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BBEJAEHUE

Teopernyeckas MeXaHHKa KaK OJIHA U3 BaXXHEHIIMX IMCUUILIMH UTPAET Cylle-
CTBEHHYIO POJIb B IOJITOTOBKE MHKEHEPOB JIFOOBIX CHEUAIBHOCTEN. 3HAYUMOCTD TEO-
PETUYECKON MEXaHUKH ONPEEISIETCS TEM, UTO OHA ABJISIETCSI OCHOBHOM Hay4YHOU 0a30i
MHOTHUX 00JacTell COBpEMEHHON TeXHUKH, (yHAaMEHTaIbHON TUCIUIUIMHOM, Tperno/ia-
BaHHE KOTOPOU IpeyCMaTPUBAET OBJIAJCHUE OCHOBHBIMU METOJaMU UCCIIEA0BAHNS U
pelIeHNs 3a]a4 MEXaHUKH, PA3BUTHUE JIOTUYECKOTO MBIIIJIEHHS], BBIpAOOTKY YMEHUS ca-
MOCTOSITEIBHOTO PACIIUPEHUS 00beMa MOyUYEHHBIX 3HaHUN U IPOBEACHUS MaTEMaTH-
YECKOT'0 aHaIM3a IPUKJIAAHBIX 3a1a4.

Kypc Teopernueckoli MEXaHUKH SIBISIETCS OCHOBOM, Kak MpO(ecCHOHATIBHOrO
oOpa3oBaHMsI MH)KEHEPA, TaK U YCHEIIHOTO M3Y4YE€HUs OOILETEOPETUUYECKUX U CIHEIH-
QJIbHBIX TUCUUILINH, IPEAYCMOTPEHHBIX YUYEOHBIMHU TUTAHAMH PA3JIUYHBIX CIIELIMAIBHO-
cTeil. YcnenHoe U3y4eHne Kypca BO3MOXHO TOJIBKO MPU COOTBETCTBYIOIIEH MOJrO-
TOBKE, YTO MPEIO0JIaracT yMEHHE CTYJEHTA: BBIUUCIIATH IPOEKIMU BEKTOPOB HA KOOP-
JUHATHBIE OCH, TEOMETPUYECKU M AHAIMTUYECKHA BBIYUCIIATH CKAISIPHOE U BEKTOPHOE
IIPOU3BEJECHUE BEKTOPOB; MOJIb30BATHCA CUCTEMO MPSAMOYTOJIBHBIX IEKAPTOBBIX KOOP-
JIMHAT; OMPENENSATh NPOU3BOJIHbIE (PYHKIIMU OJHOTO MEPEMEHHOIO M YaCTHBIE MPOU3-
BOJHBIEC (DYHKIINIT HECKOJIIBKUX MEPEMEHHBIX; CTPOUTH TpaUKu QYyHKUUI; 3HATH MTOHS-
THE €CTECTBEHHOI'O TPEXITPaHHUKA, KPUBU3HBI U pauyca KPUBU3HBI KPUBOI; 3HaTh OC-
HOBBI TEOPUH KPUBBIX 2-TO MOPSAKA; HHTETPUPOBaTh 1udPpepeHIInaIbHbIE YPABHEHMUS.

OIHOBPEMEHHO METOJbI MEXAHUKHM KaK €CTECTBEHHOW HAayKH, TO €CTh HayKH O
3aKOHAaX MPUPO/bI, MO3BOJSIOT U3YUYUTh U OOBSCHUTH LTI PsJl BaXKHBIX SBJICHUH B
OKpY>KaloIlleM Hac MUPE U CIIOCOOCTBYIOT JalbHEHUILIEMY POCTY U PA3BUTHUIO €CTECTBO-
3HaHMA B 1ejoM. Ha ocHOBe TeopeM M IPUHIMIIOB MEXAHNUKH PEIIAKOTCS MHOTHE MHKE-
HEpHbIE 33]1a4M, OCYIIECTBIIAECTCS MPOCKTUPOBAHNE HOBBIX MAIUH, KOHCTPYKLUN U CO-
opyxeHuil. KauecTBeHHOE YyCBOEHHE Kypca TEOPETHYECKONM MEXaHUKU TpeOyeT He
TOJIBKO TJIyOOKOTO M3YUYEHUS! TEOPUH, HO U TPUOOPETEHUS TBEPIbIX HABBIKOB B PeIlie-
HuM 3a7a4. CaMOCTOATENbHOE BBIITOJIHEHHE CTYJIEHTAMU KYPCOBBIX 3aJJaHUM SIBISIETCS
Ba)KHBIM CPEJICTBOM MOBBILIEHUS 3HaHUU. [Ipr 10OpOCOBECTHOM OTHOILIEHUHU K BBITIOJI-
HEHUIO U 3aIlUTe KypCOBOU pabOThI CTYAEHT MOJy4YaeT IPOYHbIE 3HAHUS 1O MPEAMETY,
YTO CHOCOOCTBYET (DOPMUPOBAHHUIO TBOPUECKUX YMEHUM, 00€CIeUnBaIOIIUX OCIETY-
I0I[ee Pa3BUTHUE 3HAHUI U YMEHHUU B MPOIIECCE CAaMOCTOATEIHLHOM MpodecCHoHaTbHON
NESATEIbHOCTH.

OBIIUE YKA3ZAHUSA



Hacrosme meTomuyeckne ykazaHusl TMpeIHA3HAYCHBI JUTsl OKa3aHUS TTOMOIIH
CTYJICHTaM B Pa3BUTUU HABBIKOB CAMOCTOSTEIHHOW PabOTHI ¥ MPAKTHYECKOTO MIPUME-
HEHUS METOOB TCOPETUYCCKON MEXaHWUKU W JIydIIEeMy YCBOCHHIO COITYTCTBYIOIIHUX
MPEIMETOB, TAKUX KaK JIETaIl MAIIMH U OCHOBBI KOHCTPYHUPOBAHUS, CTPOUTEIIbHAS ME-
XaHUKa U Jp.

B mMeTomuueckunx ykazaHUAX IS CTYJCHTOB COJEPIKATCS BapUaHTBI KYPCOBBIX
paboT mo Temam:

- 3aganue 1 — Craruka (Cl);

- 3aganue 2 — Kunemaruka (K1 — K3);

- 3amanue 3 — Jlunamuka (J1-2, 1-3).



TPEBOBAHUS K BBIIMTOJTHEHUIO U O®OPMJIEHUIO KYPCOBOM
PABOTbI

B npornecce u3ydeHust Kypca TEOPETUYECKON MEXaHUKU CTYJIECHTHI BBINOJIHSIOT
PSiI KypPCOBBIX paboT, KOMTUYECTBO KOTOPHIX 3aBUCUT OT 00bEMa M COJIEpP)KaHUs MaTe-
puana Kypca, IpelyCMOTPEHHOTO pab0YrM Y4E€OHBIM IIJIAHOM.

OO01uMHy 3aJaHUSAMU SIBIISTFOTCS

Cl — ompezneneHue peakuuii Omop COCTAaBHOW KOHCTPYKIMU TOJA JEHCTBUEM
IJIOCKOM CHCTEMBI CHIT;

K1 — onpenenenne KHHEMaTHYECKUX XapAaKTEPUCTHK TOYKH 1O 33JJaHHBIM YPaB-
HEHUSIM €€ JBUKCHUS;

K2 — onpenenenne abcontOTHON CKOPOCTH U a0COJIFOTHOTO YCKOPEHUS TOUKH;

K3 — kuHeMaTuueckuii aHalIn3 TIOCKOTO MEXaHU3Ma;

J12 — npuMeHeHne TeopeMbl 00 U3MEHEHUH KUHETHYECKOIO0 MOMEHTA K OIpeie-
JIEHUIO YTJIOBOM CKOPOCTH TBEPAOTO TENA;

3 — npruMeHeHne TeOpeMbl 00 U3MEHEHHH KUHETUYECKOM SHEPTUU K U3YUYEHUIO
JBH>KCHUSI MEXaHUUECKOM CUCTEMBI;

K xaxxnomy 3aganuto narorcs 10 pucyHKoB U TabauLa ¢ TONOJHSIOIIMMHU TEKCT
3a/1a4uu UCXOIHBIMU JaHHbIMU. Hymepalus pucyHKOB IBOIHAs, PU ITOM HOMEPOM pH-
CyHKa siBisieTcs uudpa, crosias nocie Touku. Hampumep, puc. C1.3. — 310 pucyHok 3
k 3agauye C1 u 1.1. Homepa ycnosuii ot 0 10 9 nipeacTaBiieHbl B IEPBOM CTOJIOIIE (MK
nepBoil cTpoke) Tabnuibl. Bo Bcex 3amauax CTyAEeHT BbIOMpaeT HOMEpP PUCYHKa CO-
TJIACHO TMpeAnociaeaHel mudpe 3aueTHON KHIKKHM, @ HOMEP YCJIOBHS U3 TaOIUIBI — IO
nocieanei. Hampumep, ecinm HoOMep 3a4€THOM KHM)KKM OKaHUMBAETCA 4uciioM 61, To
oepyTcs pucyHok 6 1 ycinoBue Nel u3 TaOIHITBI.

Kaxxnas kypcoBasi paboTa BbITIOJHsIETCS Ha TUCTaX (popmaTta A4, mpuyueM 3aruch
BEJIETCS HA OJTHOU CTOpPOHE JucTa. Ha TUTYIbHOM JIMCTE YKa3bIBAIOTCS: TEMa KyPCOBOU
paboThl, HOMEpP BapuaHTa, HaMUINS U WHULMAIBI CTYJICHTHI, (aMUIUSI U UHUIUATIBI
IIPENOAABATEIIS.

Ha cnenyromieit crpanuniie BBITOTHAETCA YEPTEXK C YUETOM YCIOBUH PEIIAEMOrO
BapUaHTA 33/1a4l, Ha KOTOPOM JOJIKHBI OBITh BHIOpaHbl KOOPANMHATHBIE OCH M TTIOKA3aHbI
BCE HEOOXOJMMBIC BEKTOPHBIC BEIMYUHBLI. YepTexk IODKEH OBbITh aKKypaTHbIM U
HarJISIHBIM, Ha KOTOPOM HEOOXOJHMMO MOKa3aTh BCE BEKTOPbI, KaK 3aJaHHbIC, TaK U
ONpENEIIEMBIE B XOJI€ PELICHUS 3aJaHUS.
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C TpeTbeli cTpaHUlbl HAUMHAETCS BBITIOJIHEHHE KypCcoBOil paboTel. OHa AOKHA
COMPOBOK/IATHCSI KPATKUMHU 0OOCHOBAHHBIMU MOSICHEHUSIMU B BUJI€ TPUMEHSIEMBIX TE€O-
peM, hopmyIT; M3TI0)KEHHEM TIOCIIS0BATEIPHOCTH PACYETOB U YKa3aHUEM TOJTyICHHOTO
pe3ynbTara. ENMHUIBI U3MEPEHUS TaHHBIX U MOJYyYa€MbIX B IIPOLECCE PEIICHUS BEIIU-
YUH YKa3bIBAIOTCA B 0053aTEbHOM MOpsake. B 3aBeprieHnn paboOThl JOKHBI OBITH
MPECTABJICHBI HCKOMbIE BEJIMYMHBI B BUJIC TaOIUIIBI U TPOBEJCHA ITPOBEPKA MOTyUCH-
HBIX JIaHHBIX. B KOHIE pabOThI CleAyeT MPUBECTU CIUCOK MCIOJIb30BAHHOW MPU BbI-
MOJIHEHUY 3a/IaHUS JTUTEPATYPHI.

3ameuaHue: PYU YTEHUH TEKCTa KaXJA0W 3aa4M CJIEAYET YUECTh CIAEAYIOLIEE:

- OOJIBILIMHCTBO PUCYHKOB J1aHO 0€3 COOJII0/IeHUsI MacIITaboB, MIPUYEM BCE JIU-
HUU, TIapajuIe]IbHbIE CTPOKAM, CUMTAIOTCS TOPU3OHTAIBHBIMU, a MEPIECHANKYISIPHBIC
CTPOKaM — BEPTUKAIBHBIMU U 3TO B TEKCTE 3aa4M CIIEHUAIBHO HE OrOBapUBAECTCS:

- BCE HUTH (BEPEBKHU, TPOCHI) SBIISIOTCS HEPACTSHKUMBIMUA U HEBECOMBIMU; HUTH,
MEePEKUHYThIC uepe3 OJIOK, M0 OJIOKY HE CKOJB3SIT; KAaTKU U Kojieca (B KHHEMAaTHKE U
JMHAMUKE) KaTATCA MO MJIOCKOCTAM 0€3 CKOJIbKECHHUS;

- BCE CBSI3U (€CIIU HET JPYTUX OTOBOPOK) CUYUTAIOTCS UCATbHBIMHU.

Korpa Tena Ha pucyHKe MPOHYMEPOBaHbI, TO B TEKCTE 3a7a4n U B Tadnuie Py, |y,
1 O3HAYAIOT BEC U pa3Mepsl Tena 1. AHATOrMYHO, B KHUHEMATHKE U IUHAMUKE U, Wp

O3HAYaIOT CKOPOCTh M yCKOopeHue Touku B u T.1. Cnegyer Takke UMETh B BH]Y, UTO
HEKOTOPbIE U3 33JIaHHBIX B YCIOBHSIX 33a/1a4d BEJIUYHH (Pa3MepoB) MPHU PEIICHUN HEKO-
TOPBIX BapUAHTOB MOTYT HE MOHAJAOO0UTHCSA, OHU HEOOXOAUMBI JIJISl PEIICHUS APYTHX
BApUAHTOB 3aJ]a4H.

N3 Bcex mosicHEeHU# B TEKCTE 3aJlauu, oOpaliaiiTe BHUMaHUE TOJIbKO Ha OTHOCS-
IIMECs K BallleMy BapHaHTY.

Meroanueckue yKka3aHus 10 BBITIOJHEHUIO 3aIaHUS TAFOTCS TS KaKI0H 3a1a4u
nociie ee Tekcra. [I[puBoaUTCS MpUMeEp BBITIOJIHEHUS aHAIOTHYHOH 3amaun. Llens mpu-
Mepa — pa3bsICHUTh XOJ PEIICHHsI 3a/1a4d, HO HE MOKa3aTh PelIeHrne MOJHOCTRIO. [1o-
ATOMY B PsZIe CIydaeB MPOMEXKYTOYHBIC pacdeThl omyckaroTcs. Ho mpu BeImosHeHUH
3aJIaHus BCE TIPEOOPa30BaHUS M YUCIIOBBIC PACUEThI JOJIKHBI OBITH BBITIOJHEHBI ¢ HE00-
XOJIMMBIMU TIOSICHEHUSIMU. B KOHITe Ka)kI0¥ 3a71a4Ml IOJDKHBI OBITh JaHBI OTBETHI.

3amura KypcoBOil pabOThI MPOBOJAUTCS B HA3HAUCHHOE MTPETO/IaBATEIIEM BPEMsI.
Ecnu B mpouiecce nmpoBepku ObUTH 0OHAPYKEHBI HEJTOUETHI, padoTa OyJeT BO3BpallleHa
Ha 0paboTKy. KypcoBas pabota gomxkHa ObITh aKKypaTHO BBITIOJIHEHA U 0(hOpMIICHA.
[Ipu 3amure pacueTHO-rpadudecKoil paboThl CTYIEHTY HEOOXOIUMO 3HATh OCHOBHBIE
3aKOHBI, TCOPEMBI B (POPMYJIBI, UCTIONB3YEeMbIE B paboTe.



3AJIAYU JUISI KYPCOBOM PABOTBI

Jlist 0603HaYCHNS BEKTOPHBIX BEIUYHH JIajie€ TIOBCIOAY HCIIOIB3YETCS TIPSIMOM
mpudT ¢ BeIAEICHUEM, HanpuMep, F, &, V; a 11 CKaIsIpHBIX — KypcUB 0€3 BBIICICHNUS,
Hanpumep, M, Fy, Vv, ®.

3agaua C1 (2 cemectp)

Kectkas pama (puc.C1.0 — C1.9) 3akpeneHa HEMOJABUKHO HA IBYX onopax A u
B. Onopa 4 — HENOABMKHBIN NUIMHAPUYECKUN mapHup. Onopa B — WK NOJBHKHBII
mapaup (puc.C1.0 - C1.2, C1.5, C1.8) unu HeBecoMblil cTep:keHb BO, KOTOPHIN Kpe-
MUATCS K paMe U K HenmoABWKHOMY ocHoBaHuio O mapHupamu (puc.C1.3, Cl1.4, C1.6,
C1.7,C1.9)

Ha pamy nerictByroT:

- 1apa CUJI C MOMEHTOM M, BeTu4rHa KOTOPOTo YKa3aHa B Ta01.1, a HanpaBiieHHue
Ha PUCYHKE;

- cocpenoToueHHbie cwibl Fq, F, | F3, F4 , KOTOpBIC MMEIOT BETMUMHBI, HAIIpaB-
JICHUSI ¥ TOYKHU MPWIOKEHUS, yKa3aHHble B Ta0n.1 (Hampumep, B ycioBuu 1 cuna F
uMmeer Bennuuny F1 = 10 kH, nanpasnena nox yriiom 30° Kk rOpu30HTaNbHOW OCU U
NpUIokKeHa B Touke K pamsbl).

- PaBHOMEpHO pacrpejiefieHHasi Cujia, THTEHCUBHOCTh KoTopoi = 2 kH/m, a
YYaCTOK MPUJIOKEHHUS [T0KAa3aH Ha PUCYHKE.

Onpenenuts peakuuu onop 4 u B.

[Ipu okOHUYATENBHBIX MOACYETAX NPUHATH a = 0,6 M.

Vrkazanusa. C1 —3amaya Ha COCTaBJIEHUE YPABHEHU PaBHOBECUS JIsl TeJla, HAXO-
JSIIETOCs 1O/ JEHCTBUEM IIJIOCKOW CUCTEMBI CHII. DTH YpaBHEHHSI BbIpaXkatoT HE00XO0-
JUMbIE U JOCTaTOYHBIE YCIIOBHS paBHOBECHS CBOOOJHOTO TBEPAOIO TeJa U UMEIOT BUL:

gFmo, ;kao, gmo(Fmo. (1)

Jlns coctaBnenus ypaBHeHu (1) npeaBaputesibHO TpeOyeTCs:

- 3AMEHHUTH PACIPEACIICHHYIO CUJTy €€ paBHOJICHCTBYIOILEH;

- 0OCBOOOJMTH TEJIO OT HAJIOKEHHBIX HA HETO CBA3EH, 3aMEHUB UX PEAKITUIMU (CH-
JIaMHM);

- BBIOpATh HAMpaBJICHUS OCel X U Y NIl MPOEKTUPOBAHUS U MOMEHTHYIO TOUKY
0.

B xagecTBe MOMEHTHOI PEeKOMEHIyeTCs BHIOUPATh TOUKY, B KOTOPOU Mepeceka-
I0TCSl IMHUM JEHCTBUS IBYX peakuuil. B aToMm ciydyae ypaBHeHHE MOMEHTOB OyZeT co-
JepKaTh JUIIL OJIHY HEU3BECTHYIO PEAKIIHIO.

[Tpu Beruuciennn MomeHTa cuibl F; (1=1, ..., 4) yn00HO pa3ioxuTh ¢€ Ha CO-
crasystronue F;', Fi" , 1us Kax1oii M3 KOTOPBIX IUIEYUO JIETKO BEIUUCIIAETCS,  3aTEM BOC-
M0JIb30BaThCsl TeOpeMoit BapuaboHa (0 MOMeHTe paBHoOaeicTByto1Iei) [1], €.40]:

mo (F,) = mgo(F,') +mo(F,") (2)



Obpaszey svinoanenus
Venosus 3aoauu. XKectkas pama ADEB 3akpernuiena Ha 1Byx onopax: A (IToABUX-
HBI mapHup) u B (HemoaBwxHbBIN mapHup). Ha paMy IelicTBYIOT 3a/1aHHbIE AKTUBHbIE
CHUJIBL:
- cocpeioToueHHas cuia F BennunHou 25 kH, npunoxkenHas B Touke D;
- [1apa Cuj ¢ MOMCHTOM M=50kHMm (HampaBieHHE MOMEHTA [TOKa3aHOo Ha puc.l JyroBoOi CTPENKoit);
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Taomuna 1.

= F1 F2 =
A AN AN
> A m Fs Fa4 :"
Fi1=10xH F,=20 xH F;=30xH Fs=40 xH :
g g . . . | €
TEIEEl &8 s |REl 5| 2B 3
= 3 = 3 = 3 = 3
0o |- |-|DJ|60| E]| 45 — 10
1 | K|3 | -|-]-] - H | 45 |14
2 | - | - | H |4 | K| 30 = — |20
3 |D|60| - |- | -] - E | 30 |26
4 | - | - | K|3|E| 60 - - |12
5 |H|60| - | - | D]| 30 - — |24
6 | - | - | E|[3] -] - K | 60 |30
7 |D|45| - | - | H| 60 - ~ |22
8 | - | - | H|60| - | - D | 30 |18
9 |E |3 | - | -] -] - K | 60 |38

- PAaBHOMCPHO pacCIpCACICHHAA Hd YYAaCTKC EB cunna MHTEHCUBHOCTBIO q-=

2 kH/m.

Pasmepsl u yrisl nokazansl Ha puc.1l; a =0,5m .
Onpenenuts peakiuu onop A u B .

Pewenue. PaccmotpuMm paBHoBecue pambl ADEB. M300pa3um Ha pucyHke neu-
CTBYIOLIME HA paMy aKTHBHbIE CHJIbI. PABHOMEPHO paclpeeieHHyl0 Ha ydacTtke EB

ST

%
e

M S YQ

3a F’ 2a 2a
Puc.1

Ye CHITy 3aMEeHHMM e€ paBHoneHcTBYyromen Q , Be-
q [V}
- 5 Xp JMYMHA KOTOPOH

Q=09-EB=0-2a=20xkH/m-1m =20 xH ,
a JINHUS IEVICTBUS MPOXOINUT YeEpPE3 cepe-

60° , JMHY ydacTka EB (puc.l).

OcBoOoguM pamy OT CBs3EH, HAJIOKCH-

HBIX B TOukax A u B , 3dMCHHB 5TH CBiA3HU CH-
JaMH - pCaKIOHAMMU. PeaKHI/IIO HCTIOABHXKXHOI'O

mapHupa Rp , HanpaBieHne KOTOPOW HEU3BECTHO, PA3JI0KUM HA JIBE COCTABIISIOLIUE:
TOPU30OHTANBHYIO - Xz U BepTUKaNbHYIO - Y. Peakuus R, nmonBuxHoOro mapHupa A
(1rapHHpa Ha KaTKax) HaNpaBIseTCs] NEPIEHIUKYJIISIPHO ONOPHOU MIOCKOCTH KAaTKOB —

BEPTUKAJILHO.

Jlist coctaBneHus: ypaBHeHU paBHoBecHs (1) BBeeM KOOpAMHATHBIE OCH Xy U
BbIOEpEM B KAUECTBE MOMEHTHOU TOUKY B, uepe3 KOTOPYIO NPOXOAT JMHUU ACUCTBUS

JIBYX HEU3BECTHBIX peakunii Xz u Y.

3anuchIBaeM ypaBHEHUS MMPOEKIMI CUJI HA OCH X U1 Y



> F=0, Xz—F-cos60°=0 , )
k
ZFkyZO, Yp+R,+F-cos30°-0=0 . (3)
k

Jle#icTByIOIIAs HA pamy Iapa CHjl B YPaBHCHHSX IPOSKIUI HE YIUTHIBACTCS, 110~
CKOJIBKY CyMMa IPOCKITHI CHJI ITaphl Ha JIFOOYIO OCh paBHA HYJIIO.
3anuchIiBacM YpaBHEHHE MOMEHTOB:
> my(F)=0, M-R,-Ta—F-cos60°-2a—F-cos30°-4a+Q-a=0.  (4)
k

31ech /I BBIYUCIICHUS MOMEHTA CHIIBI F OTHOCUTEIIEHO TOYKH B MCIOJIb30Ba-
nack Teopema Bapunbona (2). Cuna F Obina pasioskena Ha aBe cocrapisitommue: F = F'
+ F" (puc.1), BeIMYMHBI KOTOPBIX F' = F-c0s60°, F”=F-cos30°. I10CIIE ATOTO MOMEHT CHIIBI
F ObL1 HalimeH Kak CyMMa MOMEHTOB ATHUX COCTABIISIOIINX :
mg(F)=mz(F)+mz(F")=—F"-2a—F"-4a= =—F -cos60°-2a — F - cos30°- 4a
[ToacraBnsiem B cocTaBiieHHbIE yYpaBHEHUs paBHoBecus (2), (3), (4) dyucnoBsie
3HAYCHUS 33/ IaHHBIX BEJIMYMH:
X;—-25-05=0; Yy +R,+25-(3/2)-20=0;
50—R,-7-0,5-25-0,5-2-0,5-25-(~/3/2)-4-0,5+20-0,5=0. (5)
Pemas cucremy JTMHEHHBIX ypaBHEHUH (5), HAXOIUM YUCIIOBBIC 3HAYCHUS UCKO-
MBIX PEaKLUN.
Omeem: Ry =14 xH , Xp= 12,5 kH , Yp=— 2,7 kH (oTpunatenbHbIii 3HaK yKa-
3BpIBACT, UYTO CHWJa Yz MMEET HaMpaBlIeHHWE, MPOTHUBOIOIOXKHOE H300paKEeHHOMY Ha
puc.l)



3agaua K1 (2 cemectp)

[To 3agaHHBIM B JIEKapTOBBIX KOOPAWHATAX B Ta0J.4 ypaBHEHUSIM JIBHKCHHS
toukn X = X(t), y = y(t) Haiitn BU €€ TPaCKTOPHH.

JIns 3a1aHHOrO MOMEHTa BpeMeHu t; =1c onpenenurs :

- IIOJIO’KEHHE TOYKH,

- CKOPOCTh Y YCKOPEHHE TOUKH;

Tabmuna 2.
ITepBas nudpa mmdpa
0 | x =4sin(nt/6) 3 |x=4-2t 7 | x =12 cos(mt/6)
1 | x =3 — 6sin(nt/6) 4 |x=2t+4 8 | x = 6cos(nt/6) — 2
2 | x=3sin(nt/6) —2 5 [ x=-2t 9 | x=4— 8cos(nt/b)
6 [x=2t+2
0 |y=4-9 cos(nt/b) y=t>-2 y =—4 cos(nt/3)
=3 1 |y=2-3cos(nt/A3) y = 8 cos(nt/4) y =10 sin(nt /6)
S 12 |y=4-6cos’(nt/b6) y=4+2t? y = 12 sin?(nt /6)
E 3 |y =12 cos(nt/6) y=2(t+1)? y =2 — 4 sin(nt/6)
% ;1 y i ?cos(nt/s) +5 y f 2 +22_sin(7ct/4) y f 8 * 12 sin(nt/3)
= y =— 10 cos(nt/6) y=3t°-2 y = 3 sin(nt 6)
§ 6 |y=28cos(rnt6)—3 y =3 — 4 cos(nt/4) y = 6 sin?(nt/6) — 7
S| 7 |y=—9 cos’(nt/b) y =3 — 4cos(nt/4) y = 6 cos(nt3)
A |18 | y=6cos(ntA3)— 4 y=2t3 y =4 — 9 sin(nt /6)
9 |y=2-2cos(nt/6b) y = 2 sin(nt/4) y =8 cos(nt3)+ 6

Vrkazanua. K1 —3apaua Ha onpenesieHne KWHEMAaTHYECKUX XapaKTEPUCTHK JIBU-
JKEHUS TOYKHU.

B 3anaue Tpebyercs mo 3aJJaHHbBIM YPaBHEHUSIM JIBHXKCHUSI TOUKH HAUTH U U300-
pa3uTh €€ MOJIOKEHHE Ha KOOPIMHATHOM MJIOCKOCTH B MOMEHT BpemeHu t =t; . Crienyer
TAaKK€ MOCTPOUTH COOTBETCTBYIOLIAE 3TOMY MOMEHTY BPEMEHU BEKTOPBI CKOPOCTH U
YCKOPEHUS TOUKHU.

Obpa3zey svinonneHus
Venosus 3a0auu. Jlanpl ypaBHEHUS IBUKCHUS TOUKH:
x=-2cos(ntA4)+3, y=2sin(nt8)-1 (x,y—-BC™mM,t—BC). (1)

OnpenenuTs NOJOKEHUE TOUKHU, a TAKIKE CKOPOCTh U YCKOPEHUE TOUKHA B MOMEHT
BpemeHu t; = 1 C.

Pewenue. Harinem 1omoxeHue TOUKA B MOMEHT BPEMEHHU t=t, =1C . J[JIst 3TOTO
BBIUHCIISIEM 3HAYCHUSI KOOPIUHAT:

T

X,= x(tl):—2005£4 1]+3:—2~cos45°+3: 1,59 c™m,

Y= y(t) :Zsin(%o1]—1:2~sin22,5°— =—0,24 cMm

Ha puc.2 s3ToMy 10J10’K€HUIO0 COOTBETCTBYET TOuKa M .
Haxoaum BeipakeHUs 111 TPOEKLIHM BEKTOPA V CKOPOCTH TOYKH Ha KOOPAWHAT-
HbIE OCH, UCIIO0JIb3YSl U3BECTHBIE (POPMYJIbl KHHEMATHKU:



vX=>'<=i —2cos Zt |+3|=Zsin| Zt )
dt 4 2 4

vy=y:i 2sin Zt |-1 =£cos(£t
dt 8 4 8

(3mech U Janee TOYKM HaJ MEPEMEHHBIMU O3Ha4yaroT JuddepeHInpoBaHue MO
BPEMECHH).

Haxoanm MOIysib BEKTOpa CKOPOCTH: V=4v,” +V,” .

BoruncnsieM 3HaueHHs U t=t, =1C :

y :%Sin[%ljz;z.sms :3,144-11,41:1,11 cM/C |

X 4

vyzzcos L _ 7-C08225 :3,14.0,92420’73 cM/C |
4 8 4 4

v=4(111)2 +(0,73)2 = 1,33 cm/c .

AHaJIOTUYHO HAXOIUM MTPOEKIIMU BEKTOPA a YCKOPCHUS TOUKH Ha KOOPIUHATHBIC
OCH ¥ MOZyJIb ycKopenus [2], ¢.103:

. d(r . (x ? T
ay,=X=Vy=—| —sIn| —t | |=—cos| —t |,
dt{ 2 4 8 4

a=y=v, :i[zcos[ztjj = —ﬂ—zsin(ztj )
dt 4 8 32 8
a=.a’ +ay2 .
3HavyeHUs, COOTBETCTBYIOIIHUE t=t, =1C OyqyT:
7’ [7[ ]_ 7% -cosd5°  (314) 2 _0.87 ew/c?

=——cos| —-
8

a

x 8 16
2 2 o o 2
a, _ 77 )7t sin225 _(314)°-038 0,12 cm/c?
32718 32 32

a=40872+(-012)% = 0,88 cm/C? .

~-3+1

Puc.2

Omeem: M(1,59; -0,24) - nonoxenue Touku; V(1,11; 0,73), v= 1,33 cm/c - cko-
poctb; a(0,87; -0,12), a = 0,88 cm/c? - yckopeHue.



3agaua K2 (3 cemectp)

[1nockuii MEXaHN3M COCTOUT U3 )KECTKUX cTepkHel 1-4 n non3yna B, coequnen-
HBIX [IAPHUPHO; CTePKHU 1 1 4 mapHUPHO CBA3aHBI C HENOABMKHBIMU ortopamu O1, O,
(puc. K2.0 — K2.9). [TonoxxeHne MexaHU3Ma OMPENEAETCS yriaamMu «, [, ¥, ¢, 6, 3Hade-
HUS KOTOPBIX ITPUBEIEHBI B Ta0J1.5. J[yroBbie CTpesiki Ha pUCYHKaX yKa3bIBalOT HAIIPaB-
JIEHHE OTCYETa yIiIoB MpHU NocTpoeHnu yeprexa. Touku D u K aBisroTes cepeanHamu
COOTBETCTBYIOIINX 3BeHbeB. [mnubl crepkuei: 11 =04 M, L=12M,lz3=1,4m™m, I, =
0,8 m.

B cronbue "Ckopoctu" Tab1.3 3a1aHa BeTUYMHA YTIIOBOM CKOPOCTH CTEPKHS 1
win 4, 1u6o TMHEWHOM CKOPOCTH MmoysyHa B. BekTop ckopocTH Vg HampaBjieH OT TOYKU
B x b, a yrmoBeie ckopoct @1, @4 — IPOTHUB X012 YACOBOM CTPEIKH.

Onpenenutb CKOPOCTH JIBYX TOYEK MEXAaHU3MA U YIJIIOBYIO CKOPOCTh CTEPIXKHS,
yKa3aHHbI€ B cTos01e "Haitu" Tadmuis 3.

Ta6numa 3.
Bapuant Yrusl, rpag Cxkopoctu Haiitu
al Bl yv| ol 6 w1, clwa clve, mic
0 30 (150|120 | 0 | 60| 2 — — VB, VE, W2
1 60 | 60| 60 | 90 |120 | - 3 — Va, VD, @3
2 0 (120 120 | O | 60 | -— — 10 VA, VE, @2
3 90 (120 90 |90 | 60 | 3 — — VB, VE, W2
4 01150 30| 0| 60| - 4 — VB, VA, @2
5 60 |150 |120 | 90 | 30 | - — 8 Va, VE, @3
6 30 (120 30| 0| 60| 5 — — VB, VE, @3
7 90 |150 120 [ 90 | 30 | - S) — Va, VD, @3
8 0|60|30] 0120 | - — 6 VA, VE, @2
9 30 (1201120 | 0 | 60| 4 — — VB, VE, @3

Puc. K2.2 Puc. K2.3



Puc. K2.8 Puc. K2.9

Vkazanusa. K2 — 3a1ada Ha UCIIOJIb30BaHUE METOA0B KHHEMATUUECKOTO aHAIM3a
IJIOCKUX MEXaHM3MOB. PacueT KMHEMAaTHYECKUX XapaKTEPUCTUK HAYMHAETCS C TOTO
3B€HA MEXaHM3Ma, JABWKCHUE KOTOPOTro 3a/IaHO B YCJIOBHUM 33J1auM. 3aTEM pacueT Be-
JETCS «II0 LIETOYKE» C TIePEeX0I0M OT OJTHOTO 3B€Ha MEXaHH3Ma K IpPyroMy, CBI3aHHOMY
¢ HUM. 11 HAXO0XKJIEHUS CKOPOCTEW TOYEK MEXAHU3MA U YIJIOBBIX CKOPOCTEU €ro 3BE-
HBEB CJIEIYET UCIIOIb30BAaTh TEOPEMY O MPOEKIUAX CKOPOCTEU JIByX TOUEK TBEPAOTO
T€JIa, a TAK)KE CBOKMCTBA MTHOBEHHOT'O LIEHTPAa CKOPOCTEM.

[Toctpoenue ueprexa yaoO0HEe HAYaTh C TOTO CTEPKHSI, MOJIOKEHUE KOTOPOTO
onpenensercs yrioM «. Hampasmstonue noisyHa B s 6oJibiiieit HarJIsiIHOCTH PEeKo-
MEHyeTcsl n300paxaTh Tak, Kak okKa3aHo Ha puc.80.

Obpasey vinoneHus

Venosus 3a0auu. T1nockuit MexaHu3m cOCTOUT U3 ctepxHed 1-4 u non3yHa B ;
O1 u O HenoIBMXKHBIC MapHUPHBIC oropk (puc.8a). munbl crepxkueit: 11 =0,4 M, |, =
1,2 m, I3=1,4m, I, = 0,8 m. [TonoxeHne Mexanu3ma omnpeaeisercs yriamu = 120°, S
=60°, y=90°, ¢ =0, = 30°. U3BecTHa yrioBas CKOpOCThb cTepkHa 1: w1 =15 ¢,
Onpenenuts CKOPOCTH Vg, VE, @ 3.



Pewenue. I3006paxkaeM MoJIO)KeHUE MEXaHW3Ma B COOTBETCTBUM C 3aJIaHHBIMU
yriamu (puc.30).

N3 ycnoBwii 3aa4m SICHO, YTO CTEpKEHb 1 BpalllaeTcsi C yriioBOM CKOPOCTBIO @ 1
= 5 ¢! Bokpyr HenoaBKHOM ocH, mpoxoasmiei yepes Touky O; . Clie1oBaTenbHO, MO-
IyJIb BEKTOpPa VA CKOPOCTH TOUYKU A HAXOAUTCS MO U3BECTHOM (popMyie

Va= w1 -AO1=wi-li=5ct-0,4m=2 m/c,

a HampaByeHue Vo nepneHauKysipao AO; .

Puc. 3

Omnpenenum Tenepb Ve - CKOPOCTh TOUKU E, KOTOpasi IPUHAJICKUT CTEPIKHIO 2.
Jlig e€ HaxoKAeHUs JOCTATOYHO 3HATh CKOPOCTh KaKOM-1100 APYToil TOUKU CTEPIKHSA
2 , HapuMep Va , ¥ HaIlpaBJICHHE BEKTOPa VE.

3ametuM, 4To Touka E mpunaanexut crepxxaio O2F, KOTOPBI BpamaeTcsi BOKPYT
HETOJABIKHONW ocH, mpoxojsiei yepe3 Touky O, , ciegoBatensHo, Ve L EO,. s
HAaxXO0JICHUS BEJIUYUHBI VE UCIIOJIBb3YEM TEOPEMY O PABEHCTBE IPOEKIUI CKOPOCTEN TO-

yek A u E TBepmoro tena (CTepkHs 2) Ha OTpe3oK AE , KOTOpbId ux coeaunseT [3],
c.131:

mpze(Va)=mpzg(Ve) - (1)
[IpeaBapuTenbHO YCTAaHOBUM, B KaKylO0 CTOpPOHY HarpaBjeH BekTop Ve . [Ipoek-
1005051 CKOpOCTeﬁ Va U VE Ha OTPE30K AE JOJDKHBI UMCTh OJNMHAKOBBIC 3HAKH, CJIICAOBA-

TEJIHLHO BEKTOp VE HANpaBJIeH BHMU3, U 3BEHO 4 BpallaeTcs MPOTHUB XOJia YacOBOU
ctpenku (puc.30). M3 paBencTa mpoekiui (1) momyqnm :

Va cos 30° = Vg cos 60°

oTKkyza Ve = Va C0s 30°/ cos 60° =2m/c-0,863/0,5 = 3,4 m/c.

Touka B npunagnexut crepxuio BD. [l onpenenenus Vg CHavana HailieM CKO-
pocth Touku D, siBnstomietics oOmiedt nmst Crepxkued 2 u 3. Benmuuuny ckopoctu Vp
HaiiJieM, TocTpouB MrHOBeHHbIN 1IeHTp ckopocTeil (MIIC) 3Bena AE — touky P, nexa-
I[yI0 Ha NEPECEYEHUN MEPIEHANKYISIPOB K BEKTOpaM Va U Ve, BOCCTAHOBIIEHHBIX U3
Touek A u E. 3aMeTuM, 4TO BEKTOPHI VA U VE NIEPIEHIUKYISIPHBI cTEpKHIM 1 1 4, cie-
J0BaTeNIbHO TouKa P2 iexxut Ha nepeceuennn npsimbix AO1 1 EO; (puc.36). I1o nHanpas-
JICHUIO BEKTOpPA VA OIpE/eIIIeM HalpaBjeHHE YIIOBOW CKOPOCTU @2 BPAILIEHUS 3BEHA
AE Bokpyr MIIC P,. Bektop Vp nepnenaukyiasipeH orpe3ky P,D u HampaBiieHn B cTo-
pony Bpaitenus AE Bokpyr P2 (prc.36). Benuunny Vp MOXKHO HalTH U3 ripornopiuu [4],
c.133:

Vb / P.,D = VA/ PoA. (2)



3amerum, uto A AP2E — nipsiMmoyrosibHbIN ¢ yriiamu nipu BepimnrHax A u E coot-
BeTcTBeHHO 30° 1 60°, cnemoBarensHo P2 A = AE-sin 30° = AD. Torna 4 AP;D sBisiercs
paBHOocTOpoHHUM (P2 A = P;D) u cornacuo nponopuuu (2)

Vp=Va=2M/C.

Touka B 3Bena BD nmpuHaasiexkuT Takke v MoJ3yHy B, ABMKyIieMycs nocryna-
TEJIBHO BJIOJIb TOPU3OHTANIBHBIX Hanpapisitomux. CiaeaoBaresibHO, HalpaBiieHue Vg U3-
BecTHO. BoccranasnmuBaem u3 Touek B u D nepnenaukyisipbl K CKOpOCTSM Vg U Vp U
HaxouM Touky ux nepeceuenusi P3 - MIIC 3ena BD. [lo nanpasnenuto Bektopa Vp
OIpEENSIEM HANpPaBIIEHUE YIIOBOW CKOPOCTH @3 BpalleHus crepxHs BD Bokpyr Ps.
BekTop Vs Takke HampasiieH B cTOpoHY BpamieHus: BD Bokpyr Ps (puc.30). Bennuunbl
YTJIOBOM CKOPOCTH 3B€Ha 3 U CKOPOCTU TOUKH B Haiinem, ncnonn3ys cBoiictea MIIC.

@3 =Vp/P3sD=vp/(lzcos30°)=1,6c",
Vg = w3 -P3B = w3 (|3 sin 300) =11 m/c.

Omeem: Vg = 1,1 M/c ,ve=3,5M/c, w3=1,6 c.

3apaya K3 (3 cemectp)

[IpsamoyronbHas miactuHa (puc. K3.0 — K3.5) unu xpyrinas minactuna paguyca R
= 60 c™ (puc. K3.6 — K3.9) BpamaeTcss BOKpYT HEITOJBMKHOM OCH 110 3aKoHYy @ = ¢ (t).
Ocs BparieHus 0o MpoXoauT uepe3 Touky O nmeprneHuKyIsIpHO II0OCKOCTH PUCYHKA
(puc. K3.0 — K3.3, K3.8, K3.9), mu60 mpoxoaut gepe3 Touku O1, O u JEKUT B TIIOCKO-
ctu pucyska (puc. K3.4 — K3.7).

Bnonas otpeska BD npsimoyrosibHOM M1acTUHBL MIIH IO 0001y KPYIJION IJIACTUHBI
nBUKeTCs Touka M. 3aKoH ee OTHOCHUTENBHOTO JIBUKCHHSI, BHIPAKEHHBIN B €CTECTBEH-
Hoit popme AM = s(t) 3agan B TaOI.4.

OnpenenuTh aOCONIOTHYIO CKOPOCTh V, Toukd M B MOMeHT BpemeHu t1 =1 c.

Hcxoanpie JaHHbIe TPUBEACHBI B Ta01.0, /i€ 3HaUEHUSI BpeMeHHU t BO BceX ypaB-
HEHUAX JABUKCHUS YKa3aHbI B CEKYHJIaX.

Vrkazanusa. K3 — 3agaya Ha IpUMEHEHUE TEOPEMBI CI0KEHUSI CKOPOCTEN TOUYKH,
YYaCTBYIOIIEH B CII0)KHOM JIBUXKEHUU:

Va = Vit Ve 1)
3/1ech MepEeHOCHBIM JABUKEHUEM SIBJISIETCS BPAIIICHHE TIJIACTHHBI IO 3aKOHY (@ = @

(t).
Tabmumna 4.

Bapuant |p = ¢ (), Has puc. K3.0 —K3.5 | [lng puc. K3.6 —K3.9

pax |b,cm| AM =5 (1), cm h | AM=s (1), cm
0 212 16 60 (t*—3t) +56| R gR(t“—StZ)
1 4t 20 60 (-2 t?) R %R(t372t)
v 3t 8 802t -t)-48| R | ZR(3t-1)
3 a2 |12 40 (-3t +32 [05R| FR(*-20)
4 -3¢ |10 | 50(-1-30 | R | FREBE-D




5 2 12 12 50(3t-1)-64 | R | ZRQE-T)
6 4 t2 20 40 (t—-2t)—40 [15R %R(thtz)
7 -5t 10 80 (2 —t) + 40 R | 3R@t-1)
8 2 t? 8 60 (t—t3) + 24 R | §R(-5t)
9 -5t 16 40 (312 —t*) - 32 . FR@E-1)
D
B A M D M
e A
ol ) B
"o 4b
wiv u
D D
M
45° M

<40 %
N b _ T 45° .
5b+2 5b+2

Puc. K3.2 Puc. K3.3
ok | [ 36
e (WM
A
b 4b
609
B
ol
Puc. K34

D

Puc. K3.6 Puc. K3.7
A
0 ci M
(0]
Puc. K3.8 Puc. K3.9

OTHOCHUTEIBHBIM JIBHXKCHHUEM SIBJISCTCS IBM)KEHUE TOYKH M OTHOCHTENBHO ITjia-
CTHHBI 110 3aKoHy AM = s (t).



Pemenue 3agaun cieayeT HayaTh C ONPEENICHUs MONoXKeHUs: Touku M Ha muia-
CTHHE, COOTBETCTBYIOIIEr0 MOMEHTY BpeMeHH 11 = 1 c. [lokazanHoe Ha Ha puc. K3.0 —
K3.9 nonoxxenne Touku M COOTBETCTBYET MOJOKUTEIBHOMY 3HAYEHUIO JYTOBOM KO-
opauHathl S . B cmyqae AM = s (t;) < 0, Touky M ciienyer n300pakaTh IO JIPYTYIO
CTOPOHY OT TOUYKH A .

[Ipu nBwxenun Toukn M no nyre (puc. K3.6-K3.9) nns onpenenenus e€ moso-
KEHHSI B MOMEHT BpeMeHH 13 = 1 ¢ ciiefyeT HallTH LEHTPAIbHBIA yroll MeXIYy paany-
camu C4A u CM 117151 3TOro MOMEHTa BPEMEHHU.

Obpasey vinoneHus

Venosus 3a0auu. TlpsmoyronbHas miacTuHa (puc.4a) BpallaeTcs BOKPYT OCH
010 cornacHo ypaBHEHUIO @ = — 4 t? (paj1); IOJ0KUTENBHOE HAIIPABJIEHHE OTCYETA yIia
@ yKa3aHo Ha puc.4a 1yroBoii crpenkoil. Touka M coBepiiaeT OTHOCUTENBHOE IEpEMe-
meHue B0k otpe3ka AD mo 3akony AM=s =60 (> —t) + 20 cm .

Onpedenumsb aOCONIOTHYIO CKOPOCTH V, Touku M B MOMeHT Bpemenu t; =1 c.

Pewenue. PaccmoTpuM aBuxkeHue ToUkd M Kak closkHOE, COCTOSIIEE U3 OTHO-
CUTEJIPHOTO JIBIKCHUS TOYKW BIIOJIb quaroHainyd AD 1miacTHHBI U Tie-
PEHOCHOTO BpAIT[CHUS BMECTE
C CaMOM IIJTACTUHOM.
YcranoBum MOJIOKEHUE
touku M Ha nuaronanu AD B
MOMEHT BpemeHnu t; = lc.
OTHOCUTENBHOE  JIBMYKCHUE
TOYKU M TIPOUCXOAMT IIO 3a-
KOHY

s=60(t?-t)+20.
ITonaras 3necey t = 1 ¢, mony-
yum S = 20 cM. M300pakaeM cooTBETCTBYIOIIEE TTOJI0KEeHNE TOUKoi M1 Ha puc. K9 (M;
=20cm) .

Haxonum BEeKTOpbI OTHOCUTENIBHON CKOPOCTH Vr U yCKOpenus a . Auddepeniu-
py# 3aBHCUMOCTS S(t) M0 BpeMeHH, HaXOIUM BbIpa)KEHHUE /U1 3HAYCHUST OTHOCUTEIILHOM
CKOPOCTH

Puc. 4

v, =$=60(2t—1) (2)
OTKyJa JJi1 MOMeHTa BpeMenu t; = 1C momydaem V, = 60 cMm/c.

Haxoaum BEKTOp NEPEHOCHON CKOPOCTH Ve . Y PAaBHEHUE IEPEHOCHOT'0 BPALLICHUS
IJIaCTHHEL @ = — 4 t? (pan). I1010/KUTENBHOE HAIIPABIECHHE OTCYETA YIIIA ¢ YKA3aHO Ha
puc.9a nyroBoii cTpenkoi C OykBoi ¢ .

Huddepenumpys 3aBucumoctsb @ (f) Mo BpeMeHH, HAlIEM BBIPAKCHHS JIJIS Tie-
PEHOCHOM YIJIOBOW CKOPOCTHU

0, =9 =-8t (c™) (4)

Jlns MomenTa BpeMenn t = 1c¢ u3 BeIpaxkenus (4) umeeM we = — 8 ¢ . Orpuna-
TEJIbHOE 3HAY€HHUE MPOU3BOAHON (4) yKas3bIBaeT, YTO HAIPABICHHE BpallEHUs IUIa-
CTUHBI IIPOTUBOIIOJIOKHO MOJIOKUTEIIBHOMY HAIIPABJIEHUIO OTCUETA YIJIAa (.; TOKaKEM
HaIpaBJeHUE BpalleHUs MJIaCTUHBI Ha puc.4 TyrOBOM CTpeNkoi ¢ OykBoil @ .. BexTop



NEPEHOCHOM YTIIOBOM CKOPOCTH e HAIpaBJIeH BAOJL OcH BpauieHuss OO; MIacTUHBI
TaK, 4YTO C €ro KOHIIA BPAIICHHE HAOIIOAACTCS MPOUCXOASAIINM MTPOTHB X0/1a YaCOBOU
ctpenku. M300pa3um BEKTOp ®. Ha puc.4a.

[TepenocHast CKOpocTh TOYKH M B MOMEHT BPEMEHH 11 - 3TO CKOPOCTH TOUKH My
TutacTuHbl. [Ipu BpaleHuy IaCTHHBI € ToYKa M) ONUCBIBACT OKPYKHOCTB paauyca h
= AM; sin 30° = 10 cMm. Torma Mo TyJIb BEKTOpa MEPEHOCHON CKOPOCTH

Ve =|w,| h=80cm/c (6)

Haxoaum abCoII0THYI0 CKOPOCTh M a0COMIOTHOE YCKOpeHUEe Touku M, ucnoss-
3ys TeopeMbl cioxenus (1).

[Tpu HaxoXaEeHUN MOy AOCOTIOTHON CKOPOCTH YUUTHIBAEM TEPIICHIUKYJISP-
HOCTb BEKTOPOB V, U Ve (puc.4). [Ins momenTa Bpemenu t1 = 1c¢ ¢ yuerom (2) u (6) mo-
JTydaeMm

v, =v2 +v2 =+/602 +802 = 100 cm/c = 1 M/c .

Omeem.Va=1 M/c .
3agaua /12 (3 cemectp)

MexaHnueckasi CucTeMa COCTOUT ABYX CTYIIEHUYAThIX IKUBOB 4 U 5 C pagnycamu
crynened R4 =03 M, r,=0,1mMmu Rs=0,2m,rs=0,1 m, rpy3oB 1, 2 u karka 3,
CBSI3aHHBIX THOKOM HEPACTSKUMOUN HUTHIO.

Macchbl IKUBOB Mg, M5 CIAEAYET CUUTATh PABHOMEPHO paCIpeIeICHHBIMU MO UX
BHEIIHUM 000]1aM; KaTOK 3 - CIUIOIIHON OJHOPOAHBIN IIUIHUHAP

panguycom I3 =0,1 m.

ITon neiicTBueM cuiibl F, MOIYJIb KOTOPOM 3aBUCUT OT MEPEMEIIEHUS S TOUKH €&
npuioxenus (1.e. F = f (S)), cuctema npuxoauT B ABWKEHUE U3 COCTOSIHUS TIOKOSI.

[Ipn BpameHnu WKUBOB 4 U 5 HA HUX JEUCTBYIOT IApbl CHJI COITPOTUBIIEHUS C
MOCTOSTHHBIMA MOMeHTaMu My 1 Ms cootBeTcTBeHHO. KO3 dhuimeHT TpeHus CKOIbKe-
HUs rpy30B 1, 2 0 iockocets f=0,1.

OnpenenuTs 3Ha4eHUE KCKOMOM BEJIMYMHBI B TOT MOMEHT BPEMEHU, KOT/Aa rnepe-
MEIIEHUE TOYKU PUIIoKeHUs criibl F paBHO ©. Mickomast BenunHa yKa3aHa B CTOJIOIE
«Hatit» Tabnuiibl 2, rie 0003HAUCHO: @4 - YIJIOBasi CKOPOCTh MmIKUBa 4, V1 - CKOPOCTh
rpy3a 1, Vc 3 - CKOpoCTh 1IEHTpa Macc Kartka 3 u T.1.

Tabmmma 5

HOMep mp | mg ms My Mms M4 Ms F= f(S) H o Haii-
yCI0-BUS kr | kr | kr | kr | kv | Hm | Hm M ™H
0 2 0 4 6 0 0 0,8 50(2+35s) 1,0 Vi
1 6 0 2 0 8 | 0,6 0 20(5+2s) 1,2 s

2 0 4 6 8 0 0 0,4 80(3+45s) 0,8 Vcs
3 0 2 4 0 |10 03 0 40(4+55s) 0,6 Vo

4 8 0 2 6 0 0 0,6 30(3+25) 1,4 04
5 8 0 4 0 6 |09 0 40(3+55s) 1,6 Vi

6 0 6 2 8 0 0 0,8 60(2+5s) 1,0 04
7 0 4 6 0 |10 ]| 06 0 30(8+3s) 0,8 s

8 6 0 4 0 8 | 03 0 40(2+55) 1,6 Vs
9 0 4 6 |10| O 0 0,4 50(3+25) 1,4 Vo




Vkazanua. J12 - 3ana4ya Ha pUMEHEHHE TeopeMbl 00 N3MEHEHUH KUHETHYECKON
HSHEPIrUr MEXaHUYECKOM CHCTEMBI.

Puc.J12.8 Puc. 129
T—Ty =) A(F})
k

[Ipu pemieHun 3amayu CiaeAyeT Y4eCThb, UTO KMHETUYECKasi SHEPTHUS CUCTEMBI
paBHa CyMM€ KMHETHYECKUX SHEPTUi BCEX BXOAIIUX B CUCTEMY TEJ. DTy IHEPTUIO
HAJI0 BBIPA3UTh Yepe3 Ty CKOPOCTh (JIMHEHHYIO WM YTJIOBYIO), KOTOPYIO TpeOyercs
ONPEAECIUTh B 3aa4e€.

[Ipy BBIYKMCIICHUN KUHETUYECKOM SHEPTUU KaTAIIETrOoCs KaTka 3 JJIsl yCTaHOBJIe-
HUS 3aBUCUMOCTH MEXKIY €ro YrioBOW CKOPOCTBIO @3 U CKOPOCTBIO €T0 LIEHTpa Mace
V3 crenyer ucnoiab30BaTh MTHOBEHHBIN LIEHTP CKOPOCTEH KaTKa.

PaccmarpuBaemasi cuctema sIBIsieTCS HEM3MEHSEMOU (Tesia - abCOJIIOTHO TBEp-
JIble, HUTH — HEPACTSHKUMBIE), MIOATOMY CyMMapHas padoTa BHYTPEHHUX CHJI paBHa
uymo [5], ¢.308. CienoBatenbHo, B 1paBoii yacTd (1) YYUTHIBAIOTCS JIMIIL PaOOTHI



BHEIIHUX cuil. Bce nepeMelienus, HEOOXOIUMBIE JIJIs1 BBIYUCIIECHUS pa0oT, CIe1yeT Bbl-
pakaThb yepes 3aJJaHHOE MEPEMEIEHUE G.

Ecnu no nanueiM Tabmuibl My = 0 v Mz = 0, TO COOTBETCTBYIOIIEE TEJIO MOYXKHO
Ha PUCYHKE HE U300paxkaTh.

Obpasey vinoneHus
Venosus 3a0auu. Maccel Teln CHUCTEMBI, M300pakeHHOM Ha puc.3: Mi;=4 kT,

My N1

Puc.5

my = 0 (mosTomy Teno 2 Ha puc.50 He mokaszaHo), M3= 2 kr, My = 0, Ms = 5 kr. Pagmycer
‘Rs=02M,rs=0,1Mm,r;,=0,1 m;r3=0,1 m.

Cuna F = 2(1+2s) H (s — nepemenienne katka 3 B M). MOMEHT Iapbl CHJI COIIPO-
tuienuss My = 0,6 Hm. Kosdpunmentsr tpenus: f = 0,2; § = 4mm.

Onpenenuts 3Ha4eHUE CKOPOCTH V1 rpy3a 1, B TOT MOMEHT BPEMEHHU KOTJa Iie-
peMeleHne KaTka JJOCTUTHET BEIMYUHBI G =2 M .

Pewenue. Ins onpenenenust ckopoctu V 1 BOCMOIB3YEMCSl TEOPEMOid 00 U3MEHe-
HUU KUHETUYECKON PHEPTruu MEXaHUUECKON cuctemsl (1).

[TockonbKy B HaYaJIbHBIF MOMEHT BPEMEHH CUCTEMa HaXOAUJIACh B [TIOKOE, TO CO-
OTBETCTBYIOIIas KuHeTHueckas sueprust 1o = 0. Kunetnueckas sueprust T cuUCTEMBI B
KOHEYHOM COCTOSIHUM (KOI'/Ia IIepeMelIeHne KaTka G = 2 M) paBHa CyMM€ KHHEeTH4e-
CKUX DHEPTUM BCEX TEJl CUCTEMBI:

T =T, +T5+T5 (2)
CI0JIa HE BKJIFOUEHBI KNHETUYECKHUE SHEPTUU TeN 2 U 4, MacChl KOTOPBIX PaBHbI HYJIIO.

YuuTeiBas, 4TO TENO 1 IBMXKETCS MOCTYNATEIBHO, TEIO 3 COBEPIIAET IIOCKOMA-

paJIJIENIbHOE IBUYKEHUE, a TEJIO 5 - BPALAeTCsl BOKPYT HEMOABUKHONW OCH, TIOJTyUUM :
1

2 1 2 1 2 1. 5
Ty=—my™  Tz=—mgalez+ 10303 Iy =~ Iz (3)
2 2 2 2
Bce BXOAsIME CIOA CKOPOCTH BHIPAKAEM YEPE3 UCKOMYIO Vi , HCIIONb3YS H3-

BECTHBIC U3 KMHCEMATUKHU COOTHOIIICHMA:

V r V I
=1 Vca=605'r5=V1—5, w3=-3=v)— 4)

(05 =—,
Rs Rs r3 Rsrs

Bxopasimue B (3) 1ieHTpaibHbIe OCEBBIE MOMEHTBI HHEPIIUU KaTKa 3 (OJJHOPOIHOTO
IIWIMHJIPA) U IIKKBA 5 (Macca paBHOMEPHO pacipejieieHa 10 BHEIIHEMY pajnycy Rs)
BBIYHUCIIsIEM 110 (hopMyiam :

Ics =0,5m3r§, Ig :mSoR% (5)

[ToncraBuB Boipaxenus (4), (5) nns BenuuuHd @s , Vesz, @s, lcs, 15 B (3), mony-

YUM 1711 KHHETUYECKOM SHepruu (2) Bceil CUCTEMBI :



2
1 3 Iy 2
T=—mM+-—mg——+mg |V 6
2[1 2 3R52 5}1 ()

Teneps Haiimem cymmy paboOT BCeX CHJI, ICUCTBYIOIIMX HA TeJla CUCTEMBI, HA HX
MEePEMEIICHUSIX U3 HAaYaJIbHOIO MOJIOKEHUSI B KOHEYHOE.

Pabora mepemenHol cwibl F(S) Ha KOHEYHOM IMEPEMEIICHUN G HAXOIUTCS B
BHJIC UHTETpaja :

AF) = [ F(s)ds = [2(1+2s)ds = 2(c +c?) (7)
0 0
Pa6OTBI CHUJI TSIKECTHU TCJII CUCTEMBI .
A(P3) =m3 g hes = mzgosin30°, (8)
TI€ hcz- BEPTUKAIBHOE MEPEMEILICHUE IEHTPA TSYKECTH KaTKa 3;
A(Py) = A(P5) =0, 9)

T.K. IEPEMELICHUS LIEHTPOB TSXKECTHU Te 1, 5 BI0JIb BEpTUKAIIN - HYJIEBBIE.

Pabota cuibl TpeHns F,,Tpy3a 1 0 IIIOCKOCTS :

A(Fpp)=—Frp -5 == Ny, (10)

rae N, =mg - HOpMaibHas peakiys IJI0OCKOCTH, IO KOTOPOU epeMeniaeTcs rpys;
s; - IEpeMeleHue rpysa 1.

PaboTa mapel cui1 cCOonpoTUBIIEHUS BPAIICHUIO IITIKKBA 4 :

AMy) =-Myoy, (11)

TI€ ¢4- YTOJ MOBOPOTA IIKKBA 4 .

[Tapa cuit conpoTHBIIEHUS KQUEHHUIO KaTKa 3 UMEEeT MOCTOSIHHBI MOMEHT
M, =G8N, ¥ coBepIIaeT paboTy:

AMy) =-M;03 =—3N3¢3 , (12)

rae Nz=msg c0s30°- HopMallbHAsI PeakIns TUIOCKOCTH KA4CHHUS; g3 - YTOJI IIOBO-
pora KaTka 3.

PaboTh! OCTaIbHBIX BHENTHUX CUJT PaBHBI HYJIIO:

A(Fcy)=A(N3)=0, mockosbKy Touka mpuioxeHus cui Fe, u N3 sBiasiercs Mrao-
BEHHBIM IIEHTPOM CKOPOCTEH KaTka 3;

A(Ny) =0, , T.x. cuia N1 mepnieHIuKyJIsIpHa MEPEMEIICHUIO0 TOUKH €€ MPHIIOKE-
HUS;

paboTa peakiuii oceil MKUBOB (3TH CUJIBI HA pUC.D.0 HE TTOKA3aHbl) paBHA HYJIIO,
MOCKOJIBKY TOUKU X MPUJIOKEHHS HE TIEPEMELIAIOTCS.

Bce HeoOxoauMble 1715l BBIYUCIICHUS pa0O0T JTUHEHHBIE U YIJIOBBIE NIEPEMEIICHUS
BBIpA)KAaEeM yepe3 3aJJaHHOE MEePEMEILEHUE G LIEHTpa KaTKa 3, yYUThIBas 4TO 3aBUCHMO-
CTH MEXIY MepeMEeIIeHUsIMU OYAYyT MOAOOHBI 3aBUCUMOCTSIM (4) MEKIy COOTBETCTBY-
IOLIMMH CKOPOCTSIMH :

(P3=%; <P5=%; 31=905R5=Gr—|:‘r’; @4=:—i=c:5—ljj (13)

Haxonum cymmy pa6ot (7) - (12) , yuutsias (13) :

3 A =2(c+0%)+ Mg gosin30° —8m3 gcos30°pg — Fmygs; — Mo, =

=2(c+02)+m3gc{sin30°—cos30°E]— fmlgG—R‘r’— 4G—R5 (14)
I3 I'5 51y



[ToncraBum nosryueHHbie BeipaxkeHus (6) u (14) B ypaBuenue (1) :
2
1 1+§m3ri+m5 V2 = 2(c+06%)+mg gof sin30° —cos30° 2 |-
2 2 R52 r3

R R
— fmlgg_lec_E’
5 51y

W3 mocnenHero paBeHCTBA BhIpakaeM CKOPOCTh rpy3a | :

B 2>qﬁ<8 /";<B \a<|3 /1<B
Ay A e e T

Puc.J13.0 Puc.J13.1 Puc.J13.2 Puc.13.3 Puc.J13.4
K K K K K

\ﬂ< rdd
E E>/2\2/ E E /<E
ﬂ (94

. <G
L %“<B '\/a<B ? B B
h\( A A A A
77, 7% Z 77 Z

Puc.J13.5 Puc.13.6 Puc.13.7 Puc.13.8 Puc.13.9

K

ol 2(L+c)+mg g(sin30°—005300 6]— fmlg&— 4i
v I3 I'5 51y
1 —3

2

2
0,5 m; +15m5 2 +ms
Rs

[Toncrapiisist 4rciOBBIC 3HAYEHUS 3aJaHHbBIX BeIM4YuH noxyyuM Vi = 0,91m/c.

3agaua /I3 (3 cemectp)
Beprukanbubiit Ban AK (puc.J13.0-/13.9), 3akpersieHHbIi NOANSITHUKOM B TOUYKE
A Y IWJIMHPUYECKUM IIAPHUPOM B TOUKE, YKa3aHHOM BO BTOPOM cTOJI011e Tab1. 3, Bpa-
I[AETCS PABHOMEPHO € YIJIOBOM CKOpocThio @ = 10 ¢ L,
K Bany ’ecTKO MPUKPEIIICHbI: HEBECOMBIN CTEPKEHb | IJIMHON L;=0,4m C TOUECY-

HOM Maccod M 1 = 6 K HAa KOHLIE; OAHOPOJHBIN CTEPKEHb 2 AJIMHOM L, =0,6M MacCOu



m, =4xr. O0a CTepPKHS PACIOJIOKEHBI B OJTHON IJIOCKOCTU. TOYKU KPETUICHUS CTEPK-

HEel K BajJy a TaKXKe 3HAYCHHS YIJIOB O, 3 MEKIy BaJIOM M CTEPKHSIMH JTaHbI Tabm.3.
Paccrosausas AB=BD=DE=EK=b=04wMm.

OrnpeenuTh peakiiuy Orop Bajia , U HAWTU JUHAMHYECKYIO COCTABIISIONIYIO
ATUX PEAKIUM.

Tabmuma 6

Howmep ycmoBus 1 (2 |3 |4 |5 |6 |7 |8 |9 |0
IMoammnauk B Touke | B D |E K | B D |E |K |D |E

g|Crepremel 15 1 |p D |E |K |B |E |E |K

S| B Touke

=

g| Crepren 2\ g |g |E |D|B |K |B |K |D

N B TOYKE
a, rpan. 0 |45 |60 |75 |90 |30 |45 |60 |75 |90
B, rpan. 45 |0 |75 |30 |60 | 45 |30 |75 | 60 | 45

Vrazanus. J13 - 3amavya Ha npuMeHeHue npuHina Jlamamoepa [6], €.344-346.
[Ipu e€ pemeHun ciieayeT OOpaTUTh BHUMAHUE Ha TO, YTO BEJIMYMHA W HAINPaBIICHUE

PaBHOACHUCTBYIOLIEH @ cun WHEPLUN YaCTHUIl CTEPKHS 2 ONPENEIIIeTCs] YCKOPEHUEM
ac €ro LEHTpa Macc, OJHAKO JIMHUS ACUCTBUSA 3TOU PAaBHOJECUCTBYIOLIEH Yepe3 LIEHTP
MAaCC CTEPKHsI HE ITPOXOHUT.

Cnenyet Takke MOMHUTb, YTO MPH ONPEICICHUN JUHAMUYECKUX COCTABIISIIOIINX
peaKkIuii CTaTUYeCKUe Harpy3Kku (B TaHHOM 3a7ja4e - CHIIbI TSXKECTH ) HE YUUTHIBAIOTCSI.

Obpasey vinoneHus

Vcnosus 3a0auu. HeBecoMblil BEpTUKANIBHBIN Ball AB, BpalllaeTcs ¢ MOCTOSTHHOM
yr0Bo# ckopocTeio @ = 20 ¢, C Banom nox yriom o = 30 % sxecTko cKperien oaHo-
poanblid crepxkedb DN maccoit mi =3 xr mmuHOM L = 0,6 M, HeCylIuii Ha KOHIIC
toueunblid Tpy3 N maccoit my =2 kr ( puc.4). Paccrostaus: DB=b=0,4m, AD =2b
=0,8 m.

OnpenenuTe peakuuu MOANATHUKA A, NOAIINIHAKA B U HANTH JTUHAMUAYECKUE
COCTABIISIFOIIUE ITUX PEAKLINAMN.

Pewenue. PaccMOTpuM ABMKEHUE MEXaHUYECKON CUCTEMBI, COCTOSIIECH U3 Bajia
AB , crepxust DN u rpy3a N .

Cornacuo npuniumny Jlaimamoepa Bce ASHCTBYIONINE HA CUCTEMY BHEIIIHUE CUJIbI
BMECTE C CUJIaMH MHEPIMHU 00pa3yloT ypPaBHOBEIICHHYIO CUCTEMY CHII .

N3006pa3um neiicTByronMe Ha CUCTEMY BHEITHUE CUJIBL: CHJIBI TsbkecTu P11 P
, peaKkIuio moAnsaTHuKa R A u peaknuto noammmnanka R g. O6e peakuuu cuutaeM pac-
MOJIO’KEHHBIMU B OJTHOM TJIIOCKOCTH C BajioM AB u crepxueM DN ; aiist yriponieHus Bbl-

YUCIICHUN pa3noXuM R o Ha BEpTUKAIBHYIO U TOPU30HTAJIbHYIO cOCTaBistomme X a,
Y a (pI/IC4)



y OmnpenenuM CHJIBI WHEPIIMHU YaCTHUI[ CTEPIKHS

B | R DN u rpy3a N .
N & [Ipu paBHOMEPHOM BpalleHuu Basa (o = const ) ame-
P MmeHT crepxkHs DN ¢ maccoit dm umeeT yckopeHue a,
D dm HaIpaBJICHHOE K OCHU BpauieHus (puc.6) U 4UCICHHO
Z @ I pasHOe @ =®? h (h-paccTosHME OT 1EeMEHTa 10 OCH

& holc @ BpAIICHUS ).
b, - Cuta nnepuuu 3toro siaementa dd® =— (dm)a
Y Py HampaBiieHa TPOTHUBOIOJIOXHO €r0 YCKOPCHHIO &
A an N (puc.4) ¥ UMEET BETHUNHY
A 77 Xa P, X dd = (dm)a = (dm)w*h

Puc.6 MPOMOPLUOHAIBHYIO PACCTOSIHUIO h OT 3JIEMEHTa JI0

ocu. CrenoBaTeiabHO, SIIOpPa CHJI MHEPUUHU YaCTUIL
CTEP>KHS — TPEYTOJIBHUK , @ UX PaBHOJEUCTBYIOIAA ® TPOXOAUT YEPE3 LIEHTP TAKECTH
K 3TOr0 TpeyroiibHUKa Ha PACCTOSHUU H =(2/3)Lcosa OT Touku D (puc.6) .

PaBHoIelicTBYFOIIAs crl mHepImK @ paBHa MX rMaBHOMY BekTopy R %, KoTophIii
omnpezensercs no Gopmyre:

R? =—ma,, (C— IICHTP Macc CTEPKHS) (1)
MO3TOMY PaBHOJICHCTBYIOIIAS CUJT MHEPIIMU CTEPIKHS UMEET BEIUUYUHY
D" = myap = mw*he =mew*(L/2)sin =180 H.

Cuna unepuun ToueyHoro rpysa N onpenensercs nmo popmyne @y = — may u,

CJIeI0BaTeIbHO, HAMlpaBJieHa OT OcH BpaiieHus (puc.6). Ee Benuunna
Dy = myay =myw*Lsina =240 H

Bribepem Bpamaromuecs BMecTe ¢ BalioM AB koopauHaTHble ocu AX, AY Tak,
4yTOOBI cTepkeHb DN mocTostHHO Niexkalt B MII0CKOCTH AXY .

Bce akTuBHBIE CHITBI (CHITBI TSXKECTH) M CHIIBI MHEPITUH JIEKAT B IIIOCKOCTH AXY,
MO3TOMY ypaBHOBEIIUBAIOIIUE UX peakiuu R 4o , R g Takke TOIKHBI pacmoiaratbes B
miockoct AXY, 4TO U OBIJIO YUTEHO TP M300pakeHUu peakiuii (puc.4).

CocrapinsieM ISl TIOJIy4EeHHOM TUIOCKOW CHUCTEMbI CUJI YPaBHEHUS KWHETOCTa-
TUKH, BBIPAXKAIOITUE YCIOBUS €€ YPABHOBEIIEHHOCTH :

LFy=0, X, +Ry+@ +Dy =0 ;
2Ry =0, Ya=P =P, =0 ; (2)
Zmp(R)=0, —R,(3b) —P,(0,5Lsincr) — Py (Lsina) —

~®"(2b—H)-®y(2b—Lcosar) =0
[ToacTaBnsis B (2) 3HaUeHUS BCEX 3aJaHHBIX U BBIUUCIECHHBIX BEJIMUMH U pelliast
ATy CUCTEMY YPaBHEHUM, HAalIEM peakUnuu ornop A u B Bana:
Xp=-2879 H ; Ya=49 H; Rg =-1321 H .
3/1€Ch O3HAYAIOT, UTO BEKTOPBl X, U Rg UMEIOT HAIIPABJICHUS, IPOTH-

n_n

3Haku

BOIIOJIOJKHBIE YKa3aHHBIM Ha puUC.6.

UToOsI OnpeenuTh JUHAMUYECKUE COCTABIISIONINE PEAKIid, ojaraem B (2)
craTuueckue Harpy3ku P 1, P2 paBubiMu Hymo. [locne 3Toro Haxoaum JuHaMuye-
CKH€ peakluu Omnop:

XA ==2065 H ; YA =0, RE™=-1235 H
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