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VYuebHoe mocobue

[Mpesuiaraercst METOAMKA PELIEHUS 32/1a4 1O OCHOBHBIM TEMAM MEXaHWKH, KOTOpas Ae-
MOHCTPHPYETCS Ha TUITHYHBIX MPHMEPAX ¢ MOAPOOHBIM OOBSICHEHAEM MPaBUIl K CXEM perne-
HUs. B KOHIIe OCOOHS NaHbI 3824 [T CAMOCTOSITEIBHOTO PEIISHHS,

[TocoOne mpenHa3HAueHO B MEPBYIO OWepenb A CTYICHTOB MALIHHOCTPOHTENBHBIX H
CTPOMUTEIBHBIX CIIELMANTBHOCTEH 3a04HbIX M AMCTAHLMOHHBIX (Popm 00yueHus, camocTos-
TENBHO H3YHAOLIHX TEOPETHYCCKYIO MEXaHUKY. IIOMOKET OHO W NpH pelIeHHH 3aaad, U NpH
BBITIOJIHEHHH KYypPCOBBIX paboT. MoikeT OBITH MOJE3HO MPENogaBaTeIIM TEOPETHUECKOH Me-
XAHHKH.
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IMPEAUCIIOBHE

IIpakTuka npenojiapaHus TEOPETUYECKOH MEXAHUKH B BY3aX IIOKA3bIBACT,
YTO 3HAHHC TCOPHH, YMCHHUE AOKa3aTh U OOBACHUTH TCOPEMBI H MPHHIIUIEI Mc-
XaHWUKHW €IIE HE O3HAYAET, YTO CTYJCHT JIETKO CHPABHTCS C PEIICHUEM TPAKTH-
yeckux 3a1a4. M He TOJIbKO NPU UCCIIEN0BAHUM PEATIbHBIX NPOGJIeM, IPU UCCIie-
NOBAHMM U MPOCKTHPOBAHHWH PAa3NHUYHBIX KOHKPCTHBIX KOHCTPYKLHM, MCXaHH3-
MOB, HO W [TPH PEIICHUH OOBIYHBIX CTYJIEHUECKUX 33/1a4, [IPH BBITIOJIHEHHH KYP-
COBbIX M pacu&éTHO-rpaduueckux pador. OCOOSHHO TPYJHO NPUXOAMTCSI TEM,
KTO H3y1aeT MEXaHHKY CaMOCTOATEILHO TMPH 3a0YHBIX H JTUCTAHIHOHHBIX (op-
Max o0yUeHU.

Hacrosiige yuedHoe nocoOMe HA/0 paccMaTpuBaTh KAaK MPUIIOKEHHE K
JIEKUMOHHOMY KYPCY, K Pa3JiIMuHbIM yYeOHHKaM 110 TEOPETHUECKOW MEXaHWKeE
KaK METO/MKY, KaK MNPAaBUJIa U CBOCOOPA3HBIC PEUENThL PELICHHS 3a/1aM.

B koHlle mocoOna npeanaractesa cOOpHUK HanOonee THIMHYHBIX 33/a4 C OT-
BETAMM, TIPH PEHIEHWH KOTOPBIX CTYAEHT MOKET NMOTPEHUPOBATHCA M YO&/IHTh-
€5, YTO METO/MKA PELUCHUA UM OCBOCHA.

[lpeanonaraceTcs, 4TO CTYACHT NPOCIyLIAT KYPC JCKUHI, ¥ HErO UMEETCA
onpelenéHHblii 0arax TEOPETHUECKOro Marepuasa, yuedHWK WIH XOPOLIWH
KoHcnekT nekuuid, ITosromy B HallleM nocoOMU HET NOAPOOHOrO TEOPETUYECKO-
ro Matepuana, a AaHbl JHIIL KpaTKHe HY)KHbIC CBeAeHUd W onpeacneHus. llpu
HEOOXOJIMMOCTH JISJTAOTCA CCBUUTKM Ha KOHKpPETHBhIe maparpadbsl U pasiensi
yueOHUKA, [JI¢ COACPIKUTCA HYHKHBIA CIPABOUYHbIA MaTCpUal.

B ocHOBY Hallero mocodus moJIO:KEHa METOAMKA MPEnoJaBaHHs TCOPCTH-
YECKOW MEXaHUKW B CTYICHUECKWX TPYIMMaxX Haulero yHusepcurteta. Ham ka-
KeTcA, OHO OyJeT MOJE3HO He TOJBKO CTYAEHTaM, HO W MpeloJaBaTeNaM, Be-
JIVIITAM TIPAKTHYECKWE 3aHSITHSL, U aclTMPAHTaM, H WHKEHEPAM B WX TMpPaKTHUE-
cKo# padote.

KOHKpeTHbIE CCBIIKH MO TEOPETHYECKOMY MaTepHaly aenaroTcsa Ha «Kpart-
KW Kype TeopeTnueckod Mexanukm» A M. Hosoxunosa, waannsiii 80 Birajm-
MUPCKOM rocyapcTBeHHOM yHupepcutere B 2006 roay. MOXKHO, KOHEUHO,
MONB30BaTLCA U APYTUMH M3BCCTHEIMH YY¢OHUKAMHU U 3aJaYHUKAMH II0 Teope-
THYECKOH MEXAHUKE,



3AJAYNA 1O CTATHKE

[Npexme weM mpHCTYMATh K PEINEHUWIO 3a1ad 110 CTaTHKE, a W BCeH Mexa-
HUKH, HEMJIOXO BCIIOMHHUTbL HEKOTOPbIE CBE/IEHHS U3 LIKOJIbHON MaTeMaTukd. K
COMKANCHHUIO, OTH HYJKHBIC HAM HOHATUSA, GOPMYIHPOBKH M MPaBUA NOUYSMY-TO
3a0BIBAFOTCA TIOCHIE TIOCTYIUIEHHS B WHCTHTYTH. MOXKET TTOTOMY, 9TO B IIKOIIE
HE HAayUYWJIM TMOJIb30BaThCAd MMH MPH PELIEHUH MPAKTUUYECKUX 3a7au.

Ham B cratuke noTpeOyloTca 3HaHMA U anrcOpbl, U FCOMETPHU ¢ TPULOHO-
MeTpHer, moTpebyeTcad yMEHHWE XOpOmIo YEPTHTh M, KaK 3TO He TOKAXKETCA
CTPaHHbIM, TPaMOTHO W MPaBUJIbHO NHcaTh. M camo coboii NoOHATHO (HE cMeii-
TeCh!), HAO 3HATL TAOMMIY YMHOMCHHA W [IPpaBUIaA CIOXKCHUA NPOCThIX ApoOei

I 1 1 1 2
(HaTIpUMEp, CITOKHTD > 151 3 WITH HE CIUTATB, UTO 5+5 :Z ).

§1. Hexoropbie ¢cBeIeHHS U3 YJIEMEHTAPHOH MATEMATHKH H MEXAHHKH

Hrak. Hauuém ¢ TpuroHomMeTpuu. He CTOUT HamOMUHATh, UTO TAKOEC CUHYC,
KOCHHYC, TAHTEHC W KOTAHTEHC yriia. M3pecTHO, Kak OHW THIIYTCA. A BOT Kak
MUMH MMOJIb30BATHCS?

Bot, HanpuMmep, UMeeTCa NPAMOYIOAbHbIA TPEYroAbHUK ¢ YIJIOM O0 U CO
cropoHamu ¢, b w ¢ (puc. 1). Koreuro, ecn n3BecTHa rumoTeny3a A( — @, TO
KaTteTbl OyaAyT paBHbl: h=acos0t M ¢=asing.
A ecnW  W3BECTHA CTOpOHA h, TO CTOpPOHa
c=bhtgo u, Haobopor, h=cctgo..

U ewg. Tak kak cymMma YyIJI0B B TPEYIOJib-
nuke papHa 7w=180", To yrom B mpw Bepmne

paBeH B=180"-90 —x=90" —0o.. Tlosromy,
h=asinp u c=acosP.

Puc. 1

Kcraru, Sin(90° - Ot) =C0s0, a COS(90° - OL) =sin¢.. Hennoxo Bcnom-

HUTE, uyT0  SIN30° =cos60 =%=0,5, a sin6d =cos30 =73=0,866 151

sin45" = cos45” =% =0,707.



A Kak HaliTH pacCTOAHUE OT KAKOH-HUOYAb TOUKU A A0 mpaMOM auHun B(
(puc. 2)? KoredHo, BCE TIpAMBIE, MPO-
BE/IEHHBIE U3 TOUKHU A JI0 3TOH NPAMOH,
OyayT Takumu paccrosnuamu. Ho
KpamuaiuyM  pacCTOsIHUEM, CaMbIM
KOpPOTKUM, Oyaer AauHa A npsamoi
AD, mpoBenéHHON TEPNEHANKYNAPHO
npsmoi nuHuu BC. W ecnu u3Bect-
Hbl, HAMPUMEP, AMHA AB U yron «,
To h = AB -sint. A Kpardaimee

Puc. 2 paccrosinue o1 Touku A jmo npsamoii CF-,
nepneHaAuKyaapHoii BC, koHeuHo, paBHo A= DC, rne DC — BC  BD —
= B( — AB-cosa.

UTtoObl pelaTth 3aJaud CTAaTUKU, MCCIEIOBATb PABHOBECUE PA3NMUHBIX
KOHCTPYKIUWH, HY)KHO YMETh TIPaBHIIbHO TIPOEKTHPOBATE BEKTOP CHITBI Ha OCh H
HAXO/UTb MOMEHT BEKTOPA CHJIbI OTHOCHUTEJIBHO TOUKH U OTHOCUTEIIBHO OCH.

CHauana BCMOMHMM, KaK ONpeaenaeTcsa NPOeKLUs CUlbl HA OCb.

Puc. 3 Puc. 4

UToObl HAHTH MPOEKLUHID CHITBI F Ha och X, ecnu BEKTOP CHJIBI M OCh JI&KAT
B O/IHOH MJOCKOCTH (puc. 3), Ha/l0 U3 KOHIIOB BEKTOPA CHJIbI ONYCTUTh NEPIEH-
OVKYNAPEl HA OCh. [lOMyYnM Ha OCH OTpe30K MpAMOH X , KOTOPBIH W ABIAETCA
NPOSKIMEH 3TOH cHiibl HAa och X. M3 npsMoyronbHoro tpeyroiasHuka ABC cne-
ayer, uto X = AB-coso =" - cos0 . KOHEUHO, yrojl 00 MOKHO OMNPeAe/IUTh Kak

YTOJT MEXKAY IMHUEH OeHCTBUA CHITBI (11.4.C) W ockto. [Tpnuém o0a3aTensHO Hamo
MCOONb30BATh OCmpwbili YLON ¢, a He [3. Ha puc. 4 onpeaeneHa npoekuus cubl
I3 Haoch ). 1y =471 cosc.

[Tpoekuus CHIIBl CUMTAETCH MONOKATENLHOI (X >0), ecnu BEKTOP CHUJIbI U
OCb HaMpas/E¢Hbl B OAHY CTOPOHY OT NEPNEHAUKYAApa H K OCH, TPOBEAEHHOIO B
Havane BeKTopa CHiTel (cM. puc. 3).

Ha ToM xke PHC. 4 NokKa3aHo, Kak Haa0 oNpeac/iaTh MPOCKUUIO CHUJlbL Ha OCh,
€CITH OHH, CHJIa U OCbhb, HE PACITOJIOKCHEI B OHOH MIIOCKOCTH.



B Takwx cryuasx, Kak BHJIHO W3 PHCYHKA, TIPUXOJHATCA TPOEKTHPOBATH
ABAK/bl: CHAYANA Ha IUIOCKOCTb (MOJYYMM INPOEKUMIo /4 = /% cosY), a NOTOM

BEKTOP ITOI MPOEKITHH CIIPOSKTHPOBATH, HAKOHETL, W Ha OCk V. [ToayauM OKOH-
uatenbio s =—1% - cosP =73 - cosy- cosP.

Takol cnocod NpoeKTHPOBAHHA HA3BIBACTCA MEMOAOM O6OHHOS0 NPOEK-
MUPOBAHUSL.

3HAK NPOCKUMHU (+ WM —) ONPEACNAETCA HANPABJCHUAMM OCH U BEKTOPA
cHNbl. Eciv OHM HampaBiCHBI B OOHY CTOPOHY OT IUIOCKOCTH, MEPNCHAUKYIAP-
HOH OCH, TO — IUIIOC,

3aMeTHM €II¢, YTO CCITH BEKTOP CHIIBI HAXOOUTCA B INTOCKOCTH, IEPICHAN-
KYJAPHOW OCH, TO TTPOEKIIUA CHJIEI HA OCh PaBHA HYJIIO.

Ecnu nmouarHbl CACIAHHBLIC BBIIC OMPSACICHUS, TO, HABEPHOES, MOIKHO CO-
TIacuThes, uTo (eM. puc. 4) Xy =—F-sino;,  Z;=0; X, =F;-cosy-sinf};
A 2= Fg . SiIl'Y.

BcnomunaeM mance, Kak OIpeAeNseTCA
MOMeHT cHJThl. [Ipotiie Bcero HalT™H MOMEHT CH-
JIbl OTHOCHUTEJILHO TOUKH, €CJIM OHHU, CHJIA H
TOUKA, paclojMKEHbl B OJAHOM IIOCKOCTH
(puc. 5). 3TO €CTh TPOW3BEIACHUE BEITMUWHHI,
MOTYJiA, Cuiibl HAa mieuo A, [lneuo s — 310 Kpar-
qalIee pacCTOAHUE OT TOYKH (), OTHOCHTEIIBHO
KOTOPOH OTIPeISNAETC MOMEHT CHJTBI, /IO JIHHWH JICHCTBHUA CHIIBT, 4 He JI0 TOU-

KH IIPAUITOMKEHHA CHUIIBL, HE PACCIMOARUE (JA. 3anHuceIBaeTCI MOMEHT CHIIEL F OT-

HOCHTEIBHO TOUKH () Tak: M (F) =F-h.

Koneuno, MOMEHT CHiIbl OTHOCHTENLHO TOUKK C, HAIIPUMEP, PACIOI0KEHHOK
Ha JIMHUK ACUCTBUA CHIHL, paBeH HYJIO, TAK KaK IUICUO CHIBL OYIET PaBHO HYIIO.

BenvunHa MOMEHTA CUMTAETCS TIOJONKHTEITLHOW, €CIIH BEKTOP CHJIBI Bpa-
IAacTCA BOKPYT TOUKH #pOMNe HAMPABJICHHA BPAIICHHA CTPENIOK YacoB, U OT-
PUTIATENNRHOM, eCcTM  no  9acoBoi  cmpeixe: (< (Tounee, TpaBHITRHEE,
Ha0 Obl10 Obl rOBOPUTH O BPANICHUH Heid, K KOTOPOMY TipuioskeHa cuima. Ho
He OyneM mpuaupartbes K cnoBaM.) B maHHOM mpuMepe (CM. pHC. 5) MOMEHT CH-
JIl Oy IEeT OTPHLATEITBHBIM. b B

H e 0HO MaNEHBKOE, HO OUCHb TMONE3HOC 3amcyua-
nue. Ecnu onpeaenuTe miie4o CUIbl HE 0YCHb MPOCTO, TO CO-
BETYeM CHIY F PaslokuTh HA JBE B3AUMHO MepHeHINKY- | " T
aspubie cunbl [y = Fsina u [, = I'cosa . U 3arem naxoautsb

MOMEHT HE CHIBl F , 4 CYMMY MOMCHTOB DTHX ABYX HOBBIX
cwt. My (F) =—Fh=F,-a—F,-b=Fasina- Fhcosa.

I



CJI0KHEE ONPENENIeTCsI MOMEHT CHJIBI OTHOCUTENIBHO ocH. O01ee npasu-
710 Takoe. UToOs HAWTH MOMEHT, HanpUMep CHITHT /| OTHOCHTENTBHO OCH Z (pHC.
6), HaIO BEKTOP CHJIBI CIIPOEKTHPOBATh HA MJIOCKOCTb, MEPNeHAUKYIAPHYIO OCH,

e “ v
1 HAaUTH MOMCHT >TOH NMpPOCKUHH E OTHOCHTCIBLHO TOYKH () MNepeccuYcHnA OCH
Z A MMITOCKOCTH.
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Ilparuno 3HaKka BEMUMHBI MOMEHTA MU 3AECHh OCTAETCA NPEKHUM. ToNbKO
HYKHO JONOBOPUTHCA, ¢ KAKOW CTOPOHBL OT IVIOCKOCTH HAA0 CMOTPETH HA CUJLY.
CMOTpeTb Haa0o Co CTOpOHbl C’[‘peﬂl{l/l OCH. B HallucM npumepe CMOTp[/lM CBepxy,
BHJHMM BPAIICHUC CHIBI MPOTHB XOAAQ YACOBOH CTPEIKH, 3HAUUT, MOMCHT CHJIbI
F1 IONMOXKWTETBLHBIN,

M emé 3amevanne, paxHoe W MOHATHOE. Kak BHAHO U3 pHCYHKA, MOMEHTHI
CHIT ﬁz U ﬁ; OTHOCHTEITBHO OCH Z OyAYT PaBHBI HYJIO, TAK KAK OHW HE MOTYT
BpaliaTh TEIO (KOTOPOE, KCTAaTH, Ha PHCYHKE HE TMoKa3aHo) BOKpYT ocu z . Cre-
AOBATENBHO, MOMEHIN CUIBI OMHOCUMETbHO OCU PABEH HYH0, €CAU 8EKMOpP CUTbl
NAPAIICIeH OCH W TUHUSL OCTCMBUS CUbI REPECERAet OCh.

l'[pamnqecxn, l'lpl/l pememm 3aJa4v, Koraa TpeﬁyeTCH HaxXoaAnuTs MOMCHTEI
CHJIBl OTHOCHTCIIEHO HECKOJIBKHUX oceﬁ, ]TOCTYHEH-OT HEMHOTQ HHAYE, HCTIOJTBByH
TeopeMy Bapunbona. CHauaia packaabiBalOT BEKTOP CHJIBI HA COCTABIISIOIINE,
napannenbﬁble OCAM KOOpHHHaT, d 3arTemM YK HaxoadT CyMMy MOMEHTOB 3THX
COCTABJTAIONINX OTHOCHTEITBHO COOTBETCTBYIONIEH ocH. Tak mojyuyaeTcs mpoiie
U NNOHATHCC.

Hanpuwmep, yroOsl HATH MOMEHTBI CHITBI f44 OTHOCHTEJIBHO OCEH X, VU Z,
PacKJabIBaeM BEKTOP 3TOH CHITBI Ha cocTaBisifomne Fie, iy 1 Fyz (cM. puc. 6)

W HAXOJUM CYMMY MOMEHTOB WX OTHOCHTEJILHO ocel. [lonyunm M x(F4):

=l a—Tyc Mx(ﬁ) =Iyb—Tixc; M; (f4] =—Iya+lab.



Moaynu, To ecTb abCOMIOTHLIC, MOJOKHTEIbHLIE BEIHUMHbLL COCTABAAIO-
WMX Cul [y, ]71‘},, iz HAXOATCSA C NOMOLLBIO MPOCSKLMI CHITbI F, ua cooTser-
crByomme ocu: Fiy = Fysinfi-cosy, Fiy = Fisinf-siny; Fiz = F; cosp.

[lpu pemeHun 3agad NpUAETCA YUMTHIBATH OCHCTBHE HA TEIO Maphl CHIL
YTo Takoe mapa Cui, H3BECTHO. JTO IBE CHIBI, paBHBIE 10 BETHUYHHE, [0 MOIY-
JIFO, MAPA/IENIbHBIE H HAIPABICHHBIE B MPOTHBOMOMOXHBIE CTOPOHEL.

JeiicTBHE mapel Ha TENO XapaKTEPH3YETCA JTHIIL BETUUHHON MOMEHTA STOMN
Mapel, KOTOPLIA ONpeaensaeTes KakK MPOM3BEACHUE MOAYJA OJHOH M3 CHN Ha
MU0 MNaphl, HA KpaTyaiiliee PacCTOAHUE MEKAY MApPAUIETbHBIMHA JIMHUSAMHA
JICUCTBHS CUJ1 MAPHL.

W acicTRHE Mapbl HA TENO HE 3aBUCHT OT MECTA, IJIC AT Napa Pacnonoke-
Ha Ha Tene. [TosToMy mapy Ha uepTeke OOBIYHO H300pakaroT B BHAC JYTH CO
CTPeNKOH, YKa3hIBAIOIEH HATIpaBJICHHWE BPAIIEHHS TIaphl, a PAJIOM YKa3bIBaKoT
BEITMUMHY MOMeHTa €€ m. Tak rnocTynarT, eCJii pacCMaTpPUBAKOTCH CHIIBI, Pac-
MOJIOKEHHBIE B TUIOCKOCTH. EcCin ke paccMmarpuBaeTcsi cucTeMa CHII, Paciolio-
JKEHHBIX B IIPOCTPAHCTBE, TO Napa MPEeACTaBIACTCA BEKTOPOM #1, HAllpaBJIEH-
HBIM MEePIeHAHKYIAPHO IVIOCKOCTH, B KOTOPOH Mapa pacmoaoeHa.

[Ipu cocraBneHMM ypaBHEHHH paBHOBECHA, Koraa OyaeM pelath 3aJaud,
HAJ0 MOMHMTD, UTO, BO-MEPBLIX, MPOCKUMS MAphl HA JIOOYIO OCh paBHA HYJIKO,
BO-BTOPBIX, MOMEHT Taphel OTHOCHTENBHO MIO00H TOUKH paBeH MOMEHTY ITOH
0aphbl;, U, B-TPETbUX, MOMEHT NMApbl OTHOCUTEIBHO KAKOH-TO OCH PABEH MPOCK-
LMK BEKTOPA MOMCHTA Mapbl HA 3Ty OCh (IPOCKIMA BCKTOPA MOMCHTA Napbl HA
OCb HAXOAMUTCS MO TCM IKEC MPABMUJIAM, YTO U MPOCKIKA BEKTOPA CUIbIL).

§2. MeroaMKa pemieHHs 33124 CTATHKH

Jasaun CTAaTHKH PEINArOTCA COCTABICHWEM ypaBHEHWH pasHOBecud. [lo-
3TOMY TIOJIE3HO BCIIOMHUTB, CKOJIBKO W KakWe YPABHEHHS MOYKHO COCTABIIATD.
JTO 3aBHCHT OT PacloON0KEHUA CHII, JeACTBYIOMIMNX HA TENO.

Ecnu cunel OKaXKyTea CXOAALLMMUCA, THHUU OEHCTBHA UX NMEPECcEKalTCa B
OAHOWM TOYKE, TO COCTABIAIOTCS YPaBHCHMS MPOCKUHMH STUX cun Ha ocH. /lBa
YpaBHEHHA A IUIOCKON CHCTEMBI CHIL, TP — I NPOCTPAHCTBEHHOM.

Ecnu nonyuntea cuctema cun, PacnionOiKEHHbIX B INIOCKOCTH W MPOM3-
BOJIbHO, MOYKHO COCTABUTHL TPH YPABHEHHH.

Knaccuueckas ¢opma — Apa ypaBHEHMSI IPOEKUMH CUJ1 HA OCU U OJHO
YPABHEHHE MOMEHTOB OTHOCUTEILHO Kakoi-11u00 Touku (BapuanT I Ha cTpaHu-
e 14). Tlpuuém, ocu ¥ TOUKY B 3TOM BapHaHTE MOKHO BHIOMpATh MPOH3BOIE-
HO. JIumk OB OCH HE OKA3aTHCh MapaICTEHEIMHU,
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Bropoit papnanT (IT) — ypaBHeHNe MPOEKIHIf CHJT HA OCh W JIBa YPaBHEHHUSA
MOMEHTOB OTHOCHUTEIBHO TOYEK. B 3TOM BapuaHTe HAA0 MPOCICIMTH 34 TCM,
4TOOBI 3TH TOUKH HE OKa3alKuCh HA MPAMOM, MEPIEHINKYIAPHON OCH.

Hy w tperwuii BapuanT (I11) — Tpu ypaBHEHHUA MOMEHTOB CHUJI OTHOCHTEIIBHO
Tpéx ToueK. B 3TOM BapuaHTe TOUKW HAJ0 Ha3HA4YaTh TaK, UTOOBI OHU HE OKa3a-
JIUCh HA OJIHOH OPAMOH.

A KakMM BapHaHTOM HaJO MONIb30BaTheA? KenaTenbHO MONYYHTh YPaBHE-
HUS, KaKA0C ¢ OJHUM HCHU3IBCCTHBIM. I[JTH ATOTO PCKOMCHAYCTCA MCIMOJbL30BATh
TPETHH BAPUAHT, €CNIK YAACTCA, COCTABJIAS YPABHEHUA MOMEHTOB OTHOCHTEIILHO
TOYEK, [I¢ NEPECEKAOTCA JTUHUM ACHCTBMS KaXAbIX ABYX HEU3ECCHIIbIX CUL.

HakoHeu, eciv 1onyduTest cHCTeMa CHIT, TIPOM3BOJIBHO PACTIOJIOREHHBIX B
Pa3HBIX [UIOCKOCTAX, B [POCTPAHCTEE, TO COCTABJIACTCS LLIECTh YPABHEHUNA PaB-
HOBECHS, MPOCKTUPYA CUJIBL HA OCH M COCTABJSASA MOMEHTBI CHJ1 OTHOCUTEILHO
oceil. Ilpu 3TOM HagO CTPEMHTBHCA K TOMY, YTOOBI B YPaBHCHHAX OKa3aloch
MEHBIIE HEU3BECTHBIX, JIyulle — OJHO. [ToyroMy Hajo Nojymars, KakHe ypae-
HCHMS COCTABHUTL H KAaK IIPOBCCTHU COOTBCTCTBYIOIIUC OCH.

N nocnennee 3ameuanue. Hano nocneaurb, YTOOb YHUCIO HEU3BECTHLIX B
33Ja4ye HE 0Ka3anoch OONBIIEC YUCIA YPAaBHEHHU, KOTOPBIC MOYKHO COCTABHTD.
Huaue 3aJavua HE UMCECT MOJTHOTO PECICHWS, ABJIACTCA CTATHYCCKH HEOTMPCOC-
néuHol. Takyo 3aauy METOJaMH CTaTUKH HE PEIIUThD.

3ajauu U3 pa3jena CTaTUKK XOPOLIX TeM, YTO PELIatOTC: OHU OJUHAKOBO
npocto. [lo cyTH menma, OCTATOYHO YMETH IPOEKTHPOBATH CHJIBI H HAXOAWTH
MOMEHT CHJIBI M, KOHEYHO, 3HaTh mpaBwia amredpbl W apuMETHKH.

B >tom nerxo y0eauThea, paccMOTPEB PEIICHUE HECKOIbKUX 337134,
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Bor nepsas 3anaua.

Puc. 7 | Puc. 8

Konctpykuus B BUE paBHOCTOPOHHETO yroiaka ADB co cTopoHamu, paB-
HBIMU @ = 2 M, YyJAEPKUBACTCS B PABHOBECHM JBYMS MIAPHUPHBIMH OTIOpaMHU
A n B (onopa A — noasuskHasn). Ha KOHCTPYKLUIO AEHCTBYIOT mapa CHJl ¢ MO-
meHToM =20 kH'm n B Touke 1) — cuna =3 xH nox yrmom o= 60° . Us-
BecTeH Bec yroiaka P =2 kH. OnpeaenuTs peakuuu omnop.

Cpasy caenaeM OueHb BAKHOE 3aMEUaHUE: BO BCEX 3a1a4axX CTATUKH NOps-
JIOK PEIICHHS TTPOU3BOIUTCSA MO OJIMHAKOBOM cxemMe. Ecnu cieaosars 3TOH cxe-
ME, TO MOJIYYHUM MPOCTOE U O€301MO0UHOE PEIICHHE.

1. Tleproe, uTo Hamo caenark, BHIOpaTh, HA3HAYHTHh OOBEKT paBHOBECHA. To
€CTh HYKHO PELINTH, PABHOBECHE KAKON YaCTU KOHCTPYKLHMH CIIEAYeT PpaccMOT-
peTb, 4TOOBI ONMpPEeAENUTh T€ HEU3BECTHBIE, KOTOPBIE TPeOyeTCA HANTH MO yCIlo-
BUIO 337a4H.

B nanHoii 3amaue Bcé oueHb npocto. TyT BeiOupats Hedero. Koneuno, Ha-
JI0 pacCMOTpPETh paBHOBECHE yroika ADB. Ho B HEKOTOPHIX 3amadyax, BO3MOK-
HO, NOTPeOyeTCA MCCIeA0BaTh PABHOBECHE KOHCTPYKLHUH, COCTOALIEH M3 He-
CKOJIBKUX Tes1. BOT Toraa npuaércsa BeIOMpPaTh.

CymectByeT ya00HOE MpaBWiIO, 3BYYAlllee HE COBCEM TMO-HAYYHOMY, HO
oueHb Xopoio padotatoiiee. Hy)HO yCTaHOBUTH, pEaklMKd KakuX CBs3eH Tpe-
OyeTcst OMPEIENTUTh, «PA3PYIIUTEY 3TH CBA3H M TOCMOTPETh, UTO YMAJAET. ITO U
Oyuer oObekT papHoBecHs. KOHEUHO, MOKET yIacTh U HECKOJIbKO Tejl. CKOJIbKO
yNaaéT, CTOJIBKO W OyaeT OOBEKTOB PABHOBECHS.

B naweli 3apadye tpeOyercs onpenenuts peakuuu onop A u B, Y0epém
UX — YOAAET 3TOT YIOJOK. 3HAYUT, NPABUIIbHO YCTAHOBUIIU PaHEE, YTO OOBEKT
paBHOBecCHs — yroiok ADB.

2. Crpoum pacuérHyro cxemy. J[J1s 3TOr0 HYKHO HApUCOBATh OOBEKT paB-
HOBECHA CBOOOAHBIM TesioM, 0e3 csazei. [Ipuuém, crienyer yOparh gce cBA3M, a
HE TOJIbKO T€, PEAaKLMHU KOTOPBIX TPeOyeTcs ONpeJEe/UTh MO YCAOBMIO 3aauu.
3areM NOKa3aTh BCE CHJIbL, ASHCTBYIOIIUE HA 3TOT 00BEKT PABHOBECHS.
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B naweii 3aaade (puc. 8) 910, BO-NEPBbIX, AKTUBHBIC 33JaBAGMbIC CUJIbI I,
Bec P W mapa ¢ MOMEHTOM #, KOoTopast W3oOpaikeHa OyToif ¢o CTpenovKoi, yKa-
3bIBAKOLICH HAITPAB/IEHHE BPALEHHSI, H, BO-BTOPBIX, PEAKLIUH CBsA3EH, oop A u B.

OueHb BaKHO NPaBUJILHO MOKa3aTh peakuuu ceasei. B nuteparype [1] Ha
puc. 1.4 gana Tabnuua Hanbosee 4acTo BCTPEYAKOLINXCH CBA3EH W X PEaKUHH,
HyxHO 04eHb CTPOro Clie/1I0BaTh YKA3aHHUAM U NOSCHEHHSIM K 3TOH Tadiivie.

B namem npumepe onopa A — wapHUpHO-NoABKWIKHAA. Peakuns €€ K Ha-
npaBieHa MCPNCHAMKYJIAPHO MIOCKOCTH BO3MOMKHOIC CKOJIBKCHUSA OMOPbDI.

Onopa B — mapHupHo-Heno/iBuxkHas. Peakiuro e€ Ky onpenensieMm kak CymMmy
ABYX TMEPNEHANKYIAPHBIX APYr Apyry cun Xz uYp . HampaensTe Mx MOXKHO
KAK YIOJIHO, JIMIb Obl OHKM ObUIM B3aHMHO MEPIEH/IUKYJISPHBI.

Cuny 7 ang yaodcTBa pexoOMEHAYETCS M0Ka3aTh MHAYE, TOUKY NPUIoKe-
HWA CIenaTh B Haduase BekTopa (cMm. puc. 8), B ToUuke /).

Bec yronka, cuny P HaZio NpUKNaabiBaTh K LEHTPY TAXKECTH, K Touke (.
Ho B 5T0il 3apaue Oymer yaobHee MoOKazaTh BEC KAKAOH MONOBMHKW, paBHBIH

1
Ef), IIPHJIIOKCHHBIM K HCHTPY TAMCCTH INOIOBHHOK INOCCPCAHHC UX AJTHUHEBL, B

Toukax (| u (5.

3. Crnemyromui 1mar, TosKanmyH, caMbli TJIaBHBIM W HE TaKOW TMPOCTOM.
HyHO nocMoTpeTs, Kakas nojayuuiack CUCTEMa CHJI, U COCTABUTh COOTBETCT-
BYIOLLKE €i1 YPAaBHCHUA PABHOBECUA.

Y Hac MONydwIack CHCTEMA CHIT, MPOW3BOJIBHO PACTONIOKEHHBIX B OJHOH
MIIOCKOCTH. I TakoH CHCTEMBI CHIT MOJKHO COCTaBHTH TPH YPABHEHHWA PABHO-
pecus. Mnu 1Ba ypaBHeHHs MPOEKIMi CHJ HA OCH U OJHO YPaBHEHHE MOMEHTOB
OTHOCUTENIbHO Kakoi-HuOyAb TOukH (no BapuaHty l). Mnu ypaBHenue npoek-
UWH CHJT Ha OCh W IBa YPaBHEHHA MOMEHTOB WX OTHOCHTENBHO ABYX ToUEK (1O
papuaHTy II). Mnu cocraBuTh Bee TpH ypaBHEHUS MOMEHTOB CHJI OTHOCUTEIIBHO
TPEX pasHbiX TOUCK (BapuanT I11).

Kak yke ObITO peKOMEHIOBAHO BbIMIE, OYAEM MMOJIB30BAaThCA TPETHHM Ba-
puaHToM. Haxoaum TOukM nepeceueHus JIMHWI JIeHCTBUS HEHU3BECTHBIX CHJI.

3710 Touka A, rae nepecekalTCs IMHUK JeHCTBUS IBYX cun Ry u Xz | W Touka
B, rae npuaoxkKeHbl B¢ HEU3BECTHbIC CUAbl X3 U Y. A NHMHUK OCHCTBUA HEU3-

BECTHLIX CUN R4 W Yy okazanuchb napanienbHbIMM, HE TepeceKkaioTcs. B aTom

CITy4Yae HaZO COCTABIATE YPaBHEHHE TIPOSKUMI CHIT HA OCh X, TIEPTICHANKYTIAP-
Hyto uM. [Tonyuaercs 11-ii BapuaHT ypaBHeHUH paBHOBECHSA, NPUUYEM OCh X HE
nepneHauKynsapHa npaMoit 45,
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CocraBnissiem ypaBHEHHUS PaBHOBECHS, /UTT ya00CTBA pa3iioxkue cwity F Ha

nge cocrapnsomme I n I
]

> M i =0, Y4B %P-G—F”-G—EP-O,Sa—m: 0;

ZMBj =0, —R4-4B — m +5P-0,50+ f«".a:();

S X; =0, Pcosds®—F'cos45°+ F".cos45°— Xp=0.

Kaxmgoe YpaBHCHHUE IMOTYUYHUIOCH: ¢ OJHUM HEHU3BECTHLIM, JICTKO PCHIAIOTCA.

Taxk kak AB:Lﬁ: a\E, F'=Fcos60°, F"=Fcos30”, To u3 neppo-
cos45
1 s P m o
TO YPaBHEHHsS HaxoauMm Yp = §P+ F-cos30 —|—I—|—— cos45 =997kH.
a

H3 sroporo Ry = [E + § -+ g] c0545% — —5,66KH . A u3 TPETHEro ypaBHCHUA
a

HAXO MM PeaKimio X p=(P — F.c0s60° + F-c0s30°)cos45° =2,19xH .

OOpaTuM BHHMAaHHE, UYTO PeakuMa K, MOAYyUIHATAach OTPHIATENLHOH. 3T0
YKa3BIBaeT Ha TO, YTO 3Ta CHA HAa caMOM Jelie HaTIpaBieRa B MPOTHBOMONOX-
HyIO cTopony. Ho ucnpapnsaTh HUYEro HE HamO. Pe3ynbTaT Tak M OCTABUM CO
3HAKOM MHHYC.

JInst npoBEpPKH PeLICHUA MOJIE3HO COCTABMTL €1E O/IHO YPABHCHUE U [10-
CMOTPETD, YAOBICTBOPSAETCA TH OHO TIPH TIOMYYEHHBIX pe3yibTarax. llpmiém
JKETaTeIbHO COCTABHTH TAKOE, YTOOHI B HETO BOIIIO KAK MOKHO OOJNBIIE HEH3-
BeCTHBIX. B Hameit 3a1aue onpeaeiuM CyMMy MTPOEKIMH CHIT HA BEPTHKAILHYIO
0Cb Vv

S Y;=Ry-c0s45° — P F.c0s307 + X5 cosd45” +¥p-cosd5” =

V2 V3 V2 V2

——566= -2 -3Y2 121932 199772 —9|
2 2 2 2

Peluenue 3a/1auu npaBuiabHOE.

M emé 3ameuanne. YTOIOK MBI PEIIHIIM Pa3/ISINTh HA JIBE PABHBIE YACTH
MoKasanu Bec Kaaoi. Ho MOKHO ObLIO 3TOro HE AenaTh, A HAWTU LSHTP TKe-
CTH Beero yromnka (puc. 7) nmo ¢gopmynam (6.4) kumru [1], 0 OpUIOKATE K HEMY
Bec Bcero yronka P . JUia Hamiei 3a/1a4uM jI0CTATOUHO ObII0 HANTH TONBKO KO-

>li-xi _a-05a+a-a 3

ODJHHATY X = — Za
PARHATY =" 2a 4
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PaccmoTpum penienue enig HeCKOIbKUX 3a/1a4.

Ha puc. 9 nana cxema mMexaHM3Ma, COCTOSAILErO0 M3 LUAUHAPUYECKOro Oa-
pabaHa ¢ rpy30oM P, MOJBEIIEHHBIM HA TPOCE, HAMOTaHHOM Ha Oapadan. Ock 0a-

4y padaHa TpPHUKpENJieHAa K CTEHE JIByMs

crepkHAMHA. YT0oOBI OapabaH HE Bpa-
q IAJICA, HA HErO JAABHT IulaHka AB, na-
IPY»KECHHAs pacnpeaenéHHoN CUTOH UH-
teHcuBHOCTH ¢. Koadduument tperus
Mex1y mjaaHkod u Oapabanom — f1 B
== : ~ Touke B — wapuup. Bec Gapabana — G.
HeobOxoaumble pasmepsl MOKa3aHbl Ha
geprexe. Onpeaenauts yCHIHA B
cTepkHsIX | W 2, MakcUMaTbHBIA BeC
« rpysa P, KOTOpbIi MOKET yAep:Karh 3Ta
I P . KOHCTPYKUHS, U HATUKEHUE HUTH, TPO-

ca, Ha KOTOPOM BHCHT TPY3.

Hrak. BenomunaeM nopAnok peeHus 3agad. Cuauana BeiOUpacM 0OBEKT
paBHOBecHS. YOHpaeM Bce CBSA3U (HE TOJIBKO T€, PEaKLMU KOTOPBIX TpedyeTcs
OTIPECTINTD ), AeNaeM Tela, YaCTH KOHCTPYKIMH, CBOOOJAHBIMH: TIEPENHINBAEM
CTEP)KHH, pa3pyllaeM HIapHup B, odpe3aeM HUTb. CMOTpUM, UTO ynager. Yna-
IyT TPA 9acTH KOHCTPYKITMH: TimaHka AB, OapabanH u rpys3. 3HaUUT, MPHAETCA
PaccMOTPETh PABHOBECHE ITHX TPEX 0OBEKTOB.

Pucyem ux otaenbHO CBOOOIHBI-

pe L > Mu Tenamu (puc. 10), m mokaspiBaeM

ar BCE CHIIBI, JIEHCTBYIONIME Ha HMX.

y (BcnoMuHaeM, 4TO ycHNME B CTEPIKHE
HaIpaBJIAeTCa MO CTEPIKHIO OT TeNa,

F
e
o
<
<
a
O
TR \?éd

i 3r

h

A ———

peakuus NOBEPXHOCTH N — mNepneH-

IUKyJIApHO el k Teny. Cuna TpeHus

HaMpaBJIseTcs MO MOBEPXHOCTH B CTO-

POHY, MPOTUBOMOJIOKHYIO BO3MOKHO-

My ckonbxenuto) . [lonyuaercs pac-
y€THas cXema.

Tenepr HanO MOCMOTPETH, KAKHUE

Prc. 10 CHCTEMEBI CHJI IE€HCTBYIOT Ha Tena. Ha

TiaHky U O0apabaH JEHCTBYIOT CHITBI,

MPOU3BOJLHO PACMOIOKEHHbIE HA MIOCKOCTH. [N 3TUX TENn MOMHO COCTABUTH

[0 TPH YpaBHeHUs paBHOBecHs. Ha rpy3 nelcTBYIOT 1Be CHIIbl, HAPABIEHHBIE

no oaHo# mpsamoit. Tak 4To IS Tpy3a WMEEeM TPaBO COCTABHTh TOJILKO OJTHO

yPaBHECHHUE,
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Takum oOpazom, 474 pelleHUa ITOH 3aJaud MOXKHO COCTABUTb CEMb YPaB-
HEHWI PABHOBECHS. A CKOJIbKO HEW3BECTHBRIX TTOABMIIOCK? Cuwmraem: Xp, Vg, N,
g, $1, 82, S, I — BoceMb nemsBecTHblX. A ypasuenuii — cemb! Uro, 5ta 3asaua
ne pewmaerca? Craruuecku neonpeaenénnas? Her, scé nopmanesio. He mago 3a-
OBIBATH, UTO MBI JIOJDKHBI OTTPEICTHTE MAKCHMATRHO BO3MOXKHYIO CHTY P, KoT/ia
CHJIA TPEHUS [, MAKCHUMAIIbHA, TO €CTb [y = fN. 310 1 OyjeT BOCbMOE 10101~
HUTETbHOE YPaBHEHWE.

W ewé 3ameuanune. Ha pacuéTHOi cxeMe BMECTO pacnpeciEéHHON CUJlbL
nMoKazaHa e€ paBHOACHCTBYIOIIAA, cOocpeldoTodeHHasa cuna () = ¢-4r, pasHas
MJIOMIAIA TIPAMOYTOTPHUKA, H300PaKaoIIeTo 3Ty HArpy3Ky, W NMPHUIGKEeHHAs K
LUCHTPY TAMKECTH €ro, TO €CTh I1OCEPEIAMHE IIAHKK, B TOUKE .

CocTagnseM Tenepb YPaBHEHUA PABHOBECHS.

Jots nnadkn AB Tpu ypaBHeHUS:
1y >XXi=0, X Fp=0
2y >Mpi=0, —Q-r+Yp-3r=0,
3 YMpi=0 —N3Ir+0Q 2r=0.

s bapabana TOXKe TpH:
4y S Mo =0 —Imp r+8S-r=0,
5y XMpi=0, —N-r—Iqp r—G-r—=5; sinc-r=40,
6) >X;=0, Ffrp+8-cosax+85=0.

Ana rpysa — oaxo:
T Y =0 S—-P=0

[Tocne pemeHus BcexX dTHX YpaBHEHHH HAHAEM M3 TPCTLETO ypPaBHEHHSA

N :%nggr, a U3 BTOpOro Y :%Q:%qr. H Tak kak trp = fN zgqﬁ’ ,

. 8
TO W3 MEpPBOro YpPaBHEHMS HaXoauM X p :f*TpZE(lﬁ’, a4 U3 YEeTBEPTOro

. Hlec-

§cpf’('l + f)—l— G

S =Frp = %qﬁﬂ W W3 MSTOTO YPABHEHUS S; = — 3

sin oy

TOE YPaBHEHHE OMPENETUT & =—5-Costv— Fap =

8§ . 8 .
Eqr(l +/)+G -ctgoc—;qfr.

M, HaxkoHell, M3 CEAbMOIO YPAaBHCHUA HAXOAMM HEOOXOAMMbIA BEC Ipysa
8
P=5« ;qfr .

3aMeyaeM elé, 9To YCHIIHE Sz B CTEPIKHE 2 MONYYHIOCh OTPHLATEIBHBIM.
DTO O3HAUaAET, YTO CHJIA HAIPaBJIeHa B MPOTHBOTOJIOKHYIO CTOPOHY, K Ty,
K Oapadany. 3HauuT, CTEPIKEHDL 2 OYACT CHKaT.
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Eui¢ onna 3agaua, HEKOTOpbIe 0COOEHHOCTH PEILICHHUS KOTOPO# 4acToO BCTpe-
JAIOTCA.
KoHCcTpyKLMA cOCTOUT U3 ABYX OOMHAKOBBIX paM ACB u CED, coenuHeH-
HBIX [WAPHUPOM (' ¥ TIPUKPENIEHHBIX K TOBEPXHOCTH 3€MIIM IIAPHUPHBIMH OTO-
pamu B u D. OnpenenuM peakuuu

a a )
i G 7 BCEX TPEX MIAPHUPOB, BO3HUKIINX OT
A JoA Beca Tena (7, 3a0bITOTO Ha KPBILIE, U
C Beca (onapa P. Yurém ewe pacnpe-
op JETEHAYIO MO 3aKOHY TPEYTOJNIbHHKA

FYYY

a CU1Iy ¢ MAKCHMAaJlbHbIM 3HaUCHHCM

\
I—E’ A\ HMHTCHCHUBHOCTH ¢.

A
M B D \ Hasnauaem OOBEKTHI pPaBHOBE-
B g il PaspyluMB IIADHUDBL, YCTAHAB-
Puc 11 JIMBAEM, YTO UL PEIICHHA 3aJa4M

HAJ0 PAacCMOTPETh PABHOBECHE KAXKAOW YACTH KOHCTPYKLMH, KOKIOH pambl B
OTJIETbHOCTH.

CrponM pacuéTHyIO cXxeMy — OOBEKTE PAaBHOBECHS CO BCEMH CHIIAMH, KO-
TOpPBIEC HA HUX JACHCTBYIOT (puc. 12).

y ¥
y Ye XCJ,G E
C|| X -
¥y
TP Vs (Q
B e ”
D
Ap X X
Puc. 12

Peakiuu mapHupoB — 3TO JABE B3aMMHO MEpPNEeHAUMKYIApHbie cuibl. Kak
OHW HampaBJIAKOTCA, 3HAEM: B MPOM3BOJILHO BbIOpaHHBIX HampaBjeHusAxX. Tonbko

y wapuupa C, coemuHaAmeroe ode pamsl, ects ocobennoctu. Peakumun X #

Yo, nefcTByIOIME HA JIEBYIO paMy, HampapideM MpoM3BoibHO. Ho peakumm

3TOTO IAPHHUPA, ICHCTBYIOIIME HA MPABYIO paMy, KOHEUHO, MO BEJIMUKUHE OyayT
TAKUMH K€, HO HAMpaBJICHHBIMHU B MPOTHUBOMNOJOKHBIC CTOPOHBI (1O H3BECTHO-
My 3akoHy HbioToHa «aelicTBHe paBHO MPOTHBOIEHCTBHUION ).

H emg onno 3ameuanne. Ha mapuup C neiicrByer cuiia, pasHas secy (7 Te-
na, HaxOAAIIErocs Ha/l IIApHUPOM, HaJ MECTOM cocaMHEHUS ABYX pam. K kakoii
pame HaJo MPUTOKNATE 3Ty cuiy? Bcé 3aBUCHT OT KOHCTPYKIIMH 3TOTO MIapHUPA
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1 o1 dopmel 1 pazmepos Tena. [losToMy, eciiv 3apaHee He OTOBOPEHA KOHCT-
pykoma y3na C, npuknaasiBacM 3Ty cuay (K 10O0OMY NMOHPABHBIIEMYCA HaM
00BEKTY PABHOBECHA. 3/€CH MBI PEUIMAW PUIIOXKUTEL cHay (G K NpaBoii pame.

PacnpenenéHuyo HATpY3Ky 3aMEHWIM OJHOH COCPeAOTOUCHHOH cunoi (J,

y 1 y
PaBHOH TIJIOMAAN TPeyroibHuka () = Eqa W TIPWJIOXKEHHOH K paMe B TOUKE,

PACTIONIOKEHHOW HANIPOTUB UEHTPA TSHKECTH TPEYTOJIBHAKA.

CocrasiisieM ypaBHeHus papHoBecua. CWbl, N1€HCTBYIOIIME HA PaMbl, IIPO-
M3BOJILHO PACIIOIOIKEHBI Ha MITOCKOCTH. [losToMY AMA KayKaoi paMbl MOYKHO CO-
CTaBUTH TIO TPHU ypaBHEHHUA. Tak Kak YMCII0 HEW3BECTHHRIX (IIIECTH) PaBHO YHCITY
YPAaBHEHHUH, 3a/a4a PEUIACTCA, CTATHUECKHU ONPE/ISNCHHA.

Ho 3aMeTnM, 4TO YHCIIO HEW3BECTHBRIX CHI, ICHCTBYIOIIHX Ha KaXAYIO pa-
My, Gonbine Tpéx. [To3TomMy BCe mecTh ypaBHeHHH HEBO3MOKHO CJIeNaTh XOPO-
HIMMH, C OJIHOH HEM3BRECTHOM.

Jlts ieBo# paMbBl MOYKHO COCTAaBUTH TOJIBKO J(BA XOPOMIHX YPaBHEHWS —
YPABHEHUA MOMCHTOB OTHOCHTENBHO TOUCK B u C, B KOTOPbIX MECPECCKAKOTCH
JTHHHUH ACHCTBHA BCEX HCU3BCCTHBIX CHIL, KPOME OJHOM

> Mpi =0, —Xc-a+P-a=0;
>Mei=0, Xp-a+P-a=0.

Jyuwie ypasHennii w He npuaymaews! Cpasy nHaxomum X =P,
Xp=—-P.

Tperbe ypasHEHHE, COAEPIKAIIEE TONBKO OJHY HEHW3BECTHYKO, COCTABHTH
HEBO3MOKHO, COCTaBHM, HANPUMEP, VPABHEHHE MPOCKUMI Ha OCb y, 4TO
nonpowe. Ha ock X MpoekTHpOBaTh HENb3A, TaK KaK 3Ta ochb OyaeT mepneHam-
KYJIAPHOH 1TpsAMOi BC, IPOBENEHHOH Yepe3 TOUKH, OTHOCHTEJIBHO KOTOPBIX CO-

CTABJICHbl YPABHEHHUS MOMEHTOB!
> Y,=0;, Yoc+Y¥p—P=0.

Cno)xHee momydarOTcA ypaBHEHHA 1A MpaBoi pamel. HU ogHoro xoporie-
r0 YpaBHEHHUS HE cOCTaBuTh. COCTaBUM TaKue:

> Mo =0 YD-G—FXD'CI—Q%CIO,

> Mp; =0, X(?'CIJch-a—I—Q%aJrG-a:O,

>Y =0, —Yo+Yp—-G=0.
HpI/I):[eTCH PEIIATEL CHCTCMY ypaBHeHHﬁ C HCCKOJIBKHUMHA HCH3BCCTHLIMHA.
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Baxknoe 3ameuanuve W oueHb Tose3Hoe. YUToOwBl oOmeryuTs pemieHue mo-
JOOHBIX 337a4, MOKHO TOCTYMUTH CleAyroumM oOpazoMm. Ham Hy:kHO ObLIO
UMETh JBa 00bekTa paBHOBecHa. Ho coBceM He 00s3aTebHO paccMaTpuBarh
pPaBHOBECHE KaXk10i pambl B OTAEIBHOCTH. ['0pa3no BeirojHee Ha3BaTh OOBEK-

TaMU PaBHOBECUA KaKYKO-HUOYIb

G OJIHy paMy, HanmpuMmep JIeByiO (Ha

£ HeE¢ JICHCTBYET MEHbBINE CHIl), W

C BCIO KOHCTPYKLUHIO B  LEIOM
(puc.13). Llapuup ', coeanHsO-
UM pambl, OCTaBUM LIEJIbIM, HE-

3 <_Q Pa3pyILEHHBIM (M peakUuu B HEM
Y Y, MOKa3bIBaTh HE HATO).
L, X QueBHHO, IS TAKOTO 00h-
B X D X, €KTa PAaBHOBECHUS MOYHO COCTa-
Puc. 13 BUTH J1BA XOPOLIHX YpaBHEHHS

> Mpi=0; YD'G+Q%G+P-G—0,
> Mp; =0, YB-a+G-a+Q%a+P=2a—O.

W3 3Tux ypaBHeHu# cpazy HaxoauMm Y= —%(Q + 3P) ., Ig :%(Q +3G+ 6P).

Tperbe ypaBHEHHE XOPOIIUM HE TTOIYIUTCS, HO 3TO YK€ W HECTPALIHO

»X;=0, Xp+Xp—Q0=0.
Tenepb BCE HEW3BECTHBIC OMNPEJICIIAIOTCA: Xp=0—-Xp=0+P.

A MCTIONB3y S TIPOLITbIE YPABHEHWS, COCTaBJICHHBIE TS JIEBOH paMbl, HAXOIUM U
, g . o
MOCTIEOHIOKD HEU3BECTHYIO Yo =P —¥p = —[P + G+ EQ :

Haxonen, Hano nokasars, Kak PELIAOTCS 33/1a4U, €CIIM CWIIbL, JACHCTBYIO-
1€ Ha KOHCTPYKIHIO, HE PACMOJIOKEHBI B OJIHOM MIOCKOCTH. [TopsSaok 1 MeTo
pELICHN 3a1a91 OCTaKTCS, KOHEYHO, MPEKHIMH.

Bot Takas cHauana 3amada. Termo nunmuHapudeckoi (GOpMEI TIOABEIIEHO Ha
TPEX OJAMHAKOBBIX Tpocax WM HuTAX AD, BD wu CD, anuHa KOTOPLIX paBHa
JIBYM paauycam 7 munusapa (puc. 14).

Toukn A, B w (, Tie MPUKPETUICHB HATH K THIHHAPY, ACTAT OKPYKHOCTD
Ha TpH paBHbIe yacTH. Bec munmuaapa . OnpenenyM ycwins B Tpocax.
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Haszuauaem oObekT paBuoBecuia. Ecinu oOpe3aTh HUTH, YCWIMA B KOTOPbIX
Tpebyercs ONPeJIeiTuTh, YIMAAET TWIWHAP ¢ OOPBIBKAMH TPOCOB. 3TO W OyJieT
00BEKT PAaBHOBECHS.

i D D
i i
|
i ¥
i AY ‘X XS5
o L7 v ’
- =" _"_._-F"K-___ ________ - y - (y‘ '_T_Q+“'-._._ ''''' (3‘
M“ ) B WA= M“ﬁ— B, B
¥ W
]
1
1
Puc. 14 Pl Puc. 15

Crpoum pacuéruyro cxemy (puc. 15). Ha uununap aelicreyior peakuuu —
HaTHKeHne HUTeH Sy, Sp, S¢', HAMpaBIcHHBIE MO HATAM OT Tena BREPX, H BEC

UHJHHAPHYECKOTO Tena, cuiia P IMonyuunace cuctema CXOASALIMXCA CUII, pac-
NOJIOXKEHHBIX B MPOCTPAHCTBE. [N TaKOH CUCTEMBI CUJ1 MOJKEM COCTABUTbL TPU
VpaBHEHHWS PAaBHOBECHSA, YPABHEHHS TIPOSKIIMI CHIT HA TPH OCH.

Paz6epémen cHauana ¢ yrnamu. Tak Kak JUIMHBI HUTCH B 1B pasa O0JbIIC
pagMyca IAITHHAPA, TO YIIIBI (X MEKITy HHTAMHA H ILIOCKOCTEHIO Tela paBHEL 60

A ocb x genut yron ZAOB nononam, TO €CTb TOkE HAa yrianl 3= 60°

(cum. puc. 14).
CoCTap/IgaeM YPARHCHHS:
Y Xi=0, =8 -cosx-co83—Sg-cosx-cosP+ Sc-coson=0;

31 =0; Sq-cosau-sind—Sg-cosx-smp=0;
> 7Z; =0, Sq-sinc+ Sg-sinoe+ Se-sincx— P =0.
[Ipy cocTaBneHUMM YpPaBHEHMH MPUILIOCH BOCMOONb30BATbCA TMPABUIOM

OBOMHOTO TIPOEKTHPOBAHHS.

W3 Broporo ypaeHeHust cpazy noaydaem Sy =Sy, llosromy u3 nepeoro,
COKPATHB Ha cOSCL, noayanM —28.4-cos3+S-=0. Ho 3=60"n cos60° =0.5.
3Haunr, S¢c=S51=3; KM TpPerbe ypPaBHEHUE AAET OKOHYATEILHOS PELUCHME

Al Al A 1_) 2
Sy=Sp=8¢—=———-=_P—0,385P.
3since 343
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Tenepr mompoOyeM penmmuTh TaKylo 3agady. 1elo B BHAEC TPEYTONbHOH
MPU3MBI TIO/IEPKHBACTCS MECThIO cTepskHaME (puc. 16). PasMeps ykazansl Ha

Puc. 16

pucynke. Bec tena P. Ha teno B Hakyionnou
MJIOCKOCTH ACWCTBYET TIapa CHJI ¢ MOMEHTOM
m. OnpeaenuM yCUIIUA B CTEPIKHAX.

Pemenne onaTe HauMHAEM ¢ BBIOOpaA
o0bekTa paBHOBeCcH. KOHEUHO, 3TO pHU3Ma.

Pacuétnas cxema mpeacTaBieHa  Ha
puc. 17. CssA3aMH SIBISIOTCA CTEPKHH. YCH-
TSl B CTEPIKHAX HAMPaBJISEM IO CTEPKHIO OT

Tena, oT o0beKkTa pasHosecus. Bec P mpwuio-
JKEH K HEHTPY TAKECTH CHMMETPHYHOTO Tpe-
YIOJIBHOTO TeJa.

HelicTBue mapsl Ha TENO IPEACTABIEHO
BEKTOPOM MOMEHTA TIaphl 777 , HATPABIEHHBIM

NEePNEeHANKYIAPHO TJIOCKOCTH JCUCTBUA Tapbl MO MPABWAIY «MPOTUB YacOBOH

CTPENIKH.

X2

Puc. 17

Kpome Tena u BEKTOPOB CWJI, HA PACYETHOMW CXE€ME€ MPOBEAEHBI JAOTMOJIHH-
TelbHBIE JIMHWW, KOTOPBIE TOMOTAIOT JyYIle TPEICTaBUTh PacCIoNiOKEHHE B
NPOCTPAHCTBE KOHCTPYKIIMU U CHIL

Tak xak mony4uiach CUCTEMa CHJI, IPOU3BOJBHO PACHOI0KEHHBIX B MPO-
CTpPaHCTBE, MOKHO U HYKHO COCTaBUTH HIECTh YpaBHEHMH paBHOBecuA. Umcno
HEU3BECTHBIX TAKIKE PABHO LICCTH.
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He o0s3aTenbHO COCTABNSATL TPH YPABHCHMS MPOCKIIME HA TPH OCH W ypaB-
HEHMA MOMEHTOB OTHOCHUTENBHO ATHX TpEX oceil. MOXKHO COCTaBHTb XOTb BCE
VPaBHEHHS ypPaBHEHWSIMH MOMEHTOR OTHOCHTEITRHO PA3HBIX OCEH, Harpapmss
OCH Tak, 4TOObl OHM CTAIH MAPaUIC/IbHBIMU HCH3BCCTHBIM CHJIAM HJIH MEpece-
Kaln OBl WX JIMHWH JEHCTBHS. TOrJa MOMEHTBI HEKOTOPBIX HEW3BECTHBIX CHII
OKKYTCs PABHBIMHK HYJIIO M YPaBHEHHWS CTaHYT TIPOTIE, Tak Kak OyayT cojep-
’aTh MCHBITIC HEH3BECTHRIX.

B Hame# 3ajade OyaeM ¢Taparbesi COCTABJISITh MMEHHO TAKHE YPaBHEHMS
(pu 3TOM He OyjaeM 3a0biBaTh, UTO NPOEKIMA Napbl CUJI HA JIIOOYIO OCh paBHa
HYJIO, @ MOMEHT €¢ OTHOCUTEIBLHO OCH pPaBeH TMPOCKLUHH BEKTOpa MOMEHTa Ha
COOTBETCTBYIOUIYIO OCh)

>My =0 Sl-aSé-anc?:O;

SX1=0: Sy-cosav—S4-cosau=0;

2My =0; 810,50 — 860,50+ 87 -¢0s3- 0,50 — S5 - ¢083-0,5a +m-sint = 0;
SMz =0, S5-sind-a+m-cost=0;

SMz=0; —8-sinB-a+m-cosbh=0;,

) . 1
> Mx2=0, —S;-sincv-a—S;-sine-a—P—a=0,
o)

o : 2
B aTux ypasHermsx 3 =45 a sin(v= ﬁ )

He Tak TpyaHo pewmarotcst 3tu papHeHus. M3 deTEpToro v naroro ypas-

. - mcosb  m
HEHUI Cpa3y HAXOJUM S» = —Sg=—— T 2cost. Tak kak u3 BTOPOro
asind  a

YpaBHCHHA S3 = S4, TO W3 MMOCICOHCIO, IECTOr o0, YpaBHCHKHA OHH JICTKO OIIpe-

. P 1
AeTAI0TCA S3 =84 =———= —=pJ5. Pemas coemectio ypaBHEHUA
3sinox 6
epBoE 7] TpeTbe, HaHEM MTOCIEIHNAE JBE HEH3BECTHBIE!
1 m, . m, .
S = §P+—(sm9+0056) u  Sg=—|P+—(sin6 + cosb)|.
a a

O0patumM BHMMaHHE HAa TO, YTO BCE CTEPIKHH, KpPOME TPEeThero, OyayT
CKATBI, TAK KAK YCHJTUS B HUX OKa3aJIMCh OTPULIATEIIbHBIMH.

HTtak, MOXKHO cOenarb 3aKII0UCHHE, YTO TIPH PELICHHH 33429 CTATUKH 0CO-
OeHHBIX TPYAHOCTEH, HaBEPHO, He BeTpeTHTe. ECITH, KOHEUHO, yMeeTe MPOeKTH-
POBATL CUJIbl HA OCb, ONPEASAATL MOMEHT CHJIbl OTHOCHTE/LHO TOYKU U OCEH U
CyMeeTe TPaBUITEHO TTOCTPOUTD PacUCTHYIO CXEMY.
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3AJIAYM 11O KHHEMATHUKE

3aga4M N0 KMHEMATUKE OOBIYHO CBOJATCA JIULIL K ONPENeNEeHHI) CKOpPO-
CTEH M YCKOPEHUH TOUYEK TENA, a UHOIAA U TPASKTOPUH JBUIKEHHS HEKOTOPbIX
Touek. [lpu 3TOM HccnmenyeTcs yiKe 3alaHHOE ABMJKCHHE. A IOUYeMy IBIDKETCA
TEJ10, KAKUE CUJIbl 3ACTABJIAIOT €0 JABUIATLCH, COBCEM HEHHTEPECHO.

Pewenue Takux 3agau Tpebyer 3HAHUS AHAIIMTHYECKOH IeOMETPHH, yMe-
HUSL M AKKYPATHOCTH NPW 4epueHuH. lIpum ynayno u Xopoumo BbINOJHEHHOH
CXeMe MEXaHU3Ma JIETUE IMOHATh W TIPSJACTABUTEL JBIKEHHME OT/EJIbHBIX €€ Jac-
TEH U ONPEAETUTh HEOOXOTMMBIC PA3MEPHL U PACCTOSIHUS,

§1. HccaenoBaHue ABHKEHHS 0T/A€AbHbBIX TOYEK

JIRM>KeHUE TOUKHM B MPEAIaracMbiX 3a7auax 4dalle BCEro OnpeneisaeTcs 3a-
JAHUCM YpaBHCHHUH ABW)KCHUA TOUKH, UK C MOMOIIBIO ACKapTOBBIX KOOPAUHAT,
U1K €CTCCTBEHHBIM CLIOCOOOM.

Ecimu 3nakomer ¢ npaswiaMn judppepeHinpoBanms, ONpeielieHns Pon3-
BO/IHbIX (DYHKUMH, HUKAKHX OCOOLIX TPYJAHOCTCH MPW PELICHUM 33/1a4 HE BO3-
HUKHET.

Ecmm apmKkeHHC TOUKH 3aJaHO YPaBHCHHAMH X = X(1), v = V(1), z = z(1),
TO YpaBHEHHE TPACKTOPHH OTIPEIETIAETCS HCKITFOUEHHEM MapaMeTpa BPEMEHH .

Hanpumep, U3 nepeoro ypapHeHHS HaXo-
JUM [ — [(X) 1 NOACTABIIAEM €r0 B OCTAbHbIE
4 YPABHEHHA.

[TycTe naHbl BOT Takue 7Ba YPABHEHUA

Jky

3 AM
JBWKEHUA  TOYKH. X-3f W y—6f] 9¢.
X
U3 nepBoro Haxopum 1= 3 H T1QJICTABJISIEM
I
x o x*
’ > BO BTOpOC y:6§+9?. [Tonyuaem ypapHe-

3 2\1T/O 1
[

Puc. 18

|
|
|
|
!2
|
|
|
A

HHE TPAaeKTOPHM ¥ =2X + Xx°. DT0 ypaBHEHHE

napadonbl (puc. 18). I[locTpouTh, HAYEPTUTH
¢& HETPYIHO, OTHICKAB HECKONBKO TOUYCK AT HEKOTOPBIX MOMEHTOB BPEMCHH .
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CnoxHee Mony4acercsi MOCTPOCHUE TPACKTOPUM, CCIM YpPaBHCHUE ¢¢ co-
IEPKAT KaKHEe-TO TPATOHOMETPHYECKHE, NorapA(MIbecKne WIIH IPYTHE 110-
J0GHbIE hYHKLHH.

Hanpumep, ecmn  x=2sin2s, y=4cos?2s, ty
To, UMed B BHAY GopMyny  TPHTOHOMETPHH

cos’a +sin‘a =1 s

: X
W, ONPEIEIINB U3 MEPBOr0 yPaBHEHHA Sin2/ =5,

2
MONY4YUM y:4(l—si1122r):4 I—% =4 x".

12\.)?

A npu ypaBHeHUsX ABMwxkeHUA X =3sind/, y=4cos2!( ypaBHEHUE TpacK-

D10 onaTh nojydaercsa napadona (puc. 19), cum-
METPUYHAA OTHOCHTEIBHO OCH ). Puc. 19

TOPHH, BCNOMHUHASA (hOpMyNy TPUroHOMETPUM SN2 = 2sin & -COS &, NoJjiyua-

8
€TCA  COBCEM IJIOXHUM: y2:§(3i\19—8x2). Kpusyro nHHHIO, COOTBETCT-

BYIOLLYK) 3TOMY YPaBHEHHIO, MOJKHO TIOCTPOWTH, ONPEACTHB MOOONBILIE TOUEK,
3a/1aB HECKOJIbKO 3HAUeHHiI koopauHare x. [TolyunTea uTo-To BPOaAe BOCBMEPKU
(¢urypa Jluccaxy).

TTo ycnosuro 3aaud mocne NOCTPOEHUA TPAaeKTOpPUU OObIYHO Tpebyercs
OMPCACTUTL NOJOKCHHUE TOUKU B KAKOH-TO MOMEHT BPEMCHH W 3aT¢M HARTH ¢&
CKOPOCTh W YCKOPEHHE B 3TOM TOJIOKEHUU, ITO JISNAETCH JIOCTATOUHO MPOCTO,
€CAM 3HAaTh NPaBUIA BLIYMCICHHUA NPOU3BOAHbBIX.

Pemm  Takyio 3agauy. YpaBHCHHUA ABMIXKCHHA TOUKM: X =2sin3/,

- o . X
v=4cos3t. Tak kak sin®3t +cos?3r =1, a u3 ypaBHCHUI caeayeT Sin3/ = >

2 2

: P :
U €083/ :i, TO YPAaBHCHUE TPACKTOPUU MONYUUTCA TAKUM 7T + j—z =1.
Kak w3BeCTHO, 3TO YpaBHEHHWE 3JUTHIICA C TIONYOCAMH & — 2 ¢M W b — 4 oM

(puc. 20).

Temepp MOIKHO YCTAHOBWTB, YTO HAYATBHOE TMOJIOXKEHAE TOUKH M, (Tipu
{ —0c¢) umeer xoopauHatel x; — 0, 3y — 4 cMm. A Hampumep, npu [ — 0,2 ¢
Xo2=2-8i0,6=2-056=1,13¢cm, y;2=4-c050,6=4-0,83=332¢m.
DTH 3HAYCHUA KOOPAUHAT ONPEACNAIOT COOTBETCTBYIOLLES NOAMKEHUE TOUKU M
Ha TPaeKTOPHH.
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CKOpOCTh TOYKM HAXOAWMM € MOMOLUBKO MPOEKUHWI BEKTOPA CKOPOCTH HA

OCH: vl—:?:i:Z-ScosS[:Gcos?}t; vy=%=J’f=—4-3sin31=—125in31.
lt /
N B momeHT Bpemenn { = 0,2¢

y=6-¢0s0,6 = 6-0,83=495¢cm ¢!,
vy =—12sin0,6 =-12-0,56 =—6,78cM- ¢!
BeiOpas MacwiTad, nokasbiBaeM Ha 4ep-
TEIKE COCTABJIAIOMIME BEKTOPA CKOPOCTH,
PaBHbIE MO BEJIMUUHE MMPOEKLUAM, H YUH-

ThiBaeM uUX 3Hak. Haxoaum zatem cam
BEKTOP CKOPOCTH KaK BEKTOPHYH CYMMY,

Moaynb  ckopoctH T = \/v% + vﬁ =

=/4,95% +6,78% =8,39cm-c” . (Jns

NPOBEPKU PCLLCHUA CASAYCT IOCMOTPETb,
HampasJieH TH BEKTOP CKOPOCTH MO Ka-
CaTeNIbHOM K TPASKTOPHHM) .

M yckopenne TOUKM HAaXxOAWM aHa-
JIOTHYHO ¢ MOMOIILK MPOEKLIMH BEKTOpa
YCKOPEHHA Ha OCH, BLIYMCIHUB BTOpPLIE
MPOW3BOJHBIE MO BPEMEHH OT YPaBHEHHI
ABWKEHHUA. We=X=-06-3sin3t=

=—18sin3r n W, =v=-12-3co0s3t=
=-36¢0s3/. A npn { = 02¢c W, =

-4
Pic. 20 =-18-5in0,6=-10,16cm-¢? u W, =

)
=-36¢c0s0,6 =-2971lcm-c . Ha-
3HaYMB MacwTad ANs YCKOPEHHH, MOKA3BIBA€M Ha YEPTE)KE BEKTOPBI COCTAB-
nsowux yckopeuua W, w W, 1 HaxoauM BEKTOp yckopeHusa Touku W (cMm.

puc. 20). 3arem omnpemenseM €ro BETHIHHY, MOIyNb, W =\/Wx2 +W_,,-2 =
=4/10,162+29,71% =31,4em-c2 .

B HekoTOpbIX 331auax TPeGyeTcsl AONONHUTENbHO HANTH KacaTenbHoe Wy
H HOPMAJIbHOC H_}n YCKOPCHHS TOYKH.

['paduiaecknM cmocoOoM WX MOXKHO OTIPEIENTNTH, TTPOEKTHPYSA HaWIeHHBIH
BEKTOp yCKOpeRHs W Ha KkacaTembHYI0 K TPAackKTOPWH (HA JIHHAIO ACHCTBYS
BEKTOPA CKOPOCTH T ) U HA HOPMAaJb (HA OCb, NEPNEHAUKYJIAPHYIO Kacarellb-

HoHl). B Hawem mpumepe, yuMTbiBad Mmaclutad YCKOPCHMH, OOAYyUYHUM
We=178 cmc?, a W,=259 cmc?.
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HeTpy1HO HAWTH 3TH YCKOPEHMS M AHAJIMTHUYECKHM, 00JIee TOUHBIM METO-
d?) ) s
nom. Tak kak W = a v= \/vf +vy = \/36 cos2 3t +144sin?37 , To

dv —2-36-3cos3t-sin3t+2-144-3sin3t-cos3t  (—36-3+144-3)-sinbr

dt 2436c0s2 3¢ + 144sin>3t 20
_ 324sin 61 324-sinl,2

unpu t=0,2¢c W; =—=18,OCM-G'2 . Taxk kak momHoe
2v 2-8,39

yckopenune W :\/an +WZ , 10 HOPMaJIBHOE yCKOpeHne W = \/WZ —Wi =
=/31,4>-18% =25,73cm ¢ .

[Tone3no 3ameTwTh, UTO B HaUIeH 3aa4ye TPH ABHIKEHUHM TOUYKH IO 3JUTHIICY
BEKTOp yCKOpeHHs /¥ HamparieH B Havano KOOPAMHAT (TIOTpo0yiTe 3TO 10Ka3aTh).
HMHuorpa B ycnoBuu 3aauu TpeOyeTCss HAWTH pauyCc KPHBU3HBI O TPACKTO-
2 2
. v’ v° 8,397
puM B maHHOM Touke. Tak Kak w=—, TO P= —=
p W. 25,73
OTIIOKHMB €T0 O TJIAaBHOW HOPMAJTH MO HATPAaBJISHUIO HOPMAJIbHOTO YCKOPEHHS,
MOKHO HAMTH [IEHTP KPHUBH3HBI TpaekTopun ( (cM. puc. 20).

We

:2,74CM-0'2.

§2. UccsienoBanue ABUKEHHUS TOYEK TeJIa,
BPALIAOIIErocsi BOKPYr HeMOABHKHOMH 0CH
IlonosxeHue Tena, BPALIAIOIIErOCs BOKPYT HEMOABMAKHOM OCH, ONPEae/IsIeT-
cs yriiom moeopota ¢ . Ecim n3sectna dyHkms ¢ = @(¢), koropas HazbiBaeTcs

YPAaBHCHHUEM BpPALUICHHUA, TO MOKHO ONPCACIHTD BCC XAPAKTEPUCTHKH JIBHIKCHUA
TOUCK TCIA.

cild. &
5 .
R.—'] N =
S5 Uy
Puc. 21

KoHeUHO, TpaeKTOPHH ABHKEHHS TOYEK — OKPYIKHOCTH, PACIOIOKEHHBIE
B TUIOCKOCTSAX, MEPINEH/IMKY/IAPHBIX OCH BpaileHus. Pajauychl MX paBHbI pac-
CTOSIHMAM OT TOYEK 10 ocH (puc. 21).
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CkopocTh BpalleHus Tela W TOYEK OMNpPENeNaeTcss YIIIOBOW CKOPOCTBIO

dp . . .
o= F(P: ¢ ¢'. 3Hak (+) Wi (—), KOTOPEIil MONyYaeTes MOCIe MOACTAHOBKH
t

BPEMEHM [, YKA3BIBAET HANPABJICHUE BPALLEHUA: : + ) = \

YckopeHue Touek Tena NpU HEPABHOMEPHOM BPALLEHUN ONPENENACTCS Y-

do d*¢ .. .
JOBBIM YCKOPEHHEM & :7 = 7 = ¢”. HanparieHue yrjioBoro yCKOpPEHHs
t {
OTIpENIENACTCS 110 TOMY K€ MPaBHITY, YTO U HaIllpaBJIECHUE YIIIOBOM CKOPOCTH.
CkopocTh TOUEK Tela 1Mo adCOMIOTHON BETHUMHE, 110 MOYJIFO ONpeaesisieT-

ca popmynoit v=Rw (B 3Ty hopMyJly YII0Bas CKOPOCTb (O BCErJa BCTABJISET-
ca 0e3 yuéTa 3HaKa, BCETia MOJIOKHUTEIbHON). BEKTOp CKOpOCTH HampaBIseTCs
IO KacaTeIbHOM K TPACKTOPHH TOUKH B CTOPOHY JBHXKCHUS (M. pHc. 21).

Y cKopeHHs TOUEK Tella HaXOAATCA Kak
CyMMa BEKTOPOB JIBYX YCKOPEHHWil. Kaca-
tensHoro W' m nopmanshoro W”. Hanpu-
Mep, yckopenume Touku A W, =Wi +W;i.
(Ha puc. 22 nokaszan BUJA CBEpXy Tena, U30-
OpaxénaHoro Ha puc. 21) . Mogynu 3THX
BEKTOPOB OMPE/IENTSIOTCA 1O (hopMyaam

W'=Rew’ u W'=Re.
H yckopenwne Toukn A

Puc. 22 W :\/(Wj{')2 + (WAr )2 -~ R\fco4 8

Bcé nenaercs u onpenenseTcs Tak MPOCTO, YTO HE CTOUT Aake MOKa3bIBaTh
3TO Ha KAKOM-TO KOHKPETHOM MPHUMEPE.
Hano, xoneuro, ymMeTs OpaTh MPOU3BOIHEIEC W 3aTTIOMHHTE TPH (DOPMYJTH:

v=Rwo| [W"=Ro’| |W*'=Re¢
9TI/I (bOpMyJ'IbI CIICLHHHUAJIbBHO 3aKIK4YCHbBLI B paMOI{KH. I/IX cneﬂyeT Ha3BAaThb

rJaBHbIMH (pOopMyIaMH KHHEMATHKH (7]a W HE TOJBKO KMHEMATHKH, a BCel
TEOPETUUYECKOH MEXAHHUKH). 3alIOMHUTE UX 00A3aTENbHO!

§3. UccrenoBaHue miocKonapaie/ibHOr0 ABHKEHHS TesIa

Kak wuzBecTHO, npu OnpenesieHu CKOPOCTEH M YCKOPEHUM TOYEK Tela
[UIOCKONAPAIUIENIbHOE JIBUKEHUE PACCMATPUBAECTCS KAK CYMMA JABYX: JABUKEHUS
M0 HEKOTOPOW TPAEKTOPUH KAKOK-TO TOUKH (', KOTOPas HA3bIBAETCA MOJIKOCOM, U
BPALICHH BOKPYT 3TOro noJitoca (puc. 23).
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[1osTOMy CKOPOCTb KakoH-T0 Touku M Uy = Uc + Umc, a yckopeHue

sToit Toukw anamormano Wi =We + Wi, toe Omc m Wue - cxopoets u
yCKOpeHue Touku A 1npu BpauieHuu BOKpPyr nosioca C.

Ho ckopoctu Touek ropasao npouie onpe-
JENATh KaK CKOPOCTH TPH BPALIEHHH BOKPYT
ocH, mpoxoasmiet yepe3 Touky (, CKOPOCTh
KOTOPOH B JaHHBIA MOMEHT PaBHA HYJIKO W KO-
TOpas TO3TOMY Ha3bIBAETCA MEHOBCHHBIM YeH-
mpom ckopocmeil (M. puc. 23), TO ecTb omnpe-
JIEeNATh To ThaBHOM Qopmyne (cm. Ha ¢. 30):
U= R ® . OTbICKATH TAKYIO TOYKY Yy TCJIa HE TaK
ya TpyaHo (mpouwmtaiite B [1] rnlX, §3, n.1).
Hano nuiis 3HaTh HanpapiaeHHE BEKTOPOB CKO-
pocTell KakuX-HUOyab ABYX TOYEK, IPOBECTH B
HHUX TICPIICHIUKYJSIPHl K CKOPOCTAM M HaWTH
TOUKY MIEPECCUCHUS ITUX MPAMBIX (CM. puc. 23).
Hnm, ecnu Temo katutcs 0€3 CKONBIKEHUA MO HEMOABHIKHON MOBEPXHOCTH, TO
MTHOBEHHBIM LIEHTPOM cKopocTell (', 3Toro Tena OyaeT Touka KacaHWs, TOYKa

KOHTAKTa Teja ¥ oBepxHOocTH. U emé, mpu pemeHnn 3a1ad Hafno 0043aTeNbHO
UMETb B BHY, YTO Y KAXCO020 MEId eCitb CE0H MCHOGEHHBIIL Yelmp cKOpocmel
Co u €605 Y2n08asi CKOpOCHs @.

Bot taxoit mpumep. Komeco karurcs mo
MJIOCKOCTH € YITIOBOH CKOPOCTBIO ®; =2¢™ .
Paauyc koneca R=0,5wm , nauHa crepixkHs
AB=1[=1,0m, yroa o =30 (puc.24).

Koneco karutcsa 0e3 CKOMbKEHWA. 3Ha-
YT, €r0 MTHOBEHHBIH IEHTp ckopoctel ()
HAXOJUTCA B TOUKE KacaHWsA C TUIOCKOCTBIO.
[To3TomMy cuMTaeM, 4TO KOJIECO BPAILAETCS BO-
Kpyr ocH (5 ¢ U3BECTHOM 10 YCIOBHIO 331441
YIJIOBOH CKOPOCTBIO (; M CKOPOCTB €r0 TOYEK
HAXOJMTCA MPOCTO (CM. IIaBHYIO (hopMy.J1y Ha
c. 30).

Tak, vs=BC% @ =R2-2=1L4m-¢"; v.=CC ax =R -0, =0,5-2=10m-¢" .

Teneps MOKHO HAWTH MTHOBEHHBIH TeHTp ckopocreii (3”7 crepixua AB.
HanpasneHue BeKTOPOB CKOpPOCTEl Touek B U A W3BECTHO, MPOBOAUM K HUM
nepreHnKyIapsl u Haxoum C;7 B TOUKE TepeceyeHHs NePIeH MKYJISPOB.
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BekTop ckopocTu Tp yKa3pIBAaeT HANMPABJICHUE BPAIICHHUS BCETO CTEPKHS

..‘AI" &
AB Boxkpyr (", HANPABJICHUE €r0 YIIIOBOH CKOPOCTH (Dap M TEM CaMbIM OIIpe-
ACNACT TOYHOC HAMPABICHUE BEKTOPA CKOPOCTU Tx . Tenepb MOMKHO HAWTH U UX

Up ~AB
BEJTMUMHHI (CM. TTIaBHBIE (GOPMYITBI): ap = AT Hoa=AC;" -0aB.

(2]

Hanbiue npoctas apudmeruka. OnpenensgeMm HYKHbIC YIIIbL (CM. puc. 24).
BC*  sin60°

HO HU3BSCTHBIM opMyJiiam HUI'OHOMETPHH - u
Gopmyat 1 3 AB  sin45'
+vAB - 0 b O
A e HAXOMHM e L UL L e
AB  sin45° sin45° 0,71
F 6o =ABan75‘ =1,00’97=1,37M. [osTomy WA = Cad =1,15¢",
sin45’ 0,71 1,23

va=1,37-1,15=1,58m-¢7", ITpu xemaHWH ¢ TOMOMILIO TICPBOH TIaBHOH hop-
MYJIbl MOKHO HAWTH CKOPOCTH JIFOOBIX TOUCK, M CTEPKHSI, ¥ KOJIeCa.

N emg, mone3Ho BCMOMHHUTH TEOPEMY O PABEHCTBE MPOEKIHH BEKTOPOB
CKOPOCTEH /IBYX TOUEK TENTa HA MPAMYIO, TPOXOIANIYIO Y€Pe3 ATH TOUKH, JTa
TEOpeMa MO3BOJISIET TMPOIIE HAWTH CKOPOCTh TOUKH A B ATOW 3a3/aue, Tak Kak

cosl15” 0,97

Ua-€0830 =vp -coslS’, 0 vy =vp——=1,41
& ’ AT 0s30° 0,866

Ha Bcaknmii cnyuait pemum emé ogny 3aaady, 4to0bl yOSOuTses, 94TO CKO-
pOCTH TOUEK BCErJa HaXOOATCS OUYEeHb MPOCTO ¢ TMOMOIIBI0 MTHOBEHHBIX IIEH-
TPOB CKOPOCTEH B TTIaBHOM (DOPMYITHL.

=1,58 m-c™.

Ha pwuc. 25 mana cxema mexa-
HHU3Ma, COCTOSIIEr0 M3  YETBIPEX
3BeHbeB, (A =a, AB=2a, (CD=a,
£ = a\/g , COEIWHEHHBIX IIAPHHUPA-
My, B on3yHa B. Crepwxens (J4 Bpa-

1aeTcs BOKPYT ocH () ¢ yIJIOBOM CKO-
poOCThIO W, = const. Tpebyercs ompe-

ICIIUTE CKOPOCTH BCEX 0003HAYEHHBIX

TOUEK H YTJIOBbIE CKOPOCTH 3BEHBEB.
IIpexxae Bcero HaxoOuM MrHO-
Puc. 25 BCHHbBIC LICHTPBI CKOPOCTCH 3BCHLCB
AB u CD. (Y 3BenbeB OA4 u DE ux
UCKaTh HE HAA0, B Toukax O u I — ux
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NOCTOSAHHbIE LUEHTPhl cKopocTeil). BekTop ckopocTH U4 Touku A HampaBieH
NEPHeHIMKYASAPHO (A B CTOPOHY BpallleHKs; BEKTOP CKOPOCTU Ty MOM3YHA Ha-
[IPaBJI€H, KOHEYHO, MOPU3OHTAILHO. [lepnenaukynspsl K HUM NEPECEKAOTCA B
touke (7 B MTHOBEHHOM meHTpe ckopocTei 3seHa AB. Tenepb MOKHO TOKa-

3aTh BEKTOP CKOPOCTU Uc Todku (C, OH OY/JET HAMNpaBAEH NEPNEHAUKYIAPHO

JAB
paccrosenio CC2Y | m onpenennTs HanpaBieRue BPAIEHNs W YTIIOBYIO CKO-

pOCTL Wap 3BeHA AB BOKpYr o (cM. puc. 25). Touka C B TO 3K¢ BpeMsA TIPH-
HAIICKUT cTepkiio (1), a Touka [0 ero, mpHHamie:ka 1 3BeHy £, Bpamaercs
BOKPYT ocH /5. 3HauuT, BEKTOP Tp nepneHaukysapen 1D, IIposeas k Bexkropam
Uc W TUpNepNeHIUKYJAPH, HAWAEM WX TOUKY MepeceueHus — 3T0 W OyJaeT

MTHOBCHHBIA LIEHTP CKOPOCTEH CSP spena CD. BekTopsl ckopocTel yKa3blBa-
IOT HATPaBJICHHUE, B KOTOPOM BpaliaeTcs 3TO 3BCHO, W HAMPABICHHUE €TO YIIIO-
BOM CKOPOCTH (¢ .

OrpeieniB 1o 4epTeky HEOOXOMMMBIE YT H PazMepsl ¢ TOMOTIBIO
[JIABHOH (hopMyJibl , HAXOIUM CKOPOCTU BCEX TOUYEK.
vAa _awe 1

= =—,. U Torna
ACH 24 2

Tak, va =04 -0, =aw,. [losToOMy ®.p =

1 |
Ur = BCM - 0ap = 2a5w0 =Wy, Ve =¥ . wag =2asin60 Ewo :O,S\E aey, .

Teneps, paccMmarpuBasl ABUKEHUE CTEP:kHA (/). yXKE MMEA €ro MIHOBEH-

. . U
HbIM LEHTP CKOPOCTEH, HAXOAMM €rc YrIOBYHD CKOPOCTb  W¢p = CCCD .
. CD 2a 3 .
Tax kak CCS"” = ———=—=, T0O Ocp=—0,. MOKHO HallTH W CKOPOCTH
Ccos30° 43 4

«CD)

o 3
Touku 1D vp =DCy 7 -cp =CD-1g307 - cp :Ta(oo, H YIJIOBYID CKOPOCTh

3 0 1
3BeHa £{) wrp = UD J_am =

4 a3 4 -

Hrax, ymeﬂ HAXOJMTh MIHOBEHHbIE LIEHTPbl CKOPOCTEH 3BEHLEB C IOMO-
MBIO rIaBHOH GOpMYIIEI , JIETKO ONPEICHUTE H CKOPOCTH TOYEK, U YI-
JIOBBIE CKOPOCTH 3BEHBEB.

Teneps MOCMOTPUM, KAk OTIPENETAETCA YCKOPEHWE TOUEK TPH TIIOCKOTa-
PaUIENBHOM ABHKESHUH TEJA.

QOBIYHBIN METO/ OTIPE/ICITEHUs YCKOPEHWH CHAavana MOKaXKeM Ha TTPOCTOM
npumepe. PaccMOTpUM KaueHHe Kojeca 0 TOPH30HTaNbHOM IpAMOH (puc. 20).
[TycTh M3BECTHBI CKOPOCTh Uc M YCKOpPeHWE M- meHTpa komeca. Hazomém
eHTp Komeca (. momocom. Torma _YCKOpEHHE, HANPHMEP TOUKH A (BcoMHH
puc. 22), Wi=We +Waie =We + W +W . TlokaspiBaeM 3TH TPH BEKTOpa
y ToukM A Ha yepTexe (cM. puc. 206).
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Vekopenne We W3BECTHO TO YCIIOBHIO 3a7a4uu. Y CKopeHue Wi- 10 oaHo#M
W3 rIaBHBIX (BOPMYT paBHO mo Benmumbe Wic =AC- " . MrHOBEHHBIH LEHTP
ckopocTeit (7, Koieca JIerKO HaXQJUTCS, TI03TO-

2 2

Uc Uc Oc  Uc

=%y wpe =R 2

CCw R R R

Vexopenne Wie = Re. Ho Ttak kak yriosoe yc-

do d[vc]_ldvc _We

a , TO

KOpeHue &—-——=—— =
dtdi R dt R

We
Wic = R? =We. 3aMeTHM, 4TO KOJIECO KATHTCS

YCKOPEHHO (BEKTOPhI Uc M W MMEIOT OJIMHAKO-

BO¢ HanpasyicHue). [103TOMy yrioBoe yckopeHue
£ Oyler HANpaBIEHO TaK e, KaK W YIJIoBas CKO-

pocts . CrenoatensHo, BekTop Wi wanpasnen BBepx. OCTanoch CIOKHTH
3TH TPU BEKTOPA. MOXKHO 3TO crenarb rpauueckuM cnocoboM, OTI0KHUB BEK-
TOpPBI B MacmTabe, W MOCTPOUTh MHOTOYTONBHHK BEKTOPOB (Kak B «CraTmke»
OPH CHOXKEHUU CWIT). A MPOWIE ITO CAENATh AHATIUTUYECKAM METO/0M, KaKUM
paHbIIC HAXOAUIHA MOAYJIb PABHOACHCTBYIOILICH.

[TpoBoarM OCH X U ) U HAXOIMM NIPOCKIIMHU BEKTOpa W4 HA 3TH OCH
2

Wi =YW =We +Wie =We +%°;

Wiy =X Wy =Wic =We.

2
U toraa Benuuuna yexkopenus W :J(Wh Y +(Wy)” =1 We +Z;—§ IR

Hanpasnenne BekTopa W4 MOKHO HaWTH, OTIOXMB B Macutabe MPOEKUMHU
BEKTOpa ¥ MOCTPOMB HA HUX NPAMOYTOJBHUK. A MOXHO ¢ MOMOIIBIO TAHIE€HCA

Ax

yrna B Mexy BekTopoM Wy mocklo v tgf = (cm. puc. 26).

Ay
HerpyaHo Takum jke cnocoOOM HAWTH YCKOPEHME MTHOBCHHOIO LICHTpa
ckopocTeH koneca. [lompoOyiiTe 310 caenate camu. OKaxkeTcs, 4TO BEKTOp yc-

KOpPEHUS 3TOW TOUYKHM KOJieca HE PaBEH HYJIO, HAMPaBICH MEPHEHTAKYISIPHO
2

7l oc D2
TTOCKOCTH Kau€HUA W BEJIMHHHA, MOOYITE €T0 pVC[, —We o= ? =Ro".

Ha npumepe crmenmyiomeit 3agaum TMOKa)KEM METOAWMKY PEIICHHA Oonee
CITOYKHBIX 33/1a4.
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Beprémcs k mexanm3aMy (cM. prc. 25), y KOTOPOTO HAXOOWITH CKOPOCTH TO-
uek. [TonpoOyem Teneps HaliTH yckopeHus xoTs Obl Tpéx ero Touek A, Bu C.

ITockonbKy OyaeM onpeaeniaTbh yCKOPEHHUs TOAbKO TPEX TOUEK, TO BECH Me-
XaHW3M pHUCOBaTh He OyaeM, MOKaXKeM TOJBKO HYKHYIO JacTh ero (pwc. 27).
W 49T00BI HEMHOTO YCIIOKHUTH 3aa4y, BMECTO IIOJI3YHA K TOYKE B Impucoeau-
HUM cTep:keHb BK = a. Tak kak CKOpOCTb TOUKH B Obll1a paHee yike Hal1eHa, TO

Up _aw,

YTJI0Bast CKOPOCTB ATOTO CTEPIKHA gk :ﬁ = =@, OKaKETCA PABHOH Moy -
a

Puc. 27

YckopeHune TOUKH A, Bpamiaromecs BOKPYT HEMTOABHKHON OCH, HAaXOIHTh
yxe ymeem (cm. puc. 22). Tak kak ®, =const, TO yrjioBoe YCKOpEHHE 3Be-

Ha OA &1 =0, =0 u kacarenpHOe yckopenue Toukn A  Wip =0A- £, =0.

v 2
CnenorarenbHo, yckopenue Wy=Wio= A0 o; =aw,. TlokassiBaeM ero Ha

PUCYHKE.
PaccmarpuBaeM TouKy 4 Kak Mointoc 3BeHa AB, YCKOPEHUE TOUKH B

Wp =Wa+ Wi + Wi, , (1)
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2
w; 1
BenoMuHas rnasHble GOpMYyIbl, HaxXoauM Wiy = BA- wap = ZaTo :5(1(0(2,.

[Mocnennee yckopenuwe Wy = BA- £.; noka HeuzBecTHO. [lokasbiBaeM 3TH

TPH BEKTOPa Ha HepTeike. HampapneHueM HEM3BECTHOTO BekTopa Wiy 3amaeMcd,
HanpaBHM, HaMpUMEp, BBEPX, HO 003aTeIbHO NepneHIuKyIapHo AB. [ToaToMy
no popmysie (1) yckopenue Wp noka He MOKEM HANTH.

Ho Touka B npunauiexurt v crepxkHio BK. [loaromy €€ yCKopeHHne MOXKHO
nonmpoboBaTe HAWTH KAk YCKOPEHHE TIPH BPAIIEHHH BOKPYT OCH K, KaK CyMMy
JIBYX YCKOPEHHUH

W =Wek + Wk (2)

B sroit dopmyite yekopenne Wik = BK - Oae = a®a, HO KacarTeiabHOE YC-

KopeHue Wpg = BK - €z TOKE ¢ HEU3BECTHO, [TOKA3bIBAA DTH BCKTOPbLI Y
TOYKHU B, ONATH HANPABUM KAacaTEIbHOE YCKOPEHHE MPOU3BOJIBHO, HO NEPIECH-
JUKYApHO B

dopmyma (2) Takike He naéT pemenns. Ho, pupaBHWBag TpaBbie 4acTH

ypasaeHHi (1) u (2), MONy4YnM BEKTOPHOE YPABHEHHE C JIBYMS HEH3BECTHBIMHU:
Wy +Wgs + W5y =Wix + Wax . CNpOEKTUPOBAB €ro Ha B OCH X M}, MOJY-
YMM ABA CKAJSIPHBIX YPABHEHMS, M 331343 MOMKET ObITh PELLCHA.

Y1o0bl Kak/A0€ YPABHCHUC NOAYUMIOCH C OJHUM HEHU3BCCTHBLIM, OCH HAJIO
HAIPAB/IATH NCPICHANKYJIAPHO HEU3BECTHRIM BEKTOPAM, TO €CTh B IJAHHOM CJTy-
yae no crepxkuam AB n BK, TTpoekTupyeM ypaBHECHUC HA 3TH OCH.,

Ipoekuus Ha ocb xy . — W, cos60° — W5 = Wk cos60” + Wgy .

IMTpoekius Ha ock ¥y . — W, c0860° + Wi ic0s607 + Wiy cos307 = Wik .
I/I3 TMEPBOro YPaBHCHHA HAXOAUM, TIOACTABHE ViKEC U3BCCTHBIC SHAYUCHWS YC-

1 ;
KOPEHWH, Wik :_(W4 +Wz?1<)tg30° —Wimz—lﬂ-?)a%.

1
U3 BTOpOrO ypaBHeHus We =Wk
cos30

OTpHruarenbHble 3HAUCHHAA KacaTeNbHBIX YCKOPSHWH YKa3BIBAIOT HA TO, UTO
HUX BEKTOPH HAa CaMOM JENE€ HaNpaBJICHBl B MPOTHBOMONOMKHBEIE cTOpoHBL. Ho
HCOPAaBIAThL YEPTEHKH HE HAJO.

Tenepb MOXHO HaTH a0COMIOTHBIE 3HAYECHHS YITIOBBIX YCKOPCHUH 3BeHBEB 4B

T 2 T 2
Way _ 0,87 acx; _0.440k, ag, = Wex _1,73awi

AB 2a BK a
MPAB/ICHAS YIJIOBBIX YCKOPEHUIA YKa3bIBAEM JIYTOM CO CTPE/IOUKOi (CM. puc. 27).

(W;’;ﬁ, — 1 )tg30° = 0,87 af.

O

" BK. Tak, &= =1,73wi. Ha-
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Haxomum u MOJyJib yCKOPEHHsS TOUKK B

2 2 2 2
W =\/(Wé’K) + (WB’K ) =J (ao)%) + (1,73a(05) =2aw;. Hanpaemen 5T0T Bek-
Wik 1,73am;

Wik a(,og
[lepexoaum Kk onpeneneHnio yckopenua Touku (, BEIOpaB 3a MOJIIOC OMATh

Touky A: We =W+ Wl + W, tne Wy =aw,, Wi = AC - o, Wi =AC - €45

n AC =2a . llokassiBaeM 3TH BeKTOpHI Ha puc. 27 y Touku (. Hampasnenusa ux

TCIICPb TOYHO U3BCCTHHI.
HpOBO)I[/IM Ha CXEMC B3aMMHO IICPICHAHUKYIAPHBIC OCH X H V, HAXO0IWUM

HpOGKLLHH BGKTOpa WC Ha 3TH OCH.
Wee =Y Wy = W2y + W4 -c0s60° =0,75a 005,

Wey =Y Wiy =—Wea — W4 -c0830" =—1,31aw5.

2 2
[Tostomy We :\/(W(,c)2 +(I/V(_‘y)2 :\/(0,7551035) +(1,31am5) =1,5a0F .
Hanpasnenue BekTOpa OSTOr0 YCKOPEHHA HAXOAUM IO  TAHICHCY
Wee  0,75ami
Wey  1,3lawd

yckopeHus Toukn (' OKa3biBaeTCs paBHbIM P =29,8" .

TOp NOA YriIoM B, TaHreHc kotoporo tgfsz = =1,73 u By =60".

tgPfe = =0,57. Torma yrom Mexmy OCBIO ¥ W BEKTOPOM

Puc. 28

TouHOoCTh peleHus 3a1a4d MOMKHO MPOBEPHUTH C MOMOLIBIO MTHOBEHHOTO
uentpa yckopenuit Cy . OH HAXOAUTCH, HANPUMEP, OT TOUKH 4 HA PACCTOSHUH,
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W4 _ aey
Jeks + ks \/(0,44@% )2 + (0,50 )4
gy _ 04op

wip  0,250F
B HaiieM npumepe MrHoBEHHbIH HEHTP yekopeuu (i CiiywalHo okazasi-

paBHOM ACy = =1,98«¢, noa vyraom,

TaHTEHC KOTOpOro tgy = =1,76 , wyron y=60,4" (puc. 28).

¢d MOYTH HA OJHOU MpAMOI co 3BeHOM AB. BekTopsl yckopenu# Wi, We u Wi
HaNpaBIeHLl 01 OTUHAKOBBIMUA YITIAMH ) K OTOH MIPAMOH, H HX MOIYIH IIpo-

MOPUUOHAJIbHBI PACCTOsIHUAM 10 Cy . Clie0BaTensHo, 3aja4a peuieHa npa-
BHJIBHO.

§4. UcciienoBanmie CJI05KHOT 0 ABHKEHNA TOYKH

3/1eCb UMEETCS B BHJY CIIOKHOE /IBUSKEHHE HE B CMbICIIE TPY/IHOE, a Kak
JIBUKEHUE TOUKU, COCTOALLEE U3 HECKOIbKUX, B YACTHOCTH, ABYX HE3aBUCHUMbBIX
JIBOKCHHUM. DTH ABHKCHUS HA3BIBAKOTCA MEPCHOCHBIM M OTHOCUTCIIbHBLIM. A B
PE3YALTATE MX CHOKCHMS MOJIYYACTCA ABMIKCHME, KOTOPOS HazbiBaercs adco-
JIKOTHBIM,

Hazpanust 3TUX ABWKEHHWH JOCTATOUHO TOUHO OTIPEAESIIAIOT WX CYMIECTBO.
[TeperocHOE — 3TO OBMKEHHUE KaKOH-TO Cpeabl, KOTOpas «TMepeHOCHT» Ha cede
JIPYTOE JIBMKEHME, A 3TO, JIPYroe, Ha3blBaeTcsa OTHOCHTEIIbHBIM, TAK KaK OHO
COBEPIIACTCA OTHOCUTEIBHO MEPBOro, NEPEHOCHOTO. Pe3ynbTUPYIOLLEE ABUKE-
HUEC, KOTOPOC BUJUT HECMOABUKHBIA HAOMOAATEIb, — JBUIKCHUC OTHOCUTCIILHO
HEMOJABMKHON CUCTEMBI U HA3BIBAETCA aDCOMIOTHBIM.

EcrtecTBeHHO, aOCOMIOTHAS CKOPOCTh TOYKH U CKIAABIBACTCH H3 ABYX-
NEPEHOCHOH CKOPOCTH T, W OTHOCHTEIILHOW T,. T =7, +7,. A adCOIOTHOE
VCKOpPEHHE OKa3bIBAETCA COCTOMT M3 Tpéx: W =W, + W, + Weor . llocnennee,
TPEThE YCKOPEHHE HA3BIBAETCA yYCKopeHnem Kopuosmca, mo MMeHH YUu&HOro,
KOTOPbIH BIECPBbIE €ro 00OHAPY ML

Kak onpejensiores 2Ty XapakTepUucTUKu JABKKCHUA, OTHOCUTEIILHBIC CKO-
POCTE H YCKOPEHHE — 3TO CKOPOCTh U YCKOPEHHE B OTHOCHTEIBHOM IBHIKCHHUH
TOYKH O cpeae. [lepeHocHBIE CKOPOCTE U YCKOPEHHUE OMPEAETIAIOTCS HECKOIBKO
HHA4Ye. ITO €CTh abCOMIOTHBIE CKOPOCTh U YCKOPEHHE TOM TOUYKH CPelbl, TOTO
MECTa Cpeabl, TA¢ ABUKYIIAACST TOUYKA HAXOANTCA B JAHHBIA MOMECHT.

ITpwn onpeneneHun BCEX 3THUX CKOPOCTEH W YCKOPEHHHA XOPOIIO NTOMOraeT
«NPaBUJIO OCTAHOBKW». UToOBI ONpeae/uTh Xapakr€pPUCTUKH OTHOCHTEJIBHOTO
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IOBHIKCHHMSA, HaJ0 OCTAHOBUTbL MmepcHocHoe. M Toraa Mbl YBUAMM TOIbLKO OAHO
3TO OTHOCUTENbHOE ABU;keHUe. K, Hao0opoT, uTo0bl ONpeaenuTh MEPEHOCHOE
JBIKEHNE W COOTBETCTBYIONIHE CKOPOCTh W YCKOPEHHE, HAZl0 OCTAaHOBUTEH OTHO-
CHTENIBHOE JIBHKEHHE, JIBVKEHHUE TOUKH TIO CPe/ie.

Ycekopenue Kopuonuca yi00n0 onpeaensts no npasuiy H.E. JKykoscko-
ro. Kak 310 Aeaercs, I0KaKeM Ha [IEPBOM Ke [IPUMEPE.

Touka M apmxkercs no o0pa3ylIICH KOHYCA, BPALLAIOILICTOCA BOKPYT He-
MOABMKHOH OCH Z € YITIOBOH CKOPOCTBIO (D U YITIOBBIM YCKOPEHHEM £,. JTO
BpameHue OyaeT NepeHOCHBIM ABHKEHHEM Toukd A (puc. 29). OTHOCHTEILHBIM
ABIDKEHHEM TOUKH OyAeT ABW)KEHHE TIO MPAMOH NHHHUH, O 00pa3yIolled KoHy-
cau Tak, yto OM = s(f).

OnpeaenuM Bce CKOPOCTH H
YCKOPSHHS TOYKH A/ B MOMECHT,
KOI/J1a TOUKA OKAKETCA HA JIHE
KOHyca, pu s — /.

B »T10ii 3a0aue OTHOCUTENE-
HbIE CKOPOCTb M YCKOPEHHUE OIl-
peﬂeJTHfOTCH KaK T[pP[ JBUKCHHUH

ds .
Mo NPSAMOH THHHH U, =—=§ H
dt
dv d*s .
» =——=—>=>5. Hanpasmsor-
dt  dt

Cs UX BEKTOPHI TI0 OPAMOM TpaeK-
TOPUK ¢ YUETOM 3HAKA UX BEJIM-
UUH B 3TOT MOMEHT BPEMEHU.
ITepeHocHass CKOpOCTH U
[IEPEHOCHOE YCKOPEHUE TOUKHM —
3TO CKOPOCTb M YCKOPEHHE TOH
TOYKH KOHYCA, T/1€ HaXOAUTCH
TOuka A B [JaHHBIA MOMCHT
BpeMeHH. Tak Kak 3Ta TOUKa KO-
HYCa ABHXXETCS MO OKPYKHOCTH,
To (cM. §2 W TnaBHBIE (OPMY-
Jibl), MEPEHOCHAA CKOPOCTh pas-
HA U, =R®, W BEKTOp €€ Ha-

Puc. 29

NpaBjieH MO KacaTeJibHOW K TPAGKTOPHH, K OKPYKHOCTH OCHOBAHHUS KOHYCa B
CTOPOHY BPALLICHUA.
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A NepeHOCHOe YCKOpeHue ecth cymma W, =W, +W,7, rne, Bcnomuuas
OnATh [NaBHble (POPMYJIbl, HOPMAAbHOE yeKopeHue W, = Ro; W KacaTeabHoe
W, = Re, (nanpaBaeHue UX CMOTPU Ha puc. 29).

AOGCOmOTHAA CKOPOCTh KaK CyMMA 3[eCh ABYX MEPNEHINKYAPHBIX BEKTO-

POB HAXOAWATCA MPOCTO. Upr = \/vf_-z +v,° = \/ Riw.* +4° .

A uToOBl HAMTH aOCOMIOTHOE YCKOPEHUE, HANO MPEKAE ONPEACTIUTL KOPHO-
JTACOBO yCKOpeHue. Bennunna ero onpeaenserca npocro:. W, =2w. - v, -sina,
rae ¢ - OCTPBIA YoM MEXAY BEKTOPOM T, W OCBIO MEPEHOCHOTO BPALICHWA Z,
BEKTOpOM .. Hanpaenenwne sextopa yckoperna Kopwonwnca onpenensercs no
npaeuny Kykosckoro. CHayana BEKTOP OTHOCHTEIBHON CKOPOCTH U, MPOEKTH-
PYEM  Ha MJIOCKOCTh, NEPNEHUKYJIAPHYIO OCH MEPEHOCHOrO BpailiegHus (Ha
IUIOCKOCTh OCHOBAHMA KOHYCA B Hallel 3ajaue). A MOTOM MOBOPAYMBAEM 3TOT
BeKTOp npoekunu Ha 90° no HaANpaBNeHWIO MEPEHOCHOTO BpPALUEHHS, MO HAa-
PaBIEHHIO ®,. B Hawem mpumepe BEKTOP W OKAKETCA HAMPABIEHHBIM MO
BEKTOPY U, .

ADCONIOTHOE YCKOPEHHUE TOUKK M HallAEM KaK BEKTOPHYIO CYMMY YEThIpEX
BEKTOPOB TaK ke, Kak B «(CTaTHKe» OMpeaensiii pPaBHOACHCTBYIOMYIO CXOJS-
HIUXCH CHJL.

Tak kak BEeKTOpbI PacNOMOKCHLL HE B OAHOM MA0CKOCTH, HEOOX0AUMO NIPO-
BeCTH TpH ocH. OCh X HANMPaBUM NO BEKTOPY T., OCh ¥ — M0 PAANYCY OCHOBAHUA
KOHyCa OT MEHTPa, a OCh Z YKe AMeeTCA Ha prc. 29 (OCH Ha CXeMe He MTOKa3aHEI,
4yTOObl HE YCIIOKHSITh UEPTEXK).

IMpoekunn aGCOMIOTHOTO YCKOPEHHS ToUKH Wy, Ha yKa3aHHBIE OCH PAaBHBI
CYMME NPOCKLMIA BCEX BEKTOPOR YCKOPEHUI HA 3TH OCH.,

T .
We=Weor + W, =20.5sina + R&,,
W,=W,sina - W,/ =§sina - Ro.?,

W.,=—-W,cosa=—-5§cosd.

Moayab BEKTOPa YCKOPEHHs HaXxoauM no Gopmylie W:\/sz +W},2 + W2

Ecnv Obr B ycnoBuH 3amaqn ObUTA JaHBl UA(DPOBBIC 3HAYECHHSA BEIWYHH, TO MBI
CMOIM Obl BHIYMCIIUTL U BEJIMUMHY YCKOPEHHUA, H BEIMUHHY CKOPOCTH, U TOU-
HOE HaMpaBlIE€HNE NX BEKTOPOB.

Mbl pemiii A0BOJILHO CIOKHYKO 33/1a4y, NMO3HAKOMMHIIMCh ¢ METO,10M eé
peleHus. AHANOTMYHO pellaroTea U Apyrue 3a1auy Npu UCCIeI0BaHUU JBHKE-
HHA 1 D0OJiee CNOMKHBIX CHCTEM. Hajao nvmb Xopomo pa3odpaTeca ¢ ABHKEHHEM
TOUEK, BbISIBUTh UX MEPEHOCHOE U OTHOCHTENILHOE JIBUMEHHS W [PABHIILHO BOC-
MONL30BATLCA MAABHLIMU (POPMYNAMU KHHEMATUKH,
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3AJIAUM TIO JIMHAMUKE

Ecnu B pazaene «CTaTMKay MBI HAYYHIHCH CKJIAIBIBATL CUIIBI, TO3HAKOMH-
JIMCh ¢ METOJIaMHU WX CIIOEHWs, a B pasjeie « KnHeMaTnka» HayduITiCh Onpe-
JCTATh XaPaKTEPUCTUKKM JIBUIKYINErocsAs Tela, TO B «J[HHAMHKe» He NOMKHO
BOZHHKHYTH OCOOBIX TPYIOHOCTEH B OmpernelecHHH 3aBHCHMOCTEH Meay CHIa-
MU, JCUCTBYIONIMMH HA TENA OPU MX ABMKCHUAX. HyiHO JIMIbL CYMETL BOC-
MOJIE30BATLCA CIEIHANEHEIME TEOpEMaMH JMHAMUKH, 3aKOHAMW M MPUHIUTIA-
M, YCTAHABITHBAIOIMIMMH 3aBHCHMOCTH MEXIY CHITAMH, ISHCTBYIOMIMMH Ha Te-
710, U IBUIKCHUEM, KOTOPOE OHO OY/ICT COBEPILATD.

KoHeuHo, 3a0aun TUHAMHKH Oolice UHTEpECHBIE, Doaee HYIKHBIE, HO H 00-
Jiee CITOKHEIE,

§1. OnpenesieHne IBHKREHHASI MATEPHATLHOH TOUKH

MarepuanbHOH TOYKOH Ha3biBACTCA TEI0, 00NAIal0IICe MAacCOH, HO pa3Me-
PHL KOTOPOr'Q IIPH UCCIEI0BAHUH ABUKEHUA MOKHO HE YUHTHEIBATE. 1aK 4TO 3TO
TEJO, 3TA TOYKA XAPAKTEPUIYIOTCA JIWIIL MACCOW #1, KOTOpas onpeaensercs eé

BCCOM P, CUJTOH TSKECTH, i =—.
g
[TomoxkeHnrne TOYKH NMpU ABUMKEHUH ONpeaenaeTcs 0ObIHO THOO KOOpAHHA-

TaMHA X = x(r) y V= y(t), = :(r) , IM0O TaK HA3BIBAEMbIM €CTECTBEHHBLIM CIIO-
co0OM, KOrja 3a1aéTca TPACKTOPUS JABHKCHUS TOUKH H €€ 3aKOH JIBUMKCHHA MO
310ii TpaekTopun § = (1),

ITpu wccrenoBaHWH JBWKEHWUA TOUKH TPUXOJUTCS PEIaTh JBE 33/aqu.
[leppas — U3BECTHO ABUKEHHE TOUKH, HAJ0 ONPEAC/IUTL CUJIbL, KOTOPLIE 3aCTaB-

ISEOT €€ Tak ABUTaThbed, BTopas (00paTHas) — U3BECTHBI CUIILI, ASHCTBYIOUE HA
TOUKY, TPEOYETCS ONPEACITUTD €€ JBUKCHHE.

Pewtenue nepgoii 3aoaqt Qunavuk

HepBon 3aJavy JMHAMHKH MIPOIIC H MTOHATHCCS PCIIATDh MEMOOOM KUHEWO-
cmamury. YToOBl BOCTIONB30BATHCA PTHM MCTOOOM, HAOO BBCCTH NMOHATHC CHIILI

vHepruu Touky, Cuioit wHepruy Touku /™ Wa3nIBaeTCs CWIla, paBHas TIO Be-
JIMYMHE NPOU3BEACHUIO MACCHl TOYKH HA ¢& yckopeuue [ =ml . Hanpagns-

CTCd  BCKTOP 3TOH CHIIBI B CTOpPOHY, TIPOTHBOIIOJOXKHYIO VYCKOPCHHIO
F™ =—m,
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Jlnst onpenenenust 3Toi CUjibl HAA0, KOHEYHO, YMETh OMPEJIEIIsTh YCKOPe-
nue Touku (Becnomuu «Kunematuky» u e€ rnasubie dopmynst). Ha puc. 30 nan
MpUMeEP, KOTOPBIH MOKA3bIBAET, KAK ATO MOYKHO CHENAarh.

A cam METO/| KMHETOCTATUKU MO3BOJISET 3a/a4y
JMHAMHMKH PeIIaTh Kak 3a1ady CTATHKW, COCTaBIIAA
ypaBHeHHs paBHOBecuA., Jlig 3TOro Hajuo, Kpome
OOBIUHBIX CHJ1, MPHUIOMKUThL K TOUKE €€ CHIIbI HHEPLMH.

Bor nepras 3amaga (puc. 31). MasTHHK, COCTOs-
i U3 wapuka A Becom P, N0JABEHIEHHOI'O HA HUTH
Prc. 30 JUIMHOM [/, KauaeTcss B BCPTUKAILHONH IJIOCKOCTH.

B Hauaje ABMKEHHS Yyroa Obut ¢, =60° 1 MasTHHK ObLT

HenoaBuzkeH. [lonmpoOyeMm onpenenuTs HATAKEHHUE HATH TIPH TAKOM JBHIKEHHH.
3aﬂaqa pelraeTca MO 3HAKOMOH cxeMme pelleHus 3agad cTaTMku (c. 15).
Bribupaem Teno, Touky A, OBMIKEHHE KOTOpPOTO OyaeM
paccMaTpuBaTh, W MPEANOIAraeM, YTO OHO HAXOAMTCA B
PABHOBECUU MO ACHCTBUEM CUJ MHEPLIMH.
Ha WapyK JeHCTBYIOT OOBITHBIE CHITHL: BeC P W HATA-

SKCHAE HATH S . JobaBngem emé cHiTbl MHEPLUAW IapHKa.
OH mBUKETCS IO YTe OKPYKHOCTH, BpainaeTcst BOKpyr ().
Benomunas riasHbie GhopMyJibl KUHEMATHKK, HAXOIMM YC-

kopernsa W =W, +W,.tae W, =lo* =19, W =le=1§.
[Tonyurnack miockasi CHCTEMa YETHIPEX CXOJUIIIAXCST CHIT.
MO)KHO COCTABUTD JIBA YPABHCHUSA PABHOBECHS

Y X;i=0, —S+Pcoso+ 1,7 =0;

> ¥;=0; Psing+ " =0.
WMnu mocie moACTAaHOBKH CHJI HMHEPIHH W MPeoOpa30oBaHH MONTYyYHM

P.. i ;
S=Pcoso+—I¢p* u §+ %sm(p =0. llocmennee ypaBHECHUE HETPYAHO MPOHH-
g

TerpupoBath. Tak Kak ¢ = ) —(p@ TO Qdp= —§5111(p dp W, MPOWHTET-
dt do do’ /

1, "
PUPOBAB, [OLYYUM Eq)2 =%cosq)+(,. [Io HauanbHbIM ycnoBusaMm npu (=0

Po=01 @= @, =60" Haxomum C=—§005(p0 urtorma ¢ =2§(cosq)—005(p<,).

Teneps MOXKHO HAHTH W HATSKCHHE HUTH S = P(3COS(p —2¢0sQ, ) ’

a B HAYAJIE JIBUIKEHHS, T.€. IpH @, =607, S =P(3COS(p -1).
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[Tone3Ho 3aMETHTh, YTO ATOT METOJA KWHETOCTATHKH TIO3BOJISIET Pelarh |
BTOPYIO 3amauy auHaMuk#. COCTaBHB BTOpPO€ YPaBHEHHWE PaBHOBECHs
(cM. puc. 31), wmbl momyunmi auddepeHIHaabHOe YpaBHEHHAE IBIDKCHHS MasT-
HHUKA. PelluB €ro OKOHYATENbHO, IOJYUYUM M 3aKOH KOJIeOaHUH ATOr0 MasTHHKA.

Peuwenue smopoii 3a0ayu OuHaAMuKy

HauGonbinii uHTEpPEC JUIsl IPAKTUKKM MPEACTABAECT YMEHHE PEIlaTh BTO-
PYIO 3a/1auy JUHAMUWKH, 3371a4y Ha OTMpe/eNieHHe TBRMKEHUS MaTepHalbHON TOY-
KW MO JEHCTBHEM H3BECTHBIX 33/TAHHBIX CHII.

Bot Takas 3amaga. Kakyio Hamo cooOIMUTh CKOPOCTh U, W TOH KaKUM YT-

JIOM NO/DKCH ObITh HAHECEH YJap PAKETKOH Mo M4y, 4ToObl OH MPOJIETEN pac-
crosuue [ (puc. 32)?

}*“ UO

»"-’ -

; X

UroObl mipaBUIBHO W OBICTPO PELIMTh BTOPYKO 3a1auy AWHAMHUKH, HAOO
JACHCTBOBATH MO ONPEACTEHHON cXeMe.

1. CHauana BbIOMpaeM OCH KOOpPAMHAT (MX KOJMYECTBO, HaIpaBlIeHHE U
Havaja0 KoopauHat). XOTA 9TO CICNIATh M MPOCTO, HO OYeHb BakHO. IIpu He-
YAA4YHO BBIOPAHHBIX OCAX PEHICHUE MOXKET 0KA3aThCs CJIOMKHBIM,

B Hawieii 3a1aue ocu BeIOpaHbl yaauHo, Beero aAse. M ux pocrarouHo, Tak
KaK JABM)KEHWE MsI4a MPOUCXOAUT B OAHOM BEPTUKAIbHOW MJIOCKOCTH.

2. Tloxa3siBaeM Jr000€ MPOMEKYTOUHOE TIOJOKEHHE TOUKH Msda (He Ha-
YaJIbHOE M HE KOHEYHOE), HO 00513aTeIbHO TaKOe, YTOObI KOOPAMHATHI €ro ObIIH
TTOOKATEITBHBIMH.

3. Iloka3piBacM CHIIBI, NCHCTBYIOIIAE HA TOYKY B 3TOM IMPOMEKYTOYHOM
nojioskeHuu. Ho He 3a0bITh HM OJHOW CHIBI W He Mokazath JUIIHWE. Cuibl
WHEPLHH HE MOKa3blBaTh. B Hamied 3amaue Ha TOUYKY ACHCTBYET OJHA €IMHCT-
BEHHAA cuna — Bec Maua P . COnpOTHBIGHHUE BO3AYXA YUUTBIBATL HE Oy ACM.
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4. Cocrarnsiem quddepeHumranbHbie ypaBHEHUS ABHXKEHUS 10 hopMe

mx = 22X s
my=2xY:,
mz =27;.
B Hawueii 3a1aue 10CTaTOYHO COCTABUTD JIMLb BA YPABHEHUs
"
—¥=0, .
g =0,
P WA N
—j=-P V=&
b4
Peuenne 3tnx auddeperinanbHeiX ypaBHEHHE OUeHb NPOCTOE
. x=0+(5
X= (-'I ’ J/ ,

) n 1,
y==—gt+D ly:—agt + I+ D,

UToOw! OonipenenvTh MOCTOSHHBIE WHTETpUpOBAnnd (1, (>, 1, /J>, HyY/KHO

BbISIBUTb HAaYalibHbie YCJI0BHS. OObIYHO 3TO MOJIOKEHHE TOUKH H €€ CKOPOCTh B
Hayane ApuskeHua npu { =0,

VY Hac KOOpAMHATH TOUKHU B Hauaje JBHxkeHus, npu 1 =0, x, =0, y, =h.
[Tpoekurn CKOPOCTH HA OCH Uy =X, =0, COSQ, Uy = ¥, =0, sina. [Noacrasass
MX 3HAYEHUA B MNOCACAHUEC YCTLIPE YPABHCHMSA, HAXOAMM MOCTOSHHbIE
Ci=v,cos0a, Co =0, Dy =vu,sina, /> =h. Tlo3ToMy YypaBHEHUS JBHIKEHMSA

X =0,f COS A,
MAYA MOTYYAKTCA TAKUMH 1, _
y= —Egr + Vot sing + 4.

M3 nepBoro ypaBHEHMs HAXOAMM BpeMs Noaéta Maua /. Ilonaras Tam
!
V,COS0
M3 BTOPOro ypaBHCHHUA ONPEACTACM 3aBUCUMOCTh MEHKIY CKOPOCTBIO Uy
yriom . Tak kak B KOHLE noséra KoopauHara msada y =0, To, yduThIBas 3Ha-

x=1[, monyqaem t;=

2

1 g Ul

YCHHE {;, MOIY4YacM 3aBUCHMOCTL O0=—— >+

2v,7c08°00  VyCOSU

HavuaJgbHasA CKOPOCTb, HEOOXOAWMAsA AJIS TOTO UTOOBI MAY TPONETEN HYIKHOE
gl

2(/tga + h) cos’a

sing + /2. Orciona

2
paccToaHue [, NOMKHA ObITL U, =
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Emé omna 3amaga. B minockocTH cTona caenaiy OTBEPCTHE W TIONOKUIIA Ha
OTBEpPCTHE MIapuK BecoM P. CHU3Y K MapHUKy MPUKPEMHIA PE3UHOBYIO HHUTh, a
HHKHUN KOHEL €€ B HEPacTAHYTOM COCTOSHHMU MPUBA3AIM K NOTY. 3aTEM LIapUK
CMECTHITH TIO TTOCKOCTH CTOJNIa Ha PAcCTOSTHAE ¢ W COOOIIMIN €My CKOPOCTh U
NEPHEHANKYJIAPHO HarpaBieHuio @ (puc. 33). OnpeaenuM TPACKTOPHUIO ABHKE-
Hus wapuka. ConpoTUBICHUS ABUKEHUIO HE YUUTHIBAEM.

Puc. 33

[Topsanok pemieHua Mbl yxe 3HaeM. HazHauaem ABe OCH ¢ HA4ajioM B OT-
Bepetun (). [loka3piBaeM NmpOMEKYTOUHOE MOJOXKEHHE IIapuka M ¢ MonIoKu-
TEJTBHBIMA KOOpAWHATaMu X ® . Chibl, IeHCTBYIOIMNAE HA IMAPHK B 3TOM I10-
JIOKEHHUH, — BeC P, HODMaTbHAS PeaKIHs TIIOCKOCTH cToja N W HATSKeHMe
autr S . [Ipraém 3Ta crna nporopHHOHATEHA VUTHHEHHIO HATH S = ¢* (¢ - KO-
appurreHT MponopIMOHATEHOCTH, KECTKOCTh HUTH). CHla HampasjeHa no HU-

§ X
TH IIOJ YITIOM O , TAKKM, UYTO SIN0 = 1, Cosa =—.

¢ r
Cocrarngem na mupdepeHLMANbHBIX YPaBHEHHS B CTAaHAAPTHOM BHJE.

H nocne noactaHOBKY CWIT U YTIIOB, MOCII€ TPUTOHOMETPUUECKUX NTPeoOpa3oBa-

P
—X¥=-Scosaq, S
. g [x+k =0 , cg
HUH NOTYYHUM 5 Wi 1 ; rae k =?.
—j=-Ssina V+k7y=0,
g

MareMaTrka TaéT METOMBI PEIIeHHA TaKUX OTHOPOIHBIX TU(depeHIInaTb-
HBIX YPABHEHMH BTOPOTO MOPAIKA, JIAHEHHBIX WM C MOCTOSIHHBIMU KO3 dunm-

.
eHTaMH. XapakTepPHCTHUECKOE YPABHEHHE MX M3BeCTHO: A +4° =0. Kophu mno-
TyJaloTCs MHUMBIE: A > =ik . [To3TOMy pelreHne ypaBHEHHM HUITIEM B BHIE
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x=C; coskt + skt X =—Ciksinkt + Crkcoskt,
"
y=1) coskt + I, sinkt y==Dyksinkt+ D, kcoskt.

BenomuHaem HawanbHbie  yenoBusa: npua (=0 x=a y=0, v,=x=0,
vy = y=u.llo3TOMY, NOACTABUB MX B MOCIEAHUE YETHIPE YPABHEHUS, MOJTYYHUM

, u .
3HaueHud noctosHHbIX: () =a, I :;, (> =1 =0 u peluicHue ypaBHCHHUH

X=dacoskt,
TIOMYYUTCA TAKUM u . C momomsio (GOpMyJTEI TPUTOHOMETPHH
y=—sinkt.
k
sinkt + cos’kt =1  MCKIIOUMM BpeMsl { W TOJYYAM YDPAaBHEHHE TPACKTOPUH
52 32
— +———=1. D10 ypaBHEHHE DJUIMAIICA C NOJYOCIMH d W % (cMm. puc. 33).

T (%)

k
EcrectBenno, Touka M, nokazaHHas B OpOMEXYTOYHOM, MPOU3BOILHOM, NOJIO-
JKEHUM L1AapPUKA, Ha TPAeKTOPUU HE oKazanach. MBI jKe He 3HanM 3apaHee 3Ty
TPACKTOPHUIO.

Ecnu tpebyercs onpeneanuTs ABHKEHHUE TOUKH MO 3a/JTaHHON TPACKTOPHUH
€CTECTBEHHBIM CNOCO0OM, PEIICHHE BBIMOJHACTCA aHAJIOTMYHO. TOJILKO BMECTO
JISKAPTOBBIX KOOPIMHAT X W V UCIOJIb3YIOTCH €CTeCTBEHHbIE ocu N, 1, B.

Bot Takoit npuMep. JIBDKHUK Che3KaeT M0 rope, UMEroIei (hopMy deTBep-
TH OKPYXKHOCTH paauycoMm R. OnpenenuM ABMKEHHE JIBIKHHUKA, HO HE YUHTHI-

Basi TPCHUE CKOMbXKEHUsA (puc. 34).

[lopsgok pewieHust OCTaéTcs MPEIKHUM.
Bridupaem ocu, HO ocu ecTecTBeHHbIe — N U 1.
(Ocb B, OuHOopMaJib, MOKA3bIBATh HE HAJ0, TAK
KaK OHAa NEPHEHAMKYJISIPHA IUIOCKOCTH, B KOTO-

7 POH PACMONIOKEHA TPAEKTOPHA). 3aTEM TOKA3bI-
BAaeM MIPOMEKYTOUHOE TIOJ0KEHHE JIBKHIUKA Ha
PacCTOSIHMM, PaBHOM Jyre § OT Havajla OTcue-

1 T1aO.H B 3TOM NOIOKEHUH [TOKA3bIBAEM CHIIBL:

Puc. 34 BEC JIBKHUKA P ¥ HOPMaNbHYIO PEAKLHIO MO-

BEPXHOCTH N .

ms =2ty

HuddepeHumanbHbIe YpaBHEHUS COCTaBIsAeM Mo popme v’
m—=22r iN
p

TIE p - paANyC KPUBW3HBI TPACKTOPHH, PAaBHBIN palyCy OKPYKHOCTH K.

. v’ .
VYpaBHEeHHS TIOTYYAIOTCA TAKUMH:.  mS = PSIng " m; =—N+Pcosg .
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[Tepoe muddepenmanbHOe YpaBHEHHE OKa3bIBaeTCA HETHHEHHBIM. [lo-
r . :
marags  m=—, OHO monydaeTca TakuM:. §— gsing=0. Tak kKak ATWHa OyTH

by

§ = R, TO ypaBHeHUS noayuuted B 0oaee yaoOHOM BUAS O — Esin(p =0.

DT0 HelUHEHHOe YPaBHEHHE MOKHO OJMH pa3 MPOUHTErpUpoBaTh. Tak kax
. dp do . do
p=—-——=(Q——, TO YpaBHEHHE TONYYNTCS C PA3AETAIOWAMHICS TEepPEeMeH-

dt do  do

. L 1, _

HbIMH, Qdp :%sm(p - dP , KOTOPOE JIErKO UHTETPUPYETCA: 5@2 :—%coscp + (.

B Hauane aprkeHus yrnosad ckopocTs Obiia ¢ =0 v yroa ¢ =0, [ToaroMy no-

cTosiHHas (| = % 3HQUUT, YPABHCHUC CTAHOBUTCS TAKHM: (’p2 :2%(1—005,@).

BTopoii pa3z ero npOMHTECPUPOBATL B SJ1CMCHTAPHbIX (D)YHKUUAX HE yJacT-
ca. Hy, u He Oyaem. Haligém nuiub CKOPOCTh JbIKHUKA Kak (JYHKUHUIO MOJIOKE-

HMA, yIa ¢ v=R@= \/ZR(I —COSP) g .
C noMouikto BToporo gudpepeHManbHOrO YpaBHEHHST MOXKHO ONMPEAE/IUTD
JABJICHWE JTBI)KHHUKA HA MOBEPXHOCTB FOPBI TOXKE B 3aBHCHMOCTH OT MECTa

P’ P2R(1—cosp)g
N=Pcosq)——z;—€=Pcoscp—— ( 2 L

=/ (3cos@-2).
2
HuTepecHo, uTo mpu Cos¢ = Aapretie N=0. To ecTb NbIKHUK OTje-

N 2 .
JTUTCS OT TOpH. M TIpOM30MAET 3TO MPH yTIIE @y = arccos;: 48,2 co ckopo-

’1 . . .
CTBIO  Us = gRg. 3arem HauHETCs ero cBobOAHBIH MONET mno mapadoiie,

KOTOPBIH MOKHO OTIPEIEITUTE TAK K&, KaK OTPEeIeTaiIn NMOJIET TEHHHCHOTO MAYa
B MPOLIION 3a7aue.

Onpe()eﬂeuue OHHOCUMEHBHOCO OCUNCEIUS ..uamepua.ftbnoﬂ MOYKUY

Jo cux nop Mel onpeaesuin adCOJIKOTHOE JIBUKEHHE MATEPHANILHOM TOUKH
OTHOCHTENTBHO HETIOABHIKHOW CHCTEMBI WIIM HEMOABWKHONM cpensl. Hepenxo mpu-
XOOUTCA ONPEAENATh ABUIKCHUE OTHOCUTEIBHO CUCTEMbI, KOTOPas caMa JBUKET-
ca. O TakoM ABUIKEHHU Mbl rOBOpUNY clué B pazaene «Kuuematuxa» (§4). Otno-
CHTENILHOE JIBUXKEHHE ONpe/eNaeTcs TaK e, Kak a0COITHOE, HaJ0 TOMbKO
KpoMe OOBIUHBIX CHJl YUWMTHIBATH JBE CHJIbl MHEPLHH — [EPEHOCHYHY CHIlY
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T HH

waepuun 14" =—mW, w kopuonncoBy Il =—mWe,. A Kak ONPEAENsIOTCS
COOTBETCTBYIONIHNE YCKOPESHHA MBI YK€ 3HAEM.

Bor, nanpumep, Takas 3amaua. TpyOka (A Bpaiaercsi B BEPTHKAIbHOM
IUIOCKOCTH BOKPYT T'OPH30HTAIbHON HEMOABHXKHOK OCH () ¢ NOCTOSHHOM YIJO-
BOH CKOPOCTBIO ,. BHYTpH TPyOKH ABHIKETCS MOPIICHb, COCTHHEHHBIN TIPY-

XHHOM ¢ ockto O (puc. 35). Onpenenum nBWKeHHE TopTHA B TpyOke. Conpo-
TUBJICHUS JBUKEHUKO YUUTBIBATH HE OyEM.

S -

-

——

Puc. 35

[lopsanoxk peuieHus 3amayd Ha OMNPENETCHHE OTHOCHTEIBHOTO IBHIKECHUS
TaKOM JKe, KaK ¥ IIPU PELISHUM BTOPOK 3a1a4u MPU MCCIEA0BAHUM a0COMKOTHOIO
JIBMIKCHHS.

Cnauarna BerOupaemM ocu. Ho ocn Hago mpoBOAWTE TIO CPEAE, OTHOCUTENBHO

KOTOpOM ompenensaercs ABMKeHUE TOUKH. B manHON 3amade — mo TpyOke. Tak
KaK OTHOCHTEJIbHO TPYOKH MOPHICHb ABHIKETCA MO MPAMOH JIMHWM, TO JOCTa-
TOYHO TOJBKO OOHOW OCH, OCH X; . Hauano e€ HazHaunMM Ha HEMOABWIKHOW OCH
BparieHus B Touke (). 3aTeM MOKa3bIBacM MPOMEKYTOYHOE MOJIOKECHHUE TTOPIIHS
¢ KOOPAMHATOMN x;. IIpHKIaAbIBACM K HEMY OOBIYHBIC CHJIBI: BEC P, PEAKIMIO

TpyOki N W YHPYTyIO CHIY NPY(KHHBI /' =cX. [ToTOM f0GaBIseM CHIIbI HHED-
uud. Tak Kak nepeHOCHOe ABH)KEHHE — BPaleHHE BOKPYT OCH, TO MEPEHOCHOE

CKOPCHUC ITOpHIHA COCTOMUT M3 ABYVX pVe=VVgn+PV: OHH OI CAC/OTCA 110
2
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raaBHbIM dopMmysiaMm KuHematuku). Ho Ttak kak ®, = ®, = const , TO
- >

E=0.=0 wn WS=x-€=0. 3nauur, W,=W, = x,0; . Ycrkopenne Ko-

pHONIKCA ONMPEACIUM 0 NpaBuiy JKyKoBCcKoro. BekTop OTHOCHTENBHON CKOPO-

CTH U, PACTIONIOKEH B TWIOCKOCTH, NMEPIEH/IMKYJIAPHON OCH BPAIICHHS, MOITOMY

TIOBOPAYHMBAEM €70 B 3TOH TUTOCKOCTH TI0 HAIPABJICHWIO BpamleHna Ha yron 90°

W TNOJly4aeM BEKTOP W, . Bennuuna  COOTBETCTBYIOWIEH CHIIbI  MHEPUHU

1 P : P i}
nopwHA  Fuor = MW,y =—20:0,81190° =2—@®,% , a BEKTOP €€ HANpasJIeH
b4 4

OPOTHBOMONOKHO YcKOopeHuio Kopuonnca nepneHAHKYTApPHO TPYOKE U OCH X.
[Tony4daercs, 4TO BCE CHIIBI, AEHCTBYIOLINAE HA MOPIIEHBb, PacllOIOKEeHBl B Bep-
TUKILHOH [UIOCKOCTH, B ILUIOCKOCTH BPALLEHUS TPYOKU.

Cocrarngem o0niunoe audpepeHumanbHOE YyPaBHCHUC JBMIKCHHSA TOYKH,
. : - P .. . r o,
[Toryyaem miy =—F —FPsing +F, HIH — X =—cx — Psinwg! +— x5 .
g g

M 0okQHYATEIBHO 3a0MIIEM €0 B KOMIAKTHOM BH/E jc'ﬁ(kz—u)(z, )Jﬁ =gsinmyf ,

C
roe k° :—g.

Penienua 3Toro ypaBHEHMS MHTEpECHH. Tak, B 4acTHOM clyuae, Koraa

cg
CKOPOCTh BpAalUEHHA TPYOKH TAKOBA, YTO 0y =k = F mdeperImansHoe

ypaBHeHUE OyIeT OYeHb NMPOCTBIM: X; = gsin®e/. [IpH HYJIEBBIX HAYAJIBHBIX

£

YCOIOBHUAX JICTKO HAXOAWUTCA H €ro PCIICHHUE X = 3
®

(©of —sinemot ). TTopureHs
OyaeT YOamATbes OT OCH, Konebnach ¢ 4acTOTOH, PAaBHOH (,, M AMIIUTYAOH

A= % A0 TCX 110P, IIOKA IIPYXKKHA HC BLITAHCTCA Ha NOAHVIO AJIUMHY W JBHIKC-
o

HHUE TIOPLIHS HE TIPEKPATUTCS.

Ecmn @, 24, TO mopuiens OyaeT COBEPIIATL CIOXKHOE KonebaTenbHoe
JIBMBKCHUC BHYTPU TPYOKU OTHOCHUTEIBLHO OCH BPAIICHUS.

Ho B 3tom ciyuae mbl He Oyaem pewarh AudyhepeHIalibHbIe YPABHEHUS.
DTO YIKE 33141 MATEMATHKH,
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§2. [lpuaunn Jdanambepa (MeToa KHHETOCTATHKH)

[Tpunuun Jlanambepa — 3TO MO CyTH YK€ 3HAKOMbIH HAaM METOJ] KHHETO-
CTATUKH, TOJbLKO PacnpoOCTPaHCHHLIA HA CUCTEMY MAaTCPHaNbHBIX TEN U TOUEK.
Pasnvure v cOKHOCTE pPEITeHNs 3a1a9 3aKITFOYAeTCs NI B TOM, YTO 3THX TEI
U TOUEK MOXKET ObITh MHOIO, U B TOM, YTO HAJ0 YMETh MOKA3bIBATh CUJbl UHEP-
LHH HE TOJIBKO TOYEK, HO H TEJl, UMEKOLNX MAcCy, HEMANbIE pasMePsl H Pa3mny-
HYI0 hopMYy.

Tak kak T¢NO — 3TO CyMMa MarepUalbHbIX TQUCK ¢ ACHCTBYIOLLUMMH HA HUX
CHJIaMH MHEPINH, TO HAZ0 YMETh CKITabIBATh 3T CHIIBI, HAXOANTh WX TJIAaBHBIH

BEKTOP [y W TIABHBIA MOMEHT A/, a MHOr/A M PABHOACHCTBYIOMIYIO Ry .

A cnocoObl pelleHUs 3aaad OCTATCA NPEKHUMU — METOAAMU CTaTHKU
¢ BEIOOPOM OOBEKTOB PABHOBECHA W COCTABIIEHHEM YPABHEHWH PABHOBECHA.

Htak. BecnomHuM cHauana, Kak OMPeAesAtoTCS CHIIbl HHEPIHH TBEPJBIX
Ten. Beé 3aBUCHT OT BUAa MX ABMIKCHMUSL.

Ecaw Teno aBmKeTCA MOCTYMATENbHO, TO MOYKHO ¢pa3y HAlTH paBHOACHCT-

BYIOIIYIO CHUJT MHEPIIMH TOUEK 3TOro Tena. OHa paBHa o Benuuude R™ =MW,

MPOU3BCACHUIO MAacChl TENa Ha YCKOpEHUE MHOOOH €ro TOUKU (HO Myylle M-
TTONTB30BATh YCKOPEHWE HEHTpa Macc), MPUKIAObIBaeTCa K IEHTPY Macc W Ha-
MPaBJISETCA MPOTUBOIOJIOKHO €r0 YCKOPEHHUIO,

[Ipu BpalueHUU Tea BOKPYr HENOABUKHONH OCH
CHavasja OMNpeaenaeM €ero TJaBHBIH BEKTOP CHII
MHEPLIMK 110 AHAJIOTUUHOH popmyJie Ry =MW,
Ecnu Teno uMeer MmJIOCKOCTh CHMMETPHUH, MEPIEH-
AMKYJAPHYIO OCH BPALLGHUA, TO LUCHTP Macc W Iae-
HbIH BEKTOP CHJI MHEPLIMK OYIyT HAXOJAUTHCS B ITOH
NJ0CKOCTH M €70 MOOKHO NPUNOKHUTb K OCH. A Ha-
MPAaBJIEH TJIABHBIH BEKTOp OYIAET MPOTHBOMOIOKHO
W (puc. 36). Ecnn LEHTp Mace OKaEeTca Ha OcH
BPALLEHHSL, TO IT1aBHbIA BEKTOP OyAET PABEH HYJIIO.

3areM 100aBAACM IMABHLIH MOMEHT CHJ1 MHEP-

UMK OTHOCHTENTBHO OCH Bpawmenus A" =.J.¢&, Ha-

_ [MPaBJIsisi €r0 B CTOPOHY, MPOTHBOIMOJIOKHYIO YIJ1I0BO-
: My yckopeHwro €. B sroii dopmyne J, — momeHT

Puc. 36 puepumm Tena OTHOCHTENBLHO OCH BpalleHus z. Ero
MOYKHO HalfTH AT MoBOro Tena B CIPaBOYHHKAX.
Hanpunmep, MOMEHTbI MHEPLUN LUUTMHADE, JMCKA W CTEPKHS, KOTOPBIE YaLle
BCETO BCTPEUAIOTCA NIPM PELLCHUH 3314, AaHbl HA pUC. 37.
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IToapoOHOCTH 0 MOMEHTAX MHEPITMHA TEJT CMOTPH B Y4eOHMKAX.
[lpu mnockonapainenbHOM ABHIKEHUA TENa, TAK JKE€ KAK U OPU BPALLCHUU
BOKPYT OCH, OTMPEIETAIOT TIABHBIH BEKTOP CHJI WHEPIIMHM W TJIAaBHBIH MOMEHT

CHJI WHEPIMU OTHOCUTENILHO OCH MO AHAJIOTHUHBIM opMynaMm Ry, =—MWe u

M =J.€ . Tonbko rnaBHbIA BEKTOP 00A3aTEIbHO MPUKIAIBIBAIOT K LEHTPY

Macc, a rJIaBHbIH MOMEHT OMPEACAOT OTHOCUTENIBHO OCH, MPOXOIAILCH uepes
HEHTpP Macc.

_ 2 4 2
=sMI>  J=p M

v~

1
J= 3]\1}/‘2
Puc. 37

[locMoTpuM, Kak pellaroTca 3aJaudl ¢ MOMOLIpl0 mpuHuuna /lamamodepa.
[TpocToit mpumep MoxkHO TTocMoTpeTs B [1] Ha ¢. 127 (mpumep 16.1).

[Tonpodyem pewmTs 3axady nocioxuee. Uepes kpyribiid OapadaH, KOTOPbIA
MO’KET BpalllaThCs BOKPYT TOPU3OHTANLHOW ocu (J, MepeKuHyTa HUTh (puc. 38).
K omHOMy KoHIY €€ mopasemieH rpy3 BecoM I, apyroi
KOHEIL MPUKPEIUIEH K CTEP:KHIO, KOTOPbIH TOXKE Bpa-
aerca BOKPYT TOM ke ocH. llockonbky mpockanb3bl-
BaHWs HUTH 110 OapabaHy HET, TO ¥ CTep:keHb, n Hapa-
Oan OyayT BpalLATHCS BMECTE ¢ OJAMHAKOBOH CKOpPO-
cTer0. Bec Gapabana — (7, Bec cTepikHaA — (), IIMHA €ro
{=2r paBna nBym paamycam Oapabana. Onpengnum
YCKOPEHHME Ipy3a U HATSHKEHWE HUTHU HA JBYX y4acT-
Kax Kak (pyHKIHUIO yTia ¢.

IMpunnun JlanamOepa mo3BonsieT pemark 3aja-
4y, KaKk Mbl YK€ OTMEUald, METOJAMU CTATHKH.
[Ipexae Bcero BeiOMpaeM 00BEKTHI paBHOBecHsA. HMx
MPUJETCS HAZHAUUTE TPH, KAXKIA0E TEJI0 B OTACIBHO-
cTi. M cOOTBETCTBEHHO CTPOMM TPH PACUETHBIE CXEMBI, HE 3a0blBas, KOHEUHO,
MOKa3aTh W CUJIbl HHEepUWH. PacuéTHble cxeMbl JaHbl HA puc. 39.

47



HewnspecTHBIX TOMYUHIIOCH CeMb (IIeCTh CHT H yeckopernne rpysa ). Ho no
yCIOBHIO TpedyeTcs ompenaenuTs Tojabko TpH. llompolOyem oOoiftHch Tpems
YPaBHEHHUAMH PABHOBECHS.

Puc. 39

3 P
Jl71st Tpy3a cOCTaBIIIEM OHO ypaBHEHHE MPOEKIHiA, moaras [ =—W :

g
X =0, & + F% —P=0,
Jna 6noka Toxe 0AHO, YPABHEHUE MOMEHTOB OTHOCHUTEIBHO OCH, YUUTHI-

Bast M :Jc.gzlﬁrzﬁzlng :

2g r 2¢g
SM,i=0, =Si-r+S-r+ M, =0.
W gas crepskHS OQHO, YPABHEHHE MOMEHTOB OTHOCHTEILHO TOM K€ OCH,
umed B Buny M, =J, & :lglze 21241‘2K :ing :
3g 3g r 3g
SM,i=0, —=S;-r+Q-rcosep+M," =0.
Peaknuu oCH B HallM ypaBHEHWs HE BOIIIHM, TaK KaK OHH MPHIIOKEHEI

K OCH, OTHOCHTCIIbHO KOTOpOﬁ HaxoJuJI MOMCHTLI CHJI.
Tenepb ocTanach TOJNbKO MateMaTuka. M3 OCcpBOro ypaBHCHUA HaxOJHM

> P 3 J
S =P ——W . 13 BTOpOrO, MOACTAaBHB TyAa HaWICHHOE 3HAYeHWE S, ompee-

g
- +
asgeM Sy =S —égW ="' —2};—GW_ M ®3 TpeTrbero HaXOOUM TO K€ YCHJIHE
g s
.+_
Sy =Qcosp + %QW . IlpupaBauBasg ux P’ — s W =Qcosp + %QW '
g g
o - 6(P —Qcos)
HaIEM YCKOPEHHE TPpy3a = $
L 6P+3G+8Q ©

48



Tenepb JICTKO BBIMUCJTATE U YCUITHA, BO3HUKAIOIITUAC B HATAX!

P 3G+2Q(4+3¢cos 3(P—0cos
S=P-——W=r i Q( (p) u S=P- ( & (P)(2P+G).
g 6P+3G+8Q 6F+3G+8Q
ITpu HeobxoauMocTd MOXKHO OBITO OBl OMPEACTUTE U peakuudu ocH. Hnsa
TOT'0 HAJ0 COCTABHUTH €IIE YEThIPE YPABHEHUS paBHOBecHs. Hanpumep, ypas-

HEHUA MPOCKLMI HA OCH, MO ABA IS KaX/10ro 00heKTa PaBHOBECHA.

§3. Teopema 00 H3MeHEeHHH KHHETHYECKOH YHEPruH

Dta TeopeMa (GOPMYIMPYETCS NPOCTO W MOHATHO.

[pu nepeseryenuny MamepuaiivHol CUHCIMEMbE 13 0OHO20 ROJTONCEHUs 6 OpY-
20e UIMEHeHUe KUHeMUYECKOH SHepeul paguo pabome Cui, OCHCMBVIOUUX HA
CUCMEMY, H{ DINOM NEPEMEUEIUN CUCEMBL.

M coorsercreyromas gopMysia odeHe pocTa M Kopotka: 1> —T1h =4, rae
7y m T, — kKMAETHYECKAS SHEPTHA CUCTEMBI B TIEPBOM H BTOPOM TIOIOKEHUSIX, 4 —
paboTa AKTHBHBLIX CUIL, BCEX CUJT KPOME peakUuil cBA3eH, HA ITOM MEePEeMECLLICHHH.

KoneuHo, uTo0bl pemare 3a1aud, HAJl0 YMETh ONPEACIIATh KWHETHUECKYIO
JHEPrUIO TEM U BBIYUCIATH padoTy pasnnyHbix cuil. BooOlile-To aenaercs 31o He
Tak CJIOXHO. Hamo nmumib BCIOMHHUTHL HECKONBKO (DOPMYIT M YMETh HAXOIWUTh
CKOPOCTH TOUEK TEJIA, TO €CTh BCIIOMHHUTH KHHEMATHKY .

BoT HECKOMBKO HYKHBIX (GOPMYJT.

® llpu nmoctynmaTenbHOM JBHKEHMM Teld KUHETHYECKAs SHEpPrus ero

1 2 .
Thoer = EM v”, rme M —wmacca Tena, v— CKOpOoCTh 000 TOUKH eTo0.

. 1 5
® [Ipu BpameHnn Tena BOKPYTr HENMOABHKHOW OCH  7gp :EJZ(D . 31eck

TOXKC KaXIOad 6YKB8. 3HAKOMA, JZ— MOMCHT HHCPHOHH TCJId OTHOCHTCIILHO OCH

BpALLEHUSA, () — YITIOBAsA CKOPOCTh TEJIA.

1 1
® llpu nnockonmapanieabHOM ABHMKEHUH 7, = EM vé+5.] c’, e

J¢ — MOMEHT MHEPIHH TENa OTHOCHUTCJBHO OCH, MPOXOAANICH UYepe3 ILCHTP
MAcCC Tea NePIeHIMKYIAPHO MIOCKOCTH BUXKEHHS.

1 1
® Hy, u B caMoM o0mmeM cinydae /' :EM Ué+5(‘/_rm§ +/ yo;)_fr +sz§), rae

JyyJyyJ: — MOMEHTBI HHEPLUMH TE€NA OTHOCHTEIBHO OCEH, NOCTYNATENBHO
ABILKYIIMXCA BMECTE ¢ LEHTPOM MAce Tena, a My, Wy, 0, — OPOCKUHU BEKTOPA
YIIIOBOM CKOPOCTH @ Tea Ha DTH OCH.
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PaGota cun Toxke BhuMcaseTcsa no onpeaenéHusiM Gopmynam. Ecau cuna
F TIOCTOSIHHA T10 BEJIMUMHE W TIO HAINpaBJeHUIO, TO pabora eé A=1/F"s cosa,

TJI€ O0— OCTPBIA YroJjl MEKIY BEKTOPOM CHJIBI M TIPAMOUN JIMHUEH, 1O KOTOPOHU
JBHIKETCA TOUKA MPUIOKEHUS CWIbl. 3HAK ONPEACNASTCs HApaBJICHUIMH BEK-

TOpa CHJTHI U Iepemerienns. Eci OHM COBMAAAIOT (+), €CITH MPOTHBOMOIIOKHEL,

TO (—) KOHGLIHO, CCJIA BCKTOP CHIbI NCPHCHAHUKYIIAPCH TPACKTOPHH, pa60Ta

CHITBI PaBHA HYJTIO.
B camom oO0miem ciydae BBIUMCIAETCS CHayajda aJieMeHTapHas padorta
dA = Xdx+Ydy+Zdz . 3necy X,Y,Z — npoeKkmuH BEKTOpa CHIIBI Ha OCH,

dx, dy, dz — nuddepeHumranbl KOOPAXHAT TOUKH TIPHIIOKESHUS BEKTOPA CHIIbI.

W ewé nse nmpoctsie, HO Hy:KHbIE opmybl. Ecnu k Teny npuioxkeHa napa
CWj, TO padoTa mapel NMPU TMOBOPOTE Teja BOKPYr OCM Ha yroj ¢ paBHa

A=xM, -¢,rae M, — npoekuysa BEKTOPAa MOMEHTA Mapsl HA OCb = .

Haxkoner, camas mpocTas W caMas «CITOKHAS»
dopmyna. Padora Beca tena A= Ph, rae h — BoicoTa,
Ha KOTOPYIO TIOAHHMETCS WJIH OMYCTHTCS HEHTP Ts-
weeru tesia C'. Pabora Cuiibl TSOHKECTH, BECa Teja, HE
3aBHICHT OT TPAeKTOPHWH TIEPEMEIEHHUs IeHTpa TskKe-
ctu (puc. 40).

OctanpHble TOAPOOHOCTH M MOSCHEHUS K BHIYMC-

Puc. 40 JEHUIO pabOTHl CHIIBI MJIA KHHETHUECKOH »HEPTHH

MOYHO HaWTH B [1].
Teneps MOCMOTPUM, KaK PELIAIOTCA 3a1a4H € MOMOIIBIO YTOH TEOPEMBI.
Bot mepsas 3amaua, monpome. banka A5 mamaer, cKonb3s KOHLAMH TIO
creHe W noiy. Bec eé — P, mnuaa—/. Omnpeaenum

i 4 C CKOPOCTh BEPXHEro KOoHHAa A Kak (QyHKOHIO yria ¢
VA (puc. 41). Brauane 6ayika cTosna BEPTUKAIIBHO.

Tak kak TpedyeTcs OnpeneMTh CKOPOCTh, TO 3TY
3a/1auy HAJI0 pelarh ¢ MOMOILBI) TeOpPeMbl 00 H3Me-
HEHWUW KMHETHUECKOM sHepruu 1> — 11 = 4.

Cravama Oanka ObUTa HEMOABIIKHOH, TO3TOMY
71 =0. Bo BTOpPOM TMONOXKEHHH, H300pAKEHHOM Ha
4epTelke, KOr/a yroJl HakJIoHa cTail (pH Oanka coBep-
IaeT MIJI0CKOMapasiesIbHOE JABUIKEHHE,

1 1
Puc. 41 13 :5.](7032+5M v?. MrHOBEHHBIH LEHTP CKOPOCTeit

T
y |

rofee

R
.4///////2////.4%:.‘/,’

(', HAXOOWTCA HA MEPECEYECHHUN MPAMBIX, TEPIEHANKYIIAPHBIX BEKTOPAM CKOPO-
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(eF) _ (oF
AC, Ising’
_11r, vA 1Pl vA

cTei Ua m Up. Ilostomy @©= CKOpPOCTh IIEHTPa Mace

_[ 04 _] Oa

0. =G - 0=———=—"—_ W Torma = — — =
2[sing 2sing 212 g I’sin“p 2 g4sin“p
1P vi _ . e
=————>—_ PaboTy, COBepPIIEHHYIO JIMIIb CHION [, HAXOAWM TIO (hopMyITe
6 g sin“g

1 I 1
A=Ph=P| ———coso |=—PIl(l —coso).
(2 2 (p] 2 ( q))

B  pesynprare, HMCOONB30BAaB  TEOPEMY, IMOJIyYaeM  YPaBHEHHE

17 o :lPl(l—cos(P) W HMCKOMYIO CKOpOCTB UA:\/yg(l_COS(P)Si“z(p
6 gsin’p 2 |

MHTepecHO, YTO B KOHIIE ABHIKEHUS HA 1Oy, Koraa @ = 90°, va =4/3/g .

[TokaxkeMm, kak pemratoTcs 33Ja49d TIOCIOKHEE TIPH MCCIIeOBAHHH CHCTEM,
COCTOSIIIIAX W3 HECKOJIBKUX TEJI.

KoncTpykimnsi, HaBepHoe, TO-
HsATHA U3 depTexa (puc. 42). Manoe
KOIECO PajycoM 7 M BECOM P Ka-
TaeTcs BHYTpH OONBIIOTO Kolleca Ha
nosojake OC , Bec koroporo (7, a
mHa [ = R —r. OnpeaenuTs yrio-
BYIDO CKOPOCTh (0 T[IOBOJKAa Kak
¢yakumio yrma ¢ . B nagane nsu-
JKeHHUS Majloe KOJeCOo HaXOOWITOCh
HaBEPXY W OBUIO HEMOBHIKHO.

OnsaTe  BOCHONB3yEeMCA Teope-
MOM 00 HM3MEHEHWHM KHHETHYECKOM
sueprum 15 =1y = A. W B »10ii 3ana-
uye takxke 71 =0. Haxooum 73, cym-
My KHHETHYEeCKHX SHEePTHH MOBOIKA

. 1 ) Puc. 42
P =§Jo(o M MajJoro Kojeca

1 1
Ue R—7
a yriiosasa CKOPOCTh MaJioToQ KQJieca Owon = = ®, TO
e v
1P 2 , 11P ,(R=7) , 116G 2 5, 9P+2G T
h=——(R-r) @+=—=—r 0 t+———(R-r) 0 =———(R-7) 0
2g 22g r 23g 12g

o1



PadoTa cwn mpH NEPEMEIICHHA CHCTECMBI U3 HAYAJILHOTO MOJIOKCHHWA B YKa3aH-

noc ua ueprexe A=Phi+Ghy =P[(R—r)—(R- r)coscp]JrG{R_ r_R-r

2 2

coscp]

:%(2P+G)(R—r)(l—cosq)).
TToaromy mo Teopeme, mprupaBHHBaA 7; = A, HAXOJIMM YTJIOBYHO CKOPOCTH
6(2P+G)

(9P+2G)(R—r)

MOBOJAKA ()= g(l—cosq)). Hanpumep, B caMOM HH3Y IpH

12(2P+G)
(9P+2G)(R - r)

(=7 Yyr10Bad CKOpPOCTb ®= g2 . Ecau emé npenedbpeus u

BecoM ToBojika (G =0), o w=

§4. YpaBuenns Jlarpanxa

CaMbIM COBEPIIIEHHBIM METOIOM HCCIIeIOBAHHSA JIBHKEHHA CHCTEM C He-
CKOJIbKMMM CTEHOCHAMU CBOOObl B TEOPETHYECKOH MEXAHUKE SIBJSIOTCS YPAaB-
HeHust JlarpaHxka. OHW NO3BOJAKOT CPABHUTENLHO MPOCTO COCTaBUTHL Jindde-
peHUMaNbHble YPABHEHHUA, ONUCHIBAIOLINE ABHKEHUE TakuX cucTeM. Ho ocHOB-
Hasi TPYAHOCTB, TOXKAIYH, 3aKIFOYaeTCs B YMEHWH TIOJIb30BATHCA TIPaBHITAMH
auddepeHunanbHON MaTEMATHKH, B YMEHWH HAXOJUTb MOJHBIE W UYaCTHBIC
MPOH3BOIHBIC CIOKHBIX (PYHKIIHIA.

[Monpo6yemM BCMTOMHHTE TIPABHIIA BBIYHCIIEHHUS TaKHX MPOH3BOAHBIX. BOT,
Hanpumep, byukumsa £ = fi - f>. 310 cnoxkHas PyHKuMA, cOCTOALIAA B JAHHOM

clydae W3 MpoH3BeneHnd ABYX (DyHKIMH, KOTOpEIE caMH ABJIAIOTCS HEMPOCTHI-
MU GyHKUMaMu BpemeHu ¢ . TTojHas npon3Bo iHag Takod (PyHKITHU BRIYHCIISET-

d. daf . d ., L5
Csi [0 OPABUIY E:;i_f‘fz +_f1'7};2. [lycth, Hampumep, fi=x",a f>=sin"af.
d d dx dfy d ;. ) d .
Torna '—fl:—x2 =2x—=2xx U £:—(smzat):2smart-—smar.t:
drdt dl dr i dt

. d ) .
=2smaf-cosal -;a[ =2sinaf -cosal - a =asm2af . CaeaoBaTe/ibHO, HCKOMas
i

NPOU3BOAHAS o =2x%-sinat + x* - asin2ai .
4

KpOMC TaKOH IOJHOH HpOHBBOHHOﬁ, Haa0 YMCTh HAXOAHTE YACTHBIC ITPO-
H3BOJAHBIC OT (])YHKI_IHI/I HCCKOJIBKUX TICPEMCHHBIX.
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ol
X
Ecmi ocTanmeHBIe TIepeMEHHBIE He ABIIMIOTCA (DYHKIMAMHE X, TO, CUWTas MX TMO-

Hanpumep, # = x%sin y + x y°s. HalnéM 4yacTHYIO NPOU3BOAHYIO

F :
CTOSTHHBIMH, a—:2x-sm y+ yzs. ARanoOruuHo paccyx aas, HAXO/ UM JIPYyTHE
X

[

YACTHBIC TTPOHU3BOJHEIC!

i
=x"cosy+x-2y-§sH—=1xy°.
dy ds

A OT YaCTHBIX TIPOU3BOHBIX NPUAETCA MOTOM HAXOAUTH TIOJHBIE TTPOH3-

d [BF ] .. . : 2.
BOOHBIC 110 BpeMeHH f. Hanpumep, —| — [=2Xsin y+2xcosyv- v +2yps +p°s.
dt\ dx

Hano pazobpatbecs BO BceX STHX MareMaTUUECKHX MPEMYIPOCTAX. XOTH
kadeapa BeICIIEH MaTeMATHKH HAaBEPHIKA YUH/IA BAC ATOMY.

Teneps moropopum 00 ypaBHeHuax Jlarpawxka. IIpexae uem Hauath pe-
IaTh 3aJadM, CIeAYET XOpOWO pa3zodparbes B ABHIKEHHAX HUCCIEAYEMOH CHC-
TEMBI, TIPUKUHYTH, C TIOMOIIBIO KaKWX TAPaAMETPOB, 0O0OWEHHbBIX KOOPOUHAM,
MOXKHO ONPEAEINTh [OJIOKEHUE BCEX AETalel ITOH cucTeMbl. MuHHUManbHOE
KOJTHYECTBO ITHX MAPaMETPOB, KOTOPHIX OOCTATOYHO, YTOOBl OMPESNHTh MO-
JIOKEHUE CHUCTEMbI, HA3LIBACTCA wHCI0oM chmeneneli c60600bl, KakoBo u4mciio
cTenened cBoOOABI §, CTOMBKO e MPUAETCA COCTABIATL M YPABHCHHIA.

Ecam xoopauHatel 0003HaunTs OVKBOM ¢, TO ypaBHeHHe Jlarpanxka 3amnu-

d{ af T

CBIBAETCS TAK, — 8_ - 8_ = (), Toe k — HoMep KoopauHaTeL, k = 1,2,3,...s.
dt\ ogy oG

B oot popmyne T =T(gy, ¢r) — 3HAKOMas HAM KHHETHYECKAS JHEPTUS CHCTE-

_da

MBI, (i — 0000mENHasA CKOPOCTh, COOTBETCTBYIOWIAS A-H KOOpJIWHATE,

O — 00001¢HHAsT CMA, COOTBETCTBYIOWAS k-H KOOP/AMHATE, TO €CTh JUIS KakK-
IOW KOOpAWMHATE BEIMHCIAETCS cBoA 00001enHasn cuna. Beruucngaercs ona Tak.
Jlaém nipupalieHHe JJaHHOW KOOPJMHATE, VBEJIIMYHBAEM €& Ha BEIIUUYWHY Oy ,

OCTaBJIsI BCC OCTAIbHLIC OOOOIEHHBIC KOOPAMHATHL HEM3MEHHBIMM, HAXOAUM
cyMMy PadoT BCEX aKTHBHBIX CHIT Ha TIEPEMEHICHHIX, KOTOPBIC TTOJTYUHITHCE, H

w 1
JeNTAM e€ Ha NpHpaIienne oq;: (O = 5—25} 08 CoS0 .

dr
Ecam crcTeMa KOHCEPBATHBHAS, IBUKETCA MO ISHCTBHEM TOJBKO IMOTEH-
) orl
LUHAbHBLIX CHA, TO O00DWEHHBIC CUIIbI BbIYUCHAIOTCA npowe: (O :_E)_ u
dx

d oT E)T+E)H:

— - 0.
dt 0§y dgr  Igy

YPABHCHHEC JlarpaH)Ka TOoraa 3alTHIICTCA TaK.
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MeTtomuka pemmeHus 3a7ad ¢ TMOMOIIBIO ypaBHeHH Jlarpam:ka OOBONBHO
npocTa ¥ noHsTHA. [TokaxeM €€ Ha mMpUMepe PEIIEHUS W3BECTHOM W CTaBIIEH
YK€ KJIACCHUYECKOH 3amauu.

Masarauk 4B kauvaercs, Bpamasch
BOKPYT TOUKM B, mpyUHAICKALICH Teny,
KOTOPO€ CKOJIB3UT [0 FOPHU3OHTAIBHOR
mwiockoctu (puc. 43). Bec sroro tenma

P, Bec Touku A mastHuka P, Bec

cTepxHS AB MasTHUKAa Y4YWTHIBATh HE
Oyaem. Jlnuna masiTHuKa — /.
QOueBH/IHO, MOJIOKEHUE ITOH CHC-
TEMBbl XapakTCpU3yeTcad AByMsS Tapa-
METpamMH, ABYMsI 00OOMIEHHBIMH KOOp-
JIMHATAMHU, YIJIOM (@, ONPEACTAIIINM

OTKJIOHEHUE MAATHUKA OT BEPTUKAIH, U

Puc. 43 pacCcTOsAHUMEM §, ONPEOCIANIIUM TO0-

JIOXKEHHUE TeJa, ero Touku B. [1ockosnbky

MOJIOKEHUE KOHCTPYKUMHU OMpPEAENAeTCA UMb AByMA KOOpAMHATAMH, TO CHC-

TeMa UMeeT JBe cTeneHu cBobomasl. M cnemyer cocTaBmATh TOIBKO ABA ypaBHE-
Hus Jlarpanxa.

Hauném c ompenenenmns kuHeTHUecKkoW sHepruu. Temo B coBepimaer To-

_ 2 _1H .
CTYNATEIbHOE ABUIKEHUE, 3HAUYMT, 13 _EM BUR —5—5 . Kunetnueckas snep-
g

P 2
U MasTHUKA, TOUkd A, T = EMA V4 . DTa TOUKA COBEPLIACT CJIOKHOE JBHIKE-

HHE, TIOITOMY TUa = U170, (paBHA CyMMe TIePeHOCHOW CKOPOCTH M OTHOCHTETh-
Ho#). IlepeHocHas ckopocTh U, =vp =5. OTHOCHTEIBHAS CKOPOCTh, CKOPOCTh
BpALICHUS BOKPYT OCU B v, =/ =[¢. AGCOMOTHYIO CKOPOCTH ONMPEACTIUM KaK

JHAroHadb TapautesorpaMma (cM. puc. 43)  vi =0vi+v; 20,0, cos@ =

o RN e a b i
=8"+H o +2[pscosp. KuneTnueckass SHEprus BCEH CHUCTeMBI OyaeT paBHA

=TTy :lﬁ.g%rli(sﬂ +2p? +2[c'p:§(:05(p) Kak PyHKIMA 0000MIEHHBIX KO-

2g 2¢
OPAMHAT U CKOPOCTEH.
Tenepp 3aiiMéMcs BeIYUCIEHHEM 0000IEeHHBIX cul. CHayana onpeacinum
0000WEHAYO cuny (Js, COOTBETCTBYIOUIYIO KoopauHate s. Jlaém npupailieHue
3TOM KOOpPAHMHATE, YBEJHUHMBAEM €& Ha Mallylo BEJIHMUUHY O, a KOOPIAHHATY O

ocraBjisieM HeusMmeHHOM. Tak Kak mepemMenieHue Js 0Ka3anoCh MEPIEHINKY-
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JAPHBIM BEKTOpam /1 A /4, To padora »THX CHJT OYIET PaBHA HYJIKO, 3HAUYHUT, H
, 1
0000ENHAg cuna (O, = 5—25A,~ =0.
s

Boruncnsem BTopyo 00001ménnyio cuiny (J,, COOTBETCTBYIOLLYIO KOOP/AH-
Hate (. JlaéM 3Tol KOOpAMHATE MpUpalleHUe, YBeIUuuBacM & Ha 0@ (Koop-

AMHATY § OCTaBIAeM HeM3MeHHOH). Touka mpHIoKeHHA CHIBL £ He mepeMec-
TUTCA, a TOYKA A IOJIy4uT nepemeiucuue o5y =/0¢ . Teneppb onpeacnsacm cuiy

O :_Zé‘A = I —(—f2 Jsqcosa)= —5L])2] opsing =—AIsing.
¢

o 0
[Ipexkae deM MepexoIuTh K COCTABICHHUIO YpaBHeHHil Jlarpamka, monpodyem
HaiiT 0GOOWEHHBIE CHITBI ¢ TIOMOLIBK) MOTEHUHAIBHOW YHEPTHH, TAK KaK HA
CHCTEMY JIeffCTBYIOT TONIBKO NOTEHIMANBHBIE CEUIBI, CIUTHI TAKECTH. lloTeHuH-
aTBHAS SHEPTHS paBHa paGoTe ITUX CHIT TTPW BO3BPAIIEHAHN CHCTEMBI W3 JTAHHO-
o MONOKEHUA B HYJICBOE, II€ BCe 00OOIIEHHBIE KOOPAMHATHL PABHBI HY 0. Pa-
GoTy coBepwAT ToNbKO cuia Py, suaunt, I1=—f h=—A(/—Tcosp)=—H/(1-cosp) .

Hrorma Q= o 0, Op= o — Py 1sin @ . Kak BUAATE, TAKHM CIIOCOOOM
A

OTIpeIenATh 0000IIEHHBIE CHITEI TPOIIIE.
[Tepexoaum k cocrapiaeHuo ypasueHui Jlarpanxa, CHauana ans nepBoi

d dT daT -
KOOP/MHATBL S T (J);. Haxoaum HeoOX0JMMbie MPOU3BOAHBIE
f 05 ds
doF R. 1A +5 . B .
—=—5+="2(25 + 2pcosQ)=—"25 + —=/HcOSQ, 3aTeM TONHYI0 NPOH3-
s g 2g g g
d a7 _hth "
BOIHYIO  — = +—! (pcose—psing-¢). U emé onny mpoussoa-
5 g

oT
HYIO, BTOPOH UJIEH YPAaBHEHUs, HO OHA OKaXkeTcd paBHOW Hynmto —=0. [loa-
s

CTaBJIsAA BCE HAWAEHHBIE NMPOW3BOAHBIE W 000OMIEHHYK CHIY B ypaBHeHue Jla-

+
fith §+1pcose—Ip*sing =0,

rpatzka, mojJayiuM OKOHYATCIEHO
2

3aMcUaHKUE K COCTABACHHOMY YPaBHCHUID, Tak KaK B KHHETHUYCCKYIO M TTO-
TEHIUAITEHYIO YHEPTHHM KOOPAWHATA § SBHO HE BXOUT U, CJIE0BATEITLHO, MPO-
M3BOAHbIC MO § OT 7 u Il oka3zanuch PaBHLIMU HY/IO, TO NOCACIHIOW NPOU3-
BOJHYIO HE BLIYMCISIOT M YPAaBHCHHUE 3AMHCBHIBAIOT B OKOHYATEILHOM BHAC TAK:

d :
;[(P] +5 )5‘ + P l¢pcos (p} =0. Orcroaa 7Terko MOMy4aeTcA TIePBHIH HHTErpan
it
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(BA+D) s+ P lgcosp=C. Takas KOOPAHHATA HA3BIBACTCA UUKIMUECKOH U CO-

oTBeTcTRYIOMIee M depeHnnanpHOe YpaBHeHHe MMoTydaeTcs Tpoie.

d ol dT
CocraBiasgeM BTOPOE YPaBHEHHE IS KOOPAHWHATBHI ¢ ——— — =Us.

diop o
o Py, .
Beruncngem Bce HEOOXO0MMMBIE TPOU3BOJAHBIC % = (l @ + Iscos (p) ,

¢ g
iB_T = &([2('ﬁ +I§cos@ — I8 sin q)) , a—T = —&[('pésin(p , TMOJACTaBIISIEM HX
dtop g do

/5 T sk T ;
B ypaBHCHHE —/ (1§ +Scos — spsing) + “2lpssing =—Plsing mmocne  an-
g g

rebpandeckux mmpeodpazoBaHmit moayduM [{ + Scose + gsing =0.

Cnenyer 3anucaTh pe3yibTaT PEIICHHs 33a4d B BHAE CHCTEMbI MOJTyYeH-
[H+Scosp+gsing =0,
(R+7)s + Blocose=C.

Pemim emié oany 3anauy (puc. 44). Ha GapaGan A HamoTaHa HUTH, APYyTroi
KOHELl €€ HAaMOTaH Ha WWIHHIAP B, LEHTP KOTOPOTO NPUKPETIIEH MPYKAHON K
HEMOJABHXKHOKW NOBEPXHOCTH. bapaban Bpamaercs napoil Cujl ¢ MOCTOSAHHBIM
MOMEHTOM M U ¢ NOMOILBE) HUTH 3aCTaBIACT LUMIMHAP B KaTUThCS MO HAKIOH-
HOH mockocTH. Bec Oapabana Py, munuHapa Pz . KECTKOCTh NMPYKUHBI — C.
Panuycel Ten yKa3aHbl HA 4SPTCIKE.

HBIX audpepeHuranbHbBIX YPaBHEHHH

e e e

Yp

Puc. 44

B Hauajie ABMaKEeHHUA cucTema Obljla HETIOBHYMKHA M MPYKHHA Oblla HE pac-
taayTa. Onpenenvm Bpamenre Gapadana.
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Cucrema umeer OJIHy crerneHb ¢Bo0oAbl. O0OOMEHHOW KOOPAWHATOH Ha-
3HAYWM YTOJT mosopoTa Obapadana ¢ .

Breruncnsaem KHHCTHYCCKYH) HHCPIrHKY CHUCTCMBI. BapaGaH BpaliacTcAa BO-

1 11P
KPYI HEMOJBMXHON OCH, 3HAUMT, 73 _EJOCOA 255—4122 2 [Tununap B co-
g

S . 1
BEPIIAET THNIOCKONAPAIUIEIIBHOE IBUKEHHE, TTIO3TOMY 13 ZE—BUC +— > Jeos.
g
. ™ R . 1 ..
Tak kak v1=Rwa =R H ©p :2—:2—@, TO Uc =FOp :ER(p. CnenoBa-
roo2r

1R, 115 R ., 3P
TenbHo, Tp=——— ¢ t—=Lpr— (|)2 ? —R**. U kuserndeckas

2¢g 4 L 22 ¢ 47 16 g
1P .o 37 . +
HEprus Bcel cucteMbl 1 =74+7p ———4R2(|)2+——BR2(|)2 :w
4 g 16 g log
Hwmesa B Buay, uTo AcdopManusi OpyKUHbL B 3TOM IMOJIOKEHUU CUCTEMbl

R
Se 27([) H oS¢ =%R O, a ynpyras cuna npyxuuael F =¢S5 :%CR(P’

RZ([)Z

0  0000ménnas cuna  J, = L(M d¢ — PgRIScsing — 79S¢ ) =

I | 1 : |
Mdop— P —5 sin g ——cRp— R M ——PsRsino——cR%g.
5¢[ PTIEyPIETS @2 @j 2" TR
_ 0T 4P, +3Py
BoiuncnsgeM Bce HeoOXOAWMBIE MPOM3BOJAHBIE. —— = 2 R,
¢ g
d dl'" APy+3Ps .. of
— = L5 Rz(p , — =0 w cocraensem ypasHeHHe Jlarpamka mo gopme
dt o¢p 8g do
d T oT AP, 3P .. 1 .
—a—_—a—:Q_(P. [lonyuaetca MRZ(p:M——PBRSIDOL—lCRZ(p_
dt o  Jdp 8g 2 4
. 2¢g 4(2M — PgRsina)
Hnn okonuarensno ¢ + Q= &
4P,+3P g (4P,1+3PB )R
[Tonyuunoch auddepeHHanbHOS yPaBHEHHE KONEOATEIbHOIO JBHKCHUS
8 2cg N
cuacrotoii k = ,[—————  Tlpw xenaHuW ¢ MOMOUIBIO NPABHJI BRICHIEH Ma-
4,+35

TEMATHKW MOXKHO HANTH U PEUIEHUE @ = {) 3TOTO dBHCHHA.
yp
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§5. IlpuHuMN BO3MOKHBIX niepemMernenuii. Odiee ypaBHeHHe THHAMHKH

Bo3MOKHBIM NEpEMELIEHMEM TOUYKH, NIPUHAIEKALIEH KaKOM-11M00 cucre-
M€, Ha3bIBAeTCsA OECKOHEYHO Malloe MepeMENneHre, KOTOPOE MOMYyCKAETCs CBS-
3amMu. W 3TO TONBKO 603MOJICHOE TIEpEMEILIEHHE, a He AeHCcTBHTENbHOE. MBI ca-
MM €ro 3agaém. Tak Kak OHO OYE€Hb MAJICHBKOE, TO 3aMCHAEM €ro OTPE3KOM Ka-
CaTeIbHONM K TPAeKTOPHUM BO3MOXKHOTO JBUKEHHSA, TO €CTh HAMPABIACTCS KAK
8EKMOP CKOPOCU STOW TOUKH. A KaK HaNpaBlIAETCSA BEKTOP CKOPOCTH, TOMHUM
u3 pazaena « Kunematukay.

Ha puc. 45 noka3zano HeCKOJILKO IPUMEPOB BO3MOKHEIX IICPEMEIICHHE TO-
4eKk OS WM BO3MOKHBIX [IOBOPOTOB TEIL O .

2 3aBHCHMOCTbh MEXTy HHMH aHAJIOTMYHA 3aBH-
F cumoctd Mexay CKOPOCTAMH, CKOPOCTAMM
TOYEK W YTJIOBEIMH CKOPOCTSIMH.

Hanpumep, Ha 3TO#H KapTHHKE IS5 =ROo,

= CS:STB B(j—,‘)
5‘S'B = B(./t} = §(P3 CS‘QDAB — ':‘E":‘B = B(j‘;gug >
Puc. 45
" o oS
OS. = ACHE S0, 0o = A(j .

Cuibl, MPUIOKEHHBIC K TEJIaM Ha 3THX NEPEMEILCHMAX, COBEPIIAIOT pado-

Ty, KOTOpas ompesensercs no oomum npapwnam. Hanpumep, pabora cunbr /7
Ha BO3MOJKHOM MEPEMEIICHUH TOYKH NPUIoKeHus (puc. 45) 04 =F S, cosa,

a mapa ¢ MOMEHTOM 71 COBEpINAeT padboty OA=m-0Q,.

C moMo1Ibi0 TPUHIIAINA BO3MOKHBIX TIEPEMEIEHHI MOKHO pemmaTs 00bId-
HbIE 3a1a4M CTAaTHKH, a BCIIOMUHAA NMpUHLHUI JlanamOepa (§2) 1 yUUThIBask CUITbI
WHEPIIMK, PeaTh W 33/1auv JTMHAMHUKH, B 3TOM ¢jiyyae 3TOT MPHHITAN HA3HIBA-
eTCA 00WUM YpdeHeHIeM OUHAMUKY, YTBEPIKIAIOLIAM, YTO cymMMma padoT 00bId-
HBIX CHUJT M CWJI HHEPLIMK HA BO3MOXKHOM MEPEMELICHUM PaBHA HYJIIO:
YFo0S;cosa; +XF"dS;cosP; =0.

Cpazy 3amMeThM, 94TO 3TOT IPHHIMN XOPOMI TEM, UTO MPH PEIMICHUH 3a1a4
PCaKuy CBA3CH HE YUUTBIBAIOTCA, TAK KaK cyMMa paboT peakiuuii uacaibHbIX
CBA3EH Bceraa Ha mr000M BO3MOMKHOM MEPEMELIEHUH PABHA HYJIIO.

Ha cneaytoriiem mpuMepe yOe MM, YTO ITOT METO/T PEHICHHS 3a/1a4 TIPOCT
Y TIOHATEH.
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Konctpykiiua MexanusMa jgaHa Ha puc. 46. TIpamoyronbHas mMinTa BECOM
(G CKONB3WT MO HAKIOHHOW TUIOCKOCTH M 3acTaBlIAeT IMIWHAD KaTHUTHCA
BHH3, BMPABO MO BepxHel miockocTu. Bec mumuuapa — P, pamuyc — R. Tpedy-
€TCs OMPEAC/IUTh YCKOPEHHUE TLIH-
TBL W .

[TokassiBaem cumbl P, G (pe-

aKIMHA CBS3EH, TUIOCKOCTEH IOKa-
3bIBaTh HE HAJ0). JlobaBisieM Cuitbl
unepuuun ten. Kak 310 jenaercs
cM. B §2. YV mamThl NOKa3biBaeM

PaBHOACHCTBYIOLIYIO CUJl MHEPLUU

Ry =—Wp, y imnuHapa riaBHbIA
O P W,
BEKTOP Roy==We =22
g g 2

IJaBHBIE ~ MOMEHT CHJI  HHEPUMH  OTHOCHTEIbHO ocd (' paBeH
ME =Jc -8:l£R2 -&:lzRWB. JlaéM cucreMe BO3MOKHOE MEepemMelie-
2g R 4¢g
aue (cMm. puc. 46). CMecTHM TUIMTY, HEHTP €€, BHU3 HA OSp. Torma muauHap
MOBEPHETCA BOKPYT CBOETO MIHOBEHHOTO IIEHTpa CKopocted (C, Ha yron
58}3
2R
CocrasjsieM ypaBHEHHE PadoT, onpeaessieM cyMmy padoT Beex M0Ka3aH-

1
o = , @ LEHTP MACC €ro CMECTUTCA HA OS¢ = 5553 .

HBIX CHJT HA 9THX MEPEMEIEHUX
GOSpsina+ POScsine — Ry 0Sp — Ry 0S¢ — M dp=0.

HOI[CTE[BHH@M CHOJ4a 3HAYCHUA CHUJI H BO3MOKHBIX HepememeHHﬁ

} oSy . G PW 1P oS
& 885 sin o+ P2 gin o= =W B85 e B oW 5 -9.
g g 2 4¢g 2R
W3 sToro ypaBHeHus, COKpaTuB Ha OS5, HAXOAUM YCKOPEHHE ILUTUTEL
2P

=——9osina
= 48G5P)°
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§6. Teopema o ABHKEHHH LIEHTPA MACC

Dra TeopeMa Mo3BOJISIET JOBOJIBHO MPOCTO OLEHUTH [IBUKEHHUE MATEPUAIIb-
HOW CHCTEMBI B LIEJIOM U OOPEACIUTH ABUIKEHUE OTACIbHBIX YACTEH CUCTEMBI.
g 3TOr0 HAAO NWIIb MOMHWTH, YTO, KAK YTBEPIKIAET TEOPEMaA, OGuiCeHue
yenmpa Macc CUCImemMvl Onpeoeisemcst MaxK Hce, KAk osuxcenue ooui4Hol ma-
mepuaibHOl MOYKY COCTAaBIEHNEM M3BECTHHIX TU(epeHINaTbHBIX YpaBHEHUH
(em. §1). U, uro 3ameuaresbHO, HENPUATHBIE BHYTPECHHUE CWJIbI HE YUYHThIBA-
I0TCA. YPaBHEHUS COCTABJIAIOTCA 1O hopMe:

Mk, =2XF,
My. = ZY:‘W’
G =2Z,

N nopsgok penieHns 0CTaéTCsS TAKHUM K€, 9TO W MPH ONMPEACTICHHN TBHIKE-
HUSA MATEPUATLHON TOYKH.
[IpyuéM odeHs YacTo B 3THX 3aJavyaX CyMMa TMpPOEKIMH BHEUNTHWX CHIT Ha
OCH OKAa3hIBAETCA PABHOM HYITIO. 3HAUMT, KOOPAHHATHI IIEHTPA MAcC — MOCTOSH-
HbIE ¥ 3a71a4a OyJIeT CBOANTHCA JIIIb K PEIICHUIO aTeOpandecKuX YpaBHEHUH.
B kauecrBe npumepa paccMOTpUM JBHKEHHE cucTembl W3 §4, puc. 43.
Onpenenum nsukenue uenrpa mace C 3toit cucremsl (puc. 47). On pacnoJio-
JKEH Ha CTEP)KHE B TOUYKE, I'/I€ BHITIOJNHAETCS YC-

JIOBUE CB =&. Ecnu ob6o3znauutes CB=/p,
CA B
B
10 CA=1—-Ils. UTorma Iz= . HP [ . Ompe-
1742

JCTAM JIBHXKEHHUE TIEHTPA MacC ¢ MOMOIIBIO €ro
KOOPJIMHATHI X, COCTaBUB Au(dEepeHIATbHOES

. B+B
ypaBHeHue M ¥, =XX[° . Ilonyunm %, =0
&
Tak KaKk BCE BHELIHME CHIIBI BEPTUKAIIbHBIE.

Orciona creayer x. =cConst, eciau cYUTaTh, 4TO
BHAYAJIE CHCTEMA HEIOBHIKHA. 3HAYMT, LIEHT]P
Macc OyAeT OBHMrarbCs TOJBKO II0 BEPTHKAJIM.
Hanpapum no He#i ocy y. Torma x. =

2

Ecnm Teno B CKOMB3WUT BIEBO CO CKOpPO-
CTBIO Up = X3, TO, 3HAA, YTO IIEHTP Macc ABH-
JKETCA 10 BEPTUKAIBHOW TPACKTOPHUM, JIETKO HAXOJMM MTHOBEHHBIA LIEHTP
ckopocted (', , MPOBeId MEPICHANKYIISIPHI K BEKTOPaM CKOPOCTEH Uy M U .

Puc. 47 P. 2
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Ug vp _ (A+1 1B

BC, B [zcosp  Plcoso

Jlerko HaXOOMM YTJIOBYIO CKOPOCTh @O =@ =

u nosiydaem guddepeHinaisHoe ypapueHue, aHaloriaHoe TOMY YPaBHEHHMIO,
KOTOpoe OBLIO0 IpPH pElIeHMHM TaKOH K€ 3aJadyd ¢ MNOMOINBI0 YpPaBHEHHA
Jlarpanxka B §4: (A+P)xp— P lpcose =0 (3aeCh NOJYyYHIICS BTOPOH UIEH CO
3HAKOM MHUHYC MTOTOMY, 4TO OCb X HAMpPaBJi€HA B MPOTHUBOMOJIONKHYHK) CTOPOHY ).

OTOT NpUMep 0Ka3alics He CAUIIKOM NPOoCThiM. OOBIYHO C MTOMOIIBIO ATOM
TEOPEMBI, TEOPEMBI O ABHIKEHHH LIEHTPA MACC, PEIIAKOTCA 3a1a4d APYTroro TUIIA.
Opnna u3 Hux pemena B [1] (. XIX, §1, ¢. 149). Pemnm emé oaHy THTHYHYIO
3ajauy.

Onpeaenuts ABMKEHUE KOPOyca JICKTPOABUraTes HA TMaAKON MIOCKO-
CTH, €CJIH HA OCH €r0 C YTIIOBOH CKOPOCTBIO
(O BpalllaeTcsd CTEPKEHb C MIAPOM HaA KOH-
ue. Bec nsurarensa P, wapa — 7. dnunHa

crepxus [ (puc. 48).
[Toka3biBaeM MOPOMEKYTOUHOE IOJIO-
)KEHUE NBUTaTelIA HA PACCTOSHHUM §, IEHCT-

BYIOIIIME HA HEro BHEIIHHWE CHIbl H, > H

HOPMAaJIbHYH PEAKLIMIO IUIOCKOCTH N .
Cocraensiem  mudpepeHumansHoe  ypas-

Heame MX, =YX/, rme Xx.— KoopmuHAaTa

LEHTPa MAce BCEH KOHCTPYKIWK.  Tak kak cymma mpoekipii 2X & =0,10 X =0
Mix _Bstii—lsng) A

" X, =const =s,. 3HA4YHUT, X, = [sinp=s,. W Tak

e R+B R+B
KaK ¢ =@/, TO JABHXKEHHUE IEKTPoABUraTess Oyaer konedaTebHbIM OKOJIO He-
A

{sinmft .

KOTOPOro Ha4YaJIbHOTO MOJIOKEHHA §, MO 3aKOHY S = Rt
17vL2

Pemum em€ oany mpoctyro 3agauy. PabouyeMmy mopydusiv mneperackarh
KUAKOCTh BeCoM /£ u3 oaHoro 0aka B TaKOM e Ha APYrOM KOHIE riaTdopMbl
(puc. 49). Bec nnardopmel (&, mmna /. Korga OH BBIIOJHUI CBOKO 33/1a4y U
PELIHT BEPHYTHCS Ha 3€MJTIO, OOHAPYIKHJI, YTO MPUCTABJICHHAS PaHbIIE JIECTHH-
1a OKa3alachk JOBOJBHO MAJEKO OT TUTAT(OPMEI M €My TPHIILIIOCH CTIPHITHBATS.
OmpenenuM, Ha Kakoe pacCTOSHHE § OThexasa TuiargopMa OT JecTHHITH. Bcee
HEeOoOXO0AMMBbIC pa3Mephl yKa3aHbl Ha Yepreske. CONPOTUBICHHS ABUKCHHUIO YUH-
THIBATh HE OyaeM.
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Onpenenum ABHXKEHHE IEHTPA MACC BCEH 3TONH CHUCTEMbI. Tak Kak BCe
BHELIHHUE CUJIbI BEPTUKAJIbHbIE M CYMMa MPOEKUMH MX HA FOPU3OHTAIBHYIO
OChb X paBHA HYJIIO, TO KOOpAWHATA

Y LIEHTpa Macc X, = const.

B nepBom nonoxeHwwn, koraa
BCS JKHJIKOCTh HAXOAWjach B Jie-
BOM Oake u miatgopma Oblna y ne-
CTHULIBI (s=0), xoopmuHaTa
. L% G-00a+P({—0,54)
PO [ X ar
B G i Bo BTOPOM ITOJIOKCHHH,
N, N KOTJIa YK€ BCH JKHAKOCTh OKa3a-
Puc. 49 Jachk B npasBoM Oake u mardopma

OThEXalla Ha paccTosHue S, (opMysia, ONMpeAeNsAiomas Ty K€ KOOpAWHATY,

o G(s+0,5/)+P(s+0,5q)
CTaHEeT TaKOH: X, = = . [IlpupaBHMBas 3HAUCHHA KOOPIH-
T

HaT, TOJYyYHUM YPaBHEHHUE 0,5GI+Pl-0,5Pa=Gs+0,5GI+Ps+0,5Pa,

A A A A A A

B
W3 KOTOPOTO HAXOAUM TePeMeleHre iaThopMbl § = ﬁ(! —a).
+

§7. Teopema 00 H3MeHEHHH KOJIMYECTBA JABHKEHHS

UroObl yaayHo pemarh 3afadd Ha 3Ty TeMy, HAJI0 HAYYHUTHCS TPaBHIBHO
OIPCaAC/IATbL KOJIHMYCCTBO JABHIKCHMA.

KonnuectBo ABMIKEHUS MATEPUAIbHON TOUKH WM Telld, KOTOPOE ABUIKETCA
IIOCTYNATENbHO, ompejesiercs npocrto; K =MT, rne M — macca Tema, 7 —
CKOPOCTh JH000M ero Touku. Jlydile ucnonbp30BaTh CKOPOCTh IIEHTPA MacC U,
TaK KaK IIpH IOoCTynar¢JibHOM JIBHKCHHH CKOPOCTH BCCX TOUYCK OJHHAKOBBI.
Hanpasnsierca BekTOp KOAWYECTBA JABHIKCHHUS MO HAMPABJICHUID CKOPOCTH U
MPUKJIABIBAECTCA K HEHTPY Macc.

ﬂpI/I APyrom BHAC ABHXKCHHUA TCJIA KOJIMYCCTBO ABHIKCHHUS €TI0 OIIPEACIACT-
CA HECKONbKO MHAue. [TaBHBIH BEKTOP KOMMYECTBA ABUIKEHHUS HAXOAMTCS TaK
ke K =M7,., a TOUKy NPUIOIKEHHs ero MPUXOAMTCA OMPEAEATh CHEUHaIbHO.
Ho mpu pemeHuy 3a1aq ¢ TOMOIIBIO T€OpEMBbI 00 U3MEHEHHH KOJIMUECTBA JIBH-
YKEHHS 3TO W HE MOTpedyeTrcs.

OGBIIHO 3Ty TEOpEMy 3amuChBaioT Tak, Ky —K; =25, e K, u K, —
KOJIMYECTBA JBUIKCHUA CUCTEMBI B JIBYX MOJIOKEHHUAX, a S[-(e)— UMITYJIBC BHEIII-

Hux cun [, Eciam BEKTOP CHIIBI TIOCTOSIHEH U MO BEJIMYHMHE, U M0 HANPABJIe-
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Huto, 10 S = [t , T7ie 1— BpemMsa JeHCTBUS CHITHI 32 BPEMS MEPEX0ia CHCTEMbI

(&)

W3 MEPBOTr0 MOJOKEHUA BO BTOPOCL. Ecmm xe cuna E HE TTOCTOAHHAA, MCHACT-

— b _
CA, TO UMITYJIBC CUIIBI ONMPEACTACTCA HHTCIPUPOBAHUEM S = If‘ (ede .
h

[Ipm peniennn 3a71a4 OOBIYHO HMCIIONB3YIOTCA MPOEKIIMH BEKTOPHOTO YpaB-
HEHHA Ha oci. HarrpuMep, TpOeKTHPYS Ha 0Ch X , omyanM Koy — Ky =ZS.

Bot mepselit mpumep, He O4YeHb clOKHBIH. CHapsa ABUXKETCS B CTBOIE
opyausa co ckopocthio # (puc. 50). Onpenenum cKOpOCTb OTKaTa OpyAus B
IPOTHBOIOIOKHYIO CTOPOHY [0 I'OPU30HTAILHOM IIOCKOCTH. BhicTpen npous-
BeIEH moa yriaom o. Bec cHapsama I,
opyaua — (. Bocnonbs3zyemcs 3TOi T€o-
pemoii B opme Ky — Ki =25

B nepBoM nono;KeHHH BCS YCTaHOB-
ka Obla HemoaBWiKHA, 3HAUMT K; = 0.
Bo sropom nonoxeHun, U300paxEHHOM
HA PHMCYHKE, KOJMYECTBO IABIKEHHUS K>
CKJIAJBIBAETCS. U3 KOJIMYECTBA JABUKECHUS

B

» = O_
camoit mymku K, =—Ty; M KOJIMYECTBA Puc. 50

g
MBWKEHHUS CHapsma. Ho ckopocThk cHapsAma COCTOMT M3 JIBYX, NMEPEHOCHOH CKO-
POCTH U, =Ty U OTHOCUTENBHONW U, = . CreoBaTENbHO, BEKTOP KOJIMUECTBA

ABMIKCHHA CHapsada Had0 pacCMarpHBATb KaK CYMMY ABYX BCKTOPOB, BEKTOPA

o,
npH nNEpcHOCHOM ABHXKCHHK KC =—70y H BEKTOpP4 IIPH OTHOCHUTECJILHOM IBHMKEC-

g
o B ws
HMH K, =—70y. [losToMy mnpoekuus BeKTOpa KOJIWYECTBA MABHXKEHHA K>
g
Ha ocb x (cm. puc. 50) Oymer paBHa Ko, =—K,;—K.tK,coso=
G £t i
g g g

Bee BHEIIHME CHUTBI, JCHCTBYIOIIME HA CUCTEMY, BEPTUKAIbHBI. 3HAUYMT, U

AMIYJIBCH UX OyayT BepTuKaIbHEL. [loaTOoMy 25 =0,

vr,+£ucosa—~0=0
i

Ocranock mMoACTaBUTE BCE B (DOPMYITY TEOPEMBI —

W HaWTH CKOPOCTH OTKAaTa OPYIHA Up = 1 COSOL .
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Teopemy 00 U3MEHEHHH KOTHUECTBA IBHKEHWUS yA0OHO UCMOMB30BATE MPH
ONPENeNIEHUN 3ABUCHMOCTEH MEXIAY NEPEMEUIEHUAMM TeJl, W3MEHEHUAMU MX
MAacChbl M CKOPOCTAMU. DTa TEOpeMa NO3BOJACT AHAIW3UPOBATL ABMIKCHUC U
JKUAKOCTH, U APYTHX CTIJIOMIHBIX TEN, HAMpUMEp B TPy Dax.

Bor Takas 3anaua. JKUAKOCTL ABMIKETCA B TpyOe AuameTpoM d ¢o CKOpo-
cTei0 v. OnpeaenuM ropu3OHTANBHYIO peakuuio N Omopbl Ha KOJCHO TPyObl.
Tlpexxne Becero, Hajl0 PELINTBH, KAKOE
KOJIMUYECTBO JKUAKOCTM OyaACM  pac-
cMaTpuBarhk. KoHeUHO, HE BCKO KHUI-
KOCTh, 4 TOJIBKO YacTh €&,

B uawmei 3anaye paccMOTpUM
OBWIKEHUE YaCTH JKUIKOCTH, pacro-
JIOKEHHOHW B TPyDe MekAy CeueHHUs-
mu 1 u 1" (puc. 51). D10 Oymer ¢é
nepeoe nmonoxkenue. Hepes HekoTo-
poe BpeMsl [ KUAKOCTb 3aUMET HO-
BOE [MOJOKEHUE MEKAY CCUECHUAMU
2 u 2. B nepBoM MONOKCHUU KONMHYECTBO ABMXKCHUA K| CKIaablBACTCA U3
KONUYECTB ABuxkeHua oO0béMoB 1 u 11, 1o ecTh K, =K+Ky. Bo BTOPOM MO-
noxenud K, =Ky+Kyr. TlosToMy M3MEHeHME KOMMYECTBA JBMKCHHA
K; =Ky =KnptKn — K1 — Ky =K — £

M ypasHenue mo Teopeme mpumer Bug K — K = 25, Tak xak aua-
2

&~

Puc. 51

METP TPyOBbl OAMHAKOB BO BCeX ceueHusx, To K=Ky =Mv= lpv, rae

[ =vt, p— MNOTHOCTb KUAKOCTH .
Ecrmu cocTaBnTe ypaBHEHHE, CIIPOSKTHPOBAB €0 HA TOPH3OHTAIBHYO
OCb X W HMEs B BH/Y, UTO MMIYJIbChl CHJI TSIKECTH BEPTUKAJIbHBI, 4 UMIYJIbC

—_ , ﬂ'dz 2 ﬂdz 2
cunsl N paen S = N, nonyuum Tpv t—Tpv tcosa=Ni. U otciona

HaxoaumM pesynstat N =0,257d”pv’ (1 - cosa).

§8. Teopema 00 H3MeHEeHHMH MOMEHTA KOJIHYECTBA ABUKeHUs

3Ta TeopeMa MPUMEHAETCA MIABHBIM 00Pa30M TPH aHANTH3E ABHIKEHUA CHC-
TEMbI, [J¢ OCHOBHOE TENO COBEpIUAET BpallieHue. JIBUKEHUE CUCTEMbL Onpee-
nisieTes cocTaplenneM TupepeHIHaTEHOTO YPaBHEHNA B BHAE
dl , di. )
W —= =M, um C=MY,
ot dt
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rae [, — rIaBHBIA MOMEHT KOJIMYECTBA JABHKEHHSA CHCTEMBI OTHOCHTENBHO He-
MOABHIKHOW OCH BpameHus z, [, — OTHOCHTENbHO och (, MPOXOIALICH uepe3

uentp mace. A M u M- rnaBubie MOMEHTHI (CyMMa MOMEHTOB) BHEIIHHX
CHIT OTHOCUTENBHO TEX e OCEil.

Ba:kHO MOMHWTE, 9TO €CITH 3TH TJIABHBIC MOMEHTHI CHJT OKaXKyTCS PaBHBIMH
HYJIIO, TO TJIABHbIE MOMEHTbI KOJIMUECTBA ABHKEHHS OTHOCHTEIIBHO COOTBETCT-
BYIOTITUX OceH OyayT MOCTOSTHHBIMHU [, =const u /. =const.

UTo0B! yenemHo penars 3a1a41, Ha0 YMETh HaXO/IUTh TJIABHBIE MOMEHTBI
KonuuecTsa ABwkenud. BooOmie, nanpumep, [, =X/ (k;) — cymmMa MOMEHTOB

BEKTOPOB KOJMYECTBA ABHIKEHHUSA BCEX TOUEK CHCTEMBI OTHOCHTEIHHO OCH z. A
JUTST TBEPABIX TEJl IVIABHBIE MOMEHTHI KOJIHUECTBA JABUXKEHUS HAXOAATCS MO M3-
BECTHbIM (bopmynam, Hampumep, [, =.,0, rne J, — MOMEHT WUHEPLHK TeJa

OTHOCHUTEJILHO OCH, () — €r0 YIJI0Bas CKOPOCTb.

C momomipio TeopemMsl 00 U3MEHEHHH MOMEHTAa KOJIMIECTBA ABHMIKEHUA pe-
HIAKOTCA 3a/1a4M Ha MCCIIEI0BAHUE Pa3JIMUHBIX JIBUKEHUI cucTembl. 1 mosromy
OPEAIOKUTh KAKME-TO TUIMYHBIC 3a/1a4i, B KOTOPbIX AaBajcs Obl €AUHbIA Me-
TOA WCTIOTB30BAHMS ITOH TEOPEMBI, HEeBO3MOKHO. Ho cxema perneHus, BO BCs-
KOM Clydyae Hayajio pPEIIeHMs, OAMHAKOBAs — COCTABJISIEM YKA3aHHbBIC BbIIIEC
YpaBHEHUA.

Heckompko mpumepos mano B [1] (. XIX, §3, 4, 5). Ho mpoaemMoncTpHupy-
€M BCE 5K€ UCIOJIb30BAHUE ITOM TEOPEMBI eLIE HA PAAe 3a1a4.

Bot nepsas 3agaua. Uepe3 00k TIepeKUHYT KaHAT. 3a KOHIIBI KaHATa yXBa-
THUJIMCh JBa CTyjAeHTa oauHakoBoro Beca 7. Cry- L
AGHT B cTal NOJHUMATBCA MO KaHaTy CO CKOpO-
CTBIO U. A BTOPOHM CTYJEHT A TIPOCTO AEPKHUTCS 3a
kaHar (puc. 52). OnpeneiuM CKOPOCTH CTYACHTOB.
Bec Onoka (7, paguyc — r.

HaxoauM rtraBHBIE MOMEHT KOJIMYECTBA JIBH-
JKEHUSI OTHOCUTENIbHO ocu (), mpeAnonaras, 4yro cry-
AeHT A cTal TMOAHUMATHCS BMECTE€ C KaHATOM CO
ckopocThio V4. Torma ckopocth ctyaeHTta B Oyaer
Up =0 — Va . Y rnaBHBIN MOMEHT OyaeT paBeH

L 5= om+KB-r—K4-f’——li’20—A+—(U VA —
2 ¥ p

¥ P . ,
——0p - F=—[-Goa+P(V—0a) — Pa|=
g 2g

= L[— (G+2P)va+Pv].
2g

Puc. 52
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Tak kak CYMMa MOMCHTOB BCCX BHCHIHHX CHJI OTHOCHTCIIBHO OCH 0 PaBHa

Mf,e) =0, 710 [, =const, W TTaBHBIH MOMEHT KOIMUECTRA JIBVIKCHUS Oy/eT pa-
BEH HYJIIO, TOTOMY 9TO BHaYaJie BCA CHCTeMa Obljla HeMOABMKHA. 1 oraa u3 mo-

CIICIHETO YPABHEHUA CIEAYET UA = U, aCKOPOCTb CTYyAEHTA B OKaKeTcs

G+2P
Po  GHP
G+2P G+2P
YT NogHUMaThCsa. ToJbKO y CTyeHTa B CKOpocTh OyaeT OOJIbLIE.
Ecnu xe npeHeOpeub BecoM 0m0ka (7, TO OKaXKETCA, YTO CKOPOCTH UX Oy-

PaBHOM Up =V —UA =0V —

v . CnemoBarensHo, o0a cTyneHTa Oy-

0
AYT OJHHAKOBblI U4 =0Ug :E . To ecTb OHM OJHOBPEMCHHO AOCTHIHYT IIOTOJIKA,

TOJIBKO CTyI[eHTA OKAXKETCA XUTPEC.

Bor emi¢ 3anaya. B miiockocTy aucka, KOTOPBIA MOMKET BPAILATHCs B BEPTH-
KaJTbHOM TITOCKOCTH BOKPYT OCH (J, CleNaH JuaMeTpaibHBEIH ma3. BHyTpu masa
JBkeTcs mapuk A (puc. 53). B Havane JBWKEHUA MIAPUK HAXOWJICS B LIEHTPE

aucka. Bec nucka (o, mapuka — P, paauyc Jucka 7 .
OnpenenmaM BO3MOXKHOE JBHXKEHHE ITOW KOHCT-
O pykmwm. 3anmuchiBaeM  ypaBHEHHE, OMNPEACIISIHOLIEE
BpalllcHHWE Bcei  cuCTeMBI  BOKpYyr ocu O
______________________ N T d,

‘ dt

OTHOCHTENTFHO OCH BpAIleHHWS CKIIaIbIBaeTCA W3 MO-
MEHTAa KOJIMYECTBA JABUKCHUA JHUCKAQ, PaBHOTO

=M £f). I'maBHBIA MOMEHT KOJIHMYECTBA ABHIKECHMS

: 16 5
t Ly=J,0=——r"®, 1 MOMEHTA KOJINYECTBA JBUNKE-
Puc. 53 7 2 g 2
Hua wapuka. [lapuk copepiiaer cnokHoe ABHiKeHHE. [lepeHOocHOE HBHKEeHHe
IIPH BPAILIEHUH BMECTE C JUCKOM CO CKOPOCTHIO U, =s®, Tae s=0A4. U ot-

HOCHTEJIbHOE JIBUKEHHE BHYTPH Ma3a CO CKOPOCThIO U,. COOTBETCTBEHHO MO-

& P
JYUHM OBC COCTAaBIAKOIIHX KOJUYCCTBA ABUXKCHHA LIAPHKA K.,=—0,=—sm u

g g
K,=—70,. MOMEHT KOJIM4YEeCTBA JBMKEHMS WIAPHKA JacT TOJIbKO BEKTODE .
g

P, .
Im=K,-s=—s"®. llodromMy rJ1aBHbIA MOMEHT KOJIMUECTBA JIBUXKEHUS

g

1 4. "

b =Lt L :M(Gr2+PS2)m. A rJIaBHbBIH MOMEHT BHEIIHHUX  CHII

2g
MY =— Pasing.
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[TogcTaBngeM HaiiaeHHbIE 3HAYCHUS MOMEHTOB B YPAaBHEHHME, UMES B BUAY,
uto = ¢. [Tonyunm auddepenimansioe ypaBHEHHE, OMPEICAIONIEE Bpallle-

HHE JTHCKA (Gr2 +Pg? )(]') +2Pgssing=0.
K coxanennio, B ypaBHEHHE BOIIUIO TIEPEMEHHOE paccTosiHUE = ().

UYtoObl €ro onpeaenuTh, HaA0 COCTABUTH CIUE OJAHO JOMOJHUTENBHOEC ypaBHE-
HHE, PACCMOTPEB OTHOCHTENIBHOE IBWJKeHHe Imapuka. Ho 310 yke 3amaua Ha
JIPYTYIO TEMY, KOTOPYIO Mbl HAYUHJIMCh peliars e B §1.

Teopemy 00 M3MEHEHHMM [aBHOTO MOMEHTA KOJMYECTBA JABMIKEHUSA MC-
MONB3YIOT W Ul ONMPeeNeHus] BPalaTelbHOro ABHIKEHHS NMPH II0CKOMapal-
JIEJIBHOM JIBM>KEHUM Tesia. B 3TOM cilyyae 1ociie HeKOTOpbIX [peodpa3oBaHuii

Teopema nipuMet dopmy muddepenumansroro ypasaenus Jo ¢+ K -d =Mée ),
re Je,— MOMEHT MHEPIIMK TENA OTHOCHTENILHO OCH, TPOXO/IALIEH YePe3 MIHO-

BEHHBIH LIEHTp ckopocTeit, K — KOJIMUECTBO /IBMKEHHS Tela, BEKTOP KOTOPOTo
MPHIOKEH K MEHTPY Macc, a senumumnda o = (. YacTo oka3wsiBaeTcs « =const,
TOT/Ia ypaBHEHUe MojTyuaeTcs npome Je (= Mf‘? ;

Bor vebonbimon npumep. Jluck 0OKaThIBAETCA B TOPU3OHTATBHOHN TIOCKO-
CTH ¢ TOMONIBLIO NOBO/IKA ()4 W mapel ¢ MOMEHTOM A/ 10 HENOJIBUIKHOMY 00JTb-
momy konecy (puc. 54). Bec nmucka
paBeH P, BeC MOBOJIKA yUUTHIBATE HE M
OyaeMm. Panuychl ykaszaHbl Ha uep-
texe. OnpenenuM yriioBoe ycKope-
Hue £, NOBOJKA.

Tak kak a=CC, =r=const,
UCIIOJIb3YEM MOC/IEHEE YPAaBHEHHUE.

7 .
Omnpenensem  Jo = Fpodlin g o2

g
1P 53 P o P
=——r*+—r* ==—*. Tak Kak cu-
2g g 28
Jla, ¢ KOTOPOHW TIOBOJOK IEHCTBYET
M Puc. 54
Ha OCb Jucka ['=——, TO
R+r
; 3P ,. M
M(‘?):F r= . YpaBHEHHE MOMYYaeTCS TAKHM, ——F () =——F WA
v R+r 2 Iep
@—2 My 3nece (=€ TIOBOE YCKOPEHHWE JuCKa. A Tak Kak
3 Pr(R+r) o # TR '
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Ve =10 =(R+r)m,, To, npoauddepeHpoBas, nmonyunM r&=(R+r)e, W TOTIa
2 Mg

HYXHOE YIJIOBOE YCKOPEHUE NoBoAKa £, =———————.
3P(R+r)

Hcnonb3ysa TeopeMy 0 MOMEHTE KONMYECTBA ABUXKEHHS CHUCTEMbI, MOMPO-
OyeM pemnTes OoJlee MacITAOHYTO 3a1aTy.

B nocnenHee BpeMs B CBA3M ¢ M3MEHEHWEM KiiMMmara Ha 3emiie CTaji MHOTO
YACNATbL BHUMAHUS MOMCKAM MPUUMH DTOro sBaeHUA. B uacTHocT, 0AHON M3 pu-
4YHH BCE Yalle HA3bIBAIOT W3MEHEHHE CKOPOCTH BpALIECHNS HAWICH TUTAHETHI, YBe-
JIMUEHKUEM 3€MHBIX CYTOK. Tak, B OAHOH W3 raser Jaxe 3asiBWiK, CCblnasck Ha Me-
WAYHAPOAHYIO cny:kOy BpaweHua 3emau (IEPS) B [lapuxke, uto ¢ 1972 roaa cy-
TKA AKOObI yBenUuminch Ha 20 cekyHA. WM OOBACHAIOT 3TO YBENMUEHHEM MacCChl
3eMiIn «3a CUET MMJIJIMOHOB TOHH KOCMHMUYECKOH NbIIH, BhINAAAOILENH SKEr0HOY .

[Tonpodyem ¢ NOMOLBIO TEOPETHUECKOH MEXAHWKHW OLUEHHTh 3TO NPEnno-
JIOKEHHE,

Tax kak BHCLIHMMH CHIAMH, JSHCTBYIOUIMMU HA 3€MJIH0, MOXKHO NPEHED-
peub, TO TJIaBHBIH MOMEHT KOJINYECTBA JBUKEeHUs e€ [, = const.

2 N
Ecav B atOoM roay 1. =J, 0 :gMRzo)l, TO B Oy/iylem 3a CuéT yBejinue-

HHA MAcChl HA BCJIMYMHY M PAAMyC 3CMJIM YBCIMUUTCA HA BCAMUMHY /1, oOpa-
3yiomen cdepy TakoW TONMUHB. A MOMEHT KOJMUYECTBA ABWXKCHWA 3EMITH
YBCIMUMTCA N0 M3BECTHOMN (POPMYIE, ONPSACHIOIESH MOMEHT UHEPLUMH Cepu-

Rhy — od
2 (R+h)' ~ R

YCCKO NOBEPXHOCTU, HA BCIAMUMHY —/ - —®. [lostomy, umes B
(R+hY — R
BUAY, YTO [, =CONst, NONYUUM TAKOE YPaBHEHUE:
2 2 2 (R+hY - R
—MR2w1 :—MR2w2+—111()fcoz
5 5 5 (R+hy -R°

Bpema nonHoro o6opora 3emMaud  BOKpPYT CBOEH OCH  paBHO
T=24-60-60=8,64-10" ¢. TTo3TOMY YriioBas CKOPOCTb B HACTOSILLEE BPEMS

27
) = 'l_" a B mpeanogaraeMoM OyayeM, KOraa 3TO BPEMA YBENMUUWTCA Ha | ¢,

27
YTIIOBadg CKOPOCTH CTAHET PABHOW 2 = ﬁ .
+
[loacTaBue 3TH 3HAYECHHA YTIOBBIX CKOPOCTEN B MOCNEOIHEE YPABHEHHE W
NPOAENAB HE OUYEHb CII0KHbIE alredpanyeckue npeodpa3oBaHusl, Hail €M mMacey

BbINABLUEH HA 3CMJHO KOCMMUYECCKOH MBLIYU;
. MR? (R+h) - R’
T (RHRY R
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A 8
Tak xkak Macca 3eMyH Kak OJHOPOAHOTO mapa M = p—a R, a macca myc-
3
ToTeNnoM cdeppl TOMLMHON /1, 00pa3soBaHHOH KOCMHYECKOH MBLIBIO,
_ 4 3 13 " _
m= pgfz (R+h) =R’ |, rae p— cpeHsAs IUIOTHOCTH 3€MHOM MOPOJBLI U TaKas

’e TUTOTHOCTH BBITIABINEH KOCMHYECKOH TIBIITH, TO TIO TIOCTEAHEMY YPaBHEHUIO
HAXOJIUM TOJNIIUHY /1 CJI09 KOCMHUECKOH MBI, HaKpbIBIIEH 3emimio (puc. 55).

Puc. 55
[lomygaeTcs Ha IEPBBINA B3TITA/ CII0KHOE YPAaBHEHHE

4 1oy o 4 1[(R+h)3—R3]
T
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1'+1
Ho ono 1aér HeowuJaHHO TIpOCcTOE peenne h=R| 3 - |

IlomcTaBmas croga 3HaueHHe BpeMenn cyTok [ =8,64-10% ¢ u paguyc 3em-
T R=6,4-10m, onpenenseM senmauny /1 =14,816 M.

3HAYMT, 3Ta AOBOJIBHO TBEPAAS M TAKENAA NBUIb JOJDKHA PABHOMEPHO TO-
KPBIThH 3€MHO I1ap «OACSIOM» TOMIHHOH TIouTH 15 MeTpos!

Bpsaa nu takoe npeanoioKeHue peasibHO, UTQ OHO MOMKET O0OBACHUTh YBE-
JTHYCHUE 3¢MHBIX CYTOK Ha | cexynay. Ckopee Bcero, MpUYMHOM BeeMy — SBJIA-
eTCS TIepepactpeeiicHHe BHYTPEHHEH MAacChl 3€MHOTO Tapa, OTACTBHBIX ¢&
4aCTEeH, B TOM YMCJIE W 33 CUET HHTEHCUBHOMH N00bIYM 110/1€3HBIX UCKONAEMbIX,
He)TH M rasa, CTPOUTENbCTBA MHOYKECTBA MHOTOATAKHBIX BHICOTHBIX 3MaHUH W
TIPOUHMX MACCHBHBIX COOPYIKEHHIA.
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CTATUKA

CUCTEMA CXO/SIUXCST CUJIT
1. I[Tnockas cucmema cxo0Amuxca cu

1.1. Ompenenurts navjeHue mapa, Bec kotroporo P , Ha yron A u BepTH-
KaJIbHYIO TUIOCKOCTS B.

2 1
Ortser: N1 ZP—, NB :Pﬁ

J3

1.2. Onpenenuts ycunus B crep:xkuax AB u AC ot Beca rpysa P nom;e_
LIEHHOTO HA HUTH, NEPEKUHYTOH yepes 010k A. i

cosp—1 &B:Poosa—oos(aﬂj).

sina SIno

Oteer: Syc =P————

1.3. Ha HUuTb, NPUKPEIUVIEHHYIO KOHIIAMHU K TOYKaM A W B W NepexkuHy-
TYIO uepe3 reo3ib 1) , HajeTo kojeuko C Becom P. On-
PEAENUTh HATSHKEHUE HUTHU, €CJIH U3BECTEH YToN o, CO-
CTaBJICHHBIH KOHLAMM HHUTH C FOPU3OHTAJIBHOM MJIOC-
KOCTBIO.

Otser: S :O’i

1—sina

14. Komeuko 4 BecoM P HameTo Ha TIAAKOE TMPOBOJOYHOE KOJIBIO
M YIEPKMBAETCS HAa HEM HUTHIO AB. Halitu HarsxeHue

LB
HUTH U JaBleHue Koneuka A na Gonblloe MpOBOIOYHOE
KOJBIIO.
Omser: S =13, N=P. \600 A
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1.5. JIra mapa OJAMHAKOBOr0 Beca I’ U paauyca ¥ ONVILCHbL B LIMJIUHAPUYC-
‘ CKOC OTBCPCTHE C TOPH3OHTAJBHBIM THOM W pPacloJIo-
YKEHBI TaK, KaK TOKa3aHO Ha pucyHke. OnpenennuTs aaB-
JICHHC IIApOB Ha AJHO, Ha BCPTHKAJIbBHbBIC CTCHKH W OPYI
Ha apyra.

Otser: Ny =2P, N, =N; = P43, N =2P.

1.6. L[HJH/IH,Z[p paauycom R=4r v BecoM P MOJ0XKEH HA /1B OJIMHAKOBBIX
KaTka paanycoMm 7 . PacctosHue Mexay HEHTpaMH KaTKOB

. OnpeesiuTh JIABJIEHUE IIWJIMH/IPA HA KaTKH, JIABJIEHHE
KAaTKOB Ha BEPTUKAIbHBIE CTEHKHU U HA JHO 1a3a, B KOTOPOM

OHHW HAXOJIATCH.
OtBer: N; =0,625P, N>, =0,47P, N3 =0,5P.

1.7. Illap Becom P NPUIKKUMAETCSl MPYKUHOW K OTBEPCTHIO JHAMETPOM,
paBubIM paguycy mapa. OnpencinuTh AaB/ICHUE HA CIUHUILLY
JUTMHEI KPOMKH OTBEPCTHS. YTIpyTas CHia NMPY:KWHBI paBHA [

2
OtBer: N = F—=P).
- \@( )

Z HpOCﬂZpCIHCﬂ’IG@HHG}I cucmenid C)CO()E[I—{//LMJCCE Cll

2.1. I'py3 Becom P npukperiéH K BEPTHKAIbHON MIOCKOCTH TPEMS CTEPIK-
Hamu. M3eectho, uto BO=CO=BC, AD=A40
n AQ mepnenmukyssipao A/l . OnpenenuTs ycH-
JIUA B CTEPIKHIX.

OrtseT: S_q = —P, SC =SB = P\/%.

2.2, Illapuk A Becom [P’ MOABCIICH HAa ABYX HHUTSAX OJMHAKOBOH JJIMHBI,
MEPNCHANKYIIPHBIX IpyT ApyTy. Kakyr ropusoH-
TalbHYIO CHIIy /' HAAO NPUIOKHUTH K LIAPHKY,
yTOOBI IUIOCKOCTH Tpeyronbuuka ABC cocraBuia

yron 30 ¢ mrockocTeio ropuzonTta? OnpeaenuTs
W HATSHKEHHUE HUTEH,

OtBert: /¥ =P\/§, Sas =Suc =P\/E.
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2.3, [lTap noaseleH Ha TPEX HUTAX, PACCTOSHUE MEKLY KOTOprMPI O/MHa-
KoBHl. Bec mapa — P, paauyc — 7. OnpenenuTbh HaTAKEHHE
HHTEH.

) ) ) 2
OtBer:. S| =85 =5:=—=F.

343

24, TlpamoyronbHag midta BeCOM P yIepKMBACTCA B IOPU30OHTALHOM
MOJIOXKCHHU HATAMH | W 2, AnMHA, KOTOPBIX d, TIPH-
KPETUIEHHBIMA K yTJlaM A W B, v HUTBIO 3, OXBaTHI-

BAlOWICH MIMTY CcHU3y. Yrasl o=45", B=60".

Cropona mutel AB =a. Onpenenutrs HaTAKEHHE

V2 V2

—_—, S3=1L5P——.
3+\/§ ’ 3+J§

TUTOCKAS CUCTEMA CHII

HHTEH,

Oteer: S=5="

1. Pasnosecue oonoco meaa

1.1. Haiitu peaknnu mwapaupa A v ycunme B crepikHe /), BBI3bIBAEMbIC
cunoi I, mpunokeHnoi k danke AC, umeromen gopmy )
YTOJNKA. T 5 I

OteeT: X, 1=—F, Y, :Fﬂ, S:Fg. C P a
b b §

1.2. banouka AB npukKpeniieHa K MIOCKOCTU IHAPHUpPOM A MmOJ yIJIOM

o =30". InnHa Oanouku pasHa 3a . OnpenenuTsb B

. , F
peaktun cBsizeit B wapraupe A w yrma C | BO3HU-

KAIOIIUE OT FOPU3OHTALHON CUjibl ', y Na
OTBeT: N('f :O’7SF’ Xrl 20’62F’ Y{ :O,6SF_ e e e e S :1:1;

1.3. banka AB B BHAE Yrojka ONUPaeTcsA Ha ABE IUIOCKOCTH M YCPKUBA-
¢TCA B PAaBHOBCCHH HUTBIO (5 . Bec eMMHMIIBI ITHHEL paBeH .
OrnpeenuTh JIABJIEHNE HA TNIOCKOCTH W HATSKEHHE HHUTH.

2
OTBer: N,lezéq%, NB:q(a+b). C B
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1.4. OnpeaenuTs peakuwy TIOCKOCTeNH Ha 0anky A(’ W yCHIIHE B CTEpXKHE
('), BO3HUKAKLIME OT Beca Oanku P .

Oreer: N, =0,683P, N> =0,183P, S =-0,3667P.

Omeer: X,=F, Y,=0, S=FKF3.

1.6. banouka A8 DPUKPEMJICHA K CTCHE LUIAPHUPOM A M FOPU30HTaAbHOM
. HATBIO ('D. Ha Ganouky mefcTByeT BepTHKalIbHasA cHia F .
OnpenennTh peakuvu WAPHUPA M HATSHKEHUE HUTH, €CIIH

B = lA}’)’ .
3

Otser: X, =S=1,531, Y =k,

1.7. bamouka AB BecOM P TIPHKpPEIUIEHA K CTEHE OBYMA CTEPKHAMHA W
B onupaetcs Ha Hee KOHUOM A. Onpeaenutb ycHINs, BO3HU-
KAIOLLKUE B CTEPXKHAX, U JABJACHUE HA CTEHKY.

Orsetr: S =-1,23/, S =2P, N=0,5P.

ASSARSRNRAR SRR NN

1.8. OnpeaenuTh peakuuyn wapHupa 4 W YCUIME B CTEPIKHE B, BO3HU-
Karomue OT ABYX PaBHBIX CHIT F, MPHUIOKEHHBIX K T- 00pas-

£ HOH KOHCTPYKIMH, pu BC = AL,
BNse |
X H 25 Oreer: X ,;=0,536/", Y;=0,928/", §=1,07/".
1.9. OnpenenvTh yCUue B CTepikHE B W pPeakuyio wapHupa A, BO3HH-
aC B KaOWME OT CUilbl [, BeC KOHCTPYKUMK HE YUNTBIBATD.
f Y
/]

a I b
. s . b , ‘
2 Ortger: b:l*[—cosaJrsmaj, X,=F—cosex, Y., = I'cosexr.

N\

a a
b
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1.10. banouka AB nojseleHa ropu30HTAILHO Ha Tpex crepikHax, Crepik-

HU NEPNEHUKYISpHbl ApYT apyry u AC = CB. Onpe- ;

IEeTUTh YCHIIAA B CTEPIKHAX, BOHUKAIOMME OT Beca P 1/ P

rpy3a, NOMEIIEHHOTO HA KOHIIE DajIKH. . o
OTtset: $1=-1,41P, §, =0,71P, S5 =1,06P . 4 ¢ o

1.11. Ha ropusonranshyio Oanky AB nelcTByeT BepTUKanbHag cuna /-
banka ynaepxkuBaeTCcs TpeMs CTEPXKHAMH, NPHYEM l -
AC — CD — DB. OupenenuTh yCHIHs B CTEPKHSX. ; =

o F ¢ A 7 D
Oreer: S, =8, =———, §,=F. -
sin & ' 52
i

1.12. Ha yromox ABC pneiictByer cuna [©. Onpenenutsh ycuiame B Tpex

CTEPIKHAX, YIAEPIKUBAIOLIUX YIOJOK. YTOJIOK PaBHOCTOPOH- c g
HHH U HEBECOMBIH. F was B
5550‘ 3

Oteet: S, =0866F, S, =1,22F, §, =-123F . S

A B

1.13. Ha ropusonTansuyto Oanky AB=2a nedcTBYOT pacnpejiesieHHas Ha-

rpy3ka MHTEHCHMBHOCTH ¢ W mapa Cuji ¢ MoMeHTOoM m. Onpe- m q
JICTTATH YCHITHA B TPEX CTEPIKHAX, YACPIKUBAIOLIMX OaNKy. —2 N Iy
AN\ ./ C B
2 2 1 2 3
. . m : m o o
Oreet: 8, =8, = O,lQ(——an ; By —:(—+ qa] . 8
a a\a

1.14. KsagparHast njura BECOM P NPUKPEIJIEHA K CTEHE JIBYMS CTEDKHIMH

AB u CD w ynupaerca B Hee yraoMm [, Onpeaenutb ycunus B &
CTEPKHSAX M /IABJICHUE TUIMTHI HA CTEHKY, €CJIM AB NeprneHaAuKyJisp- A
Ha CTOpPOHE KBajapata, a (1) — rOpU30HTAJIbHA. q
c’ Dl

Otser; S,=P, S,=PJ2, N=2P.

1.15. Ilmwmmaap Becom P BIOMKEH B TIOCKYIO JIEHTY, MPHKPEIIEHHYIO K
BEPTUKAJILHOHN MJIOCKOCTH B TOUKax A u B. Onpeaenuts HATHKEHUE
JICHTHI M JIaBJICHUE HA MJIOCKOCTh.

) T O
_ N=PctgB, Bp==-—=.
g, B i E

OtBet: S =

CcCosx

N AN
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2. Pasnogecue cucmemsl meil

2.1. Haiitu peakimu 3anenku 4, naeienve Oayiku B(C HA ropyU30HTAIbHYIO
a [1IOCKOCTh U peakUyu wapHupa 5, BbisbiBacMmble cuioi . Bec
0aJloK HE YUHUTBIBATH.

OTBeT: X, =X, =0,5P\3 .7, =7, =05 N, =P, m ,=0,5"a .

A TR R,

2.2. Onpeaenuth peakuuu B wapHupax A, B 1 ((, BO3HUKAIOLLIUE OT CUb
F, IPANOKEHHON MEPNeHANKYIAPHO B/) mocepeanne eé
(AB — 3a, (D — 2a).
OtBeT: X, =X, =15Fy2, V. =V,=0,
X.=1J2, Y.=05142.

2.3. OnpeaenuTh peakiky 3aaenkd ) v mapHupa A KOHCTPYKILHH, HAXO-

a a Adlieica moa ACHCTBMEM mapbl ¢ MoMeHTOM m. ['opuson-
%! »  TajnbHas Oaka 4B onupaercs cepeauHol Ha yrosiok CT1),
||’ , Bec KOHCTPYKUMU HE yUUTLIBAT.

"

2 m
K Oteer: X, =X,=0, m,=m, }/,J:YJJ:Z‘

hAY EAANAANE AN

2.4. Onpenenuts peakiu B wapuupax A, B, (C CUMMETPUUYHON KOHCTPYK-
. 20 |, UHW, BBI3BaHHBIE CHITOH /. Bec KOHCTPYKUWMH HE YUHUTHIBATS.

A

Oreer; X, =X,=X.=F, ¥, =V, =Y. =05F.

B

2.5. JIre BepTHKaNbHbIe OalKyd COEAMHEHbI JBYMS CTEP:KHAMU U TPHKpPEI-

B 1 U JeHbl WwapHupamu A u 1) k nosepxHocTy. OnpeaenuTb ycu-
A[ 2 ! B JNA B CTEPKHAX W PEAKUWH LUAPHUPOB OT CHUITHI /.
(¢
/ ) A Al v 1 1 r r
2 I3l 2a OTBeT. 51=1*,$3=—21‘_,X“=1‘,}",;=}’D=XD=O.
(e dd

2.6. /la 0aWHAKOBBIX MPAMOYTONBHBIX TENa BECOM P COCTUHEHBI IBYMA
crepkHAMU, OnpeaenuTh YCUIUSA B 3TUX CTEPKHAX U pe-
AKUWK B WapHupax 4 u B.

A%Q

B

2a

MNNNE

Otser: §,=—P, $,=15", X, =X,=15", ¥, =Y, =0,

B
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2.7. J1se onuHaKkoBbIe OaNKH, COCAMHEHHBIE NOCEpEarHE cTep:)kHeM LD, a
HaBepxy — mapHupoMm (', TOCTaBJICHBI HA TOPU30HTAILHYIO
[JIOCKOCTh. Ha KOHCTPpYKUMIO JeHCTBYET cuiia [+ neprneHau-
KyasapHo BC. OnpeaenuTs peakiuy mapHUupa, NJIOCKOCTeH 1
crepxHs, ecin AB = AC = CB.

3 . 3

Otser: )Q:F%, X, =053, ¥,=Y,=05F), S:—ZF%, N, =0.

2.8. OnpenenuTh peakuy MapHUPHBIX onop A 1 B, mapHupa (' cocTaBHOH
PaMbl, BBI3BIBAEMBIE MPYKMHOH, CHJIA HATSHKEHHUS KOTOPOH paBs- E arnenn D
Ha /. a

<
OtBer; X, =X, =F, X,=2F,Y, =Y, =Y. =0. a |l

2.9. Jlge Ganku OJMHAKOBOM JUTMHBI COEAMHEHBI MOCEPEANHE TIAPHUPOM (),
HUTBIO 4B W MOCTaBIEHbl HA TOPU3OHTAIBHYIO MIOCKOCTh. Omnpe-
JEIUTh peakuuu wwapHupa () u Hatsbkenue Hutu. Ha Ganky BD 4
neHcTByeT cuna /. Bec 0ajiok He yUuThIBaTh.

Oreer: 7. =X, =F, 8=F, D o

2.10. /IBe onuHakoBble OalOUKU BecoM P, coeaMHEHHblE mapHupoMm (' H
TpEMsl CTEP/KHAMW PABHOHM UIMHBI, MMOCTABJIEHBI HAa TOPHU30H-
TaabHYIO TWIOCKOCTh (AB = AC = (CB). Onpenenuts yCUIus B
CTEPIKHSAX.

Oraes 8, =8, =8, =U.5P.

2.11. OnpeaenuTe peakuuu 3aAelKu A B CTeHE Ha KOHel Oajikv, BO3HHU-
Kalomke OT Beca P ImuiHapa.

(sest X, =02890 . F, ='0.5P  #i =FF.

1

M2r T
2.12. /Ige omuHakoBbie OANIOUKH, COCTMHEHHbBIE MIAPHUPOM B, MOIBEILICHBI
Ha YeThIpeX CTep:KHAX paBHOW muHbl. [locepenune Gano-

4YeK HaxojasaTes rpyssl Becom P u 2P. Onpenenuts ycunust | O vzj
B CTCPIKHSAX. i o —
> A B C

OtBeT: §,=9,=0,5P2, §,=8,=P2.
2.13. Onpenennth peakiuu mapHupa C' 1 yCunue B CTepkHE AB, BhI3BAH-

HbIC JCHCTBUCM CHIIbL [/, IPHIOKCHHOM K WIapuupy, co- 7. .
enuHAIOMWEMY aBe T- 00pa3HbIe paMEbl. oo o s o
]
a
Otset: X, =Y. =8=0,5F. s f‘ B
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2.14. OnpenenuTh JaBjCHHE IIApa HA BEPTHKAIBHYIO H TOPU30HTAIBHYIO
miockocTd. Bec mapa pasen P, Bec Oanku — 2P, paanyc
mapa — r, JJinHa Oanku — 4r.

J Otser: Np =0,46P, N =1,8P.

7 {‘//////////

o
AARRERRNN

2.15. Onpenenuth napieHne O0anku AB HAa BEPTUKAIbHYIO U FOPHU30HTAIb-
HYIO MI0CKOCTH. Bec mapa pasen P, paguyc mapa — #, jin-
Ha Oanku — 4r. Bec 0anku He yUHUTHIBATE.

Orser: Ny=P, Xp=0,42P Yp="P.

AAN LR TR RN

2.16. K cuMMeTpUYHOMR TpEeXIIApHUPHOH apKe MPUIOKEHBI JBE Mapbl CUI C
— OJWHAKOBBIMH MOMEHTaMH . ONpenenuTh peakuny map-
uupoB A, B u C. BeicoTta apku A. Bec apky He yUUTHIBATD.

Otser: Ry =Rp =R z%_

h

2.17. Onpenenuth JaBleHHWE MOABHIKHOW OMOPBI B Ha TOPHU3OHTANBHYIO
A TJIOCKOCTh M KoHIa A Oanku AB Ha crenky. Bec merpa no-
rOHHOHW AnuHbl Oanok — p. Jlnuna Ganku CB paBHA g MeT-
&R
& g POB, yron o= 30"
Y Otser: R =1,65pa, N, =pa.

/|C

2.18. JIpa oaMHAKOBBIX paBHOIUICUYHBIX yronka ACE n BCD, coeAMHEHHbIE
B wapHupom C, nonosxkeHsl Ha onopsl A u D. K wapHupy
noJBeiieH rpy3 P. OnpeaenuTs JaBICHUE YTOIKOB APYT

Ha Jpyra B TOUKe B.

2 Otser: Ny =0,5P.

At
lp

2.19. Onpenenurts JaBjieHHE YacTed COCTABHOM KOHCTPYKLMH APYT HA JPY-
Al g o, T3 B TOUKE D n peakumn mapuupa C. Ha mpasyro yacte
777 | = | [/7f, KOHCTPYKUUH JNICUCTBYET BepTUKAIbHAA cua /v,

CAF Otser: Ny =X =0,5F, Yo =0,25F .
2.20. Onpenenuth peakiu B mapHupax A v B, ycunue B crepxse (1D u nas-
p JICHHE BEPXHEH 4acTH KOHCTPYKLMH HA HHIKHIOKO B TOYKE £,

4 O Bec rpy3a, IOCTABJIEHHOTO HA KOHCTPYKLMIO, paBeH P.
4 @ : a
/ =
1B_I D,b Orser: XA:XB:2P3, Yy=P, Yp=2P, 6 Ny=4P,
"_- a_le d =| _ :
| 5= 2P —“";b
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2.21. Onpenenuth peaknuu 3a4eiku 4 ¥ yCUITUA B CTEPXHAX 1 W 2, BbI-
3BaHHBIC cumoi /. [lnmna Ganku AB paBHa /, BEC €€ HE y4H-

A B
ThIBATH.
F p32
OrtserT: XA:SZ ZFCthZ, YAZF, I’I’ZAZFI, SZ_—. ’ F
sino
2.22. OnpenenuTh peaklMy CTEHbI B TOUKE A OT rpy3a Becom P,
B
c D
Otmser: Xi=Ptge, Y, =P, mi=P(b—-atgx). a '£P A

2.23. OnpenenuTh peakuuu liapHupa A W yCcuius B
Tpex crepkHiIx AC, BC n DC, BOZHMKAIOIIME OT Beca

- P
rpy3a P, moja0KeHHOro Ha cepeanHy Oanku AB. a4 C) B
Omser: X 4=Sppo=-2P, Y4=P, 2 v
B 430
& >3 c

SA(Y :_SBC :2PT

2.24. Onpenenuts peakuuu wwapHupa A U yecunua B Tpex crepixusax. Ha
KOHCTPYKLHIO B TOUKE /) AEHCTBYET CUJA F MO YIJIOM =45,

[} 2o = =g .
| Ja
2a
g z . C 7
Otser: X, =%, =F£, S, =—£, 8, =5, =_5«/5F. i : f
3 3 ; A @ N K

2.25. Onpenenuth YCWIHS B MATH CTEPKHAX, BO3HUKAKOIINME OT rpy3a Be-
coM P,

1 2
o3 IN¢ F ]
Order: 8§, =05P, §,=15P, 8§, =P, ‘éaf’ 3 N ‘a
S,=-PJ2, S,=-0,5P. i

2.26. Onpenenutb peakiyu 3a0eIKU A U mapHupa /) KOHCTPYKIUH, BbI3bI-

BaeMble BECOM P Tpy3a, MOABEIICHHOTO Ha TPEX CTEPIKHAX. . a
[Tonoxurs AB = AD = BC = a. €
o
. Y — . == 3 B
Orser; X.i=Xp =Pclga, Yp =2Pctga, Pl
Yi =P(1 + ZCtga), mj = Pactgo. W,,‘j,,,,,,',D

2.27. OnpenenuTs HATSHKEHWE HUTH M peakluWH mwapHupoB B u ', BO3HH-
KarlLHUE OT CHJIbI F_, ecoim AC — CB — 2r. LLLLL Y.

OtmBer: X, =0, Y, =3F, X.=2/3,Y.=6F, S=4F.

\
™

TSN

o
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2.28. Onpeaenuth YCUIUA B TPEX CTEPIKHAX, PCAKLMKM INAPHUPHLIX onop A

a__a n (C cocTaBHOW KOHCTPYKIWH. Ha BepxXHWH mapHup 5 moio-
2 EH Ipy3 BecoM . BEC KOHCTPYKIIMK HE YUHUTHIBAT.
B 7 Lia
S| OtBer: X, =0, Y, =VY.=05P, 8, =2P, §,=8,=P2.
4 90° —.C
2.29. JIee oguHaKOBBIE OATKH CO€AMHEHBI APHUPOM (' B TpeMs CTEPIKHA-
D MU. BCsi KOHCTPYKLIMS TIOJIOKEHA HA ONOpbl A 1
L, p 3 B. Ha npaBo#i 0anke HaxoauTcs rpy3 BecoMm P,
4 30° L Q 30 B Onpenenuts yCHIMA B CTEPIKHAX, PEAKLIHAH

i C | < %9 77 iapHupa H Orop.
4—.‘.—.0, |

a

Onser N, =0378P,.N, =0625F, X, =0.65P, ¥.. =08, =8,=~075P, 8 =035P,

2.30. TTap noctarjeH HA JIB€ OJAMHAKOBBIEC 3Ur3aroo0pasusie 0anku AC u
BC, coenMHeHHbIC MEKAY coDOH mapuupom (.
| [Ilapuupsl 4 U B TIPUKPEIIEHBI K HEMOABHIKHBIM
14 | B{, nosepxHocTAM. Bec mapa - 7, Bec Gasiok He yun-
[ T, ThiBaTh. ONpeaenuTh Peakiuy IApHUPOB.
Xa=Xp=0,7T1P, Xe=2F,

Y =¥p=0,5P, Fr=0.

72 2r Orger:

2.31. K cuMMeTpUYHON KOHCTPYKLIMH, COCTOSLLCH U3 ABYX YTOJIKOB, CO-
B €AMHEHHBIX [IAPHUPOM B , TIOJIBEIIeH Ha IBYX HUTAX TPYy3
BecoM P . Onpene/ivTh peakiiuy MapHupa B | IAPHUPOR

2a A un C,KOTOPbIMU MPUKPEIJICHA KOHCTPYKLUMSA K HENOA-
BWKHOM TUTIOCKOCTH.

X5 =P(0,25—ctger), X, =0,25P,
Xc=0,25P, Y4 =Yp =Y: =0,5P.

Ortser:

2.32. Onpenenuth AaBjieHue OanKu AB Ha yIop B, BRI3bIBAEMOE CHUJION [

Fl. a o a . a _ B Toukax E.C,D u H - LIapHUPHI.
‘ S 2L
A CH MD B
5 Orser: N, =F.
E[} H(
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[TPOCTPAHCTBEHHAA CUCTEMA CHJI
Cuiabl, RPOUZBOABIO PACROTONCEHTTBIC 8 NPOCMPATICINGE

1. bamouka AB BecoM P yIep;KMBAeTcs WAPOBBIM MIAPHUPOM A U IBYMS
crepkHsIMH, ONIPEICITUTL YCHIIUA B CTEPKHSAX U PEAKIUH
[IapHHApA.

b
Oreer: Yi=38c=0,5P—, X,=58p —0,5P% 7, =P
C C

2. banouka AB yaepKUBaeTCA MApPOBBIM MIAPHHPOM A W ABYMS CTEPKHA-
MH | ¥ 2, IPUKPEIUICHHBIMU K €€ CepeJInHe B Touke .

Onpenennth Peakiuu CBA3EH, BO3ZHUKAIOUIME OT BEPTH- a.” : ) g
KalbHOH CUNBL F , MPUI0KCHHON K KOHLY 5 0anouky . DI < 87
Xi=2Z,4 :O) £ :}{‘y i ' & ‘
OrtsBer: | A
Si=8= F\/g. | / //'/

3. Onpeaenutk peakuuu 3aaenku A y ['- o0pasHoii 6anku npu AeicTBUK
Ha Hee BepTHKAITBHOM cuitbl F . Bec Dankn He
YUUTBIBATb.

a

Xu=Z4=0, Y =F,
OtBeT:
my=Ia, m;=-Ib, m,=0,

4. llpaMoyroneHad MauTa YACPKUBACTCA B FOPH3OHTAIBHOM MOJOMKCHUH
nByMsi cTtepkHaMH KD w KC w 1mapHUpaMH-
neryisimu, OnpenennTh PEakiluM CBA3EH, €CIIM BEC
OIHATEL - P, a KD=K(C=CD u KM =B(".

OTeer: XA :XB ZZA :ZB 20,25 P,
P
JE'

5. OpnoponoHas KBaApaTHAasA IUIMTA BECOM P, MPUKPEIUIEHHAA K CTCHE,
YJIEP)KHUBAETCS B TOPU3OHTAIIBHOM  TIOJIOMKE- )

HUU CTEpkHEM DK . OnpenenuTbh YCUIUC B 'LB

CTepskHe, PEAKLHHM MEeTNH B M LIapoBOro
mapHupa A . /

.
Oteer: Xa=24=0, Zp =05, v Jﬁ/@
Xp=Y,=0,25P\6, S=-P. K«

S1 =5 =

[
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6. OnpeacnuTh peakUuy B NETNAX 4 U B U B BCPTUKATBHOM CTCPHKHE
(', YOEPKUBAKILEM KPBIWIKY MOA VIVIOM &, BO3HHUKANO-
M€ OT Mapbl CUJ1 ¢ MOMEHTOM 771, NEHCTBYIOIIEH B MJIOC-
KOCTH KPbILUKH.

X=Xy —?cosa, S=0,

Otger:

11/
Z,; ZZH ZFSII‘IOE.

7. TIpsAMOYroJibHAs [UIMTA BECOM P YIEPKUBAETCS B HAKIIOHHOM [10J103Ke-
« HUW ABYMA CTEPXKHAMU W ABYMs LIapHUpaMu

(metnsmu). OnpeaenuTh pPeakWv CBSI3eH, mojaras

AD=DK=AK=KE=FEM =a.

Vi=Yys=0,072F,;
Otper: Z4=75=0,375P,
S1=58=-0,2P.

8. TlpAMOyrojbHas TUIMTA YEPKMBAETCS B TOPU3OHTAILHOM MOJIOXKEHHH
WECTBIO CTEPKHAMU.  OnNpeaenutbh YCUAWA B 3THX
/! cTepkHAX. Bec muTH paBeH P .

@ P

ool afec *
QOreer: l . ? 9 dsing

N K & = =0

9. TpeyronbHas paBHOCTOPOHHSSA MJHMTA YCTAHORBJIEHA TOPHU3OHTAIBLHO HA
LIECTH cTepakHAX. OnpeneauTh YCUIUA B CTEPHK-

< q_y e HAX, BOSHUKAKOIWHE OT ASHCTBUS MAPbl CHJI ¢ MO-
p p MEHTOM /1 B MJIOCKOCTH TJIHUTHI.
|, ~c ] . S =8 =85 = 2 m
T, d \/3 a
O Orser:
24/2 m
Sy =84 =8¢ =——p"—

B a

10. TopuzoHTanbHas KBajpaTHas MUTa YAEPKUBASTCS HIECThIO CTEPHKHIMH.
Ha nnuty nefictByeT mapa cun ¢ MoMeHToM . Onpe-
AETTUTh YCWIIHS B CTEP/KHAX. Bec MUTHTH He y9WTHIBATS.

OrtseT:
m . m\/_ m\/g
da

S ==8=-0, 75— S:==-8:= , Ss=—=S=—
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11. Ky0 co ctopoHO#l @, MOCTaBACHHBIN TaK, UTO AUArOHallb AB BEpPTHU-
KaJIbHA, YAEPKUBAETCA TPEMA CTEPKHAMM W IIAPOBOM
onopoii 4. OnpeaenuTh peakiuu CBA3CH MPH ACHCTBHH
Ha Ky0 mapbl CUJI C MOMEHTOM 71 .

m
Xa=—, Ya=Z4=0,
a

OtBerT:
m\/i m |3 mﬁ
y ===, S3= .
a\2 a

Si=—
2ua

12. IIpAMOYTONbHBIH YTOJ0K, COCTABICHHBIN M3 IJIOCKOCTCH, yACPKUBACT-
Cs IBYMS TIETIIAIMA A W B W IBYMS CTEPIHSAMH OTHHA-
KOBOM JiytiHbI, ONPEASIUuTh PEAKLIMK NIETENb U YCUIIUS B e
CTEPIKHSX, BO3HUKAIONIME OT I'Py3a BECOM P .

YA :YB:()} Zy :ZH:())SP) .B ! =

Ortser:;
S =85 = ~0,25P4/5. 4

13. TpeyronbHas paBHOCTOPOHHSS MiMTa ADB ycTaHOBAEHA BEPTUKAILHO
C TMIOMOIIBIO IBYX TIETENIb ¥ UeTHIPEX cTepakHei. On- D I E
peAenuTh YCUJIUS B CTEPIKHAX U peakumu rnetesb. Ha
MUIMTY AEHCTBYET cwiia / MeprneHauKyJIsApHO TUTHTE.
HsBectHO, uTr0 AD=DB=AB=DF =
=AK =BL=KE=EL=KI. w AC=CB. A

Oreer: Si=F, S;=—-0,5V7F, S3=8:=X,=X5=0,5F,
Z4=Z3=0,253 F.

14. OpHopogHas npsimoyroJibHast imta ABDC ynep:KuBaercst B rOPU30H-
TAJIbHOM NOJIOKCHUM meTasaMu A u B u uuteio KLMN
JUTAHOW 3@, IPUKPETIEHHON B Toukax K 1 N K TIOTOINKY.
OnpenenuTs peakimy MeTeTh U HATSHKEHHE HUTH OT BEp-
TAKAIBHOW CWJIBI /', NPWIOKEHHOW K yriy /) IUIMTBHI.
H3zBectno, uTo DM =MB=CL=1LA=a n KN =2a.

F

sino

Omper; X j=Xp=dp=0, Zu=F&, 5=
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KUHEMATHUKA

TJTOCKOE JIBUXKEHWE TBEP/IOTO TEJTA
1. Cropocme mouer meia npu RAOCKOM OGUNCCIUL

1.1. CrepixeHb A1) CKONb3UT B TOPU3CHTANIBHBIX HAMPABIAKIMX CO CKOPO-

A wy ) CTHIO U W 3aCTaBNAET CTEPHKEHb AB NBUraThes BHYT-

T pu Myd Tl (¢ U nOBOpauuBaThea BMecTe ¢ Heto. Omn-
PEIEIUTE YTIOBYIO CKOPOCTD CTEPKHA AB.

u . -,
Orper; W =—5IN ¢

a
1.2. Ctepxens AC’ ABUMKETCA BHU3 B BEPTMKAJAbHBIX HAMPABIAOILUX CO
CKOpOCTBIO . OnpenenuTh Kak QYHKUHIO yTha ¢ YITOBYIO
ckopocTh crepkHa (B, Bpanjaroerocs BOKpyr mapuupa ¢
# W CKONB3ALIEre KOHUOM 5 M0 FOpU30HTANbHON NAOCKOCTHU.

" Jlnwea ctepkna (B paBHa a.

u
Oreer:. 0 =———.
asing

1.3. banouka CkoAbL3UT KOHLAMHU MO ABYM NIOCKOCTAM. CKOpPOCTh TOUKU 5

~  TIOCTOAHHA W paBHa . OTMpeOenuTh CKOPOCTh TOYKH A A

*:r_d,A cepeaunbl Oanoukyd (' B MOMEHT NajJeHWs HA rOPU30HTANb-
: y i HYIO ILIOCKOCTD.

: — Oteer; v,j=u2,vi= O,5u\/§.

1.4. Banouka CKONb3WT KOHUAMH 4 W B N0 HAKIIOHHBIM TJIOCKOCTAM TakK,
YTO CKOPOCTh TOUKH A TIOCTOAHHA W paBHa u#. OTNpPeaeNuTh CKO-
pocTb cepeauHbl 6anouku C U €€ YrJoBYK CKOPOCTb B FOpPH-
30HTANbLHOM MON0XKEHUU (AB = 2a).

J3

Otser: v =0,5u, o=—u.
2a
1.5. [Llap kaTuTca mo xkenody, COCTABIEHHOMY M3 JIBYX TUIOCKOCTEH. CKO-
\ PocTh ero ueHTpa — #. OnpenenuTb CKOPOCTH BEPXHEH M HHXK-
HEW TOUEK Iapa.
1y
R Orser; V=u| — %1
sS1na
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1.6. KBagpar co cTOpOHOH, paBHOH @, CBOMM YIJIOM B CKOJb3UT CO CKOpO-
CTBKO U TI0 BEPTHKALHOW CTEHE, a ¢TOpoHoH D — no yruy E.
Onpenenuts YIoOBYIO CKOPOCTh KBaapaTa U CKOPOCTb €ro Bep-
LIKH B MOJOXKEHUH, KOrJa AMaroHanb /)8 rOpH30HTAIbHA H YIO
I penut DC nomoJiaM,

u
Otser: VA4=UVp=0C =0Up=U, o=—+2.
a

1.7. Crepxenp AB mmiHON 37 HUKHUM KOHIIOM A CKOJNB3UT CO CKOPO-
CTBIO # MO AYTe OKPYKHOCTH paauycoM #. OnpeneauTs CKOpo-
CTH BepxXHero koHua B, xorga xoHel 4 OyJeT HaXOOHTbCA B
nostoskeHusx Ay v A; u B MomenT, korma o = 30",

Orer: vp=u, \1=—r, :=0.
22

1.8. Crepikenbs AB JuyiiHOW [ JBHKETCSA B TUIOCKOCTH TAK, YTO KOHIIKI
€ro CKOJIB3SIT IO JIBYM HEIOJBHUKHBIM OKPYXKHOCTM.
OnpenenuTs yriaoByl0 CKOPOCTh CTEPXKHS M CKOPOCTh
KOHIA 5 B YKa3aHHOM Ha PUCYHKE IOJIOXKEHHH, €CJIH
CKOPOCTb U4 =U.

Oteer: w:%, Up :%Vlz—Rz .

1.9. Ilpsamoi crepxedb AB CKOAb3UMT KOHIAMU MO HEMOABUKHBIM OKPY K-
HOCTAM paguycaMd * U 2r. OIpeaeianTh YITIOBYIO CKO-
POCTb CTEPWKHA U CKOPOCTHh €ro TOUKH B, €C/IH B YKa-
3aHHOM Ha PUCYHKE TIOIOKeHWHU (pamnyc A(); cocTae-

nser yron o =45" ¢ ropusonrom), U4 = U .

U |71
—  Up=——.
F+2) 142

OtBer: 0=

1.10. Hute, HaMOTaHHAS Ha KATYIIKY, IPHKPEIUICHA K HGHO,E[BH)KHOI/I TOY-
ke (). Karyirka asukeTcs BHH3 TaK, UTO CKOPOCTH €€ TIeHTpa Bep- “
TUKaJbHA W paBHa U Haiitu ckopocth Touek 1, 2, 3 u 4. Paauyc
OOBIIOTO JUCKA - K, pamgdyC CPEeOHEro MITHHIpPA - 7.
® R R
Oreer; vy=m=04/l+—. y=v|——1| »n=v|14+— |

r
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1.11. Ha umauuap pajnycoM 7 HAMOTAHA HUTh, MPUKPETUIEHHAs KOHLOM ()
O K cTeHe. Llunuuap ABMXKETCA BHM3, CKOABL3A NO CTCHEC M Bpallasch
b C YrIoBO#l cKOpOCTHIO . ONpeacnuTh CKOPOCTh CKOMbKEHUA TOUYKU

" KacaHva A4 no cTeHe.

OrteerT: 04 = rw-tge-ctyg %

1.12. Konew vty ¢ rpy3om B, nepekuHyToi uepes HenoaBHmcHbIN Onok C,
ABHXKETCA CO CKOPOCTBbIO # BHM3. JIpYrMM KOHLIOM HMTb
OpUKperneHa K MydTe A U ABMKET €€ MO BEPTUKAIbHOIA
mpsamoii. OnpeaennTs cKopocTe MyQThl A4 W YIIOBYIO CKO-
POCTh NOBOPOTA HUTH HA yuacTke AC,
u .

, W=—-s1P-tge.
COSQ a

1.13. LlunuHap paamycoM # KaTHUTCA C YIJOBOH CKOPOCTBE) IO HHTH,
SLLLLLLLL , TIPHKDEIICHHON KOHUaMK A W B K HENOBHXKHBIM MOBEPXHO-
7 NI LR Haiitn ckopocTs ueHTpa C LHUIMHAPA B NOJIOKEHUH, KO-
2 1 C / rAa OAUH KOHCL HUTHU FOPU3OHTANICH, APYTOi - BEPTUKAACH.

OtBer: D¢ = rm\/z.

1.14. Jlga koneca, COCAMHEHHBIE WAPHUPAMH CO CTEpXKHEM AR, KaTarca
0€3 CKOJIBIKEHHS 110 NJI0CKOCTH, YTJIOBAsA CKOPOCTh MAJIO-

m A4 4, p ToKoneca— w. OnpeacauTb YrIoBbie CKOPOCTH OOMbILIO-

OtBer: v, =

ro KoJjieca M W CTEPKHS (35 B MOMEHT, KOT/Ia CTEPKEHb
AB rOpU30OHTANCH,

r
OmBeT: @ =M1, .5 =2—0).
a

1.15. Manoe koneco paanycoM » KaTHTCA € YTIIOBOW CKOPOCTBIO (0 W 3a-

R CTaBJISIET C MOMOLLBK CTEePKHA AB KatuThea GonblLIOE
koneco. OnpeaenuTs YIJOBYH) CKOPOCTb OOJbLIOrO
f)f -f----4---— Komeca paanycoM R B yKa3aHHOM Ha PHCYHKE TOJIO-
AT, JKeHwuw, momoras R =2r, AB = 5vr.
v OteeT: 0 =0,4375w.

1.16. Koncco paadycoM » KaTMTCA 1O TOPU3OHTANBHOH MIOCKOCTU
¢ YILIoBOH ckopocThio . K Konecy wwapHdpoM Opukpenicu
crepikeHb AB mmwHoH 2r. ONpenenuTbs YIMOBYKO CKOPOCTB
CTEPIKHS U CKOPOCTh CKOJIBXEHHS KOHLA B ero no njockocTH
B MOJ0XKEHHH, YKA3aHHOM Ha PUCYHKE,

Oteer: w3 =0,5770, vy =1,577 ro.

86



1.17. Koneco paamycoM » KaTUTCS MO [OPU3OHTANLHOW IJIOCKOCTH
¢ YTJOBOW CKOPOCTBK) @ W 3aCTABIACT CTEPIKEHB, MPH-
KPETUTEHHBIH K KOJNEeCY WapHUPOM A, CKONMB3NTh APYTUM . ’
KOHIOM B 10 BepTHKAIbHOW creHe. OnpenenuTh CKo- ‘.
POCTb TOUKU B B YKA3aHHOM MOAOKEHUMU.

Otser: vg =ro(l+tga).

1.18. Crepxenb A(), Bpallasch BOKPYT OCH (), 3aCTaBIsIET KOJIECO KAaTHThCS
no muockocTd. OnpeaeiuTe CKOPOCTh LEHTPA Kojeca B A .
NOJIOXCHUH, MPU KOTOPOM CTCP:KEHb B(’ TOPU3OHTANICH. \ B
CxopocTs KoHIA A paBHa 1, a A() = 3r.

1
Otser: UC :Eu'

60"
0]

1.19. Kpupoiuun AQ) Bpaiaercs ¢ yrioBOi CKOPOCTHIO () M ¢ MOMOLIIBIO [11a-
TyHa AB 3aCTaBIACT KONECO KATUTLCA MO FOPU3OHTANLHOU Ao
TIocKkoCcTH. OMPeaeniTe YTIIOBYIO CKOPOCTH Kojleca B TIO-
JIOPKEHHH, KOTJJa KPHBOLLMIT NEPMEHUKYJISAPEH LIATYHY.
HzeectHo, uto A =30cm, AB =40¢m, r=25¢Mm.
OtseT; @ =1,50¢.

1.20. [Ba xoseca, UEHTPBI KOTOPBIX COSTHHEHBI CTep)KHeM AB, kataTed no
B3aNMHO TIEPNEHOUKYIIAPHBIM TUIOCKOCTAM. CKOpOCTB

U4 = U. OQopeaenuts YrioBble CKOPOCTH KoJiec, Pa3me-
Pbl YKa3aHbl HA PUCYHKE.

u u
OrseTt: o :E’ W2 =—ctgp .

1.21. OnpeaennTs cKOPOCTh TOUKA /) 3BeHa B/) mexaHwsMa B TOT MO-
MeHT, koraa @ = 60°, a 3pero BC Gyaer nmeprnieH UKYJsAPHO 4D
3BeHY BD). 3BeHO A() UMEET YINOBYIO CKOpPOCTh . Kpome

TOTO, U3BECTHBI pasmepbl. A =a, AB=a, BD= a\/g .

OtBeT: vp =aw4yl,5.

1.22. Crepikens (A MNOCKOrO MEXaHM3Ma BpalllacTcs ¢ YIJI0BOH CKo-
poCTBIO ® BOKpYTr (). OnpenemuTe CKOPOCTH BCEX 4, C , D
0003HAYEHHBIX TOUYEK W YIJIOBblE CKOPOCTH BCEX
3BCHBECB MEXAHU3MA B YKa3aHHOM Ha YEpTEKe NOJO-
JKEHWH. 4.5 s

O

o

OTeeT:;
W =090 =WxacH =0,
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1.23. Mydret 4 u B, coeiHennbie ctepxHsIMu AC 1 OB, ABMKYTCS BHU3

a ol no napanjacjabHblM MpAMBIM CO CKOPOCTAMHM U4 H Up

(v4 #vp). Onpegennuts ckopocTh mapHupa (I, Korjga
yros a cradet papHbiM 30" u AC OyaeT nepneHauKys-
A pen CB.

Otser; ve =0,543v3 +v3.

1.24. Ilom3ayuel A U B ABMXKYTCA BJICBO MO MJOCKOCTH €O CKOPOCTAMH
C Va=u W vp =2u . [ToN3yHBI COEIMHEHBI TIAPHH-

pamu ¢ asywms crepxkaaMu AC uw CB. Onpene-
JUTH CKOPOCTD Imapuupa (¢ M YIJIOBBIC CKOPOCTH

CTepkHel B momoxkenwn, xkorma LCAB =307,
777 LACRB =907 Mssectno, uto (B = a.

u u \E
OtBer. ®a =——, Ocp =——, U =A/1,15u .
4¢ Za\/g CB ¢

a 2

2. Verxopenue moyer meaa npu nieCckoM OGUICeHUU

2.1. Crepixkerb AB KOHIOM A CKOJB3UT MO BEPTHKANBHOH CTEHE TaK, UTO

@ =t ), W 3aCTaBJIAET KOJIECO KATHTHCH 10 TOPH30H-

A
TalbHOMY o1y, OnpeacauTh YCKopeHue Touek 4 u B.

] Houna AB = «.

Wy =a(p sing + c'p%oscp),
Otser:

W = a(@ sing — d cose).

2.2, Koneco paguycoM F ¢ KECTKO NPUKPEINICHHBIM K HEMY CTEPKHEM
CA = 2r KaTUTCS MO rOPU3OHTAIBHON MJIOCKOCTU ¢ MOCTOSH-
HOHU YIJIIOBOM CKOPOCTBIO . HaHTH CKOpPOCTH H YCKOpPEHHE
TOYKH A CTEPHKHS.

Oteer: U4 =rov5—4dcoswt, Wi=2ro".

2.3. Ucnone3ys yenoeue 3amauu 1.2, onpenenuTs YCKOPEHHE TOUKH B U yr-

noBoe yckopenue crepsus (B, cuuras u = const.

u? u® cosQ

Otser: Wp=——5—, &=——7".
asin’@ as sin’Q
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2.4, Ucnonb3ys yeaoBua 3aauu 1.7, HAHTU YCKOPEHUE TOUKK B, YIJIOBOEC
YCKOPEHUE U YITIOBYIO CKOPOCThL CTEPIKHA MPU « = 30", cunTas v4 = u = COonst.

4 u* 2 u? 7}
OTeet: W, :—\/g—, g:—\/g—, m=—.
PN 27 2 72

2.5. Henone3ya ycnosue 3aaum 1.4, onpenenuTs YCKOPEHHE TOUKH B H
YIJIOBOE YCKOPEHHE DAJIOUKH,

Otser: W, =a{2¢2+¢"tg(¢—%)} £=0.

2.6. Jnuubl kpupowvna A u waryda AB oamHakossl u pasHbl . Onpe-
ACIUTL YCKOPCHUE mon3yHa B kaxk PyHKUUIO pac- y
croauus (OB — s w Bpemenu. Kpusowwn Bpawa-
€TCH C MOCTOSIHHOW YIJIOBOH CKOPOCTHIO M .

Otser; Wy = S0 = 200> cosn! |

2.7. Nopwene B OBUKETCA ¢ MOCTOSHHONW CKOPOCTBIO M WATYHOM AB
Bpawaer kpupowun A¢() Bokpyr ocu (). A
OnpenennuTe YIJIOBBIE YCKOPEHHA 3BCHBEB
AO w AB B NMONOXKEHWU, KOTAA OHU Tep-

NeHAUKYAAPHLL APYT Apyry M ¢ = 30" .

3’ «/g u?

OTeeT. €400 =—>, Ep =——.
42 12 o*

2.8. IlpaMoyronsHbii yrosiok ACB CKOJIB3UT NPUKPENIEHHBIMU K HEMY
MypTamMn 4 W B N0 B3aWMHO NEPNEHIWKYIAPHBIM

npaMbiM. CKOPOCTh KOHI@ A paBHa u =const. ¢
Onpeacnutb yckopeHue My(Thl B, Korma yron « @

CTaHeT paBHBIM HYITIO (A( =a, CB = b). A
2 12 B
a +b R
Ortser: WB = —ﬂllz .
b.)
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CIOXHOE JIBUXEHHWE TOYKH
1. Cioncenue ckopocmeit mouxu

1.1. Tenexka aukercsi co ckopocThio #. [lo Ky30BY cbhe3kaer rudkas
A HHUTh ¢ TAKOM 3¢ CKOpocThio. Onpeneauth adCOMOTHEIC

u_| CKOPOCTH KOHUOB A U B HUTH.
B

() g) Otset: v4=2u, vp ZM'\/E.
1.2. Knun A omyckaeTca, CKOIb34 TI0 BEPTHKAIBHOMN MTOCKOCTH CO CKOPO-

CTeI0 V4. OmpenenuTh CKOPOCTh KIIWHA 3, TBUKYTIIETOCs 10
B \ TOPH30OHTAIBHOM TUIOCKOCTH.

Otset: vp =v4tga.

1.3. [lpssmoyroneHOe TENO ¢ HAKIOHHBIM LMIHHAPUUYECKUM OTBEPCTHEM
BHYTPH JBHIKETCA CO CKOpPOCThIO u . Onpenenurthb
abCOMOTHYIO CKOPOCTh MOPLIHA B BHYTPH OTBEp-
crud. K nopuiHio npukpenyieHa HuTh, NEPEKUHYTast
—™ uyepe3 Onok C W NpUBSA3aHHAs K HEMNOJABUIKHOM
CTEHKE.

4
OtBeT: ©vp =2usm5.

1.4. CrepkaE BpanarOTess BOKPYT OCH () HABCTPEUy IPYT APYTYy ¢ OQWHA-

B xoBeiME ckopocTsiMu @ = const. Ctepskens CD = 2a
¢ My(ramMu HA KOHLAX, HAJAETBIMHA HA CTEpPkHU AO M
BQO, Oyper aBurarbcs mocrynarensHo. HalWtu cko-
POCTB €r0 TOYCK.

[2{0})]
2o

OtBer: v=

sin

1.5. luck paadycoM # BpalllaeTea BOKPYT BEPTUKANbHOM ocu CD) ¢ mocTo-

B AHHOW YIJIOBOH CKOPOCTBK) (U] U BMECTE C HTOH OCHIO
2 4 ( ---------- BpaILAeTCsas BOKPYD HEMOABHIKHOW ocu OO, ¢ yriioBOMU
& : /m' CKOpPOCTBIO M =const. Jmana OD — 2r. Haittu cko-
i) t
l D pocTH TOUEK A W B, pacToN0OKEHHBIX HA KOHIAX Tep-
G NEeHAUKYJISIPHBIX JHAMETPOB.

OtBeT: U :r\fﬁloﬁ +(w —(;32)2 y Dg=r(m—m).
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1.6. Jluck paamycom # BPalACTCsl BOKPYT MOPU3OHTANILHOKH ocu AB ¢ yrno-
BOM CKOPOCTBIO (0| MU BMECTE C HEW BPALIAETCS BOKPYT ?
HEMOABUMHOW BEPTUKAIBHON OCH Z C YITIOBOH CKOpO-
CThIO @y . OnpeacauTh CKOPOCTh BepxHEH Touku M auc-
Ka,ecm AB=a,OB=5b,4AB L OB.

/2

1.7. Kapannai A ABHXKETCA MOCTYMATENBHO ¢ MOCTOSHHOH CKOPOCTBIO U
B TJIOCKOCTH, COBTIA/IAFOINEH ¢ OCBIO BPAIEHUS KOHY-
Ca, U YEPTUT HA HEM CIMPallb, HAYKMHAS OT BEPUIMHBI.
OnpenenuTe OTHOCHTEIbHYIY CKOPOCTb KapaHIallla.
Konyc Bpamaeresi ¢ yriioBod CKOPOCTBIO . YTOI
PU BEPLLIKMHE KOHYCA PaBEH 2 .

u ;
Oteer; v, = V14w’ sin’e .

Cosx

OTtBer: Uy = \/(rool — amn )2 +h2w3.

1.8. Crepikenb (JA = g BpalllaeTcs ¢ YITOBOH CKOPOCTBIO () BOKPYT OCH
() ¥ 3aCTaBJIAET NMOBOPAYMBATBHCA BOKPYT ocu
crepaxenb BC., OnpeaeinTe YrioBYK CKOPOCTh
crepaHs BC kak PYHKIAIO yIia @ . b

-

a (a — bsineg)
a” +b”> = 2absing

OreeT: Mpe = 0.

g |

1.9. Yronok OAB ¢ nepneHIuKyIApHBIMH CTOpOHAMH BpaIiacTcs BoO-
KpyT () ¢ TOCTOSTHHOW YTJI0BOW CKOPOCTBIO (0 M 3aCTaBisieT 4 »
cTepskeHb CI) MBUraThCad B BEPTHUKATLHLIX HAMPABJIAIONIHX.
OnpenenuTh CKOPOCTh TOUEK CTEPKHA (/) B MOMEHT, KOT/a
cropoHa OA4 = a Oy/JeT BepTUKANLHA,

OtBeT: U =am.

1.10. Crepxens (J4 Bpamaercsi BOKPYr ocu () W 3acTaBjisieT KOJIeuko M,

HAaACTOC HA HErQ, CKOJbL3WUTL MO HCHNOABHMKHOMY A
crepxuo BC. Onpenenuts abCONFOTHYIO CKOPOCTh B M C
KOJICUKA.
P
[£]
i
OtBeT. vy = (g : 0 r
COS“( f
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1.11. Crepsxan OA w BC nponyweHsl uepe3 MypTy 1) NEpreHanKyIIPHO
apyr apyry. 3seHo (A Bpamaerca BOKpyT ocu () ¢ yr-
JIOBOH CKOPOCTBIO ®, 3BeHO B — Bokpyr ocu (. Onpe-
JEJIATh CKOPOCTh MY(THI /) W YIIIOBYIO CKOPOCTH 3BEHA
BC, ecmn OC =a.

OtBeT: vp =am, Oz =o.

1.12. banouka AB ABHIKETCA, CKOIb35l KOHLUAMM MO B3aUMHO MEPICHAU-
KYJISAPHBIM TIJTOCKOCTSAM. Touka B MMeEeT CKOpPOCTh .
Ha fasiouky onupaerca wrbipb /), KOTOPbIA CKOJIB3UT B
BEPTUKAIbHBIX Harnpapisaomux. OnpeaeiuTb CKOpPOCTh
IITHIPSI B MOMEHT, KOTJa KOHEL €ro OyJeT Ha CepeauHe
0aI04KH.

OtBer: v=1uctge .

2. Cnoxcenue yckopenut moyxy

2.1.*Koneco obo3penus’ pajguycoM K Bpamaercss B BEPTHKAILHOM MJ10C-
KOCTH C TIOCTOSIHHOM YIJTIOBOH CKOPOCTBHO (.
¥YrnoBas CKOpPOCTb KaOWHbI BOKPYI BEPTUKAIb-
HOH OCH TaKKe TIOCTOSHHA W paBHa . Haiith
YCKOpEeHHE TOUKH A KaOWHBI, pacloIOKEHHOH B
OJHOHN MOCKOoCTH ¢ “Komecom™. Paauyc kabu-
HEI — F.

OtBer: W, = Jr2m4 +R203§ +2cho§ (nzsin(p.

2.2. Pyka AB po0oTa BBIABUIaeTCA CO CKOPOCTBI % =1u(!) W B TO K€

BpeMS BpaIaeTcs BOKPYT CBOCH FOPHU30HTAIBHOW ocH AB
C YIJIOBOH CKOpOCThI0O ® = (¢ ). Haiith abcomoTHOE

D ycKopeHue cxBata DD, ecnu s = AD = const.

Oter: Wy =+fii® + 52(0” +°).

2.3. Crpena OA KOHCOIBHOTO KpaHa Bpallaercs ¢ MOCTOAHHOH YIJIOBOM
CKOPOCTBIO ® BOKpYr BepTUKaibHOW ocu. [lo crpene

S
o B ABUKETCA Tenexka B ¢ rpy3oMm Tak, uto (OB = s =
Jm A =q(1+sinwt ). Onpenennuts abCOMOTHOE YCKOPEHHE
~ TEIEKKHU.

= Otser. Wi = aooz1 /5+4 sinwi .
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2.4, Halitn yckopeHre TMOCTYNaTeNsHO ABMXXYIEHCS Kyaucs |, ecam Kpu-
pownun (JA BpalacTCs ¢ MOCTOSHHOH YIVIOBOM CKOPO-
CTBIO ® W AJWHA €ro paBHAa . B Havanme nBUKeHHA KpH-
BOLLIHIT PACTIONATralICs BEPTUKAIBHO.

2
Orser: W =a®m cosmt .

2.5. JIse npsamble OCPEMEUIAKOTCS MOCTYNATC/ALHO B OJHOH MJIOCKOCTH
¢ OIMHAKOBBIMH yYCKOpeHHAMH W. Ompeaenuts abCcoMOTHOE "
YCKOPEHUE Koibla A, HAJIETOr0 HA 3TH MPAMbBIC,

Otrer: Wy, =W /5. /" ln‘

2.6. Touka M nBUKETCA MO AMATOHANM KBaapaTra cO CTOPOHOH @ Tak, uToO
OM = a2 (. Onpeaenurs yckopenue Touku M npu { = 1c. Keaa- s

o

par BpamaeTcss BOKPYT OCH, TIPOXOMAMIEH MO CTOPOHE ¢ YTJIOBOH e
CKOPOCTBIO ® — const. .~
Otser: W =2aw.

2.7. Mcnoneiy4 ycnoBue 3afauu 1.5, onpenenuts yeckopenue touek 4 u B
JIMCKA.

Orser: W4 :(col2 — o3 —Zm-lmz)r, Wi :r\/4m§ +(o —wy)" .

2.8. JIUCK pajMycoM ¢ BPamaeTcs ¢ NMOCTOAHHOH YIJIOBOH CKOPOCTBIO (D)

B BEPTHKAILHON MJIOCKOCTH BOKPYT ocu (', KOTOpas TaKKe Byl

BpAalAeTCA BOKPYT BEPTHKANBHOH OCH B/) C YITIOBOM CKO- o

pocThio ;=0,5w,. Haittn abcomoTnoe yckopenue Toukn 4 ¢
vcka. immnaa OC — 2r.

i Hn gl

Otser: Wy =rofJ(2+5cosa) +32sin’ar

2.9, ITlpaMOYrombHWK CKOJB3HT TIO TJIOCKOCTH € TOCTOAHHOI CKOpO-
CTbIO #, 4 IPUCJIOHCHHBIA K HEMY cTepikeHb (A
MOBOPAYMBACTCA BOKPYT wapuupa (). Onpenenurhb
YTJIOBYHO CKOPOCTE M YTIIOBOE YCKOPEHNE CTEPKHA.

J %

1
-—

@

2

u H COS

OrtserT: BN=—-, 49:2_—3([).
a smao asin~ g
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2.10. Ucnoneszysa yenoeue 3anaum 1.6, onpesienTs YCKOPEHUE TOUKHA M,
nonaras ) =const, @y =const .

2
Otrser: Wiy = \/rz(,oi1 +h w3 + w3 (2r0)1 — a(x)g)

2.11. B 3agage 1.10 onpenenuTs yCKOpeHne kommeuka M.
a(§+2¢°10)
cos @
2.12. Pyka poGoTa Bpamaercs BOKPYT TOPU3OHTAIIBHON OCH () TaK, 4TO ¢ =
=@ft). B TO e BpeMa OHA BBIABUIAETCA MO 3AKOHY

AQ =5 — s(t). Onpeaenntsb adOCOMOTHOE YCKOPEHHUE TOY-
K1 A ocH cXBarTa.

Oreer: W= \/(5 —S(b2)2 +(5G+ 25‘('[))2 :

OtBet: Wiy =

2.13. Pyka podora (cM. puc. k 3aj1a4e 2.12) Bpaiiaercs BOKPYr BEPTHKAJb-
HOH ocl (X(); C MOCTOAHHOH YIIOBOH CKOPOCTBKO () H BBIABHTAcTCA MO 3a-
kony AQ = s — s¢t). Onpenenute aOCOMIOTHOE yCKOpeHHWe TOukH A TIpH
( = const.

2 . ..
Otget: W4= \/ [45’*2(05 + (S(D% —§ ) ]smz(p + Szcosz(p :

2.14. Koneco pamuycoM ¢ KaTHTCs 0€3 CKOJBXKEHHS MO TUIOCKOCTH
C TIOCTOSTHHOM CKOPOCTBIO TI€HTpa, paBHoil u. C Takoil ke
CKOPOCTBIO W B TOM K¢ HampasicHuu 1o 000y KoJjeca ABU-
weres touka M. Hadtn ee abcooTHbIe CKOPOCTh M YCKOpe-
HHE B 3aBHCHMOCTH OT MOJIOJKEHHA TOUKH, ONPEACIIEMOro
VTIIOM .

OtBer: v=u 1+80052%, w=a_
\} B

2.15. Jlack paguycoM r BpamiaeTcs B TNIOCKOCTH BOKPYT ocH () ¢ MOCTOSAH-
I HOM yTJIOBOM ckopocThio ®. [lo 000ay AMCKA NBHKETCA TOUKA
M Tak, uro @ =¢(t). OnpenemTs MePESHOCHOE, OTHOCHTEIBHOS

W KOPHOJIMCOBO YCKOPEHUSt TOYKH M.

Oteet. We :2I"CDZCOS%, Wi =2re@, W, = r\f('p4+ B,
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JUNHAMUKA

TEOPEMA OB U3MEHEHWH KMHETUYECKOMW DHEPIHUU

1. Touke coOOLIMAN FTOPUZOHTAIBHYIO CKOPOCTh 4, U OHA CTAJla OINYCKAThCs
0 MMOBCPXHOCTH KOHYCA, OIMHUCHIBaA ciHpans. Kakopa
Oy €T CKOPOCTb TOUKH HA AHE KOoHyca?

OtBet: v =1[2gh+ u?,

2. Taxénoe koneuko M HameTo HA HUTEH AB anmuHoi 4a. B Hauane apuxke-
HUA KOJIEUKO HAaXOJWIIOCh Ha mpsimoi AB. OnpenenuTs 24g
€ro CKOpOCTb B CAMOM HHMXKHEM HOHO}KGHM‘}{, npeanona- 4 B
ras, UTO HUTh BCE BpeMd 0CTaéTcAa HATIHYTOM.

Orser: v= 2ag\/3_.

M

3. Kakosa gomkna ObITh JKECTKOCTb PE3MHOBOTO KTYTA, PUBA3AHHOTO K
CIIOPTCMEHY, YTOOLI y TOBEPXHOCTH 3€MIIH CKOPOCTb

CHpPBITHYBIICTO CIOPTCMCHA OblMAa paBHA Hymo? [nuHa 1 :
Kryra -/, Bec cnoprcmena — P. [N
H
2PH
OtBeT: ¢ =— . \
(H =1y

4. Kakyi0 MUHMMANbHYI0 CKOPOCTbH HA/J0 COOOIUTbL TOuKe A mpsmo-

VTOJIBHOTO TeNa, YTOOB OHO ONPOKHHYNOCE, BPaIlaschk BOKPYT a4

yriopa B? (( kako# ckopocTeio Touka A ynapurcs o0 mon? Mo-

5
MEHT UHEPLKHU TeNa Jo = Emar2 . 2a

OtBeT: Umin =y 2,45 — 2)ag, v=+2,4(5 - Dag.

5. Kaky1o yrnoByio ¢KOpOCTh Haf0 COOOILIMTL KauelsiaM B NOJ0KEHHH PaB-
HOBecHA, YToOBl OHH OTKJIOHMIIMCH Ha yron «? Bec mocku |
AB pasen P, nnvHa eé 2/, mmHa Bepésok (A w OF oavHa-
KOBa U paBHa 3/.

Oteer; ®= \/0,4&5?(1 — COSK).
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6. Crepskenb AB = / najgact u3 BEPTHKAIbHOIO TMOJI0MKEHH, CKOJIb3SI KOH-
| oM A 1o ropu3OHTaNbHOI INMaakol miockoctw. OnpencnuThb
CKOpPOCTH KOHIIA 5 B MOMEHT TIAJCHHUS HAa TUIOCKOCTH. LleHTp
Mace CTePskHA, Touka (', ABMIKETCA 10 BEPTUKAIM.

Oteet: v=4/3gl.
7. [llap ckareiBaeTca 0e3 CKOJIbKEeHUS MO FIMHJIPHYECKOH MMOBEPXHOCTH.

OnpenenuTs €ro YriaoByl CKOPOCTh Kak (pyHKIHIO yr-
ma Q.

OtBeT; @ = l\jg(}? + 7)1 — cosp)g.
r

8. 'opuzoHTaneHbiii cTepskeHb OA MOXET BpAlAThCsl BOKPYI BEPTHUKAJb-
HOM OCH (JZ , CKOJIb34 KOHIIOM A MO HEMOIBIDKHOMY
kobIty. Bec crepxus — P, mwHa - /, koxpduurenT
TPCHHUA CKOJNBKSHHS CTEPKHA 1O KOJBIY - f . CKOb-
KO 000POTOB 10 OCTAHOBKHU C/ICNIACT CTCPIKCHb, CC/IH B
HAYATBHEIH MOMCHT €My COOOIINTE YTJIOBYIO CKO-
pocTh ?

2,
OtBeT: #7 :co_f.
org f

9. OaHOPOHEIN JUCK ¢ MPUKPETIEHHBIM K HEMY CTepKHeM AB  JIBHXET-
'p s, MmepekaTbiBasck 0€3 CKONbXKEHUA 1O TOPU30H-
TATBHOH THTIOCKOCTH. OTIPeAeNTh CKOPOCTh KOHIA /3
CTEPKHA B MOMEHT yJapa €ro 0 miockocTsb. B Hauane
OBUKCHHS CTCPIKCHBL OBLT BEPTHKAJICH W HEMOIBH-
*keH. Bec aucka W CcTep:kHS OAMHAKOBHI. JimHa
CTEPKHA PABHA JBYM PaaudyCcaMm AUCKA 7.

54
OtseT: vy =, |— 2.
178

10. Konny B danoukn AB, CKOMB3AMEMY N0 TOPHIOHTAITBHOI TUTOCKOCTH,
COOOLLUIN CKOPOCTDb ¥ B YKA3aHHOM HA PUCYHKE MONOKEHUH.
OnpeaenuTs CKOPOCTh KOHIA B B MOMEHT, KOTAa CTEPIKEHb

(A craver eepruxkanbHBIM.  HM3BectHO, uwto 2 = 50 ¢M,
0A=30cm, AB =40 cm.

Orser: U = \/12g +0,573u°.

e
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11. Ha ropu3oHTanbHOH NOAKE WMPUHOK @ HENOABMIKHO BHUCHT TAKENAA
HUTb. 3aTeM OHAa HAUMHAET CKOMb3MTh BOpaeo. Onpeae-
JTATH CKOPOCTH HUTH B MOMEHT, KOTIa €€ JIEBBIH KOHEII T10- —
KHHET Tonky. JAmuHa HuTtH [/ = 3 4.

/
OtBer; 0= ’%ga‘ —[ 1

12. Onropoanas Takémad HUTh ATMHOH / CTTyCKaeTcs, CKOTb3A TO Thal-
KHM TUTOCKOCTSIM. B HawuansHBEIH MOMEHT CKOPOCTB
HUTH OblJIa paBHA HYJIIO U KOHEI[ B Haxoau/ica B TOU- A
ke (). OnpenenuTh CKOPOCTh HUTH B MOMEHT, KOrja B a B
Touke () OKaKeTCA KoHew A.

Otset: v=4/glsina. 0

13. K 3agauM xonécam aBTOMOOWIA MPUITOKEHA Mapa CHT ¢ MOCTOSTHHBIM
MoMeHTOM M. Bec aBTomMoOHITa — (7, BEC KaKAOTO M3 HETHIPEX KOIEC — F, pamu-
vc - r. Konéca cuurarb 0JIHOPOHBIMU JUcKkaMu. ONpeaeinTh, Ha KakoM Mpoii-
JACHHOM PacCTOSHUH § CKOPOCTb aBTOMOOMIIS CTAHET paBHO# v ?

IM (69 + G )ro®.

Oreer: g =

14. /Ie omHakoBbie OaNoOUuKy JUIMHOH [ ABMIKYTCSA M3 YKa3aHHOIO MOJIO-
JKEHUS 1oJ, JeHCTBMEM Beca Tak, uTo Touka A BCé
BpEMSA CKOJbL3UT [0 BEPTHKANbHOI cTeHe. Onpeae-
JUTb CKOPOCTb TOUKW 4 B MOMEHT MaacHuA ¢¢ Ha
TOPH3OHTANBHYIO TUTOCKOCTh. B Hawane ABHKEHHA B )
crcTema OblTa HEeMOABHIKHOM,

Otet: v =4/3glcoso.

15. JIBa 0/IMHAKOBBIX CTEPKHA Coe/MHeHbl TapHupom (), Kouelr B ¢ckob-
3UT 1O TOPU30HTANBHOH MNOCKOCTH. ONpeneauTh YII0BYIO
CKOPOCTb CTEPXHA ()4 B MOMEHT, KOIA1a OH YNaJET Ha NJI0C-
KOCTh. [BHIKEHNE HAYANOCh W3 TTONOAKEHUA, TOKA3aHHOTO Ha
pucyHke. JlnmnHa cTepIikHeH - [, macca — m.

OtseT: © =, f'l,S\E%.

16. /Ie oanHakoBbie Sanouku A7) v [JB coeaMHeHbl 1WAPHUPOM [) U HU-
Toi0. Ha wapHupe vkpemnén rpys secom P. TTocne oOpbi-
B2 HUTK OaNOouKu HAyanu NajaTh, CKOJb3A KOHUAMH 0O
FOPU3OHTANLHOH NJOCKOCTU (WapHUp /) ABMIKETCS 00
BepTHKAH). OmpenenTe CKOPOCTE TPy3a B MOMEHT Ma-
IEeHWA Ha TTOCKOCTh. Bec Ganouek — P, mnwHa - /.

Otser: v =4f2,4¢/sina.
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17. Lentpy unnuuapa A, koraa oH HaXOAWACA Had BEPTHKAALHLIM Na3oM,
B KOTOPOM HAaXOAWTCA TIOPIIEHb A, COOOLIWNN TOPH-
30HTAJIbHYK) CcKOpocTh . Onpesenurb CKOPOCTh
MOPIWIHA B B 3aBHCUMOCTH OT yrna ¢ . Bec uunuHapa

M MOPLUHS OAMHAKOB, JUIHHA cTep:kHA AB paBHa /.

Orser: vl = 3u* — 41(1 — cosp)g .
2 + 3ctg’o
18. Tpybka ¢ mByMs OOWHAKOBBIMH TIOPITHAMHA A W 5 IBWXKETCS BHU3 MOI
& é< JCiCTBUEM Beca, a MOPILUHM PA3bE3NAITCA C MOMOLLbID
nuteil 1 u 2, OnpeaenuTs CKOpPOCTh TPYOKHM B MOMEHT,
KOT/ZIa TIOPIIHK YTIpyTcA B €€ Topusl. B Hauane aBwike-

7] a
; g HUSl TIOPIWIHH ObLIK TIOCcEepeanHe TPYOKM W Kacajiuchb
A n

| A BE— apyr apyra. Macca TpyOku — M, nopuina — m.
/
- > M+2m .
OtBeT: v= —m(l - 2a)g.
M+ 4m o

19, Tskénas OAHOPOAHAN HUTh JUIMHOW [/, CIIOKEHHAsA BJIBOE, BHCEJIA HE-

NOABMKHO HA TBO3Ac () . B pesyabTare ManbiX BO3MYLUCHH

3 () HUTH CTama Cbe3KaTh ¢ reo3ad. Onpenenute €€ CKOPOCTh Kak
(DYHKIHIO ANIUHBIL X .

e e e 2
Otser: v=(2x—-/) ETh

h 4 B

20. Tsxénas oaHOpOAHAs HUTh BECOM PP W MJIHHON / MEpeKUuHyTa uepes
Onok, Bec kotoporo 27 u paauyc r. OnpenenuTh CKOPOCTb
HATH B MOMEHT, KorjJga koHeln A TIOZHWMETCA A0 TOYKH /).
Bxauane cucrema Obina Heno ABMMKHA.

Orser: v=0,5(/—7r), }%

21. KakoBa 3aBUCMMOCTE MEKIY YTIIOBBIMH CKOPOCTAMH IHapa W UHIWHA-
pa, @y M @,, B MOMCHT BCTpeuu? B Hauanc

ABWKEHHA OHW OBITH HEMOABW)KHBIMH W pac-
CTOSHUE MEKAY LEHTpaMu Oblno paBHO s. Bec u
paauyc WX OJWHAKOBBI — P w r. JKecTkoCTb
NPYKHHBI — C.

2
cg s _ 2

4—-—)-lL4wy.
¢ rz.)

Oreer: 1,507 =
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[MPUHLIATT JAJTAMBEPA

1. Tpu 0iMHAKOBBLIX TEJA, CBA3AHHLIE HUTSAMHU, ABUXKYTCA 10 LIEPOXOBA-
TOH TOPU30HTAIBHON IIOCKOCTU NOA ACUCTBUEM CUIIBL /. 2 1 F
Onpepenuts HaTSHKEHUE HUTEH. Bec kaxmoro tena - P. — —

Otset: & :lF, Ay :lF.
3 3

2. lllapuku A u B BecoM £, U P, COOTBETCTBEHHO, HA/IEThIE HA TOPU3OH-
TanbHbll cTepienb (L, CBA3aHBI HUTHIO, NEPEKUHYTOM D
yepe3 Omok . Onpenaenutbh HaTAKEHWE HWUTH TPH yCTa-
HOBUBILEMCsI PaBHOBECHH. Jlnuna vtk - /. Bea koner- o
PYKLMA BpallaeTca BOKPYT BepTUKaNbHOU ocu OD ¢ yr-
JIOBOM CKOPOCTBIO (® = CONst.

: 2
Otset; S =ﬂl& 1'E()
B+P g

oy

A @

3. B tene B caenaH BepTUKANBbHBIA KaHA, B KOTOPOM CITyCKaeTcs MOp-
nmieHb A, yKperéHHblii Ha HUTH (ODA, NePEeKUHYTOM i3
yepes 0ok D. Teno B npu 3TOM CKOMb3MT MO TOPH- O y
30HTAJILHON MIOCKOCTH. OnpenenuTh HATSHKEHUE HU-
TH, €C/IM Bec mopiuHsa — P, Tena — G. B
P(P+G)
G+2P
4. Iln¥Ta ACKUT HA FOPU3OHTANBLHON raaakoH mnockoctd. [1o ned kaTur-
Csi 03 CKOJIBKCHHMSI LMJIMHAD 0/ NSHCTBUMEM Napbl C
MOCTOAHHBIM MOMEHTOM M. Bec uunuugpa — P, paau- = 4
yc¢ — r. HaliTh maBneHWe MIATH HAa BRICTYT A. ’/

Otger; S =

(N S

OrBerT:; Nzgﬁ. I
3r

5. ABTomoOuiie Becom /” BbE33KaeT Ha MOCT ¢ yCcKopeHueM /Y. OnpeaenuTthb
JIOTIOJTHATEIBHOE /IaBJICHHE OT aBTOMOOWJIA Ha
ornopy /) B 3aBUCUMOCTH OT PAcCTOSHUS X, €CIIH
AB=BD=1.

Otet: N = PM(I — X).
alg
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6. OnpenenuTh peakuuio WapHupa 8 B MOMEHT 0OpbIBA BEPTUKANbHOR HU-

D ™ AD, ynepxwuparomen Oamouxy 45 B TOpPH30H-
TAJILHOM NOJIOKeHHU, Bec Oanouku paseH .
B Oreer: Kp =0,25P.
A

7. Teno D aexuT nmocepearHe OATOUKH, OMUPAIOIIEHCA HA JBE IIapHHUPHEIE
D onopel. ONPESETUTh AaBJICHHE Tena HA OaJIouKy B
. (D) B moment yaanenus o110l u3 onop. Bec Tena u Ga-
A\ JOUKM OAMHAKOB M paBeH .

———
Orger: N =%P.

8. Illlap BecoM £ kaTuTcd 1o Oanke moa AelcTBHEM cHITEl /. OnpenenuTs
PEAKIHH OTIOP KaK (PYHKIHIO PACCTOSHHS §.

Orser: X4 :%F, Y :P(l—'?g), Vs :P‘Tg.

9. Mexanusm OABID nBUXKETCS B TOPU30HTAJIBHON MJIOCKOCTH, 3BEHO (J4
BpAIIacTCa C MOCTOAHHOH YTJTOBOH CKOPOCTBIO (.

A 2a B OnpenenuTb ycuine B crep:kHe B, YuuThiBaTh
w Jo o JMlIb Maccy 3BeHa A8, paBHYIO .
/)
re — R
9 OtBeT: S =035maw .

10. HuTh, K KOHIIaM KOTOPOH MpHKpeIeHsl TPy3sl BecoM F u 2P, nepe-
Oporrrera dwepe3 Omok. OnpeneNMTh HATIHKEHWE HUTH
cjeBa M crnpapa M peakuun ocu 0. Bec dnoka — P.

i /7 OtBet: & :%P, Sa :gP, Xo=0. Yo :?p_

2P0

11. OnpeaenuTe HATAKEHAC HUTH, HAMOTAHHON HAa UWIMHAP H IOPUKPEI-
NEHHOHW JPYTUM KOHLIOM K Touke (J. Bec mununapa — P,
panuyc — R, llunuuap, Bpaiiaics, CKOab3uT 0€3 TPEeHus
0 HAKITOHHOW TTOCKOCTH.

1 .
OTtBeT: 5 = EPsm o
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12. OnpeaenuTh HATAXKEHWE HUTH, CBA3BIBAIOLICH ABA Tela OAMHAKOBOIO
Beca. [{nnwuap B katutca 0e3 ckombxkeHwsd. K temy A f\b’ ) r
NPUJIOXKEHA cuaa /v, >
OteeT: S =0,6F. \ /

13, Tlumuaap W map ¢ OTMHAKOBBIMH pajHyca-
MU, COC/IMHEHHbBIE CTEPIKHEM, CKAThIBAKOTCs 0€3 CKOJ1b-
MKEHHS [0 HAKIOHHOHW miockocTH. Bec Ten 0auHakos,
pasen P. OnipeiesiTe YCHITHE B CTEPIKHE,

Orer; S= i Psina.
29

14. Ky0uk ckoan3uT 0e3 TPeHMs, a LMIMHAP KATUTCA 0€3 CKOJIbIKEHHA 110
BCPTUKANBHOH TUTOCKOCTH. ONpeaenuTh YCUIHWS B CTEPIKHE,
COEJIMHSIONIEM I[IEHTPHI Mace 3TUX Ten. Bec Tem O/IMHAKOB, A
paseH .

P (24

sin &

OteeT: §=0,2

15. Y nnardopmer A8 HMEIOTCA IBa UWITHHAPHIESCKUX KOIeca BECOM P,
KOTOpBIE KaTATCA 0€3 CKOIBKEHHMSl MO BEPTUKATLHBIM |
npsaMeIM. [Tocepeanne nnardopMsel YCTAHOBIEH TPY3 /), D » /l‘\t
Bec KoToporo /. Onpeaenuth ero AaBleHUE Ha ILaT- A m I 'B
(opMy MpHM JBMKCHMM CHCTEMbI BHU3 MO ACHCTBHEM | '
Beca. [lmardopma Becom P OIMyCKaeTcsi TOPU3OHTAITb-
HO.

i B
P | P

i
16. ﬂ‘Ba MUIAHAPA O,I[HHaKOBOﬁ MAacCChI, COCIHHEHHBIC HAMOTAHHOHW Ha
HHX HHUTbIK), KATATCA 10 [INIOCKOCTH N1OA, JACHUCTBUEM
CHITHI £ OHpGI[GHI/ITB HATAXKCHHUC HUTH.

OtBeT: N =

F

J _\TJr

OrteeT: S = 0,25F.

17. HumaHap KaTuTest o1 ASHCTBHEM NaPbl ¢ MOMEHTOM M W 3aCTaBNsAeT ¢

NOMOILbK) HUTH, HAMOTAHHOH HA HETO, CKOJIL3UThL TEJI0 P
A 1Mo ropu3oHTaNBHOH IUIOCKOCTH. OIpeAeNHTh HATA-
kenue HUTH. Bec Tema 4 paeen (7, Bec mwanMHApa — P, \M
paguyc — r , KO3(p(OUIIHEHT TPEHHUA CKOIBKEHHAST — f . SRV
3Prf +4AM
Oteet: S = A (

TGP 8GY
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18. CranbHol wap A W aepeBAHHABIA £ C OAMHAKOBBIMH paguycamMH CKa-
THIBAKOTCA MO HAKIOHHOH myockocTH.  Onpe-
ACIUTL MX AaBJCHME ApYr Ha apyra. Tpeuue B
TOUYKE KaCaHWA HE YIUTHIBATE.

Oteet: N=0.

19. BepxHeMy KOHIlY CTEPKHA, MOCTABJIEHHOTO BEPTUKAJILHO, COOOIIMIU
ckopocTh v. Onpeacnuth AABACHUES CTEPHKHA HA ILUIOCKOCTh B

v Havasie apWxkeHnus. Bec crepxkns — P, gnvHa - /.

?
Oteet: N =/(1——).
lg

OBLIEE YPABHEHUE TMHAMUWKHK. YPABHEHUWE JIAIPAIDKA

1. Onpeaenutb yrioeoe yckopeHue Oajioukd, KOTopas naaaeT U3 BEpTH-
KaJIbHOrO MONOKCHUA, Bpalllaiach BOKPYr KoHua A, kak ¢yHK-
U0 yryia @ . Bec u ayinHa 6aiouKku W3BECTHBI,

OtBeT: 8=’—£sincp.
A 21

2. CoctaBuThb AU(QepeHLMANbHOC YPABHCHUE IBUIKCHUA LMAMHAPA, KaTALIC-
rocs 0e3 CKONBKEHWA TO TOPH3OHTAITBHOM
IJIOCKOCTH MO JIEHCTBHEM NEPEMEHHON CH-

/X bl =), JKECTKOCTb MpY KMHbI — ¢, BEC
OHTuHApa — P.

Oteer: ¥ +k2x:z£F, k? :Eﬁ_
3p 3P

3. CocraButh auddepeHLMATLHOE YPABHCHUE JBUKCHUA LUIMHAPA, KOTO-
PBIH CKaThIBaeTCA 0€3 CKONBKEHHA 10 HEMOIBIKHOMN
LUMJIMHAPUYECKOH NOBEPXHOCTH.

2g

Oreer: ¢ — 3R+ 1)

sing = 0.
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4. Cocraputh nuddepeHunanbHOe YPaBHEHHE ABWIKEHUS LIWJIHH/PA NTPH
KAucHUM 0€3 CKOJbXKEHUA BHYTPH LMJIMHAPHYECCKOM
noeepxHocTH. OO00OWIEHHON KOOPAWHATOH Ha3Ha-
YUTh YTON MOBOPOTA LAJIHHAPA ¢ .

r
p)=0.

.. 2g
OTtBeT: (¢ +—=sin
? 3r (R—r

5. Coctasuth nuhpepeHiuanbHOE YPABHEHUE JIBUKEHHUA HATH, HCNOJIB3Y S
yecnosue 3agaun 19, ¢. 104,

Oreer: jr'—2§x+g =0.

6. Cocraputh juddepeHnHATEHOE YpaBHEHWE JIBHIKEHHS THKETOH HWTH,
ChEIKAIIECH € IJIAJKOH TOPHU30HTAIBLHON MNOBEPXHOCTH s
crona. JlnuHa HATH - /. L

Orser:; ¥ —%x =0,

7. HeBecomblii 00pyu karaeTcs 0€3 CKOJIbKEHUS 110 FOPU30HTABLHON M10C-
kocti. Ha obpyue ykpemnena Tsxémas touka m. COCTaBHUTE
JathdepeHITHATEHOE YpaBHEHHE JTBHKEHUSA 00pyya.

¢

OteeT: 2¢ tg; +¢7 + 50,

r

8. CocrasuTh mudipepeHITMAIEHOS YPAaBHEHWE BPAIEHNA CTEPKHS AB,
KAQualolerocs Ha WMJIMHAPHYCCKON NOBEPXHOCTU Pa-
maycoM r. JdmuHa cTepokHA paBHa /. B monoskenun A
PABHOBECHS CTEPKEHE PACTIONONKEH TOPU3OHTANTEHO.

OtgeT: (é/2 + P2 9*)P + rXe¢® + grocose =0.

9. Cocrasute auddepeHHaAIIBHOS YPAaBHEHHE KOJIEOaHHH MaTepHAIbHOMH
TOYKM A HA HUTH, HAMOTAHHOW HA HENOABHXKHBIA LU-
THHAP. B TOmo)KeHHH paBHOBECHA CBEIIMBACTCA HHTH

] Wil
JUITHHOH /. %

Oreer: (! + r)p + rep~ + gsing = 0. M
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10. K manomy koJiecy pPeAYKTOPa MPUIIOKCHA Mapa Cuil ¢ MOMCHTOM M,
Onpenenuts yriaoBoe YCKOpeHHE OONMbIIOro Kome-
ca. Bec n pammyc koné€c paBHbl COOTBETCTBEHHO
A, B, Ry,

2M

OtBer: ¢, =————¢
Conn (B +R)

11, Ilnmuap | katurcst 6€3 CKOJIbKEHHUS 110 BEPTHKAIBHOMN TUIOCKOCTH U C
NOMOIILI) HUTU 3ACTABJACT LMAMHAP 2 BPalllaThCs BOKPYT
ceoer ocu (). OnpenenuTh YCKOpeHHe UeHnTpa muianapa 1,
noJiarast BEC ¥ PaJINyC MHJTHH]IPOB OJTHHAKOBBIMH.

OtBeT: W =0,52.

12. Ha cpemﬂm ITATWHAP KaTYIIKW HAMOTAHA HUTh U CBOOOJHBIM KOHIIOM
eEam MPUKPEIJIEHA K HENOABHXHON NOBEpPXHOCTH. ONpenenurb yc-
Kopenue ueHTpa katywki. Bec kaxzaoro aMcka - (7, Bec cpen-
Hero unanHapa — P. Paauycbl yka3aHbl Ha UepTexke.

2P+2G
OrseT: W:—Jr—bg
3P +4G

13. CrepikeHr AB BecoM (5 BpalllaeTCsa Mapol CHII ¢ MOMEHTOM A BOKpyr
ocn O W 3acTaBlIAeT JIBA OJMHAKOBBIX KOJIECA, BEC KOTO-
poix P, katatbesa no 00NbLIIOMY HENOJBMKHOMY KOnecy. Pa-
AUYCHI KONEC — ¥ U R COOTBETCTBEHHO. [IBHXKCHHE MPOMCXO-
JIUT B TOPU3OHTAIIBHON TUIOCKOCTH. ONPEJIS/IUTh YIJIOBOE YC-
KOPCHHE CTEPKHA,

Mg

OTBeT: €= _
(GHOPYR+r)

14. [lnuTka AB magaeT BHU3, 3aCTABIAA BPAMIATLCS MPHIKATEIE K HEMY JHC-
— -1 ku. OnpenenuTs YyCKOpeHHE TUTHTKW. Bec AWCKOB M TUTHTKH
; OJIMHAKOB,

Oteer: W =0,5g.

I
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15. Ucnonb3ysa ycnoeue 3agaud 14, ¢. 107, naliTu ycKOpeHHE LEHTpa Lu-
JUHAPA.
OTBeT: W =0,8g.
16. Cucrema, COCTOSIIAS M3 UMIMHAPA M TEIA A, COCAMHEHHBIX CTCPHKHEM,
JIBHOKETCSI TI0 TOPH3OHTAIEHOH TUIOCKOCTH 110/ »
JICHCTBUEM CWJIbI {7, KOTOpPas NPUIIOKCHA K

HUTH, HAMOTAHHOH Ha muUmHHApP. Halith ycko- y /-

penne meHTpa wumMHIpa. Macca nrimHIpaA
my, Macca rpysa - m.. Kosdpuument tpenus
CKOJIBKCHHS PABCH f .

F-mgf
8 +3my

17. HeBecoMblii CTEPIKEHD € TSHKENBIMUA MATEPUAILHBIMU TOUKAMU A u B na
KOHLAX CKONBL3UT 0e3 TpeHud 1o cTeHe M noday. CocTaBHTh
mrpepeHITHANBHOS YPABHEHHS IBWKCHHUS CTEPKHA, €CITH 4
AB =1, a Macca TOYEK OJIMHAKOBA,

Otet: W =8

Oreer; ¢ — %sin(p =0, B

18. Touku A, B 1 D, coenMHEHHBIE HEBECOMBIMHY CTEPKHAMU OJUHAKOBOMN
JUIMHEIL (B TOUKe 1) — 1apHUp), NajgaldT B BEPTHKATEHOMN D
MIOCKOCTH. [1pH 3TOM TOUKH A B B CKONB3AT MO IIaakoH
TOPW3OHTANRHOH TuIockocTH. CoctaButh JaudipepeHin-
aTbHOE YpaBHEHHE, ONpeAeiAmolIee yroa ¢ . Macca Tou-
ku DD B n1Ba paza 0onblue Macchl TOYeK A u 5.

Otser: ¢+ ﬂcosq) =0.

19. Iea ogWHAKOBBIEC MIIWHIpPA, COCAWHEHHBIC CTEPKHEM, KaTATCs 0€3
CKOJILIKCHHA 110 TOPUZOHTANLHOHM H BEPTHUKANLHOU
miockocTaM.  OnpeaenuTh  YII0BOE€  YCKOPEHHE @

cTepskHs. JITMHA CTEpXHS - /, BEC CTCPXKHA HE YUH-

THIBATD. %
2g

OtBeT: £ = —=C0S0.
377 %

20. Cocrapurh ;M depeHIHaTbHbIE YDABHEHUS JIBHKEHHS JIBYX OJINHAKO-
BbIX TEJ MAcCO# /#7, COEIMHEHHBIX NPYXKUHON, MO ¢ ¥
nedcTBUeM CHIbI /. JecTKOCTh MPYKUHBI — . WAAWY >

Otser: mi +c(2 —x)=0, m¥ —c(x —x)=F.
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21, JIea umJMHApPA, COCAMHEHHBIC MPYXUHOH, KATATCS O€3 CKOJIBKCHHUS
noA AcicTBUEM mapbl ¢ MoMeHToM A, CocTaBUTh
middepeHuIHanbHBIE YPABHEHHUST JIBHKSHHST CHC-

M
\‘ TeMbl, Macca KaKA0r0 U3 LWJIMHAPOB PaBHA /M,
paguyc - . KecTKOCTE MPYKUHBIL — C.

. . 2 M .
Otser: {1 + P2 =——3 3mpa —2¢(g1 —92)=0.
3 mr

22, OnpenenuTb CKOPOCTH WApuKa M BHYTPH TOPU3OHTAIILHOH TPYOKH M
Ay YTJIOBYIO CKOPOCTb BpalliCHUS 3TOi TPyOKHM BOKPYI BEpTH-
X KaJIbHOW ocH AB. B Hauane ABMKEHHA, KOTJAA MIApPHK HAXO-

- IWJICS HA PACCTOAHWM X =« , YIIIOBasA CKOPOCTH BPALUEHHA
L‘;‘/}“"f TpyOKH OblNIa ). Macca mwapuka - #1, MOMEHT WHEPIIHH TPYD-
P KU OTHOCUTEIbHO ocu AB pasen J. CompoTUBICHUE JBHXKE-
Bl HHUIO HE YUUTHIBATE.

2

OteeT: X = \/(p (,00()(2 - az), (|) ZHLGZ(D().
J+mx

23. OaHOpOAHbIH CTEepKeHb AIMHOH (JA4 = [/ KauaeTcs KaKk MasTHUK B BEp-

TUKAJTBHON TIIOCKOCTH BOKPYT ocu (). [lo cTepkHIO criyckaeTes

kosieuko M. Cocrasuth audepeHinansHoe ypaBHEHUE JBHKE-

HHA CHCTEMEI, TIpeHeOperas TPeHUEM M CUMTAd MacChl CTCPXKHA H

KOJTeUKa PABHEIMU.

Oteer: ¥ —@°x + geosp=0;
4 22 +352)p + 1250+ 32x + ) & sinp=0,

24, JIucKy COOOLIMIHA YIVIOBYKY CKOPOCTH, H OH HAuasl BPALIATHCS B TOPH-

30HTAIBHON MIOCKOCTH BOKPYr ocu (). B panu-
B ATBHOM TIa3y AMCKA CBOOOTHO IBHIKETCA CTEp-
® xeHb AR, MHA ero pasHa paauycy aucka r. Co-
CTaBHTh TH(pQepeHIHATEHOS YPAaBHCHHE IBIKE-
HHAA CHUCTCMEI. COHpOTI/IBHeHI/Ie JBHKCHHUK) HE
YUHTbLIBATD. Macchl JUCKA U CTCPKHA OJJUHAKOBLI.

Orger; ¥i—x¢°=0; (7rr +x)p=C.

>
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