2. KUHEMATHUKA TBEPJIOI'O TEJIA

Tsepooe meno — cucteMa MaTEPHATBHBIX TOUEK, PACCTOSTHUS MEKYy KOTOPBIMHU
B MTPOTIECCE IBIKCHUS OCTAIOTCS HEM3MEHHBIMHU.

Tpu ToukwM Tena, HE JIeXkKAIIHe HA OJHOW MPSIMOMN, HA3BIBAIOTCA POPMANbHOL
MoOeNblo TBEPJIOTO Tea.

PaznmuuatoT msaTh BUIOB JIBHKCHHS TBEPIOTO TEa:

1) mocrynarenbHOE;

2) BpamareabHOe BOKPYT HETIOIBIKHON OCH;

3) miockoe (II0CKOMapaIeabHOE);

4) cdepuueckoe (BpaliaTeibHOE BOKPYT HEMOJIBUKHOM TOUKH );

5) oOwuii cayyail ABUKEHUS.

Ilocmynamenvhvim O8udiCeHUeM HA3BIBAIOT TAKOE IBUKEHHUE, TIPH KOTOPOM
mobast psiMasi, TIPOBEJCHHAs B TEJE, OCTACTCs MapauiebHON CBOEMY TEpBOHA-
YaJibHOMY MOJIOKEHUIO (puc. 2.1).

.
yﬂ 3 /B,, — B, Teopema. Bce mouxu meepooco mena,
B ap OBUINCYUe20CS. NOCMYNAMENLHO, ONUCHIEATON
V4 00UHAKOBbIE MPAEKMOPUU U 6 KAHCObl MO-
— MeHm BpeMeHU UMerm PasHble O 6elUYUHE U

PN a4 4 HANPAGLeHUIO CKOPOCIU U YCKOPEHUSL:

- Vy=Vp, dy=dg.

Puc. 2.1 o ITOCKOJIBEKY BCE TOUKHU TBEPAOTO Tela ABUKYTCS

110 OJIMHAKOBBIM TPAEKTOPHSAM C OJIMHAKOBBIMU CKOPOCTSIMUA U YCKOPEHUSIMH, U3Y-
YEHHE MOCTYNATEIbHOIO JBUKEHUS TBEPIOTO TeJIa CBOAUTCSA K U3YUYEHUIO JIBUKE-
HUSI IFOOOM €ro TOUYKH (T. €. K 3aJlauaM KHHEMATUKUA TOYKH).

Bpawamenvhvim 0susicenuem TBEPIOTO Tella Ha3bIBAIOT TAKOE IBHXKEHUE, IPU
KOTOPOM B TE€JI€ UMEIOTCSI KAK MUHUMYM JIB€ HETIOJIBUKHBIE TOUKH.

[Ipoxonsinas yepe3 3Tu TOUKH MpsiMasi HA3bIBAETCS OChIO BpaIlIEHUS (CKOPOCTH
BCEX TOUEK, JIEXHKAIUX Ha 3TOU MPSIMOii, paBHbBI HYJII0). PaccToOsTHUS MeX Ty TOUKaMU
TBEPIOro Teja JOJDKHBI OCTABATHCS HEM3MEHHBIMHU, IIOATOMY OYEBUIHO, YTO IIPHU
BpalllaTeIbHOM JBUKEHUH BCE TOUKH TeJla OyyT OMUCHIBATH OKPYKHOCTH, IJIOCKO-
CTU KOTOPBIX NMEPIECHAUKYJISIPHBI OCU BPAILLICHHUS, & LIEHTPHI JIEKAT HA ITOU OCH.

[Ipu BpaiieHun TBEPAOTO TeNla YroJl €ro MoBOpOTa (¢ MEHSETCS C TeUCHUEM
BPEMEHHU, T. €. 3aBUCUMOCTb @ = f(¢) SBJISETCS ypaBHEHHEM BpPAIIATEIIHLHOTO JIBU-

JKCHHUA TBECPAOIro TCIa.
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Yenosas CKopocnb ® — 1TO BCKTOpHAas BEJIMUMHA, XapaKTCPUIYIoIasa U3MCHC-
HHUC yTJia IMMOoBOpOTa ¢ TCjIa C TCHCHUCM BPCMCHMU. YucneHHOe 3HAUYCHUE yrHOBOﬁ

CKOPOCTH OIIPEALCIIACTCS KaK IICpBast NPpOU3BOJHAs OT yIJla ITIOBOPOTA TCJIa IO BpC-
MCHM:
dp .
nN=—= (P .
dt
IIPUA 3TOM:
do
— €CJIn d— > O , TO YIroJI MOBOpOTAa (@ YBCIIMIMNBACTCA, T. €. BPAlICHHUC TCJIA IIPO-
t
HNCXOOAUT B ITOJIOKUTCIIBbHOM HaHpaBJ'IeHI/II/I oTcyucTa yrna HOBOpOTa;

— eclu j(P <0, To yrox moBopoTa ¢ yMEHBIIAETCS, T. €. BpalleHUE Tela Mpo-
t

HCXOJUT B OOPATHYIO CTOPOHY.
Yenosoe ycxopenue € —3T0 BEKTOpHas BEJIMUMHA, XapaKTEPU3YIOIIasi U3MEHE-
HUE YTJI0BOM CKOPOCTH Teja ¢ TEUCHUEM BpeMeHU. AlreOpanyeckoe 3Ha4eHUe yr-
JIOBOTO YCKOPEHHUS TBEPJIOrO Tejla ONpeNeNsieTcsl Kak nepBas MPOU3BOJIHASI OT €ro
YTJIOBOWM CKOPOCTH WJIM KaK BTOpas MPOU3BOJHAs OT €ro yrjia MmoBopoTa IO Bpe-

MCHU:

do d?¢ . .
E=——=——=n = (p .
dt dtz

IIpHU 9TOM:
do . .
— €CJIn E > O , TO IBUKCHUC YCKOPCHHOC U Q) TT €,

do . .
— ecimn — < 0, TO ABMKEHHUE 3aMEMIEHHOE U N g,
dt
Ecnu yrioBast CKOpocTh BO BCE BpeMsI IBMXKCHHSI TOCTOSTHHA = const, TO Bpa-

LICHUE TeJIa HAa3bIBACTCS PABHOMEPHBIM U @(f) = @ + f .

Ecnu yrnoBoe yckopeHue BO BC€ BpeMsl IBUKEHUS MOCTOSHHO € = const, TO
BpallleHHE TeJla Ha3bIBAE€TCS PABHOTIEPEMEHHBIM U 3aKOH TAKOTO JBUXKEHUS OMUCHI-
BaeTCs CIEAYIONIMM 00pa3oMm:

o(t) =g + &t;
et?
o(t) =9y + oot £ -
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PaccMmoTpum BpamarenbHOE IBUKEHUE TBEPAOTO Tela BOKPYT HEMOJBUKHON
ocu. Teno Bpaiaercst BOKpyr ocu Oy € yIJIOBOM CKOPOCThIO ® U YIJIOBBIM YCKOpE-
HUEM E .

Bo3bMeM npou3BoJibHYIO TOUKY 4 (puc. 2.2), IpUHAI-

JeXKAIIYI0 TBEPAOMY TEly U HE JIeXkKAIIyl0 Ha OCU €ro Bpa-

uieHus. TpaekTopuei ABMXKEHUS TOUYKU A IPU BpallaTelb-

HOM JIBJKEHUU TBEPIOTo Tesa OyneT OKpyKHOCTb. Touka
A cmenieHa ot ocu Bpamenus Oy Ha HEKOTOPOE PACCTOs-
Hue / 4. B cucteme koopaunat Oxyz MoJIOKEHHE TOUKU A

[@ A/ OyzaeT onpenensarcs painyCoM-BEKTOPOM 7 4, AJINHA KOTO-

pOTO MOCTOSTHHA (K3 OTNpeIeNIeHUs] TBEPAOro Tena).
w r'4 CkopocTh TOUKH A HampaBlieHa MO KACaTEJIbHOM K
O. TPAEKTOPUHU €€ JBUKECHUS U ONPENEAeTCS KaK MPOU3BO/I-
/ Has OT paJuyca-BeKTOpa 74 MO BPEMEHHU:
7

Puc. 2.2 VA =4
[Ipumenus ¢popmyny bypa u yuutsiBas onpeneneHue
TBEPJIOTO TeJia, MOIYUUM Gopmyny Diiiepa:
ﬁAZ?AZfA-E+6)XFA - o
- = Vy=0Xry,
74| =const

rac e — GI[HHHqHBIﬁ basuc HGHOI[BH)I(HOﬁ CHCTCMBI OTCUCTA.

[IpousBogHas paguyca-BEKTOpa NOCTOSIHHOW JUIMHBI, 3aJJaHHOTO BO Bpallaro-
nieiics cuctemMe OTcueTa, onpeaensercs no Gopmyie Jiiepa Kak BEKTOPHOE MPO-
M3BEJCHUE YITIOBOW CKOPOCTHU BpalllEHUs HA CaM BEKTOP.

Nuaue roBopsi, CKOPOCTH JIFOOOM TOUKHU TBEPAOTO Tea, BPalalolerocss BOKpYyr
HETIOJABUKHOU OCH, PaBHA BEKTOPHOMY MPOU3BEIECHUIO BEKTOPA YIIIOBOU CKOPOCTH
TeJIa Ha PaJANYC-BEKTOP ATOM TOUKHU.

Torma Moaysib CKOPOCTH TOUYKU A:

AN
v =orysin|o,7]
A ] =>Vy =O)ZA,
sin[®,7,]=4
r'4
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T. €. MOJlyJIb CKOPOCTH JK000M TOYKM BpPAIAIOLIErocsl TBEPIOTO TENa paBEH IPOU3-
BEJICHUIO YIJIOBOW CKOPOCTH €Tr0 BPAIIEHUS HA PACCTOSIHUE OT 3TOM TOYKHU JO OCH
BpAILICHUS.

Onpenennm yCKOpeHUE TOYKU A Kak MPOU3BOJHYIO OT €€ CKOPOCTH MO Bpe-

MEHU:
. ! . .
ag =vy =[(D><I’A] =OXry +OXry =eXry +OxXvy :aABp+aAL['
d 4gp = € X 4 — BPAIIATENBHOE YCKOPEHUE TOUKH A, XapaKTEPHU3yIOLIEE U3Me-

HEHUE TII0 BEJIMYMHE €€ CKOPOCTM C TeuyeHueM BpeMeHu. I[lpu stoMm

N
‘Zz A Bp‘ =¢grysin| €; 7y |=¢l 4, T. €. MOLYJIb BPAILATEILHOIO YCKOPEHUS TOUYKH TBEP-

JIOTO Tella paBeH IPOU3BEICHHUIO YIJIOBOTO YCKOPEHHUS €ro BpalleHHs Ha PaccTos-
HHE OT TOH TOYKH JI0 OCH BPALICHUS.
Kpowme Toro, d 4gy L €,74, npnaem:
— ecmt ® TTE, 0 d 4gp ™ ¥ 4, n nBuxKe-

HUE TOYKU YCKOpeHHoe (puc. 2.3);

— ecm ®NE, 10 G N ¥, u nBuxe-
ABp A

Puc. 2.3

HHUEC TOYKH 3aMCOJICHHOC.

gy =®XV 4 — LEHTPOCTPEMHUTENBHOE YCKOPEHHE TOUKH A, XapaKTepu3yio-
1iee M3MEHEHHE 0 HAMpaBJICHHUIO €€ CKOPOCTU C TeueHHueM BpemeHH. [Ipu stom
‘ﬁ Au‘ =V 4 sin|_(TJA\7 A J: ®vy = w?l 4> T. €. MOAYJIb HEHTPOCTPEMUTEIBHOTO YCKO-

pEeHUsI TOUKU TBEPJIOTO TeJia PaBEH MPOU3BEACHUIO KBaJIpaTa yrioBOl CKOPOCTH €ro
BpaIllEHHs HA PACCTOSIHUE OT ATOU TOYKH JI0 OCH BpalCHUS.

Kpome Toro, BekTop d 4y L d 45, ¥ HaNIPABIIEH K LEHTPY ONMMCHIBAEMOH TOY-

KOW OKPY>KHOCTH.

Torga Mmoaynb yckopeHust TOuku A OyneT paBeH:
‘aA‘ Z\/(aABp)z +(aAH)2 ZZA \/82 +(D4 .

Inockum unu njiockonapaiejlbHbiM 08uUdICeHUEM TBCPAOro TCJjia Ha3bIBAIOT Ta-

KO€ JBUKEHHE, P KOTOPOM BCE TOUKH TeJa ABUXKYTCS BO B3aUMHO MapaijieIbHbIX
MJIOCKOCTSX, MapaJlJIeIbHbIX B CBOIO 0U€pPE/Ib HEKOTOPOIl HETOIBUXKHOM MIIOCKOCTH.

JIBU>KeHME Ka)XJAOW TOYKHU TIOCKON (PUTypbl, 00pa30BaHHONW CEUEHHUEM Tela
HETOJBUKHOM MIIOCKOCTBIO, OMPEAEseT IBUKEHNE BCEX TOUEK TBEPIOro Tena, T. €.
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W3Yy4YCHUE TUTOCKOTO IBYKCHHSI TEJIa CBOJIUTCS K H3YUCHHIO IBFKCHHUSI TIFIOCKOH (hH-
TYPBIL

W3 reoMeTpuu M3BECTHO, YTO TMOJIOKEHUE TUIOCKOW (PUTYPHI B €€ TUIOCKOCTH
OJTHO3HAYHO OTPEACIIICTCS MOJ0KEHUEM JBYX €€ TOUYCK MU IMOJ0KEHHEM OTPEe3Ka.

Teopema. I/lnockoe osuoicenue meepoozo mena modtcem OvimMb NPEOCMABIEHO
KaK COBOKYNHOCHb NOCMYNAMEIbHO20 OBUNCEHUSL 6MeCme C HEeKOMOPOU MOYKOl,
NPUHAMOU 3d NOJIOC, U 8PAWAMNENTLHO20 OBUNCEHUSL BOKPY2 MCHOBEHHOU OCU, NPOXO-
osyell uepes 3mMom NoJkC.

3a MoJIFOC MPUHATO OpaTh TOYKY, KHHEMATHYECKHE XapaKTEPUCTUKH KOTOPOU
M3BECTHBI WJIH JIETKO HAXOJIUMBI B YCIIOBUSX JAHHOU 3a/1a4H.

Ecnu npuHSITE HEKOTOPYIO TOUKY A 3a TIOJIOC, TOT/Ia YPAaBHEHUSI TUIOCKOTO JIBU-

KCHHUA IIPUHHUMAIOT BU!

x4 =N();
ya=/,20);
¢ = f3(0).
r7ie @ — yroj moBOpoTa Teja (MIOCKOW GUrypsl) BOKPYT OCH, MPOXOJAIICH yepes
MOJIrOC A.
Teopema. Cxopocmbv 110601 mouxu niocKou
y‘ VB[] ﬁ,@\ Quzypvl pasHa ceomempuyeckol cymme CKOpo-
CMU NOI0CA U CKOPOCMU MOl MOYKU NPU ee 8pa-
//
- wamenbHOM OBUNCEHUU OMHOCUMETILHO NOTIOCA.
vp PaccmoTpuM ABHXKEHUE TUIOCKOM (UIYpBI,
rp A 3aaHHOU OTpe3koM AB (puc. 2.4), m Bparmiaro-
r4q IIEHCs C YTIIOBOW CKOPOCThIO ® . [IpuHSB TOUKy A
9) / , 38 MOJIOC C M3BECTHOH CKOPOCTBIO V4, ONpesie-
4 JIUM CKOPOCTh Vg TOYKH B.
Puc. 2.4

N3 AOAB=rg =¥  + AB, Torna:
\_53 ZFB :FA +(_6XFA =\_5A +\7B[A],
/€ VB[ 4] = ® X Fy — BpallaTeJibHast CKOPOCTh TOYKH B oTHOCHTENBHO ITOJIIOCA.

Teopema. [Ipoexyuu ckopocmeti mouex ni0CKou pueypvl Ha TUHUIO, UX COEOU-
HAOWYI0, PABHbL MENCAY COOOU.:

v 4COosa=vg cosp.
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3Hasg BEJIIMYKMHY W HANPaBJICHUE CKOPOCTU OJITHOU
TOYKHU TUIOCKOU (PUTYPBI, MOKHO ONIPEECTUTD BETUUUHY
CKOpPOCTH JI000M npyroit ee Touku (puc. 2.5), mpu
YCJIOBHH, YTO U3BECTHO HAMPABIICHUE €€ BEKTOPA.

[Ipn mIOCKOM IBMXEHHUHM TBEPIOrO Tela B Kax-
JIbII1 MOMEHT BPEMEHHU CYIIIECTBYET TOUKA, HEU3MEHHO C HUM CBsI3aHHas (HO HE 00s-
3aTeNIbHO eMy MpUHaJJIexkaIias), CKOpocTb KOTOPOH B ITOT MOMEHT BPEMEHHU paBHa
Hy10. Takas Touka Ha3bIBACTCS MCHOBEHHbIM YeHmMpPoMm ckopocmeu P.
MrHOBEHHBIN LEHTP CKOPOCTEU HAXOAUTCS HA MEPIECHAUKYIISIPE K HAIlpaBJie-
HHIO CKOPOCTH V() noiroca O MIOCKOU (PUTypBI, BPAIAIOILENCs C YIIIOBOU CKOPO-

CTBIO 0, HA paCCTOAHHHA OT 3TOI'O IMOJIOCA:

op="0.
Q)

Onpenenum ckopoctu Touek A, B u C minockoit ¢purypsl (puc. 2.6), npuHsB
MI'HOBEHHBIW LIEHTP CKOpOCTEU P 3a mosroc.

ITo Teopeme 0 CKOPOCTSIX TOUYEK MIOCKOM purypsl ais Touek A, B u C noiy-
YUM:

Vg=VpHvgp] |V4TVAP] =w- AP,y 4 1L AP,

\73 =\7p +\73[p] =3VB ZVB[p] =(D-BP,\7B J_ﬁg

§C2§P+§C[P] Ve =Vc[p]=(D'CP,\7C J_C—P;

T. €. CKOPOCTh JIt000W TOUKU IIOCKOU (PUTYPHI B KaXkIAblii MOMEHT BPEMEHU UMEET
MO/1yJib, PABHBIA MPOU3BEACHUIO YTIIOBOM CKOPOCTHU BpalleHus (GUrypsl Ha JJIUHY
OTPE3Ka, COCIMHAIOUIEr0 TOYKY C MIHOBEHHBIM LIEH-
TPOM CKOPOCTEH, U HAIlpaBJICHUE, NEPIEHIUKYIISIPHOE
ATOMY OTPE3KY B CTOPOHY BpaIlEHUs MIJIOCKOU QPUTYPBHI.

Takum oOpa3zom, MOyJIM CKOPOCTEN TOYEK IUIOC-
KOU (pUTYpHI B KaXXJbIi1 MOMEHT BPEMEHHU MPOMOPIINO-
HAJIbHBI PACCTOSIHUAM OT 3THUX TOYEK A0 MIHOBEHHOTO
IIEHTPa CKOPOCTEN.

vy AP vy AP vp BP

vp _BP,VC _CP’vC “cp’
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Teopema. Ycrxopenue 11060t mouku niockou ghucypuvl pagHo 2eoMempuyecKoli
cyMMme YCKOpeHus noaiocd U yCKOPEHUs Mol MoyYKUu Npu ee 8pawjeHuU 80Kpy2 MeHo-
BEHHOU OCU, NPOXOOsAUell Yepe3 NONIOC.

PaccmoTpum nBUKEHME TUIOCKON (DUTYpBI, 3aJaHHON O0Tpe3koM AB (puc. 2.7),
U Bpallaromlencsi yCKOPEHHO C YTJIOBOM CKOPOCThIO O U YTIOBBIM YCKOPEHUEM € .
[IpunsAB TOUKY A 3a IOJIFOC ¢ U3BECTHBIM YCKOPEHUEM d 4, ONIPENECIINM YCKOPEHHE

dp TOYKH B:

Gg =5 =94 +[ox AB| =a+ 6% AB+x (4B) =a +Ex AB+dx g

R —
—

dp[4]sp =€X AB — BpallaTeNbHOE YCKOPCHHE TOYKH B OTHOCHTEIBHO
nomioca A. IIpu oToM dp[ 4]sp 1 §,4B, npUYeMm:

— ecmn ® 1T E, T0 ap[Alep ™ Vp[4], M ABHKeE-
HUE TOYKHU YCKOpEeHHOE (CcM. puc. 2.7);

— ecmn ® TV E, 10 aB[Alsp ™N VB[ 4]> ¥ ABHKE-

HHUEC TOYKH 3aMCOJICHHOC.

Ap[ 4]y =®XVp[4] — UCHTPOCTPEMUTENBHOE

YCKOPEHUE TOUYKHA B OTHOCUTENBHO montoca 4. [pu

9TOM BEKTOP dp[ ]y 1 dp[4]sp ¥ HANPABICH K 110~

Iocy A.
Takum oOpa3om, yckopeHue d B[ 4] TOUKH B oTHOCHTENBHO IOIIOCA A

dp[4] =ap[Alsp + 9B[A]u -
a o0lliee yCKOpeHUE TOUKH B MI0CKoi QUrypsr:
ZiB =ZiA +aB[A].

Cohepuueckum Osudicenuem TBEPIOTO Tella HA3BIBAIOT TAaKOE JBWXXKEHUE, MPU
KOTOPOM B TeJI€ CYIIECTBYET OJHA HEMOJIB)KHAsI TOYKA, a BCE OCTaJIbHBIE TOUYKHU
Tena JBUXKYTCS MO cPeprUuecKUM MOBEPXHOCTSIM, LIEHTPHI KOTOPHIX COBIMANAIOT C
HETIOABWKHOU TOUYKOM.

Obwuti cnyuatl 08udxceHuss TBEPAOTO Tella — 3TO TaKOW BUJ IBUXKEHUS, TIPU KO-
TOPOM TEJO B IMPOCTPAHCTBE JIBHXKETCSI MMPOU3BOJIBHBIM 00pa3oM (JIBUKEHUE CBO-
00HOTO Tena).
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3anava 2. UCCJIIEJOBAHHUE IBUKEHUS 3BEHBEB
IHJIOCKOI'O MEXAHU3MA

2.1. YciaoBue 3a1a4u

B mapHUpHOM 4eTBIPEX3BEHHOM IUIOCKOM Mexanusme OABODE (puc. 2.8)

Benytiee 38¢H0 OA paBHOMEPHO BpaIIaeTCs BOKPYT HEMOIBIKHON OCH, TIPOXO/IsI-
mei yepe3 Touky O. 3BeHO OB uMeeT HEeNOABMKHYIO OCh BpALIEHHUs, IPOXOIs-

yro yepe3 Touky O;. Touka E IBHKETCA IPSIMOJIUHENHO 10 BEPTUKAIH BJOJIb OCU
¢ . Karok paamyca r nBHKETCS 0€3 CKOJBKCHHS 110 HETOABUKHON TTOBEPXHOCTH.

Homep cxembl MexaHu3Ma, pa3Mepbl 3BEHBEB, YIJI0Basl CKOPOCTh BEAYILIETO
3BEHA ()4 M €TI0 MOJI0KEHUE I KaKAOT0 U3 BAPMAHTOB NIPUBEJCHBI B Ta0M. 2.1.

JI71s1 BBIJAHHOTO BapuaHTa 3aJaHusi HEOOXOJAMMO B YKa3aHHOM MOJIOKEHUU MeXa-
HHU3Ma HaWTH JIUHEHHBIE CKOPOCTH TOUeK A, B, D, E u nuaMeTpaibHO MPOTUBO-
nmoJIOKHBIX Touek G, H 00012 kaTka, TMHEWHOE YCKOPEHNUE TOUYKU B, a TakKe yT-
JIOBBIE CKOPOCTH BCEX 3BEHBEB U YIJIOBBIE YCKOPEHMS 3B€HbEB AB u O|B.

2.2. [Topsaiok pelieHUs 3a1a9M

1. Onpenenuts TMHEHHYIO CKOPOCTh TOUKHU A .
2. OnpenenuTs HapPaBJIECHUE BEKTOPOB JIMHEUHBIX CKOpOCTEW Touek B, D, E.
3. Haiitu MruoBeHHsle LeHTpBI cKkopocTed Pyp, Ppp, Pgy 3BeHbeB AB, DE n

GH . Tlocne 4ero, OICHHB UX MPUOIM3UTEILHOEC MECTOIOJIOKECHHUE OTHOCH-
TEJIbHO MEXaHU3Ma, BBIOpaTh MaciiTald JIJTMH TaKUM 00pa3oM, YTOObI BCE MTHO-
BEHHBIE LIEHTPBI CKOPOCTEU PaACIIOIATAIUChH B MIPEAETIAX YEPTEXKA.

4. HaueptuTh B BRIOpAaHHOM MacIliTabe cXxeMy MEXaHU3Ma, yKa3aB Ha HEl MTHO-
BEHHBIE LIEHTPBI CKOopocten Pyp, Ppr v Fgyy .

5. OnpenenuTth U MOKa3aTh HA CXEME BEKTOPBI IMHENHBIX CKOPOCTEN BCEX YKA3aH-
HBIX paHee To4yek. MacmTad JMHEHHBIX CKOPOCTEN MOXKET OTIUYATHCS OT Mac-
mraba JJIH.

6. [IpuMeHuB crioco6 MrTHOBEHHOTO IIEHTPA CKOPOCTEM, ONPEIETUTh U MOKa3aTh HA
CX€ME BEKTOPBI YIIIOBBIX CKOPOCTEU BCEX 3BEHBEB MEXAHU3MA.
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Cresa 3

Puc. 2.8
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Tabauya 2.1

Howmep Pasmep, M o, | ©ogs | r,
Bapuanra | cxembl | OA | 4B | OB | BD | DE a b c Lol g M
1 1 3,0 | 10,0 | 14,0 | 18,5 | 18,5 | 85 | 18,5 | 13,5 | 180 50 3,0
2 2 4,0 | 17,5 | 80 | 40 | 18,0 | 20,5 | 5,0 | 50 | 255 30 |6,0
3 3 401 7,5 | 90 | 10,0 | 14,0 | 11,0 | 45 | 7,0 | 60 40 |40
4 1 55| 13,0 | 11,5 | 18,0 | 13,5 | 14,0 | 11,5 | 9,5 | 75 20 |45
5 2 4,5 180 | 80 | 55 | 17,0 | 13,0 | 5,0 | 6,5 | 150 50 16,0
6 3 3.5 55| 90 | 80 |205 155 3,5 | 7,0 | 120 30 |35
7 1 50 | 15,0 | 155|225 | 11,0 | 85 | 12,5 | 9,0 | 120 10 |45
8 2 3,0 | 15,0 | 10,0 | 8,0 | 13,5 19,5| 5,0 | 55 |210| 20 |40
9 3 35 35 | 13,5] 80 | 11,0 | 80 | 2,5 | 6,0 | 240 10 |55
10 1 50195 95 | 160 | 10,5 | 80 | 125|120 | O 20 |35
11 2 50| 185 | 95 | 50 | 17,5 18,5 55 | 7,0 | 120 30 |45
12 3 50| 6,0 | 14,5 | 12,5 | 12,5 | 13,0 | 2,5 | 5,5 | 240 50 |35
13 1 4,5 | 12,0 | 15,5 | 24,0 | 12,0 | 15,0 | 16,5 | 21,0 | 210 50 |55
14 2 55| 155 85 | 50 | 19,5140 | 4,0 | 50 | 300 50 16,0
15 3 50| 7,5 | 16,5 | 12,0 | 16,0 | 11,5 | 2,5 | 5,0 | 330 50 16,0
16 1 6,0 | 19,5 | 8,0 | 12,0 | 10,0 | 14,5 | 18,0 | 17,5 | 90 10 |50
17 2 55(117,0 | 90 | 7,0 | 18,5 | 16,5 | 6,0 | 4,5 | 210 50 5,0
18 3 50| 7,5 | 17,5 | 10,0 | 10,0 | 11,5 | 5,0 | 5,5 | 135 50 4,0
19 1 3,0 | 13,5 | 13,0 | 20,0 | 85 | 6,5 | 17,5 | 12,0 | 195 30 4,0
20 2 4,5 | 14,0 | 10,0 | 6,0 | 19,0 | 15,5 | 5,0 | 55 | 195 50 |35
21 3 30| 70 | 145 | 95 | 17,5 | 155 | 2,0 | 6,5 | 75 20 |45
22 1 4,0 | 125 | 85 | 250 | 17,5] 95 | 12,5 | 17,0 | 240 | 40 |4,0
23 2 6,0 | 20,0 | 9,5 | 50 | 20,0 | 16,0 | 6,0 | 4,5 | 150 30 3,0
24 3 50| 7,5 | 95 | 135|185 | 13,0| 2,0 | 50 | 75 50 5,0
25 1 55 (19,0 | 10,0 | 16,5 | 10,0 | 14,0 | 19,5 | 14,0 | 150 50 16,0
26 2 351195 | 80 | 40 | 225 |16,5| 50 | 7,0 | 120 30 |55
27 3 50| 6,0 | 155 ] 13,0 | 10,5 | 13,0 | 2,5 | 6,5 | 225 30 |35
28 1 451 7,5 | 145 | 180 | 185 | 9,5 | 155 | 12,5 | 180 | 40 |3,0
29 2 6,0 | 145 | 95 | 7,0 | 12,0 | 18,5 | 55 | 6,0 | 195 40 |3.,5
30 3 4,51 40 | 11,5 | 145 | 16,5 | 16,0 | 50 | 6,5 | 105 50 5,0
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7. IIpoBepUTHh KOPPEKTHOCTD OIIPEAECIICHUS INHEWHON CKOPOCTH Vg TOYKU B, Ipu-

MeHsisl rpaduyeckre crocoObl MOI0Cca U MPOSKITUH.
8. OmnpenenuTh JUHEHMHOE YCKOpEHUE TOUKU A M, UCHOIB3ysd CIOCO0 MOJIOCa,
HaWTH JINHEMHOE YCKOPEHUE TOUKHU B .

9. Iloka3atb Ha cxeMe B BEIOpaHHOM MacIiuTade TMHEHHOE YCKOPEHUE d 4 U TMHEH-
HOE€ YCKOPEHHUE dpg C €r0 COCTABIAIOIIMMU. YKa3aTh MacIITad yCKOPEHHUI.

10. Onpenenuts 1 MOKa3aTh Ha CXEME BEKTOPBI YITIOBBIX YCKOPEHUN € g U € 4B

3BeHbEB OB u AB.
11. IIpoBepuTh KOPPEKTHOCTD OINPEICIICHUS JINHEUWHOIO YCKOPEHUS dp IIOCTPOE-

HHUEM MHOTOYI'OJIbHUKA YCKOpeHI/If/,I.

2.3. Ilpumep peuieHus 3a1a49u

Ycnoeue 3a0auu. B mapHupHOM TIOCKOM
mexanusme OABO;DE (puc. 2.9) Benyiee 3BeHO

OA Bpamaercs ¢ MOCTOSIHHOM CKOPOCTBIO ®()4

B BOKPYT HEMOJBMIKHOW OCH, MPOXOJSAIIEH 4epe3
touky O. 3BeHo O;B HMMeeT HeNOABIKHYIO OCh
= “ BpalleHHs, IPOXOAAILyI0 uepe3 Touky O;. Touka
5 A FE nBmkercs NpsaMOJIMHEWHO IO BEPTUKAIU BIOJIb
® 4 ocu & Katok paamyca r aBuKeTcs 0€3 CKOIbXKe-
TR s [0 HEMOJABUKHON NOBEPXHOCTH.
a N JlaHHBIE 11 pElICHUS 3a/1a4¥ NPUBE/ICHBI B
£ Tabm. 2.2.
Puc. 2.9
Tabauya 2.2
Howmep Pasmep, M o, O04 > r,
BapuaHTa | cxeMbl | 04 | 4B | OB | BD | DE a b c e ¢! M
31 4 53174 ] 66 | 94 | 78 | 6,1 |10,0 13,0 75 15 3,0
Pewenue.
1. Onpenenum JIMHEWHYIO CKOPOCTh TOYKH A:
\_514 ZCBOAX@. (2.1)
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13 (2.1) u Toro, uto ® 4 L 0A, CIIeTyeT:

vy =00y - 0Asin90° =15-5,3-1=79,5 m/c.

[Tockonpky 3BeHO OA BpalaeTcs BOKPYT HEMOJIBUKHOW OCH, MPOXOASAILIEH
yepe3 ToUKy O, BEKTOp JIUHEUHOU CKOPOCTH TOUKHU A OyJIeT HalpaBJIeH B CTOPOHY
BpallleHUs nepHeHauKyIsipHO 3BeHy OA (puc. 2.10).

2. Onpeaenum HampaBiIeHUsI BEKTOPOB JUHEHUHBIX CKOpocTell Touek B, D, E .

3BeHO BD nmeeT HENOJABMXKHYIO OCh BPAILCHUS, MPOXOIAILYI0 YepPE3 TOUKY

Oy, cnenoBaTeNbHo, JUIsl BEKTOPOB JTUHEHHBIX CKOPOCTEN TOUeK B U D BBINOIHSA-

ercst yenosue vy, vp L BD, vg T vp.
3BeHo DE coBepmiaer miocKoe IBUKEHUE, IPU 3TOM TOUYKa £ IBUKETCS Mps-
MOJIMHEWHO 0 BEPTUKAIHN BHU3.

Puc. 2.10

3. Omnpenenum NOJIOKEHUS MIHOBEHHBIX LEHTPOB ckopocred Pyp, Ppp,
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Jlis1 3BeHa AB, COBEPIIAIOILETrO INIOCKOE IBUKEHUE, U3BECTEH BEKTOP V 4 JIH-

HEWHOU CKOPOCTU TOUYKU A W JIMHUS BEKTOpa JIMHEHHOM ckopocT Touku B . Ilomo-
’KEHHE MTHOBEHHOTO LIEHTpa CKopocTell Pyp 3BeHa AB ompenensercs TOYKOU Ie-
peceyeHus MEePIeHINKYISIPOB, MPOBEICHHBIX U3 TOUEK A U B K HampaBJieHUSIM JIH-
HEWHBIX CKOpPOCTEH 3TuX Touek (cMm. puc. 2.10).

Jns 3Bena DE, coBepmiaroniero miocKoe IBUKEHHUE, U3BECTHBI JINHUUA BEKTO-
POB JIMHEWHBIX CKOpocTer Touek D u E. I1lomokeHrue MrHOBEHHOTO LIEHTPa CKOPO-
credl Ppp 3BeHa DE omnpenensercs TOUYKON nepeceyeHus NepueHauKyIspoB, Ipo-
BEJICHHBIX M3 TOUYeK D W E K HampaBJICHUSIM JUHEMHBIX CKOPOCTEH 3THUX TOYEK
(cm. puc. 2.10).

3BeHo GH mpuHAMICKUT KaTKy, BMECTE C KOTOPBIM COBEPIIACT IIIOCKOE JIBH-
keHue. [Ipu 3ToM MTHOBEHHBIN LIEHTp ckopocTell Pgy 3BeHa GH Oyner Haxo-
JIUTHCS B TOUYKE CONMPUKOCHOBEHUS KaTKa C MOBEPXHOCTHIO, 10 KOTOPOM OH JBH-
xetrca (cM. puc. 2.10). OnpenenuB MoJI0KEHUE MTHOBEHHOTO LIEHTPAa CKOpPOCTEN

Pg , TOKaXkeM JIMHUK BEKTOPOB JIMHENHHBIX ckopocTell Touek G u H mnepneHau-
KyJIAPHO K COOTBETCTBYIOLIMM MTHOBEHHBIM paauycaM-BeKkTopaM FPoyG v Poy H

B CTOPOHY JIBM>KEHUS KaTka (cMm. puc. 2.10).
4. Onpeaenum BEKTOPbI TMHEHHBIX CKOPOCTEHN BCEX YKa3aHHBIX paHEe TOUYEK.
3BeHO AB Bpamaercss BOKPYIT MIHOBEHHO-HEIMOJBUKHOW OCH, MTPOXOASIIEH
4yepe3 MCHOBEHHBIHN LIEHTP CKOpOCTel Pyp € yrIOBOU CKOPOCTBIO O 43 -

Torna, ucnons3zysa Gpopmyny Diepa, MOITYyUYUM
vg=0yp - PypA;
vg =0 p - PypB,
rne PypA n P pB — MIHOBEHHBIE palnyChl-BEKTOPBI TOUEK A U B.

(2.2)

B pesynbraTe rpaduueckux MOCTPOEHUN MOJYYUM CIEAYIOIIHME 3HAYCHUS
MTHOBEHHBIX PaJyCOB-BEKTOPOB:
PypA=9,16 m;
PpB =437 M.
Kaxk BuanO 13 (2.2), nuHelHble CKOPOCTU TOUEK A U B MpOnopiuoHaIbHBI UX
PACCTOSIHUSM JJO MTHOBEHHOTO IIEHTPa CKOPOCTE:
va _Pap4d (2.3)
VB P A BB

Takum oOpa3om, JIUHENHYIO CKOPOCTh TOUKU B ornpeaennum Kak
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PapB _ 795537

PypA 9,16
3BeHO BD wuMeeT HENOABWKHYK) OCh BpAlICHUS, NPOXOJIALIYI0 Yepe3

VB =Vy =37,93 m/c.

TOUKy (), CI€I0OBATEIBHO, IS JIMHEUHBIX CKOPOCTEN ToUeK B n D momyduM:
VB=W0OOB" OIB;
‘ (2.4)
vp =00, - (BD—0B),
rIe ®(, g — yIJoBas CKOpOCTh 38¢Ha BD.

AHaJIOTUYHO OTHOLIEHUIO (2.3) u3 BbipaxeHus (2.4) Noaydnm:

VB . OlB
vp BD-OB’
OTKYJla, 3Hasd JIMHEHHYI CKOPOCTb TOYKH B, OmpeAeauM JMHEHHYIO CKOPOCTb
TOYKH D :
vp=vg B2ZOB 379394766 1609 we.
OB 6,6

3BeHo DE Bpamaercss BOKpYr MTHOBEHHO-HENOJABHKHOM OCH, MTPOXOISIIIEH

Yyepe3 MTHOBEHHBIH LIEHTP CKOPOCTe Ppp C YIIIOBOM CKOPOCTBIO O pf -
Torna, ucnons3zysa Gopmyny Dinepa, HOJTyUUM:
vp =0pEg - PpeD;
(2.5)
VE =0pE - Ppgk,
rne PypD v P pE — MIHOBEHHBIE PaJNyChI-BEKTOPBI TOYCK D u E.

B pesynbrare rpaduueckux MOCTPOCHUM MOJYYEHBI CIEAYIOIIUE 3HAYCHUS
MTHOBEHHBIX PaJyCOB-BEKTOPOB:
PppD =18,45 wm;
PppE =21,76 m.
AHaJIOTUYHO OTHOLIEHUIO (2.3), u3 (2.5) nonyyum:
vp PpgD
v PppE’
OTKyJa, 3Hasi JIMHEHHYI0 CKOPOCTh TOYKH D), ompelnenuM JIUHEHHYIO CKOPOCTh

TOYKHU E :

PpEE _ ¢ 0. 2176

PprpD 18,45
3Beno GH BpamaeTcs BOKpPYT MTHOBEHHO-HEMOABMKHOW OCH, MPOXOISIICH

VE =Vp =18,98 m/c.

4epe3 MIHOBEHHBIN IIEHTP CKOPOCTEN Pgzy € yIIIOBOM CKOPOCTBIO O (77 -
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Torna, ucnone3ys Gpopmyity Olinepa 1 y4uThIBas, 4TO TOUKA £ Tak:ke NPUHAL-
aexut 3Beny GH , momyuum:
VE =0GH " FGHE;
vG =ogh - FuG; (2.6)
v =0y FeuH,
rne PogE =r, PG u P H — MIHOBEHHBIE palnyChl-BEKTOPbI Touek £, G u
H.

B pesynbTaTe rpadguueckux MOCTPOCHUM MOITYUYEHBI CIENYIONIME 3HAYCHUS
MTHOBEHHBIX PaJlyCOB-BEKTOPOB:

PG =591 wm;
Py H =1,05 m.
AHaJIOTUYHO OTHOIIEHHUIO (2.3), U3 BeIpaxkeHus (2.6) noaydum:
VE ro.
v6  PouG’
VE r
vy PouH’

OTKyJa, 3Has JIMHCHHYI0O CKOPOCTh TOYKM E, ONpeneuM JHMHEWHBIE CKOPOCTH
Ttouek G u H :

PoyG 591

=18,98 -

VG =VE =37,39 m/c;

PopyH 1
Vi ZVEG%=18,98- ’(3)5 = 6,64 M/c.

[TokaxxeM Ha cxeMme BCe HaWJCHHBIE paHEe BEKTOPBI JUHENHBIX CKOPOCTEU
(cM. puc. 2.10). MacmTad TMHEHHBIX CKOPOCTEH MOXKET OTJIMYAThCA OT MaciiTada
JUTUH.

5. IlpuMeHUB crtocoO0 MTHOBEHHOTO IIEHTPa CKOPOCTEH, OIIPEACIINM U YCIIOBHO
MOKAXEM Ha CXEME BEKTOPBI YIIIOBBIX CKOPOCTEMN BCEX 3BEHEB MEXaHU3MA.

VYTI0BYIO0 CKOPOCTh ® 45 3B€HA AB onpexnenuM 1o 1000 u3 popmyi (2.2):

vqgy _ vp 795 3793
PgAd PugB 916 437

Omnpenenum HanpaBlIeHHE BEKTOpa YIIOBOM CKOPOCTH  4p 3BeHa AB Kak

8,68c L,

Wy =

HaIpaBJICHUE KpaTyalllero moBOopOTa BEKTOpa JIMHEHMHON CKOPOCTH KakKoil-1u0o

TOYKH, PUHAJIEKALEH COOTBETCTBYIOIIEMY 3BEHY, K €0 MTHOBEHHOMY LIEHTPY
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ckopocteit. Ha cxeme (cm. puc. 2.10) BugHO, 4TO KpaTyalinii HOBOPOT K MTHOBEH-
HOMY IIEHTPY CKOpOCTeN P/ p BEKTOPOB JMHEUHBLIX CKOPOCTEH V 4 U Vg OCYILECTB-

JSIETCSI IO X0y 4acoBOM cTpeliku. Clie10BaTeIbHO, BEKTOP YIVIOBOM CKOPOCTH @ 45
HaIpaBJICH B TUIOCKOCTh PUCYHKA («OT HACH).

YTI0BYIO CKOPOCTE ® (), g 3BEHA BD onpenenum 1o j11060it u3 hopmyt BbIpa-

xeHus (2.4):

- vp 3793 16,09

()] = = = =
CBT 0B BD-OB 66 94-66
1 — U] s LI )

[Tockosbky 3BeHO BD Bpamaercs BOKPYI HEMOABUKHOW OCH, NMPOXOISAIIEH

—575¢71

yepes TOUKy (), TO HalpaBIE€HUE BEKTOPA YIIIOBOU CKOPOCTU 6)01 B OIpEeIeInuM 110

npaBuily «mpaBod pyku». Ha cxeme (cm. puc. 2.10) BUIHO, YTO BEKTOp YIJIOBOM
CKOpPOCTH (7301 p HAIpaBJIEH OT INIOCKOCTH PUCYHKA («HA HAC).
VYTI0BYI0 CKOPOCTE ® pp 3BeHa DE ompenenum no j1ro0o0il u3 GpopmyJ BeIpa-

xKeHus (2.5):
_vp _ vg 16,09 1898
PppD PppE 18,45 21,76

Ha cxeme (cMm. puc. 2.10) BUIHO, UTO KpaTyallliuii MOBOPOT K MTHOBEHHOMY

OpE 0,87 C_1 .

LEHTPY CKOPOCTENl Ppp BEKTOPOB JIMHEUHBIX CKOPOCTEH V) U V OCYHIECTBIISIECTCA
IIPOTUB XOJa 4acoBOM cTpenku. Cle0BaTeIbHO, BEKTOP YIJIOBON CKOPOCTU O phf

HaIpaBJICH OT MJIOCKOCTU PUCYHKA («HA HACY).
YTnoByro ckopocTh 0y 38eHa GH ompenenum 1o 1000 u3 GopMy BeIpa-

*KeHus (2.6):

vE Vg vy 1898 3739 6,64

()] =  —— = = = = =
CH e T PeyG PegH 3 591 1,05

Ha cxeme (cM. puc. 2.10) BUAHO, YTO KpaTyaliiuii MOBOPOT K MTHOBEHHOMY

6,33¢7 L,

LEHTPY CKOpoCTel FPgp BEKTOPOB JUHEHHBIX CKOPOCTEN Vg, VG U Vi OCYIIECTB-
JA€TCs MO0 XOAy 4acoBOW cTpenku. CinenoBaTenbHO, BEKTOP YITIOBOM CKOPOCTH
G HalpaBleH B INIOCKOCTh PUCYHKA («OT HAC»).

[TokaxxeM Ha cxeMe BCE HaWJICHHBIE paHEE BEKTOPHI YIVIOBBIX CKOpocTeu. Ha
CXEMe HaIIPABJICHUE BEKTOPA YITIOBOW CKOPOCTH IMOKA3BIBACTCS AYTOBOM CTPEIIKON

BOKPYT COOTBETCTBYIOIIETO MTHOBEHHOTO IIEHTpPA CKOPOCTEH WM OCH BpaIlCHUS
(cm. puc. 2.10).
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6. IIpoBepuM KOPPEKTHOCTD OIIPENEICHUS IMHEUHON CKOPOCTH Vg TOYKH B,

MPUMEHUB IpaduyecKue CrocoOBbl.

Onpenenum TMHEHHYI0 CKOPOCTh TOUKH B cocoOoM Mosroca.

Jlns onpeneneHust TIMHEMHOM CKOPOCTU TOUYKU B 3BeHa AB 3a mosoc BhIOH-
paeM TOUKYy A, Tak KakK JJi1 HE€ N3BECTHBI BEJIMYMHA U HAMIPABJICHUE JTUHEMHOMN CKO-
pocTu, HaiaeHHbIe 1o (2.1). Toraa nuHENHas CKOPOCTh TOYKH B OIpeeseTCs Bbl-
pakeHueM

‘_;B =§A +§B[A]9 (2.7)

rae v B[A] ~ JIMHEWHAsA CKOPOCTh TOUYKH B TpPHU €€ BPALLEHUHU OTHOCUTENIBHO ITOJIF0CA

4, cnepoBarensHO, v 41 L ® 45, AB.
B (2.7) u3BecTHBI BEIMYMHA U HAIIPABICHUE BEKTOPA V 4 ; IMHUS BEKTOpA Vg ;

JINHUS BEKTOpa v B[A]-

[Toctpoum TpeyronpbHuK BekTOpoB (2.7). M3 mnpowusBosibHON Touku O
(puc. 2.11, a) B BbIOpaHHOM MacIITade MOCTPOUM BEKTOP V4 U HPIMYIO, Mapai-
JEJIBHYIO JIMHUU BEKTOpa Vp. UTOOBI ONpenenuTh BEPIIMHY TPEYTrOJbHMKA, U3

KOHI[A BEKTOpa V, HPOBEAEM INPSAMYIO, HMapalIeIbHYI0 JTHHUHM BEKTOPA Vg 4]

Touka nepecedeHns YTOU JIMHUM C JIMHUEU BEKTOPA Vy ONPEAEIUT BEPLINHY Tpe-
YTOJIBHUKA U, CIEN0BATEIBHO, KOHEL] BEKTOPA Vg .
N3 nony4yeHHbIX rpaduuecKuX MOCTPOCHHM, MOIB3YsICh MAacIITa0OM, HalIeM:
vp =38,67 m/c.
[IpumenuB Teopemy O NPOEKUUIX JIMHEUHBIX CKOPOCTEU, ONPEACIUM JINHEH-
HYI0 CKOPOCTb TOUKH B, Ipoelupys BEKTOPHL V 4 U Vg Ha 3BEHO AB:
V4 -COSY| =Vpg -COSY).
VYrael y| U Y, ONpeAenuM U3 cxeMbl MexaHusma (cM. puc. 2.11, 6). Ilomyuum
795. 0,4695
COSY»> 0,9877

CpaBHUB NOJIyYEHHbIE IBYMSI TpapuecKUMH C1oco0aMu 3HAUECHUS IMHEUHBIX

cosyy _

Y1 =62"; vy, =9°. Torma vg =v 4 - =37,79 m/c.

CKOpOCTEl Vg, yOexaaemcs, 4TO0 OTHOCUTEIbHAS OTPEIIHOCTD HE MPEBBIIIAET J10-

nyctuMoi — 5 % (cnoco0 nomtoca — 1,95 %, cnoco6 mpoekuwii — 0,37 %).

34



Y 1 '}’2
'] B
vp[4] -
__— VB
v?h\-""'m_-\.._\_\_\_\_h I'I,II\ VA %HR""‘-\-_\_\_\_ Y1
a o I

Puc. 2.11

[Tony4yeHHble pe3yabTaThl IPUBEIEM B BUI€ TaOIUIbI (Tab. 2.3).

Tabauya 2.3
Cnocob JlunelHast CKOpOCTb, M/C Yri0Bast CKOpOCTb, C |
OIpeNICNICHUsT | V4 vp Vp Vg VG vg | @4 | ®OB | Opg | OgH

Ananuruyeckuit| 79,5 137,93 | 16,09 | 1898 [37,39 | 6,64 | 8,68 | 5,75 | 0,87 | 6,33
38,67

I'paduueckuii | — — — — — — — — —

37,79

7. Onpenennm JIMHENHOE YCKOPEHUE TOUKU B .
JInHENHOE YCKOPEHUE dp TOYKHU B ONpPENENnseTCs BBIPAKEHUEM

dp=d4+ap4) (2.8)
rae dy=d, mp T ay — JUHEHHOEe yckopeHue Touku A 3BeHa OA, koTopas mnpu-

HsTa 3a MOJIOC; d B[A4] JIMHENHOE YCKOPEHUE TOUYKKA B Tpu BpamarebHOM JBH-
JKCHHH 3BCHa AB BOKDYT OCH, HPOXOZsIIEH depes momtoc 4. Bektop dpr 4 npea-

CTaBUM B BHUJIC
aB[A]:aB[A]Bp_'_aB[A]L{’ (2.9)

rac aB[A] Bp — BpamarcijibHasd COCTaBJEIrOmIas JIMHCUHOTO YCKOPCHUA aB[A],

a B[A]n ~ LCHTPOCTPEMUTENbHAS COCTABIIAIONIAs JIMHEMHOTO YCKOPEHHUS d B[A]-
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ITomyuum:
aB[A]Bp:SAB-AB; (2.10)
2
aB[A]u:(DAB'AB' (2.11)

OnHako, NOCKOJIBKY TOUKa B MpUHAIJIEKUT 3BEHY BD, Bpamaromemycs: BO-
KpyT OCH, IIPOXOAsILEH yepe3 TouKy (Jj, TO IMHEHMHOE YCKOpEHUEe TOUKU B ciara-

C€TCA M3 BpallaTCIbHOI'O YCKOPCHUA a U ONCHTPOCTPEMUTCIBHOI'O YCKOPCHUA
B Bp

ZzBu,T. e.
[Ipu sTOoM
ap Bp 28013 'OlB; (2.12)
ag, =0y . OB. (2.13)

VYpasuenue (2.8) c yuerom (2.9) — (2.13) npencraBum B Buje

aBBp+aBLI:aABp+aALI+aB[A]Bp+aB[A]LI' (2.14)

IIo MMOJIYYCHHBIM paHCC KWHCMATHYICCKUM BCIIMIHHAM OIIPCACIINM MOJAYJIHA JIN-

HEWHBIX YCKOPEHUH B BhipaxkeHuu (2.14):
a,, =004 0A=15%-53=1192,5 m/c>;
aABp =€04 'OAZO,
TaK Kak ),y = const (aBmwkeHue 38€Ha O4 paBHOMEPHOE);
ag =5  O1B=575"-6,6=21821m/c’;
— 2 _ 2 _ 2
Apr g1 = ©4B -AB=8,68"-7,4=557,53 m/c”.

Bexkrop d 4 ;i HATPaBIeH OT TOUKH 4 x touke O. Bekrop dp ; HampaBIeH OT
TOYKH B k Touke O;. Bekrop a B[ 4] HATIPABJIEH OT TOUKH B x Touke 4.

BGKTOpBI ClB Bp u aB[A] Bp HU3BCCTHBI TOJIBKO IIO JIMHUAM ACUCTBHA. OHpGI{G-

JIMM MX BEJIUYMHBI aHATUTHYSCKUM CITOCOOOM.
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[IpoBenem NEepNeHIUKYISPHO K 3B€HY AB KOOpAMHATHYIO OCh BX M mepreH-

IUKYIISIPHO K HEU3BECTHOMY BEKTO a KOOpPIUHATH oc B
yIip y Py dp g P Y10 Y

Bp

(puc. 2.12). HensBecTHble BEKTOPHI d g sp 1 a B[ 4] pp HAIPABIAEM MO JTHHHUAM HX

Bp
nectBus yciaoBHo. CrpoenrpoBaB 00e yactu ypaBHeHus (2.14) Ha ocu Bx u By,

IIOJTYyYUM

Bx: —a sin@Q; —a’rcosp; =—a , . sinQs —a ;
B 1~ 49p 1 A 3 7 “B[A4]Bp’
Bp 1L [4]Bp (2.15)

By:ap ppCOSPl —dp  COSP) =—a 4, COSP3 —dpr 17,
Heobxonumele 1711 BBIYUCIEHUM YIIIBL (0, Py U (3 ONpPEIeIsieM o puc. 2.12:
01 =9°, ¢ =81° u @3 =28°.
W3 BTOporo ypaBHeHus cUCTeMbl (2.15) BeIpasuM ap pp 1> IO/ICTABHB OMIpeie-

JICHHBIC PAHCC BCIINYUHLI, IIOJIYYHUM €TO 3HAUCHHC!

“Brp cos )
?1
218,210,156 -1192,5-0,883 - 557,53

0,988

— _1595,61 m/c2.

Iloy4eHHbIi 3HAK «—» YKa3bIBaeT, YTO HAMPABICHNE BEKTOPA d g Bp OBLIIO BBI-

OpaHO HEeNpaBWIbHO, CIEJOBATENBHO, MPHU MOCTPOCHUU JAHHOTO BEKTOpa HEOOXO-
JVMMO U3MEHUTH €r0 MEPBOHAYAIIBHOE HAIIPABJICHUE HA TPOTUBOIIOJIOKHOE.
Onpenenum MOYJb TUHEMHOTO YCKOPEHUS TOUKH B :

ap = \/(ag Bp)z * (aB u)z —J(=1595,61) + (218,217 =1610,46 m/c>.

8. OnpenenuM yrioBble YCKOpPEeHHUs 3B€HbeB AB u O)B.

N3 popmynel (2.12) nomyunm:

9prp 1595,61

— 241,76 ¢™2.
OB 6.6

€0OB =
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Iockomsky vp TN d@ Bep> BDAllcHHE

01 TOYKH B  3aMeIIeHHOe, CIIeJ0BaTeIbHO,
® 45 TN € 45 . Panee onpesieneno, 4To BEKTOP

YITIOBO# CKOPOCTH (), g HANPABJICH OT IIOC-

KOCTH PHUCYHKa («Ha Hacy»), ClielI0BaTeNbHO,
BEKTOP YIJIOBOTO YCKOPEHUS 501 p HampasicH

B INIOCKOCTh PUCYHKA («OT HaCy»).
JIyist omipenesieHust yriioBOrO YCKOPEHUS
€ 4p 3BeHa AB mo (2.10) HeoO6XxoUMO CHa-

yajga HauTW JMHEHHOE YCKOPEHHE a B[A]sp"

N3 nepBoro ypaBHeHus cucteMsl (2.15) nmomy-
YUM:

—a 4, i3 =(~1595,61)-0,156 +
+218,21-0988-1192,5-0,469 =
—-592.61 m/c2.

IlonydeHHBIM 3HAaK «—» YKa3bIBaeT, 4TO

aAur

Puc. 2.12 _
e HAIPABJICHUE BEKTOPA  dpr 11 5, OBUIO BBI-

OpaHO HEeMpaBWIBHO, CIEOBATENbHO, IPU MOCTPOCHUU JAHHOTO BEKTOpa HEOOXO-
JIMMO U3MEHUTH €r0 NMepBOHAYATIBLHOE HAIIPaBIEHUE HA MPOTHUBOIOI0XKHOE.
N3 (2.10) nomyunm:

_9B4lep 592,61

— 80,08 ¢ 2.
AB 7.4

Ecim v 4 ™a B[ A] p> BPAIICHNE TOUKH B Bokpyr noiroca A yckopeHHOE,

10 & 45 1T € 45 . Panee onpeneneHo, 4To BEKTOP yTIIOBOi CKOPOCTH & 4p HANpaB-

JIEH B TNIOCKOCTh PUCYHKA («OT HAC»), CJIEI0BATEILHO, BEKTOP YTIIOBOI'0 YCKOPEHUS
€ 4p TaKXKe HaIIPaBJIEH B IIJIOCKOCTh PUCYHKA («OT HACK).
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Ha cxeme HanpaBiieHHE BEKTOpa YIJIOBOTO YCKOPEHUS MOKA3BIBAETCS JyTrOBOM
CTPEIKON BOKPYT COOTBETCTBYIOIIETO MTHOBEHHOT'O LIEHTPA CKOPOCTEN WIIA BOKPYT
ocu BpamieHus (puc. 2.13).

9. IIpoBepuM KOPPEKTHOCTH ONPENEICHUS JIMHEWHOTO YCKOPEHUS dp TOYKH

B, npumenuB rpaduueckuii cnoco6. s 3Toro npeacraBuM BEKTOPHOE PaBEHCTBO
(2.14) rpaduuecku (cMm. puc. 2.13):

a) U3 MMPOU3BOJIBHOM TOUYKH (O3 OTIO0XKHMM BEKTOP JIMHEWHOIO YCKOPEHHS d A
moatoca A4;

0) u3 KOHIA BEKTOPA @ , | OTJIOKHUM BEKTOp d B[A]

B) M3 KOHIIAa BEKTOpa d nposesieM npsamyro KN |, mapanieabHyI0 JTMHAA
Pa dpr 41y 1P PAMYIO 1Y y

BEKTOPA dpr
r) 13 TO4YKH O3 OTIOXKHUM BEKTOD dp w
J1) U3 KOHLIA BEKTOpa dp y TIPOBEZIEM TIPAMYIO KM , napannenbHy0 JTUHUU

BEKTOPA dp Bp’
¢) Touka nepecedeHus npssmMeix KN u KM 103BOJIUT OIPEACIUTHh BETUINHBI

M HalIPaBJICHHS BEKTOPOB d p Bp a B[A]sp ! dp . I3MepuB ux Ha cxeme (CM. puc.

Bp
2.13), nony4um:
ap =161529w/c”; ap  =160518 w/c”; ag 1 =590,24 w/c”.

CpaBHUB MOJy4eHHbIE TPAPUUECKUM CIIOCOOOM 3HAUCHHS TUHEHHBIX yCKOpE-

HUM, yOexpaaemcsi, 4YTO OTHOCUTEIbHAs MOTPEUIHOCTh HE  IPEBBIIIAET
o 0 o o/ . - 0 o 0
nomyctuMoit — 5 % (ag — 0,3 %; ag up 0,6% u At 4] mp 0,4 %).
[Tony4yeHHble pe3yiabTaThl IPUBEIEM B BUIE€ TaOIHIIbI (Tal. 2.4).
Tabauya 2.4
YrioBoe yckope-
Crioco6 JluuelHOe ycKOpeHue Touek, M/C HIE 3BEHBEB, C 2
OIIpEAETICHUS c
a4 9y | “9Bwmp ap Agiglu | BlAlep | “OB | €4B
Anamurraeckuii | 1192,5 | 218,21 | 1595,61 | 1610,46 | 557,53 | 592,61
) 241,76 | 80,08
I'paduuecknii — _ 1605,18 | 1615,29 — 590,24
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