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BBEAEHHUE

OObIMHO AMHAMHKOH. MOC.IC CTATHKH M KMHCMATHKH, 3ABCPLUACTCS M3YUYCHHUC
TCOPCTHUCCKON MCXAHHKH. OIHAKO ONPCACICHUC NOHATHH MCXAHUKH HCBO3MOMXK-
HO 0c3 auHamuku. [103T0My PACCMOTPHM MX B 3TOM BECACHHH, KOTOPOC NPCIIa-
FACTCA CTYACHTAM 151 CAMOCTONTCALHON npopadoTku. ECim no3s01uT BPCMsL, TO
HPCHOJABATC.Ib MOMKCT M3I0KHTL 3TOT MATCPHA B BUAC CHCIVEOCH TeMbL: «Te-
ma 11. OxkpyvKarWHil MHP 1 ONHCAHAC B3ANMMOICHCTBUEH B HOM». Jlexkunn 16,

Kak ub1 ¥0eTHTICE BCE TEOPEMBI H 3AKOHBI MENAHHKH BBITEKAKOT H3 OCHOB-

HOTO ee 3akoHa [* = ma . Uenm odycIoBIeH 10T 3akoH? SIBISeTCA M OH 3AKO-
HOM TIPHPOIB], 4 €C.TH HET, TO OTKY.IA OH caeaveT? [Tpekne, YeM OTBeTHTH Ha 9TH
BONPOCH, MPOAHA.THHPYEM HALIH NMPEICTABICHHS 00 OKPYIKAIOIEM MHPE,
OKPYKAIOIIHIA MHP H ET'QO OIMMHCAHHE. Bee, uT0 HAC OKPYHKICT, H C
YeM MBI TIOCTOSHHO HMEEM JEI0. MOKHO PAa3Ic.nTh Ha JBe oomactH, Tlepeas —
3TO OKPYIKAIGINMH MHD, KOTOPBOL HE JUBHCHT OT HAINMX DPACCYAICHHMIE HedO,
3BE3IbL, JEPEBLA, HAII JIOM, MPEIMETH B HEM H T.7, BTOpas 001aCcTh — 3T0 onMca-
HHC QKPVAIIOIICTO MHPA, T.C, CTO NOHHMAHHC, QOno COACPKHTCHA B KHHTAX, Hiv-
YICTCS B LIKO.IC, HMEETCS B HAIICM CO3HAHHH, ECIH OOBEKTBI OKPYSKAOIIETO MH-
Pa MbI CBOHMH PACCYKACHHIMHA H3MCHHTL HC MOMKCM, TO HALC MOHHMAHUC MUPA
NOCTOSMHHO MCHACTCH. Hanpmlcp. PAHLLWIC YCNOBCK NMPCIACTAB.LIN, YTO BCM.'IH HB-
micTes ucHTpoM BecicHuoii u Heboceoa epaw@acres Bokpyr 3eman. Ceiiuac Mel
3HACM, YTO 3CAMLTI BPAWACTCS BOKPYI CBOCH ocu. oOpawactcs eokpyr Connua,
ConHUC COBCPLIACT JBIKCHHC BOKPYT UCHTPA [ATAKTHKM, 4 NOCICTHIN IBHMKCT-
CcH, B’3¢“II¢IMO,§[CI\/’ICTB_VSI C APVIAMH FATAKTHEAMH, O,C[Hal\'O CYVLICCTBYCT MACCa Jpyrux
l'lpC,ZlCTﬂBJ'ICHHﬁ. KOTOPLIC HAIUW NOTOMKH COUTYT '336."[_\'}1{,1CHHHMI/I. H NMOHUMAHHC
MHPA KOPCHHbIM 00pPazoM m3McHATCH. [103T0MY M3 BCCX HPCACTABICHHI MOKHO
BbLIC.IUTH 3HANNH O MHPC — 3TO NPCIACTABACHHA, KOTOPLIC HC MPCTCPILIT CVIUCCT-
BCHHBIX H3MCHCHHI CO BPCMCHCM.

Ol'IbIT MOKA3bIBACT, YUTO HALUN NPCICTABICHHS 6\,2[\T JBIATBCSA JHANMSIIMHA,
CC.IM ONMUCAHHC MUPA OVICT OCHOBBIBATHCH HA CONOCTABJICHHM CEOWHCTE Cro 00b-
€KTOB CO CBOHCTBAMM 3TATOHHBIX 0Opa3ioB. OCHOBHBIZ NOHATHA MEXAHHKH MO-
JIVHEHB] HMEHHO TAKHM CHOCOG0M.

U3IMEHEHHE OKPYXAKIIEIO MUFPA H BPEMA KAK EI'0 MEPA,
Bce 00BeKTH MOIBEPKEHET H3MEHEHHAM. UeTOBEK poKIaeTca pedeHKOM, pacTeT.
NPCBPAILACTCA B HOHOLIY. CTAHOBHTCH 3PCIbIM. 3ATCM CTAapHTCA W yMHupact. Ha



MPOTHKCHAN KH3HH UCIOBCKA OPOHCXOIAT JAPVCHE H3MCHCHHMA, EKCTHCBHG
CoIHuC mepeMelacTes no HeOOCBOAY. NPOHCXOIAT CMCHA AHA H HOouu, a3z Jly-
HbI, CC30HOB roJa. MHOrMC W3 M3MCHCHHH NOBTOPSIOTCS H SIBTSIOTCS LHKIHYC-
CKHMIH. ApPYTHE OBIBAIOT VHHKATIBHBIMH. HATIPHMEp, MOABIEHHE CBEPXHOBOI 3BE3-
bl CBOHCTBA HAMEHEHHA M IBIGKEHUS NAPAKIEPUIVEOT BCE OOBEKTBI OKPYHKARO-
INETO MHpPA.

A1 ompeae IeHI MEPB] H3MCHCHHI 0DBCKTA U TOBSK COMOCTABTICT 3T H3-
MEHEHHE C KAKAM-THOO 3TANOHHBIM H3MEHEHHeM. B pesyvieTare cOmOCTABICHHA
OIPEICTACTCA BETHUHHA H3MEHCHHA (OHA BRIPAKACTCHA B KOMUCCTBC ITATOHHBIN
H3MEHEHHH HIH B KOJHYSCTBE HX JOTCH H HAMBIBACTCA BpevcHes. Hampumep,
H3MCHECHHE 4YCNOBEKA. T.. €T0 JKH3Hb. PONOTHT B cpeJHeM 3a 70 0dopoTos 3eM-
i BoRpYT CotHua. CyecTBYET HECKOIBKO PEIVIIBTATOB CPABHEHHS H3MEHSHHH
ATHTEILHOCTD. MPOMEKYTOK BPEMEHH, MOMEHT BPEMEHH H T.I., RKOTOPBIC ABIAIOT-
CA CHHOHHMAMEH THOO ¥TOYHAIOT 0COOCHHOCTH m3MeHeHmH. lIpoMexyTox Bpe-
MCHH 0003HAYACT KOIHUECTBO LHETOB 3TANOHHOTO H3MEHSHHA. YKBHBATCHTHBIX
PACCMATPHBAECMOMY H3MEHCHUI), A MOMEHT BPEMEHH PACCMATPHBASMOIQ H3ME-
HEHHS ODOZHAYACT MPUBA3KY €r0 K ONMPEICICHHOMY LHKIY 3TATOHHOTO HIMCHE-
HHA,

B mponiecce yenopeveckoi AedaTe ILHOCTH OBLTA COMIAHA CHCTEMA 3TAIOHOB
H3MEHEHHH, CBABAHHBIX ¢ IHKTHYCCKUAMH JBIKECHILIMH 3EMIM H HX JOTAMH: o,
CVTKH, YaC, MHHVTA. CEKYHIA,

BEJIHUHAHA OBLEKTOB H EE MEPA. BropeiM ¢BOICTBOM 00BLEKTOB
OKPVIKAFOIIETO MHPA ABIIETCA HX BeIMUMHA, [TpH cOMOCTABICHHM QOHADYAMBA-
€T, YTO OJHH 00BESKT MEHBIIC HITH 00JbIIE Ipyroro. Tak, manel MEHBINE CTOMEL,
CTONA MEHBINE PVEH (0 NOKTEBOTO CYCTABA), PVEA MEHBINE 4eIOBEKA, YSTOBEK
MEHBINE TepeBa. MHOIHE W3 MepeYHCICHHBIX OOBEKTOB BEIDHPATHCE B KAMECTBE
ITAIOHOB, AR0iM, QyT, J0K0Th, wAr, Be munna 00bCKTa onpeacisicTes B peiy.in-
TATC COMOCTABICHH CrO ¢ JTAIOHOM H BhIPANKACTCH KOIMUCCTEOM 3TATIOHOB MIH
KOJIHUCCTBOM A0.ICH 3TaicHa. B HacTtoswee Bpems 0OIbINAN HACTL UCIOBCUCCTEA
MO.IL3YCTCH CICUHATLHO CO3AAHHBIM ITAI0HOM BCIHUHHBI NI AJIHHBI — ILTATHHO-
HPHAUCBLIM OP¥COM X-00PAa3HOro cCuCHUsl, KOTopwii xpauutcst B Ceepe (Ppau-
LK) B MCHIYHAPOIHOM OKOpo Mcp u BecoB. Benuuuna Opyca mpu teMnepatype ()
OC MCHIY JBYMSI HIHCCCHHBIMKA H3 HCM LUTPHXAMHM HA3LIBACTCSI METPOM, Takum
00pPa30M, BCAHYMHA OOLCKTOB KAK B MAKPO-, TAK H B MHKPOMHPS BbIPAZKACTCH B
KOJMHYCCTBANX HIM B JOIAX MCTPA.

BeauunHa 0HOM0 4CI0BCKA MOMCT ObiTh 0OIBLIC TPYIOrQ B HAMPABICHHM
OT MSIT J0 rONOBbL, OOIBIUC TPCTHCIO B HAMPABICHHH IICY H OOIBLUC YCTBCPTOro
B HANPABICHHH CIHHA — KHBOT, JTO CBGHCTBCHHO H 1718 APYrUX OOLCKTOB, T.C.
HM IPHCYIIH TPH BHIA BeJIMUMHEI B TPEX PAHEIN HANPABICHMN. OTHAKO 119 HX
HIMEPESHHUA HCHOIBIVETCA OJTHH H TOT JKE ITATIOH.

[Tpu paccMOTpeHMH JBVX TET HCOOXOIMMO ONPEICTHTH BEHMUHHY MpPOMe-
AVTEA MEACTY HUMH. BenuuuHY NPOMERYTKA. KAK M BEIIMYHHY 00BEKTA, PAcCMAT-
PHBAFOT B TPEX B3AHMHO NEPNEHIHEY TAPHBIX HANPABICHHAX. BemHtHHBI IpoMe-
AVTROB MCKIY OOBCKTAMEA HIMCPAKOTCS TCM 3KC ITATTOHOM UIHHbL MceeTa, 3aHH-
MACMEIC TCIAMH. H MPOMCIKYTKH MCKIY HHMH MBI HA3BIBACM IPOCTPANCTROM.
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CYLICCTBYCT MHOIG PAasHOBHIHOCTCH MCP BCHHUMHBL ODBCKTOB. pa3Mcp,
ANHHA, WHPHHA. BLICOTA. NIvOHHA, paccTosHue W 1.1, Bee oHu nonyuatores npu
CPABHCHHH BCTIHUHMHBL 0OBLCKTA C OJHAM H TCM *C 3TAJOHOM BCanuuHbl. Pazwiep
00BEKTA — ATO PeIVIIBTAT COMOCTABICHIA BEIMHHEI 00BEKTA ¢ BETHMHHOHN TAN0-
Hl. Jmma — HandoIpmmid pasMep OOBEKTA. IIHPHHA — CPEIHHE paMEp, KAk
OPABHIO. B TOPHOHTATLHOH IockocTH. TiiyduHEA — pasMep 0DBEKTA MO BEPTH-
EUTH BHES. PaceTosmBe MSETY O0BCKTAME — PA3MEp TPOMEKVTRL METY HHMH
CyIecTByYeT paa CBOMCTE 0OBEKTOB: MIOHELTE. 00BCM, (JOPMA. KOTOPEE OIpeIe-
TTOTCA KOMOHHAIHEH pasyepos 00BEKTA.

Hrak. B pesvieTaATE COMOCTABICHHA CBOHCTB WIMCHIHBOCTH H BCTHUHHSBI C
COOTBCTCTBVIOLIHMH CBOHCTBAMH TCI). BBIOPAHHOIO 1 STATOH. MBI HOIVVAEM
OpeICTABICHHE 0 MHpe. H3vueHHe M3MEHYHBOCTH HMO3BO.LIET V3HATE 0 TPOIOI-
JKHTSIBHOCTH KW3HH SKHBOTHBIX, CROPOCTH IBHKCHHA JCIHHKOB. 3IROHOMCPHO-
CTAX B JBHGKCHWH TLTAHET, (hOPMHPOBAHHH TeOJOTHUCCKHX TIEPHOAOB Ha 3eMTe,
HCTOPHIO Y€JIOBEYECKOTO ODINSCTBA H T.IL MWueHHe BETHUHMHEI TEI IO3BOILAST
Y3HATH LTHHY PCK, BICOTY NOP. PACCTOSIHMS MCHSTY FOPOIIMH, Pasvcp 3CMIH H
paccrosuue 10 Contg, MHOMMC HAVEH BOSHUKIH GIAMOIAPS M3MCPCHHIO BCIH-
UHHbl TCI. FCOMCTPHA. rcorpadwms, acTpoHowus. [To-suanMomMy, o0bew 3HAHKE,
MOJYUCHHBIX C MOMOLLULI) H3IMCPCHHS W3MCHUHBOCTH M BCIHMHHLL TC, SBIACTCH
cavuiv 0oantuny, [IpcACTaBACHKA 0 MMPC, MOAYUCHHBIC TAKHM CMOco00M, OCTa-
FOTCH OPAKTHUCCKH HCHBMCHHBIMH, MOATOMY Mbl HX CUHTACM SHAHHAMH O MH]C,
JABUKEHHUE OBBLEKTOB U EIM0 MEPLI. H3MCHCHUC OKPYIKAIONICTO MHPA
MPOMCXOIHT B pasHbIX Popmax. OaHa M3 HUX — IBWKCHHC. [1pH IBMKCHHE M3MC-
HICTCH MPOMCHKYTOK MCHKIY 00BbCKTaMH. Mcpobl ABMKCHMS SIBISCTCS CKOPOCTD.
CKopocrt, 1BHKCHHS 01HOTO 00BCKTA OTHOCHTCIBLHO APYIOre ONpcIc.BICTCs KAk
OTHOLUCHHC 3ICMCHTAPHOTO W3MCHCHMS PACCTOAHMSL A/ MCHIY HHMH 33 3ICMCH-
TADHBIH MPOMEAYTOK BPEMEHH Af K BETHYHHE HTONO NPOMEAYTEY, T.¢.0 = AJfAr

Tax xax paccMaTPHBACTCH H3MCHCHHC NPOMCHYTKA MCHKIY ABY MsI OOBCKTAMH. TO
CKOPOCTbL XapaKTCPH3YCT ABHAKCHHC OIHOIO 0OBCKTA MO OTHOLUCHHIO KO BTOPOMY.
INo3ToMy CKOPOCTE — Y10 CBOICTRO HC 0JHONO 00BCKTA. a aB¥X. CICI0BATCILHO,
NPA BIANMOICHCTBHH MHOIHN 00BCKTOB HCOONOIHMO PACCMATPHBATE HX BIAHM-
HBIC CKOPOCTH JPNT € APYrOM. T.C. PACCMATPHBATR HIMCHCHHC BO BPCMCHH HX
B3AMMHBIX PACCTOAHHIL

PacnoaosxcHne OOBCKTOB APYT OTHOCHTCIBHO APYra MOACT ObITe B TPCX
PAYINYHBIX HAMPABICHKAX. [T0ITOMY MMCCTCHl TPH CKOPOCTH, KOTOPBIC MPH OMH-
CAHHH WX BCKTOPHOW BCIWYHHON B IJCKAPTOBOH CHCTCMC KOOPIMHAT ONPCICIsI0T-
CH TPCMAl KOMMOHCHTAMH BCKTOPA CKOPOCTH

b=y +_,7!JV + !;uz. (B.H

CROpOCTE U MOMKET OCTABATECA HEH3MEHHOH. B 3TOM cayvae 00BCKT 1BH-
ACTCA OTHOCHTCNIBHO APYIOoro paBHOMCPHO H l'IpﬁlN]O.'[HHCi*iHO. B uacTHOM CIYUIC
H}’J’ICBOE/‘I CROPOCTH PACCTOAHHC MCH Y 00BLCKTAMH HC H3MCHSICTCH H OHH HANO-
ASITCA B MOKOC Apyr OTHOCHTCILHO ApYra. B 10 #C BpCMA OTHOCHTCILHO JPYTIHX
00LCKTOB OHH MOCYT HMCTh odric CKOPOCTH.
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CropocTh Tema MOAET I3MEHATECS. Hampivep. HeNMOABIKHEIH 00BEKT NPH-
NOTHT B JBHKEHHE HTH B MPOIECCE TBIDKEHAA VBETHYUBISTCA ET0 CKOPOCTH, HIH
HIMEHAETCA €€ HANPABICHHE. TaK KAK CROPOCTE MPONMOPUHOHAIBHA H3MCHEHHIO
PACCTOSIHES MCHAY IBYMSL TCIAMU, TO H3MCHCHHC CKOPOCTH MOMCT ObITh BhI3BAHO
H3MCHCHHCM ABMMCHMSI KWKTOrO W3 HUX, JINs NAPAKTCPHCTHKH M3MCHCHMS CKO-
POCTH T€1d OBLI0 BBEICHO MOHATHE VCKOPEHHA i | KOTOPOS OTPAMKAST M3MEHSHHE
CHOPOCTH TOALKO OAHOTO o0nLCKTA. )1.'1}1 ITOrQ BROAHUTCA HCKOTOPAM CHCTCMI OT-
CYETA, KOTOPAS B MOMEHT [ MMEST OJMHAKOBYK) C TEJIOM CKOPOCTh O . H €€ CKO-
POCTE B JATBHSHIIEM HE M3IMSHASTCH. 3TV CHCTEMY HiABATH MHSPUMANBHOMN B TOM
CMBICIC, YTO QHA ABMIKCTCS TIO MHCPLMH, T.C. HA HCC HHUTO HC BOBACHCTBYCT M HC
HIMCHACT €€ CKOPOCTh. B JAMBHEHIIMT MOMEHT BPEMEHH A! PACCMATPHBASTCA
YHC HC HMIMCHCHHUC CHOPOCTH NOQ OTHOMICHHIK} KO BTOPOMY TCIY, d HIMCHCHHC
AD TI0 OTHOWICHAK) K 3TOH HEYCKOPEHHOH cHCTeMe. CpedHAd BeIHYHHA VCKOPEe-
HHA ONPESICTACTCA KAK OTHOMICHHE HIMCHEHHA CROPOCTH 33 ICMCHTAPHEIH TPo-
MSAYTOK Af K BE THYHHES MPOMEAKYTEA H B BEKTOPHOM BHIC SAMHCHIBASTCA

W= — (B.2)

TaK ONPEICNCHADE YCROPSHHE TE.TA SBIACTCS YIRS eTO A0COMOTHOM NapaKTe-
PHCTHEOQH, 2 HE OTHOCHTENBHOI, NPHBAAHHON K APYTHM 0OBCKTAM.
BO3JAEHCTBHE H ErQ OIMMHACAHAE. MMoveMy TeI10 TPHOOPETACT YCKOPE-
Hie? YeToBek vOCOMICA, ™TO BCE CIVUAH YCKOPSHHEIX JBIKCHHH TET HMCHT
NPHMEHY. HA HHX ACHCTBYIOT APYTHE TeId. I1o3ToMy BO3ICHCTBES APYTOTO T
HA TIEPBOS — 3TO €CTh CMOCODHOCTE BTOPOTO TEM NPHBECTH B ABIVKCHHE TIEPBOS
TETIO. .'[[160 HIMCHHTE €TI0 JBIUKCHHE. Hnennts ABIDKCHHC TCId — I3TO JHAYHT
IIMEHUTE €T0 CROPOCTR THOO MO BETHUHHE, JTADO MO HATPABACHHIO, T.€. CO0D-
LHTb CMY YCKOPCHHC W . OTCI-O,E[H CIICOVCT. YTO BCJAHTHNIA BOS,"ICﬁC'I'BI’IH Ha Te-
L0 GnpeiIcineTes BCOHYHHOH YCROpPCHHH, KOTOPOC TCIO ll])l’IOﬁ[)C'l'aC'l' H/TH
u|moﬁpe'rc1', ROU/1A 3TO BO3;’]CFIC'I‘BI-IC HAYMCTCH,

Ecam HeT YCROpPEHHA MEPBOTO TEIA, TO H HET BOBASHCTBHA BTOPOTO. JHOO
BO3ACHCTBUC BTOPOrO TC/3 CKOMMCHCHPOBAHO OOPATHBLIM IO HAMPABICHHIO BO3-
ACHCTBHUCM TPCTLCTO. Hl]l‘lpHMCp, l'IO;I,BCLI.lCHHl:Iﬁ Hi OPYXHUHC KiAMCHbL (l'leBOC
TC10) MPHUTATHBACTCA 3CMACH (BTOPOC TCI0). HO OH HC M3MCHCT CBOC ABHMCHHC,
TAK KaK MPYAKHHA (TPCThC TCAO) MPOTHROACKHCTBYCT ToMy. OHa cosnact Bosnci-
CTBHC OOPaTHOC MO HANPABICHMID BO3ZICHCTBHIO 3CMIM, H KAMCHb HANOAMTCH B
nokoe. [1py:AuHa MPH 3TOM PACTATHBACTCA HA KAKYIO-TO BeTmduHEY Al Ilosromy
ObIa BBCACHA CHJIA A1 XAPAKTCPHCTHKK BO3ACHCTBUS HA TCQ TPU OTCYTCTBMH
ABMACHH, OHA ONPCACTICTCS M3MCHCHUGM CBOMCTB TPCTLCMO TSNA (HAMPHMEP,
ATHHBI MPYKHHBI), KOTOPOC MPOTHBOACHCTBYCT B3aHMOACHCTBHIO NCPBOLO H BTO-
poro Ten, Ecnu yOpaTh BO3ACHCTBHC TPSTLCTO TCAA, TO MCPBOC TS0 MO BO3ACH-
CTBHCM BTOPOrQ HAMHCT ABMACHMC, TaK Kak 9TO BO3ACHCTBHC XapAKTCPH3YCTCH
TOH e CUI0M £, TO OHA ABTACTCS NAPAKTCPUCTHKOM BO3ACHCTBUA W NpH ABMIKC-
UK, CHIA HMCCT TAKOC KC HATIPABICHHS, UTO M YCKOPCHHE, AHAJOTHUHO CMY H B

NPOCTPAHCTBC XAPAKTCPIIY CTCS TPCMA COCTABTAROIMMME, M =i F + jH, +kF, .
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IIpoTHBOACHCTBHE TPETBEIO TR MOKET OBITH BBRIPAKCHO HE TOIBKO PACTI-
JKeHHEM NPVIKAHBI, HO W ee CIKATHEM, ECIH OHA, HANIPHMEP, PACHIONOKEHA MEKIY
NPATATHBAIOITAMHCA TEIAMH. TpeThe Te10 MoKeT OBITH H HC IPYIKHHOH, A ero
JeopMaImd MOKET H3MEPATECA TEH30JATUHKAME MM ¢ NOMOLIBEY Nbe303{ek-
ta. KpoMme Toro, MpoTHBOACHCTRYEC TPETHETO TEMa MOMKET OBITh BBIPAKESHO HE YTI-
pyro# aeopManue, a IJpyrinM Bo3IeHCTBHEM. [IpH HIMEepEeHHH BauMOIEHCTBHA
ABYX MOJBCIICHHBIX HA HUTAX SAPOKCHHBIX HIAPHKOB HX OTKIOHCHHIO OT BEPTH-
KATH DPOTHBOACHCTROBAIH FPABHTALIMOHHBIM NPHTKEHHEM K JeMIe.

OOBIMHO BCAMUMHA BO3ICHCTEHS B BHIC CHILL & OMPCICHTACTCH BCIMUMHOIMN
Acopmanun Al CO31aHHOH FTanoHHbBIM BO3ACHCTBHCM. LlKana cuiibl nocTpocHa
TAK, YTOOB! CAHHHUA CHJbI B JIODOM MCCTC LUKAILI COOTBCTCTBOBANA OAHOMY H
TOMY KC BOBICHCTBHIO HA OMPCIACACHHOC ITANOHHOC TCAG. B HACTONUICC BpCM 3a
ITAJIGHHOC TCHO MNPHHAT l'[JTaTHH()-PIpI/I,ElIv{CBb[ﬁ UH.THHAD, AHIMCTPOM H BbICOTOI‘vI{
paeHblit 39 MM, KOTOPLIA xpanuTcs B [apuxe. Tlpu BOZACHCTEMN HA HCMO 3CMIH
OH PACTATHBACT NPYHKUHY HA ONMPCACICHHYE) ATMHY, KOTOPAS BhIPAKACT BCIHUH-
HY CHJIBI B OJHH Kunorpamm (B cucreve MKI'CC). Hrax. Bo3acHicTeHe 3eMIH Ha
3TANOH 3AKMFOYAETCA B TOM, YTO OH MAJACT C YCKOperHeM 9.8 w/c”. Ml ke omi-
CBIBAEM 3TO BOZICHCTBHE BEJIMUHHON cHUNBI B /7= | K['.

Eciy MpHCOSIMHKUTE K IIPYKHHE /4 3TATOHOB. TO OHH PACTAHYT €€ HA IJHHY
IKBHBANCHTHYEO /7 KI'. M MBI TOBOpPHM. IO 3eMIq BO3IEHCTBYET HA HHX CHIOH B /7
= n K. Jpyroe TEI0. HAXOIACSCS NMOJ BOJICHCTBHEM, TOKE MOMST PACTAHYTH
Npy¥HHHY Ha /7 K[, T.¢. KAK /4 3TATOHHBIX UHTHHIPOB. Ho Takoe TCmo. Kak H BCC
APYTAC T4, TIAZACT BCC ¢ TCM 7KC YCKOPCHHEM 9.8 w/c™. Taxny 08pasoM. npw
BO3ICHCTBHH HA PAZHBIC TCIA C OIHHM W TCM KC YCKOPCHUCM CHIBI BO3ACHCTBHS
Hd HHX 6_\',[[_\'T pa%m;mm. To ecrs., 0AaHA TOJIbKO CH.IA HC MOMKCT lTpI/I JBHKCHHH
XAPAKTCPUZ0BATE BO3ACHCTRBHC HA TCNO. T103TOMY BBCICHA MACCA T&T1A M = H —
KAK KOJHYECTBO JTANGINILIX Te/l, KOTOPLIE HPH BOZACHCTBHH, Xapakrepu-
3¥EMOM O,IHHAROBLIM YCKOPEIHEM, PACTSIHYT HPYKUIY HA TY K€ BCIAYHINY,
4To H Te10. Torma mpu modoM BOICHCTBHH. KOTOPOS H3MCPSHO BEIIMUIHOH CH-
T F | W OG0 TeNo, SKBHBATEHTHOE /1 ITATOHAM, YCROPEHHe Tema OyeT

=98 Ffm. (B.3)

B ormrime ot cuctemsl MKI'CC B cacreme CH 32 eTHHUITY CHIBI I TIPHHAT

1 wproToH (H), KOTOPBIH XApPAKTEPUIVET TAKOS BOIACHCTBHE HA ATANOHHBIA 1H-

JMHIP. TIPH KOTOPOM OH JBIKETCA ¢ yckopenmeMm 1 m/c”. B cucreme CH cooTHo-
meHUE (B.3) B BEKTOPHOM BHIE 3AIHILCTCS TAK:

W= ﬁ/m. (B.4)

Bripascuuc (B.4), n3BCCTHOC Kak BTOpOH 3ak0H HbEOTOHA, B pACCMOTPCH-

HOM CHCTCMC CAMHMIL CHPABCATHBO U [THO0BIX BO3ACHCTBRH, M Kak Mbl BHanM,

OHO ABMACTCH PC3YJIBTATOM HAWICTO BRIOOPA XAPAKTCPMCTHK BO3ACHCTBHE H CIH-

HHI[ H3MCPCHHSL. AHANOMHMHO NCPBLIE M TPSTHIL 3aKOHb HbrOTOHA — CacacTBHC

HALICNO N0axoAa. Hanpumep, nepruiii 3AK0H: eC/IM HA T€.10 HE BO3JCHCTBYIOT

APYIHE TEJIA, TO OHO COXPANSIET HPSIMO.THEHEIH0E H PARHOMEDIIOE ABHIKEIINE,

— SIBIACTCS CACACTBMCM HCXOAHOIO OMPCAC/ICHMA BOIACHCTBHS — 310 CHOCOD-



HOCTB OJHOTO T¢JIa MPHBCCTH B JBHAKCHHC BTOPOC TCI0 HIH HIMCHHTE CLO
JBH:keHHe, M3 TaHHOro onpeaciIcHHs CreayeT: eCIH Ha TEIO He ACHCTBYIOT JIpy-
THE TETA, TO QHO HE WIMEHACT CBOC ABIDKCHHE M OCTACTCA B MOKOE MO0 ABIKETCA
HOPAMOJHHCHHO H PABHOMCPHO.

Tperuit 2ax0H HeEOTOHA COCTOHT B TOM, YTO CHUIA JEHCTRHY BTOPOIC Te.1a
HA nepeoe Fi; paBHA CHIe NPOTHBOIEHCTBHA MEPBOTO TeJA Ha BTOpoe Fo H
HPOTHBONONOAKNA el no HANPABJICHHIO,

F,=-F, (B.5)
3TOT 3aKOH — CISACTBHE ONPEIENEHHA CIJIBI, KOTOpai BHIPAKACT NPOTHBOACH-
CTBHC TPCTBCIO TeJa BlamMoIciicTBHIO JBYX Ten. Bemumea npoTtHBoJelict-
BHA. HAMPHMED Je(opMAlLMA IPY/KHHBL, OTHOCHTCA KAK K IIEPBOMY Telly, TAK H KO
BTOpoMy. TO €CTh, 3TO OJHA H TA JKC BEDMHHA BO3ICHCTBHA KOTOPAL. KAk H
OpV KHHA. HAMPABISHA HA TETA IIPH HX BIAHMHOM NMPUTLMGHHE H OT TeNl — IPH HX
BIAHMHOM OTTATKHBAHHH. JPYTHMH CIOBAMH, OJHA H T4 K& CHIA HANPABISHA
B3dHMHO NMPOTHBONOJOKHO HA B3IHMOACHCTBYIOIIHE TEX,

Hrax, Bo3AcHCTBHE Ha TEI0 NPOABICTCA B €0 YCKOPeHHH, YenoBek Bblpa-
HKACT M QHHCBIBAET BOJACHCTEHE B BHAC CHJIBL H MACCH PACCMATPHBACMOIO TETA,
B BLIOpaHHOH CHCTEME €OMHHI] MACCA OIHOBHIMHO XaPiKTEPH3YET CBA3h YCKOPR-
HHSL TE:, HAXOJIMWErOCH NOJ BOSACHCTBHEM. C H3MEpeHHOM cunoit. Otcroma c1e-
JVIOT TPH BAXKHBIX BEIBOJA. BO-TIepEBIX, BO BCEX BIAMMOACHCTBHAX MACCA TEI
Ovier oaHa u Ta ke. [103ToMy Hellb3d BBOJNTE TPABUTATHOHHYIO H HHEPUHOHHYEO
MACCBL JTO OJHA W Ta K¢ Macca. Bo-BTOpBIX, M3 ONpEIeNeHAS MACCH CIEIVeT,
YTO OHA OT APYTOTO B3ARMOJCHCTBHS H.TH JBWKCHEA WIMEHATHCA He MoxeT. To
€CTh, MACCA HE MOKET 3ABHCETH OT CKOPOCTH. B-Tpersux, mMacca CBOHCTBEHHA
THIUE TOMY OOBEKTY, KOTOPBIH MOMKET MPHOOPSCTH YCKROPSHHE B PE3YVIIBTATE BO3-
JeHCTBHA APYTOTO OOBEKTA, H 3TO BO3ICHCTBHE MOMKHO HIMEPHTL B BHTE CHIIEL
Tax kak 319 CBeTa, MOTA, SHEPIHH H T.I. JAHHBIH NpoLiecC HE PeaTH3OBAH, TO
He.Ib3d HM OPHOHCHBATE Maccy. Takum oOpasoM. monie, YHEPIUA H BROJIHEMELS
YACTHLBI ((POTOH, TPABHTOH H T..T.) MACCH HE HMEFOT.

Hacroqmee nocobme ABIACTCA KOHCTIIEKTOM CTAHIAPTHOTO Kypca " JIMHaMu-
KM" M HE MpeTeHAYET HA OPHTHHANGHOCTE. IIo-BHIMMOMY, B HEM OTPABHIOCH
BIuaHie uieH-koppecmorteETa AH YCCP frosa JTaszaperuta ['epoHuMyca. Kypc
JTEKIHH KOTOPOro ABTOp NPOCIYIIAT B CTYACHUYECKME rofpl H "Kparkoro kypca
Teoperuyeckoi MexarnrH" CemeHa Mixaiinoswaa Tapra.

IMporpamya paccumTaHa Ha |7 mermmii. Kak mpaBHI0, 01HA-1BE JEKIHH 110-
IAJAOT Ha Opa3THHYHEIS AHH. [103TOMY KVpC pasaencH Ha 15 mexmmii, koTophle
TpH HATAYHH 3a4Ca BPEMeHH MOTYT OBITh PACTAHYTEL
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Jexnousn 1

Hpozpamma 3ausmuii
Jleximu — 34 yaca. mpaxkTHueckux — 34 Jaca.

Ha mpaxTuueckux 3aHATHAX pPeluaroTcsa 3 — 4 3734 B TeTPaau s MPAKTH-
yeckHX 3aHATHH. Ha mom 3a7aeTcs Takoe yke KOMHUECTBO 3aJa4, KOTOPhIE CTYAEHT
BBITIOJTHACT K CIEYIOIIEMY 3aHATHIO B TETPaAM A7 JOMALIHHX 3aJaHMH.

B TeucHHe cemecTpa CTYAEHT BBIMOTHAET 4 pacueTHO-rpaMuecKHX 3ama-
HHs, KOTOpbIC O()OPMIBIFOTCS B BHIC COpPOIIFOpOBAaHHOW 3amucku (popmara A4.
3anaHue MPOBEPACTCS MPETOAABATENICM H BBICTABILICTCA NMPEABAPHTEILHAS OLCH-
Ka. 3areM 3aJaHMe 3alMINAETCsA CTYICHTOM, CTYIACHT OOBSACHSCT BLINOIHCHHOS
3a/laHAe, OTBEUACT HA OJHH TEOPETHUYCCKHMIT BONPOC, 3aJaHHBIN MPENoJaBaTeIeM,
H TpeIbABIACT TeTPadb C BHIMOTHCHHBIMH JOMAIIHHMH 3ajaHuaMH. B cioyuae
HEYJOBJICTBOPUTEILHOM 3aIIUTHI, CTYICHTY BBIAAIOTCS HOBBIC BAPHAHTHI 3aJAHHH.

Jonyck K 3K3aMEHy HONYYAET TOT CTYACHT, KOTOPBIH 3AMMTHI BCE PACYET-
HO-Tpa(h)MueCKAE 3amaHud. DK3aMEH MPOBOJHTCA MO 3K3aMCHAMOHHOMY OMIIETY,
B KOTOPOM HMEETCH JBA TCOPETHUSCKHX BOMPOCA H oaHA 3agada. CTyAeHT, He
PEINMBINMI 33744y, MOJIOKHTECIBHYE) OLEHKY HE TOIYYACT.

Kax mpaBumo, CTyOSHT. KOTOPHIH B TCYECHHE TOAa CHCTEMATHYCCKH H CAMO-
CTOATCIBHO PCINAT OOMAIDHHC 3aJa4H H  BOBPCMA  3alIMINAT  PACUCTHO-
rpaE4yecKHe 3a4aHHA, CIACT 3K3aMeH Ha 4 — 5.

Tema 1. Beedernue ¢ OUHAMUKY U OCHOBHBLE 3AKOHBL

1.1. OcHOBHBIE IOHSATHS U ONPE/Ie/TCHHS

CreayeT HANMOMHHTB, YTO MEXAHHKA JICKUT B OCHOBE OONBINMHCTBA ECTECT-
BEHHO-HAYYHBIX THCIUILTAH, TAKHX, HATIPHMEP Kak (u3HKa, acTpOHOMES, reodu-
3MKA | Jp., U ABBIETCA HAYYHOM 0asoil BceX TexHuveckux nucuurumuH. bes sHa-
HHH TEOPETHYECCKOM MEXAHMKH HCBO3MOMKHA J00BMA MOJC3HBIX HCKOMASMBIX,
nepepaboTka MX B MOJE3HBIC MATCPHAIBL, CO3IAHHE Pa3HOOOPA3HBIX MANIHH H
CTPOMTEILCTBO PAIMYHBIX COOpY KeHH. TeopeTHyeckas MEXaHHKA HOIpa3Ie-
€TCs Ha TPH Pasiesa.

Cratuka Kunemartuka Junammka
a-?
-7
dleiLLd ¥-
g T TRRE
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Crarnka — pa3gen MEXAHHKH, B KOTOPOM H3VHAIOTCA CHIBI U YCIOBHA PAB-
HOBECHA MATEPHANLHBIX TelI, HAXOIAIIHXCA MO, BO3ICHCTBHEM CHIL

Kunemarnka H3y4aeT reoMeTPHYECKHE CBOHCTBA IBH/KEHHA.

JHHaMHKA — Pa3acT MCXAHHKH, B KOTOPOM H3YYACTCH JBHIKCHHC MATCPH-
ANBHBIX TCI 00 BO3ACHCTBUCM CHIL

HocTossHABIC H HEPEMEHHBIC CILIbI

TTOCTOAHHBIC CHJIBL - O BETHYMHE M HATPABICHHUIO HE H3MCHSKOTCH, HAMTPH-
MCP CHJIA THKCCTH.

IlepeMCHHBIC CHITBI - MOYJIb M HATTPABJICHUC H3MCHACTCSA, HATIPHMCP CHJIA
TSIH JIEKTPOBO3d; CHIA COMPOTHRICHUSA BO3IY XA,

ARTHBHBIC CHJIBI H PCAKIHH CBA3CH.

AKTHBHBIC CHJTBI — 3TO CHJIbI, KOTOPBIC, HAYAB ACHCTBOBATE HA MOKOSILEECH
TCNO, MOTYT TPHBCCTH CTO B JBHKCHHC!

CHIIA TATH 371eKTPOBO3a IPHBOJNT B IBIJKCHHE COCTAB, CHIIA TOKECTH I |

KOTOPAs 3aCTABHT TEJIO CKOJIBb3HMTh M0 HAKJIOHHOMH IJIOCKOCTH.
Crs13b — BCC TO, UTO OrPAHHYHBACT JBHKCHHE TC/IA B MPOCTPAHCTEE.
IlpuMep cBs13ei B BHAC HAKIIOHHOM IJIOCKOCTH H HUTH.

N — HOpMAa/bHAs pPeakUMsl HAKIOHHOH IuIoC-

T/

¥ KOCTH,
Frp

Finp - PCAKUMS HICPOXOBATOMH [OBCPXHOCTH;

T — peaxius HUTH,

Peaknus cBA3M — CHIA, C KOTOPOIt JAHHAA CBA3h MPEIATCTBYET BO3MOYKHBIM
TEPEMEIIEHIAM.

HueprHOCTH TE/1a MPOABIIETCA B TOM:

1) 4T0 CKOPOCTE TEla U3MEHACTCA HE MTHOBEHHO TMOCTE Havanma ACHCTBHA
CHIIBI, TIPHMED: TOE3I MPH CTPOTAHWH C MECTA UTHTEIbHOE BpeMsl HAOHPAET CKO-
POCTB., HECMOTPS HA 3HAYMTEIbHBIC YCHIH TOKOMOTHBA.

2) Ten0 COXpaHACT CBOE ABIKCHHE NOCTE MPEKPAICHHMA ASHCTBHA CHIIBI,
MPHMEDP. Pa30THAHHBIH C TOPKH BATOH, JBIKETCS IIHTCILHOE BpPeMs 0e3 MPHIO-
JKCHHBIX K HCMY ABHIKYIIHX CHJL

Macca Te1a SBISETCA KOJIHYECTBEHHOH MEPOil HHEPTHOCTH TEIA.

ADCTpaKTHBIC TOHSTHSI MEXAHHKN:

MarepuanbsHasi TOMKA — 3TO TOYKA, 001agaromas Maccoi. Teao 3aMeHseT-
Cs MATEPHAJIBHOH TOYKOH, €COH MOKHO NIpeHeOpeus pasIHYHeM B CKOPOCTAX
JBHIIKEHUS €70 TOYEK.

Mexann4eckasi CHCTEMA — CHCTEMA MATEPHAIBHBIX TOUYEK,

Trepaoe Ten0 — CHCTEMA MATEPHAIBHBIX TOYEK, PACCTOAHHE MEKIY KOTO-
PBIMH HCH3MCHHO.
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1.2. 3aK0HBI AMHAMHKH

3aKOHBI THHAMHKH CIOXKHIUCH B Pe3yasTare 0000MIEHUsS! ThICIUYEICTHETO
YeIOBeyecKoro omeiTa. Mx 0D0CHOBaHHE €O37aBANOCh TPYJAMH MHOTHX BbIIAIO-
ImxcAa MplcTuTencii. B OpeBHHE BpeMEHA ABW/KCHHE M B3AMMOJCHCTBHE TCT OMH-
CBIBANHCH TAK, Kak HAOmomamice. Tak Apucrorens (384 — 322 r. 10 H. 3.) cuMTam,
YTO TSDKEIBIC TeNa TAJaloT OBICTpee M JBHYKCHHE TPOMCXOAMT MOJ JAcHCTBHEM
CHJI. DTH TONOKEHHUS NCHCTBUTEILHO OTPAXKAKOT HaOmomaeMble ssneHus. OxHaKo
C JanbHEHIIMM M3Y4YEHHEM SIBJCHHH OBLTO YCTAHOBIEHO, YTO HA MAJAOIIEE TEJO
KpOMe TIPUTSKEHHS 3eMIH BO3ACHCTBYET CHIIA CONPOTHBICHHA BO3IyXA.

lamuneo Tanuneit (1564 — 1642 r.) ycTaHOBHI, YTO B MyCTOTE BCE Tela Ma-
JArOT ¢ OIMHAKOBBIM yckopenreM. OH BBEN YCKOpPEHHE TEN M onpejenun g. I'amm-
7€l mpHIIeN K BBIBOAY, YTO TPH FOPH30HTANBHOM JBHKCHHH, B OTCYTCTBHM BO3-
Jyxa Tena OyAyT ABHraThes 063 H3IMCHEHHS CKOPOCTH.

Cdopmymuposanst 3akonsl quHaMukn M. Herotonom B 1687 1. B ero vH-
JaMEHTATbHOH padoTte «MareMarHuecKkne Ha4ana HATypambHOH (hrmocopmmy.,

Meperiii 3aK0H (3AKOH WHEPIMH): MATCPHAIBHAA TOYKA. H30JIHPOBAHHAA
OT BO3ACHCTBHS APYIUX TET, COXPAHACT CBOE COCTOSHME TOKOS HITH PABHOMEPHO-

0 H OpPAMOTHHEHHOTO ABWKECHHA IO TEX NOP. MOKA MPHIOMKEHHBIE CHIIBI OT APY-
THX TCJ HC 3aCTABAT €€ M3MCHHUTE 3TO COCTOAHUC.

a=0, v=const -3aKOH HHCPLHH.

Cucrema 0TCYeTa — TCNO. TO OTHOIMCHIIO K KOTOPOMY PACCMATDPHBAKOT
IBH/KCHHE MATEPHATBHOH TOYKH. B MareMaruke €€ MpeacTaBIdrOT B BHIE CHCTE-
MBI KOOPJMHAT.

HuepnuaasHas cucreMa orcuera — CHCTEMA. KOTOpas NOKOWTCA MU JIBH-
sKkeTes Oe3 vekopeHus no wHepimu. B Takoif cucTeMe cripaBeiMB 3aK0H HHEPLUH.

Bropoii 3axkoH; DPOH3BEICHUE MACCH! MATCPHANBHON TOYKH HA YCKOPEHHUE.
KOTOpPOE OHA MOJNVYWT IO/ ACHCTBHEM CHITBL. PABHO HTOW CHJIE MO MOJVJIHO M HA-
OPABICHHIO.

ma=F -BTOPOH 3aKOH €CTh OCHOBHOMH 3AK0H THHAMHKH.

Tpernii 3axon: [IBe MarepHaIbHbIC TOYKH JCHCTBYIOT JAPVI HA NPVra C CH-
JAMHM PABHBIMH 0 MOJYVJIK H HANMPABICHHBIMH BIOTb NPAMOH. COSANHAOMIECH 5TH
TOYKH. B MPOTHBONONOKHBIX HANMPABICHUAX (3aKOH PABCHCTBA JACHCTBHS H MPO-
THBOJICHCTBHA).

O—‘E; g O F, =—F,, - TpeTuii 3aKoH.
Fﬂ, ﬁl

|
bt

PacCMOTpHM JeHCTBHE HA TeNo MHOTHX Ten cuav F, F, |

3o 0
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ITpu felicTBHH TOBKO OTHOH CHIIBI YCKOPEHHA

f-; O MATePHANEHEIX TOUER Oy AYT:
: " ma,=F, ma,=F,, md =F,_.
5 o A npH ACHCTBHH BCCX CHJT OTHOBPCMCHHO !
- :
ma=> I,
- S h

O d=>d,.
3aKoH HE3ABHCHMOCTH JCHCTBHS CHIIL IPH O JHOBPEMCHHOM JeHCTBUH HA

TENO HECKOMBKHX CHIL KAKIAA H3 HHX COOOIDAST Tely TAKOE K& VCKOPSHHE, KO-
TOPOE OHA COOOIMAET, IEHCTBY S OTHA.

1.3. EauHuie! H3MepeHns

PaccmoTprv aBE OCHOBHEIC CHCTEMEI € IHHHIT,
1. Cucrema CH, 32 OCHOBY NPUHHMAKOTCA: Macca [#1]

= 1 xr, amuna [/] = Im, Bpemi [f] = lc. Cuna onpeaeniercs E
W3 OCHOBHOTO 3akoHa FF=ma [F]=1xkrm/c = 1H (1
HrroToH).

2. Cucrema MKI'CC 3a OCHOBY MPHHAMAOTCS: [UTHHA,
[/] = Im, cuma [F] = | x['c, Bpema [f] = lc. Equauma cuier

1xl'c (mmu &' - KAMOTpAMM CHIEI) OTNpelerdeTCa B BHIS KI'
YIUIMHCHHs! LPYsKHHBL A/, KOTOPOE CO31aeT 3TAJIOH MACChI

1K (MIATAHO-HPUAMEBBIH MHAP AUAMETPOM H BBICOTOI £= gggﬂ
PAaBHBIMH 39 MM). HAXOMAIMIICA MOJ BO3NCHCTBHEM IpH- e?

TsUKEHHA 3EMIH C YCKOpEeHHeM g = 9.8 M/ ¢
Toraa eAWHUIA CHIBI B 3TOH CHCTEME OVACT CBs3aHA C eauHuucH B cucteme CH
TOCPEACTBOM OCHOBHOTO 3aKOHA /' = ma Tak: IkIc=1xr 9.8 m/c =9.8H.

1.4. Buabi e

Cuna TsoKecTH. P=mg, 1 2 3 b
HeficTyer Ha M — Macca Tema;

Teo B IOKOE 2=98m/c”.

(1). npu maze- P J £

HuH (2). H B

JBWKEHHH (3).

Cuna TpeHns Fo, =40 AN
CKOJIBKCHUA

[ =const
T v
N — HOpMAanbHAA pe- =
AR 5 N

<
By
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Cua TATOTCHHA i m,m,
=7 i

7 F
W
- - J
f, =6,673-107" ——-
K2-C
TPABHTAIHOHHAS TIOCTONH-
HasL.
Cuna ynpyrocru F,=—cAl . c—x0- Af

Wi

3()(HIHEHT JKECTROCTH 7 Es F
TIPYKHHBI; [c] =H/m; Al- 5
VATHHCHHE TPV KHHBL
Cuna BA3KOTO R = kv , k — xo3ddunucHT
TPEHHUA compoTuBIeHHUA. 1 mapa
R =3mealv, o - BI3KOCTH

JKHIKOCTH,

d — THaMeTp Imapa. R E 9 v
JeHCTBYET B JKHAKOCTH H

IIPH Ma710# CKOPOCTH — B
BO3JYXE.

Cua a3poau-

2
o
HAMMHYECKOTO R=C, TIS : R v
COMNpPOTHBJICHHSI &? ;

Jnsmapa €, =0,4;

ia

e

S =nd® /4
OCHOBHOH BAKOH MEXAHHKN "
— - o ]
ma = Zﬂ MPEICTABIET Co00H mu(e- :
PCHIHATLHOS VPABHCHHE JBHIKCHUS ¥ a Z‘;':
& A iy
u = 3 or .
MATCPHATBHOH TOYKH, TAK KAK d =— = ——. P y
dt  df v
B KHMHEMATHKE MBI PACCMATPHBACM TPH I
cnocofa 3a7aHHs IBWKCHHS TOYKH, BCKTOP- X n _a__}"

HbIH, KOOPAMHATHBIH M B CCTCCTBCHHBIX KO-
opmuHATAX. B COOTBETCTBUM C 3THMH CHOCO-

Gamu MOJIVYAEM Au(pepeHLHATBHbIC
VPABHCHUA JBHKCHHS B TPeX (pOpMAax:
_ dr L d*r 8
1) V=—: a= : m—ﬁ:Zf*k - B BCKTOPHOM BHIE:

di dr* dt*
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2) AudepeHHaIbHbIC YPABHCHHSI ABIOKCHHSI TOUKH B JCKAPTOBBIX

KOOPIHHATAX:
mi = ZFh ;omy = th ;o omi= ZF o

3) AndrpepeHIMATbHBIC YPABHEHHS JBHKCHHS TOUKH B CCTECTBEHHBIX
KOOPIHHATAX B COOTBETCTBHH C MPOCKIHAMH YCKOPEHHA HA TAHICHUHATIBHOE,
HOPMAJIBHOE HAMIPABICHHE H OHHOPMATb:

dv v?
L .

== O =—: a,=0.11e p - pagHyc KPHBH3HBI TPACKTOPHH,
¢ P

a,
3AMHINEM YPABHEHHE JBHIKCHIA !

fndv—ZF' mvz—ZF' F, =0
a = e B - s g .

B pesynsrare pemcHusa Au(()CPCHUHATBHBIX YPABHCHHI JBIOKCHHS TOJY-
YAOT 34KOH JBHKCHHA:

B BCKTOPHOM BHIIC F=F();
B KOOPAHHATHOM BHIE x=x(). v=y), z=z(1);
B CCTECTBCHHBIX KOOPIHHATAX s=5(t).

1.6. /Ige 340290 JHHAMAKN TOYKH

1. HM3BeCTeH 3aKOH JIBHXKCHHA

TOUYKH — HAMTH CHIbl H PEAKIUH “ﬁ:?“ HJano;
CBsI3CH, TCHCTBYHOIIKMC HA HEC. Pp={, CO5 ©F
Haiirm: 77
Fif
P
v ¥P
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2. M3BCCTHBI CHIBI, ACHCTBYHO-

[WC HA TOYKY — HAWTW 3aKOH ¥ Mauo: PR
JBHKCHHS TOYMKH, Ha_ﬁ'[n: I(g - ?,
Hampumep, 3ajaHa CHIA T/DRS- plo-?
CTH F H CHIa a3poJHHAMHYE-
CROI0 CONPOTHBICHIA K. R
P x
b
Jexnus 2

Tema 2: Juirpeperuuaivnsie YpasgHEHUS OBHICCHUT MOUKH

2.1. lIpuMep Oeproii 31a3a4UH

HaiiTH: KakOC JaBICHHC HA MOCT B T. . HaHo: m, v, R
OKDKCT ABTOMOOMIIL MACCOM A1, TBHAKYUIMACH CO Haiitn: N-?
CKOPOCTBIQ V, CCIH PAINYC MOCTA PABCH K.

PouicHug:

Tak Kak TPACKTOPHMs H3BCCTHA, TO HCMOJNb-
2veM AU(P(CPCHUMAIBHBIC YPABHCHHS ABHIKCHHS
TOYKH B CCTCCTBCHHBIX KOODIHHATAN,

V: - . v -
mer, =2Fh, . @, =E: ZF@ =P-N=mg-N_: HIF=HI§*;\/ ;

OTEY T

2
e

N=mg-——
€ R

Tencpb NPOAHANHZUPYCM PC3VJIILTAThI B ABY X CIYUANX.
LTpuv=0, N=mg . 2.T1lpu N =0, v :1fg )
[T1aH pemeHnd MepBOH A A4H;

1. CxeMaTHueCKE H300pasUTh 3044y H 3UIIHCATE €€ VCIOBHI B COKPALICHHOM

BHIE.

2, TIpHI0/KUTH BCE AKTHBHEIS CHUIBL H PAKIIHE CBAICH.

3. Bribpath cucTeMy KOOPOHHAT (ICKAPTOBYH). TPACKTOPHYIO HIH APYIVIO).
4. BeOpaTh HAYAI0 KOOPAHHAT H MPOBSCTH KOOPIAHHATHEIE OCH.
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5. 3amHCATE QCHOBHOI 34KOH MCX{HHKH B MPOCKUESX HA OCH KOOPAUHIT.

6. B moayuennsie qu(y (e peHIEAIEHEIE YPABHEHHA MOACTABHTD 3HAMCHHSA YCKOpe-
HHH H MPOSKUHR CHIL

7. PCIUINThL YPABHCHHS OTHOCHTC/ILHO HCH3BCCTHBIX.

8. [1poaHaIM3MPOBATD PC3VIBTATSL

2.2, OcHOBHAS 320444 THHAMEKH (BTODA 32

Ona 3aKJ0MACTCs B TOM, 4TOObl MPH 33JAHHBIX CHIIAX BO3NCHCTBM:L Ha Ma-
TePHABHYK) TOUKY HANTH €2 3dKOH JBIKCHHA T. Q. F =7 (f) . TIpHMepE! P ImeHus
BTOPOil 34JaUH PacCMOTPHM B CAYUAC MPAMOAHHCHHONO H KPHBOJTHHCIHOMO IBH-

JKCHHAL
[psaMoTHHCHHOC TBH/KCHHC TOYKH.

2F,. T‘?l] m%zz W 2.1
- — - ——
xg x D=0 Y F =00 =v =0.
V=v, Toraa mi = (1. x, x).
HavasHbIC YCIOBHS!
F=1,0 X=Xx,, X=v,. (2.2)

B pesyaetate pemmeHus auppepeHUHATBHOTO YpaBHCHUS (2.1) momydaem
odmee pemeHHe:
x=f.C.0). (2.3)
[1OCTOsHHBIC HHTCTPUPOBAHHS OMPCACTHIOTSA MPH NOACTAHOBKC HAMATLHBIN
sHAUCHUIA (2.2) B o01uee penicHuc (2.3):

Xy = f(ro e “Cﬁ_)

Xy = f(’m(‘l Gy )
TTponHTCTPUPYCM YPABHCHAC (2.1) T181 PASHBIN CIYHACE CH.TbI.
TMocTosaHbAg CHIA: ZF‘,“ =({) = const ., IPH HAYATbHBIX VCIOBHAX:

IBd VPABHCHHEA Ang onpeactcHus (' m O, 2.4)

F=0 x=x, X =y (2.5

) 0
éa’t+(‘l ==(+()| = =v,.
m m

==: vy =
H

a0 [
dt n

0

e .
[Mocncansist 3amuch 03HAYACT, YTO CKOPOCTb v =-——{ +( . npH /=() paBHsCT-
m

cst C). a cCOLNACHO HAYATLHBIM VCI0BHAM (2.5). paBHa v, . [TosTomy momvuacm ()
= vy [Tocne mogcTaHoBKH (C) B V  3AKOH WIMCHCHHS CKOPOCTH JAMHLLCTC!H TaK:

e 0
p =E o, (2.6)
dr m

18



Hurerpupya (2.6) eme pas. NOMVHAEM 3AKOH IBIKCHHA TOYKH B OOMEM BH-
ae:

-

x==—+tvt+ 0 =0 =x,,
2m ) s - )

OTKyJa NOCTOAHHAA MHTerpHpoBaHHa (', =x, . Ilocte moictaHOBKH C, TMOTyV-

qaeM 3KOH JBIKEHUA TOYKH [PH JeHCTBHI HA Hee MOCTOAHHOH CHIEl (.

O
X ==—+vyit+x,.
m 2
¥
& “_.,.- - :-: —

CHIa 39BHCHT OT BPEMCHH;

[7 =#t . IpH HAYATBHBIX YCIOBHAX, 7 =0

X=x,0 ¥V =V,
v k IS .
—= v =——4G| =0 =y,
dr m m 2
O
Cp=wye
d Kk c y
—=——4y,; x=——+vt+(| =, =x,
dat m 2 m
=0
(,'_- = 'Yu bl
23
Xx=——tvftx,. 2.7
m o6
CHi1a 3ABHCHT OT PACCTOMHHA:
F = —/for { npH HAYAJBHBIX YCI0BUAX: { =0 x=x,. v=0.
dv k
—=—x

dt m
T[Tocae npeodpaioBaHHA IeBOH YACTH:

av  dv gy dv 1 &h®
—_—_——t
et e dt 7] 2 dx
TOTVYACM!
& 2%
—_—=—x.
dx m

Tocac MHTCIPHPOBAHNS 3AMHUILIC;
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= _2k xebx vi= —ix2 +¢
J I

m "

OTEY 3 Onpeag.aACM NOCTOAHHYH) HHTCTPHPOBAHMA!
2k

r p—
U =—x,.
m

Tocae noacTanoBKH ompeaIc.TACM CKOPOCTh,

’k , K, ’k > 3
vV =, |—Xx ——X = —-dx‘—x‘ .
m . m mY’
HuTterpupyes CKoOpocTh:
dx k p p dx k
- = —Jx‘ -3 | ——"= 4]t
dt Y\mV ' -[ ’r; el jv:n '

X Iy - . k - .
arcsin— = \—f + ', L x=x8m| Jf—1+(, = x 8, =x;:
X " m )

=0
3

IMocae TNOICTAHOBEKH Cg TMOIVHACM 3AKOH IBHYKCHHA

X =x, sin JEK+£ =X, COS i.r . (2.8)
mo 2 "

V=0

_xn x“ Xx

kim

X, 10 —x,. BupakcHuc (2.8) ABanCTCH 3AKOHOM KONCOATCIBHOIO JBMKCHHI,
[EPHOT KO Te0AHHH KOTOpOro Oy I1er:

fm
T =2m |—.

k
CHNIA 3ABHCHT OT CKOPOCTH;

F = -2 | IpH HAYATBHBIX YCAOBHAX [ =0 x =0V =V

T ~
Mput=0,x=x,anmpu /= ﬁ X = =Xy, T.€. TOUKi COBEPIIACT KOICOAHHS OT

0
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v

oc
—=——v . Pazacascm ncpeMcH- F
dt ]
v o /
HBlE | — = ——j ¢l M MHTETPHPYSM. —
v m Xy=0 ‘.:!l
- -
X
o -
v =——1+C)| =C =l € =Inv,, v =ve ™ ;
i =0
mo
x:vo.‘.e”’dt e o +( =-v,—+(, =0
e o -
-0
. in
orkyaa (7, =v,—.
ok
b =
Xx=v,—|1-e " |. 2.9
oo
X

Beipaxcuuc (2.9) npcacrasmicT 3ary-
XAHIUCC JBIGKCHUC B BM3KOH KM IKOCTH.

om Xm[ ~
IMpu f > x, = vo;.

f
KPHBOIHHCAHOC NBUKCHHC TOUKHA,
z Hauaaeneic yenoens:
t=0,x=x,, y=v,:2=2,;
zl] V,t = v,t() ; vy = vyO : 1l,z = 1l,;C' .
¥ 3anncuieacy an pCPCHUMAILHBIC
M _ YPABHCHHS ABVKCHASA MATCPHATb-
¥ HOH TOUKH
i .
T my = ZF_ o
mi=> I, (2.10)
X Ky mz = z £

B ofmeM c1y4a¢ CHIBI MOTYT ABIATHCA (DYHKUHAMH KOOPIMHAT CKOPOCTH H
BPCMCHH, HANPHMCP, £ = i*;,(x,_v,z,x,_xl',z‘,t). INocne uurerpuposanus (2.10) no-
IVUASM 3AKOH KPHBOIHHEHHOTO JBHIKEHHA TOUKH

x=x(C.C,.C,. 00O, t)
v=3C.C,. 0 CL O Clt)t
z :Z(- O .('3,(‘,1.('5,('“,1‘)7
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LlgcTe NOCTOAHHED HHTET PUPOBAHIL OUPEIETAKTCH HAYATBHBOH YCIDBIAMIL T3
IMECTH AMTeOPAMUSCEHX YPABHEHHIT

o i il el 50 {‘ o M il CCa) =y,

i (S Sk il W s 1| SR TOE (A sl S el S ol | LT

.G, c _ﬂ_ﬂ]: 2. HC,.Ch 0o G CioCa ) =1,
[pHyep: ABHHECHAS TOMKH, DPOIMCHAOR N0 YIIOM ¢ K TOPHIOHTY,

Mann:

yT t=0:x2=0; =0z P=mp;

Vg = |-'ED(:5rz 3 Vg =V Sine.

H ‘h x ¥
W L — X XT3 ¥()=1: yix)-7

Xrux

M R R
Jamsumem apepeHIUGIEROS VPABHEHIE ABIReHRAE (2. 10) B npOCKUMH HA OCk X
x=0 x= vlf.'._|1_3=v'u cosce ) ) =v, 0080, X =1, 008 1.
Tocie n0BTOPHOID HHTCTPHPOBAHKA NOTY 1aCM!
X =1V,C08 | +t’.“'2|I g =00 =0
Oryoa C, =0 B x=v cosa!.
Ypapuenue (2.10) B npoeKIHn Ha OCh ¥ OVICT:
V=—g, V=—gi+l 3L p= 0 = v, sine |
Orry.aa Cy=wsinee M F=v,sine —gf,
TMocne MHTCIPHPOBARNS Oy HACM

ar

e sinat +Cyf,, =C, =0,
C, =0,
Iocne noacranoesn ) NOJyHacM:

i

. 8,
V= sino f —=—
- -5 7 " 3AKOH DBEEeHEA  (2.11)
X =V, co8 .

Hormom 1

x
= r
vy COS
t ']
v, sin X :
¥= - —-'?- -Fgrx-x——%x‘.
¥, COS i 2 vy ' cos’ o 2w, 008" ar
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YPAaBHCHHC TPACKTOPHA

Vg x—— (2.12)
2v; cos’
[Mpoanaaninpycm pesvastarel. M3 (2.12) BHaHO. yTo v =0 B IBVX CavUAsiX:
1) y=0. x=0.TC. TOUKA HANOIUTCS B HAUAIC KOOPIUHAT.
2) Toura MPH3CMIACTCA B KOHIE MOJCTA

Mgt cos e 2 cosasing v
x =280 ==L : =L 5in 2.

wmx

g g ' g
HauBoasimas 1a1snocTs Gyaet npu: 2= 90",  T.c.npu a =435%.
Bpeys aprikeHuA onpeacasem 1 (2.11):
_ v(f sin 2ex 2y .

=—=81l¢x .

™y cosarg g

Bricora noicta onpeacascrea npu v, = v =wv sine - gl =0 .

Vv, sinee
g

Otxyaa r, = . TOTJA BHICOTA MO1eTa 13 (2,11) Ovaer;
_ysina’ visin2a  vysin'a
£ 2g 2¢
IT1an pemeHud OCHOBHOH 30.39MH JUHAMHKH.
L. Tlvakrer 1 — 6 mranra pemerms 17 301098 0CTAROTCA 6¢3 HIMCHCHHS.
7. [IpoHHTETPHPOBATE TH(Wjic PCHIAANEHEIC VPIBHCHIS.
8. MoacTaBATE HAYATBHBIE YCIOBHA H ONPEICTATE KOHCTAHTE HHTCTPHPOBAHHS,
9. HaliTH HCKOMBIC BETHMHHEL
10. ITpoasaTH3HPOBATE PE3Y IBTATEL

H

Jermma 3

Teva 3: ,ZIHH(LHM'H_’C‘K"L’ XAPARMCPUCIIURH OBUICEHIUA MOURU U
06“("(3 meapembt OHIAMUKH HOYUKH,

3.1. Teopeva 00 IMCHCHHEE KO IAYNCCTBA IBIECHIA

z O0uMe TCOPCMbl IHHAMHKH NOIYUAOT
B PCIVIBTATC HHTCIPHPOBAHHA OCHOBHOCO
AKOHA JHHAMHKH,

B psaic CIVHACE OHH MO3BOIMIOT ONpe-
ACTMTL NAPAKTCPHCTHKH JIBMZKCHHS TCHA HC
nprdCras K HHTCIPHPOBAHHIO YPABHCHHIT Cro
y ABHIKCHHSL.

e, |
=

ru"ql
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(OCHOBHOE YPABHCHHE THHAMHKH.
dv -
m—=% I 3.1
=2 (3.1)

€ YUETOM TOTO0, UTO M =const , MOKeM NPEJCTABHTh B BHIC!

d{mv -

) sz (.2)
dt

TAC MV - ROJIHYECTBO JABIIKEHHS MATEPHAILHOI TOYKH - 3T0 BEKTOPHAS BEIIH-

YHHA, PABHAS MPOW3BEICHHIO MACChI TOUKH HA €€ CKOPOCTb.
PazmepHocTs [mv] =xrm\c =H c.

Ypasrenue (3.2) — TeopeMa 00 H3MEHEHNN KOJIHYECTBA JABIKCHAS MaTEe-
puanLHOi ToukH B Juddepemmansnoii popme: MPOM3BOAHAA MO0 BPEMEHH OT
EOIHYICCTBA ABM/KCHHA TOYKH DABHA CYMME gﬁﬁCTBY}O]]_JE?_( HA TOYKY CHIL

YacTHeii cayyaii: Z F, =0, Toraa u3 (3.2) noay4aem:

MV = const - 3AKOH COXPAHEHHSI KOJTHYECTBA JBILKCHIS MAaTePHATLHOI ToY-
KH.

TIpeobpasyem (3.2): d(mv) = Z Fdf , a mOCTe HHTErPHPOBAHHSA TOTYHACM:
my, —myv, = Zjﬁkdt. (3.3)
0

Beeaem dS = Fdr - semen-
TAPHBLI HUMIYJILC CHJLI — 3TO
BCKTODHAS __ BEJIHYHHA ABHAA
TMPOU3BEACHUIO CHIIbI F Ha 31e-
MEHTAPHBIH MPOMEKYTOK BpeMe-
HU ¢¢ neiicteus df .

—_ '] -
§= IF df - HMIYIBC CHIBI 34
0

X MPOMEKYTOK BpeMeHH /. Pas-

mepHOcTS [S] = He = krm \c.
Torna (3.3) 3anmmercs:
mv, —mv, =S, (3.4)
Bripaxenne (3.4) - Teopema 06 M3IMEHEHIH KOJIHYECTBA IBHKCHHS TOY-

KH: H3MCHCHHH KOJTHYECTBA JBHMKCHHS TOUYKH 38 HEKOTOPBIH MPOMEKVTOK BpeMe-
HHU PABHO CYMME MMIVILCOB BCEX ACUCTBYIOIIMX HA TOUYKY CHI 34 TOT K€ MPOME-

/KYTOK BDEMEHH.
Sammmem (3.4) B MPOSKIHH HA KOOPIHHATHBIE OCH!

mx, — mx, = ZS’,Q LMy —my, = ZSM L mZ —mz, = Z?u :
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C MOMOIBI TCOPCMBI 00 HIMCHCHHH KOTHMCCTE IBIACHT MATCPHANLHOH
TouEH peraoTen [ u 11 ey anHaven.

W [Mpuvep 1, OnpeacanTs HMITYILC
. g CHUTBL TIPH PABHOMEPHOM JBH:AC-
HHH YACTHIE 3 BpeMd NMPONOEK-
JeHHA  YETBEPTH  OKPYKHOCTH
(MEPEAA TATA THHAMHKH),
Jamumen Teopesy 00 mwime-
HCHHH KONMHMCCTEA JABMHCHUA:

S =mv, —mv,

OTKY. A3 MOy HACH:

S I
& =ofmvy +mvy =m'-’u-u|r}"_..

Mpuvep 2. OnpeaeanTts
BPCMI TOPMOMCHHA TPyIa s
NOCTOAHHON  cHmol
ROTOpRIT B MoMcHT = 0
HAMEET CROPOCTE v, (ETOpas
TATAYA THHAMMHEH),

Jano: m, t=0, v=v,,
F = const.

Haimu: ¢ -7

Pemernne:

JAmMIWCM THAMCHHC MMIYIECA B NPHPABHACM HIMCHCHUK) KOIHMCCTEA 1BH-
HEHH A

& =j{— F)dt=—Ft=mv, —mv,
i}

KpoMe BEKTODA KOJIHMSCTEA JABHACHHA MATCPHAILHON TOMKH pACCMaTpHBA-
KT MOMCHT KOJTHMCCTER JBHACHNA, B CTATHES MBI PACCMATPHBAZH MOMCHT CHITH
OTHOCHTEILHD MEHTPA () KAK TPOWIBCICHHS BETHYHHE CHARL F Ha o nacuo h,
T.c.mg{Fj = Fli . WIN B BCKTOPHOM BHIC. 1T, [F] =F. FTak #e kaK ¥ 178 CHIk
MOMEHT ROTHYECTED JBHACHHA MOMHD ﬁpﬂ‘l‘h OTHOCHTCIBHO UCHTPE H OTHOCH-
TENBEHO OCH.
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MoMEHTOM KOTHYCCTED IRIGECHIA M-
'IIl'|'.lllH.!l-Ill‘.'lii TOYMER OTHOCHTE 1D HEHII]'I'I]II{I-
ro nenTpa 0 HLBICTCA BCKTODHOC NMDOHIRG-
Hi BL‘FIUE CC ROMHYCCTEA NIBHACHHA.

iy (V) =F- mi .
(3.3)
Toraa MOayIe MOMEHTA KOIHYCCTEA JBHKCHHA
Gvaer:

|’ﬁ'n [mﬁl = mve -sine = mvit
rae fi = PACCTOAHKEG OT UEHTPA (7 10 BEKTOPA KOJMWYCCTED TRITKEHIA.
PassepHocTh [.'F:u{mF)]: kM le=H M-
PACCMATPHBACTCH TAKHE MOMCHT ROTHYCCTE] ABHACHH OTHOCHTC IO OCCH,
MovenToM KOOW4SecTBA IBIGKEHNA 0THOCHTEILHD ocn £ HakIBACTCH

TDOCKLNS /7, (m V) Ha 3Ty 0Ck, T.0. BeIHY M, (MT) = |, (m7V)|cosy .
[MpoamdupepeHIpyYes BEKTOPHOE BRIPAKEHHE T8 MOMEHTa (3.5):

diig(nv) _dF  _ _ dmi _ di

=— IV +F - =F
et ell et il

dF
TK —-v={1,
e

YMHOAMM BEKTOPHO OCHOBHOE YPABHEHHE THHAMHEH B B (3.2) Ha
= cli‘nw

Tax wakg F- F, =jﬁﬂ{.ff}l - MOMEHT CHJBI OTHOCHTETBHO UEHTPA (), TO OTCHIA
MY HACM

n’mh {nn Z"' “_ V. (3.6)

CooTHomeHHe (3.6) — IEI}DEMH MOMEHTOR OTHOCHTETLRD TEHTPH — m

B npoemmm Ha OCH (3.6) JaeT TeOpEMY MOMEHTOR OTHOCHTEIRHO OCEM. Hi-
MPIMED OCH Z.

d B &
Eliﬂ_-i-'-'”*'ﬂ: Zm: (. 3.7

Ecan Zm:{.’?} =0. 10 m, () = CONsSl - JAKOH COXPANCING MOMCHTA KO-

WECTRA JARHECHNH HH.TE[IIHH...II:III}ﬁ TOMRA eCJin CYMMAa MOMENTOR BOEX CILL,
aedict BYIOULIWX HA MATEMELLHYID TOUKY [RABHI HY R, TO MOMEHT KOONUecT=
B ABIGECHITH Mll'l'f.‘,r.llil'lhllﬂﬂ TOMKH HE HOIACHACTCH.
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Henrpaininoii HAZpIBACTCA CHIA, JHHHA_JCHCTEI KOTOPON NPONGINT HEpes
OAHHBI ueHTp (3 B 3rom coayaac m,_,{!j} =0 Toroa us (3.6) noiayyacs:
ity () = F - i = const .

BEFTDD MOMCHTA NOCTOHHCH, T, €. JBHARCHHC

noa ACHCTBHCM UCHTPANLHOH CHIM NPOHCXOIWT B
MAOCKOCTH, KOTOPAA O0PA30BIHA PATHYC-BCKTOPOM H

. —| R/AK
mg(my) CKOPOCTHID.
L3 JAMHIIEM MOIVIE MOMCHTA KOJAHMECTEA JBHHCHAA
? [4] F | my(mv) = mvh = consl, OTEY, i T HACM
v = consi |

Eﬂlﬂ'ﬂp MOMCHTA ROTHUMCCTE] ABHACHHA NPCICTABRICH Hi PHCVHEC, o e
SATPHXOBAHHOND TPEYFOAbHHED, 00PaI0BIHHOMD NEPeMEIICHHEM «f M pamy-
COM=BCKTOPOM |, paBHa oo = 050y

ils hds _ dder

Toraa vh =—h =—
it et et

={Onsl . T. 8

il
=2 _ const (3.8)
cff

Beanunna o o ABARCTCH MI0MWAIRH CCRTOPA, 8 o o df - CCRTOPHAIBHAN CKOPOCTE.
Bripmxenne (3.8) -
sropoii 3akon Ken-
Jepa’ PN _ABHACHHA
noa AcHCTEHCM  LICH-

; i M-

Yot V;  IcpHANRHAA _TOMKA
— N e — i -
] HEOT no-

"a p .

ATLHON _ CROPOCTEH.
To  ects v

BEETOD TOTYXH OMET-

ET DABHEIE TLTO 3 HEIE MEHNTEH MEHH.
Hanpusep, npH JBieCHEE 00 3UIHOTHYCCKOH opiHTe noa AclcTEHCM NCHTPL k-
HOM CHITB CERTOPHATEHEIE CROPOCTH AN aNOUSHTPHA -, H NEPHUEHTPHA £, OVIVT
PABHBL:

Vi, =V, 1,

ey, 30 CROPOCTE TEE B NEPHLICHTPHE OV 1eT.

‘1 — ‘JITrlT
r il
¥
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Jexnus 4
3.4 PaGora ¢HiLl 1 MOULIOCT

Hapsmy C KOIAUCCTBOM ABHAKCHHA MV H MOMCHTOM KONMWYCCTBA ABAMKCHHA
IV B MENAHHKC BBEICHBI AHHAMHUCCKHC XAPAKTCPHCTHKH B3AHMOQICHCTBHS; -
Dora u MowHocTs, Ecotn Crima BO3ACHCTBHS HA MATCPHAIIBHYH) TOUKY COBOAJZACT C
HAMPABNSGHHEM €€ JBWRKCHUS, TO 3JIEMEHTAPHOH padoToil HaseigaoT dd = Fds . B
lTpOH'}BOJ'[bHO.\'[ CJ'[}"‘IHC ABHKCHHS
dA = F ds = F | cos s .
Tak kak ds = dF |ndf =F, =7 . TO

dd = Fdf , um
dl=F dx+F dv+ P dz.

Jiementapnoii  padoroil  chini i_
NPHIOKCHHOH K MaTepPHAJBHOH TOUKE. HA3LI-
BACTCA CKATAPHAL BCIHYHHA 4, PABHAS TPO-
HM3IBCICHHIQ KACATEJIBHOI COCTABAMIONMIECH CH-
ds .
PameproCcTe paboTeI: [‘4]:1H -a=[Joc Bcucteme CH: [4]= 1w B cucre-
nme MKT'CC.

3anumcy padoTy HA KOHCUHOM NCPCMCILUCHHM!
(4] (4))

Aygr, = JFds = [(Fdc+ Fdy+Fdz). (3.9)
(AMg) (A}
[NepeiizeM K MOIIHOCTH. 3TO CKOPOCTD BBINOTHEHKS PAabOTEL:
. dd s
N= ‘ _Fr——F'.’zfv

dr
MOImHOCTRI0 HA3LBASTCA BETHUHHA. ONPeIenaomad paboTy. COBEPINEH-
HYK) CHIOH B €THHHIY BpeMeHH H PABHA NPOH3BSISHHID KACATSIRHOH COCTAB-
DIFOIIEH CHIIBL HA CKOPOCTE.

e

PaiyepHOCTE MOIIHOCTH: [’\] 12 =1Bm B cuereme CH; [N]|=1l -wic B

cucreme MKI'CC: B TeXHHUSCKOH CHCTEME €IHHHL PA3MEPHOCTE MOIUHOCTH H
padoTs OvIeT:

[V]=lre =75kl c=75-98H /e =736Bm. [d] = 1kBm -4 =36-10° Jxc .

3.5 IIpumMepsl BLIMTHCIEHHS PAGOTEL;

1. PaBoTa CHIbLI TAIKCCTH,
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B npocTpaHCTBEHHOH CHCTEME KOOPAHHAT CHIY
TIKECTH MOKHO 3ammucath Tak: P =—kP+i0+ j0.

Toraa pabora: A ,, = J'(—sz) =Pz, —z) . Tax
0

Kak (zy—z;)=h, mo Ay, =Ph, apadora B 0b-

parHOM HanpasneHuH T My 10 My 4., =—Ph

PaboTta CHIbI TSKCCTH PABHA MPOM3BCICHHMIO CHITBI HA BECPTHKAITBHOC TCpC-
MCLUCHHC TOUKH CC IMPUIOKCHHUS.

Pabora cuibl OTPHUATE/ILHA, €CIM KOHCUHAN TOUKA BBILIC HAYAIBHOMH, T. C.
TIPH TIOABCME.

PaboTa CHIIBI 3aBHCHT TOIBKO OT KOOp-
JAHAT HAYATBHOH M KOHEYHOH TOUEK MY TH.
2. PaboTa CHIBI VIIDYTOCTH.
Cuna neopmanyu Npy:xkuHBL [, = —cx . TAE

¢ - KO(MpPHUMEHT HKECTKOCTH [PYKHHbL, 4 X —
pemmauHA ee JeopMammu. Torma padora
Oyzet:

M@m j( cxex) = —c¢ 2 :g(xg —xlz)
Pt o

PaGoTa cuibl VIPYIOCTH PaBHA MOJOBHMHE npom3BeAcHMs KoddduimenTa
JKECTKOCTH HA PA3HOCTh KBAJPATOB HAYAIBHON W KOHEUHOM He(DOPMAIMH MPVIKH-
HBbI.

PaboTa 3aBHCHT TOJILKO OT KOOPIMHAT HAYATBHOM H KOHCUHOU TOUCK ITyTH.
3. PaGoTa CHIBI TPSHUSL.

P = e &= N,

mpt mp

My

Ay, = j F,ds = —j Nds = / P N

Mg

rae s amuHa nytH M M| . T. €. paDora 3aBHCHT OT

JTHHBI TIYTH, 4 HE OT KOHEYHBIX TOUEK. z
B mpuecacHHBIX mpuMepax paboThl CHIT TSHKC- M I
CTH H VIOPYTOCTH CYLICCTBCHHO OT/IMYAKOTCS OT pa- -~ ﬁf
00TBl CHibl TpeHusl. Tak B MEPBBIX ABYX CIYYAAX L{HI
BO3MOIKHO MHPEACTABHTL CI0KHOC JBHKCHHC TOUYKH
MEKIY MOJIOMKCHUAMHU M, W M, | KaK NmoxasaHo aH- ,U‘\z. Y

Hueil 2. Pabota mo TakoMmy myTH OyACT TAKAs ke KAk
H 00 myTH 1, MOTOMY 4YTO OHA 3ABHCHT TOJIBKO OT
KOHGUHBIX TOUCK myTH. PaboTa cui TpeHus B Cliyyae
myTH 2 3HAYUTCILHO MpPEBbInAna Obl padoTy nmo myTu 1.

E\H
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MoremUA LHBIC CHIILI — 3T TAKHC CHIbL naﬁom KOTODPBIX HC 3ABHCHT OT
BIIA NYTH. 4 OOPCICAICTCH TOALKO NOJOKCHHCM HAYATBHOH H KOHCUHOH TOUCK.

Cniia rpennst — HC NOTCHUHAIBHAA CH.IA, A CHIbI THIKECTH H YIPYIOCTH —
TMOTEHUHABHBIE.

3.6. Tcopewia 00 H3MCHCHNN KHICTHHMCCKOT JHEPIHM

YMHOKHM NMPaBYHd H JICBYK) YACTH OCHOBHOIO 34KOHZ AHHAMHKH HA V' B
rrpocuunn HA OCH KOOPIWHAT!

s
me 2p2 my
o —

m\
—Z!f v d—— —Z!’A\" o ——— —Z‘Ia..
3aTCM CIOMKHM H OKOHUYATCILHO l'lO_'l_V UMM,

m )
d? (vf +v2 +v__‘)

=S (v + Fgv, + v, )

el

mv
d = Z ."kv

e mv' "
Beoagurest 7 :T = KHHCTHUCCKRAN INCPIrug MarepHaAIBENOH TOUKH — 3T0

NOIOBMHA NPOW3BCICHUS MACCHL TOUKH HA KBANPAT CC CKOPOCTH.
Pa3sMCpPHOCTb  KMHCTHUCCKOH — BHCPLMM  Takas ke, Kak W PadoThi
[r)= e aticd = 1f < 2= Jie B cncteme CH,

KHHCTHUCCKAA JHCPIHS SBIACTCH IMHAMMUCCKOH XapaKTCPUCTHKOH VaTepH-

AAbHOH TOYKH. TaK KaK Zf' V= Zl' d_s_z e

”1\"‘
d = 4 3.10
5 Z(— i ( )

Beipaxenne (3.10) - 310 Teopevia 0f H3MEHECHHH KHBETHYCCKON JHEPIMH B
nddepeHimaibEIoM BHIE.

[MpounTerpupyeM (3.10) 0T HAUANBHOH TOUKH NyTH Af; 10 KOHCUHOH Af;, TO-
ria

mel mvl
—21 *_20 =Z‘4Mn,\n : (3.1

IT0 TeopeMa 00 HIMCHCHHH KHHCTHUCCKOH JHCPTHHE B ROHCIHOH (opme: o3-
MCHCHHC KHHCTHYCCKOM IHCPrHM MATCPHMANLHOMN TOUKH MPH HCKOTOPOM CC NEpe-
MCILCHHY PABHO anrcOpantcckoil cyMme paboT BeexX ACHCTBYIOIMX HA TOUKY CH
HA ITOM 3¢ NCPCMCIICHHH.

[Mpumepsbt.
1. Teao mMaccoil /. OPOMICHHOE CO CKOPOCTBE) v, H? TOHMKH .1 | HANOIAMCHC Ha

BBICOTE /1 . HMEET B T. HAACHHUA CKOPOCTD v;. UeMy paBHA padoTa CILIBI CONPOTHB-

-

JeHHA BO3AyNa JU | ROTOpas AeiiCTBYET Ha TNO BO BPEMI €T0 ABHIKSHHA!
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Hawo: mr, vy W ow,.

Hadrm: A(R ) -7
Jamumesm Teopemy of mveme- A
HHH EHHETHYECKOH JHEPTIH:
myy g

i >4, = A(R)+ mgh

s Ms g
A(R) = ?l,’r,' =¥, = 2gh).

2. I'pva Maccoil i1 W CROPOCTBIO
vV, ABHAKETCA N0d  JcHCTEHCM
AOCTORHHOH TOPMO3AmEH cuaw F . OnpeacinTh
My Th TOPMOHCHHA TPYEL

Hano: pr, vy: Foov =0,

Haitru: 5 7
Janucar TeopeMy 00 MIMCHCHHH KHHCTHUCCKDI
E}EPTHII. I'Iﬂ.1:l|"l:|.a[.‘!ui

mv, 3
——% = Fds=-Fs
2
OTRY 28 HAXOIHM MY Th TOPMOAHCHHA
JI‘II.'I
F=—t,
IF

Hegoropsie wrorn, Ml paccMOTPeIn IMHAMMHCCKHE SAPAETCPHCTHEH MATCPH-
ATTRHOH TOYKH K NAPAKTCPHCTHEHR BORICHCTEHA HA HEC!

; XAPAKTEPHC THEH
Kapakrepucriks MT dbsnflcTRon TEOPEMBL 00 HIMEHEHHH
KOTHYSCTEO JBHHCHHA - KO THUCCTEA
mv 5 ABHHEHIN
MOMCHT EOTHUCCTER - = MOMCHTA EOIHMECTEA
JBMAEHHA F - v PRl a=r 8 JIBHREHHA
EHHCTHYICCEAR BHCPI'I-TJI
v A= J' Pl KHHETHYLCKOI JHeprim

2

Vepa d: Juwarinkg ccmenisn i meepdose e

P ATH L CORH CHOTOMA B CC CRONCT B
Mit sakOHYMAH PAGIC CBRIEHHBLL C IMHAMHEDR MaTepHansHoil TouEM
PaccaoTpeas TifpepeHiaNLHEE VPRHCHHA TRICHEA TOUKH 0 000IHe Teope-
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Ml THHAMHER. C nosMome JuipepeHuHAILHEY YPABHCHHE IBHACHHA MOTYT
OBbITh PELICHRL BCC RUTAMH JHHAMHEN TOMEH, A 001IME TCOPEMBL NOSBONRIOT BOICE
MPOCTO PCUIHTE MHOMHC HUTAYMH AHHIMHEH TOYMEH.

Tenepe nepeiiacy K PACCMOTPEHHIO AHHAMHEH COBOKVITHOCTH MATCPHATE-
HBIX TOUCK.
[MpuMepsl MEXAHHMCCKHY CHETEM

Conesnas cncieMa — COBOEYIMHOCTE BEMMOISACTEVIOWNY Moy coBoii

2 a [UTAHET, COYTHHROB, ACTCPOHI0B, KOMST W T.O.

= —
.f.- -“-\
r F‘ Sad . ABTOMOOHIE — ETHMOICHCTEYHOLWIHG MCHIY CO-
|" a B @ "‘l D0l KOpPNyS, KOMCCH, MPHBOA, IBHIATE b,
L 4 Mexammiecsan CHCTCMA — 310 COBOKEYTI-
i -
-~ -

HOGTh MATSPUABHELS TOUCK, BRANMOJCHCTEHS W
e BTG HIC BOTODRY ACCMATHBACTCH,

-
f/‘ *,  PaccuaTpHBaioT  BHCWHME F M BHYTpEH-
o =
| E Hue M cHasl. MHOckCel DpoHCROIAT OT JATHH-
\ /  CEHX CI0B. ¢ — ¢xlerior (BHCWHHEY, i — inlenor
" -
b9 e

) { BHYTPEHHMIT).
Buemsiinsii HASLIG0TeH CIihi, C KOTO-
PEIMHE BOLISACTEVIOT TE, B CHCTEMY HE BNOIAIINE,
BIl}'T[l-E'IIII]IlEH CILEAMN HALIBANITCH CHIB B'ﬁll-l!l.iD,!l,Cﬁ'CTEl{!I TCA CHCTCMBL
APy C Opyros.
MoapanoencHUe CHI HA BHELIHHEC W BHYTPCHHHE HBISCTCH YCIOBHBIM M -
BHCHT OT BRIDOpa cHCTeMbL. Hampumep. mpo BEASICHHH cHeTeMbl demns — Comx-

ue cHni Bosaeiicrms Conmng ma Jewmmo F' Gyaer BHyTpeHHed. A npe pac-

o

CMOTPCHHM CHCTCMBL 3esmn — Jlyua cuna sosacicTeasn Commua ma 3ewmmo }T'.;
V26T BHEIIHE,
PaccuoTpiv CROICTBA BHYTPEHHHX CHIL

nD'I'I BRARMOICHC TR ABYX TET COTEaCHD g Tl: __.,-_‘ o I
M PBROMY TARDHY JHHAMHEH HMEEM ’ 223 I F; b
FY=-F),. Tlo3toMy CyMMa BHYTPEHHMX . m,o Dmi HJ
CH, ACHCTEYHMLHY Hil CHOTCMY i ABYX T ™o T
il T | g —
Z'L =Fy +Fy ==F 4+ F =0,
L —— AHATOIHMHO NMPH BEHMHMOACHCTENH 71 TEA
-~ Fi Ry, ™. NS s o i i .
g nl il S ol L R &l
f'c': m, \'k Pu'__ bt Fa=-Fy; Fp= _}'3:---
| By P o P i I_fl‘" = _Fu'.n Lo UTO MOGKEM  EITHCATE
7
% ﬂ. L) / |‘r KK
™, F o] = m =31 =3
. " E, :; Foy=-Fy 4.1y
—— me k=1ln: j=1|n.unk=j.

[NpocyyMEpyes BCe BHVTPEHHNE CHILL J2fiCTEYHOMNE HA TEMA CHCTEMEL
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n

N Er =By + B+ (R + D+ (B, + F

{n-11n nin-1) )
k=1

ki
Orxyaa ¢ yuetou (4.1) nomyuaem mepeoe CBOHCTBO BHYTPEHHUX CHIT:
"o
> =0 (#+.2)
Eo
k=i

1, CyMMa BCeX BHYTPEHHHX CHJI CHCTEMBI PABHA HYJIK),
M3 mpou3soILHOro UCHTPA (0 MPOBCICM MICHH /iy K THHHAM ACHCTBHH CH.I

Pé Tax xak cymma anrcOPanyCCKNX 3HAMCHUI MOMCHTOB OTHOCHTCIIBHO HCTO

MONAPHO ACHCTBY FOIIHX CHJI 3AMHIUCTCS TAK:
II?U(F,Q:;I)-F m, (F_,—k’): (F@,’ - FJ;;')h =0,
TO OTCEOIA TOTYYAEM BTOPOE CBOHCTBO BHYTPEHHHX CHIT:

Z";’o (ﬁf;) = () + g (Fy) ) + .+ i (ﬁn )+ a7,

y=0.

|

~ 3

tf=l
i

=

(4.3)
2, CyMMa MOMCHTOB BCEX BHVTPEHHHX CILT CHCTEMBI OTHOCHTE/1bHO [ THOO0I0
HeNTPA PABHA nyno,

Jernna §

4.2, Ilenrp Mace CHETeMLI

Macca cucreMnl paBHA CYMMC MACC BCCX MATCPHAIBHBIN TOUCK CHCTC-
MBI A = ka .

B craruke OBLIO IIOKA3AHO, YTO B OJHOPOI-
HOM TIOTI® CHNIBl TDKECTH pPaBHOJEHCTBYIOIAA

CHCTeMBI CHI MPHIOKEHA B UeHTpe TmrecTH C,
KOTOPEI OTpeTeTIeTcd Tak:

. :ZPA-XA-_ y :Z‘Dkyk_ 2 :ZPA-ZA-
p r P

rac Po=m,g.
Toc1e MOACTAHOBRY CHJI TSDKECTH MO TYHASM |
v - kagxk B kaxk B kaxk = kayk .

Y omg > Mo M

Kak BuanM, ROOPAMHATS TOUKH (7 33BHCAT TOIBKO OT MOIOKEHHA MATCPH-
ATBHBIX TOYECK H HX MAaCC.

leoMerprueckas Touka (', KOOPAMHATHL KOTOPOil ONpEACIAIOTCS 3THMH
(hopMyYMaMH. HA3BIBAETCA HEHTPOM MACC CHCTEMEBI ILTH €€ HCHTPOM HHepuHu. B
BCKTOPHOM BHAC PAAHYC BEKTOP LICHTPA MACC COIMACHO 4.4 samumeTcd:

o

_ Z”*sz: (4 4)
Aar
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1 =
ro= EZM,‘Q ; 4.5)

Ecnm Ha TOYKHE CHCTEMBI ACHCTBYIOT NAPAIICIbHBIC CIIEL, TO B LIGHTPE Macc
MOXKST HAXOJWTHECA LEHTP JABICHHA MAPATLICIBHBIX CHA. Ecmm cmcrema Oyaer
HAXOAUTHCHA B OJHOPOAHOM TNOQJIC THMKCCTH, TO B HCHTPC MACC 6Y,E[€T PACNONIOKCH
UGHTD THHSCTH,

B 00mem ciyuae DeHTp ASHCTBHA CAI H UCHTP MACC HE COBIATALOT.

IIpumep 1. Ecnd B BO3IYXE ABIKYTCA 2 IIAPA OJHHA-

KOBOTO JHAMETpPa; CBHHLOBHIH (Pb) W meHOmIacTOBBIH R B

(TTen). To ucHTp maBncHUs (I.1.) a3POAMHAMHUCCKMX {‘_@4,
cHa Ra Oyner pacnooweH nocpe- ‘%za 55 TII
JUHC MOXKTY IIAPAMH, a4 LCHTP R, i
Macc (C) — BOOM3H CBHHLQOBOTO E‘@_"v
mapa.

IMpumep 2. B HeogHOpOAHOM TOJIE
CH1 TATOTCHHA 13BC3ABl  (S), LCHTP JAABICHAA  CHJ

mm .
———, ACHCTBYIOIIHX HA CHCTEMY TCI MOKCT OBITH
,2

F=k
CMCIICH K 3BE3/C MO CPABHCHHUIO ¢ UCHTPOM HX Macc

4.3. Inddepennmaibunie YPABHEHHS JIBHKEHHS CHCTEMBI

IycTe cHCTEMa COCTOMT M3 # MAaTCPHATBHBIX TOuck. Bee cuibl, aelfcTyro-
IMC HA KAHIVED M3 TOUCK, BBIPA3HM B BUAC PABHOACHCTBYIOIUCH BHYTPCHHHX
I 1
Fl = ZF;; H BHCIIHHX CH1 F} = Zﬁk‘; . e [ — KOIMUECTBO BHELIHUX TEl, KO-
ot H
TOpBIE BO3ZICHCTBYHOT HA TENA CHCTEMBL TOTAA VPABHEHHE IBWKSHHA TOYKH
m, Oyaer

(4.6)

VYpapuenue (4.6) chmpaBedTHBO OIA
BCeX k =l...n TOYEK MATEPHATBLHOH CHC-
TEMBI M B COBOKYIHOCTH IPEACTABIACT
cucreMy /1 au(phepeHUHANIBHBIX  VPABHE-
HHH BTOPOTO MOPAOKA B BCKTOPHOM BHIC
HIH 37 B IPOSKUHAX HA OCH KOOPIUHAT.
Ecmm 3amaTte HAYanbHEIE MOMOKEHHA TOHYEK

u Bx ckopoctH 7, (0) =71 7 (0) =Fpy.
B TMPOCKIMAX HA OCH KOOPIMHAT 61 HAa-
YABHBIX VCIOBHIL, TO B PE3VIBTATC WHTCTPHPOBAHESA CHCTEMBI (4.6) moyuacm

3AKOH JBIWKCHHA 7, (1) BCEX TOUCK CHCTEMBL

T.C.
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OJHAKO., TOUYHOC AHAJMTHUCCKOC HHTCTPHPOBAHUC CHCTCMBI (4.0) MOKHO
BBLIUIOJIHUTL JIHUIL B HCMHOPUX cayuanx. Hanpuicp. coseeM veaasho (E AL [pe-
ocuukos, 1998r.; UM, Cuyasckuil, 1999r.) Touno mpouutcerpuposain audde-
PCHUHATLHBIC YPABHCHHA ABIKCHHS OCCCHMMCTPHYHO DACTOI0KCHHBIX HA NI0C-
KOCTH 71 TCJL, KOTOPBIEC MMEHOT MACCHI M1; My ... My My M W BIAHMOJCHCT-

BYIOT MCKIy coOOH ¢ CHIAMH TATOTCHHA. B pesyipTare pemeHHd ObUI0 YCTAHOB-
JIeHO, YTO mepufepuiiHbe TEIA JBIDKYTCA TO CTAOHIBHBIM B TIPOCTPAHCTBE Tpa-
eKTOPHAM, KOTOPBIE B 3ABACHMOCTH OT HAYANBHOH CKOPOCTH MOTYT OBITH 3.UTHII-
con, mapadonoil nH rumepdoIoii. [Io-BHIMMOMY. 3TO0 CIMHCTBEHHBIC HA CETO-
JHAIHUYE JeHb TOYHBR PeIIRHHA AH(WpepeHIHATBHAIX YpaBECHIH (4.6) MeXaHH-
YECKOH CHCTEMBI

[MosToMy cucTeMy VpaBHEHHH (4.6) pemarOT YHCIEHHBIM MeTo10M. O JHAKO,
BO MHOTHX CIOy4dfiX HE BOJHHKACT HEQOXOIMMOCTh SHAHHA JBIKCHHA KIKTIOH
Touky, TpedveTcs 3HATH NOBEICHHE CHCTEME! B IiRToM, ' 3ToMH IENB0 B HCIO.Th-
SVIOT 00IIHE TeOPeMBl AMHAMUKH CHCTEMBL

4.4. TeopeMa 0 ABMAKCHHY LCHTP A MACC
ITpocyyMMupyeM VpaBHEHEM (4.0) IO BCEM YACTULAM:

A .
> m, dt':" =Y F/+> F/ .1 k cormcuo (+2) > F/=0.To 0 ypaBHCHHE

JAIMHIIETCA:
a7y m, 7, -
—Z‘ MY (4.7)
dr
C vueToM BRIP@ECHHS (4.5) M1 HEHTPa MACC IONIYYACM TEOPeMY 0 IBILEe-
HEH HEHTPA MACE

dr -
M —==> " 1.8)
— PN (4.8)

OPOHZBCACHHC MACCHLI CHCTCMbI H3 YCKOPCHHUC CC HCHTPA MACC PABHO TCOMCTDH=-

YeCcKOH cyMMe BCex ISHCTBYIOMIMY HA CHCTEMY BHEITHUX CHI.
3ammen ee B ISKAPTOBOH CHCTEME KOOPIAHAT

A, =D FS M, =Y R ME = K

PaccMoTpuM CISACTBHA 3TOH TEOPEMEL.

1. Comocrapnsaa (+.8) ¢ YpaBHCHAAMHE JBHAKCHHA MATSPHATbHOH TOUKH

JF o
dr’ LR

1

BHIKWM, UTO OHH HACHTHYHEI.
Toraa Tcopema (4.8) OvacT 3BYUATE TAK: LCHTD MACC CHECTCMbL ABHIKCTCH KAK
MATCPHAIbHAS TOMKA, MACCA KOTOPOH PABHA BCCH MACCC CMCTCMbI H K KOTOPOM

IPHIQHCHbL BCC BHCTHHWC CHJIBL, Al CI‘/‘lCTBVl"OgP[C HA CUCTCMY,
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JpyraMu cI0BaMH NPH PACCMOTPEHHH MATSPHATBHOH CHCTCMBI WIIH TGIA B
HemoM 0¢3 yHCTa €ro BPALICHHS, MBI MOKEM CIO PacCMaTpHBaTh KAaK MAaTCPHAIb-
HYIO TOUKY, PACHONOMKEHHYIO B ICHTPE MACCHI CHCTEMBIL.

2. Tlpm H3y4YeHHH ABHKCHHA LIEHTPA MACC CHCTEMBI MOXKHO HE PACCMATPHBATH
BHYTPEHHHC CHIIBL

4.5. 3aKoH coxpaHeHus ABHKEHHS HEHTPA MACC

Ecm Y F; =0, 1o u3 (4.8) creayer:

12 —
C;E =0; a,=0; Vv, =const 4.9)
[MomoskcHue (4.9) ABMACTCS 3AKOHOM COXPAHEHUSI IBHIKEHHS LEHTpa
MACC: CCIM CYMMA BCCX BHCIIHMX CHII. JICHCTBYIONIMX HA CHCTCMY, PAHA HY.JIIO. TO
CHT]P MACC 3TOW CHCTEMBbI JBHMKETCH ¢ MOCTOAHHQH MO MOJAYIH W HANPABACHHID
CKOPOCTBIO. T. €. NPSIMOIHHEHHO H PABHOMEPHO.

Ecnm B MPOCKLHH Ha MO0y 0Ch HMEEM Z e =0, T0
X, =0,me. v, =const. CHCTCMa ABMKCTCA C MOCTOAHHON CKOPOCTBIO BAOIDL

OCH X. a4 B HANPAB/ACHAH APYTHX OCCH OHA MOKST ABHIATHC YCKOPCHHO.
Ecau v, =0, TO LCHTP MACC CHCTCMBI HCTIOABUKCH.
[TpamMepsr:
1. Ipmwxenne uenTpa Mace CoMHEUHOM CHCTEMBI
B NMPcHSOPSKCHHH TMPHTLKCHASM 3BC31 ABIUICT-
C4 HEYCKOPEHHBIM., HECMOTpSA HA TO, WTO TEIA
CHCTEMBI B3AHMOICHCTBYIOT MEKIY COOOH.
2. Ecia ABWKEHHE TPOHCXOIAT IO ACHCTBHEM

t—..h'rjl

5
- N -F
maper cux, 10 » IS =0; ¥, =const, Te. Crc- I

TEMA JABIKETCS 03 YCKOPCHH.
3. JlpmiKeHHEe 0 TOPH30HTATBHOH IIOCKOCTH 0€3 TPeHHA, MOKET MPOHCXOJHTH

JHIB HEYCKOPEHHO (a), T.€. V, = const . YTOOBI TEIO NMOIYyYHIO YCKOPEHHE,

a) 6) B)

=

HEOOX0AUMO, YTOOBI BAOIb IJIOCKOCTH HA HETO ACHCTBOBAMA CHaa. Tak 4HemoBeK
(6) ¢ MOMOIIBKO TPCHUA OTTATKHBACTCA OT 3EMIH H MPHOOPETACT YCKOPCHHE, T.€.
OH IBIDKCTCA IO ACHCTBHEM CHIBI (-F ;). ABTOMOOHTE (B) 3aIHHMH BEIy IMMH
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s
mp

koTopoit oH gpwacTCH. [MepcaIHUMH BCIOMBIMH KONCCAMH OH BO3ACHCTBYCT Ha
n:p
Ecau TpcHust HC O¥ACT, TO UCIOBCK (HA IbAY) H ABTOMODWIbL (HA CKO.IL3KOH A0PO-
rc) HC CMOIYT ABHIATLCH.

KOJICCAMH BO3ICHCTBYCT HA INOCCC AKTHBHOW CHIOH TpcHus (/7 ). Baaronaps

LIOCCC MACCHBHON CHIOH TPCHMs (7 ), KOTOPAas MPCISTCTBYCT Cro ABMMKCHIHD,

4. be3 B3aMMOACHCTBUSL ¢ APYTAMHA Tenamu (T.¢. mpu /7 =) CABUHYTH ¢ MCCTA

HEHTP MACC HEBO3MOIKHO,
00 3ToM vacTe 3a0BIBAIOT H MEPHO-

g
2 3 JHYECKH MOABLIFOTCA HACH O OE30TOPHOM
JeekcHH, Tax B 60™ roger 20°° Beka 00Cy K-
1'4' ‘.‘_t
5 4

JA71ACh MAIIHHA aMepHEaHIa JJHHA.

Ha miargopuve 1 B mpoTHRONONO:K-
HBIE CTOPOHBI BPAIAKTICA IKCLSHTPHYHBIE
macesl 2w 3. ILmatdopMa NpUKpENneHa K
xopmycy 4 MpVKHHOH 35, IO3TOMY OHA RONEONETCA BBEPX — BHH3 H TMEPHCMYECKH
YIapAeT O VIOPY 6.

[MpuEecp:cHUb! MammHeL JHHA NPCANOIAraim, 4To CYMMAPHOC BO3ICH-
CTBHC BECPX OvICT O0BLIC YCM BHH3 H KOPNYC HAYHCT NOAHMMATHCS. OHH HAMC-
PHBANIHCE, TAKHM 00Pa20M, €0314Th ABUIATCIb OCI0N0PHOIO ABHKCHHSL.

B uncpumonaax naarpopma k0.ICOICTCH B rOPM3OHTAILHOM HAMPABIC-
HHH, A BO3ACHCTBYCT QHA HA KOPTYC TAIGKC KAK W B MAMKMHC JlMHA B OAHOW HA-
NPABJACHUH C NMOMOIULK APY:KHHBL, a B ApyroM Hc3 Hee. Takue HMHCPLHOWILL
CHAOMKCHHBIC KCNECAMH, MOTYT JBHMTAThCA MO, BO3ICHCTBHEM KOJeOTrOIIEHCSH
IAT(HOPMEL. 3TO 0OYCIOBICHO TEM, YTO CHIbl TPEHHA KONEC ¢ MOBEPXHOCTBED
JABHCAT OT HX CKOPOCTH M OT CHJIBI HOPMAILHOIG JaBIcHHA. [103TOMY BO3HHKAET
PA3HOCTE JASHCTBHA k0AeOTrOMENCA MIaTHOPMBL, KOTOpad MPHBOIHT K JBHKEHHIO
HHSPIHOKTA. B 3TOM CIydae NEHTp Macc TAKOTO aNnmnapaTa NPHOOPETAET IBIDKS-
HHC 33 CUCT B3aHMOACHCTEHA C NOBCPXHOCTBIO C MOMOLIBIO TPCHHA. B npeabliyv-
LICM CIYYaC BCPTHKANBHLIX KoIcOaHWi mnat(opmsl, MamuHa JnHA C OpyrHMH
TCIAMH HC B3AWMOACHCTBYCT, MO3ITOMY OHA HC NMPHOOPCTCT HANPABICHHOIG JBH-
HKCHH S,

OTH mpUMCPbl MOKAZBIBAKT, 4TO B PAAC CIYUACE 3HAHAC TCOPCMBL O
JABIKCHHH LICHTPA MACC MO3BOIACT OTBCTHTh H@ BOMPOC. HC YrayOnasch BO BCC
ACTAMH B3AHMOACHCTBHS TCIL.

4.0, Teopema 00 HIMEHEHIN KOJHYECTR: ABIKCHHA CHCTEMBI

[epenumen (4.8) B BYIC!
d,) =,
— = 4.10
dt g 10

O603eauny () = AV, - KOIHUCCTEO JABHKCHESN MATCPHANLHOI CHCTCMbI

Tpcobpazyvem ) ¢ nenonp3opaHacM (4.5):
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Q=Af & _ Z i, o _ kaﬂ, . 0TCHIA NOIYYACM!
d d
Q:kaﬁk . 4.11)

Koan4vecTBOM IBHKCHHA MEXAHHYCCKOH CHCTEMEI HABBIBASTCA BEKTOPHAL

BEJIMMHHA, DABHAA TCOMCTPHUCCKOH CYMME KOJHUYCCTBA JIBHUKCHHA BCEX TOUCK
CHCTEMBI.
[Mepenunrey (4. 10) ¢ yueroM (4.11):
40 —
—==XF. (4.12)
r

1o Teopeva 00 HIVIENEINNH KO IMUECT BA ABHIKEIHS CHCTEMLI B anppe-
peHINATLHON ¢opMe. OpOH3IBOIHAA M0 BPEMEHH OT KOJIHYECTBA ABHKEHHA CHC-
TeMEI PABHA FEOMETPHYECKOH cyMMe BCeX ACHCTBVIONIHMX Hi CHCTEMY BHEINNHX
CHI.

ITpounterpapyveM (4.12)

Ia@ =Zjﬁkedt . WIIH
0, -0, =Y 5. (.13)

¥
e S¢ = jﬁk”dt - HMITVJIBC JEHCTBHA CHCIBI 32 BPEMS [ .
0
BoipaskcHuc (4.13) — reopevia 00 w3MCHCITHI KOIHRCCT BA ABISKCIINS CHC-
TEMLI B HINTCIPAILNOI JOpPWC. HIMCHCHHC KONMHMCCTBA JABHMKCHHS CHCTCMbI 1A
HCKOTODblﬁ MPOMCHVYVTOK BPCMCHA PABHO CYMMC HMNYV.TLCOB BHCIHIHHAN CHJI ,Z[Cﬁ-
CTBYHOLLMX HA CHCTCMY 33 TOT 3KC NPOMCHYTOK BRCMCHH.

Ecou Z F,‘C =0, 10 13 (4.12) nony1acu

L
() = comnst “.14
- 3AKOH COXPAHCHHS KOIMMCCTBA IBIGKCHHSI MCXAHHYCCKOH CHCTCMbLI ©CTH
CVYMMA BCEX BHEINHHX CHI JICHCTBVIOINHY HA CHCTEMY. PABHA HVIKO. TO KOTHYE-
CTBO ABIJKCHHA CHCTEMBL OCTASTCA HEHIMEHHBIM 0 BE IHUMHUHE H HANPABICHHI.
TeopeMa 00 HIMEHEHWH KOTHYECTBA JBICKSHHA M 3AKOH COXPAHSHHSA KOTH-
YECTBA JBIDKCHHS CIPABSIIHE B MPOSKUMH HA MOOYI0 OCh, HATIPIMED X

Teopema ), — (0, = ZSQ : 3aKoH: (), = consl .

UroOs1 3ppeKTHBHO MPUMEHHTB TCOpEMY 00 H3MEHCHHH KOIHYSCTBA JBH-

sennn () -0, :zS{ ¥ 33KOH COXDAHCHHH KOIMUCCTEA JBWACHHA (} = consl

HCOOXOAMMO CHCTCMY BbIOPATL TAK, YTOOBI HCH3BCCTHBIC CHUIbI BLLTH BHYTPCHHE-
MH.
3aKOH COXPAHCHHM KONHYCCTBA JBMKCHMH yYI100HO OPHMCHSITL, KOrJa mo
H3MCHCHHE) MOCTYNATCIILHOH CKOPOCTH O/HOH YACTH CHCTCMbI HCOOXOIHMO On-
PCACIATL CKOPOCTL APYrof, Hampuviep: npy yaape AByx T¢.1.
[Tpumcper:
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1. Oraaya uiM oTKAT Ny1UKK. JIo BLICTPENA, KaK M [I0CIE BBICTPENA, 00LIEE KOJIH-
4eCTBO JBHKCHUA O =0 =m v, —m,v, . OTkyma

L} iy m, -
1

% O—%  CkopocTb OTKATA IVLIKH Vv, =——V, .
m
i 2

2. PaboTa rpeGHOrO BHHTA.
BHemH#e CHITBL OTCYTCTBYIOT. BHHT c000maeT mMacce BOMIBI i CKOPOCTB #, a
noaxa M mprodperaer ckopocts dv: —udm +Mdv =0 .
OTKYJa  YBCIHYCHHC CKOPOCTH  JOAKH  OVIET
M
3. PeakTHBHBIH JBHTATEb.,
PaI(eTa C PCAKTHBHBIM ABHUTATCIACM Bblﬁp.’:lCLIle-

er
o dv
T CTPYIO TA30B CO CKOPOCTBIO . Macca pakeTbl m
s

VMCHBIIACTCS HA BCIMYUHY (-d#), 4 CKOPOCTb PAKCTBL
BO3PACTACT HA BCJIMYHHY v, TAK KAK, TO

dQ = udm + mdv =0 dv=—u—m
[Moce vATETPHPOBAHMS MPH YCIOBHU, UTO B HAYAC PAKETA HMENA MAaccy #Hg
My
H CKOPOCTb Vp, MOIYUACM CKOPOCTh pakeTsl v = In—+v,;. Oto dopmyvaa K.3.
m

].lHOJ'[KOBCKOl‘O U MO HCH onmpcacaACTCsI HCOGXO,C[[/IMI:[ﬁ 3anac TOIUTHBA AT PAKC-
Thl.

Jlexkmmsa 6.

4.7. MOMCHTEI HHCPITHIL

4.7.1 Onpedenenue

MBI y7Ke PACCMOTPEIH MACCY CHCTEMBI H ¢¢ IECHTP Macc. IlonoskeHne neHTpa
Macc OMPEACBICTC TCOMETPHICCKUMH CEOHCTBAMH CHCTCMEL

I'cOMETPHYCCKHMH CBOHICTBAMH CHCTCMBI OIPCICIICTCS TAKKC BCIHYHHA
MOMCHTA MHCPIMH. 3TO NOHATHC BBOIHTCA IPH Pac-
CMOTPCHHH BPALIATCIBHOTO ABHACHM. Ecmm macca
OMpeJCTACT THHAMHKY CHCTEMBI B MOCTYMATCIBHOM
OBHJKCHWH, TO BPAIIATENBEHOE IBHKCHHE CHCTEMBL,
KaK MOTOM YBHIHM, ONPEIeIACTCS MOMEHTOM HHED-
LIHH.

MoMeHTOM HHEPIHH CHCTEeMBI OTHOCHTE -
HO JAHHOH 0CH 7 HA3BIBACTCA CKATIPHAS BEIIUMHA,
DABHASI CYMME IPOHM3BEICHUH MACC BCEX TOUYEK CHC-
TEMbI HA KBA/IPATHI HX PACCTOSHHUH OT 3TOH OCH:
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I, = kah,f .
PasmepHocTs [/, | =1ke -’ .

Tax kak hy, = yx} + 7. 10 J. =Y my(xF +y}).
AHaT0THYHO
Jy = z:nffk(xk2 +z,'f): Sy =ka(y,f +zf) )
MomeHT HHCPUHH MOKHO TAKKC 3aMHCATE B BHAC!
J,=Mp]?,
rae A - Macca CHCTEMBL, P, - PATHYC HHEPLHH.

Pajinyc mHepunm — paccTosiHue 0T OCH 2, HJ KOTODOM M
JOLKHA OBITh PACTIONOKEHA MACCA. PABHAS MACCE BCCH CHC- E/
TCMbL_4TOOBI ONVYHTh €€ MOMECHT HHCPLHH. JpVruMu cno- pﬂ |
BAMH. TeJ0 WIH CHCTEMa 3AMEHASTCH TOYEYHOH MACcCOi. KO-

TOpAas PACMOJATACTCS HA PACCTOSIHHK. /), . OT OCH.

Tﬂepﬂﬂe TEC/I0 — HCMPCPBIBHAS CHCTCMA MATCPHAIBHBIX TOYMCK C MaCCaMH
dm . NO3TOMY CYMMHPOBAHHC 3AMCHACM MHTCIPHPOBAHHCM TI0 BCei macce A/ uu
00BEMY J CHCTEMBI:
&= Ih?dm = Iphzdl-' .TAe P - IOTHOCTH TEA.
A 1

4.7.2 Momenm unepyuu 0OHOPOOHBIX M.

1. ToHKuHi ONHOPOAHBIH CTEPHKEHD.

z dm=pdy . rHC P = T - IOTOHHAA IIJI0T-
| dm HOCTB.
N i [ ¢ T[Toce HHTETPHPOBAHHS MOV YACM:
N ox dx z
[ . [ 27 — 2.
oo J;—-[x dm—p,jx dx =
0
[Nocne MOOCTAHOBKH MACCHI CTCPHKHS
MI?
o MOJKHO 3AIHCATH. J, =——.

3
3. Kpyraeni auck paguycom R. Macca auc-

ka M =aR’ hp, a mMacca KOIbIEBOIO

aneMeHTa dm =2pardrh . HHTerpHpyA

R
] 2zph
J, = J.r;dm = 2xpiijr3dr = %Rd ;

0
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MOCTK NOICTAHOBKH MACCHI INOIYYAEM  MOMCHT
MR®
HHCPLHKH JHCKA: .J, = T
3. ToHkoC KOMbUO. DACMCHT MACChl ¢ MPOMOPLMOHA-
aeH AmHHe df = R-dg . a Macca A — BCelt ATHHe KOIBIA

2R

i = ﬁ dip = i d
27k 4 27 -
HOCJC HHTCIPUPOBAHKI MOIYHACM:
J. = [Ridm = MR [dp = MiR? .
it oy

S4.7.3 Buowt momenmos urepyiy

Kak vibt VHC PACCMATPHRAIH, MOMCHT HHCPUHU OTHOCHTCJIBHO OCH MOMKHO
3AMHCATD TAK!

Jo=d = Zm(x2 +__v2) . TIC X MPCACTABIACT PACCTOAHNS MACE
OT IVIOCKOCTH }Z, 4 V — PACCTOAHHE OT MNIOCKOCTH XZ.

Mosromy J,, = me od . = Zn{ ¥’ - MOMCHTBI MHEDUMH OTHOCH-

TEILHO ILIOCKOCTH ¥Z U XZ , & OCCBOH MOMCHT HHCPIHH MOKHO 3AOHCATH KAK:

Jo=Jd, .+

Mo.sipubii MoMerT HHEpIHU ONPeAeISIeresl PACCTOMHUCM K MACCh! OT MOIHOCH.
Ecu nomoc BLISPaH B HAYATE KOOPAMHAT, TO NOJPHbIER MOMCHT §yaeT:
H= Zfrrr2 = Zmr(x3 +07 z:)= S e, T sy T

IR, Y

AT T

l.leu‘rpoﬁemm,le MOMENT LI HHEPILUH ONMPCACTATCS MPOH3BCACHUCM KOOPDAHHAT

g, = mev; Jo= Z,mxz; . =Zmyz.

Tak KAk BO BCE MOMEHTBL HHECPOHH, 3 ACKMIOYMCHHCM HeHTpOﬁe}KHLIX MO-
MCHTOB, KOOPOHHATEL BXOJAT B KBAAPATC. TO OHH ITOJIOKHTCIBHEL L[eHTp06eDI{-
HbIE MOMCHT MOKCT ObLITh OTPHLUATCIbHBIM H HYJICBLIM.

Ocb 2. A4 KOTOpPOH LCHTPOOCAKHBIC MOMCHTH HHcpupu ./ =./ =0, Ha-

3bIBACTCS IIABHOH 0CLIO HHCPIHA. PaCCMOTpHM OCCCHMMCTPHYHOC TC10.
Tawroc Tcno © OCBKO Z - OCBEO CUMMCTPHH. NMUTOCKOCTBRY X2 MOYKHO pPasdciinTh
Ha JBA TCII: JICBOC H IPABOC. JNEMEHTHI 3THX TSI

H OTIHYAKOTCA TOABKO 3HAKOM KQODAHHATHL V, T.C.
Vo™ Vip TOCA) UEHTPOOSHHBIH MOMEHT HHED-
uH Oy T
dm dm = Za’mzy,W +Z dmzy,, = _Z dmzy,, +
+ dezynp =0
i l j ' _
Yuee Vo F AHATOTHUHO nOIyukM M Ans J . =0,

Xy
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Hrak. ecmH Teno HMEET OCch CHMMETDHH. TO 3T4 OCh ABIASTCA IJIABHOH 0CHRK
HHEPIHH.

4.7.4 Teopema Notlzenca.

Tak Kak MOMCHT HHCPUHM ONPCACTSICTCH
KBA/PaTOM PACCTOSHMSL 0 OCH, TO OH 3ABHCHT OT
NOJOKCHUA OCH, PaCCMOTpHM, B KAKOM COOTHO=-
INCHHH HAXOOITCA MOMCHTEI HHCPUHH
OTHOCHTCITBHO ABYVX MAPAJICAbHBIX OCCH, O7HA H3
KOTOPBIX MPOXOIUT Hcpe3 UEHTP macce (. 3anHmem
MOMEHTEI HHEPIHH OTHOCHTEIRHO ocelt (Jz 1 Uz’ :

&y = ka(xf +y3y J :Z my () + v, Tax  xax
¥e=d+x, x,=x,—d, V.=V, mo
gy, &= ka(xf +y) 7221?7,‘((!,\";) +Zi?!kd2 =J  +Md* 72dZme;,.
OIHAKO MOCICIHEE CIATAEMOC MPONOPUHOHAIBHO KOOPIHHATE LCHTPA MACC
. !
. kaxk
x,==——
M

. KOTOpast paBHA HYIH, TAK KAK LHCHTP MACC HAXQAHUTC B HAYAIIC

KOOpAHHAT. [T03TOMY OKOHYATEIBHO MOJIYHACM
2 4
Jo, =J o +Md". (4.13)
Teopema I'oiirenca; MOMEHT WHEPUMM TE1d OTHOCHTC/IBHO JAHHOW OCH PABCH
MOMECHTY WHEPLWH OTHOCHTCIABHO OCH €H NapanicJbHOH M NPOXQAAEH depes

LICHTP MACC TEJIA, CIOMKCHHBIH C MPOM3BCACHHUCM MACCHI TEId HA KBAAPAT pac-
CTOSHHIA MCACTY OCIAMH.

Jexnns 7,

4.8. Teopema 00 H3MEHEHHH MOMEHTA KOJIHYECTBA ABHACHU S CHCTEMbL

4.8.1. HenoodeusicHulii yenmp.
a) MOMEHM KORUHECINEA OGUINCEH A
[TpocyMMHPYEM MOMEHTE OTHOCHTEIBHO

LCHTpA O KOMHYECTBA ABHKCHHSA MATEPHATBHBIX
TOHYCK. BXOIIHX B MEXAHHYICCKYH0 CHCTEMY.

K, = Z'ﬁu('nkr’:k)'

I'1aBHBIM MOMEHTOM KOJIMYECCTBA ABH-
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JREHHH CHCTEMBLI G¢THOCHTEILHO JAHHOI0 MEemTpa
O. HA3BIBACTCH BCAHUMMHA K _ PABHAN TCOMCTPHUC-

CKOH CVMME MOMCHTOB KQIHUSCTB JBH/KCHHSI BCCX
TOUEK CHCTEMEI OTHOCHTSILHO ITOTQ ICHTPA,
T'naBHLLT MOMCSHT KOIMYCCTBA JBIDKCHHA CIIC
HA3BIBAIOT KHHETHUSCKHM MOMEHTOM,
TMpoekiun  TAABHOMO  MOMEHTA  KOJHUSCTBA
JBIZKCHHA HA OCH:

K, = me(mkvk )
K. = era_‘,(f):k D >
K. = Zm:(m,‘_\f;‘ ).
PaccuMOTpUM FIABHBIA MOMCHT KOJIMYCCTBA ABHAKCHHA BPALLANILICIOCH TCIA,
Cropocts Maccel my, OVAET: v, =of,, a4 €€ MOMEHT KOIHMECTBA JABIKCHHA:

”?__(”?k\’k } =]”k"f;‘hk = ”?ka)h’s . TOrAaa ICIABHbIA  MOMCHT KOJIMUCCTBA JABHAKCHHA
BpAmARmeroca Texa: K, =Y mah; =@y mh] . ECIH BBeJEM MOMEHT HHEp-

m J_ = kahf . TO MOMEHT KOIHYECTBA IBIDKEHHA BPAINAIOIIErocA Tela 3a-

TTHIIETCA:

K. =m/_. +.10)
MoMeHT KROIMUCCTBA IRHAECHHS BPAMAIOIENOCH TC 1A OTHOCHTCILIIG OCH
BPANICHHST DABSH NPOWIBEICHHK) MOMCHTA HHEPIMH TElIA OTHOCHTEILHO ITOMH
OCH HA YITIOBVE) CKOPOCTh TENA.

ConocTagpist MOMEHT KOJHYECTBA ABHASHIS K ¢ KONHYSCTBOM JBHKCHUA (O
BHIUM. “ITO MOMCHT HHEPUHH TET.J ABTICTCS MEPOH HHEPTHOCTH TET NPH BPALLE-
HHH.

PaccyoTpUM MOMEHT KO-THUECTBA ABHKEHHS OTHOCHTEIIBHO TIEPICHIHKY -
THIPHOH OCH X W V. [ IPOSKUMH CKOPOCTH HA 3TH OCH

Vi, =1 S = ————=—@V V', = ——— = @Y, . TOTJ2 KHHCTICCKHE MO-

k ) Ry

MCHTBI 3aNUIIVTCH |
K. = Zm_‘_(mkﬁk ) =—sz AV —r:)kazkxk ==J_ - .
Amaaoruuno KN =-J -m, Takuuv 00pa30M, KHHCTHUCCKHC MOMCHTHI

BPAIAIWICTOCH TCIA OTHOCHTCILHO OCCH, MCPRCHAMKY IAPHLIX OCH BPALUCHUS,
FABHCAT OT LCHTPOOCHKHBIX MOMCHTOB HHCPUHAHM Jy.. M .J,.. 31CCh CICIYCT 00paTaTL
BHUMAHHC HA TO, UTQ NMPH BPALICHHH TCIA CrO ICOMCTPHUCCKHC NAPAKTCPHCTHEN
N0 HANPABICHHIM OCCH X M ) M3MCHSIKOTCH, TOITOMY BhIMHCICHHBIC B MOMCHT {={}
Jy: . BVAYT NOBOPAUMEBATECH C YTNOROH CKOPOCTRIO (@ . B pesyanTate Takoc
TCO OVIACT CO3AABATE MYILCHPYEOLUAC HAMPY3KH HA OCH,

&) Teopeua

43



Tlvers mveeTcs CHCTEMA MATCPHATBHBIX TOYCK, HA KOTOPHIE JCHCTBYIOT
BHYTPCHHHC H BHCHIHHMC CHIbL MBI y3C PACCMATPHBACM TCOPCMY MOMCHTOB 104
MATCPHAIBHOM TOUKH, JamUIICM CC AM MACCHI B, PA3ICIMB CHUIbL HA BHCLUHUC H
BHYTPCHHHC

d . — — —
Tifzﬁ(nrzkw J=myF ) +myl B rae k=1
al

TTpocyMMHPYEM I14 BCEX TOUCK CHCTEMBI

%(Zﬁro (v, ): z M)+ Z%()(FQ .

+

Tak KaK 14 BHYTPEHHUX CH.I z;ﬂ[, (ﬂ’ ): 0. TO OTCHOTA MOTy HM

TCOPCMY MOMCHTOR [ LIH MEXAHHYCCKOH CHCTCVIBIS

dk - =
~= IR 4.17
~ Z”"ﬂ( 7 ) ( )

TPOUIBOIHAA MO BPCMCHH OT FTIABHOTO MOMCHTA KOTHUYCCTE ABIGKCHHA CHCTCMBI
OTHOCHTCJALHO HCKOTOPOrQ HCMNQABHMKHOMQ LCHTPA PABHA CYMMC MOMCHTOB BCCX

BHCLUHMX CH.I OTHOCHTCILHQ TOIQ #KC UCHTPA,
B npoeknuax Ha OCH TEOPEM MOMCHTOB JAMHIICTCA TIK:

K, =Zm\,(ﬁ{): %=Zm_v(ﬁ;)l %=Z’”:(ﬁ;)'

i

TcopeMa MOMCHTOB HCMOIBZYCTCH NPH H3VUCHHA JBHACHWA BPALUAFOLLCTOCH TC-
1A, TCOPHH THPOCKOTIA M TCOPHH ¥ 1apa.

4.8.2. Teopema MOMENNOR ORNOCUMEABNG ROOGUNTIOZ0 HENPa

Kar MH yiKe PACCMATPHBANH B KHHEMATHKS, CIIOKHOE IBIDKCHHC TEId MOXK-
HO PA3IOKATD HA MOCTYIATSIBHOC ABIGKCHHUA BMECTE C MOTKICOM M BPAIIATSIB-
HOE ABWKCHHE BOKPYT IMOTHCA.

Ecmua 3a moxroc BEIOpATH LICHTP Macc
C. TO DOCTYIATCNBHOE JBIGECHHC MOJKCT
OBITE H3YUEHO ¢ MOMOIUBK) TEOPEMBL O ABH-
JECHHH IEHTPA MACC, d BPAMATSIRHOS — C
NOMOLIBED  TEOPEMBI  MOMEHTOB. IIvCTb.
Oxyz  — HOMOABWKHASN

CHCTEMA KOOpIHHAT. 4 (x'v'z'— moctyma-
TCILHO ABHAKYLIAACH CHCTCMA KOOPAHHAT C

x —

> YCROPEHHEM @, . Tar KAk 3Ta CHCTEMA He-
HHCPUMATEHAS, TO K BHCIMHUM F7 W BHYT-

PCHHRM cHiam /) HCOBXoaMMO npubasuth [ =—#1 4, — NCPCHOCHBIC CHIlbI

HHEPOHH. 3amHIIeM I KaKIOH TOUKH TEOPEMY MOMEHTOB OTHOCHTEIBHO LIEHTPA
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C, IPOCYMMHPYEM IO BCEM TOMEKIM CHCTEMBI H MPHEPABHACM HY T CVMMY MOMEH-
TOB BHYTPCHHUX CH.T. TOTIA IO IVIHM!

Loy ) ) @1

31¢Ch FNABHbIK MOMCHT KOJIMUYCCTBA ABHKCHHSL:

LI .

K. .= Zﬁ:u (m:7,) .tae ¥, - cxopocTs MT B crcTeme (x'y'z"
A MOMCHT NCPCHOCHBIX CHIT MHCPLMH ATA OHOH TOUKM:
., (!’}ffj): Ao (=ma,)==-ml - a, .

Ecau MEI CI0AMM IO 3T BCSX TOUCK CHCTSMBI

— M ! ] =
ch(ﬁh) (Z(J?rkrk) a, Lf"zmg ==\l a,

T.C. OH PABCH HYIIK. TAK KAK LCHTP Macc cHcTeMbl C HAXOJWTCH B HAYAIC KOOP-
auHar. Toraa (4.18) sannicTcd:

=0,

Fr,‘=tj1

K, =3, (F;;) . (4.19)

dt
BompacHuc (4.19) ABIICTCA TEOPEMO MOMCHTOR OTHOCHT €TLHC NOABHAKN0NI0
MCHTPA: L34 OCCH, IBHIKYIIMNCH NOCTYNATSIBRHO BMOCTS € LCHTPOM MACC CHCTS-
MBI TSODEMA MOMEHTOB, COXDAHAET TOT E B

HOTQ LICHTPI.

4.8.3. akon COXPAHCHYA MOMEHRA KOTUYCCHEd AGUMNCEHUA

[TveTsb Zrﬁu(ﬁ;)ﬂ). Toraa Teopema (4.17) sammmercs K , =consl - 3a-
KOIl COXPANCHHS MOMCHTA KOJAHYCCTBA IBIAKCHHN, CCIH CYMMA MOMCHTOB
OTHOCHTCITBHO JTAHHOIO UCHTPA BCCN TMPHIOMKCHHBIN K CHCTEMC BHCLIHMX CH.1
paBHA HYJEO, TO IIABHbIA MOMCHT KOJHYCCTB IBHAGHHH CHCTCMbI OTHOCHTCILHO

3TOrQ UCHTPA OVICT HCH3IMCHCH,
B cayuac Bpataroiuciics CHCTCMBI HMCCM:

K. =J,w=const,Te. J,w=const.
PaceMoTpuM aBA CTy4as BPALARMIEHCT CHCTEMBL.
1. A4 Teepaoro Teaa J, = consl., MO3ITOMY @ = coasi , T.C. IPH PABCHCTBC HY.THO

CYMMBI MOMEHTOB BHEIIHHN CHJT TSIO BPAIIACTCA ¢ MOCTOAHHOH CKOPOCTBE).

2. Jna wiMeHACMOH CHCTEMBI MOMEHT HHEPLHH HE NMOCTOSHCH: MPH YBEIHYCHHUH
J, YMEHBIIETCA (. MPH YMCHBIICHHH J, YBEIHYHBICTCA O,

prmeper:

Ha spawatowmemest crvic uam spawatoliciics niaardopye KykoBckoro BHa-
UajIc HCNOBCK PACKPYUMBACTCS, PACCTABUB LUMHPOKO PYKA W HOru (Sonblioit Mo-
MCHT HHCPLIUH). 3aTCM PYKH NPHMKHUMAKOTCA K TCIY, H CKOPOCTh BPAILCHHS PC3KO
BOipacTacT. bajcpuHa MAM (PUIVPHCT HA KOHBKAX PACKPYMHBAOTSH TAKUM IKS
odpasoM.
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TpK HCNOIHCHMH CaALTO akpoGAT MOAMPLICHBACT BBCPX, CO0OILAA HCOOMb-
YK BPALATCIBHY KO CKOPOCTR, 3aTCM B BO3AYNC MPYNMHPYCTCA, T.C. MOATATHBACT
KO.ICHH K MOIDOPOIKY W ONBAaTLIBACT HX PYKAMH, CKOPOCThL BPALUCHHA CrO PCiko
BOIPACTACT W K MOMCHTY TIPH3CMICHHA OH YCNCBACT CICIaTh OJMH HIH JAXKC 1Ba
000pOTA.

PCAKTHBHBII MOMCHT BHHTA ODPa3yCTCH MO TOH KC MPHYHHC. CYMMAPHbIH
MOMCHT KO.JHYCCTBA IBWKCHUA BHHTA M BCPTO.ICTA paBcH Hy.TH0. [lostomy mpH
BPALUCHHH BHHTA BOTHHKACT BPALICHHC BepTojicTa. UToObI Cro npcioTBpaTHThL
CTABHT BTOPOi BHHT.

3AKOH COXPAHCHH MOMCHTA KO.IHUCCTBA ABHKCHHA NMOIBOTACT MO BCIHUHHC
VII0BOH CKOPOCTH OJHOH “ACTH CHCTCMBbI ONPCICINTE YIIOBYHD CKOPOCTh IAPYIoH
yacTH. [1pH 3TOM HCKIFOUAKOTCH W3 PACCMOTPCHHS BHYTPCHHUC CH.IBL

4.9, Tcopema 00 W3MCHCIIHI KHIICTWICCKON IS WH CHEVCMLI

4.9. 1. Kunemuyueckas 3nepaus

Kunernueckoii ')IIe[)l'Ileii CHCTEMDL] HABLIBACTCS CKATSIPHAS BCAWMMHA 7,
PABHAN CYMMC KHHCTHUCCKHN 3HCPrHE BCCX TOMCK CHCTCMBbI:

" m_v?
/=Z—*2* .

ConoctaBum AHHAMHAUCCKHC XAPDAKTCPUCTHKH MZ]TC]JI»IH.'II:HOﬁ CHCTCMbI

1. ) - XapakTcpu3ycT MOCTYMATCIbHOC ABHIKCHUC CHCTCMbL:

K - XapaxTcpHiyCT BPALLATC.ILHOC ABHMCHHC CHCTCMBL,

7' - XapakTepu3yeT MOCTYMATETBHOS H BPAIIATS TEHOS JBHKCHIEC CHCTCMEL

2. (:) H [;’ﬂ - BEKTOpBL.

1’ — cKanApHas BCIUMHHA

3. Ha (:) u K s BHYTPCHHHC CHJbl HC BAMAIOT. HA | — BIMSCT ICHCTBHC BHYTPCH-

HHX CHIT.
[Mpmiepsl BEMHECICHASA KHHCTHYCCKOH YHEPTHA B P THYHBIX CIVIAAX.
1. lMocTyvnaTcneHOC ABWIKCHHC CO CKOPOCTBIO UCHTpPA Macc v, . Toria CKOpOCTh

l(il‘:l\’,loﬁ TOUKH vV, ¥, H KHHCTHUCCKAA JHCPIHs CHCTCMbL 6}',JCT

mat AR
’l;wcm = z# = —['_ (42())
2 2
2. BpamwarcabHOC ABMMACHHC C YIIOBOH CKOPOCTBIO 0, HAMPABACHHOH BIO0Tb

ocH 7. Tak Kak, Vi hk(:), TO KHHCTHCCKAA JHCPIrus 6}‘JCTI

'’ . St
= mh, === . 4.21
> D mh > +.21)

ap

M3 BoipaskeHus (4.21) TAKKC BUIHO, YTO MOMCHT HHCPLIHH ABTSICTCH MCPOil
HHCPTHOCTH TC NPH BPALLCHHH,
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3. TIaockonapainenbHoc ABHHEHHE.

B mofoi MOMEHT BPCMCHH MCXAHHMCCKVED CHCTCMY
MOGKHO TPEJCTARMTE BPAMARMENCA BOKPYVT MIHOBEHHO-
ro UEHTPA CEOPOCTEH M, ¢ VII0BOH CROPOCTEID @ (OCkL 7
MEPNCHINEY TAPHA  IOCKOCTH  OemkeHns).  Toraa

J o’
EHHCTIMCCEA  3depria T, = *‘2 , s g, =

HIMCHAHOWHIACA BO BPCMEHH MOMCHT HHEPUHH.
[ Teopese r‘mﬁn:}lm.f =M /... TOTaA
o ﬂr! Jf_.&:u? :.U_:-'I',_r J o’
2 2
4. Oiuumit coy llF:Ii"l ABHMKCHHA,
B kasCcTBe NOSEOCH NPHBCICHHA OCPCM UCHTP MACT
. [vere CF - vraoBesnas ock epawenns. Torda
CROPOCTE MACCH /M, [ACETUIMBAKT HA CROPOCTH
MOCTVIMTETRHOTO  JBIGHCHHA — COBMECTHO G
NAHICOM V. H CROPOCTE BPAIIATEIRHOTO JBHAS HIHA
OTHOCHTS/ILHO MOWOCA v =alt, T.e, Vi =V, +7'
lMocne  poiBeIeWHA  CROPOCTH B KEAIpPAT

i4.22)

-
Vi =v =i vl + 0y, KHHETHYECKAA

31-:1::er.:| Evaer:

5 mv; v )
F= 2* —z +3. * +1¢Zm*v
Charaesoe Z i, v Vv =My 4 =0, 1K TodKa C HANOOMTCH HA OCH BPAIUSHMA,
a2 2 J
m v mhim” ..,,.I’f
Cnaracmod = . Torad KHHCTHMCCERN IHCPIHA B
25 A g P

ODIIEM CVUHAC TRHMACHNH OYaST:

ewauen &

4.9.2, Patioma

CUpuan enucTen s padont
Kak u s maTepraibs0il TOHEN PACCMOTPHM COyUAN BeMHCICHA PADOTR 1Lia
MEXAHHUCCKD H CHCTEMBL,
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|. PaBoTa CHITRI TEHECTH. g =
PafoTa npu BoIeHCTEMN CHIBL P, HA OIHY MACCY M, _tI =3

Gvaer A, =F, Ez*,, —:H}. [Tocie CyMMHPOBAHKA 10 g
RCEM TOUYKAM CHOTSMEL MOTYIASM! o qf.:'

A=Y 4, =% PBz,- > Pz, |ZJ“ ~ =Pz,,-2,). e. pabora passa npows-

iy =P,

BCICHHED CHIL THAHECTH BCCH CHCTEMEI HA BEPTHEANIEHOC NICPCMCINCHHS &2 LCH=

TP MACC,
2. Pabomra cuin. npeUosEHHLIX K BPALIAKMISMY CH Ty

dA = F iy =Fihdp .

Ho Fh=M_= ml_;(ﬁ') - BIIERCIHIT MOMEHT, MOATOMY

@l
A= I.'Lf;dqv{ =M .p, (4.24)
o M =moonat
MomuocTe N = {H =Af_ df’ =M .
|

3. PaDoTa CHN TPEHIA. NeiiCTEVIONDNN Hi KATANSSCA TEN0.
Kauenne Gt CROTR#EHES N0 a(COTNTHO TBEPIOH MO-
BEPXHOCTH.

Cuma mpennn: F, = N . Towka B — MLC. nosmomy
vp=0 :  dsg=vpdi=0. Torma paGora CHAM TPCHHA:
cIT =fi ,..TJF\;;—

'—I'ruﬁu JHCE KTHICH, Heuﬁwmlua- EMYV MOBEPHVTECA BOKPYT ToUER B, B KOTOpOil
NPHICHCHE HOPMATBHAA Peiakuna Jasnesnd N Ha anck. M3 veaosua passosecus
Ha ock ¥ umeesm: AN=F. Ornocumensso 7.8 sosmenr Svoer: Mp=F0, Toraa pabora:
dd = -Mpdip = -Nadp

Tak kak nepesemenne Tousn B Gvoerds = dp-H . 10

el = -Nd—.

Mpu N = const noTyuaes BRPOECHHEE 108 PAdOTEL
OPH KAHEHIN 10 e OopMUpVeMoil 0BEpYHOCTIE

&
A==—Ns_ 4,25
I i )

Bemmiuny & =% HATBIBART DElpasMEePHEIM KO3-

(PHUHCHTOM TPEHHA KIMCHHA
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4.9.3. Teopema

Mol PACCMOTPCIN KHHCTHUCCKY K JHCPrHH) CUCTCMbL MPH PA3HBIN BHIAX CC
ABIKCHISE H PadoTy CHIL TCACPL NCPCHICM K BBIBOAY TCOpeMbl, ECTH Ha Marc-

Hy p[/lﬂ:leb[C TOYKH CUCTCMbL ,:lCﬁCTB_\[IOT BHCLIHHUC K BHYT-
peHHue CHIBL [ U F | TO 114 KavKT0ii H3 HUX SaITHIIEM
() Teopemy 06 H3MCHEHHH KHHETHUECKOH YHep-
= = v :
R R run d—A=d] +dd]
T U TTpocyMMHPYEM AT BCEX TOUEK CHCTEMBI H MOTYUHM

TEOPEMY 00 H3MENnenn KHIETrnYeCkoil Duepray cucre-

MBI B 1H CPCHITHANLHGI dhopric:

A =P =Y+ T 3.26)
Huterpupva (4.25) 0T HAYATPHOTO NOIOAECHHES 10 KOHEUHOTO NOAVIASM;
T, -Ty =2 A7+ 4, #+.27)

TCOPCMY 00 HIMCHCHHH KHHCTHYCCKOI JHCPraH CHCTCMBI B IlHTCl"pa.'l];]-lOlul
(l)Ol)Me — H3MCHECHHE KMHETHUSCKOH JHEPTHH CHCTEMEL HA HEKOTOPOM c¢ ImepeMe-

CHHH PABHO CYMME PaGOT HA YTOM MepPeMETCHHA BCEX HIOKCHHBIX K CHCTC-

MC BHCIIHHUN H BHYTPCHHHYX CH.T.

JBa cavuas.

1. Hemsmcusemas ccreva. B cavuae cue-
TeMbI H3 IBYX MATEPHATLHBIX TOUEK Pado-
TA BHYTPCHHHX CHT;

N dd' = Fhovdicosa, I v, drcosa, =

= I, (v, cosc, — v, COSay, it =0

. TAK KAaK B HCHM3MCHSIC MO CHCTCMC
v, COSy, =V, COSry; {Teopeya 0 MPOEKIIAX CKOPOCTEH IBYX TOUCK TETA),
B cay4ae cHCTEMBI M3 /1 MATCPHATBHBIX TOUEK, paboTa BHYTPEHHUX CH.I 3AIHIICT-
oAl

noon

dl =YY F (v, cosa, —v,cosa,)dr=0.
i 4 F Y

PR
TMosroMy Teopemsl 00 H3MEHEHHH KHHETHYECKOH aHeprum (4.26) m (4.27) ans
HEH3IMEHACMOH CHCTEMBI OVIVT:
— 4. L 4
dr =>d1f: T, -Ty = ;. (4.28)
2. CHCTeMa C HIeATHHBIMI CBAXIMH.
Cea3i HA3LIBAIOMCA HOSGTLHBIMY, ECTH CyMAMd pabonl clil peakyull ceaselt paeHa

Hyiio. BRIMeIM CHIHI akTUBHEIC F° H pearxumd ceadeH F 7. Torza teopema 00
H3MEHCHHMH KHHCTHYECKOH SHepruum: d7 =Zd4f +Za’A ¢ - A1 HIcaTBHBIX
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CBA3CH! Zaf 1] =0, no3TOMY I CHCTCMBI C HICANBHBIMH CESI3SIMH TcopeMa o0

WIMCHCHHH KHHCTHUCCKOM YHCPrun Oy ICT:
di' =Y d1} . +.29)

IMpuycpel HACANLHBIX CBA3CH.

[pu QBHMCHUH N0 rIAIK0H NOBCPNXHOCTH PAdOTA CHT TPCHHA PABHA HY IO,

2. Tlpu apwkeHHH O3 CKOIBKEHHA padOTa CHI TPEHHA CKONBKEHHA pPaBHA Hy-
O.

3. Tlpu xayeHHH O€3 CKOIBKSHHA MO AOCOTIOTHO TBEPIOH IMOBEPXHOCTH padoTa
CH.1 CONPOTHB.ICHUA KAUEHIE0 PABHA HY JIO.

4. TIpM HEPACTAKHMOM CTEp/KHE, COCTHHAROIECM JBE MATCPHATBHBIC TOYKH,
padoTa CHI YIPYTOCTH PABHA HYTIO.

—

4. 10, HorennHaininbie ¢, Ll H i 1oiass Gy

B o0meM cIvyae MpOCTPAHCTBEHHOTO IBIGKEHHA TeTa OoT ToukH M, Tpaek-

TOpPHH 10 ToukH M- padoTa 3anHCHBACTCS |
(4451 (Ao}

A= | FdF = [(Fdx+Fdv+F.dz). (4.30)
My M)
3TOT HHTETpal MOKHO BBIMHCIHTB, €CTH H3BECTHA TPAaeKTopua B 3ToM ciIvyae
MOJKHO NEpeHTH K 0JHOH IepEeMEeHHOH, HAMpHMEP. ROOpIuHate s. EcnH TpackTo-
pus 3aJaHa B BUAC ¥ = /i (x). z= /,(x). TOrJa ncpcxoauM K OJHOI nCpeMCH-
X2
HOI X, HHTETPHPYEM 3HAYCHHE PA0OTHI H momvyacM 4 = J'j;‘(x)dx .
¥
Hurerpai (4.30) B pade coyuaeB MOMNHO BHMHCIHTE 0€3 JHAHHA TPACKTOPHH. 3TO
BO3MOJKHO, €C/IH MOIBIHTErpaThHOS BhIpAKeHHe OyIer JH(WpepeHIMATOM HEKO-
TOPOi ()YHKIHH:
Fode + 8 dv+ Bz =dlU(x.y.2). (4.31)

B 3rom cavuac {'(x,v.z) Ha3LIBACTCH CHIOBOI Pynkumeii, el M - norennm-

ATBHBIMH CHIAMH, 4 KOOPIHHATHOC NIPOCTPAHCTBO, KOTOPBIM MBI OIIHCHIBA-
CM MO TOARCHIA B3&]lNlﬂJCﬁCTByHﬂ[ﬂlX TCT, HAJBIBACTCH MOTCHIHHATEHBIM CH-

JoBbIM N01eM. Toraa nocae noacranosku (4.31) B (4.30) nomvvaem:
(Afn)

Mgy = UGy =0, -, (4.32)
A
PadoTa mOTCHUNAILHOH CHITBI DABHA PASHOCTH 3HAYEHWI CHIOBOH ()YHRINMH B
KOHEYHON H HAYAIBHON TOYKAX IVTH H OT BHIA TPASKTOPHH HE JABHCHT.
Ecau myTh 3aMEHYTBIH, TO HAYANMBHAS TOYKA COBIATACT ¢ KOHCUHOMH o pado-
T4 MOTCHIHA.TbHOH CHTbI O 3AMKHYTOMY IIVTH PABHA HY.TFO.
A, =U0,-U, =0
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Berucnenne cunoBoi (JYHKIAH.
Cormacuo (4.31) MOYKHO 3aIIHCATE:

i =I(F¥dx +F @y + 5 de) G,

T. €. cCHIoBasA (DYHKUHA MOJKET ObITh OTIPEJENeHa ¢ TOUHOCTHIO A0 MPOK3BOIBHOH
nocrosaHHOi. [103TOMY B KAKOH—TO TOUKE 341a10T HYICBOS
3HAYCHHE CHIOBOH (WwHKUMH. Taxk Kak NOTEHUHATEHBIMH

=.Pr CHIAMH SABLIFOTCA CHIBl TLKCCTH, YIPYTOCTH H TATOTC-

? HISA, TO BRIMHCIHM T/ HEX 3HAYCHAC CHIOBOH (JVHKITHH.

P U=0 1. Cumst msoxecTn: P = const .

dd=-Pdz =dU;, U=-Pz+(C. DBpiOupaecM HyIcBOC

3HaUeHHE CHIOBOH (yHkmu mpu z =0: U(0)=0,
torma U =—FPz .

Eu 2. Cumer ympyroct  F, =-cx. DBbiOupaewm
U)=0. r
e = cxz 2
U=0 U=-F  g4=—cxde =dU; U= —c%.
_Yru,
ki 3 = 17
3. Coumst TsroTeHmS: F =&. o
2
AU = dd = _kml;'nz dr U= kmym, LC

Beibupaem U(xc) =0, C =0, U =M.
Tak Kak BBEIM TOUKY C HYJCBOH CHJIOBOH (DYHKOHEH, TO CHIOBAA (DYHKIHA B IO~
Goil ToYKe MPOCTPAHCTBA paBHACTCA paboTe NPH MEPEMEINCHHUH B 3Ty TOUKY H3
HYJICBOH TOYKH.

OnpenencHHe CHI 0 CHI0BOI ()VHKIHMH.

Ecmt U(x,y,z) 3a0aHO, TO CHIBI MOMKHO BBIMHCIHTB, [1oaubnt mudepen-

AT (YHKUMSA MOXKHO MPEICTABHTH KAK:

dir =22 gy B o O
ox ov

dz.

) 2
Toraa u3 onpeaencuus (4.3 1) ams dU nonyuaem:
Boemly ety pele .33)
RG: T o 0z

B Bexroprom Buae (4.33) Ovaer: [ =gradU , Te. cHna ABIAETCS IPANHCHTOM
CHJIOBOU (DYHKIIVH.
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4,11, MorennuainHay JHep s

Ipu NBHAKCHUH TCIA NOA ACHCTBHCM NOTCHUHAILHOH
CHIBI MOCIETIHEH BBRIMOIHACTCA PadOTA. 3HAYHT. MOKHO
YCIOBHO CRA3ATh. UTO J0 HAYATA JBIDKCHUA TETO B OTCH-
LUHATBHOM MOIe CHI mMeeT 3anac padotsl. Takoil samac
padoThl paccMAaTpHBAeTCA MO0 OTHOIUSHHIO K HYIeBOi TOU-
ke M. rae U=0. ITo3ToMY MOKHO CKA3ATh. YTO B T. M 10
OTHOIIEHHI) K HyIeBOH Touke M, Te10 00nataer zamacoM
PadOTHL, KOTOPHBIH HABIBAKOT NOTSHUHA ThHOH YHEPTHEH.
IMoTeHuHATEHO# 3HCPTHCH MATCPHAIEHOI TOYRH B noJ0:xcHIn M, HABIBACT-
Cfl CKATAPHAA BETHYHHA /1. paBHAd PabOTe MOTSHIHATFHOM CHIB IIPH OepeMele-
HHH TOYKH K3 3TOr0 II0.I0/KEHHA B HY.IEBOE.

foi ATS

H!Mi :A(MO! = _‘ rar = - _‘Fdf = _U(_m :

1AL 0

Hrak.
Hixyz) =-Urxvz). 4.34)
[MoTCHUHAMLHAA HCPTHS B MO0 TOUKC CIUTOBOTO IHUTA PABHA IHAYEHHIO
CHN0BOI (JYHKLUHH B 3TOH TOUKC, BITOMY ¢ 0OPATHBIM 3HAKOM.
Januue M paboTy NPH NCPCMCILCHAHW CHCTCMBI H3 NMOT0KCHUA Ay B A/
Myt [T YA T TiY {iri
Ayguy = [Far= |+ [ = | = [ =H -, @39

[RE [AF i) (A (A

PaGora norenima iILnei CiiLl Opyu_IBHKCHHH TC.T) M3 HAYAILHOH TOUKH B KO-
HCUHYK) PABHA PABHOCTH NOTCHLMAILHON JHCPIMH B ITHX TOUYKAN,

OnpeacIuM NOTCHUHATLHBIC JHCPIUH PASTHUHBIN CHIOBLIN MOJICH M3 YCI0-
ust (4.34); 1 =-0"
cuna TaEeeTH: ff = Pz

CXz
CHIa vIpyvrocTH. f7 = :

fenm it
CHUJIA THFQTCHHSL, [f = ——— |

MbI PAcCMOTPCIN MOTCHUMAILHLIC CHIIbI, CHIOBYK) (JYHKLUHK) M NOTCHIM-
ATLHYK) DHCPIHIO, KOTOPLIC BBCACHBI 11 ONUCAHHS B3auMoacHeTeril Ton, Cacay-
eT MMETh B BHIy. KOrJa Mel rosopum: "Ha texo geiicrever cwosoe noie”. 1o
THMH CIOBAMH MBI OEPEIAEM CMBICT TAKOIO ONHCAHHS B3AHMOJCHCTBUN. B Jei-
CTBHTCIBHOCTH, HHKAKHE IO HA TEI0 HE JeHCTBYIOT. MIx Her B mpupoae. Ha
T€Ia JeHCTBVIOT TOABKO Jpvrue Te1a. Hanpmvep, kaMeHb MATACT BHUS B PE3VIIb-
TATE MPHTAKCHHA €TO 3eMICH. 4 He B pelv.IbTaTe ICIiCTBHA HA HETO IPABHTALMH-
OHHOTO TOIA H.IH TIO.TA CHI TOKSCTH.
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Aexyun 9

4.12. 3ai0n COXPANCHIIHN MCXANNUCCKOI JUCPIHH

JnA MeXAHHMECKOH CHCTEMBL HAXOAALWICHCA MO BO3ICHCTBHEM NMOTCHIH-
AABHBIX CHI Pa3HOM NPHPOILL, MOTCHIHA.TEHAS SHCPrH OVIET;

7= ZAMM_ .

e (), — HYJEBBIE TOUKH CHIOBBIX mogcH. TTo-
F, s TCHIHA.IbHAA YHEPrHA OVICT 3aBHCETH OT T0I0-
i1 JKEHHA BCEX H TOUCK, CBASEL €€ ¢ CHIOBOH (JVHE-
6 s IHEH Taxas ke,
iy Fs Hixpvizn X VnzZn) = U vnzn  Xp Va2,
? Ecan Bce CHIBI (BHVTPCHHHE W BHEIIHHE)
mg*’ TMOTCHIHATBHBL. TO TCOpeMd 00 H3MCHCHHH KH-
) HETHUCCKQH YHEPTHH 3AMHINCTCH;

X
=T =3 Ay, =1 =11, (4.36)

Ilepenumey (4.36) B BHIE:
T‘r*H}:T:*Hg:E:COHSL (437)
adeck I = T + [1 HASBIBAKOT MOMHOM MEXAHHYIECKOH IHEPTHEH CHCTEMBI.
Bripwkenye (4.37) — JaK0H COXPAHEHHS MEXAHHYECKOI HHeprum npu
JABHAKEHHH M0 JeiCTBHEM NOTEHIIEL THHBIX CHT: CYMMA KHHETHYECKOIH H TO-
TCHUHMAILHOH JHEPTHH CHCTEMBI B KAKIOM €6 MOJQYKCHHH OCTACTCA BEJIMMHHOH
MOCTOSHHOI.

Jna 0TIeNBHOH MATePHANBHOH TOUMKH IPHMEHHMBI TTIOHATHA CHIOBOIH (DYHK-
miH {7 ¥ noTeHumaThHOH 3Heprun /1. [Tostomy 119 MT cnipaBeanus Takke 3aKOH
COXPAHEHHA MEXAHHUECKOH IHEPIHIL

Ecnm a5 cHCTCMBL F=CONS(, TO TAKA CHCTCMA HA3BIBACTCH RONCEpRaTrnn-

o .

Ecau Mexanuueckas HEprus CHCTEMbl VMEHBIMACTCA B MPONECCE IBHAKCHHA, TO

TAKAA CHCTEMA HABBIBACTCA JMCCHIATHBHOH, (JIUCCHIHPOBATE — O3HAYACT Pac-
CCHEATL, PACTPAYHBATE).

IL‘UI JUCCHTTATHBHOH CHCTEMBI 34KOH COXPAHCHHA MEXAHHYCCKOH JHCPIHH MOAHO
3AMHCATE,

Ty =1, =71 =1+ 1. rac 1,50 - paboTa IMCCUNATHEHBIX CHI NPH IBHKCHUK
CHCTCMBI H3 NIEPBOT0 COCTOAHHA BO BTOPOL.

n[!PlMCD JABMZKCHMSI MANTHHKA B BAKVYMC H BO BA3KOH CPCIC:
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2_,4,-- I_,j._,-- P

B Baxyyme kpaiiHme momo- B BaskoH cpede KpaiHHES NMOTOKEHHA MAATHHEA C
JKCHHS MAATHHKA COpaBa KKIBIM B3MAXOM OVIYT VMEHBINATHECA. BemrmHa

(1.3, .)mcaesa (2,4, ) & paBoThI CHI BA3KOCTH 3a nosmepuosa A, = mgh
OVIyT H3MCHATHCA

Tema 5. Junamuxa meepdozo meia

TBCI)J()C TCI0 - 3TO CHCTEMA MATCPHATBHBIN TOUCK. PACCTOAHHE MEYKIY KO-

TOPBIMH HeH3MeHHO. KOHKpeTH:3HpyeM 3aKOHBI M TEOPEMbI THHAMHKH MEXAHHYS-
CKOH CHCTEMBI NPHMEHHTEIBHO K TBEPIOMY TEIy.

1. [locrynarenbHoe aBMKCHME (J1r0Das npsiMast B TEIC JBHKCTCS IAPAILICIIBHO
camoii ccbe).

CornacHo TcopeMe 00 M3MCHCHHM KOJIHYCCTBA [TBHIMKC-

dMv, =
HHSI MEXAHHYCCKOH CHCTEMBI T( = ZF - mocTyma- ¥
dt
TENBHOC BIKCHHE TBEPIOTO -
E B TENa MOJKHO OTIPEICITHTh HYEpes kﬁ
= JBH/KEHHE €T0 LEHTPA MAcC:
Ry
-« fie
u— Zr“ (5.1)
310 Ju(hepeHIHATIEHOE VPABHCHHE

MOCTYNATEIbHOTO ABHXKCHHA TBEPIOTO TCIA.

2. BpamareapHoe TBHKEHHE BOKDPYVI HEMOIBHYKHOMH
OcH. ['7TaBHBI MOMEHT KOJHYSCTBA JIBHJKCHHA

K. =J.@w . Bpamaromuii MoMeHT CHn M, = an(ﬁ{). Torma Teopema

o™

K. da ~
MOMEHTOB (—{;- =M . ammmercs TaK: J % =M _ . JIudo
dt
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Je=M._, (5.2)

do _d'g
di dt’

rie &=

Iro nddepenimansHoe YpaBHEeHHE BPANIATEILHOTO JBIKEHHS TBEPAOTO

TeJa: IPOH3IBCACHHUEC MOMCHTA HHCPIHH OTHOCHTCIBHO OCH BPAINCHAA HA YITIOBOC

YCKOPECHHEC PABHO B AFOMEMY MOMCHTYV.

[Mprmep MasTHUKA.

Du3pIecKIM MAATHIKOM HA3BIBACTCA TEIO.

KOTOPOS MOJKET COBEPINATH KONCOAHHS OTHOCH-
TEJILHO HEMNOABHXKHOM TOPH30HTANLHON OCH MOna

P CHCTBHEM CHIIbI TIKECTH,

MaremMaTHuecKHil MAATHAK — MATCDHAJBHAS

TOYKA, NOJBSINCHHAA HA HEPACTAKHMON, HEBECO-

MOHM HHTH.

PaccmoTpum BHauane (uznue-

CKHMH MAsITHHK. oC=a

I[Mycte mpu (=0, 0=0, u
@ = @,. YpAaBHCHHC BPAINATCIBHOTO ABHACHHA J & =AM

€

[Tocne  MOACTAHOBKH M_ =-Pasing  moIyIaeM:

d’p i s d*p
—=—Pasinp. Jnbo

J, :
dr? dr®

+k’sing=0. rme

TIpu @{{] MOXHO CHUHTaTh, YTO Sin@ = @, TOTAA
2

d°g .5
——+kp=0. 53
P P (5.3)

3o muHeliHOE TUPSPCHUHATEHOC YPABHCHHIE BTOPOTO MOPAIKA C MOCTOSHHBIMH
rodpdummenramu. Ero pememme: ¢ =C,| sinkt+C,coskt . Tax xax mpm =0

p=@,.10 C, =g@,.
Tpoanfpepermuposas ¢ monydaem @ = C kcoskt —C k sinkt . Tak xax npn
=0, @=0,10 C| =0. OKOHUATCTBHO MOJYIACM 3aKOH KOJICOATCABHOTO ABHU-

FHCHHA (I)H'SH‘ICCKOFO MAATHHKA!

55



@ = @,Coskt . 3.4

Ilepuod kocHHYVCa paBeH: Af =27 . OTEVIA TepHOI KoNeOAHWH (DHINYeCKoro

2z J,
MAATHHEA samumerca 7 = A_ =2r P_ .

J 19 MATEMATHUYECKOTO MaATHHKA a=/: J =ml’ . P =mg W mepuoa koieda-
HHIL!

-
h
e}

—

/
T,=2=|—.
g

H3vepeHHe MOMEHTA HHEPIHH TeTA.
[MoaecinBas TCI0 B KAUCCTEC (JH3HUCCKOrG MANTHHKA MOMKHO H3IMCPHTD Cro
neproa koncOanuit 7 W OMpPCACINTL CrO MOMCHT HHCPUMH OTHOCHTCILHO TOUKH

e

moaeeca O B BHIEe J = [MoapemuBasd eme 32 OJIHV TOUKY (), HA mepece-
[£19 - S

T T
YCHHUH JTHHHH OTBECA VIHACM TOIOKCHHEE TICHTPA Mace (. H PACCTOAHHE 10 HETO o,

2

IMo tcopemc [Mwitrcuca J, =7 + . Orryna
g oK AN,
ONPCICIACM MOMCHT HHCPLMH OTHOCHTCIBHO LCHTPA ‘9 a
vace (C B CACIVEOLICM BHIC! - 7
g =g, T
b4

3. 1110CKO-1IAPATIE IbHOS IBIGKEHHE TBEPIOTO TETA
(BCE TOUKH  JBHAGTCA B TAPATICIBHBIX ¥y F¢

" -
TLTOCKOCTAX). [pu MIOCKO-MAPATLIE TBHOM Y i«
JBIKCHHH TBEPJIOTO TEeTd, KAK H B CIVHae B
MCXAHHUECKOH CHCTGMBL Pa3ICIHM JIBIDKCHHC HA
:
MOCTYIIATENEHOE BI/ECHHE IeHTpa Mace C X
dv = ; ,
n—== ZF: (560 O X
dt
H BPAWATCILHOC NBHKCHHUC BOKPY U LCHTPA MACCe
J.e=M,. (5.7)
YT0 B NPOSKIHAX HA OCH KOOPIHHAT OV IeT:

mx, =Y MLm= Yk
fnd . P2 =
Fe - S =M, =Y m (). (5.8)

t.v 3 ; .
. TO JudpepeHua b HBIE ¥PABHCHHA
ILIOCKONAPA/LIEIBHOTO IBIKCHHA TBEPI0TO Tea.
[Tpn  HCCBOODAHOM JBHIKCHMH ¢ M3BCCTHOH
= W TPACKTOPHUCH LCHTPA MACC 3AMUILCM 3TH YPABHCHHS B
b TPACKTOPHOH CHCTCMC KOOPIHHAT!
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e 2 ~
m(;—“:Z}*',fr : ml—‘:ZF;ﬂ : pr(,b:thr(F;).
at P,

Fro anddepeHuHA ILHLIE YPABHEHHS HECBOOOHOI0 ABHKEHHS TBEPIHI0
TE I,

Tewva 6. Tunavura emiocumensiozo oguicentist

6.1. Inddepennmi innnie yparnenus ¢riugCHre L1ore

ABMZKEIHS MATEPH. IL1I1OH TOMKH

Mgl paccMATpHBATH ABIDKCHHE H B3AHMOICHCTBHE T€1 B HHEPLHATBHON
CHCTEMBI OTCUETA. T.€. B TAKOH. ROTOPAsA MOKOHTCA H.TH JBHASTCA 0€3 YCKOPEHHA.
B 3710# CHCTEME M3MEPAROTCA CHIBL B3AMMOJCHCTBUA TET H PACCMATPHBAKTCA HX
VCKOpeHHA. Bee TpH 3aK0HA MEXAHHKH H OOMIHE TEOPEMBI JHHAMHEH (32 HCKTHO-
YEHHEM TEOPEMBI MOMEHTOB OTHOCHTEIBHO TOJBHKHOTO LIEHTPA) MBI PACCMATPH-
BATH TOTBKO B HHEPUHATBHOH cucTeMe. (JTHAKO BCE PEATBHBIC TENA, C KOTOPEIMH

. r MBI CBAZBIBACM CHCTEMBI OTCUCTA JIBIDKYTCH
Az YCcKopeHHo. M B pAae caviaeB 370 VCKOpPEHHOE

JBIKEHHE HEOOXNOIHMO VUHTEIBATE.
M IMpusenem mnpunep, Ilvers Touka M
- G y TOKOHTCA B MHCPIHATBHOH CHCTCMS OTCHCTA
xvZ" A cHCTeMa Xy TMVCTH JBHIKETCA
NOCTYHATEIBHO ¢ YCEKOpeHHeM 4g,. Toraa

) A  1oura Af OTHOCHTEIBHO CHCTEMBL X2 HMEET
) YCKOpEeHHE &,, =—d, , T.€. B OTCYICTBHH
x BHCIIHHX CH TOYKA A/  OTHOCHTCIBHO
HCHHCPUHANLHOH CHCTCMBI XVZ JBHIKCTCS VCKOPCHHO. TakuM o0pa3oM, B HCHHCP-
LHAILHOH CHCTCMC OTCUCTA 3AKOHBI THHAMHKA HCCIPABCIHELI,
Kak 3TH 3aKOHBI MOKHCG CKOPPCKTHPOBATh, YTOObLL HMM MOKHC ObLIO NOIb-
30BATLCS B HCHHCPUMATLHOI cHeTeMe oTcdcTa? TveTh B HCHHCPUHAILHOM CHCTC-

MC OTCYCTA HA TOUKY A ACHCTEYVIOT TCIa cnadwm A K F . Ecnn abcoroTHOC

. VCKOPCHHE TOYKH B HHEPIHAIBHOI
Yor dor cucteme xz’ ByeT 4., TO OCHORHOL

¥ FIKOH THHAMHEH 3ATHIIETCA,
z F, M, = I, (6.1)
W3 kHHEMATHKH H3BSCTHO. YTO 40CO0-
JIHOTHOE VCKOPSHHE MOKHO PA3IOKHTE HA
OTHOCHTE.IBHOE (OT), MEPEHOCHOE (IepP) U

KOPHOTHCOBO (KOP);

r - -_ - —_

. y anﬁ =aom +ana,u + amp (62)
x Toraa (6.1) MOKHO 3aMHCATE:
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ma,, +ma,, +ma, = Z‘Lk (6.3)

o
—u -
Beeaem 0b03HAYEHEA [y = =4, ! Fmp” ==, » T.€. IPOMBEISHHE MACCHI

Hd COOTBETCTBYVIOIICE YCKOPEHHE, B3ATOC ¢ COPATHBIM 3HAKOM, MBI HA3BAIH IEpe-
HOCHOH CHIIOH HHepUHy ( /', ) ¥ KOPHOIHCOBOI cumol urepumm ( I, ). Torza u3

5T

(0.3) momyyacM OCHOBHOH JAKOH JHHAMHKH JJIS OTHOCHTEILHOIO JBHIKEHHS
MATCPHATHEHOH TOUKHA

ma,, = ZE TN I L (6.4)

nep O

H3 cpasaenus (0.1) 1 (6.4) cneayer ero GOPMYIHPOBKA:
Bce ypaBHEHUA W TeOpeMBl MEXAHHKH AJ4 OTHOCHTETLHOIQ JBH/KCHHA MATCDH-

ATEHOH TOYKH COCTABIMOTCH TAIGKE KAK VPABHEHUA a0COMIOTHOIO SBHMKCHHA
SCAOM TIIPH JTOM K JCHCTBVIONIUM Hil TOUKY CHIAM B3AHMOACHCTBHA ¢ JPYTHMH

ICTAME [![![/I6EIB[/IT]: NCPEHOCHYIO H KOPHUOMUCORYHY CHILI HOCPIIMH,

Hexuua 10

6.2, UacTHnIe CIVUAH ABHKEHHS HeHHePIHAJILH0H CHCT eMbI

I. TlocTymaTenpHOS JBIGKCHHE CHCTEMBI Xyz: »=0: a,,= 2[axv,,1=0
!:Af:)p =0 . Toraa (6.4) 3amuIICM 17181 CHCTCMBbI X2

ma=3 F, +E" (6.5)
2. TlpAMOTHHEHHOS M PABHOMEPHOE IOCTYNATE/NBHOE JBIUKCHHE CHCTEMBI XVZ
=01 a,,=0.a,,=0 fj‘;;, = F:{'Jp =0 n vpaBHcHHC (0.4) HpcBpaLIacTCH B
ma = Zﬁk .
IT0 OCHOBHOI 3AKOH JIHHAMHKH B HHCPLIMANLHOH CHCTCMC OTCHCTA.
3. Touka A/ NOKOUTCH B CHCTEMC XV
Dom =0, a,,=0.a,, =0.Toraa (6.4) MOKEM IMHCATE:

S F +EL =0, (6.6)

210 YPABHCHHE DABHOBOCHA TOMKH B HCHHepHHZlJBHOﬁ CHCTEME OTCHET A 0714
COCTABICHHSI YPABHCHH31 PABHOBCCH HCOONOAMMO M CHJIAM B3AHMOICHCTBHI TOM-
KH C TPVIHMH TCIAMH J00ABATb MCPCHOCHYED CHITY HHCPUAM.

4. Cayuait 7, #0 . Tax kak E_ = —211:[(5x17am] . TO F'WL\?

o T.¢. Kopuonucosa

om?
CHJIA ICPNCHAHKY IPHA OTHOCHTCABHO R CKOPOCTH.

4.a. T1o3TOMY B CCTCCTBCHHOH CHCTCMC KOOPAMHAT B ypasHCHHMC (6.4) HA xaca-
TETHHOE HAPABICHHE T HE BOMHaeT cruma Koprouca:

Hep p

’”%:ZF:(;"'F ", (6.7)
¢
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4.6. PaboTa KOPHOAHCOBOH CHIIBI PABHA HYTO M TCOPEMA 00 H3MCHCHHH KHHCTH-
YECKOH IHEPIHH 3AMHIIETCS:

Lyl eale,)

(6.8)

nep

IMpyumMepsl ABMIKEHHSA TSI HA BPAIAFOUICHCS 3eMIC, KAK B HCHMHCPUMAILHOMW CUC-

TCMC.

1. Cuaa TsoKeCTH.
B Touke ¢ mmpoTOH ¢ 3a CUCT BPAIMICHHA 3CMITH TICPCHOCHOC YCKOPCHHS Oy~

JCT O‘nep =, (:J'ZRCOSQD , d MICPCHOCHAA CHITd HHCPITHH 3AMHIICTCAH:

1z Fi
-
£ e
—
- R
F,
@' E;- H:‘zvi
— - I~ =
F’:
ll. ar
LK
E ;z’ﬂ

!

I

¢
: 1
I

1l.lil-]_'[E.'_'E]

=-mw’Rcosy. Ecau

W
Fnep - _n,anep_

) mn,

rPABHTALMOHHAS CHiA [, = k———
R?

N — peakums 3¢MHOH MOBEPXHOCTH HA

TCNNO, TO YCIOBHC paBHOBecHdA (6.0) 3a-

mameres: N +F, +F,,=0. Orcroma
N =-F, —F, . aTaK KAK CHIA TSUKECTH
G=-N, 710 oHa
3ATTHINETCS

G=F +F" (6.9)

nep
Kax BHAHM, CHIIA T!HKCCTH 3dBHCHT OT IUWPO-
THL MECTA M HA 3KkBatope (¢ =0)cunma TsoKe-

cTH Haumenbman G =K —ma’R . [losromy

BPAIAKIIAACS IUIAHETA PACTATHBAETCHA IO
IKBATOPY M CKHMACTCH V TIOTEOCOB.

2. [Apwxenne atMocdepsl MmO 3EMHOH 1O-
BEPXHOCTH. 3a CYET HATPEBA B TPOIHKAX,
BO3IYIUHBIE MACCHI MOJHHMAKOTCS H JBHMKYT-

Cf K TMOMEOcaM. A TaK Kak v, =@oRcosp -

MCPCHOCHASI CKOPOCTh, W HA 3KBATOPS OHA
HAUOOIbLIIAY, TO OPH JBMKCHHH BO3JYLIHOM
MAacChl K MOJIKCY OHA OTKJIOHACTCSA K BOCTOKY
(B). [Mosromy B cpeaHux wMpoTax Hadmroaa-
CTCS 3amaaHbli (3) NCPCHOC ABICHWIH MOTO/TBI.
3. Maaenue Ten. Mz-3a ymenbumeHust R nepe-
HOCHAsl CKOPOCTh V,, B HAYANC NAACHHS
Bompme, yeM B KOHUE. [lo3ToMy Teno, HMes B

BCPXHCH TOUKC OOIBIIVEO MICPCHOCHYIO CKOPOCTH, UCM B HIGKHCH, OTKIOHSICTCA OT
BCPTHKAITH K BOCTOKY.
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Tema 7: Hpunyun Jaianbepa

7.1, Mpunsn Janameepa 1 s MarepHaiL HoH TOMKH

PaccMmoTpeHHBIH I14 OTHOCHTENBHOTO JBIDKEHUA IIPHEM 3AMEHEI IIPOH3IBE-
JSHHA MACCHI TENA HA YCROPEHHE CHIOH HHEPUHH NMPHMEHIIOTCA TAKKS B CIVIAC
JBIDKCHHA B HMHEPUHANBHOH crcTeMe orcdeTa. IIvete Ha MT aeficTBYIOT AKTHB-

HBIC CHIIBL F'° © PCAKUMA CBA3CH N , TOrJd OCHOBHOC YPABHCHHC IMHAMMKH Ov-
ACT!

ma=F*+N . (7.1)
Ecmu BBeCTH CHIY HHCPLHE F“=-ma .10 (7.1) samumeTcs
F'4+N+F" =0, (7.2)

310 cocragmicT npunnun Jasavidepa s MT: cHCTCMA AKTHBHBIX CHJI, ICHCT-
BYHWHX HA MT, pCaKumi CES3CH W CHIbI AHCPUHM ABIACTCS YDAEHOBCLICHHOH.

7.2. puunpn JagaMoepa 108 MEXAHITYCCROH CHCT MBI
Paszaemv CHITBI, ACHCTBYIONIMG HA TOUKH MEXAHHYECKOH CHCTEMBI, Hil BHCIITHHE

F¢ mBayTpennue £} .

At k-toit MT MoKCM 3anmHCaTh Y PABHCHHC ABWCHHS
mea, =EF+ ]
Becrnes cuny wHepuun &) = —m 4, . Toraa
—e ] T _
FErF +Ff =
TTpOCYyMMHPYCM TIO BCCM TOMKAM MATCPHAILHONH CHCTCMBI!
e -5 Fou
Y ES Y F Y B0, (7.3)
BosbMeM MOMCHT CHJ (7.2), OTHOCHTCILHO LUCHTPA (0 W MPOCY MMHPYCM!
2 [}?}[,Fk—e +Iﬁ“(Fk{)+ i, F;;“)] 74
BBCACM rIaBHBIH BCKTOP W FIABHBIH MOMCHT CH.1 HHCPLHH;
RO=N R b= aglEr).

Tak xax C¥MMAa BHYTPEHHHUX CHN H MX MOMEHTOR paBHA HV.IHO, TO (7.3) u (7.4)
TOMYYASM B BUIE!

S E R =00 Yl )ay =0. (75)
Ito npuanan Tagavidepa ana MC.

Tak kak B 3aBUCHMOCTH (7.2) ¥ (7.53) BXOIHMT TONBKO CHJILL, TO MPHHUKN Jla-
JaMOCPa NO3BOMSCT OAMHAKOBO PCIUATHL 3A7A4H CTATHKM W IMHAMHKM, T.C, K 1H-
HAMWAYCCKHM 300d4aM MOMKHO l'[p}’IMCHHT]) MCTOAbl CTATHKH, 3T0 YACTO _\*'l'lpOI_U,HCT
PCIUCHHUC 32,1a4H.
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7.3. I'TABHLII BCKTOD H IJIABHBI MOMCHT CHJI HHCDITHI

["1aBHBIA BCKTOP H TNIABHBIH MOMCHT CHJT HHCPLIHH MOKHO BBIPA3HTh YCpPe3 mapa-
merpsl MC. M3 onpeaenetust ciaeayer:

i -
K% = —z ma, =-Mad, .
T'1aBHBI BEKTOP CHJT HHCPINH PABEH MPOU3BEICHIIO MACCHI CHCTEMBI HA YCKO-

PCHHUC LICHTPA MACC M HAMPABJICH MPOTHBOMOJQKHO 3TOMY YCKOPCHHED,
AHAJIOTHYHO;

dk o

M! = Ziﬁu (F,\“ )= —Z Mg (mkfzk)= —;—ZZIEL—, (mk\"'k)= —%Z Foo myv, =— =

I'nagHbIi MOMEHT CIJT HHEPIUN MEXaHHYECKOil CHCTeMbI OTHOCHTE/ILHO He-
KOTOpPOro meHrpa O papeH B3ATON ¢ 0OPATHBIM 3HAKOM TPOM3BOJIHOH MO BPEME-

HH OT KHHCTHYCCKOTO MOMCHTA CHCTEMBI OTHOCHTCILHO TOT'O JKE LCHTPA.

Covyan TBHKCHHA:
1. TlocrymaTtensHoe: @, — OAHHAKOBO I BCEX MATCPHATBHBIX TOUCK:

2. BpanieHne TBEpPIOTrO Tela BOKPYT OCH, MPOXOAAIEH yepes
ueHtp Macc: M =-J_¢.

Meromom HamamOepa yA0OHO MOIB30BATHCS MPH HAXOKIC-
HHH PEaKIMi CBA3CH. KOTIA ABHKCHHE CHCTEMBI H3BCCTHO.
IIpamep. Halitn cwiy CHIBI HATSKEHHMA HHTH MAATHHKA B

HIDKHEM TIOJIOKCHHH. TaK KAK HOPMAJBHAA CHIIA HHCPIHH IO
2

v ~
BemuuHe: F) = T To mpusun JdazamOepa (7.5) sanu-

mercs ' — P -1 =0 . Torna marsoxenne HutH 7' Oyzer:

my 2

T=P+ .
/

Tema 8. Hpunuun 603MoMcHbIX nEpeMerienuil
8.1. Kinaccudnkanns cesaseii
Bcee. 4T0 OrpaHnuMBacT NepeMELICHHE JAHHOTO TEAA B MPOCTPAHCTBE. ABS-

CTCI CBA3LIO.
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["mankas
siis Herecombilit
TMOBCPXHOCTh e Thumrsppuases CTCPIKCHD
TIAPHAP P

CemaMi HABIBAKTCA TEO00TO BHOA OTPAHWHYCHHA. KOTOPBIC HATATAIOTCA HA
MOJIOAKCHHA W CKOPOCTH TOYCK MEXAHWHCCKOH CHCTEMBI H BBINOJIHAKTCA HE3ABH-

CHMO OT TOTO, KAKHE HA CHCTEMYV JCHCTBVIOT 3AJAHHBIC CHIbL
CrausoHapHbIe CBSI3H — HC M3MCHSIFOTCS CO BPEMEHEM (TENO HA MOBEPXHOCTH).
Hecramponapusie CBSI3H — M3MCHSIOIMECH CO BPEMCHCM (UCIOBCK B JABHHKY-
MIEMCS ABTOMOOHJIC).
CeoMeTpHYecKne —HATATAINE OTPAHHYUCHHUS HA TONOMKEHHS Teq (TIaAKAd T0-
BEPXHOCTb, IIAPHHUD...)
Kunemarnueckne umu auQepeHIuanbHbIe — HATAraroLHe

St j  OTPAHMUCHUS HA CKODOCTH TOUCK CHCTCMEL
¢ Karameeca koieco. B 3ToM ciyuyae yrioBag CKOPOCTB
z CBA3aHA CO CKOPOCTBIO IIEHTPA Mace: v, = Ra.

Hurerpupyemast  CBsi3b  —  €CIM KHMHEMATHYECKYEO
JABHCUMOCTb MEHAY CKOPOCTIMH MOZKHO CBECTH K 3aBUCHMOCTH MEIKTY KOOPAH-
HATAMH
X,=R¢ cBogurca k x, =Rp+x,
HCIIII'I‘CI'[)H pyeéMasi KHHCMATHYCCKAsl CBsI3b — B IMPOTHBHOM CJaVHac,
CBsi3b “TIOTOHST PAKCTBI 33 LCIBKY , TMPH KOTOPOI BCKTOP CKOPOCTH PAKCTBI BCC
BPCMS HANIPABICH HA LCITb, ABSICTCS HCHHTCIPUPYCMOH CBA3BIO,
T'oJ10HOMIBIE; TCOMCTPHYCCKUC W MHTCTPUPYCMBIC T PepeHimaTbHbIC,
Hero/ioH0MHbIE; HCHHTCTPHPYCMBIC T (PepPCHIHATLHBIE,
MexXaHNYECKHE CHCTEMBI MATCPHAIBHBIX TOUCK MO BHIY CBI3CH TIOIPA3ICTSIIOT-
Cs1 HA TOTOHOMHBIC CHCTEMbI H HETO.IOHOMHBIC
Yacp:RUBAIOIIHE CBSI3N — OTPAHMYCHHA COXPAHMIOTCA IPH JOOBIX MOIOKCHILIX
CHCTEMBI (IHAMHAPHYECKHI MAPHHD, HEBECOMBIH CTEPIKEHB)
Heyaep:kuBawoniasi CBs3b - CHCTEMA MOMKET OCBOOOKIATHCA (TIAXKAS MOBEPX-
HOCTB, HHTh).

8.2. Bo3Mmomxibie nepeMemenus CHCTEMbI

PacemoTpum nBa BvsiHMA CBA3CH. [1epBOC BIMAHHC CBA3CH 3AK/IOHACTCS B
co3aHuy cun peakuuu N. Bropoe BausiHue cesseil, HanoxeHHeix Ha MT.- nepe-
MCLICHHC 3TOH TOukH. JTH mepeMemeHus MT HA3BIBAIOT BOIMOKHLIMH _HJIH
BHPTVATLHBIME (&), OBo3nauenue "J& — BO3MOMKHBIC" OTIHYAeTCsA 0T 0D03HA-

yeHus ds — JCHCTBHTEIBHBIC MEPEMIICHHUS".
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JIBa yCIOBHA T BHPTYAJIBHOTO NEPEMEIIEHILA.

1) TlepemelneHs TODKHBL OBITH 3TEMECHTAPHBIMH, YTOOBI BHI CBAZH HE H3MCHHII-
cA.

2) By CBSI3M HE TOIKCH HAMCHHTLCS, JAMKC MPH ANICMCHTAPHOM MICPCMCIICHHUH,

a) CBsI3b COXPAHACTCS TOJIBKO MPH 0) Cea3b HE COXPAHACTCS JA%C NPH
dp << 1. HamprMep, TAK KAK dp<<1. TAK Kak OpH HATHHHH Jg

s=2rcos@.T0 Ss=-2r-sing-Sp.  TepeMmemenne & =0.
op Sp=0 mux
p 2]

T

Bo3MO:KHBIM nepemMenenneM MCXAHHYCCKON CHCTCMbI HA3BIBACTCS M0Oas COBO-
KYIIHOCTb BOOOPaKACMBIX 3NEMEHTAPHBIX NCPCMCILCHHI TOYCK ITOH CHCTEMbI M3
3aHMMACMOr0 B JAHHBIH MOMCHT BPCMCHM MOJOKCHMS. KOTOPBIC JOMYCKAKITCH
BCCMH HAJIOKCHHBIMH HA CHCTCMY CBSA3AMM.

B BCKTOPHOM BHAC BO3ZMOKHBIC NICPEMCIUCHHUS 3aIUILY TCS TaK:

&:;&+}@’+E(ﬁ.

J11  cTamHOHAPHBIX  CBA3CH  JCHCTBHTEIBHOS
MEPEMCLICHHE ¢f COBMANACT C OJHHM M3 BO3MOJKHBIX. _
[Npumep rnaakoii NOBEPXHOCTH: JX, JV, O F— BO3MOMKHBIC :_5_]! or dr_'=
NCPEMELICHUS, A O 1 COBNANO C ACHCTBHUTCILHBIM dF. :
Jns1 HeCTAUMOHADHBIX CBA3CH I

|

5z dr HE COBNAJAET HH C OgHEM | _Ef
BHPTYaIbHBIM MIEPEMETLEHHEM.
IMpumep B  mBwKymemcs — madre:  ACHCTBHTEIBHOE
d7 MEPEMEIIEHHE ¢/ HE COBIANO C O,
"I’V Mexanuueckas CHCTEMa OJHOBPEMEHHO MOJKET HMETh
HECKOTBKO BO3MOKHBIX MepeMeiueHni. YHCT0 He3aBHCHMBIX
MEKAV cOO0H BO3MOKHBIX ICPEMEINCHUIT HA3BIBACTCA “MCJIOM CTeneHeii crodo-

JIbI 3TOH CHCTEMBIL.

To4xa HA IITOCKOCTH HMEET /= 2 CTENEHH CBOOOABL, TOUKA B MPOCTPAHCTBE —
i= 3 creneHu CBOOOIBL, TENO B MPOCTPAHCTBE — TPH MOCTYNATEIBHBIX MEpeMenIc-
HHSL W TPH BPAIATCIBHBIX — BCEro 6 CTemeHel CBoOOAbL Y KPHBOMICITHO-
IMATYHHOTO MEXaHH3Ma OJHO HE3aBHCHMOE BO3MOKHOE TIEPEMEINCHHE O¢, T.€.
01HA CcTeneHs CBOOOAbI. UTo0BI ONPEIe/INTh YHCI0 CTeneHeii CRO00 b1, HYKHO
NMOC/IEI0BATETLHO NPEAOTBPANIATH BO3MOKHLIC MIEPEMEMEeHNs:
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dy
4 | ¥y ]

Jexmnsn 11

8.3. [Ipupin BO3MOKHBIX MEPeMEenennii

B cratuke MBI paccMarpHBAIM PABHOBECHE HEH3MCHACMBIN MEXAHHHMECKHX
cucteM, Hanpumep, (epmbl. OTHAKO B PABHOBECHM MOIYT HAXOJUTCA CHITBL, BO3-
JICHCTBYIOIHE HA M3MCHACMYHKO cHcreMy. Hampumep, MomeHT M u cuna ' moryT
OBbITh YPABHOBEHICHBI U KPUBOIIMITHO-MIATYHHBI MEXaHU3M, HECMOTPS HA TO, YTO
OH M3MCEHAEM NoJ AeHcTBHEM 3THX cHII, Oyaer HemoaBWkeH, Paccmorpum Meron
PEIICHUA TAKUX 3271a4.

[lycTe HA TOYKHM MEXaHMYECKOI CHCTEMbI JACHCT-
BYIOT AKTHBHBIC CHIBI H  Fi

peakuuu cBssei, rae [

i
s nr
u N, - ITaBHBIC BEKTO- ) O
pel 3THX cui. Bee cumbl S
crauuonapusie. [lycTh cHcTEMA HAXOJWTCSA B PABHOBC- B
CHH, TOTJA BCE € TOUKU MOKOATCH OTHOCHTCILHO HHEP- Nie
IHAILHOM CHCTEMBI OTCHETa. Toraa Amd KAXKIOH TOMKH
CHCTEMBI MOKECM 3aMHCaTh:
:{! —f .
EZ+ N, =1, 8.1

Ecnu &7, - BO3MOIKHOC MEPEMEIICHHE TOMKH, TO pafoTa CYMMAPHOH CHIbI, ACH-
CTBYIOIICH HA TOUKY 4, ( +N )57‘,{ =0 . mmbo
E &, +N.&, =0 (8.2)
OGosmaumy: 6, = F67, - Bo3MOKHAS PaboTa AKTHBHOM CHIBL, A = NiSri -
BO3MOYKHAS PaboTa peakTHBHOI CHITEL, TOTAA (8.2) 3ammmeTcs:
M +a4, =0. (8.3)
IMpocymMMupyeM MO BCEM TOYKAM CHCTEMBL

Da+Y 8 =0, (8.4)

MBI yiKe PACCMATPHBAIH ONPEICICHAES WICATBLHBIX CBsizeil. 310 Takue CBA-
3W, J19 KOTOPBIX CyMMA PAOOT WX PEAKIHIT PABHA HVIIO. I[l03TOMY CVMMA HX

ANEMEHTAPHBIX padoT HA m0O0M  BO3SMOYKHOM TEPEMEHICHHH PABHA HYJIO:
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ijﬁl’f =0. Toraa m3 (8.4) moTyyaeM MPHHITHI BOIMOKHBIX ICPCMEIMCHHIT
(NBI:

ST e s L -

YAt =D Frd = KAy cosay, = 0. (8.3)

ﬂJ’I}I PABHOBCCH MCXAHHYCCKOW CHCTCMBI C HACA.TbHbIMKA CBII3SIMHA HCOﬁ.-\O,Ele\-]O H

JOCTATOUHO, MTOObL CYMMA JICMCHTADHLIN PA0OT BCCX ACHCTEVIQIIMX AKTHBHLIX

CHN NpK AH00M BOIMOKHOM NCPEMCIICHHAH CHCTCMbI ObL1a PABHA HY D,

M3 vcaosust pasHOBCCHS CHCTCMBI (8. 1) MbI N0NYUHIA OPHHLHN BO3MOMKHbBIX
nepeMerneHi (8.5). [To3ToMY OH ABTAETCA HeOOXOTHMBIM YCTIOBHEM TT4 PABHO-
ecud. Ho ocrarouno 1 ero? JokakeM 0T npoTHBHOTO. [Ipu Hammmu (8.3)
IyCTh CHCTEMA HAYAIA JBHIATBECA. €€ TOYKH IOJYYHTH CKOPOCTH H OHA IpHOOpe-
1A KHHETHYeCKYI0 IHepraro 1. Toraa mo teopeMe 00 H3IMCHCHHH KHHOTHUCCKOH

IHEPTHH

7 :Za'.-'if :Zl:'k”cﬂ .
rac d¥, - ACHCTBHTCILHOC NMCPCMCLICHUC TOUKH CHCTCMBL Ho nepemciucHHe o,
I CTALHOHAPHEIX CBA3CH COBIATAET C OIHAM H3 BOIMOMKHEIX, T.€. dF, = O,
Torma o7 = Z]ﬁ*eﬁ = ZO‘A‘.’ =0, T.e. MEXAHHYECKAS CHCTEMA GVIET HETDI-
Bioke0it, Mrax, TIBI1 (8.5) sBICTCsS HCODNOIHMBIM K AOCTATOMHBIM YCIOBHCM

AT PABHOBCCHS CHCTCMBI.
Anaautnucckas (popya TIBIT (8.5) ymoxeT ObITh 3aNUcaHa TaK:

St e, + 12, +FEE, )=0. 8.6)

8.4. Pemenne 3:aa4 ¢ novon10 NBII

1. Braua'ie onpeae sioTca CIENeHH CBOOOIbI.

2. OCTAaHABIHBAIOT MOCTVIATE.IFHOS HIM BPAINATEIIFHOS JBIDKCHHE OJHOIO 3BCHA

{BEIOHMPAETCA OJHA CTETCHE CBODOABI). EC.TH MEXAHNMECKAS CHCTEMA CTAHOBHTCH

HEMOIBIKHON. TO OHA HMEET OJHY CTENEHE CBOOOIBL.

3. OCTAHABIHBAKOT TOCTYTIATENBHOE W.TH BPAIUATETRHOE JIBH/KEHHE BTOPOTO 3BE-

Ha. Ecri cHeTenma CTAHOBHTCA HEMOJBHMKHOM. TO OHA MMEET JBe CTENEHH CBOGO-

Bl

4. OcTaHaBIMBAIOT NOCTYIATETBHOS HII BPALIATEIBHOE TBI/KEHHA TPETHETO H T. 1.
Peimaror 3933ty re0MEeTPHISCKHM HIH AHA THTHYCCKHM METOI0M.

IT3aH penieHHd TeOMETPHNSCKHM METOIOM TIPH O, THOH CTENSHH CBOOO B

1. H300pa3suTe BCe AKTHBHBIE CILILI

2. CooOmHATE HA YepTesKe IBEHBAM BCE BO3IMOKHEIEC IEPEMRIICHHA DS, H O,

3. TloacuMrark 3neMEHTAPHBIC pabOTHI

&) =Fds, cosw,.: 847 =M, .
4. Bwipaznte rpanuccKH BCC NCPCMCIUCHHSL HCPC3 OIHO.
Cocrasnurs [1BIT: Zh‘ff =0,

6, OmpenemTs HCKOMVI) BETHYHHY,
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IIpH HECKOMBKHX CTEMSHAX CBOOOIBI 3TOT METOA MPHEMEHICTCA CTONBKO Pas.
CROJABKD MMEETCH HSMBHCHMEBIN NEPEMEIICHHH, T.€. CTemcHEH ¢BoOOabpl [lpm
3TOM OCTAIBHBIE CTEMCHH CBOOOIBI "3AMODLKHBIOT"

2. [py aHaIuTHYCCKOM MCTOAC PACHUCTA VCIOBHMC PABHOBCCHSI COCTAB/LIEOTCH B
(popmc (8.0) no cacayoLe My IIAHY:
1. OcH KOOPAMHAT CBSI3BIBAIOT C TCJAOM. KOTOPOC MPH BO3MOMHBIN NEPCMCLLC-

HHUAX OCTACTCS. HCTIOABHKHBIM.

2. BbIMMCAAIOT OPOCKUMH CUA Fy, Fy, Fy: M KOOPJAMHATHL MX TOMCK MPHI0MNKS-
HHSL X; Vp Z; Bblpakasg HX HCPS3 OJMH  DAPAMCTP.
HANPUMCP, KOOPIMHATY X;.
AuddepeHuspyst  xp, Vi Zi  HANOAAT  BO3MOIKHLBIC
NCPCMCIUCHHS Sy, S i
4. BblpaskatoT MX ucpci OAHO NCPCMCLUCHMC. HAMPHMEP.

S
5. Cocrasastor T1BI1 B dopmc (8.0).

6. OnpeacisioT HCKOMY O BCIHHHHY.

C nomowpbro TIBIT MOHO TAKKC PCLIATH 33034UM C
TPCHHCM W HAXOIMTb  PCAKLMM B HCH3IMCHICMBIN
MCNAHHYCCKHN cHCTemax. CHIIa TPCHUS WITH PCAKLHMH B 3TOM
CYYaC pacCMATPHBACTCH KAk AKTHBHAA CHIA, a CBI3b
otopaceiBactcsi.  Ilpy  3TOM  cucTemMa  OpcBpamiacTcs B
H3IMCHACMYHO.

[Ipumepel.
3agaua 1. Haiitn cuay Q pbIuakHOro noIbeMHHAKA.

OnHa crencHe ¢BODOIbI: CCIH TTPCIOTBPATHTDL MOBOPOT
B T./3, TO MCXAHH3M CTAHCT HCMOABMKHbIM. Tak kak (23 =3.4(}, To mocac nud-
(hcpCHUHPOBAHWA NMOMYACM

5
A, =—L  Sanucwisacn [1BIT:

[

l 3
Z Flo, =-0ds, + P, =0 u  onpeicueM
HCH3BCCTHYEO CHITY:

0=P2E _3p
o8
Jamaa 2, OmpenennTs CHIV I,

VACPKABAOIIVI) OPCBHO BECOM () HA KATRAX
BECOM P,

Oasa cTencHE CBOOOIBI eCmH  vOpaTs
OOBOPOT  KATKA, TO CHCTEMd  OVIET  He-
" s
noasikHoi.  [loBopor  katka  Sp=—o0:.
2R

. ey

MMepevemenue KATKA ds, = dpl = 5 Cocrasnaem MBIT
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—Qdssine —2Pd, sine+Fd& =0 ®  onpegessieM  HEM3BECTHYH) — CHILY
I[F'=(Q+P)sine .

3amaua 3. B npeasaynmux 3a7a4ax Mbl PACCMATPHBATH H3MCHSCMBIC MEXAHHUC-
ckue cucTeMbl, M3 yCIoBHS PABHOBCCHS HANOIHIH HCH3BCCTHEIC AKTUBHBIC CHITHL
Celivac pacCMOTPHM PABHOBCCHC HCH3MCHSICMOH MCXAHHYCCKQH CHCTEMBI, CO-
crapHOH Oanku. [10 3a1aHHBIM AKTHBHBIM CHIIAM HAHICM HEHIBECTHYH) PCAKLIHID.
Hawo: P, [, I, b.bs

Onpenemuts peakmmo N - 7 |
OtOpacsiBaeM omopy B u 3aMensAeM ee peakmmeit Np CHCTEMA CTAHOBHTCA

MOABIDKHOM: AC MOJKET MOBOPAYHBATECA BOKPYT A. a T.C OVIeT HMeTh IepeMe-

LICHHC 5.

OcTaTpHBIE TIEpEMETIEHUT OYAYT:

. FA P
bp, = &, .41 B S .
: &L T &
. e . 5 s b b b, )
Spy =—=. &, =0p,b =—— . i
]2 l 1 N 13
os.b,
05, =0pph, =——. J'f’v-_!;,,-—gj ;'QB
2 A A
Cocrassem TTBIT: ] 85,  8s. 85, T
b b, . dg,

Y 84 =N,&, - P&, =(N, Tl - P!—z)o‘sr =0

1 2

OnpeaenseM HCH3BCCTHYHO PEAKLHIO!
byl
Lb

Ecmu moTpebyeTcs HalTH peakuun onop A wru D, T0 HeoOX0IMMO TIOCISI0-
BATEITbHO OTOPACHIBATH KAKIYH) COCTABIBIOLIYIO peakumi u 3amuceeath [1BII
Hampmmvep, B cay4ae N4 310 Ovaer coctaBrmomue A, u A, A B 1.0 Oyaer onHa
COCTABIAIOMAS B HANPABICHHH OCH )/,

Ny=P

Jlexknnsn 12.

8.5. O6mee ypapHeHHE THHAMUKH

C mOMOIIBK) MPHUHIHIA BO3MOMKHBIX MEPSMCHICHHN PEIIATCH 3a1a4d A7
HEMOJBIKHBIX CHCTEM HJIH JBIUKYVIUXCH 03 YCKOPEHHS, T.€. HAXOJAIIHNCH B
paerOBecHn. Ecmm BBecTH cuny mHepunmm, T0 ¢ moMombio [1BIT MoxHO permats
JMHAMMYECKHE 3aJAYH, T.¢. JBEKVIIHECS C YCKOPCHHEM.
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TMycre Ha Toukn MC geHcTByrOT akrtuBHbIe ) M peakTusHbie F, cuibl, u

OHH JBIDKYTCA C yCkopeHHeM a, . EcH BBedeM CHIy HMHEpIMH [’ = —m a, . TO
OCHOBHOC YPABHCHHC TMHAMHKH TOUKH 3AMHIICTCS B BHIAC YCAOBHS PABHOBCCHIL

Ff +F +F! =0, (8.7)
3anuiem paboTy ITHX CHII HA BOIMOXKHOM IHICPEMELUCHHH TOUKH OF, |
SAL + 8] + 8L =0. (8.8)

[TpOCYMMHPOBAB MO BCEM TOUKAM CHCTCMbI TIOJYYACM :
DS+ S+ 84 =0,
Tak Kak AT UACATBHBIX CBA3CH Z SA; =0 , To oTcroaa moayvacM odmiee ypas-
HCHHC quHAMUKH Wid npuannn JanamGepa-Jlarpamka
S adg+Yy sy =0; (8.9)
l_h)l/l ABHIKCHHH MCXAHHYCCKOH CHCTCMbI C HMICATBHBIMH CBS3SIMH B KHH{,E[H]‘:I MO-
MCHT BPCMCHH CYMMAa 3JICMCHTAPHBIX DaﬁOT BCCX MPHJIOMCHHBIX AKTHBHBIX CHII H

BCCX CHJI MHCPLHH HA JIFOOOM BO3MOKHOM MEPEMEIICHHH CHCTEMBI DABHA HYJIHO.

B aHanuTHYCCKO#H (hopme 00Wee YPABHCHHE AHHAMHKH HMCCT BHIL

S + 52 Joc, + (58 + F2 Jov, +(Fz + 72 )z, [=0. 8.10)

Ecnu cHcteMa COCTOMT M3 HECKOIBKHX TBEPABIX TCI, TO K ACHCTBYIOLUMM HA
KaKI0C TCJI0 CHIIAM HY>KHO MPUJIOKHTh ITABHbIH BEKTOD CHJI MHCPLHH M [TIABHbIH
MOMCHT CHJI HHCPUMH OTHOCHTCIBHOTO TOFO LCHTPAa, K KOTOPOMY IPHJIOMKCH
rIaBHbI BekTOp cuil HHepuuu. 3areMm 3anucars [IBI1 nys akTuBHBIX cunl ¥ cHI
UHEPLUH.

[pumepst:

3amaua 1. OnpeaenuTs yros MoabeMa o MAPOB LEHTPOOCIKHOIO PerysmTopa, Bec
rpy30B koToporo P, = P, u Bec my (st O,

Hano:
0OA=0A=/
C] .B] =0B]:b
P] = P2

O;

Haitru: o - ?
Perynarop moaBHIKHBII,

HO MPH OMPEJACIACHHOM COOTHOIICHWH CHJI HAcTymaet paBHoBecue. [Ipu papHo-
MEPHOM BPALICHHH PEryIATOPA C YITIOBOH CKOPOCTh ®, IMAPBI ABHKYTCHA C HOP-
MAITLHBIM YCKOPEHHEM.
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2y, % ) "
2 @ sin’ o

V 2 )
=w~lsina.

a?l = . = .
sina Isina
Cutbl HHEPLUH MIAPOB N0 MOIV/IHO OY IET;

P
F!=F =—w’lsina.

IMpunoskum aktieHbIC Cubl Py, P>, O M CHITbl MHEPUMH, HANPABJCHHBIC 00PATHO

YCKOPCHHAM.
3anumem [BIT:
R, — F'&y, + 150y, + Pydx, + 0y =0 8.11)
Onpenenuym KOOPIHHATHIL
X =x,=[lcosx; -y, =V, =Isina: x,=2hcoscx.

ITpoau(hepeHUHPOBAB, TONVIHM BO3MOMKHBIE EPEMEINECHHUA
g, = 8k, =—Isinader . -y, =y, =lcosadu:  Ox, =-2bsinadx .
IMocae moacraBum ux B (8.11) HAxXOTIM:
Pl+Qb
P
Bamaga 2. OmpemenuTs VCKOPEHWE Tpy3a
MOTBEMHHKA IPH NOCTOAHHOM BPAIIAFOIIEM
MoMeHTe M.
Hano:
P Py, O, M
r; rs ¥ — PANYCHI IKHBOB M OapadaHa;
£1, P2 - PATHYCHI HHEPIHH.

cosax=g

Haiita:  as-?

MomenTsl ¢t uHepuuu nikusa 1 u 6apada-
HA CO NIKHBOM 2;

P b )
M} =J.6 =—pfe,
g

[)‘] 2
MY = Jy6, === pi,.
SHAKM CHJT HHEPIHH M MOMEHTOB CHI HHCPIHH YHTBIBACM HA PHCYHKE.

"
Tak KAK OKPY/KHBIE CKOPOCTH IIKHBOB DABHBI fi@); =/y@,, TO @, =0, — H
r

v
e
%

iy

A
A CKOPOCTb IPY3a H YCKOPEHHUC OYAYT: vy =F@, =@ \F— . a3 = 5r—.
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= i i 230
Toraa MomcHT nHepunn Sapadana /Y =—=—=—-¢, W CHJIA HHCPUHH rPy3a

&h
= Qa = O
3 g 3 g}‘z

BosmokHbic OCPCMCIUCHHSL MPONOPUHOHAJIbHBLI CKOPOCTIM TCII!

.

r IT.
dp, = p,——;  dS, = dp, —-,
r2 r2
Jamucoisacwy [BIT:

- (Q + £ )is’; —M3ISp. + MIp -3 =0

TToncTaBmsIeM BOSMOMKHBIC IR PCMCIICHIL

Q rr [ Popln e P .
o+ 5 | Dy, — 22220 o s | af — B g s, =0
g # &F; #
[TpupaBHHBACM HYJIEO KOPPHLUHCHTBI IPH 3¢,
FH, Or'v!  Pplmt Pl
-0~ =+ ‘p:] PERVAN VR
rz g g g
OTCoad HAXOAMM YINIOBOC ¥CKOPCHUC
M = 1y
‘("l = 2 2 1 - 3
Q27 P Py
SN J-‘jl + 1A
g ary g
H YCKOPEHHE TPV3a
ri
a, =6—.

Tesma 9: Teopus yoapa

9.1. OcHOBHOC YPABHCHHC Teopun vaapa iia MT

T [Mpu 0OBLIYHOM B3AHMOACHCTBHA CKO-

POCTE TCI HIMCHACTCS HCTIPCPBIBHO. [Ipn

P:w -V1) ¥JAPC CKOPOCTE TCA HIMCHACTCS CKAMKO M.

A ¥ $ [MpuMep: TAICHUC WAPHKA HA TBCPAYHD
MOBCPXHOCTL C BBICOTHL /1. Y TBCpIoH mo-

7 s 1 BCPXHOCTH WAPHK TPHOBPETACT CKOPOCTH
b Vv, =v+4/2¢h W nocac BO3ACHCTBAA yJap-

HOH CHJIbI /7, CMO CKOPOCTh H3MICHHTCS Ha 00paTHY o (-v)).
SBICHHC, TPU KOTOPOM CKOPOCTH TOUCK TC.IA 30 OUCHL Maablil (Gamskuii K
HYJIH0) MPOMCHKYTOK BPCMCHH T U3MCHACTCA HA KOHCUHYHK) BCAMUMHY. HA3LIBACTCH

70



vrapoM. CHIBL, IpH JeHCTBHH KOTOPBIX MPOMCXOIHMT YIAP. HABBIBAFOTCA yIAP-
HBIMH CHIaAMIL. [TPOMEKYTOK BPeMEHH 7, B TEUEHHH KOTOPOTO TIPOUCXOTUT VAP,
HAIBIBASTCA BPEMEHEM yaapa.

Tak Kak B TEUCHHE VIAPA CIIBI H3MCHAIOTCA, TO B TEOPHH VIAPA B KAYECTBE
MEPHI PACCMATPHBAIOT HE YIAPHBIE CHIIBL 4 HX VIAPHBIS HMITYICHL

j' Fodt = Fot (9.1)

5 1y l'[ocmnmcy 7<<], TO HMIYJIBCOM HCYJAPHBIX CHI

— — —_ oy
G_L S,y = F,,7<<S ; MOKHO MPCHCOPCHD.

[Iyctb V - CKOPOCTh MATEPHAIBHOH TOUKH I0
- vaapa, i - CKOPOCTh Tela MOCHE yaapa. 3amuimem
TEOpeMy 00 U3MEHEHHH €€ KOJTHYESCTBA ABHKCHUS

mlid —v)= Zi (9.2)

IT0 OCHOBHOE YPABHEHHE TEOPHH yAapa.
HiMeHeHHE KOIMYECTBA ,:J;BmIceHnﬂ MATEPUATLHOH TOYKH 33 BPEMH VIAPA PABHO
/MME JEHCTBYIOIIHY HA TOUKY VIAPHBIX HMIVILCOB.

HexoTopsie urorn:

1. /leHCTBHEM HEYITAPHBIX CHII 3 BPEMSA yIAPA MOKHO NMPEeHEOPEHE.

2. TlepeMerueHHeM TOUEK 32 BPEMA YIAPa MOIKHO MPEHEOPEYB: X = v, T = (.

3. H3MeHeHHME CKOPOCTH TOYKH 33 BpPeMs yIapa ONPEeaeTacTCs OCHOBHBIM

YPAaBHCHHEM TECOpHH yaapa (9.2).

[Mpuvep ypaBHOBEINEHHOTO MOn0Ta. Axazemuk b.B. Boliuexosckuii paspaboran
npecc-MonoT «CHOHPE», B KOTOPOM MOJOT 1 IBIGKCTCS BBEPX, 4 HAKOBATHHA 2
JABHYKETCS BHU3 HABCTPEUY MOIOTY. Yap MPOHCXOIHUT MEKIY HHMH H HE MEepeia-
eTcsa Ha ()yHIaMeHT 3. MoNoT H HAKOBAJbHS NMPHBOAATCA B JBIKCHHE JABICHHEM
Bo3ayxa p a0 300 armocdep, KOToOpsIii Haxo uicA B pecusepe 4. Beicoxockopo-

((/2 < //[—T\\\_
[
g‘z/ v | I i
1 A
X '\'{ ]
0.1 ) ]
Y L% | ‘
1 p l’l‘.\l\ . i i -I
4 F
<) ) i
e S ELES AT, s Mé(“‘xt\‘g ll|
7] 7

CTHOII KHHOKAMEpPOi OBLT 3aMEPEH 3aKOH JBIKCHILA MOJIOTA Z(7), H IO HEMY OIIpe-

71



JCICHA CKOPOCTh Vv = dlzfd! M yaapHast cuma ' =ma . BCIMMHHA CUIBL, KAk BUI-

HO W3 rpadyika. JocTHrana DoKX THAUCHHH B TCUCHHC MAI0IC BPCMCHH T.

Jleknpa 13
9.2. Otuiwe TeopeMbl TEOPHH YIAPA /LIH MEXAHHYCCROT CHCTEMDI

Tak KaK OPH YAAPE CHITA HE MOJKCT CIYAKHTh XAPAKTCPHCTHKOM BO3ICHCTBHRA
TO I11 MENAHHMECROH CHCTEMBI NPH VIAPHBIX BO3ACHCTBHAN PACCMATPHBAKT
OOIHE TCOPEMBI JHHAMHKH. KOTOPBIC 34BHCAT OT HMIYJIBCA CHITBL
1. Teopema 06 HIMEHSHHH KOTHYECTRA JBH/KCHHA CHCTEMBL.
OH: CHOpABEIUTEBA H IPH YIAPE. HO HEYAAPHBIME CHIAMH MOKHO TPEHEOPEHH:

Q‘s _(_-_} =Z'-:i:w< . (93)

"3\ICIICIIIIC KOJHUCCTRA IBHKCHHA CIICICMInI 34 BpCMH ¥1apa PABHO CVMME

2. Teogeua 00 WIMCHCHHH TIIBHOTO MOMCHT KOJHICCTB gBH}I\eHHﬂ CHCTCMBL
B ¢nyuae yaapa MOMCHTOMH HCYIAPHBIX CHJI MOJKHO NPSHEOPEHTB, MOITOMY
TEOPEM: MOMEHTOB TAK ZAMHINCTCA B AH(DEPEEIHANBHOM BHIE:

(f:\;;n — Z}.}“ (ﬁﬁu«' )

H B HHTCIPAJIBHOM BHAC

]:’“3 —K'm = Zmu (S roe ) (9.4,
iz

rac S¢ =Jf*ml .

4

H3imcuenne 3a BPEMA YiIapa 1IltasHorg MoMenTa KOJTHICCTB ABHARCHHA
CHCTCMBI 0THOCHTEIBHO KAROTO-11H00 HCHTA PABHO CYMME MOMCHTOB OTHOCH=-
TCIBHOTO TOIO K& LEHTPA BCEX ACHCTBYIO X Hd CHCTCMY BHCIIHHX VIJADHBIX

HMITVIBCOB.
BHYTPCHHEE YIAPHEIE CHUBI HE H3MCHAKT TTABHBIH BEKTOD H ITRIBHBIH MOMCHT
KO THYECTB:) JBHAKCHHAL

9.3. KO?g}mlll!"CllT BOCCTANORB. TCHHA ITPH YIADE

[Mpu maJcHUM WAPA HA YOPYIYVIO NOBCPXHOCTh CO CKOPOCThLID V' CLO KUHCTH-

-

s v
UCCKQL JHCPrist 1'1 =T NCPCXOAUT B MOTCHUHANBHY K JHCPrHEO ,ElC(l)OpM{ll.[HH

mapa ¥ MOBEPXHOCTH, KOTOPAA TOCIE YIapa TMEPEXOIHT B KHHCTHUYCCKYH) JHEP-

A
-
a0 T, =

. Pasgocts smeprum AX =7 -7, pacxoayeTca HA HATPCB COVAA-

PAIOLLHXCS TC.1L.
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BOCCTAHOBJICHHH [IpH  yVjiape. OTHOINCHHC MOAYJIA

G) i CKODOCTH TCJAa MOC/IC MPIMOrQ Cro viapa O HEno-

1‘ ¥=g BIKHYEO TIPErpay k MOAYIIH CKOPOCTH ITEPe/l VAAPOM.
Koa(puument k onpeaensiercs 3KCISPHMEHTAIBHO.

(gz Bemvumna & = /v HasbBacTca KodpduumenTrom
G) T !

Tipu k& = 1, Te. u—v — v=>0 y=g  a0comorno yTIpy rHii
vaap. Mpu k= 0. T.e. 1 = ? O 0 = a6COOTHO
HCYTIpY THil y1ap. H ik A

Onpegencune k1o $ BBICOTE MOJICKOKA

Tlo Qopmyae Tammnes % AT 3amMIIeM

v=4f2gH " U =4/2gh , oTKYOA

u h i
Ir:—:J— 95
v H ©3)

Ilpu va 3 M/c HMeeM creayromue K03 HIUHCHTI BOCCTAHOBICHHU CKOPOCTH MPH
vaape:

k = 0,5 - 1eperO MO ICPEBY:

k ~ 0,56 - craas mo cTam;

k20,94 - CTCKNO MO CTCKITY.

9.4. ¥Ynap Teqa 0 HeMOABIKHYI) NPErpany (IanTy)

B 3aBHCHMOCTH OT MOIOKCHHS TEla
nepes yAapoM PacCMATPHBAIOT Pa3IHUHbIC
BMABl yJapa: LCHTPAaJbHbIH M HCLCH-
TPanbHBIH, NIPAMOH H KOCOH.

Ecian HOpMAAb K MOBEPXHOCTH TCIA B

Henmpanenerit Heyenmpausneiii TOUKE Cr0 KACAHHS C TUIMTOH MPOXOZHT
uepe3 UEeHTP MACC TENA, TO YAAP HA3BIBA-

CTCA HCHTPAJIbHBLIM.
Mpsamoi yaap. ecad CKOPOCTh v LEHTPA MACC HANPABICHA N0 HOPMAIH K ILUIHTE.
3ammmem TcopeMy 00 H3MCHCHHH WMIYJIBCOB TMPH MPSIMOM LCHTPAIbHOM

vaape: 0, -0, =S.
B mpoekuun Ha HopMans Oyaem umets O -0, =5 .
Tax xaxk ¢, =—mv u O, =mu , 10

ml+v)=5.

n n [Mockoasky # = kv . TO OTCHAA YJAPHBIH HMOYJILC MPH
NPAMOM LIEHTPAARHOM yaape Ovaer
¥ i S= mv(l + k)

7 S
npaneii wocofi  Cpemmas cuma ymapa F, = — rae BpeMs yaapa T om-

peIASIICTCS SKCTICPHMEHTAIBHO.
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9.5, Mpsaviod nenTpa LB YAD BV Te1

Tpy npaMoM UEHTPAIBHOM VIape ofmas HOPpMATb B
TOUKE KACAHIA TMPOXOIUT USPEs LUEHTP MACC TSN H CKOPO-
CTH HANPAB/ICHSI II0 3TOH HOPMA TH.

Jma yaapa HeodX0MMO, uTOOBL:

I vy >va
2) wusz2u
KoaddumeET BOCCTAHOBACHHA HOCTE Yaapa OVAET:
i, — 1t
k=21 (9.6)
Vo=V,

OTKYJA TIOTYYAEM!
U —u, = —/c(vl - v?).

Tak Kag BHEIMHHX CHI HET. T.&. ZS . =0. To OCHOBHOE YpaBHEHHE yiapa (9.3)

AT MEXAHHMSCKOH CHCTEMBI 3AMHIIETCA Tak: O, =0, . T.¢.
BV Ty =y R (9.7

3amuimeM TEOPEMBI 00 H3IMEHEHHH KOIHUYECTBA ABHAKCHHA A1 KDEKIOTO H3 TSI

| (u'1 —Vl)= Sy mz(u2 —v:): S {9.8)
Tpeobpazvem (9.7) B aHATOTHMHBIX (9.8) CIAraeMpIx:

e (“1 -1 ) = =il (u!z - 1’2).

OTKyda moJay4yacM S, = —S, . T.C. YIAPHbIC HMIOY.IbCbI PABHBI H MPOTHEOTIONOKHO
HATIPABICHEL

PaccmoTpum J1BA CIyuas:
1. ABCOMFOTHO HEVOPYTHI vIap.

vy B
Tak kax k= 0, u3 (9.6) u {9.7) noay4ae™ u, =) = —1—=2
my +
Toraa BemMHHA UMITY TbCOB COTTACHO (9.8) 3amumeTcs
, . vy LV, TR,
Sy ==8) =my 11— 2 oy, =—L 2 (i —v;).
my 4 i+ Bia
2. ADCOMIOTHO YIpPVIHE vIAp
Tax kak £ = 1. To w3 (9.6) momyuaeM u;, =u, — v, +v,.

TloacTaBnsiem B (9.7)
V) IV, = s — I BV G
OTCHIA HMCCM:

2unvy, + v, —nn )+ Vi, —vam 2w
2y = 11 2( 2 1) 2fh 2f =v. + 1 (\4,1 —v:). (9.9)
my + s, B+,
Torma
2m 2m
=V, +—l(vl —vz)—vl +v, +y -y =y - v _]]2). (9.10)
L 4+,

TloacTaBmaa CKOpPOCTH B (9.8) momy4aaeM:

74



. , 2m 2
S, ==8, =n, | v, +——— (v, v, )—v: :*(\-’, —\-'3). (9.11)
my 4y By 4
Kax prapM, nmpu abcoIHOTHO ¥YOPYToM ¥Jape HMIYIEC B JBa pasa JoIbme M-
Iy.16CA MPH 40COTIOTHO HEYMPYTOM YIape:
S =257 (9.12)
IMpa m =m, w3 (9.9) 1 (9.10) nomvuaeM: ¥, =v; H ¥, =V, T.€. TEId O]IHHAKO-
BOH MAacChl 0OMEHHBAOTCA CKOPOCTAMH. EcnH mepen vaapoM BTOpPOE TEIO MOKO-
HICA, TO NIOCIE ¥IAPA OHO OVIET ABHIATECH. A MEPBOE OCTAHOBUTCH.
Oprvep. Onpedennts kO3(MpHIHEHT BOCCTAHOBICHHA OPH VIAape JBYX INAPOB.
TIOJBEIICHHBIN. HA HHTAX.

Jano: 5 -
m;. mz i L‘_h:j\
Lo, p o3 &
Haiir AL L
H: > g
k-7 By N/ e
CkopocTu 10 yaapa v =22 v, =0,
CropocTa nocne yaapa ;o U, =428k, .

Brenmmix ¥I4pHBIX CHT HeT. MOITOMY KOTHUECTBO JBIDKCHHA CHCTEMBI 10 VJapa
H IOCTEe VIAPA OJHHAKOBO. HTO BBEIPAJKCHO VpaBHCHHEM (9.7), KOTOpOS B HAINCM
M,

cavuae OyaeT: myv, = i, +iityd, , OTKYIA W) =V ——il, .

iy
i
Toraa ko3QUUUCHT BOCCTAHOBICHUSA TPH ¥IAPC BAMHLLICTCS

Fily
2

U, —v, +—=u,

iy, — i LG i+ M, my+n,

k= =-1+ i, =—1+
V=V, ¥ my iy

A T1ak kKak A =1—lcosa; h, =1-Icos . 10 KOMPPHUMEHT BOCCTAHOBIEHHA

5 ’l— i
PR + i1, cos /i ' ©.13)
ny 1—cose

Hexnyus 14

vr ¥ o
e_— @_.i 9.6. Horeps KUNETHYUECKOI DIEPI Ul 1PN H1evIl

YIADC IBYX TC.1.

npH yIape OyoerT:

Teopema Kapno
I PaccMOTPHM NOTCPHO KHHCTHUCCKOI JHCPTHH MPH
(:p—i- a0COA0THO HCY NPY TOM ¥1apc. 3anHLICM SHCPIUKO 10 H

MOC.IC ¥Aapa
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2z 2 2
v, m,v (m +im )-H
=5 il P = 1 2

Ij=——t—= [ =—=—
2 2 2

myy +m,v,

Tak Kak B 3T0M CIy4ae CKOPOCTb IOCIE YAAPA PABHA. i = P
m, + i,

TO KHHCTHYCCKAs IHCPIHSI [OCIC Y Aapa OyaeT
o (m, +m,)-(my, +mv,)  my, +myv, 4%
1= > = U (9.13)
2(m, +m,) 2

TorJa NOTCPsIHHAS IHCPTHS NPH YAAPE 3AMUIICTCS TAK:

2 2
Iy myvy kg, (i, +m, Ju

L, =1 =0-21+T ) > 2

Orxyna
Tyt =2~ + 2, G10

rae v, —i# H v, —i - HOTEPSAHHBIC IIPH YAAPE CKOPOCTH.

210 ectp Teopema Kapuo (1753-1823): xuHeTHUYECKAs IHEPrus, NOTEPSHHAS
cHCTEMOI Tes MpH a0COMFOTHO HEVIPVTOM VIAPE, PABHA TOH KHHETHUECKQI IHED-

THH. KOTOPVEO OBl MMCIA CHCTCMA. CCM BCC TCJIA JABHIAIMCh Obl C MOTCPAHHBIME
CKOPOCTSIMH.
TIpu k0 MO3KHO MOKA3ATh, YTO NOTCPSHHASL IHCPTHUS MPH YIAPC PABHA
2 4
l—k{m](vI —u ) mylv, —u, )
= 2\ 2 2
. ) )
L+k| 2 B

[Mpumep: AGCOTOTHO HEYTIPYTHH yap Mo HemoaBWiKHOMY Teay. Tak kak v, =0,
TO Dy1eM UMETB CIEAYIOLIEE.

Ty 2 I 2 mv?
i \ T -1 ..,
_Egé — 1. Joyoapa T, = >

2. llocne yoapa

my, o miv} meo.
=Ll . 7= = T
my + i, 2(ml +m,)  my +m,
Torma morepannan 3Heprua GyaeT:
2
m mm, v,
iy T,-T, =T, 1- L= . L
—] my +i, mo+m, 2
V1 310 BEIPKEHHE CleyeT Takoke 13 (9.14) mpu
oM, i e
\\ \V\ ~ ACCMOTPHM /JBa CIyYas:
m Vz
l-biii cayuaii: m>>m,. 1,-1, =—2L=0;
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1, =T,. Ilorepu KMHETHYECKOH IHEPrUM NOYTH HE npoucxoaut. [1pu yaape mo-
JIOTKA TO TBO3MI0 BCA KMHCTHUCCKAA 3HCPTHA MOJOTKA coodmacrtcs reo3mo. OHa
3aTCM PACXOAYCTCH HA PA0OTY MO MCPCMEIICHUIQ TBO3IS,

2-oif cay4ail m, >>m,:

m
!‘
2 2 ——
mn,v Ly
T,-T, = '2‘_TaK1ca1<TD= '2'_T03Hep—

rust mocne yaapa 7' ~0, To ects, npu yaape

MOJIOTKOM IO ACTAIM HA HAKOBAJIBHC BCH KH-
HETHYCCKAst IHCPIUsl MOJIOTKA PACXOAyCTCs Ha
aedopmaum0o JeTasu.

9.7.¥Y1ap 110 BPpAMAIOIEMYCH TEJIY
9.7.1. Yanosas cxopocme nocie yoapa

[TycTe K BpAAOIIEMYCA Teldy NPHIOKCH YAAPHBIH
uMnyasc S. B mpoekimsax Ha OCh BPAIUCHHA Z 3aMHIIEM
TCOPEMY MOMEHTOB

K, -K,=m(3)
Ecrm @ u (2 - yIIOBBIE CKOPOCTH BpPALICHHA TENA A0 U
noCne yAapa, TO IOCTE MOACTAHOBKH KHHETHYCCKHX MO-
MEHTOB HOMyYaeM: J , (_( 2= a))= m, (S ) ;

Q=0 +ﬂ—). (9.15)

WA,
To ecTh, YIIIOBA CKOPOCTH TEJA 32 BPEMSA VIADA H3MCHHUT-
Cd HA BCIMYHHY. PABHVH) OTHOIICHHUK) MOMCHTA VIAPDHOIO HMMIIVIBECA K MOMCHTVY
HHC H TCIIA OTHOCHTCIIEHO OCH BPALLICHHAA.

hi15(810]

“

z
9.7.2. Ilenmp yoapa

Bo Bpemsa yaapa omopnl 4 m B ocH

BPAILCHHSA HCOBITHIBAKOT YIAPHBIC HMIYIBCHL S

" S_.'.B. B kakom ciyuac Ha och HC OyACT yAapHbIX
peakuuii? [lo-BHaMMOMY, KOria BECb HMITYJIBC
yaapa OyJeT moTpaucH Ha YITIOBOC YCKOPCHHE
Tcna. HampaeuMm 0Ck X MApanicobHO yIAPHOMY
umnyiascy S. B onopax MOryT BO3HHKHYTb
YIAPHBIC HMITYIIbCHI peakumit S, u S, . Ecmmv

— CKOPOCTB LIEHTPA MACC J0 YAapa, a ¥ — MOCTe
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VIApA. TO OCHOBHOC YPABHCHHC TCOPHM YOapa sammmerca: (), — (. =2 8.,
HIIH
m(u —v) =5-8,-5,. (9.16)
Ecan @ v £2 yrI0BbIC CKOPOCTH BPALICHHA TC.1A J0 H NMOCHC yAapa, To (Y.16) Oy-
hutsy
My (£2—m)= SN=N, =Su. (9.17)
HenmoasiyeM Tak e TEOpPEeMY MOMCHTOB H PASHOCTE YITIOBHIX CKOPOCTEH
(€3—&1) B (9.17) BrIpaum ¢ moMOIbIO (9.15)
Sh L .
my.—=8=-N,-5,.. (9.18)
J, '
Ecau noTpeboBars, 4TOOB! YAAPHBIC HMIYILCHI peakuni S, =S, =0, To 0TCI0-
I MOTVYASM PACCTOSHHS /7 . Hi KOTOPOM JOIDKCH OBITh TMPIJIQMCH YIAPHEIH HM-

OyJIBC:
i J
h="l (9.19)
v,

gnC Hrak. yIap HAHCCCHHBIH B TOMKY. HANOINLLY HOCH
i “  Ha DACCTOAHHE % OT OCH BpAMICHHA, HE BBI3OBCT
A VIAPHBIX PEAKUHIL. 3Ta TOYKA HABIBASTCA NEHTPOM

p yaapa.
[To-BHARMOMY, MHOTHS HCTBITBIBTH

HCIPHATHBIC OLIYIICHHS B PYKS MPH YIAPES TANKOH 1O
HCMOABIGKHOH mperpaae. [0OBOpAT. 4YTO  «CYILHT»
iy S, DyRy. [MpumennnM opmy.ty (9.19) ams1 uEHTPA VIApa B
3TOM CIvae. MOMEHT HHEpUHE 311 OJHOPOIHOTO

h
mi’
IS CTCPJHS PaBCH ./ == a ero KOOPIMHATHI LCHTPA
Mace v, =05./, TIOACTABIAL TH IAPAMCIPH B
mi* 2
(9.19), moavunem; h=——— ==
3m-05-1 3

. . 2
HMTak. mpH HAHCCCHHM YJapa OJZHOPOIHOH Maakoil Ha PacCTOAHHH ?1 OT PYKH,
PVKY «CVIUHTB» HC OYICT.

- 2
Ecnu yaap OyACT HAHCCCH HA paccTOsHuM /iy =—/+ Al , T0 cormacHo (9.18)
Rl

SQI73+A) . y
HMCCM AV, —— =5-15, . INocac noacTaHOBKH 3HAUCHHH V. H.J. MOTyUa-
f 3 A f "
cM SNy =—=—8—, 1. N OvIcT HAMPABACH BBCPX, 4 MPUIONCHHBIH K PYKC HM-
. 207 ERS !
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I¥.IbC HATIPABICH BHI. T0 €CTh HPH VIape ONDKS K KOHLY IEUIKH «CYIOIHTE» OV-
ACT nanbupl, a Opu ¥Iape Onuxe K pyke (A <) «CymTh» O¥ICT NAN0Hb,

Jexkman 15
Teva 10. O630p ocHogHBIX MEOper QURAMUKU
H HX CEA3b CO SMOPLIN JAROHOM MNEXAHIRN

Bce TeopeMbl H 3aK0HBI THHAMHKH CISIVEOT H3 BTOPOTO 3aK0HA MEXAHHKH,
MartepuaabHas ToUKa
B'I'O[)()ﬁ JAKON MEXAINHKH. NMPOU3BCICHHUC MACCHI N[ﬂTCD[/IﬂJ‘IbHOﬁ TOUYKH HA
VCKOPCHHC, KOTOPOC OHA MOJVUWT TOI JCHCTBACM CHIbl, PARHO 3TOH CHIC MO
MOIV.TH) H HANMPABICHHED.

ma=F - (10.1)
= Ocllolllloﬁ FAKGH AHIIAMHKH,
JupcpCHUHAIBHBIC YPABHCHHS JIBHKCHHS MATCPHANBHOKH TOUKH'
B BCIﬂ'OpHUM BHIAC:

d°F =
m—=> F: 10.2
oy (102)
B KOOPAMHATHOM BHIC:

mx = Z Fo . my= Z b omi= Z K. (10.3)

B CCTCCTBCHHbBIN KOOPIHHATAN:

dv , a , .
m—‘:Zf'“: m‘—:Zf‘kﬂ: F,=0. (10.4)
a5 £ %
3aKOH JBIKCHHEA:
B BEKTOPHOM BHIC F=r(l)
B KOOPIHHATHOM BHIE x=x(r), yv=w{)., z=z()
B CCTECTBCHHBIN KOOPIHHATAX s=s01)
[pcoGpazyes (10.2)
dmvy=" F.dr. (10.5)

: y
OTEYAA iV, — MV, = ZI}‘:&‘” . Becaem mumyaec cuasr: S :Ith . Torna reo-
0 o

peMa 00 H3MENSHHH KO IHUECT BA ARHLKSIIHSI_3A MHILCTCS
BV, —mv, = ZS* . 3.4
31ech n Janee OCTABICHBI HOMEPA (hOPMY T, KOTOPEIS OBITH MPHCBOSHEI HM pPaHee.
Ipn Z b =0, mv =const - 34011 COXPANCHHA KOMUCCTRA IBHIKEHHS

MATEPHA LI TOUKN,
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YAHOKIM OCHOBHOE YPABHEHHEe THHAMHEH B BAIE (10.2) BeRTOpHO Ha ~

L dmv
dmv _Z" [~
ot

Tak kak 1.710(”1\7):?- MY = MOMCHT KOIIMMCCTBA ABHKCHHM OTHOCHTCIIBHO UCH-

Tpa (), TO OTCI0Ia TeopeMa 00 H3MECHEHIN MOMEHTA KOJIHYECTBA ABIKCHHHA
MATEPHAILHOIH TOYRN OVICT:

I
amo nn Zf” (F;. G.6)

YMHOKHM NpaBsve) H J'ICB_VIO YACTH OCHOBHOIO 33aKOHA AHHAMHKH B BHIC
(10.3) Ha v B MPOCKIHH HA OCH Koop:lHHaT:

d(mv; [2) — d(”” /2) A /2y .
T_Z’l‘h‘x' _Z‘Fh T_Zﬁk:‘:'

3aTCM CI0KHUM YMHOMCHHBIC MPABYK) H JICBYI) YACTH HA i W OKOHYATCILHO NO-
JIVUHM!

2
mv

d——=> dd, . 3.10
5 Z i (3.10)

ITponsTerpupyves (3.10) oT HaYaTPHOH TOMKH IVTH 1{, J0 KOHEHHOH .\/;. TOrIAa
OOTVUHM TegpeMy 00 H3MeHeHHH KHHETHYeCKOIH JHeprun B RoHeuHoi Qopne;

mi oy, o
2‘—;—Zhww 3.11)

Mexanmacckas CHCTeMA

Paauyc-BEKTOD IEHTPA MACC CHCTEMBIL;
_ 1 _
3 =v2m&r‘, . (10.6)

YpaBHeHHC JBIDKCHHA TOYKH /N, MEXAHHYECCKOM CHcTeMbl cormacHo (10.2), ov-
JeET:

1 —

Lo F 4+ F (4.6)

m,
IIpocyyypipyveM ypaBHeHHA (4.6) MO BCEM TOUKAM Hi!

d*) mJ,
Lo mi =3I @.7)
dr
C vuctoM BbIpa:KCHHN U ucHTpa Mace (10.6) noayuacM reopesy 0 1BIRennn

nemwrpa Macc:

dr_zﬁ‘, @.8)
dlt’

Ecau Zf-: =0, 1o n3 (4.8) CICAYCT 3aKON COXPANEHHS ABIZKEHNH HENnTpa

MACCT
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aF 3 L —
L 0; G =0: ¥ =const. 4.9)
dt”

Tlepenmmens (4.7) ¢ v4oTOM TOTO. UTO () = ka V, . H TIOIVIHM TCOpEMY 00 H3-

—

MENHCHTHH KO THYECTBA ABHARCIHHH CHCTEMBLI B ;m(l)(])cpel||u|a.\||.||0i'| (I)O[)MC:

do =
—=> ", (4.12)
(! Z *
[Tocne HHTETPHPOBAHMA MOIVUASM TCOPEMY 00 H3MCHCHHH KOJIHYCCTRA

JIBHEREITHSE CHCTEMLI B HINTerpaiiLnoii gopne:

0,-0, =3 8¢, @.13)

t
rae S, = jF;dt - HMITY.IbC JEHCTBHA CILTHL 33 BpEMA 1 .

G
Ecm ZF; =0, 10 w3 (4.12) MOTVUAEM 3AKOH COXPAHCHHS KO.IHYCCTBA JIBH-

SRCHIISI MCXAHHYICCROH CHCTCMBI:

) =consl . (4.14)
3amHLICy TCOPCMY MOMCHTOB (3.6} 15151 MACCHI #y., PA3IC.IMB CH.Ibl HA BHCLI-
HHC H BHYTPCHHHC

i _ - L
;—mo(mkt-'k) =my (£ +my(F)).cac k=1.n.
it

Ecau mpocyMMEPYEM A BOEX TOMEK CHCTEMBL, TO TMOTYUHM TEOPEMY MOMEHTOB
A MATCPHAILHOH CHCTCMBI:

dk 0

dr

rae K, 0= Zﬁlo (m ,‘_\jﬂ,) = ITTABHEBEIM MOMCHTOM RKOTHYCCTBA ABHMKCHHA CHCTCMBI.

= my(F) @.17)

Ecrm Z JFJD(FJ(" ): 0. Torza TeopeMa (+4.17) mpeBpamacTcs B JAKOH COXPAHEHIA
MOMEHT A KO.THYECTBA 1B HKCHHS:

K, =const. (10.7)
J1a Maccel my, sanmmeM Teopemy (3.11) o0 HAMEHCHHH KHHCTHUSCKOMH

BV, .
FHCPrUK c!%: dA] + A, TIPOCYMMHPYCM 1Sl BCCX TOUCK CHCTCMbBL M M0-

IyYHM TCOPEMY 00 HIMCHCHHH KHHCTHYCCKOI JHCPIHH cHCTCMBI B IH({dc-
PCHUHA.ILHOI opric:

c/'[':dZ%:Zd;i: XA (3.25)

Hurerpupyva (4.25) 0T HAYATEHOTO MOI0EHHA (M) 10 KOHeUHOTO (Af-) moavya-
eM TeopeMy 00 HIMEHEHHH KHHeTHYECKOH IHEPriH CHCTEMBI B HHTEIPANIb-
HOH hopmc:

L-T,=Y A+ 4. (4.26)
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Pazacany cnianl Ha aktuBabe [ M peakuun ceACH 1) .
AT HISABHELIX CBAREi Z(H ¢ =0, moyTeMy 138 CHCTCMBI ¢ IICATLHBIMH
CBASVMH TCOPCMA 00 H3MCHCHHH KHHCTHUCCKOI JHCPIHH OVIeT:
T,-T =2 4 (10.8)
HoTeHuHANLHCI 3Heprueil MaTepHaILHOH TOYKH B no10:keHnn M, Ha-
3BIBAETCA CKANAPHAA BETHYHMHA [/, paBHad padOTe MOTCHUHATHHOH CHIBI NPH M-
0]
PEMEINEHAN TOUKH H3 3TOF0 MOJ0AEHHA B HYEBoe: [, = 4,0 = IFdF . Toraa
1AM
Teopema (10.8) sammmeTes:
-1 = Z‘_Ifii.wl.nrp =11, 1T, . (4.35)

TNepennmesm (4.33) B BHAC!
15~ 1-=1,-H;=F=conslL (4.30)
BripaxcHuc (4.36) — 3akon coxpanenusi Mexanuieckoid Jmeprun £ npn jBu-
AKEHHH 10,1 JelicTBHEM NOTC¢HIIIAILHBIX CHIL
Ipn  OTHOCHTCIBHO JBHMKCHHM TOMKM CC abCOIOTHOC  YCKOPCHHC!

nep + axop .
Toraa (10.1) mpeBpam@eTcas B OCHOBHOM JAKOH JTHHAMHEH OTHOCHTEILHOTQ
ABIZKCHHA MATCPHATBHOH TOUKH:

ma,, =y FA+F +Fr 6.4

nep rofr

P — ~ o e =
a, =a,, +da Becacwm obosuaucunn £ =-ma, o F o =-md,.

PaccMOTpHM HENOMABIDKHYI) HIH VPABHOBCIICHHVIO CHCTEMY, TOUKH KOTO-
PO MOTYT HMETE NEPEMEIIEHHA ¥ .
Jns KA I0H TOUKN HAXOBIUCHCS B PABHOBCCHH CHCTCMbl MOFKCM 3ANMNCATD;
Fr+ N, =0, 8.1
e T, Pl \—A - TTABHBIE BEKTOPHI AKTHBHBIX CHII H PEAKUHH cBaid. Lemm O, -
BO3MOKHOC TICPEMEMICHHAES TOUKH, TO padoTa CvMMApHOH CHIIBI, ICHCTBYIOICH Ha
TOUKY: &4, = Cz:k“ + N} )Eﬁ =0. mbo

F O+ N2 =0, 8.2)
[MpocvynaupyeM (8.2) M0 BCEM TOUKAM CHCTESMEL
S &+ A =0. 3.4

rie &1, =F %, ®m &4) =N/, - BOIMOKHBIC PAGOTHI AKTHBHOH H PEAKTHBHOM
cu1. Tak Kak ans e L ibIx csseil Z(‘JI; =0, 1o u3 (8.4) noayuacm upun-
nun Be3MoKNLIX nepememenuii (MBIT):
DAY =Y PO, =D F cosa, =0 (8.5)
PaccmoTpHM CHCTCMY | TOUKH KOTOPOIH HMCKT VCKOPCHHC @, Ecam BBCICM
CHITY HHCPUMH F’,{” =—n,d, . TO OCHOBHOC YPABHCHHC JUMHAMHEN TOuku (10.1)

JAMHWCTCA B BHAC VC.IOBHA YABHOBCCHA
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Fi4 )+ =0, 3.7

Ecnu Bmecto (8.1) sanumeM padoty ¢l (8.7) Ha BO3MOMKHOM MEPEMEIICHHH TOY-

KH &, H OPOCYMMHPYEM 1O BCEM TOUMKAM CHCTSMBEI, TO MOJVYHM 00II¢e YpABHE-
nue MuaMuKH 1iH rpunnan Jdanamdepa-Jlarpamka

DA+ Aty =0, (8.9

HTHKA TCOpCM]:l H 3aKOHbI JMHAMHKH SBIIKOTCS CICICTBUAMH OCHOBHOIQ 3aKOHA

Aaamuru (10.1).
Jexmnusa 16

Tema 11, Hparoauneititvie koaeddnua moux.

11.1. Croboaape KOICOAHMS.

HazoseMm cHIy BOCCTAHABIMBAIOLICH. €CTTH OHA CTPEMHTCH BEPHYTH TOUKY B
PABHOBECHOE MONOMKEHHE. [IPHMEPOM TAKOH CHIBI ABIAETCA CHIA [, KOTOpad
HAMPABICHA B CTOPOHY. OOPATHYIO OTKIOHSHHEO YACTHUEI Af OT HEHANPKSHHOTO
COCTOMHHS MPYKHHEBL OTMEYEHHOTO T. O

=X
Haiiaem 3aKOH JBIDKCHHA TOYKH A{ C MAcCOH
m. C 370l UETBIO 3alMIIEM OCHOBHOH 3aK0H
JHHAMHKH!

mx=—cx. (11.1)
BecacM 0B03HAUCHHS & = W MCPCITUINCM
(11.1) B BHAC:

y+£lx =0, (11.2)

210 THPPCPCHIHAILHOC VPABHCHHE

cBOOOIHBIX KOICOAHHA NMPH OTCYTCTBHH CH

12 conporuBieHAL. OHO fBIACTCA THHSHHBIM

IHpPepeHUMATEHEIM ~ YPABHCHHEM — TIPH

TIpaBoil 4ACTH paBHOH HyM0. ET0 pemeHne MBI ¥ Ke JBAKIBI PACCMATPHBAII NMPH
H3YUCHHH CHII H IIPH HCCTIGIOBAHAH (PH3HUCCKOTO MASTHHKA.

Pemenne  vpapnenma (11.2)
HIOETCA B BHIe y=¢™, nocme
MOJACTAHOBKH KoToporo B (11.2)
TOTYIHM XAPAKTE PHCTHUECKOE
YPABHEHHE:

"+ =0,
C MHAMBIMHM KOPHIMH # = Thi.

7 Toraa obmee pPeWCHHE MOKHO
SAMMCATD'

x = sin(k) +C; cos(kt) = Asin(kl + ) , (11.3)
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rac C; u s 1 W oor - IPOHRBOJILHBIC KOHCTAHTBI, OMPCICHICMBIC HAMAILHBIMH
VCIOBHAMU.
B coorsercreum ¢ (11.3) apmwxerne T. A gBIgeTCHd KOIeOATEIEHEIMH C TE-

puonom T = 2}\—” .

Koncharus, COBCPIICHHBIC TOUKQH A7 00 CHHYCOMIANLHOMY 3QKQOHY, HA3bI-
EAHOTCH FAPMOITHYMCCIKH VI,

HauBoaplice OTKIOHCHHC TOUKH Af  OT HCHAMPMMCHHOTO (PABHOBCCHOIO)
COCTOAHUA HASBIBACTCA AMINIMTYA0H Ko.xebanmil. Benmuwua o = &7 + o - Hasel-

BaeTcA asoii Konebdanuii, a BemmuuHa (Qasel mpu [ 0 T.€. o - HAMAAbHOI da-
30ii. Beauuuna, o0paTHas nepuoay v =1/7 - HA3LIBACTCSA UACT 0TGN KO 1eGanuii
H T[OKAZBIBAET KOTHYECTBO KOTeOAHWHA, COBSPINEHHBIX 32 | CEK.  Te.
[=1/c=11%.
Bimmstnne nocrosiunoii cuie1 na cuodouisie koJiefanns,

ITyctn KpoMe
BOCCTAMABITHBAIONICH CHITHI /7, HA
E WACTHLY — JCHCTBYET — MOCTOSHHAS
- p cHI P, 3ammmeM  OCHOBHOE

| VPABHEHHS JTHHAMHKH,
! X mi=-cx+pP (11.4)
' IMon geifcTBHEM CHIBL P IpYIKHHA
| Ovder  Je(OpMHpPOBATBCA Hi

o

) F
A, =—. Toraa c yucTOM TOrQ.
¢

uro P = ¢, BbipamcHnc (11.4) M0oxXHO 3amHCATh TAK:
mx, = —cx,. (11.5)
FAC X1 = X - Aom.
Ans vpapaerus (11.5) xak w ang vpaseenus (11.1) pemenne 6vaer B BHIC
(11.3), Te.
x=A,_ +Asin(kr + ). (11.6)
Taxum 06pa3oM, MOCTOSHHAS CHJEA CIBHHET HCHTPAIBHYIO TOUKY CBOOOJHBIN KO-
ncOAHMH HA BCIMUHHY A, B CTOPOHY ACHCTBNS CHIbL .

11.2. CeodoaHbIC
K0.1c0aHHA NPH BAZKOM
CONPOTHBICHHH.

ITycTe Hama MaTepHATBHAA
TOUKA KOJCOICTCA B JKHAKOCTH, H
HA HCE AONOAHHTC IBHO
,E[CﬁCTB_\/CT CH.IA BSI3KOIo TpCHI/ISI

R=—or.




Januuicm OCHOBHON 3AKOH JAHHAMHKH
mY =—cx — ax (11.7)
HITH

¥+2bx+k'x =0, (11.8)
rie b= = .
2m
Boipamxcune (11.8) mpeacraBaset ypaBHCHHC CBOOOIHBIN KOICDaHHH npH
CONMPOTHBICHUM, MPONOPUHOHATLHOM CKOPOCTH. IT0 THHcHHOC JR(cpeHim-
ANBHOC YPABHCHUC, XAPAKTCPHCTHUCCKOS YPABHCHUC KOTOPOTO UMCCT ABA KOPHS!

n, = —brivk —b* (11.9)

A PCLUICHUE HMCCT CICIY LM BH,

x=de™sin(k + ). (11.10)
rae k, =vk? - b . Tak Kak MHOZETETs >0 mpH . To BeIpaKeHme (11.10)
NPCACTABIACT 3ATY XAKHC KOJICOAHHS ¢ NCPHO,IOM.
2

1=z (11.11)

N
054 /

L

O e
\
/ \ / |- H,_,-}_Af—
-0,54 =

-1 0 i 2 3 4 5 ]

W3 (11.11) BEAHO. YTO COMPOTHEICHAE MPHBOIAT TAKAE K VBEIHICHII) TE-
pHOMTA KOTIebaHHit, MHOKHTEMS ¢’ HAIHBAETCA ACKPEMEHTOM (T.¢. TIOKA3ATE-
JeM YMEHBIICHH) 32T VXaInX koaedagnit, a b7, — JorapRpMAYecKHM TeK-
pevenToM. H3 (11.10) crenyer, ¥T0 aMIIATYAa KOKTOTO MOCIEIVIOMETO KOTE-
DAHHA YMEHBIAETCA B ¢ pas. Ha PHCYHKE TOKA3AHBI 3ATYXAIOIIHE RONCOAHHA
COTTACHO BRIpaskerino (11.10)mpr.d =1, p=03 uk, =0.3.

W3 (11.9) aaso, uTO npH £ > & MHHMAA YACTH B PEIICHHH HCUE34ET, H
ABIECHHC MCPCCTACT ObITh KOJICOATCIbHBIM.
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[TyCTh HA MATSPHANBHVK) TOMKY KPOME BOCCTAHABTHBAKMEH CHIBI ACHCTEY-
CT NCPCMCHHasA CH.IA C LlI/lK.‘lH‘lCCl(Oﬁ YACTOTOHM 7 KOTOPaA UIMCHSCTCA MO FapMo-
HHUCCKOMY 3aKOHY

Q=¢,sinpr. (11.12)
TOraa OCHOBHOC VPABHCHUC TMHAMMKH OV.ICT
mi=—cx +{),sin pt, (11.13)
KOTOPOC MOKHO 3aITHCATD B BHIC
¥+k*x=Psinpr . (11.14)
rac =0 /m.
|© Buipakenne (11.14) aBnsercs

| JupdepeHIHANBHEM — YpaBHE-

T 11 | HHMeM BHIHYKICHHBIX Koaeda-

HIIT pH OTCYTCTBHH

¢ comporueicHua. Ero mnpasas

’ T 77 uyeTh ABCTCA (DYHKIHEH He-

SBHCHMO — NOEPEMEHHOH 1.
Pernenue unMeeT BHA:

-

s

. g . -
x = Asinkt + o) + ———sin pt . (L1.15)
k>—p°
Kak BHAMM, TOUKA COBCPLIACT ABA KOICOAHMS:
1) cofCTBCHHLIC ¢ YACTOTOI & B aMnIMTYA0i A ;
pl

KONCOAHMS C AMIUTHTYI0H /3 = ———— | YaCTOTOH p, KOTOPLIC HA3bI-
2 o yaoit 3 e P, P

ke—p°
BAKITCH BBINMYARICHHBIMH RO.1COanNsIvMN.
o Tax KAK npH
| KOIeOaHmAN BCETTA
CVINCCTBYET
COMPOTHBIICHHE, TO

COOCTBEHHBIE KONEOAHAT CO
BPEMCHEM  JATYXAOT H
TOUKA COBSPIIAST  TOJBIO
BBIHY/KICHHBIC ~KOJCOAHIS.
S - e s . Kak BHIUM, IMIUIHMTYJA WX
SABUCHT OT COOTHOLICHHS YACTOT COOCTBEHHBIX M BBIHYKICHHBIX KOJCOAHHIA,
Ipu p 4 aMIIATYAA BHIHYKACHHBIX KOJICOAHHH CTPEMHTCH K OSCKOHEYHOCTH,
D70 SIBICHHE, MPH KOTOPOM YaCTOTA COOCTBCHHBIX KOJICOaHMI A COBNAIACT C “ac-
TOTOH BbIHYZKACHHBIX P2, HA3LIBACTCA PE3OIIANCOM.
Tak kak CYUICCTBYHOT CHJIBI COTIPOTHUBICHHSA, TO MPH PC30HAHCE, T.C. TIPH p

k B ACHCTBUTCNLHOCTH AMIUIHTYAQ KOICOAHHIA YBCNMUMBACTCI, HO HC 10 Becko-
HC'HOCTH.
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114, Boinvaiicinbic Ko ac0anust ipH HAIMHH COLDO T HE ICHHSL

[IycTh Ha YACTHIY JOMONHHTETBHO k CHIaM [, H () JeiiCTBYeT CHI4 BA3KO-
10 conpoTuBIcHs R = —x0¢ . Toria oCHOBHOE VPABHEHHS THHAMHEM 0¥ 16T

mx=—cx— ox +0, sin pr. (11.16)
KOTOpPOE B IPHHATHIX 0003HAYCHILX SANHIIETCA!
X+2b% +k'x =P, sin pr . (11.17)

b/
e b = &
Hi

10 JudppepeHUHATEHOS YPABHEHHE BBIHYSKICHHBIX KOTSOAHHH TOUKH MPH HATH-
YHH BA3IKOTO COIPOTHBICHUA. PemeHne miHeHHOTo Tu(MpepeHLHAIEHOTO VpaB-
Henmst (11.17). KAk He TPYIHO NMPOBSPHTH, JANHINETCA B BHIC CYMMBI CODCTBCH-
HEIX H BRIHYKISHHBIX KOTeOAHMIL:

x = Ae ¥ sin(kt + ) + Bsin( pt — f) (11.18)
TJe aMILTHTYAA BEIHYIKICHHBIX KO IeOaHHi OvieT:
r .
B= L . (11.19)

J(kr —p +ah?pt
a4 HavATbHAsA uX Qasa f

3
. N R OTIPETENACTCS
BBIPAKEHHEM
INAWAWATAWAWAY RS
HMINIRWERYERFE YW K-p
i WAEVARVAN yANAVARY/ 1120
= \ l i H3-3a HAJTHUHSA
-3 ‘ N — MHOKHTCH P
-1 i) ! 2 " 3 4 3 6 i 7 COBCTBEHHBIE

| KOTROAHHA 3aTVXAoT.
H MATEPHATHHASL TOMKA COBSPLIACT BBIHYVIKICHHBIC KOIeOaHus Kak npapmio. u3

¢

veaorms e = 0,018 BEOIMTCH BPEMS VCTAHOBICHHS BBIHYAICHHBIN KOICHA-

. 1. 1004 . .
HHH !, = ElnT. Ha pucyHke nokasanel koeGaHuA TOUKH coracHo (11.18)
mpu 1 = 1. 3=2. 4k, =3: p=5.B orom cayuac {, = 5 v npu { > {, COOCTBCHHBIC
KOJICOAHMST MPAKTHUCCKN 3ATVXTH M TOUKA KONCOICTCS ¢ YACTOTOH BLIHY KICHHbBIX
KO.ICOAHUT J7.

Mpcodpazyen avmanTy 1y (11,19), pa3ac.IME UMCTHTCTL M 3HAMCHATC.Th HA &
1

7= : 2
J(l -z +4h7 ]
rac 7= 13/, — ko3PpPHUHCHT AMHAMHUHOCTH,

(1121
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Go =By kY = Q) fmk? = O, /- BCIMUNHA CTATHUCCKONO OTKIOHCHHA MPH ICHCT-
BHH BbIHYKIAILCH CHIbL () AMNIINTY I0H:

h =b/k —XapakTCPHCTHKA BI3KOrO CONPOTHBICHHS,

z = p/k - OTHOLICHHC YacTOT.

4 3aBHCHAMOCTD JWHAMHYHOCTH 7} OT

J OTHOILCHHUSL MACTOT Z MPH PABHBIN
) ‘ ko3(ppHUMCHTAY /i MNOKasaHa  Ha
4 pucyvHie. [TpH paBCHCTBC HacToT (2 =

h=0 1) macrymact pesonac. MU ¢
3 h=0 YMCHBILCHHUCM  BCIMMHMHBL  BA3KODO

CONMPOTHBACHHA (/). OTHOCHTCIbHAS
AMNAKTY 33 (7)) Oy ACT YBCAMUUMBACTCS

W npu f1 = (0 cTpcMuTCH K OCCKO-
HCUHOCTH.

ABncHWC  PCIOHAHCA  HMrpact
BLKHYKD POI B ToexHuke. [lpu
MCPSMCHHBIX HAPYIKAN CTPCMATCH HC
JONYCKaTk HACTYILICHHC PCIOHAHCA.
T.K. OHO MPHBOINT K pA3PVILCHHIO
KOHCTPYKUKHH. B pasuorexHukc, HAoOOPOT. noJ0opoM COOCTBCHHOH “acTOThbI
ROICONMFOIICTOCA ROHTYPA MOKHO JOCTHTHYTE PE3OHAHCH ¢ TPHHAMACMON paIHO-
BOJHOH. ¥ TAKHM 00pa30M VCHINTE CTA0BH CHTHATL
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