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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.

9



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:
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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.
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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,
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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).
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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)
37



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,

50



\

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
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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.).
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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. '

85



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-

90



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.

7-1870 97



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

107




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' (©
115

8t



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-

134



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.
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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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