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NPEANCNOBUE

Uensio yrebHoro nocobinA SBNAETCA OKA3ZAHWE NOMOLM CTYABHTaM
BCEX creumanbHocTei [TTY AHEBHOID, BEYEPHErC M 3304HOTO omeneunu
NPY M3yYeHnn Kypea "Teopun MEXHNASMOB W Mawmk” (TMM).

Kypc "TeopHs MeXaHN3MOB M MBLUMH" AOCTETOYHO TIONHO M3ROMEH B
page yyebuukoB ¥ a'nepayro ouepess W.U.Aprobonesciore,; K.B.Qponosa,
A.C.Kopenako, C.A.KOKEBHAKOBA U AP. 3TV TPYAbt ABAATCR OCHOBON Kypea
NEXUMIA, YHTIEMBIX FIO TEOPUW MEXSHHIMOS 1 MAWWH He Tonbko B ANTY, Ho u

B ApyTX By3ax.

Aainoe nocobue paapaﬁmauo Ha OCHOBE yueﬁﬂux finaHos, pabouwx
NpOrpaMM, PEAM3ALMIo KOTOPLIX OCYLIECTBMAKT MpenogaBaTeni Kadeaps

TMM A'TY. Npu paspaborke nocobua CTaBMnack 3afava - 8 KpaTKOW KOH-

(MEKTUBHOA (hopMe NPeACTABMTE KYPC NeKiwii TAKUM, KaK OH HInaraeTcs B
yebHom npouecce. MNpy 3TOM, MCNORL3YA AaHHoe nocobue, CTYREHTH nony-
UOT BOBMOMHOCTH W3YUMTL UERbIA DAR PAsAenocB Kypca NogpoSHO W B
GonbuieM ofbeMe CaMOCTORTENLHO. .

NocrasnenHol Uenu B 3HAYWTENLHON CTEReHK CroCoBCTBOBAM
MeToAMueckue paspaboTin, BuNONHEHHbE 8 pasHoe BpeMs fudiuvuom A.T,
TpunbkoBbiM 10.8., Kpewmkom 8.C., MonywimHeiM O.A., Anekceesbi JLI.,

. Mouanospiv B.A, ¥ ApyraMu coTpyaHukamy kadeaps TMM, v oboSwaoume
.. ONLIT Honee vem S5-neTHero npenoaasaHqs Kypca TMM a8 PUCKMe.



BBEAEHME

Teopus MExXaHUEMOB M MAWMH - 3TO OAH2 M3 AepBbiX AncLwi-
NWH,BBORSIAR CTYAGHTOB B KpYr OOGIUX ¥ CNELManbHLIX MallUHOCTPOUTENb-
HbIX AMCLANAMH, OHA DNUPAETCS B OCHOBHOM H3 MATEMaTHKY W MEXaHAKY.

3apauei TM!JI ABASETCA NOATOTOBKE CTYASHTOR K M3YUEHWIO KYpCos:
“fleTany MalMH"; TTEXHONOMA MAWWHOCTPOEHNA™; “PacyeT M KOHCTPYWPDEE-
HMe cneuvanbHbiX MAlWH M YCTPOWCTB™ W ap. Cnenoaa"renbuo, TMM - 31O
(DYHABMEHT TEXHWHECKOTD 0BPa30BaHUS GYAYWIMX WHKEHEPOB - MEXaHUKOB.

B kypce TMM CTyASHTLI 3HAKOMATCA C OCHOBHLIMK MOHATWAMM, KOTO-
Pbi€ BXORAT B HAMMEHOBaHUE BUCLIMNAVHBY MALWHA M MEXaHW2M,C NoHATHEM
“MalmHa" YeNoBeUeCTBO CTONIKHYN0CH B ryBoKoil ApesHocv. TlepsoKauany-

- HO MO/l MBWMHOM MOHMMANK YCTPORCTEA ANS NOANSTUA Taxected. C passwiv-
@M TEXHMKW TIOHATHE MALWHbI pacumpunoce. C NOSBAGHWEM BOASHBIX W BET-
* PRHBIX MENbHML 3TH YCTPOICTBA TakKe Guink GTHECEHB K KAaCCy MawmH. C
NOABNEHUEM naposbix MaumH ( XVIII Bex ) npou3owWwen nepsbii HaUMTENb-
HbIH CKAYOK B PAsBUTHUK TEXHWKY, MaLUHbI nepecmnu BhbiTh npuanaanuunn K
" MCTOMHMKY 3HEprim.
FlosBHNNCL MApOBO3bI, napoxoas), CTaHKM ¢ H&aancumunk npuso-
" oM. Bee 3TH YCTPOiiCTBa TakKe BLiNM OTHECEHDI K MOHATHIO MALLIMHbI. Auano-
FUUHBIA CKAYOK npou:-nou.len C NOABAEHMEM 3N1EKTPUNECTRA, o :

W3 npuseeHHOro 0630pa BUAHO, YTO C paasu*men TEXHWKK NEPBO-
HaYANLHOE NPEACTABNEHNE MBLWMHLI KaK YCTPORCTBA NS NOAHATHA THXECTH
€ TEYEHMEM BPEMERW GOMKHO BbINO USMEHATLCH, PECIIMPATBLCS. ‘

B HacTOAWEE BPEMA Mbl NMONL3YEMCA ONpeAeReHKeM MaLLMHbL, KOTO-
poe pan akaneMuk MW, APTOGONEBCKUA: MaINH3 - 9T0 yrrpvmm, co3-
ABB3EMOE WEROBEROM JNIR HIYHUEHNHS H HCIOALIOBIHHS 3AKOHOB

" APHPOAS! C HEebI0 OCAereHNns QDUIHIECHOrD W YNCTBEHNHOTO TPYAS,
YBERHYOHHA ero APpONIBOAHTENALHOCTH # O6Reryenus TpyAa nyreM
YACTHYHON WK ITOSHOR 33MEHb! YE/IOBEKE B €rC TPYAOBHIX H (-
SHONGTHNECKHX (PYHKUHAX.

Beuay mHoronGpasus MawmH B HECTOALRE BPEMA BO3HMIITA Heobxo-

AWMOCTS B WX Knaccupmkating,

BCe MaWMHBL MOXKHO ¥NacoupuumpoBaTe 8 COOTBETCTEAM C naHHh[M
onpeaeneHreM nNo KX PYHKLWOHANLHOMY HASHAUEHMIO!

1. SuepreTUdeckie (3NeKTPOABUIETEN.).

2. TexHonoruueckKe {CTaHKy, npeccs!).

3. KubepHerudeckue unu KOHTPONkHO ~ ynpasnsiowme (onn 3aMe-
THAT MM UMUTUDYIOT DAaZRUUHLIE MEXBHWYECKWE, (DUIUONOTUHECKUE WITH
GHONOrMYECKHE NPOLECCE], NPUCYILWE YBNOBEKY WM HUBONH npupo.ue # obna-
ARIOT 3NEMEHTAMU MCKYCCTBEHHOTO UHTENRNEKTA).

4. GUaKOAOrMHECKME (KCKYCCTBEHHOE CepaUe, NoYKa).

5. TpascnopTHeie (aa‘ronoﬁunb, TpaHcnopTep).

6. Nornyeckue (3BM}.

fipy 3TOM MMEET MECTD M KNACCHMKALKA MallWH, OCHOBAHHAR Ha
NpYHUMNE paBoTel YCTPORCTES, NOA KOTOPLIM OHMMAETC MALIMHA:

1. Mexanvieciue.

2. 3neTpruyeckue.

3. Mwapaenuyeckre,

4. NveBMaTUYECKUE,

5. Tennoebig,

6. MarHuTHbE.

B HacToslee BPeMR BCE YAUE HEKOTODLIE MPOLIECCHI npeotpasoea-
HUA  SHEPruM, MaTepuanos W UHGOPMALUMK BBINORHAIOTCH Maiudamy Ges
HENOCPENCTBEHHOTO yuacmﬂ yenoeeKa. Takue MallivHbl Ha3bIBAIOT MAMHA-
MI-BTOMATaMM. :

COBOKYRAIMOCTE MallMH 3BTOMATOB, COERMHEHMLIX Meway <aboil w
APEAHAIHAUEHHLIX NSt BLINORAHEHWS ONPEAENEHHOTD TeXHONOMMUECKoro Npo-
UeCCa, HAZLIBAETCA IBTOMI THYECKON IHANEH.

MatwnnreM arperaroM HasbiBAETCH PA3BUTOE MaLLMHHOE YCTPON-
cmo COCTOALLEE W3 ABUIraTeAn, NEpefaTOMHBIX MEXAHWIMOB W paboded. Ma-
tinHbI, 8 B HEKOTOPLIX CAYUARX ellle u3 KOHTpOﬂbHO-\/TIpaBnHIOIJ.tHX W CHETHO-
PELLAIOWWX YCTROKCTB, :

TMM  33aHMMEETCR U3YYEHNEM TOJ'IbKO MAWKH, TIPUHUMNL PaboTs:
KOTOpBIX - GNPEASNAOTCH 3aKOHAMIF MEXAHAKM, T.8, MEeXAHWMECKMX MALUMH. .
WccnepoBanvemM apyrux TUNOB MAILMH, TPYBEAEHHBIX B AAHHON K1acCcUdKa-
LMK aaHunaloTca Apyrve, cneunanbuble AMCLMNAMHBE “INeKIpuieckne Ma-
WrHel * , * FTMAPABAHWYECKHE MAMHE " 1 AD. .

Pacmo'rpm Apyroe OCHOBHOE NOHATHE, axommee B HauMeHuBaHuﬂ
gucyunnud TMM - MexaHuEM.

Mexann3IrM - IT0 CHCTEMI TER, NPEANIIHINSHAZR LR npenb'-
PazOBIHNR  IIUIHHBIX ISROHOB GBHKOHNE OfJHOTO HITH HECKOMBIHX
TesT B TPEOYEeMbIE, AN RPAKTHISCKOrO HCIIONEIDBINNT 3aNORE JIBH-
IONNR JPYIHX TN, :



MexaHW3M BXOAMT B COCTas OGO MALIMHE MEXAHUHECKOro NpuH-
unna geiictews. HanpuMep, ABUraTenb BHYTDEHHErO CTOPAHWUA COAEPHHT B
CBOEM COCTARE KPUBOLKMHO - NON3YHHLIA MEXaHUaM, npenHasHaseHHpin ans
npeoSpasoBaHus BOIBPATHO - NOCTYNATEALHOO ARKEHUHA NOPLWHA JaUraTe-
A7 BO BPALIBTENLHOE ABWKEHUE KONEHYATOro Bana.

B pesynuTate CNEAYET YKasaTh, JFO ONDEAENEHHbIE NOHATHA
“MExaHU3M" , “MAWMHAE", "MAWMHHLIA arperar’ ABNAIOCA NPEAMETOM TMM Kak
HayKu. : : ' _ _

’ TMM: 33HMMBETCA AHANW30M W CUHTE3OM MEXAHWM3MOB W MalivH.
- Mo3TOMY 33A24H GHANK3A U CUHTE3A ABNAIOTCR OCHOBHBIMK B kypce TMM.

B 33fauW aHanM3a MEXAHWBMOB W Malud BXOAAT MCCNEAoBaHUS
CTPYKTYPHBIX KMHEMaTHUECKMX ¥ AMHAMWHYECKMX CBOWCTB CYLLECTBYIOWIMX

KOHMCTPYKLWM Ha MEPTEXE Wik B METANNE AN BbISIBNEHASA WX NPWIOAHOCTA B
pa6ote. _ )

CUHTES - 3TO CO3AAHUE HOBbIX, OPUrMHAABHBIX KOMCTPYKUMA MBWKH
M MEXAHM3MOB NO 33A3HHbIM CTRYKTYPHBIM, KHHEMATUHECKUAM W AUHaMYHe-
CKHM CBOICTBRM. o

_ 311 3anauv TMM pewaeT ¢ No3HuWK CTPYKTYRH (cTpoeHMA), KWHE-
MaTVKH 1 AWHaMKKY. COOTBETCTBEHHG 3TOMY B TMM BHIOENAIOTCA pasAentl:

1, MccnenoBawna CTRYKTYPhI W KnaccwhuKaLMa MEXBHU3MOB.

2. KMHEM3THKA MEXaHW3MOB.

3. CUNOBOI aHANM3 MEXIHK3MOB, AVHAMMKA MEXaHH3MOB, MalLUH K
MaLKHHOFC arperara. _ . .

4. AHANU3 ABWKEHAR MALIMH W MEXAHU3MOB 1

5. WccneoBaHne FEOMETPUM M NPOEKTUROBRHNE aybuaTeix  nepe-
Aad - KaK 0coBoro Buaa MexaHuamos.

6. CHHTEI MEXaHKIMOB N DYHKUNAM LENK. MHoronapame“rpw_aecr_mﬁ
CvHTE3, CMHTE3 NIOTUHECKUX CUCTEM  YNDAB/EHIA.

7. INEMEHTHE TEOPHK NMPOMBILLNEHHEEX poBOTOR M MABHWNYNATOROE.

Taknm obpasoM npesMet TMM - eCtb Hayka, naydalowan obiuue 3a-
KOHb! CTPOEHMA (CTPYKTYPbI), KBHEMATUKK W [AHAMUKY MEXAHM3MOB M MAWMH
B CBS3Y € MX 3HANN30OM N CHHTE30M.

1. NCUIEROBAHUE CTPYKTYPbI
N KNACCUDUKALNA MEXAHM3IMOB

1.1. Lleny v 3aaaum CTPYKTYPHOTO UCCNegoBanns
MEXaHHW3MOB

OCHOBHOM - Uenblo CTPYKTYPHOTO WCCNefoBakuf ABMRETCA [PaBu/ib-
Has Knaccudukayus MoBoro MexaHkWaMa ANA BbIRBASHUA METOAA WX nocne-
AVIOUIETO KMHEMATWUYECKOTO U AUHAMHUUECKOMO WCCNSA0BaHUS, TaK KaK, onpe-
BENWB KMace -MEXaHW3aMa, Mbl ABTOMATWYECKW NOMyYaeM MeToas ero Aanb-
Hellwero uccneaosanus. Mpu 3TOM uccnegoBaHun (opMupyloTcs oblupme
3AKOHBI CTROeHNA nIvGoro MexaHu3ma,

ANs nOCTIDKeRMs YKa3aHHLIX Ueneill HeoBXOAuMO pelwnTs Chegyio-
LWMe 32AAYM ' B '

- W3Y4UTh OCHOBHBIE INEMEHTEL CTPOSHNA MEXBHUSMOB,

- M3YYHTDb INEMEHTHI CTPOSHMS MoBore MexaHuaMa,

- NPDSECTH KITACCUhUKALMIO MEXAHWIMOB M CHOPMYNMpPOBaTE oblume
3aKOHB 06pA30BaHUR MOBOT0 MeXaHW3Ma. '

1.2. 3BeHbA ¥ 1X Knaccudmkaums

W3BECTHO, YTO AETafibi0 HESbIBSETCH UACTh MEXaHW3Ma, Nonyuae-
Mas 6e3 npueMoe COOPKH. . : :

SEeHOM MEXaNWIMa HAIMBABTCA HEW3MEHHOe TBEpAde Teno, co-
cTosILee M3 OAHON WK HECKONbKWX AETanei, He UMEIUMX OTHOCUTENbHOH
NOABHKHOCTH. . :

‘ {put Takoi GopMynMpoBKe B COCTAB 3BEHa MOTYT BXOAWTs YNpyrie 1
rMBKUe Tena, B TO BPEMA KK XKMOKOCTU W Fasbl, BXOARIWME B COCTAE MMAPaB-
AUUECKUX 1 HEBMATHUECKWX MEXAHU3MOB, 3BEHBAMM HE ABNNIOTCA.

_ MaeanbHbiM 35€HOM  HA3LIBAIOT Takoe, AehOpMauMAMK  KOTOPOTO
MOXKHO fpeHebpeyn, T.e. 06pa308aHHOro abcoNoTHO TBEPILIMY TEMAMM.
3BEHO HA3LIBAETCA BXOHAMBIM, ECAN 33KOH ABMKEHWA erc 3aaaH.
BegyunM SBNSETCA 3BEHO, ANR KOTOPOro paboTa NpuioXkeHHbix K
HEMY CH/I K MOMEHTOB NONOKWTEIBHA. _ '
BBIXOAHEIM 3BEHOM HA3LIBAETCA 38EHO MEXAHW3MA, COoBeplualowes
TpebyeMoe ABMKEHME, T.e. TO 3BEHO ANA CO3AAHMS ABWXKEHWA KOTOPOTO



npegHasHayeH MexaHusM. 3To 3BEHO HasblBadT ele BEAOMBbIM 3BEHOM, Qc-

TaNbHBIE 3BEHLA MEXaHW3MOB Ha3biBaIOT NPOMEXYTOUHBIMW,
B MexaHV3Max OBbluHG GHIBAET OHC BXOLHOE N OAHO BEIXOAHOE 3BE-

HO. _ .
B oblieM Chydae 3T0 COMETaHWE MOXET 6T paznuqHbIM (Hanpy-
Mep, B avbdeperinansHom MEX2HU3ME].

MHorooGpasne CyWecTBYIOWNX 38eHLER B MexaHuaMax noTpeboBanc
UX KNACCMDUKSUNA. . :

_JpeHuR KNACCUPUUMPYIOT NO DYHKUMOHANBHOMY HasHaueHwo (3y6-
4aATOE KONeco) , TPAAMLIMOHHO COXPaHASA Ha3BaHWE (KynauoK), T.e. TPUMeHs- -

YOT KOHCTPYKTUBHYIO KNACCUKaLMIO. _
HauGonee obuiel ABNSETCH KNACCADIKALMSA 3BEHBEB NO xapaKrepy

WX [BWKEHWs, PaccMOTpUM DBO3HAUEHHE 3BEHBEB Hanbonee 4acre BCTpe-
YSIGLLMXCS! B CXEMaX PaanuUHbIX MEXaHH3MOB:

2 - KOpOMBLCNO-3BEHO, CO-

: _ pepliaouee  konebaTenbHoe

BpauiaTensHoe ABMXKEHHE

38eH0, CoBep- e
OTHOCWTENRHO HENOABMXHON

1 - kpuBOWMN -

LIAKHUER nonweiin  obopor

GTHOCMTENBHO  HEMOABWKHOM oriopu O

onopw O :
0 3 3

4t

4 - WaryH - 3BEHD, Co-

pepllaioliee . TIOCKO-
3 - non3yd - 38EHO, cosepliaee BO3BPATHO- - ‘napaanencHoe SBUXEHHWE
4 Hanpas- M HE WMEKLWee CBA3W C

nocrynarensHoe ABMKEHWE N0 HenoABWAHG

nacwlei (O} HENOABWMKHEIMY | TOURaMK

3BEHLER MEXaHW3IME .

B paccMOTPEHHOM NPpUMEPe 3BEHC
5 ABNAETCH - KYSACOI - KOPOMBICTIOM , &
3BeHo O - cTolKa {CTaHuHa ).

ECAM MEXaHW3M COREPXHT TONBKO
PaCCMOTPEHHbIE BhIE 38&HLA , OH Ha3bl-
BAETCA WAPHMPHD - PbIY@XHBIM. W3 pac- /o
CMOTPEHNA NPUBEAEHHLIX NPUMEROB Bi- ©

[MM, MTO 3BEHBA MONETMDYIOTCS Kak abco- 0 - KYAWCA - 38EHO, ABARIO-
leecs  NOABMXHOW  Hanpas-

TIOTHO XECTKUE, HEASROPMUDYEMBIE TENA.  NRIOLLEH ANA ADYTOMC 3BEHA;
r

Kak -npaifio, B cocrase Mexa- 6 - Ky/UCHBIA KaMeHb, 370

HM3Ma CTOiKa (O) 370 EMMHCTBEHHOE 3Be- —oohor COBEpUaiolee  Bo3-

FOPRE :.-»k.« BPATHO - NOCTYRIATENGHOE ABY-

Wt } WeHWe no  MOABMNHOW  Ha-
- ' fpaenAowed o

HO. . e
\"'H--.... 3

[

. _ _ S .
1 - KDMBOLIKN; 2 - KYNUCHBIR KaMeHb; 3 - KyaKca-KopoMsicno; 0 — cToiika

MpuBEAEM MPUMEPL CXEMATHYELKOTG W3OBPaXeHWA 3BeHbeB, BXD-
BAWMX B NOABUKHOE COSANHEHWE C BBYMR 3BEHBAMM

Wiy C TPEMAR 3BEHBAMA.

v




1.3. KuHeMaTvqeckve napbl u WX Knaccugukaums

KUHEMaTUUECKas Mapa - 3TO MOABUKHOE COBAVHEHWE ABYX CONpHKa-
CRIOLMXCA 3BEHBEB (COBANHEHME ABYX 3BEHLEB, nonycxaiomee HX OTHOCH-
TeNeHYIO NOABIKHOCTL).

COBOKYNHOCTb TOMEK, MK M MOBEPXHOCTEH, KOTOPBIMA COMpHKa-

CAKITCH ABA 3BEHa, 00pasys KUHEMATUMECKYIO Napy, HA3LIBAKT ITeMENTIMH
KMHEMaTHYECKOH rapsl. Ha CxeMax RMHEMATUYeCKue napsl NpUHATO obo-
3HAUATb 3arnasibiMK SyKsamu pyccxoro andaBuTa (CM.cxembl B 1. 1.2).
KnHeMaTvyeckne napbl MoTyT OTAMYETBC APYr OF Apyra SMeMed-
TAMW, @ TAIOKE YUCNOM OTHOCUTENLHBIX ABWKEHWIA 3BEHBEB, BXOAALLMX B KV~
HeMaTuueckue-napu. Beuay vx MHOrooGPa3MA KMHEMATUUECKWE N2pPkl NPHHA-
To KnaceuduuMpoBaTh. PasmmualoT Knaccugmikauuu: 1) no uucay YCnoB#i
cBsav; 2) no xapakrepy (Cnocody) KOHTAKTa 3MeMEHTOB KHHEMaTHHECKWX

nap.
KnaccHgpnraymnn KHNEMITHIECKHX ap no Aprodonescxomy H.H.
B acHoay KnaccutbHKaLMKM KMHEMAaTUHSECKUX nap no Aptobonescko-
My FMOMOXEHO NWCTO YCTOBMI CBA3M , KOTOPbIE HAKNBABIBAKOTCA H3 OTHOCH-
TENLHOE [BWMKEHHUE JBEHLEE NPU BXOMKASHWUA MX B KWHEMBTUHECKY!D napy.
PaccMOTPUM ApUMEDLL KMHEeMAaTUHECKUX Nap.

S=4

Z H=g. . _ - C hes
uap \T‘;-r* 8=l
~N S

/ N
% - © KuHeMaThuecKan napa -

Kimenarerias napa 1 kracca (pHCIIAA) 4 xnacca (pLicwan}

Knace kMHeMaTMueckoW napel  Of- S
peAeNseTca YMCHOM YCNOBMIA CBA3W, Hana- H=
raeMbiX KUHEMATHHECKOW NApOW WA OTHOCW- 2 ]
TerbHEIE ABKEHUA €€ 3BEHBEB. O

Kaxcgoe ¢cBobogHOE 3BEHO A0 BXOXK- /_
JIEHUA B KUHEMATHJECKYIO Napy ¢ ApyruM
3BEHOM MMEET lIeCTb CTeneHei CeoGoabl:
NOCTYNATENBHLIC. ABMKEHNS BAOIL - W Bpa-
LWATERLHLIE BOKPYT 3 KOOPAHHATHLIX Oceid , B
ITOM- CIYHaE UNCNO YCROBWA CBAIW PABHO
Hymio (S=0).

YnCno yCnoBrit CBA3W, DUYEBMAKO, AOMKHO 6bITb LIenEIM YHENOM
1 B 06UIEM CYYae YUCAS YCNOBWI CBA3W S, HANOXKEHHBIX H@ OTHOCHTESbHOE.
ABVXEHWE KAaXAOr0 3BEH3 KMHEMATMYECKOA Napsl, AGMKHO BbiTs: 1<=5<=5.
Ecnu 5=6 , OYEBMAHO , YTO 3TO 3BEHO OyleT HENOABWXHLIM,

Torga yucno creneHer ¢8060abLlI H 3BeHa, oBpazoBasilero ¢ ApYrUM
3BEHOM KMHEMATUUYECKYIO Napy, BbIPAXAETCA 3ABUCUMOCTHIO: H=6-S.

KuHemaTyeckas napa
5 knacca {Hu3wan}

Knaccwihusxayna nureMariaecknx nap no @. Pano

B ocHoBy KnaccUPMKALMK KHHeMaThueckux nap no ©. Penc nono-
EH XapakTep (CNocoB) COMPUKOCHOBRHWA 3AEMEHTOR KWHEMATHUECKHUX nap.
' Mo ®.Peno, ece naps AENAT HA BLICLINE H HEIUIHE.
. B Bbicireff KMHEMATWYECKDIX nape CONDUKOCHOBEHWE (KOHTaKT)
MPOHCXOAUT TEOPETUHECKK B TOMKE UM MO AMHUW, '
B HH3twel \MHEMaTWIECKOK Nnape CONPUKOCHOBEHWE (KDHTai(T) npa-
MCXOAWT NO NOBEPXHOCTH MMM MNIOCKGCTH,
BeicuiMe KMHEMATHYECKME Napbi 06NANAT CNeayIoWMMn NpemMyLle-
CTBaAMM
1} 4iMCno 2BEHLEEPHA SAWHMLY MEHbLLE,
2) WCNOAB3YR BRICIIME KMHEMATMMECKME Aaphl, MOXHO NONYYMTH
mo6oit 3akoH ABMIKEHWS ANA 3BEHA.
Mpu 3TOM BbiCWKE Napbt B MEXAHUIMAX CEQYET npumemm. B KpaitHeMm cny-
yae, Koraa 6e3 HUX HeNk3s oBoHTUCE. ITO CBAZANO C X HefoCTaTKaMu:
1. bonbwKe yREeNbHbE A3BAEHWA B 3NBMEHTAX KMHEMITHHECKOH
napbl. . _
2. Tperune, CoNpoBOKAGEMOE CANBHEIM U3HOCOM 3NEMEHTOS.
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" 3. HeoBX0AWMOCTL B CO3AAHWA CReLManEHBIX YCTPOWCTB Anst 3aMbl-
KaHus napol (ANs MOCTOAHHOTG COMPHKOCHOBEHNA JAEMEHTOB KUHEMATHYE-
CKMX Nap OCYIIECTBASIIOT 33MbIKaHUE: FeOMETPHYECKoe - _qcyuxecrannercq
GOpMOR  3NEMEHTOB KHHEMATUHECKON Naphl M CWI0BOE - OCYLECTRAAETCA
CHAOW BECA , YNPYFOCTH NPYXUHLL U T.A-)-

4, HeobXOAVNMOLTE OTHOCUTENBHOMD [BWXEHWA B IREMEHTaX BbICLUIEW -

Rapbl. : - |
’ B UenoM 3Ta KIACCUMKLUMA HOCUT KAYecTBEHHLIM XapaKkTep, 4Ta

ABNRETCS HEQOCTATKOM, TAK KaK €8 HEBO3MOXHO NDeACTABATL B SHANUTW-
4ecKo# gopMe. i

Y NAOCKUX KUHEMATHUECKWX Nap (3BeHbS KOTOPEIX ABWXKYTCH B OAHON
WAM B flapanienbHblX NAOCKOCTAX) BCTPEMBICTCS TONBKO KHHEMBTUUECKVE
Mapei YETBEPTOr0 W NATOTD KIACca, NpUueEM 3fect Naps! 4 knacca Gynyt
TGRBKD BLICLUME, A Napbl 5 KAGCCA ~ HU3LIUMA,

1.4. KMHEMaTWUECKVE LUenu ¥ ux kiaccudukaums

KiHEMATHNECKOR HENbl0 HAIBIBACTOR COAIAHHBA CHCTEMI
3BEHBEB, BXOASLNX B KHHEHATHIECKHE AP,
KuMeMaTuueckye Ueny GhiBaioT NIOCKHE W NPOCTPAHCTBEHHBIE.
[InOCKkHMH HA3LIBAIOTCH KMHEMATHUECKUE Lieny , 3BEHBA KOTOPbIX
nepeMeiioTca 8 OAHOﬁ NACCKOCTY WAKM NapannenbHibIxX nﬂDCKDCT‘/'IX
fIpOCTPaNCTBENHbIMH HASHBAKTCR KMHEMaTUUYECKWe Lieru, 38e~
Hb$! KOTOPLIX NEPEMELLAIOTCS B NPOCTPAHCTBERHON CUCTEME KOOpAWHAT. -
KyHEMATUNECKVE LMK GLIBAIOT APOCTHIE W CHIOMHBIE, FAMKHY
THIE@ H HEIAMKHYTHIE.
HanpuMep:

CHoNHONM Ha3LIBABTCA KMKEMATUYECKas LieNb, 38eHbA KOTOPOWH BXOOAT
Bonee, yeM B ABE KNHEMATUUYECKME NapkL. '
JAMKHYTOR KnHeMaTM4eCckor Le-

NLKY} HAZLIBAKT TY, ¥ KOTODOW Kan-

[0e 3BEHO BXOAWT He MEHee, ueM B

ABE KNHEMATHUYECKUE napkl. Y
fprmep. TpOCTDAHCTBEHHAA Mpo-
CTAA 3aMKHYTAd KMHEMaTK4ecKas
uen.. : : _ _ .
fMpurep. NpoCTpaHCTBEHHAA HE3AMKHYTas, NpoCTas KMHEMaTU4ecKan uerb
MaHUNYNaTopa TMna "Mackot”,

i s

1.5. CTpykTypHas diopMyna KvHEMaTHUeckoi uenu
~ obulero BXaa M NAOCKOA KMHeMaTudeckol uenu (K.LU.)

Kaxaoe ceobonHoe 36eH0 B NMPOCTPAHCTBE UMeeT 6 cTeneHel cBofo- -
Abl, 3 K cBoBoAaHLX 38eHbEB MMEKOT 6K crenenell ceobogbl.

BxoxaeHWe 3BEHbER B KMHEMATUYECKHE NMapst HAKNaALIBAET Ha GTHO-
CHUTEABHOS 4BYKEHUE 38eHbEB ONPEaSNeHHOe YMCND CBA3RN,
Ecim B KU P1 - wucno nap 1-ro knacca, P2 - uucno nap 2-fo wiacea, P3 -
3-ro. knacca, P4 - 4-ro khacca, P5 - 5-ro KNacta, TO OHW HawXNaAblEaloT Ha
OTHOCUTENBHOE ABWWEHHE 3BEHLEB COOTBETCTBEHHD CREQYIOUME YMCha yono-
BUIA CBA3M: o '

1xP1; 2xP2; 3xP3; 4xP4; 5xP5
Yucne crenedeld ceobogel H, KotopeliM npu 3ToM Gyaer obnagate

_paccmamnsa'emag KLU pasHa :

H=6)(.K‘5P5_4P4‘—3P_?*ZP2“P. .
B peanbHbiX MexaHM3Max KMHEeMaTHHeCKhe Ueni- WMeI0T OfHG 3BEHO

HenoABKKHOE - CTaHWHy {CTOMKy), B SToM cnyuae obllge wucno creneHeit
ceoboas KUY yMEeHbLILAETCA Ha wecTs. ’ '
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Uncno creneneld cpoboas KLl oTHOCMTENBHO HENOABHKHOMO 38EHA -

CTOMKW HA3IBIETCR CTEMERbIO nonam«uor:m u obosnavaetce W.  [puuem
W=H-6.
Orkypa W= 6(K 1)- 5P5 — 4P, - 3P; - 2Py - Py,
rae (K-1)=n - wucno nonanncuux 3BEHLEB,
TOrAa
W =6n— 5P5 = 4P4 3P - 2P2
3To dopMyna, oRpeacnAoiias CTeneHb NOABIKHOCTH KLJ., MAK crpymrpuaa

hOPMYAE KMHEMBTHHECKOH Lenn obuero BUAA, BNepsLie paapaﬁm‘anuan M.K.
ComoskiM B 1887 r.

CrpyxrypHas dopmyna RAOCKOH KHHEMATHYECKON uelm

“PaccMOTpMM ANOCKYI0 KMHEMATUNECKYIo LUENb u3a K 3BeHbEB, oﬁpa-_'- _
aylolx Mexay coboit Py map 5 knacca w P, nap 4 knacca. CeoboaHble _

3peHba 3TOM uen umeloT 3K creneHen cBoboAbl B NAOCKOCTH. Kuuemamue-

CKWe Napel, B KOTOpBI® BXOAAT 3BCHbS
CBA3KW W NpW 3TOM NAKBHAWPYIOTCR HEKOTODRIE W3 ITHX .
avl, a BCErD VCHOBHII"I CBFBH -] paccmanHaaeuou KHHEMBTH'-IECKGH I.IEI‘IH -

Gy.qe'r

. Flpu 3TOM HUCNO creneneu croboas! nnocmu KnHeMa'muecxou ugnw onpene—_.-.:

A ETCH

. §=2P; + Py

H = 3K - 2P;5 -

. HOCKOHBKV ¥ moﬁaro MEXaAHU3ME umee'rcu HEHOJZIBI-‘DK .
" CTOika 1 BCE 38EHES MEXaHU3M3 ABMXCYTCA OTHOCUTEALHO €€, TO.8 ni _acn(on-

HanaraxT comsemyloume yonosus
CTENEHEeN . caoﬁo--_

MexaHHamMe Ha DTHOCHTERth!e ﬂBH)KEHHH 3BEHLEB Hanomeno mﬂ J'J.OI'ICHIHH'

Te.l"lebIX YCRoBHS. cofau: FloaTomy Gyaem MMETh! .
Py - S
3;1er H-3=W - r:reneHb nop.amuor:m Lenv - yka3b|aae'r Ha anrro ao:amonc—"..-l
U VHBIX D.BH)I(EHHH 3BEHLEB LIENK OTHOCHTENLHO CTOAKW. . ShLE

H-3=3K=2P;s -

W= 3(K=1)-2P;s -

me (K- 1)—n uncne nap.suxcnblx 3BEHI:EB, TOrAA:

Wi

W=3n-2F~

W=(6- 3)n - (5 3)Ps -
W In-2P; -
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Ps-

3.

Py,

- chopmyna .11 '-Ie6b1mesa

Ha OCHOBaHKMU Bumeuanomeuuoro copmyna M.11. Lleﬁmmeaa Mcmce'r_
" BuITh BRIBEAEHA U U3 cTpyxTypHo# GopMynst Kuneuamuecxoﬁ ueny obwero -
BUAS Comoaa I't n.. . .

-(4- 3)P4

MpoBedeM aHaNM3 KMHEMBTUUECKMX UeNed C TOUKM 3PeHNR WX CTeneHel cao-
BoAbl U CTeNeHel ROABYKHOCTY Ha CNEAYIOWNX NpUMEpax:

H=33-23=3.. |
H=3 yxasbBaer , YTO NPEACTEBNEHHAR
Lenb WMEET 3 BOIMOXHBIX ABIXEHMS W
MOACKEHWS 3BEHEEB B LIenW ONWCHIB3ET-

sl Tpems koopavHaTamu X,Y,Z:
W=3.2- 2.3=0

H=34-2.4=4,
B aTOM Cnyyae AN ONUCAHNS MONOMEHWA
3BeHbes  HeoBXOAMMO 4 KOOPAWHaTHI.
W=3.3-24=1 — roKasblsaer , YT BO3-
MCEH OAWH BapUaHT OTHOCUTENBHOMD
OBMXEHWA 3BEHLEB W ANS ONMCAHWA
MONCMEHUS 3BEHLEB OTHOCMTENBHD CTOM-
KM JOCTATOYHD 33/1aTh OAHY KCOPAWHATY
€ . lNonmKeHUe BCEX 3BEHLEB 33BMCMUT
OT NONGKEHNS OAHOFO 3BEHA.

H=3.5-2.5=5
W=3.4-25=2 - nokaswiBaeT, YTO NOAC-
WEHWE 3BEHLEB UEenK OTHOCMTENbHO
CToiikM  OyaeT onpeaencHHBIM, eCiTn
3aAaHbl NONOKEHUA fABYX 3BEHLEE 3TOM
HEMK, - T.€. 3aAHHEM ABYX KOOpAMHAT ¥

nf.

MY

y

Ha OCHOBBHHH Bblu.IEH3J10)KeHHOi‘0 chepyer : .
Bxogroe 3BeHD - 3T0 Y0, AN KOTOPOTO 32A3ETCA MONOKEHHe K

33KOH ABMXEHWUSA.

KvHeMaTHuecKan Uens o6343€T ONPEACHACHHOCTIO ABHINEHHA | ¢TI
NONCKEHKe BORX e 3BEHLES ABASETCA CTPOTO EANHCTBEHHbIM,
Mexarnam - 5T0 KMHEMaTUHeCKas uens, obnapaowan CBOVCTEOM

cnpeaensHHelT ABUKEHWA.

K KMHEMaTW4eCKUM LESnAM NADCKUX ‘MExXarikaMoB npe,nmanmo‘rtn

cnegytowme TpeGoBanua:

1. W=q (4MCAO BXOAHBIX 3BEHLER AOMKHO BbiTk PABHO W)
2. KL aonxHa uMeTs croiiky (Heno.namxnoe 3BEHO)

3. KU monxiHa 6uiTe 3aMKHyToﬁ
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1.6. MaccuBHble CBA3M K NULWHWE CTENeHn cBOBOABL. .
CROXHBIE LIAPHNDLL -]

. B HeKOTOpIX MEXaHW3MaxX MOTYT BCTPETHTBCA CTEneHd ceobofk ¥

YCNMOBMA CBR3M, ‘KOTOPLIE HE OKadKLBAWT BAMAHMA HO XapakTep ABIKEHHA

MEXAHH3MOB B LIB/IOM.
MasToMy Npu CTPYKTYPHOM aHanuse HeoGX0AMMO YMETb HaX0aWTb Te

38eHBA M KMHEMATHUECKWE MBpk, KOTOPHIe CO3AAIT NULLHUE CTenexw caobo-

Abl K- M3GHTOUNNIE CBA3K 1 NDM  onpegeneHuk W MoryT gath WCKaWMEeHHBIA
Pe3YNbTAT anarm3a , echn Ohu BYAYT He3aMeNeHHbIMM.
DBparuMca K NpuMepaM:

MexaHn3Mm FACCKMIA, NO3TOMY npuMeHAem dopmyny Yebuiwesa: .
W=3n-2FP;- 3pecb n=3; Py =3 (ACD) Py =1 (B)
O W=33-23-1=2.71  W>q.

3peHo 2 (pOAMK) NPEaHA3HAYEHO N3 KOMCTPYKTUBHLIX CODBPaXEHIA
© NG 33aMeHbl TPERUSA CKOMBXEHMS TPEHUEM KaueHus. C TOUKM 3peHWA CTPYK-
TYPbl MEXAHW3ME W ABVKEHWA BbIXOAHOIC 38eHa (3) ponuk (2) He HyXeH, T.e.
€10 BpaLEHWE WINUWHE. TANNE NHUIHNE ABHINEHNST HISbIBIIOT JTHUIHN-
Mi CTENeHAMK cBOBOgE. Yaaneune U3 MEXaHW3Ma ponmMka 2 v RuHeMaTu-
yeckoit napel C He NOBNEYET 33 COBO MBMEHEHWE 3aKOHA ABWKEHNS ablxoa-

HOFo 3BeHa — TonKatens (3). MNpu 3ToM :
' W = 32-2.2-1 = 1 — Mexanvsm paboTocnocoteH.

Ons MEXaHW3MA CNAPHHKA-TIOKOMOTHBE UMEeM:
W=3n-2P; -P;; n=4;, Py=6({A;B;C;DEF)
P,=0; W=34260=0T7

B gaHHOM Chyyae OgHO M3 38eHbeB (2) uin (4) ABNAETCA NaccvB-
HbiM, Takue (2} wnK (4) 3seHba CTABAT SNA DPa3JeNneHust CNoBOro NOTOKa C
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W=3324=1,W=q. s
CHEJJDBETEJ'II:HO ﬂaCCHBHble BBE'_ .

"HbA HYXHO HE YuWTHIBATL W HE .

M30DPAKATE HA CXEME NPU CTPYK-

TYDHOM K KMHEMATHUYECKOM WCCne- N4

‘cxonRTeR Gonee 2

(cM. Bup B).

LENbIC TIOBbIEHWA HAAEKHOCTH paﬁom CNapHuKa. C Touky 3peHmns CTpyKTy-
Pbl M KHHEMATUKK OAHO W3 3THX SBEHbeB NULHee.
YpanuM (4) 3BEHO;

AOBAHWM.

" CITONCHBIE WAPHHPEI

PaccMOTPMM CxeMY YeKaHOUHOrO npecca. /IpocTsiM wapryHpoM
Ha3LIBAKOT KMHEMATAYECKYIO napy 5 Knacea. -

CnoxHbIM  WWAPRMPOM
HA3LIBAOT  KWHEMaTHue-
CKyil0 Mapy, B KOTOPOH

Bua O
3

c-(z-mj C -}

j V '
2 N

HHDE BCETAa MMCNo npocrux LIAPHUPOB HA EAMHMLY MeHblue Yucha 3BEHLEB,
bOPazyIoWMX CNOXKHBYA LWEpHAR.

B Kauecree Sazogoro 3Bera npanMaioTca, KaK npaauno, 3BEHbLA,
BXOAALUME B KMHEMATUUECKYIO Napy CO CTOMKOW, ¥y Hac 38exo (3). Mpu 5ToM
W=35-27-0= 1 ,4TO W Tpeﬁoaanocu ROKa3aTh, T.e. W=q.

3BEeHbEB; HanpvMmep, Ku-
Hemaruueckas napa C,

1.7. 3aMeHa Bh!CI.UHx KWHEMATUYECKUX NAp LEASMUA U3 HU3LLINX.
CTpYKTYpHOE H KMHEMATUHECKOE YCOBUA 3aMeHbl. '

Mpocran 3aMera Bcweli Napbl H3 HUBILYIO HEAONYCTMMA, TaK Kak
NPUBOAWT K NOTEPe OAHOM CTENEHN NOABMNKHOCTW. Mo3ToMy Bmcwylo napy

HEoOX0AWMO 3aMeHATH HEKOTOPDIA KUNEMATMYECKOM LeNbio #3 HKAWMX nap,
coBnioaan CTPYKTYPHOE ¥ KMHEMaTHYECKOE YCNOBHA 33MEHBI.

Crpyxryproe ycnoswe TpebyeT, uTobbl A0 W NIOCNE 33MEHL BbIC-
el napm CTENEHbL MOABMKHOCTH LIENK He MaMeHWnace , T.e.
"Wy = Waam,
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NonyuuM CTPYKTYPHOE YCNOBUE 33MEHbl BhICLLNX KMHEMATAYECKUX
nap {BMN) M3 KWHEMATWYECKYIO Lenb C HUSWUMU KUHEM3TUYECKUMK napa-
Mu (HN}, . :
MycTb B MCXOAHOR KMHEMATMMECKOH UERM /1 - YACNO 3BEHLER U
F5 — uMCno KWHEMATUYECKHX Nap 5 wnacea. JonycTuM, YTo NOCNe 3aMeHsl B

Lenu Byaem umetb: ' = fly + 1, ~ 3BeHEEB U Fi = P+ Py, - Kune-

MaTMMECKMX Map 5 knacca, QUEBWMAHO, YTO 33MEHa BO3MOXHA Nk B TOM
crlyyae, eciiv CTeneHb NOABKXHOCTA HCXOAHOW WM 3aMEHRAIWEH LenH He W3-
MEHAETCSA, T.€. BbINOMHAGTCA UCXOAHDE CTPYKTYPHOE YCNOBAE |

W =W Q)
MpumenseM hopMyny Heboiwesa (L1
Wg =3ﬂg—2P_50-—P4a=W35,,=3n"2P§; (2)

3”5 +2P5 -'P,f =3n0 +3n *ZP *’2P535M—P49 =3nm—2P5m‘ (3)
ECrm knHEMaTHueCKnX nap 4 xmacca { £y = 1 }0AHa, TO v (3) UMeem:

I + 1 _ s
P = TS, *)

7o obwee crpympHoe YCNOBME 3aMEHbI DAHOM KAHEMATUNECKOH

napbl 4 knaceca. :
COCITHOHJEHHE (4) uueeT CMBICT, €CN 71, OYAET Bcer,qa Hever-

HoiM, TOrga Pso,, GyRet uenbm qUCNOM.
MoatoMy yMeeM: '

- | 1 I 3 x 5 |
| 2 | 5 | 8 I .......

CneposatensHa, B Npeaene BLICIAR KMHEMaTAYeCKan napa MoXeT Obith

P 5 3am

3aMeHEHa OOHUM 3BEHOM € 2 KMHEMAaTHYECKUMK MapaMu 5-ro KAacca (Ps) ‘

T.2. HAILWMMUA.
Knﬂenamuecxae ycnosue Janenu Tpebyet, WTOGbl 33KOH!
ABAMEHVA 3BEHLEB, 05[)33\/!0[1[,"){ BbICLUYIO napy, £ 1. OCAE ee 3aMenbl Gbanu

UAH HaKOBbl.
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MpoaHanuanpyeM KvHeMaTiue-
CKOE YCNOBKE 3aMeHbl.

MNokakeM, YTO paccMaTpHBae-
Mbli MeXaHM3M MOXET ObiT 3aMeHeH -
SKEMBANEHTHLIM £MY MEXaHW3AMOM LWap-
HUPHOTO uYeTbipexasennka AQ,0,8

Boiciian napa 4 knacea (P ) B

Touke C 3aMEHAETCS 3BEHOM 3 , BXOAM-
wuM B Toukax Oy u O, BO BpAWATENL-

Hble flapst 5 kNacca. {lonyyeHHbiin B pesynetate 3amersl Mexaumam AO,0,8

Ha33bIB3STCN 3AMEeHMOLMM MeXaHH3MoM. 3fece Wy=Waam,

C noamumit KUHEMATUKK UMEEM Cheayiowee.
TaKk KaK INEMEHTH & U & 3BEHLEE ABASIOTCE OKPYXHOCTIMU C LEHTPaMn B
Toukax Op u O, , 10.anwHa  O; O, 38€H3 3 OKasLIBARTCA NOCTOSHHOM.

TOYHO TaK e GYRYT NOCTORAHHLIMK U Armibl AC; 1 B O, 3seHbes L v 2.
Cnefiosarensto, 3amMeHAWMA Mexakwzm  AC,0,8 sKensanedten

33fAHHOMY W C TOYKM 3peHUs 3aKo-
HOB JBWXEeHWA ageHbes 11 2 .
OBoBUPAM  PAaCCMOTPEHHbI
cnocol  NOAYYEHWA  3BMEHAIOLLETrD
Mexanuama. MMycr 3a0aH MEXBHHU3M C
BLICWIEH Napoi, 3MEeMeHTLl 3BEHLES
KOTOpO# npeacrasnseT coboil npona-
BOAbHO 38/1aHHLIE KPUBLIE 3 W D,
[ina NOCTPOEHUS: (XEMBI 3BMEHSIOLIEND MEXAHKIMAa HEOBXORMUMO:
1. Mposectit 06wy HopMans N-N 8 Touke C KaCaHWA KpMBLIX.
2. O™metuTb Ha N-N uentpul O 1 W, KDHBH3HLI Kp#BLIX & W . &,

3. UeHTpot xpusuade : no, cHuTaeM mapnupauu obpasyiowm
BpAILATENbHLIE NAPbl, B KOTOPLIE BXOAST YCHOBHLIE 38eHEA A, W 0,0; ¢
OAHOW CTOPOHL ¥ YCNOBHBIE 38EHbS BO, m 0,0, < BpYroA CTopokb. Ecnm

UEHTD KpMBMIHLI HAXOAWTCR B GECKOHEUHOCTH, 0 BMECTO waphvpa Gyaem
MMETb NOCTYNATeNGHYIO napy.



OnucasHan 3aMeHa Cnpasesnuea ANA 3apaHHoro NOAONEHMA OCHOB-
HOMO MexaHWama. B ApyroM NOnMKeHWW CXeMa 3aMERKIOCro MexaH1IMa
OCTAETCH TOK e, PAIMEPb! KE €8 3BEHbEB W3MEHRTCH, TaK KaK UEHTPEl Kp#-

gusnb (3, v O, cvectaTes.

M3 avdthepeHUMansholl TEOMETPMM M3BECTHD , MTO OKPYXKHOCTb
KPUBU3HLI B TOUKE KACaHWs C KPMBOW M CAMa KpWBas 3KBUBANIEHTHA! AO

fPOVZBOAHBI BTOPOrO MOPSAKA BIIOYMTENBKG, K MOITOMY 3AMEHSIOWKA

MEXAKUIM IKOMBAAEHTEH OCHORHOMY B TaKOH XEe CTEMeHW, T.€. NONDKEHAR ,
CKOPOCTH W YCKOPEHWA o;monme:-mblx TOMEK TOID WM APYFOFO MExaHnaMa ByayT |
DAWHAKOBBIMK,

W3ROXKEHHOR BiLe MO3BoAdeT CHOpMYNMpoBath APABUNO : ANS
TOro, uTOBL! OTHOCUTENLHOE ABWKEHWE 3BEHLEB HE WIMEHAROCH, ANWHa 3a-
MEHSIOWErC 38eHa A0MKHa BbITh PABHON PACCTOAHMIO MEXAY LEHTPAMU KpH- ;
BU3Mb] COMPSKEHHLIX NpahKneil 3neMeHToB KWHEeMaTHUYeCcKoN napbl. :

PaCCMOTPHM NPUMEDEE 32MEHE BEICIIHX 13D HHILIHMH]

Wy=32-2.2-1=1
Waay=3-3-24-0=1

Wy=3-2-2-2-1=1
Wap,=3-3-24-0=1

B padHOM  chydyae
AAVHA  33MEHAIOLIEro 3BEHA
obpatvnack B Hyfb. .

Wp=3.2-2.2-1=1
Waa=3-3-24-0=1

20

N |Eo

A ~
[+]

NN

BCE PACCMOTPEHHBIE CXEMBI MPUFOAHLI NS PACCMOTPEHHLIX KOHKDET-
HbIX ROAOKEHWH, B APYFUX NMONOKEHUAX WNIMEHSTCA DIANYCHl KPUBMIHBI W
DRMHBI 3AMEHSIIOLLMX 3BEHBER. '

1.8. ObwmiA NpMHUMN C5pa30BaHUs MEXEHN3MOB
o Aocypy J1.B. MNMoHATWe MeXaHU3Ma Nepeoro KNacea.
HOHﬂTue crpyKTypHou rpynnel

OCHOBHOW NPMHUMN 0BpasoBaHns MexaHu3Moa Sbia erepswie cthop-
MYMPOBaH B 1914 TOAY PYCCKMM yueHbiM npodeccopom fleoHnaom Bnagummn-
POBHUEM ACCYPOM. CyTb NpMEUMNa 06pa30Bakns MEXAHW3MOB TAKOBA, CXEMI
CB0ro MexaHHima MaWeT GbiTh COCTARACHZ NOCHEAVBATENLHLIN
IPHCOCOHAENNEN K (BERYIIENY) BXOAHOMY 38eNy (BXOQHBIM 3BCHD-
M) KHHEMATHHECKHX UENeR C Hynepoid CTenensio NOABHNHOCTH
OTHOCHTENRHO TEX 3BENLEB , K KOTODBIM OHH NPHCOSANHRIOTCR,

lio Accypy:. coeavHeHue BeAYILerc 3BeHa co CTOMKOR , obpasyiowee
KUWHEMaTHYECKYIO Napy 5-ro KNacca, Ha2biBAeTCR MEXaHWMBMOM 1-ro Knacca.

g

g 1
. o

0/-////////!///7/ 777777
¥ MexaHu3Ma 1- ro knacca crenexb RORBIXHOCTH : W=1, B Mexa-

HU3ME MOXET GbiTb 0AHO UNK.Gonee BegyLUMX (BXOAHLIX 3BEHBER), KAMI0E U3
KOTOpLIX 0Gpa3syeT MexaHWsM 1-ro Knacca,
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Crpynryprost rpynnoi Accypa HalbiBaeTCa Takas KWHeMaThye-
CKan Lenb, KoTopas aGnanaeT Hynesol CTeneHLo nogewkHocTw (W=0) otHo-
CUTENBHO TEX 3BEHLER, C KOTOPHIMKM BXOAAT B KMHEMATUYECKWe Napn ceoboa-
Hble 3NEMEHTHI €€ 3REHLED (HEOBXOAMMOE YCOBME) U HE PacNafaIoWasca Ha
fonee NpOCTHIE LENM, KaXA0e U3 KOTOpLIX YAOBNETBOPSET HEOBXOAMMOMY
yenoeMio, T.e, W=0, .

Cornacso onpeaeneHuio, 4na crpylcrypnou TRYNMEl ACCYpa MMeeM:

W=3n-2P;-P,=0.

YuuTeiBaA, YTO NPU CTPYKTYPHOM aHanuie uenecooGpasHo 3aMeHdTh

Py Ha P;, Gynem vMerb pabouyio dmpnyny,- ONpPeaSNKIoWYI0 COOTHOLLEHWE

MEXIY YMCIIOM 3BEHLEB N M YIACNIOM KUHEMaThueckux nap 5 kmacca ( F) e
CTRYKTYPHBIX rpynnax Accypa: o '

W=3n-2P,=0,
rae Ps = fzﬁ — 37O CTPYKTYPHOE YCHOBME CYLIECTBOBAHWA FPYNNbI ACCYPa.

MonyyeHHOMY YCIOBWUID YAOBNETEOPAIKIT cnenyromue COYETaHWA Y-
Cen 3BeHLER K KHHEMETW-IECKH)( nap 5 K.ﬂaCCB

n|l 2 |1 4|6 | 8.
3 6 | 12 ]
NN -
Cne.uosarenbuo B crpyx-rypuou rpyrine MO)KET ﬁbITb paanuqﬂoe
CONETAHWE YMCNA IBEHLRB ¥ KMHEMATHYECKUX nap. Onu MOFYT OTAKYATLCA

APYT OT APYra No koHGWrypaury 1 No HUCAY CBOBOAHEX MEMEHTOB. Mo3ToMy
BO3HWKAET HeobXOAUMOCTb B UX Knaccuc]:mxaunu

1.9. Knaccuthrkauus crpyicryprlx rpynn Accypa
I(naccmbm(aum MEeXaHW3MOB

B  oCcHOBY ° KAACCMPUKILWY - r:rpymypumx rpynn Accypa
. H ApTOBOAEBCKIKIM nonoxeHa - xnaccndmxauuﬂ Kourypoa KRAcC KOHTYpa

FRYNNLL.
Knacc koHTypa pabeH chny Kuuena'ruqecrmx nap, KOTOpEIE €ro

o5pasyvioT, HAaNPUMEp: -

/AAI_IQ‘

6 knacc

4 Knacc 5 wnacc
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2 Knacc 3 wnace

: C_r_Ienyer MMETL B BIGY , 4TO KOHTYDbI HE ABNAIOTCA rpynnamn Accy-
Pa, TAK KaK ANA HAX HE YAOBNETBOPAETCH CTPYKTYPHOER YCOBHE CywiecTBORa-

In
HUA pynnbl: Py = 5

Knacc rpynrnst Accypa paseH CraplueMy KIaccy KOHTYpa ,
BXOAALLEMY 8 COCTAB PACCMATPUBAEMOIA I'PYIbI.

Mopsgox rpyanst Accypa P3BEH 4uCTy CBODOAMMX 3NeMeHToB
KHHEM3TWUECKMX NMap , KOTOPbIMU TPyaANa MoxeT ObTh NOUCOBAMHERE K ApPY-
FUM 3BEHbAM TPH OBGPa30BaHUN MEXaHU3MA,

Tpynnel 2 Knacca Hawbofiee pacnpoCTPaHeHs! K ARNATCH HA 5 BUA0B
B 3@BMCMMOCTY OT COMETAHUS BPALATENLHBIX U NOCTYNATENbHEIX [1ap .

1 Bup 2 Bun 3 BUf 4 Bug, 5 Bua
2xn.2nop. 2xkn.2nop.

2 k.2 nop. 2Kn.2nop. 2kn.2nop.

Ecnu B rpynne 2 knacca 3aMennTh BCE Naph! Ha NOCTYNaTenbHbe, TO
NOMYYRAETCR MIHHOBBIN MEXaNHIM.

Mpynnm 2 Knacca HasblBaioT MHoraa 2-NOBOAKOBLIMU, XOTS B DEafb-
HbIX MEXaHU3Max ANWHa NOBOAKOR MOXET EbiTk paBHD HYNIC. Toraa uMeeM:

2 BuA _ - 3smn
FpUMEPEl CTRYKTYPHLIX FPYNN Accypa:
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Muoma BCTPEHAIOTCA KNHEMATHUECKUE LieW, HE YAOBNETBOpAIOUWIME
YC/OBHIO CYILECTBOBAKMA FPyINbl.

2un. 2nop. [ sug 1. 2 mop. 1 sHA

W=34.26=0

3713 KMHEMaTUMECKan uerk COCTOUT W3 2 rpynn 2-ro kracca,

2n,, 1-rosuga.
B MexaHwaMe Moxer Bbimb ORHO wAn Bonee BxoaHbix (BeflyWmMX)

3BEHLER; KAWAOE W3 HUX obpasyeT Co CTOWKOW MexaHwsM l-ro wnacca (no
xknaccugurauun Accypa).

B MexaHusMe MOXET BhbiTb HECKOALKO CTPYKTYPHGIX TPYNN pazHbiX

KNacCok.
Kracc MexansIMa OnpeaenaeTca HAMBLICUWKMM KRacCoM CTRYKTYD-

HOM rpynMbI axonﬂmen 8 Hero.

24

. floprgox kexannana bnpenenﬂefcsi NOPAAKOM 3TOH rpynasl, -
B 3aBMCAMOCTW OT BulBOpa BXOAHBIX (se';wLuux) 3BCHLEE MONET HIMCHATE-

CR RAIBCC MEXAHHIMA,

Crenetis NOABHIKHOCTH MEXSHHIMA DABHA UACNY MEXaHUSMOB
1-ro Kfacca, K KOTOpbIM MPOM3BOAWTCA MPUCOBAMHEHME rpYNN Accypa, T.e.
CTeneHb NOAIBWKHOGTH MEXaHU3MA PaBHa HMCY BXOAHbIX {BenyWMX) 3BEHLEE
paccMaTpUBAeMOro MexaHuaMa.
' Hanpumep

©Mex. 2 xm. 2 nop.

Mex. 3 un. 3 nop.

mvaa: f HOPMM MEXaHM3Ma ONPEAGNSIOT METOR 70 KUHEMATH-
YECKOrG W AMHAMMHECKOrO MCCNEAOBBHUA.
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1.10, KuHeMaru4eckas, 3aMeHAowan u CrpyKTypHas CXeMbl Mexa-
' H13Ma. PopMyna CTROSHWS MEXaHN3Ma

[INA U3yHEHMS IBUKEHUS 3BEHLES MEXBHM3MA TpebyeTcn CocTaBne-
HUE KMHEMATAYECKOM CXEMBI MeXaH®3aMa, KOTOPas ABNAETCA ero KMHEeMaTHie-

CKON MOAENIO.

KuneMaTHiecKkol cXeMOoR MeXanNiMa Ha3bieaeTcA waobpaxe- .

AME MEXHUIMA HB YEPTEXE, BLINONHEKHOE C fOMOLLBIO YCTIOBHBIX obo3Have-
Ui ¥ B MaciITaGe ¢ 0603HAYEHHEM BCEX 3BEHLEB W KUHEMATUHECKIX Nap. '
Macwral -~ 5T0 AACIO |1, KOTOPOE MOKE3LIBAET, CKONbKO eauknu

paccma-rpusaemo‘ﬁ genMuKHbl K, CONEPKUTCH B OFHOM MWNNIMMETDE OTPEska
L, H30OpaXakILero Ty BEMWYMHY HA YEPTEXE,

_K
. . =7 |
MaciTabil ANMH , CKOPOCTER U YCKOPEHHIA MOXKHO NPEACTABUTL B BUAE
K[ m S vim/c almsc?
= T[W} My = :’.{ MM } Ma= 7| Ta TR

PexoMeHayeTCA BoIGWPaTE HA YEPTEXE HNCIO L TakuM, 4TOBB OHO
Gunosl:2 ;5 ;10 ;20 ; 50 ; 100 ; 1000 pa3 Sossie Wik MeNbilie
uyncna K. CootseTcrsedHa byaeMm UMETH MaclWwTab YBERWYEHUR W YMEHB-

LIeHu. :
KWHEMaTHYECKasa cxeMma , Ha KOTOpOl fOKA3aHA 32aMeHa BLICLUMX.

KWHEMATHHECKUX tap Ha HM3WKE, Ha3LIBAETCR 3aaqenmowe;? CXEMOH.
KuHemaTHueckas v 32MEHSAIOWRA CXEMb! HE NO3BONAIOT €lle BbiRe-

AYTh CYPYKTYPHBIE TPYNNB W ONpeAenUTE KNACC MEXaHW3MA. Mo3ToMy CTPO-

ATCH BCIOMOTAaTENbHaA CTPYKTYPHas CXeMa, KOoTopas O3BONKET PEWHTL 3TH

BONPOCH. .
- CIpYXTYpHAm CXEMa MEXHW3M8 - 3TO YC/IOBHOS nzoBpaKeHIe

TOro, KaK 3BEHbS MEXEHWIMA CORAUHSIOTCA MERIY coB0W, BO CKONbKO KMHE-

MATUMECKHX N3P BXOAWT TO WK MHOE 38HO.

Npy NOCTPOEHUK CTPYKTYPHOH CxXeMbl HET HeoBXOaUMOCTH BhiYepUu-
BaTh ANWHL 3BEHLER B maciutabe . BaxHo NOKasaTb , 4TO 3BEHO , BXOgsCE
fonee YeM B BE KMHEMATHHECKHE napel w3obpaxaerca COQTBETCTBYIOWAM

MHOTOYFONBHUKOM. _
Tpe6oBaNR K MOCTPOEHHO CTPYKTYPHON cxe b1

1. CTpOUTCA He B macwrabe.
7. [laccuBHbie 2BeHEs OTOPackiBAIOTCR.

'2_6

3, CROXHbIE  HIAPHADS "lpacq}.e,,, T Y
- ' - HAI0TCA - H2 NpOCTRe C onpege-
fienpem Gazosoro 3peHa. . - o ) St

4, BolCUIME KMHEMATUUECKHE NAPbl 3BMEHSIOTCH HUSILKMMA C o

" GRIOAEHAEM NKLLL CTPYKTYPHOTO YCNOBUS.

5. 3seHbA, exoasuMe Gonee YeM B ABE Napbl 33MEHAINTCA COOTBET-
CTBYIOLLMM XECTKHM MHOIOYIONbHUKOM.

6. NocrynaTensHuie Napst MOXKHO 3AMEHWTE BPALUATENBHBIMU.

7. TipaeunbHOCTL NOCTPOEHUA CTPYKTYPHOW CXeMbl ONpeAenserca
coBrageHneM W 1NR KMHeMaTHUECKOW K CTPYKTYPHOR CXeMbi.
Kaxtnou_ KMHEMATHYECKON Cxeme COOTBETCTBYET MMliib OfHA CTPYKTYpHas. B
TO e BPEMSA MHOXECTBY Pa3/InyHLIX KMHEMATUUECKUX OXeM MOXET COGTBEY-
CTROBATE OfiHa CTPYKTypHas, KuHemaTuuyeckas cxeMma no m‘pympuoﬁ He
BOCCTAHABNMBABTCH. ' K

Popmyra CTPOCHAR MEXAHHIMA - 3To ycnoBHaa 3annce nocne-
ADBATEABHOCTH MPUCOSAMKEHNA CTPYKTYPHLIX MPYNN K Mexauamy (MaM} 1-ro
Knacca. :

Hanpamep

Mex. 2 kn. 2 nop. = Mex. 1 wn. —> Mp.2xn.2nie(2—-3)

Mex. 3 xn. 3 nop. = Mex. 1 xn. —> 'p.2 kn.2n 28 (2—3) ?

: _ Mex. 1 kn. —> {p.3 xn.3n (4—5—6—7).

31a opMyna NOU3BOAAET YCTAHOBHTL KAK METOL WCCNEADBAHWA K-
He_rja"ruxu ¥ AMHAMWKA MEXaHW3M3, TaK M MOCNeAOBATEALHOCTU 3TUX Onepa-
UKMA. N0 3REMEHTAM CTPYKTYDbI. '

1.11 MeToavka CTPYKTYPHOrO asann3a
_ _ncm-l_Te'aa NIOCKUX. MEXGHW3MOB
[ToC/IBROBATENBHOCTS OHEPALNI

1. HomepyioTcs aseMba ¥ 0603HAUAKTEH ByKBaMK pycckoro antasm-

T8 RMHEMBTUHECKVE Napbl B NOPsIAKE NEpeRaqy ABIKEHMS.

_2. MposoanTca KnacCHMKALMA 3BEHLEE NO XApaKTepy ABWXKEHHA.

3. NpoBOAWTCA KNACCHPMKALMA KMHEMATHHECKUX Nap. '

4, Orlpe.qe_nmprca 3BEHEA C MMWHUMA  CTEREHAMA CBOGoAL! U nac-

CHBHLIE 3BEHLS. :

5. B cnokHbix Wapkvpax cnpegensiares 6a20ewie 3aéuhu.

6. OnpenenseTca CTeneHe NOABMXNHOCTH ~MEXAHWM3MA M ConocTae-
NAETCA € YACHOM BXOAHLIX 3BEHLEB. _ﬂe.riae‘rcn Npu 3TOM BbIBOA © TOM; ABNA-
€TCA X 3a/3aHHAN CXEMa MEXAHWU3MOM. ‘

[N
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7. Boicwme KnHeMaTuqecxue- napbl 3aMEHSITCA KHHEMATHHECKMMM
LUENAMA © HU3WHMMA - NapaMk Ha nc:xonnoﬁ KMHEMATMUeCKoid Cxe-
me.(TonyqaeTcs SAMEHSIOLLAs CXEMa MEXHN3Ma).,

8. Crpowrcs CTPYKTYPHas CXeMa MEXAHM3Ma C YHETOM TpeboBanuit
K Heit.

9. BhiAENSIOTCA crpylcrypuble rpynfkl ACCypa no npasvmy

- BbiA@neHvie rpynnbl Npowe BCEro HauWHaTk Co 38eHbeB, Hawbonee
y.qaneuublx OT BXOAHOMD;

- B Hayane MLTATCA BLARWMTD rpynnbi 2 Khacca, e HeBoIMOX-
HO, TO rpynnu I rnacca U T.A;
' - BLENEHUE FPYNN NPOBEAEHO NPABUMBHO, EC/U OCTABLUARCA KUHE
MaTMYECKAA Lienb 3AMKHYTa.

10. OnpegenseTca KNacc MeXaHuaMa u ero nopanok' 33FHCLIBAETCS

era (hopMyna CTPOEHURA.
1.12 Mpumepst éprKWpHoro aHanM3a NNOCKKMX MEX3HK3MOB

JLaHHBIMK ANS CTPYKTYPHOMO WCCEAOBAHMA ABNAETCS CXEMa'Mexa-
HU3Ma C YKa3aHWEM BXOAHLIX 3BEHLEE. ]
E o TpebyeTca OripeaennTb KNAce,
NOPAACK MEXAHW3MA W 3aRUCaTh dop-
Myny erc CTPOeHus.
© Q603MauaeM M HYMEDYEM
3BEHLA MEXAHU3MA (HAUKHaEA C BXOA-
HOTD), KNaccuMLMpyem ux: 1 - kyna-
woK ; 2 - pOAKMK ; 3 - TonKaTenk ; 4 -
TonkaTens watyH ; 0 - CTOKa.
O6o3HavaeM, BbifIERAEM
- (MOXHO He BWiAENATb, @ PacCMaTph-
BaTH MPAMO Ha OXeMe) W. xnaccuuum-
pYeM KMHEMATUUECKME Napbi.
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_Boicwkx nap (B w F) npoeegeM KX 3aMeHy Ha HW3-

, AQQ) Sk

c-

. . i . 3
“g CEB S H
E:, i -
-_34\( E@:d) Six H

: gnpenenna; CTENEHb NOABWKHOCTH MEXAHM3MA WiW=3.4-2.4-2=2,
ONYMEHHLIR PE3YNLTAT YKAILBAET HA HAMWYKE MACCHBH BEHA;
OYEBUAHO, - MACCHBHLIM ABASETCH 3BEHO 2 (ponuk). e s
OceoBogumcn ot Hero, 8 DEBYJ'IbTaTe CXema NPUHK-
M3eT CNEAYIOWMEA Bud.
Onpepensiem W .= 33232 = 1. .tlenaen
BLBOL O TOM, 47O ucnonbayenan Cxema ssnserce
MEXAHM3MOM.

B COOTBEWTBI"III‘I C npaaunaun 3aMEHH

F(&1) 4xx B

H.II'IE 8" ; B"; F, F" n 832 AononHUTENbHBIX 3BEHA
BB” un F‘F B pesynwTaTe nonwaeu 3aMeHmo-
WYI0 CxemMy MexaHuIMa. .
Anan on
WaaM -3-5—2-780% WM
: - Banee - cTpoum: C'PYKTYPW'D oxemMy
MEXAKUIMa C YYETOM TpeGOoBaHMi K el )
OcywectanseM Nposepy
W=3.5-2.7=1. Ha cTpyKTypHD cxeue BAENAEM
MeXaHmaM 1-ro knacca, a 3aTeM CTPYKTYPHbIE
TPYNMbI ¥ NPOBOAMM UX. KNACCUGUKALIMIO.

p. LW 2nap. |



0D . Fp.2kn.2nop.(1"-6) )

Mo HauBbICILEMY KTACCy M COOTBETCTBYIOLIEMY NOPSAKY rpynn Accy-
Pa, BXOAAWMX B CXEMY MEXaHU3Ma, yCTaHaBNuBaeM, yro uccne,nyemm Mexa-
HU3M 2-T0 KNacca BTOpOro Nopaaxa.
3anuckiBaeM GOpMyNY CTROEHUS MEXAHW3Ma :
~>[p.2Kkn.2rnop.(3"3}—>
Mex.2 kn.=Mex 1kn.{1.0) ~> I'p.2kn.2nop.(4%4) _
MonyyeHHas ¢opMyna MO3BOASET YCTAHOBWTL, KaK METOA WCCAEADBaHWS

KMHEMAaTHUKK WNW OUHAMUKKM MEXEHW3MA, TaK ¥ NUCNeAoRaTeNLHOCTL 3TUX -

wccneqosaHuii no ::ryamemam CTRYKTYpbI.

AHANOrMYHD paccygan M NpoBOANS CODTEETCTEYIOWME 3Tambl CTRYK-
TYPHOID WCCNENOBAHWA, ONPEREeNnM KNacc, NOpafoK u (OPMyNY CrpoEHWs
408 CNBAYIBLIEN KMHEMATALECKON CXEMBI:

Januuem dJOpM\/ﬂY CTPOEHUA paccnmpeuuoro MEXaHW3Ma:
p.2kn.2nop.(3"- 3)
Mex.2 kn.=Mex 1kn.+ - rp 2¢n.2nop.(4-5)
CyluecTByeT TeCHan CBA3b CTPYKTYPHOIO aHanusa # CMMTE3a €
APYruMK pazaenamu Kypca TMM, B YaCTHOCTH C KWHEMETHKOW Y AMHAMMKON.
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c mnenammﬁ

1. YCTaHOBAEHHBIMX Knacc MEXaHI3Ma NO3BOARET BuﬁpaTb CoOTBET-
CTBYIOWMIA MeToq KMHEMaTHHeCkoro Hocnenoaanua

2. GopMyna. cTpoeHun MexaHuana YCTAHABAWBAET CTPOTYIO nocneno-
BATENLHOCTE KMHEMATHUHECKOIO HCCIIEAOBBHHH Mex. 2 K0! HRYWHATE C Mexa-
HW3Ma 1-r0 Knacca, NoToM 1-7 NPUCOSAUHEHHAA rPyrina 1 T.A.

3. B cnyyae MEXaHW3Ma 2-TD KNacca ONPegensiorcs KUHEMATHYECKHE
napbl, A8 KOTOPbIX COCTABRAKITCA YPABHEKUA [BMKEHMA (T.e. CPEAHUE KW~
HeMaTMUECKUE Maphl rpynn 2 kn.).

C ARHIMARON:

1. nocne.qoaarenbuocrb CUAOROMO pacyera Mexauuama obpaTHa
(hopMyne €ro CTpoSHus. - ..

2. CreneHy’ nonsuw:nocm Mexauuama W onpenendet uucne audice-

peHLUMAaNkHRIX YPABHEHMA, KOTOPLIE HAAO NPOMHTErpupoBaTh ANA onpegene-
HWUA 3AKOHOB ABMKEHNA MEXaHWaMa.
_ B 3aKMIOUEHUH HEOOXOAMMO OTMETHTL, YTO CYLUECTBYWILEAA TEopWs
NPUMEHKME AN MEXAHM3MOB OCHOBHSIX Paboumnx MalmH. Mpu 3ToM ecTb pag
MEXEHW3MOB, ANA KOTOPbIX 3Ta TEOPHS HENPUMEHIMA

1) BO MHOMMX MEXAHMIMAX B KMHEMATMHYECKMX Tapax MMEXIT MecTo

. OFPaHHYENHA HE TONbKO Ha OTHOCUTEABHBIE NEPEMELIEHWA , HO U H2 OTHOCM-

TefkHbIE CKOPOCTH. B STOM chyvae nONYWaeTcs HeroNOHOMHBIE CBA3W , Tpe-
ByiouMe CNeuManbHbx METOA0B UHTErPHPOBAHHA;
Z) He 3aBeplueHa nmepnuaanoman KaccHPUKaLMA NPOCTPaHCT-
BEHHBIX KHHEMAaTHYECKUX UENeR;
' 3) He 3aBepluena B VOWEM BUAE TEODHS HEIAMKHYTLIX POCTPAHCT-
BEHHBIX Uened, AeXaWMX B OCHOBE NPOMBILAEHHLX POBOTOR M MaHUNYNATO-
pos. - _

1.13. CTpyKTypHbIN CHHTE3 MEXAHM3MOB BICLIMX KNACcCos

CoBpeMeHHble POBGOTU3MPOBAHHBIE CUCTEME B CBOMX YCTPOWCTBAX

COOAEPXAT MHOXKECTBO PLiMaMHBIX MEXABHWIMOB, KOTOPbIE ABMNRAIOTCA Nepeaa-

TOYHbIMK YCTPOWCTBAMW NPY B3aMMOARWCTBMM WX C OGBLEKTAMW NPOWSBOACT-
BEHHOW (peapl. PRIYAKHBIE MEXaHM3MBl BTOPOrO W TPETbEro KACCoR, nony-
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YMBLIKE MPOKODE ﬂDHMEHEHHe B WHXEHepHOoH npalcr WUKE, YIKe He MoryT oree- 1 .

YaTh TPebOBAHMAM NpW- NPOEKTMPOBaKKK COBPEMEHHLIX MaWWH. [loaToMmy
BO3HWKAA HEOOXOAMMOCTE B NPMMEHEHW CXeM MeXaHM3MOB Co CTPYKTYpP-
HbIMW IPYNAaMu AcCypa BbicOKUX W1aCcCos, KoTopeie obnanaoT Sonee  WMpo-
KNMN KNHEMBTUYECKMMM BOBMOXKHOCTAMM,

Mbl NO3HAKOMMMCA C HEKOTOPBIMKU INEMEHTAMU METCAUKK CTpYKTYD-
HO-METPHYECKOID CUHTE3d, M3INOMEeHHoW & pabdore - MypaToBa AbGuna
"CUHTES  MHOTOMYYHKLIMOHANBHLIX - MEXZHIUIMOB  BLICOKMX Knaccos”, KoTopas
NO3BONAET  YCTHOBTDL 3JBKOHOMEPHOCTD CTPYKTYPoOSpaIoBaHKsa CXeM Me-
XaHWBMOB € OAHOI CTeNeHBI0 CBOBOARE M3 CTPYKTYPHBIX rpynm ACCypa nyTem
WX PACHNIEHEHWA HA KOPOMBICNIOBLIE W WATYHHLIE TIOAFPYOINGI W PA3BMTHE
3TMX MIOACPYNN NIO YACKTY - CTEMIEHER MOABUXHOCTW W N0 “MCHY  3BeHbes,
BLHIEAUTE NO ODWHM  CTPYKTYPHBIM NpUaHaKaM HECKONbKa 0BOoBLIEHHbIX
CYDYKTYPHbIX BMAOE MEXaHWaMOoB.

Ha OCHOBaHWW CYDYKTYPHO-KMHEMATUNMECKOH TEOpUK CUHTE3a nno-
CKMX  PBINEXKHBIX MEXHUIMOB BLICOKMX KNACCOB YCTAHOBAGHO HeThIPe 0COBbIX
CBOWCTBA CXEM = MEXaHWZMOB BLICOKWX KNACCOB. JTW CBOWCTBA 3HAUMTENSHO
PACWHPAIOT (HYHKUKOHANEHBIE BOIMOWHOCTH PBIYBKHBIX CUCTEM.

MepBoe CBOMCTBG NO3BONAET BOCMPOM3BOAUTH TpaeKTopMu  pasz-
NMYHOW (POPMEN M ANWHON, B HECKONBKD Pa3 MPEeBbHLIAIOLEH ANKHEI OTAENb-
HbIX 3BEHbEB CXEMbl W ANMHBI XOH@ BXOAHOro 3seHa. Ha FIPBKTUKe Takue
MEXaHM3MBl NOIBOAAIOT CO3ARABATL CKNaALIBA0WMECA AC 3afaHHOTO rabapuTa
rpY30nogbeMHLIe YCTPOHCTBA W npm‘eau BEPXHEH W HMKHENH Koneuuocreu
Jenoeexa, paboTanwure oT KynsTel.

BTOpCIe CBOHCTBO NO3BONRET

OAHOBPEMEHHO  BOCHIPOWU3BOAWTL

COKHYK0 AEPEAATOUHYIO (DYHKUMIO MEPEMELUEHNS W TPaeKTOpUIo ucnonHn- k.

TeMLHON TOUYKM MexaHu3Ma (3dxbeKT u3MeHseMoro 38MKHYTOrO KOHTYpa).

He npaxTvke WUCroms30BaHUe BTOPOro CBOMCTBA NO3BOASET CO3/ATh
MEPEAATOHHO-HANPaBNAIOWME  MEXaHM3Mb), - KOTOPBIE NMPHM  BOCNpoM3Eefe-
HMU  3303HHOR  TPAEKTOPMU OAHCBPEMEHHO MOTYT GGecneumTh 38A8HHYIO
nepenaToLHylo DYHKUMIO  MEXdY  BXOAHWM M BbIXOAHBIM 3BEHLAMK. 370
CBOMCTBO £XEMb ucnonbaoaauo NpH CO3AIHUM MEXBHUZMA HOIW LWaraloLero
TPaHCROPTHOrC YCTPORCTER.

TpeTbe - aganTmeHoe csour:'rsu CXEMbi. npn ITOM Hanuuue  He-
CKONBKUX NEPEAATONHBIX 3BEHLER 1 HIMEHSEMLIX 3@MKHYTLIX KOHTYPOS. rpyn-
bl ACCYPA B (XeMax MEX3HU3MOB. BLICOKMX KJACCOS MOIBONAET B Apo-
Uecce cuWTesa . NpeaycMETPETb afanTWEHLIE CBA3NW B CXeMaX, KoTophie
HAKMLIBAIDTCA  FPW  ONPEASNEHHbIX B3aMMOABHICTEMAX 3BEHLED £ BHELI
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HUMM OBLEKTAMU W TEM CAMblM W3MEHSKT CTPYKTYPY £XEMbl, @ B pesynitTa-
Te - MEXaKWU3M NEPEXOANT OT OAHOTG PEXUMA B Apyro# DE)KHM paboTsl,

aAANTUPYACH K YCIOBUAM BHELIHel cpeasl.
Ha RpaKTvKe 370 CBOMCTBO CXEMbI pPeanu30BaHo Npu CO3AAHUM Npo-

TE30B FOREHW M KMCTW PYK UYEnOBEKa, MEXaHW3Ma HOM Luaralowero yCr-
poiiCTBa, A TAIOke NP MPOEKTUPABAHWM KOHCTPYKUKMK YHUBEPCANbLHOTO
3aXBATHOIO YCTPOWCTBA MAnorabapWTHLIX 3NEKTPOMorpysUMKoB Ana nepepa-

BOTKM TAPHO-TYUHbIX MPY30B.
UeTBepToe - CBOWCTBO LIMPKYIISALMUY {BoaMyweHts). Hanuuue MHO-
rolwApHUpHOra wawna, COEAMHEHHOIC C BXOAHBIM 3BEHOM W W3MEHSEMbIX

“3AMKHYTBLIX KOHTYPOB B CXEMax MEXaHU3MOB BBICEUWX KNacCoB C OAHOK CTe-
NeHb I'IOABII‘I}I(HDCTH NPUBOAWT K pa3BeTBAERHIO ABUXYLLErD BO3MYLLUEHHWA

BXOAHOIO 3BEHA 110 CTOPOH3M MHOTOWAPHUPHOrO  LWaTyHa (MpW HaNM4MK
YCRQBHOO conpo'manenusa_auxonncro BBEHa) W K B3ZMMOAEHCTBMIO 3BEHb-
€8 3AMKHYTOIO KOHTYpa..

B 3aBMCMMOCTW OT XapaKTepa pa3BeTBAeHUs W oT paanepoa 3BEHbER
)] crpyxwpu CXeMul BLIXOAHDIE 3BEHbA NEPEMELLaoTCA N0 PasANYHBIM 3aK0-
HaM, KOTOpbIE TAIOKE MOXHG WCMONL30BaTh ANR Peanuaauvii CreluarnbHbiX
YCNOBIIA CHHTESA. '

JT0 CBOWCTBO chonbaosauo ANA CO3[aHVA
Npec6pasyioiLero KauaTesibHoe ABWKEHWE BXOBHOTO 3BEHa B KPYTOROE 8pa-
{ATENbHOE ABAKEHWE BLIXOAHOTO 3B€Ha 63 NPHMEHEHWS AOMONHUTENLHBIX
BO3MYLLEHUI (aecé, CUR MHEPLUMM M T.A4.), T.€. ANA CO3AAHUA TXEMbI MeXa-
HUaMa 663 "MEPTBLIX" NONOKEHUH.

. PaccMOTPUM  38KOHOMEPHOCTH  PA3BMTWA  CTPYKTYPHBIX  MOArpYnRn
M npuHuun oBpa3oBaHWs CXEM MeXaHU3MOs:C OAHO# CTENEHBIC CBOGOAbI
M3 aCcCypoBCKWUX Tpynn. Y7o0nl BLIABUTL OCOGEHHOCTH crpykTypoobpasosa-
HHA CXEM MEXaHWIMOB M3 pPasNKyHbIX CTPYKTYPHeIX rpynn Accypa, Gyaem
pasuneHnTE UX Ha ABE NOATPYNNbL KOPOMBICNOBYIO MOAFPYNNY UJaTYHHYIO.
nogrpynny. [Mpn 3TOM KOPOMEICNOBAs MOAFPYTING BHLIAGNAETCA Kak Lenb
¢ nonuikurénbuoﬁ crenenblo  ceofogel, @ WaTyHHas - noarpynna -

CXEMBl  MEXAHW3MA,
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Kk Uenb ¢ OTpUAUaTensHoik crenexbio ceoboawl (cM. Tabnmdy). flo
BEPXHHM CTPOKEM  3TOW CTPYKTYPHOM Tabavubl PasBUBAETCH KOPOMBICIO-
sas nogrpynna (K) no  uMeny cTeneHei ceoboasl, a no nepsoMy cronbuy,
AHANOMMYHO WATYHHAA no.nrpynna (LL}.

HesaBucuMO  pasBuBas 3TW  NOATPYNNE 10 uMChy  Crenexei
CBOBOAB W MO KORUYECTBY 3BEHLEB M PaccMaTpueas moboe BIauMHOR Cove-
TaHWe NPy UX COSAWMHEHWM Mexay coBOt, MBI NONYYMM pasnduHbe CTpyK-

TYPHbLIE TPYNNbI, NOCNE TIPCOEAMHENNA KOTODbIX. K BXDAHOMY 3BENY,

06pasyloTcA COQTBETCTBYIOWME CXEMsl  MEXAHW3IMOB. HANDUMER, K KOPOMbI-
crogod noarpynne (oM. Tabnuuy) K 1 C ogHOi nonoxuTensHoR crene-
Hb0 NOABWKHOCTH NPUCOSAVHVB WRATYRHYIO noarpynny W 1 ¢ ogHoi otpw-
UBTENbHOW CTENEHBKY NOABWKHOCTH, NOJY4MM CXeMy CTPYKFYPHOU rpynmibl
Accypa, a npnooenunua ee K BXogHoMy 3BeHy (NYHKTMPHAA Aunus),
NONYUMM - CXEMY MexaHuaua UJ1K1 ARANOrMYHO ODPA30BAHLE BCE CXEMLI,
MpeacTaBfeHHbie B paccMaTpMBaeMol Tabnuue. B ciyvae, xorga coeauHs-
I0TCA Mexly CoBOi  KOpOMBICNOBas ¥ WaTyHHas noarpynna c Pa3nHSHLIMM
uMCNaMK  cTeneMell CBOGOALI MONYYAIOTCH HEACCYPOBCKME  CTPYKTYDHBIE
Fpynnet € ANWHEH CTENeHLIo CBOBOABL), WAW C M3BLITOYHON CBA3bIY, W COOT-
| BETCTBEHHO NpY MX COGAMHEHWM K BXOAHOMY 3BeHY 0BPasyloTca CXeMbl Mexa-
HW3MOB He C OfIHOM CTeneHbI ceoboabl. B TabAKUE Xe NpeacTABNeHs! TONkKG
MEXAHWIMb! C GAHOMN CTENEHLIO CBOG0A.I. ' :

.'36 .

2. KAHEMATWIECKHii AHATIM3 N/IOCKNX MEXAHM3MOB

2.1. Lenu, 3aga4v U METOALI KWUHEMaTHUUECKOro
' aHanM3a MeXaHW3MoB '
. . C *

Llenbld KAHEMaTHUECKOrD AHANM3a MEeNAHW3MOB ABMSETCA uayue-
HWE 33KOHOB /BWKEHWA MX 3BEHLEB GE3 YYeTa CUN, BLIBLIBRAOUMX 3TH [Bu-
KeHWA. YKa3aHHas: uent LOCTUPAETCA NyTeM DelleHns Cneayioumx 3aau.

1.0Onpegenetue nepeMeLieHil 36eHLER W TPAEKTOPU, OnUCHIBae:
MbIX TOUKAMH 3BEHbEB (3T0 HeabXoaWMO ANR anpefeneqns raGapuTos Mexa-
HW3MA ¥ COFNacOBAHWS usuxeﬂua ero paifivukibiX 3BEHLER - 33f4aua O Nono-
WEHURX). .
2, Onpenenenue nnueunmx 'CKOPOCTENl TOUEK 3BEHBEB W YITIOBhIX
CKOpOCTEll 3TxX 3BEMLER (3H3HME CKODOCTEH  HEeOGXOAMMO ANN  OLEHKM
KAYECTBA TEXHONOTHYECKKUX ONEPALMIA, BEINOAHAEMbIX MAWMHOA, pacyeTa ee
MPOVIBOAMTERBHOCTH, NOTPEGHOCTH B uHr:rpyMEHTe M T.4) - 33aRa4a ©

CKODOCTFIX
3. OHDEIIEHEHHE HHHEHH!:IX YCKOpeHHH TOHEK 3BEHBLED MEXaHuU3Ma

! W YTGBBIX YCKOPEHUR 3TUX 388HbeB (HEOGXOAWUMO ANR  AMHAMUHECKWX

PacUeTos, a TAKE ANS MAiMK, B KOTOPbIX KAYECTBO TEXHOMOMUYECKOro
MPOLECCA 3aBUCHT OT  YCKOPEHWA, HanpuMep, BUBPONKTaTENH, BUGPOKOH-
BEWDH W T.0.) ~— 338aua 06 yeKopeHuax.
MepeuncnesHbie 3a0a4n PEILAIoTCA CEYIOWMMI METOAAMM:
1. padmHeckMMI (KW NPOCTL: , HArNANHbI, WHQOPMATUBHBI, HO

__He oueHb TO'-iHbI) padmueckmis MeToq He Tpeﬁyer COCTAaBneHNA MW pewe-

HUS YPABHEHMIA,

Mpy BEINORHEHWA rpaclmqecxnx ROCTPOEHHIA BOIHWKRET Heobixoau-
MOCTb B BUAE OTPE3KOB M300PEXETh TE WAM  UHbIE BEAMMMHLL  (A/iMHE
3BEHLERB, MEPEMELERNA, CKOPDOCTH, YCKOPEHWS W T.A.), @ 3HauuT, Heob-
XOAWMBI MacUTatsl, B KOTORBIX 3TH BEINUMHBL W30GPAXEIOTCA HA YepTexe.
MNpeanonoXuM, 4To BEJ'_'IHLIHHa K vacBpameHa Ha YepTEXe OTPE3KOM |, Toraa

. k
Macturab Wny, TOMHEE, USHa ASMEeHHA 3TOW BEMKUMHDI Gyper: H= 7 .

CnegoBaTeslbHD, MAaCLITaboM HA3LIBAETCH YUCNO u, KOTOPOS NoKa-
3bIBAET, CKOALKO BAuHUY PAcCMATPMBAEMON BennukHel K COpepxuTCA B’
OAHOM MWUNNIWMETPE OTpe3ka |, usobpaxalolero 3Ty BeNUYHHY Ha WepTexe,
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FlnuHbl 3BEHLEE, CKOPOCTH, YCKOPEHWS MPUHATO oﬁoauaqam'cumse'rcraeu-
HO B M; M/C; M/c, a OTPE3KU UX HIOOPDKAIOLLME HE YPTENE B MM.

Torga GWIEM.HNETI-; | p![_m_] - Macmab AnvH; p;,[-_.!,_] - Macumad CKOpo-
: MM M eemm |

cTel; pa[%] - MAacumat YCKopeHui U T.4.
co-MmMy

ns MacluTaboB UenecoobpaHo BLGUPaTL Cnedyloume uucha: 5000; 500;

50; 5; 0.5; 0.05; 0.005; 2000; 200; 20; 2; 0.2; 0.02; 0.002; 1000; 100; 10;
0.1; 0.01; 0.001.

2. AHaMTUYECKUMM METORaMK (OHU OYEHL TOYHB 1 HH¢ODMBTHB-
Hbl, HO BECLMA TPYADEMKM TP aHaNM3e CROMHBIX MEXaHU3MOB). AHanu-
TUMECKUH  METOA CBAZ3H C 3aNUCHI0 M PEIIEHMEM YPABHEHWA € MOMOWSID
36M. Oﬁbl'-lHO 3afada pPellaeTcs ¢ NoMOLLLO AHANOMOB CKOPOCTER M YCKD-
DEHWW, KOTOpLIe XapaKrepuayioT coﬁcmet-mue CBOWCTBA MexaHMaMa B
npeobpasoBaHUY UM ABIDKEHWA.

PaccMOTpM aHaNOMM CKOPOCTEN W YCKOPEHWH, a Taloke ebipame-
HHE CHOPOCTEH W YCKOPEeHWt Yepes UX ananoru. ... _

MycTe yron noaopO'ra o; 3eeHa (i) HauAeH B Buge (yHKUMA
@ = q;(t) Torga yraoean cKOpocTe w; W YI0BOE ycxopenue g,; 3BeHa (i}
MOTYT GbiTe  HaitneHs! Au(depeHLIMPOBaHNEM (BYHKLINK qq ng speMeHu (t).
Nocne nepeoro Amptbepenuupouaﬂm GyneM VMETL:

dp _dy dp '
S St Mt - S I S 2.1
@t "oy ot g @
rae wy; = %‘E{ - yr:yoi_iaﬁ (_:_kopoab 8X0fHOrc {BeAyuiero) 3BEHA, HMEI-
[1], do; .- e L o
AR PasMepHOCTL | —|; aHanor yrnoBoi CKOPOCTH 3BeHa (i);
do, .

3TO ﬁeapaanepuaa BENWUMHD.
AHanorou yrnoaou CKODOCTH 3BeHa Haauaae'rcn 1 -A npo __,ggl-l,aa T

AwddepeHunpyn ypaBHEHNWE (2 Do apemeuu (1), nonyumm:.

[ N
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- dw, _ d {dyg, o | = @ a {de, + dg, dw, .
dt  dt (dey | Ydt \de,) de, di

_-y 8 [dtm de; _ de; d’¢, L der, _ (2D
=y - - + Ey = 4y @y + =
dgy \doy ) 8t dy, © def d‘h
2
='d 'p; (.ll: + _____d'{)[ By,
do; d‘Pi

rae &; - % - yrnogoe ycxopenue sxo.quom (senyilerc} 3BeHa, WMEOLLEE

pasmepnocrh- [i] dz@
Ll
(6e3pasMepHan BeAMUMHA).
AHAROroM yrAoBoro yOKOPEHHA 38EHa Ha3elBaeTc? 2-1 npo-

- @HANOT YTAIOBOMD YCKOpeHWs 3geHa (i)

“H3BOAHAA ¥INa NOBOPOTa SBEHE! NG 0GOBLEHHOH KOOPAHH&T& MEXAHMA3MA,

MyeTe . ecTs panuyc—aemop, OnpeAensiowniA  NONOKEHUE TOMKM
K 3seHa (i) MexaH13mMa. :
Torpa ckopocTe VK M yokOpeHue g, Toukd K MOMYT ﬁbITb Hald-

AeHbl AvdxhepeHuMpoBaHIeM paguyc-BeKTopa fy no BpemeHn L

- dr, dr, d dr
=T G dey _dn, (2.3)
dt  doy dt  de

ar, ' .
rfne -&;J!k— - aHanoOF CKOPOCTH '_'I'O'-lKI'l K,“HMEIQLLIHH PasMEPHOCTD ANUKHBL.

Aﬂanorbn nutsesinofi cxapmw TONKH HA3LIBAETCR NEPBAA NPO-
W3BOAHAA PAAWMYC-BEKTOPA 3TOM TOoukH no 0BoSuleHHoH: KOOP.QHHBTE MEXE-
HW3MA,

Audrbeperurnya ypasﬂeuue_(2.3) no Bpeuelm t, nonyyunm:

dv, _dfdrn,. Y d (dr,\da . dr, do,
g T dr\ e, T e \dey ) & dg, dt
R AT (2.4
o ﬂhz d* r;, . drk
d d[P1
e 9% . avanor NUHelHOro TOUKM,

ycrcopeuun UMEeRILLMIA pa3-
i ) :
MEPHOCTL  ARWHLE.
Ammmﬁmw TONKH HA3BIBAETCA 2-7 NpoM3-

BOfIHER papMyC-BEKTOpa 3TOH TOMKM 110 ODOBIEHHON KODDAMHATE MEXaHU3MA.
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Takum oSpasoM, CKopocTH 1 YCKOpEHUS 3BEHBER U MX TOEK MOMYT BbiTh Haif-

feHbl Jepe3 COOTBETCTBYIOWME 3HANOTM CROPOCTeH W YOKOpeMuM W yrho--

Bble CKOPOCTh W YCKOPEHME BXOAHOrO {BEAlylero) 38eHa MexaHuaMa.  Ecau
' BXO[HOE 3BEHC COBEPILAET NOCTYNATENLHOE ABWKEHWE, -TO 0GOBILEHHON
KOODPAMMATON RBASIETCH €ro hepemeuiesue. B aaHHOM chiyuae onpepencHue

@HANOTOB CKOPOCTEA M YCROPEHWIR MOXET OblTh BLIMOMHEHO AHANDIWYHO, |

AHBNOM CKOPOCTEH M YCKOPEHMI. 3BEHBER M TOUEK MEeXaHM3Ma 3aBHCAT ToAb-

KO OT 0BOBLLEHHOW KOOPANHATE! MEXBHWSMA W HE 33BMCIT OT 33KOH2 ABW-.

MeHus BXOAHOMO {Beayuiero) 3BeHa, T.e. OHU ABNAINTCH XAPaKTePUCTUKAMU
CaMOI0 MEXEHUIM. _ -~ : ' :

C BpefeHuweM B- pACCMOTPEHME 2HANOIDB CKOPOCTEd W yokope-
HIii KMHEMBTWYECKDE WCCAIEAOBAHME MEXBHYBME MOKHO  BECTH. . YMCTO
reoMeTpMYecKiM nyTeM. Hanuuve e 3aKoHa ABUXEHWS BXOSHOrO {Beaylle-
FO) 3BEHA MOIBOMAT BRIMUCIIUTL KOHKPETHLIE 3HAYEHUA CKOPOCTER W ycKope-
HWit 3BEHBER M TOUEK MEXaHU3MA. :

TipA 3TOM ZBMKEHNE BXOJHOTO 3BEHA MEXAHM3MA C YITIOBOIA CKOpPO-

CTbi0 ©; = CONSt W g; = 0, HOCWT - HA3BAHME MEPMAHEHTHOIO WMAUM OCHOBHOM
ABOKEHUA MexaHusMa. - Ecin 8 paseHcTBax (2.2) u (2.4) NpuHATE YrAOBYIo
CKOPOCTE ©y = 0, TO 3TV PABEHCTBA NPUHUMAIOT BUA!

e = Mig . @)
1 '

. ar; '

gy =—+sg4. - . (2.6)

k _dP_J "

DOewxeHne PEAYWErD. 3BeHa, ONMCHIBAEMOE paBeHcTBaMy (2.5} u
(2.6), HOOAT Ha3HAHWE HAMANLHOTD ABWKEHHA, B HAuaNbHOM ABWKEHWM
MEXEHMIMZ W) BEAYWEr0 3BEH3 DABHA  HYMIO, NOSTOMY €10 HOPMankHbIe,
OTHOCUTEIBHBIE ¥ KOPUONMCOBGL! YOKDPEHMS  Taloke pasHul Hymio, Crieaosa-
TENIBHO, B HAYANMBHOM [BVXXEHWH 3BEHBA M TOUKM MEX3HMZMA MMEIOT
TONBKD YTAOBLIE ¥ TAHTEHUMANLHBIE YOKODEHMS, NMHMU AERCTBA KOTOPLIX
COBNAMAIOT C JMHMAMI  JIGACTBUR  CKOPOCTEN COOTBETCTBYIOWMX TOHEK
38eHbEB. MICTHHHOE ABIKEHVE KKAOTO MEXAHM3MA B 0DWEM CRyuae MOXHO
PaccMaTpHBATL COCTOALMM W3 NEPMAHEHTHOTD M HRYanbHOTO ABKKEHVA.

3.1 pad)oénanmqecmnu METOAAMM (OHW COMETAIOT AOCTOMHCTER
METOROB rpaMUeCKUX U aHANWTUYECKMX, @ WX HEIOCTaTKM B HEKOTOpO
CTemeHn crnaxupalor). ' ' -
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2.2. MnaHs NonoXeHUA MEXaHW3Ma.
_Oripegenexve TPAEKTOPWIA TOYEK 3BEHLEB MEXAHUIMOB

B 'rﬁad'mqeu(om W rpadoananTMYecKoM MEeTofax ' 3Ta 3ajaua
beu.lae_'rcn op.'HHaKr_JBO. Haufonee NpOCTLIM 1 PACMPOCTPAHEHHBIM METO-
OOM ANS ONpefeneHWs  TPAEKTOPWH  TOMEK ABASIETC METOA FEOMETPHYE-
CKUX ToMEK. OH OCHOBAH HA NOCTPOSHWM MNAHOS MONOKEHWA MEXaHW3Ma.
Ons peuseHns 3agaun’ O NONOXEHWAX 3BEHLEB MEXAHW3MA AOMMKHGLI 51%00
3aflaHbl KMNEMATALECKAR (XEMa MEXaHWM3Ma W 33KOH ABWKEHWS BERYLErD

.3BEHA AN MEXaHM3MA C Wizl WIM 3aKOHbI [BMXERNS BeAYWMX 36eHbeB 4N

MEXAHA3MOB C W>1. . .

MnaHsl NONOKEHWI MEXAHM3MA CIYXKAT OCHOBOW ANA Fpadmue
CKMX W rpathoaHANNTHYECKMX METOAOE KUHEMATHHECKOrO aHamuza. Moato-
My ANA ONPEAGNEHWS MONOKEHNIt 3BEHLED MEXBHNIMA CTPOST €ro KAHeMa-

_ TMMECKYID CXEMY. B COUTBETCTBYIOLLEM ‘MacwTabe. - [JBukenne seay-
UierD 3BE8HA NPU KMHEMATUMECKOM WCCNEA0BaHMM BCErga GyaeM npeanona-
- raTh - PABHOMEpHDIM, T.8. my=const. KpakHuMy Ha3LIBAICT T3KUE NONOMEHUS

MEXaHM3Ma, B KOTOPLIX ‘BLIXOAHHE 3BEHbR 3aHUMAIOT waubonee yaaneknie
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ApYr OT APYra NOAOXKeHWR. 33 HavansHoe WnW Hynesoe nond)nceﬂue, npu
NOCTPOSHUH  NAAHOB  (ONOXeHWH MEeXaHWaMa NpPWHWMAIOT, Kak npasuno, |
OfiHO W3 KPafHMX FIONOMEHUIA. PaccMoTpMM NOCTPOBHME NNZHOB MONDXEHKNA
MEXAHMIME HA KOHKPETHOM MDUMEpE: KMHEMATHHECKOH CXEME KPHBOURAMTHO-
PLIUEXHOrO npecca (pm:2 1). MexaHuam npeoGpasyer pasHOMEpPHOE Bpa-
WaTeAbHOE  ABKMAMEHME BEAYWErc 3IBEHA - KpUBOLMNA 1 '8 BO3IBPATHO-
NOCTYNATENDHOE ABMXKEHWE NON3yHa 5.

[pn MOCTPOEHWN NAGHOB NONOXKEHMIA MEeXaHM3Ma NOCTYNEeM Tak,
B 3aganom macwTabe i, CTPOMM CxeMy MexaHuaMa Npu Kakom-To onpese-

NEHHOM, HANPYMED: BEPTUKANLHOM NONOXEHVM Beayllero 3seMa 1, (cM.
puc.2.1). 3a oawH 06OpOT KPHEOWMNA TOUKa B ONMWET TPaeKTopWIO:
OKDYXHOCTb. PasbMB 3Ty OKDYXHOCTL H3 HECKOMBKO pPaBMuiX 4acTedd,
HanpUMep Ha 8, MOKHO MOKA3aTL MONOKEHUA - KPUBOIMNG YEPE3  Kamayko
1/8 YacTe ero nosAHOro oGoPOTa, ‘@ 33TEM NONOXEHWS  BCEX OCTAaNbHbIX
3BEHLEB MEXaHWIMa, BLINONHAR 3Ty paboTy, cnesyeT MCXOAWTL U3 TOro, YTQ
AMVHBE 3BEHLES M3BECTHBLI, 3 TAKOKE 38paHee MOXKHO CKAa3aTh, RO KakuM
TPAEKTOPMAM ABMXYTCH HEKOTOPLIE. TOUKA MEXaHM3Ma, Mbl yKe. OTMeTUnm,
4TO TPaeKTopuei TouKW B 3a oauH ODOPOT KDUBOWIMNA RBNAETCA  OKPYX-
HOCTb paguyca AB; KOPOMLICO 3 Npu-paboTe MEXAHW3MA COBEPWIAET Kaua-
TENLHOR ABUKEHUE, JHAUMT, TOHKA C ABMKETCA NO f1yre OKPYXXKHOCTH pasmy-
ca CA, xpome Torg, paccrosiive Mexgy Toukoi C u Toukold B Ham Takke
M3BECTHD, OHO NpegcTaBnset cobod ANWHY wWaTyHa BC Ha vepTexe,
_ 3aceuKoi ¢ NOMOLYEIC LMPKYNS, MOXHO HaiTh B 33afaHHOM rono-
WEeHWW MexaHusMma Touky C, 2 cnéﬂoaa_‘renbuo; noMnoweHne kopaMmbicna 3
 Touky E. MweM Tenepe ronoXeHwe WaTyHa 4 M flonsyHa 5. Mpu  pabote
MEXaHM3Ma NON3YH 5 ABMIKETCR BO3BPATHO-NOCTYNATENLHO W €10 TPAeKTo-
pUei SBASETCA FOPHU3oHTaNLHaR RpsMasn. BepeM pacteop uWMpPKYNs, pasHoii
ANMHE LWATYHA 4 HA HALIEM “EPTEXE, CTABUM HOXKKY UMPKYNS B TOUky E u| 3
AenaeM 3aceuky Ha 3Tol NpAMOA. Takum obpaaoM nonyuaem Touky F. Mpo-
Beas npaMyio EF, FIOKBSI:FBGEM MOROMEHNE WATYHA 4 91 NON3YHA. 5.

MOCTPOMB NARHBI NONOXEHWA MEXaHWU3Ma, Nerke HaNTH TPaeKTopuio
£K60i MHTEpeCYIoIEH HAC TOUKK, LTSkl NOKA3ATh, HANPUMED, TPAEKTOPUIO,
TOUKM S - LEHTPA TAXECTH WaTyHa 2, M300pmKaer NofoXKEeHrs 3ToH ToUKM
B pafie NOCREACBATEABHLIX NONONKEHUA MEXaHKIMa, nNnasHoi AvKKWel co-|
efuHAEM UX MeXay coboil. Ha puc.2.1. 37a TPAaeKTOpUA UMEeT BUA 3aMKHYTOMH
KpUBOHA. AHRNOMMYHO  HaxOHATCS  TpaexTopun -~ mobsiX  Apyrwx  Touel
MexXaH!3Ma. ' '
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| MOTO 388HA WU BLIGOPA WX HYMEBO-

TIOROKEHNE  BLIGKPAIOT TO 3

|3BENO  MAWMHAET BCTPEYaTh TO-

QGBIUHO FNAHB NONOKEHHA MEXAHWNIMS HAUUHSIOT crpom C onpegene-
HUA KpPaiHWUX NonoWeruit Bepo-

r0 NONOKEHWR.  3a Hynesoe

KpaiHWUX MONOXKEHHH,  KOTOpOE ™
COOTBETCTEYET MOMEHTY, C KOTO-

poro

BLIXOAHOR-UCNIONHATENBHOE ' .
A : Puc. 2.2, naHe NOADKEHWIA KPUBOWMITHO-

h AGFAIYHHOTD MEXaHM3Ma
nesHoe CONpPOTHBAEHWE MPU Bbi- :
TOAHEHUWA CBOWX (PYHKEM, T.2. Touky By, Hanpumep, ans KpWBOWMIHO-
MOA3YHHOrO MEXaHW3Ma (CM. PKC.2.2.) MOPAAOK NOCTPOBHMA RAGHOS NOMOKE-
HUA MOXET ObiTb cnenylowum:

1. HAHOCHM Ha YEpTENE HEMDABMMHLIE OCU MEXBHW3MA (TO'-IKa A).

2. Papuycom, PaBHLIM INWHE KpMBOWKNA AB, nNpPOBOAUM  OKDYX-
HOCTh, SBIISHOUIYIOCA TPAEKTOPHER ABIKEHUA ToUKN B. Ha Held HaHOVM TOu-

" k# By 14 By, COOTBETCTBYIOLIME KPRITHWAM NOROXEHNSIM MEXBHW3MA U BbIGHPAEM

W3 HUX HyneBoe , T.e. By. [lanee HAHOCUM Ha OKDYXKHOCT MONOMKEHUS TOUKM

B: By,Bs..... Bn. Takux nonokeHnH MOXET GbiTb 8,12, pexa 24 unn 36, Yol
Memny coceaHuMY nono)xenunun Kpuaoumna ONPEAENSIOTCA MO BHIPAXEHKIO:
' 360°
4 .

¢= .n

rae N - MUCno suﬁpaﬂuux MIONOKEHMI. MEXAHUIMA {KDUBOLLMTIA).

3. W3 RonydeHHbIx rouex By, By,...Bn paauycom, pasHbiM nnuue

" waTyna BC, AenaeM 3aceuKu Ha JIMHWA X-X W nOflydaeM COOTBETCTBYIOUME
- MOMOKEHUA TOUKK C 1 BCENO MEXaHM3Ma 8 UEAOM,

Takum obpazom, B oftleM Cny4ae, NOCTPOEHWE NAJHOB NORMKEe-
Ui Mexanusnos BTOPOTO KNAcca CBOAUTCA K NOCNEAOBATENLHOMY Onpepe-
NEHVIO NONOXEHWIA IBEHBER  2-NOBOAKOBLIX TPYTA, Y KOTODBIX HeH3BecT-
YbiMM SBAAIOTCA NOMMKeHUA KPAHHMX 3M1EMEHTOB KMHEMaTUUECKUX Nap, Bol-
fIONHEHHLIX B MacuiTate KMHEMAaTUYECKOH CXEMBl MEXaHUaMa,
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2.3. Petuenne 3anaqu 0. CKOPOCTSX M YCKOPEHMAX _
rpadMueckuM METoROM _ - S|
{rpatudecioe nndxbepel-luwpoaauwe) . ¥ &

MokaxeM: npMMeHeHue -rpacbw-ledc'oro ' MéTo.na K Hccneﬁnaaumo
KOHKPETHOTO MEXaHM3Ma, NOKAa3aHHoro Ha puc.2.2. Tycra Tpebyerca f o
fOCTPOMTE  AMarpamMel  Sc=Sclt), Vc=vVc(t), ac=adt) um  Sc=SJ{ 4 ), k o &;9

Ve=Vd g 1 m ac=ac( ) _} Anst ToMKM C non3yHa 3 B-NEPMAHEHTHOM naﬁmeuuu

MEXaHW3Ma, SCNM KPMBOWMN BPAMACTCR € NOCTOSHHOW YrAOBOW CKOpO-

CT0 my = const, HaxoauM nepeMelieHne Toukn C OTHOCKTENLHO Kpalivero
NEBOrO AONOKEHWA , NPUHATOTO. HAMK 33 HYNEBOE, T.e. TOUKM Cg 33 NOAHBINK
oBopoT KpuBowMna 1.408 3T0MG BOCHONL3YeMCH nnanom MonoXewui  pac-
CMATPHB2EMOTO MEXaHW3IMa (cMpuc2.2)-

"~ CrpouM ocM KoopavHaTt Sc - t (puc.2.3,a), ¥ Ha ocu abolvce oTrna-
Apigaem 0Tpes’ok I = 08 B MM, W3CEPAKAIOWIMEA BPpEMA OgHOMO noriHoro obo-
pOTA KPUBOIIMNA B Macunaﬁe L .

Torpa - T= & =/, - (2.7

S 1B

1

rae T - BpemMa ogHoro oSopoTa Kpnsomuna, CeK; 1 - MACWTAG BPEMEHN,

E N S

’ = —, dMM . : 2.8.
e W, (2.8)

Otpesok | penvm Ha B paBHbix YacTed (Ha npamxe yacro 6epy‘r
12 24 nan 32 preneHua) M B COOTBETCTBYIOWMX TOUKaX 1, 2, 3... no ocw
opAYHaT oTknaasieaeM paccrosHus GGy, GoGs..., nDOHﬂEHHbIe T04Koif COT ee .'
Kpaikero nesoro nonoxenna Co. [0 Kpa'ﬁHero Npasors  nonoxeHua Cy,
DacCTOSHUA BOIPACTAlOT, @ HauwHas ABUraTbca oT Cy BNEBO, OHU OyayT
yMeHblUaTbo. Korga KpvBowmn MpugeT B HaqaneHoe nonoxenwe By,
opAvHaTa awarpamMel (Sc-t) Gyaer pasma Hymio. MonyderHbie Touky O, 1',]
2", 3',... COBAMHAEM NOCNEROBATENLHO NABHONW KPUBOM, KOTOPas i ABNAET-

.

—

-

Sl AUArPAMMOit PACCTOAHWA Toukn C (cM. puc.2.3,3). - .

Ecnn BennuMHbl paccTosKus CGCJ, L0 T onmanblﬁarb npama  co

€XEMbI {CM.pKC.2,2), TO MacwTab p,  AMarpaMMbl (Sc - t) Gyaer paseH i)

BCNM KE IV PACCTOSHUA NPUXOAWTCA YMEHBWMTE B M Pas3, TO y, COOT-

BETCTBEHHO yaenuuuaam B M paa, Te
mllf '
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Mpu pasHOMEPHOM BPAILEHNW KPUBOWWNA MOXHO CHWTaTh, MTO 10
ocu abCcUMCC OTACKEHO He Bpema t, a nyTe Sz Touku B ¥ Macwrab no ocw

2 TI! A8 . M -
By = _f“ — {, TAe 3Ha4yeHue | A0MHHO OBt B2ATO C HEPTEXa B MM.
MM :

‘Ecnu no oo abcumcc OTKNAALIBaTb  Yribi noabpura KPYBOLIMNG ¢} , OTCHW-
ThIBaA UX 110 XOAY MACOBOW CTPENKM OT HAYANILHOFO NONOXEHNS ABg, TO OaH-
Haa OwarpaMMa NpeAcTaBuT thyﬁxuuouanbnylo 3asucMocTb Sc=Sc( @) ¢
MacwTab no ocK abouymee '

2 .
Py = —-}t- 1/»_4M /. (29)

Ans nocrpoerus auwarpaMme: cropoctk (Ve - £) noctynaror Tak;

- nog AvarpaMMod  (Sct)} crpor oo koopauHat - O, Of,
(cM.2.3,6) » Ha npogomkeduy ocu Oyt BNEBO OTKNAALIBAKIT OTPE3OK
OsPs=H (M.} _ o \

- 13 ToukW P1 npeBoasaT ayuu Pyp,Py;.Pys,..., NapannensHo xopaam
. KpUBOiA (Sc-t) Ha yuactkax 01, 127, 2'F,... . 3 JIy4M OTCEKYT Ha ach OyVc
~ OTpesku 011,011,0;3, " nponopuuonanbnble CpeaHai cropocTi VC Ha cooT-
Be'rcrayromen Y9acTke [HarpaMMbt.
- OTKAAALIBAIOT 3TH o1’pe3r<u Ha CPEOHWX OpAMHATAX COOTBETCT-
BYIOULAX YUACTKOB.
fanee, COEAVHAIOT PRA I"IDHy‘-IEHHI:-IX Touex LILIIL..., nnaeHo#t KpuBeo#,
KOTOpas ¥ GygeT AvarpaMMoit ckopoct (Ve - t). '

Cnepyer UmeTh B BUAY, UTO YYACTKH, HA KOTOPBIX KPHBAS WMEeT |

IKCTpeMYM (Kak, Hanpumep, yd4actok {2-3)m (5-6) na pwc. 2.3, 6, cneay-
€T PasfennTt AOMOAHUTENLHD Ha [IBA YUACTKa KaXAblA, H2 NPOTSKEHUM KO-
TOPLIX KpuBag {VC-t) He WMeeT akcTpeMyMa,

Hmern auarpammy  {(Vc-t), aHanorvyHo  CTPOWTCR
(Vct) m (@-t) ocTaercs 7axuM Xe, KaK 1 paHblue, - a8 Maclrabsl no  ocaM
OPAUHAT ORpefensloTes ho CNefyiolum hopMynas;

ts

B = —5—, mcl/ um, (2.10.) ;
© Wy, ;
M -2 o

My = ——— M0 MM (2.11)

Hi<#, ]

rge Hy v Hz - OTPE3KM, B34TbIE C YEPTEXKD, MM.
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ANBrpamMMa '
YCKOpEHUi (a-t), kotopas npeacrasnesa Ha puc.2.3,8. Macimab y, auarpamm |

" YCKOPEHMiA ANs 3BeHa 1.

Ecrm no ock ii_ﬁcul_qcc OTNGXEHO He Bpems t, a yron nosopoTa

- : By |
KPUBOWMNG ¢ = w,L , TO GYAEM HMETL: |1, = pt A BLIPAKEHWS ANA p, ¢
. Fi

Rz NPUHUMAIOT BUA:

=B e, (2.12)
b, s .
- " .
- L ety 2
By = ————— , [MCTMM/, (2.13)
% U P7, PR
rae wy = %, 1/c

. Vi paccMoTpeHWS 3aaucunocreu (.10 u (2 11) BHAHO, uTO BEAK-
YMHbl MacWTaboB. AwpdepeHLManthbix  KpMBLIX  33BMCAT  OT . COOT-
BETCTHYIOWErS NOMOCHOTO PaccToAHuA - H; i H,, KOTOpoe BhIGMpaeTca
TaK, uToSH AudMbepeHManbHan KpUBas BMECTWIAChL Ha OTBeASHHOM Ans
Hee MecTe uepTenxa. Flpu . 3TOM CneayeT WMeTh 8 BUAY, WTO MEeTof rpa-
diMueckoro qudrbepeHLnpoBatva He  SIBNSETCA  AOCTATOYHO TOUHBIM, 3
MO3TOMY ero anIMEHﬂIOT Aina NPMOMDKEHHORO ONPERENEHKR CXOpOCcTeit W

- YCKODEHWiA.

B KauecTse nponeplm npaBnanomﬂl TIOCTYPORHNA  MOMHO  MONb-
I0BATHCH QHEBMAHLIMU YCIOBMAMW: CKOpoCTe Vo nomkHa Gbb  paBHa

YO, CM.puC.2.3,6, NonGKeHHe 4, KOTAA TNEPEMEILSHWE SC UMEET MAKCH-
."iaaanoie 3HAYeHHe({CM.OHC, 2.3,a).  AHANOTMYHO YoxopeHwe & 6yaeT  pasHo

WYMo B r:onoxceuuu, KOT[3 CXOPOCTS Ve MNEET MAaKCHMaMbHOE JHAYeHUE U

A (\ 1o . .
s " 4 PEI.IJEHHE 3ala4n O CKOPOCTAX WU YCKOPEHWAX

#4 . rpaoaHANUTHUECKMMI METOAAMMU

4 1 Mnann acopocrai ¥ YCKODEHWIA 3BEHBEE  NPH 338aHHOM
3aKOHE MX ABIDKEHHA

. Iseno COBEPIIAET NOCTYNIATERBHOE ABHNEHNE (TON3YH)

ﬂaﬂo. Vlr &, ill
TpebyeTca nocTpouTL NNaH ckopocTeit
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WH

Buibvpaem MaciuTab ckupocreﬁ iy [M/CMM] ¥ CTPOMM ONAH CKOPOCTEH,

R &£
——

Ed

Boibupaem: MacITa6 YCKOPEHWE g [M/cP*MM] W €TPOUM NNak ycxape-

R 4.4

. . —— .
Ecnu V; = const, Toraa Touku by i k Ha nnaWe yckopewui coana.nw c

noniocoM Pa, Tak xak dg =01 gy =0,

HAW.

FBeno maepmerapau:armnoe Wm (KpHBoLINI; «manm)
Hano: my, £;, NDNOKEHWE 3IBEHE B Macurraﬁe Y.
TpeByeTcs NOCTPOMTL NAGH CXOPOCTER: U YCKOpEHMIA AnA 3BeHa L.
ZanuweM seKTOpHbLIE YpABHEHWA ABIKEHWA [1AA
CKOPOETM  TOUKA B & obuieM suae:
' Ve = Va + Vaa.
AHaNM3 3TOFO YPABHEHKA NOKA3BIBAET, 4TO V) -
BEKTOP CKOPOCTY TOMKMA A B NEPEHOCHOM NOCTYNATENBHOM

Ho 3gedy AB B cropuuy w;. CneposaTensHo: -
. Va vm, HO Vu = ¥y -AB.
BuibupaeM MacwTab Bv

'

KOpEHWW TOUKH B B oﬁ'mem BUpe:

+a"

ag, —a‘+a 2, a

_ =B A
Auanua ypaBHeHus MOKA3LIBALT, YTO d4 ~ 370 BEKTOP YCKODEHMS
TOUKM A B NEPEHOCHOM nocrynarenhuum DBYXEHAW, OH PaBeH HYJI, agl

BEKTOP HOPMANbHOW  COCTABNAIGLEN  YCKOpeHws  TOuKU B OTHOCH
TeNbHO Momioca A, OH HanpaBAeH of Touku B K TouKe A 10 3BEHY AB.

_43'

‘AB:-

ABWKEHVW, OH PaBeH HymMo. Vg, - BEKTOP CKOPOCTH Touu B
B OTHOCHTENBHOM BPALATEIEHOM JBUXEHUK, OH HAMNpaABCH nepneuguxynnp- = ..

[MfcMMT W CTpouM. nnaH CKO',‘)OCTEH, rae;

Hrd&'a”io T nnad '\/CKUDEHHﬁ 33} ‘Hie CKﬂa.ﬂbIBBETCR n3 .RBYX !'IpOCTbIX ABUXEHWIA;

3 NALIEM BEKTOPHOE YPABHEHWE ABWKEHWE ANS YC|

38HO,  4YTO
‘WatyHg, Takcso: w3

Moaynb ag 4= 1'43, ag 4~ BEKTOP -TaWreHuManeHo# CcocTae-

nsnolueu YCKOpPEHHA TO4KM B OTHOCWTENLHO noAoca A, OH HanpaBneH nep-
NEHAKKYNAPHO AB B CTOPOHY 3aA2HHOMD &;.

Mr.mynb ag,q'- PR fAB

3T0 ypaBHeHWe pelLasTes rpadauuecn(u C
nraKNa ycKopeHWiA,

HAR g [MfCmM]

.ga_

¥

CnenoaaTenbnu,

noMoIbIa
BribupaeM Macwtab nnaWa  yckope-
¥ CTPOMM MNAH YCKOpeHWlH 3BeHa .-

‘%nl = ﬂf[””]'_
s

by = 2w
Ha

Mm msepmaerammme Mmapamnbmgamﬂm (waryn)

M3 TEOpETH‘-IECKOH MEXAHWKW W3BECTHO, YTO CAGMHOE ABMXEeHWe

LT3 B MNOCKOCTM MONGHO NPEACTaBUTh . KBK CyMMY ABYX NpOCTbIX  ABH-~

WEHWH; MepeHoCHOND NOCTYNaTeALHOM Y. OTHOCUTENBHAID BRAWATENLHOMD,

“Ha puc.2.5 W30BpaxeHsl ABA MIHOBEHHBIX MOAGKEHWS 1LATYHA KAKOrO-TO
' '\ﬁéxaunama' AiB; n A;B, [lepeMenienne waTysa W3  nonoxerws A.B, B

MOMOKEHUE AzB; MONHO CXEMATHUHO NPEACTABUTE TaK, NTO 3TO ABUXKE-

NepeHOCHOro NoCTy-
NATENLHOrO (MpKU 3TOM CKOPOCTU BCEX TOMEK PABHbl Mexxay ooBoi) W OTHO-

[ cuTenieHOro BpawE@rentHoro (Koraa tua'ryH NIOBOPAYUBAETCA  BOKDYT Ka-
- KOW-TO TOUKM KaK UeHTpa

f .\ MPHOBEHHOMD
f. 8 OTHOCUTENBHOM. ABWXE-
HUW). S

-BPALLBHARA - Bi'

“ox . Ha puE:2.5 noka- .
ABWXEeHe - 7 T
|'|0-'-‘_ P
keHns AiB; B nonoxe-

Puc 2.5. [IBIMEHWE LLIATYHA HA NNCCKOCTH

Aue A8 (nepéHO(:Hoé NOCTYNaTenbHOe [BYXEHWE), 3 32TeM U3 MONOKEHUS
sz‘ 8 nonoXexne AzB; (oTHoCuTENLHOR BpaU@TENbHOE ‘newxeHne), Abco-
FoTHaR CKOPOCTE Toukw B B 3T0M cayuae: -
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Vs = 1'7.4'+_Vs# . : (2.14)
Tpe [7,, - CKOPOCTb NEPEHOCHOID NOCTYNATENLHOID ABWKEHMSA TOUKM B (ab-

" COMIOTHAA CKOpOCTb TOuKKH A); /g4 - CKOPOCTh OTHOCMTENLHOTO Bpaua-

TENLHOro ABWKEHWS TOYKW B OTHOCUTENRHO TOMKK A, [lBinkeHKHe waTy-

Ha 13 AB; B A;B, MOXHO NPEACTaBUTL U TaK: NEPEHOCHOR NOCTYNaTeNb-

HOE JBMXEHMe W3 nonokeHun A;B; B nonoxeHue A'B, a2 3aTeM OTHoCH-

TENLHOE BPAATENLHOE ABWKEHWE W3 nonoxenus A'B; B nonokexwe
A;B,. Torga aboconoTHaR CKOPOCTE TOMKU A BygeT:

Va=Vg +Vas, (2.15)

FA€ /5 - CKOPOCTb TEPEHOCHOMD MOCTYMATENBHOTO ABWKEHAS TOUKN

A(abconiTHaA CKOPOCTb TOUKY B);Lag

BPAWATENBHOrO ABWKEHNS TOUKK A OTHOCUTRNBHO ToUKM B.

Taxolt npMemM NOZVBOAAET HAWTW CKOPOCTH MHTEpECYOWERd Hac |

TOUKA B CAKHOM €€ ABMIKEHMK.
B npakKriyeckux 3a7auax B KauecTee LlEHTpa MI’HCIBCHHOI'O Bpa-

LIeHWA 2BEHA B OTHOCUTENLHOM ABMAMEHWW Cnepyet GpaTb TY TOUKY, CKO- ._ :

POCTb KOTORON W3BECTHa 33paHee WM Nerko MoXeT Guime onpenenela. Kak

TIpABWNG ., TAKUMM ceoifcTBaMM obnagalT KpadHde KMHEMJTUHECKME Naphbi |

CTPYKTYDHBIX TPYNn ACCYpa. BTOPOrD KNAcca COOTBETCTBYIOWNX MEXBHUIMOB.
MpuBEAEHHbIe 3eCh CBEAEHWR NOTPEGYIOTCA npu

MEHMAX. C NOMOWBID 3TOW TEOpeMb), . B M3CTHOCTW, PasPelasTCR BTOpas

3a/j24a KAHEMATAECKOTO WCCEA0BAHMS MEXBHUIMOB: Onpejenenie cxopo- B

cTeil ToHeK 3peHbes MeXaHU3MOoB.
Kynxca C KYITHCHLIM KaMNEM
dano.  Cxema

Macwrabe; m,; €5, Vo, 3.
TpefyeTcA noCTPOMTL  NNaH cKo-

Puc. 2.6. KYAKUCA © KynyHbiM
KAMHEM )

Haanexawme . COOTRETCTBEHHO XyrRuce 1 W

50

- CKOPOCTb GTHOCHTenbHoro f  KAMHS Kynhcut B obuiem suge:

poxazatens-

CTBE TEOPEMBI O NAIAHE CKOPOCTeM, WMelolleidt BONbLIE 3HAYEHWE B APHNO- : 5; 5, KOPMONWCOBO YCKODEHWE, BOSHUKAIOUEE  43-32
o~ 2

Kyucet 1 c i
KYANCHEIM KaMHEM 2, BoINONHEHHAR B JE

B J3AaHHOM °

pocTeit #® nNaH yCKOpeHuH.
NONGKEHWM, B
YcnosHO — paspesas’  KYJHCHbIG 3

KameHb, (puC.2.6,6), Boineinem npe mrvo- I
BEHHO COBMajaloume Toukn By, -B,, npu- §&

KaMHIO- 2. 3anuieM BEKTOPHOE YDPABHEHUE §

" BBWOKEHWA ANA CKOPOCTU TOYKW 8, KaMmHua KyNWcel B obtyem BHAe.

Va2 = Vi + Ve
_ AH2AW3 YPABHEHWA NOKAa3bIBAET, YTO Vg - 3T0 BEKTOD fepeHOCHON
CKOPOCTH TO4KM B; NpW BpAlLeHWN €€ OTHOCHTENbHO A. Vgp - BeKTOp -
CKOPOCTH  OTHOCWUTENBHOMD TNOCTYNATENLHOND - ABKEHWA KAMHNA 2 OTHOCH-
TENbHO Kyfnch! 1, '
Mpu 37T0M UMeEM: Vi = o1 Tag, ¥ oma = V2
BeibvpaeM Macwmdt nnada CkopocTeit py  [M/C MH] A CTROMM erog,
peas rpacbuueck BEKTOPHOE YpPagHEHHe, :
) YTobh! - HOC_TDDHTb nnaH  yoko- R, a : .1
peHniA, 3anMLleM BEKTOpHOE YpasHe- ! iy
HIE QBIDKEHWS ANA  YCKOPEHWS TouKW By

— —_ BT S —r
ag = 351 + agzg! + 53231 .
AHanua BEKTODHOI"O YpaBHEHHﬂ NOKasbiBaeT.
dg, = asm +85,44
r
g4 = wZ/ 4 , GrO BEKTOP HANPABNEH N0 KY/WCE OT TOUKK B K TOuke A.

13

POHY 2.

:35,4 = €7/45, €TO BEKTOD Hanpasfex NEPNEHANKYNAPHO Kyauce B CTO-

Hanuuwa nepe-

HDCI'IOI'U BPAWATENLHOMD ABHXEHMA KYNINCH # OTHOCHTEﬂbHOI'O nocryna-
TENBHOIo ABMMEHWA KYHHCHOI'D KaMHS.

Mogynb 53:3 = WVom Omp = 2011 - Vigg.

J\ns onpegenenvs HanpaBneHWs 8eKTOpa KOPUORMCOBA ycxopeﬂua
HAZO BEKTOP OTHOCUTENBHOW CKOpOCTH V. p2s1  MOBEPHYTH

wa yron 90 rpaaycos B CTOPOHY @y, Fa,a
ag 25} - BEXTOP OTHOCHTENBHOIG MOCTYNETEnbHOrG " g
g : 1
YCKOPEHVS, MOAYNb €10 paBeH Jp 5 = &7, OH HANpaeneH )
[,

- .HO Hanpaanmou.leu FIDCTYI'IaTEﬂhHOH napel, T.e. No Kynuee 1.

Bubupaem Macurraﬁ Anaqa ycmpeuuu jla [M{CZMM] h CTPOMM ero,
peusan rpagmiecir aentopuoe ypaaueuue
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24.2 I'}_nan OTHOCUTENLHDIX CKOPOCTEH 3BEHA W ero CBOWCTBA

_ Teoperma. [nau CKOPOCTEH# . HOADGEH QYEpTaHNIo TBEPAGTO Tena
(3BeHa), CKOPOCTM TOHEK KOTOPOrD OH M30GPaXaeT, W NOBEPHYT NO OTHO-
WEHWIO K AaHHOMY TeNy Ha yron 90 rpapycos B CTOPOHY ero MFHOBEHHDFD
BpaWeHna. .
Hano: 1.Mnockoe Teno NPovIBanLHOR OPMBl , HA KOTDPOM B3HTEI
TpU NPOM3BOALHLIE TOUKK A,B,C, obpaayiowme Tpe?ronbuux.

" 2.[lBiKenve TENa CNOXHOE, MPU ITOM W3BECTHA ABCOMOTHaR CKo-

POCTL MPOH3BONLHON TOUKW, HANPUMED TOMKK A, a TAKKe yrioBas CKOPOCTb

1 OTHOCWTERBHONG BRALLATEALHOMD namkennﬂ TeNna BOKPYr TQWKM A Kak

BOKDYI UEHTPR MMHOBEHHOIC BPAWEHWA B OTHOCUTENBHOM AEMKEHHW. .

Haskfrir, nnav cxopocTeit Tena. flokasatenscreo 6yaeM Becty Ans
NPOU3BOALHO nocrpoeuuoro Tpeyroabimka ABC (puc,2.7,3).

I'Ipu nocrpoeunu nna:

Ha CKOPOCTEH HaM RagnexuT

rpadrueckn uIobpasuTb BEKTO-

60M fnava cxopoc*reu Hy - m/c.

S : _ B canHoM ee nanmenum ﬁy-
Puc.2.7. Mrian ckopocTedd Tena ABC- . AETY :

vg_vﬂvﬂ T e
lda npousaonbno Bb!ﬁpaHHUI'O nomoca nnana cmpocren Pv onmap,bl-

BaeM 3aaaHHuu 10 YCNOBHIO 3afavin BEKTOD cxopoc:m V A B Buge o*rpaiea Pya.
BTOpOH cnaraeMblid BEKTOP paBencTea {2.16) N0 MOAYME HAXOLUM
NO W3BECTHOWK B MEXaHWKE topmyne Vm - ¥ a5 M;'c ane Hanpaaneﬁum
pacnonaraem nepneHnuKynquo npnmou AB Tena (cxopocrb apamarenbuoro

RBWKEHWA TOUKH nepnennuxynﬁpna X pamlycy ee Bpamenm) ‘B macwtabe
My NNAHA cxopocreu 313 cxopocm Bhlpa erdsa orpeamu as. -

.32

" M PELUNTL X0 rPAgMueck.

pbi  ckopocTeit. wHTepecyloumx
Hac ToueKk B euge oTpeskos. [ -
Ans 3Toro 3apaemcs Macuma- B

~ AbcomioTHan cxopocrb 'roqrm B

Torsa aGconIoTHan: CKOPOCTL TOuKM B oornacko paaeH’ch'f {2.186)},
ByaeT HaiaeHa KaK reoMETDMHECKAR CYMMa ABYX CAraeMbix {oTpesok Pvb-
Ha puc..2.7, 6}.

AHanomuno Haxonum aﬁconmuylo CKOPOCTEH TOMKM T B 28 CNOWHOM

mawxennn CDCTaBnﬂeM ypaBHeHue: |

Ve =Vy+Vg. e 2an

- TpW 3TOM CKOPOCTL Vi  NOCTPOEHa paHee .Moaynb ckopoctn Ve,

OTROXEHHBIA Ha puc.2.7,6 B BUE OTpe3ka ac NePREHANKYARPHO NpsMoi AC
Tena, HaxoauM o dopMyne |/ oy = o+ /4 Mlc '

. MO3KHO TaKXe COCTaBHTE. YPaBHEHME -

VC = VB + Vw (2.18)

B peaynwTaTe scéro 3TOrO - Ha pmc.2.7,6 Eyne*r oﬁpaaoaau TpeYrohb-
HHK: abc BEPIWMHBI KOTOPOrO ABNRIOTCA  KOHUAMM BEKTOPOB  abCOMIOTHBIX

- CKDpOCTRIf V A V B; l/ c.- Toyek A, B, £ Tena, a CTropoHLl TPeyronbHHUKa

€CTb CKOPOCTM OTHOCHTE/ILHOTO BPAWATENBHOMD ABYMEHMS ITUX TOHEK ApYyT
{10 OTHOWEHWIO K APYTY.
MoXHD 3aTKMCcaTh, NTO !

v,
ab= -4 -——IAB,
Ly Hy
V .
ac_.ﬂ:if}‘c'
Ky Hy i
Vg - '
=B -2y
Hy Ky

3HaYUT, CTOPOHBbI TbevronhHuKa abC NponopUMOHaNEHL. CTOPOHAM -

Tpeyronstdka ABC, n TpEyronsHWKM 3TH NogobHol. Mo nocTpoendio Tpe-
yronsHUK abc nosepHyT K TpeyroAbHuky ABC., Ha 90 rpagycos no Hanpas-

NEHWIO . _
Cnennaa'renhno; Aabc eCTb TinaH ckopocTedh AABC, uto W tpebo-
BaNOCh NPW AOKA3ATENbCTEE  TEOPEMBL.
MnaH CKOPOCTEM ECTb [EOMETIMUECKOE MECTO TOMeK KOHLOB
BEKTOPOH abCOMIOTHBIX CKOPOCTEH TOYeK Tena. IT0 BaxHCe YTBepWAeHWe
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BLTEK3ET M3 TOTO OGCTOATENLCTEA, YTO, KAK OTMEYERO BLILE, BEPLMHL
TPEYTONLHHKE -aDC ABAMOYCH KOHUAMWM BEKTOPOR abCOMICTHLIX CHOpOCTeit
ToueK A, B-u.C Tena. 3naumT, moban Touka 4 abc Gyner obnanate 3TMM CBOH-
CTBOM, T.e. ABAAETCA NOHLUOM BEKTOPa abCOMIOTHON CXOPOCTW COOTBETCT-
BYWILEH TONKH Teia. YMWTHIBAS 370, & TAIOKE YUWTLIBAR CBOWCTBO reoMeT-
pMuecKoro nofiobua  nNaMa, CNopoCTeil M Tena, CNOPOCTH TOMEK  KOTOPOro
OH v300PAKAET, MOXHO NETKO HAHTH CROPOCTL MIOOOH WHTEPECYIowWeit Hac
TOUKM. . :

HaiAgeM, HanpuMep, aOGCOMOTHYID CKOPOCTL TOukkM D, nexawedi
Mexay ToxxaMs A m B AABC, Mo nponopuwn

;ﬂ-;i HAXOHMM ad:ab!&, o
a ad Lap oo
W TeM CaMbiM ONpefenseM . NONOWEHWe TOukM d Ha NRaMe CKOpOCTER,
. CoepMHma NOSyHEHNYIO TOuKRY € nomccoM, GyleM vmeTb oTpesok  Pvd,
.mmupuﬁamaﬁemnpencmnnmnmpecvmumouacm

MoKHO RErKD HAWTH, HanpuMep, abGConIoTHYW CKODOCI‘!- “HeHTPa
TowecTw AABC, LIEHTP TXeCTH REXMT, KaK M3BECTHO, Ha MNEPECEYSHUW
MeAKaN. lCTPOMB MERHAHD TPEYTONbHNKE abC fWIaHa CKOpPOCTeil M coean-
HME TOUKY WX NEPECEMEHUA $ € NOAIOCOM, NOMyYHM OTpe3oK Pvs Xapakrepw-
Fy10UMii CKOpOCTL Vs. C yenexon mmmumpucmnmﬁoﬁumepecwo
el HaC TOUKM TeRA W BHe AABC, Hanpumep, TouxH E.

Ans 3Toro Touky E (puc.2.7,a) coegMHAeM C ABRYMS npynmuu Lo

WAMM, CKOPOCTH KOTODLIX YHE H3BECTHOL. Ml Basinu Tousm B u C. O6pasosan- .
5t HOBLI Tpeyronbiuk BCE. MocTpove Ha - nnave  cxopocred  nofgobubii
eMy M NOBEPHYTWA Ha 90 rpaaycoB TPEYroAbHMK bae , TeM caMbiM Haxo-
11N TOMKY € W COBAKHAEM ee C NONINCoM. Orpeaovaeanaumaﬁep,onpe-
nenueraﬁmnmimoawpommmETena I'Ipua‘rmmoﬁouorpeaoxua
mlaueampom'eﬁonpenenﬂercoﬁoucmpom R

i M3 nomoca Py nnaka CopoCTei HOXOMAT Bee abConoTHbOE CKOPOCTY
TOMEK; OTHOCHTRSIBHLIE. CKOPOCTH onpenenmu‘rcn OTPE3KaMK, He npnxommu-
_nnuepe:-momocPv

54

2.4.3 [InaH OTHOCHTENBHBIX YCKOPEHUit 3BEHA 1 ero CBOIHCTBA
_ ' CxeMaTudHO RPEACTABAAs, NTO ~ CNOMKHOE fNIOCKOE  ABWKEHHE
watyHa GyAeT COCTOATb M3 NEPEHOCHOTO "NOCTYTIATENLHOND W OTHOCH-
TEALMOTO Bpauxa'renbuoro {KaK 370 noKa3aHo 'Ha'puc’z'S) W nonaras, 4To B
obleM CrTyyae K2KAOe U3 STUX MPOCTHIX ABKKEHWW HE DABHOMEpHOe, 3 3Ha-
YHT, CKOPOCT: uameuﬂe"rcn no Bpemeun MO)KHD AHANOMWSHO - paBeHCTaY
(2.14), 3amucats: | o __
53 = é_,q + EBA ' _— (2.19}
Tae &g - aBCONIOTHOE YCKOPEHWE TOUKK B ‘B 88 CNOXHOM NNOCKOM ABM-
:Ken-mu, 3, - yokopeHne nepeuocuoro nocrynaTeanoro ABWKEHWA TOUKM
B (a6CONIOTHOE YCKOPEHNE TOMKM A); Jgq - YCKOPEHWE OTHOCHTENBLHOTO
BPAWATENLHOID nnm«eunq TOuKK B aouspyr TOUKH A KK LEHTPA MrHO-
BEHHONC BPAWEHKS, :
B ofwem cnyyae yckopeHHe Eg,, ByAeT reoMeTpuueckoit CyMMoi
ABYX COCTABRRAIOWMX: 'Hopmanbnoro YCKODEHWA 824, XBDEK‘I‘EPI‘BYIOmcm
HIMCHEHME CKOPOCTH TOUKST B 110 HANPABNEHWIO B €2 OTHOCUTE/IBHOM ,qamxeunu
BOKPYF TOMKH A TAHFeHUMANLHOTD YCKOPEHN dgq , XAPAKTEPUBYIOWETD
'UBMEHEHME CKOPOCTM TOMKH B 10 BENWUMHe, TO BCTE MOXHQ 3aNHCaTL
_ B =dvag T (2.20)
Tar.na ypasHeHne (2. 19) 3anuieTcA 8 am:te
p ag -—aﬁ‘i'am +a'&1 o _ . ] (221)
AHANOrMYHOE YPBBHEHME MOXKHO 3amMcaTe ANs /oGO  TouKM
Tena, CoBEPIUAIOWEro CNOXKHOE NAIOCKOE ABUKEHNKE. 4
Llokaxem Teneps TeopeMy O nAaHe yckopeHwii, ¢ NOMOUBIO  KOTO-

poil paspeluaeTcs 3ajiada . KMHEMATMHECKOTO  WCCNENOBAHMA MEXAHWZMOB:
OnpPeAeneKne YCKOPEHHI TOWeK 3BeHLEE MeXaHHIMOB,

55



Teopema. NnaH yckopemuin nopobeH OYepTaHui0  TBEPAOIO

Tena /3geHa/, yeKopeHue TOYeK KOTOpOro OH uaoﬁpamae.T, 1 MOBEPHYT No
omomenmo_ K JaHHOMY 'Tény Ha yron (180-8) B CTOPOHY MFHOBEHHOrO Yro-
80ro yckopeHus, rae B-.yron MEXAY HOPManbHLIM d'mocmenbﬂhm_ W NANHbIM
OTHOCHTENbLHEIM YCKOPEHWEM MIOGOH TOUKW Tena & 3anaHHOM _ﬁrnoaeHHDH
MOADKEHHH. : B L ) o -
. Aano. 1. Nnockoe Teno rponaBonbHON GopMb! |, H3 KOTOPOM B3AThI

TPH RpOM3BONEHLIE TONKM A, B,C , 06pasyloilue TPeyronsHuK . '
2:/lBVKeHvie TENa CROXHOE; NPM 3TOM  M3BECTHO  abeonioToe

YCKOPEHWE NPOM3BONLHON TOMKW, HanpuMep ToMKM A, 2 Talke yfnosas . .

CKOPOCTL @ ¥ YTI0BO@ YCKOPEHHE £ OTHOCHTENBHONO BPBILATENLHOID ABW-
MEHUA TENa BOKPYT TOUKW A KaK BOKPYF UEI-I"I'pa Mn-loaeHHoro Bpa:.ueuma -]
OTHOCHTENEHOM namxeuuu

Hasiver. nnau ycxopeuuu Tena. : o

~ Dokazatenccreo Hynew BECTH ans - npoussonbuo NOCTPOEHHORO
TpeyronsHuka ABC (puc.2.8, a).

Mpy NOCTROEHNAK. nnana ycxopennﬁ Mbl ﬁynen rpaq:nqecxu uaoﬁpa-
WaTh BRKTOPH YCKOPEHUH umepecwomnx Hac ToYex B snne oTpesxos, [na
3TOrO 3afgaeMcH uacurraﬁou nnaKa yekopeuwit 1, - - -
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Hail\zem abconioTHbie YOKODEHUS TOMEK « BEPIIMH TPEYroAbHNKa ABC,
ABCOMOTHOE YCKOpEHHe TouKW A - J _ 3anaHo A0 yCnoswio sagauu. Abco-

MOTHOE. yeKopeHue Touku B Gyger paBHU.
63—64+am—ad+8m+am. (222)
Vla NPOU3BORLHO suﬁpauuoro HA uepTexe nNoMdcd nnama yckope-
HWH Pa NpoBOAMM BEKTOP YCKOPEHWA 4 B BUAE OTPEsKa Pa.

Bropoit craraeMetih BEKTOP YpaBHEeHUs (2.22).- HOPMANLHOE YCKope:-
Hue ToukW B B ee OTHOCUTENbHOM BPALLATENBHOM ABUKEHMN BOKDPYT TOuKK A

u306pancae'rca B BUAE OTPE3KA {@a, NOCTPOEHHOMD M3 KOHLA NPeAbIAywero
BEKTOPA Paa. Mo W3BECTHON M3 MEXaHWKM thopmyne Haxo.uuu MOAYNS
ITOFG YCROPEHUA: .

T afl
gy = w, “lag
3

W OTKNAALIBAEM €r0 Ha UepTeske OTDEBKOM a = —=,

Hs

Hanpaenenve BexTopa ycxnpeuun dj4 ONPEAENSIETCA MCXOAA W3
ero (M3MYECKOTO CMBICNA: HOPMANIEHOE YCKOPEHHE TOMKM NpU ee  apawa-
TENLHOM ABWKEHMN ASKCTBYET N0 PARWYCY BPALLSHWA K LEHTDY BPALICHUS,
B Hawem cryuae BEKTOP YCKODEHWA dgy Ha puC. 2.8,6 NocTpoeH napai-
nenbHo npsMoii AB  Ha puc.2.8,4 M HanpaBneH TaK, Kak ASNCTBYeT 310
YCKOpEHME B ABHCTBUTENLHOCTH: OT ToUkM B Kk Touke A - LEHTDY MrMO-

BEHHOIO BpaILeHns,
Tpetwii  cnaraemblii - BEKTOD ypaBHeHws (2.22) - TaHreHuManbHoe

| YCKOPEHME TOMKM B B e OTHOCUTENLHOM BPAUATENLHOM ABHXEHUN - BOKPYT
TOUKHY A u:-m(ipax(aercn B BUfE omealca ab , NOCTPOSHHORD-¥3 KOHLE - npens-

aywero BeKTopa oa.
Moaynb 31TOr0 ycxopeuun HAXOAWTCH NO M3BECTHOI M3~ MEXaHNKN

'cpopuyne 8gy =€-lag M/Cl, @ HANPABAEHUE - UCXOAS W3 (PMBMMECKOrD
_CMBICNA 3TOTO ycnopeuun. TaHrenuuansHoe ycuopeuue TOUKK Npy ee

BPALLATENLHOM  ASKMKEHMM ACHCTBYET N0 KACATRALHOW K TPaeKTopuw,
T.e. NEPNEHAMKYNAPHO K paguycy BPALEHMR MK HOPMRABHOMY YCKODEHWIO.

B HaLLeM cnyqae BeKTOP yCKOpeHus 5&4 Ha puc 2.8, 6 nepnemnxynapen

BEKTOPY YCKOPEHHA &z WK NPsMON AB Ha puc. 2. 8,a; npniem Hanpaaneﬂue
BEKTOpa. Jg4 T2KOBO, YTO GyAY4M NEPEHECEHHLIM NAPANNENbHO CaMOMY cebe
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B TOuKy B-Tenia, OH CO3NAET BOKPYF TOMKH A MOMEHT, coBnaZaowWwmi  no
HaNpaBNEHNIY € YINOBLIM YCKOPEHWEM &, :
C. yyeroM BCEMG MINOKEHHOMO MOKHG H3 OCHOBSHMM YpasHeHMus

(2.22) HaHTH yCKOpeHMe dg Kak aaMbmalouum BEKTOp Pab TPex COCTaB-

NAOUIMX BEKTOPOB: Paa a'a ab

ABCOMOTHOE YCKOPEHHUE TOUKV C MOXHO HaWTW, CoCTapue ypaal-le-
H¥E, aHANOIMYHOS ypaBHeHmo(Z 22), a uMerHoD:

Br 28,480y =8+ +ac,. {2.23)

MOBTOPAA TONLKD YTO MBACKEHHYIC - NOrMKY paccyaeHui H_unea

BBMAY, MTO a7, = w-fac MIC*W 3%y = £-14c M/C vaiinem yckopenve Ge

KaK 3aMLIKAIOLLNA BEKTOP. Pac Tpex. COCTABNAIOWMX BEKTOPOB: Paa ;ap; Be.
CuenuHuM ToukH & ¥ b npamoi nMHWeX, Ha nhane ycKopeHudi sToT
OTpeaok 8 MaciTabe p, XapaKTepusyeT yCKopeHne 654 {ck. 2.20).
'Auanomqno, O'rf)eaok aC XapaKTepuayeT yckopeHue
Qry =acy vy - B 2 22)
_ Torna, OQUEBWAHO, OTPE3OK bc Ha nnaue ycxopenuu 6w.1e1' BLIPAXATL
OTHOCHTENLHOE YCROPEHHE 3.3 . _
‘B 3ToM MOXHO 6binio 66l nerko  ybepwuTbeA, cocTaBue aelcropﬂoe

YpaBHEHWE, B KOTOPOM ycuupeune ToukN C Haxomm:ﬂ B d)yHKI.IHH yKe

M3BECTHOrO YEKopeHus Toukn B Tena.
Takum 06pa3oM, Ha puc. 2.8,6 06pasosaH Aabc, BepPLIMHL KOTO-

POTO SBARIOTCA KOHUAMW SEKTOPOS abCoMIOTHRIX YCKopeHmii Todek A, B, C-

Tena, '8 CTOPOHbl TPEYIONBHUKA - YCKOPEHWAMM OTHOCHTENERHOrO Bpaiia-
TEALHOrD ABWKEeHUs Todvek A, B, C Tena Apyr no OTHOWEHWIC ¥ APyTY. '

ﬂoxaxceu, yTo Aabc nofoben A ABC M nosepHyT K HeMy Ha yron -

(180-9) TeM cambim MBI AOKEKEM, 4TO A abc €CTh fnaH yccopeﬂun AABC

ab_,/(au)’ (abY \}(ag,.)z (aﬂ4 Jm‘;,,a+azf,.8=-;,,,5\/m 482
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= ‘/ aﬁ)z (pc \I ao,)z ac,, Jm fAc +& fAc = )'A(_-Jm +ef
ab _ !Aaxfm" +el _ls
- ac IACJm" 82 e

3£|.E2Cb Mbl noxaaann, YTO CTOPCHbI @abc WA ABC npOI"IDpI.'I,HOHaﬂI:HbI
Fokaxiem Tenepk, YTo yrap pasHul. OKa3siBaeTcs, YTo Aabc nonoBex

AABC no ycnoswio. nponopuuoHaanocm CTOPOH:

o 2
a 5'54 wlyy 07

wb afy g €

aﬁ_a&’_ U-‘*’Ac_iﬂi_

B;cn_;a el &'
x B
AT

W BCNeACTBME paBeHCTEa yrnoa: ZaaP = 907, LaBc = 907,

B N0AOGHLIX TPEYTOMEHUKAX COOTBETCTBEHHEIE YFIibi PABHBI.
3uaunT, Lban = Laaf = 8.

" 3aeco cnenyeT OﬁpaTuTb BHMMaHME Ha TO oﬁcronrenbcrso 4T0 9 -
Yron MEXAY HOpPMaNLHbIM omocurenbubm YCKODEHMEM 1t NONHLIM OTHOCH-

“TENbHBIM YCKOPEHHEM.
Danee noctynuM Tak: K paBHbIM yrnam noﬁaanm OAVH 1 TOT Xe

YTON;- OT 3TOr0 PABEHCTEO HE W3MEHNTCH:
4ban+4uac—£bac, S .
£CP = Loac = Lo, o oTkyAas ZLbac = Zadf,

ZodB Ha puc.2.8,6 papeH zBAC__Ha" pvic.2.8,a. lpyuem 3TH yrnbl NOBEPHY-
Tl Apyr K Apyry Ha 180 rpagycos. 310 BHITEKAET M3 NOCTPOSHUA fNaHa
yckopeHwid. Bege i{cx_(openue " @4y npoBeAeHo napannenbHo AB oT BK A, a .

yexopeHue 375, - napannensho AC ot CK A. 3waumt, Zbac = £BAC .
" WTak, CropoHbl TPeyronbHUKoB abc M ABC NpONOpUMOHENBHLI K yr-
Nbl PaBHBI; 3HAUKT, 3TW TPEYFOMeHMKK NogobHel. W3 nocTpoeHda BuaMo,
4To Aabc noBepHYT K AABC Ha yron ‘_180 TPAAYyCoB B CTOPOHY MTHOBEHHOIO
YIIOBOTD YCKOPEHUA € .
W3 aoxaaarenbcraa 'reopemu BLITEKAET , YTO TpeyronsHuk abe
eCTb NnaH yu(0peunu TpeyronbHuKka ABC Tena. '
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Flnan yCKopeHu ecTb NreOMETPHMUECROE MECTO TOMEK KOHUOS BEKTO-
poB  abEOMOTHBIX YCKOPEHUH TONEK Tena. 3ToMy CBOWCTBY  YACBNETBOPSIOT
TouKH &, b,C - BepiliHb Tpeyronhum(a abc, @ 3Ha4YWT, CHO CAPABEATMBO BNs
BCEX OCTILHBIX TOUEK.

AHBROrUHO TOMY, KaK 3TO UMERO MECTO. NPVMEHUTENEHD K _nnaxy
CKOPOCTeR, MOKHO , NOAL3YACH ynasaum.m CBOMCTBOM , 8 Taloke CROWCTAoM

Nofiobus Tena u ere nnaxa ycxomnm HaifTh yokopenue nioBoit MHTEpecyi-

e HAC TOUKM.

ABcomioTHEIE YLKOPEHUS TOMEK npoxomr yepes nonwc Pa, a.

OTHOCUTENLHBIE YCKOPEHHS. HE MPOXOAST uepea Hero. JlioGok OTPE30K Ha
MAaKe YCKOPEeHWA XapaKTepH3yeT B Macurade i, yeKopenve, _

BoasMeM AMiHL OAMH NpUMep: onpeRermM abcomoTHoe YCKOpeHHe
Toum E tema, . pacnosioweHHoit BHe A ABC. CoegiiMmM Touky E ¢ ARYMA mo-
GbiMU ADYTHMY, ECMM YCROPEHWS WX yie WasecTHel, Ha pre.2.7,2 obipasonanca

ABCE, cTpoum nogobHbld eMy A bCe Ha NNAHE YCKOpEHWIA 1 NonyuaeM TouKY |

e - Kokei BexTopa abConioTHOO yckopeHus Touku E Tena. Bextop, npose-
AEHHbIN W3 TIONIOCA B TOUKY € W GYAET MEKOMBIM YCKOPEHWEM Jf .
Ferxo Havtmv yckopeHwe Touku E B omoam:m_:.nuu_ ABmkeHun, Tax

OTHOCHTENEHOE  YCKODEHHE Jp- XGPAKTEpH3YSTCH OTDE3KOM €C, @ YCKO-

PEHUE 3, COOTBETCTBYET OTPEIKY, CORAMHAIGIIEMY TONKM € W a.

" MNpu pellieHny 3aad N0 KAREMATHYECKOMY  WCCReAOBAHWIO Mexa-
'HW3MOB, Heoﬁxonmo YUHTBIBATD cneayrluee (mpuueM, BCe CKAIaHHOE ANS
ANaHa CKOPOCTEiA 6y.ner CNPaBeANMBLIM K AASt NNAHE YCKOPERWIA): -

1. Mnaw -cropocTedt MexannsMa Bkmoyaer 6 ceba I'll'laHbl cxopacreu -

3BEHLEE, o&paaylomm ITOT MEXBHUIM.

2. Npu nocrpoeﬂun NraHS cxopocre.ﬁ Mexaﬁuaua, cne.nye7 ‘HaumMath C _
NNaHa CKOPOCTEH - BEAYWEID 3BEH3, NEPEXos K NOCIEfylOWMM pynmam

3ne+mea B COOTBETCTBMM GO crpwcrypnoﬁ (bcpwmu CIPOEHUS MeXaHMaMa .

© 3. Yobbl 306paanTHL ru'raHu cmpocreu 3BEHE, - .qocra*muua HauTu '

CKOPOCTH  fiByX ' €10 TOMEK.. VICKAIOHEHie. | COCTABAAIOT  TaKue: | 3BeHLA,

PASMEPaMI  KOTOPHIX MOKHO | npeueﬁpeqs" AR HIX. AOCTATOUHG .- AT

' cmpocn: ool TONKH uanpunep, nonaynu B Mexanu:max)

.5 I'pa¢oananwrmecm Knﬂenamxa crpympuux
rpynn 2—r0 KA

B pe3ynb"ra're crpympuoro aHanuza: 3anucuaaercn daopnyna crpoe-

HMA MEXAHUIMA, KOTOPaR yrcaauaae'r Ha' NOCREAOBATENLHOCTL - KWHEMaTHYE-
CHOFD aHanm3a. FIpu 3TOM nepeas us. TPYINT 2-T0 KAG0Ca’ MOKEY BLiTh Tpucoe:

mmeua mﬁq K 2—M Mexannanan 1-rcl macca, nuﬁo K uexaumny 1—r0= KAac-

"

C3 M K CTOWKE; BTOPaA rpyrna MOXET GbiTh NMPMCOSAMHEHa K Npeabiayed
FPYNNE UM K MEXAHW3MY 1-T0 KAACcea W K CTOMKE,

Bo BOEX Cyuasx 3aKOWbl AB/KSHUA KPAMHUX 3NEMEHTOB FpyNMul
M3BECTHRI WK AEFKO MOMYT Obims onpeaeneHsl.

CneposarensHo, 34navel NpY 3TOM SIBNAETCA! COCTABNEHWE CHCTEMbl
BEKTOPHbIX ypaBHeHwit; onpenenmoumx ABMMEHUE COOTBETCTRYHOLIEN TOHKM
cpeaHeit KNHEMBTIIECKO Mape! FPYRNb! K pellieHye ee TPagoaHaNUTUHECKAM
METOAOM NAGHOB CKOPOCTEN W YCKOPEHWiA.

2.5.1. FpahoanankTHYeckas KUHEMATHKA
,CTPYKTYPHBIX (pynn 2 Knacca 1-rov 2-ro Buga

‘3apauy peiLdeM Ha NpUMEpe  MeXaHaIMa  Npecca. Mycrs mebyetca
nom-pom MVaH CKOPOCTeH W [MaH - . YOKOPEHWA +ME@HVEMA KPVBOUMHO-
puua:moro npeoca {cM.puC.2.9) B 3aAaHHOM €0 MFHOBEHHOM TONDN@HWH. -

 apau 33KOH ZBMAGHUS - BERYWErO 38eHa - (BpalleHMe KpuBowMna 1 € nocTo-

AHHON yrnosoi CKOpOCTb!O) n KHHEME'I'H“IECKBR XeMa MEXaKH3Ma.
C.XEMY MEXAHV3MA B 338aHHOM ErG MTHOBEHHOM NOROWEHUW CTDONM -

B BblﬁpaHHom Macwrabe AMH p, M/MM Ha prC.2.9.

o, Trare = plr ~*

G}

Puc. 2.9. Mexanusm npecca
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B NpoMasonbHOM MECTE YepTEXa BmOUPAEM NOMOC nnaHa cKopo-

creit Pv, 3343eMCS MAaCIITABOM CKOPOCTEH y [ M/C-MM]. CTPOMM fNaH EKOpo-

‘cTell SeAY1Lero 3BeHA - KpWBowwna 1.
Ve =wihp Mfcex, npuuem Vp1/,5. Ha nnane cxopocteit 3va
Yo .
_ By _
Konel Bekvopa Ve obosHavaeM. Toukod b, cxopocth V=0, noatomy
KOHEL, BeKTORE ITOR CKOPOCTH, - TOUX3 & COBMALAET C NOMIOCoM Pv. Orpezok
ab ecTb NnaH CKopOCTEeld KPUBDWWMNG /g .
MepexoauM K NOCTPOEHWIO NAZHA CKOPOCTER NEpBoi NPUCOEANHEN-
HOW K MextaHu3My 1 Knacca rpynne AcCypa, oBpasOBaHHOR WATYHOM 2 ¥ KO-
poMbicioM 3, a Taioke kmHeMatTW{eckuMy napamm B,C,D. CtponMm nhad ko~
pocteii watywa 2. LlaTyH COBEPIIBET CNOXHOE MNNOCKOE ABWKEHWE, KOTO-
POE MOXHO NPEACTABMTL Kak CYMMY NEpPEHOCHOro NOCTYNATENBHOMD ABKKe-
. HHA { OTHOCHTERLHOMO BPALLIATE/EHOTD ABWKEHUS. e
CKOPOCTS TOUKK B WwaTyHa HalfieHa HaMK, KOTAA Mbl TOMbKO 4TO
PacCMATPUBANK 3TY TOUKY, NPUHAANEKALIYIO KPUaoIWMNY :
1. HaihaeM cxopocTt Todkn C watyda 2: ' :
 Vc=Ve+Vea. . : {2.25)
.3necu Ve - abconiotHan ucopom TOMKH C LuaTyHa B €8 CROMHOM NNOCKOM
ABVIKEHUK.
Vs - cxopocn. NepeHOCHOMD NOCTYHATENLHOMD .namkeuuﬂ TouKA C
(abcomaTHan CKOpOCTb TOHKK B).
VCB - CKOPOCTL OTHOCHTENGHOTC BPBLATENBHOMD ABvnkeHuA C BOKDYT
TOUKN B, K2K LIEHTPa MIHOBEHHOTO BpaweHun /VCB neprieHguxynspHa BC/,

CXOPOCTL XAPAKTEPUIYETCH OTPE3KOM Pb =

Kpome 370ro, Touka C NPUHAANEKHT KOPOMBICTY 3 1 BMECTE € HUM

NOBOPEYMBAETCA  BOKDYT HEMOABUXHON ToukW D, aHauuT Vo nepnemnxynnp-
Ha DE.
. Vc = Vn+Vca (2.26)

YuuToiBaA MINONEHHOE, MOXKHO rpadMyecky DewuTs YpaBHEeHve
1(2.26) ¥ HaTH VC Kax reoMeTPUYECKYID CYMMY ABYX COCTABAAIOWMK CKORO-
Creil.

KoHey sexropa Ve obosxavaes Toukod c. OTpesok bt: ecre ANaH
ycxopeHuit iwaTyHa BC, CTponm nnaH ckopocredi kopomMeicna 3. Y 3Toro 3seHa
V=0, 3Ha4UT,KOHEL BEKTOPa 3TOR CKOPOCTH - Touka d coenagaeT ¢ nNoRio-
coM Pv. NnanoM cropoctedi yactH CD KOPOMBICN2 3 ABARETCR OTPE3oK cd.

Toraa naadoMm cxopocTeidl eoero 3-ro 3sena BypeT oTpesok de,
HalgenHbIH B cuny NOACGHA NNaHa CkOPOCTEN K 3BEHA W3 NPONCPUNN:
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Tip 3TOM 'm-m'a € Ha NNaKe CKOPOCTEH eCTE KOHEl BeKTopa Cko-
poctn Vg, a GaM 370T BeKTep Syaer pasert Ve= F.e -1, wMfc.

Hanee paccMaTpuBaem rpxnny 3BeHLED, NOPAIOBAHHYIO LWATYHOM 4 U
MUTIYHOM 5.

Crposm nnau aeopocreﬁ waTtyHa 4, WaTtyn EF COBEPLUAET CRMKHDE
mwiockoe Ariokeduwe. CKOPOCTb TOUKW E Mbl TONBKO YTO HaULTH, PACCMATPHBAR

3TY TOMKY, NPHHAANENELIYIO KOPOMbLICHY 3.

JanMueM BEKTOpHOE YpapBHeHue .qsmxeum CKGPOCTA ToukM F waTyHa 6 ee
CROXHOM ABIDKEHNH: .
: VF— VE"'VFE ’ (2 27)

W3 KoHua BEKTOp2 CKOPOCTH Ve ~TOMKW @ HB Nhaxe CKopocTeN, npo-
BOOMM JIKHWG , Ha m’ropoﬁ AOMKEH. NIENETS BEKTOD CKOPOCTH Vie. 31O CKO-
pOCTL TOuKK F B €€ OTHOCUTENLHOM BPALLATEIEHOM ABHKEHUH BOKDYT TOUKW

E. BexTop 370l CKOPOCTH NEepneHANKYNAPEH WaTyHy EF..

Kpome 310ro Mbl 3HaeM, |To ToUKa F NPUHAANEXUT He TONBKO waTy-
HY, HO M nomyHy 5 , noaToMy. aboomoTHas ckopocTk VF SyaeT cosnagats ¢
TPIEKTOPWEHR ABWXKEHWA NMON3YHE, T.2. ByAeT HanpasneHa ropu3cHTAMbLHO.
YpauHene JEKEHNS AN CKOPOCTY 3TOM Toukn ByAeT uMeTh Bua:
V= Vigt Vesa. - (2.28)
C wemn WENOMEHHOO , Peltian rPadMHeckn COBMECTHO YPaBHEHWS |
(2.27) » (2.28), onpegensem aﬁcomomwo CKOPOCTL YOuKK F. KOHew sexTopa
Vr oboasaumm TouKoil f .Ovpesox ef ABnseTcs nnaHoM cropocted watyHa EF.
. finaHoM CKOPOCTed NONSYHa 5 ABNseTCH rouxaF(.qenoamM yTo
BCE TOWKM MON3YHA MMENT OAMHAKOBLIE CKOPOCTH).

.. 3Necb YMECTHO etije Pas:HanoMHWTL BAXHOE CBOMCTBO nnaMa cKopo-
creif aaeua, KOTOPOE BWTEKIET U3 AOKAZAHHON TEOPEMBI: MNAM  CKOpOCTEH
€CTb eOMETPUMECKOE MECTD TOUEK KOHLIOB GEeKTODOB abronioTHbX  CROPO-
CTeii Touek 3peHd. [oNb3yack 3TMM CBORCTBOM, 3 TalKe CHOWCTBOM NOAC-
GMA 38eHa W NNIAH3 €F0 CKOPOCTEH, MOXHO Haﬁm a6COMOTHYI0 . CKOPOCTL

nioboit uurepecyluueu HAC TOYKH,
HafifleM, HanNpMMEpP, CKOPOCTL UEHTRa meer:ru S4 warysa 4.

.Yamahucn, 4TD TOMKA S, pacnono¥eHa nocepefune waryna EF - . [o nogo-

ﬁmn,_raanuu TOMNKY Sy nocepeavHe oTpeaKa . ef ¥ W3 NACa: NPOBOAMM BeK-

- TOp Py, KOTOPBA B MacUTabe - p, XapaKTepuayeT CRopocTs Vs, Ecnun nac

3aWHTEPECYET CKOPOCTL OTHOCUTENEHOTD ABWKEHWA UEHTPa THWeCTH OTHO-
crenbHo Touku F, Hanpumep, To oHa GyAeT w30bpaxaThes oTpeskom fss Ha
NaHe CXOPOCTEHA.

=

63



C MOMOLBIO NAGHOB CKOPOCTEH MOKHO HAITH YrAoBbie CKOpOCTH
BPALLATENbHOMO ABMMEHWS 3BEHESE B AAHHOM NOAONEHUN MEXBHKIMA.'
Tak, Ang kopombicna 3 abconioTHas yrnosas CKOpOCTD 6yneT:

Ye _ Ry,

e /
fpg . IFF .
Ann watyHa 4 HalgeM aHANOTMYHO OTHOCUTENLHYID YENOBYID CKO-
pOCTb: : ' ' :
Ve fE):
@y = - By 1/c;

M A718 3TCTO 38EHA NOACHWM, KAK HATIA HanMpPaBReHne YrIoBOR CKOPOCTY.

Y7066 HARTU HAMPABNIEHVE YIAOBOW CKOPOCTU ©4 , HAAO MbiC-
NEHHO NePeHecT M3 NnaHa CKOpOCTEH BEKTOD MVHeHHOW CROpOCTH VFE,
NPHROXMB €10 B ToMKY F Mexanusma. HanpaeneHMe MOMENTa 3Toro BeKTopa
OTHOCUTEALHO TOYKM E COBNAAAET C HANPABAEHUEM 4 Bocnonbaoaaﬁmu(:b
TEM W@ NPABUNOM,MOXHO HANTK HaNPABNEHUE oy |

MeToguka ROCTPOEHWA nNaHa ycxopeHuH MEXAHU3MA BO MHOTOM
€XOAHA C NOCTPOEHWEM JIaHA" CKOPOCTENA.

Bri6upaem Macwrab yckopeHuit Ba MMM,

CTpOHM MAaH YCKOPEHWA KpuBolwmMna 1
6‘3—64+534+am, GA—D 6‘54——0 TKm,—CCInSt H 81'—0
ag _am il g, Wi, . |1ps‘|qe|n|a‘g‘q //)'M, '
W 3ITOT BEKTOP HanpasneH OT ToukM B k Touke A IseHa.
Ha.nnaxe yckopeﬂnﬁ 10T omeaox'- Pab = 2 MM
' ) ' Ra °
KOHeu BEKTOpa YCKODEHHFI am oﬁoauauaen Gwcsou b. chpenue

aA =0, I"II'JSTOMY KOHeLt BEKTODB 3TOro YU{OPEHHF! - TOYKQ o COB“&ABET C

noniocom Pa. - 0'rpe3cu< ab &CTb. ANaH- ycmpeuuu KpHBDLI.IHHa AB. CTDOHM
nnaH ycxopeunn wartyHa 2. ycxopeﬂne TOUKH C mawna B ee cnoxuon
ZBVXEHWH MO)KHD 33NUCATH TaK:

&'C 33+6CB,.'*'-

‘B aTyHa. -

rhedg - yoxopenue ﬁepeudmoro 'nocryna'renbuoro ABWNEHMS Touku C. (a6

COMIOTHOE YCKOPEHUE TOUKM B); @5~ YCKOPEHHWE: OTHOCUTENLHOFO Bpawa-
TEALHOMD ASWKEHNA TOUKN C BOKPYT Touku B. '

Ycxopenwe o

B =8+ 3%, _- ©(2.29)

Torpa - - a,+aw+aa. - : (2.30)

Muiem pesynbTHRYIOIMIA BEKTOD d- KaK MeOMETPHUECKYID cynﬂy

Tpex cocTaBlowmx. Bextop ycxopeuua 3g YXe HailneH, Kor.qa "Ml pac-

cMaTpMBanut TOuKy B, NPHHAANEXALLYIO KpMBOWWITY 1,
BekTop HOPMaNBHOTY GTHOCUTRINLHOFO YCKOP@HUA HMEET MOAYNL
DR 72 A P73 BT
aly =-% = Hi we,
. T /g - o
3qeck 0Tpesok ch BEpeTCs B MM M3 NAaHa CKOPOCTEHA. YCKopeHne OTKNajbi-
BAETCH B BUAE OTPEIKA
. . o g
bo= =
' ' ¥)
napannenbuo watywy BC Iro ycxopeHue Hanpaaneuo OT TOUKM C K Touke

MM.

Bex‘rop 'raHreuunanhHom ycxopeunn acg..l.aa, Ho K COMRAEHNIO,

Haifr'm _MOAYNb . 3TOMO  YCKOpeHMa - o d:opmyne acs =8, fcg.
Hbl He MO)I(EM TaK Kk YF,I"IOEOE ycxopeuue 82 Ham J‘IDl(a He H3BeCTHO. r'lpu

ITOM , peaynhmpymumu BEKTOP. @, * C NOMOLbBIO o.nnoro e ypaaueuua'

'(2 30) HaikTh Henbin, PachOTpnM NO3ITOMY TouKky C npunanne:xamylo KOpO-
MBiChy 3, n 3anv|meM ycxopeﬂue 3TOA TOUKM "MCXOAS ua Aamkem Kopo- -
| Meicna 3 : ‘ . :

ac—-ag +aCD +acp . .. (231)
. Hopnanbnyro cocraanmomwo aﬁmnmmore ycxopeuuﬂ Touku - C B
_ "omocmvenbuo TouKkH [y npoBoAMM M3 nonioca Pa napannestsno CO- (31'0 YCKO: ©
o pea-me Hanpaaneuo o'r Toqm Gk mmce D) MOﬂWIb 3Toro aempa




WOE e I

rae oTPe30K PYC BAT B MM U3 nnaHa cxopocreu

Ha nnaHe yckopeHuid YCKopeHHe am XapaKrepuayeTcs OTpes-
_ﬂ
KOM Paﬁ— ’ MM TaHreHunanhHae yckopenue dlp a3l , Ho mogyns
- .

3TOro B-El(TDpa MI:I TaK e He 3HaEM KBKH Bewropa aCB

anmsan Ln'o KaK B ypanHeHuu (2. 30), _TaK u a VpaBHeHIAl-'I o

(2.31) peaynuTHpYIOLUM. BEKTOPOM __ganﬂeTcn-uCKOMOe }{cnopeuue, __a,_., TO

NpOBeAR NMHWK AEVICTBMA BEKTOPOB &g U afp (w3 ypaeHenus (2.25) v u3
ypaeHeHus (2.31) u ONpegenus TOUKY WX MEPECEYEHWS C, Mbl Tem CaMBIM

HAXOAWM OTPE30K - Pac KOTOPBLIM xapalcrepnsye'rca ycxopeHm; ac

Toraa, OMeBHMAMO, OTPEIKOM ac Gyner onpeaenﬂ"rbcsl ycxopeune

B}y, a0TPE3KOM BC - ycKOpEHME 37, B MacwTabe'q,.

Cornacio  ypapHermio (2.29), . waiaeMm  nonHoe OTHOCUTeNbHOE |

YCKOPEHME & g , KaK FEOMETRUYECKYIO CYMMY ABYX COCTABASIOWMX ycxopeﬂnﬁ
3L W 3. OTpesok be ByAeT MNaHoM YEKopeHHil WwaTyHa BC. Crpoum nnar
_ ycmpenuﬁ KOpOMblC.na 3, YCKODEHHE aD =0, 3HEUMT KoHel| ‘sextopa 3TOrO

'ycxopel-win < Touka d cosnagaeT ¢ fomocoM. Finaron’ ycxopemfn vact €D
KOpOMEICNA. 3 ABAAETCA OTPEIOK Cd. TOFAd. NNaHOM yCKOPEHWIA BOero 3seHa

DE 6yger aTpesok de, HailaenHbid B cmly nogobus_nnaHa yeKOpEHHi H__

3BEHA U3 nponopuml .
de _ DE
d oC’

Tpw 3TOM TOMKE € Ha [naHe: ycmpenuu ECTb KoHeu seKTODa YGKOpeHPIﬂ af ‘

a'cam sror aemp byaet’ paBeH T
a = Pae) . Cwid
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CTpouM nnaH ycxopeumﬁ waTyHa 4. Ymopeuae 'rotu(u F usawna MODKHO 3anu-
catb TaKk:

B =3p + B+ 3, . _ {2.32)
rae .. B +aE=aE, . (2.33)
8g - yCKOpeHne nepeHocuoro NOCTYNATENLHOTO  ABWKEHUS

TouKW F (aﬁcnmoTHoe YCKOPEHHE Toukv E}. 310 ycxopel-me HaMW TOMb-
KO HalAeHO MPW PACCMOTREHUN ABWKEHWUA TOUKK E BMECTe C KOROMBICICM

3; ‘E,‘.-"E - HOpMANLHOE YCKOPEHVE OTHOCWTENERHOMD — BpaliaTensHoro
ABVIKEHMA TOuKK F OTHOCHTENBHO ToMKKM E,

vi {e-uf
Mogynb 3TOFO YCKOPeHHst @ = —&- = Kl w2,
_ | —
YCKOpEHWE OTKNAAbIBAeTCs B  Buge oOTpeska yé = —f~ MM
LT THe

napannenb:-lo waTyHy FE.
YCKopeHue aﬁ_.- Hanpaaneuo oT TowKu F K TO'-IKE E Luawua

aFE TaHI‘eI-ILIVIaﬂhHOE ycmpeuue OTHOCUTESTEHOID spamarenb-
HOTO- ,qsmxeuun TouKd F OTHOCHTENILHO Toqlm E. ycxopel-me aFEJ_aFE , HO

MOAYAb 3TOrO YCKOPEHKA MOKA He u3BecTeH (B cpopmyne 3F£ = & e Ham

He: MIBECTHO YINOBOE YCKOPEHWE 4 ).
B 5TOW CBA3W BOZHUKAET HB nepabm Barnsg, npensncrane KaK co-

rNacHo ypasHeHmo (2.32) HCKaT.b -peaynbwpymmun aeacrop d, , Koraa

HEHBBGCI‘EH MOﬂynb I'TUCHBII.HEI' 0 COCT aBﬂHICJLLLEFO BeRKTOpa aFE Hy»HbI

' AONOAHATENbHBIE JAHHbIE. _
. - VX MOXHO - MONYYUTh, PAcCMATPuBasn TOMKY F, npmuannemau.wro non-
_ayuy .5, ﬂamxeﬂue nonayHa  npw paboTe MexaHusMa  BO3BPATHO-

nocryna'reanoe NO rOpU3OHTAAW. 3HauvT, aﬁcamo'moe YCKOpEH#E, &, Ha-
- npaaneno I'OPH30HTaJ'IbHO u: onpenenﬂercsl BEKTOPHBIM YpaBHEHWEM'
- R ' a,, —a‘F +aﬁ.-0 +an=0 SR , ('2;34}
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3TOr0 AOCTATOMHO, HTOGL! AOCTPOUTD BEKTOPHBIA UETLIPEXYTONLHHK cornaé-
HG ypaBHerwio (2,32). ins 370ro M3 nomoca Pa NpOBCAMM AWHMIO AeHCTBUst
PESYALTUDYIOWEro BEKTOPa dr, a U3 TOYKW Y NPOBOAMM JUHMIO Aeiicr-

BMA COCTABNRIOWIErD BEKTOPA 7 ToUKa nepeceyenns f onpeaenser cn-pe-

30k Paf + KOTOPLIM XapaKTepuayeTcn yckopenne I,

.aF.= (‘g)'”a , Mie?

1 oTpesnic yf , KOTOPbIM XapaKTePU3YeTCs YCKOpeHWe 3 5

dfr = (?)-_pa,mfcz,

CornacHo ypasHeHuio (2.33) HaligeM NonHoe oTHoCUTenbHoe yeKo-
peHue E,.-E -Ha nnane yckapenvit stor aek'rop'xapaicrepuwema oTpeskeM ef,
Otpesok ef ecTb nnaH yckopeHuit waTyHa EF. Mnarom YCKOpEHUl nonsyHa 5
ABNRETCS TOUKA f,

Mnan yckopeHwil ecTb reOMeTpUYECKOR MeCTo. TOUEK” KOHUOB Bek-
TOpOB abCOMOTHEIX YCKOPEHWI TOYEK 3BEHA, KPOME 3TOro MnaH YCKOPEHWH
382H3 NOACGEH eMy. YUUTLIBas 3TM [BA CBOHCTBA, MOXHO HaliTH ycKope-
Hike  MoGol MHTepecylowedi Hac Touky. Haligem YCHOPEHME LeHTPa TSHHECTH
S¢ waryHa 4./lna 3roro no nogobuio HAXOAMM TOUKY S4 Ha NNaHe ycKopeHui
ef aToro 3seHa U U3 nonioca APoBOAUM B 3Ty TouKy 8exTop Pas,, KOTopsii B

Macwrabe j1, RBNAETCS YOKOpeHUeM 55‘ .
C noMowio nnana YCKOpEHWA HailAeM yrnoeoe yckopenue Kopo-
MbiCna 3;
ag BC)-
gy =0 ¥/ My
o o __ |
HTobRI HAltTM HanNpaBNEHWE YINOBOIO YCKOPEHUA e5, HAA0 MbICheH-
HO NPUACKUTE BEKTOP agrp ‘B TouRy C 38eHa. Hanpaenenue MOMEHTa 3TOro

BEKTOpa OTHOCKTENbRO D COBRAAAET C HANPaBNEHWEM c; (B HaleM. ciyyae
~ NPOTHB YACOBOK CTpenku). _ . :

ConocTasnan HanpaeneHus mz ¥ g5 Ha puc.2.9, 3a|<moq'aeM,_ yTO
KOPOMBICNO. 3 B 33A3HHOM €ro  MrHOBEHHOM NONOKEHUM WMEET 3aMenleH-
Hoe ABMKEHHe. : '

6_'8

Yrnoeoe yCKOpeHWe OTHOCKMTENbHOMO ABYXKEHWA WATYHa 4 anpege-

nseTca no dopMyne: _
_ Iﬁ)_&_ ; i .[cz .

S e e _
HanpasAeHre ero HaxoANTC MO TOMY X& NPABANY; UTO U £3. |
MeToANKa, MBNOXKEHHaR B AaHHGIT 3aa4e, NPUroaHa Ans nocTpoe-
HUS NMNGHOB CKOPOCTEN W YCKOPEHWIH MHOMUX LADHUPHO-PHINEXHBIX  MeXa-
HU3MOB, DAHAKG Y HEKOTOPOI KaTErOpMM MEXaHMIMOB - KYMIMCHBIX Mexa-
HU3MOB - PELIBHWE 3T 3a/1aUN UMEET CBOIO CneunduKy. :

Eq

2.5.2. MpahoaHanMTHYECKas KWHEMaTHKa
CTPYKTYPHOI rpynfisl 2-1o Knacca 3-ro Buga

KHHOMITHYECKHE OCOBERHOCTH TPy

1. OTHOCHTENbHLIE yrnbsbre qupodi_a_ W YTTIOBbIE YCKOpeHUS 3BEHb-
€8, 05paaYIoLMX YNy PaBHb! Mexay coﬁop‘_i_ (W =up,/ &, =¢ _?_).

2. OTHOCUTENLHBIE NUHEAHBIE CKOPOCTH M YCKOPEHUS! PasHbiX TOMeK
3BEHLES (PYNIbl PaBHBE MeXZy Cobow. .
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Aano: s, a8, Vo, ap.
Hakiri: wp =Wy, E; = £3. -
Ceawem co 2BeHOM 2 nnockacTe Q. Moa wapwupom A oGoauaun

Touky D, NpUKAANEXAWYIO 3BeHY 2. 3aNULLIEM CHCTEMY BEKTOPHBIX YpaB- -

HEHMIt , NPOBEAEM €€ aHANK3 W CTPOWM NNaH CKOpOCTed 8 MacwTabe u, no
ITUM YPaBHEHWSM:

. "792,3 = FB:,: +l792.33:,2 w = : VD?B [bdz)l [ 1/c].
Vo, =Vo+Vop =~ e BDam,

4) = Gy W HANPAENBHO NPOTUB YACOBROR CTPENKA.

Teneps MOMET 6bLITe HalgeHa abGconioTHas
d  CKOPOCTEL NIOOKA TOUKK 3BCHLES MYNMbLI.
Hanpwumep:
Ve, sVa+Via;, Vo =05lgp,

3anvweM cUcTeMy ypasHeHuH ,qﬂﬂ nOCI'DOEHHFl nnaxa
¥ar. ycxopeuun

T fa =
ao" =63 +ESZB +6025 aD‘,B = “‘5,025/

—— — T T X _
Imom - k] | 39,=ao+53:.0+35,p- 25,0 =<Vp,0%.,

RERYE

BoibupaeM macwrab: 1MM — U, [—-%] , CTPOUM nNak ycxo'peuuﬁ.
Lc .

-]

s,
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Mpy 3TOM onpe.ne.nne'n Hanpasnenve KoOpUonuooBa YCKODEHHFI 6;‘

A28 ;
. . . 8525 . (U.dz}.l 1: i|
£, =8 = =

ey D B, " |
HanpaBnP_HHe £y = £y Gy.qe*r MpPOTHB YACoBOI CTPENKY.

_ Teneps MOXeT GbiTb HafigeHo a6como'r|-toe ycKOpeHHe Noboil ToukM
3BEHLEB rPYNMbL.

HanpumMep :

. -n -1
"8k, =Qp +AK,D +AKD!
—n ) 2 . M __T ) M
ax,p =wilgp/| |/ 8r:D = Ealgnj— |-
c c
2.5.3 MpadoaHandTiyeckas KuHeMaThka
CTPYKTYPHOW rpynnibl 2-Fo Knacta 4-ro euaa
KineMaTHYECKHE OCOBEHNOCTH IPyIInsl 4-ro0 BHaR

Hano: o) nwq, £] W E4

Hasrn: ciaY VGTH . EC}} (- S

. 1.3seH0 2 opasyeT NOCTYATEnbHYIG napy B co 3eeHoM 1, BXOAs-
WM B MEXaHK3M 1 Knacca. CAONHOE ABWXEHME 3BeHa 2 CKNARLIBAETCS U3
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NEPEHOCHONO BPAWATENLHOrD  ABMNEHMA SMECTe €O 3BeHOM L (/&) ¢

CTHOCUTENLHOIO MOCTYNATENLHOMO ABWKEHUR, BAONL Hanpannmouten 3TOH
noCcTynaTesbHOU Napol B.

2.0THOCHTENBHLIE YENOBLIR CKOPOCTH 7] yrnoabie ycxopeHun 3BEHLEB
lnZpaswol {4 = N Ef =E7).

3.3seHo 3 obpa3ayeT nocTyriaTenbHyld napy [l -€o 3seHoM 4, BXOAs-
LWMM TAIOKE B MEXaHW3M 1 knacca. '

Cnoxdoe ABMXEHWe 3BeHa 3 CKIAALIBARTCA W2 NEPEHOCHOMD Bpawa-
TENGHOTO ABWKEHKMA BMECTE CO 3BEHOM 4 (W U £4) U OTHOCHTRNLHOD

MOCTYRATENBHOIO  ABWXEHWS BAONE HanpaBnsioWleir 3TOW NOCTYNATENbHOM
napsl 4. '
' 4, OTHDCHTEHbHI:Ie yrnosue CKOPOCTH W YrNOBLIE - YCKOPEHUA 3REHLER
3 ¥ 4 paBHbL.
5. 3peHusa 1 v 4- BegyLime, noa'rOMY 33[aH6I 3AKOHBI .qaun(euuﬂ aITHX
3BEHLEB,T.€. U3BECTHLl U4} W Wy; &5 W &y
6. 3pecb vMeeM Z NOCTYNATENbHLIE NAphl, CNEOBATEfIbHO, B O5OMX

L —k
YDABHEHHSX AN @ [AODKHO NOSBUTECS &

CasxeMm 38eH0 1 C NAOCKOCTRIO (@, 2 3BEHO 4 € NNOCKOCTEID Q,
PaccMaTpMBan ABMXKEHME TOUKW C.MOOYEPEAHO CO 2-M W C 3-M 3BEHLAMY,

MOXEM COCTaBHMM CHEAYICIU.IHE BEKTOPHLIZ YPaBHEHWA ABWMEHWS 1 npoBajem
WX aHanna .

Ve, s ==VC‘, 2 ¢, 40

Ve, ,; Vc, Ye, .,
_T_/CM ¢ , HanpaeneH napanhenbnd H‘anpaanmomeﬁ B nocrynaTehbHos‘i
rape B. _ ’
_—V CaaCo , Hanpaenex nabanneqhuo HaNPRABNAIOWEA B NOCTYNaTenbLHOoMI
rape D.

BuiupaeM |1, W CTPOMM NfaH CKOPOCTeH.
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'HaxofuM, BeMHiHEl AGCOMIOTHBIX U OTHOCUTE/LHbIX cKROpoCTei:
Ve, =(PC, 3)i1w Ve, 60 = (CJCZ,J)PW Verica = (C-:Cz CeCaz M.

MNpdeeneM aHanns yCKOpeHwn OaHHOoR rpynnel.
PaccMaTpuBan ABYKEHWE TOHKM C CoQTBEeTCTHEHHT CO2-MUC 3M

3BEHBAMW, MOXEM COCTABMTb BEKTOPHGIC YPEBHEHUS [BIXEHWA ANA NnaHa
YCKOpEHUIA, @ 3aTem npoBejeMm X aHanua. ObpawaeM sHUMaHke, 4TO 3T
ypaBHeHus GasvpyloTCA Ha BEKTOPHBIX YPABHEHWAX ABvXEHMA Ana NnaHa
CKOpOCTEH: o

' ' - R r

dC, 3 =80, +8 €136 78 €501

™~ - & r
ac,; =4c, + 8 250 +3d €30
BuibMpaeMm p, W CTPOKM NAaH YCKOPEHNH.

e, Ly

ag:.l’-"-.
¥
Héxonum BENM-KHbI aﬁcomo'rubm 7] OTHOCHTeHbeIX ycxopemm
-—{’PaCz 3)Paz - —(chz J)P-az —(chz 3)!-1.;-
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_ 2.5.4.I pachOaHaNTUUECKan KMHEMBTIKA
crpymrpnon rpynnst 2-ro Knaoca 5-ro supga

Knne_na_fmrea\'m! O0COGEHHOCTH Ipynnst

1. 3pece 2-e 3BEHO BXOAYT B MNOCTYNATENLHYIO NApy C 3-M 3BEHOM,
a 3-6 3BEHO B NOCTYNATENLHYIO.Napy C 4-M 3BeHOM. [Ipn 3TOM 4-e 38eHD

BXOAWT B MEXZHW3M 1-10 xnacca, noaToMy W= W3 =04; E27E3TEq, H OHW U3-

BECTHE! no YCRoBwQ.
2. Oba YPpasHeHus Ans nnasa. YCKOPRHU#H GynyT COREPXKBTE a

(Kopuonm:oao y“cxopenue)
Aaro :
o up = % %«
V'B.I' 27 VB{ L3

E,=E3 = &g,
as; ,/ 88,
Hariri

V/8:,7 883 /883582, 885,84 -

o
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CesXeM NAockocTs &y, € 4-M 332HOM U nOMECTUM Touky B,
NpWHagA@Xawyio nA. (2, nop WapHupoM B.
~CO 3BEHOM 3 CBANEM NAOCKOCTE {J;, COBNAAAIOWYIO € 3-M 3BEHOM
H NOMEYAEM Ha ITOR rNOCKOCTH TOUKY 55, COBNAAAIOLLYIO C TOYKOM B,
PaccmaTpusan tncmcuoe ABWKEHWE TOUKW B; ; CDOTBETCTBEHHO €O
' 2-M 3BEHOM ¥ C 3-M 3BEHOM, 3a0WWEM BEKTODHLIE YPABHEHWS [BUKEHMS.
3aTem npoauannanpyeu ITH YPABHEHUA:

Va,, =V +V
2.2 8,; - 812812

Ve, =V + V.
3.2 = B‘ _ '83,2'8‘ .

— napannenex Hanpas-

- B3.8;,; :

naowes (y — y);

v - napannened Hanpae-
- 83,78, . '

naolei (x —x).
Boibpaem Macwrab p, M
pellaem  cucreMy - rpadmuecKuM

METOIOM NNAHOB CKOPOCTEN. :
OHDEAEHREM YUCAEHHbIZ EIHa‘-lEHHSI BBCOI‘II'OTHHX H OTHOCUTENbHLX CKOpO-

cTeit:
Vsu =(PvBs3 )0 Vs, ,8,; = (5:,253,2 My Vg, 8, =(8B4B3: .
PaccMaTpuBan ABWKEHHE TOuKkM B _ z.
COCTBETCTBEHHO €O 2-M W 3-M “SBEHLAMM,
COCTABUM BEKTORHBIE YDBBHEHUS LABMNKE-

HWA Ana NnaHa YCKOpEHHH u I"IDOBEREM X
aHanus.

-
+a
83,0817 B3,:8,,.

p
+ &
B3.284 By,:8¢

: -

as,,=28,, + 2

3s,, =as, +a
8 2 8y

Bubupaem Macurab p, u cTpowM nnax
yOKOpeHWiA, '
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3ateM onpegenseM 4YnCNeMHble 3HaAYeHUR aBCONIOTHLIX W OTHOCKH-
TERBHBIX YCKOPEHWHA, .

ag,, = (Pag3 , J1us/ 8, .8, = (KZ'BJ,Z)P.;;‘-?B,"ZB,J = (K183 2 s

2.6. KuHeMaTUKa MEXaHM3MOB 1-ro knacca

EcnM MEXaHW3M MMEET OfHY CTENEeHb MNOABMKHOCTH, TO NepeMetle-
HUR, CKOPOCTH M YCKOPEHHA BEAOMbIX 3BEHLES W TOUEK MEXAHWIMA ABAAITCR
GYHKUMSMK NepeMeltienid, CKOpOCTER Y YCKOPEHWA OAHOMO U3 3BEHbEB Me-
XaHW3IMa, NPUHATOrC 3a BXOoAHOE (Beayllee).
. Ecnu MexaHvsM 06MBAEET HECKONLKUMHU CTENEHAMM NOABMMHOCTH,
TO MEPEMELIEHHA, -CKOPOCTA M YCKOPEHMS BEOMbIX 3BEHLER U TOMEK Mexa-
HW3Ma CYTh dJyHKuuu COOTBETCTBYIOLLUMX NEPEMELLEHKHA, CkopocTeil 1 yokope-

HAA  3BBHLER  MEXaHW3Ma, npuumlx 3@

Sgw %40 BXoAHbie (Begywme). [lpu 3ToM  Yucno
K BeAylWMX 3BEHbEB  AOMKHO ObiTh DABHO
YMCHTY -CTENEHEd NOABWNHOCTH MEeXaHW3Ma
nnm, 4To Toe, Juucny obobLeHHbIX Koop-

AWHAT MEXaHU3Ma,
o - ' 3akoHEl  ABWKEHHMA  (Benyumx)
X BXOAHGIX 3BEHbEB B AanbHeiiwem OGyaem

3nece 3apaeTcA BYHKUMA
w=q {t): ¢ - yron noBoOpoTa BXoA-
HOFO 3BEHA OTHOCHTENHHO HENog-
BWKHOW CUC-TEMBI  KOOpAMHAT XAY;
t- epema

pocreu nnu YCKOpEHWiA. .

" DYHKUUA nepemeu.xeﬂuu MOXer
BbiTe 32/1aHA B AHAMHTUMECKON opMe B
BUAE COOTBETCTBYIOWEN (PYHKLIMM, CBA3bI-
BaOWed NepeMellerns BXOGHOTD 3BEHa CO
BPEMEHEM.

PaccMOTPUM MEXakMaMbl 1-T0 KITACCa, Y KOTOPbIX BXOAHbIE 3BEHbA
BXOAAT GO BPALATENEHYK WM NOCTYNIATENLHYIO NAPY CO CTOMKOH.
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HE3blBaTh (PYHKLMAMMA nepeueu.tenun, CKO- -

B PpAze Ciyaes S(tin @ (t) MOrYT GbiTb 33AaHbI rpaduyeckm 8 suae KPHBLIX
_ {CM. PUCYHOK 3 K B).
' q _ Mons3ysacs rpadmkamy, nerko onpese-
Broguoe ylawo YHCNIEHHOR 3HAYEHMe YINOB reBO-
E " poTa MW nepemMelliendii 3a moGok Bol-
6paHHbIf OTPEIOK BPeMeHu.
" Hanpumep : ana i Touki @i Npu @o=0 ,
Byder paBHO - @ Po=ppb,” -
T X rne b-oTpesok Ha rpadKe B [MM]
R ' CoOTBETCTBERHO, BPeMA t, 33 KoTopoe
3pecy 3anaeTen ¢ynmua S=5(t) S - Beyuiee 3BEHO MOBEPHYNGCH Ha Yron
ILIEHHE TPOMIBOMBHO BbibpaH- @i pasHo : t=pa,
HOW TOUKM BXOAHOMD 3BEHR TOMKM A o -

OTHOCHTENBHO HEMOMIBVKHOA CHCTeMbI [ 8 - OTPe3ok Ha rpadimce B [MM].
KoopnuHaT CBA3AHHON CO CTOMKOM; t — . .

‘P‘hﬂw . Sl.ﬂ-m:/bﬂﬂ R

..L..

pe - £ 0% et
MikeHepHsle 3agakin TpeGYIOT 3aAa8aTs 33KOH ABDDKeHHﬁ"'BBIXOAHO—
ro 38eH3 B Buae YHKUWA cxopocreﬁ m-—m(t) wan V=Vit).
' OueBMAHO, YTO NEPEXDR OT BYHKUMIA CKopocTed K d)YHKuHﬂH nepe-
Memeuuu MOXeT ﬁbITb ocymecraneu nyTem BbIUUCTIEHHA WHTETPanos:

;m(t)dt wnu s, 50 jV(t}dt - (2.35)

'rAe 9o, S to - COOTBETCTBEHHO yroA , nepeMeierve u BpeMs, COOTBETCT-

aymmue Haqanbaony NOAOKEHUIO BXOI.IHDFO IpeHa. ;
‘ECnM e 3aK0H ABMXKEeHWR BXOAHOrO 38eHa 3amaH o aune dJyHuunu
w:xopeﬂwﬁ e=g(t) uam a=a(t}; To nepexoq K GyHKUMAR ucopucreﬁ oCyLle-
CTBNAETCS MYTEM BbIMMCHEHUA uu‘rerpanoa'
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W) ~wp = js(t)dr v, v, = 'a(t)dr. ’(2.36)

rae og, Vo, to - cocrrae*rcraenﬂo yrAoBas CKOpDCTb SiMHeHasn CKopocTh M
BpeMFl COOTBETCTEYIOILEE HAUNEHOMY MONCKEHHIO BXOAHOID 38eHa.
-CnefjoBaTeNlbHO, eCv 33KOH. DABMWNEHNA BXOAHOrO 3BEHA 3afaH
(DYHKLMAMM CXOPOCTEI UM YCKOPEHWIA W 3343HLI HAYanbHbIE YCROBUR, TO Mbl
MOXEM BCErAa nepeitin K QyHKUMaM NepeMelieHmi Mcnonbsyn BbIPAKEHHA
(2.35) u (2.36).
TpoBEAeM AHANM3 MEXaHM3Ma 1-r0 KNacca BXOAHOE 3BEHO KOTOPOTO

EXOAUT BO BPAWATENLHYK NAPY CO CTOAKOH € TOKH 3peHis Hepaaﬂnnepﬂoro

W PABHOMEPHONO ABHKEHWA.
ﬂpn NEepaBHOMEDHOM [JBHNCHHH mfetm‘

‘dhn;
dt’)—-) @y =§—tp’£‘, =E SB=ABQ}, V3=m1AB I
.§5=§A+am+am,

2
Yéa =w?AB = a3}, - wanpaened N0 pPAANYCY

K MONioCy BPALIEHWUA; XapaKTepU3yeT WBMEHEHWe
CKOPOCTW MO HANPABAEHWMIO,

e 1AB = ag,- WanpaeseH B  CTOPOHY. Bgl_cropa YTNOBOrO  YCKOPEHMA,

£;/\a (_‘_La ) XAPaKTEpU3YeT H3MEHEHNE CKOPOCTH NO BEAUNMHE.
Tpr pagHOMEPHOM ABHNEHNH mreen K
dha,
p=0(t); m,_=c0nst., - £y = E— = g N
Sa=AB-p. Vg=io 1'AB=COHSf
35 = 34+ B + 3
354 =0,e=0.

floCnenosarenbRocTs onepaipmt npn mneuamueman ana-
JIH3E TUTOCKHX nmnnsnos z-m maa:a TPAPOBRINIHTHIECKHM Me-

rogomM. .
' 1.MposoguTen crpylcrypubm auanua -MEXaHU3MA, B pesynh'ra're

KOTOPOro:

78

- CRpEaenaeTc KNace MeXaHuaMa, No3BOASICIUME BriIGpaThL COOTBET-
CTBYIOUIMHA 'rg_lem.q #HANW3a; _
- 2anucLIBAaETCH OPMYNa CTPOEHWA, ONPEAEenRIoWas CTPOry no-
CREAOBaTENLHOCTL KMHEMATUHECKOMD aHaNM3a. '
2. MPOBOAVTCA FEOMETPHUMECKMIA CMHTES MEXAHMIMA, EXCTH B HEM €CTb
HEOGXDAUMOCTS. ’
_3.C7ponrca HEOBXOAUMOEe YMCNO NNAHOB MOMOXEHWA MEXaHW3Ma M,
ecny TpedyeTcs, Tpaev:robm“'. 3afjaHHbIX TOUEK. :
_ 4.CocTaBRAOTCA CUCTEME! BEKTOPHBIX YPaBHeHWA ABIOKeHWH Ana Ka-
WAOM FpYNNbl ACCYPa B COOTBETCTBUN C 8 BUAOM,
' 5.PewatoTtca CHCTEMBI_.BEKI'ODHbIX YPABHEHWH ABMMEHUS rpad0oaHa-
NUTHYECKUMI METOAAMIM NAZHOB CKOPOCTEH ¥ NNAHOB YCKOPEHUHA, ‘
- ONPEeAENsIoT YHCHEHHBIE 3HAUEHUS 36COMOTHBIX U OTHOCHTENbHbIX
CKOpOCTER 1 YCKOPEHWA 3a.nannux~roqek_u IBEHLEB MEXAHWZMA; '
-_onpenénhnb‘r BEMMUMHSE 4 HAMNPABNEHWE o 1 & 3BRHLEE MEXaHWEMa;
- ONPEnensIoT PaaUYCh! KPMBK3HLI, CTPOAT rogorpadel 1 T.0.

2.7. KMHEMaTHUECKOe MCCNEA0BAHKME TIOCKMX PLiMaMHbIX. MEXAHWMIMOE
SHaNMTUYECKUM METOAOM

2.7.1 Uenu # 33134 aHaNKTMHECKON KUHEMaTHKIN MexXaHW3MOs

B cnescreve HeusBeXHKBIX norpewHocTel rpatudeckux n rpadoama-
AWTUNECKUX METO/O0B PacyeTa BO MHOMUX Cyuasx TOYHOCTL WX OKA3biBaeTca

HEAOCTATOMHOW AN NPaKTUSECKOro MCMONL30BaHWA MNONYUEHHBIX pesynkTa-

voR. B pRge cnyyaes HeobxoavMo nposo.qHTb aHanu3 paboTel Gonee AeTanb-

Hbi#, 4eM TOT, KOTOPGIA MOXET BbiTb AOCTUTHYT NpK rpathyyeckam nzoGpane-
. H1 PE3YNBTATOB. KMHEMATHUECKOTO MCCNEANBaHMA. B CBA3M C 3TMM BO3HMK2ET

HeebxoarMacTh B. 60nee TOMHBIX MeToAax (cnocofax) KUHEMATUYECKaro uc-
CNEAOREHNS MEXAHWSMOB. TakWM METOAOM ABNAETCA aHANUTHUECKWR MEeToq
WCCNEAOB3HWUA. '

Ipn. aHanMTMYeCKnX MeTogax KMHEeMaTMYeckoro pacyera OSbiYHO
YCTaHABMHBAIOT CBA3b MENAY NEPEMELIEHMEM BEAYLIEro 35eHa W nepeMewie-
HUAMM, CROPOCTAMU M YCKODEHWAMMU Be;ﬂCIMhIX 3peHbes. Bpage cnyuaes He-
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OBXOAMMO 3HaTb YPABHEHWA TPAEKTOPUM TOUKM 3BEHa, COBEPWAIOIErD IO~
HOe ABMKEHME, WNW, KaK MHAYe roBOPST, YPABHEHUE WaTYHHOH KpHBOA. Mc-
CNESIOBAHNE KMHEMATHKM MEXAHM3MOB NPW 3TOM MOMET ObiThb BHIIONHEHO C
mOoGOH CTENEHLID TOMHOCTW, @ TalKe MO3BONAET BbIABIATL B3AUMO-
CBABL KMHEMATUMECKNX NAPAMETPOR MEXAHWU3MA C PR3MEPAMH Er0 3BEHbEB.
fipMMeReHe 3BM pesko NoBLICUND PONb AHAUTUHECKUK METO/I0B.

2.7.2 AHannTaueckuii METOA KHHEMATHYECKOrO
MCCNenoBaHus MEXaHWIMOB BTOPOrD Kiacca

B Hacrosiuee BpEMS USBECTHBI ABE PasHOBMAHOCTH OBLIETD MeToAa
KMHEMATHIECKOrD WCCSAOBAHMA MEXAHWIMOB AHAAMTHUUECKUMM METOAAMMW:
Merog npecbpa’osaHvs KoopAMHAT MopowkuHa 10.0. K METOAOM 3aMKHYTOro
BEKTOPHOrO KOKTYpa A.A. 3vHoBbeBa. Metop npeobpasosatun KoopANHaT
uanoweH B yyebHuke: O.H. flesutcxan, H.W.Jleputckuid “Kypc TMM™ (M.
1978. C. 32, 33, 39-44). Mel GyAeM M3yyaThb AHANWMTHHECKYID KUHEMATUKY,
WCTIOMB3YS METOA 3MKHYThIX KOHTYPOB.

B ocHose 3TUX METOLOB NEXMUT NOHATHE BEKTOPHOMD KOHTYpa, CBA-
. 33HHOTD C KWHEMBTHMYECKOW CXEMOA Mexaumama. [Na MawunynsTtopos, B

OCHOBE KOTODbLIX NEXaT HeIaMHKHYTbHie KMHEMaTUHeCK e ueny, BEKTCIprII‘i'

KOHTYP OYAET TaKKe, KK W LEMb, He 3aMKHYT. B OCTANLHbIX CyuasX Mbl
Byaem WMETE Aeno ¢ METOAO0M 33MKHYTHIX BEXTOPHLIX KOHTYPOB.

KuHemaTuyeckyis cxemy fioboro MexaHusma GyAeM pacCMaTpuBath
KaK CHCTEMY 3aMKHYTbIX MHOMOYrOfbHMKOB, CTOPOHaMK KOTOPLIX CRy»aT 38e-
HbAl MexaHu3Ma. ECAW Npu 3TOM CTOPOHBI MHOFOYTONBHUKOB PACCMATPHBATL
KaK BEKTOpbl, €CTh BO3MOXKHOCTb COCTABNATL YPABHEHNA 3aMKHYTOCTH. Konn-
YECTBO FTUX YPaBHEHWH 3aBUCHT OT KOMMUECTBA W KNACca CTPYKTYPHBIX rpynn,
BXOAALUMX B MEeXaHW3M , T.e. nonuommo'onpenens;ercn thopMynoll CTposHIS
MExaHW3Ma. B 3TOM npoasnnercn HepaspbIBHas CBA3L, Knnemamqecmro
aHanW3a o CTPYKTYPOR. . - [ - e o AT
C'I'pYI(TYprIe rpynnel 2~ro Knacca/ B oﬁmem ’cnywae MOFyT ﬁb.ITb
NPENCTAB/IEHBI 3aMKHYTLIM MHOMOYIOLHUKOM,
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-~
3byg L - Sy
YCnoBUMCS 3aMblKalOWMIA  PYNNY BeKTOp WMBHOBATb BEKTOp-
napameTpoM U obo3Hauate p, OcTanmbHele sBexTopbl 6yaeM obozHadaTh 4, rAe

i - Homep 3mewa. Hanpasnexwe Bempa 8 NPUHLIMNE MOXXHO BhIGUpaThL

NPOMBBOAbHO.

Yenosue 3aMKHYTOCTH COCTABMSETCR Tak: BHIGMPAETCH Hamnpaeneune
oBxofa KOHTYpa; BEKTOpP, COBNAZAIOIMA C 3TUM ManpaBneHUEM CUWTAETCH
NONGKUTENLHEIM, @ NPOTUBONCADKHBIA — OTPULATENLHEIM, A4S rPYDMbl 2-r0
KNAcca yonoBWe 3aMKHYTOCTH MPW oﬁxoae KOHTYPa NO 4acoBoil CTpenke 3a-
MUWETCS TaK : _ :
H+ha+p=0. ' ' : (2 37).
B peantHeix MexaHMIMax erl'II'II:I 2-ro Khacca MOrYT BCTDEMATRCH B

4 %

B aToM cnyqae KONWYECTBO YDaBHEHUHA 3am<ny’rocm unﬂ rpynnbl
PABHO HYJIO.

KaxioMy MexanusMmy 1-ro Knacca MOMHO cocraBuTb TO.an(O c.m-ro' "
YpaBHEeHHe 3aMKHYTOCTH, onpe,qenmomee B3aUMHOE pacnonomeuue nonamx
HOTo 3BEHa “ CTORKY.

© TAKOM Bufe ©
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BekTop, NpuHaanexawmi croiike, Bynem obosvayaTe 4.

MpY NOCTPOEHKW 3AMKHYTOrO KOHTYpa Mexanusma l-ro wiacca Bek-
TOPbl /; ¥ 4, NPHHAANEKALUME NOABWKHOMY 3BEHY W CTOMKE, ADMKHBI BhIXO-
OWTh M3 KMHEMATHYECKOM Mapbl, COBAMHAIOLISHA 3T 3BEHBS.

OB061AR WIAGHEHHOE BLIWE, MOXHC CPOPMYNUPOBATL CReayioLlee:

JAIR MEXOHHNIMOB 2-ro Knacca B obujemM ciayu3ae. Sucro ypaBMEHWH

FAMKHYTOCTH PABHOE CYMME YHCNZ CTRYKTYPHBIX DY H MEXaHN3-
sMow I-ro knacca.

loCNCA0BaTANBHOCTE ONEPALHIT TPH KIHHEMITHYECKOM HANHIE
MEXAHHIMOB 2-r0 KABCCa 0 METORY IaMKHYTOro
: BEKTOPHOrG KOHTYpa

1. Ha ocHoBaHUW KMHEMaTHHEC!{OFI oxXeMbl Y PopMynn) CTPOSHUA Me-
XBHU3M3 ONPEAESTAEM HEOBXOANMOE YMCID YPaBHEHHIA JAMKHYTOCTH, '

2. BuibupaloTen HafpapfieHus BEKTOPOB AAA KaXAOTO 3BeHa mexa-
HU3ME W BEKTOP-NEPaMeTPOR, 3aMbIKAIOWMX CTPYKTYDHEIE rpynnu Cocraena-
I0TCR YP3BHEHWA 33MKHYTOCTH,

_* 3. Bubupaerca cucTema .quapToBblx l-:oopnnua'r ¥ 1O WCXOAHBIM
A2HHLIM HBYANBHOE NOAOKEHWE MEeXaHU3Ma. 33A3eTCA YLAOROH WNW NWHeH-
Hold NapameTp NepemMeLLeHns BXOZHOMO 3BeHa, T.e. oBobiueHHan koopaukara
MEXAHU3ME, ' '

4. Ycnosua 3aMKHyT0crH NPOEKTHPYIOTCA Ha OCH KOOPAWHAT W pella-
ETCH 334a4a O NONOXEHHW 3BEHEEB U 33AaHHLIX TOUEK MEXBHU3MA,

5. AudbepeHunpya YPaBHEHWS 3aMKHYTOCTW WAKM KX MPOEKUMK Ha
OCU KODPAWKAT NO 0GOBILEHHDNH KoopaMHaTE {YFNOBOM WM NMHeitHoI), onpe-
RENAOWeN NOJIOKEHNE BXORHOFO (BEAYILEr0) 3BeHa, onpenenmo*r aHanorn
CKOPOCTEH 3A4AHHLIX TOUEK W 3BEHBEB MEXaHU3MA.

6. MoeTopHoe ANphEpeHUUPOBAHNE YPEBHEHNIA 33MKHYTOCTH MO TOR
*e 060BWEHHGH KOOpAYHAaTE BXOAHOMO (BeAYIEro) 3eeHa NO3BONAET onpe-
AennTe aHanoru YCKOPEHHﬁ IAGHHBIX TOYSK It 3peHEEE MEXaHHIMa.
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7. TID BBMMCNEHHBIM AHANoraM cxopor:reu W YCKODEHMIA onpe.nenn»
HOTCA CKOPOCTH M YCKOPEHUA 33/1aHHBIX TOUEK 1 IBEHBESB, '

8. Mpn HEOEXOAUMOCTM PEWRIOTCA AOMONHUTENLHBIE 334a4M - KMHE-
MATUNECKOrO aHaNU3a | onpefengH1e TPAeKTOPUIA U PAAWYCOB X Kpnsuauu 1
T.A. :
* PaccMOTPHM pEEHME 33034 KMHEMaTUUECKOrD aHanusa Ha rpuMe-
PE MEXaHH3MOB | KPUBCLUMNHO-KOPOMBICIOBOTO W KDUBOLUMITHO-KYTUCHOTO.

2.7.3  AHanuTUUECKas KMAEMATHKA
KPUBOWKNHO-KOPOMBICABEOIC MEXaHW3Ma

MexaH1aM COAePIKUT OfHy CTDYKTYDHYIO Tpyrny 2-ro Knacca 1-ro
BUA2 U OAMH MeXaHuzM 1-ro knacca. CnefosaTenbHo, HeoBxoANMoe YMTI0
ypaBHeHWH 3aM|<HyTocm PaBHO ABYM.

“ 7y |
N7 &C

Buibupaem HanpasneHue BEKTOPOB Tak, UTOGH! Bbino YACGHO OTCHY-
THIBATL YTibl, onpenenmou.me MX ONOKEHUE U COCTRBNIEM YPABHEHHS 33MK-
HVTOCTH

:, -P-hy =0, " (2.38)
L—-L+p=0. ‘ (2.39)
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Bb}ﬁhpaen CUCTEMY KoOpWHAT XAY v 3a,qaeM yribl, onpegensioume
‘NONOXEHWE KAXGOTO BEKTOPa OTHOCHTENBLHO NOAOKUTENBHOTO Hanpaaneﬁnn _

ocu AX.
YCROBUMCA cqwrarb yrnbl ﬂOﬂO)KHTEﬂbeIMH, ECNW WX OTC'-IeT oyaeT

WATY NPOTKB 4aCOBOI CTPENKH.
Kpome TOro, 3ajapvM Yl oNpeAensioLMe - IeNoXKeHHe BEI('I'DD-

napamerpa g G‘IHOCHTPJII:HO BEKTOPOB / 2 n / 3 - CODTBETCTBEHHO, @p2 Pp3-
Onpenenvm MOAYNb P W HanpaeneHve pp ANS BEKTOpP-NapamMeTpa p.
Ana aToro npoekTvpyeM (2.38) Ha OCK KOOPAWHAT: .

otk AX: /; COS @y — focvs(360 qh)ﬁpcosq; . (2.40)
ocb AY: [y sin @ - !0 sin(360 - @ ) = pSin gq, . (2.41) -

[enwm (2.41) Ha (2.40) 1 HAXORUM 0p:
_2 {ysing -1y sin(.?ﬁo fibl _ (2.42)
®= 1, cos @ -1 cOS (360” —@) :

BO3BOANM (2 40) n (2.41) ® KBAApaT ¥ CyMMUpYem, WTO nossonne‘r nocne
W3BNEUEHWA XOPHR U3 pesynLTaTa HaltTv :

p= J[fjcosq, facvs{.?b'o" %)F [fjs.'nqq Jasm(j’éo" qb)]} (2.43)

' W3 TpeyronbHWKa BCQ no Teopeue HOCUHYCOB Haxonum BCI’I.OMDfaTEHthIe'

: yrnbi (&,: ", o . .

' _ !f =p2'+1§ -2pl;c05¢, . : - (2.44)

| 12 =p? 412 - 2pl, coS(180° -4, ), (249)

- arccos| 2222 o1 =13 L (246)

B, =4 [ 2pl5 ] ' : o
) 4 2 2

: _ 0. P +"(3 — ‘(2 ) . (2.47)

Q, = 180 arccvs[————m—»—: 2000 } |

Tenepb MOMHO HAATH YFAb! @2 M @3 '

 oTkyaa

2=%-9%, (2.48)
B=R-B,. . (2.49)

Takum obpasom, 3ana'~|a 0 NONOXEHWAX 3BEHLEB pellenHa.

3Has NONOKEHVIE 3BEHLER, MOXKHO HAWTY MOAOXKEHWE NGO TOUKM
MexaHuaMa. Hanpumep, AN Toukn K 3seHa (2), paccTosHWe KoTGpOH OT ToY-
K1 B 33A3HO BEKTOPOM LK , KOOPAWHETH! TaKoBLI:

Xy =1,005 0 +1 cos g,

YK - a‘(} th% +_IK sfh%.
[nR onpeneneHviss aHanoroB CKOPOCTER TOYEK 3BEHLEE MEXaHWM3Ma
UCKAIKOHAEM U3 YpaBHeHWiA 33MKHYTOCTH (2.38) v (2.39) BeKTOp-napaMeTp p

¥ NPOEKTUPYEM pesyana'r Ha OCb KOOPAWHAT.
Iy =ty ==l + 15 nan [, +f2—lg+f'3, (2.51)
lrcosg +l,c050 =1, 005(760 -qb)+13 cos @3 ., (2.5.2)
1, sing +1; sing, =1, sm(JGOQ - )+ Iysingy ,  (2.53)

(2.50)

_ Audbdeperumpyem (2.52) no g,

~Iysing —1; %sfn@z =-/3 %sﬁnfpj. . (2.54)
MoBopaunBaeM CUCTEMY KOOPANHAT Ha Yron ¢y, UTO PABHOCKNLHO BEIMMTAHWK
YrNa ; M3 BCEX YENOB COOTHOWEHUA (2.54).

MpH 3TOM OHEBWAHO, YTO 2HAMOMTW CKOPOCTEV % u% He 3aBu-

o dp

CAT OT BIGOpPA CUCTEMBI KOOPAKHAT, @ CNeA0BATENBHO, W €8 NOBOpROTA.
Toraa us (2.54): - /4 sfn(@ - )=—13 %—sfn(@ -,

dpy fy Sn@s-w5) . @2s5)
do; I3 sinles-92) '

AHZNOTMMHO, NOBOPAUMBAn CACTEMY KOODAUHAT HA Yron ©3, TIOAYSUM
uz (2.54), nocne anddepesumposaHna No oboblUeHHON Koopguwate o, M
ApeobpasoBaHWiA;
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dy _—1y sinley - @) (2.56)
dy 1, sin(e; - )
3Has aHanord YrnoBbIX CKOPOCTEA 3BEHLEB, MOXHO Onpe/enHTL
AHANOr AWMHEHOMN CropocTU NIBOR TOUKK MEXAHUIMA.
Tak Ans MpOM3BONLHOR Touky K 3seHa 2 AudidepeHunpoBativem no
¢, BuipakeHuit {2.50) umeem:

Xy =-lysing, - IK ‘:;; Sitg;,; :

;i’;f o, @57
K , :

K o5, + =L co50;.

%, 1 Dy +ix do, L

[NA OMpenenckus aHanoroB YrNOBbIX YCKOPEHWA 3seHbes 2 v 3
andpdepeHUMpYeM No @) Beipakerre {2.54).

2
d? dp
—IICDSLPI—Q 22 51"”‘1’2”2[ 2] 059, =
dPI : dPI (2.58)

2
d?; [dPJ] -

2 singy—/ osQz
d 0 \aey

MoBsTOpsA MPUEM MOBOPOTA CUCTEMB! KOOPAWHAT Ha yIibl @2 U 3 ]
MCNONE3YS MPY 3TOM COOTHOWIEHWE (2.54) mMeemM:

2
-lycos(o; —92) - fz[dp ) =

=-/y

% (2.59)
dos ) '
=13 q;; sinf @3~ 92) -“f_a(‘&:]] cos( 9z~ 92}
I I
dZ
~lcos(er-93)-12 o 5”7(‘132 03] -
» {2.60)
( ] 5'05('02 -9z} = "3{2 J
I
d2g, :
o " a9, , YUWTLIBAS, 4TO BCE NApPAMETPLI,
Kyaa onpenenﬂem _ Cﬁf d&z :

exofniume B (2.59) v (2.60),yxe HalfieHLl paHee,
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(2.66):

2.7.5. AHIANTUYECKAA KWHEMATUKE KPMBOLWHMNHO-NCN3YHHOIO MEXaHU3MA

B AaHHOM MexaHvEMe rpynnia 2-ro KNacca 2-ro Bua AaHa B YNpOLLeHHOR
<hopMe, CNEAOBATENLHOD, ANCTATOMHC OAHOIO YPABHEHUS 3AMKHYTOCTH:

=L -X--h=0, "
am Iyl 2 X+ R, (2.61)
Apoextupyem (2.61) Ha ocu '
KOOPAVHAT:
Licosp, - cosg; = Xp ,(2.62)
Lsing, -b sing, =h , (2.63)
Yron @; MOXHO HalTW Kak u3

(2.62), Tak v w3 {2.63). B vacTHoCTM, M3
(2.63), uMeem: .

l;sing —h
/5 ) .
3Man g, MOXHO ONMpEAEAUTL NOACKEHWE NGO ToukW 3BeHa 2,
Taxk, ans ToUKU K BMeemM:

Xx = X¢ - log cos(i80° — 9, )= X¢ +log cOS0,,

@ = arcsin (2.64)

Yy = —h +LCK sm(180 - (pz}z -h +lcx sin R
3afaua 0 NOROMEHNAX peleHa.

Ana HaxoMeHns aHanoroe ckopocTed audwpepesumpyem (2 B2),
(2. 63} 10 0B0GLeHHOI KOOPAWHATE @y

aX. ap
=L - _lsing +1, =%sing, , . (2.65)
akpy oy
_ gy
O=leosg -1, —=cos¢. (2.66)
- _ _
. dpy; [y cos r,q, ;
M3 (2.62) Haxoaum = 2.67
dh; /o5’ @67
Ans H&)(O)K)]EHHFI OLTaNbHbLIX 3HANOMOB CKD[JOCTEH AQCTaTQYHC NOJ-

&,

£TasuTh B (2.65) HaligeHHoe Buipaxenwe (2.67) ann E :

- fna HaxoxpeHns aHanoros YCKOPeHWi aucbd:epeHuup?eh (2.65),
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2
d?Xe. d?e dp
=-/,c050,+1, 25in¢2+! =21 cosp,, = (2.68)
do? Y atp; ’ |
. . d (Pz
0=, sing, —lz cose, +!2 sing,. . (2.69)
1
W3 (2.68) HaxoamM aHanor Yrnoeoro ycuopenml 3BeHa
P fz[._ii_’i_&) 5fhlpz il ff sf}?qu
d g, _ dp

= , {2.70)
do; {7 C05¢, :

2.7.6. AHANWTMYECKAR KMHEMATHKA KPUBOWKNHO-KYNHCHOIO MEXaHIIMA

Kak YCTaHOBNEHO paHee, MHpW KUHEMATWYECKOM aRaWM3E TINOCKMX
MEXAHKW3MOB N0 Metogy B.A.3MHOBbEBa NONOXEHUE KBXAOIC 3BEHA onpeae-
NASTCA CBA3AHHGIM C HAM BEKTOPOM TaK, 4TO NOCNeROBATENbHOCTh 3THX BEK-
TOPOB 06PAzYET OAMH MK HECKO/BKD 3AMKHYTBIX KOHTYPOB. YCAOBMA 3aMKHY-
TOCTW BEKTOPHLEX KOHTYPOB B NNIOCKMX MEXaHNIMIX AAKOT AOCTITONHOE YKCRG
YPABHEHUM 4N ONPEABNeHs HEMIBECTHLIY BeNMUUH.

B 3TOM MexaHusMe rpynna 2-ro

BUAe, CNSA0BATENBHO, 3AeCh ACCTATOYHO
OAHOID YPABHEHUA IAMKHYTOCTH]
f_r + fg. = f_‘g . (2-71)
. .NpoekTupyeM 370 ypaBHEHUE Ha OCU Ko-
OpAWHAT COOTEETCTEBEHHD HA X M Y ¢

f,cosqy:!_gcosqy,. (2.72)
X fo +15ingy =13 smqq, (2.73)
Haxonum py, Ans 3Toro Aenm (2.73) Ha (2.72) -
1y, +1; 5i0 /p
= arctg 2— L ecnn npunste 2 =} ;
% g /ycos ¢ _ P /y
A+ sin gy

Torfa @; = arclg wose ,
Mpw 3> kynuca 3 COBEPWAET KauaTeNLHOE ABKKEKHE.
Mpu A<I Kynuca 3 BpaLWBeTCA.

3a4a4a O NOACKEHMAX MEXaHWIMA pELleHdE.
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Knacca 3-fo BWAR JaHa B YTIPOLUEHHOM .

Fina HaxowaeHWs aHanoroB CKopoCTed .m:iclxbepenuupyeu (2.72) u (2.73)
1o 050BLUIEHHON KOOPARHATE @y, YHUTHIBARA, YT0 /7 - BEAMUMHE NEPEMEHHDS.

-1, sin %:%wsqg -3 %sfn% ' (2.74)
IIM¢J=%§;th¢'3+/3%mS¢3 ’- (2.75)

MoBopauneaeM CUCTEMY KODPAWHAT Ka YTON @3, UTO PABHOCUNEHO BEIMUTIHUK
YINA (1 K3 BCEX YFNOBBIX KOOPAWHAT COOTHOWEHWIA (2.74) u (2.75). B peayne-
TaTe Byaem MmeTo:

' ' . df 5 '

g — {; sin - =, (2.76).

e 1 S @ - @3) o

9 ' 2.77
ol (2.77)

df I " ' y
—2 - aHanor AMHeHOH OTHOCATENBHON CKOPGCTY B NOCTYNaTEALHON

lycos( gy -3 ) =13

nape MG)KRYIKaMHeM 2 W KyIMcoit 3,

!y %3 . AHANOr NMHERHOI CKOPOCTH TOUKKM By, NpYHAANEXIEN Kynuce.

1
fns  HaxoXAeHWs aHAnoros yokopeHwid  auddepesuvpyeM (2. 74) n
(2.75) no .

Z a
? ' df 3 d . &
~ 108 ¢ = a;':,’casmj—--—’ —‘”'sm @3 hfj[d%} ws 93 ~

P do, G0 P 1
2
—."jdq}z"smm—mjdw:ﬂﬂm
AHanorvuHo ans (2.75) n omuua"renbuo Gwiem vfMeTb
a4y d f; d
—/JCO51>I= 2"‘“@3'2 3 q’Jsfﬂq)3~'
. ¥ do, dv, , . (2.78)
2
4% C'-‘?s‘P.:-"sdq:j-ﬁ'?"'M
d';p; d'p;‘
d?l d /; d
— 1y 850 @y = JSFH¢3+2—J—‘P*3~CDSLP -
H de, de, . (2.79)
Aa ' S
-/ G @\ sin gy + 1y %3 o5 g
dq,; . d‘P; .
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d i
K
L1 d @y
/3] —==| - aHAnOr HOPMANLHOrO YCKOPEHUS TOuKN B Kynmuck;
a.(f .
2
1, %

dyf

MpuMenss NOBOPOT KOOPAWHAT Ha Yron ¢, NonyuuM ua (2.78) m (2.79):

- aHaNor ycKopeHna Kopuoaunca;

3pecs 2

“ &2

- AHaNOr TAKTEHUMANBHORG YCKOPEHIS TOUKK By Kynvcw

2
d’l d
‘ﬁmﬂ/?l“¢3)=?é-l3[ d[:?] ' _ (2.80)
L sinfo; —g3) =28 0% e @81)

: dy, do, de} _
Wz (2.80) onpegenaercs aHanor OTHOCUTENLHOMO YCKOPEHHR KaMHS Ky/HAChE
Mo KyAuce : S

d2£3 {d ‘P3J .
e =l COS(@; — @3 ) + 1y - : (2.82)
d‘Pl R dp,
Ha (2.81) onpeaanneTca aHanor YrioBoro yCKoPEHWS KyNHChI,
s _ b, d iy dys 1 "
89 _ _ginfy, -gy) 2222 (2.83)
d‘Pf b - ? do, di, h

TaxvM 06pa3oM, B aHANUTUMECKUX METO/aX BBTOMATHYECKH MCROSb-
BYETCH pasnoKeHye ABWKEHWA Ha NEPEHOCHOE U OTHOCUTENbLHOE.

" Npy HeobxoQuMocTy, CKOPOCTW W YCKOPEHWS) 3BEHBEB M WX TOYEK
MOTYT BbiTh BCETAA BHIPAXKEHS YEPE3 COOTBETCTBYIOLME 2HANOTH CKOPOCTEH !
YCKOPEHWIt M YTNI0BbIE CKOPOCTL M YCKOPEHWE Benyu.lero 3BeHa MEXaHW3Ma No
WIBECTHLIM 33BUCUMOCTAM:

2 .
Wy = Uy H E; =m12d ‘pzk +€1%—-
' ] doy dy,

Takum 05PA30M, Mbl PACCMOTPENU MpoCTeiiive NPUMEpLl MexaHwa-
MOB 2-r0 KNAcca C OAHOW CTPYKTYPHOI rpynnofi. HO Aame B I3TuX Cyuyasx
AHANMTUMECKNE BLIPDKEHMA NOMyHEHhl HaMK He B ABHOIA opMe, a B (apMe
anropuTMOB, TO eCTh nocnerBaTeanocm ONEePayUMid, BRAYLLIAX K NOCTaBAEH-
HOM uenm. : .
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Tlerko NpeACTaBnTb, HACKONBKO YCADKHAETCH aNropuTM AN NNOCKUX
MEXaHMIMOE GONEE BLICOKMX KNACCOB, HE FOBOPH YXE 0 MEXaHUIMax npo-
CTPBHCTBEHHbIX, B KOTOPbIX NONOXKEHWA 3BEHLEB ONPEAENSIOTCH HE OAHWM, a
TPEMA YTAAMK C OCAMU KOOPAMMAT, @ BEKTOPHbIE YC/IOBUA 33MKHYTOCTH MMe-

" HOT MHOro3HauHble peiienun. (C NpUMEHEHWeM aHanusa npocredivero npo-

CTPAHCTBEHHOTD MEXBHWIMA MOXHO MOIHAKOMUTLECA B M3daHHoM B PUCXMe
KYPCE NeKUnid ™ CTpYKTYPHEIR v Kuﬂeﬁamnecmﬁ BHANM3 MEXAHMIMOB “, paa-
paboTanHoM Kadeapoi TMM),

- CnegoBatenbho, B Cy4ae CROXHbIX MEXaHW3MOB HEoGXOMMa co-
BPEMEHHAN BEIUMCAUTENBHAR TEXHWKA C NPCLieAyPOH NDOMeXyTOMHON onepa-
LM pa3paboTii nporpamm pacue'ra M WX OTNagKn, NTO 'rpesye'r 3HauuTeNs-
HbIX 3aYpaT BPEMEHI.

Ouesuped BbiBOA: aHanMTMHECKHe Memnbl KMHEMaTUMECKOro vcche-
AOBAHWA CAERYET MPUMEHSTL Ha NPAKTUKE B CAYyYasX NpOeKTUPOBaHWA DHO-
TUMHBIX MEXaHHaMos, B 3TOM CNyYae KOHEYHBIR MTOr DKYMAGT BCE npessapw-
TenbHble 3aTPaTb!. '

. 70 KACAETCH HENOCPEACTBERHO TEXHUKN PELIEHUA 33084 KMHEeMaTu-
YECKOFC AHANH3A AHANUTUYECKUMA METOAAMW, TO OTMETHM CRERYIOLee

Ecnu HanpasneHve BpalUeHNs BXOAHOTD 3BEH3 TiPOTMBONDAMKHOMD
BbIGPAHHOMY, TO wy OTPHUATENBHO, YTO HeoBXOAUMO YYeCTs Npu nepexcge oT
aHanoroB K CKOPOCTAM. 310 HOKA3LIBAET, YTO  BBEAGHME .  AHANOIOB.
CKOPOCTEN K YCKOPEHWit noasonaeT abeTparvpoBaTbes OT neﬁcmmenbnoro
33KOHA ABVOKEHUS BXOAHBIX 3BEHLEB, B UBM U COCTOMT rnyﬁoxuu CMBICTT WX
BEEACHHUA, .
MOXKHO CKa3aTb, YTO AHANOTM ABNSIOTCR BHYTDEHHUMM xapamepu- :
CTHKAMU MEX3HMAMA, TAK KAK AefCTBUTENGHBIE 3AKOHbI ABMXEHNS MeXaH1aMa,
ONPeAEeNnsIIOTON BCEN COBOKYMHGCTBIO MEXEHUIMOB MAWMHbI, A TAIOKE CUNOBbI-
MM U MOMEHTHLIMW BO3AEUCTBHAMN HA HUX. :

HanpaeneHwe yrnos, CNpeAENAIOWINX RONOKEHME 3BEHLEB, MOXHO
APMHYMATE MPOM3BONBHO; TAK X, KaK M OCb, OT KOTOPO# OHH o‘r_awruaalorcsi.
fipaeaa, B 3TOM Clyuae BOBHUKAIOT 32TRYAHEHUA © pacwwpoBKO pesynbTa-

- TOB pacyers, ﬂOﬂY‘-!EHHbIX € 2BM, 478K Xe € NpuMesEHWeM METOAa NOBOPATa

CUCTEMBI KDODJIHHET nOCKOﬂbK\/ MOI'YT He HCHe3aTh HEKOTDPHE cnaraemole.
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3. CUTOBOM AHANIN3 MEXAHU3MOB
3.1. Uenu, 3243844 ¥ METOALI CUAIOBOIO aHanvsa

OCHOBHOW UENbIO CUIIDBOTO BHANM3a MEXAHU3MOB AIBNSETCR pewe-
Hve 1-if 33naUK AMHAMUKKA IR ONPERENeHUA BORX BOSMOMHBIX YCHAWA, nedi-
CTBYIOWAX HA 3BEHbA MeXaHWiMa B npouecce ero paboTel Npi 33A3HHOM
33KOHE QBIKEHYIA, ' '

JIOCTVWIKEHME YKA3aHHOW LieNW OCYILECTBASETCA NPW pelueHkn cne-

AYIOLMX 3aaat:

1, Cnpeaenenne yCunuid (,qaaneHuﬁ) BO 8CEX KMHeMaTHyerKux na-
pax MEXaHUIMa 10 333HHBIM 3HAYEHWAM nauxcyuwx@‘ CAN ¥ CAN CONpPOTKB-
nexwd.

2. OnpesengHWe MOLWHOCTH MPMBOAHBIX ABMraTened gns patodux
MALLMH U HAOBOPOT: MOWHOCTU HarPY3XW ANA MatIMH-ABUraTenen.

B 3asmcuMocTv 6T Tpebyemolt TOUHOCTH, 33Aa4M CUITOBOMO aHanus3a
MEXaHWN3IMOB MOTYT GbiTh pelueHbl CNERYIOLLMMHY METOABMK:

1. CraTucrudeckHi MeTof. B pacuere yuWTRIBAIOTCA TOMLKO CTa-
THHECKKE YCHMUA, KOTOPBIe NOCTOSHHBI [0 BENWUMHE, HATPAsneHnio 1 -Yoqke
npUADKeHUA. CHAbl MHEpLUMM HE YYHTHLIBAKTCA. [PUMEHSIIOT CTaTHuecKui
METOJ] ANA TUXOXOAHLIX MalMH, Y XOTOPbIX AWHAMWMECKHE MHEPLMOHHLIEe
YCMNWA OUEHB MANBl W UX MOXHO HE YUMTHIBATb; PElleHWe NEepeEoi 3apaqun
OUHEMUKM NPOBOAUTCA NYTEM COCTABNEHWA U DELIEHWA YPRBHEHWH CTATHKM.

2. AvHaMuuecknid MeTof, B pacyete NPUMEHAKITCA TONLKO BMHA-
MUUECKME YCUNUA, NEPEMEHHbIE N0 BEAWYUHE, HANPABASHWK) M TOUKE NPUNo-
WEHMA, d CTATHHECKUMKM YoMauamMiu npeHeSperaor. UChonssylor B OCHOBHOM
A59 OLICTROXO[HBLIX MaLvH.

3. KHHeTOCTAaTHYECKHI MeTof. B OCHOBY 3TOMD MeToA2 TIONOXKEH
npuHUKN [lanamMbepa, KOTOPbIA MPUMEHUTENLHO K PECCMaTpMBAEMOMY BOMPO-
Cy (POPMYRMDYETCA TaK: FBEHO MEXAHHING MONHO DaCcCMaTpHBaTs Ha-
XOARUIHMCR B PIBHOBECHH, ECHH KO BCOM CHIaM, [EHCTBYIOUIHM Ha

O, YCOBHO JOOGIBHTS CHITHI HHEDIHH.

Taxim ofpa3oM, 3aaaqa AMHAMUKH CBOAWTCA K 3afade CraTHKK, YTO
3HAUMTENLHO YNDOWAEST ee peuieHre.

CYLIHOCTL KMHETOCTATHHECKOrD METOAa CHADBOrO PACHETA MEXBHI3-
MOB COCTOMT 8 TOM, HTO K 3BEHbAM MEXaHW3Ma NPUKIAALIBAKITCS HaaeHHKbe
NG BEMMYMHE U HANPABNEHWID CMNLI MAEPLMK, MOMEHTLI Map CHUA MHEPLUK,
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diTHBHbLIE CUALY; COCTaBNAKTCA YPaBHEHWA paBHOBECHﬂ C NOMOLWbLKY KOTOPRbLIX

ONPEASNAKITCA HEXIBECTHLIE PEAKUMK B KUHEMATUMECKKX napax OH wupako
OPUMEHAETCA B MIDKEHEPHOH NPaKTUKe.

4, YTOUHEHHbIH KMHeTOCTATHYECKMIA MeTOR. YuuThIBaeT eule W
CUMbl TREHUA B KMHEMATUYECKHUX Napax. |

5. SKcnepHMeHTaNbHbIA MeToA. [TPUMEHAETCA ANS NPOBEPKK MO-
AENEil MEXAHW3MOB ¥ MALIMH, 3 TAKKE BCIW. HEBOIMOXHO MCICNL30HATE npe-
AblAyuIne METoabl. ’ :

3.2. YcnoBue CTaTv{ecKod onpeaemmocTu
MAIOCKOM KUHEMATUHECKOM Lienu

Mp¥ KMHETOCTATMYECKOM DaceTe MEeXaHW3MOB HEew3BECTHRIE peak-
LMY KMHEMATMHECKMX TIap ONPEAENSIOTCA € ROMOWbIO YPABHEHWIA ETaTHKK.
W3BECTHD, YTO PEAKLMS CUMUTAETCA OTIPESENEHHON, eCAM MIBECTHLI ee Ben-
uWHa, HANPaBAEHNE ¥ TOYUKA NPHUACKEHHS.

YCnoBue CTAaTMHECKOW ONpenenMMocTd KMHEMaTHUECKOW Uenu co-
CTOMT B TOM, HTO COOTHOLLEHNE MEXAY YMCNOM 3BEHLEB M YMCNOM KMHEMATKH-
YECKHX NAp AOMKHO GBITL TAKKM, HTOGM BCE HEMIBECTHLIE NApaMeTpb, peak-
UM MOrYM BbiTb HAMAEHB! C MOMOLLLID YpaBHEHHI-"I CTaTWKW, COCTABNEHHLIX
AR 3TUX 3BEHbEB.

[lnA KaXAOro 3BEHA NAOCKON KMHEMETUUECKON Leny KaKk MaTepw-
ANLHOTO TENA MOXHO COCTABNTL TR YPABHEHUR CTATHKYW, 8 ANS N 3BEHbED —
3n ypaBHeHui.

flockonbKy BbICUME KUHEMATUYECKNE napu MOMYT ObiTh 3aMEHEHsI
BCErfld HA HVWLMWE, GYAEM NONarate, YTD Y HAC B MAOCKOW KMHEMAaTUIECKOM
Ueny WMEIOTCH TOALKD BRAWETENbHLIE W MOCTYRaTENLHbIE MApbl, T.8. HUBLLHE,

W3pecTHo, YTO CMha BIaWMOAEACTBMA ABYX TeA HOPMarnbHa X no-
BEPXHOCTU MX CONPUKOCHOBEHIA. BO BPALLETENLHON Nape cuia B3auMoaeicT-
BMS BAZIWKA M BYY/IKK HANPaBAEHa PAAMANBHO W NPOXOAWT YEPE3 LEHTP wap-
HUpa. MOCKONLKY CHIY MOXHO NEPEROCUTL NG NMHUW ee AedCTBuS, BO Bpalu@-
TEeNLHOW Nape LEHTR WapHWPA YCOBHO CUMTAKIT TOMKOR NPWIOKEHNA DRaKLMA;
£Ba APYTUX N3PAMETPA — BENMUMHA 1 HENPABEHNE DBKLVN — HE KIBECTHBL.

' ' B nocrynatens-
HOl nape  3apaHee W3-
BECTHA JIWHKR AeHCTBHA
peakuMu repneHANKYRap-
HO NNOCKOCTHM  CONPUKOG-
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HOBEHMA 3BEHBER; BA APYIVX napane'rpa ~— BEAWYUHA W TO4KA npunomennﬂ
— HE W3BECTHBI. :
TakuM 06pasom, B KEKAOH HM3WER KMHEMATMUECKOW nmape (nape
5 KNacca) HeM3BECTHL B3 NAPAMETPA PeAKLMA. ’
EcnM uMCcho TaKMX nap 5-TO KRAcca B paccMaTPUBaeMO KUHEMATH-
uecKoin uenu Ps, To obllee YKMCno Hew3secTHsIX napaMeTpoB Syaer 2Ps.
Cnenosartenuio, YCNosue CTaTHHECKON ONPegenMMocTH NNOCKOH Ku-
Hema'muecxou uenu HYRET MMETL BHA: . @ _ _;,.4
3n=2P;, unan Ps=37207" '
MoyyeHHOMY COOTHOWEHMIO YAOBRETBOPAET YHCRO 3BeHLeH u‘ '-fucno

KMHEMaTUHECKHX -Nap B CTPYKTYPHLIX rpynnax ACCypa. FHaumr, cTpyxTyp-
HMIE Fpynibi ACCYp3 CTaTHYECKN ONIPEACANMbL.

: 3.3. Onpegenexue CUN MHepuuu 3BEHLEB MEXaHu3MOB

J

i CUnBl MHEDLMN, AGHCTBYIOWIME HA 3BEHD MEXaHMIMa, MoryT Gsith
NpUBEAEHb! K CUNE UHepLnK (rNaBHOMY BEKTOPY) H MOMEHTY Rapbi CUN UHep-

LK {rnaBHOMY MOMEHTY):

P_n = “mt:?'nsz H r
_ My =-Jse,H-m,
rge m— MBEC& 3seHa; dy- ycxopenue' ueHTpa Macc; Jg = mp? - MoMeHT
. MHEpUMY 3BEHA OTHOCWTENLHD OCH, NPOXoAsuied uepes LenTp TRXECTH;
P - panmMyc WHEPLMK; € - YCKOPEHUE YrnaBoe.
3mo.qaaepwa¢r CITONHO@ NTOCKONIAPANNenbRoe geHNernne

Aanow, _E.r JS: m, I-U-.
CrpouM nnal  ycko-

| YPABHEHWIO:
8p =84 +3g + 3z,

624 =f.l)2)‘43, —_—

2!
Mo
a;,!_=s_-fA3, —C":?'-.
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'YCNOBWA:

peHui Ans 38eHa AB COrnacHo .

Cuna vHepuum :5” =-mas = —m(?’:g}la, H.

ax !EE E
MOMEHT Napbl cu MHepumn My, = —Jee = —Jg -4 = _J, 2., HM
Cuny P, ¥ MOMEHT M, MOXHO 3aMeHUTs OAHOW CHNOW, KOTOPas pae-
Ha P, HO CMELLEHa NAPRNNENLHO AHHOK CUNe Ha nneyo h, onpeaenseMoe u3
poMe
3pach MOMEHT M, 3amereH napoid cun P, u P¥, npuuem
P=P =

BBa'gospamaermmyramA, m_npaxmmeﬁveﬁaumm TDKECTH

Aano:o, g Js, my,

by o] = B
Mo ypaesHeHwio A

g =a34+38 + 35, ‘
CTPOHMM B MacwTabe Ha Ariak Ag
YCKOPEHMIA.

Fy=—mag ""m(P ) Has [H]:

' % AB
M =—.}5£=-.}5 & “—Js 4 , M.
" fan AB -,

Cany Py n MOMEHT M,, 3aMeHseM onHoi cunoi (P,=P',=P",), xoTopas

M
CMEWEHa NAPaNNenbHo gaHHoW P, Ha nnevyo h= Tpi ¥ MPUAOXEeHE K TOHKe

o
K 3eHa. 373 TOuKa Ha3biBAETCA UEHTPOM KaduaHus.

rMMgeM: b= hst ky

h M, _ -Je  m’e
sina P, sine -massine . magsina  ag sino”

l&x=

Js = mp2 - MOMEHT WHEPLWMU 3BEHA OTHOCMTENLMO Er0 UEeHTDa . TSDKEC-
TMS; p - pagvyc UHEpLUK.
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: . . ) i o 3T
W3 nnaKa ycKopeHui uMeeM: gg S a = g, . KpoMe aToro & = k-

AS
4 P | 2
Torga Jg = —o = 2%, _ 07
dg Sita a}A!AS !AS
- p? J
CnepoBartenbHo, /e =/ 6 + ——, VAW C YYETOM P2 _7s
IAS : n
. 7 '
fAK = )’AS -+ _‘g'
' m-lys

W3 noRYUEHHOro COOTHOWEHKUA CneayeT:

1. O6Ga cnaraemMblx NpaBod Y4acT MOCTOAHHLY, HE JABUCHT GT RON0-
)KEHHH 38EHA B NPOLECCE €ro ABMKEHWA. 3HAUMT, paBHoAelCTBYIOWAA cna
MHEPUMK NPUACHKEHA K NOCTOAHHON TOMKE: @ UMEHHD LIEHTRY KaueHus

2. Bropoe cnaraemoe ypaBHEHWA NONMOMMTESibHO. Mo3TOMY paBHO-

AeltcTeyiowas P, pacnonoweHa oT 0cM BpauieH
MA fasblle, H4eM HEeHTP TH
CTH, T.B. TOMKA S. r e e

3BeH0 BpaLAETON BOKPYT OCH A, nmmﬂmﬁqepesmnpm.s

| Wmeem £, = -mas =0, Tak kak g5 = 0. "
M, =-JsE, [HM].

_M“___-_'a

Npn paaroMepHoM spauenm w, =const, =0 u

- IBEHO0 COBEPIUZeT NOCTYRAaTeNbNOE ABRKEHHE

QA ——=— L, Fu=-mas;
% Z

, | : : :
7777 7 7777 7 Mu'—'*.]gtl*—*o,TaKKaKE:ﬂ

- pw paBHOMEPHOM HBH)KEH"":-VS- = const, ag - ogwpP, =0

96 -

-;1;(1)3) - pesynbTUDYIOLLniA

" BRIOYBA M CUNBI WHEPLVK, NDH-

e b T ER

o

3.4, [pathoaHanuTHHECKas KMHEMATUKA CTPYKTYPHBIX r'py'h-n
2-r0 Knacca (pacuet rpyan 1727 3,44 5-ro BUZIOB)

Mpn CUNOBOM PacHeTe rpymm 2-ro Kiacca AOMKHE! 6bITe VIBECTHBL
MACCH! 3BEHBER 1 MOMEHTHI KHEPLIMM 3BEHLEB, BHEWIHHE CUbI 1 MOMEHTHI Nap
CHN, NPUIIDIKEHHBIE K 3BEHBAM. Tpynna AosmkHa BbiTh BblUGpMEHa B MacwTabe
W M ANR ITOTO NOTIOKEHUA rpynnkl ACCTPOEHL! MNaHs! CKOpOCTEH W yckope-
MW, Ha ocHOBe MnaHa yckopenui Pa onpenenebi TnapHsl BEKTOD CWA
HHEPLIMM P, M TAABHbI BEKTOD — MOMEHT nap cun vdepunn M, '

TIOpAAOK CUAOBOIC pacyeTa ABNAETCH 06paTHLIM NOPARKY KUHEM3- .
THMECKOTO WCCIeRoBaHNs, T.C. CHAOBOMA PAcYeT HaYWHaeTcs ¢ nocneaHei,
cyuTas o1 Beaylero 3peHa, I'IDHCDEHHHEHHD':! Fpynnel 1 KOHMAETCHR CANGBbLIM
pacueToM BEYUISTO 38eHa.

OcHoBKOM 33/ia4EW CUNDBOTO PacyeTa NBNRETCA ONPEAEnerne peak:
uMii {naBNEHVIA) B KWHEMATUHECKMX Napax. Cunbl TpEHWS He YHUTLIBAKOTCSA.

3.4.1. CMNoBOH pacyeT rpynns 2 k1. 1 BuAa
Aano.
BEKTOp ECEX BHEWHWX oin,

NOXEHHBIX KO 2-My 3BeHy (K 3-My
3seHy). _ . :
e

M,;(M;) - pesynsTupylouit
MOMEHT BCEX BHELWHUX  chf,
BIMOUAA M MOMEHTHl nap cun
WHEPLWMK, NPUAKEHHBIX KO 2-My
35eiiy (K 3-My 3B€HY).

Py ; - pearums (n2Bnenme) CO CTOPOHEI OTCOGAMHEHHOMD NEPBOTo J8EHa Ha

2-¢ 3peHo. :
Py 3 - peaxumsi (QABNEHHE) CO CTOPOHY OTCOeAHHEHHDTO 4-T0 3BEHA Ha 3-e

3BEHO.
Py 2 W Py 3 - BHEWNHVE CAMb (OHW HBBECTHLI TOABKO MO TONKE NPHNCIKEHNS)
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Hanm .
P} 2 P4 14 Pz 7= (PJI 2), T.2. PEAKUWA B KMHEMATUYecKux napax A, B n C,
B ¢OCTaE BHEIUHWMX CUA, NPUIOKEHHBIX K 3BeHbAM MPYNNbl, BXOAAT 4
CUNbi KHEPUMW, CNEAOBATENLHG, B COOTBETCTBUKM C NPHHLUWAGM ,ﬂanamﬁepa

Fpynny MOMHO pPacCMaTpWBdTL HaxoAsLWeRcH B paBHOBECHN. B COCTOHHMK
PABHOMEPHOID ﬂpﬂMDnHHEﬁHOI’O OBHXEHNA WK B COCTOAHUM NOKOA.

© YCNOBME PABHOBECHS MPYNNbi 3ANULIETCS
Pl v P PyvByy=0. (3.1

Peakumn Py , M Py 3 HEW3BECTHbI 710 BENMUWHE W HANDABNEHMID.
PasnoxumM vx Ha COOTBETCTBYIILLWE COCTABNRIOLME, KK NOKAZAHD Ha CXEeMe:

Pz =Pls+Pis. - (3.2)
P43=P43+P43 _ (3.3)
PaCCMOTpHM paBHOBECUE 3BEHLES 2 1 3 B OTABNLHOCTH,
3seHo 2: : _
'Eﬁz + ’5112 + Py + ﬁ.?,z =0, - (3.4)
3BeHo 3; k '
Ply+Pig+Ps+Ppy=0._ - (35)

ﬂ,nn onpenenenm P} 3 HPJ 43anmuem CYMMY MOMEHTOBR, MpUno-

EHHBIX COOTBETCTBEHHO KO 2-My ¥ 3-My 3BEHY OTHOCMTENLHO WapHKpa B!

P olag + MB(PZ)"'.MZ =0, . (3.6)
iy - HalB)e e
. ’ Y
AHanNOrMYHO Haigem: o .
5, M_({’r)_f” '_ 6

3Harc (Hanpaaneﬂne) P, F) W P_H onpenennew:n 3HaKDM npaaou
HacTH ypannenuu (3.6} n (3 7) e

AHanus ypaBHenua (3.1), nepenucadHore ¢ ydetom (3.2) 4 (3.3),

MOKa3bIBAET, UTO CoCTasAmiowMe P, W Py’ ; MOXHO onpenenuts rpadide-

_CKW 13 NNaKa i, NOCTPOSHHOMO Mo YpaeHenwio (3.1,a) 8 MacwTate .

Mcrnone3yR nnaH cun W ypas-

HeHne (3.4), HaxoanMm P 12
Mcnonbayst (3.5) m nnad cwn,
Maxoaum P 5,
Mcnenbaysl. nAad cvn M,
nMeeM:

P.r,z = Ffr,z Ko

BB R4 BB+ = 0 3.1,0)

-~ 70}

P4,3 = *b;,s Ry
Pz,J('EJ,E) = (‘;E) Hp

3.4.2. CMn0oBOWM pacHeT rpynnel 2-ro kiacca 2 sufa

Havo, )52,'53,'ﬁ2,"M—3. fmwfh]
Hajirm,
Pr,2/PaziPos (Pa,z )z Ay
COCTaBMM YCnoBKe pPaBHOBECHA
rpynnsil:

E12+§2+ﬁ3+€;’3=0; (38) i T
5
pasnoxum Py , na P, n P, “
Pl +Ply+Pr+ Pt Py =0, (3:8,2)

Py ;- onpeaensieM Uz ypagHeHWs MOMEHTOR BCEX CUMl, MPUNIOXEHKbIX K 3BEHY
2 OTHOCUTENBHO Touky B.

Pl alag + Ma(Fz)+ M,=0, (3.9)
T M, 'F"\‘-M
PI,Z“— g f 2:
AB
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P_Ifz H P4, 3-- ONpeAesnseM U3 nNiaHa Cui, KOTOPbHI CTPOUM B BRIGDaHHOM

MaciuTabe y, no ypaseHuo (3.8,a). _
3anuiLem yenoBus pagHoBeCHS ANA 2-ro U 3-ro
p’ 3BeHa:
“> )
3peHO 2 PI,2+P2+P3’2=0, (3-10)

3BeHo 3: .53 + f’;ﬂg + )52'3 ={g. (3.11)

Wcronbaya naad CUn rpynnbl W YPAgHEeHUs
(3.10) u (3.11}, onpegenseM P3; = (P2,).
Ana onpegeneiuA TOUKH NPUACKEHARA
peakuuu P, 3 COCTABUM CYMMY MOMEHTOB, Red-
CTBYIOLMX HA 3-8 3BeHO OTHOCUTENBHO TONKK B:

Py 3fte + Mz + MB(E_;): a,

OTKyAa
- hxz--'[% Mg ifs (3.12)

ECNW 1OCNe NOACTAHOSKK AZHHBIX M BLIMUCIIEHMA OKEXKETCH NNeo
hy CO 3HKOM “MMOC", 3TO 3HAYMT, HTO ACHCTBUTENMBHOR PAcnonoKeHne aTore
nfeva CoBN3AaeT C MpenonoXUTENbHO BEIGPAHKbIM; 8CNK “MHHYC”, TO NNeYo
hk pacnbnomeao MPOTUBONOACHKHO NPEAnoNoHKUTENLHO BuIGDaHHOMY,

3.4.4. Cwnomoi pacqef rpynnsl 2-ro Knacca 4 enaa

ﬂam 52;53; ﬁz; ﬁg.
Hairm Py ;7 P3Py (pa,z )r SHUTE

CocrasuM ycnosvs PaBHOBECHS rpynTibl M
3BEHLEB;

!

+

| o

+FPg3=0,

B
¥

-+
ot

s
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4na 3sera 2 F_'_,fz + P+ .5:;’2 =0, (3.13)

Onaspena3: Py 3+ P, 4P, 5 =0. (3.14)

CTROMM NA3W cunt ANg rpyninet B Maclutase Hp 110 ypapHe-
Wi (3.12)

Peakuumio B taphupe B HAXO4UM W2 Rnaka cin no
ypasteHunm (3.13) W (3.147 , naeunt hyy 1 hy s Haxoaum
M3 YCNOBWA DEBHOBECKR 3BEHBEB 2 ¢t 3 B hopMe MOMeH-
TOB OTHOCUTENBHO Touky 8 [eM. (3.12) anst rp.2xn.2
8MAaa}.

3.4.5 CuncBoul pacdeT rpynnkt 2-ro Kiacea 5 suaa
ﬁaHO: ﬁz ; -‘33; ﬁz ; ‘_M:; .

_ — —
Haikre By B 5B AR o) e
CoCTaBUM YCIDBHS DBBHOBECHS

TPYTINIL ¥ 3BEHbEDB:
PI"7+{D‘7+P3+P€’330, (3.15}

fins 3BeHa 2 }_},2 + By 153’2 =@7,(3.16}

lns 3seHa 3: :5‘;’3 P+ 35;{_; =0,{3.17)

CTpouM naaH cun No ypasHeHo
{31731 naxoianM Pas M Pyy -

Janee MOXHO UCTIONL30BaTh YCnoBWe papxosacus (3.15) w ao-
CTOOWTL HA WMEIDWEMCS NRAME CUA CuAbl Py U Py ) KGK 3aMBIKOMI0 MHOIO-

YIONEAWK OAan. ﬁ«yﬂm .

P3=Pes 0o iFa=Pra vy WS

_ P35 (Pz,_?)ﬁ Pp3-4p-
TouRy npwaoxenka Py 3, T.e. naeyo h, onpe-
AeAnM H3 YDABHEHWA MOMBHTOS BCEX CW1, NPWIGHKEH-
HbIK i (PYTNS OTHOCUTERBHO TOHKKW A. -
Touxy DOUAoKENHA Py (P anpeaenEM 13 YDABHEHIA MOMEHTOB
"BCEX CWN, COMATHEHNKIX K 398HY 2 OTHOCATENBHE TOMKY A

1]




3.4.6. Cunosoii pacyeT rpyRns 2-ro xnacca 3 snga .
Aarod, By, My, M; .

Coepnusiem A N C nuHved AC .

Ham PI!ZJ' P413r p31'2( P2f3) —
PaanoXMM  UCKOMYIO PEAKLUID F, , va

— _
P, M F 7. Tipusem COBRAHUS AuG
YL
P}_z,

Ycnosue paBHOBECHR  FDYNNL
NOIBONAET M3 YPOBHEHHWN MOMEHTOB

HanpapnseM no AC, a ,5:.‘ 2 1AC.

BCEX CHII i MOMEHTOB OTHOCHTRNbHO TONKM C HaliTH Py
B slae + McABo )+ My + M5 + M7} =0,
Mc{f’z)+ M;+Mi+ Mc(ﬁ‘:?] .

lac
COCTaBWM yCnoBWEe PRBHOBECHH 3RENA 2 B BUAE BEK-
TOPHOID YPEBHEHHA,

Py« P+ B+ Py =0, (3.19)
BuifupaeM MacwTat pp W CTPOWM NaH CUA N0 YDABHEHMWO
(3.19): _ '

W3 nony4enHoro fNaHa i CAl UMeem!:
sz-'Pzz llsz.?z“P.?z Hp -

TouKy MPUICHKERUA peaKyl Py, T.€. N, HAX0ANM K3
YCNOBUA DABHOBECHA 3BEHA 2, B3AB CYMMY MOMEHTOB BCEX Cvil
GTHOCHTENBHO TOUKA Al
MoAP, )+ My + Py gy =0,

M 5 .{Mﬂ Pz +M?], (3.20)
I

(3.18)

51 _
PIZ'

-

P32
naneeux:mmem yoroBve pasHOBECHS 38eHa 3
P23+P3 +P¢3 —0
—  CTpoMM NAax CvA yHWTLIBAA , trro_Pm = -P;,z.
(734 13 nnawa cun HaxopuM: Py 3 = Py 3 - lp
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3.5. CMnoBO# pacyeT MexaHU3MoB 1-ro knacca.
MoHATWE YpaBHOBEILMBAIOWWX CHALI 1 MOMEHTA

BxoaHoe 3seHo oBpasyeT €O CTaHUHON BPRILATENLHYIO MAKM NOCTYNa-
TENSHYIO Napy 5 wnacca {puc. 3.1}

B pesynbTaTe GMNOBOMO PACHETA CTRYKTYPHBIX TRYNA, BLIAGHSEMOrQ
8 NOCNEA0BATENLHOCTH 0BPATHON apMyne CTPOEHWR MEXAHU3MA, ONpelens-
€TCA peaxuwa ASHCTBYIOWAA CO CTOPCHSLI BXOAHOTO 38eHA 1 Ha 3eeHO 2, T.e.
AABNEHWE B KMHEMaTUUECKOH Nape Mexay 1 1 2 3BeHbAMMU,

AU -
g 24

pt M
of

| — — -y
) &)

Puc. 3.1, Mexasmuamp 1-ro Knacca

3apauell CMNOBOTO WCCMERBBAHUS MeXawuaMa 1-ro xnacca (oM. cxe-
My} SBNAETCA OnpegerieHre HEeM3BECTHLIX NGPaMeTpos peakuki B HMHeMaTy-
YECKCH Nape, cessblBalcled 3eeHo (1) co cTokkodt. B ofoux CrRyuasx Mbi
WHMeeM ABa HEM3BECTHLIX NAPAMETPD: BENWUMHY ti H2NPABNeHUE (8); BefAUM-
HY ¥ TO4RY NpunoxeHus (6).
MexauusM 1-ro Knacca nog ASHCTBUEM BCEX BRELHUX CUAl, BRAKNEN
CUbl WHEPUMK, AOAXEH HAXORWTLCA B PaBHOBECHM, T.B. [OJKHO BhLIifon-
HATLCS COOTHOWeHKE : 3n = 2Ps. Mbl, oaHaxko, vMeeM @ 3.1 = 2.1)
*B OTHHYME OT CTPYKTYDHBEX MPYNN, 378 CUCTEMa CTaTUYECKH Hepnpe-

. AsnnMa, ecnu ee paccMaTpPUBaTL BHE CBA3N C MALUHHOH,

ANna paBHOBECWS CHCTEMb! CWN, NDUNOXEHHBIX K MEeXanusiyl-ro
KNacca, HeOBXGAMMO BBECTY el OfHY HEUSBECTHYIO: NGO MOMEHT K 3BEHY
1, AnBo CHRy K 3RJAHHON TOUKe, HEACTBYIOLYIO B 33AaHHOM HanpaBNenuy co
CTOPOHBI MALWMWHBI,

3TH CMRA ¥ MOMEHT HOCAT HE3BaHWE ypaBHOBeu.iuBarou.leH crne (Py)
¥ YPaBHOBELKBANWErD MoMeHTa {(My), ®uaudecky (Py) nv (My) ykaswiBaet:



s paGovest MaWHisl, Ty CUNY WM MOMBHT, KOTOple AD/TKeR
pasamh ABWraTenh ANA NPeofoneHust BCEX CHA K MOMBHTOS nap cur, aehcr-
BYIOWMX B MEXAHW3ME.

Jiam AByraraenr. TY CUNY WAY MOMEHT, KOTopee MoryT Oefre npe-
ROXeHsl 00 CTOROHEI paGouel Malluies Tak, YToDLL ABHraTesib HE OCTaHOBNA-
ca. ' .

MotiHOCTE, pa3susaeman Py # My, paBHa MOIHOCTH BCEX CWI 1 MO-

MEHTOB Nap CKI, AEHCTBYIOWMX B MEXaHu3IMe,
PaccmoTphM COSAMHERKE ABUFATENS BHYTREHHET O cropasun {J1BC) ¢ macocom.

Tonskp ¢ yuetom Py 1t My MexanusM 1-1o KI3CEa MOMHO DaCCMaT-
PUBATH HAXCOAWWMCA B PABHOBECHI. | :

KOHCTPYKUMA NpWBOG3 BXCBHOMD 3BEHT DELI3eT BOMDOC © TOM, 470
HEOBXOAUMO NDUITOKUTE (Py) vnu (My)} B8 YpABHOBSWWBAHMS CWA, (DUNG-
WEHHBIX K MEXAHANIMY 1-ro xnacca.

FChn NpvBOA BXOAHOMO 3BEHA UCYIECTBIRSTCR peMeHHoMl umd yen-
 HOW nepesaved, To Py HanpasneHo no seaylllel BETBY Nepanaqk 1 ApKNGxKe-
" HOD B TDUKE KACAHWA 3TOH BEYBM CO LIKMBOM.

_ ECri 8XORHOE 3BEHC MEXAHW3IME NPUBOAKTER 3yDuaTod nepepaved,
‘10 Py NPUAOKEHD B TOUKE. KoHTakta {nomoce} 3ybuos K Hanpaeneuo na
HODMAIK K HUM,

CregasarensHo, gne Py - BCerga
V3BACTHYE  TOYKE MpPENMO¥NeRAR U Hanpas-
ASHWE, CHY ONPEOSASIOTCH KOHCTPYKUMEH
ApUBORA EXORHOND FBaHI.

Ecat npuBOR  BXOAHOTG  3BEH3
DEYLECTBNRETCR MyDTOR, TO BOIHMKERT My
- YP3BHOBEUMBAIOUMN MOMEHT {HeM3BeCT=
Hbi TORLKO N0 BeARYMHE ).
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C yd4eToM HeusBecTHoro Py MexauwaM 1-rg KRacca CTaHOBWTCH cramqeacu
onpegenMuM.

_ PaccMoTpumM oxemy. & (pmc.3.1), Ko-
FAA BXOAHOE 3BEHO COBEpLUAET BpaluaTenh-
HOE [IBMKEHHE,

1) W3 ycnoBua paBHOBECHA 3BeHa 1
N0 YPaBHEHWIO MOMEHTOB BCEX ‘CuA, JeHcT-
BYIOLWMX Ha 3BEHO OnpeaenvmM Py.

MP)+ M+ B, )+ P, =0 > P,
2) Tio ypaBHEHWO PABHOBECHA 38€H2 1 CTPOMM B up NNaH kN, B
KOTOPOM Py - GYAET 3aMbiK3IOWWM BEKTOPOM,

J_:’;I+é+;5y+éj=0_. _ e i F)-

For = Fos Rp., ' -

PaccMoTpuM oeMy 6 (puc.3.1), korsa p
BXORHOE 3BEHO COBEPILAET MOCTYNATE/ILHOE ABM- o R

MeHue. . _
© 1} o yecnoswio paBHOBECHA 38eHa 1:
’ ) Ptll+p\r+pl+P21=0
CTpomm B Macurrabe Mo TUIAH CHM, M3 KOTOPOTO ONPEAENHM PRAKUMIO Poy W
YDaBHOBEIUMBAIOUIYIO cuny P, _
U3 nnawa cun onpegenam: forse~ Mg D01

PO.! = ’601_' Uo s P#
2} o yenoswio pasHoBecus ase-
Ha 1 m3 YPRBHEHUA MOMEHTOB BCEX CHA B
OTHOCUTENLHO  TOUKM B Hauneu 'roqu ' a1

HpUnokeHns Py ) T.e. hy, :
' Py higs +M8(PJ)+M1+MB(P ) 0, hg,

AV coslP 7, )=N,
N = Mymj 'ﬂ. Py};‘aw} = PJ’VB"

o

a
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rae N — MIHOBEHHAN MOLHOCTL, PAa3BUBACMan JIBUraTeneM 8 AaKHbIA MD-
MEHT ANA DAHHOrO NONOXEHWA M HeodxoAWMan ANA MpUBOAa Mexa-
HU3Ma. _

Takum OGPasoM, MOAYYEHHbIE 3HAUEHWS MOWHOCTM ANS MexaHW3Ma

34 YMKA ero paboTsl NOBONRIOT NOCHE YCPERHEHUR NPOBOANTE NOAGOP MOLL-

HOCTW ZIBMraTens. ' _

OnpenenerHbiE B KWHEMaTUMECKMX Napax PeakUMu ABARIOTCH Wexod-

HbIMK AR BLIGOPE NOALMIHWKOS B 3TUX Napax. '

3.6.0npeaengHmne YpasHOBELIMBAOWEN CUNbI MEXaHW3Ma
MeToaoM poivara H.EKykoeckoro

Onpenenexve Py uan My no MeToay fNaHos cuA akagemuxa Gpyesu-
ua W.I. NpeacTaBRAeTCR TPYAOEMKUM, TAK KaK CBA3AHO C NpeaBaprUTentHbIM
ONPEAEREHNEM PEakuril (AaBREHWIA) B XKMHEMATAYECKMX Napax MexaHW3Ma.

B MHXEHEPHON NPaKTUKe 4YaCTo BOZHWKAET HEOGXOAMMOCTL B Onpe-
feneHud Py unu My 6e3 onpefeneHyn peakuridi 8 KMHEMaTHUeCKux napax ,
HANDWMED, ANA BLIGOPA FMAPOUMIMHADE W T.N. B TAKUX CyNaaX NpPUMEHSIOT
rpacoaranuTueckuii MeToq peivara H.EXKyKkoBckoro, paspalioTaHHbii uMm B
1912 r. B ocHOBe 3TOr0 METOAS NEMWT UIBECTHLIN B TEOPETUHECKOR MEXaHUKE
NPHHLAN BOZMOMKHBIX NEPEMELLEHUI, 3aNKCIBAEMEIR B Buae:

:T;Mp,- = }EP;Sr,— =0, (3.21)
i=1 i=1

Tak KaK CKOPOCTM TOMEK CMCTEMbi B AGHCTBUTENBHOM HBHKEHUN
WMEIOT HanpaeneHwe df;, a NpY CTAUMOHAPHLIX CBA3AX AEMCTBUTENbHOR
nepeMelieHue ABNRETCA OAHWM U3 BOSMOXHLIX, TO NPUMEHUTENLHO K Hawel
33A34e MOXHO A3Th Y3CTHYIO (POPMYNMPOBKY NPUHUWNG. BO3MOXHBIX nepe-
MELEHWA , 3aMEHME BO3MOXHBIE NEPEMELLEHHA §7; HA " BOIMOKHBIE CKO-

poCTM ™ Vi. — BEeNWMYMHLL, NPOMNOPUMOHANbHLIE ASHCTBMTENBHBIM CXOpO-
dr; . .
mu?;. K HaleMmy Cnydard 3TOT NPWHLKN (hopMynvpyeM Kak npuHLMN

BOZMOMHbIX CKOPOCTENA:

wfiA PIBHOBECHS M3MEHACMOI MEeXaHWYEeCNOH CHCTeMbi, KOTOPaR
HAXOJINTCR nog QeHCTBHEM PIAA CHA, BK/ARINAR # CHAbI MHEDUNNH,
HEOBXOHUMO, - 4TOGB CYyMMa MIHOBEHHHIX MOWHOCTEH BCox 3THX
CH/T BbIST3 PABHA RYITI0. '
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I P

PRE TR

zzv,, }:P;l/cos(P V=0,

roe Pi - aKTMBHas CWRa, NMPWAOXKEHHan K i-i TouKke cucTeMbl {MexaHu3Ma);
Vi - BO3MOXKHAA CKOPOCTL TOUKW NPUNOKEHWS CUNb! Pi; e=(Pi,* Vi) -
yron Mexay HanpaeBneHHsMM BEKTOPOB Pin Vl, Ni - MrHOBEHHaA MOiil-

HOCTE CHAD Pi. .
Bce cBA3M, HANOKEHHBIE HA cncremy, ABNAKITCA uneanbubmu W CTEUMoHEp-

HBIMU. _ )
Cnocob onpeaeneHust MrHOBEHHOA MOLLHOCT CHAbI, npennomeuﬁbm

')nyoécxun H.E., dhopMynMpyeTcs B BUAES TeapeMel

ECHH CHATY, NPHIONKEHNHYRD K KaKOH-JIHG0 TOYKE N/IOCKOro MeXanns-
Ma, NEpeNecTH napannensHo CIMOH cB6e, TO MOMENT ITOH CHAN
OTHOCHTENBHO NTORNOCE NIAN3 CROPOCTEH BygeT Nponopynonanen ee
MowNoCTH,

MNokaxeM aTo:

K 3seHy AB, wWMewweMy
MIHOBEHHYIO YTNIOBYIO  CKO-
pOCTe @y, NPUNOXKEH3 CHAA
P.

ﬁm:ﬂbf{g
k .

CTpouM naaH cko-
por':re;‘i 3peHa B. macurrabe

. [pyUKnagLBaeM B TOHKY
b nnaMa ckopocTei cuny P, noBepHyTylo Ha £90° (B niobyio cropony) Mo-
MEHT 3TOM CWABI P OTHOCHTENBHO Nonioca Py naawa ckopocTeil Gyaer:

P-h:Pab)cwa=P:—sca5u ;
V .

rae Plg cosa = Np - MOIHOCTH CUNRE P,

N,
Cnenoaa-re_nbuo P h = —£ - MOMBHT CANLI OTHOCKTENBHO MOAKCA FNAHA
Ky

ucopocreﬁ nponopumouanen £ MrHOBEHHOI MOWHOCTH,
Ha OCHOBBHWM MINOXKEHHOTO METOAMKA onpepenexus Py wan My

| MEXBHU3MA BLIrNANT TakK:

1. CTPOUTCA nnaH ckopocreﬁ Mexaumama KOTOPbIiA ROBOpa MBAIOT
Ha yron 90 rpagycos (8 moSyio CTOPOHY).
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, 2. OnpepensaT abCoNOoTHLIE CKOPOCTH TOYEK NPUIOKEHVA BCEX aK-
THRHBIX CWN, OEHCTBYIOWWX HA 3BEHbA MEXAHW3MA, BIUIOUBA MOMEHTLL MHED-
UWH U MOMEHTB! NAP CUN UHEPLMK.

3. K KOHLAM 3Tux abconIOTHLIX CKapoCTEH npuxnanuaam aKTHBHRIE
CHMNbl, BKRIOYAR CHIL MHEPUMM W MOMEHTBL NAP CUIN MHEPLMU.

EcnM Ha 3BEHO ASWCTBYET MOMEHT, TO Ha NOBEPHYTHIA NNaH CKOpo-
CTeld MOXKHO TIePEHOCHTL Napy cun (TouHEEe, KKAYI0 COCTABNAIOLYI 3TOH
napbi OTAGNLHO) MAM MOXHO MDUNOKUTL MOMEHT. TIpik 3TOM BEAUHUHE NpU-
KNaAblBaeMoro MoMeRTa AQMKHa PABHATLCH !
M{ M! ; M P!

{; N’

coomemaylomun eMy li Ha cxeme B [M].

3HaK MOMEHTA COXPBHWTCR, ECAM - pacnonoxenve Syks OCTanccs
ApeXHee Ha nnade , ec OHW NOMEHARKUCH B pacnonoxceuun, TO MEHAETCA U
HanpasneHue “3HaK” MOMEHTA.

4, COCTaBRAOT YPaBHEHWE PABHOBECHA NNaHa cxopocrei'i (Ko-ropun
YTIOAGGNAETCA MHOTOMNIEYEMY JKECTKOMY polvary) B ¢ropMe MOMEHTDB OTHOD-
CMTENLHO NONKCA NNaHa cxopoaeu

HanpaBneHueM W TOMKOM npunox(eunﬂ ypasuoaewuaalomeu EUnkL
Ha BEAYLLEM 3BeHE (3 3HAUUT, 1 Ha nnaxe cxopocreu) Mt 3apaemcs. MickoMoid
6yneT BenMuyHa 3TOA CHJibl.

MonyHeHHOE YPABHEHHE PELIIOT OTHQCUTENLHO Py (My]

(Maxcno NOBOPAYUBATL H3 490" He NNaH CKOPOCTel, 3 BCe NPUKNAgbIBaeMLIe

CHIbI).

PaccMaTpuUM npuMep.

_ga:!_o:_meﬂa MEeXaHH3Ma B | ,
Ph Pa, P3-_“ Mz.
Hakrr Py.

Crpoum B Macwrabe p,
NNaH CKOPOCTEN , KOTOPbIA NOBO-
- .paunpaem Ha 90 rpagycos ,
NoKa3aHo Ha oxeMe , npumanuaaeﬂ B COOTBETCTRYIOWME TOUKY noaepuyroro
NNaHa CKOPOCTEiA BCE BHEWHME CUNbt ¥ MOMEHTBI Nap Cn.
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rae I° - OQfpesok B [MM] Ha RNaHe CKOpOCTEM; -

33I'1HI.LI8M YpaBHEHHE PaBHOBECHA nNNaHa fun ﬂv[m
cropocTelt © _ =% )
Ph +Ph - P - P M, Lo
yllp, + Fillp, = F30p, = F3llp +2; _ e
: bc
_Pfhp_; +P2hp2 +P_Ihp3 —Mz}"-"-
Py = B8C
. - bpy

3.7 AHANUTUYECKUI METOA CUNOBOrO PacyeTd WAPHUPHO-PLINANKHLIX
MEXaHM3MOB 2-ro Knacca

3.7.1.cxoaHpie ApeanochinKy 1 OCHOBHbLIE NONMKEHWA MeToa |

AHANUTUUECKAR KMHETOCTATUKA GasvpyeTcn Ha aHaAMTUYECKON Ku-
HemaTuke. CNesoBaTenbHo, AWE0 AGMKHBI COBMaAaTs CHCTEMbI KOOPAMHAT
APU CHAOROM PACYETE M KMHEMaTHYeCKOM aHanW3e aHalWTUUeCKUMH MeToaa-
MH, AMBo mOMKHL! GbTE faHsl YCNOBMA NEpexX0Ra OT OAHOW CUCTEMSl K Apy-
rau. _

YCROBME CTaTWMYECKOW onpepenuMocTi TpebyeT, YTOBh CUROBOR
8HAAU3 BLINOMHANCA RO CTPYKTYPHBIM IPyNnaM, a ero NocnegoBaTensHoCTL
6bina ocbpaTHa QopMyne CTPOEHNS MEXaHUIMA.

Bce aKTUBHBIE CUALT (CHNLI BECA, COMPOTUBNEHUS!, ABMXYLLME U T.4.)
AOMKHL) GbITh 33[42Hb! CBOHMU MPOEKUMAMK Ha OCH KOOPAWMHAT. 3TO Xe Tpe-
60BaHNE OTHOCMTCA M K CHNAM WHEPLIMM, [NaBHBIA BEKTOP KOTOpLIX B CyYae
NNOCKUX MEXaHW3IMOB GyAeT 3aaH TaK :

=X 'y =l g - N
Py =-mxs,, Py, = -MiVs . (3.22)
a rnaBHbIiA MOMEHT I ro-3geHa : .
My, =-Jgt = —Jgrn ' (3 23)

Ha ‘BoipaxeHnit (3.22) u (3.23) cneayeT, uTo gelficTBUTEnbHOE Ha-
NpaBAeHKe . NpoeKuMil TNaBHOTO BEKTOPa CUA WHEPLMM NPOTUBONONGKHO
3HAKY BTOPOW NPOWM3BOAHDA OT KOODAMHAT UEHTPA MAacc 3BEHa, 8 HanpaBne-
HHE rNABHOFD BEKTOPE-MOMEHTA - NPOTUBONONONHO BTOpoii npousso.unon ot

yrna nosopoTa 3BeHa,
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PeaKUMH B KHHEMATHHECKMX Napax HEOOXOAMMO TaioKe 3a0apatsL
MPOEKUWAMK H3 OCH KOODAUHAT. '

YcnosaMca 33  NOAOKHUTENLHOE HarNpaepneHue RPOeKUMM pEaKLMK
NPHHMMaTE TO HanpaBfieHue, KOTOPOe COBNAAAET C HaNPABAEHHMEM A3HHOMN
OCH KODPAWHAT,

370 Xe yChoBMe COXPaHWM W NPU Nepexose OT 0AHOW CTPYKTYDHO#t
. TPYAnkl K ADYFO#W, YYWTbiBAR, YTC B COOTEETCTEMM C 33KOHOM ASACTBUR 1
NPOTHBOAEACTBMA PEaNUWA 3BEHa Ha 3BEHO DaBHa el NPOTHBONGACKHO
Hanpasnexa. '

B rpadoaHanuTMHeckod KMHETOCTaTHKe 6LIN0 NOKa3aHo, JTQ Anm
CTPYKTYDHBIX MPYNN 2-r0 KNACCA, COCTOSILMX Y3 ABYX 3BEHBEB, HEOSXOAWMMO
YAOBNETBOPUTL 6 YCNOBUAM PABHOBECUA, QUEBNANO, YTO M B GHANMTAYECKOM
MeToge 3T YLNOBHME OCTAETCR CliPABannUBbIM,

Taxum 06pascM, NPUHLMIMTAANEHLIE DTMUYKA aHANHTAHECKOrO METOAA .

OT rpahOaHANMTUYECKOrD CBOAATCH K ABYM MOMEHTAM ;

1. Bce cunw, BrNKOYAA U TUABI MHEPLMM 1 PEAKLIUM cBA3eil, 3apalTes
B RPOGKLIMAX HA OCH KOOPAWHET,; . _ o

2. YoroBun pasHOBECUS CTPYKTYPHGIX FPYNN COCTABASIOTCS HE 8 Bek-
TOPHOH (POPME, @ OTHOCUTENLHO BLIBPaHHOI CUCTEMBI KODPAWHAT.

3.7.2. AMANUTH4ECKOE 3a3[aHKe CUA CONPOTUBAEHMUS (ABvCyLIMX Cn)

MexaHuieckne XapakTepUCTUKN MAEWMH Y3WE BCEr0 OnpeaensioTcs
H2 OfbITHLIX 06Pa3tax 3KCNEPUMEHTANLHO. OHM MOTYT Gbith MPEACTaRASHK
TabMUHO WK rpaguecki. B cnyuae TabnuuHoro 3348HWSA BOMPOC UX aHanu-
TUHECKOrG NPEACTABNEHMA HE BOIHUKAET. BaXKHO Niulib YKA3ATL, YTO ANS CUN
CONPOTUBAEHWA HANPABNEHWE NPOTMBONOAMKHO CKOPOCTW 3BEHa, a gna cwn
ABNXYILAX - COBMNAMAET C 3TUM HANPaBAEHUEM. '

8 ciyvae rpacbudeckoro 3apaHus BO3MOXHbDI -AB& yTH, r‘lepsuﬁ'

MPEANONAFAET BO3MOXHOCTL COCTABNEHUA AHAAUTHYECKOTO YYACTKE 3aAaHHOI
AYArpaMMel. TOT NYTe AOCTATOMHO CAOKEH W NPAKTUYECKK Maso WCIIOAL3Y-
€vcs. Bropoil nyTh - Tabynnposane 3apaHHON Avarpamamel - CBOAMT BOMNPOC K
HKERINDKEHHOMY .

PaccmoTpuM, kak ocywecTensevcs TaGymmpoBaHue wa npumepe,
BbiugpuuBsaeM 3234aKHYI0 AwnarpamMy. Onpepensem MaclwTabs no ocaM P v
5. OTknagbleaeM Ha OCM abCUMCC PasHbIE OTPe3KH NYTY 330aHHOI . TOUKK B
Macwmabe p . 310 TOUKM SK, Si.
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51
BoccranaBsnvBaeM B ITUX TOMKEX ODRWUHATH P(!.‘ p] W HaxXOAWM 3Ha-

HEHUS CHA: - )
PCJ = PC{{‘p ' up .
2 .
Pe
Mp{H#um] : _ ¥
Pe stax
4 —" | pMP)
03Pomax. | Ty
So Sz | 5 .
0.2 Po max i I B S S
' 0,45 max
- 5 max
. - - L
Cocrapnsiem Ii’a&nuuy 3HaveHuwd Pd . -
" Homep B | _
nonoMeHus - - 1 2 3 4
< Pa~Yi : ' '

' HHoi'.ua, KaK B PACCMATPUBAEMOM MPMMEpE, BOIMOXKHO CMELaHHOe 3ananue

AN CONPATHBNEHVA:

S0 <S<0 A5 Pp= 0.3Fcmn , . (3.24)
0,45,,._,5 < 5 <Spa (Peom. 8 Tabmmue), - (3.25)
0<S < Smax Pr=0,2P ). (3.26)

S<0
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3.7.3.CunoBoit pacyer rpynn 2-ro knacca 1 v 2-ro Budos MexaHuaMa -
1-ro KNacca aHANWTUNMECKMM METOAOM Ha NPUMEpe MEXaHUIMa NPEeCCa .

MNycTe AaH MexaHu3M, A8 KOTopore paspaboTaH anropyuTM KrMHeMa-
TUyeckore aHanusa. CnegoBaTensHo, ONPEAeNeHbi YIabl: ¢,0s,(ps, 4 TAKKE
KOOPAWHATL! TOMEK 53,53,54,F.

Y

Flo [k

MexaHu3M HAXOAWTCR B BEPTUKANbLHOW NNOCKOCTY, T.€. 0C» AY Bep-
THKaNbHa. M3BECTHLI CKOPOCTH M YCKOPEHWS Touek aseHpeB. Cuna P 3apaHa
TabAMMHO M IPUAOXKEeHa Ha PAcCTORHWM h OT HanpaBnsiowen 3seHa 5 napan-
AEABHD ed. 3aKoH ABWXEHWS BXOAHOMD 3BeHa 1 3aAaH: o,=const.  3aaaHbl
YIOKE MACCH! 3BEHLER W WX LIEKTPAAbHBLIE MOMEHTE MHEepLWMKH, TPEHHE OTCYT-
CTBYET., _

TpebyeTca COCTABWTL B/IFOPATM KMHETOCTATHUECKOro pacuera ans
NGHOro rnoNOWEHNA MEXaHN3MA, '

CTpyKTypHbIll 8HaNW3 NOKA3ILIBAET, YTO MEXaHW3M 0OpasnBaH Mexa-
HMaMaM 1-ro knacca {(3seHsa 0-1), rpynnoit 2-ro knacca 1 euaa (38, 2-3) u
rpynnoil 2-ro knacca 2-ro swda {3s. 4-5).

Rate

BbiyepuuBaeM OTABNLHO TPYNNY 38EHLED 4-5. MNpukhaaeBaeM K HEW
cHAbt Beca Gq M Gs, CURY CONPOTHBIIEHUA Pc, NDOEKLUMN TITABHOTO BEKTOPA CWA
VHEPLUHM K [AABHBIA BEKTOP-MOMEHT CHN MHEPUMK, 2 TAKKE PeAKUUH CO CTC-

pOHbI OTOPOLWERHBIX 3BEHBEB- .
BriGHpaeM BCIOMOraTEABHYIO cucTemy KoopauHaT XY’ n cocraena-

©M yCnoBHMS PABHOBECHS MPYINbL. «
SPF = R4 +Pia+Pas—Fo =0 (3.27)

zp.fy:R§4+R05+PJ4_G4—GS=D’ (3.28)
. i Yo —
ZMF(F:] = "Rgl‘,)“" CDS[P4 - R£4f4 an% — (P”4 64)/54 C051p4 (3.29)

—- PJ4!F5¢ 5!”(94 + M”4 - Pch + jo‘hRM =0

[inf NosyueHns oCTankhbix YCrioBuit PAaBHOBECHA oifpackisaem 3ee-
Ho 5 W COCTAaBNseM YCOBVA PABHOBECUA 3BEHA 4;

pX = RY Pl +RE4 =0, {3.30)
LPiy=R3e%0n .
Pl =Ry, +Pys—Ga +R{ =0, (3.31)

S Me(P)y = —RY 414 €05 94 = R3 414 51104 = e - 64)’5,, OS8e = 33
— P dles, 5 0q + Myq = 0.

W3 (3.27), COREPMAWENG OAHO HEW3BECTHOE, HAXOAUM R}'ﬂ. MNoa-
crasnas ero g (3.32}, onpeaenkM Rﬂ’;“,. Hanee va (3.__28) onpepenseM Rgs, @
va (3.30) # (3.31) onpeaensem R¥, w R ;. Hakoney w3 (3.29). HaxoauM
g - Bce WeCTE HEMZBECTHLIX KOMAOHEHT peaxuuit cgnaeﬁ Hainedbt. Teneps

paccMeTpUM rpynny -_3aeHbeB_(2-3):

g ¥
Ru M . r.
g
8 R\ R
¢ R‘-I 6‘ " R:‘
’ o' =0 ;
A s: 7 X
W



NPUKNEALIBAEM BCE CHNbE M COCTABNSEM YCNOBUA DEBHOBECMS BCEH
rpynAb: '

SPF <RI, Pl 4 RE;+ P+ R =0, (3.33)
SR =R+ PG+ RY v P+ R -G =0, (3.34)
TMAP) = Ry g ~Ri 2Vg +(P;§2 ‘Gz)xsz - Praoys, + Ry X -

- Re 3Ve +(P;¥3 - G3)*V53 = FrsVs, + Ropo = RizVp + Myz +:"""n3 =a

) OtbpacuiBaeM 3BEHQ 3 u CcOCTaBNAEM YCNOBWA PaBHOBECUA OTAENLHO
JBeHa L1

{3.35)

EP;{:] =R}, +Pys+R3, =0, : (3.36)
SRy =RI,+ Pl -G+ Ry, =0, (.37

SMaAP )z = RY Xs = RT2¥6 + (PJ: —52)"5, ~Piays, +

. ) 3.38
+RY Xec = R3 Ve + My =0 (3.38)

| B AaHHOM Clyyae CHCTEMA YPaBHEHWIA OKalanack ACCTATOMHOW M

 Mo¥eT GbiTh peleHa |

| PasyMeercs, MOXHO BbiI0 CYWECTBEHHG YNPOCTWTH 3agady, aseas
KaK U paHee BCTIOMOratenLHyld CMCTEMY KOODAWHET, Hanpumep X[Y, Ho B

CN1yyae MALMHHOND CHETA STO NPUHLIMAMANEHOIO 3HA4EHNA He HMeeT.

MNepexoanM K pacHeTy MexaHuama 1-ro Knacca. )

-y ¥
¥
: & MpuKSagbiBaeM  W3BECTHBIE  Tenepb
@ a - peakumm R ; u R}:z, a CnenoBaTeibHO,
[
6 R R‘!,",,a"raloacecunyseca Gy,
A ™y fIPUNOXMM  HEM3BECTHYID YPABHOBE-
T& WHBAIOWYK: CWAY, NOKA3aB €8 B NPOeKLMAX
x y
. LA S _
CocTaBnsieM yCnoBue PaBHOBECHA BXOAHOMO 3BEHA:
LAY =R3 4P Ry =0, _ (3.39)
SR =Ry 4P -G Ry =0, - (340)
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sm(P)=lpr +RY Jycosa-(pF +RYJising = 0. (3.41)
[CHONKUTENLHBIM YCNOBUEM, HEOOXOANMBIM AN PELICHWR CUCTEMBI,
ABNNETCA BbGOpP HanpasneHus Py. FycTe Py nepnedauiynapHa / 1, TOMAR :
AR
L= -tg(H" -%) . : (3.42)

X
14

Tenepb CUCTEME YPaBHEHMIA KMEET eANHCTBERHOR pewenve, onpe-
: x x
penswoutee Rt , Ry, Py A
Haubonee NPOCTO aHANWTUHECKW ORPEAenAeTcs yDaBHOBELIWEAHAA

CHMNA NO NPUHUMIY BOIMOKHEX nepeMelieHvi.
MycTb 38€HO 1 NOAYYMNO BO3MOXKHOCTE nepemelwienns dip,. Toraa

3eeHbaA 2, 3 1 4 NOBEpHYTCA Ha YNl dipg, g3, dipa COOTBETCTBEHHO, Toykwu
Sy S3; S¢ v F nonyuaT nepeMelieniti dsp, ds3, dsq s, KOTOPBIE MOMHO
3a/1aTh NPOEKLIMAMN Ha OCH KOOPAWHAT dsy,;dsy nta.
Onpe.aénm cymMmy paboT BCEX CWJt H3 BOMOXHbIX NepeMeLEHAAX:
a) pabora cun dA; = T P;dS; ; 6) paboTa MOMEHTOB dA, = T Mdy ;
MonHas aneMeHTapHas paboTa BCex cun 1 MOMEHTOB nap cun :
dA =Y PdS; + LM (3.43)
BudhdepeHumnpys NG BPEMEHH, AGNYSUM :
CdN = %% =Y PV + LM, = LFS; + M. (3.4}4)

Mo ycnosuik, eCin Ko BCEM CUNaM A05ABUTE YPARHOBELLMBAIOWYHO,

" 7o MExaHM3M GyaeT B paBHOBECHK, @ 210 3uauuT, ute dN=0, Toraa w3 yoo-

BHA

SPS + Mo =0, (3.45)

NErKo HalTy YP3BHOBEWMBAIOoILYID CANY. .
Tak, ang paccma*rpnsaen’oro npuMepa yonoene (3.45) vmeer BUA |

Py + Myzes + Pz - G2 irgr + PizXss + Myss +\Pfs ~ Gsl'ss ¥ (3.46)
¥ Phyksy+ Mygq + (P;L - 54)}}54 + PpeXse + (Pgs - Pc}*.r =0
W3 NONYYEHHOrS BbIPAXEHHMS NETKo onpesenTL ypaBHOBELLMBAI0-
Ltyto CuRy Py KaK eMHCTBEHHbIA HEN3BECTHBI NAPAMETP YP3BHEHHS.
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3.7.4.AnropUTM CHIQBOrD PacHeTa rpynnkl 2-ro Knacea 3-ro BMAA
: AHANUTUYECKHUM METOAOM

Anst 3T0i rpynnbl anroput  GyseT uMets wauBonee Mpoctyio
(hopMy, ECIM CUNs, ,qei':cqumne H3 KymACY 3, NpPUBECTH K Touxe 8, a
CUALL, ASACTBYIOWME HA KaMeMb KyRnce! 2, K Touke C ,cM oxemy {(a). BxogHbl-

MU RaHHEIMY ANA 3TOR rpynnbl sensioTes @ P PY M5, PS PY ME Te.

CACTEMA CMN ASHCTBYIOLUMX Ha 3BeHbA 2 U 3. Moayne /] v onpenensemblii
i
B PE3YNLTATE KMHEMATUYECKOrD aHanU3a yron 3 BaKTopa .

TpebyeTca onpefenyTs Rj‘[z,Rj’,?,R;J,hﬁz’j,thj,R;’j, a

Taloke Ryz , By ; Rasz; B4, (CM. cxemy 6 4 B).

RY - ’

a) 5 b

PaccMOTPUM YCNOBUWE PEBHOBECHWR KAMHS W YCIOBME DABHOBECHA Ky~

AWCHl COBMECTHO B BWAE CYMM MOMEHTOB |, ﬂEI:ICI"BYlOLU.HX Ha HKAX YCHJ'IHF'I.

OTHoCHTeneHO Tovek C W B CcoOTBETCTBEHHO. B pesynsTarte nonyyaem:
Rz3=— Ry3 Whgz3, KOTOPOE ONPEAENSET TOUKY NPHNOXKEHNH Ry,
ME +ME M5
23— g + Upza=5;
4 T Ry
flanee 3anvueM ycnosus PaBHOBECHS KAMHA 2 W KynWcel 3 B Buge
CyMMbl NpoeKyUKWii BCex cun, ReRCTBYIOWMX HA KAXAOE U3 3TUX 3BEHLEB!

R =Ry sing; +PF)

R£z=+RZJCUS(Pj_PZy
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R;} = +R2 JSf?Hp_; 'PJX

Risz= "(R2;3 cos Qs+ P;)

MonyueHHbIe YPABHEHUA NOSBONISIOT OnperensTs Ry 5, RY

¥ 34TEM COOTBETCTBEHHO 813 ¥ a3, §TaKe Ryz W Rya.
Takum 06P330M  MOMYYEHHBIE BLILE YPABHEHUN SBARIGTCH anrOpuTMOM. pa
yeTa rpyans 3 s1aa. ' )
3.7.5  AAropwT™ CMNOBOrC PacHeTa rpynnsl 2-ro Knacca 4-ro Bugas -
2HANUTUYECKMM METOAOM :

~ HPU
MNpueoawm BCe CWAbl, AEW- h 3
CTEYIOWME HE 3BeHwR Fpynnbl X

TQUKE B.BxoaubIMKM AFHHLIMWA U~
BNA  3TOW  (pyanst  ABAKIOTCA: :

P PP PE M, M e, cucTe- _
Ma Curi, fevicTayiowux Ha 3serbs 2 &G/
13, aTaKe g1 =Py B4, i)
TpebyeTcs  onpegenvTs @ 4 -
. p Y * hrsa, Ryo=Rs1; j-'/ ‘.P{ ‘P!.
Ryz; Ras i Priz Nras Raz=Ras; .
H 93,2-

: Lna onpefenedua peakii R;; v Ryz COCTABNAEM YCNOBHA paB-
HOBECWS YNNI 8 NPORKLIMAX HE OCY KOOPAWHAT, OTKYAE GyaeM MMETh:

1 PF + Pfcos s +(P2*' +P |sing;

. sinfo; ~05)
o (sz + Py )cas @+ (Pz” +PY )sm P>
"R = sinfp; - ¢3) '

ﬂheqw Prio ; Prez . OMPEASNAIGLLNE NOAKEHUA TOHEK NPUnoxe-
HUA PEaKLMA Ryz M Ra3 OTHOCKTE/LHO TOHKM 8 , HaxoaWM K3 YCNOBMW pas-
HOBECMS KEDKOMD M3 3BEHBEB B (hOPME YPABHEHHHA MOMEHTUB OTHOCATENEHOD B:

-M7 Mg

=z ! R‘;.? -7 *
Ryz Rq,3

F

hﬁ:,z -
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Yr06bl ONPEASAMTL PEAKUMN B WapHupe B oTGpacsiBaeM 3seHo 3 W ero
ACHCTEME JAMBHAEM DEAKUWAMM Rj" 2 M R_{ >+ Hanee cocraensem yano-

BWA PABHOBECWUR 3E€HA 2 B NMPOSKUUSX HA OCH KOODPAWHAET W B pesynsTaTte
ByaeM UMeT: '

R:{z =R1,2 Sf-n% —sz,
Ry, =-Ryz€05 0, ~P).

CaM BexTOp R;; ¥ €ro NONOXEHWE B MONSPHbIX KOOPAWHATAX ONpegensoT-
CH 3ABUCUMOCTAMM: ’ :

Ry 2= \[(Rgz)z + (R_g,z)z :

X
R3 2

= Rt
83, = arccos Signk3 ;.

3,2
“Takum 00pasoM NONYYEHHLIE BbIlE YPABHEHWS ABTAOTCA AnrOpUTMOM pacue-

Ta rpynnes 4-rg svaa.

3.7.6.ANropyTM CMAOBOD PAcYEeTa Fpynnul 2-ro Kacea
5-ro 8Ka aHaNUTUYECKMM METO/0M

"fpusagnM BCE CUNBl, AEHCT-
BYIOWLME HA 3BEHLH PYNbl K TOUKE
B . BXOAHBIMM JaHHLIMW ANA 3TOW

rpynnst ssnawotes: By PLL AL P,

M;, M3, T cucTeMa oun, pedicr-

BYIOWMX Ha 3BeHbA 2 U 3 , 3 TaKke
23 M Ga=03 (CM. CxeMy).

" OTbpocuM 38EHO 2 M CO-
CTRBNAA YCNOBUE PABHOBECHS  KYJSM-
ol 3 B hOpME NPOEKUMEA Ha oCK
KOOPAMHAT, MOMyuMM BLIPAKEHHUR ANS ONPEAENEHUA PEAKUNI Ry M Rqs:

PF cos @ + PJ sin gy

5ing 3

Rz3 =

!
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: Pf COS(Q![; + %,3)+ 24 sin(wg + %,3) .
4,37 Sin @, 3

W3 paccMOTpPEHWA YCNoBUA PABHOBECHA FRYANGLI U YCI0BUA paeHoBe-
cus 3neHa 2 8 dopMe ypaauenuii' MOMEHTOB OTHOCHTENBHO TOuKd B flonyHaem
BhIDAKEHHMA ANA ONPEAENEHWRA nvey 3TVX peAKLWK:

M, L Mt Ma

- -

Va3 ycnosdA pa BHOBECHUA

R4,3
38eHa 2 B NpOEKUMsX Ha OCW KOODAWHAT

x ¥ .
onpenensem peakuu Riz " ijg.

Riaz= -'kz,.? sinlepy + “’2,3)"' Pif]'

R_{{z = R2'3 CUS(‘H; +.%’3)__sz '

Cam BekTOp Ry W €ro MonoxeHne B nonapHbIX KODpAWHABTAX Of-

PeensioTCs BLIPAKEHISMM :
Rz = J(‘Ei‘)z +(R{,z)2 ‘
X

RJ 2

signRy ;-

9, ;= arccos
1.2

19
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