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OpuruHan-mMakeT JaHHOTO W3/aHUS SABIAETCS COOCTBEHHOCTBIO H3JaTeibcTBa «BbIciias IIKOJa», U €ro
penpoaynupoBaHue (BOCIIPOU3BEICHKE) JTIOOBIM CIIOCOO0M 03 COTJIacHsi U3/1aTeNIbCTBA 3alperiaeTcs.

IIpeaucnoBue

VY4aebHoe mocoOue HamucaHO B COOTBETCTBHHU C JICHCTBYIOIIEH MporpaMmoil Kypca (pU3MKH 0.1 WHKEHEPHO-
TEXHUYECKHUX CIIELUAIBbHOCTEH BBICHIMX Y4YeOHBIX 3aBEACHUH M NpEJIHA3HAYEHO AJIS CTYAECHTOB BBICIINX
TEXHUYECKUX Y4EOHBIX 3aBEICHHI JTHEBHOW (POPMbI O0yYEHHS C OTPaHUYEHHBIM YUCIOM YacoB 1O (u3HKe,
C BO3MOKHOCTBIO €0 UCII0JIb30BaHUs Ha BeUepHel U 3a04HO0M (popmax 00ydeHHU.

HeGonpmiolt 00beM y4eOHOro mocoOus JOCTUTHYT C IOMOIIBIO TINATEIHHOTO OTOOpa U JIAKOHUYHOTO
U3JI0’KEHUS MaTepraa.

Kuura cocrout u3 cemu uacteil. B mepBoil yacTu JaHO CHCTEMAaTHYECKOE M3JI0KEHHE (PU3NYECKUX OCHOB
KJIACCUYECKOM MEXaHMKHM, a TaKXKe pPACCMOTPEHbl JJIEMEHTHl CIeLUalbHONH (YacTHOW) TeopHH
OTHOCUTEIIFHOCTH. BTopas yacTh MOCBSIIEHA OCHOBAM MOJICKYJSIpHOH (DM3WKM W TepMOAWHAMHKH. B
TPETbEW YaCTH M3Y4arOTCsl DJIEKTPOCTATUKA, IOCTOSHHBIA IEKTPUYECKUH TOK M JIEKTpoMarHeTusMm. B
YeTBEpTOM 4YacTH, IOCBSILEHHOM MW3JI0KEHUI0O TEOpUU KoJeOaHUMM W  BOJIM, MEXaHUYECKHE U
3JIEKTPOMAarHUTHbIE KoJeOaHHsl pacCMaTpUBAIOTCS MapajlIesbHO, YKa3bIBAKOTCS UX CXOJCTBA U Pa3IMyUs U
CpaBHUBAIOTCS (PU3HUECKHUE MPOLIECCHI, TPOUCXOIAIINE TPU COOTBETCTBYIOINX KoneOaHusx. B maroii yactu
PacCMOTPEHBI AIIEMEHTHI T€OMETPUYECKON U JIEKTPOHHOM ONTHUKH, BOJIHOBAs ONITHKA U KBAHTOBAs NPUpPOAA
u3nyyenus. Lllecras yacTh MocBslIEHA 3JIEMEHTaM KBAaHTOBOM (PU3MKU aTOMOB, MOJIEKYJ U TBEPAbIX Teil. B
CeJIbMOM 4aCTH U3JIaratoTCsl 3JIEMEHThI (PU3UKHU ATOMHOTI'O S1pa U JIEMEHTAPHbBIX YaCTHLI.

W3noxxenne wMatepuana Bexercs 03 TIPOMO3JIKMX MaTEeMaTHMYECKHUX BBIKJIAJOK, JIOJDKHOE BHHMMAaHHE
oOpamiaercss Ha (U3UYECKYIO CYTh SIBJICHUH M OINMKCBHIBAIOLUIMX MX IMOHATMH M 3aKOHOB, a TaKkKe Ha
MIPEEMCTBEHHOCTh COBPEMEHHOW M Kiacchueckoi ¢msuku. Bce Omorpaduveckue HaHHbIE NPUBEICHBI 110
kHure 0. A. Xpamona «Dusuxu» (M.: Hayka, 1983).

Jliis 0003HaueHUs] BEKTOPHBIX BEIMUYMH Ha BCEX PUCYHKax M B TEKCTE MCIIOJIb30BAH IMOJYKUPHBIA mpudr, 3a
UCKJIIOYEHHEM BEIMYUH, O00O3HAUEHHBIX I'PEUYECKUMHU OyKBaMM, KOTOpPbIE IO TEXHUYECKMM MpPUYHMHAM
HaOpaHbl B TEKCTE CBETJIBIM IIPUPTOM CO CTPEIIKOM.

ABTOp BBIpaXaeT IIyO0OKYI0 NMPU3HATEIBHOCTh KOJIJIETaM U YUTATENsIM, YbH 100pOXKeTaTeNIbHbIe 3aMeUaHusl U
MO’KEJIaHMsI CIIOCOOCTBOBANIM YIIYUILIEHUIO KHUTH. Sl ocoOeHHO npu3HaTtenbHa npodeccopy KacwsiHoBy B. A.
3a peleH3upoBaHKe MOCOOUs U clIelaHHbIE UM 3aMEUaHusl.

ABTop Oyzaer OmarojapeH 3a 3aMeyaHUs M COBEThbl MO yhyunieHuto nocoOus. IIpockba HampaBisTe MX B
u3naTenbeTBo «Boicmias mkona» mo aapecy: 101430, Mocksa, I'CII-4, Hernunnas yi., 1. 29/14.

Asmop

BBenenune

IIpenmer ¢pu3nkm u ee CBA3b C APYTUMH HAYKaMHU

Oxpy>karoluii Bac MHUp, BCE CYLIECTBYIOIIEE BOKPYT Bac U 0OOHApyKMBaeMOe HaMU MOCPEICTBOM OIIYIICHUN
MIpe/ICTaBIsIeT cOO0M MaTepuio.

HeorbemiembIM CBOMCTBOM Marepud U (OpPMOIH ee CyIIeCTBOBaHMS SIBISETCS JABIKEHHE. J[BUKeHHE B
IIUPOKOM CMBICTIE CIIOBa — 9TO BCEBO3MOXKHBIE M3MEHEHHsI MaTepUH — OT MPOCTOTO MEPEMEIICHUs 10
CJIO’KHEHIIINX MPOIIECCOB MBIIIIJICHHUSI.

PazHooOpa3Hbie GOpMBI ABIKEHHS MATePHH HM3YYAIOTCS Pa3IMYHBIMH HAayKaMH, B TOM YHCIE€ W (PU3UKOM.
IIpenmer ¢u3uku, Kak, BIpoyeM, U JOOOH HAyKH, MOKET OBITh PACKPHIT TOJBKO 110 MEPE €ro JIeTalbHOIro
n3N0XKeHus. JlaTh cTporoe onpeaeneHne npeaMera GU3NKU JOBOIBHO CIIOKHO, TIOTOMY YTO TPAHUIIBI MEXTY
GU3MKOM M PSJIOM CMEXHBIX JAUCLUIUIMH YCIOBHBL. Ha naHHON cTanuu pa3BUTHUA HENb3sS COXPAHUTh
orpesiesieHue (PU3UKH TOTBKO KaK HAyKH O MPUPOJIE.

Axanemuk A. @. Nodde (1880—1960; poccuiickuit ¢usuk)* onpenenuna GpU3NKY Kak HAyKy, U3YHarOLIYIO
o0Iye CBOWCTBA M 3aKOHBI JIBMDKEHHUS BEIIECTBAa W MOJs. B HacTosmiee Bpems OOUIETIPH3HAHO, YTO BEC
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B3aUMOJICHCTBUS OCYILIECTBISIOTCS TOCPEICTBOM MOJIEH, HAlpUMEP TPABUTALIMOHHBIX, JIEKTPOMArHUTHBIX,
nosielt simepHbIX cui. I[lonme Hapsigy c BelecTBOM SIBISiETCS OAHOM M3 (DOPM CYIIECTBOBAHHS MaTEPHUU.
HepaspeiBHast cBsi3b MOJS U BEIIECTBA, a TAKXKE PA3IMYUE B MX CBOWCTBAaX OyIyT pacCMOTPEHBI MO Mepe
U3Y4EHHUs Kypca.

* Bce maHHbIe TIPUBEICHBI 0 Onorpaduueckomy cripaBounuky 0. A. Xpamosa «®usuku» (M.: Hayka, 1983).

dusnka — Hayka 0 HanboJjee MPOCThIX U BMecCTe C TeM Haubosiee oOmmX (popMax ABMXKEHUS MAaTEpPUU U UX
B3aMMHBIX MpeBpanieHusx. M3ydaembie GU3NKON (OpPMBI IBIKEHHUS MaTepuu (MEXaHWYecKas, TeIuioBas U
Ip.) HPUCYTCTBYIOT BO BCEX BBICIIMX M 0Oojiee CIOXKHBIX (OpMax IBMXKEHUS MaTepun (XMMHUYECKHX,
ouosornuyeckux u ap.). [lostomy onm, Oynyun Hambosiee MPOCTHIMHU, SBISIOTCS B TO e BpeMsi Hamboiee
obmuMu popMamu ABMKEHHMs Marepud. Bbicmne u Oosiee ciiokHble (OPMBI JBUXKEHUS MaTepuud —
IIpeIMET U3yUeHUs APYTUuX HayK (XUMHUHU, OMOJIOTUH U Ap.).

@du3nKa TECHO CBsA3aHA C €CTECTBEHHbIMHM HayKaMu. DTa TecHeWas cBs3b (U3UKU C JAPYTMMHU OTpacisiMU
€CTeCTBO3HaHUs, Kak oTmeyan axaaemuk C. M. BaswioB (1891—1955; poccuiickuii ¢puzuk u
OOILIECTBEHHBIN JIesTeNb), IpUBeaa K TOMY, 4To (pu3Mka riryOodaiIMMU KOPHSAMHU BpOCia B aCTPOHOMHMIO,
reOJIOTHIO, XUMHIO, OMOJIOTHIO M JIpYTMe eCTECTBEHHbIE HAayKH. B pesynbrare 00OpazoBayicsi psii HOBBIX
CMEXHBIX TUCLMIUIMH, TAKUX, KaK acTpopu3uKa, 0Mou3nKa u zp.

®u3uKa TECHO CBA3aHA M C TEXHUKOW, TPUYEM 3TA CBSI3b UMEET ABYCTOPOHHUM XapakTep. Pusuka BeIpocia 13
noTpeOHOCTel TeXHUKH (Pa3BUTHE MEXaHUKU y JIPEBHUX TPEKOB, Halpumep, ObUIO BBI3BAHO 3aIpOCaMu
CTPOUTENBLHON U BOEHHOM TEXHUKH TOTO BPEMEHM), U TEXHUKA, B CBOIO OUYEPE/Ib, ONPE/CIIAET HAlPaBICHUE
¢bu3nyecKkux ucciaeoBaHul (Harmpumep, B CBOE BpeMsl 33j1aya CO3JaHMs Hanbosiee SKOHOMUYHBIX TEIIOBBIX
IBUTaTeNel BpI3Baja OypHOE pa3BUTHE TepMOIUHAMUKH). C IPYroi CTOPOHBI, OT pa3BUTHUS (PU3UKH 3aBUCHT
TEXHUYECKUH YpoBeHb npou3BojcTBa. Pusuka — 06a3a U1 CO3JaHUS HOBBIX OTpaciedl TEeXHUKHU
(3MeKTpOHHAs TEXHUKA, ZIepHasl TEXHUKA U Jp.).

BypHbIii Temn pa3BuUTHs (U3UKHU, pacTyIUE CBSI3U €€ ¢ TEXHUKOH YKa3bIBalOT HAa 3HAYMTENBHYIO POJb Kypca
¢bu3uKy BO BTy3e: 3TO pyHIaMEHTalIbHAs 0a3a Ui TEOPETHYECKON MOATOTOBKH HHKEHEPa, 0€3 KOTOPOii ero
ycCIIelIHas 1eATeIbHOCTh HEBO3MOKHA.

Enunuust gusnyeckux BeJTMYNH

OCHOBHBIM METOJIOM HCCIIEIOBaHUS B (PU3MKE SBISETCS OMNUT — OCHOBAHHOE Ha MPAKTHUKE YyBCTBEHHO-
HMIUPHYECKOE MMO3HAHHE OOBEKTUBHOW JEHCTBUTENBLHOCTH, T. €. HAaOIIOJIEeHHE MCCIEeIyeMbIX SBJICHUN B
TOYHO YYUTBHIBAEMBIX YCIOBUAX, MO3BOJSIONIMX CIEAUTh 32 XOJOM SIBICHUH M MHOTOKpPaTHO
BOCIIPOU3BOJUTH €r0 MIPH MOBTOPEHUH 3THUX YCIOBHH.

Jis  OOBSICHEHMSI JKCHEPUMEHTANbHBIX (DAKTOB  BBLABUTAIOTCA TUIOTE3bl. I'MIoTe3a — 3TO HaydyHOe
MPENOI0KEeHNE, BbIIBUTaeMoe [l O0BbSICHEHUSI KaKOT0-JIM00 sIBIEHUS U TpeOyroliee MPOBEPKH Ha OIBITE U
TEOPETUYECKOr0 0OOCHOBAHMUSI JIIsl TOTO, UTOOBI CTAaTh JOCTOBEPHON Hay4YHOI TEOpUEH.

B pesynprare 000O0IIEHHS SKCHEPUMEHTANbHBIX (DAaKTOB, a TakKXKe pe3yJbTaToOB JESITEIbHOCTH JIIOJCH
YCTaHABIIMBAIOTCS (pr3MUecKkre 3aKOHbI — YCTOWYUBBIE OBTOPSIONINECS OOBEKTUBHbBIE 3aKOHOMEPHOCTH,
cymiecTBymomue B npupoze. Hanbonee BaxHbIE 3aKOHBI YCTaHABIMBAIOT CBA3b MEXIY (U3NYECKHUMU
BEJIMYMHAMU, JJI1 4ero HeoOXOAMMO 3TH BEIMYUHBI M3MepATh. M3Mepenue (usmueckoil BEIMUMHBI €CTh
JIeiCTBUE, BBIMOJHSAEMOE C IOMOIIBIO CPEACTB M3MEPEHMH sl HAXOXKACHUS 3HAaYeHUs (PU3NUECKOU
BEJIMYMHBI B NPUHATHIX eAUHMIAX. EquHMIbl QU3NYECKHX BEIMYMH MOXHO BBIOpaTh MPOU3BOJIBHO, HO
TOTJa BO3HUKHYT TPYIHOCTH NpU HX cpaBHeHHH. [loaTomy IenecooOpa3HO BBECTH CHUCTEMY €IWHHUII,
OXBAaTBIBAIONIYIO €AMHUIIBI BCeX (PU3MUECKUX BEIUYHH.

JU1st OCTPOSHUSI CUCTEMBI €IMHUIL] IIPOU3BOIBHO BBIOMPAIOT €MHHUIIBI IS HECKOJIBKUX HE 3aBUCAILIMX JPYT OT
apyra QpU3MYecKuX BeNUYHH. DTH €IWHUIBI Ha3bIBAIOTCS OCHOBHBIMHU. OcTajbHbIE € BEIMUYMHBI U HX
€IMHULBI BBIBOJATCS M3 3aKOHOB, CBA3BIBAIOIIMX OTH BEIMYMHBI U UX E€AMHULBI C OCHOBHBIMH. OHH
Ha3bIBAIOTCS MPOU3BOIHBIMU.

B nacrosimee Bpemst oOsi3arenbHa K NMPUMEHEHHIO B HAY4HOM, a Takxke B yueOHOU nuteparype Cucrema
WnrtepnannonansHas (CH), xoTopasi CTpPOMTCS Ha CEMH OCHOBHBIX €IHMHHUIAX — METpP, KHJIOTpamm,
CEKYyH/Ia, aMIIep, KEIbBUH, MOJIb, KaHJIENA — U ABYX JOMOJHUTEIBHBIX — PaJuaH U CTEpanaH.

Mertp (M) — UIMHA yTH, TPOXOAUMOIO CBETOM B BakyyMme 3a 1/299792458 c.

Kusiorpamm (kr) — macca, paBHasi Macce MEXJyHapOAHOTO MPOTOTUIA KWiIorpamma (IJIaTHHOUPHIANEBOTO
IUATUHIPA, XpaHserocs B MexayHnapoaanom 0ropo mep u BecoB B Cespe, 0mu3 [lapuka).
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CekyHpaa (c) — Bpems, paBHoe 9192631770 nepuonaM H3JIydyeHUs, COOTBETCTBYIOLIETO NEPEXONY MEKIY
JIBYMSI CBEPXTOHKHMHU YPOBHSIMH OCHOBHOT'O COCTOSIHUS aToma 11e3usi-133.

Amnep (A) — cuna HEU3MEHSIOIIEroCsd TOKA, KOTOPBIM MpU MPOXOXKIAEHUM 10 JBYM NapauleIbHbIM
MPSIMOJUHEHHBIM TMPOBOJHUKAM OECKOHEYHOM [UIMHBI M HHYTOXKHO MAajoro IONEpPeYHOro CEeYEHHUs,
pacrojOoKEHHBIM B BAKyyME Ha PacCTOSHHUU | M OAMH OT APYroro, co3gacT MeXAY 3TUMM IPOBOJHUKAMU
CUJTy, PaBHYIO 210" H Ha Kax bl METp JITUHBI.

KeabBun (K) — 1/273,16 yacTh TepMOIMHAMHYECKON TEMIIEPATYPhl TPOMHOW TOYKH BOJIBI.

Moub (MOJB) — KOJMYECTBO BEILECTBA CHUCTEMbI, COJAEpXAIIEH CTOJBKO K€ CTPYKTYPHBIX 3JIEMEHTOB,
CKOJIBKO aTOMOB COAEP>KUTCS B HYKJIUE 2¢ maccoit 0,012 xr.
Kanpena (xq) — cuia cBera B 33JaHHOM HAIlPaBJICHUU HCTOYHUKA, UCIYCKAIOIIET0O MOHOXPOMATHYECKOE

usnydenne gactotoit 540-10% I, sHepreTHuecKas CHia cBeTa KOTOPOTO B 3TOM HATPABICHHH COCTABIISET
1/683 Bt/cp.

Panman (pag) — yroa Mexzy IByMs paguycaMH OKPYKHOCTH, AJIMHA AYTH MEXY KOTOPIMU PaBHA PATUYCY.

CrepaguaH (cp) — TEJIECHBIH YroJl C BEPIIMHON B IIEHTpE C(epbl, BBHIPE3AIOUIN HAa MOBEPXHOCTU CQepsl
IUIOIA/b, PABHYIO IJIOLIA/IU KBaJpaTa CO CTOPOHOU, paBHOW paguycy cdepsl.

Jlnist yCTaHOBIJIGHUS MTPOU3BOIHBIX €MHUII HCIIOJB3YIOT (PM3UYECKHE 3aKOHBI, CBS3BIBAIOLINE UX C OCHOBHBIMH
enuHUIamMu. Hanpumep, u3 GpopMylibl paBHOMEPHOTO MPSMOJIMHEHHOro ABMKeHHs V=S/t (S — npoiiieHHbIN
myTh, { — BpeMsi) MPOM3BOAHAS €AUHUIIA CKOPOCTH MOJTydaeTcsi paBHOU 1 M/c.

1 ®PUSNYECKHUE OCHOBbI MEXAHUKH

I'maBa 1 DjaeMeHTHI KHHEMATUKH

§ 1. Mopenu B Mexanuke. Cucrema orcuera. TpaekTopus, 1JMHA IyTH, BEeKTOP NepeMeleHnst

Mexanuka — 4YacTh (PU3HKH, KOTOpas M3y4aeT 3aKOHOMEPHOCTH MEXaHHYECKOTO JBHIKCHHUS W TPUYHHBI,
BBI3BIBAIOLINE WM U3MEHSIOIINE 9TO IBHKEHHE. MexaHn4YecKoe IBHKEHHe — ITO U3MEHEHUE C TEYEHUEM
BPEMEHHU B3aUMHOI'0 PACIIOJIOKEHUS TEN UIIM UX YacTeH.

Pa3BuTne Mexanuku kak Hayku HaunHaercs ¢ 111 B. 10 H. 3., Kora qpeBHerpeueckuil yuenslit Apxumen (287—
212 10 H. 3.) chopMyIHPOBAT 3aKOH PABHOBECHSI phlYara M 3aKOHBI PABHOBECHS TUTaBaloUINX Tel. OCHOBHBIE
3aKOHbl MEXaHHMKH YCTAHOBJICHBI WUTAIbSIHCKUM (u3ukoM u actpoHomoM ['. Iamuneem (1564—1642) n
OKOHYATEIBbHO CHOPMYIUPOBAHBI aHIIMICKUM yueHbIM . HetoTonoMm (1643—1727).

Mexanuka ['annies—HBpBIOTOHA Ha3bIBACTCS KJIACCHYECKON MEXaHMKOM. B Hell U3y4yaroTcs 3aKOHBI IBUKCHUS
MAaKpOCKOIIMYECKUX Te€J, CKOPOCTH KOTOPBIX Majbl II0 CPaBHEHUIO CO CKOPOCTBIO CBETA C B BaKyyMe.
3aKOHBI JIBUKEHHS MaKpOCKOIMYECKHX TE€I CO CKOPOCTSIMH, CPaBHHMBIMH CO CKOPOCTBIO C, MU3y4daroTcCs
PEeJATHBUCTCKONM  MEXaHHMKOH, OCHOBAHHOM Ha  CHEHHUAJBHON TEOPHMHM  OTHOCHTEJBHOCTH,
chopmynupoBanHoit A. DiHmTeiiHoM (1879—1955). Jlns ommcanusi ABMXKEHUS MUKPOCKOIIMYECKUX Tell
(oTHenbHbIE aTOMBI M 3JE€MEHTApHbIE YaCTUIIbI) 3aKOHbBI KJIACCUYECKOW MEXaHMKU HENPUMEHHMbI — OHHU
3aMEHAIOTCS 3aKOHAMHY KHTOBOH MEXaHUKH.

B mnepBoil wactu Hamiero kypca Mbl OyneMm u3ydyaThb MexaHuky [anunes—HploToHa, T.e. paccMaTpuBarth
IBUKEHHE MaKPOCKOIINYECKUX TEJI CO CKOPOCTSIMH, 3HAUUTEIBHO MEHBIIMMHU CKOPOCTH ¢. B Kilaccuueckoin
MeXaHHMKe OOIIeTpUHATa KOHILIENLHUS IPOCTPAaHCTBA W BpeMeHH, pa3pabortanHas . HeloroHom wu
rOCIIOACTBOBaBIIAs B ecrecTBO3HaHUM Ha nporTsukeHuu XVII—XIX BB. Mexanuka ['anmunes—Hbrorona
paccMaTpuBaeT MPOCTPAHCTBO U BpeMsl Kak OOBbEKTHUBHBIE (POPMBI CYILIECTBOBAHUS MaTE€pPHH, HO B OTPBIBE
APYT OT Apyra U OT JBUKEHHS MaT€PHAIIbHBIX TEJI, YTO COOTBETCTBOBAJIO YPOBHIO 3HAHUIN TOTO BPEMEHH.

MexaHuka JienuTces Ha Tpu paszjena: [) KuHeMaTHKy; 2) TMHaMUKY; 3) CTaTUKY.

Kunemaruka nzyuyaer JBH)KEHHUE T, HE pacCcMaTpuBasi IPUYHUHBI, KOTOPBIE 3TO JABM)KEHHE 00yCIOBIUBAIOT.

JIuHAMHUKAa W3y4aeT 3aKOHBI IBUYKEHUS TeJll U MPUYUHbI, KOTOPHIE BBI3BIBAIOT UM U3MEHSIOT TO JABH)KEHHUE.

CraTnka u3y4yaeT 3aKOHbI PABHOBECHUSI CUCTEMBI TeJl. ECIIM N3BECTHBI 3aKOHBI IBUKEHUS TEJI, TO U3 HUX MOXKHO
YCTaHOBUTH U 3aKOHBI paBHOBecHs. [103TOMy 3aKOHBI CTaTUKU OTIEIBHO OT 3aKOHOB JMHAMUKH (pU3MKa HE
paccMmarpuBaer.

MexaHuKka JiJIs1 ONIMCAHUS JBM)KEHUS TEJ B 3aBUCHMOCTH OT YCJIOBHM KOHKPETHBIX 3a]a4 HUCIIOJIb3YEeT pa3Hble
@uszuueckue mooenu. Ilpocreilmieil Monenplo SBISETCS MaTepHaJbHasi TOYKa — Tello, obiajaaroiiee
Maccoi, pasMepaMu KOTOpPOro B JJaHHOM 3ajade MOXHO IpeHeOpeub. [loHATHe MaTepuanbHONM TOUKU —
a0CTpakTHOE, HO €ro BBEAECHHE 00JerdaeTr pelleHue MpakTHYeckux 3aaad. Hampumep, msyuas IBHXKEHHE
I1aHeT o opoutam Bokpyr CoiHIIa, MOKHO MPUHATH UX 3a MaT€PUATIbHBIE TOUKH.
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[Tpon3BoIbHOE MaKPOCKONMMYECKOE TeN0 WM CUCTEMY TEl MOXKHO MBICIIEHHO pa30uTh Ha Maible
B3aMMO/ICICTBYIONINE MEXAY COOOM YacTH, Kakaas M3 KOTOpPbIX paccMaTpUBaeTCsi Kak MaTepHalibHas
Touka. Torma wu3ydeHHE MABWXKEHHUS INPOM3BOJIBHOM CHUCTEMBI TEJI CBOAMTCA K H3YYEHHMIO CHUCTEMBI
MarepualbHBIX TOYEK. B MexaHMKe CHayana M3y4aroT JIBH)KEHHE OJHOW MaTepUallbHOM TOYKH, a 3aTeM
NEPEXOAT K U3YUECHUIO IBUKEHUS CUCTEMbI MAaTEPHAIIbHBIX TOUEK.

[Ton Bo3nelicTBUEM Tell ApYT HA Apyra Tejaa MOryT 1eOpMUpPOBATHCS, T. €. U3MEHATH CBOIO (hOPMY U pa3Mephl.
[TosToMy B MeXaHMKE BBOAMTCS €Ile OJHA MOJENb — AOCONIOTHO TBEPIOE TesO. AOCOIIOTHO TBEPABIM
TEJIOM Ha3bIBACTCSl TEJIO, KOTOPOE HU NPU KAKUX YCIOBHSIX HE MOXET nehopMHpOBATHCS U IMPH BCEX
YCIIOBUSIX PACCTOSTHUE MEX]Y IBYMs TOUKaMH (WM TOYHEE MEXKIY IBYMS YaCTUILIAMU) 3TOTO TeJla OCTAETCS
ITOCTOSIHHBIM.

JIrob6oe aBM>KEHHE TBEPJOrO TEJla MOYKHO IPEJICTaBUTh KaK KOMOMHAIMIO MOCTYNATENbHOIO U BPALATEILHOTO
neuxenuit. [loctynaTenbHoe ABMXKEHHUE — 3TO ABMXKEHUE, IPU KOTOPOM JIt00asi mpsiMasi, >KeCTKO CBSI3aHHAS
C JIBIKYILIMMCS TEJIOM, OCTaeTCsl NapajulebHOW CBOEMY IEpBOHAYaIbHOMY IOJOKEHUIO. BpamarensHoe
JNBUKEHHUE — 3TO JBUYKEHHUE, IIPY KOTOPOM BCE TOUKH TeJla ABUKYTCS M0 OKPYXKHOCTSM, LIEHTPBI KOTOPBIX
JIe)KaT Ha OJJTHOM U TOM e MPSIMOU, Ha3bIBAEMOU OCBIO BPALLECHHUS.

JIBrKeHure Tel MPOUCXOAUT B MPOCTPAHCTBE U BO BpeMeHHU. [loaTomy niia onucaHusi IBUKEHUSI MaTEpUAIBHON
TOYKH HaJ0 3HaTh, B KAKUX MECTaxX MPOCTPAHCTBA 3Ta TOYKA HAXOJWJIACh U B KAKUE MOMEHTHI BpEMEHH OHA
MIPOXOAMNIIA TO WJIK NHOE TIOJIOKEHHE.

[TonoxxeHne MmaTepuanbHOW TOUKHM OMNPEIENAETCSs MO OTHOUIEHHIO K KaKOMy-JIMOO Apyromy, MPOU3BOJIBHO
BBIOpAaHHOMY TeIy, Ha3bIBAEMOMY TelloM oTcueTa. C HUM CBSI3bIBA€TCA CUCTEMa OTCUETa — COBOKYITHOCTD
CUCTEMBbl KOOpAMHAT M YacoB, CBSI3aHHBIX C TEJIOM OTcuera. B 1ekapToBoi cucTtemMe KOOpAMUHAT,
UCIOJNIb3YeMO HanboJee 4acTo, MOJI0KeHHE TOUKH A B TaHHBIM MOMEHT BPEMEHHU MO OTHOIIEHUIO K JTOU
CUCTEME XapaKTEpU3YeTCs] TpeMsl KOOpAUHATaMM X, Y U Z WIN PaJuycOM-BEKTOPOM I, MPOBEACHHBIM M3
Hayala CHCTeMbI KOOPAUHAT B JAHHYIO TOUKY (puc. 1).

[Ipu aBM>KEeHUH MaTEepUAIbHON TOUKU €€ KOOPAMHATHI C TEUEHHUEM BpEMEHU U3MEHsIoTCs. B obieM cioyuae ee
JBUKEHUE ONPENEIISAETCS CKAIIPHBIMU YPAaBHEHUSMU

x=x(®), y=y@®, z=z(), (1.1)

SKBUBAJICHTHBIMU BEKTOPHOMY YPaBHEHUIO

r=r(t). (1.2)

VYpauenust (1.1) u coorBercTBeHHO (1.2) Ha3bIBAIOTCS KHHEMATHYECKMMH YPaBHEHUSIMU BUKCHHS
MaTepHaIbHOI TOYKH.

Yucno He3aBUCUMBIX KOOPAMHAT, ITOJIHOCTBIO ONPEAEIAIONIUX IT0JI0KEHUE TOYKU B IPOCTPAHCTBE, HA3bIBACTCS
YHCJIOM cTeneHel cBoOoabl. Ecnu MaTepuanbHast TOuka CBOOOHO JIBUXKETCSI B IPOCTPAHCTBE, TO, KaK yXKe
ObUIO CKa3aHO, OHa 00Ja/aeT TpeMsl CTENEeHsIMH CBOOOBI (KOOPAUHATHI X, ¥ U Z), €CJIM OHA JIBUXKETCS IO
HEKOTOpPOM MOBEPXHOCTH, TO JIBYMSI CTENEHSMU CBOOOJABI, €CIM BJOJb HEKOTOPOW JIMHHUH, TO OJHOU
CTEIEHbIO CBOOO/IBI.

Prc. 1

@ UT0 HasuiBaercs MartepmanbHoil Touko#W? Mo-
YoMy B MOXAHWK® BBOAAT TaKYio MOAens?

@ YTo TaKkoe cucrema orcyera?

@ Y710 Takoe BexTop nepemeueHnA? Becerpna nu
MOlyNb BEKTOPA NEepPeMOlleHNs PABEeH O0Tpes-
Ky MyTH, NPOAJGHHOMY TOUKOA? ‘

@ Kaxoe [ABWXEHMO HA3bLIBAGTCH NoCTynaresib-
HbiM? BpawarTenbHbLIM? :

Uckmiouas t B ypaBHeHusx (1.1) u (1.2), monyuuM ypaBHEHHE TPACKTOPUU JBUKEHHS MaTepUANbHON TOYKH.
TpaexTopusi 1BHKEHUS MaTepUaIbHOW TOYKHM — JIMHMS, ONUCBIBAEMasi ATOM TOYKOW B MpOCTpaHCTBE. B
3aBHUCHUMOCTH OT ()OpPMBI TPACKTOPUU JIBUKEHUE MOXKET OBITh MPSMOJUHENHBIM TN KPUBOJIMHENWHBIM.

PaccMoTpuM JIBHKEHHE MaTepUanibHOM TOUYKM BOJIb MPOU3BOJIBHOM Tpaekropuu (puc. 2). OTcuer BpeMeHH
HAaYHeM C MOMEHTa, KOrjJa TOuYKa Haxoquwiach B TojokeHuu A. JlnuHa ywacTka TpaekTtopuu AB,
IIPOMJEHHOIO0 MaTepHaJIbHON TOUKON ¢ MOMEHTa Hayaja OTCUeTa BPEMEHM, Ha3bIBACTCA AJTHHOM NMyTH AS U
SIBISICTCS cKaApHou pynukyuei BpeMeHu: AS = As(t). Bexmop Ar = r — Iy, IPOBEJACHHBIA U3 HAYAIBHOTO
MOJIOXKEHUS JBIDKYILEHCS TOYKM B IOJIOKEHHWE €€ B JaHHBI MOMEHT BpeMeHHU (IpHpalleHHue paauyca-
BEKTOPA TOYKH 3@ paCCMaTPUBAEMBII IPOMEKYTOK BPEMEHH ), HA3bIBAETCSI MePeMelleHHEeM.
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HpI/I HpHMOJ’IHHGfIHOM ABMIKCHUMU BCKTOpP MNCPCMCHICHHA COBMAAACT C€ COOTBCTCTBYIOIIMM YYAaCTKOM
TPAEKTOPUHU M MOJYJIb TIEpEeMENIeHUs |Al| paBeH MPOHICHHOMY ITYTH AS.

§ 2. Ckopocthb
JUid XapakTepUCTUKU JBW)KCHMSI MATEPUAIIBHOM TOYKM BBOJUTCS BEKTOPHAs BEIMYHMHA — CKOPOCTb,
KOTOPOH onpeziensieTcs Kak Obicmpoma ABWKEHHS, TaK U €r0 Hanpaesiienue B TaHHBIA MOMEHT BPEMEHHU.
ITycte MaTepuanbHas TOYKA JBHUXKETCA MO KaKOW-TMOO KPUBOJMHEMHOW TPaeKTOpPUU TakK, YTO B MOMEHT
BpeMEHH t el COOTBETCTBYET paauyc-BeKTOp lp (puc. 3). B TeueHne Manoro npomexyTka BpemeHu At Touka
poieT myTh AS U MOIYYUT 3JE€MEHTapHOoe (0ECKOHEUHO Majloe) nepemenieHue Ar.
BekTopom cpeaHeil ckopocTH <V> Ha3bIBAa€TCsl OTHOIICHHE INpHUpameHus Al paguyca-BeKTOpa TOYKH K
IIPOMEXKYTKY BpeMeHHU At:
Ar
=% 2.1)
HanpasiieHue BekTOpa cpeiHel CKOPOCTH COBIAJAET C HanpasieHueM Arl. IIpu HeorpaHMYEeHHOM YMEHBIICHUH
At cpenHssA CKOPOCTh CTPEMUTCS K IIPEAECIBHOMY 3HAUYEHUIO, KOTOPOE HA3bIBAETCSI MTHOBEHHOH CKOPOCTHIO
V:

A4S g <v>

ar

To

Puc. 2 Puc. 3
MrHoBeHHasi CKOPOCTb V, TAKMM 00pa3oM, €CTh BEKTOpHasl BEIMYMHA, paBHasi IEPBOI MPOM3BOIHON paauyca-
BEKTOpa JABIDKYIIEWCS TOYKM MO BpeMeHW. Tak Kak cekyllas B IpeJese COBMaJaeT ¢ KacaTellbHOH, TO
BEKTOpP CKOPOCTH V HaIlpaBJieH MO0 KacaTeIbHOM K TPaeKTOpUU B CTOpOHY JBMxkeHus (puc. 3). Ilo mepe
yMeHblleHus At myTe AS Bce Oounbliie OyAeT npuodaukarbes K |Ar|, m03ToMy MOJ1yJIb MTHOBEHHON CKOPOCTH

Ar

Yim |Ar| i As ds
Ar—-0 A' -

A= At A0 At - dt.

y=|vl=

Takum o0pa3om, MOyJIb MTHOBEHHON CKOPOCTH paBeH MEepPBOI MPOU3BOAHON MYTH 110 BPEMEHHU:

ds
vV = -
dt (2.2)

[Ipy HepaBHOMEPHOM ABMAKEHMH — MOJYJIb MTHOBEHHOM CKOPOCTH C TEUEHHEM BpPEMEHHM H3MeHseTcs. B
JAHHOM CJIy4ae TIOJIb3YIOTCS CKAJIAPHOW BeNWYHMHOW (V) — cpelHell CKOPOCTHI0O HEPABHOMEPHOTO
JBUKEHUS:

As
v) = —,
) Ar

U3 puc. 3 BeITeKaeT, yTo (V)> |(V)], Tak Kak AS > |Ar|, 1 TOJIBKO B ClTy4ae MPSMOJIMHEHHOTO ABHKCHUS

As = |Ar|.
Ecnu Beipaxkenue ds = vdt (cm. popmyiy (2.2)) mpoOHMHTErpUPOBaTh 10 BPEMEHH B Ipenenax oT t 1o t + At, To
HalJIeM JUIMHY IIyTH, IPOMACHHOIO TOYKOM 3a BpeMs At:

1+A1
s= [ vde

, (2.3)



B ciayuae paBHOMEpPHOro JIBM:KeHHsI YHCIOBOE 3HAUYE€HHWE MIHOBEHHOH CKOpPOCTH IIOCTOSIHHO; TOTJa
BBIpakeHue (2.3) mpuMeT BUT
1+ AL
s=v [-dr = vAr
t
JlnvHa myTH, IpONMIEHHOIO TOUYKOU 3a IIPOMEXYTOK BPEMEHH OT ty 110 to, JaeTcst MHTErpaiom
1

2
s = [v(t)dt.

4

§ 3. YckopeHnue 4 ero cocraBJisiiomme

B cnyuae HepaBHOMEPHOIO IBUKEHUS BaKHO 3HATh, KaK ObICTPO M3MEHSETCS CKOPOCTh C TEUYEHUEM BPEMEHHU.
@u3ndecKol BEIMUYMHON, XapaKTEPU3YIOLIEH ObICTPOTY U3MEHEHUSI CKOPOCTHU 1O MOAYJIK0 U HAalpaBJIEHHUIO,
ABJIACTCSL yCKOPEHHe.

PaccmoTpuM miiockoe ABMIKEHHE, T.€. IBHKECHHE, IIPU KOTOPOM BCE YYaCTKM TPACKTOPUM TOYKH JIEKAT B
onHOM miockoctd. IlycTh BEKTOp Vv 3amaeT CKOpOCTb TOYKM A4 B MOMEHT BpemeHu t. 3a Bpems At
JBIDKYILAsICSl TOUKA Iepellyia B [0JI0KeHHe B 1 npruodpena cKopocTb, OTIIMYHYIO OT V Kak [0 MOAYJI0, TaK
Y HaNpaBJIEHUIO U paBHYIO V1 =V + Av. [lepeHecem BeKTOp Vi B TOUKY A U HaiizieM AV (puc. 4).

CpenHuM yCKOpeHHMEM HEpPaBHOMEPHOIO IBMXKECHMsI B MHTepBasie oT t no t + At HaspiBaeTcsd BEKTOpHas
BEJIMYMHA, paBHAsl OTHOUICHUIO U3MEHEHUS CKOPOCTU AV K MHTEpBaly BpeMeHH At

Av
a) = —,
()] Al
MrHoBeHHBIM YyCKOpeHHeM a (YCKOpEeHHEM) MaTepuajbHOW TOYKHM B MOMEHT BpeMeHH t Oyner mpenen
CPEIHETO YCKOPEHHUS:

Av dv
= lim = lim — = —.
. Ar-s0 <‘>. A0 At dt

Taxum 00pa3oM, yCKOpEHHE & eCTh BEKTOPHAsI BEJTMYMHA, PaBHAsS TIEPBOM IPOM3BOIHON CKOPOCTH 110 BPEMEHH.
Paznoxxum BexTop AV Ha nBe coctaBisitomue. st 3Toro u3 touku A (puc. 4) mo HampaBlIEHUIO CKOPOCTH V

_— —_—

ormnoxuM Bektop AD, mo moaymo paBHbIM Vi. OueBuaHo, yto BekTop CD, paBHBIE AV_, ompexaenser

T

U3MEHEHHE CKOPOCTH 3a BpeMs At no moodymo: AV, =V, —V . Bropas xe coctaBistomas AV, BekTopa AV

XapaKTEepU3yeT U3MEHEHHE CKOPOCTH 3a BpeMs At no nanpaesnenuro.
TaHreHuuaJbHast COCTABJISIONIASA YCKOPEHUS
Y U
A0 At a0 At de
T. €. paBHA MEPBO MPOU3BOAHON MO BPEMEHH OT MOJIYJS CKOPOCTH, OMpEIeNss TeM CaMbIM OBICTPOTY
W3MEHEHUSI CKOPOCTH 11O MOJTYJIIO.
Haiinem BTOpYI0 COCTaBISIIONIYIO YCKOpeHUs. JomycTuM, 4To TOYKa B AOCTATOYHO OJM3Ka K TOUKE A, TO3TOMY
AS MOXHO CYUTATh AYTOM OKPYKHOCTH HEKOTOPOTO pajauyca I, MaJlo oTiauJaromieics ot xopasl AB. Toraa

u3 nogo6us TpeyroiapHukoB A0B u EAD cnenyer AVp/AB = vi/r, Ho Tak kak AB = VAL, To

Av, vy

Ao
B npenene npu At — 0 nonyuum v, - V.



Puc. 4

© Dath onpefeneHnn BeKTOPOB cpegHel cKopo-
CTH W CPOAHEro YCKOPeHMA, MFHOBEHHOA CKO-
POCTH W MFHOBOHHOIO YCKOpeHnsi. KakoBbi Mx
HANPaBneHus?

@ YT0 XApaxTepnsyeTr TRHIeHLMANbLHARA coCTas-
NAKLEAEA YCKOPSHMAT HOPMANBHAA COCTaBNA-
10Wan yckopeuna? Kakosbl Kx Mogynu?

© BO3MOXHBI NM ABMIXGHNSA, NPH KOTOPbLIX OTCYT-
CTBYOT HOPMANbHO® YCKOPeHWe? TaHreHLu-

0 ansHoe yckopenne? lpuseaute npnmepsi.

[Tockonbky V, — V, yroa EAD cTtpemutcs k Hymo, a Tak kKak TpeyroiabHuk EAD paBHOOGeqpeHHBIH, TO yroi

ADE mexny V u AV, ctpemutcs k npsmomy. CinenoBarensHo, ipu At — 0 BEKTOpbI AVp U V OKa3bIBarOTCS
B3aMMHO MEPHEHIUKYISPHBIMUA. TaX Kak BEKTOP CKOPOCTH HAIpaBJeH M0 KacaTeIbHOW K TPaeKTOPUHU, TO
BEKTOp AVj, NEpPHEHIUKYJSIPHBIA BEKTOPY CKOPOCTH, HAIIpaBIE€H K LEHTPY €€ KpHUBU3HBL Bropas
COCTaBJIAIOLIAs YCKOPEHMUs, paBHas

Ha3bIBACTCSl HOPMAJILHOI COCTABJISIONIEH YCKOPEHHUs ¥ HAIIPaBJICHA 10 HOPMAJIM K TPACKTOPHUHU K LICHTPY €€
KPUBU3HBI (II03TOMY €€ Ha3bIBAIOT TAK)KE IEHTPOCTPEMHTEIbHBIM YCKOPEHHEM).

IMotHoe yckopeHHMe Tena €CTh IeOMETpHYEecKas CyMMa TAaHTCHIMAJIbHOW M HOPMAJIbHOM COCTABIISIFOIMX
(puc.5):

dv
I='d—t=ﬂ‘+l,.

Urtax, maneenyuanrvuas COCTAaBISIONIAs YCKOPEHHS XapaKTEPU3YeT Oblcmpomy u3MeHeHus CKOpOCmU No
MmoOyno (HampaBlieHa MO KacaTeNbHOH K TpPAaeKTOPUH), & HOPMAIbHAA COCTABISIONIAs YCKOPEHHS —
Ovicmpomy usMeHeHusi CKOpocmu no Hanpasienuio (HanpasjieHa K HEHTPY KPUBU3HBI TPACKTOPHN ).

B 3aBHCHMMOCTM OT TaHICHUMAIBHONH ¥ HOPMAIbHON COCTaBJISIONIMX YCKOPCHHUS JBHXKCHHE MOXKHO
KJIacCH(PHUIMPOBATH CICAYIOMINM 00pa3oM:

1) a, =0, an = 0 — npssMoNMHEtHOE PaBHOMEPHOE JIBIKCHUE;

2) a_=a=const, a,= 0 — mpsiMONTMHEHOE paBHOIIEpEMEHHOE JIBIKeHUE. [Ipu TakoM BHIE TBHKECHUS

Av vy
At —-t

a,=a

Ecnun navaneHbpiit MoMeHT BpeMenu 13=0, a HavanbHas CKOPOCTh V1=V, TO, 0003Ha4uB {,=t u Vo=V, noayuum
a=(v-v,)/t, otkyna

v = yy+at.

[TpounrerpupoBaB 3Ty GopMyny B mpezenax OT HYJS 70 NMPOU3BOJIBHOIO MOMEHTa BpeMeHHM t, Haiinem, uTo
JUIMHA YT, TPOIIEHHOr0 TOUYKOM, B CIIy4ae paBHOIIEPEMEHHOIO JBUKCHHUS

t t
s = fvdt = [(wo+andt = vor+ar?/2;
0 0

Pac. §

® YTo HasbiBaeTCA YrnoBoll CXOPOCTLIO? YImo-
BbLIM yckopeHnem? Kak onpegensioTcR mx Ha-
NPaBneHnA?

@ Kaxopa CBA3b M@XAly NNHeAHLIMN W YITOBbLIMYN
BONVMYUHEMAT?

3) a, = f(t), an= 0 — npsiMonuHeitHOE NBIKEHUE C IEPEMEHHBIM YCKOPEHUEM;




9
4) a_ =0, a, = const. [Ipu a_ =0 ckopocTh MO0 MOIYIIIO HE U3MEHSETCS, a U3MEHsETCs 110 HarpasieHuto. U3

(hopMyIIbI an=VIr CIIETyeT, YTO PalnyCc KPUBU3HBI IOJDKEH OBITH MOCTOSHHBIM. CJIeI0BaTEbHO, JBUKCHHE
110 OKPY>KHOCTH SIBJISIETCS PABHOMEPHBIM;

5) a, =0, a, # 0 — paBHOMEepHOE KPUBOJIMHEIHHOE J[BIKCHUE;
6) a, =const, a, # 0 — kpuBOIMHEIIHOE paBHOIIEPEMEHHOE JIBU)KCHHE;

7) a_ = f(t), a, # 0 — kpuBOIMHEHHOE IBIKEHHE C IEPEMEHHBIM YCKOPCHUEM.

§ 4. YrioBasi CKOpOCTh H YIJIOBO€ YCKOPeHH e

Paccmotpum TBepaoe Teno, KOTOpoe BpalaeTcss BOKPYT HEMOJABIKHOUM ocu. Torma oTAenbHBIE TOYKH JTOTO
Tena OyIyT ONMMCHIBATH OKPYKHOCTH PAa3HBIX PaIMyCOB, IIEHTPHI KOTOPBIX JIeXkKAT Ha ocH BpamieHus. [lycth
HEKOTOpasi TOYKa ABUXKETCS MO OKpPYXKHOCTH paauyca R (puc. 6). Ee monoxxeHue uepe3 MpoOMEKYTOK
BpemeHu At 3agamum yriiom A @ . DineMeHTapHble (0ECKOHEYHO Majible) TIOBOPOTHI MOXKHO PaccMaTpUBaTh

Kak BeKTOpbl (OHHM 0003Ha4awTcs A@ win d@). Moayab BekTopa (¢ paBeH yrily MOBOpPOTa, a €ro

HaIlpaBJICHUE COBIIAJAET C HAIPABICHUEM IOCTYIATEIbHOIO JBM)KCHHUS OCTPHUS BUHTA, I'OJOBKA KOTOPOIO
BpaLIAcTCs B HAIPABICHUH JBUKEHUS TOYKU I10 OKPYKHOCTH, T.€. IIOJAYUHACTCA NMPABUJIy IIPAaBOro BUHTA
(puc.6). BekTopbl, HampaBieHUS KOTOPBIX CBA3BIBAIOTCS C HANpaBICHUEM BpAIIECHUs, Ha3bIBAIOTCSA
NCEBAOBEKTOPAMH WIM AKCHAJBHBIMH BEKTOPAMHM. OTH BEKTOPHl HE MMEIOT OIPEIEIICHHBIX TOYEK
MIPUJIOXKEHHUS: OHU MOT'YT OTKJIJbIBAThCS U3 JTHOOON TOUKU OCH BpAILCHHUS.

YT1J10BOi1 CKOPOCTBIO HAa3bIBACTCS BEKTOPHAs BEJIMUMHA, paBHAs [IEPBOM IPOU3BOJHOM yIila IOBOPOTA Teja 10
BPEMEHU:

Ag d¢

@
A0 At dt’

BeKTop w HallpaBJICH BAOJIb OCHU BpalICHUS IO IIPpAaBUIIYy IIPAaBOr0O BHUHTA, T.C. TAK XK€, KaK U BCKTOP d@

(puc.7). PasmepHOCTH yritoBoi ckopoctu dim o=T", a ce equnnna — pajua B cekyHny (pazn/c).
Jlunelinast CKOpoCTh TOUKH (CM. pHC. 6)

As RA A
v=lim — = lim-—¢=Rliml==Rw,
a0 At Ao At a0 At
T. €
v = oR.
P \
M‘ 4o
R
As
Pumc. 6 Puc. 7
B BexTOpHOM BHIE POpMYITy ISl TUHEHHONW CKOPOCTH MOXHO HAamMcaTh KaKk BEKTOPHOE MPOU3BEICHHE:

v = [@R].

o\
[Ipu 5TOM MOZYJIb BEKTOPHOTO IPOU3BEAECHUS, 10 ONPEJAECICHUIO, PaBEH wRsin (@ R), a manpasnenue copnajgaer
C HalpaBJIeHUEM MOCTYNATEIBbHOTO ABMKEHHSI TPABOTO BUHTA IPH €r0 BPALIeHUH 0T @ K R.
Ecnu (@ = const, To BpamieHre paBHOMEPHOE M €ro MOXHO XapaKTepHu30BaTh NMEePUOJOM BpaleHuss | —
BpEMEHEM, 32 KOTOpOE TOYKA COBEPIIAET OJMH IOJHBIH 000poT, T.€. MOBOpaunBaeTcs Ha yrou 2m. Tak kak
poMeKyTKY BpeMeHHu At = T coorBeTcTBYeT A@ =27, TO @ = 27/T, OTKYyma

T = 2n/o.

Yucao MOIHBIX 060pOTOB, COBCPHIACMBIX TCJIOM IIPHU PABHOMEPHOM €ro ABUKCHUU 110 OKPYKHOCTHU, B CAUHHUIY
BPEMCHH HA3bIBACTCA qacTOTOM BpalicHusA:
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n = 1/T = w/@2=n),
OTKyJa
© = 27n.
VYTJI0BBIM YCKOpEHHEM Ha3bIBaeTCsS BEKTOpHAs BEIWYMHA, paBHAs MIEPBOM MPOU3BOIHOM YIIIOBOW CKOPOCTH IO
BpPEMCHH:
5> da
==
[Ipu BpamieHuu Teaa BOKPYT HEMOABM)KHOW OCH BEKTOP YIJIOBOT'O YCKOPEHHMS HAIpaBJIEH BJIOJIb OCH BpaICHUS
B CTOPOHY BEKTOpPA AJIEMEHTAPHOTO MPUPAILICHHS YTIIOBOM CKOpPOCTH. [Ipy yCKOPEHHOM JIBUKCHHH BEKTOP
£ COHAmpaBJieH BEKTOpY @ (puc.8), mpH 3aMeIJICHHOM — IPOTHUBOHAIPABICH eMy (puc.9).

dv
a=—,v=wRHu
TaHFCHI_[I/IaJ'IBHaH COCTaBJIAIOIIAas YCKOPCHUA de
d(wR) do
= = R— = Re.
dr dr |
HOpMaHBHaH COCTaBJIArOIIass YCKOPCHUA
v?  o’R? 2R
= e—— = ——— == ()
"=“R-R
w, w
jw 7
i‘.‘.’)g F(”
dt W,
wq Prs SN
n N
R TN \ )
/ \ P
{ , S
N\ /
, \\~__’/ €
Puc. 8 Prc. 9

Takum 00pa3zom, CBSI3b MEXAY JIMHEHHBIMU (JJMHA MYTH S, MPOWJIEHHOTO TOYKOW MO AYre OKPYKHOCTH
paguyca R, nuHeiHas CKOpPOCTb V, TaHICHLUAIbHOE YCKOPEHHE & , HOPMalIbHOE YCKOpeHHE a,) U

YIJIOBBIMU BEJIMYMHAMHU (YroJl TOBOPOTa (9, YIJOBas CKOPOCTh (, YIJIOBOE YCKOPEHUE €) BhIpakaeTcs
CIIeAYIOIIHUMU (GOPMYITAMHU:
s=Rp, v =Rw, a = Re, a, = &*R.
B ciy4yae paBHOIIEpEeMEHHOTO IBUYKEHHSI TOYKH IO OKPYKHOCTH (€=CONSt)
o=oytet, 0=t e
rZie Oy — HadalbHas yTrIIOBast CKOPOCTb.
3agaun

1.1. 3aBHCHMOCTb MIPOIIEHHOTO TEJIOM IYTH OT BPEMEHH 33J]aeTCsl ypaBHEHHEM S=A+ Bt+Ct?+Dt> (C=0,1 m/c?,
D=0,03 M/C3). Ompenenuth: 1) BpeMs moclie Havajla JABHKEHUS, Yepe3 KOTOpOE YCKOpEHUe a Tena Oyner
paBHO 2 m/c?; 2) cpelnHee yCKopeHue (@) Tena 3a 3TOT MpoMeyToK Bpemenu. [1) 10 ¢; 2) 1,1 M/c?]

1.2. IIpeneOperasi cONpOTUBICHUEM BO31yXa, ONMPEAEIUTh Yo, MOJ KOTOPHIM TElI0 OpOIIEHO K TOpU30HTY,
€CIIi MaKCUMalbHas BBICOTA MOAbEMa Tella paBHa 1/4 nanbHOCTH ero mosera. [45°]

1.3. Koneco panuycom R=0,1 M Bpamiaercs Tak, 4TO 3aBUCUMOCTbH YIJIOBOM CKOPOCTH OT BPEMEHHU 33JaeTcs
ypaBHeHneM o = 2At + 5Bt* (A = 2 pan/c® u B = 1 pag/c®). Onpeaenurs MoiHOe YCKOPEHHe TodeK 060/a
KoJsieca yepe3 t=1 ¢ mocie Havyana BpameHust ¥ YUciIo 000pOTOB, CIEIAHHBIX KOJIECOM 3a 3TO Bpems. [a=8,5
m/c?; N=0,48]

1.4. HopmanbHOE YCKOpPEHHME TOYKH, JBHXKYIIEHCS MO0 OKPYKHOCTH paauycoM F=4 M, 3aJaeTcsi ypaBHEHUEM
an=A+Bt+Ct2 (4=1 M/CZ, B=6 M/c3, C=3 M/CA). Onpenenuts: 1) TaHTEHITMAIBHOE YCKOPEHUE TOYKH; 2) TyTh,
NpoiiIeHHBI TOYKOM 3a Bpems t1= 5 ¢ mocje Hauyana JIBHXKEHHUS; 3) MOJHOE YCKOpPEHHE Ui MOMEHTa
Bpemenn t=1 c. [1) 6 m/c%; 2) 85 m; 3) 6,32 m/c?]

1.5. YacroTa BpalieHus Kojeca IpU paBHO3aMEIJIEHHOM JABMKeHUH 3a t=1 mun ymensmnnacs ot 300 go 180
MuH *. Onpenenuts: 1) yrioBoe ycKOpeHHe Kolieca; 2) UHCIIOo TONHBIX 000pPOTOB, CHCMAHHBIX KONECOM 3a
sT0 Bpems. [1) 0,21 paz[/cz; 2) 240]
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1.6. Tuck pannycom R=10 cm BpamaeTcst BOKpyr HENOJBMKHOM OCH TaK, YTO 3aBUCHUMOCTH YIJla IIOBOPOTa
paauyca JUCKa OT BPEMEHH 3aJaeTCsl ypaBHEHHUEM (|)=A+Bt+Ct2+Dt3 (B=1 pan/c, C=1 paz[/cz, D=1 paz[/ca).
Onpenenuth 1711 TOYEK Ha 0004€ Kojieca K KOHILy BTOpPOMl CEKyHIbl TOcCje Hauyana JABWKEHHus: 1)
TaHTCHLUAIBHOE YCKOPEHHE a_; 2) HOPMaJIbHOE YCKOPEHUE ap; 3) mosiHoe yckopenue a. [1) 1,4 m/c%; 2) 28,9

M/c%; 3) 28,9 m/c?]

I'naBa 2 I[I/IHaMI/IKa MaTepHaJIbHOﬁ TOYKH H MOCTYNNATEJIBbHOT0 ABUKCHUS TBEPAOI'o T€J1Aa

§ 5. IlepBbIii 3akon HeloTona. Macca. Cuaa

JluHamMMKa SIBJISI€TCSI OCHOBHBIM DAa3/eliOM MEXaHUKHM, B €€ OCHOBE JieXaT Tpu 3akoHa HbroToHa,
chopmynupoBaHHbie UM B 1687 r. 3akoHbl HbIOTOHA WIpalOT MCKIIOUUTEIBHYIO POJIb B MEXaHUKE H
SBIIIOTCS (KaK W BCe (PU3MUYECKUE 3aKOHBI) OOOOIICHHEM PEe3yJIbTaTOB OTPOMHOTO YEJIOBEYECKOTO OIIBITA.
Wx paccMaTpuBaIOT Kak cucmemy 83auUMoC8A3aHHbIX 3aKOHO8 U OTIBITHOW MTPOBEPKE MOJIBEPTalOT HE KaXKIbIN
OTJENIbHBIN 3aKOH, a BCIO CUCTEMY B LIEJIOM.

IlepBblii 3axkon HblOTOHA: 6GcAkas mamepuanvhas mouyka (meno) coxpausem COCMOSHUe NOKOs UNU
PABHOMEPHO20 NPAMOIUHEUHO20 O8UJCEHUSL 00 meX NOp, NOKA 6030elcmaue cO CHOpPOHbL Opyux mejl He
3acmasum ee uzmeHums 95mo cocmosnue. CTpeMJIeHHE Tella COXPaHATh COCTOSHUE TIOKOS WIIU
PABHOMEPHOTO NPSIMOJIMHENHOTO IBUKEHHS HAa3bIBACTCS HHEPTHOCTHIO. [103TOMY 1nepBbIil 3akoH HproToHa
HA3BIBAIOT TAKXKE 3AKOHOM HWHEPIUH.

MexaHuueckoe JIBUKEHHE OTHOCHUTEIBHO, M €ro XapakTep 3aBUCUT OT CHCTeMbl oTcuera. llepBbiii 3akoH
HproToHa BBINONHSIETCS HE BO BCSAKOM CHCTEME OTCU€Ta, a T€ CHUCTEMbI, 110 OTHOIIEHUIO K KOTOPHIM OH
BBITIOJIHSETCS, HA3bIBAIOTCS HHEPUUAIBHBIMH CHCTeMaMHu oTcdera. MHepuuanbHON cuctemoill orcyera
SBJIIETCS TaKas CUCTEMa OTCUeTa, OTHOCUTEIILHO KOTOPO MaTepuaibHasi TOUKa, C80000HASL OM BHEUHUX
8030eticmeuil, JIMOO TTOKOUTCS, JINOO JBIIKETCS PAaBHOMEPHO U MPSIMOJMHEWHO. [lepasuiil 3axon Hviomona
ymeepacoaem cyuecmeosanie UHePYUAIbHbIX CUCTeM Omcyema.

OnBITHBIM ITYTEM YCTaHOBJIEHO, YTO MHEPLHUAIBLHOW MOKHO CUUTATh T'€JIUOLIEHTPUUECKYIO (3BE€3/IHYI0) CUCTEMY
oTcyeTa (Ha4ajao KOOpauHAT HaxoauTcs B IieHTpe CoIHIA, a OCH MPOBEIaHbl B HAPABICHUH ONPEIeIEHHBIX
3Be3n). Cucrema oOTcueTa, CBs3aHHAs C 3emiieil, CTPOTO TOBOps, HEHMHEpIHadbHA, OIHAKO 3S(P(EKTHI,
00yCJIOBJIEHHBIE €€ HEeMHEePLUAIbHOCThIO (3eMils BpalaeTcss BOKpYr coOCTBEHHOM ocu u Bokpyr CoinHua),
IIPU pELICeHUN MHOTHUX 3a/1a4 MPeHeOpeKMMO MaJlbl, U B 3TUX CIyYasiX €€ MOKHO CUUTATh HHEPLHAIBHOM.

W3 onbITa U3BECTHO, YTO MPHU OJMHAKOBBIX BO3ACHCTBUSAX pa3IMUHbIE T€JIa HEOJUHAKOBO M3MEHSIOT CKOPOCTh
CBOETO JIBWJKEHUS, T.€., HHBIMHM CIIOBaMH, MPUOOPETAIOT pa3InYHbIE YCKOPEHUsS. YCKOpEHHE 3aBUCUT HE
TOJIBKO OT BETMYMHBI BO3ACHCTBHUSI, HO U OT CBOMCTB CaMoro Tena (0T ero Macchl).

Macca Ttena — (¢usnueckas BeIWYMHA, SBIAIOIIAACA OJHOM U3 OCHOBHBIX XapaKTEPUCTUK MaTepHH,
omnpezessionias e¢ WHEepPIMOHHbIC (MHEPTHAsi Macca) W TPaBUTAIlMOHHBIC (rPABUTANMOHHASI Macca)
cBoiicTBa. B HacTosiee BpemMs MOXKHO CUMTaTh JOKAa3aHHBIM, YTO MHEPTHAs M T'PAaBUTALMOHHAs MacChbl
paBHBI IPYT APYTY (C TOUHOCTHIO, HE MEHBIIIEH 10" ux 3HaveHus).

UtoOBI OmuChIBaTH BO3JCHCTBUSA, yIIOMHUHAaeMble B TepBoM 3akoHe HproToHa, BBOAAT moHsTHE cuiibl. [lof
JeWCTBUEM CHII Tella JINOO U3MEHSIOT CKOPOCTh JBM)KEHUS, T. €. MPUOOPETAIOT YCKOPEHUs (IMHAMHUYECKOe
MpOsIBIIEHUE CcUJl), JUO0 AePOPMHUPYIOTCS, T. €. H3MEHSAIOT CBOIO (GopMy M pa3Mepsl (CTaTHYECKOe
MposIBIEHUE CHII). B  KaxXApli MOMEHT BpEeMEHH CHIIAa XapaKTepU3yeTCs YHCIOBBIM 3HAYEHUEM,
HalpaBJICHUEM B NPOCTPAHCTBE U TOYKON mpuiokeHus. MrTak, cumiaa — 3TO BEKTOpHas BEJIUYUHA,
SIBJISIFOLIASICA MEPOM MEXaHMUYECKOrOo BO3JEHCTBHS HA TEJIO CO CTOPOHBI JAPYTHX TEN WU TMOJeH, B
pe3ylbTaTe KOTOPOro TEJIO MPUOOpPETaeT YCKOPEHUE HITM N3MEHSET CBOIO (POPMY U pa3MepHl.

§ 6. Bropoii 3axon HsroTona

Bropoii 3akoH HeloToHa — 0CHOBHOU 3aK0H OUHAMUKYU NOCMYNAMENbHO20 08UdCeHUs — OTBEYaeT Ha BOMPOC,
KaK M3MEHSIETCS MEXaHUYECKOE ABM)KCHHE MATepUATbHON TOYKH (Tesa) MOJA JACHCTBHEM MPUIIOKEHHBIX K
HEH CHuil.

Ecnu paccMoTperh AeiicTBHE pazMUYHBIX CHJ Ha OJHO WM TO K€ TENO, TO OKa3bIBaeTCS, YTO YCKOpPEHUE,
PHOOpEeTaeMOoe TEJIOM, BCET/Ia MPSMO IPOTIOPITHOHATBHO PABHOICHCTBYIOMIEH MPUIOKEHHBIX CHIT:

a ~ F (m = const). (6.1)

[Ipu meiicTBUM OJHOW U TOM e CHIIBI HA TeJa ¢ Pa3HBIMU MacCaMH UX YCKOPEHHs OKA3bIBAIOTCS Pa3IMYHBIMHU,

a IMCHHO
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a ~1/m (F = const). (6.2)
Ucnions3ys BeipakeHus (6.1) u (6.2) U y4uThIBasi, 4TO CUJIa M YCKOPEHHE—BEIUYUHBI BEKTOPHBIC, MOKEM
3amucarb
a=kF/m. (6.3)
CootHomienue (6.3) BbIpaxkaeT BTOpOil 3akoH HpioTOHA: yckopeHue, MproOpeTaeMoe MaTepUatbHON TOUYKON
(TemoM), MPOMOPLHMOHANIBHO BBI3BIBAIOLIEH €ro CHiie, COBMNAJAeT C HEK M0 HAMpaBlICHUI0 U OOpaTHO
IIPOIOPLIMOHAJIBHO MAacCe MaTeEpUaIbHON TOUKH (Tema).
B CU xoaddunuent npornopuronansHocTi K= 1. Torma
a = F/m,
WIH
Fem=m (6.4)
dt
YuuThIBas, 4TO Macca MaTepualbHON TOYKH (Tea) B KJIACCMUYECKOW MEXaHUKE €CTh BEJIMYMHA MOCTOSHHAs, B
BbIpakeHUH (6.4) ee MO’KHO BHECTH 110 3HAK IPOU3BOAHOM:

_4 (6.5)
F= dt(mv)
BeKTopHaH BCJIIMYMHA
p = mv, (6.6)

YHCJICHHO paBHAs MPOM3BEACHUIO MAacChl MaTepUAILHOW TOYKH HAa €€ CKOPOCTh M HMMEIOIIAs HAaIpaBIICHHUE
CKOPOCTH, Ha3bIBACTCSl HUMITYJILCOM (KOJIHYE€CTBOM JIBHKEHHsI) TOW MaTepHaaIbHOU TOYKH.
[Toacrasmss (6.6) B (6.5), moyunm

d 6.7
- (6.7)
dr
D10 BbIpakeHHe — 0OoJiee o0mast GopMyJHMpoBKa BTOPOro 3akoHa HbHOTOHA: CKOPOCTH M3MEHEHUS

UMITyJIbCA MAaTE€pUaIbHOM TOYKM paBHA JIeHCTBYOIlEed Ha Hee cuie. Boipaxkenue (6.7) Ha3bIBaeTcs
YPABHEHHEM JABHKEHHS MATEPHAJIbHON TOYKH.

Enununa cunst B CU — neloton (H): 1 H — cuna, xoropast macce 1 kr cooOmaer yckopenue 1 M/c? B

HaMpaBJICHUU IEUCTBHUS CUJIbL:
1H=1 kr-m/c>.

Bropoii 3akon HproTOHa cripaBeyIMB TOJBKO B MHEPLMAIBHBIX cucTemax orcyera. [lepseiit 3akoH HeroToHa
MOXHO TIOJIYYUTh W3 BTOPOro. J(eWCTBUTENBHO, B Clydae pPaBEHCTBA HYJIO PABHOJCUCTBYIONICH cui (TIpu
OTCYTCTBHM BO3JICUCTBUS Ha TEJIO CO CTOPOHBI JIPYrHX Ted) yckopeHue (cMm. (6.3)) Takxke paBHO HYIIIO.
Onnako nepswiii 3axon Hviomona paccMaTpuBaeTCs Kak camocmosimenvHulil 3akoH (a HE Kak CIEJCTBUE
BTOPOTO 3aKOHA), TaK KaKk MMEHHO OH YTBEPXkJAeT CYIIECTBOBAHME HWHEPIHAIBHBIX CHCTEM OTCYETa, B
KOTOPBIX TOJBKO U BHITIOJHSETCS ypaBHEeHUE (6.7).

Parc. 10

@ Kakan cncTema oTcyeTa Ha3biBAGTCA MHepYH-
anbHo#? MoieMy cmcreMa oTcuyeTa, CBA3aH-
uag ¢ 3emneit, cTporo roBops, HeMHepLHaNb-
Ha

@ Y7o Taxoe cnna? Kax ee MOXXHO oxapaKTepu-
3oBarL?

@ FansetcA nv nepebift 3akoH HbioToHa cnepct-
8neMm BTOporo 3akoHa? NMovemy?

B mexaHuke Oosbloe 3HaYeHHE MMEET NMPUHLIMI He3aBUCHMOCTH JIeHCTBHS CWJI: €CIIM HAa MaTepHalIbHYIO
TOUYKY JAEHCTBYET OJJHOBPEMEHHO HECKOJBKO CHJI, TO KaXKIash U3 3TUX CHJI COOOIIaeT MaTepualbHON TOUKe
YCKOpPEHHE COIJIaCHO BTOpOMY 3akoHy HbiloToHa, kak Oyaro apyrux cui He Obuio. CoriacHo 3TOMY
MIPUHIIMITY, CHJIBI U YCKOPEHHSI MOXKHO pa3jiaraTh Ha COCTaBJISIONINE, UCIOIb30BaHUE KOTOPHIX MPUBOAUT K
CYIIECTBEHHOMY YIPOLIEHHIO perieHus 3aaa4y. Hampumep, Ha puc. 10 neiictBytommas cuna F=ma paznoxena
Ha JBa KOMIIOHEHTa: TaHTeHUHUalbHYI0 cuily F,, (HampaBiieHa IO KacaTelbHOM K TPAaeKTOPHH) H
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dv
HOpMallbHYIO cuily Fn (HampaBieHa 1o HOPMaH K LIEHTPY KpUBH3HBI). VICIIOAb3ys BBIpaXKEHUS a_ = E u

2

\"
an = E , A TAKXKE V = RC(), MOKHO 3aIliucCaThb:

F, = ma, = mv*/|R = mw*R.
Ecimu Ha MaTepualbHYI0 TOYKY JCHCTBYET OJHOBPEMEHHO HECKOJIBKO CHJI, TO, COIJIACHO MPHHIIHAITY
HE3aBUCHUMOCTH JICHCTBUS CUJI, 11011 F Bo BTopoM 3akoHe HpI0TOHA TOHUMAIOT PE3YJIbTUPYIOIIYIO CHITY.

§ 7. Tpernii 3axkon HproToHa

BiaumopeiicTBue Mexay MaTepHalbHBIMH TOYKaMH (TelIaMM) ONpeAessieTcss TpeTbUM 3aKkoHOM HblooToHa:
BCSAKOE JCHCTBHE MAaTEPHAIbHBIX TOYCK (TEN) APYr Ha JApyra HOCUT XapakTep B3aMMOJCHCTBUS; CHIIBI, C
KOTOPBIMH JICHCTBYIOT APYT Ha Apyra MaTepuagbHble TOYKH, BCETJIa PABHBI 10 MOIYJIIO, IPOTUBOIOJIOXKHO
HAIPABJIEHBI U ACHUCTBYIOT BOJIb IPSAMOM, COEAUHAIOLIEN 3TU TOUKH:

Fio =—Fa, (7.1)

riae Fip — cuna, neiicTByrommas Ha IepBYIO MaTepUaIbHYIO TOUYKY CO CTOPOHBI BTOPOIA;

F21 — cuna, geiicTByromas Ha BTOPYIO MAaT€pUAIbHYIO TOUKY CO CTOPOHBI MEPBON. DTU CHIIBI HMPUIIOKEHBI K
Ppasublv MaTepUATIbHBIM TOUKaM (TeJlaM), BCEr/ia IeUCTBYIOT napamu M SIBIISIIOTCSI CUIIAMH 0OHOU NPUPOObI.
Tperuit 3akon Hpl0TOHA MO3BOJISET OCYLIECTBUTH MEPEXO]] OT JUHAMHUKH OMOelbHOU MAaTepUAIbHON TOUYKU K
JTUHAMHUKE Clucmembl MATEePUATbHBIX TOYCK. JTO CIEAYET U3 TOTO, YTO M JIJISl CHCTEMBI MaTePUATBHBIX TOYCK

B3aMMO/ICIICTBIE CBOJUTCS K CHJIaM MapHOTO B3aUMOICHCTBUS MEXK/1y MaTepUAIbHBIMU TOYKAMHU.

§ 8. Cuuibl Tpenus

OOcyxnmast 10 CUX MOp CHIIBI, MBI HE MHTEPECOBAIUCH MX MPOHCXOkaeHHeM. OHAKO B MEXaHUKE MBI OyaeM
paccMaTpuBaTh pa3iuyHbIEC CUJIbL: TPEHUS, YIIPYTOCTH, TATOTCHHUSL.

W3 onpiTa M3BECTHO, UYTO BCSIKOE TEJO, ABMXKYLIEECS 110 TOPU3OHTAJIBHOW MOBEPXHOCTU APYroro Tena, Hpu
OTCYTCTBUM JIEMCTBHSI Ha HErO JAPYTUX CUJI C TEUEHHWEM BPEMEHM 3aMeJUIsieT CBOE JABUKEHUE U B KOHIIE
KOHIIOB OCTAHaBIIMBAETCS. DTO MOKHO OOBSCHUTH CYIIECTBOBAHUEM CHMJIbI TPEHHUSl, KOTOPAsl MPEMATCTBYET
CKOJIBJKEHUIO COIIPUKACAIOIIUXCS TEJ APYr OTHOCUTENBHO Apyra. CHIIbI TPEHUS 3aBUCAT OT OTHOCUTEIbHBIX
ckopocTei Tesn. Cuibl TpeHUs: MOTYT OBbITh pa3HOM MPHUPO/BI, HO B Pe3yJbTaTe UX NEHCTBUS MEXaHUYECKast
9HEPrus BCETa MPEBPAIAETCs BO BHYTPEHHIOK DHEPIHIO COITPUKACAOIINXCS TEI.

PaznuuaroT BHemHee (cyxoe) U BHyTpeHHee (KHIAKOE WM BA3KOE) TpeHHe. BHeIIHMM TpeHHeM Ha3bIBaeTCs
TPEHHME, BO3HMKAIOIIEE B IUIOCKOCTH KAacaHMs JIBYX CONPHKACAIOIIMXCSA TEJI IMPU HX OTHOCHTEIBHOM
nepemenieHu. Ecnu conpukacaromuecs: Tejla HEMOABUKHBI APYT OTHOCUTENIBHO ApYyra, TOBOPSAT O TPEHUH
IIOKOSI, €CJIM K€ MPOUCXOAUT OTHOCUTEIBHOE MEPEMEIIEHUE 3TUX TEJl, TO B 3aBUCUMOCTH OT XapakTepa MX
OTHOCHUTEJILHOTO JIBUKEHUS TOBOPAT O TPEHUH CKOJIbKeHHUSs, KaueHHUs WIH BepYeHus .

BHyTpeHHMM TpeHHMeM Ha3bIBAaCTCSI TPEHHME MEXAY YacTsAMU OJHOTO M TOrO JK€ Teja, HallpUMep MEXIY
Pa3IMYHBIMH CJIOSIMU KUJAKOCTH WJIM Ta3a, CKOPOCTH KOTOPBIX MEHSIIOTCS OT CJIosl K clioto. B oTiinume ot
BHEIIHETO TPEHUsS 3/1€Ch OTCYTCTBYET TpEHHE MOKOsA. EciM Tena CKOJIB3SAT OTHOCUTEIBHO IPYr Apyra U
paszienieHbl MPOCIONKON BSI3KOM JKHUIKOCTU (CMa3KH), TO TPEHHE MPOUCXOIUT B CJIO€ CMazku. B Takom
cllydae TOBOpSAT O THAPOJAMHAMMYECKOM TPEHHMH (CIOM CMa3KM JOCTaTOYHO TOJCTBIH) UM TI'PAaHUYHOM
TpeHUH (TOJIIIMHA CMA304HOM Ipocioiiku ~0,1 MKM U MeHbIIE).

O6cyauM HEKOTOpble 3aKOHOMEPHOCTH BHEIIHEro TPEeHHs. DTO TpeHHue OOYCIOBIEHO MIEPOXOBATOCTHIO
COIIPUKACAIOUINXCS MOBEPXHOCTEH; B CiIydae >K€ OYeHb IJIAJIKUX IOBEPXHOCTEH TpeHHe OOYCIOBIIEHO
CHJIaMU MEXMOJIEKYJISIPHOTO MPUTSIKEHUS.

PaccmoTpum nexaree Ha MmiaockocTu Teno (puc. 11), kK KoTopoMy MpuiiokeHa ropusoHTanbHas cuia F. Teno
OpuAeT B [JBWJKEHHWE JMIIb TOTAA, KOrAa HIpUIoKeHHas cuia F Oyaer Oonbmie cuitbl TpeHUS Fop.
Opaniy3ckue ¢pusuku . AMonTOH (1663—1705) 1 L. Kymnon (1736—1806) OnBITHEIM MyTeM YCTaHOBHIIN
CIENYIONIMI 3aKOH: CHJIA TPEHHs CKOJbkeHus Fp, mpormopruonanbHa cuiie N HOPMaJbHOTO JABIEHHUS, €
KOTOPO OZHO TEJIO IEHUCTBYET HA IPYTroe:

Fip=fN,
rae f — koadduimeHT TpeHus CKONIbKEHUs, 3aBUCAIINN OT CBOMCTB CONPHKACAIOIINXCS IIOBEPXHOCTEH.
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Haiinem 3Hadyenue koadduimenta TpeHus. Eciam Teno HaxoauTcs Ha HAKIOHHOW IJIOCKOCTH C YIJIOM
HakJIoOHA o (puc.12), To OHO MPUXOJIUT B JBMKEHHE, TOJIBKO KOTJa TaHTeHI[MalIbHas cocTaistonias F cumbl
TsokecTH P Gonbmie cuiel TpeHus Frp. CiaenoBaTenbHO, B MPENEIbHOM Clydae (Ha4aao CKOJbKEHHs Tella)
F=F.p. umu Psin ap = f N = f P cos oy, oTkyna

f= tgo.

Taxum 06pa3zoM, k03(pPUIMEHT TpeHUs: paBeH TAaHIEHCY YyIJa Oy, TP KOTOPOM HAUMHAETCS CKOJIbKEHHE Tela
10 HAKJIOHHOW IIJIOCKOCTH.

J1ji riaikux MOBEPXHOCTEH OMPEEIICHHYIO POJIb HAUMHAET UTPATh MEKMOJIEKYIApHOE NpuTsHkenue. s Hux
IIPUMEHSIETCS 3aKOH TPEHHUS CKOJIbKeHUs!

FTp = f HCT (N + Spo),

rze po — 100aBOYHOE JaBJeHUE, 00YCIOBICHHOE CHIIAMH MEKMOJIEKYISIPHOTO NPUTSHKEHUS, KOTOpbIe ObICTPO
YMEHBILAIOTCA C YBEIMUYECHHUEM PACCTOSIHHMS MEXAY YacTUIAMH; S — IUIONIAJb KOHTAKTa MEXIy TelaMH;
fyer — MCTHHHBIN KOA)PUIIMEHT TPEHUS CKOJIBLKEHHS.

Tpenue wurpaer Oounblyl0 poJib B MPUPOJE M TEXHHUKE. bmaromapss TpeHUIO IBUXKETCS TPaHCIOPT,
yIep>KUBACTCS 3a0UTHII B CTEHY TBO3/1b U T. 1.

B HekoTopbIX ciydasix CHJIbI TPEHHs OKa3bIBAIOT BPEIHOE JEHCTBHE U IMOSTOMY UX Haa0 yMeHbIIaTh. Jlis
ATOTO Ha TPYIIMECS IMOBEPXHOCTH HAHOCAT CMa3Ky (CHiia TpEeHHsS YMEHbIaeTcssi mpumepHo B 10 pa3z),
KOTOpasi 3aloJIHAET HEPOBHOCTH MEXAY 3THUMH IMOBEPXHOCTSIMH U PACIIONAraeTcsi TOHKUM CIOEM MEXIy
HUMHU TaK, YTO MOBEPXHOCTU KakK Obl IEPECTAOT KacaThbCsl IPYT JIpYyra, a CKOJIb3AT APYT OTHOCUTENIBHO Jpyra
OTJENbHBIE CIOU >KUIKOCTH. TakuMm 00pa3oM, BHEIIHEE TPEHUE TBEPABIX TEJl 3aMEHSETCS 3HAUUTEIbHO
MEHBIIIUM BHYTPEHHUM TPEHUEM KHIKOCTH.

e e ‘P

Prc. 11 Pac. 12
PanukansHBIM cIOCOOOM YMEHBIIICHUS CHIIBI TPEHHUS SBIISETCS 3aMEHAa TPEHUS CKOJIBbKEHHSI TPEHUEM KadeHHUsI
(apvKoBBIE M POJMKOBBIE MOAIMIMIHUKK W T. A.). Cuila TpeHUs KaueHus OIpejaessieTcs MO 3aKOHY,
ycTraHoBieHHOMY KyrnoHowm:
Frp=fi N/r, (8.1)
rae I — paauyc Katsmerocs tena; f, — xoaddunment tpenus kaueHust, uMeroIuii pasmeprocts dim f, =L. 13
(8.1) cmemyer, 4TO cUJia TPEHHS KauyeHUsI 0OpAaTHO MPOMOPIIMOHATBFHA PAANYCY KaTAIIErocs Tena.

§ 9. 3akoH coxpanenus ummyJbca. LlenTp mace

Jlnist BBIBOJIA 3aKOHA COXPAHCHUS UMITYJIbCA PACCMOTPUM HEKOTOpPbIE MOHATHS. COBOKYITHOCTh MaTepPHATBHBIX
Touek (Ted), pacCMaTpUBAacMbIX KaK €IHHOE II€J0€, Ha3bIBAcTCS MeXaHH4decKoi cucremoid. CHibl
B3aMMOJICHCTBHSI MEXKIy MaTepHaJbHBIMH TOYKAMH MEXAHMUYECKOW CHUCTEMbl HA3bIBAIOTCA —
BHyTpeHHMMH. CHIIBI, C KOTOPBIMH Ha MaTepUalbHbIE TOYKH CHCTEMBI JCHCTBYIOT BHEIIHHE TeJa,
HA3bIBAIOTCS BHEIIHHMMH. MexaHW4yecKas CHUCTeMa TeJl, Ha KOTOPYI He JEHCTBYIOT BHEUIHHE CHJIBI,
HA3bIBACTCS 3aMKHYTOM (MM M30JMPOBaHHOI). ECTi MbI IMeeM MEXaHHUYECKYIO CHCTEMY, COCTOSIIYIO U3
MHOTHX TeJ, TO, COTJIACHO TPETheMy 3aKOoHY HbIOTOHA, CHITBI, ACHCTBYIONIUE MEXKTY 3TUMHU TEIaMH, OyIyT
PaBHBI ¥ TPOTHUBOITOJIOKHO HAMPaBJIEHBI, T. €. TCOMETPUUECKas CyMMa BHYTPEHHHUX CHJI paBHA HYIIIO.

PaccMOTpUM MEXaHHUYECKYIO CHCTEMY, COCTOSIIYIO M3 N Tel, Macca U CKOPOCTh KOTOPBIX COOTBETCTBEHHO
paBHBI Mi, My,.... My, U Vi, Va,.., Vi Iycte F,F,...,F, — paBHOume#cTByrome BHYTPEHHHUX CHI,
AEHCTBYIOIMX Ha Kaxpoe w3 »tux ten, a F,F,,..,F,— paBHoxelcTByronme BHENIHUX CHII. 3amuiIeMm
BTOpO# 3ak0H HbIOTOHA 7151 KaXKI0TO U3 N TEJI MEXaHUYECKOW CUCTEMBI:
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d ’
a(ml"l) =F, + F,

d .

o (myv;) = F; + F,,

d .

Y (my,) =F, + F,
CxJtagpiBasi MOWICHHO 3TH YPABHEHHS, TTOJTydaeM

d . . .
a—;(m.v. +mv;+ .. +my)=F, +F,+ .. +F, +F+F+ . +F,
Ho tak kak reoOMETpHUYCCKasa CyMMa BHYTPCHHHUX CHUJI MEXaHUYECKON CUCTEMEI IO TPETHEMY 3aKOHY Hrrotona

paBHa HYJIO, TO

d
o mv+mva+..+mvw)=F+F+ .. +F,

'@ B yem saxniovaercs NPpYHUMN He3aBNCHMOCTH @ KaxoBa (byanueckan CyWHOCTL TPeHHA? B vem
nAeicTenA cnn? OTNIHYMe CyXOro TPeHMA OF Xxuakoro? Kakue
BHAL BHeLHero (cyxoro) TpeHnsa Bu sHaete?

HJIN

d
'a!: =F+F+ . +F, (91)

n
raic p= Z my; — I/IMHyHBC cucreMnl. Takum 06p330M, IMpOU3BOJHAs 110 BpCMCHHU OT I/IMHyJ_Hpca MexaHquCKOﬁ
im}
CHUCTCMBbI paBHa FGOMeTpI/IIIeCKOﬁ CyMMe BHCIIHUX CHUII, ﬂeﬁCTByIOIHI/IX Ha CI/ICTeMy.

B cirydqae oTCyTCTBUS BHEMIHMX CHJI (PACCMATPUBAEM 3AMKHYTYIO CUCTEMY)

dP n n
2oy =0, T.e p= = const.
& :§ p (my) T.C. P E:l my; = cons

Ilocnennee BbIpaXEHUE U SBISAETCS 3aKOHOM COXPAHEHHSI MMITYJbCA: UMIYJIbC 3aMKHYTOH CHCTEMBI
COXpaHsIeTCs, T. €. HE U3MEHSIETCS C TCYEHUEM BPEMEHH.

3aKOH COXpaHEHHs HUMIIyJbCa CIPaBEUIMB HE TOJIBKO B KJIACCHUECKOW (M3MKE, XOTS OH U IOJIy4eH Kak
cleCTBUE 3aKOHOB Hbl0TOHA. DKCIIEpUMEHTHI JOKAa3bIBalOT, YTO OH BBINOIHIETCS U JUISl 3AMKHYTBIX CHUCTEM
MHUKpOYACTHUI] (OHU MOAYMHSIOTCS 3aKOHAM KBAHTOBOM MEXaHUKH). DTOT 3aKOH HOCHUT YHHBEpCAJIbHBIN
XapakTep, T. €. 3aKOH COXPaHEHUsI UMITYJIbCA — YHOAMEHMANbHbLU 3AKOH NPUPOODL.

3aKOH COXPAaHEHUs MMILYJIbCA SIBJISIETCS CIEACTBUEM OIPEAEIEHHOTO CBOWCTBA CHMMETPUU MPOCTPAHCTBA —
ero 0JAHOpoAHOCTH. OIHOPOAHOCTH MPOCTPAHCTBA 3aKJII0YAETCS B TOM, YTO IIPU MapajieIbHOM IEepeHoce
B TPOCTPAHCTBE 3aMKHYTOM CHCTEMBI T€J Kak IeJoro ee (hu3MyYeckre CBOWCTBA M 3aKOHBI JBUKEHHS He
U3MEHSIIOTCS,, UHBIMH CJIOBaMH, HE 3aBUCAT OT BHIOOpa IMOJOXKEHHS Hauyanda KOOPAWHAT WHEpLUaIbHOU
CHCTEMBI OTCYETA.

Otmetum, uto, coriacHo (9.1), UMIyIbC COXpaHSAETCS U AJI HE3aMKHYTOM CHCTEMBI, €ClIi T€OMeTpuYecKas
CyMMa BCEX BHEIIHUX CHUJI paBHA HYIJIIO.

B mexanuke [Nanunes—HpIoTOHa M3-32 HE3aBUCUMOCTH MacChl OT CKOPOCTH UMITYJIBC CUCTEMBI MOXKET OBITh
BBIp@)XEH dYepe3 CKOpocTh ee LeHTpa Macc. LleHTpoM Mace (WM LEHTPOM HHEPUUH) CUCTEMBI
MaTepUaIbHBIX TOYEK Ha3bIBaeTCs BooOpaxkaeMas Touka C, TIOJOKEHHE KOTOPOW XapaKTEPHU3YeT
pacnpezesieHne Macchl 3TOM cUcTeMbl. Ee pannyc-BeKTOp paBeH

n
Z mr
im1
Ic=—",
m

re M U [ — COOTBETCTBEHHO Macca W paJnyc-BEKTOp I-i MaTepHaabHON TOYKH; N — YUCIIO MaTepHAIbHBIX
n

TOYEK B CUCTEME; m= Y. m;- —Macca cucteMbl. CKOpOCTb LIEHTPa Macc
imy
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n
y‘lI/ITBIBaH, qTo pl =mjVvj, a z Pi €CThb UMIIYJILC P CUCTEMBI, MOKHO HallKucaTh
i=1

P =mvc (9.2)
T. €. IMITYJIbC CUCTEMBI PaBEH IIPOU3BENCHUIO MACChl CUCTEMBI HA CKOPOCTb €€ LIEHTPa Macc.
IToncraBus BeipaxkeHue (9.2) B ypaBHenue (9.1), nonyuum
dve

mi; = Fl + Fz "l" . + F,,, (93)

T. €. LEHTP MacC CUCTEMBbI JIBHIKETCSl KaK MaTepHalibHas TOUKa, B KOTOPOM COCPe0TOUEHA Macca BCEil CUCTEMBI
U Ha KOTOPYIO JCHCTBYET CHJIa, paBHAs I€OMETPUYECKOW CyMMeE BCEX BHEIIHHUX CHJI, MPHJIOKEHHBIX K
cucteme. Beipakenue (9.3) mpencraBisieT co00ii 3aK0H ABHKEHHsI IEHTPa Macc.

B cootBetctBu ¢ (9.2) 13 3aKk0oHa COXpaHEHUS UMITYJIbCA BBITEKAET, UYTO YeHmp MACC 3AMKHYMOU CUCTNEMbL

JUOO 08UICEMCS NPAMOTUHEUHO U PABHOMEPHO, TUOO OCNAEMCsl HeNOOBUNICHBIM.

§ 10. YpaBHeHuUe ABH:KEeHHS TeJIa MePeMEHHOI MacChl

JIBU>KEHHE HEKOTOPBIX TEJl COMPOBOKIAETCS U3MEHEHHEM MX MAacChl, HAIPUMEP Macca pakeThl YMEHbIIAETCS
BCJIEJICTBHE UCTEUEHUS I'a30B, 00Pa3yIOIIUXCsl [IPU CrOPaHUM TOIIUBA, U T. II.

BriBenieM ypaBHEHME JBUKEHHS Tejla MEPEMEHHONW Macchl Ha MpUMepe ABUKEHMs pakeTbl. Eciin B MOMEHT
BpeMeHH t Macca pakeTbl M, a ee CKOpPOCTh V, TO MO ucTeueHnu BpemeHu dt ee macca ymeHbuutest Ha dm u
craHeT paBHOW m — dM, a CKOpPOCTh CTaHET paBHOU V + dV. V3MeHEeHHe MMIyJIbCa CUCTEMBI 32 OTPE30K
BpeMenu dt

dp=[m—dm(v+ dv) + dm(v + w)} — mv,

IJIe U — CKOPOCTb UCTEUEHUS I'a30B OTHOCUTENBHO pakeThl. Toraa

dp = mdv + udm

(yuwmn, ytro dmdv — MaJiblif BBICIIETO MOpPSIKAa MAJOCTH MO CPaBHEHHIO C OCTajdbHbIMHK). Eciu Ha cuctemy
JCUCTBYIOT BHEIIHKE cuiibl, To dp=Fdt, moatomy
Fdt = mdv + udm,
W
mE _F o (10.1)
dt dt

Bropoe cnaraemoe B mpaBoii yactu (10.1) Ha3pIBatOT peakTHUBHOI cujoii Fp. Ecnu U mpoTHBOMONOXKEH V 10
HaIIpaBJICHUIO, TO PAKETa YCKOPSETCS, a €CJIM COBMANAET € V, TO TOPMO3HUTCH.

Taxum 0Opa3om, MbI IOJTyYH/IM yPABHEHHE ABHKEHHUS TeJIa MePEeMEHHON MacChl

ma =F + F, (10.2)

KOTOpOe BriepBbie ObUT0 BhiBeeHO V. B. Memepckum (1859—1935).

Wnes npuMeHeHus: peakTUBHOM CHIIBI JIsl CO3JaHUs JIETaTeIbHbIX anmnapaTroB Bbicka3biBasiack B 1881 r. H. WM.
Kubanpunuem (1854—1881). K. 3. Iluonkosckuii (1857—1935) B 1903 r. onmyOnaukoBan cTaThio, T/IE
MPEAJIONKIIT TEOPUIO BUKEHHUS PAKETHI U OCHOBBI TEOPHUH KUIKOCTHOTO peakTUBHOrO aBurarens. [loatomy
€ro CYMTAKOT OCHOBATEJIEM OTEYECTBEHHONM KOCMOHABTHKH.

@ YTo Has3biBAGTCA MexaHud4ecko#i cuctemoii? @ Kakum csolicTBOM npocTpaHcTea o6yciiosnu-

Kakne cucreMbl ABNAIOTCA 3aMKHYTbIMU? SB- BHOTCA CNpaBefnvBOCTL 38KOHA COXPaHEHWA

naetcAa NW BceneHHas 3aMKHYTOA cuUCTeMoi#? nMnynbca?

Nouemy? @ YTO Ha3bLIBAGTCA LEHTPOM MacC CMCTeMbl Ma-
@ B yeM 38KkMOY4EBTCA 38KOH COXPAHOHHA MM- TEPHANDbHbLIX TO4EK? Kak ABMXKETCA UEeHTp

nynsca? B xaknx cncremax OH BbINONHAGTCA? MECC 38MKHYTO! CHCTeMbI?

MoyeMy OH ABNRETCA (bYHABMEHTANbLHLIM 3a-
KOHOM NpHUpoAbI?

IIpumenum ypaBHeHue (10.1) k OBMKEHMIO pakeThl, HA KOTOPYHO HE AECMCTBYIOT HUKAKWUE BHEIIHHE CHJIBI.
[Tonarast F=0 u cuuTas, 4TO CKOPOCTh BHIOPACHIBAEMBIX I'a30B OTHOCHTENILHO PAKeThl MOCTOSHHA (pakeTra
JBUKETCA MPSIMOJIUHEINHO), TOIYyYUM
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OTKyJ1a
dm
Y = —-uJ.——= —ulnm+ C.
m

3HaueHHe MOCTOSHHOW MHTerpupoBaHusi C ONpenesiuM U3 Ha4yaJbHbIX YCJIOBHUW. ECiiM B HayanbHBIII MOMEHT
BPEMEHH CKOPOCTh PaKEThl paBHA HYIIIO, a €€ CTapToBast Macca My, To C = U In(mg). CaenoBaTenbHO,

v =uIn (mg/m). (10.3)

D710 cooTHoIIeHHE Ha3biBaeTcs popmyaoii LinoakoBckoro. OHa nokassiBaeT, 4yTo: 1) yeM OOJble KOHEUHAs!
Macca pakeThl m, TeM OoJiblie JOJKHA OBITh CTapTOBask Macca pakeTbl Mo; 2) yem OoJblIe CKOPOCTh
MCTEYCHUS U TA30B, TEM OOJIBIIIE MOXKET OBITh KOHEYHAs Macca MPHU JAHHON CTapTOBON Macce PaKeThl.

Boeipakenus (10.2) u (10.3) momydeHbl a1 HEPEIATUBUCTCKUX JIBHXKCHUH, T. €. JUIsl CIIy4aeB, KOT1a CKOPOCTH V
Y U MaJIbl IO CPAaBHEHHIO CO CKOPOCTBIO C PaCpOCTPaHEHUsI CBETA B BaKyyMe.

3agaun

2.1. Ilo HaKJIOHHOM IUIOCKOCTH C YIJIOM HakKJIOHa a K TOPU30HTY, paBHbIM 30°, cKoyb3UT Teno. OnpenenuTsb
CKOpPOCTh TeJla B KOHIIE TPEThe CEKYHJbl OT Hayayla CKOJNbKeHUs, eciu Koddduuuent tpenus 0,15. [10,9
M/c]

2.2. Camorner onwuchiBaeT neriato HecrepoBa pamuycom 80 m. KakoBa momkHa ObITh HaMMEHBIIAs CKOPOCTH
camoJieTa, 9ToOBI JICTYMK HE OTOPBAJICS OT CHJICHbBS B BEpXHEH yactu retim? [28 m/c]

2.3. boK yKperuieH Ha BeplIMHE JIBYX HAKJIIOHHBIX IUIOCKOCTEH, COCTABIIAIOMIUX C TOPU30HTOM YTkl o = 30° 1
[=45°. T'upu paBHOI Maccel (M=M,=2 KI') COSANHCHBI HUTHIO, IEPEKUHYTON depe3 Onok. Cunrtas HUTh U
OJI0K HEBECOMBIMH, TPUHKMAasi KO3()OUIIMEHTHI TPSHUS THPb O HAKJIOHHBIC TUIOCKOCTH paBHbIMU f1=f,=f=0,1
u mnpeHeOperas TpeHHEM B OJIOKE, ONpPENENHTh: 1) yCKOpeHHe, ¢ KOTOPBIM JABIKYTCS THpHU; 2) CHILY
naTsokennst muti. [1) 0,24 m/c?; 2) 12 H]

2.4. Ha xene3H00pOXKHOU maTdopMe yCTaHOBIICHA 0€30TKAaTHAS MYIIKa, U3 KOTOPO MPOU3BOIUTCS BBICTPEI
BJIOJIb MOJIOTHA MOJ yriioM a=45° k ropu3oHTy. Macca miargopmsl ¢ mymkod M=20 T, macca cHapsaa
m=10 kr, k03GGHUIHEHT TPEHUS MKy KoJiecamu maatdopmbl u penbeamu f = 0,002. OnpenenuTh CKOPOCThH
CHapsga, €ciaud  1ociae  BbIcTpena  miargopMa — OTKaTWiack  Ha  pacCTosiHME  S=3 M.

[Vo=M /2 fgs /(mcosa)=970m/c]

2.5. Ha karepe maccoif M=5 T HaXOAUTCSI BOJIOMET, .BBIOPACHIBAIOIINN (=25 KI/C BOJIBI CO CKOPOCTBIO U=7 M/C
OTHOCHUTENbHO KaTepa Hazajl. [IpeneOperas conpoTHBIEHUEM JIBUKEHUIO KaTepa, ONpPENenTh: 1) CKOPOCTh
KaTepa uepe3 3 MUH IMOCIe Havaia JBIKCHHUS; 2) MpeIelibHO BO3MOXKHYIO CKOpOCTh Katepa. [1) v=u (1—
expt'™ = 4,15 m/c; 2) 7 m/c]

I'maBa 3 Pabora u 3Heprus

§11. DHeprus, padéora, MOIIHOCTH

OHeprus — yHUBepcallbHas Mepa pa3iIndHbIX GopM ABMKEeHMs U B3auMoaencTBud. C pa3nuuHbIMH (opMaMu
IBUKCHHMSI MaTepUU  CBSI3BIBAIOT  pa3jiuHble  (QOpPMBI  JHEPTrUU:  MEXAHUYECKYIO, TEIJIOBYIO,
AJIEKTPOMArHUTHYIO, SIZIEPHYIO U Op. B omgHux sBneHusx Qopma ABMKEHUS MaTEepUU HE HU3MEHSAETCA
(Hampumep, Topsiuee TEeNO HAarpeBaeT XOJOIHOE), B JIPYTUX — MEpPexXoAuT B UHYI0 (opmy (Hampumep, B
pe3yibpTaTe TPEHUsS MEXaHWYECKOE JBIDKCHHE TMpeBpaimaercs B TerioBoe). OHAKO CYIMECTBEHHO, YTO BO
BCEX CIIydasx DHEprusi, OTAaHHAs (B TOM MAM MHOHN (GopMe) OJHUM TElIOM APYroMmy Tely, paBHA SHEPTHH,
MOJTYYEHHOU MOCTIETHUM TEJIOM.

N3meHeHne MeXaHMYeCKOro ABWKEHHUs Tella BBI3BIBACTCS CUJIAaMHU, JIEMCTBYIOIIMMHU HAa HErO0 CO CTOPOHBI
apyrux  Tel.  YToObl  KOJMYECTBEHHO  XapaKTEPH30BaTh TMpOIecC OOMEHa DSHEpPrueil  Mexmy
B3aUMOJICHCTBYIOIIMMU TEJIAMH, B MEXAHUKE BBOJUTCS MOHATHE PAdOThI CHJIBI.

Ecnu Teno pBuxkercs npsamonunerino W Ha HETO JACHCTBYET NOCTOSIHHAas cwia F, KoTopas coOCTaBisgeT
HEKOTOPBIN YroJ ¢ ¢ HalpaBlIeHUEM MepeMEeIeHHs, TO padoTa 3TOM CHIIBI paBHA MPOU3BEICHUIO TIPOEKIIUU
cwibl Fs Ha HanpaBnenue nepemerenus (Fs= FCOSa), yMHOKEHHOI Ha MepeMeleHue TOYKU TPUI0KEHUS
CHJIBI:

A = F,s = Fscosa. (11.1)

B obmiem ciiydae cuina MOXKET U3MEHSTHCS KaK 10 MOJYJIIO, TaK U 10 HalpaBlIeHUIo, TodToMy Gopmymoit (11.1)
MOJIb30BaThCs HENb3s. Ecim, omHaKo, pacCMOTpeTh aiieMeHTapHoe mepemernenue dr, To cuiny F MoxHO
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CUMUTATh NIOCTOSHHOM, a ABM)KEHUE TOUKH €€ NMPUIOKEHUSI — MPSIMOJIMHENHBIM. DJIeMeHTapHOo# padoToii
cuiibl F Ha nepemerienuu dr Ha3bIBaeTCs cKalApHas BETUUUHA
dA4 = Fdr = Fcosa ds = F,ds,
rae o — yrou Mexnay Bekropamu F u dr; ds = |dr| — smemenraphubiii myTh; Fs — mpoekims Bekropa F Ha
Bektop dr (puc. 13).
PaboTa cuibl Ha yd4acTke TPAaeKTOPUM OT TOYKHM 1 10 TOYKM 2 paBHA anredpanyeckod CyMMe 3JIEMEHTApPHbIX
paboT Ha OT/AEIBHBIX OECKOHEUHO MAJIBIX YYAaCTKAX IMyTH. DTa CyMMa MPUBOIUTCS K HHTET ATy

2 2
A = { Fdscosa = | F, ds. (11.2)
1 1

Parc. 13

-

@ B YoM pasznuune Mexay NOHATHAMA 3HEPruv
n pa6otbi?
@ Kak Hafitn pa6ory nepemerHol cunut?

JInist BBIYMCIICHUSI 3TOTO WHTETpajia HaJ0 3HATh 3aBUCHUMOCTH CHIIBI Fs, OT myTu S Bmomb Tpaektopuu 1—2.
[Tyctp 3Ta 3aBUCHMOCTH TpencTaBieHa rpadpudecku (puc. 14), Torna uckomas pabora A onpenensercs Ha
rpaduKe IUIOIAABI0 3alITpUXxoBaHHOW ¢(urypsl. Eciu, Hampumep, TeIO IBMXKETCS MPSMOJIMHEWHO, CHIa
F=const u a=const, To nosyunum

2 2
A = [ Fdscosa = Fcosafds = Fscosa,
1 ' 1

rje S — NpONJeHHBIN TeoM MyTh (cM. Takke hopmyiy (11.1)).

N3 dpopmymer (11.1) cnenyer, uro npu o < 7/2 paboTa CHIIBI TIOJIOKUTEIBHA, B 3TOM cllydae cocTaBisttomas Fs
COBITIAIA€T MO HAINPABICHUIO C BEKTOPOM CKOPOCTH ABMXKeHHS V (cM. puc. 13). Ecom o > m/2, To pabora
cunbl oTpunarensHa. [Ipu o = m/2 (cuna HampaBiieHa NEPHEHIUKYISPHO MEpEeMEIeHHI0) padoTa CHIIbI
paBHa HYJIIO.

Enununa padotsl — mekoyas (x): 1 Ik — pabota, coBepiiaemas cunoit 1 H va mytu 1 m (1 x=1 H - m).

YroObl 0XapaKTepH30BaTh CKOPOCTh COBEPLICHUS pPaOOTHI, BBOJAT MOHATHE MOLIHOCTH

d4
N = TS (11.3)
3a Bpems dt cuma F coseprraer paboty FAr, u MOIIHOCTb, pa3BUBaeMasi 3TOW CHIION, B JaHHBIH MOMEHT
BpEMEHU
N= 'Et—' = FV,

T. €. paBHa CKaJSIPHOMY MPOM3BEACHUIO BEKTOPA CHJIBI HAa BEKTOP CKOPOCTH, C KOTOPOHW JBHXKETCS TOUYKA
NPUIIOKEHUs 3TOH critbl; N — BeNUYMHA CKANAPHASL.

Enunnna momuocty — BarT (BT): 1 BT — MoutHocTh, pu KoTOpoii 3a Bpemst | ¢ coBepiiaercs padora 1 [Ix

(1 Br=1 IOx/c).

§ 12. Kunernyeckasi M NOTEHUMAJIbHAS JHEPTrUH

Kunernueckasi JHeprusi MEXaHUIECKOH CUCTEMBI — ATO HEPTUSI MEXaHWYECKOTO JIBIKEHHS STON CHCTEMBI.

Cuna F, peiicTBys Ha TMOKofIIeecs TeIO M BbI3bIBas €ro JABIKEHHE, COBeplIaeT paboTy, a >Heprus
JIBIDKYIIIETOCSI TeJIa BO3PACTAaeT HAa BEIMUUHY 3aTpavyeHHON paboThl. Takum obpa3om, padota dA cuiel F Ha
IyTH, KOTOPBIM TEJIO MpOIUIO 3a BpeMs Bo3pacTaHus ckopoctd oT 0 10 v, HIET Ha YBEIUYCHHE
KHHETHYeCKOoM sHepruu dT Tena, T. €.

dA4 = dT.

. dv
Hcnonb3ys BTOpoi 3ak0oH HbIOTOHA F=m — U YMHOXas Ha nepemerineHue dr moayyaem
dr

Fdr=m(—i!dr=dA.
de
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Pac. 14

dA

N\

® Kakyio paGoTy coBepiiaet paBHOAeHCTBYIO-
wWas BCex Cun, NPUIOXEHHLIX K Teny, pasHo-

s MEpPHO OBW)XYILEeMYCA MO OKPYXHOCTH?
@ Yro Taxoe MowHOCTL? BuiBegute ee dopmyny.

Taxk xak v=9di to dA = mv dv=mvdv=dT, otkyna
t

v
T = | mvdv = mv?/2.
n

Taxum 06p330M, TEJI0 MacCoM T, IBHOKYIIEECs CO CKOPOCTBIO V, 06J1az[aeT KUHETHYCCKOM BHGPFHeﬁ

T = mv?/2. (12.1)

N3 ¢opmynst (12.1) BUAHO, YTO KUHETUYECKAs YHEPIUs 3aBUCUT TOJIBKO OT MAcChl M CKOPOCTH Tena, T. €.
KMHETHYECKasi SHEPTHsl CUCTEMbI €CTh (DYHKIIUS COCTOSHUS €€ ABHIKEHHUSL.

[Tpu BeIBOEe opmymnsl (12.1) mpeamonaranock, 4TO JABHKEHHE PAaCCMAaTPHBAETCS B MHEPIMAIBLHON CHCTEME
OTCYeTa, TaK KaKk MHaye Helb3sd Obulo Obl HMCIIONB30BaTh 3aKOHbl HbioTOHA. B pa3HbIX MHEpIMaIbHBIX
CUCTEMAax OTCYETa, NBUKYLIUXCS JPYr OTHOCUTEIBHO JIpyra, CKOpPOCTb T€la, a CJEeI0BaTeIbHO, U €ro
KMHETHYEeCKasi Heprusi OyayT HEOAMHAKOBBL. Takum oOpa3oM, KHHETUYECKas SHEPIrus 3aBUCUT OT BBIOOpPA
CUCTEMBI OTCYETA.

IToreHnnanbHasi JHepPrusi — MeEXaHMUYECKas DSHEPIUs CHCTEMBI TeEJ, ONpelessieMas HMX B3aUMHBIM
PacroJI0KEHUEM U XapaKTEPOM CUJI B3aUMOJIEUCTBUS MEX/1Y HUMH.

ITycth B3auMozeHCTBHE TEd OCYLIECTBISAETCS MOCPEACTBOM CHIIOBBIX MOJEH (Hampumep, MOJs YNpPYrux Cuil,
I10JI1 TPAaBUTALIMOHHBIX CUJI), XapaKTEPU3YIOLIUXCS TEM, UTO paboTa, coBepiaeMas AeMCTBYIOIMMHU CUIIaMU
IIPYU NEPEMEILECHNUN TENNa U3 OJHOTO IOJIOKEHUS B IPYroe, He 3aBUCHUT OT TOTO, IO KaKOW TPAaeKTOPUU ITO
IIEPEMEIIEHUE IPOU30ILIO, a 3aBUCUT TOJBKO OT HAYaJIbHOIO M KOHEYHOro NoJokeHui. Takue mnoss
Ha3bIBAIOTCS MOTEHIUAJbHBIMH, a CHJIbI, JICHCTBYIOLIME B HUX, — KOHCepBATUBHBbIMH. Eciu xe pabora,
COBEpIIaeMasl CUJION, 3aBUCUT OT TPAEKTOPHUM NEPEMEILIEHUS TENA U3 OJHOW TOYKH B APYTyIO, TO Takas cuia
Ha3bIBACTCS] AMCCUIIATHBHOI; €€ MPUMEPOM SIBIISIETCSI CUJIa TPEHUS.

Teno, HaxoCh B NOTEHIMATIBHOM TOJI€ CUJI, 001agaeT noTeHuuanbHoi sHeprueit I1. PaGora koHcepBaTUBHBIX
CHJI TIPH 3JIeMEHTapHOM (OECKOHEUYHO MaJloM) M3MEHEHMHM KOH(UIypaluu CUCTEMbl paBHa MPUPALLEHUIO
NOTEHIMAJIbHOM HSHEpPIruu, B3SITOMY CO 3HAKOM MHHYC, TaK Kak paboTa coBepuiaeTrcs 3a cyeT YObUIH
MMOTEHIMAIbHOW JHEPIUH:

d4 = — dIL (12.2)

PabGora dA BbIpaxkaeTcsi Kak CKalsipHOEe Tpou3BeneHue cuibl F Ha mepemenieHne dr u Beipaxenue (12.2)

MO>KHO 3aIluCaTh B BUJIE
Fdr = — dIl (12.3)

CnenoBarenbHo, ecnu u3BectHa (yHkuus II(r), To u3 gopmynst (12.3) moxHo Haiitu cuiy F nmo moaymio u
HaIIPaBJICHUIO.

[ToTennuanpHas sHEPTUst MOXKET OBITH onpeneneHa ucxoas us (12.3) kak

II=—-(Fdr + C,
rae C — TOCTOSIHHAST WHTETPUPOBAHMs, T. €. TMOTCHIMAbHAS JHEPIUsl OMPENeNAeTCs C TOYHOCTBHIO [0
HEKOTOPOH MPOU3BOJIBHOM MOCTOSHHOM. JTO, OJJHAKO, HE OTpakaeTcsi Ha (PU3MUYECKHUX 3aKOHaX, TaK Kak B
HUX BXOJMT WJIHM Pa3HOCTh MOTCHIMAIBHBIX SHEPTUIl B JBYX IMOJOXCHUSIX TeNa, WIK Mpou3BoaHas 1 mo
KoopauHaTaM. [103TOMy MOTEHIIMATIBHYIO SHEPTHIO Tella B KAKOM-TO OMPEAEICHHOM TOJI0KEHHH CUUTAIOT
paBHOW HyNI0 (BBIOMpAOT HYJCBOH ypOBEHb OTCUETA), a ODHEPrHI0 Telda B JAPYIHX IMOJOKECHHUIX
OTCUHUTHIBAIOT OTHOCHTEIHEHO HYJIEBOTO YPOBHsL. J{J1s1 KOHCEPBAaTHBHBIX CHIT

o . _om o
R A A M N P
WM B BEKTOPHOM BHJIE
F= - gadll, (12.4)

rIe
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a1l orl o
grad Il = —i+ —j+—k (12.5)
ox oy 0z
(i, J, K — enuHWUYHBIE BEKTOPHI KOOPAMHATHBIX ocel). Bekrop, ompenensemblii BbipakeHuem (12.5),

Ha3bIBAETCS IPAAMEHTOM cKaJsipa 1.
Jlns Hero Hapsimy ¢ obo3naueHuem grad IT mpumensiercs Takxke obo3nauenue VII. V («Habna») o3Hayaer
CHUMBOJIMYECKUI BEKTOP, Ha3bIBacMblil onepatopoM I'aMmuiabToHa* 1in HalJ1a-onepaTopoM:

) 2 )
%, 9..9 12.6
" axi-u-ayj+azk. (12.6)

* Y. FamunbToH (1805—1865) — mpaHackuii MaTeMaTHK U (U3UK.

Konkpernsiii Bug ¢ynkiuu I1 3aBUcHT OT XapakTepa cuiaoBoro mois. Hampumep, moTeHUMambHas dHEPIUs

TeJla MacCoil 7, MOTHATOrO Ha BBICOTY N HaJl MOBEPXHOCTHIO 3EMITH, paBHA
IT = mgh, (12.7)

rae BbicOTa N OTCUMTBIBaE€TCS OT HyleBOro ypoBHs, it kortoporo IIp=0. Beipaxkenue (12.7) BbITEKaeT
HETOCPEJCTBEHHO U3 TOT0, YTO MOTEHIMAIbHASL SHEPTHs paBHA pabOTe CHIIBI TSHKECTH MPH MAJACHUU Tela ¢
BBICOTBI N Ha MOBEPXHOCTH 3eMTH.

Tak xak Ha4ano oTcyera BEIOMPAETCS MPOU3BOIBHO, TO MOTEHIIMAIBHAS SHEPTHSI MOXKET UMETh OTPUIIATEIHLHOE
3HAYEHUE (KUHemuyeckas sSHepeus ecez0a noaodcumenvra!). Ecniu NpUHATH 32 HyNIb NOTEHUUATbHYIO
SHEPTHUIO TeJa, JIeKAIIEro Ha MOBEPXHOCTH 3eMJIH, TO MOTCHIMAIbHAS SHEPTUS TeJa, HAXOISAIET0Cs Ha JTHE
mraxtel (rryouna h' ), [I= —mgh'.

Haiinem mnoTeHnmanbHyro SHepruio ynpyroaehopmupoBaHHoro tena (npyxkunsl). Cuima  ynpyroctu
MPOIOpLMOHANIbHA AeQOopMaIlHH:

Fypp = — kx,

rae Fy ynp — Tpoexnust cumiibl ympyroctd Ha och X; K — ko3dpuumeHT ynpyroctu (mis mpyKuHbB —
7KECTKOCTD), a 3HaK MHHYC YKa3bIBacT, 4TO Fy yp HallpaBiieHa B CTOPOHY, IPOTUBOIOJIOXKHYIO Ae(opMauu
X.

I[Io Tperbemy 3akoHy HploToHa, nedopMmupyromas cuia paBHa 1O MOAYIKO CHJIE YIPYrocTd H
IIPOTUBOIIOJIOKHO €1 HAIPABJICHA, T. €.

Fy < — Fyyp = kx.

DnemenrtapHas padorta dA, coBepraemas cuioit Fy mpu 6eckoHeuHo Manoit aedopmarmu dX, paBHa

dA=F,dx=kxdx,

a moJiHas pabora

A= [kxde = kP2
' 0

UJEeT Ha YBEJIWYEHHE MOTEHLUMAIbHOW DSHEPrUM MNpYKUHbI. Takum o00pa3oM, MOTEHIMalbHAs >SHEPTUs
yIpyroaepopMUpoBaHHOTO Tea

I = kx*f2.
[ToTeHnnanbHas SHEPTUS CUCTEMBI SIBISETCA (YHKIHEH COCTOSIHHS cUcTeMbl. OHa 3aBHCHT TOJBKO OT
KOH(UTYpAIIU CUCTEMBI U €€ TTOJIOKEHUS 10 OTHOIICHHUIO K BHEIIIHUM TEJIaM.
[MosHas MexaHUYeCKasi JHEPIrUs CUCTEMbI — DHEPIUs MEXAHUYECKOTO IBUKEHHS U B3aUMOJICUCTBUS:
E=T+11,
T. €. paBHa CyMM€ KMHETUYECKON ¥ OTEHIUAIBHOM SHEPTUA.

§ 13. 3akoH coxpaHeHUsI FHEPTUHU

3aKOH COXpaHEHHs] PHEPruu — pe3yibTaT 00OOIIEHUS MHOTMX SKCIEPUMEHTAJIbHBIX JaHHBIX. Maes sToro
3akoHa npuHamnexutr M. B. JlomonocoBy (1711—1765), u3noxuBiieMy 3aKOH COXpaHEHHS MaTepuu U
JIBMDKEHUS], @ KOJMYECTBEHHAas: (OPMYJIMPOBKA 3aKOHA COXPAHEHHs SHEpruu jJaHa HeMelKuM BpauoMm HO.
Maitepom (1814—1878) u nemenkum ecrectBoucibiTatesieM I'. ['enmsmronbiiem (1821—1894).

PaccmoTpuM cuctemy mMaTepuanbHbIX TOYEK MaccaMu My, My,..., Mp, ABHKYIIUXCS CO CKOPOCTIAMH V1, Va,..., Vp.
Ilycte F, F,,..., F, — paBHOAelCTBYIONME BHYTPEHHNX KOHCEPBATUBHBIX CHII, IEUCTBYIONIMX Ha KaXKIYIO

3 »TUX Touek, a Fi, Fy, ..., Fy — paBHOAEHUCTBYIOIIME BHEIIHUX CUJI, KOTOPBIE TaKXe OyaeM CuuTaTh
KOHCepBaTUBHBIMU. Kpome Toro, Oyaem cuuTarh, YTO Ha MaTepUalIbHBIE TOYKU JIEHCTBYIOT €Il U BHEIIHHE
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HCKOHCCPBATHUBHLIC CUJIBI; paBHOﬂeﬁCTByIOIHHC O9THUX CHII, ﬂeﬁCTBYIOHlHX Ha KaXXIAYI0 U3 MAaTCpHUAJIbHBIX

TOYCK, 0003HaYUM f]_, f2, vy fn. HpI/I V<<C MacChbl MaTe€pUaIbHBIX TOYCK IIOCTOSHHBI U YPaBHECHUSA BTOPOTO
3akoHa HproTOHA HJ1 3THX TOYEK CJIICOYIOUINE:
dv, .
m,:g =F, +F +1,
dV2

— =F,+F + 0,
mzdt 2 2 2

dv,

mnd—t =F;, + F, + 1,
JIBurasicb 1OJ JCHCTBHEM CHJI, TOYKH CHCTEMbI 3a HHTEpBal BpeMeHH Ot coBepIIalOT MepeMeIeHHs,
cooTBeTcTBeHHO paBHbie dry, dry, ..., dfh. YMHOXHM KaKa0€ U3 YpaBHEHHUI CKAISIPHO Ha COOTBETCTBYIOIICE

nepeMeIeHue 1, yauThiBas, uro dri==v; dt, moxyuum

my (vdvy) — (F, + F,)dry, = f,dry,
my (v2dvy) — (F, + F)dr, = fdr,,

my, (v,,dv,.) - (F; + Fn) dl‘,, = f,,dl','.

@ [afite onpepgenenws n BbiBeguTe opMynsl @ Yem oGYCNOBNEHO M3IMEHEHWe NOoTeHUWan.L-
1A U3BOCTHLIX BaM BUAOB MexaHWU4ecko#h HOW SHeprnu?
SHOprun. . @ HeobxoanMo Ny ychoBue SaMKHYTOCTH CHCTe-
@ Kakosa cBa3b MeXay CHNoi n NOTeHLUanbHOMA Mbl ANA BLINONHEHNA 3BKOHA COXPAHEBHWA Mme-
3Heprnen? XAHWYECKOH 3HeprMu?

Cn0uB 3TH YpaBHEHHUS, IOJTyYUM

i m; (vidv) — i (F’, + F)dr; = i f;dr;. (131)

iml il ]
[TepBrrit unen neBoi yactu paBeHctsa (13.1)

i m; (vidv)) = 2": d(mp?/2) = dT,

i= i=1

n

rae dT — mpupalnieHue KHHETHYECKOi dHepruu cucTeMbl. Bropoil unen Y, (Fi+F)dr paBeH 3JIeMEHTapHOM
im1

paboTe BHYTPEHHMX M BHEUIHUX KOHCEPBATUBHBIX CHJI, B3STOM CO 3HAKOM MHUHYC, T. €. paBeH

AIIEMEHTapHOMY ITPUPAILECHUIO MoTeHIanbHOoM sHepruu dI1 cucremsr (cm. (12.2)).
[IpaBas yactb paBeHcTBa (13.1) 3agaeT paboTy BHEIIHUX HEKOHCEPBATUBHBIX CHJI, IEHCTBYIOIIUX HA CUCTEMY.
Taxum oOpaszoM, uMeeM
d (T+1I) = d4. (13.2)
[Tpu nepexoxe cucteMsl U3 cocTosiHUs 1 B Kakoe-11bo cocrostHue 2
2

J.d (T+I1) = Ay,
1
T. €. U3MEHEHHUE MOJHOW MEXaHMYECKON PHEPIMM CHCTEMBI IpU NEPEXOJE U3 OAHOIO COCTOSHMS B APYroe
paBHO paboTe, COBEPUICHHOW MpU STOM BHEIIHMMU HEKOHCEPBAaTHBHBIMU cujamMH. Eciu BHelIHHe
HEKOHCEPBATHUBHBIE CUIIBI OTCYTCTBYIOT, TO U3 (13.2) cnenyer, uro
d (T+IT)=0,
OTKyZa
T+ II = E = const, (13.3)
T. €. TIOJIHAs MEXaHWYeCKas DHEPrusi CUCTEMBbI COXpaHseTcs MocTossHHOW. Bwipaxenue (13.3) mpencrarmiser
co00lf 3aKOH COXpaHeHHe MeXaHU4YeCKOil JHEPTruM: B CUCTEME TeJ, MEXKAY KOTOPBIMH JAEHCTBYIOT TOJIBKO
KOHCEPBAaTUBHbBIE CHUJIbI, [TOJIHAS MEXaHUYECKasi SHEPTHsI COXPAHSIETCS, T. €. HE U3MEHSIETCS CO BpEMEHEM.
MexaHHYeCKHue CHUCTEMbI, Ha Tela KOTOPBIX JACHCTBYIOT TOJBKO KOHCEPBATHUBHBIE CHIIBI (BHYTPEHHHE H
BHEIIHHUE), HA3bIBAIOTCSI KOHCEPBATHBHBIMHU CHCTeMaMH. 3aKOH COXPaHEHHUs MEXaHWYEeCKOW 3HEepruu
MO>KHO C(OPMYIMPOBAThH TaK: B KOHCEPBATHUBHBIX CUCTEMaX MOJHAsi MEXaHUYeCKasi SHEPTusi COXpaHsIeTCs.
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3aKOH COXpaHEHUs] MEXaHUYECKOW 3HEPrHU CBA3aH C 00HOPOOHOCMbIO 8pemeru. OIHOPOIHOCTh BPEMEHH
IPOSIBIISIETCS. B TOM, 4YTO (DPU3MYECKHE 3aKOHbl MHBAPHMAHTHBI OTHOCUTEIBHO BbIOOpa Hayajga OTCUeTa
BpemeHu. Hanpumep, mpu cBOOOJHOM MaJeHUU Tella B MOJIE CUJI TSHXKECTH €ro CKOPOCTh U MPOWICHHBIH MyTh
3aBUCAT JIMILIb OT HAYaJIbHOM CKOPOCTH U NMPOJOJDKUTEIBHOCTH CBOOOJAHOTO MaJICHUs Tejla U HE 3aBUCST OT
TOr0, KOTJa TeJIO HayaJlo NalaTh.

CymecTByeT eue OJUH BHJ CUCTEM — JUCCUIIATHBHBIE CHCTEMBbI, B KOTOPBIX MEXaHHYECKas SHEprus
MOCTENICHHO YMEHBIIIAETCS 3a CUET MpeoOpa3oBaHMs B JApyrue (HeMexaHudeckue) (OopMbl SHEPTHU. DTOT
npolece MOoNydrs Ha3BaHWE AUCCHNANUU (WiH paccesiHusi) dHeprun. CTporo roBopsi, BCe CHCTEMBbI B
IIPUPOJIE SABISAIOTCS JUCCUIIATUBHBIMH.

B KOHCepBaTHBHBIX CHCTEMax IOJHAs MEXAaHWYeCKas SHEprus OCTAETCS MOCTOSHHOW. MOryT mpoMCXOIuTh
JIMIB MPEBPAIICHUS] KHHETHYECKOW YHEPIUU B MOTEHIMATBHYIO U OOPAaTHO B SKBHBAJEHTHBIX KOJIMYECTBAX
TaK, 4TO IOJHAsl SHEPrusl OCTaeTCs HEU3MEHHOH. DTOT 3aKOH HE €CTh MPOCTO 3aKOH KOAUUECBEHHO20
COXPAHEHHUs SHEPrUM, a 3aKOH COXPAHEHUS W IPEBPAIICHUS SHEPTUH, BBIPAKAIOLIUN U KAYECMBEHHYIO
CTOPOHY B3aMMHOI'O IPEBPALICHUs pa3IM4YHBIX (OPM JABHXKEHMS JIpYr B JApyra. 3aKOH COXpaHEHUs U
IPEBPAIEHUs] SHEPIUU — @DYHOAMEHMANbHLII 3AKOH Npupoobl, OH CIPAaBEUIUB KaK JUIl CUCTEM
MaKpOCKOIMYECKHUX TeJl, TaK U JUIsl CHCTEM MHUKpPOTEIL.

B cucreme, B KOTOpOW [JEHCTBYIOT TaK)K€ HEKOHCEPBATHBHBIE CHJIbl, HAlpUMEp CHJIbI TPEHMS, IOJHAs
MeXaHU4YecKasi SHEeprusi cucreMbl He coxpansercs. CieqoBaTeslbHO, B 3THX CIIydasX 3aKOH COXpaHEHHUs
MEXaHMUYECKON »Hepruu HecnpaBeuuB. OJHAKO MPU «MCYE3HOBEHUU» MEXAHWYECKOW SHEPIrUu BCeraa
BO3HUKAECT SKBHMBAJEHTHOE KOJIMYECTBO SHEPIUU JApPYroro Buia. Takum o0pa3zoMm, oxepeus Huxoz20a He
ucuezaem u He NOAGIAEMCS 6HOBb, OHA IUWb NPEEPaAwjaemcs u3 00HO20 euda 6 opyeou. B stoMm u
3aKJIIOYAeTCsl  husuueckas CcywHOCmb 3aKOHA COXPAHEHHs M MPEBPAIEHUs SHEPrMM — CYLIHOCTb
HEYHUUYTOKUMOCTU MaTEPUU U €€ IBUKEHUS.

§ 14. I'pa¢myeckomM npeacraBjaeHne SHEPrun

Bo MHormx 3agauax paccMaTpuBaeTCsi OJHOMEpPHOE J[BHXKEHHE Teja, MOTEHLIMalbHas 3HEPrusi KOTOpPOro
ABISIeTCS (YHKUMEH JHIIb OJHOW TMepeMeHHOW (Hampumep, KoopauHaTel x), T. €. II=II (x). I'padux
3aBUCUMOCTH IOTEHLMAIBHON 3HEPTUU OT HEKOTOPOTO apryMEHTa Ha3bIBaeTCs NMOTEHIUATbHOH KPUBOIA.
AHanu3 NOTEHUUAIbHBIX KPUBBIX [T03BOJISIET ONPECIINTh XapaKTep JIBUKEHUS Tela.

bynem paccMarpuBaTh TOJBKO KOHCEPBATUBHBIE CUCTEMBI, T. €. CUCTEMBI, B KOTOPBIX B3aUMHBIE NIPEBPALLEHUS
MEXaHMYECKON 3HEpPruu B Apyrue BUAbl OTCYTCTBYIOT. Toraa crpaBelIMB 3aKOH COXpPAaHEHHUS SHEPIUU B
¢dopme (13.3). PaccmoTpum rpaudeckoe npeacTaBieHne NOTEHIUATbHOM SHEPTHH IS Tella B OJTHOPOTHOM
0JI€ TSHKECTHU U JUI yIPYTroAe(OpMUPOBAHHOIO Tea.

[ToTeHIManbHAast SHEPTUs Tella MACCOM m, TIOAHATOrO Ha BBICOTY N Hajl MOBEpXHOCTHIO 3emiH, cornacHo (12.7),

IT (h)=mgh. I'padux nannoii 3aBucumoctu I1 = TI(h) — mnpsmas nUHUS, TPOXOJSIIAs Yepe3 HavaIo
KOOpauHAT (puc. 15), yroa HakjIoHa KOTOpO#i K ocu h Tem Oosbine, yeM Ooibllie mMacca Tela (Tak Kak
tga=mQ).

[Tycte mosHasi 3Heprus Tena paBHa E (ee rpaduk — mpsmas, napamwienbHas ocu h). Ha Beicote h Teno

o0JazjaeT noTeHIMaIbHOM sHeprueil I1, koTopas onpesaesnseTcss OTpe3KOM BEPTHKAIH, 3aKITIOUEHHBIM MEXIY
toukorr h Ha ocm abcmucc u rpaduxom II(h). EctectBeHHO, uTO KMHETHuecKas dHeprus I 3agaercs
opauHaroit mexay rpadukom I1(h) u ropusonTansHoil npsmoit EE. U3 puc. 15 caenyer, uro ecinu h=hpmay,
to 7=0 u I[I=E=mghpa, T. €. MOTEHIHAIbHAS SHEPTHsI CTAHOBUTCS MAKCHMAalbHOW W paBHOW IOJHOM
JHEPIHUH.
W3 npuBeneHHOr0 rpaduka MOKHO HAWTH CKOPOCTh Tella Ha BhIcOTe N:
T=E-T1I, 1 e mv?2 = mghy, — mgh,

v = /28 (huax — h).

3aBUCHUMOCTh TOTEHIMAIBHON SHEPruM ymnpyroil nedopmanuu M=kx*/2 ot nepopManuu X HMMeEET BUJI
napabossl (puc. 16), rae rpaduk 3aaaHHOM MMOJNHON SHEPrUM Tena £ — mpsiMasi, napajenbHas ocu abcuuce
x, a 3HaueHusa I u Il ompenpensAroTcs Tak ke, kak Ha puc. 15. 13 puc. 16 cnenyer, 4To ¢ BO3pacTaHuEM
nedopmMaruy x MOTeHLIMAIbHAS SHEPTus Tella BO3pacTaeT, a KHHeTHYecKas — yMeHbIIaeTcs. AGcIucca Xmax
oTlpesieNisieT MaKCHUMajlbHO BO3MOXHYIO Je(OpMalUIO0 pACTSDKEHUS Tela, & —Xmax — MAaKCHMalbHO

OTKYy/1a

BO3MOXHYIO JieopMaIiio cxatus tena. Eciu x = xmax, 70 T=0 u [I=E=K Xfw /2, T. e. mOTEHIMAIbHAS
SHEPTHUsI CTAHOBUTCSI MAaKCUMAJIbHOM U PABHOM MOJIHOM SHEPTHH.
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n Pac. 15

® B yem 3axnioqaeTcs 38KOH COXpaHeHRUA Mexa-
Huyeckoh aveprun? Jns Kakux CHCTeM OH Bbi-

\\

] nonHaAerca?
n 1 ® B yem pnanveckan CyuHOCTb 3BKOHA COXpa-
o JI HEHWA W npespailyeHnA dHeprwu? Mouemy oH
— ABNAETCA (PYHAAMEHTANbHLIM 38KOHOM NpK-
h hmax h poabI?

N3 anammza rpaduka Ha puc. 16 BBITEKaeT, 4TO MPH TOJHON SHEPTHUU Tella, PaBHOW FE, TEIO HE MOXKET
CMECTHUTBCS MPABEE Xmax U JIEBEE —Xmax, TAK KaK KHHETUYECKAs] SHEPTUsSl HE MOXKET ObITh OTPULIATEIIHLHOM H,
CJIeIOBATEIbHO, MOTEHIMAIbHAS JHEpPrHsl HE MOXKET ObIThb OoJibllie MOJHOW SHEpruu. B Takom cimyuae
TOBOPST, YTO TEJIO HAXOAUTCS B MOTEHUHAJIBLHOM IMe C KOOPAUHATAMH — Xmax < X < Xmax.

B o0meM ciydae moTeHIMaIbHAS KPUBAasi MOXXET MMETh JOBOJBHO CJIOXKHBIM BHJI, HAIIPUMEP C HECKOJIbKUMU
YepeAylomuMucss MakcuMymamMu W MuHuMymamu (puc. 17). Ilpoanamusupyem 5Ty NOTEHIHAIbHYIO
kpuByto. Ecnu E — 3aiaHHas ojiHas SHEPrusl YacTUIIbI, TO YaCTHIIA MOXET HAXOJUTHCS TOJBKO TaM, T/e
II(x) < E, 1. e. B obmactax | u lll. ITlepexoauts u3 obaactu | B 11l 1 06paTHO yacTHIla HE MOXKET, TaK KakK ei
MPEISITCTBYET MOTeHHUANbHBIA O0apbep CDG, mmprHa KOTOPOro paBHAa HWHTEPBATY 3HAYCHUH X, TPH
kotopeix E < II, a ero Beicota ompezaensercss pasHOCTBIO [lm.x—E. st Toro urobsl wactuia cmoria
MIPEOJI0IETh NMOTEHUUANbHBIN Oapbep, €l HeoOXOaUMO COOOUIUTH JOIMOJHUTENbHYIO SHEPrui0, pPaBHYIO
BBICOTE Oapbepa WM MpeBblmaoiyl0 ee. B obmactu | vactuna ¢ monHo# »sHeprueit £ oka3bpiBaeTcs
«3anepToii» B moTeHImanbHou sime ABC 1 coBepIaeT KojeOaHusi MEeXIAy TOUKaMU C KOOPJIMHATAMHU XA U XC.

B touke B ¢ koopauHaTo# xp (puc. 17) moTeHuuanbHas SHEPTUs YaCTHIIbl MUHUMalIbHA. Tak Kak JeicTByromas

on .
Ha yactuny cuia (cm. § 12) Fe= ™ (IT — ¢yHK1IMA TOIBKO OJHOM KOOPIMHATHI), a YCIOBUE MUHMUMYMa

MOTEHIIMAJIbHON SHEPTUU 5;=0, T0 B Touke B —Fy = 0. [Ipu cMenieHnn 4acTHIIBI U3 TIOJIOKEHUS Xo (M BICBO

W BIPAaBO) OHA WCHBITHIBAET JEHCTBUE BO3BpAIIAIONICH CHIJIBI, IMO3TOMY TIOJIOKEHHUE X SBIISICTCS
THOJIO)KEHUEM YCTOHYHBOIO PABHOBECHSI. YKa3aHHbBIC YCIOBUS BBINOJIHSAIOTCS M Ul TOUYKH Xy (1 [max).

O,Z[HaKO 9Ta TOYKa COOTBCTCTBYCT IOJIOKCHHUIO HCyCTOﬁ‘lHBOFO PaBHOBECUHA, TaK KaK IIPpU CMCIICHUH
YaCcTHUIIbI U3 ITOJIOXKCHUA Xé MOABJIACTCA CUJIa, CTpEMAIIAACA YIAJIUTh €€ OT 3TOT'O IMOJIOKCHUS.

§ 15. Yaap a6co/110THO yNIPYruX U HEYNPYrux Teja

[IpumepoM npHMEHEHHs 3aKOHOB COXPAHEHHUs MMITYJIbCa M DHEPrHMM IpU PELIeHUH pealbHOU (pu3mueckoi
3aJ1auM SBIJISETCS yJaap aOCOMIOTHO YIPYTHX U HEYIPYIHX Tell.

Yaap (uim coyaapeHme)—d3TO CTOJKHOBEHHE JBYX WM Oojiee Tel, MPH KOTOPOM B3aMMOJACHCTBHUE IUTCS
OoueHb KopoTkoe Bpems. Ilomumo yaapoB B MpsIMOM CMBICIE 3TOTO CJIOBa (CTOJIKHOBEHMSI aTOMOB WIIU
OMJUIMApIHBIX IIAPOB) CIOJIa MOKHO OTHECTH M TaKHe, Kak yJap 4YelloBeKa O 3€MJII0 MPH MPBDKKE ¢ TpaMBast
u T. 1. Cuiibl B3aUMOAEMCTBUS MEX/y CTAIKUBAIOLUIUMHUCS TEJIaMU (yOapHbie WA MCHOBEHHblE CUlbl) CTOIb
BEJIMKH, YTO BHEIIHUMH CHUJIaMU, IEHCTBYIOIIMMHU Ha HUX, MOXKHO NpeHeOpedb. DTO MO3BOJIIET CUCTEMY Tell
B MpOIECCE UX COYAAapeHUs MPUOIMKEHHO paccMaTpUBaTh KaK 3aMKHYTYIO CHCTEMY U NPUMEHSTh K Hel
3aKOHBI COXPAHEHUS.

04 Puc. 16

@ UTO TaK0® NOTEeHLUMANBLHAA AMAa? NOTeHYWanb-
Huift Gapbep?

© Kaxue 3aKNOMeHWA O XapaxTepe ABMXEeHWA
TN MOXHO CABNATL N3 AHANUSA NOTeHUMaNL-
HbiX KPHBbIX?

@ Kax oxapaxtepn3osath NONOGXEHHA YCTOA4H-
BOTO M HEYCTOH4YNBOro paBHoBecKHA? B uem nx

“Xmay Xmax ¥ pasnnune?

Tena Bo Bpemst yaapa npeteprieBatoT aedopmarnuio. CyIIHOCTh yaapa 3aK/I04aeTcsl B TOM, YTO KHHETHYECKast
SHEPTHsI OTHOCUTEILHOTO JBIDKCHUS COYIApPSIFONIUXCS TEI Ha KOPOTKOE BpeMs MPeoOpa3yeTcsi B SHEPTHIO

\

! ,

{ ,
| T
¥

{

|

|

|
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ynpyroii nepopmanuu. Bo Bpems ymapa HMeeT MeECTO IepepaclpenesieHHe DSHEPruu  MExXIy
coyaapsitoumucs Tenamu. HabmioaeHus: moka3bpIBaloT, YTO OTHOCHUTEIbHAsI CKOPOCTh TeJ MOcje yAapa He
JOCTHTAeT CBOETO MPEXKHETo 3HAUEHUs. DTO OOBACHIETCSA TE€M, YTO HET MJICAIbHO YIPYTUX Tell U UIeaIbHO
TNIAJIKUX TOBEpXHOCTEH. OTHOIIEHNE HOPMAIbHBIX COCTABIISIFOIIMX OTHOCHTEIBHOM CKOPOCTH TeJ IMOCIe U
7la yaapa Ha3bIBaeTcsl KO3(p(puIHeHTOM BOCCTAHOBJICHHA €.

!
e=Vv,lv,

Ecin nnst crankuaromuxcst Ten €=0, To Takue Tejla Ha3bIBAlOTCA A0COJIOTHO HEyNpYrumu, eciau =1 —
a0cooTHO ynpyrumu. Ha npaxtuke ais Bcex ten 0 < € < 1 (mampumep, i CTalubHbIX mapoB €~0,56, s
mapoB W3 CiIoHOBOW koctu €~0,89, mis cBuHma €~0). OgHAKO B HEKOTOPBIX Cydasx Tela MOXKHO C
0O0JIBIION CTENEHBI0 TOYHOCTU paccMaTpuBaTh JHOO Kak aOCONIIOTHO yHpyrue, OO Kak aOCOIIOTHO
HEyIpyTue.

[Ipsimas, npoxojnsmias depe3 TOUKY CONPUKOCHOBEHHUS Tell M HOpPMallbHas K IOBEPXHOCTH UX
CONMPUKOCHOBEHUS, HA3bIBACTCA JMHHMEH yaapa. Yaap Ha3bIBacTCsl WEHTPaJbHBIM, €CIUM Teja 10 yaapa
IBUKYTCS BAOJb MPSAMOM, MpOXOIsliedl yepe3 WX LEHTphl Macc. Mbl OynemM paccMaTpuBaTh TOJBKO
yenmpanbHvle aDCOIIOTHO YIIPYrUue U aOCOIIOTHO HEYNIPYTHE yIaphl.

AOCOJIIOTHO yNpPYruii yaap — CTOJIKHOBEHHE JBYX TeJl, B pe3ylbTareé KOTOpOro B 000uX
B3aMIMOJICHCTBYIONINX TeJaX HE OCTAeTCS HUKAKUX jaeopMarnuii U BCS KMHETHUYECKAs YHEPTHUS, KOTOPOM
obnananu Tena A0 yaapa, Mocje yaapa CHOBA MPEBPAIaeTCsl B KHHETUUYECKYIO SHEPTUI0 (IOTYEPKHEM, UTO
3TO UOEANUZUPOBAHHBIU CIYUALL).

Jlis aOCoONIOTHO YHOPYroro yjaapa BBIIONHSIOTCS 3aKOH COXPAHEHHS HMMIYJIbCa U 3aKOH COXpPaHEHUs
KUHETHUYECKON SHEPIUMU.

O0603HaYNM CKOPOCTH IIAPOB MaccaMy /1 U My 10 yaapa yepes Vi U Vo, mocne yaapa—uepes  V; u V), (puc.
18). B ciydyae mpsAMOro LEHTpaIbHOTO yJapa BEKTOPHI CKOPOCTEW IMIApOB 0 M TOCIE yaapa Jiexar Ha
MPSIMOM JIMHUM, COCTUHSIIONIEH MX HEHTPHI. [IpoeKIuu BEKTOPOB CKOPOCTH HA ATY JIMHUIO PaBHBI MOAYJISIM
ckopocTeil. X HampaBiieHus ydTeM 3HaKaMH: MOJIOXKHUTENbHOE 3HAYCHHE MPUIHILIEM JIBHXKEHUIO BIIPABO,
OTPHUIIATENTH-HOC — JBM)KCHHIO BIIEBO.

My

My
~E3>4—-0 vyt ——-
my m
2
B

Pac. 17 Pac. 18

[Ipu ykazaHHBIX AOMYIIEHUSX 3aKOHBI COXPaHEHUSI UMEIOT BU]L
mv; + mv; = mlv', + mzv',, (151)
mw?  mwl mpl mp?
> > 2t (15.2)
[IpousBenst cOOTBETCTBYIOIIHE MTpeoOpa3oBanus B BeipaxkeHusx (15.1) u (15.2), momyuum
m (v — v)) = my (vy — vy), (15.3)
m @} = o)) = m 0} - vd, (15.4)
OTKYyJa
v+ v =1+ v (15.5)
Pemas ypasnenus (15.3) u (15.5), naxoaum
v, = (m1 — my)v; + 2myv, (15.6)

m 4+ m .
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vlz _ (my — m)vs + 2’”1”1. (157)
m + m
Pazbepem HECKOIBKO MPUMEPOB.
1. ITpu v,=0
v'l = T szh (15 8)
m; + my !
. 2m,
vV, = m‘vl. (159)

[Tpoanamm3upyem BoipakeHus (15.8) B (15.9) mis aAByx mapoB pa3InyHBIX MaCC:

a) my=my. Ecnu BTOpO# map 1o yaapa Bucen HenoaBuxHO (Vo=0) (puc. 19), To mocie ynapa 0CTaHOBUTCS
nepssblit map (V; =0), a Bropoil OyaeT JBUraThCsl ¢ TOH K€ CKOPOCTBIO U B TOM K€ HAIPaBJICHUH, B KOTOPOM
ABUTAJICS NEPBBIH map 10 yaapa (V, =V,);

6) mi1>my. IlepBblil map MpPoOIOIDKAET BUraThCsl B TOM K€ HaIlPaBJIICHHWH, KaK U JO yaapa, HO C MEHbIIei
ckopocThio (V; <Vi). CKOpOCTh BTOPOrO IIapa Iocie yaapa OoJblle, YeM CKOPOCTh MEPBOTO IOcje yaapa
(vy>Vv;) (puc. 20);

B) mi<my. HampaBneHnue ABMKEHMsI TEPBOTrO Iiapa MpH yaape H3MEHsSeTCS—IIap OTCKAaKMBAeT OOpaTHO.
Bropoii map ABUXKETCS B Ty K€ CTOPOHY, B KOTOPYIO ABUTAJICS NEPBBIA IIAp 10 yaapa, HO ¢ MEHbIIEH
CKOPOCTBIO, T. €. V, <V1 (puc. 21);

r) m2>>my (HaupuMep, CTOJIKHOBEHHE I1apa co creHoi). 3 ypaBuenuit (15.8) u (15.9) cnenyer, uro v, = -V,
V; z2m1v1/m2z0.

m;
m
-G’-—bv — o ~
A 1 K —O—>{—Jwr ——
my e m, m,
: 1
v, 00 e-w,--@—w;-— <8~y
vV
Prc. 19 Pac. 20 _ Prc. 2]
2. llpu m1=my BeIpaxenus (15.6) u (15.7) Oynyt umeth BUI
vi=1v, v;=u,
T. €. IIapbl paBHOM Macchl «OOMEHUBAIOTCS» CKOPOCTSIMH.
AGCO/IIOTHO HEYNPYrHil yaap — CTOJKHOBEHHE JIByX Tel, B pe3yjibTaTe KOTOPOro Teiaa OO0BbEeIUHSIOTCS,

JIBUTASCh Jajibllle Kak eAuHoe Ienoe. [IpogeMOHCTpHUpOoBaTh aOCONIOTHO HEYNPYTHAd yAap MOXHO C
MTOMOIIIBIO MIAPOB U3 MIIACTHIINHA (TJIUHBI), IBUKYIIUXCS HABCTPEedy APYT Apyry (puc. 22).

Ecim maccel mapoB mi U mp, HX CKOPOCTH JIO yaapa Vi U Vy, TO, UCTIOJB3YS 3aKOH COXPAHCHUS MMITYJIbCa,
MOJKHO 3amucaTh

myv; + myv, = (m + my) v,
r7e V — CKOpOCTh ABM)KECHHUS IapoB Tocie yaapa. Torma
O\ i (15.10)
m+m

Eciu mrapel ABMXKYTCS HaBCTpEdy JAPYT IPYTY, TO OHU BMECTE OYAyT MPOJIOJDKATh IBUTATHCS B Ty CTOPOHY, B
KOTOPYIO JBUTAJNCS ImIap, oOJajaromuii OONbIIMM HUMIYJILCOM. B 4YacTHOM ciydae, €clid MacChl IIapoB
paBHBbI (m1=my), TO

v= (v + vo)/2.

BhIACHUM, KaK M3MEHSETCsl KHHETHYecKash YHEpPrys MIapoB NPHU LEHTPAJbHOM abCOMIOTHO HEYNPYroM y/ape.
Tak kak B nponecce CoyaapCHusda MmapoB MCKIAY HHUMU HeﬁCTByIOT CHJIBI, 3aBHUCAINIMEC HEC OT CaMUX
neopMaIii, a OT MX CKOPOCTEH, TO MBI HIMEEM JIENIO C CHIIAMH, ITOJ00HBIMH CHJIaM TPEHUS], TI09TOMY 3aKOH
COXpPAaHCHUA MEXaHHYEeCKOU OHCPIrunu HC OOJIKCH CO6HIOI[3TLC${. BCJ‘IC,[[CTBI/IC l[e(I)OpMaLII/II/I IMPOUCXOOUT
«TI0Teps» KMHETHYECKOi YHEpPryH, Mepele/el B TeNNIoBYI0 WK Apyrue GOpMbI JHEPTHH. DTy «IIOTEPIOY
MOKHO OIIPEACIUTD 110 Pa3HOCTH KHHETHYECKOHU OHCEPTHUU TCII 40 U NIOCJIC yaapa:
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Ucnonszys (15.10), nonydaem

mym;
= (0 — v)
2(m 4+ my)
Ecnu ynapsiemoe Teno ObU10 epBOHAYAIBEHO HENOIBMKHO (V2=0), TO

2
mpw m my
po B gp_ M mvi
my + my m 4+ m 2

My Pac. 22

M
—@—>vf Vzﬁe'- ® Yem ornnuaerca abCoONIOTHO yNpyruih yaap or

) a6conioTHO Heynpyroro?
Mmy+m, @ Kax onpegenntb CKOpOCTV TeNn Nocne LeHTpa-
nbHoro a6conioTHO ynpyroro yaapa? Cnefcr-
- V—— BMOM KaKWX SRKOHOB ABNAICTCA 3TH BbLIPBXKO-
HUA? .

Korga my>>m; (Macca HEMOABMXKHOTO Tejla OYeHb OoJibllas), TO V<<V]; U MOYTH BCS KMHETHYECKAas dHEPrus
TeJa MpH yAape NepexoauT B Ipyrue Gpopmsel sHepruu. [loatomy, Hanpumep, AJis MONTYYSHUS 3HAUUTEIHHON
nedopManuy HaKOBAIBHS JIOJDKHA OBITH MacCHBHEE MoJoTKa. HaobopoT, nmpu 3a0MBaHWU TBO3AEH B CTEHY
Macca MOJIOTKAa JOJDKHA OBITh ropas3mo Oosbiiei (Mp>>Mmy), Torma VAV; M MPAKTUYECKH BCS JHEPIUs
3aTpayrBaeTCsl Ha BO3MOXKHO OOJIbIIee MepeMEIIeHUE TBO3/IS, @ He Ha OCTaTOYHYIO J1e(hOpMaIiio CTEHBI.

AOCONIOTHO HEYNpYTWil ygap — MpUMEp TOro, KaKk MPOUCXOTUT «IIOTEepsS» MEXaHWYECKOW SHEPTUU TOJ
NEHCTBUEM ITUCCUIIATUBHBIX CHJL.

3agaun

3.1. Ompenenuts: 1) paboTy NOJHATHSA TPy3a MO HAKIOHHOW TUIOCKOCTH; 2) CPEIHIOI M 3) MaKCHMalbHYIO
MOIIIHOCTH MOABEMHOT0 YCTPONCTBA, eciu Macca rpy3a 10 Kr, AJiMHa HAKJIOHHOM IUIOCKOCTH 2 M, YTOJ €€
HaKJIOHA K TOpu30HTY 45°, koadduuuent tpenus 0,1 u Bpems noasema 2 c. [1) 173 JIx; 2) 86 BT; 3) 173
BT]

3.2. C Gamram BBICOTOH 35 M TOPU30HTAILHO OporieH kameHb Maccoi 0,3 kr. [IpeHeOperas conpoTUBICHHEM
BO3/yXa, OMpPEIeNnTh: 1) CKOPOCTh, C KOTOPOW OpollleH KaMeHb, eclii uepe3 1 ¢ mocie Havajga JIBUKEHUS
ero kuuernyeckas sHeprus 60 /x: 2) noTeHIHaIbHYIO0 3HEPTHUIO KaMHs yepe3 1 ¢ mocie Havana JIBUKEHUSI.
[1) 17,4 m/c; 2) 88,6 JIx]

3.3. IIpenebperas TpeHHEM, ONpPENEIUTh HAUMEHBIIYIO BBICOTY, ¢ KOTOPOW JIOJDKHA CKAaThIBaThCs TEJIEkKKa C
YeJI0BEKOM I10 XKeJlo0y, mepexoasdiemMy B nemito paanycoMm 10 M, yToObl OHA cliealia MOJHYIO METI0 U He
BhITIAJIa U3 Kenoba. [25 M|

3.4. Tlynsa maccoit M=10 T, JeTeBmas TOPU30HTATHHO CO CKOPOCTHIO V=500 M/c, TomagaeT B OaJTUCTUICCKHIA
MasTHUK JUIHHOHM |=1 M u maccoit M=5 kr u 3actpeBaeT B HeM. ONpeaenuTh yrojl OTKIOHCHUS] MasSTHHKA.
[18°30"]

3.5. 3aBUCHMOCTb MOTEHLMAIbHOM >HEPrUM YacTHUIIBl B IIEHTPAJIHHOM CHIJIOBOM II0JIE OT PACCTOSHUS I 10

[EHTpa MOJsl 3amaetcsi BeipaxeHuem I1 (1) = rﬁz—%, rne A u B — TMOJNOXUTEIbHBIE MOCTOSIHHBIE.
Onpenenuts 3Ha4EHHE ), COOTBETCTBYIOIIEE PABHOBECHOMY IOJOXKEHUIO YacTHUIBL. SBisgercs nu 3TO
MOJIOKEHHE TIOJI0KEHHEM YCTOHYMBOTO paBHoBecus? [Fo=2A/B]

3.6. IIpu neHTpasbHOM abCOMIOTHO YIPYTOM yAape IBHXKYIIEECs TEJIO MacCo mi yaapsieTcs O MOKosIieecs
TEJ0 Maccoil My, B pe3ysbTare 4ero CKOpocTh MEepPBOro Tejla yMmMeHblaeTcs B N=1,5 pa3a. Onpenenuts: 1)
OTHOIIEHHE Mi/My; 2) KUHETUYECKYI0 SHEpruto 7, BTOPOro Teja, €CM IepBOHAYaJIbHAs KHHETHYECKas
sueprus nepsoro tena T1=1000 J[x. [1) 5; 2) 555 JIx]

3.7. Teno maccoil m1=4 Kr IBHXKETCS CO CKOPOCTBIO Vi=3 M/C M yAapsieTcs O HENOJBI)KHOE TeJIO TaKoH ke
Maccel. CuuTas yaap LHEHTPAJIbHBIM M HEYNPYTUM, ONPEAeUTh KOJIMYECTBO TEIUIOTHI, BbIACTUBIIEECS MPU

yaape. [9 JIx]
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I'nasa 4 Mexanuka TBepAOro reja

§ 16. MoMeHT MHepUHMH

[Ipu W3ydeHUHM BpaIICHUS TBEPIBIX TEI OYyAEM IOJIB30BATHCS MOHATHEM MOMEHTa HWHEpHud. MoMeHTOM
WHEPIMHU CHUCTEMBI (Tejla) OTHOCUTEIBHO JAHHOW OCH Ha3bIBaeTCs (U3MYECKas BEIMYMHA, paBHAS CymMMe
MPOM3BEACHNN MaccC J1 MaTEPUAIbHBIX TOYCK CHCTEMbI Ha KBaJpaThl UX PACCTOSHHM 10 paccMaTpHUBACMOM
ocu:

n
J=Y mr!
im]
B citydae HerpepbsIBHOTO pacipe/ieieHUs] MacC 3Ta CyMMa CBOJUTCS K MHTErpaly
J=[rdm,

r7le MHTETPUPOBAHKME TPOM3BOJUTCS 1O BCeMy 00beMy Tena. BemuumHa ' B 3TOM citydae ecTh (yHKIHS
MOJIOYKCHHSI TOYKH C KOOPAMHATAMH X, Y, Z.

B kauecTBe mpumepa HaiijieM MOMEHT HHEPILIUH OJHOPOJIHOTO CILIONIHOTO IUIMH/pa BRICOTON h n paanycom R
OTHOCUTENILHO €ro reomerpuueckod ocu (puc. 23). Pa3o0beM UMIMHAP Ha OTACIbHBIC IOJIbIC
KOHIIEHTPHYCCKHE IIMIMHAPBI OCCKOHEUHO MajIoi TOMIKHBI df ¢ BHYTPEHHUM PaKyCcoM I' U BHEITHUM F+dr.
MOMEHT HHEpLHH KaXI0ro mojioro muinHmpa dJ=r’dm (rak kax dr<<r, To cunrtaeMm, 4T0 PacCTOSHHE BCEX
TOYEK IUJIMHAPA OT OCH PaBHO I), Tae dM — Macca BCEro 3JAeMEHTApHOTO HUIIMHAPA; ero oowvem 2nrhdr.
Ecin p—mnornocts Marepuana, to dm=2nrhpdr u dJ=27hpr’dr. Torgqa MOMEHT WMHEPLUM CILUIOLIHOIO
[UIAHAPA

.
J = [dJ = 2nhp [ Pdr = '/;zhR*p,
0

HO TaK KaK 7RN — 00beM mumHIpa, To ero Macca M=7R’hp, a MOMEHT HHepLHH
J=1/,mR?

Ecnu n3BecTeH MOMEHT MHEpPLMH Tejla OTHOCUTENIBHO OCH, IMPOXOASIIEH uepe3 ero HEHTP Macc, TO MOMEHT
WMHEPIMH OTHOCHTEIBHO JIIO00H Ipyroil mapauuienbHoil ocu onpenaensercss Teopemoii LllTeiinepa: MmomeHT
MHEepUUH Tesla J OTHOCUTEIbHO NPOU3BOJIBHOM OCH PaBeH MOMEHTY €ro MHepuuu JC OTHOCHUTENIBHO
napajieJIbHOW ocH, Ipoxosuiel uepe3 neHTp mace C Tena, CI0KEHHOMY € IIPOU3BEJCHUEM MacChl m Tella
Ha KBaJpaT PacCTOSTHUS @ MEXIY OCAMH:

J=Jc+ma?. (16.1)

B 3axmroueHue mnpuBeneM 3HAUEHHS MOMEHTOB MHepuUuHu (Tabu. 1) A HEKOTOpHIX Ten (Tejla CUMTAIoTCS

OJTHOPOJHBIMH, /1 — Macca Teja).

Ta6auma 1
- MowmenT
Teno HNonoxeane oca

Ilonuit Tomxocremmnili mumEgp! Och caMMerprR mR*
pamaycom R

Conomnol wammaap wm gack pa-|  To xe ‘ 1/,mR?
maycoM R

ITpsmoit Toxad crepxess pmm-| Och nepneHgHKyNSpEA CTEPAHIO 11amP
goit [ . OPOXOIHT YEPe3 ero cepemuHy

Ipsmoit Toxmit crepxems am-| OChb NepHCH/EXYNSPHA CTEPXHIO 1smP
Hol / IPOXOIMT 9epe3 ero KOHEll

Map pamaycom R OCh NPOXOIET Yepe3 NEHTP Iuaps 2/smR2

Pac. 23

@ Yro Takoe MOMEHT HHepLuum Tena?
@ Kaxosa ponb MoMeHTa MHepuwu BO Bpauja-
TONLHOM [BWXEHNUN?
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§ 17. Kuneruueckasi JHeprusi BpalleHust

Paccmotpum abcomoTHO TBepaoe Teno (cM. § 1), Bpararomieecs OKOJIO HEMOABIKHON OCH Z, MPOXOJISIICH
yepe3 Hero (puc. 24). MpICIIEHHO pa300beM ATO TEJIO Ha MaJICHbKHE 0OBEMBI C JIEMEHTAPHBIMH MaccaMu
mi, my,..., My, HAXOSIIKUECS Ha PACCTOSIHUMU [1, I7,..., Iy OT OCH.

[Ipu BpalieHuu TBEPAOTO Tela OTHOCUTEILHO HEIMOJBIKHOM OCH OTHEJIbHBIE €ro 3JeMEHTapHble 00BEMBI
Maccam¥ M; OMHUIIYT OKPYKHOCTH PA3IMYHBIX PAIUyCOB I, © HIMCIOT pa3IUYHbIE JIMHEHHBIE cKopocTH Vi. Ho
TaKk Kak Mbl paccMaTpuBaeM aOCONIOTHO TBEPAOE TENO, TO YIJIOBask CKOPOCTh BpallleHUs STUX O0BHEMOB
OJINHAKOBA:!

w = m/rl = vz/r; = o = 1),./7',.. (171)

KuHeTn4yeckyro 2HEprHi0 BPAIAOIIETroCs Tea HailieM KaKk CyMMY KHHETHUECKUX YHEPTUH €ro AJIeMEHTaPHBIX
00BEMOB:

2 2 2
mvl  myv} myv}
Ty = + + o+
" 2 2’
W
" muy?
Tw= 12 2

Hcnonw3ys Beipaxkenue (17.1), monyuaem
n 2 2 n 2
m; 2 (1)) 2
Tw= Y ri=5 Lmri=—r
i1 i=1
riae J;, — MOMEHT WHEPIUH Tejla OTHOCHTEIBHO OCH Z. TakuM 00pa3oM, KWHETHYESCKAst SHEPTHsI BPAIAOIIEroCcs

TCl1a

Ty = J;0?/2. (17.2)

N3 cpaBuenus ¢opmynsl (17.2) ¢ BelpaxenueMm (12.1) myis KUHETHYECKOH HSHEPrHU Tejia JABIKYLIETOCS
nocrymarensHo (T=MV?/2), crieyer, 4To MOMEHT HHEPLIUH — Mepd UHEPMHOCMU Melld TIPH BPALATeTbHOM
neuxeHnnu. @opmyna (17.2) cripaBeanuBa Ajis T€Jla BpaIllaloOLIErocss BOKPYTr HEMOABUKHON OCH.

B cnydae miockoro ABMKEHMs Tela, HapUMep LMIMHJIPA, CKaTHIBAIOIIEIOCS C HAKJIOHHOW IUIOCKOCTH 0e3
CKOJIbJKEHUS, DHEPIUs IBUKEHMSI CKJIAJbIBAETCS W3 SHEPrUU IOCTYNATEIbHOIO JBUKEHHUS U HSHEPTrUU
BpALLCHUS:

ro e + chz,
2 2

rie M — macca Kardmierocs Tena; Ve — CKOpPOCTh IIEHTpa Macc Tena; JC — MOMEHT MHEpLUMH Tela

OTHOCHUTEJIBHO OCH, IIPOXOIAIIEHN Uepe3 ero LEHTP MAcC; @ — YIJIOBasi CKOPOCTH TEJa.

Puc. 24

©® BuiBegurte copMyny ANA MOMEHTa WHepuwn
ofpy4a.

® Chopmynupyiite n nosichute veopemy UWrei-
Hepa.

@ Kaxosa ¢hopMyna AnR KWHeTNHecKon 3Heprnu
Tena, BPALLAIOWErocA BOKPYr HENOLBUXHOM
OCH, W KaK ee BbiBecTn?

§ 18. MomeHT cuiibl. YpaBHeHHE IMHAMHUKH BPAIIATEIbHOI0 IBUKEHUsS] TBEPAOIo TeJia

MoMeHTOM cHJIbl F OTHOCHTEJBLHO HeNMOABMKHOW ToukH O Has3piBaeTcs (U3MYECKas BEJIMYUHA,
orpejenseMass BEKTOPHBIM TPOU3BEIECHUEM paJnyca-BeKTOpa I, MPOBEACHHOTO W3 TOYKU O B TOUKY A
MIPUJIOKEHUS CUJTbl, Ha cuity F (puc. 25):

M = [rF]

3nece M — ncegdogekmop, €ro HampaBlICHWE COBIAJACT C HANpPaBICHUEM IOCTYNATEILHOTO JIBUKCHHS

MIPaBOTO BUHTA MIPH €ro BpaiieHuu ot I kK F. Moayias MOMeHTa CHUITBI
M = Frsina = Fl, (18.1)
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rae o— yron Mexay I'u F; r sina = | — kparyaiiniee paccTosiHUE MEXIy JTMHUCH NEHCTBUS CHIIBI M TOYKOM
O — my1e40 CHJIBL.

MoMeHTOM CWJIBI OTHOCHTEJbHO HENMOJABUKHOW OCHM Z Ha3blBaeTCsl ckanapHas BenuuuHa M; , paBHas
IIPOEKLIMU Ha 3Ty OChb BEKTOpa M MOMEHTa CHJIbI, OIIPEIEIEHHOIO OTHOCUTENIBHO MPOU3BOIBHON TOUKU O
JTaHHOM ocH Z (puc. 26). 3HaueHre MOMEHTa M, He 3aBUCUT OT BHIOOpA MOJI0KEeHUS TOUKU O Ha OCH Z.

Eciu ochb z coBnagaer ¢ HampaBieHHMEM BeKTopa M, TO MOMEHT CHibl NPEACTABISAETCS B BHUAE BEKTOPA,
COBIAJAIOLIETO C OCBIO:

M; = [rF]..

Haiinem Bbipaskenue st pa®oTel npu Bpamienuu tena (puc. 27). Ilyctes cuna F npunoxkena B Touke B,
HaxOJSIIENCs OT OCU Z HA PACCTOSHUHU I, 0L — YToJI MEXAy HallpaBJICHUEM CHIIbI U paJuyCOM-BEKTOPOM I.
Tak xak Teno abCoMOTHO TBEpAOE, TO padoTa TON CHIIBI paBHA paboTe, 3aTpauyeHHON Ha MOBOPOT BCETO
tena. [Ipu moBopoTe Tena Ha OECKOHEYHO Mallblid yroy d ToYka MPHIOKEHUS B MPpOXOIUT myTh dS=rde u
paboTa paBHa IPOU3BEICHUIO TPOEKIIMH CUJIbl HA HAMIPABJICHUE CMEIICHUS Ha BEIMYUHY CMEIICHHUS:

dA = Fsinarde. (18.2)

Mz

o

”’”////////AW///‘//////////// g
3D A

Pac. 25 Pac. 26
VYuursiBas (18.1), Moxxem 3anucarb
d4 = M;do,
rae Frsin oo = FI =M; — MOMEHT cuiibl OTHOCHTENLHO OcH Z. Takum 00pa3om, paboTa MpH BpaIllEHUH Teja
paBHa MPOU3BEACHNUIO MOMEHTA JIeUCTBYIOIEH CUJIBbI HAa YToJl MOBOPOTA.
PabGora mpm BpameHHmu Tena uAET Ha yBEIMYEHHE €ro KuHeTHdeckod osHeprum: OA=dT, =HO

“0? d d
dT=d (J"” )=szdw, nostromy M,do = J,cd @, nim M, E? = J,0 d—a:
VYuuThIBast, 4TO a,:.i_q’, MoJIyJaem
t
- d
M, = J,——a—) = J;e. (18.3)

dt
VYpasuenue (18.3) npeacrasnser coboli ypaBHeHHe JHUHAMHUKHM BPalIATeJbHOI0 IBMKEHUS] TBEPAOro Tesa
OTHOCHUTEJIEHO HETOBIKHON OCH.
MOo’HO MMOKa3aTh, YTO €CJIM OCh Z COBMAJAAET C IMIaBHOM ochio uHepuuu (cM. § 20), mpoxoasiielt yepes3 LHEeHTp
Macc, TO IMEET MECTO BEKTOPHOE PaBEHCTBO
M=JZ (18.4)

rjae J — riaBHbIA MOMEHT MHEPLIUHU Tesla (MOMEHT MHEPLUUU OTHOCUTEIBHO TJIaBHOM OCH).

§ 19. MomMeHT HMIYJIbCA M 32AKOH TO COXpPaHEHUs!

HpI/I CpaBHCHHHU 3aKOHOB BPAIIATCIIBHOTO U IMOCTYMATCIBHOT'O JBIDKEHUI MpOCMAaTPUBACTCA aHAJIOTUSA MCKAY
HUMH, TOJIBKO BO BpallaTCJIbHOM JABMXCHUHU BMCCTO CHIIBI «BBICTYIIACT» €€ MOMCHT, POJIb MACChl «UTPACT»
MOMCHT HMHCPIHH. Kakas xe BenmnunHa 6yneT AHAJIOIOM HUMITYyJIbCa tena? Ero sBiaseTcs MOMEHT HUMITYyJIbCa
TE€JIa OTHOCHUTECIIBHO OCH.

MomeHTOM UMIyJbCa (KO.]'II/I‘-leCTBa IIBI/I)KQHI/IH) MaTepHaHLHOﬁ TOYKU A OTHOCHTEJILHO HeNOABHKHOM
ToukM O HaA3BIBAETCS (1)I/ISI/ILI€CKa$[ BCJIIMYHHA, ONIPEACIIICMasd BEKTOPHBIM IIPOU3BECACHUCM:
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L =1[p] =[r, mv],

rae I — paanyc-BEKTOp, MPOBEAEHHBIN U3 Toukd O B TOUKy A, pP=MV — UMIyJIbC MaT€pUAIbHON TOUKH (puC.
28); L — ncesoosexmop, ero HampaBlIEHHEC COBIAJacT C HAMPaBICHHEM IOCTYMATCIILHOTO IBUKECHUS
MPaBOTO BUHTA IPHU €T0 BPALICHUH OT I K P.

Monynb BEKTOpa MOMEHTa UMITYJIbCa

L = rpsina = myrsin a = pl,

I oL — YroJI MeKAy BeKTopamu I u p, | — rutedo Bekropa p otHOcHTENbHO ToUKH O.

MoMEHTOM HMIIYJIbCA OTHOCHTEJbHO HENMOABUKHON OCH Z HAa3bIBaeTCs CKalsApHas BenuuuMHa L, paBHas
MIPOEKIIMU Ha ATY OCh BEKTOPa MOMEHTA HUMITYJIbCa, ONPEAEICHHOIO0 OTHOCUTEIHHO MPOU3BOIBHON TOUKH O
JaHHOM ocu. MOMeHT ummyibca L, He 3aBUCUT OT monioxkeHust Touku O Ha OcH Z.

Prc. 27

@ HTO HASLIBAGTCH MOMEHTOM CHITbl OTHOGHTENb-
HO HenoAsyXHOR TOMKN? OTHOCHTENbLHO Heno-
ABWXHOK ocu? Kax onpefensieTcR Hanpasne-
HWEe MOMOHTA CHNbi?

@ BoiBegure n chopMmynupyiite ypasHeHue fiu-
HAMWKHA BpaILaTenbHOrO ABMXEGHWA TBepaoro
Tena.

IIpu BpameHuH aOCOMIOTHO TBEPAOIrO Tejla BOKPYr HEMOABMKHOW OCH Z Kaxjaas OTIeNbHas TOodkKa Teja
JBUXKETCS 10 OKPYXHOCTU IOCTOSIHHOTO pajauyca [ ¢ HEKOTOPO CKOpocThio Vi . CKOpOCTh Vi U UMILYJIbC
M;Vi MEPIEHIUKYIAPHBI 3TOMY PAanHUyCy, T. C. paauycC SABIAETCA III€4OoM BekTopa M;Vi . Ilooromy moxem
3aIMcaTh, YTO MOMEHT UMITYJIbCa OTAEIbHON YaCTHUILbl PAaBEH

Lz = mu;r, (19_1)

W HaIIPaBJICH I10 OCU B CTOPOHY, OIIPCACIIAICMYIO IIPABUIJIOM IIPABOT'O BUHTA.
Monet HMITYJIbCA TBEPAOI0 T€JIA OTHOCUTCIILHO OCH €CTh CyMMa MOMCHTOB MMITYJIbCa OTACIIBbHBIX YaCTHII:

L= Z mu;r;.

im]
Hcnons3ys popmyny (17.1) vi= ari, noxydum
L, = i mrio =0 mr} = Jo,
im] jm=1

L =Jo (19.2)

Takum O6p330M, MOMCHT HMITYJIbCa TBEPAOTO TCJIa OTHOCUTCIIBHO OCH pPAaBCH HNPOU3BCACHUIO MOMCHTA

MHEPIIMU TeJla OTHOCHTEIIFHO TOH e OCH Ha YIJIOBYIO CKopocTh. [Ipoantdepenumpyem ypaBaenue (19.2)
10 BPEMEHHU:

dL, do
e J—=Je=M,
dr tde +8
T. €
dL,
& F

OTO0 BhIpaXKeHHEe — elle 0/JHa (opMa ypaBHeHHMs AMHAMHKHM BPALIATEJbHOIO JABUKEHHMS TBEPAOro Teja
OTHOCHUTEJIBHO HEIOJBHKHOM OCH: IPOU3BOJHAS MOMEHTa HMMIIYJIbCa TBEPAOIO TEJIa OTHOCHUTEIBHO OCU
PaBHAa MOMEHTY CHJI OTHOCHUTEJIBHO TOM 7K€ OCH.
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Puc. 28

@ YTO TaKoe MOMEHT MMNynbca MarepuanbHo#
TO4KKH? TBepaoro Tena? Kax onpefenseTca Ha-

NG5 7. NpABNeHNe BEKTOPa MOMEHTa WMNynLca?
. ////////////// o Bp’;ieu 3aKNIo4YaeTcA (uanveckan CywHocTb
¢ a % 38KOHA COXPBHEHWA MOMeHTa uMnynbca?
O T~ B kakux cucremax OH BbinonHaetca? [puse-

AVTe NpUMepbI.
MoxHo IMOKa3aTb, YTO UMECT MCCTO BEKTOPHOC PaBCHCTBO

dL
— =M.
dt (19.3)
. dL
B 3aMKHYTOH cuCTEME MOMEHT BHEIIHHUX CUJI M=0 & —&=0, OTKYyJa
L = const. (19.4)

Beipaxkenue (19.4) mpencraBisier co0OW 3aKOH COXPaHEHHsI MOMEHTAa WMITYJILCA: MOMEHT HMITYJIbCa
3aMKHYTOUW CHCTEMBI COXPAHSETCS, T. €. HE U3MEHSCTCS C TCUCHUEM BPEMCHH.

3aKOH COXpaHEHHsI MOMEHTa UMIYJIbca — (OYHOAMEHmMAnbHblil 3aKOoH npupoosl. OH CBSI3aH CO CBOWCTBOM
CHMMETPUU TIPOCTPAHCTBA — €T0 U30MPONHOCMbIO, T. €. C HHBAPHAHTHOCTHIO (PH3MYECKUX 3aKOHOB
OTHOCHUTEIIFHO BBIOOpAa HAIlpaBJICHUS OCEd KOOPIMHAT CUCTEMbI OTcYeTa (OTHOCHTEIBHO MOBOPOTA
3aMKHYTOM CHCTEMBI B IIPOCTPAHCTBE HA JIFO00H yrour).

[TpogeMoOHCTpHUPOBATh 3aKOH COXPAHCHHS MOMEHTA HMMITYJbCAa MOXHO C TIOMOIIbI CKaMbH JKYKOBCKOTO.
[TycTh 4enoBek, CHIANIUMN HA CKaMbe, KOTOopas 0e3 TpeHHsI BpamlaeTcsl BOKPYT BEPTHKAIBHON OCH, U
Jep KAy B BBITSHYTBIX pyKax ranteiu (puc. 29), mpuBelieH BO BpalllEHUE ¢ YTIIOBOM CKOPOCThIO 1. Eciu
YeJIOBEK MPWKMET TaHTeNd K cebe, TO MOMEHT WHEPIHH CHCTEMbl YMEHBIIUTCS. [lOCKOIBKY MOMEHT
BHEIIIHUX CHJI PaBEH HYJIIO, MOMEHT UMIYJbCa CHCTEMBI COXPAHSCTCS M YIJIOBask CKOPOCTh BPALICHUS
BO3pacTaeT. AHAJOTUYHO, THMHACT BO BpPeMs MPbDKKA Yepe3 TOJIOBY MOHKUMAET K TYJIIOBUILY PYKU U HOTH,
9TOOBI YMEHBIIUTH CBOM MOMEHT WHEPIIMH U YBEIIMIUTH TEM CaMBIM YTIIOBYIO CKOPOCTh BPAIICHUSI.

ConoctaBUM OCHOBHBIC BETUYHMHBI U YPABHEHUS, OMPEICIIAIONINE BpaAIlleHHE Tella BOKPYT HEMOABIKHOM OCH U
€ro MOCTyIaTeIbHOE ABMKEHHUE (Ta0. 2).

Tabnuua 2
IMTocrynarennRoe npuxenne BpamarensHOe JBAXCHEC
Macca m MoMeRT HEEpIEA J
-
Ckopocrb dr - do
v=— ‘VrioBas cKOpocTh W = ——
de dt
Ycxopenne dv - do
a=— Vrinosoe yckopernme £ =—
dt dt
Cuma F MomerT crnt M, am M
TlocrynarensHoe ABEACHAC BpamareibHOe BAXCERE
Nmvurysme p=nmv MoOMeRT EMITYJILCA L,=J,0
OCHOBHOE YDRBHEHHE RHHAMHBKH F=ma; Oca0BHOE ypaBHEHRE JHHAMWKH M,=Jz;
dp dL
Fa=— \ M=—
dt de
Pa6ora dA=F,ds | PabGota dd=M,de
KuneTHYeCKAN 3HEPrus mv?2 KHBeTHUCCKAR SHEPrEN Jaw?f2




32

Puc. 29

'-71 Co1 = JZCOQ

J >J,
W, <w,

@ Kakum CBOWCTBOM CHMMETPUM NpocTpaHcTea
o6ycrnosnnBaeTca CnpaBefnmMBOCTb  3aKOHA
COXpPAHEeHNWA MOMeHTa uMnynhca?

@ ConocraBbTe OCHOBHbIE YPABHEHWS QWHEMKKK
nocrynaTensHoro W BpalaTenbHOro ABNXKe-
HW}, NPOKOMMEHTHPOBAB WX AaHANOrMIo.

§ 20. CoOoanbie ocu. 'mpockon

Jlnist TOro 4To0bl COXPAaHUTH MOJIOXKEHWE OCH BPALICHHUS TBEPAOIO Tela C TCUCHHEM BPEMEHH HEH3MEHHBIM,
UCIOJIB3YIOT MOAIIUITHUKY, B KOTOPBIX OHA yAepxuBaeTcs. OJHAKO CYIIECTBYIOT TaKUe OCH BpallleHus Ted,
KOTOPBIE HE M3MEHSIOT CBOCH OPMEHTALMU B MPOCTPAHCTBE O€3 JCHCTBHS HAa Hee BHEIIHUX CHII. DTH OCH
HA3BIBAIOTCS CBOOOAHBIMHU OCSIMU (MJIM OCSIMH CBOOOJHOr0 Bpaimenus). MO>XHO J10Ka3aTh, YTO B JTIOOOM
TeJIe CYIIECTBYIOT TPHU B3aHMMHO NEPIECHAMKYISIPHBIE OCH, MPOXOAAIINE Yepe3 IEHTP MAacc Tella, KOTOpbIe
MOTYT CIY’KUTh CBOOOJHBIMU OCSIMH (OHU Ha3bIBAIOTCS TJIABHBIMH OCAMM WHepuum Tena). Hampuwmep,
IJIaBHBIE OCH WHEPLUUU OJHOPOTHOTO MPSIMOYTOJBHOTO Mapajulesienuiea MPOXOAiT dYepe3 LEHTPHI
MPOTUBOMOJNOXKHBIX rpaHeil (puc. 30). s oZHOPOIHOrO IMWIMHAPA OJHOW W3 TJABHBIX OCEH HMHEPLUU
SBIIAETCS €r0 T€OMETpHUYECKass OCb, a B KadyeCTBE OCTAJbHBIX OCE MOTYT OBITh JIBE€ JIOOBIE B3aMMHO
NEPIEHINKYIIPHBIE  OCH, TPOBEJCHHBIE 4Yepe3 IEeHTP Macc B IJIOCKOCTH, MEPIEeHAUKYISIPHON
reOMETPUUYECKON OocH HHUIWHApA. [TaBHBIMH OCAMHU HMHEpPIUHM IIapa SBISIOTCA JIOObIE TPU B3aHUMHO
NEPIIEHANKYIISIPHBIE OCH, TPOXO/AIIIE Yepe3 IICHTP Macc.

Jlyisg ycTOMYMBOCTH BpallleHus: OOJIbIIOEe 3HAYEHHE MMEET, Kakash UMEHHO M3 CBOOOJHBIX OCEH CIYKHUT OChIO
BpAICHHS TeJIa.

Mo>xHO MOKa3aTh, YTO BpaIlleHHE BOKPYT TNIaBHBIX Ocel ¢ HAMOONBIINM U HAUMEHBIIIMM MOMEHTAMU MHEPIHH
OKa3bIBACTCS YCTOMYMBEHIM, a BPAIlEHHE OKOJIO OCH CO CPEIHMM MOMEHTOM — HEYCTOWYMBBIM. Tak, eciu
oJIOPOCUTH TeI0, UMerolee (popMy mapaisenenunesia, IpuBeast ero 0JJHOBPEMEHHO BO BpallleHHe, TO OHO,
nazgasi, OyJieT yCTOMYUBO BpamaThcs BOKpyT ocei 1 u 2 (puc. 30).

Ecnu, Hanmpumep, manodky MOJBECUTh 3a OJUH KOHEIl HUTH, a JPYrod KOHEll, 3aKpeIUICHHBIA K IIMUHIEIIO
[EHTPOOESIKHOW MAIIMHBI, IPUBECTH B OBICTPOE BpaIICHUE, TO MMajJ04YKa Oy/IeT BpalaTbcsi B TOPU30HTATEHON
IUIOCKOCTH OKOJIO BEPTHUKAJIBHOM OCH, EPIEHIUKYIIPHON OCH MaJOYKH M MPOXOJALIEH uepe3 ee cepeluHy
(puc. 31). D10 M ecThb OCh CBOOOJHOIO BpAallEHUS (MOMEHT HMHEPIMH IMPH 3TOM IMOJIOKEHUU NaIOYKU
MakcUMaibHbIN). Eciu Teneps manouky, Bpalaroniyrocs BOKPYT CBOOOTHOM OCH, OCBOOOTUTH OT BHEIIHUX
CBsi3el (aKKypaTHO CHSTh BEPXHUH KOHEI] HUTH C KPIOYKa HIMHUHIENS), TO TOJOXEHHWE OCH BpAIICHUS B
MPOCTPAHCTBE B TEUEHUE HEKOTOPOro BpeMeHU coxpansiercsa. CBOMCTBO CBOOOAHBIX OCEH COXPaHSITh CBOE
MOJIOKEHHE B TPOCTPAHCTBE IIMPOKO TPUMEHSETCS B TexHHKe. Hamboriee WMHTEPECHB B JTOM IUIaHE
THPOCKONBI — MAacCCUBHbBIE OJJTHOPOJIHBIE TeJIa, BpalIaloIIuecs ¢ OONBIION YyTI0BOH CKOPOCTHIO OKOJIO CBOEH
OCH CHMMETPHH, SBIISIFOIIEHCS CBOOOTHOM OCHIO.

Jmin

Jmux

Puc. 30 Pac. 31
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PaccmoTpuM ofHY M3 pa3HOBUAHOCTEM T'MPOCKOIIOB — TUPOCKON HAa KapJaHOBOM mojsece (puc. 32).
JluckooOpa3Hoe Temo — THPOCKON — 3akKperyieH0o Ha ocu AA, KOTopas MOXET BpamaTbCsi BOKPYT
MEPIEHIUKYIISIPHON €l TOPU30HTAIILHON OCH BB, KOTOpasi, B CBOIO 04epe/lb, MOKET II0BOPAYUBATLCS BOKPYT
BepTukasibHOM ocu DD. Bce Ttpu ocu mepecekarorcs B oaHoOM Touke C, SIBISIOMIEHCS IICHTPOM Macc
TUPOCKONA W OCTAIOLIECICS HENOABM)XHOM, a OChb T'MPOCKONA MOXKET IPUHATH JII000€ HAINpaBICHHUE B
npoctpanctBe. CuilaMd TpeHHs B MOAIIMITHUKAX BCEX TpeX Oced U MOMEHTOM HMITYyJbca KOJIell
npeHedperaem.

Tak kak TpeHHe B MOALIMITHHKAX Majo, TO, IOKa THPOCKON HEMOABUKEH, €ro OCH MOXKHO NpUIaTh Jt000e
Hanpasienue. Eciu HauaTh TUpOCKOI OBICTPO Bpamiath (Hampumep, ¢ MOMOIIbI0 HAMOTAaHHOW Ha OCh
BEPEBOUYKH) U IOBOPAUMBATH €0 MOJICTABKY, TO OCh TUPOCKOINA COXPAHSIET CBOE MOJIOKEHHE B TPOCTPAHCTBE
HEM3MEHHOH. DTO MOXKHO OOBSCHUTH C IOMOIIIbI0O OCHOBHOT'O 3aKOHA TMHAMHKH BPAIAaTeIbHOTO JIBMKEHUSL.
J71 cBOOGOTHO BpAILIAOILIETOCsl TUPOCKOMNA CHJIa TSHXKECTH HE MOKET U3MEHHUTh OPHUEHTALIUIO €ro CBOOOAHOM
OCH, TaK KaK 3Ta CHJIa MPUJIOXKEHa K IEeHTpy Mmacc (1eHTp BpamieHus C COBMajaeT ¢ LEHTPOM Macc), a
MOMEHT CHJIBI TSDKECTH OTHOCUTENIBHO 3aKpPEIICHHOTO LEHTPa MacC paBeH HyJ0. MOMEHTOM CUJI TpeHUus
MBI Takxe npeHeOperaeM. [103ToMy €ciii MOMEHT BHEIIHUX CHJI OTHOCUTEIBHO €0 3aKpEIJIEHHOrO IIEHTpa
Macc paBeH HyI0, TO, Kak cieayeT u3 ypaBHeHus (19.3), L = const. T. e. MOMEHT UMIyJbca THPOCKONA
COXpaHsIET CBOIO BEJIMUYMHY U HaIlpaBJIeHHE B NpocTpaHcTBe. Clie10BaTeIbHO, BMECTE C HUM COXPAHSIET CBOE
MOJIOKEHHE B IPOCTPAHCTBE M OCh THPOCKOTIA.

UToO0BI OCh TUPOCKOTA U3MEHUJIA CBOE HAINPABIICHUE B MPOCTPAHCTBE, HEOOX0uMO, coraacHo (19.3), ornuune
OT HYJI1 MOMEHTA BHEITHUX Ccujl. Eciy MOMEHT BHEIIHUX CHUJI, MPUJIOKEHHBIX K BPALIAIOIIEMYCSsl THPOCKOILY,
OTHOCHUTEJILHO €ro ILIEHTpa MacC OTJIMYEH OT HyJd, TO HaONroAaeTcs sBJIEHUE, IOJy4YUBIIEE Ha3BaHUE
rupockonunyeckoro 3ggexra. OHO COCTOUT B TOM, UTO MO ACHCTBHEM Hapbl cuil F, IpuUIoKeHHOH K ocu
BpalllaloLEerocss TMpocKomna, och rupockona (puc. 33) noBopaunBaercs BOKpyr npsamoit O30z, a HE BOKPYT
npsimoit 0,0, , Kak 3TO Kazayock Obl ecTecTBeHHBIM Ha mepBbiid B3 (0101 u 0,0, nexar B MI0CKOCTH
yeprexa, a 0303 u cuiibl F nepneHauKymsipHbl ei).

Pmc. 32 Prc. 33

I'mpockonmueckui 3¢¢pekr oObsicHAeTCs cienyromuM odpazoM. MomenT M mapsl cun F HampaBneH BIoJib
npsmoit 0,05. 3a Bpems: dt MomeHT uMmynbca L rupockomna nomy4ut npupainenne dL=Mdt (nanpasnenue
dL coBmagaer ¢ HampaBieHueM M) u ctaHeT paBHbiM L'=L+dL. HampaBnenue Bektopa L' coBmamaer c
HOBBIM HAIIPaBJICHHEM OCH BpallleHUs TMpockona. Takum oOpa3oM, OCh BpAIIEHUs THPOCKONA MOBEPHETCS
BOKpyT npsiMoil O303. Eciin BpeMsi AeMCTBUS CHIIBI MaJIO, TO, XOTS MOMEHT CUJI M UM BENIMK, U3MEHEHHE
MoMeHTa umiyibca dL rupockorna Oyaer Takxke BecbMa MajbiM. [109TOMy KpaTKOBpEMEHHOE JIeHCTBHE CUIT
MPaKTUYECKH HE MPUBOJUT K U3MEHEHHUIO OPHEHTALlMK OCH BpaIlleHUs TMpPOCKONa B mpocTpaHcTse. s ee
U3MEHEHHUS CIeyeT IPUKIAIbIBaTh CUJIbI B TEYEHHUE JUINTEIBHOIO BPEMEHH.

Ecnu ock rupockoria 3akperieHa NoAMUITHUKAMU, TO BCIEACTBHE THPOCKONNYECKOro 3(ppeKTa BOZHUKAIOT TaK
Ha3bIBAEMbIE TMPOCKONMUYECKHE CHJIbI, ACHCTBYIOLIME HA ONOPHI, B KOTOPBIX BpAIaeTCsi OChb I'MPOCKOIA.
Ux  peiictBue  HEOOXOIUMO  YYUTHIBaTh  MPU  KOHCTPYHPOBAaHUHM  YCTPOMCTB,  COJEpIKaIIUX
OBICTPOBpAIAIOIINECS MACCUBHBIE COCTaBHBbIE YaCTH. | MPOCKOMMYECKHE CHUJIBI UMEIOT CMBICI TOJIBKO BO
BpaIIaroIENCss CHCTEME OTCUETA U SBJISIIOTCS YACTHBIM CIIy9aeM KOPHUOJIMCOBOM CHITBI HHEPIHH (CM. § 27).

['mpockonbl NPUMEHSIOTCS B Pa3IMYHBIX TI'MPOCKOIMMYECKHMX HABUTALMOHHBIX MpHOOpax (rupokommac,
TUPOTOPU3OHT U T. [1.). [lpyroe BaxkHOe IpUMEHEHNE IMPOCKONOB — IMOJAJIep)KaHNe 3aJaHHOTO HAIIPaBJICHUS
JIBMDKEHUS] TPAHCIIOPTHBIX CPEJICTB, HAIpUMEp CyJHa (aBTOpYJeBOW) U camojieTa (aBTonwior) u T. A. [Ipu
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BCSIKOM OTKJIOHEHHWH OT Kypca BCJIEACTBUE KAaKMX-TO BO3JCUCTBUM (BOJHBI, MOpbIBA BETpa U T. [.)
MOJIOKEHHE OCH THPOCKOINa B MPOCTpaHCTBe coxpansercs. (CienoBaTelbHO, OCh T'MPOCKONAa BMECTE C
paMaMy KapJaHOBa IOJIBECa MOBOPAYMBAETCS OTHOCUTEIBHO ABMXKYIIErocs ycrpoiictBa. [loBopor pam
KapJaHOBa IMOJBECAa C MOMOIIBIO OMPENIEICHHBIX MPUCIIOCOOICHUN BKIIOYAET PYJIU YIpPaBIEHUS, KOTOphIE
BO3BPAILAIOT IBMXKEHHE K 33JJTaHHOMY KYypCY.

Brnepssie rupockomn npuMeneH (ppaniy3ckuM puznkom XK. dyko (1819—1868) mist nokazaTenbCTBa BpalieHUs
3emutu.

§ 21. ledpopmaunu TBEpPAOIo TEJIA

PaccmaTpuBasi MexaHUKY TBEpJOTO Teja, MbI MOJb30BAIKNCH MOHATHEM a0CONOTHO TBepaoro tena. OHaKo B
npupojie aOCOJTIOTHO TBEPABIX TE HET, TaK KaK BCE PEAJIbHBIC TeNa IMOJ ACHCTBUEM CHUJI U3MEHSIOT CBOIO
dhopmy U pa3Mepsl, T. €. dehopmupyomcsi.

Jdedopmanusi Ha3bIBACTCS YNPYIOM, €CIM I0CIE NPEKPALICHUS JACHUCTBHS BHEIIHUX CUJI TEJIIO NPUHUMAET
nepBoHavalbHble pazMepsl 1 Gopmy. dedopmanumn, KOTopble COXpaHSIOTCS B Tele MOCE MpeKpalleHus
NEWCTBUSL BHEIIHUX CHJI, HA3bIBAIOTCA MJIACTHYECKHMHU (WM OCcTATOYHbIMHU). Jlehopmarnuu peanbHOTO
TeJa BCErJa IJIACTUYECKHE, TAK KaK OHM IIOCJIE MPEKPALLEHUS AEMCTBUS BHEIIHUX CHJI HUKOI'/IA TIOJTHOCTBIO
He ucye3aroT. OJJHAKO €CIM OCTAaTOUYHbIE Ae(opMalyi MaJlbl, TO UMM MOKHO IIpEHEOpeUYb U paccMaTpuBaTh
ynpyrue aegopmaiuu, 4To Mbl U OyeM Jenath.

B Teopum ympyroctu 1oka3bIBaeTCs, YTO BCE BHIBI JAeopmanuii (pacTsiKeHHWE WM CXKaTHe, CIIBHT, W3THO,
Kpy4€HHUE) MOTYT ObITh CBEACHBI K OJJHOBPEMEHHO MPOUCXOISAIINM Ae(POopMaLisIM PACTIKEHHUS UIH CHKATUS
U C/IBUTA.

PaccMOTpUM OIHOPOHBIN CTEPXKEHb JIMHOW | M TUIoNaapio momepedHoro ceveHust S (puc. 34), K KOHIaM
KOTOPOTO TPUJIOKEHBI HaIpaBlICHHbIC BIOJIb ero ocu cwibl F1 u Fy (F1=F,=F), B pe3ynbrate 4yero anuna
CTepKHsI MeHsieTcs Ha BeanuuHy Al. EctecTBeHHO, 4TO mpH pacTsbkeHUU Al MOMOKHUTENBHO, a IPH CHKATUH
OTPULIATEIIBHO.

Cuna, neficTByrolas Ha eIMHUIY [JI0La/I1 TOIIEPEYHOI0 CEUEHHU S, HA3bIBACTCSI HANIPSIZKEHUEeM:

o= FIS. (21.1)

Ecnun cuna HampaBieHa MO HOPMaJIM K IOBEPXHOCTH, HAIPSKEHUE HA3bIBAECTCS HOPMAJIBHBIM, €CIIU K€ I10
KacaTelbHON K MOBEPXHOCTU — TAHTeHIIHAJbHBIM.

KonnyecTBeHHON Mepoii, XapakTepU3yoLel cTeneHb AeQOopMaliu, UCHBITBIBAEMONW TEJIOM, SBIISETCS €ro
oTHOcuTeldbHasA Jedopmaumsa. Tak, OTHOCUTENbHOE M3MEHEHHE JJIUHBI CTEp)KHA (IIPOJOJIbHAs
nedopmarus)

e = AL (21.2)
OTHOCHUTCIIBHOC ITOIIECPEUHOC PACTANKCHUC (C)KaTI/Ie)
e = Adl/d,

rae d — muaMeTp CTepIKHSL.
Jledbopmaruu € U €' Bcerja UMEIOT pas3Hble 3HakH (npu pacTskeHnu Al monoxkwurenbHo, & Ad OTpHIIATENBHO,
npu cxkatuu Al orpuniatensHo, @ Ad momokuTensHO). M3 onbITa BEITEKaeT B3aUMOCBSI3h € U €'
g = — pue,
r7ie L — MOJIOKHUTETbHBIA KOA((OUILIMEHT, 3aBUCSIINI OT CBOMCTB MaTepHala U Ha3blBaeMbIi KO3 (PuHeHTOM
ITyaccona®.
Anrnuiickuii usuk P. T'yk (1635—1703) skcnepuMeHTaJIbHO YCTAHOBWJI, YTO JJIsi MajblX JAedopmaruii
OTHOCUTENILHOE YJUTMHEHUE € U HANPSHKEHHUE G MPSMO MPOMOPLHMOHAIIBHEI APYT APYTY:
o=Ek, (21.3)
rae Ko3QGUIMEHT TponopIiuoHansHOCTH £ HaszpiBaeTcst Moayiem HOura**. M3 Beipakenus (21.3) BugHO, 4TO

moayJb FOHra onpenensercs HanpsDKeHUEM, BBI3BIBAIOIINM OTHOCUTEIIBHOE Y/UTMHEHNE, paBHOE SIMHUIIE.
U3 popmymn (21.2), (21.3) u (21.1) BeITEKAET, UTO

_Al_a_ F
C=TTEES
NJIn
ES

F=—Al = kAl
/ (21.4)

rae k—kodpuuuent ynpyroctu. Bripaxenue (21.4) taxke 3amaer 3akoH ['yka, COTJIaCHO KOTOpOMY
YIUIMHEHHUE CTePXKHsI IIPH yIpyroi aedopMaiyy MponopuuoHaIbHO ASHCTBYIONIEH Ha CTEPKEHb CUJIE.
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* C. Ilyaccon (1781—1840) — ¢dpaHIy3CKuii yYeHBIH.
** T, YOur (1773—1829) — aHIIHICKUI yYEHBIH.

Aﬁ Prc. 34

L @ Y10 Taxoe ceBoGoAHbIe OCK (rNaBHbIe 0CH HHep-
Lnn)? Kakne M3 HUX ABNAIOTCR YCTOAYMBLIMK?
@ 410 Takoe rMpockon? Kakosbl €ro OCHOBHbie
cBoitcTBa?
(+at @ Cchopmynnpyitte 3axkoH 'yka. Korga oH cnpa-
BeAnNuB?
@ [aite ofbACHeHNe AUArpaMMbi HANPSIKeHW
¢ (g). Yro Takoe npegensl NPONOPLNOHANBLHO-
CTH, yNpyroctn n NpoNHOCTH?
VFZ @ Kakos thuanyeckuit cmbicn mogyns KOHra?

Jlebopmaru TBEpABIX TEJ MOAYMHSIOTCS 3aKoHY ['yka 10 u3BecTHOro npesena. CBsa3b Mexay nedopmarueid u
HANpsDKEHUEM TPENICTaBISIeTCST B BUJAC JUAarpaMMbl HAMPSOKCHHWH, Ka4eCTBEHHBIM XOJ KOTOPOH MBI
PacCMOTPHM JUIsl METAJIHYECKOro oopasua (puc. 35). 13 pucyHKa BHIHO, YTO JIMHEHHAS 3aBUCUMOCTD G(€),
ycTaHOBJIEHHas] ['yKOM, BBINMONHSETCS JIMIIL B OYECHb Y3KUX Tpeleliax 10 TaK Ha3plBaeMOro Mpeaesia
MPONMOPIUHOHAILHOCTH (Gy). [Ipu manpHEHeM yBeIMYCHUN HAIPHDKCHHS AehopManus eie ynpyras (XoTs
3aBHUCHUMOCTh G(€) yKe HeJIMHeHHa) W 10 mpeaeja ymnpyroctu (cy) OCTaToyHble aedopMaiuu He
BO3HUKAIOT. 3a TMpenejoM YIOPyrocTH B Telie BO3HUKAIOT OCTAaTOYHBIC jAeopMmanuu U Tpaduk,
OMKCHIBAIOIIMN BO3BpAIllCHHE Tejla B IEPBOHAYAIBLHOE COCTOSHHE IOCIIC MPEKpAIleHHs ICHCTBUS CHUJIBI,
n3o0pas3utcsa He kpuBoit BO, a mapamuiensHoil eif — CF. Hanpsbkenue, mpu KOTOPOM TOSIBISIETCS] 3aMETHAS
octarounas nedopmarus (=0,2%), Ha3piBacTCs mMpeneaoM Tekydectu (o;) — Touka C Ha KpuBoil. B
obnactu CD nedopmarus Bo3pactaeT 0e3 yBEeNWYEHHs HAMpPsDKEHUS, T. €. TeNo Kak Obl «TeueT». JTa
00JIacTh Ha3bIBACTCS 00J1ACTHI0O TeKY4YecTH (WK 00JIACThI0 IUIACTHYeCKUX Aedopmaumii). MaTtepuaisi,
JUIS KOTOPBIX 00JIACTh TEKy4eCTH 3HAUMTEIbHA, HA3bIBAIOTCS BSISKMMM, JJI1 KOTOPBIX K€ OHA MPAKTHYECKU
OTCYTCTBYeT — XpynkuMmu. [Ipu nanpHeiimem pactsokeHuu (3a Touky D) mpoucxomuT paspylieHue Tea.
MaxkcuManbHOE HamnpsbKEHUE, BO3HHUKAIOIIEE B Telle 0 pa3pyIlIeHUs, HAa3bIBACTCS MpeaesioM NMPOYHOCTH
(op).

JlnarpaMMa HamnpspDKEHUH JUIsl peajbHbIX TBEPABIX TEJI 3aBUCUT OT Pa3IUYHBIX (akTopoB. OIHO M TO XKe
TBEPAOE TEJIO MOXET MNPH KPAaTKOBPEMEHHOM JCHCTBHHM CHJI TIPOSBIATH CeOsl Kak XpYyIKoe, a TpH
JUTUTEIBHBIX, HO CIA0bIX CHJIaX SBISETCS TEKYYHM.

BbraucnuM MOTCHIMATBHYIO DHEPTHIO  YIPYTOPACTSHYTOro (C)KATOro) CTEpXKHs, KOTOpas paBHa pabore,
COBEpIIIaeMOl BHEIIHUMHU CUJIAMHU TIPH ehOpMaInu:

]
—_————l

e — -

N

Al
Il = 4 = | Fdx,
0
raic x — a0COJIIOTHOE YAJIIMHCHUEC CTCPIKHA, USMCHAIOIICCCA B IIPOLCCCC I[e(l)OpMaHI/II/I or 0 a0 Al. Cormacno

3akony I'yka (21.4), F=kx=ESx/I. ITosTomy

M
= [E5 cax = LES (o
= —_— XX = - — ,
l 21/
0
T. €. HOTEeHIMaIbHAs SHEPTUS YIPYTOPACTIHYTOI'O CTEP>KHS MPONOPLHUOHATIbHA KBaApaTy AepopManuu (AI)Z.

0F 0
Puc. 35 Pac. 36
Hedopmaruio ciBura mpoie BCEro OCYHIECTBUTh, €CIHM B3STh OPYCOK, UMEIOLUl (opMy MpsSMOYrojJbHOTO
napajuiefienunena, u NpuiokuTh Kk Hemy cuiy F,, (puc. 36), kacaTelnbHYIO0 K €ro MOBEPXHOCTH (HMXKHSA
qyacTh OpycKa 3aKkperieHa HeMmoABMKHO). OTHocuTenbHast 1epopMalivs CABUTa onpezensercs u3 GopMyIibl
tgy = As/h,
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riae AS — aOCOJIOTHBIN CIBUT TTApaJUICIIBHBIX CIIOEB Tella OTHOCUTENBHO Jpyr aApyra; h — paccrosiHue
MEXY CIOSIMH (JI7IS1 MaJIbIX yIIIoB tgy~y).
3apaumn

4.1. C omgHOrO ypOBHS HAKJIOHHOW IIJIOCKOCTH OJHOBPEMEHHO HAYMHAIOT CKATHIBAThCA 0€3 CKOJIbKECHHUS
CIUIOIIHBIE LWJIMHAP U IIAp OAMHAKOBBIX MAacC M OAMHAKOBBIX paauycoB. Ompenenuts: 1) oTHOIICHHE
CKOpOCTEH IMIMH/IpA U [Iapa Ha JaHHOM YpPOBHE; 2) UX OTHOILIEHHE B JTAaHHBII MOMEHT BpemeHHU. [1) 14/15;
2) 14/15]

4.2. K 0601y 0JHOPOIHOTO CIUIONIHOTO AMCKa paauycoM R=0,5 M mpuiiokeHa OCTOsSTHHAs KacaTelbHas Cuiia
F=100 H. IIpu Bpamenuu nucka Ha HETO IEHCTBYET MOMEHT cui TpeHus M=2 H-Mm. Onpenenuts Maccy m
JIMCKA, €CJIM U3BECTHO, YTO €T0 YIJIOBOE YCKOPEHHUE B MOCTOSAHHO U paBHO 12 paz[/cz. [32 kr]

4.3. Yepe3 HENMOJABMXHBIA OJOK B BUAE OJHOPOIHOTO CIUIOMIHOTO IMJIMHApPA Maccod M=1 Kr mepekuHyTa
HEBecoMasl HUTh, K KOHIIAM KOTOpPOM MpHKperieHbl Tena MaccamMu Mi=1 kr u my=2 xr. [IpeneOperas
TPEHHEM B OCH 0JIOKa, OIPE/IeNUTh: 1) yCKOpeHue rpy3oB; 2) oTHowmeHus 7»/T1 cui HaTsbKkeHus HutH. [1) 2,8
m/c?; 2) 1,11]

4.4. CKOPOCTh BpAIICHHMS KOJNECA, MOMEHT HHEPIHH KOTOPOTO 2 KI-M°, BPAIIAIOMIErocs MPH TOPMOKEHHH
paBHO3aMEeIJIEHHO, 3a BpeMs t=1 muH ymeHsmuiaachk ot N1=300 MHH o n,=180 MHH . Omnpenenuts: 1)
VIJIOBOE YCKOPEHHE € Kojieca; 2) MOMEHT M CHIlbl TOpMOXKeHUs; 3) paboTy cmiibl Topmokenus. [1) 0,21
pan/c?; 2) 0,42 H-m; 3) 630 1]

4.5. YenoBek maccoir M=80 Kr, CTOAIIMA HA Kparw TOpH3OHTAIbHOW Tutatrgopmbl Maccod M=100 kr,
BpalIaIOIEHCs IO HHEPIIMU BOKPYT HEMOABUKHOW BEPTUKAIBHON OCU ¢ yacToTor Ni=10 MI/IHil, MEPEXOIUT
K ee neHtpy. Cuurtas miargopMmy KpyriblM OJHOPOAHBIM JIMCKOM, a 4YellOBEKa —TOYEHYHOM Maccoii,
OIIPEJIeNIUTh, C KaKOi 4acTOTO# Ny OyaeT Toraa Bpamarbes miatdopma. [26 MI/IHil]

4.6. OnpenenuTs OTHOCUTEIBHOE YAJUHEHUE aTIOMUHUEBOTO CTEPIKHSI, €CJIH MPHU €ro pacTsHKEHUH 3aTpadeHa
pabora 62,1 Jlx. JlnuHa crepkHS 2 M, IUIOMAAb IONEPEYHOro cedeHus | MM, monynap IOura pns

amomunus E=69 I'Tla. [Al/lI=,/2A/(ESI) =0,03]

I'maBa 5 Tsarorenune. 1eMeHTbI TEOPHHU OIS

§ 22. 3akonbl Kenuiepa. 3aKkoH BCeMUPHOI0 TATOTEHUS!

Eme B rmy0okoil 1peBHOCTH ObUIO 3aMEYEHO, YTO B OTIMYME OT 3BE3J, KOTOPhIE HEM3MEHHO COXPaHSIOT CBOE
B3alMHOE€ pAaCIOJOKEHUE B TNPOCTPAHCTBE B TEUEHUE CTOJETHM, IUIAHETHI OIMUCBHIBAIOT CPEIU 3BE3[
clloKHeWue TpaekTopuu. i oObsICHEHHS NEeTIe00pa3HOTo IBUKEHUS TUIAHET JPEBHETPEUECKUN YUeHbIN
K. ITTonomeii (II B. H. 3.), cunTas 3eMiIt0 pacnoiloKeHHON B LIeHTpe BeeneHHoM|, MpeanonoKul, 4to Kaxkaas
U3 TUIaHET JBUXKETCS M0 MajJoMy Kpyry (3MULHKKITY), LIEHTP KOTOPOTO0 pPaBHOMEPHO JABUKETCA MO OOJIBIIOMY
Kpyry, B LEHTpPE KOTOpPOTO HaxOOUTCs 3emid. JTa KOHLENIMs IMoJIydyusaa Ha3BaHUE MTOJIOMeeBOM
reolleHTPU4eCKoil cucTeMbl MUpA.

B navane XVI B. noasckum actpoHomom H. Konepaukom (1473—1543) o60cHOBaHa reHOLEeHTPHYECKast
cucreMa (cM. § 5), COTJIaCHO KOTOPOM JABUKEHUSI HEOSCHBIX TN OOBSCHSIOTCS IBIXKEHHEM 3eMIIH (a TakkKe
apyrux 1uiaHeT) Bokpyr CojHIA M CyTOYHBIM BpamieHuem 3emiau. Teopus u Habmoaenus KomepHuka
BOCIPUHHUMAJIHNCh KaK 3aHUMaTeNbHas (paHTasusl.

K nauvany XVII cronetust 607bIIMHCTBO YUEHBIX YO€AUIOCh, OIHAKO, B CIIPABEUIMBOCTH T€IMOLEHTPHUUECKON
cucrembl wmupa. W. Kemmep (1571—1630), o6paGoTraB U YTOUYHUB pe3yNbTaThl MHOTOYHCIEHHBIX
HaOmoieHuit narckoro actpoHoma T. bpare (1546—1601), n3noxusn 3aK0HbI ABUKEHHS TJIAHET:

1. Kaxxas nianeTa IBUXKETCS 110 3IUIUIICY, B OJHOM U3 (POKYycoB KoToporo Haxoautcs CosHIe.

2. Paguyc-BEKTOp IJIAaHETHI 32 PABHBIE IPOMEKYTKH BPEMEHH OIMCBIBAET OJIMHAKOBBIE IIOMIAH.

3. KBazapatel mepnonoB oOparieHusi mianeT BOKpyr CoJHIIA OTHOCSTCS Kak KyObl OOJNBIINX TOJIYOCEH WX
opOowuT.

Bnocnenctsuu U. HeloToH, u3yyas qBUkKEHHE HEOECHBIX TEJ, HA OCHOBAaHMM 3aKOHOB Keruiepa M OCHOBHBIX
3aKOHOB JMHAMHUKH OTKPBUI BCEOOIIMH 3aKOH BCEMHMPHOIO TSATOTEHHS: MEXAY JIOOBIMU JIByMs
MaTepuaIbHbIMU TOYKAMH JCHCTBYET CHJIa B3aUMHOIO TMPUTSHKEHHs, MPSAMO MPONOpPLUOHATbHAS
MPOU3BEACHUIO MAcC ATUX To4eK (M1 U my) U 0OpaTHO MPONOPLUOHATBHAS KBAAPaTy PACCTOSHUS MEXITY
Himu (r2):

F = Gmmy/r*. (22.1)
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DTa cuila Ha3bIBaeTCsl IPABUTAIMOHHON (WM CHJI0W BCEMHMPHOro TAroreHus). Cuibl TSATOTEHUS BCEraa
SBJIAIOTCS. CUJIAMU TIPUTSDKEHUS U HampaBleHbl BAOJIb MPSMOM, MPOXOASIIEH yepe3 B3auMOJICHCTBYIOIINE
tena. Koaddunment nponopruronanbHOCTH G Ha3bIBa€TCS PABUTANMOHHON MOCTOSIHHOI.

3aKOH BCEMHUPHOTO TATOTEHHUS YCTAHOBJICH JUISl T€J, MIPUHUMAEMbIX 32 MaTepualbHbIe TOYKH, T. €. IS TaKUX
T€Jl, pa3Mepbl KOTOPBIX Majbl [0 CPaBHEHUIO C pAcCTOSHMEM MEXIy HUMH. Ecium ke pa3mepbl
B3aMMO/ICHCTBYIONIUX TeJl CPABHUMBI C PACCTOSIHUEM MEXAY HUMH, TO 3TU Tejla HaJlo pa30UTh Ha TOUCUHbIE
9JIEMEHTBI, MOACYUTATh MO ¢Gopmyae (22.1) cuiabpl NPUTSDKEHHS MEXKIY BCEMH IMOMAPHO B3STHIMU
AJIEMEHTaMHU, a 3aT€M IeOMETPUUYECKH UX CIOKUTh (IPOUHTEIPUPOBATH), YTO SBJSETCS JOBOJIBHO CIONKHON
MaTeMaTU4YeCKOU 3a1a4ueil.

BriepBbie SKCIIepUMEHTANBHOE JOKA3aTENIbCTBO 3aKOHA BCEMHUPHOTO TATOTEHHUS IJI 3€MHBIX TeJ, a TaKxKe
YHCIIOBOE ONpeICICHNE TPAaBUTAMOHHON ocTossHHONW G mpoBeneHo anriuiickuM ¢usukom I'. KaBenaumem
(1731—1810). IlpuanmmuanbHas cxema ombiTa KaBeHAWIa, NPUMEHHUBIIETO KPYTHJIbHBIE BeChI,
npeacTaBieHa Ha puc. 37. Jlerkoe KOpOMBICIO A ¢ ABYMsl OAMHAKOBBIMU IIapuKaMu maccod M=729 r
MOJIBEIIICHO Ha ynpyroil HUTU B. Ha kopomebicie C yKpenseHbl Ha TOM K€ BhICOT€ MAaCCUBHBIE IIapbl MACCOM
M=158 kr. [loBopaunBas kopoMbiciio C BOKpPYr BEPTHKAIBHONH OCH, MO’KHO U3MEHATH PACCTOSTHUE MEXIY
mapamu ¢ Maccamu m u M. Ilon pelicTBueM mapbl CUJI, IPUIIOKEHHBIX K IIapaM 71 CO CTOPOHBI IIapoB M,
KOPOMBICIIO 4 TMOBOpPAaYMBAETCS B TOPU3OHTAIBHOM IJIOCKOCTH, 3aKpyduBas HUTh B 710 TeX NHOp, MOKa
MOMEHT CHJI YINPYrOCTH HE YpPaBHOBECHT MOMEHTAa CHJI TATOTEHHUsS. 3Has YIpyrue CBOWCTBA HUTH, IO
U3MEPEHHOMY YIJly NOBOPOTAa MOYKHO HAaWTH BO3HMKAIOIIME CHJIBI NMPUTSKEHMS, a TaK KaK Macchl 1IapoB
U3BECTHBI, TO M BBIYUCIUTH 3HaUeHue G.

Puc. 37

@ Kak onpefensercr rpaBuTauynoHHan NOCTOAH-
HAA U KAKoB ee (hN3n4ecKnih cmuicn?

@ Ha xaxoil BbicoTe Hajg nnaHevoi yckopexwne
cB060{HOTO NAJEeHNWA BABOe MeHblle, YeM Ha
€@ NOBepPXHOCTH?

3nauyenue G, mpuBoAMMOE B TaOiMLAX (yHAAMEHTAIBHBIX (U3NYECKUX MOCTOSHHBIX, IPUHUMAETCS PaBHBIM
6,6720-10711 H-M/KFZ, T. €. JIBa TOUYCUHBIX TeJla MacCoh Mo | Kr KaKaoe, HaxoAsIuecs Ha PacCTOSHUN 1 M
IpYr OT ApPYyra, NPUTATUBAIOTCS C CUIIOU 6,6720-10 ™ H. Ouenp manas Benuunua G MOKA3BIBACT, UTO CHIIA
I'PaBUTALIMOHHOTO B3aMMOAECHCTBHS MOXKET ObITh 3HAUUTEIBHOM TOJIBKO B CiTydae OOJIBIIMX Macc.

§ 23. Cuaa Ta:xectu u Bec. HeBecomocTh

Ha mo6oe Teno, pacnosnokeHHoe BOJU3M MOBEPXHOCTH 3€MJIH, JEHCTBYET cuiia TaroteHus F, mox BiusiHueM
KOTOPOHM M B COTJIaCHU CO BTOPBIM 3aKOHOM HbIOTOHA TEIO HauHET JBUTAThCS C YCKOPEHHUEM CBOOOIHOTO
nagenus g. Takum o0pa3om, B cUCTEME OTCUeTa, CBSI3aHHOM ¢ 3eMilell, Ha BCAKOE TEeJI0 Maccoi m JIEHCTBYET
cuia

P = mg,

HazbIBacMasi CHJIOM THKEeCTH.

CornacHo (hyHIaMeHTanbHOMY (PU3NUYECKOMY 3aKOHY — 00001eHHOMY 3akoHy I'anunJies, Bce Tena B OTHOM U
TOM JK€ I0JIE TATOTEHHUS MaJal0T C OJMHAKOBBIM yckopeHueM. CleqoBaTelbHO, B JAaHHOM MECTe 3eMIH
yCKOpeHue cBOOOIHOTO MaJeHUs OJMHAKOBO JJIs BeeX Tei. OHO u3MeHseTcs: BOIM3HM MOBEPXHOCTH 3eMIIH C
mUpoTOH B mpenenax ot 9,780 m/c? Ha skBarope 10 9,832 M/c? Ha momrocax. JTo 00yCJIOBJIEHO CYyTOYHBIM
BpallleHHeM 3€MJIM BOKPYI CBOE€W OCH, C OIHOH CTOpPOHBI, M CIUIIOCHYTOCTBIO 3€MJIM — C JpYrou
(3KBaTOpHAIBHBIA U TOJSPHBIN paauychl 3eMiIM paBHBl cOOTBeTCTBEHHO 6378 m 6357 km). Tak kax
pasnuure 3HaueHW § HEBEIMKO, YCKOpPEHHE CBOOOIHOrO MaJeHHsI, KOTOPOE HUCIOIb3YETCsl MPU peIleHUH
MIPAKTUYECKUX 3a/1a4, IPUHUMAETCS paBHbIM 9,81 m/c.

Ecnmu mnpeneOpedb CyTOUHBIM BpalleHHEeM 3€MJIM BOKPYr CBO€H OCH, TO cHJa TSOKECTH W CUJia
IPaBUTALMOHHOTO TATOTEHUS PaBHbBI MEKIYy COOO:

P = mg = F = GmM/R?,

rne M — macca 3emin; R — paccrosiHMe MexXy TeIoM U IeHTpoM 3emid. JTta ¢opMmyna JaHa Juisd ciaydas,
KOT'/Ia TeJIO HaXOAUTCS Ha MOBEPXHOCTH 3E€MITH.

[TycTb Teno pacmosokeHo Ha BricoTe h oT moBepxHOCTH 3emin, Rg — paauyc 3emiu, Torna
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P = GmM/(Ry + h)%,

T. €. CHJIA TSHKECTH € yIaJCHUEM OT IIOBEPXHOCTH 3€MIIA YMEHBILIAETCS.

B ¢usuke npumeHseTcs Takxke MOHATHE Beca Tena. Becom Tena Ha3bpIBalOT CHITY, ¢ KOTOPOM TEJIO BCIEACTBHE
TATOTEHMS K 3emiie AeHCTBYEeT Ha ONopy (MM HOJBEC), YAEPKHUBAIOILYIO TEJI0 OT CBOOOIHOrO najaeHus. Bec
TeJla IPOSBIIIETCS TOJIBKO B TOM CJIydae, €CIIM TEJIO JBUKETCS ¢ YCKOPEHHUEM, OTINYHBIM OT , T. €. KOrja Ha
TEJ0 KPOME CHJIBI TSDKECTH JEHCTBYIOT Ipyrue cuibl. COCTOsSIHUE Tena, P KOTOPOM OHO JIBHIKETCS TOJIBKO
IO/, IEUCTBUEM CHIIBI TSKECTH, HA3BIBAETCSL COCTOSIHUEM HEBECOMOCTH.

Taxum obpazom, cuna masxcecmu Ooelicmeyem ece2od, a ec NMPOSABISIETCS MOIbKO B TOM CIydae, Ko20a Ha TeJlo
Kpome CUlbl msadcecmu Oelcmeyiom ewe opyaue Cuibl, BCIEACTBUE YEro TENO JBIKETCS C YCKOPEHHEM a,
OTIUYHBIM OT (. Eciim Teno ABmXKeTcs B IOJIE TATOTEHUS 3€MIIM C YCKOPEHUEM a#(], TO K 3TOMY TeEIy
IPUJIOKEHA JONOJIHUTENbHAs cuiia N, yJ0BIETBOPSIIONIAs YCIOBUIO

N + P = ma.
Torna Bec Tena
P=—-N=P—ma=mg—ma=m(g — a),

T. €. €CJIN TeJIO IOKOUTCS WIN ABUKETCS MPSIMOJIMHENHO U paBHOMEpHO, To a=0 u P'=mg. Eciu Teno ceo600no
08UdICEMCsl 6 Nojle MmA2omenUs TI0 JTI000N TPaeKTOPUU U B JII0OOOM HampasiieHnu, To a=g u P'=0, T. e. Teno
Oyzner HeBecoMbIM. Hampumep, HEBECOMBIMHU SIBIISIOTCSA Tea, HaXOIALIMECS B KOCMHUYECKUX KOpalisX,
CBOOO/IHO JIBMIKYILUXCS B KOCMOCE.

§ 24. [los1e TATOTEHNUSI U TO HANIPSIZKEHHOCTh

3akoH Tiarotenus HploToHa omnpenenseT 3aBUCUMOCTb CHJIBI TSATOTEHHUS OT MacC B3aWMOJCHUCTBYIOIIUX TEN H
pacCTodHruA MCXKAY HHUMH, HO HC IIOKAa3bIBACT, KAK OCYHICCTBJIACTCA ITO BSaHMOHCﬁCTBHC. Tarorenue
MPUHAJICKUAT K 0c000# rpymme B3auMojaencTBUid. CHIIbI TATOTEHUS, HApuMep, HE 3aBUCAT OT TOTO, B
KaKOM cpejie B3aMMOCHCTBYIONINE Tela HAXOAATCS. TATOTCHHE CYIIECTBYET U B BaKyyMe.

['paBUTAIIMOHHOE B3aUMOJICHCTBUE MEXKAY TElaMU OCYILECTBISIETCS C TOMOIIbIO MOJS TATOTEHHS, WU
rPABUTALMOHHOIO MOJIA. JTO TOJIE MOPOXKIAETCS TelaMHu U sABJISETCS (POPMOM CYIIECTBOBAHUS MATEPUH.
OcHOBHOE CBOWCTBO MOJISI TSATOTSHHSI 3aKJIFOUAETCS B TOM, YTO HAa BCSIKOE TEJIO MAaCCOW 71, BHECEHHOE B ATO
ToJie, ISUCTBYET CHJIa TATOTCHUS, T. €.

F = mg. (24.1)

BekTop § He 3aBHUCHUT OT M W HA3BIBACTCSA HANPSIKCHHOCTHIO TOJNS TATOTEHUS. HanpskeHHOCTH MOJIA
TATOTEHUS] OTPEACISETCS CUJION, NEHCTBYIOMIEH CO CTOPOHBI MOJI HAa MaTepHaIbHYIO TOUKY €IMHUYHOU
MAacChl, W COBMNAQJAeT MO HANPaBJICHHUIO C JCUCTBYIOIIEH cuioi. HanpsikeHHOCTh ecTh cunosas
xapakmepucmurxa 1OJIsI TArOTCHUS.

[Tosle TATOTEHWs HA3BIBACTCS OJAHOPOAHBIM, €CIM €ro HANpPSOKEHHOCTh BO BCEX TOYKAX OJMHAKOBA, H
LHEeHTPAJIbHBIM, €CJTH BO BCEX TOUYKAX IMOJISI BEKTOPHI HANIPSKEHHOCTH HAIPABJICHBI BAOJb MPSMBIX, KOTOPBIE
MEPECEKAIOTCS B OJHOU TOUKE (A), HenooBudiCHOU 1O OTHOIICHUIO K KAaKOW-THOO MHEPIHAIBHONW CHCTEME
otcueta (puc. 38).

g rpaduyeckoro U300pa’keHUsi CHIIOBOTO IOJSI UCIIONB3YIOTCA CUNOBble NUHUU (TUHUU HANPAHCEHHOCTU).
CunoBble TUHUM BBIOMPAIOTCS TaK, YTO BEKTOp HAIPSHKEHHOCTH TIOJI HAMpaBJeH MO KacaTelbHOW K
CUJIOBOM JIMHUH.

§ 25. PaGora B nouie tsarorenus. [loreHumnan noJisi TAroTreHus

Omnpenenum paboTy, COBEpIIAEMYIO CHUJIAMH TOJISI TATOTCHUS MIPH MEPEMEIICHUH B HEM MaTepUAIbHON TOYKH
Maccoi m. Berauciaum, HanmpuMep, Kakyro HaJlo 3aTPaTHTh PadOTy IS yIAJICHHS Tella MacCol m OT 3eMIIH.
Ha paccrostanu R (puc. 39) Ha m1aHHOE Teno NeiCTBYeT cuiia

F = GmM/R>.
[Tpu nepemereHnu 3TOrO Teaa Ha paccrosiHue R coBepiaercst pabora
4 = - ™M
R (25.1)
3HaK MHUHYC TIOSIBJIICTCS TIOTOMY, YTO CHJIA U TIEpEMEIICHHE B JTAHHOM  CJIy9ae TPOTHUBOIMOJOXKHBI IO
HampasneHuto (puc. 39).
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9% Puc. 38
g
X / @ 1o Takoe sec rena? B uem oTnuuue seca Tena
, OT cunbi TAXECTH? Kak 06bACHUTL BO3HUKHOBE-
P HWe HEeBECOMOCTH Npu cBO6oAHOM NaneHun?
.9.—’__;1*4_& @ YTO TaKOe HaNPAXBHHOCTb NONA TATOTEHHUA?
® Kakoe none TAroT@HWR Ha3LIBABTCA OfiHOpOA-
HbIM? LeHTPanbHLIM?
@ Kakne BennumHbi BBOARTCA QANA XapaKrepu-
o CTUKM NONA TAFOTOHUA W KAKOBA CBA3b MeXAY
HitMN?
Ecnu Teno nepemerats ¢ paccrosaus Ry 1o Ry, To pabora
Ry Ry
mM GM G
A= |dd=~ |G—dR=m|— - —} (25.2)
R Ry R
R Ry

N3 dopmyner (25.2) BeITEKaeT, 4TO 3arpadcHHas paboTa B IOJIE TATOTCHUS HE 3aBUCHT OT TPACKTOPHUHU
MepEeMEILEHHs, a ONPEIENIACTCS JIUIIb HAYalbHBIM M KOHEYHBIM MOJIOKEHUSIMU TEJA, T. €. CUIbl MALOMEHUs.
JCUCTBUTEIILHO KOHCEPBAMUBHDIL, & NOJe MALOMEHUS A61semcsi nomeHyuaibHoim (cM. § 12).

CornmacHo ¢opmyiie (12.2), pabora, coBepmiacMas KOHCEPBAaTHBHBIMH CHJIAMH, paBHAa HW3MEHEHUIO
MOTEHIMATLHON SHEPTUH CUCTEMBI, B3ITOMY CO 3HAKOM MUHYC, T. €.

A= —All = — (I, ~II;)=IT, - IL,.
N3 popmymnsl (25.2) nonydaem
I, ~-Il,= —m (GM/R, —GM/Ry). (25.3)

Tak xak B (hopMysIbl BXOJUT TOJBKO PAa3HOCTh MOTEHIIMAIBHBIX SHEPTHH B IBYX COCTOSHHSIX, TO JUIA YA0OCTBa

NPUHUMAIOT MOTCHIUAIBHYIO HEPTUI0 Mpu Ry—>00 paBHOW HYIHO (R"Tw [1,=0). Torna (25.3) 3anumiercs B
2

Buje [1;= —-GMM/R;. Tak kak rnepBast Touka OblIa BRIOpaHa MPOU3BOJIBHO, TO
II = — GmMJR.
Bennuuna
@=II/m,

ABIIACTCSL SHEPeemu4ecKou Xapakmepucmuxkou TN TATOTEHHs M Has3biBaeTcsi noreHuuaioM. Ilorenmman
NnoJIsl TATOTeHUsl ¢ — CKaJsipHas BEJIMYMHA, OlpenesseMasl MOTEHIMaTbHOM SHepruen Teia eIUHUYHOU
Macchl B JJAHHOM TOYKeE IMOJIs WJIM paboToil Mo mepeMeneH!o eJMHUYHON Macchl U3 JaHHOH TOYKHU MOJIs B
6eckoHeyHOCTh. Takum 00pa3oM, HOTEHIMAI MOJIs TATOTEHUs, CO3/1aBaeMOro TeJIOM Maccoil M, paBeH

¢=—GM|R, (25.4)

rae R — paccrosiHue oT 3TOro Tena A0 paccMaTpUBaeMOM TOUKH.

U3 dopmynsl (25.4) BBITEKaeT, 4TO TE€OMETPUUYECKOE MECTO TOYEK C OJMHAKOBBIM IMOTEHIIMAIOM O0Opa3yer
chepuyeckyto moBepxHOcTh (R=const). Takue MOBEPXHOCTH, JUIsI KOTOPBIX TOTEHIIHMAI TOCTOSHEH,
Ha3bIBAIOTCS IKBUMOTECHIIHAJIbHBIMHU.

PaccMOTpuM B3aUMOCBSI3b MEXAY TMOTCHIMAIOM (@) TONsS TATOTEHHS W €ro HampspbkeHHocteio (g). U3
BeIpakeHu# (25.1) u (25.4) cnenyer, uto sneMeHTapHas pabota dA, coBepiiaeMasi CHJIaMH TIOJIS IPU MajioM
NepeMeIeHUH Tela MacCoil m, paBHa

d4 = — mde.

Pac. 39

@ Mouemy TAXenoe Teno He napaer GbicTpee
nerxoro? Mokaxnre, 4ro CUNbl TRATOTEHNA KOH-
CepBaTHBHbI.

@ Yemy paBHO MAKCHMANBLHO® SHAYEOHNO NOTEH-
UManbHof 3HePrun CHUCTOMbI M3 f1BYX Ten, Ha-
XOQAWMNXCS B NONe TATOTeHWA?

C apyroii ctoponsl, dA=Fd| (dl — snemenraproe nmepemerienune). YunutsiBas (24.1), momydaem, uto dA=mgdl,
T. e. mg0l= —md ¢, nm
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Bemnunna do/dl xapaktepusyer u3MeHeHHe MOTEHIMAIa Ha SAUHUIY [UIMHBI B HAIPABJICHUU MEPEMEIICHUS
B TI0JIE TATOTCHUSI. MOXKHO MOKa3aTh, 4YTO
g=—grado, (25.5)
op . dp. ¢
rje ugrad¢=;’; i+5; j+32-k — rpagueHT ckaisapa ¢ (cm. (12.5)). 3nak Munyc B popmyie (25.5) mokas3biBaer,
YTO BEKTOP HANPSHKEHHOCTU J HAIPABJICH 8 CMOPOHY YObi6anus IOTEHIHATIA.
B kadecTBe 4acTHOTO IpUMepa, UCXO/S U3 MPEACTABICHUN TEOPUHU TATOTEHHSI, PACCMOTPUM MOTCHIIUAIBLHYIO
SHEPTUIO TeJIa, HAXOIAIIErocs Ha BbicoTe N OTHOCHTENILHO 3eMITH:

= GmM ( Gm __GmMh
: Ry + h R Ry (Ry+h)
rae Ro — panuyc 3emiu. Tak kak
P = GmM|/R} u g = P/m = GM/R}, (25.6)

TO, yunuThIBas ycinoBue h<<R,, momyuaem
I1 = mGMh/R} = mgh.
Takum oOpa3om, Mbl BeiBenu (popmyiy, coBnanaroniyo ¢ (12.7), koTopasi HOCTyIHpPOBaach paHblIIe.

§ 26. Kocmuueckune cKopocTH

Jlis 3ammycka pakeT B KOCMUYECKOE MPOCTPAHCTBO HAJI0 B 3aBUCUMOCTH OT TIOCTABIICHHBIX IIeJIel COO0IaTh UM
OInpe/IelIeHHbIE HaYalbHbIE CKOPOCTH, HA3bIBAEMbIE KOCMUYECKHUMH.

IlepBoii KocMuUYecKkoi (WK KPYroBOi) CKOPOCTHIO Vi HAa3bIBAIOT TAKYI0 MUHUMAIBHYIO CKOPOCTh, KOTOPYIO
HaJ0 COOOIIUTH TETy, YTOOBI OHO MOIJIO ABUTATHCSA BOKPYT 3eMIIU 10 KPYroBoi opOuTe, T. €. MPEeBPATUTHCS
B UCKYCCTBEHHBIN CIIyTHUK 3eMiiu. Ha criyTHUK, IBUKYIIMIICS IO KPYrOBOM opOUTEe paanycoM I, JeHCTBYET
CHJIa TATOTEHUS 3eMJIH, COOOIIAI0Ias eMy HOPMallbHOE YCKOPEHUE Vf /r. Tlo BropoMy 3akoHy HbroTOHAa,

GmM/r* = mvi/r.

Eciu CryTHUK JBUKETCS BOJIM3M MOBEPXHOCTH 3eMin, Toraa F~Ro (paauyc 3emn) u g=GM/R{ (cm. (25.6)),

MOATOMY y IMMOBEPXHOCTH 3eMJIU
v = +/gRy = 7,9 xm/c.

[TepBoii KOCMUYECKOW CKOPOCTH HEIOCTATOYHO JJSi TOTO, YTOOBI TEO MOTJO BBIUTH M3 cdepbl 3eMHOTO
nputsbkeHus. HeoOxoaumast 1711 3TOro CKOpOCTh Ha3bIBAETCsl BTOPOU KocMuyeckoil. Bropoi kocMuueckoi
(v MapadoJMYecKoii) CKOPOCTbIO Vo HAa3bIBAIOT Ty HAUMEHBIIYIO CKOPOCTh, KOTOPYIO HAaI0 COOOIIMTH
Temy, 4TOObI OHO MOTJIO MPEOAOJETh MPUTSHKEHUE 3eMITU U TIPEBPATUTHCS B CyTHUK COJHIA, T. €. YTOOBI
ero opbura B moJie TATOTeHH 3eMiiH cTana napabdonuueckoil. 1 Toro 4roOsl Temo (mpu OTCYTCTBUU CO-
MPOTHUBJICHHUS CPE/Ibl) MOTJIO TPEOJIOJIETh 3€MHOE TMPUTHKEHHE M YWTH B KOCMHUYECKOE MPOCTPAHCTBO,
He00X0IMMO, YTOOBI €ro KHHEeTHYecKasi SHeprus Obljla paBHA paboTe, COBepIIaeMON IPOTUB CHIT TATOTEHUS:

o

mv3 mM
. —JG 5 dr = GmMJR,

Ry
OTKyza
v; = /28Ry = 11,2 xm/c.

Tperbeii KOcMHYECKOH CKOPOCTBIO V3 HAa3bIBAIOT CKOPOCTh, KOTOPYIO HEOOXOJMMO COOOLIUTH TNy Ha 3emMIe,
yTOOBl OHO MOKHMHYJIO Tpenensl ConHeuHoil cucTteMbl, mnpeonosieB mnputTsxkeHnue Connua. Tperss
KoCcMHYecKasi CKopocThb V3=16,7 km/c. CoollieHne TeaaM TakuxX OONBIIMX HaYalbHBIX CKOPOCTEH SBISETCS
CJIIOKHOM TexHUYecKou 3amaueid. Ee mepBoe Teopernueckoe ocmbicienne Hayato K. O. [{lHOnkOBCKUM, UM
ObuIa BBIBEJICHA YK€ paccMOTpeHHast Hamu Gopmyna (10.3), mo3Bossronas pacCyuThIBaTh CKOPOCTh PaKeT.

Bnepsrie kocmuueckme ckopoctr Obutn  gocturHytel B CCCP: mepBas — mpu  3amycke TEpBOTO
UCKYCCTBEHHOIO0 cHyTHHKa 3emuu B 1957 r., BrOpas — mnpu 3amycke pakersl B 1959 r. Ilocne
ucropuueckoro nosiera 0. A. IN'arapuna B 1961 r. HaunHaetcs 6ypHOe pa3BUTHE KOCMOHABTUKH.

§ 27. HeuHepuuajibHble cucTeMbl 0TCYeTa. CHIIbI MHEPUUHU

Kak YK€ OTMCUAJIOCH (CM. § 5, 6), 3aKkoHbl HBIOTOHA BBINOJHSAIOTCS TOJBKO B HHCPHOUAJIBHBIX CHUCTCMAX
orcueta. CHCTEMBI OTCUCTa, ABWIKXYIIHUECA OTHOCHUTCIBHO I/IHepHI/IaJ'IBHOI\/’I CUCTEMBI C YCKOPCHHEM,
Ha3BIBAOTCSI HEMHEPUHUAJIbHBIMH. B HCUHCPIUAIIbHBIX CUCTCMAX 3aKOHBI HLIOTOHa, BOO6H.I€ TOBOpA, YKC
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HecrpaBeUIMBbl. OJHAKO 3aKOHbl JIMHAMHUKKA MOXHO TMPUMEHATh W JUJII HHUX, €CIId KpOME Cul,
00yCIIOBJICHHBIX BO3JCHCTBHEM TeN APYr Ha JApyra, BBECTH B PACCMOTpPEHHE CHJIBI 0cO00TO pojra — Tak
Ha3bIBaeMbl€ CHJIbI HHEPIUH.

Ecnu yuecTh cuibl MHEpIuu, TO BTOpoil 3akoH HploToHa OyneT cmpaBeniuB Ajs 000 CHUCTEMbl OTCYUETa!
IIPOM3BE/ICHNE MACChl Tejla Ha YCKOPEHUE B pacCMaTpUBAaEMOM CHUCTEME OTCUETa PaBHO CyMME BCEX CHUII,
NEHCTBYIONMX Ha JaHHOE Teo (BKItouYas U cuiibl uHepiuu). Cuibl uHepuuu Fuy mpu 3TOM NOIKHBI OBITH
TaKMMH, YTOOBI BMeCTE ¢ cujamu F, 00yCIIOBICHHBIMU BO3CHCTBHEM TE APYr Ha Apyra, OHU COOOMIAIH
TeJly yCKOpeHHe a', KaKUM OHO 00J1aJ]aeT B HEMHEPIMAIbHBIX CUCTEMax OTCYETa, T. €.

ma' = F + Fy (27.1)

Tak kak F=ma (a — yckopeH#ue Teja B HHEPLUAIbHON CHCTEME 0TCYETa), TO

ma' = ma + F,.

Cuiibl uHEpUMH OOYCIIOBJIEHBI YCKOPEHHBIM JIBHJKEHHEM CHCTEMbI OTCUYETa OTHOCHUTEIIBHO H3MEpPSeMOid
CUCTEMBI, IOATOMY B OOIIEM Cllydae HY>KHO YUUTBIBATh CIEAYIOLIUE CIIy4au MPOSIBICHUS 3TUX CUIT: 1) ChIIbI
WHEPUUU TMpPU YCKOPEHHOM TOCTYNATEJIbHOM JBMXKEHHM CHUCTEMBI OTCUeTa; 2) CWIbl HHEPIHH,
NEMCTBYIOIIUE HA TEJIO, MOKOSIIEECs BO BPAILIAIOILIEHCS CUCTEME OTCYETa; 3) CHIIbI MHEPLIUHU, JEHCTBYIOLINE
Ha TeJ0, IBUKYIIEECs BO BPAIIAIOIIEHCS CUCTEME OTCUETA.

PaccmoTrpum 311 citydau.

1. Cuibl MHEPUMH NPUH YCKOPEHHOM MOCTYNATEILHOM JBHKEHHH CHCTeMbI 0TcueTa. [IycTh Ha Tenmexke K
IITAaTUBY HAa HUTH MojBelIeH mapuk maccoil m (puc. 40). Iloka Tenexka MOKOUTCS WM JBUXKETCA
PaBHOMEPHO U MPSIMOJIMHEWHO, HUTh, YACPKUBAOIIAs IAPUK, 3aHUMAET BEPTUKAIBHOE TOJIOKEHHUE U CHIIa
TSOKECTH P ypaBHOBeMBAETCs CUloN peakuuu HuTh T.

® Puc. 40
T
o |
B ] F F,
\d& -
m @ Kakune TpaexTopumn QBVKEHUA NMEIOT CNYTHH
P KM, NoNny4Ynsilne NepByio M BTOPYIO KOCMHUYeC-

Kue cxopoctn?
W @ Kak Bbi4MCNAIOTCA nepeas n BTOpas KOCMM-
4 7 4YecKHe cKopocTn?

Ecnu Tenexky mpuBecTH B MOCTYNATEIbHOE ABMKEHHE C YCKOPEHHEM ap, TO HUTh HAUYHET OTKJIOHSTHCS OT
BEPTHUKAIM Ha3a/J IO TAKOTO yIJia o, oKa pe3yapTupytomias cuna F=P+T He o0ecrneuyuT yckopeHue mapuka,
paBHOe ag. Takum o0Opa3om, pe3ynbTHpyIolIas cuia F HanmpaBiieHa B CTOPOHY YCKOPEHUS TEJIEKKH ag U JUIsS
YCTAaHOBMBIIIETOCS JBHMXKCHHUS INapuka (IMIapHK TEreph JBUXKETCS BMECTE C TEICIKKOW C YCKOPEHHEM ap)
paBHa F=mgtga=may, oTKyaa

tga = ag/g,

T. €. YTOJI OTKJIOHEHUSI HUTH OT BEPTUKAJIU TeM OOJIbIIIE, YeM OOJIbIIE YCKOPEHUE TEJIEKKH.

OTHOCHUTENBHO CHCTEMBI OTCYETA, CBA3AHHOM C YCKOPEHHO NBMXKYIICHCS TENEKKOH, IIapUK MOKOUTCS, YTO
BO3MOXKHO, eciii cwia F ypaBHOBemmBaeTcs paBHON M MPOTHBOMOJOKHO HampaBieHHOW eil cumoit Fy,
KOTOpasi SIBJIIETCA HUYEM HMHBIM, KaK CWJIOW MHEPLUMH, TaK KAK Ha IIAPUK HHUKAKUE APYTHe CHIIbl HE
neiicrBytot. Takum oO6paszom,

Fu = — mao. (27.2)

[IposiBneHue CuI MHEPIUU TPHU TOCTYMATEIBHOM IBWKCHHHM HAOJIOAAeTCS B IOBCETHEBHBIX SIBICHUSX.
Hanpumep, xorjga moes3n HaOMpaeT CKOPOCTh, TO MACCaXKUp, CUIALIMI MO X0y IMoe3fja, Moj JAeHCTBUEM
CWJIBI MHEPIIMH TMPIKAMAETCs K CIHUHKE CUIeHbsI. HaoOopoT, mpu TOPMOKEHHWU TOE€3/la CHIla HHEPIUU
HalmpaslieHa B MPOTHUBOMNOJIOKHYIO CTOPOHY M MAacCaXUp YHaJISeTcs OT CIHMHKHM cuaeHbi. OcoOeHHO 3Tu
CWJIBl 3aMETHBI TPU BHE3AIHOM TOPMOXEHUM Tnoe3na. Cuiibl MHEpLUUU MPOSBISAIOTCS B NEperpys3kax,
KOTOpbI€ BOHUKAIOT MPH 3aITyCKe U TOPMOXKEHUH KOCMHUYECKHX KOpaOiei.

2. Cujbl MHEpUMH, JeliCTBYIOLME HA TeJ10, IOKOosIIIeecsl BO Bpaljalouieiicsa cucreme orcyera. [lycts nuck
PaBHOMEPHO BPAIIIAETCS C YIIIOBOH CKOPOCTBIO @ (@=CONSt) BOKPYT BEPTHUKAIBHOM OCH, MPOXOAIIEH yepes
ero ueHtp. Ha nucke, Ha pa3HBIX pacCTOSHUSX OT OCH BpAallleHHs, YCTAHOBJIEHBbl MasTHUKU (Ha HUTAX
MOJABEIIEHBI MApUKU Maccoil M). Ilpu BpallleHMH MasTHUKOB BMECTE C JUCKOM IIAPUKH OTKJIOHSIIOTCA OT
BEPTUKAIA Ha HEKOTOPBINA yroi (puc. 41).

B unHepnmanbHOW cucTeMe OTCuU€Ta, CBSI3aHHOM, HAlpuUMeEp, C MOMEIIEHUEM, I/I€ YCTAHOBJIEH JUCK, IIApUK
PaBHOMEPHO BpallaeTcs Mo OKPYKHOCTH paanycoM R (paccTosiHue OT LeHTpa Bpallarollerocs mapuka o0
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ocu BpaiueHus). CienoBaTenpHO, HAa HEro JEHCTBYEeT Cuia, paBHas F=m 'R u HallpaBJICHHAs
NEPIEHIUKYJIAPHO OCH BpalleHus aucka. OHa sBisieTcs paBHOACHCTBYIOLIEH CUibl TsDKeCTH P M cuisl
HaTspkeHust auta T: F=P+T. Korna aemxenune mapuka ycTraHOBUTCS, TO F=mgtga=m 'R, OTKyZa

tga=w*R/g,

T. €. YIJIbl OTKJIOHEHHS] HUTeH MasTHUKOB OyayT TeM 0oJjblie, yeM Ooublne paccTossHue R OoT meHTpa mapuka
710 OCH BpAIICHUSI TUCKA U 4eM OOJIbIIIe YTI0Basi CKOPOCTh BPAIICHUS .

OTHOCHUTENBHO CHCTEMBI OTCYETA, CBA3AHHOM C BpalAlOIMMCS JUCKOM, IIAPUK MOKOUTCS, YTO BO3MOXHO,
ecnu cuiia F ypaBHOBemmMBaeTcs: paBHOM M MPOTHUBOIIOIOKHO HAaNIPaBICHHOU el cuiont F, koTopas siBisercs
HUYEM HHBIM, KaK CWJIONM MHEpIUH, TaK KaK Ha IIapUK HUKaKHe Ipyrue cuibl He aekcTByroT. Cuna Fy,
Ha3bIBacMasi HEHTPOOEKHOM CHJI0M MHEePLMM, HAIPaABJICHA 10 FOPU3OHTAIM OT OCH BpALICHMs IUCKA U
paBHa

Fll = - mm’R. (273)

Purc. 41

@ Korga »n no4emy Heo6XoqnMo paccMaTpuBaTtb
CHNbt MHepyun?

@ YTO TaKoe CHMNbl nHepunn? Yem OHK OTIMYAIOT-
CA OT CHI, AeACTBYIOLNX B MHEPLMNANbHbIX CH-
creMax orcyera?

JleiicTBHIO TIEHTPOOEKHBIX CHJI MHEPLHHU MOABEPrat0TCsl, HAPUMEDP, MACCAKUPBI B IBIXKYILEMCSI TPAHCIIOPTE
Ha TOBOPOTaX, JICTYMKU TPH BBIIOIHEHUH (UTYpP BBICHIETO MHJIOTAXa; HEHTPOOESKHBIC CHIIBI MHEPIHU
HCIOJIL3YIOTCS BO BCEX LEHTPOOEKHBIX MEXaHM3Max: Hacocax, cernaparopax M T. 1., T€ OHH JOCTUTaioT
OrpOMHBIX 3HaYeHHU. [Ipu mpoekTHpoBaHMM OBICTPO BpAIIAIOUIMXCS AeTaneld MamuH (POTOPOB, BUHTOB
CaMoJIeTOB M T. J.) NPUHUMAIOTCS CHEIHaIbHbIE MEphl JJIs YPaBHOBEUIMBAHUS LEHTPOOEKHBIX CHII
WHEPIUH.

W3 dopmynsl (27.3) BbITEKAET, UTO HEHTPOOEKHAS CUJIa MHEPLUH, ACUCTBYIONIAs HAa Tella BO BPAILAIOIINXCS
CHUCTEMax OTCYETa B HAIIPaBJICHUU Paguyca OT OCU BPALLEHUS, 3aBUCUT OT YIJIOBOM CKOPOCTU BPALIEHUS @
CHCTEMBl OTCYeTa M paauyca R, HO He 3aBHCHUT OT CKOpPOCTH TeJl OTHOCHTEIbHO BPALIAIOIIUXCS CHCTEM
orcyera. CreaoBaTeiabHO, HEHTPOOEKHAs CUJIa MHEPIIMH IEHCTBYET BO BpAILAIOLUXCSl CUCTEMaX OTCYeTa Ha
BCE TeJla, yJaJleHHbIE OT OCH BpAIllEeHUs] Ha KOHEYHOE PACCTOSHUE, HE3aBUCUMO OT TOTO, MOKOSTCS JIM OHU B
TOW cuctemMe (Kak Mbl MPEANojarald 10 CHUX TOp) WM JBHXKYTCS OTHOCHTEIBHO HEe C KaKOH-TO
CKOPOCTBIO.

3. Cuibl MHEpI UM, TeHCTBYIOIIHE HA TeJN0, ABHKYIIeecsl BO Bpamjammeiics cucreme orcyera. [lycts
IIAPUK MAaccod M JIBUXKETCS C MOCTOSHHOM CKOPOCTBIO V' BIOJb Pajuyca PaBHOMEPHO BPAIAIONIETOCs
mucka (V'= coast, w =const, V'L w). Ecniu auck He Bpamiaercsi, TO MIapHUK, HAMPABJICHHBIA BIOJb paauyca,
JBIDKETCSI TI0 PaJUaIbHOW TPSIMOM W TIOMAaJaeT B TOUYKY A, €ClM K€ JIUCK TPUBECTH BO BpallleHHE B
HaMpPaBIIEHUH, YKa3aHHOM CTPEJIKOM, TO mapukK KaTuTcs mo kpuBoit OB (puc. 42, a), mpuyeM ero cKkopocTts V'
OTHOCHUTEJNIbHO JMCKa U3MEHSET CBOE HaIlpaBJIeHHE. DTO BO3MOKHO JIMIIb TOTJA, €CJIM Ha IIApUK JeHCTBYeT
cuJia, MepreHAUKYISIpHast CKOPOCTH V'

Jlyis Toro 4yToOBI 3aCTaBUTH LIAPUK KAaTUTHCS IO BpallaloIIEeMYCsl AUCKY BJIOJIb Pajinyca, UCIOJIb3YEM JKECTKO
YKpEIUIEHHBI BJOJb pajnyca JUCKA CTEP)KE€Hb, HA KOTOPOM IIAPHK ABIKETCS 0€3 TPEeHHs paBHOMEPHO U
MPSIMOJIMHENHO co cKopocThio V' (puc. 42, 6). Ilpyu OTKIOHEHHHU MIapHKa CTEp)KEHb NEHCTBYET Ha HEro ¢
HeKoTopoil cuioit F. OTHOCHTENbHO JMCKa (BpalllalomIelcsi CHCTEMBbl OTCYETa) IIAPHK JIBHXKETCS
PaBHOMEPHO U MPSIMOJIMHEHHO, YTO MOXKHO OOBSCHUTH TEM, YTO ciia F ypaBHOBEIIMBAETCS MPHUIIOKEHHOM K
HIAPUKY CUIION MHepIMH Fy, IepneHIuKyIIpHOM CKOpocTH V'. DTa cuila Ha3bIBAeTCs KOPHOJIMCOBOM CHIIOM
UHEpPIHH.

MoxHo nokasats, uto cuna Kopuonuca™*

Fg = 2n[v' @) (27.4)

* T'. Kopuonuc (1792—1843) — ¢paniuy3ckuit GU3HK 1 HHKEHED.

Bekrtop Fy nepnenukynsapeH BeKTopaM CKOPOCTH V' TeJla ¥ YIJIOBOM CKOPOCTH BpallleHHsI @ CUCTEMBI OTCUETa
B COOTBETCTBUU C IIPAaBUJIOM IIPABOI'O BUHTA.
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Cuna Kopuonuca neiicTByeT TOJBKO Ha Teja, IBHKYILIHUECS OTHOCUTEIBHO BPAIIAIOIIEHCS CUCTEMBI OTCUETA,

HarpuMep OTHOCHTENbHO 3emMid. [1oaToMy nmeficTBHEM ATHX CHIT OOBSCHSETCS Psii HAOJII0JaeMbIX Ha 3emIie
aBJIeHUu. Tak, eciu Teno IBUKETCS B CEBEPHOM IOJIyIIApUH Ha ceBep (puc. 43), To AEHCTBYIOIIAsl HA HETO
cwia Kopuonmca, kak 3To cinenyer w3 BblpakeHus (27.4), OyAeT HampaBiieHa BIPaBO IO OTHOIICHUIO K
HAIPABJICHUIO IBUKEHMSI, T. €. TEJI0 HECKOJIBKO OTKJIOHUTCS Ha BOCTOK. Eciu Teno qBukeTcs Ha Ior, TO CHila
Kopuonuca takke aelicTByeT BIPaBO, €CIM CMOTPETh [0 HANPABICHUIO JBMXKEHHUSA, T. €. TeJIO OTKJIOHUTCSA
Ha 3anaj. [losToMy B ceBepHOM mousymapun Habmomaercss 6osee CHIIbHOE MOAMBIBAaHHE MPAaBBIX Oeperos
PEK; MpaBble PeJIbChl KEIE3HOIOPOXKHBIX ITYTEHl MO JABMKEHUIO U3HAIIKMBAIOTCS ObICTpEe, YeM JIEBhIE, U T. 1.
AHaJOrM4HO MOYKHO TOKa3aTh, YTO B KXKHOM HoJrymapuu cuiia Kopuonuca, geiicTByromas Ha ABHXKYIIHECS
Tena, OyJeT HalpaBieHa BJIEBO 110 OTHOIICHUIO K HAIIPABJICHUIO TBUKCHHUSL.

Puc. 42

bnarogaps cune Kopuonuca nagaromue Ha oBEpXHOCTb 3€MIIM TeJla OTKJIOHSIOTCS K BOCTOKY (Ha mupote 60°
3TO OTKJIOHEHHUE JOJDKHO cocTaBisTh | oM mpu mageHuu ¢ BeicoThl 100 m). C cunoit Kopuonuca cBsizaHo
noBeqieHne MasTHIKa DyKo, SIBUBIIEECS B CBOE BpEeMsI OJTHUM M3 JIOKA3aTeNbCTB BpamieHus 3emin. Eciu Ob1
3TOW CUJIBl HE OBLIO, TO IMJIOCKOCTh KOJEeOaHUI Kayaromierocs BOJU3M TMOBEPXHOCTH 3eMJIM MasTHHKA
ocraBajach Obl HEU3MEHHOU (OTHOCUTENbHO 3emin). JlelicTBue ke cun Kopuonuca npuBOAUT K BpaIlEHUIO
IJIOCKOCTH KOJIeOaHH BOKPYT BEPTUKAILHOTO HAMPABICHHUS.

PackpsiBas conepxanue Fyy, B popmyse (27.1), moayduM 0CHOBHOM 3aKOH TMHAMUKH /1JIsl HEMHEPUHAJIbHBIX
CHCTEM OTCYeTA!

ma' =F + F; + Fy + Fy,

rJIe CHJIbI HHEPIIMH 3a1atoTcs popmynamu (27.2) — (27.4).

OOpatum elie pa3 BHUMaHUE Ha TO, YTO CUJIbI UHEPYUU 8bI3b18AIOMCS HE B3aUMOJCHCTBUEM TEJl, & YCKOPEHHbIM
ogudicenuem cucmemsl omcuema. [103ToMy OHU HE TTOAYUHSIOTCS TPETheMy 3akoHYy HpI0TOHA, Tak Kak eciu
Ha Kakoe-nmubo Teno JEWCTBYET CHila HMHEpPLUUU, TO HE CYIIECTBYET NPOTHUBOJEHCTBYIOIIEH CHJIBI,
MPUJIOKEHHON K JIaHHOMY Teny. J[Ba OCHOBHBIX MOJIOKEHUS MEXaHUKH, COTJIaCHO KOTOPBIM YCKOpPEHHE
BCEI/la BBI3BIBAETCS CWJIOM, a CHJIa BCErJa OOYyCIIOBJIEHA B3aMMOJCHCTBHEM MEXIy TelaMH, B CHUCTeMax
OTCUeTa, ABUKYIIUXCS C YCKOPEHUEM, OJHOBPEMEHHO HE BBIMTOIHIIOTCA.

Jliist mo60T0 U3 Tell, HAaXOAIIMXCS B HEMHEPIIMAIbHOW CHCTEME OTCUYETa, CUIIBI HHEPIIMH SIBJISIOTCS BHEIIIHUMU;
CJIeI0BATEIbHO, 3/IECh HET 3AMKHYTBIX CUCTEM. DTO 03HAYAET, UTO B HEMHEPLUAIbHBIX CUCTEMAaxX OTCUETA HE
BBITIOJIHSIFOTCS 3aKOHBI COXPAHEHHUS MMITYJIbCA, DHEPTUM U MOMEHTa UMIyJbca. Takum o0pa3oM, CHIIBI
WHEPLUHU JEUCTBYIOT TOJIbKO B HEMHEPIMAIBHBIX CUCTEMAX. B MHEpLMANBHBIX CUCTEMAaX OTCUETA TAKUX CHJI
HE CYIIECTBYET.

BozHukaet Bompoc 0 «peagbHOCTH» WU «(DUKTHBHOCTHY» CUJI HHEPIIMU. B HBIOTOHOBCKON MeXaHHUKE, COTTIACHO
KOTOpPOW Cuja €CTh pPE3yJbTaT B3aUMOJACHCTBUS TeJ, Ha CHJIBI HHEPIMH MOXHO CMOTPETh Kak Ha
«DUKTUBHBIE», «MCYE3AIONIUE» B WHEPHHUATBHBIX CHUCTeMaX oTcuera. OJHAKO BO3MOXKHA W JIpyras UX
WHTEpIpeTanus. Tak Kak B3aUMOJCUCTBHUS TEJl OCYIIECTBIIIOTCS MOCPEICTBOM CHJIOBBIX TOJIEH, TO CHIIBI
WHEPUUU PACCMATPUBAIOTCA KaK BO3JEHUCTBHS, KOTOPBHIM IOABEPralOTCs Tela CO CTOPOHBI KaKHUX-TO
peaNbHBIX CHJIOBBIX TIOJIEW, W TOTJa HMX MOXKHO CYUTaTh «peaJbHbIMH». He3aBucumo o1 TOTO,
paccMaTpuBaIOTCS JIM CHJIBI MHEPIHH B KadyecTBE «(DUKTHBHBIX» I «PEalTbHBIX», MHOTHE SIBICHHS, O
KOTOPBIX YIIOMHUHAJIOCHh B HACTOSIIIEM maparpade, 0ObsICHIIOTCS C TOMOIIBIO CUIT MHEPITHH.

Cuiibl UHEPIMH, ICUCTBYIONINE HA TEJIa B HEMHEPIIUAIBHOW CUCTEME OTCUYETa, IPOIOPIIMOHATIBHBI UX MaccaM U
MPU TIPOYUX PABHBIX YCIOBUSX COOOIIAIOT STUM TeJaM OJMHAKOBBIE yCKOpeHHs. [loaToMy B «moie cui
WHEPLUU» 3TH TeJa ABUXYTCS COBEPUIEHHO OJIMHAKOBO, €CJIA TOJbKO OJMHAKOBBI HayalbHbIE YCIOBUs. TeM
K€ CBOMCTBOM 00JIaJ]at0T TeJla, HAXOAAIIUECS MO IEHCTBUEM CUJT TIOJIS TSATOTEHHUSL.

[Ipu HEKOTOPBIX YCIOBUAX CHJIBI MHEPLIMH U CHIIBI TATOTEHUSI HEBO3MOXKHO pazinuuTh. Hanpumep, nBuxeHue
T B PAaBHOYCKOPEHHOM JHU(TE MPOUCXOTUT TOYHO TaK K€, KaK U B HEMOJBIKHOM JHU(TE, BUCSIIEM B
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OJTHOPOJIHOM T0JIe TsKeCcTH. Hukakol SKCIeprMEHT, BBINOJIHEHHBIH BHYTPU TU(Ta, HE MOXKET OTIACIUTh
OJHOPOJHOE I10JIE€ TATOTEHHS OT OJHOPOIHOIO IOJIsSI CUJI MHEPLUU.

w Prc. 43

® Kax HanpasneHb yeHTpobexHan Cwna nHepLuw
u cana Kopnonnca? Korga onn NpOARNAIOTCA?

@ B cesepHOM nonyiiapun NPOUIBOAUTCA Bbi-
cTpen BAoNk MepKavaHa Ha cesep. Kak cka-
JK@TCA Ha [BM)XOHMW cHapRga CyTouHoe epa-
ujeHne 3emnn? .

@ Copmynupy#Te n NOSICHNTe NPUHUNN 3KBKUBA-
NeHTHOCTH DAHWTeRHa.

AHanorusi MeXIy CWIAMH TSATOTCHHUS W CHJIAMU WHEPIHMH JISKUT B OCHOBE MPHUHIIMIIA SKBUBAICHTHOCTH
IPaBUTALMOHHBIX CUJI M CUJI MHEPUUU (IPUHIMIA SKBUBAJICHTHOCTH DHWHINTEIHA): BCce PU3NUECKUE SIBICHUS
B I0JIC TATOTEHUS MPOUCXOAIT COBEPIICHHO TaK e, KaK U B COOTBETCTBYIOIIEM TIOJIE CHJI MHEPIIUHU, €CIIU
HAMPSKEHHOCTH 000UX TM0JIeH B COOTBETCTBYIOIIMX TOYKAX MPOCTPAHCTBA COBMAIAIOT, a IPOYME HavyaIbHbIe
YCIIOBUSL JUIsI PacCMaTPHUBAGMBIX TeJ OJIWHAKOBBL. DTOT MPHHIIMIT SBISETCS OCHOBOH 0OIIeH Teopuu
OTHOCHUTEIbHOCTH.

3aoauu

5.1. JIBa 0oAMHAKOBBIX OJHOPOIHBIX IIapa M3 OJMHAKOBOTO MaTepuaia, COMPHUKACAACh IPYr C IPYIroM,
npuTsIruBatoTcs. OnpenenuTh, Kak U3MEHUTCS CHIa IPUTSHKCHHUS, €CJIM MAcCy IIapOB YBEITUYHTH B N=4 pasa.
[Bozpacrer B 6,35 paza]

5.2. IlmoTHOCTH BelIECTBa HEKOTOPOM MIApOOOpa3HOW IUIAHETHI COCTABISET 3 r/em®. KakuM 1OIKeH GbiTh
nepuoj; oOpallleHus MIaHeThl BOKPYT COOCTBEHHOW OCH, YTOOBI HAa 3KBaTope Teja ObLIM HEBECOMBIMH?

[7=./37/(Gp) =1,9 4]

5.3. OnpenenuTb, B Kako Touke (cuuTas OT 3eMiIM) Ha NPSAMOH, coeAuHsromeil neHTpsl 3emiuu u JIyHsl,
HaIpsDKEHHOCTh MOJISL TATOTEHHs! paBHA Hymo. PaccrosHue mexny nentpamu 3emuid U JIyHsl paBHO R,
macca 3emun B 81 pa3 6osbiie maccsl JIyasr. [0,9 R]

5.4. JIBa OIMHAKOBBIX OJIHOPOJAHBIX IlIapa W3 OJIMHAKOBOIO MarepHajia CONPUKACAIOTCS APYTr C JIPYTOM.
Onpenenurts, Kak U3MEHUTCS NTOTCHIMAIBHAS HEPTUS UX TPABUTALIMOHHOTO B3aMMOJEHCTBUS, €CIIM MacCy
11apOB YBEJIUYUTH B YeThIpe pa3a. [Bospacter B 14,6 paza]

5.5. /IBa cmyTHMKa OJJMHAaKOBOM MaccChl JBMXKYTCSI BOKPYT 3€MJIM IO KpYroBbIM opOuTam paanycoB Ri u Ry.
Omnpenenutsb: 1) OTHOIIEHHE TONHBIX dHepruil cyTHUKOB (E31/Ej); 2) oTHOIIEHHE WX MOMEHTOB MMITYJIbCA

(L1/L2). [1) Ro/R1; 2) R, /R, ]

5.6. Baron xaTuTcs BI0OJIb TOPU30HTAIBHOTO yyacTKa qoporu. Cua Tpenus coctanisieT 20% ot Beca Barona. K
MOTOJIKY BaroHa Ha HUTH MoBelleH mapuk Maccoi 10 r. Onpenenuts: 1) cuiy, 1eHCTBYIOUIYIO HA HUTD; 2)
YToJI OTKJIOHEHUs1 HUTH oT BepTukanu. [1) 0,10 H; 2) 11°35"]

5.7. Teno maccoit 1,5 kr, magas cBOOOAHO B T€UEHUE 5 C, MOMAAAET Ha 3eMJII0 B TOUKY € reorpaduieckon

mupoTor ¢=45°. YuuThiBas BpalieHue 3eMild, HapUCcOBaTh U OMPEEIIUTh BCE CUIIbI, IEHCTBYIOLIUE HA TEJO
B MOMEHT ero mnajienus Ha 3emumto. [1) 14,7 H; 2) 35,7 H; 3) 7,57 mH]

I'maBa 6 DJ1eMeHTBI MeXaHUKH KHUIKOCTEH

§ 28. /laBjieHHe B 5KMIKOCTH U rase

Monekynbl ra3a, coBepiuas 0ecropsI0ouHOe, Xa0THUEeCKOe JBUKEHHNE, HE CBSI3aHbl WM BechbMa cIabo CBSI3aHBI
CHJIaMH B3aUMOJICHCTBUS, MOITOMY OHHU JBUXKYTCS CBOOOJHO M B PE3ylbTaTe COYAAPEHU CTpeMsaTcs
pas3ieTeTbcs BO BCE CTOPOHBI, 3aM0JIHSS BECh MTPEIOCTABIEHHBIN UM 00beM, T. €. 00BEM ra3a ompejensercs
00BEMOM TOTO COCY/a, KOTOPBIH ra3 3aHNMAeT.

KunkocTs xe, UMest OTIpeICICHHBIA 00beM, TPUHUMAET (OPMY TOTO COCY/Ia, B KOTOPHI oHa 3akimoueHa. Ho B
KUIKOCTAX B OTJIMUKME OT Ta30B CPEIHEE pACCTOSTHUE MEXAY MOJEKYJIaMU OCTAeTCsl MPaKTUYECKH
MTOCTOSTHHBIM, ITOATOMY KHUIKOCTh 00J1a7aeT MPAaKTHIECKH HEU3MEHHBIM 00BEMOM.
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ChoiicrBa XHAKOCTECH ¥ ra3oB BO MHOTOM OTJ/IHYAIOTCS, OQHAKO B PAAE MCXaHHIECKHX
ABJICHUM MX MIOBEJCHHE ONMpECIINCTCY OJHEAKOBHMHE IAPAMECTPAMHE H HACHTHYHLIMA YDaBHE-
musME. [TosToMy rupoaspoMexaBmks — pa3fe/ MEXaHHKH, H3YJalONEi paBHOBECHE H ABH-
XCHHE XHJIKOCTCH K ras’oB, HX B3aBMOAciicTsEe Mexny cobol m o6TexaeMuME HMH TBEp-
IBIMH TCJIAMH, — HCHONB3YCT edunbiil no0x0) K H3YUCHHIO XEAXOCTEH B ra3os.

B Mexamuke ¢ Gonpmoll CTENCHEIO TOYHOCTH XHAKOCTH H TA3KW PaCCMATPHBAIOTCHS Kak
CIIONIELIC, HENPEPHBHO PACHPCAC/ICHARIC B 3aHATOH MMA YacTh mpocTpascrsa. IlnoTHOCTD
XC TA30B OT [ABJICHHA 3aBHCHT CymecTBCHEO. M3 omuTa H3BECTHO, 9TO CEKHAMAEMOCTHIO
XHAKOCTH M Ta3a BO MHOIHX 3aJJa9aX MOXHO NpcHEOpeds M MONB3OBATLCH CAMHLIM NOHSTH-
€M BeCKNMReMOl MMIKOCTE — XHIKOCTH, IUIOTHOCTD KOTOPOi BCIOQy OQHHAKOBA H HE
H3MCHSCTCH CO BPCMCHCM.

Ecim B noxosimyiocs XHAKOCTh INOMECTHTh TOHKYIO IUIACTHHKY, TO YacTH XHIKOCTH,
HAXOJSIIMECS IO Pa3HEIe CTOPOHH OT Hee, GyayT melicTBOBaTL HA KAX[EIA ee leMeHT AS
¢ canama AF, xoTOpHC HE3aBECHMO OT TOTO, KaK IUIACTHHEKAR OPHCHTHPOBaHA, GynyT paBHE
[0 MOAYJIIO ¥ HANPABJICHK NCPOCHIUKYISPHO Mromanke AS, Tax Kax HAIAYAE KACATCILHRLIX
CHJI IpHBEIO Ohl YACTHIUN XHAKOCTH B. ABHXcHHEE (puc. 44).

dusudeckas BENHYHHA, OHpeeieMad HOPMAJILHOH CHIIOH, ncHCTByIONICH CO CTOPOHK
XHKOCTH Ha €IHHHIY [UTOLIA/IH, HA3KIBACTCA AABJICHEEM P XHIKOCTH:

p = AFJAS.

Enununa naBnenuss — mackanab (Ila): 1 Ila paBeHn naBnenuto, cozgaBaemomy cuiiod 1 H, paBHOMepHO
pacrnpeieIeHHOM MO0 HOpMaJIbHOM K HEeW MOBEPXHOCTH IO b0 | M (1 IMa=1 H/MZ).

JlaBneHue npu paBHOBECHH KHAKOCTEH (Ta3oB) momuuHsaercs 3akoHy Ilackans™®: naBnenue B 1r000M Mecte

MOKOSALIEHCS KUAKOCTH OJUHAKOBO 10 BOEM HAIPABIICHUSM, IPUUYEM JaBJICHUE OJIMHAKOBO MEpPEAaeTcs Mo

BCEMY O6’beMy, 3aHATOMY HOKOHH_ICI‘/'ICH KHUIKOCTBIO.
* B. Ilackans (1623—1662) — dpaHIy3cKuii yuaeHbIH.

PaCCMOTpI/IM, KaK BJIMSICT BEC XHUIAKOCTHU Ha pacnpez[eﬂeHHe aBJICHUSA BHyTpI/I HOKOSIHIGﬁCSI HGC)KI/IMaeMOﬁ
KUIKOCTH. HpI/I PAaBHOBCCHH KHUAKOCTU IABJICHUC I10 T'OPU3OHTAJIM BCEraa OJMHAKOBO, MHAYC HEC OBUIO OBI
paBHOBecus. [1oaToMy CBOOOHAS TTOBEPXHOCTh MOKOSIICHCS >KUIKOCTH BCEr/ia TOPU3OHTANbHA BIAIH OT
CTCHOK COCyla. Ecimn KHUIKOCTh HECXKHMMacMa, TO €€ INIOTHOCTb HC 3aBHCHUT OT AAaBJICHHA. Torz[a IIpu
MOTIEPEYHOM CeUeHHHM S CTos0a JKHUIAKOCTH, ero Bbicote h m tutotHoctn p Bec P=pgSh, a naBnenue Ha
HNUKHEC OCHOBAHUC

p = P[|S = pgSh/S = pgh, (28.1)

T. €. JaBJICHUE U3MEHAECTCS TUHEHHO C BEICOTOM. I[aBJ'ICHI/Ie pgh Ha3BIBACTCA TMAPOCTATHYECCKUM JaBJICHUEM.

Puc. 44
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@ Yto Takoe pasneHne B xuaxoctn? [aene-
HUe — BENNMYNHA BOKTOPHAR MNM CKanApHana?
KaxoBa efjuHnya pnasnexms B CU?

® Cdhopmyrmpyiite n noscHute 3akoHb! flackans
n Apxumepga.

@ Y70 Ha3bLIBAIOT NUHKUeHh Toka? TpyOKo#k Toka?

Cornacao ¢opmyne (28.1), cuia mgaBieHUS HA HUKHHUE CIOM XKUIKOCTH OyneT OOJbIle, YeM Ha BEpXHHE,
MOSTOMY Ha TeJlo, OTPY)KEHHOE B JKHIKOCTb, JCHCTBYET CWJA, ONpenessieMas 3aKOHOM ApXumena: Ha
TEJO, TMOTPYKEHHOE B XKHUJIKOCTb (ra3), NEHCTBYeT CO CTOPOHBI 3TOM JKMAKOCTH HAalpaBlIeHHas BBEPX
BBITAJIKMBAIOIIASI CUJIa, paBHAs! BECY BHITECHEHHOM TEJIOM KUAKOCTH (Ta3a):

Fa=PgV,
TZie p — IJIOTHOCTH JKUAKOCTH, V— 00BEM MOTPYKEHHOTO B KHIKOCTh Tela.
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§ 29. YpaBHeHHe Hepa3pbIBHOCTH

JIBM>KEHHE JKUKOCTEH HAa3bIBACTCS TeYeHUEM, a COBOKYIMHOCTh YACTHUIL IBIKYIIEHCS KUIKOCTH — MOTOKOM.
I'padmyecku ABMKEHUE XKHUIKOCTEH M300pakaeTcsl C TOMOIIBIO JJHHUIH TOKA, KOTOPBIC TPOBOIATCS TaK, UYTO
KacaTelbHbIE K HUM COBIAJAIOT MO HAIMPABJICHUIO C BEKTOPOM CKOPOCTH KHUAKOCTH B COOTBETCTBYIOIIMX
TOYKax mpoctpaHcTBa (puc. 45). JIMHUM TOKa TPOBOAATCS TaK, YTOOBI T'yCTOTa WX, XapaKTeph3yemas
OTHONICHWEM YHCJIa JUHUH K TUTOIIAIN TEepIeHANKYIIPHON UM TUIOMIAKH, Yepe3 KOTOPYI0 OHH MPOXOIST,
Oblma Oouibllie TaMm, Tne OOJBIINE CKOPOCTh TEYCHHS JKUIKOCTH, W MEHBIIE TaM, TAE€ XHUIKOCTh TEUET
MemnieHHee. Takum o0pa3om, Mo KapTUHE JTMHUNA TOKa MOKHO CYJIUTh O HAMPaBICHUH U MOJyJie CKOPOCTH B
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pasHBIX TOYKAX MPOCTPAHCTBA, T. €. MOYKHO OIPEICIIUTh COCTOSHHUE JBHKCHUS KUIKOCTH. JIMHUU TOKa B
XKHUJIKOCTH MOXKHO «IIPOSIBUTBY», HAIIPUMEP, ITOJMEIIIAB B Hee KaKHe-THO0 3aMETHBIC B3BEIIICHHBIC YACTHIIBI.
YacTh JKUAKOCTH, OTPAHUYCHHYIO JTMHUSIMHU TOKA, Ha3bIBAIOT TPYOKOW Toka. TeueHHe )HUIKOCTH HA3bIBACTCS
YCTAHOBHBIIMMCS (WJIH CTAIMOHAPHBIM), eCiii (popMa M pacrosIoKeHHe JIUHUN TOKa, a TaK)Ke 3HAYCHHS
CKOpOCTEN B KaXKJI0M €€ TOYKE CO BPEMEHEM HE U3MEHSFOTCSL.
Paccmotpum kakyro-nmubo TpyOKy Toka. BeiOepeM /iBa ee ce