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BBenenue

OpHMM M3 CaMbIX CYIIECTBEHHBIX KpPUTEPUEB yCII€Xa B COBPEMEHHOE BpEMs SBIISETCS KOH-
KYpEHTOCIIOCOOHOCTh BBIITYCKaeMOW MPOIYKIMH, a TaK)Ke PadOT M yCIyT, 3aBUCAIIMX B CBOIO O4e-
penb OT KayecTBa MPOBEAECHHBIX PAacu€TOB Ha PA3HbIX CTAAUAX MPOU3BOJCTBEHHOTO IPOEKTHUPOBA-
HUA. B CBA3M C 3TUM, U3yUyE€HHE TEOPETUYECKOW MEXAHUKU SBIISIETCS OJAHUM HM3 HHCTPYMEHTOB
obecrieueHUss HEOOXOJUMOr0 YpPOBHSI KauecTBa OKa3bIBAEMbIX PAa0OT, YCIYr WM MPOU3BOIUMOM
MIPOYKLIUH.

Mexanuka - (0T rpedeckoro mechanike — 3To HCKYCCTBO OCTPOCHHSI MAIIIMH) - HAyKa O Me-
XaHUYECKOM JIBUKEHUM MaTepUANIbHBIX TeJl (00 U3MEHEHUH C TEYEHUEM BPEMEHHU B3aUMHOIO M10JI0-
JKEHUS TeJl WIM YacTed ATUX TeJ B IPOCTPAHCTBE) U B3aUMOJICUCTBUSIX MEX1y HUMHU.

MexaHuka 3apoauiiachk B Ii1y0okoil fpeBHocTU. Hanpumep, cTpouTenn eruneTckux mupaMu/g
MOJIb30BAITUCH AIMITMPHUUECKUMH 3HAHUSIMH 10 MEXaHUKe. 3HAMEHHUTHIN JApeBHETrpeuecKuil (pumocod
Apwucrorens (384 — 322 rr. 10 H.3.) y’Ke 3HaJ 3aKOH CIIOKEHUS CUJI, TPUIIOKEHHBIX B OJIHOM TOYKE U
HAIpPaBIEHHBIX TIO OAHOHN mpsMoil. Beinatomuiics yuensiit Apxumen (287 — 212 rr. o H.3.) 3aio0-
’KUJI OCHOBBI CTATUKH, KAK TOUHOM HAYKHU.

Bo Bce BpeMeHa TeopeTuueckas MEXaHHMKa pa3BUBaIach MapajuiebHO C PAa3BUTHEM TEXHUKU
U €€ JOCTHXKEHUS o0ecrieurBalli CBOEBPEMEHHBIN, a MHOTJa UAYIIHMI Ha ONEepeKeHNE TEXHUUECKUM
IIPOIPECC YEIOBEUECTBA U 3TA €€ POJIb COXPAHSETCS U B COBPEMEHHOE BpEMSI.

B ocHoBe kiaccMueckol MEXaHHWKH, COBPEMEHHBIE IOJIOKEHHMSI KOTOPOHl INMpUBEIECHBI B
HACTOALIEM 10cOOuH, JiexaT 3aKkoHbl HpI0TOHA, COOTBETCTBEHHO TaKMMU METOJAaMH KJIAaCCUYECKOU
MEXaHHUKH W3Y4YaloTCs BIKEHUS JIOOBIX MAaTepUANbHBIX Tel (KpoMe MUKpPOUYACTHI]), KOTOpHIE Tie-
peMeniarTcs B MPOCTPAHCTBE CO CKOPOCTSIMH, SIBISIOIIMMUCS OYEHb MajbIMH MO CPaBHEHHUIO CO
CKOPOCTBIO CBETA.

JIBUKEHHS TeNl CO CKOPOCTSIMH, OMM3KUMH K CKOPOCTH CBETa, PACCMATPUBAIOTCS B TEOPUU
OTHOCHUTENIbHOCTH, a JIBI’KEHHE MUKPOYACTHUIl - B KBAaHTOBOW MexaHuke. Ha mpoTsskeHHH MHOTHUX
TBICSIY JIET 3aKOHBI MEXaHUKHU MCIOJIB3YIOTCS YEJIOBEKOM JIJIsl pacu€TOB MAIlMH, MEXaHU3MOB, CTPO-
UTEJIbHBIX COOPYKEHHH, TPAHCIIOPTHBIX CPEJICTB, KOCMUUYECKUX JIETATENIbHBIX aIlllapaToB U T.1.

WHpiMu crioBamMM TeopeTHyecKass MEeXaHMKa — 3TO MaTeMaTHKa, MPHJIOKEHHas K 3aKOHam
pPaBHOBECHS M JIBM)KEHUS TEJ; HaAyKa O CHJIE U CONPOTUBIIEHUU €il, CBOe0Opa3HOe MCKYCCTBO IPH-
MEHSITh CHUJIY K JIey U CTPOUTH MAIIMHBI, HAyKa BBITOJHOTO MPHUCIOCOOIEHUS CUJI, KaK MHIIET B
cBoeM cnoBape Bragumup MBanosuu Jlans B cepenune XX Beka.

OrpoMHBbIi BKJIAJ B Pa3BUTUE MEXAHUKU BHECIU M HAIM MHOTOYHUCJICHHBIE OTE€UECTBEHHbBIC
yueHble, Takue kak: JlJomonocos M.B., Jleonapn Diinep, Octporpaackuii M.B., Ue6sies I1.J1., Ko-
BasieBckas C.B., JlsnynoB A.M., Memepckuii 1.B., KpsimoB A.H., )Kykosckuii H.E., Cenon JI.I.,
Numuuckuii A.YO., Sinenko H.H., Autonen /[.A. u MHOTHE IpyTHE.

[IpeameT TeopeTHIeCKOl MEXaHUKHU SBISETCS OJHUM M3 CAMBIX BAKHEHIINX MPH M3YUYCHUH
byHIaMEHTAIBHBIX OOIIEHAYYHBIX WHKCHEPHBIX JUCIUIUIMH W WTPACT CYNIECTBEHHYIO POJIb TPH
MOJITOTOBKE MHKEHEPOB JTIOOBIX criennanbHocTel. Ha pesynbpTarax TeopeTrnueckoil MexaHuku 6a3u-
pPYIOTCS Takue OOIIEHHKEHEPHBIC MUCIUIUIMHBI KaK: COMPOTHUBIEHUE MATEPUANIOB, JE€Tall MAIUH,
TEOpHsI MEXaHU3MOB U MAaIlIUH U MHOTHE JPYTHE.
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1. BBeneHue B TEOPETUIECKYIO MEXAHUKY.

2. OCHOBHBIE MOHITHS U AKCHOMBI CTaTHKH.

3. Cucrema CXOISNIMXCS CHJI: CJIOXKCHHUE CXOMANIMXCS CH (T€OMETPHUYSCKUI U aHATUTHYCCKHUHA
CHOCOOBI), YCIIOBHSI PABHOBECHS CUCTEMBI CXOJISIIIUXCSI CHJT Ha IJIOCKOCTH U B POCTPAHCTBE.

4, MOMEHT CHJIbI OTHOCUTEIIBHO TOYKH (aJreOpandecKuii ¥ Kak BEKTOP).

o

Teopema BapuHboHa 0 MOMEHTE paBHOAECHCTBYIOLIEH. Y CIIOBUE PABHOBECHS pblUara.
6. MOMEHT cuJIBl OTHOCHTEIBHO OCH M €r0 CBS3b C MOMEHTOM CHJIBI OTHOCHTEIHHO TOYKH HA
ocu. AHanuTHYecKre (POPMYITBl MOMEHTA CHJIBI OTHOCHTEIBHO OCEe KOOPAWUHAT.

BBeneHne B TeOpeTHYECKYI0 MEXaHUKY

Teopernyeckoli MeXaHHKOW Ha3bIBaeTCsl Hayka 00 OOLIMX 3aKOHAX MEXaHHYECKOTO JBIIKE-
HHS ¥ PABHOBECHSI MaTEPUAJIbHBIX TBEP/BIX TEIL.

HOI[ MCXaHUYCCKHUM JABMIKCHUCM ITOHUMACTCA M3MCHCHHUEC IMOJIOKCHUA TCIa B IIPOCTPAHCTBE
OTHOCHUTCIIBHO APYIrux TCJI ¢ TCUCHUEM BPEMCHHU.

TeOpeTquCKaﬂ MCXaHHWKa — HayKa €CTCCTBCHHAs. Ee ocHoBHBIC TTIOHITHS M 3aKOHBI UMEIOT
NEPBOMCTOYHUKOM HCIIOCPCACTBCHHBIC Ha6JHOI[eHI/I$I u HOBCGI[HCBHI)Iﬁ OIIBIT YC€JIOBEKA. HOE)TOMy
TEOpeTHUYEeCKas MEXaHHWKa, KaK M BCE IPYTUE HAyKH O 3aKOHAX Pa3BUTHS MPUPOJIBI, ITUPOKO MOIb3Y-
eTCs MaTeMaTHYECKHMMH METOIaMH HCCIIIOBaHUS, a TaKXKe METOIOM aOCTpaKIMH, METOAaMH
000011eHus ¥ (popManbHOM JTOTHKH.

Teoperndeckas MexaHUKa TOApa3IENsAETCS HA TPH pa3zeia: CTaTUKY, KHHEMaTHKY, TUHAMH-

KY.
OcHOBHbIE MOHATHS U AKCHOMBI CTATHKH

Cratukoil Ha3bIBaeTCs pasjiesl TEOPETUUECKOW MEXAaHHKH, B KOTOPOM HU3JIaraeTcsl yUeHHUE O
CUJIaX Y YCIIOBUSX PAaBHOBECHS TBEPIBIX TEN IPU AEUCTBUU HA HUX CUIL.

[Tox paBHOBecHEM TBEpPIOIO TENa MOHUMAETCS COCTOSHHUE €ro MOKOS WIM PaBHOMEPHOIO
MPSMOJIMHENHOTO MOCTYIIATEIbHOTO ABUKEHHUS.

[Tox TBepaBIM TEJIOM B TEOPETHUECKON MEXaHHMKE TTOHUMAETCS aOCOIIOTHO TBEPOE TEJO, TO
€CTh TaKoe TeJI0, reoMeTprdeckasi opMa KOTOPOTO U pa3Mephl HE U3MEHSIOTCS HU TIPH KaKUX Me-
XaHUYECKUX BO3JICUCTBUSAX CO CTOPOHBI IPYTUX TEN, a PACCTOSHUE MEXKY IBYMS JTFOOBIMHU €ro TOY-
KaMH OCTaeTCs BCeTga MOCTOSHHBIM.

MexaHn4ecKUM BO3JICHCTBHEM HJIM B3aMMOJICHCTBHEM T HA3hIBACTCS TaKOE BO3/ICHCTBHE,

pU KOTOPOM MPEHEOPEraT U3MEHEHUSIMI B XUMUYECKOIH CTPYKType Tesla U ero (pU3n4ecKoM co-
CTOSIHUM (HarpeBOM, OXJIQXKJIEHUEM U T.1.). MexaHnueckoe BO3AEHCTBUE MOXKET MTPOUCXOIUTh Kak
IIPY COIPUKOCHOBEHUHM TEJ, TAK U HA PACCTOSHUHU (IPUTSKEHUE, OTTAIKUBAHUE).



Cuja — 0IHO U3 OCHOBHBIX MOHATUM CTaTUKU. CUIION HA3bIBAE€TCSl BEKTOPHAs BEJIUYUHA, SB-
JSAOMIASACS KOJIMYECTBEHHON MEPOM MEXAHUYECKOr0 B3aUMOJECHUCTBUSA TEJl. JACHCTBUE CHIIBI HA TEIO
ompeaensercs TpeMs (GakTopaMu: MOIYJIEM CHJIbI, HAIIPABICHUEM CHIIbI, TOYKOW MPUIOKCHHS CH-
nel. Ha geprekax cuia, Kak U BCAKHIA BEKTOP, H300PaXKaETCsl OTPE3KOM CO CTPEIKOM u 0003Haua-
IOTCS 3arJIaBHBIMU OYKBaMU JIATHHCKOTO aj(aBHTa ¢ YePTOUKOW HaJ OyKBOW (B KHHUTAaX MOTYT BbI-
JENATHCS KUPHBIM mpudToM). BykBa 6€3 4epTOUYKH 03HAYAET, YTO PEUb UIAET O MOAYJIE CHIIHI.
JIvuHuen neicTBUS CUITbI HA3bIBACTCS TaKas MpsAMasi, B10JIb KOTOPOI HAIIPaBJIEH BEKTOP CHUJIBI.

OOBIYHO Ha TeNa NEeHWCTBYET HECKOJIbKO chil. COBOKYIMHOCTh BCEX CHII, JIEHCTBYIOIIHUX Ha
JIaHHOE TEJIO, HA3BIBACTCS CUCTEMOM CHIL.

Ecnu cucrembl cuii, NpUIOKEHBI ITOPO3Hb K JAHHOMY TENY, HO OKa3bIBalOT HA HETO OJWHA-
KOBO€ JECHCTBHE, TO OHHM Ha3bIBAIOTCS SKBUBAJICHTHLIMH.

Cucrema cuj, 1o JeHCTBUEM KOTOPOH CBOOOTHOE TBEPAOE TEJIO HAXOJIUTCS B PABHOBECUH,
HAa3bIBACTCSl YPABHOBEUICHHOM WJIM 3KBUBAJIEHTHOW HYIIIO.

Ecnu cucrema cuit MO>KeT OBITH 3aMEHEHA OAHON CHIION (PKBHBAJIEHTHA OJTHOW CHUJIE), TO 3TY
CUJIy Ha3bIBalOT PABHOJACUCTBYIOIICH.

Cuny, koTopas mpH A00aBJIEHUH €€ K IaHHOW crcTeMe CUIJI 00pa3yeT BMECTE C HEIO0 CUCTEMY
CHUJI SKBUBAJICHTHYIO HYJIIO, HA3bIBAIOT YPABHOBEILIMBAIOIIECH CHIION.

Jlnist cucTeMbl CHII, MMEIOUIEeH paBHOJICHCTBYIOIIYIO, YpaBHOBEIINBAKOImasl OyaeT paBHa e
110 MOZYJIFO ¥ HaIlpaBJIeHA MO JIMHUU JEHCTBUS PABHOJCHUCTBYIOLIEH B IPOTHUBOIIOJIOKHYIO CTOPOHY.

PaznuuaroT cuiibl cocpeioToueHHbIe U pactpenesneHubie. CocpeIoTOUYEeHHON HA3BIBAIOT CHU-

7y, IPUJIOKEHHYIO K TeTy B Kako-n0o Touke. PacipeneneHHBIMI HA3bIBAIOT CUJIBI, IEHCTBYIOLINE
Ha BCE TOYKH KaKOTo-In00 0O0beMa Tella WM €ro MOBEPXHOCTH, WIM HEKOTOPOW 4acTh JTUHHUH. 3a-
JAIOTCSl OTH CUJIbl HHTEHCUBHOCTBIO ( — BEJIMYMHOW CHIIBI, MPUXOSIICHCS HA €IUHUIlYy 00beMa,

ioniaay, IIuHbl JuHuU. [Ipu pemeHnn 3agad pacnpeleseHHbIE CUIIBI 3aMEHSIOT Ha COCPENOTO-
YeHHBIE, TOCKOJIbKY BCE MOJIOKEHUS CTATUKU (POPMYITUPYIOTCS ISl COCPEAOTOYEHHBIX CHJI.

Ilo pacnosioKeHNI0 pa3anuvaroT CIAEAYIOLUE CUCTEMbI CHIIL: CXOIAIIUECS Ha IUIOCKOCTH U B
IIPOCTPAHCTBE; KaK YIOAHO pacHoJIOKEHHBIE (IPOU3BOJIbHBIE) HA MJIOCKOCTH U B IPOCTPAHCTBE; CH-
CTEMBI I1ap Ha IUIOCKOCTH U B IPOCTPAHCTBE; CUCTEMBI MMAPAJUICIIbHBIX CHJI HA TUIOCKOCTH U B IIPO-
CTPaHCTBE (3TO YaCTHBIE CIIy4au MPOU3BOJIBHBIX CUCTEM CHII).

Cxopnduieiicss Ha3bIBaeTCsl Takasi CUCTEMA CHUJI, Y KOTOPOM JIMHUM JIEHCTBUS BCEX CHUII Iepece-
KalOTCs B OHON TOUKE.

[1pon3BOABHOMN HA3BIBAETCS CUCTEMA CHJI, Y KOTOPOU JIMHUU JIEUCTBUS CUJI HE TIEPECEKAIOTCS
B OJIHOM TOUYKE.

HayuHblie monoxeHus CTaTUKW 0a3UPYIOTCS Ha MSATH aKCUOMax (MOCTyarax) — He Tpedyro-
OMx J0Kas3aTeliIbCTBA, TaK KaK HX CHpaBe)IJ'II/IBOCTI) nonTBepqueHa MHOFOBeKOBOﬁ HpaKTI/IKOI\/II 158
HaOJII0/IEHUSIMU 32 PABHOBECUEM U JIBUKeHUEM Tell. Jlanee nmpuseaeM GopMyIHMpOBKU aKCHOM.

Axcuoma 1. Ecnii Ha cBOOOAHOE TBEPIOE TEIO EHCTBYIOT 2 CHIIBI, TO OHO OYJET HAXOIUTCSA
B paBHOBeCI/II/I TOJIBKO TOrjaa, Koraa 3Tu CHJIbI paBHLI 110 MOJIYJIIO 158 HaHpaBHeHLI BIOJIb OHHOﬁ HpSI-
MO B pa3HbI€ CTOPOHBI.

Axcuoma 2. JleiicTBUe JaHHOW CHCTEMBI CHJI HA TBEPAOE HE U3MEHUTCS, €ClIU K Hell mpuba-
BUTH UJIN OT HCC OTHATH ypaBHOBGI_HeHHYIO CI/ICTeMy CHUJI.



Axcuoma 3. [Tpu BCSIKOM AEHCTBUHU OJHOTO TeJIa HA IPYroe UMEET MECTO TaKOE )K€ MO BEJIU-
YUHE, HO MMPOTUBOIOJI0KHOE IO HAMPABJICHUIO TPOTHUBOICHCTBHE.
3aMeTuM, YTO CUJa JEHCTBUS U MPOTUBOJCHCTBUS YpaBHOBEIIEHHON CHUCTEMBI CHJI HE 00pa3yloT,
TaK KaK OHU MPUJIOKEHBI K pa3HBIM TEJaM.

AxcunoMma 4 (akcuoMa napajienorpamma). PaBHoaeicTByromas JByX Cuil, MPUIOKEHHBIX K

TBEPAOMY TETy B OJHOM TOYKE MOJI YIIOM JIPYT K IPYTy, paBHA MO MOAYJIIO U HAMPABJICHUIO TUAro-
HaJIM MapajuiesiorpaMma, MOCTPOCHHOIO Ha 3TUX CHUJIaX, KaK Ha CTOPOHAX.
Akcuoma 5 (mpuHimn otsepieBanus). Ecnu kakoe-nubo aedopmupyemoe TBEpIOE TEJIO

HaXOJUTCS B PABHOBECUU MOJI ICCTBUEM JAHHOW CHUCTEMBI CHJI, TO 3TO COCTOSIHUE HE HAPYIIUTCA U
mocJie, KaK 3TO TEJIO OTBEPCET, TO €CTh CTAHET A0COIIOTHO TBEPIBIM.

Ora akcroMma MO3BOJISET MOJIy9aeMbIe B CTATHKE YCIOBHUS PAaBHOBECHUS ISl aDCOFOTHO TBEP-
JIBIX TEJl IPUMEHSTH I PACCMOTPEHHUS PABHOBECHS PEATbHBIX (1e(OpMUPYEMBIX) TEI.

W3 nepBoii 1 BTOPOW aKCHOM BBITEKAET CIICJICTBUE: ICUCTBUE CUJIBI HA TEJIO HE U3MEHUTCS OT
NepeHoca TOYKH €€ MPHUIIOKEHUs B JI00YI0 APYTyI0 TOUKY Tella. DTO CIeICTBUE KacaeTcsl paBHOBE-
cus tena. Eciu ke peub uaeT o xapakrepe ycuius (pacTsiKeHHe, cKaThe), TO OHO He CIIPaBeIInBO,
TaK KakK OT IEPEHOCa TOUKU MPUIIOKEHUS CUIIbl XapaKTEP YCUIIUS U3MEHSIETCS.

Cucrema cxoasmmxcs cui. CioskeHne CXOAAIUXCA CHIT.

CnoXuTh CXOASILINECS CHIIBI — 3TO 3HAYUT HAWTU UX paBHOAEHCTBYOIYI0. CyIlecTBYIOT /1Ba
Croco0a CI0XKEHUS - TEOMETPUUYECKUIN U aHATTUTUYECKUH.

I'eomeTpuueckuii cnocod 3aKI0YaeTcss B TOM, YTO U3 CHJI CUCTEMBI CTPOST CUIIOBOM MHOTO-
yronsHUK A, B, C,..., D, E, ans 4ero cuibl, B MaciTa0de, MOCIe0BaTEIbHO OTKJIa/(bIBAIOT TAK, YTO-
ObI KOHEI] BEKTOpa MpeJIbIIyIIel CUIIbI SBIISJICS HAayajloM BEKTOpa mocienyromuiei cuisl. [locne ot-
JIO)KEHUSI BCEX CHJI NPOBOJAT 3aMBIKAIOLIYI0 CTOPOHY MHOroyrosibHHkKa. OHa JaeT U MOAyNb, U
HarpaBlieHHue paBHozeicTBYyotei R (PucyHok 1).

Suc. 1

Pucynok 1 — [locTpoeHne cHI0BOr0 MHOTOYTOJIbBHUKA

[Ipu 5TOM NMMHUSA NENCTBUSA PaBHOJAEHCTBYIOMIEH MPOXOAUT Yepe3 TouKy O ImepecedeHust CUil
cucreMbl. He00X0AMMO OTMETHUTH, UTO €CIIH KOHEI] BEKTOpa MOCJIEAHENH OTKIIAIbIBAEMOM CHIIBI IIPH-

JIeT B HAYaJIbHYIO TOYKY A MHOTOYTOJIbHUKA (TIOJIYYUTCSI 3aMKHYTBIII MHOTOYTOJIBHUK), TO 3TO Oy-
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JeT 3HA4YWTh, YTO PaBHOACHCTBYIOIIAs paBHA HYJIO (3aMBIKAIOLIEH CTOPOHBI Y CHJIOBOTO MHOIO-
yroibHUKa HeT). B KauecTBe HEAOCTATKOB JAHHOTO CIOCO0a MOXHO BBIJICIUTH HEIOCTATOYHYIO
TOYHOCTB M OOJBIIYIO TPYIOEMKOCTh BHITOTHEHHUS.

AHAIUTUYECKUH CIIOCOO CIIOKEHUS CXOJSIIMXCS CUJ 1aeT TOUHBIM pe3yabTaT U COCTOMUT B
cnenyromeM. CHayasia OonpeiessioT MPOEKIUY PaBHOJEHCTBYIOIIENH HAa OCH KOOpAMHAT, KOTOpPbIE
PaBHBI CyMMaM MPOEKINI BCEX CHJI CHCTEMbI HA COOTBETCTBYIOIIIHME OCH.

Rx:szx' Ry:szy’ Rz:Zsz'

3aTeM OonpeaessaioT MOAYJIb PaBHOACHCTBYIOIICH:

R=,R.+R.+R’. 1)

[Tocne yero onpenesnsrOT HaIpPaBICHUE PABHOAEHCTBYIOLIEH 110 HAPABIIAIOIIMM KOCUHYCAM:

cos a =R, /R, cos g = Ry/R, cos y =R, /R,
A€ a, B, y - 3TOYIJBI MCKIY paBHOﬂeﬁCTBYIOLHefI H OCAMHU X, Y, Z COOTBETCTBCHHO.

Ycaosusa PaBHOBECUA CUCTEMbI CXOAAUIUXCH CUJ

Panee 6b110 OTMCYCHO, YTO IIpHU paBHOBECHUH CUCTEMA CUJI SKBUBAJICHTHA HYJIIO. HOCKOJ’II)Ky
mro0asi cucTeMa CXOJSAUINXCS CHUJT UMEET PaBHOJEHUCTBYIONIYIO (3aMEHSETCsS OJHOM CHIION), cieno-
BAaTCIIbHO, JJIs1 PABHOBCCHUA CUCTEMBbBI CXOAAIINXCA CHIT HCO6XOI[I/IMO n A0CTaTO4YHO, 4TOOBI €€ paB-
HOJeicTByOIAs Obl1a paBHa HyIo (R = 0).

B reometpuyeckoil ¢opme 3T0 3HAUUT, YTO MHOTOYTOJIbHUK, IOCTPOEHHBIN U3 CUJI CUCTEMBbI
JIOJKEH OBITh 3aMKHYTBIM.

B ananuTtnueckoii popme paBeHCTBO HYJIO PaBHOAEHCTBYIOLIEH Oy/eT pH paBEHCTBE HYIIIO
CYMM MPOEKIMHA BCEX CHJI CUCTEMBI Ha ocu KoopauHart (1).

Takum oOpa3om, I paBHOBECHS CXOJISAIIEHCS CUCTEMBI CHJI B IPOCTPAHCTBE HEOOXOIUMO U
JO0CTAaTO4YHO, YTOOBI CYMMBI HpOCKHI/Iﬁ BCE€X CHJI CUCTEMBI Ha OCH X, y, Z ObLIH PaBHBI HYJIIO:

3 Fi =0,
> Fy =0, (2
3 Fp =0.

I[J'IH paBHOBECHUA KE€ CUCTECMbI CXOOAINUXCS CUJI HAa IIIOCKOCTU HCO6XO):[I/IMO n J0CTAaTO4YHO,
YTOOBI CYMMBI HpOCKL[I/Iﬁ BCE€X CHJI CUCTCMbI Ha OCH X U Y, paCIOJIOKCHHBIC B TOM K€ IUIOCKOCTH
4YTO U CHJIbI CUCTCMBI, ObLIH PaBHBI HYJITO:
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2 Fu =
2 Fiy =
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o

To €CThb, INIOCKOCTHAA U NPOCTPAHCTBECHHAA MOACIIN CUCTCM KOOPAWHAT OTIINYAKOTCA 110 KO-
JIMYCCTBY PABCHCTB U 1O KOJUYCCTBY oCeil CUCTEMBI.

MoOMeEHT CHJIbI OTHOCUTEIbHO TOUKH (AJIredpandecKuii 1 Kak BeKTOp)

BpaH.[aTeJ'IBHOC ,HeﬁCTBHe CHJIbI OTHOCHUTCIIbPHO TOYKH (OCI/I) OLICHUBACTCA €€ MOMCHTOM. Pasz-
JIN4aroT anre6pa1/1quKI/H71 MOMCHT CHJIBI OTHOCHUTCIBHO TOYKHU (,I[J'IS[ KpaTKOCTHU CJIOBO aﬂre6panqe—
CKHI1 9acTo OHyCKaeTCﬂ) 1 MOMCHT CHUJIbI OTHOCUTCIIBHO TOYKH, KaK BEKTOP.

MOMEHTOM CHJIBI OTHOCHTEIHLHO TOYKH HA3BbIBACTCS B3SATOC CO 3HAKOM ILIIOC HJIH MHHYC
IMMPOU3BCACHUC MOAYJIA CUJIBI Ha €€ I1JICYO.

m,(F)=+Fh.

[Tneyom h Ha3bpIBaeTCsI HAMMEHBIIIEE PACCTOSIHUE OT TOYKH JIO JIMHUM JCHCTBHUS CHIIbI (PHCY-
HOK 2).

Pucynok 2 — ITiedo cuisr h

MoMeHT (B TEOpETHUECKONW MEXaHUKE) CUUTAETCS MOJOKHUTEIbHBIM TOT' 1A, KOT/Ia CUJIa CTpe-
MUTCS IOBEPHYTH TEJIO MPOTUB XOJa YaCOBOM CTPEJIKH, U OTPULATEIbHBIM, €CIHU 110 XOAY YaCOBOU
CTPEJIKH.

3aMeTHUM, 4TO C FT€OMETPUUECKON TOUKH 3pEHUs



m,(F)=+2m. AOAB.

PaccmotpenHbiM anreOpanueckuM MOMEHTOM CHUJIBI MTOJIB3YIOTCSL TOTIa, KOT/1a BCE CHIIBI CH-
ctembl 1 Touka O JiexaT B OJJHON MIIOCKOCTU (MOMEHTBI UMEIOT OJIHY IIOCKOCTh AeiicTBus). Koraa
K€ TJIOCKOCTH JICMCTBUSI MOMEHTOB CHJI pa3HbIE, TO UX HEOOXOJAMMO YUUTHIBATh, TOCKOJIBKY Bpalla-
TEJIbHOE JIEUCTBUE CHUJIBI OTHOCUTEIHHO HEMOABUKHOM TOUYKU OMPENEISCTCS HE TOJIBKO MOIYJIEM
momenTa (Fh) u HampaBieHuem BpallleHus, HO U IUIOCKOCTBIO JCHCTBUS MOMEHTa (OHA MPOXOIMT
4yepe3 BEKTOP CHIIBI U TOUKY). B 3TOM ciiydyae MOMEHT CHJIBI MPECTABISIOT BEKTOPOM, MPUIIOKEH-
HBIM B JIaHHOM TOYKE, PACIOJOXKEHHBIM MEPIEHIUKYISAPHO IJIOCKOCTU ACMCTBHS MOMEHTa U
HAIpPAaBJIEHHBIM OT TOU IJIOCKOCTU B TY CTOPOHY, OTKY/]a TOBOPOT CUJIBI BUJIEH MPOTUB X0/1a 4aco-
Boii cTpenku (Pucynok 3).

T Am,(F)=FxF
~ A

,/D B

PI/ICYHOK 3-— HaHpaBJ'ICHI/Ie BCKTOPAa MOMCHTA CHJIbI

Takol BEKTOp 3a1aeT U MIIOCKOCTh JEUCTBHUS MOMEHTAa, U MOAYJIb MOMEHTA, U HAIPABIICHHUE
BpAaIICHUS.
OcTaHOBHUMCS Ha BBIPA)KEHUU BEKTOP-MOMEHTA CHJIbI OTHOCUTEIBHO TOYKH BEKTOPHBIM IIPO-

U3BEJICHUEM PaJNyC-BEKTOpa r = O4 U BeKTopa cwibl F . Kak oTMmeuanoch BbIIIE MOMEHT CHJIBI
OTHOCHUTEINIBHO Toukd O paBeH yaBOCHHOM Iutomanu tpeyroisauka OAB. C npyroii cTOpoHbI

2 1. AOAB :‘Fx E‘,

TO €CTh BEKTOPbI M, (F) u r x F PaBHBI 10 MOAYJIIO.

Ecnan mexonnute U3 onpeneseHns BEKTOPHOTO MPOU3BEACHUS JBYX BEKTOPOB, UTO ITO €CTh
BEKTOp PaCIHOJIOKEHHBIN MEPIICHANKYISAPHO K MEPEMHOKAEMBIM BEKTOPaM M HaIIpaBJIEHHBIN Tyna,
OTKYy/Z1a TOBOPOT MEPBOr0 BEKTOpa KO BTOPOMY Ha HAMMEHBIIUHN YroJl BUAEH IPOTUB X0J1a YaCOBOM

CTPEJIKH, M0 PUCYHKY 3 MOXKHO YBHJEThb, YTO BEKTOPHI m (F) u rx F COBIAJAIOT MO HaIpaBie-

Huto. Toraa nmomydaercs, 4To

10



m,(F)=FxF 4)
Takum O6pa30M, PaBCHCTBO ABJIACTCA aKTYaJIbHBIM U JOKA3bIBACTCA JAXKE 11O YCPTCIKY.

Teopema BapuHboHA 0 MOMEHTE PaBHOACHCTBYIOLIEH

Janum o06o0meHnyo (GopMyIHpoBKY Teopembl (0€3 JoKa3aTelbCTBa): MOMEHT pPaBHOCH-
CTBYIOIICH CHCTEMBI CHJI OTHOCHTEIBHO TOYKH HIIM OCH PAaBEH CyMME MOMEHTOB BCEX CHJI CHCTEMBI
OTHOCHTEJIHO STOW TOYKH WJIH OCH.

YcioBue papHOBeCHs pblyara

HOII pbl4aroMm B MCXaHHUKE IMOHHUMACTCA 71000€ TCJI0, KOTOPOC MOXKET IMOBOPAYHUBATHECA BOKPYT
HGKOTOpOﬁ TOYKHU HUJIN OCH 110 I[GﬁCTBHGM AKTHUBHBIX CHIJI.

Paccmotpum poruar (PucyHok 4), Ha KOTOpBIH 1€HCTBYIOT aKTUBHbBIE CHIIBL Fy,F, ..., F, .

PI/ICYHOK 4 — Ppryar u akTUBHBIE CHIIBI

TIpuBeneM 3Ty CHCTEMY CHI K paBHOfeiicTBytomeii R . Toraa Ha peryar 6yayT AeiicTBOBaTh

JIBE CUIIBI — PABHOJCHCTBYIOIIAs R ¥ peakius N omopsl (ocu) O peryara. [Ipu paBHOBECHH phIYa-
ra 3TU CWJIbI OyJIyT paBHBI IO MOAYJIO M HaIlpaBJICHbI BIOJIb OJHON MPSMOIl B MPOTHBOIOJIOKHbIE
CTOPOHBI (coriacHo akcuoMsbl 1 cratuku). U3 aToro crieayer, 4To MOMEHT paBHOAEHCTBYIOIIEH ak-
TUBHBIX CHJI CUCTEMbI OTHOCUTEIBHO TOUYKH OMOPHI (OCH) pbluara OyAeT paBeH HYII0, TaK KaK JMHUS
JIEeNCTBUS paBHOJAEUCTBYIOMIEH Oyaer mpoxoauTh yepe3 O. [locnenuuii sxe, cormacHo Teopembl Ba-
PUHBOHA O MOMEHTE PaBHOACHUCTBYIOLICH, PaBEH CyMME MOMEHTOB BCEX AKTUBHBIX CUJ CHCTEMBI
OTHOCHUTEJILHO TOYKHU OIOpHI (0CH) pbryara. To ecTb:

ZmO(Fk)zo.
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HOHY‘-ICHHOG PAaBCHCTBO ABJISICTCSA YCIIOBUCM PABHOBCCHUSA pbldara: HJIA paBHOBCCHUA pblyara
H€06XOI[I/IMO n 10CTaTO4HO, YTOOKI CymMMa MOMCHTOB BCCX dKTUBHBIX CHUJI, ﬂCﬁCTBYIOHlHX Ha pblyar,

OTHOCHUTEJILHO TOUYKH OIOPHI (OCH) pblyara Oblia paBHA HYIIIO.
MoMeHT CHJIbI OTHOCHTEIbHO OCH

PaCCMOTpI/IM TCJIO B BUAC HpﬁMOYl"OJ'IBHOfI IIJTAaCTUHBI, KOTOPOE€ MOXKET IMOBOPAYMNBATECA BO-

KPYT OCH Z o[ ielicTBHeM cutbl F  (PucyHOK 5).
z

Ar

Pucynok 5 — MOMEHT CUIIbI OTHOCUTEIBHO TOUYKHU

Paznoxum 9Ty CUJIy Ha AB€ COCTABJIAOIME F, , JICKAIIYIO B INIOCKOCTH HepHeHI{HKYHHpHOﬁ
OCH Z, ¥ cully F, mapaJuieJIbHYIO atoi ocu. CoriracHo TCOpEMEC BapI/IHBOHa O MOMCHTC paBHOHeﬁ—

CTBYIOHleﬁ MOMEHT CHJIBI F OTHOCHUTEJIBHO OCH Z 6YI[6T paBE€H CyMME€ MOMCHTOB CUJI F; U F, OT-

HOCHUTEJILHO DTOU OCH:

m,(F)y=m,(F)+m,(F,).

Mowmenr cuibl Fy Oyzer paBeH: m, (F_l) = Fh = (F cos a)h, a MOMEHT m, (F_Z) = 0, TaK KakK
OHa MapajuleJIbHa OCH Z W MOBEPHYTH TEJIO BOKPYI OCH HE MOJKET, YTO BIOJHE O4YeBHUIHO. Torma
OKOHYATEIIBHO MOJIy4YUM

mZ(F_) =+F,h=%(F cos a)h.

Takum oOpasom, A ompeseNieHuss MOMEHTa CHJIbI OTHOCUTEIBHO OCH HEOOXOJMMO CHUITY
CIIPOEKTUPOBATh HA IJIOCKOCTh MEPIEHIUKYISIPHYIO OCH M HAUTH MOMEHT 3TOW NMPOEKIUHA OTHOCH-
TEJIbHO TOYKHU IEPECEYEHUs] ITOU IUIOCKOCTH C OChbIO. MOMEHT CUMTAETCS MOJIOKUTEIbHBIM, €CIIU
IS C TOJIOKUTENBHOTO KOHIIA OCU BUIAT IOBOPOT, COBEPIIAEMBIN CUJION, IIPOTUB X0J1a 4aCOBOU

CTPEJIKH, U OTPULATENIBHBIM, €CJIH 110 X0y YaCOBOU CTPEIIKH.
12



OOpartuM BHEMaHHUE Ha TO, YTO €CIIU CHJIA TIapalljielibHa OCH WM JIMHUS €€ JACUCTBUS Tepe-
CEeKaeT 0Ch, TO €€ MOMECHT OTHOCHTEIILHO OCH OY/IET paBEH HYIIIO.

CBsi3b MOMEHTa CHJIBI OTHOCHTEJIHLHO OCH C MOMEHTOM CHJIbI OTHOCHUTEJILHO JII000ii
TOYKH HA OCH

[Tokaxxem Ha yeprexke OChb Z, CHIIy F , BEKTOP-MOMEHT 3TOW CHUJIbI OTHOCUTEIIBHO IPOU3-
BOJIbHOM Touku O Ha OcH, MPOEKIMIO ATON CUJIbl F; Ha IUIOCKOCTh NEPIEHIUKYIISIPHYIO OCU Z, Tpe-

yroiapauku OAB u Oab, yiBoeHHBIE IO KOTOPBIX PaBHBI COOTBETCTBEHHO MOMEHTY CHJIBI OT-
HOCHUTEJIBHO TOUKH O U MOMEHTY CHJIbI OTHOCUTENBHO OCcH Z (PucyHOK 6).

z B

Pucynok 6 — B3auMocBsI3b MOMEHTOB CHJI
VYuuTeIBas, 94T0
2m1. AOab = (2 m1. AOAB)cos «
TOT1a OKOHYATEIbHO MOJIYYUM:
mz(F_) = [rWO(F_)]cos a.

910 PABCHCTBO MMOKAa3bIBACT, YTO MOMCHT CHJIBI OTHOCUTECIIBHO OCH paBCH IMPOCKIMN Ha OTY
OChb BEKTOP-MOMEHTA CUJIBI OTHOCHUTECIIBHO JIFOOOM TOYKHU Ha 3TOM OCH.

AHasmmTH4yeckue GopmMyJibl MOMEHTA CHJIbI OTHOCHTEJIBLHO KOOPAMHATHBIX Ocel

Kaxk Ob110 YCTAHOBJICHO BBIIIC, BEKTOP-MOMCHT CHJIBI OTHOCUTCIILHO TOYKH PABCH:

13



nTO(F):r_xF

Bripa3um BeKTOpHOE MpOU3BENEHUE I x F  uepe3 MPOEKIMH 3TUX BEKTOPOB HA OCH KOOpP-
JIMHAT:

mo(F)=TxF = (yF, - 2F )i+ (F, - xF,)j+ (XF, - yF )k,

rzie X, Y Z — IpOeKINH PaANyCc-BEKTOpa I Ha KOOPIMHATHBIC OCH M OHHU K€ KOOPAWHATHI TOYKH MPHU-
JIO’KECHHUSI CUJIBI.

YuuTeiBas, 4TO IPOEKIUS BEKTOP-MOMEHTA CUJIBI OTHOCUTEIILHO TOYKH HAa OCH Ha OCh PaBHA
MOMEHTY CHJIBI OTHOCUTEIBHO OCH, U3 ITOJIy4YEHHOI'O PaBEHCTBA CIIEYET, YTO MOMEHTBI CHUJIbI F
OTHOCHUTEJIBHO KOOPJIMHATHBIX OCEH PABHBI:

m(F)=yF,-2F ,
2

my(F_)zzFX—xF

X"

mZ(F_):xFyfyF

I[aHHI)IC PAaBCHCTBA HA3bIBAIOTCA aHAJITUTUYCCKUMU (1)OpMy.HaMI/I MOMCHTA CUJIBI OTHOCHTCIIb-
HO KOOPpAWHATHBIX oceii.
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Jlexnusa 2

1. Cps3u u ux peakuuu. Busl cBsA3ei 1 HanpaBlieHUE X PeAKIUil. AKCOMA CBSI3EH.

N

. ITapa cun. MoMeHT napbl anredpandeckuii 1 Kak BEKTOP.

3. Teopema 00 SKBHBaJICHTHBIX Mapax Ha MiIockocTu. CBOICTBA Map Ha IUIOCKOCTH. Teopema o
IIEPEHOCE Maphl B NaPAJUIEIBHYIO INIOCKOCTb.

4. TeopeMsl O CII0KEHUU Map HA INIOCKOCTH U B IPOCTPAHCTBE.

5. YcnoBus paBHOBecHs IIap HA IUIOCKOCTU U B IPOCTPAHCTBE.

CBs3M U MX peaKkuHu

Bce TBepablie Tena MOXKHO pa3lieuTh HAa CBOOOJHBIE U HECBOOOIHBIE. CBOOOTHBIM HA3bIBA-
€TCsl TeJI0, KOTOPOMY M3 JaHHOI'O MOJIOKEHUSI MOXKHO COOOIIUTH MepeMEIlIeHNE B JII00OM HarpasJie-
HUU B TIpocTpaHcTBe. HecBOOOAHBIMU HA3BIBAIOTCS TEJa, MEPEMENICHHUE KOTOPBIX MO KaKOMY-IH00
HaIPaBJICHUIO OIPAHUYEHO JAPYTUMHU TEIaMHU.

Bce orpannuenus (Tena), mpensTCTBYIOIIME MEPEMEIICHUIO JIAaHHOTO Tejla B MPOCTPAHCTBE
M0 KaKOMY-JIM0O HaIPaBJICHUIO, HA3BIBAIOTCS CBA3SMU.

Cunbl, ¢ KOTOPBIMU CBSI3U JCHCTBYIOT Ha JIAaHHOE TEJI0, HA3bIBAIOTCS PEAKIIUSIMH CBSI3CH.

B nanbHeiiniem cuibl, He SBISIOMIMECS PEaKIUSIMHU CBsi3el, OyZeM Ha3bIBaTh AKTUBHBIMU CH-
namu. VX HampaBlieHUE W YMCIICHHAs BETUYMHA HE 3aBUCAT OT JIPYTUX JIEHCTBYIOIIMX HA TEJIO CUJI U
OT HAJIOKEHHBIX Ha HEro cBs3el. Peakuuu ke cBsi3ell, HAOOOPOT, 3aBUCAT OT AKTUBHBIX CHJI MOJIHO-
CTBIO.

Buabl cBsi3eil M HAaNpaBJIeHUe UX pPeaKkI Uil

Jnsa pemienus 3a1ay MEXAaHUKU OYE€Hb BAKHO 3HATH BU/BI CBS3€M M HAIIPABIICHUE UX PEaK-

uuii. PaccMOTpUM OCHOBHBIE BUIbI CBSA3EH:
1. Omnopa Ha rnajkyr noBepxHocTh. [loa rimagkoii moHMMaeTcs MOBEPXHOCTh, TPEHUEM O KO-
Topyto npeHebperarT. Takas MOBEPXHOCTh HE JAET TENy MepeMeaTbcs Mo HAIpPaBIECHUIO 10 Mep-

NeHAUKYISIpHOMY K Hell HampasneHuto. [loatomy, peakuuss N riankoil moBepXHOCTH HampaiieHa
NEePICHAUKYIISPHO OT 3ToM ToBepxHOCTH (Pucynok 1).

N:

Pucynok | — Peaknust onopsl riaakoil HOBEpXHOCTH
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2. Hurte. CBs3bl0 CyXKHUT rUOKast HepacTsKUMast HUTh. [IpakTruecku K 3TOMy BUY CBSI3U OT-
HOCSITCS Bce THOKHE Tea: peMHHU, [IEeTH, TPOCHI, KAHATHI, BEPEBKU U JIpyrue. Peakius HUTH Beeraa
HarpaBJieHa BJI0JIb HUTH K TOYKe ee mojBeca (PucyHok 2).

Pucynox 2 — Bun cBsi3u HUTH

3. CrepxeHb. DTO XECTKOE UIMHHOE Teno AB ¢ mapHHpaMu Ha KOHIIAX, CEYEHHE KOTOPOro
MaJio 1O CPAaBHEHUIO C €ro JJIMHOM. TpeHueM B mapHHpaxX U BECOM CTEPIKHs OOBIYHO MpeHedpera-
10T, TOTJa OH padOTaeT WU Ha CXKaThe, WK Ha pacTspkeHue. [1oaToMy peakiusi CTep»HS Bceraa
HarpaBJieHa BJIOJIb CTEp)KHs. HarmpaBiieHune ee Hamepe HEM3BECTHO M €CJIM MOKa3aHo OyIeT He TO
HarpaBJICHUE, TO TIepe]] 3HAYCHUEM PEaKIMK MOJTy4nuM 3HaK MuHYyC (PucyHoK 3).

Pucynok 3 — CrepxeHb

4. HenoaBWXHBIM NUIMHAPUYECKUN TAPHUP (MOAMMIHUK). [0 KOHCTPYKIIMK OHU MOTYT OBIThH

camble pazHOOOpa3Hble, MPOCTEUIINI TpUMEp — JIBE Tela COETUHEHHbIE KPYTIIbIM MPYTKOM, MPOXO0-
JSIIUM 4epe3 OTBepCcTHsl B 3THX Tenax. OceBas JIMHHUS Z NPYTKAa HA3bIBACTCS OCBKO HIApHHPA.
VYcnoBHbIE 1300pakeHUsI TAKOTO IMAapHUpa A MOKa3aHbl HAa pUcyHKe 4. Tak Kak MIapHUpP HE MpemnsT-
CTBYET ABW)XEHUIO Teja (IpyTKa) BIOJIb OCH LIAPHUPA, & OTPAaHUYUBAET €ro MepeMenieHus 1o Jto-
O60My HampaBJICHUIO MEPIEHIUKYISIPHOMY 3TOM OCH, TO PeaKlus HEMOBIKHOTO IUIMHIPUYECKOTO
LIapHHUpA HaIpaBjI€Ha MEPIEHIUKYIISAPHO €ro OCH, HO B KAKOM HAIIPABJICHUH HEU3BECTHO HAIlEpeN.

HOBTOMy, B OOJIBIITMHCTBE CJIy4acB, €€ HayraJ 3aJar0T ABYMsS COCTaBJIAIOUNIUMH (Haan/IMep X 4,

Y , , KaK Ha PUCYHKE 4) napaiuICJIbHBIMH OCSIM KOOPJAWHAT, KOTOPBIC K OCH MIapHHUpPA pacrojararoT

nepreHnKyIsapHo. [IpaBunbHOCT BHIOOpA HANPABJICHUS STHX COCTABJIIOIIUMX YTOUHSETCS IO 3a-
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BEPILICHUN MX BBIYMCIICHMS: €CJIM HAIIPABJICHMs MOKa3aHbl BEPHO, TO 3HAYEHUs COCTABIIAIOLINX Oy-
IyT UMETh 3HAKH IUTIOC, a €CIIM HET, TO 3HAKW MUHYC. MOJIyNH K€ COCTaBJISIOMUX OYAYT BEPHBI U
OT TOT'O yraaajiu Mbl WJIM HECT HAIIPABJIICHHUA COCTABJIAIOIINX HC 3aBUCAT.

Korna Ha teno neiictByet He Gojiee Tpex CHII, BKIIIOYAsi peakiuy CBS3eH, 1 OHU PaCIOJIOXKe-
Hbl B OJITHOM IUIOCKOCTU U HE NapaljIelIbHbI, TO HallpaBJIeHUE (TOYHEE JIMHUIO JIEHCTBUS) PEAKIMU
HEMOABMKHOTO LIMIMHIPUYECKOTO HIAPHUPA ONPENENIOT C IIOMOLIbI0 TEOPEMBI O Tpex cuiax. OHa
COCTOUT B CJIEJYIOLIEM: €CJIM Ha TEJO, HaXOslleecs] B paBHOBECUH, JEHCTBYIOT TPU HeNapauleib-
HbI€ CUJIBI, JIS)KAIIHE B OJJHOU TNIOCKOCTH, TO JIMHUU UX JEHCTBUS NIEPECEKAOTCS B OJTHOM TOUKE.

7.

Pucynok 4 — HenoiB»KHBIN IUIMHAPUYECKUN [IAPHUP WK TOJIIUITHUK

5. Illaposoii mapuup u noansTHUK. HanpaBneHus peaxuuii 3Tux cBa3eil Hanepea HEU3BECTHBI,
TaK KaK OHU OIPaHMUYMBAIOT IIEPEMELICHUE Tea IO BceM HanpasieHusAM. [loaromy ux peakuuro 3a-

JAr0T TPpEMs COCTABIIAIOIMMU IapalJICIbHBIMA OCAM KOOPJAHMHAT X, Y, Z W IO INOJYYCHHBIM 3HaKaM
9TUX BCJIMYUH CYIAT O IPAaBUJIIbHOCTHU YKa3aHUA HaHpaBJ’IeHI/Iﬁ COCTaBJIAIOIINX.
6. JKectkas 3aACJIKa. B stom CJIydac 4acCTb TCJla, HAIPUMEP KOHCI] 6aJ'IKI/I, BMOHTHUpPOBAaHa B

Jpyroe Tejo (CBA3b) KECTKO — 3aMypOBaHa B KJIAJIKy, 3aJIuTa OETOHOM, 3alIpecCOBaHa B OTBEPCTHE,
BBHHYEHA B pe3b00BOE OoTBEepCcTHE U T.N. IIpy NEeHCTBUU Ha TENO MJIOCKOW CHCTEMBI CHII peaKlys
YKECTKOM 3a1e7IKU OyJIeT COCTOSITh U3 MIPOU3BOJIBHON MJIOCKOW CHCTEMBI CUJI, KOTOPast PUBOJUTCS K
CHJIE U Tape, C HEU3BECTHBIMH Halepe HanpasieHUusMH. [103ToMy peakiuio KeCTKON 3aeKu 3a-
JAI0T JBYMsSI COCTAaBJISIOLIMMH HapauieIbHbIMU OCSIM X M Y, PACIIONIOKEHHBIMU B INIOCKOCTH JIE€H-
CTBYIOIINX Ha TEJIO CHUII, U APOM CHII, PACTIOIOKEHHO B TOM ke rockoctr (PrucyHok 5).

¥
AV,
y X, .
[l ———— —
My

Pucynox 5 — XKecrtkas 3anenka 6anku
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HampaBnienusi cocTaBisioluX U BpallleHUsl Mapbl YKa3bIBalOT MIPOU3BOJIBHO U YTOUHSIOT IO
3aBEPIICHUH UX ONPEIeTICHUs M0 MOJYyUYCHHBIM 3HaKaM UX 3HAaYCHUH.

AKcHOMA CBA3EI.

DTa akcrmoMa COCTOHUT B cJIcayrouem: JI000€e He CBO6OI[HO€ TCJIO MOXKHO CACJIaTh CBO60,Z[-
HBbIM, €CJIN OT6pOCI/ITB CBA3HU U UX HCfICTBHC 3aMCHHUTD PCAKIUAMU.

IMapa cuii. MoMeHT napsbl ajired0pandecKuii 1 Kak BeKTop

[Tapoii cui Ha3pIBaeTCS CUCTEMA U3 JIBYX PABHBIX MO MOJYJIIO aHTUTIApaJIeabHBIX cuil. [lapa
PaBHOAECHCTBYIOIIEN HE UMEET, T. €. 3AMEHUTh U YPABHOBECUTH €€ OJHOW cuiion Henb3s. [lapa oka-
3BIBACT BpAIATENILHOE JEHCTBHE, KOTOpOE OmpeienseTcs Tpems (akTopaMu: MOJIyJeM MOMEHTa
napbl, HaMpaBJICHUEM BPAICHHUS, INIOCKOCTHIO IEHCTBUS Mapbl (Ta MIIOCKOCTh, B KOTOPOIl JiexaT Cu-
JIBI TTApHI).

PasznuyaroT anreOpanueckuii MOMEHT Mapbl U MOMEHT Hapbl KaKk BEKTOP.

MowmeHnToM mapsl (aaredpanyeckuM) Ha3bIBA€TCS B3SATOE CO 3HAKOM ILIIOC UM MHHYC MIpO-
U3BEJIEHUE MOy JIF0OOM U3 CHJI Tapbl HA IJIEYO MapHI.

m =+Fh=xF,h.

[Tiredo h — 3T0 HaUMEHbIIIee PACCTOSHUE MEKY JIMHUSIMHU JACHCTBUS CHJI Mapbl. 3HAK YUUTHI-
BacT HAIpaBJEHUE BPAIICHUS Mapbl: €CJIHM Iapa CTPEMUTCS BpaIllaTh TEIO MPOTHB XOJa YaCOBOM
CTPCJIKHU, TO €€ MOMCHT IPHUHATO CHHUTATh IMOJIOXUTCIIBHBIM, a €CJIN 110 X0y JacOBOU CTPCJIKH, TO
OTpULATCIIbHBIM. Ha YCpTeKax IMapbl Hauic I/I306pa}KaIOT AYTOBBIMU CTPCIIKAMH C YKAa3aHUCM HX
MOMEHTA.

3aMeTHUM, 4TO C T€OMETPUYECKON TOUKH 3PEHHS MOMEHT Iapbl PaBeH YABOCHHOM IIOIIAIU
TPEYTrOoJbHUKA, OJHOW CTOPOHOM KOTOPOTO SIBJIAETCS JTF00ast CHjla Maphbl, a ABYMsI IPYTUMH OTPE3KH,
COCIMHSIONINE HAYal0 M KOHEI[ BEKTOpa 3TOW CHJIBI C TOYKOW MPHJIOKEHHS BTOPOH CHJIBI Maphbl,
Hanpumep A4BC (PucyHok 6).

Pucynok 6 — MomeHT napsl cuil

18



AnrebpanyeckuM MOMEHTOM IMaphl MOJIb3YIOTCS TOTAa, KOTJa Mapbl JEKaT B OJHOM MIOCKO-
CTH, a II03TOMY 33/1aBaTh €€ He HaJ0. Eciu e napbl HMEIOT pa3Hble MJIOCKOCTH JEHCTBUS, TO HAJI0
YUHUTHIBATH MJIOCKOCTU UX JACHCTBUS, U TOTJIa MOMEHT Haphbl MPEACTABISIOT BEKTOPOM. DTOT BEKTOP-
MOMEHT Tapbl, YACIEHHO PAaBHBIA MOAYJI0 MOMEHTA Napbl, IPUJIAraloT B 000N TOYKE MIOCKOCTH
JIEMCTBUS TIaphl M HAIPABJISIOT €ro MEPIEeHIUKYISIPHO OT 3TOM IUIOCKOCTH TyJa, OTKyAa MOBOPOT
napbl BUJCH IIPOTHB X0/1a 4acoBO# cTpenku (Pucynok 7).

AT

Pucynok 7 — BeKkTOp-MOMEHT Iapbl CHII

Takoii BEKTOp OAMH 3aJaeT BCE TPH, YIIOMSHYTHIC BbIIIE, (haKTOpa, OMpPEACISIONne Aei-

CTBHE IapBbI.
Teopema 00 3KBHBAJIEHTHBIX NAPax Ha MJIOCKOCTH

Z[aHHaH TEOpEMa TJIaCUT: ABC IIApbI, JICKAIIUC B OHHOﬁ IIJIOCKOCTH U MMCIOIHMEC YHMCICHHO
PaBHBIC MOMCHTEI U OJJUHAKOBBLIC HAIIPaBJICHUA BPAIICHUA 3KBHUBAJICHTHBI APYT APYTY. HpI/IBe)ICM
J0Ka3aTCIbCTBO TCOPEMBI.

TIycTh B IIOCKOCTH 4epTexa aeiicTByer napa F,,F,' (PucyHoK 8).

PI/IcyHOK 8 - TeopeMa 00 SKBUBAJICHTHBIX Imapax Ha IIJIOCKOCTHU
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IIpoBenem nMHUM IEHCTBUSA ITUX CUJ U IIEPECEUYEM UX ABYMs MapaJlICIbHBIMU HAKJIOHHBIMHU
npsimbiMu. [IpoBeneM uepe3 Touku A u B nepeceueHus: 3TuX HAKJIOHHBIX NPSMBIX C JUHUSIMH JEH-

cTBUs cuil F,,F," npsamyto. [lepenecem cuiiel F,, F,' 1O JMHUSIM UX AEMCTBUS U IPUIOKHUM B TOUKaX
A u B, a 3aTeM pa3ioKuM UX Ha COCTaBJISIOLINE, IOCTPOUB COOTBETCTBYIOLIUE MTAPAIIIIEIIOIPAMMBIL.

B cuny pa3noxeHus OAMHAKOBBIX 11O MOAYNIO CHJII T, = -T,'(9TH JBE CHIIbI O0pa3yloT ypas-
HOBEILIEHHYIO CUCTEMY CHJI, TaK KaK HalpaBJ€Hbl BIOJb OJHON NPSIMO B pa3HbIE CTOPOHBI), F, = -

F, (3Tu 1Be cuibl 00pa3yroT Mapy Cuil, Tak Kak aHTunapaiieinbHsl). Kpome Toro B cuiy pasioxe-
HUs
(Flv Fll) = (Fz ) leleyTl') .

OTHHMMEM OT NOJYYEHHOM B pe3ybTaTe Pa3oKeHUs] CHCTEMbI CUJI cucTeMy cui (T,,T,") 3K-

BUBAJICHTHYIO HYJIIO (HA OCHOBAaHUS aKCMOMBI 2 CTaTUKU) U TOT/1a OyneT:
(Fi.F))=(F,,F;)).

Takum o6pazom, uMeeM, 4TO ABE Maphl, JeKallue B OJHON IUIOCKOCTH, UMEIOIUE OJUHAKO-
BbI€ HaIIpaBJICHUS BPAILlEHUs U YMCJIEHHO PaBHbIE MOMEHTHI (2 MOMEHTHI 3TUX I1ap YHUCJIEHHO paB-
HBI, TaK KaK TpeyrodbHUKH ABC u ABD uMeroT oJiHaKOBbIE IIIOMIAIN — Y HUX 00Iee OCHOBAHUE H
OJIMHAKOBasl BHICOTA) SKBUBAJIEHTHBI JIPYT IPYTY.

CBolicTBa ap HA IVIOCKOCTH
N3 paccmoTpeHHON TeopeMbl 00 SKBMBAJIEHTHBIX Mapax Ha IUIOCKOCTH BBITEKAIOT CIIEAYIO-
IIK€e 1Ba CBOMCTBA Map Ha MJIOCKOCTH:

1. Hapy B IJTIOCKOCTH €€ JSeMCTBUSA MOKHO KaK YroagHo nepeMenaTb 1 moBOpaunBaTh.
2. VY mapbl MOXXHO UBMCHATH CUJIBI U IJICYO0, COXPaHIA 0e3 M3MEHEHUS MOMECHT.

Teopema o0 mepeHoce mapbl B NapaJLIeJbHYI0 IVIOCKOCTD

Teopema cocTouT B TOM, 4TO JEHCTBUE Mapbl Ha TEJIO HE U3MEHSETCS OT €€ MepeHoca B ma-
paIeNbHYIO IIOCKOCTb.

TeopeMa 0 CJI0KCHHUHU MMap HA IIJIOCKOCTH.

Ona umeer (bOpMyJ'II/IPOBKYZ CHUCTCMaA IIap Ha IIJIOCKOCTHU SKBHUBAJICHTHA OIHOM nape, Jcxa-
el B TOH XKe IIJIOCKOCTH, MOMCHT KOTOpOfI paBCH anrerqueCKoﬁ CYMMC MOMCHTOB BCCX IIap CHU-

creMbl (M =3 m, ).

JlokaxkeM TeopeMy Ha IPUMEPE CIOKEHHUS TPEX, PACIIOJIOKEHHBIX B OJTHON TJIOCKOCTH Tap ¢
MOMEHTaMu My, My, M3 (PucyHok 9).
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Pucynok 9 — Teopema 0 ci1oKeHUH Nap Ha MJI0CKOCTH

[IpencraBuM UX MOMEHTBI BEKTOpaMH, MPUIOKEHHBIMU B MPOU3BOJIbHON Touke O IIIOCKO-
CTH (HAIlOMHHMM, 4TO IMapy B IUIOCKOCTH €€ JEHCTBHs MOXKHO KakK YrojaHo mnepemeuiats). [lomyuum
BEKTOPBI, PACIIOJIOKEHHBIE HA OOHOW NpsAMOW. VX MOYKHO CIIOKHTb M 3aMEHUTH OJHUM BEKTOD-
MOMEHTOM

M = m; + M — M3 ,TO €cTh apoil ¢ MOMEHTOM PaBHBIM aNreOpanyecKkor CyMMe MOMEHTOB
1ap CUCTEMBbI PACIOJIOKEHHOM B TOM € IIOCKOCTH. BrionHe oueBHIHO, 4TO 3TOT pe3yibTar cupa-

BCIJIMB HJIA JIF000r0 YKcaa map.

TeopeMa o c103keHHH AP B MPOCTPAHCTBE

OTta TCOpEMaA IJIaCUT: CUCTEMaA I1ap B NPOCTPAHCTBE SKBHUBAJICHTHA OIHOM nape, MOMCHT KO-

TOPO# paBeH F€OMETPUYECKOH CYMMe MOMEHTOB BCEX Map CHCTEMBI (M =" m, ).

B camom AcJIe, NIYCTh Mapbl ¢ MOMCHTaAMHA M1 U My Jexkar B Pa3HBIX IIIOCKOCTAX (PI/ICYHOK
10).

Pucynok 10 — Crnoxenue nap B mpoOCTPaHCTBE
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[IpeacraBuM X MOMEHTHI BEKTOPAaMH, PHJIOKEHHBIMH B JIFOOOW TOUYKE MPSIMOM, oOpa3ye-
MOM IepeceuyeHueM 3TUX IUIOCKOCTEH. 3aTéM HX CII0)KMM TI'€OMETPUUYECKH U IOJyYUM BEKTOP-
MOMEHT M =m, +m, pe3yabTHpYIoUel mapsl. JlelcTBys MOAOOHBIM 00pa3oM MOXHO CIOXHTb

71r000€ YMCIIo Iap B MPOCTPAHCTBE.
YcaoBusi paBHOBecHsI AP HA MJIOCKOCTH M B MPOCTPAHCTBE.

Jlyis paBHOBecHs CUCTeMa Iap JI0JKHA ObITh SKBHUBAJICHTHBI HYJIIO, CJIEIOBATEIbHO MOMEHT
UX pe3yIbTUPYIOIIEH Maphl JOJKEH ObITh paBeH HYI0. Takum o0pa3oM, YUUTHIBas TEOPEMBI O CII0-
YKEHUH 1ap, UMEEM:
1. It paBHOBECHSI CUCTEMBI TIap Ha TIOCKOCTH HEOOXOAUMO U JJOCTATOYHO, YTOOBI anredpanye-
CKasg cyMMa MOMEHTOB BCEX Iap CUCTEMbI ObLIa paBHA HYJIIO:

Z m,=0.
2. JIns paBHOBECHS CUCTEMBI T1ap B MPOCTPAHCTBE HEOOXOIUMO U JJOCTATOYHO, YTOOBI T€OMETPH-
YecKasi CyMMa MOMEHTOB BCEX Iap CUCTEMbI ObllIa paBHA HYJIIO:

S = 0.
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Jlexnusa 3

HpOI/I3BOJIBHbIe CHUCTEMBbI CUJI

Teopema 0 apajuieIbHOM IEPEHOCE CUITBI.

HpI/IBel[eHI/Ie IMPOU3BOJIBHBIX CUCTCM CUJI K JAHHOMY LICHTPY. Pazurie cJIydard NpUBCACHUA.
Y cioBHst paBHOBECHSI TPOU3BOJIBHBIX CUCTEM CHIL

Y cinoBust paBHOBECHSI CUCTEMBI MTAPaJUICIbHBIX CHII.

o wnh e

TeopeMa 0 IMapajaje;IbHOM IIEPEHOCE CUJIbI

Cuity, IpUI0XKEHHYIO K TBEPJOMY TEIly, MOXKHO IEPEHECTH MapajlIeIbHO caMoil cebe B JTo-
Oyr0 TOUKY Tela, €CJIU MPHU 3TOM K Telly MPHIOKUTh IIapy, MOMEHT KOTOPOI paBeH MOMEHTY Iepe-
HOCHMO# CHITbI OTHOCHTEIILHO TOYKH TiepeHoca (Pucynok 1).

Pucynok 1 - Teopema 0 mapamienbHOM IIEPEHOCE CHIIBI

JleiicTBUTENBHO, MYCTh HA TBEPOE TEJO B TOUKEe A nelcTByeT cuia F . JlelicTBue 3TOH cu-

JIBI Ha TCJIO HC U3BMCHHUTCA, €CJIN B 000 ero Touke B MPUTIOKUM JBE€ YPABHOBCIUICHHBIC CUIIBI F; M
F, , paBHbIC MO MOJYJIIO CUJIC F u apaJisICJIbHBIC eil. HOHy‘IeHHaH CUCTCMa CHUJI 6y;[eT npeacraB-

JATh U3 ceOs cuny F, = F , HO IPUJIOKCHHYIO B TOYKE Bu rnapy ¢uji ¢ MOMCHTOM

m=Fh =mg(F),

4TO U TPeOOBAIOCH J10Ka3aTh.
IIpuBeneHune NPOU3BOJIBHBIX CHCTEM CHJI K JTaHHOMY LIEHTPY
IIpuBecTy CUCTEMY CHJI — HTO 3HAYUT MAKCUMAJILHO €€ YIIPOCTUTb.

[TycTh Ha TBepJO€ TENO NEHCTBYET MPOU3BOJIbHAS MPOCTPAHCTBEHHAs cucteMa cui Fi, Fp,
Fn. (Pucynok 2).
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X
Pucynok 2 — [IpuBeneHne nponu3BOJIbHON CUCTEMBI CHII

[lepeneceM, B COOTBETCTBHH C TEOPEMOI O MapasieIbHOM MEPEHOCE CUIIbI, BCE CHUIIBI CHCTE-
MBI B HEKOTOPYIO TOUKy O, UMEHYEeMYIO B JlajbHEHIIeM [EHTp MPUBEACHUS (U1 IpUMEpPa Ha pHC. 2

IOKa3aH MEPEHOC CUJbl F, ) B PE3YIbTATC NOJYUIUM CUCTEMY CXOIAIUNXCA B HCHTPEC IMPUBCACHUSA

cuJ1 (IPOCTPaHCTBEHHYIO) U CUCTEMY Tap B MIPOCTPAHCTBE.
Cxopsuiuecs: CHIIbI MOKHO CIOKUTh U 3aMEHUTh OJTHON CUIION

R'=3 Fy, 1)

MMEHYEMOM ITIaBHBIN BEKTOP CUCTEMBI CHIL
Cucremy nap ToXe MOYKHO 3aMEHUTb OJHOW Mapoil, MOMEHT KOTOPON paBeH reoMeTpuye-
CKOM CyMM€ MOMEHTOB BCEX Map CUCTEMBI:

M, =3 g (Fy) - 2)

MoMeHT 3TOoM napsbl Ha3bIBAETCS INIABHBIM MOMEHTOM CHCTEMBI CHII.

Takum obpa3om, B o01IeM ciaydae, IPOU3BOJIbHAS MPOCTPAHCTBEHHAsI CUCTEMA CUJI NPUBO-
JUTCS K CWJIE U MTape — INIABHOMY BEKTOPY U IJIJaBHOMY MOMEHTY CHCTEMBI.

3aMeTUM, YTO BEJIMYMHA TJIABHOTO BEKTOpa HE 3aBHCHUT OT BBIOOpa ILIEHTpa MPUBEACHUS, a
[JIaBHOI'O MOMEHTA — 3aBUCHT.

['1aBHBIN BEKTOp MPOM3BOJIBHON CHCTEMBI CHJI Ha IUIOCKOCTH OINPEAEIISETCS TAKKE PABEH-
cTBOM (1), a riaBHBI MOMEHT paBeH HE FT€OMETPUUECKOH, a anredpanyeckoil CcyMMe MOMEHTOB BCEX
CHJI CUCTEMBI OTHOCUTEIIBHO LIEHTpA MPUBEICHUS:

M, =3 my(Fy). @)

Moaynb TJIaBHOTO BEKTOPA CUCTEMBI OTPEEISIOT 110 TOH ke (hopmyJie, 9TO U MOIYJb PaB-
HOJEHUCTBYIOIIEH CXOASAIIEHCS CUCTEMBI CUJI, @ UMEHHO:
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R = \/(Z Fo)? + (O F)® - s IPOM3BOJIBHON CHCTEMBI CHIT Ha IIOCKOCTH,

R = \/(z F)? + (X Fy)? + (X Fp)? - UIS IPOM3BOJIBHOM CHCTEMBI CHJI B IIPOCTPAHCTBE.

HanpaBneHHe TIaBHOI'O BEKTOpa OMPCACIIAOT IO HAIIPABJIAIOIIUM KOCUHYCAM:

cos = R, /R, cosﬂ:Ry/R, cos y =R, /R,

rae Ry, Ry, R; — mpoeknuu romaBHOro BeKTopa Ha OCH KOOPJAMHAT, a PaBHBI OHU CyMMaM IIpo-
€KIIMI BCEX CHJI CUCTEMBI Ha 3TH OCH.

['maBHBIIT MOMEHT MPOM3BOJIBHONW CHCTEMBI CHJI Ha TUIOCKOCTH OmpeaensieTcs mo (gopmyne
(3).

['y1aBHBIM MOMEHT NIPOM3BOJIBHOM INPOCTPAHCTBEHHOW CHCTEMBI CHJI OIPENEISAETCA IO €ro
MPOEKIMAM Ha KOOPJAMHATHBIE OCH, IIOCKOJIbKY OH SIBJISIETCSI BEKTOPOM (2), o popmyiie:

Mo=J[zmx<ﬁ>]2+[zmy(ﬂ>]2+[zmz(5k>]2 ,

TAC BCJIWYHHBI, CTOAIINWC B KBaJApPaTHBIX CKOOKax - ecTb IMPOCKIHHU TI'JIABHOT'O MOMCHTA CHUCTCMBbI

Mo+ My, M, HaOCH KOOPAMHAT X, Y, Z COOTBETCTBEHHO.

HanpaBneHHe TIaBHOI'O MOMEHTA CUCTCMBI OIIPCACIIACTCSA 110 HAITPABJIAIOIIHUM KOCUHYCAaM:

cosa=M, IM, csp=M,IM, csy=M, IM

o’ [ oz o"

Pasnble CJIy4yam NpUuBECACHUA l'lpOI/I3BOJ'IbHOI71 CUCTEMBI CUJI K JAaHHOMY HECHTPY

B 3aBucuMocCTH OT 3HAYCHHUU TJIAaBHOI'O BCEKTOpPAa M I''ITAaBHOTO MOMCHTA CUCTEMbI BO3MOKHBI
CICAYIOMUC YCThIPC YaCTHBIX CIIydas MPUBCIACHUA HpOH3BOJ’IBHOfI CUCTCMEBI CUJI K TAHHOMY LICHTPY:

R'=0, M, # 0 -cUcTeMa IPUBOJUTCA K CHJIE U N1ape, paBHOBECHUS HET;
R'#0, M, =0 -cucrema npuBoguTcs K 1 cuie (paBHOJCHCTBYIOIIEH ), pABHOBECHS HET;

R'=0, M o # 0 - cucTeéMa NpuBOJUTCY K ITape, paBHOBECHS HET,

A

R'=0, M o = 0 - cuCTEMa 3KBHBAJICHTHA HYJIIO U HAXOJHUTCSI B PaBHOBECHH.

B nepBom citydae [1si IpOM3BOIBHON CHCTEMBI CHJI Ha MJIOCKOCTH BO3MOXHO JalbHEWIee
VIPOILEHNE U TIPUBEJIEHUE €€ K OJJTHOM ChJe, TO €CTh PaBHOJICHCTBYIOIIEH, HO OHa Oy/IeT IPOXOIUTh
HE yepe3 IIEHTp IMPUBEJIEHUS, a CMElIeHa MapajljieIbHO OT HEro Ha pacCTOsSTHUE
o .

R '

h =

OcTaBUM HEU3MEHHBIM Mo, HO CHWJIBI ITapbl ( R, Rl) BO3bMCM PAaBHBIMH 110 MOAYJIIO I''IAaBHO-

MY BEKTODPY R . Torza mie4o napsel Oyner
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h=—2
Rl

ITocne 3Toro rnapy B €€ IJIOCKOCTHU NEPEMECTUM U ITOBEPHEM Tak, YTOOBI CUJIBI R’ n R, OBI-

JIM HAIPaBJICHBI 110 OJIHOW MPSMOI B pa3HbIe CTOPOHBI, TO €CTh JaBAIH YPABHOBCIICHHYIO CUCTEMY
CHJI, KOTOPYI0 0TOpocuM (1o akcuome 2 cratuku) (Pucynok 3).

Pucynok 3 — IlepeHoc napsl B €€ IIIOCKOCTH

Torma octaHercst TOJIBKO CHJIa R - paBHOAEHCTBYIOILIASA, JTUHUS JEUCTBUS KOTOPOM CMelie-
Ha OT 1eHTpa npuBeaeHust O Ha PacCTOSHUE

h=—2
RI

UYro kacaercs NpOU3BOJIBHONW IPOCTPAHCTBEHHOM CHCTEMBI CHJI, TO B IIEPBOM ClIydae IpUBe-
JIEHUs BO3MOKHBI TPH Pa3JINYHbIX BAPUAHTA:

1. Ecimm M LR', TO Takyl0 CHCTEMY CHJI MOXKHO MPUBECTU K PaBHOJCHCTBYIOLIEH, HE IPOXO-

JsIIe 4yepe3 NCHTP IMPUBCACHUA O. B stom ciIydac TJIaBHBIM BCKTOp ¥ mapa ¢ MOMCHTOM M , J€-

Xar B oiHOM TockoctH (PucyHok 4).

A "R

PI/ICYHOK 4 — I'TaBHBIII MOMCHT PACIOJIOKCH MCPIICHAUKYIIAPHO I'NIABHOMY BECKTOPY
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Bri6paB cuibl mapsl R u R, paBHBIMU MO MOAYJIIO R’ TOJY4YHM, YTO CHJIBI R' u R, B3a-

VMHO YPaBHOBECSTCS, U CUCTEMA MPHUBEIAETCA TOJBKO K OJHOM CUJIE R , JIMHUS AEUCTBUSA KOTOPOM
OTCTOUT OT 1eHTpa npuseacHus O Ha paccrosinue OA = M,/R" .

2. Ecmu M || R', TO CUCTEMA CHJI MPUBOJUTCS K CUJIC U Tape, MIOCKOCTh JEHCTBUS KOTOPOM

nepreHauKysapaa cuie (Pucynok 5).

Pucynok 5 — I'maBHBII MOMEHT PaCIIOIOKEH NapajuIeIbHO IJIaBHOMY BEKTOPY

Taxkas COBOKYIMHOCTb CHWJIBI M Iapbl HA3bIBACTCA AUHAMHUYCCKUM BHUHTOM HJIN IH/IH&MOIZ, a
JIMHUS TEUCTBUS TJIIaBHOTO BCKTOpa HA3bIBACTCA OCbIO JHHAMBI. Z[aaneﬁmee YHIpoumeHne €€ HEBO3-
MOKHO.

3. Ecau rimaBHBIHA BCKTOD U TJIaBHBIM MOMEHT W HE napaJiuiCJIbHbI U HE MCPIICHAUKYIIAPHBI, TO
TaKyH0O CUCTCMY CHJI MOXXHO IPUBECTU K NJUHAME, OCb KOTOpOﬁ HC 6y,[[eT MPpOXOAUTh YCPE3 LICHTP
MMPUBCACHUS.

Pa3znoxuMm riiaBHbIA MOMEHT CHUCTEMBI M o Ha COCTaBJIAOIIHME NECPINCHAUKYISIPHYIO M , U Ma-

palTeNbHyI0 M , TIaBHOMY BekTopy R ' (PucyHoK 6).

PucyHnok 6 - ['1aBHBINM BEKTOP U IJIaBHBIII MOMEHT U HE MApPAJUICIbHbI U HE IEPIICHIUKYIISPHBI

M, U R’ MOYHO IPUBECTH K cliile R = R’'. Torzma octaHercs cuja R W MapajuieIbHbIN el

MOMEHT M ;, TO €CTh JIMHaMa CO CMEUIEHHON OChIO (0Ch TUHAMBI Oy/IeT HalpaBieHa BAOJIb BEKTOpPa
R ).
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Ycaosua pPaBHOBECHUA NMPOU3BOJIBHBLIX CUCTEM CHJI

VY caoBusg paBHOBECHS IIPOM3BOJBHOM IIOCKOHN cucTeMbl cuil. Kak YCTAHOBJICHO, JaHHAasA CH-

cTeMa cuil OyZleT B paBHOBECHH TOJIBKO TOT/Ia, KOT/Ia €€ TJIaBHbII BEKTOP M IJIaBHBI MOMEHT PaBHBI
Hymo. [IpupaBHseM K HYJIIO BBIPaKEHUS MOYJIEH STUX BEJIMUUH:

R=\/(z F)" + (X Fo)* =0,
M, =3 m,(F)=0.

Kaxk BUJHO U3 3THUX PABCHCTB, 3TO BLIIIOJHHUMO IIPH CICAYIOIHNX YCIIOBUAX!

> Fp =0,
Y Fy =0, (4)
> my(F)=0.

Takum 0Opazom, A paBHOBECHS TTPOU3BOJIBHON TJIOCKOM CHCTEMBI CHUJI HEOOXOJIMMO H J0-
CTaTOYHO, YTOOBI CYMMBbI IIPOEKLUNA BCEX CHUJI CUCTEMbI HA OCH X M Yy, PAaCHOJIOKEHHBIE B TOM ke
MJIOCKOCTH, YTO U CUJIbI, OBLIM PaBHBI HYJIIO U, YTOOBI CyMMa MOMEHTOB BCEX CHJI CUCTEMbI OTHOCH-
TEJIbHO JI0O0N TOYKH, PaCMOIOKEHHOH B MIIOCKOCTU ACHCTBHSI CUJI, ObllIa paBHA HYIIIO.

Ora nepBasi popma YCIOBHIA paBHOBECHS HA3bIBACTCS OCHOBHOM, B HEH HET HUKAKUX Orpa-

HUYEHUN Ha BBIOOp IMOJIOKEHHUS Ocell U TOukH. KpoMe OCHOBHOM €CTh €lle /IBE JOIOJHUTEIIbHbIE
(GbopMBI yCIIOBUI PAaBHOBECHS.
Bropas ¢opma ycnoBuii paBHOBECHS: TSI PABHOBECHSI TPOU3BOIBHOM TIIOCKOM CHCTEMBI CHIT

HeO6XO,I[I/IMO n J0CTAaTO4YHO, YTOOBI CYMMbI MOMCHTOB BCCX CHUJI CUCTEMbI OTHOCUTCIIBHO JABYX TO-
YCK, JCKaIIHUX B ITINIOCKOCTH JIeNCTBUSA CHJI, 1 CyMMa HpOGKHI/Iﬁ BCE€X CHUJI CUCTEMBI Ha OCb, pacCIio-
JIO)KCHHYIO B TOM K€ MIOCKOCTH H_HE MNEPIEHIMKYISIPHYIO OTPE3KY, COCAUHAIONIEMY 3TU TOYKH,

ObUIM PaBHBI HYJIIO.

3 Fo =0,
ZmA(F_k)ZO,
S m, (F) = 0.

B sT0it hopme ycioBuil paBHOBecHsI HAJOKEHBI TPEOOBaHUSI HA BBHIOOP TOJOXKEHHUS OCH U
touek. CienyeT UMeTh BBHJIY, YTO €CJIM OCh X Oy/eT MEepHeHANKYIsIpHa K oTpe3ky AB, To cucrema
MOXXET HUMETh PABHOJICHCTBYIONIYIO, MPOXOIAITYIO Yepe3 Touku A u B 1 He ObITh, ClieIOBaTEIHHO, B
PaBHOBECHUH, XOTS BCE TPU YPABHEHUS OYIyT BHIMOMHATHCS. [Ipennrcannpiii BEIOOP MOJOKEHUS OCH
obecrneunBaeT JOCTaTOYHOCTh 3TOM (POPMBI YCIOBHIA paBHOBECHS.

Tpetes dopma ycnoBuii paBHOBECH: Ui PAaBHOBECHS MPOU3BOJIHHOW CHUCTEMBI CHIJI Ha

TUIOCKOCTH HEOOXOMMO U JOCTATOYHO, YTOOBI CYMMBI MOMEHTOB BCEX CHJI CUCTEMBI OTHOCUTEIHHO
THOOBIX TPEX TOUYEK, PACTIONOKEHHBIX B TOU K€ MJIOCKOCTH U HE JIEKAITUX Ha OJHOW MPSIMOH, ObLIH
paBHEI HYIIIO.

Ota (dopma YCIOBHI paBHOBECHs SIBIISIETCS JIOCTATOYHOM, MOCKOJBKY, €Clii OBbl CHCTEMa
MpUBEJAch K PaBHOJICUCTBYIONIEH, TO PAaBHOJACHCTBYIOIIAS TOJDKHA OblIa OBl MPOXOIUTH Yepe3 TPHU
TOYKH, HE JISKAIIKE HA OJHOU MPSIMOH, @ TO HEBO3MOKHO.
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YcioBus paBHOBECHS MNPOU3BOJBHOW MPOCTPAHCTBEHHOW CUCTEeMbl cwil. JlJIsi monydeHus

9THUX aHAJIUTHUYCCKUX YCJIOBI/Iﬁ IMPpUPABHACM K HYJIIO MOAYJIU I''TaBHOT'O BCKTOpPA U I''ITaBHOTO MOMCH-
Ta CUJI UHCPLUUU CUCTCMBI.

R = (3 Fo)? + (X Fy )7 + (3 Fo)? =0,
Mo =S m FO [5 m, Bl +[S m, (FoF =0,

OTCIO,I[a BHUJHO, YTO PaBCHCTBO HYJIIO OTHUX BCJIMYWMH BO3MOXXHO TOJIBKO IIPpU CICAYIOIIHUX

YCIIOBUAX:
S Fe =0,
Y Fy =0,
Y Fe =0,
Y m, (F) =0,
Y my(F) =0,
S m, (Fy) = 0.

CnenoBatenbHO, A7l pAaBHOBECHS IIPONU3BOJIBHON CUCTEMBI CHII B IIPOCTPAHCTBE HEOOXOIMMO
U JIOCTaTOYHO, YTOOBI CyMMBI MIPOEKIUI BCEX CHJI CUCTEMbI Ha OCH X, Y, Z ObUIM paBHBI HYJIO H,
YTOOBI CYMMBI MOMEHTOB BCEX CHJI CHCTEMBI OTHOCHUTEIFHO ITUX OCEH OBUIN PaBHBI HYJIIO.

[IpuBeneHHbIe yCIOBUS PAaBHOBECHS CIPABEAJIMBBI M U CHCTEM MapajuleibHBIX CHJI, TaK
KaK 3TH CHUCTEMBI CHJI €CTh YaCTHbIE CIIy4ad MPOU3BOJIbHBIX. OJHAKO YCIIOBHS PAaBHOBECHS MOKHO
YIIPOCTUTb, €CIIU OJHY U3 OCel KOOPJAMHAT pacroyaraTh HapaiiensHo cuiam. Torna ycioBus pas-
HOBecus OynyT:

JInisi paBHOBECHS] CHCTEMBI MapajuIeIbHBIX CHJI Ha IJIOCKOCTH HEOOXOTUMO M JOCTaTOYHO,
YTOOBI CyMMa MPOEKINI BCEX CHJI CHCTEMBI Ha OCh MapaJIeNbHYIO CHJIaM U CyMMa MOMEHTOB BCEX
CHJI CUCTEMBI OTHOCHUTENFHO JIFO00H TOYKH TUIOCKOCTH, B KOTOPOW JIEKAT 3TH CHWIIBI, OBIIIM PaBHBI
HYITIO

Jl1sl paBHOBECHUS! CUCTEMBI MapajuleibHBIX CUJI B IPOCTPAHCTBE HEOOXOIUMO M JAOCTATOUYHO,
4TOOBI CyMMa NMPOEKLUH BCEX CUJI CUCTEMBI Ha OCh MapajlyIeNIbHYIO0 CUJIaM U CyMMbl MOMEHTOB BCEX
CHJI CHCTEMBbI OTHOCUTEJIBHO JBYX JIPYTUX OCeH OBbLIM paBHbI HYIIIO.
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Jlexuus 4

Crnoxenue ABYX MapaJUICIIbHBIX U aHTUIIAPAJJICITIbHBIX CHUJL.
IleHTp napaynenbHbIX CUIL.

LleHTp TsKECTH TBEPAOIO TENa

KoopauHats!l IEHTPOB TSXKECTH OJHOPOIHBIX TBEPIBIX TEIL.
Crioco0b! onpeziesIeHUs: KOOPAUHAT LIEHTPOB TAKECTH TEIL.
LIeHTpBI TSKECTH HEKOTOPBIX OAHOPOJHBIX TEII.

ook whE

Canoxenne ABYX NMapajjeJIbHbIX H aHTUIIAPAJNJEC/IbHBIX CHJI

[TpuBenem 6e3 10Ka3aTENBCTBA OCHOBHBIE MTOJIOKEHUS O CIOKEHUH ITHUX CHIL.
PaBHoelicTBYIOIIAs IBYX MapauIedbHBIX CHJI PaBHA WX apu(METHUECKOW CyMME U HaIlpaB-

JICHa B Ty K€ CTOPOHY, YTO M CKJIaJbIBacMble CHJIbL. JIMHUS JACHCTBUS PAaBHOJCHCTBYIOIICH JCTHUT
OTPE30K MEKIY TOYKAMH MPHUIIOKEHHSI CHJI Ha YaCTH OOpPaTHO MPOMOPIIMOHAIBHBIC CHUJIaM BHYTPCH-
HUM 00pa3oM (prcyHOK 1).

To ecTb

CJ'ICI[yeT HUMCTb BBUAY, UTO ITOJIOKCHHUEC TOYKU C Ha OTPE3KE AB He U3MeHsETCSA HU Ipu Ka-
KHX ITOBOPOTAX TEJia (I/IHI/I cun F; U F, BOJHY M TY>XC CTOPOHY Ha OJUH M TOT KE yTOJ'I).

PaBHoJEHCTBYIOIIAS ABYX aHTUIIApaICIbHBIX CHJ paBHa IO MOAYJIIO Pa3HOCTU MO,Z[y.TICﬁ

ITHX CHWJI, TapajuieJibHa UM W HampaBlieHa B CTOPOHY OoJbliel cuibl. JIuHUS nelcTBUs paBHOIEH-
CTBYIOIIEH JENUT OTPE30K MEXKIY TOUKAMH MPHUIOKEHHUS CHJI Ha YaCTH OOpaTHO MPOMOPIIMOHATb-
HBIE 9TUM CHJIaM BHEITHUM 00pa3om (PucyHok 2).
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To ecTn

IeHTp mapajieJbHbIX CHJI

]_IGHTpOM napauiC/IbHbIX CHUJI HA3bIBACTCA I'COMETPHUICCKAA TOYKaA C, HCHU3MCHHO CBs3aHHast
C TCJIOM, 4Y€pE€3 KOTOPYHO MPOXOAUT JIMHUA JIeUCcTBUS paBHOHCﬁCTBYIOHleﬁ 9TON CHCTEMEI Imapalji-
JICJIBHBIX CHUJI IIPU JIFOOBIX HX MMOBOPOTAX OTHOCHUTECIIBHO TOYCK HUX IMPUIIOKCHUA B OAHY U TY KE€ CTO-
POHY Ha OJUH U TOT 7K€ YTIOJI.

IlycTh Ha TEIO AEHCTBYET CUCTEMA NMAapaJlICNIbHbIX CHI F,, F,,...,F , AMEIOIIAs PaBHOJIECHU-

cteytomyio R = Y F, (Pucynok 3).

PI/IcyHOK 3 — Cucrema HnapaJuICJIbHBIX CUJI U HCHTP HapaJlJICJIbHBIX CHUJI

Ecam cunbl cucteMbl TOBOpavyMBaTh OTHOCUTENBHO TOYEK WX TMPHUIIOKEHHUS B OJHY U TY K€
CTOPOHY, Ha OJIMH M TOT € yTroJI, TO HE3aBUCUMO OT 3TOT0 paBHOACHCTBYIomas R Oyaer npoxoauTs
4yepe3 HEM3MEHHO CBSI3aHHYIO ¢ TeloM TOYKy C — IeHTp mapamuienbHbIX cuil. OmnpeneauM KOopIu-
HaThI IEHTPa MapauIeIbHBIX CHJI. PacmosioxkuM CHUITBI TTapajuieIbHO OCH Z U BBIPa3UM MOMEHT paB-
HOJICMCTBYIOIIEH OTHOCUTENIBHO OCEH Y U X, @ 3aT€M PACIOJI0KUM CUJIbI TapaJIEIbHO OCH Y U BBI-
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pa3uM MOMEHT PaBHOJIECHCTBYIOLIEH OTHOCUTEIBHO OCH X, YUUTBIBAs, UTO OHH, COIJIACHO TEOPEMBI
Bapunbona, paBHbl CyMM€ MOMEHTOB BCEX CHJI CUCTEMbI OTHOCUTEIBHO ITHUX OCEM:

Rx. = FiX; + FyXy + .+ Foxp =3 Fux,,

1 aHAJIOTN4YHO

RyC:ZFkyk , RZC:ZFka,

A€ Xk, Yk, Zk — KOOPJUHATHI TOYCK MPHIIOKEHHUS CHJI.
Torna

> Fexy > Fev > Frzk
Xe = v Yo = Ly = : (1)
R R R

Vka3aHHBIM CIOCOOOM MMOJTYy4YCHBI (I)OpMy.HLI KOOpAWHAT LCHTPA IMapaJUICIIbHBIX CHUJI.

IeHTp THAXKECTH TBEPAOTO TEJIA

Ha xaxzayto k-ro Touky Tena, HaXOsIIErocs B IMoJie TSHKECTH 3eMIIH, JICUCTBYET CHJIa TSKe-
cTu Py, HanpaBieHHas K LeHTpY 3emid. [lockonbky pasmepsl J1H000ro Tejaa HUYTOKHO Majbl IO
CPaBHEHUIO C paANyCOM 3€MJIH, TO CXOXJACHUEM 3THUX CUJ MOXKHO IpeHeOpeub U CUUTaTh, YTO OHU

00pasyroT CUCTeMy MapajulebHbIX CHJI. PaBHOINEHCTBYMOIas 9TUX CHI P = P, Ha3bIBAETCH

CHJION TSDKECTHU TeJla M OHA BCerJia OyIeT MPOXOAUTh Yepe3 HEU3MEHHO CBS3aHHYIO C TeJIoM Touky C
— IEHTP MapaJuUIeNIbHBIX CUJT TSHKECTU BCEX TOYEK TeJa, KOTOPYI0 U UMEHYIOT IIEHTPOM TSXKECTH Te-
na.

Taxum 00pa3om, IEHTPOM TSKECTH TBEPAOTO Tejla Ha3bIBaeTCS HEU3MEHHO CBA3aHHAs C HUM
reoMeTpHuecKas TOUKa, Yepe3 KOTOPYIO MPOXOIUT JTUHUS NeHCTBHUS CUIIBI TSDKECTH Tella TPU JTF00BIX
€ro TOJIO’KEHUSAX B MPOCTPAHCTBE (IOJIE TSHKECTH 3€MITH ).

Koopaunatsl ieHTpa TSHKECTU TBEPAOTro Tella, KaK HEHTpa NapaulesIbHbIX CHII, ONPEIEISIOTCS

dopmynamu (1) u Oynyt:

szXk szyk szZk 2
T 2)

B sTOoM 3akmrouaeTcs OTIHYNE TOHSITHM LHEHTpa TKECTU U LHEHTpa MaccC.

KOOpJ]l/IHaTI)I HEHTPOB THKECTH OAHOPOAHBIX TBEPABIX TEJI
O,I[HOpOI[HLIC TBCPABIC TCJIa MOT'YT OBITh O6’[>CMHBIMI/I, IJIOCKMMHM TOHKHUMH IIJIaCTUHaAMH, CO-
CTOATH M3 TOHKHUX CTep)KHCfI HJIK ITPOBOJIOKU OAWHAKOBOI'O0 CCUCHUS. Bec Bcero Tena u kaxaou 4da-

CTHU TaKUX TCJI MTPOIMMOPIHUOHAJICH 06'beMy, miomaigu Ui JJINHE 9TOM YacTH:
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Py =vVi; Pe=7Sk; Pk = vk

[ToncTaBuM 5TH 3HAYEHUS Beca Tella U ero yactei B popMyIibl (2) ¥ COKpaTUM Y B YUCIIUTE-
JSIX ¥ 3HaMeHaTelsiX. B pesynbrare moimyduM (GopMyibl KOOPAWHAT LEHTPA TSHKECTH OJHOPOIHBIX
TBEP/ABIX TEIN.

1. J1ns o0beMHOT 0 Telta

zvkxk zvkyk kazk
Xe = v Ye = L = ) (3)
\Y \Y \Y
rae Vi — o0bem yactu Tena; V — o0beM Beero Tena; Xk, Yk, Zk — KOOPJAMHATHI YacTH TeJa.

PaBenctBa (3) Ha3pIBarOT hopMyIaMu KOOPJAMHAT LIEHTPA TSHKECTH 00beMa.

2. 15 II0CKOM TOHKOM ITACTUHBI

. D S Xk
S @
_ D Sk Yk

y .
¢ S

rae Sk — IIoU[aAn YacTel MIACTUHBI, S — MJIOMAAb MJIACTUHBI.
Bripaxkenus (4) Ha3pIBalOT PopMyIaMHu KOOPAWHAT LEHTPa TsHKECTH IIIOMIATH.

X

3. Jlnst Tes U3 TOHKUX OJHOPOAHBIX CTEPKHEN WIIM MTPOBOJIOKH (MM KaK TOBOPST JIMHUH)

~ Z I Xy
C_ 1

L

yo - 2 (5)

B Z I zy
C_ 1

L
rae L — mna Beeit muanm; ly — IuHel yacTeil TMHUH.

X

z

Bripaxkenus (5) Ha3bpIBatoTCsl popMyIaMu KOOPAWHAT HEHTpa TSHKECTH JIMHUU.

Taxum 06pa3oM, MOJOKEHUS [IEHTPOB TSHXKECTH OJHOPOJIHBIX TEJ ONpPENESIOTCS KaK MoJ0-
’KEHHSI LICHTPOB TSXKECTH COOTBETCTBYIOIIMX O0BEMOB, IO, JINHUH.

Crnoco0bl onpegeieHNsi KOOPAUHAT HEHTPOB THMKECTH TeJl

CyIiecTBYIOT CIEAYIOIIUe CHOCOOBI OINpeneNeHus] KOOPAWHAT IIEHTPOB Tel: CUMMETPHH,
p336I/IeHI/I$I, JOIIOJTHCHHA, I/IHTerI/IpOBaHI/ISI nu 3KCHepI/IMeHTaJ'II)HBIe. PaCCMOTpI/IM Ka)K}IBIfI N3 3TUX
Ccroco00B B OTAEILHOCTH.

1. Cuocob cummerpun. Eciiu o THOpOHOE TEIO UMEET IEHTP, OCh WIH TUIOCKOCTh CHMMETPHH,

TO LEHTP €ro TSKECTH COOTBETCTBEHHO PACIOJIOKEH B LIEHTPE CUMMETPUH, HA OCH CUMMETPUU WU
B IJIOCKOCTU cUMMeETpuH. Hampumep, HEHTp TSHKECTH KPYIJIOro OJHOPOIHOTO KOJIbIla, poM0a, mpsi-
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MOYTOJIbHUKA, TPSMOYTOJILHOTO MapauIesenuIe/a, [iapa U MpovnX TeJl, UMEIOIIHUX [IEHTP CUMMET-
pHH PACIIOIOKEH B FTEOMETPUUECKOM HIEHTPE CUMMETPUH 3TUX TEIl.
2. Crioco0 pazouenus. [Ipu 3Tom criocoOe Teno pazduBaeTcs (eCiau 3T0 BO3MOKHO) Ha HECKOJIBKO

gacteld (00BEMOB, TUIOMIA/ICH JTUHUI), TOJOXKEHHUS IEHTPOB TSHKECTH KOTOPBIX M3BECTHO. 3aTeM
MPUMEHSIOT (DOPMYIIBI KOOPIMHAT LIEHTPOB TSHKECTH OAHOPOTHBIX TEJ, B 3aBUCUMOCTH OT BHJIA Te-
na. Hanpumep, niacTuHy MOKHO pa3OUTh HA JIBa MPSMOYTOJIbHUKA, EHTPHI TAKECTH KOTOPHIX, KaK
U3BECTHO, HAXOATCS B TOUKAX MepeceyeHus ux auaroHanei (PucyHok 4).

v
y /
Y i
Vo
\oF
W
Cr\
A s Y =
! Y - G,
/ y =
- -
0 / M- ~_ | %
Puc 4

Pucynok 4 — Paz0unenune npsiMoyrojisHHUKOB

3areM npuMeHuB (GopmyIibl (4) MOTYUUM:

SiXy + S,X, S1¥1+S,Y,

Xg = ==, Yy, = %,

S+ S, S, +3S,
TAC X1, Y1, X2, Y2 — KOOPAUHATBI TOYCK Cl u Cz; Sl u 52 — IJiomaan COOTBETCTBYIOIIUX MPAMOYTOJIb-
HHKOB.
3. Cooco0 AJOTIOJTHCHUA. TeJ’IO, HMCEIOIIEC BBIPE3aHHYHO YdaCThb, MBICJIICHHO JOIIOJIHACTCA 3TOU
yacThio. B PE3YyIbTaTe MOJIYy4aroT KaK OBl JBa TEJia: HEJIbHOC oe3 BbIpE3a U TCJIO, B BUJC BLIpGSaHHOfI

gacTh. Jlanee, eciy caMo TeJI0 U BBIPE3aHHYIO YaCTh MOXHO pa30UTh Ha YacTH, MOJI0KEHHS [IEHTPOB
TSYKECTH KOTOPBIX U3BECTHO, IPUMEHSIOT CIIOCO0 pa3OueHuUs.
4. Cnocob unTterpupoBanus. Ecnu Teno Henb3s pa3OUTh Ha YacTH, MOJOKEHUS LIEHTPOB TsXkKe-

CTHU KOTOPBIX U3BECTHO, TO €TO pa36I/IBaIOT Ha MMPOU3BOJIBHO MAJIbIC Y4CTHU, HAIIPUMED 00BEMEI AV

X, AV
k k
H TOrJa (I)opMyJILI KOOpAMHAT LECHTPA TSHKCCTU IIOTIYyYaroT BUO X, = Z— U T. 1. 3aTeM nepe-
\%

XOJAT K MpeJlieny IMpaBod 4acTH, yCTpeMisia AV, K Hyqnro. Torga, CyMMBI CTOSIIIME B YMCIUTENSX,

oOpaiaroTcs B MHTErpaibl, pacpoCTpaHAIOIIKecs Ha Bech 00beM Tena, U (popMysbl KOOpAMHAT
LEHTpa TSHKECTH MOJTy4YatoT BUA:

X, = J'de, yczij'ydv, z, = Ide
V) V(V) V)

AHaJOTMYHO MOJy4aroT (OpMyJbl KOOPIMWHAT IEHTPOB TSHKECTH IUIOMIATU U JIMHUU. [J[s

<|w

1
\

TUIOIAIA OHH OyIyT UMETh BUJI:
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a J1J1d JTMHHUN

[Tpumepsl mpuMeHEHUs cr1ocob6a HHTETPUPOBAHUS IPUBEIECHBI B yIeOHUKAX.
5. DOKcHepUMEHTaJdbHbIE CHOCOOBL. DTHU CIOCOOBI NMPUMEHSIOT JUISl ONPEAETICHUS OJOKEHUS

LIEHTpa TAKECTU HEOJHOPOIHBIX TEJ, Tl CIOXKHON (POPMBI, TEJI COCTaBHBIX (MAllMH U UX OTHEIb-
HBIX y3J10B). BO3MOXHBI pa3Hble CIIOCOObI, HAIPUMEP CIOCOO MOJBEIINBaHUS, CIIOCO0 B3BELIMBA-
HUSL.

IIpu nepBOM M3 YNOMSHYTBIX CIOCOOOB TEJIO MOJBEIINBAIOT HAa HUTU UJIM TPOCE 3a pas3jny-
Hble ero To4yku. HampaBneHue HUTH, K KOTOpPOW MOJBEUIEHO TeNo, OylIeT KaXIblil pa3 aaBaThb
HaIpaBJICHUE JIMHUU JIEHCTBUS CUJIBI TSDKECTU Tesla. Touka ImepeceueHust 3TUX HallpaBlIeHUd Oyner
LIEHTPOM TSKECTH TEJIa.

Bropoii cnoco0, crnoco0 B3BELIMBaHUS, MOKAXEM Ha MPUMEPE ONPEAENICHUS MOJIO0KEHUS
HeHTpa TshKecTH aBToMoOms (Pucynok 5).

I
R4 X ,_._._C
TN A
|/ \
B |77 7
VAN AN A
P

¥

PI/ICYHOK 5-— OnpeneHeHI/Ie LHEHTpa TAXKECTU aBTOMOOHIIS

Jlnst ompeenieHus pacCTOSIHUS X 3aMepuM paccTosiHue | Mexay ocsmu aBTomoomist. Ompe-
JICTAM B3BEIIMBaHKEM Ha Becax Bec P aBromoOwms. [TocTtaBuM aBTOMOOHITE 3aIHUMH KOJIECAMH Ha
1athopMy BECOB M ONPEIETUM B3BEIIMBAHUEM CHIIY JaBJICHUS X Ha MIaTGOPMY, a OHA YUCIIEHHO
paBHa peakiuu Rp 3THX KoJiec. 3aTeM COCTaBUM ypaBHEHHE CYMMBI MOMEHTOB CHII, JCHCTBYIOIINX
Ha aBTOMOOMJIb, OTHOCHUTEIHLHO TOUKHA A U TIPUPABHAEM €€ K HYIII0, TaK KaK aBTOMOOMJIb HAXOIUTCS
B paBHoBecuu: P(I —x) — Rgl = 0.

OTKy/a HaiieM UCKOMOE PacCTOSIHHE:

(P —Ry)l
. .
[TosrydeHHOE paBEHCTBO B KOHEYHOM CITydae ONpe/IeisieT KOOPAUHATY IICHTPa TSHDKECTH aB-
TOMOOHIISL.
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LeHTpPBI TAKECTH HEKOTOPHIX OAHOPOIHBIX TeJ

1. LeHTp TsKECTH MIOLIAAN TPEYTOJIbHUKA PACIIOIIOKEH B TOUKE [IEPECEUEHUS €T0 MEIUAH.
2. lleHTp TsDKECTH IyrH OKPYKHOCTH paanyca R JIEKUT HA OCH ee CHMMETPUU Ha PACCTOSHUH
ot ueHtpa O, paBHOM

rae o B paguanax (Pucynox 6).

Pucynox 6 — LleHTp TsKeCTH 1yTru

3. ]_IGHTp TAKCCTH IUIOIIAAN KPYIrOBOI'O0 CEKTOpPA JIC)KUT HAa OCHU €ro CMHMMETPUHN Ha PAaCCTOAHUU
ot ieTpa O, paBHOM

sin

c

2
X. =—R
3 a

4. HeHTp TSDKECTH 00beMa MNUpaMuJbl WM KPYTrOBOTO KOHYCA JICXKKUT Ha OTPE3KE HpHMOﬁ, CO-
CAUHAIOIICM BCPIIHNHY IMTUPAMHUJIBI (KOHYCa) C OCHTPOM TAKECTU OCHOBAHUS, HA PACCTOSIHHUN OJIHOM
quBepTOﬁ JJIMHBI 9TOT'0 OTPE3Ka OT OCHOBAHUSA TTMPAMU/IbI (KOHyca).
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Jlexuusa 5

1. Tpenue ckoapxKeHHUS.
2. Tpenue xaueHus.

TpeHue CKOJIbKEHUS

TDCHI/IGM CKOJIBKCHUA HA3BIBACTCA COIMMPOTHUBIICHUC, BOSHUKAIOIICC ITPHU CKOJIBXKCHUU OJHOT'O

TeJa M0 MOBEPXHOCTH JIPYTOro.

[IpencraBum cebe Terno. Jiexaliee Ha HEKOTOPOil HETIOABMKHON TOPU30HTAILHON MTOBEPXHO-
ctu (puc. 1). Eciu x HemMy, KpoMe IEeHCTBYIOIIMX Ha HETO CHUJIBI TSHKECTH P M HOpMaJbHOM peakiuu
N, mpuaokuM odeHb Manyro cuity Q (CABHUrarolryro Cuily) U HaYHEM €€ YBEJIMYMBATh, TO U3 OIMbITA
U3BECTHO, YTO JJISL TOTO , YTOOBI TEJIO HAa4ajao CKOJB3UTh [0 OMIOPHON MOBEPXHOCTHU 3Ta CHJIA JOJIK-
Ha JIOCTHYb BIIOJIHE OTpesieNieHHOM Bennunnbl (PucyHok 1).

N
Q
=KXX'KKXK

Pucynok 1 — Cuina TpeHust CKOJIbKEHUs

W3 sTOro cienyer, 4To cO CTOPOHBI ONIOPHOM MOBEPXHOCTU HA TEJIO KPOME HOPMAJIBHOM pe-
aKLUK JEHCTBYET CUIIa, MPENSATCTBYIONMIAs CKOJIBKEHUIO Tella. DTy CUy Ha3bIBAIOT CUJIOW TPEHMs
ckonbkeHnsd. Ee Oynem o6o3HauaTs F,,. O BemMumHE TpEHHS CKOIBKEHUS CYIAT 10 OTOH CHUIIE.

Utak, c yBennueHNEeM CABUTAIOIIEN CHIIbI, PaCTET U CUJla TPEHMS CKOJIbKEHUS U ypaBHOBE-
[IMBAET CABUTAIOILYIO CUJTY JI0 TE€X MOp, MOKa TEJI0 HE HAYHET ABUTaThCs (CKOJIb3UTh) IO ONOPHON
MOBEPXHOCTH.

MoMeHT, MpeIIecTBYIONUI Hayaly CKOJIbKEHHS Tella, Ha3bIBaeTCsl Moporom nokos. Jlo mo-
pora mokosi CUJly TPEHHsI Ha3bIBalOT CHJION TpeHUs CKOJIbXEeHUs B mokoe. [Ipu mopore mokos cuia
TPEHUs CKOJIBXKEHHUS B MTOKOE JOCTUraeT MaKCUMalIbHOM BennuuHbl. [locie mopora mokos cuity Tpe-
HUS Ha3bIBAIOT CUJION TPEHUS CKOJIbKEHHUS B IBUKCHUU.

OHa MOXET MU3MEHSATHCS M0 Pa3HOMY - YBEIUUYMBATHCS WM YMEHBIIATHCS MO CPABHEHMIO C
MaKCHUMaJbHOW CHJION TpEHUs CKOJBXEHHs B IOKOE, HO OHA Bcerjga Oy/eT MEHbLIE CABUTAoIen
cuibl. Xapakrep B3aumocsssu cui Q u F,, mpeacrasieH Ha pUCyHKe 2.
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Tlopor nokos

]

Pucynok 2 — Ilopor nokost

Crnenyer 3aMEeTUTh, YTO 3aBUCUMOCTH, O KOTOPBIX UJET PeUb B JAHHOM JICKIIUU OTHOCSTCS K
CyXOMY TPEHHIO, TO €CTh TOMY, KOT/Ia TPYIIHECS MOBEPXHOCTU HE PA3ACIICHbl KAKUM-JINOO TPETHUM
TeJI0M (CMa3KOM, BOAOW, OKUCHBIMU TUICHKAMHU U T 11.).

[Iyrem MHOroumciieHHbIX ONBITOB KylOH yCTaHOBWJ, YTO MaKCHUMallbHAas CHJIa TPEHMS
CKOJIIbXKEHHUs (B IOKO€) paBHA MPOU3BEICHHIO KOA(HUIMEHTA TPEHUS CKOJIbXKEHHsA B mokoe f Ha
HOPMAaJIbHOE JIABJICHHE TeJla Ha OMOPHYIO MOBEPXHOCTh WJIHM, YTO KOJIMYECTBEHHO TO €, Ha HOP-
MaJIbHYIO peakiuio N ormopHO MOBEPXHOCTH

Cuna TpeHHUs CKOJIbXKEHMSI B JBUKEHHM TOXE MPONOPLIUOHATIbHA HOPMAIbHOMY JIaBJICHUIO
TPYLIMXCS TEJ APYT Ha JApyra:

rae f' - ko3 PUIMEHT TpeHUsl CKOJIbKEHUS B JABMKEHUHU, KOTOPbI HECKOJIBKO MEHbIE Kod(pu-

LMEHTa TPEHUSI CKOJBXEHUS B MOKOE U, KaK MPaBUJIO, C YBEIUYEHUEM CKOPOCTH YMEHBILAETCS 110
HEKOTOPOM MMOCTOSSHHOW BEJTMYUHBI.

W3 mpuBeneHHBIX 3aBUCUMOCTEN CIEAYET, YTO KOIPPHUIMEHT TPEHUSI CKOIbKEHHUSI SBIISETCS
BEITUYMHON Oe3pa3MepHOI.

3HavueHUs KOADPHUIIMEHTOB TPEHUS CKOJIBKECHHS OMPECISIETCS] OMBITHBIM MTyTEM M 3aBUCHUT
OT MHOTUX (haKTOPOB: MaTEPHAIOB TPYIIUXCS TEJ, MIEPOXOBATOCTH COMPUKACAIONIUXCS TTOBEPXHO-
CTeH, BJIAXKHOCTH, TEMIIEpATyphl, HAMPABIECHUS CKOJIBKEHHUS — BIIOJIb WJIM TOMEPEK BOJIOKOH (JIJIst
BOJIOKHUCTBIX T€J), OT CKOPOCTH CKOJIBXKEHUS U APYTHUX.

CrnenyeT Takke UMETh BBH]Y, YTO NIPUBEICHHBIC 3aBUCUMOCTH SIBIISIOTCS MPHUOIMKEHHBIMH
U JIAJIEKO HE MOJHO OTPAXKAIOT CIO0KHOCTU MPOLIECCOB TPEHHUSI, HO JIalOT B Psiie CIy4aeB JOCTATOU-
HYIO TOYHOCTh ¥ TO3TOMY IIUPOKO MPUMEHSIOTCS.

Urto kacaeTcsi MpUYMH BOSHUKHOBEHHUS TPEHUS CKOJBXKEHHUS, TO B OCHOBHOM OHH COCTOSIT B
TEOMETPUUYECKOM CIICTUICHHH IIEPOXOBATOCTEN COMPUKACAIOIINXCS TIOBEPXHOCTEH U UX MOJICKYJISAP-
HOM B3alMOJICHCTBUMH.
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ITone3Ho nnu HeT TpeHHe — CKa3aTh OJHO3HAYHO HEBO3MOXKHO. Eciin ObI He ObUIO TpeHHUs, TO
MBI HE CMOTJIM OBl XOAMTH (JIOCTaTOYHO BCIOMHUTH, KaK CKOJB3SAT HOTU Ha JIbAY), MAIIMHBI TIepe-
JBUTATBCSI; TBO3/AU OBI, ITYPYIIbl, OOJITHl HE MOTJIHM CKPEMHTD ACTANN (OHU TOXKE ACPIKATCS TPEHUEM).
He Obwio ObI TKaHeH, Tak Kak HUTH B HUX JepkaTcs cuiaMu TpeHus. [loqoOHble mpumeps 6ecko-
HeuHbl. Tak. YTo TpeHue OTHIOAb HE BpenHoe siBieHHue. OHO BpEAHO B MalllMHaX, TaK Kak MOTJIOoMa-
€T PHEPruio Ha Oecroyie3Hyl0 paboTy, BbI3BIBAET MU3HOC JETajel, CHI)KAaeT Halle)KHOCTh U 3 dek-
TUBHOCTb MAIIIMH, IO9TOMY C HUM OOPIOTCH.

MHorue 3a1a41 Ha paBHOBECHE TE€Jl Ha MOBEPXHOCTU C TPEHUEM YIOOHO pelaTrb TeoOMeTpH-
YECKH, UCTIONb3Ys MOHATHS YIOJl TPEHUS U KOHYC TPEHUS.

¥Yrona tpenus. Ha teno, Haxoasiieecss Ha IOBEPXHOCTU C TPEHUEM, NPU MPUIIOKEHUH CABU-
ratomeil cuibl Q co CTOPOHBI 3TOH MOBEPXHOCTH ACHCTBYIOT CUJIAa TPEHUS CKOJIbKEHUs B 1OKoe F
U HOpMasbHasi peakuus peakuust N, KoTopsle nMeroT paBHozelcTByomyo R. IIpu nmopore nmokos
3Ta paBHOJEHCTBYOIIAss R o0Opa3yeT ¢ HOpMaiblO yroil ¢ , KOTOPbI Ha3blBa€TCA YIJIOM TPEHUS

(pucyHOK 3).

o
P/ 77777
P"

Pucynok 3 — Yron tpenus

Yron TPCHUS UHTCPECCCH TCM, UTO €I'0 TAHI'CHC, KaK CJICAYCT U3 pUC. 3, paBCH KOB(I)(I)I/II_[I/ICHTY
preHI/IH CKOJIBXXCHHS B ITIOKOC:

KOHVC TpEHUA. HpI/I AOBCJACHUUN TCJIa OO IMOpPOra mokKosd 1o BCEM HaAIIPaBJIICHUAM €TI0 CKOJIb-

KEHHUS 110 OTIOPHON MOBEPXHOCTH MOJHAs peakiys R MOBEpXHOCTH ONMILET KOHYC, KOTOPBIA Ha3bl-
BaeTcsi KOHycoM TpeHus (PucyHnok 4).

P s

Pucynok 4 — Konyc tpenus
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Konyc TpeHus uHTepeceH Tem, 4To MOKa Cuia, JEHCTBYIOIIAs Ha TENO, HaXOAUTCS BHYTPH
KOHYyCa TPEHUsI JIM Ha ero 00pasyrolei Teno OyAeT B MOKOe.
B camom nene, mycTh Ha Teno AEWCTBYET cuia S, oOpa3zymomas ¢ HopMaibio yroia « . Pas-
noxuM ee Ha cuiiel P u Q. Teno OyneT B mokoe npu yCIOBUU
Q<F, -
Q = Ptgao,
WJIH, YYuThIBasi, uto P = N,
Q = P tga =N tga.
Torna, yauTsiBas, 4To
Fox = T N="Fftgoe
yCJIOBHE paBHOBECHs TeJla Oy/IeT:
Ntga <N tge .
Otcrona ciemyer, 9To 1moka o < ¢ TeJo OyJIeT HaXOAWTCS B TIOKOE, KaKoi 00JIbIION He ObI-

j1a ObI cuita S.

3aMeTuM, YTO KOHYC U yroJl TPEHUS UCIOIB3YIOTCS IPU IKCIEPUMEHTATBHOM OIpeIeIICHUH
KO3 GUIMEHTa TPEHUS CKOJBXCHHS B IIOKOE C IMTOMOIIbIO HAKIIOHHOM IJIOCKOCTH. TeJI0 MOMEIIatoT
Ha HAKJIOHHYIO TUIOCKOCTh M MEJJICHHO YBEIIMYHMBAIOT YTOJl HAKJIOHA, JOBOJIS €r0 JI0 MOpOTa MOKOS,
TO €CTh Havalla CKOJBKCHHS. B 3TOT MOMEHT JTMHUS JEHCTBHUS CHIIBI TSHKECTH OYICT MPOXOIUTH IO
o0pasyroliell KOHyca TPeHHUs, a yroJl HaKJIOHA TUIOCKOCTH OyJIeT paBeH yrity TpeHus, a tg ¢ = f .

Kocuemcs, 15 pacmmpenust Kpyrosopa, TeopeMbl Jiijiepa 0 TPeHUH HUTH O IMJIMHpUYe-
CKYIO ITIOBEPXHOCTD:

fa

T=pP',

rne T — caBuraronias cuia; P — ynepxuBaronias cuia; f — k03 QuimeHT TpeHns CKOIbKCHUS HUTH
0 MOBEPXHOCTh; @ - YrOJ OXBaTa HUThIO LMJIMHAPUYECKON oBepxHocTH (PucyHok 5).

T 7\
P
P

PI/ICYHOK 5-— TpCHI/IC HUTHU O HUWIMHAPUYICCKYIO TIOBECPXHOCTH

TpeHnue HUTH O MUIMHAPUIECKYIO TOBEPXHOCTh BEChMa BEMUKO. Tak, eciu KaHaT oOMOTaTh
BOKPYT IiutiHApa 3 pasa (a = 67 ), o npu f=0,35 cunoit P = 15 H MoxHO ypaBHOBecHTD cuity T =
10000 H.

W eme oauH MHTEpECHBIN (PAKT, YTO MPU MEPEIBUKEHUU Tela CKOJIbKEHUEM, HalpuMep Ts-
HYTh €r0 BEPEBKOM, HANMEHbIIIEe yCHUiIre OyIeT B TOM cilydae, KOrJia yroJl HaKJIOHa BEPEBKHU K IO-
BEPXHOCTH OyJIeT paBeH yIily TPEHUS Tela O MOBEPXHOCTb.
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TpeHue kaueHust

TDGHI/IGM KauCHUA HA3bIBACTCA COMMPOTHUBIICHUC, BOSHUKAIOIICC ITPU IEPCKATEIBAHUUN OJAHOTO

TeNa M0 IPYyromy.
Tak, eciu K KaTKy NPUIIOKHUTH CABUTAIONIYIO cUiTy Q, TO BOSHUKHET paBHas €l MOAYIIO U
IPOTHBOIIOJIOXKHAS 110 HAIIPABJICHUIO CHJIa TPEHHS CKOIbXeHHs F,y, . (PUCyHOK 6)

Pucynok 6 — Karok u cipuraromiasi cujia npu TpPEHUN KauyeHUs

Ota napa cui OyeT CTPEeMHUTbCA KaTUTh KaTOK, OJIHAKO OH HAauyHET KaTUThCA JIMILIb TOI/a,
KOI'Zla MOMEHT €€ JIOCTUTHET OIPEEICHHON BeauunuHbl. Clie0BaTeNnbHO, CO CTOPOHBI OIIOPHOM IO-
BEPXHOCTH JIEMCTBYET Mapa CWJ, NMPEIATCTBYIOIAs Ka4eHUIO KaTKa. TpeHne KauyeHus OLEHUBACTCS
MOMEHTOM 3TOW Mapbl — Hapbl TEPHUS KayeHUsl. MakCUMaJIbHbIII MOMEHT ee OyJeT Ipu Mopore mo-

kos. OH, Kak ycraHoBus KynoH, mpomopuuoHageH HOPMAJIbHOMY IaBJIECHUIO COMPUKACAIOUIUXCS
Te:

Mlcatt = fk N!

rae fx - koaddumenT TpeHus kaueHus (TUIe4o napsl TPEHUS Ka4eHHS).
KospduuueHT TpeHus kaueHus 3aBUCHT OT YIPYI'MX CBOMCTB MaTepHalla KaTKa U ONOPHOM

MOBEPXHOCTH, AJI1 CUIIBHO Ae()OPMUPYEMBIX TEI 3aBUCHUT €ILIE U OT paaumyca katka. Omnpenesstor
€ro ONBITHBIM ITyTEM,  PABEH OH TBHICSIYHBIM JOJISIM METpa.

Bo3HukHOBEHUE Mapbl TPEHUs KauyeHHUs] OOBSACHSIETCS TEM, UTO B CHITy JedopMalluy U KaTka,
U OIIOPHOM MOBEPXHOCTH OHHU COIPHUKACAIOTCS HE 0 00pa3yroleil KaTka, a Ha HEKOTOPOH IJIomIal-
ke. OOpa3Ho BeIpaXkasich, KATOK MTPOJABIMBAET JYHKY B OIOpHOM noBepxHOcTH (PucyHok 7).

Pucynok 5 — Ilapa TpeHus kaueHus
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[Tpu orcyrcTBUM cunbl Q HopManmbHas peakius N MOBEPXHOCTH MPOXOAUT Yepe3 IMEHTP Ts-
JKECTH KaTKa, [0 JUHUM AEHCTBUS CHJIbI TSUKECTH M YMCIIEHHOU paBHa ei. [locie npuiioxenus u mo-
CTETICHHOTO YBEIWYCHHsSI, O MOpOTa TMOKOos Tena, cwibl Q HOpMallbHas peakius CMEMIAcTCs B
HanpaBieHuu cuiibl Q Ha kpaii TyHKU U cuiibl P u N 00pa3yroT napy TpeHHsI Ka4eHHsI — OKa3bIBaO-
LIy CONPOTHUBJIEHUE KAaYEHHUIO. B MOMEHT Hauajla KaueHHs KaTOK, KaK pblyar, IOBOPAYUBAETCA OT-
HOCHUTEJIPHO TOYKHU MPHUIIOKEHUs criibl N, CHOBa MPOMUHAs OMTOPHYIO MIOBEPXHOCTh, M ATOT MPOIIECC
MPOAOJIKAETCSI BO BCE BpEMSsI IBH)KCHUS KaTKa.

Urto kacaeTcs MOKOS KaTka, TO OH Oy/IeT B IMIOKOE NP

QR < f N.

Tenepb COIIOCTaBHUM CHIJIbI HCO6XOI[I/IMBIG JUISA CKOJIB)KCHUS U KaUCHUA KaTKa.
JJIs1 CKOJIBXKCHU S KaTKa H€O6XO,Z[I/IMa CHJIa

Q. =fN.
JUIA KaUeHUS KaTKa HeoO0XoarMa Cuja
f
Q, = —N.
R
[Tockonbky
f
_k << f ,
R
TO
Qk << QCK'

Takum 06pa3zom cuina HeoOXoquMast I KaueHHsl Tejda BO MHOTO pa3 (IPaKTHYECKU B JECST-
KU Pa3) MEHbIIE CUIIbI HEOOXOIMMOM [T NepeMelleHus Tena cKojibxkeHueM. [103ToMy B TeXHHKe,
I/I€ 3TO TOJIBKO BO3MOYKHO, BMECTO NMOJUIMITHUKOB CKOJIBKCHHS IPUMEHSIOTCS MOAIINITHUKYA Kade-
HUS (IIAPUKOBBIE, POJIMKOBBIE, UTOJILYATHIE).

Mexny npoduM, cielyeT OTMETHTb, YTO MEPBbIM B MHUpe Mpoodpa3 MApUKOBOIO MOALIHUII-
HUKa ObLI clienaH u npuMeHeH B Poccun. Mctopus sta TakoBa. Bo Bpemena Exatepunbl Bropoii muis
U3TOTOBJICHUS TbeecTana naMaTHUKy [lerpy 1 «Mennblil BcagHuk» ckyiapntopy ®anbkone B 1678
roxy norpedoBanach Oonbinas ckana rpanuta. Hamum ee B 20 kM OT MecTa yCTaHOBKM NaMSITHHKA,
Ha npyrom Gepery Hessi, B ®urmsiamn. Pasmeps ee 6bumi 16x8%7 M°, a Bec 2500 1. CHauana cie-
Jamy MoJenb ckajibl B 1/10 HaTypanbHOM BeIMYMHBI M IONPOOOBAIM MEPEIBUTATh €€ Ha KaTKaX, HO
OTIBIT M PACYEThl TIOKA3aJIM, YTO UMEIOLIETrocs TAra (JoAel U JIomaaen) A MepeMeIIeHus CKajbl
HEI0CTaTOYHO. 3aTeM U3 Oepe3bl BBITOYMIN LIaphl, KOTOPbIE IOMECTUIIN B kKel00a, OKOBAaHHBIE JKe-
ne3oM. [ToBepx HIapoB MOJIOKMIN JAEPEBSIHHYIO MIaT(GOpMy, a Ha Hee CKaly M C MOMOIIbIO TaKOTo
yCTpOMCTBa NepeABUHYIU cKaly 10 HeBbl, TaM ee 3akaTHIIM Ha MPUTOIJICHHYIO 0apKy, nepenpaBu-
JM Ha Jpyroil Oeper, U CHOBA, MO CyIIe, JOKaTHJIU J0 MECTa YCTAHOBKM MaMSATHUKA, TOBOpPAunBas
Ha IEpeKpecTKax Ha Iapax B KpyroBbIX xkenobax. Bes pabora Oblia 3aBepileHa ¢ MapTa MO CEH-
T10ps 1769 rona.
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KonTposibHbIe BOopochl K pasaeay «CTaTuka

. Uto Ha3pIBaeTCs TEOPETUUECKON MEXAHUKON?

. Uto nmoHUMaeTCs Noa MEXaHHYSCKUM IBMXKCHHUECM ?

. laBHO J11 BO3HUKJIa TEOPETUYECKASI MEXaHUKa?

. KakuMu MeToamu mosib3yercsi TeOpeThIecKas MexaHuka?

. Ha xakue pa3zeinbl JeauTcsa TeopeThuuecKkas MeXaHuka?

. Uto Ha3BIBaeTCA CTATHKOMN?

. Uto noHnMaeTcs o1 paBHOBECHEM TBEPI0ro Tesa?

. UTo moHUMaeTCs Mo/ TBEP/IbIM TEJIOM B TEOPETUUECKOU MEXaHUKE?

9.

Kaxkoe Bo3aeiicTBre (B3aMMOICMCTBUE) TET HA3IBAETCA MEXAHUUECKUM?

10. Yrto Ha3bpIBaeTCId CUIION?

11. Kakumu (akropamu omnpeaensieTcsi IeHCTBUE CHITBI Ha TBEpAOE TEI0?

12.

Kakoe Temo Ha3wIBaeTCs CBO6OI[HBIM?

13. Kaxkue Teiia Ha3pIBarOTCI HECBOOOTHBIMHU?
14. Yro Ha3pIBaeTcs CBI3AMU?
15. Yrto Ha3bIBaeTCS PEaKIUIMU CBS3CH?

16. Yto 3HAYUT “CIIOKUTH CXOIAIIMECS CHIbLI?

17.
18.
19.

Kakue crnoco0b! cl10KeHHUs CXOAAMINXCS CUIT CYHIECTBYIOT?
B ugem 3axitogaeTcs reoMeTpUYecKUi CrIoco0 CI0KEHHS CXOIAIIUXCS CUT?
Kak npousBoauTcs cinoxeHne CXOIAIMXCs CHII aHAIUTUYECKUM CI10co0oM?

20. Yemy paBHa paBHOJEHCTBYIOIIAs] CUCTEMBbI CXOSIIUXCS CHII TIPU PaBHOBECUU?

21. Kakoe nieficTBH€e CHIIBI OLIEHUBAET €€ MOMEHT?

22. Kakrie MOMEHTBI CHJIbl OTHOCHUTEJIBHO TOYKU Pa3INYaroT?

23. Yo Ha3bpIBaeTCs anredpandeckuM MOMEHTOM CHJIbl OTHOCHUTEIIBHO TOYKHU?

24. Kakumu (akTopamMu XapakTepu3yeTcs 1eHCTBHE MOMEHTA CUJIbI OTHOCUTEIBHO TOUKH?

25. Kak MOMEHT CHJIBI OTHOCHTEITLHO TOYKH H300paXKaIOT BEKTOPOM?

26. B ueM cocTouT TeopeMa o mapajuieIbHOM ITePEHOCE CHITBI?

27. Yto 3HAYUT “TIPUBECTH’ MPOU3BOJBHYIO CHCTEMY CHJI K JJAHHOMY IIEHTPY?

28. Kak ocymiecTBIsieTcsl IpUBEACHNE TPOU3BOIBHON CUCTEMBI CHIT K JAaHHOMY IIEHTPY U KaKOB €ro

pe3yabTaT?
29. UeMy paBHbI MOIY/IH TJIABHOTO BekTopa R m riaBHOro mMomenta M, IPOM3BONBHON CHCTEMBI

CHJI Ha IJIOCKOCTH?
30. YUemy paBHBI MOJIyJIM TTIABHOTO BEKTOPA R! u rmaBHOrO MOMeHTa M, mpou3BOIBHOM TPOCTPaH-

CTBEHHOU CUCTEMBI CHJI?
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Pasznea |l. Kunemaruka
Jlekmusa 1

[Tpeamer KHHEMATUKH U €€ OCHOBHBIC TTOHATHUS M OTIPE/ICIICHUSI.
Kunemaruka Touku. CriocoObl 3a/1aHUs ABMKCHUS TOUKH

CBsi3b CITIOCOOOB 33/1aHUS IBHYKCHHS TOUYKU MEKITY COOOH

CKOpOCTh TOYKH MPH BEKTOPHOM CIIOCOOE 3a/IaHUS €€ IBIKEHUS

Y CcKOpeHHe TOYKH MPH BEKTOPHOM crioco0e 3a/1aHusl €€ JBHKECHUS
CKOpOCTh TOYKH MPH KOOPIUHATHOM CIIOCOOE 3a/IaHUS €€ JIBIKCHUS
Y CcKOpeHHe TOYKH MPH KOOPAUHATHOM CIIOCO0E 3aJJaHHs €€ TBUKCHUS
CKOpOCTh TOYKH IPH €CTECTBEHHOM CITOCOOE 3aJaHMsI €€ JBUKCHHUS

. YCKOpEHHE TOYKH ITPH ECTECTBEHHOM CIIOCO0EC 3aJaHMsI €€ IBUKCHHUS
10 YacTHbIe clTydau JBYKCHUS TOUKH.

CoNoA~WNE

Hpe}lMeT KHHEMATUKH U €€ OCHOBHBIC IIOHATHUA U OIIPEACICHUS

Knnemarukoii Ha3pIBacTCs pas3acia TeOpeTHqCCKOﬁ MCXaHHUKH, B KOTOPOM H3Y4YaCTCs MCXa-

HUYECKOE JBMIKEHUE TBEPJIbIX TEJ C T€OMETPUUECKOW CTOPOHBI, TO €CTh 0€3 ydyeTa UX HHEPLHH H
JICUCTBYIOIIUX CHIL.

[Tox MexaHMYECKUM JIBM)KEHUEM MOHUMAETCS U3MEHEHUE TOJ0KEHUS Tela B MIPOCTPAHCTBE
C TEYEHUEM BPEMEHHU OTHOCUTEIBHO APYIUX TEJ, HA3bIBAEMbIX TEJIAMHU OTCYETA.

Temom oTcueTa Ha3bIBaeTCS TCJIO, IO OTHOHICHUIO K KOTOPOMY OIIPCACIIACTCA IMOJIOKCHHC
JaHHOT'O TCJI1a.

COBOKYHHOCTB TE€la OTCYeTa U ’KECTKO CBI3aHHOM C HUM CHCTEMBI KOOpAWHAT HA3bIBACTCA
cucrteMoi orcuera. Ha PHUCYHKaX TEJIO OTCUCTA OOBIYHO HE H306pa>KaeTc;1, a I/I306pa)I(aIOTC$I TOJBKO
KOOpAWHATHBIC OCH.

[IpocTpaHCTBO B KIIACCMYECKOW MEXAHUKE TPAKTYETCA KaK TPEXMEPHOE €BKJIUIOBOE C OAH-
HAaKOBBIMU CBOVMCTBAMM BO BCEX TOYKAX W HAIPABJICHHSAX, HE 3aBUCSAIIMMH OT HAXOASIIUXCA B HEM
TEeJI M UX JBVKCHUH.

Bpewms npennonaraercs 0OIMHAKOBBIM BO BCEX CHCTEMaxX OTCYETA, HE 3aBUCAIIAM OT OTHOCH-
TEJIBHOTO JIBMXKEHUSI ATUX cUCTeM. OHO SBISIETCS CKAJIAPHOM, HEMPEPHIBHO U3MEHSIONIECHCS BEIU-
YUHOM, UTPAIOLLEH B 3a/1ayaX KWHEMATUKU POJIb HE3ABUCUMOU NIEPEMEHHON BETUYUHBI.

Takue mMpOCTPaHCTBO U BpeMsl OTPAXKAIOT pealbHbIe WX CBOWCTBA MpuOmmKkeHHO. OIHAKO
JUISL IBUKEHHUM CO CKOPOCTSIMU, TAJIEKUMH OT CKOPOCTH CBETA, 3TO JONYIIEHUE AT BIOJHE JOCTa-
TOYHYIO JIJISl TPAKTUKU TOYHOCTb.

Cnenyer uMeTh BBHIY, YTO €CIIM CUCTEMA OTCUETA HE YKa3aHa, TO U3YYEHHE MEXaHUYECKOTO
JIBIYKEHUS TeJla HEBO3MOKHO.

MexaHu4eckoe JBMKCHUE 00J1a/1aeT OTHOCUTEIBHOCTBIO, TTOCKOJIBKY 10 OTHOIICHHUIO K pa3-

HBIM TCJIaM OTCYCTa OHO Pa3JIMIHO (B CHUIIYy UX pa3HOr'o NCpeMCIICHNA — B IPUPOAC HCIIOABUIKHBIX
TCII HCT). TaK, HalpuMep, NOPUICHb AU3CIIA, ABUKYIICTOCH HpHMOJ’IHHCﬁHO 1 PAaBHOMCPHO TPAKTO-
pa, OTHOCHUTCJIBHO OJ10Ka MUJIMHAPOB COBECPIIACT BO3BPATHO-IIOCTYIATCIBHOC HpﬂMOHHHCﬁHOG
ABWIKCHUC, 4 1O OTHOIICHHUIO K MOBCPXHOCTU 3eMi OH MepeMCIIACTCA MO CUHYCOUIC. OrHocu-

TCJIBHOCTh MEXAHUYCCKOI'0 ABMXKCHUA IPOABIACTCA WU B TOM, YTO IIPpHU HAJIWM4YWKU B IPOCTPAHCTBC
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TOJBKO ABYX TECI, Ha6mo/:[aTemo, HaxogdameMycsa Ha OJHOM U3 HHU3, HCBO3MOXXHO YCTaHOBUTH KaKO€

U3 3THUX TeJl HaXOJAWUTCSA B IIOKOE, a KaKoe JBUXKETcA. BcroMHuTE, Korzna Bbl CMOTPUTE M3 BaroHa
CTOSILETO II0€3/1a TOJILKO Ha BaroH APYroro 1noe3/ja, CTOSALIEro Ha COCEHEM IIyTH, TO BBl HE MOXKETE
YCTaHOBUTB, [I0KA HE IOCMOTPUTE Ha MEPPOH, KAKOH U3 II0€3/10B Hauaj IBUKEHUE.

OTHOCHTENBHOCTh JBUKEHMS XOpollo onucaHa B ctuxoTBopeHusix A.C. ITymkuna u M.B.
Jlomonocoga. Tak, y A.C. [lymkuna:

JIBU>KeHbsI HET, CKazajl MyApel OpaaaTblil.
Jpyroii cMoI4ai U CTal npej HUM XOIUTb.
CunpHee ObI HE CMOT OH BO3Pa3UTh;
XBaJUIN BCE OTBET 3aMbICIIOBATHIN.

Ho, rocniona, 3a0aBHbI ci1yyai cei
Jpyroii npuMep Ha NamMATh MHE IPUBOUT:
Benp kaxabiii geHs npen Hamu CoJIHLE XOJIUT,
OpnHako x npaB ynpsMbli ['anumneit.

Y M.B. JlomoHOCOBa:

Cnyunnuch BMeCTE JiBa aCTPOHOMA B IUPY
W cnopunu BecbMa Mex1y coO0H B Kapy.
Onun TBepawIL:”3eMist, BepTiCh, Kpyr CoiHIa XOauT’;
Hpyroii, uto ConHile Bce ¢ co00i MIaHeThl BOIUT.
Onun Konepuuk Ob11, qpyroi cibut [ITonomei.
TyT noBap crop penmi1 yCMEIKO CBOEH.
Xo3stuH copamuBait:” Tel 3B€3/] TEUEHbE 3HACIIb?
Ckaxku, KaK Thl O CEM COMHEHBE paccyKaaemn?”.
On nan oreer:”Yro B ToM KonepHuk mnpas,
A npaBny nokaxy Ha ConHIle HE ObIBaB.
KTo Buzen npocraka 13 NoBapoB TaKoBa,
Kotopslii 661 BepTen ouar Kpyrom xkapkosa?”.

B kuHemaTuke TBepjbie Tela MPEACTABISIOTCS JBYMS MOJCISIMH: TOYKOHW M aOCOJFOTHO
TBEpJBIM TeJIoM. [Ipu MoiemMpoBanmy Tea TOYKoi ero GopMoi U pazMepamMu IpeHeOperaror.

Hannuue stux mMozeneit o0ycinaBiuBaeT AeleHNE KHHEMATUKA HA KHHEMATHKY TOYKUA U KHU-
HEMaTHKY TBEPJOTO Tela.

3amagyamMy KHHEMATHKU TOYKHU SIBISIOTCS: 3a/laHUE JBIDKEHUS TOYKH OTHOCUTENIBHO JaHHOMN
CHUCTEMBI OTCUETA; ONpE/eICHNEe KHHEMATHUECKUX XapaKTePUCTUK JIBMKCHUS TOYKU (TPACKTOPHH,
CKOPOCTH, YCKOPEHHUS).

B kuHEMaTHKE TBEpAOTO Tella PEHIatoTCs CICAYIONINE 3a/1a4H: 3a/IaHUe eT0 JIBIKSHHS OTHO-
CUTEIIEHO JaHHOW CHUCTEMBI OTCUETa; OINpeaelicHue OOMMX JUIsl BCEX TOYCK Tella KHHEMATHYSCKUX
XapaKTEPUCTHUK,; ONIPCACICHUC KUHEMATUICCKNX XapPaKTECPHUCTUK OTACIIBHBIX TOYECK TECJIa.

45



3amath ABMKECHUE TOUYKH WJIA TBEPJOTO TEJIa — 3TO 3HAYUT YKA3aTh CIOCO0, MO3BOJISIONINI

OTIPECIIUTh UX TIOJIOKEHUE B MPOCTPAHCTBE OTHOCUTEILHO JAHHON CUCTEMBI OTCUETa B JIF0OOOH MO-
MEHT BpeMeHHU. Eciii IBMKEHME HE 3aJ]JaHO, TO U3y4YaTh €ro HEBO3MOXKHO.
TpaekTopureil TOUYKU Ha3bIBAETCA JIMHUS, OIIMChIBAEMasi TOUKOM IMPU €€ JIBUKEHUU.

CKOpOCTBIO TOUKM HA3hIBAETCSA BEKTOP V , XapaKTePU3YIOIIMH B KaXK/blii MOMEHT BPEMEHH

6BICTpOTy W HaIIpaBJICHUEC ABUXKCHUA TOYKHU.

YCKOPEHHMEM TOYKM Ha3bIBAETCS BEKTOP W , XapaKTEpPU3YIOLIUH OBICTPOTY M3MECHEHHsS €€

CKOpPOCTH, KaK 110 MOOYJIIO, TAK U I10 HAIIPABJICHUILO.

Kunemarnka Touku. Crnocoobl 3aJJaHUsA IBHKCHUA TOYKH

HBI/I)KGHI/IC TOYKHU MOXKCET 3a1aBaTbCA TPCMA crocodamu: KOOpAWHATHBIM, €CCTCCTBCHHBIM U
BCKTOPHBIM.

KOODHI/IHaTHHﬁ CII0co0 COCTOHT B TOM, 4YTO ITOJIOKCHHEC TOYKH B HaHHOﬁ CHUCTEMC OTCUYCTA B
Ka)KI[I)IfI MOMCHT BpPCMCHHU ONPCACTIACTCA €€ KOOpAUHATAMH, HCTIPCPBIBHO U3MCHAKOIINMHUCA C TCUC-
HHUEM BpCMCHU:

x=x(t), y=y(), z=z().

OTU ypaBHEHHUs Ha3bIBAIOTCS YPABHEHHSIMH (3aKOHOM) ABM)KCHUSI TOUKU B JEKapTOBOU CHU-
cTeMe KOOp/IMHAT.

OHOBPEMEHHO 3TH YPaBHEHHUS SIBIISIFOTCS] YPABHEHUSIMU TPAEKTOPUM TOUKH B IapamMeTpHuye-
ckoit (opme. i MONMydeHHS] YPaBHEHHS TPACKTOPUH TOYKH B OOBIYHOHN (hopMe M3 HUX HAJ0 WC-
KIIOYNUTh Tmapamerp t (BpeMsi)) M CBsA3aTh KOOPJIMHATBI TOYKU MEXIY COOONH HENOCpeJCTBEHHO.
Hampumep, ecnu x = 2t, y = 12t%, To ypaBHEHUE TPAEKTOPUM TOUKH OyJeT Y = 3x%

JIBM>KEHHE TOYKU MOXHO 331aTh, MOJIB3YSICh U IPYTUMHU CUCTEMAMH KOOPJAWHAT, HAIIPUMED,
HOJISIPHBIMU, CPEPUIECKUMH U T. 1.

EcrecTBeHHBIN cnocol  3akiarodaeTcss B TOM, YTO TPAEKTOPUIO TOYKH, 3apaHee M3BECTHYIO

WY 3aJJaHHYI0, PACCMATPUBAIOT KaK KOOPAMHATHYIO och (PucyHok 1).

2

Pucynox 1 — EctecTBeHHBIN crTOCOO 3a/1aHUsI IBIKEHHS TOUKH
Ha neit BpIOMparoT Ha4alio OTCYETa, YKA3bIBAIOT TOJOKUTEIIBHOE M OTPHUIIATEIbHOE HaIpaB-

JICHHA OTCUCTA U YpaBHCHHUC (3aKOH) JABMIKCHHSI TOYKH BIOJIb TPACKTOPUU B BUJIC
s = s(t).
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OTO paBEHCTBO HA3bIBA€TCA YPABHEHUEM (3aKOHOM) JABMKEHMsI TOUKH B €CTECTBEHHOH (opme.
Heo0OxonnMo numMeTs BBUIY, UTO S €CTh HE IIyTh, POIIEHHBIN TOUKOH 3a JaHHOE BpeMs, a paccTosi-
HUE OT Hayaja OTcyeTa O TOYKU B JaHHBII MOMEHT BPEMEHH, U3MEPEHHOE BJOJIb TPAEKTOPUU WIIH,
KaK TOBOPSAT, KPUBOJIMHEMHAs KOOPAMHATA TOYKH.

BekTOpHEI CIIOCOO COCTOMT B TOM, YTO IIOJIOKEHHE TOYKHM B JAHHOW CHUCTEME OTCUETa

OIIpe/IeIAeTCs € PajuyC-BeKTOPM I , IPOBEAEHHBIM K TOYKE M3 Hadajla KOOpAMHAT (TOUKa BCerna
HaXOJUTCs Ha KOHLIE 3TOT0 BEKTOPA) U, SIBJIAIOIMMCS (QyHKIMEH BpEMEHU:
r=r(t).

DTO paBEHCTBO Ha3bIBAETCS ypaBHCHUEM (3aKOHOM) JBM)KECHHS TOYKH B BEKTOPHOU (opme
(Pucynoxk 2).

e

Pucynok 2 — 3ajanue ABMKCHHS TOYKH 4epe3 rogorpada paanyc-BeKTopa

OTMeTHM, 4YTO TeOMETPHYECKOe MECTO KOHIIOB paauyc-BekTopa r (romorpad paamyc-
BEKTOpa I ) Oy/eT TpaeKTOpHEH TOUKH.

CBs13b c10CO00B 32/1aHUS ABMKEHUS TOUYKH MexKIy c000it

BekTopHbIl U KOOPIUHATHBIN CIIOCOOBI 3a/JaHUs ABUKEHHUS TOUKH CBSI3aHBI MEXITYy COOOM 3aBU-
CUMOCTBIO

F=xi+yj+ zk_,

a €CTECTBEHHBIN CIIOCO0 C KOOPIMHATHBIM 3aBUCUMOCTHIO BUJIA
t
s = J‘ﬂ)’(z +y2e2?dt,
0
T7I€ — IO/ KOPHEM CTOSIT IPOU3BOIHBIC IO BPEMEHHU OT KOOPJAMHAT TOYKH.
CKopocTh TOYKH NMPH BEKTOPHOM CIOC00e 3aJaHNsl ee IBUKeHUSs

HYCTB B MOMCHT BPCMCHU { Touka 3aHMMaja IOJOKCHUE M, OonpeacirsicMoe paanyc-

BCKTOPOM F , 4 B MOMCHT BpCMCHU tl ITOJIOKCHUC Ml, onpeacisieMocC pajnyC-BEKTOPOM rl (PI/ICYHOK
3).
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PI/ICYHOK 3- CKOpOCTB TOYKH ITPpHU BEKTOPHOM croco0e 3aJaHus €€ IBMKCHUA

TakuM 06pasoM, 3a BpeMs At = t, — t PaaUyC-BeKTOP TOUKM MOJIYYM] HPUPALIEHHE At = I} -

I, KOTOPOE HA3bIBAIOT BEKTOPOM MEPEMEIICHUS.
OTHolIEeHNE BEKTOpa NEPEMELICHHS K IPOMEXYTKY BPEMEHH At JAeT BEKTOPHYIO BEIMYHU-
HY, Ha3bIBAEMYIO CPEIHEN CKOPOCTHIO TOUKH 32 3TOT MPOMEKYTOK BPEMEHH::
— AT

P At

Hampasnena cpeansisi CKOpOCTh TOUKH BJIOJIb BEKTOpa MEPEMEIICHHS B CTOPOHY JBUKEHUS
TOYKH.

B 3ajmauax kMHEMaTHKU CpeJHEH CKOPOCTBIO MOJIb3YIOTCS PEAKO, KAaK MPaBUJIO B pacyeTax
UCIOJIB3YIOT CKOPOCTh TOYKU B JIaHHBIII MOMEHT BpeMeHH (JJaHHOe MrHOBeHue). J{s onpeneneHus
CKOPOCTHU TOYKH B JJAHHBI MOMEHT BPEMEHM HAJ0 ONPEACIUTh MPENesl CPEeIHEH CKOPOCTH NP
CTPEMIIEHHH At K HYIIIO:

v = oim 20
At—>0 At

A 3TOT mpefen, YYUThIBasA, YTO paglyc-BEKTOp eCTh (YHKIIMS BPEMEHH, J1aeT MEepPBYIO MPO-
M3BOJIHYIO 110 BPEMEHU OT PAJNyC-BEKTOPA TOUKH.

CrnenoBaTeabHO, BEKTOP CKOPOCTH TOYKHM B JIAHHBIM MOMEHT BPEMEHM PABEH IIEPBOH MPOMU3-

BOJHOM II0 BPEMEHHM OT €€ paglyc-BEKTOpa.:

— dr
V = —.
dt

HanpaBneH BCKTOP CKOPOCTHU TOYKH I10 KacaTelIbHOU K €€ TPACKTOPUHU B CTOPOHY €€ IBUIKC-
HU.

YckopeHne TOYKH IPH BEKTOPHOM CIOco0e 32/1aHUA ee IBHKeHHU s

I[Ipeanonokum, 4To B MOMEHT BpeMeHH t Touka OblIa B MONOKeHHH M M UMena CKopocThb V-

, 4 10 IPOLICCTBMH HEKOTOPOI'0 BPpEMEHHM At IIEPEMECTHIIACH B IMOJIOKCHUEC M]_ N CKOPOCTH €€ CTajla

v, (Pucynok 4).
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Pucynox 4 - Yckopenue TOUKH IpU BEKTOPHOM CIIOCO0€ 3a/1aHUsl €€ JIBHIKCHUS

Takum 06pa3oM, 3a BpeMs At CKOPOCTb TOYKH M3MEHMIIACH HA BEIMYUHY AV (PUCYHOK 5).

=l

PucyHok 5 — beicTpoTa n3MEHEHUS CKOPOCTH

Eciu 9T0 mpHpalieHne CKOPOCTH Pa3ieliM Ha yKa3aHHOE MPUpALICHHE BPEMEHH, TO HONYy-
UM BEJIMYHMHY, HMEHYEMYIO CPEIHUM YCKOPEHHEM TOUKH 32 BPEMS At
W AV
P At
JI71st Ompe/ieieH s YCKOPEH s TOUKH B JAHHBI MOMEHT BPEMEHH BO3BMEM IIPEIEIT CPEITHETO

YCKOPEHHS], YCTPEMUB At K HYJIO U MOJTYYUM:

W= lim — = —=
At—0 At dt dt

CJ'IGI[OB&TGJ'H)HO, BCKTOP YCKOPECHHUA TOYKH PaBCH HG‘[)BOI\/'I HDOHSBOI{HOﬁ 1O BpEMCHH OT BCK-

TOpa CKOPOCTH TOYKH WJIM BTOPOU IMPOU3BOIHOM IO BPEMEHH OT €€ paJnyC-BEeKTOpa.

HOJ’Iy‘{eHHLIC BBIPpAXKXCHUSA CKOPOCTH U YCKOPCHUSA TOYKHU CIIYXKAT UCXOJAHBIMU JISI OIIPEACIIC-
HUS CKOPOCTU U YCKOPCHUS TOYKH ITPHU APYTrUX criocobax 3aaaHus €€ IBUXXCHUA.

CkopocTh TOYKHU NMPH KOOPAHUHATHOM CIOC0o0e 3a1aHusl ee IBUKEHUSs

[TycTh nBUKeHHME TOYKH 3a1aHo ypaBHeHHsMHU: X = X(1), y = y(t), z = z(t) u TpebyeTcs omnpe-
JIeTIATh CKOPOCTh TOYKH. Tak Kak MbI 3HaEM, KaK ONpPEIeIeTCs CKOPOCTh TOYKH TPH BEKTOPHOM
crioco0e 3a/laHusl ee JIBHIKCHUS, TO TIepeiiieM OT KOOPAWHATHOTO CIoco0a 3aaHusl €€ IBIKCHUS K
BEKTOPHOMY:

F=xi+yj+zk . Q)

[Mpomuddepenupyem 06e yactu paBeHcTBa (1) M0 BpeMEHHU U MOTYIUM:
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— dx - dy - dz -
V. = —i+—j+—Kk.
dt dt dt
[Tonmy4yeHHBIH TpexwieH ecTh (GopMysa pa3ioKeHUsI BEKTOPAa CKOPOCTH TOUKH Ha COCTAaBIIS-
HOMMUC 110 0CAM KOOPAHWHAT U U3 HEC CIICAYCT, YTO

dx d dz
I .3

X ) y ’ z )

dt dt dt
TO €CTh MPOCKIMH CKOPOCTH TOYKHA HA OCH KOOPJMHAT PaBHBI MEPBBIM MPOU3BOIHBIM IO
BPEMCHH OT COOTBCTCTBYIOIIUX KOOPAWHAT TOYKHU.
3Has MMPOCKIHU CKOPOCTHU TOYKHU HA OCH KOOPAWHAT, MOXKHO JICTKO BBIYUCIIMTL MOAYJIb CKO-
poctu 1o hopmyre

2
z

2 2

V = VX +Vy +V

" OIIpCACIINTL HAIIPABJICHUC BCKTOPA CKOPOCTU IIO OTHOHMICHHIO K OCSAM I10 HAIIPpaBJIAIOIIHUM
KOCHHYyCaM

cos a =V, /V, cos g =V IV, cosy =VZ/V.

chopelme TOYKHU IIPA KOOPAUHATHOM cnocooe 3aJaHusA €€ IBHKCHUA

ITo anamorum c OIIPEACIICHUCM CKOPOCTU TOYKHU, AJIA OIPCACIICHUA YCKOPCHHUA TOYKHU IIPU
KOOPpAWHATHOM croco0e 3aJaHus €€ IBMKCHUA H606XOI[I/IMOI
1. Haiitu IMPOCKIUH YCKOPCHUS TOUYKHU Ha OCH KOOPAWHAT — OHU PABHBI IICPBLIM IIPOU3BOJHBIM
M0 BpEMCHU OT COOTBCTCTBYIOLIUX HpOGKL{I/Iﬁ CKOPOCTH TOYKU UJIK BTOPBIM IMPOHU3BOJAHBIM I10 BpeE-
MCHH OT COOTBCTCTBYIOIIUX KOOPAUHAT TOUKHU:

WdVdeWdVydy dv, d°z
“d g2 7 dt dt 2 dt g ?

2. BpuucnuTh MOAYINb YCKOPEHUs 10 popMmyIie

2 2 2
W = \/WX +Wy +W, .
3. OHpGHGJ’II/ITI) HaHpaBHeHI/Ie BCKTOpa yCKOpeHI/Iﬂ TOYKHU I10 HaHpaBJ'ISIIOHII/IM KoanycaM:

cos a =W, /W, cosﬁ=Wy/W, cos y =W .

CKopocTh TOYKH NPH €CTECTBEHHOM CIOCO0€e 3a/IaHUs €€ IBUKEHHUSI
[TycTh B MOMEHT BpeMeHHU t TOuka 3aHUMaJia MmoyiokeHue M, onpesiensieMoe pacCTOSTHHEM S,

a 10 TPOIIIECTBUY HEKOTOPOTO BPEMEHH At, B MOMEHT BpeMeHHU 11 TosnoxkeHne Mi, onpezaensieMmoe
paccTosiHueM S; (PUCYHOK 6).
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PI/ICYHOK 6— CKOpOCTB TOYKH ITPU €CTECCTBECHHOM croco0e 3aJaHus ABHKCHUA

Taxkum O6pa30M, 3ad BpCM: At KpHBOHHHeﬁHaﬂ KOOpAauHaTa TOYKH HOquI/IHa INpUupacHue
As . ECIIU B3SITh OTHOIIIEHUE AS KAt , TO HOquI/IM CPCAHCC 3HAUYCHHUC ‘lI/ICJIGHHOf/i BCIIMYHHBI CKOPO-
CTH TOYKH 3a BPpCM At
As
T At
[Tepexos K mpejesty HaiaeM YMCIEHHYI0 CKOPOCTh TOUKH B JaHHBIM MOMEHT BPEMEHHU:

@

V = lim Gkl = d_s
At>0 At dt
Wrak, yncnenHas (anredpanyeckas) BeIMUUHA CKOPOCTH TOUKU B IaHHBIA MOMEHT BPEMEHHU
paBHa NEpBOM MPOU3BOJHON IO BPEMEHU OT PACCTOSIHUS (KPUBOJIMHENHON KOOPIMHATHI):
ds
ot
OmnpenensiemMast o 3Tl GpopMylie CKOPOCTh Ha3bIBaeTCs AJIreOpanyeckoi, MOCKOIbKY UMEET
3HAK IUIIOC WM MUHYC. 3HaK yKa3bIBacT B KAKOM HAIIPaBJICHUH OTCUETA PACCTOSHUSA S, ITOJI0KH-
TEJIbHOM WIHA OTPULIATEIIBHOM, JBHYKETCS B JaHHBII MOMEHT TOYKa. HalnpasistoT BEKTOp CKOPOCTH

TOYKHM I10 KacaTeIbHOH K TPACKTOPUH €€ NABUKCHUA C YUCTOM €€ 3HAKA.
chopelme TOYKHU IIPHA €CTECTBCHHOM cnocooe 3aJJaHus €€ IBUKCHUSA

B ciyuae ecTecTBEHHOro croco0a 3aJaHusl JBUKEHUS TOUKH €€ YCKOPEHHE OINPENEIAOT 110
€ro MPOEKIUSAM Ha €CTECTBEHHBIE OCH KOOPAMHAT (KacaTelbHyI0 M r , HOPMaJIbHYI0O Mn W OUHOp-
ManbHyr0 Mb ocu). 3T ocu UMErOT cBOe Hayallo B JaHHOW TOYKe M (OHH NepeMenIatoTcsi BMECTe ¢
HEI0) U 00pa30BaHbl OHU TEPECeYCHUEM T'paHel eCTeCTBEHHOIO TpeXrpaHHHUKa (IlepeceueHUueM Co-
IIPUKACAIOIIEHCS, HOPMAJIbHOM U CIIPAMIIAIOIICH INIOCKOCTEN.

Pa3nouM BEKTOP CKOPOCTH TOYKH Ha COCTABIISAIOLIME IO €CTECTBEHHBIM OCAM KOOPJIUHAT C

IOMOIIBIO €IMHUYHBIX BEKTOPOB 3TUX OCei 7, n,, b, (Pucynoxk 7).
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Pucynok 7 - YckopeHHE TOYKH IPU €CTECTBEHHOM CITOCO0E 3aIaHUS €€ JBUKCHHUS

A Taxxe BHUAHO, YTO

Torma Oyner

=

T v

Copavrmomas mo.

.| -
L I L

Hopruanesag ojt.

I
P4

ConpHkacaromascs L

V =V_ 7, +V, fy +V,by.

Jlna onpeneneHus: yCKOpeHus o0e 4acTH 3TOro paBeHCTBa MpoauddepeHIupyeM mo BpemMe-

HH, YIUTBIBAA, 4TO Vu T_O BCJIMYMHBI ICPEMCHHBIC, ITOJTYYHM!

[IpeobOpazyeM mpou3BOIHYIO

MMpEACTaBUB €€ KaK IMPONU3BOAHYIO C MPOMCKYTOYHBIM apIryYMEHTOM

dr n,
Janee npumenum Gopmyny @pene —> = —& u3 kypca audpepeHInanbHO TeOMEeTPUH.
ds P

Torna

u ¢popMmyna (2) MOITYIUT BUJT

dt

d7, d7, ds

dt ds dt

S -

d7g _ Mo,
dt P
— dv _ Vv?_
W = —7,+—n,.
dt P
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Bripaxkenue (3) ectb hopmyra pa3ioKeHHs] BEKTOpa YCKOPEHHUS Ha COCTABIIAIONINE 10 €CTe-
CTBCHHBIM OCSIM KOOpAWHAT. W3 nee CJICAYCT, UTO BEKTOP YCKOPCHUA TOYKHU BCCrha JIC)KUT B COIIpHU-
KacarolIeics MIOCKOCTH U paBEH FT€OMETPUIECKON CyMMe KacaTelIbHOIO M HOPMAJIBHOTO YCKOPEHUH
(buHOpMaBHOE YCKOPEHHE paBHO HYIHO). CIeayeT TaKKe, YTO MOYJU 3TUX YCKOPCHH PaBHBI:

W =—=—— W=

n

dv  d?’s v?
P

Tac p - paanycC KpUBU3HBI TPACKTOPHUU TOYKHU B I[aHHLIﬁ MOMCHT BPpCMCHU.

Taxum o6pa30M, KacaTelIbHOE YCKOPESHHE TOYKH PABHO NEPBOM MPOM3BOAHOM IO BPEMEHH OT

anre6pqueCI<0171 CKOPOCTH TOYKH MJIM BTOPOM IIPOM3BOJHOMN IT0 BPEMEHHU OT PACCTOSHUS (KDI/IBOJ'II/I—

HEHHON KOODHI/IHaTBI) S. HopmanpHO€ YCKOpEHHE TOYKH PaBHO KBaJIpaTy CKOPOCTH TOYKH JICJICH-

HOMY Ha pauyC KPpUBHU3HbI €€ TPACKTOPHUH B [[aHHI)If/i MOMCHT BPEMCHU.

KacatenpHOE YCKOpEHHE TOYKM HAIPaBICHO IO KACATEILHON K €€ TPAaCKTOPHH B IIOJIOKH-

TCJbHOM MJIU OTPULATCILHOM HANPaBJICHUIX OTCUCTA PACCTOSIHUS S (B 3aBUCHUMOCTH OT €r0 3HaKa —

OHO MO’KET UMETh 3HaK IUIIOC UM MUHYC, KaK U CKOPOCTb).

HopMmanbHoe yckopeHue TOYKM BCEr/ia HalpaBlIeHO K LIEHTPY KPUBHU3HBI €€ TpaeKTopuu (B
HOJIOKHUTEIBHOM HAIIPABJICHUHU HOPMAJILHOMN OCH).

Monyib ycKOpeHHs TOUKH OyJ1eT paBeH:

Wo=w 2w’

Y4autsiBas PAacCIIOJIOKCHHUEC STHUX y'CKOpeHI/Iﬁ Ha 4YCPTCIKE.

YacTHble CJIyvyam IBUKCHUSA TOYKH.

1. IlpsmonuHelHOE ABWXKEHHWE TOYKU. B 3TOM ciiydae paanyc KpUBH3HBI TPAEKTOPUHU paBEH

0ECKOHEUHOCTH, [T03TOMY HOPMAaJIbHOE YCKOPEHHE PABHO HYJIO M MOJHOE YCKOPEHHE TOUKH PaBHO
€e KacaTelbHOMY YCKOPEHHIO. B 3TOM ciiyyae CKOPOCTb U3MEHSETCS TOIBKO 110 MOAYIIO, CIE€N0BA-
TEJIbHO, KaCaTeJIbHOE YCKOPEHUE TOYKH XapaKTepU3yeT U3MEHEHUE CKOPOCTHU 10 MOJYIIIO.
3aMeTHM, YTO HOPMAJIbHOE YCKOPEHUE TOUYKH paBHO HYJIIO €Ille U B TOUKax neperuda ee Tpa-
€KTOPUH, TIOCKOJIBKY B HUX PaJlyC KPUBU3HBI TPACKTOPUU OECKOHEYHO OOJIBIIION.
2. PaBHOMepHOE KpHBOJIMHEHHOE JBIKEHHE. B 3TOM citydae MOIyIIb CKOPOCTH TOYKH MOCTOS-

HeH. [loaTomMy KacarenbHOE YCKOpEHHE TOYKM paBHO Hymo. [lolHOe yckopeHHe TOYKH paBHO ee
HOPMaJIbHOMY YCKOpeHHI0. Tak Kak B 3TOM cilydae CKOPOCTh U3MEHSETCS TOJIBKO MO HaIMPaBJICHUIO,
TO, CJIEJOBAaTEIbHO, HOPMAJIBHOE YCKOPEHHE TOYKM XapaKTEpU3YeT H3MEHEHHE CKOPOCTH IO

HAITPpaBJICHUIO.
3. PaBHOMEpHOE NpsSAMOIMHENHOE ABMKEHUE. B 3TOM CJIydac 1 HOpMAJIbHOC, U KAaCaTCJILHOC, a,

CJICOOBATCIILHO, U MMOJHOC YCKOPCHHA TOUYKU PAaBHBI HYIIIO. 910 CI[I/IHCTBGHHLII\/'I YaCTHBIM cnyqaﬁ,
IMpU KOTOPOM YCKOPCHUEC TOYKH PABHO HYIJIIO.
4, PaBHonepeMeHHoe JABUXKCHUC. PaBHOHepeMeHHBIM HAa3bIBACTCA TaKOC ABMKCHHUE TOYKH, IIPH

KOTOPOM €€ KacaTrejIbHOEe YCKOPEHHE TOCTOSTHHO.
B sToM citydae Touka IBHXKETCS COTJIACHO YpaBHEHUS (3aKOHA)
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w_t?
s=Vyt+ )

2

a CKOPOCTb TOYKH
Vo=V, + Wt
Ecnu 3nakm CKOPOCTH M KaCaTCJIbHOT'O YCKOPCHUA OJMHAKOBBIC, TO TOUKA ABMXXETCA PAaBHO-
YCKOPEHHO, a €CJIM 3HAaKH Pa3HbIC, TO TOYKA ABUXKETCA paBHO3aMCIJICHHO.
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Jlexnusa 2

[ToctynarenbHOE IBUKEHUE TBEPAOTO TENA.

BpamarenbHoe IBMKEHHUE TBEPIOTO TeEA.

OcHOBHBIE OIIpEEICHUS U TIOHATHS, 3aJaHUE BPAILATEIbHOTO JBUKCHHUS.
VYTri0Bast CKOPOCTb U YIJIOBOE YCKOPEHHE.

YacTtubie CJIydau BpallaTCJIbHOI'O IBUKCHHUA TCJIA.

JInHeliHasg CKOPOCTh TOYKM BPALLAOLIETOCs TEIA.

Y ckopeHre TOYKU BpaIlaoLerocs Tela.

®opmyna Diepa 17 JIMHEHHON CKOPOCTU TOUYKU BPAILlAIOLIErOCs Tea.

©ooN R wDdE

Kunematuueckue hopmyibl Diinepa.
IMocTynarenbHOe ABU:KEHHE TBEPAOIO TeJia

[locTynaTenbHbIM Ha3bIBA€TCSI TAKOE ABM)KEHHUE TBEPJOrO TeJa, IPU KOTOPOM Jito0ast mps-

Masl, IIPOBEICHHAS B TEJIE OCTAETCS NAapaJIEIbHOM CBOEMY ITEPBOHAYAIIBHOMY IIOJIOKEHUIO.
Takoe nBHKEHHE COBEPIIAIOT, HAIPUMED, II€1ajlb BeJIocuneaa; cnapHuk AB, coequHAomui
JIBa KpUBOIIHUIA (PUCYHOK 1).

Pucynok 1 — CniapHuk

[Ipu mocTynaTenbHOM JABMKEHHWU TOYKU Tella MOTYT ABUTAThCSA MO JIOOBIM TPACKTOPHSIM,
MO3TOMY €T0 HENb3s CMEIIUBATh C MPAMOJIUHEHHBIM IBUKEHUEM.

OcTaHoBHUMCS Ha 33aJaHUM MOCTYMaTeNbHOTO ABMXeHus Tena. [lycth Teno D nBukercs mo-
CTYMaTEeNbHO OTHOCUTENFHO HETIOIBIKHBIX ocell koopauHat OXYZ (pUCyHOK 2).
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PI/IcyHOK 2-— 33.IIaHI/Ie MOoCTYNNAaTCJIbHOTO ABUKCHUA
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Bo3bmem B Tene Mpou3BOJIbHYIO TOUKY A W MpoBeaeM yepe3 Hee ocu koopauHat O1XiY1Z;
JKECTKO CBSI3aHHBIE C TE€JIOM, PACIIOIO0KUB UX MapaLIEIbHO OCAM X, Y, Z. Tak Kak TeJI0 OTHOCUTEIHHO
0Ceil, ®KECTKO C HUM CBSI3aHHBIX, 3aHUMAET HEM3MEHHOE IOJIO0KEHUE, TO €ro IMOJO0KEHUE OTHOCH-
TEJILHO HETOJIBUKHBIX ocell koopauHaT OXYyZ B 10001 MOMEHT BPEMEHH OIPEesieTCs MOI0KEHU-
€M TMOJIBIXKHBIX OCEH KOOpAMHAT. A MX MOJIOKEHHUE, MOCKOIbKY OHU OYIyT BCerjaa NnapajuieIbHbl
HEMOJIBUYKHBIM OCSIM, MOKHO OMPEIENIUTh MO MOJOKEHUIO TOYKU A — Hayally 3TOM CUCTEMBI KOOp-
JTUHAT.

Otcroga cienyer, YTO HOJOKEHUE Teja MPU MOCTYNAaTeIbHOM JABMWKCHUHU MOKHO Ompesie-
JUTh 10 TOJIOKEHUIO OJTHOMU JIF0OOM €ro TOUKH, ABMKEHHE KOTOPOIl MOXKHO 3a/1aTh KOOPJIUHATHBIM,

CCTCCTBCHHBIM MJIN BCKTOPHBIM cIrocodomM.
Bozbmewm eliie oHy pou3BoiIbHYIO TouKy B Tena. [lonoxenue Touek A u B Oynem onpene-

JATh UX paiuyc-BeKTOpamu r, U ry . CoequHuM TOUKy A ¢ Toukoil B BekTropoM 4B (3ameTum, 4to

ATOT BEKTOP MTOCTOSHEH 110 MOJYJIIO U HampasiieHuto). Toraa, kak BUgum (puc. 2)

rg =Ty + AB . (1)

W3 ypaBHeHus (1) BbITEKaeT, 4To TpaeKTOpusl TOUKU B moisiydaercss cMeleHueM BCeX TOUEK

TPACKTOPUHU TOYKH A HA TIOCTOSHHYIO BEJIMYUHY AB , TO €CTh TPAGKTOPHH BCEX TOUEK Tejia OyayT
OJIMHAKOBBIMH, COBIQIAFOIIUMH TTPH HATIOKCHHH.

Teneps 00e wactu paBenctBa (1) mpoauddepeHurpyeM ABaXKIbl 0 BPEMEHU, YUUTHIBAS,
4TO TIepBasi MPOU3BOIHASL OT PaJNYC-BEKTOPA TOUYKH €CTh BEKTOP €€ CKOPOCTH, a BTOPAsi MPOU3BO/I-
Hasi- BEKTOP YCKOPEHUS TOUKH, TIOTYIHM:

Vg =V, Wg=W,.

N3 Bcero M3I0KEHHOTO CIEAYET, IPHU MOCTYNATEIbHOM JBMKEHUM TBEPJOTO TeJa BCE €ro
TOYKHU JABUXKYTCSA MO OJMHAKOBBIM, COBHAJAIOIINM MPU HATIOKEHUHU, TPACKTOPUAM U B KaXKIbI MO-
MEHT BPEMEHHU MMEIOT OJIMHAKOBBIE IO MOAYJIIO M HAIMIPABIEHUIO CKOPOCTU M PaBHBIE IO MOJYIIIO U
HaIpaBJIeHUIO0 YCKOpeHus. Takum o0pa3om, NIl U3YYEHHS 3TOrO JIB)KEHUS TeJla JOCTaTOYHO U3Y-
YHUTH ABUKEHUE OJTHOMN JIFOOOH €ro TOUKH.

BpamaTenbnoe ABUKEHHUE TBEPAOIO TEJIa
BpamaTensHbIM Ha3bIBACTCS TaKOE JBM)KEHHE TBEPAOIO Tella, MPU KOTOPOM JBE €ro TOYKHU

(I/IJ'II/I ABC HCU3MECHHO CBA3AaHHBIC C HUM TO‘IKI/I) OCTAar0TCA HCMMOJABUXKHBIMU.
HpHMa}I, npoxojduiad 4€pe3 3T TOYKU HA3bIBACTCA OCbIO BPAIICHUA. Bce Toukn TCIIa, JIc-

Kalllie Ha OCH BPALICHUS HEMOJBHM)KHBI, BCE OCTAJIbHBIE TOUKU TeJa JBUXKYTCS MO OKPY>KHOCTIM
BOKPYT OcH BpaieHus. [IIockocT 3TUX OKpYKHOCTEH NepreHIUKYISIPHBI K OCH BpaIlleHHS.

Jl51g 3aaHus BpalaTeabHOTo IBUKEHUS Tella MPOBEJIEM Yepe3 OCh €ro BpallleHUs JIBE MOJy-
IJIOCKOCTH: HEMOJIBUKHYIO M KECTKO CBSI3aHHYIO C TEJIOM (BpE3aHHYIO B HEr0) M BpaLIaroIIyOCs
BMECTE C HUM (PHCYHOK 3).
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Pucynok 3 — BpamiarenbHoe JBUKEHHE TBEPAOIO Tela

Torna monoxkenue Tena B 1000 MOMEHT BPEMEHU MOKHO OMPENEIHUTh MO YTy ¢ MEXIY
STUMHU TMONYIIJIOCKOCTSIMU B3ITOMY C COOTBETCTBYIOIIMM 3HAKOM. YTOJ ¢ HA3bIBAE€TCS YIJIOM IOBO-
pota tena. M3mepsiercss oH B paauaHax. C TedeHMEM BPEMEHH OH HEMPEPHIBHO M3MEHSETCS U, Clie-
JIOBATEIIbHO, SBISIETCS PYHKIMEH BPEMEHU:
p=gp(t).
DTO ypaBHEHHE Ha3bIBA€TCS ypaBHEHHEM (3aKOHOM) BpAIllaTEIbHOTO JBUKEHHS TBEPIOTO
Tena.

Yron ¢ TOBOPOTA TCJIa NPUHATO CUUTATH IOJOXHUTCIbHBIM, €CJIM OH 06D2130BaH BpalmcHUEM

TEJa IPOTHB X044 YaCOBOM CTPEIIKH, M OTPHIIATSILHEIM, €CJIM BpalllCHHEM I10 X0y YaCOBOM CTpeI-

KH. HaHDaBJ'ICHI/IC Bpalni€HHUsA CMOTPAT C IMOJOXKHUTCIHbHOIO KOHIIA KOOD)IHH&THOﬁ ocCH, HDOBC}IGHHOﬁ

BJOJIb OCH BpalliICHHUA TCJIA.

Yraosasn CKOPOCTH U YIVIOBO€ YCKOPECHHUE BPAINAIIIET0CH TEJIA

YTiI0oBas CKOPOCTh @ U _VIJTIOBOE€ YCKOPEHHUE & SBISIOTCS OCHOBHBIMH, O6H.[I/IMI/I I BCEX

TOYCK TECJIa, KHHCMATHYCCKUMH XAPAKTCPUCTHKAMU BPpaAlIATCIbHOI'O ABUKCHUS TECJIA.
Ecnu 3a BpeM:A At yroj HOBOpPOTa TEjIa MOJIY4YWUII MPUPAIICHHUE A ¢ , TO CPCOAHAA YriioBas

CKOPOCTH TCJIa 3a 3TO BPEMs

Ag
@, = ot .
Jlst onpenienieHrs yrioBOoM CKOPOCTH Teja B JaHHBI MOMEHT BPEMEHHU BO3bMEM IIpe/esl OT
CpeIHEN YIIIOBOM CKOPOCTH MIPU At — 0 U MOJIYYUM

. Ap do
o= lim —=—"]—,
At—>0 At dt

Takum O6p8.30M, YIJ10Bas CKOPOCTh paBHA MEPBOM MPOM3BOAHON IO BPEMEHHU OT yIrila HOBO-
poTa Tcja:
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Enununel usmepeHus yrioBol CKOPOCTH SIBIISIOTCS paauanbl B cekyHay (1 pan/c). Yrmosas
CKOpOCTh, KaK U yroJl IOBOPOTa, MOYKET MMETh 3HAaK ILUTFOC WM MUHYC. ECiii OHa MMeeT 3Hak IUTioC,
TO TEJO BpaIIaeTCs MPOTHB XO0J/a YaCOBOW CTPEJKH, a €CIIM MUHYC, TO IO XOAY YaCOBOH CTPEJIKH
(TIpaBHIIO 3HAKOB TO K€, YTO M JUIS yIJIa IOBOPOTA TEIIA).

VYTI0BYIO CKOPOCTh MOXKHO, @ HHOTJIa ¥ HEOOX0IMMO, N300pakaTh BEKTOPOM. BekTop yrio-
BOM CKOPOCTH pacrojararoT Ha OCH BPALCHHS M HAIMPABISIOT TyAa, OTKYJAa MOBOPOT Teja BUAEH
IIPOTHUB XOJ1a YaCOBOM CTPEJIKHU.

YT10BO€e YCKOpPEHHE XapaKTepU3yeT OBICTPOTY M3MEHEHMS YITIOBOM CKOPOCTH C TEUCHHEM

BpemeHH. Ecnu 3a BpeMs At yriioBasi CKOPOCTb U3MEHHUJIACh HA A @ , TO CpPEeIHEE YII0BOE yCKOpe-
HUE Tesa 3a 3TO BpeMs OyieT
Aw

& ,
T At

a mepeust K mpeieny CpeHero YCKOPeHHUs Ipu At — 0 MOJy4UM, YTO
d d?e
£=——, WM & = T

dt dt
CHeZ[OBaTeHBHO, YIJIOBOC YCKOPCHUEC TCJIa PABHO HeDBOfI HDOHSBOHHOﬁ 110 BpCMCHU OT €ro

YIJIOBOM CKOPOCTH MM BTOPOM IPOMU3BOJHOM 110 BPEMEHH OT YIJla IOBOPOTA TEJa.

V3MepsieTcst OHO B pajMaHax 3a ceKyHay B kBajpate (1 pam/c’) M MOXKeT MMeTh 3HAKH TLTI0C
wii MuHyc. Ha pucyHKax ero HampabieHHME CIEyeT MOKa3bIBaTh ¢ yyeToM 3Haka. OOpaTum BHU-
MaHHE€ Ha TO, YTO €CIIM 3HAKH YIIIOBOW CKOPOCTH W YIJIOBOTO YCKOPEHHS OYIyT OJMHAKOBBIE (COB-
Ma/1atoT), TO BpallleHne Oy/IeT YCKOPEHHBIM, a €CIIU HET, TO 3aMEJICHHBIM.

[To anaoruu ¢ yriaoBoi CKOPOCTBIO, YTIIOBOE YCKOPEHHE MOKHO M300paXkaTh BEKTOPOM, KO-
TOPBIA PACIONAraf0T HA OCH BPALICHUS Tella U HAINPABISIOT C YYETOM €ro 3HaKa: IMPH YCKOPEHHOM
BpAILllEHUH B CTOPOHY BEKTOpa YIJIOBOM CKOPOCTH, IPU 3aMEIJICHHOM — IPOTHUB BEKTOPa YIJIOBOii
CKOpOCTH.

YacTHble CJIyvyau BpalaTeJIbHOIro ABUKCHUS TEJIa

1. PaBHOMepHoOe BpaiieHue. PaBHOMEpHBIM Ha3bIBa€TCsl TaKOE BpallleHHE Tela, MPU KOTOPOM
€ro yrjoBasl CKOpPOCTbh NOCcTOsiHHA. Clie10BaTeNnbHO IPU PABHOMEPHOM BpALIEHUH TEJA €r0 YIJIOBOE
YCKOpEHHe paBHO HYI0. 13 popmyiisl

d
0 =—
dt
CJemyeT 4To
do = wdt .
Wuterpupyst o6e 4vactu 3Toro anp@depeHIualbHOr0 ypaBHEHHS B COOTBETCTBYIOLIMX
npeaciiax nmojiydum 3aKOH paBHOMEPHOI'O BpallICHUS TEJia:

o =wt.
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Otcrona yrioBasi CKOPOCTh TeJla P PaBHOMEPHOM BPALIEHUHN

4
W = —.
t
B TexHMueckoll MpakTHKE yIiioBas CKOPOCTh PABHOMEPHOTO BPALEHUsI KAaK IIPABUIIO 3a]1a€T-

cs He B 1/c, a yacToToi N Bpamenus o0/mMuH. HaiiieM 3aBUCHUMOCTh MEXI1y HUMH:

1) 2z n
0 =—-= .
t 60
CieqoBaTeabHO
T n
wo=— wHu o =01ln,
30

YTO U TpC6OBaJ'IOCB J0Ka3aThb.
2. PaBHomnEpeMEeHHOE BpalllcHUE. PaBHOHepeMeHHHM HAa3bIBACTCA TAKOC BpallCHUC TCJIa, IIPpU

KOTOPOM €TI0 YIJIIOBOC YCKOPCHHEC ITOCTOAHHO.

HpI/I PaBHOIIEPEMECHHOM BpAILlICHHUHN YT'OJI IOBOPOTA TCJIa

gtz

2
DTO0 paBEHCTBO €CTh ypaBHEHUE (3aKOH) PAaBHOIIEPEMEHHOTO BpallleHUS Tela.
Ecnu 06e yactu 3Toro paBeHcTsa npoauddepeHupyeM mo BpeMeHH, TO MoIyduM GopmMyny
YTJIOBOM CKOPOCTH Teja MpU PaBHONEPEMEHHOM BPAILIEHUN

(/):wot+

a):a)0+5t.

Ecnu 3Haku YFHOBOP'I CKOPOCTHU U YIJIOBOTI'O YCKOPCHHUSA COBIIALArOT, TO BpAIICHUC 6y,[[eT
PaBHOYCKOPEHHOC, a €CJIM HET — PAaBHO3aMCAJICHHOC.

JIuHeilHasi CKOPOCTh TOYKHM BPAaIAKIErocs Teja

[Iyctb B MOMEHT BpeMeHH t IpOM3BOJIbHASI TOUKA BpAllaloLIErocs Tejaa Obula B MOJOKEHUU
M, a B MOMEHT BpeMeHH 11 iepeMecTriach B ooxkeHue My (pUCyHOK 4).

Pucynok 4 — JIuneiiHast CKOPOCTh BpaILlAIOLIETOCs Tea

Torma paccrosiHue MpoiiICHHOE TOYKOM IO Iyre, OMUCHIBAEMON € OKPYKHOCTH OyneT
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s=¢ R.

910 PaBCHCTBO ABJIACTCA YPABHCHHUCM ABHIXCHUS TOUKH BPAINAROMICTOCA TCJIa B €CCTCCTBCH-
HOU (hopme. J{ns onpeneneHusi CKOPOCTH TOYKH npoauddepeHupyemM 006e 4acTu ITOr0 paBeHCTBA
10 BpEMEHU:

S d
V=—=-—"R
dt dt
VyuteIiBas, 4To
do
= _ L,
dt
OKOHYATEJIbHO MOJIyYHM
V =wR .

Takum 06pa3om, TMHEHHAas CKOPOCTh TOUKH BPAILIAIOIIErocs Tela paBHA MPOU3BEICHUIO €r0
YIJIOBOM CKOPOCTH Ha PACcCTOSHUE OT 3TOM TOYKHU 10 OCH BpalleHHs (paauyc OKPYKHOCTH, OMHICHI-
BaeMou TO4Ko#). HampapiieHa CKOpOCTh TOUKH IO KacaTeIbHON K €€ TPaeKTOPUHU B CTOPOHY Bpalie-
Hug Tena (puc. 4).

W3 momydeHHON (GOpMyIIbl BUAHO, YTO CKOPOCTH TOUYEK BPAINAIOMIETOCS Tea IMPOIOPLHO-
HaJIbHbI MX PACCTOSHUAM J0 OCH BPAILCHMUS.

chopelme TOYKH Bpallalomerocs rejia

yCKOpCHI/Ie TOYKH BpalllatoIICrocCs Tejia ONpCACIAOT IO €€ KaCaTCIIbHOMY U HOPMAJIbBHOMY
YCKOPCHUAM, TOCKOJIBKY ABUKCHHUEC TOYKH JICTKO 3a1a€TCA €CTCCTBCHHBIM CII0COOOM:

dv dw
F)IGWT =——=—R, wm WT =& R;
dt dt

W _ =

n =——,uuum W, =o R.

VZ:  (wR)? )
Yol R

C yderoMm 3HaUYeHMH KacaTeIbHOTO M HOPMAJILHOTO YCKOPEHUH (POpMYIy MOJHOIO yCKope-

W :R\/52+a)4.

W3 nocneaneit popmynsl cieayeT, YTO YCKOPEHUS! TOYEK BpalIaroIIerocst Teia MporopLuuo-

HUSL MOKHO IPeo0pa3oBaTh K BUAY

HaJIbHBI UX PACCTOSHUSM JI0 OCH BpallleHus.

KacarenbHoe yCKOpeHHE TOYKM HAIpaBJIECHO 10 KacaTeIbHOW K €€ TPAaeKTOPUHM B CTOPOHY
yriaoBoro yckopeHus HopmanbHOe ycKOpeHHE TOUKM BCEI/la HalpaBlIeHO K OCH BpalllEHUs Teja Io
paznycy OKpYyKHOCTH, OIMChIBaeMOM Toukoi. HarpaBieHus yckopeHuil oka3aHbl paHee.
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®opmyaa Jiisepa AJis1 JUHEHHON CKOPOCTH TOYKHM BPaIAKIIErocs Teja

[TokaxxeM Ha yepTex e BpaIAIONICeCss TEJIO0, BEKTOP YIVIOBOH CKOPOCTH Teja, HEKOTOPYIO

TIPOM3BOIIEHYIO TOUKY M Tela, ee paauyc-BeKTOp I M CKOPOCTh V , paccTosHue R oT Touku M 10
OCH BpAILICHHUS TeJIa - PaiyCc OKPYKHOCTH, OITUChIBaeMOi Toukoi (PucyHok 6).

Pucynok 6 — JlokazarenscTBO popMysbl Diinepa 11 TUHEHHONH CKOPOCTH TOUKH
BpalIarolerocs Tena

BeIpazum nMHENHHYIO CKOPOCTh TOUKH M:
V = wR = wrsin «,

C IPYroil CTOPOHBI

a)rsina=|a7><r_|.

CJ'ICI[OB&TCHBHO, MOAYJIb JIMHENHOMN CKOPOCTH TOYKH BpallarOUICroCs TCjIa paBCH MOAYIIIO
BCKTOPHOTO ITPOU3BCACHU A er'IOBOfI CKOPOCTH U PaiNnyC-BCKTOpPA TOUKHU:

V:|a7><r_|.

Kpowme toro, ucxoast u3 onpezaeneHuss BEKTOPHOIO MPOU3BEACHHS HA3BAHHBIX BEKTOPOB U UX
pacrojoXkeHus: Ha puc. 6, HallpaBJIEHUs JTUHEHHON CKOPOCTH TOUYKH (OHA MEPHEeHIUKYIsSpHA TUI0C-
KOCTH, MPOXOJSIIeH dYepe3 paauyc-BeKTOpP U BEKTOpP YIJIOBOM CKOPOCTH) MOXHO CHE€JaTh BBIBOJ,

YTO BEKTOPHI V M & x© COBMAZAOT MO HaIpaBJICHUIO.

61



N3 u310KEHHOTO0 BBITEKAET, YTO BEKTOP JIMHEHMHOW CKOPOCTH TOUYKH BpalAIONIErocs Tela
paBeH BEKTOPHOMY MPOU3BEACHUIO BEKTOPA YIIIOBOM CKOPOCTH Tejla U pagnyCc-BEKTOpa 3TON TOUKHU
OTHOCHTEJIBHO JIF000H TOUKM Ha OCH BpaIllEHUs Tea:

V = xr .

Ota ¢Gopmyna Ha3eiBaeTcs GopMynoil Ditepa i TMHEHHONW CKOPOCTH TOYKH Bpallaromie-
rocs Tena.

Kunemarunueckue popmyiinl Jidiepa

HpI/IBe,I[CHHaH BBIIIC Q)opMyna 3ﬁﬂepa IIO3BOJISICT BBIYMCIINTD HHHCﬁHyIO CKOpPOCTb TOYKH
BpallalOICrocs Tea I10 €€ IPOCKUUIM Ha OCH X, Y, Z )KECTKO CBA3aHHBIC C TCIIOM:

2 2 2
V = VX + Vy + VZ .

Z[J'ISI OIIPCACIICHUSA HpOCKI_II/Iﬁ CKOPOCTHU HAa KOOPAMHATHBIC OCH HYKHO BCKTOPHOC IIPOU3BC-
JCHUC w XTr BBIPA3UTh YCPE3 MMPOCKIHNHN 3THX BCKTOPOB HA OCH KOOPJAHWHAT.

Paznoxum BCKTOPbI @ u r Ha COCTABIAIOILIUE 10 OCAM KOOpJZMHAT:

0 =, +a)yj_+a)zk,
r=xi+yj+ zk,
rze X, Y, Z — KOOpAMHATHI TOYKHU (OHM K€ MPOCKIIMH I Ha OCU KOOPJIMHAT).
Torna
V=oxr=(o,z-0,y)i+(@,x-0,2)j+(0y -0 X)Xk
W3 710it hopMyIbl, pa3nokeHus: BEKTOpa CKOPOCTH TOYKU Ha COCTABIISIOIIUE MO OCAM KOOP-
JIMHAT, CJIEIYET, YTO MPOEKIIMH CKOPOCTH TOUKH BPAILAOIIET0Cs TeJla HA OCH KOOPAUHAT PABHBI:

VX =0,l-0,Y,

Vy =w,X-0,Z,

vV, =0y - oX

Otu GopMyIibl Ha3bIBAIOTCS KUHEMaTUYeCKUMU hopMyliaMu Disepa.
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Jlexnusa 3

[TnockomnapasienbHOe JBMKEHUE TBEPIOTO TEJla, OCHOBHBIE ONPEACICHHUS
YnpoieHue u3ydeHus mI0CKONapaiebHOTO ABHKEHHUS.

3ajanue MmIOCKOMapalIeIbHOTO ABUKEHUS

PaznoxeHne mockonapauieIbHOTo JBM)KEHUS Ha TIOCTYNATeIbHOE M BpalaTelIbHOE.
OmnpeneneHre CKOPOCTH TOYKH TUIOCKOW (DPUTYPHI, ABMKYIIECHCS B CBOCH TNIOCKOCTH.
OnpezneneHne yCKOPEHUs TOUKH IJIOCKOH (DPUTYPBI, JBIKYIIEHCS B CBOCH TUIOCKOCTH.

ook whE

HJ'IOCKOHapaJ'IJIeJ'ILI-Ioe ABUKEHHUE TBEPAOI'O TEJIa, OCHOBHBIE OIIPEACJICHUSA

[InockonapajyieabHbIM (IIJIOCKMM) Ha3bIBAETCS TAKOE JABM)KEHUE TBEPJOTO Tela, IPU KOTO-

POM BCC €0 TOYKU ABHUIKYTCA B INIOCKOCTAX IMapalJICJIbHBIX HGKOTOpOfI HEIIOABIKHOM INIOCKOCTH.
HnocxonapannenLHoe JABMJKCHHC COBCPIIAOT MHOI'MC ACTAJIM MCXAHHW3MOB MW MaAIllWH.

HaanMep, HIaTYHbI KPUBOIIHUITHO-IIATYHHBIX MCXaHU3MOB, IICCTCPHU IINIAHCTAPHBIX U ,Z[I/I(i)q)epeH—

OUaJIbHBIX 3}/'6‘18.TBIX nepeaad, KaTK1u U KOJIeCa MallliH Ha HpHMOHHHeﬁHLIX y4acCTKax ImyTH.

anomelme H3YYCHUS IVIOCKOIIAPAJAJTIC/IBbHOT0 IBUKCHUSA

Paccmotpum teno D, coBepiuaromiee IIOCKONapauIeIbHOE IBUKEHUE OTHOCUTEIBHO HEIO-
JIBIDKHOM TUTOCKOCTH JABWKEHUS ¢« (PUCYHOK 1).

Pucynok 1 — Ynpouienne n3ydeHus miocKonapauieIbHOrO ABUKECHUS

[IpoBenem B Tene HEKOTOPYIO MPSMYIO MEPIECHIUKYISIPHYIO TUIOCKOCTH « . Bee Touku Tena,
JIeKaIIUe Ha 3TOW NMPSIMON OyIyT ABUTATHCSA TOXJIECTBEHHO, TTOCKOJIBKY BCE OHU OCTAFOTCS B TUIOC-
KOCTAX HapalJICIbHBIX INNIOCKOCTH « W PACCTOAHUA MEKAY HHUMHU OCTAOTCA HCU3MCHHBIMU (T.K.
TEJ0 a0COFOTHO TBEPJIOE).
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CrnenoBarenbHO, 11 U3YYEHUS ABM)KCHUS TOYEK TEJIa HAa 3TOU NMPSMOM AOCTATOYHO U3Y4YHTh
JBUKEHHUE TOJIBKO OJHOM TOYKH, HanpuMmep, Touku A. Tak, 1 U3ydeHus ABM)KEHUS TOUYEK Teja Ha
BTOPOU NPSIMOM, IIOKA3aHHON HA PUCYHKE, TOCTATOYHO U3Y4YHUTh JIBHKCHHUE TOUKH B.

OTOT BBIBOJ OyJET CHpaBEAIUB I TOUEK Tella, JIekKAIUX Ha JII000H MpsSMON MepIeH UK Y-
JISIPHOM IUIOCKOCTH ¢ . Eciin ’ke Bce 3TU TOYKH B3SITh HA OJJMHAKOBOM PACCTOSIHUU OT HETIOABHKHOU
IUIOCKOCTH, TO MOKHO IIPUMTH K CIEIYIOIIEMY 3aKJIIOUYEHUIO: LI YIPOIUECHU U3YYCHHS IIOCKONa-
PaJICIIBHOTO JIBVOKCHMS TBEPAOrO TEJIa HAJAO PAcCe¥b €r0 INIOCKOCThI0 NMAapauICJbHON IIOCKOCTH

IBrKeHUs, HanpuMep OXy, U U3YYUTh JBH)KEHUE TOYEK MOTYYCHHOW B Pe3ylbTaTe CEYCHMs MII0C-
Ko urypel S B miockocTu 3Toi Gurypel. YToObI OXBaTUTH STUM €IMHBIM METOIOM BCE MHOT000-
pa3ue YacTHBIX CIIy4aeB CEYeHHUs IIOCKYIO0 (PUTypy MPEeACTaBIIAIOT HEOTPAHHUEHHO OOJIBIION.

3aganue MI0CKONAPAJJIeJIbHOTO IBHKEHUSI

B cuiy oTMeueHHOrO BBIINIE, TIOJIOKEHUE Tella TIPH MI0CKOMAPAJUICTILHOM JIBUKCHHUH B JTHO-
00l MOMEHT BPEMECHH MOKET OBITh ONPEESIICHO IO TIOJI0KEHUIO TNIOCKOW (PUTYPBI S OTHOCHTEIHHO
koopauHat Oxy. [TonoxeHue xe ITOH TUIOCKON (PUTYyphl MOKHO OMPEIETUTh O MOJIOKCHHUIO TBYX
JFOOBIX €€ TOYCK, HampuMep, Touek A u B (pucyHok 2).

Pucynok 2 — 3aianue miockonapamuienbHOro JBUKEHUS

OnHoO¥ TOUYKOW TOJNOXKEHHE (DUTYpPHI OMPEIETUTh HEBO3MOXKHO. 3a/lady MOXKHO 3aMETHO
VIPOCTHUTH, €CIIA 3TU TOYKU COSIUHUTH OTpe3koM AB u ompenensiTh MmoyiokeHue TIOCKOH (GUryps
IO TOJIOKEHUIO ATOTO OTpe3Ka. JlJIs 4ero J0CTaTOYHO 3aaTh MOJIOKEHUE OJHOM €ro TOUKHU, Halpu-
Mep TOYKU A, KOTOPYIO UMEHYIOT MOJIOCOM, U YIOJl ¢ MEXIY 3TUM OTPE3KOM U MOJOKHUTEIbHBIM

HAIpaBJICHUEM OCH X, TO €CThb TPEMS, 3aBUCAINUMU OT BPEMCHHU, IapaMCTpaMHu:

X = Xa (1),
Ya = yA(t),
¢ =g(1).
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OTH paBEHCTBA HA3bIBAIOTCS YPaBHEHUSMHU (3aKOHOM) IJIOCKONAPAJIIEIBHOIO JBUXKEHUS
TBEPOIO Tea.

W3 HUX ciieyer, 4To eciu KOOpAMHATHI momoca A OyayT HEM3MEHHBI, TO TeJo OyaeT Bpa-
11aTbCs BOKPYT OCH, IPOXOJAIIEH Yepe3 MOI0C NEPIEHIUKYISPHO IUIOCKOCTH ABM>KeHus. Ecnu ke
MOCTOSIHHBIM OYyIIET yroil ¢ , TO TelO OyJeT COBepIIaTh NOCTynaTeabHoe aBMkeHne. CienoBareib-
HO, IIOCTYIATEIbHOE U BpALaTeIbHOE IBUKEHMS TeJla €CTh YAaCTHbIE CIydaH IJIO0CKONApalIeIbHOIO
JIBYDKEHUS.

Pa3no:keHue mjiocKkoro ABMIKCHHUSA HA MOCTYNATEC/ILHOEC H BPAIIATECJIbHOC

[Tycth mockast purypa B MOMEHT BpeMeHH t Obli1a B TIOJIOKEeHUH |, a B MOMEHT BpeMeHH {;
nepeMecTuiack B nojoxenue 2 (Pucynok 3).

el
—

@3 X

)

Pucynoxk 3 — Meroanka pa3iokeHUsl TNIOCKOTO TBUKEHUS
Ha [TOCTYIATEJIbHOE U BPaIllaTeIbHOE

[Tepemernienue Gurypsl U3 MoONOKEHUs | B TOJIOKEHUE 2 MOKHO MPEJCTABUTD CIAEAYIOIIUM
obpa3zom:
1.TTpuHATH 32 MOJIOC TOUKY A, IEPEMECTUTH (PUTYPY TIOCTYMATEILHO U COBMECTUTH TOUKH A, a

3aTeM [TOBEPHYTH €€ BOKPYT MOJ0ca A Ha yTOJI ¢, W COBMECTUTH TOUKH B;
2.I1punsaTh 32 MOIOC TOUKY B, mepemecTuts purypy nocrynaTesnbHo, a 3aTeM OBEPHYTh €€ BO-
KpyrT nomntoca B Ha yron ¢, U COBMECTUTH TOUKH A.

Takum o6pa30M, INIOCKOMAPAJIJICIIbHOC ABUKCHUC MOKHO IIPCACTABUTHL COCTOAIINM U3 CyM-

MBI IBYX JBHKEHMI: MOCTYHATCIIbHOT'O ABHKCHUS TCJIa CO CKOPOCTHIO BLI6paHHOFO IoJIroca 1 Bpa-
IaTCJIbHOTO ABUXKCHUSA BOKPYT OCH, HpOXO,Z[SIII_IeI‘;I 4Cpe3 3TOT NOJHOC NEPICHAUKYIIAPHO IMIIOCKOCTU
JABMIKCHUA.

Tak kak IIpU NMOCTYNATCIIbHOM IABUIKCHUN (bnrypa IIPpH pa3HbIX MOJIOCAX NOJIKHA 3a BPEMs
At MEPEMECIICHUA €€ U3 OJTHOTO ITOJIOXKCHHUA B IPYyroe HpOﬁTH Pa3HbIC PACCTOSAHUSA, TO HOCTYIIA~-
TCJIbHAA 4aCTh ABHXCHUA 3aBUCHUT OT BLI6ODa nmosrroca. BpamarenpHast jk€ YacTh JIBMDKSHHS OT BBI-
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00pa noJroca He 3aBUCHT, IIOCKOJIBKY MBI BUJIUM, YTO 3a BpeMsS At ¢, = ¢, , CI€I0BATEIbHO OyIyT

PaBHBI JPYT APYTY H YTIOBBIE CKOPOCTH M YTIIOBBIC YCKOPEHUS (PUTYPHI.
CxopocTh TOYKHM IUIOCKOH (PUTYPBI, ABUKYIIEHCH B CBOEH MJI0CKOCTH

ITycts mockas purypa S ABMKETCS B CBOel TUTOCKOCTH OXy (pUCYHOK 4).

el

O

Pucynok 4 - CKOpoCTb TOUKHU IUIOCKON (UTYpBI, ABUXKYLIEHCS B CBOEH IJIOCKOCTH

[Ipumem HekoTOpYIO TOUKY A (UTYpHl 3a MOJIOC U ONPEAETUM CKOPOCTh MPOU3BOJIBHOMN
Touku B gurypsr.

Jlist penieHus 3a1auun 3aa UM JIBIJKEHHE TIOJIIoca A M TOUKK B BEeKTOpHBIM crioco6om (1o-
Ka)K€M Ha PUCYHKE MX Paauyc-BEKTOpHI), a 0Tpe3Ky AB nanum nanpasnenue. Toraa, 1uist mo00ro
MOMEHTa BpEMEHHU, OyJIeT CIIpaBeJIMBO BEKTOPHOE PABEHCTBO

ry,=rg + AB. (1)

[Iponuddhepenmupyem mo BpeMeHu 00e 4acTH 3TOr0 BEKTOPHOT'O PABEHCTBA:

dt dt dt
OTCIOI[a, YUUTBIBAsA, YTO MPOU3BOAHAA 11O BPEMCHHU OT PAANYC-BCKTOpPA TOYKHU pPaBHA BCKTO-

dfy  df, d(AB)
+ .

Py CKOPOCTH TOYKH U TO, YTO

dt
TO €CTh PaBHA CKOPOCTU TOYKH BO BpallleHHWU € (MTHOBEHHOM) BMeCTe ¢ (PUTYpOI BOKPYT MOIIOCA
A, nomyuum
Vg =V, + Vg, (2
Takum oOpa3om, CKOPOCTH JIFOO0OH TOYKHU TIIOCKOW (PUTYpBI, IBUXKYIIEHCS B CBOEH IIOCKO-
CTH, paBHA T€OMETPUYECKON CyMMeE CKOPOCTHU TOUYKH (PUTYpBI, IPUHSITON 3a MOJIIOC, U CKOPOCTH

JTAHHOW TOYKU BO BPAILEHUH BMeCTe ¢ GUTYPO BOKPYT MOJIOCA.
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[Ipu pemieHuu npakTUYECKUX 3a7ad 3a IMOJIIOC MPUHUMAETCS Ta TOYKA, CKOPOCTh KOTOPOI
M3BECTHA WJIH CKOPOCTh KOTOPOH MOKHO OMPEICTUTh M0 UCXOAHBIM JAHHBIM. 3aMETUM, YTO

VBA =w AB ,

I71I€ @ - yIJoBas CKOPOCTh (PUTYPHI.

YckopeHne TOYKH IJI0CKOI (GUrypbl, IBHKYIEHCSE B CBOEi MJI0CKOCTH

st ompeneneHusl YCKOPEHHsI TOYKM IUIOCKOW (UTyphl Bocmosb3yemcst Gopmynoit (2)
npebIIyIero naparpada, a MIMEHHO — 00¢e ee yactu npoauddepeHupyem no BpeMeHH, IMOCKOIbKY

U3BECTHO, YTO YCKOPEHHME TOYKH PABHO MEPBOU MPOU3BOJIHOM 110 BPEMEHU OT BEKTOpA €€ CKOPOCTH.
ITonyyum

Wo =V, + W, @)

CrnenoBarenbHO, YCKOpEHHE JII000M TOYKH INIOCKOH (DUT'YPHI, IBIDKVIIENCS B CBOEH IIOCKO-

CTH, PaBHO T€OMETPUUYECKON CyMMe YCKOPEHHUS TOYKU (DUTYPBI, IPUHATOM 3a MOJIOC, U YCKOPEHUs
JTAHHOW TOYKU BO BPAILEHUH BMeCTe C GUTYPOI BOKPYT IMOJIOCA.
Ecnu npuHSITH BO BHUMaHUE, YTO

T0 hopmyna (3) moayduT BUL:

n

Vv_l3:V_A+WBA +\N_B; (4)

HopMmanbsHOe u KacaTelbHOE YCKOPEHHs TOUYKM B BO BpallleHHn BOKpYr noniroca A ompene-
JSH0TCS 110 hopmymam:

W =0’ AB,

Wg, =& AB.

HampaBisroT ux Tak ke, Kak COOTBETCTBYIOIIME YCKOPEHUS TOUYEK BPAIIAFOIIETOCs TeNa.

3a MoJroc, NpU PElIEHUN NPAKTUYECKHUX 3a]1a4, MPUHUMAETCS TOYKA, YCKOPEHHE KOTOPOU
3aJJaHO WJIM MOXET OBITh ONPEENIEHO 110 UCXOIHBIM JTaHHBIM.

Mopynpe ycKOpeHus TOUYKH B onpenenstor reoMeTpudecku MOoCTPOCHHEM MHOTOYTOJIbHUKA
U3 YCKOPEHMH, BXOASIINX B PABEHCTBO (4), WIM aHATUTUYECKUM METOJOM IO €ro MPOEKLUsAM Ha
OCH KOOPAMHAT, KOTOPbIE ONPEAEIAIOT IPOSKTUPOBAHNEM 00€HX YacTell BEKTOPHOTO paBeHcTBa (4)
Ha OCH KOOpAUHAT.
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Jlexuus 4

1. [InockonapasmienbHOe ABUKEHUE TBEPAOro Tena. Teopema o mMpOeKIUsIX CKOPOCTEH JABYX TO-
YeK TUIOCKOUW (PUTyphl Ha IPSIMYIO, TPOXOISIIYIO Yepe3 ITH TOUKH.

2. MrHOBEHHBI! IIEHTP CKOPOCTEH.

3. OmpeneneHue cKOpocTel TOUEK IIIOCKOW (PUTyphI ¢ MOMOIIBI0O MTHOBEHHOT'O LIEHTPa CKOPO-
cTel.

4. Pa3nble ciiydau onpeaeneHus MoJ0KEHUsI MTHOBEHHOTO LIEHTPa CKOPOCTEH.

Teopema 0 mpoexkHUAX CKOpPOCTell ABYX TOYeK IUIOCKOH (urypnl Ha npsiMylo, Npoxo-
ASIIYI0 Yepe3 3TH TOYKHU

JlaHHasi TeopemMa MMEET CIEeAYIOIIYI0 (HOPMYIUPOBKY: NMPOEKIHUU CKOPOCTEH JIBYX TOUYEK

IJIOCKOW (DUTYPHI HA NPAMYIO, IPOXOASIIYIO Yepe3 3TU TOYKH, PABHBL APYT APYTY.
Paccmotpum nokazatenbcTBo Teopembl. BosbMeM n1Be Touku A u B miockoit ¢urypsl (pucy-

HOK 1).

Pucynoxk 1 - Teopema o mpoekIusax CKoOpocTeil IByX TOUeK IIOCKOH (DUTyphI

TIpeamonokuM, 4T0 TOUKa A HMEET CKOPOCTb V , , a QUTYpa HMEET YIJIOBYIO CKOPOCTh o .
Torna, npuHUMas TOUYKY A 3a MOJIIOC, MOXKeM 3anucatk. UTo ckopocTh Touku B Oyzaer paBHa:

V_B = V_A + V_BA :

Jlanee m300pa3suM 3TO BEKTOPHOE PAaBEHCTBO. J[JIs1 3TOro CnpoeKkTHpyemM 00e 4acTH 3TOro
BEKTOPHOI'O PABEHCTBA Ha NPAMYIO, IPOXOAILYI0 yepe3 Touku A u B. ITomyunm

Vgcos f=V,cosa+Vg, COS 90°.
Tak kax cos 90° = 0, To OKOHYATENBHO GyeT
Vgcos g =V,cos a,
4TO U TPeOOBAIOCH J10Ka3aTh.

JlaHHas TeopeMa I03BOJIET JIETKO OINpPEeNeNATh CKOPOCTh JIF0OOH TOUKU IJIOCKOH (UTYpHI,
€CJIM U3BECTHBI CKOPOCTh KaKOW-TMOO APYroil TOUKM (UIYphl, HAlIPaBJIEHUS CKOPOCTEH 3THUX JIBYX
TOYEK U YIJIbl, KOTOpbIe 00pPa3yroT BEKTOPHI UX CKOPOCTEH C MPsAMON, MPOXOJIIECH Yepe3 3TH JBe
TOYKHU.
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MrHoBeHHBbIIl HEHTP CKOPOCTeil

MrHOBEHHBIM LIEHTPOM CKOPOCTEN HA3BIBAETCS TOYKA IUIOCKOU (PUIYpBI, CKOPOCTH KOTOPOH

B I[aHHBIfI MOMCHT BPpEMCHH paBHA HYJIIO.

JlokaxkeM, 4TO Takasi Touka cymectByeT. [1ycTh muiockas purypa ABMKETCS B CBOEH ILIOCKO-
CTU U B JJaHHBII MOMEHT U3BECTHA CKOPOCTh HEKOTOPOU €€ TOUYKH A 1O MOAYJIIO U HAIPABJICHUIO U
YIJI0Bast CKOPOCTh (PHUTypHI (PUCYHOK 2).

Pucynok 2 — MrHOBEHHBIH LIEHTP CKOPOCTEH MPOU3BOIBHOMN (HUTYPBI

Jli onpeiesieHns MOJI0KEHUSI MTHOBEHHOTO LIEHTPa CKOPOCTEHN BBIIOJIHUM CIEIYIOLIEE:
1. BekTOp CKOPOCTH TOYKH A V, TOBEPHEM B IUIOCKOCTH (UTypHl Ha 90° 110 X011y BpaIeHHs

(GuUrypsl U MPoBEEM BJIOJIb HETO MPSIMYIO, Ty/a, KyAa OH OyJeT HampaBieH ocie MOBOPOTa;
2. OTJOXHUM OT TOYKM A B yKa3aHHOM HalpaBJIEHUH OTPE30K

ap = A
9]
Touka P 6yner MrHOBEHHBIM LIEHTPOM CKOpocTell (GUrypsl B JaHHBI MOMEHT BpeMe-
HU.
B camowm pnene, eciii ToUKy A pUMeM 3a IOJIFOC, TO CKOPOCTh TOYKH P
Vo =V + Ve,
Hanecem BEKTOpBI CKOpPOCTEHN MPaBOM 4acTH 3TOTO paBEHCTBA Ha uepTex (puc. 2). Kak Bua-
HO M3 YepTEXkKa, yKa3aHHbIE CKOPOCTH HAIIPaBJIEHbI BAOJIb OJHON MPSMOMN B pa3Hble cTOpOHBI. KpoMme
TOr0 MOAYJIb CKOPOCTH
v A
Vpp =0 AP =0 — =V ,.
(4]
Tornma monydaercs, 4To0 CKOPOCTh TOUKU P paBHa Hymro. CiaeqoBaTenbHO, OHA IEMCTBUTEIb-
HO €CTh MTHOBEHHBIH LIEHTP CKOpOCTeH (GUTYphI B TaHHBIII MOMEHT BPEMEHHU.
Heo6xonuMo uMeTh BBUY, YTO MOJOXEHHE MTHOBEHHOTO IIEHTPa CKOPOCTEH MOCTOSIHHO
WU3MEHAETCS, MIOCKOJIBKY MOYKET U3MEHATHCS MOAYJIb U HAIPABIEHUE CKOPOCTH TOYKH A, MOAYNb U
HaIrpaBJIEHUE YTIIOBOIM CKOPOCTH (PUTYPHI.
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C no3unuii MOHSATHUS MIHOBEHHOTO LIEHTPA CKOPOCTEM IJIOCKOMAapasielbHOE JABUKECHHE
MOXHO TPAaKTOBATh KAK HCIIPCPBIBHYHO CCPUKO MTHOBCHHBIX BDaH_IeHI/II\/JI TCJIA BOKPYI OCH, ITPOXOIs-

el yepe3 MTHOBEHHBIN LIEHTP CKOPOCTEN MEPIEHIUKYISIPHO INIOCKOCTH JIBUKEHUS TEaa.

OmnpenesieHne CKOPOCTe TOYEK MJIOCKOH (GUIYpPHI ¢ MOMOIIbK) MTHOBEHHOI0 LEHTpPa
cKopocTei

3Hasi MOJI0’KEHNE MTHOBEHHOI'O IIEHTPa CKOPOCTEH MOXKHO JIETKO OINPEAETUTh CKOPOCTh JII0-
00if Toukn IocKor Gurypel. B camom jene, mpuHUMas MTHOBEHHBIN IIEHTP CKopocTel P 3a moitoc

(Pucynok 3),

Pucynok 3 — Onpenenenue ckopocTeil Touek npu ucnoiabzoanun MILIC

MO>KHO /17151 IBYX NPOM3BOJIbHBIX Touek A u B ¢uryps! (puc. 3) Hanucatp, 4To
V_A = V_P + V_AP ,
Vi =Vp +Vgp .
VuHTEIBas, 4TO Vp = 0 , HOTYUHM:
V_A = V_AP '
V_B = V_BP

Taxum 06pa3oM, BUIUM, YTO CKOPOCTH MPOU3BOJIbHBIX Touek A U B ¢urypsl paBHbI 10 Mo-
JyJII0 ¥ HANpaBJIEHHUIO CKOPOCTSAM ATHX TOYEK BO BpAIIEHWU UX BOKPYI MTHOBEHHOTO LIEHTpa CKO-
pocreit BMecTe ¢ (hUrypoi.
[ToaTomy Monynu ckopocteit Touek A 1 B MOKHO BbIpa3uTh Tak:
V,=w AP,
Vg = BP.
Pa3nenuB seBble U MpaBble YaCTHU ATUX PABEHCTB JIPYT Ha JApyra, OyJaemM UMeThb
V, AP

Vg BP
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TO €CTh, YTO CKOPOCTH TOYEK IUIOCKOH (HUTyphl MPOMOPLUHOHAIBHBI UX PACCTOSHHUAM OT
MI'HOBEHHOT'O IIEHTpa CKOpPOCTEN (KaK M TOUEK BpAILAIOLIErocs Tela).
W13 Bcero M3/105K€HHOTO CIIEYET, YTO CKOPOCTU TOYEK Teja MPH IIOCKONAPAIICIbHOM JBH-

JKCHMH MOXKHO OIPEACISITh KaK CKOPOCTH TOYEK Teja, BPAIIAIOMICIrOCs BOKPYT OCH, HPOXOISIICH

qcpe3 MT'HOBEHHBIN OCHTP CKODOCTefI NCPHICHAMKYJIAPHO INIOCKOCTHU ABHMMXCHMSA TCJIA.

UToObl BOCIIOJIB30BATHCS 3TUM MPOCTHIM U AP (HEKTUBHBIM CIIOCOOOM OIpe/eIeHHs] CKOPO-
CTEH TOoueK Tell, COBEPIIAIOIIUX MI0CKONapauieIbHOE JABMKEHUE, HY’)KHO YMETh OMPEeNiTh 00~
JKEHHE MTHOBEHHBIH IIEHTP CKOPOCTEH TUIOCKOW (DUTYPHI.

Pasnble CiIyvyam onpeaeJeHust NoJ0KCHUS MTHOBEHHOI'O LICHTPA cxopocTeii

Bcero cymecTByeT ceMb pasHbIX CIIy4aeB ONPEACIICHMs IOJOKEHHS MTHOBEHHOI'O LIEHTpa
ckopocteil. B HUX ucXoaiaT 1100 U3 MEXaHMYECKUX YCIOBUH CHUTYAIMH, JIMOO M3 TOTO, YTO CKOPO-
CTH TOYEK IUIOCKOW (PUTyphl MPOMOPLHOHAIBHBI UX PACCTOSIHUAM OT MTHOBEHHOT'O LIEHTPa CKOpO-
CTEH.

1. Ecnu teno katutcs 6€3 CKOIbKEHHs 10 HEMOABM)KHOM MOBEPXHOCTH, TO TOUKA KacaHus Teja
C ITOBEPXHOCTHIO HETOABUKHA U, CJIEZI0BATENIbHO, OHAa Oy/1€T MIHOBEHHBIM LIEHTPOM CKOpOCTEH Te-
na (Pucynok 4).

=il

7
P

Pucynok 4 — Teno katurcs

B OCHOBY TAKOT'O 3aKJIIOYCHHSA IMOJIOKCHBI MEXaHNYCCKUEC YCIIOBHUAA.
2. B cJIydac, Koraa M3BCCTHBI HAIIPpABJICHUS CKOpOCTCfI ABYX TOYECK ILIOCKOM q)HprBI Hh OTHU
CKOPOCTHU HC IapallICJIbHBI MCKIY CO6OI>1, TO MTHOBEHHBIN LHCHTP CKOpOCTCﬁ HaxoauTCsad B TOYKE
nepeceUCHUs NEPICHAUKYIIAPOB, BOCCTAHOBJIICHHLIX B 3THX TOYKAX K UX CKOPOCTIAM (PI/IcyHOK 5)

Pucynox 5 - Ckopoctu He mapajijieIbHbI MEKY CO00H
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3. Ecuum ckopocT IBYX TOUYEK IUIOCKOM (PUIypbl MEPHEHIUKYISPHBI K OTPE3KY, COSAUHSIONIe-
My 3TH TOYKH, HAIpaBIEHbI B OAHY CTOPOHY M HE PaBHBI JAPYT APYrYy IO MOIYJIXO, TO MTHOBEHHBIN
LIEHTP CKOPOCTEW HAXOIUTCA B TOUKE IepeceYeHus NPAMBIX, IPOBEACHHON Yepe3 3TU TOYKHU U MPO-
BEJICHHOI Yepe3 KOHIIBI BEKTOPOB CKOpocTeil 3Tux Touyek (PucyHok 6).

Pucynok 6 - CKOpOCTH JBYX TOYEK IIOCKOH (PUTYPBI MEPIEHANKYIISIPHBI K OTPE3KY,
COEIMHSIOIEMY 3TH TOUKHU

4. B ciydae, KOrjia CKOPOCTH JIBYX TOUYEK Tejla aHTHITAPAJUICIbHBI H K OTPE3KY, COCTUHSIIOIIEMY
9TH TOYKHU NIEPIICHIUKYJISPHBI, MTHOBEHHBIN IIEHTP CKOPOCTEH TIOCKON (UTyphl HAXOIUTCS B TOUKE
nepecedeHus 0Tpe3Ka, COSANHSIONIETO TOYKH U PSIMOM, IPOBEJCHHON Yepe3 KOHIIbI BEKTOPOB CKO-
pocreii 3THX Touek (PucyHok 7).

PI/ICYHOK 7 - CKOpOCTI/I JABYX TOYCK TCJIa aHTUIIApAJIJICIIbHBI K OTPE3KY

5. Ecnum u3BeCTHBI MOy M HalpaBJICHUE CKOPOCTH OJHOW TOYKHM TUIOCKOH (pHUTYpHI U ee yr-
JOBasi CKOPOCTh, TO JJISI ONPEAETICHUS MOJI0KEHHSI MTHOBEHHOTO IIEHTpa CKOPOCTEH HEOOXOIMMO
CKOPOCTB TOYKH TIOBEPHYTH B IockocTH durypsl Ha 90° 1o xoxy BpamteHus GUTypHI U TYAa, Kyia
OHa OyzeT HalpaBlieHa MTPOBECTH MO HEH mpsiMyro. 3aTeM Ha 3TOH NMpsSMO B HaIpaBJICHUU TOBEp-
HYTOW CKOPOCTH OTJIOXKHUTH OTPE30K, PaBHBIA YaCTHOMY AEJICHHUS MOIYJNS CKOPOCTH TOYKH Ha yIio-
BYIO CKOpOCTh (hurypsl (Pucynox 8).
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Pucynok 8 — MIIC npu Hanmu4yuum yrioBoi CKOPOCTH

v
ap = 4
w

[Tonmy4yennast Touka P u OyzeT MrHOBEHHBIM LIEHTPOM CKOPOCTEW (pUTYpHI B TaHHBII MOMEHT
BPEMEHH.
6. Ecau ckopocTH ABYX TOYEK IJIOCKOH (PUIYpbl MEPHEHIUKYIISPHBI K OTPE3KY, COSAUHSAIOLIe-
My 3TH TOYKH, HalPaBJIE€HBI B OJHY CTOPOHY U PaBHBI 110 MOJYJI0, TO MIHOBEHHBII LIEHTP CKOpO-
cTeil OTCYTCTBYET, B 3TOM ciydae ero Het (Pucynok 9).

Pucynok 9 - Ckopoctu JBYX TOUYEK IUIOCKOH (UTYpbI IEPHIEHANKYISIPHBI K OTPE3KY

JIeNCTBUATENBHO, €CIIM MBI ITPOBEAEM NPSMBIE BJIOJb OTpe3ka AB M depe3 KOHIbI BEKTOPOB
CKOpOCTEH ToueK, TO OHU OyIyT mapajjiesibHbl U HE IePeceKyTCsl.

B sTOM ciyuae yrimoBasi CKOpOCTb IJIOCKOM (purypbl OyieT paBHaA HYJIIO M BCE TOUKH (UTYPHI
OyAyT UMETh paBHbBIE [0 MOJIYJIO M HAPABJICHUIO CKOPOCTU. 3aMETUM, YTO YCKOpPEHMs To4eK (u-
rypbl OyIIyT pa3HbIE.
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7. Ecnu ckopocTH IBYX TOYEK IUIOCKOH (GUTYpBI MapauIebHBI IPYyT APYTY H K OTPE3KY, COCIH-
HSIOIEMY 3TH TOYKH HE MEPIEHAUKYJSIPHBI, TO MTHOBEHHBII LIEHTP CKOPOCTEH y (QUTyphl OTCYT-
crByer (Pucynok 10).

Pucynok 10 — CkopocTi 1ByX TOYEK IJIOCKOM (pUrypbl napauienabHbl Ipyr Apyry
U HE NEePIEHIUKYIISPHBI K OTPE3KY, COeAUHSIOLIEMY 3TH TOUKH

B camowm pene, ecnu Mbl morpoOyem JIeHCTBOBATh Tak, KaK B Ciiydae 2, TO YBUAUM, YTO Mep-
NEHAUKYJIIAPBI, BOCCTAHOBJICHHBIC B TOUKAaX K UX CKOPOCTAM HE IMEPCCCKAIOTCA, IMOCKOJIbBKY Iapali-
JIEJIBHBIL APYT IpYyTy.

B sToM ciyuae, kak ¥ B IpeAbIAYIIEM, YIJIOBasi CKOPOCTh (UTYphbl paBHA HYJIIO U BCE TOUKH
€€ UMEIOT paBHBIE [0 MOJYJIIO U HAMPABICHUIO CKOPOCTH (HO YCKOPEHHUs TOUeK OYIyT pa3HbIe).
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Jlexuusa 5

CrnoxxHoe JABMOKCHUEC TOUYKH. OCHOBHBIE TTIOHATHUSA U OIpCaAcCICHUs.
TeopeMa c105KeHHsI CKOPOCTEH.

Teopema cnoxxenust yckopenuii (teopema Kopuomnuca).

Monynb u HanpaBieHue yckopenus Kopuosmuca, ciiydan ero OTCyTCTBUS.

o wnh e

duznyeckue IIPUYKUHBI BOSBHUKHOBCHHUA YCKOPECHUA KOpI/IOJ'II/Ica.
CioxHoe ABHUKCHHEC TOYKH. OcHoOBHbIE IOHATHS U onmpeaecjIcHust

CJIO)KHBIM, HJIM COCTABHLIM, HA3bIBACTCA TAKOC ABUKCHHUC TOYKH, KOTOPOC MBICJIICHHO MOXK-

HO MPEJICTaBUTh, KAK CYMMY JBYX JIBFDKCHUU: JBM)KCHUS TOYKH OTHOCUTEIIBHO TTOJIBHYKHOM CHCTE-
MBI KOOPJIMHAT M JIBUKCHHSI TOYKH BMECTE C TIOJIBUKHOU CUCTEMON KOOPAMHAT OTHOCUTEIILHO He-
noaBwkHO# (PucyHok 1).

Pucynox 1 — 3aganue cioXHOTO ABMKCHHUS TOUKH

CrnoxHOe IBUKEHHE COBEpPIIAIOT MHOTHE TOUKHU AeTanel mamuH. Hanpumep, mob6as Touka
rpabiu MOTOBMJIA KAaTKU KoMOaiiHa BpalaeTcs BOKPYT OCH MOTOBHJIA M OJTHOBPEMEHHO NepeMelia-
€TCs C )KaTKOM OTHOCUTEIBHO IOBEPXHOCTH I10J151; YEJIOBEK, €CIIU IIPUHATH €ro 3a TOYKY, MOXKET I1e-
peMenIaThes 1Mo cajJoHy aBTo0yca U, OTHOBPEMEHHO C 3THM, IIepEMENIaTbcsi BMECTE C aBTOOYCOM.

[Ipexne, yeM IPUCTYIHUTH K ONPEAECICHUI0 KHHEMATHYECKUX XapaKTEPUCTUK JIBHKCHHS
TOYKH BBEJIEM PsJl IOHATHH.

JIBVKEHNE TOYKU OTHOCUTEIBHO MOJBUKHON CUCTEMBI KOOPAMHAT HA3BIBAETCS OTHOCHUTEI b-

HBIM. CKOpOCTB M YCKOPCHUE TOYKH B OTOM JIBHUKCHHNU HA3BIBAIOTCA OTHOCHUTCIbHBIMHU U oOo3Haua-
I0TCSA V, U W, COOTBETCTBEHHO.

JIBIDKEHNE TOUYKH BMECTE C MMOJABMKHON CHCTEMOU KOOPJAMHAT II0 OTHOIIEHHUIO K HEIIOABH K-

HOM cHcTeMe KOOP/IMHAT Ha3bIBaeTCs NepeHOCHBIM. CKOPOCTh U YCKOPEHHE TOUKH (TOM TOUKH I10-

}IBI/I)KHOI\/’I CHUCTEMBI KOOpAWHAT, C KOTOpOfI COBIIaAACT naHHasA TO‘—IKa) B 5TOM ABUXKCHHUH HA3bIBAKOTCA

NEPECHOCHBIMU 1 0003HaYaI0TCs V., u W, COOTBETCTBCHHO.
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JIBIMDKEHME TOYKHM 110 OTHOIICHUIO K HEITOJIBIDKHOM CHCTEME KOOPAMHAT HEIMOCPEACTBEHHO

HAa3bIBACTCS A0COJIOTHBIM UJIU CI0KHBIM. CKOpOCTB N YCKOPCHUC TOYKHU B 3TOM JIBUKCHHUU HA3bI-

BaroTCsA aOCOIOTHBIMU M 0003HAYAOTCS V, u W, COOTBETCTBCHHO. Onn OIIPECACIIAIOTCA 110 TEOPEC-

MaM CJI0KEHHsI CKOPOCTEN U YCKOPEHHUH.
[Tpexxne, 4em mepelTH K pacCMOTPEHHIO ITUX TEOPEM 3aMETHM, UTO JUIS HAOJIOJICHUS U U3yde-

HHUS OTHOCHUTCIBbHOI'O ABMMXCHHA TOYKHM HAJO0 MBICICHHO OCTAHOBHTH €€ INCPCHOCHOC ABHXCHUC U,

HaO6ODOT, JJIA Ha6J'IIOI[eHI/I$I N M3YUYCHUA IIEPECHOCHOI'0 ABHMXCHHA TOYKHW HAAO0 MBICIICHHO OCTaHO-
BUTH €€ OTHOCHUTCJIIbHOC ABHMXXCHHC.

Teopema cioXeHus CKOpoCTei

CyTb 3TON TEOpPEMBI COCTOUT B CIEAYIOLIEM: a0COJIOTHAs CKOPOCTh TOYKU B CJIOKHOM JBU-

JKEHHUH paBHA T€OMETPUYECKON CYMME €€ IEPEHOCHON B OTHOCUTEILHON CKOPOCTEN, TO €CTh

V, = \/_e + \/_r .

Paccmorpum nokasarensctBo TeopeMsl. IlycTs Touka M coBepiaer CioKHOE ABUKEHUE, CO-
CTOSILEE U3 OTHOCUTEIBHOIO JABMXKEHHUS B IMOJABMXKHOM cucteme koopauHaT OXYZ U MEepeHOCHOTro
JBUKCHHS] TOUKH BMECTE C 9TOW CHCTEMOM KOOpJAMHAT IO OTHOILIECHUIO HETOJABUKHON CHCTEMBI KO-
opauHat O1X1Y1Z1 (puc. 2).
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Pucynok 2 — Jloka3aTenbCcTBO TEOPEMBI CIIOKEHUSI CKOPOCTEN

3aZ[aI[I/IM ABWIKCHUC TOYKU BCKTOPHBIM CIIOCOOOM: OTHOCHTEIIBHOE ABUXKCHUC PaAONyC-

BEKTOPOM I , NEPEHOCHOE [IBIDKCHHE DPAANYC-BEKTOPOM T

, » AOCOIIIOTHOE JBI)KEHHE paauyc-

BEKTOPOM R . Kax CIIETyeT U3 YepTexKa
R=r1,+F. (1)
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Pasnoxum pagnyc-BEKTOp I Ha COCTABIISAIONIME MO MOJBHMXKHBIM OCSIM KOOPAHMHAT C ITOMO-

IIBIO €IMHIYHBIX BEKTOPOB i , j , k ITHX Oceil: T = xi + yj + zk . Torna ypaBHenue (1) abconmoTHO-
'O ABMXXCHUA TOYKHU M IMOJIYYUT BUJI

R_=r_0+xi_+ yj + zk. (2

Tenepb pPacCMOTPHUM OTHOCHUTCIIBHOC ABUKCHNUEC TOUYKHU M. ,HJ‘I?[ 9TOI'0 MBICJICHHO OCTaHOBUM

HIEPEHOCHOE JIBIKCHUE (IOABKIKHYIO CHCTEMY KOopauHaT). Torma BeNWYUHBL T, , i, K oynyT

NOCTOSIHHBIMU U, (P PepeHInpys 1Mo BpeMeHH 00€ 4acTH PABEHCTBA (2) MOIYYUM OTHOCHTEIBHYIO
CKOpPOCTb TOYKH:

— dR dx - dy - dz —
vr=—=—i+ij+—k. (3)
dt dt dt dt
PaccmoTpuM mnepeHOCHOE ABM)KEHHE TOYKM M, A 4ero MbICIIEHHO OCTAaHOBUM OTHOCH-
TENbHOE JBUKEHHE TOUKH (€€ JBUKEHHE OTHOCUTEIbHO IMOABM)KHOM CUCTEMbl KoopauHat). Toraa
BEJIMYMHEI X, Y, Z OyIyT MOCTOSIHHBIMU U, AuddepeHuupyst ode yacTu paBeHcTBa (2) 10 BpeMEHHU
MOJIyYUM HEPEHOCHYIO CKOPOCTh TOUYKHU:
— drR dr, di dj dk
V,=—= °+x—+y—J+z—. (4)
dt dt dt dt dt

W, nakonen, paccMOTpuM abcomoTHOE ABMKeHUe Touku. [IpoauddepenunupyeM mo Bpeme-

HU 00€ JacTH paBeHCTBA (2), yUUTHIBAs, YTO BCE BEIMYUHBI B €r0 MPABOW YacCTH MEpPEMEHHBIE, T0-
Jy4UM BBIpa)K€HHE aOCOIIOTHON CKOPOCTH TOUKH M:

— drR dr, di dj dk dx- dy - dz —
V,=—-= °+x—+y—J+z—+—i+—yj+—k. (5)
dt dt dt dt dt dt dt dt

C yuerom Beipaxkenuit (3) u (4) u3 paBeHcTBa (5) cienyer, 4To

Ve =Ve+V,, (6)
4TO TPEOOBATIOCH J0KA3aTh.
Wtak, BekTOp aOCOMIOTHOM CKOPOCTH TOYKH T'E€OMETPUYECKH paBeH JHaroHaiu
HapajuleiorpaMMa, [OCTPOCHHOTO Ha BEKTOpaX MEPeHOCHOW M OTHOCHTEIBHOH CKOpOCTeit
(Pucynox3).

Pucynok 3 — IlocTpoeHne napamuienorpaMmma Ha BEKTOpax MEPEHOCHON U OTHOCUTEIbHOMN
CKOpoCTen
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[TosTomMy Momynbs aOCOMIOTHON CKOPOCTH TOYKM MOXKHO ONPENETUTh, KaK JUIMHY 3TOU
JTUaroHai, o gopmyoie:

2 2
Va = \/Ve +Vr +2VeVrcos a .

Kpome Toro, mpu pemeHuu 3aaq 4acTo MOAYJIb aOCOIIOTHOM CKOPOCTH TOUKU ONPENEIISIOT
10 €€ IPOEKLHAM Ha OCH KOOpJUHAT

(v, = \/vai TV +Va ),

JUIs 4ero BEKTOpBl V, M V, MOKa3bIBAIOT HA YepTexe, a 3aTeM 00e 4acTu paBeHCTBa (6) npo-

eKTHUPYIOT Ha KOOPAMHATHBIE OCH, KOTOPbIE TAK)Ke MOKA3bIBAIOT Ha YEPTEXKE.
Teopema cinoxkenus yckopenuii (treopema Kopuosnca)

I[aHHafI TEOpEMa rj1acur, 4To a0COJIFOTHOE YCKOPECHUEC TOYKH B CJIOXKXHOM JBHXCHHH PABHO

TC€OMETPUUYECKON CYMME €€ IEPEHOCHOT0, OTHOCUTEILHOIO M KOPHOJHUCOBA YCKOPSHUIM |

Wy =W, W, W,
JIns ToKa3aTeNbCTBa TEOPEMBbl BOCHOIb3YeMCs pUC. 2 M (popMyliaMH, TIOIY4EHHBIMU TIPH J10-
Ka3aTeJIbCTBE TEOPEMBI O CIIOKEHUU CKOPOCTEH.
JIns onpeneneHuss OTHOCUTEIIFHOTO YCKOPEHHs TOUYKH 00e JacTu paBeHcTBa (3) nmpoaudde-
peHIupyeM 1o BpeMeHu. [lomydanm:
—  d?R  d%x- d%y - d?%z-
W, =—=—i+—j+—k. @)
dt dt dt dt
Huddeperunpys no BpeMeHHn 00e 4acTH paBeHCTBA (4) MOJIy4YUM BbIpaKeHHE MEPEHOCHOTO

YCKOPEHHA TOYKH:
2= 2 - 2- -
— d"R dr di d d
w, = = S+ X +y J +1z . (8)
dt dt
A TENCphb, I ONpEACICHUA a0COJIFOTHOTO YCKOPEHHSA TOYKH, Hpoz[I/I(I)(bepeHuI/IpyeM 110

BPEMCHH ABAKIbI 00e yactu YpaBHCHUA (2), YUYUTBIBAsA, 4YTO BCC BCIIMYUHEI B npaBoﬁ €ro 4aCTu I11€-

PEMCHHBIC:

— d?rR d’r, di  d%j] d
Wa:d2= , X +y +12 +
t

T A I Y ©)
dt dt dt dt dt dt
Hpeo6pa3yeM MpaBYIO 4aCTb 3TOI'O paBCHCTBA. HepBBIC YCTBIPEC CllaraCMbIC npaBoﬁ qacTu
paBeHcTBa (9) ecTb, coriacHo (8), mepeHocHoe yckopeHue Touku. [locrnenyromue Tpu ciaraeMeie,
COTJIACHO BBIPAKCHU A (7), €CTb OTHOCUTCIILHOC YCKOPCHUC TOYKHU.
OcTtaercs BBIICHUTH YTO JAa€T yABOCHHAA CKOOKa. I/IMCIOH_[I/ICCSI B Hel IMPOU3BOJAHBIC T10 BpPC-

MEHHU OT KOOPIMHAT X, Y, Z €CTh MPOEKIIMH OTHOCUTENIbHON CKOPOCTH TOYKM HA OCH KOOpAHMHAT:

78



V,,V, V, ,aTlpOU3BOAHbIC IO BPEMEHHU OT EAUHUYHBIX BEKTOPOB i , j , k MOABMKHBIX OCEeH KO-

X’ ry, rz
OpJIMHAT €CTh CKOpocTu Touek A, B, C, pacnosiokeHHbIX Ha KOHIIaX 3TUX BEKTOpoB (puc. 2). Cxo-
POCTH K€, YKa3aHHbIC TOUKH, MMOJTY4YaIOT B pe3yJbTaTe BPAILIEHUs MMOJBUKHBIX OCEeH KOOpPAUHAT (MO-
JTyJIU 3TUX BEKTOPOB MOCTOSHHBI - PaBHBI eIMHUIE) BOKpYT Hadana O stux ocel . [loaTomy ckopo-
ctu Touek A, B, C MOXHO BBIpa3uTth 1o dopmyse Diepa s TUHEHHONH CKOPOCTH TOYKH Bpallia-
folIerocs tena. (CM. Jiekuuio Ne 2 o KHHEMaTHKE):

dl_ - — = dJ_ - —_ T
E: Aoza)exl,E:VBoza)exj, "

[TogcTaBUM OTOBOpPEHHBIC 3HAUCHUS BEIIMYUH B YIBOCHHYIO CKOOKY W MPOBENIEM €€ Mmpeod-

:V_Co =aTe><k.

pa3oBaHue:

2V (@, x 1) +V,y (@, x J) +Viz (@, x k)] =

e

= 2[o, x (Vi +V J 4V, K)]= 20, <V,
PaSMepHOCTL MMOJIYYCHHOI'O pe3yJibTaTa 6yI[eT

[1 m M

LC - CZJ .

CHG,I[OB&TGHBHO, YABOCHHAs CKOOKa ecTh YCKOpPEHHUC. 9T0 JOIIOJIHUTCIIBHOC (K OTHOCUTCIb-

HOMY U HepeHOCHOMY) YCKOPECHUC 0003HayaeTcs Wk 1 Ha3pIBaeTcsd yckopenneM Kopmonmca (HO

uMeHu (panirysckoro yueHoro I'tocraBa I'acmapa Kopuonuca, nokazasimiero sty Teopemy B 1831
r.):
VV_k = 2w, e X \/_r . (10)
C yueToM Bcero M3II0KEHHOTO O MPaBoii YacTH paBeHCTBa (9) OHO Moy4YaeT BUJ

W, =W, + W, W, (11)

4TO U TPeOOBAIOCH J10Ka3aTh.
MopnyJsbs 1 HanpaBJeHue yckopeHusi Kopuosmca, ciry4an ero orcyTcTBHs

N3 Beipaxkenus (10) cnenyer, uyto yckopenue Kopuomuca paBHO yIBOEHHOMY BEKTOPHOMY
IPOM3BEACHUIO BEKTOPA YIJIOBOW MEPEHOCHON CKOPOCTH HAa BEKTOP OTHOCUTEIBHOM CKOPOCTH TOY-
ku. Clie10BaTeNbHO, €r0 MOAYJIb ONPENENIAETCs, KaKk MOJYyJIb BEKTOPHOTO MPOU3BEIECHUS JBYX BEK-
TOPOB:

W, =20V, sin a, (12)

IJIe @ - Yrojl MEeXAY BEKTOpaMH w , UV, .

Hamnpasnenne yckopenns Kopuonmca onpenensiercs no npasuiny H.E. JKykoBckoro: st

ornpezeNneHusl HampaBieHus: yckopeHnus: Kopuomnuca He00X0AMMO OTHOCUTENbHYIO CKOPOCTh TOYKH
MPOEKTUPOBATh Ha IJIOCKOCTh MEPIEHIUKYISIPHYIO OCH IEPEHOCHOTO BpalIeHHs, a 3aTeM 3Ty Ipo-
EKIIHIO TIOBEPHYTh B 3TOif TIockocTr Ha 90° 110 X0JIy MepEeHOCHOTO BPAIIICHHS; e¢ HAPABJICHHE, MO~
clie 3Toro, OyAeT HanpasieHueM yckopenus: Kopuonuca (Pucynoxk 4).
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Oce mepenocHO-
TO EDANTEHNA

Pucynok 4 - Moayns 1 HanpaBieHue yckopenus Kopuomnuca

Hamnpasnenue yckopenusi Kopuonuca MOXXHO YCTaHOBUTD TaKke, UCXO/Is1 HETIOCPEACTBEHHO,
U3 OIpEACIICHUs] BEKTOPHOT'O YCKOPEHHS ABYX BEKTOPOB.
PaccmoTpum ciyuan otcyrcrBus yekopenus Kopuonuca. Kak cienyer u3 ananuza ¢popmyIis
(12) momynsa yckopenusi Kopuoisnca oHo OyeT paBHO HYJIIO B CICIYIONIUX CIydasiX:
1. Koraa yrinoBast ckopocTh IEPEHOCHOTO BpallleHUsl @ , = 0 , TO €CTh TOI'/1a, KOIJ1a IEPEHOCHOE
JABHUXKXCHHUC 6YIICT MMOCTYNAaTCJIbHBIM WA 6yI[CT MCHATD HAIIPABJICHUC BpalllCHUSA,;

2. Korna oTHOCHTENBHAS CKOPOCTH TOUKH V, = 0 ;
3. Korga yron « Mexay BEKTOpaMH @ , U V, paBeH HYJIO WIH 180°, To ectb B ciyuae, Korma

OTHOCHTEJIbHAS CKOPOCTh TOUKH IapaljiesibHa OCH IIEPEHOCHOTO BpAILlEHHSL.
Pusnyeckne NPUYNHBI BOSHUKHOBeHNA yckopenus Kopuosmca

duznueckue MNPUYIUHBI BO3HUKHOBCHUA YCKOPCHUA Kopnomxlca 3aKJIIOYaTCd B UIBMCHCHUHU
OTHOCHUTEIBHOMN CKOPOCTH TOYKH €€ IMEPCHOCHBIM JIBUKCHHUEM U U3MCHCHUU HepeHOCHOI\/JI CKOpPOCTH
TOYKH €€ OTHOCHUTCIIbHBIM JIBU>KCHUEM.

Tak, momyn B, aBmxymuiics mo Bpamaromiemycs crepxHio OA, coBepIaeT CI0XKHOE TBU-

KCHHE, COCTOAIIECEC U3 OTHOCUTEIIPHOIO ABHIKCHHUA IO CTEPXKHIO CO CKOPOCTBHIO V, H IICPEHOCHOTO

BpAIlIEHHsI BMECTE CO CTEPKHEM CO CKOPOCThIO V, (PucyHok 5).

Pucynok 5 — [1on3yH B ClOKHOM JBUKEHUU

[Ipu 5TOM mepeHocHOe ABUKEHHE M3MEHSET OTHOCUTEIbHYIO CKOPOCTh IO HAIpPaBJIEHUIO, a
OTHOCHUTEIIbHOE JIBM)KEHUE, U3MEHSSI TI0JI0’KEHUE T0JI3yHa Ha cTepkHe — paccrosiHue OB, nsmenser
MOJ1yJIb IEPEHOCHON CKOpocTH (V, = @, OB ). B pe3ynbrare Bo3HuKaeT yckopenue Kopuonuca.
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Jlexuus 6

CrnoxxHoe IBUYKEHUE TBEPAOIO Tea.
CrnoxeHue NocTynarelbHbIX IBUKEHUH.
CrnosxeHue 1ByX, HallpaBJIEHHBIX B OJIHY CTOPOHY, BpallleHU BOKPYT MapajlieIbHbIX OCEH.

R A

CrnoxeHue IByX, HalPaBJIEHHBIX B pa3Hble CTOPOHBI U UMEIOLIUX pa3HbIE YIIIOBbIE CKOPOCTH,

BpALLEHUH BOKPYT HapajljIelIbHbIX OCEH.

5. CnoxeHue JByX, HAlPaBJICHHBIX B Pa3HbIE CTOPOHBI M UMEIOIINUX OJMHAKOBBIE YIJIOBBIE CKO-
POCTH, BpaLLlECHUI BOKPYT HapaljIelIbHBIX OCEH.

6. CnoxeHue IBYX BpaIICHUH BOKPYT MEPECEKAIOLINXCS OCEH.

7. CnoxeHue NoCTyNnaTelbHOr0 U BPaIllaTeIbHOIO ABM)KEHUH.

CiokHoe IBHKeHHe TBEPAOro rejaa

C10KHBIM Ha3bIBaCTCSI TaKOE ABHMXKCHUC TBCPAOro Tciia, IMpu KOTOPOM OHO OJHOBPCMCHHO JBH-
JKETCS OTHOCUTEIHLHO MNOJBUKHON CUCTEMBI KOOpAUWHAT U BMECTC C HCHO IICPCHOCUTCA OTHOCUTCIIBHO
HeHOI[BHH(HOﬁ CUCTCMBbI KOOpJIMHAT. Bo3MmoxHBI pa3HbIC ClIydau coYeTaHuM I[BI/I)KCHI/Iﬁ TCIAa.

Canoxenne MoCTYynmaTeJbHbIX JBHKEHU

B sTom CJIydyac€ BCC€ TOYKH TCJIa B OTHOCUTCIBbHOM ABWXCHUW UMCIOT OAWMHAKOBBLIC IO MOJY-
JIFO ¥ HATIPABJICHUIO CKOPOCTH V, , @ B IEPEHOCHOM JIBIYKCHHH PaBHBIE TIO MOJYIIIO M HAIIPABICHHIO
ckopocTH V, . Ctasio ObITh B K&X/IbIi MOMEHT BPEMEHH BCE TOUKH Tejla MMEIOT PaBHbBIE MO0 MO0
U HampaBlIeHUIO a0CONMIOTHBIE CKOPOCTH
V =V, +V,,
a 9TO 3HAYUT, YTO PE3YNbTUpYIOlIee (a0COMIOTHOE) IBUKEHUE Tena Oy/IeT MOCTyNaTelbHBIM C yKa-
3aHHOM CKOPOCTBIO.

CJi0:keHne IBYX, HANIPABJIECHHBIX B O/IHY CTOPOHY, BPAIlleHHI TeJla BOKPYI NapaJljiesib-
HBIX ocel

IIycth TEenmo Bpamaercsi BOKpYT OCH Z C YIJIOBOM CKOPOCTBIO @, @ BOKPYT OCH Zj C yIJIOBOMN

CKOPOCThIO 0 , (Pucynok 1).
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PI/ICYHOK 1 - Cnoxenune ABYX, HAIIPpAaBJICHHBIX B OAHY CTOPOHY, BpaH_IeHI/Iﬁ TCI1a
BOKPYT apaJuICIIbHbIX ocelt

Bnionne oueBuiHO, YTO TOUKa A, Jexalas Ha ocu Z, OyJeT Moiaydarb CKOPOCTh OT Bpallle-
HUs TeJla BOKPYT OCH Z1, @ TOYKa B mosry4ars CKOPOCTh OT BPAILIEHHsI TE€JIA BOKPYT OCU Z U 9TU CKO-
poctu OyayT paBHBIL:
V,=w0, AB,
Vg = o, AB.
[IpoBenem 4depe3 KOHIBI BEKTOPOB CKOPOCTEN ITHUX TOYEK HMpsIMYIO U Touka P ee mepecede-
HUsl ¢ oTpe3koM AB Oyzner MrHOBEHHBIM LEHTpoOM cKopocTeil. CieaoBarenbHO pe3yibTHPYIOIee
JBUKEHHE Tesla OyleT MTHOBEHHBIM BpalllaTeNbHBIM BOKPYT OCH, Mpoxondiieil yepe3 Touky P.
Haiinem aGCcoOTHYIO YTIOBYIO CKOPOCTb.
Va Vg Va+Vg (0, +0,)AB

= =w,+w,.
AP BP AP + BP AB

Kak Bugum, abcoitoTHas yrioBasi CKOPOCTh ONPEAEIAETCS aHAJIOTMYHO PaBHOAECHCTBYIOLIEH
JBYX TapauienabHbIX cuil. CienoBaTenbHO, MO0 aHAJIOTMHM C CHJIAaMH, OChb MTHOBEHHOT'O BpAIllCHUS
JenuT oTpe3oKk AB Ha yacTu 00paTHO MPONOPLMOHAIBHBIE YITIOBBIM CKOPOCTSIM CKJIAJbIBAEMBIX
BpAIleHUH, BHYTPEHHUM 00pa3oM:

Takum 00pazom, NpH CIOXKEHUU ABYX, HAIIPABJICHHBIX B OJHY CTOPOHY, BpaIlleHUI Tesa BO-
KpYr HapajyIeNbHBIX OCel, pe3ylbTHpyIollee ABMKEHHE OyleT MIHOBEHHBIM BpallaTelIbHbIM,
HaIPaBJICHHBIM B Ty JK€ CTOPOHY, 4YTO U CKJIaJblBaeMble BpalleHus. OCb MTHOBEHHOI'O BpAIICHHUS
napaujesibHa OCsAM CKJIaJIbIBAEMBIX BPALICHUN U ACTUT PACCTOSIHUE MEXy HUMHU Ha YacTH 0OpaTHO
MPOMOPLUOHANIBHBIE YIIIOBBIM CKOPOCTSIM 3THUX BpAIIeHUN BHYTPEHHUM 00pa3zoM. AOCOIIOTHAsS yr-
JIOBasi CKOPOCTh PaBHA CyMME YTJIOBBIX CKOPOCTEH CKJIabIBa€MbIX BPAIlICHUH.
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CioxeHue IBYX, HaNpPaBJIEHHBIX B pa3Hble CTOPOHBI M MMEKIIUX pa3Hble YIJOBbIe
CKOPOCTH, BpallleHU#i TeJi1a BOKPYT NapaJjlieibHbIX oceil

Jnst onpenesieHHoCTH OyieM ImoJiarath, 4To o, > , (Pucynok 2).

Pucynok 2 — CnoxeHue ByX, HallpaBJIEHHBIX B pa3Hble CTOPOHBI M UMEIOILIUX Pa3HbIE YITIOBbIE
CKOPOCTH, BPaIllCHUH TeJa BOKPYT MapajlIEIbHBIX OCEH

[Tokaxem Ha yepTexe CKOPOCTH Touek A U B — oHM meprneHauKkylnsapHbl K oTpe3ky AB u
YHUCJIEHO OHU PABHBI:

Vg =@, AB, V, =, AB

IIpoBenem npsimele yepe3 TOUKM A U B 1 depe3 KOHIBI BEKTOPOB CKOPOCTEM ITHX TOYEK,
TOYKa UX nepeceueHuss P Oyner MrHOBEHHBIM IIEHTpOM ckopocTeil. Teno Oyner coBepluaTh MIHO-
BEHHOE BpallleHHE BOKPYT OCH, MPOXOJAIIEH Yepe3 3Ty TOUKY, B CTOPOHY BpallleHus ¢ O0ibIIei yr-
JI0BOM ckopocThio. Haiiiem abCcooTHYIO YIIIOBYIO CKOPOCTb.

Vg V, Vg-V, @,AB -w,AB
W = —2-= —H _ = =W, -®,.
BP AP BP - AP AB

[Tomyuen pe3ynbTar, Kak ¥ IPH CI0KSHUH JIBYX aHTUIAPAIEITHHBIX BEKTOPOB.

N3 Bcero u3105K€HHOTO MOXHO C/IEIaTh CIEAYIOIINE BBIBOBI: TIPU CIOKEHUHU JIBYX, HAPaB-
JIEHHBIX B pa3HbIE CTOPOHBI U UMEIOIIHUX Pa3HbIE YIII0BBIE CKOPOCTH, BPAIICHUH Tela BOKPYT mapa-
JIENBHBIX OCeH, pe3yIbTHPYIOIIee IBIKEHUE OYAeT MTHOBEHHBIM BpPAIaTeIbHBIM C YTIIOBOW CKOPO-
CTBIO, PABHOM Pa3HOCTH YTJIOBBIX CKOPOCTEW CKJIAAbIBAEMBIX BPAILIEHUN U HAMPABIECHHBIM B CTOPO-
HY BpaIICHUS], UMEIOIIETO OOJBIIYIO YIIIOBYIO CKOPOCTh. OCh MTHOBEHHOTO BpallleHUs MapaieabHa
OCSIM CKJIQ/IFIBAEMBIX BPAICHUH U JIETUT PACCTOSIHHE MEXIYy HUMHU HA YacTH 0OpaTHO MPOIMOPIHO-
HaJIbHbBIE UX YTJIOBBIM CKOPOCTSIM BHEITHUM O0Pa30M.
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CioxeHnue ABYX, HAIIPAaBJC€HHbBIX B Pa3sHbI¢ CTOPOHBLI U UMCHOIIHUX OJMHAKOBLIC YyIJIO-
BbI€ CKOpPOCTH, BpaHIEHI/Iﬁ TeJIa BOKPYT napaJjje/JIbHbIX oceil

Takoe coueraHue BpalleHUN HaA3bIBACTCA I1ApOM BPALLECHUM, & BEKTOPBI UX YITIOBBIX CKOPO-
CTel 00pa3yroT mapy yriioBeix ckopocteit (Pucynok 3).

PI/ICYHOK 3 - Ciioxxenue ABYX, HAIIPABJICHHBIX B PAa3HbIC CTOPOHBI U UMCIOIIIUX OJUHAKOBLIC
YIJIOBBIC CKOPOCTH, BpaIlIeHI/Iﬁ TE€JIa BOKPYT MapaJlJICJIbHBIX oceit

Ckopoctu Touek A u B OynyT paBHbI IpyT APYyTry U IO HANpaBJIEHUIO, U TI0 MOJYIIIO:
Va=Vg =w,AB =v,AB.
CrnenoBaTenbHO MTHOBEHHOT'O LIEHTPA CKOPOCTEN HET, BCE TOUKU TeJla UMEIOT TaKUe XKeE, KaK

1 TOYKU A U B, CKOPOCTH U TCJIO COBCPIIACT NMOCTYIATCIBHOC IBUKCHUC.
OOurui BBIBOJZI: TIPH CJIOKCHUU IABYX, HAIIPABJIICHHBIX B PA3HBIC CTOPOHBI U UMCHOIHUX OAHU-

HAaKOBBIE YTIJIOBBIE CKOPOCTH, BPAICHUH BOKPYT NapAJIEIbHBIX OCEH, PE3YJbTUPYIOLIEE IBHKCHUE
Tena OyAeT MOCTyNaTeabHbIM, CO CKOPOCTHIO, PAaBHON NMPOU3BEACHUIO JIOO0N M3 YIJOBBIX CKOPO-
CTEH Ha paccTOsIHME MEeXAY JaHHbIMM ocsiMH. HampaBieHa 3Ta ckopocTh OyzeT neprneHANKYISIpHO
IIJIOCKOCTH, IPOXOIAIIEN Yepe3 TaHHbIE OCH, B Ty CTOPOHY, OTKYZa ITIOBOPOT MAapbl YTIOBBIX CKOPO-
CTEH CKJIabIBAEMbIX BPAILICHUH BUJIEH POTHUB X014 YaCOBOM CTPEIIKH.

CioxeHue AByX BpallleHHIl TeJIa BOKPYT NepeceKkalomuxcs oce

B sTom cityqae ckopocth Touku O Tena, Kak Jieskalled OJHOBPEMEHHO Ha JIBYX OCSX Bpale-
HUS, OJTHA U3 KOTOPBIX HEMOBMKHA, OyneT paBHa HyIo (PucyHok 4).
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Pucynok 4 — CnoxxeHue AByX BpallleHHUH Tejla BOKPYT IEPECEKAIOIIUXCs OCer

DT0 3HAYUT, 4TO Teno OylneT coBeplIaTh MTHOBEHHOE BpAIllleHHE BOKPYT OCH, MIPOXOSIICH
yepe3 Touky O nepecedyeHus OCeu.

Jlnia onpeneneHust abCONIOTHON YIIIOBOM CKOPOCTH BBIYUCIUM aOCONIOTHYIO CKOPOCThH MPO-
U3BOJILHON TOYKU M Tena. [lonmoxkenue Toukn M 3amagum paginyc-BeKTOPOM I . AGCOIOTHAS CKO-
POCTb TOYKH COTJIaCHO TEOPEME O CIOKEHHH CKOPOCTEH paBHA '€OMETPUYECKON CyMME €€ OTHOCH-
TEJIbHON U IIEPEHOCHON CKOPOCTEN:

V, = \/_r + \/_e .
HOCKOJ’II)Ky N OTHOCHUTCIIBHOC, U NCPCHOCHOC IBWIXCHHA BpalllaTCIbHBIC, TO UX CKOPOCTHU
MO>KHO BBIPa3uTh 10 hopmysie Disepa:

V,=w,xr, Vo=w,xTr.

Torna, abcontoTHast CKOPOCTh TOUKH

1 XT+o,xr,um V, = (0, +w,)xr.

®

V. =

a

C npyroii CTOpOHBI, V, =@ x T ,TJle @ - aDCOJIOTHAs YIJIOBasi CKOPOCTb TeJa.

W3 cpaBHEHUS IBYX MOCJIEIHUX PABEHCTB CIEIYET, YTO
0 =0, +0,.

Tak kak BEKTOp YIJIOBOW CKOPOCTH PAaCMOJIOXEH Ha OCH BpAIIEHUs, TO U3 ATOH (opMyIbI
BBITEKAET TaKXke, YTO OCb MTHOBEHHOI'O BpallleHHs Oy/IeT HalpaBjeHa B/I0JIb BEKTOpPAa o abCOIIOT-
HOW YIJIOBOH CKOPOCTH Teja. JTa 0Ch, 3aMETHUM, OYyJIeT OMUCHIBATh KOHYCHYIO MTOBEPXHOCTh C BEp-
muHOM B Touke O.

Wtak, npu cloXeHUH JBYX BpaIlleHUIl Tejaa BOKPYT MEPECEKAIOUINXCs 0CeH, pe3yabTHpYIo-
niee ABM)KEHHE Tenla Oy/leT MTHOBEHHBIM BpalllaTEIbHBIM BOKPYT OCH, MPOXOASIIEH uepe3 TOUKY
nepecedeHus: oceil. AOGCONIOTHAs! yIiIoBas CKOPOCTh OyJEeT paBHA F€OMETPHUUECKON CyMMe YTIIOBBIX
CKOpOCTeI\/’I CKJIaAbIBA€MBIX BpaHIeHI/II\/’I. Ochk MTHOBEHHOTO Bpalll€HUsA HallpaBJICHA BAOJIb BCKTOpa
a0COITIOTHOW YTJIOBOHM CKOPOCTH M C TEUYCHHEM BPEMEHH OMHMCHIBACT KOHHYECKYIO TMOBEPXHOCTH C
BEPIIMHON B TOUKE IEPECECUEHUS OCEH.
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Ci10:xeHMe MOCTYNATEJIbHOI0 M BPAIATEJIbHOI0 ABUKEHU

[Ipu cioxkeHun ykazaHHBIX JBHXKEHUM, B 3aBUCUMOCTH OT PACIIOJIOKEHUSI CKOPOCTU V  TO-
CTYMATEeIbHOTO IBIKCHUS U BEKTOPA YIIIOBOW CKOPOCTH @ BPAIIATEILHOTO IBUKCHHS, BO3ZMOKHBI
TPH Pa3HBIX CIIydas:

[epBblii cryuaii. YKa3aHHbIE CKOPOCTH IEPICHIUKYIAPHBI IpyT Apyry (PucyHok 5).

Pucynok 5 — CnoxeHre nocTynareabHOro U BpallaTreabHOro JBUKEHUs (IEPBBIN Cirydaid)

B sTOM ciyyae Bce TOUKM Tena, Kak BUJHO U3 pUC. 5, OyayT ABUraThCs B IJIOCKOCTSAX, Ma-
paJuIeIbHBIX HEKOTOPOW HEMOABMKHON IJIOCKOCTH U Teo OyJeT COBEepIIaTh IIOCKONapaIelIbHOe
JBIKEHHUE. JTO KE JBUKECHUE MOKHO pacCMaTpUBaTh, KaK COCTOSIEE U3 CEpUI MTHOBEHHBIX Bpa-
LICHUH BOKPYT OCH, MPOXOJAIIEH 4epe3 MTHOBEHHBIN LIEHTP CKopocTed P. mpuyem, kak M3BECTHO,
paccrosiHue AP =V /o .

Bropoii cinyuaii. Bektopsl V. M » HampaBieHbI BJOJb 0HO# ipsiMoii (PucyHok 6).

h

Pucynok 6 - CrokeHre nocTynaTreabHOro U BpallaTeIbHOro JBUKEHHS (BTOPOH ciryyail)

To ecTh Temo BpamjaeTcs BOKPYT OCH U OHOBPEMEHHO ABMIKETCS OCTYNATEIBHO BIOJb OCH.
Takoe nBU)KeHUE Tella Ha3bIBaeTCsl BUHTOBBIM. OCh, IPOBECHHAS B/I0JIb BEKTOPA » (OCH BpaICHHS

TCJ'Ia) Ha3bIBa€TCsA OChlO0 BHHTA. Ecnm BCKTOPBI V_ U o HaIlpaBJICHBI B OJHY CTOPOHY, TO BHUHT
Ha3bIBAIOT IIPaBbIM, a €CJIM B PA3HBIC, TO JICBBIM.
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Bce Touku Tena, He Jexalye Ha OCU BpalIEHUs], IBUXKYTCSI IO KPUBBIM, HA3bIBAEMbBIM BUH-
TOBBIMH JIUHHSIMH. PaccrosiHue h, mpoxojaumoe TOYKOW BIOJb OCH BHHTA 3a OJUH OOOPOT Teja
Ha3bIBAaeTCS IIaroM BUHTA.

IIar BuHTa

h=VT ,

rae 7' — BpeMs 0IHOTO 000pOoTa Tesa BOKPYT OCH BUHTA.
[Ipu paBHOMEpPHOM BpallleHUH Teja

T = 27[/0) ,
a [TIOOTOMY IIar BUHTA
2
h=V —.
)

W3 310ii GopMyIIbl BUAHO, YTO JIJISL TOTO, YTOOBI IIar BUHTA OBUI MIOCTOSTHHBIM HEO0XOAUMO,
yTOOBl V ¥ @ OBUIA IIOCTOSIHHBIMU.

Tpetuii cyyaii. BekTopsl V. H & 00pa3yloT MPOM3BOJILHBIHA yroi « (Pucynok 7).

Pucynok 7 - CnoxeHue NoCTynaTeIbHOI0 ¥ BpaIlaTeIbHOTO JABMXKEHUS (TPETHil cirydail)

JIns onpesieneHnst aGCOMOTHOTO (Pe3yIbTHPYIONIET0) ABMKEHUS TeNa Pa3IokKiM BEKTOp V-
CKOPOCTH TIOCTYTIATENBHOTO JBHKEHHS T Ha JIB€ COCTABJIAIONINE: V, - IAPAIIENbHYI0 OCH Z 1V,
- NEPHEHIUKYIAPHYIO 3TON OCH. 3aT€M CKOPOCTh \/_2 3aMEHHMM Napoul YIIOBBIX CKOPOCTEN o Ao,
, PaBHBIX 110 MOJYJIIO @ € IIEYOM AP =V, [ .

BekTopsl @ M @, B cyMMe JaloT HOJIb — UX 0TOpocuM. B pesynbTaTe y Tena ocTaHercs mo-

CTynaTCJIbHOC JIBMXKXCHHUE BJO0JIb OCHU PZ]_ CO CKOpPOCTBIO V; = V COS o M BpallaTeIbHOC JBHKXCHHEC

BOKPYT 3TO#1 OCH (MTHOBEHHOT'O BpaIlleH!s1) C YTIIOBOU CKOPOCTHIO ©.
CrnenoBaTenbHO, PE3yNbTUPYIONIEE NBIKEHHUE OyIeT MTHOBEHHBIM BHHTOBBIM BOKDPYT OCH
Pz, BuHTa, HEMPEPHIBHO M3MEHSIIOIIEH CBOE MOJIOKEHHUE.
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9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

B
22

KonTposbHble Bopockl k pasaeay « Kunemaruka

. UTo Ha3pIBaeTCI KUHEMATUKON?

. UTo moHMMaeTcs moJ MeEXaHUYEeCKUM JIBH)KEHUEM?

. Uto Ha3pIBaeTC TEIOM OTCUeTa?

. Yrto Takoe “cucrema orcuera’?

. MOXHO 71 U3y4aTh MEXaHMYECKOE JIBHIKCHHE TBEPIOTO Tesla 0€3 yKa3aHUs CHCTEMBI oTcueTa?
. B 4eM cOCTOUT OTHOCUTEIHLHOCTh MEXAHUYECKOI'O NBYIKEHUS?

. Kak TpakTyeTcs mpocTpaHCTBO B KJIACCUYECKON MeXaHUKe?

Kakumu MoensimMu npeIcTaBistOT Tejla B KHHEMATUKeE?

Ha xakue yactu AeIuTCS KHHEMAaTHKA?

Kaxkue 3aiaum pemaroTcsi B KWHHEMaTHUKE TOUKHU?

Kaxkue 3aiaum pemaroTcsi B KWHHEMaTHUKE TBEPAOro Tesa?

Urto 3HauUT “3a7aTh JBM)KEHUE TOYKH WJIM TBEPAOTO Tena?

Uto Ha3BIBACTCS TPACKTOPUEH TOYKHU?

UTo Ha3BIBACTCSI CKOPOCTHIO TOUKH?

Uto Ha3bIBaE€TCSA YCKOPEHUEM TOUKHU?

Kakumu criocobamu 3amaeTcs ABHKEHUE TOUKN?

B uem cocTouTt KOOpAUHATHBIN CIIOCO0 3aaHMs IBHKESHUS TOUKU?

B uem 3akarouaeTcst eCTeCTBEHHBIN CIIOCO0 3aaHus JBHKEHHUS TOYKH?

B uem cocTouT BEKTOpHBIN CIIOCOO 3a1aHUS ABHXKCHHUS TOUKH?

Kakoli 3aBUCHMOCTBIO CBSI3aHBI MEXy CO00M BEKTOPHBIA W KOOPAMHATHBIN CIIOCOOBI 3a/1aHUS
VOKEHHUS TOUKH?

. Kakoii 3aBUCHMOCTBIO CBSI3aHBI MEXAY COOOM €CTECTBEHHBIH W KOOPAUHATHBINA CIIOCOOBI JBH-

JKEHUS TOUKH?

23
24
25
26
27
28
29
30

. Kak ompenenstor TpaekTopuio TOUKH MPU KOOPAUHATHOM crioco0e 3a7a-Hus ee IBHKEHUs?
. Kak onpenensitoT TpaeKTOPHUIO TOUYKH IIPU BEKTOPHOM CITOCO0€ 3a/1aHMsI €€ TBUKECHUS?

. Uemy paBHa CKOPOCTh TOUYKH IPU BEKTOPHOM CIIOCOOE 3a7aHUs €€ IBUKCHUS?

. Kak no oTHoIIEHNIO K TPAaEKTOPUU HaMpaBiIeHa CKOPOCTh TOUKU?

. Uemy paBHO yCKOpEHHE TOUYKH MIPH BEKTOPHOM CIIOCO0€ 3aaHUs €€ IBUKCHUS?

. Kak ompenensitorT ckopocTh TOUKH NMPU KOOPAUHATHOM CIIOCOOE 3a/1aHUS €€ IBIKEHUs?

. Kak ompenensieTcst yckopeHre TOUKH MPH KOOPIAUHATHOM CIIOCO0€E 3a/1aHus €€ IBHKEHUS?
. Kak ompenenstor ckopocTh TOUKH MPU €CTECTBEHHOM CIIOc00e 3aJaHus €€ TBUKCHHS?
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Paznen I11. Junamuka
Jlekmusa 1

Beenenue B TuHaMUKYy.

3aKOHBI TIMHAMHUKN MaTEPUAIIbHONW TOUKHU.

Huddepenunansupie ypaBHEHUS ABUKCHUS TOUKH.

JIBe OCHOBHBIE 33a4X JUHAMHUKHU TOYKH U MOPSAIOK UX PELICHUS.

OTHOCUTENBHOE JBUKEHNUE TOYKH, IPUHILIMI OTHOCUTEJIBHOCTU KJIACCUYECKONM MEXaHUKH, OT-

s wn e

HOCHUTEJILHOE PAaBHOBECHE.
BBenenue B TMHAMHUKY
JlunamMuKol Ha3pIBaeTCA pa3ziesl TCOPETHUECKONH MEXaHUKH, B KOTOPOM H3y4aeTcCsl IBH)KEHUE

MaTCpHUAJIbHBIX TBEPABLIX TCJI C YHECTOM UX UHCPIHUU (I/IHepTHOCTI/I) u HeﬁCTBYIOIHHX Ha HUX CHII.
Ilon mHepyedi MOHMMAETCs CBOMCTBO MAaTCPHUAJIbHBIX TCJI COIIPOTUBJIATHCA M3MCHCHUIO UX

IIOKOA HJIM PpaBHOMCPHOI'O HpﬂMOJ’IHHGfIHOFO MMOCTYHATCIIbHOI'O JABUKCHUS. Mepa MHEpPLUMU — 3TO

CKaJIsipHas BeIMYMHA, UMeHyeMas Maccoi. OHa XapaKkTepu3yeT, KaKk MHEPLMOHHBIE, TaK U TpaBUTa-
[IOHHBIE CBOMCTBA BEIIECTBA.

HpI/I BpaIIIaTeJIBHOM JOIBUXXCHUHN TBepILOFO TCJIa Mepoﬁ €ro I/IHepIII/II/I ABJIACTCA MOMCHT I/IHep-
UM OTHOCHUTEIIBHO OCH BPAIlCHUA.

B nunamuke, B OTIMYME OT CTaTUKHU, YUYUTHIBACTCS IEVCTBUE BCEX CUJI, KAK IIOCTOSAHHBIX, TAK
U nepemMeHHbIX. [lepeMeHHbIe CHIIBI MOT'YT 3aBUCETh OT PACCTOSHMS, OT CKOPOCTH, OT BPEMEHH.
Hanpumep, 0TCKOK METaUIMYECKOTO MIapuKa OT OETOHHOTO Moja OyAeT TeM BBIIIE, YeM BHIIIE MBI
IIOJHUMEM €r0 OT MOBEPXHOCTH I10J1a — COOTBETCTBEHHO IPOCMATPUBAETCS 3aBUCUMOCTh OT PacCTO-
SIHUS, OT CKOPOCTH MOTYT 3aBUCETh CUJIbI COIPOTUBIICHUS JIBUKEHUIO, OT BPEMEHU — CUJIA TATH JBU-
rarciis HpI/I N3MCHCHHUU ITOJaYN TOHJ'[I/IBO-BO3ILYHIHOI\/JI CMCCH.

TBep)II)Ie T€j1a B JUHAMUKE Hpe)ICTaBJ'[ﬂIOT ABYMsI MOOCISIMUA. MaTeDHaHLHOfI TO‘IKOﬁ NN

MexaHu4eckon cucreMout. [loxg maTepuanbHONW TOYKOW MOHMMAETCS TOYKa, O0JaJarolias Maccoi

JaHHOT'O T¢Ja. Omna saBnsercs HpOCTeI\/JIIHGI\/’I MOZCIIBIO TBEPAOro TCjia, MOCKOJIbKY B JaHHOM ClIy4dac
pasMepamu, ra6aDI/ITaMI/I, d)ODMOﬁ TCIa HDCHG6D€F8.I-OT, 4yTO 00JIerdaer HU3Y4YCHUC JBUKCHHUA TCJIa

o ASMCTBUEM CHII.
3,[[CCB HCO6XO,[[I/IMO OTMCTUTDH, YTO, IMMPUHUMAA TCJIO 3a TOUYKY, U3YYAIOT ABUKCHUC HC ao0-
CTPAKTHOM TOYKH, a IICHTPA MACC MM IISHTPpA TSHKSCTH Tella. 3a MaTCpHUaJIbHBIC TOYKH MOKHO IIpU-

HUMAaTb TCJIa, pa3MCpPbl KOTOPBIX Majlbl IO CpPpaBHCHHIO C IMPOXOAWMBIMU HMHU PACCTOAHUAMU
(HampuMep, epeMelieHne aBTo0YCOB, TI0E3/I0B U IPYroro TPAHCIIOPTa Ha JalleKHe PacCTOSHUS M
IyJIs, BBIMYIIEHHAs U3 PYXbs, BEC pasMep KOTOPOW JIEUCTBUTEIBHO OYEHb M B CPAaBHEHUH C
JaTTbHOCTBIO TI0JIETA).

[Tox MexaHUYECKOW CHCTEMOW MOHMMAETCS COBOKYITHOCTh B3aMMOCBSI3aHHBIX MAaTepHAalb-
HBIX TOYEK, B KOTOPOH MOJIOKCHUE U JBIKCHUE KaKIOW TOYKHU, CKA3bIBACTCS HA MOJIOKCHUH U

ABWIKCHUU OPYTUX TOYCK. Ota MOJCIb MOXCT OBITH HCIIOJIB30BaHAa TOorga, koraga TE€iao (MexaHI/BM,
KOHCTPYKIHMIO U T.,Z[.) HCJIB3 NPCACTABUTL B BUAC TOYKH.
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3aKOHbI JUHAMUKH MATEPUAJILHONH TOUKH

B ocnoBe aunamuku jnexar Tpu 3akoHa HploTOHa — 3aKOH MHEPILIMH, BTOPOH (OCHOBHOI) 3a-

KOH JIMHAMUKHU TOYKH, 3aKOH PABEHCTBA JICUCTBUS U MPOTUBOJACUCTBUS. DTU 3aKOHBI BIIEPBbHIC, B CH-
CTEMATH3UPOBAHHOM BHJIE, OBLTN M3JI0XKEHBI B KHUTE «MareMaTu4ecKre Hadalla HaTypaibHOU (u-
nocopumy, HanmncanHoi Mcaakom HeroToHOM M onyOmkoBaHHOM emie B 1687 roxy.

[lepBblii 3aKOH — 3aKOH MHEPLUU COCTOUT B TOM, YTO M30JIMPOBAHHAs OT BHEIIHUX BO3JEH-
CTBUH MaTepuajbHas TOYKa OyJIeT HAXOAMTHCS B COCTOSIHUM MOKOS WM PAaBHOMEPHOTO HPSIMOJIU-
HeliHoro ABmkeHus. OH ycTaHaBIMBAET SKBUBAJICHTHOCTh COCTOSHUS IMOKOSI M PAaBHOMEPHOTO Mpsi-

MOJIMHEWMHOTO ABHUKEHUS. [103BOJISIET CyIUTh O TOM, HAXOJIUTCS JIM TOYKA MOJ JICHCTBUEM HEYpPaAB-
HOBCIIICHHON CHUJIEL.
Bropoii (0CHOBHOI) 3aKOH AMHAMHKH TOYKH, TIACUT, YTO IPOM3BEJICHUE MACChl TOUYKU Ha

YCKOpPEHHE, KOTOPOE OHA IMOJIYYaeT MO JACHCTBUEM JAHHOW CHJIbI, PABHO MO MOJIYJIKO 3TOW CUJIE U

HaIIpaBJICHUC yCKOpeHI/I}I COBIIAAACT C HAIIPABJICHHUEM CHJIbI:
mW=F

B cnydae e nelcTBUS Ha TEJIO HECKOJIBKUX CHJI, CUCTEMBI CUJI, TO B IIPAaBOIl YacCTH paBEeH-
cTBa Oy/eT HaXOUTHCSI FTEOMETPUYECKAsi CyMMa CHIL.

mW_=ZF_k

DTOT 3aKOH SBJISETCS €IMHCTBEHHBIM U3 TpeX 3aKoHOB HbIOTOHA, UMEIOIKUM KOJIUYECTBEH-
HOE BbIpaK€HHE (IT0OUYEeMY M Ha3bIBa€TCS OCHOBHBIM) U OH CIPABEIJIMB TOJIBKO ISl TOUEK MOCTOSH-
HoM maccel. Hanpumep, B 2019 rony B SlnoHuM miuaHuUpyeTcsl BBITYCK MOTOLIMKIIOB, OCHAIICHHBIX
TUPOCKOIIOM, TO €CTh YCTPOHCTBOM, KOTOPOE MOMOTaeT BOJUTENIO YAEpPKUBATh PABHOBECHE MOTO-
IIUKJIA 33 CUET LIEHTPOOEKHBIX CHJI CIIELUAIBHO BBIMOJIHEHHOTO BPAILAIOIIEroCs IUCKa.

Tperuii 3aKOH — 3aKOH paBEHCTBA JACWCTBHSA U MPOTUBOJAEHCTBUS, COCTOMT B TOM, YTO IPH
BCSIKOM JICHICTBUH OJIHOM MaTepUaJIbHOM TOUKH Ha IPYTIYI0 UMEET MECTO TAKOE K€ M0 BEIMUYUHE, HO
IPOTHBOIOJIOXKHOE 10 HANpaBJIEHUIO B3auMoJeiicTBUE. DTOT 3aKOH Tak)Ke MMeeT OOoJblIoe 3Haue-

HUE MPU PEIICHUN TEXHUYECKHUX, POU3BOJCTBEHHBIX, SKCIIEPUMEHTAIBHBIX U IPYTHUX 3a7a4.

Jns yrouneHusi, Bce 3aKkOHbl HbIOTOHA CripaBeJIMBBI JJIsl IBUKEHHUS TE€J B MHEPLHAIBHOMN
cucrteme orcuera. MHepuuanbHONW HA3bIBAETCA TaKasi CUCTEMA OTCUETA, B KOTOPOW BBIMOJIHAETCS 3a-
KOH uHepiuu. OHa CUMTAETCA HEMOABUKHOW U B TEXHUYECKOW MPAKTUKE 32 CUCTEMY TAaKOrO THIIA
MPUHUMAETCSI CUCTEMa OTCUETa YKECTKO CBSI3aHHAsl ¢ 3eMilei, mpeIMeTaMH WIH TeJlaMU, PacIoJio-
JKEHHBIMHU Ha TOBEPXHOCTHU 3€MIIU.

[TockonbKy Tella B IMHAMUKE MOTYT INPEACTABIATHCS MATEPUAIBHOW TOUYKOM M MEXaHUYe-
CKOM CUCTEMOM, TO JUHAMMKA JIEJIUTCS HA JUHAMHUKY TOUYKU U JUHAMUKY CHUCTEMBI.

JAu¢ppepeHunanbHbie YPABHEHHUS IBHKECHUS TOYKH

CoracHO BTOpOro (OCHOBHOTO) 3aKOHA JTUHAMUKH TOUYKHU:
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mVV_:ZF_k (D)

CnpoeKTpreM 00e YacTH 3TOro BCKTOPHOI'O paBC€HCTBA HAa OCH HeKapTOBOﬁ CHUCTEMBI KOOP-
JUHAT U IOJYYHUM CICAYIOIIUEC TPU 3aBUCUMOCTHU:

mw, =¥ F,
mWy:ZFky
mw, =3 F,_

N3 paznena KMHEMAaTHKU U3BECTHO, YTO ITPOEKIMU YCKOPEHUsI OYKH HAa OCH KOOPJAMHAT PaB-
Hbl BTOPbIM IIPOM3BOJHBIM IO BPEMEHHU OT COOTBETCTBYIOLIMX KOOpAUHAT TOYKU. C y4yeToM 3Toro
YpaBHEHUS ITOJIy4aT BUA:

mx=> F,
my =3 F,
mz=3 F,

[TonydyeHnHble TakuM 00pa3oM ypaBHEHUS U SIBISIOTCS IU(depeHIuanbHBIMI YPaBHEHUSIMH
JBUKEHUSI TOUKU B JIEKAPTOBOM CUCTEME KOOPIMHAT.

Ecnu 06e wactu ypaBHeHus (1) cripoekTHpyeM Ha €CTECTBEHHBIE OCH KOOPAHMHAT (KacaTemb-
HYI0 U HOPMAJIbHYIO), TO MOJY4YUM AU epeHlInaabHble YpaBHEHUS IBUKEHUS TOUKU OTHOCHUTENb-
HO BTHX OCEH.

IlBe OCHOBHBIC 3aJa4Y1 JTUHAMHUKH TOYKH

C nomoinpio quddepeHIraIbHbIX YPaBHCHUN IBMKEHUS PEIIAIOTCS JBE OCHOBHBIC 3aauu
JUHAMHUKA TOYKH.
IlepBas OCHOBHAs 3a/1a4a COCTOUT B TOM, YTO IO M3BECTHOM Macce TOUKH M yPaBHEHUSAM €€
newkenus (X(t), y(t), z(t)) HeoOXoaMMO ONIPECTUTh ISHCTBYIOIIYIO Ha TOUKY CHITY.
Perntenue 3aaun npoBOIAT B CIEAYIOLIEM MOPSIKE:
1. OnpenenstoT NPOSKIUU YCKOPSHHS HA OCH KoopAuHAT. OHM PaBHBI BTOPHIM MPOM3BOIHBIM

MO0 BpCMCHHU OT COOTBCTCTBYIOIUX KOOPAWHAT TOYKHU:

91



2. Maccy TOYKM YMHOXXAIOT Ha 9TH IPOCKIMH YCKOPSHUS U HAXOAAT MPOEKIMH bl Ry, Ry, R;
Ha OCH KOOPJIMHAT:
3.  OmnpenensroT MOAYIb CUITBI TIO PopMyIIe:

R = \/sz +R% +R%,
4.  OmnpenensioT HalpaBJICHUE CHJIBI 10 HATIPABIIAIOIINM KOCHHYCAM:
cosa= RyR, cosp= Ry/R, cosp= R,/R

BTOpaSI OCHOBHas 3aaa4a COCTOMUT B TOM, 4YTO IIO HM3BECTHOM Macce TOYKH M ﬂeﬁCTBYIOHlHM
Ha HEC CuJIaM H606XO,Z[I/IMO OIIPCACIINTE ABUKCHUC TOYKU.
Pemenune 3agaun IMPpOBOJSAT B CJICII}’IOHIeﬁ OCJICA0OBATCIbHOCTHU !

1. Heo6X0auMO BBIIOJIHUTH PUCYHOK, Ha KOTOPOM IIOMECTHTH TOYKY B CHCTEMY KOODIHHAT B
IPOU3BOJIBHOM IOJIOKEHUH Ha MPEAIOIaracMoi UM YKa3aHHOW B 3a/1a4e TPACKTOPHH, TAKKM 00pa-
30M, YTOOBI BCE KOOPMHATHI TOUKH OBLIN MOJIOKUATEILHBIMH.

2. TlokasaTb BCe JEHCTBYIOIIME HA TOUKY CHIIBL.

3. CocraButh muddepeHinaibHble YpaBHCHUS IBHKEHHUS TOYKA OTHOCHTEIBHO KaKIO0H KOOp-
JIMHATHOM OcH. PernTh 3TH ypaBHEHHS U HaiiTH ypaBHeHus aBrxenust Touku (X(t), y(t), z(t)).

4. TIOCTOSIHHBIE MHTETPUPOBAHUS MPH pelieHnH aupGepeHIHATBHBIX YPaBHEHHN OIPEIEIISIOT
10 HAYaJbHBIM YCIIOBHSIM.

K HavaapHBIM YCIIOBHSM OTHOCSATCS: HadaiabHOE BpeMs fp, MPOSKIMH HAYaIBHONW CKOPOCTH
Ha ocu koopauHar Vox, Voy, Vo, HadanbHble KOOPAUHATSHI Xo, Yo, Zo.

IlI/IHaMI/IKa OTHOCHUTCJBHOI'O IBMKCHHA TOYKH

JIBU>KeHHe TOYKM B MHEPLUMAIbHOW (YCIOBHO HEMOJBM)KHOM CHCTEME OTCYETa) U3y4aloT C
ITOMOIIIBI0 OCHOBHOT'O YPaBHEHUS TUHAMUKHU TOYKHU:

mw, =Y F, (1)

HeoOxonuMo oTMeTuTh, 4TO B 3TOM ypaBHEHHMH W, — 3T0 aOCONIOTHOE YCKOPEHHE TOYKH.
IToaTOMY CTaHOBHUTCSI HEMOHATHBIM, UMEETCS JIM BO3MO>KHOCTh MCITOJIb30BaHUS METO/0B, OCHOBAaH-
HBIX Ha 9TOM 3aKOHE€ IIPUMEHSATH IPU U3YUEHUH JABUKEHUS TOUYKH B TIOJIB)KHON CHCTEME OTCUETA.

Jlis pemieHusl TOCTAaBJIEHHON MpoOJeMbl HalWIeM 3aBHCHUMOCTb MEX]Y OTHOCHUTEIbHBIM
YCKOPEHUEM TOUKU U CUJIAMH.
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AOGCOJIIOTHOE YCKOpPEHHE TOYKH, COTJacHO Teopembl Kopuomnmca paBHO reoMeTpHYECKOM
CyMME €€ IIEPEHOCHOI0, OTHOCUTEJILHOTO U KOPHOJIMCOBA YCKOPEHUI:

W, =W_+W_ +W

Kop

C yuetoM 3Toro, Beipaxkenue (1) mpumer BUI:

mw _+mW  +mW :sz'

op

Janee BeIpazum
mw =3 F + (-mW )+ (-mW ) (3)

Bennuunel, cTosMe B KPYIIIBIX CKOOKaX, MPEICTABISIOT COOOM CHIIBI 1 HA3bIBAIOTCS MEpe-
HOCHOM CWJION MHEPLIMU U KOPUOJIMCOBOU CHUIION MHEPLIUH.
O0603HaYuM UX U PAaBEHCTBO IPUMET BUJL:

mw, =S F +F"+F "

OTO ypaBHEHHUE NIOKA3bIBACT 3aBUCUMOCTb MEKY OTHOCUTEIbHBIM YCKOPEHUEM TOYKH U CH-
namu. OHO Ha3bIBAETCS OCHOBHBIM 3aKOHOM JUHAMHKU OTHOCUTEIBLHOTO JBUKEHHS TOUKH.

[Ipuxoaum K BBIBOAY, YTO OCHOBHOE ypaBHEHHE JUHAMMKU /i OTHOCUTEIBHOTO JIBUKEHUS
TOYKH COCTaBJISIETCS TAK)Ke€, KAK 1 OCHOBHOE ypaBHEHUE JMHAMUKHU ISl IBUJKEHUSI TOUKU B MHEPLU-
albHOM cHCTeME OTcueTa, TOJIbKO K JAECHCTBYIOIIMM CHJIaM HEOOXOAMMO N00aBUTH MEPEHOCHYIO U
KOPHOJIMCOBY CHJIbI NHEPLIMH TOYKH.

B ciydae, korza nepeHOCHOE ABMKEHHE OyA€T paBHOMEPHBIM U MIPSIMOJIMHEHHBIM:

un un

-0,F," =0,F_" =0

xop

mw , = 0,W

xop

Torna ypaBaenue (3) MOIyduT BUI;

To ectp Takoil sxe BuI 4to U ypaBHeHue (1). M3 3TOro BhITEKaeT MPUHLIUI OTHOCUTEILHOCTH
KJIACCHYECKOM MEXAaHHWKHU: HAXOISICh B M30JMPOBAHHON CHCTEME HUKAKUM MEXaHWYECKHM OIIBITOM
HEBO3MOJKHO IPOBEPUTH HAXOAMUTCS JIM 3TA CHCTEMA B IIOKOE WJIU JIBUXKETCS PABHOMEPHO M MPSAMO-
JIMHENHO.

Ilox OTHOCHUTENBHBIM PABHOBECUEM TOYKH ITOHUMAETCS COCTOSTHUE ITOKOS TOYKU B OTHOCH-
TEJIbHOM JBMKEHUU. [Ipy HEM OTHOCHUTENIbHAS CKOPOCTh U OTHOCUTEIIBHOE YCKOPEHHUE TOYKU PaBHbI
Hymt0. Takke paBHO HYJIO KOPHOJIMCOBO YCKOPEHME, a 3HAUUT U KOPUOJIMCOBa cuia nHepuuu. OT-
CIOJIa CIIEAYET YCIOBUE OTHOCUTEIIBHOIO PABHOBECHS TOUKU: JUIsI OTHOCUTEIBLHOIO PAaBHOBECHS TOY-
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KM HEOOXOJIUMO M JIOCTATOYHO, YTOOBI T€OMETPUYECKass CyMMa CHJI, IEUCTBYIOIMUX HA TOUYKY CO
CTOPOHBI IPYTUX TEJ, U IEPEHOCHON CHJIBI HHEPIIUU TOYKHU ObLIAa paBHA HYIIIO.
NueiMu cnoBamu

SF+F" =0

yTO U Tpe6OBaJ'IOCB J0Ka3aThb.
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Jlexnusa 2

1. Tuddepennuanbaple ypaBHEHUS IBUKECHUS MEXaHHUECKOW CUCTEMBI.
2. lleHTp Macc MEXaHUYECKOH CUCTEMBI.

3. Teopema 0 IBMKEHHH LIEHTPA MACC MEXaHUYECKON CHCTEMBI.

4. CoxpaHeHHE JBU)KEHUS LIEHTpa Macc.

JAnddepennuaibHubie ypaBHEeHHS JIBUKEHUSI MEXAHUYECKON CHCTEMBbI

PaccMOTpUM MEXaHHYECKYIO CHUCTEMY, COCTOsAIIyi0 U3 N Touek. [lomokeHue K-it Toukm
omnpenensieTcss paanyc-BeKTopoM Iy . Touka umeer maccy My U JBUXKETCA CO CKOPOCThbIO Vi U ¢

YCKOPEHHUEM a .
Cuibl, eiicTByOIME HA MAaTEPHATIbHYIO TOUKY MOKHO Pa30UTh HA JBE TPYIIIbI.
CraenaTb 3TO MOYKHO Pa3HBIMH CIIOCOOAMMU:
1. Pasnmenum cuiiel, eiicTByIOIIME HA K-10 TOUKY, Ha BHEIIHUE U BHYTpeHHUE. [lomyunm
CJIEAYIOIYIO 3aIIUCh OCHOBHOT'O YPaBHEHHUS TNHAMUKU :

mac=F« +Fi, k=12,..n. (1)

rae F& — «external» PAaBHOJICUCTBYIOIAS] BHEIIHUX CHII,
Fk' — «internaly paBHoOEHCTBYIOIIAS CHJI, ICHCTBYIOIIUX CO CTOPOHBI TEJT CHCTEMBI.

2. Pasmenum cuiel, AelicTBYrONME HA K-10 TOUYKY, HAa aKTHBHBIC CHUJIBI U peakiuu cBsizei. [Tomy-
YUM CJICTYIOIIYIO 3aMUCh:

ma.=Fi+Re,k=12,...,0. )

rie Fx — paBHOICHCTBYIOIIAS aKTHBHBIX CHII, TIPUIIOKEHHBIX K TouKe K;
Rk — paBHOJICHCTBYOIIAS PEaKIUil CBSI3CH, JEHCTBYIONIMX Ha TOUKY K.

HpI/I 9TOM BBIITOJHACTCA PAaBCHCTBO!

er+Fki=Fk+Rk

[lepBrIit crioco6 3amucu OCHOBHOTO YpaBHEHHS UCIIOIb3YeTCs MPU PELIeHUH 3a7a4 IUHAMU-
KU C TIOMOIIbIO OCHOBHBIX T€OPEM JTUHAMUKH, KOTOPbIE BKIIOYAIOT B CeOs:

1. Teopemy 0 IBH>KEHHH LIEHTPA Macc.

2. Teopemy 00 U3BMEHEHUU KOJTMYECTBA JIBHKEHUSI.
3. Teopemy 00 U3MEHEHNH KUHETHIECKOTO MOMEHTA.
4. Teopemy 00 I3MEHEHHH KHHETUYECKON YHEPTHUU.
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Bropoii crioco6 3anrcu 0CHOBHOTO ypaBHEHUS MIPUMEHSIETCS MTPU PELICHUH 33/1a4 JUHAMUKU
METO/IaMH aHAIUTUYECKOW MEXaHUKHU, KOTOPBIE UCTIOIb3YIOT:

1.Ipunun Jlarpanxa.

2 Ipunnun 1’ Amam6epa.

3.IIpunnun n’ Anamb6epa — Jlarpamxa.
4.YpaBHenus Jlarpanxa BTOporo poja.

LeHTp Macc MeXaHUYECKOI CUCTEMBI

Maccoii MEXaHUYECKOM CUCTEMBI Ha3bIBAECTCSI CyMMa MACC €€ TOYEK:

n. 3)

m =

n
k=1

LlenTpoM Macc MeXaHHUYECKON CHCTEeMBbl Ha3bIBaeTCsi reomerpuueckas touka C, paguyc-
BEKTOP KOTOPOil onpeensiercs no Ggopmyre:

r =
C

3 |w»

S m, 4

[IpoexTupys mocienHee paBEeHCTBO Ha OCH, MOJIYy4yuM (OPMYJBI JJIsi KOOPJWHAT IEHTpa
Macc, KOTOpbIE aHAIOTUYHBI (DOpMyJIaM ISl OTIPECIICHHS] KOOPIUHAT IIEHTPA TSHKECTH:

1 n
yc:_zmkyk (5)
m

IlenTp Macc MHOra Ha3bIBAIOT LIEHTPOM MHepuuu. LlenTp macc Oosee olliee NOHATHE, YEM
HEHTP TAKECTU, TOCKOJIBKY COXPAHSIET CMBICI JJaXKe IMPU OTCYTCTBUU CHJI TAKECTH.

Ecnu maccel MaTepuaibHBIX TOYEK MOCTOSHHBI, TO AU(PPEpeHInpoBaHUEM ypaBHEHUs (4)
MIOJIy4YUM BBIpAXKEHHE ISl CKOPOCTH LIEHTPA Macc!

> mV, (6)

k=1

V., =

3 |=

a TaK>KC BBIPAXKCHUC



(7)

a. =

3 |=
M -
3
rﬂ)

JUTSL OTIPEICJICHUS] YCKOPEHUS LIHTPA MACC CUCTEMBI.
TeopeMa 0 ABMKEHUM HEHTPA MACC MEeXaHUYECKOM CHCTEeMbI

IIpousBecHNEe MacChl CHCTEMBlI Ha YCKOPEHHE IIEHTpa MAacC PaBHO TJIaBHOMY BEKTODY
BHEITHMX CHJI, ICHCTBYIOIIMX HA TOYKU CUCTEMBI.

- n
e
ma,6 => F, )
k=1
HMJIM B IIPOCKIMAX HA OCH
n
.. e
mX, = Fkx
k=1
. " € 9
myc = z Fky ( )
k=1
n
mz = F, S

[Ipocymmupyem Bce auddepeHnnanbHbie YpaBHEHUS IBMKEHUS MEXaHHYECKOW CHCTEMBI
(1), B pe3ynbpTare 4ero moJIy4uM.

by FL (10)

Ecmu Y4€CTb, YTO CHJIbL B3aUMOACHCTBHUS BHYTPU CHUCTEMBI IIOIIAPHO PAaBHBI U IIPOTUBOIIO-
JIO)KHO HAITPpaBJICHBI, TOJIYYUM, UTO TJIaBHBIN BCKTOP BHYTPCHHUX CUJI PABCH HYJIIO:

z Fki =0
k=1

Kpome storo, mo hopmyne (3.7) umeem:
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OTtcroa creayer crpaBeIMBOCTh ypaBHeHHU (3.8), KoTOphie Ha3biBatOTCH auddepeHiu-
AJIBHBIMHW YPABHCHUSAMU IMOCTYIIATCIILHOI'O ABUKCHUSA TBEPAOTO TCIIA, YTO U Tp€60BaHOCB JOKa3aTh.
I[pyrI/IMI/I cJloBaMH, HCHTP Macc MEXAHUYECKON CUCTEMEI JABMKCTCA KaK MAaTCpUaJIbHaAsA TOY-

Ka, B KOTOPOM COCPEeIOTOUYCHA BCS Macca CHUCTEMBI M K KOTOPO# MPHJIOKEHBI BCE BHEIITHHE CHUJIBI,

JEUCTBYIOIIME HA CUCTEMY, BHYTPEHHHE CUJIBI HE MOTYT U3MCHHTH JIBFDKCHHE IICHTPa Macc.

CoxpaHeHue IBUKEHUSs IIEHTPAa Mace

CnencrtBue 1
Ecnu riiaBHBI BEKTOp BHEIIHUX CHJI MEXAHMYECKOM CUCTEMBbI BCE BPEMS PaBEH HYJO, TO LIEHTP
MacC CUCTEMBI HAXOAUTCA B IIOKOE WJIU JBUKETCS PABHOMEPHO U MPSIMOJIMHENHO.

JecTBuTENbHO, €CITU

D =0,
k=1
TO U3 popMmyJibl (8), mosydaem, 4to a, = 0

Cnencrsue 2
Ecnu cymMa mpoekiuii Bcex BHEIIHUX CHJI Ha KaKylo-1u00 OCh BCe BpeMsi paBHA HYJIO, TO MPOEK-
LM CKOPOCTH LIEHTPA MACC Ha 3Ty OCh ITOCTOSIHHA.

JecTBUTENbHO, €CITU

S F -0,
k=1

T0 U3 hopmysl (9), moaydaeM 4ro X, = 0
Ortcrona ciemyer, 4to X = CONnst, VCyx = const, a eHTp Macc ABMKETCS 110 OCH X pAaBHOMEPHO
VTN TIOKOUTCH.
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Jlexnusa 3

1. MeToa KUHETOCTATUKY JJI1 MAaTEPUATIbLHON TOUKU
2. Ilpunnun HanamGepa
3. PaboTa 1 MOIIHOCTE.

MeTo KHHETOCTATHKHM VISl MATEPHUAIBHON TOYKH

MarepuanbHasi TOYKa, JBUXKEHHE KOTOPOHM B IPOCTPAHCTBE HE OIPAaHUYEHO KAKMMHU JIMOO
CBSI3SIMH, Ha3bIBAeTCs CBOOOJHOMN, a MaTepHalibHasl TOUKA, CBOOOa KOTOPOW OrpaHUYeHa, HA3bIBa-
eTcs HecBOOOTHOU. {151 HECBOOOAHOM MaTepualbHOM TOYKM BCE BHEIIHHE CHIIBI HEOOXOIUMO Jie-
JINTh HAa ABC KaTCropuu:

1. AkxTtuBHBIC (B IMHAMUKE JBUKYIIHIE) CUIIbI
2. Peakmuu cBs3M (ITACCHBHBIC CHJIBI).

Ecan HCCBO6OI[HYIO MaTCpHUAIIbHYIO TOUYKY OCBO6OI[I/ITL OT CBSA3€H U 3aMEHHUTDH CBSI3HM HX pe-

AKIUAMUA, TO ABMIKCHUC TOYKHU MOKHO pacCMaTpruBaTh, KakK CBO6OZIHO€, a4 OCHOBHOMY 3aKOHY JWHAaA-
MUKHU IPUIAATH BUI:

Z F+ z R« =ma
Fuw=ma
CHHOﬁ I/IHepHI/II/I Ha3bIBACTCA CHUJIa HpOTI/IBO}IGﬁCTBHﬂ TOYKHN Teﬂy, KOTOpOG BBI3BAJIO €€ IBU-
xenne. OHa paBHA MPOU3BEICHUIO MAacChl TOYKH HA YCKOPEHUE W HAIIPaBIIeHAa B CTOPOHK IPOTHUBO-
IMMOJIOKHYHO YCKOPCHUIO.

Ipuanun Janamoepa

Mpuniun Jlanambepa nMeeT HECKOIbKO (POPMYITUPOBOK:

1. Ecnu k nBuxymieics ycKOpeHHO MaTepHalibHOM TOUKe MPUIOKUTH, KPOME IEHCTBYIOMIUX Ha
Hee aKTUBHOW CHJIbI M CHJIBl PEaKLUU CBSI3U €Ille U CHIIy MHEPIMH, TO TOUKa MPUBEAETCS B COCTOS-
HUE paBHOBECHSI.

2. Bo Bpems nBHXeHHS MaTepHaATbHOW TOYKM CyMMa BCeX CHII, ACHCTBYIOLIUX Ha Hee, BKIIIO-
qasi CUJIy UHEPLIMH, PaBHA HYJIIO.

3. Cubl, AeHCTBYIOIIME HA MAaTEPUAIBbHYIO TOUKY, U CHJIa MHEPIMHM B3aMMHO YpaBHOBEUIMBA-
FOTCHS.

Takum oOpazom, B mpunIuie JamamOepa uaeT pedb HE 00 aOCOTIOTHOM PAaBHOBECHH, a O
paBHOBECHM YCIIOBHOM, BOOOpaxxaeMOM, IMOCKOJIbKY J00aBJIeHHE K ACHCTBYIOIINM Ha TOUKY CHUJIaM
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HHCPLUHN ABJIACTCA UCKYCCTBCHHBIM IIPHUEMOM, TaK KakK (baKTI/I‘IeCKI/I K HaHHOﬁ TOYKE 3Ta CHJIa HE
IMPUJIOKCHA, ITIOCKOJIbKY OHAa IMPHUJIOKCHA K TCJIY, BBI3BIBAIOIICMY YCKOPCHHOC ABUIKCHUC TOUKH.

Jlist cuCTEMBI CUJT 3TOT IPUHIUI MOKHO C(OPMYIHPOBATH!

1. Ecnu k kax10# TOUKe MEXaHUYECKOM CUCTEMBI, HEe HaXOIIENHCsl B paBHOBECUHU, TPUIIOKUTh
PaBHOAECHCTBYIOLIYIO BHEIIHUX CUJI, PABHOJICHCTBYIOIYIO BHYTPEHHUX CUJI M CUJIYy MHEPLUHU TOYKH,
TO CUCTEMA IPUBEAETCS PABHOBECHOE COCTOSIHUE.

2. Ecau k xaxa0i TOUKe CUCTEMbI MPHIIOKHUTh KPOME aKTUBHOM CHJIBI, CHJIbI PEaKLUU CBSI3U U

CUJ1y HHCpUHH, TO CUCTEMA MPHUBCACTCA B COCTOAHUC PABHOBCCHUS.

MGTOII pelicHrA 3aJad JUHaAMUKH cnoco0aMy CTaTHKH U KHMHEMAaTHUKH, OCHOBAHHBIM Ha
IMPUHIUIIC I[anaM6epa, Ha3bIBACTCA MECTOJOM KMHCTOCTATUKH.

Padora m MoIHOCTE

OneMeHTapHas pa60Ta CHUJIbI paBHA IIPOU3IBCACHHUIO KacaTeJbHOM COCTaBIISIONICH CHIIBI Ha

JJIEMCHTAPHOC MEePEMCIICHNE TOUYKHU €€ IPUIIOKCHU:
dA = F_ds .

B 3aBucumocT ot crnoco0a 3aaHus IBUKEHUS, dJIeMEHTapHasi paboTa CHJIbI TaKK€ MOXKET
OBITH BBIpAXKEHA!

dA = F ds cos

TAC & — YTOoJI MEKAY HAIIPaBJICHUAMU CUJIBI U CKOPOCTU TOYKH €€ IIPUIIOKCHU.

dA = F dr

e dr - nuddepeHmran paanyc-BeKTopa MPUIOKEHUS CUTTBI.
dA = F wdX + F dy + F udz |
rae dx, dy, dz — snemMeHTapHbIE TepeMEIIEHUs TOUKH MTPUIOKCHHS CHITBI BIOJIb OCEH KOOPMHAT.
PaboTa orneHuBaeT JeMCTBUE TOJIBLKO KacaTelIbHOM COCTABJISIONMIEH CHJIBI, TO €CTh COCTaBJIs-
IOIIeH, KOTOPast K3MEHSET MOYJb CKOPOCTH TOYKU MTPUIIOKEHHUS CHJTTBI.

PaboTa Ha KOHEYHOM NMPOMEKYTKE NEPEMEIICHNs PaBHA B3ATOMY BJIOJIb 3TOTO I€pEeMEIICHUs
UHTETpaly OT 3J€MEHTapHOMN paboThI.
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A
dA:J‘dA
B

BBIpa)KGHI/IH pa6OTBI IJIs1 HEKOTOPBIX BUAOB CHUII:

1.PaboTa cHIIBI TSIKECTU paBHa B3ATOMY CO 3HAKOM ILIHOC MJIW MUHYC IIPOU3BEACHUIO €€ MOOYJIA
Ha BEPTHUKAJIIBHOC NMEPEMEIICHHUE TOYKH €€ IIPUIIOKCHUA

A = +Ph

Takum 06pa30M, €CJIM TOYKa IMPUIIOKCHUSA CHIIBI TAKCECTU OIIYCKACTCA, TO pa60Ta CHUJIBI TA-
JKCCTH ITOJIOKHUTCIIbHAA, a4 CCJIM NOJHUMACTCA, TO OTpULIATCIIbHAA.

2.PaboTa cuiibl ypyrocTy, HampuMep MpYyKUHbI, paBHA MOJOBUHE MpOU3BeaeHU Koddduinen-
Ta ECTKOCTU Ha Pa3HOCTh KBAJAPATOB €€ HAYAJIbHOTO U KOHEYHOTO PaCTSHKEHUsI OT CBOOOTHOIO CO-

CTOsSHMUSA:

C 2 2
A = _(AL naw A L Koneu )
2

Omna 3aBHCHT TOJILKO OT HAYaJIbHOI'O M KOHEYHOTO ITOJIOKEHMS TOUYCK UX MNPUIIOKCHHA, a4 CHU-
JIbI O6HaI[aIOHII/I€ TaKMMHU CBOMCTBAMH HA3BIBAIOTCS IIOTCHIINAIHHBIMU.

3.PaboTa cuiIbl Ipu BpalieHWH TeIa BOKPYT HEMOJIBMKHON OCH paBHA MHTETPaTy MO YIIIy TOBO-
poTa Tena OT MPOU3BEICHHUSI MOMEHTA CUJIbl OTHOCHTEIIBHO OCH BPALICHUS HA 3JIEMEHTAPHBIN Yol
IIOBOPOTA TEJIA:

¢
A:JMZd(p
0

ITpu sToMm, eciiu M; = const, To
A=M o

MONIHOCTBIO HA3bIBAETCS OTHOIICHUE AJIEMEHTAPHOU PabOThI CUIIBI K DJIEMEHTAPHOMY IPO-

MEXYTKY BPEMEHHU, XapaKTepHu3yroliee ObICTPOTY MpHUpaIieHus paboThl CUIIBI.
IIpy mocrynaresbHOM IBMKEHUH MOIIHOCTH CHJIBI PaBHA IPOU3BEIACHUIO KAaCaTEIbHOM CO-
CTaBIAIOLLEH CUJIBI HA CKOPOCTH TeJa
N=FV
[Ipu BpamareabHOM IBHKEHWH MPOU3BEACHUIO MOMEHTA CHJIBI OTHOCHUTEIBHO OCH Bpallle-
HUS T€Ja Ha €T0 YIVIOBYIO CKOPOCTb.

Takum 00pa3om, ecii TeJIo He COBEpIIaeT MepeMeIIeHus, TO paboTa He COBEpIIAeTCs, OHA-
KO Cpell YYCHBIX €CTh MHEHHS APYroro XapaKkTepa.
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Jlexuus 4

1. Teopembl IMHAMUKH.

2. Mepbl IeHCTBHS CUIT

3. Teopema 00 U3MEHEHNH KOJIMYECTBA JABMKCHHSI MATEPUAIbHON TOUKU
4. Kunernueckas SHEpIrus TOUKU U CUCTEMbI TOUEK

TeopeMbl IMHAMUKH

Mexannueckoe ABMKCHHE 00JIafaeT IBYyMs, HE MPOTUBOPEUYAIUMHU JIPYT APYTY, MEpaMu —
KOJINYECTBOM JIBUKECHUS U KUHETUYECKOU SJHEPTUEH.

Ecimu mMexaHmveckoe NBHKCHHE MEepeaacTcs OT Tella K Tely B (opMe MEXaHHUYECKOTO JBH-
JKEHHSI, TO MEPOU SIBIISETCS KOJTUYECTBO JBHIKEHUS.

mvV
Ecnu ke oHO mepenmaercs TakuM 00pa3oM, 4TO MCUE3aeT, MPEBpaLIAeTCs B Ipyrue (HopMel
JIBUKEHUS, TO MEPOU SIBJISIETCS KHUHETHYECKAst SHEPTUSI
mv °
2
KaK IIOJIOBHHA ITPOU3BCACHHA MACCHI TCJIa Ha KBaJpaT €Iro CKOPOCTH.

Mepsb! geiicTBHSA CUJT

MepaMH HGfICTBI/I?I CHJIBI ABJIAKOTCA UMIIYJIBC CHUJIBI 1 pa60Ta cunbl. Hammmane stix ABYX MCpP

00YyCIIOBJIEHO TE€M, YTO CHJIbI JEHCTBYIOT U BO BPEMEHH U B IPOCTPAHCTBE, MOCKOIbKY OHM BO3HU-
KaloT B pe3yJIbTaTe B3aUMO/IEHCTBUS MaTEPUATIbHBIX Tell.

HMOyiascoM CHIIBI, HU3MEPAOT JIENCTBUE CUIIBI 3a HCKOTOpHﬁ MMPOMECIKYTOK BPEMCHH. Pazan-
qaroT 3J'ICMCHTapH]':>II\/‘I HUMITYJIBC CHJIbI, 1 UMITYJIBC CHUJIbI 3a KOHEYHBIMN MMPOMEIKYTOK BPEMCHHU.
OIeMEeHTapHBIM UMITYJIbCOM CHUJIbI HAa3bIBACTCS BCKTOpHAA BCJIIMYMHA, paBHAA IIPOU3BCICHUTO

BCKTOpA CUJIbI Ha BHCMGHTapHBIﬁ (TO eCTh OECKOHEYHO MaJ'IBIfI) MMPMEKYTOK BPCMCHU:

ds = Fdt .

HMOyiascoM CHIIBI 32 KOHEUHBIN MMPOMCIKYTOK BpPCMCHU HA3BLIBACTCA BCKTOpHASA BCIIMYMWHA,

paBHas UHTCTpaly IO BPEMCHHA OT 3JICMCHTAPHOI'O UMITYJIbCA CUJIBI.

_ t
sszm
0

HMIynibC MOCTOSHHOM CHUJIBI paBEH MPOU3BEACHUIO CUITBI Ha BPEMS U HAIIPABIIEH MO BEKTOPY
CHUJIBI, @ UMITYJIbC TIEPEMEHHOM CUJIBI OMPEEIISAIOT MO €T0 MPOEKIUSIM Ha OCH KOOPIMHAT:
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t t t
S, :Idet s, :ijdt S, :J'det

0 0 0

S=1/SX+Sy+SZ

U3 stux (bOpMy.]'I CICAYECT, YTO IO HHUM HEIMOCPECACTBCHHO MOXHO BBIYUCIIUTH HMMITYJIBCBI
CHUJI, 3aBUCAIINX OT BPEMCHH HJIM IIOCTOSIHHBIX. Ecnu ke cuma 3aBucUT OT PacCTOsAHUSA UJIH CKOPO-
CTHU, TO NPEABAPUTCIBHO H606X0,I[I/IMO HaWTH YPaBHCHHUE ABUXKCHUSA TOUYKHU, 3aTEM BBIPA3HUTH IIPOCK-
OUKU CUJIBI HA OCH KOOpAHWHAT 4Y€pE3 BPEMS W TOJBKO ITIOCJIIC 3TOTrO IIO MPHUBEACHHBIM (bopMynaM
OIMPCACIINTD ITPOCKIIMKU UMITYJIbECA HA OCH KOOpJAUHAT.

TeopeMa 00 H3MEHEHHH KOJIHYEeCTBA ABHKCHUSA MaTepua.m)Hoii TOYKH
HaCTOﬂIIIaSI TEOpCMa UMCCT ABC d)ODMI)I — I[I/Id)d)CDCHIII/IaJII)HVIO W UHTCTPAJIBHYIO, TO €CTh:

1. TIlpousBojHas 1O BPEMEHU OT KOJMYECTBA JBM)KEHUS MaTEpUAlbHOM paBHA reoMerpuye-
CKOM CyMMe CHJI, IeMCTBYIOIIUX HA TOUKY.

d(mV)_
.

2. M3MeHeHME KOIMYECTBA JBM)KEHUS TOYKH 32 HEKOTOPBIN MPOMEXYTOK BPEMEHHU PaBHO Teo-
METPUYECKON CYMME UMITYJIbCOB CUJI, IEHCTBYIOIIMUX HA TOUKY, 32 TOT K€ MPOMEKYTOK BPEMEHH.

mv, -mv = z S,
rae Vi,Vo — COOTBETCTBEHHO KOHEYHAsI M HaYaJbHasi CKOPOCTH O0OBEKTA JBUKEHUS.
Teopema 00 M3MEHEHNH KMHETHYECKOM SHEPTHH TOYKH COCTOUT B TOM, YTO M3MEHEHUE KU-

HETUYECKON PHEPTrUU MaTepuaJbHON TOYKM HAa HEKOTOPOM €€ MEPEMEIICHUH PaBHO CyMMe paboT
BCEX CHJI IEUCTBYIOIIMUX HA TOUKY, HA TOM K€ NIEPEMEIICHUH.

Kunernueckas OHEPIHUA TCJIa IIPHU MOCTYNATCIbHOM JIBUKCHHUHW paBHA IMOJIOBUHE ITPOU3BEAC-

HU MaCChI TE€JIa Ha KBaJpaT €ro CKOPOCTH.

Kunernueckast OHCPI'UA TCJId IMTPU BpAIATCIbHOM JIBUKCHUU PABHA ITOJIOBUHE MPOU3BCACHU A
€0 MOMCHTA MHCPIIUHU OTHOCHUTCIIBHO OCHU BPAIlICHHUA HAa KBAaJIpaT €ro er'IOBOfI CKOPOCTH:
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Kunernueckas OHCPIYA IIPU IJIOCKOMTAPAJIJICIbHOM JIBUKCHHUHW paBHA CYMMC KHMHCTHYCCKHUX

DHEPIUil MOCTYNATEILHOIO ABUKEHHS TeIa CO CKOPOCTBIO €r0 LEHTPAa MAacC U BPAIIATEIbHOIO JABU-
JKEHHUS TeJla BOKPYT OCH, IPOXOAAIIEH Yyepe3 LEHTP Macc Telna.

BpaH_[aTeJ'IBHOC ABWIKCHUC TBEPAOTO TCJIa BOKPYT HCHO,HBH)I(HOI;’I OCH OIIMCBIBACTCA YpaBHC-
HUCM:

1L,6=Y m,(F)

CMbICH 34CCh 3aKIOYACTCA B TOM, YTO IIPOU3BCACHHUC MOMCHTA MHCPIHUU TCJIa OTHOCUTCIIb-
HO OCH BpallCHUS Ha €ro yriioBo€ YCKOpPCHHUEC PAaBHO CYMMCE MOMCHTOB BHCUIHHUX CHII, HeﬁCTBYIO—
X Ha TCJIO, OTHOCUTCIIbHO OCHU €I'0 BpalllCHUA.

Kunernueckas IHEPIrus TOYKHU U CUCTEMBI TOYCK

BBeneHne KMHETHMYECKOrO MOMEHTA JUIsl ONMCAHMS JBUKEHUS MEXAHWYECKOM CUCTEMBI
Hapsily C TaKOM XapaKTEepUCTUKOM, KaK KOJIWYECTBO JBUKEHHS, 1a€T BO3ZMOXXHOCTh 00Ji€€ MHOTO-
TPAaHHOTO HM3Y4YCHHS MEXAHMYECKOTO «IIOBEIEHUS» CUCTEM. Tem He MeHee, Iake COBMECTHOE HC-
M0JIb30BAHNE ITHUX JBYX XapaKTepUCTUK 3((HEKTUBHO AaJEKO HE BCEr/a, HapUMeEp, B ciydae, Ko-
I71a IBM)KEHUE MEXaHUYECKOM CHCTEeMBbI MPOUCXOAUT 3a CUET BHYTPEHHUX cuil. UToObl yOeauThes B
9TOM, JOCTATOYHO PACCMOTPETh CIEAYIOIIMN IpOocToi mpumep. IlycTs nBa OQMHAKOBBIX Tena, CO-
€MHEHHBIX NPYKUHOM, HAXOIATCS Ha INIaJJKOM TOPU30HTAIbHON ITOBEPXHOCTU. PacTsaHeM NpyKuHy
U OTIIYCTUM TPY3bl, HE co00Ias UM HadanbHOM ckopocTu. Iloa neficTBMEM BHYTPEHHHMX CHJI OHU
HAYHYT COBEpIIATh NMPSAMOJIMHENHHBIE KOJeOaHUsl, TaKue, YTO CKOPOCTH TeJ B Ka)/blii MOMEHT Bpe-
MeHHU OyAyT paBHBI MEXIy COOOH M MPOTHBOIIOJIIOKHO HAIpaBJIEHbI (Tela B JaHHOM ciydae Irepe-
MEIIAI0TCS MOCTYyNaTeabHo). KonnuecTBo NBUKEHUS CUCTEMBI U €€ KHHETUYECKU MOMEHT OTHOCH-
TEJIbHO JIF000M HEMOJIBUKHOW TOYKU TOXKIECTBEHHO PAaBHBI HYJIIO, XOTS CHCTEMa HaXOAUTCS B JIBU-
KEHHUHU; TaKUM 00pa3oM, B JaHHOM cJIydae 3T JIB€ BEIMYMHBI HUKAK HE XapaKTepU3yIOT JABMKEHHE
cuctemsl. [I03TOMy B MEXaHUKE BBOAMTCS €I OHA MEPA MEXAHUYECKOTO ABUKECHMSI, HA3bIBacMasl
kuHeTndecko. Kunetnueckoil sHeprueil MaTepuanbHONW TOYKH HA3bIBAETCS CKaJspHas BEJIWYUHA,

paBHas MOJIOBUHE MPOU3BCACHHA MACChl TOUKHU HAa KBaApaT €€ CKOPOCTH.
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Jlexuusa 5

IToHnsTHE O CHIIOBOM IIOJIC.

[ToTeHnIMaIpPHOE CHUIIOBOE TOJI€ U CHIIOBAst ()yHKITHS.

Pabota cuiibl Ha KOHEYHOM MEPEMENIEHUH B MOTEHIIMAILHOM CHJIOBOM TIOJIE.
[ToBepXHOCTH paBHOTO YPOBHS U UX CBOMCTBA.

[ToreHimanpHas SHEPrUsl.

ook whE

3aKoH COXpaHCHUA MEXaHUYeCKOH OHCPI'Un.

IlonsiTHE 0 CHJIOBOM IIOJIE

CuioBbIM IOJIEM Ha3bIBACTCA 4acThb MPOCTPAHCTBA, B KOTOPOM Ha MaTepUANbHYIO TOUKY,
JICUCTBYET CHJIA MOJISl, 3aBUCSIIAsI OT TIOJIOXKEHHSI TOYKH B 3TOM MPOCTPAHCTBE (PUCYHOK 1):

Z

Pucynok 1 — Touka u cuiioBoe moiie

Taxum ob6pazom,

F_ = f(x,y,2),
NnIn
Fy = f1(x,y,2),
Fy = fa(x,y,2),
F, =f3(x,y,2).

CHIIoBEIC TTOJIS ACIATCA Ha CTAlMOHAPHBIC U HE CTAIHMOHAPHBIC. CTaIII/IOHapHI)IM Ha3bIBACTCA
TaKO€ CHUJIOBOC II0JIE, B KOTOPOM CHJIa IMOJIA HE 3aBUCUT OT BPEMECHHU, 4 HC CTAllMOHAPHBIM — TaKO€, B
KOTOPOM CHJia 3aBUCHUT OT BPpEMCHHU.
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IoTeHnUanbHOE CHJIOBOE MOJI€ M CHII0Basi GyHKIUSA

B cBoro o4yepCab CTAIMOHAPHBIC IO ACTIATCA HAa IMOTCHLIMUAJIBHLBIC W HC NMOTCHIHWAJIBHBIC.
CTaHI/IOHaDHOG 1O0JIC HA3bIBACTCA NOTCHIMAJIBHBIM, €CJIIM B JII000H €ro TOYKe CYHWICCTBYCT HCKOTO-
pada cujioBas d)VHKI_[I/ISI U, 3aBUCAIIAd OT IMOJIOKCHHA TOYKHU B I10JIC, YACTHBIC IPOU3BOJHBIC OT KOTO-

pOI>'I I10 KOOpAWHATaM TOYKH PAaBHbI IIPOCKIUAM CHUJIbI IIOJII HA KOOPAWHATHBIC OCH:

U=1(x,y,2),
ou ou ou
—=F,, —=F,, —=F,. (1)
oX oy 0z

CoOTBETCTBEHHO, HE IOTEHIIMAIBHOE TI0JIE, ITOIPa3yMeBACT HEPABHOMEPHOE pacCIpe/IeIICHUE
CUJIOBOU (DYHKIIHH.

Pa6oTa cuiibl Ha KOHEYHOM NEepEMEIICHUM B INIOTCHIHUAJIBbHOM CHJIOBOM I10JI€

Jnst yscHeHUs] (U3NIECKOTO 3HAUYEHUS CHIIOBOM (PYHKIMU OOpaTUMCSI K U3BECTHOM aHalu-
TUYECKOU (hopMyIie FIeMeHTapHON PabOTHI CHIIBI:

dA = F, dx + Fydy + F,dz.

[ToncraBuM B 3TO paBEHCTBO 3HAYEHHWsS MPOEKIUI CHIIBI IOJIsI, BHIPA)KEHHBIE Yepe3 CHIIOBYIO
¢ynkuuto (1) n noxyunm

ou ou ou
dA = —dz + —dy + —dz = dU . 2
OX oy 0z

Takxum 00pa3oM, MbI BUJIUM, YTO CMBICIT CHUIOBOM ()YHKIIMH COCTOUT B TOM, UTO €€ TIOJTHBIH
muddepeHiman ecTh 3eMeHTapHas paboTa CUiIbl MOTeHIHaIbHOTo cruitoBoro moist (dA = dU).

Crano ObITh, padoTy CHUJIBI TOTEHIIUATHLHOTO CUIIOBOTO OISl HA HEKOTOPOM KOHEUHOM Tepe-
MEIICHUH TOYKH €€ pUIoxkeHusT MoM MOKHO BBIpa3uTh uepe3 ciiioByro GyHkmuio U. O6o3Haunm
3HAYCHHUE CHJIOBOM (DYHKIIUH B HavaIbHOM Touke nepemenieHust (Mo — Up), a B KOHEUHOH TOUKE Tie-
pemernienust (M — U). Torna

M M U
A my= JdA = Jdu = [dU =U -U,.
M M U

0 0 0

Htak, paboTta Cribl MOTEHIIMAIHHOTO CHJIOBOTO IOJISI HA HEKOTOPOM TepemerieHnn MoM
TOYKH €€ MPHUJIOKEHUSI paBHA Pa3HOCTH 3HAYEHUW CHUIIOBOM (YHKIIMM B KOHEYHOW M HaYaJIbHON
TOYKaX ATOr0 NepEeMEIICHHUS:
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Amm,my=U -Uy. (3)

Oco60 3ameTuM, YTO €CIIM HayalbHas U KOHEYHAs TOYKa IEePEeMEIICHUs COBNAAAIOT, TO pa-
00Ta CHIIBI MOJISI HA TAKOM MEPEMENICHUN TOYKH €€ TIPUIIOKEHUS OyIeT paBHA HYIIIO:

A(MOMO):UO_UOZO-

Taxxe u3 hopmynsl (3) cienyer Takxke, YTO pabOTa CHIIbI MOTEHIMAIBLHOTO CUIOBOTO MO

HC 3aBUCHUT OT TPACKTOPHH TOYKH €€ IMPUIOKCHHUA, a 3aBUCHUT TOJIBKO OT HA4YaJIbHOT'O U KOHCYHOI'O

MIOJIOKEHUS ATOM TOUKHU. CHJIBI, 00JaIal0NIe TAKMMHA CBOWCTBAMH HA3bIBAIOTCS TOTCHIIMATBHBIMH.
[Tpumepamu TakuX CUJI CIYXKaT CUJIA TSDKECTH M CUJIa YIPYTOCTH.

IloBepXHOCTH PAaBHOI'O YPOBHSI U X CBOIiCTBA

[ToBepxHOCTAMU PaBHOTO YPOBHS (MU COKPAIICHHO MOBEPXHOCTSMU YPOBHSI) HA3bIBAIOTCS
MOBEPXHOCTH, MPOXOSIIUE Yepe3 TOYKHU MOJIS C OJMHAKOBBIMU 3HAYCHHUSIMH CUJIOBOU (DYHKIUU.
[ToBepxHOCTH YPOBHS 00JIaAIOT CIEAYIOMIMMHU YE€THIPbMSI CBOHCTBAMMU:

1. Ecnm HadanbpHasg ¥ KOHEYHAs TOYKU NEPEMCIICHUA TOYKH NPUIIOKCHHA CHUJIbBI HAXOAATCA Ha
OI[HOﬁ IMOBCPXHOCTHU YPOBHA, TO pa60Ta CHJIBI ITIOJIAI Ha 3TOM IICPEMCUICHUHN PaHa HYJIIO.

JleficTBUTENBHO, MPU TMEPEMELICHHH TOYKU TPUIIOKEHHS CHIIbI F MO M3 Ha4albHOro IMo-
JoxeHus: My B KOHEUHOE TOJIoKeHHe M 110 J1t000i TPaeKTOpUH, KOTOpasi PacloIOkKEHbl Ha OHOM
noBepxHoctu ypoBHs U = C (Pucynok 2),

F

Pucynok 2 — HauansHO€ 1 KOHEUHOE NIEpeMeIIeHre TOUKn M

CHJIa Ipou3BesieT paboTy
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2. Cuna NoTeHUUAIBHOIO CHJIOBOTO MOJSI BCErja NEpHEHIUKYJISpPHAa K MOBEPXHOCTU YPOBHS
(Pucynox 3).

F
Q
——

Pucynok 3 — [lepneHauKynsipHOCTh CUIIOBOTO TIOJISI U IOBEPXHOCTH

HeﬁCTBHTGHBHO, Inpu NEePpEMCIICHUU TOYKH MNPUIIOKCHHA CUJIbI 1O IMTOBEPXHOCTU YPOBHS U3

nojoxenus My B mojoxenne M paboTa CHIIbI Ha 3TOM MEepeMenIeHnd OyAeT paBHAa HYIO (B CHIY
IIEPBOrO CBOICTBA MOBepXHOCTEH ypoBHs). OTCIOAa ClieayeT U djeMeHTapHas paborta cuibl A Ha
nepemerieHrr 0S, KOTOPOE PacroOkKEHO Ha KacaTelibHOW K MOBEPXHOCTH YPOBHS, TOXE OymeT
paBHa HyIIIO0, TO ecTh dA = Fds cos « = 0. [Tockonbky F u S He paBHBI HYJIIO, TO HYJIIO OyaeT pa-
BEeH KOcHHYC yria anb(a. CrienoBaTenbHO yros anbda paBeH 90°%, o0 ects cuna F pacronoxena
NEPIEHIUKYISAPHO K OBEPXHOCTH YPOBHS

3. Cwa NOTeHIMAIbHOTO CHUJIOBOTO MOJISI BCErJa HANpaBlIeHa B CTOPOHY OOJBIINX 3HAYCHUH
CUJIOBOU (DYHKIIMH.

HyCTI) CB06OI[Ha$I MaTeprajbHasd TOYKaA IO/ HeﬁCTBHGM cmiel F NOTCHIMAJIBHOT'O CUJIOBOI'O
MOJIA IEPEMCIIACTCA IO HAIMPABJIICHUIO CUJIBI U3 IMOJIOKCHUS Mo, PacCIoJIOKECHHOI'0O Ha TOBEPXHOCTU

YPOBHSI cO 3HaueHUsMH cuiioBoi pyHkimu U = Coy, B monoxenue M, pacroyio’)keHHOE Ha Ipyroif
MOBEPXHOCTHU YPOBHS cO 3HaueHUsMH cuitoBoi ¢pyHkuuu U = Cq (Pucynok 4).

A

/P:ia U =Cp

Pucynok 4 — HanpaBneHune cuibl MOTEHINAIBHOTO TOJIS
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PaboTa cuiel mosst Ha 3TOM NepeMenieHnr OyIeT paBHA pa3HOCTH 3HAUYCHUN CHIIOBOM (DYHK-
[IMY B KOHEYHOHN M Ha4YaJIbHOM TOouKax nepemenieHus (3) u 6yaeT nojioKUTeIbHOM:

CnenoBatenpHo C1>Cp M cujia JEHCTBUTEIBLHO HaIpaBjieHa B CTOPOHY OOJIBIIUX 3HAYCHHMA

CHJIOBOM (PYHKITHH.
4. Cwuna NOTeHLIHUAIHLHOTO CUJIOBOTO MOJs OOJIbIIE TaM, IJie MOBEPXHOCTH YPOBHS PacIoioxKe-

HBI OJIMXKE APYT K IPYTY.

CripaBelNTUBOCTH 3TOTO CBOMCTBA BBITEKAET U3 TOTO, YTO padoOTa CHIIBI MOJISI HA TIepeMeltie-
HUU TOYKHU €€ MPWIOKCHUS C OJHOW MOBEPXHOCTH YPOBHS HA JPYTYIO, COCEIHIOI0 MOBEPXHOCTH
YpOBHS, OyAET OJHA M Ta ke (TaK KaKk OHA paBHA Pa3HOCTH 3HAYCHUH CWJIOBOW (PYHKIIMHM HA TUX
MOBEPXHOCTAX YPOBHEH). A 1oceMy, TaM Iie MEHbIIIE PACCTOSIHIE MEXI1Y TOBEPXHOCTSAMHU YPOBHEH,
TaM Oouibliie cuiia (M Ha00OpOT, Tae OOJBIIE PACCTOSHKE, TaM MEHbIIE cuiia). Pabora To paBHa mpo-
U3BEJICHUIO CUJIbl Ha TMEpeMeleHHEe TOYKM €€ NMPUJIOKEHHUS, a B JAaHHOM CiIydae Ha pPacCTOSHUE
MEX1y TIOBEPXHOCTSIMHU YPOBHEH.

IloTenuuanbHas JHEPIrus

B cnydae moTeHIMaIbHOTO CUIIOBOTO MOJS HApALy ¢ cuiioBoi pyHkuuer U B KakI0i TOUKe
T0JIsI, MCTIONIB3YIOT NOTEHIMAIBHYIO SHEPIuto /1, KOTOopas XapaKTepHU3yeT 3amac SHEpruu B JTaHHOU
TOYKE IIOJIS.

[ToTreHManpHON SHEpPruer MarepUalbHONM TOYKHA B HEKOTOPOM TOUYKE M IMOTEHIMAIBbHOIO
CHJIOBOTO TIOJISI Ha3bIBAETCsl paboTa, KOTOPYIO COBEPIIAET CUjla TOJIsA, IEHCTBYIOIAs HAa 3Ty MaTepH-
ITBHYIO TOUKY, NPHU MEPEMEIEHUH €€ U3 JaHHOW TOYKH M B HEKOTOPYIO HyJeBYI0 Touky My (Pucy-
HOK 5).

Pucynok 5 — PaboTta u noreHuuanbHas SHEprus

Takum 06pazom, eciu 0003HAYUTH 3HAYCHUS CHIIOBOM (YHKIIMH U MOTSHIIMATBLHOW SHEPTUU
B Hynesol moyke My nons (puc. 4) coorBerctBeHHO Ug 1 1y, a B Touke M — U u [/, To coriiacHo
ompezeNieHus] TOTEHIIMATBHON YHEPTUH OYJIeM UMETh:
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W3 onpenenenus cienyer, 4To MOTEHIMATbHAS dHEPTUs [/, Tak)Ke KaK ¥ CHIIOBas (yHKITHS

U, 3aBUCHT OT KOOpAHMHAT X, Y, Z Toukun M. bynem B nanmpHeWIeM cUMTaTh HYJICBbIE TOUKH IS
byukuuii 71(X, Y, 2) u U(X, Y, z) coBnagatommmu.  Torma Ug = 0 u ¢popmyia (4) moryduT BHI:

I1=-U, (5)

To ecTh IOTEHIIMAILHAS YHEPTUS B J1000M TOYKE CHUIOBOIO II0JISI paBHA 3HAYCHUIO CHJIOBOM

(OYHKIIMHU B 9TOM TOYKE I10JIsI, B3ITOMY C 0OpaTHBIM 3HAKOM.

OTcrona ciemyer, 4To B CiIydae MOTEHIIMAILHOTO CHIIOBOTO TOJISI BMECTO CHIIOBOM (DyHKIIUU
MOYKHO TIOJIb30BAThCS OTEHIMATBHOM 3Hepruei. Tak , paboTy MOTEHIIMATBFHON CHITBI BEIYUCIIATH HE
1o paBeHcTBy (3), a mo ¢popmyiie (6)

Tak , paboTy MOTCHIIHATBLHOMN CHITbI BBIYHCIIATE HE 110 paBeHCTBY (3), a 1o Gopmysie (6).

3aK0H COXpaHEHHSI MEXaHUYEeCKOI IHepPrumn

MexaHn4ecKOo! SHEpPrUel Ha3bIBACTCs CyMMa IIOTEHIUAIBHOM U KUHETUYECKOM YHEPIrUN Ma-
TEPUAIIbHOMN TOUKH (CUCTEMBI).

[IycTe MaTepuanbHas TOUYKa ABUKETCS B MOTEHIUAIBHOM CHUJIIOBOM IOJIE MO/ IEUCTBUEM I10O-
TEHIMAJIbHON CUIIBI U3 MoJIokeHus My, T1e ee ckopocTh Vo, B mosnoxxkenue M, rie ee ckopocts Vi.
CornacHo TeopeMbl, 00 U3BMEHEHUH KHHETUYECKON SHEPTUU TOUKHU

2 2

Torna cornacHo paBeHCTBY (6)

Torna,
mv,” mv,
- =11y — Iy,
2 2
OTKy/1a
2 2
mV mV
—1+171: 0 + 11, = const . @)
2 2

PaBenctBo (7) BbIpa)kaeT 3aKOH COXPAaHEHHUs MEXaHWUYECKOW SHEpruu Juld MaTepHalbHON

TOYKH: IIPpU ABHUKXCHHUH TOYKHW B MOTCHUOHWAJIBHOM CHJIIOBOM IIOJIC ITIOQ }IeﬁCTBHeM HOTeHI_[I/Ia.]'H)HOI\/'I
CHJIbI CYMMa €€ KHHETHYCCKOM U HOTGHIII/IBJ'IBHOﬁ 3H€DFI/II71 €CTh BCJINYNHA ITOCTOJIHHAs.
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[Tomy4yeHHBIN pe3yabTaT MOYKHO PAacIpOCTPAaHUTh HAa BCE TOYKM MEXAHMYECKOM CHCTEMBI,
HaxXOoJs1Ielcs B OTEHIUAIbHOM CUJIOBOM I10JIE€ MO/ AEMCTBUEM MOTEHIUAIBHBIX BHEIIHUX U BHYT-
PEHHUX CHJI U TpeoOpazoBaTh ypaBHeHHE (7) K BUILY

T,+1I,=Ty+ I, = const . (8)

CJIGI[OBaTeJ'IBHO, Opu ABMXKCHHUH ITOJT HeﬁCTBHeM INOTCHIUAJIBHBIX CHUJI CYMMa KHHETHYCSCKOM

M IIOTCHIHAIFHOM SHEPTH MEXaHMYSCKOM CHCTEMBI €CTh BEIWYMHA ITIOCTOAHHAA. B 3TOM M cocTouT

3aKOH COXPaHEHUS MEXaHHMYECKON SHEPIHH CUCTEMbI, KOTOPBIN SBIISETCS YaCTHBIM CIy4aeM OO0ILero
(bu3ruecKOro 3aKoHa coxpaHeHus sueprun. Benuuuna ( 7 + 1) Ha3bpIBaeTCS MOJHONW MEXaHUYECKOM
SHEPIrUeH CUCTEMBI.

Ecnu Ha MexaHMYeCKyIO0 CUCTeMY KpOMe MOTEHIMAbHBIX CHUJI OYAyT JAeWCTBOBATH U HE IO-
TEHIMAJIbHbIE CUJIbI, HAIIPUMEP CHJIbI TPEHUS, TO MOJHAs MEXaHWYECKasi SJHEPIHsl CUCTEMBI NIpU €€
JBWKEHUH OyneT yObIBaTh, MpeoOpasysch B Apyrue GOpMbI SHEPTHH, HAIIPUMEDP B TEIUIOBYIO.

Bce 3HaueHHEe paccMOTPEHHOTO 3aKOHA BBISBISIETCS IPU PACCMOTPEHHH €T0 B CBSI3U C 00-
MM (PU3MYECKUM 3aKOHOM COXpPAaHEHHUs 3Hepruu. llpu penieHuy npakTHKO-MEXaHWYECKHX 3ajiad

MOKHO BO BCEX CJIYYasX MOJb30BaThCS HEMOCPEJICTBEHHO TEOPEMOM 00 M3MEHEHNHU KMHETHYECKOMN

SHCPIruu CUCTCMBEI.
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16
17
18
19

KonTposabHbie Bonmpockl k pasaenay «/{uHamuxa»

. Uto Ha3bIBaeTCsA TMHAMHUKOM?
.UT0 nmoHuMaeTcs Mo UHepuuen ten?
. Uro siBIIieTCSl MEpOI MHEPIIUH Tella MPU MOCTYNATEIbHOM JIBUKCHUU?
. Uto siBNIsieTCS MEpOil MHEPLIUU TeJla MPU BpalaTeIbHOM JBHKEHUN?
. KakuMu mMozieniaiMu peACTaBIIAOT TBEPIbIE TEa B TUHAMUKE?
. Uto noHuMaeTcs moja MaTepuaibHONU TOUYKON?
. UTo moHuUMaeTCs Mo MEXaHUYECKOH CUCTEMOM?
. Kakue tena MOXHO IpUHUMATH 32 MaTepUaIbHbIE TOUKN?

Kakue 1moJ1oskeHus JIeKaT B OCHOBE JUHAMUKH TOYKH?

. B uem coctout 3akoH unepuun?

. B uem coctout BTOpoil (OCHOBHOI) 3aKOH TUHAMHUKHU TOYKU?

. B uem cocTouT 3aKOH paBEeHCTBA ACHCTBUS U MPOTHUBOJACHCTBUS?

. Kakas cucrema oTcyeTa Ha3bIBa€TCsl HHEPIUATBHOM?

. Kakumn nuddepennmanbHpIMi ypaBHEHUSIMU OMMCHIBAETCS TBUKEHUE MAaTEPHAIIbHON TOYKH B
KapTOBOH CUCTEME KOOpIUHAT?

. Kakumu muddepeHmanbHpIME YpaBHCHHSIME OIMCHIBACTCS JIBH)KEHUE TOYKU B €CTECTBEHHOM
cTeMe KOOpIuHaT?

. B uem cocTouT 1 Kak pemraercs neppas OCHOBHas 3a7ja4a TMHAMUKN TOYKH?

. B uem cocTout BTOpasi OCHOBHAs 3a/1aya JUHAMUKH TOYKA?

. B xakoli mocienoBaTeaIbHOCTH PELIal0T BTOPYIO OCHOBHYIO 337a4y JUHAMUKHU TOUKU?

. MOHO 1 METObl AMHAMUKH, OCHOBAHHBIE Ha 3aKOHaX HpI0TOHA M mpUMEHseMBbIE [T U3yYe-

HHS a0COJIFOTHOT'O ABWIKCHUS TOYKH, HUCIOJb30BATH JIA U3YHYCHUA €€ OTHOCUTCIIBHOTO )IBI/I)KGHI/ISI?

20.

21

22.
23.
24.
25.
26.
27.
28.
29.
30.

B 4em 3akiarogaercs NPUHIMI OTHOCUTEIBHOCTH KJIACCUYECKOW MEXaHUKH?

. UTo Takoe OTHOCUTENILHOE PaBHOBECHE TOUKH U KAKOBBI €TI0 YCIOBHSA?

Uro sBasieTcsl MepaMu MEXaHUYECKOTO JIBUKEHUS TOUKHU?

Uro sBasieTcsl MepamMu 1eUCTBUS CUITbI?

UTO U3MepSIOT UMITYIBCOM CHIIBI U paObOTOM CHIIBI?

Kakas cBs3b cylecTByeT Mexay MepaMu AEUCTBUSI CUIIbl U MEpaMU MEXaHUYECKOTO JIBUKEHUS?
Kakue uMITysibChl CUITBI pa3ianyaroT U YeMY OHU PaBHBI?

Kak onpenensiercst paboTa cuiibl HA KOHEYHOM MEePEMENICHUN TOUKHU €€ TPUIT0KEHUS ?
JleiicTBHE KaKO¥ COCTABIIAIOINIEH CHIIBI OLIEHUBAET ee paboTa?

Korna npumensitor rpadguueckuii cnocod BeIYUCIEHHS pabOThI CUIIbI?

Yemy paBHBI paObOThI CUJI TSDKECTH U YIPYTOCTH?
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