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KuHemMaTnKa TOMKU B KpMBOﬂMHeﬁHbIX KoopanHaTax

1. Bonpoc: Pempocnekmuea KuHeMamuku

Ilepsbie HccneaoBaHHA MO KHHEMATHKE CBA3AHbI ¢ [TOABAEHHEM OrHECTPEIbHOIO OPYIKHS.
Bonpocel onpeaenenns TPaeKTOPHH TIOJETa CHAPsAa, YTOUHEHHE TOHATHI O HEPABHOMEPHOM U
KPHBOJMHCHHOM (napalonuyueckoM) OBIGKCHHUSA TOUKH CTAlW AKTYadabHBIMH. HTanesHCKHE
yuenblid v skuBonucer JleoHapao na Bunuu (1452-1519) nepebiM U3yuua BOMPOC O CBOOOAHOM
BEPTHKANBLHOM MajeHHH Tsikenoro Tena. OnHAKo, MepBble HayyHble MONOKEHUs B o0nacTu
KHHEMATHKH OTpaKeHbLl B HCCNEAOBAHWAX HTAIbLAHCKONO MexaHHKka W actponoMa [anuneo
Iammnes (1564-1642).

I' Tanuneit BBen noHATHE 00 YCKOPEHUU M MOKa3all, YTO TpaekTopuell ABUXKeHHA CHapaja,
OpOLIEHHOrO B MyCTOTE NOJA HEKOTOPBIM YIJOM K FOPU3QHTY, sBAseTca napadona. 3akoHbl,
BeiBeaeHHble [ .['annneeM, Hawnm cBoe nanbHeliwee pa3BUTHE B HCCIEIOBAHHAX HTANBAHCKOIO
MaTeMaTHka, (PU3uKa U MexaHuka OJBamkenucta Toppuuennn (1608-1647), moayuMBIETO
tdhopMyny And onpeneneHus CKOPOCTH NMafeHUs Tena.

HunepnanackoMmy MexaHMKy W MaTteMaTHky Xpucthady [rofireHcy (1629-1695)
[IPHHALIEKHT JanbHellee pasBUTHE NMOHATHS YCKOPEHHUS TOYKH B KPHBOJIMHEHHOM [BHKEHHU.
X lofirenc Brepspie 0OpaTiil BHUMAHHE HAa BO3MOXKHOCTL PasIOKEHHS VCKOPEHHS Ha
KacaTe/lbHOE U HOpPMalbHOE, CTPOroe J0Ka3aTeNbCTBO KOTOPOro Aan netepOyprekuii akaneMuk
Jleonapn Iiinep (1707-1783).

Jiinepy npuHaanekaT OCHOBOMOJATAlOLIME WCCNEAOBAHHA MO KHHEMATHKE TOYKU TNIpH
CCTCCTBCHHOM croco0e 3amaHusd IBIDKCHHS, 10 KHHECMATHKC BPALIATEIBHOTO IBHIKCHHS
TBEPAOrO TeJla OKOJIO HEMOABHKHOH TOUKH.

Pa3Butue KMHEMATHKH CHCTEMBI TOYEK CBA3AHO ¢ MMEHEM (DPAHLY3CKOro MareMarHka u
mexaHnuka Kozeda JIyn Jlarpanxa (1736-1813).

B XIX Beke pasBUiIach KHHEMATHKA OTHOCHTEIBHOrO ABMKCHUs. bbuta chopmynnpoeana
TEOpeMa O CNOKEHUH YCKOPEHHH, KoTopas Oblia fokasaHa (ppaHLy3CKUM MexaHukoM ['iocTaBoM
Kopuonucom (1792-1843). OnHaxo eCTb OCHOBaHHS MOJararbs, 4TO 3Ta Teopema Obina paHee
U3BECTHA HeMeLUKOMY MartemaTHKy u actpoHomy Kapny Ppuapnxy [aycey (1777-1855),
KOTOpEIA ¢¢ He onyOmukoBan. K.layce Berucaun opOuty manoi mmaseTsl Llepepel, Hammcan
kHUry «Teopus neuxenus HedecHbIx cun» (1809), B KOTOpOH comeps:KaTCa NONOMKEHUS, 10 CUX

[10p neKamMe B OCHOBE BbIMUCIICHUA TUIAHCTHBIX 0p6l‘IT.



PazBuTne Teopun MexaHn3MoB U MamuH B X1X Beke MO3BOMINO BHIACTUTE KUHEMATHKY B
0coBbIi pa3gen MexaHHkH'. Ta ujes NPUHALNEKUT GPaHLYICKOMY yueHOMY AHIpe AMnepy
(1775-1836), KOTOPHIH 1 BBE CaM TEPMMH KUHCMANTUK.

TeopeTuueckas KuHemMaTHKa pa3BMBaNach B TECHOH CBA3H C TeOpHeH MEXaHH3MOB W
MamuH. Ocoboe pa3sBHTHE MONYYKIA KHHEMATHKA TBEPIOTO TeNa, B YACTHOCTH, TEOPHA ILIOCKO-
napaiienbHoro AsvkeHus. [nyOoxue HccnenoBaHUs B 3TOM Hanpas/ieHHMU MNpHHAAekKAT
(dpaHuyskum yuenbiM Muwento Ianto (1793-1880), JIyu ITyaunco (1777-1859), XKan Bukrtopy
[Moncene (1788-1867).

B Poccun ocHOBaTeNeM HAy4SHON IIKQIB] 10 KMHEMATHKE MEXAHH3MOB ABISICTCS BETHKIH
pycckuii Mmatematuk IMadpuyTnil JIbosuu Hebbiwen (1821-1894). T1.J1. Hebbllwer ykazan ocobble
METO/bl CHHTE3a MEXaHU3MOB, KOTOpble ObLIM Ha3BaHbl AHATMTHUECKUMH B OTJHYHE OT
reoMeTpPHYEeCKHX METOIOB.

3amaya MOCTPOCHHA MEXaHH3MA, OCYILIECTB/HIOUIETO HEKOTOPOe 3a0aHHOE ABHKEHHE, T.€.
3aJaya CHHTE3a MeXaHW3MOB 4acTO COMAEPKMT HECOBMECTHMble yCa0BUs. BBuay atoro 3zanaua
MOCTPOEHHS MEXaHU3Ma, BBIMONHAIOLIEre 3a7aHHOE JBUKEHHEe, MOKeT ObITh pelleHa ¢
M3BECTHLIMH  OTpPaHWYEHHAMHM  JHWb  npubimwkedHo.  PaspabarviBas  npuOnuikeHHble
AHAIMTUYECKHEe MeTOoApl cuHTesa  MexaHusmoB, 11J1Yebwimer pacmupun  MeToabl
MaTeMaTH4YeCKOro aHalu3a W yKasal cnocodbl MOCTPOEHHA (YHKUMH, OCYLIECTBAALLHX
Hauayuniee npuONMIKEHUE B YKAa3aHHOM MM cMbicie. B HacTodllee BpeMs HayuHOe Hacneaue
[1.J1.YUebbiueBa no kuHemaTHke MexaHU3MOB pazpabaTbiBalii POCCHICKHE yueHble, cpenu
KoTopeix oT™MeTuM MBana Meanoeuua Aptodoneeckoro (1905-1977), Anekcanmpa llerpopuua
KorensHukosa (1865-1944), Hukconaa bepucosuua Henone (1856-1931), Hmutpus
Crenanosuua 3epHosa (1860-1922), Jleonuna Bnagumuposuya Accypa (1878-1920) u ap.

Hukonaio Eroposuuy Kykoeckomy (1847-1921) npunaanexkar MHOIHe padoTbl 110
TEOPEeTHYECKOH MEXAHHKE, B TOM HHCIE IO KHHEMATHKE, B KOTOPBIX LIMPOKC HCIONB3YIOTCA

reoMeTpuyeckde METOAbL NOKA3ATCNLCTB Pa3/IMYHBIX TCOPEM. Pﬂﬂ l"J'IY6OKl/IX l/ICCJ'Ie,‘_'I,OBaHl/Iﬁ no

" HauBolce MmofHas CHCTCMA AHTMMHOM MCXAHMKM MPCANOMCHA IPCBHCIPCUCCKHM YUCHBIM APHCTOTCICM
(384-322rr, 10 H.2.) B coMHHCHMAX «MexaHukay, «@usmian, «O Mupe i HCOC», B KOTOPBIX OH CHCTCMATHHPOBAJ U
0000LLMT HAYUHBIC HAOTIACHHS H BbIBOAbL, HAKOMJICHHBIC IPCBHCIPCUCCKMME HATYPANHCTAMH H BBCT CaM TCPMEH
vexanura, CHCTCMA MCXAHUKW APHACTOTSIA ChIrPAa. HCKIFUHTCIBHYIO POIb B JAIBHCHIICM PA3BATHH MCXAHHKM,
ocTaBasck 10 XVI BCKA OCHOBHBIM CC CTCpKHCM. (OCHOBOMONOKHHKOM TCOPCTHUCCKONH MCXAHWKHM KAK HAYKH
CICAY¥CT CYHTATH HC APHCTOTCIA. A BCIHKOIO CHPAKY3ICKOro MATCMATHKA H MCXaHWKA Apxumcaa (287-212rr. ao
H.3.), POAMBIUCIOCH HCCKOIBKO JICT CHYCTS MOCIC CMCPTH APHCTOTCIA. APXHMCA, ONMHPASACH HA CTPOTYK) CHCTCMY
AKCHOM, JAIT TICPBOC CTPOTO HAYYHOC H3IOMKCHHC TCOPHU PBIMATA H TCM CAMBIM SANOMKHT OCHOBBI HOBOH HAYKH —

MCXAHHKH.



kuHemaTuke npoBen Banepuan Hukonaepwu Jluuub (1846-1900), cosznae B Onecce WIKOAY B
00NacTH KMHEMATHKH MEXAHH3MOB.

B Hacrosiluee Bpems pazBHTHE PAKETHOH M KOCMHYECKOH TEXHMKH, CO31aHue podOTOB-
MAaHHIYIATOPOB H MEXaTPOHHBIX CHCTEM JaJiC HOBBII TOMUOK B PA3BUTHU KHHEMATHKYI TBEPILIX

TCJI U MPOCTPAHCTBCHHBIX MEXaHH3MOB.

2. Bonpoc: lMoxHsamue KpusonUuHelHbIx KoopaAUuHam moyku

[TomoskeHne TOYKH B IPOCTPAHCTBE OOBIMHO 3aJaCTCA IEKapTOBLIMU KoopauHaTaMi X, Y,
Z. B HEKOTOpBIX CAyuasxX IJs ONpeneNeHHs MOJOKEHUA TOUKH yI00HEe HCIONb30BaTh Kakue-
HUOYAL APYTHE MapaMETPBL

.T[I-O6ble Tpl/l HE3aBHCHMbIE nepemeHHble, OAHO3HAYHO onpe,ueﬂmol_uue MOJIOKEHHE TOYKH B
IPOCTPAHCTBE, MOTYT OBLITH BBIOpaHBI B KauecTBe KOOpOUHAT ATOH ToukH. Takne KOOpIUHATELI
TOUKH HA3BIBAIOTCS KPHEOMHEHHbIAMN TIIH  HEIAGHCHMBIMY  OGOOIeHHbIMT  KOOPOUHAMAMI
q];(I3aq3-

[MpumepaMy KpPHUBONHHEHHBIX KOOPOHHAT ABISIIOTCA IOJIAPHBIC, LWIHHIPHYCCKHE,
chepuyeckue u ap.

B zagmauax MEXaHHKH KPUBOJUHEHHBIC KOOPAHMHATHI IOBIDKYIICHCA TOYKH SBIAKOTCA
({YHKUHAMH BpPeMEHH M OAHO3HAYHO ONPEASIAT €€ I[0JI0KEHUE B NMPOCTPaHCTBE B J10OOH
MOMEHT BpeMeHH

o, = 41, 4, = ¢, (1), ¢ = ¢(7)

Panuyc-BexTop Touku F ©Oyaer BekTOpHOH (yHKUHell 000OMmeHHBIX (KPUBOIHHEHHBIX)

KOODIUHAT ¢, 4, q;.

P =r(q,9,.49;)

H3yuas ORIKEHHE TOUKH B TPEXMEPHOM MPOCTPAHCTBE, CBSKEM ¢ STUM IIPOCTPAHCTEOM
HEMO/JBHKHYHY CHCTEMY MPAMOYIOJIBHBEIX OCeH, KOTOPYH HAa30BEM OCHOBHBIM KOOPAHHATHBIM
OazncoM. O003HAYadA OpTHI 3TOH CHUCTEMBI 7, j,& H, TOMB3YACE Pa3lOKCHHEM palHyCc-BEKTOpa

7= xv+ 3y +zk , HamMIIeM

X= x(ql » s (fs)

= ¥(¢4,49--9)

)
z=z2(4,,4,.9;)
Pemaﬁ ITY CHCTCMY, HAXOAUM OﬁpaTHble COOTHOIICHWA, BBIPAXAOIIHC KpHBOJ‘IHHeﬁHbIe

KOOPAMHATHLI TOUKH B (DYHKUMH OT 1€KAPTORKBIX KOOPAHHAT Da3uca.



3. Bonpoc: N'eomempuyeckue xapakmepucmuKu KpueosiuHelHbIx KoopOuHam

P&CCMOTPHM O6L[llde réOMETpHYCCKUE CBOI‘/JICTBa, XdpaKTCPHBIC OJis1 BCEX CHCTEM

KPHBOJMHENHBIX KOOPAMHAT.

2 DuKcHpysT  TOOYEPENHO  3HAYCHHUA  IBYX

| [q:]

KOOPIUHAT U3 TPeX, T.€. JOIyCKas H3MEHEHHE TOJIbKO
OJTHOH KOOPJMHATHI, MPUXOAUM K MPEACTABIEHUI)
KOOPAMHATHOH JIMHUK ¢, KOTOpAas BbIUEPUMBAETCH

KOHLIOM BEKTOp4 Vi COrJIACHO YPaBHCHHIO

F=F(q,9%,95) -

AHaNOTMYHO TIONy4aeM YPaBHCHHS €INe OBYX

KOOPAMHATHBIX JUHUI (g,) U (¢;).
(q,) 7 =r(¢,95,95)
(¢:) 7 =F(q15,92-95)
Taxum oOpas3oM, Koopounamuvie AuHUN SBISIOTCA rogorpadgaMu BEKTOPHOH (yHKUUN

r(4,.4,.4;), 00pa30BaHHBIMH HEMPEPLIBHBIM M3MEHEHHEM 3TOH (QYHKLUHHM MPH H3MEHEHHAX

MOOUEPEeaHO TOJIBKO OJHOH U3 TPEX KPUBOJIMHENHBIX KOOPAUHAT.

Koopaunatuele muuaun (q,),7 = 1,2,3 npoxoasr uyepes obuiyro TOUKy npocTpaHcTsa M,

OTIpefensaeMy0 KpHBOJIHHEHHBIMH KOOPOUHATAMH ¢, .., 5, (CM. puC.).

KacaTeanble, NPOBEACHHBIC K KOOPAWHATHBLIM JIHHHAM B JAHHON TOYKe M, HasbiBaroTCSH

02
Koopounamnvimu ocsami g, .

KoopaunatHele ocu 00pa3yrOT TpuU3AP KOOPAUHATHBIX OCEH, KOTOPbIE B Pa3IMYHBIX
TOYKaxX TIPOCTPAHCTBA H3MEHEHWS KPHBOJIMHEHHBIX KOOPAMHAT 00pa3yloT Mexay coloif
Pa3MUYHBIC YIJIBL

Ecnu JJ1s1 BCeX TOYUEK HpOGTpaHCTBa KOOpﬂ,HHaTHble OCH 06pa,3yfoT MC}K,J]}/ CO60ﬁ HpS{Mble
y[".l'lbl, TO CUCTCMA KpHBOJ’IHHEﬁHle Koopmma’r HAa3bIBACTCA OPMOP,OHLL’H)HOB.

HanpasneHust koOpaMHATHBIX Ocell [¢,] COOTBETCTBYIOT BO3PAaCTaAHUIO KOOPAMHAT M

CBSI3BIBAIOTCS COOTBETCTBEHHO C eAMHUYHBbIMU BekTopamu € (i =1,3).

Oco0eHHOCTDL Oceil KPHBOIHHEIHOI CHCTEMBI

Kaxxgoii mo3uumu ABMIKYLLEHCS B MPOCTPAHCTBE TOYKH COOTBETCTBYET CBOSA CHCTEMa

KOOpOHHAaTHBIX TNHHUH H, CICO0BATCIIBHO, CBOH KOOPOHHATHBIC OCH.



4. Bonpoc: Koagpgpuyuenmoi flame’

KoopauHaThbie JTUHHH SIBJIAOTCA roporpaaMu BEKTOPHBIX dbyakINi
F=F (G o s s V=5 (G Yo G s F = F (G0 Gon, 45 ). OPTHL KOODAMHATHBIX OCeil €, €,.¢,
COBIANAIOT MO HANPABICHHIO ¢ UYACTHBIMH [POH3BOAHBIMH  BEKTOPHOH  (YHKLUH

F=r(q,,q.,q,), B3ITHIMH IO COOTBETCTBYIOLIHM KPHBOJHHEHHBIM KOOPIUHATAM.

TMosTomy =He, 6 i=123

-~ ivi LRt T

&y,

rae € - €AWHWYHBIH BEKTOp, KACATENbHBIH K KOOPAHHATHON JIMHWM, NPOXOAALLEH Yepes
AaHHYEO TOYKY NPOCTPAHCTBA, HANPABJICHHEIH B CTOPOHY BO3PACTaHHs KOOPAHHATHI G,
MHOxcUTenn H | >0 HasbBaroTCA koapuyuenmarty Jave wnn nuddepeHnnanbHbMu

napaMerpamu Jlame.
Kospepruenmer Iarvie — dynkunn o0001IEHHBIX KOOPOWHAT ¢,,4-,(,, KOTOpbIe yIO0HO
OF

onpenensts no gopmyne H, = | .

i

* Tadpuams Jante (1795-1870) (panimyscxmii MaTeMaTuk H Mexannk, wicH ITapwkcxoii AH (¢ 1843), un.-
xop. [erepbyvprckoiit AH (c 1829). OcHOBHEIC TPYIBL IO MATEMATHUECKOH (Pu3uke, reoMeTpun H aareope. B 1816r.
npeacTasil B Ilapmwkckyio AH «MeMyap 0 mepecedeHHH THHHI H MOBEPXHOCTEH». COJICPMKABINHI HECKOIBKO
HoBbIx TeopeM. B 1818r. omvOimkoma1 couuneHue «MCCnenoBaHEA PASIHYHBIY METOIOB, NPHMCHACMBIN 114
PCIUCHHSL FCOMCTPHUCCKHX 3a931», KOTOPBIC BbICOKO oucHuan A Ilonceac u M.aas.

B JanbuciimicM OH padoTa HAA BOOPOCAMHM MATCMATHUCCKOH (JM3NKH, TCOPHH YOPYLOCTH, pazpadoTan
TCOPHKY KPUSOIEHNBIX KOOPOUNGN 1 AX TPUMCHCHHS B MCXAHHMKC M TCOPHH ¥OpyroCcTH, B (PyvHEUMn Jlave.

PazpaBoran (1839) uacH, NOJOKCHHLIC B OCHOBY TCHACPHOrO aHanuza. doxazan (1840) HCpas3peLIMMOCTL B LCTBIX
7 7 7 . . -
yHCIAX ypapHeHua X + ¥ = I'. Hammcan «Kypc pammonamsrol MaTematiHeckoH ¢usurm» (1865). Aptop

“JIcKuni N0 MATCMATHUCCKOH TCOPHH ¥MPYrOCTH TECPALIX TC1» (1852) — nepeoOre Tpakrara no TCOPHH ¥ OPYroCTH.

Huchexs Jlamc va3Ban xpatcp Kpacsoit 30Hb! JIvHLL



5. Bonpoc: OpmozoHanbHbie KpueomnuHeliHbie KOOPAUHamMbl U ycnoeus ux

opmoz2oHanbHoCcmu
PaccMOTpHM YyCNOBHE OPTOTOHANLHOCTH OCeii KPHBONUHEHHOH cHcTeMbl. UTtobbl B noboii
TOUKE¢ TNPOCTPAHCTBA KOOPAHMHATHBIC OCH OBUTH B3aUMHO MNEPNCHAHKYSIPHBL, HCOOXOAHMO

BBITIOJIHCHHUE YCIIOBHA

0 izj
g2 =
1 i=j
or . . ar ,
Bextop _  nanpasnen no xacaTenbHON K KOOPAHWHATHOH JUHHUH, NOdTOMY — = f ¢,,

q, aq,
rae €. - EAHHHYHbIH BEKTOP, KACATENbHbIH K KOOPAHHATHON NUHHHU,

H, - xos¢pduument Jame.

i

1 &
Orcrona 2, = , =123,
: 04,
a (&) (ey
lne H, = —— | % +|
&75 £75 eq,

YcnoBre OpTOroHanNbHOCTH Ocell KpWBOJMHEIHOH B aHanuTudeckoil opme npHHHMAaeT

BHJ

Oq, 0q,  0q; &g, Oq; g, o

3
3neck &, cumBon KpoHekepa

O eciu i#]j

|, eca i=j

* Jleonomx Kporerep (1823-1891) — memenknii MateMatrk. 4ieH bepnuHeroi AH (¢ 1861), wmro-kop.
Merepbyprexoit AH (¢ 1872). OcHoBHbic pafoThl OTHOCATCH K TCOPHUH MNCCT, TCOPHU KBAAPATHHIX (JOPM U TCOPHH
PPYIIO, 4 TAKGKC K TCOPHU 2TIANTHUCCKHUN (DyHEUUi. Dbl CTOPOHHHKOM apHMCTH3ALUM MATCMATHEN, CHATAT, UTO
TOAbKO apHPMCTHKA 00124aCT MOATHHHON PCAIbHOCTLIO, HTO MATCMATHKY CICA¥CT CBCCTH K APH{PMCTHKC LCThIX
UMCC.T.

Bea ynopHyro GopsOv MPOTHB TCOPCTHKO-QyHKUMOHANBLHOH wkonbl K Beliepiutpacca M TeopeTHko-

MHOCCTBCHHOH 1wkonbl [ KaHTopa. YcoBeplucHCTBOBAN TCXHHKY CUCTA, 418 3TOrO BBC Pill CHMBONIOB. JoKkasa
TEOPEMY O CXOMMMOCTH OECKOHEUHOTO paga. Beei (1866) cumeon Kpomexepa O y - (yHEoERO  IBYX

LOCTOMHCIICHHBIX APTYMCHTOB in J JTOT CHMBOI HAXOIHT NPHMCHCHHC B MATPIYMHOM H TCH30PHOM HCMHCIICHHH.



6. Bonpoc: PaznoxeHue @ekmopa fno opmam ocell KpU8OJUHeUHOU Cucmembl

koopdunam. KonmpasapuaHmHbie U Ko8apuaHMHbIe KOMITOHEeHMbI 8eKmopa
Paznoxenne modoro BekTopa d TO OPTaM OCEH KPUBOJMHENHOM CHCTEMBI KOOPAMHAT
MOJKHO MPEACTABHTL CIEAYIOIHM 00pasoM
a=aé +a,e +aé,
npuyeM B obiiem cnyuae g2, # 0, 9 # p, (¢, ¢,, &)#0
Komnonente! Bektopa a(q,, a,, d,) 1O OCAM SIBISIOTCS €10 KOCOYTOJBHBIMH ITPOEKLIUSMHI

HA DTH OCH MM KOHTpaBapHaHTHBIMM KOMNOHEHTaMu. B criyyae opTOroHanbHBIX MpOeKnui

BCKTOpPa d Ha 3TH OCH OHH HAa3bIBAKOTCA KOBAPHAHTHBIMH KOMIIOHCHTaMH. OpTOFOHEUIbeIB

NpOEKIIMH BEKTOpa d Ha OCH [(]f], T.€. KOBAPHAHTHBIEC KOMIIOHEHTEI, BbIPpAYKAKTCA

COOTHOLIEHHAMN

[0:] a, =dae,a, =ae,a, =ae,
M HAXOHASHHA KOHTPaBaPHAHTHBIX
KOMIIOHEHTOR BEKTOpa d(a,. a,, d,) CIPOEKTHPYEM 3TOT

BEKT G]:I HA ']pH L'!p’['ﬂ! OHANBHEBIE OCH OCHOBHOITD

KOODIHHATHOMD Dasuca M MY HM

" (4] di =a@éi+a.éi+agi
dji =a@ j+agj+aij

ak =agk +adk +aek

[Mepenuinenm 3T1 paBeHCTBA € YYETOM BbIpaKeHHI

e L i=1,3 Bcrneaywomem Buie
[a] ' H, &g’ ’

P o a, Ox  a; Ox
© H 8q H,0q, H,dq
g @ & G & o
" H 6q H,dq, H,0q

a ¢z a, &z  a Gz

= + — —
C Hydq H,0q, H, g,

3Has MpOEKLMH d,,d ,d, BEKTOPd @ HA OCH MPSAMOYrOJbHOrO 0asuca W pacrionmaras
COOTHOLIEHUAMHU X=x(q,,9.9:), ¥ = N4,,9:.9: )2 = 2(4,, 9. 95) » petiaemM BbIllie
HaInmUCaHHYK) CHCTCMY ypaBHeHHﬁ H HaxOOdHUM KOHTPaBapUaHTHBIC KOMIIOHCHTBI aw 4 (12 ,as

BEKTOpa & .



3aMeTHM, YTC 3Ta CHCTEMa YpPaBHEHHIH HOIMYCKAaeT YKa3aHHOE pPeIeHHe MpH YCIOBHU
HEPABEHCTBA HYJID €€ OTPEASNUTeNd. A 3TO YCAOBHE BBINOJHAETCA, TAK KAK OHO BBITEKAET H3

NpennoJoKeHusl, ure (g,,e,,8,} # 0.

7. Bonpoc: Ckopocmb MOYKU 8 KpUGOJIUHEUHOU cucmeme koopQuHam
PaccMOTpuM KPUBOJHMHCHHYIO CHCTEMY KOOPAHHAT ¢,,(.,q,, KOTOPYIO B OOLIEM ciyuae

OyneM cuMTaTbh HEOPTOTOHANLHONH. Pannyc-BeKTOp ABIIKYLLEiica TOUKH BeIpaxaerca ¢yHkumei

BblﬁpaHHbIX KDOp,E[HHaT, KOTOpre H3IMCHARKTCSH C TCUYCHHCM BpeMeHH, T.C.
F= F(‘]l (1), q, (l)a’:h ([))

BBKTO]J CKOpPOCTH ¥V = . HepBaﬂ HaCThb 3TOrQ pPABCHCTBA ABISACTCA H]JOIIBBO,I[HOﬁ oT

™
’--l)\ g

CJI03KHOH BeKTOPHOH PyHKUNKN Tpex nepemenHbix. COCTABNA NOJHYIO NPOH3BOAHYIO paaHyca-

BEKTOpa TOUKH IO BPEMEHH, NOAYHUM CKOPOCTh TOYKH

OF <& OF
vV=-——= ZTQ;-
ct 5 oy,
o A =
oq, oq, 378 - -
[Ipoussoauble ¢, = ——,4. = ——,¢; = — Ha3bIBAIOTCA ODOOLWEHHBIMI CKOPOCTSAMH.
ot ol ol
or
YunTeiBas, TG . =He, nepenuuem dopmyny CKOPOCTH B BHIE
off;

A 3
— o - - - -
V=—=>Hqge =Hq@e +H.¢.e, +Hqze
o 5 i '

Jra Gopmyna naer pasnoxkenuwe ckopoctd Fono opram oceil KPMBOJIMHEHHOH CHCTEMBI

KOOpAHHAT. 34ech MHOKHTENH Mepel OpTamMH &,&,,&, ABIAITCA KOHTPAaBapHAHTHBIMH
KOMIIOHEHTAMH CKOPOCTH HJIH KOCOYTOJBHBIMH IPOCKUHAMU HA OCH KPUBOJIIHHEHHOH CHCTEMBI.
O0o3HaumB ux Vv,,v,,v,, monyauM v, = H\q,, v.=H.q., v,=H. 4,
JIns nonyveHust KOBAPHAHTHBIX KOMIOHEHTOB YMHOKHMM CKaIAPHO BEKTOP ckopoctH 1
COOTBETCTBEHHO HA OPTHL €,8,,€,, MOCIE Yero noIy4uM
v, =ve =g +H.qee +Hqee

v, =ve, =Hgqgee +H,q, +H.qgee,

=Hqge e +H,qee +Hg,
OTmMeTHM, YTO KOBAPHAHTHBLIE KOMITOHEHTEI v, BOOOLLE rOBOPS, HE COBMAAAIOT C €ro
I
KOHTPABAPHAHTHLIMH KOMMOHEHTaMU ¥, . B ciy4ae OpTOroHanbHOCTH BEKTOPOB &,,Z,,&; B CHITY

ycnosuit  ge =l e, =0, apii+) BumoausoTcs  paenctea v, =), . Cosnanenue
g I
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KOBAPHAHTHBIX H KOHTPABAPHAHTHLIX KOMMOHEHTOB B KPHBOJIUHEAHONH OPTOrOHANLHON cUCTEME
KOOPAHHAT UMEeeT MecTo Jis iodoro BeKTopa.
B 3amauax MexaHWKM KBaJpaT CKOPOCTH OnNpeaenser KHHEeTHYeCKYH) JHEpPruio

nEnEyIeiics Touku, Hanuniem BbipamkeHne i > B KPMBONHHEHBIX KOOP/IMHATAX TOUKH,
3 3
2 R
V=V => > HH§qz2 e,
i=l j-1
Jsa OpTOrOHANBHBIX KOOPAHHAT KBAAPAT CKOPOCTH
2 .2 -2 -2
v = HAq +H.q.7 +Hg,
Tak xak koadurments! JlaMe BHIPAKAIOTCS Yepe3 KPHBOIHHEHHbIC KOOPAHHATHI TOYKH,
To v B 0OlIEM cnydae sBaseTca QyHKUMEH, 3aBUCAIEH KaK OT KPMBOJIMHEHHLIX KOOPAMHAT,

TaK 1 OT 000DIIEHHBIX CKOPOCTEHH

3
2
yvoo= ZV! 3V
il

3
, TAe ‘l’f :qur’vq,- = ZH'[C]I(’] (3{
Jl

a4

3amernM, uTo 3Ta PopMyna maeT odlnee NPaBHIC BHMHCIEHNS KBAAPATa MOOYIS JIOOOTo
BEeKTOPA NYTEM CIOKEHHA MPOU3BEIeHHIH ero KOBapHaHTHLIX U KOHTPaBapHaHTHLIX KOMIIOHEHT,
OTHCCCHHBIX K HCKOTOPOH KPUBONMHCHHON cucTeMe KoopauHaT, Tak Kak KBanmpaTr MOAYJS
Belcropa ABJIACTCA HHBapHaHTOM, TO H y]\'aSaHHaH Gymma 6y,£[eT l1HBapHaHTHa Nnoe OTHOLEHHK) K

moSoMy MpeodpasoBaHii0 KOOPIMHATHO CHCTEMBI.

8. Bonpoc: YckopeHue moyKu @ KpU8oTuHeUHoU cucmeme koopAurnam.
B 3apasax MexaHuMkM, 0OpH  COCTaBlieHUM YypasHeHil JlarpaHxka BTOpPOro psza
[PUMEHSIOTCS MPAMOYIOJIbHBIE NPOSKLMH BEKTOPA YCKOPEHHMs TOYkH W HAa KPHBOJMHEWHbIE

OCH, TIpHYCeM CaMH OCH KpHBOJ’[HHeﬁHOﬁ CHCTCMBI, BOO6HJ,€ roBop:Aa, HC AO0JIRHBI YIOBJICTBOPATH

YCNOBHKO OPTOrCHANBLHOCTH.
OpTOl”OH&J’[beIC MpOCKIHHA W‘b Ha HallpaBJICHHUA CAHHHYHBIX BCKTOPOB ¢,,¢,,¢;, KOTOPEIC

KacaroTcs B AAHHON TOYKE KOOPAMHATHBIX JIMHWUH, HANPABJEHHbIX B CTOPOHY BO3PAaCTaHH

KQOpPAHUHAT C]I y o5, {5, BBINMHCIATCA C NOMOIIBHY CKAMAPHOTOC MNPOWU3ZBCACHHA W =W, = ve, .
2 3 q; i i

1 &rF
IToacrasnsas craa BbIPAXKEHHSA s e =—

= Hannem
-~
" H, &y,

v Afd o door
“ H &q, H|dt &~  dt aq,

W
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v o d dr oy
oq, oq, di o 0,
[Ipu gampHeimeM mpeodpasoBaHIH HCIONB3YEM IBa TOXKIACCTBA Jlarpanika:

ITeproe MONYUAETCS CPa3y HEMOCPEACTREHHBIM TH(MQECPEHIMPOBAHUEM BEKTOPA CKOPOCTH

dr  or or or s .
V= —q, +—¢, +a—q no o0eOWeHHOM ckopocTH ¢,. Hns BbIBOOA BTOPOTO

dr aq, ey

v d or

TOKIECTBA COCTABMM OTAEINBHO J€BYIO H MPaBYIO HaCTH PaBEHCTBA ata
¢q, df g,

Tak xak MONYYaArTCA OOHHAKOBBIC BBIPAKCHHA HJIA 0benx uvacreii PaBCHCTBA, TO DTO H

ABJHACTCA JOKA3ATC/IBCTROM CIPAaBCAJTHUBOCTH BTOPOTC TOXKIACCTEA.

[Mpoussens HecnoxHble pecOpazoBaHUs, NOJTYHHM

1| d ¢
Wy, = )—f( ).
FTH | dt E“q 27 @

!

, l

M3 37011 opMyIIBEL K ONPEAETIAITCS OPTOrOHATIBHBIC MPOCKIHHY BEKTOPa YCKOPEHHS TOUKH
B MPOM3BOJBHBIX KPUBOJUHEHHBIX KOOPAHHATAX.

HMrak, 1ms cocTapieHHs KOBAPHAHTHBIX KOMIIOHEHTOB YCKOpeHHs W Ha OCH
KPHBOJIHHEHHOH CHCTEMb! KOOPAHHAT HEOOXOIUMO:
1. BerucIHTL KO3hdHINeHTs! Jlame 1t BBIOpaHHOH CHCTeMBI KOOPIHHAT,

2. COCTaBHUTL BBIPpAXKEHHUA KBaJgpaTa CKOPOCTH TOUKH B BHIAC,

V=PV = ZZHZ-HJ-%QJ‘Z e, W MIPOU3BOJIBHOH CUCTEMBL HIIH
i=l j=1

I 2z 22 -
vi=H q +H,q.” +H, g, ans opTOroHaIbHOH CHCTEMEL

3. Brimonusas HGOOXOI[I/IMI:I@ onepauuy, HaxXoaAM HCKOMBIC [IPOCKIINH W

9. Bonpoc: Onpedenume ebLIpaXeHUs 0N CKOPOCMU U YCKOPEeHUsT MOYKU 6
yunuxdpuveckol cucmeme koopduxam r=r(t), ¢ = Q(t), z=z(t)
YuuThbIBasg CBA3L JEKAPTOBBIX KOOPAMHAT C UHIAMHAPHHECKMMH HMeeM
X =FCO5¢, V=rsing.
Beenem KpuBOIMHEHHBIE KOOPAUHATE 7 —F, @, i =
Haiinem koadduuuentsr Jlame. Tax kak dS; —Hdg, dS>—Hxdg, dS:—H:dgs n, kpome Tor0,
dSj—dr dS:—rd @ dS;—dz, o umeem H;— 1, Ho—r, H:—1.

Haiinem npoexunu ckopoctu. Vg, V.~ g H, —F,
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Vg=V_ =q¢.H, =r¢,
Vgs=Ve=¢,H,= 2
Tak kak UMAMHAPHYECKAR CHCTEMAa KOOPIHHAT ABIAETCA OPTOTOHANBHOH, TO MOdyIb

CKOPOCTH Haxonum no dopmyne

= \[“?1H|}: +{¢:H::’: _[qu-;}: =\{f: +J':ﬁl"1': -e-f.'l

Onpenennm yCKOpeH#e, z
. AT M (r,p, z
-r=l I-.'+i {r" -q.f-'g-i,' .|._-'--:'_. ( 'Lp )
2 3
? i
:——r iﬂl—=:'-:,ﬁ,:—=: 5 -
i) = .
cr ' oz ; ,-*\._J:\ y
% P er P %
—=r (P 5 —— — —
v o oz ¥
1 d of ol . .
o opmyre W, =— (= <* -2 j=12.3

i -~
H, dt oq; 0q,
Haxoanum npoekuun YCKOPeHHsl Ha OCH 3a8JaHHOMN KPHBOJMHENHOMN CHCTEMbI KOOPAMHAT

W,=F—r¢*, W,=r¢+2f¢p, W, =%,

10.Bonpoc: Onpedenume CKOpPOCMb MOYKU 8 cghepuyeckol cucmeme
koopdunam p = p(t), ¢ = @(t), 6 =6(1)
KoopouHaTel TOYKHM X, ), Z B JEKapTOBOM CHCTEME KOOPAWHAT BBIPAKAIOTCA YEPE3

cheprueckue KOOPAMHATHI PABEHCTBAMU

z M o8

i
i

X = psinfcosp,

y = psinfsin @,

g //r | z=pcosh,
A e 0<p<ow,
)y ‘
; . 0<p<2r,
e e I ¥
P 0<f<m

Beenem KpUBOJIMHEHHBIE KOOPAMHATHI
4@ =pq=90.9=0.
Hatinem koapurnents: Jlame.

Tak kak dS, = H,dg, = H ,dp, dS, = H,dq, = H ,d¢, dS, = H,d0

u, kpoMe Toro, dS, = dp, dS, = psinbdoe, dS, = pdO ,
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TonojiyyaeM H, =H =1, H,=H_, =psnb, H,=H,=p

Haiinem npoekumu CKopocTH. Vg =v,=qH, =rH = p,
v.q,=v,=q,H,=¢H ,=pesinb,
v g, =v,=6H, =0H, = pO

Tak kak ccbepnllecxaﬂ CUCTEMa KOOpAHHAT ABJIACTCA OpTOFOHaﬂbHOﬁ, TO KBajpar

2 o5 NG T 242
CKOPOCTH paBeH V" =p " + p @ sin" 0 +p-6-.

11.Bonpoc: Onpedenume ycKOpeHue mMOYKU € cepuyeckold cucmeme
koopduHam @ = @(t), 0 = 6(t), p = p(t)

JlexapToBBle KOOpAMHATBI TOUkM M BbIpakaroTcs uepe3 chepuyueckHe KOOPAMHATHI

PaBEHCTBAMU
x = psinf cosg,

y=psinfsin @,

z=pcosb,
Z Haiinem 3HaueHuss ko3QpuuHeHTOB
e Jlame 1A KOOPIHHATHBIX JIMHAH
b s e b
T ~. 2' Jasa OpTOroHaNbHOH KPHBONIMHEHHOH
X ’ i : rM (P) CHCTEMBI KOOpOIHUHAT KBaapar
{ (P) ey EL p nuddepennnana ayru dS npuMer BUA
(0) _ dS® = H'dg," +H, dg,” +H, dg,’
A d I'I ¥ s cheputeckoil CHCTEMBI KOOPIHHAT
? . 1MeeM

dS* =H,'d0* +H 'do* + H ' dp’
JnddepeHumans 1yr, COOTBETCTRYIOLIHX KOOPAMHATHBIM JTHHHUSIM:
dS=Hdg, d.5=H.dg,, d.S=H.dg,,
nia cepuIecKoli CHCTEMEBI KOOPIHHAT
H,d0 =d,S = pd0, H,dp=d,S=psinddp, H,dp=d,S=dp

Otkyna xospduuuentsr Jlame st chepuueckoil KOOPAMHATHONH CHCTEMBI HMEKOT

ClIeaAyO1Hue SHAYCHKMS !

H,=p, H,=psin0, H,=1.
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l_lpoeKI.IHH CKOpOCTH Ha OCH CC])eleIeCKOi?I CHCTCMEBIL KOOp,HHHaT H KBaHpaT CKOpOCTH
PABHbI:

vi=pBrpiepsinil 4 p’

Jdnust  modydeHHs TPOEKUMH YCKOpPeHHs TOYKH Ha OCH CPEpPHUYECKHX KOOPIHHAT
NPEIBapHTENBHO HAHAEM MPOU3BOIHbBIE

og 27 &g 2
Bbl‘{HCHHH 3TH npOl/l?.Be,E[eHml N1 KaXKA0ro i, l_IO.]_lyLll/]M

e v’ 2 2 . o e v 2
I — - - _9 9_' - - — ‘-6
(—)=p @ sin O cosh, (—)=p

ce 2

a v & v .,

. (=0, _(_)=posinO

co o 2 oqp 2

8 Vz 5 a2 8 V:
—(—)=p0@ +osin"0), ——()=p
cp 2 cp 2

TMoncTagnsas 5T BhIpakeHua B GOPMyJbl ANA  OPTOrOHANbHBIX mpoekunii W - Ha
T

KPHUBOIMHEeHHbIe OCH [ ;]

la'(?vz_ﬁv2

“H |dtéag 2 aq,.(z)’

;i

Haiinem npoeklnHMn yCKOpeHHs:
L d, . 2.2
W.=—|—(p0)-p ¢ sinOcosd
plLdt

1 d .. .-
- N <M "9
" psin@ dl(p gsin"0)

W,=p—p@O +¢ sm 0)
B cuny oprorosansHOCTH CEPHUECKOH CHCTEMBI KOOPIHHAT MOIYJB YCKOPEHHs
OTIPEAENSAETCS M3 PaBEHCTBA

W2 =W, +W, + W}

12. Bonpoc: fIpocmpaHcmeo U epemMs

B knmaccudeckoii MexaHnKe, OCHOBaHHOI Ha 3akoHax [ammnesi-HetoToHa, cauTaercs, 4to
BpPEMsI H MPOCTPAHCTBO HE 3aBUCAT OT ABIKEHUS TeJl. MEXaHHUECKOE JIBKEHHES 3aKTF0UACTCH B
H3IMEHEHHH l'lpOCTpaHCTBeHHOFO NOJIOXKEHKA TENna ¢ TEeYECHHEM BpeMeHM. I[J'[FI ]/l3ylleHHH 3aKOHOB
NpUPOabl HEOOXOIHMO 3HATh CBOICTBA NPOCTPaHCTRA U BpeMend. B Teopernueckoii MexaHuke,

MpoOCTPaHCTBO, B KOTOPOM IIPOHCXCOHT ABIDKCHHE TCJ, PAaCCMATPHBACTCA KAK TPCXMCPHOC
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eBKIHIOBO NpocTpaHcTBo. TakuM 00pazoM, CBOMCTBA MPOCTPAHCTBA B KNACCUUYECKOH MexaHMKe
MOJIHOCTBIO OTIpEneNnsieTcsl CHCTEMOH aKCHOM H TEOpPeM reoMeTpHH Esknuna’.

TpexmepHOCTL NPOCTPAHCTBA O3HAYAET, YTO AN YKA3AHHOTO MEeCTa OOCTATOYHO Tpex
YUCEIN, HampUMep, TPEX TMPOCTPAaHCTBEHHBIX KoopaWHAT. (OmHOPOTHOCTE MPOCTPAHCTBA
MPOSBIAETCS B HE3aBMCHMOCTH (PU3HYECKUX 3aKOHOB OT MOJOMEeHHs B npocTpaHcTBe. Onwi,
MOCTABJIEHHbIH B OJWHAKOBBLIX (PU3HUECKUX YCIOBHSIX B PA3/JHHHBIX MECTaX, NaeT OJHHAKOBbIH
Pe3ynLTaT.

H30TpOMHOCTE MPOCTPAHCTRA TPOSBISICTCS B HE3ABHCHMOCTH (I3MYSCKUX 3aKOHOB OT
OpHEHTALIUH CHUCTEeMbI B NPOCTPAHCTRE, YTO O3HAYAET ONMHAKOBOCTh CBOICTE 00BEKTOR MO BCeM
HanpaBleHHsM.

YTo KacaeTcs BpeMeHH, TO B KIACCHYECKOH MEXaHHKe OHO TMPeano/araercs OIHOMEPHLIM
H OZHOPOOHbIM. OZHOMEPHOCTE BPEMEHH O3HAUACT, HTO IUIA YKA3aHHs MOMEHTA HaCTYIUICHUA
COOBbITUSA MM AAUTENLHOCTH Kakoro-a1bo npouecca A0CTATOMHO OAHOIO YKcaa. OJHOPOAHOCTD
BPEMEHH MPOABJIAETCH B HEHW3MEHAEMOCTH 3aKOHOB C TedeHHeMm Bpemenn. OmnbiThbl,
MOCTAaBJIEHHbIE B OJWHAKOBBIX (PU3MYECKWX YCNOBHAX B Pa3Hbleé MOMEHTHI BpPEMEHM, AalT
ONHHAKOBBIC PEC3YIIBTATEL

Tlpy M3MeHeHUHM BpeMEHH B KHHEMAaTHKE Pa3luyalOT TaKHe MOHATUA, KAK NPOMENKYTOK
BPEMEHH, MOMEHT BPEMEHH, HAUAIBHBIH MOMEHT BPEMEHH.

[Ipoxescymrom epement Ha3LIBaeTCsA BPEMS, TIPOTEKAIOLIee MeXY ABYMSA COOBITUAMMU.

Mosenmon epemeny Ha3bIBaeTCsl TPAHHLA MEXKITY IBYMA CMEKHBIMH MPOMEKYTKAMH
BPEMEHH.

Hauauisneiv soxenmom gpeaventi Ha3plBaeTesl MOMEHT BPEMEHH, ¢ KOTOPOrQ HauMHaeTcs
OTCueT.

3aMeTUM, UTO OOHOPOAHOCTE M M30TPOMHOCTE MPOCTPAHCTEA M BPEMEHH HMEHT MECTO HE
BO BCEX CHCTEMAaxX OTCYETa, a JHIb B MHEPLMANbHBIX CHCTeMax. Tak Ha3blBaIOTCA CUCTEMBI

OTCHeTa, N0 OTHOWEHWKY K KOTOPBIM @ MEXAaHHYECKOS HOBHIKCHHE OIHCBIBACTCA 3dKOHAMMU

1 Bexnna (ox.340-287 rT. 10 H.3.) — MATCMATHK 3MOXH 3.TLTHHAZMA. 3AHHMANCA ICOMCTPHCH, ONTHKOH W
My¥3blkOH. OJHHM A3 TCPBBIN HAUAN H3YYATh JOrHUCCKHC OCHOBAHWA MAaTrcMaTHkW. Hammcan Tpakrtar mo
MPHKIAIHBIM BOMPOCAM. B KOTOPBIX TCOPHA BbIBOAWNACE CTPOro ACIYKTHBHO H3 C(IOPMYITHPOBAHHBIX JHIMUCCKHX
THIIOTS3 H MATCMATHMSCKHX IOCTYNATOB. Ero sHamenmTei Tpyva «Hawama» cocToMT M3 13 KHHT, mepBOi 3
KOTOPBIX MPEIMECTBYET AT MOCTYIATOB H IATh akcHOM. B «Havamaxy, kpome coBCTBEHHO TEOMETPHH. HAIOKCHBI
TEOMETPHMSCRAA ANreOp:, PEIICHHE KBAAPATHBIX YPABHCHHH, TCOpHA 4HCET B T.A. TIPOCTPAHCTBO, CBOHCTBA
KOTOPOTO OIHACHIBAIOICA AKCHOMAMH TSOMCTPHH EBKTHIA, HASBIBAMOT CBETHIOBEIM MPOCTPAHCTBOM. OH JOKA3AT
OECKOHEMHOCTE MHOKECTBY NPOCTBIX YHCEN, BBCI NOHATHE HPPATHOHATBHOTO 4HCIA. Mumenew Eswmaa HassaH

KpaTep HA BHAHMOH cTOpoHE JIyHEL
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HbtoToHa’ | [lepBeIii M3 3THX 3aKOHOB, 3aKOH HHEPUMH, YTBEPXKAAET CYLUECTBOBAHHE
MHEPUHOHHBIX CHCTEM OTCYeTa.

Bce vykasanHble CBOMCTBA TPOCTPAHCTBA M BPEMEHH — pPe3yibTaThl 0000ImeHus
MHOTOBEKOBOI MpakTHUECKOH AcsaTenpHOCTH moseil, Tonbko npaktnka Ha pybdexe XIX u XX
croneruii norpedoBana BHECEHHH W3MEHEHMH B 3TH NpeacTaBieHus (CrneuuanbHas TeopHs
OTHOCHTEILHOCTH),

B oTnnune OT KJACCHYECKOH MeXaHWKM cOBpeMeHHad (PM3HUKA, MOCTPOEHHAS HA OCHOBE
TCOPHU OTHOCHTEIBHOCTH A DiinmTeiina’ (1879-1955), npHBOANT K MHBIM OPCACTABICHUAM O
NPOCTPAHCTBE U BpPEeMeHH, JTOMY COAEHCTBOBANO MNOSBJEHHE HOBOI M€OMETPHH TeHHANBLHOTO
PYCCKOTO MAaTeMaTHKAa I1L.H.JToBauesckoro’ (1792-1856), KOTOpas Oblna M3JIOKeHa B TPyHAe

«HoBble Hauama FCOMETPHHY.

" HLbI0TOH Jan OMPCACICHHC OCHOBHBIX MOMATHII MCXAHHKH — MACChl, MIOTHOCTH, KOIHUCCTBA IBHKCHMUSL,
CHIBI, TIPOCTPAHCTRA, BPCMCHH, EMY MPUHALICKAT KOHUCTTUAN A0CONIKOTHOrO MPOCTPAHCTRA M BPCMCHH H PA3BHTHC
uacn ornocurenshocTu I'.lamzen. Cipopyyvanposaa tpu 3awona. [lepseii 3ax0H — 3akoH mucpunu [annics-
HBIOTOHA, ChopMyIHpoBaHHBLA Brepseie | [amwieem B 1638r. a0 H30IMPOBAHHOM MATEPHAIBHOH TOUKH,
JBWKVIICHCA B HHEPOHATEHOH CHCTEME OTCUCTA: H30.TMPOBAHHAL MATCPHATBHAS TOYKA B HHEPLHATBHON CHCTEME
OTCYETA IBHIKETCH PABHOMEPHO H HPAMOIHHEHHO HIH HAXOAHTCA B COCTOAHHH IOKOA. Bropoi 3akoH HeroroHa:

H3MCHCHHC ROIHYICCTBA JBHZKCHHA MﬂTCpI'la.'[bHOﬁ TOUKH B KAKIBIH MOMEHT BPEMEHH TIPOMOPUHOHATIBHO CHIIC.

JCHCTBYIOIICH HA ABIKYILYKOCH TOUKY. Tperuii 3akon HeroTroHa: Te1o #1 AcHcTBYCT HA TC10 /3 € CHI0#H f‘! . PaBHOMH

A0 BCIWYHHC H MPOTHBONONOMHON MO HAMPABICHUK CHIIC FB . ¢ KOTOpOit TC10 /3 aciicTByeTt Ha T¢no <. Benmunnba

) mm,
ITHX CHI ONPEACIMCTCH 3AKOHOM BCCMHPHOrO TATOTCHUS, OTKPhITOre M Heworonom  F :']/%. rac r —
P
PACCTOAHHE MEKTY MATCPHAIBHBIMH  OOBEKTAMH, } - TOCTOSHHAS TPABHTALHOHHOIO  BO3ICHCTBHA
i HM
(y =6.672*10  ——).
K2
62999997977
Huroait Mpanosma JloGauesckmii (1792-1836) — pyvcckHii MAaTeMaTHE. CO3JATCIb HECBKIHIOBOI

reoverpun. B 1823 r. Jlobauesckuii 3asepmmt padory «leonmerpua». B Hell BOEpPBBIE B MCTOPHH TEOMETPHE
TIOJTHOCTBEY BHIICTICHA AOCOMFOTHAS TEOMETPHA: COOPAHBI BCE MOTOXKCHHA. HE 3ABHCAIIHE OT IATOTO IOCTV.IATA
Epxmmaa. 23 ¢espaxs 1826 r. JlodaueBckuil mPOYHTAIL HA 3ACSIAHHH (PHIHKO-MATOMATHYECKOTO (haKyIsTeTA
Ka3aHCKOrO YHHBEPCHTETA JOKTAT «CaKATOS H3I0KEHHE HAYAT TEOMETPHH CO CTPOTHM JOKABATEIBCTBOM TEOPEMBI
0 MAPATLICIBHLIX JIHHHAX», DTOT ACHB CTAJ JHEM POKICHHA HeeBEIMAOBOH reomerpuu. B 18351, B «Havunbix
jamHcKax» KaszaHCkoTo VHHBEpCHTeTa OBLTa OmyOIHKoBaHA cTatha’?’?? Jlobauesckoro «Boobpaskacumas
reoMeTpusa». a B 1835-1838rr. «HoBbie Ha4ama reOMETPHH ¢ MOTHOH TCOPHEH NAPALICIBHBIN THHHID. B KOTOPOH
JAeTCAd TMOTHOE. CHCTEMATIMECKOS HINOKEHHE HOBOH reomerpuH, MueHem JIoDaueBCKOTO HABBAH KpaTep Hi

o0paTHOi cTopoHe JIVHEL
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H.H.JloGauesckuii, B NpPOTHBOMNONMKHOCTh I/I.HbeTOHyS, He OTpblBaN MPOCTPAHCTBO H
BPEMA OT ABHMKEHHHA, W CAMO ABWKEHHME PACCMATPHBAN KAK H3MEHEHHE NONOKEHUSA OAHUX TEI
no orHowennto K uapyrum. H.W.Jlobauesckuit paccmarpupas cBOHCTBA NPOCTPAHCTBA Kak
IOPOSBICHUE B3AUMOCBA3CH MEIKIY ABIKYLIIUMUCST MATCPUATBHBIMH TEIAMH.

Heobxoaumo otmeruts, uto H.H.JloGauesckuit nmpumepHo 3a 80 neT a0 nossnenus
TEOPHH OTHOCHTEIBHOCTH TMMOKAa3all, 4YTO eBKJHIOBA IeOMETPHS OTHOCHTCA K alCTPaKTHBbIM
reoMeTPHYECKUM CHCTEMaM, B TO BpemMs Kak B (H3MYECKOM MHpE NPOCTPAHCTBEHHbIE
COOTHOIICHHS OTPEASTAIOTCA (DPHIHUECKOH reOMETPUEH, OTIHYHON OT €BKIMIOBOH FeOMETPUHL.

Tak, abcTpakTHOMY MPOCTPAHCTBY B KJIACCHUECKON MeXaHMKe TeOpHA OTHOCHTENBHOCTH
MPOTHBOMOCTABNAET (DHIUYECKOE TNPOCTPAHCTBO, B KOTOPOM TIeOMETPHUECKHe CBOlicTBa
MPOCTPAHCTBA W CBOHCTBA BPEMEHH OpraHuueckd o0beIHMHEHBl CO CBOHCTBAMH MAaTEPHAJIBHBIX
O0BCKTOB, ABMKYIIUXCS B NPOCTPAHCTEE U BPCMCHH.

B TeopuM OTHOCUTENLHOCTH MNOKA3bIBAETCA, YTO CBOMCTBA MPOCTPAHCTBA M BpPEMEHM
3aBHCHMBI OT CKOPOCTH IBHKEHHS MaTepuaibHeix 00bexkToB. Hanpumep, Bpems Teuer He camo
no cede, a 3aBUCHT OT CKOPOCTH ABHKeHHA. OIHAKO 3Ta 3aBHCHMOCTDb CIPABEIHBA TOJIBLKO MTPH
CKOPOCTSIX [BMKEHHA MATEPHANBHBIX OOBEKTOB GIH3KMX K CKOpOcTH cBeta (3*10° km/c). [laxe
Ans TpeTbell KocMmudeckoil cxopocTu (16,2 KM/C) 3TOH 3aBMCHMOCTBH) MOKHO MpeHedpevb.
Knaccuueckas mexanuka — 3TO MeXaHHKa MaiblX CKOPOCTEH MO CPaBHEHHIO €O CKOPOCTBIO
CBETa, MputeM Bpems ! CUMTAETCA YHHWBEPCANbHOH CKANAPHOH NepeMeHHOi.

Takum oOpa3oM, TEOpHsS OTHOCHTENBHOCTH IIPHBEIA K HOBBIM I[IPEACTaBICHUAM O
MPOCTPAHCTBE M BPEMEHH, KOTOPble B 3HAYUTENbLHOH Mepe OTAWYAKTCA OT NpPeACTaBIeHHH
knaccudeckoil Mexanuku. OaHako, s ciydaeB ABHIKEHHS TeN €O CKOPOCTAMH, 3HAYHTENLHO
MEHbLIHMH CKOPOCTH CBETA, TPEXMEPHOE EBKJIMIAOBO [MPOCTPAHCTBO W YHUBEPCAILHOE BPEMS
ABJISIFOTCA TOIHOUCHHBIMH M BECbMA TOYHBIMH a0CTPAKLHSAMH (DH3MUCCKOTO MPOCTPAHCTBA M
¢duznueckoro spemeHu. IToaToMy MOXKHO yTBep:KJaTh, UTO TEOPETHYECKOE W MPHKNAAHOE
3HAa4YEHHE KJIACCHYECKOH MEXaHMKH OCTaeTcs OTPOMHBIM B HAIUE BPEMS, TaK KaK MNOX3BOJAET

HaHTH BECbMa BBLICOKOE MPHOJIMKEHNE K ODBEKTHBHO CYLIECTBYIOWIHM pPeaibHbIM (opmam

¥ Hcaak HuroToH (1643-1727) — aHrauiickui MATCMATHE. MCXAHWK, ACTPOHOM, OCHOBOIONOMKHHEK

COBPEMCHHOH MCXAHHKH. CO3JATETH MATCMATHKH HENPCPHIBHBIN IPOLESCCOB (MCHUHCTCHH (WIFOKCHE H (DIFOCHT).
HeroToHy NPEHALNSKAT: OTKPHITHES 3AKOHA BCSMHPHOTO TATOTCHHMA. CO3JAHHES TEOPSTHMECKHMX OCHOBAHMIL
MEXAHHKHM H ACTPOHOMHH, paspabotra IH((ICPEHIHANBHOTO H HHTSTPATBHOTO HCYHCICHHH. B CBOGM IIABHOM
Tpyae «MATEMATHYECKHE HAYAMA HATYPAIbHON (umocodmm» (1687r) o0OOmMMT pesyIsTATEL, MOIVYEHHBIE
VYEHBIMH HAVYHOH PeBOMIOLHE, B TOM YHCAC H COOCTBEHHBIC, H CO30a71 €IHHYI) CHCTEMY 3¢MHOH M HeOecHOH

Mexanukd. Mverey HErOTOHA HASBAH KpaTep Ha BHAAMON cTopoHE JIVHBI H KpaTep Ha Mapee.
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OBITHS, YTQ MOATBCPIKAACTCS COBPCMCHHBIM PA3BUTHCM TEXHUKH, B YACTHOCTH, KOCMOHABTHKH H

MEXATPOHHUKH.

13.Bonpoc: Cucmema omecyema. Teno omcyema

JUs1 H3yHeHHs MeXaHIMUECKOTO ABIDKEHHA BBOIUTCS CHCTEMA OTCHETA.

CucreMa 0TCUETA COCTOMT U3 TENa OTCUETA, IPHHHMACMOE 34 HEMOABHIKHOE, CBSI3aHHOMH ¢
HHUM CHCTEMbI KOOPJHUHAT W COBOKYMHOCTH NPpHOOPOB AJIs1 U3MEPEHUs BpeMEeHH U PACCTOAHMIA.

Teno otcuera — abcoNMOTHO TBEpAOE TENO, MO OTHOLIEHUIO K KOTOPOMY ONpelnensercs
MOJIOKEHHE OPYTHX TEIL

CucTeMa KOOPIMHAT COCTOMT M3 TOUKH ( — HauaJa KOOPAHHAT I GA3HCHBIX BEKTOPOB,
HAUMHAMOLIMXCA B 3TOI TOUKE M YKa3bIBAKLIMX HANPABAEHHA OCeil KOOPAHHAT,

Mexanuueckoe OBHIKEHHE paccMaTpupaercs B KakoH-nnbo cucreme orcdera. Onno w
TOJKE OBIDKEHUE MPOHUCXOOUT TMO-PAa3’HOMY B PasHBIX CHCTEMax oTcdeTa. B 5TOM mpossnsiercs
OTHOCHTCNBHOCTL  ABMKCHHUS. Hampumep, npewxkeHne JIyHBEI  OTHOCUTCIBHO 3eMmu B
reoLleHTPHYECKOH CcHCTEMe OTCueTa NPONCXOAMT N0 3aMKHYTOH OKOJOKpYrosoit opOuTe.
OrHocurensHo ConHua B resMOLEHTPHYECKOH cHeremMe oTcuera JlyHa NBHIKETCs NO CIOWHOH
He3aMKHYTOH opOurte. Kaskablit uccremoBaTeb MOKET BRIOHPATh CUCTEMY OTCHETA T1O-CBOEMY,
ucxons U3 coodpaxeHuil HenecoodbpazHocTu M ynoderea. CucTeMy OTCHETa CNEOYeT BRIOUPATh
Tak, YTOOBI H3ydyaeMOe NBUMKEHUE H OTIHChEIBAOUIHE €0 3aKOHbI BhHITNAACAH KAK MOXHO MpoLlle.
I[Npu paccMOTpeHHH MeXaHHYeCKOTO IBH)KEHHS B Pa3HbIX CHCTEMAaX OTCHeTa HeoOX0AMMO 3HATE,
KAaKHC XAPAKTCPHUCTUKH ABHMIKCHHA OCTAKOTCA HCH3MCHHBIMH, 4 KAKHC MCHANTCA OPH NOCPEXOoOe
OT OJHOH CUCTEMBI OTCHETA K APYTOH.

PaccMOTpHUM BpeMeHHble M MPOCTPAHCTBEHHbIE XaPakTepUCTHKH, ONbIT NOKA3bIBAET, UTO
BpEMs TCHET OAHHAKOBO BO BCCX CHCTEMAX OTCHETA, NOKA PEYb HIACT O ABHIKEHHAX MEIJICHHBIX
[0 CPaBHEHUIO C pacIpOCTPaHEHHEM CBETa B BAKyyMe. JTO O3HAYACT, HTO IIPOMEKYTOK
BpPEMEHH MeXKIYy ABYMSI COOBITHAMH OQUHAKOB MPH €TO M3MEPEHHH B 000 cHcTeMe oTcdyera. B
3TOM  CMbICTe Bpemsa  sABnsgercs abCOMOTHBIM, Ternepb pacCMOTPHM  TMPOCTPAaHCTBEHHbIE
xapakrepucruky. [losoxkenue u3yyaemMoro oObekTa H3MEHSIETCH [PH TEPexoae OT OJHOH

CHCTCMBI OTCYHCTA K I[pyl"OI\:I‘ O,I[H&KO OTHOCHTCJIBHOC MPOCTPAHCTECHHOC PACIOJIOXKCHHC OBYX

” Bricpseic BBCI CHCTCMY KOOPIMHAT (paHLy3Ckuii Matematnk n duiocod Pene Jdekapr (1596-1650) &
CBOCM T[JIABHOM MaTCMATHUCCKOM Tpyac «l'comerpua» (1637). OaHako cro cucrcMa KOOpAMHAT Obina
HCCOBCPLUCHHOH: B HCH HC pACCMATPHBAJIACH OTPHUATC.IbHLIC aDUHCCHI, A KOOPAWHATHI TOUCK 33JABATHCE CHCTCMOT
NAPATLICTBHBIX OTPCIKOB, HC OOAIATCABHO MCPNCHIHKY IAPHBIX OCH adumucc. JICKAPT BB HMCKOMBIC BCIMYHHBI
ycpe3 X, V. Z, ..., 4 OYKBCHHBIC KOMDPHLMCHTHEL HCpe3 @, A, ¢.... BBCI 0DO3HAUCHUA CTCNCHCH. chOpMYIHPOBAT

MPABHIIO 3HAKOB 111 OMPCIACICHHAS THCIIA MOJOKHTCIbHLIX H OTPHUATCTbHBIN KOpHCﬁ.
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COOBITHH TIPH 3TOM HC MCHSCTCA M B 3TOM CMBICIC sABIsACTCA adcomoTHeIM. Hampmwmep, ot
BbIOOpA CUCTEMBI OTCHETA HE 3aBHCUT OTHOCHTENBHOE MOJIOKEHHE KOHUOB TBEPIOTO CTEPIKHS,
TO €CTh €ro NpPOCTPaHCTBeHHbIH pazMep. Takum o0OpazoM, kmaccuueckas MexaHuka Dazupyercs
Ha npennosoxeHyuy o0 abcoNOTHOM XapakTepe MPOCTPAHCTBA M BPEMEHH. JTO O3HAYaer, 4To
IPOMEKYTKH BPEMEHH M IPOCTPAHCTBEHHBIC PACCTOIHMA MEKOY MHOOBIME ABYMS COOBITHIMH
MHBAPUAHTHBI, T.e. OAMHAaKOBblL B JW000H cucTteMe oTtcuera. HanomHuMm, uTo Mozenb
abCONMKTHOMO MPOCTPAHCTBA W BPEeMEHH AaAeKBaTHA NOpPH  PACCMOTPEHHMM  MEAJIEHHBIX
MEXaHW4eCKHX NBHKeHHH. Takue OBMKEHNWS MOKHO PACCMATPHBATL B PA3HBIX CHUCTEMAax
orcuetra. KoHKpeTHBIH BEIOOP CHCTEMEBI OTCYETA OIPEAESIETCA TaK, YTOOBI ABIDKEHHE H €ro

3aKOQHOMEPDHOCTH BBIMNIAACIH KaK MOXKHO MNPOLIES.

14.Bonpoc: Modenu mamepuanbHbix 06beKmoe 8 MexaHuke

MonemupoBaHue, Kak TIO3HABATCILHBIN TIPUEM, HEOTIOCMHMM OT pas3BuTus 3HaHus. llo
CYIUECTBY, MOICNHPOBAaHHE, Kak (opMa OTpaKeHHS DCHCTBUTEIBHOCTH, 3apOXkKIacTCsd B
AHTHUHYK) 3MOXY OJHOBPEMEHHO ¢ BO3HHKHOBEHHEM Hay4HOrQ MO3HaHHs, B TeopeTHueckux
pabotax [.Tamunes (1564-1642)"" u Jleonapmo na Bunun'' (1452-1519) He ToONBKO
HCIIONIB3YIOTCSL MOIENH, HO H BBIICHSIOTCS NPENSNbl NPHMEHUMOCTH METOOA MOASITHPOBAHHUSA.
Hcaak Herorou (1643-1727) noas3yeTcs 3THM MCTOAOM VKE BITOJTHE 0CO3HAHHO., B 19-20 Bekax
TPYAHO Ha3BaThb OOMACTb HAayKH MWW ee NPHIOKEeHWH, rae MOJAeNUPOBaHHE He HUMeno Obl
cyulecTBeHHOro 3nadenua. B knaccuyeckoil  mexanuke wu3y4aioreda o0lIHe  CBOHCTBA
MEXaHHYECKOTO NBIDKEHHS MOX AefcTBueM cui. IIpu moCTpOeHUN TEOPHH pPeaabHBIE OOBEKTHI
3aMEHSIOTCA MASANU3HPOBAHHBIMU 00pa3aMu — wmodeisavii. B Momensax yUHTBIBAKTCS HE BCe

CROITCTRA peanbHbIX 06'beKTOB, a TONMbLKO CYUIECTBCHHBIC M5 pPacCMATPHBACMOro Kpyra

10 99999949

H Jlconapao ga Bunun (1452-1519) — HTAILSIHCKHHA KHBOMHACCL H VUCHBIH-3HUHKIONCINCT. CUHTAS ONBIT
WUCTOUHHKOM JIOCTOBCPHOrO JHAHMS, BHACI B MATCMATMKC 0Opascil HAYUHOH J0KA3aTCILHOCTH. B TBOPUCCTBC
JIcoHApI0 MCXAHMKA 3aHMMAIA BAXHOC MCCTO. B Cro 3aMeTkax ¢CTb MHOCQ PACCY:CACHME MO TCOPCTHUCCKOl M
NPAKTHYCCKO MCXaHnKe, MHOIMO BHMMAHMS YACHLT BONPOCAM CTPOMTCILHOM MCXOHHKK — TCOPHH dPOK, CBOJ0B U
KYMOJLHLIN NCPCKPLITHI, OIHUM W3 NCPBLIX OMpeIcInn KOXUUHCHT TPCHHAL, M3BCCTHLL CrO HMCCICAOBAHES
MCXAHMKH JABM:KCHUE UCnoBeka W mosacTa nTHU. OH PACCMATPURAN CTPOCHHC TC/1A UCNOBCKA W 3KMBOTHLIN C TOMKH
PCHUA MCNXAHUKH, [10b30BAICA TOHATHCM MOMCHTA, HCCACA0BAN NOHATHC CHIIbL, CIOMCHHC CHI, ACHCTBYHOLLHX Ha
TCI0, ABHMKCHHC TCA MO HAKIOHHOW TUIOCKOCTH. 3AHHMANICH MPOCKTHPOBAHACM MCXAHH3MOB H MALUHH, IbITAICH
C03JATE JICTATCIBHBIA  ANUAPAT, NPHYCM. HC OTPAHHYHBAACE MYCKYJIBHOH CHIIOH  4CNOBCKA. NPCINaral
ACMONB30BATh B KAUCCTBC IBHraTCHs TPYKAHY. MCXAHWKY. B KOTOPOH MATCMATHUCCKHC HAYKH NPHMCHSIIOTCH
NPaRTHUYCCKH. JICOHAPIO HA3BAT pacM MaTcMaTH4YCCKHX HAayK. MucHem Jlcowapmo da BHHYUH HA3BAH KpaTCp HA

BHANMOI CTOpOHC JIyHBI
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Bonpocos. IlpocTeiiiieil MOENbIO B MEXaAHUKE SABIAETCS MAMEPUAIbHAS HIOYKA, 3aMEHSIOIIas
peanbHOE Teno. Monens mamepuanenast MOyYKka OJ peabHOrO Tejla MPUMEHNMA TOraa, Koraa
pasMepbl 3TOTO TeNa Malbl MO CPAaBHEHHIO C IPYTMMH XapaKTepHBIMH pa3MepaMH, KOTOpBIE
burypupyroT B uzyyaeMom JBuxkeHHH. OHO M TOKE TeNO B OJHHUX YCIOBHUAX MOKHO CUMTATh
MaTepHanbHON TOYKOH, a B Apyrux Henb3s. Hampuwmep, mpu pacuere ABIKEHHS KOMWYECKOTO
kopabins (KK) Ha opbute ero MOJKHO CYHTATh MaTePHANbHON TOUKOH, HO TIPU pacdeTe CTHIKOBKH
3TOro Kopabust ¢ opOUTANBEHOMH CTAHIHEN MOIENb MAMePUaibioOl MOYKY YK He IPUMEHNMA.
Bbonee rnybokoe oOCHOBaHUE BBENECHUs TOHATHS MAMePUAIbHdAs MOYKA CBA3aHO C
BO3MOMKHOCTBIO OTAENeHHsl BpPAalUaTeNILHOrO JIBHOKEHWSl Teja BOKPYr IIEHTpa Macc OT
MOCTYMATEIbHOTO €0 ABWKEHHA BMECTE C LIEHTPOM MacC M BO3MOJKHOCTBIO HE3aBHCHMOIO HX
uzydeHus. Tsokenbld map, MOLBELIEHHBbIH Ha g S
YIPYrOH HUTH, MOKHO CUUTATh MaTEPHAIBHON
TOYKOH  IpH  M3YYEHMU  BePTHUKAJbHbBIX
kojne0aHui, HO HeJb3s NpPU  U3Y4YEeHUH
KPYTHJIBHBIX KOJI€DAHUI BOKPYI BEPTHKAIBLHON

ocu. Takum o0OpasoM, HCIONBE3yS MOJEND

MAMePUAaIbHON MOYKY, UNEeaTU3HPYIOTCA He 'y ®
CTOJIBKQ CBOHCTBA C€aMOI0 TeJa, CKOJIBKO
YCJIOBHSL €r0 JABHIKEHH.

OnHako CymecTByeT OCOOBIH chyual, KOrma TeN0 MOKHO pPacCMaTpUBATH Kak
MamepualbHylo mMoYyKy, U TIPH 3TOM €ro pasMepbl BOBCE HE Malbl [0 CPaBHEHMIO C APYTUMU
XapakTePHbIMH pa3MepaMu. JTO clydail MOCTYNaTeNbHOTO ABHXKEHHs, MPH KOTOPOM BCE TOYKH
Tena JBHXKYTCS OJMHAKOBO M €ro MpOCTPAHCTBEHHAs OPHEHTAalMs OCTaeTcsd HEW3MEHHOH.
Hanpumep, npu onepaumu creikoBku KK ¢ opOutaneHoit cranuwmeit, xorma KK yxke
COPUEHTHPOBAH OTHOCHTEJBHO CTaHLUMH W €ro NPOCTPAHCTBEHHAS OPUEHTAlMsl OCTaeTCs
neusmenHoi. Bce Toukm KK nBukyTCs ONMHAKOBO M NpUYANMBAOIIMNA KOpalyib MOXKHO
paccMaTpuBaTh Kak MaTepUANbHYIO TOYKY, XOTS €ro pasMepbl CpaBHHUMBI MU MOTYT OBITh maxe
Oounblue APYrux XapakTepHbIX Pa3MepoB, 2 MMEHHO, PACCTOAHUS 10 CTAHLMH, ee rabapuToB M
T.O.

B Teoperuueckoil MeXaHUKE LIHPOKO WCHOMb3YIOTCS W APYTHE MOJAENH, KaK a0COMOmMHO
meepooe meno, mexanuveckasn cucmema v 1.1 loa abcomomuo meepdviv meaom NOHUMAETCS
BOOOpa)kaeMoe TeNo, B KOTOPOM pacCTOSHHE MEXKIYy JOOBIMH JBYMS TOYKAMH OCTAeTCH
HEM3MEHHBIM. Mexanuyeckoil  cucmemoii mamepuaisHelX MOYEK HA3BIBACTCA Takas WX
COBOKYIHOCTb, B KOTOPOIl MOJOKEHUE M ABHXXEHHE KAKAOH TOUKH 3aBHCUT OT MOJOKEHUS H

JABHKEHHA BCEX OCTAJIbHBIX.
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