEHUA.

8. Onpezenutb Tpebyemble B NOCTABNEHHOI! 3a1aue BENHYHHEI.

Ilpt OTHOCHTENBHOM KPHBOJMHEHHOM [ABUMEHHH MATEPUANBHON TOYKK yA00HO cocTaBaats AnddepeHumranbhbie ypaBHeHUs
ABUKEHHA B NPOEKUHAX HA €CTECTBEHHBIE OCH KOOPAHHAT.

10. IPUMEPDBI PELUEHHA 3AJAY HA OTHOCHTEJILHOE
ABUKEHHUE H PABHOBECHE MATEPHAJIBHOH TOYKH

3aaaua 1. I'pys [ maccoll s criyckaeTed BHH3 10 OOKOBOH IpaHy [pH3Mbl 2, pAcnONOKEHHOH NOO YINIOM O K ropH3oHTY. [Ipu3ma
ABHIKETCH 110 ['OPH3OHTRNILHON [LIOCKOCTM BIPABO ¢ yCKOpeHHeM I, . OupelenuTs YCKOPEHHEe IPy3a 110 OTHOLIGHMIO K IPU3ME U
JEBIIGHUE IPy3a Ha DOKOBYIO IPaHb NPU3MBL, eCH KO3DPHULUHSHT TPEHHS CKOMBKEHNS rpy3a 0 OOKOBYHK rpaHb Npu3mbl paseH [ (puc.
10).
y Pewenue.  JlpmxeHue  Tpysa [/
¥ ABAAETCA CHOWHBIM, KOTOPOE MOMKET ObIThb
pasnoKeHO Ha [EepeHOCHOe  IBHKEHHE
BMECTE ¢ NpU3MOH  (3TO  ABHKEHME
NOCTYNATENbHOE) 1 HA OTHOCHTEIbHOE MO
OTHOWIEHHK K TpH3Me 2 (3T0 ABHKeHHE
npaMonudeiinoe). Ha rpys 7 nelicreyior
CUIBl: F — cHla TSKecTH rpy3a; N —
HOpMANbHas peaklda OOKOBO#H  rpaHu

NPU3MBIL; Flp — CHJIa TPCHHA CKOJIBXKCHHUA,
Puc. 10
HamnpaeJieHHas NPOTUBOTIONOHKHO

HAINPaBICHAKD IBHKCHUA I'Py3a.
ILJ'ISI peweHds 3ajadiv MeToaOM JHHAMUKH OTHOCHTEILHOIO JABUIMKCHHWA TOHKH K YKA3dHHBIM CHIIaMm ,ElOﬁaBJ'IHEM NEPCHOCHYKY W

KOPUOMWCOBY CHJIBI WMHCPIHA, Tak xak NMEPEeHOCHOE OBWIKEHHE TMOCTYNATe/IbHOE, TO (D(.ZO. HEDEHOCHaH CHJIa HHEPUHH q)c

HanpaeneHo NPOTHBONONOHHO BEKTOPY YCKOpeHHS W

¢

T.e. BNEBO U paBHa no Mmoaymo @, =mi¥, .

Hanpagnsem ocb x NMOABHAKHOH CHCTEMbI KOOPAMHAT Oxy BOOME DOKOBOH rpavn npusMel. JIuddepevunansHele ypaBHeHHA
JBHMEHUA rpy3a B MPOEKLUHAX HA OCH X U ) UIMEIOT BHIL

mx = Z F.+®, . +D,.;
n/fj} = Z }Tli\\ + (D('V + (DL‘_\.'
WK

mi=mgsina—F, —®, cosa;
i . (10.1)
my=N—mgcoso—D, sina.

5

Tak kak OTHOCHTEIbHOE YCKOPEHHE IPy3a NMepHeHAHKYNISpHO ocH ¥, To ¥=0. Toraa N =mg| cos@p+—Ssino |. JasieHue

g
rpy3a Ha GOKOBYIO [PaHb NPU3MbI 10 BENWUHHE PABHO HOPMallbHO# peakuun N. Cina Tpenns F, =f N.
OTtHocnTenbHoe YekopeHne W, = X onpenenserca U3 NepBoro ypasHeHus cuctemsl (10.1)
W, =g(sino— feoso)—W, (coso.+ fsino). (10.2)
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Henonbsys 370 ypaBHeHHe, MOXKHO HaliTH TO 3HAUEHHE YCKOPEHHUS NMPH3MbL, IPH KOTOPOM rpy3 | SyneT HaXOAWTLCA B MOKOE Mo
OTHOLICHHIO K NPU3ME, €CIIH €70 Haua/lbHas OTHOCHTE/IbHAA CKOPOCTE paBHa Hy . [lonaras B pasenctre (10.2) .= 0, noayuum

W, =g(sino— fcosa)/(cosa+ fsina).
3agaua 2. lllapuk A mepemernaercs no uManHApHYeckoMy kadany tena 4. Teao A

paBHOMEpPHO BpalllaeTcs BOKPYT HEMOABHKHOW RepTHkanbHOW ocH z;. Macca
wapuka m = 0,03 xr, yriopas cKOpocTb tena A w=2m¢ ', h =02 M. HaiTh ypapHeHue
x = x(f) OTHOCUTENLHOTO JABHMKEHMS mapHka M, ecliM B  HaualbHbI MOMEHT
gpeMeHn £ = 0, x = x =03 ™, V,, = ¥ =x, =0. 3a nauano orcuéra MPHHATL TOUKY
O [5].

Pewenue.  TIOABHIKHYIO — CHCTEMY OTCYETA  ox)z CBAMEM € BpallaklHMcs
KaHa10M, COBMECTHE OCL X ¢ TpaeKTopHell OTHOCHTEJILHOrG JABMXeHUd wwapuka M (puc.
11). K wapuky M npunoxkenst cuabl: Bec P M lopManblias peaKlus cTelkd TpyOku; eé
MOYKHO PA3JIOKHTL HA JBC COCTABIANOLING I N n N,. lpxcoednHUM K 3THM CHam,
MEPEHOCHY 10 LEHTPOBEKHY IO cuty pHepuMd @) U KOPHOJMCOBY CHIY HHEPLMA
$,., nanpaeneHHble  NPOTHBONOJOHHO A w yckopennam W' w W.. Hanpasnenue W,
Haitném MO W3RECTHOMY  Nparuay, OpeAnONOKME, HTO NPOEKIHSA CKopocTH V. Ha
0OCh X NONIOKNTENbHA. | !x]

x -

B paccMaTpHBAEMOM npumMepe KOPHOJHCOBA CHAA MHepuny (P napanienbha

OCH ¥ U MePTeHIMKYNIAPHA K NJIIOCKOCTH ZX. Pue. 11 Moayn  CHN HHEPUMH  OOPEEaoTes  No

opmynam QY =mil) = m(x)zﬂh2 +(h—x)",
O, =m, = =2maV, sin% =2mol,, V.=

OcnoBiioe ypaBHEITHE OTIHOCHTENBIOTO ABIKEIIHS WAPHKA B AZHIIOM CNYYae HMEET BUll
mW,=P+N +N,+P" +O_. (10.3)

iq.

[IpoekTHpyem 0fe 4acTH 3TOTO YPABHEHHS HA OCh X, T.€. COCTaBNseM AndepeHMATbHOE YPABHEHUE OTHOCHTENLHOO ABHKEHHS
wapHKa BAeAs OCH X (x = OM).

mi=-0!cosp=—D"sinB i  m¥=-me b +(h-x) Lﬁ, mi =—(h—xymo’, ¥=(x-h)w.
W+ (h—x)

i 2 2
[MTocnenee YPaBHCHHUE NPCICTABUM B BHIC X — @ X =—hw".

Hauansisle yenopua apmxenus: (= 0, x =xy= 03w, V, =x=x,=0.

O6lee pelietHe DTOTO ypaBHEHHs UMEET BUI X = X + Xy, MAE x; — oOLUEe pelletne COOTBETCTBYIOUIErO CANOPOAHOrD
YPABHCHUSA, X2 — HACTHOC PCLUCHHC HCXOAHOI'O YPABHCHHA.

2
COCTARNSEM XapaKTEPHCTHUECKOE ypaskenne A7 —w’ =0, ero kopu, hi,=tw;, x =
}‘} (',ew-i' Czemf'
y YacTHOE pellieHHe HIIeM B BHIE X, = A, X, =0, Toraa—w'4d =—ha' n 4 = h.
W

0,

B peaynbrate x =Ce®™ + Coe™ +h, 1=0Ce® —oC,e™™ . Haxoqum nocrosuuee (') 1

x,=C +C5 +h;}

io = (l)(‘] - (.0(,‘2;

. o{x, - A+ x
C] =—;
2
Cy= Wx, — M)+ xy .
2m

YPHBHBHHB OTHOCUTENBLHOIO ABHMCHHWA WAPHKEA M

x = (x, — hychor + O shey + owm x= 0lch(2mH) + 0,2, m.
®

Puc. 12

3agava 3. Uepes Onok nepekrHyTa HEPACTHKNMAA HUTh (prc. 12), HAa KOHUAX KOTOPOH BHUCAT
IPY3bl C MACCAM 17y U 11> (7117 > #2). BUIOK HAYMHAIOT NOAHUMATE BBEPX ¢ yekopeHnem W ornocuressno 3evau. [peanonaras, 4ro HUTh
CKONB3UT Mo ONoKy De3 TpeHua, HailT cuny HaTaxenus T HUTH W yckopenne W) rpysa Maccoit m, OTHOCUTETLHO Jemau.
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Pewenue. BribupacM MONOWUTENBHOS HATIPABICHHE OCSH KOOPAMHAT Kak 3TO Mokasano Ha puc. 12. 3anwmem ans rpysos

OCHOBHOE YPaBlEIHE AHMHAMHKHM OTHOCHTENBLIOrO ABHKEHHA, Jo0aBnaAs K ASHCTBYICIUKMM 11a IPy3bl CHIAM MEPENOCHLIE CHIbI
MHEpLMHK (KOPUONHCOBLI CHABI MHEPUHM PABHBLI HYJIO, TAK KaK NEPEHOCHOE ABMKEHNE MOCTYNATENBHOE)

mW,, =P +T) +®
m Wy, =Py +T, +®,,,

el

(10.4)

rae Pi=mg, Pa=mg T)=1T=1, O,=mW, ®,,=mml.

B lipecKUMM HA [IOABHHHYEO OCh VY U3 CHCTCMbl YPABHCHHE 1I0J1YUUM

mW, =—m +7T -V,
I jr 15 1 (10.5)
ma Wy, =—myg +T — W,

YuuThibas, uto Wo, = —W), 13 cricTeMbl ypasHennit (10.5) nosyuaem

_my=m) g+ W)

W
(m +my)

¥

ADCOMIOTHOR YCKOPEHUE MPy3a /, T.e. €10 YCKOPEHUE OTHOCHTEMBHE 3eMIu, PABHO
2, W+ (i, — 1) )g

W, =W]).+W =
(m +m5)

Hars:kenue HUTH 1 onpeaensiercs, HallpUMep, W3 IIepBOro ypagHenus cuctemel {10.5)
7 2mmy (g + W) .
(my +m1y)

3amaua 4. Hceaenopate kone0aHus MASTHHKA B BATOHE, KOTOPBIA JABKHKETCA MO MNPAMOMY TFODH3CHTANLHOMY NOYTH ¢
NOCTOAHHBIM yckopeHuem W (puc. 13).

Pewenue. “epeHOCHb]M ABHIKCHHEM IJIa MajdATHHKa ABJIACTCA [OBHXKCHHC Bdl'OHd, 3TO ABHIKCHHC TIOCTYINATCIILHOC,
BpaLLI,eHHe MasiTHUKa OTHOCMTENbHO TOUKU A SABNSAETCA OTHOCHTENbHBIM. Ha MATEPHANBHYHO TOUKY ,D,eF]CTBy[—OT CHTa TAXKECTH

P=mg w peakuns HuH, T.¢. cuna 7. Beoaum cunbl mHepunn. Tak KAK NEPCHOCHOC ABUKCHHC NOCTYNATCABHOC & MOCTOSHHBIM
yekopenuem, 10 B, =—mi¥ , O, =mi , d, =0,

Haiingév npeagapuTenslo yroi g, COOTBETCTBYIOLIHIT IONOMKEHHIO OTHOCHTEILIOIO ke
paBHOBECHA MasiTHHKA, B KOTOPOM / A
P T el w
oL & Po / —
P+T+®,=0. (10.6) N ,/

M3 paeenctea (10.6) B NpoeKUMH Ha NPAMYHD, NSPNEHAUKYIAPHYIO AM, noaydum ~ | DM

P Th/ ~ .
, x
Psin @y — @, cos@, =0, M

tgg, = —% = Puc. 13
_e _L’”’ e

=arctg(W /g), sin —L cosgy = ——2
P, = g g (po—ma (PO_‘/W'

Hcenenyem Manuie KonebaHusa MasTHUKA OKOJO MOJOKEHUA paBHoBecus, [IycTe © — yrog oTkioHenus masTHHka. Tak kak
k01e0aHHs MA/TbIS, TO CHUTAEM SIN Y =@, ¢os ¢ =1,

YPaBHEHHe JAHHAMHKH OTHOCHTEILHOTO ABHIKCHK A MaTepHa.ﬂbHOﬁ TOYKH zalHlleM B NPOSKIHWH Ha KacaTeJBEHYHY K TPacKTOpHH eé
OTHOCHTEJIEHOIO ABHMKCHHA

r

m o =@, cos(@+ Pg) — Psin(@+9y). (10.7)

C yugtom toro, uto F, =/¢, ypasuenue (10.7) zanumiem B BUJIE

mip=mW(cospcos @, —sin Psin @y)— mg(sin PcosP; —cosPsin Q)
MK

Ip=—p(Wsingg + gcosy)+Weospy —gsingp =
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g =—(p\iW2+g2.

w
=—@| W +g
2, .2 2, .2
\/W +g JW +g
B pesynsrate noayuum audeperunansHoe ypapHeHne xonebanuii MaTeMaTHUECKOTO MASTHHKA B BHAC

W?, 2
¢‘>+—Vi+gq>=0. (10.8)

Y paBHCHUEC (]08) [OKA3BIBACT, UTO NCPHOI kogedaHni maatiuka T =21 .
2 3
W-+g°

3agaua 5. ﬂpennonomnm, HTO B TIONOMKEHHN OTHOCHTCIBHOIO PABHOBCCHA MAaATHHKA (CM. npeabliy Uy 3ﬂﬂa‘1y) HHUTB
NEPePe3atoT U MATCPHANBHAA TOYKa HaYMHHACT cBo0OAHO NanaTh. OI'IPE:)IGJ'IHTI: TPACKTOPHKY TOYKH OTHOCHTCIIBHO BaroHa, ©ClH
naacHHe TOUKH HAYHHACTCA C BLICOTHI /.

B crnyuae ceodoaHoro nazeHus cuna T =0. [InddepeHunanbHele YpaBHEHHA OTHOCHTENBHOMO ABHAKEHHA TOUKH HMEIOT BULL

mx =—-mi, Y = —mHg.

HHTerpHpys 3Tn ypagHeHHs, NOJYUHM

x=-Wr+C, y=—gr+C,.
Tak kak npy ¢ = 0 (B HaYaJIbHbIH MOMEHT BPEMEHH) OTHOCHUTENBLHAS CKOPOCTL TOUYKH paBHa Hyw, To C'; = C, = 0. B pesynbrare

X =—Wt, ¥ =—gi. UATerpupya 9TH YPaBHEHUA, NONYyqaeM x:—Wt2/2+C3, y:—gtz/2+C4.

IMpu =0 x:—lsin(poz—IW/1/W2+g2, y=Hh, Torna C}:_IW/‘\/Wz'ng, Cy=h.

3aKOH OTHOCHTENLHOrO ABMKEHUs TOUKH UMeeT BHA

x=—Wf2/2—!W/\/W2+g2 , y=h—%2.

Hcriouas H3 3THX ypaBHeHnﬁ BpEMA £, TOJIYYAEM YPABHCHHE TPACKTOPHH OTHOCHTEBHOTO ABHXKCHHA TOUKH

- LS (10.9)

W /Wz +g2

VYpagnenne (10.9) ecTh ypaBHeHUe NpAMOIl NUHKHK, MpOXoAslNEit yepes TOUKY M, 1 TOUKY nonseca 4 masTHUKa (puc. 13}).

3agava 6. TlpoBonouHOE KONMbLUO panuycoM R BpallaeTcs BOKPYTD BEPTUKAaNbHOTC AuameTpa Af ¢ NocTOAHHOM yrnosoi
CKOpOCTE . Ha konbue naxomutca HeGonbwas mydra M, koTopas MoxeT 0€3 TPEHHA CKONL3NTL Mo Hemy. ONpeiesinThb
NOJIOKEHUE OTHOCHTEIBHOTO paBHOBECHA My(ThI (pHc. 14).

Pewenue. Pacemarpueaem noeaeHue myditel B CHCTEME KOOPAMHAT XAy, CBA3AHHON € Bpawaowumes koibuoM. Ha mydry

ACHCTBYIOT cHNa TAKECTH P =mg, nopManbHag peakuns ~. COIMACHO YCNOBHIO OTHOCHTENLHORO PABHOBECHA —noGamnsem
NepeHOCHYI0 CUITY MHEpPUHH (f)c =fml47{,, G, =mW,; W, = 0’y =a’R sing.
Jna OTHOCHTENBHOTO PaBHOBeCHA My(Tbl HeODXOAMMO W 10CTATOYHO, YTOOH TPOEKLMH CUI CfJL, W mg Ha KacaTelIbHYl K
OKPYHHOCTH ObUIM PABHbLI U NPOTHBOMOMOMKHEI MO 3HAKY
,P/ mgsin@p—®_ cosp=0, sin(p(g—mchos’.(p)=O.

EB
b (10.10)
3 ypasHenns (10.10) naxonum

sinp=0, ¢, =0, ¢, =% cosp= Rﬁ)z’ (p3=arccos(Ri2J.

TonoxeHne paBHOBECHS COOTBETCTBYIOLLEE YIY 03, BOZMOWHO TONBKO MPpU w2 4/ g/ R .

HaiinéM BenMumHy HOpManbHOH peakiHu N B NOJOKEHNAX PARHOBECHS MY(DThI

N=T= \j(m,gr)2 +d)3 = m\/g2 + 'R sin’ ¢.

Hpun ¢, =0, ¢; =1, N =mg: npu ¢, :arccos(g/R(x)z).

Puc. 14 N :m\/g2 +w4R(]—g2/R2w4) - mw R.

YCTOHUMBOCTS WNH  HEYCTOHYMBOCTL  HAMIEHHLIX MOJIMKEHWH pPaBHOBECHUA OMpenesseTcs
napaMeTpami i, R paccMaTpuBacMoil 3aaaum.
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