rnMABA IX

ABH)KEHUE OTHOCHTEJbHO HEUHEPUUAJIbHBIX
CUCTEM OTCHETA

* *

§ 63. Cuibl HHEPUHH NpPH YCKOPEHHOM MOCTYMATeJbHOM
ABHIKEHHH CHCTEMbI OTCYETA

1. Jlo cUX TOp MBI OTHOCHJH JABHMKeHHE K KaKOH-1u60 OJHOH H3
GeCUHC/IEHHOTO MHOXKECTBA UHEPUUAAbHbIX cuchiem omicierma. B Takoh
CHCTeME OTCYeTa OCHOBHBLIM ypaBHEHHeM JBHIKEHHSI MaTepHalibHOH
TOYKH SIBJSIETCSl YPaBHEHHe, BhIpaMKaiollee smopol 3aKoH Hewomona.
3anuieM 31eCh 3TO ypaBHeHHe B BHJE

Mayg. = F, (63.1)

CHaGIMB YCKODEHHE @ HHIEKCOM «abC», CMBICJ KOTOPOTO BBISICHHTCS
B JaspHefimeM. [locTaBUM Tenepb 3afauy HaHTH ypaBHEHHS ABUKEHHSI
B HEUHEPYUAALHOIX CUCEMAX omcdema, T. €. TaKHX CHCTeMAaX, KOTOPEIe
JBUXKYTCS YCKOPEHHO OTHOCHTEJbHO HHEPLHaJbHBIX CHCTeM. 3ajaua
CBOINTCSl K YCTaHOBJICHHIO 3aKOH08 Npeobpasosanus cua U YcKopeHull
NpHU Tepexofe oT HHEpUHANLHOH CHCTeMBl K J060H HeHHePUHATbHOH
cucreme orcyeTa. HopensiTuBucTcKasi (M3MKa CYHTajda S5TOT BONPOC
YHCTO KHHEMAaTHYECKHM H pelllajia €r0 Ha OCHOBE CJEAYIUHX ABYX
gonylieHuit: 1) BpeMst abCoMOTHO, T. €. NPOMENKYTKH BpPeMEHH MexXAy
JMOOBIMH  IByMsl ‘COOBITHSIMU OJIHHAKOBEI BO BCeX CHCTeMaX OTCYeTa;
2) npocTpaHCTBO abCOMIOTHO, T. €. PACCTOSIHHS MEXAY JIOOBIMH IBYMsl
TOYKaMH (MaTepHaJbHBIMH TeJlaMH) TaKiKe OXHHAKOBH BO BCeX CHCTEMax
orcyeta. Takum o6pasoM, B JOPeNATUBUCTCKOH (H3HUKe CYHTAJIOCh,
UTO PACCIMOAHUS U NPOMENCYMKU 8PEMEHU UHBAPUAHITIHOL 1O OMHOUEHUIO
K nepexody om 00HOU cucmemer omcdema K mo60t dpyeod, npoussoasHo
Jsuxcyuiedcn cuctmeme omeyema. O6a JonyLleHHs Ka3aJHCh HACTOJBKO
CaMOOYEBHIHBIMH, YTO Jaxke sIBHO He dopmyJiHpoBanuck. M Tonbko
rjyGoku# aHanau3 npol/eMbl NPOCTPAHCTBA H BPeMeHH B TEOPHH OTHO-
CHUTeJIbHOCTH BBISIBHJ HOCMYyAsamusHull xapakmep STHX JOMYyLIEHHH.
ITpu 3TOM OKasasoch, UTo 06a JonyujeHus NPUBAUNCEHHO BepHbL AULLL
0as. meOaernbix dsunxcerud. T1pH GBICTPLIX JABHXKEHHSIX OHH CTaHOBATCS
HeBePHbIMH. OTpaHHUMMCs cefiyac HepeJSITHBHCTCKHM PacCMOTPEHHeM,
T. e. Oydem npednoaazamms, 4mo 6ce CKOPOCMU, 8 MOM HUCAE U OMHOCU-
MmeabHble CKOPOCIMUL CAMUX Cucmem Omodema, Maibt RO CPABHEHUI0 €O
CKOPOCTbIO C8ema 8 8aKyyme.

2. YcioBUMCS HasbiBaTb HenodsuxcHol KaKylo-JMHOO IIPOH3BOJIBHO
BRIGpAaHHYI0 HHEpLHAaJbHYI CHCTeMy OTCYeTa, a ABHXKEHHEe OTHOCH-
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TEJIBHO Hee — abcosomubim. B dopmyae (63.1) peus uer o6 yeKOpeHHH
npu abCoMIOTHOM [BHXKEHHH HMEHHO B TakoM cmbicie. He caenyer
BKJ1a/JbIBATh B MOHATHS «HENOJBHIKHASA CHCTeMa OTCYeTa» H «abCoJIoT-
HOe JBHXKEHHe» 4To-JH00 0oJblliee N0 CpaBHEHHIO € TeM, YTO COIep-
JKUTCA B NIpUBEJEHHOM onpefenenHd. O6a NOHATHS YHCTO YCJIOBHBHL H
He NPOTHBOPEYaT YTBEPMK/IEHHIO, YTO BCSKOE JBHIKEHHE OMHOCUMENbHO.
Teno, mokosineecst B ABHKYIEHCS CHCTEMe OTCYeTa, yBJeKaeTrcs Mo-
c/lefHed B ee [BHKEHUH OTHOCHTENBHO HENOJIBHIKHOH CHCTEMBbl OTCYETA.
‘Taxoe gBHKEHHe TeJla HA3BIBAETCH NepPeHocHbim. ABGCOMIOTHOE ABHKEHHE
TeJla CKJaAblBAaeTCsl H3 €r0 OTHOCHTENIbHOTO U [1epeHOCHORO IBHKEHHH.
Llens HacTosie#l TJIaBbl — H3YUHTb OMHOCUMENbHOE OBUIIEHUE.
Has 3Toro npexe BCEro cleayeT YCTaHOBUTH YpaBHEHHA OTHOCHTENIb-
4 HOTO JIBHKEHHS. I100 ypasreruamu 08u-
z MEHUSL Mbl NOHUMAEM COOMHOWEHUA,
KOMOpoimMU ONpedeAiomea YCKOperus 6cex
MAMEPUANLHBIX MOUYEK MEXAHUMECKOL CU-
CImemsL 8 mot CUCTEME OMmCuema, OmHo-
CUMEALHO KOMOPOL  paccMampusaencs
OJsuscerue. Korpa cucreMa orcuera JIBH-
JKETCH OTHOCHTENBHO HENOABHKHOH cu-
CTeMbl OTCUeTa NPSMOIHHEAHO H paBHO-
MEPHO, OHAa cama siBJIsieTcsl HHepluHa/b-
£ HOH cHcTeMoll orcyeta. B sToM ciyvae
Puc. 182. ypaBHEHHS] OTHOCHTEJILHOTO JBHXKEHHS
COBNAJIAlOT € YPaBHEHHAMH abcoaom-
HO20 Q8udKenus, T. e. falTcs 3akonamu Hptorona. [lostomy gocraTouno
OTPAHHYUTLCS PACCMOTPEHHEM TOJBKO TeX CjyuyaeB, KOTJa paccmar-
pHBaeMas CHCTeMa OTcYera J[ABHXKETC OTHOCHTEJBHO HeNOJBHXKHOH
CHCTEMBI OTCYeTa C YCKOPEHHEM.
3. Boabmem gBe cucTembl OTCYeTa: HENOJABHKHYIO CHCTeMy S;
€ HayaJIOM KOOpAMHAT B Touke ; H ABHIKYILLYIOCS CHCTEMY S C Ha4aJoM

koopauHar B toyke O (puc. 182). O6o3naunm R, panuyc-BEKTOp 0?5,
MIPOBE/IEHHBIA U3 HeMOABUKHOTO Havasaa O, K ABHXyllemycs Hagany O.
ITycts M — kakas-1u60 martephajibHasi Touka. Ee MOJOKeHHE B He-
MOBUKHOA CHCTeME OTCHeTa omnpejensiercst pajguycoM-BektopoM R,

. —
a B JBHXKYLUleHca — paauycoM-BeKTopoM 7 = OM. Bektopel R, R, r
B Ka){IblH MOMEHT BPEMEHH CBA3aHBI COOTHOLIEHHEM

R=R,+r. (63.2)
HBaxapl auddepeHnupyst 5TO COOTHOLIEHHe IO BPEMEHH, MOJYYHM
R=R,+r. (63.4)

Hro6pl Jyuile BbISBHTL HIEHHYIO CTOPOHY BOMEOCA, PACCMOTPHM
CHaya/la YacTHBIH cJyyal, Korga cucreMa S JBHIKETCSI OTHOCHTENBHO
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HETIOJIBMKHON  CcHCTeMbl Sy  HMOCMYnAMEAbHO. Bexrop R, oueBusHo,
BCEerla Jaer abcoJIIOTHYIO CKOPOCTb U,g., & BEKTOP R — a6comotnoe
YCKOpEHHE @,¢. JABHKyHleHcss ToukH M. Bekrtop v, = R0 ecTb abco-
JIOTHAs CKOpoeTb, a @, = R, — aGco/oTHOE yCKOpeHWe Havaqa
koopauHar O cucremsl S. Ilpu nmocTynaTenbHOM ABHMKEHHH 3TH BeJH-
YHMHBI COBMNAJaT COOTBETCTBEHHO CO CKOPOCTBIO U YCKOpeHHeM JoGoi
TOYKH cHcTeMbl S. TakuM o6pas3oM, ¥ U @, LOJXKHBI ObiTh HHTEPIIpe-
THPOBAHbLl KaK rNepesHoCHbie cKopocme U yckopeHue. TOYHO TaK e MpH
MOCTYNATSILHOM NBHXEHUH /* H /* JaI0T COOTBETCTBEHHO OMHOCUMEALHYIO
CKOpOCmb U OMHOCUMEAbHOE (CKOPeHUe, T. €. 3HAYEHHSt ITUX BETHUHH
B JBHXKYLleHAcH cHcTeMme otcuera S. MTak, mpu mocrymarennHOM JBH-
JKeHUH

Vase = Vorn + Uneps (635)
A5 = Aoy + Qyeps (63.6)

NpHYeM &ne, = @y, Vpep = O
4. TlojcrasuM Ttenepb BhIpaKeH e (63.6) B ypasuenue (63.1) u
nepexeceM 4ieH, coaepXauuii @,.,, B NpaBylo yacTb. [loayunm

Moy = F — ma,. (63.7)

310 #1 eCTb ypaBHEHHE OTHOCHTENBLHOID ABHXKEHH S MaTepHaNbHON TOUKH.
Ha mpaByiy dYacTb 3TOr0 ypaBHeHHs1 (OPMAJbHO MOKHO CMOT-
pers Kax Ha HEeKOTOpYIo «Cuay», AefiCTBYIOUYI0O Ha MaTepHa/bHYVIO
TOUKY B JBHXYyHleficad cucteMe oTcyera. Takum o6pa3oM, B KaKIoi
cHcTeMe OTCHETa cuJjla onpefessieTcsi Kak BeKtop, PaBHbIH Npou3sene-
HHIO MACChl MaTepua/bHOH TOUKM Ha ee YCKOpeHHe B 3TOH CHCTEME
orcuera. He obsi3atesnbHo, yroOs! «cHa» B TaKOM CMBbIC/IE Oblla pe3yiib-
TATOM B3auMOjedcTsis Tes. OfHAKO HeoOXOAUMO pacnogaraTb KakHM-
TO HE3aBUCHMBIM CIIOCOGOM, I[OBBOJIAIONIMM BBIPA3UTh «CHJY» yepes
KOOPJAMHATBE H CKOPOCTH JBHxXKYyHieHcs TOYKH. TOJIbKO NPH 3TOM YCJ0-
BHM MbI B COCTOAHHU HAaMUCAThb ypaBHeHHe [BUxKeHuda tHma (63.7),
a K 3TOMY B KOHLE KOHIIOB CBOJMTCS peaslbHOe COfep:KaHHe 3aKOHOB
MeXaHWKH.

«Cuna» F — ma, ciatraercd H3 JByX CYLIECTBEHHO pasfHYHbIX
cocraBiaomiiX. Ilepeaa cocraBisiomds F eCcTb «HACTOAMAA CHIEY
B TOM CMEICJIe, YTO OHA ABJAETCA pe3y/bTaToM B3dUMOJEHCTBUA Tesl.
Ona 3dBHCUT TOJbKO OT pa3HOCTed KoopaWHat H pa3HocTed cKopocTeii
B3aHMOJEeHACTBYIOLINX MaTepHalbHbiX TodeK. B HepedsTUBUCTCKOH KHHe-
MdTHKe BCe 3TH PA3HOCTH He MEHSIOTCH NMPH [IepeXoie OT OJHON CHCTEMBI
otcyera K apyrofl, mpousBosibHO ABHMyLieiicss cucTeme. [lostomy He
MeHsercs u cund F. OHA unsapuawmmui OTHOCHTE/NBHO TAKOro mepe-
Xopa:

CoBceM HMHON XapaKTep HMeeT COCTaBifomas —- mad, 3T1a COCTaB-
Jsiollag . BOSHMKAeT HE H3-3a B3aHUMOZEHCTBUA TeJ, a H3-3a YCKOpeH-
Ho20 OsusiceHus cucmems omeuema. OHa Ha3bIBAETCR CUAOH uHepyuu,
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TOUHEE HOCMYyNAMeAbHOl cuaoti uHepyuu, TIOCKOIbKY ceHyac Mbl orpa-
HMYHMBAEMCsI JIHIIb TOCTYNATeJIbHBIMH JBHXKEHHAMH CHCTEM OTCYeTa.
Ipu nepexone K ApYroil yCKOPEHHOH CHCTEME OTCUETA MEHSIIOTCH M CHJIbI
unepuun. OHM He uHBAPUAHMHOL OTHOCHTENLHO TaKoro Iepexoja.
DTHM CHJBl HHEPUHH OTJIHYAIOTCS OT «HACTOSILIMX CHJI», BO3HHKAIOU[HX -
IpH B3aUMOJEHCTBHH Tesa. BTOpoe OT/JIMYHE COCTOMT B TOM, UTO CuUAbL
uxepyuy He NOOHUHAIMC 3aKOHY paseHcmsa Oeticmaus u npomugoded-
cmeusn. Eciu Ha Kakoe-1u60 Teso JeHCTBYeT CHJIa WHEPUHH, TO He
CYLIeCTBYeT INPOTHBOAEHCTBYIOIEH CHJBL, HPHIOXKEHHOH K Jpyromy
tesy. JIBUMeHHe Tesl noj AeHCTBHEM CHJ MHEPUHH aHA/JOTHUHO, TAKHM
06pa3oM, JBHKEHHIO BO BHEIIHHX CHIOBHIX noasX. Cuast unepyuu scezda
AGASOMCS GHEUHUMU 10 OMHOWEHUIO K 10001 6Buofcqueuwz cucrieme
MAMEPUALLHBIX e,

5. PeanbHbl HIIH Q)HKTHBHbI CHJIbl HHEPLHH? OTBeT Ha 3TOT BONIPOC
3aBHCHT OT CMBICJA, KOTOPHIH BKJIaJbIBaeTCsi B CJOBA «peasbHbIH»

«bukTHBHbIY. Eciu npuAepXKHBATLCS HBIOTOHOBCKOH MEXaHHMKH,
COTJIaCHO KOTOPOH BCe CHJBL JOJKHBEI OBITb Pe3y/bTAaTOM B3aHMOJel-
CTBUSA TeJ, TO Ha CUJBl HHEPUHH HANO CMOTPeTb KaK Ha (PUKTHUBHLIE
CWIBI, HCY€3alolliie B HHepUHaAbHBIX cHcTeMax otcuera. OnHako Takasi
TOUKa 3peHHs He obs3arenpHa. Bce B3aMMOIEHCTBHA OCYIIECTBJSIOTCS
NOCPEACTBOM CHJIOBBIX NOJIEH M HepeJaloTcsl ¢ KOHEUHBIMH CKOPOCTSIMH.
M Ha cubl HHEPUUH MOXKHO CMOTPETh KakK Ha JAeHCTBUS, KOTOPbIM IIOA-
BEpPraioTcsl Teda CO CTOPOHBI KAKHX-TO peajbHBIX CHJOBBIX NOJef.
[lpaBzra, 3TH moJsl onpefesneHHbIM o6pa3oM IpeobpasyloTcs IpH lepe-
XOfle OT paccMaTpHBAaeMOH CHCTeMbl OTcyeTa K APYTrofl cHcTeMe, ABHXKY-
mefics OTHOCHTeNLHO Hee ycKopeHHo. Ho 310 He fiBJsieTca oCHOBaHHEM
CUHTATL 3TH CUJIBI (PUKTHBHBIMH. Belb 3J€KTpHYeCKHe H MarHHTHbIE
CHJIB TaKKe 1peobpasyloTes NMpU Nepexoie K APYLo# CHCTeMe oTcuera
(naxke or MHepUHAJBLHOH K MHEpUHAJbLHOH). I TeM He MeHee HUKTO He
COMHEBaeTCcsl B pealbHOM CYIULeCTBOBAHHH 3/€KTPOMArHUTHBIX IOJEH.

HesaBucuMo OT TOro, Kakylo H3 3THX TOYEK 3PEHHsI MBI HpPHUMEM,
CYIIECTBYET MHOTO fIBJIEHHH, KOTOPble MOTYT OBITh HHTEPHPETHPOBAHLI
KaK nposijeHue cual uHepuud. Korzna moesn Habupaer cKopocTh, nac-
CaXKHp B BaroHe HCIBITLIBAeT AeHCTBHE CHJBI, HANpaBJEHHOHU NPOTHB
IBHKeHHsl noes3fia. Eciau maccaxup cuiuT Nno Xony mnoesfa, TO 3Ta
CHJIAa NPHXKHMaeT €ro K CIIHHKE CHJEHbS. 3TO M €CThb CHJIa HHEPUHH.
Ilpn TOopmOXKeHHH II0e3Jla CHJIa HHEDUHH MeHsleT HallpaBJieHHe H CTpe-
MUTCS OTJIENUTD TeJ10 [1accaxupa OT CTEHKH culeHbsl. Ecan B yckopenHo
JIBHKYIIEMCS] BaroHe BUCHT MAfITHHK, TO CHJa HHEPUHH CTPEMHTCS
OTKJIOHHTb €r0 B CTOPOHY, NMPOTHBOMNOJOXKHYIO yCKOpeHuto. B cocrosi-
HHH PaBHOBECHS CHJIa WHEPLUHH YPABHOBEIIMBAETCH CHJIAMH TSKECTH
M HaTsDKeHHeM HHTH nojBeca. (Ocof0 3aMeTHO MPOSIBJSIIOTCS CHJIB
MHEepUHH IIpH BHe3anHoM ObICTPOM TOPMOXeHHH roe3ja. CUIbl HHepUHH
BLI3LIBAIOT Ieperpy3KH, AefCTByIOIME HA JIeTUHKA MJIM KOCMOHABTA
JIpH GOJIBIIMX YCKODEHHSIX CaMOJeTa WJH IIPH 3allyCKe H TOPMOXKEHHH
KOCMH4ecKoro Kopab.is,
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Koneuno, Bce 3TH ABJI€HHS MOXKHO NOHATD, HE NONL3YACH NIPEICTaB-
JIEeHHeM O CHJIaX HHeplUHH, a paccMaTpuUBasi IBHXKEHHS OTHOCHTEJbHO
MHepUHaJbHOH cHCTeMB! oTcuera. Tak, B NpHMepe ¢ MAsTHHKOM MasT-
HHK JIBHXKETCS YCKOPEHHO OTHOCHTEIBHO HHEPUHAJBLHOH CHCTEMBI
oTcyera.

MaaTHHK J0MKeH OTKJIOHUTBCA Hasaj, utoObl BO3HHKJA CHJA
HATSXKEHHA C TOPH3OHTAJBLHOH COCTABJAINIEH, HAaNPaBJIeHHOH BHepen.
3ta cocrapJAwias U coobaer MaATHHKY ycKopenue. OJHAKO BO MHO-
THX cJy4asix ObIBaer Npolle paccMaTpHBaTh SIBJEHHS HENOCPEICTBEHHO
B JBHXYLIEHCS CHCTeME OTCUeTa, He NMEpeXoAd K HHepuHaabHOH. Kpome
TOTO, HHOTJ|d 3aTPYAHHTENbHO pa3feNHThb NMOJHYIO CHIY, AEHCTBYIOLLYIO
B HEHHEPUHANbLHOH CHCTEMe OTcYeTa, Ha «peaNbHylo» CHJY, BO3HHKAIO-
IIYI0 H3-3a B3aUMOJAEHCTBUA Tes, H «DHKTHBHYIO» CHIY HHEPUHH, CBS-
3aHHYIO C YCKODCHHBLIM JBHXKCHHEM CHCTEMbl OTCUETd.

§ 64. CHabl MHEpUMH TPH TIPOM3BOJIBHOM YCKOPEHHOM JBHXEHHH
CHCTEMBI OTCYeTa

1. JlonycTuM Temepb, uto cucrema orcuera S (cM. puc. 182) nBu-
KETCA OTHOCUTEALHO HEMOABWKHOR CUCTEMBl S, COSCPUIEHHO npous-
60/6HO. 3TO JBHXKEHHE MOXHO pas3/IOXHTb Ha JBa: NOCMYynameavHoe
Osugcerue CO CKOPOCTBIO ¥,, PABHOH CKOPOCTH JIBHXKEHHS Hauaja Koop-
auHat O, W epaujamenvHoe Osusicerue BOKPYT MTHOBEHHOH OCH, NpPOXo-
NSIEed Yepe3 3TO Hayasao. YTJIOBYI0 CKOPOCTh 3TOTO BpallleHHs 0603Ha-
uiM o. OHA MOXKeT MeHATBCS KaK N0 BeJIHYHHE, TaK H 110 HallpPaBJIEHHIO.
[lycrs £, j, k — enuHUYHbIE BEKTOPHl (OPTH) KOOPAMHATHBIX OCeH
CHCTEMBbl KOOPJAHHAT S, KOTOPYIO MBI OyeM NPeAnojsaratb npsMoyrob-
HOH. [IJMHBI 3THX BEKTOPOB, IIOCKOJbBKY OHH €JIMHHUYHBIE, OCTAIOTCH
HEeHU3MEHHBIMH. Ho HX HanpaB/eHHs C TeYeHHEM BPEMEHH MOTYT H3Me-
HATBCA. DTO — MepeMeHHble BeKTOphl. Kaxablii M3 HHUX Bpamaercs
C YTJIOBOH CKOpOCTHI0 ®. WX NpOH3BOJHBIE IO BPEMEHH OlIpeIe/sIoTCA
dopmyaamu (46.11). Bemumem 3tu dopmyasl eme pas:

[ . dj . d
G=loil Y =lofl, 4 =[okl. (64.1)

Xon paccyxneHull ocTaeTcsi B TOYHOCTH TAKHM e, KaK U B Ipelbl-
oymeM mnaparpade. YCAOXKHAIOTCA TONBLKO BHIUHCIEHHA. DopMysbl
(63.2), (63.3) u (63.4), pasymeercs, ocTalorcs Oe3 usMeHenus. Ocraercs
HeH3MeHHOH u uuTepnperanus caaraemoix R, u R,. [lepsoe ectb
aGCoMIOTHAsA CKOpPOCTb ¥, a BTOpOe — abCOMIOTHOE YCKODEHHE @
Hayana KoopauHat O. MeHsioTcsl TOIbKO cjaraeMsle ¥ U F, KOTOpLIe
Mbl H JOJKHBl - HAHTH.

2, Tlyers x, Yy, 2 — KOOpAMHATHI ABHKYLIeHcsa TOYKH M B IBHXKY-
weilica cucreme S. Torza

r=xi+4yjzk. (64.2)



