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OT MTHOBEeHHOH OCH K paccMatpuBaeMoil Touke o6pyua. JlelcTBHTENBHO,
1oJHas CKOPOCTb ¥ Ji060H TOUKH 06pyda BEKTODHO CKJAAALIBAETCS H3
CKOpOCTH ¥U¢ TNOCTYNaTeNbHOTO JBHXKeHHs HeHTpa obpyya C M cKo-

POCTH Ty, BpAIIEHHs €e OTHOCHT@NbHO TOTO e IEHTPA: ¥ = V¢ + Upp.
do
C

Ecan o6pyu kaTHTCS paBHOMepHO, TO = 0,1 yckopeHHe OyieT paBBoO

do,
a =7p. [MocTynaTenbHoe IBH:KeHHE He BJHAET Ha yCKopeHHe @. OHo
TaKoe e, KaK U NpH BpAaIeHHH BOKPYT HENOJABHKHOTO LEHTpa, T. €.
a = —w°F, Ijle painyc-BeKTOp ¥ npoBejleH u3 entpa obpyua O. Takum
06pa3oM, IpH paBHOMEPHOM Ka4yeHHH YCKOPEHHE @ KAl PaBJ/IeHo K LEeHTPY
06pyya, a He K MTHOBEHHOH OCH.

§ 46. Yruosast ckopocTb Kak BekTop. CioxeHHe BpaimieHHi

1. Ilycts TBeppoe Teso BpallaeTcs BOKPYT HEMNOJBHXKHOH HJH
mrHoBeHHo# ocu OA ¢ yriosoii ckopocThio @ (puc. 114). Bosbmem
KaKyo-J1H60 NPOH3BOJIbHYIO TOUKY 3TOr0 Tesia M, OTCTOAILYI0 OT OCH Bpa-
y LieHUs Ha paccTosinud r . JIuHediHaa u
yrjoBasi CKOPOCTH TOYKH M CBfi3aHH
COOTHOLLIEHHEM

U=0r,. (46.1)

BBeneM axcuaibHbBIl BeKTOp ©, oOllpe-
JenfieMbll BEKTOPHBIM IpOH3BEJEeHHEM

o=t (46.2)
1

rjie | — pajuyC-BeKTOp, NPOBEJEHHBIN
OT OCH BpallieHHsl K Touke M nepnes-
QMKYJApHO K 9Tofi ocH. [lJ1HHA Bek-
TOpa ®, B CHJIy cooTHoweuus (46.1),
YHCJIEHHO PaBHA YIJIOBOH CKOPOCTH Bpa-
Pre. 114, llleHHsl, a HanpaBJ/jieHHe COBINajaeT C Ha-
npaBJjieHHeM OcH BpauieHus. B3anmmuoe
pacno/io:KeHHe BEKTOPOB ®, | H T Mbl YACHHUM JIydlle, eC/AH OTJIO0KHM
HX H3 oflero Hayaja (puc. 115). DTH Tpu BekTOpa B3AHMHO NeEpIieH-

AUKyJAPHBL. M3 pucyHKa BHAHO, YTO

v=[or,]. ' (46.3)

9ta dopmyna apjsercs obobuieHHeM GopmyJbl (46.1), MOCKOJIbKY OHa
ornpefeseT He TOJbKO BEJIHUHHY CKOPOCTH @, HO M ee HampabJ/eHHe.
BexTop ® Has3blBaeTCcs 8eKmopom yea080i cKOpPOCmu, WK TIPOCTO Y2a080L
ckopocmbio epawenun. TakiuM o6pasoM, Yeaoayio CKOpOCmb MOJNCHO pac-
cmampusame Kax éekmop. Ecan pacnonoxuts 6ypaBudK ¢ NpaBoil Ha-
pe3Koil napaJiiesbHO OCH BpalleHHS U BpalllaTh €F0 B Ty XKe CTOPOHY,
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B KaKylo BpallaeTcs caMo TeJo, TO HanpaBjeHHe BBHHYHBaHHA Oypas-
YHKa YKaXKeT HalpaBJjeHHe BEKTOpa .

Qopmyne (46.3) mMoxHO mpuaaTh Gojee OOWHA M yAOGHBI BHA.
BosbmeM Ha ocH BpalleHHs MPOH3BOJMBHYI0 Touky O B KauecTBe Hayasa
KoopauHat (cM. puc. 114). Torma panuyc-BekTOp #, NPOBENEHHBIH W3
3TOTO Hayana X Touke M, MOXKHO mpefcra-
BHTB B BHJIe BEKTODHOH CYMMBL # = | + F,
Tie 7ry — cjarawomias BeKTopa # BJOMb
ocu Bpamenns. Tak kak [ery] =0, To
BMecTO (hopMyJbl (46.3) MoxHO HanucaThb Q
GoJiee obluLyl0 (opMyay WL

v=[or]. (46.4)

M3 nee nmoaysaem v = or sin ¥, uto cos-
najaer ¢ d¢opwmyaoii (46.1), Tak Kak
rsind =rj. 7
2. Ymo sequduna @ ecmoy 6eKmop — amo +
He mpebyem cneyuarsHo20 GoKA3aMeAbCmsa,
NOCKOAbKY OHA OnpedeseHa KaK 6eKmopHOe
npoussederue 08yx eextopos. Bexmopreil xapaxmep © 03xaqaen, pasy-
MEeTCSl, MOAbKO MO, YMO APU NOBOPOmMe KOOPOUHAIMMbIX CUCTEM NpOeK-
LUU ® HA Ux 0cu hpeobpasyomes max xe, Kax pasHocmu K0OpOUHAM KOH-
408 HANPABAEHHO20 20Mempu1ecKoeo ompesxa. Haj BEKTOpaMH yTJIOBBIX
CKOpocTeH MOXKHO BBHINOJNHATL BCe MaTeMaTHUeCKHe OflepallHH, Kak Haj
BCAKHMH BekTopaMH. B uacTHocTH, MOXKHO BBeCTH MaTeMaTHYecKoe
C/IOJKeHHe BEKTOPOB ®; H @, IO NpaBUMY la-
panaenorpamMMa. Ho kak OyayT cKJaiblBaTbCA
YTJIOBblE CKOPOCTH, €C/IH CJI0XEHHEe OllpeleaHTh
C NOMOIIBIO TOH WM HMHOH ¢husuueckold onepa-
IHH, — 3T0 TpeGyeT o0coGOro Hccel0BaHHUsA.
Beenem noHsATHE cA0deHUR paiyeruli, BJOXKHB /J
B Hero caenylowmuii cmbiea. Ilyers Teno Bpa-
maeTcsi BOKpYr HekoTopoll ocu OA ¢ yrJoBoil
CKopocThio ®; (pHc. 116). ITycrs cama ock OA
B CBOIO Ouepelb BpallaeTcs C YIJIOBOH CKOpO-
CTBIO ®, BOKpYT apyroit ocH OB. TloguepkHew,
yTo B OOLIEM CJaydae peds udem 0 M2HOBEHHbLIX
BPAUIEHUAX U NPUMOM C HEPEASMUBUCTICKUMU
crkopocmsamu. [lepBoe BpallleHHe paccMaTPHBAETCA
B CHCTeMe OTcyera, B KOTOpoH (B paccMmaTtpH-
BaeMblll MomeHT) ock OA wHenopeuxkua. Bropoe BpalleHHe paccmar-
puBaercsi B Apyrofi cHcTeMe oTcueTa — B TOH, B KOTODOH (B TOT ke
MoMeHT) HernojBHkHA och OB. CnoXHUTb BpalllaTe/bHble JBHXKEHHS —
3HAYUT OTBETHTb HA BOIIPOC, K KAKOMY ABMKEHHIO NPHBOIHT Ha/lOMKe-
HHe stux AByX BpaueHui? Ilpu paccmorpennu sToro BoIpoca orpa-
HHUMMCS caydaeM, Koraa ocd OA u OB nepecekatoTcsl Mexjy coGof.

(A{iY
A\

Puc. 115,
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Bonpoc cBopuTest K CIOXKEHHIO JHHEHHBIX CKOpocTeH B aHaJorHy-
HOM (H3HuecKoM cMeicae (cM. § 7; B HepeJsTHBHCTCKOH MeXaHHKe, Kak
H3BECTHO, C/IOKEHHe JHHEHHBIX CKOPOCTEH NMPOU3BOIHTCA IO MpaBHJAY
napaaaenorpamma). IlpousBosbHas Toyka TBepioro Teia M c paauy-
COM-BEKTOPOM #* B pe3yJbTaTe NepBOro BpauieHHsi (BOKpyr ocH OA)
nojyuaer JHHeHYI0 CKOpocTb ¥; = [@,#], a B pe3yJbTarte BTOPOro Bpa-
weHHs (BOKpyr ocd OB) — aMHeliHYI0 CKOPOCTh ¥, = [0,#]. Pe3yiip-
THpYIOIlas JHHeHHAas CKOpocTb OyleT paBHa

V=040, =[(0,+ @) 7].
ECJ]H BBECTH Be}(TOpHyIO CyMMy B MareMaTH4YeCKOM CMbIC/ie
® = 01 } 0y, (46.5)

TO Pe3yJbTAaT 3aNHILeTCA B BHAE
v =[wr]. (46.6)

Ilyctb Touka M JeXHT Ha OCH BeKTOpa ®, T. €. Ha JHaroHajH
napaJjJenorpaMma, MOCTPOEHHOTO HAa BEKTOpax @, U @y, HJH €e Ipo-
noqxenuu. Torna © = 0. Bce Toukd ykasaHHOH ocH B pacCMaTpiBaeMblil
MOMEHT BPEMEHH HaXOIATCs B NMOKOe. D10 0ObSICHSeTCS TeM, YTo Bce
5TH TOYKH B pe3yJ/bTaTe IepBOrO BpallleHHs [BHXKYTCA B OIHY, a B pe-
3y/bTaTe BTOPOro BpallleHHs — B INPOTHBONOJOXKHYI CTOpOHY. Pe-
3yJbTHpYIOAA JHHeHHAaA CKOpOCTb Nosayyaercda paBHOH Hy.so. Bce
npouHe TOYKH TeJsa BPallaloTCA BOKPYT OCH BeKTOpa @ C YIJIOBOH CKO-
POCThbIO ®. MrHOBEHHYIO JIHHEHHYIO CKOPOCTD JII0G0H TOYKH Tela MOXKHO
BLIYHCIHTE No Gopmyae (46.6). ITo 3HAUHT, UTO MEHOBEHHOE pe3ybmu-
pyrowiee Oausicerue meep0os0 mesa eCmb BpaleHUe 80KpYe MEHOBEHHOL
ocu OC. Dra ocb, BooGlle TOBOPS, HENpPEpPHIBHO mNepemellaercsi Kak
OTHOCHTE/IbHO CaMOro TBepJOro Tela, TaK H OTHOCHTEJNLHO HeNOIBHXK-
HOH CHCTeMBbl OTCYeTa, B KOTOpOH paccMaTpHBaeTcsl IBHXKEHHe.

Hitak, Mb f0Ka3aiH, 9T0 06a 8pAUEHUA C YeOBLIMU CKODOCMAMU 6
u ©, ckaadvisaiomes (B paccMaTpHBaeMoM (H3HYECKOM CMBIC/IE) 8 00HO
epaLieHue 60KpYe MEHOBEHHOU OCU C Yeao080l CKOPOCMbi0 ® = ®) + .
Merosernnas oce 8 KancObill MOMEHM BPEMEHU HANPABAEHA 80046 OUAOHAAU
Napasies0epamma, nOCMpPoeHRO20 HA 6EKMOPax ®, U ©,. Caoscenue nod-
Yunsemcs npasusy napaissesoepamma. Pusnpueckoe cloxkeHHe B yKa-
3aHHOM CMBIC/IE OKa3a/10Ch TOXKAECTBEHHbIM C MaTeMaTHYECKHM.

3. losicHuM H3NOMEHHOE HArMAAHBIM MpuMepoM. IlycTb NO MOBEPXHOCTH He-
NOABHIKHOTO KPYTOBOTO KOHYca 2 KaTHTcA 6e3 CKOJbKeHHs ApYyroil Kpyrosoi Konyc [
(puc. 117 u 118). BepmuHsl 060HX KOHYCOB BCE BPEMS HAXOAATCS B ONHOH M TOH Me
Touke 0. B paccMaTpusaeMoM BHKeHHH KOHYC | Bpaulaetcs BOKPYT COGCTBEHHOH OCH
OA ¢ HekoTOpOi#l YII0BO# CKOpoCThi0 @y. Cama och OA ONHCHIBAET KOHMYECKYIO 0HO-
BEPXHOCTh, Bpaulasch BOKPYT Apyroii ocH OB c yrJioBoif cKOpPocThiO @,. Peun uper
O CJIOXEHHH STHX ABYX BpauleHHH. Tak Kak CKOJbKeHHSl HeT, TO BCe€ TOUKH Teaa,
Jexanlne Ha npamoll OC, no KoTOpOHl KOHYCH KacaioTcsd APYr APYTa, HeNoJBHMKHHL.
Kacatenbnas OC ABnf€TCS NOSTOMY MTCHOBSHHOM OChI0 BpameHHs HoHyca J. MrHo-
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BeHHAas OCb BpalleHHs NepeMellaeTcs B Teqe, T. €. B KOHyce [, ABHTaACh NO €ro No-
BepxHocTH. Ho oHa nepememaeTcs Takke H B NPOCTPAHCTBE, T. €, N0 NOBEPXHOCTH

KoHyca 2.

4. BpauleHHe BOKpPYr napaJsieJbHHX OCeH MOXKHO paccMaTpHBaTh
KaK IpelieJibHBIA C/iydall BpalleHHH BOKPYI NepeceKaloluXcs oced.
Ilpy cnoxeHHH TakuX BpauleHUH
HaJo pas3/uuaTe ABa cayuas: 1) Bpa- /A
IIeHHs COBEpLIAIOTCA B OJHOM Ha-

4

Puc. 117.

TNpaB/ieHAH, 2) BpalleHHs COBEPIIAIOTCS B HPOTHBOIIOJOXKHBIX Harpas-
JeHusix. PaccMoTpum nepswil cayyail. TlocTpous napaJiienorpamm Ha
@ L@
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Puc. 119.

BEKTOpaX ®; H @,, Nlepeceyem ero npoussonsHoii npsmoit ACB, nepnen-
JMKyAApHO#l K Bektopy @ (puc. 119 caesa). Torza h, = OC-ig ay,
h, = OC -tg at,. Ecain yraul o ¥ o, Majbl, TO HX TAHTCEHCHI MOXKHO
3aMEHHThL cHHycamH. Cjhenas 3T0, MOJIYYHM

hy _sinay _ o (46.7)

hy sin e, Wy
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YcrpemuB Pouky O B GeCKOHEYHOCTb, NOJYYHMM NpENENbHBHIA cayyait
OJIMHAKOBO HAallpaB/AEHHHIX BpalleHHA BOKPYr napamieNbHBEX oced
(puc. 119 cnpasa). Takue 1Ba BpalleHHs CKJIaJbIBAIOTCA B OJHO Bpa-
IleHHe BOKPYI MIHOBEHHOH OCH C YIVIOBOH CKOPOCTBIO ® = () - .
MrHoBeHHasi OCb TIDOXOJHT MeX1y ocsiMH [ W 2 U JeldT paccrosi-
HHe MeXJy HHMH OOpaTHO IPONOPHHOHAJNBLHO YIVIOBBHIM CKOPOCTSM
Oy U 0y

Ananoruuso paccMarpuBaercs ciyyail, Koria BEKTOpsl 0, H @, Hallpa-
BJIEHBI NPOTHBONONOXKHO. Ecan @, > o,, T0 © = ©; — ®,;. Mruosen-
Hasl OCb IIPOXOAUT BHE oTpe3ka AB co cTopoHH Gosbllel YriaoBo# cKo-
poctu (puc. 120). Ona aenut orpedok AB suewrnum 06pasom Ha YacTy
hy u hy, 06paTHO NPONOPUHOHAIbLHBIE YIJIOBBIM CHOPOCTSM ©; H ©g.
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Pyc. 120.

5. PaccMoTpuM, HakoHe, C/10KEHHe TIOCTYIIATeTbHOTO H BpallaTesinb-
HOro ABH2KeHHH. EciH nocrynaTte/bHOe ABHXKEHHe COBEpLIAETCH Mapal-
JIe/IBHO OCH BpallteHHs, TO IPH CNOXKEHHH, O4eBHIHO, IONTYUHTCA 8UHMO-
60e Osusgerue. JlOCTATOUHO NOITOMY OTpPAHHYMTBCA CJIydaeM, KOILja
TNoCTyNATe/NbHOE ABHKEHHE TNepIeHAHKYIAPHO K OCH BpalleHHs. B stom
cilyuae Bee TOYKH Tesa GyAyT ABHTAThCA NapasjelbHO OAHOH H TOH
»Ke IJIOCKOCTH, MEPHEeHANKYJ/IApHOH K ToH ke ocH. Takoe nBukeHHe
Ha3blBaercsi nAockum. I110CKOCTb, MapasyiesbHO KOTOPOH IMPOHCXOMMT
JBIXKEHHE, MOXKHO NPHHATH 32 IJIOCKOCTb pHCyHKA. [loctymarenbHoe
JBIKEHHE MOXKHO pacCMaTpHBAThb KaK BpallleHHe BOKDYT GECKOHEuHO
ynaneHHo#l ocH. [losromy pasbupaembifi cyyadl MOXKHO CBECTH K CJIoO-
JKEHHIO JIBYX BpallleHuil BOKPYF Napasile/lbHbIX OCell, ylands OiHy
U3 ocell B 6eCKOHEYHOCTb. $ICHO, YTO B pe3y/bTaTe BO3HHKHET Bpalue-
HHE BOKPYT KaKOH-TO MCHOBEHHOH OCH. 3a/a4a CBOJUTCS K O PeEeICHHUI0
TIOJIOXKEHUs] MIHOBEHHO OCH M YTJIOBOH CKOPOCTH MI'HOBEHHOI'O Bpallle-
uud. Ilycrs Teno Bpamaercs Boxpyr ocH O ¢ yIJIOBOH CKOPOCTHIO ®,
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a cama ocp O Bpaliaercsi BOKpYr NapasiensHoll HemoaBHxkHOH ocu O
C YrJoBo# ckopocTblo ®; (puc. 121). Ilpu croxeHHH BO3HHKHET Bpa-
II[eHHe BOKPYT MIHOBEHHOH ocH A, mpuuem

| 0

-

RS

Benenctre Bpauenusi BoKpyr ocu O; ock O mosyyaer CKOpOCTh U =

= o, (h + hy), nepnenaukyaspuyio K auauu 0,0. Byznem ynpansrs O,

B GECKOHEYHOCTb, OJHOBPEMEHHO yMEHbIIAs ; TAK, YTOOLl BEJHYHHA

CKOpPOCTH U ocTaBajach HeusMmMeHHOH. B mnpepene Bpametne ocu O

BOKpYT ocH O, mepefiJieT B OCTYNATENbHOE JBHKEHHE (v
®

€0 CKOpOCThIo v. [TosloKeH e MTHOBEHHOH OCH BpalleHus o ,

A onpepenurcs ee paccrosiHueM Ao ock 0. Jto pac- g Y
CTOSIHHE PaBHO ¥

h=h1m1 _ (Mo —hoy _ v—ho, 44

) ) 0
Orciona b
O _ v
(142 = 2. o
Tak Kak @, - 0, To B Tnpenene o 0
h=%. - (46.8) Puc. 121,

Ilpu 3TOM yryIoBas CKOpOCThL MTHOBEHHOTO BpalleHHS B Ipedene cie-
JIaeTCsl paBHOH o.

6. Ecau axkcuaibHBIA BeKTOp @ npoiudxpepeHUHpOBATL [0 CKastsp-
HOMY apryMeHTy, HallpuMep 10 BPEMEHHU f, TO B pe3yJbTaTe NOJAYYHTCS

. o do .
HOBDbIH AKCHA/BHBIM BEKTOp 1= -, Ha3LIBAEMbIH yen086iM YCKOperUuem

(cM. § 7). Ero mpoekilHH Ha KOODIHHATHEIE OCH 110 ONpejieJIeHHIO AAI0TCs
_ dog - doy — do, A

BHIDAXKEHHAMH 1)y = —*, Ny =z, N: =5 . AHATOTHYHO, B Pe3yipb-

TaTe HHTETPHPOBAHHSA @ 10 { TIOJAy4YaeTcsi APYrod akCHaNbHBHIH

Bektop @ ={ @ df ¢ cocrapnsommmn ¢, ={o.dt, ¢, ={0,dt, ¢, =

:sz df. Bekrtopublfi (TOuHee, IICEBIOBEKTOPHHIH) XapaKTep STHX

BeJHUHH, KAaK BCETJa, O3HAYAeT TOJbKO TO, YTO NPH IIOBOPOTE (HO He
MHBEPCHH) KOOPAHHATHEIX CHCTEM HX COCTaBJsIOLIME IpeobpasyioTcs
TaK K€, KAK Pa3HOCTH KOOPJHHAT KOHIIOB HAalPaB/JeHHOrO reoMeTpHue-
CKOro orpeska. Eciu HampaB/eHHe OCH BpallleHHS He MEHSETCA ¢ Te-
yegHeM BPEMEHH, TO BEKTOpP ¢ HalpaBjeH NapadieNbHO ®, T. €. M0
ocH Bpalllenus. Ero AJHHA YHCJAEHHO paBHA YIJIY MOBOPOTA Teja 3a
paccMaTpHBaeMbli NIpOMEXKYTOK BpemenH. Ilostomy ¢ ecrecTBeHHO
Ha3BaTh Yeasosbim nosopomom meaa. Ilo BequyHHE YIJOBOH IOBOPOT
nponopuHoHaneH miowanu cekropa OAB, onucbiBaeMoro KakHM-JH60
orpeskoM OA, nepneHAHKY/APHEIM K OCH BPalleHHsl, IPH €ro Nepexojie
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u3 HayaabHoro mosioxkeHuss OA B KoHeyHoe mosioxkenne OB (puc. 122).
Hanpasnexue ¢ coBmajaer ¢ HanpaBjeHHeM TNEepleHAHKYJsipa K IIo-
ckoctH cektopa OAB, a ero coctaBJsiolHe @y, @y, ¢, MPONOPLUHOHAILHEL
IJIOWA/SIM TNpPOEKIHA 3TOFO CEKTOPa HAa KOOPAHHATHBIE IIJIOCKOCTH.
DTO JIHMIIHMA pa3 HOATBEPXKAAeT BEKTOPHBIH

b Xapakrep BeauuuHbl ¢ (cM. § 7).

7. Ha npumepe yrioBbIX IOBOPOTOB MOXKHO
HarJIsAJHO TMOKa3aTb HeoOXOAHMOCTb CTPOrOro
pasrpaHHYeHHS MEXKLY MAMEMAMUHECKUM CAO-
dceHuem BEKTODOB (AKCHOMATHYECKH OIpefe-
JfieMbIM C IIOMOLIBIO - IpaBH/Ia IMapasieno-
rpamMMma) H QusuecKum CA0%eHuem uX, BBOIH-
MBIM € IOMOIIbK KakKoH-1ub0 ¢u3Huecko
onepauun. Bpenem ¢u3nueckoe croxeHHe
YIJIOBBIX II€peMeIleHHl B TOM XKe CMBbICJe,
B KAKOM TOHHMAeTcst PH3MYECKOE CIIOKeHHe

Prc. 122. JUHEAHBIX mepememenuil (cm. § 7, 1. 6).
IlycTs MaTepuanbHasi TOUKA NOCAEI0BATENLHO
COBEpIIAeT BpAlleHHsl BOKPYP PA3/HYHbIX oOcell, NPOXONAIIHX HYepe3
HenoJBHKHy0 Touky O (puc. 123). Ilpu Taknx BpalleHHsAX OHA JBHXKeT-
cs1 BAOMb AYr GOJMBIINX KPYroB IO IIOBePXHOCTH cdephl ¢ LeHTpoM B O.
[lycth Touka mepemwia M3 HayaJpHOTO MOJOKEHHS A B KOHEYHOE IO-
JoxeHne B Baoap Ayrd Gosbioro Kpyra AB. Paguyc-BeKTOp TOUKH
IPH 3TOM MOBEPHYJCS HAa yroa @;. 3aTeM TOYKa COBEpLIHJa MOBOPOT
Ha yroa @,, nepeiias no Ayre 6Gospiuoro kpyra BC H3 mosoxenus B
B nojoxeHHe C. KakuMm OJHHM HOBOPOTOM
MOXHO 3aMEHHTb 3TH JBa IOBOPOTA, YTOGHI
TiepeBecTd TOUKY M3 TOrO e Haya/JbHOro Io-
JoxeHHs1 A B TO XXe KOHEYHoe ToJioxkeHHe C?
ScHo, uTo TakuM moBopoTroM Oyier Bpaille-
HHe TOUKH Mo ayre GOJBIIOTO Kpyra, npoxo-
asiedt uepes Touku A u C. OGo3HayuM coort-
BETCTBYIOIIKH yron noBopora @g. B coorser-
CTBUH CO CKa3aHHBIM BhIIlle pacCMaTpHBaeMble
TpH NOBOPOTa MOXKHO H300Da3HTb BEKTOpaMH
@1, P, @3, NEPIEHIUKYISIPHBIMH COOTBETCT-
Pue. 123. BEHHO K IJIockoctsaim cektopoB OAB, OBC u
: OAC. TloBopoT @3 MOXHO Ha3BaTb CyMMO#
TIOBOPOTOB §; H (), B pacCMATPUBAEMOM (PU3HYECKOM CMbIcae. $cHo,
4TO TaKoe CJIOXKEeHHe He MOAUHHSeTCH NPaBuIy napajiiejJorpaMma. 1o
BHJHO YK€ M3 TOro, 4TO B OOLIEM C/yyae BEKTOp (g HE JIEKHT B ILJIO-
CKOCTH BEKTOPOB ¢ H .

OcoGeHHO OUEBHAHLIM CTAHET 3TO YTBEpXKJEHUE, eC/H PACCMOTPETh
yacTHBI cayyaii. 3a HayasbHOe IOJMOXeHHe MaTepHaJbHOH TOYKH
Bo3pMeM nosioc A (puc. 124). 3arem mo ayre mepuanana AB cosep-

IUMM IEPBBEIH NOBOPOT Ha yroa ¢; == 90°, mepeBeis TOUKY B HOJOXKE-
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Hue B Ha 3kBarope. Bropoil moBopor Ha yron @, = 90° coBepIuM Mo
ayre sgBatopa BC. OueBupHO, TperHH MOBOPOT @3 HAJ0 MPOH3BECTH
no ayre mepuinana AC rtakxke Ha 90°. B paccmarpuBaemom ciyuae
BCE TPH BEKTOPA, @1, Py, ¢ 3, B3AUMHO MEPHEHIUKYISAPHB U UMEIOT OAHY
U Ty Ke AJuHYy. HH OfMH U3 HUX He MOzKeT GbITb T€OMeTPHUECKOH CyM-
MOH JBYX JDYTHX. '

Eciu @, @, @, 03HAYAIOT IPOEKIHH BEKTOPA ¢ HA KOODAHHAT-
HBlE OCH, TO @ = @, - @,f - @,k 3pecp clIOxKeHHE MOHHMAETCH
B MaTeMaTHYeCKOM CMbIC/Ie (Mo MpaBuy mapasnsenorpamma). OpHako,
KaK CJejyeT M3 H3J/I0XKEHHOro, cjaraemele ¢.f, ¢,f, ¢.B Henb3st pac-
CMAaTpHBaTh KAaK MOC/JAEIOBATEJIbHO BBUIOJHAEMBIE TOBOPOTH BOKDYT
KOOPJHHATHBIX OceH, MpPUBOASIIHME K €LH-
HOMY IIOBODOTY, HPEICTABJSIEMOMY BEKTO-
poM .

8
é‘FI éng ;
°p; b 00;
4 ¢ o1
Puc. 124, Puc. 125.

8. [lonycTuM, O[IHAKO, UTO YIVIBI @y, Py, P3 HEOTPAHUUEHHO CTPEMATCS
K nymo. Toraa cdepuueckuit tpeyroapnux ABC (em. puc. 123) cra-
HOBHMTCSI 6ECKOHEYHO MajblM H MOXEeT CUHTATbCHA MIOCKHM (pHc. 125).
Hyru Gonewux kpyros AB, BC u AC MOryT paccMaTpHBaThCsl Kak
NpAMOJIMHEAHbIE OTpe3KH. BekTophl yrioBeix nepemeneHuit 8¢, 0¢,,
8¢; OynyT nexaTb B IJIOCKOCTH TpeyrojbHHKa ABC. (Mbl muumieM O¢
BMECTO (p, 4TOOB HOJYEPKHYTb, YTO peYb HJAET O (eCKOHEYHO MaJbiX
yraax.) OHH, OYeBHAHO, MepneHAUKYAsPHH K cToponam AB, BC u AC
COOTBETCTBEHHO, 4 WX AJHHBI IPONOPLHOHA/IBHEl 3THM CTOPOHAM (CM.
puc. 125). Orcioga ciegyer, 4To GeCKOHEUHO Masbii BEKTOp O¢3 fB-
JISIeTCSl TeOMETPHYECKOH CyMMOH BeKTOpoB 0@, U 8¢,. 10 3HAUHUT, UYTO
DECKOHEUHO MQAble YeAosble NePeMEUEHUS CKAQOBIBAIONICS 2e0MEMpPULECKU
(B yKa3aHHOM BHILIE (U3HYECKOM CMBIC/IE), M. €. N0 NPABUAY NAPAAAEN0-
epamma. VIHBIMH CIOBaMH, TaKoe (husuueckoe caAoxcerue yeaoebix nepe-
MeweHull 8 npedese OECKOHEUHO MAAbIX Y2A08 NOGOPOMA nepexooum
8 MAMEMAMU1ecKoe.

3ALAYH

1. Tlokasatb, 4T 3JemeHTapHast paGoTta, COBepluaemMas Haj CHCTeMoii Mate-
PHaJBHBIX TOYEK IPH ee NOBOPOTe Ha GeCKOHEUHO Masiniii yros Ogp, Buipamaercsl cKa-
JISi DHbIM TIPOH3BENCHHEM

84 = (Mbg), (46.9)
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rjie M — reoMeTpHueCcKas CyMMa MOMEHTOB CHJI, JHeHCTBYIOIUHX HAa MarepHajbHble
TOYKH CHCTEMBI, OTHOCHTE]BLHO BEPLIMHEI YIva MOBOPOTA.

PewmeHnne OA= 3 (F;6r;). 3necb cyMMHpOBaHHe BeleTCs M0 BCEM TOU-
xam cucrembl. [Ipu nosopore 8r; = [O8¢ r;l, npudem yron 8¢ — oauH u Tor xKe AnA
Bceil cuctempl. [loficTaBuB 5TO BoIpaKeH¥We B NpeABIAYILYI0 (GOpMYJy H 3ameuad,
ato F;[8¢ r;] = 8¢ [riF;] = (M;0¢), nonysum TpeGyemmblii pe3yJbTar.

2. Hcnosb3ys H30TPONHIO NPOCTPAHCTBA, JOKA3aTh, 4TO M€OMETPUYECKAss CyMMa
MOMEHTOB BHYTPEHHHX CHJ, JEHCTBYIOUIMX B CHCTeMe MaTepHaJbHHIX TOYeK, PaBHA
Hymo (cM. § 38).

PeweH He, Jonyctum, uto cHcTeMa 3aMkHyTa. Ilycte My, Ms,...— MOMEHTHI
BHYTPEHHUX CHJ, JeHCTBYIOL(He HA MaTepHa/bHbie TOYKH CHCTeMbI, OTHOCHTEJBHO
IIPOH3BOJIBHONO HENoABHXKHOrO Hauala O. [loBepHeM BCIO CHCTeMy BOKPYr TOYKH O
Ha TIPOM3BOJIBHBIA GeCKOHEYHO MAMBIfl yrod 8¢ H NMpHTOM TaK, YTOGH CKOPOCTH BCeX
MaTepHalbHBIX TOUEK TIOBEDHYJNCH HA TOT XKe Yro 6e3 M3MeHeHHs CBoel BeHUMHB.
BBHIy H30TPONHH NPOCTPAHCTBA HA TaKoH MOBOPOT He TpeGyeTcs 3aTpaThl PaGoOTHL.
Ho sta pafora mnpefcTaBisieTcsi CKalsipHuM npomssefeHueM (My+ My -+ ..) Op.
3HauuT, 5T0 CKaJlspHOE NpOHM3BEeleHHe DABHO HYJIO, KaKOB 6bl HH GbL1 TOBOPOT 8¢p.
Orciopa cliefyeT, YTo AN 3aMKHYToH cucTeMol My + M, + ...= 0.

3. Ilyctb BekTOp A HeHM3MeHHOH NIHHH BpAallaeTcsd BOKDYL CBOEro Hauaja ¢ yr-
JoBOf cKopocThio ®@. [lokasaTh, YTO ero NMPOH3BOJHAS 1O BPeMeHH onpejesercs
¢dopmyJioh

A=[0A]. (46.10)
B wactHoCTH, NPH BpalleHHH KOOPLMHATHOH CHCTEMBI opTel /, /, R Iuddepenuupyorcs
no ¢gopmyam:
di dr

w
G —loil, Ji=lojl, =lekl. (46.11)

PeweHue. Bektop A HensMeHHOH IJIHHBI MOXKHO OTOXJECTBHTB C abCOMIOT-
HO TBEpABIM TOHKHM CTepKHeM Tofi ke AJIHHH. Eciu nauajso BekTopa A HenoABHXKHO,

TO NpoH3BOZHAs A HMeeT CMHICJ CKODPOCTH IBHKYILErocs
KoHUa cTepxHs. IIpy Takoll wMHTeprnpeTaunn opmy-
Ja (46.10) CTaHOBHTCA YacCTHLIM cJay4vaeM Qopmyanl (46.4).

4, JIBmxeHHe TOUYKH Ha IVIOCKOCTH MOXHO 3aJaTh
NOJISIPHEIMH KOOPAHHATaMH r u ¢ (pHac. 126). Ha#iTh BHI-
pakeHHs I/ CKOPOCTH H YCKODeHHS TOUKH B 3Toil CHCTeMe
KOOpJAHHAT.

Pewenue. BeegeM egunuuHme BekTopwl I, f, k.
BekTtop { HanpasaM BJosb paguyca r. BekTop j mepmen-
IHKyJSpeH K HeMy H HampasleH B CTOPOHY Bo3pacTa-

p 126 HHA yria ¢. Bektop 2 (He u3oGpaxkeHHHIH Ha PHCYHKe)

HC. . NepreHIHKYJsApeH K IVIOCKOCTH DHCYHKa M o6pasyer

¢ BeKTopaMH [ H j mpaBoBHHTOBY10 cHcteMy. IIpu nBu-

EHHH TOUKH BEKTOPH [ M j BpamaloTC BOKPYI Hauala KOOPAHHAT € YIVIOBOi

CKOPOCThIO @.= . BeKTop yriloBoii CKOPOCTH HampasfeH BIOAL B, TaK W10 @ = QK.
[pumenss Gopmyan (46.11), waxosuM TPOU3BOAHBIE BEKTOPOB £ ¥ 3

da . A .
G =om=af, F=¢mmi=—qi. (16.12)

HpencraBaM pajuyc-BeKTOp ABHKYLielCS TOMKH B Buge r = ri. [ubpepeHunupys
€ro OJHH pa3, HaxoLHM CKOPOCTb: '

v=i=Fipr O =pi .
nddeperuupys BTOPHYHO, HaXOAWM YCKODEHHE:

. U e A s
a="0=ri+rf§+rcpj+rcPJ+rcp;11t=(r—cP2r)l+(2rcp+rcp)1~
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Stu QOPMYJEl AAIOT pa3soKeHHe CKOPOCTH H YCKOPEHHS Ha pajHasibHble (HanpasieH-
Hble BJOJIb PAJHYCa) H a3UMYyTajbHble (HaNpaeJjeHHHe MO f, T. e, B CTOPOHY BO3pacTa-
HHAl YIVIa @) COCTaBJAIOULHE:

v,=F, Vo =71¢; (46.13)

a,=F—@r,  ag=2rp+ri. (46.14)

5. C nomowpio cooTHoleHHsT (46.10) nonyunts Gopmyas mist gudxpepeHLHpo-
BaHHA CHHYCA M KOCHHYCA.

Pewenue. PaccMoTpuM eXHHHYHBIH BeKTOp A, PaBHOMEpHO BpaIAIOILHACH
BOKPYT Hadasa koopgunar O (puc. 127). Ecin xoop-

AMHATHBIC OCH HENOLBHXHEL, TO j
A= cos wt-+j sin of. \
[TposBofHas 3TOro BekTopa MO ¢ paBHa : RN
. d d . . . |
A=l a7 (cosof) +J — (sin ©f). sinet 1

C npyroii CTOpPOHBI, Ty iK€ MPOU3BOJAHYIO MOXKHO BHI-
yucauTs 1o dopmyse (46.10). Tak Kak ® = ok, To a| st
sTa QopMyJsa faeT
A=o [kA] = cos w! [RI]+ o sin of [Rf] =

= jo cos o — o sin wf.
CpaBunBasi 06a pesyJ/ibTarta, NOJNYYHM

d . . d . Puc. 127,
di (sin wf) = wcos ©f, d (cos wf) =— o sin wt.

Moxno ckasarb, uto BekTopHasn dopmyaa (46.10) skBuBanenTHA npasuaaM AudxpepeH-
LHPOBAHHA CHHYCA K KOCHHyCAa.

§ 47. Teopema Jiinepa. O6ulee ABHXKeHHE TBepAOro Tejaa

1. PaccmoTpum  naockoe Osudkenue TBEpAOTO Teja, T. €. TaKoe
IBHXKEHHe, KOTJa BCe TOUKHM Tesia [BHXKYTCA Napa/jiebHO OAHOH
miaockoctd. He Tepss OOIHOCTH, MOXHO CUHTaThb CaMoO TeJIO ILIO-
CKHM, a JBIDKeHMe NPOMCXOAAUM B . 4

MJI0CKOCTH Tesia. TlonoXKeHHe NJIOCKOTO ‘e === —j—o—=——
Tesla OLHO3HAYHO oOIpefesieTcsa 3aja- {
HHEM TOJOXEHUH KakKHX-iubo [ByX 8

touek ero. Ilostomy mocrarouno orpa-

HHYHTBCSI PACCMOTpEHHEM  JBHKEHHS
KaKoH-1u60 oAHOH NpAMOH NJOCKOro

tena. Ilycrs BhiGpanHasi npsimasi TBep-

JIOTO TéeJa Tepeinyia U3 TojoxeHus AB

B nojoxkenue A,B, (puc. 128). Coenu-

HUM TOUKy A ¢ Touko#t A;, a Touky B 0
c Toukoii B;. U3 cepenun otpeskoB AA; Puc. 128.

1 BB, BocCTaHOBUM TepIEeHAHKYJISIPbI

EO w DO, nepecexarompecss B Touke O. Jlokaxem, uro npsimyio AB
MOKHO IepeBecTH B HoJoxeHHe A;B; myTem OQHOrO II0BOPOTA BOKPYT
ToukH O. JleficTBHTENbHO, U3 MOCTPOEHHs CJefyeT, uto Touka O paBHO-
ynaseHa or Touek A u A;, a Takxke ot Touek B u B;. B cuny atoro nps-
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