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IPEJUCJIOBUE
K TPUHA JLATOMY M3JAHUIO

Kuura sBisiercs y4eOHMKOM JUIA CTYJ€HTOB BLICIIHX TEXHHYEC-
KuX y4eOHLIX 3aBefeHMi; OpPEACTABIEHHE O €€ COUCPXKAHHHM JaeT
ornaBJjicHHe. MaTepua; B KHHr€ M3JI0XKEH TaK, YTO €0 MOXHO
HOJIb30BATHCS IPH H3YYEHHM Kypca KakK MO KPAaTKUM, TaK M IIO
6onee monHniM mporpammam. IIpu 3TOM Ta YacTh MartepHana,
KOTOpas MOXET BXOJKUThL B T€ HIM HHLIE HoJiee HOJIHbIE Iporpam-
ML, IOMEIIEHA B IJIaBhl WM Daparpagnl, OTMEYECHHBIE 3Be3A0YKOR
WM Habpansbie neTHTOM. IIpH yTeHMH KHHrd obas 4yacTb 3TOro
MaTepHasa MOXeT onyckaThes Ge3 ymepba mis HOHEMaHMS OCTa-
JILHOTO TeKCTa. 3aMeTHM OJHAKO, YTO O3HAKOMHTBCS C TAKHMH
OCBELICHHEIMH B Y4eOHHKE BeChbMa MHTEPECHBIMH BOOPOCAMH, KakK
JBH)XEHME B I110Jle 3€MHOrO TATOTCHHS WIM [ABH)XCHHE Teja me-
pEMEHHOM Macchl (pPaKeThl), IOJIE3HO CTYACHTaM BCEX CHEIHAJIb-
HOCTeil.

Brienenye IMHAMHKH TOYKH B CAMOCTOSITCJIbHBIA pa3jien Co-
XpaHeh M B JIaHHOM HM3JJaHMM BBHJYy BaXXHOCTH 3TOr0 pa3jeia,
4 TaKkXe [OTOMY, 4YTO COBMECTHOE H3JIOXKEHHE o0mUX TeopeM
JUHAMHKH U1 TOYKH H CHCTEMBbl 5KOHOMMH BO BPEMEHH IO CyIle-
CTBY HE JaeT, HO CO3JaeT Yy H3y4aloUMX KypC HONOJHHUTEJIbHbLIE
TPYAHOCTH, CBS3aHHLIE C HEOOXOJUMOCTBHKO YCBAUBAaTh OJHOBpE-
MEHHO 60JIbIIOE YHCJIO BaXKHEHIIMX HOHATHH MEXAHHKH.

Kax ¥ B mpeablaylIMX M3JaHHAX, B Kypce OTBEAEHO OoJbInoe
MECTO IpHMEpaM H METOAAM pEIICHMs 3a1a4; 3TOT MaTepHall
3aHMMAET OKOJIO TPETH Bceil KHUrH. Pemenus 3ana4 conpoBoXaa-
IOTCA PSJIOM yKa3aHHil, KOTOpPHE MOJDKHBI IOMO4Yb CTYACHTY IPH
CAMOCTOSTEJIbBHOM M3y4YeHHH Matepuajna. B 3ToH vacTH KHHra
OyzeT moJyie3Ha CTyJeHTaM BCEeX CHOeNHMANbHOCTed M OCOGEHHO CTy-
JEHTaM 3304YHBIX BY30B.

B kuure mcnoyb3yercs OOINENPHHATOE BEKTOPHOE H3JIOXKCHHE
MaTepHasa H IPeAnoyaraercs, YTo YUTaTeNb 3HAKOM C OCHOBAMH
BEKTOPHO#H ayreOphl; 0JHAKO B IPUMEYAHHIX JAIOTCA H HEKOTOPhIE
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HeobxoaumMele cnpaBku. Hymepauus dopMmyn B KaxaoM Hu3 pas-
JeN0B KHHIH CIJIOIIHAs M IPH CChUIKAX Ha (opMyJIEI AAHHOIO
pa3fiesia OOBIYHO YKa3bIBACTCS TOJLKO HX HOMED; B CCBRUIKAX Xe
Ha (GOpPMyIBl H3 APYrHX pa3feNOB YKa3hBAeTCH €Ile M HOMEp
naparpada.

3a npoiue/IKe roJsl KHAra HEOJHOKPATHO H3/1aBajiach B Iepe-
BOJAX HA aHTJIMKCKUH, QpaHITy3CKHil, HCOAHCKUHA, NOPTYrajibCKuil,
MTaIbSHCKHM, cepOckoxopBaTckuid, apaObckuil, BbeTHAMCKHIA, a Ta-
Kxe asepbai/KkaHCKHA, apMSAHCKMIH, THTOBCKHI M 3CTOHCKHIA 53Kl
KH. ABTOp CYHTAET CBOMM JOJIrOM BHIPAa3uTh rnybokyro Gnaronap-
HOCTb BCEM, KTO CJ€JIajl 3TH NEPEBOJABI M OCYILECTBUII H3JAHHUE.

Asmop



BBEAEHHE

CoBpeMeHHas TeXHHKA CTaBUT nepe] HHXKeHepaMH MHOXeCTBO 3ajad,
pelieHHe KOTOPHLIX CBA3aHO C HCC/eROBAHHEM TaK Ha3btBaeMOro MeXaHH-
49eCKOTO JBH)XEHHUS H MEXAHHYECKOro B3aHMOAEACTBHS MaTepHaJbHhIX
Ten.

MexaHNYecKHM JABHXEHUEM Ha3bBAOT NPOHCXOAA-
piee C TeueHHeM BpeMeHH H3MeHeHHe B3aHMHOTO NOJIOXKEeHHS MaTepHallb-
HBIX Tesl B npocTpaderBe. [lof MexaHHYeCKHM B3aHMOJAe fi-
CTBHeEeM MOHUMAIOT Te AeACTBHA MaTepHaJbHBIX Te] APYr Ha Apyra,
B pPe3y/ibTare KOTOPHX NPOHCXOAHT H3MeHeHHe ABHXKEHHS STHX Tesl HJH
H3MeHeHHe HX GopMHl (ledpopMauus). 3a OCHOBHYIO Mepy 3THX AeiicTBHi
NPHHUMAIOT BEeJIHYHHY, HasbniBaeMylo cuaol. [IpumMepamu MexaHHyecKoro
JIBIXKEHHA B NMPHPOAE ABISIOTCA ABHXKeHHe HeGeCHHIX Tes, KoJeGanus
3eMHOMl KOpHI, BO3AYLIHHE H MOPCKHE TeueHHs!, TeIIOBOe ABHIKEHHE MO-
JeKyaA H T. 1., 2 B TeXHHKe — JBH)XEHHe DPa3/HYHbIX HAa3eMHBIX HJIH
BOJHHIX TPaHCNOPTHLIX CPEACTB M JleTaTe/bHBIX annaparos, ABHXeHHe
yacTedl BCeBO3MOXKHEIX MalllHH, MEXaHH3MOB H ABHraresefi, Aedopmauus
3J1eMEHTOB TeX HJIH HHBIX KOHCTPYKUHKH K COOpPYXKEeHH 1, TeUeHHe XHAKO-
CTH M ra3oB H MHOroe Apyroe. [IpuMepamu e MexaHHUYeCKHX B3auMo/ei-
CTBHH AABJIFIOTCA B3aHMHBIE NMPHTAKEHHA MaTepHaNbHLIX TeJT MO 3aKOHY
BCEMHPHOrO TATOTEHHMs, B3aUMHBE AaBJeHHs CONMpHKacalowMxcs (Wiu
COYAApAIOUIHXCSA) Tesl, BO3NEHCTBHS YAacTHIL XHAKOCTH ¥ rasa Apyr Ha
JApYyra W Ha JABHXYLUIHeC HJH NOKoslivecs B HHX Teja H T. A.

Hayka o MexaHHYecKOM JBHXXEHHH H B3aMMOfefiCTBHH MaTepHalb-
HbX TeJ H Ha3biBaercA mexanuxod. Kpyr npobieM, paccMaTpHBaeMbixX
B MEXaHHKe, OueHb BEJIHK H C Pa3BHTHEM 3TOil HayKH B Heil nosBHICS Le-
Jbifi pAR camocToATeNRbHHX ofsacrefi, CBA3aHHEIX ¢ H3yyeHHEM MeXxa-
HHUKH TBepIbiX AepopMHPYyeMuIX TeN, XuaKkocreil H rasos. K aTuM obna-
CTAM OTHOCATCS TEOPHSI YNPYFOCTH, TEOPHS NJAACTHYHOCTH, THApOMeXa-
HHKa, a3pOMexaHHKa, ra3oBast JMHaMHKa H Psj pa3/leJioB TaK Ha3biBae-
MO/ NPHKAAAHON MEXaHHKH, B YaCTHOCTH: COMPOTHBJIEHHE MaTepHaAoB,

- CTaTHKa COOpYKeHufi, Teopus MeXaHH3MOB H MalllnH, TMAPAB/IMKA, a TaK-
e MHOTHE ClienHalbhnie HHXeHepHbie AucumnauHpl. OxHako BO Bcex
31X 06/aCTAX HAPARY CO crelHbHYECKAMA AJs KaXAo# H3 HHX 33KO-
HOMEPHOCTAMH ¥ METOAAMH HCCJIIOBAHNS OMUPAIOTCS HA PAl OCHOBHLIX
3aKOHOB WM NPABUHNOB H HCNIOMB3YIOT MHOTHE NOHATHS ¥ METOANH, 06-
HIMe AJ5 BeeX o6/acTtelt Mexanuku. PaceMoTpeHne 3THX o6liHX NOHATHIE,
33KOHOB H METONOB H COCTABJISieT NpeiMeT Tak HasniBaeMofi meopeniude-
cxodl (unv obwelly mexanuru. »

B ocHoBe MexaHHKH Jle)KaT 3aKOHB, Ha3biBaeMble 3aKOHAMH KJacCH-
gecKoff MexaHHMKH (MM 3akoHaMu HbloToHa), KoTophle YCTaHOBJ/EHb! Ny~
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TeM 0006LeHHs Pe3yAbTaTOB MHOIOTHCACHHBIX ONKTOB H HaG/MIOACHHA 1
HauwtH NOATBEePXKJAeHHe B npolecce Beedl OOGMIECTBEHHO-NPOH3BOACTBEH-
ROt NMPaKTAKH TeJIOBEYeCTBA. JTO MO3BO/IAET PacCMATPHBATL 3HAHMN,
OCHOBaHHLIE HA 3aKOHAX MeXaHHKH, KaK JOCTOBEDHHIE 3HaHHSA, Ha KOTO-
phie HHXKEHep MOXET CMeJIO ONHpPAaThCH B CBOEH NPaKTHIECKON AesATenb-
HOCTH *.

O6mHA MeTox Hay9IHHX HCCIENOBAHHA COCTOHT B TOM, YTO npH pac-
CMOTPEHHH TOTO HJH HHOTO SIBJICHHS B HEM BbLAESIOT TJ1aBHOE, ONpeRe-
Jsiolee, a oT BCero OCTaJbHOTO, CONYTCTBYIOUIErO JAHHOMY SIBJICHHIO,
alcrparupyiorca. B pe3ysbTate BMECTO peabHOro ABACHHA WM OObeK-
T2 PaccCMaTPHBAIOT HEKOTOPYIO €ro MoAe]b H BBOAAT PAA aGCTPaKTHHIX
NOHATHA, OTPANKAIOMHX COOTBETCTBYIOIHE CBOACTBA 3TOTO SIBJICHHA
(o6BbeKra).

B xnaccuveckodl MexaHHMKE TaKHMH aGCTpaKHHﬂMH WM MOOCIAMH
SBJISAIOTCA MO CYILIECTBY BCE BBOAHMBIC HCXOOHBIC NMOJIOXKEHUSA A NOHATHS.
OuH yuYHTHBAlOT TO OCHOBHOE, ONpeAesIOIee, IT0 CYIECTBEHHO AMA
paccMaTpHBaeMOro MeXaHHYeCKOTO ABH)KEHHA H NO3BOJSET ero CTporo
0XapaxKTepH30BaTh H H3y9HTL. Tak, HanmpHMep, BMECTO peajbHHX Ma-
TePHAJbHLHX TEJ B MEXaHHKE PacCMaTPHBAIOT TakHe HX aGCTpaKTHHeE
MONE/IH, KaK MarepHatbHas TOUKa, aGCO/MOTHO TBepJoe TeJI0 HIH CIIOM-
Has H3MeRsieMasi cpefa, aGCTParHpysAch OT yuera B nepBoM caydae ¢op-
Mbl H pa3sMepoB Tesa, BO BTOPOM — ero nepopmanHfi, B TpPeTbeM —
MONeKYARPHOA CTPYKTYPH cpeant. Ho TONBLKO NMOCTPOHB MeXaHHKY Ta-
KOro pojaa mojesiefi, MOXHO paspafoTaTbh MeTofH, MO3BOJAIOMHE H3Y-
9aTh C NPHIOAHOR LJIA NMPAaKTHKH TOYHOCTBIO PAaBHOBECHE H JBHXKeHHe
peanbHHX OOBEKTOB, MPOBEPSIA B CBOIO OYepedb 3Ty NMPHTOAHACTD OMbI-
fOM, MPaKTHKOM.

Pouib 1 3HaueHHe TeopeTHUIeCKON MEXaHHKH B HHIKeHepHOM 06pa30Ba-
HHH OnpefiensieTcs TeM, YTO OHA sIBASETCH HayyHof 6a30i O4eHhb MHOIHX
obuacrefi coBpeMeHHOA TexHUKH. OQHOBPEMEHHO 3aKOHH H METOH Me-
XaHHKH KaK ecTeCTBeHHOM HayKM, T. €. HayKH O NPHpOZe, MO3BOJAI0T
H3YYHTb H OODBACHHTb LeJHA pAl BaXKHHX ABJIEHHA B OKPYyMKaloilem
Hac MHpe H cnoco6CTBYIOT RaJjibHefilueMy POETY H Pa3BHTHIO €CTECTBO3NA-
HHS B LLeJIOM,

INo xapakrepy paccMaTrpuBaeMuiXx 3aJay MeXaHUKY NMPHHATO pa3fe-
JATb HACTAaTHKY, KHHeMAaTHKY M IHHaMHKY. B cra
THKE H3J1araercst y4eHHe O CHJAX H 06 YCIOBUSAX PaBHOBECHS MaTepHalb-
HBIX TeA noji fefictpHeM CHA. B xuHemaruke paccMarpHBaiorcst ofuiHe

* TMocaeayiolllee pa3BUTHE HayKH NOKA3aA0, YTO NMPH CKOPOCTAX, GIH3KHX K
CKOPOCTH CBeTa, XBHXKEHHe TeJ NOAYRHACTCS 3AKOHAM MEXaHHKH TEODHH OTHOCHTE/H-
HOCTH, a ABHXKeHHe MHKPOUACTHIL (3IeKTPOHH, NO3HTPOHH H AP.) ONHCHIBAETCH 3aKo-
HaM# KBaHTOBOK MexauHKH. OXHEKO 3TH OTRPHITHS TOJIbKO YTOYHHAH oBNacTh NpHAO-
HEeBHA KAaCCHYECKON MeXaHHKH H NMOATBEPIHIH JIOCTOBEPHOCT ee 3aKOHOB A ABHIKe-
HHA Bcex Tes, OT/THTYHHX OT MMKPOWACTHL, NIPH CKOPOCTAX, He GJIH3KHX K CKOPOCTH
CBeTa, T. €. I TeX ABHXKeHHN, KOTOpHE HME/H H HMEIOT OTPOMHOE IPAKTHIECKOe SHa-
ueHue B Texuuke, HebecHOR MexanuKe H psfe APYFHX o0AacTell ecTeCTBOSHARHA,
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reoMeTpHuecKHe CBOACTBa ABMKeHHs TeJ. HakoHeu, B AMHamHKke Hay-
yaeTcs ABHXXeHHEe MaTepHaJbHHX TeJ NOA AEHCTBHEM CHJI.

Bo3HHKHOBeHHe M pa3BHTHE MeXaHUKH * KaK HayKH Hepa3phiBHO
CBSI3aHO C HCTOpHeil Pa3BUTHA MNpPOH3BOAMTENLHHIX CHJ OOLIECTBa, C
YPOBHEM NpPOM3BOACTBA H TEXHHKH Ha KaXKAOM 3Talie 3TOr0 Pa3BHTHA.

B npeBnHe BpemeHa, Korja 3anpochl NpoH3BOACTBA CBOLHJHCD I'JaB-
HbBIM 00pa3oM K YIOBJETBOPEHHIO HYIKI CTPOHTEJNbHOR TeXHHKH, Hauu-
HaeT pa3BMBATbCHl YYeHHe O TaK Ha3blBaeMbiX MPOCTEHUIMX MalllWHaX
(6a10K, BOpOT, pHuar, HaKJOHHas MJIOCKOCTh) H oflllee yueHHE O PaBHO-
BecuH Tes (ctaTHka). OGocHOBaHue HaualJl CTaTHKH COJAEPIKHTCH YXKe
B COYHHEHHSIX OJIHOFO H3 BeJIHKHX YUEHHIX ApeBHOCTH Apxumena (287—
212 r. no u.3.).

Passutie fHHaMHKH HauuHaercsi 3HavyuTeNbHO nod3xe. B XV—XVI
CTO/IETHSIX BO3HHKHOBEHHE H POCT B crpaHax 3ananHoli ¥ lieHTpanbHo#
EBponnl 6ypxKyasHbX OTHOLUEHHH NOCJHYMHJIH TONYKOM K 3HAUHTENb-
HOMY NOABEMY peMece’, TOPTOBJH, MOpenaBaHHA H BOEHHOro jeJa (ro-
fIBJIEHHE OTHECTPE/LHOTO OpYXKHsf), a TaKike K BaXKHLIM acTPOHOMHuYe-
CKHM OTKpHTHAM. Bce 3T0 cnoco6CcTBOBaJO HAKOIJIEHHIO GOJBLIOrO
ONBLITHOTO MaTepHafia, CHCTeMaTH3auMsA H o06o6LIeHHe KOTOPOro npHBeJH
B XVII crosernn x OTKpHTHIO 3aKOHOB NMHaMHKH. ['J1aBHBle 3acayru
B CO3JaHHH OCHOB JHHAMHKH NPHHAANEKAT FeHHalbHHIM HCCJIefoBaTe-
qsm Fannneo TCanuneto (15664—1642) u Hcaaky Hulorony (1643—1727).
B counnennn HblotoHa «MaTemaTHueckHe Havasa HarypaJjbHO# dHa0-
coduu», H3gaHHoM B 1687 r., H GbIH H3JOXKEHB! B CHCTEMAaTHYeCKOM BHe
OCHOBHble 3aKOHB! KJIacCHYeCcKOH MeXaHHKH (3akoHn HbloroHa).

B XVIII 8. HaynHaercsi HHTEHCHBHOE Pa3BHTHE B MeXaHHKe aHaMNH-
THYECKHX METOJOB, T. €. METOJAOB, OCHOBAaHHHIX Ha NPHMeHeHHH RHdpe-
PEHLHANBHOrO H MHTErpajbHOr0 HCuHceHHfi. Meroa pelieRHa 3alay
IQHHAMHKH TOYKH H TBEpAOTrO Teja NYTeM COCTABJIeHHS H MHTerpHupoBa-
HHS COOTBETCTBYIOUIHX AHddpepeHUHANbHHX ypaBHeHHHA OblH pa3pa6o-
TaHbl BeJIMKMM MaTeMaTHKOM M MeXaHukoM J1. Ditnepom (1707—1783).
W3 apyrux uccrenoBaHuit B 3Toil ob6jacTH HaubOAbUIee 3HaueHHe IJs

a3BHTHS MEXaHHKH MMENH TPYAH BHAAIOUIHXCA PPAHIY3CKHX YYeHBIX
EK. Hanam6bepa (1717—1783), npeanoxupiuero cBof H3BeCTHbIH NPHH-
IMN pelleHHs 3anay AuHamuku, H K. Jlarpauxka (1736—1813), pas-
paGoraswero o6IHA aHANHTHYECKHH MeTOJ pelileHUs 3ajlay AMHAMHKH
Ha ocHoBe npuHuuna Janambepa H NPHHLHNA BO3MOXKHBIX NepeMelleHn .
B Hacrosiniee BpeMs aHAJMTHYECKHE METOJH DelleHHA 3akay ABAAIOTCA
B JAMHaMHKe OCHOBHLIMH.

KuHemaruka, Kak OTAe/NbHLIA pa3zienl MEXaHHKH, BbIACJHJACH JIHIb
B XIX B. nox B/MsAHHEM 3aNpoOCOB Pa3BHBAIOULETOCs MaLIMHOCTPOEHHSA.
B Hactosiliee BpeMsi KUHEMAaTHKa HMeeT H 60JIblIOe CAMOCTOATEJIbHOE
3HauyeHHe 151 M3yYeHHs JBHIKEHHA MeXaHH3MOB H MaulMH.

B Poccuu Ha pasBuTHE NepBHIX HCCJENOBaHHI N0 MeXaHHKe 6OJb-
1Ioe BJHSHHE OKa3aJd TPYAbl TFeHHAJbHOrO YYEHOro H MBICJAHTENS

* TepMuH «sMexaHHKa» BrepBble NOABJIAETCA B COYHHEHHAX OAHOTO K3 BHIAAIOUIKX-
cs usocopoB ApesnocTH ApHctoTens (384—322 1. 0 H. 9.) H NPOHCXOAHT OT IpeuecKo-
ro méchané, o3Hayaiouero no coBpeMeHHLM TOHATHAM £COOPYMeHHes, AMalIHHaY.
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M. B. Jlomonocosa (1711—1765), a Takxe tBopuectso JI. dfinepa, noa-
roe Bpems xHbiuero B Poccuu H paGorasiuero B [lerepGyprekoft akage-
MuH HayK. M3 MHOTOYHC/IEHHBIX OTedecTBeHHHX YYEeHBX, BHECIIHX 3Ha-
YuTeNLHLIR . BKJIAJ| B PAa3BUTHE PAa3IUYHBIX- 06JIacTeli MeXaHHKH, npexe
BCEro JOJUKHbHI ObiTh HasBaHu: M. B. Ocrporpaacknit (1801—1861), xo-
TOPOMY APHHAJJEKHT PAA BAXKHHIX HCCICZOBAHKA N0 aHAJMHTHYECKHUM
METO/laM peleHHs 3afKa4 mexasuky; I1. JI. YeGuien (1821 —189%4), cos-
JaBIIHfA HOBOE HamnpaBJieHHe B HCCJENOBaHHH JBHXKEHHA MEeXaHH3MOB,
C. B. Kopanepckas (1850 ~1891), pelunBiias oAy H3 TpyAHeRwuXx 3a-
Ray, AHHaMHKH TBepjoro teaa; A. M. Jlanysos (1857—1918), koropuit
JlaJ]l CTPOTYIO MOCTaHOBKY OAHOMN M3 GyHNaMEHTANbHHX 3a/ia4 MEXaHHKH
M BCEro écrecTBO3HaHHA — 3a%a4yH 00 YCTOAYHBOCTH PaBHOBECHS U ABH-
XeHHsi . H paspa6oras HanGoJee ofiiHe MeTOAH ee peweHHs;, Y. B. Me-
mepexuf (1859—1935), suecinfi Goabiuoft BKAaj B pelueHHe 3afay Me-
XaHHKH Ten nepemeHHOA maccH; K. 3. Huoakosckuf (1857—1935), as-
TOp pafa ¢yHAaMeHTaJbHBIX HCCJIENOBaHHA MO TEOPHH PEeaKTHBHOrO
apuxenus; A. H. Kpuutos (1863—1945), paspaGoraBuinii TeopHio Ko-
pa6asi H MHOTO BHeCLIHA B Pa3BHTHE TEOPHH FHPOCKONA H THPOCKOIMH-
9eCKHX NpHOOPOSB.

Ocoboe 3HadeHMe IS OaJIbHEHIIErO Pa3BUTHS MEXaHHKM B HarmeH
crpade umenn Tpyas H.E. Xyxosckoro (1847--1921), sanoxusinero
OCHOBLI 2aBHAI[MOHHOH HAyKH, H €ro 6Juxaiiero yieHuKka oCHOBOLOJIOX-
Huka ra3opoii nuaamuxu C.A. Yamnemrasa (1869—1912). Xapakreproi
yepTol TBopaecTsa H.E. XKykxoBckoro 6nU10 MpHIOXKEHHE METOJOB MeXa-
HUKHM K PCINCHHIO aKTYaJIbHBIX TCXHH4YECKHMX 33134, OIpHMEPOM Y€MY ClIy-
KAT MHOI'HE €ro TPYAH [0 JMHAMMKE CAMOJETa, pa3paboraHHas UM
TEOpHsi THAPABIMIECKOTO yaapa B Tpybax u ap. bossluoe BIMAHHE HOCH
H.E. XykoBckoro okasajJu X Ha NPENoOJaBaHHE MEXAHUKH B BBHICIIMX
TEXHHYICCKHX quGHbIX 3aBCHCHNAX.



Pa3gen nepsulit
CTATHKA TBEPAOI'o TEJIA

Taasa 1|

OCHOBHDBIE TMTOHATHA H HCXOAHDLIE NOJIO)KEHUA
CTATHKH

§ 1. ABCOJIIOTHO TBEPAOE TEJIO; CHJIA. 3ARAYH CTATHKH

Cmamukoi Ha3piBaeTCA pasfie/l MEXaHHKH, B KOTOPOM H3/jaraercs
ofliee yqeHHe O CHJIAX H H3Y4aloTCsl YCJIOBHSA PaBHOBECHS MaTepHaibHbIX
TeJsl, HaXORSALIKXCA NOA AEHCTBHEM CHJI.

[Ton paBHOBecueM GyneM MOHHMATb COCTOSTHHE MOKOS Te/a N0 OTHO-
LWIEHHUIO K APYrHM Te/laM, HalpuMep MO OTHOIEHHIO K 3emse. YcCJIOBHS
PaBHOBECHS TeJ1a CYLIECTBERHO 3aBHCAT OT TOrO, ABJAAETCA JIH 3TO Te/0
TBEpALM, XKHAKHM HJH ra3o06pa3HeiM. PaBHOBecHe MHAKHX H ra3oo0-
pasHbIX TeN H3y4aercst B Kypcax FHAPOCTATHKH HJIM a3poCTaTHKH. B 06-
1eM Kypce MeXaHWKH paccMaTpHBAlOTCA OOWYHO TOJBKO 3ajlauH O pas-
HOBECHH TBepIblX TeJs.

Bce BcTpenalolivecs B NpHpOAe TBepAWE TeJa NOJl BAHAHHEM BHell-
HHX BO3JEACTBHIl B TOM UJH HHOM Mepe U3MeHsIOT ¢BOIO hopmy (fepop-
mupyiorcs). BennuuHu 3THX Dedopmauuii 3aBHCAT OT MarepHania Tel,
HX reoMerpuueckoit $opMul ¥ pa3MepoB H OT JeHCTBYIOLIYX Harpy3oK.
Jna obecrneueHHsi MPOUHOCTH PA3NHYHBLIX HHXKEHEDHHIX COOPYXKeHHH H
KOHCTPYKUH{I MaTepuaJ H pa3Mepul HX yacteft noAGHPalOT TaK, YTOGH
IedhopMalHH NpH ReACTBYIOWHKX HArpy3Kax ObUIM JOCTaTOYHO MaJjbl *.
Besteactue 3TOro npH H3yYeHHH YCJIOBHH paBHOBECHs BHOJIHE JOMYCTH-
MO npeHeGperatb MaJbiMH JedhOpMAlUIMH COOTBETCTBYIOMIHX TBEpAHX
Tell H paccMaTpHBaTh HX KaK HeXehopMHpyeMule HJIH aGCOMIOTHO TBEp-
avie. A6coaromno msepOoim meaom Ha3LBAIOT TaKoe TENO, PACCTOAHHE
MeXIy KaxKIbIMH ZBYMSl TOYKaMH KOTOPOro BCerja OCTaeTcsi MOCTOSIH-
HbM. B nasbHefilueM npu pelueHHH 3ajay CTaTHKH BCe TeJla paccMarpH-
BalOTCA KaK aGCoJIOTHO TBepAble, XOTA YacTo A KPaTKOCTH MX Has3hl-
BalOT NpPOCTO TBEpPABIMH TeJlaMH.

* Hanprmep, MaTepnan # pasMepH cTepiHefl, BXOANIIHX B Te HJIH HHbie KOHCT-
PYKUHH, BLOHPAIOT TAKHMH, 4TO NPH AefiCTBYIOMUX HATrPYIKaX CTEPKHH YLIHHAIOTCA
(HH YKOpauHBAIOTCA) MeHee UeM Ha ONHY THICAYHYIO 0MTIO HX NeEPBOHAYAIBLHOR LTHHHI.
TaxoB xe nopafok aonyckaemuix fedopmattkfl npH H3IruGe, KPYYeHHH H T, M.
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CocrosiHMe paBHOBECHA HJH ABHXEHHS RaHHOTO TeJa 3aBHCHT OT Xa-
paKTepa ero MexaHH4YeCKMX B3aHMOJAEACTBHA C APYrHMH TeJlaMH, T. e,
OT TeX JaBJICHHH, NPHUTSIKEHHA HJIH OTTAJKHBAHH, KOTOPbIE TEJIO HCMIb-
THBAaeT B pe3yJibTare STHX B3aHWMogelcrBHil. Bennuuna, sasaswomascs
OCHOBHOM Mepo#f MeXaHHYeCKOro B3aHMOJEHCTBHS MaTepHaNbHHX Ted,
Ha3blBaeTcsd B MeXaHHKe cuaoll.

PaccmarpiBaeMbie B MeXaHHKe BeJHYHHB MOXHO Pa3fe/iuTh Ha cKa-
AfipHbIE, T. €. TaKHe, KOTOpbie MOJHOCTbIO XapaKTePH3YIOTCA HX YHCJ/O-
BbIM 3HaUeHHeM, H 6eKMOPHbI2, T. €. TaKHe, KOTOPLIE IIOMHMO YHCJIOBOTO
SHayeHHs XapaKTepH3YIOTCA ellie H HampaBJeHHeM B IPOCTPaHCTBe.

Cusia — BenHuyHHa BekTOpHast. Ee ZeiicTBHe Ha Teso onpejensercs:
1) wucrosoim 3nawenuem WM MOOyaem CHIH, 2) HANPasienuem CHUIH,
3) mouxod npusoKeHUa CHJIHL.

Moxnyab cHJH HaXOISAT NyTeM ee CPaBHEHHs C CHJION, NPHHATON 33
equnnny. OcHoBHO# efHHHILefi H3MepeHHs CHabt B Me)XX1yHapOAHOH cUc-
teMe enuHun (CH), koropoit Mbl GyneM nosb3oBatbesl (OApoGHee CM.
§ 75), sapnserca 1 Hptoron (1 H); npuMensiercs u Goslee KpynHas enu-
Huna 1 kunonbtorod (1 kH=1000 H). Jas craruueckoro usMepeHHs
CHJIbI CNTYIKaT H3BECTHbIE H3 QH3UKH NPHOOPLI, HasKBaeMbie GUHAMOMeM-
pamu.

Cuay, Kak H Bce APYrHe BEKTODHHIE BeHYHMHB, GyjaeM o603HauaTh
6ykBofl ¢ yepToh Haj Helo (HanpHMep, F), a MOAY/b CHJILL -—— CHMBOJIOM
|F| uan Toi ke GykBo#, Ho Ge3 uepT Haj Heio (F). Fpaduuecku cuna,
KaK ¥ Jpyrue BeKTOpbl, H306paXkaeTcs HampaBJeHHHIM OTPE3KOM
(puc. 1). Ilanua 3T10T0 OTpE3Ka BHpakaeT B BHIGpaHHOM Maclutabe Mo-
AyJib CHALI, HanNpaBjleHHe OTPe3Ka COOTBETCTBYET HANPABJEHUIO CHJIbI,
TOYKa A Ha pNC. | sBAsieTCH TOYKOH NPHJAOKEHHA CHJB (CHIY MOXHO
H300pa3uTh H TaK, YTO TOYKOH NpHJIOKEHHs GyReT KOHel CHJB, Kak

g Ha puc. 4,6). Ilpamasn DE, Baonb Ko-

TOpOH HanpasjleHa CHJa, Ha3HBaeTCHd Au-
3 Hued Oedcmsus cuast. YCJIOBUMCA elie O
CJIEAYIOUIHX OnpefieNieHHAX.
1. Cucmemod cus 6yneM Ha3HBaTh COBO-
g KYIHOCTb CHJI, HeHCTBYIOLWIMX Ha paccMar-
pHuBaemoe Teso (Hau tena). Ecau nunuu aefi-
Pue. 1 CTBHS BCEX CHJI JieXaT B OfHOH IVIOCKOCTH,
CHCTEM2 CHJl Ha3hBAeTCH NA0CKOU, a eClH
STH JIHHUU HefCTBHA He JIOXKAT B OXHON IVIOCKOCTH,— NPOCMPAHCMEEH-
nod. KpoMe Toro, CHJIb, JIHHUH AEHCTBHS KOTOPHX MepeceKalTcsi B Of-
HOH TOYKe, Ha3BIBAIOTCA CXOOAUJUMUCA, 8 CHJBL, JIMHHH JEHCTBHA KOTO-
PHIX napajJiesibH IPYT APYTY,— NAPAAACAbHOIMU.

2. Teno, KOTOpOMY K3 ZaHHOIO MOJOKEHHS MOXKHO COOGUIHTD JoGoe
nepemMelieHHe B NPOCTPAHCTBE, HA3BIBACTCH CB0GOOHHIM.

3. Ecau omHy cucTeMmy cHJ, AefCTBYIOWIMX Ha CBOGOAHOE TBepaoe
TeJI0, MOXXHO 3aMERHTb APYroft CHCTEMOM, He H3MeHAH NPH 3TOM COCTOA-
HHA TOKOA MJIH ABHMKEHHS, B KOTOPOM HaXOAHTCS TeNo, TO TakHe JBe
CHCTEMBl: CHJI Ha3HBAIOTCS IKBUSAAEHMHHIMU.

4. Cucrema cuJ, noj JeficTBHeM KOTopoil CBOGOAHOE TBepJoe Teso
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MOOCerm HAaXOAHTBCS B NOKOE, Ha3blBAeTCH YPABHOBEUEHKOL HH KB~
8areHmHOd KYAK.

5. Ecau naHHas cucTeMa CHJ 9KBHBAJIEHTHA OAHOH CHJE, TO 3Ta CHJIA
Ha3nBaeTCH pasHodelicmsyowieldl JaAHHON CHCTEMHB CHJI

Cuna, paBHas paBHOREHCTBYICIHeH NO MOAYJHO, NMPAMO NPOTHBONO-
JIOXKHAs eft M0 HanpaBJeHHIO ¥ JeficTBYIOWIaA BAOJb TOH XKe NPAMOH, Ha-
3LBAETCA YpasHoseuiuearowel CHJION.

6. Cunibt, AeACTBYIOUIHE HAa JAaHHOE TEAO (MM CHCTEMY TeJN), MOXHO
Pa3[e/HTh HA BHEUIHHe H BHYTPeHHHe. Brewnumu Ha3LBalOTCH CHJIH,
KOTOpHe JefiCTBYIOT Ha 3TO TeJIO (UM Ha TeJsla CHCTEMBI) CO CTOPOHHI ApY-
I'HX TeJl, a GHYMPEHHUMU — CHJIbI, C KOGTOPHIMH 4acTH JAHHOro TeJa
(a1 Tena NaHHOI CHcTeMbl) HefiCTBYIOT APYr Ha Apyra.

7. Cuna, npunoxeHHass K TeJqy B KaKofi-HHOyAb OQHOR ero Touke,
HasbiBaeTcsl cocpedomouennold. CHJbl, JeficTBYJOLIME HAa BCe TOYKH JaH-
HOro o6beMa HJIH JaHHON YacTH MOBEPXHOCTH TeJid, HasmBaloTCH pacnpe-
OJeneHHuMU.

[MonsiTHe O cocpeloTOYEHHON CHJAE ABJAETCA YCAOBHBIM, TaK Kak .
NPaKTHUECKH NPUJIOKHTb CHIY K TeNy B ORHOI TOuKe Henb3s. CHJB, KO-
TOphle B MeXaHHKe PacCMaTPHBAIOT KAK COCPeROTOUYEHHHIE, TIPEACTaBAS-
10T c0o60il O CYULeCTBY paBHOAEHCTBYIOUIHE HEKOTOPHIX CHCTEM pacHpe-
JeJIeHHBIX" CHJ. :

B wacTHocTH, paccMaTpHBaemasi B MeXaHHKe CHJa TAXKECTH, aeficT-
Bytouiasi Ha JaHHoe TBepjioe Tefo, MpeACTaB/sieT co0Of paBHOAEHCT-
BYIOLLYIO CHJI TSIXKECTH, AeHCTBYIOUIUX Ha €ro YacTHUM. JIMHHA AeficTBHA
STOH paBHOACHCTBYIOULEH NPOXOAUT Yepe3 TOUKY, Ha3LIBAEMYIO YEHIMPOM
msicecmu meaa *. '

3anauamu CTATHKH ABAAIOTCA: 1) npeoBpa3oBaHHe CHCTeM CHJI, Jeit-
CTBYIOUIHX Ha TBepPJAOe TeN0, B CHCTEMH HM 3KBHBaJEHTHHE, B HaCTHO-
CTH nNpHBeAeHHE NAHNOMA CHCTEMBI CHJI K mpocTeduremy suay; 2) onpene-
JieHHe YCJIOBUit DaBHOBECHA CHCTEM CHJI, AfiCTBYIOLIMX Ha TBepHoe
TeJIo. .

Peiate 3afa4i CTATHKH MOXHO WJIH MyTeM COOTBETCTBYIOUIMX Teo-
METPHYECKHX MOCTPOCHKil (FEOMETPUYECKUN U TrpaduuecKHil MeTonw),
HJIH € TIOMOLIBIO UHCJIEHHBX PacyeToB (aHaJuTHyecKuil Meton). B Kypce
Gyner ryiaBHHM 06pa3oM NPHMEHATHCA aHAAHTHYECKHH MeTOH, OAHAKO.
c/ilelyeT MMeTb B BHAY, YTO HarJsfJHHe reoMeTpHUECKHe NOCTPOCHHS M-
PaloT NpH pelIeHHH 3aja¥ MeXaHHKH 4YPe3BLIYafiHO BAXHYIO POJIb.

§ 2. HCXORXHDBIE NMOMO)XEHHA CTATHKH

Ipu H3NOMeHHH CTATHKM MOXKHO MATH ABYMS MyTaMH: 1) HCXORHTH
H3 ypaBHeHHH, KOTOphie NONYYAIOTCS B AHHAMHKE KakK CJIefCTBUA OCHOB-
HBIX. 3aKOHOB MeXaHHKH (cM. § 120); 2) HaaaraTh CTaTHKY He3aBHCHMO OT
IHHAMHKH HCXOZAs H3 HEKOTOPHIX OGIIMX 3aKOHOB MEXaHHKH H Nosoxke-

* Bonpoc 06 onpegesesn# UEHTPOB TsKecTH Te Oymer pacemorper B rar. VIILL
IpensapuTeIbHO 3aMETHM, UTO- eC/IH OAHOPOZHOE TEO HMEET LUEHTP CHMMETpHH (nps-
MOYTOMbHHIt 6PYC, UHAHHAD, HIAP H T. I.), TO HEHTD TAMECTH TAaKOrO Tela HaXOAHTCH B
€r0 LgHTPEe CHMMETPHH.
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HHUil, Ha3BIBAEMLIX AKCHOMAMH WJIH NMPHHUMNAMH CTATHKH, XOTA MO CYy-
IIeCTBY OHM ABJAIOTCA He He3aBHCHMBIMH aKCHOMaMH, a CJIeACTBHAMH
TeX e OCHOBHBHIX 3aKOHOB MexaHMKH (cM. § 120). B yueGHnx Kypcax,
KaK H B JaHHOM, OOBIYHO HAYT BTODBIM NyTeM, TaK KakK MO pAAY DPHYHH
OKa3uiBaeTcsl HeoOOXOJMMBIM HaYHHATh H3yYeHHe MEXAaHMKH CO CTATHKH,
T. €. JI0 TOro, KaK Oyjer H3joxena auHaMuKa. [Tonoxenus (nau akcHo-
Mb), H3 KOTOPHIX NMPH ITOM HCXOJAT, MOXHO COPMYHPOBATDH CAEAYIO-
UM o6pa3oM.

1. Ecau na ceo60droe abcoatomuo maepdoe mero deticmayrom d6e cuast,
MO MeAd MONCEm HAXOOUMbCA 8 PABNOBECUU m0o20a U moAbKo mozoa, Ko2da.
smu cuavt pasro no #odyaro (Fy=F,) u nanpasnenoi edoss o0nold npamod
8 NPOMUBONONONCHBE CMOPOHYL (PHC. 2).

2. [leiicmsue Oannod cucmembi cus Ha abcorommo meepdoe meao He
UsMensaemcs, ecau Kk Hed npubasumo uiu Om Hee OMHAMb Y PABHOBELLEH-
HYIO cucmemy cua. -

E F
1

oy 1

Puc. 2

HHBIMH €/10BaMH 3TO 0O3HAYAET, UTO IBe CHCTEMBI CHJI, OTJIHYAKOU{He-
€A Ha YPaBHOBELIEHHYIO CHUCTEMY, SKBHBAJIEHTHH APYyr APYyry.

CanencTBHue: Oeldcmaue cursi Ha abCoAOmHo meepdoe meo He u3-
MERUMCSA, eCAU NePeRECU MOHKY NPUAONEHUS CUb 80046 ee auruy Oed-
cmeus & 4obyro dpyeyro mouKy mera.

B camoM ente, nycTb Ha TBepAOe TeJ10 AeficTBYeT NPHUJIOKEHHas B TOU-
ke A cuna F (puc. 3).-BosbmeM Ha nuHMH AeICT3HSA STOA CHAB MPOH3-
BOJIbHYIO TOMKY B ¥ NPHJIOKHM B Hefi 1Be ypaBHOBELIEHHBIE CHIb Fin
F., Takue, uro Fy=F u Fy=—TF. OT 3T0r0 eficTBIHE CHIb F _Ha Tes10 He
uamenutca. Ho cunel F u Fy Taxke o6pasyioT ypaBHOBElEHHYIO CHCTe-
My, KOTOpas MoXeT OnTb oTGpouwreHa *. B pesynvrate Ha Tenio Gy-
IeT AeHCcTBOBATH TOMLKO OAHA cuaa Fj, pasHas F, no nplmox(euﬂaﬁ B
TOuKe B.

Taknm o6pa3oM, BeKTop, H3oGpakalowui cHay F, MOXHO cuuTath
NPHJIOKEHHEIM B JIOO0fi TOYKE HA JMHHM JeACTBHA CHJIBL (rakofi Bex-
TOP Ha3LIBACTCS CKOALIAULUM).

[onyuenubtit peaysbTaT CipaBeiInB TOALKO A CHJ, AefICTBYIOLHX
Ha a6conoTHO TBepaoe Teso. [IpH HHMKEeHepHHX pacueTax HM MOXHO
f0JIb30BaTLCA AHWD TOTAR, KOTAA ONpeletsioTcs YC/JOBHSA PaBHOBECHS
Tofl MAH WHOM KOHCTPYKLMH M He PacCMaTpHBAIOTCH BO3HHKUIHE B ee
HacTAX BHYTPEHHHE YCHJHA.

* Or6poiweHHble HAH MePeHeCeHHNe CHAM. 6yeM Ha DHCYHKaX TepeuepKuBaTh.
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Hanpuwmep, u3obpaxeHHuift Ha puc. 4, a crepxenb AB 6yner Haxo-
IHTLCH B pasHOBecHH, ecqn Fy=F,. Ilpu nepexoce Touex NPHUJIOKEHHS
' ofeux cHA B KaKylo-HuGYAb Touky C cTepxHs (puC. 4, 6) M npH nepe-
| HOCE TOUKH MpHJIONKeHHs CHAN F; B Touky B, a cumu F, B Touxky A
(puc. 4, 6) paBHoBecHe He Hapyuwiaerci. OZHAKO BHYTpPEHHHE YCHWJIHS
I6YAYT B KaXXKIOM H3 paccMaTpH- a)
\BaeMBIX c1ydaes pa3HbiMH. B nep-
BOM cJyuyae cTepXeHb Moj fAefi-
¢TBHEM MNpHIOXKEHHHX CHA pac-
1ArUBaeTCA, BO BTOPOM clydae OH
He HanpsKeH, a B TpeThbeM CTep-
XeHb OyieT cxKaT.
CnezoBaresibHO, NPH onpeaene-
HHH BHYTPEHHHX YCHAHfl nepeHo-
CHTb TOMKY TIPHJIOMEHHS CHJB Puc. 4
BJIO/Ib JHHUH AefCTBHA HeNb3fl.
Ewe 1pa HCXOZHBIX MOJIOKEHHA OTHOCATCA K oOIHM 3aKOHaM MeXa-
HHKH.
3akoH mapananenorpaMma CHJI 08 CUAb, NPUIONEH-
Hoe K meny 8 00Ol modKe, umerom pasHoldelicmsyowyio, NPUNONCERHYIO
8 mod oce mouxe U u306pANAEMYI0 OUAZONAALIO NAPAAACAOZPAMMA, NO-
CMPOERNO20 HA IMUX CUAQX, KAK KA CMOPOHAX.

A , 8

|
Puc. 6 Puc. 8

Bexrop R, paBuuilt IHaroHanu napaAnenorpamma, MOCTPOGHHOTO
na sexropax F, u F, (puc. 5), HasuiBaercs 2eoMempuueckotl eymmqll eex-
mopos F, u Fy:

R=F,+F;

ChegoBaTesibHO, 3aKOH NapasyieIorpaMMa CH1 MOXHO ewre chopmy-
JIMPOBATh TaK: 08e Cuabli, NPUAOKHCEMHDIE K /meay 8 00KOL mouxe, uMerom
passodeticmeyowyyro, pasuyio ceomempusecxold (sexmopnod) cymme smux
CUA U RPUNOKCEHHYIO 8 MOll Je moUKe.

B nanbHeftiieM caefyer pas/iHvyaTe AOHATHA CYMMH CHA H HX PaBHO-
neficrpylomeft. Iloacnum 3to npumepom. PaceMorpum aBe euanl FiuF,
(puc. 6), npunoxennsie K Testy B Toukax A H B. [loxasannas Ha puc. 6
cuna Q paBHa reomerpuueckofl cymme cua Fy n Fy (Q=F;+Fy), Kak
IMArOHAMb COOTBETCTBYIOIMEro napanaenorpamma. Ho cuaa Q He sBs-
ercs paBHojeficTBYIOWeft STHX CHJI, TAK KaK HETPYIHO NOHATh, MTO OAHA
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cuna Q ne MoXeT 3aMeHuTh feficTue cun F; u F, na JaHHOE TeMo, TAe
Oul OHA HH Ghisia IpuAOKeHa. B fanbHeituiem 6yjeT eune CTPOro AoKasa-
Ho (§ 29, 3anauya 38), uTo 3TH ABe CHJBI HE HMEIOT PaBHOAEACTBYIOILEH.

3aKoH paBeHCcTBAa AefACTBHS M NPOTHBOJE I
C T B H f: Apu 6caKom delicmsul 00HO20 MAMEPUBALRO2O meaa Ha Opyzoe
umeem MeCmo maxoe e HUCAEHKO, HO NPOMUSONOAONCHOE MO HANPABAE-
ruto npomusodeticmsue.

SroT 3aKOH ABJAETCH OJHHM W3 OCHOBHEIX 3aKOHOB MeXxaHukH. M3
Hero cJIefiyeT, 4To ecJiH Teso A JeiicTByer Ha Tesio B ¢ HEKOTOPOH CHJAOH
F, To ogHoBpeMenHo Teso B neiicTByer Ha Tesno A ¢ Takoil e 1O MOLY./IO
H HanpasJIeHHO# BJIOJIb TOIl XKe NPAMOIi, HO B NPOTHBONOJIOXHYIO CTOPO-
Hy cusoft F'=—F (puc. 7). 3amerum, uto cuan F u F’, Kak npuaoxes-
Hhle K PasHHIM TeslaM, He o6pasylOT ypaBHOBEIIEHHYIO CHCTEMY CHII.

8

Puc. 7

CBoficTBO BHYTpeHHHuX cuJ. CoriacHO JaHHOMY 3a-
KOHY NpH B3aHMOJEACTBHM JBe JOOble YacTH Tesla (HJIH KOHCTPYKLHH)
JeACTBYIOT IpYr Ha Jpyra c PaBHBIMH N0 MOAYJIO M NPOTHBOMOJMOMKHO
HanpaBJIeHHbIMH CHJaMH. Tak Kak NpH H3yyeHHH YCJIOBHH paBHOBecHA
TeJIO paccMaTpPHBaeTcst Kak abCcoJIoTiHO TBepAoe, TO BCe BHYTPEHHHE CHIILE
00pa3yioT NPH 3TOM YDABHOBEUIEHHYIO CHCTEMY CHJI, KOTOPYIO MOXHO
oT6pocHTb. CnefoBaTe/IbHO, NPH H3YYEHHH YCJAOBMH PaBHOBECHS TeAa
(KOHCTPYKHHH) HEOOXOLMMO YUHTBIBATb TONIBKO BHEWwrUe CHAH, Jeh-
CTBYIOILME Ha 3TO Teo (KOHCTPyKuHw). B manbueiimem, rosops o aefi-
CTBYIOUIHX CHJIaxX, Ml GyZileM NOJpa3yMeBaTh, €CJH He CAeNaHO CHellH-
anbHOM OTOBOPKH, UTO Pedb MAET TOJNBKO Q SHEWIHUX CUAAX.

Eie oZHHM HCXOJHBIM HOJIOMEHHEM ABJASETCH NPHHUHO OT-
BepReBaHUSA: pasHosecue umensemozo (Oepopmupyemozo) meaa,
HaxoOsuyezoca nod Oedcmauem OAHHOU CUCMEMbL CUA, He HAPYUWIUMER,
ecau meao cuumame omsepoesutum (aGCOMOTHO TBEPABIM).

Brickasanuoe yTBepxkaenue oueByano. Hanpumep, sicHo, uto pas-
HOBeCHE LleNH He HapYILHTCS, CJIH ee 3BeHbsl CYHTATh CBAPEHHBIMH JpYr
¢ apyroM. Tak Kak Ha noKosuieecs Teso A0 H NOCJE OTBEPAEBAHHA Jeft-
CTBYET OJIHA H Ta XKe CHCTeMa CHJI, TO JaHHBII NPHHIHI MOXHO ellle Bhl-
CKa3aTb B TaKoH opMme: npu pasHosecuu cuan, Jeticmsyroujue Ha a000e
usmensnemoe (Jeopmupyemoe) mesd UL USMEHAEMYIO KOHCMPYKYUIO,
YO084LMBOPAIOM MeM e YCAOBUAM, 4mO U OAL meaa abCoaomno meep-
0o20; OAHAKO JJIA H3MEHAEMOTO Tella 3TH YeJOBHUs, GYRYUH HepOxo0UMbi-
Mu, MOTYT He ObiTb docrnamounsimu (cM. § 120).

Hanpumep, nns paBHoBecHsi FHOKOI HHTH NOA AeHCTBHEM ABYX CHJI,
NPHJIOKEHHBIX K ee KOHLAM, HeOOXOXMMBI Te Xe YCJ/AOBHSA, 4TO H A
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\‘ MECTKOrO CTEPKHA (CHIB AOMKHB GbITh PABHEL N0 MOAYJIO H HAaNpasJe-
Hhl BJOAb HHTH B pa3Hbie cTopoHu). Ho 3TH ycaoBus He GyayT KocraToy-
HuiMH, [ paBHOBecHs HUTH TpeGyeTc elle, YTOOH NPHIOKEHHBIE CHIRL

BUIH PAacTATHBAIOIIMMH, T. €. HalpaBNeHHHIMH TaK, KaK Ha pHc. 4, 4.
[Tpunuun oTBepaeBaHHS WIMPOKO HCHOJL3YETCS B HHXKEHEPHHIX pac-
erax. OH no3BoJisieT Mpu COCTaBJEHHH YCJIOBHH paBHOBECHsS paccMar-
MBaTh JI0Goe M3MeHseMoe TeJo (peMeHb, TPoc, Lenb H T. 1.) HJH Jio-
H3MEHSIEMYIO KOHCTPYKIMIO KaK aGCOMIOTHO KEeCTKHE H NPHMEHATb
K{HHM METOABI CTATHKH TBEPAOrO TeJa. Ecau MOJIYY€HHHIX TAKHM NYyTEM
ypaBHeHHH M/Ift pelleHHs 3ajauydH OKAa3BIBAeTCA HEeNOCTaTOYHO, TO M0~
NQJHKTEBHO COCTAB/IAIOT YPaBHEHHs, YUHTHBAIOINHE HIH YCJOBHR paB-
HOBECHsl OTZHE/bHbIX YacTell KOHCTPYKUHH, HAH HX AepopmauuH (3ana-
uH, TpeSyloiye yuera AepopMauuii, pelwialoTcs B Kypce COnpOTHBIEHHS
MatepHaoB).

§ 3. CBAI3H U HX PEAKLHH

ITo ompegneneniio, Teo, KOTOpPOE MOMET COBEpIIATL H3 JAHHOTO Mo-
JIOKEHHs MOGble NepemMelieHust B IPOCTPAHCTBO, Ha3biBaeTCH CB0600HLIM
(HanpuMep, BO3AYLIHbIA wap B Bo3fyxe). Teno, nepemeleHHsIM KOTO-
POFO B MPOCTPAHCTBe NPEnATCTBYIOT KaKue-HHOYAb ApPyrHe, CKpenJieH-
Hbieé H/IH COMPHKACAIOUMIHECH C HHM, TeJa, Ha3bBaeTCH HeCB0000HLIM.
Bce mo, umo ozpanususaen nepemeujeriust GARRO0 meaa 8 NPOCMPancmee,
Ha3ssaom ceasero. B panbueitineM 6yjneM paccMaTpHBaTh CBSI3H, peanH-
3yeMble KaKUMH-HUOYIb TeJlaMH, H Ha3bLBATb CBA3SIMH CaMH 3TH Tena.

IMpumepamu HecBOGOAHBIX TeJ AABJASAIOTCHA TPy3, Jexauluft Ha CToJe,
ABepb, NMoABelleHHas Ha MeTasX, H T, 1. CBA3AMH B 3THX cay4asax GyRyT:
IJsi Tpy3a — MJOCKOCTb CToJsa, He Jaiouasi Fpy3y nepeMelaTbesi Nno
BePTHKaJIH BHH3; /A ABepH — IMeT/IH, He JaloliHe ABePH OTOATH oOT
KocsiKa.

Teno, ctpemsicb nox AefiCTBHEM NPHJOKEHHHIX CHJ OCYWIECTBHTh
nepemelleHne, KOTOPOMY NPENATCTBYeT CBA3b, 6yJleT 1eACTBOBATh Ha Hee
¢ HEKOTOpO#t CHJIOH, Ha3nBaeMolt cusoll Oasrenun Ha ceass. OXHOBpEMeH-
HO 710 3aKOHY O paBeHcTBe JAefICTBHA M MPOTHBOAEACTBHA CBA3b Gyaer
JeficTBOBATb Ha TeJIO C TaKOfl XKe NC MOAYAIo, HO ngmuaononoxmo Ha-
npasneHHo#t cuioft. Cuaa, ¢ komopod danHas ces3b Oelicmsyem HA mMeAo,
NPEnAMCmeYa mem Ul URbIM €20 NepPemMeUienuam, naswsaemcs. curod pe-
axyuu (npornusoQedicmsus) ¢683u UM MPOCTO peaxyuel ca3u.

3HaueHHe pPeaKUHMH CBA3H 3aBHCHT OT APYrHX ReficTBYIOUIUX CHA M
Hanepe HEH3BECTHO (eC/IM HUKaKHe APYrHe CHJK Ha TeJio He JeACTBYIOT,
peaxkLHH paBHH HYJIO); A ee ONpeAeseHHs] HAO PEIUHTh COOTBETCTBY-
I0UYI0 3ajiayy MeXaHHKH. Hanpasiena peakyus céasu 6 cmopony, npo-
musonoaoxcHyto motl, Kyda cesa3b He daem nepemewjamscs meay. Korza
CBAA3b MOMKET NPenATCTBOBaTh NepeMelleHHAM TeJa N0 HECKOJbKHM Ha-
NpaBNeHUAM, HanpasJ/eHHe pPeakIlHH TakoHl CBSi3H TOXe Hanepej HeH3-
BeCTHO H JOJ/DKHO OTpele/AThCA B pe3y/ibTaTe pelleHHs paccMaTpHBae-
MO7t 3ajauH.

[IpaBusbHOE ompeneneHue HanpasieHHA peakuHii ceszeft Hrpaer
OpH pelleHdy 3afay MEXaHHWKH OYeHb BaXKHYIO poJib. PaccMOTpHM mo-
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STOMYy mofipo6Hee, KaK HanpaBjeHH PeakHHH HEKOTOPHIX OCHOBHBLIX
BHJIOB CBsizefl (LONOJHHTEJIbHbIE PHMEPH TpHBeaeHnl B § 17).
l.Tnaankaa nnockocTh (IOBEPXHOCTDH) HJAH
o mop a. I'nagkof GyneM Ha3HIBaTh MOBEPXHOCTh, TPEHHEM O KOTOPYIO
RABHOTO TeJla MOXHO B MepBoM npuGaukenus npexeGpeun. Takaa

)’7 A
T
SYM

Puc. 9

NOBEPXHOCTL He HaeT TeJy NepeMelarthcsl TOJABKO MO HanpaB/IeHHIo
ofmero neprnesAXKyJspa (HOpMasiH) K NOBEPXHOCTSIM CONPHKACAIOWMNX-
csl. T B TOYKe HX KacaHHsa (puc. 8,-a) *. [Tosromy peaxyus N z2aa0x0d
NOBEPXHOCTIU UALL ONOPbL HANPABAERa no obweld HOpMaAU K NOBEPXHO-
CMAM CONPUKACQIOUUXCR MeA 8 MOHKE UX KACAHUA U NPUNONENT 8 moll
mouxe. Korja ofiHa H3 CONPHKACaIOINXCA NOBepXHOCTell ABJSETCA . TOY-
Ko#i (puc. 8, 6), To pedKiHa HanpasJieHa No Hopma.nu K Jpyrof npBepx-
HOCTH.

2. Hu 1. CsaA3b, OCyLIECTBIEHHAsA B BUje rHGKOIl HepacTaKHMOM
HHUTH (puc. 9), se naer Teny M ypaasTbes OT TOYKH M0/iBeCa HHTH MO
Hanpasaenuio AM. [Tosmomy peaxyus T nams-
HYmoU HUMU HANPABAEHA 6004b HUMU K mosKe
ee nodaeca.

. lunuupgpuueckuil WapHHP
(mopxmwunuuk). Iluanuapuveckuil wap-
HUp (MJIA MPOCTO WAPHHUP) OCYLIECTBASET TaKoe
coellHeHHe JBYX TeJ, IIPH KOTOPOM OZHO Te-

Puc. 10 JIO MOXET BPalllaThCsl 10 OTHOLIEHHIO K APYyroMy
BOKPYT OGllell OCH, HA3KBAEMON OCbI0 WAPHUPA
(BanpuMep, KaK JBe MOJIOBHHH Hoxunu). Ecan teno AB npukpenseHo
€ NOMOIULIO TAKOrO IUApHHpa K HemoaBHxHOM onope D (puc. 10), 10
TOYKa A TeNa He MOXKET NMPH 3TOM NEPEMECTHTHCHA HH N0 KAKOMY Ha-
NpaBJIEHHIO, NMEPNEHAHKYNAPHOMY OcH wwapHupa. CrenoBatenbHo, pe-
aKyus R yurunopudeckozo waprupa moxem umems a000e HANPasAenUe
€ naockocmu, nepnendukyaaprod ocu wiaprupa, T, €. B IJOCKOCTH Axy.
JIna cuanl R B stoM ciryuae Hanepej HeH3BECTHH HH ee MOAyJb R, HH
HanpaeJsieHne (yroa a).

4. ChepuueckHu i wWapHup H NoANATHHK. Tena,

COeIHHEHHHE chepHUECKHM IIAPHHPOM, MOTYT KaK 'YTOIHO NOBOpauH-

® Ha puc. 8—12 nefictsyiomse Ha Tena 3ajaHHbie CHAK He NMOKA3aHH.
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BATbCHA OXHO OTHOCHTENBHO JAPYroro BOKPYT LeHTpa luapHHpa. IIpume-
POM CJYXMHT TNpHKpenJieHHe ¢oroannapara K IITATHBY C IMOMOINBIO
1apoBo# naATH. EcH TeNo npHKpelieHo ¢ NMOMOILbIO TaKOoro llapHHpa
K HencnBHIKHOM omope (puc. 11, a), To touka A Tena, coBnagawowas
€ UEHTPOM MuapHHpA, He MOXeT NPH 3TOM COBEPLIHTb HHKAKOro mepe-
MellleHH B npoctpancrBe. CiefoBaTesNbHO, peakyus R chepuneckozo
prRUpPA Moxcem umems aoboe nanpasaenue 8 npocmpancmee. as Hee
anepejl HEH3BeCTHH HH ee 5z
OAyJib R, HH YIVIBI C OCAMH
Xxyz. )
[TponsposbHOE Hanpas-
JIEHHe B NPOCTPAHCTBE MO-
Xer HMeTb M peakuus R
NpANATHHKA (nox-
IIATHHKA C YROPOM), H30-
GpaxxeHHoro Ha puc. 11, 6.
5. HeBecoMmu it
CTepKeHb, Heseco-
MEIM Ha3bIBAlOT CTepXeHb,
BECOM KOTOpOTO NO CpPaBHEHHIO ¢ BOCNPHHHMAaeMOH HM Harpysxoi
MOXHO npeneGpeus. [Tycrb 11 KaKoro-HuGyab HaXOAALLEroCs B paBHO-
BeCHH TeJla (KOHCTPYKLUMH) TAKOH CTepKeHb, NPUKPENnJeHHEH B TOUKaX
A u B wapHupamH, siBasiercs cBA3bio (puc. 12, a). Torna Ha crepxeHb
GyAyT AeHCTBOBaTb TOJMBKO ABE CHJIBI, NPHJIOKEHHHE B TouKax A u B;
NpH PaBHOBECHH 3TH CHJH JOJMKHB GbiTh HaNpaBjeHBl BROJb OAHOI
npsiMoii, T. e. Biods AB (cM. puc. 4, a, 6). Ho Torna corsacHo 3aKkony
0 NeiiCTBMH H NPOTHBOZEHCTBHH CTepXKeHb OyleT AeHCTBOBATh Ha TeJo

C CHJION, TOXe HanpasneHHoll BRoab AB. CrnenoBartensno, peakyus N
HEBECOMO20 LUAPHUPHO NPUKPENAEHHO20 NPIMOAUHELINOZO CMEPXHA Ha-
npas.1eHa 8004b OCU CMEPHCHA.

Ecng cBA3blo siBAsieTC KPHMBOJHHENEBIH HEBECOMbIA CTepKeHb

(puc. 12, 6), To aHaNOrHYHBlE pacCy:KIeHMs NPUBEAYT K BBIBOAY, YTO
€ro peaklUls TOXE HanpabieHa BRoJbL npsamoit AB, coepunsrowel
‘ waphHupel A u B (na
puc. 12, a nanpabieHHe
peakuii  COOTBETCTBYET
cJlyyaio, KOTAa CTepIKeHb
cxat, a na puc. 12, 6 —
KOTJa PacTAHYT).
Z [Tpn pemennn 3anay
Pnec. 12 : peakumn cpsi3eil 0OLIYHO
ABJAIOTCA MOAJIEIKAULHMH
onpejeseHio HenspecTHoIMH, HaxoxjgeHie peakuuil. HMeeT TO TNpak-
THYECKOE 3HAYEHHWe, YTO OMNpENeJdHB HX, a TeM CaMhM OMNpeResHB Nno
33KOHY O IEHCTBHH H NPOTHBOZEAICTBHM M CHJLI JaBJEHHs Ha CBSA3Y,
MOJIYHal0T HCXOAHBIE - JaHHbIE, HeOoOXOAUMBlE LISl pacyera NPOYHOCTH
COOTBETCTBYIOUIHX YacTed KOHCTPYKIHH.
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Tnasa 11
CJIO)KEHHE CHJI. CHCTEMA CXOISLHXCA CHJI

§ 4. TEOMETPHUYECKHA CMOCOB CJIO)KEHHS CHJL.
PABHOREACTBYIOIWAS CXOASUIUXCS CHJI;
PA3JIOKEHHE CHJ

PetlenHe MHOrHX 3a7a4y MeXaHHKH CBi3aHO C H3BeCTHOMl M3 BeKTOp-
HOft asreGpHl onepanuell cJIOXKeHHS BEKTOPOB H, B YaCTHOCTH, cHJ. Be-
JNUYHHY, PABHYIO reOMETPHYECKON CyMMe CHJ KaKOK-HHOYAb CHCTEMI,
OyneM B JasibHefilleM Ha3blBATb 2AQ8HbIM 6EKMOPOM ITOR CHCTEMB CHA.
]3’ aK ormeuanoch B § 3 (cM. puc. 6), ToHATHEe O reoMeTpHYECKOR cyMme
CHJ He CJIeAyeT CMEWHBATh ¢ NOHATHEM O paBHOAeACTBYIOWeH; A1A MHO-
FHX CHCTeM CHJI, KaK MBl YBHAMM B AajibHefilieM, paBHoAeAcTByiouiell
poolule He CYLIECTBYeT, FeOMETPHYECKYIO Xe CyMMy (rJ1aBHHI BeKTop)
MOXHO BBLIYHCJIHTH AJS MOGOA CHCTEMH! CHJI.

I.Cnoxenne aByXx cuna TIeomerpuueckas cymma R
18yx ckn F, u F, vaxogurcs no npaeuay napannenorpamma (pHc. 13, g)
HJAH MOCTpOeHHeM CHJI0BOTO TpeyrojibHHKa (pHc. 13, 6), H306paxkaio-
ulero OHy M3 MOJIOBHH 31010
napananenorpamma. Ecau yroa
MEXAY CHJIaMH paBeH &, TO MO-
Ayab R v yras B, y, Kotopuie
cuna R obpasyer co caaraemul-
MH CHJIaMH, ONpeaensiorcs Mo
dopmyanam:

R=V F+Fi+2F,F,cosa,(l)
F/siny=F/sinB=R/sina. (2)

2.CnoxeHue TpPEeX CHJ, He JTexamwuXx BOAHOR

naockocTtH Tleomerpuyeckas cymma R tpex cua Fy, F,, Fy, ne
JIeXalHX B OAHON NJIOCKOCTH, H306paKaeTcs AHAroHaJabio mapasiesie-
NHNena, NOCTPOEHHOrO0 Ha 3THX CHJAX (NpasBHNO MapaJesenHnesna).
B cnpabennuBocTH 3TOro yGexpmaeMcsi, NpHMeHAS MOCAENOBATENbHO
npasuno napannenorpamMma (puc. 14).

3.Choxenne cucteMmn cua [eomerpuueckas cymma
(rnaBHBIA BeKTOp) /OGOA CHCTEMB CHJI Onpefe/sieTcs HJK. Noc/eloBa-
TeJIbHREIM CJIOXEHHEM CHJI CHCTEMBl 10 TIpaBHAy napaJjiesiorpamma, HiH
NOCTPOeHHEM CHJ/IOBOTO MHOTOYroJibHHKa. Bropoit cnoco6 ssasercs
Gonee npocTHM H YAOGHbIM. [1/1s1 HaXOXKIEHHA ITHM COCOGOM CyMMH

cun F, Fy, F,, ..., F, (puc. 15, a). otknanbiBaeM OT NPOU3BOMLHOA
TouKH O (pHc. 15, 6) Bekrop Oa, H300pakalownii B BHIOGPaHHOM MaclITa-
6e cuay F,, oT TOuKH a — BeKTOp ab, H306paXKAIOWHA CHIY F,,
TOYKH b — BekTop bc, uso6paxaiomul cuay Fy, U H T. &.; OT KOHUA m
NpeAnoc/AesHero BEKTOpa OTK/afbiBaeM BeKTOp mn, H306paxaiowul
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Hy F,. Coenunaa Havano NEepBOTO BEKTOpa C KOHHOM ROCJICHHEro,

osyyaeM BeKTOp On=R, H306paXaloUHi EOMETPHYECKYIO CYMMY
M TJI2BHHI BEKTOP C/laraeMHX CHJ:

\ R=F,+F,+...4+F, unu R=2XF, 3)

4. PaBHojgeficTBylomasa cXoAsswWuxca cua Pac
CMOTDHM: CHCTEMY CXOISIIHXCA CHJL, T. €. CHJI, JIKHHH JefiCTBHA KOTOPHIX
nepecexaiorcs B ofHoit Toyke (puc. 15, a). Tax kak cuna, gefictsyromas

‘f)é F

Puc. 14 Puc. 15

Ha a6COJIIOTHO TBEpIOe TeJO, SIBJISETCA BEKTOPOM CKOJb3ALIHM, TO
CHCTEMA CXOASLIUXCA CHT 3KBUBAJIEHTHa CHCTEME CHJI, IpUJIOMKEHHBIX
B oiHOi TouKe (Ha puc. 15, a B Touke A).

[MocaenoBaTeNbHO NPHMEHSA 3aKOH NApaj/ieJIorpaMMa cHJ, NpHEEM
K BRIBORY, UTO CUCmema CXOOAUUXCA CUA UMeem PasHodelicmBYyouyo, pas-
HYIO 2eomempudeckoll cymme (2Aa8HOMY 6eKmopy) smux cua u npuso-
HEeHHYIO 8 mouKe nepeceqenusn ux aunuld Oedcmeus. CllefoBaTeNbHO,
cucrema cua Fy, F,, ..., F,, H306paeHHHX Ha pHc. 15, a, HMeer

paBHOZEACTBYIOLLYIO, PABHYIO HX IVIaBHOMY BEKTOPY R H NpHJIOKEHHYIO
B Touke A (A B MoGoR Apyroit Touke, Jexamied Ha AHHHH NCHCTBHA
cHabl R, npoBeneHHoH yepe3 Touky A).

5. Pasnoxenne cHuJa Pa3noxurb RaHHYIO CHJIYy Ha He-
CKOJIbKO COCTaBAAIOWHX — 3HAYHT HalTH TAaKyl0 CHCTEMY HECKOJbKHX
CHA, IJIf KOTOpOil JaHHas CHJa sBAsercs paBHojeficTBylomed. 3ra
3anada siBJsieTcs HeonpeaeseHHON N HMeeT OJHO3HAYHOS pellieHHe AHIIb
npu 3aJaHHH JONOJHHTEJNbHBIX YCJIOBHI. PaccMOTpHM jBa 4HacCTHHIX
cayvas:

a)pasfAoXeHHEe CHJH NO XBYM 33JJaHHBKM Ha-
npaBJeHHUAM 3anaya CBOAMTCH K ROCTPOEHHIO TaKOro napal-
JieJIOrpaMMa, Y KOTOPOro pasJjiaraeMasi CHJIa #BJSETCA JHaroHaJblo,
a CTOpPOHB MapaljieNbHH 3aJaHHBIM HanpasnieHusM. Hanpumep, Ha
puc. 13 NoKa3aHo, Kak cHaa R pasnaraercs no HampabJieHusM AB H
AD na cunut Fy n Fi— coctasnsiomue cuan R (cuna R u npsmule AB,
AD Jexar, KOHeyHo, B OAHOH NJIOCKOCTH);

6) pasntoxXeHHe CHJB IO TpeM 3aJaHBHM Ha-
npasBJaerHuam Ecau aananubie HanpaB/ieHHsi He JIEXKaT B OJHOH
NJOCKOCTH, TO 33ja4a SBJSeTCs ONpeéneJeHHOl U CBOAHTES K IOCTpOe-
BHIO TaKoOro napajAelenuneAa, y KOTOPOro AMaroHant» HsoGpaxaer
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3afarHylo cuny R, a pe6pa napaiiefbHbl 3 afaHHHIM HANPaBJIEHHAM
(cMm. puc. 14).

Cnoco6oM pa3/oXeHHs MOMCHQ B IPOCTeRWHX CyYyasiX NoJb30BaTh-
Cfl IR Onpeje/IeHHs CHJI AaBJeHHs Ha cBA3d. Js sToro AeficTByloLLyio
Ha Tes10 (KOHCTPYKUHIO) 3aJaHHYIO CHJY HaAo pas/oXHTb Mo HanpabJe-
HUAM peaKuHH cBA3eli, TaK KaK COTJIaCHO 3aKOHY O JeHCTBHH H IPOTHBO-
JeficTBHH CHJIa JaBJ/IeHHs Ha CBA3b H PeakHUsA CBS3H HanmpabdeHb! BAOIb
onHolt U TOR Xe npamod.

3anaua 1. Kponwrefin cocrour us crepxueft AC u BC, coexuHeHHbx co cTeHoft
H ADYT ¢ APYroM wapHHpamH, npuieM Z BAC=90°, ZABC=a (puc. 16). B Touke C
nojpsewied rpys BecoM P OmpenesnTb YCHJHSL B CTEPMHRAX, OpeHeOperas HX BecoM.

Puc. 16

Pewenne [Tof yCHIHAME B CTEPXKHAX NOKHMAIOT 3HAYCHWA CHA, PacTATH-
BAIOUHX HAH CKHMRUIOUHX STH CTEPHKHH.. TaK KAK CTEPHKHH CYHTAIOTCA HEBECOMBIMH,
TO HX peakuHH (OHH HeficTBYIOT Ha WwapHHp C) HanpaBjesn Boas crepxkueR. Toraa

AN . ONpene/ieHHst HCKOMBX YCHAHR MDHJIOKHM CHJY T 5 touxe € # pasiaXuM ee
no nanpanitenuaM AC n CB. Coctaasiome Sy B 8, 1 GYAYT HekoMbiMi chaamu. M3
Tpeyronpinka CDE Haxoaum:

S;=Pleos &, S;=P tga.

Takum o6pa3on, crepxetb BC c:xuMaerca cuitofl Sy, a crepmens AC pacrarusa-
etcq cunoft §,. C yBennueHieM yryia o YCHAHA B CTEPIKHAX PACTYT ¥ NPH O, GAUIKOM
K 90°, MOryT ROCTHTaTh OueHb GOJBLIMX PasMepos.

agava 2. Douapp becom P=200 H (puc. 17) nozpewen na AByx Tpocax AC H
BC, ofpasyioumux ¢ ropHaoHTa/NbHOR NpPAMOA OAMHAKOBHE YIAM &==5°. Onpeneantn,
C KaKoft CHAIOH HaTAHYTH TPOCHL.

Pewenne Tlpunoxuy cuny P B Touke C H pasfomKHM ee NO HATUPABIRHHAM
Tpocos. [lapannenorpamMm cui B RaHHOM cayuae GyReT POMOOM; AMarORaAH ero Baa-
HMMHO NepneHgHKYNAPHH H NeJATCA B TOUKE fepeceueHHs nofnonam. Ma Tpeyrosibuuka
aCb naxoaum, uto P/2=T;sin a. Toraa

Ty=T,=P/2 sin a~ 1150 H.

M3 nosnyuennofi popMy/bl BHHO, YTO C YMEHbUICHHEM YTA2 & HATAIKeHHe TPOCOB
SHAUHTE/NILHO YBeHUHBACTCH (Hanpumep, nph a=1° F=5730 H). Haraunyts 1poC TaK,
YTOOW OH CTa/ FOPH3OHTAJLHEIM, NPAKTHYECKH HeJbasl, TaK Kax Itp# a0 T—oo,

§ 5. MPOEKLIKA CHJIBI HA OCb H HA TNTOCKOCTb.
AHAJTHTHYECKHA CNOCOB 3AAAHHSA
H CJIOXEHHS CHA

AHalHTHYECKHA METOA pellieHHs 3aAa¥ CTaTHKH OCHOBMWBAZeTCS Ha
NOHATHH O MPOEKUHH CH/IH HA Och. [Tpoeryua cuss (Kaxk U moboro Apy-
TOTO BEKTOPA) HA OCb eCMmb QALEOPAUHECRAN EEAUNUNR, DABHASL NPOU3te-
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OeHuwo MOOYAR CUAbl KA KOCUMYC Y2Aa MeNCOYy Cuoll U NosONCUMENbHOLM
Hanpasaenuem ocu. Ecnu 31oT yroa OCTpHIi,— NPOEKUHS NOJOXKHTENb-
Ha, eCAH Tynofi,— OTPHUATE/NbHA, A eCAU CUAA NEPNEHOUKYARPHA OCU,—
ee npoexyua Ha ocs pasna ryao. Tak, Wi CHJl, H306paXKeHHBIX Ha pHC.
18,

F,=F cos a=ab, Q,=Q cos a,=—Q cos ¢=—de, P,=0. (4)

IMpoexyueds cure F na naockocms Oxy nasvisaemcs eexmop T__,,,=

=0B,, 3aKAI04eHHOUE MeNcOY NPOEKYUAMU HA4OAA U KONYa cus F na
amy naockocme (puc. 19). Takum o6pa3oM, B OT/HYHE OT NPOEKUHH CHJIL
Ha OoCb, MPOEKHHS CHJB Ha MJOCKOCTb €CTh BEJIHUHHA BEKTOpHas, Tak
KaK OHa XapaKTepH3yercsi He TOJbKO CBOMMH YHCJIOBBIMH 3HaYeHUSIMH,
HO M HanpaBJeHHEM B

(]
niaockoctd Oxy. [lo mo- - 8 a
aymo F.,=F¢os8, rae ) $r B
8 —yron Mexay Hanpas-  _A L & £ =
nenuem cunwl F u ee npo- i /
d @y e L 4

exuuu Fpp. 5 a7 b
HEKOPOPHIX CJy4a-
AX LI9  HAXOXAEeHUS Puc. 18

APOEKUHH CHJIN Ha OChb

yno6Hee HaliTH CHaua/la €e TPOEKIHIO Ha MJOCKOCTb, B KOTOpON 3Ta
OCb JIEXHT, a 3aTeM HafiJeHHYI0 NPOEKIHIO Ha IJIOCKOCTh CNPOEKTHPO-
BaTh Ha JaHHYyIO ock. HanpuMep, B cayuae, H3o6paxkeHHOM Ha pHc. 19,
HafleM TakKuM crnoco6oM, YTo

Fr=F,, cos ¢=F cos 0 cos ¢, F,=F,, sin ¢=F tos 8 sin¢. (5)
AHaasnuTHyecKHl cnoco6 3anaaHus cua Han

aHAJIHTHYECKOTO 3aflaHHsl CHJbLl HEOGXONMMO BHIGpPaTh CHCTEMY KOOpAH-
‘HaTHHX ocefi Oxy2, MO OTHOLWEHHIO K KOTOPO# GyJeT Onpeie/sThcs Ha-

zl

A ¥

3'

Puc. 19 Puc. 20

npaseHye CHJN B NpocTpaHcTBe. B MexaHuKe Mul 6yJieM NOJIb30BaThCH
‘mpaBofi cHcTeMOft KOOpAMHAT, T. €. TAKOA cHeveMof, B KoTopoft Kpar-
yafiee coBMellieHHe ocH Ox ¢ ocbio Oy NMPOMUCXORHT, €C/IH CMOTPeTh ¢
FIO/IOXKATE/ILHOIG KOHIA OCH 02, NPOTUB X043 4acoBof crpesikH (pHe. 20).
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Bexrtop, H3o6paxatomuft cuay F, MOXKHO NMOCTPOHTH, €C/IH H3BeCT-
Hul MORyJb F 3T0# cHAR ¥ yriw e, B, ¥, KOTOpHe cila o6pa3yer ¢ Ko-
opAHHaTHbMH ocsiMH. TaxuMm oGpasoM, Beauunus F, &, f, y ¥ 3agaor
cuay F. Touka A npuJIOKeHHS CHJIbI AO/DKHA OHITh 324aHa OTAEJILHO
ee KOOPAHHATaMH X, Y, 2. v

Jna pellieHHA 3afa4y MeXaHHKHA yAoGHee 3afaBaTh CHJY ee NMPOeKIH-
amu F,, F,, F, Ha koopanHaTHHE ocH. 3Has 3TH NPOEKL{HH, MOXKHO ofpe-
AEJUTh MORYJb CHJIH H YIVIE, KOTOpHE 0Ha 06pasyer ¢ KGOpAHHATHHIMH
ocAMH, 1o PopMyJaaMm:

cosa=F,/F, cosB="F /F, cosy=F,/F. )

Ecain Bce paccMaTpuBaeMBle CH/IB! PacnioyIOKeHb B ORHOM MJIOCKOCTH,
TO KaXJyl0 H3 CHJI MOXKHO 3aJaTh ee NpOeKUUsAMH Ha Ase ocH Ox u Oy.
Toraa dopMysinl, onpenesiolHe CHAY MO ee MPOEKIHAM, NPHMYT BHA:

F=V Fi+F;; cosa=F,/F, cosp=F,/F. &)

AHanuTHYIeCKHN cnoco6 cnoxeHusn cua Ile-
PeXon oT 3aBHCHMOCTEH MeXAY BEKTOpaMH K 3aBHCHMOCTSM MEXJAY HX
NPOSKIUUAMH OCYILECTBIIfleTEs C NOMOWLIO CJeAyiomefl TeopeMul. reo-
METPHH: NPOEKLUA BEKMOPA CYMMbL HA KaKyio-HubYOb ocb pasxa aszebpau-
“Yeckod cymme npoeKyuil craeaembix 6eKmopos #a my e oce. COrJacHo

1o/t Teopeme, e/ R ecTb cymMa cua Fy, Fy, . . ., Fn, T. . R=2F,, 10
R,=ZFy,, Ry=ZFy, R,=ZF,, ¥
3nas R,, R, ¥ R;, no dopmynam (6) HaxoxuM:
R=VR+R IR } o)
cosa=R,/R, cosB=R /R, cosy=R,/R.

Gopmysut (8), (9) ¥ NE3BOJAIOT PEWIHTL 3afauYy O CHOKEHHH CHA
aHaJUTHIECKH.

Ins can, pacnofomeHHHIX B OAHOM IVIOCKOCTH, CQOTBETCTBYIOULHE
$opMyAH NPHHAMSIOT BHJ!

R,=3F,,, R,=ZF,; }
R=V REYXRE cosa=R/R,cosp= R /R.
Ec/ti critil 3a1aHBl HX MOAY/ISIMH H YLAaMH-C OCIMH, TO /IS NpHMe-

HEHHA aHaJHTHYECKOTrO METOAA CJIO_)KCHHH HaJ0 npeiBapHTeJAbHO BHYHC-
JIHTh NMPOEKUHH 3THX CHJ HA KOODAHHATHHE OCH.

(10)

3axava 3. Haftrn cymmy Tpex aexamux B oxHoli njockoctd cua (puc. 21, a),

ecaH AaHO;
F=1732H, T=10H, P=24 H, ¢=30°,. $=60°,
Pemen ne BuuncAseM NPOEKUHA 3aQJaHHHX CHJ Ha KOODAHHATHLE OCH)
Fy=F cos 9=15H, F,~=—T cosp=<~5H, P,=0;
Fy=—F sin ¢=—8,66 H, T,=Tsin¢=8,66 H, Py—~—P=—24H,
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Torna no dopmyaam (10)
Ry=15—5=10H, R,=—8,66+8,66—24=—24 H,
CrenosaTesibyo,
R=V 107} (=24*=26 H; cos a=5/13, cos §=—12/13.

Oxonvarensio R=26 H, a=67°20', p=157°20".
Has pewenns Toll e 3afaun reoMeTpHUECKHM METONIOM Halo, BWGPaB COOTBET-
cTBylomufi MactuTa6 (nampumep, B 1 cM — 10 H), mocrpouts H3 cua P, F u T cuno-

a9 ¥ 9 q

Puc. 21

poft MHOroyroasux (puc. 21, 6). Ero samnkaioman ad H onpefensieT B NAHHOM Ma-

cirabe MOAyJab M HanpasJdeive R. Ecau, HanpHumep, NpH H3MepeHHH MOJNYYHM ad=~
=2,5 ¢N, TO, caepoBatensio, R=~25-H ¢ omndxoﬁ IO OTHOLUEHHIO K TOUHOMY pellieHnio
OKOJIO 4%

§ 6. PABHOBECHE €HCTEMbI CXOAALIHXCA CHI

Jns paBHOBecHS CHCTEMBI CXOAALIHXCS CHJ, TIPHJIOXKEHHHIX K TBep-
IOMY Tesly, HeOoGXOAMMO H JOCTATOYHO, YTOGH paBHOAelicTByiowias, a
CleloBaTeIbHO, U FJIaBHbI/ BEKTOP 3THX CHA (CM. § 4) OblJIH paBHB HYJIIO.
Ycn0BHSA, KOTOPRIM MPH STOM JOJ/DKHBI YAOBJIETBOPATD CAMH CHJILI, MOX-
HO BHIPA3HTb B reOMETPHYECKON HJIM B aHaJIMTHYecKo# ¢opme.

l. TeoMmerpHyecKkoe yc/lNOBHe paBHOBECHH.
Tak Kak ri1aBHHA BEeKTOP R CHCTeMH! CHJI OfpeAe/IsieTcsl KaK 3aMblKalo-
1[asg CTOPOHA CHJIOBOTO MHOTOYTOJIbHHKA, NMOCTPOEHHOrO H3 ITHX CHJ
(cM. puc. 15), To R Moxer o6paTHThCs B HYJIb TONLKO TOFA2, KOTAA KO-
Hel nocJefHefl CHAL B MHOTOYroJIbHHKE COBIIAaeT C HayasioM Nepeoh
CHJIH, T. €. KOrla MHOrOYroJIbHHK 3aMKHeTcs.

ChnieoBaTeNbHO, 048 PABHOGECUA CUCMEMbI CXOOAUUXCA CUA HeoDxo-
Oumo u docmamodro, 4mobot CUA080L MHO20Y20AbHUK, ROCMPOEHNUI U3
amux cun, Ooin 3AMKHYMBIM.

9. AHanHTHYeCKHE ‘YCNOBHS paBHOBECHs. AHajHTH-
YeCKH MOAYJb [VIaBHOTO BEKTOPa CHCTEME! CHJ onpeaessiercs popMy ol

R=VRTR TR

TaK KaK MOoA KOPHEM CTOHT CyMMa, TOJIOXKHTEeNbHBIX CAaraeMux, To R
0oGpaTHTCA B HYJIb TOJILKO TOrAa, KOrja oAHoBpeMeHHO R,=0, R v=0,
R.=0, T. e., KaK 10 crenyer u3 popmyJ (8), koraa geficTBylouHe Ha
TEJIO CHJILI 6ynyr YROBJICTBOPSITh PaBEHCTBaM:

23



Pagetcrsa (11) BuIpaXaioT yC/OBUA PaBHOBECHS B aHANHUTHYECKOR
dopme: 011 pasHosecis NPOCMPAHCMBERHOUR CUCMEMBL CXOOSUYUXCA CUA
HeoGXx00UMO U Q0CMAmouHO, 4mobol CYMmbi NPOEKRUL IMUX CUA KA KAK-
dyro u3 mpex rcoopauuarrmux ocetl G pasHvt HYA10.

Ecan Bce geficTBylOlIHe Ha TEAO CXOAALLHECS CHJIBL JIEXKAT B OZHOR
NJIOCKOCTH, TO OHH 06pasyioT nAocKkyro cucmemy cxodauuxcs cua. B cay-
Yae MJAOCKOM CHCTEMBl CXORALLHXCS CHJI MOJYYHM, OYeBHAHO, TOJIBKO JBa

YCAOBHA PAaBHOBECHA!
2F,, =0, =F,,=0. (12)

3. TeopeMa o Tpex cuaax. [IpH pemienun 3agay cTaTHKH
HHOTAa YA0GHO 110/Ib30BaTheA Clefylolliell TeopeMoii: ecau meepdoe me-
A0 Haxolumca 8 pasHosecuu nod OelicmBuem mpex HeNAPAAACAbHBIX CUA,
Aexcauux 8 0OHOd NAOCKOCMU, MO AUKUU OeliCmBus mux Cus nepecexa-
tomca 8 00Hod mouke.

Ins noxasaresibCcTBa TEOPEMbl PACCMOTPHM CHayana KaKHe-HHOYIb
JXBe H3 NeACTBYIOULHX Ha TeJIo cHJ, Hanpumep £, u F,. Tak Kaxk no ycio-
BHAM TeOpeMbl 3TH CHJIBI JieXKaT B OXHOH IJIOCKOCTH H He NapaJlfiesbHH,
TO HX JIHHMH IeACTBHs nepecekaloTcsi B HeKOTOpo# Touke A (puc. 22).
Hpﬂ.nO)KuM cuapt Fy 1 Fy B 370/ TOUKE H 3aMEHHM HX paBHOJeACTBYOlLLER
R. Toraa na Teno GyAyT AefcTBOBaTh JBE CHJRL CHAa R u cuaa Fy,
NPHAOKeHHas B KakKof-To Touke B tesa. Eciii Teslo npH 3TOM HaxoxHT-
Cfl B PaBHOBECHH, TO CHAKW R H F; RO/KHH OLITh HanmpaBJieHH [0 ORHOA
npamoft, T. e. Baonb AB. CiefoBareIbHO, JHHHSL NEHCTBHA cHAL F,
TOXe TIPOXOAHT yepe3 TOUKy A, YTO H TPe6oBa/loch AOKA3aTh.

O6paTHas TeopeMa MecTa He HMeeT, T. €. €CJIH JHHHH AeHCTBHSA Tpex
CHJI nepecekaloTcsi B OQHOR TOYKe, TO TeJO NOX AECHCTBHEM 3THX CHJA
MOXET H He HAXOIHTbCH B PaBHOBECHH; CJIeLOBATeJIbHO, TeOpeMa Bhipa-
}KaeT TONbKO Heobxodumoe YC/IOBHE paBHOBeCHA Tesna NOA AeACTBHEM
TPexX CcuJa.

Puc. 22 Puc. 23

Tipamep. PaceMotpum Gpyc AB, sakpenieHHnfi B Touke A WapHHPOM K OMHPaio-
mufics Ha Buictyn D (puc. 23). Ha 370T 6pyc efACTBYIOT TpH CHJH: CHJIa TSXecTH P,

peakuus N’D BHCTYNA K peakuus R 4 wapunpa. Taxk KaK 6pyc HaXOAHTCA B PaBHOBECHH,
TO IHHHK NeRCTBHA 9THX CHJI XOMXKHH TepeceKaTvcst B OAHOR Touke. JIUHHH feficTBHS

cua P u Np uasectnu u oun nepecekaiorcA B Touke K. Crefoarenbho, auuus nefi-

CTBHA NPHAOKeHHORA B TouKe A peakuun R, ToXe NOMKHA MPOATH uepes Touky K,
T. €. IOMKHA ObiTh HanpasJjieHa BAoAb npasofi AK. Teopema o Tpex cuaax no3sonHAa
B ITOM Caydae ONpeReNHTb 3apaHee HEH3IBECTHOE HalpalaeHHe PeakUHH wapHupa A,
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§ 7. PEHLIEHHE 3AAY CTATHKH

Pemaemnie METOMAMH CTATHKH 3aJa4Yyd MOIyT 6LITh OOHOTO U3 ClIEQy-
IOIMX ABYX TUNOB: 1) 3aAavun, B KOTOPRIX H3BECTHH (IIOJHOCTBHIO HIH
YaCTHYHO) XEACTBYIOIlHE Ha TeJIO CHJbl H Tpebyerc HafiTH, B KaKoM
NOJIOMEHHH HJIH 1PH KaKHX COOTHOILEHHAX MEXAY AeACTBYIOULHMH CHJIa-
MH TesIo OyleT HaXOAHTHCSt B PaBHOBeCHH (3amaud 4, 5); 2) sajauu, B
KOTOPLIX H3BECTHO, YTO TeJIO 3aBefiloOMO HAXOAHTCS B PaBHOBECHH H Tpe-
Gyercs Ha#lTH, YeMy paBHbl NIPH 3TOM BCe HJIH HEKOTOpHE H3 AeficTBYIO-
IHX Ha Teno cua (3agaud 6, 7, 8 ¥ Ap.). Peakuuu cesseft apasiorcs
BeJIHUHHAMH, Hanepe) HEeH3BeCTHHIMH BO BCeX 3aAadaX CTaTHKH.

IpucTtynas K peweHHio MoGOA 3aaauH, clefyer Npexie BCero yc-
TAHOBHTbH, PASHOBeCUE KAKO20 meaa (UAU KAKUX mea) Hado paccmompents,
umole. nadmu uckombie eeaudunss. Tlpouecc pelseHHst CBORHTCA K cJje-
AYIOUIHM OriepaLiisiM.

l.Bu6op Tena (MnAu Ten), paBHOBECHE KOTO-
poro goaxHo OHTb paccMoTpeHo. [aa peuenus
33Ja9H Hajl0 paccMOTPeTh paBHOBECHE Tejla, K KOTOPOMY MNPHJOXeHM
3ajaHHbIE H HCKOMBIE CHJIH HAH CHJIN, paBHble HCKOMBIM (Hampumep,
€CJIH HAJI0 HAaRTH JaBJieHHe Ha ONOpY, TO MOXKHO PAacCMOTPETh paBHOBe-
CHe Tesa, K KOTOPOMY MPHJIOXKEHa YHCAEHHO paBHas 3TOM CHJE PEaKIHR
onopol H T. 0.).

orjia 3ajaHHble CH/IN AGACTBYIOT Ha OIHO TeJ0, 2 HCKOMHE Ha Ipy-
roe HJIH XOrfa te H ApyrHe cHJbl fiefiCTBYIOT OIHOBPEMEHHO Ha HECKOb-
KO TeJI, MOXET 0Ka3aTbcsl HeOGXOHMbBIM PAaCcCMOTPETh PaBHOBECHE CHCTE-
Mb 3THX TEN HJH MOCJEAOBATeIbHO PaBHOBECHE KaXJIOro tesia B OT-
AENBLHOCTH.

22H306paxeHHe neicTBYWW HX CHJA YCTaHOBHB,
PaBHOBECHE KaKOro TeJa HJM TeJ paccMarpuBaercs (H TO/IBKO nocse
9TOro0), celyeT Ha uepTexke H306pa3uTb Bce AEACTBYIOMMHE HAa 3TO TeJO
(wAH Tena) BHeIIHHE CHJIL, BKJIIOYAsE KAaK 3afaHHBe, TaK H HCKOMblE CH-
AL, B TOM yxcle peakuHH Bcex cpsaseil. [lpu w3obpaxeHuu peakuusd
yuecTb Boe CKa3aHHoe O Hux B § 3.

3. CocTaBpneHHe YyCAOBHH pPaBHOBecH A Ycno-
BHA DABHOBECHS COCTABJRIOT LASt CHJ, AEACTBYIOUIHX Ha TeJo (HJH
Tena), paBHOBecHe KOTOPHX paccMarpuBaerca. O6 ocoleHHOCTAX CO-
CTABNEHHA YCJAOBHR paBHOBeCHS MJIA Pa3fIHYHHX CHCTeM CHJ Oyner
CKa3aHo B COOTBETCTBYIOUIHX MecTax Kypca.

4. OnpenesleHHe HCKOMMBMX BEJHUYHUH, NPOBEP-
Ka NMPaBUHABLHOCTH peuHleHHA H HccHeNOBaHHE
NONYyYeHHHX pe3yaAbTaToB. Baxhuoe 3HaueHHe B npo-
1ecce peleHHs HMeeT aKKypaTHHA yeprex (OH nomoraer GhicTpee HaATH
OpaBHALHHA NYTb pellieHHsl W H30eXaTb OLIHGOK MPH COCTaBJIEHHH yc-
NOBKA PaBHOBECHA) H NOC/IENOBaTe/IbHOE NPOBEfeHHe BCeX BHKJAANOK.

Bce pacuern npu petueHHH 3afay PeKOMeHAyercA, Kak npaBHJIO,
NIPOH3BOAHTL B OOiueM BhJe (anreGpaHyecks). Torna atsi HCKOMHX Be-
AHYHE OYAyT nosiyvarbest GOpMY/H, NA0WHe BO3MOXHOCTb NMPO3HaJH-
aHpoBarh HafiieHHue pesyJibtathi. Kpome Toro, peiuesse B ouieM puie
nO3BoAsier HHOTAa OOHAPYKHTb CAeAaHHBE OUIHGKH NyTeM NPOBEPKH



pa3MepHocTeil (pa3MEPHOCTH KaXKJOTO M3 cJaraeMelx B o6eHX dHacTsax
PaBeHCTBA LOJKHEL OuITh OJMHAKOBhIMU). UHciia, ecin pelueHHe npous-
BOJHTCA B OOUIEM BHAE, NOACTABJAIOTCS TOJNBLKO B OKOHYAaTeJbHble pe-
3yJIbTaTHI.

B sToM naparpace paccMOTpHM 3aJaud Ha paBHOBECHe TeJa Nof Ref-
CTBHEM CXOZALIHXCH CHJ. JIJIsi MX pellieHHS MOXHO MNOJb30BaTbCA reo-
METpHYECKHM WJH aHAJIMTHYECKUM METOAOM.

Teomempuueckutl memod. UM yno6Ho nonb3oBaTtbesi, KOrAa ofinee
YHCNO JEHCTBYIOIIHX HAa TeJO CH (H 3aJlaHHBIX, H HCKOMHIX) paBHO
TpeM. IIpH paBHOBeCHH TPeyroJLHHK, NMOCTPOSHHBI H3 3THX CHJ, ROJ-
JKeH OLIThb 3aMKHYTHIM (MOCTpPOeHHe CJEAyeT HAUHHATbL C 3aJaHHON cH-
Apl). Peiiasg 3TOT TPeyrofibHHK, HaleM HCKOMBlE BEJHYHHEL.

Anasumuveckuil memod. VM MOXKHO NoJb30BaThcs NpH  JoGOM
qHcJIe IIPUIOKEHHHX CHJ. /s cOCTaB/IeH s YCIOBHI paBHOBECHS, KOTO-
PHIX B CJy4Yae NJIOCKON CHCTEMH CXOMALMXCA cua Oyzer xBa [dopMyant
(12)), a B cnyuae npocrpasncrennoi cucrems! Tpu [dopmyai(11)], Hago
CHayaJjla BuIOpaTb KOOPAHHATHbBE OCH. ITOT BBIGOP MOXHO NPOH3BOLHTH
NPOHU3BOJILHO, HO NOJNYYEeHHBle YpaBHeHHsA GYAYT pellaThes Npoile, eciH
OHYy H3 ocefi HanmpaBHTh NEpPNeHJUKYJAPHO KaKoH-1HG0 Heu3pecT-
Ho#l cuJe.

Insi cocTaBneHus yCJAOBHfI paBHOBECHsi MOJIE3HO HA MepBHIX nopax
NPeABAPHTENLHO BHIYHCJANTbL NPOEKLHH BCeX CHJA Ha BhlGpaHHble ocH,
BHOCA MX B OTAENBHYIO TaGJHLY (CM. 3anauy 4).

Psia fonosHHTeNBHHX YKa3aHHMil faeTcs B XOfe pelleHHs paccMar-
PHBaeMBHIX HMXKe 3ajad.

3anaua 4. I'pys secoM P JeXHT-Ha IIafKOA HAKIOHHOM MJOCKOCTH C YIVIOM Ha-
KaoHa & (puc. 24, a). OnpeesHTh 3HAUEHHE TOPHIOKTANBLHON CHJH F, KOTOpYI10 Hano
HPHJOKHTDL K TPYy3Y, YTOOh YAepiKaTb €ro B PaBHOBECHH, H HaﬁTH, YeMy NnpH 3TOM paB-
HA CHNA RaBJeHHA 6 rpy3a Ha NIJOCKOCTh.

— Pewenne Hckomue cuian AeﬁCTBleT Ha pa3Hhne TeJsa: CHuaa FHa rpys, cuja
Q — Ha naockosTb. JIAf pellenNns 3afayH BMECTO CHJAN 6 6yneM HCKaTb paBHYI0
elt o MOAY/I0, HO ﬂpOTllgOl’lO_Jl_O)KHO Hanpas-

6) - JNeHHYI0O peakuuio njockoctH N. Tornaa sapan-
a F ¢ Haf  cHna P u nckomue cuat F u N 6yRyr
AeHCTBOBATb HA TPY3, T. €. HA OJHO H TO XKe Te-

P 5 a0, PaccMoTpHM paBHoBecHe rpysa ¥ u3obpa-

3anM JefcTBylOlHE Ha 9TOT Tpy3 cuam P
H F upeakuwio cssasH N. s onpeneneHns
b HCKOMBIX CHJI MOXHO BOCNOJIB3OBATHCA HJIH
TEOMETPHYECKHM, HJIH SHAJHTHYECKHM YCI0-
BHAIMH paBHOBecHR. PaccMoTpuM oba cmocoba
pelenus.
Teomempuvecud cnoco6. Tlpu paBHOBecHH
TPEYroNIbHHK, TNOCTPOEHHHN M3 cua P, Fu N,
ZOnMeH ObiTb 3aMKHYTWM. TlocTpoenHe TpeyroJbHHKAa HauHHaeM C 3afiaHHOR
cHanl. OT npou3sosbHOA TOYKH @ B BHOGPAHHOM MacluiTabe OTK/JaiWBaeM cuay P
(puc. 24, 6). Yepes Hauano ¥ KoHell 9TOA CHAH NPOBOLHM NpsMHE, NapajjebHbe Ha-
npasaennam cit F u N. TouKa nepeceyeHHs STHX.NPSMBIX J2eT TPETHO BepIIHHY ¢
SaMKHYTOI'O CHJIOBOrO TPEyTro/IbHHKa abc, B KOTOPOM CTOPONH be # ca paBHH B BHOpaH-
HOM MaciuTabe HCKOMBIM cHiaM. Hanpasrenue cua onpesessieTcst IPaBHIOM CTPEJOK:
TaK Kak 31ech PANHOACRCTBYIOMAR paBHA HYJIIO, TO MPH O6XOAE TPEYrO/bHKKA OCTPHS
CTPe/IOK HHIje HO JO/IKHL BCTpeuaThCsi B OAHOA TOUKeE.
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Moaynu HCKOMBIX CHJI MOJKHO H3 TPeYroJibHHKa @bc HafiTH H nyTeM YHCJEHHOro
pacyeta (B 3TOM cJyuae co6/I0AaTh MAcIUTal NpH H300paXKeHHH CHM He Haxo). 3ame-
uad, yto Lbac=90°, a £ abc=a, nonyuum:

F=Ptga, N=Plcosa.
Anasumuneckud cnocob. Tak Kak cHcTeMa JeRCTBYIOUHX CXOAAMAXCS CHII ABJIAETCS

nAOCKofl, A Hee HAKO COCTABHTH ABA YCJIOBHA paBHoBecHa (12). Cnauana nposoium
KOOPAHHATHbE OCH; NIPH STOM A/ NoJydeHHs: Goslee MPOCTHIX ypaBHeHH#l oCb X Ha-

NpaBJ/IseM epHeH AMKYAAPHO HenapecTHof cHie N. Jlanee BHUHC/AAEM NPOSKIUKH CiA Po
F, N ua ocH x H y, BHOCR HX B TabaHuy *:

Fp P F’ N
Fpy Psina —Fcosa 0
Fry —Pcosa —Fsina N

Teneps cocrapasem ypasueuns I Fp,=0, 2 Fy,=0. TTonyuum:
P sin a—F cos a=0; —P cos a—F sin a+N=0,
Pewas sTH ypaBHeHHA, Hafizem:
F=P tga, N=P cos a+ P sin? a/cos a=P/cos e,

TeomerpHueckoe pelleHde B MOAOGHHX NPOCTHIX 3afavax (KOrxa AefCTRYIOMHAX
[3:34 'rgr;.z OKasWBaetcst 0osee KOMIAKTHHM, YeM aHaJHTHueckoe. Kax BHAHO, np
a<45° F<P, a npu a>45° F>P; N>P npu mobom a>0.

Hckomas cuaa AaBsieHHst rPy3a Ha IVIOCKOCTb YHCAEHHO paBHa N, HO HanmpaBjeHa
B NPOTHBOMOJIOXKHYIO CTOPOHY (Q=—N).

3anaua 5. Crepxens AB npuxpenseH X HenoABHXXHOM omope mapHHpom A
(pHc. 25, a). K xoHuy B crepHs nojiselleH rpys BecoM P H npuxpeniena Hutb. Hurs
nepexKHHyTa uepes 60k C u k Heft noAseureH rpys Becom Q. Oc 6aoxa C H wapHupa A
pacnosioxeHol Ha ofHofl BepTukaan, npuieM AC=AB. HaliTu, npu xaxom yrae o
CHcTeMa GyZieT B PABHOBECHH H YeMy NPH STOM PaBHO YCHJIHe B cTepxue A B; Becom crep-
XHA H paamepoM O6JsoKa mnpeHeGpevs.

Pémenue PaccmMoTpuM paBHQBecHe crepxusi AB, K KOTOpOMY NpHIOKEHH
BCe JaHHbe M HMCKOMble CHAM. HM306pasuM RIS HATASAHOCTH CTEpXKeHb OTAEbHD
(puc. 25, 6) # moxaxeM RefiCTBYIOIHE HA HETO CHIM: CHAY P, UHC/IEHHO paBHYIO Becy
Tpy3a, HarsxkeHne T HHTH H peakudio R 4, HaNPaBJEHHYIO BJAOML CTEPIKHSN, TAK Kak
cTepXeHb CuHTAeTC HeecoMhM. Ec/in TpenueM B ocH 6noKa npexeGpedb, TO HaTsXKe-
HHe HHTH, NepeKHHYTOR Yepe3 610K, IPH PABHOBECHH BCIOAY OAHHAKOBO; CJeXOBaTeMb
Ho, T=Q .

TMpumensa reomerpudeckuit cnocol petenus, crpouM H3 cHa P, T H R 4 3aMknyThifi
CHJIOBOR TpeyroibHUK cab (pHc. 25, 8), HauHHas ¢ cuan P. U3 nogobus TpeyroibHHKOB
abc u ABC naxoauM, uro ca=ab u £ cab=a. ChejoBaTtensHo,

Ra=P, sin (a/2)=Q/2P,

rak Kak T==Q==2P sin (a/2).

M3 nouyueHpix pesyabTaToB CREAYyeT, 4To NpH &< 180° paBHOBecHe BO3MOXHO
TOABKO, ec/ii Q<2P. Crepikenb npH 3ToM GYAET CIKAT C CHAON, paBHOil P, HE3aBUCH-
MO OT 3RaueHHR rpyaa Q H yria a.

* Tabaumy uenecool6pasHO SanoAHATH MO CTOAGUAM, T. e. CHaYa/ia BLIMKCAHTH
NPOEKUHHA Ha 06e OCH CHAL P, 3aTeM cunt F M T. . [IpenBapureAbHoe cocTaB/eHRe Ta-
KHX Ta0AHI yMeHstllaeT BEPOATHOCTb OMIMGOK B YPaBHEHHAX H OCOGEHHO MOJE3HO Ha
SIEpBHIX NOpaXx, NoKa He Gy/eT NpHOGPETeH AOCTAaTOYHHA HaBLIK B TPOEKTIPOBAHKY CHJ,
# 3aTeM H B BLYHCJIGHHH MX MOMeHTOB. [IpuMepH TaKHX TaGadn As APYTHX CHCTEM
CHA jaiores Aasee B 3agadax 10, 19 (§ 17) u 40 (§ 30).
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Cryqait, xoraa «=180°, nomken 6uTs paccMOTpeH OTAENbHO. Jlerko BameTs,
9TO B 3TOM CJIy4a€ pPaBHOBECHE BO3MOXHO npd nobex 3mavemnsx P v Q. Ilpm
3ToM, ecim P> Q, 1O CTepkeHb PacTATHBAeTCA ¢ CRIOHR, paBHOR P—Q; ecir xe
Q> P, To cTepxens CXAMaeTcd ¢ CAIOH, papaol 0—P.

OfpainaeM BAEMaHWE HA TO, 4TO CHNZ TEKECTH {) HEIOCPE/ICTBEHHO B YCIOBHE
paBHOBecHS (B CHJIOBOH TPEYroJbHHK) HE BOLLIA, TAK KAK 3Tad CHJA MPHJIOKEHA
K IPy3y, @ He K CTepXHIO 4B, paBHOBECHE KOTOPOrO PacCMaTPHABAIOCS.

ana9wa 6. Kpan, 3akperUiennnlit noguAnEAKOM A H MOANSTHAKOM B, Hecer
sarpysxy P (pac. 26). Onpenenthb peakima R, & Ry onop, BeI3BaHHKIE JeliCTBAEM
JAHHON HArpy3kA, €CM BBUIET kpaHa pasen [ @ AB=h.

)]

B
4 ae—tge
P R,
b
R, b
a
Puec. 25 Puc. 26

Pemenne PaccMoTpuM paBHOBecHé XpaHa, K KOTOPOMY NPHJIOXKEHH 3ajam-
Has M HeKombie cHabl. Mso6paxaem feficTeylowne Ha Kpan cuay P u peakusio nowsn-
HHKa R 4, HanpabreHHYIO nepReHAHKYAspHO ocH AB. Peaxuus noanathuka Rg Mo-
IET UMETH Niooe HanpaB/ieHHe B NMJOCKOCTH uepTexka. Ho KpaH HaxomuTcs B paBHO-
BECYH 10A feficTBHEM TPEX CHJI; CJeJOBATeNbHO, HX NHHHH AeficTBHA JOJKHH Kepece-
xatbes B opHOR Touke. Takoft Touxko#t ABAseTcA Touyka E, rie nepecekaorcs JHHHM

AeActsun cia P n R4. Takum o6pasoM, peakuus Rp Oyaer Hanpapiena Broab BE.
Ipumensa reomerpuueckuil cnocob pewenns, cYpouM U3 cua P, Ry u Rg samxny-
THA TpeyroabHuK abc, HauHKaA C 3ajanHHON cuak P. U3 noso6us Tpeyroabhukos abe

H ABE muaxosuwm: .
Ry/P=1/h, Rp/P=V i {Th,

R,=Pijh, Ry=P/1+P/h.

W3 rpeyronbaEka abe BEARO, 9TO HANpassierns peakipil R, & Ry noxaszann! #a
yeprexke npaBr/IsHO. CATh JaBJeHHS HA MONWANENK 4 B NOANSTHAK B YHCIERHO
PaBHB R 4 H Rp, HO Hanpa/ieHH NPOTHBOMOJIOKHO PEAKLHAM, 3HAUCHHS ITHX AaBae-
Ut OyayT Tem Gosbiue, yem Gosblue oTHowekke [/h. '

PaccmoTpennan 3agaua faer npHMep WCTONbIOBAHHS TEOPEMH O TPeX CHAAX.

3anava 7. K waprupy A KonieHUaTOro npecca NPHAOKEHS TOPHIOHTAAbHAT CHAR

r(puc. 27, a). MNMpeHebperas BecoM cTepxneft ¥ MOPUIHA, ONpPeeJHTb CRAY ZaBAECHHA
HOPIUHA Ha Teno M mpu AaHHWX yraax a u .
P e wen ue Paccmorpum crauana pasnopece mapnupa A, K KOTOPOMY pH-

JIOMENA eHHCTBEHHAN 3ajlaHHas cuna P. Ha ocb waphnpa xpome cuan P geficrayior
peaxun crepiueft R, u R,, HanpaBieHHwe BROMb crepxHer. CTpoHM cHAOBOR Tpe-
YFOAbHHK (pHe 27, 6). Yrabl B fem pahbi: ¢=N°—a, $=90°—f, y=a-+f. INoav-
SYACh TEOpeMOfi CHHYCOB, MOJYYHM:
Ry/sin g=P/siny » Ry=P ces a/sin (@4P).
Teneps paccMoTpRM paBHOBecKe nopyina. Ha nopuwenb 1eACTBYIOT TOXKe TPH CHANE

CHJIa LaBaeHHS Ry=—R, crepxun AB, peaxuna N CTeHKH W peaxuus Q npeccyenoro
Tena. Tak Kax cHJ TPH, TO OHH NPH PaBHOBECHH XOMKHH OLTb CXOAAHMHCA.
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CrTpost K3 THX CHJ CHAOBOR TPeyrosbHHK (pHe. 27, 6), HAXOLAHM K3 HEro

Q=R; cos B.
TMoacTaBasst BMecTO R; pasuyio efi Ry, nojyyaeM OKOHYATeJLHO
P cos a cos P
Q= B

sin(@+ P  Batigp

Cuaa faB/ieHHst nopwiHA Ha Teno M pabHa no Moy 0 Q # Hanpas.leHa B MPOTHBOIMO-
NOXHYI0 cTopouy. M3 nocaenneli dopmysn BHAKO, YTO NPH ORHOR M Toft Xe cune P
cuaa Q Bospacraer ¢ yMmeHblieRHeM Yrios & H f.

- Ecnm ganum crepxueft 04 u AB ogusakosu, To a=p # Q=0,5 P cig &,

3anaua 8. Ha unnuugp secom P, nexamuf Ha raaaxoR ropx3oHtanbhoft nao-
CKOCTH, AeficTBYeT FopH3ONTaNbHaA tHAa Q, pHXKKMaiowas ero K uictyny 8 (puc. 28).
Onpeseants peakuuu B Toukax A u B, ecan BD=h=R/2 (R — paaHyc U4AHHKApa).

PeureH ue PaccMoTpHM paBHOBeCHE UM/HKADA, HA KOTOPWHA feRcTRylOT 3a-
nannsie cuan P, @ 1 peaxumn cenzeh N4 n Ng (peaxuus N nanpasaena no Hopmaas
K NMOBEPXHOCTH UHAHHAPA, T. €. BROAb paguyca BC). Bee cHam nexar B 0XHOR nio-
CKOCTH K cxoaaTca B Totke C. Tak Kak CHJ 4YeThipe, TO yAoGHee BOCNOb3OBATLCA AHA-
AHTHYECKAMH YC/IOBHAMU pasHoBecHs I Fp,=0, I Fy,=0. [lposeis KOOPAHHATHHE
OCH Tax, Xax NoXa3aHo Ha puc. 28, noayaHuM:

Q—Ngcosa=0, Ny—P+4Ngsina=0.

Mpu A=0,5 R noayuun sin a=(R—h)/R=0,5 » a=_30°. Torgh u3a nepsoro ypap-
HeHHA HAXOXHM

Ng=Q/cos a=2Q¥ 3/3.
Toacrabnan ¥10 sHavuewue Npg BO BTOpOe ypaBHeHHe, NONYYAM
Ny=P—Qtga=P—QYV 3/3.

Iipa Q-—-P\/S peaxuas N, obpamaerca B Hynb, a ecan Q >P\/3, TO LAIAHADP
OTOPBETCS OT IUIOCKOCTH M NOJ AEHCTBAEM CHIK  HAYHET OBOPAYHBATHCH BOKPYI
BRICTYNA B.

3apaua 9. Ha xponurreiine, cocrosiuem u3 crepxueit AB u BC, CKperUleHHBIX
APYT C APYTOM H CO CTeHOH IIapHEpPAMH, YKpeIUvieH B Todke B 6iok (puc. 29, a).
Yepes 6,10k NepexuHyTa HATH, OMME KOHEL KOTOPOii MPABA3AH K CTEHE, 8 HA APYTOM
noasewier rpy3 secoM Q. Onpene/mrb peakudd cCrepxkHeill, npenebperasg ux BecoMm
H pasMepamu 610ka. Vram a 8 § 3aaaHnl.
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P emenue PaccMorpuM paBHOBecHe 6J10KA C NIPHJIETAIOMHM K HeMy OTPe3KOM

DE wnuti *. Qas HarasgHocTH ¥306pa3um 60K OTAeNbHO (pHC. 29, 6). Ha 6ok ¢ or-
Pe3KOM HHTH AeHCTBYIOT YeTHpe BHEIIHHE CHJbI: HaTsXKeHHe NpaBoil BETBH HHUTH, paB-
noe Q, HaTsixKeHHe J1eBON BeTBH HUTH T, 1O YHCJI0BOMH BeJHuHHe ToXe paBHoe Q (T'=Q),
H peakuHiu crepxuelt R; M R,, HanpaBieHHbe BIOAL crepxkuefl. CHnbl, mpeneSperas
pa3MepaMH 6/10Ka, cuuTaeM cXoAamHUMHCA. Tak Kak yHcao X GoJblie TPeX, BOCNON L~
: 3yeMcs YCIOBHAIMH paBHoBecH 3 Fp =0,

ZFpy=0. Ilporeast KoopAHHATHBIE oOCH
TaK, KaK NOKasaHo Ha pHc. 29, 6, noay-

HHM:
—T cos B+ R, sin a—R,=0,
—Q-+T sin -+ R, cos a==0.

V3 BTOpOro ypaBHeHHs, YUMTHBas, 4TO

T=0Q, naxoapm

Ry=Q(1—sin B)/cos a.
TMoacTaBnsia 970 3Havenue R, B nep-

BOE ypaBHEHHe, NOCJe NPeobpasOBaHus
nosyyaem

sin a— cos (o —f})

Puc. 29 Ry=Q oS & .

H3 Bupakenus Aas Ry cjenyer, UTo NpH MOGHX OcTPHX yraax a u p Ry >0. 3ro
03HauYaeT, YTO PeaKlHsl HanpaBsieHa BCErAa TaK, KaK NOKa3aHo Ha ueprexe. CHJIA Xe
LaBJleRHsl GJIOKa Ha CTepXeHb HanpabJ/eHa B NPOTHBOMNOJOMKHYIO CTOPOHY (CTepXKeHb
BC cxar). laa R, nonyuaeM apyroit pesyabrar. By- .

A€M CYHTaTh Yl @ H [} Bceria ocTpuiMH. Tak Kak

sin a— cos (a—P)=sin a—sm (80°—a-4-B),

TO 9Ta Pa3HOCTb NMOJOKHTENbHA, ecan o >(90°—a-+-f)
Hau xorna 200>(90°4-B). Orcioza caepyer, uro mpH
a>(45°+p/2) anavenne R,>0, 1. e. peakuns R, ume-
eT HanpaBJleHHe, H306paXKeHHOe HA YEpTeke; eclH XKe
2 <(45°+P/2), 10 Ry<0, T. e. peakuus R, Hmeer
YIPOTHBONOJOXHOe HanpaBJetHe (o A k B). Ilpn stom
crepxeHb AB B nepBoM cayuae pacTSHYT, a BO BTOPOM
cxar. Korra a=45°-4p/2, nonyuaem R,=0.

O6paulaeM BHHMaHHe Ha CJefylouUlHe BHIBOAK: 1)
€CJIH B CHCTEMY BXOJAT GJIOKH C NePeKHHYTHIMH uepe3
HHX HHTAMH, TO NPH COCTaBJEHHH YCJOBHH paBHOBe-
cHR GJOK 1enecoo6pa3HO paccCMaTPpHBATb 6Mecme ¢
NPUNCCAIOUUM K HEMY OMPE3KOM Humu KaK ORHO Te-
J0. [Ipy 3TOM, ecau TpeHHeM HHTH O GJOK HJH Tpe-
HHEM B OCH 6JOKa npeHeOpeub, TO HAMANERUR HG
ofoux xonyax Humu 6yoym no MOOYAI0 pasHol U Ha- Puc. 30
npasaers: om 640xka (MHa4e HATH CKONb3UNIA Okl B CTO-
poHy 64sibluero HaTsi)KeHHS HJH 610K Bpamacs 6bl);
2) ecsin Npy H306PAKEHHH PeaKLMi CBsi3ell Kakasd-HHGYAb H3 HHUX GyJeT HanpasJeHa
#e B TY CTOPOHY, KyAa OHA (JaKTHUYECKH JeHCTBYET, TO HPH FeOMETPHYECKOM pelliediy
STO HEINIOCPEACTBEIHHO OGHAPYKHTCA H3 CHJIOBOrO MHOTOYTOJIbHHKA (MPAaBUJO CTPENOK),
a NPH aHaJIHTHYECKOM PELIeHHH YHC/IOBaR BEJHYHHA COOTBETCTBYIOUIEA PeaKiHH nony-
GHTCH  OMPUUAMEAbHOU.

Onxako BO BceX C/AyqasiX, KOria 3TO MOXKHO Hamepel CAeAdTh, CefyeT Peakuun
cBA3ell cpa3y HanpaBasTb BepHo. Hanpumep, B 3afaue 6 Hanpap/JeHHe PeakUHH NOA-

* B nooGHEIX C/Iydasix lesecoo6pa3HO paccMaTpHBaTh GJIOK BMeCTe C NpHJjeraio-
IMUM K HEMY OTPE3KOM HHTH KaK OJHO Tes0. TOrja 3apaHee HeH3BECTHHIE CHJIbI B3aHM=
HOro AaBJjeHHst HHTH M 6J10Ka APYI Ha Apyra OYAYyT CHAaMH BHYTPEHHHMH H B YCJIOBHA
PaBHOBECHA He BOMAYT.

30



IHAHHKA A YCT2HAB/IHBACTCA CACAYIOMHME PACCYMACHHAMH: ¢CAR YOpaTh MOAWHO-
HAK, TO KpaH NOA A2ACTBHEM CH/IN P HayHeT NajAaTh BNPABO; CTEOBATENbHO, CHAa R 4,
q910o0K yAepXKatbh KpaH B :anuoaecun. ROAMHA ObTL HampaBJeHa BJEBO.

3anaua 10. CroswmuA Ha 3emne BepTHKaNAbHHEA cT016 OA yXepIKHBaeTCH pacTaX-
xamn AB u AD, o6pa3yiomHmH co cron6om é)annue Yras &; Yron MeXay nAockocTS-
mu AOB » AOD paseu ¢ (:uc. 30). K cronby nozpeiexb ABa rOPHSOHTANLHHX HPO-
BORA; ORHH, MapanneabHuR ocH Oy, HATRHYT ¢ cHaoft Py, & apyroft, napasnenpuud
ock Ox, — ¢ cHnoft Py. Hallt ciay BepTHKAABHOrO RABJEHHA Ha CTONS H YCHAHS B
TpPOCAX, NpeHeSperas HX BECAMH. '

Pewenue PaccMoTpHM paBHOBecHe y3na A, K KOTOPOMY NPHKPENJEHH Npo-
BOAR H TpocH. Ha Hero ReACTBYIOT CHAL HATAXKEHHA NPOBOAOB Py H 7,. peakiKK pacTa-
wex R, & Ry n peaxuns cron6a R;. Cucrema cian okasanach NPOCTPAHCTBEHHOR.
B stom cayuae 6yaeM NOABL3OBATLCA TOALKO AHATHTHUECKHM CNOCOBOM pelserns. das
COCTABACHRA YCAOBRA pasuomecws (11) mposoanm KoopauHaTHWE ocH {cM. pHC. 30)
H BHYHCAAEM NPEABAPHTE.ILHO NPOEKIHK BCEX CHA Ha 9TR OCH, BHOCH HX B Tabaunmy:

Fy P, | P, R, R, R,

Pas 0 —p] o | o | Rysinasing
Fay —P,| 0 0 Rysina Rysinacos¢g
Fis 0 0 Ry —Rgcos —Rgacos a

Tpoexuyn cnant Ry Ha'ocH X H y Onpegensed TaK, KaK $T0 L0 YKAIAHO B Havase
§5 (cu. puc. 19).

Teneps, coctasana.ypasienun L Fpe=0, I Fy,=0, Z Fy,=0, nonyium:

—Py+ Ry sin a sin =0,
—P,+ R, sin a+ R, sin & cos p=0,
R;—R,y cos a—R,y cos a=0.
Peman sTR ypasnenms, nafzen:
Ry=Py/sina sin @, Ry=(P,—P, ctg ¢)/sin a,
Ry=(P,+Pytg 9/2) ctg .

H3 nonyuennmx pesynbTaToB BHANO, 9TO NMPR P, ctg @>P; man tg o<P,/P;
goayvaercd Ry<<0 M peaxuus R, HOMKHA HMETb HAMPABJEHHE, NPOTHRONONOXKIfOE
NOKa3aHHOMY HA PHCYHKE, 9TO HEBOIMOXKHO, TAK KAK TPOC He MOXKET PAGOTATD HA CXK3-
aie. Cregosarensno, pacTsaxxy AD HAJO PacnoNarath Tax, 4To6kl YIoa ¢ yAOBAETBO-
pan HepabeHctsy tg 9> P,/Py.

Taasa 111
MOMEHT CHJIBI OTHOCHTEJIPHO HEHTPA. NMAPA CHJ

§ 8. MOMEHT CHJIbl OTHOCMTEJIbHO MEHTPA (HJIH TOUKH)

BBeneM BaxHOe MOHATHE O MOMEHTE CHJIH OTHOCHTENbHO TOWKN.
Touxky, OTHOCHTE/ILHO KOTOpPOft GepercA MOMEHT, Ha3hlBaloT YeNmpom
MOMERMA, 38 MOMEHT CHJILl OTHOCHTEJILHO ITOA TOUKH — MOMENmoM om-
socumeasio yewmpa. Ecau noj feficTBHeM NPHJIOKEHHOR CHAM Tedao



MOKET COBeplIaTh BpailleHHe BOKPYT HEKOTOPOH TOYKH, TO MOMEHT CHJIB
OTHOCHTEJIbHO 3TOH TOYKH GylerT XapaKTepH30BaTh BpalaTeJbHHA 3¢-
dexT CHJIBL.

PaccmorpuM cuny F, npusoxennyio K teny B Touke A (puc. 31).
H3 nHekoroporo uenrpa O onycTHM NEepNEeHAHKYJRP Ha JHHHIO AeACTBHSA
g CHIBI F; pnuny h storo nepremamkyaspa na-

3BIBAIOT NAedoM Cuast F OTHOCHTENBHO LEHTpa

O. MoMeHT CHJIHI OTHOCHTEJIBHO eHTpa O onpene-

asiercs: 1) MoayseM MOMEHTA, paBHLIM NIPOH3Be-

pendio Fh; 2) nojoxeHneM B TIpOCTpaHcTse

nynockoctd OAB («IOCKOCTH HOBOpOTa»), Npo-

xopsweil yepes uentp O u cuay F;, 3) Hanpas-
JIEHHEM TOBOPOTa B 3TOM MJIOCKOCTH.

] M3 reomerpuu u3BeCTHO, YTO NOJIOKEHHE MJIOC-

Pe. 31 KOCTH B NPOCTPAHCTBe ONpefeisercss HanpasJe-

HHeM HOpMa/H (NepreHAHKY/AApa) K 3Tofl nJioc-

xoctH. TakuM 06pa3oM, MOMEHT CHJIHI OTHOCHTENBLHO LEHTPa XapaKTepH-

3yeTcsl He TOJIbKO ero YHC/OBLIM 3HAaUeHHeM, HO H HanpaBJ/ieHHeM B Npo-

CTPaHCTBe, T. €. SBJIAECTCH BeJHYHHOH BEKTOPHOM.

BBezieM cJIeAyiolIee OnpeesieHHe: MOMERMDM bl F omnocume/tbno
yenmpa O naswegemcs npusoxcennsili 8 yenmpe O sexmop mg(F), mo-
Oyab Komopozo pasen npoussederuo modyas F curet Ha ee naewo h u xo-
mopoul Hanpasaen nNEPReHOUKYAAPHO nAoCKocmu, npoxodawetl uepe3
yenmp O u cuny, 8 my cmopory, omxyda cura 8udHa cmpemauelcs
nogepryms meao sokpye yenmpa O npomus xoda 4acogoti cmpeaxu (puc.
31). -CorstacHo 3toMy omnpejeaeHuIo

|mo (F)|=Fh=2ua. A OAB. (13)

TTocnenunit pesynwrar cheayer us Toro, uro na. AOAB=AB -h/2=
=Fh/2. Viamepsiercss MOMeHT CHabl B HbioToH-MeTpax (H -m).

Haiinem gopmyay, BHIPAKAIOYIO BEKTOP Mg (F). dns storo pac-

CMOTPHM BeKTopHOe npoussenenne OA X F sexropos OA u F. Ilo on-
penenenuio *,

|0AXF| =201 AOAB=|mo(F)|.

Hanpasnen Bexktrop OA XF nepnenpukynsapHo nnockocrn OAB
B Ty CTOPOHY, OTKY/A Kparvaiillee COBMeLIeHHE OA ¢ F (ecan ux omo-
MHHTb OT OJHOH TOUKH) BHMIHO NPOHCXOASWHM MNPOTHB XOAA 4acOBOIl
CTPeJIKH,.T. €. TaK Xe, KaK BeKTop ‘my (F). CniepoBatensHo, BEKTOPHI
OA X F u my(F) coBnagalor H no MOAyJo, ¥ N0 HANPaBJIEHHIO, H, KaK

* BeKTOPHLM NPOH3IBENEHHEM X b BEKTOPOB @ H b Ha3wBaeTcst BEKTOP ¢, PaBHHIt
WO MOJLYJTIO IVIOMAMH NAPaNReNOrPaMMa, TTOCTPOCHHORO Ha BEKTOpaX @ i b, H Hanpas-
NeBHEIA NePNeHAKKYASPHO NIOCKOCTH 3THX BEKTOPOB B TY CTOPOHY, OTKY/ia KpaTuafiliee
COBMelieHne a ¢ b BUAHO NPOHCXOAMIIMM NPOTHB X0fa YACOBOH CTPEJKH. Mogyas o
onpeneifeTcst exne PaBeHCTBOM c=ab Sin &, rle & — Yroa Mexay Bemopaml aub,
Ecan BekTopH a H b napanienbsn, 10 aX 5=0,

32



JIETKO BHAETb, N0 P23MEPHOCTH, T. €. BLIPaXkaloT OZHY H TY XK€ BeJIHuM-
ny. Orciona

-m-o(l—':)=671—xf HJH —rﬁo(ﬁ)=7xF, (14)

rie r=0A — papuyc-BekTop ToukH A, mposeaeHHH H3 nenrpa O.

Takum o6pasoM, momenm cuast F omuocumensro yenmpa O paser
6eKmopHOMY npouseedenuso paduyca-eexmopa r==0A, nposedentozo u3
yenmpa O ¢ mouxy A, 20e npuroocena cuara, na camy cury. ITOT pe3yib-
TaT MOXET CJYXHTb APYTHM ONpejefieHHeM NOHATHA O MOMEHTe CHJN
OTHOCHTEJILHO LIEHTpa.

OrMeTuM cliefiyiolHe CBOACTBa MOMEHTA CHJIL: 1) MOMEHT CHJH OT-
HOCHTEJIbHO HEHTpa He H3MEHAETCA NPH NepeHoce TOYKH NPHJIoKEHHA
CHJIBl BJOJIb €€ JIHHUH AefCTBHs; 2) MOMEHT CHJIH OTHOCHTEJILHO LeHTpa
O paBeH HyJIO HJIH KOTAA CHJIA paBHa HYJIO0, HIH KOI'a JIHHHSA JeACTBHA
CHABl npoxoauT uepe3 ueHTp O (nJieYo paBHO HYJNO).

§ 9. MAPA CHJI. MOMEHT MAPHI

Ilapod cua* Hasvisaemcs cucmema 06yx PasHux no modyawo, na-
PAANEALHOIX U HANPOBAEKHOIX 8 NPOTNUBONOAONCHHE CIMOPOHLL CUR, Oeli-
Cmeylouux a abeoamHo meepdoe meao (puc. 32, a). Cucrema cua F,
F’, ofpasylomux napy, OueBHJHO, He HAXOAHTCA B PABHOBECHH (3TH
CHJIB He HanpaBJeHH BJOJIb OfHON mpsaMoii). B To Xe BpeMs napa cui
He HMeeT paBHOJAEHCTBYiOlIEH, NOCKOJNBKY, KaK OyAeT ROKa3aHo, pab-
HozeficTByIOlLast /MIOGOA CHCTEMBI CHJI PaBHA ee IJIaBHOMY BEeKTOpy R,
T, €. CyMMe 3THX chi, 2 Ana napal R=F+F'=0. Ilostomy cBoicTsa
napw CHJ, Kak oco6oii Mephl MEXaHHYECKOro B3aHMOAEHCTBHS Tel,

AOJDKHB GHTb PACCMOTPEHB OTHEJIBHO.
nJIOCKOCTb npoxoasitias 4epes JHHUH JAEeHCTBUS CHJ [apbl, Ha3bi-

BAeTCA NAOCKOCTHI0 DelicTeun napol. PaccTontne d MeXAy JHHHAMH
AeHCTBHS CHA Napbl Ha3biBaeTC nAewoM napse. JleHcTBHE Napbl CHI HA
TBEPJOE TEJO CBORHTCHA K HEKOTOPOMY BpauiatesbHOMY 3ddeKTy, KoTo-
pHIA XapaxkTepH3ayeTcsi BeJHYHHOH, HAa3LIBAEMON MOMeHRMOM napol. JTOT
MOMEHT onpefenserca: 1) ero mopyjeM, paBHHM npousBefeHHO Fd,;
2) nosoKeHKeM B NPOCTPaHCTBE NJAOCKOCTH AeficTBHs NapH; 3) Hanpap-
JIeHHeM MNOBOPOTa Napu B 3TOH NAOCKOCTH. TakuM o6pa3oM, KaK H
MOMEHT CHJIbl OTHOCHTE/JBHO IEHTPa, 3TO BeJMYHHA BEKTOpHas.

Beesiem crienyioiiee onpenieieHHe: MOMEHMOM NAPbL CUA HA3LIBALMCA
sexmop m (wny M), modyae komopozo pasger npoussederuio Mo0yan oOnod
U3 CUA NapeL HA ee naedo U Komopsill HANPasAen neprenduKyARpHO naoc-
Kkocrmu Oedcrmeus napet 8 my CMoPonY, omxkyda napa sudNa crmpem auelics
nosepryme meao npomus xo0a 4acoeotl cmpeaxu (pHuc. 32, 0).

3ameruM eme, YTO TaK KaK NJeYo CHAM F OTHOCHTENbHO TOYKH A

PaBHO d, a IVIOCKOCTb, NPOXOAsILas Yepe3 TouKy A U cuay F, coBnapaer

* Teopuio nap paspaGoran HSBeCTHHA (PpaHLY3cKHA yueHbl — MeXaHUK H Ieo-
metp JI. Tlyanco (1777—1859).

3-1870 33



.

C NJIOCKOCTbIO AGACTBHS Naphl, TO ORHOBPEMEHHO m=ri4 (F)=ABXF.
Ho B oramnyne oT MOMEHTa CHJIL BEKTOP m, KaK 6yleT NoKa3aHo HHXKe,
MOXeT GRITE NpHAOKEH B JiioGOit TOUKe (TaKo# BEKTOP Ha3blBAETCH C60-
6oOnem). VisMepsieTcs MOMEHT naphl, KaK H MOMEHT CHJIBI, B HbiOTOH-

Mmerpax.
[MokaxeM, uTO MOMEHTY naphi MOXHO JaTb IPYroe BhIpaXKeHHe:
MOMERM Napy PABeH CYMMe MOMEHMO8 OMHOCUMENbRO 106020 yenmpa O

<cun, obpasyowux napy, T. e.

m= mg (F)+ mq (F'). (15)
HOnsn ROKa3aTe/bCTBa NpoBeleM uuponaaonbuoﬁ Touky O (pHc. 33)
paznycu-BekTopu r, =0A u ry=0B. Toraa corjacHo ¢opmysne (14),

Fl

Pxc. 33

yara_ewe, wwo F'=—F, noayunm my(F)=ryxF, mo(F)=r,XF =
=—+14 X F H, cnenosareisHo,
mo (F)+mo (F'y=(rg—7,) x F=ABxF.

Tax kak ABXF=m, 10 cnpaBelJIMBOCTb paBeHcrBa (15) nokasaua,
Orciona, B YaCTHOCTH, CllefyeT y>Ke OTMEUEHHHH Bplile pe3yJIbTaT:

m=ABXxF=m, (F) win m=my(F), (159

T. €. XTO MOMERR NAPH PABER MOMEHMY OOHOU U3 ee CUR OMHOCUMENLHO
moaxu npusoxerus opyzol cuasi. OTMETHM ellie, YTO MOAY/b MOMEHTA

napm
m=Fd. (157

Ecnn npHHATH, 4TO AeficTBHe Naphl CHJ Ha TBepAoe Teno (ee Bpa-
mareabupllt 5GPeKT) NONHOCTLIO Onpelesifnercd 3HaueHHeM CYMMBI MO-
MENTOB CHJ MNape OTHOCHTENbHO JioGoro uentpa O, to H3 GopMynn
(15) cnenyer, uto dee napm cur, umeroujue OOURGKOBHE MOMENMS, IKoU-
BQACHMAN, T. €. OKa3bBAIOT HA TEJIO ONKHAKOBOE MexaHHYecKoe ReficT-
Bue. Muage 310 0O3Havaer, ¥TO ABe mapHl CHJI, He3aBHCHMO OT TOrO, Iie
KaXnas W3 HHX pacnoiokeHa B NaHHOH IUIOCKOCTH (WJIM B napallielb-
HBIX IJIOCKOCTSIX) H YeMy PaBHH B OTREJAbLHOCTH MORYJH HX CHJI H HX
NJIETH, €CIH HX MOMEHTH! HMEIOT OXHO H TO Xe 3HadyeHHe m, GyRyT SKBH-
BaneHTHH. Tax Kak BbiGop neHTpa O NPOH3BOJIEH, TO BEKTOP /m MOXHO
CYHTATb NMPHJOXKEHHHIM B JMIOGOR TOUKE, T. €. 3TO BEKTOp CBOGOAHMA.
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B nanpneiiiem GyzieM OGHYHO Ha YepTeKe BMECTO Maphl H306paxaTh

NOJHOCTbIO €€ XapakTepusyiowlHii Bektop m. [Ipu atom Moayap m
onpefeNsieT MORYIb MoMeHTa naphi [popmyna (157)], a Hanpabienue m
onpepesser IIOCKOCTb AEACTBHSI napb! H HampabJjieHHe NOBOpoTa B
31O NAOCKOCTH. .

U3 dopmyast (15) caenyer emne, 4TO €CAH Ha TeNo AeACTBYeT Hec-
KOJIbKO Nap C MOMEHTAMH My, My, .-. ., My, TO CYMMa MOMEHTOB BCEX
CHJ, 06Pa3yIoWHX 3TH Napbl, OTHOCHTENLHO JIIOGOTO UleHTpa Gyaer pas-
Ha my+ma+. . +m,,, a cnefoBare/sHO, BCA COBOKYNMHOCTh 3THX Nap
3KBHBaJeHTHa OHOM mape ¢ MoMenToM M=2Zm,. 10T pesyarrTar B
paaer TeopeMy O CJIOXKEHHH nap.

§ 10*. TEOPEMbl 05 3KBHUBAJIEHTHOCTH
H O CJIOKEHHHK NAP

CnpaBefINBOCTb BHIBOZOB, CAeNaHHBIX B KOHue § 9, MOXHO AOKa-
3aTh HeNnoCpPeJCTBEHHO.

PaccMOTpHM JefCTBYIOLLYIO Ha TBepaoe Teo napy cua F, F'. Tpo-
BelieM B IJIOCKOCTH AeACTBHA 3TOi Maphl yepe3 NPOH3BOJMbHLE TOUKH D
1 E 11Be napa/sieibHbie IPSIMBIE 10 NEPECEYeHHs HX C THHHAMH AEHCTBHSA

cun F, F' B tToukax A u B (puc. 34) q,
H npunoxuM cuin F, F' B 3Tux

TouKax (nepsoHayannho F u F7 wmor-
JH GLITh MPHJIOKEHH B JHOGHIX ApY-

FHX TOYKaX Ha HX JHHHAX JeHCT- <
Bus1). Pasnoxum Tenepn cuny F no

Hanpasnesusim AB u EB na cuanl %
Qu P, acuny F' — no_nanpasnienu- —
M BA u AD na cunun Q' u P’. Ove- b p

BHIHO MpH 3TOM, HTO P'=—P, a
Q=—Q.Cumt Qu Q’, Kak ypasHo-
pellieHHbe, MOXXHO 0T6pUCHTb B pe-
synbTare napa cui F, F' Gyner same-
HeHa napoft P, P’ c ApyruM nJjeuoM
H APYTHMH CHJIaMH, KOTOpPHIE MOXHO, OYEBHIHO, MPHJIOXKHTL B TOYKAX
D, E na ux nuxusax geiictBusa. [Ipu 3TOM B CHUY NPOH3BOJLHOCTH B

Buibope Touek D, E HanpaB.neHHﬁ npamuix AD u BE napa P, P’ moxer
OKasaTbCsl PaclONOXEHHON B IIOCKOCTH ee MefCTBHA TIje YroiHo

(B NONOXKEHHMe, NIPK KOTOPOM CHJIH P 1 P’ napannensuul F, napy MoxHo
IPHBECTH, NpoJieNaB yKasaHHOe npeoGpasoBaHue zuaaxuxu)

okaxeM B 3akouenne, uro napu F, F* u P, P’ umeior " OIHHAKOBLIE
MoMeHTbI. O603HaYHM 3TH MOMEHTH COOTBETCTBEHHO 4Yepes my H.m,, Tae
coraacHo ¢opumysne (15°) my=ABXF, a my=ABXP. Tak kax F=
=P+Q, to ABXF=ABXP+ABX{, Ho ABXQ 0 (cM. moacrpou-
HOE NpHMeuaHHe Ha c. 32) H, CNeAOBATENLHO, My =Mms.
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N3 noka3aHHOro BBITEKAIOT CJAeAYIOlLIHe CBOHACTBA Maphl CHJL

1) napy, He u3MeHss OKa3LIBaeMOrc eio Ha TBEpLOE TeJO NEHCTBHA,
MOXHO NEepEHOCHTb KYAa YTOAHO B NJOCKOCTH AEHCTBHSA mapbi;

2) y naHHO# napbl, He U3MeHASs OKa3blBAEMOro €i0 Ha TBEepAoe Teno
AEACTBHA, MOXKHO [POH3BOJNLHO MEHATh MOAYJH CHJ HJH JIHHY fJjeda,
COXpaHAA HEH3MEHHLIM ee MOMEHT.

MoxHo RoKa3aTb, uTO Napa cuJ o0/ajaer eie OAHHM AOCTATOYHO
OUYEBHAHBIM CBOACTBOM (IOKa3aTeJbCTBO ONMycKaeM):

3) napy, He H3MeHSA OKa3bLIBAEMOro €0 Ha TBepHOe TENO HeHCTBHA,
MOXCHO TepeHeCcTH M3 JaHHO# MJIOCKOCTH B JoOYyio APYFYIO MJIOCKOCTb,
napanine/bHyio AaHHOM.

Orcioga creayer, 4To 08e napol CUA, UMeroLiue 0OURAKOBYIE MOMeHMat,
sKkgusasenmusl dpye dpyey (TeopeMa o6 3KBHBAJEHTHOCTH nap). 3to cJe-
AyeT H3 TOTO, YTO YKa3aHHbIMH ONEpauysMH, T. €. NyTeM H3MEeHEHHR
njaeya H nepemelLleHUs
napsl B MJOCKOCTH Jefi-
CTBHA HJH TNepeHoca B
napanieabHyio nJjoc-
KOCTb, NapH € OAHHAKO-
BLIMH MOMEHTaMH MOTYT
OnTh npeobpa3soBaHLl OA-
Ha B Apyryio.

Tenepp moKaxkem Te-
opeMy O CJOMEHHH nap:

Puc. 35 cucmema nap, Oedcmeyio-

wux na abcoatomuo meep-

Ooe meno, 3KUGAAEHIMHA OOKOU nape ¢ MOMERMOM, PABHLIM 2e0Mempu-
HeCKOG CYMMe MOMEHMO8 CAG2aeMbX nap.

PaccmorpuM cHavana ABe napbl ¢ MOMEHTAMH fm, H My, JeXai(ke B
nnockoctax [ u /1 (puc. 35). BosbmeM Ha quHMM nepeceyeHHs mioc-

Kocteft orpesok AB=d u M300pa3HM Inapy C MOMEHTOM rm, CHJIAMH
F.,F, a napy ¢ MOMEHTOM m; — cHJIaMH Fg, F,, (npH 3TOM, KOHEYHo,
Fld—-ml, de ﬂla)

CnoxuB cHJEI, npuOXeHHble B TOukax A u B, ybexnaemcs, -4TO
napw F,, Fy u F,, F), NeHCTBHTE/ILHO 3KBHBaJeHTHH OHOM ofi mape R, R,
Halizem Moment M 3toit mapul. Tak Kak R = F1+F,, 10 ABXR=ABX
X F,+AB X F, unu cornacto dopmyae (15°) M=my+ms,.

Ians nByx nap Teopema AOKa3saHa; NPH 3TOM OYEBHAHO, UTO 1OKa3a-
TeJIbCTBO COXPAHHMTCH H B cayyae, Korga miaockoctd [ H /] cnusaworca
(cnaraemble nape! Jiexar B OXHOM MJIOCKOCTH).

Ecau Ha Teno neficTByer cucTeMa m nap ¢ MOMEHTaMH my, M, . . .
+. . My, TO TIOC]ENOBATEBHO NpHMEHAs pe3yJbTar, NoJyuYeHHbIT 1S
RBYX map, HafijieM, 4YTO JaHHas cHcTeMa nap OyAeT HAeHCTBUTE/IBLHO
SKBHBa/IEHTHA OJHOM nape ¢ MOMEHTOM

M=mi+my+ ... +m,=Ym,. (16)

Hs NOJIY4EHHOrO pe3y/bTaTa JIErKO HaWTH YCJOBHE DaBHOBECHS

CHCTEMBI [ap, AEHCTBYIOUHX Ha TBEpAOE TeJO: NPH PABHOBECHH KOJIXKHO
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6ty M =0 Han
X m,=0. an

3azaua 11. Ha TBepAoe TeJo, J'leﬁCT-
BYIOT iBe Naphl CHJ F,,T; K F,, Fy, ne-
ASWHE BO B3AHMHO TNePNeHAHKYAAPHHX
nxockoctax (puc. 36). Momyas  mo-
MeHTa kaxaof u3 nmap pasen 30 H.wm.
HafiTh pe3yabTHPYIOWYIO Napy.

Pemen ne Hsobpasum BexTophi
M; H m,; MOMEHTOB CJaraeMHx nap,
DPHJAOKHB HX B HEXOoTopofi TOuKe A;
TOrZa MOMEHT pe3yJbTHpYlolleR nap
u306pasntca BekTopom m. CaefoBartesin-
HO, Pe3yNbTHPYIOILAA napa Pacnojo-
mena B maockocth _ABCD, nepnenas-
xyaspHofi BEKTOPY m, a MORYJb €e MO-
menta pased 30 2 H-m.

IFaasa 1V

NPHBEJAEHHE CHCTEMbBI CHJI K LIEHTPY.
YCJIOBHAI PABHOBECHA

§ 11. TEOPEMA O NAPAJIIENbHOM NEPEHOCE CHJIBI

PaBHOAEACTBYIOIAA CHCTEMH CXOAAIIHXCH CHJA HEeNOCPEACTBEHHO
HaXOIHTCA C NOMOLLbIO 3aKOHa napaanenorpamma cui. OueBHaHO, uTO
aHAJIOTHYHYIO 3aJa4y MOXHO GyAeT pelIHTb H LISl MPOU3BOJILHONA CHCTe-
MBI CHJI, €CJIH HailTH JJIst HHX METOA, NO3BOJISIIOUIHI NEPEHECTH BCE CHAH
B oAHY TouKy. Takofl Meroa Aaer cnenyiouiasi TeopeMa: cuAy, npuso-
MERHYI0 K abCOMOMHO mBepAOMY meny, MONCHO, He USMENAS 0KA3LBACMO20

= er0  Oedcmeus, nepexocumo

a
) Fr 9) u3 OauHol modKku 8 by
dpyeyro modky mesa, npu-
m 6asasan npu smom napy ¢
d MOMERMOM, DABHOLM MOMEN-

my neperocumold cuan om-
Puc. 37 : HOCUMeAbHO — MOYKu, Kyoa

cura nepesocumcs.
Tlyctb Ha TBepnoe Teno AeficTByer cuaa F, npuaoxenHas B TQuke A
(puc. 37, a). HdeficTBre 310l CHIL He H3MeHsieTCs, eCAH B JIo6oi TouKe

B tena mpunoxute ABe ypaBHoBelleHHbe cuanl F' W F", Takue, uro
F'=F, F"=—F. TlonyueHHast CHCTEMA TPeX CHJ M MpeACTaBJsier co6oi

cuny F', paeuyio F, HO npuioxennyo B Touke B, n napy F, F*
¢ MOMEHTOM

Fu

mu=mg(F). (18)
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TMooneanee paBeHcTBO caenyer K3 dopmyant (15°). Takum o6pasom,
TeopeMa Aoka3saHa. Pesysbrar, naBaeMhlil TeOpeMO#H, MOXHO elle H30-
6pa3HTb TaK, KaK 3TO NMoKa3aHo Ha pHc. 37, 6 (cuny F Ha sTom pHcyHKe
HaJlo CYHTaTb OTOpOLUEHHOI). PaccMOTpUM NpHMepH, HAAIOCTPHPYIOWHE
TeopeMy.

Npumep 1. Hrobu yxepxath B paBHOBecHH OAHOpoRubf 6pyc AB Annnof 2a u
BecoM P, Haio NPHJIOXKHUTE B ero cepenHe C HANPABAEHKYIO BBEpX cHay Q, NO MOLY/IO
pasuyio P (puc. 38, a). CorsiacHo foKa3aHHOM Teopeme CHAY Q MOXHO 3aMeHHTH CHAONR
@, npunokeHHOR K KOHUY A 6pyca, H Mapof C MOMEHTOM, MOAY/Ib KoToporo m=Qa,

F

a)

=Y
=

Puc. 38 Puc. 39

Ecau nsevo sToff napH yMeHbWHTL A0 BesiwuuHe h (puc. 38, 6), 10 o6pasyiomne ee
cuau F, F', nago YBEJHUHTb TaK, YyToOW 6nno Fh=Qa. CaeloBaTebHO, 'ITOG_I:K_ yRep-
xaTb 6pyc 3a ero Kowen A, Hago kpome cusl Q' npunoxuth eme napy F, F'. 3ror
Pe3y/bTat, BWTEKAIOWHA H3 LOKa3aHHOA TeopeMBl, HEMOCPEeICTBEHHO .«OINyMlaeTs
pyKa uenoBexa, yAepKHBaiollas OpyC 3a ero cepegHHy (pHc. 38, a) HAH 3a Komwer

(puc. 38, 6).
Mpumep 2. Ha GapaGau / paguyca r HaMOTaHb B NPOTHBOMOJIOKHKX HanpasJe-
HHAX 1BE HHTH, K KOHIAM KOTOPHX NpPHKJAAALBAIOT cHan F n F'=—F (puc. 39);

Ha 6apaGaH 2 TOro Xe paAHyca HaMOTaHa OHA HHTb, K KOTOPOM MPHK/IAHBAIOT CHAY,
pastyio 2F. PaccMOTpHM, YeM GYAYT OTAHYATHCA AeACTBHA ITHX CHJ.

Ha 6apa6an [ nefictByet TOMLKO Mapa cHa F, F' ¢ MOMEHTOM, YHCJEHHO paBHBIM
2Fr, spamaiomas GapaGai. Cuny, AeAcTByomyid Ha GapaGaH 2, MOXKHO 3aMEHHTb

cunoh 2F'=2F, npunoxkeHHolt K ocu GapaGana, u napofi 2F, 2F". B pesyawrare Ha-
XORHM, 4YTO Ha 3TOT GapaGaH NEACTBYIOT: 1) napa c YHCNEHHO TAKHM Xe, KaK H B Nep-
BOM cayuae, MomeHToMm 2Fr, Bpamalomas GapaGaH, u 2) cuna 2F', okasusawouias 1as-
JieHHe Ha ocb GapabaHa.

Hrak, o6a Gapabana 6yayT Bpamatbes ogunakoso. Ho npu stom ock BTOpOro Ga-
paaHa HcnLiTHBaeT AaBjelHe, paBHoe 2F, a ochb NepBOro GapaGaHa HUKAKOro faB-
JIEHHA He HCHBITHIBAeT. .

§ 12. NPUBENEHHE CUCTEMbBI CHJI K AAHHOMY HEHTPY

Pewum Teneps 3anauy o npuHBeseHHH NPOU3BOJBHON CHCTEMB! CHJ K
AaHHOMY HEHTPY, T. €. O 3aMeHe NaHHOH CHCTeMB! CHJI APYrofi, efl 3KBH-
BaJIeHTHOMH, HO 3HAYUTEJbHO 6oJiee NpOCTOH, a HMEHHO COCTOsILIEl, KaK
Mbl YBHAHUM, TOJILKO H3 OLHOH CHJBI H naphnl.

_ ITycte Ha TBepaoe Teso llei/'lCTByeT. NPOH3BOJIbHAS cuHcTeMa cull Fy,
Fs, ..., F, (puc. 40, a). BubepeM Kakylo-uuGyas Touky O 3a HEeHTp
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NpHBeJieHHsT H, NOJbL3yACh TeopeMofi, JokasaHHoR B § 11, mepenecem
BCe CHJN B HeHTp O, NPHCOENHHSAA NMPH STOM COOTBETCTBYIOIHE Naphl
(cM. puc. 37, 6). Toraa na teno 6yReT AeHCTBOBATb CHCTEMA CHJl

F;=Fn F;=F,, sy -FI;=FH‘ ) (19)

TIPHJIOKEHHBIX B UeHTpe O, H ciicTeMa nap, MOMEHTH KOTOPHIX COr/IacHO
¢opmyne (18) paBHH:

'_"_1='F.0(F1)' E:':EO(Fa)' AR Hu='?o (F‘n)' (20)

Puc. 40

Cxonsmmecsi CHJIH, NpHJGKeHHble B Touke O, 3ameHSAOTCA ONHOR
cunoit R, npunoxennot  rouxe O. Ilpu stoM R=ZF, uau, coraacto

pabencrBam (19),
R=2F,. 21)

Yro6H CAOKHTL Bce noayyeHHole mnapnl, Hano CJHOXHTDH BeKTopH
MOMEHTOB 3THX nap. B pesynbrare CHCTEMA Map 3aMEHHUTCH OXHOH na-~

Poii, MOMeHT KOTOpoit Mo=2rm, HJH, cornacHo pabexcTBaM (20),
Mo-’-‘-zmo (Fk)' (22)

Kak u3pecTHo, BenMuHHa R, paBHasm reOMeTPHYECKOH CyMMe BCex
CliJl, Ha3hiBAaeTCHA 2AABNbIM 6EKMOPOM CUCIMEMb. CUA, BeJHYHHA Mg,
paBHasi FeOMETPHYECKON CyMMe MOMEHTOB BCEX CHJI OTHOCHTEJILHO 1eHT-
pa O, HasLIBAeTCH 24QBNLIM MOMEHIMOM CUCMEMb. CUA OTHOCHTENbHO
STOTO HEHTpa.

TakuM oGpa3oM, MbH IOKa3alu CAGAYIOWLYI0O TeoOpeMy O N p H-
BeleHHU CHCTEMBH CHJ 200a3 cucmema cua, Gedcmsyouiux
na abcontomno meepdoe meao, npu NPUBECERUL K NPOUIBOALRO 8bOPaN-
nomy yenmpy O 3amensemcs oOHol curoli R, pasnotl erasHomy eexmopy
cucmemse CuUr U npunoxcentoll 8 yenmpe npugedenus 0, u odHod napod
¢ MomMenmom Mo, pasHoim 22Q8HOMY MOMERMY CUCTEeMb CUA OMHOCU-
meavro yenmpa O (puc. 40, 6). »



3ameruM, YTo cHJIa R me ABAsETCA 3lech PaBHOJGHCTBYlOMEA naRr-
HO#l CHCTEMBl CHJI, TAK KaK 3aMeHsieT CHCTeMy CHJI He ORHA, a BMecTe
¢ napofi.

M3 gokasanHON TeopeMsl CJEAyeT, UTO 98¢ CUCMEMb CUA, UMeroujue
00UNAKOBbIC 2AA8HbIE BEKMODPHL U 2/ABHbIE MOMENMIB. OMHOCUMENLHO 0OH020
U mo2o Me yenmpa, KeusaseHmrse (yCJAOBHS IKBHBAMAEGHTHOCTH CHCTEM
CHJI).

OrmeruM eie, 9To 3HaueHue R or BulGopa uentpa O, oueBHfHO, He
3aBHUCHUT. 3HayeHHe ke Mo NpH H3MeHeHHH noJIoKeHHs! LeHTpa O Moxer
B O0LieM Clyuae M3MEHATHCA BCJAEACTBHE H3MEHEHHA 3HaueHHHA MOMeH-
TOB OTAeNbHEIX CHJ. [To3TOMY Bcerga HeoGXOAHMO YKa3biBaTh, OTHOCH-
TeJbHO KaKOro LEeHTpa onpene/sercs IiaBHHIA MOMEHT.

PaceMoTpHM B 3aKJioueHHe ABa YaCTHBIX caydas: 1) ecad pis nau-
Hoit cucrembl cHA R =0, a M50, To OHa NPHBOAHTCS K OXHOM fape CHJ
¢ MOMEHTOM Mo. B 3TOM cilyuae 3Hauenue M, He 3aBHCHT oT BmGopa
uenrpa 0, Tak Kak HHaye MOJAYYHJIOCH Gbl, YTO ORHA H Ta XKe CHCTeMa CHJT
3aMEHSIeTCH Pa3HbLIMH, He SKBHBAJIEHTHRIMH ADYT ADYTY NapaMH, YTo

HEeBO3MOXHO; 2) ecM /st RaHHOM cHereMul cha R+40, a M,=0, o ona

NPHBOAHTCA K OJHOM CHJIE, T. €. K paBHOAeHCTBYiollell, pasHoii R H
npunoxeHuor B uenrpe O.

§ 13. YCJIOBHSI PABHOBECHSI CHCTEMBI CHJI,
TEOPEMA 0 MOMEHTE PABHOJEACTBYIOLEA

INokaxeM, uto 04a pasHosecus 6oL CUCMEMbL CUA HeoOXo0UMO U
00CmamosHo, 4mobst 21Q6HLLE 6eKMOP MOl CUCMEMBL CUA U ee 2AQBHOIL
MOMERM OMHOCUMENLHO 2100020 Yenmpa Gbial PABHLL KYAK, T. €. YTOOBL
BBINONHAJHCD YCIOBHSA

R=0, M,=0, (23)

rze O — .u'Qéoﬁ HEHTP, TaK KaK B KoHLUe § 12 nokasaHo, yro npH R=0
3Hauenue M, or BhiGopa ueHrpa O He 3aBHCHT,

Ycnosus (23) saBAsioTcs HEOGXOAMMBIMH, TaK KaK €CJIH KaKoe-HH-
GyAb U3 HHX He BBHIMOJNHSETCH, TO CHCTEMa AEHCTBYIOUIMX Ha TeNO CHJA
NPHBOAMTCA HJH K paBHoZeiicTBylomed (koraa R+<0), W4 K nape cHa
(xorga My+0) u, caenoBaresnbHO, He ABAsETCS ypaBHoBeleHHoil. On-
HOBPEMEHHO YC/IOBHSA (23) ABJSAIOTCA H AOCTATOYHLIMH, NIOTOMY 4TO NPH
R=0 CHCTEMA CHJ MOMET NPHBOAHMTBLCS TOJBKO K nape ¢ MoMeHToM M,
a Tak KaKk M, =0, To HMeeT MeCTO paBHOBECHE.

onbaysch nonyyeHHbIM pedyJIbTaTOM, AOKAKeM CEAYIOUYIO T € O-
pPemy DBapnioHa* o0 MoMeHTe paBHOAEHCTBY IO
UL e i: ecau Jannas cucmema cun umeem pasrodelicmeyowyro, mo Momenm
pasnodedcmsyiougeld omrnocumenrsHo 106020 yenmpa O pasen cymme
MOMEHMOB CUA CUCMEMBL OIMHOCUMEALHO MO0 Jie [ermpa.

* - -
[1. Bapunvou (1654—1722) — Buiaaomuiics $panuysckuf yueubift, MaTeMa-
THK H MeXaHHK. M3/10XK#J OCHOBL CTAaTHKH B KHHTe «IIpoexT HoBO# MexanuKku» (1687).
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Iycrs cucrema cun F,, F,, . . ., F, npusogutcs K paBHOAEHCTBYIO-
wek R, NUHHA AEACTBHS KOTOPOA MPOXORHT Yepe3 HEKOTOPYIO TOYKY
C (puc. 41). Ipunoxum B STOK TOUKE CHIY R’=—R. Toraa cucrema

cun Fy, Fa, ..., Fu, R* Gyner Haxomutbes 4
B PaBHOBECHH H JJI1 Hee NOJDKHO BHIOJ-
HATbCA ycnoBHe Mo=0, 1. e. cornacHo ¢op-
MyJe (22) pnst paHHBIX CHA_(BKJIOYA CHAY

R ) Ro/uKHO GBITH Emo (Fy)+mo (R')=0. Ho 7 ,—7,;
TaK Kak R'=—R H ofe cuim Hanpaa.neﬂu
BIOJIb OAHOA M TOH e NPAMOR, TO mo (R")= \ I
=—mo(R). TloxcraBnsis 310 3HaueHHe F
mo(R’) B npenniyuiee paBeHCTBO, HafeM Puc. 4l
H3 Hero, 4To _ o
mg (R)= 2 mo (Fy). (249)

Tem camniM Teopema foKasaHa. Eio wacro GbiBaer yAOGHO no/b30-
BAaTbCA NPH BHIYHCJEHHH MOMEHTOB CHJL.

fnasa V
HNJIOCKAA CHCTEMA CHJ

§ 14. AJITEBPAHYECKHE MOMEHTbI CHJIbl H NAPHI

[epexoRst K paccMOTPeHHIO MJIOCKON CHCTeMbl CHJ (CHCTEMBI CHJI,
KaK YTOAHO PAacro/IOXEeHHbIX B OAHOM IJIOCKOCTH), HAauHeM C-BBEJCHHA
HEKOTOPBIX [OHATH.

I. Anre6pavyecKHi MOMEHT CHJAK OTHOCH-
TeAbHO meHTpa KoraaBce cHIb CHCTEMH JieXKAT B ORHOR I/10C-
KOCTH, HX MOMEHTH OTHOCHTeJbHO Jioforo uenrpa O, HaXoAsAIerocs
B TOH e NVIOCKOCTH, NeprneRAHKYJISAPHH 3TON MJOCKOCTH, T. €. Hanpas-
JIeHBl BJOJIb ORHOM H To# ke npsiMofi. Toraa, He npuGerast K BEKTOPHOMR
CHMBOJIHKE, MOXHO HAmpaB/JeHHs 3THX MOMEHTOB OTVIHYHTb OAHO OT

APYroro 3HaKOM H PacCMaTpHBATh MOMEHT CHJIH F OTHOCHTE/ILHO LEHTPA
O Kak anre6paHyecKylo BeJHYHHY. YCJAOBHMCA L/ KPAaTKOCTH TaKO#

MOMEHT Ha3blBaTh a/jre6paHyecKHM H O0603HauaTb CHMBOJOM o (F).

Anzebpaudecutt momenm cuasi F omuocumensno yenmpa O pasen ess-
MOMY C COOMBEMCMBYIOUUM 3HAKOM NPOU3ICeOeHUI0 MOOYAR CUABL HA ee
naewo, T. e*

mo (F)==Fh. (25)
INpu.stoM B npaBofi cHCTeMe KOOPAMHAT, NPHHATOR B MeXaHHKe,
MOMEHT CYHTAeTCH MOJOXKHTEALHBIM, KOTAa CHJIA CTPEMHTCHA MOBEPHYTH

* B nonobHHIX PaBEeHCTBaX CHMBOJ «1» GyAieT 03HayaTb, NTO AGHHAR BelHUHHA
HMEeT UAL 3HAK IUTIOC, UAU SHAK MHHYC.
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Te0 BOKPYT ueHTpa O NpOTHB XOAa HacOBOW CTPEJIKH, H OTpHUATENb-
HBIM — KOTJAa N0 XOAY 4YacoBo#l cTpesKH. Tak, AJA CHJ, H300paXKeHHHX
Ha pHC. 42: mg (P)=Ph,, mo (Q)=—0Qh,.

3amerum, 4TO nosMyueHHble Bhile GopMyaH (22) H (24), conepxkainne
CYMMBI MOMEHTOB-BEKTOPOB, COXPAHAT CBOW BHA H LAS aareGpaHuecKHX
MOMEHTOB, HO CyMMbi NpH 3TOM GYIyT He BeKTOpHble, a ajnre6paHyecKHe.

F
¢ a g B
)
a, a
D L
.
Puc. 42 Puc. 43

Npusmep. HaATH MOMeNTH CHIL F 1 Q OTHOCHTeNbHO TOUKK A (pHc. 43), ecin AB=a,
AD=) n yrau a, f usBecTHH.
Pemen ne OnycTHB H3 TOUKK A TNepNeHARKYIAP HA JHHHIO AEACTBHA CHAN

F, nalaem nnevo h=gsin &; Toraa c yueToM 3HaKka m4(F)=Fasin a.
Ias cuan. § npowte He HaxoZHTE NEY0, 8 PA3NOKHTL Q HA COCTABJAIOMHE Q) M

Q,. a2% KoTOpHIX nueuM 6yAyT cooTBeTCTBEHHO paBHul AB=a u AD=1,, a 3atem Boc-
noabsoBaThe! GopMmysnok (24), T. e. TeopemoR Bapuubona. Toraa ¢ yyerom sHakos:

ma(@Q=ms@Q)+ma(Q)=—Qia+Qyb. Ho Q;=QcosP, Q=Qsinp # okomua
TCJABHO .
ma(Q)=Q (b sin p—acos B).
Bupmxenne B CKOGKaX H ABAAETCH NMAYOM CHAM a YT0 He Cpa3y BHJIHO.
3ameTnn, uTO My (7‘-) MOXHO TOXe HaRTH, PasNOXHB CHAy F ua cocTapasiomue
T, u Fy. Torna ma(F)=ma(F,)=(F sin @)a, 1ak xax m(Fy)=0.

2. Anre6panuyecKHid MOMEHT napu. Ilockonsky
MOMEHT Maphl CHJ1 paBeH MOMEHTY OHOMl M3 ee CHJI OTHOCHTE/bHO TOUKH
npuJaoXKeHHs Apyro# cuan fdpopmyna (15°)], 1o A1s nap, Aexawux B

ORHOMA NJIOCKOCTH, MOMEHT Naphi MOX-
2 HO TOXeE paccMaTpHBaTbh KaK anareb-
paHuecKyio BeJHYHMHY, Ha3nlBaTh
anre6paHyecKHM M YCJAOBHTbCA 0603-
Hauatb cuMBoJioM m (wan M). Ilpu
ITOM aazebpaudeckull MoMmenm napel
pasen 3AMOMY C COOMBEMCMBYIOUUM
SHaKoM npoussedenutd Modyas odnod
U3 CUA NApL NG NACHO NAPLL;

m==Fd. (26)

INpaBuno sHakoB 3jech Takoe e, Kak AJA MOMEHTa CHAH. Tak,

ann n_goOgameuuoﬁ Ha puc. 44, g napu F, F' momenr m,=Fd,, a ana

naput P, P’ MoMeHT my=—Pd,. [TocKoJIbKy napa CHJ/l XapaKkTepH3yercs

TOJNBKO €€ MOMEHTOM, TO Ha PUCYHKaX Mapy H306paxaioT YacTo Npocro
L}




AYyroBOil CTpeJKOf, NMoKa3uiBalollefi HanpaB/iieHHe MOBOPOTa Napht (Kak
Ha puc. 44, 6). . :

Ioayyénnnie Buite ¢opmyant (16) u (17), conepkauine cyMmbl Mo-
MEHTOB-BEKTOPOB, TOXe COXPaHAT BUJ AJA aiAre6paH4YecKHX MOMEHTOB,

OpHYeM CyMMHI GYAYT aJjreGpaHyecKHMH.

3agaua 12. Kpusosnnefinnii potar ABCD (puc. 45) Raxomutcs B paBHOBECHR

NOX AefCTBHEM BYX NapaJ/iebHbX cua P u P, o6pasylomnx napy. Onpeseants cuin
RaBIeHHA Ha onophl, ey AB=a=15 cM, BC=b=30 cM, CD=c¢=20 cM, P=P'=
H

A1

Puc. 45

Pewen ue. 3amenuMm napy P, P’ sksusanerTHOR eft mapoft Q, Q’, cHant Koro-
pok HanpapaeHNW DO HanmpasaeHHAM peakuuft onop. [IpH STOM MOMEHTH Nap AO/IKHE
OuTb OaHHAKOBH, T.¢. P{c—a)= Q0.

Cnenonaresiblio, CHAN JaBjieHAA Ha OMOPH 9YHC/IEHHO PABHE

Q=Q"=P(c—a)/b=30 H

R HAMpPAaBJIeHH TaK, KaK {I0Ka3aHO Ha uepTexe.

3azaua 13. Ha wmecrepuio [/ paauyca r; ReficTByeT mapa CHA C MOMEHTOM m,
(prc. 46, a). OnpenenHTL MOMEHT /My NapH, KOTOPYIO HaA0 NPHIOKHTL K LiecTepHe
pmgca ry, 9TOGH COXPARHTL PaBHOBECHE. ,

emw e H U e. PaccMOTpHUM cHauana yc/ioBHA paBHoBechs miectepun [. Ha nee
AtfACTBYeT Napa C MOMEHTOM f11;, KOTOPAs MOXKeET GHTh ypaBHOBELlIeHa TOMBKO ReACTBHCM
Apyroft mapH, B IaHHOM cayqae naphi 31. 72-1 3necs Q,— NepHeHARKYIAPHAR PaHYCY
COCTABJIIOMAA CHJAH AaBVIeHHA HA 3y6 CO CTOPORH liecTepHH 2, a R,— ToMe mnep-
NeHAHKYAAPHAS * PAAKYCY COCTaBJAOMAA peakunH ocH A (Chaa RaBjieHHA Ha 3y6
N peaxnus ocH A HMelOT ele COCTaBJSIOMHKE BAOJAb PajHyca, KOTOpHe B3AHMHO ypas-
HOBEUHBAIOTCA H B YC/JI0BHe paBHOBeCHS He BoRayT). [IpH.3TOM, coraacHo yc/0BKIO paB-
sosecust (17), my+ (—Qyr)=0 n Q=my/ry.

Tenepr paccMOTpHM yC/IOBHA paBHOBecHs wectepHH 2 (pHc. 46, 6). Ilo 3akony
paBeHcTBA ReACTBHS H MPOTHBOAEACTBHMS Ma Hee CO CTOPOHH wectepHH [ Gymer nefi-
cTeoBaTh cHaa Qy=—0,, KOTOpas C MepNeHAHKYAADHOA paaMycy cocTaBasiomeR
peakuuH ocH B ofpasyer mapy Q,, Ry ¢ MOMEHTOM, pPaBHHM — Q,r,. JTa napa
AOJIXHA YPaBHOBECHTLCS NPHAOKEHHOR K ecTepHe 2 napofi ¢ MOMEHTOM My, C/IeR0Ba-
TeAbLHO, IO YCJI0BHIO paBHoBecHs (17), my+ (—Q,r,)=8. Orcong, Tak xak Q,=Q,,
HAXOAHM mg=rmyry/ry.

EcTecTBeHHO, 4TO Maphl ¢ MOMEHTaMH /1y H M1y He YXOBJIETBOPAIOT YCJAOBHIO PABHO-
BecHA (17), TaK Kak OHH DPHJIOMKEHH K Pa3HbIM TeJiaM. }

MonyveHHan B npoluecce pemleHHs 3ajaur peauuuHa Q, (wrn Q,) HasuBaetcs
OKPYXCHBLM ycuauen, NeficTBylomuM Ha wecTepHio, Kax BHAHM, OKpYXXHOe YCH/IHe
panm/) MOMEHTY BpamalomeR NapH, AeJeHHOMY Ha Dagdyc WeCTepHH: Qy==rm,/ry=
=mylr,.
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§ 15. NPHBEAEHHE NJIOCKOA CHCTEMBDI CHJ
K NPOCTEAWIEMY BHAY

Pesynbrar, nonyuennnifi B § 12, cnpaseanus, KOHEUHO, H B HaCTHOM
caydae NJOCKOR cHcreMul cHil. CnienoBaTesibHO, MJIOCKAas CHCTEMa CHA
TOXe MPHBOAHMTCS K CHJe, paBHOR R H NpPHJIONKEHHONA B NPOH3BOJILHO
BoiOpaHHOM ueHTpe O, U nape ¢ MOMEHTOM My, HO CHMIa ¥ mapa JexXar
B JaHHOM cJiyyae B ORHOH NJIOCKOCTH — B IVIOCKOCTH IHeHCTBHSA CHA
(puc. 47, a, rae napa H3oGpaxeHa ayrosofi crpeskoi). 3HaueHHs raap-
HOro BeKTOpa R M riiaBHOro MoMeHTa M, pawrca dopmynamu (21)
(22), MPH ITOM BEKTOD R MoxHO ONpefeNuTb HJH reOMETPHYECKH Mo-
CTPOEHHEM CHJIOBOIO MHOTO-
yroabHuka (§ 4), HAH aHaJH-
THUeckH no ¢opmyaam (10) ns
§ 5. Takum o6pa3oMm, LA nJoc-
KOA CHCTEMH CHJ

Rx=2Fkx' vaz F’W'
Mo =3 mo (Fy), @7
rie Bce MOMEHTH B NOCJEAHEM
paBencrBe anreGpaHuecKHe B
cymma Toxe anrefpaHueckas.

Hafinem, K KakoMmy npocrefiieMy BHAY MOeT NPHBOAHTHCA AAHHAA
NNIOCKas CHCTeMa CHJI, He HaXOAAIlaACs B paBHOBeCHH. Pe3yJibrar 3aBu-

CHT OT 3HavenHfi R u Mo.

1. Ecsin ans nannoft cucreMst cua R=0, a Mo+0, To oHa npwuso-
anTcs K ogHoft nmape ¢ MoMeHTOM M,. Kax nokasaHo B Korue § 12,
SHaueHHe M, B 3TOM cJlyyae He 3aBUCHT ot Buopa uentpa O.

2. Ecan ans naHHOR cHCTeMH cHA R+40, To OHa NPHBORHTCA K ONHOA
cHie, T. e. K paBHogeficTByiomefl. [IpH 3TOM BO3MOXHHI JBa CJyyan:

a) R+£0, Mo =0. B stom c/lyqae CHCTEMa, YTO Cpa3y BHAHO, NPHBO-
AMTCS K paBHojeficTByiomeft R, npoxoasued vepes uenrp O;
6) R0, M,+#0. B srom clydae napy ¢ MOMEHTOM M Ao MOXKHO H30-

6pasuTs AByMs cunami R’ u R”, 6epa R’=R, a R"=—R (puc. 47, 6).
IIpn stom, ecau d=0C— nneyo napu, T0 AOMKHO BHTH

Rd=|M,|. (28)

a) 7

Or6pocuB Teneps, cuan R n R”, Kak ypaBHOBelIeHHHe, Hafjen,

9TO BCA CHCTEMa CHJI 3aMeHsieTCsl paBHOAEACTBYIoleh R’'=R, npoxoas-
me# yepes Touky C. [Nonoxenne ToukH C onpeeNisieTcs ABYMs YCJIOBHS-

mu: 1) paccrosiune OC=d (OC | R) nonxHo yi0BNeTBOPSAThL PaBeHCTBY

(28); 2) 3Hak MoMenTa oTHOCHTENBHO leHTpa O cHiH R’, NpHAOKeRHOR

B TouKe C, T. €. 3HaK mo (R’), NOKEH cOBMaAaTh CO. 3HAKOM M.
ITpumep nomo6Horo pacuera aam B Fajave 17.
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Takum 06pa3oM, NIOCKas CHCTEMA CHJI, He HaXOAALLAsACA B PaBHOBe-
| CHH, MOXeT ObiTh OKOHYATe/IbHO NMPHBEJIeHa HIH K ORHOM CHIe, T. €. K
paBHofeficTBylome# (koraa R+0), uiu K nape cHa (Korja R=0).

' 3anava 14. IlpuBecTH K UeHTpY O CHCTeMy CHA P F., Fy, Fa. nsodpamenuux Ha
puc. 48, ecan P=30 H, Fy=F,=F;=20 H, a=0,3 M, =0,5 m, a=60".

y] b
—a 7 15 5
f 4 b | 4 .
30° y P
. ) , <l
4 | V= J 7 R
b :Qz ]
Puc. 48 Puc: 49

Pewenue 3a1aua CBOMMTCA K HAaXOKJIEHHIO T/ABHOTO Bektopa R sananHok
CHCTeMb CHJI, KOTOPHA GyZem onpeaenfTs NO €ro NPOEKUHAM Ry, Ry, H FIaBHOrO MO-
MeHTa Mo 3THX CHJI OTHOCHTebHO UenTpa O. TpoBona ocH Oxy TaK, KaK HOKa3aHo Ha
PHCYHKE, H noab3ysAch GopMyaamu (27), NOAYYHM (CM. MIPHMEp BHUHCJAEHHA MOMEHTOB
cha B § 14):

Ry==XFy,=—F cosa—Fycosa—F,,
Ry=2IFp,=—P—F;sina+Fysina,

Mo ws Zmo (Fy) = — bP +afF, cos &+ 2bF 4 sin o+ aFs.

Moxctasasia ciona YKC/AOBHE 3HAYeHMA CHA, HazeM, 4to R,=-—40 H, R, =
=-—30 H, Mp=11,3 H:-M. Takum odpaaoM, 3ajaHHafA CHCTEMa CHA anBOAHTCﬂ K
gnnomenuoﬂ B uenTpe nprpenenus O cune R ¢ npoexuuﬂmu Ry,=—40H,R,=—30 H

50 H) u nape cun ¢ Momentom Mo=11,3 H

Puc. 50 Puc. 51

3anava 15. gnaecm K npocTefilueMy BHIY CHCTeMy cua P, 7' P, nefictaylo-
mu})’( Hapdanxy AB (puc. 49), u HafiTH CHJN JaBJeHHS Ha ONOPH A M B!, eciH Py=
=Py=Py=P

Pemen xe MHOrOyronbHHK, NMOCTPOCHHHA K3 CHJ i’;, P,, F;, SaMKHYT; cJie-
KoBaTeNbHO, R=0. CyMMa MOMEHTOB BCEX CHJI OTHOCHTEJAbHO JIIOGOA TOUKH (HANpH-
Mep, ToukH C) pasia —Pa. CiiegoBaTebHO, JaBHasi CHCTEMA CHJ NMPHBOAUTCA K Oape
¢ MoMeHTOM m=—Pa. Pacrnosaras Ty napy Tax, K2k NOKa3aHO Ha uepTexe NyHKTH-

POM, 3aK/IOU3EM, UTO CHAH Py, Ps, Py OKa3HBAOT Ha onopx gasaenus G; u Qg, unc-
AeHHO paBHble Palb,
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3asaua 16. IprsecTn K mpocrefiieMy BHAY cHCTeMY cua Fy, Fa, F, zefictaylo-
mHX Ha gepmy AB (puc. 50), u nafith cuan gaBaenns Ha onopH A H B, ecau Fy=

=l e=Frg=Fr. _ -

Pemeu ne 3ameuasn, uto cuanl Fy, n F; 0o6pa3yloT napy, nepemenaeM ee B
DOJIOXKEHHE, NoKasanHoe Ha vepTexe nynkTHpoM. Toraa cuaw Fy, F3 B3aHMHO ypasBHo-
BEUIHBAIOTCA H BCA CHCTEMA CHJ MPHBOAMTCA K paBHofeficTeylomelt R=F, (uncjaeHHo
R=F).

Orciona 3akmouae, yto geficteue cua Fy, F,, F, cBOAHTCA K BepTHKAJLHOMY BaB-
JCHHIO Ha onopy A; onopa B npH ITOM He Harpyxena.

3anaua 17. IpEsectH K npocTeiiiiemy BHAY CHCTCMY CHA, PACCMOTPEHHYIO B 3afa-
ge 14 (cM. puc. 48).

Pewen e H3 pesyrpraros, nosyueisHnx B 3agave 14, caeayer, yro AaHHas

CHCTEMA CHJI OPHBOAHMTCA K NpPHJOXKeHHOR B Touke O cuae R, HanpasjeHHOR Tax,
XaK OoKa3aHo Ha puc. 51, u mape c MomentToM Mp=11,3 H-m. IMpu arom uncaenno

R=50H u cos f=|R))/R=0,3 (8~53°). [Ipencrapum napy cuiamu R'=R u R"=
=—R, oprioxus caty R” 5 Touxe 0, a R’ B Touxe C, npuyem, coracro hopmye

28), d=0C=M/R=:0,23 M. Or6pact:sasi cuast R 1 R”, nafigem, 470 paccMatpusae-
Mafl CHCTEMA CHJl MPHBOANTCA K paBHOAchcTBYyloulefi, pasnofi R, nuHHA AeAiCTBHA KO-
Topofi npoxoaAnT Ha paccrosuni 0,23 M oT Touks O (vepes TOuKYy C ¢ XKOOPAHHATAMH
x=-—d cos f=—0,14 M, y=d sin f~0,18 m).

§ 16. PABHOBECHE NJIOCKOA CHCTEMbI CHJI
CIYYAR NAPAJVIENBHBIX CHJI

Heo6xonuMbie #' JOCTaTOYHble YCAOBHA PaBHOBECHA K060 cHCTeMH
CHA nalorcs paBencTBaMi R =01 M, =0, BbpaxaeMuMu ¢opMysamu
(23). Hafinem BHITeKawliHe OTCIORA AHAJHTHYECKHe YCJIOBHMSI paBHOBe-
CHSl TNOCKOA cHCTeMbl CHA. X MOXHO noayuuts B Tpex pasAH4HHX
opMmax.

l. OchioBHasi. popmMa ycaoBHHA paBHOBECH .
Tax xax BexTop R paBeH HyJIO, KOTAa PaBHbl HYJIO ero. NPOoeKuHH R,
H R,, TO 1A paBHOBECHS NO/KHBI BHMOMHATHCA paBeHcTBa R,=0,
Ry=01 My=0, rae B aansom cayuae M, — anreGpanyeckuii MOMEHT,
a 0 — moGast ToYKa B mJIOCKocTH jefictBua cua. Ho u3 gopmya (27)
CAeRyeT, YTO npeAniaylile paBeHCTBA GYAYT BHNOAHEHH, KOTAa AEACT-
BYIOIHE CHJIBl YXOBJIETBOPSIOT YCAOBHAM:!

ZF =0, 2F,, =0, Zm, (Fy) =0. (29)

@opmynbl (29) BbIpaXaloT CleayonlHe aHaAUTHYIECKHE YCAOBHSA PaB-
HOBECHS: 04 PABHOGECUS NPOUSBOSBHOL NAOCKOL CUCMEMbL CUA HEOGXO-
OJumo u Gocmamouro, 4mobbl CYMmot nPOEKKUL BCEX CUA HA KAXOYIO U3
08Yx KOOPOUHAMHbIX OCell U CYMMQ UX MOMENINOB OMHOCUMENLHO 4100020
yenmpa, aexcauiezo 8 naockocmu deticmsus cua, 6viau paswol kyaro. OnHo-
BpeMeHHO paBeHCTBA (20) BHpaXKalOT YCJIOBHSI PaBHOBECHSI TBepJOro
Tea, HAXOAAIIErOCA MOf AREeHCTBHEM NJIOCKOH CHCTEMBI CHJ.

2*. Bropasa bopMa ycaoBHil paBHOBecHS: 0as
PABHOBECUR NPOUIBOALHOU NAOCKOL CUCIEMbE CUA HEOOX00UMO U OoCmamoi-
HO, 4mobbl CYMMbL MOMEHITIOB 6CEX IMUX CUA OMHOCUMEAbHO KAKUX-HU-
6y0s Osyx yenmpos A u B u cymma ux npoekyuti na oce Ox, He nepnex-
OQuxyrapnyro npamol AB, 6eau pasror nyo:

Smy (Fy) =0, Zmy(Fy)=0, ZF,,=0. (30)
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Heo6X0AMMOCTh ITHX YCJOBHIl OYEBHAHAE, TAK KaK -ecjiH moboe u3

MX He BHNOJHAETCH, TO Hian R==0, und M 4540 (M z+<0) 4 paBHoBecHR
e 6yner. JokaxeM HX focrarodHocTb. EC/M A/s NaHHOA CHCTEMB CHA
NOJIHAIOTCS TOJLKO NepBhie ABa H3 ycnosuft (30), To ana Hee M, =0
My =0. Takas cHcTeMa CHJI, COIVIACHO Pe3y/bLTaTaM, NMONYYeHHHIM B
§_\*l5, MOJXKET He HaXOAHTLCA B PaBHOBECHH, a HMETh PaBHOLEACTBYIOULYIO
R} onHoBpeMeHHO mpoxopsutyto uepes Toukn A u B * (puc. 52). Ho
mi TPeTbeMy YCJOBHIO AO/KHO OuiTb R,.=XF,.=0. Tak kak ocs Ox
npbBefiesa He NepNEeHAHKYAAPHO K AB, TO nociefHee yCAOBHE MOXeT
6uTh BHINOJIHEHO, TOABKO Koraa R =0, T. e. KOrja HMeeT Mecro paBHO-
BecHe.

3*. Tperbs ¢opma ycnoBuit PaBHOBECHUA (ypasHeHun
mpex MoMeHmos): OAR_ pABHOBECUA NpOU3BOAbHOU NAOCKOU cucme-
MblL cun Heob6x00umMo u 00CcmamovHo, Ymo-
6oL CYMMbL MOMEHIMO8 8CEX SMUX CUA OMHOCU-
meAasHo A06bix mpex yermpoe A, B u C, He
AeHaUUX KA 00HOE NPAMOY, BolaL DABHOL HYAO

Zmp(F)=0, Zmy(F,) =0, Zm (Fy) =0. (31)

Heo6x0auMOCTb 3THX YCNOBHH, Kak H B 1Ipe-
IbiAyllleM caydae, odeBHAHA. JlOCTaTOMHOCTH Puc. 52
ycaosuit (31) creayer M3 TOro, yTo €CiH NpH
ONHOBPEMEHHOM BBLIMOJIHEHHH STHX YCJIOBHIY JaHHAas CHCTEMa CHJ He
HaxoAunach Obl B paBHOBECHH, TO OHa J0JHaA Obl/la Obl NPHBOAKHTLCA K
paBHozeACTBYOWEH, OIHOBPEMEHHO npoxofsined yepes Touku A, B u
C, YTO HeBO3MOXHO, TaK KaK 3TH TOYKH He JeXKaT Ha OAHOA npsMoft.
CrnesosarenbHO, NpH BHIMOJNHEHHH ycioBuft (31) nmeer Mecro paBHO-
BecHe,

Bo Bcex paccMOTpeHHBIX caydasix IS TWIOCKOR CHCTeMBb CHA MOdy-
9al0TCs TPH YC/IOBHA PpaBHOBECHHA. ¥ C/I0BHA (29) CYHTAIOTCA OCHOBHBIMH,
TaK KaK NPH M0/1b30BaHHH KMH HHKAKHX OorpaHHueHHH Ha Bui6Op KOOp-
AHHATHHIX OCefl M UeHTPa MOMEHTOB He Hajlaraercs. -

Ecan na resto napagy c niockoft cuctemoft cuat Fy, Fq, v o o, 7,, xeficrayer cacreMa
JIeAUIUX B TOR Xe NJOCKOCTH Nap C MOMERTAMH /My, My, . . ., My, TO BPH COCTEBACHAH
ycnosH#i paBHOBECHA B ypaBHeHHS NMpPoekUHA naphl He BORAYT, TAK XaK CyMMa NpOex-
UMA cHA Naps Ha J06YI0 OCh PaBHA HYNIO. B ypaBHeHHAX JXe MOMEHTOB X MOMENTAM
CHA anrebpaHyeckKH NPHOABATCA MOMEHTH! §lap, TaX XaK cCyMMa MOMEHTOB CHJA mapH
OTHOCHTE/ILHO JOGOrO UeHTpa pasHa MomeHTy maphi [§9, dopnyaa (15)]. Taxum o6-
Pa3oM, HanpuMep, YCJAOBHR paBHOBecHd (29) npy fefiCTBHH HA TEAQ CHCTEMM CHA K Dap
NPHMYT BHA:

ZFpy=0, LFp, =0, Zmg (Fp) 4 Zm;=0. (32)

Ananornyio npeoGpasyiores B sTomM caydae ycaoeus (30) m (31).

PaBnoBecHe NnNOCKOA cHCTEeMH mapanneab
HH.X cHJ. B cnyvae, koraa sce aeficTBylounye Ha TeJo CHJILI napad-
AeMLHE APYr APYTY, MOMHO HanpaBHTb och Ox nepneHAHKY/AAPHO CH-

* Ipx M 4=0 cHCTeMa CHJI MOXKET HMeTb pPaBHOAeACTBYIOULYIO, HPOXOASMIYIO Ye-
pe3 TouKy A, a npit Mg=0 — npoxoAswYIo yepe3 TO4KY B,
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nam, a ocb Oy napaisnensHo uM (puc..53). Toraa npoexnus Kamuon us
CHA Ha ocb Ox GyJler paBHa HyJIO ¥ NepBoe H3 paBeHcTB (29) o6parurca
B ToXKzecTBo BHAa 0=0. B pe3yabrare Als napajefbHbHX CHJ OCTaHeT-
cs JBa YCJIOBHSi PaBHOBECHs:

rae ocb Oy napajsiesibHa CHJIaM.

Hpyras ¢opma ycoBuft paBHOBeCHS st NapajieNbHEX CHJI, N0Ty-
wajollascs H3 paBeHcTs (30), umeer BHA:

Emy(F)=0, Emy(F)=0. (34)

TIpu sToMm T09KK A H B He JOJIKHH JIeXKaTh Ha NpsAMO#, nNapanfielb-
soit cHaaM.

Prc. 53 Pnc. 54
§ 17. PEMIEHHE 3ABAY

Ilpu peweHun sanay sToro paspena clenyer HMerb B BHAY Bee Te
ofliMe yKasaHHs, KOTOpHe GHJIH CAeNaHH B § 7.

Jas nonyuenns Gosee NpoCTHX ypaBHEHHH CJEAYET (ECTH 3TO TOMb-
KO He YCJOXHACT XOA pacuera): a) CoCmasAssi YpasHewus npoexyud,
nposodume KoopOUHAMHYIO 0Co NEPReHOUKYARPHO KaKol-Hubyde Heus-
secmuotl cuse; 6) cOCMasAan Y PaBHEHUA MOMeRMOs, Gpamb yermp MOMeH-
moe-¢ momKe, 20e nepecexaemcs 6oAblie HEUBECHBIX CUA.

Ilpy BHIYHC/IEHHH MOMEHTOB HHOrAa GhiBaeT yXOGHO pas.nara'rb naH-
HYIO CHJly Ha JiBe COCTaBJsIOLINE M, NOJb3ysach TeopeMoii BapuHnona,
HaXORHTb MOMEHT CHJIBl KaK CYMMY MOMEHTOB 3THX COCTaBJIAIOMAX (CM.
NpHMEP BHIYHCJEHHS MOMEHTOB CHJ B § 14).

Pelenne MHOrHX 3aJa4 CTaTHKH CBOAHMTCS K ONpefesieHHIO peaxunﬁ
onop, ¢ fIOMOILIbIO KOTOPBIX 3aKpemsiorcs GaslKH, MOCTOBbe epMH H
T. 0. B TexHHKe O6LYHO BCTPEYAlOTCH CJAEAYIOUIHE TPH THHA ONOPHHIX
dakpenyieHHfi (KpoMe pacCMOTPEHHHX B § 3):

. loaBuxnas wapHUpHas onopa (puc. 54, onopa A).
Peaxnuu N, Taxot’onops HanmpaBiieHa N0 HOPMaiH K NOBEPXHOCTH,
Ha KOTOPYIO ONMHPAIOTCH KAaTKH NOJBHXKHOA OMOPHI.

2. Henoasuxuas mapunpuas onopa (puc. 54, onopa B).
Peakuuss Ry Takofi OMOpH NPOXONMT Yepe3 OCh IIAPHHPA H MOXKeT
HMethb JoGoe HarnpasJieHHe B NJIOCKOCTH depTexa. Tlpu pemennu sanay

6yAeM peakuuio Ry n3o6paxarbh ee COCTAaBASIOWEMH Xp H Y 0O
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anpaBAeHHAM KOOpAMHAaTHHX ocefl. Ecan Mul, pemmB 3azany,
afineM Xz u Y, TOo TEM caMbiM OyZieT onpejeieHa H peakuua Rg; no

Y0 RB=VXL+Y2,.

Cnoco6 3akpenJieHHs, noKasaHHuIA Ha puc. 54, ynorpebasercs nias

, uTo6b B Gasike AB He BO3HHMKaJNO KONOJIHHTENBLHLIX HampsiKeHH
npH H3MEHEHHH ee JJIMHBL OT M3MEHEHHMA TeMmepary-
PH HIH OT H3rHba.

‘3. KecTKasg sageaka (WIH Henox-
BHXHAasa 3ameMiaslomas onopa; pHC
55, a). PaccmaTpuBas safielaHHHA KoHeln G6alKH H
CTeHY KaK OJHO HLeJoe, XeCTKYIO 3aleJIKy H3o6paxa-
10T TaK, KaK NokasaHo Ha pHc. 55, 6. B arom ciyuvae 3} A
Ha GasiKy B ee NOTepeyHOM CeueHHH JefiCTByeT CO CTO-
POHH 33]€JJaHHOI0 KOHL@ CHCTeMa pacnpejieleHHbIX
cHa (peakunfi). CuMTasg 3TH CHJIBL TIPHBENEHHBIMH K A

HeHTPY A CeyeHHs, MOXKHO HX 3aMeHHTb OJHOM Hamne- o
Pell HEH3BECTHOH CHJION R,, NPHJNOXEHHOR B 3ITOM 55
LleHTpe, H napoft ¢ Hamepel HEH3BeCTHHIM MOMEHTOM Puc.

my, (puc. 55, a). Cuay R4 MOJHO B CBOIO ouepeilb H30-

Gpa3uTh ee COCTaBAAIOHIMMH X, H Y4 (puc. 55, 6). Takum obpasom,
/17 HAXOXKAEHHS PEaKIHH JKECTKON 3ajle/IKH HAJ0 ONpPENCJIHTh TPH He-
H3BeCTHHE Hanepej BeJUUHHH X4, Y4, my.

Peakuuu Apyrux BHAOB CBsidell GHLIH paccMOTpeHH B § 3.

3anava 18. Onpenenutb CHIAM, ¢ KOTOPHMH IABAT Ha penascH Koneca A W B xpa-
Ha, cXeMaTHYeCKH M300paxenHoro Ha pHc. 56. Bec kpana P==40 xH, UeHTp. TAKECTH
ero JexHT Ha aurun DE. Bec noanumaemoro rpyaa Q=10 kH, ssiner kpasa b=3,5 v,
paccrofinke AB=2a=2,6 M,

" b Pewexnue PaccmoTpuM paBHOBecHe BCEro

xpaHa. Ha xpau zeficTeyioT 3afanHble chanl P n

Q u peaxunn cpaselt N4 u Np. Jlna stolt cHcTeMu
napajyie/lbHHX CHJ COCTaBJfieM YCJIOBHS paBHOBe-
cua (33), NpHHMMARA 32 LeHTP MOMEHTOB TOuKy A
H NPOEKTHPYS CHJIL Ha BepTHKaNbHYI0 ocb. [loay-

YHM:
—Pa+Np-2a—Q(a+b)=0,
NA+NB-——P—Q=0.
Peman 9TH ypaBHeHHA Hafjem:
N4=0,5 P—0,5 Q(b/a—1)=11 xH,
Ng=0,5 P+0,5 Q (b/a+1)=39 xH.
JinA npoBepKHM COCTaBHM ypaBHEHHE MOMEHTOB OT-
HOCHTeJILHO lieHTpa B
—N 4-2a+Pa—Q (b—a)=0.
TloncraBnsas ciona nafiieRHoe sHauenue N 4, yGexnaemcs, UTO YPaBHEHHe YA0BJIETBO-
pserca. Hcxombie cuanl AaBiaeHdsi KOJieC Ha PesibCH paBHul uHc/eHHO N g n Npg, Ho
HaIpaBJeHH BHH3.
HAlICHHOro peMeHHs BRAHO, 4TO NpH Q=aP/(b—a)=22,2 XH peakuna N4
ofpamaeTcss B HyJb M JIeBOe KOJIECO IepecTaeT XABHTb Ha penbc. [IpH panbuefmen
yBeJIHUEHHH HarPysSkH Q Xpaw HauHHa2eT onpoKuamBarbest. HawGoabwas Harpyska Q,

DpH KOTOPOR COXpaHseTcH PaBHOBECHE KpaHa, ONpeJesercs H3 ycopRs X mp (Fp=0,
rge Fy— peficTBylompe Ha KpaH SaflaHunie CHAM (B AanHOfi 3afiave — CH/H TAXKECTH).
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3anaua 19. Onnopoannift 6pyc AB Becom P
ONHKpaeTcs KOHLUOM A Ha I/afKyl0 TOPH3OH-
TanbHYI0 MJAOCKOCTh H BHCTyn D, a Konuom
B — Ha Hak/MOHHYI0 NJOCKOCTb, 0oGpasyomyio
C TOPH3OHTANbLHOR NAOCKOCTDHIO Yroa & (pHc. 57).

* Cam 6pyc HakqoneH nog yraom §. Onpeaennts
CHAH JlaBJieHHA 6pyca HAa ofe MAOCKOCTH H Bhl-
cryn D.

P eme ne. PaccMoTpHM paBHoBecHe Gpy-
ca AB. Ha 6pyc nefictsyior: 3ajannas cuia P,
NpU/IOXeHHas B cepeaHHe 6pyca, H DeaKnue
cBaseft R, Ny, Ny, Hanpas/eHHHé NepoeHInKy-
JIAPHO COOTBETCTBYIOIIHM nAoCKocTaM. ITposo-
JAHM KOOpAHHATHHE OCH (pHC, 57) H cocraBaseM
YCHOBHSA paBHOBECHA (29), 6epstl MOMEHTH OTHO-

CHTeJbHO UeHTpa A, Ihe mnepeceKaloTcs JABe Hem3mecTHHe CHAH, [IpexmaprTensro

BLYHCASIEM NPOEKUHE KaXAOA M3 CHJI HA KOOPAHHATHHE OCH H €8 MOMEHT OTHOCH-

TEALHO UEHTPA A, 3aHOCA 9TH BeJIHYHHH B TaGaHUY; NPH STOM BBOAHM OGO3HAYEHHN: -

AB=2a, Z KAB=y (AK — naeuo cuan R orsHocutenbuo uentpa A).

Fy Ny N, P R

Frx 0 Ny 0 ~Rsina
Fry Ny 0 o Rcosa
m4 (Fp) 10 | 0 —Pacos § R2acosy

Teneps cocTaB/ifeM yC/OBHS pPaBHOBECHS:

N;—R sin a=0, N;—P-+R cos a=0,
—P acos p+2 Ra cos y=0. \

Hs nocregnero ypasxeunss Haxomum
R=(P cos B)/2 cos y.

Tax xax npaman AK mapannenbna HakJoHHOH NocKocTH, T0 Z KAx=a,; oTciona y=
=a—f. Oxonvareabso ‘

R=(P cos B)/2 cos (x—P),

Pewast mepsie ABa ypaBHEHHR, MOAYYHM:

Nf:P[l—- cos a cos f ]' Ny=P. sin & cos P

2 cos (@— B) 2cos (@—p) *

CuAM RABACHHS Ha NJIOCKOCTH PABHH [0 MOZYJMIO COOTBETCTBYIOMIHM PEAKIHAM H Ha-
npaBAeHbl NPOTHBOMONOKHO STHM PeaKIHAM.

Hrs oposepxm MpaBRABHOCTH BHYHCACHHA BenHuHH Ny H Ny MOXHO COCTABHTH
YPABHEHHUS MOMEHTOB OTHOCHTE/LHO TOYEK, FAie HepeceKaloTcs JHHHH AelicTBus cHa R
BN, ncun R u N,

axsa 20. Cummerprunas apxa (puc. 58) sarpymeHna cucteMofi CHA, NPHBOAS-
mefcx x cune Q==40 xH, npunoxennoi B Touke D, K nape c MoMenToM mp= 120'xH -u,
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Bec apkn P=80 xH. Hano:
AB=a=10 M, b=2 u, h=3 n, a=60°,

OnpefennTh PeakUHH HENOABHXKHOM LWAPHMPHOA oMOpH B M moxsuxHOA onopu A.

.PemeHue PaccMoTpHM paBHoBecHe Beel apku. Ha nee peficrsylor sajannne
cHin P ¥ Q, mapg ¢ MOMEHTOM mp H peakunu onop N 4, Xp, Y g (peakunio HenoapHx-
nok wapHHpHOR onopn B H3oOpaxaeM ABYMsi ee COCTAaBASIOUIHMH, KaK Ha puc. 54).
.B 9T0fi 3azaue yzoGHee BOCIONb30OBATLCS YCJOBHAMH paBHoBecHs (30), Geps MOMEHTH
OTHOCHTENLHO ToueK A H B H npoekuHH Ha ocb Ax. Toraa B xaxjoe ypaBHenne BORAET
No OAHON "HeH3BeCTHON cuje. [lnA ompenesieHHA MOMEHTOB CHJIH ( Pa3/IOXKHM ee Ha

cocraasiomue Q; H Qp, MOAYJH KOTOPHX Q=Q cos &, Q;=Q sin @, u BOCMOALIY-
ence Teopemoft Bapuunona. Torna mbayuum:

ZFp,»=Xp+Q cosa=0, (2)
Zm (Fp)=Ypa—Paj/2—hQ cos a—bQ sina+4-mp=0, ©)
Zmp (Fy) = Paj2— N ja—hQ cos o+ (a—b) @ sina+mp=0. (=)

Pewan sTH ypaBHeHHs, Hafjewm:

Xp=—Q cosa=—20 kH,
Y g=P/24Q (b sin a+h cos a)/a—mpla~40,9 xH,
N 4= P/2+Ql(a—b) sin a—h cos a}/a+mpla=~73,7 kH.

Bennunua Xp oKaszanach orpHuaTesbHOfl. CneaoBaTeNbHO, COCTABAAIOMAR ;Y—g
BMeeT HanpaBJeHHe, NPOTHBOMOJNOXHOE NMOKa3aHHOMY Ha yepTexe, 4TO MOXHO OHJIO
npensuaeThb sapatee. [Toanan peakuns
onophl B HafneTcs Kak reoMeTpHuec- ¥, »

Kasi CyMMa cilt Xp H Yg. Ilo Mony-
Mo,

Rg=V X5+ Y% ~ 45,5kH.

Jns npoBepKH MOXHO COCTABHTb
ypaBHenne npoexunfi Ha ocb Ay:

SFy,=Np+Yp—P—Qsin a=(0.
r)

IMoacrasans ciofa HaliieHHbe BeJHYH-
HH N4 u Yp, ybexpaemcs, 4T0 OHH
STOMY YPABHEHHIO  YAOBJETBOPAIOT
(NOACTaHOBKY cjlefyeT fenath H B 06-
eM BHAe, YTOGH NpoBepHThL (GopMy-
JW, H B YHCJAX, YTOOM NPOBEPHTh WYHCJCHHBE PacueTn).

Caeayer uMeTh B BHAY, YTO NPH TaKOR NpOBEpKe MOXHO He OCHAPYXHTb OIIHGOK,
CBS3aHHHIX C HelPABHJbLHHM ONpeje/ieHHeM NPOeKUHH HAH MOMEHTOB CHJI, Nepnexal-
KyaspHbix oci Ay. [ToaToMy Haflo HJH ACNOJHHTENIbHO NPOBEPHTD ITY UACThL PACYETOB,
HAH COCTAaBHTb /IS POBEPKH elie OJHO ypaBnHeHHe, HaIpHMEpP YypaBHEHHE MOMEHTOB
OTHOCHTEJILHO UekTpa D, :

OtMeTHM ewe caenyiomee. Kak H3BecTHO, NpH cocTaBleHHH yciosuit (30) ocy mpo-
€KUM HAZO HANpaBJATh He MEPNeHAMKYJAAPHO JHHHH AB, T. e. B HalleMm caydae He
Bloab Ay. Ecau, TeM He MeHee, MB COCTaBHJ/H GH TpeTbe YpaBHeHHE B NPOEKUHAX Ha
ocb Ay, TO noayuuJH GH cHcTeMy ypaBHeRH# (6), (B), (r), comepXKaulyio TOJAbKO ABA
Hen3BecTHHX N4 H Ypg (B 3Tofi chcTeMe 0AHO ypaBHeHHe Obljio GWl C/AEACTBHEM ABYX
Apyrix). B pesyibrare M He Mor/iM OH OnpefesuTh peakuuio Xg.

3agasa 21. Onxopoauuft 6pyc AB KeCTKO 3ajfesiaH B CTeHy, obpa3ys c el yroa
a=60° (puc. 59, a). BucTynaomas u3 CTeHW 4actb Gpyca uMeer AamHy 5=0,8 M
H Bec P=100 H. Buytpu yraa DAB nexur uuaunap secoM Q=180 H, xacaiomuics
6pyca B Touke E, npuiem AE=a=0,3 M. OnpenesnTh PeakuHio 3aJeNKH. -

Pemen ne PaccMotpum paBeoBecHe Opyca. Ha 6pyc Aefcrylor: cana P,
TIPHJIOMKEHHAS B cepenuHe 6pyca, CH/Ia faBjieHHA F DHAMHADA, NPHIOKEHHAN B TOYKe

E pepneHARKY/NsApHO 6pycy (HO HH B XoeM caydae He CHAA Q, KOTOpas NpHIOKeEna K
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UHAHHADY, 2 He K 6pycy!) ® peakiHA safe/KH, KOTOPYIO NpEACTaBHM COCTaBAO~
mman X 4, Y4 u.napoft ¢ MomentoM my (cm. pue. 55, 0).

Daa onpenenerus CHAL @MenunTpaanomnM CHAy Q, MIPHJIOKEHHYIO B UEHTpE
WAAHHADA, Ha cocTasasuomue F u N, nepneunnxynugnue 6pycy u crene (puc. 59, 6).
M3 nonywennoro nmapannesorpaMMa HAaXomuM, 4o F==Q/sin .

Teneps, cOCTaBHB YCJIOBHA paBHOBecHs (29), HAR Tounee (32), nOAYUHM:
IFpemm Xg+F coso==0, ZFp emY —Fsina—P=0,
Emy (Fp) = —Fa—P (6/2)sina-+my=0.
[Mocae samensl cHay F ee 3HaYeHHEM STH YPaBHEHHA MPHMYT BHA:
X 2+Q ctg =0, Y 4—Q—P=0,
ma—Qa/sin a—P (b/2) sin &=0.
M3 cocraBrienttx ypasHeRHE OKOHYATENHHO HAXOZMM:
Xg=—Qctg x=—103,8 H, Y ,=P4+Q=280 H,
m4=Qa/sin a- P (b/2) sin ©=96,9 H-m.
Peakuuns sanenxw caaraercs M3 cHl X4, ¥V 4 B mapn ¢ MOMEHTOM m14.
B sarniouenne eme pas nojuepKHBAEM BHTEXAOMHA HI XOAA pelUeHHA 3axad OC-

HOBHOM BLIBOA: B YC/IOBHSI DABHOBECHS BXORAT TO/IBKO CHIAL HENOCPEOCMOEHHO NpPUAO-
MeNHoe K Tey, PABHOBECHE KOTOPOTO PACCMATPHBACTCH,

3anava 22, K cron6y c nepexaanuuof (puc. 60) npukpensens asa 6noka C u D,
9epe3 KOTOphHe NEepeKHHYTa BepeBka, yjepHBaiouias rpys BecoM Q=240 H. Huwxuuft
KOHel BepeBKH 3aKpenieH B Touke B. Cron6 yrepxHBaeTcs B paBHOBECHH PacTAXKON
EE,. Tpenebperasn BecoM c1os6a C NepexjafkHOA M TpeHHeM B GJIOKAX, ONpEAeNHTH
HaTSKEeNHe PACTANKKH H peaKlHIO 3afelikH A, paccMaTpHBas ee KaK LIAPHHPHYIO (T. e.
KaK HeXecTKYI0, 03BOJAIONMYIO CTOAGY NMOBOPaYKBaTLCA BOKPYT TOMKH A). g:e pas-
MepH yKa3aHH Ha deprexe (B MeTpax). Pasmepamu 670KOB mpeHeGperaem.

"Pemenue PaccMoTpHM paBHOBecHe Beel KOHCTPYKIHHM, T. €. cTonGa C Nepe-
xraguhofl, 6rokaMit H acTsio Bepeskr KDCKy, oxBaTrBalomed GokH (CM. sanady ?‘2
Ha koncrpyknuio geficteyior crelyiomue BHEIUHHE CHAM: NPHJIOKEHHAs B Touke Ky
cuaa Q, npunoxennas B Touke K cHna HaTKeHHR F BepeKH H peaxnus cansef’T,
Xa, Y 4. BuyTpernue cuabl, KaK He BXOAAIKE B YPABHEHHS PaBHOBECHA, He H306pa-
Xaem. Tak Kak npu OTCYTCTBHH TPeHHs B GJOKAX HATSKEHHe BEPEeBKH BCIOAY OAHHAKO-
?;9.)‘10 F=Q. CoctannfieM AaR ACACTBYIOIIHX CHA CJAGRYIOIMHE YC/IOBHS PABHOBECHR

ZFgpy=Fcosa—Tcosf+X,4=0,
ZFpyem—Q—Fsina—Tsinf+Y 4==0,
Zmy (Fy)=—Q-1,0—F.09sina+4T-1,2sinp=0,
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Hs npamoyroasuux tpeyronviukos AEE; m ADB naxomum, 910 EE,==2,0 w,
DB=1.5 M. Orciona sin a==sin B==0,8; cos a=cos p=0,6. CrenoBarejbHO, B AaHHOM
cayuae a==f. [loacTapass B COCTaBJEHHLIC YPABHEHHs HaNACHHHE 3HaMeHHS TPUTo-
ROMeTpHUECKHX YHKUKR H nosaras opHoBpeMenHo F={, NOJyYnM

0,6 Q—0,6 T+X 4=0, —Q—0,8 Q—0,8T+Y 4=0,
—1,0Q0—0,72Q4-0,96 T =0.

Pewas stH ypanﬂenuﬂ,néﬁnem oxonuatenvho: T=430 H, X4=114 H, Y =776 H,

§ 18. PABHOBECHE CHCTEM TEJ

Cratnueckufi pacyeT HHKEHEPHHIX COOpPYKeHH#t BO MHOFHX C/yyasx
CBORHTCA K PACCMOTPEHHIO YCIOBHI paBHOBECHSI KOHCTPYKIUH H3 CHCTe-
MBl TEJ, COEAHHEHHHX KaKHMH-HHOYAb CBA3AMH. CBA3H, COeAMHsIOLINE
YacTH JaHHOA KOHCTPYKUHH, 6yJieM Ha3biBaTh HYMPEHHUMU B OTAHUHE
OT 8Mewurux CBA3efi, CKPeNnJIAIOWHUX KOH-
CTPYKLMIO C TeJlaMH, B He¢ He BXOJs-
UMY (HanpHMmep, ¢ OMopaMH).

Ecsi nocsie or6pachiBanis BHEWHHX
cBsidefl (OMOP) KOHCTPYKLHA OCTaercs
KECTKOfl, TO JAJIA Hee 3aja4yH CTATHKH
pellaloTcesl KaK A a6COJIOTHO - TBEPRO-
ro Tena. [ogo6Huie npumepnl GHJIH pac-
CMOTpeHH B 3afavax 20 u 22 (cM. puc.
58 u 60).

OnHako MOTYT BCTpeuaThCs TaKHe HHXeHepHHe KOHCTPYKUMH, Xo-
Tophie mocse oT6pacHiBaHHS BHEWIHHX CBsi3efl He OCTAIOTCH JKECTKHMH.
IprMepoM TaKOR KOHCTPYKIHH sIBASeTCH TpexXUlapHHpHas apka (pHc.
61). Ecan or6pocHTb onopul A u B, To apka He 6yAeT XeCTKOA: ee JacTR
MOTr'YT NOBOpPauHBaThCs BOKPYr wapHupa C.

Ha ocHoBaHuM npuHUMNa OTBepJEBaHHs CHCTEMa CHJ, AefCTBYIOUIH
Ha TaKylo KOHCTPYKLHIO, AO/DKHA NPH PaBHOBECHH YAOBJETBOPATH yC-
JIOBHAM paBHOBeCHA TBepAoro Testa. Ho sTH ycnoBHA, KaKk yKaseBalOCh,
6yayun HeoGXOAHMBIMH, He OGYAYT SIBAATHLCA ROCTATOYHBIMH, TIOITOMY
K3 HHX HeJIb3s ONpeNe/IHTh BCe HeH3BecTHHe BedHuuHul. Jlns pelwenus
3aKayy HeoGXOAMMO JNOTOJIHHTENBHO PacCMOTperb paBHOBecHe Kakof-
HHOYAb OJHOM MAH HECKOJbKHX 4YacTell KOHCTPYKIHH.

Hanpumep, cocraeiss ycIOBHA paBHOBECHS IJIA CHJI, REACTBYIOMMX
Ha TpeXIapHHPHYyl0 apKy (puc. 61), MH nmoayYMM TpPH ypaBHeHHS €
9eTHpbMA HeH3BeCTHRMH X4, Y4, X g, Y 5. PaccMoTpeB fononkuTe/IbHO
yClIOBHSA paBHOBecHs JieBOA (MJIH nmpaBoft) ee MOJIOBHHH, NOJYYHM ele
TPH YpaBHeHHs, Cofiepakallye XBa HOBHX Heu3BecTHHX X¢, Yo, Ha
puc. 61 He noka3saHHbIX. Pelias nojydeHHyi0o CHCTeMY IIECTH YpaBHe-
HEM, HafifeM Bce 1ecTb HEM3BECTHHIX (CM. 3amauy 23). .

Hpyrofi cnoco6 peweHusi NOAOGHHIX 3afiad COCTOHT B TOM, YTO KOH-
CTPYKIIHIO CPa3y pacweHSIOT Ha OTAE/IbHElE TeJIa H COCTABJIAIOT YCAOBHA
PABHOBECHS KaXIOTO H3 TeJ B OTAGNBLHOCTH (cM. 3axavy 24). Ilpnu stom
peakus BHYTPEHHHX cBsidefi GYAyT MOMapHO paBHH IO MOAYJIO H TIpo-
THBOIOJIOKHE N0 HanpasJeHHo. [IAA KOHCTPYKIHH H3 n Tel, Ba Kax-
Jloe H3 KOTOPHX JefiCTBYeT NPOHSBOJIbHAN NJIOCKas CHCTeMa CHJ, NoJy-
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YUTCA TAKHM NyTeM 37 ypaBHeHHH, MO3BOJIAIOMMX HafiTH 31 HeH3BecT-
HHX (NpH APYTHX CHCTEMax CHJI IHCJIO YpaBHEHHH COOTBETCTBEHHO H3-
menurcs). EcnH 1as faHHON KOHCTPYKLHMH YHCJIO BCeX peaklHfl CBs-
sefi 6yner GoJibllie YHC]Aa ypaBHEHHH, B KOTOPHE 3TH PeaKIHH BXOLAT,
TO KOHCTPYKIHS GyaeT craTHuecKH Heonpeneaumofi (cM. § 19).

3azaua 23. Kpoumirefin COCTOHT M3 ropH3onTaabHoro 6pyca AD (puc. 62, @)
pecoM P;=150 H, npuxpensieHHOro K cTeHe WIapHHpOM, H moakKoca CB Becom Py=
=120 H, xoropuit ¢ 6pycom AD u co cTeHOft TaKKe coeAHHeH LWAPHHPAMH (Bce pa3-
. = MepH NoKa3aHH Ha deprexe). K xoruy D
a) Yy ) 6pyca nmoxpeuwled rpys BecoM Q=300 H.
a f 3a a Onpezesinth peakuun wapunpos A u C, cun-

. Tag 6pyc H NOAKOC OAHOPOAHBIMH. .

o |
0 Pewenne  PaccMoTpHM cHawan
_ papHosecHe Bcero Kpowwrrefina, Ha nero
7] AeflCTBYIOT Cleflyloulie BHeIUHHe CHJN: 32-
Launbe cal Py, Py, Q H peakunn caseh
m Xa, Ya Xc¢, Ye. Kponurrefin, ocsoGox-
JIeHHHR OT BHEWHHX cCBsA3efl, He ofpaayer
JKeCTKON KOHCTpYKUHH (6pycbs MoOTryT mO-
BOpaYHBaTLCA BOKPYT WapHHpa B), Ho mo
NPHHUMIY OTBEDAEBAaHHA JRefCTBYyIOmMHe Ha
Hero CHJIH NPH PABHOBECHH JAOMKHH YAOB-
JIeTBOPATb YC/NIOBHSIM DaBHOBECHA CTATHKH,
CocraB/sas 3TH YCJIOBHA, HafieM:

SFpy = X 44 Xo =0,

Nrans 3> Fpy=Y4+Yc—Py—Pa—Q=0,
Al "Ml sm,Fy=mXc-4a—Yca—Py-2a—Pra
R ‘ —Q-43=0.
Puc. 62 TlonyvensHe TPH yPaBHEHHS CONEPMAT,

. KaX BHAHM, 4eTnpe HeH3BecTHHx Xg4,
Ya, Xc, Yo. Jna pemenns 3aRausl paccMOTPHM AONONHHTE/LHO paBHOBecHe Opyca
4D (pwc. 62, 6). Ha uero aeficrayior caau Py, Q, peaxuun X4, Y 4 u peaxunu Xp,
Yp, xoropuie aas 6pyca AD (xorga paccMaTpHBaeTcs ero pasHosecne) GyAyT CHJAaMA
sremHAME. Hepocraomee getBepToe ypaBHeHHe COCTABHM, GepA MOMEHTH geficTByio-
mWHK Ha 6pyc AD cua oTHOcHTeNbHO HeHTPa B (Traa B ypaBHeHHe He BOARYT HoBuie
HenspectHrie Xg, Yjp): :

Zmg(Fs) mm—Y 4-3a{Pia—Qa=0.
Peiuas Teneph CHCTEMY WeTHpex coCTaBJIeHHHX YpaBHeRHN (HaYHHAR C mocAeAwero),

Haltges: . )
Y 4=(Py—Q)/3=—50 H, Yo=2P,/3+P,14Q/3=620 H,
Xo=2P,/31 P,/2+4 Q/3=5_60 H, Xj=—Xc=—560 H.

M3 noMydennbX pesyAbTaToB BHAHO, uTo chik X4 u ¥4 wmeror nampasnenna, mpo-
THBONONOXKHLIE NOKasaHHLWM HR uepTexe. Peakunun wapiupa B, ecan Hx Hajo.onpege-
JIuTH, HalgyTcs B3 ypaBHeHH#A npoeRUMA Ha OCH X H y cHA, AeficTayiomux Ha Spyc AD,
n O6yXyT pasHu:- Xp=—X4, Yg=P;+Q—Y 4=500 H.

Kak BHAMM, IDH pelleHHH 33/]a4 CTATHKH He BCETAa HAJI0 COCTAB/ATD BCE YCJIOBHA
PaBHOBECHA ANR paccMaTpHBaeMmoro tesa. Ecan B 3agave He TpeSyerca ompereasTh
PEeAKUHN HEKOTOPHX cBA3efl, TO HAAO MHITATHCA CPa3y COCTABHTb TaKHE YpaBHEHHS,
B KOTOpLI€ STH HEeH3IBECTHLIE peaKnHH He GYAYT BXOAHTb. TaK MH K MOCTYNHIH B AaHROR
sajave OpH PaccMOTpeHHH paBRosecHR 6pyca AD, cocTaBasis TONLKO OAHO ypaBHEeHH®
MOMEHTOB OTHOCHTeJILHO HeHTpa B. ) ‘

. 3asam 24, Topssouransnan Ganka AB secom Q=200 H npuxpennena x crene
maprupoum A ® oaupaetca Ha omopy C (pc. 63, a). K ee xonny B mapuupHo nprxpen-
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nen 6pyc BK secom P=400 H, onupatowmnitcs na sucryn D. Tlpn stom CB=AB/3,
DK=BK]/3, yroa a=45°. Onpene:m'rb PeaxuHy omop, cyuTan 6ajKy H Gpyc ORHOPOA-
HhHIMH.

Pemen e PacuneHas cHCTeMy Ha JBe 9acTH, PacCMaTPHBAEM pEBHOBECHE

6pyca BK n 6anxn AB » oraenvhoctd. Ha 6pyc BK (pauc, 63, 6) aefierpylor cuna P
M_peaKunH cbadeft Np, Xg, a) X
. Bsona  oGosnauenne y

Bk——a H COCTABJAS A 9THX
CHJ YC/IOBHA paBHOBecHs (29),
BOAYNHM:

ZFp,m Xp—Npsina=0, %l ¢ «
XF.”- Yp—P+Np X

_ X cosa=0,
Img (Fy) wm Np+2a/3— g _ 8)
— P (a/2)cos a =0. N

Pewmag 9TH ypaBHeHHs, Haf-
nen: )
Np=(3P/4)cosa = 2I2H,
Xp=(3PB)sin2a=150H, KA
Yp=P—(3P/4)cos'a=250H. B %, WF I

Ha 6anky AB, ecau ee pac- Puc. 63

CMaTpHBaTb OTAEJLHO, Aefict-
BYIOT CHJA Q, PeaKLUHH BHEUWIHHX CBA3eR Nc, X4, Y4 # cunul naBaenns XenuYas
6pyca BK, nepenapaemuie uepes wapnup B B (puc. 63, 6). [Ipn sToM no saxony o aeR-
CTBHH H_TIPOTHBOAEACTBHH CHAM XB uY¥p ROMKHH OnTh HanpaBlieHH NPOTHBOMNO-
aoxno Xg u Yp; no Momyao xe Xp=Xp, Y5=Vj.

Beoas o6o3naueHHe AB=0 M cocTaBaAfl Aaf CHA, RefcTBylOWHX Ha Gajaky, yo-
AOBHA pasnoBecHsa (30), nosyuHm:

SFrxmm Xa—Xp=0, Zmy(Fy)m—YBb+Nc-26/3—Q-b/2=0,
Zme (Fy) mm—Y 4-26/3+ Q-6/6—Yp- b/3=0,

TMonaran B stHX ypasuennax Xa=Xpg # Yp=Y g  peiwan ux, naffes:
XA=XB=150 H, YA=Q/4—YB,/2=-—75 H, Nc=3 Q/4+3YB/2=525 H:

Hs noAyuenHHX peaynbTATOB BHAHO, HTO BCE PeaKIHM, Kpome Y 4, HMEIOT HampabJe-
BHus, TMOKasanHuHe Ha puc. 63, peakuus xe Y 4 GaKkTHUECKH HanpaBjieHa BHH3.

l‘lpn pelleHHH 3a/1a4 STHM NYTEM BAXHO HMeTb B BHRY, 4TO ecau Odssenue KaK0#0-
Hubyds 00020 meaa Ha Apyzoe U306pANERD CUAOL R LAL COCMABARIOUUMU XuY, mo
Ka ocHveatuu 3axona o dellcmsuy u npomusodelicmauu OaaAerue 8MOpPO0 MEAG Ha nepeoe
doaxcro usobpaxcameca cuol R, HANDPABAEHHOL NPOMUSORDAONHO 'R (npuxes no mo-
Oyan R'=R) uau cocmasrsouumnu X', Y HANPABACHABIMU NPOMUSONOAOINHO Xu?
(npuven no modymo X'=X, Y'=Y).

3azaya 25. Ha tpexmapuupuyio apxy (puc. 64, a) neficreyeT ropH3oHTa/IbHAEA
cua F. [Tokasatb, 9T NIpH onpefesieHHH peakuu’ onop A k B He/b3s NEPEHOCHTD TOU-
Ky npHAOKEHHR CHAK F BROML ee JIHHMH feficTBRA B TONKY E.

Pemen ne Ocsofoxaas apKy OT BHEWHHX cBaseft (onopwt A ¥ B), Mu nony-
q8eM H3MEHSEMYI0 KOHCTPYKIIHIO, KOTOPYIO HeJib3si CIHTATh aGCOIOTHO TBEPABIM TEIOM.
TlosTomy npu onipesesienun peakitnk onop A u B NepeHOCHTH TOUKY NPHAOKEHHS CHALL
F B touky E, mpHHanexamylo APYrodl YacTH KOHCTPYKUHH, Heabss.

Y6enumcs B 9T0M NyTeM HeOCPEACTBEHHOrO PEILEHHA 3ajlauH, npeHebperas BecoN
apxh. PaccMOTpHM cHayana MpaBylo Ro/oBHHY apKH. Ha nee AeRCTBYIOT TO/IbKO ABe
cunn: peaknun Rp u R wapunpos B u C (cuaa R¢ Ha uepTexe e nokadana). Npy
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PABHOBECHA 9TH CHAH IOJIKHM GHTb HAMpPABJAEHH BAOAL OXHOM NPAMOA, T. €. MO AH-

sy BC. Cnenoparenso, peakuus Rp nanpasnena spoas BC.

PaccmatpuBast Teneph paBHOBecHe BCell apKH B UeJIOM, HaliieM, YTO Ha Hee Jek-
CTBYIOT TPH CHAL: 3ajaMHas cuaa F u peakuun onop Rp (manpasjieHe KOTOPOA MH
nauuin) H R4. Ilo Teopeme o
Tpex cuaax (§6) nnuuun Aeh-
CTBHS 3THX CHJI JO/IKHB DPH
PAaBHOBECHH TNepeceKaTbcsi B
OfHOR ToOuYKe; oOTCIOAA HAXO-
JAHM H@NpaBJieHHe peaKUHH
R4 Mopyan peakuuft R4 n
Rp MOXHO ONpefenntb H3 co-
OTBETCTBYIOMIErO CHJIOBOTO Tpe-
YroJbHHKA.

Ecan xe npu/okuts cuay F B Touke E M, paccyx/ast aHAJOTHYHHM OGDa3OM,
upofesaTs Heo6XOAHMHe MOcTpoeHH: (PHC. 64, 6), To yGeaHMCs, YTO B ITOM Clyuae
peakuun onop R 4 H Rp OKaxyTcs APYTHMH H IO MOAYJ/IO, K IO HANpPaBJ/IeHHIO,

§ 19*. CTATHYECKH ONPEAEJIMMbIE H CTATHYECKH
HEONPEAEJIHMBIE CHCTEMBI TEN (KOHCTPYKLIHH)

Ilpu pemenuH 3ajay CTaTHKH peaKUMH CBA3efl BCerja - siBAAIOTCA
BeJIYHHAMH 3apaHee HEH3BEeCTHRIMH; YMCJIO HX 3aBHCHT OT YHCAA M
BHJA HaJIOXKEHHBIX CBfisefl. YCJIOBHS PaBHOBECHSI, B KOTOpHE BXOIAT
peakuuHu cBfi3edl U KOTOPHIE CJAYKAT A HX onpelesieHHs, HA3LIBAlOT
OGHIYHO ypasreruamu pasrosecusi. UTOGH COOTBercTBYIOLAs 3ajaya
CTATHKH Obl/la pa3pelinMofi, Haio, OYEBHAHO, YTOGH YHCAO YPaBHEHHFA
PaBHOBECHS PaBHAJIOCh YHCJAY HEH3BECTHHIX PEaKUHA, BXOAALIUX B 3TH
YpaBHeHHs1. _

3anauH, B KOTODBIX YHCJIO HEH3BECTHHX peakuufl cBsi3efi paBHO
YHCJly YpaBHEHHI PaBHOBECHS, CONEPIKAIMX ITH PEAKILHH, Ha3HBaIQTCA
CHAmUuUeckl OnpedeseHHbiMU, a CHCTEMH Tesl (KOHCTPYKIHH), AJIst KOTO-
PHIX 3TO HMEET MECTO — CMAIMULecK Onpedesumsimi.

3anauu Xe, B KOTOPHIX YHCJIO HEH3BECTHBIX peaKuui cBsi3edl 6obie
YHCJIa ypaBHEHH# paBHOBECHS, CONEPIKAHNX STH PeaKLHH, HA3KBalOTCA
Cmamu4ecky Heonpedesertiimi, a cUcTeMbl Ted (KOHCTPYKLHH) AAA KO-
TOPHIX 3TO HMEET MECTO — CNAMUMECKU HEONPeoeAUMbMU.

Hanpuuep, nogsecka, cocrosmas ua G} d)
AByx TpocoB (pHc. 65, a), Gymer craTH- LZL% 7 Z
YecKH onpenesHMOf, TaK Kak 31echb ABe
HeH3BecTHble péakuHH T B Ty BoAAyT B
ABa ypaBHeHHs1 paBHOBecHA (12) mioc-
KOt CACTeMH CXOAAWHXCR CHA. [Tonsec-
Ka e, COCTOMINANA M3 TPexX JEXKAHX B
OftHON NJIOCKOCTR TPpocoB (pHc. 65, 6),
OyAeT CTATHYECKH HeoNmpeResHMON, Tak
Kax B Heft YHC/IO HEHIBECTHHX peaKuMit
pasuo TpeM (Ty, Ty, T,), a ypaBHeHult Puc. 65

PaBHOBECHR MNO-TpeKHeMy TOJBKO ABa.

AHanorruHO, ropHsonTaNbHas Gajka, Jexamas Ha ABYX omopax (puc. 66, a),
GYyReT CTAaTHUeCKH ompene Mo, TaK KaK M SfieCh ABe HEHSBECTHHe peakuhi Ny u N,
BXOAAT B ABAa YPaBHEHHA paBHoBecHs (33) maockoft CHCTeMH NapanjejbHuHX cua, Ta-
Kaft e Gajika Ha Tpex omopax (puc. 66, 6) 6yfer CTaTHYECKH HeoNpeAeJHMOR,
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PaccuotpHm eme apky, H3o6pakeHHyi0 Ha puc. 67, @, riie CBA3AMH ABIAIOTCA He-
NONBHXKHAsA WAPHHPHAR onopa B Toyke A U WApHUPHAdA ONOPa Ha KaTKaX B Touke B.
Takas ?xa GyZXeT CTaTHUeCKH ONpeAe/]HMOl, NOCKONbKY 3AeCh TPH HEU3BECTHbIE pe-

AKUHH » Y 4, Ng Boliayt B TpH ypaBHenus pastosecus (29) npouasoabtoll naockofi
a) N _d) \N, — “N}
A N2 . 1\ N5
1 I
W7 P9 S 77774 7
‘Puc. 66

cucredtt cun. Ecan e B Touke B Gyaer TOXe HeNOABHIKHAS LIADHHPHAS OMopa
(puc. 67, 6), TO HeusBecTHHIX peaxiuuft okamercs uernpe (X4, Y4, Xp, Yp), 2
ypasHeHi PaBHOBECHS OCTaHETCA TPH M apKa CTaHeT CTaTHYECKH HeoNpefe/HMOM.
Oanako TpexilapHHpHas apka, H306pamenHas Ha puc. 61, GyfeT CTATHYECKH Ol-
penenHMon, TaKk KaK, pacujieHuB ee B iapHupe C Ha /Be YacTH, Mbl BBeJeM €eé jAse
peakuunt X¢, Yo ilapHUpa ¥ HEH3BECTHHIX PeaKIHH CTAHET LIECTb, HO H ypaBHeHUH paB-
HOBeCHS TOXe WeCTb (N0 TpH As Kaxo# wactu). C apkoit, usobpameHnHolt #a puc. 67,6,

TAK NOCTYNHTb HeAb3s, NMOCKOALKY pPa3fie/iiB ee Ha ABE YacTW, HanpuMmep, CEUCHHEM,
NPOBECHHLIM Yepe3d TOYKY C, Mul MOJIYUHM B 3TOM CE€YEHHH CHCTeMY pacnpeae/eHHbIX

CHJI, KOTOPYIO MOXXHO MPHBECTH K ABYM HEM3BECTHHM CHJIaM X¢, Y ¢ M nape ¢ nexssecr-
HBIM MOMeHTOM m¢ (cM. § 20, sagauy 26). CnenosaresbHo, HeH3BeCTHHIX peakiHH cra-
rer cemb (X4, Y4, Xg, Yg, Xc. Y, mc) ¥ ux u3 wectd ypaBHenuit paBHOBecCHS
OnpefesiHTh HeJb3s. :

CraTHyeckas Heonpefe]HMOCTb OGBJCHSAETCH HaJoXeHHWeM JIMWIHHX cBsased. Ha-
npHMep, RJst ofecneyeHHs paBHOBECHN Gasku, H306paxeHuoil Ha puc. 66, 1O0CTaTOYHO
ZBYX OMOD H TPEThbA ONMOPA He HYXKHa (6asiKa cyuTaeTcs aGCOJIOTHO MECTKOH 1 He npo-
rubatomefics). CraTHYECKH HeonpeaeHMble KOHCTPYKUHH MOXHO PacCYHTHIBATH, €ClH
yuecTb HX AedopMallHK; 3TO AeaeTC B Kypce CONPOTHBJIEHHS MATepualsios,

§ 20*, ONMPEAEJIEHHE BHYTPEHHUX YCHJIHA

BHyTpeHHHMH YCH/IHSMH B KaKOM-HHGY/Ab CeYeHHH Tena HJIH KOH-
CTPYKLHH (6a/IKH, aDKH H AP .) HA3bIBAIOT CHJBI, C KOTOPLIMH YaCTH Tesa,
paszesieHHHE 3THM cedeHMeM, AEHCTBYIOT ApYr Ha apyra. Merox onpe-
JeNeHHs] BHYTPEHHUX YCHJIMH aHaJOryiyeH METoly, NMpHMeHseMoMYy NpH
H3y4YeHHWH paBHOBecHs cHcteM Tedsi. CHavasla paccMaTpHBalOT paBHOBeECHe
BCEro Tesia (KOHCTPYKLHH) B HEJOM M OfpeNefsioT PeaklUHH BHEWHHX
cBa3ell. 3aTeM ceyeHUeM, B KOTOPOM TpeGyeTcss HaiTH BHYTpEHHHE yCH-
JIPsl, Pa3fielISIoT Teo Ha ABE YaCTH H PacCMaTPHBAKOT PABHOBECHE OLHOH
u3 HuX. Ilpy stoM, ecsin cHcTeMa JAEHCTBYIOMIMX HA TE/IO BHEWHHX CHJ
IJIOCKast, TO JeHCTBHE OTOPOLIEHHOR YacTH 3aMeHHTCsS B OOLIEM Cayvae
IJIOCKO# CHCTeMOH pacnpefieJIeHHLBIX 0 CEYEHHIO CHJ; 3TH CHJM, Kak
H B CJIydae XXeCTKOH 3afieJIKH (CM. puC. 55), NpeacraBasioT ONHOA NpH-
JIOXKEHHOH B LIEHTPe CeueHHs1 CHJIOH C AByMs Hanepex HEeH3BECTHHMH



cocTaBastowiME X, Y U napoft ¢ Hanepej HEH3BECTHLIM MOMEHTOM m.
Ipumep pacuera pau B 3ajave 26.

3azaua 26. Cuntan naanny Ganku AB pasuofi 1 M (3anava 24, puc. 63), nafita
WCHAHR B NONEPEMHOM CeyeHHMH BaNKH, OTCTOAUIEM OT KoHua A Ha paccTOANRH AE=
=0,6 M (touxa E nesee onopu C Ha puc. 63).

PewmenrHe BHemHuMH CBAIAMH Aas 6aJKH ABAAIOTCH onopa C H waprupu A
M B. Peakunn sTHX cBsiselt Hafilent B Xoxe peuenns sanaud 24. Paccevem Ganxy ce-
yeHHeM ab H paCCMOTPHM paBHOBecHe ee JeBOR yacTH (puc. 68). Heficteue ot6powennol

YaCTH, COIIACHO CKA3aHHOMY BHIMlIE, 3aMensieM 1ByMs cuiaMi Xp, ¥ g, NPHRNOKEHHEME
B uentpe E cedenns, ¥ napofl ¢ MomentoM mp. Co-

y b CTaBAAS AN ACACTBYIOMHX Ha PacCMaTpHBaEeNYlO
- - wacTh Ganku cua X4, Y 4, Q, Xg, Y g1 napu ¢ mo-
VA 13 MEHTOM Mg YC/OBHA paBHoBecHs (32), moayuum:

A Elw e SFpemm X4+ Xp=0, EFp,=Y44+Yp—Q=0,

A= Zmy (F) = mp+0,6V y—0,5Q=0.

- M Mo nauunmM sanaud 24 Q=200 H, X,=150H,
ay 'a Y 4=—75 H. [Noab3yack STHMH 3HaYeHHAMH, Hah-
Puc. 68 NIEM H3 COCTaBJEHHHIX ypaBHeHHil:

XE=, —150 H, YE= 275 H, mg= —65 H.-u.
Taxum 06pa3oM, Ha JIeBYIO 4acTh 6aniku B ceueHHH ab feficTBYIOT: 1) npodossnas cura

X p, BLiSHBalOmMANA B IAHHOM cayuyae cxaTHe Gasaku; 2) nonepeunaa cuaa Y g, cTpeMs-
IAACK CABHHYTb RPHMBIKAIOWIYIO K CEUEHHIO YacTb GaaKH BAOJb AHHHH ab; 3) napa
C MOMEHTOM Mg, HAa3LIBAGMLIM U32uOAIOU{UMK MOMERMOM, KOTOPAS B AAHHONM CAYvae Bh-
ShIBAET PACTAXMEHHE BEPXHHX BOJIOKOH GalKH H COKaTHE HMIKHMX,

§ 21*. PACNIPEAENEHHBIE CHJIb

B MHXeHepHHIX pacueTax 4acTO NMPHUXOXUTCH BCTPEYAThCS € HArpys-
KaMH, pacrnpejeJieHHEIMH BAO/b aHHOM NOBEPXHOCTH HO TOMY HJIH MHO-
My 3akoHy. PaccMoTpum HekoTOphie npocrefiiie NpUMEpH pacnpepe-
JIEHHHIX CHJI, JIeXAWUX B OXHOM MJIOCKOCTH. '

[lnockas cHcreMa pacnpeje/eHHHIX CH XapaKTEpPH3YeTcss ee WN-
MEHCUBROCMbIO ¢, T. €. 3HAYEHHEM CHJIBI, NPHXOARIIEHACH Ha eAHHHILY

AJMHHB HArpyXeHHoro OTpe3Ka. MSMCPHETCFI HHT€HCHBHOCTL B HbIOTO~
Hax, JAeJeHHnX Ha merpH (H/m),

a 8) 8
aq a ¢
£ \
T Tl ‘TR Ty
A 3 A 7 18 A 3
1 ] .
va a a
. Puc. 69
1) Cnaw, paBHOMepHO opacnpeaeneHHHE

BAOADbL OTPesxa npamon (puc. 69, a). lns takoii cHcTeMut
CHJl HHTEHCHBHOCTDL q HMeeT noCTOAAHHOE SHauyeHHe. an CTaTHYeCKHX

pacuerax 3Ty CHCTEMY CHJ MOXKHO 3aMeHHTb paBHojeRcTBylowedi Q.
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[To mozymo,
Q=aq. (35)

[punoxena cuma @ B cepeanse orpeska AB.

2) Cuanl, pacnpejejJeHHBNEe BAOJAb OTpe3Ka
npsaMoil mo NHHelAHOMY 3aKOHY (puc. 69, 6). [Ipume-
POM TaKO# HATPY3KH MOT'YT CJAYKHTb CHJIH JaBJEHHS BOABI HAa MJIOTH-
Hy, HMeloliHe HauGobliIee 3HaYeHHe y JHa H majaioiue 50 HyJs y no-
BEPXHOCTH BOABL. L/l STHX CHJ HHTEHCHBHOCTb ¢ ABJsSeTCA BeJHYHHOMH
nepeMeHHOM, pacTywei OT HyJs A0 MaKCHMaJbHOTO 3HAYEHHS §m.

PasHogeficTByroulan Q) TaKHX CHJ ONpelensieTcsl aHaJOrHuYHO paBHO-
JeHCTBYIOLIEeH CHJI TAMECTH, AeACTBYIOUHX Ha ONHOPOLHYIO TPEyroJb-
nyio nnactuny ABC. Tak Kak Bec OZHOPOAHOH NAACTHHH NPOMNOPUHOHA-
JIeH ee [JIOWLadH, TO, 1O MOAY.JIO,

Q=0,5agm. (36)

Mpunoxena cuaa Q Ha pacCTOsiHHH a/3 OT cTopoHsbt BC TpeyronbHHKa
ABC (cm. § 35, n. 2).

3) Cunb, pacnpegeneHHBe BJAOJADb OTpPE3KaA
npsAMoil MO NPOH3BOABHOMY 3aKOHY (pHc. 69, ).
Pasnogefictytomias Q TaKHX CHJI, O aHAMOTHH C CHJOM TAXKECTH, IO
MOAYJIO paBHa muowany ¢uryput ABDE, naMepeHHO#H B COOTBETCTBYIO-
ueM MacurraGe, H NPOXOAHT Yepe3 LEHTP THMKECTH 3TOf miouwlaad (Bo-
npoc 06 ONpeieNeHHH WEHTPOB TSXKECTH nJowajfeit 6yIer paccMOTped
B § 33).

4)Cunpl, paBHOMEpPHO pacnpe-
IenNeHHBE NO Ayre OKPYXHOCTH -
(puc. 70). [TpumepoM TakHX CHJI MOTYT cayxute |J] o
CHJIBl THAPOCTATHYECKOro AaBJIEHHST Ha GOKOBble
CTEHKH UHJIMHAPHYECKOro Cocyaa. a¢

Iycts papuyc Ayru pasen R, a LBOD= | 0
=/ A0OD=a, rge OD —ocb cHMMeTpUH, BIOMb N« a x
Kotopo# HanpaBuM ocb Ox. [HelicTByloman Ha
AYTY CHCTEMa CXOASIMIHXCA CHJI HMeeT paBHOZeil-
crayioutyio {, HanpasAeHHYIO B CHJIY CHMMETPHH
BAOAb ocH Ox; TMPH 3TOM YHCAEHHO Q=Q,.

Jas onpeaeneHuss BeJAHUHHB Q BbUIEJIHM Ha y]
AyTre 3JIeMeHT, MOJIOXKeHHe KOTOPOro onpejle/ser- Puc. 70
ca yraoM @, a aauHa ds=Rde¢. Hefcrylomiasn ue-
Ha 3T0T 3JIeMeHT CHJa 4YHC/IeHHO papHa dQ=
=qds=qRdy, a mnpoexuus sroit cuael Ha ocb Ox Gymer dQ.==
=dQ -cos p=¢R cos ¢ -d¢. Torna

o

Q.= S dQ,=4gR Scosqa-d(p=2quina.

Ho u3 puc. 70 Buano, urto R sin a=AB/2. CiegoBateNbHo, TaK Kak

QI = Q ’ TO
Q=qh, kYY)
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y a rae h=AB — AnHHA XOpAH, CTATH-
Baiolef - ayry AB; ¢ — MHTeHCHB-
- HOCTb.

wia
o
o

3anaua 27. Ha koncoasnyio Ganxy AB,
pasMepH KOTOpoft yKasannl Ha uepTexe
o YIIVYVYY I % (puc. 71), meficteyer paBHOMEpHO pacmpepne-
A oC §  JeHHam HArpy3ka HHTEHCHBHOCTBIO ¢ H/M.
IpeneGperas BeécoM GatKH H CYHTas, 9TO
= CHAB JNaBJEHHS Ha 3ajeJlaHHHA KOHell pa-
g ' cripefiesientl No AxRefinOMY 3aKORy, onpene-
m JIHTb 3HAUEHHS HAHGONBIIHX HHTEHCHBHO-
R' cTelt g M gm 9THX CHA, echtd b=na.
Pewenne. 3amensem pacnpeseneniibie

cHan ux papnosefictaylomumu Q, R B R,
Prnec. 71 rae cornacHo gopMyaam (35) n (36)

Q = llob. R =015q.av R =0.5q:n0'

N COCTaBAsieN YCJOBHA paBHOBecHs (33) ans peficTBylomHXx Ha 6a/iKy NapaifeAbHLIA
CHJ:

“a

IFypy == Q-+ R-R =0, Zmc (Fy) = Ra/3—Q (b/2+a/3)=0.

Noxcrasass ciona Bmecto Q, R # R’ HX 3HaueHHs H peilas MoAyyeHHHe ypaBHERHA,
HafigeM OXOHuaTeAbHO

m={(3n%1-2n) g5, gm=(3n1F-4n) q,.

Hanpuuep, npu n=2 nonyunm ¢,,=16 gy, gn=20 go, a NpH n=4 §4=564,, 3
m="64 qq. :

3aga4a 28. Lluanuapuuecknf Gannon, BecoTa XoToporo pasHa H, a BHyTpenrnui
Auamerp d, HamonHeH rasoM nof xasaexueM pH/M3. Toauwza UHAHHADPHYECKHX CTe-
HOK Gansona a. Ompene/uTh HCMHITHBaeMbie STHMH CTEHKAMH PacTATHBAIOMHE HaNp -
XEHMS B ManpaBleHH&X: 1) mpoaoJb-
HOM H 2) nonepedHOM (HampsikeHHe |
PABHO OTHOWICHHI0O pacTATHEAlOMeR
CHAN K NJIOWAAH MONepPeyHoro ceve-
HHA), CUHTaA a/d ManbIM.

Pemenne. 1) Paccevem um-
AUHAD IJIOCKOCTbIO, MEPReHAMKYAAp-
HOfl €ro ocH, Ha Jipe aCTH U PaccMoT-

HM paBHOBecHe ORHOM H3 HHX (pHC.

2, a). Ha Ree B HanpaBjeHHH ocH
NHAHHAPA AefiCTBYIOT: CHJIA AaBJEHHA
Ha aHo F= (nd%/4) p w pacnpepenen-
HHEe MO NJOWAAH CeUeHHst CHAH (aéf-
CTBHE OTGpPOUIEHHOR NONOBHHH), paB- .
HOCACTBYIOMYIO KOTOPHX OBO3HAUHM Pre. 72
Q. TNpu pasuosecun Q=F=ndp/4.
Cunran NpHOJHKEHHO NJOWAAL NONEPEUHOro ceyeHH PaBHOR Nda, NOMYYHN Jas pac-
TArMBAIOLIETO HANPSAKEHUA Oy 3HAYEHHe

0,=Q/nda=(d/4a)p.

2) Pacceyem Tenepb OHAMHAPHUYECKYIO' NOBEPXHOCTb NJIOCKOCTHIO, NpoXoagmed
uepes ocb IHARHAPA, Ha ABe APYrHe MONOBHHH H PACCMOTPHM PaBHOBECHe OBHOR K3
MHX, CUWTaf, YTO BCe CHJAH NPHJOKEHH K Hell B IJIOCKOCTH CPeAHEro CedeHHA
(puc. 72, 6). Ha o7y nonoBuHy UHARHAPa AEACTBYIOT: a) PaBHOMEDHO pacnpeAeieHHbie

60



DO Ryre OJYOKPYKHOCTH CHAB AaBJIGHHS ¢ HHTeHCHBHOCTBIO ¢= pH; coraacHo Gopmy-
ne (37) paBHoAeRCTBYIOW AR 3THX cun R=gd==pHd, 6) pacnpefe/ieKHLe MO CEHEHHAM
UHJIHHApPA CHJAM (AeficTBHe OTOPOLIEHKON MNOJIOBHHHY), paBHOAEHCTBYIOUIHE KOTOPHIX

ofo3nayuM Sy M S,, npuueM nmug' cuMMeTpHH S;=8,=3S.

M3 ycaosut pasrobecus S;+S,=R, otkyna S=pHd/2. Tax xak niomans ceve- .
HHA, MO KOTOPOMY pacmpefesieHa cuaa S, paBHa alf (Nnowakbio cedeHHs RHA UMAHHA-
pa npeseGperaeM), TO OTCIOAA ANA PACTATHBAIOUIErO HANPANKEHHA Oy HAXORHM

0,=S/aH=(d/2q) p.

Kak suaum, pacTArvsaiolee HanpsKeHue B IONEPEYHOM HanpaB/AeHHH BABOE Goabuie,
4eM B NPOJOABHOM.

§ 22*. PACYET IJIOCKMX ®EPM

IMpumep pemenust 3afay Ha paBHOBecHe cHCTeMH TeJl (cM. § 18) aaer
pacdyer depm. Pepmod HA3LBAEMCA HECMKAA KOHCMPYKYUR U3 NPAMO-
Auneldnoix cmepoichedd, coeQuHenHbix Ha Konyax waprupamu. Ecnu Bce
CTepIKHU (epMBl JiexKaT B OJHOA MJIOCKOCTH, (epMy Ha3biBaIOT n0ckodl.
Mecta coenuHenust cTepikueil ¢depMbl Ha3HBaioT y3iamu. Bce BHeluHue
Harpyskd K ¢epMe RPHK/IAALIBAIOTCA TOJMbKO B yaJlax. Ilpu pacuere
(pepMBl TPEHHEM B Y3J1aX H BeCOM CrepkHell (10 CPaBHEHHIO C BHEIUHUMH
Harpy3kaMH) npeHeOperaloT WJH pacnpeliefifioT Beca CTepiKHed 1o y3-
naM. Toraa Ha Kaaoiii u3 crepxHell gepmbl 6YAYT AedCTBOBAaTh JBe
CUJH, MPHJIOMEHHBIE K €ro KOHLAM, KOTOpble NPH PABHOBECHH MOTYT
6LTh HamnpabseHbl TOJbKO BHOJb crepxHA. (Je0BaTeNLHO, - MOMCHO
CUHTaTb, UTO CIMEPHCHU epmbi pabomarom MmMoAbKo HA Pacmsaxcenue Ul
na cxcamue. OrpaHHYMMCA pacCMOTPEHHEM JKEeCTKHX IUIOCKHX hepM
6e3 JHMILHHX CTepxHel, o6pa3soBaHHHIX M3 TPRYroJbLHMKOB. B Takux
dhepMax YUCAO CTepXHel B M YMC/IO Y3JIOB 71 CBSA3aHbI COOTHOLIEHHEM

k=2n—3. (38)

B camom neste, B :ecTKOM TpeyroJibHUKe, 06pa30BaHHOM U3 TPeX CTepX-
He#l, 6yleT TPH y3na (CM., HampHMep, HiKe Ha pHc. 74 TPEYTOJbHHK
ABD, ofpasoBanubiil crepxusamu 1, 2, 3). IlpHcoequHeHHe KaXIOro
CReMYIOLEro y3/a Tpefyer ABa CTepxKHA (HanpHMep, Ha pHC. 74 ysen
C npHcoeauHeH cTepxHsaMH 4, 5, y3en E — crepxHaMu 6, 7, H T. &.);
C/Ie/IOBATENILHO, A/7 BCEX OCTANbHBIX (n—3) ya/aoB norpedyercs 2 (n—3)
crepxHeit. B pesyswrare uucsno crepxkuelt B depme k=3+2(n—3)=
=2n—3. [lpu Menbliem uucle crepxHell depMa He GyJAeT XKECTKOH, a
npy GONbLIEM UMCJIe OHa GyeT CTaTHYeCKU HeompeneauMol,

Pacuer ¢epMbl CBOAHTCA K ONpeie/IeHHIO ONOPHLIX peakUHi K yCH-
JIHA B ee CTepPKHAX.

Onopuble peakuuH MOXKHO HaWTH OOBIYHLIMH METOAAMH CTaTHKH
(cm. § 17), paccMarpuBas depMy B mesoM Kak TBeppoe Teno. Ilepefi-
IeM K ONpee/IeHHIO YCHIIHHA B CTEPXKHAX.

Mertoa-Bhipe3anus y3aoB. ITHM MeTOROM yAOGHO noOJb-
30BaThCsl, KOrAa Haj0 HaiiTH YCHAMS BO BceX cTepiHAX depmul. OH
CBOAMTCA K [I0C/EAOBATE/IbHOMY PacCMOTPE@HHIO YC/IOBHH paBHOBECHS
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CHJI, CXOJAIHXCA B K&KAOM H3 Y3/10B. XOZ PacyeToB MOSACHHM Ha KOH-
KPeTHOM npHMepe.

PaccmoTpam n3oGpaxennyio Ha puc. 73, a pepmy, 06pasoBaHHYIO H3 ORHHAKOBHX
paBHOGEAPEHHHX NPAMOYrOJbHHX TPEYTOJAbHHKOB; ReficTBylouiHe Ha depMy CHAH na-
a) ) aJIJICJIbHBH OCH X H YHCJICHHO PaBHH

X 1=F,==F,=F=20 kH.
B stoft pepme yHcHO Y3NOB n=86, -
a yHcao crepikHed k=9. CrepopaTenb-
HO, coOoTHOilleHHe (38) BHMOAHAAETCH H
tdepMa ABJaserca KeeTKoH Oe3 JHIiF
HHX CTepXKHe#. .
CoctaBnsii ypaBHEHHSI paBHOBe-
cHa (29) A GepMH B HenOM, Hafi-
. leM, 4TO PeaKlUHH ONOp HanpaBJeHu,

KaK NOKa3aHO Ha PHCYHKe, H YHCJeH-
HO paBHHI: '
XA=3F=60 kH,

Y 4= N=3F/2=30 xH,

MepexoauM Kk omnpenesesnio ychanit
B cTepXHAX. [IpoHyMepyeM y3au dep-
Mbl PHMCKHMH HUGbPaMH, 8 CTEPIKHE —
apaGckuMH. Hcxompe ychana 0603-
Puc. 73 HaunM S; (B crepxue [), S, (B crepx-
: He 2) u 1. A. OTpekeM MHCAEHHO BCe
Y3JIbl BMECTE CO CXOASIHMHCH B HHX
CTePIKHANMH OT ocTanbHol depmul. [lefictBHe OTGPOLICHHBIX CTEPXKHEN 3aMEHHM CHIIAMH,
XoTophie OyAyT HampasJsieHhl BAOJb COOTBETCTBYIOWHX CTEepXKHell W YHCJIEHHO PaBHH
HCKOMBIM YCHAHAM S, S;, . . . M306pakaem cpasy Bce 3TH CHIN Ha PHCYHKe, Ha-
IpaBass HX OT Y3JIOB, T. €. CHHTAs BCe CTEPKHH DACTAHYTHMH (pHC. 73, a; H30Gpa-
XeHHYI0 KapTHHY Hajo NIPeACTaBHThL cefe A/ KaXIOro ys3Ja Tak, KaK 9TO NOKa3aHo
£a puc. 73, 6 ana ysna /11), Ecan B peayabrate pacueTa SHaYeHHe YCHJIHA B KaKOM-
HHOYAb CTEpXKHE MOJNYYHTCH HUATe/NbHBIM, 9TO GyJeT 03HayaTh, YTO AaHHHf crep-
iXeHb He PacTAHYT, a CKaT *. DykBeunbx ofo3HaderHt fis CHJ, AeACTBYIOIMMX BAOADL
cTepXKHedl, Ha pHC. 73 He BBOJHM, MOCKOMBbKY ACHO, YUTO CHJH, AEACTBYIONHE BAOJb
cTepxus I, paBHH YHCAEHHO Sy, BAO/IbL cTepxkHs 2 — paBubl S, H T. X.
Tenepp ans cHA, CXOIAIIHXCA B KAXKAOM Y3Je, COCTaBJsieM IHOCJAENOBATENbHO
ypaBHeHHst paBHoBecHs (12):

SFyy=0, 2F;,=0.

Haunnaem ¢ yana /, rie cXoaarcs ABa CTEPXKHS, TAK KaK M3 JBYX ypaBHeHUH panHO-
BECHSI MOXHO ONpPEeNIe/IHTh TOJNbKO JABA HEH3BECTHHIX YCHJHA.
CocrapJ/ifist ypaBHeHNS PABHOBECHA AAA yaaa [, moayuum:

F1+8, cos 456°=0, N-S;+S, sin 45°=0,
Orc104a HAXOAHM:

Sy=—FV 2=—28,2xH, S;=—N—S5V 2/2=—F2=—10xH.’
Tenepy, snag S,, nepexoauM K ysay /I, Jlna Hero ypaBHeHHs PaBHOBECHA Aaio?
S,+;.=O, S‘_s,l=0' OTKYyRa

Sy=—F=—20 kH, S,=S;=—10 kH.
Onpenenns S;, cOCTaB/AfeM aHANOTHUHLIM NyTeM ypaBHEHHs PABHOBECHS CHauasia
ann ysna /11, a satem ans ysna /V. M3 stux ypasheHui Haxoanm:

Ss==~5,V 2=14,1kH, S;=5,=—30xH, $,=0,

* TMo stofi NpHYHHE NMPHHATO, HE3aBHCHMO OT MPHMEHSEMOro METOja pacuera,
TPHNHCHBATD PACTATHBAIOUIHM YCHJIHAM SHAK -1», 8 CKHMAWOUHEM — 3HaK ¢—>,
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Haxouext, a7 BauucaeHns. Sy coCTaB/sieM ypaBHEHHE PaBHOBECHA CHJI, CXOAALIMXCR
B yane V, npoextupys ux Ha ocb By. Tlonyuum ¥ a4+ Sgcos 45°=0, otkyna Se=
=30y 2=—42,3 xH.

BTopoe ypaBHeHHe DaBHOBECHS AAA yaaa V W ABa ypaBHeHHS ANA yana VI moxuo
COCT@aBKTb KaK NpoBepounuie. [l HaXOXKAECHHA YCHJAHH B CTEPIKHAX ITH ypaBHERUR
He NOHaJOOHIHCK, TAK KaK BMECTO HHX GbIH HCMONL3OBAHH TPH ypaBHEHHS PaBHOBeE-
cHA Beeft epMBl B uesiom npu onpereseHHH N, X4 H Y 4 (em. § 18)

OKoHYaTeAbHLHE PE3YAbTAaTH pacyeTa MOMHO CBECTH B TabaMuy:

Ne cTepxkH#a 1 2 3 4 5 6 7 8 9

Yeuaue, kH | —10 | —28,2| —20 | —10 | +14,1| —30 | O [ —30 | —42,3

Kak noxasnBaloT 3HaKH YCHAMH, CTepXeHb § PacTAHYT, OCTa/bHbE CTEPXKHNW
CXaTH; CTepxeHb 7 He HarpyXeH (NyAes0d cmepiexs).

Hanuuue B depMe HyseBHX cTepiHeR, MOACGHHX CTEPXKHIO 7, OGHapyXKHBaeTCH
CPasy, TaK KaK ecAl 8 Y3AL, HE RAZDYNCEHHOM BHEU HUMIL CUAGMU , CXOORMCR Mpu cmepxc-
HR, U3 KOMOPsIX 088 HANRPABAEHH 600AL 0ONOLU NPAMOU, MO YCUAUL 8 MPEMbeM CMEPNCHE
PGBRO KYA10. ITOT PE3YNLTAT ONAYHAETCA H3 YPaBHEHHA PaBHOBECHA B MPOEKUHH Ha OCh,
NePREeHAHKYJNAPHYI0O YHNOMAHYTHM ABYM crepxHaMm. Hanpumep, B depme, H300paxcen-
Hofl Ha pHC. 74, NPH OTCYTCTBHH CHAH P, HyJeBuM GyAeT crepienb /5, a cresosa-

veasno, H /3. TIpu HanHuHK e CHAM P, HH OJHH W3 STHX CTepikHeH Hy/eBnM He
fBARETCH.

Ecnn B Xofe pacuera BCTPETHTCH y3ea, AJsl KOTOPOro YHMCJIO HEH3-
BECTHBIX GoJibllie ABYX, TO MOKHO BOCNOJIb30OBAaTbCA METOXOM CedeHHit.

Metoa ceueHH R (Merog Purrepa). 3rHM MeTOUOM YIAOGHO
NOJIL30BaThCA AR ONpefie/ieHHA YCHAHA B OTAeNbHHX CTEPXKHAX dep-
MH, B YaCTHOCTH A/IA NPOBEPOYHLIX pacyerToB. Kies MeToaa COCTOMT B
TOM, YTO hepMy Pasjie/IfIoT Ha ABE YacTH CeueHHeM, MPOXOAAILHM Yepesd
TPH CTepIKH#A, B KOTOPHX (HAH B OJHOM H3 KOTOPHIX) TpeGyercs onpe
HeNUTh YCHNHA, H PAacCMAaTPHBAIOT PaBHOBECHE OJHOR M3 3THX vacTeil.
HeficTBre OTGPOLIEHHON YaCTH 3aMEHAIOT COOTBETCTBYIOUIHMH CHAaMH,
HanpaBissf HX BROJb Pa3pe3aHHLIX CTepXKHeH OT y3JoB, T. €. CYHTaR
CTePIKHH pacTAHYTHIMH (KaK H B MeTOJ€ BHIDE3aHHA Y3JIoB). 3aTeM co-
CTaBJAIOT YpaBHEHHs paBHoBecHs B opme (31) nan (30), Gepst UEHTPH
MOMEHTOB (MJIH OCh NMPOEKUHA) TaK, YTOGH B KaXJ0e YpaBHEHHe BOULIO
TONILKO OHO HEH3BEeCTHOE YCWJIHE.

Mpumep. INycts TpeByerca onpenesuTh YCHAHe B CTepiHe 6 depMul, H30GpaNKeH-
Holt ma puc. 74. JleficTByiomye BepTHRAJbHEE CHAN Py=Py=Py=P,=20 xH, pe-
akuuu onop Ny=N,=40 xH. Ilposaikm ceuenne ab uepes crepxud 4, 5, 6 i paccma-
TPUBAEM paBHOBecHe J1eBOft vacTH ¢epMbl, 3aMeHsist AeACTBHE Ha Hee NpaBoR HacTK
CHJIaMH, RaNpaBACHHLIMH BAOJL cTepxnel 4, §, 6. UTo6ul HaliTH Sg, cocTaBAAEM ypan-
HeHHe MOMEHTOB OTHOCHTENbHO TOuKH C, rae nepecekaiotcsas crepxuu 4 u 5. [loay-
wuM, ciuras AD=DC=a u BC | BE,

—N, 2a+-P,a+S,-CB=0.
Orcioza naxomum Se. ITnevo CB -BHuMCAsieM N0 AaHHBIM, ONPEREANIOMKM HANpaBie-
HHS M pasMeps! crepxcHell depmml. _ -
B nannoM npumepe ZABC=90° u CB=a}/ 2. Caegonarensto, Sy=30) 2=
=42,3 xH; CTepKeHb PacTARyT,
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Vcenaug B cTepxHAX 4 B 5 MOKHO HafiTH, COCTABHB YPABHEHHSI MOMEHTOB. OTHO-
CHTENbHO IEHTPOB B (TOUKa NepeceyeHHs cTepxknedt 5, 6) u A (Touka mepecevenus crep-
xuek 4, 6),

e 8

10
Puc. 74

Yro6u OnpefesHTh YCHAHE B CTepHe 9 Tol Xe (epMH, NPOBOANM cesenHe dc
gepes crepikun 8, 9, 10 M, paccMaTpHBas paBHOBeCHe NPaBOf YACTH, COCTaBASEN ypas-
HenHe NpoeknMAi Ha 0Cb, NePHEHAHKYNAPHYIO cTepXxuam § u 10, Toayunn

Sy cos a—Py—Py-+Ny=0,

OTKYXA HAXQANM Sy. YCHNHA B cTepiHAX 8 1 [0 MOXKHO B 9TOM cIyuae HaATH, COCTaBHB
YpaBHEHHAI NOMEHTOB OTHOCHTeabHO ueHTpoB K B C, :

Taasa VI
TPEHUE

§ 23. 3AKOHB TPEHHUS CKOJILKEHHSA

OnuiT noKaseBaer, 9To NPH CTPEMJEHHH ABHraTh OAHO T€JO MO No-
BEPXHOCIH APYroro B MJIGCKOCTH CONPHKOCHOBEHHS TeJ1 BO3HUKAeT CHJa
CONPOTHBJIEHHS. HX OTHOCHTENLHOMY CKOJIbLXEHHIO, HashlBaeMas cuaold
MPERUR CKOALNCERUA.

BosHuKHOBeHHE TpeHHA OGYCJOBJNEHO MpeXAe BCEro LEPOXOBaTo-
CTLIO NOBEPXHOCTEH, co3halollell CONPOTHBJIEHHEe NepeMelleHHIo, H Ha-
JIHYHEM CUENJNEHHS Y NPHKATHIX ApYr X Apyry Tei. Hsyuenne Bcex
ocofeHHOCTell sIBJIERHS TPeHMsl NpeAcCTaBisier COG0M JOBOJBLHO CJIOXK:
HYI0 QHSHKO-MEXaHHYECKYIO MPOOGJeMy, PacCMOTPEHHE KOTOPO# BRIXO-
JMT 332 PaMKH KYpCa TEOPETHYeCKOH MeXaHHKH.

B urxeHepHHX pacyerax OGHYHO HCXOAST M3 Psilla YCTaHOBJIEHHHIX
ONLITHLIM ITyTeM 3aKOHOMEPHOCTEH, KOTOpHE C AOCTaTOYHON A1 npak-
THKH TOYHOCTBIQ. OTPAXKAIOT OCHOBHHIE OCOOEHHOCTH SABJICHHS TPEHHSA.
OTH 33KOHOMEPHOCTH, Ha3LIBAEMLIE 3aKOHAMH TPEHHS CKONbLKEHHs NpH
nokoe, MOXKHO ChOpPMYJIHPOBATh CJIEAYIOUHM OGpasoM.

1. Tlpu crpemnenns CABHHYTb OAHO TEJIO 110 NOBEPXHOCTH APYIOro
B ILIOCKOCTH CONPHKOCHOBEHHSI TeJ BO3HHKaeT CHJ1a TPeHHs (HAM cuia
CUEMIeHHS), KOTOPas MOMKET NPHHHMATh JIoOble 3HAaYeHHs OT HYJAs A0
SHavyendsn F,,, HasLBaeMOro npedeasrod cuaol mpenus.
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IpunoxeHHas K TeNy CHJA TPEHHS HampasjieHa B CTOpPOHY, npo-
THBOMOJOXHYIO TOH, KyAa ReHCTBYIOUHE HA TEJO CHJLI CTPEMATCH €ro
CABHHYTh.

2. llpenenbHas cHaa TPEHHS YHCAEHHO paBHA NMPOH3BENEHHIO CTaTH-
"eckoro KoaddHiHeHTa TPEHHS Ha HOPMaJIbHOE JaBJIeHHe HJIH HOpMaJb-

HY10 peaxumo:
Fap=fol. (39)

Craruyeckuit kKosppHuHenT TpeHHs fy — BeanunHa Ge3pasmepHas; OH
onpenessieTcs ONBITHHIM NYTEM H 3aBHCHT OT MaTepHaJja COnpHKacai-
IIXXCSA T H COCTOSTHHS MOBEpPXHOCTeil (xapakTep o6paboTKH, TeMnepa-
Typa, BJaXKHOCTb H T. I.).

3. 3uayenue npepenbHOil CHJAHW TPEHHS B JOBOJMBLHO HIHPOKHX npe-
Je1ax He 3aBHCHT OT pa3MepoB CONpPHKACAIOWMXCSA NPH TPEHHH MO-
Bep XHOCTEH.

U3 nepeuix apyx 3akoHOB crenyer, yto npu pasHosecHn F<(F,, win

F<foN. (40)

Crenyer nouepKHYThb, YTO 3HAYEHHE CHUJIBI TPEHHSI NPH NMOKOe onpe-
Jensiercs HepaBeHcTBoM (40) M 9TO, C/IeOBATE/IBHO, 3TO 3HAYEHHE MO-
#eT ObiTh JMoOKM, HO He Goabtuum, yem F . UeMy KOHKpeTHO paBHa
CHJIa TPEHHHA, MOXHO YCTAHOBHTb, TOJIKO PEWIHB COOTBETCTBYIOLLYIO
3agavy (cM. § 25). Beanunne F, cuna Tpenns Gyjler paBHa JIMIb TOTAA,
KOTZa AefiCTBYIOLIAsi HA TeJIO CABHraiollas CHJa AOCTHraeT TaKoro 3Ha-
YeHHs, YTO TpH MaJefillleM ee yBeJHYEHHH TeJ0O HaYHHAeT ABHUTaThCs
(ckonb3uTh). PaBHOBecue, HMeloliee MecTo, KOTJa CHJIa TPEHHs paBHa
F,;, OyleM Ha3ulBaTb NpedenbHbiM PABHOBECUEM. )
B 3akjioyeHHe npHBeneM 3HayeHHs KO(DPHIHEHTa TPeHHs [o
AN HEKOTOPLIX MaTepHanoB: jepeso no aepesy 0,4—0,7; Merami no
meranay 0,15—0,25; cranb no aspy 0,027,

Bonee nofpo6Hbie cBeieHHA RAIOTCA B COOTBETCTBYIOMHX CIPaBOYHH-
Kax.

Bce u3noxeHHOe BHille OTHOCHJAOCH K TPEHHIO CKOJibXEHHS NpH
nokoe. Ilpy ABHXKEHHH cHJIa TPEHHS Hampas/ieHa B CTOPOHY, NMPOTHBO-
NONOXKHKYIO ABHXXEHHIO, H paBHa NPOH3BEJAEHHIO JHHAMHYECKOTO KO3(-
¢uuueHTa TPEHHSI Ha HOPMaJbHOe JaBfeHHe *:

F=fN.

JuHaMuueckuil KO3QOUIHEHT TPEHHS CKOJIBKEHHS f TaKkke ABIAET-
Csl B&VIHYMHOI Ge3pa3MepHOil M OnpenessieTcs ONBITHHIM NyTeM. 3Haue-
HHe Ko3dbhHUHEHTa f 3aBHCHT He TONBKO OT MarepHajla M COCTOSHHA
noBepXHoCTeil, HO H B HEKOTOPOi{l CTENeHH OT CKOPOCTH/ABHXKYIIHXCS
Tea. B GonbLIMHCTBE CJIyyaeB C yBeqHUeHHeM CKOPOCTH Koapduuuent f
CHayaja HeCKONbKO yObIBaeT, a 3aTeM COXpaHseT NOYTH NOCTOSHHOE
3HaueHHe.

* 3ro cnpaseanBo, Kak H popmyan (39), (40), aas cyxoro tperus. Cnyyaii, Ker-
Jia MEXIY TeJAMH HMeeTCA COoft JKHAKON CMa3KH, TpeGyeT CllellRaibHOTO H3YYeHHA H
paccMarpHBaeTCs B I'MAPOAHHAMHUECKON TEOPHH CMa3KH.
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§ 24. PEAKUHH WIEPOXOBATBHIX CBA3EA. YTojl TPEHUA

Peaxnus peannHofl (11epoxoBartofl) CBs3H CaraeTcs H3 ABYX COCTaB-
JISTIOIMX: H3 HOPMaNbHOA ~eakuuH N M neprneHIHKYAAPHOR ed CHJbl
tpenus F. CrnexoBaresibHO, MOJHAA peakuus R OGyjer OTK/NOHeHa oT

Puc. 76

HOPMaJIH K NOBEPXHOCTH H2 HeKOTOpHM yroa. IlpH H3MeHeHHH cHJIL
TPeHHA OT HyJas no F,, cuha R usmensercs or N 10 R,,, a ee yroa ¢
HOPMaNLIO PAETET OT HYAA A0 HEKOTOPOTro NPENEeJNLHOIO 3HAYEHHA (P,
(puc. 75). HanGonpmuit yron @,, KOTOpH#A NONHas PeaKilHsA LepOXoBa-
TOR cBA3H OOpa3yerT ¢ HOpPMaJbi0 K NOBEPXHOCTH, HA3blBAeTCH Y2A0M
mpexus. U3 yeptexka BHAHO, YTO

tg ¢.=FHP/N.

Tax kak Fn,=f,N, T0 OTCIORa HaXOAHM C]EAYIOILY!O CBS3b MEXZY
Yri0M TpeHHA H KO3(ppHUHEHTOM TpeHHs::

tg oo =fo. 41

Ipu paBHOBecHH nonHas peakuus R B 3aBHCHMOCTH OT CABHIaiOL{HX
CHJL MOXET NPOXOAHTb TAe YIOAHO BRYTPH yriaa tpeHus. Koraa pasHo-
BECHE CTAaHOBHTCA NpelesbHLM, peaKUHA GyAeT OTKJIOHeHa OT HOpMaaH
Ha yroa @,.

Ecain x Tenty, sexameMy Ha mepoxoBaTofl NOBEPXHOCTH, NPHAOKHTE
cuay P, ofpasyioulyio yron & ¢ HopMaJbio (pHc. 76), TO TeNI0 CABHHETCS
TOJIbKO TOrZa, KOTAa chpHraiouee ycuane P sin @ Gyzer 6oabwe F,=
=foP cos & (Mbl cuutaeM N=P cos @, npeneSperas BecoM Te1a). Y-{o
HepapeHcTBO P sin a>>f,P cos &, B KoropoM f,=tg ¢,, BHNOJHsETCA
TONbLKO npH tg a>>tg ¢, T.e. npu a>>¢, CrenoBarenbHO, HUKaKOA
CHJION, obpa3yiowieli ¢ HOpMaabi0O YroJl &, MeHbIUHA yria TPEHHA @,
TeJIo BAO/Mb NaHHOA MOBEPXHOCTH CABHHYTh HeJb3sl. ITHM 0OGBACHSAIOTCA
H3BECTHBIE SIBJIEHHA 3aKJIHHHBAHHA HJIH CAMOTOPMOMEHUS TeJ.

§ 25. PABHOBECHE MMPH HAJIHYHH TPEHHA

Hsyqeune paBHOBECHS TeJl ¢ YYeTOM TPEHHSl CKOJIbXXEHHS MOXHO
CBECTH K PpacCMOTPEHHIO NPeAesbHOro paBHOBECHA, KOTOPO€ HMEET MeEC-
TO, KOraa cu/1a TpEHHs paBHa an.

Hpn 4HAJIHTHYECKOM pellleHHH peaKHnHio mepoxoaaroﬁ CBfI3H H306pa-

KaloT AByMA ee cocTaBasiowuMi N u F,,. 3atem cocTaBasior o6uuHbE
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ypaBHEHHS] PaBHOBECHS] H NPHCOEAMHSAIOT K HEM paseHcTBO F,=fN.
M3 nonyvyeHHO# TaKUM NyTEM CHCTEMbI YpaBHEHHH H ONpeAeNSIIOT HCKO-
Mble BeJIHIHHH.

Ecnn B 3sagave Tpefyercsi onpefe/iHTh YCJAOBHSI PaBHOBECHA MNpH
BCEX 3HAYEHHAX, KOTOPHE MOXeT HMeTh CHJIa TpeHHs, T. e. npH F<CF,,,
TO €e TOXEe MOXKHO pelINTb, PacCMOTPEB NpelesbHOE pPaBHOBECHE H
yMeHbllasi 3aTeM B NMOJYYEHHOM peayJsbTaTe Ko3(pHUHEHT TpeHHs fo
B0 Hyas *. '

OrMeruM ellle, 9TO eI B 33jaYe HalO ONpeleHTh 3HaueHHe CHJH
TpeHus F, Korga paBHOBecHe He siBJIS€TCS npelenbHbiM H FF g, To,
KaK yxe OTMeuasoch B § 23, sty cuny F clienyer cYHTaTh HeH3BeCTHOM
B&JIHYHHOA H HAXOAHTL H3 COOTBETCTBYIOUHX ypaBHeHHHA (CM. BTOPYIO
YacTh 3afaqd 29, a Takxe 3agauu 151, 152, § 130).

[Tpu reoMeTpHuYECKOM pellleHHH PeakUHIO lepoxoBaTofl CBA3H ya06-

Hee M306paxaTh ONHONK CHJION R, KOTOpas B NpEJeJbHOM MOJOXKEHHH
PaBHOBECHA OTKJIOHEHa OT HOPMaJH K NOBEPXHOCTH Ha YroJ @,.

3anaua 29. I'pys BecoM P=10 H siexHKT Ha ropH3oHTaIbHOM 1iockocTH (pHC. 77).
Onpenennts, Xakyio cHiay Q, HanpasieHHYIO NMOA yraom a=30° K 9TOR NJOCKOCTH,
Maf0 NPHJIOKHTb K FPy3y, YTOGH CABHHYTb €r0 C MECTa, €C/IM CTaTHYecKHR Kospdu-
OHEHT TPeHHs rpysa O maockocth f,=0,6.

P enren ue. PaccMoTprM mpefieibHOE paBHOBeCHe Tpy3a. Torna Ha Hero jeft-
CTBYIOT cHal P, Q, N u Fyp, CoctaBiisisi yc/ioBHSt DaBHOBECHA B NPOEKLHAX HA OCB
X. M Yy, DOAYydHM:

Q cos a—Fpp=0, N+Qsina—P=0.
H3 nocaepnero ypasnerus N=P—Q sin a, Toraa
Fup=foN=[o(P—Q’sin &),

Moxcrasaas 310 smauenue Fpy B NepBoe ypaBHenHe
peiuas ero, HafiieM OKOHYATe/IbHO

Q= fOP

cosa+fysina ~52H.

Ecan K rpy3y NPHJOXHTH MEHBIIYIO CHAY, HATIPH-
Mep cuny Q=4 H, 10 Toraa capuraiomee ycunme 6yaer Pue. 77
pasto Q' cos 30°=2})3=3,46 H; naxcHmManbHas xe cu-
212 TPeHHs, KOTOpas MOXET B 3TOM cIydae pasBHTbCA, OyReT Frnp=/o (P—Q' sin 30%9=
=4,8 H. CnenoBarenbHo, Tpy3 ocTaHercss B nokoe. IIpH 9TOM yjepXHBaoas €ro B
PABHOBECHH CHIIA TpeHHA F OOpefesATCA H3 YpaBHEHHS PaBHOBECHS B NPOEKUMH Ha
ocb Ox ¥ Gyaer pasna casuraowelt cune (F'=Q’ cos 30°=3,46 H), a ne cune Fyp.

OGpainaeM BHHMaHHe Ha TO, YTO MPH BCEX pacueTax cJeiayeT onpeienstb Fpnp 10
¢dopmyne Fpp=/[oN, naxons N u3 ycaosufl papHopecus. Omubka, XOTOpYIO 4acTO RO~
NYCKAloT B 3a/a4YaX, aHaJOTHYHNX PelleHHOH, COCTOMT B TOM, 4TO NIPH MOACYETaX CYH-
Taiotr F ’.;p=foP,, B TO BpPeMs KaK CHJ1a JaBJIEHHA HA MJOCKOCTb SfleCh He paBHa Becy
rpysa P.

3axaxa 30. Onpeneants, NPH KAKHX IHAUYCHHAX YIJIa HAKJIOHA & TPY3, Jexamuit
Ha HaKJIOHHON NJIOCKOCTH, OCTaeTCi B PaBHOBECHH, eC/IH ero KOI(pHUMEHT TPeHHs O
IJIOCKOCTb paBeH fy,

* B caMoM Zesle, KOTRa paBHOBeCHE IBJISIETCS NPEAebHLIM, CHIA TPpeHHA F=Fpo=
=foN. B ocTanbHHX nojoxeHHsix paBHoBecHsi F < foN. ClefloBaTeIbHO, B KaXICM
B3 9THX NOJIOXKEHHA MOXHO CUHTaTh ; =kN, rae k< [f,. Ilpr k=0 (uan fo=0) noayunm
TIoNOKEHHe PABHOBECHS, COOTBETCTBYIOWIEe CJAY4alo, KOTJa CBS3b SBJIAETCA Faaaxof
(maeanbHoi).
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P e e n u e. HaligeM cHayana npefenbHoe NOJNOKeHHe PABHOBECHA, NPH KOTO-
POM yroa & paBeH Gpnp. B 3TOM nonoxenuu (puc. 78) Ha rpys LieliCTBYIOT CHJIA TAMXe-
ctH P, HopManbHas peakuns N W npefienbHas cuaa Tpenus Fpp. CTpost M3 nepedncies-
HHX CHJl 3aMKHYTHR TPEYroAbHHK, HAXOAKM U3 Hero, 4To Fpp=Ntg a,,. Hoc apyroft -
cropont, Fpp=foN. Caeposarenbho, ’ ’

tganp=fo. (a)

Ecan B fIOAyYeHHOM PaBEHCTBE YMeHbILATh fo, TO 3HauUeHHE Qpp GyZeT TOXKE
yMeHbIATbeR. OTCIONA 3aK/I0uaeM, YTO PaBHOBECHE BO3MOXKHO H MpH & <lqp. OKoH-
yaTesibHO Bee 3HaYeHHd YIJia a., NPH KOTOPHIX IPy3 GyAeT B PaBHOBECHH, ONpeleNsTcs
HepaBeHCTBOM

tg a<fy. (6)

TMonyuennwil B 3ajaye pe3y/bTaT, BupaxkaeMufl paBeHCTBOM (a), MOXHO HCTONb~
80BaTh AJIA SKCIIEPHMEHTAJbHOro onpefeneHHs KospdHUuHeHTa TPeHHS, HAXOAA Yroa
Gpp M3 ONHTA, : -

3amerum eine, 4To TaK Kak fo=tg @y, T€ Po— Yros TpeHssd, TO, CAEAOBATENLHO,
Qop=",, T. €. HaHGOABIIKA YroJ &, IPH KOTOPOM IpY3, JeKaluil Ha HAKAOHHOR NAoO-
CKOCTH, OCTaeTCi B DaBHOBECHH, PaBeH YI/y TpPeHHA.

a9 4 7
'7'
- A
/A .
| A L
d Z >N
g d
N
Puc. 78 Puc. 79

3apava 31. HsoruyToiit noa npsiMbiM yraoMm 6pyc onHpaercs cBoell BepTHKANLHON
4acTbio O BHCTYNH A H B, paccTofiKe MCXKAY KOTOPHIMK (N0 BepTukanu) h (puc. 79, a).
TpeneGperan Becom Gpyca, HafiTH, NpH KaKo# WHpKHe d 6PYC C J€KAUHM HA €O FOPH-
SOHTANGHOA UaCTH TPY30M GyNeT HAXOAHTHCA B PABHOBECHH MPH NIOGOM MOMOMEHHH
rpysa. Koadduuuent Tpenns 6pyca o nanpasiasiomue paseH fo.

P e e nue OGo3HasHM Bec rpysa uepes P, a ero paccTosiHHe OT BepTHKaNb-
HOW uacTH Gpyca yepes [. PaccMOTpuM npeaesbHOe paBHORecHe 6pyca, NPH KOTOPOM ero

whpuna d=dp,. Torna na 6pyc aeiicreyior cunut P, N, F, N, F', rae F u F’— npe-
RenbHbe CHAN TpeHHA. CocTaBafA YC/AOBHA PaBHOBECHA (29) H GepA MOMEHTH .OTHO-
CHTeJbLHO ueHTpa A, noayvaem:

N—N'=0, F+F'—P=0, Nb—Fd,,—PI=0,
rae F=foN,-F'=f,N’. U3 aByx nepsuX ypaBHeHufl Haxonum:
N=N', P=2fN.
TloactaBass 3TH 3HaueHHs B TpeTbe ypaBHenHe M coKpamas Ha N, norywnm
h—fodnp—2fs!=0,

dnp=h/fo—2L.

Ecan B 3TOM paBencTBe ymeHbiath fo 10 Hyasl, TO €ro NpaBaf YacTh GyAeT PacTH
B0 OGeckoHeunocTH. Cle/IOBATE]IbHO, PABHOBECHE BO3MOKHO NPH JMOGOM 3HaueHHH
d>dpp. B cBoO ouepenp dgp MMeeT HaHGOMbIIEE 3HAYeHHe, KorAa [=0. 3nauur Gpyc
GyieT B paBHOBECHH NPH NI06OM NONOKEHUH Tpy3a (npH [>>0), ecau Gyler BHIOAHATE~
CA HepaBeHCTBO d>h/f,. Uem menbuie Tpenue, Tem d IOMKHO GuTh Gonbite. Tpu or-
Z)L'r:suu Tpenns {fy;=\0) paBHOBecHe HeBO3MOXKHO, TAK KaK B 3TOM C/ydae NOJyyaeTcs

npuneueu €illeé reoMeTpHUYeCKOe pellleHHe 3aJia4uH. an TAKOM DECLICHHH BMECTO

OTKyZAa
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HOPMAJLHHIX PeaRUAR R CHJI TPeHHX H3ofpawaeM B Toukax A H B noanue peakuun
R4 u Rp, KoTOpHE B NIpefieIbHOM TONOKEHKH OTK/IOHEHH OT Hopmaneft Ha yroa Tpe-

HHA @y (puc. 79, 6). Toraa Ha 6pyc 6yRYT AeRCTBOBATH TPH CHJN R 4. Ry, P. Ipu pas-
HOBECHH JHHHH Aenc'rnnﬁ STHX CHA AROJUKHH IEPeceKaThes B

onHolt Touke, T. e. B Touke K, rae mepecekalorcs CHAH R4 H

R . Orciona noayuaem oqenmu-loe ;lcu pHc. 79, 6) paBeHCTBO
h—(l+d,.p) tg Qo+ g 9o (2I+d,,p) fo» TAK xak
g ¢o=/fy. B pesyasrare naxomm ansi dyp TO Xe 3Havenue,
9T0 H NPH AHANHTHYECKOM PelleHHH.

3agaua Aaer mpHMEp CAMOTOPMOSSIIErocsi ycTpoficTsa,
HepeKO NPHMEHAEMOro Ha MPaKTHKe.

3azaua 32. [lpeneGperas Becom necTHHUW AB (puc. 80),
HafiTH, TIPH KAKHX SHAYEHHAX YrJaa G 4eJOBEK MOXET Mog-
HATLCA N[O JIECTHHIE A0 ee KOHLla B, eCAH yroj TpeHHs Je-
CTHHIH O NOJ H O CTEHY PaBeH Q.

Pemenue. PaccMOTPpHM 1npefeabHoe HOJNOXEHHe
PABHOBECHS JIECTHHMIN K MPHMEHMM JAA PpeLIeHHA Treo- Puc. 80
MeTpHueckif MeTox. B npegenvion mosoXeHHH Ha JecT-

nuny peficpyror peakunsn R 4 u Rg NMoma B CTeHH, OTKAOHEHHHE OT HOpMaieR K 9THM
ILAOCKOCTAM HAa YTOJ TPeHHS Q. JIHHHK AeficTBHA peakunfi nepecekaiorcs B Touke K.
Caenosarenbto, MpH- paBHOBECHH TPeTbA AefCTBYIOWaA HA JecTHHMY cHAa P (YHcaen-
MO paBHAs# BeCy HeJOBeKa) TaKKe AO/KHa npoftTh uepes Touky K. Ilostomy B nono-
XeHHH, IOKA3BHHOM Ha YepTexe, BHIE TOMKH D YeJoBeK HOAHATLCA He MoxkeT. Yro-
6hi HEIOBEK MOT MOZHATLCA A0 TOYKH B, MHHHH neficTBHS cHA R, AH Ra HOJKHH Mepe-

ceunch rae-uubyap Ha npsamoRt BO, 4T0 BO3MOXKHO JHIDDb TOrZa, Koraa cuaa R4 6yner
Hanpasjena Baosb AB, T. e, Koraa yroja a<q;.

Cheg0BaTesIbHO, Yes10BeK MOXET NOAHATHCA 10 JIECTHHIE R0 ee KORRA -ror)la Xoria
ona obpasyer cO CTeHOA YroJ, He MPEBHILUAIOWHMA YrAa TPEHHS JIECTHHIUM O NOJ.
Tpenne o cTeHy DIpH STOM POJIH He HTPaer, T. €. CTEHa MOXeT OWTb FAaAKORN.

$ 26*. TPEHHE HHTH O UWJIHHAPHYECKYIO NMOBEPXHOCTb

K nETH, HaxuHyTOR Ha Xpyraufi muluunpuqecxnﬁ Baa (pHc. 81), npunoxena ¢H-

aa P. Hafaen, xakyio Haumeusmyio cuay Q nago NPHJIOKHTD K JPYFrOMY KOHLY
HHTH, YTO0H COXPAHHTh PaBHOBECHE NPH AaHHOM yriae AOB, paBHoM o, ecaH Ko3d~
¢unMelT TPERHA HHTH O Bak f,.

Hns pelleHns 3azauH PacCMOTPHM paBHoBecHe sjementa HHTH DE J.lJlﬂHH di=
=R d6, rre R — paguyc Bana. PasHoCTb HaTsixeHKA nuTH B Toukax D u E, paBnas
dT, ypaBHoBelIHBaeTcA canoft Tpemm =fodN
(dN — Hopmanbuas peakuus), Tax Kak NpH
HaHMenbluefl cuie Q pasHoBecHe SBJISETCH Mpe-
AeNbHHM. CrefioBatesnbio,

dT=f,dN.

3unauenne dN onpenesHM H3 YpaBHEHHS
paBHOBecHS B NPOEKUHH Ha ocb y. [lonaras
CHHYC Majoro yraa paBHLIM CAMOMY Yyray M
npeHeGperas MaiAbiMH BHCIUErO NOPALKa, Hall-
A€M, YTO

dN=T sin (d6/2)+(T+dT) sin (d6/2)=
=2Td0/2=Td0.

Puc. 81

TNoacraBasa sto snavenne dN. B mpenniayimee paBeHCTBO, NOJYSHM
dT—-f.TdO

Paazenunm ofe uactu paBencta Ha T W BO3bMeM HYTErpajisl crpasa B Apefenax ot 0
20 @, a caeBz Ot Q 0 P (Tax Kak HaTsOKeHHE HHTH B TOUKe, rie 0=0, pasio Q, a B
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rouxe, rae O=a, pasno P), TMoayaum:

PdT ¢ P
§—T-=f,§de u in —Q—=foa.

Orciona creayer, ato P/Q=e/® uan
Q=Pe-To, (42

Kax BuauM, notpeGHas cuna Q 3aBHCHT TOILKO OT KO3(xpHIMEHTa TPeHHs fo H yraa a;
OT paguyca Baja cHaa Q ue 3aBucur. IIpu orcyrctsun Tpenns (fo=0) monyuaem, xak
H caiefoBano OXHAaath, Q= P, [IpakTHYECKH OUeHb BaxeH TOT GaKT, 4TO, YBEIHYHBAR
yron & (HaBHBas HHTb), MOXKHO 3HAUHTEJbHO YMEHLUIHTb CHIY Q, HeoGXORUMYiO AJA
YPaBHOBEUNIHBAHHA CHAN P, 4To BHAHO M3 Ta6a. 1. Hampumep (cMm. Taba. 1), Hata-
xeune B 1000 H moxHo ypaBHOBecuTh CHIOR Bcero B 2 H, aBaxau 06epHYB NEHLKO-
BHA XaHAT BOKPYr JiepeBAHHOro CTosi6a, :

Ta6anua 1. 3uavenusn Q/P npu fo=0,5 (nenvrossid kanam no depesy)

O6opors a qp=e"l

—;-odoporra............... n 0,208
1O6OPOT o o v v v v v v v e o e s e s o 2% 0,043
%ooopm.,.............. an 0,009
2000POTA 4 ¢ + o o o o o ¢ o o o o s oo 4x 0,002

®opmyna (42) onpepesifieT TakKe OTHOlWeRHe HaTAXeHHA P (Beaymed) u Q (se-
RoMof) yacTelt peMHs|, PaBHOMEPHO BPAUIAIOUIETO UIKHB, €C/M TPOCKANb3LBAHHE PeM-
HA 00 WKHBY OoTCyTCTBYeT. CUHTasdA, HalPHMeP, OPH STOM G==7t U NPHHHMAA AJA "KOXKa-
HOro peMHsi H YyryHHoro wkusa f,=0,3, noayuus,
4TO oTHOMWeRMHe HaTAKeHHA Q/P=e""*"~0,4.

34xaqa 33. K puuary DE neHTOYHOro TOPMO-
sa (puc. 82) npunoxena cuna F. Onpenennrs Top-
mo3smmfi MmoMent My, neficTBylomHR Ha LIKHB pa-
auyca R, ecti CD=2CE u K03bdHUHEHT TpeHHA
JIeHTHl O WKHB f,=0,5.

Pewenne Ha mkus BmecTe ¢ npuaeraio-
mefll K Hemy sentot AB peficTBYIOT NpHAOKeHHA
B TouKe A cuna P, npuuem P=2F, ® npunoxenuas
B Touke B cuna Q, onpenensieman copmysoft (42).
B nawem cayvae f,=0,5 u a=>5n/4=3,93 paa.
CaeaoBatenibHo,

Puc. 82

Q = 2Fe~e® —9Fe=37/% 5 98F,

HckoMuft Momenr
M,=(P—Q) R=1,72 FR:

Mowuenr Byner e Goabie, yem MeHblue Q, T, e, 9eM 60abie KOIPHRIHEHT TPEHHS f,
H yroa @,
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§ 27*. TPEHHE KAMEHHA

Tpennem Kauennss HasmiBaercsi cONpOTHBJEHHE, BO3HHKalOMIee MPH
KaueHHH OAHOrO TeJla 110 MOBEPXHOCTH APYrOro.

PaccMoTpuM Kpyraniit uHAHHAPHYECKHA KaToK pagHyca R W Beca P,
JeXauui Ha rOPH3OHTaNBHOH epoxoBaToii mAOCKOCTH. IlpuioxuM
K ocH Kartka cuny Q (puc. 83, a), menbimyio Fy,. Toraa B Touxke A Bo3-
HHKaeT CHJa TpeHHs F, YHCIeHHO paBHas Q, KoTopas Gyier mpensTcT-
BOBaTb CKOJILXEHHIO LHJIHHAPA 1O MIOCKOCTH. Ecan cuntath HopMasb-
Hylo peakuuio N Toke mNpUJIOKEH-
HOM B Touke A, TO OHa YpPaBHOBECHT
cuay P, a cunut Q u F ofpasylor na-
PY, BH3LIBAIOILYIO KaueHHE IHIHHI-
pa. Ilpu Takof cxeme kaueHHe NOJMXK-
HO HAYaTbCst, KaK BHAHM, noj Aeii-
CTBHEM JiI0OOH, CKOJIb YIOAHO MaJlod
cuan Q.

Hcrunnas ke KapTHHA, Kak no- Puc. 83
KasbiBaeT ONBIT, BHIMISAHT HHave.

O6bacHsiercss 310 TeM, yTo ¢aKTHYEeCKH BeJeicTBHe AedopMauuit ten
KacaHue MX MPOMCXOIHT BAOJL Hexoropoit miomanku AB (puc. 83, 6).
Ipu meficTBuM cHabl Q MHTEHCHBHOCTb AaBjieHHs y Kpas A yOuBaer,
a y Kpas B poapacraer. B pesyanrarte peakuuss N OKaspiBaercs cme-
1WeHHOMN B cTOpoHy JeiicTBus cHanl Q. C yBeqnuenneM Q 310 cMeleHHe
pacTeT 1o HeKoTopoii npefeanHofi penuuuHn k. Takum o6pa3oM, B
npejieJIbHOM TONIONEHHH Ha KaTOK GyAyT AeficTBoBaThb mapa Qn,, F o

MomentoM QR H ypaBHoBewHBawlnas ee napa N, P ¢ momentoM Nk.
M3 paBencrBa MoMeHTOB HaxonuM Q,,R =Nk uiu

an =(k/R)N' 43

Tloxa Q<<Q,,, KarToK HaXOAMTCA B NOKoe, npH Q>>Q,, HauHHaeTcs
KaueHwue,

Bxonsmas B ¢opMmyny (43) nuuefiHas BeluuHHa k Ha3nBaerTcs
Kosgpuyuenmom mpenus Kadenus. Viamepsior BeandyHHy Kk OOHYHO B
canTHMerpax. 3HadeHHe Kos(pHlIMEHTAa R 3aBHCHT OT MarepHaja Tel
H OnpeseNsiercsl ONKTHHM nyteM. [IpuBeaem npuG/HIKeHHHIe 3HAUYCHHA
aToro Kosppuuuenra (B cM) A1 HEKOTOPHX MarepHasos:

JlepeBo no fepeBY + « + + + o « o o « . 0,05+0,08
Crane MArKas no craiau (kojeco no peascy) 0,005
Cra/ib 3aKkajeHHas MO cTajH (1WapHKOBHHA

NOAWMAHHK) « + « 4 o o « « s « & o « 0,001

OrHowenue /R ans GONBIIMHCTBA MaTepHasioB 3HAUMTENBHO MeHb-
11Ié CTaTHYeCKOro KoaddHUHEHTa TPeHHUs f,. THM OOBACHACTCHA TO, UTO
B TEXHHKe, KOrJa 3TO BO3MOXHO, CTPEMATCH 3aMEHHTb CKOJIbXeHHe
KaueHHeM (KoJeca, KaTKH, iIapHKOBHle NOMUMIIHHUKH K T. IL.).

n



3anava 34. Onpefennte, NPH KAKHX 3HAYEHHAX yria & (pHc. 84) uwiuHIp pa-
Anyca R, nexalHil Ha HaKJOHHON NJIOCKOCTH, OCTaeTCA B MOKOE, eCAH KOS(PHLLHEHT
TPeHHS KaueHHA paseH k.

Peweu ue PaccMoTpuMm NpejienbHOe MOMOKEHHE PABHOBECHA, KOTAA &=a.

Pasnaras cuay P na cocraeasomue Py n P, (puc. 84), HaxoUM, UTO B ITOM Chyuae
caBdralwas cuaa Qnp=P;=P sina,;, a HopManbHad pe-
akuus N=P,=P cos @; Toraa no ¢opmyse (43)

P sina,=(k/R) P cos a; uan tga,=k/R.

Ipu y:eubileHwn k 10 RyJAst Yron @5 Takxe yOsiBaeT 10
nyas. OTcioia 3aK/I04aeM, YTO PABHOBECHE COXPAHHTCA NPH
mobom yrie o<<c;. [losyueHHHM pe3yJabTaTOM MOXHO BOC-
NIOJIb30BATHCA IS SKCNEPHMEHTANBHOTO ONpefeneHHs Kodd-
¢uuHeHTa Kk, HAaXOAA Yroa O, H3 OMMTA.

Hpu,ueua/-tue Hunuugp npu a=a; Gyfer B MOKoe, €CJIH
OJIHOBpeMEHHO KODHUHEHT TPEHHS CKOJMbKEHMR fo UHAHHA-
pa 0 MJIOCKOCTb 6yleT TaKeB, 4TO fyzxtg o, (cM. 3agauy 30 B
§ 25), 1. e. ecan f.,>k/R.q1'o o6LMHO HMeer MecTo. Ho ecan
oxaxetcst, uto fo<<k/R, T0 npu a=0, MMAHEAD He GOYAeT B [OKOE H HA4HeT
CKONb3HTb BAOJb MJIOCKOCTH.,

Faasa VII
NPOCTPAHCTBEHHASI CHUCTEMA CHJ

§ 28. MOMEHT CHJIbl OTHOCHTEJILHO OCH.
BbiYHCJIEHHUE INIABHOTO BEKTOPA
H ITIABHOT'O MOMEHTA CHCTEMBI CHJ

B §8 O6usio BBeNEHO NOHATHE O MOMEHTE CHJH OTHOCHTENBHO
uentpa O. 3o Bekrop my(F), HanNpaB/eHHwIH NEPNEHAHKYASPHO MIOC-

koctd OAB (puc. 85), MOAYb KOTOPOro corsacho gopmyJe (13) imeen
3HayeHHe

[mo (F)|=2na. A OAB.

Kax 310 6bJI0 H 478 CHJBL, B
JaJibHefeM OKaXKeTcsl HeO6XOAHMBIM
paccMaTpuBaTh NpPOEKUHH BeKTOpa
mo(F) Ha pasubie ocH. [Ipoexyus
eexmopa m, (F), m. e. momenma cu-
ax F omuocumensro yenmpa O, Ha
KaKylo-nubyde oce 2, RPOXOOALYIO
uepe3 smom yewmp, HA3LIBACMCS MO-

Mmenmom cuast F omuocumenvno ocu
2, T. e,

Puc. 85

m, (Fy=[mo (F)], nau m,(F)=|mp (F)|cos ¥, (44)

rae m, (F ) — MOMeHT cusl F OTHOCHTEJBHO OCH Z; § — YTOJ MeXJy BeK-
TOpOM rm, (F) 1 ocbio 2. Us onpeZesieHHs cnexyer, uro m,(F), Kax npo-
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eKIHsA BEKTOPA Ha 0Ch, ABIACTCS geauunod arzebpauteckod (3uak m, (F)
onpeleNAaeTcA TaK XKe, KaK 3HaK NMPOeKLHH Jo60ro BEKTopa; HanpHMep,

Ha puc. 85 m,(F)>0).

Hafinem apyroe BupaxeHue miusa m.(F), nossossiomee HenocpeacT-
BEHHO BHIYHCJAATH 3Ty BeJqHYHHY. Jlast sTOrO mpoBeieM dYepe3 NpoH3-
BOJBHYI0 TOYKY O, ocH 2 (puc. 85) mAOCKOCTb xy, MepHEeHAMKYJISIPHYIO
aro#t ocH, H cnpoekTHpyeM AOAB Ha 3ty niockoctb. Tak Kak BeKrop

m, (F) nepnennukyasper niockoctd OAB, a ocb z neprneHAHKYIAPHA
nnockoctH 01A;B,, T0 yroa y, Kak yroJ Mexay HOPMajdsAMH K Ha3BaH-
HBIM [JIOCKOCTSIM, SIBJIIETCH YIJIOM MeXAy ITHMH miockoctsamd. Cliexo-
BaTeJIbHO, €CJIH OHOBPEMEHHO yuecTb paBeHCTBO (44), To

2na. AO0,AB =2 A\ OABcosy=|m,(F)lcosy=m,(F).

Ho, kak Buaxo u3 puc. 85, B Tpeyroabuuke 0,A4,B; cropona A,By
npeACTaBAsieT co6oil ONHOBPEMEHHO NPOEKNLHUIO F 4, cuin F Ha III0CKOCTD
xy (M. §5). Torza 2na. AOABy=F h=Imo (Fy,)l, tie mo (Fep)—
anre6pauveckuft Moment cuul F,, otHocHTeabHO uentpa Op. M3 sroro
H NpeAblLyllero paBeHCTB cjefyeT (C y4eToM 3HAKOB), 4TO

m, (Fy=mo (F,,) wu m, (F)== F h. (45)

Taxum oBGpa3om, smomenm cuant F omuocumenvro ocu z pasen areed-
PAUMECKOMY MOMENMY npoeKyuu Smoil cuisi Ha NAOCKOCMb, nepnendu-
KYARDRYIO OCU 2, 63AMOMY OmMHocumeasro moku Oy nepeceuenus ocu ¢
smodl naockocmsro. STOT Pe3yJIbTAT MOXKET CJYXKHTb APYTHM onpenese-
HHEM MOHATHA MOMEHTa CHJIbl OTHOCHTEJIHO OCH.

3ameyast KaK HanpaBlieH NOBOPOT, KOTOPHi CTPEMHTCA conepm;m,

cuna F,,, xorma m,(F)>0 (cm. puc. 85; cayyafi, xoraa m;(F)<0
NOJIYYHTCS, €C/IH M3MEHUTh HalpaBJeHHe CHAW F Ha NMpsAMO NMPOTHBO-
NOJIOKHOE), NPHXOAHM K CJAERYIOUIeMY BBIBOLY: MOMENM CUALL OMHOCK-
meabHo ocu Gydem umems 3HAK NAIOC, KO2OQ C NOAOKCUMENLRO20 KOKYA

ocu nosopom, Komopsid cmpemumcs cosepuiums cuaa F,, sudex npouc-
X0ORUUM npomus xoda 4acosold cmpeaku, U 3HAK MURYC — Koeda no
xody uacosoll cmpeaxu.

M3 puc. 85 BHaHO eine, UTO eCaH MeHSTb noJoxenue TOUKH O Ha

OCH 2, TO H MOAYAb H HANpaBJeHHe BEKTOpa m, (F) GyayT npH 3ToM H3-
MEHATbCA, HO AOlAlBl, a Cc HIM H 3HayeHHe m,T) H3MEHATbCA He

GyayT.

MexaHHueCKH# CMBIC/I BETHYHHHE m; (F) COCTOHT B TOM, YTO OHa Xa-
paKTepH3yeT BpamarebHuli ddekt cuan F, korna sra cuna CTPeMHTCR
NOBEPHYTH Te/I0 BOKPYT OCH 2. B caMoM Jiefte, eC/H pas/IoKHTb CHAY F
Ra cocrasasomue F,, u F,, rge F,!|0z (puc. 86), T0 MoBOpOT BOKPYT
ocH z Gyzer coBepmaTh TOABLKO cocTaBasiomas F,, W BpauwaresbHbIA
apdext Beelt cunnt F 6yzer, coraacho dopmyJe (45), onpeaensTbes Be-
nuunnoft m,(F). Cocrapnsiomas xe F, foBepHYTh Tes0 BOKPYT OCH Z
He MOXKeT (OHa JIHLIb MOXKEeT CABHHYTb TeJIO BAOJb OCH 2).
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B 3aKJIOUeHHe PacCMOTPHM MNOAPOGHee, KaK BRIYHCJIAETCS MOMEHT
CHJIHL OTHOCHTEJIBHO OCH 2 no dopmyae (45). Il sroro Hago (puc. 87):
1) npoBecTH NJ0OCKOCTH XY, NEPNEHAHKYIAPHYIO OCH 2 (B J106OM MecTe);
2) cnpoexTHpoBath cHay F Ha 3Ty IJIOCKOCTb U HafiTH BeNHUHHY F,;

Z

N
i ° oy

Puc. 86 Puc. 87

3) OnyCTHTb H3 TOUKH NepecedyeHHs OCH C MJOCKOCTbIO (Ra pHC. 87 3ro
T0uK3 ) NepnesAMKyJsAp Ha JHHHIO ReficTBHA F,, # HaliTH ero AnHRYy h;
4) BHYHCAHTDL npoussenenne F h; 5) onpefiesHTh 3HaK MOMEHTa.

IIpy BLIYHC/IEHHH MOMEHTOB HaJio HMeTb B BHAY CJEAYIOLIHE YacTHHE
ctyuaH:

1) eci chnia napaJsiesibHa OCH, TO ee MOMEHT OTHOCHTEJILHO OCH pa-
BeH HyAlo (TaK Kak F.,=0);

2) ecin AHRHA eACTBHA CHJH TepeceKkaeT 0Cb, TO €€ MOMEHT OTHO-
CHTEJIbHO OCH TaKKe paBeH HyJIO (Tak Kak h=0).

O6nenunsns o6a clydas BMECTE, 3aKJII04aEM, UTO MOMEHM CUAB OMHO-
CUMEADHO OCU POBEN. 'MYAI0, ECAU CUAG I OCb Aexcam 8 OOHOIl naockocmu;,

3J) ecau cHJA NepNEeHAHKYJSAPHA OCH (JIEKHT B NJIOCKOCTH, NepreH-
AUKYAAPHOW 9TOM OCH), TO €& MOMEHT OTHOCHTENILHO OCH paBeH B3ATOMY
€ COOTBETCTBYIOIIHM 3HAKOM TpPOH3-
BeIeHH]0 MORYJA CHJH Ha paccrof-
HHe MeX(y THHHell AeHACTBHA CHAW M
OCblO, T. €. BHYHCAseTCs No dopmy-
se (45), B koropyio Bmecto F,, BO#i-
Jer monyne cuanl F,

3apaua 35. Hafiru MOMEHTH OTHOCH-
TeabHO oceRt x,y H ZcHn P u Q, xotopue
AeficTBYIOT Ha TOPH3OHTAJNBHYIO LJHTY, H30-
Opaxennyio Ha puc. 88. _

Pemennre. 1.Cuna P napannensna
OCH Z; OHa NEPNEHAHKYAAPHA OCAM XH y H
NPOXOAKT OT HHX Ha paccrosHuax b/2 u a/2,
CriefoBatesibHO, C YHETOM 3HAKOB:

m, (P)=—~Pb/2, m, (P)=Pa/2, m,([P)=0.
2. g)lil BHYHCJACHHSA m,(ﬁ) IpPOeKTHpyeM cwlyﬁaa NJAOCKOCTh ¥2; HOoJydaeM Qvl=
=g sin &.

Inevo cuanl 6,, OTHOCHTebHO TOYKH O paBHO b, 2 MOBOPOT ee ¢ KOHLA OCH X
BHJCH NPOHCXOAAINHM HPOTHB XeRa 4acoBoll CTpeAxH; CJ/lefOBaTe/IbHO,

my (Q)=06Q sina.
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Teneps suuncasem my (Q). Cuna Q nexur B n1ockoctd ABD, nepnenaukyasproft
OCH ¥ H Nepecexasonteficst ¢ Helo B Touke B. CnenoBareibho, Qyz= Q. OnycKas U3 ToukH

B nepnengukyasp Ha JHHHIO AeHCTBHS CHJBI 6(cm. BCIIOMOr'aTeJIbHHA YepTex cnpa-
Ba), HAXOJHM, YTO €ro JJHHA h=a sin &, OKOHYaTe/bHO, YYHTHBAA HaIpaB/ieHHe No-
BOPOTa; novuyYaeM

my, (Q)=—Qasina.

HakoHel, A1 BHYHCJAECHHA my (6)' NPOEKTHPYeM CHJAY Q Ha MIOCKOCTb Xy H HaXo-
ANM, YTO Q,,,:Q COoS &, a NAeYo 9Tofi NPOEKUMH OTHOCHTENLHO TOoukH O pasHO b,
INosToMy ¢ yueToM 3HaKa

m; (Q)=5Q cos a.

TeopemMa BaphHHbOoHa AAA MOMEHTOB CHJIH
OTHOCHTeABbHO ocH. Ecin ofe 4acTH BEKTOPHOro PaBeHCTBa
(24) u3§ 13 crpoeKTHPOBATh Ha KaKyio-HHOYAb OCh 2, IPOXOMALLYIO Yepea
ueutp O, To coriacHo ¢opMynam (44) noayuum

m, (Ry=3 m, (F,). (46)

ChienoBaresibHo, TeopeMa BapHuboHa 0 MOMEHTE paBHOfleACTBYIOULe /i
CMpaBeATHBA H JJ/151 MOMEHTOB OTHOCHTE/bHO Ni06okA ocH. Teopemo# oco-
6eHHO YAOGHO NMOJB30BaThCA AJIA HAXOMIEHHS MOMEHTOB CHJB GTHOCH-
TEJLHO KOOPJAHWHATHHIX oceff, pa3iiaras CHAy Ha COCTaBJSIOl(He, NapaJ-
JeJbHBE OCAM HJM HX MepeceKaiollHe.

-3axaua 38. HafttH MOMEHTH OTHOCHTeNIbHO ocefl x, y, Z CHAH 6: NPHIIOXKeRHOR
K naute B Touke D (puc. 89), ecan O_A=a, OB=bwnu TOMMHHA NJIHTH A} YTO/l & 3ajiaH.

Pewen ue Pasnaras cyay Q Ha cocTasasiomne Q; H Q;, NapaieNbHbie COOT-
BETCTBEHHO OCAM X H 2, TAe mo Moay o Q;=Q cos &, Q;=Q sin &, H NpHMeHAR Teope-
My BapHHbOHA, NOMYYHM:

my (@) =my Q1)+ my (Qu)=Qsb=Qb sin a,
my (6)=my (Q_l) +m, (_Q.)= th_— Qa=Q (hcosa—asina),
mz (Q)=mz(Q1)+m; (Qe)=Q16=Qbcos a,

TaK Kak m,(Q))=0 (Qyli0x) u m,(Qy)=0 (Q41i02).
Kax BHAHM, C NOMOUbLIO TEOPEMH Bapmlboua MOMEHTH CHJIN BHYHCAAIOTCA A0~

BOILHO TPOCTO (C €e NOMOLBIO JIErKO HANTH MOMEHTH AR Q H B 3axaue 35). [TosTomy
pexomeHRyeTCs BO BCeX NOJOGHLIX CAy4¥asXx [0Jab30BaThes AaHHOR Teopemoft. Ipu neko-
TOPOM HaBHKe BCe MOACYETH JEerKo NMpojeaTh, ONYCKad MPOMEKYTOUHME BHIKAARKH;

HanpuMep, cpasy BHAHO, uTo m,(Q=(Qsing ) b n 1. A.

Anaautuueckue d¢op- z _
MYJAH I/ MOMEHTOB CH- Q
AB OTHOCHTEAbHO KOOP- 0 b A 8

AHHAaTHH X oced. Pasnoxum
cuay F, npuioxeHHyio B Touke A ¢
KOOpRHHATaMH X, Y, Z, Ha COCTaBJIA- Z
jomue F,, F, F, napasieibkne n

KOOpAMHATHHM ocsAM (pHc. 90, a). r/[ I
Torna.no Teopeme. Bapunnona

my (Fy=m,(F,) +m,(F )+ m,(F,).

Puc. 89



Ho TaK Kak coctaBasiomas F, napannensHa ocx x, a cocrasasioinye F,
H 75 efl NepNeHAHKYJSPHH, TO C yYeToM 3HaKoB GyneT: m(F,)= 0
m,(F F))=—zF,, my(F)=yF, u B pesyasrare mx(F)=yF, —zF,.
AHaJIOTHYHO HAXOMATCH MOMEHTH OTHOCHTEJIbHO ocelt ¥y M Z. Oxonqa-
TEJIbHO MOJYYHM:

d f.'“ my (F) ny—ZF'
: ;7 m (Fy=2Fo—xF | (47)
_ m, (F’)_xF —yF,.

A 4] Vsl \ dopmyast (47) palor anasumu-

i HECKUE BLIPANCEHUS OAR MOMENMO8

\/v CUAb  OMNOCUMEAbHO Koopounam-

/ 7 uoix ocetd. C HX NOMOLIBLIO MOMEHTH

MOXHO BHLIMHCAATB, 3HAas Npoek-

i y IHA CHJAB M KOOPAHHATH TOYKH

Puc. 90 ee TPHJIOKEHHA. 3aMeTHM, 9TO

Kaxjaa cheryiowas ¢opmysa B

paBexctBax (47) nonyuaercs H3 npemnbiayulef Tak HasnBaeMo#l Kpyro-

BO/ MEpecTaHOBKH OYKB M WHIEKCOB, T. €. NocjenoBartebHON 3ame-
HOit x Ha y, y Ha 2z U zHa x (puc. 90, 6).

OrmerHM eure OfMH pe3y/bTaT: NOCKOJbKY JeBhie YAaCTH PaBEHCTB

(47) ABJAIOTCH OLHOBPEMEHHO NMPOEKUMAMH BeKTOpa my,(F) Ha xoopau-

HaTHHe ocH (rae O — HayaJo KOOPAHHAT), TO C NOMOLLBIO 3THX PABEHCTB

MOXHO HafiTH MORYJIL MoMeHTa my, (F) no ¢opmyae

o
~

[mo (F =V [m, (B} + [m, )]+ [m, (F). (48)

3azava 37. BHYHCAHTL MO AHANHTHYECKHM GOPMYSaM MOMEHTH CHAN Q. H300pa-
xennoft na prc. 89, oTHoCHTeAbHO ocedl X, y, 2 K UeHTpa O.

Pewen ue. CunaQnpunoxena s touke D ¢ KOOpAHHATANH X=a, y=b,z=—Hh,
Ee npoexuHH Ha KOOPAHHATHHE OCH:

Qi=—Qcosa, Qy=0, Q;=Qsina.

TNozctaBnas 3TH 3HaueHHA B GopMynt (47), NONYUHM TOT XKe Pe3yAbTar, YTo H B Sana-
ue 36. s Img(Q)l no dopmyne (48) Hafnem

|mo (@)j=QY b3+ (h cos a—asin a).

BHYyHC/NeHMe rN1aBHOTO BEKTOpPa HTAAaBHOTO
MOMeHTa cHcTeMun CHJ Coraacxo ¢opmyam 21) n (22),
noJNyYeHHHIM B § 12, 3HaueHHsA T/1aBHOTO BEKTOPaA R ¥ rnaBHOro MOMeHTa
M o CHCTEMbI CHJI ONPENIeAIOTCA PABEHCTBAMH! R=3F,, Mo=2m, (F)).

IMokakeM, KaKk 3HaueHHss R M Mo BHIYHCASAIOTCA 3HAJMHTHUECKH,
T. €. 10 HX NMPOEKUHAM Ha KOOPAHHATHHE OCH, YTO HaM B na.nbueﬁmeu
MOHAaAOOHTCA.
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Buipawkenus aas R,, R, R, yxe ussectan (§5). IIpoexkunn Bek-
TOpa M, Ha KOOpJAHHATHBle OCH 6yxeM ofGo3Hadath M,, M,, M.. Ilo
Teopeme O NMPOEKIHAX CYMMH BEKTOPOB Ha ock M «=2lmo (F3)lx namn,
cox;;acuo paBeHCTBY (44), M =Zm,(F,). Ananornuno Haxomsatca M v
M,

OKOHYaTe/bHO AN OTIpefie/IeHHsl NPOeKNUA INaBHOTO BekTopa R
H rJaBHOrO MoMeHTa Mo noayunM GopMyJsi:

Rx=2FkX’ Ru=2Fk”y R3=2Fk3; (49)
Mx=zmx (Fk)t My =2m" (Fh)' Mz=zmx (Fk)' (50)

B § 12 6pl10 oTMeY€EHO, YTO ABe CHCTEMH CHJ, Y KOTOPHX BeJHYHHH

R u M, coBnanator, sksuBajentHr. OTclofa ciaegyer, 4To AJjig 3aJaHHsA
(unm onpenesieHnsn) oGO cHCTeMbI CHJI, IeACTBYIOLIHX Ha TBEPJOE TeJo,.
JOCTaTOYHO 3a/iaTh (ONPENENHTD) ee FJIaBHHA BEKTOp H IMIaBHHIA MOMEHT
OTHOCHTEJIbHO HEKOTOPOTO LEHTpa, T. e. IIeCTh BeJHYHH, BXOAAIUHX B
JAeBbie yactH paBeHcTs (49) u (50) [B cayyae paccmorpenHoft B § 15 naroc-
KOA CHCTEMB CHJ1 — TPH BeJHYHHH, BXOLALIHE B paBeHcTBa (27)]. Srum
HepeaKo MOJIb3YIOTCA Ha NMpaKTHKe, HanpHMep, NpH 3afaHuH (onpene-
JIeHHH) 23pOAHHAMHYECKHX CHJ, AefiCTBYIOUIHX Ha camoJieT, paxery,
aBrOMOGHJbL, MJH MNpH onpejesieHHH BHYTPEHHHX YCHAHA B 4acTax
KOHCTPYKUHH (cM. 3aaauy 26 B § 20).

§ 20*. NPHBEREHHE NPOCTPAHCTBEHHOA CHCTEMBI CHJ
K NPOCTERIMEMY BHAY

Kak nokasano B § 12, moGas cucrema cHA MPHBOAHTCS B obiieM cy-
4ae K CH/le, PaBHO/ [VIaBHOMY BEKTOPY R M MPHJOXEHHOA B POH3BO/b-

HoM ueHTpe O, H K nape ¢ MOMEHTOM, PaBHHIM TIJIaBHOMY MOMEHTY M,
(cM. pHc. 40, 6). HafineM, k KakoMy npocTefiiuemy BHAY MOXET NMPHBO-
IHTLCA MPOCTPAHCTBEHHAs! CHCTEMa CHJI, He HAXORAIIAACH B paBHOBe-
CHH. Pe3y/bTar 3aBHCHT OT 3HaueHHHA, KOTOpHE y 3TOH CHCTEeMBl HMeoT

Be/IHYHHH R H M. _ _
1. Ecnu g paHHolt cucteMel ¢l R=0, a M50, T0 oHa npuBo-

IHTCA K Nape CHJI, MOMeHT KOTopo#t paBe Mo M MOXeT OWTh BBIYHCJIEH
no gopmyaam (50). B stom caryuae, Kak 6uUTo nokasano B § 12, 3HaveHHe

M, or Bui6opa uenrpa O He 3aBHCHT.

2. Ec st [aHHOM cHCTeMsl cHal R0, a 1740=0, TO OHA MTPHBOAMT-
sl K paBHOJeficTBYIoWe, paBHOA R, nunus peficreus KOTOPO#H npoxo-
IutT uepe3 uentp O. 3HaveHHe R MoXHO Hafith no ¢opmyaam (49).

3. Ecin ana AaHHOR cHcreMHl cuit R9£0, M50, no My L R, To
3Ta CHCTeMa TaKXke NPHBOAHTCA K paBHOAeACTBylomedi, paBHoft R, HO
He npoxoAsuned yepe3 uenrp O. .

Heficreutensro, npu Mo | R napa, naoGpaxaemas Bekropom Mo,
Hcuna R nexar B ouok naockoctH (puc. 91). Torna, BHGpPaB CHIIL Napbi
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R’ 1 R'' paBHEIMH 10 MOIy/MO R M pacmojlaras MX Tak, KaK NOKa3aHO
Ha puc. 91, noayuuM, 9ro cuaH R H R'' B3auMHO ypaBHOBecsTCs, H

CHCTEeMa 3aMeHHTCS OfHoft paBHojeficTBylomefi R’ =R, nmuus aeficreus
KoTtopofi mpoxogut vepes Touky O (cM. § 15, n. 2, 6). Paccrosanue 00’

(00’ 1'R) onpenensiercs npu 31oM 1o dopmyde (28), rae d=00",

Puc. 91 Puc. 92

Jlerko y6eauthesi, 4TO paccMOTpeHHHI cayyai Gyner, B 4aCTHOCTH,
BCerjia HMeTb MECTO AJIst Ji060M CHCTEMH! Mapa/lie/IbHHIX CHJI HJIH CHJI,
JIeXKaUlUX B OAHOM MJIOCKOCTH, €C/H I/IaBHBIA BEKTOp Toft cHeTeMu R740.

4. Ecin pia nanHOR cHCTeMsl CHA R0, Mo5~0 u npu 310M BeKTOp
M, napannenen R (puc. 92, @), T0 370 03HaUaeT, UTO CHCTEMA CHJ X npu-
BOZHTCH K COBOKYTHOCTH CHJH R u napu P, P’,
Jiexalneil B IIOCKOCTH, nepneunnxynnpnoﬁ cume
(puc. 92, 6). Takas COBOKYNHOCTh CHJIH H Na-
Phl Ha3biBaeTCst OUHAMUMECKUM BURMOM, @ Nps-
Masi, BJIOML KOTOpOft HanpaBJieH BeKTOp R, ocbio
eunma. JlanbHefiiee ynpoluieHHe STOH CHCTEMH
CHJI HEBO3MOXHO. B camom jente, ec/iH 3a HeHTp

Puc. 93 NpHBelleHAs] NPHHATDH JIOGYI0 APYryio Touky C
(pHc. 92, a), TO BexTOp M, MoxHO NIePEHECTH B
TouKy C Kak cBOGOAHHI, 2 NpH NepeHoce cuaH R B Touky C (cM. § 11)
AoGaBHTCA elmne ofsa napa ¢ MoMeHToM Mi=mc(R), nepneHguKyasp-
HHM BEKTOPY R, a C/IefoBaTelNbHO, H Mo. B utore MOMeHT pe3yJbTH-
pyromedt napu Mo=M o+ M¢ uncnenno 6yner Gombine Mo; TaKuM 06-
PasoM, MOMEHT pe3yabTHpYiolef naphl HMeeT B JaHHOM CJTydae NpH NpH-
BeJIleHHH K uenTpy O HanMeHblee 3Havenne. K ofHo# cuse (paBHOAedcCT-
Byiolliefl) HJIH K OJHOM Nape JaHHYIO CHCTEMY CHJI IPHBECTH HeJb3A.

Ec/H ogHY M3 cHA mapmi, HanmpuMep P’, CJOXHTb C cHIOA R, TO
PaccMaTpPHBAEMYIO CHCTEMY CHJI MOMKHO ellle 3aMeHHTb ABYMs CKPelH-
BaIOWHMHCSL, T. €. He JIeXKAUMH B OXHOA NJOCKOCTH CHJIaMH Q H P
(puc. 93). Tak Kak noJryueHHast CHCTeMa CHJI S5KBHBAJIEHTHA AHHaMHue-
CKOMY BHHTY, TO OHa TaK:Ke He HMeeT paBHOJeHCTBYomeH.

5. Ecatu g1ss nannof cicreMu cua R0, M, 07<0 ¥ TP 5TOM BEKTOPHE
My v R He nepneniuky/sApHH APYr APYLY H He napayieNbHLl, TO Ta-
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Kasi CHCTEMA CHJI TOXKe MPHBOXUTCA K RHHAMHYECKOMY BHHTY, HO OCh
BHHTa He GYJeT NMpPOXOAMTbL yepe3 HeHTp O.

Uro6H_l0Ka3aTh 9TO, Pa3NoXKHM BEKTOD M na cocrabasiomue: Mn HallpaBJieH-
HYIO BROJIb R,u Mg, nepnenguKynapryio R (puc. . 94). Hpu atoM Myj==Mg cos a; M=
=Mpo sin@, rae & — yroll Mexay BeKTOpaMH Mo u R. Tapy, u3oGpaxaeMyio pex-
vopoM M, (M,_LR), # ciuny R MOXHO, KaK B cayuae, TIOKa3aHHOM Ha pHC. 91, 3aMeHHTh

)mon cunodt R, npu/aoxernoft B rouke 0, Torga fanHan cHCTeMa CH 3aMEHHTCH CH-

nofk R'=R u napo# ¢ momentoM My, napasieNbHuEM R*; npuuem nextop My, Kax cao-
GoxHbA, MOXKHO TOXKe NPHAOXKHTL B Touke O'. B peayanTaTe AeficTBHTENbHO NOJAYHYHTCH
JHHAMHUECKHR BHHT, HO € OCblO, MpoxoaAulell uepes touxy O,

Puc. 94 Puc. 95

3azaua 38. HafiTH, X 4eMy MPHBOAWTCA CHCTeMa CHJ Fy M F,, H306p2)KEHHLIX HA -
pHc. 6 (cM. § 2), cuntan Fy=F,=F, AB=2a.

Pemenne MNpusenem cmu Fy 8 F, & ltentpy O, Nexamemy Ha cepenuHe o1
pesxa AB (puc. 95). ['naBuuf Bextop chcreMit R=F,+Fy n HanpasJjieH Mo GHCCEXTPH-
ce yraa y '07’ ; ancnento ou pasen R=FV¥ 2. I'naBHLA MOMEHT cycreMu M o=mo(F1)+
+mo(F,) BekTop mq (F,;) nanpassien BIO/Ib OCH ', & BEKTOp mo(F.)—nAonb ocH Z;
9HCaeHHO 068 BekTopa pasHki Fa. Caiegosartensho, mo Mogyaio M o=Fa¥V'2, a Hanpas-
nen BexTop M Tome no GuccexTpuce yraa y' Oz'. Taxum 06pa3oM, CHCTeMa CHA F.
Fy NpHBOAKTCH K AHHAMHYECKOMY BHHTY H, Kax OblIO yXa3aHo B § 2, paBnojeficTBYIO-
meR He HMmeer,

§ 30. PABHOBECHE NPOH3BOJILHOA
NPOCTPAHCTBEHHOA CHCTEMBI CHJI,
CJIYYAR NAPAJJIEJIBHBIX CUJT

Heo6xoanmble H ROCTaTOUHblE YCJIOBHS paBHOBecHs JIOGOA CHCTEMH
CHA BhIpaXkaloTcs paBeHcTBaMH R =0, Mo =0 (cm. § 13). Ho Bexropnt
R u M, paBHE Hy/O TOJMBLKO TOrAa, Koria R,=R,=R,=0 n M,=
=M,=M,=0, T. e. KOraa AeACTBYIOUIHE CHJIbI, COIVIaCHO ¢opMyJiaM
{49) u (50), 6ynyT ynOBJETBOPATb YCJOBHAM:

ZFkx=_0, 22,,,,:0,_22":0; _ } 1)
zmx(Fk)=0, Zmy(Fk)=0. 2m,(F,,)=0.

Taxum 06pa3oM, 04 pagrosecus NPOU3BOALHOE NPOCMPANCMIBEHHOL

cucmemsl cua HeoOxoOuUMO U JOCmamodHo, mobbi CYMmos npoekyull acex
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CUA HA KANOYI0 US MPex KOOPOUHAMHNBLX 0Cell U CYMMbL UX MOMERMOB OM=
HOCUMEAbHO 3mux ocell Goiau pasmbt HYaw *.

Pasencrsa (51) Buipaxalor oHOBPEMEHHO YCIOBHS PaBHOBECHSA TBep-
BAOro Tesa, HaXOAALIErocs. noj AeAcTBHeM J/I00OM NpPOCTPaHCTBEHHON
CHCTEMHBI CHJI.

Ecsiu Ha Testo KpoMe cuJa JeficTByer emne napa, 3ajaHHas ee MOMeEH-
TOM m, TO NPH STOM BHX NEPBHX TPex U3 ycJoBHil (51) He HameHHTCH
(cymma mpoekuHit cHI napH Ha JOGYIO OCh paBHa HYJIO), a NOCJAELHHE
TPH YCJOBHSI NPHMYT BHA:

Sm, F)+m,=0, Xm, (F)+m,=0, Jm, (F)+m,=0. (52)

Cayvafhh napanaedbHHX cHJ B cayuae, korna sce
REfCTBYIOIHE HA TEO CHJIBE APaJlIeJIbHLL APYT APYTY, MOXHO BHIGPATh
KOOp/IHHATHHIE OCH TaK, YTO OCb 2 GyZeT Hapa/jiedbHa chaaM (pHc. 96).
Toraa NpoeKLHH KaXKZ0A H3 CHJI Ha OCH X H § H HX MOMEHTH OTHOCHTEJI b~
HO OcH 2 GyayT paBHBl HyJIO H cHcreMa (51)
AacT TPH YCJIOBUA PaBHOBECHSI: ’

X Fru=0, Zm,(Fy)=0, Tm, (Fy=0. (53)

OcranbHble paBeHCTBa OGpataTcsl NpH
Y 3toMm B Tomjaecrsa puia 0==0.
CnenoBartesnHO, 048 pasHosecus nPocmpan-

CMBEHROL Ccucmems. NAPANIEAbHBIX CUA HeoB-

xo0umo u docrmamouto, 4mobse cymma npock-

Yuil ecex Cua Ha 0Co, NAPAANEALHYIO CUAAM, U

CYMMBL UX MOMERITO8 OMHOCUMeAbRO d8yx Opy-

2ux KoopOuramHelx ocell Goiau pasHsL HYO.

Pewenue 3apgau. [lopsagok pewenns 3ajay 3fiech ocraerca
TEM XK€, YTO H B cyyae IJIOCKOH CHCTeMbl CHJI. ¥ CTaHOBHMB, paBHoBecHe
KaKoro Tesa (00beKTa) paccMaTpHBaercs, Hajlo H306Pa3uTh Bee AefcT-
BYIOUIHE HAa Hero BHeIIHHe CHJH (H. 3aXaHHble, H PeaKLWH CBf3el) H co-
CTaBHTb YCJOBHS PaBHOBECHA STHX CHA. M3 nosyueHHX .ypaBHeHHIl H
OfIpeJIe/IRIOTCSI HCKOMBbI€ BEJIMYHHHL.

Ias nonydenns: Gosiee NPOCTHX CHCTEM ypaBHeHH#A peKOMeHLyercs
OCH NPOBOJHTEL TaK, YTOGHl OHH NepeceKaaH (oJibille HeH3BECTHHX CHJI
HIH GbUTH HM NEPNEeHLHKYNAPHH (€C/H STO TOABKO H3JHIIHE HE YCJOXK-
HsleT BHIYKCJIEHHA NMPOEKUHA H MOMEHTOB APYTHX CHJ).

HoBuM sn1eMeHTOM B cOCTaBNEHHH ypaBHEHHA ABJASETCS BHYHC/E-
HHEe MOMEHTOB CHJI OTHOCHTEJbHO KOOPAWHATHHX OCei.

B cayyasx, Koria u3 o6iuero yeprexa TPYAHO YCMOTPETh, 4eMY pa-
BeH MOMEHT JaHHOM CHJIN OTHOCHMTENbHU KaKOH-HHOYAb OCH, PEKOMeH-
Ayercsi H306pa3HTb Ha BCIOMOraTeJbHOM YepTexke NMPOEKLHI0 PaccMar-
pua;emoro TeNa (BMeCTe € CHJION) Ha IJIOCKOCTb, MEpPMNEHAHKYIAPHYIO
STOH OCH.

z

Puc. 96

*® Tlpu coctaBnenny ycnouit (51) MOXHO, ecnH 3To Henecoo6pa3no, 6paTs 11s
BHYHCJIEHHS NPOEKIHKA OAAHY CHCTEMY KOOPAHHATHHX OCefl, a AJisi BHYHCIEHHS MOMeH-
TOB — APYIYiO.
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B 1ex cayuasx, Korja npu BHMHCJIEHHY MOMEHTa BO3HHKAIOT 3a-
TPYAHEHHS B ONpeje/eHHH NPOeKIHH CHJIH HAa COOTBETCTBYIOMLYIO MJIOC-
KOCTb MJM fJieya 3TOH NMPOEeKIHH, PEKOMEHAYETCS Pa3JIOXKHTb CHJIY HA
ZBe B3aHMHO NEpNEHAMKYJsPHHE COCTaBJAIOUIHE (H3 KOTOpPHIX OJHA
napajJienbHa Kaxofi-HHOGYAb KOOPAHMHATHOH OCH), a 3aTeM BOCMOJb30-
BaTbcs TeopeMoii BapuHboHa (cM. 3agauy 36). Kpome Toro, MoXHO Bhi-
YHCJIATH MOMEHTH aHAJWTHYECKH N0 dopMyaaM (47), Kak, HampHMep, B’
sajave 37.

3apava 39. Ha npamoyrossHoft ninTe co cTopoHaMs a u b aexur rpy3s. Lenrp
THMECTH NJHMTH BMECTe C TPy30OM HAXOAHTCA B TOUKe D € KOOpAMHATAMH Xp, ¥,
(puc. 97). Oaun H3 paGOYHX yJepKHBaeT MAHTY 3a yroa A. B kakux Ttoukax B u
JOAXKHH NOAREPHKHBATH NAKTY KBOE APYTHX paGouMX, YTOGH CHAM, NPRKJAJHBAaEMbie
KQXKANM H3 YAEPXKHBAIOWHX MJHTY, GbIH ORHHAKOBHL.

P ewen ue PaccmatpuBaem paBHOBECHE IUIMTH, KOTCPas ABJNAETCH CBOGOAHHIM

TEJIOM, HAXOASOIHMCA B PABHOBECHH NOA ReficTBHEM yeThipeXx Napaa/jesbHhX CHJ Qlt

Q.. Q5. P, rne P — cuna taxectH. COCTaB/sieM ISl STHX CHJ YCJIOBHS PaBHOBECHA
(53), CUMTAS NAHTY FOPH3OHTANLHOM M MPOBOJSL OCH TaK, KaK MoKa3aHo Ha pHe. 97.
Tlonyynwm:

Qb+-Qy—Pyp=0, —Q,a—Qyx+Pxp=0,
Q1+ Qs+ Qs—P=0.

To ycnoBuaM 3afaun A01KHO 66iTh Q= Q= Qy=Q. Torna u3 nocnenxero ypae-
Henns P=3Q. INoactaBnas s1o 3aHauenne P'B nepsHe JBa ypaBHEHHA, HalleM OKOHua-
TenvHo x=3xp—a, y=3yp—>b.

Peltienne B0aMOXHO, Koraa a/3<xp<2a/3, b/3<yp<2b/3. Npw xp=a/3, yp=>/3
noayunm x=y=0, a npx xp=2a/3, yp=2b/3 6yzer x=a, y=>b. Korpa Touka D B nentpe
DARTH, x=a/2, y==b/2,

b
b >
£] 0 D‘tn
£ —

er 1

15 | S

I
v
Vs

Puc. 97

3azaua 40. Ha ropusontanbuuift Bast, nexamufi 8 nogmunuukax A u B (puc. 98)
RacakeHHl NepneHAHKYNAPHO OCH Bajla IKHB PagHycoM r;==20 cM H GapaGaH paanycoM
ry=15 cM. Baa1 npHBOAHTCA BO BpailleHHe PeMHeM, HAKHHYThIM Ha ilIKHR; TIPH 9TOM paB-
HOMEPHO MOJHHMAETCH Ipy3 BecoM P= 548 H, npuBA3aHHbt K BepeBKe, KOTOpas Ha-
MaTHBaeTcq Ha GapaGau. IlpeneGperas BecoM Baja, GapaGaHa ¥ UIKHBA, ONPeAEAHTL
peaxiMH NOMUUNHHKOB A i B H HataxeHue Ty Befyinefl BETBH PeMHS, €CNH H3BECTHO,
41O :;)5{00 BABOe Gonbiue HaTsmenHs T, BepoMofi Betsu. Lano: a=40 cu, h=60 cm,
a=30°

Pemenne. B paccMarpuBaeMoil 3afade npH paBHOMEPHOM BpalleHHH Baja
ZeficTByIOImME HA HETo CHAB YAOBJETBOPAIOT YCJIOBHAM paBHosecHst (51) (970 Oyaer
Jnokasano B § 136). ITpoeesem koopAHHaTHHE OCH (pHC. 98) H H306pa3uM AeRcTBYIOILHE
Ha Baj CHJIN: HATSXEHHe F BEpeBKH, N0 MOAYJIO paBHoe P, HaTaeHns pemus Ty,

T, u cocrapnsiomne Y 4, Z4, Y g Zp peakuuit NOZMUMRHHKOB.
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Jna cocraB/leHHs ycaoBHR paBHOBecHR (51) BHUHC/AAEeM MPeABAPATENABHO R BHO-
CHM B TaGJ/HIY 3HAYEHRA NPOEKUHA BCeX CHA Ha KOOPAHHATHbE OCK H HX MOMEHTOB
OTHOCHTEJIBHO 9THX - ocefl *,

Fy F Ty T, Ra |Rs

Fpe 0 0 ] 0 0

Fay Fcosa Ty Ty Ya Ys

Fisz —Fsine |0 0 Zy |2

m. (Fy —Fry Tire —Tyre 10 0

my (Fy) Fsina-b |0 0 0 —Zg (a@+b)
e (Fi) Feosab |—Ta |—Tw |0 |Ya {a+-b)

Tenepsb cocTasaseM yc/a0BHR paBHoBecks (51); Tak Kak F=P, noaysuw;

P cos a+4T14Ty+Y 4+Y =0, )]
—P sin a+-Z 4425=0, (1n
—ryP4riTy—r Ty=0, (111)
bP sin a—(a+b)25=0, v

bP cos a—aT;—aTy+ (a1-b)Y 3=0. W)

Hs ypasnenntt (II1) u (IV) naxozum cpasy, yuntusas, aro Ty=2T3)
Ty=ryPlry=405 H, Zy=(b P sin a)/(a+b)=162 H,
Hanee, us ypasuenus (V) nomyuaem: '
Y 5=(3aTy—bP cos &)/ (a+b)~205 H.

HoacraBass HafiieHNHe SHaweHHA B OCTAa/JbHHE YDaBHEHHA,. Hahgem:

Y p=—P cos a—3Ty—Y g~—1890 H, Z4=P sina—Zp=108 H,
H oxonuareasno

T,=810H, Y ~—I1890H, Z,=108 H, Y3~205H, Zg=162 H.

3anaua 41. INpamoyroneHas Kphuika Becom P=120 H, ofpasyiomas ¢ BepTH-
Ka/bio yroa a=60°, sakpen/jieHa Ha ropu3oHTajMbLHOR ocH AB B Touke B UHAHHApPHYE-
CKHM NMOAWHKIHAKOM, & B Touke A — NOAIHNHHKOM C ynopoM (pHc. 99). Kpuiuka yaep-
JHBAeTCA B paBHoBechi pepeBkoft .DE M OTTATHBaeTcH mepeKMHYTOR uepe3s 6iok O
HHTBIO ¢ rpy3om BecoM Q=200 H Ha xonue (auuua KO napannensHa AB). Haso:
BD=BE, AK=a=0,4 M, AB=b=1 M, Onpefeants HaTAxeHue pepeskH DE u

peaxunr nopumnaukos A n B. .
- Pemenne PaccMorpHM paBHOBecHe Kpumki. [IpoBeneM XoopauHatHbie OCH,

Geps Hauano B Touke B (npH 3ToM cuna T fiepeceyeT OCH y M z, 4TO YIPOCTAT BHA Ypas-

* IlpeapapuTenstoe cocTaBAeHRe TaGAKI NPH PelleHKH 3alad STOTO Pa3fieNa 0Co-
Genno nonesno. Tabnuua sanonHsercs no croabuaM, T. €. cHauajla BHYHCASAIOTCA BCe
NPOEKWMH u MOMeHTH cHan F, a 3aTeM cuan Ty # 7. A TakuM o6pa3oM, cHauanta Bee
BHHMAHHE COCPefOTOYHBaeTCH Ha MepBOR CHJe, 3aTeM — Ha BTOPOft M T. & Eciau xe
Cpasy COCTaBAATh ypaBHeHHA (51), TO K paccMOTpeHHIO KaXAOR CHML NMPHAETCA BO3-
BpaIIATLCA WeECTh Pa3; NPH 9TOM BepoATHee NOABJAEHHe OWHKGOK, a ocobeHHo mponyc-
KOB OTAS/LHBIX CHJl B TOM HJIH HHOM YPaBHEHHH,
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Besnft MOMeHTOB). 3areM H306pasHM Bce JefCTBYIOMHE HA KDHIUKY SafaHHHe CHIH
H peakUHH cBadefi: CHAY TAXECTH P, NPHJIOKEHRYIO B LleHTPe TAXeCTH C KPHIIKH,
cuny @', paenyio no Moaymio Q, peakmio T BepeBKH H peakun X 4, Y 4, ZA A Y5, 25
nopwHnHuKoB A # B (puc. 99; nokasaHHHA NyHKTHPOM BeKTop M K JaHHORM sajaue He
oTHocHtea). Jlasg cocTaBneHus yc- .
JoBHft paBHOBECHA BBejeM yroa P
B obosrauuM BD=BE=d. lloa-
CYeT MOMEHTOB HEKOTOpPHX CHJA
DOSICHEH Ha  BCOOMOTaTeNbHBX
puc. 100, a, 6.

Ha puec. 100, a nokasan BHA
B NPOEKUHH Ha OJOCKocTh Byz ¢
NOJIOAHTEJNLHOTO KOHIA OCH X,
STOT YepTeX MOMOTaeT BHYHCAATH

MOMEHTH CHt P B T OTHOCHTeJNb-
Ho ocH x. K13 Hero BuAHO, uTO Npo-
€XUHH 9THX CHJA Ha MJOCKOCTb Y2
(nn0cXOCTb, NEPIEHAHKYRAPHYIO
OCH X) paBHBl CaMHM CHJaM, a
NJeY0 CHAH P OTHOCHTENBLHO TOY-
xH B paexo BCjy-sin a=(d/2) sina;
nneyo xe cHAN T OTHOCHTENLHO
BTOf TOuKH. paBHO BD.sin P=
=d sin f.

Ha puc, 100, 6 nokasan BHR
B NpOeXiHK Ha IJIOCKOCTb Bxz ¢
NOJIOUTEJLHOTO KOHUA OCH ¥.
Srot ueprex (BMecte ¢ pre. 100, a)
NOMOraeT BHYHCAATH MOMEHTH CHJI
P u Q" otHocutenbHo ocH y. M3
HEro BHAHO, MTO NMPOEKUHH STHX
CHJ Ha NIOCKOCTb XZ PaBHH ca-
MHM CHJIaM, a TJ1e90 CHAHW P oT-
BOCHTe/IbHO TOYKH B pasHo A B/2=
=b/2; nnevo xe cuan Q' oTHOCH-
TeapHO 9TOR TOukH paBHO AKjy,
1. ¢e. AK.cosa uaH acos @, uTO Puc. 100
BHIHO H3 pHc. 100, a.

CoCTaB/IAA C YYeTOM CAeNAHHHX MOSACHEHKA yCloBHR paBHoBecHs (51) M noaaras
ofHoBpeMeHHO Q'=Q, nomyuum:

ZFpemm—Q+X =0, 0
EF,,ym—-Tsln B-+Ys+4Yp=0, an
EFyym—P+TcosB+Z4425=0, (m
Im, (Fp) =a— (Pd/2) sin .+ Tdsin § =0, av
Zm, (Fy) ==—Pb/2+ Qacos a+Z b =0, %)
Zm, (Fa) = Qasina—Y 46=0. '\

YuntuBan, uto f=a/2=230°, nafizem u3 ypasnenn# (I), (IV), (V), (VI):
Xa=Q=200H, T=(Psina)/2sitn f ~ 104 H,
Z,=P/2—(Qacosa)/b=20H, Y 4= (Qasin a)/b ~ 69 H.

MNoxctaBnsas STH 3Hauenust B ypaBHenus (II) u (11I), nomyunm:
Yg=Tsinp—Y =—I17H, Zg=P—T cos p—Z,=10H.
OKOHYATEILHO,
T~104H, X4=200H, Y ~69H, 24=20H, Yp=—17H, Zp=10H,
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3apaua 42. Pemnts 3ajauy 41 ans caydas, KOTAa Ha KPHUIKY ROMOJNHATEAbHO
AeficTByeT pacnosioxeHHas B ee NJIOCKOCTH mapa ¢ Momentom M==120 H-M; nosopor
RapH HanpasJieH (eC/H CMOTPeTh Ha KPHIIKY CBepXy) NPOTHB XOAa2 4acoBoft CYpenky.

PeweH#e B fononkenne K JeACTBYIOMIHM HA KPHINKY CHJIaM (cM. pHc. 99)
H306paXkaeM MOMeHT M napH B BHIe BEKTOpA, NEPNeHAHKYJAAPHOrO K KpHIIKe H NPH-
JaxeHnHoro B JI06oft Touke, HanpHMep B Touke A. Ero npoexuuH Ha KOOpRHHATHHE OCH:
M=0, M,=M cos a, M;=M sin a. Toraa, coctaBasa ycnaosssi pasroBecus (52),
HaRzeM, uTO ypaBHennus (1) — (IV) ocTanyTcs TakHMR XKe, KaK B npeAniAynefi sagave,
a mocaeaHHe JBA YPaBHEHHS HMeEIOT BHI:

—Pb/2+Z 46+ Qa cos a+M cos a=0, v
—Y gb+Qa sin a+M sin a=0. r)

3ameTHM, 4TO 9TOT JKe Pe3yJbTAaT MOMHO NOJYYHTb, HE COCTABMSAA YPABHEHHA B
BHge (52), a H306pa3uB Napy ABYMSA CHIAMH, HANPaBJeHRHMH, HaNpHMep, BAOAL AHHRE
AB n KO (npu sToM MOAYyJH cia1 GyAYT paBHH M/a), H n0AB3ysch 3aTeM OGHUHBIME yo-
JIOBHAMH DaBHOBECHA. '

Pewan ypasrenns (I) — (IV), (V’), (VI'), Bafilem pe3y bTaTh, aHaNOrHUHHE
nonyueHHHM B sagave 41, ¢ Toft b pasnHnedt, 9T0 Bo Bee HOPMYJIH BMECTO BEJIHYHHM
Qa vofiner Qa-+M. OKoHuYaTeJILHO MONYYHM: :

T~104H,. XA=200H, Y =173H, Z4=—40H, Yp=—I121H, Zg=T0H.

~ 3asaua 43. TopusontansHuft cTepxens AB nphxpenneH X creHe chepHyecKAM

IWAPHHPOM A H YAepPXHBaeTCA B NOJOMEHHH, NEPNEHAHKYANPHOM CTeHe, PACTAX-

kxamu KE u CD, nokasannnimu Ha puc. 101, a. K xonny B crepkns nojpemex rpys

Becod P=36 H. Onpeaenuts peakuyio mapHupa A ¥ HATHKEHHS PACTAMEK, eciiH AB=

;::0.8 M, AC=AD,=b=0,6 M, AK=a/2, a=30°, §=60°, BecoM cTepxus npene-
b.

Puc. 101

Pem eHHeE. Pﬂ:cugpui paBHOBecHe cTepXHsA. Ha wero gefictByior cuaa P
u peakunu Ty, T¢, Xa, Y 4, Z4. [IpoBenem KoopAHHATHBE OCH M COCTABHM YCAOBHS
paBHosecua (51). Has HAXOXJCHHS NPOEKUMA M. MOMEHTOB CHAM Te pasno-
XKHM ec Ha coctapasiomue Ty # T,y (Ty=Tccos &, Ty=T¢ sin ). Toraa no teopeme
Bapuunona * my (Te)=my(Ty), Tax Kak m,(T9=0, a m; (Tc)=m, (T2, Tak xax

* 3aMerum, uto yroa Mexay cuiolt ?c H TUIOCKOCThiO Ayz He pasen 45°, kak
HHOTZa B aHAJIOTHYHBIX Caydasx own6oYHO Moaaralor. [lostoMy, Hanpumep, NpH Ha-

xoxnaennn my(T¢) no cpop_uy.ue (45) Hano cHavana ompeAeANTb STOT YrOX HAH HafTH
ApyrHM nyTeM npoekunio T Ha IIOCKOCTb Ayz, UTO YCAOKHHT pacuer (COCTaBASIONIAR
T, npoexnued cnau Te Ha IocKocTh Ayz e apaserca). C nomotubio e TeopeMul Ba-
PHHBOHA 3HauenHe m, (Tc) Nerko HaXOAHTCA.
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m;(Ty)=0. BuuHcieHHe MOMEHTOB CHJ OTHOCHTENBLHO OCH 2 MOSCHENO BCMNOMOTaA-
TeNbHEIM yepTexxoM (puc. 101, 6), Ha XOTOPOM JaH BHA B MPOEKUHH HA nAOCKOCTb Axy.

Tenepnb coctaasiem ypasuenus (51). IlpeaBapHTEABbHO 3aMETHM, YTO Tak KakK Bce
CHJB TlepeceKaioT OCb Y, TO MX MOMEHTHl OTHOCHTENBbHO 3TOf OCH PaBHH 1YJIO; flO-
STOMY ypaBHeHUl paBHOBECHS OCTAHETCS TOJbLKO MATh:

BFpe=Trcosf—T,sin45° X 4=0,
ZFpy=—Tgsinf—T, cos 45° Y 1 =0,
SFy,=aTy+Zs—P=0, Zm, (F)==T1p—Pa=0,
Sm, (Fy) =—(Txa/2) cos B+ Tab sin 45° =0,
nau, 3amenss Ty u T, HX 3HAuCHHAMH:

Txcosp—Tesinasind5°+ X 4=0,
—Tgsinp—Tesina cos45°4-Y 4 =0,
—P4-Tecosa+Zy=0, —Pa+ T bcosa=0,
—(Txa/2) cos i+ T¢h sin o sin 45°=0.

Pewasn 5Ty cucreMy ypaBueunfl, Hafinem oxouwarensuo T¢=55,4 H, Txy~58,8 H,
X ~=—98 H, Y 4=70,5 H, Z3=—12 H. CocraBasiowe X4 0 Z4 HMEIOT, TAKHM
o6pa3oM, HanpapJieHHs, MPOTHBOMOJOXKHLE MMOKA3aHHLIM Ha YepTexe.

3apava 44. Topusontanvias naumta ABC, umeomas ¢opMy paBHOCTOPONHEro
*TPEyroNbHHKA CO CTOPOHOM g, 3aKpenJena ¢ MOMOU[BIO LIECTH CTepXHeR Tax, Xak
noxasano Ha pHc. 102; mpu stoM Xaxamfl U3 Ha-
KJOHHBIX cTepXHefR odopasye'r C TOPH3OHTAJAbHOM
IA0CKOCTBIO Yrost &==30°. B nnockocTH nanTH jefi-
crByer mapa ¢ MomenToM M. [lpene6peras BecoM
NJKTH, ONPeReJHTh YCHAHS B CTEPXKHAX.

P ewe s ne PaccMarpusas paBHoBecHe NJH-
TH, H300paxaeM BexkTop M MoMenTa aeficTBylouieft
Ha Hee napH cHJ H peakuuu Ny, N,, .- ., N4 crep-
XHefl; peakllHK Hanpas/iseM TaK, KAK eciaH 6bl BCe
CTepXHH OblIH PACTAHYTH (CYMTAaeM, 4TO NJHTA
oTpHiBaeTcs or crepxcHedt). IIpn paBHOBecHH cymma
MOMEHTOB BCex AefiCTBYIOIMHX HA TeJO CHA H mnap
lcm. paBenctsa (52)] otHocHTEABHO A106OR OCH AOMK-
Ha 6biTb PaBHA HYJMO.

Hanpasaisia ocb 2 BROAL cTepXust [ H cOCTABAAS
ypaBHeHHe MOMEHTOB OTHOCHTeJLRO 97Tofi OcH, no-
JayuuM npu M,=M

(Ng cos a) i-+=M=0,

rae h= aV§72 — BHCOTa TpeyrossHuka. Orcioga
HaXOLHM Pnc. 102

Ng=—2M/(aV 3 cos a).

CocTaBasin  ypaBHEHHS MOMEHTOD OTHOCHTENBHO oOcef, KOTOphie HampaBjseMm
BROAb cTepXKHefl 2 H 3, NOAYYHM TaKHe Xe pe3yabTaTH Ais cua Ny B Ny,

Tenepb coCTaBHM ypaBHeHHe MOMEHTOB OTIIOCHTE/IbHO OCH X, HANPaB/AEHHOR BRAOIDL
croponnl AB tpeyroabunxa. Iosyunm, yunrnsad, uto M,=0,

Ngh+ (N, sin @) h=0.

-Oraiona, Tak Kak Ng=N,, Haxoanm
Ng=— N, sin a=(2M/aV§) tg a.

TakHe Xe 3HaueHHsA NOAYUHM I/ BeJHYHH Ny ¥ N,, COCTaBAAS YPABHEHRS MOMENTOB
oTHocHTesbHO oceft AC u CB. '
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OxongareabHo NpH a=30° Gyzner:
Ny=N,=Ny=2M/3a, N,=N,=N,=—4M/3a.

TonydeHHNe peayabTaTH NMOKA3IHBAIOT, YTO ReACTBHEM 3aJaHHOA MapH BepTH-
EaNbHble CTEPIKHH PacTATUBAIOTCH, a4 HAKJIOHHME CKHMAIOTCH.

H3 paccMoTpeHHOTO NMpHMepa BHIHO, 4TO NpPH pelleHHH 3a4ad He
Bceraa o6f3aTedbHO MOJAb30BaTbCA YCJIOBHSAMH paBHoBecHs (51). Has
MPOCTPAHCTBEHHOM CHCTEMH CHJ, KaK M AJIf IJIOCKOI, CyIlecTByeT He-
CKOJbKO (hOpM YCJIOBHH paBHOBecHs, H3 KOTOpHX ¢opma (51) aBaserca
OCHOBHOH.

B vacTHOCTH, MOXHO J0Ka3aTh, YTO M1l PaBHOBECHS NPOCTPAHCTBEH-
HOM CHCTeMB! CHJI HeoOGXOIHMO H JOCTAaTOYHO, YTOOH ObLIH DaBHH HYJIO
CyMMBI MOMEHTOB BCeX CHJI OTHOCHTEJBHO WIECTH ocell, HanpaBJeHHbIX
HJH no peGpaM KaKoM-HUOYb TPEYroNbHOA MHPAMHIBI, HIH [0 GOKOBHIM
pe6paM H pe6paM OCHOBaHHSI TPEYrOJILHOH NMPHU3MHIL.

INocnenune ycoBHR H GbIIH HCNOMB3OBAHLL IPH PEUIEHKH 3aja4H 44.

Faasa VIII
ILEHTP TSA)KECTH

§ 31. REHTP MAPAJIJIENIbHBIX CHA

Tonatse o neHTpe Napa/IebHBIX CHIT HCMOJIB3YeTCS MPH pElIeHHH
HEKOTOpHIX 33aa4 MEXaHHKH, B YACTHOCTH NPH ONpeJeAeHHH NOJNOKEeHH i
LEHTPOB TAXKECTH Ted.

PaccmorpuM cHavana jBe napasjiefibHHe CHJIB FiuF, NPHJIONKEeH-
HHe K TeJy B Toukax A; u A, (puc. 103). OueBnaHo, uTO 3Ta NAccKas

CHCTEMA CHJI HMeeT pPaBHOJEACTBYIOULYIO R=F,+F,, nunus nefcrsus
KOTOpof napaJuie/ibHa C/laraeMbelM CHJIaM H MPOXOAMT 4Yepe3 HEKOTOPYIO
ToYky C, Jexauyio Ha npamoit A,;A,. [Nonoxenne Touku C HaitzeM c

AOMOLLbI0 TeopeMn Bapuubona. CoraacHo 3toft Teopeme mc(R)=
=mc(F))+mc(F,) unu 0=Fh,—F hy=F; -A,C -cos a—F3-A,C -cos a,
OTKyZa

F,-A,C=F,-A,C. (54)

B pasescrBo (54) Bxoasr monynu Fy F. paccMaTpuBaeMblX CHJI.

TostoMy, ecan cuaul Fy u F, NOBEpPHYTb OKOJIO ToueK A; H A B O1HY H
TY JKe CTOPOHY Ha OIMH H TOT Xe YroJ, To o6pa3yioTcs ABe HOBHE na-

pajJiesibHble CHAB l“l u F,, umeiomyme e xe moayau Fy, Fy; caefoBa-
TeabHO, NS cHA Fi, F, _paBeHCTBO (54) COXpaHUTCA M JHHHA AeACTBHA
HX paBHogeficTBylomedi R’ Toxe npofizier yepes Touky C. Takas Touka

Ha3LBaeTcs yeNmpom napaanessusix cua Fy u F,.
Tenepnr paccMoTpuM CHCTEMY NapasiiesibHBIX M OAHHAKOBO Hampas-

JIeHHbIX cHa Fy, F,, . . ., F,, NpUIOMEHHKIX K TBEPAOMY Tely B TOUKAX
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A A 3y o0 oy A, (puc. 104). dra cucteMa cHJ ¥MeeT paBHOAefCTBYIO-
myio R=2F,, Moayas KoTOpo#

R=2XF,. (55)

Ecan Kaxzayio 3 cHa CHCTeMB! NOBOpPAauHBATh OKOJO TOYKH ee NpH-
JIOKEHHST B OJHY H TY e CTOPOHY Ha OJHH H TOT Xe yroJ, To Gyayr
HOJIyYaThCst HOBBIE CHCTEMB! OAHHAKOBO HaMpaBJeHHHX NapaJiesbHHX
CHJI ¢’ TEMH JKe MORYJISIMH H TOU-

KaMH NIPUJIOXKEHHs (CM. Hanpi- z
Mep, TIOKasaHHHE NYHKTHPOM
cuabl Ha puc. 104). Pasnopeii-
CTByIOIlAaf KaXMOM M3 Takux
CHCTEeM CHJI GYZeT HMeTh TOT Xe
MoRyJb R, HO BcakHil pa3s apy-

Puc. 103

roe Hanpabsienue. [Tokadem, uTO mpu BCEX TaKHX MOBOPOTAX JIHHHS
ReflcTBHsl paBHOAEHCTBYIOUEH NPOXOIUT uepe3 ONHY H Ty e Touky C.
B camoM Aente, CI0XKHB CHayaJia cuab Fy u F,, HaiiieM nio popmyae (54),
Yro MX paBHOAeficTByloiaa Ry (Ha puc. 104 He noka3sana) Gyjer Bceraa
NPOXOAHTh Yepe3 TOUKY Cy, NOJIOXKEHHEe KOTOPO#R onpejeifercs paBeHCT-
BoM F, +A¢;=F4-Ac;. Cioxus 3ateM cuami- Ry u Fy, HaiineM, gro uX
paBHOJeficTBYIOIas, ABAIOMAACA O HOBPEMEHHO paBHOAeHcTByIOMEH
cua Fy, F,, F4, Bcerja npoxXofuT yepe3 aHaJOrHYHO ONpefesisieMylo ToU-
KY C,, JeXKalyio Ha npsiMol ¢;A,, ¥ T. 4. JloBeAs 3ToT npoiecc nocneno-
BaTEJILHOTO CJIOXKEHHSI CHJI A0 KOHIA, yGeRHMCs, YTO paBHOAEACTBYIO-
mafg R BceX CHJA AefCTBHTENILHO MPOXONHT BCErja uepe3 OAHY H Ty e
TouKy C, N0JI0XKeHHe KOTOPOii 110 OTHOIIEHUIO K TouKaM A4, A, . .+, Ap,
T. €. K TeJy, 6yJeT HeH3MeHHBIM.

Touxa C, 4epe3 komopyro npoxodum aunus Oedlcmsus pasrodedcmsyro-
well cucmemsl RAPANAEAbHBIX CUA NPU A100bIX NOBOPOMAX SMUX CUA OKOAO
UX MOYEKX NPUAOKCEHUS 8 OOHY 1 my e CMOPOHY W MG OOUK U mom e
Y201, HA3LIBACINCA UEHMPOM NAPAANCALHBIX CUA.

Hahnem koopdunamer yenmpa napassesvtolx cua. TlonoxeHnne TO4KH
C 10 OTHOIUEHHIO K TeJY SIBJIAETCA HeH3MEeHHBIM M OT BhI6Opa CHCTEMH
KOOpAMHAT 3aBHCeThb He Oyner. BoabMeM noaToMy Npou3BONbHBEIE KOODAH-
HaTHHE ocH Oxyz H 0603HAYHM B THX OCAX KOOPAMHATH ToueK: A; (i,
1, 21), Aax(Xs, Ys, 23), - . ., Cxe, Yo, 2¢). onb3ysce T€M, 9T0 OT Ha-
NpaBJeHHsl CHJI MoJIOMEHHe TOUKH C He 3aBHCHT, NOBepHeM CHauaJsa
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CHJIN OKOJIO HX TOYeK NMPHJIOMEHHA TaK, YTOOH OHH CTaNH.Mapainenb-
Hul ocn Oz, ¥ NpHMEHUM K NIOBEPHYTHIM cHaaM Fy, F,, . . ., F, Teopemy

Bapunbona. Tak Kak R’ siBAsiercs paBHOReACTByIoUe# ITHX CHJ, TO 1O
dopmye (46), Gepsa MOMEHTH OTHOCHTeNBHO ocH Oy, HaRaeMm, 4To

m, (R'y=Xm (F}). (56)

Ho u3 ueprexa [uan us pasencrs (47)] Bugno, yro my(R')=Rxc,
TaK Kak R'=R; aHanoruuno my,(F;)=F,x,, Tak xak F;=F,, u 1. &.
-TloacraBnss Bce 3TH BeJIMYUHH B PaBeHCTBO (56), neyrydnm

RXC=F1x1+F,x.+...+F,_,x”=2Fkxk.

Orciona onpejeanM x¢.

Jlas KoopaMHATH Y aHaNOrKYHYIo GopMysy HafiaeM, 6epst MOMEHTRI
OTHOCHTeNIbHO ocH Ox. UTo6nt onpeseuTh 2¢, NOBEPHEM ONATH BCE CHJIM,
¢fles1aB UX napaniebHuMH ocH Oy, ¥ NPHMEHHM K 3THM CHJaM (H306pa-
JKEeHHBIM NYHKTHPOM € TOYKaMH) TeopeMy BapHHbOHa, Gepst MOMEHTHI
orHocHTeIbHo ocH Ox. 3ro aacr!

—Reg=—F g+ (—Fa)+ ... +(—F .2,

OTKyIa onpenenuM Zg.
OxkoHuaTe/IbHO HOMYHHM CleRylomue GopMyJIst /s KOOPAKHAT LeHT-
pPa mapaanensHeX CHJ:

1 1 !
te=g LFww ve=g X 2e=g X F  6)

rae R onpenensercs paseHctBoM (55).

3amerum, yto ¢opmyanl (55) u (57) 6yAyT cnpaBesIMBH H A4 ma-
palIeNILHLIX CHJI, HAIPABJEHHKWX B pa3Hbe CTOPOHH, eCJIH CYHTaTh F)
BeJIHYHHAMH aNreGpaHYecKHMH (AJIA1 OXHOrO HaNpaBJieHHA CO 3HAKOM
TVTIOC, a A1 APYroro — MHHYC) M ec/in IpH 3ToM R0,

§ 32. CHJIOBOE MNOJIE.
UEHTP TA)XKECTH TBEPAOI'O TEJIA

OG6n1acTs, B KaxI0# TOYKe KOTOPOA Ha NOMEILEHHYIO TYAa MaTepHab-
HYIO YaCTHLY Ae#icTBYeT CHJIA, 3aBHCAHIaA OT MOJOXKeHHS (KOOpAMHAT)
9TOfl TOUKH, Ha3HIBAeTCA Cua06biM nosesm *. TIpumepoM CHAOBOTO noAst
AABJISETCS TOJIe TATOTEHHA (T10JIe CHJI MPHTSKEHHA K 3eMmJe HJH K Jo-
Goty ApyroMy HeGecHOMY Teay).

Ha kaxayio gactHuy Tena, HaxoAsuwerocs BOH3H 3eMHOR NMOBEpX-
HOCTH, NIefCTByeT HanpaBjieHHass BepTHKaJAbHO BHH3 CHJA4, KOTOPYIO
HaswIBAIOT cusoldl maxcecmny (BOIPOC O TOM, YTO COGOf npeacTaBIsier CHia

* Takoe cH/I0BOE N0/e HaSHBAIOT, cayuorapusix, ECu Xe anaueHus CHI MoryT
eme HIMEHATLCA C TeUCHHEM BDEMEHH, 1oJIe HaSHBAETCH Hecmayuonapusis. IToHsTtHe
O noJie MOXeT GHTHL BBENEHO H AJIA APYTHX BEKTOPOB, KOTOPHE TaKoe BEKTOPHOe rnose
00pasylor, HanphMep A1 cKopocTell Wan ycxkopenufl Touek Tena (cM. § 48, 51).
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TAXeCTH, 6yJer paccmoTpet B § 92). ITH cukl 06pa3yioT NoJie CHJI TAKe-
CTH.

Jns Ten, pasMepbl KOTOPHIX OY€Hb MaJIbl I0 CPABHEHHIO C 3eMHBIM pa-
RHYCOM, CHJIBI THMECTH, AeHCTBYIOUIHe HAa YACTHIB TeJa, MOXHO CYH-
TaTh NapajesbHbIMH APYT APYTY U COXPAaHAIOWHMH I/ Kaxao# dac-
THUBL. IOCTOAAHHOE 3HAaYeHHe NpH JoGWX nosoporax teaa. [lose Ts-
2KeCTH, B KOTOPOM BHIIOJIHAKOTCS 3TH JBa z
YCJIOBHS, Ha3BIBAIOT OOHOPOOHLIM NOAEM MR-
aecrnu.

PaBHOZENICTBYIOWYI0 CHA  THAXKECTH P,
Ps - - -, Pn, DEACTBYIOUIHX Ha YacTHUH XaH- CI)

HOTO Teaa, o6o3xauuM P (puc. 105). Moxyanb B,
3TOM CHJIBl Ha3bIBAETCH 66COM meAd H Onpese-
AAETCA PABEHCTBOM 0
P=Zp,. (58) Y
Tpu MoGom noBopoTe Tesla CHALI Py OCTAlOT- L
cA NPHJIOKEHHBIMH B ONHHX M TeX e TOUKax Puc. 105

TeJla ¥ napaJiJiesIbHBIMH APYT APYTY, H3MEHSeT-
Csl TOIKO MX HanpasJ/ieHHe NO OTHOLIEeHHIO K Teny. CilefioBaTesibHO, 1O
ZoxkasanHoMy B § 31, paBHopeicTBytomas P cun py GyneT NpH JMoOHX
NOJIOXKEHHSIX TeJla NPOXOAHTh Yepe3 OJHY H Ty Ke HeH3MEHHO CBs3aH-
HYyi0 C TeJIoM TO4KY C, ABJAIONLYIOCH LEHTPOM Mapa/IeNbHBX CHJI THA-
HECTH py. ITa TOYKA H HA3bIBACTCA YeWmpom mascecrnu meag. Takum
06pa3oM, LeHmpom maxecmu meepiozo mearad HA3BBAEMCR HEUSMEHKO
C8AIARNAA C IMUM MENOM MOUKA, HEPE3 KOMOPYI0 npoxodum Aurus dedcm-
sus pasnoledcmayioujed cus maxecmu, OedcmsylOuux Ha 4acmuys 0an-
HO020 meaa, npu 000K NOAOIEHUU meaa 6 npocmpancmee. Yto Takas
TOYKA CYMIECTBYeT, CliefyeT M3 JoKa3anHoro B § 31.

KoopaHHaThl LeHTpa TAKECTH, KaK LEHTpa napajebHBX CHJI, Ol
pelensiorcs popMyaamu (57); cjex0BaTeNLHO,

1 1 1
xC:Fkaxk' yc:FZ Prldns zc=1TZthnv (59)

TA€ X, Yk, 2p — KOOPJAHHATH TOYEK NPHJOKEHHS CHJA TAMKECTH Py,
HNeACTBYIOUIHX Ha YacTHIH TeJia.

OrMeTHM B 3aKJIOYEHHE, YTO COIJIACHO ONpEJEeseHHIO UEHTP Ts-
XKECTH — 3TO TOUKA FeOMeTPHYECKas; OHa MOXKET JIeXKaTb H BHE NPe/c/ioB
HAaHHOro Tesa (HanpuMep, AJs KOJIblla).

§ 33. KOOPXHHATbI LEHTPOB TS)XECTH
OAHOPOAHDBIX TEJ

Ias onHoponuoro Tesia Bec p, JMoGOH €ro 4acTH NPONOPUHOHAJEH
o6neMy U, ITOH YaCTH: p,=YUy, a Bec P Bcero Teia NponopuHoHa/eH
obvemy V atoro Tena, 1. e. P=yV, rae y — Bec eIHHHI o6beMa.

[Noacrasus 3t 3Havennst P u p, B dopmyant (59), 3ameTuM, 4TO BO
BCEX CyMMaXx Y Kax o6l Hil MHOXKHTE/Ib BBIHOCHTCS 32 CKOGKH H COKpaina-



eTcs ¢ y B 3HameHarese, B peayabrate u3 popmya (59) noayuum:
1 1 : 1
xc=7-§:v,,x,,, yC:VZ U¥rs zc-‘-vzvkzk- (60)

Kax BHAHO, nosoxeHHKe LEHTPa THAXKECTH OIHOPOAHOTO TeJIa 3aBHCHD
TOJLKO OT €ro reoMeTpHYecKOH OpPMBI, 2 OT BeJHYHHBI P HEe 3aBHCHT.
Ilo stofi npuunHe Touky C, KOOPAHHATHI KOTOPO# onpenensiorcs ¢opMmy-
JaamH (60), HasumBawoT yenmpom mswicecnu obvema V. ‘

ITyTreM ananoruaHbIX paccyxAeHHM Jerko HaiTH, YTO €C/IH TeJIo Npelt-
cTaBJjisieT cOG0H OHOPOAHYIO MJIOCKYIO H TOHKYIO IVIaCTHHY, TO AJS Hee

1 1
xc=3'25kxm !/c=3—25nym (61)

rie S — miomaab Beell MJACTHHLL S, — MJOMAK ee vacTeil.

Touky, KOOpAMHATH KOTOpOil onpexeasiorcs ¢popmysamu (61), Ha-
SHIBAIOT Yewmpom msaxcecmu naowjadu S.

Touno Tak xe mosyvaiorcss GopMyJn AJii KOOpAHHAT yenmpa ms-
xecmu auHuu:

1 I ¢ 1
xc=r21hxk, Yc =T2‘l"y"' zC:lekzkv (62)

rae L — pauna Beeft aunuy; /, — RJIHHB ee yacTeil.

Ilo dopmynam (62) MOXKHO HAXOZHTb LUEHTPH TSKECTH H3JeNHA H3
TOHKOM NPOBOJOKH NOCTOSHHOTO CEUEHHS.

Taxkum o6pa3oM, HEHTP THAKECTH OJHOPOLHOTO TeJa omnpejelsercs,
KaK IEHTP TSKECTH COOTBETCTBYIOIEro o0beMa, INIOWAAW HJH JHHEH.

§ 34. CNIOCOBBI ONPEAEJEHHA KOOPAHHAT
HEHTPOB TAXECTH TEJ

Hcxons u3 nosyueHHNX Bhilie o6lyx GopMyJ, MOXKHO YKa3aTh KOHK-
perHHe Cnocobsl OnpeaesieHHst KOOPAHHAT LEHTPOB THKECTH Tell.

l.CuMmerp ua. EcauoaHoponHoe TesI0 HMeET MJIOCKOCTh, OCh
HJIH UEHTP CHMMETDHH, TO €ro NEHTP TAXECTH JIEXKHT COOTBETCTBEHHO
HJIH B IVIOCKOCTH CHMMETPHH, HJH Ha OCH CHMMETPHH, HMJH B LEHTpe
CHMMETDHH.

Honycrum, HanpHMep, 4TO OJHOPOJHOE TeJI0 HMEET MJIOCKOCTb CHM-
MeTpHH. Torzna 3Tof MIOCKOCTBIO OHO pa3GHBaeTcst HA JBe TaKHe 4acTH,
BeCa KOTOPHIX Py M Py PABHH APYT APYTY, a REHTPHl TAXKECTH HaXOAAT-
CAl Ha OJ\MHAKOBHX PaCCTOSAHHAX OT IJIOCKOCTH CHMMerpHH. ChiefoBa-
TEJNbHO, NEHTP THAMXECTH Tejla KaK TOYKa, 4Yepe3 KOTOPYIO MPOXOIHT
paBHOAEACTBYIOaA ABYX PaBHHIX H NapajJeJbHLHX CHJ py H p,, Gyzer
REACTBHTENBHO JIeXKaTh B INIOCKOCTH CHMMETPHM. AHAaJOIMYHHII pe-
3yJIbTAaT MOJNYYaeTcs H B CyyasX, KOrja TeJO HMEeT OCb HJH ILEHTD
CHMMETPHH.

N3 cBoficTB cuMMeTpHH CJieAyeT, UTO LEHTP TSKECTH.OXHOPOJIHOrO
KpYIJoro XoJblia, KPyrJofi HAH NPAMOYroJbHOA NJACTHHH, TNPsMO-
YroJIbHOro napajienenunesa, wapa H ApyrHx OJHOPOAHHIX TeJ, HMEIo-
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INHX LEHTP CHMMETPHUH, JIEXXHT B F€OMETPHYECKOM LIEHTpe (UEHTPe CHM-
MEeTpHH) 3THX Tel.

2.Pas6uenne. EcauTeno MoxHo pa3GUTh Ha KOHEYHOE YHCJIO
TaKHX Yacrefl, AJIf KaXKAOfl H3 KOTODHIX NHOJIOKEHHE LEeHTPa TAXKECTH
H3BECTHO, TO KOOPAHHATH LIEHTPa TAMKECTH BCETO TeJla MOXKHO Henocpen-
CTBEHHO BRIYMCJHTL MO ¢opMmynam (59) — (62). IIpu stoMm uHCAO cna-
raeMuIX B KXo H3 cymMm OyJeT paBHO UHCIY HacTed, Ha KOTOpHe
pasburo TeJo.

3anava 456. OnpefesHTh KOOPAHHATH WEHTPa TAXKECTH ORHOPOZHOR NAACTHHHL,
H3o6paxkenHolt Ha pHc. 106. Bce pasmepn faHH B caHTHMeTpax.

Pemenne [Ilposonum ocH x, y H pa3GiBaeM NJAACTHHY Ha TPH NPAMOYTOLHH-
Ka (MTHHHH pa3pe3a MOKa3aHH Ha pHC. 106). BouncaseM KOOPAHHATH LEHTPOB TAMECTH
KaXJA0r0 H3 NPAMOYTONLHHKOB M HX IJIOWARH (CM. TaGauny).

y Z [
Ne 1 2 3 2
I ol
Xg -1 1 5 C
Yx 1 5 9 Z
Sk 4| 2 | 12 ]
? €
1
T
Puc. 106

IMnomanp Beeft maacTHHE S=s5,71-s;-}5y=36 cm®.
INoxctannsa BuuHC/HEHHBE BeJHYHHH B dopmysant (61), moayuaem:

c =x1$i+xasn+¥sss= —44+20-+60 =2l

S 36 g o
_yiSityaSs+-ysss_ 44-100--108 . 8
Yc= S = 6 = 5-9- M.

Hafinexnnoe nonoxensue HEeHTpa TAXKECTH C nokasaHo Ha yepTexe; ToO9Ka C oka-
8aN1aCh BHE NJAACTHHH.

3. Honmpnuenne, ITOT CNOCOG ABMAETCS YACTHHIM CayUdaeMm
cnocob6a pa3bueHus. OH NMpHMeHsieTCA K TeJilaM, HMEIOU[MM BhiDe3Hl,
eCJIH IIEHTPHI TAHECTH Tesa Ge3 Bblpe3a H BHpe-
SaHHON 4YaCTH H3BECTHHL.

3anaua 46. OnpefenHTh MONOMEHHE LEHTPA TSKECTH
KpyTJIof MIacTHHH pagnyca R ¢ BHpe3oM pagiyca r (pHC.
107). Paccrosune C,C,=a.

Pemeune LleHTp TAKECTH NJAaCTHEH JEXHT Ha
aurne Cy C,, Tak Kak 3Ta JIMHHA ABJASAETCH OCHIO CHM-
meTpuH. [IpoBoanm koopanHaTHhe ocH. Jas HaxoXpaeHus
KOOPAHHATH X JIONOJHSeM IVIOM(aAb NJACTHHH IO NOJ-
HOTO Xpyra (yacTb 1), a 3aTeM BHYHTaeM M3 NOJy4eHHOR
IVIOWAAK TJoWagb Buipe3aHyoro xpyra (wacte 2). Ilpu Puc. 107
STOM IVIOWIAAb 9Y4CTH 2, KaK BHYHTaeMad, JOXKHA OpaTbCA .
co amakom Munyc, Toraa s;=nR?, s;=—wnr?, x,=0, x;=a, S=s;+5,=n (R¥—r¥),
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TogctaBang nafpenHue sHavenus B gopmyaun (61), momyuaem:

X181 + Xa8 ar?
= ‘1;— 29 y-E— : yc=0.

Hafzennnn uentp tsikectd C, KaK BHIHM, JEXHT JeBee TOUKH Cy.

4. UnuterpupoBaunue. Ecau Teno Heap3s pasbutrh Ha He-
CKOJIbKO KOHEYHBIX 4YacTefl, NMOJIOXKEHHS HEHTPOB THKECTH KOTOPHX
H3BECTHHI, TO TeJ/I0 Pa3GHBAIOT CHa4YaNa Ha NPOH3BOJIbHHE MaJibie OOBEMbE
Avy, 11 Koropuix Gopmyast (60) NpHHEMAIOT BHJA

xc=$—2x,, Av u T. 1., - (63)

rie Xy, Y, 2, — KOOpAMHATH HEKOTOPOH TOUKH, Jiexalei BHYTPH o6be-
ma Av,. 3arem B paBeHcTBax (63) mepexozAr K npeieny, ycTpeMmass
Bce Au, K HYJUIO, T. €. CTAIMBasi 3TH 06beMBl B TOUKH. Toraa crosinue B
PaBeHCTBAX CYMMBI O6pallaloTcs B MHTErpaninl, pacnpoCTPaHEHHHE Ha
Bech 06beM Teaa, H dopMyant (63) zaor B npeaese:

xc=vl—5xdv, yc=5-'Sydv, zC=Vl-Szdv. (64)

V) V) V)

AHanOrHYHO IS KOOPAUHAT LEHTPOB THXKECTH IVIOWajel H MHHUA
noayyaeMm B npejene u3 gopmya (61) n (62):

1 1
xc=-S—S xds, yc=S—S yds (65)
) K]
H .
xc=—;:-§xdl, yc=%§ydl, 2c=—,l_-SZdl- (66)
€L (@ (L

[pumep npumeHenns STHX GOPMYJN K ONpeneeHHIO KOOPAHHAT
LEHTPA THAXKECTH PAacCMOTPEH B CJEAyIOlieM naparpade.
5.9KkcnepuMeHTanbHB# cnoco6. LlenTpn Tskecru
HEOHOPOAHHIX TeJ CJOXKHOH KOHQHTYpauHH (camoser, NapoBo3 H T. I1.)
7 N, MOXKHO OlpefefsiTh 3KCNepHMEHTaNbHO.
OnyH H3 BO3MOXHHIX 3KCHEPHMEHTaJb-
HBHIX METONOB (MeTOX TO/BEINHBAHHSA)
COCTOHT B TOM, YTO TEJIO NMOABELIHBAIOT
Ha HHTH HJH Tpoce 3a pasuyHHE ero
TouKH. HanpaBpiienne HHTH, Ha KoTopoil
noABelleHo Teno, OyAeT KaXIWH pa3
JaBaTb HanpaBlleHHe CHJILl TSKEeCTH.
Puc. 108 Touka nepeceyeHHs STHX HanpasJeHU#
onpefie/ifieT LEHTP THAMKECTH Teja.
Jpyrum BO3MOXHEIM CNOCOGOM SKCEPHMEHTAABHOTO ONpeAesIeHHs
HEHTPpa TAXKeCTH ABAAETCH MeTojA B3BewHBanus. Wpea storo meroza
SICH2 H3 PacCMOTPEHHOro HHXKe NpHMepa.

Nlpumep. ITokaxeM, Kak MONHO IKCIIEDHMEHTANBLHO ONPEACTHTD ORHY H3 KOOPJH-
HaT UENTPA TAXKECTH camoJera (pacCTOosiHMe g), ecid paccrosune AB={ (puc. 108)
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H3pecTHO. Tlocrasus koseco B Ha naarpopMy BecoB, HafiieM B3BEUIHBAHHEM CHAY AaB-
eHHS KOJeca Ha NiaTgopMy; TeM CaMbiM GyAeT HaifileHa YHCJEHHO PaBHAs 3TOl cHae
peakuust Ni. Touno Tak Xe B3BewnBanueM Haxoxum peakuuio N,. [IpupaBHuBas 3a--
TeM HYJIIO CYMMY MOMEHTOB BCeX CHJ OTHOCHTENbHO LIEHTPA TAXKecTH C camosera, noay-
qyaeM Nga—N; (I—a)=0, otkyna waxoaum a=INy/(Ny+N,). .

Ovuesunuo, Ny-+-N,=P, rae P — Bec camotera. Ecan 3nauende Beswuusn P
Hanepej H3BECTHO, TO LIS onpefie/ieHHs @ MOXKHO OBORTHCH TOABKO OXHOKPATHHM B3Be-
LIHBAHHEM,

§ 35. LEHTPHI TA)KECTH HEKOTOPBIX OAHOPOAHBIX TEJ

l. llenTp TAXeCTH AYrH OKpYXHOCTH. Pac-
cMotpum Ayry AB paxuyca R ¢ nenrpasibhbM yriaom AOB=2a. B cuay
CHMMETPHH UEHTD TAXECTH 3TOH Ayru Jexur Ha ocH Ox (puc. 109).
Hafizem Koopauiary x¢ no gopmyaam (66). [Inst 31oro BeAe MM Ha Ayre
AB snementr MM’ nannoit dl=R d¢, nosoxenne KoToporo onpenes-
erca yraom ¢. Koopaunata x aneMentra MM’ Gymer x=R cos @. [loxa-
CTaBJIsIA ITH 3HAYeHus x ¥ d/ B nepByilo u3 popmya (66) H uMes B BHRY,
UTO MHTErpaJj A0/KeH ObiTb pacnpocTpaHeH Ha BCIO JJIHHY AYTH, MOJy-
UHM:

B a
1 R? RY
xc——rﬁ“"ﬁ S°°S“’dq’—2Ts‘"“'

-

rae L — namua ayru AB, paBuas R -2a. Orciofa OKOHYAaTeAbHO HaX0-
RHM, YTO YERMpP maxcecmu Oyau OKPYICHOCIUL AEHCUIM HA ee OCU CUMME-
puu Ha paccmosanuu om yeumpa O, pasrom

xc=(R sin a)/e, (67)
FAe YroNl & U3MepseTcs B paAHaHax.

2. lleHTp TAMECTH NAOWAaAH TPEYyroNbHHKA.
Pa3zobbem miiowanp Tpeyronbinka ABD (puc. 110) npameiMu, napad-

]
Ml
M

8
b
AN
A ; IJ ~\ D
A 3
Puc. 109 Puc. 110

NeNbHBIMH cTopoe AD, Ha n y3KHX NOJIOCOK; HEHTPH THXKECTH 3THX
TMOJIOCOK GYAYT JexaTh Ha Meguane BE tpeyroabHuka. Cie0BaTe/bHO,
H LEHTP TSIKECTH BCETO TPEyroJbHHKA JIEXHT Ha 3TOH MexHaHe. AHano-
THYHBI Pe3y/IbTaT moaydaercsi s ABYX Apyrux meAuad. Orciona 3a-
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KJTIOUaeM, TTO YEHMp mAxcecmu nioujadu mpeyeorbKuKa AEKUm 8 mod-
Ke nepecewenus ezo meduan. IIpH 3TOM, KaK H3BECTHO,

CE=BEI/3. (68)

3.lleHTp TAXECTH NJAOmMAAH KPYTOBOToO Cek-
Topa. Paccmorpum kpyrosoft cekrop OAB paauyca R ¢ ueHTpasb-
HEM yraoM-2a (puc. 111). Paso6bem MuICKEHHO nJowans cektopa OAB
paiHycaMH, NpOBEAeHHHMH U3 neytpa O, Ha n cekTopeB. B npezene,

£
x
B a
D

Puc. 111 Puc. 112 Puc. 113

NpH HEOrpaHHYEHHOM YBEJHYEHHH YHCJA 1, 3TH CEKTOPhl MOXHO pac-
CMaTpHBaTb KaK NJOCKHE TPEYTONbHHKH, UEHTPH TSKECTH KOTOPHIX
nexar Ha ayre DE pagnyca 2R/3. CiiegoBare/ibHO, LEHTP TAXKECTH CeK-
Topa OAB coBnapaer ¢ ueHTpoM TsxkectH xyru DE, nonoxeHue Koto-
poro Hamlpercs no ¢opmyse (67). OkoHUATeNILHO NMOJAYYHM, YTO Yewmp
maNcecmy naowjadu Kpyzo8020 CEKMOPQA AEHCUM HA €20 OCU CUMMEMPUU
Ha paccmosruu om yermpa O, pagrom

xc=%Rsln'a. (69)

TlpuBeneM Ge3 RoKa3aTe/bCTB ellle JBa pe3yJ/IbTara.

4. Henrp TaAxecTH o6beMa NHpPpAaMHAH (Had
K O HY ca). Jror uenrp C aexur Ha npamoit C,E (puc. 112), rne E —
BeplHHa, a C; — IEHTP TSKECTH NJIOILAJN OCHOBAHHS MHPAMHALL, NPH
3TOM

Peaysbrar cnpaBefHB Ajsi JI0G0fi MHOrOYTOJIbHON MNHPaMHAR H JUIs
KOHYyca. .

5. lenTp TaAXecTH o6GbeMa nmoaymapa. 30T
nentp C JexXHT Ha ocH Ox (ocH cuMMeTpHH, puc. 113), a ero koopanHaTa

xc=0C=3R/8, (4))

rae R — paguyc mnoaymapa.

@dopMyJsiH, ORpefeNsiollHe KOOPAHHATH LEHTPOB TSKECTH APYTHX
OXHOPOJHBIX TeJI, MOXHO HAfITH B Pa3/IHYHHIX TEXHHUYECKHX CIPaBOYHH-
Kax.



Pa3pen BTOpOIt
KUHEMATHKA TOYKH H TBEPAOIo TEJIA

Taapa IX
KHHEMATHKA TOYKH

§ 36. BBEAEHHE B KHHEMATHKY

Kunemamurxod HasniBaercs pasfesl MeXaHHKH, B KOTOPOM H3yua-
I0TCSl FeOMETpHYECKHe CBOACTBA ABHXXEHHs Tea 6e3 ydyera HX HHEepPTHO-
CTH (MacCH) H AEHCTBYIOIHX Ha HHX CHJI.

KuHemaTtuka npeacrasisier co6oif, ¢ OLHOH CTOPOHH, BBEREHHE B
JHHAMHKY, TaK KaK YCTaHOBJIEHHE OCHOBHLHIX KHHEMAaTHYECKHX NOHATHHA
H 3aBHCHMOCTER HEOGXOAUMO JJIA H3Y4YeHHS ABHXKeHHA TEJN C Y4YeToM
nefictBua cHa. C apyroél cropoHbl, MeTOAW KHHEMaTHKH HMEIOT H ca-
MOCTOATE/IbHOE MpPaKTHYeCKOe 3Ha4YeHHe, HanpHMep, NMPH H3YYEHHH ne-
penas ABHXKEHHS B MeXaHH3MaXx.

[lox nBHXKeHHEM MBI NOHHMaeM B MeXaHHKE H3MEHEHHe C TeYeHHeM
BpPeMEeHH MONIQKEHHS AAHHOTO TeJa B NMPOCTPAHCTBE MO OTHOLIEHHIO K
ADYTHM TeJaM.

Hna onpeneseHHUs NOJNIOXKEHHS IBHXKYLIErOoCs Tena (MW TOYKH) B
PpasHbie MOMEHTH BPEMEHH C TeJIOM, 0 OTHOLIEHHIO K KOTOPOMY H3yyaer-
CA JIBHXKEHHE, MECTKO CBA3bIBAIOT KaKYIO-HHOYIb CHCTEMY KOOpAHHAT,
06pasylolyio BMECTe C 3THM TeJIOM cucmemy omcvema. B nanbHefiuem
GylieM rOBOPHTD O ABHXKEHHH TeJa (MM TOYKH) MO OTHOLIEHHIO K AaHHOM
CHCTeMe oTcuera, Nojpa3ymeBasi MOJ STHM JABH)XKEHHe MO OTHOLUEHHIO K
TOMY TeJly, ¢ KOTODHIM STZ CHCTeMa oTcyera cBsidaHa. H3o6paxarb cHc-
TeMy orcyera GyjeM B BHAE TpeX KOODAMHATHHIX ocefi (He NOKa3niBas
TeJIO, C KOTOPHIM OHH CBfi3aHhi). BrlGop cHCTeMBl OTCueTa B KMHeMaTHKe
NpOH3BOJIeH (OTpefeaseTcs HENbIO HCCAEA0BaHKA),” H B OTJAHYHE OT JH-
HaMuKH (cM. § 74) Bce KHHeMaTHYeCKHe 3aBHCHMOCTH, NMOJIYHYEHHbIE NpH
H3yYeHHH ABMXKEHHR B KaKOil-HUOGYIAb OJHOM cHcTeMe oTcuera, OYAYyT
CMpaBeIHBLL H B JIOGOA APYrofi cHCcTeMe OTCYera.

JlBrxenne Tes coBepllaeTcsi B NPOCTPAHCTBE C TEUEHHEM BPEMEHH.
ITpocTpaHcTBO B MexaHHKe MBl PacCMaTpHBaeM KaK TPeXMepHOe eBK.H-
JOBO NpoeTpancTBo. Bce HaMepeHHs B HEM NPOH3BOARTCA HA OCHOBAHHH
METOZOB eBKJHIAOBOA reoMeTpHH. 3a €AHHHLY AJHMHH NPH HIMepeHlH
pactrosuuit npuHuMaerca 1 M. BpeMs B MexaHWKe CYHT2€TCi YHHBep-
Ca/lbHHM, T. €. NPOTEKaloUtHM OJHHAKOBO BO BCEX PaccMaTpHBaeMblX
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cHcTeMax oTcuera. 3a eAHHHLY BpeMeHH npieuMaercs | c. PasmepHocTh
ANUHB 0603HayaeTcst CuMBOJIoM L, a BpemeHd — cHmBOJIoM T~

EBK/HIOBO NPOCTPAHCTBO H YHHBEPCANbHOE BPEMS OTPAXKAIOT pealln-
Hble CBOMCTBA NPOCTPAHCTBA W BpeMeHH Jiuilib npHGanKenHo. Onnaxo,
K&K NOKa3blBaeT ONbIT, /s ABHMKEHHH, KOTOphIe H3YHaIOTCHA B MEXaHHKe
{ABHIKEHHS CO CKOPOCTSIMH, NaJleKHMH OT CKOPOCTH CBera), 3T0 npuGian-
JKeHHe JaeT BroJIHe JOCTATOYHYIO AJIst MPAaKTHKH TOYHOCTb.

BpeMsl fIBIAETCH CKAJSIPHOH, HenpepbiBHO H3MEHIOUIEHCA BeJnyH-
Hofl. B 3ajauax KuHeMaTHKH BpeMs ! NPHHHMAKOT 32 HE3aBHCHMOE nepe-
MeHHoe (apryMent). Bce apyrue nepeMenHble BeJHUMHBI (paccCTositus,
CKOPOCTH H T. A:) PaCCMaTpHBAIOTCH KaK H3MEHSIIOLUIHECS ¢ TeYEHHeM Bpe-
MeHH, T. e. KaK QyHKuuu Bpemenu {. Orcuer BpeMeHH BEAETCH OT He-
KOTOpOro Kaxaavrozo momenma (t=0), o BHOOpE KOTOPOro B KaXKIOM
cayuae yCJOBJIMBalOTCA. BCAKKMA NaHHbIH Momenm epemenu ! onpenens-
€TCst YHCJIOM CEeKYHH, MPOLIe/IIHX OT Ha4YalbHOTO MOMEHTA KO JAHHOrO;
PasHOCTb MeXJY KaKHMH-HHOGYIb ABYMS NOC/JEAOBATEJbHBIMH MOMEH-
TaMH BpeMEeHH Ha3HBaeTCAd NPOMENCYMKOM BPEMERIL.

TlouepnhyTele ¥3 onmTa ¥ NOATBepXKAEHHbHE NPAKTHKOH OCHOBHI,
Ha KOTOPHIX CTPOMTCS KHHEMAaTHKa, AaloT aKCHOMB reoMeTpHH. Hukakux
JNONOMHHTENBLHLIX 3aKOHOB WJIH aKCHOM LJI KHHEMaTHYECKOro H3YUeHHUs
ABHXXEHHSI He Tpebyercs.

Jlna pelsenns 3anay KHHEMAaTHKH HaZo, YTOOH H3ydaeMmoe ABHXEHHe
OHIJIO KaK-TO 3aJaHO (OMUCaHO).

Kunemamuuecku 3adame Osuncenue uru 3akor 0suxcenus meaa (mox-
Ku) — 3Haeum 3a0ame nOAOKeHUE 3Moz0 mesa (MoYKu) OMHROCUMEALHO
Bannod cucmemu omcuemag 060l MOMeHm epement. Y CTAHOBJIeHHE Ma-
TeMaTHUYeCKHX CRoco00B 3aflaHHA ABHXEHHA TOYEK HIH Tes sBjsercs
ORHOW M3 BAXKHHIX 3ana4 KHHeMaTHKH. [To3TOMy H3yuyeHHe ABHXeHMs
moboro ofbekTa 6yJdeM HauHHATh C YCTaHOBJIEHHS CNocoGoB 3ajaHus
STOTO IBHXKEHHS.

OcHoBHas 3ajjaya KHHEMATHKH TOYKH H TBEPAOrO TeNa COCTOHT B
TOM, YTOOLI, 3Hasl 3aKOH JABHMKEHHS TOUKH (Tesna), YCTAHOBHTb METOAH
onpeAeneHHs BceX KHHEMATHYeCKHX BeJHYHH, XapaKTepH3YIOUHX AaH-
HOe JBHXXeHHe,

H3yqenne xlHeMaTHKH HauHeM C H3yueHWs ABHXKeHHs mpocrefiero
00beKTa — TOUYKH (KHHEMaTHKa TOUKH), a 3aTeM nepefileM K H3YYeHHIO
KHHEMaTHKH TBepAOro TeJja.

HenpepuBHast AuHHSA, KOTOPYIO ONMHCLIBAET ABHXKYLIAACH TOYKA OT-
HOCHTEIbHO AaHHON CHCTeMHl OTCYEeTa, Ha3hIBAETCS mpaeKmopuel TOUKH.
Ecau TpaexkTopHeli ABAsieTcs npAMas JHHHA, ABHXKEHHe TOUYKH Ha3blBa-
€TCH NPAMOAUHEIHNM, @ €CTH KPHBAA — KPUBOAUHEURBIM,

§ 37. CNOCOBLI 3AAAHUA ABWKEHHUSA TOUYKH

Jlna 3ananus ABHXKEHHA TOYKH MOXHO NPHMEHATH OIHH M3 CJEAylo-
UHX TPeX cnocoOoB: 1) BeKTOPHLIN, 2) KOOPAHHATHLINA, 3) eCTeCTBeHHHI.
]. BexTopHH#® cnoco6 3ajaHHUA JABHXEHHA
T Q4K H. [Ilycts Touka M ABHXKeTCA Mo OTHOLWIGHHIO K HEKOTOpO#l cH-
creme orcdel 2 Oxyz. IloJaoxesHe 3TOH TOUKH B MOGOR MOMEHT BpeMeHH
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MOXKHO ONPENeNHTE, 3a]aB €e PafHyC-BeKTOp 7, MPOBEJEHHuH W3 Ha-
yana xoopauHat O B Touky M (puc. 114).

Tpu aBMkKeHHH TOUKH M BeKTOp £ GYAET C TeueHHeM BPeMeHH H3Me-
HATBCA M MO MOAYMIO, H 10 HAnpapJieHmo. CNelOBATeNbHO, 7 ABAAETCH
nepeme;mbm BEKTOPOM (BeKTOpPOM-PYHKIHeil), 3aBHCAIHM OT apry-
MeHTa £

r=r(l). §))

PaBercTBo (1) M onpenensier 3aKoH ABHMKEHHS TQUKH B BeKTOPHOA
¢opMe, TaK KaK OHO MO3BOJIfET B JiOGOH MOMEHT BpPEMEHH NOCTPOMTH

COOTBETCTBYIOUIHA BEKTOD r M HANTH MONOXKeHHe NBUXKYLEACS TOUKH.

TeoMeTpHYECKOe MECTO KOHIIOB BEeKTOpa r, T. €. rogorpad 3Toro Bek-
TOpa, Onpeie/isieT TPAEKTOPHIO ABHIKYIEACS TOYKH.

AHanuTHYECKH, KaK H3BECTHO, BEKTOP 3aJaeTCsl ero NPOoeKuUsMH Ha
KOOPAMHATHHE OCH. B NpAMOYronbHHX ZEKapTOBBIX KOOPAHHATaX AJs
BeKTopa r Gyfer: ro==x, ry=y, r,=z (cm. puc. 114), rae x, y, z — ne-
KapTOBL KOOPAHHATH TOUKH. Torna, ecan z
BBECTH eNHHHYHbIE BEKTOpH (op'm) ij, k

KOOPAMHATHHIX OCell, NOJIyYHM AJIf r BhIpa-
HCHHe

r=xi+yj +zk. 2

CaenoBartesibHO, 3aBHCHMOCTb (1) 7 o1 ¢
6yneT H3BeCTHa, eCaH 6yAyT 3afaHBl KOop-
JHHATH X, Y, 2 TOUKH KakK QYHKUHH BpeMe-
Hu. Takofl cnoco6 3anaHus JBHXKEeHHS TOUYKH
(XOOpNHHATHLIA) paccMOTPHM HHxe. Bek-
TOP r MOXeT OHTb 3ajjaH, KaK H3BECTHO, H HHLIMH CIOCOBaMH, HanpHBMep
€ro MOAYJIEM H YIJIaMH C OCSIMH WJIH NMPOeKLHAMH H3 OCH APYTHX CHCTEM
KoopArHat. [ns nosyuelns oGuKX GopMyJ1, He 3aBUCAUIHX OT TOro, Kak
KOHKPETHO 3a/iaH BeKTop r, 6yleM HCXOJHTL H3 BEKTOPHQro 3aKOHa JBH-
JKeHHsl, NpeacTaBieHHoro paseHcTBoM (1).
¢ 2. KoopauHaTHHA cnocob6 3ajaHHA KBHXe
HU A TouKH [lonokeHHe TOUKH MOXHO HeNocpeiCTBEHHO omnpe-
JIeNATh ee AeKapTOBLIMM KOODAHHATAMM X, Y, 2, KOTOpHE NPH ABHXEeHHH
TOUKH OYRYT C TeueHHeM BpeMeHH H3MeHsATbCcA, UTo6b! 3HaTh 3aKOH ABH-
JKEeHUS TOUKH, T. €. ee NOJIOXKeHHe B TIPOCTPAHCTBE B /IOGOH MOMEHT Bpe-
MeHH, Hafo 3HaThb 3HAYEHHMS KOOPLHHAT TOUKH AJA KaXAOrO MOMEHTA
BpeMeHH, T. €. 3HaTb 3aBHCHMOLTH

x=fi(t), y=F2 (), z2=[s(). Q)

YpaBHenust (3) npeactaBAfioOT COGON YpasHeHUS OBUNEHUR MOYKL
8 NPAMOY20abHbIX Oekapmossix Koopdunamax. OHYU ONpPeResfIoT 3aKOH
IBHXEHHU TOYKH NPH KOOPAMHATHOM crocofe 3ajaHHs ABKEHHS *.

* 3ajaTth ABHXKEHHE TOYKH MOXHO, MONB3YACH H APYTHMH CHCTEMAMH XOOpAHHAT,
HanpuMep. noAApHuMH (cM. § 47), cpepHUECKHMH H T. A.
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Ecan aprmkesne TOAKH DPOHCXOLHT Bce BpeMf B OAHOM M TOH e
NAOCKOCTH, TO, NPHHAB 3Ty MJAOCKOCTb 3a NMAOCKOCTb Oxy, NOMYy4HM B
STOM C/Iyuae ABa YPaBHeHHS ABHXKEHHS:

x=fl(t)v y=fl(t)' v (4)

HaxoHet, npH npAMonHHeAHOM ABHXEHHH TOYKH, €CNH BIOMDb ee
TPAEKTOPHUH HanpaBHTL KOOPAHHATHYIO ock Ox, ABHXKeHHe Gyjer onpe-
ReNATBCA ONHHM YPaBHEHHEM (SAKONOM NPAMOAUNENHOZO OBUNEHUR

mosxu)
x=f(f). ()

Ypanrenns (3) u (4) npeacTaBAMOT COGOH OAHOBPEMEHHO YpaBHe-
HES TPREKTOPHH TOYKH B napamerpueeckol popue, rie ponb napamerpa
Hrpaer speun {. Hexmoaus u3 ypapHeHufi ABHMEHHS BpeMs f, MOXHO
HafiTH ypaBHeHHe TPaeKTOPHH B oOnuHOH dopMe, T. €. B BHAE, AAIOLIEM
SABHCHMOCTR MEXAY KOOPAHHATAMH TOUKH.

fMpuwep. ITycrs ApHKesRe TOUKH B ILAOCKOCTH Oxy AaHO YPaBHEHHAMH:
x=2t, y=120, @)

FAC X, y DLIDAMEHN B CAHTHMETpax; { — B CeKyHIax.

Mo sTHM ypaBHeHHAM MOMHO HARTH, YTO B MOMEHT BpekeHK f=0 T0YKa HAXOANTCR
B nosoxeuun M, (0, 0), 1. e. B Hagase KOOPAKHAT, B MOMEHT f;= IC — B NOJIOXKEHHH
M, (2.12) v 1. n. Taxum o6pa3oM, ypaBHeHHS (3) ACACTBHTELHO ONpPENEATIOT TIONONKE-
Hue TONKH B moGok momenT Bpemenn. [lasas ¢ pasHnie SHAYGHRN M H300paNaA COOT-
BETCTBYIOULHE NOACKEHHS TOUKH HE PHCYHKE, MOXKEM NOCTPORTDL ee TPAEKTOPHIO.

Jpyrusm nyren TPAEXTOPHIO MOXHO HAalTH, HCKMOYKB £ M9 ypaBuenufi (a). Ha
NEPBOro yPABHEHHA HAXOAHM f==X/2 H, NOACTABJAR STO 3HAUEHHE ! BO BTOPOE YpaBHe-
HRe, noayuaeM y=3x3. CaenoBaTeanHO, TpaexTOpHefl: TOUKH RBASETCA Napabosa ¢
BEPWIHHOR B Havase KOOPAMMAT H ochio, NapaajencHoli och Oy. Jlpyrue npumepnt
ONpeAeACHHS TPaeKTOPHH TOYKH cM. B § 41,

3. EcTecTBeHHHA cnoco6 3afaHuA RBHXeE-
HHA TOYKH EcrectBeHHMM (MAH TpaeKTOPHLIM) cnocoboM 3anaHHA
ABHXeHHS YZOGHO NOJb30BATHCH B TeX CJAY-
Yasix, KOrAa TPaEKTOPHM ABIKYILEfiCH TOUKH
n3BectHa 3apasee. Ilycrs xpuBas AB asas-
ercsi TpaeKkTopHelt TOUKH M nNpH ee ABHKEHHH
OTHOCHTE/LHO CcHcTeMul orcyera Oxyz (pHC.
115). BuiGepem Ha sTOft ‘TpaeKTOpHH KaKylo-
HHGYZAb HenoaBwXHYI0 Touky O°, Koropyw
NpHMeM 3a HadyaJdo OTcYeTa, H YCTAHOBHM Ha
TPaeKTOPHH MNONOXKHTENbHOE M OTPHUATENb-

Puc. 115 HOe HafnpaBJeHHs OTcueTa (KaK Ha KOODAHHaT-

Ho#t ocu). Toraa nonomenue ToukH M Ha Tpa-

€KTODHH OyAeT ORHO3HAYHO ONPENeNATHCH KPHBOMHHEHHOA KOOpIH-
HaToR s, XOTOpas paBHA PAaCCTOAHMIO OT TOYKH O' 10 TOUKH M, u3me-
PeHHOMY BO/Mb AYrY TP3aEKTOPHH U B3SITOMY C COOTBETCTBYIOWHM 3Ha-
koM. I1pH aBiKenHH Touka M nepememmaercs B nonoxenus Mg, M,, . . .,
C1eX0BaTe/IbHO, PACCTOSAHHe s GyJer C TeYeHHeM BpeMEHH H3MEeHAThCA.
Yrobi sHaTh nonoxeHHe TOUKM M Ha TPaeKTOPHH B J0GOA MOMEHT Bpe-
MeHH, Hajo 3HaTb 38BHCHMOCTb N 6

=f(#).
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Ypasseune (6) H BupaikaeT 3axon Oeuacenus mowus M Bpoab Tpa-
€KTOPHH.

Taxum ofpasos, IT066 333aTh ABMKENNE TONKH ECTECTPeRULIM CHO-
coGOM, Hajgo 3aAaTh: i) TPAEKTOPHIO TOWKH; 2) HANANOG OTCIET2 HA TPALK-
TOPHH ¢ YXa3aHHEM NONOXKMTEJSLHOTO H OTPHUATEJNLHOrO HATPABJACHHA
oTcuera; 3) 3aKOH ABHKEHHA TOYKH BAOJMb TPaeKTOPHH B Buae s=f({).

3ameruM, uTO BeMIHYHHA S B ypaBHeHHH (6) onpejesser noaoxkeuue
NBRXKYIIEACA TOYKH, a He NPOMACHHKHA €0 MyTb. HanpuMep, ecH TON-
Ka, ABHrasch H3 Hauana O’, JOXOAHT R0 novioxkenus M, (puc. 115),
a 3aTeM, nepemelllasicb B OGPAaTHOM HanpaBJeHHH, NPHXOAHT B MNOJONKe-
HHe M, TO B 3TOT MOMeHT ee KoopAHHaTa s=O0'M, a npofileHHHH 3a
BpeMAa ABIKeHHs Nyrb Gyjer paBen O'M;+M,M, 1. e. He paBeH s.

§ 38. BEKTOP CKOPOCTH TOMKH

OnHoAt H3 OCHOBHHX KHHEMaTHYECKHX XapaKTepHCTHK ABHKe-
HHA TOYKH SABJAETCH BEKTOPHasd BeJHUHHa, Ha3LBaeMasi CKODPOCIILIO
mouxu. BBenem cHavasa noHATHe O cpeaHeli CKOPOCTH TOMKH 33 KaKo#i-
HuOyab npoMexyTox BpemeHH. ITycTb ABHIKYWAsicA TOYKAa HaXOCAHTCA
a) = 5) ]

Puc. 116

B MOMEHT BpeMeHH { B NoJIoXeHHH M, onpelensieMOM PajHyCOM-BEKTO-
POM 7, @ B MOMEHT /, MPUXOAHT B noJoxeHHe M,, onpenensieMoe BEKTO-
poM r; (puc. 116). Toraa nepeMellleHHe TOYKH 33 MPOMEXKYTOK BPEMEHH

At=t,—t onpenenserca BexTopoM MM,, Koropnfi GyneM Ha3hBaTh
6EKMOPOM NCPEMEUEHUS MOYKU, ITOT BEeKTOP HanpasJieH Mo XopAe, €CH
TOYKA ABHXKETCH, KpusoaunefiHo (puc. 116, a), ¥ Broab camolt Tpaek-
TopHH AB, Korza ABHXeHHe ABAsercA nmpsimoinHefinnM (puc. 116, 6).

H3 tpeyroabiuka OMM, sugso, aro r-+MM,=r,; cllef0BaTeNLHO,
MM,=r,—r=Ar.

OrHolweHHe BeKTOpa meEpeMelleHHs TOYKH K COOTBETCTBYIOWIEMY

NPOMEXYTKY BpeMeHH JaeT BEeKTODHYIO BelHYHHY, HasbiBaeMmylo cped-

Heil TIO MOAYJIIO H HanpaBJIEHHIO CKOPOCMbIO MOYKY 33 TPOMEXYTOK Bpe-
MeHH Al

Vep = MM, /At = AT/AL, (7
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Hanpasnen Bekrop 5:, TaK e, KaK ¥ Bekrop MM, T. e. npu KpPHBO-
JIHHEAHOM JBHIXEHHH BIO/Ib XOPAW MM,, B CTOPOHY ABU:KEHHS TOYKH,
a NnpH npsaMOJHHEAHOM ABHXEHHH — BJOJb CaMON TpaeKTopHH (OT Ze-
JIEHHsT Ha Af HanpaBieHHe BeKTOpa He H3MeHsercs).

OueBHiHO, 4TO YeM MeHbine GyNer NPOMEXYTOK BpeMeHHM Af, ans
KOTOpOro BHIYHC/IEHA CPelHssi CKOPOCTb, TeM BeJNHYHHA U, OyZeT TOY-
Hee XapaKTEepPH3OBaTb IBHXKeHHe TOYKH. UTOGH NOJNY4YHTb TOUHYIO
XapaKTepHCTHKY JABHXKeHHsl, BBOAAT TOHSTHE O CKOPOCMU MOYKU 8
OQHHbIUL MOMERM 8peMenu.

CKOpOCTDBIO TOUKH B JaHHHII MOMEHT BpeMeHH { Ha3bBaeTCs BEKTOP-
Hast BeJIHYHHA U, K KOTOPOA CTPEMHTCS CPEIHAA CKOPOCTh Uy, NPH CTPEM-
JIEHHH NPOMEXXYTKa BpeMeRH Af K HYJiO:

- . — . Ar
U= i Oer) = i 7

Ipenen oTHOWIEHHA A'rZAt npu At — 0 npeacrasaser co6oft nepByio
NPOU3BOAHYIO OT BEKTOPA r 10 apryMeHTy { U ofo3Hayaercsl, KaK H npo-

U3BOAHas OT CKaAApHOH dyHKiHH, cuMBoaoM dr/df. OKoHuaTeabHO No-
AyyaeM

. )

Hrak, sexmop cxopocmu mosxu 8 Gannoil MOMENM 6peMeHl paser
nepsod npoussodHotl om paduyca-exmopa Mo4KL no 8PEMEHLL.

Tak xak npegesbHHIM HanpaeiaeHHeM cexyuwefi MM, asaserca Ka-
carteJibHas, TO 8eKMOpP CKOPOCMU mOuKY 8 OaHRbl MOMERM 8peMeru Ha-
npasien no Kacamensnold K MpaeKmopuu mouku 8 CMopory Geuncenus.

" ®dopmyna (8) noKasHBaeT TaKke, YTO BEKTOP CKOPOCTH U paBeH OT-
HOLIEHHIO 3JIEMEHTapHOrO NepeMelleHHs TOYKH dr, HanpaBJIeHHOro mo
KacaTeJbHOR XK TPaeKTOPHH, K COOTBETCTBYIOLIEMY MPOMEXYTKY Bpe-
Menu dt. _

Ilpx npsiMoNHHeHOM ABMXXEHHH BEKTOP CKOPOCTH U Bce BpeMs Ha-
npabJieH BIOJb. NPAMOA, NO KOTOPO#H ABHIKETCA TOYKA3, H MOXET H3Me-
HATbCA JIHIID YHCJEHHO; NPH KPHEOJHHeAHOM ABHXKEHMH KpoMe 4HC-
JIOBOTO 3Ha4eHHs Bce BpeMs H3MEHSETCS H HanpaBJieHHe BeKTopa CKO-
poct ToukH. Pasmephocrp ekopocty L/T, T. e. n1nHa/BpeMs; B Ka-
YeCTBe eNMHHIL H3MEepPeHHsl NMPUMEHSIOT o6nyHO M/c HAH XM/4. Bonpoc
00 onpesesieHHH MOAY/A CKOPOcTH GyaeT paccmotper B § 40 n 42,

=

U=

§ 30. BEKTOP YCKOPEHHA TOMKH

YckopeHHeM TOYKH Ha3HWBAaeTCs BEKTOPHAs BEeJHYHHA, XapaKTepH-
3ylollasi H3MeHeHHe C TedeHHeM BPEMeHH MOAYJA H HampaBJeHHs CKO-
POCTH TOYKH.

IlycTs B HeKOTOpHIt MOMEHT BpeMeHM ! ABHXKYLIAACH TOYKA HaXo-

IMTCSA B NOVIOXKeHHH M M HMeeT CKOPOCTb U, a B MOMEHT {, MPUXOLHT B
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nonoxenne M; u Hmeer ckopocTb v, (puc. 117). Toraa 3a MPOMEXYTOK
BpeMeHH Af=f—t CKOPOCTb TOUKH MOJyYaeT NpHpalleHHe Av—vl—v
Jinst nocTpoeHHs BekTOpa AU OTJIOXKHM OT TOUKH M BeKTop, paBunit v;,
H MOCTPOHM MapasijiefiorpamM, B KOTOPOM IHaroHanbio Gyaer v, a
onHoli u3 cropod v. Toraa, oueBHAHO, BTOPasi CTOPOHa H GyJLeT H306pa-
*aTh BeKTOp Av. 3aMeTHM, 4TO BeKTOp M 7]

Av Bceraa HanpassieH B CTOPOHY BOr- 4
HYTOCTH TPaeKTOPHH.

OrnxoweHne npupauennst BekTopa
CKOPOCTH AU K COOTBETCTBYIOlIEMY Npo-
MeXYTKY BpeMeHn A/ onpenenser gex-
mop cpedHezo YCKOPeHUA MOYK 32 3TOT
NPOMEKYTOK BpeMeHH:

= A(T/At. 9) Prc. 117

BeKkTop cpeaHero yCKopeHHs! MMeeT TO XKe HanpaBJieHHe, ITO H BeK-
TOp Av, T. €. HanpaBJieH B CTOPOHY BOTHYTOCTH TPAeKTOPHH.
YckopeHHeM TOYKH B AaHHBIA MOMEHT BPEMeHH ! Ha3bIBaeTCH BeK-

TOPHast BEJIHYMHA @, K KOTOPOA CTPEMHTCS CpefHee YCKOPeHHe d., NpH
CTPEMNIEHHH NPOMEXYTKa BpeMeHH Af K HYJIO;

G lim 22 =9
g BT &

HAH, ¢ ydeTOM paBeHcTBa (8),

ole.
|'=|
‘il“

a= ’ . (10)

CrenoBaTeNIbHO, 8eKMOpP YCKOPEHUA MOUKU 8 OarKbIT MOMERM 8peme-
Ru pasen nepsod npoussodnol om eexmopa ckopocmu uau amopod npous-
6000 oM paduyca-6eKmopa MoHKU No 8PEMENHU.

Pasmeprocrb yckopenus L/T®, T.e. anuna/(BpeMs)*; B KauecTse
CAHHHIL H3MePeHHs NPUMEHseTCH odwmo M/ct,

Hs ¢opmys (10) creayer Tak:Kke, 9TO BEKTOP YCKOPEHHS TOYKH a
PaBeH OTHOLIEHMIO 3J/IEMEHTAPHOTO MpHPalleHHA BEeKTOpPa CKOPOCTH do
K COOTBETCTBYIOLIEMY NPOMEXYTKY BpeMeHH di.

HafineM, kak pacnonaraercs BeKTOp a MO OTHOWIEHHIO K TPaeKkTo-

puH ToukH, [1pH npsaMoNHHeAHOM ABHXKEHHH BEKTOP @ HanpassieH BAOMAb
NpAMOA, 110 KOTOPOA ABHXKeTcH ToYKa. Ecau TpaekTopHe# TOUKH fBJA-
€TCA II0CKasi KpHBAA, TO BEKTOP YCKOPEHHA @, TaK Xe KaK H BEKTOD d,,
JIEXKHT B NJIOCKOCTH 3TOA KPHBOA M HanpasJieH B CTOPOHY ee BOTHYTOCTH.
Ecnu Tpaekropus He sBASETCA NJOCKOH KPHBOH, TO BEeKTOP dcp Ha-
npasJieH B CTOPOHY BOTHYTOCTH TPAeKTOPHH H JIEXKHT B NJIOCKOCTH, Npo-
xonsunef yepe3 KacaTe/IbHYIO K TPaeKTOPHH B Touke M M npsimylo, na-
paanesbHylo KacareabHOA B coceaHell Toyke M, (puc. 117). B npezene,
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Koraa Touka M, crpeMHTCR® K M, 5Ta MIOCKOCTb 3aHNMaeT NOJOXeHHe
TaK Ha3niBaeMmoil conpuxacaouedca naockocmu, T. €. IVIOCKOCTH, B KOTO-
pofl NPOHCXOAHT GECKOHEYHO MAJKIA NOBOPOT KacaTeNLHORM K TPaeKTOpHH
NPH SJIeMeHTapHOM nepeMelleHHH ABHXKyueAcs Toukd *. ChegoBares-
HO, B OGUIEM CJIYUae GeKMOp YCKOPEHUR a ACHUM 8 conpuxacaouedca
NAOCKOCMU U HANpPAsAeR & cmopony sozxymocmu xpusod. Bonpoc o6
onpene/eRHH MOAYAs ycKopeHHR Gymer paccMoTpeR B § 40 o 43,

§ 40. ONPENENEHHE CKOPOCTH M YCKOPEHHS TOUKH
NPK KOOPAHHATHOM CIOCOBE 3AIAHHS ABHKEHHS

Hafinem, KaKk BLIYHCASAIOTCA CKOPOCTb H YCKOpeHHe TOUKH, eChH ee’
ABHXeHHe 3afaHo ypaBHeHHsMH (3) HaH (4). Bonpoc o6 onpenenenun
TPAeKTOPHH B 3TOM cayuvae Obl1 yxe paccmorpex B § 37.

®opmyau (8) u (10), onpeneasiomye 3HaueHHS v ua, conep)xar
NPOH3BOHKE NO BpeMeHH OT BeKTOPoB 7 U v. B paBencrsax, cofepxa-
IUX NPOR3BOAHLIE OT BEKTOPOB, MEPEXOX K 3aBHCHMOCTAM MEXKAY HX
NPOEKUHAMH OCYIECTBAETCH C NOMOUILIO CJefyioilefl TeopeMul: npo-
eXyUuR nPou3sOOR0L om 6eXmopa Ha OCb, KenoGsUNCHYIO 8 danrod cucme-
Me omcwema, pasHa npou3eoOHoll om npoexyuu Oudghpeperyupyesmozo
6EKMOpPA Ha MYy e Och, T. €..

ry d
ecan q=1-. T0 q, 3;- q,= '&@ q,= dp‘ (1))

l.Onpexenenmne cxopocrn TOYKH. Bexrop cxo-

POCTH ToukH v=dr/df. Orciona Ha ochoBaruH (opyyn (11), yunTeBas,
4TO ry=X, ry=Y, r,=2, Haiigem:

dx d dz
V=77 v,=a%, U=g (12)
HIH
V=%, U, =4, U,=2, (12)

IZe TOYKa Hax 6yKBOR eCTb CHMBOA AM(DEPEHUHPOBAHHA MO BPEMEHH.
Taxkum o6pa3oM, npoexyLiu CKOPOCMIL MOYKY KA KOOPOURGMHbIE OCU PasSHI
nepesism npoussooHLLM Om coomaemcmaquux KOOpOuHam mouKu no épe-
MEKU.

3Has DPOEKUHH CKOPOCTH, nauaeu ee MORy/b H HampaBJenne (T. €.

YIaH @, B, , KOTOpHE BeXTap 0 06pa3yer ¢ KOOPAHHATHHMH OCAMH) MO

dbopuynam
0=VU,+0‘,+5.; }

cos @ =0,/v, cosf=u,/v, cosy=uv,/v.

(13)

* Ilns npocTpancTsentoRt XpuBOft (HANpPHMEP, AN BHHTOBOR JHHAM) B KaXIol
TOUKe KPHBOR GyAeT CBOR CONPHKACAIOMANCH MAOCKOCTH. [1s MAocKoR KpEBOR co-
MPRKACAMANCR [LIOCKOCTS COBNANALT C MJAOCCKOCTHIO STOR xpuoa H asaserca oSmed
EAS BCEX ©¢ TOweK.
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2.0npenenenne YCKOPEHHS TOUIKH. Bexrop yc-
KOpeHHA ToukH a=dv/df. Otci04a Ha ocHGBaHHH Gopuyn (11) nonydaen:
dv, _du dv,_day __do, d%
G=g=w W= ST a T (4
B
ax=‘;x=;' ay=‘;y=y' a:=6 =;v ‘141)

T. €. NPOCKYUL YCKOPERUR MONKU KA KOOPOUHAMNGE OCU PASHBL NePebiM
NpPOUIBOOHELK OmM RpOEKyUL TKOPOCIMU UAL SMOPbM NPOUSEOCHMLM Om
COOMmeemcmayIowx KoopouRam moyxu ne epesensy. Moayan B Hanpasne-
HHe yCKOpeHHs Halayrca H3 dopmya

a=Va;+a,+at; ] 15
cosa,=a,/a, cosP, =a ja, cosy,=a,la, (19)
rae a;, B;, 1 — yras, ofpas’yembie BEKTODOM YCKOPEHHS C KOOPAM-
HAaTHBIMH OCAAMH.

Hrak, ecau psmKenne TOYKH 3a1aHO B NeKAPTOBLIX NPAMOYTOALHLIX
KOOpAHHATax ypaBHeHHAMH (3) HAu (4), TO CKOPOCTb TOYKH onpenens-
erca no dopmynam (12) n (13), a yckopenne — no dopmyaam (14) u
(15). Ilpu sToM B cnyuae ABHIKEHHS, NPOHCXOAAULErO B OAHON NAOCKO-
CTH, BO Bcex opMyJax AOMKHA ObiTb OTGpOiUeHa NPOeKuHs Ha och 2.

B cayuae e npaMonuHefiHOro 1BHXeHHS, KOTOPOe 33JaeTCA OAHHM
ypaBHeBHeM x=f({), Gyaer

=%, o =3r=d%. (16)

Pasenctsa (16) n onpelensior 3HayeHH CKOPOCTH H YCKOPEHHA
TOYKH B STOM CJyuae.

§ 4A1. PELIEHHE 3AAY KHHEMATHKH TOYKH

3apaun, peliaeMble MeTOAAMH KHHEMAaTHKH TOYKH, MOT'YT COCTOSTL B
onpejefeHHR TPAeKTOPHH, CKOPOCTH HJH YCKOPEeHHA TOYKH, B OTHICKa-
HHH BpeMeHH, B Te4eHHe KOTOPOro TOYKa NPOXOAHT TOT HJH HHO# NyTb,
KK NYTH, NIPOXQAHMOr0 32 TOT HAH HHOA NPOMEXYTOK BPEMEHH, H T. I.

IMpexae uem pewats Mo6yio H3 Takoro poia 3ajay, Haao YCTaHO-
BUTh, 10 KAKOMY 33KOHY JBHAKETCH TOYKA. 3TOT 3aKOH MOXeT OHTb He-
NOCPeACTBEHHO 3aJaH B YCJOBHAX 3ajaud (3agaun 47, 48) uau xe u3
ycnoBuft 3amauH onperened (3agaun 49, 50).

3axaua 47. JpiKenHe TOYXH 3aAaHO YPAaBHEHHAMH (x, y — B MeTpax, { — B Ce~
KyHzaax):

x=81—4f, y=6t—30.

OnpeseaHTs TPACKTOPHIO, CKOPOCTb H YCKOpPeHHe TOUKH.

Pewenne Jna ONpeAencHHS TPACKTOPHH HCKJIONAEM HS ypaBHeHHR ABH-
KeHNS BpeNA f. YMHOMaN 0O¢ YacTH MepBaro ypasHeuus Ha 3, a o6e HacTH BTOpO-
FO — Ha 4 H DOWJEHHO BHYHTAS M3 NEPBOro PaBEHCTAR BTOPOE, MOAYYMM: 3x—4y=0
g y=3x/4.
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Chenosate/bio, TPaeKTOPAA — NPAMas AHHAA, HAaKJIOHeHHas K ocH Ox mOZ yr-
JaoM @, rme tgoa=3%, (puc. 118).
Onpepeasiem ckopocte ToukH. ITo dopmyaan (12) u (13) nosmyuaem:

vy=x=8(1—1), v,=y=6(—1);
v=V vitoj=10|1—1¢].
Teneps naxoaum yckopenne rouky. Gopmyan (14) u (15) paior:
ay=x=-—8, ay=¢=—6, a=10m/c%.

Hanpasnest BeXTOpH U @ BAOAb TPACKTOPHH, T. €. BAoAb npsiMoft A B. [Tpoexnun
YCKOpelHa Ha KOOPAHHATHHE OCH BCe BPEMA OTPHUATENbHH, CJEN0BaTe]bHO, YCKOpe-
HHE HMeeT NocToshHoe HanpasaeHHe oT B x A. Ilpoexunn ckopocts npn 0<t<1 no-
NOXHTENIbHE, CCAOBATE/ILHO, B TEUEHHE STOrO NMPOMEKYTKA BPEMEHH CKOPOLTh TOYKK
Hanpasiena or Ok B. ITpu 31om B MomenT BpeMenn f=0v= 10 M/c; B MomenT #==1 c v=:0.
B nocnenyiomne MOMEHTH BpeMeHH (¢>>1 ¢) 06e NpoeKiikH CKOPOCTH OTPHRATEAbHH H,
CJIeA0BaTENBHO, CKOPOCTb HanpasJiena oT B K A, T. e. TaK e, KaK H yCKOpeHHe.

3ametsmM, HaKoHell, 4To npH F=0 x=0 u y=0; npu 1=1c x=4, y=3 (T0uKxa B);
npr {=2¢ x=0, y=0; npH {>>2c sHauyeHHs X H ¥ PACTYT IO MOAYJIO, OCTABAACH OTPM-
UATeNbHBIMH,

Kitak, 3ajaHHHe B YCIOBHAX 3aXaYH YPaBHEHHS JIBHXKEHHS PacCKa3biBalOT HaM
BCIO HCTOPHIO ABHXEHHS TOYKH. J[BHXKenHe HayHHaeTcA K3 TOYKH O c HavanbHON CKO-
POCTEIO Uy= 10 M/C ¥ NpoHCcXOAUT BaoAb NpsMOR AB, HaknoHennoll x ocH Ox Nox yrioM
@, aas Kotoporo tg a=3/,. Ha yyacrke OB Touxa ABHKETCH 3aMEJICHHO (MOXYID ee
CKOPOCTH yOLIBaeT) H uepe3s OAHY CeXYHAY IPHXOAMT B noaoxenne B (4, 3), rae cxo-
pocTh ee 66pamaerca B Hyab. OTcioRa HauHHAeTCH yCKOpeHHOe ABHXeHHe B obpaTiyio
cTopoHy. B MOMEHT f=2c Touka BHOBb OKa3biBaeTcsi B Hadajie KOOPARHAT M janblue
NPOAC/LKAET CBOE ABHKeHHE BAOAL OA, Yckopenie TOYKH Bee Bpems pasuo 10 w/ch,

|
2 3

Puc. 118

3apaua 48. [lpHXKeHHe TOUKH 3aAAHO YDABHEHHAMH:
x==R sin ot, y=R cosot, z=ut,

rie R, © ¥ u — nocronHue BeAHIHEE. ONpEeAENHTH TPAEKTOPRIO, CKOPOCTL K ycKo-
penue TOuXH.

Pemen ue Bossons nepuic ABa ypaBHEHKs NOWIEHHO B KBAADAT K CKIAAMBAA,
nonyyaes 2

A P=R2,

Crezonatennio, TPaeKTOPHA JeHT HAa KPYFIOM QHAHHAPE pafuyca R, ock Ko-
TOpOro HanpaeJiena njoab ocu Oz (puc. 119). Onpeaenns M3 NOCAeAHEro ypaBHenus §
H HOACTaBJIIA B NEpBOe, HAXORMM -

x=R sin (wz/u).
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Takum o6pa3oM, TpaekTopHef TOUKH OyZeT JHHHA NepeceyeHHs CHHYCOHAaAbHOR
NOBEPXHOCTH, 0GpasyiomHe KoTopof napainenbi ocH Oy (cHHycompainHHR rodp)
C HHJAHHIPHYECKOA DOBEPXHOCTBIO pafHyca R. 3rta KpuBasd Ha3biBaeTc 6uHmosod
Aunued. V3 ypaBHeHHA IBHXeHHA BHAHO, YTO OXHH BHTOK BHHTOBOM JIHHHH TOUKA NPO-
XOXHT 3a BpeMs f;, onpeje/isieMoe H3 paseHcTBa wf;=2n. [IpH 9TOM BAOAL OCH Z TOU-
Ka 33 9T0 BpeMs NepeMellaeTcs Ha BEMNUHHY A=ul;=2nu/®, HA3HBAEMYIO wWA20M
BHHTQBOA JIMHHHH.

Hafinem ckopoctb H yckopenne ToukH. Juddepenuupys ypasHenns ABHKCHHA NO
BpeMeHH, MHOoJy4aeM:

vy=%=Rocosot, v,=y=— Rosinot,

Vg==2Z=uU,
OTKyAa

v=Y R (cos? ot -}-sin® f) +-u? =V Rip*}ul,

‘CroAmye NOX 3HAKOM paAnKaa BeJHUHHH NOCcTOAHHE. CoeoBaTeIbRO, ABHKERHE
TIPOHCXOANT C ROCTORHHOR NO MORYJIO CKOPOCTHIO, HanpapJsieHHOA Mo KacaTeabHOR
X TpacktopuH, Tenepb no ¢popmynam (14) BHUHCAAEM NPOEKIHH YCKOPEHHS:

8, =0, =— Rw?sin wt,
¢,=6y =—.Rw’ cos wf,
Q=10 =0,

OTRyAa
a= Va}—{-a; = Ra?,

Hrak, ge:Kelne NPOHCXOAHT C MQCTOAHHEM N0 MOAYJIO ycRopenneu, Jas onpe-
AeleHHA HANPABJCHHA YCKOPEHHS HMeeM (OpMyJH:

‘cos @, =a,/a=—sin ot=—x/R,
cos fy=a,/a=—cos w¢=-—y/R, cosy;=a,/a=0.

Ho, osesnzuo,
x/R=cos a, y/R=cos B,

rae & H fp — yrau, ofpasyemuie ¢ ocimik Ox H Oy paauycoM R, npoBefeHHBIM OT OCH
OWIHHAPA K IBHXKYeAcs Touke. Tak Kax KOCHHYCH YrJ08 &y H f; OT/HIAIOTCH OT KO-
CHHYCOB @ H f§ TOABKO 3HAKaMH, TO OTCIOAA 3aKJIONAEM, YTO YCKOpeHHe TOUKH BCe Bpe-
Mfi HanpasjeHo MO pagHycy NHAHHAPA K ero OcCH..

3aMeTHM, UTO XOTHl B aHHOM CJydae [ABHMEHHE H IIPOHCXOAHT CO CKOPOCTLIO, Mo~
cToAHHOf Mo Moay/lio, yCKOpeHHe TOUKH He PaBHO HYJIO, TaK KaK HanpaBjeHHe CKo-
POCTH H3MeHsIeTCA. :

3axaua 49. YesoBek poctoM h ysanserca ot douaps, BHCRilero Ha Bhcorte H,
RBHrasgh NpAMo/IHHEAHO O CKOPOCThIO 4. C KaKofl CKOPOCTBIO ABHXETCH KOHeL, TeHH
nesoBexd?

Pewex ne Jas peileHHs 3a8aud HafjeM CHauana 3aKOH, MO KOTOPOMY ABH-
sxeTcs-KOHel TeHH. Bui6Hpaem Hauano orcyera B Touke O, HaxoasineRcs Ha onroR pep-
THKaAH ¢ $oHapeM, M HanpaBJisieM BROJb NPAMOfN, 0 KOTOPOR NBHIKETCA KOHEL TeHH,
KOOpAHHATHYIO och Ox (phc. 120). Hao6paxaem qesioBeKa B NPOK3BOALHOM NOVIOKEHHH
Ha PaccTosHuK X, oT Toukn 0. Toraa kopew ero TenH GyZeT HAXOAHTLCA OT Hauana O
HA PACCTORHHH Xy.

'Ms nogoGus tpeyroashukos OAM n DAB Haxogum:

H
=R
310 ypaBHelHe BHpaKaeT 3aKOH ABIXKEHHSA KOHUA TeHH M, eclK SaKOA ABHMEHHS

wesioBeKa, T, e, X, =f(f), H3BecTeH,
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Bass nponasoanyio O BpeMeHH OT oGenx uacteft paseHcTsa H 3ameuas, 9TO IO
dopuyae (16) xy=u =y, x,=v,=v, rae v — HCKOMaf CKOPOCTD, MOJYUHM

v=-—li—
H—nh u.

Ecan yeopex ABHXETCR ¢ NOCTORHHOR CKOPOCTBIO (1=const , TO CXOPOCTb KOH
TeHN M OyaeT ToXe NOCTORHHA, HO B ﬂ/(H—ho)ppas.doJ(unn. qeu) cxopoc?; -le.uosex:?

OGpaitigeM BHHMEHHE Ha TO, 4TO MPH. COCTAB/MEHHH YPaBHeHHR ABMIKEHHA H2Z0
H300paXATh ABHXYINCECH TEJO HAH MEXAHHIM (CM. 32284y 50) B NPou3NCABHOM NOA0~
acenuu. TonbKO TOrRa MBI MOAVYHM yDaSHEHHS, onpefe/fIOULHe NGI0KEHHE ABHKY-
uiefica TOMKH (HAH Teaa) B 10008 MOMEHT BpemenH,

Puc. 120 Pue. 121

3aasua 50. Onpeneants TPAREKTOPHIO, CKOPOCTH H YCKOpenne cepeaun M mary-
Ha KPHBOLIMNHO-NON3YHHOro Mexauuama (puc. 121), ecin OA=AB=2b, a yron @
DpH BPAlleHWH KPHBOLIMNA PACTET NPONOPUHOHANLHO BpeMens: ¢=wl.
Pewenue Hauninaem c onpenenenns ypasuennht asuxenus touxkn M. Ipo-
BOAA OCH ¥ O6OIHaHasi KOOPAHHATH TONKH M B NPOH3BOJIBHOM NIOJIOKEHHH Yeped X K ¥
HaxoAnN
x=2b cos ¢+b cos @, y="bsin .
3ametan @ ero 3naueHueM, NoaydaeM ypaBHeHHS ABHXEHHR TOWKH M:
x==3b cos wf, y=bsin ot
Jan onpepenenns TpaeKTOpHH TONKKH M NpeACTaBHM ypasHEMHA JBHXKCHHA B BAZS
5‘;— cos wl, ' -z- ==sln w!.
Bossozst 3TH paBeHCTBA HCU/EHHO B XBagpaT M CKAaANBAd, HOAYIHM
x? : ]
Stfim

H1ax, Tpaextopun Touxin M — saaunc ¢ noayocamu 3b n b,
Teneps 1o dpopmyasan (12) u (13) naxoanm cxopocTs Touxn M:

Uy == x = —3tw sin of, v, =g=>bocos wl;
v=wa9 sin? wf + cost wl.

CxopocTh OKa3nBReTCA BETHYHHOR nepeMeHHOR, MeHsiomeRca C TeueHHeM BPEMeEHH B
npefenax Ot Upmin==bw M0 Ugax=3bw.
Janee no dpopmysaam (14) onpesenseM npoekunH yckopenus rouxi Af:

a,==—3bw? cos i=—0, a,=-—bwl sin wi=—0’y;
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oTCI01a
.a=V o' (FF ) = o?r,
Tae 7 — QAMBA Paflyca-BeKTOpa, mposclenHoro 3 uewtpa O a0 Toukn M. Caens-

BaTeJIbHO, MOAYJ/Ib YCKOPDEHHA TOYKH MEHAETCA NPOMOPUHOHAJILHO €e PAaCCTOAHHIO
OT HEeHTpa 3JIJIKNCA.

JAns onpeneneHys HanmpaBiaeHHA a WnmeeM No popMytam (15):
cos ay=a,/a=—xlr, cos y=ay,/a=—ylr.

Orcrona, Tak ke Kak H B 3agade 48, HAXOAHM, 9TO yCKOPeHnHe Toukn M Bce Bpemst
Hanpasjeno BRoAb MO K UeHTpY saJiHnca.

§ 42. OCH ECTECTBEHROI'O TPEXTPAHHHKA.
YHCNIOBOE 3HAYEHHE CKOPOCTH

PaccMOTpuM, KaK BHYHCJASIOTCH CKOPOCTb H YCKODeHHe TOUKH NpH
ecTecTBeHHOM cnocole 3ajaHus ABHxeHHs (cM. § 37), T. e. KOrAa 3afaHLl
TPaeKTOPHA TOYKH M 3aKOH LBUKEHHA TOYKH BAOJb 3TOR TPAEKTOPHH B
BHie s=f({).

B 5ToM c/lyyae 3HaueHHs BEKTOPOB U M @ ONpefesiioT M0 MX Npoek-
IHAM He Ha OCH CHCTeMH orcuera Oxyz (Kak B § 40), a Ha NoABHXHBIE
ocH Minb, umeroite Hauano B ToUKe M H ABIKYyMIHECH BMecTe C Helo
(puc. 122). 3TH ocH, Ha3LIBaeMble OCAMU €CMECMBEHHO20 MPEXSPORRUKA
(MH. CKOPOCTHBIMH OCAMH), HanpaBJjeHH CJAeRyIOWHM o6pa3oM: OCb
Mt — no KacatenbHOR K TPaeKTOPHH B CTOPOHY MOJOXHTENBHOrO
OTCHeTa PacCTOAHHA §; 0Cb Mn — MO HOPMAJH K TPaeKTOPHH, Jexalleil
B CONPHKacaloulefics MIOCKOCTH H HanpaBJIeHHOil B CTOPOHY BOMHYTOCTH
TPaeKTOPHH; ocb Mb — neprneHgnuKyJsApHO K
nepBbIM IBYM TaK, uTo0bl OHa ofpasosaJjia ¢
HUMH npaByio cucreMy ocelt. Hopmans Mn, ne-
JKaWas B CONpHKAacalowelcs nJIOoCKoCTH (B
NJOCKOCTH caMOM KpHBOH, e€C/AH KpHBas
IJIOCKas), Ha3biBaeTCsl 24a8HOd HOpMAALIO, A
nepneHAHKyJsapHasA efi Hopmaas Mb — 6u-
HOPMANLIO.

CKopocTb TOYKH, HampaBJieHHas Mo Kaca-

TeAbHON K TpaeKTopHH (pHc. 122), onpenenser- Prc. 122
¢ B ocAX Mtnb TonbKO oaHONl NMpoeKuHedH U,
Ha.ocb Mx. [IpH 3TOoM vy=u-HAH U =-—v. C/IeR0BATENLHO, Uy HJIH COB-
najgaer ¢ MOAyJeM CKOPOCTH U, HIH OTJIHYAeTCH OT U TO/NBKO 3HAKOM.
YcnoBuMcs no3ToMy B RadbHefileM 0603Ha4aTh Uy TOXE CHMBOAOM U,
ONyCKasi MHAEKC T, H Ha3LBATb U YUCAOSHIM (HITH QA2E0PAUYECKUM) IHA-
ueHuem cxopocmu. Moysib CKOPOCTH BO BCeX CJy4asX, KoTha 3To He
MOXET Bhi3BaTb Hefopa3ymeHHf, 6yaeM Toxe o603HauaTh CHMBOJIOM U,
a KOrAa Hajo noaYepKHyTh, YTO pedb HAET O MOjyJie CKOPOCTH,— NpH-
MEHATbL CHMBOJM [v]. :

Hafizem 3uauenue v. Ecan 3a npomexyTok BpeMeHH At ToOuKa
COBEpIIHT BAOAL AYTH TPAeKTOPHH mNepeMewenne MM,=As (cum.
puc. -115), rae onHospeMeHHO As — npHpalieHHe KOOPAMHATH S, TO
YHCJIEHHO CpefHeil CKOPOCTHIO TOYKH 3a 3ITOT MPOMEXYTOK BpeMeHH
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6yner v.,==As/At u B npenene HafigeM, uTO
As ds -
J:Tol—t WIH U= =S, (17
TaxuM 06pa3oM, 4UCAG8Oe 3HAYEHUE CKOPOCMU MOHKU. 6 OaHHBILE MO-
MeHm apemeny pasno nepeotl npousgodnod om paccmofrus (kpusosunell-
nod Koopdunamst) S Mol MOYKU NO 8pemenu.
3HaveHHe U MOXKHO TaKXKe HaXOAWUTb KaK OTHOUIEHHe 3JIeMEeHTapPHOro
nepememeHust ds TOUKH K COOTBETCTBYIOLIEMY. IIPOMEXYTKY BpemeHH df.
Tak kax Bcerna d/>>0, To 3HaK v coBnagaer co 3HakoM ds. CnenoBaresib-
Ho, Korga v>>0, CKOpPOCTb HamnpaBieHa B CTOPOHY IOJIOMHTEJNLHOro
OTCYeTa PacCTOAHMA S, a KOorga v<<(0, — B NPOTHBONONOKHYIO CTOPOHY,
Takum o6pa3oM, BeJHYMHA U OJHOBPEMEHHO ONpENeNAeT H MOAYJb CKO-
pocTH, M CTOPOHY, KyJAa OHa HalnpabJ/ieHa.

§ 43. KACATEJIbHOE H HOPMAJIBHOE YCKOPEHHSA TOUYKH

B § 39 66110 ycTaHOBEHO, 9TO YCKOPEHHE @ TOYKH JIeXHT B CONPHKa-
caoweficsi JOCKOCTH, T. €. B MJocKocTH Mtn. CnenosatesbHO, NpoeK-

uHs BeKTopa a Ha 6uxopmans Mb pasHa ny/mo (a,=0). Hafinem npoex-
LHH @ Ha ABe ApyrHe ocH. [TpoexTHpys obe yacTh paBeHcTBa (10) Ha ocH

M~y ¥ Mn ¥ ofo3nauas cumBonaMy (du);  (dv), NpoeKUHH BexTopa dv
Ha ®TH OCH, MOJNYYHM:

a,=(dv)ydt, a,=(dv),/dt. (18)
Bextop dv npeacramsieT co6ofi pa3HOCTb Me)xny CKOPOCTAMH B ABYX

cocenHux Toukax M u M’ (puc. 123, a), T. e. du=v'—0. OrsioxkuM
BekToph v=MA u v'=MB or obuiero Hauana (puc. 123, 6); Toraa dv=

Puc. 123

=AB, a qurypy ACBD npu GeckoHedHO MajaoM yrie d@ MOXHO pac-
CMaTpHBaTh KaK MpAMOYTOJBHUK. Orciona (dv);=AC=DB=MB—
—MA=v'—v=dv, rae dv — 3neMeHTapHOE NPHpAUIEHHE YHCAOBOrO
3Ha4YeHHA ckopocTH. J[lanee, nocKOAbKY npefesl OTHOUIGHHA AYTH K
XOpAe paBeH enHHMUe, MOXHO AD paccMaTpuBaTh KaK 3JIeMEHTapHYIO
Ayry pammyca MA, pasmep KOTOpOR onpefessercss NpoH3BegeHHeM
paaHyca Ha ueHtpaiaeHuft yron. Toraa (dv),=AD=MA -dep=vde.
HoncraBnas Hafifennsle sHaveHus (dv); u (dv), B pasencrsa (18),

TIOVIY Y HM:
a;=dv/d¢, a,=vdy/dt. (19
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¥Yron Mexxay KacaTeJsHHMH K KPHBOft B JIBYX ee TOUKax Ha3uBaercs
yzaom cmexcrocmu, Toraa do — anememaguuﬁ yroa cmexHoctH. Ha-
noMHuM, 49ro orHowenue de Kk ds = MM’', onpexensier KpHBH3HY
KpHBOA B Touke M, a KpuBHU3HA R sIBAAETCH BENH4YHHOA, OOpaTHOR

pafiHycy KpHBH3HW p B 3TOfl TOuke, T. €.
do/ds=Fk=1/p. (20)

BBeneM 3Ty BeJquuuHy BO BTopoe u3 paBencts (19) m mpeofpasyem
ero, yura ewe paseHctBo (17), X BHOY

_,dpds__ 1 ot
a"_va-;d—‘—v-g-v—?;.

B pesyabraTe OKOHYAaTeNIbHO MOMYYHM:

v dis v3

a,=%;=a—,, a,=2, a,=0, (21)
TakuM 06pa3oM, MEl 10Ka3a/H, YTO NPOEKYUSR YCKOPEHUR MOUKU HA
KacameavbHyio pasia nepeold npoussodHol om 4ucA08020 3HAYEHUR CKO-
pocmu uau 6mopoll npou3sodHol om paccmoaruR (Kkpusoaunednod Koop-
Junamu) s no gpement, @ NPOEKYUR YCKOPEHUR HA 2AaBHYIO HOPMAAL
pasHa Kksadpamy ckopocmu, OeAeHHOMY HA paduyc KPUSUIHE MPALKMOpUL
6 dannoll mouxe xpugoll, MPOEKUMS YCKOpeHHs Ha GHHOpMaJjb DaBHa
HyJmo. OTO OfHa H3 BaXHHX TeOpeM KHHeMaTHKH. Beanuyuuu a; H

G, Ha3hiBAIOT KACAMEALHHIM W HOPMAAbHLIM YCKODEHHSIMH TOYKH.

Ipn psmienun Toukn M B offHOl NAOCKOCTH KacaresbHas MT nosopaunBaercs
BOKPYT OHuopMann Mb ¢ yraosofi ckopoctsio w=dg/df. Torma BTopoe H3 paBeHcTB
(19) naer emwe onHy, 4acTO HCNOABb3YEMYIO B HHXKeHepHOR npakTHke GopMyay Aasi
BLINHCAEHHA dy:

a,=ve. @r)

M3 nee crenyer, 4T0 HOpMAABHOE YCKOPEHHE PABHO MPOHIBEAEHHIO CKOPOCTH TOUKH HA
Yr/0ByI0 CKOPOCTb NMOBOPOTA KacaTeNbHON X -TPaeKTOpHH.

OraoxuM BIONMb KacatebHOR Mt u rnaBHoA HOpManu Mn BeKTODH!
¢ H G, T. €. KacaTeJIbHYIO H HOPMAJILHYIO COCTaBJAIOIIHE YCKOPEHHsA
(puc. 124). Ilpu stom co-
craBasiomas a, Gyaer Bcer-
Aa HanpasJieHa B. CTOPOHY
BOrHYTOCTH KPHBOfi, TaK KakK
Beerfa a,>>0, a cocrabasio-
mas a, MoXer OLTh Hanpas-
JcHa WIK B NOJIOXHUTEC/bHOM,
HIH B OTPHUATENHHOM Ha-
npaBieHud ocH Mt B 3aBH-
CHMOCTH OT 3HaKa NMpOEKLHH Puc. 124
a, (cm. pue. 124, g, 6).

BexTop yckopenus TOUKH ‘a wu3obpaxaercsi AMArOHaALIO Napan-
JielorpaMMa, TIOCTPOEHHOTO Ha COCTaBJSIOUWMX @ M @p. TaK Kak aTH

CoCTaBdsOIHe B3aHMHO uepneﬂnnxynﬁpﬂbl, TO MOAYJ/b BEKTOpa a
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H YTO J €ro OTKJOHERHsi OT HopMaan Mn onpexnenarcs ¢opMyaaMus

o=vaza= VG ()
tgu=_t, (22)

rie — n/2<p<<n/2; npu p>>0 BeKTOp a OTKJIOHeH OT HopMaau Mn
B cropoHy ocH Mv (puc. 124, a), a npu p<<0 >~ B BPOTHBONOJOKHYIO
cropony (puc. 124, 6).

Taxum oGpa3oM, ec/H ABHKeHHe TOYKH 3aJaHO €CTECTBEHHBIM CIOCo-
6oM, TO, 3Hasi TP2eKTOPHIO (a CAeNOBATENbHO, H ee PafHyC KPHBH3HLI
p B /moGof TOYKe) H 3aKOH KBHXKEHHS, T. €, 3aBHCHMOCTb s={ (), MOXHO
no ¢opmyaam (17) u (21), (22) onpepennts MoOAyNbL M HanpasJeHHe
BEKTOPOB CKOPOCTH H YCKOpDEeHHs TOYKH B Ji060H MOMEHT BpeMEHH.

§ 44. HEKOTOPBIE YACTHBLIE CJIYYAH ABUKXEHHA TOYKH

IMonb3yscy nonyveHHLIMH ~ pe3y/bTaTaMH, PacCMOTPHM HEKOTOpHE
YaCTHHIE CJIyuau JBHXKEHHA TOYKH.

l.LTMlpamMoannefinoe aBHXeHHe Ecaum tpaekropHeil
TOYKH fBJASETCA NpsMas JHHHA, TO p=oco. Torma a,=uv*p=0 H Bce
YCKOpPEHHe TOYKH DAaBHO OJHOMY TOJBKO KacaTe/IbHOMY YCKOpeHHO:

a=a,=dv/dt. (23)

Tak xak B NaHHOM CJlydae CKOPOCTb H3MEHSAETCH TOABLKO YHCJEHHO,
TO OTCIOAA 3aKJIOYaeM, YTO KACAmeAbHOe YCKOPeHUe Xxapaxmepusyern
U3MEHeHUE HUCA08020 3HAYEHUN CKOPOCHIL.

2. PaBHOMepHOe KPHUBOJHHEAHOE JBHXEHHE,
PaBHOMEpHLIM Ha3WBaeTCA TaKoe KPHBOAHHEAHOE NBHXEHHE TOYKH, B
KOTOPOM YHCJIOBOE 3HayeHHe CKOPOCTH BCe BpeMsl OCTaercsl MOCTOfH-
HeM: v=const. Toraa a;=dv/d{=0 u Bce yckopeHHe TOYKH PaBHO
OQHOMY TOJILKO HOPMAJbHOMY YCKOPEHHIO:

a=a,=uvYp. (24)

BexTop yckopeHHs a HanpaBJieH PH 3TOM BCE BPeMs 10 HOPMaiH K
TPaEKTOPHH TOYKH.

Tak Kak B JaHHOM Cly4ae YCKOpeHHe TMOABJAETCA TOJNBKO 33 CYeT
H3MEHEeHHS HanpaB/eHHs CKOPOCTH, TO OTCIOfA 3aKJiouaeM, YTO HOp-
MaALHOE YCKOPEHUE XAPAKMEPUSYem U3MEHenue CKOPOCIU no Hanpasie--
Huwo. :

Hafizem 3akon paBHOMEpHOro KpHBOJIHHeiHOro ABHXeHHs. U3 dop-
Myt (17) umeem ds=vdf. [1yctb B ‘HauasnbHHit MOMeHT BpeMend (f=0)
TOYKA HaXOIHTCS OT HayaJla OTCYeTa Ha PacCTOAHHH S,. Toraa, 6eps or
N1eBOfi M NpaBofi YacTefl paBeHCTBa ONpeje/eHHHE HHTerpajnl B COOT-
BeTCTBYIOIHX Mpeaenax, NONYyYHM
s t

S ds= S vd? unu s—s,=vt,

0

1)



rak Kak v=const. OKoHuaTe/ILHO HAXOAHM 338KOH PaBHOMEPHOI'O KPH-
BOJIMHeIHOrO JBH)KEHHSI TOYKH B BHAe

s=S§,+UtL. 7 (25)

Ecnunpasencme (25) nonoxutsb s,=0, TO s RacT nyTh, npoAseHHuk
TOYKOR 3a Bpems f. CnenonaTe.ano,,npn paBHOMEDHOM ABHXEHHH
nyTh, NPoORJAEHHHA TOYKOM, pacreT NPONOPLUHOHANILHO BpPEMEHH, a
CKOPOCTb TOYKH paBHa OTHOWEHHIO TIYTH KO BPEMEHH:

s=vt, v=s/t. (25"

3. PaBHoMepHOe npaAaMoaAHHefiHOe IBHXKEeHHE
B stom cayuae a,=a,=0, a 3nauur, 1 a=0. 3amerum, uto eduncmsen-
HOIM OUIeHUeM, 8 KOMOPOM YCKOPeHUe MONKU 6CE 8PeMA PABHO HYAMO,
ABAREMCA PABHOMEPHOE NPAMOAUHelinoe Osuenue.

4. PapRonepemeHHOe KpHBOAHHeRHOe aBW
X e H H e. PaBHonepeMeHHLIM Ha3LIBaeTCA TaKoe KPHBOMHHellHOe ABH-
XeHHe TOYKH, TNPH KOTOPOM KacaTe/bHO® YCKOPEHHe OCTaeTCsi BCe
BpeMs NOCTOAHHLIM: a,=const. HalieM 3aKoH 3TOro NBHKeHHs, CHHTaA,
4o npH £==0 s==so, a U==vy, Tlie U, — Ha4ya/AbHafA CKOPOCTb TOUKH. Co-
raacHo fepsod u3 dopmya (21) dv=a.dt. Tak kxak a.==const, To, Gepa
OT ofenx yacTefl NOCAENHEr0 paBeHCTBA MHTErpaisl B COOTBETCTBYIOLIHX
npenenax, NoaAy4HM

v=v,+a,t. (26)
®opmyny (26) npeacraBuM B BHAe
ds/dt=v,+a,t nan ds=v,df+a.ldt.

Bropnuso uHTerpupys, HafiieM 3aKoH DaBHONepeMeHHOro KPHBOJH-
HellHOro ABHXEHHS TOYKH

s=s,Fuvot+a.f*/2. 27

IMpu 3TOM CKOPOCTb TOuUKH onpenensercss dopmynoh (26).
Ecan npu kpuBosivHefiHOM ABHXEHHH TOYKH MOAYJb CKOPOCTH BO3-
pactaer, TO ABHKEHHEe HA3BIBAETCS YCKOpeHHbiM, A ecH yOuBaer,—
aennbin. Tak Kak H3IMeHeHHe MOAY/A CKOPOCTH XapaKTepHayercs

a9 7 6)

Q)

Ml 0 M Ma

b} A A z

<

Puc. 125 Prc. 126

RacaTe/lbHLIM YCKOpPeHHeM, TO ABHIKeHHe GyJeT YCKOpeHHKIM, eclH Be-
JHYHHEL U H @y MMEIOT OMHAKOBhE 3HAaKH (Yroa Mexay BEKTOpaMH ©
H a oCTPHA, puc. 125, @), ¥ 3aMeneHHIM, eCH pa3Hbie (YToN Mexay
v 4 a tyno#t, puc. 125, 6)

B yacTHocTH, NpH paBHOMepeMel HOM NBHXKEHHH, €ClH B paBeHcTBe



(26) v 1 a, ¥UMeIOT ONUHAKOBEIE 3HAKH, JBHKEHUE GYAET PABHOYCKOpeH=
HOM, @& €CJIH DasHbe 3HAKH,— DABHO3AMEJACHHLIM.

dopmyan (25) — (27) onpeaensiiOT TaKXKe 3aKOHH PaBHOMEPHOro
HAH PaBHONEPEMEHHOro MNPAMONHHEAHOTO JABHXEHHA TOYKH, €CiH
cuHTath S=x. [Ipu 3TOM B paBencTBax (26) u (27) a,=a, rae a — 4HC-
JIOBOE 3HaueHHe YCKOPEHHs NAaHHOM TOYKH [cM. dopmyay (23)].

5, TapmMmoHuuecKHe KoJaebaHus PaccMoTpaM nps-
MOJIHHeRHOe JBH)XKEeHHe TOYKH, NDH KOTOPOM ee PacCTOsfiHHE X OT Hadasa
KoopAuHaT O H3MeHsIeTCs CO BpeMeHeM 110 3aKOHY

x=A cos kf, (28)

rae A H R — NOCTOSHHEIE BeJIHYHHBI.

Touka M (puc. 126) coBepiuaer nmpH 3TOM IBHXKEHHH KoJeGaHMA
MEXNy nonioxeHusaMu M, (4-A) u M, (—A). Konebauus, npoHCX oS ke
no 3akoHy (28), urpaior 60Jbiyio poab B TexHHKe. OHH Ha3HBalOTCA
NPOCTHIMH 2APMOHUYECKUMI KoAebanuamu. Benuunna A, paBHas Hau-
6GonbleMy OTKJOHEHHIO TOYKH OT LieHTpa KoneGaHuit O, HasblBaeTcs
amnaumyood  KoseGaHuil.

Jlerko BHIeTb, YTO, HaYHHAS ABHXeHHe B MOMeHT {=0 K3 NoJoxeHHd
M,, TouKa BHOBb LPHJET B 3TO NMOJOXEHHE B MOMEHT BpPeMEHHK fy, AJIA
Koroporo cos ki, =1, T.e. kt,;=2mn.

ITpomexyTok Bpemenn T={,=2n/k, B TeueHHe KOTOPOro TOUKA
COBepILaeT OHO MOJIHOE KoJleGaHHe, Ha3HBaeTCA nepuodom KoneGaHHH.

Beps npounsBogHee oT x no f, HaifijeM.3HaYeHHs CKOPOCTH H YCKO-
PEHHA TOYKH:

v=v,=—Aksinkf, a=a,~—Akscoskt, 29)

ChregoBaTe/IbHO, B 3TOM ABHXEHHH H CKOPOCTb, H YCKODEHHE TOUKH
H3MEHSIIOTCA C TeYeHHeM BPEeMEHH MO rapMoHudYecKoMy 3axony. [lo
3HaKaM U H @ JIerKo NpPOBEPHTh, YTO KOTAA TOYKa ABHMKETCH K LIEHTPY
KoseGaHHA, ee ABHKEHHe ABJSETCST YCKOPEHHBIM, a KOrja OT LEHTpa
xoJie6aHuil,— 3aMesIeHHbIM. - :

AHanornunnle KoneGaHHs MPOHCXONAT M NpH 3aKoHe x=Asinkf,
TOJIbKO ABHXKEHHe B 3TOM CJyyae HauHHaercst U3 ueHrpa O.

lapyonnveckne KoseGaHHs MO 3aKOHY s=Acoskt (unn s=A sinkl)
TOYKAa MOMET COBepILaTh, ABHrasichb BAOJb JI060# KPHBOH (CM., HaNmpH-
mep, B § 46 3anauy 51). Bce cka3anHoe 0 xapakTepe ABHKEHHS NpPH
STOM COXPAHHTCH C TOH JIHIIb pasHHUeH, 4To nocnefHsAs H3 dopmya
(29) Gy xzer onpenensTh KacaTeIbHOE YCKOPEHHE TOYKH; KPOME HEr0 TOUKa
GyZer eme HMeTb HOPMaJIbHOE 'YCKOPEHHE a,=u%/p,

§ 45. TPA®HKH ABH)XEHUSA, CKOPOCTH
M YCKOPEHHUA TOUYKH

Ecnn B cOOTBETCTBYIOIMX MaclTa6ax OTKAAIbIBAaTh BIOMb OCH a6c-
IHCC BpeMs £, a BAOJIb OCH OPAMHAT — PAcCTOSIHHE S, TO NOCTPOSHHAS B
STHX OCAX KpHBas s=[(f) Gymer H3o6paxaTb zpajuk paccmosxud,
KM 2paguk deuxenusn ToukH. [1o 3ToMy rpaduky HarisgHO BHIHO, Kak
H3MEHAETCA MOJIOXKEeHHe TOYKH (€€ KOOPJHHATA ) C TeUeHHEM BPeMeHH,
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AHanOT'HYHO, B COOTBETCTBYIOULHX Maciutabax MoryT ObiTh IOCTpOe-
HH KPHBbie, JAIOLIHE 3aBHCHMOCTb U(t) — epaguk ckopocmu u a.(f),
a, (f), a(t) — epaguru racamearsHo20, HOPMAAIBHOZO U NOAHOZO YCKOpe-
nuil.

Ha puc. 127, a, 6, ¢ cBepxy noka3sansi rpaguku ABUKeHHH, onpe-
JeNsieMbIX COOTBETCTBEHHO ypaBHeHMsiMH (25), (27) u (28). Huxke Ha
TeX e PHCYHKax M306pakeHbl A1 3THX ABHKEeHHH rpadHKH CKopocTeit
H rpadukM KacaTeJIbHBHIX YCKODeHHH,

aj d)
N s
|
/ :
Sq 5 i
0 : 0 It
v |
Up
0 : 0 :
ar ar
|
!
0 t 0 t
Puc. 127

Tpadur paBHOMepHOro IBHKeHMsi H306parkaercs, KaK MHl BHIMM,
NIpAMON JIHHHelt, HanpapJIeHHOIl NOJ YIJIOM K ocH a6enHce, rpadHk CKo-
POCTH B 3TOM CJlyyae — MNpsAMOil, napaJienbHoil ocd abenuce (v=const),
a rpadMK KacaTeJIbHOrO YCKOPeHHsi — npsiMoli, coBriafiaioiel ¢ oCbio
abenuce (a;=0). Ilas paBHONEpeMeHHOro ABMXKeHHUs (B H306parKeHHOM
Ha puc. 127, 6 cnyyae — yckopeHHoro) rpadHK ABHKeHHsI H300pa-
KaeTcs BeTBhi0 NMapaGoibl, rpadHK CKOPOCTH — MPAMOR, HampabJieH-
HOH TNOA YrJIOM K OCH aGCuHcC, a rpaduK KacaTeqbHOrO YCKOpPEHHA —
npsaMofi, napanienbHoit ocH abeuuuc (a.==const). Hakonen, mns rap-
MOHHYECKUX KoseGanwuit (puc. 127, ) cooTsercTByIOUHe IpaduKH H300-
PaXaloTCsl KOCHHYCOMJAMHM WM CHHYCOHIAMH.

I'paduk nBHKEHHS He CJeAyeT CMElIHBaTh C TPAeKTOpHeH, KoTropas
BO BCeX PacCMOTPEHHHX CJydasfx XOMKHA ObITb 3ajaHa JONOJHHTENBHO.

I'paduku HOpMaAbHOrO M MOMHOrO ycKOpeHHi Ha puc. 127 He noka-
3aHBl, TaK KaK g, H @ KpoMe 3aKOHA JBHXKEHHS 3aBHCHT eille OT p, T. €.
OT BHAA TPAGKTOPHH, H NPH OLHOM H TOM e 3aKoHe s=f(f) OYAyT AJs
pa3sHbIX TPaeKTOPHH Ppa3HLIMH,
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§ 46. PEUIEHHE 3AAY

Kak y»e yka3biBanoch, A5 pellieHHs 3a1a9 KHHEMAaTHKH Hago 3HaTh
3aKOH JBHXKeHHS TOMKH. Ec/IH ABHKeHHe 3a]aHO eCTeCTBEHHWM CroCO-
60M (naHa TPaeKTOPHA H 3aKOH IBHXEHHA BAOJb TPAEKTOPHH), TO BCe
XapaKTePHCTHKH ABHXKEHHS (CKOPOCTb, KacaTesbHOe, HOpMajbHoe H
NONHOE "YCKOPEHHe) onpeieasiorc no ¢GopMyJaaM, NOAYYEHHHM B
§ 42—44. Stumi dopmynaMH MOXHO, KOHEYHO, MONb30OBATHCA H KOrAa
ABHXKEHHe 3aJjaHO APYTHM CriocoG6oM.

[Moxaxem, Kak MOXHO HAATH KacaTebHOR I HOPMAAbIOE YCKOPEHHS TOYKH, XOraa
ABHXEHHEe 381aHO KOOPAHHATHBIM criocofoM, HanpHMmep, ypasHeHHAMH (4). [Las storo
no gopmyaam (12) — (15) naxogum v & a. ijm NPOK3BOAHYIO NO BpeMEHH OT Hafiaeu-
HOR CKOPOCTH U, MOXKHO onpene.nms a, =dy/dt. Ho o6uuHO 31O npolne aenats HHave,

Bosemem paneHcTso V=gl vy H nponu(m’epenunpyeu ofe ero 4acTH 1o f; nony4mm
2w—2v,v,+2v,v,. Orclona, yuutusas pasenctsa (l4’) u 710, 41O v=a v HAXOANM

OKOHYATENbHO
= f"f"_'*ﬂ';".). @0)
v

T

Teneps, snan at a, pnpenenseM a, U3 paBexcTsa a¥= a3+-a}. Onnospemenno Mox-
KO HARTH paaMyC KPHBH3HM TPACKTODHH P K3 GOPMyAH a,=v*/p. [Ipumep Takux pac-
4eToB AaH B 3ajave 53.

3aasua 51. [lpu He6OABIIMX YrAaX OTKNOHEHHR TPY3 MAaRTHHKA (puc. 128) xmn-
JETCH NO OKPYMKHOCTH paanyca ! no 3axony s=A sin k¢ (Hayano orcuera B Touke O,

A # k — noctosuuue Beauynnsl). Hafttu cxopocts,

KacaTebHO® H HOPMA/bHOE YCKODPEHHA Ipysa H Te
NONOMEHHA, B KOTOPHX ITH BEAHUHHH 06painaoTcs
B HyAb.

Pewenne [Moavaynacs cooTsercTBylomuMa
dopMyaami, Haxoaum:

vums= Ak cos b; a = v=—AR? sin kt;
a, = v}/l = (A%Y/]) cos? kL.

8,
Oy H3 3axofia ABHxeHHM caenyeT, 4TO rpys co-
~ot M BEpIIAET BIONL TRACKTOPHH TapMONHYeCKHe Kose-
Puc. 128 Gauun ¢ ayrosoft aunnmynoﬁ A. B xpaftnux no-
) NOMEHHAX (B TOYKAX K By) sin kt= 41, a cae-
ROBATENbHO, €08 RE==0. ﬁommy B TOYKAX B, 18,
CKOPOCTb 1 HOPMAALHOE YCKOpeHHe o0paIaoTCa B HYJb; xacamsuoe Xe yckopenue
HMeeT 30ech HaHGOAbIee NO MORYJIO Suauenme a - == Ak?
Koraa rpgs NPKXOAHT B Hauaso orcyera O, TO s—o B, c.nenouamsno. sin k=0,
a cos kf=1 STOM TOJIOMEHHH a'=0. a U H a, HMEIOT MaKCHMalbHbie 3HAYEHHA:
Umax=AR, 8, max==A%%Y/I.
Ha nannoro nprmepa suAHO, HTO NPH KPHBOAHHEAHOM HepaBHOMEDPHOM ABHXEHHI
B OTAC/ILHLIX TOYKAX TPAEKTOPHH G HAM a; MOTYT 0SpaaTLCA B HYAH. [TpH sTOM 8,=0
B Tex TouXax, raedv/di=0, 1. e. rau HAMPHMep, Tae U HMeeT MAXCHMYM HAH Mununyu.
a a,=0 B Tex TO4KXax, rge v=0 (xax B HalueM cayvae) Hau rae p= oo (TOuKa neperuGa
-rpaenopnn)
A 52. [lepexoa oT XoopAHHATHOTO cNoco6a sajga-
HHA ZBHXKEHHA K eCTECTBEHHOMY, [Bixkenne Toukn M 3anano s ge-
KBPTOBNX KOOPAHHATAX YDPABHEHHRMH:

xR cos (ef%/2), y=R sin (et%/2), (2)

rae R R & — MOCTOMHANE NOTOMHTEALHEE BEAHUHHE, HMEIOMAE PAIMEPHOCTH: R —
AJNKHL, 8 — yraosoro yckopeuus (cM, §49),
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TNMepefiTh x ecrecTBeHHOMY CcOCOSY 3ajaBHS ABHMKEHHS, T. e. OnpefieJIuTs TPa-
€KTODHIO ¥ 3aKOH ABHXXEHHS TOYKM BJOJb TPaeKTOpitH B BHAe s=f(f). HaAtn Taxxe
cxopgc-rb H ycxopegne TOYKH.

eureH we Bossens xaxinoe H3 ypaeHenuft (a) NouseHHO B KBaZpaT H 3aTeM
CNOXHB HX, NoAyunM x3+y?=R?3. CarexnosatenbHo, TpaeKTopHelt TOUKH ag.nﬂercn OK-
PyXHOCTb paaHyca R c ueHTpoM B nauae koopaunar. M3 ypaeuenufi (a) BHAHO,
yT0 pH {=0 x=R, y=0, T. e. Touka M HaxoauTCa Ha ock Ox. [Ipumem sT0 MONONKEHHE
M, 33 Havano orcueta O' pacctosnus s; Torza npn £=0 s=0. Koraa >0 Y HauHHaer
BO3pAcTaTh, & X — YOHBaTh, T. €. TOYKA HAUHHAET ABHrATHCA NO HANPABJIEHHIO K OCH
Oy; nphmeM 9TO HanpaBJelHte 33 NONOKHTEALHOE HAMPABJIEHHE OTCHETA PACCTOAHHS S.

f OnpejesieHHs 3aBHCHMOCTH s=f(f) Halnem Bhipaxenne ds. Kax uasectHO,
ﬁigx_‘-gdy’. a dx=xd?, dy=ydt. Torma ds=} x34y*df, ¥ DOCKOABKY mnpH

.

4
s=(Varpu ©
0

Ws ypasmenn®t (a) maxommm x=—Rel sin (ef%/2), y=Ret cos (e}'?) u x3-y*=
=R%22 [loacTasnas 910 BupaXKeHHe B PaBeHCTBO (6) B BHHOCR NOCTOAHHNA MHOMXH-~
Tenb 3a SHAK MHTerpaja, NOJYYHM

]
s=Re S tdt nmu s= Rer%/2, (®)
0

Taxuu 06pasoM, TOGKa ABHMETCH N0 OKPYXKHOCTH paauyca R no sakoHy s=Ref/2.
CxopocTb TOMKH

V== s. = Rel (l’)
B pacTer NpONOPLUHOHANBLEO Bpemenn. [lasee Haxomum
a_=v=Re, a,=v*R=Re*, (@

Tax xax a,=const n sHaKH v H a  COBNAZAIOT (v>0 n a.>0), T0 ABHAKEHHE TOUKH

SBJAAIETCA PABHOYCKOPeHHHM (cM. § 44, n. 4).
Hakouen, no ¢opmyaam (22) naxoaum

a= ReY T+ es, tgu=1/n, ©
Kax Buzam, npr =0 a=a,=Re (a,=0) u p=11/2. 3ateN cO BpeMeHeM BeJHHHA @

PECTET, @ YIOAJL MeXAy BEKTOPOM d H PAAHYCOM OKPYXHOCTH ' yOLBaeT, CTPeMAch
K HYNO.-

3azawa 53. Touka, NoayuHB HanpaBJeHHYI0 FOPH3OHTANbLHO CKOPOCTb, ABHIKET-
€A N0 3aKOHY, ONPEAENAEMOMY YPABHEHHAMM:

x=ut, y=gi*/2,
Ife Up A g — Hexorophie NOCTOSHHME.

Hafm! TpaeXTOpHIO, CKOPOCTL H YCKOpeHHe TOUKH, a TaKKe ee KacaTelbnoe H HOP-
MaJbHOR YCKOPEHHA M PaiHyC KPHBH3HH TPAEKTODHH B JIOGOM MOJIOKEHHH, BHpasua
HX uepe3 CKOpOCTb B 3TOM NOMOXXEHHH.

Pemenne Onperenss K3 nepsoro ypapwenua ! M NOACTaBAAR BO BTOPOe,
HoayqHM :
£ .3
==X
. y 203 *
Tpaexropnst TOUKH — napabona (puc. 129).
Jubdepesunpys ypabHeHHs LBHXEHHA NO BpeMeRH, nafinens

Ve=X=0p Uy=y=gl, (o)

orxyaa
o=V i tg' (©
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Taxuu o6pasom, B HavanbHKA MoMeHT BpeMeHH (§=0) cXOpPOCTb TOUKH U=0y, & 3aTeM
€ TedYeHHeM BDEMEHH CKOPOCTb HeNpepLBHO BO3pacTaer.
Hafiaem ycxopenne 1oukn. I[To cooTBeTcTBYOIHM HOPMYAAM HMeeM:

ae=x=0, ay=y=¢g. (8)

Caenosarenbio, YCKOpPeHHEe TOMKH
a=g. ()
B aalnOM cTy9ae TOuXa RBHIKETCA C NOCTOARNHEIM 1O MORYJIO H HANDABACHHIO YC~
KOpeHHeM, napateabBHM OcR Oy (3T0 yCRopeHHe CHAM TAXecTH). OGpamaem BHRMa-

HHE Ha TO, YTO XOTA 3/iech a= const, ABUKeHHe TOYKH He ABJAAeTCH paBHONEpeMeHH bIM,
TaK KaK yCJOBHEM DaBHONEpEeMEHHOro ABHXXEHHA ABJAETCHA He a=const, a a‘=const.

0 B STOM e ABHKEHHH, KaK MH cefinac YBHAHM, @  He nocTo-

AAHHO.
s onpenenenusn a, Bocnosbsyemcs Gpopnyaok (30). Ioa-

CTABJIAA B Hee 3HAUEHHA COOTBETCTBYIOUIHX BeAHYHH H3 pa-
BeHCTB (a) B (B), MOAYYHM

a,=g't/v.
Ho ms pasenctsa (6) v*=v'-g** n, cregosarenso,

t=0/g) Vo—a.

Yy DOMannﬁa 5TO SHauenye f, BHPasHM a_ uepes CKOPOCTh 03
Puc. 129 ’ —_—
a‘ =g Vl _— vg/v'- w

Orciona crenyet, UTO B HAYAJbLHEA MOMEHT BpEeMERH, KOrAA v=0y, 8,=0. 3atex,
€ yseqHueHHeM U SHauUeHHe g, pacTeT H NPH v-»00 g —+g; CJAEJOBATENLHO, B lpepese
BE/HYHHA KSCATENBHOrO YCKOPEHHs! CTPEMHTCH K NOJHOMY YCKOPEHHIO g,

JIA% HAXOXACHHA a, 0OPATHMCA X 3aBHCHMocTH ad=al+a}. Orcioza

o =" — o} =g* — g* (1 —ol/v®) = gol/o?

a, ="Uyg/v. (C)]

Taxnm o6pasod, » HavaAbHHA MOMEHT BpeMeHH (0=0,) a,=g, & SaTeN ¢ yBeaHde-
HHeM U 3HauenHe d, yOuBaeT, CTpeMsch B Npefene K HYJMO.
JAns HaxoXReHHA pajMyca KDHBH3HH TPaeKTOPHH BOCHO/b3yeMcs Gopmyaol
ay=0v'/p, omxysa
p=t%a,=v*vg.

B HanasbHbLIA MOMEHT BDEMEHH PaZiHYC KPHBHIRH HMEET HANMENbIICe SHATEHHE Pryin™e

==0u}/g, a 3aTeN C yBeMUEHHEM U PATHYC KPHBHIHK PACTeT H, C/eA0BATEbHO, KPHBUIRE
TPaexTopHu- ymenbwiaercs. [IpH v—+o00 p—+0o, 4 KPHBHSHA CTPEMHICA K HY/IO,

§ 47*. CKOPOCTb H YCKOPEHHE TOYKH
B NOJIAPHBIX KOOPAHHATAX

Korza Touka aBHKeTcA Bce BpeMst B OQHOR B TOR e MJIOCKOCTH, ee
NOJIOXKEH}E MOXKHO -ONpenefATh NONAPHHMH KOOPAHHATAMH r H @
(puc. 130). ITpH RBHXKEHHH TOUKM STH KOOPIHHATH C TeUeHHeM BpeMeHH
naMensiorcsi. CiienoBaTesibHO, 3aKOH ABHMXKEHHMA TOYKH B NO/IAPHHIX
KOOpAHHATaX OYAeT 3aaBaThCA YpPaBHEHHSMH:

r=fy(t), @=ft). (31)
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CKopocTb TOYKH WHC/EHHO paBHa ds/df, T. e. OTHOMEHHIO SJeMeH-
TapHOro nepemellteHHsa ds K npoMexkyTKy Bpemets df. B nannom cayqae
nepemeinieHHe ds reOMETPHYECKH CJIAraeTcst H3 PaauaNbHOro nepemeine-
HHA, YHC/ICHHO PABHOTO dr, H NONEPeYHOro NnepeMellleH s, NepreHIHKy-
JaspHoro papMycy OM H YHC/IeHHO paBHOro

r-de. CrrenoBatesibHO, CaMa CKOpoCTb v Gyner y 4

TeOMETPHYECKH CJIaraThCsl M3 paivaibHON -

CKOPOCTH U, H [ONepeuyHofi CKOPOCTH Uy, Vy

QHC/IEHHO DaBHLIX as
dr rde 7.
dt=" v,—rT—rQ (32) do M ar

r
Tak KaK U, ¥ Up B3aHMHO MepleHaHKYy- {4
BADHH, TO MO MOAYJIO 0 e, 130 T

v=VET o=y r4re. (3
®opmymet (32) 1 (33) onpenensioT CKOPOCTb TOYKH B NONAPHHX KO-
OpAHHATAX MNpH ' JIOCKOM JBUAKEHHH.
" Pasencreo (33) MOXHO elte MONYYHTL, BHPA3HB Yepe3 7 H ¢ AKaPTOBN KOOPAHMS-
Tl TOukK B BHAe (prc. 130):
x=rcos @, y=rsin @,
Toraa x=r cos p—r@ sin @, y=r sin ¢-+r cos ¢ K no dopmyae (13)
o=V B3 p=V Pirg.

TaKHM JKe TyTeM, BHUKCIHB X H i, MOXHO N0 GopMyae (15) Kafttn BHpamenKe ann
YCKOPERHS TOMKH B DOAAPHEX KOOPAMHATAX

a=V F—rgW+ (9 +2r o) @9

Tpu 9TOM BENHUYHHA, CTOALIAN MOA 3HAKOM PARMKAJa B MepBux cxobKax, PasHa a,,
# BO BTOPHX CKOOKax paBHa ag

Taapa X

NOCTYNATEJIbHOE H BPAIATEJIbHOE JBH)XEHHSA
TBEPAOI'O TEJA

§ 48. MOCTYNATEJLHOE ABRH)XEHHE

B KHHeMaTHKe, KaK H B CTaTHKe, 6yJeM paccMaTpHBaTh BCE TBepLIe
TeNna KaKk a6coMoTio TBepabie. 3aauH KHHEMaTHKH TBEPAOro Tesa pac-
najaiTcsd Ha ABe 4acTH:

1) saganne ABMMEHHR H ONpefesieHHe KHHEMATHYECKHX Xapaxre-
PHCTHK HBHXKEHHA Tella B LeJOM; 2) ofipefesieHHe KHHEMATHYECKHX
XapaKTeQHCTHK [BHKeHHS OTAEJbHHX TOYeK Tena.

Hauneum ¢ paccMoTpenns NoCTynaTe/IbHOro ABHXEHHS TBEPAOro Tena.

ITocmynameaoHroim HASe80eMCR maxoe Oeuscerue meepdo20 meaa,
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npu KOmMopos 4106as NPAMAL, NPOGEOEHHAR 8 SMOM MmeAe, nepesewaemcs,
0CMAsancht NAPANAEAbHOL CB0EMY HAYANGHOMY HANPABACHUIO.

IlocrynatenbHoe nBH:KeHHEe He CJeAYeT CMElIHBAThb C NPAMOJMUHEN-
HuM. TIpH noctynarenbHOM ABHIKEHHK Tesa TPAEKTOPHH €ro TOYEK MO-

_FYT ObITb J/MOOLIMH KPHBHIMH JHHHAMH. [IpHBenem mpHMepH.

1. Ky3os aBTOMOGH/IA Ha NPAMOM FOPHU3OHTAJNLHOM YHacTKe ZOPOrH
ABHXKeTCA nocTynatenbHo. [1pit aToM TpaexTopHH ero Toyek 6yayT nps-
MBEIMH JIHHHAMH, .

2. Cnapuuk AB (puc. 131) npu Bpawmenuu kpusowmunos 0,4 # 0,8
(0,A=0,B) Taxxe jABmXKercsl nocrynateinHo (MoGas npoBeleHHas B
HeM MNpsaAMas OCTaeTcs MNapa/fie/bHON ee HAavyaJbHOMY Hanpas/eHHIO).
To4kH cnapsHKa ABHXKYTCA NPH 3TOM [0.OKDPYXHOCTSIM.

222777, &

Puc. 131 Puc. 132

CpofictBa NOCTYNATeJILHOTO NBHMEHHS ONPENessioTca CRelyiomest.
TEOPEMOR: P NOCMYNAmeabHom G8UNCEHUL 8CE MONKIL MEAG ONUCHBAIM
odutaxoswe (npu HAA0NERUL COBNAdAIOWte) MPAEKMOPUL U UMEOM 8
Kanc Ol MOMEHM 8PEMEHU OOURAKOBHIE NO MOOYAI0 U HANPABACHUIO CKO-
pocmu U YcKoperus.

Ina noKka3aTenbCcTBA PacCMOTPHM TBeDAOE TesIO, COBeplIaloliee Mno-
cTynateabHoe IBHXEHHE OTHOCHTE/bHO CHCTeMb oTcyera Oxyz. BosbmeM
B Tejle ABe NPOH3BOJbHbIE TOUKH A H B, NONOXKEHHSA KOTOPHIX B MOMEHT
BpeMeHH [ OnpenesIAlOTCA PanHycaMH-BEKTOPaMH r, H rp (pHc. 132);
nposeneM Bextop AB, coeguHsioutuit 3t ToYKH. Torza

;B = ’TA + A—B. (35)

Ilpu sToM nnuna AB nocTosiHHA, KaK PacCTOSHHE MeXAY TOUKaMH
TBEPIOro Tefa, a HanpasieHne AB ocraeTcs HeH3MEHHWIM, TaK Kak
Teslo ABHXerc nocrynarenasHo. Takum o6pasom, Bektop AB Bo Bce

BpeNs JBHXeHHS Tesa octaercl nocrosHHuM (A B=const). Beneacraue
9TOro, Kak BHAHO H3 papeHcTBa (35) (H HeMOCPEACTBEHHO H3 YepTeXxa),
TPaeKTOPHS TOUKH B noAyuaercd u3 TPAaeKTOPHH TOYKH A napanjenn-
HHM CMeiReHHeM BCeX ee TOUeK Ha NocTosHHHM Bektop AB. Cnegosa-
Te/NbHO, TPaeKTOpHH ToweK A M B GyayT AeficTBUTENBHO OHHAKOBHIMH
(MpH HRJOXEHHH COBMAJAIOUW[HMH) KPHBHIMH.

Jlns naxoxnaeHus ckopocrefi Touek A u B npoxuddepeniupyem o6e
9acTH papeHcrsa (35) mo Bpemend. ITosmyuum

drg/dt =dr /dt +d (AB)/dt.
Hs



Ho npoussoanas or nocrognuoro Bekropa AB pasna wymo. Ilpo-

43BOZHBIE XKe OT BEKTOPOB 74 M rg N0 BPeMeHH JalOT CKOPOCTH TO4YeK
A 1 B. B pesyabrare Haxoaum, uTo

v,‘ = UB,

[, €..9T0 CKOpOCTH Touek A M B Tena B MoGofi MOMEHT BpeMeHH ofH-
HaKOBB! H NO MOAYJIO, i N0 Hanpas/eHHio. beps or oGenx yactelt noay-
JEHHOTO PaBeHCTBA MPOH3BOAHBIE O BPeMeHH, Haiizem:

duy/di =dvg/dt naM a,=ay

CneposatensHO, yckopeHUs Todek A U B Tenma B moboii MOMEHT
BPEMEHH TOXE OJHHAKOBH 11O MOAYJIIO H HAllPaBJICHHIO.

Tax xax To9ku 4 u B Ol BRIGpaHLI MPOH3BOJILHO, TO U3 HaiileH-
ILIX PE3YJNLTATOB CHEAYET, YTO Y BCEX TOYCK TENAa MX TPAEKTOPUH, 2
rak)Kke CKOpPOCTH M yCKope-
HHA B /M0G0 MOMEHT BpeMe-
HH 6y AyT oanHaKoBul. Takum
06pa3oM, TeopeMa ROKa3aHa.

CKOpPOCTH H YCKOpEHHS
foyeK ABHXKYUlerocs Tena
06Pa3yoT BEKTOPHbIE NOAA —
1ofe  CKOpOCTed M mone Pre. 133
yCKOPeHHt ToueK Tena.

M3 n0Ka3aHHOro c/efyeT, 4TO NOAA CKOPOCTel H YCKOpeHHA ToueK
refla, ABHXKYLIErocs NOCTynaTeqabHO, GyAyT oaHopoaHbiMu (puc. 133),
10 BOOGLIE He CTAUHOHADHLIMH, T. €, H3MeHSIOUIHMHCA BO BPeMeHH (Cu
y 32). L

M3 TeopeMH caeayeT Takke, 4TO NOCTYynaTeNbHOe ABHKEHHE TBep-
I0TO Tena BIIOJIHE OlpeaesifneTca ABHXKeNHeM KaKOR-HnOyab oRHORA ero
roukd. CrieqoBaTeNlbHO, H3yueHHe NOCTYNaTeNbHOro ABHKEHUS Tesa
CBOAKTCR K 3ajaye KHHEMATHKH TOYKH, HaMil yxe pacCMOTpeHHOR. .

IMpu nocrynartenbHoM ABHMEHHH OGIULYIO AAA BCeX TOMEK Teda CKO-
DOCTb U Ha3LIBAIOT CKOPOCMbIO MOCMYNAmMEAbHO20 JBUNCEMUR Tend, a
YCKOPEHHE a — YCKOpexuem nocmynameavnozo dsuxenus tena. Bex-

[OPH ¢ ¥ @ MOXHO H306paxaTh NPHAOKEHHBIMH X MOCOK TOuKe Tena,

3aMeTisM, UTO NOHATHA O CKOPOCTH M YCKOPEHHH Tesla HMeIoT CMBIC
MOAGKO Npu nocmynameasHom dguxcenuu. Bo Beex ocTasNbHEX CAyudasx
FOYKH Tesla, KaK Mbl YBHIHM, ABHXKYTCA C Pa3HBIMH CKOPOCTAMH I
YCKOPEHHAMH, ¥ TEPMHHB ¢CKOPOCTb TeJsa» M/ ¢«yCKOpeHHe Telar AaAs
)THX ABMKeHM{I TepsIOT CMBICT.

§ 49. BPAIIATENILHOE ABH)XXEHHE TBEPAOTO TEJIA BOKPYF OCH.
YITNIOBAS CKOPOCTb H ¥TJIOBOE YCKOPEHHE

Bpawameaoniin dsunceruem meepd020 mena 60Kpy2 venodeuxrod ocu
{A3BAEMCR MAKOE €20 eUNERUE, NPU KOMOPOX KaKue-HubyOs d6e moux,
1putadsexcatue meay (Uau HEUIMERKO C HUM COR3AHHYE), OCMAIOMCR 60
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ace spems Osumcerus nenodsuxcnoimu (puc. 134). Ipoxonswas gepes
HenoasHXHbie TOUKH A H B npamas AB Ha3HWBaeTCs 0cvl0 8pauyeHu.

Tak Kak PacCTOAHHS MeXAY TOUKAMH TBEPAOrO Tesla A0J/DKHHL OCTa-
BaTbCA HEH3MEHHLIMH, TO OYEBHJHO, YTO NPH BpAllATe/bHOM ABHXKEHHH
BCE TOYKM, NMpHHALJIeXKALlBse OCH BpalleHHs,
GYyRYT HENMOABIXKHLI, a BCE OCTa/bHhIE TOUKH
Tes1a GyAYT ONUCHBATh OKPYHOCTH; IJIOCKO-
CTH KOTOpBIX NMepHeHIUKYJIADHH OCH Bpaile-
HHsl, a LUEHTPHl JIeXAT Ha 31O OCH.

Ona onpeneneHusi MOAOXKEHHS Bpallaio-
IIlErocs Tesa NPOBEAEM uepe3 OCh BpalleHMf,
BIOJIL KOTOPOIl HanpaBuM ocb Az, moaymioc-
KOCTh [ — HeMOABIXKHYIO H NOAYMJIOCKOCTD,
Il, Bpe3aHHy0 B caMO TeJO H BpPauIaioLLyio-
cA ‘BMecTe ¢ HUM (cMm. puc. 134). Torma noso-
Prc. 734 JKelde Tesa B MoGoit MOMEHT BpeMeHH OHO-

3HAYHO ONpPeAeUTC B3STHIM C COOTBETCTBYIO-
UM 3HAKOM: YIVIOM @ MEXIY 3THMIl NOJYNJIOCKOCTAMH, KOTOPLIH Ha30-
BEM Y2A0M nosopoma meaqa. ByneM CUHTaTb YroJ ¢ [OJIOKHTENbHBIM,
€CJIH OH OTJIOXEH OT HEeNOJABHXXHOM NJIOCKOCTH B HalpaBJCHHH NPOTHB
XOAa 4acoBofi cTpesikH (15 Habjiogaressl, CMOTPSILErO C NONOKHUTENb~
HOT'O KOHIA OCH A2), H OTPHIlaTebHbLIM, eCJIM N0 X0y YaCOBOH CTPeNKH,
Hamepats yron @ GyneM Bcerna e paduatax. HtoSsl 3HaTh nosoxeHue
Tesla B JIOGOA MOMEHT BPeMeHH, Halo 3HAThb 3aBHCHMOCTb YIia ¢ OF

BpeMeHH {, T.e.
o=f(1). (36)

Ypassenue (36) BLpakaeT 3aKoH 6pauamenssHoz0 GsumceHus meep-
3020 mena 80KpYyz HenoOBuNCHOL ocu.

OCHOBHHIMH KHHEMAaTHYeCKHMH XapaKTePHCTHKAMH BpPallaTe/bHOrO
IBHXKEHHS TBepJOro Tesla ABJSIOTCA ero YIJoBasg CKOPOCTh @ H YIVIOBOe
ycKopeHue e*.

Ecau 3a npoMexxyTok BpemeHH Af={,—{ TeJO coBepilaer MOBOPOT
Ha yroa A@=q¢,—¢@, TO YHCJEHHO cpejHeli YIIOBOH CKOPOCTbIO Tesla 3a
"STOT NPOMEXYTOK BpemeHH Oyaer w.,=A¢/Af. B npenete npu Ai—0
HafineM, uto

m=%f— HIH ©=@. (39

TakuM 06pa3cM, «ucA030e 3Haxerue y2a0eoll cKOpocmu meaa 8
Oannpil MOMEHM 8peMeRL PABHO Nepeoll Npou3sooHol ém yera nosopoma
no epemenu. PaseHcTBo (37) noKasniBaeT TaKiKe, MTO BeJHYHHA @ paBHA
OTHOMIEHHIO 3JIEMEHTapHOrO YFJia MOBOPOTa d@ K COOTBETCTBYIOLIEMY
NpoMexyTKy BpeMeHH df. 3HaK © onpejensieT Hanpas/ieHHe BPAIICHAS

* Tono6GHO TOMY, KaK B § 42 M yCIOBRJIHCH 0603HaYaTh CHMBOJIOM U GHCJIOBOR
8HaueHHe CKOPOCTH H ORHOBPEMEHHO ee MOAYJb, 31eCh O H & 6YAYT 0603HaYaTh YHCIO-
Bule (anre6panuecKie) SHaUCHHA YIJ0BOM CKOPOCTE H YIVIOBOTO YCKOPEHHA H OfHO=
BPeMEHHO HX MOAY/H, KOfAa 3TO He MOXeT BHSBaTb HeAOpasyMeHuf.
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efa. Jlerko BuzeTh, Y4TO KOLjJa BpalleHHe NMPOHCXOAHT NPOTHB XOAA
acoBoll cTpesikH, @>0, a Koraa no Xoxy 9acoBofl CTpenkH, To w<<0.

Pa3smeprocts yraosoft ckopoctd 1/T (1. e. 1/Bpems); B KauecTse
AHHHIH H3MepeHHs OGBYHO NPUMEHSIOT paj/c MIH, 9To TO Xe, 1/¢(c™?),
aK Kax paauaH — BelHYHHa Ge3pa3Mep-
as.
"YraoByI0 CKOPOCTh T€fla MOM(HO H3006-

a3HTH B BHAE BEKTOpPa w, MOAYJb KOTOPO-
0 paBeH |®| H KOTOpbIfi HanpasJaeH BAONb
CH BPAHICHHs Tesa BTY CTOPOHY, OTKYZAa
patleHHe BHAHO NPOHCXOASILIHM TNPOTHB
oxa wacoBofi crpenkH (puc. 135). Takoft
eKTOp OnpelieNfieT Cpasy H MOAYJb YIJIO-
off CKOPOCTH,; W OCb BpallleHHs, H Hanpas-
leHHe BPaIlleHHA BOKPYr 3TOM. OCH.

YrnoBoe yCKOpeHHEe XapaKTepH3yeT H3MeHeHHe C Te-
[eHHEM BPeMeHH YIJIOBOH CKOPOCTH Tesa. EC/H 32 NpoMexyTok Bpe-
teHH Af=f,—¢ yrnoBas CKOPOCTb Tesla H3MEHsETCH Ha BEeJHYHHY Aw=
=@,—@, TO YHC/IOBOE 3HAYeHHe CPeAHEro YrJoBOro yCKODeHHS Teaa
a STOT IPOMEXYTOK BpeMeHH Gyner e.,=Aw/At. B npenene npu Af—0
afiileM, yuTa oaHoBpeMeHHO paseHcTBo (37), 9rO

e=%‘:—=%}§1 WIH e=0=¢@. (38)

J} b4

" Puc. 135

TaxkuM 06pasoM, LUCA0B0E IHAYERUE Y2A08020 YCKOPENUR MeAd 8 Oannul
LOMEHITI BPEMERL DABRD nepeoil npoussodnold om y2a0808 CXOPOCIML UAL
mopod ‘npous’so0Hod Om yzaa noOGOPOMA MEAG NO 8PEMERU.

Pa3smeprocTs yraoBoro yckopenust 1/7* (1/Bpema®); B Kadectse
uxm)mm.l H3MepeHHs OObIYHO NPHMEeHsieTCs Pan/c’ WiH, ¥To TO Xe, 1/c?
c~Y).

Ecax MOZYJIL YTNI0BO# CKOPOCTH €O BpeMeHeM BOSpacTaer, Bpamesne
€/1a Ha3KBAETCR YCKOPEHHHIM, 3 eCNH YOuBaeT,— aamedrennom. Jlerko
HAeTb, UTO BpauieHHe GyneT YCKOPEHHBIM, KOra BeJHYHHH © H €
IMEIOT OAHHAKOBHE 3HAaKH, H 3aMe]/IeHHHM,— KOria pasHhle.

Yraosoe yckopesse Tena (N0 aHAJNOrHH -C YrA0BOA CKOPOCTHIO)
(OXKHO TaKXe H306pa3uThb B BHAE BEKTOpa €, HanpamJeHHOro BAOJb
cH BpameHHa. [Ipu 3toMm

e = doy/dt. : (38"

-IanpaB.neHHe E CoBnazaer ¢ HanpaBJeHHEM 6, Korjia TeJio Bpailaercs

’ckopeHHO (puc. 135, @), H DPOTHBORONOXKHO ® NPH 3aMeREHHOM
pauieduy (pue. 135, 6).

§ 50. PABHOMEPHOE H PABHONEPEMEHHOE BPAIEHHSA

Ecan yrnoBas cCKOpocTh Tesla OCTaeTcsi BO BCe BPeMs ABHaKEHHS No-
TORHHOA (w=const), TO BpauleHHe TeJa Ha3LIBAETCH PABHOMEPHHIM.
lafinem 3akoH paBHoMepHoro spaiuenus. M3 ¢opmyant (37) Hmeem
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do=wdf, Orciona, CuHTasi, YTO B HayajibHhl/i MOMEHT BpeMeHH {=0
yron ¢=q,, ¥ Geps HHTerpaJhi CieBa OT ¢, A0 ¢, a cnpasa ot 0 Ao {,
NOMYSHM OKOHYATeNbHO

=@, +al. (39)

Ha pasenctea (39) ciexyer, yTo npH paBHOMEPHOM BpamieHHM, Karaa
(P0=0|
=0t K 0=9¢/t. (40)

B TexHHKe CKOPOCTh PaBHOMEDHOrO BpalleHNS YacTo OIPeneAfIQT
YHCJIOM OGOPOTOB B MHHYTY, 00603Hauas STy BEIKYHHY 4epe3 n 06/ Mun®.
Hafinem 3aBucHMOCTh Mexay n of/mud M @ 1/c. Tlpu ognom oSopore
TeJO NOBEPHETCA HA Yros 2%, a npH n ofopoTax Ha. 2nn; ITOT NOBOPOT
nenaercs 3a Bpems f=1 Mun = 60 c. U3 pasencrsa (40) caenyer roraa,
yTo

" o=nn/30 =~ 0,1n. 41)

Ecnu yraoBoe ycKopeHHe Tena Bo BCe BpeMsl JBHMEHHS OCTaercd
NOCTOAHHLIM (e=const), TO BpallleHHe HA3HBAETCH PAGHOMEPEMEHHHM,
Hafinem 3akoH paBHOnepemMeHHOro BpallEHHs, CYHTasi, YTO B Haualb-
Hblt MOMeHT BpemeHH [=0 yron @=e,, a YI.I0Bas CKOPOCTb 0=,
(wo — HayaNbHasm YrA0Basm CKOPOCTH).

H3 popmyant (38) umeem dw=edt. Unrerpupys nesyio 9acTb B npe-
Aenax OT ®, A0 @, a mpasylo — B npedesax or 0 jo f, HafiaeM

w=wny+et. 42)
Ipencrasum Bupaxenue (42) B Buae
dop/di=w,+et unn dep=w.di+etdt.

Bropuuno unterpupys, nafizeM oTclona 3aKoH paBHONEPEMEHHOrO Bpa-

LIEHHA
P=Q¢+w f+et/2. 43)

YrnoBas CKOPOCTb @ 3TOro BpalleHus onpeneasercs ¢opmyJof
(42). Ecnu BenMUHMHH © M ¢ HMEOT OAMHAKOBHE 3HaKH, BpalleHHe
GyneT paBHOYCKODEHHhIM, @ €CJAH Ppa3Hbie — PaBHO3aMeLIEHHbIM.

§ 51. CKOPOCTH H YCKOPEHHSA TOMEK
BPALUAIOWErOCS TENA

YcTaHOBHB B NpeanAyUinX -naparpadax XapaKTePHCTHKH ABHKEHHS
BCEro Tesla B 11eJIOM, NepeifeM K H3YueHHIO ABHXEHHS OTAENbHBIX ero
TOYeEK.

l.CxopocTn Touek Tena. PaccMoTpuM Kakyio-HHGYAb
TOYKY M TBepAOro Tena, HaXONAULYIOCH Ha PAacCTOAHHH A OT OCH Bpa-
weHns (cM. puc. 134). Ilpu Bpauiennn Tena Touka M GyRer onucuiBaTh

¢ Caeayer 00000 NOAYEPKHYTh, HTO A NO PasMEPHOCTH HE YroJ, a YrJioBas
CKOPOCTS.
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KPYKHOCTb pajiHyca /i, NAOCKOCTh KOTOPOA NeprneHAMKYJAPHA OCil
paltenus, a geHtp C nexuT Ha camofi ocH. Ecau 3a Bpems df.npouc-
COIIMT 3JIEMEHTAPHLI MOBOPOT TeJsa Ha yrod dg, To Touka M npH 3TOM
OBEpIIAeT BAOJIL CBORH TPAEKTOPHH 3JieMeHTapHoe nepemellerte ds=
=hde. Torna 4HCIOBOe 3HayeHHe CKOPOCTH TOUKH GyJeT paBHO OTHO-
eHHio ds k df, T. e,

_ds_ . do
Tar T A
TN
v=ho. (44)

CxopocTh ¥ B OTJIHUHE OT YIJIOBOM CKOPOCTH Tesla HAa3WBAlOT WHOTAZ
me AuneldHOd HAH OKPYMHOE CKOPOCTHIO TOUKH M.

Taxnm o6pa3oM, «uca080e 3HAYEHIE CKOPOCML MOYKY 8DALIBIOUE20CH
186p0020 MeAQ PABHO NPOU3BEOeHUIO Y2A080Ul CKOPOCMU MeAG Ka PACCMOR-
ue om 3mod mouKu 00 OCU SPAUEHUR.

HanpassieHa cKopocTs no KacaTeIbHOR K ONMHCHIBaeMOfl TOWKOM
KPYXHOCTH HJIH NepNEHHKYIAPHO MVIOCKOCTH, NPOXORALIEH Yepe3 och
paileHust H touaky M.

Tak Kak AN BCeX TOYEK TeJla ® HMeeT B JAHHLIA MOMEHT BPeMeHH
IKHO H TO JKe 3HayeHHe, TO U3 GopMyAH (44) cienyer, 9T0 CKOPOCTH
0YeK BPAILAIOMIerocs Teia NPONOPIHOHAAbHE HX PacCTOSHHSAM OT OCH
pauenns. [Tone ckopoctefi ToUeK BpalLalOUWIErocs TBEPAOro Tes1a HMeeT
HA, NoKadasHmf Ha puc. 136.

<

Puc. 136 Puc. 137

/

2 YcKopeHHdA TOUeK TedJaa. Ilna HaxokaeHHR yckope-
H' TOYKH M Bocnosib3yemca dopmynamu a.=dv/df, a,=v*/p.

B nawem cinygae p=h. [ToacraBass 3sHadenHe v W3 paBeHncTsa (44)
 BHIPaMEHHA @y H Q,, NOAYYHM:

do : h*ot
G=hgr, =3
JH OKOHYATEeNAbHO:
ay=he, a,=ho. (45)

KacatenbHast cocTaBAsionlas YCKOPEHHS d, HanpasieHa no Kaca-
e/IbHOR K TPAGKTOPHH (B CTOPOHY ABHXEHHA NPH YCKOPEHHOM Bpa-
[eHHH TeJla M B OOGPATHYIO CTOPOHY NPH 3aMelJ/IeHHOM); HOPMajbHas
OCTaBJISIOLASA g, BCErAa HarnpasjieHa no paauycy- MC K ocH BpallleHHA
re. 137). -
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INonHoe yckopeHHe ToukH M Oyner a =_Va§+a,} HWIK
a=hV e+ ot (46)

OTKNOHEeHHE BEeKTOPA NOJHOTO YCKOPEHHS OT pafHyca ONHCHBaeMON
TOYKOA OKPYXKHOCTH ONpefesieTcs YIJIOM 1, KOTOPHA BHUHCAAETCSA NO
dopmyae tgp=a,/a, [Bropas u3 ¢opmya (22)]. [loxcraBass cioja 3Ha-
YeHHA a; K 4, 43 paBeHCTB (45), noaydaeM

tg p=elo?. (47)

Tak KakK ® H & MMeloT B JaHHHH MOMEHT BPeMeHH: Il BCeX TOUeK
TeNla ORHO H TO Xe 3HayeHHe, TO H3 dopmya (46) u (47) caeayer, uro
YCKOpEeHHsl BCeX TOYEK Bpallaiolerocs T8epAOro Tesia NpoNnopiHOHAb.
HBl MX PacCTOAHMAM OT OCH BpaUleHHsl H O6Pa3yloT B JaHHHA MOMEHT
BpeMeHH OLHH W TOT 3Ke YroJi |t C PaiHYCaMH ONHCHIBAEMBIX HMH OKpYX-
Hoctefl. Tlose yckopeHHHt ToueK BpAllAIOMIEroCs TBEPAOIO Tela HMeer
BHY, NOKa3aHHLIA Ha phc. 138,

7

Puc. 138 Puc. 139

Gopmynnt (44) — (47) no3BONAIOT ONPENEAHTE CKOPOCTh H YCKOPEHHe
JOGOH TOYKH TeJia, eCJIM H3BECTEH 3aKOH BpAIEHHs TeJa M PaccTOsHUE
NaHHON TOYKH OT OcH Bpawenus. [1o 3TuM ke popmysaM MOXKHO, 3Has
JIBHXKEHHC ONHOM TOUKH TeJa, HANTH ABIKeHHe Jio60fl Apyroft ero TOUKH,
a TaKXe XapaKTePHCTHKH IBHXXEHHS BCEro TeJjia B LEJIOM.

3. BeXTOpPH CKOPOCTH H YCKOPDEeHHSA TOUEK
Tena. Utobu HafiTH BEPaXeHHS HenocpeACTBEHHO WIS BEKTOPOB U H
a, NpoBeJieM W3 NPOoH3BOJIbHOA TOUKH O ocH AB pannyc-BeKTOp r TOYKH
M (puc. 139). Torma h=rsina u no ¢opmyse (44)

lv|=le|h=]o|rsine wm jv|=[ox7]
Takum 06pasoM, MOAYMs BEKTODHOrO NpOW3BENEHHS X7 paBeH
MOZRYJIIO CKOpocTH ToukH M. Hanpasnenns' BeKTopoB @ Xr H U ToXe

COBNajaioT (06a OHH NepneHAHKYNAPHH NA0cKocTH OMB) u pasmepHo-
CTH HX OAHHaKOBH. C/efoBaTe/bHO,

v=0xr, (48)
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T. €. 6eKMOP cKOpocmu nobold mouKu 8 pawaouez0cs meaa paser 8eKmop-
HOMY npoussedenuro Yyea08oil cxopocmu meaa Ha paduyc-eexmop 3mod
mouku. Popmyny (48) HasmiBalor dopMyaol Diinepa.

Beps or o6enx yactefi paBeHcTBa (48) mpousBoAHLIE 1O BpEMEHH,
OJTyYUM

§-($7)+(55)

a={exr)+(oxv). ' (49)
®opmyna (49) onpenensier BeKTOp yCKOpeHHs oGO TOUKH Bpaimaio-
erocs Tesa.
BeKTop X HampaBleH, KaK M BEKTOP ®© X7, T. €. IO KACATeNALHOR
K TpaeKTOpHH TOUKH M, a leXrl=er sin a=eh. BekTop e ®XU Ha-
npasyieH Baons MC, T. e. 10 HOPMaaK K TPaeKTOPHH TOSKH M, a lo X
X Vl=wvsin 90°=w%, TaK KaK v=cwh. Y4YHTHBas BCE 5TH Pe3yJIbTaTH,
A TaKke GOPMYJH (45), 3aKk/ouaeMm, UTO eXr=a, H ® XU=a,.
3azaua 54. Ban, nenaomuft n=90 of/MuH, Nocjie BHKAIOYEHHA ABHTraTeNA Ha-
HHACT BPAWLATLCA PABHO3AMEAIEHHO H OCTaHaBJIKBaeTcs 4epes f;=40 c. OnpeaennTs,

"KOJIbKO OGOPOTOB CAeNas BaA 3a 9TO BpeMs.
Pewenue Tak Kak Bal BpamaeTcs paBHO3AMEAJEHHO, TO AJIA HEro, CYHTas

pe=0, Gyner _
o=uwyl+el?/2, a=awg+tel. (a)
Hauanbuelt yrnooft CKOpocTbIO NPH 3aMS/LIEIIHOM BDALICHHH SBJSETCH T, XO-
OPYIO Banl HMeJ AQ BHKJOWeHHs asurateas. CnenoBaTenbHo,
Wwy=nn/30.

B MoMeHT ocTanoBKH NpH {=1; yriaosas cKopocTb Baaa @,=0. [oactabnss stR
PHBYEHHS BO BTOPOE H3 ypannenuk (a), moayuaem:

0=nn/30+et; u e=—nn/30t,.

Ecau 0003HAYNTL WKCAO CHENaHHHX BaJOM 3a Bpems f, oSoporoB uepes N (we
ME{IHBATDb C 7i1; 1 — YIJI0BadA CXOPOCTb), TO Yro/ NOBOPOTA 34 TO 3e ppemsi GyfeT pa-
sed @y =2nN. [loacrasass nafitennue 3HaueHus € M ¢, B NepBoe U3 ypapHeHu# (a),
10y 4HM

HITH

2N= (1n/30)t,— (1 /60) ¢, == (r/60)t,
TKYAR
N=n1,/120=30 6.

38. Maxosuk pamwycoM R==0,6 M Bpamaercx PasHOMEpHO, nenas A==
= MRH. OnpenenHTh CKOPOCTH H YCKOPERHe TOYKH, AexKautefl Ha o6oae MaxXOBHKa.
P e m e nue. Cropocth Touku o6osa v=R®, rzie yraosas cKOPOCTb & AOLKHE
SHTh BHPaXKEeHa B PasHaHax B cekyHay. Torma o=nn/30=3r u v=R.3n=5,7 we.
JHanee, Tax Kak w=const, T0 e=0, H, CJIELOBATEALHO,
a=gy=R*=R.-9n*~:53,3 wm/c},

YCKOpeHHe TOUKH HaNPABIEHO B AQAHHOM CJIyuae K OCH BpauleHH .
3amavh 56. Tlonaras, yro NpH pasroHe MaXOBHK BPAILAETCA NO 3aKOHY

@=cot et tcee¥, (@

PEACTHTD SHAReHHST ROCTOAHHHX KODOHUHEHTOB Cy, €y, €3 H & H3 yc/I0BR#, YTO NpH
=0 RO/DKHO GHTb y==0 H ®,=0 K YTO mpejie/ILKas yraoBas CKOPOCTb, A0 KoTopok
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PaSroHEeTCsi MaXOBHK ;=50 =1, a ero yriosoe ycxopenKe NpH pasrone He JOXMKHO
NpEBHEIATL 3HAaYCHHA 8y— 10 c—%. HafiTh Takxe, Kakoe yckopenne GyRer npu sToM y
TOYeK 000Na MAXOBMEA B MOMEHT BpeMexH f;=1 ¢, ec/aH pagHyc MaxopHka R=0,4 M.

Pewenne Haypasnenusn (a) BHAHO, YTO NPH 1==0 @=0, ecas ¢g-+c3=0, 1. ¢,
Co=~—0g. , . .

Ilanee H3 ypapHenHs (a) HaxOQHM, 4T0 O=@=c;—kcse~*, Cnepomatennno, ops
=0 w=0, ecay ¢;—kcy=0, T. €. c;=kcy.

Ilpu 9THX 3HAYEHHAX Cp W C; ypaBHeHRe (a) NPHMET BHZ

@ =cy (kt+e=M—1). ©
OTc088  HAXOAKM
co=q5=hk (l_e-k‘), e=6;c,k’e'*'. . (®

Tlepsoe H3 paBeHCTB (B) NOKA3WBEET, YTO © CO BPEMEHEM PACTET B NpH f—»oc0
CTPEMHTCH K MpejebHOMY 3HAUEHHIO Cyk; CNEAOBATENBHO, Wnp=Csk. H3 BTOpOro xe
paBencTBa BHAHO, YTO € CO BpeMeleM YOHBaeT, CTPEMACh K KYJIO, & HaHGOAbLIIee SHa-
ueHHe Cok* HMeeT npH {=0; CAeNOBATEAbHO,
eg=C,k3.

O MO YCAOBHAM 3afaidl Wpp=50 c~s
ey=10 ¢~ Toraa moaxuo 6uTb ck=50, a
\\ k=10, orkyaa k=0,2 u cg=250. Ilpu stax

" 3HaueHHAX R H ¢y paBenctso. (6) AseT OKOH4A-
TeJbHO C/ICAYIOUIHA 3aKOH BPAIICHHN MAXOBHKA:

=250(0,2t f- =% —1). )

.Torna, 4T0 BHAHO H H3 padeHcTB (B), Oy-
AeT *

s

@=50(1—¢~0), e=10e-%¥, ()

Puc. 140 Hns uomeHta Bpemenn H=1 ¢, yuHTH-
Basi, 4t0 £-%3=0,82, noayuum «,;=~9,0 c-3,
£,~8,2 c=*. CilenoBaTeabto, B 9TOT MOMEHT BpemenH a,=Re,~3,3 N/, a,=Rw=s

m———

~32,4 wect n a=) al+ai~32,6 WS,

3azava 57. I'pya B (puc. 140) nprsoant BO BpaileHHe Baj PaAIHYCOM I H CHAS-
MyIo 1 ORHOA OCH ¢ BaJOM lecTephio / pagHycoM rj. JIBHXKeHHe rpy3a HauHHaeTca
H3 COCTOAHHSA TOKOS H NMPOHCXOAHT C NOCTOAHHKIM ycKoperHeM a. Onpeneants, No Ka-
KOMY 3aKOHY 6yJeT NpH 3TOM BpalllaTbCAl HAaXOARIIAACA B 3auenJieHHH ¢ wectepHedl [
wecTepHa 2 pagHycoM ry. '

Pewenue. Tak Kax rpys B HauHHaer ABHraTbcsi 6e3 HawanbHOR CKOpPOCTH,
TO ero cKOpOCTh B moGodl MOMEHT Bpemenu f pasHa af (ug=alf). 3Ty cKopocTb GyAyT
HMeTb H TOUKH ofoza Baaa. Ho, ¢ apyrofl CTOPOHH, CKOPOCTH STHX. TOUEK PABHH @7,
IAe ;— ofuas 117 Bajta B wecTepun / yriosas ckopoctb. Caienosatensho,

wyr=at, o,=allr.

Teneps HafiieM ©,. Tax Kak CXOpOCTb TOUKH cluenneHHs C Ao/KHa GHTb ofHOR
B TOR JKe AAK OGEHX WPCTEPEH, TO Uc==Wyf1==yfy, OTKYAA
©g=(ry/rg) 0y =(ryalryr)t.
Hrax, yraosast CKOPOCTb LUECTEPHH 2 pacTeT NPOROPLUHOHANLHO BpeMeHH. YT
Bas, YT0 W,= d,/dt, The P; — Yros HOBOPOTa IleCTEPHH 2, MONYIHM
doy=(r,a/ryr)tdt.
Orciona, Geps oT ofeHx yacTefl MHTerpajH W CuHTasd, uTo npH =0 yroa ¢,=0,
HafiieM OXOHYATeNbHO 3aKOH PaBHOYCKOPEHHOrO BPalieHHS ulecTepHH 2 B BHAE
Py={(r,a/2r,r)%

* 3RaueHHe ( MOXKET H3MEHATHCK 7O 3aKony (n), KOTZa Ha MaXxOBHK zeficTBy10?
BOCTORHHLRA AnLAI0mUA MOMEHT H MOMEHT CHJ CONPOTHBJICHHUA, nponoplumuuxbuui
® (sapava 150 B § 128).
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IFaasa XI
NJIOCKONAPAJINEJIBHOE ABU)XEHHE TBEPAOIO TEJIA

§ 52. YPABHEHHSA TMJIOCKONAPAJUIEJIbHOIO IABH)XXEHHA
(RBWKEHHSA MJIOCKOR GUTVYPHI).
PA3JIOXKEHHE ABH)XXEHHSA HA NMOCTYTIATEJIbHOE H BPAIRATENIBHOE

I rockonapasrsessnoim (MRU NAOCKUM) KA3bI8AEMCR MAKoe Osuxcexue
msepdozo meaa, npu KOMoPOM 6Ce €20 MOUKU NEPeMEU{aOMEcs RAPAAAEALHO
nexomopotl puxcuposanrod naockocmu Il (puc. 141). Iaockoe aBHKeHHe
COBEpLIAIOT MHOTHE YacTH MeXaHHW3MOB H MallHH, HanpKMep Katsllleecst
KONeCO Ha MNpAMOJHHENHOM YyuyacTKe NyTH, IIATYH B KPHBOWHMHO-
NOA3YHHOM MeXaHH3Me H Jp. YacTHHM cayyaeMm MJOCKONapaJieNsHoro
RBHXEHHA SIBAAETCA BpallaTeNbHOe ABHIKeHHe TBepLOro Tella BOKPYT
HenoaBHkHOM OCH.

Prec. 141 Puc. 142

PaccMorpim ceuetine S Tena kakofi-HHGyab naockocreio Oxy, napan-
AenpHoft naockocti I (puc. 141). Ipu naockonapanienbHoM aBHXKe-
HHH BCe TOYKH TeJa, JexallHe Ha npamoft MM’, nepneHRuKyaspHo#
cevenuto S, T.e. naockoctd I, ABHXKYTCA TOMXIAECTBEHHO.

Orciona 3akniouaeM, ¥T0 LIS H3YYeHHA NBHXKEHHA BCero Tena JAoC-
TaTOYHO H3YWHTb, KaK ABHXKeTCR B miaockocth Oxy cedeHHe S 3Toro
Tena HaH Hekotopas niockan ¢urypa S. [ostomy B aanbHeRueM BMecTO
MIOCKOro JABHXKEHHS Tena OyAeM pacCMaTPHBaTh ABHXKEHHE NAOCKOA
durypal S B ee nocKocTH, T. e.-B nuockoctH Oxy. Ilpu atoM Bce pe-
synbTaTel, Kotopnle 6yayT nmonydeHu B § 53—59 nas Tovek niocko#
uryphi, cnpaBeTHBB, KOHEUHO, H AJA TOYEK CeYeHHA S TBepJoro Tena,
RBHKYLIErocs MNJOCKONapa/iesbHO.

[Monoxenne purypu S B naockocTH Oxy onpeaensieTcs NONOKeHHeM
Kakoro-HH6yAb npoBeeHHOTro Ha 9Tof durype orpeska AB (puc. 142).
B ¢Boio ouepenb nonoxeHHe oTpeska A B MOXHO onpelenHTb, 3Has KOOp-
RHHATH X4, Y4 TOYKH A H yroa ¢, Koropulfl orpe3dok AB obpa3yer ¢
ocbio x. Touky A, BHGPaRHYIO J/15i ONpelie/ieHHA NONOXKEHHS QHIYPH S,
OyneM B pasbHefiLleM HAa3blBaTh NOAKCOM.

Ipu aprKeHHH PUIYPHI BEHUHHH X4, Yo H @ GYAYT HIMEHATHCS.
Uto6ul 3HaTh 3aKOH ABHKEHHS, T. €, NOJOKEeHHe GUTYPHl B TIOCKOCTH
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Oxy B moGof MOMEHT BpeMeHM, HajO 3HaTh 3aBUCHMOCTH
xa=hH(O), ya=Fs (), o=F+(d). . (50)

Ypasnenns (50), onpefensiomye 3aKoH MPOHCXOAAILEIO ABHKEHHS,
Ha3HBaIOTCH YPasHeHuamu Osuicenuss naockold guzyper B ee NJIOCKOCTH.'
Ony e ABNAIOTCA YPABHEHUAMU NAOCKONAPAANEALHOZ0 OBUNCEHUS MBED-
do20 meara. ) i

INepBuie nBa U3 ypaBuenuit (50) onpeaensiior T0 ABMKEHHE, KOTOpOE
¢urypa cosepwania 6u npu @=const; 310, OYeBHAHO, GYAET NocTyna-
g ' TeJIbHOE ABHXKEHHe, NIPH.KOTOPOM BCE TOY-

KH (HI'ypH ABHXKYTCHA TaK e, KaK NOJIOC
A. Tpetre ypaBHeHHe onpexeasieT IBHXKe-
HHe, KoTopoe ¢urypa cosepwiana Gnl npy
x4 =const u y,=const, T. e. Korga noJoc
A HenoznsukeH; 310 Gyjer Bpauienue ¢u-
rypo Bokpyr nomoca A. Orcioga MOXHO
3aKJIIOYHTD, YTO B OOILEM cydae Gsuncerue
naockold uzypu 8 ee naockocmu  Moxcem
paccmampusamecs KaK CAQ2aroufeecs U3 no-
0 . 5 CMYnamessRozo OBUNCEHUR, NPU KOmMOPOM
6ce modKu guzypul CeUNCYMCR Max xe, Kax
Puc. 143 nomoc A, u u3 8pPAWAMEAbHOZ0 OBUNCEHUR

8okpyz smoeo noaoca *.

OCHOBHBIMU KUHEMAMULECKUMU XAPAKMEPUCMUKAMU PaccMaTpHBae-
MOro ABHXEHHS AABJNSIOTCSA - CKOPOCTb H YCKOpeHHe MOCTYNaTeJbHOro
JABHXEHHSA, PABHLIE CKOPOCTH H YCKOPEHHIO NOMOCA (Unocr=Ua, Ggocr=
=a,), a TaKke yrJoBas CKOPOCTb ® M YIVIOBOE YCKOPEHHe & Bpaia-
TeJLHOIO JIBHXXEHHS BOKPYT MOJIOCa. 3HAYeHHA 3THX XapaKTEPHCTHK B
MoGofi MOMEHT BpeMeHH { MOXHO HaMTH, BOCNOJIb30BABIIHCH YpaBHe-
HHsiMH (50). :

IMpu n3yveHHH ABHXKEHHSI MOXKHO B KauecTBe MoJioca BHOHPaThb Jio-
Gyio TouKy QHrypu. PaccMoTpuM, 4ro nosyuurcsi, ecau gMecto A Bhl-
Opatb B KauecTBe NoJoca KaKyio-HHOYAb ApYyrywo Touky C u onpege-
AATh noJoKeHHe Gurypn orpeskom CD, obpasyiouuM ¢ ocbio Ox yroa
@, (puc. 143). XapaKTepHCTHKH NOCTYNaTeNbHOA YacTH ABHXEHHs NpPH
3TOM H3MEHATCS, TaK KaK B OOLLIEM CAYuae Uc7U, H c7-a, (MHaye NBH-
JKeHHe - GHrypsl Objio OH MOCTYNATENbHBIM). XaPaKTEPHCTHKH ke
BpAlATENIbHOA YacTH ABHXKEHHS, T. €. ® H €, OCTAIOTCH HeH3MEHHBIMH.
B camom nene, nposens u3 C npsmyio CB,, napansensuyio AB, Mul
BHAHM, YTO B JIOGOf MOMEHT BpEMEHH Yroa ¢,=¢—a, rhe a=const.
Orciona ¢,=¢, ¢,=¢ WM ©;=0, g =¢.

ChnenopatenLHO, 8pawiamesbran wacme G8LICEHUA om 65160pa NOAKOCE
He 3asucum.

* CoorsercTBeHHO MAOCKONapaiJebHoe ABHXKEHHE TBEDAOTO TeNa MOXKHO pac-
CMaTPHBaTh KaK CJaraiouieecs U3 NOCTYNaTeAbHOrO ABHXKEHHS BMECTe C MoJlocoM A
¥ BPamaTeJbHOrO BOKP YT OCH, NepneHAHKyAspHofl nacckocty IT (cu. puc. 141) u npoxo-
AsuleR uepes moaoc A.
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§ 53*. ONPEAEJNEHHE TPAEKTOPHA TOYEK NJIOCKOR $UTYPbHI

Mepefinem Tenepb K H3YYEHHIO ABHXKEHHs OTACNbHBIX TOUEK NMJAOCKOH
GUryphl, T. €. K OTBHICKaHHIO TPAaeKTOPHA, CKOPOCTeH H YCKOpeHH 3THX
Toyek. HauHeM ¢ onpepesieHHs TpaeKTopHH.

PaccmorpuM  Touky M nJjiockoft ¢urypnl, TOJNOMEHHe KOTOPOf
onpenensiercs paccrosinieM b=AM or nomoca A u yraom BAM=a
(puc. 144). Ecuau nBHXeHHe 3aaaHO ypaBHeHHsAMH (50), TO KOOpAHHATH!
'x ¥ y ToukH M B ocax Oxy Gynyr:

x=x,+bcos(p+a), y=ys-+bsin(p+a), (51)

IA€ X4, Ya, P — U3BeCTHHE NO ypaBHeHHaM (50) ¢yHKuuH BpeMeHH f.

Pasencrpa (51), onpenensiolie 3aKoH ABHXKeHHs TOUKH M B nJjoc-
koctH Oxy, JAIOT OJHOBPEMEHHO ypaBHEHHe TPaeKTOPHM 3TOH TOUKH B
napamerpHueckoM BHie. OGbYHOe ypaBHEHHE TPAEKTOPHH MNOJYUHM,
HCKJIIOYHB H3 cHcTeMul (51) Bpems f.

Ecui paccMarpHBaetcs JBHXeHHe 3BeHa KaKOro-HHGYAb MEXaHH3Ma,
TO J/IA ONpENeNeHHA TPAEKTOPHH JIIOGON TOYKH 3TOr0 3B€Ha AOCTATOUHO
BLIPA3HTh ee KOODAHHATH 4epe3 KaKOA-HHGYAb mapaMerp, onpejessio-
IR noNOMKEHHE MeXaHH3Ma, a 3aTeM HCKJIOYHTh 3ITOT IapaMerp.
YpaBHenus gsuxenusa (50) npH 3ToM 3HaTb He 06sa3aTeNbHO.

Y

y H
M
8
> lv
A 4
R Y
Ix |% —r
0 A X z X
Puc. 144 Puc. 145

3azaqa 58. ITossyHn A u B, K KOTOpPHM NpHKpenserc AuHefixa sAAnncorpada,
fepeMeialoTcA 10 BSAMMHO NEPNeHAMKYASPHHM Hanpasasiouus (puc. 145). Paccron-
HHe AB=!. OnpenennTs TPaeKTOpHIO TOUKH M nuHeAKH.

Pewen ne. Bans 3a nomoc Touxy A, GyleM onpesensth MONOXKeHHe TOUKH M
Ha JuHefixe otpeskoM AM=>b. INonoxenue caMoll anuefikn 3anaerca yraom ¢. Toraa
AJIsl KOOPAHHAT X H Y TOYKH M moayusm: x=(b—1I) cos @, y=> sin @. Hckmouas napa-
MEeTD @, HAXOXHM, YTO TPAEKTOPHEA TOUKH (He3aBHCHMO OT 3aKOHA JBHIKEHKs AxHeAKR)

Gyner sanunc
/(b= g2 62=1

¢ noayocamMH a=)b—I| u b H c nenTpoM B TouKe O.

€HA ¢ DOMOUIbIO COOTBETCTBYIOIMHX BHHTOB PACCTOSHAA [ B b, MOXRO BHYEPTHTH
KapaujamoM M 3/HnC ¢ NI0OHMH SaaHHHMK NONYOCAMH, He NPEeBOCXOAAIHMH pPad-
MepoB anHeAKH, OTClofa H Ha3BaHHEe MeXaHH3Ma — saauncozpap,
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§ 54. ONPEAENEHHE CKOPOCTEA TOYEK IJIOCKOA ®UTYPbI

B §52 6bLI0 OTMeYeHO, YTO IBHMKEHHE MJIOCKOH (QUIrypH MOXKHO
PacCMaTpUBaTh KaK cJaratollieecsi U3 NOCTYNATENbHOrO ABHXKEHHS, NpH
KOTOpOM BCe TOYKH HTYpPH ABHKYTCH CO CKOPOCTBIO U, MoMoca A, U H3
BpPAIATeJbHOIO ABHAKEHHSI BOKDPYT 3Toro nodoca. ITokaxem, uro cko-
poctb JoGofi TOYKH M GHrypH CKNafnIBaeTcs TFEOMETPHYECKH M3
CKOpOCTe#f, KOTOphleé TOYKa MNOJYyuaeT B KaXKAOM M3 3THX JIBHMEHHI.

CaMOM fieJie, MoJIoKeHHe M0G0l ToukH M ¢(urypH onpenensiercs

no oTHowWeRHIo K ociM Oxy pajHyCOM-BEKTOPOM r=r,+r' (puc. 146},

rue r, — pagHyc-BekTop nojioca A, =AM — BekTtop, onpeiensio-

KA noJoXKeHHe TOYKH M OTHOCHTeNLHO ocelt Ax'y’, mepeMeutaiomux-

CSl BMeCTe C N0JII0coM A noctynatensHo (IBHXeHHe QUIYpPH N0 OTHOLIE-

_llx_mo K STHM OCAM NpeJCTaB/iseT co6ofi BpalleHHe BOKpYr movioca A).
orga A

B nonyuenHoM pasencTse BennuwHa dr,/df=v, ecTb CKOpOCTB
noJoca A; peHuHHa xe dr'/df paBHa CKOPOCTH Uy 4, KOTOPYIO TOUKa M

nosydaer npH r,=const, T. e. oTHocHTeNbHO ocell Ax'y’, nam, Huave
rosops, npu epaweruu-puzypo eoxpye nomoca A. TakuM o6pasoM, 3
NpesbLAYHIEro paBeHCTBa JAeHCTBHTEJbHO CJIERYyeT, 4TO

Up =04+ Upy (52)

TIp# 9TOM CKOPOCTB Uy 4, KOTOPYIO TOUKA M NOJIYYaeT NPH BPalLIEHHH
¢urypm Boxpyr nomoca A, 6yzer (cm. §51):

Upa=0-MA (v, L MA), (33)

rge ® — yraosBag CKOPOCTb (HIYpPHL.
Takum o6pasoMm, cxopocms awbod mouku M naockold gueypw 2eo-
Mempunecu cxaadmeaemcs u3 CKopocmu Kakod-nubyds dpyeod mouku A,

7
Puc. 148

Puc. 146

npunamod 3a noaoc, u cxkopocmu, Komopyo modka M noaywaem npu
épautenuu_pueypes 6oKxpye smozo nomoca. Moxynb M HanpaBaeHue
CKOPOCTH Uy HAXOZATCA NOCTPOEHHEM COOTBETCTBYIOUIEr0 Mapasseso-
rpauma (puc. 147).
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3aaaua 59. Haifitu ckopocts Toukn M oboaa Koaeca, XaTsmerocs no npsmo-
JaunefiHoMy pesbcy Oe3 cKoabeHHst (puc. 148), ecan ckopocTb uentpa C Koaeca

paBHa ve, a yron DKM=a.

Pewen ue. Ilpunss touxy C, CKOpoCTb KOTOpoft H3BeCTHA, 3a MoMIoC, Bafijew,
910 Up=Ye+Umc, TAe Upc | CM 1 no Mopymo vyc=w-MC=wR (R — paauyc Ko-
Jeca). 3HaueHHe YIJIOBOH K CKOPOCTH ( HafileM H3 YCnOBHS Toro, 4To Touka K Koseca
He_CKOMIB3HT NO PenIbCy H, C/eNOBATE/IbHO, B AAHHLIA MOMEHT BpeMmeHH ux=0. C apy-
Toft CTOPOHH, TaK Xe KaK M A1 ToukH M, ug=v¢-+Uxc, The Uxc=0-KC=aR. Tax
KaK Anst To4KH K CKOPOCTH Uy M Uc HanpaBiein BXOAb OAHOMH NpsiMofl, To npH vg=0
Vkc=Uc, OTKyla 0=U¢/R. B pesyabrate HaxofHM, 4T0 Uye=0R=vc.

TNapannenorpamm, nocTpoeHHWA Ha BeKTOpaXx Upc HUc, GYRET NpH STOM poMGOM.

Yron Mexay Uc B Uyc pabeH B, Tak Kak CTOpoHH, oGpasyloutue 9ToT yroa u yroa f,
B32HMHO NepeneHARKYASpHH. B cBoro ouepean yros fi==2a, xak nentpanbuufi yroda,
onupaioIMics Ha Ty XKe AYrYy, 9T0 H BnHcaHHbA yroa . Toraa no csofictBam pomGa

YIAN MeXLY Uc M Uy M MEXAY Upyc H Upy TOXe paBhul . OKoHYaTeqbHO, TaK Kak
AHAroHaaH poMGa B3aHMHO NepeneHAHKYJAAPHH, MOAYYHM

vy=2¢ccosa u vy | KM.

Pacyer, KaK BHAMM, OKa3nBaeTCsl JOCTAaTOMHO IPOMO3AKHM. B panvuefiiuen Mu
NIO3HAKOMHMCA C MeTOAaMH, NMO3BOJAIOMIHMH peliaTh AHAJNOTHYHbIE 3ajauH Tropasio
npoine (cMm. 3agavy 61 B § 57).

§ 55. TEOPEMA O NPOEKLUMAX CKOPOCTEA
ABYX TOYEK TEJA

Onpenenenre cKopocTel TOYeK mJOCKOfi GHryp (HIH TeJsa, ABH-
Kywerocsi NJ0OCKonapanieNbHo) ¢ nomouibio Gopmyanl (52) cBsizaro
OOHYHO C JOBOJMLHO CJOXKHHIMM pacyeramu (cM. 3ajauy 59). Omsmaxo
HCXOAfl M3 3TOTO OCHOBHOTO pe3yJbTaTa,
MOXCHO MOJYYHTb PAR APYTHX, NpPaKTH-
YecKH 6oJsiee YAOGHLIX H NPOCTHX METO-
IOB ONpejeNeHHs CKOopocTef Touek ¢H-
FypHl (HJH TeJa). :

OnMH M3 TakMX METOJAOB JaeT Teo-
pema: npoexyuu cxopocmed d8yx movex
meepBo2o meaa HG 0Cb, NPOXOOAUYIO de- Puc. 149
pe3 smu mouxu, pasusi dpyz dpyey.

PaccMoTpuM Kakne-HHGYAb ABe TOYKH A H B naockofi puryput (Hiau
tena). [IpunnMas Touky A 3a nomoc (puc. 149), nonyyaem no popmyae

(52), uro 53=5A+um. Orciona, npoekTHpyst ofe YacTH PaBEeHCTBA Ha

0Cb, HanpaBJieHHyIo N0 AB, H yUHTHBas, UTO BEKTOP Up, NEpPNEHAHKY-
aspen AB; HaxoauMm

vgcos P =v,cosa, (54)

H TeopeMa JiOKa3aHa. 3aMeTHM, HYTO 3TOT Pe3yJbTaT siceH H H3 YHCTO
($u3HYeCKHX cooOpaXkeHH: ecJiH paBeHCTBO (54) He 6YAeT BHNOMAHATHCA,
TO NPH ABHMKEHHH PACCTOSTHHE MeXAy TOuKaMH A H B ROJ/DKHO HsMe-
HATHCA, YTO HEBO3MOXHO, TaK KaK TeJO CYHTAeTcs aGCOMIOTHO TBepALiM.
ITosromy pasencrBo (54) BHINOKHAETCA He TOMBKO NpH IJIOCKOnapan-
Ae/LHOM, HO H NpH JOGOM ABHKEHHM TBEPJOIO Teja.
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JloxasaHHast TeopeMa MO3BOJISIET JIETKO HAXOJHTH CKOPOCTb NaHHOM
TOYKHM Tesa, eCIH U3BEeCTHbl HANpaBJieHHe CKOPOCTH 3TOH TOYKH M CKO-
POCTb KakOH-HHOYAb APYrofi TOYKH TCro Xe Teja.

3anasa 60. Hafttu 3asicumocTsb Mex{ny cK opocTAMH Touek A H B aunefixu sa-
nuncorpada (cM. pHc. 145) npu xanHoM yrye @.
P e w e n ue Hanpasnenns ckopocreft Touex A 4 B uspectHn, Toraa, npoexTH-

PYS BEKTOPH U4 M Up Ha OCb, HANPABAEHHYIO O AB, NOAYYHM COTJacHO AoKa3aHKoN
Teopeme

vy cos p=ugcos (90°—g),
OTKYAa v ==upgtg P,

§ 56. ONPEAEJNIEHHE CKOPOCTEHA TOYEK IVIOCKOA ®HIYPHI
C NMOMOILBI0 MTHOBEHHOI0O LHEEHTPA CKOPOCTER.
NOHATHE O LEHTPOHAAX

Hpyro# npocToit ¥ HarNAAHKA MeTOJ ONpeleeHnsa cKkopocrell Touek
nAocKof GUrypH (WM Tesla NPH NJOCKOM ABHXKEHHH) OCHOBAH Ha NOHA-
THH O MTHOBEHHOM LEHTpe CKOpOCTedl.

. Menosernom yernmpom cxopocmetdt nassieaemica mouka naockold guzy-
poi, ckopocmb ‘Komopoll 8 OGHHOIE MOMERM BpeMEHU PABHA HYA.

Jlerko y6eauThcs, YTO eCIH GHrypa ABHXKETCSA HENOoCTy{laTeJbHO, TO
TaKast TOUKa B KaX/plii MOMEHT BpeMeHH f CYLIECTBYET H IIPHTOM eXHH-
cTBeHHas. [1ycrs B MOMeHT BpeMeRH f TOuKH A

H B njockoft ¢urypn HMEIOT CKOPOCTH U, H
Up, He mapajyesibKbie Apyr apyry (puc. 150).
Torna Touxa P, nexamasi Ha nepeceyeHHH nep-
NeHAKKyAspoB Aa K BeKTOpY U, H Bb K BexTo-
Py Vg, M Gy/ieT MrHOBEHHLIM LIEHTPOM CKopocTed,
TaK Kak v,=0%. B camoM fesie, €C/IH AOMYCTHTD,
Puc. 150 YTO Up=0, TO MO TeOpEMe O HPOEKUHAX CKOPO-
creft aemop_i?p JOJKeH OBITh ORHOBpEMEHHO
neprnexauKynsped u AP, (rak Kak v, | AP) u BP (rak xak vy | BP),
YTO HEBO3MOXHO. M3 Toit ke TeopeMH BHIHO, YTO HHKaKas Apyras Tod-
Ka QUTypH B 3TOT MOMEHT BPEMEHH He MOXeT HMeTb CKOPOCTb, PaBHYIO
HYJ/MIO (HanpHMEp, JIsi TOUKH.a NPOEKUHMA Uy HA JIHHHIO Ba He paBHa
HYJ/IO M, CJ€0BaTeNbHO, U, 70 M T. A4.).
Ecau Teneps B MoMeHT BpemeHH f B3aTb TOYKY P 3a moJioc, TO no
dopmyae (52) ckopocts Toukn A Gyger

Uy=1Up+Upy =Upy,

TaK Kak Up=0. AHa/NornyHplii peayJbrar noayuaercss aias Joboi apy-
roft ToukH Gurypu. ClefoBaTebHO, CKOPOCMUL. mo4eK NAOCKoU uzypot
onpedessiomces 8 OAHHBIT MOMERM BPEMERL MAK, KaK ecau Ooi Osuenue
ucypo. 6uiao0 epawerues 6okpyes MeHogeRH020 yenmpa ckopocmed. TIpH

* PasMepH UIypH Beeria MOXHO NpeACTaBHTH ceGe TaKHMH, 470 TOuKa P Gyger
npHHajNexaTs 3TOR Purype (cM. HHXKe npumep M puc. 150).
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9TOM COrJtacHO cooTHoweHHsaM (53):
UA=(|)°PA (;A.LPA);

vg=0-PB (vg LPB)ur. B (55)
Ha paeencrs (55) caepyer eure, yto
U4 _ 2

T. €. 4TO cKopocmu movex naockod puzypo. nPoNoPYUORAAbHYL UX PACCMOA-
HUAM OM M2HO8eHH020 yenmpa ckopocmed.

[TonyueHHne pesyaALTaTHl NPHBORAT K CJAENYIOUIHM BHBOAAM.

1. Jlra onpedeserun merosenro2o yernmpa ckopocmeld Hado 3Hame mo-
A6KO Hanpasrenus ckopocmell v, U Ug Kakux-Hubyos deyx mouex A u B
naockod ¢puzypet (WM TPAGKTOPHM ITHX TOYEK); MI'HOBEHHHIA LEHTp
CKOpOCTefi HAaXOAHTCH B TOYKE nepeceyeHHs NEPNeHAHKYAApOB, BOC-
CTaBJIeHHHX M3 To9eK A H B K CKopocTAM 3ITHX TOYeK (MJIM K Kaca-
TeJBHBIM K TPAeKTOPHSAM).

2. [das onpedesenus ckopocmu aoboil modku naockod gueypot Kado
sname molyas: u Hanpasrenue ckopocmu Kaxod-rubyds o0Hod mouku
A ueypo u nanpasaenue ckopocmu Opyeod ee moduku B. Torna, Boc-
CTaBHB H3 ToueK A M B nepneHgHKyJSApH K Uy H Ug, TIOCTPOHM MIHO-
BeHHBIl LeHTp cKopocTell P M NO HanpasJeHHIO Uy ONpeReNHM Hanpas-
NeHde nosopota ¢urypul. [ocse sroro, 3Has v, HaiiieM no ¢opmyse
(56) ckopoctb vy MmoGoli Toukn M nJjockoft durypul. Hanpapnen Bex-
TOp Uy NepneHmukynsapHo PM B cropoHy noBopora QuUrypel.

3. Vanoean ckopocmo © naockod ¢uayper paswa 6 KaxcOwd OarHvil
MOMENM BPEMENRI OMNOWERUI CKopocmil Kakold-nubyob mouku ¢ueypbi K
€8 PACCMOAHIO- OM M2HOBEHHO20 Uermpa CKo-
pocmed P:

o=7p2, (67)

9TO0 BHAHO M3 dopmyn (55).

Hafinem eme Apyroe BoipakeHue s o.
Hs pasencrs' (52) u (53) caenyer, uro
Upa=lUg—Usl ¥ Uga=w-4B, OTKyAa

vg—U 1) -
o=l BABAl =1 34:4(8 Al (58)
Korpa wv,=0 (touka A — MrHOBeHHblil
neHTp ckopocreft), d¢opmyna (58) nepexo-
aur B (57).

Pasenctsa (57) 1 (58) onpeneasior onHy ¥ TY e BEIHYHHY, TaK Kak
No ZOKasaHHoMy (cM. § 52) NOBOPOT MIOCKOMA (GHUryphl BOKPYT TOUKH A
HJH TOYKH P MpPOKHCXOAHT ¢ ORHON M TOM Xe YIJOBOA CKOPOCTHIO ®.

NMpumep. [lna aunefixn AD sanuncorpada (pc. 151)-HanpapneHHR ckopoctedl
Todek A W B napectHn. BoccTaBasis K HMM NepleHAMKY/AAPH, HafileM MTHOBEHHHA
ueHTp ckopocteft P anneliku (3AnBNCOrpad MOXKHO NMPeACTaBHTL cefe B BHAE JHCTA tda-
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HepH JI, NPHKPENIEHHOro WapHRPHO K noasynam A u B, a aunefixy AD — Haprco-
BaHHOR Ha STOM JHCTe) TOYKa P, NpHHajJeXawasn JAHCTY, HMeeT CKopocTs up=0).

3nan P, u3 nponopuuu vy/PA=uvg/PB noanyuuMm v =vg(PA/PB)=vuplg o,
T. €. TOT Xe })ea JAbTaT, 4TO H B 3azave 60. das Touxn M anajoruuHo HaiineM, 4to
vy=vg(PM PB{. Hnanry PM MOXHO BLIYHCAHTD, 3Haa AB, AM u yroa @. Hampas-

JAeHHE BEKTOPA Uy MOKa3aHO Ha vepreske (vy | PM).
Has yraoso#t ckopocti aunefiku no ¢opmyaam (57) uan (58) HaxoauM

_ b =]
w = PB HIH O = A8 .

Jlerko npoBepHtb, 9TO 0Ge GOPMYJAN AANOT OXHUN K TOT KEe Pesyibrar.

PaccMOTpHM HeKOTOpHIe YacTHBbiE CIy4YaH OnpeesieHUs MIHOBEHHOIO
HeHTpa cKopocredl. :

a) Ecav nuocKonapanieNnHoe IBHIKEHHE OCYIIECTBISETCH MYTEM
KadeHHR 6e3 CKOJbXEHHUS OLHOro IHJIHHADHYECKOTO Tejia NO MNoBepx-
HOCTH JPYTroro HEMOABHKHOrO, TO TouKa P Karfulerocs Tesa, Kacaio-
IaAcA HENOABUKHOM nopepXxHocTH (puc. 152), HMeer B JaHHKII MOMEHT
BpEMEHH BCJIENCTBHE OTCYTCTBHS CKOJbXKEHHS! CKOPOCTh, PaBRYIO HYJO
(vp=0), H, crrenoBareNbLHO, ABNSAETCH MPHOBEHHHM LEHTPOM CKOPOCTef.
TIpumepoM CHYXHT KayeHWe KoJeca 1o peJibCy.

Puec. 152 Puc. 153

6) Ecau ckopoctH Touek A H B miockKofl ¢pHrypn napajsensHut

Ipyr Apyry, npudeM JHHHA AB He nepnesauxyaspHa v, (puc. 153, a),
TO MIHOBEHHHIH LleHTP CKopocTefl AeXHT B GeCKOHETHOCTH H CKOPOCTH
BCeX TOYeK mnapananiesbHet U,. IIpH 3TOM H3 TeOpeMH O NpoeKUHAX
cKopocTeft chefyer, 9TO U4COS®=UgCoSP, T. €. Up=U,; aHAJOTHYHKIf
pesyJibrar nosydaercl Aia BceX ApYrux touek. CiiefoBaTesbHO, B pac-
CMaTpHBAEeMOM CJIydyae CKOPOCTH BCeX TOUeK (UIyphl B JaHHHA MOMEHT
BpeMEeHH paBHH JPYr APYTY H IO MOAYJAIO, ¥ NO HANpaBJAEHHIO, T. €.
?;mjypa HMEET MeHOGeHROe nocmynamensroe pacnpedesenue cxopocmedl
TaKoe COCTOSIHHE JABHXKEHWA Tesla HasSHIBAIOT €ille MZHOGEHHO NOCmyna-
meabHoM). YTIIOBaA CKOPOCTb ® Tesla B 3TOT MOMEHT BpeMeHH, Kak
BagHo u3 dopmyant (58), paBHa RyJO.

B) Ecain ckopoctd Touek A M B nnockoft GuUrypH napaAnenbHH
APYr NPYry H NPH 3TOM JHHHA AB mepmeHAMKYASpHA Uy, TO MIHOBEH-
Huf 1eHTp cKopoctefi P onpepensierci NOCTPOEHHEM, NOKa3aHHBIM
Ha puc. 153, 6. CapaBelIHBOCTh NMOCTPOSHHA CJefyer M3 NPOMQOPUHH
(56). B stom cayuae, B OT/IHUHE OT NPEAHAYIOHX, A5 HAXOKACHHS TEHT-
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pa P Hajo KpoMe HampaB/ieHHH 3HaTh 6li€ M MOAYJIH. CKODOCTEH U4
u vg.

r) EcIH M3BeCTHH BEKTOP CKOPOCTH Uz KaKOA-HHGYAb TOuKH B
(HUrypH H ee YrioBas CKOPOCTb ®, TO NOJOXEHHE MTHOBEHHOrO LEHTpa

cKopocTeil P, exalllero Ha NeprieHAHKYAspe K Uy (cM. pHc. 150), MOXHO
HafiTh U3 paBeHcrBa (57), KoTopoe aaer .BP=vg/®.

MrHoBeHHHA LeHTp BpalleHHA H LHeHTPoONAH. Buue 6o
NOKa3aHo, 4TO CKOPOCTH TOYeK MJIOCKOA OHIypHl pacnpefiejieHbi B KaXAnft MOMeNT
BpeMeHH TaK, KaK ecsii Obl JBH)KeHHe STOfi QUTYpH NpPeACTaBAAno colofi BpalleHHe
BOKPYT ueHTpa P. o sToft npHultHe TOUKY HenOABHKHOA NMJIOCKOCTH, COBNAJAIOIYIO €
MIHOBEHHHIM UeITPOM CKOPOCTedl, KOTOPYIO Mh TaKike Oylem ofo3navath 6ykso#t P,
Ha3biBAIOT MZHOBEHHOIM UEHMPOM 8PaLieHUA, 8 OCb Pz, NEPNEHARKYNAPHYIO CeYeHHIO S
Tena (cM. puc. 141) H npoxoasuuyio uepes TOUKY P,— m2HO8eHAHOO 0CHIO 8paujeHus
Tena, COBEpLIANLIErO NJOCKONapanienblioe XBHXKeHHe. OT HenoABHXHOA OCH (MM
LieHTpa) BPaLIEHHA MTHOBEHHA OCb (HJIH LEHTP) OTIHHEIOTCH TeM, YTO OHH BCE BpeMs
MeHAIOT CBoe noJoXkenHe. B § 52 6mao ycraHosseno, 4To nAocKonapanieabHoe ABH-
JKeHHe MOXHO PacCMaTPpHB3Th KaK CAAaralouleec H3 NOCTYNATE/JbHOTO ABHXKEHHA BMeE-
CT€ C KaKHM-TO cpukcuposaunum NOJIOCOM H BPAlLaTeJIbHOIO JBH)XEHHA BOKpYr sToro
nomoca. INonydeHHHA pe3yabTaT NoOSBOAAET AaTh APYTYIO TE€OMETPHYECKYId KapTHHY
NJIOCKOrO JIBHMEHHS, 8 HMEHHO: NAOCKONAPGAAEALNOE O8UNCEHUE CAG2BEMCA u3 cepuu
nOC2LG06AMEALHBIX IAEMENMAPHSLX hOBOPOMOS 80KPYZ HEMPEPLIBNO MENRIOUUX 080E Nno-
LONCERUE M2ZHOGERHBIX Oced (UAu YEHMPOG) 6PaujenuUR.

Hanpumep, kauenne KoJeca, H300paxeHHOro HHxKe Ha puc. 156, MOXHO npex-
CTaBHTD cebe HJIH KaK COBOKYNHOCTW NOCTYNATENLHOrO ABHIKEHHS BMecTe ¢ noJiocom C
H BpallleHHA BOKPYT STOTO NMOJIOCA, HAH XKe KaK CepHIO 9/1eMSHTapHKX II0BOPOTOB BOK-
PYT HenpepblBHO H3MeHsioliel CBOE NOOKEHHe-
TOYKH KacaHHfi P ofoga ¢ penbCcoM. o

Ilpy xBHMenuH naockoft QHIypH MrHo-
BEHHHA LeHTP P HenpepLBHO H3MEHSET CBOE
NOJIOXKeHHe KaK Ha HelOABHIKHON NJIOCKOCTH
Oxy, TAK M Ha NAOCKOCTH, CBAi3aHHOR < reu-

AN
Puc. 154 Puc. 155

xywefica ¢urypoii. [eomeTpHyeckoe MecTO MFHOBEHRHX WLEHTPOB BpAlleHHHA, T. €,
NOAOKEHHA TOUKH P Ha HENOABHXHON NNOCKOCTH, Ha3bBAIOT HENOGBUNHOE Lermpou-
dod, a reOMETPHYECKOE MECTO MTHOBEHHBIX LEHTPOB CKOPOCTElt, T. €. NMOJIOXELHR TOYKH
P B naockocTH, cBf3aHHOIl ¢ GHrypofi M aBHXKywefica BMecTe C Hell,— nodeuxcnod
yenmpoudod (pHc. 154). B nannnifi MOMeHT BpeMeHH OGe LIEHTPOHAH KacaloTCa Apyr
Apyra B Touxke P, sBasiomeficd A/ STOTO MOMEHTa MTHOBEHHHM LEHTPOM BpallleHHA
(s1H cKopocTefl); MmepeceKaTbCsl UEHTPOUIB He MOTYT, TaK KaK TOTAa B AaHHLIA MOMEHT
BPEMEHH CYIlecTBOBAJNO Obl GOJbIIE ORHOIO MIHOBEHHOrO HEHTPA, YTO HEBO3MOMKHO.

B chepyomuit MOMEHT BpeMeHH GYAYT CONPHKACATBCH TOUKH Py nonsuxHoft W Py
HeNOABHXKHON UEHTPOHA, H 3Ta TouKa GYAeT AJA CJAEAYIOIErO MONMCHTA MIHOBEHHHIM
LeHTpoM Bpaillenuss H T. X. OTCiona, NOCKOABKY ITOJI0XKEHHEe MFHOBEHHOTO LeHTpa P
H3MeHSIeTCH HeNPEePHBHO H B KaXKAWA AaHHH MOMEHT BpeMend vp=0, MOXXHO 3aXNI0-
UHTH, YTO NPH MJIOCKONAPaN/eSbHOM ABHKEHHH NPOHCXOAHT KaueHHe 6e3 CKOAbKeHus
NIOABHXHOA ULEHTPOMAL N0 HenoABHXKHOK. Hao6opoT, eciH MaTepHANbHO OCYINECTBHTD
ofe UEHTPOHAL, TO FeOMETPHYECKYIO KAPTHHY NMAOCKOFO ABHXEHEA TBEPAOIrO TeJla MOX~
HO NMOJYYHTb, CKPeNHB TeJO C HOABMKHON BEHTPOMAOH M Kars STy UEHTpouny Oes
CKOJIbXKEHHA N0 HENOABHMHOM,
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Jlerko BHAeTs, YTO ANA KoJeca, A306paXeHHOro Ha pHc. 156, ocb Ox sBasercs

HemoBKHOA ueHTpoujof, a okpyxHocte PEDK — mopsuxuofi. Kauennem Ges
CKOMbIKEHHS NOABHIKHOM LEHTPOHAN MO HENMOABHIKHOR H OCYIIECTBARETCA ABHXKEHHE
KoJeca. .
NMpumep. s aunelixu AB sanuncorpada (puc. 155) MruoBeHHH# LenTp BpALLe-
HHA HaxogHTCA B Touke P (cM. puc. 151). Tax Kak paccrosnne PO=AB=={ B moGo#
MOMEHT BPeMEeHH, TO IeOMETPHYECKHM MeCTOM ToueK P B maockoctH Oxy, T. €. Henox-
BHXHO# uenTpoHAOH, GyAeT OKpYKHOCTL pafuyca [ ¢ uentpoM B 0. Ho oanoBpemenHo,
ecn auHefixy AB npeacTaBHTb Hap coBaHHOM Ha amcre daunep JI, TO paccTosHHe
PC=1/2 uentpa P ot Touku C nunefixu Gyaer ToXe Bce Bpemst NOCTORHHHM. CJief0Ba-
TeAbHO, NeOMETPHYECKHM MeCTOM ToueK P Ha Jamucre ¢anepu JI, T. €. NOABHXKHOH Len-
TpoHaoR, GyAeT OKPYXKHOCTb paanyca //2 ¢ uentpom B Touxe C. [TpH JABHMKEHHH S/AIHI-
corpada OKPYXKHOCTb 2 KAaTHTCH 6e3 CKOJIbXKEHHS MO OKPYMXKHOCTH / K TOUKa HX Ka-
CaHHA B KaXAhLfi MOMEHT BpeMeHH GyJeT MrHOBEHHHM LEeHTpoM BpaulenHs. Haobopor,
€CJIH OKPYXHOCTH / H 2 OCYIEeCTBHTb MaTepHANLHO (B BH/E LIECTePeH) H KaTHTb OAHY
no Apyrofi (HenoABHXKHOA) Ge3 CKOILIKEHHA, TO NIPH STOM AnaMeTp AB OKpyxHOCTH 2
BOCNIPOH3BEAET ABHXKEHHE JIHHERKH sJaJanncorpada.

§ 57. PELHIEHHE 3AJAY

Jna onpeAeseHHs] HCKOMBIX KHHEMaTHIECKHX XapaKTepHCTHK (Yyrao-
BOofl CKODOCTH Tejla MJIM CKOpPOCTefi ero ToueK) Halo 3HaTb MOAYJAb H
HanpabJ/ieHHe CKOPOCTH KakoA-HHOYIb ONHOH TOUKH H HanpabjeHHe
CKOPOCTH APYrofi TOYKH CeYeHHs 3TOro tesa (Kpome cjiyuaeB a) W B),
paccMOTpeHHHIX B KoHue § 56). C onpeneneHus 3THX XapaKTEPHCTHK 10
JaHHBHIM 3353244 H CJAefyeT HauMHaTb pelleHHe.

Mexanuam, ABHXKEHHe KOTOPOTO HCC/eRyercsi, Hafo H306pa)kaTb Ha
uepTexe B TOM NOJIOKEHHH, AJ5 KOTOPOTo TPeGyercs OnpelelHTh CooT-
BETCTBYIOIlHEe XapaKTepHCTHKH. IIpH pacuere c/eayer NOMHHTb, 4TO
NOHATHE O MTHOBEHHOM REHTpe CKOpOCTell HMeer Mecro AMs AaHHOro
TBEPAOro Tejla. B Mexanusme, COCOAUEM U3 HECKOALKUX men, Kaxcdoe
Henocmynamensro OBUICYLYEEC MEAD UMeem 8 OAHHYIL MOMERM BPEMERU
80Ul M2HOBEHHbIL Yermp cKopocmell U CB0I0 Y2A08YH0 CKOPOCMb.

3apaua 61. OnpenesnTb cKopocts TOWKH M ofoja KaTAmlErocs Kogeca (CM,
sasauy 59) ¢ NOMOILIO MIHOBEHHOrO IEHTPAa CKOpPOCTed.

%

Pnc. 156

Pemenue Touka Kacanus Koneca P (pHc. 156) sBANETCH MTHOBEHHHM LieH-
TPOM cKopocTefi, IOCKOAbKY Up=0. CriegoBatennho, Uy -l PM. Tax xak npamoft yron-
PMD onupaerca na anamerp, To HanpasJieHHe BeKTOpa CKOPOCTH Uyy /oGOft TOYKH
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o6ofia npoxoART uepe3 Touky D. CocTaBans nponopuuio vy/PM=uvc/PC 1 3amevan,
yro PC=R, a PM=2R cos a, HaxoRHM U= 2vc COS C.

Yem Touka M pasbme ot P, TeM ee CKOpocTb 6oJibllle; HaHGOJBUIYIO CKOPOCTh
vp="2vc HMeeT BepXHHA KoHew D BepTHKaABLHOrO AHaMeTpa. YTJ0Bag CKOPOCTb KoJeca
coraacHo Qopmysie (57) HMmeeT 3HaueHHe

w=yc/PC=uc/R.

AHaNOTHYHAs KapTHHA PACNpefeNeHHN CKOpoCcTeHl MMeeT MECTO NPH KaueHHH
KOJIeca MJIH LIeCTepHH MO JIOGOR LHIMHAPHYECKOA NMOBEPXHOCTH (cM. puc. 152).

3anaua 62. Onpegeants ckopocTb HeHTpa C NOABHXHOro 6/0Ka pajuyca r # ero
YT/IOBYIO CKOPOCTb © (pHc. 157), ecain rpys X NOAHKMAETCS CO CKOPOCTHIO U4, 8 TPY3 B
ONyCXaeTcs CO CKOPOCTHIO Ug. HHTb MPH. CBOEM ABHXKEHHH NO NMOABHMKHOMY GJIOKY He
NpOCKANb3HBAET, 4 ee BeTBH BEPTHKANbHHL.

Pemenne Tak kak HHTD MO MORBHXKHOMY GOJIOKY He NpOCKajib3biBaeT, TO
CKOPOCTH ToYeK g H b 6J0Ka paBHH MO MOAYJIO CKOPOCTSAM FpPY30B, T. €. Ug=Ugq H
Up=vpg. 3Has CKOPOCTH ToueX @ H b H Mojarasd AJA ONPEJENEeHHOCTH, UTO Ug>U4,
HaXOJAHM [IOJIOXKeHHe MIHOBEHHOTO leHTpa cKopocrefl P noasnxkHOro 610Ka TaKHM Xe
TpHeMOM, KaK H B CJ1ydae, IOKa3aHHOM Ha pHc. 153, 6. Ckopocts ientpa C 6/10Ka H30-

Gpaxaercsl BEKTOPOM Ug. LA onpefeneHHst MORY/S Uc M YTJIOBOR CKOPOCTH @ MO~
BILKHOTO G6JI0Ka COCTaBJjfieM, Nosb3ysAch ¢opmynoft (58), pasencrna:

tp + (— 0, vy —0,
m___.IH-( a)l'w_lb el

Orciong, Tak xak ab=2r, bC=r, Haxonum:
©=(vg+v4)/2r, tc=(vg—va)/2.

Tpu up>v4 wentp ‘C 610Ka NoAHMMaeTcsH; ec/iH vg <u4, OH Oyaer omyckatbest. [Tpr
Ug=u4 noayuum ve=0,

lﬂm cayyasi, Korla o6a rpy3a A u B onyckaorest, sHaueHHs © H Uc Haflewm, 3a-
MEHHB B TOJy4eHHHX HOPMYAax U4 HAa —U 4.

3azaua 63. B KpHBOWHNHO-NON3YHHOM Mexauuame (pHc. 158) kpumommn OA
KnuHOR r BpaIAETCS C YIJIOBOR CKOPOCTBIO W 4. lauHa watyna AB==[. [Ipn aantom
gme @ onpeneauTts: 1) ckopocTs noasyHa B; 7

) nonoxeyue ToukH M watyHa AB, ume- A 4P
jouel HaHMeHbLWIYIO CXOpOCTb; 3) yrJosyio
CKOPOCTb W4 WaTyiia. PaccMoTpers nonos-
HHTEeJIbHO MOJIOXKEHH MexayH3Ma NpH =0
H9o=9%0°"

PeuweHye M3 naHHuX 3aaas caeny-
€T, 470 ToYKa A HMeeT CKOPOCTb, YHCJEHHO
PaBHYI0 U4=Wp47 H HaNpaB/leHHYI0 TIep-
neupuxyaspio OA, a ckopoctb ToukH B y
HampaB/ieRa Bioub BO. ITHX JaHHHX RO~ Puc. 158
CTATOYHO AJIA ONpefesieHMA BCeX KHHeMaTH- '

YecKHX XapaKTepHCTHK luaryna AB.

1. o Teopeme o Npoekuusax cxopocredt vy cos a=ug cos f. Ho nockoabx a'ron
OAD, xax sHemmuft yrox TpeyroabHuka OAB, pased @+p, T0 a=90°— ((p-i ) My
CAeAQBaTeNbHO,

sin (p+B)

cos

vg=wgar =wgr (sin ¢ cos ¢ tg B).

HckmosuM u3 storo. paBenctsa yroa f. Hs Tpeyronsunxa OAB sin B/r = sin /l;
KpoMe Toro,
sin §

——————

tgp= .
eh ¥ T=sin®p
B pesyabTare HaxoRHM

cos
UB=(DOAI< i +-7>Fr——‘—_7__%w) sin Q.

137



2. BoccraBassi u3 Touek A u B NepreHIHKYARPH K CKOPOCTSAM STHX TOYEK, Ollpe-
AejsieM MrHOBeHHHl UeHTp ckopocTeil P Aaa watyHa AB (nuuusa AP spnsercs npo-
Ao/mxkensnem OA). HaumeHbliylo CKOPOCTb HMeeT Touka M, 6/1HXKe BCero pacnoJoxenyas
K UeHTPY P, T. e. aexawas Ha nepnesgukyaspe PM x AB. CkopocTh 3TOR TOUKH

1 FTERF] C0§ o =Wwgr Sin (q)+ ﬂ).

3. Yraosaa cxopocts wdryna AB cornacio dopmyae (57)

wag=uva/PA uan wag=vg/PB.

Hanna PB (uan PA) BHunc/sieTcs MO AaHHHIM 3aAa4H. _

-4. Tpn yrae =0 (puc. 159, a) nepnenankyasap AB k ckopocTH vy 1 TiepneHAR-
Kyasp Bb x HanpaBaenuio vg nepecexkaiorca B Touke B. Caegonaresibho, Touka B sB-
JAAETC B STOM MOJOXKEHHH MFPHOBEHHHM UeHTpoM cxopoctell u vg=0 (iNepTBoe»
noaoxenHe MexanusMa). as sroro nosoxenns

©0a8="04/AB=rwgy/l.
Pacnpenenenne cxopocreft Touex waryHa AB nokasaHo Ha gepTexe.

5. Ilpu yrae ¢=90° (puc. 159, 6) CKOPOCTH U4 H Ug HanpasJeHk napan.ne.mo n
NepneHgHKYAAPH K HHM IepeceKkaloTcsi B GeckoHeuHocTH. C€RoBaTeIbHO, B STOT MO-

MEHT BPEMEHH BCe TOYKH MIAaTyHa HMEIOT ORHHAKOBHEe CKOPOCTH, paBHbe Uy4; '@ p=0.

7
Pnc. 159

3azaua 64. Kpusownn OA (puc. 160), spamatomuitcst Bokpyr ocH O ¢ yraosoft
CKOPOCTHIO W 4, HeceT Ha ce6e OCb NMOABHKHON wWecTepHH /, KaTAweAcs N0 HEMOABHK~
HOR wWwecTepre 2. PaanycH llecTepeH OAHHAKOBW M paBHH r. K mecrepHe [ wapHup-
HO MpHKpensex watyd BD aaunoRt [, coennnennnfi ¢ KopomucaoM DC. Onpepenuts
YFI0BYIO CKOPOCTh. Opp IIATYHA B MOMEHT, KOTAa Oll MEPOEHAHKYASPeH KPHBOWMOY
OA, ecnn B 10T MOMenT £ BDC=45°,

Pemw e uue [asonpenenchus @gp Halo 3HATH CKOPOCTh KaXof-HHOYAb TOUKH
mwartyna BD u nonoxeHHe ero MrHOBEHHOTO teHTpa ckopocTeft. HafiieM CKOpOCTb TOUKH
B, nonssysce TeM, 4T OHA ORHOBPEMEHHO NPHHaLe}KHT utecTepre [. A% wecreprn [
MSBECTHN CKOPOCTb UA=®gA-2r (val OA) w mrHoBennwft nemtp cxopocteft Py
Caepasatennio, ug | PiB H MO TeopeMe O NPOEKHHAX CKOPOCTeR g cos 45°=uy,

otxyaa vg=uv,¥ 2=2rwgsV 2.

Tenepy pns matyna BD H3BeCTHH CKOPOCTb. U M HanpaBaenHe CKOPOCTH Up
(vp_]_DC) Boccrapass nepnenanxyafph K ug H vp, HaftieM MrHOBeHHHR LeuTp CKo-
pocredl I,Bnm'yna Tpii 3TOM, KaK JMerko BHAeTb, oTpe3ok BP,=IY 2/2. Torsa

030—03 Py=4(r/wga.
e'mu, YTO HeAh3g NHTATECA HCKﬂTb xaxoﬁ-unﬁyzu. MT'HOBEHHBIft UEHTP CKO-

pocTedl, BOCCTABARA NePNEHAHKYAMPL K BEKTOPAM U4 B vp. Touxn A ¥ D npunapnexar
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PA3NHBIM MeAaM, W TiepeceyeHHe YKa3aHHHX NePNeHANKYAAPOB HHKAKOTO LEHTPAa CKO-
pocTeRt He naer (cpaBH. ¢ 3anauedt 65). ) ) :

3aaaua 65. Ha ock O (puc. 161) He3aBHCHMO IPYT OT APYra HacaXkeHH wiectepus [
B xpuBowun OA, BpamaloWHiics ¢ YIOBOA CKOPOCTLIO W 4. KpHBOwMK HeceT ock A
HIeCTEPHH 2, HATAYXO CKPeNJieHHOR ¢ waTyHoM A B, NpoXonAImKM uepe3 Kauaiomyocs
mypry C. Paanycn wecteper / M 2 OAMHAKOBH (r;=7,=r). OnpemenuTh Yrj0BYIO
céxo &c)‘rb 3((‘))& wectepuu / B TOT MoMeHT BpemeHH, koraa OA | OC, ecan npu sToM

Pemen e [na onpesesenns yraosoft CKOPOCTH @y wecTepHH | Haxo HalTtd
ckopocTb ee ToukH E. 31y ckopocts HafteM, MOJIL3YSCh TEM, YTO TaKYlO e CKOpPOCTb
uMeer Touka E wectepun 2. [na wecTepHn 2 H3BeCTHl HanpasJjeHHe H MOAYJb CKO-
pocTH ToukH A: :

;A_LOA. va=wWpa2r.

KpoMe Toro, MM 3HaeM HalpaB/ieHHe CKOPOCTH Ug, HO B A4HHOM CJy4ae 3TOro He-
ROCTAaTOYHO, TaK Kak Uglug. [To Teopeme mpoexunit anatetiHe Vg TakxKe He HaileTcs,’

TaK Kak g H vp nepneHaukyaspuu AE. [TosToMy Anst Aanbrefiuero peuleHHs Boc-
noAb3yeMcsl TeM, 4To wectepHn 2 H waTyH AB 06pa3yloT OAHO TeNO (OHH CKAenaHH).

Jas aToro Tena 3udeM HanpasaeHHe CKOPOCTH TOUKH C: BEeKTOp ¢ HampaBJ/eH BAO/b
CA, Tax Kak B ,To4Ke C WIaTYH MOXeT TOJABKO
NIPOCKAb3BBATh BAOAL MypTH. Boccrasass

NEePNeHAHKYNAPH K UgH U, HAXOLHM MIHOBEH-
Hbift neHTp ckopocteft P rena BAE. .

IMo pauubM 3anaun £ ACO=30°, oTKyZa H
ZCPA=30°. INostomy

AC=2.A0=4r, PA=2-AC=8r, PE=Tr.

Torza u3 nponopuun ve/PE=v4/PA uaxogum,
yto vp=(7/8) v4=(7/4) rwgas. Orciona ;=
=vg/OE=(7/3) wga.

Puc. 161 Puc. 162

3agaua 66. B mexanusme, uao6paxkeHHOM Ha puc. 162, kpusommnul / v 2 gan-
Hoft [, 1 [, COOTBETCTBEHHO MOFYT BpAlMaTbCA HE3aBHCHMO APYT OT JAPYra BOKPYF HX
oceft bl H bz‘- Tput naunbix yraax a u B (0,B||AC) nafitu: 1) uemy ROMKHH PaBHATBHCH
YI/10Bble CKOPOCTH @y H 0, KPHBOWIKNOB, YTOOH Wwapuup C MEXaHH3Ma HMea B RaHHBIf
MOMEHT BPEMEHH 38JaHHYIO CKOPOCTb Uc, HAMPaB/eHHYIO NOA YIMOM Y K 3Beny AC;

2) uemy OyjeT paBHa CKOPOCTb Uc, €CAIH KPHBOWHNE HMEIOT 3alaHHble YIVIOBHE CKO-
POCTH @ H W,

* MexaHu3M HMeeT fBe CTeNeHH CBOGO/N: €ro NoJIoKeHHe OnpeReaseTcs ABYMS yr-
Aamu & ¥ 8, He 3aBHCAWNMMA APYT OT APYra (Yro. & MOXKHO HIMEHATh, He H3MeHAA Yrost
B, 1 Hao6opoT), MexaHH3MH, pacCMaTPHBaBILHeCA B NPEIHAYINMX 3a/a4aX, HMEIOT OLRY
crenexs CBOGOAH H MOJOMEHHE KaXAOro OnpeaeaseTcs ONHKM YIVIOM, HanpHMCp Y
MexaHu3Ma, HaoGpaxkenHoro Ha puc. 158, yriom @. [MoapoGHee Bonpoc o CTeNeHAX CBO-
Gomr paccmatprBaetca B § 138,
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Pewenne Tak kak tTouka C nMpHHAANEXHT OXHOBpeMeHHO 3BeHbAM AC H
BC, T0 no TeopeMe 0 MpoeKUHMAX CKOPOCTEH AOMKHO GHITH:
) vasin a=rtgcosy, vgsinf=uvecos(f—1y). (a)
1. W3 paBeHcTB (a), MOCKOABLKY Up==w,l;, Ug=@,l;, nafizieM, 9T0 vo H Y OyAYT
HMeTb 3aJaHHBle 3HauYeHWs, Korja
©;=rv¢cos y/l;sin &, @g=1tc cos (B —vy)/lysinB.

Kak BHAHM, paccmMaTpHBaeMbifi MeXaHH3M AefiCTBHTEJbHO TO3BOJSET COOGIHUTHL
Touke C nepemeliieHHe B IIJIOCKOCTH MeXaHH3Ma 1o oGoMy Hanepej 3alaHHOMY Hanpas-
JIEHHIO ¢ 3ajaHHOf ckopocTbio. [TogoGHbie cBOficTBa MEXaHH3MOB HCIOJIL3YIOTCH B pas-
JHYHBIX MAHHNYASATOpAX.

2. Ecjin 3agaHH @; H ©,, TO ORHOBpPEeMeHHO GyIyT H3BECTHH U4 H vg. Toria u3
ypaBHesHA (a) MOXKHO ONpeRe/HTh HCKOMbIE 3HAYEHHS Ug H Y, HO pacueT NpK 9ToM Oyzer,
OObIMHO AOCTATOYHO TPOMO3AKHM.

Onnako 3ajava Jerko B H3fWHO peéwaerca rpapuyeckn. [as storo caenyer ot~
JNOXKUTL BAOAL npono/mxenns AC otpesok Ccy=Aa, a Bioap CB — ortpesox Ccy=Bb
H BOCCTaBHTb M3 TOYKH ¢; NEPNEHANKYJAp K Ccy, 8 H3 TOUKH C,— NEpNeHAHKYARP K
Cc,. Touka nepeceyeHHs 3ITHX NEepNEeHAHKY/AAPOB H ONpefessieT KOHel HCKOMOTO BeK-

vopa vc, Tak kak Ccy siBaserca npoexusef ve Ha AC, & Coy— npoexuned ‘¢ na CB,

§ 58%. ONPEAEJIEHHE YCKOPEHHA TOYEK IJIOCKOA ®HTYPHI

Iokaxem, uyTo yckopenue moGoi#t ToukH M niockoft Gurypu (Tar
’e, KaK H CKOpOCTb) CKJajbiBaerci M3 YCKOpeHHi, KOTOpHe TOYKa
noJiyyaer npH NOCTyNaTeNbHOM H BpailiatejbHOM JBHXKEHHAX 3rol i
rypsl. [Tonoxenue Toukn M no orHomenuio K ocaM Oxy (cM. pHc. 146)

onpejeNsercs - pagHycoM-BekTopoM r=r,+r', rae r'=AM. Toraa
T4 iy | dir
L TR T an
B npasoft yacTH 5TOro paBeHCTBa MepBOe CJ1araeMoe eCTb YCKOpeHHe

a, nomoca A, a Bropoe cjaraeMoe onpejensier YCKOPEHHE @p 4, KOTO-
poe Touka M noayuaer npH BpaweHHH GHIYpH BOKPYr nojoca A
(cM. § 54). CrnenosarennHo,

ay=a,+ay, (59)

3HaueHHe Gp,, KAaK YCKOPEHHS TOUKH BpALIAIOMIErocs TBEpJoro
Tenia, onpenenserca no gopmynam (46) u (47) ua § 51:

a,‘mz'-MA Veé-l,f(l)‘, tg p=8/m’, (60)

TAe ® M & — YIJIoBas CKOPOCTb H Yr/OBoe yCKOpeHHe (QHIypH *, a

B — Yroa Mexay BEeKTOPOM ay, H orpeakoM MA (puc. 163).
Takum o6pasom, ycxopenue aobod modku M naockoid ueypes 2eo-
MempuuecKu CKaa0ui8aemcs u3 yckopenus kaxoti-nubyds dpyzoll mouxu A,
npunamod 3a noawc, u yckopenua, xomopoe mouka M noaywaem npu
epawjeruu hueypol 0Kpye 3mozo noaroca. Mony/i» ¥ HanpaBJeHHe ycKope-

* Ha uepreice cnnownas Ayrosas cTpe/ika NOKa3HBAeT HATpaBieHHe ® (Hanpas-
JleHHe BDAlUeHHs), a NYHKTHPHAA — HanpasJienue (3Hak) e. [Ipu ycKopennom spaue-
KHH 00e CTPe/IKH 6YAyT HanpaBJeHK B ORHY CTOPOHY, a NPH 3aMe/IeHHOM — B PasuHe,
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HHSA Gy HAaXOAATCA NMOCTPOEHHEM COOTBETCTBYIOLIEro MapaJJieliorpamMma
(puc. 163).

OnHaKo BHYHCEHHE a, C NOMOLLBIO NapaJljie/iorpamMma, H3o6paxeH-
Horo Ha puc. 163, ycaoxusier pacyer, Tak Kak npeipapHTesHO Hafio 6y-
ReT HaXOZWTb 3HauYeHHe YIJa p, a 3aTeM — yI/la MeXJ]y BeKTOpamH

Gy M a,. [losTOMY NpH peweHHH 3aAaq_yJOGHee BEKTOD Gy 4 3aMEHATH

ero KacatesibHoRt (a§m) M HOpManbHON (@%14) COCTaBAAIOWMMHE M npen-
craButh paBeHcTBo (59) B BHzE

ay=a,+aya+ana. (61)

TIpn 3TOM BEKTOp a% 4 HanpasJieH nepneHAuKyJIapHO AM B CTOPOHY

BpallleHHsl, €CM OHO YCKOpeHHOe, H NPOTHB BPAIIEHHS, €CJHH OHO

saMej/IeHHOe; BeKTOp a'y, Bceriia Hanpas/ieH or ToukH M x moniocy A
(puc. 164). Uncnenno xe

Ayp=AM.e, ay,=AM. .o (62)

Ecau nomoc A aBuXKeTCH He NpsAMONHHEAHO, TO €ro YCKOpPEHHe MOo-
WHO TOXe TNpeACTaBHTL KaK CyMMY KacaTesibHofl af W HopMaJbHOM aj
COCTaBJISIIOILHX, TOrRA

- = = -
ay=ai+ai+anatama. (63)

Haxkoreu, korsa Touka M 1BHKeTCs KPHBOJIHHEHO H ee TPaeKro-
pUA M3BECTHA, TO 4y B JieBbIX yactax paseHctB (61) u (63) MoxHo
saMeHHTb cymmofl aly+a%y. Dopmyaamu -(61) — (63) ¥ nosb3yiorcs
OOHYHO NpH pelleHHH 3aja.

Qm

Puc. 163 Puc. 164

Pewenne 3apnad Yckopense Jo6oft TOYKH NJAOCKOR GHIypH
B JIaHHBIi MOMEHT BpeMeHH MOXKHO HafTH, ec/iH H3BeCcTHH: 1) BekTOpH

CKOPOCTH U4 H YCKOPEHHS @, Kakof-HHGyAp ToukH A 3To# QHrypH B
DaHHHA MOMEHT; 2) TpaeKTOPHA KakoM-HuOyAb Apyroft Touku B ¢u-
rypu. B psage cayyaes BMecTo TpaekTopHH BTOPOH TOYKH HIYpH J0-
CTaTOYHO 3HaTb NOJIOKEHHE MIHOBEHHOro LEHTpa CKOpoeTef.

Teno (nam MexaHuaM) npH pelleHHH 3aJay HafO H300paKaTb B TOM:
TIOJIOXKEHHH, AN KoToporo TpeGyercs ONpEAeNHTb YCKOpeHHe COOTBeT-
cTByloief ToukH. Pacuer HauHHaercs. ¢ OnpeiesIeHHs Mo JaHHEIM 3a1aqH
CKODOCTH H YCKOpPEHHS TOUYKH, NpuHHMaeMofi 3a noJoc. JlasnsHeRne
0cOGeHHOCTH pacyera nonpo6Ho paccMaTpHBAIOTCH B pellleHHRIX HIDKe
sanawax. Tam ke AaloTCA HEOOXOAMMBIE NOTOJIHHTE/IbHEE YKa3aHHS.
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3anava 67.. Llentp O Koseca, XaTauierocs no npsmo.nuﬂeﬂnouy peascy (gnc. 165),
HMeET B JaHHAIt MOMENT BpeMeHH CKOpocTb Up=1 M/C H ycKopeHHe ag=2 M/c%. Paafryc
xoneca R=0,2 M. OnpexesnTb ycKopenie TOYKH B — XOHIA nepnesiBKyJAPHOro
OP nuamerpa AB n ycxopenue ToukH P, copnajaiouiefl ¢ MrHOBEHHBEIM IEHTPOM CKO-
pocreft. _

Pemenne. 1) Tak Kak vg H'@p M3BECTHH, RPHHHMaeM Touky O 3a mooc.

2) Onpeneaenne o. Touxa xacanus P sBnf€TCSH. MTHOBEHHBIM LEHTPOM CKO-
pocTefi; cneAOBaTe/NbHO, YI/IOBag CKOPOCTh KoJjeca

w=t0/PO=v0/R. ' @

- Hanpabneune @ onpejeasiercs HanpasJ/eHHeM Ug H IOKA3aHO HA HepTeXe CN.IOUL-
HOR CTpeaKoH.
3)Onpenenenne e Tak x3x B paBescTBe (a) BeanuHna PO=R ocTaercs
NOCTOAHHON NpH JMOGOM MOJIOKEHHH KoJeca, TO, AH(depeHiHpyss 3ITO PaBEHCTBO IO
BpeMeHH, NOAYHHM .

do_1dvo .. a0
TR @ "Me=pg @

3H#aKkH O H € COBNANAIOT, CNefOBATENLHO, BPALIeHHE KOJeca YCKOpeHHoe.
‘BaxHo MOMHHTB, YTO éeAutuna e onpedernemcs pasencmeoxs (6) moavko 8 mos cay-
yae, Kozda paccmosnue PO & gopuyae (38) nocmosuno.

Puc.- 166

Tipumeuannn: a) He crexyeT AYMAaTb, YTO e€CAH TO YCJAOBHAM 3ajauH
vo=1 M/c, T0 vp=const. 3nauenne v B 3agaue yKalaHO 42 OGHHOZ0 MOMEHMA ape-
MeHU, C TeYeHHeM XKe BPeMERH Ug H3MeHseTcs, TaK KakK ag+0;

6) B nanHOM caydae dvp/di=ag, Tak kak ABimenHe ToukH O ABASETCH NPAMO-
smuefnnM. B obmen cayuae dog/df=af,.

49)Onpenenenne abo ® apo. Tak Kak 3a nosmoc B3fTa Touka O, TO N0
¢opuyae (61)

ap=ao+ aBo--ago- (®)
HMcnonsays pasencrna (a) ¥ (6) H yunthiBast, uTo B HaweM crydae BO=R, Haxopum:
afo=B0-e=ap=2 N/c?, aBo=BO-0? =0v}/R=>5 w/c’. )

TTokasas Ra ueprexe 109Ky B 6TAeABHO, H30Gpamaen (6e3 COGMOLEHHA MacIITaGa)
BEKTOPH, H3 KOTOPHX C/1araeTcsi ycKopenue G5, 2 HMEHHO: BeXTOp @p (neperocHM H3
. TouKH 0), BeKTop abo (B CTOpoHy BpamenHs, Tax Kax OHO ycKopensoe) i BeKTop. ago
(scerga or B x nomocy 0).

§) Buuncaenne ap. INposens ocu Bx m By, naxosuM, sTo

ape=apo—ap=3u/ct, ag,= aho =2 m/fc3,
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OTKYyAa
ap= Vb + aby=V13=36wm/ct.

AHANOTHUHEM TyTeM Jerko HafiTH M ycKopeHHe ‘Touky P: ap=adpo=5 m/c* n
Hanpasjexo Bioab PO. Taxum o6pasoM, ycKopeuHe ToukH P, CKOpoCTb KOTOpoft B
JAHHHA MOMEHT BPeMeHH paBHa HYIO, HYJIO He PaBHO.

3agaua 68. INo nenoapuxuoi wectepHe / paanyca r;=0,3 M o6KaTHBaeTCA me-
crepus 2 paanyca r,=0,2 M, Hacaxenuas Ha Kpusownn OA (puc. 166, a). Kpusomnn,
Bpawaowuiics BoKpyr ocH O, HMeeT B JaHHHIA MOMEHT BpeMeHH YTJOBYI0 CKOPOCTb

== | ¢c=~1 u yriosoe ycKopenue e=—4 c~2. OnpeacaHTb B 3TOT MOMEHT BPeMEHH YCKO-
pente Touku D, nexamteit Ha oGose noapHxHOR wiecTepHH (paguyc AD nepmenauky-
JIAPeH KpHBOLIKMY).

Pemenne. 1) [as peweins 3a5aus Halo PacCMOTPETb ABHXEHHE IIeCTEPHNU 2,
IMo AaHHHM 328a4H NeTKO HaiTH CKOPOCTb U4 M YCKOpenHe a4 ToukH A 9ol mecTepuH,
KOTOPYI0 1l Bu6MpaeM 3a Mojoc.

2)OnpeaeneHHe Uy ¥ ay 3Had © ¥ & KPHOOWILNA, HAXORHM:

va=0A-0=0,5 m/c; a;:OA-e=—2M /c%;
a4 =0A-0*=0,5 m/c, ()

Tak xak 3HaKH YVaH af4 pa3ubie, TO ABHXXE€HHEe TOYKIl H3 AAHHOr0 NMOJOXKeHHN

ABASETCH 3AMELNIEHHBIM. BeKTOpH a4 H d4 HMEIOT HaNpaBaeHHs, NOKA3aHHHE HA
yepTexe.

3)Onpenenenne o, Touka KacaHHa P ABAAETCA MTHOBEHHHIM HEHTPOM
CKOpOCTe/l IR 1leCTepHH 2; C/IeA0BaTe/bHO, YIVIOBAs CKOPOCTh ), IIECTePHH 2
Wg=U /AP =v4/ry; wp=2,5 c~1, ©
Hanpasnense o, (Hanpapienne BPAUICHHS LIECTEPHH) ONpefeNseTC HanpasJje-
HHEM U4 K NMOKa3aHO CIJIOWHOA CTPCAKON.

49 Onpenenenne e, Kak.u B npeamaymedi sanaue, BeAnunna AP=r, po
BCe BpeMs ABMXKeHHa moctosnda. [Toatomy .

at
e s it T = — -1, )
=g = a0 ®

Tak KaK 3HaKH O, H €5 Pa3HHe, TO BPaileHHe WecTepHH 2 ABAACTCA IaMENTCHHEIM,
5 Onpepenenne aba u ahy. Yckopenue ToukM D Hafgem no popmyae

ap="ag+a}-+apa+apa-
B nawem cayuae DA=r; u
a},A=DA-e§=—2 Mm/c3; a5A=DA-m;= 1,25 m/c3,

H3zobpaxaem na yeprtexe (puc. 166, 6) BeKTOpb, H3 KOTOPHIX CjlaraerTcst ycxope-
RHEe dp, HMEHHO: 2%, @’y (nepenocum n3 touku A); af, (NPOTHB Bpallenks, TaK
KAK OHO 3aMeasennoe); ap4 (ot D x momocy A).

6) Buuncaenune ap. [NpoBons ocu Dx u Dy‘, HAXOAHM, 9TO

ap, =| a4 |+aba=3,25 m/ch;
apy =labal—di=1,5 m/c3,
OTKYAa
ap =_V aby+aby ~ 3,58 m/ct.
3anaua 69, K kpusowmuny OA, paBHOMepHO Bpamaioniemycsi BOKpyr ocH O
¢ YIJI0BOlt CKOPOCTBIO W 4=4c~! (pHc. 167), npuxpenyen watyn AB, coeauHennuil
¢ kopomuiciom BC. anu pasmepu: O0A=r=0,6 M, AB=2r, BC=r¥Y 2. B nonoxe-
HHH, H306paxeHHOM Ha yeprexe, Z0AB=90°, a / ABC=45°. Onpeaeants ans STOro

TIOJIOXKEHHs! YCKOpeHHe TOUKH B uiaTyHa, a TakxKe YrJoBYIO CKOPOCTb H YTJ/I0BOE yCKO-
peine KopoMbicna BC u wartyna AB. ’
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Pemenne. 1) PaccMoTpuM ABHXeHHe matyHa AB; BufepeM B KauecTBe Ho- /
moca Touky A. s nee, Tak Kak wgq=const:

v4=rwg4=2 M/c; aA=a'A=m)¢2)A=8 M/ct, (a)
M3o6pakaeM BEKTOPH U4 H G4 HE uepreNe. ’
2)Onpenenenne wyg Ham usBectna TpaexTopus TOUKH B maryHa (ox-
pyxHocTh paguyca BC). 3Has nostomy HanpabJ/enre tp (vg | BC), CTpOHM MrHOBeH-
HH ueHTp ckopoctefi P watryna AB. Jlerko Bumers, uto AP=AB=2r. Torga
0ag=0s/AP uau 0 p=0w04/2=2 ¢~ (6)

HanpasJienHe NOBOpPOTa NOKA3aHO Ha dYepTexe,
B sToM cayuyae paccTosHHe AP npu ABHKEHHM MeXaHH3Ma He OCTaeTCsl NOCTO-
AHHBIM M JAS ONpefieJIeHHSA €45 HeJb3sl BOCNONb3OBATLCH NPHEMOM, TIPHMEHRHILM B
— ABYX NpeAbAyWHX 3ajayax. PaccMOTphM

AN ) Y NO3TOMY APYFOA METOX PpelleHHs.
\ J) Asanus BEKTOPHOTO
Aal~ Ta 4 #  ypasnenun (61). Yuntusas, uro ag=
_______ el =aB--ap, NpeicTasuM ypaBHeHHe 1) »
Woa ] S BHJie :
€an

ab+ab=as+aba+aba (8

Haobpasum Bce BexTopH Ha puc. 167 (?zfg H

al4 wanpasnseM taK, Kak eciu GH COOT-

BETCTBYIOUIHE BPAlleHHA OBJIH YCKOPEHHbI-

MH). PaccMOTpHM, KaKHe H3 BXOAAUIHX B

YpaBHeHHE (B) BETHYHH HIBECTHH YHCJIEHHO

Puc. 167 HJIH MOTYT OHTb IO JAaHHLIM 3afayH BH-

4HCNEHHH. Mbl 3HaeM YyCKopehne a4, NOJI0-

ca A. Kpome Toro, 3Haf ©gg, MOXHO Hafl-

TR af 4, 2 3HaA U4, MOXKHO ONpeNe/NTL Ug H BHUHCAKTL af =vh/BC. TakuM obpa-

30M, B BEKTOPHOM YpaBHeHHH (B) HEH3BECTHH TOJBKO YHCJAOBHE 3HAUCHHS ABYX

HOAYEPKHYTHX BeJHUHH: abu aEA. Ho B npoexunsix Ha OCH paBeHcTBO (B) AaeT Asa
CKaJIAPHEIX YPaBHEHHA, H3 KOTOPHIX STH HEH3BECTHHE H ONMpeNeIAIoTCA.

[Tpoussesiem NpeaBapHTENABHO MOACUET AR 4 K a.

4)Onpenenenne apy. 3Han wyg, Mo dopMyne (62) HaXOARM
adha=AB. ohp=4 M/t ©®

5)Onpenenenne ah 3uan TpaekTOpHIO TOYKM B, MOXHO ONpefeNHTh
HOpMaJIbHOE yCKOpeHHe aB 31ofi ToukH. [last 9Toro HafileM cHauana Mo TeopeMe HpPOEK-
RHA (MAH C TIOMOMILIO MIHOBEHHOTO lieHTpa P) ckopocts vg. [Tosyunm ug cos 45°=u4,

otxyna vg=v, ) 2. Toraa
o =vE/BC=20%/rV 2=8V 2 m/c". ()

6)Onpenenenne ap uag. Jns onpenenenus G cMpoeKTHPYeM obe ua-
CTH paBeHcTBa (B) Ha ocb BA, NepneHAHKYASPHYIO APYIOMYy HeH3BECTHOMY BEKTOPY
ah . Moayunm

ap cos 45°+ af cos 45° = ol 4.
IMoncrasans cloza BHUHCAeHHHe SHauenust ap u afy, Halgem
ah=0dbaV 2—ah=—4V 2 mjcr. 6]

3uaK MEHYC MOKA3HBAeT, YTO BEKTOP 4B HMeeT HanpaJielHe, IPOTHBONOJOKHOE Ug
(Bpaitienne KopoMbicnia CB H3 [aHHOTO MOJIOMEHHS 3aMENJIEHHOE),

Tenepn onpeneasem ag:

ap =V (B +(aB)i =4 V T0=12,65 w/ct.
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7)Onpexenenue wpe Hege. 3Hast vg=v,4Y 2 ¥ aB, HAaXOAHN
wgc=vg/BC=4 c~}, egc=aph/BC=—8 c~2.

8)Onpenpnenne eg4n Uro6u HallTH €45, HAlO BHYHCAHTH aja. Oaa
STOro CIpOeKTHpPYeM 00 4YacTH paBeHCTBa (B) Ha ocb BP, nepneHAHKYAfpHYIO af.
Tonyunm

af = —ay cos 45° — aj4 cos 45°+ db4 cos46°.
Orciona ‘
apg=—aBV 2—as+aby=—20 M/
B no nepBolt u3 dopmya (62)
éAB =ahs/AB=—20 c-1%.

3nak MEnYyc B 06OHX CIyuastX yKa3HBaeT, 4To BpalleHHe mwaTyRa A B B3 paccMaTpuBae-
MOro MNOJIOXKEHHR SABJAAKETCA 3aMeAJEeHHbLIM.

§ 56*. MTHOBEHHBIA LUEHTP YCKOPEHHA

TpH HemOCTYMaTe/bHOM ABHMEHHH IIOCKOR GHrypH y Hee B KaXAWA MOMEHT
BpeMeHH HMeeTCA TOuKa Q, ycKopenHe KOTOPOfi paBHO HymO. 3Ta TOYKa Ha3nBaercd
MeHOseHHHM eRmpox yoxopenud. OnpesensieTcs NOOKeEHHE UEHTPA Q, eCNH HIBECTHH
ycxopenue a4 Kakof-HHOYAb TOUKH A GHIYPH H BEIHUHHH @ H €, CACAYIOUIHM NyTeM:

1) Haxozum sHauenne yraa p #3 Qopmyan tg p=e/o?;

2) oT TOUKH A NOX YIJIOM B K BeKTOpy a, npoBomuM mpsmylo AE (puc. 168);
npH 9ToM npsimast AE KonKHA GhiTh OTKJIOHEHA OT 8 4 6 CMOPORY BPAUEHUR Puzyput, ecau
8pAUIERUEL REAREMLR YCKOPEHNOIM, L NPOMUB 8PALEHUR, eCAl
OHO RBASEMCR SAMEONGHHOM, T. €. 8 CMOPOHY KANPABAERUR
Y2A06020 YCKOPEHUR €; '

3) oTknaguiBaeM BAoab JauHHH AE otpesok AQ,

pasHuft
AQ=a,/V S+ at. 64)

Toctpoennan Takum nyteM TouKa Q M Gyaer Mro-
BeHHHIM ueu-r&;.m yckopenn#t. B camom jaesie, no ¢opmy-
naM (59) u (60)

FQ=5A+EQAO Puc. 168

TAe 9HCIACHHO ag 4=AQY ¥+ wt. Moacrapnss clofa sHayenne AQ M3 paBeHCTBa
(64), naxomnm, 4TO @ 4=a,. Kpome Toro, BeKTOp G4 KOJKeH OGPa3oBHBATHL € JH-
Ruell AQ yroa p, ClIefOBaTeNbHO, BEKTOP 3Q A Mapaiened a4, HO Hanpas/ex B npo-
THBONOJIOKHYIO cTopoHy. [lostomy aga=—a, u ag=0.

Ecau rouky Q Bmbparh 3a nosoc, 10 TaK Kak ao=0, ycKoperue JIo60R TOUKH M
Tena, coraacHo ¢opmyae (59) Gyzer

zm=EQ+qu=EMQ. (65)
Ilpn stom B3 pasencts (60) caeRryer, HTO YHCJIEHHO
ay=MQY et (66)

CAnenoBaTeIbHO, YCKOPEHUR modeX naockod duzype onpedeasiiome 6 dannsid Mo-
MEHM BDEMERU MAK, KK ecAu bt Oauxcenue uzypu G0 8PaUEHUEM BOKDYS MEHOOEHHO20
yenmpa yexoperud Q. Ilpu stoMm, Kak carenyer ua (66),

au/MQ=a4/AQ=...=V el (67)
T, €, YCcKOpeHus modex naockoll GU2Ypbl NPONOPIUONAADAS UX DPACCMORHUAM O M2HO~

#eHH020 yenmpa yckopenuid. KapTHHa pacnpeResnieHHs ycKopeHH#l (T.-e. nonae yckope-
HHfl Todek DJIOCKOA UrypH B AaHHHIR MOMEHT BpeMeHH) MOKasaHa Ha pHc, 169

.
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Caenyet HMeTh B BHLY, UTO NOJNOXKEHHA MTHOBEHROTO LeHTpa cKopoctedl P M MrHo-
BEHHOTO LEHTPa yCKOpeHHA Q B JaHHBLIA MOMEHT BpeMeHH He coBnagaoT. Hampuwmep,
€C/IH KOJIeCO KaTHTCA N0 NPAMOJHHERHOMY peabcy (cM. puc. 170), npHYeM CKOPOCTb €ro
uenTpa C NoGTOsiHHA ('¢c=const), TO MFHOBEHHWH LEHTP CKOPOCTeHl HAXOAHTCH B TOu-
ke P (vp=0), HO npu 3TOM, KaK 6L10 NOKa3aHo B 3afaue 67, ap7#0; caenoBaTeAbLHO,
TOYKa P He ABASIETCA OAHOBPEMEHHO MTHOBEHHBIM LEHTPOM ycKopeRHMAA. MruoBeHHu

Puc. 169 Pue. 170

DEHTP ycKopeHHk B 3TOM cjydae HAXOHRTCH, OYEBAAHO, B Touke C, TaK KaKk ORa ABn-
Kercsl PaBHOMEPHO H MpAMONHHe#RHO B ac=0. Lentpn cxopocTeﬁ H yckopenu#t cop-
najaloT Torja, Korga ¢urypa (Teso) BpaulaeTcs BOKPYI HenoABHXKHOR OCH.

TTOHRTHEM O MTHOBEHHOM HEeHTpe YCKOpeHHfl YIO6HO MOJ/b30BATLCA NMPH PelleHnd
HEeKOTOpHX 3afad.

3ansua 70. Koneco xaTHTCH MO NPpAMOJHHEAHOMY pesbcy TaK, YTO CKOPOCTw Ue
erd uentpa C nocrofHHa. Onpene/iHTh yCKOpeHie' Toukn M obona Koneca (pc. 170).
Pewenne Tak Kak mo ycloBHAM 3a1aud vg=const, T0 ac=0 H Touka C

AABJIAETCH MIHOBEHHBIM LIEHTPOM YCKOPEHHI. Mrnoaeunua IeHTP CKOpocTefl HAXORUTCR
B To4Kke P. CaegoBaresibHo, ANA KoJeca

0=te/PC=ve/R=const, e=dw/dt=0, tg p=e/*=0, p=0,
B pesyabtate no dopmyne (66) Haxomum
ay=MC-0*=1}/R.

Taknm 06pasoM, yckopenue Mo6oft Toukn M oona (B TOM THCIe H TOUKH P) pas-
no v}/R M HanpasaeHo k ueu-rpy C xoneca, TaK Kak yroa p=0. 3aMeTHM, YTO 5TO yC-
KOpeHHe A/ TOUKH M He 6yne1- HOpMa/b.
HHM ycKopenHeM. B caMoM pese, ckopocTb
TO4KH M HanpaB/ieHa nepneHAnXyaAspHo PM
(cM. 3anauy 61). Caenopatennfo, Kacaresb-
Han MY K TpaeKTOpHH TOuKH M Hanpas-
JieHa BRosb AHHHE MD, a raaBHast HOpMaJb
Mn — spons MP. Tostomy aym=ap cos o,

Puc. 171 7 ay=ay sin a.
: 3anava 71. Kpusommn OA mpamaer-
€l C MOCTOAHHOM YIJI0BOA CKOPOCTbIO g4
{puc. 171). Hafttu yckopenne nonsyna B H yraosoe gcxopenne uratyHa AB B ToT MO~
MeHT BpemeHH, KorAa £ BOA=90° ecau OA=r, A

Pemenne B paccuarpuaaeuuﬁ MOMEHT BpPeMeHH CKOPOCTH BCeX TOYeK lia-
TyHa AB paBuH vy (cM. 3anauy 63, puc. 159, 6), MrHOBeHHBA HEHTp cKopocTed Ra-
XOfiHTCA B GecKoHewHOCTH H 045=0. Toraa tg p.—sAB/mAB—oo H p—90° (e 4570
TaK KaK B IPOTHBHOM caydae mo dopmyaam (60) u (59) ag4=0 u ag=a,, 4T HeBO3-
MOXHO, NOCKOJIbKY 9TH ABa Bex-ropa B3aHMHO TNEPHEHAHKYNAPHH).

Yexopenue Toukn A a 4= a}=rod 4 H BanpasJieno BAoab AQ. YcKopenne TouxH B,
TaK KaK OHa JABHKeTcH OpRMoJHHefiHo, HanpapaeHo Bjoan OB, U3 puc, 169 mupso,
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YTO YCKOPeHHe Jio6oft TOUKH M Tesla HanNpaBJieHo oA YoM p X Ankuu MQ. B nannom
cay4ae p=90°% caepoBatesbto, auuuu AQ H BQ 0AXKHH ObiTb NepneHAHKYJIAPHH

aj H ag. Bocerasasn stH mepneHAuKyAspH, [Haxoaum, noaoxenwe Toukn Q. Co-

craBnss Teneps mponopuuio (67) ag/BQ=a,/AQ, rae BQ=r, AQ=V IP—r3 no-
anydaeMm

"
ap == —————ox— .
V= wda
Ycxopenne ay moboft apyroft Touxu M watyna AB Gyaer nepneHgHKyASPHO
MQ (u=90°); moayab ay HaxOAHTCH H3 mponopuru (67).

YraoBoe yckopeHHe €4p WATyHa HaiiieM U3 paBeycTBa ag<BQ-¢4g5, KoTOpoe
Raet ¢opmyaa (66) np o45=0. CnegoBaresbHo,

e .
48 =Bq = Ym0

Isasa XII®

ABH)KEHHE TBEPJIOTO TEJIA BOKPYT
HEMOABU)KHOA TO4YKH
H ABU)XEHHE CBOBOAHOI'0O TBEPAOIO TEJIA

§ 60. IBWKXEHHE TBEPAOIO TEJIA, HMEIOWEIO OAHY
HENOABM)XH Y10 TOUKY

PaccmoTpuM JBHXKEHHE NO OTHOLIEHHIO K cHcreMe orcueta Ox,y,2;
TBEpAOro TeNa, 3aKpellJIeHHOTO Tak, YTo OfHa ero To4yka O ocraercs BO
BCe BpeMs JBidKeHHs HenoABuxkHoN. Takoe jaBHXKeHHe coBepliiaer,
HanpuMep, BOJYOK, Y KOTOPOrO HEMOABHXKHA TOYKA €ro onopnl O Nao-
CKOCTb, -HJIH J060e Apyroe Teso, 3aKpenjeHHoe B Touke O 1apoBHIM
LIAPHHPOM. :

l. YpaBHeHH A ABHXeHH¥u a. Hafinem, KakHMH napamerpa-
MH onpelensiercA MOJOXeHHe TeJa, AMEIOLEro HeMmoABHKHYIO. TOUKY.
JIns 3TOrO CBsXKEM KECTKO € TeJIoM TpexrpaHHHK Oxyz, no NoJjoXKeHHIO
KOTOPOIO MOXHO CYAMTb O NOJOXeHHH Tena (puc. 172). Jluuus OK, .
BJIOJIb KOTOpOii nepecekaiorcs naockoctd Oxy u Ox,y,, HaspiBaercs Au-
rued yaros. Toraa nonoxexnye no oTHoweHHIO K ocaM Ox,y,z, TpexrpaH-
HHKa Oxyz, a ¢ HUM H CaMOTO TeJla MOXKHO ONpeeIUTh YIJaMH:

¢=24£KO0x, v=~Lx,0K, 80=_2,0z.

Oty yriH, HaspBaeMule yeaamu Jidsepa, NMeIOT CHAEAYIOUHE, B3ATHE
H3 HefecHOll MeXaHHKH HaHMeHOBaHHs: @ — yzoa cobcmeenHozo épa-
wenun, P — yeon npeyeccuu, 0 — yeor nymayuu. IlonoxKuTebHEE
HanpaBJieHHsi OTcYyeTa YIJIOB NMOKa3aHhl Ha pHc. 172 cTpesikaMu.

Uro6ul 3HaTh ABHXKEHHE TeJla, Hajo 3HaTb €ro NoJIoXKeHHe 70 OTHO-
meHHio K ocAM Ox,y,;2, B Jo6Gofi MOMEHT BpEMEHH, T. €, 3HaTb 3aBHCH-

MOCTH. .
o= (8, v=F: (1), 0=fs(2). (68)
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Ypapnenns (68), onpenensiomue 3aKOH NPOHCXOASLIErO ABHMKEHHS,
Ha3LBAIOTCH YPasHeHUAML deudcenus maepdoeo meaa 60Kpye Henoosuxc-
Hod mouxu. '

2.¥rnosas ckopocThb TeJa. [lpn usMeHeHHK yraa ¢
TeJ0 coBeprIaeT BpailleHHe BOKPYr. ocH Oz (cofCTBeHHOe BpalleHMe) ©
yryioBofi CKOpPOCTbIO 0, =Q, NpH H3MEHEHHH yIJa Y — BpallieHHe BO-
Kpyr ocH 02, (npeueccHs) ¢ yrJioBoK CKOPOCTHIO 3= U NPH H3MEHEHHH

2

Puc. 172 Puc. 173

yraa O — Bpaumenue BOKpYr JuHuH y3noB OK (uyranmus) ¢ yriosoft
CKOpOCThIO Wy =0, BexTopH ®,, @4, Wy JTHX YIVIOBHX CKOpocTefi Ha-
npaB/eHH COOTBETCTBEHHO No ocsiM 0z, 02, n OK (puc. 173). [Tockoasky
NpH ABHXEHHH TeJla M3MEHSIOTCS BooGWle BCe TPH YIia, ABHKEHHe
Tesa npejcrasiser cofoft BpaueHHe ¢ YI/I0BOfi CKOPOCTBIO @, PaBHOA
reoMeTpHuIecKofi CyMMe Ha3BaHHHIX YIVIOBHX CKOpocTeft (cnpaBemiH-
BOCTb 9TOro BHIBOAa Gyler noareepxjeHa B § 71). Takum o6Gpasom,

0=0,+ a4+ 0,. -
[TockonbKy SHauYeHHA ©;, ®, Wy CO BpeMEHeM H3MEHSIOTCH, BEKTOP
© GyneT npH ABHXKEHHH TeJA TOXE M3MEHATbCS M YHCJAEHHO, H 10 Ha-

npasaennio. Ilo sroft npHuHHe w Ha3suBaloT eme Mmznocennol yzaoeold
cKopocmblo meaa.

3. Teomerpnueckan KapTHHA ABHKEHHSH Te-
A a. Ecav Teno uMeer B faHHBIA MOMEHT BpEMEHH YIJIOBYIO CKOPOCTh
©, TO €ro 3JeMeHTapHOe nepeMeuieHHe 3a NPOMEXYTOK BpemeHn df
npexacrasJser co6of snemeHTapHHfi nopopor Ha yron d@=wdf Bokpyr
ocu OP, Bjoab Koropo#t HanpabJeH BeKTop  (cM. puc.. 173). 3ra ocb
OP nHa3niBaetcst mzHosennod ocvlo spaujenus. Wnaue, MruoBeHHass och
BPAILEHHA -—— 3TO OCb, 3/IeMEHTAPHHIM MOBOPOTOM BOXPYF KOTOpOH Tesio
nepeMelaeTcst U3 JaHHOTO TOJIOXKEHHS B NOJOXKeHHe GeCKOHeUHO GMH3-
Koe K JaHHOMY.. OT HeMOJBMXHOR OCH MrHOBEHHass OCb BpalleHHA
OTJIHYaEeTCA TEM, UTO €€ HanpaB/IeHHs H B IPOCTPAHCTBE, H B CAMOM TeJjle
HenpepuiBHO MEHAIOTCH.

[lepemectuBiuKch 3/1eMeHTapHHM NOBOPOTOM BOKPYr ocH OP B co-
CejiHee NoJioKeHHe, TeA0 N3 ITOTO MOJI0KEHHS B NOc/IeAyIoLLee epeMella-
€TCA OBOPOTOM BOKDPYTr HOBOA MrHOBEeHHOH ocH BpaieHust OP, u T. X,
Takum o6pasoM, ABHIKEHHE TBEPAOTO TENA BOKPYT HENOABHKHOA TOUKH
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cnaraetcsi M3 CepUH MOCJENOBaTeNLHBIX 3/IEMEHTApHHX TNOBOPOTOB
BOKPYT MIHOBEHHbIX ocell BpaileHH s, NPOXOAAULHX Yepe3 3Ty HeNoABHK-
Hyl0 TOUKy (puc. 174). : v

4. YraoBoe yckopeHHe TeJa. BexropHas BelHYHHa

e = doydt, (69)

XapaKTepH3ytoulas H3MEHeHH e C TeueHHeM BPeMEeHH yrJIoBOf CKOPOCTH H
No MOAYJMIO, H NO HANPABJEHHIO, HA3bLIBACTCH Y2A08blA YCKOPEHLEM MEAG
6 OQHHOIL MOMEHM GPEMEHL WIH MZHOBEHHOIM Y21086LM YCKOPEHUEM.
TIpu u3MeHeHMH BeKTOpa ® ero KoHeu A GyleT ONHCHLIBaThL B Mpo-
CTpaHcTBe ‘HeKoTopyio KpuByio AD, spasioulytocs rogorpagom Bekropa
® (cm. puc. 174). Torpa, cpaBHHBast Bbl-
paxenne (69) c¢ paseHcTBOM v=dr/dt,
NPHXOAHM K BBIBOAY, HTO YIJIOBOE YCKO-
peHue € MOXHO BLIYHC/IATH KK CKOPOCT,
C KOTOpOfi KOHel, BeKTOpa @ Mepemelaer-
cs Baoab kpusoh AD. B uactHocTH, Ha-

npasjeHHe € COBNajaer € HanpabJieHHeM
KacatesbHOfl K kKpuBoit AD B cooTBercTBYy-
rowefl Touke. ChnenoBatesbHO, B JaHHOM
c/yyae, B OTJAHYHE OT CJyvasi BpaleHHA
BOKPYF HENONBUXKHOM OCH, Hanpassenue
BEKTOpa € He COBNajaeT C HanpaBJ/eHHeM
BEKTOpa ©.

Bextop @ M & SBJAIOTCA OCHOBHBIMH KHHEMaTHYECKHMH XapaKTe-
PHCTHKAMH [BHXKEHHN Tesa, HMMEIOUlero HeNmoABHXHYI0 Touky. Mx
MOXKHO ONpefie/HTb aHaJIHTHYECKH, 3Has ypaBHeHns ABuxeHus (68),

K2K 3T0 noka3ao B § 61. 3HaueHHe @ MOXHO HafTH H FeOMETPHYECKH
(cM. § 62).

§ 61. KHHEMATHYECKHE YPABHEHHS 3AJIEPA

Dins onpeneseMHA BeKTOpa © HaffeM ero NPOEKUHH Ha TIOXBINHHE och Oxyz
(puc. 175). Kax 6bino oTMeueHo B § 60, STOT BeKTOp MOXKHO TMPEACTABHTb B BHAE

©=0y - 03+ @y, 70
Iie YHCAEHHO ‘
01'=(i>. 0’:=\.P» @a=é- )
IpoexTHpyst ofe uwacTh pamenctsa (70) Ha OCH X, Y, 2, MOAYIHM:
Wy =01+ Oy + W34, =01, + 0+ 03, ©;=01;+ Wes+ 0. 72

Flpoekuun BeKTOPOB ®; H s HAXOAMM cPady [cM. pHc. 175 u oSoanauenns (71)):
O =01, =0, W;=0; 03,=0c08Q, wg,=—0Osing, ©y;=0.

Jns onpenenennn npoekuuft BeKTopa W, NpoBeser vepes ock 0z; n 02 NAOCKOCTh,
XOTOpas nepeceyercA ¢ MmuaockocTbio Oxy Broab aukuil OL. Tak kak anaus OK nep-
DEeHRUKYASPHA NIOCKOCTH 202, TO OHa NepNeHAUKYyAapHa # auuuu OL (£ KOL=90°,

a8 / LOy=q). Torpa, NpoeKTHPYs BEKTOP W, Ha auHHIO OL, a 3Ty MpOEKUHIO B CBOIO
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ogepexs Ha ocH Ox n Oy, momynnn:
Gox=PSINGSInQ, 0y, =VSinGcosy, ;=1 cos0.
TNonctasnsg Bce BHYNC/JeHHBE NPOSKUHH B npaBbie yacTH papeHcTd (72), nafzem
OXOHYATENLHO
©,=Ysin 0 sin ¢ +0cos g,
w, = $in § cos ¢ —Bsin g, 73)
0, =¢-+Pcosd.
Ypasuennsa (73) nassiBaoTch KuHemamuuecku Mt ypaskenussu 3irepa. Oun onpe-

RSJAIOT NPOEKUIIH BEKTOpa yl‘.‘IOBOﬂ CKOpPOCTH TeJla (» Ha IIOJABHXHHE OCH Oxyz yepes
yrnu-SFmepa; TEeM CaMbiM ONIpeAe/IAeTCH H BEK«

T0p W,

AHaNOrH4YHO MOXHO HafTH NPOEKUHH BeK-
T0pa @ Ha HemoABHxkHHe ocH Ox,y2,. CooT-
peTcTBYiOmHe GOPMYJIH HMEIOT BHJ
@, =@ sin@sinp+0Bcos,

Wy, =—@sinfcos P+ Osiny, (79
@z, =@ cos O .

Hcnoavays pasencrna (74$, MOXHO Ofipes
NE/MTH NPOEKUAN Ha HENoABHXKHKE ock Ox,y2g
BekTOpa £. Tak Kaxk sHadesne & fRaerca ¢opMmy-
Joft (69), T0 *

Be, =0y, By =0y, & =07 . (75)

STH NPOEKLHHA ¥ ONPeENSIOT BEKTOp &. TakuMm 00pa3oM, 3HAA YPABHEHHA ABHXKe-
HER (68), MOj;iHO. BO NoJyuyeHHBIM GopMyaaM HaflTH @ H &,

§ 62. CKOPOCTH H YCKOPEHHS TOYEK TEJA
Tak kak Teno, RBHXYIleeC BOKPYr HemOXBHKHOA TOUKH, HMeeT B
KaXnuifl MOMEHT BpeMEeHH MIHOBEHHYIO Och BpauleHHs OP, BOKpYr KOTO-

poft MPOHCXOAMT 3JIEMEHTApHBIfI MOBOPOT € YIJIOBOA CKOPOCTHIO ®
(puc. 176), To BekTOp CKOpPOCTH KaKOA-HHOYRb TOYKH M Tena Gyner
ONpeneNATLCA B STOT MOMEHT paBeHcTBoM (48) 3 § 51, T. e.

v=0Xr, (76)

rhe 7 — pammyc-BeKTOp, npoﬁgnenﬂuﬁ B TOYKY M u3 HenmoaBHXKHOM

Toukn 0. Hanpasnen BeKTOp v nepneHAHKYJspHO fiockoctH MOP,
npoxoasuies yepes Touky M H.oce OP, B CTOPOHYy NOBOpOTZ Tena.

Yucnenno e
v=owh, (76"

rae h=MC — paccrosuue T09kH M or MrHoBeHHOA OCH.
FeomeTpuuecku cxkopoctb moGofi Touku M Tena B Aan-

HEi MOMEHT BpeMEHH MOXHO HafTH, 3Has B STOT MOMEHT CKOPOCTb Uyq

_* 3auernw, uto, andpepenunpys pabeyctsa (73), HeALSA HafTH MPOEKIHH BEKTO
pas HaOCH X, ¥, 2, TaK Kax cootHowenHA (11) u3 § 40 crpase)IUBH TONLKO A% NPO-
exnaf Ha HeNoABMKHME OCH.
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Kakofi-HHGYAb TOUKH A TeNa M HanpaBjieHHe CKapPOCTi v Apyrof Tou-
ki B storo tena (cpasH. ¢ § 56). [1ycTb v, 1 HanpaBJeH!ie 'y H3BECTHEL.
INpoBenem Toria uepes Touxy A NJAOCKOCTb [, NepneHAUKYJASPHYIO

BeKTOpY R (puc. 177). Kak nokasaHo peite (cM. puc. 176), Mruoserso
ocb OP jo/ukHa Jexaib B 370 maockocTH. Ho oaHoBpeMeHHO ochb

Puc. 176

OP nomKHa JexaTb H B NJOCKOCTH 2, npoBeleHHOil yepe3 Touky B

NepneHAMKYAAPHO BeKTOPY vn. ChefoBaTesiblo, NpAMas, IO KOTOpOH
nepeceKyTCs 3TH NJOCKOCTH, U GyJeT MIHOBEHHOf OCbio BpauieHHs OP.
Tenepb, onpenenus paccrontue h Toukn A or ocu OP, no ¢dopmyae
(76’) HahzeM YrJoBYI0 CKOPOCTb ® Tesla B JaHHBI! MOMEHT BpEMEHH:
w=uv4/h. Tloche 3TOro 3HaueHHE CKOPOCTH Uy JiOOOH TOUKH M Tesa

Haxoaurcs no ¢opmyJe (76'), a BexTOp U, GyAeT HanpaB/ieH nepnesxy-
KyJaspHo mockoctH OMP. _
B vacTHoM cayyae, Korja HSBECTHO, YTO CKOPOCTb KaKOfi-TO TOYKH
TeJla paBHA B JaHHBIMi MOMEHT BpeMeHH HYJIO, NMpsMas, NPOXOAAINAs
yepes 3Ty TOYKY H HENMOABHXKHYIO TOUKY O Tena, 6yler MrHOBeHHOf
OCbIO BpallleHHs1 H pacyeT CYLIECTBEHHO YMPOCTHTCA (cM. 3agauy 72).

AHaNMTHYECKH CKOPOCTh U ONPEAeSIOT 10 ee NPOEKLUHAM HA KaKHe-Hi-

6yab KoopaHHaATHHE ocH, Hafigem NpoeKuny BeKTOpa U Ha ocH OxyZ, KeCTKO CBA3aHHHE
C TEJIOM H JABHKYUIHECS C HHM (CM. PHC. 176); 3TH OCH HMeEIOT TO NPEHMYLIECTBO, YTO
B MIX KOOPAHHATH X, Y, Z TOUKH M GyayT BeJHUHHAMH NOCTOAKLbIMA, TaK Xak r,=x,
ry=y , r3=2,°T0 N0 u3BeCTHOR (opmy]e BeKTOpHON aarebpu

TTE
v=0Xr= 00,0, |.
Xy z
Orciona, pasnaras Onpefie/IuTeNb MO 3/7€MEHTaM NepBoft CTPOKH H YYHTHB&YH, 4TO
U=Uyi+0yj+U.k H YTO, CIER0BATENLHO, KOIDGUUHEHTH NPH £, j, £ B ITOM Pa3NOMHEHHH
AC/KHH PABHATBCA Uy, Uy, Uz COOTBETCTBEHHO, NOJYHHM
Uy =0pZ—WzY,
Uy =@zx — 02, a
Uz =gy — W2
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3m dopMynn, xax n dopmyny (76), HasuBawOT Popmuyramu Jdrepa. Kaxnyo
M3 HEX MOXHO TOXE NOJYYHTb H3 lgg;nu}xymeﬁ Kkpyrosofl nepecranopkofl 6yKB x, y, 2

{cM. popuyan (47) v puc. 90, 68 §

. B gacTHoOM cityuae ¢opmyJinl (77), KOHEYHO, CTIpaBe/IHBH H IPH Bpa-
HIeHHH TeJla BOKPYT HeNnoABARMKHONM ocH 2. Tak Kak npu sToM 0,=0,=0
H @,=W, TO LI TaKOro cayuas

Uy=—0Y, U,=0x, v,=0. (77")

Onpenenum Tenepb yckopenune toukn M. U3 pasencrsa (76), aug-
depenunpys ero no Bpemerm Ha#fneM

= —(mxr)+(wxr)

Tak kak 3=§, a ;T=v, TO GKOHYATeNbHO
a=(Ex7r)+(0xv). (78)

Yckopenne ;=€ X7 Ha3HBAIT elle 6pauamersHsiM, 2 yckopenue

Q3= XU — OCECmpeMumensisim ycKopenneM Toukn M. Bekrop 4,
HanpasJieH NepneHAHKYJAPHO IJIOCKOCTH, NpoXxoasiueli yepe3 Touky M

H Bextop € (puc. 178), a no Monyaio a,—ersinﬂ eh,, rae h, — paccros-
HHe OT TOYKH M Ji0 BexTOpa €. Bexrop ke a,, nepneHAUKyAspHLIA OLHO-

BpEMEHHO U H ®, OyleT HanpasJeH Baoas MC (cM. puc. 176), npHuem no
MOAYJIO a,= mvsm90°—-m'h TaK Kak v=0h.
3amernM, YTO B OT/IHYHE OT pesyJLTaToB, nosy4enHsx B § 51, anech

a@,=e X1 He Gyfier BOOGiLIE BEKTOPOM Kacare/bHOro yCcKopeHHst ToUkH M
(no_Kacare/IbHOA HanpaBJieH BEKTOP v=wXr, a Hafnpas/ieHHe BEKTOpa

eXr Gyzer Boofine APYrHM); CJIeI0BaTeNLHO, H BEKTOp w XU He OyJer
BeKTOPOM HOPMAJIbHOI'O YCKOpPEeHHA TOukH M.

Puc. 178 ' Puc. 179

3axaua 72. Hafith ckopocTH Todek B m C KoHHYeCKOro Katka (Geryna), ecyiH cko-
pocTh U4 HEHTPA A KaTKa, ABHXKYINErocA Mo OKpYXKHOCTH pazHyca OA, H3BecTHa
(pmc. 176). Karox npH ABHXXEHHH KaTHTCA 0e3 CKOJIbXKEHHS O HEeNOABHXKHOR KOHHue-
ckoft mosepxHocTH K.

PemeHnue KaTok asHxercs BoKpyr HenoasHxHof ToukH O. Tak Kax ero
XaueHHe No noBepxHOCTH K MPOHCXOZHT 6e3 CKOJbKEHHSA, TO CKOPOCTH TOYeK KaTka,
JiexaiiHe B JaHHLIA MOMEHT BpeMeHH Ha JHHHH OB, paBHH HYJIO H, CNEJOBATEAbHO,
OB sBaserca MraoBerHoft ocbio BpamenHsa. Toraa v,.—whl, rie @ — yriopas CKo-
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POCTh KaTKa NpM ero mosopote BOKpyr ock OB, a h,— iaaccroxuue TOYKH A oT stoft
oci. Orciona w=uy/h,.

CkopocTb v TOukH C Gyfier paBHa why, rae hy— paccrosiue ToukH C or ocu OB.

Tak KaK B nanHoM ciyyae hy=2h,, To tc=2v4. [l Toukn B, nexaimes Ha MHOBeH-
HOll ocH Bpawenus, vg=0

§ 63. OBILHA CNYYAR JBHXEHHS CBOBOAHOTO
TBEPAOI'O TEJIA

PacemorpuM HanGosee ofwiuit cnyuafi ABHXKEHHS TBEpAOro Teha,
KOTZia OHO fIBJIAETCA CBOGOAHBLIM H MOMET MepeMeillaThCs KaK YTOIHO [0
OTHOIUEHHIO K cHcreme orcyera Oxy,2; (puc. 180). YcraHoBHM BHA
ypaBHeHH#l, OnpeAensONHX 3aKOH pacCMaTpHBAeMOra JBHXKEHHSA.
BriGepem npoH3BosibHYIO TOUKY A Tesla B KayecTBe MOJIOCa H NPOBENEM
yepe3 Hee OcH Axy,z;, KOTOpHE NpPH ABHXKEHHH Tesla GYAYT nepeme-
IaTbCA BMeCTe ¢ MOJIocOM moctynateapHo. Toraa noJsioxkeHue tena B
cucreme orcuera Ox,y,2, 6yleT U3BECTHO, ec/H GyJeM 3HaTh MOJIOXKEeHHE
nomoca A, T. e. ero KOOPAUHATH X,4 Y14, Z14, Y NOJIOXKEHHE TeJa MO
OTHOLLEHHIO K ocAM Ax,y,z;, onpenensemoe, Kak 4 B cjyyae, paccMor-
pennoM B § 60, yraamu dfinepa @, ¢, 0 (cM. puc. 172; Ha puc. 180 yrau
Ofinepa He noxasaHH,uYTOCH He 3areMHsTb ueprex). CJienoBaTeAbHO,
YpaBHEHHS NBHXKeHHA CBOGOLHOrO TBEpPAOro Tesa, MO3BOJSAIOUIHE HAATH

€ro MoJIoXKeHHe 10 OTHOLIEHHIO K cHereMe orcuera Ox,y,2; B JI0GO# MO-
MEHT BpeMeHH, HMeloT BHJ - :

xia=h{)y gua=Fh{t) 2a=F(); }
e=f (1), Vv=[(t), 0=f,(2).
YcTaHOBHM Tenepb reoMETPHUECKYI0 KapTHHY PaccMaTpHBAaEeMOro

AsuxeHusi. HerpyaHo BuAeTb, yTo nepsuie TpH M3 ypaBHeHH#t (79) onpe-
AeAA0T TO ABHXKEHHE, KOTOpPOe Tej10 CoBepllafo Ohl NPH NOCTOSHHBIX

(79)

Puc. 181

yraax @, P, 0, T. e. NpH NOCTYHATEJIbHOM IBHMEHHH TeJa BMECTe C
nomocoM A. IMocnennue e TPH ypaBHEHHs ONpeAENAIOT ABHXKEHHe,
KOTOpO€ NPOHCXOAHNO OH NPH NOCTOAHHHIX -3HAYEHHSIX KOOPAHHAT
Xia, Y14, 214, T. €. KorZa TOyka A HenoxswxkHa. Ho asiikeHHe Tena
BOKDYr HENOJBHXXHOA TOYKH, KaK ycraHosJieHo B § 60, caaraercs  H3
SJIEMEHTapHBLIX MOBOPOTOB BOKPYF MIHOBEHHbX ocefi Bpaulenus. Or-
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Clofia 3aKJjio4aeM, YTO B ofuieM caydae deusxcerue cso6o0H020 msepdozo
IMeAa MOXHO paccmampusamo Kax CAG2AlOU4eecs U3 NOCMYnAmesbRoeo
JdeuXCeRUS, NPU KOMOPOM 6Ce MOYKU merd GBUNCYMCR KAK NPOU3BOALHO
eoilbparnsil noatoc A o cKopocmbio V4, U U3 CEPULL SACMERMAPHBIX NOGO~

pomos ¢ y2n080L CKOPOCMbIO ® B0KDYZ M2HOBEHHLIX OCed 8pawjenus,
npoxodawux uepe3 noatoc A (pnc. 181). Tako# Gyzner, Hanpumep, Kap-
THHA JIBHXXEHHR JIO60r0 HemOCTYNATe/IbHOrO MepeMelaioumerocss B Bo3-
Ayxe Tesa: OpOLUEHHOrO KaMHs, CamoJIeTa, NPOAeHBaioiero ¢urypu
BHICILIETO NMHJIOFaxKa, apTHJ/IepHiickoro cHapsaja # T. A. Hakosen, angno-
THYHOM MOXeT GHTb KapTHHA ABHXEHHS H HeCBOGOAHOIO TBEPAOro Tela
NpH HAJHYHH COOTBETCTBYIOWMX CBsA3edl (CM., HanpHMep, B § 72 puc .207;
B TOM Xe maparpade mokKasaHO, KaK MOXHO ellle MHaye NpeicTaBHTh
reOMETPHYECKYI0 KAapTHHY JBHXKeHHsI CBOGOLHOTO TBEPAOro TeJa).
OCHOBHLIMH KHHEMATHUECKHMH XapaKTeDPHCTHKaMH JABHXEHHS sB-
JISIIOTCA CKOPOCTh U4 H YCKOpEHHe a4 NOJI0Ca, ONpeaeNsioliHe CKOpOCTh
H YCKOpDEHHMe nOCTynareJbHO 4YacTH JABHXKEHHA, a TaKxe yrJjobas
CKOPOCTh @ H YIVIOBOE YCKOpEHHE e BpallleHHs BOKPYr nojioca. 3Ha-
YEeHHsl 3THX BEJNHYHH B JIIOGOH MOMEHT BpeMeHH MOKHO HafTH no ypa-
BHeHHAM (79). 3aMeTHM, 4TO €C/IM 3a MOJIOC MPHHATH APYIYIO TOUKY
TeJla, HanpuMep TouKy B (cM. puc. 180), To 3HaYeHHUs Up H Qg OKAXKYTCH
OTJIHYHBIMH OT U, H a4 (MPEANONaraeTcs, YTO TeJO ABHIKETCS He MOCTy-
nare/bHo). Ho ecan cBasanHbe ¢ TeJIOM OCH, POBeJieHHHE H3 TOYKH B
(na puc. 180 He nokasaHnl), HanpaBHTb TaK XKe, KaK U B Touke A, 4TO
MOXHO cJlieJlath, TO 3HayeHHs YrJoB ¢, ¥, 0, a caeioBaTelbHO, H
nocJjieJHHe H3 ypaBHeHn#i (79) He namensarcsa. [loaToMy H 32ech, Kak HB
caydae [VIOCKOTO ABHXKEHHS, BpalllaTe/bHas 4acTL JABHXKEHHs Teaa, B
YacTHOCTH 3HaYeHHS @ M €, OT BHGOpa MoMIoca He 3aBHCAT.
IBnxxenne CBOGOAHOrO TBEPAOIO TeJ1a MOXKeET OLITH B YaCTHOM CaIydae
IJIOCKONApaNNeNIbHEM; NPH 3TOM BeKTOpPH @ H & OYAYT BCe BpeMsi
NnepneHAHKYAAPHH NJOCKOCTH, IapaJjefbHO KOTOPOH JBHXKETCH TeJo.
_CxopocTH H ycKkopeHHs ToYeK TeJa. CkopocTs
Uy moGof TouKH M Tena B paccMaTpHBaeMOM JABHIKEHHM c/araercs,
KaK H B CJly4ae IJIOCKonapaiebHoro AsixeHus (cM. § 54 u puc. 147),
H3 CKOPOCTH U4 noJioca A H CKOPOCTH Uy 4, KOTOPYIO TOYKa M noayyaer
NpH NBHXKEHHH BMecre C TeJIoM BOKpYT nojioca A. IIpu 3toM, TaK Kak
JBHXKeHHe TeJla BOKPYT moJsioca A NPOHCXOAHT KaK JBHXKeHHE BOKPYT

HEMOJBHKHON TOUKM, TO 3HauYeHHe Uy, onpenensercs ¢opmyiod (76),
rae r=AM, 1. e.

uma =0XAM. (80)
Takum o6pa3zom,

Un=Up+Oys W Uy=T,+(@x AM). (81)

CnpapesTHBOCTL STOro peaysnbTara AOKa3hlBaercsl TaK ke, Kak B § 54.

558‘;.ua.noru'mo Ajs ycKopeHus moGoft ToukH M Tena Hafaem (cM.

ay=2a,+ay4 (82)
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rae BeJHMUHA aMA, T. €, YCKOpeHHe, KOTopoe TOuKa M noJydaer npH
JBHXKEHHH BMECTe C TeJOM BOKpYTr noJjaioca A onpene.uﬂercs{ paB€H~

cTBoM (78), B KOTOPOM TO/IbKO HaZ0 CYHTATh r=AM, av=vpy,=0XAM-

Faasa _XHI
CJIO)KHOE ABH)XEHHE TOYKH

§ 64, OTHOCHTEABHOE, NEPEHOCHOE
H ABCOJIIOTHOE JABH)XEHHU A

Jo cux nop Mel H3y4asaH ABHIXKEHHE TOUKH HJIH TeJa 110 OTHOLIEHHIO K
onHoft 3ajanHoil cucreme orcyera. ONHAKO B psje CydaeB npu peine-
HHH 33]a4 MeXaHHKH OKa3hBaercs uenecooﬁpasﬂum (a unoraa u He-
OOXOJAHMBIM) paccMaTPHBATL IBHXKe-

HHe TOYKH (WJIH Tes1a) ORHOBPEMEHHO 4
M0 OTHOIUEHHIO K JBYM CHCTEMaM OT-

cyYeTra, 3 KOTOPbIX OlHA CYHTaeTCH
OCHOBHOi HJH YCJOBHO HEMOXBHK-

HOM, a Jpyras onpeaeJieHHIM 006pa3oM
JBHXKETCSA N0 OTHOLICHHIO K TNepBoi.
JlBuxeHHe, coBepulaeMOe NpPH 3TOM
TOUKOfl (MJIH TeJOM), Ha3bIBAOT CO-
cmagHumM UM caoxcnoirt. Hanprmep, 0y
Wwap, Katauuica no najy6e ABHXKY-
IErocs NapoXoAa, MOXHO CYHTaTh
COBEpIIAIOIIHM N0 OTHOLEHHIO K Oe- ! Puc. 182

pery CJo¥HOe JBHXKeHHe, COCTOsLILee

H3 KayeHHs NO OTHOLIeHHIO K najnyGe (NMOABHXKHASI CHCTEMa OTCYeTa),
H IBHXKeHHe BMecTe ¢ naiy6ofi napoxoia no oTHouleHuio K Gepery (He-
NOABHXKHAs cHCTeMa orcyeTa). TakHUM MyTeM CROXKHOE ABHXKEHHE Iapa
pasnaraercs Ha aBa Gosee npocThiX H GoJiee JIETKO HCCJeAyeMBIX.
Bo3MoxHOCTD Pa3jiokuTh NyTeM BBEJAEHHS AONOAHMTENBLHONM (MOXBHIK-
HOM) CHCTeMBI OTcYeTa BoJiee CJIOXHOE ABYXKEHHE TOUKH WJH TeJa Ha
Goslee MpoCTHIE IMIMPOKO HCIIOJMb3yeTcs NPH KHHEMaTHYEeCKHX pacyerax
H Onpejie/sieT NPAKTHYECKYIO LEeHHOCThb TEOPHH CJIONKHOTO JBHXKEHHS,
paccMaTpHBaeMOR B STOA H C/lelylolieit raBax. Kpome Toro, peaybra-
TH 3TOf TEODHH HCNOJL3YIOTCA B AHHAMHKe IS H3yYeHHS OTHGCHTE/b-
HOrO paBHOBECHS M OTHOCHTEJILHOTO IABHXKEHHs TeJl NoJ AeACTBHEM CHJ,

PaccMoTpuM Touky M, ABHXYULYIOCS 10 OTHOWEHHIO K NOABHMKHOM
cucreme orcyera Oxyz, Kotopasi B CBOIO ouepelb KaK-TO ABHKETCH OTHO-
CHTRNILHO NpYyrofi cHcTeMbl oTcyera O,x,4,2;, KOTOPYIO Ha3biBaeM OCHOB-
HOA HJIH YCJIOBHO HenoasHxHoil (puc. 182). Kaxnaasi us atux cucred
OTcYyeTa CBsi3aHA, KOHEYHO, C ONpeJieieHHbIM TeJIOM, Ha yepTexe He Mo-
Ka3aHHRLIM. BBelleM cllelyioliHe onpeleNeHu.

1. Iismxenue, cosepmaeMoe TOUKOH M NO OTHOWEHHIO K TMOABHX-
HORt cHcreme- orcueta (K ocsiM Oxyz), Ha3LIBAETCH OMHOCUMEAbHLIM
dauncenuem (TaKoe ABHXeHHe GYAeT BHAETh HaGmoOAaTeNb, CBA3aHHBI
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C 3THMM OCAIMH H Nepemellaomufics BMecte ¢ KumH), Tpaekropus AB,
ONMHCHBAEMAas TOUKOA B OTHOCHTEIbHOM JBHXXEHHH, Ha3bBaeTCs OMHOCU-
meavriod mpaexmopued. CKOPOCTb TOYKM M MO OTHOLIEHHIO K OCAM
Oxyz HashiBaeTcs 0mAROCUmMensHol ckopocmsio (0603HaudeTcs U,g), a
YCKOpeHHe — OmHocumenstoim  yckoperuesm (0Go3Hauaercs a,;). HUs

onpejesieHHs] CJAefyeT, YTO NPH BHIYHCACHHH Uy, H 4o MOXKHO IBHXEHHE
oceft Oxyz BO BHHMaHHe He NMPUHHMATh (PacCMAaTPHBATL HX KaK Henoj-
BHXKHRIE), ‘ . :

2. JlsnkeHue, coBepliaeMoe MOABHXHOM cucTeMmoft orcyetra Oxyz (#
BCeMH HeM3MeHHO CBSi3aHHBIMH C HEIO TOYKAMH MPOCTPAHCTBA) MO OTHO-
IIEHHIO K HenmoABHXHO#A cHcreMe 0,x,1,2,, ABARETCA ANA TOUKH M nepe-
HocHbem Bsuaceruen.

CKopocTb TOR HeH3MEHHO .CBA3aHHON -C MOABHXKHHWIMH ocsMH Oxyz
TOYKH M, C KOTOPOfi B IaHHLIA MOMEHT BpeMeHH COBNalaeT ABHKYLLAsACH
TOUKa M, RasbIBaeTcs nepenocHod cKopocmeto TOUKH M B 3TOT MOMEHT'

(o6o3Hauaercs -5,,,,), a ycxopeHHe STOR TOUKH M — NEPEHOCHLIM YCKO-
-peruem TOUKH M (o6o3HagaeTcs apep). TakHM 06pasoM,

-{;nev = Upy  Gpep=0p- (83)

Ecan npexpctaButh cefe, Yro OTHOCHTENbHOE ABHXKEHHE TOYKH NpO-
MCXOAHT 10 MOBePXHOCTH (WM BHYTPH) TBEPAOro Teja, € KOTOPHM
IKECTKO CBsi3aHB! NOABHKHHE OCH Oxyz, TO NEPEHDLCHOA CKOPOCTBIO
(WM yckopeHHeM) TOUKH M B JaHHHIA MOMCHT.RPEMQHH 6yIeT CKOPOCTD
(w1H yckopeHue) TOf TOUKH m TeAa, C KOTOPOH B'3TOT MOMEHT COBNajaer
Touka M. ‘ :

3. IlBuxenHe, coBepilaeMoe TOYKOR 110 OTHOWIEHHIO K HENOABIKHOA
cHcreMe orcyeta Ox,Y;2, HasbIBaeTCA aOCOAOMAGIM HIIH CAONCHOIM.
Tpaexropus CD storo asixkeHHs HaswBaercsi alcosomuoill mpaekmo-
pued, CKOPOCTb — abcoawmHol ckopocmeio (06O3HAYAETCS Uyg) H YCKO-
pexHe — abcomromnein yckoperuem (OGO3HAUAETCH d,g).

B npuBenenHoM Bhilie npuMepe ABHKEHHE [IAPa OTHOCHTENLHO NaJy-
6L napoxopia GyAeT OTHOCHTE/bHBIM; a4 CKOPOCTb — OTHOCHTEJBHON CKO-
POCTBIO 11apa; ABHXKeHHe NapoXoJa No OTHOWIEHHIO K Gepery Gyzer aas
11apa nepeHOCHHM ABHKEHHEM, a CKOPOCTb TOH TOYKH nanyGul, KOTOpo# B
AAHHHA MOMEHT BPeMeHH KacaeTcsl Iwap, 6yJeT B STOT MOMEHT €ro nepe-
HOCHOA CKOPOCTbIO; HaKOHell, ABHXKEHHE 11apa Mo OTHOWEHHIO K Gepery
Gyner ero aGCOMOTHHIM JBHXKEHHEM, a CKOPOCTb — aGCOMIOTHOA CKO-
pocrblo Imapa.

Ilns pelieHHss COOTBETCTBYIOIMX 3aJa4 KHHEMATHKH HEOBXOXMMO
YCTAHOBHTb 3aBHCHMOCTH MEXJAY OTHOCHTEIbHBIMH, TNEPeHOCHHMH H
aGCOMIOTHBIMH CKOPOCTSIMH H YCKODEHHSIMH TOYKH, K 9eMy MHl W nepefi-
JeM. '

§ 65. TEOPEMA 0 CJIO)KEHHMH CKOPOCTER

Paccmorpum crioxkzoe aBrkenue Toukd M. TTyctb 31a Touka cosep-
11aeT 32 MPOMEXYTOK BpeMeHH Af=/,—{f Bioab TpaekTopuu AB OTHO-

CHTeNbHOE nepeMelenue, onpejennemoe ektopom MM’ (puc. 183, a).
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Cama xpuBas AB, nBHrasch BMecTe ¢ MORBUXHHLIMH ocaAMM Oxyz (Ha
PHCYHKE He noxaaanu) nepefijier 3a TOT ke NPOMEXYTOK BpeMeHH B
Kakoe-To HoBoe nosioxenHe A;B;. OnHOBpeMeHHO Ta TOYKa m KPHBOA
AB, c KoTopoii B MOMEHT T BpeMeHH ¢ COBNajaeT ToUKa M, coBepuiHT nepe-

HOCHOe nepemelleHne mm,=Mm;. B pesyanrate Touka M npuier B

noJyioxenne M, H coBepuuuT 3a Bpems Af aGcomoTHOe NiepeMeliieHue MM,.
H3 BextopHoro rtpeyronbHuka Mm,M, umeeM

MM, =Mm,+mM

Hens ofe wacTd 3TOrO paBeHc-rBa Ha Af W nepexoma K mpeneny,
fONyYHM

hm (MM /Aty = hm (Mm,/At)—}- lxm (mM,/At).

HO, 110 onpenejeHHIo,

lim (MM,/At)=v,5, lim (Mm/Aty=v,.,.
Al 0 At -+ 0

o 8

Puc. 183

Yro Kacaercs moc/iefHero cjaraemoro, To, Tak Kak npu Af —0
KpuBaa A,B, crpeMHTCR K COBnajeHHio ¢ KpHBofi AB, B npexene

llm (mM l/At)_- hm (MM MM'|At) =v,,.

B pesyabTate HaxofHM, 4TO
;’;G = ;or + ;ncp- (84)

HanpaBieHs BEKTOPH Uy, Uops v,,,, 10 KacaTeJIbHhIM K COOTBETCTBYIO-
UM TpaekTopuam (puc. 183, 6)

TakuM o6pa3oM, MH JOKA3aJH CJAERYIOLIYIO T€OpPeMy O CJIOXKEHHH
CKOPOCTef: npu CAONHOM O8UNEHUU abCOAOMHAR CKOPOCMb MOYKI PABHA
2eomempuveckotl cymme omuocumensroll u neperocroll ckopocmeii. Tlo-
CTpOeHHas Ha pHC. 183, 6 ¢Hurypa HasuBaeTc napasrenozpammon cKo-
pocmed.
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Ecan yron Meiiy BeKTOPaMH Uy; M Upep PaBEH G, TO 110 MOAYJIO

Vs =V & -+ Uhiep + 2001Unep COS O, (84,)

PaccmorpuM npuMepbl pewreHHs 3ajxad.

3anaua 73. Touka M ABHxeTcA Baoab npamofl OA co cKopocTeio & (pHc. 184),
a cama IpAMas BpallaeTcs B NIOCKOCTH 0X;y; BOKPYT neHTpa O ¢ .yraoBOit CKOPOCTHIO M,
OnpenenyTs CKOPOCTb TOUKH M OTHOCHTENbHO oceft Ox,y; B 3aBHCHMOCTH OT PaccTos~
HHd OM=r, : :

P emen ne PaccmoTpHM ABHXKeHHe TOYKH M Kax cJoxHOe, cocTosmiee -H3
OTHOCHTEJIBHOrO ABHXKEHHH BROJb NpsimMolt OA M ABHXKeHHS BMecTe C STofi npsMOA.
Toraa ckopocTb 4, HanpasieHHas BIOAb OA, 6yReT OTHOCHTERHOM CKOPOCTBIO TOUKH,
Bpamareabtoe asixenne npavoft OA Bokpyr uestpa O sBasercs AAA To4KH M nepe-

Puc. 184 Puc. 185

HOCHHM ABHXXEHHeM, a CKapocTb Tofl ToukH m npaMoRt OA, ¢ KoTopoft B RaHHHHA MOMeHT
BpeMeHH coBnaxaer TOYKa M, 6yAeT ee nepeHOCHONR CXOPOCThIO Fnep. Tax Kak 9Ta TOY-
Ka IpAMOR ABKKETCH 110 OKPYKHOCTH paguyca Om==r, T0 N0 MOAY/IO CKOPOCTh Upnep==
= @r W HanpabJeHa NepHeHAUKyAspHO Om. Crpqx Ha BEKTODAX U K Upep Napannenc-
TpamM, HafijieM aGCOMIOTIIYIO CKOPOCTb U, TOUKH M No oTHomwieHuio K ocAM Oxyyq.
TaK KaK @ H Upep B3aHMHO NEPMEHAMKYJIAPHH, TO N0 MOAYJO

ves=V uifoird.

3anava 74. Puuaxox OM camonumymiero npuGopa ofpasyer B AaHHLA MOMeHT

BPEMERH YFOJI & C FOPH3OHTAJLHOM MJIOCKOCTLIO, a epo M HMeeT CKOpOCTb v, Hanpap-
ACHHYIO NepneHiuKkyaspuo OM (puc. 185). BapaGan c Gymaroft Bpauiaercss BOKpYr
BEPTHKAJIbHOA OCH € yr/ioBofl CKOpocTbio . OnpefiesiHTh CKOPOCTb & INepeMemieHHs
nepa no Gymare, ecH paguyc GapaGana R. _ o

Pewmenue Ham H3BecTHa aGCoMIOTHAs CKOPOCTh Nepa Upg=v. CKopocTs v
MOXKHO DAacCMAaTPHBATL KaK FEOMETPHYECKYIO CYMMY CKOPOCTH fepa OTHOCHTeAbHO

6ymaru . (370 HCKOMast CKOPOCTh 4) H NEPeHOCHOR CKOPOCTH Unep, PABHOR CXOPOCTH
TOR TOUMKH Gymar#, KOTOpoil B JaHHHi MOMEHT BpeMeHH KacaeTcs Nepo; mO MORY/MO

Unep™ - - -, =

Ha ocHoBanuu TEOPEAMH! O CIOKEHHH CKOPOCTelt v==ti-+Upep, OTKYA2 u=v—H—v,,q,_)_.-
Crpost Ha BeKTOpax © M (—Unep) Napaiiiesiorpamm, HaliieM HCKOMYIO CKOPOCThb 4,
Tax xak yron Mexay v B (—Ugep) pasen 90° —a, T0 N0 MOAY.IO

4=y P L ORI 2k sina.
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Yros, KOTOpHE CKOPOCTS U 06pa3yeT C HanpasneHueM Unieps MOMKHO TeNepb HalTH
Mo Teopeme CHHYCOB.

3anaua 75. B KpHBOWMIHO-TION3YHHOM MexaHusMe (puc. 186) xpusownn OA
AJBHOM 7 BPaHIaeTCH € YIJAOBO# cKopocThio @. Jlauna matyna AB pasua [ [pu nau-
HOM YIJie ¢ ONPEefeHTh CKOPOCTb N0/I3yHa OTHOCHTe/IbHO KpuBownna OA. Hafitu Tak-
ke aGCOMIOTHYIO CKOPOCTb MOJ3YHa.

PemeH He [lonsys gBHKeTCA NOCTYNATENbHO H €70 CKOPOCTh PaBHA CKOPOCTH
TOUKH B, npuHagnexauief ognopemenHo watyny AB. CnefosatenbHo, peileHHe 3aia-
yn CEOAMTCH K ONpejesieHHIo CKOPOCTH TOUKH B martyHa. :

OTHOCHTEBHOE ABHXenHe watyHa A B no-oTHoweHuo K kpusomuny OA npencras-
Jsier coboit Bpaulenne BORpyr wapHupa A. Toyxa B npi 3ToM BpallieHHH ONHCHBaeT
OKpYXHOCTb paguyca AB; cielosaresbHO, OTHOCHTeNIbHA® CKOPOCTh Upr TOYKH B
MO OTHOLUEHHIO K KPHBOIIWNY HanpaBJ/ieHa NnepneHAuKyaspHo AB. 3ameram ewe, yto
aGcoMOTHAA CKOPOCTb Up6 TOYKH B Hampamaena Bjoab BO.

IMepexocHuiM Ans TOuKH B sBasercs asuxenue kpusownna OA. IMpeacrasum cebe,
4TO ¢ KPHBOLIHIIOM XeCTKO CBA3aH Tpeyroasiuk OAB, Bpamaiomuica BuecTe ¢ Kpu~
BOWIMIOM BOKPYr ocH O ¢ yrJoBoit cKopocThlo ® (Kak Ha pHc. 151 co crepxuem AD
6hia cBsiaaH MHCT daHepsi JT). Toraa ckopocts ToukH B Tpeyroasiuka OAB, coBnagaio-
man B JaHHER MOMEHT BpeMeHH ¢ Touko#t B matysa AB, 6yaet nepeHocHof cKopceTbio
Unep TOUKH B wartyHa. 37a TOMKa TPEyroJbHHKA ABHIKETCS NO OKPYXHOCTH pajuyca
OB. CneposatenbHo, CKOPOCTb Ugep HalpaBJieHa NepneHAnKyaspHo OB u unciaenHo
paBHa Unep=w+AB. Tak kak AB=1cos f+r cos @, TO Upep=w (! cos P+ cos @).

CTpoHM H3 BEKTOPOB Ugt, Unep H Uag COOTBETCTBYIOLIK{ napaanesorpamm. M3 ne-
ro BUAHO, YTO

Uor = Unep/cOS B HIH vor=0 ({+r cos @/cos B).

HUcknourm otciona yroa f§. U3 tpeyronbuuka OAB uwaxonum, yto I sin f =r sin ¢.

Torna cos p=} I—(7%/F) sin® ¢ 1 OKOHUATEJLHO 3HAUEHHE HCKOMOH OTHOCHTENBHOI

CKOPOCTH
l‘or=&)l<l+—=’co—s¢# . (2)
Vi Fsintg

Iins onpenenenust a6COMOTHOA CKOPOCTH Uy TOUKH B o6paTUMCR ONATL K Lapas-
senorpaMmy ckopoctefl. M3 Hero v,6=v,;sin f. Yuurninas, uro sin p=(r sin @)/1,
NOAYYHM H3 PaBEHCTBA (8) VI Upg TO XKe 3HaUEHHE, KOTOpOe APYTHM NyTeM OHJIO Haii-
AeHo B safade 63 (cMm. § 57) u obo3naveno Tam vg.

B uacTHOM cayuae, Koraa r=/I, noayuaerca vyy=20!, Uys=2w /sin @.

Puc. 186 Puc. 187

3agaua 76. Koxeu B ropu3oHTaJbHOro CTepXrs AB wWapHHPHO COSAHHEH C
NOJ3YHOM, CKOJb3AWHM BAOAb Npope3H Kyjuchl OC M 3aCTaBAAIOUHM MOCACAHION
Bpamatsest BOKpYr ocH O (puc. 187). Paccrosuue ocu O ot crepxus AB8 pasuo h.
OnpeenuTs YrA0BYK) CKOPOCTb KYJHCH B 3aBHCHMOCTH OT CKOPOCTH U CTEDMHA K
yraa @.’ _

P e w e Hue. HaM H3BecTHA aGCOJMIOTHAA CKOPOCTb NOA3YHA, paBHas CKOPOCTH U
CTepXKHSA. 3Ty CKOPOCTh MOJA3YHa MOMHO PacCMATPHBATL KaK CJIAralollyloci H3 OTHO-
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CHTeJbHON cxopoc‘m_v'or CKOJbXKEeHHS MOJI3YHa BOJb NPOPE3H KYAHCH H NepeHOoCHOil
CKOPOCTH Upep, PABHOM CKOPOCTH TOM TOYKH KYJHCH, ¢ KOTOPOA B AaHHWA MOMERT
BpeMeHH coBnafaer MoasyH. HanpasneHus sTux ckopocreli H3BECTHH: CKOPOCTb Vor
HanpasJieHa BROAb OB, CKOPOCTb Upep — MEpPEHAUKYAAPHO OB. Toraa, pasnaras 3a-

AaHHYIO CKOPOCTb U IO HANPABMACHHAM Ugr H Unep, HafileM 3TH cxopocTH. M3 napan-
JeJOrpaMMa BRAHO, 9TO MO MOAYJIO Upep=U COS Q.

0, C APYToA CTOPOHH, MEPEHOCHasA CKOPOCTh vnep-—m -OB=wh/cos @, rae ® —
YrJ0Ba# CKOPOCTb KYJHCH. Cpammaaﬁ STH /1Ba 3RAYEHHA Unep, HAAAEM YIJIOBYIO CKO-
_POCTb KyJaHcH = (v/h) cos® @.

§ 68. TEOPEMA O CJIO)KEHHHM YCKOPEHHA
(TEOPEMA KOPHOJTHCA)

HafizeM 3aBHCHMOCTb MeXKAYy OTHOCHTEJIbHLIM, NEPEHOCHBIM H abco-
JUOTHHIM YCKOpeHHsMH ToYkH. M3 papeHcrBa (84) noayuum

- dv.6 _ Aoy d;nep
Qa6 = =35 = 4 a - (85)

ITpon3BogHLE 31€Ch ONpefiesIAOT H3MEHEHHe KaXJAO0ro M3 BEeKTOpOB
NpH a6COMOTHOM ABHXEHHH. DTH H3MeHeHHA CJ1araioTcs B ofujeM cayyae
H3 M3MEHEHHNl NPH OTHOCHTEJBHOM H TIPH NMEPEHOCHOM ABHMEHHSX, 4TO
HHXXe OyeT HemoCpeACTBeHHO NOKa3aHo. ChnegosarenbHo, ecan ycio-
BHTbCA M3MEHEHHs, KOTOPhie BEKTODH vo, H Upep MONYHAIOT Npu 0MHO-
CUMEALHOM aaualcenuu oTMeyaTh HHAEKCOM «l», a npu nepenHocHom deu-
aceHuu — HHAEKCOM «2», TO paBeHcTBO (85) mpuMer BHA

(dto-,)‘ +(dv°1-), + (dvnep)l +(d;nep)l ( 86)

Gy = a e

Ho no onpenenenwo (cm. § 64, n. 1) omnocumeasnoe ycxopenue
XAPaKmepusyem USMEHERUE OMHOCUMEAbROL CKOPOCMU MOABKO  npu
OMHKOCUMEAbHOM Osumenuu; HIBHXKeHue ocefl Oxyz, T.e. NepeHOCHOE
JABHXXeHHE NMPH 3TOM BO BHUMaHHe He npuHuMaercs. [loaromy

- (dvor)f
Qo= (87)

B cBola ouepenn, nepenocHoe ycKopenue XapaKmepusyem uSMeHeHue
nepenocrod cKOpoCmuL MOALKO NpU NePEHOCHOM JBUNEHUU, TAK KAK Qpop==
=ay, (cM. § 64, 0. 2), rae m — TOUKa, HEH3IMEHHO CBA3aHHAafA C OCAMH

Oxyz u, cnepoBaTeNbHO, TONYYaAlOUWask YCKOPEHHE TOJNBKO NPH ABHXe-
HHH BMECTE C THMH OCSIMH, T. €. NPH NepeHOCHOM ABHxeHHH. [ToaTomy

hond (d;nep)l

Bpep = —g7— - (88)
B pesyabrare u3 pasencrsa (86) mosmyynm
d— d—ne 1
Gat =G + ey + i y neat (89)
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Beejgem o6Go3HaueHHe

- (d;o 1) (d-”_ne )1
Gyop=—gr—+ —57 (90)

BeAuuuna a,,,, XQPAKMEPUSYIOULAS U3MEHEHUE OMHOCUMENbHOU CKO-
POCMU MOYKY NPU NEPEHOCHOM OBUNCEHUL U NEPEHOCHOU CKOPOCMU MOYKU
npU ee OMHOCUMEALHOM OBUNCERUL, HASNBALMCS NOBOPOMHYM, UAL KOPUO-
AUCOBHM, YCKOperuem mouxu. B pesynsrate paBeHCTBo (89) mpuMer BHA -

aa6=aor+anev+axov' (91). Ol Uy (A%

®opmyna (91) Buipaxkaer caeny-
iomylo TeopeMy KopHoau
Ca O CJNOXEHHH YCKODe-
HUN*: npu caomHoM Osuxcenuu
YCKOpeHUue MOYKL DABHO 2e0Mempl-
weckold cymme mpex yckoperud: om- M
HOCUMEAbRO20, NEPEHOCH020 U NO06O-
pomHo20, uAU Kopuoaucosa.

HafigeM 1717 BRIYHCIERHA G, 0,
¢$opMy Ny, BRITEKAIOLIYIO H3 PaBEHCTBa
(90). I'lpu aTom, paccmatpuBasn obuuit Tigft
cayuyait, 6yfeM CUMTaTh NepeHOCHOe
JBHXEHHe, T. . JBHKEHHEe NOABMXK-
HuX oceft Oxyz, a ¢ HHUMH H KpH-
Boft AB (cm. puc. 182), cnaraowmuMca U3 NOCTYNATeNTbHOrO ABHIKEHHS
BMeCTe C HEKOTOPHM MOJMIOCOM H BpauleHHsi BOKPYr 3TOro moJioca ¢
YrJI0BOH CKOPOCTBIO @, Ha3blBaeMOH nepenocHod Y2080l cKOPOCI:2bi0.
Benvunna o, xak noka3saxo B § 63, or Bol6opa NoJoca He 3aBHCHT H Ha
n3o0pakeHHHX puc. 188, rme nomoc Touka m, W puc. 189, rae
nomoc O, HMeeT OJHO H TO XKe 3HaueHHe.

Haunewm ¢ onpegenennsn (dv,,),/df. [Ipu pacemarpuBaeMoM nepeHoc-
HOM JBHXXEHHH BEKTOP U,,, HanpaBJeHHH MO KacaTeJbHOR K KPHBOA
AB, NepeMecTHTCA BMeCTe C STOA KPHBOA NOCTynareabHO (Nphier- B

nosioxenne m,b, puc. 188) u ogHOBpeMEHHO NOBePHETCA BOKPYr TOYKH
m; 10 NONOXeHHR myb,. B peayJibTate Bexrop Uyr NOMYYHT B NepeHoc-
HOM JBIXeHHH npHpautenue (dv,,),=bb,=v, dt, rje v, — CKOpOCTb,
C XOTOpPOA nepememaercs TOYKa b NMPH NOBOpPOTe BeKTOpa m,b—v,,,
BOKPYr TOYKH my. TaK KaK 3TOT MOBOPOT MPOHCXOIMT C YI/IOBOR CKO-
POCTHIO @, TO 1O opMmy e | (76) Uy=0Xmb=wXv,,. B pesyansrare
nonyyaeM (dv,,)s=0, -dt=0X0v,.df H

ﬂ"d:;ﬂ.: @ X Uy (92)

Puc. 188

* T'iocras Kopuonue (1792—1843) — dpanuysckufi yqenuﬁ HIBECTHHR CBOHMR
TPYAaMH NO TeOpeTHYeCKOA M npmma}moﬁ MexanuKe, KopHoJaHcoBO ycKoperne
HaSHBAOT eme I'IOBOPO‘I‘HHH, TaK KaK OHO NOABNACTCA NPH HAJHYHH Y NOABHXHUX
ocefi BpaileHHa (NOBOPOTa). *
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Tenepb onpenenuM (dv,.,)r/df. CKOPOCTb Upep PaBHA CKOPOCTH TOM
HeM3MEeHHO CBS3aHHOA C MOABHXKHLIMH OCAMHM TOYKH m KpuBot AB,
C KOTOpOfl B JaHHBIl MOMEHT BpeMeHH coBmajaer Touka M (puc. 189).

Ecau toaky O npHHATHL 3a moJioc K 0603HAYMTh Yepesr BekTop Om=
=0M T10 no ¢opmyae (81)
;nep = Z’-o' + oxr.
CoBepIIHB 32 IPOMEXYTOK Bpe-
MeHH d/ OTHOCHTEJIbHOE NepeMeliie-
HHe MM’'=v,, -df, Touka mnpuger
B MOJIOXKEeHHe M', zas Koroporo
r'=r+MM' n
al'lep = b—o + ox ;-' =
=;°-|~6X(;+MM').

Pac, 189 CJleAOBaTeJIbHO, BCJIEACTBHE TO-

ro, 4YTO TOYKa COBE€pluaeT OTHOCH-

TeAbHOe IepeMelneHHe MM’=v°,dt, BEKTOP Uy, MOJYyYaer HPHPa-
HIeHHe .

Y (el = Vpep ey = OX MM =X 0 dt,
OTKyJza

d-IIQ - -
( vdt")t =W X Upge 93)

IMoacrasnsas Benwuunnt (92) u (93) B paBenctso (90), moaygnM
Zxop =2 (6 X ;o‘l‘)' (94)

Takum o6pasoM, K0puosucosé yckopenue pasro yOBOEHHOMYEeKmMOp-
KOMY npousgedenuro nepenocrod yeaosod ckopocmu (yraoBofi CKOPOCTH
MOABIDKHOR  CHCTEMW  OTCYETA) HA  OMHOCUMEAbHYIO CKOPOCMb
mouxu.

Canygaft nocTynaTeaAbHOro NnepeHOCHOro XB I
XeHus Borom cayuae ©=0 n, cresoBatenbHo, a,,,=0. B pesynn-
raTe paseHcrBo (91) nmaer®

506 = Eor + znep% (95)

———————

¢ 3ror pesynwtar BHJeH K H3 pHc. 188, 189. Korma kpuBan AB nepememaercs
TOCTYNAaTeNAbHO, TO BEKTOP Ugy NPHAET B nosioXKeHHe m, b, noKa3anHoe Ha puc. 188 nynk-
THPOM, T. €. He HIMCHHTCA, K Oyaer (dvgr)y==0. OAHOBPEMEHHO NPH STOM BCE TOUKH KPH-
Bolt AB mMeloT ofEHAKOBHE CKOPOCTH M B Touke M’ (puc. 189) ;,,,9 GyAeT TaKuM We,
KaK B ToYKe M, Y. €. NOKaSaHHEIM MYHKTHPOM, BCAEACTBHE Hero (d?.,,),=0.
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T. €. NpU NOCMYNAMEAbHOM NEPEHOCHOM OBUINCERUL aBCOMOMHKOE YCKO-
PERUL MOYKU DABHO 2EOMEMPUHECKOLL CYMME OMHOCUMEALHO20 U NEPEHOC-
HO20 Yyckopenud. PesyabTaT 3ech aHaJOTHYEH TOMY, KOTOpHIR Jaer
TeopeMa O CJOXEHHH CKOpOCTef. )

BHuYHCHeHHE OTHOCHTEJNBHOIO, NMEPEeHOCHO
TOo H KOPHOJMHCOBA. YCKOPpeHHft. OTHOCHTEJbHOE YCKO-
peHHe, MOCKOJBKY TNpH
€ro HaXOMIEHHH JBHXe-
HHE MOABHXHBIX OCEAl BO
BHHMaHHe He TNpPHHHMa-
ercs, BHIYHCJsAETCA OObY-
HHIMH METOAaMM KHHeMa-
THKH TQUKH (§ 40, 43). Ile-
PEHOCHOE YCKOpeHHe Bhi-
YHCAAETCH. KAaK YCKOpeHte
TOYKH, HEH3MEHHO CBA3aH-
HO#1 C NOXBYXKHKIMH OCAMH,
T, €. KaK YCKOPEHHe TOYKH HEKOTOPOTO TBEpAOro Tena, no dopMmynam,
NOJIyYeHHHIM A/l YCKOpeHHit Touek TBepporo Tena B § 51, 58, 62, 63.
KopHonncoBo ycKopenue Bhuucaserca mno ¢opmyne (94). Monyas
KOPHOJINCOBA YCKOPEHHsI, €CJIH YrOJ MeXZY BEKTOPaMH & H Uy, 0003-
HayHTb uepe3 o, Gyler paBeH

axop=""2|ml' |v°,|simz. (96)

HanpasneHn BeKTOp 4,op TaK XKe, KakK H BEKTOP © XUy, T. €. mep-
NeHAHKYJAPHO NJIOCKOCTH, MPOXOASeH Yepe3 BEKTOPH ® H Upy, B TY
CTOPOHY, OTKyZa KpaTyafiiiee COBMeIEHHE ® C Uy, BHAHO MPOHCXOAf-
IIHM TIPOTHB XOZa 4acoBoA crtpeakH (puc. 190, a).

Ha puc. 190, a BuzHO TakKe, 4TO HanpaBJeHHe BEKTOpa E,,,, MOXHO
Onpeae/IuTh, CTIPOEKTHPOBAB BEKTOD 170!_ Ha nJockocts II, nepnesauKy-
JAPHYIO @, H MOBEPHYB 3Ty NpoeKuHio vl Ha 90° B CTOPOHY NMEPEHOCHOrO
BpallieHHs, ‘

Ecan otHocHTe/IbHAA TpaeKTOpHA — INIOCKAA KPHBafA H MepeMeina-
eTcs Bce BpeMs B CBoeft MJIOCKOCTH, TO yroa a=90° (puc. 190, 6) u B
STOM cJydYae MO MOAYJIO

Ayop = 2 l L I : I Uor l' (96’)

Kpome Toro, kak Buguo u3 puc. 190, 6, nanpaB/ieHHe a,,p MOXHO B
3TOM CJyyae HaiTH, NOBEPHYB BEKTOP OTHOCHTEJBLHOM CKOPOCTH Ugqy
Ha 90° B CTOpOHY nepeHOCHOro BpAILEHHS (T. €. N0 XOAY HJAH NPOTHB
YacoBOM CTPeJIKM, B 3aBHCHMOCTH OT HallpaB/ieHHA BpalleHHs).

Ha puc. 191 pas wimocrpauusd npHBeAEHHHX NPABHJA MOKa3aHo
Hanpap/ieHHe KOPHOMHCOBA YCKOPEHH apHka M, ABHXYUIErocs BAOS
Tpy6KH AB B cnyyasx, Koraa Tpy6Ka Bpallaercsi B IJIOCKOCTH YepTexxa
(puc. 191, a) u Koraa oHa npH BpalieHHH onUCHBaeT Kouyc (puc. 191, 6.

. U3 ¢popmyant (96) BHAHO, YTO KOPHOMHMCOBO YCKOpeHHe MoxeT o0pa-
‘WAThCA B HYyJAb B CJAEIYIOIMHX CJaydasxi
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1) Koraa =0, T. e. Korga nepeHocHoe ABHXXEeHHe ABJAETCA MOCTY-
narenpuniM [dopmyna (95)] uan ecnu nepeHocHas yriaoBasmi CKOPOCTh
B MaHHBI MOMEHT BpeMeHH ofpaulaercs B Hy/lb; :

ag 4

Pue. 191

2) xoraa U,,,=0, T. e. KOrla OTHOCHTeJIbHasi CKOPOCTb B AaHHHMN
MOMEHT BpeMeHH ofpaljaercs B HYJb;

3) xoraa =0, uaH a=180° T. e. KOra OTHOCHTEJbHOE NBH)KEHHE
NPOMCXOAHT DO HanpaB/eHHIO, NapaliesbHOMY OCH MepeHOCHOro

BPALIEHHA, HIH eCaM B NaHHbIH MOMEHT BPeMEHH BEKTOp U,, NapaJie-
JeH 3TOH OcH.

§ 67, PELUIEHHE 3AAAY

A. TMlepeHOCHOEe ABUXEHHE NOCTYNMaTeasHoe B cayvae,
KOT/la TepeHOCHOe ABHIKEHHe SIBJIAETCA NMOCTYNATeNbHbM,; XapaKTep 3aiaq H METONM
HX pellleHHsA aHaNOrHYHH 3aJauyaM Ha CJoXKeHHe cKopocTeht (cM. § 65).

3anaua 77. Kanu, asrxymuiics NPAMOJSHHERHO MO TOPH3OHTAALHOA MAOCKOCTH
C YCKOpPEHHEM a;, nepeMeliaeT BAOAbL BepPTHKAJILHLIX HanpaBAsiOWHX cTepxenn DE
(puc. 192). OnpefiesuTb ycKOpeHHe CTEPXKHSA, €CAH YION KIHHA PaBeH &.

Pemwenne AGCOMOTHOE ycKopeHHe ap TouKH D CTEpPXKHS HallpaBJeHo No Bep-
THXanH BBepX. Ero Moxno paccmatphBaTh Kak cJaraiotmeec H3 OTHOCHTENBHOrO yc-
KOPEHHA doy, HANPABJIEHHOTO BJOJb LIEKH KJKHA, H NEPEHOCHOrO YCKOPEHHS Gnegp,

PaBHOFO YCKOPEHHIO K/IHHA a, (TaK KaK NepeHoCcHOoe JBHXKEHHE, T. €. ABHXKEHHe KJHHa,
ABJsieTcA nmoctynarenbHHM). CTpos Ha ocHoBanHH paseicTBa (95) cooTsercTBylomuR

NapanesorpaMM H YYHTHBAA, TO dpep=a;, HafileM
ap=a, tga.
Beanuuna ap u onpegensier ycxopenue crepxus.

B.MlepernocHoe aBHKenHe BpamarTeabHoe [lokaxeM, xax
BRIYHCIIAETCH @,6, KOTAa NEPEHOCHOE ABHIKEHHE SBJASETCA BPALIEHHEM BOKDPYT HeNoA-
BHXXHOR OCH.

Paccmotpuym Touxy M, IBHKYyMYIOCS 1O MOBEPXHOCTH HEKOTOPOTG Tena (Hanp-

S’
Mep, wapa) Broan 3azanHofl kpusoA AMB no sakony s=f,(f), raes=AM (puc. 193).
PH 3TOM CaMo Tes10 BpallaeTcss BOKpYr ocH BA no 3akony 9=f, (f), rae ¢ — yroa no-
BopoTa Tena. [lepsoe H3 Ha3BaHHBIX ABHXKEHHA CUHTaeM OTHOCHTEJbHAIM, @ BTOPOe —
nepenocHuM Ans TouxH M. ITyctb TpeGyercs HallTH 3HaueHHE da6 B HEKOTOPHA MO~
MEHT BpeMeHH f=1{;. Pacuer CBOAMTCH K C/IeAYyIOLEMY.
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1. Onpedesenue noroxenus mousu. Tonaras B ypasvennn s=f; (/) spemss t=t;,
-onpefiesseM nojoxexHe TouKH M Ha xpHBoit AB npu {="{; H H306pakaeM TOUKY Ha
YepTexe B 9TOM NOJOMEHHH,

2. Onpedesenue Vor B agy. [1o GOPMynaM KHHEMATHKH TOUKH (cM. § 42, 43) Haxo-
AHM:
: T b n 2
Uor =$, Gor="Ugy, Qor= Uor/Por,

T1€ Por — PAAHYC KPUBH3IHH KpHBOA AB B Touke M. OnpesesisieM YHC/NOBHE 3HaUCHHSA
STHX BeJIHYHH NIPH {= 1, H H306parKkaeM 3aTeM BEKTOPH Uor, dor H Gor Ha HepTeXe (C yue-
TOM 3HAKOB Upr M @l Ha PHC. 193 BeKTOPH Uor ¥ dyr MOKA38HH JAAA CAyYad, XOrA2
Uor >0 H agr>0). _ . .

3.0n HUe Gpep. CHAYANA HAXOAMM ©=@ H €= H BBIYHCASEM HX 3HAUECHHSA

P

@ H &, npH { = ;. 3arem onpelensieM b — paccTosHue TO4KK M oT oc BA B Moment

Bpemenn f;. [Tocse storo Haxoaum Ghep W Gnep KaK YCKOPEHHH TOR TOMKH Tesa, C KO-
YOpoft B JaHHKA MOMEHT BpEeMEeHH cOBMajaeT Touka M, T. e. mo popMynam (cm. § 51)
T n )

Gnep = heq, Gpep= hoy.

Hsobpaxaem BeKTOpH ,Tzf,ep u?’nep Ha uepTexe (C y4eTOM SHaKa aﬁep; na pue. 193
BEKTOp af.ep NOKa3aH AAA cryyas, xoraa e, <O H, Cef0BaTeNbHO, a,',ep<0).
4. Onpedenenue Gyop. MORYJb M HANPABJEHHE Gyop OMPElENAIOTCH TAK, KAK 9TO

nokasano B KoHile § 66. BexTop ayop TaKke H300paXaeM Ha YepTexe.
5. Onpedesenue agg. Ilo Teopeme Kopuonuca Haxoaum

- - = — - -
a6 =8y + Gor + Gnep +‘{lllep+akop-

Ecau cyMMy CTOSIIMX CIPaBa BEKTOPOB TPYAHO HaATH reoMeTpHYecKH, T0, NPOBOAN
KaKHe-HHGYAb KOOpAHHATHEE 0CH Mxyz (puc. 193), BHUHCAseM NPOEKIHH BCeX caarae-
MHX BEKTOPOB Ha 9TH ocH. Toraa no Teo-
pese 0 MPOeKIHH CYMMbl BEKTOPOB Ha OCh
Gy x== 201z, a6 v= zaiy' 6 3= Zay,.

ITocae storo Haxoaum

ass=V alss+aisy + 026

Puc. 193

KonkpetHHft npHMep Takoro pacyera cM. B 3ajave 81,

3amaua 78. Kyanca OA Bpamaercs ¢ HOCTOSHHOA YrJOBOfi CKOPOCTBIO @ BOKPYr
ocu O (puc. 194). Tlo ripopesn KyJHCH CKOJMBb3UT NOA3YH B ¢ NOCTORHHOR HTHOCHTENb
HOlt cxopocThio 4. OnpefienTb aGCOMOTHOE YCKOpeHHEe NMON3YHA B 3aBHCHMOCTH OT
€ro paccTosiHug x 20 ocH 0.

Pemes ne. [lo ycnoBuaM 3a1adu OTHOCHTENbHOE JBHIKERHe TNOJA3YHA MO MPO-
PesH KyJAHCH ABJACTCH PABHOMEPHHIM H NDPAMOJHHERHHM; CJIER0BaTeNbHO, dor=0.

JBrxenne Xyasnce OA Gyxer anq noasyHa B nepexocHuM. ClieioBaTeabHo, nepe-
HOCHOE YCKOPEHHE Opep NON3YH2 PABHO YCKOPEHHIO TOR TOYKH KYJHCH, C XOTOPOK B
BBHHHA MOMEHT BpEMEMH COBNAjgeT NOASYH, T@K KaK 9T TOYKA KYJMCH ABHIKETCH
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o OKPYXKHOCTH paanyca OB=x n o=const, 10 Bekrop E;.,,=7:Zep H HampaBaeH BROMb
BO, a N0 MORYMIO Gpep=anep= 3.

KopHoancoso yckopenue @yop==20i, TaK KaK JBHXeHHe nnockoe. Iloseprys
BEKTOP OTHOCHTENLHOR CKOPOCTH & BOXPYT Toukk B Ha 90° B CTOpOHY NeperdCHOro BpA-
IneHHA (T. €, .JIO XOAY YAacOBOM CTPe/IKH), HAXOAHM HaNpaB/JeHHE dyop. Il0 Teopeme
Koproauca

@26 = Aoy Gnept+ Ayop.
B namHOM cxyuae Gor=0, a ayop NEPNEHTHKYNAPHO Gnep. CAEIOBATENHHO;

au6=V ahep+akop= 0V 0+ 4ud,

3anaua 79. IKcOeHTpHK,; mpeacTapasiomufi cobof xpyramR mucK paguyca R,
Bpamacrtcst ¢ NOCTOsHHOM yrjioBoft CKOPOCTHIO @ BOKPYTr ocH O, mpoxoasulel uepes
xpaft gucka (prc, 195). ITo oBoay AHCKa ¢ HOCTOAHHON OTHOCHTEALHOR CKOPOCTHIO 4

Puc. 195

cxonb3UT WTHGT M, HauMHAA CBOe ABHIKeHWe W3 TOUKH A. OnpesesuTs aGeoMoOTHOS
ycKoperine wTHdTa B NPOH3BOJAbHHE MOMEHT BpemeHH f. HaflpaBaeHus ABHXeHHA no-
Ka3aHbl HZ YcpTexe.

Pewewn ne B moment Bpemenn f WITHHT HAXOAHTCA OT TOYKH A Ha PacCTORHHM

s=AM=ut. Ciiepoarensso, B 3TOT MOMeHT BpeMeHH £ AOM=a, rae
a=s/(2R) = (u/2R)t, (a)
TaK XaK yroJl & paBeH TMOJOBHHe LEeHTPaALHOro yrna ACM.

CuntaeM apuxenHe mTHdra M N0 OGOAY AHMCKAE OTHOCHTENBHHIM JBHIKEHHEM,
Ono NPOHCXOAHT NO OKPYXKHOCTH paauyca R. Tak Kak v,r=u=const, 10

agr=1=0, a¥=u’R. ©

Hanpaenen BexTop dnr=dgr N0 pamuycy MC.
Hsuxenne aucka Oyrer Ans wrudTa M nepeHocHHM ABHIKeHHeM. Cre0BaTeNbHO,

NIepeHOCHOE YCKOPEHHE Qpep WTHOTA g:sno YCKOPEeHHIO TOft TOYKH XHCKA, € KOTOpOR
B NaHHBIA MOMEHT COBNAjaeT WTHHT., 3Ta TOYKA AMCKA ABHKETCA MO OKPYKHOCTH pa-
anyca OM=2R cos a. Tak Kak ana aucka w=const, 10 e=0 H

Afep=O0M-e=0, aflep = OM-0?=2Rw? cos a. (8)
Hanpasnen BexTOp anep=dgr BRoAb aunuu MO.
IMockonbKy ABHXKeNHHE NPOHCXOAHT B OAHOM MJOCKOCTH, H B JAHHOM Ciydae
8y 0p = 20U, ()

Hanpabnenue Z,mp NoNyuaeM, NOBEPHYB BEKTOP Ugy=1& BOKPYT ToukH M Ha 90°
B CTOPOHY MNEPEHOCHOTO ABHXXEHHS (T. €. NPOTHB X04a 4acoBOR CTPEJKH),
AGconioTHoe yckopenhe WTHGTa M oOflpeNensieTcs PaBEeHCTBOM

‘1_16 = ;or +znep +Zx ﬁ- ®
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JLns onpeneneHrst MONYASA dag M 1Elonenem ocu Mxy (cM. puc. 195) u cnpoextupyem
o6e YacTH paBeHCTBa (A) Ha STH ocH. [Toayunm:

a6 x=dor+ nep COS X —dyopr  da6 y=38nepSina.
Toraa

a16=V (aor+anep cos @ —ayop)*+ al'iep sin?a,

TAe SHAYEHHR O, dor, Orep, xop ONPEXENEHH paBeHcTBaMH (a), (6), (»), (r).

3anaua 80. Teno ApHXeTCS B CeBePHOM HOJYIIAPHH BAOJL MEpHAHAHA ¢ ceBepa
Ra IoT NoCTynarteabHo (pHe. 196) co cxopocThio vgy==u. HafiTH Mofyab H HampaBaenHe
KOPHO/IHCOBA YCKODEHHS Tesa, KOTAa OHO HAXOAWTCH Ha WIHpoTe A.

Pemenne. I'lpeHererax pa3MepamMH Tena,
paccMaTpHBaeM ero Kak Touxy. OTHOCHTeabhas
CKOPOCTb 4 Tesa QOpa3yet ¢ 3eMHON OCBIO yroa A,
CrregoBaTenLHo, *

ayop=2wusin},

rle ® — Yrao0Basg CKOpPOCTb 3eMJH.

TaxeM oOpa3oM, HauGoJbllee KOPHOJIHCOBO
YCKOpeHHe Te0 HMeeT Ha Hoioce npH A=90°. Mo
Mepe NPHOHKEHHS X SKBATODY SHAYEHHE @y op YOH-
BaeT U Ha sxBarope npi A==0 o6pamaercs n HYJb
(Ha SKBATOpE BEKTOp Upy =4 MapajneieH OCH Bpa-
WmeHHA 3emun).

Hanpasnenne g, @yop HAXOJMM KaK_HaNpaBJeHHe
BexTOpHOro nmpouaseaeuud. Tak kak a,‘op—-2mxu, ‘ Prc. 196
NosMyuaeM, TO BEKTOP dyop HAMpABJEH NEpNeHAH-

KYyJRPHO NJOCKOCTH, NpoXoasiel depe3 BeKTo-
PH U4, ©, T. €. NePNEHIHKYNAPHO IIOCKOCTH MEPHAHOHAJIBHOTO CedeHHs, Ha BOCTOX,
OTKyAa KpaTuafiiliee COBMEIEHHE BEKTOPA © C BEKTOPOM & BHAHO NPOTHB xona qacoBoit
CTpPeJIKH.

P Bonpoc 0 ToM, KaK H3MEHAETCH ABHIKEHHE TeJl 10 9eMHOMt NoBepXBOCTH ncneacnue
HaJHYHA KOPHOJHCOBA YCKOPeHHs, pacCMaTpHBaeTCA B IHHaMuKe. ONHaKo H3 NONy4YeH=

HoOlt ¢0£Mynu BHJHO, YTO BE/IHYHHA dyop OOWYHO Majia, TAK KaK Maja yrjosas cKo-
pocTb 3emau

3anava 81. I ﬂMO)'l‘OJleblﬁ 'rpeyro.m,HHx ABC, rrnotenysa xoroporo AB=
==2b=20 cM, 8 ZCBA=a=60°, Bpamaerca BOKpyr ocu Cz; z)uc 197) no saxony
@=10{—2f. Baosb renoTeHy3H "AB oKono ee cepesunnl O xonebaercst Touka M no
saxony E=b cos (nt/3) (och OF Hanpassera Baoab OA), Hafitn aGcomoTHOe yCKOpe-
HHe TOYKH M B MOMEHT BpeMeHH ;=2 c.

Pewenue 1. Cunras Aswxenne Touku M BRoJbL runorenyss AB OTHOCHTENb-
HBIM, OnpejesifieM MOJIOXKEHHe STOM TOUKH Ha FHIOTeHy3e B MOMEHT BpeMeds #;, U3
YPaBHEHHA JABHMEHUS HAXORHM

=b cos (2n/3)=—b/2,

ChnenoBatenbHo, TouKa M HaxOAHTCA B MOMEHT BDeMEeHH fy Ha eepezume oTpesxa
OB. H3ofpaxaeM 310 nonoxenne Ha wepTexe, :

2.0npefenenne uvgr. Tak Kak omocu’renbﬂoe JABHKEHHe fBJsAeTcH NpR-

MOJIHHEAHBIM, TO
Vor = § = — (b/3) sin (1/3).

B MOMeHT BpeMenn f;=
Vori=—mb V 3/6, |vors|=5xV 3/3 cmje.

3nak MHHYC YKa3HBaeT, YTO BEKTOp Tor HANpaBJieH B MOMEHT BpeMeHH fj ot M
X Touke B.

3,Onpegenenune ©He. Bepa npoHseoanble, HAXOAHM]
0=¢=10—4, ©;j=2c"3,
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z, rae @;— 3HaYcHHEe © B MOMEHT BpeMeHH f;=2c;

Z .

% e=w=—4c 3
an d,u‘” 3HaKH yKa3slBaloT, YTO C MOMEHTa f; Bpa-
nep | M meHRe HalpaB/IeHO MPOTHB XO/la YacoBOR cTpen-
oyl y KH (€C/IH CMOTPeTb C KOHua ocK C2;) H ABJseT-

oy U a;ep Tg; CH 3aMeJIeHHbIM. '
I/ S w 0 4. Onpenenenue ay. Tak kak OT-
A }— g HOCHTe/IbHOE JBHKEHHE AIBAAETCA NPAMOJHHER-

1c A HbIM, TO
2
7 Qo1 =Vpr = — (7¥/9) b cos (¢/3).
Puc. 197

B Moment Bpemenn f;=2c
Gop1=n2b /18 =5n%/9 cM/ct.

5. Onpenenenne E,ep. JlBHXKeHHe TpeyroJbHHKa GyAeT AAA TO4YKH M

TepeHOCHHM ABKxenHes. CleJoBaTe/IbHO, IEPEHOCHOE YCKOPEHHE dnep TOYKH M pas-
HO YCKOPEHHIO TOM TOYKH TPeyro:bHHKa, & KOTOPOA B flaHHbLI/i MOMEHT BpeMeHIl COBMa-
naér Touka M. 3ta ToyKa TPeyrobHHKA ABHIKETCH O OKPYMHOCTH paguyca MD=h,
NPHYEM B MOMEHT BpeMeHH f;==2c ‘

h=0/)sina=5Y 3/2 cu.
TaknM 06pa3oM, B STOT MOMEHT BPeMeHH
Ggep =2l =—10 ¥V 3 cM/c?, afep= 0ih =10V 3 cu/ch.

BeKTop ayep HaMpaBJieH MeplieHIUKYASPHO MAocKocTH ABC B CTOPOHY, NPOTHBO-

NOJIOKHYIO HATIPABCHHIO BPAUIEHHA TPEYTOJLHHKA, BeKTOp dhep HaNpaBies BAOAb
apuud MD K ocu Bpamenust Cz;.

6.Onpenenenne t_z'mp. o Moxy o B MOMEHT BpeMeHH £, =2¢
Oyop=2|®|+| tor | sin @ =10n cm/c?,

Tax KaK YIOJ MCXKAY Ugy M OCbio (2, paBel B JaKHOM CIydae &,

TIpOeKTHPYSR BEKTOP Upy HA TIOCKOCTb, MEPNEHAHKYAAPHYIO ock Czy (Nnpoexuna
HanpaeJieHa BO/b JTHHHH MD), H noBepRYB 3Ty npoekiuio Ha 90° B CTOpOHY nepeHoc-

HOrO BpallleHHs, T. €. MPOTHB XOJ1a YacOBOH CTPE/KH, HafileM HanpaBaeRHe dyqp (OHO
B JIAHHOM CJIyYae COBNARAET C HANPABJEHHEM diep).

7.0npenenexrne G5 AGCOMOTHOE YCKODEHHe TOUKH M B MOMEHT Bpe-
MEeHH f; B JlaHHOM caydae Gyjer

- - - - -
@a6 = Aot - dnep + Gnep + Auop

Ins HaXOKAEHHA MOLYAH da¢ MPOBOAUM OCH Mxyz (pHc. 197) M BuMHCASEM npo-
€KUHH BCceX BEKTOPOB Ha 3TH ocH. [losmyuaem:
026 x = 8xopt| afep | =10n+ 10V 3 = 48,7 cm/c3,
46 = dor SIN & — anep = 53 V 3/18—10V 3 ~ —12,6 cm/ch,
Qa6 5= — Qo7 €08 @ = —5n3/18 2,7 cm/ct.
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ITocne gTOrO HaxOAMM
a6 = V dis s -+ az6 y+a36 2 ~ 50,4 cM/ct.

BeKTOp G,¢ MOMHO NOCTPOHTb IO €T0 COCTABARIOWMM BAOADL ocelt Oxyz,

Taasa XIV?*
CNO)XHOE ABW)XKEHHE TBEPAOIO TEJA

§ 68. CJIO)KEHHE NOCTYNATEJILHbIX ABH)KEHHA

Ecau Teno NBHKETCA OTHOCHTEIbHO NMOABHKHMX ocelt Oxyz (cM.
puc. 182), a 3TH ocH COBepLIAIOT ONHOBPEMEHHC NMEPEeHOCHOE JBHIKeHHe
N0 OTHOWEHHIO K HENOABHXHHM ocaM 0,112, TO Pe3yJbTHpYIOlLee
(abcomoTHOE) ABHKEHHE Tesla HA3BIBAIOT CA0XCHLM (cM. § 64).

3axauell KHHEMaTHKH B 3TOM CJAyuae IBJAAETCA HaXOXJIeHHe 3aBHCH-
MOCTed MeX1y XapaKTepHCTHKAMH OTHOCHTEJbHOro, MepeHOCHOro H
a6comoTHOro ApHKeHUiA. OCHOBHBIMH K HHEMaTHYECKUMH XapaKTePHCTH-
KaMH JBHXKEHHS TeJla, KaK MH 3HaeM, SIBJSIOTCA ero NOoCTyMaTesibHble H
YIA0BbE CKOPOCTH H YCKOPEHHs. Mu orpaHH4HMcA B AalibHefieM onpe-
JeNeHHeM 3aBHCHMOCTER TOJILKO MeXJy MOCTynaTeJbHHMH H YTJIOBHIMH
CKOPOCTAIMH Tesia “(KpOMe OJHOTO cJayyasi, paccMorpenHoro B §71).

PaccmoTpuM cHavana c1yyafl, KOTAa OTHOCHTEIbHOE NBHXKEHHe Tesa
ABASAETCA MOCTYNAaTeNbHHM CO CKOPOCTBIO Uy, a 1ePeHOCHOe IBHKEHHE —
TOXe MOCTYMNaTeJbHOe CO CKOPOCTHIO Uy, TOrAa Bce TOYKH Tesia B OTHO-
CHTeJIBHOM JBHKEHHH GyAyT MMeTb CKOPOCTh U;, a B NepeHOCHOM —

CKOPOCTh v,. CregoBatenbHo, Mo TeopeMe CJAOXEHHA CKOpoCTedl Bce
TOYKH Tesla B aGCOMIOTHOM ABH)XXEHHH HMEIOT OZHY H TY )K€ CKOPOCTh
U=0,+0,, T. €. a6COMOTHOE BHXeHHe Tena GyAeT TOXe NOCTyNaTesb-
HbIM,

Hraxk, npu cromenuu dsyx nocmynamersruix 0suscernuld co cKOpocms-
MU Ui H Uy pesyasmupyrouee dauscerue meaa maxxce 6ydem nocmynamens-
HOK CO CKOPOCMbIO. U=Uy~+U,.

3anaua caokeHus ckopocTell B ITOM cjydae CBOAMTCA K 3ajade
KHHEMATHKH TO4YKH (cM. § 65).

§ 69. CJIOKEHHE BPAIEHHA BOKPYT JIBYX
NAPAJIIEJIBHBIX OCEfl

Paccmorpum cayuafi, KOria OTHOCHTeNbHOE JBHXKEHHe Tesla ABJfA-
€TCsl BPallleHHeM C YIJI0BOA CKOPOCTLIO @y BOKPYT OCHaa', yKpeneHHoR
Ha KpuBowmnne ba (pHc. 198, a), a mepeHocHOe — BpallleHHEM KPHBO-
uwna ba Boxpyr oc bb', napannensHoli aa’, ¢ yraoBo CKOPOCTbIO
‘0y. TOrAa ABHXeHHe Tesla OyIeT MIOCKOMNAPa/Jie/IbHHM 110 QTHOUIEHHIO
K IUVIOCKOCTH, MeprneHAHKYNAPHON 0CAM. 34eChb BOIMOXKHH TPH HaCTHIX
cnyyas.
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l. Bpamenys HanpaBJleHH B OXHY CTOPOHY.
Hao6pasum cedenne S Tesa ‘MIOCKOCTHbIO, TEPNEHAMKYJAPHOR ocaM
(puc. 198, 6). Cnem ocefit B cedeHun S oGo3HauuM OykBamMH A u B.
Jlerko Buzers, 9TO TOWKa A, KaK Jexawas Ha ocu Aa’, nonydaer cxo-
POCTb TOJILKO OT BpallleHHs BOKPYT ocH Bb’, C/leloBaTeNIbHO, Uy =03 -AB.
TouHo Tax Xe vzg=w,-AB. Ilpu 3TOM BEKTOPHl U, H Ug NapaslicJib-

a) )
o a'

Su o

!
42

Puc. 198

HBl APYT Apyry (o6a meprneHAHKYJspiHH AB) M HanpaBAeHH B pa3Hble
croponnl. Toraa touka C (cMm! § 56, puc. 153, 6) sBAAeTCS MrHOBEHHHM
HeHTpoM cKopoctefi (v,=0), a caexoBateanto, ocb Cc’, mapaaienbHas
ocaM Aa’ B Bb’, ABNAETCA M2HOBEHHOL 0CbI0 8pALIEHUA meAd.

Hdas onpenenenns yrsosoft CKOPOCTH « aGCOMIOTHOTO BpalieHHS
Tesa BOKPYr ocH Cc’ M nonoxeHHs caMoll OcH, T. €, Touku C, BOCNOJb-
syeMcs paBeHcTBoM [cM. § 56, dpopmyaa (57)]

@=vp/BC=v,/AC, otkyma o= (uy+vz)/AB.

ITocnenHuft pesysbTaT MOAYyYaeTct H3 CBOACTB IPOMOPIIHH.
INoncrapnss B STH paBeHCTBa Uy =0, +AB, vy=w, ‘AB, HaliieM OKOH-
YaTesibHO;

0=0;}0,, 9

Hrak, ecnn Teno yuacrByer OZHOBDEMEHHO B JBYX HANpPaBAEHHEIX
B O(HY CTOPOHY BpaleHHAX BOKPYT NapaseabHHX ocell, To ero pe3yJs-
THpyloliee JABHXeHHe OyJeT MrHOBEHHHM BpalilleHHeM C aGCOMOTHOH
YIVIOBOR CKOPOCTbI0O =03+, BOKPYr MTHOBEHHON OCH, mapajJiesb-
HORl JlaHHKIM; NOJIOXKeHHe 3TOH OCH onpejeasieTc mponopuuamu (98).

C TeueHHeM BpeMeHH MrHOBeHHasi ocb BpauleHusi Cc’ MeHsieT CBoe
TOJIOXKeHHe, ONMHCHBAA ITHAHHADHYECKYIO NOBEpXHOCTD.

2. Bpamenns HanmpaBJeHH B pasHHEe CTOPOHHL
Hso6pasum onsre cevenne S Tena (puc. 199) u gonycTum zas onpe-
Je/IEHHOCTH, '9TO0 ©,>>w,. Toraa, paccyxnas, KaxK B NpeisiiymeM CJy-
4ae, mafifieM, 94T0 CKOPOCTH T0ueK A H B GyAyT YHCJIEHHO paBHH: Uy =
=w0y°AB, 0y=w;-AB; npu 3TOM U, W Us NapaaneibHu APYT APYTY H
HanpasJieHHl B OflHy CTOpPOHY. Tarja MrHoBeHHasi OCb BpAIleHHS NIPO-
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xoaut uYeped Touxky C (puc. 199), npuueMm
(D=UB/Bc=UA/AC R (I)=(UB—UA)/AB.

TTocniensufl pe3yJLTaT TOMe MOJMYYaercss H3 CBOHACTB MPONOPILHH.
IloxcraBnss B 3TH PaBEHCTBA 3HAYEHHS Uy H Up, HafileM OKOHYATeIbHO!

W=0;—0,, (99)
©/BC=w,/AC=0/AB. (100)

Hrax, B 5TOM ciyuae pe3yJ/bTaTHpYIOWiee NBHKEHHE TaKKe sBJs-
€TCi MFHOBEHHHIM BpauieHHeM € aGCO/MOTHOH YrjoBOR CKOPOCTBIO ©==
=0;—W, BOKPYr ocH Cc’, nostoxKeHKe KOTOPOH onpejiessiercst Mponop-
uuamu (100).

3. ITapa BpameH u#i. PaccMoTpuM uactutifi cayuvafi, Koraa
BpaljeHHs BOKPYT NapaJjie/bHHX Oocefl HanpaBjieHH B pa3Hble CTOPOHH

@, &
8 T
[ [ ST == ]
@, Q Zv?—
8 Wy Q),‘ "\A
(s) —
Us Us

Puc. 199 Puc. 200

(puc. 200), HO no Moxy/MO ®;=w,. TaKasx COBOKYNHOCTb BpalleHHHA

HasmBaetcs napod epauerud, a BEKTOPH ®; H 04 06PA3YIOT napy yeao-
8oix ckopocmeil. B 3TOM cJTyyae nosydaeM, 9ToU, =w4 -AB 1 vg=w, -AB,
T.e. U ,=Ugz. Toraa (cM. §56, puc. 153, a)
MTHOBEHHHII 1LIEHTP CKopocTefl HaXxoOgWTCs B
GeCKOHEUHOCTH M BCe TOUKH TeJa B JaHHLI
MOMEHT BpEMEHH HMelOT OJHHAKOBhHE CKOPOCTH
U=y «AB.

ChenoBaresibHO, pe3yabTaTHpYloOliee IBHXKe-
HHe Tes1a OyZeT nocmynamensHoim (WK MeHOGeH-
HO nocmynamenavHoim) ABHXKEHHEM CO CKOPOCTHIO,
YHC/eHHO PpaBHOf ,*AB "M HanpaBneHHoil
NMepneHJHKYSPHO MJIOCKOCTH, NPOXOAsimed ue-
pe3 BEKTODH ®; H ®,; HanpaB/iieHHe BeKTopa v
OlpPeReNALTCH TaK Xe, KaK B CTaTHKe ONpeReIs/0ch HalpabjieHHe MOMEeH-
Ta m napst cua (cM. § 9). Unave roeops, napa spawenud sxgusarenmna
nocmynamensrHomy (WIH MZHOBEHHO NOCMYNnAmeAbHOMY) OBUNCEHUIO €O
CKOPOCMbIO U, PASHOIL MOMERMY Napsl Y2ao08bix cKopocmed smux eépaue-
Hud.

IIpumMepoM Takoro ABMXKEHHSI SIBJASETCS MOCTYNaTeNbHOe IBHMKEHHe
BeJlocHneAHoR nefand DE oTHOCHTENbHO paMul BejocHnesa (puc. 201),
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ABJAIOIEECA Pe3yNbTATOM OTHOCHTENLHOTO BPAlleHHA Neaa’H BOKpPYT
ocH A, yKpenJeHuofl Ha KpuBoliune BA, H nepeHOCHOTO BpawleHHA
KpuBowuna BA Bokpyr ocH B. ¥Yr/oBhe CKOPOCTH ®; W ®, 3THX Bpa-
LteHNA HanpaBJeHH B pa3Hble CTOPOHBI, @ M0 MOAYJIIO PaBHH APYT ApY-
ry, Tak Kak B Jio6oft MOMEHT BpeMEHH yroJ NnoBOpOTa @, nejafH OTHO-
CHTeJIbHO KpuBowuna BA paeed yray mosopqra ¢, KpuBowuna. Cko-
POCTb NMOCTYNATeJbHOTO ABHMEHHN NefaiH v=w,-BA.

H3 Toro, uro napa BpaineHuit IKBHBAJNEHTHA NOCTYNaTeALHOMY ABH-
JKEHH!0, clielyeT U OOPaTHHIl BLIBOA: NOCTyNaTeNbHOE ABHXKeHHe TBep-
JOro TeJia 9KBHBAJIEHTHO nape BpallleHH#A, Y KOTOPOft MOMEHT YIJIOBBIX
CKOPOCTERA STHX BpallleHHA paBeH NOCTynare/ibHOA CKOPOCTH TeJa.

§70. UHIIHHAPHYECKHE 3YBYATHIE NEPEAAYH

Nonyuennne B npeannymem maparpade PeayAbTATH MOryT GHTH HCNONBLIOBAHH
AR KHHEMATHYeCKOTO pacuera 3y6uaThix Nepenay, o6pa3oBaHHHX LHJIRHAPHYECKHMM
Sy64aThiMK KovlecaMK (iecTepHsiMH). PaccMOTPHM OCHOBHHIE BHAH STHX Nepenay.

P adoaod nazoBem mepefauy, B KOTOPOR BCe OCH KoJec, HAXOAAINUXCA B No-
C/IeAOBATENIbHOM 3alleNJIeHHH, HenoABHXKHH. [IpH 3TOM 0AHO H3 KoJjiec (HampHmep, KO-
neco 1 na puc. 202) aBaseTca BeAyIKM a OCTajbHbie BeJOMbIMH. B ciyuae BHellHero

Puc. 202

(puc. 202, a) nau sayTpennero (prc. 202, 6) saUennenus 18yx Korec HMeeM |o;]-ry=
=|wy] -rg, TAK KK CKOPOCTb TOMKHK CLCIIIEHHS A Y 060HX KOJIEC OlRHAKOBa. Y4HTHBaA,
YTO YHC/IO 2 3yGUOB CUEMJIEHHHX KOJeC NPONOPLHOHAABHO HX PafHycaM, a BPalleHNs
XOJleC NPOHCXOAAT NPH BHYTPEHHEM 3alENJEHHH B OAHY CTOPOHY, a DPH BHelHeM
B pasHHie, nosyqaem *

(01/0g)pnem=—ra/ry=—2y/2; (“h/“)x)nnp:’z/.’l:z:/z(-
Tlpn BHewHeM 3auenicHHH TPeX KoJsec (puc. 202, 6) HafineM, YTO
O /0, =—rylry, Oy/0y=—rylry N O/Oy=ry/ry=2,/2{.

CnenobaTesbHO, OTHOLIEHHE YFJIOBHX cKopocTell KpafiHHX wecTepeH B STOA mepe-
niaye o6paTHO NPOTMOPUMOHANBHO HX PaAuHycaM (YHCAY SYOIOB) H He 3aBHCHT OT pajHy-
COB NPOMEXYTOYHBX (Napa3HTHHX) mecfepeH.

3 NOJYYEeHHHX Pe3yJabTaTOB ClefyeT, YTO NPH PSAOBOM CUENJIEHHH LecTepeH

©y/@p=(—1)® ry/ry=(—1)* 2,/2,, (101)

rae k — 9BCN0 enewHux 3anenieHnl (B cayvae, H3o6paxeRHOM Ha pHc. 202,a, Ameercst
OJHO BHellIHee 3auenJielne; Ha puc. 202, ¢ — Ba BHeUIHKX 3allen/ieHHs, Ha puc. 202, 6
BHELIHHX 3alenJeHHR Her).

epedamournsim uucrom narHoft 3yGuatofi nepegayd HasnBaeTcd BeAHUHHA iy,
Ral0mag OTHOLEHHe YIJOoBOR CKOPOCTH Beayulero Kojeca K yrioBoil CKOPOCTH Befo~

* Bo Bcex ¢opMynax Halic YUHTHBATL 3HaK o (©>0 NpH BpallleHHH NPOTHB XOAa
” <0 npH BpauteHHH NO XOAY $acOBOil CTPEAKH).
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MOTro!
Liw= 0y /0y (102)

Ana lgnnoaoﬁ Nepefaun 3Haveuwe iy, Aaet npasas wactb dopmyan (101).

AaHemapHod HasbiBaeTcA nepejada (puc. 203), B Koropolt uectepns [
HEMOABHKHA, 4 OCH OCTA/BbHBIX WICCTepPeH, HaXOAAWKXCA B [0CAeA0BaTE/IbHOM 3auen-
JICHHH, yKpen/eHsl Ha Kpusownne AB, BpamlalomeMcs BOKPYr OCH HEMOABHIKHON
LUECTePHH.

udpdepenyuarsnod wasupaeTcs nepeaya, H3o6paxenHas Ha puc. 203,
ecay B Heft mecTepHs [ He AB/ASETCA HEMOABHKHOA H MOXET BPaIaTbCst BOKPYT cBoeh
OCH A He3aBHCHMO OT KpuBoluuna ‘AB.

Pacuer nianetapHuX H AnddepeHUHaNbHHX Nepenad MOXHO MPOH3BOAHTHL, CO-
OBUIHB MHC/IEHHO BCEll HEMOABHXHON NAOCKOCTH AX,y; BPalleHHe € YT/I0BOA CKOPOCTLIO
—WApR, PaBHOA 1O MOAY IO H NIPOTHBOMONOK-
HOR noO HampaBJeHHIO YrioBof CKOpPOCTH
xpupouna AB (memod ocmanosxku WIAR Me-
mod Buaauca).

Toraa, Ha OCHOBaHHH peayabTatos § 69,
KDHBOWIHD B STOM CJIOXKHOM [BHXKEHHH Oy-
JleT HenoABHXKeH, a mofas WeCTEPHA paaHy-
ca ry GyZer HMeTb YIVIOBYIO CKOPOCTD

W= Wp—0 4B,
rae @y— a6CoMIOTHaR YraoBafl CKOPOCTb
9ToRt 1eCTepHH MO OTHOWIEHHIO K OCAM Axyy,
(puc. 203). Tlpu sTOM OCH Beex wiecTeper GYAYT HENMOABHMHM H 3aBHCHMOCTL MEXAY
@y MOXHO GyleT ONpeAeNHTb HJAH NPHPABHHBAA CKOPOCTH TOYEK CUEN/EHHSA, HJH He-
nocpeacreerHo no dopmyae (101).

Pacuer nnanerapunix ¥ guddepeHUEanbHBHX nNepeady MOXHO TaKxe MPOH3IBOAHTDL
C NOMOIILI0 MTHOBEHHBIX HEHTPOB ckopocTeli (cMm. § 56).

3amaus 82. B nnauer?uou mexaHH3Me (puc. 203) mecrepus I paauyca 7y He-
ToABHXHA, a Kpusowkn AB Bpamaercs ¢ yraosolt ckopocThio wag. Haftry yraosyio
CKOpPOCTb 1IecTepHH 3 pajauyca 7.

Pewen ue AGcoMOTHHIE YIOBBE CKOPOCTH LIECTEPEH MO OTHOIIEHHIO K OCAM
Axy, 0603HAUHM Yepes (w,=0¥. g H Oy, WHB Bceft NJIOCKOCTH Ax,y; Bpaue-
HHe C YIIOBOA CKOpOCTBIO —® 43, NMOJNYHYHM B STOM ABHIKEHHH:

0)1'=0—(I)AB, Wy =Wy —W4R,
Wy=Wg— W48, Va8 =0.

B noayuusinefica nepefade OCH KO/JeC HEMOABHXKHH, a YHCJIO BHEUIHHX 3auensexufl
k=2, Toraa no dopmyne (101)

W1/0g="ra/rg 1M —02p/(03—R) =ra/r1.

Orcioaa Haxoaum aGCOMIOTHYIO YIJIOBYIO CKOPOCTb IecTepHH 3

Wy=(1—r,/ry) 8.

Ecau r,>r,. TO HAfpaBJiecHHe BpalleHHA mecrepBHu 3 COBINAjlaeT C HanpanJeHHeM
BpalleHHA KPHBOWHNA, NPH ry<r;— He COBRajiaeT. B cayuae, xorga rg=ry, Nonyyaem
wy=0. lectepun 3 B 3TOM C/yuae ABHIKETCA NMOCTYMNATEJbHO.

OTHOCHTe/IbHYIO (N0 OTHOLUEHHIO K KpHBowHNY AB) yrioByio cKOpocTh wiecTep-

BR 3 Hafizem no gopmyne (97). Tak Kax a6COMOTHAA CKOPOCTb Wy Wort Wap (YI-
JIoBas CKOPOCTb KPHBOILHIIA ABJAAETCA IJf IUeCTePHH 3 nepeHocHoft), To

W3or =03 — 0 5= —(ri/rs) ® 8.

IMpa ry=r; nonyuaeM Wyor==—w_4y. OTHOCKTE/bHAA Wgor H MEPEHOCHAR W4p
yraoBule CKOPOCTH 06pA3YIOT IPH STOM Napy, H MK APYTHM NyTeM NPHXOAHM K BHBOAY,
4TO Pe3yAbTHpYyIOLlee ABHXeHHE lIeCTepHH J ABAAETCK B STOM CJAydae NOCTYnaTesb-
HHM CO CKOPOCTLIO U= 45-AB.

3agaua 83. Peaykrop ckopocteft (puc. 204) cOCTOMT H3: a) HEMOABHXKHOA miecTep-
HH I; 6) ABYX cniapeHHbIX miecTepeH 2 H 3, HAacaMeHHHX HA KPHBOUIHI, CKpenJeHHHR ¢
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pexymuM panoM AC (sanensenne mectepen 2 M 1 BHyTpeHHee); B) mecTepHH 4, cuas-
e Ha senoMoM Bany DB. Yucna ay6uos mecrepen: 2;= 120, 2,=40, 2,2=230, 2,=50.
Benym;ﬂ Bal fenaeT na4=1500 o6/mun. HailTH 4Hc10 OGOPOTOB B MHHYTY BEAOMOTO
Bana B, v
Pemen ne OGo3naunM aGCOJIOTHHE YIJIOBHE CKOPOCTH: Baja AC BMecTe ¢
KPHBOWIHNIOM Yepe3 W4, LWeCTepHH 4 BMecTe ¢ BaaoM DB uepes wg, mecreped 2 v 3
uepes gy (ITH LIECTEPHH BPaUAIOTCH Kak ofHO Teno). lllecrepus / HmeeT yrioByio
cxopocTs @;=0. CooGIRUB NJIOCKOCTH X147, IAPAJNIEAbHO KOTOPOii ABUKETCA MEXAHHIM,
BpaiieHHe C YrJoBOfi CKOPOCTHIO — @4, NOJYYMM, YTO KPHBOWIMN B STOM JABHIKEHNH
Y% Gyner HemoaBHXKeH (w4=0), a wWecTepHH OYAYT HMETb*
CROpOCTH:

0 =0—0y, O5=045—04, O;=0g— 04

CocraBasis Tenepb AJA lnecTeper I # 2 M IIecTe-

4 pen 8 H 4 sapHcumoctn (101), moayuum:
0 § 8 ©1/0gs=2y/21; Wa3/®4=—24/23.

INepemnoxan sTH paBeHcTBa, HadfizieM, 4TO
Q0= —232,/225 UM ©O4/(0p— 0 2) =2524/2:123.

Orciona, YUHTHBAS, YTO BeIRUMHA n 06/MUH, IpOs
NOPLUHOHANbHA @, HAXOAHM

Puc. 204 ng=(142; 24/2, 2,) n4=4200 06/Mun.

3aaaua 84. Pewntb npeanaymyo sasady IIpH YCJAOBMH, 4TO wiecTepna / Bpama-
eTca B TY Xe CTOPOHY, 9TO K Bemymuit Baa AC, genas n,= 1100 o6/Muu (perykTop

c nug(pepemmubuoﬂ nepenauett). .
ew e H K e. XoA pemenus ocTaeTcA TaKHM JKe, KaK H B 3ajiaue 83, ¢ Toft inmb

pasuHueft, 4To Tenepb ;70 (MPHYEM MO YCJIOBHAM 33]1a4H 3HAKH 05 H 04 COBNANAIOT);
CAefiOBaTeNbHO, W)= Wj—®4. B pesysnbrate nonydenHaa B 3agaue 83 mponopuHsg

O/ @y=-1242,/2,2, Raer

(0j—0 ) (0p—0 2)=—222,/2,24,
Orcoga, mepexoast X o60poTaM B MHHYTY, HaXoaHM
ng=nz-1(2123/2:2,) (n 4—n1)=2220 06/mMuR,

Ecau wectepus  Bpanjaetcs B NPOTHBONOIOKHOM HaNpaBJAeHHH, TO B NOAYICHHOM
pe3yabTaTe HaRO H3MEHHTb SHAaK OpH ny,

§ 71. CJIO)KEHHME BPALIEHHA BOKPYT NMEPECEKAIOUHMXCA OCEA

l.CanoxeHHe YyrioBux ckopocTted Ilyctb orho-
CHTEJILHOe JBHIKEHHE TeJla NpeJcTaBiseT coboil BpalieHHe C YIJVIOBOA.
CKOPOCTbIO @y BOKPYI OCH.4;d, YKpellleHHOfi Ha KpHBowHne 2
(puc. 205, @), a nepeHOCHHM ABJAETCA BpallleHHe KPHBOLIHNA C YIJIO-
BOH CKOPOCTBIO 04 BOKPYF ocH byb, KOTOpasi ¢ OChIO 4,a mepeceKaercsi B
Touke 0. CxemMaruyeCKH TaKoOfl CJyuail CJOMEHHS BpaleHHHA BOXpyr
nepecekalomuxca oceft nmokasan Ha puc. 205, 6.

OvueBHiHO, 9TO B 3TOM CJydae CKOPOCTb TOYKH O, KaK Jexauted
ORHOBPEMEHHO Ha O0eHX ocaX, GyJeT paBHAa HYJIO H pe3yJbTHPYioilee
ABHXEHHe TeJIa SIBIAETCS JBHIKEHHEM BOKPYI HENOABHXKHOA TOSKH O.
Torna Teno Hmeer B IaHHHi MOMEHT BpeMeHH YIVIOBYIO CKODOCTb ®,
HanpaBleHHY}0 1O MIHOBEHHOH OCH BpallleHHs, NPOXOAAUIEA uYepes
Touky O (cM. § 60).
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Urobul onpenefuts 3HaueHHe , HafizeM CKOPOCTb KaKofi- nubynp
Toukr M Tena, paaMyc-BeKTop Kotopoh r=OM. B orHocHrenbHoM
JBHXKEHHH (Bpameﬂue Bokpyr ocH Oa) Touka M, cormacHo ¢opmyne
(76), NOMYYHT CKOPOCTb U,,=w;Xr; B MEPEHOCHOM XK€ JBHXKEHHH
(spameHnse Bokpyr ocu-Ob)
TOYKA _MOJYYHT CKOPOCTb a)
v,,,,—o).Xr. Torga aGcomor- g\
Hast - CKOPOCTb TOuKH M

016 = vot + vnep =
=(0r+ ) X7,
Ho tak Kkax pe3yabTH-
pyloiiee ABIXKEHHe Tela fAB-

JIReTCA MIHOBEHHHIM Bpaure-
HHEM C HEeKOTOPOA YFrJoBO#l

CKOPOCTBI0O ®, TO JOJLKHO Pac. 205
ObITh

§) ¢y

-(7.6=(DX;-

ITockoneky Touka M — mofaf TOYKa Tesa, NONyYeHHHE paBeHCTBa
JOJUKHBL BHINOJIHATLCA NPHJMOGOM r, 9TO BO3MOMHO JIHILIb TOrAa, KOTAa

& = o+ 5 (103)

CrenoBatesbHO, NPH CJIOXKEHHH BpalleHHA BOKPYr ABYX ocef,
nepeceKalolHXcA B Touke O, pesyJibTHpyloUlee ABIXeHHE Tejla Oyner
MrHOBeHHHM BpalleHHeM BOKPYr ock Oc, nmpoxoasigefi yepes Touky O,
H yraoBag CKODOCTb STOro BpauleHHsi GyfeT paBHa reoMeTpHYecKod
CyMMe OTHOCHTEJbHOR H MepeHOCHOA YIVIOBHX ckopocreft. MrHoseHHas
ocb Oc HanpaBsieHa BAO/b BEKTOpa ®, T. €. MO JHAaroHa/H Napaieso-
rpaMma, NOCTPOSHHOrO Ha BEKTOPAaX ®; H @,

C TeueHHeM BpeMeHH ocb Oc MeHReT CBOe NOJIOXKEeHHe, OMACHBas
KOHHUECKYIO NOBEPXHOCTb, BepUIHHA KOTODOR HaXOiuTcsi B Touke O.

EcJi# Tes10 yyacTByeT B MrHOBEHHLIX BpallleHHAX BOKPYT HECKOJIbKHX
ocefi, mepecekaiomuxcs B Touke O, TO, MNOCJAefOBaTeJbHO NPHMEHAA
¢opmyay (103), nafinem, uro pesynabTHpyOlUiee XBHXeHHe GYHET MrHo-

BEHHBLIM BpalleHHeM BOKPYT OCH, mpoxoisiell yepe3 Touky O, ¢ yrip-
BOfl CKOPOCTBIO

=6, (104)

3anaua 85. Onpenesuts a6COMOTHYIO YIVIOBYIO CKOPOCTb () KOHHYECKOTro Kartxa

(cM. sagasy 72 B § 62), ecin paguyc AC xarka R, paccroanue OA=1! u CKOpocTb Uy
TOYKH A H3BecTHH (pHc, 206).

Pemenue. AGCOMOTHOE ABHMKEHHE KATKA ABJAETCH PE3yAbTATOM €ro OTHOCH-
TeLHOrO BPAIEHHs BOKPYT ocH OA ¢ yrioBoft CKODOCTBIO ) K IEPEHOCHOTO BPaUIeHHS
Kpnn;)‘muna OA Boxpyr ock OB ¢ yrnoBoft CKOPOCTBIO @g; IPH STOM HHCJICHHO W=
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MrHoBenas och Bpamesns, a CGA0BATeAbHO, H BeKTop aGeomotnolt yraosoit cxo-
OCTH ® HANPaBJieHH o KKK OC, TaK KaK CKopocTh ToukH C pasna ny:_uo {cM. sapauy
;2). CTposi COOTBETCTBYIOIIHA napansesiorpaMM, HaXOfHM, UTO ®=@,/sina.

Tax_xak sina=R/Y BLR3, 10 okonuareasno o=(v4/R)Y 14+-RYEB.

JpyrHM myTeM 9TOT PeSYJbTAT MOXHO HoAyunth (yIHTHBas, 4T0 OC — MrHOBeH-
A8 OCb BPALICHHA) H3 PaBEHCTBA Ug=fi, TAe h=1sin a.

Jisnxenye XaTka NpeAcTaBAAET COGON CepHIO S/MeMEHTapHHX NOBOPOTOB C YTIVIO-
Boft CKOpoOcTbiO ® BOKPYr ocH OC, KOTOpasi RenpepnBHO MeHsieT CBOe NOJIOXKeHHe,
ONHCHBAET KPYrinf XOHYC € BepliKHOR B
Touxe Q.

2. ChoXeHHe YyrJAOBHX yo-
KopeHnh PaccmorpuMm cayuafl, xoraa
BpalllekHe Tejla BOKPYr JKBYX NepeceRaio-
Wuxca ocefl NPOHCXOAMT C YIVIOBHIMH Y-
KOPEHHSIMH:  £;~— OTHOCHTEJILHEM H €,—
nepenocuuM. Hafinem, xaxum Oyzer Toraa
a6CoNIOTHOE YTJI0BOE yCKOpeHHe £ Tena, M3
o Pasencrea (103) noayunm

e= do/dt = do,/dt + dws/dt,

rAe W;— OTHOCHTEJbHAsl, 3 W, — IepeHoC-
Hasg YIJoBbie CKOPOCTH.
Paccyxnas Tak xe, Kak B § 66, ¥ cCOXpaHAs Ty Xe CHMEOJHKY, NPEACTABEN Npe-
JHAYIWHA pe3yabTaT B BHJE

& = (dwy)1/dt -+ (doy)y/dt - (dBg)1/di -+ (dog)s/dt. (105)

3necs (dwy);/dt=¢,, a (d@,;),/dt=¢,. 3navenne (d@,),/d! onpenenserca Tax e, xaK
snayenne (dvoq)y/dt B § 66 u naercn dopmysoit (92) ¢ samenoft B Hell Ugr HE @, 2 O

Ha ©g. C1ex0BATENLHO, (AW, )y/di= W, X 0;. HaKoHell, TAK KaK @, NDH OTHOCHTENLHOM
ABHXeHHH (Ha pHc. 205 NpM BpameHMW TeNa BOKPYF OCH @,a) He U3MeHsieTcs, TO

(dwy),/dt=0. B pesyanrare papenctso (105) A2eT OKOHWATENbHO
e ="g;+ &+ (@: X @) (106)

®opmyna (106) n onpenesiser B cayuae CNOXKeHHA BpameHHH BOKPYT Nepeceka-
jomuxca oceft aGCOMOTHOR YIVIOBOE YCKOpPEeHHe Tena,

§ 72. CJIOXEHHE MOCTYNATEJbLHOIO
H BPALIATENBLHOTO ABH)KEHHA.
BHHTOBOE ABH)XEHHE

PaccMoTpuM cTOXKHOe ABHXKEHHE TBEPIOrO Tesa, CJaraiomeecss M3
ROCTYNaTeJLbHOro B BPalUlaTeAbHOrO  ABHXeHHH., CoOTBETCTBYIOW U
npHuMep noxasai Ha puc. 207. 31ecb OTHOCHTEJILHLIM ABHKEHHEM Teaa

1 siBasiercs BpalleHHe C YJI0BOA CKOPOCTHIO @ BOKDYF ocH Aa, yKpen-
JieHHORl Ha naardopMe 2, a NepeHOCHHIM — MOCTYNATeNbHOe ABHXEHHe

nJaTPOPMH CO CKOPOCTbIO U, ORHOBPEMEHHO B ABYX TaKHX ABHXKEHHAX
Y4acTByer M Kosieco 3, J/It KOTOPOTO OTHOCHTEJbHEIM ABHMEHHEM fiB-
AsteTCA BpallleHHe BOKPYT €ro OCH, a NepeHOCHHIM — ABIKEHHE TOA xe

naarpopMul. B 3aBuCHMOCTH OT 3HaYeHMs yriia o MeXAy BEKTOPaMH @
M v (A1s Kosteca STOT yron paseH 90°) 3zech BO3MOXHRW TPH CJIyuas.
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1. CKopoCTh NOCTYNaTeNbHOrO ABHXEeHHSH
nepneHiHKyJAsfAapHA OCH BpalleHHH (vie). Tlycrs
CJIOXKHOe IBHKEHHe Tesa CJaraeTcsi M3 BpalllaTeJbHOTO JBHMEHHA BO-
KpYF OCH Aa C YIJIOBOA CKOPOCTHIO ( @ M MOCTYNAaTeNBLHOrO ABHXEHHA CO
CKOPOCTDHIO v, nepnenpukyaspuoit  (puc. 208). Jlerko Buzuerhb, YTO 310

b,

Puc. 207 Puc. 208

IBHXKeHHe npencraBiser coboit (no orHowenuo X naockoctd II, nep-
NEeHAUKYJsIpHOR ocH Ada) niockonapassieNbHOE JIBHXKEHHE, NOAPOSHO
nsyuernHoe B ra. XI. Ecau cunrath Touky A nosocoM, TO paccMaTpH-
BaeMoe [BIKeHHe, KaK H BCsIKOe NJIOCKOomapaJJe/ibHoe, GyneT AedcT-
BHTEJIbHO CJIaraThCsl H3 MOCTYNATeNLHOTO CO CKOPOCTBIO Uy =U,. T. €. CO
CKODOCTbIQ TOJIOC3, H H3 BPalllaTe]bHOTO BOKPYr ocH Aa, mpoxons-
el depe3 roJoC.

BexTop v MOXHO 3aMeHHTb Mapoil YIJIOBHX CKOpocTeh o', o

(cM. § 69), Gepst 0’ =0, 2 ©” =—0. IIpu stom paccrosinue AP onpe-
HeJIHTCSi H3 paBeHcTBa v=0'+AP, OTKyAa (Yy4HThiBasg, 4T0 ' =0)

AP=vlo. ‘ (107)

BeXTOPH @ ¥ @" JalOT NpPH CAOKEHHH HYJb, H MBI N0Jy4aeM, YTO
JBIDKEHHE TeJIa B 3TOM C/lyyae MOXHO PacCMaTpHBATb KaK MIHOBEHHOE
BpauleHHe BOKPYT 0CH.Pp C YI/I0BOA CKOPOCTHIO ®’ ==@. DTOT pesybTar
Obia1 paHblue nostyveH ApyruM nyreM (cM. § 56). CpaBHHBaA paBeHCTBa
(5b) u (107), BuguM, 9T0 TOUKa P AsiA ceyeHHA S TeJsla ABJAETCHA MIHO-
BEHHBIM IeHTPOM cKopocrefl (up,=0). 3aech eie pa3 ybexaaemcs, 4To
NOBOPOT Tesa BOKPYT ocedl Aa u Pp npoucXOaKT ¢ OAHO#N H TOM XKe yrio-
BOM CKOpOCTBIO @, T. €. 9TO BpallaTe/ibHas YacTh ABHXEHHA He 3aBHCHT
or BuGopa momoca (cM.- § 52). _ )

2. BuHToBOEe ABHKeHHe (wlv). EciucroxkHoe ABHKEHHE
TeNa CJaraetcss U3 BPAUATeNLHOrO BOKPYT OCH Aa ¢ yr/jioBoA CKOpO-
CTBIO ® H MOCTYNATebHOrO CO CKOPOCTHIO U, HANpPABJEHHOA napaieis-
Ho ocH Aa (puc. 209), To TaKoe ABHXXEHHE TE/IA HA3LIBACTCS GUHMOBHLM.

Ock Aa Ha3WBAIOT Ocbio 8uAma. Koraa BeKTOPH U M @ HanpasieHul B
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OAHY CTOPOHY, TO NPH MPHHATOM HaMH MpaBHJie H306pameHHA ® BHHT
Gyaer npassim; €clid B pasHbieé CTOPOHBI,— A26KIM.

Paccrosinne, NPOXOAHMOE 3a BpeMsi OfHOTO 060poTa JIOGOA TOYKOR
Tesla, Jiexkaurell Ha ocH BHHTA, HasniBaeTcd wazom h BuHTa. Ecsiu Beanyu-
HH U H ® NOCTOAHHMH, TO LIar BHHTA TaKke Oyaer mocTosHHhIM. OGo-
3Hagas BpeMsi OXHOro o6opora uepes T, noayuaeM B 3ToM caydae vT'=h
H oT=2xn, oTkyAa h=2nv/w.

Puc. 209 Puc. 210

Ilpn nocrosnsoM ware moGas Todka M Tena, HMe JieXailas Ha OCR
BHHTA, ONHCHBAET 8UKMOgyr0 AuKu. CKOPOCTb TOUKH M, Haxopsauien-
CSl OT OCH BHHTA Ha PACCTOAAHHH r, CJIaraeTcs M3 MOCTYNaTeNbHOR CKo-
POCTH-U H MepneHAHKYAsipHOA efi CKOPOCTH, noJjydaemofi Bo Bpauia-
TENILHOM JABHXKEHHH, KOTOpasi 4HCJeHHO paBHa wr. CiefoBaTelnbHO,

vu=V it or.

Hanpasaena ckopocrs v,,, Nno KacaTeNbHOA K BHHTOBOA JIHHHH,
Ecni nuAMHAPHYECKYIO NOBePXHOCTb, MO KOTOPOR ABHXKETCH TOYKa
M, paapesars BO/b OGpasyioiuelt ¥ PasBepHyTb, TO BHHTOBHE JHHHH
odparmx B NpAMEe, HaK/JAOHEHHbIE K OCHOBaHHIO IIHIHHAPA TIOA YIJOM
a (tga=h/2nr).

3.CKOpPOCTh MNOCTYNAaTeNbHOTrO0 ABUXEHHSN
o6pa3yer NnpPOH3BOAbHHNA yroa ¢ ochio Bpame-
HH 4. CnoxHoe NBIXKeHHe, COBeplIaeMoe TEJOM B 3TOM CJjyyae
(puc. 210, a), npeacrasnsier coGofi ABIKeHHe, paccMOTpeHHoe B § 63
(o6t coryqah ABHXEHHs CBOGOAHOTO TBEPAOTO Tea).

Pasnoxum Bekrop v (puc. 210, 6) Ha cocraBasiomue: v’, Hanpas-
JIeHHYI0 BIO/b © (v'=vcosa), uv’, NepreHHKYIAPHYIO © (v =vsin a)
Cxopoc'rb v" MOXHO 3aMeHHTb napoft YI/I0BBIX cxopocreﬁ 0'=0 Ho"=
=—@ (KaK Ha pHc. 208). NoCJIe Y€r0 BEeKTOPH @ H ©” MOXKHO OTGPOCHTb.
Paccrosnne AC Halzem no ¢opmyae (107):

AC=0t"/o=(vsina)/o.
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Toraa y Tesa ocTaeTcs BpalleHHe C YIJIOBOI CKOPOCTEIO @' M MOCTY-

naTeJbHOE ABIXXEHHE €O cKopocThio v'. CreioBate/IbHO, pacnpenesieHne
CKopocTel TOYeK Tesla B JaHHHA MOMEHT BpeMeHH OyJeT TaKHM Xe, KaK
NPH BHHTOBOM ABHXKEHHH BOKpPYT ocH Cc ¢ yrJIOBOA CKOPOCTBHIO @' =
H MOCTYMNATeNbHOH CKOPOCThIO U'=v COS a.

TNpogenanunMu onepauusmu (puc. 210, 6) Mu nepery ot noymoca A
K nomocy C. PesyJabrar noarsepkaaer (cMm. § 63), uto B obuieM cayuae
ABMKEHHsl TBEDIOrO TeJia YI/0Basi CKOPOCTb NPH NiepeMeHe NoJoca He
H3MeHsieTcA (0'=w), a MeHAeTcd TOABKO MOCTyMNaTeibHas CKOPOCTb

v'+£0).

Tak Kak npy ABHKeHHH CBOGONHOrO TBEPAOrO Tea BEJHYHHBI
v, ®, & GyAyT BooGWle Bce BpeMsi H3MEHATHCA, TO GyneT HenpepuBHO
MEHSAThCS H nonoxeHne ocH Cc, KOTOPYIO 103TOMY Ha3bIBAIOT MZHOBERHOL
euxmosod ocero. Taxum o6pa30M, JIBHXXeHHe CBOGOZHOrO TBEPAOro
TeJIa MOXHO ellle pacCMaTpHBaTh KaK cJlaraioleecs H3 CEpHH MTHOBEHHBIX
BHHTOBBIX JBHXEHHA BOKPYr HENpephiBHO H3MEHSAIOWHXCA BHHTOBLIX
oceld,
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Pasgea Tperni
AHHAMHKA TOYKH

Taama XV
BBEAEHHE B NHHAMHKY. 3AKOHbI AHHAMHKH

§ 73. OCHOBHBIE TMIOHATHA H ONPEREJNEHHA

HAunamuxod RaspiBaercs pa3fien MeXaHHKH, B KOTOPOM H3ydaercs
ABHKEHHE MaTepPHa/IbHHIX TeX NoA AefiCTBHEM CHII
" JiBiDKeHHe TeN C MHCTO reOMETPHUYECKON TOYKH 3DEHHSA PacCMaTpH-
Bajioch B KHHeMmaTHKe. B JHHaMKKe, B OT/IHUHME OT KHHEMATHKH, TIpH
H3YVeHHH JBH)KEHHS TeJl NPHHHMAIOT BO BHHMaHHe KakK AeficTByomue
Ha HHX CHJIbI, TaK M HHEPTHOCTb CaMHX MAaTE€pPHAJbHHX TeM.

ITonstre o cusne, Kak 06 OCHOBHOA Mepe MeXaHuYeCcKOro AeficTeus,
OKa3biBaeMOro Ha MaTepHaJbHOe TeJo, 6hiJIo BBeAeHO B cratike. Ho B
CTaTHKe MH He KacaJHCh BONPOCAa O BO3MOXHKLIX H3MeHeHHAX AeficTBYiO-
H{HX CHJI C TedeHHeM BPeMeHH, a NPH PeIlleHHH 33824 CUMTAJHK BCE CHJIBI
NOCTOAHHBIMH. MeXXRy TeM Ha ABIXKYLIEECH TeJIO HAPARY C MOCTOAHHEIMH
CHJIGMH JIeAICTBYIOT OOHYHO CHJIH NepeMeHHHe, MOLY/H H HanpasieHHs
KOTOPHIX -MPH ABHIKEHHH Tesja H3MeHAIoTCA. [IpH 3TOM nepeMeHHHIMH
MOTYT OMWTb M 3afaHHHe (aKTHBHBIE) CHIH *, W DeaKIHH CBA3ef.

Kaxk nokassiBaer onmiT, nepeMeHHEE CHJI MOrYT OnpefiefieHHuM 06-
Pa3oM 3aBHCeTb OT BPEMEHH, NOJIOXKEHHS Tejla H ero cKopoctd. B ua-
CTHOCTH, OT BDEeMEHH 3aBHCHT CHJIA TATH 3JIEKTPOBO3a NPH [OCTENEHHOM
BHKJIIO9EHHH UM BKJIOYEHHH peocTara WM CuJla, BH3HBalolan Kone6a-
HHA ¢yHaameHTa NpH paboTe MOTOpa C MJIOXO LEHTPHPOBAHHHM Ba-
JIOM; OT HOJMOXEHHS TeJla 3aBHCHT HBIOTOHOBA CHJIa TATOTEHHA HWJH
CHJIa YIPYTOCTH MPYKHHEI; OT CKOPOCTH 3@BHCAT CHJN CONPOTHBJACHHA
cpexnl (nonpobuee cM. § 76). B 3aKmoueHHe OTMETHM, UTO BCE BBeJeH-
Hble¢ B CTAaTHKE NMOHATHA H NOJydeHHHe TaM Pe3yJbTaThl OTHOCATCA B
PaBHOA Mepe M K NepeMEHHHIM CHJIaM, TaK KaK YCJOBHE MOCTOSHCTBA
CHA HHTZe B CTaTHKe He HCNOJL30BaNOCh.

Hnxeprrocts Tena nposBisiercst B ToM, 9TO OHQ COXPaHSeT CBoe
ABHXKeHHEe NMPH OTCYTCTBHH AeACTBYIOIIHX CHJ, a KOTAa Ha Hero Hauu-
Haet 1eACTBOBaTb CHJIA, TO CKOPOCTH TOYRK Tesla H3MEHSIOTCH He MIHO-

* Axmuenod o6H4HO HA3HBAIOT cmly, KOTOpasi, HauaB AeACTBOBATh Ha NOKosIRee~
CA TeJI0, MOXET NPHBECTK ero B ABHKEeHHe,
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BCHHO, a MOCTENeHHO M TeM MefJieHHee, YeM GoJibllie HHEPTHOCTE 3TOTO
Tesa. KosHuecTBeHHOH Mepoil HHePTHOCTH MaTepHa/IbHOTO Tesa ABJA-
erca ¢u3Hyeckas BeJHUHHA, Ha3blBaemas maccod Tena*, B kaaccu-
YeCcKOR MexaHHKe Macca /m pacCMaTpHBaeTCA KaK BeJIHYHHA CKaJIAapHas,
NOJIOXKHTENbHASE H MOCTOAHHAs JAfA KaXKAOro JaHHOro TeJja.

Kpome cyMmapHO#i MacCH ABHXEHHE TeJa 3aBHCHT ellie B ob1eM cay-
yae oT (opMbi Tesla, TOYHee OT B3AHMHOI'O PacnofIoKeHHs 00pa3yIoHX
€ro YacTHll, T. €. OT pacnpelejieHHUs1 Macc B TeJe.

Yro6u npH nepBoHAayaJibHOM H3Y4YeHHH AHHAMHKH OTBJIEUbCH OT
yueta ¢opMHl Tesla (pacnpefesieHHs Macc), BBOAAT aGCTPAKTHOe MOHA-
THE O mamepuaivhol mouxke, KaK O TouKe, obaajaioumieli Maccolt, M
HAaYHHAIOT H3Y4YeHHe JHHAMHKM C JHHAMHKH MaTepHaNbHOA TOYKH.

H3 kuHeMaTHKH H3BeCTHO, 4TO JBHMKEHHe Tedla cjaraercd B obuleM
clyyae M3 NMOCTymarte]bHOro M BpamarejabHoro. [IpH pelteHHH KOH-
KpeTHHX 3ajay MaTepHalbHOe TEJO MOXKHO pacCMaTpHBaThb KaK Mare-
PHAJILHYIO TOUKY B TeX CAyuasx, KOrAa flo YCJOBHAM 3afa4H JOMYCTHMO
He NPHHHMaTh BO BHHMaHHe BpawaTesibHYIO 4YacTh [ABHXKEHHS TeJa.
Hanpumep, matepuasnbHOll TOYKOR MOXKHO CYMTATh NJIAHETY NPH H3Y-
YeHHH ee ABHKeHHA BOKPYr CO/MHLUA WIH apTHANEpHACKHA CHapsAA npH
ofnpefeneHHH AaNbHOCTH ero rnoaera H T. . CoOTBETCTBEHRO NocTryna-
TEAbHO ABHXKYLIEECH TeNI0 MOXHOs BCeTJa pacCMaTpuHBaTh KaK Mare-
PHAJBHYIO TOYKY C Maccoli, paBHOfi Macce Bcero Tesa. CnpaBesAHBOCTh
STHX yTBepxkjaeHHii 6yner ofocHoBaHa B § 107.

H3yuaTh AMHAMHKY MH HauHeM ¢ JHHaMHKH MaTepHalibHOA TOUKH,
TaK KaK eCTeCTBEHHO, WTO H3yueHHe ABHXKEHHs ONHOH TOYKH AOKHO
NpenlecTBOBATh H3YUEHHIO JBHXEHHA CHCTEMH TOYEK M, B YaCTHOCTH,
TBepAOro TeJa.

§ 74. 3AKOHDb! JTHHAMHKH. 3AAAYH AHHAMHKH
MATEPHAJIbHOA TOYKH

B ocHOBe [HHAMMKH JIEXKAT 3aKOHLI, YCTaHOBJICHHHE MyTeM 06oGile-
HHS Pe3yJIbTATOB LEJIOrO prja ONKTOB H HaGMOAeHHA, NOCBAIEHHBIX
H3YYEHHIO ABHXKEHHS TeJl, M NpoBepeHHHe OGIIHPHOA oOOLIECTBEHHO-
NPOU3BOACTBEHHON NpakTHKON uesoBeyecTBa. CHCTEMaTHYECKH 3aKOHH
LHHAMHKH OblAy Brepsue HanoxeHH Y. HbloToHOM B ero KjaccH4eCKOM
COuHHeHHH «MaTemMaTHUeCKHe HavaJa HaTypaJibHOR duiocopuns», Haaad-
Hom B 1687 r.**. CdopMy/ HPOBATb 5TH 3aKOHB MOXHO CJIENYIOLLHM
06pasom. '

MMepBHA 3aKOH (3aKOH HHEPLHH): U30AUPOGARHAS OM BHEW:-
Hux 6030edcmautl  MAMEPUGALHAR MOYKA COXPARSLM C80€ COCIMORHUE
NOKOA UAU PABHOMEPHO20 NPAMOAUKENHO020 Jsuncerus 00 mex nop, noxa
NPUNOICERHOIE CUALL e SACMABAM ee usmerume smo cocmonnue. JlBmxe-
Hye, coBeplIaeMoe TOYKOH NPH OTCYTCTBHH CHJI, Ha3nBaeTcs JBHXKEeHHEM
no unepyuu.

* Macca siBaisiercs emte Mepoft TPaBHTANMORHHX cBORCTB Tena (cM. § 76).
*¢ Ecth npexpachnfi pycckut nepeson, caenanunift A. H. Kprisosnn. CM.:
panue Tpyjos akan. A. H. Kpuinosa, 1. VII. M.— J1., 1936.
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3aKoH MHepPUHH OTPaXkaeT OZHO M3 OCHOBHRIX CBOACTB MaTepHH —
npeGniBaTh HeH3MEHHO B IBHXeHHH. Baxuo OTMeTHTb, 4TO pa3BHTHE
JIHHAMHKH KaK HayKH CTajl0O BO3MOXKHHIM JIHlb NOC/Ae TOro, Kak [amu-
JieeM ObLT OTKPHT 3TOT 3aKoH (1638 r.) H TeM caMbiM ONMpPOBEpPrHyTa .
rocroACTBOBaBIIafA CO BpeMeH ApHCTOTe/IA TOYKA 3PEHHS O TOM, YTO
IBHKEHHE TeJla MOXEeT NPOHCXONUTh TOJbKO MOA AEHCTBHEM CHAN.

CyuecTBeHHHM ABJISETCS BONPOC O TOM, 10 OTHOLIEHHIO K KaKO# CHe-
TeMe OTCYeTa CHpaBeliuB 3akoH HHepuuH. HbloToH npegnosara’, uro
CYLIECTBYeT HeKOe HemoABixHOe (aGCOMOTHOE) MPOCTPAHCTBO, MO OT-
HOUIEHHIO K KOTOPOMY 3TOT 3aKOH Bhinoansiercst. Ho no coBpeMeHHIM
BO33pEHHAM NPOCTPAHCTBO — 3TO (pOpMa CYLIECTBOBAHHA MaTepHH, H
KAaKOro-To aGCOMIOTHOIO NPOCTPAHCTBA, CBOACTBA KOTOPOI'O HE 3aBHCAT
OT ABHXYLIeAiCA B HeM MaTepPHH, He CYUeCTByeT. MeXny TeM, NOCKOJIbKY
3aKOH HMMEET ONHTHOe npoHcxoxaeHHe (ewe anuiefi ykasan, uro K
3TOMY 3aKOHY MOXHO NpPHATH, paccMaTpHBas JABHDKEHHe WIapHKa No
HAaKJOHHOR MJIOCKOCTH CO Bce YOLIBAIOUIHM YIJIOM HAaKJOHA), ROJ/IKHH
¢ylecTBOBAaTh CHCTEMHl OTCYeTd, B KOTOPHIX C TOM MJIM HHOM CTemeHbIo
NPHOJHIKEHHA JZaHHHA 3aKOH GYJeT BHNOJHATBCA. B cBA3u c JTHM B
MexaHHKe, Nepexojs, Kak oO6muYHO, K HayuHOH aGcrpakuuH, BBOAAT
fIOHATHE O CHCTeMe OTCYeTa, B KOTOPOH CIPABEAJIHB 3aKOH HHEDIIHH,
fIOCTYJIHPYIOT ee CYUIeCTBOBaHHE H Ha3HBAIOT uHepyuaasrodl cucmemod
omewema.

MOXXHO J1H JaHHYIO PeaJIbHYIO CHCTEMY OTCUeTa NPH PellieHHH TeX. KK
HHBIX 33Ja¥ MeXaHHKH PaccMaTPHBaThb KaK HHEPIHAJIBLHYIO, yCTaHaB-
JIHBaeTCA NYTeM NPOBEPKH TOrO, B KAKOM Mepe pe3y IbTaThl, NOJNydYeHHhIe
‘B IPEANOJIONKEHHH, 9TQ 3Ta CHCTEMA ABJISETCS HHEPIIHAJILHOA, NOATBEPK-
Aatorcst onbiToM. [1o faHHKIM onbiTa 1A HameACoHeyHoft CHCTEMH HHep-
UHAJMLHOA € BHICOKOM CTeNeHbI0 TOYHOCTH MOXHO CYHTaTh CHCTEMY
orcdera, HadaJio KoTopofl HaxoauTca B ueHtpe ConBua, a ocH Hanpas-
JIEeHH Ha TaK Ha3biBaeMble HeNOABHXKHHE 3Be3NH. IIpHu pemerun 60ab-
WHHCTBA TeXHHYECKHX 3afay HHePUHAJbHOM, ¢ AOCTATOYHOM AAA NPaK-
THKH TOYHOCTRIO, MOXXHO CUMTaTh CHCTEMY OTCUYETa, KECTKO CBA3aHHYIO C
3emnefi. CnpaBeIHBOCTD 3TOTO YTBEPXKAEHHS GyaeT 060CHOBaHa B§ 92.

BTopo#fi 3aKo0H (OCHOBHOl 3aKOH JHHAMMKH) YCTaHaBJIHBAeT,
K2K H3MeHSeTcsi CKOPOCTb TOYKH NPH JefiCTBHH Ha Hee KaKofi-HHOYIb
CHJIH, a HMEHHO: npou36e0eHue MACCH MAMEPUALbHOL MouKy Ha ycKope-
Hue, Komopoe ona'noaysaem nod deldcmeuem OanHOL cuUAb, PABRO 1O MO-
Oyr0 3mod cune, @ HANRPasAeRUe YCKOPEHUS C0Bnadaem ¢ HaNPAsACHUEN
cuant,

MareMaTHYeCKH STOT 3aKOH BHIPaXKaeTCsi BEKTOPHHIM PaBEHCTBOM

ma=~F. 1)
Ilpu 3TOM MeMnRy MOAYNAMH YCKODEHHSI M CHJIBl MMEET MECTO 3aBHCH-
MOCTb

ma=F, ' ()

Bropoit 3akoH AMHAMHKH, KaK M MepBefi, HMEET MECTO TOJLKO NO
OTHOLLEHHIO K HHepLHaJAbHOM cHCTeMe orcuera. M3 atoro 3akoHa Hemo-
CPeACTBEHHO BHAHO, YTO MEpOH HHEPTHOCTH MaTepHaNbHON TOUKH ABIA-
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eTCSl ee Macca, MOCKOJbKY NpH AeMCTBHH NAHHOM CHJN TOYKa, Macca
KoTopo#l Goabiue, T. €. Gojiee HHEPTHAS, NOJYYHT MEHbIIIEE YCKOPEHHE H
Hao6opor.,

Ecan Ha TOUKY JIeficTByeT OJHOBDEMEHHO HECKOJLKO CHJI, TO OHH,
KaK 3TO CJ/IEAyeT H3 3aKOHa NapaJliesIorpaMMa CHil, 6YAyT SKBHBaJIeHTHEE
OJlHOR CHJe, T. €. paBHOAEHACTBYIOmEN R, paBHO# reOMETPHYECKONR CyM-
Me IaHHKLIX CHJ. YpaBHeHHe, BHpaxalollee OCHOBHOM SaKOH JHHAMHKH,
NpHHHMaeT B 3TOM cJydYae BHJ

ma=R wm ma=3F,. )

A1oT Ke pesyabTaT MOXKHO NOJNYYHTh, KCMOJB3YS BMECTO 3aKOHa
AapaJviesiorpaMMa 30KoH Hesasucumocmu Oeticmsus Cut, COTJIaCHO KOTO-
pOMY NpH OZHOBpemeHHOM ACHCTBHH Ha TOYKY HECKOJIbKHX CHJ Kaxzaas
H3 HHX coobL1aeT TOUKE TaKoe ke YCKOpeHHe, KaKoe oHa coolmuia 6H,
JeficTBys oOjHa.

Tperui#t 3aKoH (3aKOH paBeHCTBA AEACTBHA H NPOTHBOAEACT-
BHA) YCT2HaBJIHBaeT XapaKTep MeXaHHUECKOrO B3aHMOJENCTBHA MeXLy
MaTepHaJILHBIME TeNaMd. [Inf AByX MaTepHATbHBIX TOYEK OH IVIACHT:
0se Mamepuasbrbie modku Oetdcmsyom 0pys HA OpYea ¢ CUNAMLL, -PABHBIMU
no #00ya10 U HanpasieHnuimu 63046 npamod, coedunsrouield Imu mo4Ku, 8
RPOMUBONONONCHBIE CIMOPOHSL.

A1HM 3aKOHOM MH! yKe 110J1b30BaJIHCh B cTaTiKe. OH urpaer oMby
pPOJib B JMHAMHKE CHCTEMH MaTepHa/JbHBIX TOYEK, KaK YCTaHaBJIHBAIO-
MK 3aBHCHMOCTb MeXJy AEACTBYIOIIMMH Ha 3TH TOYKH BHYTPEHHHMH
CHJIaMH, '

[pu B3auMopeficTBHHM AByX CBOGOIHBLIX MaTe€pPHaJIbHHIX TOUYEK, OHH,

COTJIaCHO TpPeTheMy M BTOPOMY 3aKOHaM JHHaMHKH, OyIyT ABHTaTbCst C
YCKOpPEHHAMH, OOpaTHO NPONOPLUHOHAMLHEIMH HX MaccaM.
" 3apauu aHHaMHKH. [aa ceo6oaHol MaTepHanbHOA TOUKH
3aJaYaMH AHHAMHKH SBJIAIOTCA cJefylouide: 1) 3Has 3aKOH ABHXKEHHSA
TOUKH, ONpeReNuTh ASHCTBYIOMYIO Ha Hee cHay (nepsas sadaua Juxa-
Muku); 2) 3Has feficTByiol(He Ha TOYKY CHJIH, ONpEIENHTh 32KOH JIBH-
KEHHSI TOUKH (8mopas, WIM OCHOSHAA, 3adava Ounamuxu).

Jns HecBOGOAHON MaTepHaJLHON TOYKH, T. €. TOYKH, Ha KOTODPYIO
HaJloXXeHa CBA3b, BHHYXAAKOWIAs ee ABHraThcs NO 3ajlaHHOf nosepXx-
HOCTH MJIH' KpHBO#, mepBas 3ajaya AMHAMHKH OGHYHO COCTOHT B TOM,
yToGhI, 3Has ABHXKEHHe TOYRY M JefiCTBYIOIIHE HA Hee aKTHBHBHIE CHJIHI,
ONpeReANTh peaxumio cBsi3n, Bropas (ocHoBHasA) 3ajiava AHHaMHKH NpH
HecBOGONHOM JIBHXKEHHH pacnajaercst Ha JABE M COCTOHT B TOM, YTOGH!,
SHas AEACTBYIOLIHE HA TOUKY AKTHBHHE CHJHI, OTNpPENeJNHTb: a) 38KOH
JABHKEHMA TOYKH, 6) peakuHIO HaJ/IOKEHHOR CBA3H.

§ 75. CHCTEMDbI EQHHHL

Jns uamepeHMsi BceX MeXaHHYECKHX BEJHYHH OKa3HBaeTcsl JOCTa-
TOYHLIM BBECTH HE3aBHCHMHE JPYr OT JAPYra eIHHHUB H3MEpPEeHHS
KaKHX-HUGYAL Tpex BesuunH. JIByMst H3 HHX NMPHHATO CYHTATh €IHHH-
IBl IJMHH M BpeMeHH. B kauecTBe Tperhel -OkasniBaercs HauGosee
YACGHHM BHIGpAThH €fUHHIY H3MEPEHHS HJIH MAaccH, HJIH cHIH. Tak Kak
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STH BeJIMYHHH CBA3aHH PaBeHCTBOM (1), TO MPOH3IBOMLHO eHHHILY H3Me-
peHHs Kakjoh M3 HHX BmGpaTh Heab3f. OTCloAa BHITEKaeT BO3MOM-
HOCTL BBeJIeHHS B MeXaHHKe ABYX NPHHIHNHAMLHO OTJHYHHIX IPYTL OT
ApYra CHCTEM EeRUHHIL.

[TepBufi TN cHCcTeM eJHHUI B 3THX cHcreMax 3a
GCHOBHBIE IPHHEMAIOTCS €JHHHUB AJHHH, BPEMEHH H MacCH, a CHJA
H3mepsercss NpOH3BOJHOM eJMHHIER. ‘

K TakuM cHcreMaM OTHOCHTCH MeayBHapoaHasi CHCTeMa €XHHHIL
uamepeHHns ¢usnueckux seqHyHH (CH), B KOTOPOA OCHOBHHIMH eqHHH-
LAMH H3MepeHHs MEXaHHYECKHX BeJIHYHH ABASAIOTCH MeTp (M), KHJAOrpamm
Macchl (Kr) M cekyHAa (c). Epnnuneft e H3MepeHHsi CHAM sBJSeTCS
npou3BoAHasa exuHuna — 1 Hetotron (H); 1 H -— sro cuna, coobuato-
mas macce B 1 kr yckopenue 1 M/c?* (IH=1 kr -M/c*). O ToM, a0 cooit
npexcrasnsior 1 M, 1 kr H 1 ¢, H3BeCTHO H3 Kypca QH3HKH. Mexay-
naponHas cucreMa eaunun (CH) seenena B CCCP Kak mpenouTHTeNb-
Has'c 1961 r. 1 B JaHHOM Kypce MH NOJb3yeMCH €lo.

‘Bropo#t THND cHcTeM eAHHHU B 3tux chcreMax 3a
OCHOBHBHI® TIPHHHMAIOTCH EHWHHIH JIHHB, BpEeMEHH H CHJH, 4 Macca
H3MepsieTcs NPOH3BOIHON efMHHIER.

K TaKuM cHCTeMaM OTHOCHTCS HMeBIlIast GoMbIoe pacnpoCTpaHeHHe B
texnuke cicrema MKI'CC, B KoTOpo#t OCHOBHHIMH €JHHHLAMH SABJIAIOTCA
merp (M), kunorpamm cuam (KI') # cexynpa (c). Exununefl uaMepeHus
maccul B stoft cucreMe 6yzer 1 kI' -c¥/m, T. e. Macca, xoropoit cuia B 1 kI
coofuaer yckopenue | wm/ct,

CooTHolleHHe MeXAy eRHHHUAMH cuiaH B cHcteMax CH u MKI'CC
TakoBo; 1 xI'=9,81 H nau 1 H=0,102 kT". ‘

B 3akaloueHHe OTMETHM, YTO HEOGXOAHMO Pa3/IMYaTh MOHATHS Pa3-
MEPHOCML BEJTHYHHH H eQunuya ee usmepenusn. Pa3MepHoCTb onpeaens-
€TCA TOJIbKO BHAOM ypaBHeHH$, BHIPAXKAIOUEro 3HadeHHe JaHHOH BefH-
YHHH, 2 €AHHHLA H3MEPEHHS 3aBHCHT eue oT BH6Opa OCHOBHHIX €JHHHIL.
Hanpumep, eciu, kak 3to npuHsATO, 0603HaYaTh Pa3MEPHOCTb JJHHH,
BpeMeHH H MacCHl COOTBeTcTBeHHO cHMBosamu L, T u M, 10 pa3mep-
HOCTH cKopocTH L/T, a equHHueh HAMEpeHHs MoxeT OuTh 1 M/c, 1 xa/u
HT. A

§ 76. OCHOBHBHIE BHI bl CHJI

ITpu pemennn 3anau ZUHAMHKH Mbl GyJeM B OCHOBHOM paccMaTpH-
BaTh CJAeRyIOUlHe MOCTOSHHBE HWJIH fepeMeHHHNe CHJL (3aKOHH H3MeHe-
HHA NEPEMEHHBIX CHJ, KaK NpPaBHJIO, YCTAHABJHBAIOTCA ONBITHHM ITy-
TeM). _

CHaa TaXecTH. DTo NOCTOAHHAA cHAa P, neficTBylomas Ha
noGoe TeN0, HaxoAsuleecss BOGJAH3H 3eMHOA NOBePXHOCTH (moApoGHee
cM. §92). Moaynb CHAM TAXECTH paBeH Becy Tesa.

OnuToM ycTaHOBJIEHO, 9TO 'OR AeficTBHEM cun P aoGoe Teno npu
CBOGOJHOM NaJeHHH Ha 3eMJio (C HeGOMBIWLOR BHCOTH M B 6e3BO3AYILHOM

NPOCTPAHCTBE) HMEET OJHO H TO JKe YCKOpEHHe g, HA3hBaeMoe ycKope-
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Huem Cc60600H020 nadewus, a WHOTAA YycKopenuem cuot mawcecmu *
Torza u3 ypasuenus (1') caeayer, yro

P=mg wan m=Plg. 3)

O1# paBeHcTBA NO3BOJIAIOT, 3HAA Maccy TeJa, ONpeAeNdThb €ro Bec
(MO /b AEHCTBYIOWEN HA HETO CHJIBI TAXKECTH) WM, 3Has Bec TeJa, onpe-
ReuTh ero Maccy. Bec Tesna uJIH cuMaa TAXKECTH, KaK H BeJIHYHHA g,
H3MEHSIOTCS C H3MEHEeHHeM 1LHPOTLL H BLICOTH Hal YPOBHEM MOpA; Macca
XKe sIBJIAeTCA IS HaHHOTO Tejia BeJIMUMHOM HEeH3MEHHOH.

CHna Tpennsn Tak GyseM KpaTKO Ha3HBaTh CHJY TPEHHS
CKONbXXEHHS, JefCTBYIOYIO (IIPH OTCYTCTBHH JKHAKOM CMasKH) Ha
Asixyeecss teno. Ee mopynb onpemenserca paseHcTBoM (cM. § 23)

F=[N, 4)

rie [ — xoaduuuent Tpenus, KOTOpHIft 6yleM CYHMTATH INOCTOSTHHBIM;
N — HopmancHas peakuus.

CHaa TATOTEHH . 10 CiJIa, C KOTOPOH ABa MaTepHANbHHIX
TeJla NPHTATHBAIOTCA APYr K APYrY MO 3aKOHY BCEMHPHOro TATOTEHHH,
otkputoMy HelotoHoM. CHJola TArOTEHHA 3aBHCHT OT PAcCTORHHA H JJIA
OBYX MAaTepHaJbHBIX TOYEK C MaccaMH m,; M M., HaxXOLALWHXCA Ha
PacCTOSIHUH r JAPYr OT ApYyra, BHIpAXKaeTcA paBeHCTBOM

F=fmym,/r?, )]

rae f — rpaButauuonHas nocrosuuas (8 CHf=6,673-10-1* m%/Kr -c?).

Cuna ynpyrocTu. 3ra cuia ToXKe 3aBHCHT OT PacCCTOSAHHS.
Ee 3navenne MoxHO onpemeautb ucxons H3 3akoHa Iyka, coraacHo
KOTOpOMY HanpseHHe (CHJAa, OTHeCeHHas K eJHHHUE NJIOWALH)

nponopuuoHansHo mehopmauun. B uacTHOCTH, A/nA CHJABL YIPYTOCTH
NP YXKHHB NOJMYYaeTcsi 3HaueHHe

F=c), ' (6)

rae A — yanuHeHHe (MM CXKATHE) NPYXKHHLI, C — TaK. Ha3biBaeMbli
KO3(ppHUMEHT XecTKOCTH npyxuusl (B CU usmepserca B H/M).
Cuna Baskoro TpeHwusn Takaa cuia, 3aBHcAWas OT
CKOPOCTH, HEHCTBYET Ha TeJO NPH ero MeAJeHHOM ABHXKEHHH B OUYeHb
BA3KOH cpele (WJIH NpH HaJHYHH XKHAKOH CMasKH) H MOXeT ObIThb BH-
paxeHa paBeHCTBOM ,
R =puv, M

Te U — CKOpOCrb Tesa; p — KO3(dHUIHEHT CONPOTHBAEHHS. 3aBUCH-
MOCTb BHAQ (7) MOXKHO NOJNYYHTb HCXOAS H3 3aKOHA BAA3KOTO TPEHHSA, OTK-
puitoro  HetoroHoM.

Cuaa aspopguHaMuyeckKoro (THAPORHHAMHU-
YeCKOro) CONPOTHBJEHHSNA. ITa Cula TOXKE 3aBHCHT OT

* 3axou _cao6onuoro najgeHns Ten 6ui1 oTKPHT anuneeM. 3HauenHe § B PASHHK
MeCTax 3eMHOM MOBEPXHOCTH Pa3jIHYHO; OHO 3aBHCHT OT reorpaduyeckolt WHPOTH Mec-
Taglé , ggxc:}b; ero Haa yposheM Mops. Ha wmpore MockBu (#a yposHe MOpR) g=
=9, ct,
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CKOPOCTH H AeiCTBYeT Ha TeJIo, ABRKYIlLeecs B TaKoH, HanpuMep, cpeje,
Kak BO3AyX HJaH Boja. OOLIYHO ee BeJIHYHHY BHIPAXaloT PaBEHCTBOM

R =0,5¢,pSv?, ®

Iae p — NAOTHOCTB CPeAN; S — NJIOILaAb NPOEKIHH TeJla Ha NJIOCKOCTD,
NEePNEHAHKYJAPHYIO HanpaBJeHHIO JABHXKEHHA (MJIOIaAb MHAeNs);
€y — OeapasmepHui KoadupHIlHEHT COMPOTHBJIEHHS, ONpeleNsaeMulit
OCHIYHO SKCNEPHMEHTANBLHO H 3aBHCALLHUIT OT GOPMH Tesla H OT TOro, Kak
OHO OpHEHTHPOBAHO NPH JBHIKEHHH.

HHeprnasurpasuTtTausoHEHasa MaccH. [Indsxcne-
PHMEHTaJILHOTO OMNpeAeeHHs: MacCH JaHHOIO TeJla MOXKHO HCXOJHTDb U3
sakoHa (1), KyAa Macca BXOAHMT KaK Mepa HHEDTHOCTH M Ha3blBaeTcs
nosToMy HHepTHON Maccolt. Ho MOXKHO HCXOIMTBL H M3 3aKoHa (D), Kyaa
Macca BXOAHT KaK Mepa IDaBHTAllHOHHHIX CBOACTB Te/a W HasnBaercs
COOTBETCTBEHHO IPaBHTAlMOHHOM (MJIH TsKeJnoit) Maccoll. B npunnune
HH OTKYJAa He CJefyer, YTO HHePTHash H rpaBHTalHOHHAA MacCH Npel-
CTABRAAIOT cO60f OfHY H TY 3Ke BeAHunHy. QIHAKO LEeJNBIM PSIOM 3KChe-
PHMEHTOB YCTaHOBJEHO, YTO 3HaYeHHsA OGEHX Macc COBNAfaloT € OYeHb
BLICOKORA CTeneHbIO TOYHOCTH (MO ONKTaM, NPOJeJNaHHHM COBETCKHMH
¢usukamu (1971 r.),— c Tousoctnio f0 10-22), IToT SKCNEPHMEHTANILHO
YCTaHOBJIEHHHA $aKT Ha3HBAIOT NPHHLHNOM 5KBHBAEHTHOCTH. DiHLI-
TefiH * MOJMOXHA €ro B OCHOBY .CBOeil ofuieil TeOPHH OTHOCHTENLHOCTH
(treopHH TArOTEHMS).

Hcxons u3 H3NOXKeHHOro, B MEXaHUKE MOMb3YIOTCS €AHHBIM TEPMH-

HOM «Maccas, ONpefesss MacCy Kak Mepy MHePTHOCTH TeJa H €ro rpa-
BHTAJHOHHLIX CBOWCTB.

TFaasa XVI

AH®SEPEHUHAJIBHBIE YPABHEHHUSA IBH)KEHHSA TOUYKH,
PEIMIEHHE 3AJAY JHHAMHUKH TOYKH

§ 77. AHOSEPEHUHAJILHBIE YPABHEHHS ABWKEHHSA
MATEPHAJILHOA TOYKH

Hna peulesHs 3aja4 AUHAMHKHM TOYKH GyJeM IOJMbL3OBaTh¢s OAHON
H3 CEJYIOIMHX JBYX CHCTeM ypaBHEHHMIl.

YpaBHeHHSA BAeKapTOBHX KoopaHHaTax. Us
KHHEMAaTHKH M3BECTHO, WTO JABHIKEHHE TOYKH B NPAMOYTOJbHBIX AEKAp-
TOBHIX KOODJHHATax 3ajaeTcst ypaBHeHHsMH (cM. § 37):

x=f,(f), y=_fl(f): z=f5(1). )
3ajauH JHHAMHKH TOYKH COCTOST B TOM, 4TOGH, 3Has ABHIKEHHE
TOYKH, T. €. ypaBHeHus (9), onpenenuts AelCTBYIOMYIO Ba TOYKY CHJIY

* AnnGepr Sftnurrefin (1879—1955) — Bualomuics yueHHfi-GUSHK, cO3AaTenb
cnenyanbHOA TCOPHM OTHOCUTE/LHOCTH (PEJISITHBHCTCKAsd MeXaHHKa) M ofuiel Teopuu
OTHOCHTEJILHOCTR.
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HAM, HaoGopoT, 3Has JeACTBYIOUHE HAa TOYKY CHJIbI, ONPEJENHTb 3aKOH
ee JBHXKEHHUs, T. €. ypaBHeHHA (9). CiiefoBaresbHo, I/ pelieHHs 3ajad
JAHHAMHKH TOYKH HAJ0 MMETb YDaBHEHHs, CBASHBAIOLIHE KOOPAWHATHI
X, Y, 2 3T0M TOUKH H neuc-rBylomyxo Ha Hee CHJY (HJIH CHABI). ITH ypas-
HEHHS M Jaer BTOPOH 3aKOH IHHAMMKH.

Paccmorpum MarepHaJbHYIO TOUKY, ABUXKYILYIOCS MOX ACACTBHEM CHJ

Fy, F,,. . ., F, no oTHoweHHO X MHepuuanbHOf CHCTEME OTCUeTa a Oxyz.

IMpoekTHpys 06e yacTu paseHcTBa (2), T. e. paBeHcTBa ma=23F), Ha
OCH X, Y, ZH yqumaaﬂ uTO ax=d2x/dt’ HT. 11 [OJTyYUM:

mS%=3F,, m3L=3F,, mSi-3F,, (10)

HAH, o603Hauas BTOpHE NPOHU3BOAHLIE MO BPEMEHH ABYMS TOYKAaMH,
mx=3F,, my=3F,, mz=3F,. (107

3ro ¥ GyayT HCKOMblE YpaBHEHHUS, T. . Jugbgdeperyuasvrve YpasHeHUR
O8UINCEHUA MOUKU 8 NPAMOY20MbHbX Oexapmosbix koopBunamax. Tax Kak
JICHCTBYIOIHE CHJB MOTYT 3aBHCETb OT BpeMeHH [, OT MOJIOXXEHHA
TOYKH, T. €. OT ee KOOPAMHAT X, Y, Z, H OT CKOPOCTH, T. €. OT Uz=X,
v,,—y, v,=2, TO B oblUeM CJiyyae NpaBasi YacTh KAXKJIOIO H3 ypaBHeHHH
(10). MOMeT OHTb ¢dbyHKIHeR BceX 3THX NepeMeHHHX, T. €. ¢, X, Y, 2, X,
Y, Z ONHOBPEMEHHO.

YpaBHeHHS BUPDOEKUHAX HAa OCH ecTecCcTBEH-
HOro TpexrpaHHHKA. Jin NOJydyeHHSs 3ITHX YpaBHEHH
CNpOeKTHpYeM 06e YyacTH paBeHcrBa ma=2 F, Ha ocu Mnb, T. e. Ha Ka-
caresbHylo MT K TPaeKTOpHH TOYKH, IVIaBHYIO HopMaib Mn, Hanpas-
JIEHHYIO B CTODOHY BOTHYTOCTH TPaeKTOpHHM, H GHHOpMaab Mb (cM. B
§ 42 put. 122; Ha Hem Oxyz — ocH, MO OTHOLIEHHIO K KOTOPHIM JBH-

ercsi Touka). Torfa, yyutBas, uto (cM. § 43) a.=dv/d¢, a,=v%p,
a,=0, nosyuum

m — 5, m—';::-—EF,,,,, 0=23F,,, (11

YpaBrenus (11), rae v=ds/d¢, npeacrabasior coboit dugpdepenyua-
AbHbE YPAsHERUR OBUNCEHUS MOUKYU 8 NPOEKLUAX HA OCU eCMECMBEHH020
MmpexepannuKa.

§ 78. PELIEHHWE NEPBOA 3AJAYN AUHAMHKH
(ONPEAEJIEHHE CHJI 1O 3AJAHHOMY JABH)XEHHIO)

Ecau ycrkoperue asuxyulefics TOYKH 3afaHo, TO AefiCTBYIOIIAN CHAA
HJIM peakuus CBSI3H CPa3y HaxXomurcH no ypasHeHusM (1) unu (2). Ilpu
STOM JJISl BHIYHCJEHHSI PEaKUMH Halo NONOJHHTENbHO 3HaTb AKTHBHbIE
cHJIHL. Korjia yckopeHHe HelOCPEACTBEHHO He 3ajaHO, HO H3BECTEH 3aKOH
JABHXKEHHSA TOUYKM, TO IJIA ONpeJeIEHHA  CHIW MOXHO BOCIIOJIb30BaThCA
ypaeuenuamu (10) man (11).
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3aasua 86. Boaaywnuil mwap pecom P'onyckaetcs ¢ ycxoperHeM a. Kaxoft rpys Q
(Sannact) Hago cGpoCHTS, YTOOH AP CTAN NOAHHMATLCA C TAKHM XKe YCKOPEHHEM.

P eu e 4 u e. Ha nagarouufi wap aeficreyior cuna taxects P U noabeMHas cuna

F (puc. 211, g). Coctanass ypaBHenne (2) B BPOEKUMH Ha BePTHKANb, HaflaeM, uTO
(Plg) a=P—F.

Korna 6yaer c6pomen Gannacr (lguc. 211, 6), Bec wmapa craner pasen P—Q, a
MOAbEeMHas cHaa ocTanercA Toft xke. Toraa, yuHTWBas 4TO lap NPH STOM ABHXETCH
BBEpX, -NONYYHM

(P—Qualg=F—(P—Q).
HMckmouan 3 sTHX ypdBHenufi HeuspectHyio cuay F, nafnem
Q=2P/(1+-gla).

3axaua 87. Jlupr BecoM P (pHc. 212) HauHHaeT NOAHMMATBCA € YCKOPEHMeN a,
OnpeaesuTs HaTAXKeHHe Tpoca.

9

Puc. 211 Puc. 212

Pemen e Ha audpr aeficrsyor cuna taxectn P u peaxums Tpoca T. Coc-
PaBNISA ypaBHeHHE (2) B NPOEKUHH HA BepTHKaab, noayuum (P/gla=T—P, orkyna
T=P(14+alg).

Ecan T OIycKaeTcq ¢ TAXHM e YCKOPEHHEM, TO HaTAKeHHe Tpoca GyfeT pas-
no T,=P(l—-a/£). '
3aziua 88. Paguyc saxkpyrnenus B Touke A Mocta pasex R (pmc. 213). Hafith,

KaKoe jaB.eHHe HA MOCT B TOUKe A OKaXeT aBTOMOGHJAbL Macchl m, ABHXKYWHAcS co
CKOPOCTHIO U, :

Puc. 213 Pnc. 214

Pemenne. B Touxe A aBTOMOSHNL HMeer HopMaJbHoe ycKkopenne a,=u*R.
Tlpn s10M Ra Hero ReACTBYIOT cHAa TsiKeeTH P=mg n pedkuus N. Toraa no ypaene-
MHIO (2), COCTABAEHHOMY B NPOEKUHK HA HOPMAAb, HAH HENOCPEACTBEHHO 1O BTOPOMY
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H3 ypasHenufi (11) Gyaer
m?/R=mg—N, orxyaa N=m(g—v*/R).

Cuaa paB/ieHHSt Ha MOCT paBHa Mo Mozymo N, HO Hanmpas/eHa BHH3,

3anava 89. Kpusoiwun 3A AMMHL [, BpamafAch PasHOMEPHO C YraoBoft ckopo-
CTBIO @, MepeMellaeT Kyaucy K, ABHXKYIULYIOCH NOCTYNIaTeAbHO BJLO/Mb HAMPABJAIOUHX
1, I (puc. 214). Hafitu, npeneGperast TpeHHeM, ueMy IPH STOM PaBHA CH/A AaBACHHA Q
nonsyna A Ha KyJjHcy, €CH Bec KYJAHCH P, )

P e m e Hu e. TIpoBenem koopaunatHyio ock Ox. Toraa nonoxenue KyaucH onpe-
ReIATCA. KOOPAHHATHOK Xx=1[C0S @ H, NOCKOAbKY Q=f, 3aKOH ABHXEHHA KyJHCH Oy~
aet x={ cos wf. 3Hadq ITOT 3aKOH, BOCNOJIbIyeMCH NepBHM H3 ypasHenu®t (10'). Bu-
HYHCAAA LiPOM3BOAMYIO OT X, MOJYYHM

x = — oM cos of = —wx,
Kpome toro, Q,=—Q. B peaynbrate Haxogum
—(P/g)o¥x=—Q u Q=(P/g)w’s.

Caenosatreabto, CHna faBAeHHA TOJ3YHA HA KYJHCY H3MEHAETCA NMPOMOPUHOHANLHO
PacCTOAHHIO X KyaAHCH OT ocd O.

$ 79. PEWIEHUE OCHOBHOM 3AXAYH AUHAMHKH
NPH NPSMOJIHHEAHOM ABH)KEHHH TOUKH

IlBuxeHne MarepHaabHON TOYKH GyHer NPAMOJNHHEAHHM, KOraa
heficTByloUlass Ha Hee CHJa (MM paBHOAEHCTBYIOI|AA MPHAOMEHHBIX
CHJ) HMeeT NOCTOSTHHOEe HanpaBJieHHe, a CKOPOCTb TOYKH B HauaJbHHA
MOMEHT BpEMEHH paBHAa HYJIO HJH HanpaBjieHa BAOJb CHJIH.

Ecau npH npsmosHefiHOM IBHXXeHHH HANPaBHTb BAO/b TPAEKTOPHHK
KOOpAHHATHYI0 ocb Ox, TO ABH)KEHHE TOYKH OYyJeT onpexeNaThCHA mep-
BoIM W3 ypaBsenuii (10),” T. e, ypaBHeHHeM

dix -
mgy=2F,, nwm mx=ZF,,. (12)

Ypasrenne (12) HasnBaoT OupdepeHyUANoHLIM YPABHEHUER NPAMOAU-
nednoeo dsuscerun mouxu. Visorna ero yjao6hee 3aMeHMTb ABYMA YpaB-
HEHHSAMH, COAEPXKAWHMH NepBble NPOH3BOAHLIE:

du, d .
mg=2Fu =0 (13)

B cnyuasx, Korza mpH pelieHHH 3ajau¥ HAAO MCKATh 3aBHCHMOCTh
CKOPOCTH OT KOOPJAHHATH X, 3 He OT BpeMeHH { (HJAH KOIZAa CaMH CHJnl
3aBHCAT OT x); ypaBHeHue (13) npeoGpasyior K nepemenHoMy x. Tax
Kak dv,/di=dv,/dx-dx/dt=dv./dx-v,, T0 BMmecto (13) nosyuum:

my, 25 = 3F,,, LZ=uv,. (14)

Pewenne oCHOBHOM 3afayd AHHAMHKH CBOAZUTCHA K TOMY, YWTOOM H3
JaHHBIX YpPaBHEHHil, 3Haa CHJH, HAfITH 3aKOH [BHXKEHHA TOYKH, T. €.
x=f(#). JAas 3TOrO0 Hago NMPOHHTErPHPOBATH COOTBETCTBYIolee Anbde-
peHuuanbHoe ypaBHeHue. UTOOH sicHee GbUIO, K -4eMy CBOAHTCA 3Ta
MaTeMaTHyeckas 3ajaya, HamOMHHM, YTO BXOAslUIHe B. MPaBYi0 4acTh
ypaBHenHs (12) CHJIN MOryT 3aBHCEThb OT BpeMeHH f, OT MOJIOXKEHHR
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TOYKH, T. €. OT X, H OT €e CKOPOCTH, T. €. OT U,=x. Clej0BaTeJLHO, B
obwem cnyyae ypaBHenHe (12) c MareMaTHUeCKOR TOUKM 3pEHMsi npel-
CTaBJIseT co6oit AnuddpepeHnHaIbHOE YpaBHEHHE 2-T0 OPAAKA, HMelolee
BHE mx==F({, x, x).

Ecau quis naHHOf KORKpeTHO# 3ajaun AuddepeHnransioe ypaBHeHHE
(12) 6yner npoMHTErpHpPOBaHO,.TO B MOJYYEHHOE peuleHHe BOAAYT hBe
NOCTOSIHHEIE HHTerpHpoBaHua C; H C, M obwjee pewenue ypaBHEHHS
(12) 6yner uMerp BHA i ' .

x=f(t, Cy, Cy). (15)

UroGHl JI0BECTH pPEIUEHHE KaXAO# KOHKPETHO! 3aJaud JO KOHLUa,
HaJI0 ONIPEJieIUTL 3HaUeHHs NOCTOsHHLIX Cy H C,. Jlas 3T0rO Henosb3y-
10TCA OOBYHO TaK HAa3hIBAEMBIE HAYANLHbIE YCAOBUSR.

Hayuenne Beakoro ABHKeHHs GyaeM HAUHHATD C HEKOTOPOTO OTIpefe-
JIEHHOFO MOMEHTA BpEeMEHH, Ha3hBAeMOTO HaYaAbHoM Momenmom. Ov
3TOr0 MOMeHTa OYyZeM OTCUMTHBATh BpPEMs ABHXKEHHS, CUMTadA, YTO B
HauaJbHuiii MOMeHT £=0. OGHYHO 3a HavYaJbHLI NPHHAMAIOT MOMEHT
Hayana JBHXKEHHR NOJ NeACTBHEM 3ajjaHHHIX CHJL. [losoxeHHe, KoTopoe
TOYKA 3aHHMaeT B HaYa/IbHBH MOMEHT, Ha3HBACTCA HAYGALHHIM NOAOKCE-
Hues, a ee CKOPOCTb B STOT MOMEHT —— HAHAAbHOU CKopocmbio (Havyallb-
HYIO CKOPOCTb TOYKA MOXeT HMeTh MJIH NOTOMY, YTO X0 MoMeHTa £=0
OHA JBHTaJlach NO HHEPLUHH, HJAH B pe3yJIbTaTe NEACTBHS Ha Hee JO
MoMeHTa {=0 KaKuX-TO APYTHX chHJ).UToOH pelHTb OCHOBHYIO 3ajauy
JHHAMHKH, HaJlo KpoMe AeACTBYIOIMX CHJE 3HATh €Ile Ha4dAbHbie YCAo-
éus, T. e. ONIOXKEHHe H CKOPOCTb TOUKH B HayabHLI MOMEHT BpeMeHH *.

B ¢ayuae npsMosinHeHHOro ABHIKEHHS HayajbHHE YCJIOBHS 3aKa-
JoTCA B BHJE ’

npH =0 x==x,, Ux=Uj. (16)

Tlc Hava/IbHEIM YCIOBHAM MOXKHO ONpPEAE/HTb KOHKPETHHE 3HaueHHs
nocrosiHHuX C; # Cs ¥ HafTH wacmHoe pewerue ypabHeHus (12), paro-
1ee 3aKOH ABHIKEHHS TOYKH, B BHJE

x=f(t, %o, o). (17)

INoscHuM Bce cka3aHHOe Ha mpHMepe ciexylouedt npocrefinefi 3a-
ZauH.

3apava 90. Marepnanbnasg Touka ¢ Maccoll /m ZBUKeTCA NOA HeficTBHEM NOCTORH-

Hoil 10 MOAYJIO H HanpasJeHHIO cHAH Q (pHc. 215). HafiTH 3aKoH ABHXKEHHS TOUKH
OpPH HadaJbHHIX ycnoBHAX (16).

Pemen ue. Cocrapiss auddepeHiHaabioe ypapHenue ABHKeHHs B Buje (13)
H Y4HTHBad, 4T0 Q,=Q, nonyuyum

oy
m-g =

* MoryT BCTpeYaThCA Sa%avud, B KOTOPHX WIS ONpPEfNeHHS NOCTOSHHEX HH-
TEerDHPOBAHHA BMECTO HAYANLHLIX 33]aI0TCH TaK HaskBaeMble Kpacebie YcA08UR, Haupy-
Mep MOryT OWTbh SARAHW YCNOBHS Ha «KpasiX» HHTepBaJa BpeMenH [/, f;} B Buze: npn
t=1y x=x,, a npn {=={; x=x;. IIpumep, noKasuBaoUMA, KaKHe OCOBEHHOCTH MOTYT
HMETb pElleHHR TAKHX 3aAau, Ha3HBaeMBIX -KpaestiMu sadasamu, GYReT PaccMoTpes B
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Tak xak Q=const, T0 yMHOXHB 0fe wacTH ypaBHeHHsA Ha df u 6epA OT HHX HHTe-

rpann, HaigeM, 4TO
vx=(Q/m)t+Cl'- (a)
3aMeHa B 9TOM paBeHCTBe U, Ha dx/dt faet

& @imyt+ce.

YMHOXaa 0fe 9aCTH MONYYeHHOTO ypaBHeHHs Ha df B CHOBA MHTEIpPHpPYA, HaRaeM
x=(Q2m)f+-Cyt+C,. ©

30T peayNbTaT H NpeAcTaB/iseT cobofl 1A XaHHOM 3a)add ofinee pelleHHe ypaB-
Henun (12) B BuAe, cooTBercTBylomeM paBeHcTBy (15). .

Tenepb OmpezesiuM NMOCTOAHHHE HHTerpHpoBaHus Cp H C, MO 3a/2HHHM Hayaib-
HuM ycoHsaM (16). Pemenns (a) ¥ (6) AO/MKHH GHTH CHPABEANHBH B /NOGOR MOMEHT
BpeMeHH, B TOM 4Hcae H B MoMeHT ¢=0. [lostromy, noacrasass B (a) H (6) BMecTO ¢
HYy/b, Ml BMECTO Uy H X JO/DKHBI NOJYUHTb Ug H Xg, T, €, XOMKHO OHTL

U= C{, Xo— C’-

ToMyueHHHIMH DPaBEHCTBAMH ONPEAENAIOTCA SHa4YeHHA noctosHrex Cy . C,,
YAOBJIETBOPAIOUIHE HAYa/NbHEM YCJOBHAM 3ana4H. [TOXCTaBAAA STH SHaweHHA B ypap-
Henue (6), HalZeM OKOHYATEJbHO 3aKOH TNPOHCXOAALIEro

JBHXEHHS B BHIE, COOTBETCTBYIOleM pasencTBy (17): 0 M j
x=xq+vot+ (Q/2m) 5, (8) L_i__f s
Kax BHAHO U3 ypaBHeHHA (B); TOYKAa MNOA AeACTBHEM Puc. 215 '

NOCTOAHHOM CHJIb COBepiliaeT paBHOTIEpPeMeHHOe XBHIKEHHE,

Y10 MOXKHO OBJIO NpeAcKa3aTh 3apaHee, TaK KaK eC/]H :
Q=const, T0 H a=Q/m=const. B 4acTHOCTH, TaKHM ABJIAETCA ABH)KEHHE TOUKH MOX
neficTBHeM iAW TaxecTH. [Tpu sTOM B ypaBHenun (B) 6yaer Q/m=g, a ocb Ox Zo/MKHa
OulTb HANpABJEHA O BePTHKANH BHH3, ’

§ 80. NMPUMEPH! PEIIEHHS 3AAAY

Peulenne 3ajay AHHaMHKH TOYKH MYTEM HHTErpHPOBAaHHA COOTBeT-
crBylomux AudxpepeHHHaNbHRX YpaBHEHHA IBHXKEHHS CBORHTCA K
CJIEAYIOIHM OTEepaLHsaM.

l.CoctaBsanenune nudodpepeHnuHanpbHOro ypas-
HeHHN XABHXeHHs. Jlaa ero cocraBleHHs B cilyuyae NpsIMOJIH-
HeflHoro [BHXKEHHS HAaKo: :

a) BHIGpaTbh HayaJso oTcuera (Kak NpaBHJO, COBMeINasi €ro ¢ Hadamlb-
HBIM TIOJIOKEHHEM TOYKH) M ITPOBECTH KOOPAHHATHYIO OCb, HanpasJass
ee BIO/b TPAEKTOPHH H, KaK NIPABHJO, B CTOPOHY [JBHXXEHHS; €C/H MOX
JeACTBHEM TIPHJIOMKEHHBIX 'CHJI ‘TOYKZ MOXeT HAXOAHTbCA B KaKoM:
HHOYIB-NOJI0KEHHH B PAaBHOBECHH, TO HAYaJo oT¢yera YA06HO NOMELLaTh
B TNOJOXKEHHH CTaTHYeCKOro paBHOBECHS;

6) 1306pa3suTh ABYXYULYIOCA TOYKY B MPOH3BOJLHOM MOJIOXKEHHH
(Ho TaK, yTo6Bl Gbiio x>0 H v,>0; nocjenHee cyllecTBEHHO, Koria
CPelH CHJI eCTh CHJIBl, 3aBHCAIIME OT CKOPOCTH) H NOKasarb BCe AeAcT-
BYIOIlHe HAa TOUKY CHJIbI;

B) IOACYMTATh CYMMY NPOEKUHH BCEX CHA Ha KOOPAHHATHYIO OCb
H [OACTaBHTb 3Ty CYMMY B IpaByio 4acTb AH(dEepeHIHaNbHOTO ypaBHe-
HHAl JBHIKEHHS; IPH 3TOM HAO0 06A3amMeAbHO 6Ce NepemeHHole CUnbL 6bi-
pasume depe3 me geaudunsl (I, x AN V), OM KOMOPLIX 3MU CUUAbL 3GBUCAM.

2.MuterpupoBanne: JHPPepeHUHANDLHOTO
YPaBHeHHSA JABHXeHHkSA HHrerpuposanHe MPOH3BOAHTCA
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MeTOflaMH, H3BECTHRIMH H3 KYPCa BbiCllleli MaTeMaTHKH H 3aBHCALIUMH OT
BHJIa TIOJyYEHHOrO ypaBHEHHs, T. €. OT BHJAA €ro npaboit yacTH. B Tex
CAy4asx, KOI'ia Ha TOYKY KpoMe NOCTOSHHBIX CHJ AefCTBYeT OXHa nepe-
MEHHas CHJa, 3aBHCALLASA MO/bKO OT BpeMeHH { HJIH mOAbKO OT PaccTosi-
HHSl X, HJH K€ MOAbKO OT CKOPOCTH U, yPaBHEHHE NpAMOJHHEHHOro
IABHKEHHS] MOXXHO NPOHHTETPHPOBATh METOXOM pasfiefieHHs NepeMeHHbIX
(cM. safaun 91—93). Ecau npu stoM B 3afaue TpeGyercs ONpefesHTh
TOJILKO CKOPOCTb, TO YaCTO MOXHO IDH pelIeHHH OrpaHHYHTHCHA HHTEr-
pHpoBaHHeM OXHoro H3 ypasHeHu#l (13) uau (14).

3.OnpeneneHne NOCTOAHHHX HHTErpHupo-
BaHHs. Jns onpeneneHHs NOCTOSIHHHX HHTErPHPOBAHMSl HaJQ 1O
JlaHHBIM 33Jla4H YCTAHOBHTB HauajibHule YCJIOBHs B BHAe (16). 3nauenna
NOCTOSIHHKIX MO HAYaJbHBIM YCJOBHSIM HaXORATCA TaK, Kak 5TO GHLIO
nokasano B 3apave 90. IlpH 3TOM NOCTOSIHHLHIE MOXHO ONpeNeATh
HeNOCPEeACTBEHHO nocjie KaMJoro HHTerpHpoBaHHS.

Ecnn nnddepeHnnansHoe ypaBHeHHe ABHIKEHHS SBJSETCSH YpaBHe-
HHEM C pa3JIeNINOMHMHCS TIEPEMEHHBIMH, TO BMECTO BBEIEHHS NOCTOSH-
HBIX HHTEIPHDOBAHHA MOXHO Gparb Cpasy OT 06eHX Yacreil paBeHCTBa
OnpefieNICcHHEIE HHTErpaje B COOTBETCTBYIOIMX TNpefleslax; DpHMep
TaKoro pacyera jaH B 3ajavye 93. _

4. HaxoXxXJleHHe HCKOMHX B 3ajaye BEeJHUYHH |
HccaenoBaHHEe NOJNYUYEeHHHX pPe3yabTaToB. Hro-
6bl HMeTb BO3MOXKHOCTb HCCJIEOBAaTh peHleHHe, a TaKXKe NPOH3BECTH
KOCBEHHYIO NPOBEPKY pe3yJbTaTa NOJCYETOM pa3MepHOCTed, Hajo Bce
pelleHHe MPOBOAHTE N0 KOHLZ B ofiieM BHIe (B GyKBaX), MOACTaBJAsA
YHCJIOBBIE JdHHBIE TONBKO B OKOHYATeJbHHE Pe3ysbTaThl.

Crenanupie 37lechb YKa3aHHs! OTHOCATCA M K C/TYYal0 KPUBOJHHERAHOrO
IBHXEHHS,

PaccmoTpHM TpH KOHKpETHHE 3ajauyd, B KOTOPHX CHJIa 3aBHCHT OT
BpPEMEHH, OT pPacCTOSHHS M OT CKOPOCTH TOYKH.

1.Cuna 3aBHCHT OT BPeMEHH

3apnaya 91. Tpys Becom P HauHHaeT ABHraThcH H3 COCTOSHHSA TIOKOS BIOAb Faaj-
XOH FOPH3OHTaJbHOH TIOCKOCTH NOX JAeficTBHeM CHAHW F, 3rauenue KoTopolt pacrer
NpONOPIHOHANBHO BpeMeHH NO 3akoHy F=k!, HaliTh 3akon ABHIKeHHS rpysa.
. Pemenue BnGeped Hauano oTcueta O B HauaJbHOM IIOJIOMEHHH IPYy3a H Ha-
npaBiM ock Ox B CTOPOHY ABHXKeHHst (puc. 216). Toraa HauanbHbe YCHOBHS GyayT:
N npH {=0 x=0, v,=0. Hao6pakaeM B NPOH3BOJLHOM 1O~
JIOXKeHHH IPYS ¥ JieficTByiolUe Ha Hero cuan F, P (cuna
TrKectH) # N (peaxuus naockoct). Ilpoekuuu sTHX cHA
Ha ocb Ox umelot 3Havenusa Fy=F=kt, P,=0, Ny=0 &8
ypashenue (13) npumer BHR
P du,

Puc. 216 Pl P2y 75
Z dt kt

Yunoxns ofe wactu storo pasenctsa Ha df, Mu Cpasy pasfielHM NepeMeRHHE H,

BHTErPHPYS, MOJAYYHM
(Plgv=kt3/24C,. )
Tloncrasass ciopa HauanbHKe faunne, HafgeM, uto C,=0. Toraa, samenss B no-
AYUEHHOM pe3yJbTare Uy ha dx/d/, npeACTaBAM ero B BHAE :

dx
o= (kg/2P) 13,
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YMuOXan 06¢ 4acTH STOro paBeHCTBA Ha df, ONATL Pa3fe]HM NepeMeHHbe H, HH-

TerpHpys, Halaem
x=(kg/2P)P/3+C,.
IToacTaHOBKa HauyaJbHHX XAaHHHX JaeT C,==0, H OKOHYATEJILHO NOJYYaeM 3aKOH
ABHXXEHHA Tpy3a B BHJe
x=(kg/6P)e.

Taxum 06pa3oM, NPOXOAEMEA rpy3oM nyTh GyleT PacTH NPONOPUHOHANLHO KyOy
BpeMeHH,

2.Cana 3aBHCHT OT PACCTOAHHA

3azawa 92. [IpeneGperas TpenueM H CONMPOTHBJEHHEM BO3RYXa, ONpPENE]MTb, B
7eYeHHe XaKOro NPOMeXYTKa BpeMeHH TeNO Npofjer MO NPOPHTOMY CKBO3b 3eMJIO
Bjionp xopax AB Kanany or ero navajna A B0 KOH-
na B (puc. 217). Ilpw mnopcuere cYHTaTh paguyc
deman R=6370 kM.

YKasaHy e. B TeopHH NPHTAKEHHA ROKa-
SHBAETCH, YTO TeJI0, HaXoAsleecA BHYTPH 3emaH,
NPHTATHBAETCA K ee IeHTPY ¢ cHaoft F, npsamo npo-
NOPUMOHAABHOA PACCTORHHKIO 7 JO STOrO LeH1pa.
TNpuHEMas BO BHHMaHHe, 9T0 npH r==R (T. e. Ha
nosepxuoctH 3eman) cuaa F paBHa cHIe TAMKe-
ctd (F=mg), noNy4HM, UTO BHYTPH 3eMIH

F=(mg/R)r, Puc. 217

rae r=MC — paccroanHe oT TodkH M J0 nentpa 3eman.

Pewmenne, ITouectHn Hauano orcuera O B cepelude XOpAW AB (8 stoRt
TOUKE TeJI0, HAXOARIMeeCH B KaHate, ObMO Ol B PaBHOBeCHH) H HanpashM ochb O
Baoab annun OA. Ecan ofosnauuth aauny xopam AB uepes 2a, T0 HauanbHhe
ycaosHa sapaun 6yayr: mpu =0 x=a, v,=0. ) .

B npoH3BONLHOM HOJIOXEHHH Ha Teno RefictByioT cuan F B N. Ciegomaresbho,

ZFpe=—F cosa=—(mg/R) rcosa = —(mg/R) x,

TaK X8K H3 uepTeXxa BHRHO, 9T0 7 cos a=x, N,=0.

Leficteyroman caas oKasanach 3aBMcAUleR OT KOOpAMHATH X Toukw M. Yrol
B 9TOM caydae B AB(GEPEHLHAALHOM YPABHEHHH ABHIKEHHR PASAC/IHIIHCH NEpEMEHibE,
coctaBuM ero B Buje (14). Torna coxpamas Ha m ¥ BBOAS o003HayeHHe

g/R=M,
Uy %= — k3.

Yunoxas o6e wacTH 9TOro paseHcTBa Ha dx, cpasy pasfiesiieM NepemeHube X,
BNTErpHPYA, HAXOAHM

noMyuuM

vy2=—k¥3/2+C.

Io HauaNIbHEIM YCJIOBHAN NpH x==a v,==0. CaeoBareabHo, C,=k%a?/2. Tloperan-
Jas 5TO 3Hauenne C;, noaydaem

Ve==t kY a3

CuHTaf, -YTO B PACCMATPHBAENOM MOJIOXEHHH CKOPOCTh Hamnpasiexa oT M k O,
1. €. 470 v, <0, Gepem Nepe KOPHEN IHAK MKHYC (/I€TKO, O/HAKO, POBEPHTH, YTO TOT
Me OKOHYATE/bHbl Pe3yNLTAT NMOJYYNTCS H NMPH 3HaKe NJoc). Toraa, sameHas Uy
na dx/dt, uahpem, 9r0

dr kY aT 1.

dat
Pasgenss nepeMeRBHe, DPHBEAEM 9TO YpaBHEHHe K BHAY
kdt = ——%
av—at
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H, HHTETPHPYA, DOAYIHM
' ' kt=arccos (x/a)+Cy.

MMoacrasnasn cioga HadanbHie AaHHbe (MpH =0 r==a), HaxoxuM, 9T0 Cy=0, OxoH-
HaTeAbHO SAKOH ABHXKEHHA TeJa B KaHaje OyZeT HMeTh BHR

x=acos ki,

Caegobatenibio, Ten0 6yger copepliaTh B KaHalte AB rapuonndeckde Konebanug
¢ aMnAHTYAOR 4.

Hafinem Teneps Bpems #y ABHIKEHEA Tesa Ao Koxua B karana. B Touxe B koopan-
HaTa x==-—q, [ToacTaBass 970 3navelHe B ypaBHeHHEe ABHXKEHHS, NONTYTIHM cos kfp==—1,
OTKy2a kfy=n u t;=1/k. Ho 1o BBesennoMy obosnauermio k= V" g/R. Orcioxa, npous-
BEAA MOACHET, HAXOXHM, 4TO BPeMA ABHXKEHHA OO KaHany AB npH ycnoBusx sazgin
He 3aBMCHT OT €ro AJHRH H BCEra PaBHO '

ty=nV Rjg~42wun 11 c.

3ToT oueHb HHTEPECHHA pe3yabTaT MNOPOARA PsA (HOKa eme GaHTACTHYECKHX)
NIPOEXTOB NPOPHTHA TAKOr0 KaHajka.

Haftnen ponosunrencho, uemy OyAerT paBHA NpPH ABHXKEHHH MAKCHMAlNbHaR
cxopocTb Tena. Hs Bupaxenns AR vy, BHAHO, 9T0 U=Umax NpH ¥=0, T, €, B Touke O.

Caegosarennuo, .
Umax=hka=a ¥ gIR.

Ecnn, Hanpumep, 2a=0,1R=637 xM (npHOIH3HTEbHO PACCTOAHKE OT MOCKBH
R0 JIEHHHTPANA), TO Umax=395 M/c=1422 kM/u.

KoneGanus, coBepiuaeruie MaTepHajJbHOR TOUKOR mox AefAicTBHOM
CHJIN, MPOMOPLHOHANALHON paccTosnHIo, OYRYT noApolSHee H3yYeHH B
ra. XIX. Tam Gyner paccmorpeH Apyrofi MeTon HHTErpHpOBaHHA
noxyqaoiguxca ~b sroM caydae puddepeHIHaNbHMX YpaBHEHHA 1BH-
eHHA,

3.Cuna BaBHCHT OT CKODOCTH
3anaua 93. Jloaxy, Macca kotopoli g1==40 Kr, TONKalOT, coobias ek HavaAbRYIO
CXODPOCTb Uy==0,5 /e, CaNTaR CHIY CONMPOTHBJIEHHA BOAH NPH MAJIKX CKOPOCTAX H3-
MeHsiomefics N0 3aKoHy (7), T. €. cuutat R=pv, rae Kospdunuent p=9,1 Kr/c,
OHpEACaHTDb, Hepes CKOMBKO BPeMeHH CKOPOCTb JOAKH YMEHBUIKTCA BABOe H KakoR
OHa 3a 9TO BpeMa npofizer nyTb. Hallth Takxe,
Kakoft myTs npofifieT /0K 40 NONHOA OCTAHOB-
KH.
. Pemer u e. CoBMecTHM Ha4aj0 oOrcdeTa
O c HavaabHEM TONOXKEHHEM JIONKH H HanpaBHM
ock Ox B cropony apsxerus (pHc. 218). Toraa na-
qajbHHE YCNOBHR GYRYT: NPH i=0 x=0, U=y
Haobpaxaem B OPOHSBONBHON NOJNOKEHHH
Puc. 218 nonxﬁn Aeficreyomue Ha Hee cuaw P, N & R.
puMevdaHKe. Huxaxne apyrae
CHAN Ha Jogxy He jeficrayior. Craa, coob-
IHBMAR M0AXe TONYOK, AeACTBOBA/NA Ha JIOAKY 00 momexma t=0, Peayavtar storo
ACRCTBHSN YUMTHBACTCH 38/aHHEM HAUAJIBHOR CKODOCTH Up, KOTOPYIO CHAa 88 BpeMS
ToMixe coobinuaa nogxe (cM. § 79.) UtoSH npaBHABHO ONpeXeNUTb, KAKHE CHMN gefi-
CTBNTEALHO ACHACTBYIOT HA TE/O NPH €ro ABEXKEHHH, HaNO NOMHHTE, NTO CUAQ eCmb pe-
sysbmam _ssaumodedcmsus 0anno20 meAa ¢ Opyzumu mesamu. B gansom caydae cHAa
TAWecTH P apaserca pesyastatom feflcTBHA Ha AOAKY 3eMAH, & CHAN N 1 R — pe-
3yAbTAT NeACTBHS HA MOAKY BOAW. HHKaKue ApPyrie MATEpHa/bHBIE Tela C JOKKOR K
¢ ABIXKEHHH HEe BIaHMOJEHCTBYIOT, SHAUUT, HRKAKHX APYIHX AeRCTBYIOUHX CUJA HeT,
OGpdiaen BHHMAHHE Ha STOT BOMPOC, TAK KAK OH HACTO ABAAETCA MCTOMHHKOM OUIH-
G6oK npu peytenun sapau, :
Buvucasa npoexunn AeACTBYIOUHX CHA, HAXOZHM, 9TO

ZFpy = —R= —pu,.
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Jlns onpefesieHus BpeMeHR RBHKEHHA COCTaBAAeM AuddepeHIHaIbHOE YPaBHe e

(13), 3ameuass, 4TO B JaHHOM CJAY4Yae Ux==U, NOVIYTHM :
do_
dt

TMpounTerpupyem sTo ypaBReHHe, Gepsi OT o6eHX ero uacteft nocje pasjaeneHHst
TIepeMEHHHX COOTBETCTBYIOHIME ONpefiesieHHBe HHTerpaiu. IIpH STOM HHXHHM npeae-
JIOM KaXJO0r0 H3 HHTErpanoB 6y}xe'r SHaYEeHHEe NepEMEHHOIO HHTETPHPOBAHHA B HAYA/b~
HHft MOMCHT; & BEDPXHHM -— SHA4Y€HHE TOro XKe NepeMEHHOro » npouaao.nbnuﬂ MOMEHT
BpEMEéHH. .

Ilo ycaosuaM pansoft safauu npn =0 v=v, H, CJIEOBaTE]LHO,

m — .

o ¢
ﬂf=_£_§d; i Inv—Ingy, ,-=—?Et-
v m m

U

Orciona  OKOHUATENbEO
i=(m/p) In (vo/v), (a)

Hckomoe Bpems #j onpeaennM, nonaras v=-0,5 v,. 3T0 BpeMs, KaK BHIHM, He 3a~
BHCHT B JaHHOM cJ1yuae OT BeJH4YHHH Uy, Tak kax In 2=0,69, To

ty=(m/p) In 2=3 <,

Ilng onpepenenns NPpORAEHHOro NMyTH IiesecO06pA3HO BHOBb COCTABHTb XHdepen-
DHAJbHO® YpaBHeHHe ABHXKeHHs B Buje (14), Tak Kax 9TO ypaBHeHHe HO3BOJISET Cpasy
YCTEHOBHTb 3aBHCHMOCTb MeXJy x H v*, Torga moayuum

mo P
&= b

Orci0na, cokpamas Ha v, pa3fielad NePeMEHHHe H YYHTHBadA, 9T0 MpH ¥=0 v=vg)

HOJYYHN
A

v x

de:—y‘—bg dx vam v—vp= —~E
m m

Vs

CaiefoBaTenibHo,
x=(m/p) (vo—v). (6)

Monarasa v=0,5 v,, HafileM HCKOMMA NyTh: xy=muy/2u==1,1 M.

Uro6n HafiTH NyTh, NpofiileHHHfA JOAKOA 10 OCTaHOBKH, cjefyer B paserctse (6)
nonoxuts v=0., Toraa noayunm, 4ro x,==mve/p=2,2 M.

Onpenensis Bpems ABHMEHHA O OCTAHOBKH, MHl H3 paBeHcTBa (a) HafizeM, 4TO
RpE v=0 Bpems f3==00, 3TO O3HauaeT, YTO NpPH NPHHATOM 3aKOHE CONPOTHBJIEHHA
(£=p.v) JoJiKa 6yJleT K CBOEMY KOHEUHOMY NOJIOXEHHIO (onmpejiensieMOMy KOOpAHHATOR
X3) NPHONHKATLCA aCHMNTOTHYECKH., PaKTHUECKH XKe BpeMs ABHXKEHHS JIOAKH JI0 OCTa-
HOBKH GYyJleT KOHEUHbIM, TaK KaK ¢ yMeHbllUeHHeM CKOPOCTH 3aKOH CONPOTHBJ/IEHHSA CTa-
HOBHTCH APYTHM H COOTBETCTBEHHO H3MEHAETCHA BHA 3aBHCHMOCTH U OT ¢ (CM.; HanpHMep,
sagauy- 105 B §90). :

Hpyroit iHTepecHbIfi NpHMep ABHIKEHHS NOJA AEHCTBHEM CHJIH, 3aBH-
callell OT CKOPOCTH, PacCMOTPEH B ciexyiollem naparpade,

* IpofneHHuil NyTh MOXHO elle HaiTH, ONPeJieN1As K3 PABEHCTBA (a) 3aBHCHMOCTH
v OT B Busie v=vge ™! 2 zavem samenss vna dx/dfu HHTErpHpPYS NOAYUEHHOE
YPaBHeHHe, HO Taxofi nyThL pelllesus GYReT HECKONbKO AHHHee,
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§ 81*. NAREHHE TEJIA B CONPOTHBJIAIOWEACS CPEAE (B BO3AYXE)

PSCCMOTPHM 3afavy O NajiecHHH Tesa B BO3AyXxe C manoft no CpaBHEHHIO C pPalHyCOM

Semsu BHicoTH. Toraa ReficTBYIOUWIYIO Ha TEJIO CHAY TAXKECTH P H NJIOTHOCTh BO3AyXa P
MOXHO CYHTATh BESHYHHAMH NOCTOAHHLIMH. [loJiaras OAHOBpEMEHHO, WTO NPH NajeHHH
TeNO0 ABHIKETCA TOCTYTATe/IbHO, GyTieM ero paccCMaTPHBATh KaK MaTePHANLHYIO TOYKY.
JeficrBylomwyio Ha TeJio CHAY CONPOTHBJEHHA BO3lyXa onpegeasieM o dopmyae (8)

H3 § 76; ee MOAYAL .
R=0,5¢c,pSt?, (18)

rAe nonaraem cy=const * (BeJHYHHH P B S TOXKe NMOCTOAHHH),

Hanpasus koopaunaTHyio och Ox BepTHKaALHO BHHS (pHe. 219), Halzem, Xak Gy-
JeT H3MEHATHCSA CKOPOCTb NaJZeHHA B 3aBHCHMOCTH OT NPORJEHHOTrO YTH X, CYHTasA, YTO
ABHIKEHHE HauHHaeTcs H3 TOYKH O H y,=0.

Ha nagaiouiee Ten10 nefictaytor cuan P u R; Torna
2Fpy=P—R =P—0,5c,pSo".

UYrolH cpasy NMOYYHTL 3aBHCHMOCThL U OT X, COCTaBHM AHddepeHHaNbHOe ypaB-
HeHHe nBHIKeHHR B BHAE (14). YunteBad, 4T0 Uy==U, NOAYYHM

P duv__ I .
? v &—P——T cxpSv .
Ecan BBecTH 0603HaueHHE
2P/c pS=a?, (19)

TO MpeAHAylee YPAaBHEHHE NPHMET BHA

0 dv__ ) vt
dx™ at
HJIH NOoC/]e pa3fieNeHHs NepeMeHHHX
vdv g
Ta—a a *
Beps ot ofenx yacTeil paBeHCTBa WHTErpasHl, HAXOAHM
In (a*—v?)=—2 (g/at)x+C;.

Io navanbHuM RaHHbM NpH x=0 ckopoctb u==0, caefosatenbHo, Cy=In db,
[Moacrasaaa 3to snauenue C;, MONYYHM

1 at—ot
Ina——a—,l==—2di,x HaH e 3 @A X,

O1c1088 OKOHUATENBHO HAXOAHUM
v=a_V1—e"‘”3/"')". (20)
®opMyna (20) naet 3aKOH HIMEHEHHS CKODOCTH MafaloWero B BO3AYXe Tesa B 3a-
BHCHMOCTH OT NPOMREHHOro MyTH.
C BospactanueM x Beanuuna e~ ? /9" ¥ y6upaer, crpemacs npu x—-o00 K Hymo. O~

CIOAA CAefYeT, YTO CKOPOCTh NaJeHHA U C BO3PAcTaHHEM X BO3PACTaeT, CTPeMACh B mpe-
JAeJie K NOCTOAHHOM BeTHYHHE @. ITa BeJAHYHHA Ha3blBaeTC npedesbHOl CKOPOCMbIO na-
OJenun tnp. W3 paBerctba (19) maxoium, Tak Kak Unp=a,

vnp =V 2P]c,pS- (21)

Cnenoaa'renbuo, npH v, =0 najaiouee B BO3/yXe TeJJO He MOXET MOJYUHTh CKOpO-
CTH, GoJsblued, yem Unp- 1lpelesibHas .CKOPOCTb NAafeHHR BO3PacTaer C yBeAHYEHHEM
BECa TeJla H C YMEHbIUEHHEM BEJNHYHH Cy, P M S.

* B paccmatpuBaeMolt 3ajaue 5TO AONYCTHMO, €C/H CKOPOCTH MaACHHA He NMPeBhl-
wWwaer npumepHo 300 m/c.
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HafizeM, xax GHCTPO CKOPOCTb NAAAIOMEro Tela NPHOMMKaETCS K NpefesbHOf.
Han sroro o6paTHMcA K Taba. 2, B KOTOpOA AaHa 3aBHCHMOCTb BeJHYMHBI 'u/v,,, or

(g/v?,p)x. BHUHCAEHHAA N0 dopMyae (20). M3 Tabauum caenyer, 4To
Ta6anua 2

i > e (g/okp) x=1,2

v v v npR g/v x=1,

ap np Ynp np, np v=0,95vnp, (22)
npr (g/vhp) x=2,0

0 0 1,2 | 0,95 O="np:

0,5 0,80 1,5 0,97

1,0 0,93 2,0 0,99

ChnenobatenibHo, CKOpPOCTD NaZieHHS HPHOAHKAETCA K NpeAeabHOR JOBOALHO GHICTPO,
€CJIR TONBKO BEJIHUBHH Cx H S He oueHb Maan (CM. 3asavy 94).

Hannune nperesbHOA CKOPOCTH MajeHHs MOXKHO YCTAHOBHTH CJEAYIOIIHMH Dpo-
CTHMU paccymaeHHAMH. TIpH majennn Tena ero cKOpOCTb U PacTeT; CJeA0BaTEJBbHO,
pacTeT H CHJIA CONPOTHBJAEHHA R. EC/H caMTaTh OMEBHAHHIM, 4TO CHJIA R He MoXeT
crath Gonbine, ueM cuaa Txectd P (puc. 219), To Rap==P. [loacrasass ciona suave-
HHe Rpp us. dopmyan (18), noayuaen O,Sc,pSv},p=P, OTKYAa H HaxoXHM JaBaeMoe
dopuynoft (21) sHavenue vpp. OnHAKO NpHBENEHHBIE PACCYNACHHA He TIOIBOARIOT ON-
PEALNHTD, KaK OHICTPO CKOPOCTL NAEHHA U CTPEMHTCA X Upp. JTOT NPAKTHYECKH BaX-
HEA PesyAbTAT MOXKHO NOMYYHTH TOALKO ¢ NOMOWLIO GopMyan (20).

3anaua 04. Onpenesuth NMpepeibHYI0 CKOPOCTb NajeHMsi NAPALIOTHCTA, BEC KO-
'TOpOro BMecTe ¢ napaunotoM P=800 H: a) Dpu 3aTsiXXHOM NPEDKKE, CYHTAA B-ITOM CIy-
ae §=0,4 M, c,=1,0; 6) DpH NpiKKe C OTKPHTHM NAPAWIOTOM, NPHHHNAS B ITOM
cayvae S=36 M3, c,~1,4.

Hafiti B 06onx cayuanx paccrosuue Hy, nposeres Kotopoe, NapaunoTHCT NpHoGpe-
TaerT cxopocth 0;=0,95 vpy (1. e. oTauualowylocs or npereasoft na §%), n pac-
croasue Hy, NpH KOTOPOM CkopocTs nagenus vy=0,99v,

Peunien ke Ilpeneabnyo cxopocts nazenns onpeaensen no dopMyae (21), cuu-
Tas s poaayxa p=1,29 kr/s®. Paccrosnus Hy u H, naxoaum u3 pasencrs (22). Tax
xax v==0,950,5 K (g/thp)x=1,2, To HckoMoe paccTonnue Hy=1,2vhp/g. Ananormuno
HAXOZMM, uTO Hy=2uhp/g. '

B pesyabTaTe mojiceToB nosyuaeM:

&) MPH SATAMHOM NPHIKKE Uap=56 w/c; H,~380 M, H,=:630 w; -

6) N NpLUKKE C OTKPHTHM NARBUIOTOM Unp=: 5§ M/c; Al~3 M, Hy=b m.

ax BMAMM, TpH GOJBUIKX CONPOTHBJEHHAX MNpelesbHAR CKOPOCTb AOCTHraeTcs
OueHb OMCTpPO,

§ 82. PEWUEHHE OCHOBHOA 3AZIAMH AMHAMHKH
NPH KPHBOJIHHEAHOM ABH)XEHHH TOYKH

B cnyuae xpuBonuHeAHOTO ABHXXEHHA TOYKH OCHOBHaA 3axeva
IAMHAMHKH DeIIaeTcss ¢ MOMOWbI0 AH(depeHIHaAbHEIX ypaBHEHHA NBH-
XeHHud, noaydyeHHux B § 77. Ecau 3ajava peluaercsi B NpsAMOYTOJMbHLIX
ZeKapTOBHX KOOPAHHATaX, T. €. C NOMoLLbIo ypaBHenu# (10), To navans-
Hhl€ YCJIOBHS, Onpefie/Ifioliye NOJNOXeHHe W CKOPOCTb TOYKH B Hayailb-
Bufi MOMeHT BpemenH f=0, 3ajaiorca B BHAe:

npH t=Q X=X9, Y=o, 2=2,, (23)
Vx=Uxo, Uy=Uy0s Usz=Us.
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IlpounrerpHpoBap ypaBuenns (10), RaXOAAT KOOPAHHATH X, ¥, 2 IBH-
KYWEACH TOYKH, KaK QYHKIHH BpeMeHH {, T. €. ONpefeNsioT 3aKOH JBH-
KeHust ToykH. [IpH 3TOM mnoayueHHHe peuieHHst GYAYT COAEpXKaTb
IIeCTb NMOCTOAHHLIX HHTEerpHposanus Cy, C,,. .., C,, 3HaYeHHA KOTO-
PHX IO/KHH ONpeNeNATbCA N0 HavYaNbHEM YCHOBHAM (23).

KoHKpeTHHA X07 pelleHHs NOKa3aH B paccMaTpHBaeMoft HHXe 3a-
Have.

JdBHXKeHHe TOUKH, GPOmWEeHHON HOR Yyraom K
FTOpDH3OHTANbLHOK NAOCKOCTH B OJHOpDOJAHOM

g 7 nose TaAXecTtH. Hayunm pemxe-
! HHe TeJjla, OpOLIEHHOro ¢ HavdaJnLHOR
CKOPOCTBIO Uy, HamnpaBNeHHOA NOR yr-
Uy JIOM @ K FOPH3OHTaJbHOA IJIOCKOCTH,
B paccMaTpHBasi €0 KaK MaTeépHajbHYIO
Min TOYKY ¢ Maccodt m. [lpu stoMm conpo-
= 7 THBJEHHEM BO3fyXa npeHeGperaeM, a
2 d noJe TAXKecTH GYAEM CUHTATh OAHOPOA-
Puc. 220 nbM (P=const), monaras, 4o Aanb-
HOCTb NOJIeTa H BBICOTA TPACKTOPHH Ma-

JIl IO CPAaBHEHHIO ¢ PagHycoM 3eMJH.

IMomectM Hawano koopauHaT O B HayaJbHOM NOJIOXKEHHH TOUKH.
Hanpasum oce Oy BepTHKaNBLHO BBEpX; rOpH30HTaNbHYIO OCh OX pac-
TOJIOXKHM B NJIOCKOCTH, mpoxoisuled yepe3 Oy U BEKTOp Uy, &8 ocb Oz
NpoBeJeM NeplIeHAHYNAPHO NepBLIM ABYM ocaM (puc. 220). Toraa yroa
‘MEXAY BEKTOPOM U, H ochio Ox 6yner c.

Hso6pasum gByxkyumyiocs ToO4Ky M B NPOH3BOJLHOM TOJIOKEHHH,
Ha nee nefictByer To1bKO OnHa cHJa TsxecTH P (CM. nmpuMeyaHHe K
3agade 93 B § 80), npoekuuy KOTOpo#i Ha KOOPJAHHATHHIE OCH PaBHHD

P,=0, P,=—P=—mg, P,=0.

Moncrasnsis 3arv BesMuuHm B ypaBHenus (10) W 3amedas, 9ro
dix/df*=dv,/df u 1. 8., nOCKEe COKpaIIEHHA HA M NOMYIHM:

dvy dv' — 0

du, _
0, w=—8& 3

a .
YMHOKas 06e 9acTH 3THX ypaBHeHH#t Ha df M WHTerpHpys, HaXOJHM
vx=Cy, vy=—gt+C,, v,=C;.

HavanbHue ycaosus (23) B Hamell 3ajaye MMEIOT BHAI
npu t=0 x=0, y=0, 2=0;
Ux=0,CO5%, U,=0,sina, v,;=0.,

Y0BNeTBOpAs HayaJbHHIM YCJAOBHAM, IOJNYYHM
Ci=U,cO5t&, Cy==v,5sin &, C3=0,
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IMoncraBnas aru 3Havenust Cy, Cy u C; B HaliZleHHHE BHILE PeleHHA H
3aMeHss U, Ha dx/df M T. 4., npHAEM K YpaBHEHHAM:
dy

dx . dz
Ir =Wcosa, =1, sina—gt, -a-t-_o.

HBTerpupys 3Td ypaBHEHHA, NOJYMHM!
x=0,t cosa+C,, y=v, tsina—gt/2+C,, 2=C,.

TloacranoBka HauanbHbIX AaHHHX Aaer C,=C,=C,=0, U OKOHYATEJNBLHO
HaXOJAHM YypaBHEHHMs ABHXeHHMA TOukKH M B BHze:

x=0,f cos &, y=uv,tsina—gt¥/2, z=0, (24)

M3 nocaennero ypaBHEHHS CJIeAyeT, YTO ABH)KEHHE NPOMCXOAHT B
naockoctH Oxy.

HiMes ypaBHeHHs ABHXEHHMS TOYKH, MOXHO METOIAMH KHHEMATHKH
onpeleNHTh BCe XapPaKTEPHCTHKH AAHHOrO JBHXKEHHS,

1. TpaekTop usa ToukH. Hcknouas H3 nepeuXx ABYX ypas-
HeHuH (24) Bpemsa !, MOAYYHM YypaBHEHHE TPAEKTOPHH TOUKH:

= —_—f
y=xtga P P xt, (25)

310 ypaBHeHHe napaGosnl ¢ ocbio, mapajulensmoft ocH Oy. Takum
06pasoM, 6pouerHan nol Yeaom K 20pUSORMAAbHOL NAOCKOCMIL MANEAAR
mouxa dsuxcemca 8 6e38030ywHom npocmparcmee no napaboae (I'anuned).

2.TopusoHTaAabHAA RaAbHocTb. OnpezesluM ropH-
SOHTaJILHYIO AaJIbHOCTb, T. €. H3MepeHHoe BIOoJb ocH Ox paccrosHHe
OC=X. Ilonaras B paBeHcTBe (25) y=0, HafigeM TOYKH MepeceyeHHN
TpaextTopuu ¢ ocbio Ox. U3 ypapuenus x [tga—gx/(2vicos*a)]l=0 no-
AyyaeMm

x,=0, xy=(2v3cosa -tga)/g.

TepBoe pewenue aaer toury O, Bropoe — touky C. ChenoBartesbHo,
X=x, H OKOHYATeJbHO

X=(v¥g)sin2a. (26)

U3 popmyant (26) BHAHO, UTO TaKas e ropH3OHTaJbHasi AaNIbHOCTh
X 6yzer nosnyyena npu yrae f, ans-koroporo 2 =180°—2a, T. €. ecu
yron p==90°—a. CnepoBareNibHO, NpH JaHHOH HavaJAbLHON CKOPOCTH
Uy 'B OHY H Ty Xe TOUKY C MOXKHO nonacTb ABYMS TPaeKTOPHAMH:
HAacTHAbHOM (®<C45°) M HaBecHoit (a>45").

IIpu 3apanHoO#N HauaNbHOMA CKOPOCTH U, HanGo/bIAA FTOPH3OHTANbHAR
AaJbHOCTb B 6e3BO3AYLIHOM NPOCTPAHCTBE noJyyaercs, Koraa sin2a=1,
T.e. npH yrie a==45°

3. Bricora TpaekTopHH. ECIH NONOXKHTL B ypaBHEHHH
(25) x=X/2=(v}/gQ) sina cos &, TO onpeeNTCA BHCOTA TPAaeKTOPHH H:

H=(v}/2g) sin*a. 26')

4. Bpemsa noaera. Hs nepporo ypaBHeHHs CHCTeMH (24)
c/leayeT, YTO NoJHOe BpeMs mojiera T onpefienisiercs paBeHCTBOM X =
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=0,Tcos®. 3aMeHsia 3aech X €ro 3HaueHHEM, MONYUHM
T= (2v,/g) sina. (267

Tpu yrae HanGonsued AaAbHOCTH a* =45° Bce HaliieHHBIE BeJIHUHHBL
HMEIOT 3HauyeHHs:

Xe=0lg, H*=ul/4g=X"4, T*=(v/g)V 2. 27

[MTonyyeHHne pe3yJaLTATH MOTYT HaXOIHTh HEKOTOPHIE TIPHJIOKEHHS,
Haupumep, Bo BHeliHell GaJl/IHCTHKE AJIA OUEHKH TOro, KaK H3MeHsercs
JaNbHOCTb T0JIeTa NMPH H3MEeHEeHHH YIJia & HJH CKOPOCTH U, Ha OUeHb
Manyio BeJIHUMHY, WJIH e JJI OPHEHTHPOBOUHBIX OLIEHOK B CJyuasXx,
aHANOrHYHLIX PacCMOTPEHHOMY B NPHBOAHMOM MNpHMepe.

NMpumep. H3pectHo *, uto HeMenku# cHapsg ®AY-2 nocjie BepTHKAALHOTO 3amyc~
Xa HMeJ1 Ha RuicoTe 20 KM CKOPOCTh vg== 1700 M/c # yroa a=45° (1OBOPOT CHapsifa npo-
H3BOARJICA C NMOMOINBLIO CIELHaNbHBIX NPRGOPOB H pyned). JanbHefiwnA noner cnapaga
NPaKTHYECKH NMPOHCXOAMJ KaK NoJeT GPOLIeHHOTO Te1a B 6e3BO3/lyIIHOM [IPOCTPAHCTBE

B Ha BHCOTAX, A5 KOTOPHX MOXHO emte rpy6o cuutats P=const. Toraa no dopmynan
(27) RoKHO ObiTh:
X *=300 km, H *~75 xm, T *~245 c.
O1H pesyaALTATH OteHb G/H3KH K TeM, KOTOpPHE HMeJH MeCTO A/ AaHHHX CHApANOB
paKTHYECKH.

HepBaa xocmHuecxass cKOpocCTbhb. Paccmorpum
elle OAHY 3ajiayy o ABHKEHHH GpoileHHoro tena. HafzeMm, kakyio Ha-
YaJIbHYIO CKOPOCTb Hafio COOGLLHTS Tey, HaXOAALEMYCS HY paccTOAHHH

{7 R or uentpa 3eMuH, YTOGH OHO XBHraJOCh
BOKPYF 3eM/IH N0 KpYroeoi#t opGHTe paanyca
R (puc. 221); conporuBieHne BO3ayXa CyuTa-
€M OTCYTCTBYIOIIHM, a TeJIO paccMaTpuBaeM
KaK MaTepHaJNbHYI0 TOYKY.

TIpexpe Bcero 3ameyaeMm, 9YTO TaK Kak
CKOPOCTb TOYKH B JHoGOH MOMEHT BpeMeHH
AOMXKHA GbiTh HANpas/eHa N0 KacaTeNbHOR K
TPaeKTOPHH, TO CKOPOCTb U, CJEAyeT Hampa-
BHTH NEpNeHRHKYJAspHO paxuycy CM,, rae
M, — HavaabHOe NOJIOKEHHE TOUKH.

Ana panvefiulero pewenus Bocnonb3yemcsi ypasHenusmu (11).
PaccmatpuBas Touky B npoH3BOJILHOM MosoMeHuH M, NPOBOIHM OCH
Mt 1 Mn u usobpaxaeM JAefCTBYIONYI0O Ha TOYKY CHJY TATOTEHHA
F; uncnenno F=mg,, rae m — macca TOUKH, go — YCKOPEHHE CHJH
TAFOTeHHA B nyHkre M. Tak xak F;=0, a F,=F, ypaeuenus (11) npu-
MYT BHA:

Puc. 221

dv mu? mu?
-m‘=0. -—R-"—"F HAH —R-=mgo.

Hs nepsoro ypasHenus Haxomum, 4ro uv=const H, CAefOBATENbHO,
v==,. [locte sToro Bropoe ypaBHeHHe AaeT (€C/H CYHTATh, YTO R =R,=

*Cu.:Kooft H,IOTen6orapr M. Hduuamnxa paker. OGopourus, 1950,
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=6378 KM — pajHyC 3eMHOrO 9KBaTopa, a go=9,82 w/c?)
Uy =V @Ry =T7914 M/c = 7,9 KM/c. (28)

Sra HaHMEHbLUAs CKOPOCTb, KOTOPYIO HYHKHO COOGLIHTE GPOLIEHHOMY
Teny, yro6H OHO He ynano o6paTHO Ha 3eMmu0, Ha3biBaeTCi Kpyzoeod
HAH nepeol Kocmuseckod ckopocmero (cM. § 97, 98).

I'nana XVII
OBIUHE TEOPEMbBl AHHAMHKH TOUYKH

Jnst pelieHus MHOTHX 3aAay AHHAMHKH, OCOGEHHO B IHHAMHKeE CHC-
TeMbl, BMECTO HENOCPEACTBEHHOrO HHTerpHpOBaHHA AHbbepeHLHalb-
HLIX ypaBHEHHN ABHKeHHA OKa3miBaercsi Gosiee 3¢xbeKTHBHLM I10JIH30-
BaThCAl TaK Ha3bBaeMhIMH OCIUIMMH TeODeMaMH, SBJISIOUHMHCS CJIEACT-
BHIMH OCHOBHOIO 3aKOH2 JHHAMHKH.

3HayenHe oGUIHX TeOpPEM COCTOHT B TOM, YTO OHH YCTaHaBJIHBAIOT
HarjfJnble 3aBHCHMOCTH. MEXAY COOTBETCTBYIOIMIHMH AHHAMHYECKHMH
XapaKTepHCTHKaMH JIBHXXEHHS MaTepHa/bHHX Tel H OTKPHBAaOT TeM
CaMbIM HOBBlEe BO3MOXHOCTH HCCJIEAOBAHHSL ABHIKEHHs1 MEXaHHYECKHX
CHCTEM, IUMPOKO NpHMeRsieMble B HHXeHepHOR mpakrtHxe. Kpowme roro,
npHMeHeHHe OGUIHX TeopeM H36aB/AeT OT HeOOXOAHMOCTH NMPOREJLIBATH
IJIS KaMAo#A 3alauH Te onepailHH HHTErPHPOBaHHs, KOTOpHeE pa3 H Ha-
BCerja MpOH3BOLATCA NPH BHIBOJAE ITHX TEOPEM; TEM CaMHIM YHpPOILLLAETCH
MpOIeCC  pelleHHs.

[lepefigeM K paccMmoTpenHio OGUIHX TeopeM AHHAMHKH TOUYKH.

$ 83. KONHYECTBO ABH)XEHHS TOUKH. HMNIYJILC CHJIbB

OnHoft H3 OCHOBHLIX AHHAMHUYECKHX XapaKTepHCTHK ABHXKEHHS TOYKH
ABJSAETCH KOJHYECTBO ABHMKEHHA *. .

Konruuecmeom Osuxcenun mamepuaibioll modKu HA3bi8aeMes 6eKmop-
HAA BeAUNUMA MU, PABHAA NPOU3EEOCHUI0 MACCHL MOYKU HA €e CKOpOCMmb.

Hanpasnen Bextop mu Tak e, KAK H CKOPOCTb TOUYKH, T. €, 10 Ka- -
CaTE/IbHOR K €e TPaeKTOpHH.

EnunuueRt uamepeHus xosudectBa ABiKeHHs spaserca B CH —
1 kr-M/ce=1 H-c, a B cucreme MKICC—1 xT -c.

HMaoyabsc cnann. JIns xapakTepHCTHKH AeHCTBHS, OKa3biBae-
MOTO Ha TeJO CHJIOf 32 HEKOTOPHIl NPOMEXKYTOK BpeMeHH, BBORHTCSA
NOHATHE 06 HMNyJibce cHAbl. CHavasa BBeJeM MOHATHE Q6 3/1eMEeHTapHOM
HMNYJIbCE, T. €. 06 HMOyJIbce 33 3JeMEHTapHHIfl NPOMEKYTOK BpEeMEHH
dt. Dnemenmaproim UMNYA6COM CUbl HA3LIBAEMCR GEKMOPHAS 6eAUYUNG

dS, pasnas npoussedenurwo curs F na asemenmaproul npomexcymo epe-

* Hpyrag ocHOBHam JMHaMHYeCKass XapaKTePHCTHKA — KHHETHYeCKas SHep-
rug — Oyner paccMoTpena B § 89.
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Menu dt:
dS=Fdt. (29)

HanpaBnen siaeveHTapHHA MMIYJbC BIOAb JHHHH IEACTBHS CHJIEL

Hunyasc S mo6oh cunm F 3a xoHeuHHA NPOMEXYTOK BPeMEHH fr
BLIYHCASETCA KaK npeles MHTerpajbHOfl CyMMBl COQTBETCTBYIOIHX
371eMEHTPaHLIX HMNYJbLCOB, T. €.

>~
™

S=\Fdt. (30)

O

ClenoBaTeNbHO, UMNYALC CUALL 30 KEKOMOPHIL NPOMENCYMOK 8PeMERY
i pasen onpedeAeHHOMY UNMEZPAAY OM BACMERMADHO0 UMNYALLE,
e3amomy e npedesax om Kyss 0o 4.

B uacrHoM cayuae, ecan cuna F nocTosiHHa M NO MOAYJUO, H NO Ha-
npasaennio (F=canst), To S=F{,. [lpuuem B 9TOM cCJlyuae H MOZYJ/b
S=Ft,. B ofineM cayuae MOZY/b MMNYJbCa MOXKET GHTL BHUYHC/IEH MO
€ro NPOeKLKAM Ha KOOPAHHATHHE OCHi

’l ’] 'l
S,={F.at, s,=(F,at, s,={F,at @31
0 0 0

Enyunnueft HamepeHHs HMNYJIbca CHJIM, K&K H KOJHYECTBa ABHXKEHHS,
asaserca B CU — 1 kr+M/c, a B cucreme MKI'CC — 1 kT -c,

§ 84. TEOPEMA 05 H3MEHEHHH KOJTHYECTBA IBHKEHHS TOUKH

Tak xak Macca TOYKH TNOCTOSIHHA, a ee YCKOpeHHe 3=d§/dt, TO
ypaBHeHHe (2), Buipakaiolulee OCHOBHOM 3aKOH JIMHAMHKH, MOXHO
npeACTaBHTb B BHAE

d (mv O F
L =Y F. (32)
YpasHenne (32) BHpaXaeT OZHOBPEMEHHO TeopeMy 06 H3MEHEHHH
KONHYeCTBa IBHXKEHHS TOUKH B JH(deperuHaNtbHOR GopMe: npoussoonas
RO BPEMENU O KOAUHECBa BUICEHUR MOMKI PABHA CYMMe Dellcmayrouyux
HG mouky cua®,
_ Tlycrs aBuxymascs Touka Hmeer B MOMEHT BpeMeHH {=0 cKOpOCTb
Uo, 8 B MOMEHT f; — CKOPOCTb U;. Y MHOXHM TOTAa 06e YacTH paBeHCTBa
(32) na d¢ 1 Bo3bMeM OT HHX onpejeseRHbe HHTerpant. [Ipu stoM cnpa-
Ba, rJie HHTerpHpoBaHHEe HJET NO BpeMeHH, NpefeaMH HHTerpana 6yayT
O u t,, a cneBa, rne HHTErpHpYeTCs CKOPOCTb, NpeietaMH HHTerpaJa

GYAYT COOTBETCTBYIOIHE 3HAYEHHA CKOPOCTH Up ¥ ;. Tak Kak HHTErpan

* Tlo cymecrsy 910 Apyras GopMYJHPOBKa 2-T0 8akoHa AMHaMuKH, GIM3Kad K
Toft, KoTOpylo nan cam Huioton.
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or d(mv) paBeH mv, TO B pe3yarTaTe NOMYUHM
f
mv;—mo, =3 § F dt.
0

Crosinue cnpaBa HHTerpajsl, Kaxk cieayer us dopmyau (30), mpea-
CTaB/SIOT cOGOH KMMNyabchl AelicTBylomux cui. Ilostomy okonuaresb-
HO OyJZer

mu, — mu, = =5, (33)

Ypasuenue (33) Bhlpaxkaer TeopeMy 06 H3MeHEeHHH
KOJHYeCTBa JBHMXEHHA TOYKH B KOHEYHOM BHEE:
U3MeNeNUE KOAUYeCMBa BUICeHUs MOUKYU 30 HeKOMOPbIL NPoMeXCymoK epe-
MEHU PABHO CYMME UMNYALCO8 8Cex OeldiCmayouyUx Ha MOYKY CUA 3A mOom Kce
NPOMENCYMOK BPEMEHU.

I'lpHu peleHuH 3a1ay BMECTO BCKTOPHOrO ypaBHeHHd (33) yacTo nob-
3yl0TCSl yDaBHEHUAMH B npoekunax. I1poekTHpys o6e yacTH paBeHCTBa
(33) Ha. KOOpAMHATHLIE OCH, NOJYYHM

MUy — MUy, =S,
muy; —mu,, = ZS,, (34)
my, ,—mu,, =2S;,.

B cayuae npsiMmonnHHEHHOro ABHXKEHHs, MPOMCXOAALLETO BAO/bL OCH
Ox, TeopeMa BolpakaeTcs MepBHIM H3 3THX ypaBHEHHMI.

Pewexnune 3apgau. -YpaBHeHus (33) wiu (34) nospoJsior,
3Has KaK NpH JIBHXKEHHH TOYKH H3MEHSIeTCsl ee CKOPOCTb, ONpene/HTh
HMNyJIbC NeACTBYIOLIHX CHJ (NepBas 3ajaya AHHAMHKH) WJH, 3Hasl HM-
nyJbCH AEACTBYIOLIHX CHJ, ONPEAENHTD, KaK H3MEHSETCS NPH ABHXEHHH
CKOPOCTb TOYKH (BTOpas 3ajaya AHHaMHKH). [Ipu pewennu Bropo# 3a-
Bayd, KOrja 3aflaHel CHJH, HaJl0 BHMYHCJAHTbL HX HMNyJbcH, Kak BHAHO
K3 paBeHcTB (30) Hanu (31), 3TO MOXKHO CAenaTh AMUIL TOrAa, KOrAa CHJIL
NOCTOSIHHH MJIK 32BHMCAT TOJIBKO OT BpPEMEHH.

Takum o6pasoM, ypaBHenus (33), (34) MOXKHO HENOCPEACTBEHHO
HCNOJIb30BaTh AJs1 pellleHHs BTOPOA 3ajauH AHHAMHKH, KOrja B 3ajaue
B YHCJIO JAHHHIX H HCKOMBIX BEJTHYHH BXOJAT: JefACTBYIOLIHE CHIIH, 8peMA
Osuscenus TOYKH H ee HayajlbHasi H KOHEYHasA CKOPOCTH (T. €. BeJIHYHHB
F, t, vy, vy), IpHYEM CHJIBI JOJDKHH ObITH MOCTOSHHBIMH MJIH 3aBHCSILILH-
MH TOJIbKO OT BPeMeHH.

3anaua 95. Touka, Macca KOTOpPOR m= 2 Kr, ABHIXETCA N0 OKPYXXHOCTH C YHC/IEHHO
nocTosHHOA CKOPOCTbIO v=4 M/c. OnpeaesnTs UMNYJbC AeACTBYIOWER HA TOUKY CHAR
8a BpeM#, B TeYeHHe KOTOPOro TOYKa MPOXOAHMT YETBEPTH OKPYKHOCTH.

Pemenne. [To Teopeme 06 H3MEHEHHH KOJAMYECTBA ABHIKEHHA S==muy—muy-
CTposi reoMeTpHYECKH Pa3HOCTb 9THX KOJIHUECTB ABHXKEHHA (pHC, 222), HaXOAHM M3
HONyYeHHOF0 NMPAMOYTOJBLHOrO TPeYroAbHHKA

S=mV v+l
Ho 00 YC/OBHAM Safaun Uy=U;=0; CNeA0BATE]LHO,
S=moV 2=1},3 xr-ufc.



J1A% aHAZHTHYECKOrO NOACYETA MOXKNO, HCTIOIbIYA NepBHe XBa H3 ypaBHennh (34),
HafiTH
Sy=muv,, Sy= —mvj, oTKyla S=m Vit

3anaua 96. [pysy, nmelomemy Maccy m H JEKalleMy Ha TOPHSOHTaNbHOR NAOCKO-
CTH, COOGILZIOT (TONUKOM) HAYaNbHYIO CKOPOCTD Up. ﬂoc.nenylomee ABHXeHHe rpysa Top-
MO3HTCR NocToARHOA cuaoft F. Onpenennts, uepes CKOALKO BpeMelin IPYS OCTAHOBHTCH,

Puc. 222 Puc. 223

J
P ew e u i e. [lo nannniM 3a7a4H BUANO, UTO IS ONpesieJieHHs BPEMeHH IBHXENHA
MOXHO BOCTIONb3OBATLCA HOKasanHofl TeopeMoR. HsoGpamaem rpys B MPOHSBONLHOM

nonoxenun (pnc.-223). Ha Hero JeficTBYIOT: CHAa TAXeECTH P, peaxunsi NJOCKOCTH N
H TopMoasman cusa F. Hanpasasa ock OX B CTOPOHY ABHIKEHHS, COCTAB/AEM mepsoe
K3 ypasnennfi (34)

- MUy — MUy =2ZISy. (a)

B manuom cayuae vy,=0 (v,_-— CKOPOCTb B MOMEHT OCTAHOBKR), & Dgx="0j. N3 cun

NPOEKNHIO Ha o¢h Ox AaeT TOAEKO chaa F. TaK Kax OHa MOCTORMHA, TO Sy=F =
=—F1,, rae ¢, — Bpems Topmoxenna. TloacTaBnnas BCe STH AaHNLe B ypaBhenHe (a),
nonyuaeM —muy=—~F1{;, OTKyAa HCKOMOe BpeMs

t,=muy/F. ©

Takum 06pa3aoM, Bpems TOPMOXMEHHS PacTeT MPOMOPUMOHANLHO HAYAAbHOR CXOpO-
CTH. :

PewnM 9Ty Xe 9ajauy, CYHTas, YTO TOPMOIALLAA CHAA paBHA @ H He MOCTORRHA, a C
MOMEHTAa Hayajla TOPMOMEHHS PpacTeT NPONOPUHOHAJLHO BpeMeHH, T.e. Q=kt, rae
k — nexoTopHfl NOCTOAHHHA KOI(PHLUHEHT, H CTAHOBHTCA PaBHOM F B MOMEHT OCTa-
HOBKH Ipysa. Tak Xak ¢HJIa 3aBHCHT OT BPEMEHH, TO ONATL MOXKHO BOCHOJNbLSOBATLCA
YpasHenKeM (a), onpeneass S, no nepsod Hs ¢opMya (31). Yurd, 910 Q,=—Q=

=—Fkt, NONYYHM
1y
o= kat=—nl2.
]
Toraa fypannenne (a) naer muy=Fk{}/2. 3nauenne k HaneM H3 YCAOBHSA, UTO npH
t=1t Q=F, 1. e. kty=F, orxyna k=F/{; u oxonuarespno Gyner
ty=2mu,/F. (®)

CrienoBatenbHO, B 3TOM C/1yuae BPEMS TOPMOXKEHHS YABAHBACTCA,

§ 85. TEOPEMA 06 N3MEHEHHH MOMEHTA
KOJNHYECTBA ABH)XEHHSA TOUKH (TEOPEMA MOMEHTOB)
B HEKOTOpHIX 3ajlayax B KayecTBe QHHAMHueCKO#H XapaKTepHCTHKH

ABHXKEHIS TOYKH BMECTO CAaMOr0 BEKTOpPA KOJHYECTBAa ABHXEHHA mu
paccMaTpHBalOT €ro MOMEHT OTHOCHTE/ILHO HEKOTOPOro NEHTPa HAH OCH,
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U MOMEHTH OnpeAefIoTCA TaK Ke, KaK M MOMEHTH CHJN (cM. § 8, 14
n 28).
TakuMm 06pa30OM, MOMEHMOM KOAUMECSA OBUICEHUR MOYKU OMHOCU-

meAbKo Kexomopozo yenmpa O HA3KBAEMCA 8EKMOPHAR BEAULUNA Mo (M),
onpedessiemasn paseHCmeom

Mg (mv) =r x mv, (35)

rier — pajuyc-BeKTOp XBUXYLIEACS TOUKH, NPoBesieHHk U3 tentpa 0.
Tlpu sTom BekTOp m, (mv) HanpasJieH NeprneHAHK yASIPHO NJIOCKOCTH,
npoxofsmeft depes mv u uenrp O, a Imo(mv)|—-mv h (puc. 224; pan
CpaBHEHHS Ha HeM NOKa3aH H BeKTop mo(F) =rXF).
MoMeHT KOMHYECTBA ABHEHHS TOYKH OTHOCHTe/IbHO Kakof-HHOYAb
ocH 02, npoxoasueit yepes uenrp O, GyieT papeH NPOEKUHH BEKTOpPa
Ho(mz) Ha STy OCb:

m, (mv) = [mq (mv)), = | mo (mv) | cos v, (36)

Ihe 9 — yron MeXay BeKTOpoM m,(mv) H ochio Oz.
Teopema MOMEHTOB YCTaHABJIHBAeT, KaK H3MEHNETCH CO BpeMeHeM

BEKTOp My (mu). UtoOH noKasath ee, npoudxpepeHLEpyeM MO BPEMEHH
Bolpaxenne (35). Iloayunm

%(Fxm;)-(ﬂ-;-xmﬁ)+(FXm%%—)=(3xm55+(7me).

Ho vXmu=0 KaK BeKTOpHOe NMpOH3BeleHHe ABYX napanJenbHyx

BektopoB, a ma=F, rae npu AeACTBHH HecKOAbKHX cHA F=ZIF.
CnenoBare/ibHO,

3% (rxmy=rxF wnu Ed't' [mo (mv)} = my (F). 37

B pesysbtare Mul N0Kas3alH CJAEAYIOULYI0O TEOPEMY MOMEeH-
TOB OTHOCHTENbHO LEHTP a: NPoU3IBOOKAR N0 BPEMERU Om
MOMERMA KOAUYECBA JBUNCEHUR MOMKU, 63AMO20 OMHOCUMEAbHO KAKO20-
HubYdo HenoGeudiCHO20 yeHMpa, PasHa Momermy Oedcmsyrowieds Ha MoUKY
CUABL OMHOCUMEAbRO MO20 e yekmpa. _

CpaBuuBas ypassenus (37) u (32), BHAMM, 4TO MOMEHTH BEKTOPOB My
u F cBA3aHH TaKoIl e 3aBHCHMOCTbBIO, KAKOM CBA3aHH CaMH BEKTOPBl my
H F.

Ecan cnpoektHpoBaTh o6e yacTH paBeHcTBa (37) Ha Kakyio-HHOYRb

ocb Oz, npoxoasuLylo uepe3 uentp O, To, yura cootHowexnue (36), noay-
YHM

d - -
-gi [ms (mv}] = m, (F). (38)
310 PaBEHCTBO BHIPANACT MLOPEMY MOMEHIMOB OMHOCUMENLHO OCH.

W3 ypasuenus (37) caiepyer, uto ecin mo (F)=0, 10 mo (mv) =const,
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T. €. ecAl MOMerm Oeticmsyrotied CUALL OMHOCUMEABHO HEKOMOPO2O Yerm-
P PABER KYAIO, MO MOMEHRM KOAULECmMBa OBUNCEHUS MoK OMHOCUMEALHO
3mo20 yenmpa ecme eeauduna nocmossuas. Tagoll pesyJsbTar HMeer
MECTO B NPaKTHYECKH BAXKHOM CJAyyae ABHIKEHHSI NOX ReRCTBHEM LICHT-
pasibHOA cuanl (cM. § 86).

Pac. 224 Puc. 225

3axsua 97. Mapux M npuBsi3an k HATH MBA, uactb BA KOTOpO# IIpOReTa CKBOSL
BEPTHKAABHYIO TPYOKY (pHC. 225). B MOMEHT, XOrja I1apHK HAXOAHTCA Ha PACCTOAHHK
hq OT OCH 2 TPYOXH, eMy COOGMAIOT HAYAIBHYIO CKOPOCTb U, IEPENERAHKYASPHYIO ILNOC-
koctH MBA. OnsoBpeMeHHO HHTb HAYHHAIOT MELJIEHHO BTATHBATH B TpY6Ky. Hafith,
'KaKyio CKOpOCTb U, GyJeT HMETh 1IapHK, KOTAA er0 PacCTOfHHE OT OCH 2 CTAHeT PaBHO

1 —

P e e 1 # e. Ha muapuk AefACTBYIOT CHAa THMKECTH P u peaxuns vuth T. MoMenTH
9THX CHJl OTHOCHTEJILHO OCH Z PaBHH HYJIIO, TaK KakK CHAa P napas/ie/nha OCH 2, a chIa
T o1y ocb mepecekaer, Toraa no ypasHenkio (38)

I iA1=,

OTKYAa m; (mv)=mvh=const. Tak xak Macca m NMOCTOSHHA, TO OTCIOAA CAEAYET, YTO
OpH NBHXKEHHH WIAPHKA Uphg==0,h;,
CaenoBarenbHo,
vi=hyu,/hy.

o Mepe npuGaumeHHs WaApHKa K OCH €ro CKOPOCTb PacTer,

§ 86*. ABMKEHHE NOR AEACTBHEM LEHTPAJIbHOR CHJIbL,
3AKOH IJIOIAAER

Llenmpaavnodd HashBaeTcs cHsa, JHHAS AERCTBHS KOTOPOR NpOXo-
IHT Bce BpeMs 4epe3 AaHHLIA neHTp 0. [IpuMepom Tako#t CHIK ABJSETCA
CHNA TIpHTAXeHRHA nyaHeTH K Co/HLY WJIH CIYTHHKa K 3eMie.

PaccmorpuM, noJnsysch ypaBheHueM (37), Kak GyHer ABHI'aThCs

Touka M (puc. 226) nox neficrBHem uentpanbHofi cuau F, Tak kak B
AaHHOM cayyae mg (F)=0, To mq(mv)=rXmv=const HJH, NOCKOALKY
Macca m NOCTOSIHHA, my, (V)=r X v==const, T. e. BeKTOp m, (V) HOCTON-
HeH U N0 MOAYJIO, H 10 Hanpasaeruio, HanoMuum, ¥To Bex1op my (v)=
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e=r XU HanpaB/ieH NepreHAHKYJAPHO MJOCKOCTH, mpoxoasmel uepes
BEKTOPH 7 H v. C/1efioBaTeIbHO, €C/IH BEKTOP XU HMeeT BCe BpeMs Nno-
CTOfHHO@ HanpabJjieHHe, TO paaHyc-BekTop r=0M ToukH M H Bextop
ee CKOPOCTH U HO/DKHH Bce BpPeMA JieXkaTb B OXHOM H TOM XKe NJOCKOCTH.
Orciona 3akJ/oouaeM, 4To TpaeKTopHs Toukn M Gyner naockoldl kpusod.
Kpome Toro, ogHoBpeMeHHo |m (v)|=vh= y

==const.

Takum o6pa3oM, NpH ABHXKEHHH mOZ
AeficTBMeM LEHTPaJIbHOA CHJIN TOYKA JABH-
ragrcA no NJocKofl KpHBoli, a ee CKOpPOCTb
U H3MEHsSleTcs TaK, YTO MOMEHT BeKTopa
U OTHOCHTENbHO uenTpa O ocraercs mo-
CTOSHHBIM (vh=const).

INocnenuut pesyibTatr HMeer Harasg-
Hoe reomerpHyeckoe HcronkoBanue, Tak 0
Kak vh=h.ds/d¢, a h-ds=2do, rae do — Puc. 226
NJoWAajAb SJIeMEHTAapHOTO TpPeyroJibHHKa
OMM’, rto, cnemoBarenvHo, vh=2da/dt.

Bennunna do/df onpenpensier ckopocts, ¢ KOTOpOft .pacTer mJjomans,
oMeraeMasi paauHycoM-sekTopoM OM npH NBHIKEKHH TOYKH M, M Hadmi-

BaeTcsl cexmopHotl CKopocmout0 TOYKH, B paccMaTpHBaeMOM Cilydae 3ta
CKOpOCTh [IIOCTOSIHHA:

29 = 5 | mo (o) | = const. (39)

TakuM o6pa3oM, npu Osuxernuu nod dedcmsuem yewmparvrol cuve
mouka dsusxcemca no naockod Kpueod ¢ nocmosrnold cexmopHod cKo-
pocmbio, m. e. maK, 4mo paduyc-8exmop modKu 8 Aolvie pasHoe npome-
HYMKU BpEMEHL Omemaem pasHbie nao-
wadu (3akoH nJaowaje#). ITOT 3aKOH
HMeeT MeCTO NPH RBHXEHHH TIJIaHET HIIH
CNYTHHKOB H Bhipamaer coboft OAHH K3
3akoHoB Kenaepa.

Mpumep. OpGutoRt naaxetsl, ABHXymieR-
CA NOJA AefcTBHeM CHAN npuraxenns Cons-
ua, ssaserca saaunc, npuweM Coanue Ha-
XONHTCA B oAaHoM K3 tokycoB C sanunca
(puc. 227). Tak Kax cCHJIA NPHTANKEHHA RKBJAR-
Pre. 227 eTcA LeHTpanbHON, TO NPH RBHKEHHH HMe-
eT Mecto 3akoH muomaneR. Tlostomy B Gnn-
xeaftuweft k Connuy Ttouxe opGutl [T (nepu-
224ud) CKOPOCTb MIaHeTH! U7 6yaeT HanGobiuett, a 8 HauBonee yaasenroft or Coanua
Touxke A (agesudl) ckopocTb U4 GyaeT HauMeHbleR, 3TOT PeayAbTAT CAERYeT H3 ypas-
HeHHKA (39), koTopoe aaa Touek A K /T paer vy AC=vy -JIC. K TanoMmy e BLBORY MOXK-
HO OPHATH, eCAK YHEeCTb, YTO NJIOMAAR NYHKTHPHO SALUTPHXOBAHHLX HA PHC. cex-
TOPOB, OMETAEMEIX 38 OJMHAKOBLIE IPOMEKYTKH BPEMEHH, NOIXHE OLITh paBHbL,
CNIEAOBATENBHO, 33 OMHO H TO XK€ BpeMs IUIaReTa BOM3M TO9XA J1 NOTXHA OpOXTH
661bmmit oyTs, 9eM B6H3E A.
AHaNOrAYHLIA Pe3yIbTaT HMEET MECTO NPH NBAKEHHH CITyTHAKA.
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§ 87. PABOTA CHJIBl. MOIHOCTD |

Jlns xapakTepHCTHKH RERACTBHsS, OKa3KBAEMOro CHJOMA Ha Teno NpH
HEKOTOPOM €ro NepeMelLieHHH, BBOANTCA NOHATHE 0 paGoTe CHJML, LIHPO-
KO HCTIOJIb3yeMOe He TOJIbKO B MexaHHKe. CHauasia BBeleM NOHATHE 06
JieMeHTapHoil paGore. :

Saemenmapnod pabomod cunnl F, npunoxenHod B Touke M
(puc. 228), HashiBaeTcs CKasispHas BeaHuHHa *

dA=F ds, (40)

rae F; — npoekuus cuan F Ha KacatedbHylo MT K TPaeKTOPHH TOUKH
M, HanpaBNeHHYIO B CTOPOHY NepeMeLIeHHS 3TOH TOYKH (HJH mpo-

eKkuns F Ha HanpaBjieHHe CKOPOCTH U TOYKH M); ds — MoayJb saemeH-
TapHOrO NepeMellleHHsi TOYKH M.

Takoe onpejiesieHne COOTBETCTBYeT TpeACTaBJEHHIO O paboTe KaK
O Mepe TOro AeACTBHSA CHJBI, KOTOPOE NPHBOAHT K H3MEHEHHIO MOAYJS

cKopocTH TOuYKH. Ecaim pasnoxurs cuny F Ha cocTaBasioumue F.uF,,
TO M3MEHATb MOAYJb CKOpPoCTH Gyaer Fy, Tak Kak F=ma,=mdv/d¢

(cocraBasoman F, W3MeHsieT WM HanpaB/jeHHe BEKTOPa U, WJIH NPH
HeCBOGOLHOM JBHXXEHHH — CHJy JaBJNEHHSl Ha CBA3b).

Jameuan, urto F.=F cos @, rae @ — yroa mexay F u Ms, noay-

usM M3 (40) Apyroe BupaxeHue aas dA:
dA =Fds cos a. 41)

Ecan yron o ocrpuift, To paGora nojoxureabHa. B yacTHocTH, npH
a=0 sneMeHtapHas paGora dA=Fds.

Ecmi yron o Tyno#i, To paGora orpuuareabha. B uacrHoctH, mpu
a=180° anemeHrapnas pabora dA=—Fds.

Ecan yron a=90° T. e. ecau cuia nanpasiena nepnenOuKyaspro ne-
PpeMelienuio, mo saremenmapras paboma Cuasl PasH@ HYAlo.

3HaKk paGoTH HMeeT CJelyIOMA CMBICA: PaboTa MOJOMHTEbHA,
KOrAa cocraBaswoumas F, HanpaB/ieHa B CTOPOHY JABHXKEHHS (CHJIa
YCKOpsieT XABHXKeHHE); paoTa OTpHIaTeNbHAa, KOTAA COCTapJsioulas
F, HanpapneHa npPOTHBOMOJIOXKHO HanNpPaB/eHHIO ABUXKEHHA (CHJa
3aMelNisieT JBHIKEHHe).

Ecau yuects, yro ds=|dr|, rae dr — Bektop anemeHTapHOro nepeme-
IIeHHA TOYKH, H BOCINOJIb30BATHLCA H3BECTHHIM H3 BEKTOPHOH anreGpH
NOHATHEM O CKaJIFPHOM NPOM3BEJEHHK ABYX BEKTOPOB, TO PaBeHCTBO
(4]1) mMoxHO npexcraBATL B BHue **

dA=F.dr. (42)

* 3nech dA (kax w'dS B § 83) — cHMBOA SneMeHTapHOR BETHUHHME, HO He nnde-
peninana. llndpepenunanom Kakofi-HuGyap ¢yHkuuy sennuuHa dA BooGuwe Moxer
He Omtp (cM. § 126).

** CxaaspHLM NPOH3BefieKHEM BYX BEKTOPOB G M b Ha3HIBaeTCH CKaAAPHas BeH-
uMHa, OnpesieNisieMan PaBEHCTBOM 4+ b==ab COS &, TJie @ — YIOA MeXAY BeKTOpaMH &
H b. BrpaxenHe CKa1fPHOTO NPOH3BESEHHS Yepe3 NPOeKUAH BEKTOPOB @ H & Ka KoOpAn-
HaTHHE OCH. HMeeT BHL G- b= by+a,b,+a,bs
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CneZoBaTeNILHO, 54EMEHMAPHAan paboma CuAbl PAGRA CKAASPHOMY
NPOU3BECEHUIO CUABL HA 6CKMOP SACMEHMAOPHO20 NEPEMELEHUR MOKU ee
RPUACKERUA.

Ecan B dopmyne (42) BbipasuTh CKajsipHOe NpPOH3BENeHHE uYepe3
NPOEKUHH BeKTOpOB F M r Ha KOOPAHHATHHE OCH H YUECTb, WTO I,==X,
ry=Y, r;=2, TO TNOJYYHM GHAAUMUHECKOE 6bLIPANCERUE dAemeNnmaprod

pabomui
dA=F dx+F,d +F.dz, 43)

B KOTOPOM X, Y, 2 — KOOPDAHHATH TOYKH INPHJIONKEHHA CHJIIBN F.

Pyl
-

Puc. 228 Puc. 229

Pa6ora cuam Ha JMoGOM ‘KOHEYHOM nepememennn M M, (puc. 228)
BHYHCAACTCA KaK Tpejes HHTerpajbHOM CyMMEl COOTBETCTBYIOMHX
SJieMeHTapHHX pabor

(My)
Amomg= § Feds, (44)
(My)
HJIH
(M,).
Ammy= § (F,dx4F,dy+F, do). (44)

(M)

CaenopatenibHo, paboma cus na swbom nepemeujenuu M M, pasna
G3AMOMY 600Ab HMO20 NEPEMEUEHUR UKMeSPANY Om SAeMEHMBAPHOD .
pabomsi. TIpenesill HHTErpaja COOTBETCTBYIOT 3HAYCHHEM NepemMenHuIX
HHTErpHpOBaHUA B TOukax M, u M, (Tounee roBsops, HHTerpan Gepercs
BIONb KpHBO# M.M,, T. €. ABNAeTCA KPHBOJHHENHHM).

Ecau Bennuuna Fy nocrosuHa (F,=const), To u3 (44), o6o3Hauas
nepemeinedne M,M, uepes s,, noaydum

Amomy = Fsy. (45)

B uacrHocTH, Takofi carydali MOXKET HMeTb MeCTO, KOTAa AeHCTBYIO-

I1as CHJIa HOCTOAHHA TIO MOAYJIO W HanpasienHuio (F —const) .a Tovka,
K KOTOpOA TNpHJOXKEHA CHJIa, ABHXKETCS NpPAMOJNHMHEHAHO (pHC. 229).
B 3sroM cayuae F,=Fcos a=const H

Ammy=Fs, cosa. (45")

Enunnnefi namvepenns pa6oru apasercs BCH — 1 oy (1 k=
=IlH m=1 kr-m%c?), a B cucreme MKIFCC — 1 kI -m.
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F'paduueckufh cnoco6 BHUHCAEHHUSA Fpa6o1-u. Ecau cuma
3aBHCHT. OT DACCTOAHHA $ M H3pecTen rpaduk sasucHMocTH F ot s (puc. 230), To I-
6OTY CHIH MOXHO BWUHCAHTH TpaduveckH. [TycTs B nonoxenun My TouKa HaxoquTcs
OT Hayaja OTCYETA Ha PACCTOSHHH Sq, @ B nonoxeHnn My — Ha paccronnnu s;. Tofna
no dopmyne (44), yuHTHBAR TreOMeTPHYECKHH CMBCT

& / HHTerpasa, NoJyuYsM
8
/ Aatmo=§ Frds=o,
&
/ Tle 0 — BeJHUHHA 3alTpHXOBaHHOR Ha puc. 230 nao-
0 i~ // S waan, ymHOoMeHHOM Ha MacITaGHHA KoaddHUHeHT,
5 ' & )

[

MomuocTs. MomHocTeio Ha3piBaercs
BeJIMYHHa, onpeensiomas padory, coBepuiae-
Mylo cuJIoft B eXHHHLY BpeMeHH, Eciu patora
COBEpIaeTCA paBHOMEpHO, TO MowHocts N=A/t;, rae ¢; — Bpems, B
TeueHHe KOTOPOTo mpoH3BeleHa pabora A. B ofuwem cayuae '

N =dA/dt = F; ds/dt = Fv. (46)

Puc. 230

CrienoBaTesIbHO, MOWHOCMY PABHA NPOU3BeOeHUI0 KacameasHroll coc-
masasowed curbt HA cKopocme.

Exuunnest usMepenuss momHoctd B CH asnserca samm (1 Br=
=1MIx/c), a B cucreMe MKI'CC — 1 kT'-M/c. B Texnnke 3a eaunuuy
MOIIZHOCTH 4YacTo npHHHMaercs 1 J1. c., paBHas 736 Bt (wam 75 kT -M/c).

Pa6ory, nponaseneHHyI0 MalUHHOM, MOXKHO U3MePSATh NPOU3BENeHHeM
€e MOIMHOCTH Ha BpeMs paGorbl. OTciofa BOSHHKJIA ynorpe6uTe/bHAA B
TeXHHKE eIHHHIA HaMepeHus paborhl KuJjoparT-yac (1 kBT.u=3,6x
x 10* x~367100 kI :m). -

H3 paBencrBa N=Fv BHIHO, UTO y ABHraTess, HMEIOIEro AaHHYIO
MoHOCTb N, cuna taru Fy Gyner Tem Gosiblue, 4eM MeHbIUe CKOPOCTS U.
INosToMy, HanpuMep, Ha NofBbEME HAIH Ha NJIOXOM Y4acTKe J0pOorH y aB-
TOMOGH/IA BKJIOYAIOT HH3UINE NepefauH, NO3BOJANIHE NPH MOJHOK

MOIRHOCTH ABHraTbCfl C MeHbUIEH CKOPOCTbIO H DPa3BHBaTh GOJbLIYIO
CHJTYy TAFH,

§ 88, MPHMEPDI BbiTHCJIEHHS PABOTHI

Paccmorpennnie HHXKe NpuMepH JAIOT Pe3yJbTaTH, KOTOPHMH MOXHO
HeMOCPEACTBEHHO TNOJb30BaThc NPH pelleHHH 33jad.

l.Pa6ora cuau taxeécTu. Flyers Touka M, Ha KoTopyio
ZefiCTBYET CHNa TAMECTH P, nepeMellaeTcs M3 MOJOXKeHHA M, (xo,
Yo, 2o) B nofoxenue M, (x;, yi, ;). BoibepeM KoopaHHATHHE OCH Tak,
uTo0H och Oz GH/a Hanpas/eHa BepTHKaJbHO BBepx (pHc. 231). Torza
P,=0, P,=0, P,=—P. ToacraBnss STH 3HaueHus B popmyay (44'),
NOJYYHM, YYHTHBAs, YTO NepeMeHHHIM HHTErpHPOBAaHUA ABJIAETCH 2

LN
Ama={ (—P)dz=P (z,—2,).
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Ecan. touka M, Buwe M;, 10 Z,—2z;=h, rae A — BEepTHKaJIBHOE
nepemelieHne TOYKH; €ClH XKe TouKa M, HixKe TOUKH Mj, TO Zp—2=
=— (2,—20)=—h.

OkoHuaTeNIbHO TI0AYYaeM

Am M,y ==+ Ph. 47

CrefioBaTesIbHO, paloma cuibl maxcecmu pasHa 63AMOMY €O 3HAKOM
RAIOC UAU MURYC NPOUIBEOCHUI0 MOOYAA CUAbL KA BEPMIUKAALROE Nepeme-
werue mouku ee npusoxcenun. PaGora noJoXHTENbHA, €CJIH HadaJbHas
TOUKA 6baue KOHEYHOH, H OTpHUIATENIbHA, €CJIH HadaNbHasi TOUKa Huxce
KOHeuHOM.

H3 nonyuennoro pesyabrara ciexyer, 9ro paGota CHJB TAXKECTH He
3aBHCHT OT BHJA TOM TPAEKTOPHH, NO KOTOPOH NepeMellaercsi ToYKa ee
npuAoKerua., CHAH, o6najaiolliHe TaKHM CBOWCTBOM, HasHBaIOTCH
nomenyuaseromu (cM. § 126).

a)

0 Iy I
Puc. 231 Puc. 232

2.Pa6ota cuawm ynpyrocrtH. PaccMorpum rpys M,
NexalHil Ha TOPH3OHTA/IbHOM MIOCKOCTH H NMPHKpPeNJieHHBA K CBOGOA-
HOMYy KOHLY HeKoTopo#i npyXHHHW (puc. 232, a). Ha niockoctu orme-
THM Toukofl O nosioxeHHe, 3aHHMaeMoe KOHLIOM NPYXHHH, KOrja OHa He
HanpsikeHa (AO=[, — AJUHAa HEHANnpsIKEHHOM NpYXHHHEI), H NMpPHMEM
9ty TOYKy 9a Hauajo0 KoopauHaT. Ecau Tenepp OTTAHYTH TIpy3 OT
PaBHOBECHOTO NOJIOXeHHss O, pacTAHYB NPYXHHY [0 BeJHUHHH /,
TO NpyXKHHA NOJAYYHT YAJIHHeHHe A=[—], ¥ Ha rpys 6yjeT JeACTBOBATh
cHJa ynpyrocth F, HanpaBleHHas K Touke O. Taxk Kak B Haluem cayyae
A=x, T0 Ho ¢opmyse (6) u3 § 76

F=ch=clx| 1 F,=--cx.

Tlocsiensiee paBeHCTBO CnpaBeInBo ¥ NpH x<<0 (rpy3 JieBee TOUYKH 0);
TOrfa cHJa F HanpasjieHa BNpaBO H NOJYUYHTCSH, KaK H JOJUKHO OHITb,

F.>0.

Hafinem paGoty, coBepmiaeMmyio CHJOH YIIPYrOCTH NpH mnépemelle-
_HUH Tpy3a H3 noJioxkeHusa M, (x,) B nonokenne M; (x;). Tak kak B nas-
Hom cayvae Fp=—cx,*F,=F,=0, TO, NOACTaBNASA 3TH 3HAYEHHA B

14* 21



dopuyany (44'), uahigem

A‘MOMl) = ‘g (-—-Cx)dx: -%- (xg_xa).

(3roT Ke peayJLTAT MOXKHO NOAYYHTH NO rpadHKy 3aBuCHMOCTH F
or x (pHc. 232, 6), BhuHCAAA NJOWAAb O 3AIUTPHXOBAHHON Ha YepTexe
TPanelHy H YUHTHIBas 3Hak paGortul.) B nosnyqennofi dopmyse x, npen-
craBaser coboit HauaanNOe VIJIHHEHHE NPYIKHHBI Ay, a Xy — KOHEYHoe
YAJMHEHHe NpYyXHHHM A;. CuenoBaTtenbHO,

Amomy =5 (M—1), (48)

T. €. paboma Cuab Ynpyzocmu pasxa noAcBUKe npousse0enus Kosduiyu-
EHMA HECMKOCMU HA PASHOCMb KBAOPAMO8 HAYAALHO20 U KOHEYHO20 Yoau-
rewud (uau cxamud) npyjcunst. -

PaGora 6yzer nonoxurenabHOW, KOTAa A,=>A{, T.e. KOTAAa KOHe
NPYXHHLI NepeMellaeTcss K PaBHOBECHOMY MOJIOXKEHHIO, H OTPHIATeAb-
HOR, Kora Ag<lA;, T. €. KOTZAa KOHel NPYXHHH YAaNAETCA OT paBHOBeC-
HOI'O NOJIOXKEeHHS. ,

MoxHo ‘aoka3ats, aro dopMyaa (48) ocraercs cnpaBejIHBOA H B
crydae, Korja nepeMemerue TOUYKH M He ABJAACTCA NPAMONHHEAHHIM.
TakuM 06pa3oM, OKA3BIBaeTcsi, YTo paGoTa CHAW F 3aBHCHT TONBKO
OT 3RaueHHfi A, H A, M He 3aBHCHT OT BHAA TPAEKTOPHH TOYKH M. Cne-
ROBATENLHO, CH/IA YNPYTOCTH TaKXKe ABJACTCH NOMENYUAsbHOl.

Puc. 233 Puc. 234

3. Pa6ora cuanb TpeHusa PaccMOTpUM TOUKY, ABHIKY-

IMYIOCA MO Kakofi-HHGyAb IepoXoBaToli MOBepXHOCTH (puc. 233) uau
-kpuBoit. JeficTByiolas Ha TOYKY CH/Ia TpeHHs paBHa mo moayso fN,
.The f — kosddHuHeHT TPpeHHs, a N — HOpMa/bHast peaKuus MoBepXHO-
ctH. Hanpasniena cuia TpeHHs NPOTHBOMOJOMKHO TEPEMEILEHHIO TOYKH.
CnegoBarensuo, F,,.=-F,,=—fN u no dopmyne (44)

(M) M)

Aoy =— S Frpds=— S fN ds.

(My) (M)
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Ecnn  uMCIeHHO cuja TpeHHs NOCTOAHHA, TO A y,ymy=—Fyps,
rae s — JNHEa ayri kpusoft M M,;, no xotopoit nepemeutaercs Touka
Takum o6pa3oM, paGota CHJIBI TPEHHS NPH CKOJIbXKEHHH BCeria OTpH-

nareqbHa. Tak Kak 3Ta paGoTa 3aBHCHT OT AJIMHKEL AyrH M, M;, 10,
CJIe/l0BaTe/NbHO, CHAA TPEHHSI ABJACTCH CHJION MENOoMeHuuaibHOd.

4. Pa6oracuau tarorenna Ecan 3emno (nnanery) paccmatpHBath
KaK OoiiopoAuuifl wap (MaH wap, COCTOALHRA H3 OAHOPOAHBIX XOHUEHTPHYCCKHX CAO~
eB), TO Ha TOuKy M ¢ Maccoft m, HaXOAAILYIOCS BHe LIapa Ha PACCTOAHHH 7 OT €ro IteHT-
pa O (u1H HaxoAsWYIOCS HA NOBEPXHOCTH wiapa), Oyaer AeACTBOBATb CH.a TATOTEBRR

F, nanpaBieHnas K uentpy O (puc. 234), sHauenue KoTopoit onpeensierca dopMyaoh
(5) u3 § 76. I'lpencraBum STy Gopmyay B BHAe

F=km/r?
# onpenenuM KoshbHLHENT &k H3 TOTO YCJIOBHS, YTO, KOTAA TOUKA HAXOAKTCA Ha NOBEPX~

HOCTH 3eM/H (r=R, rge R — paanyc 3eMaH), CHa NPHTAKEHHS paBHa mg, TAe g —
ycKOpeHHe CHAN TAXKecTH (TouHee CHJAM TATOTEHHA) Ha 3eMHoRt nosepxuocrd. Toraa

ROMKHO OLITD
mg=km/R* u k=gR3.

MoncunTaeM CHAYAN2 3eMEHTAPHYIO PAGOTY CHAN F. Kak BHIHO H3 pHCYHKA, Sne-

MeHTapHoe nepememenne MM’ Toukn M MOXHO pa3jIoOXHThL Ha nepeMelnleHHe Ma, anc-
JIEHHO paBHQe npHpamenuio dr paccroauna OM=r u Hanpasaennoe Bioab OM, n Ha

nepenemenne Mb, nepnenaukyaspioe OM, a cienosarenso, u cuae F. Tockonbxy Ba

STOM BTOPOM NepeMemtenuy paGota chan F pasia Hymo, a nepememenne Ma Hanpanae-
HO NPOTHBONOJIOKHO CHJE, TO

dr dr
dA=~—-Fdr=—km—rT=—ng’-;r. (49)

JlonycTHM Tenepb, WTO TOWKA MepeMeilaeTcs U3 HOJOXKEHHA M,, rae r=ry, » 00~
noxenne M;, rae r=r,. Toraa

e ¢ dr 1 1
Amomo= § a4 = —mgR? { £ = mgR? § a(+)
(M) £ L £
HAH OKOHYATEABHO
1 1
Apmomn=mgR? (';——,—) {50)
1 [

PaGota 6yaeT NONOKKTEALHOR, €CJIH 7y > 7y, T. €. KOTAa KOHEUHOe TIOJIOKEHHEe TOYKH
G1Ke K 3eMHOMt IOBEPXHOCTH, YeM HauaAbHOE, H OTPHUATE/IbHORA, ecH o< ry. OT PRAA
TPAEKTOPHH TOUKH M paBoTa CHAB TATOTEHHS, KaK BHAHO H3 dopMyan (50), ne saps-
cHT. CneoBaTe/IbHO, CH/IA TATOTEHHA ABJACTCH NOMEHYUAALNOU.

§ 80. TEOPEMA 06 H3MEHEHHH KUMHETHUECKOR
SHEPI'#H TOUKH

, BBeneM noHstHe eiue 06 OAHON OCHOBHON AMHAMHYeCKOR Xxapaxre-
PHCTHKE ABHXEHHS — O KMHeTHyecKol sHepruu. Kunemuueckod aue/)-
2uell MGMePUAbHOll MOYKU HA3KIBAEMCA CKAAAPHAA 6eAUMUNG mu*/2,
PABRAR NOAOBUNE NPOU3BE0EHUR MACCHL MOMKU KA Keadpam ee CKOPoCmu.

EAMHHLA M3MepeHHs KHHETHYECKOil SHepTHH Ta Xe, 4TO H paboru
(8 CHU — 1 ). HafineM saBHCHMOCTh, KOTOPO# CBSI3aHK 3TH ABE BEJH-
YHEH,

73



PaccmoTpHM MaTepHaaBHYIO TOUKY € Maccofi m, nepeMelarotyiocs
H3 NONOXKEHHA My, I'lie OHa HMeeT CKOPOCTh Uy, B noJloxeHHe My, Tie ee
CKOPOCTb Uy, ‘

Jlna nomyyeHHss HCKOMOA 3aBHCHMOCTH 00paTHMCS K BHIPaXKaioeMy
OCHOBHOM 3aKOH AHHAMUKH ypaBHeHHI0 ma=2 F,. [Tpoekthpys obe ero
94aCTH Ha KacaTeJbHYI0 MT K TpaeKTOPHH TOYKH M, Hanpas/ieHHyIO
B CTOPOHY JBHIKEHHs, MOJNYYHM

ma_ == ZF;:.

Bxoasmee ciofia KacaTe/IbHOe YCKOpPeHHe TOYKH NPEACTaBHM B BUAE

v __dvds o do
== a Vs

B peayavrare Ha#lfeMm, 4To
do
mov r'Ty = z F ky o

YMHOXKHM 06e "9acTH 3TOro paBeHCTBa Ha ds M BHeceM m MOJ 3HaK
Aauddepenuuana. Torpa, 3amevasi, yro Fp,ds=dA4,, rae dA, — sze-
MeHTapHasA pabora CHJN Fjp, NOJyYHM BbpakeHHe TeOp eMH 06
H3MEeHEeHHH KRHHEeTHTECKON 3HeprHH TOYKH B
AnddepeHunaabHoit popme:

4(7F) =S a4, (51)

IlpounrTerpuponaB Teneph .obe 9acTH 3TOrO PaBEHCTBA B mpelenax,
COOTBETCTBYIOUIHX 3HaYEHHAM NepeMeHHHX B TOYRax My H M;, HafineMm
OKQHYATeJbHO

2 > ]
mvl mv.

3 7~ =2 Amomy: (52)

Ypaerenne (52) punpaxkaer TeopeMy 06 H3IMEHEHHH
KHHEeTHYeCKON SHEePrUH TOUYKH BKOHEYHOMBH €
U3MEHENUe KUHemu4eckold sHepauls MoUKYU NPU HeKOmMOPOM ee nepemeuye-
Huu pasno aseebpauveckol cymme pabom ecex OeldcmBYIOUUX HB MOYKY
CUA HQ mOM e nepemMelientiy.

Cnyudfth HecBo6oaHoro ABHXeHHUsn [Ipu HecBo-
GoaHOM IBHXKEHHH TOUKH B MPABYIO YacTb paBeHcTBa (52) Bofer pabora
38JaHHHX (aKTHBHHX) cHa F} H pa6ota peakuus cBssH. OrpaHHuHMCs
paccMoTpeHHeM ABHXXEHHS TOUKH MO HENOABHXKHOR riafkofl (MHMIeHHOR
TPeHHSA) NMOBEPXHOCTH WJIH KpuBo#. B sroM ciyuae peakuus N (cm.
puc. 233) 6yzer HanpaBieHa NO HOPMaJli K TPAEKTOPHH TOUKH U N =0,
Torna, cornacuo dpopmyae (44), paGora peakuuu HeNnoABHKHOA r/iafikol
NOBEPXHOCTH (MJ/IH KPHBOM) NpH JoGOM NepeMellieHHH TOYKH GOyZer
paBHA HYJ/IO, H H3 ypaBHeHHA (52) moayuum

mo? mut ,
—-——g-= 2 Almmy (62')
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ChiefioBaTeJIbHO, NPH NepeMellieHHH N0 HEeNnOABHIKHOA riamkoft mo-
BEPXHOCTH (HJM KpPHBOH) H3MeHeHHEe KHHETHYECKON SHepruH TOYKH
paBHO cyMMe paboT Ha 3TOM IlepeMellleHHH NPHJIOMEHHHX K TOYKe
QKMUBHHX CHJL.

Ecnn noBepXHOCTb (KpHBas) He sBjsercs Maakofl, To K paGore
aKTHBHHX CHJ,NpHGaBHTCA paGora cHJIb TpeHHA (cM. § 88). Ecan e no-
BepXHOCTb (KpHBas) ABHXeTcs, TO abCOMIOTHOE NepeMeleHHe TOYKH M

MoxeT He OWTbL nepneHgukyaspHo N H Ttorsa pabora peakuun N
He GyJieT paBHa HyJIo (HanpHMep, paboTa peakLHH MaTGOpMH JHdTa),

Pewenne 3apay. Teopema 06 H3MeHeHHH KHHETHYeCKOM
sHeprun [dpopmyna (52)] nosBosisier, SHas KaK NPH ABHMKEHHH TOUKH
H3MeHSEeTCA ee CKOPOCTb, ONpeNeNnTh paGoTy meficTBylomUX CHA (mep-
Baf 3ajlaya AMHAMUKil) W/H, 3Has paboTy MeACTBYIOUIMX CHJ, onpene-
JIUTh, K&K H3MEHAeTCH NpPH ABHXEHHH CKOPOCTb TOYKH (BTOpas sajava
aunamuku). Tlpn pemrennn BTopofi 3ajayH, Korja sajaHH CHAB, Hazo
SHIYHCAHTL HX pabory. Kak Buano H3 dopmya (44), (44'), 910 MOXKKO
clesaTh JiMillb TOTAQ, KOrAa CHJIbI NOCTOAHHH MJIH 3aBHCAT TOJBKO OD
nonoxenus (KOOPAHHAT) ABHXKYUIEACA TOYKH, Kak, HanpuMmep, CHJILI
ynpyroctH HWau TArotenHs (cm. § 88).

Takum o6pasoM, popmyay (52) MOXKHO HENOCPEACTBEHHO HCIOJBL3O-
BaTh, I/ pelleHHs BTOpOM 3aJaud AHHAMHKH, KOFja B 3ajaye B YHCJIO
A3HHBIX H HCKOMBIX BEJTHYHH BXOJAT: JIEACTBYIOLLHE CHIIH, nepemeyerue
moyku W ee HayaJbHas H KOHEUHas CKOPOCTH (T. e. BeJHYHHM F, &,
Uy, Uy), NpHYEM CHJK JO/KHH OHITb NOCTOAHHBIMH HJH 3aBHCALIHMH
TOJILKO OT NOJOXEHHS (KOOpAWHAT) TOUYKH.

Teopemy B AudpeperuuasibHofi ¢popme [popmyaa (51)] moxkHo, Ko-
HeYHO, NPUMEHATHb NpH JIOOHIX AeACTBYIOUHX CHJaX,

3axaua 88. I'pys Maccolt m=2 Kr, OpOLIEHHHA CO CKOPOCTBIO Up==20-M/C HI NMYHK-
Ta A, HaxoaAulerocs Ha shicore A==5 M (pHc. 235), HMeeT B Touke nageHHa C CKOPOCTb
v,;=16 M/c. Onpenenutsb, uemy paBHa padora feht-
CTBYIOILeR Ha IPys NPH €ro ABHXEHHH CHJIH CONpo-

THBJICHHA BO3Ayxa R.
Pememnne. Harpys npy ero apyikenuu fef-

CTBYIOT CHJIA TAXKECTH P ncanna CONPOTHBJICHHSA BO3-

ayxa R. Tlo TeopeMe 06 M3MEHEHHH KHHeTHUECKOH
SHEPTHH, CYHTas IPY3 MaTepHaIbHOR TOUKOA, HMeeM

mol/2—mud/2= A (P)+ A (R).

W3 storo pasencTsa, T2 KaK cOrMacHo ¢popmy-
ne (47) A (P)==Ph, HaxoaHm Puc. 235

AR)= mv}/2— mv}/2— mgh= — 242 Ix.

3anaua 99. [Tpu ycnosuax sagaun 96 (cM. § 84) onpenennts, Xakoft myTh Hpofizer
TPY3 AC oCTaHOBKH (CM, pHc, 223, rie My — Haua/ibHOe O/MOXKeHHe Ipysa, 8 M; —
KOHEe4HOe). _

Pewenne Harpys, kak H b sanave 96, aeficTBY10T CHAN P, N, F. lar onpe-
ZeAEHHA TOPMO3HOTO NYTH §;= MoM;, YuHTHBEA, YTO B YC/IOBHA RaHHGH 3ajauH BXO~
AAT §f, Ug, Uy M TIOCTOSAHHARA CHAA F, BOCHONBSYeMCR TeopeMoft 00 H3MEHEHHH KHHETH~
qyeckofi SHEPrHH

mu}/2— mud[2=ZA .55
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B paccmarpRBaeMoM crydae 0;=0 (o; — CKOPOCTb IPY3a B MOMEHT OCTAHOBKH).
Kpowe toro, A (P)=0n A (TV)=_(}. TaK KaK cHAH P u N nepnenankyaspHK nepemelne-
amo, A (F)=—Fs;, nocxoneky F=const. B utore noayuaem —mug/2==—Fs;, oTKyAa
HAXOAHM

sy=mu3/2F.

ITo pesyabTaTam 3anaus 96 BpeMsA TOPMOKEHHSA pacTeT NPONOPLHHOHANBHO HAYAN L~
Aoft CKOPOCTH, a8 TOPMO3HOA NYTh, KaK Mbl HAILIH,— NPONOPUHOHAIBHO KBAAPATY Ha-
qanbHOR cxopocTd. [IpHMEHHTeNbHO K Ha3eMHOMY TPaHCNOPTY 3TO NOKasHBaer, Kak

8CTAET ONACHOCTDb € YBEeJHYEHHEM CKOPOCTH ABHXKEHHS . :

3anaua 100. I'pys Becom P noapemeH Ha HHTH ayuHoft [. Hurte Bmecre ¢ rpysom
OTKJOHAIOT OT BEPTHKAJIH Ha Yroa @ (pHec. 236, a) H oTnycKaioT Ge3s HavaAbLHOM CKO-
pocta. Ip# ABHKEHHH Ha rPY3 AeACTBYET CHJIA COMPOTHBACHHA R, xotopywo npHGax-
IKEHHO SaMeHseM ee cpeAHHM 3HaueHHeM R * (R *=const). HafiTh cxopocTb rpysa B TOT

MOMEHT BPeMeHH, KOTAa HHTb 06pa3yeT ¢ BEPTHKAALIO Yron Q. .
PemeHKe YUuHTHBAdA YCJOBHA 3a/lauH, BOCMOAb3yeMcs onaTh Teopemoft (52):

mu?/2 —muy/2= ZApm. My (a)

Ha rpy3 zefictsyior cuna Tskectn P, peaxuna HutH N W CHJa COMPOTHBJIEHHS,

HpeACTaBIeHHAS ee CPeaHUM 3naventeM R*. Jlas cuiw P no dopuyne (47) A (P)=Ph,

pas canm N, 7ax kak N¢=0, nonyuum A (V)=0, nakonen, ans cuau R *, Tak Kax

R *=const 1 Rg=—R *, 1o dopmyze (45) 6yner A (R *)=—R *s=—R */(@—0)

%nma 8 xyra MoV paBia npousBefeRHI0 pagnyca [ Ha UEHTPAIbHHA yroa Q—e).

OMe TOTO, TI0 YCAOBHAM 3ajauk v,=0, a m=P/g. B peayabTate paBencTBO (a) AaeT:
Pu*/2g=Ph—R* (@y—¢) n v=V 2gh—2gl (po—q) R*/P.

H OTCYTCTBHH CONMPOTHBJEHHA HOJNydaeM OTCIOfa H3BeCTHYWO dopmyay lanuses

o= , CNIPAaBERIHBYIO, OHEBHAHO, H JJIA CKOPOCTH CBOGOAHO Najalowiero rpysa

(puc. 236, 0).

Puc. 236 Puc. 237

. B paccmatpuBaeMoR sapaue h=[cosq—Icosp,. Toraa, BBens eme 0G03HaueRme
R*/P=k* (k* — cpeausin chna CONPOTHBJCHHS, NPHXOAAUIAACH HA €AKHHLY Beca
IPYy3a), IOMyYaeM OKOHYATENbHO

v =V 2gl[cos p—cos g — F* (9,— 9)]-
3anaua 101. [IpyxuHa K/anana HMeer B HeAeOPMHDOBAHHOM COCTORHHA ANHHY
ly=6 cx. [IpH MOAHOCTHIO OTKPHTOM KAanaHe ee AJHHA /=4 cM, & BHCOTA MOIBEMA
xnanana $=0,6 cm (puc. 237). JectrocTs npyxunH c= 150 H/m, Macca knanana m=
=0,4 xr. TpereGperas neficTBReM CHAL TAKECTH H CHA CONPOTHB/ICHHA, ONPEAEAHTD
CXOpOCTb K/IANAHA B MOMEHT €r0 SaKpHTHA.
emeHHe, Bocmoabsyemcs ypaBueHHem

i 2—mud /2= Ay e (a)
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INo ycaosuaM 3agaun paGoTy coBepuIaeT TOJALKO CHAA YOPYTOCTH NPYXKHHH. Tor-
Za no gopmyse (48) Gyzer .
A(Mth) =¢ (13'_1':)/2
B nannom caydae
Ao=ly—I=2 eMm, M=lj—I—s=1,4 cm.
Kpome Toro, veg=0. [TozcraBasa Bce ITH 3HAYEHHA B ypaBHeHHe (a), NMOJYTIHM

OKOHYATEAbHO
U= ]/;,ﬁ(ﬁ—xi)=o,2su/c. C©

Jaxana 102. T'pys, nexawuft Ha cepegune ynpyroft 6anku (puc. 238), nporuGaer
ee Ha BEJIHYHHY Aoy (CTATHCTHYECKHA NPOrKG Ganku). [Tpenebperas Becom GasiKH, onpe-
Je/IHTb, YeMy GYNeT paBeH ee. MaKCHMa/IbHbifl TPOTHO A, €CAH TPY3 YNajeT Ha 6anKy
¢ BhcoThl '

Pemenne Kaxusnperuaymeft 3agaue, BOCNOAb3YEMCH /IS PEUIEHHA ypan-
Henneu (52). B aanHOM cayuae Haua/bHAA CKOPOCTb TPY3a Up H KOHEYHAH ero CKOPOCThb
U; (B MOMEHT MaKCHMANbLHOrO Nporu6a 6afKK) paBHH HYJIO H ypaBHenue (52) npHHH-
MacT BHE

ZA,=0. @

PaGoty spech coepiaior cuaa THKECTH P ua nepememenud MM, n cuna ynpy-
voctH Ganke F Ha nepememenud M'M;. Tlpu stom A(P)=P(H+4Ay), A(F)=
=—0,5cAn, TAK KaK AA7 6ankH Ag=0, A;=A,. [TOACTABAAS 3TH BEJHYHKH B pa-
BEHCTBO (@), MONYUYHM

P (H +1.5) —0,5cAm =0

Ho nps paBHOBecHH rpy3a Ha 6a/iKe CR/IA TAXKECTH YPABHOBEIIHBAETCH CHIION ynpy-

TOCTH, CNEROBAaTeNbHO, P=cA y H Npefnifyiiee PaBEHCTBO MOXKHO NPEACTABHTD B BHAE
A — b —2herH =0. :

Petuas smo KBaapaTHOe ypaBHEHHe H YYHTHLIBAf, YTO MO YCJOBHAM 3aja4H AOMNK-

HO ObiTb Agn >0, HaxoAHM
A,,' = Acr + V}iﬂ + §]; }:C‘l‘.

Hiutepecio otmetnTs, uT0 npH H=0 nony4aerca A,=2A.,. Clenopare;bto, eciu
TPY3 NONOXKHTL HA CePENHHY TFOPH3OHTAIBHOM GaNKH, TO ee MAKCHMaAbHbIX nporub
NpH ONYCKaHHH rpys3a 6{)&1‘ paBseH yABOEHHOMY CTaTHuecKoMy. B Ranbuefiwem rpys
HaYHeT BMecTe ¢ 6anKof cOBeplIaTh KONREGAHMS OKOJMO PABHOBECHOTO ‘MOJOMKEHHS.
TMox BaMAHMeM CONPOTHBAeHHA STH KOJEGAHHA 3aTYXHYT H CHCTEMa YPaBHOBECHTCH
B TIO/IOXKEHHH, IPH KOTOPOM NPOrHG GaNKH paBeH Acy.

'r—‘@"’a

HY F

Puc. 238 Puc. 239

3apaua 103. Onpenenutsh, Kaxyld HAHMEHbIIYI WaNpaB/eHHYI0 BepPTHUKATLHO
BREPX HAANBHYIO CKOPOCTb Uy HAAO COOGIIHTL Tesy, YTOOK OHO MOANSAJIOCH C MOBEPX=
HOCTH 3eMJIH Ha 3aaHHYI0 BuicoTy H (pHc. 239). Cusy npHTSKEHHS CUHTATh HIMEHAIo-
ueilcss 06PATHO MPONOPIUHOHANLHO KBAZPATY PAcCTOSHHA OT uentpa eman. ConpoTHp-
JeHKeM BO3RYXa npeHeGpeyn.
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PemeHue PaccMaTpuBas TeA0 KaK MaTepHalbHYIO TOUKY C Maccofi m, Boc-
NO/Mb3yeMCR ypaBHeHHeM : _

mu}/2—mudj2= Ay pm (a)

Pa6ory szech coBepiiaer cuna tarotenns F. Toraa no ¢opmyse (50), yunTHBas;
4TO B l@RHOM cjlyuae rp=R, ry=R+H, rae R — paguyc 3eMaH, noayunM

Aoy =mgRI[1/(R+H)—1/R).

Tak Kak B HauBHCIIeR TouKe v,==0, TO NpH HafileHHOM 3HaYeHHH paGOTH ypaBHe~

HHe (a) Aaer
eV B
(i Rl R +H'
PaccMOTpHM wACTHHE CayuaH:

a) myctb H ouenp Mano] no cpasHennio ¢ R. Torra HIR — Beauunna, 61u3kas
K Hy/o, Jlens uHCAHTEeNb B SHaMeHaTelb Ha R, NOJYYHM

- BH_ v oh
UO—VW~V2gH.

Taknm oGpasom, npu Maaux H npuxonnm x dopmyae Ianunes;
6) nafinem, npH KakoRf HawaabHOM CKOpPOCTH GpoilleHHOe Tejio Yfjer B fSecKoHeu-
HOCTh, Jeas uHcAHTEnb H 3HaMeHaTeab Ha H, noayunm

__]/ 2R
Vo= TR RA

Tpu H==00, cuutas cpeauuit paguyc 3eau R=6370 xm, HaxoaWM
vo=V 2gR~11,2xm/c. ©

CnenonarenbHo, Tes10, 6poieHHOe ¢ OBEPXHOCTH 3emaH co ckopocTbio 11,2 ku/c,
HaBCeraa NOKHHET MNoJie 3eMHOTO TAroTeHHs. CKopocTb, onpefenseMas PaBeHCTBOM
(6), nasuiBaercsi 6mopod KOCKUHECKOU CKOPOCMBIO. :

MoxHo poxasats (cM. raA. XX), 4TO npH HaYaNAbHHX CKOPOCTAX, JIEXKAIIHX NpH-
6Au3HTENbHO B Npenenax 8 KM/c<uy< 1] KM/C, TeN0, GpolieHHOe N0 -HANPABAEHHIO Ka-
caTe/bHOA K 3eMHOft MOBepXHOCTH, He ynaleT o6pathHo Ha 3emuo, a MpEBPATHTCH B

‘ 3EMHOT0 CIyTHHKA. [IpH HavaALHHX CKOPOCTAX;

Lo [ MeHbMX 8 KM/C, MAH NPH HeropH3OHTANbLHOM

6poCaHHH TeJo, ONHCAB SJIJMHNTHYECKYIO Tpa-

exTopHIo, ynager o6partHo Ha emmo. Bcee sti

Pe3yJsTaTH OTHOCATCA K ABHMEHHIO B 6e3Bo3-
JAYUIHOM NPOCTPaHCTBE.

3apaya 104. Onpegenurb, npeneGperas rpe-

HHEM, KaKylo NOCTOSHHYIO cHay ( Hamo npH-
JIOXHTb K mopwHio I (mjomagb mopwHs S,
HauaTbHaA CKOPOCTb vp=0), uTo6nl CKaThb ra3,
HaXOAAWMKIICA B UMAHHApPe 2, IO JaBJEHHA Dy,
€CJIH HayaJbHoe JaBJieHHe PaBHO py (pHc. 240).
CuntaTh, YTO NPH CXKaTHH JaBJjieHHe.Tas’a p

Puc. 240 pacter 06paTHO NPOMOPLHOHANBLHO €ro o6nbeMy
V (cxkaTHe NpOMCXOAMT MeAJNeHHO, NPOLECC H30+
TepMHUuecKHuil),
P e wenne Ha nopwens aefictyior cuna @ u cuna napienns rasa P. Tak xax
Y- nopuiHa vp=0 u v;=0, TO N0 Teopeme 06 H3MeHeHHH KHHETHYECKON SHepTHH
AP)+A@Q)=0. (a)

Hanpasum 0cb Ox B CTOPOHY ABHIKEHHS NOPIUHS, CYHTAA, 4TO NpH Xx=0 AaBJeHue
p=Dp,. (gdoana‘mm uepes /, HauaJbHOE PACCTORHHE NOPLIHA OT AHA LHAKHAPA, & qe_l;_)es
X{ —~ nepeMeiene NOPIIHA 10 NOJOXKEHHNA, PKR KOTOpOM v, =0 H AaBJ/ieHHe p=p;. Tax
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KaK YHC/IEHHO P=pS # P, =-—P=—pS, 10 no dopmyae (44')
L1
A(F):-Sdex. (©
0

3aBHCHMOCTL p OT ¥ HafiieM M3 YCJIOBHA, 9TO AaBJeHHe OoOpPATHO MPOMOPUHOHAb-
RO o6beMy, T. e. p/py=V,/V, rie HadaabHuf 06vem Vo=Sly, a 06beM B NPOH3BOJILHOM
NOJIOXKeHHH V= 5 (ly—x). Toraa ans p, a TaKxe AAs KOOPAHHATH X;, IPH KOTOpOR p=
=py; NONYIHM BHpPaXKEHHA:

bl g (1P
p_l,,—-x fo_lo(l Px)' (8)
Yuta 3TH 3aBHCHMOCTH, HaliieM H3 paBeHcTBa (6)

Iy
ly— xg

Xy
By dx — pi.
A(P)= polos§7o_—x-_-—polosln =—poly Sin e

Hanee, Tax Kak 'Q= const, MOAYYUM € y4eToM cooTHolueHHH (B)
AQ)=xe=al, (1-2) =01, 220,
Ipu HafgeHHHX 3HauYeHHAX paGoT PaBEHCTBO (a) RaeT OKOHYATENbHO
Q=-PoPi ginfi,
PL— Py Po
Ecax p; > py, TO, NoJaras NpHONHKEHHO py—pg= py, NONYUHM
Q=p,Sn (p1/po)-

Cuna Q ¢ yBe/HYeHHEM p; pacTeT Mo JOTapHMHIECKOMY 3aKOHY, T. €. JOBOJILHO
mennento, Hanpumep, npH p;=20p, Q=53p,S, a npu p;=50p, Q~3,9p,S,

Tnasa XVIII
HECBOBOAHOE H OTHOCHUTEJIbHOE ABH)XEHHA TOYKH

§ 90. HECBOBOJHOE JIBH)XEHHE TOYKH

JBHiKeHHe MaTepHaJIbHOR TOUKH GyferT HeCBOGONHLIM, KOTAa B CHAY
HaNOXeHHKIX CBfidel OHA BHIHYXAEHA ABHIaThCsl MO 3aJaHHOH noBepXx-
HocTH MJIH KpHBo#, OrpaHHYMMCA paccMOTpeHHeM BTODOro cJiyuas.

JdBHXKeHHe TOYUKH NO 3aJaHHOM HENMOABHUXKHOHR
Kp HBoO# PaccMorpuM MaTepHaJbHYIO TOYKY, ABHKWIYIOCA IO
3a/iaHHOM I/1a/ikof HEMOABHXKHOMA KPHBOA MOA JIHCTBHEM aKTHBHHIX CHJ
F3, F3 ..., Fi upeakuuu cBa3u N (puc. 241). Bubepem Ha xpHBOA
Hauano orcuera O’ u GyleM onpefeNsTh NOJNOXeHHe ToYKH M Kpuso-
nuHefiHok Koopauuaroiis=0'M (cm. § 37). Tlposenem u3 ToukH M ocH
Manb (cm. § 42), T. e. KacatesbHYI0 M7 (B CTOPOHY NMOJMOXKHTENBHOTO
oTcYeTa KOOPAHHATH S), IVIaBHYI0 HOpMaJib Mn (B CTOPOHY BOrHYTOCTH
KpHBOi1) ¥ GuHOpMans Mb u BocnoabayeMcs: ypasrennsmu (11) ua § 77.

Tax kak KpuBas riajkas, To peakuus N nepneHaHKy/aspHA KpHBOH,
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1. e. JeXHUT B naockoctH Mbn, noromy N,=0. B pesyabrare nonyuum
cnepyiomune auddepeHuUaNbHLE YPaBHEHHS ABHXKEHMA TOUYKH 1O
3alaHHOl KpHBOH:

d ds .
m-gr =1 Fi; nn m-a;——:ZF"; (53)

mutjp= Fia+N,, 0=3 F},+ N,. (54)

YpaBhenne (53) He conepHT HeusBecTHoll peakunuu N H noasosser
HEeNOCPeACTBEHHO OMNpeJeNIHTh 3aKOH JBHXEHHMs TOYKH BJOVIb KpPHBOH,
T. €. 3aBHCUMOCTb S={(f). DTHM ypaBHeHHeM MOXHO MNOJb30BaTLCA Y
B cayuyae, KOrja KpuBasi He SIBJISETCS INIafkof, NPHCOENHHHB K CHJIaM
F} cuny Tpenus F,. Ho rak Kak F,,=fN,.To B 3TOM CAyuae B ypaBHe-
HHe (53) uepe3 CHIY TpPeHHS BOlifeT ewe H peakuus N.

YpaBHenHs (54) cayxar Aas onpeneienus peakuun css3H N. Ms
yPaBHeHHI BHAHO, UTO NPH KPHBONHHEHHOM ABHXEHHH JHHAMHuecKas
peakuHsi B OTJHYHE OT CTATHYECKON Kpome JeACTBYIOIHX AKTHBHbIX
CHJl H BHJZ2 CBA3H 3aBHEHUT elle OT CKOPOCTH. Ty CKOROCTb (ecaH OHa
He 3alaHa) MOXHO HafiTH HWJIH NPORHTErpHpoBaB ypaBHeHHe (53), niau
®e, YTQ OOLIMHO NPOlLE, C NOMOLLLIO TeOPeMEl 06 H3MEHEeHHH KHHETHue-
CKOA 3HEpruH TOMKH; B ypaBHeHHe (52'), Bhlpaxalouiee 9Ty Teope-
MY AqiA cnyyas cBised Oe3 TPeHHA, peakuus N Toxe He BXOAHT.

b

Puc. 241 Puc. 242

3azaua 103, Tsaxkenomy xonsity M, HaHH3AHHOMY Ha TOPH3OHTANLHO PacnonokKeH-
RY10 F18AKYIO IPOBOJIOYHYIO -OKPYIKHOCTb, COOOILAIOT HAYaAbHYIO CKOPOCTb Up, Hanpas-
JIEHHYI0 N0 XACATENLHOA X OKPYXKHOCTH. [TpH ABHXKEHHH Ha KOJBLO ReACTBYeT CHIa cO-
npoTHBAeHRA F=kmY 0, rje m — Macca KOJblla; ¥ — ero CKOPOCTb; & — NOCTORH-
Bufl KosdduumenT. HaliTh, Yepes CKOMLKO CEKYHJ KOMLUO OCTAHOBHTCA.
Pemenne TIomemaen nHavano orcyera O' B HAYaIbHOM MOJNOXKEHHH KOJBLA
(phc. 242). Msobpaxaen X0AbLO B MPOM3BOJALHOM NOJACKEHHH M DIPOBOAHM OcH MT,
Mn » Mb. Ha konbno gefictsyior cuna takecrn P, peakuus N u chna CONPOTHBAEHNA
F. CoctaBum ypasuenne (53), yunTmpas, 410 Py=%Ny=0, a Fy=—F=—kmY v, ypae-
HEHHE NPHMET BHJ

do -
mag=— kmV v
Orciona, paspenns nepemeHnbie M YUHTHBAS, 4T0 NPH =0 U="U,, DOAYUHN
v 3
5—9"==—de: nan 2(V oy—V v)=kt.
Vo P
Oy



B wmoment f==f;, KXorza rpya ocranasnupaercst, v=0. CaexoBaTenbHo, noxarag
B NMOJYUEHHOM ypaBHeHHH v=0, uafizem
=2 V-U_o/ k.
Bpema RBHXKeHH 0 OCTAHOBKH MNPH JAHHOM 3aKOHE COMPOTHBJICHHR SBJIACTCA
KOHeYHWM (cM. 3azauy 93 B § 80).
3axaua 108. B npenninymneh 3agave HafiTi, Kakofl MyTh s; NPoOfAeT KOABIO BROAL
OKPYIKHOCTH O OCTaHOBKH, CHHTad, YTO Ha Hero fAefCTBYeT He CHJIAa CONPOTHBJACHHSA,
3aBHCAMIAA OT CKOPOCTH, a cHMa TpeHHs F=fN. Jlano: paguyc koapua R=0,3 M, Ha-
YaJbHAf CKOPOCTb Up=2 M/C, K HIHEHT TPEHHA KoAbLa 06 oKpyxHocts f=0,3.
PeweHne Bu6apaem nauano orcuera O u nposoaum ock Mt, Mn n Mb tak
Ke, KaK H B Npefsiaymed sanave (puc. 242). [eficTByiomuMi Ha KOABLO CHAaMu Gy-
ayr: P, NuF, rae F — Tenepdb cuyia Tpeunn, Cocrasaas ypasHenus (53) n (54), noay-
THM:

2
md—v==—F, ”-%

d¢
Mo moaymo F=fN=Ff VNZ-{- N,,h (65n0 6Bl OUIHGKOR BHYHCIUTL CHAY TPEHHS
KaK apupmeTHyetkyio cymmy cua fNp s fN ). 3ameuasn, yro Np= P=mg, Haxonum

F=fmV g3 v¥/R%.

Kak Bugum, cuna TpeHHsA 3aBHCHT yepe3 peakiuHio N OT CKOpOCTH Koabua. UroSu
Cpa3y HafiTH SABHCHMOCTb 5 OT U, 3ameTHM, uto dv/d¢=dv/ds-ds/d¢t=v-dv/ds. Toraa,
OC/Ie COKPAULEHHA Ha m, YpaBHeHHe ABHMKEHHH KOJblla NPHMeT BHA

dvv_  f BT
vg=—g V&R

Pasaeans nepemennne M Geps OT ofenx uactell paBeHCTBA COOTBETCTBYIOITHE

onpenesieHHLe HHTErpasibl, MOAYUHM

Ay ot (g
e I

=N,, Ny—P=0.

OTKYAA
—2fs/R=1n (A + ¥V FRVF ) —In (3 +V RV 4 f)
H OKOHYATENLHO
§== R In U: +Vg’R'.-i
oAtV oRY

B moment ocranosku v=0. [To3TOMy HCKOMHIf NyTb, €C/IH CHHTATH npuBAHKERRO

g=10 w/c?, Gyaer v
R, "+t gk - -
‘1—71‘1 R ~0,5In3 ~ 0,65 M.

4

3axaua 107. pys secom P, nopeieHHBIR HA HHTH AJAHHOR [, OTKIOHAIOT OT Bep-
THKAJH HA Yroa & B IoJoKeHHe My M OTIycKaioT Gea HauanbHoft cKopocTH. Onpege-
AUTH HATSUKEHHE HHTH B MOMEHT, KOF/Ia IPY3 NOMZET 0 HAHHH3MWIEro Monoxenus M,.

Pewewune Haobpaxaem rpya B TOM NONOMEHHH, AMA KOTOPOro Hazo Hafth
HATAXKEHHEe HUTH, T. €. B NOI0OKeHHH M, (puc. 243). Ha rpy3 aeficTBYIOT CHAIa TAXECTH
P u peaxuns uurn T, [TpoBogHM HOpMans M, 6 CMOPONY BO2KYMOCIIL MPAEKMOpPUY
H cocTaBaseM ypaBHesse (54), yunTHBaA, uTO B HauleM ciyyae p=[. [ToxyduM

m/l=T—P unu T =P+ mo/l,

Iie vj — CKOPOCTb IPYy3a B nonoxeunu M,. Jlns onpeneneHus vy BOCNOAbIyeMCH ypas-
HekHem (52')

mv}/2—-mv§/2=AfM°M‘). (a)
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PaGoty Ha yuactke M M; cosepmaer tomko cuaa P, TMostomy A*=Ph=
=Pl (l—cosa).
aK Kak u,=0, T0, OACTaBNsA HafileHHOe 3HaUeHHe PaGOTH B paBeHCTBo (a), No-

JYYHN mv}=2Pl(l—-cosa) H OKOHYaTeJbHO HafigeM
T=P (3—2cos ).

B 1acTHOM cirydae, eC/IH YTOJ HauaJIbHOrO OTK/IOHeHHS 0t==90°, HaTAKEeHHE HHTH
TIpH NPOXOXKACHHH Yepe3 BepTHKaNb Gyner paBHo 3P, T. e. yTpoeHHOMY Becy rpyaa.
OJyYeHHOE pelneHHe NOKa3WBaeT, UTO AHHAMHYECKHE PeaKIHH ReACTBHTENbHO
MOTYT 3HAQUHTEJIbHO OTJIHYATLCH OT CTaTHYECKHX,
n

Prc. 243 Puc. 244

3axaua 108. XKeno6 cocTont u3 1Byx ayr AB u BD okpyxuocreft parnyca R, pac-
NOJNOMEHHKX B BEPTHKaAbHOR MIOCKOCTH TaK, 4T KacaTesibHas BE B Touke conpsxe-
HHA TOpH3oHTanbHA (pHC. 244). [IpeHeGperas TpelHeM, ONpeAeNHTh, Ha RAKOA BhCO-
1e A nap auuuet BE Majio NOJOXKHTH B XKeJ0O THXKeAHH mWapHK, 9TOCH OH COCKOYH
¢ XenoGa B Touxe My, nexamell Ha TAKOM JKe paccTofHHH A HHXKe AHHHH BE.

P e w e s w'e. [Ilapux oropserca or xenoba B Toft Touke My, rae ero napienne Ha
XKenot (MAH peaxuust N xenoGa) o6paTutcs B Hyab. ClesoBaTenbHO, 8ajaua CBO-
Zutcs K onpeenennio N, HsoGpaxaem mapHK B ToUKe M;. Ha nero geficTByIOT cHAa
TAXeCTH P H peaxuus xeno6a N. CocraBass ypanHenHe (54) B NpOeKIHH Ha BHyTpeH-
HIOl0 HopMaab M;C, nafigeM, uto

mu}/R=Pcosg—N,

Tax kaK B Touke orpuBa N=0, 10, yunTHnBasd, 910 R cos p=KC= R—h, noayaum
AJsi onpeleeHHs A ypaBHeHHe
rm):= P (R—h), (a)

Beanunny myi nafieM H3 TeopeMu OO WSMEHEHHWH KHHeTHueckoft smepruu, Tam
KaK v,=0, T0 ypasHenne (52’) Raer

muy/2 = A(‘M oMy) o

Pa6oTy sjech coBepmaer ToaLKo chaa P, npuuem A (P)=2Ph. CnenosatensHo,

’rlrw;(-)=24l$’h. INMoncTaBAAA 9T0 3HAYEHKE MU} B ypaBHeHHe (a), MOAYIHM $h= R—h, oTKyja

éu.mla 109. I'pys M nozsemen Ha HHTH ZauHOR [ (pre. 245). Kakyio Hanmenbmyto
HaYaNbLHYIO CKOPOCTD Uy, NMEPIeHAUKY/SAPHYIO HHTH, HaJ0 COOGUIMTL TPy3y, UTOGH OH
ONHCAJl NOJHYIO OKPYXHOCTb?

Pewmenue [I'pys onamer noanyio OKDYXKHOCTb, €CJIH Ha BCeM IyTH HaTsKe-
HHE HATH HHrXe (KpoMme, MOXeT OHTb, TOYKH M') He O6PaTHTCA B HYJb, T. €, HHTb HH-
rae He 6yjer cmaTa. ECAH e B KaKOH-HHGYAb Touke My, rae v;#0, HaTAXKeHHe HHTK
o6paTHTCA B HYJIb, TO HHTb NepecTaHeT YACPXKHUBATh IPY3 H OH GYLeT NPOAO/LKATh JBH<
JKeHHe Kax CBOGOAHAN TOYKA (1O napag'oae). :
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Ins pemienna sanaqn HafizeM Harsxenne T HATH B NPOASBOMLHOM NONIOEHRK M,
%rg%nemeuou YIVOM ¢, & saTeM moTpeGyeM, ATOOH NPH /OGOM yrie ¢ykl180° Guiao

B nonoxennn M na rpys nefictsyior cuna P H RaTaKenue HHTH T.Cocrasus ypas-
HeHHe (54) B NPOEKUHH Ha BHYTPEHHIOKW HOpMalb Mn, nosaydum
mut/l=T—P cos ¢, (a)

Tie U — CKOPOCTh Ipyaa B NONOXKEHHH M.A IL'lﬂ OnpeseNIeHHA U NPHMEHAEM TEOpEMY 06
H3MEHEHHH KHHeTHyecKof SHEPIrHH: M!
——'?'s\\
1

mud/2—muy/2=A*,
B nausom caydae A%==—Ph=-—P[(l—c0osP) H, CNENOBATENh- f
HO, i
mut=mu§—2P1(1—cos @). no | /

Moxcranus 910 3Hayenue mo* p ypaBHeHHe (a) U BuuHcans T,
NONY4YHM

T=P (v}/gl—2+3cos @).
Haumenbiuee suavenue T 6y}1e;r HMeTb NpH @==180°;
Tontn =P (¢3/gl —5).
Yrobut T HHrfe (KpoMe, MOXeT ObTb, ToukM M’) He oBparH- 7
JI0Ch B HYJ/Ib, HEOGXOAHMO, 4YTOOL OHAC Tqia=»0. Otciona 9
gl=5 u 0p > V--m Puc. 245

Crenoparenbho, HaHMeHbILANK HAYA/IBHER CKOPOCTH, MPH KOTOPOR rpys Syaer onu-
CHIBATH NOJHYIO OKPYIKHOCTby ONpeje/IsieTcd PaBeHCTBOM

Uomin = V5—87

onycthM,y 910 BMECTO HHTH Ipy3 6yAeT MOABEIEH Ha XKeCTKOM JErKOM (HeBECOMOM)
crepxHe AMHHL /. B 9TOM cyvyae (Tak KaK CTepKeHb B OTAHYHE OT HHTH MOXeT pa6o-
TaTh it HA PACTAXKEHHE, H Ha C)KATHE) TPY3 ONMHIUIET NOAHYIO OKPYKHOCTb, €C/H NPH ABH-
JKEHUH €ro CKOpOCTb HHrme (xpome, MOXeT ObiThb, TOYKH M’') fe 06paTHTCH B HYJb,
MpuMensn ypapierue (52') ana nepememenus MoM’ u cuutas B Touke M’ ckopoctsb

v==0, NONYUHM — muy/2==«-mg-2{, OTCIOfa ¢JeAyeT, 4TO B JaHHOM CJaydae
Yomin=V 4gl.

§ 91. OTHOCHTEJIbHOE ABH)XEHHE TOUKH

BTopoft 3aKOH AMHAMHKH M NOJYyYeHHbe H3 HEro Bhille YpaBHEHHS
M TeOpeMH BEPHbL TOABLKO A/ TAK Ha3nBAaeMOro aGCOMOTHOTO ABHXEHHS
TOYKH, T. €. ABHXEHHA MO OTHOIIEHHIO K HHepPIHAJbHON («HemojBHMK-
HOfi») CHCTeMe OTCYeTa.

OGpathMcs Tenepb K M3yYeHHIO OTHOCHTE/IbHOT'O ‘ABHXKEHHS TOUKH,
T. . ABHXEHHUS MO OTHOIWEHHIO K HeHHepLUHAJbHHIM, NPOH3BOJLHO ABH-
WYIHMCH MO OTHOUWEHHIO K HHEePUHAJAbLHOM CHCTeMaM OTCYera.

Paccmorpum matepuanbHyio TOuky M, ABHXYULYIOCH NOA AeACTBH-
€M NPUJIOXKEHHBIX K Hell cun Fy, Fy, ..., Fp, ABASIOIHXCS pPe3yabTaToM
B32UMONEACTBHA TOYKH C APYI'MMH MaTepHaNbHHIMH TelamH. Bynem
H3y4aTb IBIDKeHHe 3TOH TOUKH 1O OTHOIEHHIO K ocaM Oxyz (pHc. 246),
KOTODHIE B CBOIO Ouepe[b KaKHM-TO H3BECTHHIM HaM 06pa3oM ZBHXKYTCH
grﬂocmenbuo HHEpUHAAbHOA CHCTeMbl OTCYeTa (HeMORBHXKHHIX oceft)

1%1Y125s
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HafizeM 3aBHCHMOCTL MEXAY OTHOCHTENBHHM YCKODEHHEM TOUKH
Q,; ¥ JCACTBYIOWIHMH Ha Hee cunaMu. Jlna aGCOMOTHOrO ABHXKEHHA
OCHOBHOM 3aKOH AHHAMHKH HMEET BHI

mag= 3 F,. (55)

Ho u3 kunemarnxu ussectHo (cM. § 66), 4TO @y=a0s+anept+auop
FA€ Gory Gneps Auop — OTHOCHTENIbHOE, NEPEHOCHOE H KOPHOJHCOBO YC-
KopeHHs TOUKH. [ToficTaBass 9TO 3HaueHHe a,¢ B paBeHCTBO (B5) U cyu-

Tasi B JaJbHeflleM d,,=a, TaK KaK 9Ta BeJHUHHA NPEICTaBaseT coGof
YCKOpeHHe H3y4aeMOro HAMH OTHOCHTE/ILHOTO ABHYKEHHsH, NMOJYHHM

ml.1.= 2 Fk + (—" manep) + (_ mzxov)'
BBegeM o603HaueHHS:
F:‘:ep =— m-anep’ F:bp = ma—xop‘

Beauuusu F’,:e,, uF Hop MMEIOT pa3MepHoCTh CHAB. Ha3soBem HX coor-
BETCTBEHHO NepeHocHold W Kopuoaucogoll cusamu urepyuu. Toria mpe-
JApIAylIEE  YpaBHEHHe NPHMET BHA

mE: z —F. + F:"'lep +-F_:op' (56)

YpaBHeHue (56) BripaaeT OCHOBHON 3aKOH JMHAMHKH JJIsl OTHOCH-
TEJILHOrO JBHXKeHHS ToukH. CpaBHHBasi paBexctBa (55) H (56), npuxo-
ZHM K BHIBOJLY: 6C€ YPAGHERUS U MeOPeMb MEXARUKY OAS OMKOCUMENbKOZ0
OBUNCEHUA MOYKU COCIMABARIOMCA MAK e, KAK YPasHERUs abCoMOmnoéo

«QeuIKERUA, eCAlL NpU IMOM K Oellcmoyouum Ha MOHKY CUAAM 6SQLMO-
Oedcmgus ¢ Opyeumu meramu npubaeums NEPEROCHYIO U KOPUOALCOSY
curnt unepyuu. TlpnGasnenue cun Fhe, M Fli, yUHTHBaeT BIHsHHE Ha
OTHOCHTE/ILHOE JIBHKEHHE TOYKH NepeMellleHHs NOABHKHBIX oced.

Puc. 246

Yro6H YACHKTb XapaKkTep STOTO BNMAHMS, PacCMOTPHM, HalpHMep, Touky B,
HENOABHKHYI) B HHEPUHAIbLHOA cucTeMe orcuera Oyxyy,2; (puc. 247), 1 nonycThM, 4T0
noABHAHHE 0cH Oxyz NepeMeIKaloTes OTHOCHTENBHO ocelt 0y %,y,2; NOCTYNaTeNbHO C yc-

KOpEHHeM a,. Toraa no otHowenmo X ocaiM Oxyz Touka B GyReT HMETH YCKOPERHE ap==
=—@g H DPHYHHA NOABNEHUH ITOTO YCKOPEHHA GYJET KuneMamuuecKkas — JBHMKEHHO
NOABHHOA CHCTEMB OTCUeTa,
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4. Tlpu cocraBreyun ypaBHeRHH OTHOCHTENLHOrO ABHKEHHS B CIy-
qanx, Koraa Fi,+0, Hano uMeTb B BHAY, 9TO

7'.-;'mp = ”Gup =—2m ((;X-Go‘l')‘

Caenosarennko, cusa F,,, nepnenduxyrapra v,,=v, a 3HaUKT, H Kaca-
TeALHOR K OTHOCHTE/JBLHOA TPaeKTOPHH TOUKH. [Tostomy:

- @) TMPOEKLHA KOPHOIHCOBOR CH/N HHEPUHH Ha 'KacaTelbHyio Mt
K OTHOCHTeNILHOR TPaeKTOPHH TOYKH BCeraa paBHa HYMO (Flip¢=0), H
neppoe H3 ypaBHeHHHA (11) B oTHOCHTEILHOM ABIXKEHHH GyleT HMeTh BHI

m S =ZFyc+ Fhepi (58)

6) paoTa KOPHOJIHCOBON CHIH HHEPUHH Ha JIOGOM OTHOCHTEbLHOM
nepemeineHHn paBHa Hywo [cM. § 87, dopmyaa (44)], u meopema 06 u3-
MEHEHUU KUNEMUNECKOLl SHEp2uu MONKU 8 -OMHOCUMEALHOM OSUNERUL
Oyner HMeTb "BHA (U; H Uy — 3HAUEHHS OMHOCUMEALHNX CKOpOCTed,
A — pa6oTa Ha OMHOCUMEALHOM TEPEMelleHHH)

mo}/2—muy2 = A, + A (Fiep)- (59)

Mocnenuue cnaraemuie B NpaBuIX 4yacTAX paBeHcTB (58) u (59) yun-
THIBAIOT BAHAHWE IBHKEHHA NOABHXHKX ocefl Ha H3MEeHEeHHe BeJIHIHHH V.
‘Bo Bce ocTanbHHe ypaBHeHHS OTHOCHTEJILHOTO RBHXXeHH OyRyT B
oduxeu Clell_Be BXOAHTb H [epeHOCHAafl, H KOPHOJ/IHCOBA CHJINI HHEPLUHH.
3azava 110. l'lfeneoperau Maccoft Bcex Bpamarowmnxcs vactefl EHTpOSEXHOTO pe-
ryanTopa (puc. 248) no cpaBHeHNIO ¢ Maccolt wapoB B u D, HafiTH yroa a, onpeaensd-
mHA NONOXKEHHE OTHOCHTE/IBHOTO PABHOBECHS CTepXKHA AB, ecl peryasTop Bpamaer-
CR € NOCTORHHOR YT/IOBOR CKOPOCTHIO W, & AjiuHA AB=I.

",
Prc. 249

Pemenrue Jaa onpefenenns MONOKEHHA OTHOCHTEABHOTO PABHOBECHS (11O
OTHOWIEHKIO K BPAMAIGUIHMCH BMECTE € PErYJATOPOM OCAM) MPHOABAAEM, COTAACHO Pa-
pericrBy (57), x peficrayiomuM na wap B cuae Tamectw P u peaxunu N neperocnyio
C".-’IY HHEPUHH P]np- Tak. xax @=const, 10 apep=dnep=>BC - w'=low'sina. Toraa
Frep=miw*sina. Hanpasnena cuna Fhep NPOTHBONOJONHO YCKOPEHHIO dnep, T. €.
OT OCH BPAIEHAX (BROAL NHHHK CB); STy CHAY HalWBRIOT eute yenmpobexnod cuaod
unepyuu. CocTaBnsus ypaBHeHHe PRBHOBECHS B MPoeKLMH HA ocb BT, neplienauKyasp-
HY10 AB, nafiaem, uto

—P sina 4 Fhep cos a=0.
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OTciona, 3aMensisi cHay F:ep €e 3HaueHHeM W COKpalnas Ha sina (peiuenke a=0
He paccMaTpuBaeM), noayunm —g-+Ilw? cosa=0. Torga

cos a=g/lw?,

Tax xaK cosa<1,T0 paBHOBecHe MpH 050 BOSMOXKHO TOJbKO, Koraa w?>g/l.

3anaya 111. ToayoxpyxkHocts BCD pamuyca R (pHc. 249) Bpamiaercs BOKpYr
BepTHKAJBHON OCH € MOCTORHHOM Yri0Bol ckopocThio ®. [To Heft u3 Toukn B, uyTh cMe-
IEHHO! OT OCH BpalleHHs, HAYHHAET CKOJIb3HTh Ge3 TpeHns Koabuo M. HaflTi oTHO-
CHTENIbHYIO CKOPOCTDb KOJiblla U; B TouKe C, €C/IH €ro HauaibHas CKOpocTh Up==0. ’

Pewenune [aaonpenejesnss CKOPOCTH U; BOCOJIbIyeMCH TEOpeMOH 06 H3Me-
HEHHH KHHeTHYecKOM 3HepruH. Uro6bi coCTaBHTb ypaBHeHHe (59), Bbipaxalouiee STy
TeopeMy, BHUYHCJAHM PaboTy ca P B Frep, rae Fhep=maw?x (pa6ora peakuun N pabHa
nymo). Cuntan npubaumenio xg=0, HaxoAum

({4} R
Agc (Frep)= S Flhep dx = mo* S x dx =mwiRY/2.
B 0

Kpome toro, Ac)(P)=PR=mgR. TloACTaBAAA STH 3HaYeHHs B ypaBHERHe
(59) n yunThHBaf, 4TO ve==0, NOAYYHM

mui/2=mR (g+ w*R/2),

vi=V %R T+ o'R/2%).

3anauy MOXHO TaKXe PelINTb, HCMOMbL3Ys ypaBHeHue (58).
[IpuMep HMHTErpHpPOBaHHA YpaBHEHHi OTHOCHTEJILHOTO JBHIKEHHA
naaH B § 93.

Orciona HaxonuM

§ 92. BJIMSAHUE BPALUIEHHS 3EMJIN HA PABHOBECHE
H MBU)XEHUE TEJ

Ilpu petweHun GONBLIHHCTBA TEXHHYECKHX 3a1ad CHCTEMY OTCUETa,
CBA3aHHYI0O € 3emJeil, CYHTAIOT HHepuHaJbHOM (HemoaBHxkHOM). Tem
CaMbiM He YYHTbIBaercs CyTOYHOe BpalleHHe 3eMJIH IO OTHOWEHHIO K
3Be3fiaM (0 BJMAHHHM JBHXKEHHS 3eMJH No

ee op6ure BoKpyr Comuua cM. § 99). dto ©PO, B
BpauleHre (OAKH OGOpPOT B CYTKH) NpOHC- p-m e M
XOJLMT C YIVIOBOfl CKOPOCTHIO _ A

© = 27/(24-60-60) ~ 0,000073 c-1. LA

PaccMoTpuM, KaK CKa3blBaeTCsl TaKoe
JOBOJIbHO MeJIEHHOe BpallieHHe Ha PaBHO-
BECHH H JBMXKEHHMH Tel BOAH3H 3eMHOM
NOBEPXHOCTH,

1. Cuna TaxecTH. CcyTouHnM Bpa-
lleHHeM 3eMJTH CBA3aHO NIOHATHE O CHJIe TA-
JKECTH, ABJSAIOWLEHCST YaCTbl0 CHJBl THArO- Puc, 250
TeHusi (nputskeHus K 3emie). Ha mare-

PHaNbHYIO TOYKY, HAXOAALLYIOCS BOJIH3M _
3eMHOI! ‘TIOBEPXHOCTH, HEHCTBYeT CHJa TAroTeHus F,, pasjaraoomascs
Ha cunnl F, u P (puc. 250). Cuna F,, HanpaBieHHast K 3eMHONl OCH,

cooblIaeT TOYKe TO HOPMANbHOE YCKOPEHHE gy, KOTOPOe TOYKa AOMKHA
15* 2




HMeTh, YUaCTBYS BMecTe ¢ 3emell B ee CyTOYHOM BpaIeHHH; €CAR Mac-
Ca TOUKH m, a ee PacCTORHHE OT 3eMHOR OCH 7, TO Fy=ma, W YHCACHHO
Fy=mao?r.

Ilpyras COCTaBAAIOMAA CHIIH TATOTEHHN — CHAa P H ABASeTCA Be-
JIHYKHON, Ra3nBaeMofi cusod maxcecrnu. Takum o6pa3oM,

P-F,—F,

T. €. CUAG MARWECMU PABHA PA3HOCMU Mexdy eced curold mAOmenus u
mod ee cocmagasiouied, Komopas obecnexusaem yxacmue mouxu (meaa)
8 CYMOYHOM spawierRuu 3emau.

Hanpasnenue cuma P onpexensier HanpanieHde BepTHKAIHB Aan-
HOM NyHKTe 3eMHOfi NOBepXHOCTH (TaKHM Gyjer HanpapAeHHe HHTH, Ha
Kotopof nojpelied Kakof-HROYAb Ipy3; HaTAXKeHHe HUTH NPH ITOM pas-
Ho P), a nnOCKOCTb, NepneHAHKYAspHAA CHae P, SBARETCH FOPHIOH-
TaAbHOR NMAOCKOCTBIO. TaKk Kak Fp=mo'r, rae ©* odenb Mand, To cana
P ¥ YHCZEHHO, H MO HANPABJIEHHIO MANO OTIHYAETCA OT CHIH TArOTe-
uua F.*. Monyap cunnl P HA3LIBAIOT eecoM TEAa.

2.0THOCHTEeNbLHHNNA TOKOA M OTHOCHTEABHOE
ABHXKXeHHe BOAH3H 3eMHOR nosepxHoCTH Ecau
B 9HCAe AeACTBYIOUIHX CHA BLIAEAHUTL CHIY TArOTeHHN F., TO ypaBHeHH-
€M OTHOCHTEJILHOrO PaBHOBECHA (MOKOA) TOYKH Ha Bpamalomefica Jem-
ne cornacHo (57) Gyaer

2Fy+F,+ R, =0.

Ho B nannom cayuae a,.p,=a, # Fhep=—mmay,=—ma,=—F,. Toraa
F,+Fay=F,—F,=F u ypasuenne npuser ua EFy+P=0, 1. ¢. 1a-
KOR e, KaKoft ypaBHeHHe DABHOBECHS MMeeT, KOrZa CHCTeMa OTCueTa,
CcBsi3anyas ¢ 3emsiell, CYMTAETCH HENOABHIKHOA.

ChienoBatensHo, npu cocmasaenus ypasuenud pasnosecus mea -no
OMHOWERUIO K 3emAe OONROAHUMEALKOX NONDASOK MG epauenue 3emau
6800ums He Hado (3TO BpalleHHe YYHTHBACTCA HANHYKEM B YPaBHEHHAX
cuma ).

Tenepsr oOpaTHMcst K ypaBHEHHIO OTHOCHTENBHOro ABIOKeHHA (56),
B KOTODOM TOXe BLiZieJHM CHAy TaroreHns. Toraa nomydus

mae 3 Fy+F, 4 Fap+ P

Ho, kak u » npeapinymenm ciyaae, F,+Fiy=F,—Foy=P u ypasuenue
npiMeT BHA

* Cnna F, mmeer usubonnmee snavenme-na sxmatope, rae r=R, u cocramaser

TaM oxon0 0,34% or caam Tarorenns. HauGoAuian pasHocTs NOKASSHRNX Ka pic. 250

Kmouol (reouenTpuaecxan nmpon& % @ (aCTPOBOMEYECKAS MINPOTS) NMEET MECTO HPN
=45° u pasua mpmGaxswreanno 0,1°,
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Orciona caeayet, uto Kozda, npu cocmassenuu ypasreruld 0guicenus,
ocu, CBASANNBE ¢ 3eMAell, caumarom HenodeUXCHBIMU, MO npenebpezaom
Y4emom MmoabKO KOPUOAUCOSOU CUAbL UHepyuu, YHCIEHHO PaBHOA

Fiop = 2movsina,

TAe & — YroJl MEXAY OTHOCHTEJbHOM CKOPOCTHIO U TOYKH M 3eMHOMH
0ChiO. _

Tak KaK yraoBas CKOPOCTb 3eMJIH @ OYeHb MaJa, TO €C/IH CKOPOCThb
U He OyeHb BEJHKa, BEJMYHHOM Fli,, 1O CPaBHEHHIO C CHJOA TSMKECTH
MOXHO npeHeGpeub. Hanpumep, npu v=700 m/c (ckopocTs OGHYHOro
aprunneguﬂcxoro cHapapa) u a=-90° 3Hauenne Fli,, cocTaBjseT TONbKO
0KoN0 1% or cuant P. ITostoMy B GOJBIUMHCTBE HHXKEHEPHLIX pACyeToB
NpH M3yYeHHH ABHXKEHHS TeJl CHCTEMY OTCYeTa, CBA3aHHYIO ¢ 3eMmjed,
MOXHO JefCTBHTEJIBHO CUHTATh HHEp-
LHaJIbHOM (HenoABHXKHOM).

Yuer Bpamesus 3eMaH nproGpe-
TaeT MNpaKTHYECKOe 3HayeHHe HJIH
NPH OveHb GOJBLIMX CKOPOCTAX (CKO- o D
pPOCTH mnoJiera GaJAJHCTHYECKHX pa-
KeT), WIH OJif ABHXKeHHR, AAALHXCA
OYeHb AOATQ (TeyeHHe PeK, BO3AYLL- - oA
HMe H MOPCKHE TeUeHHs).

3*. Il1pumepn. PaccMOTpHM,
B 4eM K44eCTBEHHO CKa3biBaeTcsl BJIH-
fIHHe BpallleHHs 3eMJH Ha JBHXe-
HHe TeJ.

Hesuxernue no 3emnod nogepxno- Pyc. 261
cmu. Tlpn NBHXEHHH TOYKH MO Me-
pHAHAHY B CEBEPHOM NMOJYLWAPHH C CeBePa Ha I0r KOPHOMHCOBO yCKOpe-
HHe a,,, HanpasJeHo Ha BOCTOK (cM. § 67, sanaua 80), a Fiop +— Ha 32-

naa. [1pu aBwxenun c fora Ha cesep Fy,, GyleT HanpaBieHa Ha BOCTOK.
B ofoux cayuasx, Kak BHAHM, TOYKA BC/EICTBHE BpalleHHs 3eMiH
OTKJIOHHeTCA BNPaBO OT HaNpaBJeHHA ee ABHXKEHHS.

Ecau Touka jpBiXKercA Mo mapaJjJiesid Ha BOCTOK, TO YCKOpeHHe E,,,,
Oyzer HanpaBaeHo BAo/Ab panuyca MC napaasenu (puc. 251), a cuna

Flop — B NMPOTHBONONOKHYIO CTOPOHY. BeprukaibHas cocTaBasiomas
9TOR CHAbI, HanpaseHHas BLOAbL OM, BLI30BeT HeaHayHTENbHOE H3MeHe-
HHe Beca TeJa, a IOPH3OHTAJbHAA COCTABJAIONLAs, HANPaB/leHHas K
IOTY, BRI3OBET OTKJIOHEHHE TOYKH TOXe BIPABO OT HanpaBjeHHs ee ARH-
WeHHsA. AHaJOrHYHLIA pPe3yJIbTAaT MOJYYHTCHA NPH ABHKEHWH 1O napan-
JielH Ha 3amaj.

Otciona 3akJiouaeM, YTO 8 CeBEPHOM NOAYWAPUL Meno, O8UNYLEecs
60046 3emnol nogepxrocmu no A6oMy Kanpaseruto, 6ydem ecaedcmeue
8PAUIERUR 3eMAU OMKAOHAMLCR 6NPASO OM HANPABAEHUSR OBUIEHUSR.
B roxcrom nosywapuu omkaorerue 6ydem npoucxodums 8.4eso.

3tHM obcrosTenncTBOM OOBACHARTCA TO, YTO PeKH, TeKylliHe B ce-
BEPHOM NOJyluapHH, NOAMbIBAIOT npaBuift Geper (3akon Bapa). B stom
e NPHYMHA OTKAOHEHHH BeTPOB MOCTOAHHOrO HanpaB/ieHHsA (TmaccaThi)
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H MODCKHX TedeHH#, a TaKxKe BO3LYUIHHX MacC B IHKJIOHE H aHTHIHK/IO-
He, TAe BMECTO ABHXKEHHSA K LIEHTPY LHKJOHA (06/1aCTh NOHMXKEHHOro
LaBJIeHHs) HIH OT LeHTPa aHTHUHKJOHA (06/1acTb IOBHILIEHHOrO AaBJe-
HHSA) BO3HHKAaeT LHPKYJANHOHHOE ABIDKEHHE BO3AyXa BOKPYT HEHTpa
IHKJIOHA (2HTHLHKJIOHA).

Bepmukaasrioe naderue. UTo6bl OnpenesuTbh HampaBjieHHE KOPHO-
JIHCOBO# CHJILI HHEPLHH F;‘op B cjiyyae cBOOOAHO Najaioulei TOYRH, Hano0
3HaTb HanpaBJieHHe OTHOCHTENBHOM CKOPOCTH U TOWKH. TaK Kak cHAa
F2,, oueHb Maaa 1o CPABHEHHUIO C CHJION TSXKECTH, TO B MIePBOM NPHGIH-
MEHHH MOXKHO CUHTaTh BEKTOP U, HaNpaBJeHHHM IO BEPTHKaMH, T. e.
Baoas auuuk MO (puc. 251). Toraa BeKTOp d,,p GYAET, KaK JErko BH-
ZeThb, HanpasJleH Ha 3anajg, a cuna F¥,, — Ha BOCTOK (T. e. TaK, KaK Ha

puc. 251 HanpanJieH BexTop v). CleRoBaTeNbHO, B NEPBOM NPUGHHKEHUH
. 08060010- nadaowyasn moyxka (TEJI0) OMKAOHAEMCA 6CAeOCMBYe 8pAWEHUR
3emau om gepmuxanru K socmoxy. Tello, GpolIeHHOe BEPTHKAIbHO BBEPX,
6yzer, O4eBHIHO, NIPH NOABEME OTKJIOHATHCA K 3anmagy. BeJHuuHul 3THX
OTKJIOHEHHA OYeHb MajiH H 3aMETHH TOJBKO NMPH HKOCTATOUHO, GOMbUION
BLICOTE NaJeHHA HJIH NOABEMa, YTO BHEHO H3 PacueroB, NMPHBEJEHHBIX
B § 93.

§ 83*. OTKJIOHEHHE NAJAIOIMEA TOYKH OT BEPTHKAJNH
BCJIEACTBME BPAIEHHA 3EMJIH

PaccMOTPHM MaTepHaNbLHYIO TOYKY, MAAIOIKYIO C He 09eHb Gosbuioft (0 cpaBHeHHIO

¢ panuycom 3eman) sHcotsl H. Ha noBepxHocTs 3emad. Cuay TaxecTH P npH najgensnn
6yaeM CYHTATh MOCTOAHHOM; COMPOTHBJIEHHEM BO3Ayxa npeHeGperaeM. Hanpasum ocb
Oy BepTHKAJALHO BBepX, a ocb Ox — Ha BocToK (puc. 252, a)*. Uto6H ydecTh BpameHhe
3emaH, K TOUKe KpOME CHAH P Halo NPHAOHHTE CHANY Frop, HANPaBAeHHYIO, Kak GHI0

5 . YCTaHOBJIEHO B nepBoM NpHOHXe-
oy ) HHH, Ha BocToK. Toraa audpdepen-

IHAIbHHE YPABHEHHA OTHOCHTE/Ih-
1 HOTO JBHMEHHS TOUKH TpDHMYT
BHI:
- mx=Fhop, my=—P=—mg,
" R (69)

a HavanbHbe YCJIOBHSA GYAYT: NpH
t=0x=0, y=H,v,=0, y,=0.

Huterpupya BTopoe H3 ypas-
Henu#t (60) H ompenesIAR IMOCTOAK-
Hbie HHTErpHPOBaHHA MO Havandb-
HHM YCJIOBHAM, Hafigem:

Bocmax  3anad

£ l r =z

Pue. 252

vy=y=—gt, y=H-gt*2.

Ipn BLYHCICHHH MOAYJAA Fiop npenedp_g)xeu. KaK MH YyXe JeJajd, onpeaensis
HanpasJ/ieHHe Fyop, cOCTaBASIONIER CKOPOCTH Uy, 10 CPABHEHHIO C vy (TaK KaK chaa Fiop
MHOTO MeHbile P) H, OTHCKHBAf NPHOAHKEHHOE PellleNHe, GyeM CYHTATh U= lv,|l=gt.

glgu STOM CKOPOCTb U GyfleT HaNpaBJieHa TIO BepPTHKAMH BHH3 (110 AuHEH MO Ha pic.
1) 1 o6pasyer ¢ oceio ppamenus 3eman yrox a=90°—A, rae A — tunpora. Cregosa-

* Macura6 n3o0paxeHHs B HanpaBaeHRH oci Ox Ha pHC. 252 CHALHO yBeHUeH.
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TeJbHO, F,‘{op=2mo)gt cosA ® mepeoe H3 ypaBHeHHA (60) mpuMer BHA
x=2(wg cosh) £
Tak KaKk BeJHuHHA, CTOAWASA B CKOOKaX, NOCTORHHAA, TO, HHTETPHPYR STO ypas-
HeHHe, NOJYYHM:
x= (g cos )4C,, x= (og cos MP/3+Cyt+C,.

IMoacTanoBka HayanbHHX AaHHHX faer C;=C,=0. TakuM o6pasom, ypaBHeHHS,
NPHOIHIKEHHO ONpEAeNAIOIHe 3aKOH OTHOCHTENBHOIO ABHMKEHHA TOYKH, OYRyT:

x= (wgcosh) #/3, y=H—gt¥/2.

JlBuKeHHe OKa3HBAeTCs HeNPSMONHHERHHM H TNajaloulas TouKa AeRCTBHTEJBHO
OTKJIOHAIETCA K BOCTOKY. MCK/IIOUNB K3 npeAbAyLIHX PABEHCTB BpeMs £, ONYYHM B mep-
BOM NPHOJHKEHHK ypaBHeHHe TPAeKTOPHHM TOUKH (MOAyKyGudeckas napaGona):

3
x'=8;°—g cos? A (H—y)3.

Monaaras ageck y=0, HaleM BOCTOUHOE OTKJIOHEHHE €, KOTOPOe TOUXA GyJeT HMeTb
B MOMEHT NajileHHs Ha 3eMai0*:

e=—§- WCcos A 1/5—’:—3 (1)

Kax BHAHM, OTKJOHEHHE & NPONOPIHOHATLHO YIJIOBO CKOPOCTH 3eMAH @ H ABJRA-
eTcs BenMuMHOA Majoi. Hanpumep, na mmpore Mockesu (A=>55°47', g=9,816 wm/cf)
NpH NafieHny ¢ BHcOTH /=100 M Beanunna e=1,2 cm.

Paj onuTOB, NpoBejeHHHX BO MHOTHX NMYHKTax 3eMJH PasSHHIMH HCCJefoBaTens-
MH, NIOATBEPXKAAET NPABHALHOCTb peaynbTaTa, KOTOpHA Aaer dopmyaa (61).

PaccMoTpHM ABMXKeHHe TOUKH, GpolleHHON #3 NyHKTa O BePTHKaJAbLHO BBEPX C Ha-
YanbHOll CKOpoCTbIO V. CHAa Frop IpH NOABeMe GyAeT B NepBOM NPHOJIKERHH HaNpas-
Jena Ha 3anaj. Toraa, ecan HanpasHTh ocbh Ox Takxke Ha 3anajn (puc. 252, 6), To audpe-
peHUHaNbHBE YPaBHEHHA ABHAKEHUs COXpalgioT BHA (60), a HaualLHbe YCAOBHA OYyAyT:
npu t=0 x=0, y=0, v,=0, v,=v,.

I'lpH 3THX ycAI0BRAX BTOPOE H3 ypaBHenuf (60) naert:

v, =v,—gt, y=r,t—gt*/2. (62)

Toraa, cuntas, Xak M B npeARyled 3anaue, NPHGAHKEHHO V=", IONYUHM Fliop=
=2m o (vy—gt)cos A, U nepBoe K3 ypaBHeHHi: (60) mpHMeT BHA

x=2(wcosh) (vy—gi).

10 ypaBHeHHe GyfeT ONMCHBATL ABMIKEHHE TOYKH H NMPH ee NalReHHH BHH3, TaK KaK

NpOHCXOARiNee MPpH STOM H3MEHEHHE HAIIPABJICHHA BEKTOpa F:op yurerca H3IMEHEHHEN
3HAaKa MHOXHTeNA (Uo——gt)=u .

MnTerpupys nosydenHoe ypaBHeHHe NPH HaYa/lbHEIX YCJIOBHAX 3ajauH, HallzeM

OKOHYATEJBHO
x= <08 A (u2—g*/3). (63

IMonaras B pasenctse (62) y=0, HatleM BpeMA ZBHAKEHHS TOUKH J0 MOMEHTA ee Na-

ZeHus Ha 3eMmo: t;=2v,/g. YUHTHBAA OLHOBPEMEHHO, YTO Uy== V 2gH,, rae Hy — Bu-
COTa NOABEMA, ONpefeJHM M3 ypaBHeHHs (63) 3anafHoe OTKJIOHEHHE TOYKH B MOMEHT

* TIpx onpegeseHHH MOLYJIs M HanpaBieHHs CHAB Fyop MK B MepBOM NMPHOIR-
JKEHHH NpeHeOperaii cOCTaB/RIOUIEH CKOPOCTH Uy, HalMpaBJeHHOR Ha BOCTOK. Besen-

CTBHE HaJM4HS 9TOHl CKOPOCTH CHIA Fiop GYAET HMeTb HOMOJHHTEABLHYIO COCTAaBJSIO-
L1YI0, BH3BBAIOWLYIO OTKAOHSHKE ToukH K 1ory. Tak kak x= (wg cos A)%/3, To ckopocTs
U,=2X TIPONOPUHOHAILHA ® H OTKJAOHEHHE K IOry MPONOPLUKOHaNBHO W3, T. €. ABAAeTCA
Ma/of BeJIHYHHOR BTOpOro NOpAAKa.
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NaACHHN:

2 3
OB =2g; =mcoskfg'4 WA e,-=-§mcosk 1/27_-_! 64
3g? 3 g

Hs dopuya (61) u (64) srano, uro npu H,=H otknoHeHHe g;=4e.

Ecnn ABHXKEHHE TOUKH MOMET MPOAOJIKATLCH Aanbiue (Touka 6pocanust O He wa
NOBEPXHOCTH 3eMJK), TO TPAEKTOPHSI TOUKH, HAYHHAA OT NyHKTa B, GyzeT Bce BpeMs
OTKMOHATLCH Ha BOCTOK. .

Bce 3TH pacyeTH OTHOCATCA, KaK GHJIO YKa3aHO, K ABHIKEHHIO B Ge3BO3/YIIHOM NPO-
CTPAHCTBE H YYHTHBAIOT BJAHAHHE BpalleHHA 3eMAH TOAbKO B NepBoM NPHGAHNKEHHH;

Ilaasa XIX
NMPAIMOJIMHEAHBIE KOJIEBAHHA TOUYKH

§ 94. CBOBOAHBIE KOJEFAHHS BE3 YYETA CHJI
CONPOTHBJAEHHA ' .

YuerHe 0 KOJGaHHSIX COCTABAsIeT OCHOBY psia obnacrelt GH3HKH

H TexnukH. Xorsa koneGaHHs, pPaccMaTrpHBaeMbie B Pa3JIHYHBX o6Ja-

CTAX, HanpHMep B MeXaHHKe, paJHOTeXHHKe, aKyCTHKe H Ap., OTJHYa-

0 F M 10TCS IPYT OT APYra no cBoef (PH3HUECKOHA mpH-.

' <— POne, OCHOBHBIE 3aKOHBI 3THX KOJIeGaHHMA BO BCex

le x ! 1 cnyvasx ocraiorca omHHMH H TeMu Xe. [los-

TOMY H3YyueHHe MEXAHHYEeCKHX KoseGaHHA. ABJSA-

Puc. 253 eTCS BaXKHHM He TOJMbKO. M0 TOH TNPHUYHHE, 9TO

TaKHe KoJieGaHHS OdYeHb YacTO HMEIOT MeCTo

B TeXHHKE, HO H BCJAEACTBHE TOrO, YTO Pe3yAbTaThl, NOJydYeHHle IPH

H3YYEHHH MEXaHHYEeCKHX KoneGaHHA, MOFYT OWTb HCROJbL3OBaHH A
H3YYeHHS H YACHEHHS KoJeGaTeNbHHNX AB/JAeHHR B Apyrux obaactax.

Haunem c usyuenus cBoGoambix KoseGafinfi Touku Ge3 yuera CHI

CONMpPOTHBJEHHA.. PaccMoTpuM Touky M, ABHXKyuylocs npsiMOJHHeAHO

NoA iefiCTBHEM ORHOM TOJLKO goccmanasausaowell cusnt F, Hanpasnen-

HOR K HenoABHIKHOMY HEHTPY O M NPONOPUHOHAMLHOA PaCCTOAHHIO OT

storo uenrpa. [Ipoekuus cunbl F Ha ock Ox (puc. 253) Gyaer
F x=—CX. (65)

Cuna F, xak BHAMM, CTPEMHTCS BepHYTh TOUKY B PaBHOBECHOe MO-
snoxenue O, rae F=0; orciona H HaHMeHOBaHHe «BOCCTAHABJHBAIOLIANY
cuna. IlpumepoM. Takoi cuanl sBasiercs cuna ynpyrocrd (cm. § 88,
pHc. 232) HAH CHIA NPUTSIKEHHS, pacCMOTPeHHas B 3ajaue 92 (cM. § 80).

Hafinem 3akon nBuxenns touku M. CocraBass anddepeHiHatbHOe
YpaBHeHHe JBHXXEHHS B MPOEKIHH Ha ochb x (ypaBHenne 12 u3 § 79), no-
AYUYHM;

mx=F, unan mx=—cx.

Ilens oGe acTy paBeHCTBAa Ha mm M BBOAA 0603HAYEHHE
c/m=k?, (66)
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npuBefieM ypaBHeHHe K BHAY
x+kix=0. (67)

YpasHuenue (67) mpeacraBasieT coboit dughgeperyuavrioe ypasrerue
C80600HbX KOACOQHUL npu omcymcmeuw: conpomusaesus. Peiuense 3to-
ro JHHeHAHOro OXHOpoAHOro IuddepeHUHANBLHOrO YPaBHeHHS BTOPOrO
AOpsAAKa HiyT B Buie x=e™, [lonaras B ypasrenuu (67) x=e", nony-
YHM IS OMpPefleleHHst 1 XapaKTepHCTHYECKoe ypaBHeHHe n3--k3=0.
[TocKoNbKYy KODHH 3TOI'0 ypaBHeHHsl SIBASIOTCA YHCTO MHHUMBIMH (M), .=
=4ik), TO, KAK H3BECTHO U3 TeopHH AH(pepeHUHANbHHX ypaBHEHHI,
obutee pelueHne ypaBHeHHs (67) uMeer BUA

x=C, sinki-+C, cos kf, (68)

rge C; 1 C, — NOCTOsIHHblE HHTETPHPOBaHHs. EC/IH BMECTO NOCTOSHHBIX
C; ¥ C, BBeCcTH nocTosIHHHE A K a, Takue, uto C,=Acosa, C;=Asina,
o noayunm x=A (sin kf cos a-f-cos k¢ sina) nau

x=Asin (kt+a). (69)

3o apyroit BHA pelll€HHs ypaBHeHHA (67), B KOTOPOM MOCTOAHHHMH
HHTerpHpoBaHus ABAsAOTCH A ¥ a. MM yno6Hee nonb3oBathcs ana 06-
IMX MCCeOBaHHUM.

CKOpOCTb TOYKH B PACCMATPHBAaeMOM ABHKEHHH

v, =x=Ak cos (kt+a). (70)

KoneGauus, coeepliaeMsie TOYKoft no 3aKoRy (69), HaswBalOTCS
2apMOHUYeCKUMU "KoreOaruAMU. TpaduK HX NpH a=n/2 noka3aH Ha
puc. 127, & (cm. §45).

BceM XapakTepHCTHKaM 3TOr0 IBHXKEHHS MOXHO JaTh HarJISIAHYIO
KHHEMaTHUYECKYIO HHTepnperaluHo. PaccMoTpHM Touky B, ABHXYULYIOCH
PanHOMEPHO 1O OKDYXXHOCTH paanyca A u3
nonoxenusi By, onpenensemoro yriaom DOBy=
=a (puc. 254). Ilycts nocrosinHas yrioBas
CKOpOCTb BpallleHusi paanyca OB paBHa k.
Toraa B NpOM3BOJNILHLIA MOMEHT BpeMeHH f
yron ¢=/DOB=0o.-kt # Nerko Bugerb, 4TO
npoekuus M ToukH B Ha nuamerp, nepnes-
Jukyaspusiit DE, gBumxeTca MO 3aKOHy X==
=Asin (kt+a), rae x=0M, T e. cosepiaer
rapMoHHUecKHe KoJiebaHHs.

Bennyuna A, paBHasi Han6oOMbLIEMY OTKJIO-
HeHHIO TOYKH M ot ueHTpa KoaeGauuf O, Ha- Puc. 254
spiBaercs amnaumyadoli korebarud. Bearuuna
@==kt-\-a HasmBaetrcs ¢asod xorcbanul. Paza ¢ B OTAHUHE OT KOOPAH-
HaTH X ONpefiefeT He TO/NBKO NONOKEeHHe TOYKH B JaHHHA MOMEHT Bpe-
MEHH, HO H HanpaBJIeHHe ee NOCAefYIOUero ABHXKEHHUSA; Hanpumep, H3
nonioxenuss M npu ¢dase, paBHON @, TOUKA ABHXKETCS BIPaBo, a NpH
¢ase, pasHoi (n—q),— BaeBo. Pa3bi, OTIHYAIOUIHECS Ha 27, CYHTAIOT-
Cfl OAMHAKOBHMH (Ha pHC. 127,6 cBeT/IBIMH TOYKAMH OTMeYeHH IBe OfH-
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HakoBuie (a3nl). Bennuuna a onpeneasier pasy Hauana KoneGamuit (Ha-
yasvnan ¢asa). Hanpumep, npu a=0 kKone6GaHHS MPOHCXORAT NO 3a-
KOHY CHHYca (HauHHaloTcs OT UEHTPa O €O CKOPOCTbIO, HanpaB/eHHO#H
BNPaBo), NPH ¢=x/2 — M0 3aKOHY KOCHHYCa (HaYMHAITCA H3 MOJO-
eHHs x=A ¢o cKopocthio Uo=0). Benuyusa k, coBnagaiowas ¢ yrjo-
BOH CKOPOCTbIO BpamieHHsi paiuyca OB, noka3aHHoOro Ha puc. 254, Ha-
3nBaerc xpyzosod wacrmomold kosebanud.

[lpomexxyrox Bpemenu T (WAH T), B TeueHHe KOTOPOTO TOYKA COBEP-
LI2eT OXHO NOAHOe Kosie6aHHe, Ha3wBaeTcA nepuodom xoaebanuid. Tlo
HCTedeHHH nepHoda ¢asa uaMeHseTcsi Ha 2n, ChaefoBaTtenbHO, JOJIKHO
Obith RT=2%, OTKYAa NepHOR

T=2n/k. %))

Bennunna v, ofpatHas nepHoAy M ONpefesmiolas YuCAO0 Koseba-
HHA, coBepunaeMuX 3a | ¢, HasnBaercsa wacmomotl Koaebaruu:

v=1/T=k/2x. (72)

Orciona BHAHO, YTO BeJIHYMHA R OTJIHUAETCHA QT ¥ TOJALKO TOCTOSH-
HbIM MHOXHTeslem 211, B panuHefimieM MBI OGHYHO JJ11 KPATKOCTH 4acTo-
Toft KoneGanHA 6yneM Ha3uBaTb H BeJIHYHHY K.

Hafinem Tenepn 3HaueHHsi NOCTOSHHHX HHTErpHpOBaHMA A H a.

Onpenenenne A Ha NO Ha4YaAbHKHM YyCAOBHAM.
Cunras, Kak Beersa, npu {=0 x=x, U v,=0,, noayyuM H3 (69) u (70)
xy=Asina, ve/k=A cos a.. O1cI0aa, CKJAAILBaA CHaYa/a MOYJeHHO KBajk-
paThl 9THX PaBEHCTB, a 3aTeM Je/is MX NOYJNeHHO ONHO Ha Apyroe, Hafi-
ReM:

A=VX3+ R, tga="kxylv, (73)

Onpeanenenne A Ha MO KPaeBHM YCAOBHAM(cM. §79). Iyers
BMECTO HaYaJbHHX 3allaHbl Kpaesee ycaosus BHpa: npH {=0 x=0, a npu f=#; x=1I.
Toraa u3 (69) nosnyunm 0=sin @, {=Asin (kt,+a), orkyaa a=0, A=1{/sin kt,, u pewe-
HHEM /ypanneuuﬂ (67).6yaer x= (l/sin kt) sin kt, ecnu ToMbKO tyv=n/k=T/2. Ec xe
ty=n/k (ann 2n/k v 1. 2.), TO ANA onpeneneRun A MoAyuHTCA ypaBHenHe /= Asin xt,
KOTOPOMY IIpH [0 yROBACTROPHTDL HeJIb3f, H 3aJaya PelleHHA He HMeeT. A ecan [=0
#l=x/R, TO AA% onpeneNeHus A NONYuHTCA ypaBHeHMe 0= Asin I, KOTOpoe YXOBJeET-
Bopsierca npH moboM A, H, clefoBatebHO, ypaBHeHHe (67) HMeeT HeOAHOIHAUHOE pe-
utenne x=Asin k¢, rre A — moGoe wHCJO,

TaxuM ofpasom, B OT/HUKe OT 3afad C HAYAJSbHLIMH YCJOBHAMH, KpaeBHe 3afaul
MOTYT HMeTb HEOAHO3HAUHLIE PellleHHs HIH BOBCe He HMeThb pellenus. B paccMoTpernhix
cayvasx 910 OGBHCHAETCH TeM, YTO €C/IH M0 YCJI0BHAM Nph £=0 x=0, To 1 yepe3 moa-
AepHOA], T. €. MpH ly=7/k, KOJKHO ObThb TOxke x=0. [ToaToMy 3zech yAOBAETBOPHTDL
YCHIOBHIO NIpR f,=n/k x=1#0 Henb3s, a ycaosue npu h=n/k x=[=0 yzosaerso-
pseTca Beeria, T. €. NPH KoMeGaHHAX ¢ MoGoR aMnanTyRoR A.

CBoftctBa cBoGoxHHX Kone6Ganuit. B saxkmoue-
HHE OTMETHM CJIeAylollHe Ba)KHHE CBOHACTBA CBOGOAMBIX KoJeGaHH:
1) aMnanryna H HavanbHas dasa Kone6aHMil 3a6ucam OT HayaJbHHIX
(v1H Kpaeswix) ycnosmit; 2) wactora k, a cnenosartenbHo, H nepuon T
KOJIeGaHHA OT HauyaJibHRIX (MJAH KpaeBHIX) YCJOBHil He 3asucam [onpe-
RensioTcs paBeHCTBaMR (66) M (71)) u ABAAIOTCA HeH3MEHHBIMH Xapak-
TEPHCTHKAMH -JaHHOA KoveGoeiiCA CHCTEMH,

234



Otciofa, B YacTHOCTH, CJeLyeT, UTO ecly B 3ajaue TpebyeTcs. onpe-
AeNHTb TOJILKO MepHOx (mm 4acToTy) KoseGaHHil, TO HajO COCTABHTb
uuqxpepeﬂunanbﬂoe ypaBHeHHe JBHKKEHHS H NPHBECTH €ro K BHIY (67).
Iocne storo T Haiigerca cpasy no dopmyae (71) 6e3 HHTErpUPOBAHHA,

PaccMorpeHHnle KoseGaHHsA, KaK H Te, uTO OyAyT PacCMOTpeHH B
§ 95, 96, HA3LIBAIOT AuHelHbIMU, TAK KAaK OHH ONHCHIBAIOTCS JIMHEHHbI-
M aupdepeHUHaNbHEIMH ypaBHeHHAMH. To, 4To nepHOA 3THX KoJjieba-
HHM He 3aBACHT OT HayaJbHBIX (MJIH KpPaeBblX) YCI0BHH, a CJeAOBaTe/b-
HO, H OT aMIIUTYJH, ABJISETCA OAHHM H3 OCHOBHHIX CBOMCTB JIHHEAHBIX
KoneGanu. Kone6Gauusi, KoTopbie y
OMHUCBHIBAIOTCA  HeJHHefHbIMH  RH-
¢depeHUHANBbHLIME YPaBHeHHAMH, Ha-

3LIBAIOT HeAUHEUNNMU, OHH YyIoMsa- 0 o| F M P z

HYTHMH caoucmaml He 06JajaioT Acr I ]

(cm. 3a1xaqy 1'15). -
Bauanvue nocTosHHOA Panc. 255

CHJAHW Ha cBOOOJHHE KO-
ne6anua ToukH [lycte Ha Touky M KpoMe BOCCTaHaBJIHBaIO-
mefi cuan F, HanpaBjeHHOA K neHTpy O (uHcheHHo F=c- OM) JeficT-
BYeT eule NOCTOfIHHAA MO MOAYJIO H HanpaBJIeHHIO CHia P (puc. 255).
B 5ToM c/Tyuae NoNOKeHHeM PaBHOBECHS TOUKM M, rie cuaa P ypasHo-
BewuHBaetcs cHiok F, Gyaer Touka Oy, oTcroamas oT O Ha PacCTORHAH
00,=M\_,, KOTOpOe ONpemeNsercAd PaBeHCTBOM CA,,=P WIH

A,=Plc. (74)

Bennuuny A., Ha30BeM Crmamuqeckum OMKAOHEHUEM.

IMpumem O, 32 Hauano KOOPAMHAT H HanpaBuM ocb O,X B CTOPOHY
neficteus cuanl P. Toraa Fo=—c(x+A.) u P,=P. B pesyabrare,
COCTaBJIfisl yPaBHeHHe (12) u YUHTbIBas, UTO COIJIACHO PaBeHCTBY (74)
chey=P, nonyuum mx=—cx uu x--kix=0.

dro ypaBHeHHe, rie k onpenensiercst pasencrsoM (66), cosmagaer
¢ ypaBHeHueM (67). Orciona 3aKJ/ouaeM, 4TO nocmosHHas cusra P, ue
u3MeHAR xapakmepa Koaebanull, cMewaem yenmp Koaebanull 8 Crmopoxy
Oedcmeus CUAbE HA GEAULUHY CIMAMUYECKO20 OMKAOHENUR A ..

Boipasum nepHox Kose6aHuil yepe3 A.,. M3 (74)"u (66) Haxoxum,
uro k*=P/mh.,. Toraa paperctBo (71) naer

T =2n} mh/P. (75)
TaxuM o6pa3oM, nepHof KoneGaHKA NMPONOPLHOHA/NEH KOPHIO KBaj-
PaTHOMY H3 CTaTHHECKOrO OTKJOHEHHA A,
B yacTHoCTH, eca cuaoit P aBasierca cuna TsxecTH (KaK, HanpH-
mep, B sazave 112), To P=mg u ¢opmyaa (75) npuHHMaeT BHA

T=2nV1./g (75"

3anasa 112, Tpys noasewnBaioT K KOHUY B BepTiKaibHoh npyxuuul AB H ot-
nycKatoT 6e3 Haua/ibHOR CKOpocTH. Onpefe/iTb 3aKOH KoaeGaHHM rpysa, ec/iM B pas-
HOBECHOM NOJIOXKEHHH OH PACTATHBAeT NPYXKHHY Ha BeJNHUHHY Acp (CTATHHECKOE YA/H-
HEeHHe NpYXKHHBI).
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Pemenne IlomecTum Hayano xoopaunar O B NOJOMKEHHE CTATHIECKOTO pap-
HOBECHAl Tpy3a # HanpaBum ochb Ox N0 BepTHKANH BHH3 (pHc. 256). Cuna ynpyroctu
F=c\. B HaweM cayuae A=A, +x. CrepoBarensho, Fy=-—c(Acr+x).

Cocrasnan AHdpdepenuHanbHOe YPABHEHHE ABHXEHHR, NOJSYYHM

mx=—c (hexr+x)+P.

Ho no ycAoBHAM SaRauH CHIA TAXKECTH P==mg=ch¢y (B PABHOBECHOM NONOKEHAH
cHAa P ypaBHOBELIHBaeTCA CHIOR yNpyrocT chey)..B pesyanbtare, BBeAs oGoghavenne
c/m=g/Ac;=F3, npHBezeM ypaBHeHHe K BHAY

X4 Aix =0,
Orciona cpa3y HaxozHM nepHop Kosnebanuf rpysa B suae (75')
T=2n/k=2nV Let/z.
Pelwennem nonyuenHoro XudxpepeHuHansbHoro ypaBnenus Gyaer
x=Cysin At 4 Cqcos kt.
Mo HavanbHUM yea0BHAM NpH =0 x=—Ar, Uxy=0. Tax kax
Uy == x = kC, cos ht — kC, sln &,

TO, TMOACTABJIARK HAUANbLHRE AaHHbeE, NOAYYHM Cy=~—Acr, C;=0. Crezonatensio, xo-
JeGaHUA NPOHCXOJAT C AMNAKTYAON Acy DO 3aKOHY :
= — Az COS'RE. ,
Orciona BKANO, YTO HaH6O/IbIIEE YANHHEHHE IPYIKHHEL NPH KOEOAHHAX FPY3a pas-
10 2Ac. ITOT pe3yAbTAT GblN NOJMYUEH APYTHM MyTeM B 3ajaye 102, rae poab NpyXKuHL
Mrpana Ganxa.

Y
> 0
6 e’ a) )/
0
F Al 6 6
G
B Ce
T 4
Puc. 266 Pxc. - 257

3anaua 113, Onpezeants neprox xoneGanuft rpysa BecoM P, mogseleHHoro a
gg;x NpyxXHHax ¢ KosdpHLHEHTAMH JKECTKOCTH €y H €3, TaK, KaX NMOKA3aHO Ha pHC.
, a.

Pemenue Kakaas H3 NpyXHH B CTATHYECKOM IIOJOXKEHHH PACTATHEAETCA
¢ cHaof P, CregoBatenbHO, CTATHMECKHE YAAHHEHHA NPYMHH GOYAYT: Ajcr= Picy,
Ascx=Plc;. Torna ofwee yanuHeHne NpymuH

1,1 ¢ 4-¢
Aer=Mher+Ager =P (a‘*‘z;):P‘——lcjc’ %,
MMonarasa P=cy, .y, HafigeM, uTO
T
Coun ot o’

TRe Conn —— KOIPHULUHENT KECTKOCTH 9KBHBAJEHTHOR NPYKHHH, 3amensiomed jpe
AaHlble IPYXXHHL. B 4acTHOCTH, RPN ¢;==C3==¢ NOAYUHM Cpyp=C/2.
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Teprox xoneGanuft no popmyne (75’) Gyaer

T=9n I/-_r,?l:zn "/ _] ctoe
g g Ci6

3anaua 114, Peumnth npeAnAyIIYIO 3284y, CYHTAA, YTO IPY3 NOABEIIEH HA NPYKH-,
Hax TaK, KaK NoKa3aHo Ha pHc. 257,

Pewenne B 3TOM cayyae oueBHAHO, UTO CTATHUECKHE YAJIHHEHMA (CHATHA)
ofeix npyxuH oauxakosu. TIpx sToM citia P ypaBHOBelIHBACTCA CHAAMH YNPYTocTs
Ciher K Ciher MPYXHH, T. e. P= (c;+Cy)hcr. OTCIOAE Coup==Cy-t-Cy, 8 NEPHOA KoJie-

6&“"“
1 = 2“ _—=2u _—__S
V-" V-g (c c' .

3axaua 118. Onpenenntb nepHoA xoneGanuft mMatepHanbHoft TOUKHM ¢ Mmaccolt m,
ecnH feficTBylolan Ha Hee BOCCTAHABNHBAIOIAA CHAA F nponopusnonanska xy6y or-
KJOHEHHUA TouxK oT uenrpa O (cM. puc. 263) H Fo=—c, 4%, rie ¢; — 3anaHBNA NoCTOAH-
Huft xosddpunnent. B HauaAbHLI MOMEHT BpeMeHH =0 KOOPAHHATA X==X,, & Us==0.

P ew e u u e. JudpepeHunansHoe ypasHeHHe ABHIKEHHS TOYKH COCTABHM B BHAe
(14) (cm. § 79); noayuum caeayiomee HeaHHefiHoe ypaBHeHHe:

]
mv,%u;"—-—c,x' HaH d—-(%lgl::—n'x' (n'—%).

YMHoXHM 00e HACTH 9TOrO YPaBHEHHA Ha dx ¥ BO3bMeM (B COOTBETCTBHH C HAYAML-
HHMH YCTOBHAMM) HHTErpasbl ciesa oT 0 10Uy, A CNPaBa OT Xy AO X; NONYHHM

v3/2=n* (x§—x%)/4, (@)

Tax xax B MoMeHT Bpemens {=0 v,=0, T0 NoR AeficTBHeM CHALI F (cu. pre. 253)
TOMKA HAYHET ABHraThcsl BAeBO H v, <0. [IpH X==—x,, Kax BHAKO U3 paBeHcTBa (a),
v,=0 1 Zanvite noa XeficTBHEM CHAN F (npn x<0 ¥ ¢,x°<0, a ciegosareasto, Fy>0)
TOYKa GyAeT ABHIATLCA BIPABO 10 NOJNOKEHHS X=X, FAe ONATh Ux=0, H T. A. Taxum
06pasoM, TOUKa COBEpIACT KOJeGAHHA CeAMNAHNTYAOR Xo.

JIAR panpHeftnero peueHns MaxoAuM Ha (a) dx/di=uy; yunrtunan, uto v, <0, no-

AyqnM:
dx LR Vo wamr Y2
a—;us_V?-an—x‘ de==—-—n-72—_:.—:.

M3 npeasiaympx PACCYKACHHA CAEAyET, UTO BPEMS ABHKEHHS OT NONOMEHHA X=
== xy 80 x=0 (80 Touxu 0) pasHo yerBepTH nepyona. CrejonatenbHo,

0
r._Yz S L
¢ n "; x—xt
TTonaras 3gech = xo2, TA€ Z — HOBO® TlepeMenxoe, H ydaTR, 9o npn xr=0 u z=0,
& NpH X=X, OyAeT 2= 1, NONYUHM

3HaueHHe CTORUIEro CNpasa onpelesieBHOLO HHTerpana (970 SACTHHE BHA TaK Hadu-
BAEMOrO SAHNTHUECKOrO HHTErPasa) MOXKHO HAATH H3 COOTBETCTBYIOUIMX TAGAHLL; npucs-
JAMXKeHHO OH paBex 1,31 ¥ TOrAa OKOHUATENbHO

T =7 4/nx,.

Mul BHAHM, 9TO NPH 9THX HeJKHEAHBIX KO/MeGAHHAX (B OTJHYHE OT KonreSaHuA au-
HefiNLIX) mepHOJL 3aBHCHT OT X M C yBeNHUEHHEM Xg B 1aHHOM c/1yuae yOuinaer,
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§ 95. CBOGONHBIE KCJEBAHUSI NPH BS3KOM CONPOTHBJIEHWHH
(BATYXAIOIHE KOJEBAHHSA)

PaccMOTpHM, Kak BJHsieT Ha cBOGOAHHE Ko/eGaHHA CONPOTHBIIEHHE,
co3jlaBaeMoe CHJIOR BA3koro Tpenus [cM. § 76, dopmyaa (7)), 1. e. cu-
7ioft, NpoOnopUHOHANMLHOR NepBOH CTENEeHH CKOPOCTH: TQ=—_p.v (anax
MHHYC YKa3HBaeT, 9TO CH/1a R HanpaB/ieHa NpOTHBONOIOKHO U), Ilycts
Ha TOYKY NPH ee ABIKEHHH RefCTBYIOT BOCCTaHaBaHBalowas cwia F
# cHna conporuBiennss R (puc. 258). Torza Fo=—cx, Ry=—pu,=
w=-—px, H AHQPepeHIHANLHOE YPaBHEHHe ABIKeHHA Gyaer

MX = — CX— X.
HOens ofe wacTH ypaBHeHHA Ha /m, NOJYyYHM

X+ 2bx+ k=0, (76)
rae o603HaueHo
c/m=Fk, p/m=2b. an

Jlerko npoBepHTh, YTO BEJIHYHHBI R H b HMeIOT OAHHAKOBLIe pa3mep-

HocTH (1/BpeMs); 3TO NO3BOJIAET. CPABHHBATD HX C APYr C APYIOM.
YpasHeHue (76) npéncraBasier coboRt Ougheperyuarsnoe ypasHerue
000600KBX KOAOARUL NPU CONPOMUBAEHUL, NPONOPLULORANLKOM CKOPOC-
mu. Ero pemeHve, Kak M pelieHHe YPABHEHHS

7 (67), mmyT B Buze x=e", [loacraBnss 970 3Ha-

F_R =~ uyeHHe X B ypaBHeHHe (76), IOIyYHM XapaKTepH-

0 M I cruyecKoe ypaBHeHue nd+2bn-+k*=0, KopHH
Puc. 258 Koroporo 6yayT

n,,=—>b+Vb—p. (78)

1. PaccmotpuM cayualt, Korna k>>b, T. e. Koraa CONpOTHBJEHHE 10O
CpaBHEHHIO C BOCCTaHABJHBaloule#l cujiofi Mano. Beas ofGo3HaueHue

ky=V b3, (79)

noAyyHM H3 (78), 4TO ny y=—>b--ik, T. €. YTO KOPHH XapaKTepPHCTHYE-
CKOr0 ypaBHEHHS ABJIAIOTCS KOMIIeKCHHIMH. Toraa ofuiee pelieHue
ypaBHeHHs (76) Oyaer, OueBHAHO, OTJIHYATLCA QT PelieHHs ypaBHeHUS
(67) TonbKO MHOXHTENEM e~%, T, e,

x=e"b(C,sink,t +C, cos k,f) (80)
HJIH, N0 aHaJoru# ¢ pasencrBoM (69),
x=Ae~% sin(k,t + a). 81

Bxoastye B (81) BenHuHHH A H o SBAAIOTCH NOCTOSHHLIMH HHTETDH-
POBaHHS H ONPEESAIOTCA N0 HAYaJbHHM YCJIOBHAM.

KoneGanus, npoucxoasumue no sakony (81), HaswBsatotcs samyxato-
Wumu, TaK KaK 61aropaps HaJHuHIO MHOXHTeNA €% BesnunHa x=0M
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(puc. 258) ¢ TeyeHHeM BpeMeHH YOHIBaeT, CTpeMAch K Hywmo. ['paduk
3THX KosieGaHmuii moka3aH Ha pHc. 259 (rpadHK 3akJiOUeH MEXRY MYHK-
THPHHIMH KPHBHIMH X==Ae~b! 1 x=—Ae~?, TaK KaK sin (k,{-a) no Mo-
AYNIO He MOXeET CTaTh GoJblie eIHHHUbI).
[Tpomexytok Bpemenu Ty, paBHbIA nepHomy sin(k,f+a), T. e. Be-
JTHIUHY
2n 2n
hi=g = va=a 62
NPHHATO HA3HBATb NepuUodomM 3amyxawouux Korebanuld. 3a NepHOR TOY-
Ka COBepilaeT OAHO MOJHOe KoneGaHue, T. e., HaNpHMEp, HayaB ABH-
Fatbcs M3 moJioxeHHs x=0 BnpaBo (cM. puc. 258), MpHXOAHT B TO ke
NoJNoKeHHe, ABHrafcChb TaKXe BNpa-
Bo. ®opmyny (82), eciH yuecth pa- T

BeHCTBO (71), MOXKHO eme npeacra- A e | rehe-bt
BHTb B BHAE P\ T —— L
N

. IN.
Tom = _ ; :
LT kVi—oB Vi—be | ____\_____\.J t

~ 1 s ’ - - Ap- bt
~T(1+5g) 6 - =-Ae

M3 nonyuewHnx dopmyn BHIHO, Pre. 259
yro 7,>T, T. e. YTO NPH HAAWIHH
COMPOTHBJIEHHA MEPHOA KoJeGaHuf HEeCKOJAbKO yBesnuuBaercs. Onma-
KO KOrja COMpOTHBJeHHe MaJo (b<Ck), To BennuHHOR bYA* no cpasHe-
HHIO C eAHHHIEA MOXHO npeHe6bpeub H cuutath T~ T. ClienoBarenbHo,
MaJioe CONPOTHBJIEHHe Ha nepHoi KoJsieGaHHA MPaKTHUECKH He BJHsAeT.
ITpoMexxyTOK BpemeHH MeXAy ABYMS IOCJeA0BAaTeNbHBIMH MaKCH-
MaJbHEIMH OTKJIOHEHUAMH KOJMeG/MOLIeAiC TOYKH BRPaBO (H/IH BJEBO)
TaK¥e OKa3niBaeTCft paBHWM T *. CnenoBaTe/IbHO, €C/AH NePBOE MAKCH-
MaJIbHOe OTKJIOHEHHe BMPaBO Xy NMPOHCXORHT B MOMEHT f;, TO BTOpOe
OTKJIOHEHHe X, HaCTynur B MOMeHT {,={,-+Ty U T. A. Toraa no dpopmye
(81), yuutniBasi, uro k,T;=2n, moAy4HM:

x, = Ae~®hsin (k,t, + o),
X, = Ae-ti+Tosin (k,t, 4+ &, T, +a) = x,e T,

A

AHanorHyHO ANA MOGOrO OTKMOHEHHSI Xp,i OYHET X, =x,e~bTi
Takum o6pa3oM, OKasmBaeTcs, YTo pa3MaxH KoJjeGaHui 6yayT yOuBaTh
N0 3aKOHY reoMeTpHUECKOoil NporpeccHu. 3HameHaTe/ b 3TOR NPOrpeccHu
e~bTL jainiBaerch Oexpemenmom pacCMaTpHBaeMuIX Korebanuld, a Mo-
AY1b ero jorapudma, T. e. BenuunHa bT,,— so0zapudpmuueckum Oexpe-
MEHMOM. -

M3 Bcex monyyeHHHIX pe3y/bTaToOB C/elyeT, YTO MaJjioge CONMpPOTHB-
JieHHe TIOYTH He BJIMsieT Ha NepHOA KojieGaHuii, HO BhI3bIBaeT MOCTENeH-

- * MOMeHTH, KOTZla X HMeeT MaKCHMYM HJIM MHHHMYM, HaXOIATCA H3 YPaBHEHHR
dx/dt=Ae~bt [k,cos (k+a)—b sin (kf-+a))=0. Ecan kBanpaTsas ckc6ka o6paimaer-
Csl B HY/b IPH HEKOTOPOM ={,, TO OHa, OYeBHJHO, OBPATHTCS B HY/Ib H B MOMEHTHI Bpe-
meH 4+Ty, £,-4+2T; 4 T. &., NOCKOAbKY R Ty=2m.
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HOe HX SaTyXaHHe BCJIencTBHe yOHBaHHA pasMaxoB Kosebawuf no sa-
KOHY reoMeTpHUecKOfl MpOrpeccHy. , j
2. PaccMorpHM Teneps caydaf, korna b>>k, T. e. Korja conpoTrHa/e-
HHe N0 CpaBHEHHIO C BOCCTaHaBJIHBaloLef cuniofi BesiHKo. BBoasi o6oaHa-
yeHHe b'—k*=r3, HafiieM, 4TO B STOM CJlyiae KOPHH XapaKTepHCTHUe-
CKOro ypaBHeHHs (78) paBHH n; y=—bd-r, T. e. 06a AelicTBHTENBNN H
OTpPHUATENbHH (TaK Kak r<<b). CrefoBaresibHO, peLueHHe ypaBHEHHA
(76), onuchiBaloilee 3aKOH NBHXXKEHHS TOYKH, HMeeT npu b>>k BHA
x=cle—(b+f)t+c’e—(b"l'".

Tak kak ¢yHkuus e~**, rae a>>0, co BpeMeHeM MOHOTOHHO YOBIBaeT,
CTpeMACh K HYJIO, TO ABHXKEHHE TOUKH B 3TOM CJyuae He GyIeT KoJeba-
TeJbHLIM H OHA NOJA JeficTBHEM BOCCTaHaBJ/MBaIOLLeA CHJLI OyJeT nocTe-
NEeHHO (aCHMNTOTHYECKH) NPHOMHKATLCA K PABHOBECHOMY TIOJIOMEHHIO
x=0. I'papux Takoro mBHKeHHSA, ecau npH {=0 x=x,>0 H v,=U,,,
HMeeT B 3aBHCHMOCTH OT 3HAYEHHS Uy, BHA OZHOM H3 KPHBHIX, [I0Ka3aH-
HEIX Ha pHc. 260 (] — npu v,s>0; 2 — npH v,e<<0, Koraa |v,,| HeBe-
JAHK; 3 — NpH U<<0, KOraa |v.el BesIHK; Bce 3TH Pe3yJbTaTHl KayeCTBeH-
HO sICHH H3 ¢u3uveckux coobpaxenuii). Ilpu x,<C0 BHA rpadpuKoB He
H3MeHHTCA (OHH GYAYT JIMLIb 3ePKajbHO OTOGpaXKeHHHIMH OTHOCHTEJNb~
HO ocH Of); naKkoHell, NPH x>0 u U,,=0rpadux (KpuBas /) UMeET MaK-
CHMYM B B HauaJbHHA MOMeHT BpeMeHH {=0,

3. B sakmoverse paccmoTpHM cayuait, koraa b=k. Kopuu xapak-
TepHCTHYECKOTO YpaBHeHHA (78) OyAyT NpPH 3TOM TOXKe AeACTBHTENbHb-
MH, HO KPaTHHMH (n; y==-=b) H obliee peiieHHe ypaBHeHHs (76) mpuMer
BHJI, (NTO MOXHO NPOBEPUTH MOACTAHOBKON. X B YpaBHEHHe)

x=e"b(C, 4C,t).

JIBHXKeHHe TOUKH B JaHHOM Clyyae Toxe He GyHeT-KoneGaTesbHHM

H OHa CO BpeMeHeM CTPEMHTCS aCHMIITOTHYECKH K PABHOBECHOMY IIOJIO-

xenuio x=0 [no npasuny Jlonutans lim (¢/e**)=1im (1/be**=0]. I'pa-
t>» >

GHK IBHXKEHUS] B 3aBHCHMOCTH OT HaYaJbHHX YCJOBHH HMEET TOXKe BHJ
KPHBBIX, MOKa3aHHHX Ha pHc. 260. )
)

a)

3 -
Puc. 260 Puc. 261

-

3apaua 116. Llraungp (ero Macca m, a miowaghb Axa S), YaCTHUHO MOTPYKEHHHHA
B BA3KYIO XKHAKOCTDb C YACAbHEM BECOM ¢ (pHc. 261), BHBOAAT H3 PaBiOBECHOro NOJC-
MeHnst. ONpeneTHT: NEPHOA HOCHEAYIOWHX 3aTYXAIOUMX KONe6aHHA UMAHNAPE, CUH-
Tad, 4TO Ha HEro AefCTBYeT CHJa BA3KOIrO TPEHHS R=-—pv,
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Pewe s ue B pasnosechoM nosoxennu (puc. 261, @) va nHAHEAp AeflcTBYIOT

CHAa TAXeCTH P M apxumeaoBa cuna N,, paBHAS UHCJIEHHO BeCy BHTECHEHHON XHAKO-

CTH, T. €. Ng=7ySh (h — BHcOTa NOrPyXeHHOR 4aCTH BHAMHADPA NPH PAaBHOBECHH).
TpoBeaem H3 HaYaJAbLHOIO NOJIOKEHHA TOYKH C BepTHKAJIbHO BHH3 ocb Cx H H306-

PasHM LHAMHAP B NPOH3BOJLHOM NOJIOKEHHH, IPH KOTOPOM Touxa C cMelueHa BHH3 Ha

BeJIHYHHY x (pHC. 261, 6). Ha UHAHHAD B 9TOM MOJNOXKEHHH XeACTBYIOT: CHNA TAXKECTH b,
apxuMepoBa cHia N B cHia conpoTHBieHHs R (NpH ABHXKEHHH [HJIHHApPA BHH3, T. €.

Xorja v, >0, OHa HanpapJieHa BBepX); H306pa3HM CHAN P M R NPHIOKEHHBIMH B TOY-
xe C. [1ocKOJIbKY AOMOJHHTENbHOE NOTPYXKEHHE HHJIHHAPA paBHO X, To N==yS (A+-x)=
=Ng+9Sx (Ml BHAHM, uTo N 311ech ABJIAETCA BOCCTAHABAHBAIOMIER CHIION, NIPONOPLHO-
HajbHON cMmemerHio x). CocTaBass AH(dEPeHUHANbHOE ypaBHEHHe NOCTYNATeJbHOrO
ABHIKEHHS LUMJMHAPA B MPOEKUHH HA ochb Cx, MOJNYUHM:

mx=P,+ N+ R, nan mx=P—(N,+95x) —pv,.
Yurs, gro npu pasHoBechH P=N; H BBeAs 0603HAYEHHR
yS/m=#3, p/m=2b, (a)
NpHBEJIEM COCTABJIEHHOE YPaBHEHHe K BHAY
X+ 2bx+ k'x =0,

TaKoMy e, KaK y ypasuenus (76). Toraa no dopMyne (82), yurs oGo3nauenus (a),
BafifeM AN HCKOMOrO NmepHoAa xoseGanuft 3HadeHue

Ti= 2 .
V ¥Sim=— p3/4m?

§ 96. BHIHY)XAEHHBDIE KOJNEBAHHSA. PE3OHAHC

PaccmoTpuM BakHufi cayuall koseGaHuil, BO3HHKAIOMHX KOTAa Ha
TOUKY KpOMe BOCCTaHaBJIHBaloLIeR CHIIB F feficTBYeT ellle nepHOaHYECKH
H3MEHSAIOMIAACA CO BpeMeHeM cWja Q, npoeKuHs KOTOpPo#A Ha ocb Ox

paBHa
Q:=Q,sin pt. (83)

Sra cuna Ha3uBaercs goamyujaroweld cuaod, a KojeGaHus, MIPOHCXO-
AsilHe TPH AeACTBMH TaKOM CHJIbI, HA3LIBAIOTCH iHyxclennoimu. Benn-
unHa p B paBeHcTBe (83) aABnsierca wacmomod 803myuyatowied CUAY.

Boamywaromefi cunofi Moxker CHTb CHJIa, H3MeHSOHmlascs €O Bpe-
MeHeM H 10 APYroMy 3aKOHY. Mbl OrpaHHYHMCA PAacCMOTPEHHEM CJy-
vas1, Korpa Q, onpegensiercs pasBeHctBoM (83). Takas Bo3aMymialomas
CHJIa HasnBaercs 2apamonudeckol. KoHKpeTHHHA npuMep ee JaH HHXKE B
sajaue 117,

l. BHHYyXXeHHHe KoNlefaHHA NPH OTCYTCT-
BHH CONPOTHBAEeHHA™ PaccMOTPHM IBHXEHHE TOYKH, Ha

KOTOpYIO KpOMe BoccTaHaBaHBalowefi cumst F (cM. puc. 253) nefictsyer

TONBKO BoaMymaiomas cuna Q. Tuddepeniuansioe ypaBHeHHe ABHKe-
HHA B 3TOM cJaydae 6yner

x=—cx+Q,sin pt.

* TTonyuaeMble BSTOM NYHKTe Pe3y/bTaTH MOTYT OnTh HalileH KaK uacTHbR cay-
gaft H3 @ 2. :
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PasnenuM oGe 4acTH 3TOro ypaBHeHHS Ha /m H IOJOXKHM

c/m=k*, Qo/m="P, ¢4)

rae P, uMeeT pa3MepHOCTb YCKOPEHHS, Torza IudpepenuHaibHoe ypaa~
HeHHEe ABHXEHHS NPHMET BHA

x+kix=P,sin pt. (85) -

YpasHenue (85) apaserca dugdbepeHyuarvHbim YPAsHERULM BUHYNXC-
Oernbix Koaebanuil mouxu npu omcymcmsuu conpomussenus. Ero pe-
IIeHHeM, KaK H3BeCTHO U3 TeOpHH AHpbepeHIHANbHHX ypaBHeHuf, 6y-
JIeT x=2x;+X,, I'ae x; — oflllee pelieHle ypaBHeHHst 6e3 npaBofl 4acTH,
T. €. peluenHe ypasHeHHs (67), RaBaeMoe paBeHcTBOM (69), a x; — Ka-
KOe-HHOYIb 4acTHOe pellieHHe NOJHOro ypaBHeHus (85).

Monaras, aro ps4k, GyXeM HCKaTh PeluleHHe X, B BHAE

xy=Bsin pt,

rae B — nocTosHHas BeJHYMHA, KOTOPYIO Hajo mMopobpaTh TakK,uTobut
pabeHcTBo (85) ofpaTuioch B ToxAecTBo. [loacraBnsasa 3aHauenHe x, M
ero Bropoft mpou3BogHo#l B ypaBRetine (85), mosyunm

—p*B sin pt+k*B sin pt=P, sin pt.

3ro paBeHCTBO GyZeT BHIIONHATHCA MpH JtoGoM ¢, ecau B (R*—p?) = P,
HIH

B=P./ (k"—p').
Taxkum 0o6pa3oM, MCKOMOEe 4HacTHoe peweHHe Gyner

x,=-;£_°?-sin pt. (86)

Tak Kak x=x;+x,, a 3HaueHHe x; faeTcs paBeHCcTBOM (69), TO OG-
mee pellleHHe ypaBHeHHsi (85) uMeeT OKOHYaTeNbLHO EHJ

x=Asin (bt +a)+ F‘gp—,sm pt, (87)

rie A ¥ a — TOCTOAHHLIE MHTErPUPOBAHHS, ONpeaeNsieMue Mo Hadalb-
HHM JaHHHM. Petnerne (87) noka3nBaeT, YTo KoseGaHHS TOYKH cJara-
I0TCR B 3TOM ciiydae H3: 1) Kone6GaHRfl ¢ amnauTynoft A (3aBHcsweh or
HavaJIbHBIX YCJIOBHiE) H YacTOTOR R, Ha3niBaeMBIX COGCMSEHHLIMU KOAe:
Ganuamu; 2) KoneGaHHh ¢ aMIAKTYNOR B (He 3aBHCALIEA OT HAYANBHBIX
yc.nonnﬁ) H YacToTOM p, KOTOPHE Ha3hIBAIOTCH BHIHYNOCHHOMU Koaeba-
HuaMU,

IpakTHYeckH, 6naronaps HEH3GEXKHOMY HaJHUHIO TeX MJIH MHHX CO-
nporuBrenHt, cobcTBeHHbe KojeGaHus 6yAyT LOBOJLHO OHICTPO 3aTy-
xatb. ITosToMy OCHOBHOE 3HadYeHHe B PacCMaTPHBAEMOM ABHKEHHH HMe-
I0T BHIHYXeHHue Kojie6aHHs, 3aKOH KOTOPHX faeTc ypaBHeHueM (86).

UYacrora p BuHYXAeHHHX KojeGaHull,” KaK BHIHO, PaBHA yacToTe
BoaMymaiomeft CHALL. AMIMIRTYRY . 3THX KoJeGaHHfA, eCAH Pa3feNHTb
YHC/IMTENIb H 3HaMeHaTeJb Ha k%, MOXHO MpeiCTaBHTh B BHIE

Py Ao
B =15 = Tr=pmr (&)
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rRe cormacro pasexcrsaMm (84) A,=P,/k*=Q,/c, T. e. A €CTb BeJIHYUHHA
CTaTHYECKOPC OTKJNOHEHHMA TOUKH NofA JAefcTBHeM CHJIH Q. Kak Bu-
JIHM, B 3aBHCHT OT OTHOLIIEHHSA YaCTOTH p BO3MYIIAOmeA CHIN K 4acTo-
Te R COOCTBeRHHX Kosie6aHH#. BBeneM oGo3HauyeHHA

2=plk, n=B/),. (88")

Be3apaaMepHHfi KO3QPHULHEHT 1] Ha3HBAIOT KOSPPUUUEHMOM OUHAMUHHO-
cmu. OH NoKa3HBaeT, BO CKOJILKO pa3 aMIVIHTYAa BHHYXAEHHBIX KoJe-
Gauuft B (T. e. MAKCUMAaJLHOE OTKJIOHEHHE TOUKH OT LeHTpa KohebanHuf)
GoJibille CTATHYECKOrOo OTK/NOHEHHA A,, M 3aBHCHT OT OTHOILIEHHS dac-
ror z. I'paduK 3tofi 3aBUCHMOCTH, onpejeiseMoli paseHcTBoM (88), no-
Ka3aH HiKe Ha pHc. 264 KpuBO#, momeuyeHHOH 3HakoMm h==0 (mpyrue
xpu;aue Ha pHC. 264 JaI0T 3aBUCHMOCTD 1| OT Z NPH HAJHYHH CONPOTHBIIE-
HHA). :

H3 rpaduka {uan u3 popmynn (88)] BHano, uwro, nopGHpas pasing-
Hblé COOTHOLUEHHA MeXAY p H R, MOXHO NOJYYHTb BHIHYXKIZEHHHIE KOJe-
Gauun c pa3sniMH amnantyaamu. Ilpm p=0 (nau p<Zk) amnauryza
paBHa A, (WM 6aH3Ka K 9Toft BeauuuHe). Ecan BesqnunHa p GNH3Ka K
k, amnautyaa B craHoBuTCA oueHb Gosbiio. Hakonen, xorma p>>k,
aMnAWTYAa B CTaHOBHTCA OYeHb Maslofi (MPAKTHYECKH GJIH3Ka K HY/MO).

OrMeTHM ellie, 9TO NIPH p<<R, KaK BHIHO H3 cpaBHeHHs ¢opMya (83)
u (86), da3nl BuIHYKAEHHHX KOJNeGaHHA H BO3MYIIAIOMeA CHIILL BCE Bpe-
Ms coBnanaior (06e pasHu pf). Ecau e p=>Fk, TO, BHOCA MHHYC NIOA 3HaK
CHHYCa, MOXKHO MpeACTaBHThL ypaBHeHHE (86) B BHae

x,=F%F_sin (pt —m).
ChnepoBaTesbHO, NPH p>>k CABHr MeXAY da3aMH BHHYKIEHHHX KoJe-
Ganufl ¥ Bo3MyulalolWelt CHAN paBeH T (Korja CHAa Q HMeeT MaKCHMalb-
Hoe 3Ha4yeHHe H HanpapJ/eHa BNpaBo, KoaeOMIOWAaACA TOUKa MAaKCHMab-
HO CMelleHa BJeBO H T. A4.).

Pe3oHauc B cayvae, korna p==~k, T. €. KOTA2 4acToTa -BO3MY-
ujaiomefi CHIAB PaBHA YacTOTe COGCTBEHHHWX KoJeGaHHA, HMeeT MeCTO
TaK Ha3biBaemoe fiBJleHHe pedonarca. Popmynaamu (86), (88) stor cay-
yafi He ONHCHIBAeTC, HO MOXHO NOKasaTh, '
YTO pa3sMaxH BHIHYXXIEHHHIX KovieGaHHA npH
pe3oHaHce OYAYT CO BpemeHeM HeOorpaHHueH-

HO BO3pacTaTh TaK, KaK 3TO TMNOKa3aHO Ha
pHc. 262. ToxpoGHee o6uike CBOMCTBA BHIHYX-
IeHHBIX KoseGaHuij (M, B YaCTHOCTH, PEe30OHaH-
ca) pacCMOTpEHH ‘B KOHLE 3TOro naparpada
(n. 3).

‘Tlpu p=F ypasHenue (85) 4acTHOro pemenus x,=

= Bsinpt ne umeer, H 310 peweine 6yAeM HCKaTb B BHAE Puc. 262
x,==Ct cos pt.
Toraa X;= —2Cé)sinpt——p"‘thospt, H NMOACTAHOBKA B ypaBHeRHe (85), eciH yuecTb, 410
p=k, Raet —2Cpsinpt=Psinpt, otkyRa C=—Py/2p. B pesysnTaTe HaxOLKM 3aKOH
BHHYXJEMHHIX KoJse6anuit NMpH pe3OHaHCe B Cjayuae OTCYTCTBHA CONPOTHBJ/ICHHR !
xg=— (Po/2p)tcospt unu xg= (Po/2p)tsin (pt—n/2), 89)
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Kax BaauM, pasMaxd BHHYXACHHHX KoJeSaHHAl NpH pesoHance ACACTBHTENLHO B03-
PacTAIOT MPONOPUKOHANbHO BPEMEHH, ¥ 3AKOR STHX Ko/eSaHHR HMMeeT BHA, NOKAIAM-
HHfRk ua puc. 262, Casur das npH pejoHaHce. pase n/2,

2.*. BRyXaenHHe Kone6aHHA NPH BA3KOM
CONMPOTHBAEHHH. PaccMOTPHM ABHXKeHHe TOYKH, Ha KOTOPYIO
JAeficTBYIOT BOCCTAHABJAHBAlOWLan CHIa F, cuna CONPOTHBJEHHA R, npo-
nopuHOHANbHAA CKOpoCcTH (cM. § 95), ¥ BoaMymalowas cuaa Q, onpene-
Aneman dopmysoft (83). InpdepeHunansnoe ypaBHeHHe STOrO LBHKe-
HHUSA MMeeT BHJ

iy me — cx— px + Q, sin pt. (90)

Hens ofe yacTH ypaBHeHHS Ha m " yuutBan obostaueHus (77) u (84),
HOVTY4HM
x -+ 2bx -+ k*x = P,ysin pt. 1))

YpabHenne (91) apasercA OugdbepenyuaroRoim YpasHERUEM BHINYNC-
Oennbix KoALGARUL mowky npu Hasuwuu 643k020 conpomusrenus. Ero
ofmee pelueHHe, KaK H3BECTHO, HMEET BHA X=x;--X,, rle X; — obiee
peuleHHe ypaBHeHH Ge3 npaBoRt wactH, T.e. ypaBHeHHs (76) [npm
k>b 370 peinenne aaercs pasencrsoM (81)), a x, — Kakoe-HHOYADb JacT-
HOe pelieHHe NojaHoro ypasHeHHs (91). Byaem uckarp pelueHve x, B
BHIE

x, = Bsin(pt—8),

rae B u f — mocrosiHHBle, KOTOPBIE Hafo MoXofpaTh TaK, YTobbl paBeH-
crBo (91) o6parunocs B ToXAECTBO. BHIuNHC/AS NPOU3BOAHBIE, MOMYYHM:

x= Bpcos (pt —B), x=— Bp*sin(pt—P).

[ToncraBasns 3TH 3HAYeHHA NPOH3BOAHHMX H BEJHYHHH X, B JEBYI0
qacte ypaBHeMHa (91) m o6o3nauass ansa kpartkoctH pi—P=+vy (Wau
pt=v¥+P), nafinem, uro

B (—pr+-kYsin +-2bpB cos p=P, (cos P sinp-+sin p cosp).
Y1061t 3TO PaBEHCTBO BHIMOMIHANOCH TPH JIIOGOM VP, T. €. B JoGod

MOMEHT BpeMeHH, KoaddHuUHeHTH npH simp U cosp 8 neBoft ¥ npasofi
HacTAX AOJKHL CHTL NMOPO3HbL PaBHH APYT APYTY; CJENO0BATENbHO,

B (k*—p*)=PycosP, 2bpB=P,sinp.
H3 nonyuenHnx ypasHenufi (MMH Take NOJb3yIOTCA LI ORHO3HAYHO-

TO onpenesieHHs BeMHYHHB ﬁ) HaxoAHM, BO3BOAA HX CHayana NoujJeHHO
B KBaZpaT H CKJaJAnIBasi, a 3aTeM Jienst NQUJeHHO APYr Ha Apyra:

_ P 2
B i o

Tak KaK x=x,-+x,, a 3HaueHne x, (npu A>>b) Aaetcsi paBeHCTBOM
(81), To okoHuaTeNLHO HafieM peiueHune ypabssenus (91) B Buge

x=Ae % sin(k,t +a)+ Bsin (pt—B), (93)
244



rac A B & — NOCTOfAHNHLE HHTEIPHPOBAHHA, ONpefeaseMuie N0 HaYadb-
HLIM YCNIOBASAM, a SHauenus B u P raorca dopmynamu (92) n or pavans-
HHX ychoBufl He 3aBucsaT. IlpH b==0 nafifenunle peuwenrs Rawt Gopmy-
aul (86) u (87), nonyueHHbe BLiLe RNA CAYYas OTCYTCTBHA COIpPOTHBJIE-
HHA.

PaccuarpHBaeMbie KoNeGaHHA ABNSIOTCS CJOXKHBIMH H C/IAraloTcs s
co6cmsennvix (nepeoe caaraemoe B paBeHcrpe (93), puc. 263,a) B aw-
HyxOexHox (Bropoe caaraeMoe B paBencrbe (93), puc. 263,6). Cober-
BeHHHE KONeGAHHS TOUKH LIS PACCMaTPHBAEMOro caydas ObIM H3yue-
HH B § 95. Kak Gnio ycTaHOBJeHO, i
3TH KoJeSaHHA AOBONLHO OHICTpO 3a-
TYXal0T H NO KCTEYeHHH HEKOTOporo
NpOMEXYTKA BpeMeHH I, Ha3LBaeMo-
FO 8peMeHem  YCMAHOBAEHUR, HMH
NPAKTHYECKH MOXXHO npeHeGpeus.

Ecan, ngnpamep, caurath, %10 COOCT-

BECHALIME X HHAMR MOXHO Dpenelpeus, ]
MAYRHAN C MOMEHTS, KOFAR HX pasMaxk Oy- 8)
AyT mesisiue 0,01 B, To peswunua f, Gyxer A t
ONPEREAATHCA M3 padencTsa Ae—41=00] B,
OTXYAA I

1, 1004

=3 ©®)

L
Kax suamy, 4eM MeHbie CONPOTHBACHHE ’ﬂ ﬂ'n 8
(1. ©. wem Mensie b), Teu Bpemn ycranosne- §)

NN GoAmme. U\U}h t

Onxa H3 BO3MOXHHX KAPTHH
‘yctrasopnenus xoneGanufi, nponcxo-
AAmHX no saxoHy (93) M rauHHaw- Puc. 263
MAXCA H3 COCTOAHHA NOKOA, NOKa3aHa
na pHc. 263,6. [Ipy APpYTHX HARAALHBIX YCAOBHAX H COOTHOLICHHAX MeX-
Ay 9actoTaMH p H R, Xxapaxkrep KoJeGaHHA B HHTepBaje BPEMEHM
0<t<t, MoWeT OKa3aThCs1 copepuieHHO ApyruM. Oasako Bo Beex cay-
UAAX MO HCTEYEHHH BPEMEHH YCTAHOBNCHHA cOOCTBEHHHE KosieCanus
NPAKTHYECKH 3aTYXaloT ¥ TOYKa GyZher copepuwiarh KojeGaHHA no 3a-
KOHY

x=Bsin (pt—B). (95)

Sty xone6aHUA M Ha3HWBAIOTCA soHyxOernbimu. OHH ppeACTaBIAIOT
co60ft He3aTyxalomMe rapMOHHYECKHe KoJieGaHus ¢ aMnantyioft B, on-
peaeasemofi pasencrsom (92), 1 uacrorofl p, paBHOR YacTOTe BO3MYIA10-
mef cuan. Beanunna P xapakrepuayer cdsuz ¢pasoi BHHYXAECHHHX KO-
neGaRrHi no OTHOWERHIO K ¢ase BO3MYIIaomeR CHIIL.

Hccnenyem nonyyennbie pesyabTaTi. Beenem ofo3HauyeHHA:

2=plk, h=>blk, Ay=PJR'=Qy/c, (96)

TRe Z — OTHOIEHHE 9acToT; & — BeAuHHA, XapaKTEpHSYIOmAas conpo-
THBACHKE; Ay — BEJIHYHHA CTaTHYECKOIO OTK/IOHEHHA TOYKH DOX. AehcT-
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BHEM cHAN Q, (HanmpHMep, NpH KOJeGaHUAX TPy3a Ha TIPYXKHHe A, paB-
HO CTaTHYeCKOMY YIJIHHEHHIO MpPYMKHHBL, BH3biBaeMoMy Cujof Q).
Torna, aens umcaureNs U 3HaMeHaTeNb paBeHcTB (92) Ha k2, mojy-
9HM: .

i Ao _ 2h2
B=vimr o P @0

U3 popmya (97) Buzuo, uro B H P 3aBucAT or ABYX Ge3pasMepHBIX
napametrpos z H k. Jlna Goabue# HarJsAHOCTH BHA 3TOH 3aBHCHMOCTH
7 | NIpH HEKOTOPhIX 3HaYeHH-
Ax h noxasan Ha rpagwu-
he=g , h=0 kax. Ha nepsom rpadmu-
Ke (puc. 264) mannm 3a-
4 BUCHUMOCTH  Koaghpuyuen-
ma OuHamuuHocmu )=
h=0,1 =B/}, (10Ka3uBaoWero,
BO CKOJIbKO pa3 aMILIH-
Tyaa B Gonabuwie Ay) or
OTHOUIEHHs 4acToT 2, a
Ha BropoM (puc. 265) —
2r h=0,2 3aBHCHMOCTH cdeuza ¢pa3s
h=0,4 B Toxe or z. B Kaxmon
KOHKPETHOH 3ajade 1o ee
JaHHRIM MOXHO BHIYHC-
JIHTb BeJIHYHHH Ay, 2, A M
h=1 HalTH 3HaveHusa B u B,
y . z NOAb3YACH COOTBETCTBYIO-
0 a5 1 15 2 wuMH  rpadMKaMH KM

Puc. 264 ¢dopmyaamu (97). U3 arnx

rpadpxoB (Hau  QopmyJi)

BHIHO TaKKe, YTO, MEHAA COOTHOILEHHe MeXAy p H k, MOXHO noJy-
4aTh BLIHYXJEHHHE KOJIeGaHHA C Pa3HHMH aMIIHTYIaMH.

Korzna conporusnenue ouenn g

5

h=0,7

MaJo, a BeJIHYHHA 2 He OJAH3Ka gp°
K equnuue, B dopmyaax (97) 150 "l
MOXHO NpHG/IHIKEHHO CUHTaTh i g7
h=0. 120°

Torna Gynem uMerb pesysib- g0l he=l,0
TaTH, NOJyYeHHbie B n. 1, a h=10
HMEHHO: 60°F

0k
Bzﬁ—"l—z—, h=0,1 . z
—Z (98) 05 1 15 2

B0 (npu 2<1),

B~ 180° (npu z > 1). Puc. 200

PaccMoTpiM eme clIeAyIOLHE YaCTHBIE CJydaH.
1. Ecan oTHowtenne yactor 2z oyens MaJio (p < k), To, noaaras npH6-
AHXeHHO 20, noayuuM H3 Qopmyin (97) BaA,. Konebanus B 3TOM
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Clydae MPOHCXOAAT C aMIVIHTYJON, paBHOR CTATHYECKOMY OTKJIOHEHHIO
A, B chBHroM d¢as px0. )

2. EcH oTHOWeHHe YacTOT 2 OYeHb BeJHKO (p >k), BequunHa B
CTAHOBHTCA MaJsofi. JToT cnyyafi npeacrap/isier OCOCHR HHTepec A
npo6aeM BHOPO3aHTH Pa3NHYHEIX COOPYxKeHHRt, npuGopos u ap. Ilpu
STOM, CUHTas COTMPOTHBJIEHHE MaJHM H mpeHeGperas B (97) 2hz u enu-
HHLleA NO CPpaBHEHHMIO ¢ 2%, MOXHO MOJIYUHTb AJIf mojcuera B npuGaH-
XKeHnylo dopmyay :

B=M\y/z*=P,/p. (99)

3. Bo Bcex npakTHUeCKH HHTEpPeCHHX CAYYafaX BeJHYHHA A MHOro
Menbive equHHuN. Toraa, Kak BuaHO M3 (97), ecsH’ BesIHUHHA Z GAHSKaA
K elilHHLe, aMIUINTYA3 BHINYXIEHHBIX KOJeGaHHR NOCTHraeTr MaKCHMY-
Ma. SBreHHe, KOTOpOe NMPH STOM HMEET MeCTO, HasKBACTCA PEIONANCOM.

113 (hopmyan (97) suano, 910 B=B,= Bmex, KOTAA CTOAIAS B SHAMEHATE/IE BE/IH-
unna f(§)= (1—=E)*4A3% (rae E=ZZ HMeeT MHHAMYM. Pewas ypasnenwe [’ (B)=
=2 (1—£—2h%)=0, nafnem, uto B mmeer Maxcumym npH E=I1—2h% T.e. npn
2= ¥V T—2h%. CaenoBarenbHo, Pe30HAHC HMEET MECTO, KOTAS Z HEMHOTC MEHBILE efH-
HHUW. Ho npaxtiuetkH, npexeSperas BeaHUKHOA A MO CPABHEHNIO C CAHHHLEA, MOXK-
HO CYHTaTD, 4TO Zp==l. [IpK Hemanux h pesoHaHC BhpameH c1a6o (aMnaxTyaa By He-

peBKA, CN. PHC. 264), & npR A}/ 2/2~50,7 pesoHaHC, XAK BHAHO M3 BHPAMEHHA A
2, H u3 pHC. 264, BooGwe He BOIHHKAeT.

" [lpn pe3oHaHce aMNAHMTYAY BLIHYXKIEHHHX KojieGaHuA M cABHr ¢a3
MOJXKHO .NPaKTHYECKH BHIYHCJATD, N0 NPHOIHIKCHHLIM GOpMyaaM, KOTO-
phie NoyyYaloTca H3 paBeHCTB (97), €CH B HHX NOJIOXHTH 2==1:

B,=A\J2h, B,=n/2. (100)

Orciofa BHAKO, YTO NPH MabX i BeIHYHHa B MOXKET JOCTHIaTb JOBOJb-
HO GosbluMX 3HaueHHA.

KoneGanus ¢ amnautynoft By, kak H pooOine BHHYXAeHHbe Kojeba-
HHfl, YCTaHaBJIHBAIOTCA NPH pe3oHaHce He cpasy. [lpouecc ycraHoBje-
HHA KoneGaHuA Oyner aHaJOrH4eH NOKasaHHoMy Ha pHc. 263,6. Uem
MeHblle COMPOTHBJIEHHE, T. €, YeM MeHblue b uau h, Tem Gojblie BeJH-
uyHa By, HO oiHOBpeMeHHO Oy aer GoJiblie H BpeMsi {, YCTAHOBJIEHHS STHX
KonieGanuft [cM. dopmyny (94)].

Koraa conporumnenne orcyrcrsyer, T. e. b=h=0, 710, Kak Gno
yCTaHOBAEHO, 33KOH BHIHYXIEHHHIX KOJIeGaHHf! NpH pe3oHaHce Raercs
ypaBHeHHeMm (89), a rpadHK KoJeGaHHA HMeeT BHA, NOKa3aHHHA Ha
pHc. 262. Takum o6pa3oM, B Clydae OTCYTCTBHS CONMPOTHBICHHA MpPOLece
€pacKauKH» CHCTeMB TIDH pe3OHaHCe ANHTCS HeorpaHHyeHHO ROJro, a
pa3Maxu KoJeGaHHil CO BpeMeHeM HemnpephiBHO BO3pacTalor. AHaNOrHY-
HOlt GyJer KapTHHA DPe30HAHCHHIX KoJleGaHHA NpH OMeHb MaJILIX COnpo-
THBJIEHHAX.

3. O6m e cBOACTBA BHHYXJAEHHHX KoJaeoa-
H B . M3\0/yueHHEIX Bhillle pe3yJLTaTOB BHITEKAeT, YTO BbIHYK/CHHKIE
KoNeGaHHs OCNajaloT CeAYIOUIHMH BaXXKHHIMHM CBOACTBAMH, OTJIHYalO-
IIHMH MX OT COGCTBEHHHX KOJIeGaHKf TOUKH: 1) aMNJINTYJa BLIHYIKJIEH-
HHX KoJeGaHHi OT HauaJIbHRIX YCJOBHA He 3aBHCHT; 2) BhHYXJIEHHHIE
KoJ1e6aHHA NPH HaJHYHH CONPOTHBJIEHHS He SaTyxalor; 3) 4acToTa BH-
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HYXJEHHHX KOJeGaHHfi paBHa 9acToTeé BO3MyIaiollefl CHAW H OT Xa-
PAKTEpPHCTHK KOJIEG/IOWIEHCH CHCTeMBbI HE 3aBHCHT (BO3MYLIAIOLLAS CHAA
«HaBA3LIBAET» CHCTEME CBOI0 YacTOTy KoJjeGaHuii); 4) Aaxe npH Maoit
Bo3myasouef cuae (Q Mano) MOXHO NOJYUYHTh HHTEHCHBHEE BBHIHYX-
JIeHHBe KoJjieGaHusl, eClH CONMpPOTHBJEHHe MaJjo, a yactora p GJH3Ka
K k (pesoHaHc); 5) Aaxke npH GONBIIHX 3HAYEHHAX BO3MYLIAIOUIEH CHJLI
BHHYXJEHHBE XoJeGaHHS MOXXHO CAe/1aTh CKOJIb YrOJHO MaJIbIMH, eClH
gactora p Gyiaer muoro Gojbuie k.

BuiHyxleHHble KoJie6aHHSA H, B YaCTHOCTH, PE30NAHC HMrpaior 6odb-
I1yi0 poJib BO MHOTHX o6nactsix ¢H3HKH H TexHHKH. Hanpumep, npu pa-
6oTe MallHH K ABHrarteseli OGHYHO BOSHHKAIOT NEpHOAHYECKHE CHIIN, KO-
TOpHE MOTyT BbI3BaTh BHHYXAEHHHE KOJeOAHHSA YacTeidt MallMHB HIH
¢yunamenra.

Ilpouecc u3MeHeHHSi AMIVIHTYAH 3THX KoJjeGaHHH MOXHO npoche-
IATb, 3aCTaBnAs paborarh Ha pa3HbX O0OPOTAX ABHrareb, AJIA KOTO-
poro p=w, rie © — yrJoBas CKOpocTb (cM. 3agauy 117). C ysensnue-
HHeM @ aMIJINTYAa B KoseGaHuit BHOpHpYIOLEH 9acTH (H1H QyHAaMeH-
Ta) 6yxer Bo3pacrath. Koraa w==~k, HacTynaer pe3oHaHC H pa3MaxH
BBIHYXKAEHHEIX - KoNleGaHH# JocTHralor MakcuMyMa. [lpn panbrefiem
yBeNHUeHHH © aMnJHTyAa B yG6uiBaer, a Korja cTaver 0>>k, 3Haue-
HHe B Gyjer npakTHYECKH PaBHO HYJMO. Bo MHOTHX HHXKEHEpHHIX COO-
PYXeHHsX sBNEeHHEe PE30HaHCa KpafiHe HeXENaTeNbHO H €ro clellyer u3-
GeraTb, NOACHpas COOTHOUIEHHe MeXKAY 4YaCTOTaMH p H R TaK, YTOGH
aMNIHTYAR BHHYXIEHHBIX KosieGaHufl GhJIH NPAKTHYECKH PaBHH HYJO
(p>>k).

IIpoTuBOnONOMHKEI NpHMEp MBI HMeeM B pafiHOTEXHHKe, e pe3o-
HaHC OKa3biBaercsti OYEHb NOJE3HHIM M HCHOJAL3YeTCs AN OTAeJIeHHA
CHIHaJI0B OAHOH PaAHOCTAHIIHH OT CHTHAJIOB BCEX OCTaJbHHX (HacTpoii-
Ka TNpPHeMHHKa).

Ha Teopuu BHIHYMXJEHHHX KOJeGAHHA OCHOBHBAETC TaKXKe KOH-
CTPYHpOBaHHe psAfia npuOopoB, Hanpumép BuGporpadosB — mpuGopos
IS M3MEPEHHs CMELIeHHA KoJgebuiomuxcs Tén (PyHmaaMeHTOB, vacreit
MalHH H Ap.) H, B YaCTHOCTH, ceficMorpadoB, 3aNyCHBAIOLIEX KoJe6a-
HHsl 3eMHOH KOpHl, H T. I.

3axaua 117. Baaxa, Ha KOTOPOR yCTaHOBJIEH MOTOD, HpOTHGaeTCA OT ero Beca Ha
Acr=1 cM. TIpH xaxoM dHcite 0GOPOTOB Basa MOTOpA B MHHYTY HACTYNHT pe3OHaHAC?
6o Pemenne Ha dopmyan (75).caenyer, 4o nepHop COGCTBEHHKX KoaeGaHHi
KH

T=2n Vlcr/g-

Ec/i nentp TakecTH C Bana MoTopa cMeimted ot ocH O, T0 Ha MoTop GyAer xeft-
CTBOBaTh NiepefaBacMasi uepes MOAMHOHHKK Baja CuAa Q, HanpasiaenHas Baoas OC

(pc. 266; Taxue cHa paccMaTpHBaloTcA B § 136). Ipoekuns cHan Q Ha ock Ox, pas-
Has Q,=Qsin 0f (@ — yraosas cKopocTs Bana), H GyzeT BosMymaioleR cHiof, Aeil-
CTBYIOHIEH Ha MOTOP; aCTOTA STOR CHIIH p= w. Cef0BaTeNbHO, IEPHOA BHIHYMACHHHX
xoseGauuit Ta=2ﬂ/w.

Pesonanc nacrymnr, xoraa Ta=T, T. e. npu

Wyp= Vg/lcr =3,3c-%
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Orciona KPHTHYECKOE YHCAO 050POTOB
nyp = 300, p/7t ~ 300 o6/muu.

Pa6oyee YHCA0 06OPOTOB BaJa MOTOPA AOMKHO GHTb SHAUHTENLHO GOJIbILE My p.

3apaua 118. Hccaenobath BHHYXAEHHNE Koie6aunsa rpysa [ Maccl /m, MOABelleH-
HOTO Ha NpYXHHE C KOIPOHUHEHTOM KECTKOCTH ¢, €CAH BepXHHA KoHeW D NpYKHHB
COBepluaeT BepTHKAJIbHHE KONe6aHHA 110 3aKORY E=a,sinpt.

emweH He JlomMecTHM Hauano KoopaHHAT O B NOJIOXKEHHEe CTATHYECKOro pas-

HOBECHS Tpy3a M HanpaBHM ocb Ox 1O BepTHKa/H, BHH3 (pHC. 267). Ecin 0603HAYKTH
ANHHY HeNeOPMHPOBAHHON NPYKHHE uepes [y, TO ee AJHHA B MPOHIBOJNLHHA MOMEHT
Bpemenu Gynet I=I—E+Ac+x, a yannuenne A=I[—I=h -}-x—&. Toraa geficrayio-
mas Ka rpy3 cuaa ynpyroctn F=cA=c(hey+x—E), B cocrapasn AuddepeHunanbHOe
ypaBHenHe ABHXKEHHA IPy3a, 6yleM HMeTb (TaK KaK chcy=mg):

mx=—¢ (heg+x—E8) +mg nan mx=—cx-4ct.
Orcioza, BBOAA 0B03Hauenne ¢/m=F43, TONYUHM
X+ kx =k2a, sin pt.

CnenoBateqbHo, rpy3 6yleT coBeplIaTh BHHYKAeHHHE KONeGaHHA, TaK KaK moay-
YeHHOe ypaBHeHHe COBNajaeT ¢ ypaBHenneM (85) HaH ypaBhenneM (91), ecnt B HeM CuH-
Tath b=0 n Py=/k3a,. U3 pasencrs (96) muauo, uro B
IaHHOM CJyuae Ag=aq H h=0. AMIVIATY}Ia BHHYX]eH-
HbX KoseGaHHA M CABHr a3 onpereasorcs dopmy-
aamu (98). .

Ecnn p<k (BepxHHil KOHEL MPYXHHHN KoJeGjercs
OueHb MeAJIeHHO), TOo z=~0 H B=ay, a casur ¢asz f=0.
I'pys Oynet npu 3TOM KO/Me6aThC TaK, KAK ec/H Ol

N

7

Puc. 266 Puc. 267

TNPYXKHHA OHNA KECTKHM CTEPIKHEM, YTO (DHIHYECKH H COOTBETCTBYET YCJIOBHIO R p.
Ilpu p=Fk nacrynaer pesonauc, H pasMaxu KoneGaHufi HayHyT CHJBHO BO3PACTarh.
Ecan uactora p cramer Gonsiue k(z>>1), To rpys 6yaer Kose6aTbCsl TaK, YTO KOTAR
KOHell D npyXHHH HACT BBePX, IPY3 Oy[eT ONyCKaThcs BHH3 H HaoGopoT (cABKr ¢a3
P=180°); amnamryna ke KoneGamnit GyfeT TeMm MeHblle, yéM Gonblie p. Hakouen,
Koria p 6ymer mHoro Goabiue k(2> 1), amnautyaa Bx0. pys npu aroM Syner octa-
BaThCl B MOJIOKEHHH CTaTHYECKOTO paBHOBecHA (B Touke O), XOTA BepXHHA KOHell
OpYXHHB H COBepINaeT KOJeGaHHs C AMIJHTYAOA @, (4acTOoTa 9THX KoJeGaHHUR CTONb
Be/IHKa, YTO IPY3 KakK Ob He yCHeBaeT 3a BHMH CJ1e0BaTh). :

4.* BuexTporuHamuyecxne ananoruu. CXOXeCTb 3aKOHOB PAAA KO/eGATeAbHLIX
TPOLLECCOB, PACCMATPHBAEMHX B Pa3HbIX 06JacTAX PUIMKH, OTMedeHHaA B Hayane § 94,
OGBACHALTCA TeM, YTO KOJEGaHHA B STHX C/yuasX ONHCHBAIOTCH OAMHAKOBHIMH A~
(epeHIHANBHBIMK YPABHEHHAMH. PacCMOTPHM B KauecTBe PHMePA MEKTPHYECKHA KOH-
TYP, COCTORIAA H3 HOCAEAOBATE/BHO COEJWHEHHHX KaTylIKH C WHRYKTHBHOCTHO L,
OMHYECKOrO CONpOTHBJIEHHS R, KOHAeHCATOpa ¢ eMKOCTBIO C H HCTONHHKA nepeMeHHOR
MIEKTPOABHAKYIREHA CHAH (3. 4. ¢.) E(f) (puc. 268),



Toraa, ¥cxoBA H3 Broporo saxona Kupxroda, MOXHO YCTAHOBHTB, 49TO 9apAA
¢ KOHAeHCAaTOpa YAOBJeTBOPAeT AH(depeHUHaNbHOMY YpaBHEHHIO .

L+ Rg+(4C) g=E(1). (101)

CpaBnuM 3710 ypaBHeHHe ¢ ypaBrerueM (90), B KOTOPOM X7t OGIMHOCTH 6yZeM CUR-
TaTb, 9TO BMecTO Qgsinpt crout Q(7); BHAKM, YTO TOrAa 06a ypaBHEHHS COBNARAOT C
TOYHOCTBIO 0 oB03HAaueHHA. Cea0BaTeNILKO, 38KOH PACCMOT-

E(t) pPeHHHX BHILE MEX8HHYECKHX KOJeGaHHRA H 3aKOH H3MeHEHMS
3apsafa KonpeHcatopa aHajorHunb. Ilpu srToM, cpaBHHBas

ypasHenus (90) u (101), nafigem, 4TO aHaAOraMH ABAKIOTCH:

€ 1) ann cMemenns (KOOPAHHATH) X — 3apsiAg; 2) Ans MaccH

L m — HHAYKTHBHOCTD L; 3) A Xo3pdHIHEHTa BASKOrO CONpo-
THBJAEHHS | — OMHYECKOe CONpoTHBAeHHe R; 4) anst xosd-
R GHIMEHTA JKECTKOCTH ¢ — BeaMuHHAa 1/C, obpatnas emxo-
crh; 5) aas BoamymaiowteRt cuanl Q — 9. 4. ¢. E.
Puc. 268 Ora AHANOTHSA, eCTECTBEAHO, OTHOCHTCA He TOJALHO X

BHHYXACHHEIM, HO H .K CBOGOAHBIM (3aTyXalomuM H He-

3aTyxalollMM) KoneGaHHMAM. Hanpumep, AR nepHoZa co6-
CTBEHHRIX 3aTYXSIOMHX 3NEKTPHUECKHX KoJeGaHRfl B paccuaTpuBaemoll uenu no ¢op-
MyaaMm (77) u (82) u3 § 95 noayuun:

M=1/CL, b=R/2L u T,=2n/V T/CL — R3/4L%.

Koraa omuueckoe tompotisienHe OTCYTCTBYeT, T=2n YV CL.

SJICKTPOAHHBMH‘IQCKHC aHaNOoTHH HCTNIONBIYIOTCA ANA MOACJHPDOBABHHSA COOTBET-

CTBYIOMHX MEXAHHYECKHX KOoJeGaHKA, B YBCTHOCTH H B SJIEKTPOHHLIX 3HAJOrOBHIX Ma-
HIHHAX.

TaaBa XX *
ABW)XEHHE TEJIA B NOJIE 3EMHOI0 TAFOTEHHA

§ 97. ABH)KEHHE BPOLUEHHOTO TEJA
B NNOJNE TATOTEHHUSA 3EMJIK

3anaua o ABHXKEHHH TeJa B NOJie 3eMHOTO TAFOTEHHsS BO3HHKaeT Npu
H3YYeHHH NBHIKEHHs Ga/UIHCTHYECKHX PaKeT H MCKYCCTBEHHBIX CIyT-
HHKOB 3€MJIH, a TaKXe NDH PacCMOTPEHHH Npo6JeM KOCMHYECKHX Mo-
JIeTOB.

Bynem paccmatpuBarh ABHXKYLIEecCs TeNO KaK MaTepHAJIbHYIO TOY-
Ky Maccel m, a 3eMyio CHHTaTh HenoABHxHOA. ITycTh B HauaAbHHIA MO-
MEHT BPEMEHH 3Ta TOYKa HaXOJMTCSA Y NOBepXHOCTH 3€MJIH B NMOJNOKEHHH
M, (puc. 269) 1 HMeeT HauaNbHYIO CKOPOCTb Up, HaNpaBJEHHYIO NOA
YIIOM & K TOpH30HTajAbHOM myockoctd. Ecan npeHeGpeub COnpOTHB-
JIEHHeM BO3AyXa (4TO AN pacCMarpHBaeMbHIX BHICOT roJieTa B NepBOM
NpHOAHKEHHH JIONYCTHMO), TO-Ha TOYKY NpH ee JABHKEHHH Oyler AefcT-
BOBaTb TOJIbKO CHJIA TATOTEHHA F, HanpaBjieHHas K UEHTPY 3eMaH.
Kak nokasano B § 88, n. 4, MOAY/b 9TO# CH/ILl MOXKHO NPEACTaBHTDb B
Bhge.

F=mgR?*r?, (102)
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rre r=0M — paccrosnne TOUKH or ueHTpa 3emnan; R=0M; — 3Ha-
yeHHe r /IS TOUKH Bouieta M,; g — YCKOPEHHE CHJIBl 3€MHOTO TArore-
HUR B TOyke M, *. '

Tak xak cuna F — uentpanbnas (cM. § 86), To TpaekTopus TOUKH
6yner naockofi Kpusofl. [TostoMy AN H3yueHHs1 ABHXKEHHS MOXHO BOC-
TOJIb30BATHCA TMOJNAPHHMH KOODJAHHATaMH
r=0M #n ¢, NoMecTHB HX HayaJio (MoJoc)
O B ueHTpe 3eMJH M HanpaBass NoOJAP-
Hylo ocb Ox BRosb aunun OM,. CocraBuMm
audpepeHnHaNbHbIe YPABHEHHS JBHXKEHHS
TOUKH M.

o 3akony naowagefi (cM. § 86) npu
JIBHXXEHHH NOA AeficTBHEM LeHTpaJIbHOM CH-
JILl MOMEHT BEKTOpa CKOPOCTH U OTHOCH-
TenbHo ueHTpa O (WM YABOEHHAsi CeKTop-
Hasl CKOpOCThb TOYKH) 6yjeT BeqHYuHO#M no-
crosauHofi. CrnefoBarenbHo, my(v)=c. Ho
H3 YepTexa BHIHO, UTO €CJAH PaAIOKHTH

BEKTOp U Ha PaiHATBHYIO U, H mOmNepey-
HYyIO U, cocTaBasiomue (cM. § 47), To

Mo (V) = my (Vg) = rvg, rae vy =r-do/dt.

Orciona nostyuaem nepeoe ypaBHeHue

n®ac (103)

3HaueHHe NOCTOSTHHOM ¢ HafileM M3 yc/oBHA B TouKe. Bultera M,,
rjae, KaKk JIerko BHAETb, Mg (Vo) =Rugcose, CienoBaTensHO,

, ¢=Ruv, cos x. (104)

Bropoe ypaBHeHHe MoNyHHM H3 TeopeMH 06 H3MEHEHMH KHHETHYe-
CKOH 3HeprHu B mupdepennnanvHofi ¢opme [cm. § 89, popmyaa (51)]

d(mv*/2)=dA.
Ho no ¢opmyae (49) ua § 88
dA=—Fdr=-—mgR3dr/rs,
B pesynbrarte nHafineM Bropoe ypaBHeHHe B BHAe

o d (02 d
d(7)=grrd(+) nan LGB — gredUN (o05)

* B ¢opmyae (102) R moxer HMeTs Mio60e 3HaueHKe, GO/bilee 3eMHOPO pafkyca.
Koraa Touka M, Gepercst #a noBepXHocTH 3eMaH, GyzeM OOWYHO CYHTaTh R paBNbM
paanycy 3emHoro skBaTopa Ry=6378 kM n g=9,82 m/c? (¢ Bciogy — ycKopeHHe CHAB
3eMHOTQ TATOTEHHA, a He CHIH TAXecTH, cM. § 92). Ho, KoHeuHo, Bce nostyuaeMne ja-

siee GOPMYAH CNpaBej/IHBH JJIN ABHIKEHHA B NOJE TATQTEHHS MI0COF0 ApPYroro HeGec-
HOTO Tena. '
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rae (oM. § 47)
v=utoy =) +r(F)" - (108)
Hurerpupys auddeperunanchnie ypasuetns (103) u (105), moxHo
ONpefeNHTL 7 H @ Kak QYHKUHH BpeMeHH f, T. €. HafiTH 3aKOH JBHXe-

HHs TOUKH. BMmecto storo Hafinem cpasy ee Tpaektopuio. UTo6h ynpo-

CTHTb pacuer, BBefieM HOBOE NepeMeHHoe &, foaras .
1 du 1 dr

e S i (107)

Torna ¢ ygerom pasercrs (107) # (103) noayunm

dr __ dr dg g du ¢ du  _do ¢
T A TN A A A 2Rt

IloacraBnas stu 3xHaueHus B ¢opmyay (106), Haxoaum
v = c* {u? 4+ (du/de)?].

HafizenHoe BHpakeHue v? NOACTABHM B JIeBYiO 4acTb ypapHerns (105).
Ioayanm
du d%u

du du
o [u g+ ¥ | =8RG

3amennn snech c ero snaueruem u3 (104) u cokpamas sva du/dg,
HafileM okojuaTeNbHO Au¢pdepeHlHaNbHOE YypaBHeHHe TPAeKTOPHH:

diy g du 1
w+ﬂ=mﬂnﬂ W-*-ll:?, (108)
rpe oGo3nadeHo
p= 13_95:_1 (109)

Pewenne sroro ypasHeHus -caaraercs H3 oGlIEro pelleHHs ypaBHe-
BHa Ges npaBofi YacTH, KOTOpPOE COBNajaeT C peiieHHeM ypasHeHus (67)
npH =1 H YacCTHOTO pelUeHHs YpaBHEHHA ¢ npaBof wacTbio. CenoBa-
TeNAbHO, U=U,~uU,, TRe u, HMeer BHA (68) nau (69) npu k=1, a u,=l1/p,
B Y€M MOXHO YGeaHMTbcsl HemocpeiacTBeHHoR mojcraHoBkoff, B pesynn-
TaTe peweHueM ypashenHs (108) Gyaer

u=c,sin(q)+c,)+%.mxn u=%[l+clps‘in(q>+ c,)],

TAe ¢, B ¢y — NOCTOSAHEHE HHTerpHpoBaHus, [Tonaras agech c,p=—e,,
€3=n/2—P, rae e u f — HOBHE NOCTOAHHKIE, H NEPEXOAA OT U K 7, Halk-
A€M OKOHYATeNbHO ypaBHEHHe TPAGKTOPHH B BHIE

P
'=l_-—-eTs(_w—-—-F)" (“0)

M3 ananutnuecxkoht reomerpun uasectHo, uto (110) mpeacramaser
co0oft ypaBHeHHe KOHHYECKOrO CeueHHA (3//IMINCa, napaboinl HJH [H-
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nep6obi) ¢ GoKaNbHBEIM NaPAMETPOM p H SKCUEHTPHCHTETOM €, BHpaXeH-
Hoe B MOJAPHHX KOOPAHHATAX, A/ KOTOPHX mosiioc O HaXORHTCS B OfL-
HOM H3 (oKycoB. TIpH 3TOM reoMerpHuecKHii CMBLICA nocrosintoft f Bu-
IeH M3 TOro, 4TO NpH ¢==P 3HaMeHaTeab B paBeHcrBe (110) uMeer Mu-
HHMYM, a C/IeloBaTelbHO, BéauunHa r=0M — makcumym. Takum oG-
pa3oM, yron P onpenenser noJNOXeHHe OCH CHMMETPHH TPaeKTOPHH
(ocx;W AP na puc. 269) no orHoweHH0 K AHHHH OM, MAH K TOUKe Bbje- -
ra M,.

Yro6ul onpenennth 3HaYeHHA NOCTOSHHHIX MHTETpHpOBaHHS ‘€ H B,
HaZio ANA HayaJbHOTO NoJoxenus ¢=0, T. e, B Touke M,, 3HaTL Kpome
r (WM u) eme M NPOH3BOAHYIO OT r (HaR ot u) no ¢. Popmyan (32),
nonyyeHuse B § 47, u nocnexnee Ha pasercrs (107) gaior:

_vL.--Li’_ HIH __.l. Ur = du
vp 1 dg r vp 49’

Ho B Touke M,, KaKk BHAHO M3 pHC. 269, 7=R u v,/v,=tga. Caeno-
BATe/ILHO, HAYa/bHble YCNOBHA Il 4 HMEIOT BHA!

1 du 1
npH q)=0'“=_R_’ —(ﬁ;z—-?tga.

HMa ypasuenus (110), nepexoxs onath OT r K u, HafiieM
1 du e .
u=[1—ecos(p—P), 5o =7 sin(e—ph)
[ToacraBasis Cloja HayaJbHple aHaueHus u ¥ du/dp, noayuum
p/R=1—ecosP, — (p/R)tga=—esinp
HAH, 3ameHAs p ero 3HayeHueMm (109),

2 sin 2a : (“1)

g tdcosia
ecosﬁ: 1—— —-EE'R—'.

T' esinﬁ::

U3 3THX paBeHCTB, Zieisl HX CHauasa NOYJIEHHO APYT Ha Apyra, a 3a-
TeM BO3BOAS B KBaJpaT M CK/albiBas, HafiieM OKOHYATeJbHO:

__upsin2a
tgﬂ_‘2(gR---v3 cos? a)’ 112
e=1/1+13;°;?,§—:;°‘-(vg—2g1e). (113)

PasencrBo (112) onpenensier yron P, T. e. nojioxeHHe OCH CHMMeT-
PHH TPaeKTOpHH NO OTHOIIEHHIO K TOUKe Builera M, ®opmyna xe
(113) naer sHayenue aKcueHTpHCcHTeTa TpaekTopuH. M3 Hee BHAHO, uTO
TPaeKTopHel TOUKH Oyjer:

a) snmmnc (e < 1), ecan v, < V' 2gR;

6) napabona (e=1), ecan v, =V 2gR;

B) runepbona (e > 1), ecan v, >V 2gR.
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Ckopoctb v,=) 2gR HasmBaercs napabosudeckoll WM 6mopoil Koc-
museckod ckopocmoto. Ecavt cunrath R=Ro=6378 kM 11 g=g,=9,82 M/c?,
TO NONy4YuM v, 11,2 kM/c. TakuM o6pasoM, NpH HauaJbHOH CKOPOCTH
v,2211,2 KM/c Tes10, GpoILEHHOe C NOBEPXHOCTH 3eMJH NOA JMOGbM yr-
JIOM & K FOPH3OHTANAbBOMA NAOCKOCTH, GYAeT ABHIaThCA NO napabone Hix
runep6ose (npH @=90° -— no npsMoil), HEOrpaHHYEHHO YAANAACH OT
3emi. JocTrReHne cKopocTefi TaKOro NOPAAKA HEOGXOLHMO LA MeX-
nJaHeTHuIX coobuieHu#i *. Ilpu ckopocTH, MeHbilued BTOPOA KOoCMHue-
CKOH, TeJIO HJH ynajier o6paTHO Ha 3eMJII0, HJH CTaHET HCKYCCTBEHHHM
CNYTHHKOM 3eMJIH. .

3aKOH ABHJKEHHSI TOUKH BJOJIb TPAEKTOPHH, T. €. €e NOJOXeHHe Ha
TpaeKkTOPHH B JOGOA MOMEHT BpeMeHH, MOXKHO HaiiTH, 3aMeHss B pa-
BeHcTBe (103) 7 ero 3Havenuem u3 (110), a 3areM, HHTErpHPYA NMOJYYEH-
Hoe ypaBHeHHe,

§ 98. HCKYCCTBEHHDBIE CNIYTHHKH 3EMJINA.
AINTHNTHYECKHE TPAEKTOPHH

Tpu v,<V 9gR u as£n/2 TpaekTopHsa Teaa, GPOLIEHHOrO ¢ 3eMHOR
NMOBEPXHOCTH, €CTh 3JUIMIC, Y Koroporo ock PA, ofpasyiomas ¢ Ox
yroa B, spaserca ocbio CHMMErpuH (cM. puc. 269). Ecau HavaabHHe
YCJIOBHsL B yHKTe M, GYAYT TaKOBRI, uTO yroa P==x, TO TpaeKkTopus
nepeceyer MOBEPXHOCTb 3eMJH B CHMMETPHYHOH OTHOCHTE/JBLHO OCH
PA touke My, T. e. Teno ynazer Ha 3emmo. CrenoBateNbHO, GpPOILEH-
HOEe TeAO MOXKET CTaTb CHYTHHKOM 3€MJIH JIHIUb NPH T€X HauyaJbHHX YC-
JIOBHSAX, Koropule palor f=xn. Ho, Kak nokasmBalor pasencrsa (111),
P=n Tonrko npu a=0 (uaH a=n) u vi>gR, TaKk XaKk npu P=xn u
v3<<gR nepsoe 13 papeHcTB (111) naer e<C0, YTO HEBO3MOXKHO, IOCKOJb-
KY e ~— BeJIHYHHA noJioxHuresabHas, ClenoBaresbHO, YTOGH Tedso, 6po-
HIeHHOe C 3eMHO#l NMOBEPXHOCTH, NPEBPATHJAOCh B CNYTHHKA 3eMJiH,
Heo6XOAMMO BHINOJIHEHHE JBYX YCJOBHH:

a=0, V2R, > v,=>V g.R, (114)

SKCLUeHTpHCHCTET OPGHTH CyTHHKa npH a=0 W f=x, KaK BuAHO
u3 paBenctB (111) uau (113), Gyzner

e=v¥gR—1. ’ (115)

Cxopocts v,=)gR, npu_xoropoit e=0 H CIYTHHK EBHXKETCSl No
Kpyrosoi opbHure pasuyca R, Ha3nBaercs Kpyzoeod HIH nepeol Koc-
Muueekold ckopocmyto [cM. § 82, dopmyana (28)]. Ilpu 6Gpocasnu ¢ noBepx-
HOCTH 3eMJH, ecsiH cudTaTe R =R,=6378 kM u g=g,=9,82 M/c?, nep-
Bas KOCMHYeCKasi CKOpocThb v;=7,9 km/c. IIpn v,>v, op6HTOl CNyTHH-
Ka GYJeT JVIHIC, SKCUEHTPHCHTET KOTOPOro TeM Goablie, 4eM GoJiblue
vy (puc. 270).

* CkopocTs, HeoGXORKMaA MAIst 0CBOBOKACHHS MEXIJIaHETHOrO KopaGAs OT coB~
MecTHHBIX nputsxkennft 3emau u Connua, 6yner Gosibiue V 28,R, # npu onpefereHHoM
HanPaBAeHHH. Uy PaBHA OKOO 16,7 KM/c; STY €KODOCTb HA3HBAIOT mpemberd KOCMULE-
KOl CKOPOCMbIO:
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Korga yron 6pocains as~0, T0 HH npH Kako# HayaJAbHOH CKOPOCTH
U, Teso, 6pocaeMoe C 3eMHON MOBEPXHOCTH (EC/]H JaXKe He YUHTHIBATb
CONpOTHBJIEHHE BO3/lyXa), CNYTHHKOM 3eMJiH cTaTh He Moxker. [Toatomy,
HanpHMep, CO32aTh HCKYCCTBEHHH COYTHHK 3eMJAH BHICTPEJOM U3
PPYAUA NPAKTHYECKH HEBO3MOXKHO; AJIA 3TOMH LeJIH NPHIOAHA yrpasise-
Masi paKera, KOTOpas C MOMOLIbIO CO-
OTBETCTBYIOIHX NPHGOPOB MOMKET MOJ-
HATb CNYTHHK Ha 3aJaHHYI0 BBICOTY. H
coOo0UIHTh eMy B nyHkte M, (puc. 270)
HYXHYIO CKOPOCTb Y, Moj yriom a=0
K TOPH30HTaJbHOH  myocKocTH. TakuMm
nyTeM H OblT OCYLIECTBJIEH 3aNyCK mep-
BblX B MHpe COBETCKHX HCKYCCTBEHHHIX
CYTHHKOB 3€MJAH M KOCMHYECKHX . KO-
pabaeit ¢ YenoBeKoM Ha GopTy.

OrMeTHM B 3a3KJIOuUeHHE, 4Io C
yBenuyeHHeM BbpicoTH H° nyHkta M,
Haj NOBepXHOCTbIO 3eMJiH COMPOTHBJIeHHe BO3lyxa Gyler yOuiBaTbh M
CyTHHK Gyler moaroseuHee. ONHOBPEMEHHO CTaHeT, OYEBHAHO, BO3-
MOXHBLIM NOJIy4eHHE CNyTHHKOBOro ABHKeHus H npH a#0. Opnako
HETPYJHO NOACYHTATD, YTO NMpPH yBeHUeHHH H (XOTA v,, HanpHMep, NpH
3TOM yMeHbllUaercsl) NMOJHas 3Heprus, 3aTpayHBaeMas Ha 3amycK cnyT-
HHKAa JaHHOf Macchl, BO3pacTaer.

danuntHYeckHe TpaekTopHuHU. [Ippa>0wu :J‘,<V2g.,Ro
Teso, 6polleHiioe C 3eMHOR MOBEpXHOCTH, OMHCAB Ayry 3JLUIMNca, yna-
Aer o6paTHo Ha 3emaio. Takne SNAHNTHYECKHE TPaEKTOPHH OMHCHIBAIOT
GannauCTHYECKHE pPaKeThl, B 4aCTHOCTH MEXXKOHTHHeHTa/bHue. Hadxem
OCHOBHBIE XapaKTEPHCTHKH 3THX TPaeKTOpHH.

Tak Kak ocb PA ABJsieTCH OCbI0 CHMMETPHUH TPaeKTOPHH, TO TOUKOH

nagexus Oyjaer M, ¥ RajapHocTh S Gyfer paBHA AJIHHe AYTH MM, (oM.
pHc. 269); crepoBarenibHO,
S=2R.B, (116)

rze P onpenensierca opmyanoit (112). Ilpu 31oM, Kak OGLIYHO MPHHATO,
B paBexctBe (116) R, — cpennnii paauyc 3emiH.
HanGonbmas Beicora H TpaexTopuH paBHa (7). —Ro HaH,
corjacHo papeHctBaMm (109) -u ’(llO),
vo costa
H=1"5g—Re (a1n
rae e onpenensiercs ¢opmyaoh (113).
Bpemsa nonera T wnafinem M3 ypasuenus (103), xotopoe Bmecte
¢ (104) paer

dt= (r*/c) dp= (r*/ Rov, cos @) dg.

3amensns 3nech r ero 3HaueHueM, NOJTyyaeMwM U3 pasencts (109) u (110),
H HHTETPHPYR, HaiizeM, YTO

3 0qd
vg cosd a
T =2

8 ap
R4} Sp (1 —ecosy)?*




rae Y=¢—f. Buuncasns HHTErpaJ, HafiileM OKOHYaTeNbHO nocjie pAja
npec6pa3oBaHHi

_ 23 cos’a . 118
T———_Rogf,(Vl—e’)’ (z+esinz), (118)

rre o603HadYeHO
z=2arctg<]/ li: tg %) : (119)

ITo nonyyennnM ¢opMmysiaM, 3Has Uy H YroJl GPOCAHHA &, MOXKHO
onpefesHTh JANbHOCTh NoJjiera S, HaHGOMbIIYIO BHICOTY TpaeKkTopun H
H BpeMms moJera T. _

C npakTHuecKOfl TOYKH 3PEHHS] BaXHO HalNTH MHHHMAJLHYIO CKO-
pocThb U™ ¥ HAHBHITOJHEAIUHA Yrosl GPOCAHHSA &, PH KOTOPHX MOXeET
OHITb NOJyueHa 3afaHHasi JanbHocTh S=2R .

Jaa aroro onpexenuM u3 pasencrBa (112) Bennurny v,. [lonyanm

= 2R.g, tg B
b= l/sin2a+02:os’atgﬂ" (120)

INpu nanno#t nansHocTH (NpH AanHOM yrae B) norpeGHast CKOpPOCTH
U, 3aBHCHT OT yIJ1a @. Tak Kak yroJ @ BXoAuT B paBeHcTe (120) Toanko
B 3HaMeHareJb, TO Uy, HMEET MHHHMYM, KOTZa 3TOT 3HAMEHATeJb JOCTH-
raer makcumyMma. IlpupaBHuBasi nPOH3BOAHYIO OT 3HaMeHarels No &
HyJmo, HafineM )

cos 2a—sin 2 tg P =0;

orkyaa cig 2a,=tg f u HauBmrogHefimui yroa Gpocanus
a =45'—p/2. (121

UTo pasHas BenauuuHa a, jaer u'", Jerko npoBepsieTcst MO 3HaKy
Bropo# mponspopHoi. IToacrarnssn 3Havenne a, B paseHcTBo (120) u
YuuTHBasi, 910 2 cos*a=1--cos 2e, noayuum

vdin =V 2R g, sin B/(T + sin ). (122)

Gopmyan (122) u (121) onpenensior HaHMEHBILYIO HAYAIBHYIO CKO-
POCTb H HaHBHroAHeRIHA yros 6pocanis, obecneuyuBaIoLIHe 3alaHHYI0
AAJNLHOCTh. BricotTa TpaekTopuu M BpeMs fnoJieta NpM 3TOM MOACYHTH-
Balotcs no ¢gopmyaam (117) u (118), B KOTOPHX U, H O 3AMEHAIOTCA MX
3HavYeHHsAMH u3 (122) u (121). Insn HarMsHOCTH 3JIeMEHTH HECKOJABKHX
HaHBBLITOAHEHINHX NAHNTHYECKHX TPaeKTOPHHA, NMOACUHTAHHLIE IO ITHM
¢opmynam npH Ro=R.,=6370 kM, nprBeseHH B TaGJ. 3 (Bce BETHIHHH
JaHH B TabaHLe ¢ TOYHOCTBIO A0 5 eAHHMI| NOCJAeNHEro 3HaKa).

HanomuBaem, 910 Bce 9TH pacueTH OTHOCATCA K ABHIKEHHIO B Ges-
BO3AYHMIHOM NPOCTPAHCTBE H HE YUHTHBAIOT BIHAHHE BpalEHHS 3eMJH.
B 3akJloueHHe OTMETHM, YTO NPH Ma/ibiX AaabHOCTAX (yroa P mMax) Ayra
SJUIHIICA, QUHChiBaeMOro GpOLUeHHBIM TesioM, G/iH3Ka K Ayre napaGoJl.
Ecan npn stom cuurath sinfaP u 2R P =X, a senuuunof f B Apyrux
PaBEHCTBaxX IO CpaBHEHHI® C eHHHUeH npeHeGpeub, TO B Mpeaesie Bee
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Ta6anuuna 3

Heo6xoauman | Haysuroanen-
Vronp. |Hagenoers | BEST | wed yron opo- | G TR | Brews nonera T
v‘r,nln' /e rpan" KM
10 2220 4300 40 500 12 mun 30 ¢
20 4 450 5650 35 900 19 » 10
30 6670 6460 30 1170 24 » 50»
40 8 900 7000 25 1300 30 » 00>
70 15 570 7780 i8 900 40 » 10>
90 20020 7910 0 0 42 » 10>

nosyueHspie GopmMysn nepefifyT B COOTBETCTBYIOIIHEe (OPMYJH LIS
napaGoJiHueckKHX TpaekTophii (cM. § 82). B wacrHocry, u3 (121) u (122)
noaydaeM cpasy

a,=a*=45° ypln = V?g,_)'(:

§ 99. IOHATHE O HEBECOMOCTH.
MECTHDBIE CHCTEMbI OTCYETA

Ilpu pBHKeHHH Tea B NoJie TATOTEHHS! MOXKET HMeThb MeCTO HHTepec-
HOe fIBJieHHe, Ha3biBaeMoe Hegecomocmbro. HauHeM ¢ yacTHOro npumepa.
PaccmorpuM rpy3 maccoft m, nokosiluitca B JaH¢Te, KOTOpPHIA ABH-
JXeTcsl 0 OTHOLUEHHIO K HENOABHIKHEIM ocsiM Oxy BepTHKalbHO BHH3 C
yckopenneM a (puc. 271,a). Ha rpys ¢ ' 77 i

JAeACTBYIOT CHJA TAXeCTH P=mg u a) d)
1 |

peakuua N. Tak kak rpys, jABHra-
sicb BMecTe C JHDTOM, TOXe HMmeer
yCKOpeHHe a, TO, COCTaBjfs YpaB-
HEHHe ero ABHXKEHHS B MPOEKUHH Ha
oCh X, MONYYHM

Q

ma=mg—N u N=m(g—a).

x
.
ol Bz|
=

%
Orciona HaxoAHM, 4TO KOrga a=g, 1 Puc. 271
T. €. KOFTA2 JHQT CBOGOXNHO nanaer,
N=0 u rpy3 HHKaKoro jamjieHHs1 Ha noj AB KaGWHH He OKa3nBaeT
(mos1 He cayXHT eMy onopofi). [TosToMy rpys no oTHOIIEHHIO K JHTY
6yJieT’ OCTaBaTLCA B NOKOE (¢BHCETb») B JIOGOM MecTe KaGHHEI, eCJIH ero
TyAa nomecTHTb. Ha uawy BecoB, HaxoAsumuxcs B KaGHHe, Fpy3 TOXe
He OKaXKeT NaBJICHHA H OHH NOKaXXyT, YTO «BeCc» Ipy3a pabeH HYJIO.
Ananoruysoe coctosinue GyJer M y rpysa, NoMeleHHOTO B KaGHHY IO-
CTYNaTeJIbHO JBHXKYLIETOCS KOCMMUYECKOro JIeTaTeJbHOrO annapara.
Takoe, cocTosiHHe rpy3a (rejia) M HashIBAIOT HEBECOMOCMLIO.
OGbAcHsieTC NOJMyYeHHRl pe3yJsbTar NpocTo: Noj AeHCTBHEM CHJIH
TAXKECTH H AHDT, H HaXOAAWHUACA B HEM IPY3 ABWIKYTCSA 1O OTHOWIEHHIO

K ocaM Oxy C OLHHM H TeM e ycKopeHHeM g (puc. 271, 6); nosTOMY OT-
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HOCHTE/IbHO KaOHHH NH(TA Tpy3 He nepemelnaercs (HaXOAHTCA B AOGOM
MecTe B NoKoe) H He GyjeT NaBHTh Ha AHO KaGHHH. Ho opHOBpemeHHo
fICHO, YTO COCTOSIHHe Majalollero rpysa HUKaK He 3aBHCHT OT HaJH4YHsA
JNH}Ta M OCTAHETCA TaKHM XKe, xorn’g rpya nagaer ofus. CrejgoBarenn-
HO, B COCMOAHUW HesecoMocmu Haxodumcs atoboe meno, c80600HO Agu-
wmyweecs (nadarouiee) 8 nose cua maxcecmu (mazomenus).

OnHaxo B3 HITOXEHHOIO He BHAHO, YeM Xe (PHIAUECKH COCTOSHNE
TeJIa NPH HEBECOMOCTH OT/IHYAETCH OT COCTOSHHL, KOTOpoe Oyner y
TeJI&, KOrfia OHO NMPOCTO NOKOHTCA Ha MOBEPXHOCTH 3eMJIM WIH ABH-
XeTcS MO AelcTBHEM XaKHX-HHGYAb APYIMHMX CH, HapHMep CHIH
TSMM. Mexay TeM, YTO B 3THX COCTOSHHSX €CThb CYIIECTBEHHOE
pajHuHe, NoXasnBaeT IKCrnepaMerT. Tak, ecm B KaGHHy nagawomero
NETa WIH KOCMAYECKOIO JIETATEILHOIO aMiapaTa MOMECTHTh COCYR
¢ XHAKOCTBIO, HE CMaYHBAIOLIEH €10 CTEHOK (HaNpUMep, € PTYTHIO), TO
NPH HEBECOMOCTH XMAKOCTb HE 3aMOJIHET COCYA, & MPHMET B HEM
¢opmy mapa # coxparuT ee H BHe cocyaa. O0bICHIETCI 3TO, O4EBHHO,
TEN, YTO IIPH HEBECOMOCTH H3MEHIETCS XapaxTep 8HYMPEHHUX YCUNUL]
B Tese (B JAHHOM CTyqae B XuaKocTH). CIeoBaTesbHO, YTo0H BHC-
HHTb, B YN COCTOHT OT/IMIHTENbHAL 0OCOOEHHOCTh COCTOSHHS HEBECO-
MOCTH, HAf0 OOpPaTHTBCS K PaCCMOTI€HHIO BO3HMKAIOMIHX B Tese
BHYTPEHMHAX yCHIHH.

Bynem pasnuuate aBe KaTeropHHM BHYTPEHHHUX YCHJHA B Tene: ycu-
AUS, He CBABAHNbIL.C BHEWHUMU 8030elicmauany HA meso (HanpHMep, Mo-
JIeKyJISIpHbIe CHJIH, TeMNeparypHhie HanpseHHs HJAH YCHJHA B ABYX
CTAHYTHIX GoJiTaMy M OGpa3yioUIMX OJHO TeJO MOJOCaxX Kejesa) H ycu-
AUR, 6LIIBAHKBIE BHELUHUMU 8030eldcmeusmi KA meao, T.e. JAeACTBHeM
Ha TeJO BHeWHHX CHJ. '

OCTaHOBMMCAT Ha pPacCMOTPEHHH BTOPOR KaTeropHH BHYTPEHHHX
Yeuanh (cm. § 20). Ipu stom GyxeMm pasaHyaTh TaK Ha3HBaeMble Mac-
CoBHE (MAH O6beMHHE) H NMOBEPXHOCTHHE CHAM. Maccosoimu Ha3pBaIOT
CHJIB, JefCTBylomMe Ha KaXAYIO U3 YacTHL JAHHOrO TeNa H YHCJAEHHO
NPONOPIHOHA/NLHHE, MACCAM STHX HYaGTHN; MPHMEPOM MACCOBHX CHJ
ABJIAIOTCA CHAB TATOTeHHSA. J108epXHOCMABIMI HA3BIBAIOT CHJILI, NIPHJIO-
XeHHhE K TOYKaM MOBEPXHOCTH JAHHOTO TeNa; NMPUMePOM TaKUX CUJ
AIBJIAIOTCA PeaKLHH BCEBO3MOMKHBLIX ONOp, CHJA TSATH, CHJB CONPOTHB-
JieHHs1 cpeanl H T. . [Ipu ompejesieHHH 3aKOHA ABUMKEHHA (WIH yC/Io-
BHA pDaBHOBECHA) pH3HYeCKas NPHPOAA NPHJIOKEHHBX K TNy CHM posu
He Hrpaer. BaxHo nHIIb, YeMy paBHH MOAYJ/b M HAaNpaBJeHHe KaXIoH
H3 cua. ONHaKO Ha 3HaYeHHAX BO3HHKAIOWMX B Tesie BHYTPEHHHX YCH-
JIHA 3TO pa3/IHyHe, KaK MH YBHIMM, CKa3hBaeTCsi BECbMa CYILIIECTBEHHO.
OGvacHAeTcs Takof pesy/bTaT TeM, YTO MAccOBHE CHJL AEACTBYIOT Ha
Xa¥Ayl0 H3 4YacTHL Tesla HeNnoCpeA¢TBEHHO; AeHCTBHe XKe NMOBEPXHOCT-
HBIX CHJI mepejaeTcs 4acTHIaM TeJla 3a CYeT faBJeHHS Ha HHX COCEAHHX
"YaCTHIL.

PaccmoTprM Teslo Maccofl m, ABHXKYLIEECS B MOJe TATOTEHUA 3eMiu
NOCTynaTe/bHO, HO He 06s3aTesibHO npamosxHefino. Pasmepsl Tena no
CPaBHEHHIO C 3eMHbIM PajHycoM GyleM CYHTaTb HaCTOJBKO MaJjhIMH,
9TO pas/IHYMEM B PAaCCTORHHAX YACTHI TeJla OT LEHTPa 3eMJIH MOXHO
npeHeGpedsb H CUHTATh, YTO CHJIBI TATOTEHHA COOGLIAIOT BCEM 4acTHLLAM
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Tena OAHO H TO e YCKOpEeHHe g. Toraa paBHOAEHCTBYIOWAsA NPHAOKEH-
HEIX K TeJy CHJI TATOTeHHs Gyaer

F.=mg. (123)

HonyctuM, 4TO KpoMe CHJ TATOTEHHS Ha TesIo AeACTBYIOT ellle Mo-
BepXHOCTHBIE CHJIBl, NPHJIOMEHHBIE BJAOJNb KakoH-To miowaiky AB u
pMelolHe paBHogelicTBylomylo Q (puc. 272, a). Cuna Q Moxer ObiThb
peakuueli jHa kaOuHH JudTa (MM KaOHHBI caMoJieTa, KOCMHYECKOro
JleraTe/lbHOrG- anfapaTta), B KOTOPOH NOKOHTCA TeJNO, WJH Ke CHJIOI.
TACH, CUJIOH CONPOTHBJIEHHA CPeAbl M T. II.

Corniacso cKasaHHoMy B § 73, TeJsio, ABIXKYleeCsi MOCTYMaTeJLHO,
MOJHO paccMaTpHBaTh KaK MarepHaJibHylo TOouKy. CocraBMM ypaBHe-
HHe JIBHEHHA ITOTO TeNla B BEK-

TOpHO# opMe, NOAYIHM 9) F 4) o
ma=F,+Q. (124) { 3
-b p- -b
Orcigna, yuHTHIBAS PaBeHCTBO _ !
(123), nafizeM yckopeHue TeJa S5
=g+ Qm. (125)
OnpeienuM Tenepb BHYTPEHHEe Puc. 272

YCHJIHSE, BOSHHKaIOLLKE NOA AeHcT-

BHeM cua1 F, u Q B xaKom- -HHOY Ab CeueHHH bb, TeJla, Nepner Ky pHOM
HamnpaBJeHHio BeKTOpa Q, T. e. Te CHJBI, ¢ KOTOPHIMH YacTHIM Tena,
pasieseHHpie 3THM ceueHHeM, LeficTBYioT Zpyr Ha japyra. [as storo
PAacCMOTPHM JBHIKEHHE OJHOJ M3 uacTeil Tesa, HanpHMep BepXHefi, Mac-
cy Koropofi o603HauuM m,. Ha 31y 4acTb Tesa AeACTBYIOT CHJHI TATO-
TeHHsl, paBHOJEHCTBYIOILAA KOTOpHX corjacHo dgopmyne (123) Gyper
F.a=m,g, U culnl JaBjeHUsi OTOPOLIEHHOH YacTH Tesa, PaBHOAEHCT-
BYIOILYIO KOTODHX Ha3oeeM S; (puc. 272, 6). [TockobKY TENO ABHKercs
NOCTYNaTe/]bHO, TO H PACCMATPHBaeMas ero YacTb TOXeE ABHXKETCs no-

CTYNaTe/bHO C TEM XK€ YCKOPEHHEM a M 1as Hee m,a F,1+S, HIH

ma=mg+S;, orkyaa S,=m, (a—g). 3amenss snech a ero 3HaueHMHeM
13 ¢opmyan (125), HafiieM OKOHYaTe/IbHO, YTO

5, = (m/m)Q. (126)

TaknM 06pa3oM, 3HaueHHs BO3HHKAIOUIHX B TeJie BHYTPEHHHX YCH-
JUA 3aBHCAT TOMBKO OT AEHCTBYIOIHX HAa HEro NOBEPXHOCTHHX CHJ.
Ilpu atoM, nockoasky B dopmyay (126) yckopenue He BXOAHT, OHa Oy-
JeT CrpaBepNuBa H JJsl HOKOSILErocs Tesa.

Paccmorpum Tesio, noKosilieecsi Ha NOBEPXHOCTH 3emau. HeficrBylo-
el Ha Hero NMOBEPXHOCTHOM cHJIOH Gyjer peaKuHs 3eMHOA NOPepXHOC-
TH, YHCJIeHHO paBHast Becy P tena. CnenoBarennyo, npH Q=P dopmyna
(126) onpeneasier BHyTpeHHHE YCHJIHS B TeJle, IOKOSIUEMCR HAa NMOBepX-
‘HocTH 3emaH, CocTosiHHe, B KOTOPOM HAaXOAMTCA TEJO NPH BajHYHH B
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HeM TaKHX BHYTPeHHHX YCHJIHA, Ha3LIBAIOT COCTOSTHHEM 6ecomocmu.
HcnniTeiBaeMoe  4eOBEKOM, HAXOASAIIMMCA Ha TMOBEPXHOCTH 3eMJH,
OlIlyIIeHHe «BECOMOCTH» H ABJIAETCH CJEACTBHEM HAJHYHA B €ro Tene
TaKHX BHYTpEHHHX YCWJIHH (AaBneHHf uacreft Tena Apyr Ha npyra).

Ecan Ha nokosieecs ¥JH ABHXKYIeecs TeJIo AefiCTBYeT NOBEpXHOCT-
Has cuna Q<<P, TO BHyTpeHHHE YCHJHA B MOGOM ceueHHH Teha OyayT
MeHbILIe, YeM MpPH ero NoKoe Ha 3eMHOil MOBEPXHOCTH (sBNeHHE Hedo-
2pysKu); ecJIH XKe AeACTBYIONIAsA NOBEPXHOCTHAsK cHia Q>>P (Hanpumep,
Q — cusa TArE BePTHKAaJBHO CTapTylomiell pakerhl), T0 BHYTDEHHHe
YCHAHA B JIOGOM CeYeHHH Tesa Gyayr 6oJibllie, 4eM NPH €ro NoKoe Ha
3eMHOM noOBepXHOCTH (sBJeHHe nepezpysku). Hakonen, koraa Q=0
H TeJO ABHIKETCA CBOGOAHO MOX AefiCTBHEM TOJIBKO MAacCOBLIX CHJI (CHJ
TATOTEHHA), T. €. HAXOAXTCA B COCTOSIHHH HEBECOMOCTH, TO NMOA AefcT-
BHEM 3THX CHJl HAK2KHX BHYTPEHHHX YCHJHI B TeJie He BO3HHKaeT:

B wurore npuxoauM K CleRyOIHUM pesyJbrataM: 1) awboe meao,
pPa3mepst KOMOPO20 MAAbL NO CPABHEHUIO C €20 PACCMOAHUEM OM YeRmpa

eX AU U Komopoe J8udcemca 8 noae mseomenus emau c6o600Ho (T. €. noj
AeACTBHEM TOJILKO CHJI TATOTEHHS) U NOCMYNAmeAbRO, HAX00Umca 8 co-
CMOARUL Hegecomocmu;, 2) COCMOSKUE HEBeCOMOCMU XapaKmepusyemcs
meMm, 4mo npu HeseCOMOCIMU 8 Mmeae He 60BHUKAEM BRYMPeRHux ycuaul,
6bI3bI6ACMBIX BHELIHUMY 8030elilmBUAMU HA 3MO meAo.

AHaNOrHUHBIK pe3yJsbTarT HMeeT MeCTO NPH ABHXEHHH B moJje THA-
ToTeHHs Jo6oro Apyroro HeGecHoro Tena.

Taxum o6pa3soM, ec/iH CONPOTHBJIEHHe BO3AYXa NpeHeGPEXKHMO MaJIo,
TO MmoGoe nagaiouiee Ha 3eMJI0 HIH GpolLEHHOE C ee I0Bep XHOCTH TeJIo,
ABHXYylleeC MOCTynaTesNbHO, Gyler HaXOAWTHCA B COCTOSHHH HeBeco-
MOCTH. B yacTHOCTH, B COCTOSSHHHM HEBECOMOCTH HaXOAATCH ABHIKYLIHECS
BHE 3eMHO#l aTMocephl HCKYCCTBEHHHE CNYTHHKH 3eMAH HJH KOCMH-
YeCKHe JieTaTesIbHbie annapaTthl H BCce HaXOAAUIMecs B HHX TeJsa.

Yuer HeBecOMOCTH NpHOGpeTaer Ba)KHOe 3HaueHHe MpPH KOCMHUe-
CKHX ToJIeTax,. MOCKOJbKY HEeBECOMOCTh H3MEHSIeT YCIOBHSA PaboThl MHO-
THX YCTPOHCTB H NpHOGOPOB, a Te U3 HHX, B KOTOPHX, HanpHMep, Hc-
noJib3ylorcs pH3HIECKHE MAATHHKH HJAH CBOGOAHAA NMOJAYa KHAKOCTH H
T. I, BoOGLIEe OKA3LIBAIOTCA HENPHIOZHHMH. BaxkHyio posb B yCIOBH-
fIX HeBECOMOCTH HAYHHAIOT HrPaTh HE 3aBHCALINE OT BHEIUHHX BO3jeficr-
BHA M COXpaHSIOWIHECH NPH HEBECOMOCTH MOJIEKY/APHBIE CHJIL (B 3eM-
HHX YCMIOBHSIX MaJible TI0 CPABHEHHIO C B3aHMHHIMH AaBJeHHAMH, obyc-
JIOBJIEHHHIMH BECOMOCTBIO), UTO MEHSeT Xapaktep psifa sBaenuii. Ha-
NpHMEp, B yCJIOBHAAX HEBECOMOCTH CMayMBaiOUlasd HAKOCTb, 3aHOMHAO-
Ias 3aMKHYTHIAA COCYH, NOJ AeHCTBHEM MOJIEKYJISIPHHX CHJ pacrnpese-
JINTCA PaBHOMEPHO MO ero cTeHKaM. JKHAKOCTH ke, He CMadyMBaIOWAA
CTEHOK, NpHMET (opMYy Liapa, Ha YTO YyXe YKasbBaJoCh *.

* Hebecomocts Banner u ha paboTy paja OpPraHOB HeJIOBEAECKOTO TeNa (nanpu-
MEp, Ha BeCTHOY/ISPHHA annapat, oGecleyHBAIOWHMA YYBCTBO PAaBHOBECHS); MOITOMY,
YTO0H MPHCNOCOBHTLCS K YCJIOBHAM HEBECOMOCTH, Tpebyerca COOTBETCTBYIOWAS Tpe-
HUPOBKa. UTobk B HeKOTOPON Mepe HMHTHPOBATHL NPH NOJETE B KOCMOCE COCTOAHHE KBe-
COMOCTH», Ha KOCMOHAaBTOB HaJeBAIOT CrelasibHLE KOCTIOMB, NPHAAIOUIHE TeNy COOT-
BETCTBYIONIME (¢BCPTHKAJbHLIEs) HArpysKH,

260



MecTHHe cucTeMH oTcuerTa. Paccmorpum Teno A,
ABHIKYIICECK B NOJE TATOTERHS 3eMAH (MAH Apyroro HeGecHOro rtesa)
CBOGOZHO H MOCTYNATeNLHO ¢ YCKOpeHHeM g (YCKOpeHHe NoJs TATroTe-
HHA), T. €. HaxXOAflleeCA B COCTOAHHH
HeBecoMOCTH. CBsixeM ¢ TeioM A cHcreMy
orcuera Oxyz, ABMXKYULYKCH BMECTE C HHM
TOXe nocrymatebHo (puc. 273), # pac-
CMOTPHM JBHXEHHEe MaTepHaNbHOM TOUKH
M wmaccoft m no oTHOLWERHIO K STOR CHCTe-
Me orcyera. [IpH aTom o6sacTb, rae nposc-
XOJHT ABHXeHHe, GyleM CUMTATh 10 CpPaB-
HEHHIO C PAaCCTOAHHAMH OT Tena A A TO4-
KH M no uentpa 3eman (neGecHoro Tena)
HacTOJMbKO Masof, uto B 3TOR oOfNacTH Puc. 273
MOXHO cYHuTaTh g=const. Ha touxy M, no-

CKOMLKY OHa, KaK M TeNo A, ABHXeTCS B roJie TAroTeHHs 3emuH, Gyaer
ZeACTBOBaTh CHJIa TAroTeHHs F,=mg, a TaKkxke MOryT AeAcCTBOBATH APY-
rue cuau Fy, F,, ..., F,.

CocraBHM ypaBHeHHE OTHOCHTENILHOTO RBHXKEHHS TOYKH MO OTHO-

weHHIo K ocAaM Oxyz, T. e. ypaBHenue (56) u3 § 91. Tak kak ocu Oxyz

ABHXYTCA NMOCTYNare/nbHo, To F¥,,=0 H ypaBHeHHe NpHMeT BHA

ma = Fy+F+ Flep, (127)

rze YF, — cyMMa OpYrHX JefiCTBYIOUWIHX GHJI, Kpome F.

0 TaK Kak ocH Oxyz NnepeMellaloTCA BMecTe ¢ TesioM A_nocryna-
TeNLHO C YCKOPEHHEM g, TO A ABHXYUIEACA TOUKH Gnp=€ H Fliep=
=—mg. Yura ewe, yro F,=mg, nonyuum u3 ypasuenus (127)

ma=3YF,. (128)

Taknm o6pa3om, xors cucreMa orcyera Oxyz He ABIAETCA HHEPIH-

anbHoft (cM. § 91), TaK Kak ABHIKeTCA ¢ YCKOpeHHeM g, ypaBHeHHe JBH-
MeHHA TOYKH N0 OTHOWEHHIO K STOfi CHCTeMe OTcyerd COCTaBJIseTcH
TaK, K&K ec/iH 6b OHa Gbifla HHEPUHAJLHOM; HO NPH 9TOM 6 wuca0 dedcm-

SYIOLLUX KA MOYKY CUA He BOANCHA BKAI04AMbCA cura mazomenus Fo, 1. e,
CHNA TMPHTAKEHHA K 3emae (neGecHoMy Teay), B noJie TATOTEHHA KO-
TOPOrO ABHXKYTCA Te0 A M CBA3aHHas C HHM CHCTeMa orcdera. Takyio
CHCTeMY Ha3oBeM Mecmuol cucmemol omcuema. Ee npakKTHYeCKH MOXHO
CYHTATb HHEPILKA/NbHOM ¢ TeM GoJbllefl CTENEHbIO TOYHOCTH, YeM MeHb-
e obracth, B KOTOPOR NPOHCXOAHT JABHXKEHHE.

Hanpumep, ec/iH MeCTHYI0 CHCTEMY OTCYETa CBA3aTb C ABHXKYIHMCA
NOCTYNaTeNbHO BOKPYF 3eMAH KOCMHUYECKHM JieTaTeIhHHIM anmnapaToM,
TO ypaBHeHHe JBHIXEHHSA MO OTHOLIEHHIO K JIETaTeIbHOMY annapary Jio-
6oro HaxofsUlerocs B HeM Tea Gyzer cocraBasatbes B Buxe (128), t. e.
Kax B HHEpUHaJbHOR CHCTEME OTCYeTa, HO MPH 9TOM B YHCJAO AeHACTBYW-
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IHX HA TEO CHJ He JOJIKHA BKJIOYaTHCA CHAA NMPHTAKeHHA K 3emJe.
Huave roeops, Bce MexaHHuecKHe fIBJICHHS B JIeTaTe/IbHOM amnmnapare
GyLyT NPOHCXOAHTE TaK, KaK ecJH 6bi OH HaXOAMJICA BHE MOJA TAroTe-
HHS.

JlpyruM npHMepoM MeCTHOM CHCTEMH SIBJSETCA CHCTEMa OTCYera,
CBfi3aHHaA ¢ 3eMJielt, HO HMeIOLLasl OCH, HanpaBJeHHbe Ha 3Be3H, T. €.
HE YYaCTBYIOIIHe B CYTOYHOM BpalleHHH 3eMJIH H ABHXKYLIMECH BMECTe
¢ 3emneii nocrynaresnsso Bokpyr Connua. Takast cHcreMa oTcyera Ajs
JBHKEHHA B 06J1aCTH, MaJIOH IO CPAaBHEHHIO C PACCTOSTHHEM OT 3eMJH
1o Coaxua, T. €. 518 ABHXKEHHH B OKPECTHOCTAX 3eMJH, GyAer npakTH-
yecku HHepuHaapHOR. Ho mpu 3TOM B yucao cuil, AefiCTBYIOWUX Ha Te-
J10, IBHIKEHHE KOTOPOTO H3yYaeTcs, He JOJIXHA BKJIOYaThCHA CHJA NMpPH-
raenns Kk Conanny (x HeGecHOMY Teay, B MOJie TATOTEHHS KOTOPOro
IBHIKETCA 3Ta MeCTHas CHcTeMa orcuera). [loatoMy, Koraa cucremy
oTCyYeTa, XKeCTKO CBA3aKHYI0 ¢ 3eMJell, pacCMaTPHBAIOT KaK HHepLHAIb-
HYIO, TO He YYHTHIBAIOT TOJIbKO CYTOYHOE BpallleHHe ‘3eMJH, Ha YTO H
6ui0 yka3ano B § 92. Cunoft npuTaxKeHHs K COMHILY NPH 3TOM, KaK HHOr-
Jia OlIHGOYHO NONAraioT, He npeHeGperaoT BBHLY €€ MaJIOCTH, a ee Ipo-
€TO, COTJIaCHO TIOKa3aHHOMY Bllile, He CJIEAyeT YYHTHBATh.



Pasgen uerBepThiii
AHHAMHKA CHCTEMblI U TBEPAOrO TEJIA

Faasa XXI
BBEAEHHE B AHHAMHUKY CUCTEMbI. MOMEHTH! HHEPLIHH

§ 100. MEXAHHYECKASA CHCTEMA.
CHJ1bl BHEIWHHE H BHYTPEHHHE

CHcTeMy MaTepHa/JbHBIX TOYEK MJIM TeJs, ABHXeHHe (HJIM paBHOBe-
CHe) KOTOpO#i paccMaTpHBaercs, GyJeM Ha3blBaTh Mexanuveckold cucme-
smod. Ecnn MexkAy TOYKaMH (TenaMH) MeXaHHYeCKOH CHCTeMB! AeHCTBY-
IOT CHJINl B3aUMOAENCTBHA, TO OHA o6Jajaer TeM
CBOACTBOM, YTO B Hefl NOJOXKEHHE HJH JBHXe-
HHe KaXKIOH TOUKH (Tes1a) 3aBHCHT OT NOJOXKEHHSs
M JBHXXEHHA BceX OCTaJbHbIX. Knaccuuecknm
NpHMEPOM TAaKOW CHCTEMBI ABJSAETCS COJIHEYHast
CHCTeMa, B KOTODPO# Bce TeJa CBSA3aHH CHJAMH
B3aHMHOTO NPHTSXEHHA.

JeficTBylomune Ha MEXaHHYECKYIO CHCTeMY aK-
THBHble cubl F§ u peakuun cBasef N, pasgeas- Puc. 274

I0T Ha BHewHHe F§ M BHYTpeHHHe F} (MHAeKCH

e H i or natunckux exterior — BHewnud u interior — BHyTpeHHHR).
Brewnumu Ha3WBaOT CUIH, AEHCTBYIOLLHE HA TOYKH CHCTEMH CO CTOpPO-
Hbl TOYEK HJIM TeJ, He BXOAAWIMX B COCTAB JaHHOR CHCTeMHl. Buympen-
HUMU HA3bIBAIOT CUJbI, C KOTOPHIMH TOYKH HJIH TeJla JaHHOM CHCTeMH
ZeficTBYIOT ApPYr Ha apyra. 3ro pa3liefieHHe ABASETCH YCJIOBHHIM M 3a-
BHCHT OT TOTO, KaKas MeXaHMyeckas cucrema paccMatpupaercs. Ha-
npUMep, ecaH paccMartpuBaercs apikeue Bcefl CoHeuHOA CHCTEMH,
TO CHJa NpuTsKeHHs 3eman K CoaHuy Gyler BHyTpeHHeH; ecslH Xe pac-
CMaTpHBAeTCA ABHXKEHHE CHCTEMBl 3eMas — JIyHa, TO BJif ITON CHCTeMBl
Ta Xe cuaa 6yler BHelwHef.

BHyTpeHHHe CHAH 06JaJal0T CJIEAYIOIHMH CBOACTBAMM:

1. Teomempuseckan cymma (2raembil 6eKmop) 6cex BHYMPERHUX CUA
cucmembt pagnaemcs Hya0. B caMoM zene, o TperbeMy 3aKOHY JHHAMH-
KH MoGhie XBe TOUKH CHCTEMH (puc. 274) gmeilcTByloT ApYr Ha japyra ¢
PaBHBIMM MO MOAY/O H NPOTHBONOJOXXHO HanpapB/ieHHbIMH CHJIAMH

Fiy u Fi,, cymMa KOTOPHIX paBHa Hy/o. Tax Kak aHaJOrHuHbi pesyb-
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Tar HMeeT MecTO JUIf JIIo60H napnl TOUEK CHCTEMH, TO
S Fi=o0.

2. Cymma momenmos (2/8HHILL MOMERM) 6CEX BRYMPEHKUX CUA CU-
CmemMbL OMHoCUMesvHo 2106020 YeHmpa uau ocu pasHaemcs Hyswo. [eh-
CTBHTE/ILHO, €CJIH B3ATh NPOH3BOJbHLIA LeHTp O, TO H3 pHc, 274 BHAHO,
uro mg(Fis)+mo(F4)=0. AHanoruynbifi pe3ysbTar NOAYYHTCH NPH
BHYHCJIEHHH MOMEHTOB OTHOCHTEJbHO ocH. CllefoBaTe/ibHo, B A Beel
CHCTeMHR 6yJer:

S0 F)=0 u Jm, Fi)=0.

U3 nokasanHuX CBOMCTB He cJleflyeT, OAHAKO, YTO BHYTPEHHHE CHAH
B3aHMHO YPaBHOBEUIHBAIOTCA H He BJIHSAIOT Ha JBH)XKEHHE CHCTEMBl, TaK
KaK 3TH CHJIH NPHJAOXKEHH K Pa3HHM MaTepHAJbHBIM TOUKAM HJIH TeslaM
H MOTYT BLI3BaTh B3aMMHBl€ MEpeMelleHHs 3THX TOYeK WJIH Tesl. Ypas-

HOBEINeHHOA BCS COBOKYMHOCTb BHYTPEHHHX CHJl 6YJIeT Y CHCTEMBI, NIpex-
crapasowefi coboft aGCoJIOTHO TBEpAOE TENO.

§ 101. MACCA CHCTEMBI. LLEEHTP MACC

JBixenue cucreMbl KpoMe AEACTBYIOUHX CHM 3aBHCHT TaKiKe OT ee
cyMMmapHoOfi Macchl H pacnpenesienus Macc. Macca cucmemn: (06o3Haqa-
eM M unu m) pasna apugpmemuseckoll Cymme MACC 6CEX MOKEK UAU meA,
o0pasyouiux cucmemy: .

M= Z my.

‘Pacnpenenenne Macc B cHCTeMe onpeieNsieTci 3HaUEHHAMH MacC
M, ee TOYeK H UX B3AHMHLIMH TNOJIOKEHHAMH, T. €. HX KOOpJAHHATAMH
Xk, Yx,» Zn. ONHAKO OKa3bIBaeTCs, YTO NMPH PELEHHH TeX 3aJay AHHAMH-
KH, KOTOpHe MHl 6yJieM pacCMaTpHBaTh, B YaCTHOCTH AHHAMHKH TBEpAOTO
TeAa, JAS yuera pacnpefiesieHHsi MacC AOCTaTOZHO 3HaTb He BCe Be-
JIHYMHK My, Xy, Yx, 2x, @ HEKOTOPHE, BHpaXKaeMHe Yepe3 HHX CyMMap-
Hble xapaxtepHcrHkH. Hmu sBasiorcsa: xoopduramw yenwmpa mace
(BbipaXKalOTCs Yepe3 CyMMH NMPOH3BENCHHA MacC TOYEK CHCTEMB Ha HX
KOOPAHHATH), Ocesvie MOMenmsl unepyuu (BHPaXaloTcs depe3 CyMMul
NMpoH3BeleHHA MacC TOYEK CHCTeMH Ha KBajpaTh HX KOOpAHHAT) R
yenmpobexcrnie MOMERM UNepYyuL (BHPAKAIOTC Yepe3 CYMMH! NIPOH3-
BeJieHH it MacC TOYeK CHCTeMH H JIBYX H3 HX KOOpPAHHAT). ITH XapaKTepH-
CTHKH MH B aHHON rjlaBe H PacCMOTPHM.

IlenTp Macc. B oaHopomHoM none TsXeCTH, AAf KOTOPOTo
g=const, Bec mo6oA YacTHUW Tesa NPONOpLHOHaJNeH ee Macce. [Toaro-
MY O pacnpefieJIeHHH MacC B Tejle MOXKHO CYAHTh IO NOJIOXKEHHIO ero
uentpa Tsaxkecrd. [IpeoSpasyem dopmysn (59) u3 § 32, onpenensiomue
KOOpAHHATHI UEHTPA TSXKECTH Tesa, K BHAY, ABHO COEPIKAleMy Maccy.
Has 910ro noNoXuM B Ha3sBaHRHX GOPMYNAX Py =mxg H P=Mg, riocne
4ero, COKparuB Ha g, Hafifem:

1 1 : .
xc=ﬂ_‘2mkxh yc=-ﬁ2m»y.. zc"‘%’Z myzy. (1)’
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B noJayueHHble paBeHCTBa BXOIAT TERePb MAacChl rmy MaTepHANBHBIX
ToYeK (YacTi), o6pasyloliHX TeJo, H KOOPAHHATH Xy, Yp, 2n 3THX TO-
yek. ChenoBarensHo, nojoxenue Toukd C(xq, Yo, 2c) AEHCTBHTENBHO
XapaKTepH3yer pacnpefieleHHe MacC B Tesle HJAH B JoGOH MeXaHuue-
CKOM CHCTeMe, eCJIH IO My, Xk, Yk, Zn TOHUMATb COOTBETCTBEHHO MacChl
H KOODAMHATBl TOYEK CHCTEMBI.

Teomempuuecias mouka C, rxoopdunamer ‘komopold onpedersomes
gopmyranu (1), Ha3seaemes yeHmMpPOM MACC UL UEHMPOM UHepyuu
MEXAHUMECKOL CUCMEMYL.

Ecau nonoxenHe ueHTpa Macc onpeiessiTh ero paaHycoM-BeKTOPOM

r—c, 10 3 pabeHctB (1) Anst 7o nonyyaercs dopmyna
-— 1 -
e =5 2 Ml (1"

rie rp — PaAHYCH-BEKTOPHI TO4YeK, 06pa3yolHX CHCTEMY.

M3 nony4eHHBIX pe3yJsbTaToB CJ/iefyer, YTO AJsi TBEPAOrO TeNa, Ha-
XOAALLEroCs B OZHOPOXHOM IOJIE TSIKECTH, NOJOMEHH LEHTPa Macc
H LeHTPa TAMKeCTH coBnazaioT. Ho B OT/IHYHE OT NEHTpA TAMKECTH NOHA-
THE O LIEHTPEe MacC COXPaHsieT CBOMA CMHCH IJIst Tesa, Haxoasulerocs B
“JHOGOM .CHJIOBOM TfoJte (HanpHMep, B LEHTPaJbHOM NOJE TAroTeHus),
H, KpOMe TOTO, KaK XapaKTepHCTHKA pacnpele/ieHHs Macc, HMeeT CMBIC
He TOJIbKO L/IS TBEPJOro Tesia, HO H AJist M0G0l MexaHH4IeCKOH CHCTEMDI.

§ 102, MOMEHT HHEPUHH TEJIA OTHOCHTEJIbLHO OCH.
PAIHYC HHEPUHH

Momenmom unepyuu mera (cucmemss) omuocumesvro 0arnod ocu
Oz (MJIH 0CeBHIM MOMEKMOM UHEPLUL) HA3GIBAEMCA CKAAAPHAR BEAUUNA,
PABHAA CymMme npoussedenuil Macc ecex modex meaa (cucmemol) Ha K6ad-
pames ux paccmosuull om smod ocu:

I, =Y mh. o))

H3 onpenenenus cienyer, YTo MOMEHT MHEPUHH Tesa (HJIH CHCTEMBI)
OTHOCHTEJIBHO JIO60H OCH SIB/ISieTCH BEJIHYHHON NOJIOXKHTENBHOH H He
paBHOH HyMO.

B manbHefimem 6yaer nokasaHo, YTO OCEeBOfi MOMEHT HHEPILHH HrpaeT-
NPH BpalLLaTeIbHOM ABHIKEHHH TeJsla TaKYIO Xe PoJb, KAKyl0 Macca NpH
NOCTYyNaTeJbHOM, T. €. UYTO 0Cesoll MOMEHM UHepyuu RBAREMCR mepod
LUHEPMHOCMU MEAG NPU 8POUAMENLHOM OBUNCEHILL.

CornacHo ¢popMyJie (2) MOMEHT HHEpUHH TeJla paBeH CyMMe MOMEHTOB
HHEPIHH BCeX ero yacreil OTHOCHTeJbHO Toi xe ocd. [lna onHol Mate-
PHAJILHOM TOYKH, HaXOAAWEACH Ha pPAcCTOSHHH h OT ocH, J,=mh?.
EnnHunuefi Hamepenns MoMeHTa uHepuud B CH Gyner 1 kr -M* (B cHCTeMme
MKI'CC — | krm-c?),

Hnst BHIUHC/IEHHA OCEBLIX MOMEHTOB HMHEPIMH MOXHO PAacCTOAHHSA
TOYeK OT ocefi BHpaXaTb Yepe3 KOOPAHHATH Xy, Yy, 2x ITHX TOYeK (Ha-
npHMep, KBaApaT paccTOAHHN oT ocH Ox Gymer yi+2z} u T. &.). Torna
MOMEHTH HHepLHH OTHOCHTeNbHO oceli Oxyz 6yayT onpenensthcs ¢op-
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MYIaMH;
"x=2mk (yi +ZZ). Jy=2mk(z£ +x:)v J,=2mk(x?z +y§)- (3)

Yacto B X0fle pacueroB NOAb3YIOTCS NMOHATHEM PafHyca HHEpUHH.
Paduycom unepyuu Tena oTHOCHTeNbHO ocH Oz HasnBaeTcs JIHHENAHas
BeJIHYHHA p,, OMNpefelsieMas PaBEHCTBOM

J, = Mp2, (4)

rie M — macca tena. M3 ompegenenun ciexyer, 9To pagHyc HHEpUHH
reoMeTpHuYeCcKH paBeH pacCTOAHMIO OT ocH Oz TOH TOUKH, B KOTOPOR Hajl0
COCPEeJIOTOYHTb MAcCy BCero Tesia, urolisi MOMEHT HHeplHH ofHOM 3Toft
TOYKH Obl paBeH MOMEHTY HHEpIMH BCero Teja.

' 3Has pamMyC HHEpPUHH, MOXHO no ¢opmyse (4) HailTH MOMeHT
HHepilHH Tella M HAaoGOPOT.

Qopmyan (2) K (3) cipaBeUIHBR KaK 418 TBEPAOTO Tea, TaK M s
mobofl cHcTeMhl MaTepHaNbHHX Todek. B caydae cniownoro Tena, pas-
GHBaR ero H4 3AeMeHTApPHBIE YaCTH, HaliieM, YTO B npejeJsie CyMMa, CTOS-
was B paBeHcTse (2), o6paTHTCA B HHTerpan. B pesyabrare, yuurniBas,
yro dm=pdV, rae p— naorHoctb, a V — 06beM, NONYYHM

J,= { wdm wan J,= { prav. (5)
) V)

Hurerpan aneck pacnpoctpansercs Ha Bech o0beM V Tena, a NJIOTHOCTD
@ M paccTogHHe h 3aBHCAT OT KOOPAHHAT TodeK Tena. AHaaorxuHo ¢op-
MyJH (3) AfA CIUIOWIHHX TeJd NPHMYT BHJ

Jo= S p(r+2)dV u 1. A (5"
v)

®opmynamu (5) ¥ (5') yro6HO NoONb3OBaTLCA NPH BRYHCAEHHA MO-
MEHTOB HHEePUHH OAHOPOAHKIX TeJ npaeuasHoR dopmu. I1pH 3TOM MJOT-
HOCTb p GyJeT NOCTOSIHHOA W BWMAZET H3-NOA 3HaKa HHTEerpa’a.

Hafinjey MOMEeHTH HHEepUHUH HEKOTODHX OAMO
POANNX Teun

l. TOHKHA ORAHOPOAHHMA cTepXeHb anmHoft [ u
maccoft M. Brruscanm ero MOMEHT HHEpHUH OTHOCHTEILHO OCH A2, nep-
NEeHAHKYAAPHOR CTEPIKHIO H MpoxogAmefi vepe3 ero Koren A (puc., 275).
Hanpasmm Baons AB koopxunarayio ocs Ax. Torma ans moGoro sne-
MEHTapHOTro oTpe3kd AMHHW dx Beamuusa h=x, a macca dm=p,dx,
rae py=M/l — Macca eAFMHUN JJIMHK cTepXHA. B pesyanrtare dopmy-
aa (5) maer *

1 |
Jy= Sx’ dm=p, S xtdx==p,*/3.
] 0

* 3necs B peane nanee J 4 0603HAUBET MOMEHT HHEPURM OTHOCHTENBRO OCH, TIPO~
XonmiRelt uepes Touky A R HanpaBseHHOR NEPNeHAMKYARPHO NJOCKOCTH H300paNeH-
HOTO Ha 9epTeXe CeYeHHA Tena.
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3amensns 3J1echb P1 €ro 3HageHHeM, Haﬁ,lleM OKOHYaTeJIbHO
Jo=MI1Y/3. (6)

2. Toukoe Kpyraoe ofHODPOJZHOE KOJABNLO pa-
aHycoM R H maccoii M. Hajigem ero MOMEHT HHEpUHH OTHOCHTEJIbHO

A 4
.z N
x 4]
[ ¢ z
/dI
9
i
|
8 ° |
I A
Puc. 275 Puc. 276 Puc. 277

ocH Cz, MepneHIHKYJAAPHOHA MUIOCKOCTH KOMbLA H NPOXOAsieil 4epes
ero ueHtp C (puc. 276). Tak Kak Bce TOYKM KOJbHa HaXOAATCA OT OCH
Cz Ha pacerosanuu h,=R, To popmyna (2) aaer

JC=‘—2mkR’=(Z m,,) Rz-_—-'MR’.

CaenoBatesnbHo, AJdA Kojbpa *
Jo=MR:. ™

OyeBHAHO, TaKOMA JKe pe3yJbTaT MOJYYHTCS LA MOMEHTa HHeplHH
TOHKOA LHJAHHAPHYECKON OGOJMOYKH Maccoi M M paanycoM R OTHOCH-
TEeJILHO €e OCH.

3. Kpyrnas ogfHopoaHasag mJacTHHA HIH UH-
AHHAP paavycoM R u Maccofi M. BuunciuM MOMeHT HHEPUMH KPyT-
Jiofl NJacTHHH OTHOCHTENbHO OcH (z, NMepneHAMKYJSAPHOH NJacTHHE H
npoxoasiei yepe3 ee HeHTp (cM.. pHc. 276). Jlas 3TOro BHAETHM 3Jle-
MeHTapHOe KOJIbUO pagvycoM r ¥ wHpHHOA dr (pHc. 277, a). [lnowane
3TOro Konsua 2nr-dr, a Macca dm=p,2nr-dr, rae ps=M/nr* -— macca
eIHHHUN MJowaAH naactuunt. Torxa no dpopmyae (7) 4715 BhAENEHHOTO
3JieMeHTapHOro KoJbua Oyner dJco=r?dm=2np,r*dr, a anas Beeil
IVIaCTHHB

R
Je=2np, S r®dr=mnp,R4/2.
]

3amenss 34ECh pg €ro 3HaYeH HeM, Haﬁnem oxomarenbuo
Jc=MR*2. . @)

* CpasuuBas ¢opMyan {4) u (7) MOXHO ellle 3aKNIOUHTB, YTO PAJIHYC KHEPIlUK
Tesa paBeH PafHyCy TOHKOTO KOJBILA C TaKHM XKe OCEBWM MOMEHTOM HHEpUHH,
KaK H y Teaa.
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Taxas e (opMyNa MOMYUHTCH, OUEBHAHO, H LJIS- MOMEHTAa HHep-
uHH J, OZHOPOAHOro KpYIJoro uMAHHApa Macco M u paauycom R
OTHOCHTENILHO ero ocu (puc. 277, 6).

4 IlpamoyronbHas nJaacTHHA, KOHYC, wWwap. .
Onyckas BHKJAnKH, npuseneM GOpMyJbl, ONpefeNsiOliHe MOMEHTH
HHEPUHH CeAYIOLHX TeJl (YHTATeNb MOXKET MOMYYHTh HX CaMOCTOATENb-
HO, )a TaKXe HafiTH 3TH M Apyrue QOPMyJH B PasjiHYHHX CNPaBOYHH-
Kax):

a) cnjowHas NPAMOYToJbHAaA naacThHa Maccoi M co cropoHamu
AB=a ¥ BD="b (ocb x HanpaBsJieHa BAOJb CTOPOHH AB, ock y — BROMB

BD):
J.=Mb*/3, J,=Ma¥/3;

6) npsMoft cnaolHOA KPYrawfk KoHyc maccoi M ¢ pagnycoM ogHo-
‘'BaHHA R (ochb z HampaB/ieHa BIOJIb OCH KOHYca):

J,=0,3MR?%,
B) cnJIowHOR map Maccot M u paarycom R (och z HanpasJieHa BAOJb
AMamerpa):
J,=0,4MR?.

MoOMeHTH HHEPLHH HEOQHOPONHLIX TeJ M Tes CJAOXKHOM KoHHrypa-
LMK MOXHO ONpelesfATh SKCNEePHMEHTaNbHO C MOMOLIbI0 COOTBETCTBYIO-
wHx npuGopoB. ONHH H3 TaKHX METOAOB paccMoTpeH B § 129,

§ 103. MOMEHTDbI HHEPLIHH TEJJA OTHOCHTEJIbLHO
NAPAJIEJIbHBIX OCEA. TEOPEMA TIOATEHCA

MoMeHTH HHepUHH JaHHOTO TeNa. OTHOCHTEJNBbHO Pa3HHX ocedt Gy-
AyT, BooGile roBopsi, pasHeiMH. [TokaxkeM, Kak, 3Hasi MOMEHT HHEPIUHH
OTHOCHTENIbHO KaKOA-HHOYZb ONHON OCH, NMPOBEJEHHON B Tete, HafiTH
2 MOMEHT WHepPLHH OTHOCHTEJBHO oGO 1py-
roft ocH, eff napannennHoR.

TipoBenem uepes uentp Macc C Tenia npo-
H3BoJbHbe ocH Cx'y’Z’, a uepe3 mobyio Tou-
Ky O Ha ocH Ci’ — ocH Oxyz, Takue, YTO
OyliCy’, 0z||CZ (puc. 278). PaccTosune Mex-
Ry ocamu C2' u Oz 0603HayHM uepes d.
Torpa no ¢opmynam (3) Gyaer:

Jos=Xmy (34 yd), Jop=Xm, (xd + yx)-

Puc. 278 Ho, xak BHAHO H3 pHCYHKa, AIA MoGoi

TOUKH TeJla Xp=xy—d ¥ x}=x3+d*—2x.d,

a yn=ys. loncraBnas oTH 3HaueHHn X\, yp B Bulpaxenve uaa Jo, U
BHIHOCA ofuiMe MHOXHTeNH d* H 2d 3a CKOOKH, NOJYYHM

Jos=my (xx + &) + (X my) d*—(Zmyxz) 2d.

B npaBofi uacTH paBeHCTBa nmepBasi cymMa paBHa J¢,., a Bropasf —
Macce Tena M. Hafinem 3navenne Tperneit cyMmmsl. Ha ocHoBauus ¢op-
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mya (1) 419 KOOpAMHAT LeHTpa Macc Zmyxy=Mxc. Tak KaK B Halem
cnyyae Touxka C AIBNAETCA HAYaloM KOOpAMHaAT, TO xc=0 H, cJaenosa-
TesibHO, Zmyxp=0. OKoHYaTe/JIbHO MOJydYaeM

J o=+ M. ©)

dopmyna (9) Bupaxaer caegyiomyio TeopeMy Tlo#ires-
ca*: MOMEHM UHEPUUU Mesd OMHOCUMEAbHO GAHHOW OCU paser MOMeH-
My UHepYUU OMHOCUMEAbHO Ocu, ed napaareavrod, npoxodsued wepes
YeHmp MAcc meaa, CAONEHKOMY C NPOU3BEDEHUEM MACCHL 8C€20 meaa Ha
Keadpam paccmosHus Memoy OCAMU.

Hs ¢opmyaet (9) suaHo, uto Jo,>J(,.. CiegoBarensHo, H3 Bcex
oceil JaHHOTO HanpaBJeHHs HAMMEHbILHA MOMEHT HHepUHH GYAeT OTHO-
CHTe/IbHO TOH OCH, KOTOpas MPOXOLHT Yepe3 LEHTp Macc.

Teopema I'iofireHca no3BosiseT HafiTH MOMEHT HHepIHH Tela OTHO-
CHTeNIbHO TaHHOH ocH Oz; H B TOM CJydvae, KOrja H3BecTeH ero MOMeHT
HHEPIEHH OTHOCHTENBHO 41060l ocH Az;, napannensHofl Oz;. IlpH 3Tom
Hazo 3HaTb paccTOAHHA d; H dy KaXIOf K3 3THX Ocedl OT LeHTpa Mace
tena. Torna, sHas J,, #u d,, Ml no ¢opmyrne (9) onpenensem J ..,
a 3ateM no Toft e HOpMyJe HaXOAHM HCKOMBIA MOMEHT HHepuHH J o, .

3agaua 118. OnpenesnTh MOMEHT HHEPUHH TOHKOTO CTSPIKHA OTHOCHTEJBLHO OCH
Cz, nepneHHKYAAPHOR CTEPKHIO H NPoOXoAsineR yepe3 ero UeHTP Macc.

Pewenue [lposegem yepes koHew A cTepxus ocb Az (cM. puc. 275; ocp Cz
Ha HeM He Moxa3ana). Toraa no dopmyae (9)

Jo=J4—Mds.

B. nansom cayyae d=1/2, rae | — paHHA CTepxKHs, a BefHYKHa J 4 onpefenseTca
dopmyao (6). CnepoBarendo,

Jo=MI}3— MIY4=MI/12.

3axaua 120. OnpesenuTs MOMEHT HHEPUHH LH/AHHAPA OTHOCHTENILHO OCH Azy, mpo-
xoAAweR yepe3s ero obpasymowyio (cM. pHe. 277, 6)

Pewenne [Ilo teopeme Tiofirenca Jup,=Jcs+Md:. B nannom cayyae
d=R, a no gopmyae (8) Jo,= MRY/2. TNoactaBaAs 9TH 3HAUEHHA, IONYUHM

J 4z, = MR%/2+ MR = (3/2) MR>.

§ 104*. REHTPOBE)XHbLIE MOMEHTbHI HHEPLHH.
NOHATHSA O FJABHbIX OCAX HHEPUHH TRJA

Ecau yepes Touxky O npoBecT KoopAuHaTHule ocH Oxy2, TO NO OTHO-
WEHHIO K 3TUM OCAM LeHMPOGENCHHMU MOMEHmAaMy unepyuu (WK npo-
u3gedeHUAMU UHepYUL) HA3IBAIOM BEAUNURBL J vy, J 42y J 14, ONPEOCASLMbIE
paseHcmeamu:

ny = 2 MyXplYps Jyz = 2 MyYp2yy 0= 2 MyZy Xy, (10)
TIe My — Macchl TOYeK; Xp, Yr, 25 — HX KOODJHHATH; NMPH 3TOM Ove-
BHAHO, 4TO Jy=J  H T. L&

* Xpucruan lofirenc (1629--1695) — Bupaomwufcs ronnaHackufi yuensifi, Mexa~
HHK, QH3HK H acTpoHOM. H3o6pen nmeppble MAATHHKOBHE Yack. B CBASH C 9THM H3yuan
Rose6aHua Guauueckoro MasTHHKA (cM. § 129) H BBeJ NOHATHE O MOMEHTE HHEDIHH Te1a
(cam TepMHH NpPEeANOXKHA No3XKe Ditnep).
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Jnsa conownux ren dopMyas (10) no aHanoruu ¢ (5') npHHUMalOT
BH)
oy = S pxydV ur. A (10

V)

B oTsHuMe OT OCEBBIX EHTPOGEIKHKE MOMEHTHI HHEPIHH MOTYT GHITH
KaK NOJIOXKHTeAbHBIMH, TaK H OTPHLIATeJbHRIMH BeJIHYHHAMH H, B 4acT-
HOCTH, NPH onpejejeHHHM 06pa3oM BHOPaHHLX ocaX Oxyz MOTYT o6pa-
IaTtbCcA B HYJH.

F'naBHHe oCcH HHepUHH PaccMoTpHM OJHOPORHOE TeJo,
HMeloiee och caMMeTpHH. [IpoBenem KoopauHaTHHeE ocH Qxyz Tak, YTC-
6ul ocb 0z GHJa HanpaBJ/ieHa BAOJIb OCH cHMMeTpHH (puc. 279). Torzaa
B CHJIy CHMMETPHH KaXKAOfi TOUKe Tesa C MacCofl /M, H KOOpAMHATaMH
Xk, Yr, 25 OyIeT COOTBETCTBOBATH TOYKA C APYTHM HHAEKCOM, HO C TaKoil
JKe Maccofi B C KOOPAHHATAMH, PaBHEIMH —Xp, —Yx, 2x. B pe3dyanrate
noJMy4YHuM, 4T0 Zmyxxzy =0 H ZTmyy,2, =0, Tak KaK B 3THX CyMMax Bce
cJlaraeMule [ONMAPHO OXMHAKOBW 110 MOAYJIO H TNPOTHBONQIOXKHH MO
3HaKy; OTClOZa, YUHTHIBas paBeHcTBa (10), Haxozum:

J22=0, J,,=0. (11)
TaxuM ofpasoM, CHMMETPHA B pacnpelefieHHH MacC OTHOCHTEJIbLHO

OCH Z XapaKTepH3yercsi ofpalleHHeM B HyJb ABYX LEHTPOGEKHEIX MO-
MEHTOB HHepUHH J ., 0 J ;. Oce Oz, das Ko-

z c mopol yeHmpoOeNCHIE MOMERMN UNEPUUL
el J iz Jy2 cOOepacawyue 6 ceoux undexcax
Haumernogarue smoll ocu, pasHut HYo, Ha-
b 3neaemca 2AQ8HOE OCbI0 UHepyul meaa 018
! ' mouxu O.
bt Ha usnoxeHHoro cnenyer, uto ecau
} \ meno umeem 0Co CUMMEMPUL, MmO SMa 0Cb
=l ABNREMCA 2AABHOE OCBIO UHEpLUL meaa OaR
At 0' // ~d " ’
G L5 VAR amo0bod ceoeld mouku.
al”’ y I'naBHas och HHEPUHH He 00673aTeJIbHO
x ABJIeTCA OChIO CHMMeTpMH. PaccMmorpum
OZIHOPOAHOE TeJO, HMelolllee IIIOCKOCTh
Puc. 279 CHMMeTpHH (Ha pHC. 279 NJIOCKOCTHIO CHM-

METPHH TeJla ABAfeTCcA IJIOCKOCTb abed).
IlpoBeaem B 31Ol NIOCKOCTH Kakue-HHGYAb ocH Ox, Oz W neprneHauKy-
JAApHYI0 BM ocb Oy. Toraa B cHAy CHMMETPHH KaMZJOM TOUKe C Maccot
My H KOODAMHATAMH Xy, Yy, 2x GYAET COOTBETCTBOBATH TOYKA C TAKOA e
Maccofl H KOODZHHATaMH, PaBHBIMH X, —yy, 2x. B pe3y/bTare, KaK #
B npefHAylieM ciydae, HafijgeM, 40 ZmuXpyy=0 H Zmyypz,=0 nnu
J =0, J4.=0, orkyzna crenyer, urto och Oy ABJAsETCS IAaBHOA OCHIO
HHEpUHH st Toukn O, Taxkum o6pasom, ecau meao umeem nAOCKOCMd
cummempuu, mo aobas oce, nepnenduxyanpras smot naockocrnu, 6ydem
2nagroll ocvlo unepyuu meaa 022 mouku 0,8 Komopod oce nepecexaem
naockocms.,
Papencrsa (11) Bripaxalor ycaoBus Toro, 9to och Oz ABJsETCA rAaB-
HOA OCbl0 HHepUHH TeJa AJA TOYKH O (Hadala KOOPAMHAT). AHANOrHY-
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Ho, ecan J,,=0, J,,=0, 7o ocb Oy Gyaer A1a TOIKR O raAasHOi OCBIO
nHepuud, CJle0BaTe/IbHO, €CAU 8CE UEHMPOOENCHHIE MOMERMbL UHEPULLH
pasuoL HYyawo, m. e. :

Jey=0, J5;=0, J =0, (1)

TO KaxJas M3 KOOpAMHATHHMX ocefi Oxyz fABJAETCA IJIaBHOA OCbIO
HHepIHH Tena AN Toukd O (Hayasna KOOPAMHAT).

Hanpumep, Ha puc. 279 Bce TpH ocH Oxy2 ABAAIOTCA AAS TOYKH O
I/IaBHBIMH OCAIMH MHepunu (ock Oz KaK oCb CHMMeTPHH, a ocH Ox 1 Oy
KaK MepneHfuKy/spHLEe MJIOCKOCTAM CHMMETPHH).

MOMEHTE HHEepUHH Tesjla OTHOCHTeILHO IVIABHRIX OCefi HHepuHH
Ha3biBAIOTCA 2AABHHIMU MOMENMAMU UHEPYUU MeAd.

['napHHe OCH HMHEpUMH, MOCTPOEHHbE IJIS LEHTPAa MacC Tena, Ha-
3LIBAIOT 2AQ6NLIMU UEHMPANbHUMY OCAMU uHepyuu measa. Y3 nokasan-
HOTO BBILUE CJEAYeT, YTO eC/M TeJIO HMeeT OCh CHMMETDHH, TO 3Ta OCh
ABASIETCA ONHOM M3 [VIaBHHIX LIEHTPAJbHLIX Ocefi HHePLHH Tesla, TaK KakK
LIEHTP MacC JIeXHT Ha 3Toft ocH. EciH ke Teso HMeeT MJIOCKOCTb CHM-
METPHH, TO OCb, NMEPNEHAUKYJAAPHAsA 3TOH MAOCKOCTH H MPOXORALAA
yepe3 LEHTP Macc Tena, Gyler Takxe OJHON H3 IVIaBHHIX UEHTPaJIbHLIX
ocefl HHepuUHH Tena.

B npuBegeHHpIX npuMepax paccMaTpHBaNHCh CHMMETPHYHLIE TeJa,
yero /15 pelueHHsi 3aja4, ¢ KOTOPHIMH MBI OyJeM CTa/IKHBaThCsl, AOCTa-
ToyHo. OHAaKO MOXKHO J0KAa3aTh, HTO Yépe3 JoGyIo TOUKY KaKoro yrop-
HO TeNla MOXHO MPOBECTH, HO KpaliHell Mepe, TPH TaKHe B3aHMHO Iep-
NeHAUKYNAPHHE OCH, A/ KOTOPHX OYAyT BHINOJHATBCA DPaBEHCTBA
(11°), 1. e. KoTOpBHie 6yAYT TJAaBHHIMH OCAMH HHEPIUHH TeNa A 3TOK
TOYKH. .

IMonnATHE O rJIaBHBX OCAX MHEPUHH HIrpaeT BAXKHYIO POJIb B AMHAME-
Ke TBepaoro tena. Eciu no HuM HanpaBHThb KoopAHHaTHHe ocH Oxyz,
TO BCE UEHTPOGEKHbE MOMEHTH HHepIHH o6pamaloTcs B HYJH H COOT-
BEeTCTBYIOUIME YpPaBHEHHS HAH (JOPMYJBH CYIMECTBEHHO YHPOIAIOTCH
(cM. § 105, 132). C atuM NOHATHEM CBSI3aHO TAaKXe peineHHe 3ajad o
AMHAMHUECKOM YpaBHeRHHM Bpawamouuxcs tea (cM. § 136), ‘o uenrpe
yaapa {(cM. § 157) u gmp.

§ 105*. MOMEHT MHEPLIHH TEJIA OTHOCHTEJIbHO
NPOH3BOJILHOA OCH

TpoBenem ocy O!, o6pasaytomtyio ¢ ocaMH Oxyz Yrau o, § H y COOTBETCTBEHHO
{puc. 280). Mo onpenenennio, J;=32 muh}, rie, KaxK BUAHO K3 TpeyroabHHKa OByDy,
hi=rE— (OD)*. Ho ODy, KaK NpoeKuus BEKTOPa ry=Xxi--ypi--24% Ha och Ol, pae-
HA CyMMe NpPOEKUHfi COCTABASMOGITHX BTOrO BEXTOPA HA TY Me OChb, NMpHuEM (Xpf); =
=X\COS & H.T. A.; KpoMe Toro, rh=xj+yk--25. Torna

Jy=Zmp [5h+ gk + 2k — (xp c0s @+ yp cos P+ 2z cos y)2]-

Ecau cwavana ywects, 4to 1-—cos? a==cos? f-+cos?p H T. 4., & 36TeM BHHECTH
KBaAPATH H NPOU3BENEHHST KOCHHYCOB, KK OOUIHe MHOMUTENH, 32 CKOOKH H IPUHATH
BO BHHMaHHe (opMyasl (3) #- (10), TO OKOHYATENLHO MOMYYHM

Ji=Jycos?a+J, cos? P4 J, cos? p—2J,, cos & cos f—
—2J,; cos B cos y—2J ;. cos ycos . (12)
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Ecan xe B xauecrse oceft Oxyz BROpaTh IJIaBHHE OCH HHEPIHRA Tesa Aas TowkH O
TO $opMyaa ynpomaerc:
Jy=J costatJ, cos? P+ J, cos?y. {12)

®opmyH (12) mar (12’) noasossior, 3HaA BXOAAINE B HX NpPaBHe YaCTH MOMENTH
HHEPUHH OTHOCHTEIbHO 3aaHHHX oceft Oxyz, oNpeleHTh MOMEHT HHEPIHH OTHOCH-
TeNbHO N0GOA ocH, npoxoasmefl uepes Touky O*. Ec/H e H3BECTHO H NOJNOKeHHe
HeHTpa Macc Tes1a, TO, HCNOAbL3YR dopMyay (9), MOXKHO HAATH MOMEHT HHEPLHH OTHOCH-
TeJbHO OCH, IPOXOAAIER Hepes JIOCYI0 APYTYIO TOUKY,

z L

A a

Puc. 281

3azava 121. Ha#Th MOMEHT MHEPIHH OXHOPOZHOR TNPAMOYrOJbHOM NAACTHHH
€ MaccORt m H CTOPOHAMH a H b OTHOCHTe/ILHO €@ IHaroHaau (pHc. 281).
-PeumenHe. [IpoBeaem uepes nentp C niaacTHHH ock Cxy (ock Cz Ha pHCylKe
He TNOKa3aHa), KOTOpLie, KAK OCH CHMMETPHH, OYAYT AAs To4KH C riaBHHIMH OCAMH
mnepund. Toraa no popmyne (12°), yantnias, yro y=90°, noayunm

Jy=Jycos*a--J, cos? f.

ITo aranoruu ¢ pesyabTaToM, NOJYYEHHHIM B 3afave 119, aas naacThHu GyZer
Jy=mb*12, J ;= ma?/12; xpome Toro, cosa=alc, cos f=blc, raec=AB. B pesyartare

OKOHYaTeNbHO HafjeM
J ;= ma%3/6c*= ma??/6 (at-|- b%).

B 3akmouenne paccMOTpHM, B YeM NpPOSBJIAETCA BJAHSHHE BBEIEH-
HHX XapaKTEPHCTHK pacrpefe/ieHHsl Macc Ha YaCTHOM NpuMepe Bpaiie-
HHA BOKPYr ocH Oz CTepXKHA ¢ HaHH-
3aHHBIMH Ha HETO OAWHAKOBRIMH Lua-
pamu A u B (puc. 282).

Ecan hy5=h;, TO UEHTP MacC CH-
CTEMBl He JieKHT Ha ocH ,0z H npu
BpalleHHH MNOSABATCA JaBVIeHHA Ha
NOAWMIHHKY, €clH hy=R;, ueHTp
MAacc JIeXXHT Ha OCH H STHX JiaBJieHHA
He Gyjer.

'E_cma NpH hy=h; PacCTOAHHS IIAPOB OT OCH YBENAHUHTh, TO MOJIOKe-
HHE LEeHTPa MacC He H3MEHHTCS, HO YBEJMYHTCS MOMEHT HHEPUHH J,
H NPH NPOYHX PaBHHIX YC/AOBHAX BpallieHHe GyJeT NPOHCXOAMTH Mej-
JieHHee,

Ecau crepxens DE nosepHyTh B naockoct# Oyz Tak, 9tobu /DCz
He GEl NPAMBIM, a PAacCTOAHHA hy H.hy=h; COXpaHUTb, CMECTHB LUaphi
—_—

* Illects penuunn J, J v 20 ~dxys —J ygs —J ¢ ONPEALNAOT TaK HadHBaeMHf
TEHSOP MHePLHH H ABAAIOTCA €0 KOMIOHEHTaMH,
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K KOHIIaM CTepPXKHS, TO HH NOJIO)KEHHe LeHTPa MacC, HH MOMEHT HHEPIHH
J: He H3MeHATCS, HO CTaHeT He PaBHLIM HYJIO UEHTPOGEIKHHA MOMEHT
HHepuHH J,; ¥ ocb Oz He GyAeT raBHON; B pe3yJbTare NPH BpallleHHH
BO3HHKHYT RONOJIHHTeNbHbEIE GOKOBhIE AaBJIEHHR Ha NOAWHNHHKH (OCh
6yjer «GHTb»).

Iaasa XXII
TEOPEMA 0 ABH)XEHHH HEHTPA MACC CHCTEMbI

§106. AHSPEPEHUHAJBHHE YPABHEHHA ABHWXEHHA CHCTEMBH

PaccMoTpHM cHCTeMy, COCTOSILLYIO H3 71 MATepPHaJbHHIX TodeK. Bhi-
JeJIHM KaKYI0-HROGYIb TOYKY CHCTeMBb ¢ Maccoft m,. OGo3HauHM paBHO-
AEACTBYIOULYIO BCEX MPHAOKEHHBIX K TOYKE BHEUIHHX CHJ (H aKTHBHHIX,
H peaKuuh cBssef) yepes F%, a paBHONeHCTBYIOUIYIO BCEX BHYTPEHHHX
cun — yepes Fi. Ec/iH TOUKa HMeeT NPH STOM YCKOpeHHe di, TO MO
OCHOBHOMY 3aKOHY AHHaMHKH myay=F4+F§.

AHaJlorHuHHIA pe3ynbTaT MOMYYHM A mo6oi ToukH. ClesoBarelib-
HO, AN BCeA CHCTeMubl 6yner

mlal— 1+F1‘»
m,a, F,-{-F (13)
mga,=Fi+ Ff.

Ypasuennus (13) npencraastor coboit dupdeperyuarorbie ypasse-

NUR GBUNEHUR CLCMEMB 6 6eKMOPHOL (opMe (B HUX ap=Uy=T}). Bxoas-
mHe B NpaBble YaCTH YPAaBHEHHH CHJIN MOTYT B OOlLeM cJydae 3aBHCETh
OT BpeMeHH, KOOPAHHAT TOYEK CHCTEMH! H HX CKOPOCTeH.

IIpoekTHpys paseHcTBa (13) Ha KakHe-HHOYAb KOOpJAHHATHLIE OCH,
nonyusM AupdepeHUHaNbHEE YPaBHEHHA JBHKeHHA CHCTEMB B MPOEK-
IKAX Ha 3TH OCH.

TMonHoe peineHre OCHOBHOM 3ajaun AHHAMHKH ANA cHcTeMb Gyner
COCTOATb B TOM, YTOOH, 3Haf 3aflaHHbe CHJH H HAJIOXeHHble CBA3H,
NPOHHTErPHPOBATh COOTBETCTBYIOMHKE AHpQepeHilHaNbHbe ypaBHEHHS
H ONPEAENHTDL B Pe3yabTaTe 3aKOH ABIKEHHS KaXKAO0A M3 TOUEK CHCTEMb
H peakuuH cBsidelt. CresaTh 3TO aKAJHTHYECKH YAaeTCA JIHWb B OTAE/b-
HHIX CNy4YasiX, KOTJa YHCJIO TOYEK CHCTEMb HEBEJIHKO, WJIH JKe MHTErpH-
PYf YDaBHeHHs WYHCAEHHO ¢ mnoMowbsio DBM.

OnHaKO NpM pelleHHH MHOTHX KOHKPeTHHX 3afad HeoGXONHMOCTH
HaXOHTb 3aKOH JABIMKEHHS KaxXJoM H3 TOYEeK CHCTeMH He BO3HHKaer,
a 6miBaet KOCTaTOYHO HaRTH KaKHe-TO XapaKTePHCTHKH, onpelesiouine
HABIKeHHe Beeft cucreMunl B uenoM. Hanpumep, 4ro6ul ycTaHOBHTB, K3K
ABHXKETCH NOJ AefCTBHEM MPHJIOXKEHHHX CHJ KPHBOUIMIHO-NON3YHHbIA
MexaHusm (cM. puc. 158 B § 57), mocraTouHO onpeiesinTh 3aKOH Bpaille-
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HHAl KPHBOIUHNA, T. €. HAafATH 3aBHCHMOCTb yIJia ero noBopora ¢ OT
BpemeHH {. OGHIYHO NJIA OTHICKAHHA MOZOCHHX pelleHHRA ypaBHeHHs
(13) HenocpencTBeHHO He NMPHMEHAIOT, a NPHMEHSIOT ApYrHe, paspato-
TaHHREe B JUHaMHKe MeToAH. K' HX HHCJIY OTHOCATCA MeTONk, KOTOphie
RAIOT WHPOKO MCMOMAb3yeMble B HHIKEHEDHON NMPaKTHKe 06ujue meopemst
OJuHamuky cucmemsl, TIONyuaeMmbleé KaK CJAENCTBHA YypaBHeHuA (13);
5TH TeopeMhl H 6yAyT pacCMOTPeHH B JaHHOA H B TPeX MOC/]eRYIOUIHX
rnaBax. :

Ho npeasapurenbHo pewuM ofHy 3ajavy, NOKa3hwIBaloOlLYl0, 4TO
HCKOMBIfl pe3y/bTaT MOXKHO HHOTAA 3¢peKTHBHO HAXOAHTH H Henocpel-

CTBEHHO, HCIIOJNb3YA Auqn)epe,ﬂuuanbxue YpaBHEeHHA JIBHXXEHHSI CH-
CTEMHI.

3anaua 122, lunamMmuruecknft racuTenb Kone6aHHuR Yrpen-
JeHHHA Ha NpyXKHHe rPpy3 | coBepliaeT BHHYXKAeHHHE KOJeCaHHA MO AeRCTBHEM BO3-
mymaiomeft cnas Q, npoexuus Kotopoft O,=Q, sin pt
(cm. § 96).
peReNuTh, NPH KAKHX YCJAOBHAX MOXHO MNOTACHTH
9TH KoJeGaHHs, NPHUKPENHB K IPy3y / Ha NpPyXHHE ¢ Ko-
pHIHEHTOM XECTKOCTH Cq IPY3 2 Maccofi m, (puc. 283).
Pewenune DByaed onpenenarb MNOJOMEHHS Ipy-
308" KOODAHHATAMK X; H Xy, OTCYHTHLIBAEMHMH OT M0/10-
JKEHHA CTATHYECKOr0 DABHOBECHS TPY3oB, HalpaBAB OCb
X M0 BepTHKAJH BBEpX. TOra CHAN TRXKECTH YPaBHOBECAT-
C8 CHAAMH YNPYTrocTH Fycr=CiMer B Facr=Cihgcr H M3
ypaBHeHHR JBHXXeHHA HCKModaTcs (cM. B § 94 3anxa.
4y 112), a yuHTniBaemMble npPH JBHXEHHH CHAR YNPyro-
CTH 6yyT NPOMOPUHOHAIBHH YIIHHEHHAM, KOTOpHE NOJY-
4al0T NPYXKHHH NPH CMEIMERHAX IPY308 OT NOAOMeHHH cTa-
THYECKOrO PaABHOBECHAA. 3TH YAIHHeHHS GYAYT cooTmer-
CTBEHHO PaBHH A;==¥; H Ay=Xy—X; H H& Ipy3 2 Oy-
Puc. 283 ReT fefcTBOBATL CHAa YMPYrocTh Fy (Fax= —Cshy), 8 Ha
_ rpys | — cunnl Fy=—F,, Fy (Fiu=—M) 58 Q. B pe-
3yabTaTe MOAYYHM ciexyoHe andxbepeHuHalbHbe ypaBHEHHS ABHIKEHHA IpPY30B:

myXy = cyxg+cy (xg— 1) + Qo $in pf, myxy =—c3 (¥y— %)
YroOut xoneBanus rpysa I racHAHCh, AODKHO Obith x,=0. Toraa
Caxs+ Qo8I pt =0 M myxy=—Cyxy.

Ha nepsoro ypasrenns x,==— (Qy/cy) sin pt u x,= p*(Qo/cy) sin pt. B pesyastare pog-
CTAHOBKA BO BTOpPOEe ypaBHeHHe NOC]e COKpAIleHHA JaeT

m,p’ = Cyg.

3710 # OyACT HCKOMHM YC/OBHeM FallleHHsi, B KOTOPOM OAHOR N3 BeJHIHA my HAK
€y MOXKHO 3381aBATHCA NPOHSBONbHO. KoHeuno, XeaTeasHO, HTOOH MACCA my Bulsla Metib-
e, HO IIp#H Masioft Mg H 3aXAHHOM p GYAET MAJIO H Cy, a 3TO NPHBEALT K HEXKENATETLHOMY
YBeAHueHHIO aMNAHTYAR Qyf/c, xoneGauuft rpysa 3.

§ 107. TEOPEMA O JABH)XEHHH LEEHTPA MACC

B psne cayuaeB nas onpefeneHHst XapaKkrepa ABIKEHHS CHCTeMHl
(ocoGenHo TBepHOro Tena) TpeSyeTcsl 3HATh 3aKOH RBHXKEHHA ee LeHTPa
Macc. UroOul HafiTH 3TOT 3aKOH, OGPATHMCH K YPaBHEHMSAM XBHMKEHHS
cHcTeMu (13) M ca0XHM NOWIEHHQ HX JieBbie H npashbie wactdH. Torza

noAyYuM _ _
2 m,a*=ZF;+ZF},. (14
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ITpeoGpasyem neBylo uacts paBencTBa. M3 ¢opmyan (1) ansa panuyca-
BeKTOpa LEHTpPa MacC HMeeM

3 myry=Mre.

Beps or obenx wacteft 3TOro paBeHcTBa BTOPYIO NPOK3BOAHYIO MO Bpe-
MeHH M 3aMedyast, YTO POM3BOJHAf OT CYMMhl paBHa CyMMe NpPOH3BOJ-
HHIX, HaiaeMm

1

a7 df
Zmy - =M dtric
HJIH
Zma, = Mac, (15)

Ilie a; — YCKOpEeHHe LeHTPa Macc cucTeMul. Tak Kak 1o CBOACTBY BHYT-

peHHHX cHA cHcTeMul ZF§=0, NOMyYHM OKOHYaTeJbHO M3 PaBeHCTBA
(14), yura (19),

Ma,=3F;. (16)

Ypassenue (16) 1 Bolpakaer TeopeMy O ABHXEeHHH leH-
TpPa MAaccC CHCTEMBI: npoussederue Macchl CUCMEMbL Ha YcKope-
HUe ee YERMpPa MACC PABHO 2eoMempuyecKoll cymme ecex Oedcmsyrouyux
Ha cucmemy eHewHux cua. CpaBHUBasi ypaBHeHHe (16) ¢ ypaBHeHHeM
ABHXeHHs MaTepHaibHo# ToukH [§ 74, dopmyna (2)], mpupem x apy-

rOMY BHPAXXEHHIO TEOPEMBI: YEHMP MACC CUCMEMb OBUNCEMCA KAK Ma-
MEPUANLHAR MOYKA, Macca KOMOpPol pasHa macce cell CUCeMbL U K KOMmo-
POl npUAOHCEHB 8CE BHEWRUE Cuats, Oelicmayrouue Ha CUCIMeMy.

[lpoekTHpysa ofe vactu paseHcTBa (16) Ha KoopaHHAaTHHE OCH, NMO-

JYUHM:

Mg == 3ZF, Myce=32F, Mzo==Z3F, (16)

O1H ypaBHeHHA NpeACTaBASIOT Cobofi dughpepenyuaronne ypasrenus
deuscerus yenmpa macc B NPOEKUHAX Ha OCH AeKapTOBOH CHCTEMB KOOp-
JUHHAT. ‘

3HaueHHe JOKa3aHHOA TeOpeMBl COCTOHT B CJENYIOHIEM.

1. Teopema paer o6ocHOBaHHe MeTOaaM AMHaMHKH ToukH. U3 ypas-
‘Henu#t (16") BHIHO, YTO pewenusn, Komopoie M nOAYHaeM, PACCMAMPUEAR
OanHOe MEA0 KAK MAMEPURALHYIO MOMKY, Onpedeasiom SaKOH G8uNeHUR
yeHmpa macc smoeo meaa, T. €, MMEIOT BIIOJHE KOHKPETHBIfi CMHICA.

B uyacTHOCTH, ecJIH TeJo ABHMETCS NMOCTYNATeNbHO, TO €r0 ABHXeHHe
HAOJIHOCTBIO ONpene/sieTcsi ABHMEHHEM LEHTpa Mmacc. Takum, ob6pa3som,
nocMmynameabio GeUNCYLIEEC MEAC MONCHO 60e20a paccmampueams Kax
MAMEPUAALHYI0 MOYKY ¢ Maccotd, pasnold macce meaa. B ocTanbubx cay-
9asX TeJO MOMHO paccMaTpuBaTb KaK MaTepHaJbHYI0 TOYKY JIHLIb
TOrja, KOTrJa NMPAaKTHYeCKH LJA OnpejesieHHs NMOJIOKeHHs Tefla AOCTa-
TOYHO 3HATb NOJIOXKEHHe ero LUEeHTpPa Macc H JONYCTHMO MO YCJIOBHSIM
peulaeMofl 3ajayH He NPHHHMATb BO BHHMaHHe BpaljaTe/bHYI0 HacTh
JBIKEHHS TeNa..
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2. Teopema NO3BOJISIET NPH ONpelesieHHH 3aKOHA ABHXXEHHS LeHTpa
Macc JIo60f CHCTEMbl HCKJIIOYaTh M3 PacCMOTPeHHs Bce Hanepej Heus-
BecTHble BHYTPEHHHE CH/ILL. B 3TOM COCTOHT ee NpaKkTHYeCKas UEHHOCTb.

§ 108. 3AKOH COXPAHEHHS NBW)KEHHA LEHTPA MACC

Hs TeopeMH O IABMXKEHHH LeHTpa MacC MOXKHO NOJYYHTh CJIeayolLHe

BaXKHHE CJeICTBHS. ,
1. Ilycts cyMMa BHeEIUMHX CHJA, AefiCTBYIOIIHX H& CHCTeMy, paBHa

HYJI0; :
XF;=0.

Toraa u3s ypasuenus (16) crenyer, uto a.=0 uan v,=const.

ChiefloBaTeIbHO, ecAll CYMMA 6CeX BHEWHUX CuA, Oedcmsyrouux Ha
ClUCMeMY, PABHA HYAI0, MO YeHMP MacC smot CUCmems: OBUNEMEA C No-
CMOAKKOLL N0 MOOYAI0 U HANPABALHUIO CKODOCIMbLIO, M..e. PASHOMEPHO U
npamoauneldno. B uacTHOCTH, eC/iH BHauaJjie HEeHTP Macc GblJl B TMOKOE,
TO OH H OcTaHeTcs B nokoe. JleficTBHe BHYTPEHHHX CHJI, KaK Mbl BUAHM,
ABHXKEHHe LEHTPA MacC CHCTeMH H3MeHHTb He MOXeT,

2. IlycTb cyMMa BHEIIHHX CHJI, AeACTBYIOLIHX Ha CHCTEMY, He paBHa
HYJUO, HO STH CHJIBI TAKOBHI, 4TO CyMMa HX NPOEKUHA Ha KaKylo-HHOYAb
OoCb (Hanpumep, oCb X) paBHa HYJIO:

>Fi,=0.
Toraa nepsoe u3 ypasHennit (16°) paer
Xe=0 HAH X ==, = const.

CnenoBaTelbHO, ecau cymma npoexyuil 6cex Oelicmsyiouiux BHEWRUX
CUN KA KaKkyro-#ubYOs OCb PasHa HYAI0, MO NPOEKYUR CKOPOCMU UEHMPQ
MACC Cucmembi Ha Imy OCb ecmb seaudura nocmoaunas. B gactHocTH,
€CJ/IH B HadaJbHHA MOMeHT U.,=0, To B B moGoft nocaepyomuli MOMEHT
BpeMeHH U =0, T. €. IEHTP MacC CHCTEeMB B 5TOM CJydYae BAOJIb .OCH X
nepeMemarbcsi He O6yger (xo=const).

Bce 3TH pe3yAbTaTH BHIPaXalT COGON 3aKOM COXPAMERUS OBUNERUA
yenmpa Macc cucmesusi. PaccMOTPHM HEKOTOphle NMPHMEPH, WIMOCTPH-
pyloliHe ero NPHAOKEHHH.

Oeuxenune wunentpa Mmacc Coameunoll cuHcrTeMmH. Tak
KaK NMPHTAXKEHHEM 3Be3]l MOXHO NPaKTHYeCKH NpeHeGpeus, TO MOXKHO CYHTaThb, UTO
Ha CoJHeYHYIO CHCTEMY HHKaKHMe BHEIWIHHe CHAW He jefictayior. CaenoBaresinHo,
B NepBOM NpPHONHIKEHHH ee LEHTP Macc JBHMETCA MO OTHOUIEHHIO K 3BE3JaM paBHO-
MepHO K npsimoaHHefiHo,

Jeficrpue mapw cuax Ha. Teno {cM., Hampumep, pHc. 82). Ecan
Ha cBoGORHOE TBEPAOE Tes0 HauHer AeficTBoBaTh mapa cua F, F', To reomerpHyeckas
CyMMa STHX BHEIWIHHX cHJI OyRer paBHa Hy o (F--F'=0). CreaoBate bHO, IEHTP Mace

Tesa, eC/IH OH BHayaje ObJI HEMOABHIKEH, NOJ/DKEH OCTaTbCA HEMOABHXHHM H NpPH

Aeficreuy napu. Taxum o6pasoM, rae 6N K cBOGOAHOMY TBEpAOMY Tejiy HE Gria MpH-
JIOXXeRa Napa CH/I, TeJI0 HAYHET BPAINATHCA BOKPYL CBOErO LEHTpA MacC (HO MTHO-
BejiHaA OCh. BpalleHMst B ofumeM caydae He OyAeT HanpaBJieHa. NepPNeHIHKY/SPHO
TNOCKOCTH IeACTBHA Maphl, KaK MOXHQ NPeANONOKHTD).
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ABrukKenne mno TOpPH3OHTaAbHOA mnmanockoctTH [lpn
OTCYTCTBHH TPEHHS Ue/NOBEK C TIOMOMIbIO CBOHX MYCKY/IBHHX YCHAHR (CHAN BHYTPeR-
HHe) He Mor OHl IBHFaThCH BAOMb FOPH3OHTANBHOM MJIOCKOCTH, TAK KaK B 3TOM c.ydas
CyMMa NpoeKUHA Ha M06YI0 TOPH3ONTANbHYIO 0cb Ox BceX NPHJIOKEHHBIX K 9e/I0BeKY
BHEUIHHX CHJt (CHAI3 TAKECTH M PeaKUHA NJAOCKOCTH) OyAeT paBHa HYJIO H NUEHTP
MacC YeNioBeKa BAOJb MJOCKOCTH TlepeMellaTses He Oyner (xg==const), ' v

Ecan, HaupHMep, uyesioBeX BhHeceT NPABYK HOTY Brepel, TO JeBaf €ro Hora
CKO/MIb3HET Ha3ad, a LeHTp Macc ocTaneTcs Ha mecte. [IpH HaNHUYHK XKe TPEHHS CKOJb-
MEHHIO JIeBOR HOTH Ha3al GyJeT NPeNATCTBOBATL CHAA TPEHHS, KOTOPas B 3TOM cay4ae
GyfeT wanpasiena Bnepel. Ta CHAA H GyjeT TOA BHeurned CHAOR, KOTOpas No3BoJAeT
YeN0BEKY NepeMellaTbCi B CTOPOHY ee NeficTBMR (B JaHHOM cly4ae Bhiepep).

AHANOTHYHO MPOHCXOAHT ABHIKEHHE TeM/I0BO3A Ku ABTOMOGHAA. CHAa JaBJeHHS
ra3a p JPUraTese ABIAETCA CWIONH BHYTPERHEH H cama 1o cebe He MOXET NEPeMeCTHTD
HeHTP MacC CHCTeMBl. [IBHXEHHe MPOMCXORMT INOTOMY, YTO IBHIATENb mepenaeT
COOTBETCTBYIOIIHM KOJIECAM, HAlbIBaeMBbIM BeIyLIMMHM, Bpamaroumit momerT. Ilpu
JTOM TOYXR kacaEMs B penywiero xoseca (puc. 284) CTPEMHTCR CKOJIb3HTH BJIEBO.
Torza ma xoneco Gymer nelicTBOBaTH CHNIAa TPEHHN, BanpableHHAas BOpaBo. JTa
BECILHANAS CHIA H NO3BOJNHT HERTPY TAKECTH TEIUIOBO3a HIH 8BTOMOOHIA NBHTATHCH
srpaso. Korma 3roif cune HET WM KXOTna OHA HENOCTATOYRA IUIA NPEONOJICEHS
COMPOTHB/ICRHA, HCTILITHIBAEMOTO BENOMBIMY KO/eCaMu®, ABHXERUA BIpaBo He Gyxer;
BenyuMe xoneca 6ynyr npu 3Tom BpamaThcs Ha Mecre (Gyxcosath). .

Topmomxenue [Han TopMOMEHHA X 6apa63u§ JECTKO CBAIAHHOMY
¢ KaTAIWMMCA KOJNeCOM, MPHXKHMAIOT TOPMO3HYIO KONOAKY. Boanukaiomaa npn sToM
CHNA TPEHKA KOJIOAKH O Gapalan GyReT cHaoft BHYTpeHNell U cama 1o cefe He HIMEHHT
ABM)XEHHe LeHTPa MacC, T. €. He 3aTOPMO3HT NMoe3x HAH aBToMOOGH.Ib. ORHaKO TpeHHe
KOAORKH o GapaGan G6yler 3aMmeansTh BpallleHHe .
Kojleca BOKPYT €r0 OCH H YBEJJHYHT CHAY TPEHHSN
Kosiéca O pesibC (HAH IPYHT), Hampas/ieHHYIO Npo-
THBOMONOXHO ABHXKEHHIO. 3Ta BHEWHAA CHIA #
OyleT 3aMeLNATL ABHXKEHHE LleHTpa MacCc TMoe3Na
HAR aBTOMOOHAfA, T. €. CO3AaBaTb TOPMOXeliHe
(cM. 3anavy 154 B §130).

B 3akaioyeHHe OTMETHM, 4YTO ABHXKeHHe o0beK-
Ta B NpeALAYLLAX NPHMeEpax MPOHCXOAHT, KOHEUHO,
3a cyeT paBoThl BHYTPEHHHX CH (ABHratesas aBTO-
MOGH/A HAW MYCKYJOB HOr yenosexa). Ho npmusec-
TH B ABHXeHHe UEHTP Macc o0beKTa BHYTpeHHNe
CHAB MOTYT MWL TOFAA, KOTA OHH BH3HBAIOT TaKoe BIaHMOAEACTBHE OGHEKTE C aneus-
ned cpedoil, NpR KOTOPOM Ha OOBEKT HAYHHAIOT JeRCTBOBATL BHEIUHHE CHJIM (8 npu-
Mepax 9To cHAH TpeHus). Hpyrofl BOSMOXKHOCTLIO fIBAAETCH peakTHBHBIft oxpext
(cm. § 112, 114). Hukakoe ycrpoficto, He ofecneunBaioilee Nosin/ieHHe TAKHX BHell-
HHX CHJ HJAH 'He cO3jaiouiee peakTHBHOrO 9dpexTa, NPHUBECTH B ABHIKEHHE UeHTIP Macc
o6bexTa 38 cueT MefCTBHA ONHHX TOALKO BHYTPEHHMX CHA Be MoxeT. B Taxux npen-
ASraBIIMXCH YCTPORCTBAX, KaK «MalinHa [IMHa» HAH CRHEPLOHA», ABHKEHHE OOBEKTA
TOXE NPOHCXORHT SA CYET ero B3aHMOAeACTBHA C BHellkeRt cpefofl, HO MeHee ABHO Bhi-
P8XEHHOro, YTO AABaJ0 NOBOA HEOGOCHOBEHHO OTPHUATL HANHUKE TAKOTO BSANMO-
BeficTRus.

§ 109. PEMIEHHME 3AJIAY

INMonb3ysce TeopeMofl 0 ABHXEHHH LEHTPA Macc, MOXKHO, 3Hasi BHeln-
HHe CHJM, HafTH 3aKOH ABHXXEHHS LEHTpa Macc, M, HaoGopoT, 3nan
ABHXEHHe UeHTPa Macc, ONpeieNHTb TraBHBIA BEKTOP AEACTBYIOUIHX

* Ha senomoe Kosteco aeficTByeT Ke RPalLAIONIHA MOMEKT, a cala Q, MPRACKenHat
X oci (pHc. 284). INox ee aefictBHeM BCe KOJECO, & C HHM H TOUKA KacaHHs A Kodeca 0
TPYRT CTPeMATCH CABHHYTLCA BnepeR. IIpu sToM Ha Koseco 6yrer aeficTBOBaATL CHAA
TPeHHA, HanpasjieHHas Hasaa. 3Ta BHEWHAA CHJAA H TOPMO3HT ABHIKEHHE,
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Ha CHCTeMY BHEILIHHX cHJ. [TepBoit 3anayeft Mbl 3aHHMaNHCh B IHHAMHKe
ToukH. IIpuMepH pelleHus BTOpOA 3ajauM PacCMOTPHM HHDKe.
Teopema nosBosisieT HCKMIOUHTH H3 PacCMOTPEHHs BCe BHYTpPeHHHe
cusnl. [TosToMy paccMaTpHBaeMmylo CHCTeMY Hajo CTapaThCsl BHIGHpaTh
TaK, YTOGH PSAJ HamepeJ HEU3BECTHHIX CHJI CAENaTh BHYTPeHHAMH.
B cayuasix, Korxa HMeeT MeCTO 3aKOH COXPaHEHMS IBHXKEHHS UEHT-
pa Macc, TeopeMa NO03BOJSeT MO NepeMellleHHI0 ORHOH YacTH CHCTEMR

HaHTH nepeMelleHHe JAPYTOi ee 4YacTH.

Mu nokasaas, utq Xorga X Fg,=0 H B HauaJbHHE MOMEHT BPEMEHH Up,=0,
TO NpPH JABHMKEHHH CHCTéMH xc=const. TlycTb Aas oNpeseNeHHOCTH CHCTEMA COCTOMT
M3 TPeX TeJ C MaccaMM my, m,, M H HAYAJILHHMH KOOPAMHATAMH HX UEHTPOB Macc
X3, X3, X3. ECM NoxX AeficTBHeM BHYTPEHHHX (MM BHEIIHHX) CHJ Teja coBepuiaT aG-
COJMIOTHHIE NepeMelieH s, NPOeKUMH KoTophix Ha ock Ox 6yRyT &;, &,, E3, To cootBetcT-
BYIOUHE KOOPAHHATH CTAHYT paBHH X;-+E&;, x;+&;, x5+ 8, Toraa no ¢opmynam (1)
KOOpPAMHATA LEHTpPa MacC Xc BCell CHCTeMbl B HAyaJbHOM H KOHEYHOM NOJIOMKCHHAX
ONpesieNsieTcss PABEHCTBAMH:

Mxc, = myxi4-myxs -+ myxs;
Mxc, =my (xy+ E1) + mg (xa - &s) + mg (xa-}- §s)-
Tak KaK Xc=const, T0 x¢,==xc, H, CIeIOBATENLHO,

my8y+myEat-mals=0 (17
" prEatpoEat-pss=0. (17)

TaxuMm 06pa3oM, KOTIa HMEET MeCTO 3aKOH COXPaHeHHS ABHIKEHHS LeHTPa Mace
Broab ocu Ox, To anre6panyecKas CyMMa npoussefieHnii Macc (MK BECOB) TeJl CHCTeMb
HA MPOEKUHH abCcoromupix nepeMellleBHit HX EeHTPOB MacC A0J/DKHA GHTb PaBHA HYJIO,
€C/IH TOJbKO B HAYaJBHHA MOMeHT BpeMeHH Ucy=0. Ilpu Buuncnennn &y, &,, . ..
chefyeT BCerla Y4HTHBATb KX 3HaKH.

3apaua 123. Ha Hocy H KopMe JIOAKH BECOM p CHIAT Ha paccTosHHH [ Apyr
OT ApYra ABa YeJlOBeKa BeCOM ps H pg Kaxpabiit (pHc. 285). IlpeneGperas conporus-

- JIeHHeM BOJAH, ONPeAesiHTb, KyfAa M
N HaCKOJbKO MepeMecTHTCH JOIKa, eclH
JIOAK TNOMEHSIOTCA MECTaMH.

Pemenne. Urobu -Hckmo-
YHTb M3 PAacCMOTPEHHA HEH3BECTHHeE
HaM CHJIH TPEHHA TNOAOMIB O JHO
JOAKH H MYCKYJ/IbHBIE YCHJIHA Jiofef,
GyReM paccMaTpHBaTh JIORKY H JIO-
Iefl XaK ONHY CHCTeMY (NIPH STOM Ha3-
BAAHKE CHJIK CTaHYT BHYTPEHHHMH).
ByewHHMH cHAamH, JAeACTBYIOLGHMH
Ha CHCTeMy, GYAyT BepTHKaJbHEE CH-
A4 p, pa, P, N. Torna ZFez =0, u
TaK KaK B HAYaJbHBIA MOMEHT Bpeme-
HH Uc,=0, To xc=const. Crnenosa-
TeNbHO, aGCOMOTHHE IepeMelleHNs
BCEX Tesl CBA3aHH 3ABHCHMOCTSIO (17).

H3obpaxas noaky H mofieft B Ha-
YaJbHOM H KOHEYHOM NOJIOXEHHsX,
Mbl BHIHM, 4YTO NepeMelleHHe JDAKH
§a=x*. Janee, AN mepsoro ueno-

HIH

* Bo Habexcanne oWMGOK B 3HAKaX PEKOMeHAYeTCs, HE3aBHCHMO OT TOTO, KyXa
$aKTHUECKH NPOHCXOANT CMelleHHe, H306PakKaTh JOXKY (CHCTEMY) B CMEIIEHHOM NOJo-
MEHHH TaK, YTOOH KOOpAHHATa X GuJ/a nosoxuTenbHoit (puc. 285). Ecau nocae noa-
CYeTOB 3HaYeHHe X MOJNYYHTCA OTPHUATeALHHM, TO 3T0 6y/leT 03HavaTh, YTO NpH ycao-
BHAX 33/]a4H CMeIleHHe NPOHUCXOAHT B APYTYI0 CTOPOHY.
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BeKa abcomotnoe nepememenne Ey=x-1; a6comoTHOE nepeMewente BTOPOTO Yeso-
Bexa paBHO BB;, a NPoeKUHA 9STOro NepeMeileHHsa Ha ock Ox Oymer Ep=—(l—x).
Toraa no ypasuenuio (17')

px+pax+D+pg[—(—x)]=0.

O'ruona HaxXoAHM, YTO NepeMeleHHe JOAKH
x=(pg—pa) /P, the P=p-+ps+pg.

Ecan pg>pa, 10 x>0, T. €. IOAKA cMellaeTCA BAPaBO; NpH pp<p4 CMelleHHe
JOAKH npoksofiner Bnepo. Korsa pp=p,4, /0OKAa OCTaeTcs Ha Mecre.

IoauepksnBaem ewe pa3: cucmemy, é:u:»ceuue Kxomopold Hado paccmompems npu
powenuldl nodobubix sadax, credyem ewbupame max, «mobui Haneped Heuseecmwbie
cunpt  cOeAQMb BRYMPEHRUMY. ’ .

3apaua 124. llenTp Macc Basna MOTOpa CMeWeH OT OCH BPAIlEHHA HA BEJNHYHHY
AB="b. Macca Bana m;, a Macca BCex OCTalbHHX dacTeR MoTopa my. Onpeneants,
NnOo KAaKOMy 3aKOHY OyJleT ABHraTbci MOTOP, NOCTABJEHHHE HA TJafKyl0 TOPHAOH-
TaJLHYIO TJIOCKOCTh, KOTAA BaJ Bpailaercs € NOCTOAHHOR YrioBofi cKopocThio .
HafiTH JIONMOJNHHTEJbHO, KaKoe MaKCHMajbHoe ycHiHe OyjeT HCNWTHBarh 6oat D,
€CIH C €ro NOMOILbIO HENMOABHMKHO 8aKPeNnHTb MOTOP.

y V/W
y b
(.8 6 gt
>N N 1 &
9 h Q
-
(3 ,[: Z ¥, g N
- 5 |_|
70 7% X : 7
A 7
Puc. 286 Puc. 287

Pewen He Yro6u HCKAOWHTb CHAM, BpPAULAIOUIHE BAJ, CReJNAB HX BHYTpeH-
‘HHMH, PACCMOTPHM BeCb MOTOp C BaJOM KaK OAHY CHCTeMy. _ _
1. IIpH HesaxpenseHHOM MOTOpe Bce AefiCTBYIOUIHE HA - Hero CHAH (py=m,g,
Ps= Mag K PEAKUHS NJOCKOCTH) OYAYT BepTHKAJAbHAIMH, H Sf1ech, KaK H.B Npeanayuleh
sapaue, GYNET HMETb MECTO SAKOH COXpaHeHHs ABHXEHHS UEeHTpa Macc BROJAb ocH Cx.
Hso0paxaeM MOTOp B MNPOHIBOJNLHOM TNOJNOXEHHH (pHc. 286), CUMTad HavaAbHLIM
TO MoJIOKeHHe, KOTrna TOYKH B H A snexar Ha ofHoRt BepTHKaju (Ha ocH Oy). Toraa
B NPOH3BOAbLHOM nosoxenun §4=2x, Ep=x-b sin 9. Orciona, yunrupas, uro 9= wf,
Hafinem no ¢opmyae (17)
max+m, (x+b sin 0f)=0,
oTXYAa
mb
M

CnepoBateibho, MOTOp OylleT COBepIaTh TapMOHHUecKHe KoneGanHs ¢ Kpyrosod
yacToTofl @. '

2. Korpa mMotop sakpensen, TO N0 IepBoMy H3 ypasHesHA (16') ropusonranb-
Han peakuus R, Oonta Oyazer

X = =

sin wf, rae M =mj;4 ms.

- 1
Ry=Mxc, rae xc=3r (mixp+ max 4).

B sT0M cayuae Touka A nenonpuxHa M x 4=1I (I=const), a xg=I1b sin f. B pe-
syavTate, ZuddepeHUHpYs BHpAKEHHE Xo H YMHOXKaA ero Ha M (M 3zech BCORY —
Macca Bcefl CHCTeMH), HaXOAHM '

Ry= Mxc=myxp=— mbw? sin of.
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Cuaa nasenust Ha Goat pasHa no moayno |R,| W manpasnesa B MpOTHBOINO-
NOXKHYIO CTOPOHY; €e MaKCHMaJpHoe 3HadeHHe GyAeT mybw®. Bo usbexawumue ygnapos
MoTopa Mo GO7ITaM NpH ero pabote, 3arTaKa 6oATOB Q ROMKHA OHTb Takol, YTOOH
CyMMapHast CHJa TPCHHSA Mo-ropa 0 IIJIOCKOCTb, HAa KOTOPOR OH YCTAHOBJIEH, T. e.

fQ. 6una He wmeHblre mybwi.
3apava 125. Kpusownn AB zauHolt r 1 Maccofi m;, BpamaioIKica ¢ NOCTOAH-

HOM YrjoBOofi CKOPOCTBIO W, NMPHBOAHT B ABMIKEHHE KYJHCY H CBR3aHHBIA C Heio mop-
wenb D, ofmast Macca KOTOpHIX paBHA my (puc. 287). Ha nopiueHb npH ero ABHxe-

HHE ZeficTByeT mocTosnHas cuaa Q. INpeneGperas TpenueM o HanpasJslOwHe, HaftTH
HanGoAnblllee TOPH3OHTAJNIbHOE JaBjeHHe Ha OCb X KpHBOIIHKNA. ,

Pewenne Uro6H HCKMNOYKTL CHJAB, BpallaloNiHe .KPHBOUIHN, H JaBaeKHe
HA HEro CO CTOPOHH KYJHCH, DACCMOTPHM -ABHKEHHE BCEA CHCTEMHL. Toraa no nep-
nomy H3 ypaBHeHH# (16'), ecaH 0603HauHTL TOPHIOHTAALHYIO peaxuuio oc A uepes

Rx, Gyner .
MX(_'= Rx—Q.

rae cornacho dopmyaaM (1) Mxe=myx,+myx,.
B nawem cayyae x,=0,5r cos 0f, xp=b+r cos @f, Tak xak @=0f. B pesysp-

Tate HaxoRHM .
x=Q + Mxc=Q — (0,5my -+ mj) ro? cos wt.

Cana nassieHHs Ha OCb paBHa NO MOAYAI0 |R,l H HampaB/ieHa B NPOTHBOMOMOXK-
Hyl0 cropony. [laBnenne GyneT MaKCHMa/tbHHIM, Korja = 180°, u Gyaer pasio Q-

=+ (0,5my+-mg)ro®,

Fnasa XXIII

TEOPEMA OB H3MEHEHHH KOJIHYECTBA JABH)KEHHA
CHCTEMbI

§ 110. KOJIHYECTBO ABH)XEHHS CHCTEMBI

Koausecmeom dsuncenus cucmempt Gydem HA368aMb eKMOPHYIO BEAU-

duny Q, pasnyro 2eomempuveckodl cymme (2rasromy eexmopy) Koauuecms
OBUNCEHILA BCEX MOYEK CUCMEMb
(puc. 288):

- v = =
m,U, mt 2 Q=zm,,vk. (18)

Monbaysach 3THM onpepene-
HHeM, Hafinem Q)opmy.ny, ¢ no-
MnUp MOILBIO KOTOPOH 3HAUHTENBHO

Jierye BLHIYHC/SITD BeJIHYHHY Q,
a TakKe YACHHTb ee CMRLICA.
Puc. 288 H3 pasencrsa (1’) caenyer, yto

zmkf—,, = M;C'
Beps or oGenx wacreft npoH3BoaHyIO NO BpeMeHH, NONyIUM

dry dre ~ -
Emygi=M=E wn Fmyu, = Mo,

m o,

Orcrona Haxogum, uro
Q= Mug, - (19)



T. €. KOAUXECBO OBUICEHUR CUCIMEMb DABHO NpOU3BEOeHUI0 Maccy Beell
CUCIMEMBL KA CKOPOCMb e yesmpa Macc. STHM Pe3yAbLTaTOM OCOGEHHO
YA06HO IOJIL30BATbCA NPH BHIYHCICHHH KOJHYECTB ABHXKEHHS TBEepAbIX
TeJl.

Hs ¢opmyasr (19) BuaHO, uTo ecau Teso (HAH CHCTeMa) ABHKETCA
TaK, 4TO LEHTP MacC OCTAeTCs HEMOABIMKHBIM, TO KOJHYECTBO JBHKEHHSA
Tesla paBHo Hymo. Hanpumep, KojnuecTBO ABHXKEHHS Tesa, BPallaio-
LErocs BOKPYT HENOABHAKHON OCH, NpoXoAsiue yepe3 ero eHTpP Macc,
6yzer paBHO HYJIIO.

Ecan ke ABHIKeHHe TeNla ABNAETCA CJIOKHWM, TO BeqHYHHA Q He
OyneT 3aBHCETb OT €ro BPalaTeJbHOTO ABHXKEeHHA BOKPYT LEHTPA Macc.
Hanpuwmep, ans katamerocs Koseca Q=Mu,, He3aBHCHMO OT TOTO, KaK
BpallaeTcs KoJeco BOKPYr ero ueHrpa macc C.

Taxum 06pa3oM, KOJHYECTBO ABHKEHHA MOXHO PaccCMaTPHBaTh Kak
XapaKTePHCTHKY INOCTyNaTeNLHOro JABHXEHHSt CHCTeMH (Tena), a NpH
CI0OKHOM JBHXXEHHH — KaK XapaKTepPHCTHKY TOCTYNareJbHOM YacTH
NBHMEHHA BMECTE C UEHTPOM Macc.

§ 111. TEOPEMA 06 H3MEHEHHH KOJNHYECTBA ABH)KEHHSA

PaccMotpum cucreMy, cocrosiyio 43 n MarepHaJbHHIX ToueK. Co-
CTaBUM JAAs1 3TOA CHCTeMul RHbdepeHUHaNbHHE YpABHEHHS JBHKEHHA
(13) u cnoxum ux nounenno. Torma nonyaum

IMocnenuss cymMa no CBOACTBY BHYTPEHHHX CHJI paBHa HyJio. Kpome
Toro,

- 4 - d
2myay = g5 Dmv = 5«

OkoHyaTenbHO HaXOLuUM

L~

dQ ’
= 2F (20)

Ypasuenue (20) Buipakaer TeopeMy 06 H3IMEeHEHHH
KOJHYecTBa ABHXEHHN cHCTeMH B XHPbepeH-
LHAaABHON thopMe npoussodHas no epemenu om KoAuwecmea
OBUNCEHUS CUCTMEMBL PABHA 2L0MEMPUNECKOL CYMME acex Oeticmayrouux na
cucmemy eHewRux cus. B npoeknuaX Ha KOOPAHMHATHHE OCH OyAEr:

d dQ, '
9 _ 3, _Ql__zf‘w 4. >, (20)

Hafinem npyroe Buipamenue Teopemul. IlycTb B MOMeHT BpeMeHH
=0 KOJIHYeCTBO JBHKEHMS CHCTEMH PaBHO (;, a B MOMEHT {; CTAHOBHUTCA

paBuaM Q. Torma, ymHoxas ofe uact pasencrsa (20) Ha df H HHTer-
PHDYSH, nOXydyHM
t

51—Q—,0=2§ Fidt



—Q,=35, @n

TaK KaK MHTErpajibi, CTOfIllHE CNpaBa, AAIOT HMNYJbChl BHEIIHHX CHJL.
YpaBuenue (21) Bupakaer TeopeMy 06 H3MEeHEHHH
KOJMHYECTBA JBHXKEHHA CHCTEeMB B HHTETrpalb-
HOHR ¢ OpMe: usaMeHeHue KOAULECBA OBUNCEHUR CUCTMEMbL 3Q HEKOMO-
UL NPOMENYMOK BPEMEHI PABHO CYMME UMNYAbCO8, Oelicmsyoujux Ha
CUCMEMY BHELLHUX CUA 30 MOM. He NPOMENCYMOK 8PEMERU.
B npoekunsx Ha KoOpAHHaTHhle OCH Oyler:

le_'Qox.= Zsfm Ql,, —Q(Iy = Zsiyv Qu'—Qo: = Zsfu- (21')

YKaxeM Ha CBfi3b MeXJy HA0Ka3aHHONA TeopeMOR H TeopeMOH O JBH-
JeHHH ueHTpa Macc. Tak Kak Q=Muv., To, NOACTaBAAN ITO 3HAUYEHHe
B paBeHcTBO (20) M yuuThiBaf, yro du./di=a., nonyunm Ma.=2ZF%,
T. e. ypaBHeHHe (16).

CrnegoBatenbHO, TeopeMa O JBHXKEHHHM LEHTPa Macc H TeopeMa 00
H3MeHeHHH KOJIMYeCTBa JABHXXEHHS CHCTeMnl npejcrasasior cofofl, no
CylIecTBY, ABe pa3Hbie GOpMEI OfHON H TOR Ke TeopeMul. B Tex cayua-
SIX, KOTAa M3yyaeTcd HRBIDKEHHe TBEpIOro Tella (MAH CHCTEMBl TeJ),
MOXXHO B PaBHON Mepe NOJb30BAaThCA JOGOH H3 3THX (OPM, NpHueM
ypaBHenneM (16) ofmuHO nonb3oBaThesd yaoGHee. JlJs . HenpepbiBHOH
e cpennl (MHEKOCTb, I'a3) MPH pelwleHHH 3ajau OGHYHO MNOJB3YIOTCH
TeopeMoR 06 H3MEHEHHH KOJIHYECTBA JBHXEHHS CHCTeMhl. BaxkHble npu-
JIOXEHHSA STa TeopeMa HMeeT TaKxke B TeopHM yaapa (cMm. ri1, XXXI) u
NPH H3YYeHHH PeaKTHBHOIO ABMXeHHs (cM. § 114).

ITpakTHuecKas LEHHOCTb TEOPEMEl COCTOUT B TOM, YTO OHA 1103BOJIAET
HCKJIIOYHTL M3 PacCMOTPEHHs Hanepel HeW3BEeCTHble BHYTPEHHHE CHJIbE
(Hanpumep, CHJIEL JaBJIEHHA APYT Ha APYra 4acTHL XKHAKOCTH).

§ 112. 3AKOH COXPAHEHHA KOJIH"IBCTBA ABM)XEHHS

H3 TeopeMbl 06 M3MEHEHHH KONHMYECTBA ABHXKEHHS CHCTEMBI MOXHO
[ONYYHUTb CHAEAYIOLIHE BaXKHbie CJAEACTBHA. ‘
1. Tlycrb cymMma Beex BHEWIHHX CHJI, IefiCTBYIOULHX Ha CHCTeMY, paB-
Ha HyJuo;
ZF t=0.

Torna u3 ypaBnenus (20) caeayer, yro npu 3tom Q=const. Takum
o6pasoM, ecau cymma ecex GHewHux cua, dedcmsyowux Ha cucmemy,
PasKa RYMo, Mo 6eKMOp Koauxecmea OBUNCEHUR cucmembt 6ydem nocmos-
HEH no MOOYm0 U Hanpagrenuso. .

2. Tlycts BHewHMe CHIH, AEHCTBYIOULHE HAa CHCTEMY, TaKOBH, 9YTO
CyMMa HX NPOEKUHA Ha KaKylo-HHOY b och (HanpuMep, Ox) paBHa HYJIO;

3F, =0.

Torna u3 ypassennit (20) cieayer, uro npu stom Q,=const. Takum
00pa3oM, ecau cymma npoexyutd ecex GelCmBYIOUUX BHEWHUX CUA HG
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KaKyro-HubYyds 0Cb PagHa HYA0, MO NPOEKYUS KOAULECMBA O8UNCEHUR Cu-
Cmembl HQ My 0Cb €Cb GeAUYUHA NOCMOAHHAR.

314 pe3ysibTaThl H BHIPAXKAIOT 3aKOH COXPAHEHUR KOAUYECmSa 0su-
acenus cucmemsi. I3 HUX cliefyer, YTO BHYTPEHHHe CHJIbI H3MEHHTH KO-
JHYECTBO NBHXKEHHSI CHCTEMbl He MOryT. PaccMOTpHM HekoTopbie NpH-
MepHI,

fisNenve OTHAYM MJIH OTKaTa. ECIH paccMaTpHBaTh BHHTOBKY
H NyJIO KaK OAHY CHCTeMY, TO KaBJeHHe NOPOXOBHIX ra3oB NPH BHCTpeJie OYyAeT CHAOK
BHyTpeHHefl. DTa CHJIa He MOXeT H3MEHHTb KOJHYECTBO JBHIKEHHSI CHCTEMHI, PaBHOe
Jo BbicTpeaa HyJaio. Ho Tak Kak NOpPOXOBHE ra3sbl, AeACTBYS Ha NyJs0, €oo6IaoT
€l HeKOTOpOe KONHUYECTBO JABHXKEHHSl, HanmpaBJIeHHOE Briepell, TO OHH OXHOBPEMEHHO
JIOJKHB COOCHIHTL BHHTOBKE TaKoe XK€ KOJHYECTBO JABH)KEHHS B O6paTHOM HanpasJje-
HHH. 3710 BH30BET ABHXKEHHEe BHHTOBKH Ha3ajl, T. €. TaK Ha3WBaeMyio oTAady. Anano-
rHYHOe SiBJIEHHe MOJYyvYaeTcsi NpH cTpenbbe M3 OpPYAHMs (OTKaT).

Pa6ora rpe6uoro BuuTa (Npomneasepa). Buar coobmaer
HEKOTOpPOA Macce BO3AyXa (WM BOAK) ABHXKEHHE BJOJb OCH BHHTA, OTOpachiBas 39Ty
maccy HasaA. Ecau paccMaTpuBaTh OTGpachiBaeMyl0 Maccy M camoietT (HJH CYAHO)
KaK OJHY CHCTEMY, TO CHJb B3aHMOZe/ICTBHA BHHTa H cpefibi, KaK BHYTPEHHHe, He
MOTYT H3MEHHTb CYMMapHOe KOJIHYeCTBO ABH)KeHHA 3Tofl cuctemu. [losTomMy npu or-
GpacHBAHHH MacChl BO3fyxa (BOAHW) Ha3aX caMoJieT (HJH CYNHO) NOJY4YaeT COOTBETCT-
BYIOILYIO CKOPOCTb RBHXKEHHS Biepedl, TaKyio, 4TO OOllee KOJHYECTBO ABHIKEHHS pac-
CMaTPHBAEMOR CHCTEMH OCTaeTCsl paBHHM HYJIO, TAK KaK OHO OHJIO HyJeM JO0 Hayasa
JABHIKeHHS .

Auanornunnfi sdekT NocTHraetca AeficTBHeM BeceJ HAH TpeGHHIX. KoJjec.

PeaxTHBHOEe JBHXeHHe B peakTHBHOM cHapsfe (pakere) rasoo6-
pasHble NPOAYKTH TOPEHHS TOMJIHBA € GOJBINOH CKODPOCTBIO BHOPACLIBAIOTCA H3 OT-
BEpCTHs B XBOCTOBOM WacTH paKeTH (M3 comiia pakerHoro Asurarensn). [eiicTeylomue
TIPH 3TOM CHAH JaBJeHHR GYyAYT CHJIAMH BHYTPEHHHMH H He MOTYT H3MEHHTb KOJIH-
YECTBO ABHKEHHA CHCTeMH paKeTa — NMPOAYKTH ropenHs tomaHea. Ho Taxk Kak Bu-
PHBAIOIHECA ra3hl HMEIOT H3BECTHOE KOJHYECTBO IBHIKEHHs, HaNpaBJIeHHOe Ha3aj,
TO paxeTa MOJyuYaeTr MPH STOM COOTBETCTBYIOLLYIO CKOPOCTb, HAlNpaBJeHHYIO Brepex.
Bennunna stoft ckopoctd Gyaer ompenenena B § 114.

OGpamaem BHUMaHHE Ha TO, UTO BHHTOBOA ABHMraTeab (MPeAWAYULHA npuMep)
coofulaeT OOBEKTy, HampHMep caMoJery, ABHXKEHHe 33 CYeT OTGPaCHBaHHA Ha3ajg
yacTHIl Toft cpeanl, B KoTOpolt oH ABHikeTcs. B 6e3Bo3aywHOM NMpOCTPaHCTBE TaKoe
JIBHXKEeHHe HeBO3MOXKHO. PeakTHBHHM JKe ABHTraTesNb COOGWAET ABHXKEHHE 3a CYeT OT-
Gpoca Hasaj Macc, BHpa6aThBaeMhX B caMOM ABHrareje (MPOAYKTH ropenHs). Jpu-
JeHHe 3TO B PaBHOA Mepe BO3IMOXHO M B BO3AyXe, H B 6€3BO3AYIIHOM IIPOCTPAHCTBE.

Tlpu pelueHHH 3ajay NpHMEHEHHe TEOPEMbI MO3BOJSET HCKJIOYHTH
H3 PAacCMOTpPeHHS BCe BHYTpPeHHHMe CHJBL. Ilo3atoMy paccmaTpHBaeMmyio
CHCTEMY HaJl0 CTapaThCs BHIGHPATh TaK, 4TOGHl BCe (WJIH 4acThb) 3apaHee
HEH3BEeCTHHX CHJ CleJaTb BHYTPeHHHMH.

3aKOH cOXpaHeHHS KOJHY4eCTBa ABHXKEHHsS YIOGHO NPHMEHATb B
TeX caydasx, KOrja N0 H3MeHEHHIO NOCTYNaTeNbHOH CKOPOCTH OAHOH
YaCTH CHCTeMB Haj0 ONpeesHTL CKOPOCTb APYro# yacTu. B yactHocTH,
3TOT 3aKOH IIHPOKO HCTOJB3YEeTcs B TEOPHH yiapa.

_3apaua 126. ITyss wmaccoll m, JeTsinass TOPH3OHTANBHO CO CKOPOCTBIO u, MO-
najgaer B yCTaHOBJIEHHBI HA TeslemKe AWHK C MeckoM (puc. 289). C kakoft CKOPOCTLIO
HauHeT NBUraThCA ‘TeJeXKa Nocje YAapa, €CAH Macca TeJeXXKH BMeCTe C SILIHKOM
paBEa M?

‘Pemenne ByneM paccmMaTpusaTh NMysmio M TEIEXKKY KaK OAHY CHCTEMY.
370 NO3BOJHT NPH PeleHHH 3a]a4M HCKJIIOYHTH CHJIN, KOTOPHE BOSHHKAIOT NIPH yAape
ayan o smuK., CyMma NPOeKUHH NPHIOKEHHHX K CHCTEME BHEIHHX CHJ HAa TOPH30H-

TanbHyio ocb Ox pasHa Hymio; Crefobatennho, Q,=const Hak Quz=Qpx, TAE Qo —
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KOJIHUECTBO ABHXEHHA CHCTeMb A0 yAaapa; Qq — nocne ysapa. Tax xax go yAapa
TeREXKA HeNoABHXHA, TO Qo.=mu.

INocae yaapa Tenexxa H 0yas ABHKYTCH € o6illel CKOPOCTBIO, KOTOPYIO 0003HaMHM
wepes v. Torma Qy.=(m+ M)v.

Ilpnparknpag npasue “acTH BHpaxenHft Qe H Qyy, HalgeM

L
{m+ M)’
- 3apasa 127. OnpenensTs CKOpPOCTb CBOBOAHOrO OTKaTa OPYAHS, €C/H BeC OTKa-

Tupalomuxcs vactefi paped P, Bec CHapsna p, 8 CKOPOCTb CHapRAA DO OTHOUIEHHIQ
K KaHaJy CTBOJMA PaBHa ‘B MOMEHT BHJAETA W,

U

Mg
Puc. 289 Puc. 290

Pemenne Jaa BCKAOUEHHSA HEH3IBECTHBX CHJ JABJEHHS IOPOXOBLIX.rasos
PACCMOTPHM CHApSA H OTKATHIBAIOUWIHECA MACTH K&K OHY CHCTEMY.
IMpene6peras 3a BpeMs ABHXKERHA CHApAfa B KaHaje CTBOJA CONPOTHBJAEHHEM
_3a Bpems p

OTKaTy K CHJaMi P, p u N, KoTopHie OteHb Malbi 110 CPABHEHHIO C CHJIAMH A3BJEHHA
NOPOXGBLIX ra3os, BHILBAIOIHX OTKAT, HAMZEM, YTO CyMMa NPHAOXKEHHBX K CHCTEME
BHELWHHUX CHJT paBHa RYJIO (pHC 290; oTKaTuBalOlKecs BMeCTe CO CTBOJIOM HacTH Ha

MeM He Tiokasauw). Toraa Q=const u Q,=const, a Tak Kak R0 BHCTpena CHCTeMa
Henozskxkua (Qy=0), 10 H B moGo#t MoMenT BpemerH Q,=0.

06038a4AM CKOPOCTh OTKATRIBAIOIIAXCK HACTEH B KOHEYRKIH MOMEHT 9€pe3 v.
Toraa abcomOTHAR CKOPOCTH CHAPSMA B 3TOT MOMEHT paBHa 4 + v. CliefosaTenna0,

Qy=Pv,/g+pluy+v,)/g=0.
Orcrona sEaxoqamM
pux
(P+p)’
Ecmm 6 6una m3BecTHA abGCOMIOTHAR CKOPOCTh BHINETA CHAPRAA U5, TO
B PaBeHCTBO (2) BMECTO U, +v, BONUIA Obl Cpasy BeJMYAHA U,q,, OTKYAS

__Plagx

==

VU=

3nax MHHYC B 000UX CAYMaAX YKa3WBaer,yTo HanpabieHHe v npo'mnononoxnoﬂ.
TMoauepxnBaeMm, YTO NpH BHUUCJAEHHH NOJHOTO KONHYECTBA NBHIKEHHS CHCTEMH
BAJl0 YUHTHBATE alCOAOMHbE CKOPOCTH ABHXKEHHA ee uacTed,

§ 113*. NMPHNO)KEHHE TEOPEMBI K JIBH)KEHHIO )XHAKOCTH (FA3A)

Paccmotpum yemanoensiweecs Teuerne XHIKOCTH. Y CTaHOBHBIIHMCR
Ha3blBaeTCA TeueHHe, NPH KOTOPOM B KAKAOH TOYKe OBMAcCTH, 3aHATON
XKHAKOCTBIO, CKOPOCTH U ee YacTHI, AaBJieHHE p H HAOTHOCTb p He H3Me«
HAIOTCA cO BpeMeHeM. IIpH TakQM TeyeHHHM TPAaEKTOPHH MKMAKHX dac-
THIL ABJIFIOTCS ORHOBPEMEHHO AUHUAMU MOKA, T. €. KPHBLIMH, B KaXI0M
TOYKe KOTOPhIX KacaTesibHhle HanpaBJeHH TaK e, KaK CKOPOCTH XKHA-
KHX YaCTHL, HaXORAALIMXCA B JaHHBII MOMEHT BpeMeHH B 3THX TOYKaX,
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Boigenum B nBHIKYLIEACS XKUAKOCTH 06/1aCTh, OTPaHHUYEHHYIO JHHHA-
MH TOKa, Ha3blBaeMyio mpybxod moka (puc. 291, a; B ciiyyae RBHKEHHA
B Tpy6e 370 00/acThb, OrpaHHYeHHas CTeHKamu Tpy6ul). Ilpu ycraHo-
BUBIIEMCSI TE€UeHHH dYepe3 JoGoe MHonepeyHoe ceueHHe TPYGKH € NJIO-
nanplo S 3a 1 c 6yaer npore- 1)
KaTbh OLHO H TO JK€ KOJHYECTBO
MacChl XKHAKOCTH

G, =pSv, (22)

rae v— CPenHsst CKOPOCTh XKHJ-
KOCTH B JAaHHOM cedeHuH. Be-
nUYHHY G, Ha3WBalOT CeKyHO-
HOLM, MACCOBYIM  PACXOdOM HCud- |
Kocmu. ¢
BoigenumM B TpyGKe B MoO-
MEHT BpeMeHH f O6beM XKHA-
KocTH [—2, orpaHHYeHHHI
ceyeHuann J u 2 (puc. 291)
H O603HAYHM €ro KOJHYECTBO

ABHKeHHS! Qy5. B MOMeHT Bpemenu {-d¢ sToT 06BEM nepeiifer B noao-
KeHHe 3—4, a ero KOJMYeCTBO JBHXKeHHs Gyner

Qs = 61: + Q_u‘_‘é-ls = aii +G.dt-v,—G. dt vy,
TaK Kak B oSbem /—3 3a Bpems d¢ Bofimer Macca xuakoctH G.dt

CO CKOPOCTBW U;, a B 06beM 2—4 — Ta e Macca CO CKOPOCTbIO U,.
Toraa

dQ = Qu_Qu' = Gc (vl—vl) dt u
dQ/dt =G (v;—vy).
[ToncraBass 3TO 3HayeHHe NpPOUsBOLHON B ypaBHeHHe (20), moayuHm
G (v,—vy) =X F;. (23)
PaBencrso (23) Bbipaxkaer TeopeMy 06 M3MeHEHHH KOJIHYECTBA ABH-
JKEHHA JJIS YCTAHOBHBIUErocs ABHXXEHHs XKHAKOCTH (HJIH rasa) B TpyOke
ToKa (MH B TpyGe). BeanuuHy G v Ha3hIBAIOT CeKyHORNM KOAUHECMBOM
deunmcenun xudxocmu. Torja TeopeMy MOXKHO cHOPMYJIHPOBATH TaK:
PA3HOCML CEKYHORBIX KOAldecms Osudxcerus acudxocmu, npomexaiowied
uepes 0ea nonepeurbix cewenus mpybxu moxa (mpybei), pasHa cyMme
BREWHUX CUN, DellcmBYIOuWx HA 06DeM HUOKOCMILL, 02PARUMERHOIL SMuML
CeHEHUAMU U NOSEPXHOCMbI0 MPYOKY moka (cmenxamu mpy6ti). Teopema
T103BOJISIET TIPH PellieHHH 3ala4 HCKJIOYHTh U3 PacCMOTPEHHs BCe BHYT-
peHHHe CHN (CHJAB B3aMMHBIX JABJEHHH YacTHL XHAKOCTH B ofbeme
1-2),
B cnyuae gBrxeHHs B TpyGe pasiesinM AeficTBYIOULHe BHEIUHHE CH-

7l HA MJIaBHHIA BEKTOP MACCOBHIX CHJ (CHJ TsxKecTH) FY, neficTBYIOUHX
Ha BCe YaCTHHAI KHAKOCTH, H I'JIaBHble BEKTOPH TNOBEPXHOCTHHX CHII

R™ — CHa aBJeHHA Ha XHAKOCTb CO CTOPOHB CTEHOK TPYOH (peaKiuuft
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Tpy6et), PT u PT — cun naBnenust B ceyenusix I M 2 cO CTOPOHBI XU~
KOCTH, Haxozsueiica BHe obGveMa [—2 (puc. 291, 6); uucieHHo Pl=
=p,S;, P§=p,S,. Torna ypaeHenue (23) MOXHO NpPEACTaBHTb B BUJE

Ge (0,—vy) =P*+ R"+ P{ + Py, (23))
PaBeHcTBO (23') BHpaxaer TeopeMy, Ha3nBaeMylo meopemoi Idaepa.

3anaya 128. laBneuune cTpyHu. Crpys BoAW BuTeKaeT H3 GpaHAcnofita
€O CXOpocThio v=10 M/c H yaapser NOA NPAMBIM YIJIOM O TBEPAYIO CTEHKY (pHc. 292).
Juametp BhiTexaiomieil cTpyn d=4 cM. Onpefeautb CHAY AHHAMHYECKOTO AaBJEHHA
Ha CTeHKY.

Peumenne PaccMOTpUM uacTh CTPYH, 3aKJIONEHHYI0 MEXAY CeueHHSAMH
1v 2, n npuMeHHM K Hefl TeopeMy, BhpaXKaeMylo paBeHCTBOM (23), npoekTupys obe ero
yacTH Ha ock Ox. Yurtd, uTo BHeluHell cHJOM, naowel npoekuuio Ha ocb Ox, ABNAETCH
peakuust R CTeHKH H uT0 R,=-—R, nonyunm

Ge (Ugx—t1)=—R. (a)

O1ci0na, TAK KaK Uy, =0, Up,=0, a no ¢opmyae (22) Go=pund?®/4, rae nJI0THOCTb

BoAn P=1000 Kr/M®, HaXOAHM OKOHYATEJbHO
R=0p (nd?/4)v*=125,6 H.

Cuna JAaB/ieHHA CTPYH Ha CTEHKY paBHa 3TOH JKe BeJHuHHe,

Puc. 292 Puc. 293

3apaua 129. [lo pacnosokeHHOMY B BepTHKAAbHON NJIOCKOCTH H H3OTHYTOMY
NOA YIJIOM @ KOJIeHY TPyOH AauHOM [ ¥ pajgHycoM 7 TedeT BOAA €O CpefHedl MO CeYeHrIo
cKkopocTbio U (pHc. 293). OnpefennTh NOAHYIO CHAY AaBJEHHS BOAL HAa KOJEHO, €CAN
AABAEHUA HA BXOJE H BHXORE K3 KOJeHa PaBHH COOTBETCTBEHHO p; H pj.

Pe IyeHue. TpumernM k o6bemy J/—2 BOAH, 3aK/IOYEHHON B KoJleHe, ypaB-
HeHHe (23') B MpoeKUHAX Ha ocH Ox ¥ Oy. BrewnnMH CHIaMH /15 TOTO o6beMa GyAyT
MaccoBas CHJa (CHJIa TSXKECTH) mg, CHJN JasneHds Py H P, B ceuennsnx 1 u 2 ¥ cym-
MapHasl peaKuusi R CTEHOK Kosiena, HMeomias cocTaBJsiomue R, H Ry. Torna noay-

YHM
Ge (Vay—Vix) =R+ Picosa—Py, } @)
Ge (vay—v1y)=Ry—Pisina—mg.

Tax xak B faHHOM cayuae v;=U,=0, TO Uy, =UCOS &, Ugy=U, Viy=—vsina,
ve,=0. Kpome Toro, mo gopmyse (22) Gc=pnriu, rae p — RJOTHOCTb BOAW; Py=
=pnur?; Py=p,nr?, a Macca BoAR B KoJene m=plns%. [lofcTapansn Bce 3TH BeAHIHHA
B ypaBHeHHs (a), HallleM OKOHYaTeJbHO:

Ry=nr¥pv*(1—cos a)+py—pycos al, Ry =nr¥(pv’sin a+pysin atpgl).
CHanl paBneHHS BOAH Ha KOJNEHO TPYOHW YHC/AEHHO PaBHb Ry M Ry, 1O uMelOT npoTH-
BOHOJIOKHLHE HanpaB/ieRus,

286



§ 114.* TEAO NEPEMEHHOA MACCHL. ABH)KEHHE PAKETHI

B kJsaccuuecKoll MexaHHKe Macca KaXKaoH TOYKH MJH YaCTHULI CHCTe-
Mbl CYHTaeTCA NPH ABHKEHHM BeJUYHHON mnoctosHHOH. OXHAaKO B He-
KOTOPHIX CJydasix COCTaB 4acTHl, o6pa3yioiiHX NAaHHYIO CHCTEMY HJM
TeJI0, MOXeT ¢ TeueHHeM BpPeMeHH H3MeHSTHCS (OTAe/bHEIE YaCTHLIB MO-
I'yT OTAENATHCSA OT TeJla HJIH NPHCOLHHATLCSA K HeMy H3BHe); BCIEACTBHE
aroro 6yfeT H3MEHATHCS H CyMMapHas Macca pacCMaTpHBaeMoro Tefa.
3anauH, B KOTOPbIX HMeeT MeCTO 006HOe NPUCOeNHHEHHe WM OTHe-
JIeHHe eIMHHYHBIX Macc, HaM y»Ke BCTPeYaJIHCh (CM. BHile 3agauu 126,
127 nnu 3anauy 86 8§ 78) B stoM naparpacde Gyner paccMoTpeH apyroi
NPAakTHYECKH BaXKHLIfl c/yyali, KOTAa npouecc OTHeNeHHA OT Teja WJIH
NPHCOEAVHEHHA K HEMY 4YacTHL NPOMCXOAHT HenpepbiBHO. Teno, Macca
M xotoporo HenpephIBHO H3MeHsIeTCSl C TeYeHHEM BpeMeHH BCJEACTBHe
NPHCOSAHHEHHS K HeMY HJH OTHAeJIeHHS OT Hero MaTepHaJIbHbIX YacTHIL,
OyneM Ha3blBaTh meaom nepemenrod maccet. Jns tela nepeMeHHOH

Macchl
M=F(}),

rie F(f) — HenpepniBHaA QYHKUUA BpeMeHH,

Koraa Takoe Tes10 ABHXeTCA NMOCTYNaTeNbHO (HIH KOTAA BpaulatTeb-
Hasl 4acTb ero ABHXKEHHS He YUYHTHIBAeTcs), 3TO TEJNO MOXKHO PaccMar-
PHUBATb KaK MO4KY nepemenHol
Macesl,

IBunxenue pake-
Tol. HafizeM ypaBHenHe ABH-
JKEHHST Teja, Macca KOTOpPO-
ro Co BpeMeHeM HenpepbLBHO
ybwsaermn, Ha  NPaKTHYECKH
Ba)XKHOM TNpHMepe NBWXKEHUsl paKeThl, CYHTaf ee TOUKOH nepeMeHHOMN
Maccl. O6o3HaunM omuocumeavtyto (MO OTHOWEHHIO K Kopmycy pa-
KeTBl) CKOpOCIms Ucmederus npooyKkmos 20peHus W3 pPaKeTel uepes u.
UTo6n HCKJIOYMTb CH/IBLl AaBJeHHs, BHTAJKHBAOLUIHE NPOAYKTH rope-
HMS, CAe/IaB 3TH CHIbLl BHYTPEHHHMH, PaCCMOTPHM B HEKOTOPHIl MOMEHT
BpeMeHH { cHCTEMY, COETOALLYIO M3 CaMOl paKeThl H YaCTHLH, OTIENSAI0-
uefics OT Hee B TeueHHe npomexyTka BpemeHH df (puc. 294). Macca p
3TOfl YaCTHULI YHCIEHHO paBHa Be/HUHHe dM, Ha KoTopylo 3a Bpems
d? namensierca Macca pakers. Tak kak M — BenuuHHa yGHBaiOWas,
10 dM<<0, H, caenoBatensHo, p=|dM|=—dM.

Ypasuenne (20) ans paccmanHBaemoﬁ CHCTeMBl MOXHO HpeacTa-
BUTDb B BHJIe

dQ = Fe d¢, (24)

rae F’-— reoMeTpHYeCKaa CyMMa IMNPHJIOXKEHHBIX K paKeTe BHEUWHHX
CHA.

Ec/H cKOPOCTs U paKeT 3a BpeMs df M3MeHseTCH Ha BeJHUHHY dv,
TO KOJIHYECTBO ABHXKEHHS. pacCMaTpPHBaeMOM CHCTeMbl MOJyyaeT NPH

sToM . npHpauleHe Mdy. ¥V yacTHuBl B MOMEHT { KOJIHYECTBO ABHKEHMA
PaBHO pu (OHa elle ABASETCH 4aCTbiO TeNa), a B MOMeHT {+df oHo 6yner
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p(v+u), Tak Kak vacTHua noaydYaer NONONHHTENBHYIO CKOPOCTH 4.
CrenoBatenibHO, 32 BpeMs df KOJHYECTBO JBHXXEHHS YaCTHIN H3MEHHTCS
Ha Bennuuny up=—udM (nockoabKy p=—dM), a 1ns Beed CHCTEMH
nonyuurca dQ=Mdv—udM. Toacrasass ato 3Havesre dQ B paBeHCTBO
(24) u mena oGe ero uacTH Ha df, HafiteM OKOHYaTeJbHO

v, —dM

Ypasuenne (25) npeacrabasier co6oii B BeKTopro#k dopMme dugdepen.
YuabHoe ypasHerue OBUNCEHUA MOYKIL NEPeMerRHol Maccol, HasHBaeMoe
ypaosuenuem Mewepckozo. )

YuuTeiBasi, YTO mocJefHee cjaraeMoe B NpaBof YacTH_ (25) no pas-
MEepHOCTH TaKXe SIBJISIeTC CHIIOM, ¥ 0603Hauas ero yepes @, Mu MOXeM
ypaBHeHHe (25) npeacraBuTh elle B BHAE ‘

M _Feid. (26)

Taxkum o6pasoM, peakTuBHuifi 3¢eKT CBOAUTCA K TOMY, YTO Ha pa-
KeTy NPH ee ABIWKEHUH RONOJHHTENBHO JeficTByer cuaa D, HaskBaemas
peakxmugrol cuaod. :

Benuunna dM/d¢ uncaenHo paBHa Macce TOMJINBA, PaCXOAYEMOTO 3a
€AMHHIlY BPEMEHH, T. €. CEKYHAHOMY Ppacxoay .Maccu TonmJjusa Gg.

Takum o6pa3oM, ecaH yuecTb 3HaK, TO

dM

— e ——

dt L
Orciona caepyer, 4ro
O=— Jch (27)

T. €. PEaKMUBHAA CUAA PABHA NPOU3BEOEHUID CEKYHOHO020 pacxoda Maccol
monAuéa Ha OMHKOCUMENbHYIO CKOPOCMb UCIMEHEHUR NPOOYKMos e20 c20-
PAHUR U Kanpasiena npomusonoAONCHO IMOLL CKOPOCMIL.

HexoTopHe ApPYyrune cayuaM ABHXEHHSH TeJjJa nepe-
MeHHON MaccH. Ecin paccMoTperh ABHXeHHe Tesa, Macca M KoToporo ¢ Te-
UeHHEM BDEMEHH BCACACTBHE HeNMpepHBHOrO NPHCOEAHWHEHHX K HeMy UacTHL BO3pac-
Taer (dM/d¢>0), cunTas 510 Te0 TOXKE TOUKON NepeMeHHON MACCH, 8 OTHOCHTEILHYIO
CKOPOCTb NPHCOCAHHSIOMHXCA YaCTHII 0G03HAUHTh MO-NPEXHEMY U, TO HETPYAHO mpo-
BEPHTD, 4TO AJI TAKOT'O Te/la ypaBHeHHe ABHIKeHHA COXPAHHT BHA (25) mau (2% » TOALKO
B ypaBHeHuK (26), mockoabKy temeps dM/d¢>0, Gyner

T=iG..

HaxoHen, aqis Tesia, y XOTOpOro ONHOBPeMeHHO NDOHCXOZHT HeNpepHBHOE OT
JeJieHHe H LPHCOCOHMEHHe 9acTHI, B YpaBHeHHH (26) NoAyuHTCH

® = —u,Gy¢ +u3Gye,

TAC Ui B U, — OTHOCHTENIbHHE CKODOCTH OTARJAIOWMXCH H NPHCOERHHSAIOWHXCA Jac-
THIL COOTBETCTBEHHO; Gj¢ — OTAEAAIOWAACH, & Gy, — NPHCOCAHHAIOIWAACH 33 Ce-
KyHAy Macca, ~
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Taxofl ciyyafl HMeeT, HanpHMep, MECTO RIS CaMosieTa, Ha KOTOPOM YCTAHOBJEH
DO3AYUIKO-PEAKTHBHHA JABHraTenb, 3acachBaOmKA BO3LyX H3 aTMocdepn H BHOpa-
CHBAIOWHA €ro BMECTe C NPOJYKTaAMH rOpeHHs TOMJHBA. TaK Kak HOJA 3THX npo-
NYKTOB B OTGpachiBAEMOM Bo3fyxe odeHb Maja.(He mpepbiuaer 2—3%), To saech
NpaKTRYECKH MOXHO CuHTaTh Gic=Gsc=Ge. KpoMe Toro, oueBsHo, YTO OTHOCHTeNb-
Haf CKOpOCTb MNPHCOCAMHAEMOA Macch BO3AYXa wUy=-—U, TAe U — CKOPOCTb CaMo-
aeta. Toraa, nojaras uy=u, NOAYYHM COOTBETCTBEHHO AR Bektopa @ M ero Mo-
Ayns @ 3Havenus:

O =—G¢ (u+v), ®=GCc (u—1v).

IpH onpenesesuy MOXY/I PEAKTHBHOR CHAb NPHHATO, YTO CKOPOCTH U (Camosera)

u & (0T6paceiBaeMOro EBOIXYXa) HaNpaBieHE B BPAMO [POTHBOMONOKHEE CTOPOHHL.
®opMyna crpaBeajHBa W AA8 THAPOPEAKTHBHOTO ABHTaTeNsl, CO3ZAIOIEro TATY
Sa CyeT 3acachlBaHHf H BHIGPOCA BOAMI.

dopmyana Uunoakosckoro Haiigem, kak npoucxoaur
JABIXKEHHe paKeTH NOJ AEACTBHEM TOJNbKO OAHOA PEaKTHBHOA CHJIHI,
cyutas F¢=0, a OTHOCHTEJIbHYIO CKOPOCTb MCTEYeHHS! 4 NMOCTOSTHHOH.
HanpasuMm KOOpAHHATHYIO OCb X B CTOPOHY ABHXKeHHsA (cM. pHC. 204).
Torpa v,=v, u,=—u W ypaBHeHHe (25) B NpoeKUHUH HA OCb X, €CJAH B
HeM noJ0kUTb Fé=0, npumer BHJ

dv aM dM
M'ET""_“T HAH dv——uﬁ.

HUHTterpupysa 3to -‘ypaBHeHHe H CYMTafd, 4YTO B HavaJbHHA MOMEHT
macca M=M,, a cKopocTb U=, H HanpasJ/eHa BLOJb ocH Ox, OAYYHM

v=0Fu In (M/M). (28)

O6o3HaunM Maccy Xopnyca pakeThl CO BceM OBOpYROBaHHEM udepe3
M,, a Bcio Maccy TonsHBa uepe3 M,. Toraa, oueBugHo, My=M +M,,
a Macca paKeThl, KOrja Bce TONJIHBO 6yJeT H3pacXxonoBaHO, OyJeT paBHA
M,. TloactaBsnaa 3TH 3HayeHHs B paBeHCTBO (28), noayuuMm ghopmyry
Kuoakosckozo, onpenensiomyio CKOPOCTb PaKkeThl, KOrja BCe ee TOMIHBO
6yner M3pacXof0BaHO (CKOPOCTb B KOHIE TAK HA3LBAEMOIO QKMUBHOZO

yuacmka):
v=v,+u In(14+M./M,). (29)

Crporo 3TOT pe3yabTaT CnpaBeAJHB B Ge3BO3AYIUHOM NPOCTPAHCTBe
H BHe noas cual1. M3 ¢dopmyan (29) BHAHO, uTO mpegenbHas CKOPOCTb
paKeTht 3aBHCHT: 1) OT ee HauaJbHOHA CKOPOCTH Up; 2) OT OTHOCHTEJNbHOI
CKOPOCTH HCTe4YeHHA (Bbi/eTa) MPOAYKTOB ropeHus u; 3) OT OTHOCHTEIb-
Horo 3anaca TonnuBa M,/M, (uncao LinonkoBckoro). OueHb HHTepeceH
TOT $)aKT, UTO OT PeXXHMa paboTH PaKeTHOFO ABHraTessi, T. €. OT TOTO,
HAaCKOJIbKO OLICTPO HJIH MEJIEHHO CXKHIaeTCsl BCe TOMJIHBO, CKOPOCThb
pakeTH B KOHIe NEepHOAa FOPEHHS He 3aBHCHT,

BaxkHoe npakTHueckoe 3HaueHue opMmyJint LlHOMKOBCKOrO COCTOHT
B TOM, YTO OHA YKa3biBaeT BO3MOXHBIE MYTH NOJYUeHHs GOJbIIHX CKO-
pocrefi, HeO6GXOAMMBIX A/ KOCMHYECKHX IIOJIETOB. DTUMH NMyTAMH SIBJISA-
toTca yBenauyeHue M, /M,, u U v,, NpHYeM NYTb yBeJHYEHHA U H U,
Gonee 3dhdeKTHBEH. Y BesnueHHe ¥ U M,/M, cBfi3aHO ¢ BHIOM TONJHBA
H KOHCTpyKuMell paketnl. [IpHMeHsieMbie XXHAKHe TOMJHBA TO3BOAAIOT
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nonyuuts u=3000--4500 m/c. Ho 3nadenus M,/M, y ogHocTyneHua-
THIX PaKer TAKOBH, YTO OHH He JIaloT CKopocTed, HEOOXOAUMBIX LIS KOC-
MHYecKHX noeroB (cM. § 98). [ToayuuTs HEOGXOAHMYIO CKOPOCTb MOXKHO
nyTeM HCMOJb30BAHHA COCTaBHOA (MHOTrOCTYNEHYAaTOM) paKeTbl, 4acTH
(cTymeHH) KoTopofi no Mepe H3pacXOJOBaHHA COAEPMAILETOCH B HHX
TONJIHBA ABTOMATHYECKH OTAEASAIOTCA OT NMOCJeRHed CTYNeHH, noaydaio-
WweRk B pesyJbTaTe JONOJNHHTENbHYIO (HaualbHYIO) CKOPOCTH.

[NMoxo6Has MHOrocTyneH4atas paxera 6bijia NpHMEHEHa AJIA 3aMycka
NepsLX B MHPE COBETCKHX HCKYCCTBEHHHIX CMYTHHKOB 3eMaH (4 OKTAG-
PR # 3 HonGpsa 1957 r.), a Takxe npH MHOFOYHCAEHHBIX NMYCKax APYrHX
KOCMHYECKHX OGLEKTOB, B TOM UHCAe KopaGnell, Ha KOTOPHX COBEpIIAIOT
CBOH NOJIETHE KOCMOHABTHI.

Taana XX1V

TEOPEMA Ob M3MEHEHHH MOMEHTA
KOJIHYECTB ABH)XEHHSA CHCTEMBI

§ 115, TJIABHBIA MOMEHT KOJIHYECTB ABH)XEHHS CHCTEMBI

[NoxaTHe 0 MOMEHTE KOJIKUECTBA ABHXEHHSA IJIst OHOK MaTepHaNbHOX
TOUKH OLi/Io BBenieRO B § 85, 2agH6IM MOMERMOM KOAUNECE OBUNCEHUR
(MJTH KUHEMUYECKUM MOMERIMOM) CUCIMEMD. OMKOCUMEALHO GAHRO20 yerm-
pa O naswsaemcs seaununa K o, pasras 2eomempueckoil cymme MOMEHMO8
ROAUYECINB  GBUNCEHUR 6CEX MOYEK CUCIMEMbB OMKOCUMEALHO IMO20

yenmpa *:
Ko=2Zmy (my). (30)

AHasloruyHo ONpeAeNsiloTCA MOMEHTH KOJIHYECTB ABHXKEHHA CHCTe-
Mbl OTHOCHT€JIbHO KOOPAMHATHBIX ocel:

K.,=Zm, ('"u;k)- K,= Zmy (mh;k)v K,=Zm, (mk;’-k)' 3N

Tpu stom K., K, K, npescTaBasior co6of OAHOBPEMEHHO NPOEKLHH
BekTopa K, Ha KOOpAHHATHLE OCH.

B § 110 6bin10 0TMEYEHO, YTO KONHUECTBO ABHMEHHS CHCTEMbI MOMHO
paccMaTpHBaTh KaK XapaKTEPHCTHKY ee NOCTYNATeAbHOrO ABHMKEHHS.
H3 nocnenyiowero 6yner BHAHO, UTO 2aa8ruil MOMEHM KOAuvecms dsu-
OCERUA (KUREMUYeCKUd MOMENM) CUCMEMb MONCEM PACCMAMPUSAIMLCR
KaK XxapakmepucmuKka ee gpaujamerbioz0 OBUNCERUR.

KuneTHueckufi MOMEeHT Bpamaiouerocs tesaa.
B KkayecrBe BaXHOrO KOHKpEeTHOro npHMepa HafiieM 3HaYeHHS
K., K, v K. ana Tena, Bpawmaioulerocs BOKPYr HeNOABHXXHOA OCH 2
(puc. 595). '

* Yawe ata KpaTKOCTH Bennanny K Ha3WBAIOT KHHETRYECKHM MOMERTOM WA
TIPOCTO MOMEHTOM KOVIHYECTB ABHMKEHHS CHCTEMbl.
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1. Onpederenue K,. ¥ mo6Goit TOUKH Tena, OTCTOsILIIEH OT OCH Bpa-
LeHHSI Ha PAcCTOAHHH fy, CKOPOCTb Uy = Wh), (©® — yriaoBas CKOpPOCTb
tena). CaenoBatenbHO, LAS 3TOM TOUKH m, (MyUy)=myUphy =mphiw.
Torga ans Bcero Tena, BHIHOCA OOCILIUA MHROXHTENb
® 32 CKOGKH, NMOJYYHM

K,=2Zm, (mkz:';) = (Zm:hi) 0.

Beauuuna, crosmas B CKOGKaxX, MNpPeACTABJASET
€000 MOMEHT MHEpHHH TeJla OTHOCHTEJIbHO OCH 2
(cM. § 102). OkoHuateqbHO HaXOAHM

K,=J,0. (32)

TaxkuM 06pa3oM, Kunemuueckuil moMenm gpawa-
J0U4L20CR MEAQ OMHOCUMENLHO OCU 8PAUIEHUR PABER
Npou38edeHUI0 MOMEHMA UKEPYUU MEAQ OMNOCU-
MeAbHO 3MOLt 0CU Ha Y2A08YI0 CKOPOCMb meaq.

EcaM cHCTeMa COCTOMT H3 HECKOJIbKHX TeJl, Bpa- Puc. 295
HIAIOMKXCS -BOKPYT OAHOH H TOM XKe OCH, TO

K,=J,0,+J,,0,+ ...+ 7,0, (32"
3amerum eute, uto dopmyaa (32) coxpaHuT CBOA BHA H B cayyae

NOBOPOTA Tesla BOKPYr MrHOBEHHOH ocH BpauleHHst Ol ¢ yrioBoil cKo-

POCTBIO ®, TaK KaK NPH 3TOM MoJie CKOPOCTeit ToYeK TeNa GyleT B AaH-
HbIfl MOMEHT BpeMEHH TaKHM Xe, KaK NpH BpalleHHH BOKPYT HelmoiBHXK-
Hof ocH. TakuM oGpa3som,

Z

kl=‘,lw' (33)

2*. Onpedesenue K, n Ky, Inn onpenenennss Ky BHNHCAHM BEHYHHY my(v)
TaK Ke, K&K BLIYMC/AAETCH MOMEHT CHJb; NPH 3TOM HCNoJb3yeM ¢opmyan (47) n3
§ 28, samennB B HuX [ na v. Toraa

M. (Vk) = YaVrs — 2xVny-
Ho cornacuo ¢opmyaam (77') _H3 § 62 vgy= wxp, Vg, =0 (MOCTEAHEE CPA3Y BHAHO

B3 pRC. 295); crepopatenbHq, m (Up)=—xpZp0. B pesayavrare, BuHOCA OOmHA MHO-
XKHTENb © 33 CKOOKH, Hafinem

Kyo=Zm, (myvp) = — (Empxpzy) 0 =— J 1,0,

TAR K4K CyMMa, cTosias B CKOOKax, MpelCTaBasieT coGOfl LEHTPOGeXHHA MOMeHT
HHePIHH J,p (cM. § 104). AHanornyHOe BHpaxeHHe moayuurca aaa Ky, rie BCOAy
BMECTO Xp BOAJeT yg. OKOHuaTeABHO

K,=—1J,;0, Kv=—Jy?u>. (34)

Takum o6pasoM, XHKeTHYECKHA MOMEHT BpamAOMErocA TeAa OTHOCHTENBHO
nentpa O, nexautero Ha ocH Bpamenus O2, npeactanaser coSoft BekTop K, Npoekums
KoToporo Ha ock Oxyz onpepessuorcs Gopmyaamu (32) u (34). B ofuweM cayuae, Kax
BUANM, BeKTOp K o He HanpaBaes 1o ocH Bpaulekus Oz. Ho ecan ocb Oz Gyner AJs TOY-
XH O r1aBHOR OCHIO HHEPUHH TeJa (B YACTHOCTH, OCbIO CHMMETPHH), TO J,=J =0,
Iput stoM K=K, =0 1 Ko= K. Cief0BaTe/bHO, ecau meA0 6pau4demcs 6oKpye ocu,
R8AR0UeLICA 048 mosku O 24a8HOI OCHI0 uHepyuu meaa (HAH 60KpYZ OCU CUMMEMPUL
mua)} TO BeKkTop Ko Manpasied BAOJb OCH BpameHHs H YHCAeHHO pasen K,
T. e, Jz0.
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§ 116. TEOPEMA 06 U3MEHEHHH TJIABHOTO MOMEHTA
KOJIHYECTB ABH)KEHHUSI CHCTEMbBl (TEOPEMA MOMEHTOB)

TeopeMa MOMEHTOB, JOKa3aHHasl A/ ORHOH MaTepHaNILHOH TOYKH
(cM. § 85), Gyner cnpaBeanuBa I KaXaoft H3 Touek cucremsl. Cieno-
BaTesIbHO, €C/IH PacCMOTPeThb TOYKY CHCTEMbl C Maccoil my, HMEIOUuLyio

CKOpOCTb Uy, TO ANA Hee Gyner
d . — — — — —
a7 [mo (myvy)] = mg (F5) +mg (Fi)

rae F§ u Fi — paBHojeficTByIOmHe BCeX BHEWHHX H BHYTPEHHHX CHA,
JefiCTBYIOIHX HAa NaHHYIO TOYKY. )

CocraB/iss TaKHe ypaBHEHMA AJISl BCEX TOYEK CHCTEMbI H CKJIajbl-
Basi MX MOWIEHHO, MOJAYYHM

S [Zho (my0y)] = Emo () + Emq (F5).

Ho nocnexusis cyMma no cBOACTBY BHYTPEHHHX CHJI CHCTEMH paBHa
Hymo., Toraa, yuurniBas pasenctBo (30), HailZeM OKOHYaTeNBHO

dK - =
% =2mo (F). (35)

[TonyueHHoe ypaBHeHHe BHIpaXaeT C/ACAYIOWYIO TEOpPeMy MO-
MeHT OB JJIfl CHCTEMBI: npOuU3800HAR NOBPEMEHL OIN CAABHOZ0 MOMEHMA
KOAUYECNS GBUNCERIS CLCMEMbL OMKOCUIMENALHO HEKOMOPO20 HENO0BUNHOZ0
HEHMPa PasHa CYMME MOMEHMOB 6CEX-BHEUHUX CUN CUCIEMbL OMHOCILMENL-
HO moeo e yenmpa. '

IMpoekTupys u6e uacth paBeHcTBa (35) Ha HenoABHXKHEE ocH Oxyz,
NONTy4HM;

dK = dK =, d =, -
SE=Im (Fy), —L=3Im, F), Lr=3Im, (F).  (39)

YpaBHerus (36) BeIpaXKaloT TEOPEMy MOMEHTOB OTHOCHTEJBHO JII0GOH
HeNnoABHXHOK OCH.

Iloka3anHo# TeopeMofi LIHPOKO MOJBL3YIOTCA NPH H3YHEHHH Bpalla-
TeNbHOTO IBHKEHHS Tesa, a TaKXe B TEOPHH THPOCKONA H B TEOPHH
yaapa. Ho 3Hauensne TeopeMH 3THM He orpaHuuuBaercsi. B kuHemaruke
6LIJIO NOKa3aHO, YTO ABHIKEHHE TBEPAOro Tela B ofuieM CJaydae cjara-
€TCSI M3 TNOCTYNATeNlbHOTO IBHXKEHHS BMecTe C HEKOTOPHIM MOJICOM
H BpalllaTeZIbHOro ABHXEHWS BOKPYr 3toro nomoca. Ecau 3a mosoc
BHIGPATh HEHTP Macc, TO MOCTyNaTe/bHasA YacTh ABHXKEHHS Tesa MOXeT
6biTh H3yyeHa C NMOMOLUbIO TEOPEMH O ABHMKEHHMH LEHTPa Macc, a Bpa-
uatenbHasi — ¢ NOMOILbIO TE€OpeMbl MOMEHTOB. 3T0 nokasniBaer BaX-
HOCTb TEOpPeMBl JJIsl H3y4eHHsl IBHMEHHs CBOGOAHOrO Tena (Jersuiuit
camoJsieT, CHapsj, pakera; cM. § 132) u, B 4aCTHOCTH, A1 H3y4YeHUsS
nnocKkonapananenpHoro AsHenusa (cM. § 130). '

INpakTHyecKkas LEHHOCTb TEOPEMBLI MOMEHTOB COCTOMT ellle B TOM, YTO
OHa, aHaJIOTHYHO TeopeMe 06 H3MEeHEHHH KOJUYeCTBA ABHMKEHHSA, NMO3BO-
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JsieT TMPH H3Yy4YeHWH BPALIAaTeNbHOTO ABHXEHHS CHCTEMBbl HCKJIOYaTh
¥3 pacCMOTPeHHUs] BCe Hamepes HeH3BeCTHble BHYTPEHHHE CHJIBI.
TeopemMa MOMEeHTOB OTHOCHTEJNbHO WLEeHTpa
Macc*. Yrobul NpHMEHATb TeOpeMy MOMEHTOB K H3YYEHHIO NJIOCKO-
NapanieNbHOr0 JABHXEHHA WJIH JBHXKEHHS
CBOBOAHOTrO TBEJOro Tena, Halo HalTH Bhl-
paxeHHe 3TOfl TeOpeMbl /il ABHXXEHHS CHCTe-
Mbl OTHOCHTENLHO LieHTpa Macc. [Tyctb Oxyz —
HEIOJBHIKHbLIE OCH, N0 OTHOUIEHHIO K KOTOPHIM
IBHKETCH paccMaTpHBaeMast MeXaHHYecKas
cucteMa, a Cx'y’z’ — ocu uepemewiaiournecs
TIOCTynaTeNbHo Bmecre c.ueHtpoM macc C
sToh cucremsl (puc. 296), npu sTOM. OcH
Cx'y’z’ vMelOT yCKopeHHUe a¢, PaBHOE YCKope- Puc. 296
Hino ueHtpa macc. B§91 6ui10 nokasano, uro
BCE YpaBHEHHS RHHAMHKH MOXHO COCTaBJsATb B ocsix Cx'y’z’ Tak xe,
KaK B HENOINBUXKHHIX, €C/IM K JeACTBYIOWIHM Ha KaXKAyl0 M3 TOYEK CH-
creMbl cHlam F§ H Fi npuGaBHTL NEPEHOCHYIO CHILY HHepUMH Ff qep (KO-
PHOJIHCOBH CHJIBI HHEPUHH B NAHHOM CJlyyae paBHb| HYJIO, TAK KaK OCH
Cx'y'z’ pBuxyTcs nocrynarensHo). CrenoBaTesibHO, ypaBHeHHe (35)
B ocax Cx'y’z" npumer BHR

ch

sz (Fi) + zmC ( nep)' (37)

NOCKONIbKY CyMMa MOMEHTOB BHYTPEHHHX -CHJI OTHOCHTEJNBHO JoGoro
LeHTpa paBHa Hymo. [1pu 3ToM BesnuunHa K¢ BuuHcAsercs no popmyne

7((: = 2Ec (mh-;;l'-)' (37

III

e U, — CKODOCTH TOYeK CHCTeMul N0 OTHoweHHio K ocsim Cx'y
Hafnem snauenne noc.nenneﬁ CYMMBI B paBeHcme (37). Ho onpe-

ReNeHuo, FY nep=—mudy nep TaK Kak oCH Cx'y'z’ aBuxyTCs nocryna-
TeNbHO, TO A1 NOGOA M3 TOYeK By CHCTeMbl a nep=0c; C/IEN0BATE/IbHO,
F} nep=-—mMyac W Mg (F1 o ,,)—r,,x (—mpag)= =—myry Xac. Toraa, Bb-
HOCA OGILHA MHOXHTeNb dc 33 CKOOKH M YuHThIBasi, 4To 10 dopmyJe
(1) Smyry=Mri, nonysnm
Zme (ane'p) =-—(Emyri) X ac=— Mr¢ xac =0,

TaKk XaK Touka C siBasercs B cucreme oceil Cx'y’z’ Ha4a/0M KOOPAHHAT
# r¢=0. B pesysnTate paBenctBo (37) Aaer

e _ e (Fs). (38)

CpaBHHBaS 3TOT pe3yJbTaT C ypaBHeHHeM (35), MPHXOXHM K BbIBOAY,
4yTO 0aR Ocell, OBUIRYUWUXCR NOCMYNGMENbHO 8MECME C UEHMPOM Macc
CLCMEMbl, MeOPeMa MOMEHMOB OMHOCUMEALHO YEHMPA MACC COXPAHAem
mom e 8ud, 4MoO U OMHOCUIMEALHO HenodsudcHozo yermpa. TOUHO Tak
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e I MOMERTOB OTHocHTeNbHO oceft Cx'y’z’ u3 (38) nonyuaiorest ypas-
HeHHs, aHAJIOrHYHMe ypaBHeHHsaM (36).

" 3amernm, uto B mobolt Apyro#i NoABHXKHOMA CHCTeMe oTcyera Gyner
HAH rc==0, MAH He OyAyT pPaBHH HYJIO KOPHOJNHCOBW CHJIN HHEPLHH H
ypaBHeHHe MOMEHTOB He OyIeT HMeTb BHJ, coBnajaiomui c (35).

§ 117. 3AKOH COXPAHEHHS TJHABHOTO MOMEHTA
KOJIHYECTB ABH)XEHHUSA

M3 TeopeMnl MOMEHTOB MOXHO NMOIYUHTL TaKHe CJAENCTBHSA.
I. Tlycts cyMMa MOMEHTOB OTHOCHUTENbHO LieHTpa O BceX BHEUIHHX
CHJI, JeACTBYIOIIMX Ha CHCTeMY, PaBHa HYJIO

2:';o (F‘i) =0.

Torga w3 ypasuenus (35) cnenyer uto npH 31oM K p=const. Takum
00pAa30M, ecAl CYMMQA MOMEHINOG OMHOCUMENbHO (aHHO20 yexmpa ecex
NPUAOTCEHHBIX K CUCIEME BROLURUX CUA PABHA HYA0, MO 2AQBHOIL MOMEHM
KOAUHECB OBUNCEHUR CUCMEMb. OMHOCUMEAHO 3IMO20 tyenmpa Gydem
YUCAEHHO U nO Hanpasaeruo nocmosnxen. [IpHaoKeHHe 3TOro pesyJnra-
Ta K CNy4alo ABHKEHHs NJaneThl Ohlo paccmorpeHo B § 86.

2. IlycTp BHeuiHMe CHJIbI, ReHCTBYIOIME HA CHCTEMY, TAaKOBH, 4TO
CyMMa HX MOMEHTOB OTHOCHTe/IbHO HEKOTOPOH HeMOABHXHOR ocH Oz
paBHa HyJIO

Em, (F§) =0

Tofna u3 ypasuenuit (36) cneayer, uro npu stoM K,=const. Takum
06pa30oM, ecAL.CYMMA MOMERMOS 6Cex CeliCmEYIOLUX HA CUCMEMY GHOUHUX
CUA OMHOCUMENBHO KAKOU-HUBYOb OCUL PABHA HYAD, MO 2AABHLIE MOMEHM
KOAuuecms OBUNCEHUA CUCMEMbl OMHOCUMENbHO amoll ocu Gydem seauvu-
nod nocmosansod.

OTH pe3yJbTATH BREIPAXKAIOT COBOH 30KOH COXPAHEHUS 2AQABHOZ0 MO-
MERMQA Korudecqs Osuocerus cucmemst. I3 HHX cliefyer, 4yTo BHYTpPeHHHe
CHABLl H3MEHHTb FJIaBHHA MOMEHT KOJIHYECTB JABHXKEHHS CHCTEMBI™ He
MOTYT,

Cnywafy Bpamawmeinca cHCTeMB. Pacemorpum
CHCTEMY, Bpallalomyiocsi BOKpYr HeMmoABHXKHOM (HJIH Mpoxojsilest uepes
ueHTp Macc) ocu z. Toraa no popmyse (32) K,=J,0. Ecu B aToM cay-
qae Sm,(F;)=0, To

J,o=const.

Otciona NpuXoauM K CJAELyIOIUM BEIBOJAM:

a) ecan cucreMa Heudmensema (aGCOMOTHO TBepaoe Teno), 10 J,=
=const H, cregoBaTenbHO, w=const, T. e. TBepJI0e TeJI0, 3aKpelieHHoe
Ha OCH, BpAUlaeTcsi B 3TOM C/lyyae ¢ MOCTOSIHHOH YIJIOBOA CKOPOCTBIO;

6) ecaH CHCTEMAa U3MEHAemMa, TO NOA AEHCTBHEM BHYTPEHHHX (MM
BHEUIHHX) CHJI OTHE/bHLIE ee TOYKH MOTYT YHAAJNATbCH OT OCH, 4TO Bhbl-
3bBAET YBEeJNHYeHHe J,, HJIH NPHOAHKATECA K OCH, YTO NPHUBEAET K
yMeHnbiierHio J,. Ho nockoanky J,m=const, T0 npH yBeJaHueHHH Mo-
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MEHTa UHepUHH YIJIOBASl CKOPOCTb CHCTeMH OyZeT YMeHblUAaThCs, a

NPH YMEHBbLWIEHNH MOMEHTA HHEPLHH — YBeJHYHBATbCA. Takum obpa-

30M, JeHCTBHEM BHYTPEHHHX CHJI MOMXHO H3MEHHTb YIJIOBYIO CKOPOUTh

CHCTeMbl, TaK Kak NOCTOSHCTBO K, He o3HayaeT Boobiie MOCTOSTHCTBA ®.
PaccMOTpHM HeKOTOphie NpPHMEPHI.

a) OnutTH ¢ naatdopmoii )KXykosckoro. [aa aemoHcTpanHH
3aKOHA COXpaHeHMS MOMEHTa KOJHYECTB JABMXKeHHS YMOOHO NOAB30BATLCA MPOCTHIM
npHGOpOM, HasbiBaeMbiM «nJjat¢opmoli JKykoBcKoror. 3T0 Kpyraas ropH3cHTaibHas
nJaTgopMa Ha LIAPHKOBHX ONOPHHX NOAWMRAHHKAX, KOTOPAS MOXKET C MajhM Tpe-
HHeM BpAllaThCA BOKPYTr BepTHKa/ibHOH ccH 2. [lAs uenoBeKa, CTOAWIErO Ha TaKoR

nnardopme, Zm,(FE)=0 u, cnenoparennro, J,w=const. Ecau uenosexk, passeas
PYKR B CTOPOHBI, COOGIRAT ceGe TONNKOM BpalleHHe BOKPYT BepPTHKaJbHOA OCH, a 3a-
TeM ONYCTHT PYKH, TO BeJHUHRA J, yMeHblIaeTcs M, CJIeJOBaTeJbHO, YIJIOBaR CKO-
pocTh BpameHHs BodspacteT. TaKUM CHOCOGOM YBeNHUEHHS YIJIOBOH CKOPOCTH IIAPOKD
NoALSYITCA B Ganete, NPH ngumxax B PO3AyXe (CANbTO) H T. A.

Janee, uenoBek, CTOAMWIMH Ha nJaatdopme HenoaBHXHO (K;=0), MoxeT nosep-
1YThcA B JIOGYI0O CTOPOHY, Bpailllas BHTAHYTYIO FOPH3OHTAa/JbHO PYKY B [POTHBONO-
JOXHOM RaNpaBJIEHHH. YTJIOBad CKOPOCTb YesoBeKa npH SToM 6yaer Taxoil, urtoGul
B cymme Beanudua K, CHcTeMbl octanack pasfiofi Kymo.

6) PackauuBanue Kaueueil Jannednem Hor (CHAR BHYTPOHHAR)
yesioBeK, CTOMIMMA Ha KayendX, PACKAUATH HX He MOXeT. CrenaTh STO MOXHO CAeNyIo-
WwHM obpasoMm. Koraa xauejH HaxoAfTCA B JeBOM BepXHeM NOJOXKEHUH Ag, uenovex
npuceaaer. IIpH npoxoxaeHHH uepe3 BePTHLANL OH ObicTpo Bunpamaserca. Toraa
Macchl NPHOHXKAIOTCA K OCH BpallleHHs 2, BeJHYHHA J; YMeHbIIaeTCH M YIra0Bas CKO-
POCTb ® CKauYKOM BO3PACTaeT.’ yBeNHUEHHEe @ NPHBOLKT B KOHETHOM cHeTe K ToMy,
4TO KaueqH MOAHHMYTCA BHIle HayalbHOIO ypoBHA Ay. B npasom Bepxuem nono-
JKeHHH, Xorga w=0, YejOBeK ONATb NMpHCEeRaeT I J; YBESHYHBAETCHA, HO @ OCTaeTCH
Eanuoﬁ RYJ0; NPH NPOXOXKLEHHH UYepe3 BepPTHKAJbL OH CHOBA BHINPAMARETCA H T. A.

pesyabTare pasMaxH Kauened OyAyT BO3pacTarh.

Iponcxoasiine npu STOM BLHYXAEHNLIE KoNeGanHA Kayeael Ha3HBAlOYTCH napa-
AempuvecKumu, TAK KaK OHH COBEPLUAIOTCH He NOA ReHCTBHEM NEPHORHYECKH MeNIo-
weRcs cHabl (cM. § 96), a BCaeACTBHE NEPHOAHYECKOIO H3MEHECHHA [1aPAMETPOB CHCTe-
MBI €e MOMEHTa HREPUHH H NOJOXEHHS UEHTPA TAMECTH.

B)PeaxTHBHHA MOMeHT BHHTa. Ecau paccMaTpHBaTh Koplyc Bep-
TOMeTR (BMCCTE € ABHTATesieM), €ro BHHT M OTOpacHBAEMYIO MacCy BOSAyXa KaK|OAHY
CHCTEMY, TO CHJB B3aHMOAEHCTBHS MEXAY ABHUraTeNeM H BHHTOM H MKy BHHTOM
H BOsAYwHol cpesofl GyAyT AAsL STOA CHCTEMbl BHYTPEHHHMH M HE MOTYT HSMEHHTb
€e CYMMapHHA MOMEHT KOJMHYECTB ABHXKEHWA, PaBHbLIl JO NycKa ABHraresi HYAIO.
IlosToMy KOpnyc BepTOJieTa AOJIXKEH HayaTb BPAIlATHCA B CTOPORY, NPOTHBONOJIONK-
HYIO HanpaBAeHHIO BpalleHHs BHHTA W BO3AywHofl cpean. JleficTBylomHA NpH 9TOM
Ha BEPTOJIeT BpallalolHA MOMEHT Ha3HBAIOT peaxmusrsim MoMenToM. UToGn npenor-
BPAaTHTb PEaKTHBHOE BpallleHHe KOPNyCa OAHOBHHTOBOTO BepTOJIETa, Ha €r0 XBOCTOBOR
YaCTH YCTAHABJHBAIOT COOTBETCTBYIOUH pyJieBoft BHHT. Y MHOTOBHHTOBOTO BepTOJeTa
BENTH AeNal0T BPallAIOIIMMHCA B pasHble CTOPOMBI.

INosiBien#e PEAKTHBHOTO MOMEHTa MOXKHO HCMOAB3OBATD ANN 9KCHEPHMEHTaNb-
HOTO Orpejle/leHHs] BPAIMAIONIEro MOMEHTA aBHAUMHOHHOTO JABHraTeNif, TaK Kak 9TN
MOMEHTH PaBHH APYI APYTY MO MOAYMO, 8 PEAKTHBHBLIA MOMEHT MOXHO H3MEPHTh,
YCTaHOBHB ABHTaTe b C BPAINAIOMHMCH BHHTOM Ha COOTBETCTBYIOUIMX Becax.

§ 118. PEIWUEHUE 3AAY

Teopemofi MOMEHTOB NOJNB3YIOTCA AN M3YUYEHHA BpaUlaTeJLHOrO
ABiKeHHs Tea (cMm. § 128, 131, 132).

3aKOH COXpaHEeHMs MOMEHTa KOJMYECTB ABHXXEHUS MNO3BOJIAET 110
BeJIHYHHE WIH NO CKOPOCTH NepeMellteHHsl ONHON 4aCTH CHCTEeMHl Ofipe-
Jle/IUTh HSMEHEHHE YIJIOBOM CKOPOCTH (MJH YroJs noBopora) Apyrofi ee
yacTH. IIpH 5TOM H3 PacCMOTPEHHS HCKMOYAIOTCA BCe Hanepel HEH3BeCT-
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HBl€ BHYTPEHHHE CWJH, & TaKXe¢ BHEUHHE CHJB, IepeceKaiqne ocCb
BpaUIeHHA HJH et napaJsijiesibHHe.

3agaya 120. Jra prcka Hacaxedn Ha cOmu#t Bad - (puc. 297). B Hexoropmit

MOMEHT BpeMerH BaJ CJieTKa 3aKpy4HBAIOT H NpefocTaBAsioT caMomy cete. [peneGpe-

rass maccofi Basna, ONpefeHTb 3aBHCHMOCTb MEXAY YFJ/IOBBIMH CKOPOCTAMH H YIJaMH

NOBOPOTOB AHCKOB NPH HX KPYTHABHHX KONeGaHHAX,

I €C/IH MOMEHTH HHepIlHH JHCKOB J; H J; OTHOCHTEABHO

OCH X H3BECTHH.

Pewenue UroGu HCKMOUHTL HEH3BECTHWE CH-

Jitl YAPYTOCTH, BH3BBaIOIHe KovieGaHHS AUCKOB, PAcCCMOT-

pum o6a AHCKa H Bal Kak OXHy cHcreMy. [eficTpylomue

Puc. 297 Ha 3Ty CHCTeMy BHeWlHHe CHJb (PeakunH MOAWHIHHKOB H

CHJA THXKECTH) NepecexaioT och x; NoaToMy I m (F§)=0

H K,=const. Ho TaK KaK B-HayaAbHHA MOMEHT BpeMeHH

Kx=0, 10 B BO Bce BpeMms KojeGanHA fomkHO OuiTh Ky=J 0+ J;0,=0 (KHHETH~

4eCKHA MOMEHT CHCTEMbl OTHOCHTeJIbHO OCH X PaBeH CyMMe KHHEeTHuUeCKHX MOMEHTOB
KaXAOTO0 H3 AMCKOB OTHOCHTeNIbHO Toft ke och). Orciona

oy=—Jd0yld;  n g=—Jy@5lVy,

TAE @y H QP — YIBl 3aKPYYHBAHHSI JHCKOB, OTCYHTHBAEMble OT HauaJbHOTO MOJOXKe-
HHA (MOCKEAHHA pe3yJLTAT NOJNYYAeTCA HHTErPHPOBAHHEM INEPBOro paBeHCTEa).

TakuMm o6pa3oM, KoseGaHHA GYAYT NPOHCXOAHTH B NPOTHBONOJOXKHHE CTOPOHH,
a YrnoBHE aMNJMTYAH KoJeGaHHA OyAyT COpPaTHO RPOMOPUKOHAJNbHH MOMEHTaM
HHepUHRA AHCKOB. HenonBHKHOe ceueHHe OyheT 6aHXKe K AHCKY, MOMEHT HHEPLHH KO-
Toporo Goablie. .

3anaua 131. Y BepTONeTa ¢ ABYMS COOCHHMH BHHTaMH, BpPALIAIOWHMHCH B pa3-
Hble CTOPOHB, OfHH BHHT B NOJNeTe BHE3aHO OCTAHABAMBAETCH, a ApYroft mpojos-
JKaeT BpAWIATLCA BOKPYT BEpPTHKaNbHOR OCH Z € YT/IOBOA CKOPOCTBIO ;. MOMEHT HHep-
LUK OTHOCHTENbHO OCH Z BpalNaloIerocs BHATa paBeH Jy, a BepTOJeTa BMECTe C OCTa~
HOBHBUIHMCA BHHTOM — J,. [lpenefperas conpoTHBJEHHeM BO3JyXa, ORDEeREJHTb,
C KBKOA Yr/0BOH CKOPOCTHIO ®, CTaHeT BpAWIaTbCA BEPTONET.

PeuwleH He CHIb B3aHMONEACTBHS MeXLy ABHIaTeJeM M BaJOM BHHTA He-
H3BECTHH, HO OHH CTaHYT BHYTPEHHHMH, €C/IH PACCMOTPETh B KayecTBe MeXaHHYeCKOH
CHCTEMbl BepTOsieT BMecTe ¢ BHHTaMH. OCTAaHOBKY BHHTAa BLI3Ba/lH TOXE BHYTPEHHHE
CHAB, KOTOpbHie He MOTYT H3MEHHTb KHHeTHYecKH MoMmeHT K, CHCTeMH, paBHHA Lo
970r0 (Koraa 06a BHHTA BPalLaJHCh B Pa3Hble CTOPOHK) HYJ0. Clei0BaTeIbHO, H Noce
OCTAHOBKH BHHTa JAOMKHO ObiTb Kp=Jy(0;4 )+ Jo03=0, tae Jy(0,-+ ®,) — Ku-
HeTHUECKHA MOMEHT Bpamialomerocsi BHHTA (BHHT, BpalafAchb ewe H BMECTe C BEpTO-
JIeTOM, OyZeT MMeTb 2GCOJIIOTHYIO YIJIOBYIO CKOPOCTb (a6=Wy+©,), a J,0; — KR-
HeTHUecKHfi MOMEHT BepTosieTa BMecTe C OCTAHOBHBLIMMCH BHHTOM. B pesyasrate

HaXONHM
,=—J10,/(Jy+J)).

3HaK yKaswBaeT, YTO HaNpaBJeHHE W, NPOTHBOMONOXKHO (.

Ipn pemennyu 3agay necOxoaumo o6PawaTh BHHMaHHE HA TO, YTO B HCXORHHE,
BHpaXKeHHS BeNHuurH K, (man Kp) 6xo0sm abcoaommbie cxopocmu TOUEK M Tel CHC-
TeMHl. _ .
3aaaux 132. B peryastépe AB, HMelomeM BepTHKaALHYIO OCb BpameHus Oz
(BennuMHa J, perynaToOpa M3BECTHA), NMOMEUlEHH ABA CHMMETPHYHO PacROOMEHHBIX
Fpy3a Maccoll m KamAn#, NPUKpPENJIEHHHX K RpyXHHaM (puc. 298). Koraa rpysu Ha-
- XOAATCA B Toukax C, OTCTOAMMHX OT ocH 02 Ha PacCTOAHHSAX I, PeryAATOp BpauaeTcs
€ 3a2aHHOR YTNOBOR CKOPOCTBIO Wy. B HEKOTOPLIfi MOMEHT BpeMeHH YIaoBas cKOPOCTh
H3MeHSIeTCA H rpysbl HAYHHAIOT CCBEPIIATh OKOAO UEHTPOB C OfMHAKOBHE 3aTyXaloUlHe
koneGanus. [IpereOperas TpenneM B ocH, HafTH, Kak 6yleT H3IMEHSTbCA YIJ0Bas CKO-
POCTb @ PEryJsaTOpa B 3aBHCHMOCTH. OT NOJIOKEHHH TPY30B, CYUHTas HX MaTepHasib-
HBHIMK _TOYKaMH.

Pewenne Yro6h MCKJOUHTD HEH3BECTHHE HAM CHAH YIPYrOCTH NpPYXKHH
H CHJIN TPEHHS TPY30B O HANPABASIOUIHE, PACCMOTPHM PEryJIATOP W IPY3h Kak OAHY
cHcTemy. Torna, NOCKOABKY CHJBL TAXKECTH Napainensib ock 0z, a peakuuu NOMMIHN- -

HHUKOB Nepecekalor aty ochys Emy(F%)==0 u monxao 6ute Kz=KP+2KP=const:
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Hafitem cHavana KiP. CKopocTs TIpysa 0=vpr+lnep H KiP=m (mvo)+
+m,(m;,,ep). Ho BexTtop vy, Hanpassen no ock Cx, nepecekaiowef ock 0z; creno-
RATeNbHO, M{MUor)=0. CKopocTs F,,,p NeprneHiHKyAspHa NJIOCKOCTH Xx,2, a ee
MOYAb Unep= @ (I4x), Toraa KzP=rmupep (I+x)=mo (14 x)2. Yurn ewe, uto K5*'=
=J,0, NOAYYHM

Ke=[J:+2m(+0%Yo0.
Tpn x=0 wo=wy 0 Kzy=(J;42mP)wy. Tax kax K =const, 10 K;= K, 4TO OKOH-
yaTeNbHO JaeT
o= JeA-2mit o
T F2m{{ )Y

Koraa x>0, To o<y, a xoraa x<<0, T0 >, [IpH 3aryxanuu xoneSauuft rpy-
SOB X CTPEMHTCA K HYMO, a W — K Wy.

_“’z(bl X

R,

7L

\\\\l

I E
Puc.l298 Panc. 299

3anaua 133. OpHopoannft AHCK [, HMelowMA Maccy my H PafgHycC R, Haca¥eH Ha
NepnesAHKYIAPHYIO eMy BepTHKaAbHYIO ocb Cz (puc. 299, rae mokasaH BRA caep)((jy).
Ha gucke crenan nas, B cepeanHe O KOTOPOro HaxoAHTCA NMOASyH 2 maccoft my (0C=
=h). B MOMEHT BpeMeHH f,=0 HMeIOIHACA HA AHCKe To/MKaTe]b (Ha pxc. 299 He no-
Ka3aH) coofiaer TIOA3YHY CKOPOCTb &, C KOTOPOW NOJM3YH MIPOAOJKEET ABHIaThbCs.
OnpenennTh 3aBHCHMOCTh YIVIOBOR CKOPOCTH, € KOTOpOfl HauHeT BpamlATbCA RHCK,
OT NOJOXEHHST NOJ3YyHa, )

Pewenune PaccMOTPHM AHCK M MOJ3YH KakK OAHY CHCTeMy. MomeHTH fedct-
BYIOUIHX HAa Hee BHEWIHHX CHA OTHOCHTeNbHO ocd Cz papHb Hymo (cM. puc. 298);
caenosarenpno, Ky=const. [lockoabky Ro MoMeHTa BpemenH f,=0 cHcTema Guna
B MOKOE, a ee ABHKEHHe HAUHHAETCA NOA JefCTBHEM BHYTPEHHHX CHJ, KOTOpbie 3ha-
ieHHe K, H3MEHHTL He MOTYT, TO H B MOMeHT f=0 K,=0. OTciona B /1060# MOMEHT
spemenn Toke K,=K’+K®P=0, tax kak K,=const.

Ipu aemxennn cucremu K'=J,0 u K‘;’_=m,(m,v°,)+m,(m,vnep)_._ Fle Upr=
=U, Upep=0-LD (nonsyn B 7T0uKe D M Upep | CD). Torza m,(myor)=myuh,
Mg(MUipeg)= MaUnep CD=myw-(CD)*. B wurore, Tak Kak (CD)*=h3+s%, rae s=
=0D — nepeMelyeHe MNoa3yHa, TO TNOAYUYHM .

Ks=J30 4 myhu-+ myo (b +s%). (a)
Ionaras reneps Ky=0 u cuntas zas aucka J;=0,5m;R? [cM. § 102, dopmyaa (8)],
HaflieM OKOHYATEIbHO
M|hu
0,5m;R¥ 1+ my (W3 5%)° ©
Bpam;ge NPOHCXOAHT B HAaNpaBAeHHH, MpPOTHBONOJOKHOM MOKA3aHHOMY” Ha
pHC. X

o=
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INMpuMewanHe B nauiof 3agave (M efi aHANOrHYHHIX) 6610 Onl OwHGOYHO

CYHTaTbh, UTO TAK KaK B MOMEHT I4==0 NOJA3YH NOJYYHJ CKOPOCTb 4, TO Y CHCTEMH
Kgy=myuh (a ve K;,=0). B neAcTBATEbHOCTH XKe BHYTPEHHHE CHJIBl H3MEHHTb 3Ha-

venne K, He MOryT; No3ToMy, COPOINHB NMOA3YRY NPH ly==0 CKOPOCTL u, OHH OAHO-
BPEMEHHO €OOOIAT AHCKY YIVIOBYIO CKOPOCTb ®g, TAKYI0, YTO Y CHCTEMH COXPaHHTCA
20=0. U3 pewenns (6) BuAHO, 4TO NpH f,=0, Xorxa k s=0, AUCK Nosyyaer cool-

IIEHHYI0 BHYTPEHHHMH CHJAMH YIVIOBYIO CKOPOCTb Wg==—mmaht/(0,5my R*+myh?),
uto M paer K,,=0. 3aTeM, npH BO3pacTaHHH S, MOLY/h ® YOHBaer.

Ecan xe npuuath K= myuh, 1o, nonaras K,=K,,, rae K, naercs pasescTnom
(2), nonyunm w=0. Taxofi pesyabTaT AefiCTBATENLHO HMEET MECTO, KOTAa CKOPOCTb u
NOJI3YHY COOGUI2I0T BHElUIKHE CHJAH H €r0 TPeHHe O na3
OTCYTCTBYET.

3anava 134. Ha GapaGau secom P u paauycoM r (puc. 300)
HaMOTaHa HHTb ¢ rpy3oM A BecoM @ Ha kouue. [TpeneGperas
BECOM HHTH, ONpeleAnTh YIAIOBOE YCKOpeHHe Gapabana npH
BepPTHKAJbHOM JBHXKEHHH TPysa, €C/H pajHyC HHepuuH Ga-
paGaRa OTHOCHTEJNbHO €ro OCH paBeH P H Ha Gapaban jefi-
CTBYET NOCTOSRHHHA MOMEHT CHJ TPEHHS Myp.

Pewenne PaccmoTpum cHeTemy GapaGan — rpys;
TOTAA HEH3BECTHBE CHJB HATAXKEHHA HHTH OYAYT BHYTpeH-
HUMH. Bocnoabsyemcs TeopeMOR MOMEHTOB OTHOCHTE/JbHO
ocH O:

dK i

Pre. 300 '—‘To=2’"o (7). (2)

Jas nauHoRt cucremn K 0=K5p -FK?;"’. T'py3 ABHXKeTCA NOCTYNaTeNLHO H €ro
cxogocrb v==wr. Bapa6aun BpaillaeTcsi BOKPYr HeNOABHXHOR ocH O # Aas Hero Jg=
= (P/g)p? [cm. § 102, ¢popmyaa (4)]. Torza

K& =(Q/g) vr, KG*P=(P/g) p* % Ko =(Qr*+ Ppo/g:

Haa Momentos cun noayunm Imo(Fi)=Qr—Mqp.
NoscTasiaa Bce STH BeJHUMHK B pPaBEHCTBO (a), HailieM

.Qr’_;.___P.&’ %“%:_Qp.. M'lp'

OTCloAa
(Q'_'MTp) 4
= Qi Pt

§ 119* [IPMJIO)XEHHE TEOPEMbI MOMEHTOB
K ABMOKEHHIO )KMAKOCTH (TA3A)

PaccmotpuM onath (cm. § 113), ycraHoBUBILIeECH TeYeHHE KHAKOCTH
(rasa) B Tpy6Ke Taka (MU B TpyGe). Buinenum B Tpy6Ke 06beM XKHIKOCTH
1—2, orpasuyennnifi ceyeHusaMu / U 2, KOTOPHI 3a APOMEKYTOK BpeMe-
HH df nepexoaut B nosoxenue 3—4 (puc. 301). Hahinem, kax 3a Bpema
df U3MEHHTCS MOMEHT KOJIHYECTB ABHKeHHs1 K, 3TOro o6bema >XHAKOCTH
OTHOCHTEJIbHO HekoToporo uenrpa 0. Paccyxpaas tak xe, xak B § 113,
npuieM K BMBOAY, YTO 3TO H3IMEHEHHE ONPele/INTCA PaBeHCTBOM, aHa-
JIOTHYHHIM NONYYeHHOMY NPH BhiBoge GopMyJHl (23), T. e. 4T0

dRo=Ku-Ru= k-u—ﬁur
rae l?',, H Ii",. —— MOMEHTHl KOJIMYECTR HBIRKEHHS XUAKOCTH B ofneMax
1—38 ¥ 2—4 COOTBETCTBEHHO.
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Hns onpenenenus K,, pasoGbeM mioumazb Sy ceueHuss / Ha 3Je-
MeHTH Asy. 32 npoMexyToK BpemeHH df yepe3 miomainKy As, B o6beM
I1—3 Boitger Macca xugkoct Amy==(G./S,)Asy -df (G, — ceKyHIHBIA
pacxon_ Macch). MoMeHT KosiHuecTBa ABHKEHHs 3TOfi MacChl Gyner
AK ,,=r thmk vy =ry X 0, (G./S,)Asy, -d¢, Tie r, — pajHyc-BeKTOp 3.e-
MeHTa As,; v, — CPeNHAs CKOPOCTb HAKOCTH B cedyenuu I. Toraa,
BBIHOCS OOL[HE MHOMKHTEJH 32 CKOGKH, NMOAYy4HM

Ky=G. (_‘— 57, - As,,) x 0, dt = G, (e, X0y dt,

TAe rc — PajHyc-BeKTOP LEHTPa TAXECTH MNJOWARH S; ceuenust [,

Amuanorsuno Haitaem, uto K, =G, (rc X Ug) dt, rae Q6o3HaveHHSA
oyeBuaHu. Torza

dKO=[—(!¢_I—<13= Gc [(-;C. XJ:-)'—'(-;C. X-l;l)] dt.

IMoxcrapnss 510 3Hauenne dKo B ypabHeHue (35), noayuum

Ge [(rc, xv,)—(rc, xv))] =Zm, (F). (39)
PaBeHcTBO (39) MOXHO ele NMPeACTaBHTb B Bie
Ge [mo (v)) —mo @1)] = Zmo (FF). (39"

TTpH 3TOM BEKTOPH U; H Uy NOJUKHBI ObITh NIPUIOKEHB! B LEHTPAX TsXKec-
TH TJIOWajlefl COOTBETCTBYIOUIHX CeueHHA TPYGKH ToKa (TpYGi).

Ecau ennuuny G.mo (U) HA3BaTh CEKYHOHOIM MOMEHMOM KOAUYECTS
Osusrcenus JcudKocmy OTHOCHTENbHO HeHTpa O, TO TeopeMmy, Bupamel{-
Hylo paBeHcTBoM (39), MoXxHO chopMyaHpo-
Batb Tak (cpaBH. ¢ § 113): paanocme cexyno-
HOIX MOMENIMO8 KOAUYECS8 OBUNCEHUS OMHO-
cumeasvne yenmpa O acudxocmu, npomexaro-
weld 4epe3 06a NONEPEYHBIX CeHeHUR MPYOKY
moka (mpybul), pasHa cymme MOMEHMO8 om-
HOCUMEALHO MO20 e YEHMPA BCEX BHOWUHUX
(maccosvix u nosepxHocmubix) cua, delicmayro-
wux Ha obvem oudxkocmu, OzpaHudeHHbIL
IMUMU  CEMEHUAMU U NOBEPXHOCMBIO MPY6KU
moka (cmenxkamu mpybe). Tlpu pelneHuu 3a-
Jiay TeopeMa MO3BOJIsIeT HCKJIOYWHTL H3 pac-
CMOTpEHHs Bce BHYTPEHHHE CHJBI, T. €. CHJbI
B3aHMHBIX JaBJIEeHHH YacTHLl }KHAKOCTH B 06b-
eme [—2,

2agava 135. B pagmanvuoft ruapotypOuke, y KoTopoft HeumHRt paxmyc, paGo-
4ero KoJjieca fy, 2 BHYTPEHHHT ry, BONA HMeeT Ha BXOJe a6COMOTHYIO CKOPOCTb ¥y, a Ha
BLIXOJIE — a6COIOTHYIO CKOPOCTD Uy; FIPH STOM BEKTOPH Uy H U, 00pa3yloT ¢ Kacatess-
HBIMH K 000flaM KoJteca yIJibl &; H (g, COOTBETCTBEHHO (pHC. ?302, rae nokasaH OfHH
KaHaJl MeXxJay AByMs JonaTkaMy TypOuHbl). [Moaubifi cexyHAHHWA pacxoi MaccH BOAGI
uepe3 Typ6uny Ge. Onpeneantb JeHCTBYIOWHA HA TYPOHHY MOMEHT OTHOCHTE/LHO ee
OCH ()71 CHA JaBaeHHs BOAW (ocb Oz HampasjeHa NepneHAHKYJIAPHO NAOCKOCTH uep-
 (5%)
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Pew e ne. Bocnonbayemes ypasuennem (39') B npoerunn Ha och Oz, cunTan
ABH)XeEHHe BOAM NAOCKHM. TaK Kax B CHAY CHMMETPHH HEHTP THKECTH BOAH, 3a0OA-
HAOMEA BCe KAHAMH, JEKHT Ha ocH 02, TO MOMEHT MAaCCOBHIX CHJ (CHJ THXKECTH)
OTHOCHTENILHO 9TOR OCH paBeH Hy/mo. [ToBepXHOCTHHE BHEUIHHE CHJH LaBAeHHSA BO
BXORHOM H BHIXOJHOM CEUeHHSX HafnpapjieHh BAOMbL PARHYCOB M HX MOMEHTH OTHO-
cHTeabHO ocH Q2 Toxe pasHu Hymo. Takum o6pa3som, B paBoft yacTH ypasHenus (39')
COXPAHHTCA TOJbLKO MOMEHT MOBEPXHOCTHHX CHJ AdB-
JIEHHSl Ha JHAKOCTb Jonatok TypOuHH. [lockoabky
HCKOMBIA MOMEHT My CHJI ZaBJIeHHA BOAB Ha JIONATKH
TYpOHHB HMeeT NPOTHBOMOJIOXKHOE HaMlpasjenie, TO
H3 (39') B npoexurH ock Oz NMOVIyuHM

My=G [mg (vg)—m;s (vs)).
3necy G, noaHufi pacxoi Bojd uepe3 Bce XaHaJH H
nostoMy M, 6ymeT HCKOMBIM MOJAHHM MoMeHTOM. Ha
pHc. 302 BHAHO, YTO m4(v;,)=mg(v,)=r v C0S &y, aHa-
JIOTHYHO mz(V,)="ry0,c08 &,. Takum o6pa3oM,
M ;==G(ryv1€08 Qy—T4U,C08 OL,). (a)

Mpumeuanne. [lo gopmyne (46) u3 § 87
momunocts N=Fyv. Eck chna F peficrayer Ha Teno,
Bpamaiomeecst Bokpyr och 0z, 10 v==wr ¥ N=Fgro=

Pue. 302 =M, (cM. § 122). Toraa, yMHOXHB 00e 4acTH paBeH-
CTBa (a) Ha @ H YYTR, YTO 7 0=U;, [;0=1U,, TAE U -
OXpYXHAR CKOPOCTb Ha BHEILHEM, a U, Ha BHyTpeHHes 000e Kosieca TyPOHHM, ToJy9HM

N=0Ge(;0,C08 Qy—uy0,CO8 Q).

310 ypaBHeHHe, YCTAHaBJHBAIOUEE 3aBHCHMOCTb MEXAY OCHOBHHIMH JHHaMH-
9eCKHMH XapaKTEPHCTHKAaMH TYpPOGHHH, HA3LBAIOT mypOUNKNM YPasHeH uex 3ilaepa.

nov

§ 120. YCJIOBHSt PABHOBECUSI MEXAHWYECKOR CHCTEMBI

Ipencrasum ypasxenns (16) 3 § 107 u (35) nau (38) B Buge:

doc _Be , YKo _ i dRe __ 37
mT—R‘ H —d;——M'o HJTH T—M‘. (40)

TlokaxeM, uTO H3 3THX YPaBHEHHMA, ABJAIOUHXCH CHEACTBHAMH
3aKOHOB, H3JIOXKEHHBIX B § 74, MoAydaloTCAl BCe HCXOAHME Pe3YJbTAThi
CTaTHKH,

1. Ecan mexaHHuyecKass CHCTeMa HaXOAHTCH B NOKOE, TO CKOPOCTH
BCEX ee TOYeK paBHALI HYJIO H, ClefoBaTenbHo, ve=0 1 Ko=0, rze O —
Jmobas toyka. Toraa ypasHeHus (40) paior:

Re=0, My=0. (40")

Takum o6pasoM, ycnosus (40) ABASIOTCS HEO6X00UMBIMUL YCAOBUAMU
pasHogecun 10000 MEXAHUYECKOW CUCMeMbl. DTOT Pe3yNbTaT COAEPMHT
B ce0e, B 4aCTHOCTH, cHOPMY/IHPOBaHHKSA B § 2 NPHHIKN OTBEpAEBAHHS.

Ho ans moGof cucrembt ycnosus (40°), oueBHAHO, AOCTAaTOYHHIMH
YCHIOBHAMH PaBHOBECHs He siBssiorcs. Hanpumep, ecan uso6paxenusie.
Ha pHC. 274 ToukH A; M A, ABAAKOTCA CBOGOAHBIMH, TO NOA AefCTBHEM
cun Fy, u F;) OHM MOTYT IABHraTbCH HaBCTpeuy APYT APYTY, XOTS yCJ0-
Bus (40°) an1s 3THX cHA GyAyT BuNOAHATbCA. HeobXoxHMbie H 1OCTaTOu-
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Hbl€ YCNOBHA PaBHOBECHA MeXaHHYeCKOf cHCTeMbl GYAYT H3JIOXKeHH B
§ 139 u 144.

2. lokaxeM, uto ycaoBus (40°) ABAAIOTCA He TOJAbKO HEOGXOAMMbI-
MH, HO H JOCTATOUHBLIMU YCJOBHAIMH PaBHOBeCHs MJIs CHJ, JQeHCTBYioO-
LHX Ha a6conoTHO TBepAoe Testo. [1ycTh Ha cBOGOAHOE TBepjoe TeJo,
Haxogsieecss B NOKOe, HauHHaeT 1eACTBOBAaTb CHCTEMAa CHJ, YAOBJET-
Bopsiiowast ycaousam (40°), rae O mo6ast Touka, T. €., B YaCTHOCTH, H
Touka C. Torna ypaBHeHHd (40) Aa10T vc—-const H Kc—-const a Tak
KaK TeJIo BHaYaJje Gbio B NoKoe, T0 0o=0 H K¢=0. ITpu vo=0 Touka
C HenoABHXKHA U TeI0 MOXET HMeThb TOJIbKO BpailleHHe ¢ YIJIOBOH CKO-
POCTBIO W BOKPYI HEKOTOPOH MrHOBeHHoFx ocH CI (cm. § 60). Toraa no
dopmyste (33) y Tena Gyaser K,=J,0. Ho K, ectb npoexuus Bexropa
K¢ Ha ock Cl, a Tak kak K¢=0, o u K,=0, oTKyza crezyer, 4To_H
©=0, T. e. 4TO NpH BLIMOJHEHHH YCAOBHA (40) TeJIO OCTaercs B NoKoe.

3. U3 npenpiayiux pe3yssTaToOB BHITEKAIOT, B YaCTHOCTH, HCXOAHMLIE
nosoxenus 1 u 2, chopmyaypobaHHble B § 2, TaK KaK OYEBHIHO, YTO
ABE CHJIW, H306paKeHHHe Ha pucC. 2, YIOBJETBOPAIOT yc/aoBHaM (40°)
H SBJSIIOTCA YPaBHOBEIUEHHLIMH- H YTO eCAH K AeACTBYIOUIHM Ha Tejo
CHJIaM MPHOGABHTL (MJIH OT HUX OTHATb) YPaBHOBELUEHHYIO CHCTEMY CHUJI,
T. €. YAOBJAETBOPAIOULYIO YcaoBHAM (40°), TO HU 3TH YCN0BHA, HH ypas-
HeHna (40), onpenensiouiue NBHKEHHE Tesla, He H3MEHATCH.

Fnasa XXV

TEOPEMA OB M3MEHEHHH
KHHETHYECKOA 3HEPIHH CHUCTEMbDI

§ 121. KHHETHYECKAS SJHEPTHA CHCTEMBI

Kunemuseckod snepeuell cucmembl HA36BOEMCA CKAARPRAR GEAUNLHA
T, pasHas cymme KUHeMUMECKUX Hep2ull 8cex mouex CUCMmembi:

T = Ym,ol/2. (41)

KHHeTHYecKas 3Heprus sBJsSETCA XapaKTepHCTHKOA M MOCTynaTelb-
HOro, M BpallaTe/bHOro ABHKeHHH cHcTeMul. ['JIaBHOe OT/IHYHE BeJHYH-
o T OT BBeJeHHBIX paHee XapakTepHcTHK Q M K, COCTOMT B TOM, uTO
KHHEeTHYeCKast SHEPrus ABJAETCA BeJHUYHHOM CKaJSAPHOA H MPHTOM Cy-
LIeCTBEHHO noJmKHTenbHON, [To3TOMy OHa He 3aBHCHT OT HampasJeHHfi
IBHXeHHsA 4acTeil CHCTeMH M He XapaKTepH3yeT H3MeHeHHH 3THUX Ha-
npasJieHu#. :

OTtMeTHM elle crenyiomiee BaXKHOE OGCTOATENLCTBO, BHYTpeHHHe
CHJbl JefiCTBYIOT Ha YaCTH CUCTEMBl O B3aHMHO NPOTHBONOMOKHHM Ha-
npas/enusm. [To 3Tok npHuKHE OHHM, KAK Mbl BUIENH, HE H3MEHSAIOT BekK-

TOpHHIX xapaktepHcTHK Q u Ko. Ho ecu nox aeficTBueM BHYTpeHRHX
cui1 6yAyT H3MEHATbCA MONYJIH CKOPOCTe!l TOYEK CHCTEMLI, TO MPH 3TOM
Gyner uaMeHATbCA H BennuuHa T. CrenoBaTesibHO, KHHETHYECKAs JHep-
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rHs. CHCTeMH OTVIHUAeTCA OT BeJTHYHH Q U K elile ¥ TeM, YTO Ha ee HaMe-
HEHHe BJIHAeT JeACTBHE W BHELIHHX, H BHYTPEHHHX CHJI.

Ecsnn cucTeMa COCTOHT H3S HECKOJBKHX Tesl, TO €e KHHeTHYecKas
SHEePrHs PaBHA CyMMe KHHETHYECKHX 3HEDPTHfi 5THX Tes.

HafineM GopMyan 1A BRMHCIEHHS KHHETHYECKOfi SHEPTHH Tela
B PasHHK CIyYask NBIDKeHHS.

I.[locmrynareabHhoe IBHXeHHe B sToM caysae Bee
TOYKH TeJia JBHXXYTCH C.OHHAKOBHIMH CKOPDOCTAIMH, PaBHBIMH CKOPOCTH
uenrpa Macc. CrefoBaTesibHO, AJS JIOGOH TOYKH Up=0¢ H ¢opMyna

(41) naer
Tnocr = zmlzvz‘/2 = (zmk) Vg2
HAR
Tnocr = MUUQ (42)

TaxuMm 06pa3oM, KuKemu4eckas snepzus meaa npu NOCMyNameAbHOM
OJeudkceruu pasHa noACGUHe. NPOU3EBE0eHIIS MACCH MeAa HA K8adpam CKO-
pocmu yexmpa macc.

2. BpamaTteanHoe aBuxeHHe Ecau reno Bpamaercs
BOKPYT' KakOH-HHOYIBL ocu Oz (cM. puc. 295), TO CKOpPOCTD /06O €ro
TOUKH Up=0hy, The hy — paccTosHMe TOYKH OT OCH BpAlleHHd, 34 ® —
yryosas ckopocTb Teja. IloactaBass 310 3HaueHue B opmyay (41) u
BHIHOCR OBlHe MHOXKHTEJIH 32 CKOOKH, NOJYYHM

Tnp = 2m,,co’h,§/2 = (Smyht) w3/2.

Benuunna, crosifass B cKoOKax, npejcraBnsier co60ofi MOMEHT HHep-
IIHH TeJla OTHOCHTeNILHO OcH 2. TakHM: 06pasoM, OKOHYATEJNLHO HalfigeM

Ty =J %2, (43)

T. €, KUHEMUYECKAR SHEP2UR MEAQ NpU 8PALYAMENLHOM OBUNCERUL PASHA
NOAOBURE NPOU3CEOEHUS MOMEMING  UHEPYUL. MeAd OMHOCUMEAbHO OCU
8paWERUs Ra Keadpam ezo yeao06pl ckopocmu.

- 3:HDnocrkomapanneanHoe ABHXeHHUe?* [Ipnsrom
JABHXKEHHH CKODOCTH BCEX. TOYeK Tesla B KawKibifi MOMEHT BpeMeHH: pac-
npefiesieHH TaK, KaK ecJH GH TeI0 Bpalllafoch BOKPYI OCH, NMepneHfH-
KyJSApHOR TJIOCKOCTH JBHXEHHA M NpoXojsilefi yepe3 MrHOBEHHHA
ueHtp  ckopocrefl P (puc. 303). CaezoBarennho, no dopmyse (43)

Tmlocx == JP(‘)z/2' (43’)

rae Jp — MOMEHT HHEePIHH Tela OTHOCHTENRHO HA3BaHHOI Bhillle OCH;
@ — YIJIOBasi CKOPOCTh TeJia.

Benuuuna Jp B popmysne (43") Gyaer nepemeHHOl, TaK KaK NOJOMKe-
HHe LeHTpa P npH IBHKEHHH Tesla Bce BpeMs MeHsiercs. BBeeM BMecTo
J p. TIOCTOSHHEIA MOMEHT HHEPUHH J. OTHOCHTEJILHO OCH, NMpPOXOAfLel
gepea uentp Macc C tena. ITo teopeme lNofirenca (cMm. § 103) Jpo=J o+
+Md*, rae d=PC. IToacraBuM 310 BHpaxenue as Jp B (43'), YuutH-

* 3ror cayqall MOXKeT GHTD NONTYYeH KaK 4acTHbifi H3 PACCMOTPEHHOTO B CEAYI0
meM nyHKTe ofllero cayuyas ABHXKEHHs TBEPAOro Tesa.
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Basl, YTO TOYKa P — MIHOBeHHH LEHTP CKOpocTefi H, C/IEHOBATENBLHO,
od=w -PC=v;, Tie Uc — CKOpocTb LeHTpa Macc C, OKOHYaTeNLHO

HaliieM «
T naock = Muvd/2 + J -03/2. (44)

ChnenoBaTesibHO, Npu NAOCKONAPAANCALHOM OBUNCEHUL KUNEMUYECKAR
SHEP2USA MEAG PABHA SHep2ul NOCMYNAMEALHO020 GBUNCEHUR €0 CKOPOCMbIO
UEHMPA Macc, CAONCERKOI ¢ KuHemuneckod snepauell 6 paAMEAbRO20 O8u-

MCEHUR BOKPY2 YeHmpa Macc.
z

Puc. 303 Pue. 304

4*. O6muin cayvahn aBuxXeHHs Ecan Bu6path
ueHtp Macc C Tena.B KavecTBe moJioca (puc. 304), TO ABHIKEHHe Tesa B
obweM cayuae OyAer ClaraTbCAi M3 MOCTYNaTeNLHOTO CO CKOPOCTHIO
Uc MOMIOCa M BPAIlaTeAbHOro BOKPYTr MrHoBeHHolt ocH CP, npoxoxsutef
uepes 3ToT nodioc (cM. § 63). I1py sTom, Kak nokasaHo B § 63, ckopocThb
U, MOGOA TOYKH TeNa By, cnaraetcst M3 CKOPOCTH U TOJOCA M CKOPOCTH,
KOTOPYIO TOYKA MOJy4aeT NpH BPaleHHH Tela BOKPYT Mosoca (BOKPYr
ocH CP) 1 KOTOpYIO M OBO3HauHM U;, T. €. Uy =Uc+U;. [Ipu 3TOM 1O
MOAYJIO Up=wh,, e Ay — paccTosiHHe TOYKH B, ot ocH CP, a o —

yr/joBasi CKOpocTh Teaa, kortopas (cM. § 63) He 3aBHcHT OT BHGOpa mo-
moca. Toraa*

i =k = (0c +03)* = vt + v;* + 20T
[ToacraBass 310 3HaueHHe Uy B paBeHCTBO (41) M yuMTHBAfA, YTO Up=
=wh,, HaiijgeMm
T= (zm,,) 02/2 + (zmkh;) 0)’/2 +;czmk-5,;,

re obluiHe MHOMXHTENIH Cpa3y BhIHECEHH 3a CKOOKHM.
B nonyuenHoM paBeHcTBe nepBasi ckoGKa naer maccy M Tena, a
BTOpasl paBHa MOMEHTY HHepUHH J,p TeJla OTHOCHTEJLHO MIHOBEHHOH

* M3 onpepenenHst CKangPHOTO TPOH3BENEHHS ABYX BEKTOPOB C/elyeT, 41O

v¥=y- v=1v cos 0° =%, T. e. CKafiiPHLIR KBaJApaT BEKTOPA PaBeH KBAAPATY ero MOAyJIA.
3T0T pe3yALTAT 3AECh HCMOMbIOBAH; MBIl GYJleM NMOJIB3OBATHCA HM 6e3 OroBOPOK H B
RanbHefiteM,
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ocu CP. Bennunna xe Zm,v;=0, Tak Kak oHa mpelcTaBnseT coboft

KOJIHYECTBO ABHIKEHHS, MOJIyYaeMoe TeJiOM TPH ero BPalleHHH BOKPYr

ocd CP, npoxoasiuet yepe3 ueHtp Macc tena (cM, § 110). !
B peaysbTate OKOHYaTeNbHO MONYYHM

T = Muk/2+ J o p0¥/2. (45)

Taxkum 06pa3oM, KuHemuueckan dHepeus meaa & obliem cayuae deu-
acerun (B YaCTHOCTH, M NMPH IVIOCKONApasljielbHOM JBHXKEHHH) pasHa
KUuKemu4ecKkol sHepauL noCmynamensbHozo 08UNCEHUS CO CKOPOCMbIO e M-
pa Macc, CAONCEHHOU ¢ KunemuuecKol sHepeuel 8pauyamessrozo Jeue-
Hua 80KpYye ocu, npoxodswell yepe3 yenmp macc.

Ecau 3a nomoc B3ATh He neHTp Mace C, a Kakylo-HUGYXb APYryio
TOYKy A Tesla U MrHOBeHHast ocb AP npu 3ToM He GyJleT Bce BpeMs Npo-
XOAHTb uepe3 LEHTP Mace, TO AJs IToft ocH Zm,u70 u dopMyan BHaA
(45) MBI He noOAyYHM.

PaccMOTpHM npHMepH.

3apaua 136. BHUHCAHTL KHHETHUECKYIO SHEpPTHIO KaTsiluerocsi 6e3 CKOJbXKEHHs
CNIIOWHOTO LHJIHHAPHYECKOro Kojeca Maccoft M, ec/iH CKOPOCTb ero lieHtpa paBHa
ve (cMm. puc. 308, a).

Pemenue Komeco cosepmaer naockonapainenpnoe asuxenue. Ilo ¢op-
Myne (44) naun (45).

T = Mvp/2+4 JcaY/2.
CunTaeM KOJeCO CIVIOUIHHM OJHOPOAKWM MHAMHAPOM; Toraa (cm. § 102) Jo=
=MR?*?2, rae R — paauyc xoneca. C Apyrofi CTOpOKH, TaK KaK TOYKa B sBiseTcs

JANA KoJleca MTHOBEHHHM UEHTPOM ckopocTefl, T0 yo=w -BC=wR, oTkyAa w=rt¢/R.
FloacTaBnas Bce 3TH SHaYeHHsA, HafizeM

T = Mu}[2+ MR%}[4R*=(3/4) Mu}.

3anava 137. B meranu A, asmxymefcs ndclynarenbno CO CKOPOCTHIO @, HMe-

I0TCA HaNpaBJRIOiHe, 10 KOTOPHIM CO CKOPOCTHIO U NepemetnaeTcit Teno B Maccot m.
3uag yron o (puc. 305), ompegesinTh KHHETHUeCKYIO SHepruio Teia B.

L Lz

Ua§

Puc. 305 Puc. 306

Peuenue. AGconornoe aBHKeHHe Tena B GyleT NOCTynaTelbHHM o CKO-
POcTHIO Ups=uv-+u (cM. § 68). -Toraa
T=muds/2=m (v*+ u*+ 2vu cos @)/2.
3aMeTHM, uTO ecau meao cosepuiaem cAONHOe DsuNCerle, MO €20 NOAHAR KuHEMIMe-

CKAR INEP2UR He ({;aana 8 06UEM CAYHaE CYMME KUHEMUNECKUX IHEPRUI OMHOCLMEALHOZ0
4 nepenocrozo Osumenud. Tak, B JaHHOM NpHMepe

Tor+ Thep=mu?/2 +_mu’/2 #T.
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3agaua 138. YacTb 'MexaHu3Ma COCTOMT H3 ABHXKyuleficd ROCTYMaTeqbHO €O
CKOpOCTEIO 4 feTann (pHc. 306) M nmpHKpen/eHHOro X HeRt Ha ocH A crepxHsa AB
pannoft | n maccot M. Crepxenb BpaimaeTcst BOKPYT ocH A (B HanpasJIeHHH, yKa3aH-
HOM AYT'OBO# cTpesiko#i) ¢ yrnoBoft cKopocThio ®. OnpeneNnTh KHHETHYECKYIO SHEPTHIO
CTePXHA NpPH JaHHOM Yrae ..
Pemenne Crepxedb coBepillaeT CJNOXHOE (NJIOCKONApase/bHOe) ABHXKe-
mre. [lo gopmyne (44) wan (45) T= Mug(2+4 Jcw?/2.
CkopocTb ToukH C csaraercs H3 CKOPOCTH ?,1=; H CKOPOCTH T 4 (HAH Ugp), Mo-
AyAb KoTOpol vea=wl/2. CrnenoBatensHo (pHc. 306), ve=u?-+véa-+2uve sc08 a.
T7I0Bafi CKOPOCTb BPAallEHHs CTEPIKHA BOKPYr ueHTpa C. Takast ke, KaK W BOKPYT
xoHua A, TaKk KaK © He 3aBHCHT OT BmGopa noatoca. Kpome Toro, B 3anave 119 (cwm.
§.103) 6uino nokasawo, uto Jo=MUIP/12,
IoacTaBass Bce STH HaHHLE, NONYYHM
T=M (u3-+ 0 2/4+uw! cos a)/2-+ MP2w?/24= Mu?/2+ MPw* 64 (Mlou cos a)/2,
3ameTHM, 4TO B JaHHOM CJyyae HeJb3A CYHTaTh
T =Tnoer + Top = Mu3/2+ J 0¥/2 = Mu?/2 4 M2x%/6.

PeaynbTaT 9TOT HeBepeH, TaK KaK Mo AoKa3anHoR TeopeMe popMyna T=Tnocrt Tap
CnpaBeX/IHBA TONLKO TOTAA, KOTAa OCh BPalleHHA NPOXOAMT Yepe3 LEHTP Macc Tesa,
a ocb A yYepe3 NEHTP Macc He NPOXOAMT.

§ 122. HEKOTOPBIE CNNIYYAH BbIYHCJIEHHSA PABOTHI

Pa6ora cun BuiuMcasercs no ¢dopmy.aM, modyuyeHHoiM B § 87 u
88. PaccMOTpHM ROMONHHTENBHO C/IEAYIOUIHE CHY4aH.

1. Pa6oTta cuan TsAXecTH, AeHACTBYIOMHUX HA
cucTeMmy. PaGora cuanl TsxkKecTH, IeficTByiollell Ha YAaCTHLLY BECOM
Pr, OYAET paBHA Py (Zne—2p1), TAE Zyo Y 2xy — KOOPAMHATHI, ONPEResTo-
IHe Hava/bHOE H KOHEYHOe NoJoXKeHHs dacthubi (cMm. § 88). Toraa,
yuts, 4to Zppzy=~Pzo (cM. § 32), Haftnem gas cyMMH paboT BCeX CHJ
TSXECTH, AeACTBYIOUHX HA CHCTeMy, 3HadyeHHe

A =2Zpp2ye— Zpp2py =P (2¢, —2¢,)-

3ror pe3yJabTaT MOXHO ellle NPEeACTaBHTb B BHAE
A = :tPhc,

rae P — Bec cucteMnl, he -— BepTHKaJbHOe MepeMellleHHe LIeHTpa Macc
(wnn uentpa Taxectd). CnenoBarensHo, paboTa CHA THAMECTH, JeHCT-
BYIOILHX HA CHCTEMY, BHIYHC/SETCH Kak paGora MX IJIaBHOro BEKTOpa
(B ciyyae TBeprOrO Tesa — paBHoAeficTByioulelt) P Ha nepeMellleHUH
LeHTPa Macc CHCTeMBb! (M/IH LIEHTPa TSXKECTH TeJla).

2. Pa6oTra cHJ, NTPHJOXEHHB X K Bpauatole-
Mycs Tenay. ODjemeHTapHas pa6oTa NPHUJIOMEHHOH K TNy CHIbI
F (puc. 307) 6yzer pasHa (cM. § 87)

dA = F,ds=Fhdeg,

TaK Kak ds=hde, rae deo — saeMeHTapHLI yros1 moBopoTa Tena.
Ho, xak nerko sugets *, Fh=m,(F). bynev HasnBaTh BeTHYHHY

* Ecmn pasnoxuts F no nanpasnennam Bt, BC u Bz’ (cM. puc. 307), To m, F=
==my (Fz), TaK KaKk MOMEHTH ABYX APYTHX COCTaBJASDILIUX PaBHH RYJIO.
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M,=m,(F) epawaroyyum momenmox. Toraa nonyaum ]
dA=Mde. (46
ChenoBateIbHO, B pacCMaTpPHBAEMOM CJydae SAEMERMAPRAN pa6orrfa

PABHA NPOUICEOERUIO BPALIIOL20 MOMENMA HA SAEMeNMAapHuill :yep/t
nosopoma. dopmyna (46) cnpaBenivBa M NpH ACACTBHH HECKOIbKHX

cHA, ecn cuntath M,=Zm,(F}).
[Tpu nosopore Ha KonewHufi yroa ¢; pabora
¢

A= M,de, (47)

0
a B CJly4ae NOCTOSAHHOrO MOMEHTa
A=M P (47')

Ecnu na teno meficteyer napa cui, nexaulas B MJAOCKOCTH, neprnex-
aukynspuofi ock Oz, 10 M, B dopmyaax (46)—(47’) Oyner, oueBHAHO,
03HauaTb MOMEHT STOA MNapHl.

YKaxeM eiie, Kak B JAHHOM CJlydae onpeiesisieTc MOUEHOCTH (CM.
§ 87). INoab3ysncs paBeHcTBoM (46), HaxoauM

N=dA/dt=M, -dp/dt=M, 0.

Cnenopatesibno, NpH AeHCTBUH CH Ha BPaWAIOUIeeCs TeNO MOLIHOCT
paBHa MpPOH3BEJIEHHIO BpalHAOUEro MOMEHTa Ha YIVIOBYIO CKOPOCTb
Tena. Ilpu Toh xe camofi MomHocTH Bpamialouki MOMEHT Gynet TeM

Gonblue, 9eM MeHbllle YrioBas CKOPOCTb.
4

Puc. 308

3. Pa6ota cHA TpPeHHSA, RAefiCTBYIW KX HA K a-
TAwmeecs reJo. Ha koneco pagnycom R (puc. 308), karaumeecs
MO HEKOTOpOA MJIOCKOCTH :(NGBePXHOCTH) Ge3 CKOMbKEHHs, AeHCTByeT
ApHIOKeHHas B TouKe B chiia TpeHHA F™P, NpenaTcTBYIOUWasn CKOJbkKe-
HHUIO TOYKH BJOJIb MJOCKOCTH. JleMeHTapHas paGora stoft chant dA=
=Fdsp. Ho Touka B B ZaHHOM CJyae COBMIAAAET C MTHOBEHHbIM ILEHT-
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poM ckopocreit: (cM. §:56) u- vp=0. Tak kak dsp=uvpdf, TO dsB—O H
AN KaXIOoro SjeMeHTapHoro nepeMeinenuss dA=0.

ChenoBaTesLHo, npu Kaveruu 6€3 CKOAIERUR PabOMma CUAB MPEHUS,
npenamcmsyroujeli CKOALIEHUIO, HA A000M NepeMewenuy meia pasHa
nyaw. Tlo Tof ke MpUUMHE B 3TOM Clyyae paBHa HyJIO H pabota HOp-
MaJbHOH peakuuu. N, ecaH cyMTaTh Tesa HeleQOPMHPYEMBIMH B CHIY
N npunoxenHoit B Touke B (kak Ha puc. 308, a).

Conporunneﬂue Ka4YyeHHI Co3raer Bosnnxaxoman BCJIACTBHE Je-

dopmaumn nosepxuocredt (puc. 308, 6) napa cua N, P, moment kotopoit M=FkN,
rae k— xoapuiHeHT Tpenna kaveHua (cm. § 27). Torna na dopMyae (46}, yuuThiBas,
9TO NPH KaueHHH YroJ NOoBOpPOTa Kojeca d(p—-dsc/R NOJNY4HM

dA¥ad = — kNdp=— -ﬁ; Nds¢, (48)
tae ds, — snementapHOe nNepemeinenue uentpa C xoneca.
Ecan N=const, 10 nossas pa6ora cua CONPOTHBJEHHA Kadenyio

Aka% = hN@, = — % Nsc. (48")

Tex kak Benuunna k/R Mana, TO mpx HaiMuMH APYrHX comporusiaenufi conpo-
THBJCHHEM. KaueHHIO. MOXKHO B IepBOM. NPHOAHKEHHH npeHeOperarh.

§128. TEOREMA OB W3MEHEHHW KMHETHYECKOA
SHEPTHH CHCTEMDbI

Hokasannas B § 89 reopema cnpaBeqTHBa AAs JOGOA H3 TOYEK CH-
crembl. Clef0BaTe/IbHO, €CAM PAacCMOTPeTb KaKylo-HHOYAbL TONKY CH-
CTeMBl C Maccoil my,, MMelOULY0 CKOPOCTh Uy, TO A/ 3TOf TOYKH Oyner

d (myu}/2) = dA; + dA3,

rae dAS u dAf — anemenrtapHbie paGoTH AEHCTBYIOLIHX HAa TOYKY BHell-
HHX ¥ BHYTpeHHHX cWI. COCTaBJfs Takue ypaBHeHHS A8 KaXAoH H3
TOUEK CHCTeMbl H CKJaJWBasi HX NOWJIEHHO, HaijeM, 4TO
d (Em,v}/2)=TdAs+ ZdA}
HAH
dT =32 dAg + 2 dA;. (49)

Papencrso (49) Bbipakaer TeopeMy 06 H3IMEHEHHH
KHHEeTHUYECKON 3 Hepruu cucteMu B 1uddepen
nuvaabHOH ¢ opme IIpounrerpupoBas ofe 4acTH 3TOTO PaBeH-
CTBa B NpelefiaX, COOTBETCTBYICLIHX NepeMelleHHI0 CHCTeMbl M3 HEKO-
TOPOro. HAYaNLHOTO MNOJNOXMEHHS, IJe KHHeTH4YecKas SHeprua paBHa
To, B NOJOMeHHe, Tle 3HAYeHHE KHHETHYECKOH 3HepPruM CTaHOBHMTCA
paBteiM T, noayuum

T,—T,=3 A+ 24L. (50)

310 ypaBHeHHe BhIDaXKaeT TeopeMy 06 U3MeHeHHH KHHeTHYeCKoil
SHEPrHH B Apyrofi (HHTerpabHOii) dopMe: uamenenue Kuremudeckod
SHep2UL CUCMEMbL NPU HEKOMOPOM €€ NEePEMEenuL pasHo cymme pabom
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HQ 3MOM NEPeMBUEHULL GCEX NPUAOKCEHHOIX K CUCIEME BHEUINUX U enym-
PERHUX CUA.

B orauvHe OT npeiByLiNX TeOPEM BHYTPEHHHE CHAL B ypasueﬂuﬂx
(49) nan (50) He HekmovalOTCA. B camou gente, ecau Fiy u Ff, — cuiut
B3aUMOJIEACTBUST MEXAY TOUKaMH B,
H B, cucremst (puc. 309), 1o Fiyt
+F4{=0. Ho npu stom Touka By
MOXET NepeMeliaThCl NO HanpasJie-
HHIO K B,, a Touka B, — no Han-
paBaenuio K B,. Pa6ora kaxuoh H3

Pye. 309 Ccut Oyfer TOrAa MNOJIOMKHTENbHOU H
cymma pabor HyJaem He Gyzer. Ha-
npuMep, Npu BHCTpese (cM. 3agauy 127 B § 112) cunm paBieHus nopo-
XOBHIX Tra3oB, SIBJISIIOULHECS JJISl CHCTEMbl CHapfifl — OTKATLIBAIOIHECS
YacTH BHYTPEHHHMH, COBEpLIAlOT paGoTy H cooBUIAlOT CKOPOCTH TeslaM
CHCTEMBI,
PaccMOTpHM ZBa BaKHHX YaCTHHIX CJaydaf.

l. Henamensemasn cuctema. Heusmensemod Gynem Ha-
3HBaTh MEXaHHYeCKYIO CHCTEMYy, B KOTODO PacCTOSTHHE MEXILY Ka-
ALIMH ByMSt B3aHMOJEACTBYIOUMMH TOYKAMH OCTAeTCA BO BCE BpeMs
ABHXKEHHA TOCTOSHHBIM. -

PaccMotpuM nBe ToukM B; u B, nensmeﬂﬁemoﬂ cucreMnl (B,B,=
=const), neficrBylojuse Apyr Ha apyra ¢ cuaamu Fi, u Fi=-—Fl,
(cm. puc. 309). Toraa, noCKOAbLKY NPH ABHXXEHHH OTpe3ka B, B, N0MXK-
HO OHITb Uy COS Oy =U; COS &, (cM. § 55), To M ds; cos ay,=ds, cos a,,
TaK Kak ds,=vjd{, ds,=v.d¢ (v, v, ¥ ds,, dsy—cooTBeTcTBeHHO CKOpO-
CTH M 9/IeMEeHTapHble TnepeMellieHHR Touek By u B,). Kpome Ttoro, F{;=

=F}{,. B peay/ibTate A/ CyMMK 3/leMEHTapHBIX PaGOT STHX CHJI IOy YHM

-dA, + dA, = F{,ds, cos a, — F},ds, cos &, =0.

To e noyyuHTCA H ANA BceX APYTHX B3aMMOJIE/ACTBYIOUIHX TOYEK
CHCTeMHl! B HTOre npHXoAHM K BHIBOLY, YTO 8 CAYwae HeuMeHAeMOld cu-
cmemb. cymma padom 6cex BRYMPERKUX CUA DASHG HYAIO H YPaBHEHHS
(49) nan (50) npuHMMaloT BHZ

dT =2 dAf u T,—T, =34 61

2.CHcTeMa c HAEANbHBMHU CBA3AMHI. PaccMotpum
CHCTEMY, Ha KOTOPYIO HaJIOXEHH CBA3H, He H3MEHSIOL(MEeCs] CO BpeMe-
HeM. Pa3jie/inmM Bce JefiCTBYIOIME Ha TOUKH CHCTEMBI BHEUIHHE H BHYT-
PeHHHe CHJIL HA aKTHBHEIE H PeaKiHH csﬁaeﬁ Torpa ypaBHenue (49)
MOXHO NpenCTaBHTb B BHE

dT = 2dAg 4 SdA:,

rae dA} — snementapHas paGora eACTBYIOWUX Ha A-10 TOTKY CHCTEMbI
BHELIHHX H BHYTPEHHHX aKTHBHBIX CHJI, a dA} — 3JjieMenTapHas pa6ota

pe;xunﬁ HaJIOXXEHHBIX HA Ty e TOYKY BHEUIHHX H BHYTPEHHHMX CBS-
3e
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Kaxk BHAuM, H3MeHeHHe KHHETHUECKON 3HEPTHH CHCTEMH 3aBHCHT OT
paGoThl H aKTHBHbIX CHJ M peaKuuit cBssefi. OIHAKO MOXKHO BBECTH
MOHATHE O TAKHX «HJleaNbHBIX» MEeXaHHYECKHX CHCTeMax, Y KOTOPbIX
HaJjiHyHe cBf3ell He BJAMAET HAa M3MeHeHHe KHHETHYECKOH 3HePTHH CHCTe-
Mbl NIPH ee ABMMKeHHH. ILAst TaKUX CBsA3€ll JOMKHO, OYEBHIHO, BHINOJ-
HATBCS YCJOBHE

SdA; =0. (52)

Ecan pas casefl, He H3MEHSIOMIHXCA CO BpPeMeHeM, cyMMa paboT Beex -
peakuuil NpH 3/IEMEHTAPHOM TepeMeluleHHH CHCTeMBl PaBHa HYJIO, TO
TaKHe CBA3M SABARIOTCA udeargnbimu *. YKaxeM DAR M3BECTHBIX HaM
BHIOB HeaNbHBIX CBA3el.

B § 89 Gri10 YCTaHOBNEHO, YUTO €CH CBA3BIO ABJSETCA HENOABINHAS
NOBEPXHOCTb (MMM KpHBas), TPEHHEM O XOTOPYIO MOXHO npeHeGpeub,
TO MPH CKO/MbXEHHH Tel BAOJIb Takofl MOBEPXHOCTH (KPHBO#) pabota
peakuun N paBHa nymo. 3atem B § 122 nokasaHo, 4T0 ec/1# npeHeSpeun
Aetpopmauumu TO NpH KayeHHH 6e3 CKOJIbXKEeHH:A Tesa no wepoxoBaTon
NOBEPXHOCTH pa6oTa HOpManbHOil peakunu N u cuibt Tpenus E™ (1, e,
KacaTeJbHOH cocTasasioutefl peakiuuu) paBHa Hy.io. Ilanee, paGora
peaxunu R wapnupa (cm. puc. 10 1 11), ecau npenebpeun TpeHHeM, Gy-
IeT TAKXKE PaBHA HYJIO, MOCKOJILKY TOYKA NPHJIOKEHH: CHIbB R npu
JI060M NepemMelleHHH CHCTeMbl OcTaeTcst HenoaBixHOA. Hakonen, ecan
Ha puc. 309 MaTepHanbHuie ToUKH B, n B, paccMaTpHBaTh KaK CBA3aH-

Hbie XKeCTKHM (HepacTA)KHMBIM) cTepxHeM B; B,, TO CHIb F}, u Fi, 6ynyt
PeaKUHAMH CTEePXKHS; paborTa Ka}MIof H3 3THX peakuHA npH nepemelie-
HUH CHCTeMBl He paBHAa HYJO, HO CYMMa 3THX pa6oT Mo JOKa3aHHOMY
naet Hynb. Takum '06pa3oM, Bce nepeuHcJeHHbe CBA3H MOXHO C yue-
TOM CAeNaHHLIX OTOBOPOK CYUHTATh HIEaNdbHBIMH,

Lnsa MeXaHHYeCKOH CHCTeMbl, Ha KOTOPYIO HanNOXeHLl TOJMbKO He
H3MEHSIOULHECST CO BpeMeHeM HieasibHbie CBA3H, OYyXer

dT=2dA; u T,—T,=3A3. (53)

Takum 06pa3oM, H3MeHeHHe KHHETHYECKOH 3HEPTHH CHCTEMHl C Hie-
2JIbHBLIMH, HE H3MEHSIOUIHMHCA CO BpPeMeHeM CBSA3fMH NpH JIo6oM ee
repeMelicHHH PaBHO CyMMe paoT Ha 3TOM nepeMellleHHH TIPHACKEeHHBIX
K CHCTeMe BHEWHHX H BHYTPEHHHX QKIMUEHbIX CHJL.

Bce npenpinyuiye TeopeMbl MO3BOJAAJIH WCKJIOYHTh H3 yPaBHEHHR
ABHXEHHS BHYTPEeHHHE CHJILI, HO BCe BHEIIHHE CHJL, B TOM YHC/e H
Hanepe]l HeH3BeCTHbIE PeaKUHH BHEIIHHX CBA3ell, B yPaBHEHHsIX COXpa-
Hanuch, [lpakTHueckad LEHHOCTb TeopeMb! 00 H3MEHEHHH KHHeTH-
4eCKOfi 3HEPTrHH COCTOHT B TOM, 4YTO TIPH He H3MEHAIOWHXCH CO BpeMe-
HeM HieasIbHBIX CBA35X OHA [103BOJIAAET HCKJIOYHTH H3 ypaBHeHHH ABH-
MeHHA BCe HamnepeX HeH3BecTHHle peaKilMH cBasefl.

* Obuwee nouaTHe 06 HAeaNbHHX CBA3AX onpelenexo s § 139.



§ 124. PEINEHHE 3AJAY

Teopema 06 H3MeHeHMH KHHETHYECKOH 3HEPrHH B CJayvasix, KOTAa
IBHXYLIAACA CHCTeMa SIBJISIETCA HeM3MeHSeMOH, M03BOJISTeT HCKJIOUHTH
H3 pacCMOTPEHHSl Bce HEH3BeCTHHIE BHYTPeHHHE CHJH, a NMPH HAealb-
HbIX, He H3MEHAIOHIHXCA CO BpPeMeHeM CBA3AX — H HanepeJl HeH3BECT-
Hble peaKUUH BHEIIHHX CBsi3efl.

B cnyyae H3MeHsieMOfi CHCTEMBI TeopeMa JaeT pellleHHe 3aaud TOMb-
KO TOrja, Koria BHYTPeHHHMe CHJIH Hamepel H3BeCTHH. EciH Xe 3TH
CHJIL He M3BeCTHH (3ajaun 123, 127 n um nojo6Hble), TO NOAYUUTHL pe-
HieHHe ¢ MOMOIILIO OAHOI TOJMILKO 3TOMH TeopeMbl HeJb3sl. '

Ypasuenne (50) nos3ponsieT Jerko peliath Te 3ajaul, B KOTOPHX B
YHCJIO JAaHHBIX H HCKOMBIX Be/IHYHH BXOAAT: 1) JefiCTBYIOUIHe CHIH;
2) nepemewenue cucmemei; 3) CKOPOCTH Ten (JIHHEHHBE HJIH- YIJIOBHE)
B HayaJie M B KOHUe nepemelteHust. [IpK 3ToM AefiCTBYIONLHE CHJIBL LOMK-
HBI GBITH NOCTOSHHBIMH HJIH 3aBHCETh TOJIBKO OT MepemetueHufi (paccros-
HHA).

BakHo TakKe HMeTb B BHAY, YTO C NOMOUIBIO TEOpeMb 06 H3MEHEHHH
KHHETHYeCKOR SHepruH MOXHO (KOrJa MOJOXeHHe CHCTeMbl Onpenes-
€TCA OJHHM NapaMeTpOM) COCTaBJIATb Jughdepenyuarsrvie ypasHerus
O8UNEHUR CUCMEMB: H, B YACTHOCTH, HAXOIHTb YCKOPEeHHS KBHXKYLUHXCS
TeJI, NPH 3TOM Ha CHCTEMY MOTYT-BooGlie JeficTBOBaTh H JOOkIe lepeMeH-
Hue cHan (cM. 3agaud 141—143 u 3agauy 154 B § 130).

3apaua 139, Crepxenn AB aanuoft nojseien na wapuupe B Touke A (puc, 310).
TpeneGperas TpeHHeM B wiapHHpe, HAATH, KAKYI0 HAHMEHBIYIO YIJIOBYIO CKOPOCTb (0
HaJlo COOGIHTb CTEPIKHIO, YTOOH OH OTKJOHHJCA 1O TOPH3OHTANBLHOTO MOJIOKEHHS,

B,
-
i
f
!
)

80 § WP

Puc. 310 Puc. 311

Pemenne B wcio nanubX B HCKOMBIX B 3aj1aye BeJHYHH BXOZAT g, Wy=0
R nepesewenue cucmemn, onpegessesoe yraoM ByAB,. CnenoBarenbHo, ANA pellieHHs
3apnayn yroGHee BCEro BOCTIONIL30BATHCH TeopeMoil 06 H3MeHEHHH KHHeTHYecKofl SHep-
rHll. Y4HTHBas, YTO CHCTEMa He H3MeHAeMa, COCTaBUM ypasHenhe (5l1)
Ty—To=ZA}. (a)
OGo3xauas MacCy CTepxHsf uepes M, BHUHCJAHM BCe BXOASINHE B 9TO YDPaBHEHHe
peanunnn. Ilo ¢opmyne (43) u ¢opmyne (6) u3 § 102 naxomum
To=J 103/2 = MI%3/6.
Tax KxaK B KOHeYHOM MOJIOXKEHHH CKOPOCTb CTepXHA paBHa Hymo, To Ty=0. Hano-
JKeHHas CBA3b AB/sETCA HaeanbHoR (wapHHp A); caefoBaTenbHO, paGoTy coBeplaeT
TOALKO aKTHBHAA cHAa P=Mg n A®=—Phc=—Mgl/2. TloacTasasas Bce STH 3Ha-
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YeHH B ypaBHeHHe (a), Hafinem
— MPoi/6=— Mgl/2, otkyna w,=V 3g/l.

3apava 140. Ilknest A u B, coegunennsie pemueM (puc. 311), Bpamaiorcs
Toc/1e BBIKJTIOUEHHS ABHIaTeNA TaK, YTO WKHB A HMeeT YIJIOBYIO CKOPOCTb Wo. OOmufi
Bec WIKHBOB P, a Bec peMusi p. UTo6b 3aTOPMO3NTD BpaileHHe, K WKHBY A paanycod R
NPHIKHMAIOT C CHJION Q TOPMO3HYIO KOJIOAKY; KOIMDHIHEHT TPEHHS KOJIOAKH O IIKHB f.
pene6perasi TpeHHEeM B OCAX M CUMTAA IUKHBH CNJIOIIHHMH IHCKaMH, HallTH, CKONBKO
000poTOB CRenaeT WIKHB A 10 OCTAHOBKH.
Pewenwne [an onpeseneHHs HCKOMOro uHcia 060potoB Ngg BOCINOMB3Y-
emca ypasnendem (5])

Ty—To=ZAs. (®
IpH BWYHC/IEHHH KHHETHUECKOMH 3HEPrHH HAJo BCerla HMeTb B BHAY, UTO KuNemu-
UECKAR SHEP2UR CUCMEMBL POBRA CYMME KUHEIMUNECKUX SHEp2ull 6cex 8X00AUUX 8 Hee meaA.
Io ycaopuam 3anaun Ty1=0, a To="T 4+ T g+ Tp. YunTHBESA, UTO HAYANLHHE CKOPOCTH
BCEX TOUEK PEMHS Upo== WgR== Wgr, TAIe (g H 7 — HAYAJbLHAA YIJIOBAS CKOPOCTb H.-Painye
wkuBa B, HaifineM no ¢opmyaam (43) u (8): ;
Ta=1J 100/2=(PsR*4g) 0§, Tp=1Jpgw'[2= (Pp/4g) r’ws’ = (Pp/4g) R¥wi,
Ty=pvg,/28= pRY¥5/2g,
Tlocnennee paBeHCTBO caleAyeT H3 TOTO, YTO BCE TOUKH PEMHS ABHXKYTCS C ORHOR H Toft
e no Moaymo ckopocTbio. OKoHuaTenbHo, Tak Kak. P4+ Pp=P, nonyyaem

To=(P+2p)R?o¢4g.

Buiuncsnem paGoth cha. B nannoMm cayyae paboTa CHJT THMKECTH PaBHa HyJIo,
TaK KaK HEeATPH THXECTH KOJieC H PEeMHSI NMPH ABHIKEHHH CHCTEMB He MepeMellaloTcH.
Cnna tpenns Fr,=fQ. Ee paoty naftnem no ¢opmyne (47')

A1p=—(QR) - ¢y=—[QR-2aN .
INoactasnsn Bee HalljeHHble 3HAYEHHS B ypaBHenHe (a), MOJYYHM OKOHUATENLHO
(P p) Ros
8nng

3anaua 141. Tenexxy TAHYT BBepX NO HAKJOHHON MJOCKOCTH € YIJOM Ha-
KaoHa a=30°, npwaoXHB K Heil NOoCTOAHHYIO chny Q=160 H (puc. 312). Bec naar-
dopmbl Tenexkxn P=180 H, Bec Kaxaoro M3 yeThipex ee CnjowHuHX xonec p=20 H.
Onpeneants: 1) KaKyio NOCTYRaTe/bHYIO CKOPOCTb Uy GYAET MMeTb TeleXxa, npohas
nyth =4 M; ecaR yp=0; 2) ¢ KaKuM yCKOpEeHHeM ABHXKeTcA TesexkKa. Kauenue xosec
NPOHCXOANT Oe3 CKOJBbXEHHH; CONPOTHBJIEHHEM KaueHHIO NpeHelpeub,

Pewenune 1. Jaa onpenesiedda vy BOCHOJAb3yeMcAa ypaBHexHeM (51)

T1—To=ZAL (a)

B nanuom cayvae To=0, a Ty=Tnz+4Tox. Tenexka ZABHMKETCA NOCTYNaA-
TeNbHO, '@ KHHETHYECKaA 3HEPTHA CIVIOIIHOTO KaTAWErocs KoJjeca Ohijia BHYHCJAEHa
B 3agave 136 (cM. § 121); caexoBarteqbHo,

Ty = Pvi/2g+ 4 (3pri/dg) = (P +6p)vi/2g.

Pa6oty coBepaloT chaia Q W cuaa TmecTH Py, pannas P--4p. Pa6oTa CHIH TpeHRs,
NPenATCTBYIOWEN CKONbXEHHIO, H HOPMAJbHHIX PeaKkuH INJOCKOCTH paBHA HyJIO
(cM. § 122). Buvyncasa, HaxOxHM:

AQ)=Q, A=(P)=—(P+4pyhc=—(P+4p)isina.
ToacTaBasa BCce 3TH RaHHWe B ypaBHeHHe (a), moJayuaeM
(P+6p)vi/2g=1Q—(P-+4p)sin al I, ©
311
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OTKYZa

_ 1/ 21[Q- (Pt 4p)sina]
og= l P 6p =238 M/c.
2. lnn onpepeneHHs YCKOPEHHf 4, NOCKONLKY HAMH yXe MNOJYYeHO PaBeHcT-
B0 (6), NOCTYNHM cleayioLMM oGpasom: Gyaem CuHTaTh B paBeHcTBe (6) BEJHIHHBI
v=0u-1 [ (napametp, onpeaeasiomufl nojoxeHHe Beefi CHeTeMb) nepemeHHHMR. Toraa,
npoandpepeHiNpOBaB NO BpemMerH ofe YaCTH PaBEeHCTBa, HafjeM

[(P-+Ep)igl oSy —[Q— (P+4p) stn ol 3.
ds d¢

Ho dl/dt=v, a dv/dt=a. Oxonuatensko, coKpamas Ha U, NOJYYHM
_Q—(P+4psine: =0 s
a= P16 g2=0,98 m/ct.
O6pawyaes eHumanue Ha ucnoAb308anHbil @ smod dadave npuem ONPEOEAEHUR
YCROPERUR € nOMOWBIO meopempi 00 UIMENERUU KuHemuvecKkold SNepaulu.

A
1
U
ha’

Puc. 312 ' Puc. 313

3axaua 142. Ha unanugpuueckuft xatok pagmycoM R u Maccol M mamortana
HHTb, NepeKuHyTas uepes 60k O (puc. 313) u Hecymas Ha xonue rpy3 D maccoft m.
Onpeneaxrts, KaKyl0 CKOPOCTb tc Oyaer Mmeth uentp C KaTka, Npofiis MyTH s, €C/H
ve,=0, HaftTh, ueMy paBHO ycKOpeRHe a¢ 9TOrO UenTpa. KosddHUHEHT TpeHHs Kaue-
HHA KaTKa paBeH k, pajHyC HHEPUHH KaTKa OTHOCHTEJIbHO €ro OCH paBeH pe. Maccoft
RYTH R Onoka O npeneGpeub.
Pemenne. 1. Has onpenenemgn CKOPOCTH Uc BOCNOJ/Ib3YeMCA YpaBHEHHEM
T—To=Z24. (3
B xanHom cayuae To=0, a 1.'= Txar+Tp, npuuem no popmyaam (42), (44) u (4)
Tp=mvh/2, Tyar=Muvd/2+ Mplot/2.
Tax xax Touka B siBAfieTCA MTHOBEHHBIM LEHTPOM cKopoctelt, T0 0=U¢/R 1 vp=
=us=2%¢c. CnegoparensHo, ’
T=[4m+ M (14 p/RY)] vd/2.
Patory cosepuiator cuna Q=mg n napa N, P (P=Mg). Iockonsxy vp="20¢,
70 Nepememennes rpysa D Oyner h=2s, rae s — nepememenne nentpa C Katka,
A(Q=mg-2s. PaGoTy CHI CONPOTHBJEHHA KaueHHIO BHuHCJsieM O dopMyae (48'),
TaK Kak N=P=Mg=const. Torna
ZAf =2mgs— (k/R) Mgs.
Togcrasnan HafifieHHHe SHaueHWst B ypasHenue (a), MOAYYHM

[4m+ M (14 p&/R%)] c&/2= (2m—kM/R) gs, ©
OTKYAA

/2 2mR - kM) Rs
4mRY+ M (R*+pf)

U =
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2. Jlna onpeneNieHHs ac, Kak H B mpenuiaymedl sanaue, AudgepeHunpyeM oGe
qacTH pasexcrsa (6) no f. OxoHuaTeabHo, yuThiBad, yro ds/di=tc, nafigem

- (2mR— kM) Rg
€T 4mR* + M (R*+ pf)

3anaua 143. Ilecrepua / paanycom r u Maccofl m,, HacaXKeHHast Ha KPHBOWIHN 2
anunoft OC=1 u maccot m; W CBA3aHHAA C HHM CMHPAABHOR MpyXHHOH, MOXeT Ka-
TaThCA NO HeMOABHXKHOA fuecTepHe 3 pasuycom R=
=[—r (puc. 314). MomenT, geficTBylomu# co cTopo-
HBl IPYXKHHH, Mpp=ca, rie @ — yron nosopota
LiecTepHH [ OTHOCHTeNbHO KpHBOwHNa. [IpereGpe-
ras TPeHHeM B OCAiX, Hall'TH nepuoA KoJteGaHult, xo-
Tophe 6yjeT cOBepliaTb KPHBOWINN, €CAH ero BH-
BECTH M3 M0JIOXeHHA paBHOBechs. MexaHH3m pac-
NOJIOXKeH B TOPH3OHTANbHOM IJIOCKOCTH.

Pemenne Byrem onpenensts nonoxkenre
KDHBOIUHMA YIJIOM @, OTCHHTHIBAEMHIM OT MOJOMKe-
HHKA paBHOBecHA. UTOOM HCK/AIOUHTL HEH3BECTHYIO
peakuuio oc C, pacCMOTPHM LIeCTepHIO [ H KDH-
BOWHN KaK OQHY CHCTEMY H COCTaBUM AHdepeH-
LHaNbHOE YypaBHEHHe ee JBHXKEHHA C NOMOLIbIO
ypashenus (49).

CHayana BHUYHC/IfieM KHHETHYECKYIO SHEPTHIO
T cHcTeMHl, BbipaXas ee uepes yrjoBylo CKOpPOCTb Pnz. 314
Oy p KPHBOIWIKNIA (TAK KAK MH HILEM 32KOH ABHXKe-
HHA KpuBownna). [lonyuaem

T= Txp -+ Tl.u = JOKpml:p/2+ mlub/2f*‘ Jmeax/2- (a,

CyHTas KPHBOIWHN ORHOPOAHLIM CTEPKHEM, a LIeCTepPHIO — HRHCKOM H YUHTHRAH,
9TO TOUKA KACAHHA ABASETCH ANA lectepHH | MrHOBEHHHIM LIEHTPOM CKOpOCTeH,
HafijeM, uTO

Jokp=mal?/3, Jow=myrt/2,

ve=0xpl, @u=tc/r=wypl/r.
Tlonsepkusaem, uto B popMyay (44), no Kotopoil BuuHcanetcs Ty, BXOAUT aboo-
AIOMAHAA YTA0BAas CKOPOCTb LUECTEPHH, 8 He ee OTHOCHTEeJbHAs CKOPOCTb MOBOPOTA

1O OTHOLLIEHHIO K KPHBOLIHUAY. IToacTaBasis Bce HafileHHbie 3HaYEHHA B paBeHcTBO (a),
NOJYYHM OKOHYATEAbHO

T = (9my + 2my) Bogp/12. (©)

Tenepb BHuHc/AfieM sneMeHTapHylo paGory. BrewimHe cHanl B JaHHOM caydae
paGoTy He NMpOH3BOAAT, CJefoBatensno, dA*=0. SnemenTapHasa paboTa CHJIB YNpYy-
TOCTH NPYXHHH (BRYTPEHHSIA CHJA), KOTJa LWecTePHA NMOBEPHYTA BOKPYT KPHBOLIHIIA
Ha yroa &, pasxa dAi=—M npdo=—cada (3nax MHHYC MOTOMY, YTO MOMEHT Hanpan-
JieH B CTOPOHY, NPOTHBONONOKHYIO YTy NoBopoTa wiectepH). [lockoabKy Mt HieM

3aKoH HBHXKEHHA KPHBOLUMMAZ, TO BulpasuM yroa o uepes @. Tax kak agb=a;b, 10
Ro=ra uau (I—r)p=ra, oTKyRa

a=[(l—r)/r]¢ u dAI=—c [(I—r)¥/r3] @ d¢.
Cocrasnas Tenepb ypasuenHe dT=dA{, nomyuum
[(9m1 + 2013) 13/6] wy p'dwgp = —c [({ — r)?/r?] @ do.
Ho tak xak

®, 2
dq’='%9;_ d't=(l)xp dt, a d(oxp=" d:p df=__r(:j:P d‘p

TO OKOHYaTeJIbHO, NOC/e COKpauleHHs Ha df, HafjeM caepylomee AnddepeHUHANbHOR
YpaBHeHHe JBHXEHHA CHCTEMBI:

dp 6c(l—r)
W-’{‘—kg(‘):o, rae k= Wo



MNonyuennce ypapHenHe sipagercA au¢dpepeHUHaNbHHM ypaBHEHHEM TapMOHH-
YecKHX koaeSanHf (cM. § 94). ChenoBaTeAbHO, KPHBOIIKN, BbiBeACHHHR H3 MOJIOXEHES
paBHOBecHs, GyAeT cOBeplUIATb TapMOHH4YeCKHe XojeGaHHd, HepHOA KOTOPHX

_ 2 Ir ‘/.9m1+2m,
==t Y e

Pemennas 3axaya IOKa3NBgeT, KaK MOXET HCNOJbL30BATBCR Teopema 00 Hame-
HEHHH XHHETHYeCKOR SHeprHH [As cocTaBAeHHR AnQPEPEHUHANLHOTO YpaBHeHHA
ABHXKEHHN GHCTEMH, NOJIOXeHHe KoTopoft onpeaeastiercs OAHOR KOOpAHHATOR (3zech

TiAOM @), -
y 3anaua 144. Tpoc, umelomuft aauny [ R Maccy m;, HaMOTaHHHA Ha GapaGan
MacCOR mg, HeCeT Ha XOHUE rpy3 Maccoft my (cM. puc. 300). Curraa Maccy GapaGana
paBHOMepHO pacnpeneneniol no ofoxy u npeneSperas TOJNMHUHOA TPoca H TPeHHeM
B ocH (Myp=0), ONpesénuTs 3aBHCHMOCTb CKOPOCTH U IPY3a OT AIHHH X CBCIIHBaN-
meflca wacTR Tpoca. B wavanbumfi MOMeHT BpemenH v=0 H npHOamxeHHo x=0.

Pewmenne Jaa onpepeneHAs HCKOMOR SaBHCHMOCTM BOCHOAbIYyeMCs ypaB-
HeHHeM

dT =3 dAf. (2
TMockoAbKy TpYS, BCe YaCTRUM TPOCS M BCE TOUKH 06Oia GapaGaHa ABIKYTCH
¢ oaHOR K Toft Xe CKOPOCTHIO U, To T=Mv*/2, rae M=m,-+m,+my. Kpone toro, rax

Kax mec cremmpaiomefica uactB Tpoca pasen (myg/)x, 1o EdAL=(mygx/l4myg)dx
X ypaBHeHHMe (2) NpHMET BHJA

M4 (v¥/2)=(myx/l+my)gdx.
Orcoza, HHTErpHpYR H yuHTHBad uto mpH x=0 v=0, nonyuuu

v=V (mg/Ml) x3+2 (mag/M) x.

§ 125*. CMEWAHHBIE 3ARAUYH

B pane ciyuaeB NONYYHTb pelleHHe 3afayH C NOMOINBIO oxHoll H3
o0l HX TeopeM He yJAaeTcs, HO PelieHHe JIErKO HaXOAHTCH, eCJIH HCNOJb-
30BaTh OLKOBpEMEHHO, HanpHMep, ABe obixe Téopemun. Heckoabko Ta-
KHX 3ajaq H paccMaTpHBaeTcsi HHXe. '

3ansua 145. I'opusontansuas Tpy6ka AB, macca xotopoft m; W pamuyc muep-

IHE Pg OTHOCHTEJBLHO BepTHKANbHOR OocH AZ H3BECTHH, BpalllaeTcA BOKPYr 9TOH ocH

2 " € yrnosoft cKopocThIO g (pHC. 315). B me-

R, XOTOPH#l MOMEHT BpeMeHH Haxoumufics B

TPyOKe HIapHK Maccot m,, YyTh CMemeHHMA

(] _ OT TOYKH A, HaYHHREeT ABMraThcs Oes Ma-

Po ~=—>¢ Va5 dYanbHol cropoctH BRoab TpyOky. [lpene-

# Pl Gperast CONPOTHBACHHAMH, HAATH CKOPOCTH

A B v wapuKa oTHOCHTEAbHO TPYOKH Xak (yHK-
- T UHIO €ro paccTosnus x oF ocH Az »

R, \g Pemenne Paccmorpum cHcremy

R - TpyOxa — mapux. Tax xax col CHHSA-

' b, MH (B TOM YHC/e CH/IaMH TPeHHR) 3ieCh Mpe-

HeGPEraloT, To NPH ABHKEHMH CHCTeMH pabo-

Pa T2 AefiCTBYIOMHX HA Hee CHA TRIKECTH M pe-

c. 318 aKunft canseft pasxa nymo. CrezoBarennho,

3 ypasHents (50) noayunm T=T,.

‘B wmoment =0 magnx HAaXOZHWTCH B ToyKe A H ero abco/IOTHAR CKOPOCTL paBHA

By/0. B NpoMsBOAbHEA MOMEHT BPEMEHH YrJoBas cKOPOCTh TPYSKHM pasHa @, a CXo-

POCTL IRPHKA CAATACTCK HI OTHOCHTEJLHOA, UHCAEHHO PaBHOR v, H efl mepneHauKxy-

aspholi nepeHoCHOR, umcaesno passofi wx. [Tostomy

Tommpad/2, T =myplo/2+ my (v +0%%)/2.
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MoxcTanoBka 3THX BenHuHH B pasencTBo T=T, Jaer
2 2
! =n20j—(n?+x%) 0%, rae nt=mypz/m,. (a)
Ilast onpenesieHHsi HEH3BECTHON BeIHUMHH @ BOCIOAb3YEMCH TeOPeMOAi MOMEHTOB
otHocHTenbHO ocH Az. Tak Kak 3fech. Emy(F)=0, To Ky=const=K;, nau

2 2
mpz0+ myx0=m;pz@,,

©=ny/(n+ x2). ©

Hoxactasasns 310 3HayeHHe ©® B paBeHCTBO (a), HaftieM OKOHYATENbHO

OTKYAa

. nopx nw,
Vatn: ¥V T+n¥d
HHTepecHo OTMETHTH, YTO € YBEJHYEHHEM X CKOPOCTb CTPEMHUTCH K NpEAesbHOMY
SHAUEHHIO  Unp==nwy=V myimy p .
‘3anaua 146. Onxopoanuift cnJowHOR Kpyrosofi UPAHKAP Maccolt m H PaRHYCOM T,
HaxoAamufics B HAUBHCIICH TOYKE LHAHHAPHUECKON MOBEPXHOCTH PafHycoM R M 4yTb
CMellleHHHA U3 3TOTO MOJIOXKEeHHS, HAYHHACT KATHTbCA BHHI 6e3 HAYaNbLHOR CKOPOCTH

(puc. 316). Hafiti, npu Kakom 3HaueHUH yraa 0 UHJIHHAP OTOPBETCK OT NOBEPXHOCTH;
06e MoBepXHOCTH a6COMIOTHO 1IepPOXOBATH (RMEIOT Haceuky).

(®

n
Puc. 316 Puc. 317

Pewres ue Orpus npousofizer B Touke, rae peakuus N ToBepXHOCTH o6pa-
THTCA B Kyab. UToOW nafith 3nauende N, Boconibayemcsl TeOpeMOR O ABHIKEHHH LEHTPA
Macc, COCTABHB ypaBHehue (16) B mpoeKuMH Ha raaBHYI0 HOpManbL CR K TPAEKTOPHH
uentpa Macc C. loayunm, yutsa, uro uentp C ABHXKETCA NO OKPYXHOCTH paauyca

R+,
mac,=ZXFfn wm mt/(R+r)=mgcos8—N. (a)

Has onperenesnsns e BOCNONb3YeMCSl TEOpPeMOfl - 06 H3MeHeHHH KHHeTHueckKoidt
sueprun. Taxk xak To=0, a 3navense T AJA KaTAwWerocs LHAHHADa ObIo HafifeHo

B safaue 136 (cm. § 121) u pasno 3mv/4, To
3mud/4=mg (R+r)(1—cos 0). ©)
Monctasass oTClORa 3Havenwe mud B ypabHenwe (a), HafizeM
N=mg (7 cos 6—4)/3.
ChefioBatesibHO, OTPHIB NPOH3OAAET B TOUKE, ONpefensieMOf PABEHCTBOM
cos 0=4/7 (0=55°.

[Tonoxkenve TOUKH OTPHIBA, KaK W BejHYHHa N, OT 3HaueHHit R H r He 3aBUCAT,
3anaua 147. K noasyny / maccoit my, KOTOpbIfi.MOJKET NepeMeItaTLCA N0 FNARKHM
TOPH3OHTAMLHEIM HAMNPAB/HIQWHM, ILaDHHPHO NPHKpenaeH crepxenb 2 aauHoA. [
H Mmaccot m, (puc. 317). B Haua#bHHIA MOMEHT BpeMEéHH CTepkeHb OTKJAOHAKT M0
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TOPHIOHTA/JbHOFO NOMOMKEHHA H OTNYCKaloT 6¢3 HauaabHOA cKopoctH. IlpeneGperas
TPEHHEM B OCH IIAPHHPA, ONPEAEAHTb, KAKYIO CKOPOCTb Uy GyAeT HMeTh NOJISYH B MO-
MEHT NDOXOXKIEHHA CTepXHA epe3 BepTHXalb.

‘P emen ne PaccmMatpuBasi CHCTEMY TNOJSYH — CTepIKeHb, NPHMEHHM K Hefi
TeopeMy 00 H3MEHEHHH KHHETH4eCKON SHePrHH Ha MepeMeLleHHH, NPH KOTOPOM cTep-
HKenb NPHXOAHT H3 NoJoXeHHA AB; B nonoxense AB;. [Nonyuum, yurs, 9to To=0

Ty=mygl/2. (a)
3pecy Ty=TT"+T§T, rre T1®"=muu}/2 u, cornacio dopmynam (44) mmm (45),
T{"=mat/24Jcw¥2. B nocefseM paBeHCTBE ® — YIJIOBasi CKOPOCTb CTEPNKHS,
Tc — CKOPOCTh €0 .LEHTPa Macc, NpHUeM Uo=U,—C¢c 4=V, —®l/2; KpOMe TOro, XaK

OrI0 HafdieHo B 3ajaue 119, Jc——m, /12.
B pesyabrate ypasHenue (a), eC/IH NOAEJHTb 06e €ro UacTH Ha m,/2, mpumer pha

(my/mg)ol+ (v —wl/2)*+ Pat/12=gl, -6
Jlas onpenesienus @ BOCNOAb3yeMCA TeopeMoft 06 H3MeHEHHH KOJHYECTBa ABHXKe-

mHR chcreM. Tak Kak B nanuoM cayyse D Fiy=0, a B HaYaNbHHA MOMEHT CHCTEMa
BaxoAusnach B noxoe, noayduMm Q,=0, T.e.

mvy+my (vy—l/2) = 0, otkyza” lo= 2 (14-m,/my) vy, '

ToactasuB 970 sHauenue J® B paBeHcTBO (6), HailleM OKOHYaTe/NLHO

i 3g!
w= V (T my/ms) (1 +dmymy) *

3apaua 148. INo HakaouHol rpatin NpH3Mu [ Maccoﬂ‘m,. crosimtell” Ha riaaxkoft
TOPH3OHTANbHON NAOCKOCTH, HAYKHAET CKOAb3UTL (6€3 TPeHHs) rpy3 2 maccoft m,
A (pHc. 318). Yron HakjioHa FpaHH paBeH &.
y HafiTi, ¢ Kak#M ycKopeHnHeM OyfeT NpH STOM
T 7N, ABHFaTbCA NPH3MA.
_ Pemenne. PaccmoTpum. cucremy
£ 2 TPy3 — NPH3Ma H NPHMEHHM K Helt Teopemy
O JBHKEHHH LeHTpa Macc. B mpoexuuu ra
I b 2 rOpH30HTaABHYI0 ock Ox Gyner SFE=0 u,
Py cnenosarenbio, Mxes=0,
0 - OGo3nauast KOOPAHWHATY  MPH3MH Yepe3
“ 4 ¢ X 1 onpenensis NOJIOXKeHHe Tpy3a Ha TIPH3Me
p, Koopaunatoft s, nonyunM Mxc=my(x+b)+
Puc. 318 +mgy(x-+scos @). Tak kak Mxc=0, To oTciona
(my+ mg) % + my$ cos o = 0. (a)

3HauenHe § MOXKHO GHIO Gbi ONATL OMNPeAEHTb C OMOUIbIO TEOPEMBl 06 H3MEHEHRH
KHHeTHUecKOA SHeprHH, HO B JIAHHOM C/y4ae MPOIUE COCTAaBHTL AubdepeHuHanbHOe
YPaBHeHHe OTHOCHTENILHOrO ABHXKEHHA rpysa [ypasHenue (56) u3 § 91] B npoexunu
Ha ock As. Tak xax TNOABHXHAA CHCTeMa OTCYeTa BMecTe C NPH3MOA MepeMelnaeTcA
HOCTYNATeNbHO, TO FKop—o a Fn,p—--—m,al, rae a1 -~ YCKOpeHHe NPH3MH (a;= le)
Torna Fleps=-——my¥ cos &, H B NPOEKIHH Ha ocb As MOMYYHM

m,s = meg sin a—m,x cos a.

ToacTaBuB 370 3HaueHHe m,S B paBeHCTBO (a), HafiIeM HCKOMOE YCKOpEHHE MPH3MH -
- meg sin 2o .

O1x =X = 5k mysin? @)
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§ 126. NOTEHUUAJIBHOE CHJIOBOE IOJIE
H CHJIOBAS ¢ YHKIIHA

3anaun, paccMOTpeHHHe B NpeawAyuiux naparpadax (u B § 89),
YA2J10Ch PELLHTD C NIOMOLIBIO TEOPEMBI 06 H3MEHEHHH KHHETHYeCKO! 3Hep-
THH no Toit MpUYliHe, YTO BO BCeX CaAyvyasaX pa6oTy RefiCTBYIOWMX CHJ
MOXHO OblJIO MOACYHTATh, He 3HAs 3apaHee 3aKOHa NPOHCXORALLErO
JBHXeHUs. Bax<HO yCTaHOBHTb, KaKOB BooGule KJace CHJ, 06/aafaloUiHX
STHM CBOHCTBOM.

Pa6ota Ha nepememenns MM, cuinl F, NPUACKEHHOR K Teny B TOY-
Ke M, Bhiuncasercss no ¢opmyJe (44') u3 § 87:

(My) ’ (My)
Ammp= § dd = { (F dx+F dy+F,da)  (59)
(M) (My)

Kak yxe 6bs10 oTMeuyero B § 89, BHUYHCAHTL CTOAWMA cnpasa uH-
Terpaj, He 3Has 3aKOHa NPOHCXOAAILErO ABHXKEHHA (T. €. 3aBHCHMOCTel
X, Y, 2 OT BpeMeHH {), MOXHO JIHIbL B CJyYasix, KOrAa CHJIA MOCTOSHHA
WIH 3aBHCHT TOJILKO OT MOJIOXKEHHSA TOYKH, T, €. OT ee KOOPXHHAT X, Y,
z. Takue cunel o6pasyior cuosoe none (cM. § 32). Tak kak cuna onpe-

AeJsAeTCa €ee NPpOoeKUHUAMH Ha KOOpIAHHATHLIE OCH, TO CH/IOBOE MoJe 3aaa-
€TCs1 YPaBHEHUAMH:

Fx=®l (xv.yv Z), F,y=q)ﬂ(xv yv Z)' Fz=(D8(xi !/- Z). (55)
Ho B ofwem cayuae u 1is BhiYHCAeHHsT paGoTH TaKHX CHJ Hano B dop-
MyJie (54) nepefiTH NoA 3HAKOM HHTErpasia K OfHOMY TNePeMEHHOMY, T. €.
HanpHMep, 3HaTb 3aBHCHMOCTH y=Ff, (x) H z=f,(x). DTH paBeHCTBa, KaK
H3BECTHO, OMpene/slOT B NPOCTPAHCTBEe YypaBHeHHe KPHBOA, ABJIAIO-
uefica TpaexTopHei Toukd M. CrenoBarensHo, B oflueM ciydae, pa-
6ora cui, 0o6pasyloUlHX CHIOBOE MoJie, 3aBHCHT OT BHRA TPAEKTOPHH
TOUKH TNPHUIOKEHHS CHIH.
OnHako ecsiH OKaXeTcs, YTO BhipameHHe, crosulee B dopMyse (54)
[TOJ 3HAKOM MHTerpana M npeicrasasiomee coboll seMeHTapHyio pabo-

Ty cuanl F, Oyaer nosHbM AuddepeHLHaNoM HEKOTOPO# (yHKIHH
U, y, 2), T e. '

dA=dU(x, y, 2) unu F,dx+F,dy+F,dz=dU(x, y, 2), (56)

TO PaBoTy A p a, MOXKHO BHIYHC/HTH, He 3HAA 3apaHee TPAGKTOPHIO
Touku M. ]
®yuxkuns U or KoopauHat X, y, z, AudpepeHuan KoTopoli paBeH
3JieMeHTapHOR pafoTe, HaskiBaeTcs cua0goidl ynkyued. CunoBoe noJe,
NIl KOTOPOro CYLIECTBYeT CHI0Bast (YHKLHA, Ha3bIBAaeTCH nNOMeRyu-
QAbHHM CUNOSBIM NOAEM, A CHIBI, NENCTBYIOLIHE B 3TOM MOJE,— NOMmeN-
yuanrbnuimu cusramu. B nanoheiileM cHIOBYIO PYHKIHIO CYTAEM OAHO-
3HayHoH ¢YHKUHeR KOOpZHHAT.
Ecan B dopmyay (54) noacrasuth Bripamenue dA H3 paBeHCTBa
(56), To momyuum
(My)
Ammy = S U (x, y, 2)=U;—U,, (567)

(My)
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rae Uy=U(xy, th, ;) 1 Us=U (x,, ¥, 2;) — 3HaYeHHA CHIOBOA (PYyHK-
ILHH B TouKax M, u M, noas coorpercrBeHHo. CireioBaTesIbHO, padoma
nomenyuarbHol Cuabt pasHa pasHocmu 3Hadenull cunrosoll yrxyuu 8
KOHewHOU 1 Hawarbnod mouKkax nymu . om euda mpaexmopuu Osuxcy-
wgedca mouku He 3asucum. TIpu nepemelleHH: MO 3aMKHYTOH TPaeKkTo-
‘pun Us=U, u pa6oTa noTeHunanbHofl CHAL paBHa HYJO.

OCHOBHBLIM CBOACTBOM MOTEHUHAABHOIO CHJOBOTO NMOJR H SBIAAETCH
TO, 4TO paGoTa CHJ NMOJS NPH ABIKEHHH B HEM MaTepHaJbHOI TOYKH 3a-
BHCHT TOJBKO OT HayaJIbHOrO M KOHEUHOro NOJIOXeHHA 3TOA TOYKH H
HH OT BHAA €€ TPACKTOPHH, HH OT 3aKOHAa ABHIKEHHS He 3aBHCHT.

Cunnl, pa6oTa KOTOPHIX 3aBHCHT OT BHIAa TPAEKTOPHH 'HIH OT 3aKOHA
ABFXKEHHA TOUYKH MPHIOKEHHS CHJIbI, Ha3HBAIOTCA HeNOMEHLUAALROMU,
K TakHM.CHJIaM OTHOCATCHA CHALI TPEHHA H CONPOTHBAEHHS Cpefbl.

Ecau ycraHoB/eHo, UTO cooTHoweHH e (56) HMeeT MecTO, TO CHIOBas
¢yHKUHS HAXOLUTCA M3 PaBEHCTBA

U={dA+C um U= (F,de+F,dy+F, dz)+C (58)

Mocronuuan C 35eCh MOXET UMeThb MoGoe 3HaueHHe (KaK BHAHO H3
dopmyant (57), pabora or C e 3aBucur). OxHaka 06GHYHO YCJIOBJIHBAIOT-
Cs CYWTATh B HeKOTOpo# Touke O, Ha3nBaeMol «HyJeBoft Toukofi», Be-
auunHy Uo=0 u onpepensnior C 'MCXORR K3 3TOTO YCJIOBHSA.

HM3pecTHHMIt HaM NpHMEpPaMH NMOTEHRHANBHHIX CHJ SBJISIOTCH CHJH
TSMKECTH, YNPYrocTH H TAroreHun (cM. § 88). INokaxeM, yro gaa nosedt
ATHX CHJI AefICTBHTENBHO CYIECTBYIOT CHIOBbe GYHKUHH, H HafineM HX
Beipamenusa, Ilockoabky NOX 3HaKOM HHTErpajoB, U3 KOTOPHX B § 88
6u1in nonyyesn Qopmyanr (47), (48) u (50), croar saeMmeHTapuue pa-
6OTH! COOTBETCTBYIOUIHX CHJ, TO NMPHAEM K CJEAYIOWHM pe3yJbTaraM,
HCnosb3ys paBeHcTBO (58):

1) ans nos CHA B THAXKECTH eCIH OCb 2 HalpaB/jeHa Bep-
THKanbHo BBepX, dA=—P dz, otkyna, cuuras U=0 npu 2=0 (nyne-
Basi TOYKAa B Haua/le KOOPRHHAT), HaXxoAuM

U=—Pz (59)

2 amanons CHJAHW ynpyrocrtH, jeficteyiomeft B1oNb ocH
Ox *, dA=—cx dx, oTkyAa, cunras U=0 npn x=0, Haxoaum

U=—cx¥/2; (59"

3)xnsanons cuaH TATOTE Hua dA=mgRsd(1/r), OTKYAXa,

cynras U=0 npu r=o0 (HyseBass TOUKa B GECKOHEUHOCTH), HAaXOAHM

U=mgRr, (59")

rpe r = l/x’+y’+z’.

INoabaysch HafiteHHBIMH 3HaveHHAMH.QyHKuHA U, MoXxHO no ¢op-
MyJsie (57) nONyuHTb Te e BhIpaXKeHHS Aas paloT COOTBETCTBYIOUIHX
CHJI, KOTOpHE AaloTCA paBeHcTBaMmu (47), (48) u (50) B § 88.

* Taxoe nosie MOXHO Ha3BaThb JIHHEAHEIM; B HeM OGJaCTLIO, B KOTOPOR 3a1aH0 CH~
%0BO€ noje, ABAAETCS NPAMAS JAHHHA.
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Toxaxem, 910, 3HAA CHAOBYIO PYHKUHIO, MOXKHO OMPEAE/NHTb CHAY, AehcTBYIO-
iy B 1060k Touxe noas. H3 pasencrna (56), BuuHCAAS AUDPEpeHHAN OT DYHKIUHH
U(x, .y, 2), noayunm

ou oU U
FrdetFydy+Fyde==g drt o dy+5- da.

Orciona, npupapuusan KosdxpHuHeRTH Npy dx, dy, dZ B OCeHx YaCTHX paBeHCTBA, NpH-
JAeM K TaKOMY pe3y/braty:
U U au

Fe=5; Fy—-;,;-. Fp=—nrr. (60
ChrepoBarenbHO, 8 NOMEHYUAABNOM CUAOBOM NOAE NPOEKLUU CUAN HA KOOPOUNGMNLE
OCU pasHbt <ACMNLIM_NPOUIBOTHLLK OM CUAOBON (PYHKUUU NO COOMBEMCMSYIOUIM KOO~
Ounamax. Bextop F, NpoexiHH KOTOPOTo OMpee/flbTCA DaBeHCTBAMH Biaa (60),
HA3LBANT 2paduenmom cxanaphoft ¢yuxumu U (x, y, 2). Takum o6pason, F=grad U.

H3 pasescrs (60) Haxoaum

O, MU OF, ay
3~ T eyt

Orc0ga .creayeT, NT0 ecMH AAS AAHHOTO MOAA CYUIECTBYeT CHJoBam ¢yHKUMA, TO
OPOEKUHH CHAB YIOBAETBOPAIOT COOTHOILEHHAM:

Iy _oF, OF, oF, OF, OF,

dy ox ' 9z Oy ' ox oz
MoXHO 10Ka3aTh CHpaBeANHBOCT ¥ OGPATHOTO BHIBOAA, T. €. YTO ecaH paseucrsa (61)
HMEIOT MECTO, TO AAS MOAA CyuecTByeT CHjoBad dyHkuna U. CneposatenpHo, ycno-
BHA (61) RBAAOTCA neobxodussimu U OOCMAMOUHHIKU YCAOBUAMU ITO20, 4MO CUADOOE
NOAE NBAREIMCR  NOMERLUAADHAM.

Taxum 00pa3oM, ecau cunosoe NoJe 3aiaHo ypassHenHamH (55), To mo ycao-
BuAM (61) MOXHO YCTAHWOBHTH, SDASETCA OHO NOTEHUHAJbHHM HAH Her. Eca# noae
NIOTEHUHAAbHO, TO YypaBHehde (58)
ONpEACASET €r0 CHAOBYIO (yHKUHIO,
a popumyna (57) — paboTy cHA noas.
H , €CAH  CchJfoOBaR HKLHR
n3mecTHA, TO NO GopMyaam (60) mox-
RO HaliTH, Kaxoe CHAOBOE Noae SToil
dynxuneR onpeaeasercs.

lNonaran U(x, y, 2)=C, rae
C — wexotopag mNOCTOAHHAR, TNOJY-
UMM B NPOCTPAHCTBE YpaBHeHHe IO~
BEPXHOCTH, BO BCEX ToaKkax Kotopoft
dyuxnas U nueer 0ARO K T0 Xe 3Have- Puc. 319
nue C. Taxne NOBEPXHOCTH HAIWBAIOT He.

NOGEPXHOCMAMU  YPOSHR KJAH 1100epx-

HOCMAMU PasHOD nomenyuasd. ECH, KaK Mul cunTaeMm, CHAOBaR DYHKUHA SABARETCH
omio3nasnolt dyuxuned KOOpANHAT, TO NOBEPXHOCTH YPOBHR He MOTYT MepPECceKaTben
H qepe3s KAXKAY0 MIX' NOJR NPOXOAHT TOALKO OJHA nonebxuocrb yposus. [lpn nio-
Gox nepememiennn My M, Baoas nosepxuocrd yposus U,=U,=C, # pabora cua noas,
KaK crenyer u3 ypasuexus (57), 6yner pasua Hynmo. [lockonbky cHaa npH STOM He
PaBHA HYAIO, TO OTCI0AA 3AKJIOHAEM, YTO & ACDOd MONKE NOMPHYUAALHOZO CUAOSO2D
NOAR UAG HANDGSALHA N0 HOPMAAL K NOIPXHOCMU YPOSHR, NPOXOdKUEd weped smy

. 1)

ﬁa pic. 319, a nokalaun Ape nosepxuoctH yposua U(x, ¥, 2)=C;, U(x, y, )=
=C,. a Ha pHc. 319, 6 — KX ceveHHe NAOCKOCTBIO, NPOXOAAINER uepe3 Hopmasb Bn
Ecau cuna nanpasnena B cTopoHy, MOKa3aHHY!O HA PHCYHKe, TO ee pafora Ha nepe-
meuiennd BB’ Gymer nonowwresvua. Ho no popuyae (57) sta pabora pasua C,—C,.
Caeposarensio, C,>C,, T.e. cuaa @ NOMENYUAALHOM NOAE HANPGBALHR 8 CMOPOHY
ogpacmanus cusosod pynxyuu. Hanee, pabotsi cunl Fy ua nepenewennu BB’ u cu-
aut Fq Ha nepevemesun DD’ ofunakosul, Tak kKax pasubi Cg—C;. Ho mockoabky
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DD’ <BB', T0 RONXKHO ObiTb Fg>>Fy. CNeN0BATENLHO, YUCAEHHO CUAG 8 NOMEHYUAALHOM
nose Goavwe mam, 20e nosepxHocmu YpoeHs npoxodam eyuwe. OTmedenHnne cpoficTsa
DOSBOJIAIOT HArMARHO TPEACTABHTb KaPTHHY Ppacnpele/eHHs CHA B, NOTeHIHaJbHOM
CHJIOBOM IIOJIe ¢ MOMOMIBIO NoBepXHOCTelt ypoBHs. Kpome TOro, Kak BHAHO H3 paBeH-
crBa (57), pa6oTa’ MOTEHUHAAbHOA CHAHW 32BHCHT B KOHEYHOM Cue€Te TOJbLKO OT TOro,
€ KaKON NOBEPXHOCTH YPOBHA H HA KaKyl0 NPOHCXORHT IepeMellleHHe TOUKH.

INosicuuM CcKa3aHHOe NpPHMepaMH. .

1. Jins opnopoAHOro mojs cuJ TsxecTH (cM. puc. 231), Kak BHAHO H3 GOPMYJH
(59), U=const, xorpa z=const. CaeaoBaTesbHO, NOBEPXHOCTAMH YPOBHA ABJIAIOTCA

TOPH30HTaJbHKE NJI0CKOCTH, CHAa TAXeCTH P HanpasJieHa 10 HOPMaJiH K STHM IO~
CKOCTAM B CTOPOHY Bo3pactanHs U H BO BceX TOYKaxX NOJA NMOCTOsIHHA.

2. [lnst nons CHJ TATOTeHHs, coraacHo popmyae (597), U=const, xoraa r=coust,
ChnenoBaTesbHo, NOBEPXHCCTAMH YPOBHA ABASAIOTCA KOHUEHTPHYecKHe cephi, LEHTp
KOTOpHX COBMajaeT C NPHUTATHBAIOIHM LeHTpoM.. CHaa B KaxJofi Touke NOAA Ha-
npaBJieHa MO HOPMAJH K COOTBETCTBYIOWeN cdepe B CTOPOHY Bo3pacTanusi U (yOuBa-
HHAL 7), T. €. K. LEeHTPY Coepsl.

Ecau B noTeHIHa/JbHOM CHJIOBOM NoOJieé HaXxoAHTCA CHCTEeMaA
MaTepHaNAbHHX TOYEeK, TO CHIOBOA ¢yHKuueh Gynaer Ta-
Kasi GYHKUMS KOOPAUHAT ToueK cHCTeMB U (X1, Y1, 21y « « =5 Xny Yn» Zn)y
AJA KOTOpOH ~

dU =2ZdA,, (62)

T. e. AubdepeHLHaT KOTOpoii paBeH CyMMe 3JieMeHTapHmX paboT BcexX
AeACTBYIOWHX Ha CHCTEMY CHJI. MOV,

§ 127. NOTERUHAJIbHASA 3HEPIr U 1.
3AKOH COXPAHEHHS MEXAHWYECKOA 3HEPTHH

JAs NmoTeHIHANbHOrO CHAOBOTO NOJSA MOMHO BBECTH MNOHATHE O
NOTeHIHANbHOK 3HEPrHH KaK O BeJIHYMHe, XapaKTepH3yiolleR «3amac
pa6oThl», KOTOpPhIM O6J1ajaeT MaTepHaJbHas TOYKA B RAHHOM [YHKTE
CHJIOBOTO noJisi. UToObt cpaBHHBATL MeXKY OGO 3TH «3anachl paGoTul»,
HYKHO yCJIOBHTBCS O BbifOpe RyJeBoil ToukH O, B KOTOpo# 6yeM yCJa0B-
HO CUHTATh «3a11aC paGoThi» PaBHLIM HYJIO (BLIGOP HYJIEBOH TOUKH, KaK H
BCAKOro HayaJja OTCYeTa, NPOH3BOAUTCA RPOH3BONBHO). [Tomenyuane-
HOG snepeuell mamepuarenod mouku 8 OanHOM noaoxcenuu M nasowsa-
emca cxaaapran seausuna 11, pasnas moli paGome, Komopyro npousse-
Oym cuap NOAR NPU nepemewjenuu modxu u3 noaoxenus M e nyiresoe

= Amo).

M3 onpenenenus caenyer, yro norteHuHaabHas sHeprus Il 3aBucur
OT KOOPAHHAT X, Y, 2 ToukH M, T. e. uro [1=II(x, y, 2).

ByzneM B panbHefieM cuMraTh HyJeshie TOYKH A ¢yskuui II (x,
Y, 2) u U(x, y, 2) coBnagaoipmu. Toraa Uy=0 u no dpopmyne (57)
Apyo=Uo—U=—U. rae U — 3nauenune cunoBoii PpyHKIHHU B TOUuKe M
nons. Takum o6pa3som,

n(x' Y, z)=—-—U(x, Y, Z),
T. €. NOMEeHYUANLHAR IHep2UA 8 M06OL MOYKe CUA0BOZO0 NOASR PABHA SHA-
HEHUIO CUNOBOL (PYHKYUL 8 3MOLl moYKe, 83AMOMY C 00PAMHHIM SHAKOM.
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Orciona BUAHO, YTO MPH PACCMOTPEHHH BCeX CBOACTB NOTEHIHAJLHOTO
CHJIOBOrO NOJS BMECTO CHJOBO#A QYHKUHH MOXHO M0Jb30BaTbCH NMOHSA-
.THeM MOTEHUHAaNbHON 3Heprud. -B uacTHocTH, paGoTy noTeHuHAJIbHOA
CHJIK BMECTO paBeHCTBa (57) MOXHO BHLIMHCJATH 1O GopMyJe

A(MIM1)=HI_HI' (63)

ChenoBatenbHO, paboma nOMeRyUArbHOL CUAL PABHA PA3HOCMU 3HA-
ueHull nomenyuarbHol Inepeull OBUMYULLECH MOYKIL 8 HAYANLHOM U KO-
HEYHOM €€ NONONCERUAX.

BhipaxeHust NOTeHIHaJbHON 3HEPTHH JJISi M3BECTHHIX HAM MNOTeH-
IlHaJbHEX CHJ/IOBBIX Mojied MOXHO Ha#TH W3 paBeHctB (59) — (59'),
yuutniBasi, uro II=—U. Takum obpa3oM, Gyzner:

1) ans nons CHJAH TAXeCTH (OCh Z BePTHKAJBHO BBEpPX)

=Pz (64)
2) pna noAA CHAH YyNPYTOCTH (NHHEAHOro)
H=cx¥/2; (64')
3) AN NONA CHJAB TATOTEHHS
=—mgR¥r. 64'')

MMoteHuHaNbHA 3HEPTHA CHCTEMBl OMPEREJISeTCH TAK XKe, KaK H
NS OfHOM TOYKH, a HMEeHHO: nomenyuarsian snepeus 11 mexanuveckod
cucmemnl 8 OGHHOM ee NOAONERUU pasHa paliome, KOmMOpYO npoussedym
CUAB NOAR NPU NEPEMELUERUL CUCMEMB U3 GAHH020 NONOIERUR 8 HYALB0E,

T. €.
=2A4(m,0,)

Tpu HanHuHH HecKOAbLKMX monei (HanpuMep, noJefi CHI TAXKECTH
H CHN YNPYrocTH) IJIA KaXJoro nois MOXHO 6paTb cBoe HyJeBoe Mo-
JIOXeHHe.

3aBHCHMOCTb MEXAY NOTeHUHaJAbHOA 3Hepruefl MU CHMOBOA (QYHK-
uHel Oyaer Takofi e, KaK H AJIA TOUKH, T. €.

n(xlv yh zh [EEENY] xn) yn’ zn)=—U(xlv !/1, zl 9o o oy xn) !/m zn);

3aKOH COXpDaHEeHHMR MEXaHHUYECKON 3 HEPIrHH.
Honyctum, 4ro Bce AefCTBYIOUIHE HA CHCTEMY BHEWIHHE H BHYTpPeHHHe
CHJSl MOTeHuHaNbHul. Toraa

A, =1I,—1II,.

Ioxcrasassa 3To BoipaxeHHe paGoTu B ypasHenue (50), MOAyYHM AJS
moboro nonoxeHHs cucreMul: T—To=I1,—I1 nau

T+ =T,+;=const. (65)

CnenosartensHo, npu Jeusceruu nod Odedcmeuem nOMEHYUANHOIX
CUA CYMMA Kunemuueckoll 1 nomenyuaibHoll snepeull Cucmemel 8 Kanodom
ee noaoxcenuu ocmaemca eeauwunold nocmosunot. B 3stom u cocrout
3aKOK COXPANERUS MEXANUYECKOU 3Hepzuu, SIBJSIOUIHACH YACTHBIM CJTy-
yaeM ofuiero (HH3HYECKOro 3aKOHA COXpaHeHHs 3HepruH. BenHunHa
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T+4I1 HasuBaeTCa noaxold mexanuveckod anepauell cucmemst, a cama Mexa-
HHYeCKad CHCTeMa, IS KoTopoit BuinoaHsiercss 3akoH (65),— xoncep-
samusnot cucmemod.

NMpumep. PaccMoTpam MasTHHK (pH. 320), OTK/IOHEHHHA OT BEDTHKANH Ha IO
¥ otnyumeHHHfi 6e3 HauanbHORA cKopoctd. Toraa B HauaabHOM ero nonoxennH Ify=
=Pzy u Ty=0, rne P — Bec. ManRTHHKA; Z — KOOp+
AMHATa ero ueHTpa TAXecTH. ClefoBaTenbHo, €C/IH
npene6peyb BCEMH COMPOTHBJCHHAMH, TO B Ji06OM
ApyroM noaoxennn Oyner II4+T=II, nau Pz4
+J 40%2=Pz,. :

Takum 06pa3oM, BHIUE NONOMEHHR 2, LEHTP
TAXKECTH MAATHHKA MNOAHATLCA He MoxeT. [lpu
ONYCKaHHH MafATHHKA ero NOTeHUHAJLHAA IHEPrHN
yOHBaeT, a KHHETHYeCKasd pacTeT, NpPH MOAbeMe,
Hao6opoOT, NOTEHRHANbHAA SHEPTHA pacter, a KH-
HeTH4YecKas yOuiBaer. :

Ha. cocraB/ieHHOro ypaBHEHHAA cJeayeT, 4TO
WP=2P (z,—2)/J 4.

TakuM o6pa3oM, YIJIOBafAz CKOPOCTb MasiTHHKa
B J0GOA MOMEHT BpeMeHH 3aBHCHT TOJLKO OT MOJO-
JKEHHA, 3aHHMAEMOTO €ro LEeHTPOM TSIKECTH, M B

Puc. 320 AaHHOM TOJIOXEHHH BCErja NPHHHMAEET ORHO H TO
e 3HavueHHe. Taxoro poja - 3aBHCHMOCTH HMeEIOT
MecTo TOMIbKO NMPH ABHXXEHHH NOA AeACTBHEM NOTeHUHAaJIbHHX CHJ.

OduccunaTuBHEE CHCTeMB. PaccMorprM MexaHuue-
CKYIO CHCTeMy, Ha KOTOPYIO KpOMe MOTeHIIHalbHMX CHA ReACTBYIOT He-
H30eXHhie B 3eMHHX YC/NOBHAX CHJB CONPOTHBJIEHHA (CORPOTHBIERHS
cpennl, BHelHee H BHyTpeHHee TpeHHe). Toraa u3 ypasuenus (50) nomy-
guM; T—To=I1,—I1+ A2 unu

T+H=T,+I,+ A5, (65')

Fie AR — paGora cun conpoTuB/ieHHs. Tak'KaK CH/M CONPOTHBIEHHA
MalpaBJeHb IPOTHB ABHXKEHHA, TO AR BeJIUMHHA BCEr/la OMPUYAMEALHAR
(A2<0). CnengoBaTenbHo, NPH ABHXKEHHH PacCMaTPHBAaeMOR MeXaHH-
4eCKOA CHCTEMBl NPOHCXOHT YOHBaHHE HJH, KaK FOBOPAT, AHCCHMALUA
(paccenBanue) MexaHHuecKoM 3HepruH. CHIb, BbI3HBAQIIHE 3TY JHCCH-
NaluHio, HA3LIBAIOT QUCCUNAMUBHIMI CUAAMU, 3 MEXAHHYECKYIO CHCTEMY,
B KOTOPO# NPOHCXOAHMT AHCCHMAUHA 3Hepruu,— duccunamusnod cu-
amemod. '

Hanpuwmep, y paccmorpenHoro Builue MasTHHKa (puc, 320) 6naroaaps
TPEHHIO B OCH H COMPOTHBJIEHHIO BO3lyXa MeXaHHuYecKas IHeprus Gyner
€0 BpeMeHeM yOLIBaTh, a ero Kojie6aHus GyAyT 3aTyXarhb; 3TO JHCCHNA-
THBHafA CHcTeMa.

Flenyuennbie pe3yabTaThl He NPOTHBOpeYaT OOmIEMY 3aKOHY €OXpa-
HEHHsl 3HEPrHH, TaK KaK TepseMasi JUCCHNATHBHOH CHCTeMOH MEXaMH-
uecKkast 3Heprus nepexoiur B Apyrue GopMbl SHePrHH, HanpHmep B
TemnoTy.

OxHako H NpH HAMH4RH CHJI CONPOTHBMCHHA MEXaHHYECKas CHCTeMa
MOMQT He GbiTh JHCCHIIATHBHON, €C/IH TepsAeMast SHEPrHA KOMIeBCApYeT-
C% APHUTOKOM 3Hepryu HuasHe. Hanpumep, OTAeAbHO B3ATHIE MANTHHK,
Kak MM BNAeawu, Oyner auccHnaTHeHoit cucremoi. Ho y MasTHuKa yacon
ROTeps HEPrHH KOMNEHCHPYETCR NEPHORHYECKHM MPHTOKOM IHEPriu
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H3BHE 3a CYeT ONYCKAIOWHUXCA FHPh HJIH 3aBORHOM TIPY>KMHbI, H MAATHHK
6yner coBepillaTh He3aTyxamwline KoJeOGaHHs, Ha3biBaeMhie asmoxoseta-
Husmyu. OT BHHYXAGHHHX KoJebaHuilt (cM. § 96) aBrokoneGanusg oTIyu-
YAIOTCH TEM, YTO OHH NMPOUCXOAAT He NOJ AeHCTBHEM 3aBHUCSILEHA OT Bpe-
MeH¥ BO3MYIRaloLed CHIL ¥ YTO MX aMIIHTYAa, YacTOTa H nepuoj onpe-
JeJIAIOTCA CBOMCTBAMH CaMOil CHCTeMH! (Y BHEIHYXKEGHHHX KoJeGaHHH
aMnAuTyAa, 4acToTa M NepHoj 3aBHCAT OT BO3MYLLAIOMIeH CHABL).

Faasa XXVI

NPHJIO)XEHUE OBUIHUX TEOPEM K JUHAMHKE
TBEPAOIO TEJA

§ 128. BPAWATEJIbHOE NABMKXEHHE TBEPAOIO TEJA
BOKPYT' HEHOABH)KHOH OCH

PaccMoTpuM npilokeHHs1 OOIMX TeopeM JHHAMHKH K 3agayaM o
IBHXEeHHH aGCOMIOTHO TBEPAOTO Tesla. Tak KaK M3yueHHe mocTynaresb-
HOTO ABHXEHHSI TBeDAOrO Tejia CBOAMTCS K 3ajayaM AHHAMHKH TOUKH,
TO HauHeM C PacCMOTPeHHsA BpalUlaTeJbHOro ABHMEHHS BOKDYI HeENOX-
BHXXHOH OCH.

[Tyctb Ha TBepaoe Testo, MMeiollee HENOABHXHYIO OCh BpAUIEHHS Z

(puc. 321), neiicTByer chcreMa 3ajaHHmX cun Ft, F, ..., F4. Omuo-

BPEMEHHO Ha TeJIO AeHCTBYIOT PeaKlUH NOMIHIHHKOB R, H R g. UTOGH
MCKJIOYHTL H3 ypaBHeHHs ABHXEHHsl 3TH Hanepel He U3BeCTHHE CHmI,
BOCNIOJIb3YeMCA TEeOpeMOii MOMEHTOB OTHOCHTeNbHO ocH z (em. § 116).
Tak Kak MOomeHTH CHl R4, U Rz OTHOCHTENBHO
OCH Z PaBHBl HYJAI0, TO NMOJYYHM

di

=M,, rae M,=Zm, (F)

Bynem B panbHeflizeM BeNHUHHY M, Hasu-
BaTb 6pAWIAIOUUM MOMERMIOM.

[ToacTaBasns B hpennfyutee paBeHCTBO 3Ha-
ueHue K,=J,0, HafgeM

d ) 4
Jogr =M, umn J, dt"—M (66) Puc. 32T

YpaBHeinHe (66) npeacrasaser coboll Jugupepenyuaroroe ypasHerue
8pawameabHo20 Jeuncenus mpeepdozo meaa. U3 nero caeayer, 4ro npous-
8e0eHUe MOMERINA UHEPYUL MeAd OMHOCUIMEAbHO OCH 8PAEHUA HG Ye-
£2080€ YCKOPEHUE PABHO BPALAIOUIEMYCR MOMEHIMY:

J.e=M,, (66)

PaseHcTBo (66') mokasmiBaer, 4To NpH JaHEOM M, ueM Saanme MO-
MeHT HHEePUHH TeAa, TeM MeHbLUe YI/10Boe YCKOpeHHe, H HaoGopor, Cue-
21t 323



JIOBaTeJbHO, MOMEHT HHEPUHH Tesa JefCTBUTENbHO HI'PaeT NPH Bpaula-
TeJILHOM JBHXXEHHH TaKYIO e pOJib, KaK Macca NpH NOCTYNaTellbHOM,
T. €. AIBJAETCA Mepoll HHePTHOCTH TeJia NPH BpallaTesibHOM ABHMXEHHH
(cm. § 102). ' ‘

"YpaBHerue (66) mosBosisier: 1) 3Haa 3aKOH BpauleHHsd Teaa, T. e,
¢=f(f), Hafiru Bpawalowufi MomenT M,; 2) 3Hag BpalaloWnA MOMEHT
M,, naliTu @=f(f), T. e. 32KOH BpalleHHs TeJa, WIH HaliTH ero yrjo-
BYIO CKOpocTh . I1pH pelueHun BTOPOA 3aiauH cjefyeT HMeTb B BHAY,
4TO B OOLIEM CJydae BeJiHuYsHA M, Moxer OLITh niepeMeHHOA H 3aBHCeTb
or {, § H O=Q.

Bmecto ypabnenua (66) ansi M3yueHHA BPAIaTeNIbHOTO ABHIKEHHS
MOXXHO TaKXKe I0/1b30BaThCHi TEOpeMOH o6 H3MEHEHHH KHHeTHYecKOH
aHepruu: T—Toy=A¢*, rae T u A* onpegensiorcs no ¢opmyaam (43) u
47).

OtMernM crefyioUiHe YacTHHE CJAyYaH:

1) ecin M,=0, To @w=const, T. e. Teso Bpamaercs pasHomepHo;

2) ecan M =const To 1 e=const, T. e. TeJo Bpamaercs pasHone-
PEMEHHO. :

Ypassenue (66) no cBoeMy BHAY aHANOTHYHO AH(pEPEHIIHANLHOMY
YPaBHEHHIO NPAMOJHHeHHOro, ABWXeHHs TOUKH (cM. § 77). Ilostomy
HMeeTCs aHaNOTHS ¥ MeXAY CaMHMH Ha3BaHHRIMH IBH)XEHMSMH, U BCe
pe3yJsibTaThi, NOJyYaeMble IJIA NPAMOJHHEAHOrO JBHXXEHHA TOUKH, Gy-
AYT cnpaBe[IMBL M 15l BPALATEeNLHOTO JBIKEHHS TBEPJOTO Tea, eCH
B HHX 3aMEHHTb COOTBETCTBeHHO CHAy F, Maccy m, KOOpAHHATY X, CKO-
POCTBb U H YCKOPEHHe @ TOYKH Ha BDalLalOULHii MOMEHT M ;, MOMEHT HHep-
UHH J,, yroa noBopoTa ¢, YIJOBYIO CKOPOCTh ©® U YIVIOBOE YCKOPEHHE &
BpalnatowLlerocs Tesna.

Ipu pewenun sanay ypasHeHyeM (66) uesecooBpasHo noib3oBaTh-
Cfl TOrja, KOTJla CHCTeMa COCTOHT TO/MBKO H3 OZHOrO Bpaulaoulerocs
TeJsa. Eciin B cHCTeMe KpoMe 0JHOrO BpaLIAIONIErocs Tesa ecTb elue Apy-
r'He NBHXKYyliHecs Tena (CM., Hanpumep, 3aaauu 134, 140 u 1. 1.), TO
ypaBHeHHe JBHXEHHS Jyullle COCTABJIATh C NOMOILbIO OGLIHX TeopeM HIH
METO0B, H3JOXeHHHX B § 141 u 145.

B 3apavax, aHanornuHmx 3azaue 134, creayer HMerb B BHAy, 4TO
Ha Gapa6aH JeficTBYET He CHJla Q, a HaTsXKeHHe BepeBKH F, He paBHoe Q,
H ypaBHeHHe (66) ans GapaGana umeer BHR J oe=Fr—M,,. das ero
PelIeHHs] HaJl0 JONOJIHHTENbHO ONpelenTh cuny F, COCTaBHB ypaBHe-
HHe ABHXXeHHS rpysa A, 4TO YAJIHHSET pacyer.

3azaua 149. Koneco Maccot m, Bpamaercsi BoKpyr oc O ¢ yraoBofi cKOpoCcTsio
©g (pHc. 322). B HeKOTOPHiHl MOMEHT BPEMEHH K KOJIeCy MPHIKHMAeTCA TOPMO3Haf
Konoaka ¢ cunoft Q. KosppHIMeHT TPeHRA KONORKH O Koaeco f, pamuyc xoseca r.
Npenebperan TpeuHem B OCH M MAaccOR CIMIL, ONPENeNHTH, Hepe3 CKOJBLKO CeKYHA
KOJIECO  OCTaHOBHTCS.

Pemenne Cocrabass ypasHenHe (66) M CUHTafAs MOMEHT TNOJOXHTEJLHBM,
KOrAa OH HanpaB/eR B CTOPOHY BpalleHHR KoJeca, NOJydYaeM

do
Jo—r=—Ir, (a)
TaK Kak cHaa Tpenus F=[Q. Orciona, uurterpHpys, HaXOAuM

J o=—fQrt+Cy.
324



Mo HavaabHHM AaHHEM, npH =0 0=y, cJefoBaTeasHo, C;=J oW H OKOHYa-
TeNbHO
0=0y—fQrt// . (6)
B MOMEHT OCTAaHOBKH, Korfa t=f;, ©=0. INoncrasass 3Hauenne @=0 B ypaBHe-
HHe (6) W yuMTHBas, YTo AN oboja (Koabua) Jo=mr®, nonyuum
t = J oy __mroy
fer — 1Q
Ecnu nonaretutcs HafiTH YHCAO 0BOPOTOB, CHENAHHHIX KOJECOM [0 OCTAHOBKH,

TO 9TO MpowIe Ce1aTh, HE HHTErpHPYH eiue pa3 ypapHeHue (6), a NPHMMEHHB TeopeMy
006 H3IMEHEeHHH KHHeTHYecKolt sHepruu.

Pue. 322

3axaua 150. BepTuxansuuft unnnnguqecxnﬁ POTOp, MOMEHT HHEPUHH KOTOpOro
OTHOCHTeNIBHO ocH Oz paBen J, (pHc. 323), NPHBOAHTCA BO BpaLieHHe NPHJIOKEHHBIM
K HeMy MOMeHTOM My, HafiTH, KaK H3MeHAeTC NpH ABHKEHHH YI/IOBasw CKOPOCTb
pompaM @, ecAH =0, a MOMEHT CHJI CONPOTHB/ICHHA BO3AYXA NPONOPLUHOHAJEH ),
T.e. Mconp=po.

Pe 1w eH pl: e. JTuddepenunansroe ypasHenne (66) aas Bpauaomerocs poropa
HmeeT )aun (CuHTaeM IIOJIOXKHTEJbHLIMH MOMEHTHl, HANpaB/jeHHbe B CTOPOMY Bpa-
INeHHS

d
P q‘;-)-Mlp—Pm-

Pasgensa nepemenusie u noxaras p/J,=n, Bo3sMeM oT pBenx uactell paBeHcTsa
COOTBETCTBYIOIHE OnpefiefeHHbie HHTErpanbl, NOAYYHM

¢

0 —pd
—BEO ) at.

Orciona
Mpp—po Myp—po
In———=—nt wAH —pg——=e"nt,
"M, " Myy
OxoHuatesnsho HafizeMm, 4TO
M
0= p'" (1—e=nt), (3)

¥YrnoBas CKOPOCTb POTOPA CO BpeMeHeM BO3PacTaeT, CTPEMACh K TpelnesibHOMY
SHAYEHHIO:!

Onp= Myp/p. ©)

CornacHo OTMEHEHHOR Bhille AHANOIKH STH DPe3YALTATH IAIOT ORHOBPEMEHHO
pellenHe 3ajaUH O NMPAMOJMHERHOM ABHXKEHHH TOUYKH C Maccoil m Nox AefcTBHeM
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cuma F==const n cunst conporunennss R=—pv. TIpH 9TOM AAR CKOPOCTH U TOYKK
NO AHANOTHH ¢ paseHcTBaMH (a) B (6) moayuHrcs

v=(F/p) (1 —e="!), rne n=p/m, ¥ vap=F/p.

§ 129. PHINYECKHA MAATHHK. 3KCNEPHMEHTANLHOE
ONPEAENEHHE MOMEHTOB HHEPIIUH

DHU3HYECKHM MAATHHKOM Ha3biBaeTCs TBEpAOe Tea0, KOTOPOe MOXeT
coBepluaTh KoNebaHusi BOKPYr HeMOABHKHOM FOPH3OHTAJILHOA OCH MOX
AeACTBHEM CHJIBI TSIKECTH. )

Haobpasum cedeHHe MasTHHKA INJIOCKOCTBIO, NEPHEHAHKYJAPHOR
OCH noABeca K NPOXoAsled Yepe3 LeHTP Mace MasiTHHKA C (puc. 324, a).

Beenem ofSosHaueHHst: P — Bec MaATHHKa, a — paccroaHHe OC
OT IIeHTpa Macc 0 OCH noaseca, J o — MOMEHT HHepUHH M3sATHHKA OT-
HOCHTe/IbHO OCH nopseca. Ilonoxenne MaaTHHKa Gynem ONpeneNaTsb yr-

8 JIOM @ OTKJOHeHHs JauuuH OC or
% 7 BePTHKaJH,
0 0 Las onpemenenus 3aKoKa KoJe-

6aHH# MasTHHKA BOCNIONb3YeMCS AHd-

7 \l  (epenuHanbHHM ypaBHEHHeM Bpa-
nmarebHoro apixeHus (66). B nax-

Cuom caywae M,=M,=—Pa sin ¢
(3HaK MUHYC B3AT MOTOMY, 4TO NMPH

>0 MoMeHT orpuuareneH, a npH

7 9<<0 — noJOXHTe/eH) H ypaBHeHHe

F
Puc. 324 (66) HPHHlu:aer BHI
Jop =~ Pasing.

Ilenst obe uactu paBeHCTBa Ha J, M BBOAA 0603HaueHHe

Pall o=k, {67)
HafizeM nudpdepeHUHaNbHOE ypaBHeHHe KOJNeGaHHA MaATHHKA B BHAE
@-+k*sin ¢=0,

INonyuenHoe audxpepeHuHanbHOE YpaBHeHHe B OOHYHKX GYHKLUHAX
He wuHTerpupyerca. OrpaHMTIHMCA PacCMOTPEHHEM Masnx Koaebanud
MasiTHHKA, CUMTas YroJl ¢ MaJHM H nofiaras NpHOXHMKEHHO sin 9=Z¢.
‘Toraa npeannyilee ypaBHeHHe PHMET BUA

@+ke=0.

Sro nuddepeHuranbHoe ypaBHeHHe COBNagaeT 1o BHAY ¢ anddepeH-
IHAMBLHLIM yPaBHeHHeM CBOGOJHHIX NMPAMOJMRHEAHHX KoJAeGaHHA TOUKH
H ero ofuWHM pelieHHEM NO aHAJOrHH ¢ paBexcTBoM (68) H3 § 94 Gyner

@=C, sin kt+4C cos k.
IMonaras, 4ro B HauaabHLIA MOMeHT f=0 MasATHHK OTKJIOHEH Ha MaJbif

Yron @=g¢, H OTnyilteH 6e3 HadaNAbHOM CKOPOCTH (w,==0), HafueM aas
MOCTOAHHLIX KHTerpupoBanus 3HadeHus C,=0 u C,=q,. Toraa sakox
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MaJblX KoneGaHNi MasfATHHKA NPH NAaHHBIX HavyaJbHBIX YCJIOBHAX GYAeT
P=0ocos kf.

CnenoBate/ibHO, MaJjble KoneGaHHsl (PH3HYECKOrO MafiTHHKA SABJSA-
lorcst rapMoHHueckuMH. [lepuon KosebaHnit ¢H3HYECKOro MasiTHHKa,
€CJIH 3aMeHHTb R ero 3HaueHueM (67), onpenensercs ¢popmyaoi

Ty=2n/k=2a) J,/Pa. (68)

Kak BuguM, A8 Majabeix KonebaHuil nepHoOA OT yrJa HayaabHOrO OT-
KJOHEHHS Qo HE 3aBHCHT. DTOT pe3yJbTaT SABJSETCA NPHOIHKEHHBIM.
Ecan npoHHTerpHpoBaTh COCTaBJleHHOe BHavale auddepeHnHalbHOE
ypaBHeHHe KoJieGaHWii MAATHHKA, He CUHTad B HeM yroa § MaJjuM
(1. e. He nosaras sin @), T0 MOXKHO yO6eautnhcs, 410 Ty 3aBHCHT OT
@o. IIpHGAMKEHHO 3Ta 3aBHCHMOCTb HMMeeT BHJ,

Ty~ 27V 7,/Pa (1 + ¢}/16).

Orciona, HanpuMep, caenyer, 4To npH @,=0,4 pax (okoao 23°) ¢op-
MmyJaa (68) onpenensier nepuoa ¢ TouHocTsio A0 1%.

[TonyueHnsle pe3ysnbTaThl OXBATHIBAIOT M CJAYYal TaK Ha3blBaeMoOro
MAMEMAMUHECKO20 MARMAUKA, T. €. IPy3a MaJjbiX pa3mepoB (KOTOpuIfl
OyleM paccMaTpHBaThb KaK MaTepHaJbHY!0 TOUKY), MOJABELIEHHOTO Ha
HepacTAXHMOH HHTH AMHHOA [, Maccoiff KOTOpOl 1O cCpaBHEHHIO C Mac-
coit rpy3a MOxHO npeHeGpeyb (puc. 324, 6). Inas MaremaTiueckoro
ManTHHKA, TaK KaK OH MNpeicTaBiaseT cofoil CHCTEMY, COCTOALLYIO M3
OQHOH MarepHaJLHOH TOYKH, O4eBHIHO, 6yaeT

Jo=ml*= (P/g)l*, a=0C=,

IoncraBnssa 3TH BesWuHHB! B paBeHcTBO (68), HaftzeM, 4TO nephox

MaJIX KosieGaHMA MaTeMaTHYeCcKoro MasTHHKA onpejgenserca dopmy-
Joft

T.=2aV1/g. (68")
H3 cpasuenns gopmya (68) u (68'), BHIHO, YTO NpH AIHHE
11=J0g/Pa=Jo/Ma (69)

nepHol KoneGaHUfi MaTEMaTHYECKOTO MAasTHMKA COBNajaer C nepHoaoM
Kosie6aHHil COOTBETCTBYIOILEr0 (H3HYECKOr0 MasTHHKA.

Hnuna [, Takoro maTeMaTHyeckoro MafTHHKa, NepHOX KoJeGaHHA
KOTOPOro paBeH nepHoay KoheGaHHil AaHHOro (GU3UYeCKOro MasTHHKA,
HasbiBaeTcsl npusedennod Oaunod usuueckozo masmnura. Touka K,
OTCTOALLAS OT OCH nojseca Ha pacctosHud OK =, Ha3uBaeTCH Yenm-
pom Kawanuid PU3MYECKOro MasTHHKA (CM. pHc. 324).

3ameuasi, uto no teopeMe [ofirenca Jo=J c+Ma?, Mp MOXeEM NPH-
BecTH Qopmyay (69) K Buay

\=a-+J/Ma. (69")

Orciona cneayer, yro paccrosiue OK Bceraa Gosbue, seM OC=a

T. €. YTO LEHTP KayaHH#A MaATHHKA Bcerja pacnoJioXeH HHIKe €ro LeHT-
pa Macc,
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H3 ¢dopmyant (69’) Buano, utro KC=Jc/Ma. TlostoMy, ecR noMecTHTH och MOA-
peca B Touke K, TO NpHBefieHHas AAHHA [y NMOMYYEHHOTO MAasATHHKA COIJIAacHO (69"

Gyaer .
le=KC+Jc/(M-KC)=Jc/Ma+a=1,.

CnenosarensHo, TOUKH K u O SBASIOTCH B3aHMHHMH, T. €. €CTH OCb NojBeca Gyxer

NPOXOANTH Yepe3 TOuKy K, To UeHTpom Kauaunk 6yset Touka O (TaK Kak ly=1/,) K ne-

PHOA KoneGaHHA MAATHHKA He H3MEBHTCHA. 3TO CBOACTBO HCMOMBb3YETCH B TaK HashBae-

MOM OCOPOTHOM MasiTHHKe, KOTOPHA CAYMHT AJS ONpefefleHHs YCKODEHMS CHAN

TANKECTH.

DKcnepuUMeHTaNAbHOE ONpeJeNieHHE MOMEH-
TOB HHEDLUHHU, Onuu H3 SKCNEpHMEHTAJJbHHX METOMOB ONpenese-
HHA MOMEHTOB MHEPLHH Tes (MEeTOA MaATHHKOBHIX KoJieGaHHi) OCHOBaH
Ha HCIOJb30BaHHH opMyJini (68) nepHoAa MasLiX KosieGaHH ! MaAsATHHKA.

Puc. 325 Puc. 326

ITycte TpeGyercsi onpefiesiiTh MOMEHT HHEPUHH OTHOCHTENBLHO OCH
Oz u3o6paxkeHHoro Ha puc. 325 tena (waryHa), Bec Kotoporo P uase-
cret. [loaBecuB Teno Tak, 4To6H ock Oz Oblla rOpH30OHTaJbHA, HafileM
C MOMOIUBIO CEKYHJOMepa. NEPHOA ero Mainlx KojeGaHui T. 3atem me-
TOJOM B3BelHBanusA (cM. § 34, puc. 108) onpenensim paccrosinne OC=a.
IoxcraBass Bce 3T 3HaueHHs B dopMyay (68), nonyunm

Jo;b=PaT’/4ﬂ’.

Ecan tpeGyerca onpejennth MOMEHT HHEPLUHH TeJd OTHOCHTEJNBHO
ocu Ox, npoxopsieii Yyepe3 ero LEHTP TAKECTH, TO TeJIO MOXKHO NOJBe-
CHTb Ha JBYX XeCTKO NPHKPENVIEHHBIX K TeJqy IuTaHrax (CTepXHAX)
TaK, YTo6H ocb Ox Gbijla rOpH3OHTaNbHA (pHC. 326), H HafATH 3KCnepH-
MEHTAJIbHO MOMEHT HHepUHH J,p OTHOCHTeJNbHO ocH AB (BeqHuHHA @
B 3TOM c/llyuae Hanepej H3BectHa). [Tocse 3TOro HCKOMbIH MOMEHT HHED-
LUHH BhiuKcaserca no Teopeme [oiirenca: Jo,=J4p— (P/g)a.

§ 130. TJIOGCKONAPAJVIEJILHOE ABW)XEHHUE TBEPAOTO TEJIA

ITonoxenne Tena, COBEpPLIAIOWErO MNJIOCKONAPaJIebHOE JBHXKeE-
HHE, onpefensiercss B J0O0A MOMEHT BpeMeHH IOJIOKeHHUEM IOJIoca H
yrJjoM nosopora Boxpyr nomoca (cM. § 52). 3anaun auHaMHKH OGyAyT
pelIaThCs npolule Bcero, €CJAH 3a NOJIOC NpHHATHL HeHTp Macc C Tena
(puc. 327) u onpenenaTb NONOMEHHE TeNa KOOPAMHATAMH X¢, Y¢ H
yILJIoM @,

328



Ha puc. 327 u3olpaxeHo ceueHHe Tesa MVIOCKOCTbIO, Napa/iebHOA
NNOCKOCTH IBHMEHHA M Npoxoasueft yepe3 mentp macc C. Ilycrb na
TesI0 AeACTBYIOT BHelUHHe cHAbl F§, F%, . . ., F%, nexaniue B IJIOCKOCTH
STOrO cedeHusi. Torna ypabHeHus ABHIKeHHS TOYKH C HafilleM no Teope-
Me O ABHXXEHHH LEHTpa Macc

a Bpamare/jbHOe ABHXeHHe BOKPYT ueHTpa C GyAeT onpeneisaTbCs ypas-
HeHHeM (66), Tak Kak Teopema, H3 KOTOpPOH MOJyYEHO 3TO ypaBHEHHe,
CrpaBel/IKBa M 1A ABHXXKEHHS CHCTeMBl BOKDPYT LieHTpa Macc. B peayus-
Tate, NPOEKTHPyA ofe uacTH paBencrBa (70) Ha KOOpRHHATHBIE OCH,
NOMTYYHM:
Macx= EF;;’ Macy'= EFZU’ Jc 8= ch (Fi). (71)
HJH
Mxc.=2ZF,, M;C = ZF‘W ‘,Ca =Zmc (F}). (71)

Vpaenenust (71) npeacraBasior cobofi Qugpepenyuarsusie ypasne-
HUR NAOCKONAPAANCNbHO20 O8uMerus meepdozo mead. C HX NOMOILbIO
MOXXHO NO 3afdHHBLIM CHJaM ONpPeJe/IUTh 3aKOH IBHMKEHHA Tesna MJM,
3HaA 3aKOH ABYXKEHHS TeJa, HafTH rAaBHbLIfi BEKTOP H rJ1aBHBLIA MOMEHT
JefAICTBYIOUHX CHJ,

[lpu HecBOGOAHOM ABHXKEHHH, KOTJA TPAEKTOPHA IEHTPa MacC H3-
BeCTHa, ypaBHeHHs LBHKeHHs TOUYKH C yao6Hee COCTaB/IsTb B MpPOEK-
HHAX HA KacaTe/bHYIO T H IVIaBHYIO HOPMaJb 1 K 3TOH TPaeKTOPHH.
Torra Bmectro cucremn (71) mnosyuum: Fe oy

v

’ ..
ME —zF, M L —SFi, Jco=

= Zme (F3), (72)

rie pc — PagHyC KPHBH3HH TPAeKTOpPHH
LEHTPa Macce.

3ameruM, YTO €C/IH JBHXKEHHE siBAAeTCA
HeCBOGOJHHM, TO B NpaBble YacTH ypaBHe- o' T
Huit (71) wam (72) BofiayT ee Hen3pe- ¢
CTHHE peaKuuH cBasefi. [L1a ux onpenene- Puc. 327
HHS HaA0 GyAeT COCTaBHTD AONOMHHUTENbHbIE
YpaBHEHHUS, OTpaXaloUWHe Te YCAOBHS, KOTOpHEe HaJlaraloTcd Ha JiBHXKes
HHe Tesa cBA3sAMH (cM. 3ajavy 151 u np.). Yacro ypaBHeHus HecBoGoz-
HOTO JABHXeBHS OyIyT COCTABJATLCH NPOIME C NOMOILBIO TeopeMul 08
H3MEHEHHH KHHETHUYECKOM 3HepruH, KOTOPORt MOXHO BOCIOJIL30BATHLCA
BMECTO oAHOro 13 ypapueHHA (71) uau (72).

3aasva 181. CnaowHoft .oaHOpoAHKA KPyroBoft MHAHHAD cKaTHBAETCE N0 Ha-
KJAOHHOR NJAOCKOCTH ¢ yraoM Haksoua & (pHc. 328). Onpeaenurs ycxopeHHE LEHTPA
OHJIHHADE H HaHMEHbUWHA x03pPHUHEHT TPOHHA f UHAHKAPA O NAOCKOCTb, HPH KOTO-
POM BDIMOKHO KaueHHe 6e3 CKONbXKEeHHs, B ABYX caydyasx: 1) npeHeGperas conpoTup-
JeHHEN KaueHHIO; 2°) yuHTHBasi CONPOTHBJ/IEHHE XaueHH!O (KOYPHHUHEHT TPEHNH Ka-
HeHHA k' M PARMYC UMJHHAPA R HIBECTHH).

Pemen ne, |. Hao0paxaem peficTpyiomae Ha QHIHHAP CHJB CHAY TAXECTH

P=mg, nanmenniiyo cuny Tpexna F, MDK KOTOpOR BOIMOXHO XadeHHe 6e3 CKO/b-
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MeHHA, PeAKUHIO N NJOCKOCTH, NMPHJIONEHHYIO, KOT/Ia CONPOTHBJEHHe KAa9eHRIO He
yWHTbIBAaeTCA, B TOYKe Kacawus. HanmpaBum ocb Ox BROJIb HAaKJOHHOM NJIOCKOCTH; a
ock Oy — nepnesgHKyAspHO e,
Tax xak BAoL ocH Oy UEHTP MacC NHIHHADa He NepeMellaeTcs, T0 ac,=0, u mep-
Boe 43 ypaBuesrft’(71) naer
N—P cos a=0, OTKYZa N=P cos a.

CocraBassa ApyrHe 1Ba ypaBHeHHs cHcTeMB (71), yureM, 410 acy=ac # GyleM
CYHTATb MOMEHT NOVIOXKHTEeJIbHLIM, KOTZa OH HanpaB/JeR B CTOPOHY BPAIUEHHA IMJIHH-
apa. loayunm:

mac=P sina—F, Jc-e=FR. (a)

VYpapheHns (a) cojepXaT TpH HEH3IBeCTHble BEJTHYHHH dc, € B F (3geck Weabss
cuurats F==fN, Ta® Kax 3T0 paBeHCTBO HMeET MeCTO, KOT4a TOYKa KacaMHs CKOAb3Um
BROJIL TIOCKOCTH, a NDH OTCYTCTBHH CKOJBKeHHs MoxeT ObTh FeSfN; oM. § 23).
JlononunTenblyI0 38aBHCKMOCTD MEXAY HEH3BECTHHMH BeJIHUHHAMH HafileM, yYHTM-
Bas, 4TO IPH YHCTOM KaueHWH. Uc=wR, oTKyna, An¢-
¢epennupya, nonyunm ac=eR, Toraa BTOpCe H3 pa-
BEeHCTB (a), €CAH yuyecTb, 4TO A CIVIOIWIHOTO IH-
aunapa Jo=mR%2, npumer BHA

maC[2=F. (6)
TloacraBass 910 3nauedne F B nepBoe M3 paBeHCTB
(a), nosyunm
ac=(2/3)g sin e. <»)
Tenepb HaxofuM H3 Ehlpaxenus (5)
Puc. 328 F=(P/3) sina. (n

Taxas cana TpeHus R0MKHA XeRCTBOBATL HA KaTsuiics UHJAMHAP, YToOL! OH Ka-
THACK Oe3 CKoJbXKeHHs. Buime 6bi10 ykasano, uto F<fN. CrnegosarenbHo, uucroe
KayenHe OYRET NPOHCXOAMTb, KOTAA

(P/3) sinacfPcosa uan f=(tga)/3.

Ecan kosdpuument tpenns GyleT MeHbiue STofl BeAHUYHHH, TO chia F #e Moxer
NPHHATL 3HAYEHHR, ONPeRE/NAEMOro PaBEHCTBOM (r), H UHAMHAP GYAET KaTHTbIA C Npo-
CKaab3biBaHHeM. B sroM ctyuae uc H © He CBA3UHM 3aBHCHMOCTBIO Uc= MR (Touka
K8CAaHHA He ABANETCH MTHOPEHHHM UEHTPOM CKOPOCTCR), HO 3aTO BeNH4YHHA F. HMeeT
npeaeanHoe SKaueHke, T. e. F=fN=fP cos @, u ypaBHeHun (a) NPHHHMAIOT BHR.

(Plglac=P (sina—fcosa), PR%/2g=fPR cos a,
oTkyza . ‘
ac=g(sin a—f cos @); e=(2gf/R) cos . T

LleHTp nuanHApa B S5TOM C/1y4ae ABHXKETCH C YCKOPEHHEM dc, a caM LNAMHAP
BpallaeTca C YIVIOBWM YCKOPeHHEM &, 3HAaYeHHS KOTOPHIX OMpeNeAlorcs paBeHCTBa-
M (z).

2*. Tlpn yuere CONPOTHBICHUA KaueHHWIo peakuun N OvaeT cMelieHa B CTOPOHY
ABHXKEHHA Ha BeNIHUHHY R (DPacnosoXKeHa TaK, KaK La puc. 308, 6) u ee MOMEHT OTHO-
cuteasHo ueHtpa C Gyner pasen —kN. Toraa Bropo¢ u3 ypashenust (a) npumer BuA

Jc-e=FR—kN wan mR%/2=FR-—kN. ©
OcTanbHue ypaBHEHMS COXPaHSIOT CBOR BHA, T.e. GyaeT NO-NPEKHEMY
N=P cosa, mac=P sina—F. (%)

Ha ypenrennd (¢) M (k), yuuThiBast, 4TO H B JaHHOM clyuae ac==tR, Haiiaem
OKOHYSTeNLHO:
ac-%-g (sxn a-%cosa), I-'=--;1 (sln a2 —:—- cosa).

Tlocne smoro ws Hepasenctna F<ofN noayurM, YT0 f AQIKHO HMETL RAA 00eCHeuCHHA
KaueHHA Ges CKOAbmenus 3Havenue f==[(ig a)/3-+2%/3R).
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3axaua 162. Ilo NepoOXOBaTOA UHMAKHRAPHYECKOR MNOBePXHOCTH pammyca R
(pre. 329) 13 nOOMEHHSA, ONPENENAEMOTO YI/IOM Py, HaUHHAET KaTHTLCH 6e3 CKOAb-
JKEHHA CIJIOWHOA OJHOPOAHLIA UHAHHAD paanycom r. [lpexeGperas conporneiennen
KatueHHIO, OMNpPeAeJHTh 38KOH ABHXEHHA
HeHTPa LKTHHAPA, KOrAa yroa ¢, Man. Haii-
TH TaKXe, TIpH KaKHX 3HavYeHHAX ¢o BO3-
MOXKIO KadeHHe 0e3 CKOJbKEHHS, eCAH Ko-
shOHUHEHT TPeHHA [WWIKHAPA O ROBEPX-
Hoets [, '
Pewenne FaccMoTpum UHARHAD
NPH €ro KaueHHH BHHMI (NBHIKENHE NpoHC-:
XOLHT B BepTHXaJbHOA mniockoctd). B no-
AOKEHNH, OnpeflefifeMOM YTAOM @, Ha UH-
AHHAP AeRCTBYIOT CHAA TAXeCTH P=mg,

CHAA TPEHHA CXOMbMeEHAS F u peakuus N. Pre. 329

Ipopens xacarenpHyio CT X TPAEKTOPHH [leHTS :

pa O (b CTOpPOHY ABHXKEHHSI STOTO UeHTpa)

H yuTs, uTO A8 UMAMKApA Jo==mr?/2, coctaBHM nepsoe M TpeThe H3 ypaBHennfi (72)
B BHJE:

dee mr? do
m—f=mgstn@—F, —— ——=Fr, (a)

TAE © — YT0Bag CKOPOCTb UHAHHAPA.

Bripasum e ckopocTi uepe3 @. OnHoBpeMenHO yuTeM, uTo B Touke K Haxoautes
mreosesHnift ueHTp cxopocteR. Torma, mocko/bKy NPH KadeHHH WHJIKHADA BHH3 @

yOuBaer u <0, Gyzer:
te=—(R—7r) qs. o=te/r=—(R—7r) /7.
IpH 9THX 3HAYEHHAX Uc K O YPaBHeHH (a) NPHMYT BHA:
m(R—r) p=—mgsing+F, m(R—r)¢==—2F. ©
Hckmouaas u3 paseticts (6) cany F, HaiizeM okoH4aTe bHO creaytomiee nuddepen-
LMAILHOE YPABHEHHE, ONpejeIAionee ABmKenne ueHrpa C:
@+k3sinp=0, rae k=2g/3(R~r).

ITocko 1Ky O4EBHAAO, 9TO MPH ABHXEHHA UWIARAPA @ <@g, TO, KOTA2 YTOa @y
MaJl, MOXHO MpHbINKEHHO NPHHATH sin @~ ¢. Torna noayYAM M3IBECTHOE aAAd-
tepeHIMa ILHOE YPAaBHERHE TaPMOHHYECKHX koaebanmii.

+rp=0. (®

B nauroft sagaue np =0 G=eq,, 2 ¢=0. UuTErpHPYA ypaBHEeHHs (B) MPH 3THX
HaYanbHBX YCAOBHAX, HafileM CJEAYIOWHA 38KOH Majuhx KojeGannfl UMAHHApA:

Ilepuon atex koneGanufl =0 cos k. ®
t=2n/k=2nV 3(R—n)/2g.
B 3akmouente HafineM ycoBHe KadeHHS 6e3 CKOJbXeHHS, yuuTHBas, uto F<fN
(cm..§ 23). 3naueune F paer BTOpoe H3 paseHcTB (6): )
F=—m(R—n¢/2.

Ho cornacuo ypasienmo (B) @==—ktp # TaK Xak B2=2¢/3(R—r), TO OKOHYATENBHO

F=(mg/3)9.

Tenept 3ameTsM, YTO IPH MAJIOM @ YacTh WHAKAAPHUECKO NOBEPXHOCTH, NO KO-
Topofi XaTaercs IHJIHHAP, MOXKHO PacCMaTpHBaTh K2aK 4acTb TFOPHSONTaAbHOA nJo-
CKOCTH H cuHTaTh NpHOAHMenHO N=P=mg. Toraa nepapenctso F<fN azer ¢ <3f.
Tax Kak RarGosbiiee 3HaUEHAE P PABHO Py, TO NMPH PACCMATPHBACMHX MAJNX KoJe-
GaHHAX XadeHue NRAHHIPA OyHeT NPOHCXOAHTh 663 CKONBLMEHHS, KOTAA Qe<df.
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3apaua 153. Tesno BecoM P onmupaetcs B Touke B Ha nbesosneKTpHaecKuR RaTuuK
npndog;d H3MEpAIOMEro CHAy AaBJeHHs, a B TodKe A NOANEpXHBaeTcH HHThIO AD
(pm ). TIpu paBHoBecHH AHHMS AC rOpH3OHTalAbHA, a JaBjieHHe B Touke B paBHO
é:,. BHUYHCAHTD, YeMy paBeH MOMEHT HHeplHH J¢ TeJa OTHOCHTe/ILHO OCH, NMPOXOAf-
weRl uepe3 ero HeHTp Macc C, ecaH B MOMEHT, KOTla RHTh HNEPEXHraloT, KaBNeHHe
B Touxe B craHoBuTCA paBHnM Q,. Paccrosnue ! H3BectHo.

Pewenne 1. B nonsoxennn pasuosecusi Qol=P (I—b). Orciona Haxomum
b=(P—Q)!/P. ’

2. Korna HHTb MepeXHraioT, TeJo HAWHHAaeT ABHFATbCH NJOCKONApasJesbHO,
Jns HavaJbHOrO SJIEMEHTAPHOTO NPOMEXYTKa BPEMeHH H3MeHeHHeM [MOJIOXKEeHHR
Tena MoXHO npexeSpeub. Torga.ypasrenns (71), cnpaBefsiHBhe TONLKO AJiA $TOTO
npoMexyTxa BpeMeHH, GYAYT HMeTh BHA: v

Mapy=P—Q,, acy=0, Jo-e=Qyb. (a)

Tax kak acy="0, 10 Touxa C HauHHgeT NepeMelaTsCA NO BEPTHKANR BHH3, 8 TOd-
Ka B CKO/MB3HT rOPHIOHTANLHO (TPelHe B OMOpe CuHTaeM ManuM). BoccraBasa nepnen-
JAHKYJAPH K HANPABJEHHAM STHX NepeMelleRHfi, HAXOAHM, YTO MTHOBEHHHR HeHTp-
cxopoctelt 6yzer B Touxe K. Cnenomatenvho, ve=bw. Huddepenuspys sto pasen-
cTdO H CUHTafi B TeYeHHe PacCMaTPHBAEMOTO SJIEMEHTADHOIO NPOMEXYTKAa BPEMeHH
b==const, nonyunm ac=>be. Torna nepeoe K3 ypaBHeHHfi (a) Aaer

Pbe=(P—Q)g-
Onpenensia orciofia e, HafleM OKOHYaTe/NbHO
Je=Qble=PQ,0%(P—Qy)g.

Monyuennnfl pe3yAbTAT. MOXKHO HKCTIONB3OBATH AN SKCHEPRMENTAALHOTO Ompe-
JIeNICHHA MOMEHTOB HHEpLHH,

%
0 L .
b
A ¢ r_?|
- = ]
I
z 74
Puc. 330

3axaua 154. Bec asromoOuas ¢ xonecamu pasen P (puc. 331); Bec Kaxzgoro na

deThipex ero KoJjec pasen p, PAAMYC 7, PAAHYC HHEPUHH OTHOCHTEAbHO ocH C—pgc.
safuHM (BefyWHM) KOJecaM NPHJOKeH Bpamalomufics MOMeHT M,,. ABTo-

MCOHAB, HAYHHAS ABHXKEHHE H3 COCTOAHHA NOKOS, HCMHITHBAET CONPOTHBEHHE BO3-
AyXa, NPONOPUHOHAALHOE KBAAPATY €ro NnocTynatesbHofl ckopocts: R=puovd., MOMeHT
TPEHHS B OCH KaIoro Kosneca Myp=const. [IpeneSperas conpoTrB/IeHREM KaYeHHIO,
onpesenuTh: |) mpenesbHyl0O CKOPOCTh aBTOMOOH/A; 2) CANY TPEHHA CKOALMKEHHSA,
LefiCTBYIOWlYIO HA BeaylllHe H BeJOMbie Kojeca NpH ABKIKEHHH.

Pewenne. . Jlng onpefesenus npegesbHoR CKOROCTH COCTABHM JH
PeHIHANLHOE YypaBHEeHHe. JBHXKEHHS aBTOMOOHJAN, MNOJbL3yfAch PABEHCTBOM (49)

dT =3 dAf+ 3 dA}. (a)

KHHeTHYECKAA SHEPTHA aBTOMOOHJIR. PABHA SHEPTHH KY30pa H KOJeC. YUHTHBas,
910 P — Bec BCero aBTOMOGHAA, 8 U=r (TAK KaK CKOPOCTb Ug LeHTpa C Ko/leca paBHa
CKOPOCTH U KY30Ba), MOJYYHM . .
T=Pv*/2g+4 (Jow*/2)=(P--4pp%/rt)M/2%g,
TAe NOJMATan0ch, WTO .0 — YIJOBAR CKOPOCTL KoJjeca. , ,
M3 Bremsnx cua paboTy coBepliaeT TOAbLKO CHJa CONPOTHBJIEHHS BOAYXA, TaK
KaK CONPOTHBJEHHEM KaueHHIO MN NpeneGperaes, a paGoTa cha Tpensn Fy # Fy xonec
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O TPYHT paBHa B 3TOM caywae Hymo (cu. § 122). CrnenosatensHo,
2 dAy=—R ds=—pvt ds,
rae ds — sneMeHTapHOe MepemelileHHe Ky3o0Ba.

Pa6ora BHYTpPEHHHX CHA (BpallaloUiero MOMEHTa H CHJI TPEHHA B OCAX), €CAH
yuects, uto dsg=ds=rdp, rae ¢ — yron moeopoTta KoJeca, Gyaer

5 dAb = (Mgp—4Myg) dp = (Mpp—4Msp) ds/r.

TMoacTaBHM BCE 3TH 3HAYEHHS B PaBEHCTBO (a) M OJHOBPEMeHNO pa3feuM obe ero
uactH Ha df. Torma, yuts eme, uto ds/dt=v, a dv/df=a, nonyuum

(P+4ppg/r?) v-a/g = (Myg/r — 4 Mp/r —put) v.
Orciofa, COKpalags Ha U, HAXONHM
(P+4pp/r®) a=(Mpp—A4Mzp—pro") g/r. (©)

Korza CKOpOCTb aBTOMOGHNS CTPEMHMTBCS X ee NpENeJbHOMY SHAYEHHIO, ero
yCKOpeHHe a CTpeMHTCA K Hyamo. CrenosaTensHo, Upp Hafjercs M3 ypaBHeHus
Mpp—4My—prot =0,

OTKyAa

Unp= 14 (Mpp—4Myp)/pr.

31oT pe3ynLTAT MOXKHO NOJYYHTL Cpa3y, NMPHPABHAB HYJI0 cyMmy paloT Bcex
cua. lleab nmpeanaymux BHKJAAAOK — IOKA3aTh, KaK COCTABJAETCA ypaBHEHME ABH-
xKeHus (6).

2. laa onpenenenus CHA TpeHHs, ReACTBYIONIIHX Ha KaXioe KOJeCo, COCTABHM
ypaBHeHHs BPALUATeJbHOTO ABHMKEHHS KoOJlec OTHOCHTeNbHO MX ocel, Jlas AByx Beny-
LIMX KOJIEC, YUHTHIBAS, UTO AefICTBYIOMAA HA KAXKJ0e H3 HHX CHJa TPpeHus F; Hanpas-
neda eneped (cM. § 108, puc. 284), moayuum

2ppp-8/g =My —2My—2Fyr
Tak xak NpH KayeHHH &r=ap="a, TO OKOHYATEJILHO HBMQM
Fl=an/2"‘M‘rp/'—pPEa/g"- ()

Hefictsyiomas Ha KaxZoe H3 BeIOMHIX KOJeEC CHJa 'rpemm—i", HanpasJ/eHa ~a3ad.
CnegoBateqbHO, ANR BEAOMOro Koseca Oyaer

PpLe/g= Far — Mz,
oTKyna

Fy=Myp/r+ ppZ«ﬂgr’.- (r)

Ha pasercrea (6) BHAHO, YTO ¢ YBeJHueHHeM CKOPOCTH yCKopenHe a yOmBaert,
CTPEMACD K HYJIO, KOMAa U CTPEMHTCA K Unp. TAKHM 06pa3oM, CHIA TPEHHA, AeACTBYIO-
ia% Ha BeXyllHe KoJieca, MPH Pa3roHe HECKOJbKO BO3PacTaeT H AOCTHraeT Haubo/b-
Wero 3HayeHHs, Koraa RBHKeHHe ycTaHoHTCA (a==0). Ecau nojcraButh 3HaueHHe a
H3 paseHcTtBa (6), TO JIerko BHAETb, YTO MOC/eAHee caaraemoe B dopmyde (B) Oyaer
MHOrO MeHblue NepBoro, Tak Kak P»p. IlostoMy npaxTHueckH Bennunua F; Hime-
HACTCH HE3HAUHTEJbHO.

Ha Begomnix Kojecax cH/a TPeHHS HMeeT HaHGO/Ibillee 3HAYCHHE, B MOMEHT Haya/na
IBHXKEHHS, a 3aTeM YObIBaeT M MPH paBHOMepHOM JBHxeHHH (a=0) paBHA HaMMeHDL-
lueMy 3HaueHHIO Mqypfr.

Ecan KoadxpHUHMEHT TpeHHs KoJec O IPYHT He GyZeT AOCTAaTO4eH JJIA TOro, uTobil
CHJIa TPEeHHS, MOrJ1a NPHHATH 3HaveHHe Fy Hau Fgy, TO cOOTBETCTBYIOMHE KoAeca OyayT
6ykcoBath. Tak kak Myp MHOTO Gonbine Myp, TO B NepByio odepenb GyKcoBaHHe
yrpoXaeT 'BeAYWIHM KoJlecaM. . :

Ipy BHIKJIOYEHHOM RBHraTeJe Bce KoJieca #BJARIOTCS BEJOMHMH H Ha HHX BHa-
uajie 6yser nefCTBOBATH CHJIa TPeHHA F=Myp/r. [leficTBHe TOPMO3HHX KOJONOK SKBH-
BaJIeHTHO YBEJIMYEHHIO MOMEHTA Mrp B OCAX, 3 C/IEOBATEJLHO, H CHJH TPeHHs, AefcT-
Byiolelt Ha KaX0e H3 KOJiec, YeM H YCKOPSeTCsi TOpMOXKeHHe aBToMoGHAn (cMm, § 108).
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§ 131*. 3JIEMEHTAPHA S TEOPHA TFHPOCKONA

PaccMOTpHM OZHOPOZHOE TBEpJoe TeJO C HeNoABHXHON Toukoh O,
HMelolee ocb CHMMeTpHH Oz H Bpaltamouieecs BOKPYT 3T0l acH ¢ yrio-
poit CKOpocThio 2, Ha MHOTO MNpeBbilllalolell TY YIVIOBYIO CKOPOCTb ©,
KOTOPYIO MOXET HMeTb caMa ocb Oz MpH ee NOBOPOTaxX BMECTE C TeJIOM

Z; '
r )
/ } ! /Z p |z
]
T - 6,15 a
. 0 3 ﬁ
4 = L U

] &
Puc. 332 Puc. 333

BOKpPYT To4KH O; TaKoe Teso Ha3uBaloT 2upockonom. Ocb Oz rupackona,
KaK oCb CHMMETPpHH, sIBJAETCH OHOBPEMEHHO ero IaBHOA ueHTpabloi
ocbl0 MHepunu (cM. § 104).

INpoc¢refiinM npHMepoM TIHpOCKONa fABASETCA JECTCKHA BOJYOK
(cm. umxe puc. 335). B rupockonmyeckux npuéopax peTop rupockona
QGHYHO 3aKPeNJIfIOT B TaK HA3biBaeMOM KapAaHOBOM (KOJbLEBOM) nog-
Bece, NO3BOJAIIEM POTOPY COBEPUIHTDL oGO NOBOPOT BOKPYI HEROX-
BHKHOTQ LIeHTpa noxseca 0, COBMAAAIOUIETO C LIEHTPOM TAKECTH POTOPA,
(puc. 332). Takofi rupockon, Kak H BOJYOK, HMEET TPH CTeneHH CBOGO-
Py *

Y THPOCKONOB, MpHMEHAEMbIX B TeXHHKe, Q Gosblile @ B JAECATKH
B COTHH THiCAY pa3 (£3>), YTo No3BosseT NOCTPOUTHL BechMa ¢xpeKTHE-
HYI0 BPHOJHKEHHYIO TEOPHIO THPOCKONA, HA3MBAEMYIO a4eMeNmaprol,
AR npeyeccuonnold. McXolaT npy 3T0M 43 CAERYIGLIERQ,

B xamapi#i MOMEHT BpeMeny abCOMOTHAs YIJoBas CKOPOCTb THpO-
CKONa W=+, a ero JBuMKeHHe, KaK JBHKEHHE TeJa, MMeIQUero
uenaApxHylo TouKy O (cM. § 60), cnaraercs us cepHu 3JeMeHTapHLX
NOBOPOTOB C 3TON YIJIOBOAi €KOPOCTHIO ®W.¢ BOKPYT MIHOBEHHHIX oceft
Bpawenns OP (puc. 333). Ho koraa €3>, yroa P mexny BekTopamu
0,6 H Q OYEHb MaJ H MPaKTHYECKH MOXHO NMPHHATH, YT0O @=L, a
ocb OP'B moboii-MOMEHT BpeMeHM coRnaiaer ¢ ocuio Oz rupackona. Taoraa

KHHETHYECKHH MOMEHT Ko THPOCKQNA OTHOCHTEALHO: TOYKH O MOXHO

* I'npockon na puc. 332 MOXKeT COBEPNIATL He3@BHCHMIE JPYT OT PYra NOBOPO~
TH BOKRYr ocu 0z, ocs Ox (BMecTe C KoanuoM 2) H ack Oz, (BMecTe ¢ KoanuoM J).
TloapoGnee Banpoc o crenenax cBoGOAs paceMarppaercs B § 138,
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TOKE CYHTATh B JIOGOA MOMEHT BPEMEHH HAMpPaBIEHHLM BIOJAbL OCH 02
H YHCAEHHO paBHbIM K, T. e. J 2 (cM. kowen § 115). B atom u cocronr
OCHOBHOE. IONYilleHHe 3JMeMEeHTADHOH TEOPMH FHpOCKoMa.

Taxkum ob6pa3soMm, B AajbHeillleM 6y/AeM CYHTATh

Ko=1J.9, (73)

rie J,— MOMEHT HHEPHHHM TMPOCKONa OTHOCHTENbHO ero ocH 0z, a
camy ock Oz u BekTOop Ko nosarath Bce BpeMs HafnpaBJeHHbIMH BIOJS
onHo#t ¥ To# e npamof. [locnennee no3sonser HaXOAHTHL, KaK H3Me-
HleTCA CO BpeMeHeM HanpabJeHHe ocH Oz rHpOCKoOna, onpenenss, Kak
H3MEHSETCsl HampasJieHHe BeKTopa fo. YCTaHOBHM, HCXORS H3.9JeMeH-
TapHOM TEOPHH, KAKOBbI OCHOBHbIE CBOACTBA rupackona.

l. CBo6oARHA TpexcTeneHHON THPOCKOTM,
PaccMOTpUM THPOCKON € TpeMst CTeneHsIMH CBOGONM, 3aKpEnyIeHHbIA
T@K, 4YTO €ro IEHTP THXKECTH. HEMOXBHXKEH, a ' OCb MOXeT COBeplluaTh
Jio6of MOBOPOT BOKPYT 3TOTO HeHTpa (cM. puc. 332); Takoh rupockon
Ha3bBaloT c80600HbM. [1as Hero, ecau npauefpeds TpeHueMm B OCAX NOA-
Beca, 6yner Zmo (F3) =0 u Kg==const, T. e. MOAY/Ib H HanpasJieHHe KH-
HETHYECKOTO MOMeHTa rifpockona noctosiHel (cM. § 117). Ho rak kaK
HanpaBlends Bektopa Ko ¥ ocu Oz rHpOCKONA BCE BPEMsS COBMARANOT,
TO, C/IEJIOBaTENIbHO, W 0Cb C800600H020 2UPOCKONA COXPARALIT HEUIMENHOe
KUnpaserue 8 NPOCMPAHCMEBE NO OMNOUIEHUID K UHepYLaIbHod (3Be3AHON)
cucmeme -omcdema. 310 OIHO M3 BaXKHBIX
CBOACTB THPOCKOMa, HCNONb3yeMoe npH
KOHCTPYHPOBAHHH T'HPOCKONMHYECKHX MNpH-
6opoB.

CoxpaHffi HeH3MeHHOe HanpaBJieHHe B
3BE3/IHOM CHCTEMe OTCHeTa, Och CBOGOAHOINO
FHPOCKONA N0 OTHOLIEHHIO K Jemae Gyner
CoBepllaTh BpauleHHe B CTOPOHY, Mpo-
THBOMOJOXHYIO HaflpaBJIEHMIO "BpaleHHA
3emstn. Takum o6pasem, cBOGONHBIHA rUPO-
CKOM MOMKHO HCMO/b30BaTh AJIS SKCIEpH- F
MeHTaNbHOTO OOHapyKeHHs ¢akTa Bpaile- Puc. 334
HUA 3eMan * .

2. lettcTBHe cHAH (MapH CHJ) Ha OCb Tpex-
CTENEHHOro rupockKkona YcToff4uBOCTb OCH
rupockona. [lycts Ha ock rHpockona (puc. 334) HauuHaer AeficT-
BOBaTb CHsia F, MOMeHT KOTopof OTHOCHTeNbHO ueHTpa O pasen Mo

(wu napa cun F, F’ ¢ momenToM, paBubM Mo). Toraa no Teopeme Mo~
MeHTOB (cM. § 116)

~,,

* Yro6ul nposenaTh HOROOHHI onmit, ¢paHuysckull yuenwit XK. Oyko (1819—
1868) ckoncTpynposan B 1852 r. npubop, CXoAHbIL ¢ H30GpasKeHHHM Ha puc, 332, Ko~
TOPHIR OH M Ha3BaJl «THPOCKON» (OT rpevecknx gyréud — Bpautatocs u skoped — cMoT=
p1o, Habaionan).
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rie B — Touka OCHM, COBMajawmiasi ¢ KOHHOM Bektropa Ko. Orcioza,
YUHTHIBasl, YTO NPOK3BOAHAsA OT BekTopa OB no BpeMeHH paBHa CKOpO-
CTH vy TOYKH B, nonyuyaem

vy =M, (vg=dK,/dt). ) (74)

PasencrBo (74) Buipaxaer chenyiomyio Teopemy Pesans *: cxo-
Pocmb KOHUQ BEKMOPA KUHEIMUYECKO20 MOMEHMA MeAd OMHOCUITIEALHO
yermpa O pasHAemcs no MoGYAI0 U NO HANPABAEHUIO 2AABHOMY MOMEHMY,
BHELURUX CUM OMHOCUMEAbHO mo2o e yenmpa. CllenoBaresibHO, TOUKa
B, a c Helo H 0Cb THPOCKONA, 6y AeT nepemMellaTbest N0 HanpasJeHHIO BeK-
Topa M,. B pesyJabraTe HaXOLUM, UTO ecau HA 0Co BbICMPO BpauarOLe-
20CA eupockona nodeticmsyerm Cuad, mo 0Cb HAYHem OMKAONAMbLCR HeE 8

CMOPORY OelicMBUR CUABL, @ N0 HANPABAEHUIO, KOMOPoe umeem éexmop Mg
MoMerma smoll cunst omuocumenbro sienodsuxcrold mouxu O 2upockona,
m. e. nepneHOUKYAAPHO cuae. AHAJNIOTHYHBI pPe3yJIbTaT HMeEeT MECTO H
NpH JeACTBMH Ha OCb THPOCKONA Naphl CHJ.

Hs3 pasencrba (74) cnenyer, uto Korja feficTBHe CHJIH Npekpa-
nlaercs, T0 Mo=0, a CNeJOBaTeNBHO, H Uy OOpallaeTcst B HYJb H OCh
FHPOCKONA OCTaHaBJMBaeTcsi. TaKuM 06pa3oM, THPOCKON He COXpaHser
ABHIKEHHUs, cOOGEeHHOro eMy cHJof. Ecan geficTBHe cHJH siBasercd
KPaTKOBPEMEHHLIM (TOMIYOK), TO OCh FHPOCKONa MPAKTHYECKH MOYTH He
H3melisieT cBoero HanpasJjeHHsi **, B atoM nposisnsercs csoiicTBo ye-
modvuugocmu ocu OBICTPO BPalIAIOIIETOCs THPOCKONA, HMEIOUIETO TPH
cTeneHn CBOGOAH.

3. [lpeneccHss TpexCTemeHHOTro THpPOCKONA.
Honycrum, yro cuaa F (unu napa cua F, F', cM. puc. 334) meiicrsyer
Ha THPOCKOI BO BCe PaCCMATPHBAEMOe BpeMs €ro JIBHXKEHHS, OCTaBafACh
B NJIOCKOCTH 202, (TaKOH CHJIOA MOXeT, HanpHMep, ObITb CHJIA TAKECTH).
Tak xak no ycraHop/sieHHOMY Bbillie 0cb 02 B CTOPOHY AEHCTBHA CHJIH He
OTKJIOHSIETCH, TO- yron 6=_/2,0z ocraerca Bce BpeMsl NOCTOSHHBLIM, a
CKOPOCTb Up — TNepneHRUKYAApHOA niockoctH 2,0z. ChenoBatenbHO,
oce Oz rupockona GyAeT BpailaThes (MpeueccHpoBaTh) BOKpYr ocH Ozy
€ HEKOTOpOW YIJIOBOA CKOPOCTBHIO W, HasblBaeMOH Y2060l copocmbto
npeyeccuu. Hafinem ypapaenue, onpezensiowee -®. Tak Kak ocb Oz

Bpauaercs BOKpYr ock Oz, ¢ yrioBoi CKOpOCTBbIO ® (cM. puc. 334), To
no ¢opmyane (48), 13 § 51 vy=wXOB=wX K, 1 paBeHcrBo (74) naer

ox K,=M,. (75)

* AHpH Pesanb (1828—1896) ussectunit ppannysckuft yuennst, aBTop nepeoro
yueOHHKa RO KHHeMaTHKe (1862), rae KMHeMaTHKa H3JaraeTcsi KaK caMOCTOATeAbHHA
pasiesl MexaHHKH.

«CxopocTh» vg B dopmyne (74) HMeeT, KOHEUHO, PasMePHOCT He AIHHA / BpeMs,
& KHHETHYeCKHA MOMEHT/BpeMs,

** TouHee OCh HauHeT COBEPIIATH BOU3H HAYANLHONO MONOXKEHHS BHICOKOUACTOT
Hble KoJle0aBHS Malofl aMINKTYAL, KOTOpHE NPH HaJAHYHH CONPOTHBACHKA aarny&T.
R OCb NPHAET B NOJOKeHHe, GH3KOE K HaualbHOMY (TeM GiHike, ueM Goubuie J,462),
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310 ypaBHeHHe ABJIAETCA HCXOAHHIM GPHOGIMKEHHHIM ypaBHEHHEM
SJIEMEHTapHOH (NpeleccHOHHON) TeopHH rHpockona. M3 Hero caepyer,
wro wKpsin 6=M,, oTkyza
_ Mo Mo
“ Kosin®  J_Qsing’ (76)

(0]}

Yem Gonbiie J 2, TeM MeHblle ® K TeM GOJBLIVIO TOYHOCTD JaET e-
MeHTapHas Teopus * .

B kauectBe npuMepa HafineM YyIJIOBYIO CKOPOCTb NpPEIECCHH BOJYKA
noj feHcTBHeM cHJbl TaxecTH P (puc. 335). Beens o6o3nayenne OC=a,
noayuuM, yto Mo=Pa sin © u paseHcrBo (76) naer

ooPa_Pa
T Ko T

AHaNOruYHyl0 npeueccHio COBepLIAeT 3eMHAst OCh, TaK Kak BCJex-
CTBHE OTKJIOHeHHs (opMBI 3eMJIH OT NpaBHALHOMN 1Wapoo6pa3Hoil H HaK-
JIOHA ee OCH PaBHOAEHCTBYIOLULHE CHJT npHTsKeHus CoaHua M JIyHBl He
NPOXOJAT Yepes UEHTP MAcC 3eMJTH H CO3AAI0T OTHOCHTENLHO 3TOTO LeHT-
pa HeKoTopHe MoMeHTH. IlepHon mpeueccuu 3emHOM ocH (Bpema OA-
HOro ofopora) npHGaH3HTENLHO 26 000 ser.

(76")

Puc. 335

4. Tupockon ¢ 1BYMfA CTeNeHAMH CBOGOAM.
Fnpockonunueckuit sdpdexTt PaccMorpum rHpockon ¢
poTopoM 3, 3aKpen/ieHHHM TOJbKO B OZHOM KOJIbile 2, KOTOpOEe MOXeT
BpallaThCA MO OTHOLIEHHIO K OCHOBaHHIO | BOKpyr ock Ox (F;mc. 336).
Takofl rUPOCKON HMeeT MO OTHOLIEHHIO K OCHOBaHHIO 06 Crnenenu C8o-
60du (nOBOPOT BOKPYT OCH Oz ¥ BMecTe ¢ KOJbUOM 2 — BOKPYT ocH Ox)
R €ro CBONCTBA CYIECTBEHHO OTJIMYAIOTCA OT CBOACTB FMPOCKONA C Tpe-
Ms creneHsmHu cBoGonu. Hanpumep, eciit TOAKHYTh KOJBLO 2, TO OHO

* TlpolleccHsi CONPOBOXAAETCA € TaK HasbiBaeMolt HyTamuel — npoucxoas-
MUMH ¢ o4eHb 6oAbLION YyacToTof MaJbiMK KoneGanuaMH ocH Oz OKOJIO ee CpeaHero no=
JNoxeHHA., B sneMenTapHOM TeOPHM HYTaLHA He YUHTHIBaeTcs.
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HauHer cBOGOZHO BpawWlaTbCsl BMECTe ¢ POTOpoM Bokpyr ocu Ox, B TO
BpeMsi KaK TPeXCTeNneHHON rHPOCKOMN Ha TAKHE TOMYKH NMpPaKTHYECKH He
pearupyer (cM. 1. 2). He pearupyer TpexcreneHHoN rupockon ¥ Ha Bpa-
IeHHe OCHOBaHHA, COXpaHAs HeH3MeHHLIM HampaBieHue cBoeit ocH 0z
(cm. 0. 1). PacemorpuM, uto B TakoM cjyvae GyAeT ¢ ABYXCTeNeHHHIM
THHOCKOTIOM.

JlonyctiM, YTO B HEKOTOpHIfi MOMEHT BpeMeHH OCHOBaHHe | HauM-
Haer BpamatbCsi BOKpyr ocH Oz, (MaM JuoGoit aApyro#t el mapaJsenb.
HOR) ¢ yry1oBo#t ckopocThio 0 (w<<f2). Toraa, Bpallasich BMeCTe ¢ OCHO-
BaHHeM, THPOCKON HayHeT COBEPIIATh BHIHYXIEHHYIO MpeleccHio Bo-
Kpyr ocH Oz,. I1pu 310M, cornacHo ypaBHeHHIO (75), Ha poTop 3 KoJuKeH

JefiCTBOBAaTb MOMEHT Mo""(DXKo, KOTOprH 04Ye€BHAHO, MOryT CO31aTh

TonbKo cuabt F, F' nasnenus nopumnunkos A, A’ Ha ock poropa, no-
Ka3aHHbe Ha pHC. 336 nyHkTHpoM (cpaBHH ¢ puc. 334). Tak kaK ueHTp
Macc O poTopa 3 HenoiBHKeH, TO Mo TeOpeMe O ABHKEHHH LEHTPa Mace
IOMXHO 6uiTh F-+F' =0, 1, cregoBareasto, cuast F, F o6pa3yiot napy.
" Ho Koraa noawHNHHKY NeACTBYIOT Ha OCh poTOpa ¢ cuaamu F, F',
TO O TPETbEeMY 3aKOHY AHHAMHMKH M OCb GyJeT OAHOBpEMEHHO NeHCTBO-
BaTh Ha nopwunHuku A, A’ ¢ Taxmm Ke 110 MOZy.tio 1 NPOTHBONONOX-
HHIMH N0 HanpaBJeHHIO CHNAaMH N, N'. Tapa cun N, N’ nasmiBaercs
aupockonuseckold napoi, a ee MOMEHT Mr,,,, — MOMeHIOM 2UupocKonu4e-
ckod naper WM euporkonudeckum momenmom * . IIOCKONKY MOMEHT
M", npoTHBONOJOXKeH My, TO

Mrup;k—o X0 H Mr,p=KomsinQ=J,9m sin 0, (77)

Orciona nonyuaem caeayiomee npasunao H.E.)Kykos-
CK OT 0! ecau 6cmpo 8pawiaIouemyca 2upocKony coobuyums GoiHyIcoer-
Koe npeyeccuotnroe deuscerue, mo HA NOOUWUNKUKW, 8 KOMODLIX 3aKpen-
Aera oce pomopa zupockona, Haunem Oedcmeosams 2upocKonULeckas napa
C MoMermom M.,,, cmpemawaacs Kpamuatuium Nymem YCmAROBUMb
OCb pOmoOpa NApPaisnesbro OCU npeyeccul max, 4mofv. HANPABAEHUA 6eK-
mopos Q u © cosnaau.

Tlox nefictBieM rupockonuyecko napel KOAbLUO 2 HaYHET BPAILATHCH
‘BMecCTe C poTopoM BOKPYF ocH Ox; npH 3ToM yron 0, a ¢ HUM MOMEHT
M., Gyayr y6uiBarth, H KOrfa craHer 0 =0, BpalieH1e KOJbla npekpa-
THTCH.

Ecau KonbLo 2 ckpenuth ¢ OCHOBAHHEM [ XKeCTKO, T. €. TaK, YTOOH
OHO He MOIJIO BpauiaTbcs BOKPYr ocH Ox, TO y FHpOCKONa OCTaHeTCs Of:
Ha cTeneHb CBOGOAH (noBopor BoKpyr ock 0z). Ho u B 3ToM cliyuae, ecni
BpallaTh OCHOBaHHe BOKPYr ocH 0z,, 6yJeT HMeTh MECTO THPOCKOIHYe-
CKHA 3¢dexT U och HadHeT AABHTHL Ha MOAWHIHHKY ¢ cuaamu N, N',
3Ha4YeHHsl KOTOPLIX, 3HasA paccroaHue AA’, MOXKHO ONpele/INTb Mo q)op~-

myae (77), ecau Bce BeMMUHHBI, BXOAsUIME B €€ NPABYIO 4acTh, GYAYT
TOXEe H3BECTHHI.

* HekoTopue aBTOpH NPHMEHAIT STOT TEPMHH B APYroM CMHCAe, HaIWBafd TH=
POCKONMYECKHM MOMEHTOM MOMENT CHJI HHEPUKH HaCTHI FRPOCKONA.
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5. HexoTopae TexHHUCCKHE IPHAOXEHRE THPOCKOT A,
THPOCKONH HCNOMb3YIOTCHA KaK OCHOBHOM sviemeNT B 07eHb GOJBbIUOM YHCIe THPOCKOMH-
YeCKHX NpKGOPOB M YCTPOACTB, HMEIOILHX CaMoe Pa3HoobpasHoe NPHMeHeHHe.

Tpexcrenennne rHpocKony HCNOABIYIOT B IEOM PAAE HABHTAIHOHHHX npubopos
(rmpoxomnac, FHPOrOPHSOHT, KYPCOBOAl TMpOCKON H 2p.), a8 TaKXe B YCTpOACTBax
ANA aBTOMATHYECKOrO YNPaBNECHHA ABHXKEHHeM (CTAOHNM3alHU) TAKHX 00BeKTOB, KaK
camoJieT (aBTOMMJIOTH), PaKeTH, MOPCKHe -CyRa M Jp.

PaccMOTpEM B KaYecTBe PAMEPA MpocTeifiee ycTpoiCTBO, FAE TPEXCTENCHHOK
IEPOCKON HCHOJb3yeTcs kax crabmimsatop (mpubop O6pm, crabmimampyrommit
[JBEXEHAE MAHLI B [OPH3OHTANLHON miockoctd). IIprGop comepxHT CBOOOMHKH
rapockon (cM. puc. 332), ocb XOTOPOro B MOMEHT BRLICTPEJIA COBNRJAET C OCBLKO
TOpnean, Hanpas/eRHO# Ha Hens. Ecim Topmeaa B HEKOTOPHIA MOMEHT BPEMEHH |
OTKJIOHHTCS OT 3aJ2aHHOTO HAampasyieHAs Ba yrona « (pmc. 337), To ocs rmpockona,

4

Puc. 337 Puc. 338

COXpaHff CBO¢ HANPABJICHME HA Lejib HEM3MEHHKIM (IO CBOHCTBY cBOGOmHOrO
HPOCKONA), OKAXETCA MOBEPHYTOI 110 OTHOWIEHHAIO K KOPIYCY TOpHeahl HA TaKoif
xe yro. ITOoT NOBOPOT € MOMOWIBIO CHEUMAILHOrO YCTPO#iCTBa MPABOMT B AEHCT-
BHE PYJEBYyI0 MAIUARY. B peaynsTare mpomcxogdT MOBOPOT pyJil B COOTBETCT-
BYIOILYIO CTOPOHY, H TOpMENA BHIPABHABACTCA.

ITpaGop aaeT npAMEp LIAPOKO HCHOJB3YyeMOM unduxamophoii cacteMel crabu-
m3auad (cTabunr3aTop HempsaMOro NelicTBUS), Iie THPOCKOMN HIPaeT pojib 9yBCT-
BATEILHOTO 3JJIEMEHTA, PErHCTPHPYIONIEro OTKIOHeHHEe oObexTa OT 3aJAaHHOIO
MONOXKEHHN H MEPEfAIONIEr0 COOTBETCTBYIOINMH CHTHANI ABHTATENIO, KOTOPHIH
H OCymiecTBiaseT crabumaaanmio, Bo3Bpaas o6bexT B HCXoAHOoe moJsioxenne (Ha-
TPEMEP, C MOMOLLLIO pyneif).

PaccMOTpEM IpHMeEpPR HCMOJBL3IOBaHAN [BYXCTefMeHHOro rupockoma. Jlomy-
CTHM, 9TO POTOpP 3TOro rAEpockona (peac. 338) nmoMelwueH B KOXyx 2, CBA3aHHKIH
¢ ocHOBaHHeM | xecTkof mpyxmHOH, yaepxHBalolUlell pOTOP B NOJOXEHHH, IS
xoToporo yroa f=n/2—0=0, r coxparsiome#i B AabHEEAIIEM 3TOT YTOJ MAJBLIM.
IlpE BpaleEMA OCHOBAHHS HAYHETCA MHOA ACHCTBHEM THPOCKOIMHMYECKOH MAaphl
[IOBOPOT POTOpA, YTO BBHI3OBET yBesm4ende yria2 f m nedoOpMauAIo NpYXKAHEL.
B pesyastaTe HayHeT neiicTBOBaTH MOMEHT kf cmwiml ynpyroctd npyxurnl. IIpa
HEKOTOpPOM f 3TOT MOMEHT M MOMEHT 'HPOCKOIIMYECKOi MAPN YPaBHOBECATCH, T. €.
6ynmet kf=JQw amm w=kp/J Q. Takum o6pailoM, npabop clyKHT THPOTAXOMET-
POM, T. €. HO3BOJILET 110 3HAYEHMIO yriia f onpeneaTs yriaoBylo CKOpocTh 06bekTa,
Ha KOTOpOM mprGOp ycramosied. KORKpeTHWM mpaMepoM mogobHoro mpmGopa
ABJIAETCA aBHALMOHHBINA yKa3aTeNb MOBOPOTOB.

TIpumepom HcmOMb30BaHHA ABYXCTENEHHOTO THPOCKONA B xayecTse cTabuiniaTopa
CITyXRHT ycmoxouTenb kayxd, OH mpezcTabaser cobol BpalaloLIuiica ¢ yIEoBOH CKOpO-
creio Q porop / (puc. 339). Oce 44, poTopa 3aKpemeRa B pame 2, KOTOpaR HMeET
cBOIO0 och Bpauienns DD, ckpeleRnylo ¢ xopmycom cynma. Korna ma cynmpo opu
BOJIHCEEH NONeHCTBYeT MOMERT M, OB COOOLIMT CYIRY KaKylo-TO YTIOBYIO CKOPOCTh
@; (BexXTOp | HanNpaB/eH NEPNEHAMKYIAPEO IUIOCKOCTH YepTexa). Toraa, CoriacHo
npaswty XykoBCKOro, pama BMecTe ¢ POTOPOM Ha9HET BpaLlaThCs BOKPYTr ocH DD,
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C HexoTOpORt YTAIOBOfl CXOPOCTHIO @y, BC/IEACTBHE %ero Ha NOMWHAHKKK D n Dy craner
RefcTBOBATL THpOCKONMHuecKas napa N, N’ c momentoM Mpyp=J Q@,, cmocober
BylOIas YMeHblUeHHIO KpeHa. [las mopuiiuenHst ShOEXTHBHOCTH craGHan3aTopa Hc-
NONL3YIOT CHAGKEHHHR CHEUHANLHHM DEry/nsTopoM HBHraTelb, YBEJHYHBAIOWHMA
YTZI0BYI0 CKOPOCTB 4, @ C HEIO M CTAGHJIHIHDYIOWHA MOMEHT Mpyp, H Bo3Bpamaomui
paMy B MCXORHOE MOJOXKEHHe, KOTAA KPeH NpeKpaTHTCH.

W
S

Puc. 340

Ycnoxontenb KaukH Jaer INpHMEp Cu2060d THPOCKOMHYecKoft cTaGHAH3anHR
(cTabuan3aTop npAMOro AEACTBHA), TAe MACCHBHBI T'HPOCKON M pPEerHcTpHpyeTr oT-
KJIOHEeHHe 00BEeKTa OT 3aAaHHQrO NOJIOMEHMS, H OCYIeCTBAAET CTaGHAH3aLHIO, A RBH-
rateb Hrpaer JHIIL BCHOMOraTeNbHYIO POJAb.

PaccMOTPHM B 3aKJIOYéHHE TPHMED ONpefeneHHst THPOCKOMHYeCKHX RaBJeHHRk
Ha noawnnuuku. Ecau cyano, y KoToporo potop 'rgpémm Bpaunaercs ¢ yraosoft cxo-
poctbio 1 (puc. 340), cosepiuaet MOBOPOT ¢ YIJIOBOR CKOPOCTHIO @, TO HA MOAWHIHHKY
A u B Gynyt peficreosath cuan Ny, Ny, Hanpasnennsie Kax NoKasaHo Ha fncyuxe .
Ecan npu stom AB=={, a MOMeHT HHepuHH poTopa J4, TO no dopmyJae (77)

Mpgp=NI=J,00 n N=J,Qo/l.
BenHuMHH 3THX CHA MOTYT AOCTHTaTh NECATKOB KHJIOHBIOTOHOB W AONKHH YUYHTHi~
BaTbCA MPR pacuere NOMUHNHHKOB. Yepe3 MOAWKMHHKH THPOCKONKYECKHE JAABJIECHHS
NepesaloTcA KOPNYCY CYRHA H Y OUEHb JEFKOro CYAHA MOFAH OH BH3BaTL NMpH mo-

BOpOTEe ONMycKaHHe XA HaH Hoca. [lopoGuufi sdxpekT MoXeT HaGMOAATHCA M Y BHH-
TOBHIX: CAMOJIETOB NpPH BHpaXax (NOBOPOTaX . B TOPH3OHTANBHOA NJAOCKOCTH).

§ 132*. IBH)KEHHE TBEPZIOT'O TEJIA BOKPYI HENOABWKHOR TOUKH
H ABH)XEHHE CBOBOAHOr0 TBEPAOIO TEJIA

Hns coctaienun anpdepeHUHaIbHHX ypaBHeHHt JBHKEHHS Tesna, HMEIOLIETro
HeMOJBHXHYIO TOUKY, HeoOXOAKMO HaflTH BHIpaXKeHHe I/1aBHOTO, MOMEHTA KOJIHuecTB
xBikeHHn Ko (KHHETHHECKOrO MOMENTa) M KHHeTHuecKofi sHeprun T Tena B 3TOM
cnyyae ABHMEHHA.

l. Kunernuecknfi MOMeHT Tesa, ABHXYWErocs BoO
KPYr HenoasHXHOHA ToukxHu Bexrop Ko MOXHO onpepeauts, Hafifg ero
NPOEKUHH HA KaKHe-HAGYAb TPH KOOpAHHaTHbie ocH Oxyz. UTOOH MOAYYHTH COOTBETCT-
ByiolHe GopMynn B HauGosee NPOCTOM BHAE, Bo3bMeM B KauectBe oceft Oxyz (cM..
HHXKe pHc, 341) XKECTKO CBA3aHHLE C TEJIOM 2408HYe OCU UHEPYUL ITOTO Tena AJs TOY~
xu O (cm. §104).

Hausem ¢ sniuncaenust K. Tlo, ananorun ¢ dopmyaamn (47) u3 § 28

my (mﬁh) =my Yrvks “‘zkvky)-
Ho no gopmynam Sitnepa [§ 62, dopmyan (77)]
Upy = DgXp— W2y Vg = Oxl/p—OyXp;

* I'BpOCKOMAYeCKHe AaBJeHH: Ha NOAWHMKHKH BOSHMKAIOT H BCIGACTBHE KAuKH
cyana. Hanpabjienks sthx fapaeHnfi 6yayT, KOHEUHO, APYTHMH.
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The Wy, Oy, ©y — NPOEKUHH HA OcH Oxyz MFHOBEHHON YrJIOBOR CKODOCTH Tea; Iy,
Yk, 2p — KOODRHHATH TOUEK Tena.

TloacTaBiM TH 3HAYEHHA Up), H Upy B PENNAYINEE PABERCTBO NPHU STCM JaMLIAN,
HTO 4JIeHH C MPOHIBEJEHHAMH KOOPJHHAT MOMKHO He MOJCYHTHLIBATb, TaX KaK OCH
Oxyz SBAAIOTCA TAABHHIMHK OCAMH RHEPIHH M JUIA HHX BCE LEHTPOSEKHHE MOMEHTH
HHEPUHH PAaBHH HYJIO, T. e. X mypxpyp=2 mpxp2p=0. B peayabrate, BHHOCA OBIMA
MHOMHTENIb Wy 38 CKOOKH, Hafinem

Ki=Zm, (myon) = [Emy (yR +20)] o,

TRe BEIHYHAA B KBAJAPaATHHX cKoOKax npeacrasaser coboft, cornacHo ¢opmy.ad (3)
u3 § 102, rnaBnbifi MOMEHT HHEPLHH Tesa OTHOCHTENbHO ocH Ox. AHaJOTHMHLE Bbi-
paxeHun noayunm ans K,, K¢ n oxonuatenbuo Oynet:

Ke=J g, Ky=Jyo,, Ke=J04 78)

QGopmynn (78) naor Bipaxenna npoexuufi Bextopa Ko Ha 2Aasnbie ocu uxepyuu
meaa nast TNk O

Ecau ocu Oxyz He 6yayT rAaBHEIMH, TO, KaK HeTPYAHO NOACYHTaTH, GopMyan (78)
NPHNYT CACAYIOWHA Gosnee CNOXKHHA BHA:

Ky=J 05 —J o0, — I 5004,
Ky=—JgoetJyo,—~J 505 8"
Kl=_',xl("x"',yxwy+',xwl-

2 KHReTHYEeCKaA 9HEPTrHA Tena, ABHXKYMErocm Bo-
xpyr HenoasHuxuoft Touxn Tax kak moGoe sneMesTapHOe nepeme-
LUSHHE TBEPACTO TeNa, HMEIOUIEro HEMOABHXKHYIO Touky O, npeactasamer coGoft sae-

MEHTApHHIft NOBOPOT C YraoBOR CKOPOCTLIO @ BOXPYF MrHosenxoft ocH spamennn Ol,
npoxozmumef yepes sty TOUKY (CM. § 60), TO KHHETHYECKYIO SHEPTHIO TeJa MOMHO o~
pereanty no dopmyne

T =J,w¥/2.

TMoactamum ciona suavenne J; ua dopmyaut (12) (cm. § 105, pue. 280) u oanospe-
NEHHO YUTEM, 4TO @ COS A=Wy, W c0s =0y, ® oS =y, TAK KaK BEXTOp @ Ha-
npasaer no ocu Ol. Toraa nosyunm

AT = J o3+ J o) + J 403 — 2 0oy — 21 y g0 — 2] 5 0505, (79)

EC/K B XAYECTBE KOOPAHHATHHX OCER BIATD 24a6HNE OCH UNEPYUU MEAG AR TOR-
xn O, TO BCE UEHTPOOEKHHE MOMEHTH HHEPUMH OOPATATCA B HYAH H TOFAA

2T = J 03+ J o)+ J 07 (79)

3. Aunamuuecxne ypaBHeHKsn Shaepa. Ilycts Ha Teeproe
Ten0, UMEIOUIee HEMOABHXKHYIO TOUKY O, AeACTBYIOT 3afaHHHe CRAW Fi. F, ... Fa
(puc. 341). Ogpnospemento Ma Testo Oyzer feficTBOBATL peakitHi Ro csasm (Ha pw-
cyHKke He noxasana). UTto6b HCKJIIOUHTH H3 YPaBHEHHA ABHIKEHHS HEHIBECTHYIO
PeaxumIo, BOCNIOALIYEMCH TEOPEMORt MOMEHTOB OTHOCHTEABHO Hentpa O (§ 116), npen-
ctaBip ee B BRne (74), T. e. B Buje Teopemul Pesans. Toraa nmockoasxy mo(Rp)=0,
ypasnenne (74) pect i

vg=Mpg, (80)
e Mo=Z mo(F§), avg — CKOPOCTb MO OTHOILEHHIO K HHEPUHANBHOR CHCTEME OTCYETA
Ox,nzy Toukn B, comnapaomel c xonuom Bekropa Ko.

BIJKEHHE TeJla HayuaeTcs TOXe N0 OTHOWEHHIO K HHEPUHAABHOA CHCTEME OTCYeTa
Ox;y2;. Ho 4voBu NONYYHTL ypaBHEHHS STOrO ABHMeHHN B HanGoiee MpocTof Gupme,
CRPOEKTRPYeM 06€ ACTH NPEeLLAYIIErOo PAREHCTRA HA XKECTKO CBASARHBIE C TEJIOM it ARR-
IKYIIHECA BMeCTe C HHN ocH Oxyz, RB/ISIOUIHECR 2AGBHOIMU OCAMU LNEDHUK MEAG AAR
rouxy O. Toraa BHpaXenHs npoeKuHRA pexTopa Ko GYAYT MMeTh NpocTOf BHIA, Aavse-

Muft popmynamu (78), a BxojifgAe B HHX MOMEHTH HHEPUHH Jy, Jy, /5 GYAYT BeaR-
YHHAMH~ MOCTOSHHBIMH,
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JIAA BHYHCAEHHA MPoeKnHA a6COMOTHOR CKOPOCTH Up KA TIOABHXKHBE OCH Mpes-
cTaBHM Up KaK CyMMy OTHOCHTE/bHOR (MO OTHOWEHHIO K ocam Oxyz) ckopoctd ¢”F i

fiepeHOCHOR CKOPOCTH- “o"™P. Torma mu3 ypasuenns (80)
VTV =M, 1 T +uFP=M,. @8

OG6o3HaunM KOODRHHaTH TOuKH B uepes x, y, z. lpu 3ToM, Tak Kak pagHycoM-
BeKTOpoM TouKH B sBaserca Bextop Ko.(puc. 341), 10 x=K,, y=Ky, z=K;.

Kak ykaszano B § 64, npu onpeaeneHun T aBHKenHe oceit Oxyz BO BHHMaHHE
He NpHHHMaeTcs, ciaefoBaTeabHo, vy =dx/dt=dK,./d?, a npu onpesenensu v"°P
TOuKy B MOXHO paccMaTpHBaTh KaK NPHHAAJEKAILYIO TeJqy, CBA3AHHOMY C OCSMH

Oxyz. Ho 37O TeMo IBHIKETCA BOKPYT HEINOABHXHOH TOUKK O; c/efoBaTe/bHO, NO
nep__

nepeoft u3 ¢opmya Sinepa [popmyan (77) B § 62] vy =0 z—0y= 0K ,——w,Kg.
nep

FAe © — YI/0Bas CKOPOCTb Teld. 3aMEHAA B HANICHHHIX BHPAaKEHHAX Up H Uy
pennumnnt Ky, Ky, Ky #x 3nauenuaMH (78) M MOACTABJSIA STH SHAYEHHR U, UFT

BO BTOpOoe H3 paBencrs (81), monyuum

d(J,0,)
—#—}-J,mzmv—lywym,:ﬁlx.

AnajiorHunble BHpPaXeHHS NMOJYHaloTCa A1 NpoeKumii nepsoro u3 paeeHcTs (81)
Ha OCH y K 2 (MX MOXHO HafTH KpYrosofi NepecTaHOBKOR HHAEKCOB). Tak Kak And
cRA3aHHLIX ¢ Teaom oceRt Oxyz seamuunnl Jy, Jy, Jz.MOCTOSHHH, TO OKOHYATENBHO
Hafinem caepyiome AHOPepeHUHAaAbHHE YypPaBHEeHHSR JBHDXe-
HHA TBEDPAOroO Tesa BOKPYT HeNOABHX HOA TOYKH B Ipo-
eXHHAX HA IJaBHBIE OCH HMHEPIMH Teja ANA 3TOH TOYKH: -

do .
Jx dl‘ +(Jt_"y) mymz':Mx-
do
Tyt Us— ) 0,0,=M, (82)

rd )
LGB+ Uy — T 00, =M,

Ypapneuns (82) nasusaloTcA dunamuvecxusu ypasnenuanu Jirepa. Ecan nonoxenne
TeAZ ONpefenaTh yriaami Sﬁnep_a PP, 6 (cM. § 60), To ocHOBHas 3ajava AUHAMHKH

Puc. 341 Puc. 342

Oyner COCTOAT: B ToM, 4ToOH, 3Han M., M,, M;, nafltu 3axon RPHMeHHs. Tena,
T. €. HaRTH @, b, O Kak dynkuuu BpemenH. s peienns >Toft 3aiaun Halo K ypas-
ReHHAN (82) NMpHCOEJMKMTL KHHeMATHuecKye ypaswenus Siizepa (cM. § 61), yera-
HAB/THBAIOUINE CBA3D MEKIY Wy, Wy, Wy H YTAaMH @, P, 8. Jlunamuueckue K KHHema-
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THUECKHE YpasHeHHA Jilaepa ofpasyloT CHCTEMY IecTH HeaHweRnnx auddepennnasy-
HHX ypaBHeHufi 1-ro nopsaaka; HHTEIPMPOBaHKE ITOA CHCTEMb NpencTaBiaser coGok
CNOXHYI0 MaTeMaTHuecKylo 3anauy. B § 131 Guina HsAomena npuO/AHKeHHas Teopms
I'HPOCKORHYeCKRX sBfeHHA. TOYHO ABHMKEHHE THPOCKONA OMHCHBACTCH YDABHEHH-
amu (82). [l MHTErpHPOBAHHA STHX YPaBHEHHA RPH pElIEHHK COOTRETCTBYOMME
KOHKPETHHX 3aAay OOLIYHO HCHOML3YIOT Te WH HHHe NPACMIKEHHLE MaTeMaTHwe-
CKHe MeTOZH. :

B cayuasx, Koraa sTo uenecoo6pasHo, OAHO H3 ypaBHeHHf (82) MOMHO 3ameHHTS
Teopemoft o8 MameNeHnH kuneTudeckofl sueprun. dopmyaa (79') Hcnoabsyerca Taxxe
1pK ‘cocTansienH ypapHeHHA MeTONOM, HaNoxeHHHM B § 145 (3anawa 181 B § 146).

4. TTpumep. B xavecrme mpocreflero WpHMepa NPHAOKEHRA NOAYREHHSN
YPaRHeHHH DACCMOTDHN RBEXEHHe CBOGOAHOrO rHpocKona, 3aKpenNeHHOro B IeH
TAMECTH, Ha KOTOPHA HUKaKHe CHAL, KPOME CHJL THKECTH, e aellcTayloT (oM. § 134,

'm. 1). B stou caywwe Mp=0 u Teopema MoMentoB (cM. § 116) zaer:
dKp/dt=0 man Kow==const. ()
TaxuM o6pasom, exTop Ko HMeeT NOCTORRHOE HaNpasAeHHe B HHepliMaabwolk

cHcreme orcueta. ITosbaysch STHM, HANpaBHM A YNPOMEHHS AajbHERWIBX Pac-

yeToB HenoapixHYIo ock 0z, BIOAb BexTOpa Kp (PHC. 342); ABe ApYrHe OCH, Ha wep-
TeXe He NOoXalaHHHE, MOXHO NMPOBECTH npouagonbuo. TMoasrKuLe OcH, CBA3aHHbE
€ HPOCKOMOM, NMpOBefeM TaK, YToOw ocb Oz GhJa HANpaB/ieHa BAOAbL OCH CHMMETDHN
rupocxona. Torma Je=J, u.nocneanee u3 ypanuennit (82), mockoabxy B HaweM
cayvae ‘My=0, paer dw,/dt=0, orxyaa

©,==const. ©
Mo stoft npuunre u3 ¢opmya (78) caeayer, uto K;=J,w,=const. Ho oxnoBpe-
MEHHO, KaK BuAHO H3 puc. 342, K,=Kpcos O, rae 0=.2,0z — yron nytausu (ca.

puc. 172 B § 60). Tax Kak cormacho ‘pawencrsy (a) Kg=const, 70 orciona saxmo-
yaeN, 4T0 K cos O=const mau

0=const=0,, (®
‘Tae 0y — HauaAbHOE SHEMeHWe Yrna HyTalmH,
YunoxyM Teneps obe YACTH NepBaro RS ypasnenkft (82) na wy, BTOpOro — Ha

A CAOMHM STR PaBEHCTBA NOYIEHHQ, YUHTHBAA, YTO B HaWeM cayvae M. =M =0,
a Jy=J, Toraa noayunm

do d‘oy
Ix (“’xm—‘ﬁ““’v W)=°-
Orciona, WHTErPHPYH M aeia obe 9acTH Ha NOCTOAHRHA MuHOXHTEnH, Halnem
wy+ ) =const.
3aMenHHN SACeb G, M Oy -MX SHAYCHAAMM M3 KHHeMATHWecKHX ypasnennfi Jhaepa
(cm. §61). Yuntnisan, uto O=const u §=0, noaywms:
&, =}sindsirp, w,=¢smoOcosq,
OTKYAR, »
@)+ o) = §* sin*6.

Ho Ko AoXa3aHHOMY NeBan W&CTL 3TOTO paBeHcrsa H sin 0. mocrosmnu. Caenose-
TeNbNO, K

= const=y. ®

Hakoneu, nocfiexnee H3 XHHeMaTHUeCKHX ypaBHeHHA Sfinepa maer @s =@+ cos 6.
3aech, K2K MR HaluuM, og, U cos'® nocrosnnn. Caenosateanno, m

= const =g, *)

HTax, npn MOGHX HauaAbHHX YCAOBHAX ‘PACCMATPHBaEMMA TRPOCKON BpaIseTCR
BOKpYr CBOeR OCH CHMMETPIH C NOCTOAHHOR YrsoBofi CKOPOCTEIO (g, 3 CaMa 973 OCb
M3



ppamaercs, B CBOIO Ovepelb, BOKPYr HelogBHXHOR oc 02y ¢ TMOCTOSHHORA yraoBo#t
CKOpOCTBIO ¥, OMKCHBAY KOHHYECKYIO NOBEPXHOCTh ¢ NMOCTOSHHHM YIJIOM MPH Bep-
wHHe 20, (cM. puc. 342). Takoe ABHXKeHHe IHPOCKON2 HA3HBAETCH peaysaprod npe-

yeccued.
5. Jlsuxenune cso6oanoro reepaoro Teaa Kak ussecrro,

JABHMXEHHe CBOGOJHOTO TBEPAOTO Teja CJAaraeTcs H3 NOCTYNATeNbHOTO JABHKEHHS
BMECTe ¢ TOJIOCOM, B KauecTBe KOTOPOrO MpPH pelleHHH 33ajay JHHaMHKH BHGHpaOT
o6nuno meHTp Macc C Tena, H H3 RBMKEHHS BOKPYT NEHTpa Macc, KaK BOKpYr He-

e Te £
noasuxkHOR ToukH (cM. § 63). Ecan na Teno nefictsyior BHemHue cuaN Fy, Fy, ..., Fm
70 ABHXKeHHe nojioca C ONHCHBAeTCA TeOPEMOR O ABHKEHHH.IGHTpa Mace mag=2 Fg»
rne m — macca Teaa. B npoekuusx Ha HenogBuxHHE ocH O1%;y,2; 9TO PABEHCTBO A2€T:

- - " .
myyc== 2F§xl, mie =-2F;y!, mzyc = Zsz‘ (83)

e Xic, Yic» 21c — KOODAMHATH UEHTpa MacC Teja.

Jlasi npHKeHHS ke BOKPYr UEHTpa Macc TeopeMa MOMEHTOB, BHpalKaeMasi paBeH-
cTBOM (38), AaeT B NPOGKUHAX Ha I/1aBHbie LEHTPAbHLHE OCH HHEPIHH Tejla TPH ypas-
HEHHS, COBMNAJAONHE IO BHAY ¢ g’pBBHeHHﬂMH (82). Taxum oBpa3om, cucTeMa RHGdpe-
peHuHanbHuX ypaBHenuil (83), (32) onuchiBaer jsHXeHHe CBOGOAHOTO TBEPAOrO Teaa
(cuapstna, camoJsleTa, pakeTH H T. A.).

Fnasa XXVI1I
NPHHUHKIT JAAJIAMBEPA

§ 133. NMPHHUHKN AAJIAMBEPA JJISl TOUKH
H MEXAHHYECKOA CHCTEMbI

Merozt peluenus 3anay MeXaHHKH, KOTOpPHIE IO CHX 110p paccMaTpH-
BaJIKCb, OCHOBLIBAIOTCH Ha YPaBHEHHSX, BHITEKAIOUIHX HJIH HEMOCpeaCT-
BEHHO K3 3aKOHOB HblOTOHA, MM e H3 OOLIHX TEOpeM, AABJSIOLIMXCA
CNeACTBHEM 3THX 3aKOHOB. OfHAaKO 3TOT MyTb HE SIBJASETCH EIMHCTBEH-
HhiM. OK23biBaeTcsi, 4TO ypaBHeRHs ABHXEHHs HJH YCIOBHS paBHOBe-
CHSl MEX2HHYECKOH CHCTEMbl MOXKHO ITOJIYHHTH, NOJIOXKHB B OCHOBY BMECTO
3akoHoB HbioToHa apyrue obuiHe NOJIOXKeHHs!, Ha3blBaeMble NPUHKUNA-
Mu mexanuku. B psifie ciiydyaeB npHMeHeHHe 3THX IIPHHIKNOB NO3BOJISIET,
KakK Mbl YBIANM, HailTH Goslee 3xpeKTHBHHE METOAB! PEILIEHHST COOTBETCT-
BYIOIHX 3anay. B 370ii ryiape 6yneT paccMOTpeH OAMH H3 OGUIHX NpPHH-
LHNDB MEeXaHHKH, HasuiBaeMbld npunyunom [aiambepa.

Haiigem cnavana BhipaXienyie NpHHUMNA A/ OJHOM MaTepHANbHOM
ToukH. [lycTb Ha MaTepHa/IbHYIO TOUKY C Maccoil m HeACTBYET CHCTeMa

AKTHBHBIX CHJI, PaBHONEHACTBYIOULYI0O KOTOPEIX 0603HauyuM F?, u peak-

uns cesi3n N (ecn Touka spsercs necsobonnof). [Moa zeficTeueM Beex
STHX CHJY TOYKa GYJIeT ABHIaThCsl 10 OTHOLIEHHIO K HHEPIHANLHOM CHCTe-

Meé oTcyera C HEKOTOPRIM YCKOPCHHCM a.
BBe}IEM B paccMOTpeHHe B€/IHYHHY
F=—ma, (84)

HMEIOIYI0 Pa3MEPHOCTL CHJILI. Bexropnylo BeJIHYHHY, paBHYIO MO Mo-
AYJIIO NPOH3BEJEHHIO MacChl TOYKH Ha ee YCKOpeHHe H HanpabjeHHYI»
ﬂpGTHBOHOJIO)KHOQTOMy YCKOPE€HHIO, Ha3biBaloT cunod urepyuu TOYKH,
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Torza oxasbiBaercsi, 4TO IBHXKEHHE TOUYKH OGJafaeT CReLYIOUHM
CBOWCTBOM: eCAu 8 10000 MOMERM BPeMeHU K OelicmByiouum HA moUKy
AKMUBHBIM CUAGM U DeaKyuu C6A3U NPUCOLOURUMb CUNY UHEPKUU, mo
noayuennas cucmema cun 6ydem ypasroeewennod, T. e,

Fay N4+ Fr=0. (85)

1o nonoxenne Bupakaer npuHHuUHUN Hanam6epa nas
MaTepHaAbHOH TouYKH. Herpyaso y6enursca, 4To OHO 3KBH-
BaJIEHTHO BTOPOMY 3aKoHy HblotoHa W HaoGopor. B camom gene, Bro-
poit 3akoH Hrplotona ana paccMmartpuBaemoili Touku naer ma==F2+4-N,

Ilepenocs 3neck Be/INYHHY ma B NpaBylo YacTb PABEHCTBA M YUHTHIBAA
o6o3nauenue (84), npuaeM x coorHouwenuo (85). HaoGopor, nepexocs B

ypaBHeHuH (85) BeHunHy F¥ B APYryio YacTb PaBeHCTBAa H YUYHTHIBast
oGo3HayenHe (84), momyuum BeIpaXkeHHe BTOpOro 3akoHa Hrlorona.
PaccMoOTpUM Tenepb MeXaHHYECKYI0 CHCTEMY, COCTOAILYIO H3 7t
MatepHaJbHhiX TOYeK. BoilenMM Kakylo-HH6YAb U3 TOYEK CHCTEMBI C
Mmaccoft my,. [lon neiicTBHeM NMPHJIOXKEHHLIX K Hell BHEIUHUX W BHYTpeH-
HHX cHa F§ v F}, (B KOTOpble BXOAAT ¥ AKTHBHHE CHJILL, M peaKlHH CBsl-
3efl) Touka OyJeT HBHTATbCH MO OTHOLUEHHIO K HHEpUMaNbHON CHCTeMe

OTCUETA C HEKOTOPHIM YCKOPEHHEM ay. BBenst 1151 370 TOUKH CHITY HHep-
UHE Fi=—m,a;, nosy4uM corjacHo paseHCTBY (85), uro

Fy +Fi 4 Fp=0, (85"

T. e. uro Ff, F} u F§ ofpasyior ypasHoBeuweHHylo cuctemy cHJ. [Tos-
TOPASl TaKHe PacCyXAeHHS LA KaXAOH H3 TOYEK CHCTEMBl, NpHAEM K
CIeNYIOlEeMy pe3yJbTaTy, BolpakaioileMy npud HuHn Jauaawm-
6epa AJA CHCTEMbB ecau 8 obol MOMeHm BPeMeRU K Kax 0ol
U3 MOHEK CUCMEMbL KDOME OeliCmBYIOWUX HG Hee BHELINUX L BHYMPEHRUX
cun npucoedurume COOMBEMCMBYIOUUE CUNbL UHEPYULL, MO NOAYHEHHAR
cucmema cua 6ylem YpasHOBeWIEHHON W K Heil MOJNCHO NpUMEHAMmb 6ce
YPAasHenus cmamuxy.

Maremaruyeckn npunuun [danamGepa s CHCTEMBI BblpaxkaeTcs n
BEKTOPHLIMH paBeHCTBaMH BHAA (85’), KoTopble, OUEBHAHO, SKBHRBAJIEHT-
Hbl AudepeHLHaIbHBIM YpaBHEHHAM LBHXKeHus cuctemul (13), noay-
yeHHHIM B § 106. CnenosarenbHo, M3 npuHuuna JlanamGepa, Kak ¥ M3
ypasHennit (13), MOXKHO NOJNYUHTbL BCce OfLIME TeopeMbl AHHAMHKH,

3HaueHHe npuHuuna Jdanambepa COCTOHT B TOM, YTO MpPH Hemocpen-
CTBEHHOM €ro NpUMeHeHHH K 3aJayaM JUHAMHKY ypaBHEHHS JBHXKEHHs
CHCTEMBI COCTABJAIOTCS B (POPME XOPOILO H3BECTHHIX ypaBHEeHHHl paBHO-
BEeCHsi; 3TO JeJiaeT efHHOOOPAa3HbIM [IOAXO] K pelleHHI0 33Jad H 4acTo
YIpOLLaeT COOTBETCTBYIOIHE pacyeThl. Kpove Toro, B COeAHHEHHH C
NMPHHUHIIOM BO3MOXHBIX TNepeMeuieHHid, Kotopuii 6yneT pacCMOTpeH B
cleRyolei ryase, npuHuun [asambepa noaposisieT NOMYHYHTb HOBBIH
OOl METOA pelleHHs 3aiay AMHaMHKH (cM. § 141).

M3 cratuxku H3BeCTHO, YTO reoMerpiiyeckas CyMMa CHJ, Haxoms-
U(MXCS B PaBHOBECHH, M CyMMa HX MOMEHTOB OTHOCHTeJIbHO Jio6oro
ueHtpa -0 paBHB HyJllO, NpHYEM, Kak noxasaHo B § 120, 370 cnpapesnd-
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BO JJIAi CHJI, AeACTBYIOWIMX He TOJIbKO Ha TBepjloe Teo HO H Ha Mobywo
H3MeHSIeMYIO MeXaHHYecKylo CHcTeMy. Torza Ha OCHOBaHHM NPHHLMNA
Hanambepa ROMAKHO GHITH:

S(F;+Fi+Fy=0;

3 [mo (F§) + mo (Fy) +mg (F§)] = 0. (86)
BeeaeM 0603Ha4eHHs:
Ri=3F, My=m,(F). (87)

Beauunnn R", M} npencrasasior co6olo 2aasnbitl 6eKmop u 2aasrbid
Momerm omuocumenoro yenmpa O cucmemo: cus urnepyuu. B pesyabrare,
YYHTHIBAs, YTO reOMeTPHYECKash CyMMa BHYTPEHHHX CHJ H CyMMa HX
MOMEHTOB paBHHI HYJIO, NOJAY4YHM H3 paBeHcTB (86):

TFRA+R'=0, 3 m,(Ff)+Mp=0. (88)

Tpumenenne ypasHenui (88), Burekatomux 13 npuHuuna JfanamGe-
pa, ynpoliaer npoiecc peilleHus 3aAa4, Tak Kak 3TH YpaBHEHHs -He CO-
IepaT BHYTpeHHHX cuJ. [lo cymecrBy ypaBHeHHs (88) 3KBHBaJIEeHTHH
YPaBHEHHAM, BHIPAXKANOUIHM TeOpeMbl 06 H3MEHEHHH KOJIHYecTBa ABH-
XeHHUS M I'IaBHOTO MOMEHTAa KOJHYECTB ABHXKEHHS CHCTEMBbI, H OTJIHYaA-
IOTCSl OT HHX TOJIBKO NO ¢opme.

Ypaenenuamu (88) ocoGeHHO YROGHO MOJb30BaTbCS NMPH H3YYEHHH
IBHXKEHHS TBEPAOro TeJla MM CHCTEMH TBepAHX Te. [las noanoro uay-
YeHHs JBHXKEHHS J0OOH H3MeHsAeMOH CHCTeMB! STHX ypaBHeHHA Oyner
HEJOCTaTOUHO, TaK Xe KaK HeJOCTATOYHO YPABHEHHI CTATHKH AJs H3Yy-
YEeHHS! paBHOBecHs Jo6oH MexaHHYecKoH cHucreMmnbl (cM. § 120).

B npeekuHax Ha KOOpAHHATHHE OCH paBeHcTBa (88) RaioT ypasHe-
HHfl, 8HANOTMYHBIE COOTBETCTBYIOUIMM YDPAaBHEHUs M CTaTUKH (cM. § 16,
30). Yro6b nosib30BaThCs 3THMH ypaBHEHMSIMH NPH pellleHMu 3ajady,
HaJl0 3HaTb BHpaX{€HHs [JIABHOrO BEKTOpPA W IJIaBHOTO MOMEHTa CHJI
HHepIHit.

B 3akmouenHe cjepyer NORYEPKHYThb, YTO NPH H3YYEHHH ABHMKEHHA
N0 OTHOWIEHHIO K UHEPYUaAbHOU cucmeme omcuema, KOTOPOe 31ech H
paccMaTpHMBaeTcA, CHJIBl HHEPUHH BBORSTCH /MOAbKO mozda, KOrAa Ans
pelleHHs 3ajau npumMenserca npuHuun Hanambepa *

§ 134. T'MABHDBIA BEKTOP H [VIABHbIA MOMEHT CHJl HHEPIIUH

CpaBHuBasi nepBoe M3 paBeHcTB (88) c ypaBHenHeM mac=3Ff,
BHIpaXalouuM JioKasanHyio B § 107 TeopeMy O ABHIXEHHH IeHTpa Macc

. * B'§ 91 M paccMaTpHBanu CHIIB HHepIHH (NEPEHOCHYIO H KOPHONHCOBY), KOTO-
psie BBOAATCR AR TOTO, YTOOW MOJYYHTb BO3MOMHOCTb COCTAB/ATL YPaBHeHUS JBHKe-
HHSl B HEHHEPUHaJNbHOA CHCTeMe OTCYETa B TOM BHIE, KOTOPH/l OHH HMEIOT B CHCTeMe
OTCYeTa HHEPUHANbHONA, 30eCh CHAL HHEPLUHH BBOAATCA A/ TOr0, 4ToGh B HHEPILHaML-
HOR cHcreMe OTCYeTa NOJYYHTb BO3MOXKHOCTb COCTAaBIATL YPaBHEHHS ABRMEHUSA B
BHAE YpaBHeHRR paBHopecHs. Bce 9TH cHAB MHePUHH K KaTeropHH hH3HUECKHX CHA,
npuMepH KOTOPBIX GblAH pacCMOTpeHn B § 76, He npHHamiexar.
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(B 3TOi1 ry1aBe Maccy cHCTeMmbl 0Go3HauyaeM GYKBOH m), HaijeM, 4TO
R"= "‘"wc, (89)

T. €. 22a8HbLL 6EKIMOP CUA LUHEPYLU MexaRudeckoll cucmempt (B YaCTHOCTH,

msepdozo meaa) pasen nPoussederul0 MAcCCchl cucmemst (meaa) Ha yckope-

HUE YEHmPa MAcC U HANpasien NPomuBONOAOHCHO IMOMY YCKOPERWO.
Eciu yckopeHHe a¢ pa3/iokHTb Ha KacaTeJbHOe H HOPMaJbHOE,

TO BEKTOP R" pa3/ioxHTCs Ha cocrasasiouiue *
R¥= — Macy, R: = —Mac,. (89,)

CpaBHuB Tenepb BTopoe M3 paBeHCTB (88) ¢ ypasHehveM dKo/df=
=2Xme(F;), Bblpaxaromum TeopeMy MomeHToB (cM. § 116), u yurs,
4TO aHAJIOTHYHBIM OYHET COOTHOLUEHHE JJIi MOMEHTOB OTHOCHTEJILHO
OCH, TOMYYUM:

My=—20 5 My=—2 (90)
T. €. 2AA8HLIUL MOMEHM CUA UHepyuu Mexanudeckold cucmems: (msepdozo
meaa) OMHOCUMENbHO Hekomopozo yenmpa O uau ocu z pasex &3amot co-
BHAKOM MURYC NPOU3BOOHOLE NO BPEMERU OM KUHEMUHECKOZ0 MOMERMA CU-
cmembt (meaa) omHOCUMEAbHO Mmoo He yermpa uaw mot xe ocu.

ITpuBesende cHJ HHEPUHH TBepHROTrOo TeJaa.
Coraacho pesyabrataM § 12, cnpaBef/iMBHM 1751 MOGHIX CHJI, CHCTEMY
CHJ HHEpUHH meepdoeo nmeaa MOXKHO 3aMeHHTb OAHON cuJoilt, paBHo# R*
H NpUJIOXKEHHOH B NMPOH3BOJILHO BHIGpaHHOM LeHTpe O, H napofi ¢ Mo-
MEHTOM, paBHEIM M. PaccMOTpHM HECKOJIBKO 4acTHHIX CJyyaeR.

l.MMocrynatenbHoe aABukeHHe B stom cayyae yc-
KOpEeHHSl BCeX TOYEK TeJla ONHHAaKOBHl H PaBHH YCKOPEHHIO G¢ LieHTpa
macc € tena (@ =ac). Toraa Bce cHanl HHepuHH Fi =—myac 06pa3ylor
CHCTEMY napaJjijleJibHEIX CHJ, aHaJOTHYHBIX CHJAM TSXECTH Py =mg,
H MOSTOMY, KaK H CHJH TAXKECTH, HMEIOT paBHOAEHCTBYIOULYIO, NMPOXO-
aswyio yepe3a Touky C.

ChnienoBatenibHO, Npu NOCMYNGMEALHOM OBUNCEHUYU CUAbL UHEPUUL
meeplo2o meaa npusodames k pasnodedcmsyrowsed, pasrod R® u npoxo-
Osued wepe3 yenmp macc meaq.

2. BpamartenbHoe gBHXkeHHe, [lyctb TBepaoe Teso
HMeeT MJIOCKOCTb MaTepHaJbHOH cHMMeTpHH Oxy H BpaulaeTcsl BOKpyr
ocu 0z, nepHeHAMKYASPHOfM 3TOA mAOCKOCTH ** (puc. 343,.r1e NOKa3aHo
ceyeHse TeJa nAaockocTsio Oxy). Ecin npHBeCcTH CHALL HHEPUHH K LEHTPY
O, TO BC/IEICTBHE CHMMETPHH Pe3YJIbTHPYIOiLasi CHJa U napa GYAyT Jie-
*arb B IIOCKOCTH Oxy ¥ MOMeHT naphl 6yAer paBen M3,. Toraa, Tak KaK

* HopManbHY10 cOCTaBAAIOMYIO CHIW HHeDUHH Ha3HBAIOT elie UeHTpoSexHoil
cocTaBasioweR . HAH LeHTPOOeKHOA CHION HHEPIHH.

**+ Jns TeAa nponssoAbHOfl GOPMH, BpPAMRAIOUIErOCH BOKPYT HelOABHMKHOR OCH,
TpHMep MpHBEAEHHR CHJA HHEPUHH Aaercs B § 136,
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K:=J4:0, T0 RO BrOpoit U3 popMy. (90)
M= —Jo, 0= —Jos08, ’ (o1)

Tle & — YIJ0BOe YCKOpEHHe Tesa.

CnenoBatesbHO, CHCTEMA CHJI HHEPIHH TAKOTO BpalIaloMerocs Teja
npuBOAMTCA K cue R, onpenensiemoii ¢opmyJaof (89) H npuaoxkeHHoh
B Touke O (puc. 343), u K nape c'MoMeHTOM M, onpenenseMum ¢op-
myaoil (91), Jexaued. B NJIOCKOCTH CHMMETPHH
Tena.

3. Bpamenune BOKPYT OCH, NpOs
XxonfAmeld Yyepes MEeHTP Macc Tena.
Ecan Teno, paccmMoTpeHHOe B 1. 2, Bpallaercs
BOKpYr oc Cz, npoxoasiuei yepe3 neHrp macc C
Tena, 10 R7=0; taK Kak ao=0. CnenosaresbHo, B
9TOM CJ1yYyae CHCTEMa CHJI HHEPIIWH TeJIa NPHBOAHTCS
K OJlHOR TOJMbKO nape c MoMeHTOM MY, Jexaueit
B NJIOCKOCTH CHMMETPHH TeJa,

4. InockonapaaneabHoe ABH-
eHHe Ecauteno umeer MJOCKOCTh CHMMeT-
PHY H JABHXETCH NapajjenbHO 3TOM MJOCKOCTH,
TO, OYEBHIHO, CHCTE€MAa CHJ HHEPUHH Tesla NpPHBENETCA K JIeXallluM B
NJIOCKOCTH CHMMETPHH CHAe, paBHON R" H NpHJOKEHHOR B LEHTpe Macc
C Tena, ¥ nape ¢ MOMEHTOM M, =—J o -8,

[Npn pemenny 3agau no ¢popmysiam suna (91) BHUHCASETCA MORYJb
MOMeHTa M}, a ero HanpaBJieHHe, NMPOTHBONOJIOXKHOE €, YKa3nBaercs
Ha weprexe.

Puc. 343

§ 135. PEWIEHHE 3AJAY -

npmmun Hanambepa naer eXuHHA METOA COCTABJEHHs ypaBHEHHH
JABHXeHHA Jo6of HecBOGOZHOH MexaHuyeckoit ciicreMunl. MM ocoGenHo
YAOGHO NOMBL30BATLCH AAS HAXOMIEHHS PeakKuHfi CBsiefi, KOrAa ABH-
XKEHHe CHCTEMB! H3BECTHO HJIH MOXeT ObTb -ONpeje/ieH0 C MOMOLLbIo
YPaBHeHH#, HE CONEpIKAaILUX peaKUHi, HANPHMEDP C MOMOLbIO TEOPeMHbl
006 M3MEHeHHH KHHETHUECKO! 3HepruH MM ypaBHEHHH, KoTophle GYAyT
noayueHs B § 141, 145. [1pu 510M H3 pacCMOTPEHHS HCKJIIOYAIOTCH BCe
Hanepex HeusBecTHble BHYTPeHHHe CHJIM. B ciyvasx, Korka Hamo on-
PEeACNIHTL peaKuMH BHYTPEHHHX CBside#f, CHCTeMy cJelyeT PacuJieHHTb
Ha TaKHe YacTH, .10 OTHOLIEHH!IO K KQTOPLIM HCKOMBIE CHJAH OYAYT BHell-
HHMH,

s onxolt HeCBOGOAHON MaTEPHAMLHON TOYKH NPHMEHEHHe NPHHIH-
na Ilanam6epa NpHBOAHT K YpaBHEHUSM, AHAJOTHYHEIM TeM, KOTOphie
paccmatpuBannce B § 90 (¢Mm. 3agauy 155).

3azaua 156. Pewnts sanauy 107 (cM,.§ 90) ¢ noMousio npununna Jlanambepa.
P emiex ue. HsoGpamaeM Ipy3 B TOM INOJIOKEHRH, AN KOTOPOro Halo HahTH

HaTAXeHMe HUTH (PHC. 344). Ha rpys neficTByroT cHata TaxectH P u peakuns satu T.

TpKcoennsseM K 9THM CHIZM HOPMAJBHYIO H KAcATE/BHYIO- CHAK HHEPUHH Fp H Fi
lNonyuennas crucrema cun, coraacko npunuuny Janambepa, GyleT HAXONHTECA B pap-
HosecuH. IlpHpaBHHBAA HYJIO CYyMMy NpoeKHHMHl BCeX STHX CHA Ha HOpMaAs M0,
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NONYYHM ,
T—P—-Fh=0,
Tak xak Fr=ma,=mo}/l, TRe v; — cKOpOCTb rpysa B nofoxensn M, To

T=P+Fi=P+mil/l

Takum o6pa3oM;, Mul NoAyuHAH qiA T To ke BuipaxceHue, uTo M B 3agaue 107,
Onpepenss Teneps, Kak H 8 3ajaue 107, BeAHYHHY U; C MOMOILBIO TeopeMhl 06 HameHe-
'HHH KHHETHYeCKOR SHeprHH, HalifeM HCKOMBIA pe3ynbTart.

YpaBHeHHe B NPOEKUHH HA KACaTeAbKYIO 1aeT Fy=0. 3T0T pe3y.bTaT NONYYaeTcs
noToMY, 4TO B Touke M; mpoussonHas dv/dé=0, Tak Kax B 3TOfi TOuKE MORY/b CKO-
POCTH HMeeT MAaKCHMAJbLHOE 3HaueHHe,

zps

Puc. 344 Puc. 345

3anaua 156. [lsa rpysa mecom P; u P, kaxaunifl, CBA3aHHBE HHTBIO, ABHKYTCA

NO TOPH3OHTANBLHOR NNOCKOCTH NOX ReficTBHeM CHAW (), MPHJAOKEHHOA X nDepBoMY
rpy3y (pHc. 345, a). Kosdpbuusent rpenns rpysos o naockocts f. Onpesenuts ycko-
PeHHE TPY30B W HATAXKEHHE HHTH.

Pewenue Hiobpakaem Bce neficTBYIOWHE Ha CHCTEMY BHEUIHHE CHJHL.
flpuGasnsiem x 3THM cuaam cuam wHepuun rpyaos. Tax kak 06a rpysa ABHKYTCS
NOCTYNATeNILHO C OAHHM H TeM e YCKOpeHHeM, TO MO MOAYJIO

Fi=Puajg, F3=Psa/g.
Hanpasnenns cui nokasane Ha uyepTexe. CH/IN TPEHHS DPaBHH!
Fi={Py, Fy=[P,.

Cornacko npusunny [JlanamGepa NMOAYYEHHAR CHCTEMA CHA AOAXKHA HAaXOAMTBCA
B pasHOBecHH. (OCTaB/ASR ypaBHEHHe PaBHOBeCHS B NMPOEKIHH HA TOPH3OHTAAbHYIO

och, Haftizem
Q—/ (Py+ Py)—(Py-+ Pj)alg=0.

a=[Q/(Py+Py)—/flg.
Ovuesuano, rpysut 6yayT? asuratocs, ecau f<Q/(Py+ Py).

Hckomoe HaTsKeHHe HHTH SBJRETCA B paccMaipHsaeMofi ciHcTeme cHioft BHY-
Tpeninefl. [list ee onpelesieHHst pacuJsieHsieM CHCTeMY ‘M NDHMEHSEM ir'pnnmm De-
71aMGepa K ONHOMY H3 TPY3OB, Hampumep Ko sTopomy (pHc. 345, 6). Ha stor rpys
AefcTBYIOT cila Py, HopMadbHas peakuns Ny, cuaa tpennst Fy H HaTAXenne nuta 7.
TpucoeansaAs K HUM CHAY HHepUMH F3 M COCTaBAsiA ypaBHeHie PaBHOBECHS B Mpo-
€KUMH Ha TOPH3OHTA/NbHYI0O OCh, HAXOAHM

) T—fP,—P,a/g=0.
Moacrasasis clona HaRijeHHoe panee 3HAaYeHHE &, MOAYYHM OKOHMHATENBHO-
T=QP,/(P,+Py).

HnrepecHo, 4TO HaTH)KeHHE HMTH B 3TOM CJydYae He 3aBHCHT OT CHJAH TPEHHS

H NPH OZHOM M TOM Xe CYMMapHOM Bece CHCTeMH GyNeT TeM MeHblle, 4YeM MeHblue
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Bec BToporo (3agHero) rpysa. IlosTomy, Hafipumep, B JKeNe3HOROPOXKHOM COCTape BH-
roAHee B ToJioBe ToMelaTh GoJiee TsXKeJibie BaroHH, a B XBocTe — GoJiee JeErkHe.
PaccMoTpuM uncsienHuift mpumep. Tlyers Q=200 H, P,=400 H, P,==100 H.
Toraa ABMxKeHKe Bo3MOXHO, ecaH f<0,4. Haraxenne HHTH nmpH stoM pasHo 40-H.
Ecau rpyssl NOMeHATb MECTaMH, TO HaTAXKeHHe HHTH cTaHeT paBunM 160 H.
3apaua 157. Pewnts 3anauy 134 (cm. § 118) ¢ nomompio npuununa JdanamGepa
H HafiTH JIONOJHHTENABLHO « HATSIKEHHE HHTH.

Pewenune 1. PaccmotpaM GapaGak H rpy3 KaK OAHY CHCTeMY; DpHCOeIR-
HAEM K TeaM CHCTEeMH CHAH Huepnuu (pHc. 346). Ipys A asuxercs noctynaresbho,
n gns Hero R¥=Qa/g=Qre/g. Cuan nnepuuu GapaGana NPHBORATCA K Nape C MO~
MentoM M9, paBrmmM no moxymo Jg-e= Pple/g U HanpabJeHHbIM TNPOTHBONONOKHO
BpameHnnio (cM. § 134). CocTaBasist 115 BCeX CHJ YC/IOBHE pPaBHOBECHE B BUAE S mo(Fp)=
=0, noay4HM™

v
: | MB|+R¥r—Qr My =0

Ppe/g--Qrie/g—Qr4 Mqyp=0.

(Qf —M ‘l‘p) g
Ppi+Qr*
2 Paccrarp_imax Teneph Tpy3 A OTAENbHO H NMPHCOEAMHSAA K AEACTBYIOMNN Ha -
nero cunam Q ¥ T cuny HHepuuu R®, noayusM u3 yCJAOBHR paBHOBECHS, YTO HATsAXKe-

HHe HHTH Q P+ M
4
T—Q—R"=0Q (1..&).—_—._(."’__"__‘""_).,
-8 -Pp*+Qr
3amaya 158. OnpenesTh CHJY, CTPEMSILYIOCS DPa30pBaTh PAaBHOMEPHO Bpa-
maromniica MaxXoBHK Maccolt m, cuuTas ero Maccy pacnpesenensofl no oSoay. Paanye
MOXOBHKA 7, a YIVIOB3fl CKOpOCTh @,

HJAH

QO1ci08a  HaxoauMm

==

F
0 _ <
RH
T
q
Fr
ey
Puc. 346 Puc. 347

Pemen ue Hckomasn cana ssaserca BHyTpeHHefl. laa ee onpeaenewns pas-
pe3aeM OGOA HA JBe YacTH M NpHMensgM npHauun JlanamGepa X OaMOA M3 NOAOBHH

(puc. 347). HefictBHe or6poliesHoft 4acTH 3aMeHSeM ORMHAKOBWMM cHaamH F', uHc-
JIeHHO paBHHMH HCKOMOil cusie F. JlaA xaxnoro snemeHTa o60fa CHAa HHEPUHH (UeH-
TpoGeMHas CHAA MHEPUHH) HanpaBjeHa BAOJb PaHyca. 3TH cxoasmHuecs B Touke O

CHJIH MMEIOT DABHONGACTBYIOMYN, PAaBHYIO NaBHOMY BEKTOpY CHA mHepuuws R*
H HANPaBAEHHYIO BCAeACTBHE CHMMETpHE Bfionbs ocH Ox. Tlo dopmyae (849) R¥=
=0,5mapc=0,5mxcw?, rae xc — XKOOPAMHATA IEHTPa MacC AYrH HOJYOKDYMKHOCTH,
paBuas 2r/nt (cM.. § 35). Chaenopatenbho,

R*=mra*/x.
Ycaosus papHoBecHst AaT 2F=R" u OKOHUaTe/ALHO
F=mra?2n,
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C nomompio 910t GOPMYJIE MOXHO HAATH NPeAeNbHYIO YIJIOBYIO CKOPOCTh, NpPH mpe-
BHIlIEHHH KOTOPOR MaxXOBHKY H3 JaHHOTO MaTepHasia I'PO3UT Pa3pHiB.
3apaua 159. Opnopoannit crepxceHs AB BecoM P, 3akpenneHusiit B Touke A
ITAPHHPOM, OTK/IOHSIOT O FOPH3OHTANBLHOrO MOJIOKEHHS H OTNYCKAIOT 6e3 Haua/bHOl
ckopoctd (puc. 348). Onpepennts peakumio wapHupa A Kak QyHXuUHIO yraa @.
Peuen ue PaccMatpuBas cTepeHb B NPOH3BG/IBHOM TOJIOXKEHHH, IPOBORHM
ocH Axy (epneHAHKYASPHO CTEPIKHIO H BROJb CTEPXKHA) H H3o6paxaeM AeAcTByiOMHe

Ha cTepenb cuAy TaxectH P u peakunt X 4, ¥ 4. [loabsyacs npununnom Janambepa,
RpHCOeAKHsIEM K THM CHJaM CHJIbl HHEPUHH CTEPXHS, MPUBEAA MX K LUEeHTPY A (oM.
§ 134, n. 2). Torga chanl HHepuHH OyAYT NpeACTaB/ehbtl ABYMSl COCTaBARKIOHMMH

R¥ n R} raasuoro sektopa R* u mapoit ¢ momentom MY. Ilpu 3tom mo dopmy.am
(89°) u (91} Moayau STHX COCTABJSIOLIMX H MOMEHTa Naphl HMEIOT 3HAYEHHA:
P P P P 1 P
ll___ —_—— H=___ —_— 3 u= e e
‘—gact g2e,Rn gac,, g2o).MA J 48 3ge, )

rae ! — LJHHA CTepXKHS; O U € — ero YrJioBas CKOPOCThb H YIJIOBOE YCKOpeHue.
CoctaBasa AJs 3TOR NJOCKOA CHCTeMbl CH/ ypaBHeHHR paBHoBecHf Z Fp, =0,

Z Fry=0, Zmy(Fp)=0, noayuum: :
Xa4—Pcos@+R%=0, Y4—P sing—Rip=0, Mi—P (I/2)cosp=0. (6)
M3 nocpemero ypasHenHs, 3aMesiup M4 €ro sHauenuem, HaizeM e:
e==(3g/2l) cos ¢. (8)
Jlas onpeneneHrs BENHUUHH ®, BXOAAIER B BHpaXeHHe R}, MOXHO HaH NPOHH-
TerpupOBaTH ypaBHEHHe (B), HAH BOCMO/b30BATLCA TeOpeMOR 06 H3MEHEHHH KHHETH-

veckoil avepruu. M3bupast Bropolt nyTh M yurd, uto To=0, noayunm: J,0*/2==
=(Pl/2) sin @ uan (PP/3g)w*=Plsin @, oTKyaa

w*=(3g/l) sin q.
MNMpu HafiZeHHHX 3HaueHHAX & H ©? pasencrBa (a) JAaloT:
R%=(3P/4) cos p, RR=(3P/2)slng.
TToncTaBHB STH BeJHUHHK B NepBble ABa H3 ypaBHeHHH (6), HafAfeM HCKOMBIE peaKLHK:
X4=20,25P cos ¢, Y 24=2,5Psingq.

B navanbusift Moment Bpemenn (p=0) X 4=0,25P, Y 4==0. B moMenTt, xoraa crepxens
NPOXOAKT uepe3 BepTukaab (P=90°), X 4=0, ¥ 4=2,5P,

!

Puc. 348 Puc. 349

3azaus 160. Oxsopoanuit crepxens AB aunoi [ # pecom .P npuxpenniex wap-
HHpOM A K BepTHKaAbHOMY Bally, BpallaiOUleMYCSt C YFO0BOR CKOPOCThIO W= const
{puc. 349). Hafttu Hatsmenne T TOPH3IOHTAaALHOR HHTH, YAePMHBAIOWEH CTepMKeHH
noa yragMm o K Banay.
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P e e n ¥ e. Tlombayscs TIPHHUHIOM Jlail_autiepa, npHcoejHHAEeM X AeficTBYIO-
MHM HA CTEpIKeHb BREWHHM chnaM P, T, X 4, Y 4 cuaH Huepuuu. [as Kaxzoro sae-
MEHTAa CTepIKHSA ¢ Maccoll Am ueHTPOGEXKHAsi CHJa HHePUMH paBHa Amae?r, rie x —
paccTosiiHe sJieMenTa oT ocH BpamleHHs Oy. PabnozeficTBylomiast 3THX - pacnpege-
"JeHHHX N0 JHHefAHOMY 3aKOHY DapaJjjesibHbIX chal (cM. § 21) npoXoauT yepes ueHTp
TRXeCTH TpeyroabHuka ABE, T. e. na paccrosnuu h=(2//3) cos & ot ocH Ax. Tak
KaKk 9ra gannoaeﬁmylomaa paBHa I7AaBHOMY BeKTOPY CHJ HHePIHH *, TO HO ¢op-
Myne (89
RY = mac = moixc = (P/g) 0 (/) sina
(3necb Xc — KOOPRMHATA LIEHTPA TAMECTH CTEPXKHS).

CocTaBnsf Teneph ypaBHeHHe CTATHKH 2 ma(Fp)=0, noxyuuu

T1 cos at—R™— P (1/2) sin a=0,

TMoacTapass cioAa 3nauenns R® u A, HalieM OKOHYATEALHO
t
T=P (—"" sina+0,5tg a).
e
JAdpyroe pemen e 3anany MOXKHO peilliTh, He MOALIYACH Pe3YAbLTATAME
§21, a BHYHCAAA CYMMY MOMEHTOB CHJ MHEPLHA OTHOCHTENbHO ueHTpa A Hemocpex-
CTBEHHO TyTeM HHTerpupoBanns. [lposenem BaOML crepxuss AB ocw AL Jas kam-
xoro saementa df crepxua ¢ koopausaron § cuna unepunu 6yzer w2xdm. Ee moment
OTHOCHTeNLHO ueHTpa A paBeH —ywixdm. Toraa ypaBHenHe MOMEHTOB® AacT

(B)
Ema(Fy)=Tlcosa—P (I/2)sina— S wxy dm=0. (a)
(A)

Bupaxaf Bce BEIHUHHH, CTOAmME NOX SHAaKOM HHTerpasa, uepes §, mosyunm:
x=tsina, y=Ecosa, dm=(m/l)dE.
B pesyabrate Gyaer

(B) [}
S oty dm=(m/l) ©® sin & cos & S B2 dt = (P/3g) I%* sin . cos a.
(A) 0

TMoactaBass 310 3HaueHHe B paBeHCTBO (a),~HaxoAEM Aas T TO e BHpakKeRHe, 9TO
H DPH NpeibAyLleM pellleHHH.

§ 136*. IHHAMHYECKHE PEAKI(HK, AEACTBYIOUIHE
HA OCb BPAWAIOIMETOCA TEJIA.
YPABHOBEWHBAHHE BPAIIAIOMIHXCSH TEJ

PaccMoTpHM TBepoe TeJo, Bpallaiolieecsi paBHOMEPHO C YIJIOBO#H
CKOPOCTbIO - @@ BOKPYI' OCH, 3aKpernJieHHON B noJWHNHuKax A u B
(puc. 350), CesixkeM C TeJIOM BpalalOi#ecs: BMECTE ¢ HHM OCH Axyz;
NPEeHMYIIECTBO TAKHX OCefl B TOM, YTO MO OTHOLIEHHIO K HHM KOODAHHATH
UEHTPa Macc H MOMEHTH HHepUHH Tes1a GYAYT BeIHUHHAMH ROCTOSAHHLIMH.
ITycre Ha Teno aeficTByior sagauMble cuin FP, F%, . . ., F%. O6osnauim
NPOEKUHH TJIaBHOTO BEKTOpa BCeX 3THX CHJA Ha ocH Axyz uepes RY,

Y R (Rx=2Ff, u T. 1.), 2 UX TIJ1aBHHE MOMEHTH OTHOCHTEJLHO Tex

* U3 craTHKH H3BecTHO, 4TO IR M0G0 CHCTEMH CHA paBHOAeficTBYOmas (eciH
OH3 CYIMECYB{2T) PaBha IVIABHOMY BeKTOPY STHX cil. CiefoBaTenbHO, paBHoaefCT-
BYIOIIAA CHJI HHEPUKM, KOTAa OHa CyIIeCTBYeT, paBa R, HO NPH HeNoOCTYNaTeAbHOM
ABHXEHHH 9Ta paBHOZeACTBYIOAA BOOGILE He MIPOXOAMT Hepe3 LEHTP Mace Tesa, YTo K
HMEET MeCTO B JIgHHOM CAyuae,
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xe oceft — uepes M, M4, M¢ [MS=Zm,(F) u 7. &.]; npu 3T0OM, TaKk
Kax o=const, To M:=0.

HOas onpepenenns AuHaMHYecKHX peakuuft X4, Y4, 24, X5, YVj
TIOAIIHNHHKOB, T. €. PEAKUHH, BOSHHKAIOLUHX NNPH BPaUIeHHH TeNa, NpH-
COeJMHHM KG BCEM JIe/ICTBYIOIHM Ha TeJi0 33JaHHRIM CHJIIM H PeakUHaM
cBfsefl CHW HHepumu.F} Bcex 9acTHIl Tesa, NpHBeAst HX K LeRTpy A
(cm. § 134). Toraa cuant HHepuuH OYAyT npeACTaBJeHH OXHONR CHJON,
paBHO# R H npuJoxeHHoA B Touke A, H.Napofl CHI C MOMEHTOM, paB-
HBIM M'jl‘=2_1mA (F¥). Tlpoexuunn 3rOro MOMEHTa Ha OCH x H y GYAyT:
Mi=Zm, (F}), Mi=Zm,(F}); 3necb onsatb M%=0, Tak Kak ®=const.

Teneps, cocraBnas cornacHo npunuuny JanamGepa ypasHenus (88)
B NPOEKUHAX Ha OCH Axyz (HIH COOTBETCTBYIOLIHE HM YPaBHEHHS paBHO-
pecia 13 § 30) u nonaras AB=>b, nonyuum

Xa+Xp+ R+ Ri=0;

Y\t Yot R+ Ri=0;
Zy+Ri4+RI=0;

Ygh+ Mé+ M2 =0; X+ M 4+ M3 =0.

(92)

Tocnennee ypabHenHe Mi-+M%=0 yznopierBopsiercsi TOMAECTBEHHO,
TaK Kak M{=0 u M3=0.

Inasupifi BeKTOp CHJ HHEPUHMH R®=—ma;, Tae m — Macca Tena
M. dopmyary (89)]. [Tpn @ =const uentp Macc C uMeer TOABLKO HOpMalb
HOe YCKOpeHHe d¢, =0ic, rae A — paccros-
Hue ToukH C oT ocH BpauenHs. Crenosarelin-
HO, HanpasJieHHe BeKTopa R" coBnajaer ¢ Ha-
npabienHeM OC. Buuucass npoekuun R* Ha
"KOOPAHHATHHE OCH M  YUHTHIBag, 4TO
hccos a=x¢, hesin a=yc, Tae x¢c K Y¢ — KO-
OpAMHATH LEHTPa Macc, HafaeM:

R%= mwh; cos & = motx,;
Ry = mwh, sina = mo'ys; RE=0.

UYro6u: onpeneaurs M% u MJ, paccmor-
PHM KaKylo-HHOYAb dacTHLY TeJla ¢ Macco
iy, OTCTORAILYIO OT OCH -Ha paccTosiHHU .
Ilas gee npH o=const cljia HHepUHH TOXe
HMEeT TOJIbKO BEHTPOGEKHYIO COCTABJAIOMLYIO
Fi=mywh,, npoekunds KOTOpO#, Kak H Yy
BeKTOpa R*, paBHH:

Fiy=mox,, F}, = MYy,

Torza [cM. §28 dopmymn (47)k:

my(FY)= —Fi 2= —mo*yyzy;  m, (FF) = Flzy = mo'x,2,.
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CocTaBnsf Taklie Bblipa>KeHHA i BCeX TOYCK TeJla, CKaaabiBas
HX H BbiHOCA 0GiLH{1 MHOXIITeNb 34 CKOGKH, NpHAEM K paBEHCTBaM:

Mi=— (3 myyyzy) 00 = —J 0% Mj= (Y mpxz,) 0 =J,,0% (93)

rae J., u J,, — cooTBeTCTBYIOHE IEHTPOGEKHHE MOMEHTH HHep-
nuH *, [ToacraBnss Bee HAlineHHHeE 3HaYeHHs B paBeHcTBa (92), nony-
THM
X+ Xp= —Ri—mx o Y +Yp= —R{—mycot; 94
Zy=—Ry Xgp=—Mi—J 0% Yp=Mi—J v | 4

Ypasmenus (94) u onpeleJAIOT Junamuueckue peaxyuu, xeficTByio-
IM¥e Ha OCb PaBHOMEPHO BPAILAIOIIETOCH TBEPAOTO TeJa, €CaH OChbio
BpalleHHs SIBJAETCA OCh 2.

HaaobeM crmamuveckumu peakyusamu te 3HayeHus peakuufl, KOTopuie
naioT ypaBHeHHus (94), ecstn B HUX noJoXuTb @ =0. Kak BHAHO H3 ypaB-
HeHHA (94), .AHHaMHYECKHEe peaKLHH MOryT BoOGlie GHTb 3HAYHTENLHO
Gosbille cTaTHYECKHX, MPHYEM 3TO 3aBHCHT He TOJIBKO OT 3HAUEHHS ©,
HO M OT BeNIHYHH X¢, Yc, J 4z, Jy2, XAPAKTEPH3YIOUHX pacnpesenenue
Macc Tejia MO OTHOILEHHIO K OCH BpaiueHus Oz,

Onznako H3 ypasHenufi (94) BUAHO, YTO HaaMyye Bpaulewys He Gyner
BJHATH Ha 3HaYEHHR -peakuufl noaurHmnHukoB A ¥ B, ecad

xc=0, yc=0; (95)
J =0, J,,=0. (96)

Papencrsa (95) u (96) BHpaxaloT ycaosus moeo, 4mo OUHAMUMeCKUe
peakyuu, dedicmsyrouiue HA OCo BPALYAIOUIE20CA MEAG, PABHBL CriamuYec-
KUM peaKkyuam HJIHY KaK T'OBOPAT, YCA08un QUHAMUHECKOL YpPasHOBEUEH
HOCMY BPAILAIOIEroCs TeJa NPH ero BpauleHHH BOKPYT OCH 2.

Ycnopus (95) o3Havalor, YTO LEHTP Mace Teja JO/KEH JeXaTh Ha
OCH BpallleHHs1, a ycaoBHA (96) — YTO ocb BpallleHHA AOMXKHAa GHITh
TJIAaBHOR OCBIO MHEPLHH Tesa IJis Hauana Koopausar A. Ilpu oxHoBpe-
MeHHOM »Xe 