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INPEAUC/IOBHUE

Kypc «Teopuss MexaHU3MOB M MalIMH» 3aHUMAEeT Ba)XXKHOE MECTO B
UKJIE OOUIETEXHUYECKUX AUCIUIUIMH. Y CIIEUIHOE YCBOEHHUE 3TOr0 Kypca
BO MHOTOM 3aBHCHUT OT KauecTBa BBIMOJHEHUS TJaOOopaTOpHbIX padoT. B na-
OopaTopuu CTYJCHT 3HAKOMUTCS C paOOTOW THUIIOBBIX MEXAaHM3MOB Ha pe-
QIBHBIX MAIllMHAX WM Ha MOJENSIX, BHUKACT B (DU3MYECKYIO CYITHOCTb
MPOUCXOMAIINX TMPU UX padOTe SBIICHUN, YUUTCA MPUMEHSATH TEOpeTHUYe-
CKHE 3HAHUS Ha MPAKTUKE MPU PEIICHUU KOHKPETHBIX TEXHUUECKUX 3ajay,
3HAKOMUTCSI C METOJaMU HU3MEPEHUS] T€OMETPUUECKUX, KUHEMATUYECKUX,
JUHAMHYECKUX MMapaMeTPOB MAIIUH U MOJy4YaeT HABBIKU CAMOCTOSATEIIbHOM
paboThI C NPOCTEHIIMMHU U3MEPUTENBHBIMU PUOOPAMHU.

Tembl 1abOpaTOPHBIX PAOOT YUUTHIBAIOT CHIEIM(PUKY CHEIUATBHOCTEH,
JUIsl KOTOPBIX OHU pa3padboTansbl. [locoOue coaepKUT CEMb TEM:

1. CTpyKTypHBIH aHATU3 MJIOCKUX MEXaHU3MOB.

2. UsroroBneHue 3yOuYaThIX KOJEC METOJOM OTMOaHUs HWHCTPYMEH-
TAIBHOU PENKOM.

3. Ompezenenre MOMEHTa MHEPIIMM TBEPJOTO Tejla METOJI0M (du3Hye-
CKOI'0 MasiTHHKA.

4. Onpenenenne kKodpuIMeHTa MOJIE3HOTO JICHCTBUS BUHTOBOI'O Me-
XaHu3Ma (BUHTOBOM mapsbl).

5. UccnenoBanue KyJIaukOBOrO MEXaHU3Ma.

6. YpaBHOBENIMBAaHME BPALIAIOMIErOCs 3B€HA C M3BECTHBIM PAcCIIOo-
KEHUEM HEYpPaBHOBEILIEHHBIX Macc.

7. Onpenenenue k03GOUITUEHTA TPEHUS CKOJIBXEHUS U TTOKOS.

B kaxoi Teme KpaTKo M3jaraercs TeOpHsl M JaeTcs omucaHue Jiabo-
paTopHBIX PaboOT, B PYKOBOACTBAX K KOTOPBHIM MPUBOMASTCS KOHCTPYKIIMHU
YCTaHOBOK U PUOOPOB M METOJIMKA BBIMIOJIHEHUS paboT. B KoHIE Kaxmon
TE€MbI TIOMEIIIEHbI KOHTPOJIbHBIE BOMPOCHI ISl CAMONPOBEPKUA M KOHTPOJIS
3HaHUH CTYJIEHTOB.



JlabopaTopHas pa6ora Ne 1
CTPYKTYPHbBIN AHAJIU3 IVIOCKUX
MEXAHHU3MOB

Obuwue nonorcenus

[Ipuctynast k aHanusy (UcCiIeOBaHUIO) CYIIECTBYIOIIETO MM K CHH-
Te3y (IPOEKTUPOBAHUIO) HOBOTO MEXaHH3Ma, HEOOXO0IUMO, TPEXKE BCETO,
pazo0patThCst B €r0 CTPYKTYPE, T. €. MOJACUNUTATh YUCIO TOJABUKHBIX 3BEHb-
€B, OMPEIEIUTh XapaKTep MX COEAMHEHUS, YSICHUTh METOJ 0Opa3oBaHUS
MEXaHHU3Ma U YETKO MPEICTABUTh CXEMY MEepelayu JBHKEHUSI OT BEIYLIErO
3B€HA K BEJIOMBIM.

MexaHu3M MpeacTaBisieT cO00M MCKYCCTBEHHO CO3/IaHHYIO CHUCTEMY
TN, TMPeAHA3HAYCHHYIO I Peo0pa3oBaHus JIBUKEHUS OJIHOTO WM HE-
CKOJIBKUX TeJ B TpeOyeMble JBUKECHUS JPYTUX TEN.

MexaHu3M COCTOUT U3 Pa3IMYHbIX JeTaJIeH, KOTOpbIE 00Pa3yIOT KECTKHUE
COEMHEHMS WM COETUHSIOTCS MEXTY coOOW MOABMXKHO. OTHenbHas AeTallb
WJIA HECKOJIBKO YKECTKO COSIMHEHHBIX JIeTaJIeH HA3bIBAIOTCSI 3B€HOM MEXaHU3-
Ma. CoeIMHEHNE ABYX COIMPUKACAIOIIMXCS 3BEHBEB, JOITYCKAIOIIEE NX OTHOCHU-
TEJIbHOE JBWKEHUE, HA3bIBACTCS KMHEMAaTHYeCKOM mapoil. KnHemarnueckue
napsl (KII) JeJsTes Ha IATh KJIaccoB (p,, P, Ps, Ps» Ps). HoMep Kiacca ma-

PBI ONPEIEIISICTCS] YMCIIOM YCIIOBH CBSI3M, HAJaraéMbIX Ha JIBHYKCHUE OJTHOTO
3BEHa Mapbl OTHOCUTENHLHO npyroro. CrienoBaTenbHO, mapa 1-ro Kimacca sBis-
eTCsl MATUTIOABIDKHOM, TIapa 2-To KJIacca — YeThIPEXTIOABIKHOM U T. II.

[ToBepXHOCTH, TMHUM WM TOYKHA 3BEHA, IO KOTOPHIM OHO MOXET CO-
MPUKACATHCS C IPYTUM 3BEHOM, 00pa3ysl KWHEMAaTHUYECKYIO Mmapy, Ha3bIBa-
IOTCS DJIEMEHTaMH 3BEHA.

Kunematudeckue mapbl AENSATCS Ha BHICIIME W HU3IIKE. B BBICIINX
napax 3BEHbs COTNPUKACAIOTCS MO JIMHUH WM B TOYKAaX, & B HU3IIUX — TIO
MOBEPXHOCTSIM.

CasizaHHas cucTeMa 3BEHBEB, 00Pa3yIONIUX MEXIYy CO00N KMHEMAaTH-
YECKHUE Maphl, HA3BIBACTCS KHNHEMATUYECKOM TEMBIO.

MexaHu3M, y KOTOPOTO BCE€ TOYKH IMOJBMKHBIX 3BEHHEB MOTYT JIBH-
raThCsl B OJHOW WM TMAapaUICIbHBIX TUIOCKOCTSX, HA3bIBACTCS TLIOCKUM.
B mtockux MexaHu3Max MOTYT OBITh KHHEMAaTUYECKHUE MMaphbl TOIBKO 4-TO U
5-ro xnaccoB (p,, ps). Bce minockue napsl 4-ro kiacca sSBISIOTCS BBICIIN-

MU, a Tapbl 5-T0 Kjacca OOBIYHO OTHOCSTCS K HM3IIMM (BpalllaTeIbHbIe U
MOCTYNaTEIbHBIE).



[Imockuii MexaHu3M Ha3bIBACTCS pbIYa’KHbIM, €CJIM €0 3BCHbLA 06pa—
3YIOT TOJbKO HU3IMHNC KHHEMATUYCCKUC I1aphbl.

Cocmaenenue cmpyKmypHoil cxemvl MEXAHU3MOG

CuHTe3 M aHaIM3 MEXaHUW3Ma HAYMHAETCSI C COCTABIICHUS €r0 CXEMBbl,
KOTOpas MpEeACTaBIsIieT co00i rpaduueckoe M300pakeHHe dTOT0 MEXaHU3-
Ma C YCJIOBHBIMU 0003HAYEHHSIMU 3BEHBEB U KWHEMATUYECKUX Map. CxeMbl
MEXaHU3MOB MOTYT OBITh CTPYKTYPHBIMH M KMHEMAaTHUYEeCKUMHU. B cTpyk-
TYpHOH cXeMe pa3Mephl He yKa3bIBatoTcs. COCTaBIEHUE €€ HY)KHO B IEp-
BYIO O4Yepellb JJIs MPOBEAEHUS CTPYKTYpPHOIO aHaliu3a MeXaHu3ma. B ku-
HEMATUYECKON CXEeME YKa3bIBAIOTCS pa3Mephl, HEOOXOAUMBIC ISl KHHEMA-
THYECKOr0 aHAJIN3a, CUJIOBOI0 pacueTra MEXaHW3Ma M JallbHEHIIEH pa3pa-
OOTKH €ro KOHCTPYKLIHH.

VYcnoBHble 0003HAYEHUSI 3JIEMEHTOB MAIllMH U MEXaHU3MOB yCTaHOB-
aensl 'OCT 2.770-68. Hauboinee pacrpocTpaHeHHbIE 0003HAYCHUSI KHHE-
MaTUYECKHUX Tap, 3B€HhEB U MEXaHU3MOB MPUBEJICHBI B TIpuUII. 1.

[Ipu n300pa’keHHH 3BEHHEB HA CXEME€ HE YUUTHIBAIOT UX KOHCTPYK-
TUBHYIO (OpMY, & OTMEYAIOT TOJIBKO MOJIOKEHUSI KUHEMATUYECKUX Tap U
reoMeTpuieckue OCOOCHHOCTH 3BEHBEB. Tak, Hampumep, IpU H300paxe-
HUU Ha CXEME IIaTyHa HEe HY>KHO BbIYEPUYMBATH BCE JIETANIU, U3 KOTOPBIX OH
COCTOUT, @ Ba)KHO OTMETUTh TOJIbKO IMOJIOKEHUSI OCENl BTYJIOK U JKECTKYIO
CBsI3b MEXy HUMH (puc. 1.1).

Puc. 1.1. llaTtyH u ero yclI0OBHOE N300paKeHNE
Ha KUHEMAaTHUYECKON CXeMe

BCI[YHIGC 3BeHO 0003HAYaeTCs HA CXEME CTpGHKOﬁ. OHoO 0OBIYHO BXO-
AUT B KHHCMATHUYCCKYIO I1apy C HCIIOABUKHBIM 3BCHOM — crorikou. Ha ku-



HEMATHYECKOHN cxeMe cTolika o0o3HayaeTcs mudpoit «0», a Beayiee 3Be€HO
uugpoit «1». B kauectBe npumepa Ha puc. 1.2 nmokazaH KOHCTPYKTHUBHBIN
YepTeK MEXaHU3Ma JIBUraTelsl C KOMIIPECCOPOM M COOTBETCTBYIOILIASL EMY
CTPYKTYpHasi cxema.

Puc. 1.2. MexaHu3M JBHUraTelisi C KOMIPECCOPOM U €ro KHHEMaTU4YecKas cxema

CmpyKkmypHblil aHAIU3 MEXAHUZMO8

CTpyKTypHBIM aHaIu3 MEXaHuW3Ma, T. €. M3yYeHHE €ro CTPOCHUS,
BKJIFOYAET PELICHUE CICAYIONINX 3a/1a4:

a) OIIpe/ieJIEHNE CTENEHU TOIBMKHOCTH MEXAaHU3Ma,

0) pa3joXeHue MeXaHuW3Ma Ha CTPYKTypHbIE Ipynmbl (rpynmnbl Ac-
cypa);

B) ONpEJEIeHNe Kjacca MEXaHU3Ma M COCTaBJIEHHE (QOPMYIIBI €ro
CTPOCHHUS.

Cremnenb cBOOOABI (CTENEHb MOABMKHOCTU) W MexaHW3Ma MOKa3bIBa-
€T YHCJIO cTeneHell cBoOOAbl (YHCIO0 BO3MOMKHBIX HE3aBHUCHUMBIX JBIKE-
HUM) ero 3BEHBEB OTHOCHUTETHHO CTOWKH. [Imockmit mexaHu3m oOiamaeT
ONPEJEICHHOCThIO ABMKEHUS B TOM CIIydae, €CJIU YUCIIO BEyIINX 3BEHbEB
PaBHO YHCIy CTENEHEW MOABMKHOCTH. B MIOCKMX MEXaHM3Max CTEHEHb
MOJIBIXKHOCTH onpeiensieTcs: mo popmyse YeOblmiena:

W=3n-2p,—p,,



Il 7 — YUCJIO MOJBUXHBIX 3BEHbEB MEXaHU3MA; p, — YUCJIO KMHEMaTuye-
CKHX map 5-ro kjiacca (HM3WMX Iap); p, — 4ucio nap 4-ro kiacca (BbIC-

HIMX Tap).

B Tex ciaywasx Korja B MEXaHHM3ME CIOKHBIE MIAPHUPBI COCTUHSIOT
Oosee ABYX 3BeHbEB (puc. 1.3), B KAXKJIOM U3 HUX HEOOXOAUMO YUUTHIBATH
HECKOJIbKO OJIHOTIOJIBMIKHBIX TIap, YHCIO KOTOPBIX OMpENeNseTcs KaK pas-
HOCTh k —1, /1€ k — YUCIIO 3BEHBEB, COCTMHEHHBIX CIIOKHBIM IAPHUPOM.

23
Y J
4 p=3

Puc. 1.3. Kunematnueckue cXeMbl CJI0KHBIX IIAPHUPOB

3/ 3 23

k=3 p=> k=

WNHorna B peajgbHbIX MEXAaHU3MAX BCTPEUAIOTCS TAaKUE 3BEHBS U IMaphI,
KOTOpbIE CO3JAl0T WJIM MACCUBHBIE CBSA3M, WIM JIMIIHUE CTENEHU CBOOOIbI
(torma W He coBmajaer ¢ YUCIOM BEIyIIMX 3BEHbEB), HO HE BIUSIOT Ha
JIBUKEHHE OCTAJIbHBIX 3BEHHEB MeXaHH3Ma. Takue 3BeHbs] U Hapbl HYKHO
MPEeIBAPUTETHFHO yAAIUTh U3 CXEMbl MEXaHU3Ma U HE YUYUTHIBATh UX TPHU
CTPYKTYpHOM aHaju3e.

CrpykTypHas Ki1acCHU(pUKAIMs TUIOCKHX PBIUAXKHBIX MEXaHU3MOB OC-
HoBaHa Ha pabotax JI. B. Accypa u 1. 1. ApToOosieBCKOro U 3aKII04aeTcs
B TOM, 4YTO JIIOOOH MEXaHW3M MOXET OBITh 00pa3oBaH W3 MEXaHWU3Ma
1-ro kiacca, mpeacTaBistoNIero co0oil Beaylee 3B€HO CO CTOMKOM, U MpH-
COCIMHEHHBIX K HEMY CTPYKTYPHBIX Tpymi (Tpymm Accypa).

['pynmoit Accypa Ha3bIBaeTcs Takas KWHEMaTHYecKas Ielb, KOTopas
TI0CTIE TIPUCOEANHEHNS CBOOOIHBIMH AJIEMEHTAMH 3BEHBEB K CTOWKE MMEET
HYJIEBYIO CTENEHb MOJABMKHOCTH. [lociie npucoegMHeHus! TPyIIbl K 3BEHb-
M MEXaHHM3Ma CTENEHb MOJIB)KHOCTH 3TOTO MEXaHHW3Ma HE HM3MEHUTCH.
B miockux pelyaXHBIX MEXaHU3MaXx Bce Mapbl ogHONOABMXHBIE (p, =0).

[ToaTOMY O OIIPEEHEHUIO TPYIIIBI
W,=3n-2p;=0.

Tak xkak n U p, — LebIe YACIA, TO CTPYKTYpHAs IPyIa JO0JDKHA COCTO-
ATh U3 YETHOTO YMCJIa 3BEHBEB 71, @ YHUCJIO Tap JTOJKHO OBITh KPATHO TPEM:
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Hanpumep, ipu n=2 p,=3;nupu n=4 p,=6 uT. 1.

CornacHo kinaccupuKalnu, CTPYKTypHbIE TPYIIIbI AETSATCS Ha KIacChl:
IL, III, IV u 1. a. B rpynnax Il knacca n=2, p, =3 u Kaxg0e 3BEHO BXO-
JIWT TOJILKO B JBe mapsl. B rpymnmax III kimacca ects 3BEHBsA, BXOIAIINE B
TpU Hapkl, a B rpynnax [V kiacca u BbIII€ €CTh 3aMKHYTbIE KOHTYPBI, CO-
CTOSIIIIME U3 YEThIPeX M OOJIBIIEro YKciia 3BeHbEB, COBIAAIOIEIO C HOME-
poM kJacca (Tabauna).

[Topsimok rpynmbl ONPEAEIISIETCS YACIOM 3JIEMEHTOB, KOTOPBIMU IPyII-
1a nIpucoeauHseTca K Mmexanusmy. OueBuaHo, Bce rpynnsl I kinacca nme-
10T BTOpoM nopsanok. ['pynnel Il kimacca nensitcst Ha BUIBI B 3aBUCUMOCTHU
OT COYETAHMS M B3aWMHOIO DPACHOJIOKEHHSI BpallaTEIbHBIX M IOCTYyIa-
TeIbHBIX Nap (Tabnuia).

Kiacc Mexanu3ma ompezensieTcsi BBICIIUM KJIacCOM TpyImnbl Accypa,
BXOJISIIIEH B €ro cocTaB. [ 1aBHOM 0COOEHHOCTBIO CTPYKTYPHOI Kiaccu(pu-
KallUK SBJSAETCS TO, YTO BCE IPYIIIBI OAHOIO KJacca UMEIOT €UHBIE METO-
JIbl KWHEMATUYECKOTO U CUJIOBOTO aHAIM3a.

Paznoxkenue MexaHW3Ma Ha CTPYKTYpHbIE TPYIIbl CIEAYEeT Hayu-
HaTh C OTCOEIMHEHUs HauboJjee yJaJleHHON OT BeAyIIero 3BeHa rpymiibl,
COCTOSIIIEN U3 IABYX 3BEHBEB M TpeX map, T. €. rpynnsl Il kimacca. Ecimn
ATO HE yAAeTCs, TO HaJ0 MOMBITAThCS OTIEIUTh IPyNIy 0ojee BHICOKOTO
kiacca. Ilocime oTaeneHuss mepBOMl TpyNIbl HAAO MBITATHCS OTIEIUTH
rpynny II kimacca U Tak 10 TE€X IIOp, IIOKAa HE OCTAHETCAd MEXaHU3M
I knacca.

CTpyKTypHBII aHaau3 3aKAHUYMBAETCS ONPEIEICHUEM Kilacca MeXa-
HU3Ma W COCTaBJeHWEM (OpMYJbl CTPOEHHUS MEXAaHM3Ma, Ha OCHOBaHUH
KOTOPOM MO@XHO HAMETUTH METOJ U MOPANOK JaJbHEUIIEr0 KUHEMaTh4e-
CKOI'0 ¥ CWJIOBOI'O pacyera.

[Ipu paznoxeHnn MEXaHU3Ma Ha CTPYKTYPHBIE TPYNIIBI CIIETYET UMETh
B BUJY, YTO KJIACC MEXAHU3Ma MOXET U3MEHSIThCSA B 3aBUCUMOCTU OT BBI-
Oopa BeAyIIero 3BeHa.

B miockux MexaHu3Max MOTYT ObITh 3BEHbS, BXOJSIINE HE TOJIBKO B
HU3IINE, HO U B BbICIIME Napbl. [Ipyu M3yyeHnn CTPYKTYyphl 3TUX MEXaHU3-
MOB MOKHO YCJIOBHO 3aMEHUTH KaXXIYIO BBICUIYIO Mapy A00aBOYHBIM 3Be-
HOM, BXOJSIIMM B JABE HU3IIME napsl. [locne Takoi 3aMeHbl CTENEHb NOA-
BIJKHOCTH MEXaHHM3Ma HE JOJDKHA M3MEHATHCSA. MIHOBEHHBIE OTHOCHUTEIb-
HbIE€ JBUKEHUS 3BEHBEB TOXKE JIOJKHBI COXPAHITHCS. 3aMEHY BBICHIUX Iap
MPOU3BOJIAT CIIEIYIOMIUM O0Pa30M.



KunemaTnueckue cxeMsl rpynn Accypa

Knacc | Ilpusnax Cxemwl epynn Accypa [lopsdok
E / @ g 2-u
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Yepe3 TOUKY CONPHUKOCHOBEHUS 3BEHbEB [/ M 2 MPOBOAUTCS HOPMAJb
n—n K KpUBOJMHEUHBIM 31eMeHTaMm (puc. 1.4). Ha aToii Hopmanu B LeHTpax
kpuBH3HBI O, 1 O, CONPUKACAIOIIUXCS KPUBBIX TOMEIIAIOTCS [IAPHUPBI, KO-
TOPBIE COEIMHSAIOTCS YCJIOBHBIM 3B€HOM 3. ECiM OIMH M3 CONpPUKACAIOLINXCS

AIIEMEHTOB TPENCTABIIACT COO0M MPSAMYIO, TO IIEHTP KPUBHU3HBI €ro OyneT
OECKOHEYHO y/IaJieH U BpallaTeiabHas napa NepexouT B MOCTYNATEIbHYIO.

Puc. 1.4. [Ipumepbl 3aMeHbI BHICIINX KUHEMATHYECKUX AP HA HU3IINE

Hpumepbt Ha cocmaejieHue KUHemamuudeCKkux cxem u cmpyKkmyp-
HblU AHAIU3 MEXAHU3MO8

IIpumep 1. [IpousBecTu CTPYKTYpHBI aHAIU3 MEXaHW3Ma JBUTATENs
¢ koMrpeccopoM (puc. 1.5, a).

B 3TOM MexaHu3Me BpallaTeabHOE JBUKEHUE KOJIEHYATOro Baia (Kpu-
Bommna) AB mpeoOpa3dyeTcss B BO3BPATHO-MOCTYNATEIbHOE JBH)KCHHE
nopwHs C nBurarens ¥ nopuHs H kommpeccopa. Beayiiee 38eHO — Kpu-
BOIIUIT O00O3Ha4YaeM KPYroBOM CTPENIKOM, IMOKa3bIBAIOIIEH HampaBiCHUE
ero BpaiieHus. Bce HenmoABUKHBIE eTanu, 00pa3yolue OAHO HETIOABIK-
HOE 3BEHO — CTOMKYy, — mudpoit 0. {udpoii / obo3Havaem Kpupoui, 2 —
HiaTyH, 3 — MOJN3YyH, 4 — WAaTyH, 5 — KOPOMBICIO, 6 — IIATyH, / — MOJI3YH.
Kunemarnueckue napsl o003HayaeM OyKBaMH. 3aMe4yaeM, YToO IIApHUpP B —
cioXxHbI. OH coequHsAET TpU 3B€HA. 3HAYUT, B TOM LIapHHUPE YHCIIO Bpa-
HIaTEIbHBIX I1AP PABHO JBYM:

k—1=3-1=2,

11



a uMeHHo, B (I, 2) u B (I, 4). 3nech B ckoOKax ykKa3aHbl HOMEpa 3BEHb-
eB, oOpasyromux kuHemarudeckyro mnapy. Ilapet 4 (0, 1), B (I, 2),
B(1,4),C(,3),DH4,)5),E,)5),F(5,6), H(6,7)— BpamareibHble, a
napel C (0, 3) u H (0, 7) — moctynaTtenbpHble. Briciiux map B 3ToM Mexa-
HU3ME HET.

3
7T, pynna C
H lol ] knacca
2-20 nopsoka Tpynna
2-20 6uda 1l knacca
6 2\ 2-20 nopsioka
r Ipynna 2-20 suda
Il knacca
2-20 nopsioka
[-e0 suoa B

E5D4
/)*/0\39

1
Mexanuzm
A [ xnacca

0

Puc. 1.5. KunemaTudeckas cxema MexaHu3Ma (a) M €ro CTPYKTYPHBIN aHau3 (0)

OmnpenensieM 4uca0 CTENeHeH MOJABMKHOCTH MeXaHu3Ma 1o Ghopmylie
YeOrIlena:

W=3-7-2-10-0=1.

Tak kak qBUYKEHUE 3a/1aHO OJTHOMY 3BEHY UM CTETEHb MOJIBUKHOCTU W
TOXKE€ paBHA €IMHMIIC, TO JAHHBIM MEXaHH3M 00JIaJJaeT OMpPEEeIECHHOCTHIO
JBH>KCHUSL.

[Ipu pasznokeHnH MexXaHU3Ma Ha CTPYKTypHbIe Tpynmsl (puc. 1.5, 6)
BBISICHSIETCSI, UTO Ha MeXaHu3M | Kiiacca mociaegoBaTeIbHO HACIAWBAIUCH
rpynnsl (4, 5) u (6, 7). HezaBucumo ot HUX K Mexanu3Mmy | kiacca npucoe-
JMHEHA elle oaHa rpynna — (2, 3). Bce atu rpynmbsl Accypa OTHOCATCS KO
IT knaccy. IloaTomy paccmarpuBaeMblii MEXaHU3M TOXKE OTHOCHUTCSA KO
IT ximacey.

3anuckiBaeM (popMysy CTpOEHUS MEXaHW3Ma, MOKa3bIBAIOIIYI0, U3 Ka-
KHUX CTPYKTYPHBIX TPYIIIT OH COCTOUT U B KaKOW MOCIIEIOBATEIHLHOCTA OHU
COCTUHSIIOTCS:
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1(0, 1) —> 11(4, 5) > 11(6,7)
i
11(2, 3)

B dopmyne crpoenus pumckue 1mudpsl 0003HAYAOT KIACCHI TPYIIIT
Accypa (mudpa I o6o3nauaeT Mmexanusm | kimacca), a CTPENIKH MOKa3bIBAIOT
Ha MOPSAOK MpUCOeAUHEHUs rpyni Accypa k Mmexanusmy I kiacca.

IIpumep 2. Ha puc. 1.6, a u3obpaxkeHa cxema KyJIauKOBOI'O MEXaHM3-
Ma, B KOTOpPOM BpaliaTreabHOe JIBIKEHUE Kynauka / (OH SBJISETCS BEAYITUM
3BEHOM) Mpe0oOpa3yeTcs B CIOKHOE JIBIYKEHUE TOJIKATENs 3 U B KauaTeIbHOE
JBH)KEHUE KOpOMBbIceN 4 U 5. Uucno n NMOABWKHBIX 3BEHBEB 3/1€ECH PABHO
ISITH, YUCJIO p, HMU3MIMUX (BpallaTeNbHBIX) MAp PABHO ILECTH, YHUCIO P,

BBICIIMX Map PaBHO €MHULE (BBICUIYIO Mapy B o0pa3yloT Kyjnadok / U po-
K 2).

D
. D e 4
E 4 &
G C
I pynna I'pynna Il xnacca 2-20 nopsioka
Il knacca 2 1-20 suoa
3-e0 nopsoka
5 F pynna
S I knacca
?/[exaHLBM AK] G MexaHuSM 2-20 nopsadka
Knacca Kknacca e

Puc. 1.6. KuaemaTtudeckasi cxema MexaHu3Ma (@), «3aMEHSIOIIETo» MexaHu3Mma (0),
€ro CTPYKTYPHBII aHAJIN3 NIpU BEAYLIEM 3BeHE / () U BeAyLIEM 3BEHE J (2)
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CreneHp NOABMKHOCTA MEXAHU3MA paBHA ABYM:
W=3.5-2-6-1=2.

B nanHoM ciiydyae uMeercs OfHa JIMIIHSS CTENeHb CBOOOAbI — BO3MOKHOCTb
KpYIJIOrO pOJIMKA 2 NOBOpAa4YMBaThCs BOKPYT ocu C, HE BBI3bIBas JBHKCHUM
OCTaJIbHBIX 3BE€HbEB. PONIMK BBEJEH M3 KOHCTPYKTUBHBIX COOOpa)KEHUM JUIs
3aMEHBI TPEHMSI CKOJIBKEHUS KyJlauka / 110 TOJKATENI0 3 TPEHUEM KadyeHU.
[Ipy m3ydeHMHM CTPYKTypbl M KMHEMATHKM MEXaHU3Ma POJIMK MOXHO HeE
yuuThiBaTh. KHEMaTHKa MeXxaHN3Ma HE U3MEHUTCS, €CIIM IPOPHIIb KyJlauka
YBEJIMYUTH HA BEJIMUMHY pajinyca posinka (yBeJIWYEeHHBIH NMpoduib noka3aH
Ha YepTexe MTPUXITYHKTUPHOW JIMHUEHN), a POIMK yAanuTh. Toraa Tosika-
Tenb 3 OyJIeT HEMOCPEACTBEHHO COMPHUKACATHCS C YBEIMUEHHBIM Mpoduiem
Kynauka B Touke C, o0pa3ys Beiciyto napy. [locie ynanenus ponuka

W=34-2.5-1=1,

T. €. W coBMajaer ¢ 4ucioM BEIyIIUX 3BEHHEB.

s 3amensl BeICIIEN Tapbl MPOBOAUM 4epe3 TouKy C HOpMaslb 71— 1 K
YBEJIMYEHHOMY MPOGUIII0 KyJlauka U HaXOAUM LIEHTp KpuBHU3HBI S. LleHTp
KpUBU3HBI Npoduiisa Tonkaressi copnangaer ¢ Toukoit C. [Tomemaem B 3TUX
LEHTpax MIAPHUPHI U coeauHsieM X 3BeHOM CS. ¥V «3aMeHAI0IIero» Mexa-
Hu3Ma (puc. 1.6, 6) 3BeHbS M3MCHIIM CBOM O4epTaHUsA. Bemymmm cran
crepkeHb AS. 3BeHO 3 MpeACTaBICHO B HECKOJIbLKO MHOM H300paKeHUH.
CreneHb NMOJIBMXXHOCTH «3aMEHSIIOIIETO» MEXaHU3Ma MO-TPEKHEMY OCTa-
J1aCh PAaBHOU €IMHHIIE.

Ha puc. 6, 6 mokazaHo pa3ioKeHUE «3aMEHSIOIIET0» MEXaHU3Ma Ha
CTPYKTYpPHBIE€ TPYNIIbI. DTOT MEXaHU3M OTHOCUTCS K TpeTbeMy Kiaccy. Ero
dbopmyIia cTpoeHUs 3aMUCHIBACTCS TaK:

10, 1) > 111(2, 3,4, 5).

Ha puc. 6, 2 moka3zaHo pasioXeHHEe 3TOTO K€ MEXaHU3Ma Ha CTPYKTYp-
HBIE TPYMIIBI, KOT/a 3a BeAaylee MPUHATO 3BeHO J. B 3TOM ciydyae Ha mexa-
Hu3M | kiacca (5, () nocnenoBatenbHO HacmoeHbl rpynmsl 11 kimacca (3, 4) u
(2, I). Dopmyina CTpoeHUsI MEXaHU3Ma UMEET BH/I;

[(0,5) > 1(3,4) > 11(2,]).
W3 nmpumepa BUIHO, YTO KJIACC MEXaHHU3Ma MOKET U3MEHSITHCS B 3aBU-
CUMOCTH OT BbIOOpA BEAYIIEro 3BEHA.
Ilpakmuueckan wacmp
CocTaBUTh CXEMY U MPOBECTH CTPYKTYPHBIA aHAIHM3 PEaJbHOTO MeXa-

HHU3Ma WJIN MOJCIN MCXaHHU3MaA.

14



[TpuHaaie:xKHOCTH 1Jist pabOTHI

1. Mexanu3M Ui MOJEIb MEXaHU3MA.
2. UepTekHbIE NPUHAIJICKHOCTH.

3. bnaHk poTokoa.

Ilopaook npoeedenus pabomot

1. O3HaKOMUTBCA C MEXaHM3MOM, YCTAHOBHUTh €ro Ha3HaueHue (110
peoOpa3oBaHUIO JIBUKEHHI), BHIOpATh MOJIOKEHHE MEXaHW3Ma, MpPU KO-
TOPOM XOPOIILIO BUJHO OTHOCUTENILHOE PACTIONOKEHHUE 3BEHBEB.

2. CocTaBUTh CTPYKTYPHYIO CXEMY MEXaHW3Ma, MOJIb3YSCh YCIOBHBI-
MU 0003HaYEHUSMHU 3BEHbEB U map (cM. mpui. 1).

3. [IponymMepoBath Bce 3BeHbs (CTOMKY 0003HaUUThH UPPOit (), KuHE-
MaTHYEeCKHE Mapbl 0003HAUUTD 3arJIaBHBIMU OYKBaMU JJATUHCKOTO ayidaBu-
Ta, 3aMOJIHUTh TAOJUIly KHHEMAaTUYECKUX Tap B MPOTOKOJIE.

4. ITogcunTats YUCIIO MOJABWKHBIX 3BEHBEB M KWHEMATHYECKHX nap. On-
penenuTh CTEeNeHb MOABMKHOCTY Mexanu3ma W o gopmyse Yebbliena.

5. Ecim W mexaHu3Ma HE COBIIAJAET C YHUCIOM BEAYLIUX 3BEHLEB, TO
BBISIBUTDH 3BE€HbSI, CO3AAIOIINE TACCUBHBIE CBSI3U WJIU JIUIIHHUE CTEIIEHU CBO-
00Jbl, M YCIIOBHO yAQIUTh UX. [Ipy Hamu4uu BBICIIMX Hap IPOU3BECTH yC-
JIOBHYIO 3aMEHY Ka)X/I0M BBICILIEH Napbl OJTHUM 3BEHOM C JBYMS HU3IIUMHU
napamM ¥ HAaUepPTUTh CXEMY «3aMEHSIIOIIET0» MEXaHU3Ma.

6. O003HaYNTh BEAyIee 3BEHO CTPENIKOW (Beayiiee 3BEHO 3aacTCs
MPENoAaBaTEIIEM).

7. Pa3znokuTh MEXaHU3M Ha CTPYKTYpHBIE Ipymnbl Accypa. HauepTuth
KQKIYI0 TPyIIy OTAEJIBHO, YKa3aTh €€ KJIacc, HOPSAIOK U BH/L.

8. OnpenenuTh KJacc MEXaHU3Ma U Haucath (POpMyIly ero CTpOeHusI.

KOHmPOJleble 60NRPOCHL

1. Uto Ha3bIBaeTCS 3BEHOM, MEXAHHU3MOM, KHHEMATHYECKOM Mapoi,
AJIEMEHTOM 3BE€HA, KWHEMATUYECKON 1[ebIO?

2. Kak nonpasnensrorcs KUHEMATHYECKHE Mapbl MO YHUCIY YCIOBHU
CBSI31, HAJIAra€MbIX HA OTHOCUTEIBHOE IBUKEHNE 3BEHBEB?

3. Kakne kuHeMaThueckue mnapbl OTHOCATCS K HHU3IIMM M Kakuhe K
BBICIIINM ?

4. Kakre MeXaHU3Mbl Ha3bIBAKOTCS PHIYAKHBIMA?

5. Kakue 3a1aun pemaroTcsi B X0A€ CTPYKTYPHOTO aHAJIN3a MEXaHU3MOB?

6. Kak paccunrath cTeneHb NOJABUKHOCTH IIJIOCKOTO MEXaHu3ma?

7. B yeM CyIIHOCTb CTPYKTYPHOM KJIaCCU(DUMKAIMH TUIOCKMX MEXaHU3MOB?

8. Uto Ha3zbpIBaeTcs rpynmnoil Accypa ¥ Kak ONpeAesitoTCa €€ Kiacc,
MOPSAJIOK U BUT?

9. Kakum oOpa3om BEICIIHE TTApbhl MOKHO 3aMEHUTh KHHEMATHYCCKHU-
MU LEMAMHU C HU3IIUMU MTapamu’?

15



JlabopaTopHas padora Ne 2
M3rOTOBJIEHUE 3YBYATBIX KOJIEC
METOJOM OTMBAHUS
MHCTPYMEHTAJIbHOH PEUKOH

Obuwue nonorcenus

CornacHO OCHOBHOM TeOpeMe IIOCKOro 3auerieHus (teopeme Bumu-
ca), npoduin, nepenaroIIre BpalleHuEe MEXIy NapajljieIbHBIMUA OCSIMU C
3aJIaHHBIM OTHOIIICHHEM YTJIOBBIX CKOPOCTEH, TOJDKHBI ObITh OYEPUYEHBI 110
TaKHM KPHUBBIM, Y KOTOPBIX OOIIasi HOpMaJib, TPOBEICHHAS B TOYKE MX Ka-
CaHusl, JCJIUT MEKOCEBOE PACCTOSIHUE HA YaCTU, OOPATHO MPOMOPIIUOHAb-
HbIC MTHOBEHHBIM YTJIOBBIM CKOpocTsM. [Ipu 3ToM obecneumBaeTcsi HOP-
MajbHas paboTa 3alerieHus, T. €. PO He BHEAPSIOTCS U HE OTXOAAT
JPYT OT JApyTa, a HAXOIATCS B IIOCTOSTHHOM KOHTAKTe.

Touka Il mepecedenust oOmeld HOpMaIM K MPOPUISIM C MEKOCEBOM
JIMHUEH Ha3bIBaeTCs noatocom 3ayennenusi (puc. 2.1).

n

O,
(o5

Puc. 2.1. Kaptuna 3anernieHus
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[Tomroc 3anenueHus SBISIETCS MTHOBEHHBIM LIEHTPOM BpAICHUS B OT-
HOCHUTEJILHOM JIBMKE€HUU Kouiec | u 2. LlenTpounaa Kaxaoro u3 Kojec npei-
CTaBJIIET COOOM rEOMETPUUIECKOE MECTO MTHOBEHHBIX LIEHTPOB BPAIIICHUS B
CHUCTEME KOOpJMHAT, CB3aHHOU ¢ 3TUM KosiecoM. [Ipu moctosHHOM nepe-

JIATOYHOM OTHOIICHUH I, , =21 _ const momoc 3alEIVIEHUs SABIIAECTCS He-
(02
MOJIBMDKHOM TOYKOM, a IIEHTPOUIBI TIPEICTABIIAIOT COO0M OKPYKHOCTH, Ha-
3bIBa€Mbl€ HaualvbHbimu. 1Ipyr BpalleHHMH KOJIEC HAYaJbHbBIE OKPYKHOCTHU
BCE BpEMs KacaroTCs B IIOJIKOCE 3aLCIUICHUS U IEPEKATBIBAIOTCA OAHA I10
JIpyroi 0e3 CKOJIbKEHUs, TPUIEM
_O T

Lo,= T,
(’02 rwl

rIe ®, U m, — yriIoBble CKOPOCTH Konec 1 u 2; r,, ¥ r,, — paguycChl Ha-

YaJIbHBIX OKPYKHOCTEH (HayaIbHBIC PAJNYCHI).

B coBpeMEHHOM MalIMHOCTPOEHUU MPEUMYIIECTBEHHO UCIOJIb3YyETCA
HBOJIbBEHTHOE 3allCTJICHUE, B KOTOPOM MpOPMIH 3yObEB OYEpUEHBI IO
ABOJIBBEHTE OKPYKHOCTH. DB0IbEEHMOU OKPYIHCHOCU HA3BIBAETCS TPACK-
TOpHSI JIFOOOW TOYKHU MPSMOU JTMHUU, TIEPEKATHIBAEMOU 0€3 CKOJBKEHUS 110
OKPY’KHOCTH (puc. 2.2).

Puc. 2.2. XapakTepucTUKN 3BOJIbBEHTHI

OKpy>KHOCTb, 10 KOTOPOW TepeKaThIBaCTCs MpsMasi 7 —n, odpasyrolias
ABOJILBEHTY, HA3bIBACTCSI OCHOBHOU OKPYHCHOCIbIO. Y2110M Npoghuiis 360166eHmMbl
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B JIAHHOW TO4YKe M HA3bIBACTCS OCTPBIM Yroa O, MEXKIy KacaTelbHOM

T—T K DBOJBBEHTE U PAINYCOM-BEKTOPOM, IPOBEJACHHBIM B JAHHYIO TOUKY.
Pammyc-Bekrop OM | mpoM3BONBHOM TOYKH M, SBOJBBEHTHI [0 MO-

JyJII0 PaBEH

po=—tb 2.1)

y - )
COS(Iy

rze 7, — paainyc OCHOBHOI OKPY’KHOCTH (OCHOBHOU PaguycC).
HonstipHbiil yron 6, Ha3bIBAEMbIH 2601b6CHMHbIM Y2LOM NPOJUISL B

Touke M, paBeH
0, =tga, —a,.
OyHKIMA tgo, — 0, MOJTyYHIa HA3BAHUE 960NbEEHMHOU (YHKYUU, UITH

unsontomel: invo, = tga, —o . CrenosarensHo,
6, =inva, . (2.2)

VYpaBuenust (2.1) u (2.2), paccMaTpuBaeMbleé COBMECTHO, SIBIISIIOTCS
YPaBHEHUSIMU 3BOJIBBEHTHI B MOJSPHBIX KOOPJAUWHATAX B MapaMeTPUUYECKOM
(opme (mapamerp — yrou npodpuist o).

Yron v, =0 +0, Ha3bIBACTCS Y2IOM DA3BEPHYMOCMU IEONbECHNIbL.

DBOJIBBEHTA SABJISIETCS PA3BEPTKONM OCHOBHOW OKPYKHOCTH.

N3 ycnoBus oOpa3oBaHUS 3BOJIBBEHTHI BBITEKAIOT CIEIYIOIIUE €€
CBONCTBA.

1. DBoJIbBEHTa HAYMHAETCS HA OCHOBHOM OKPY>KHOCTH W MMEET Mpa-
BYIO M JIeBYI0 BeTBU (M 3, u M [3)).

2. Hopmanib K 3BOJIBBEHTE B JIFOOOU €€ TOUKE SIBISIETCS KacaTelbHOM K
OCHOBHOM OKPY>KHOCTH, MPUYEM TOUKA KACAHUS €CTh LIEHTP KPUBU3HBI, a
pPAcCTOSIHUE 10 HOPMAJIA OT TOYKHM KacaHUs IO SBOJBBEHTHI €CTh PaguycC
KPHUBU3HBI 3BOJIbBCHTHI B IaHHO# Touke (p, =CM ).

3. JIB€ OAHOMMEHHBIE PBOJIBBEHTHI OJHOW M TOW K€ OKPY>KHOCTH SIB-
JSIOTCA SKBUAUCTAHTHBIMU (PABHOOTCTOSIIIIMMU; PACCTOSTHUE MEXKITY HUMU
10 HOPMaJIM PaBHO 1yre OCHOBHOW OKPYKHOCTH, 3aKJIIFOUYEHHON MEXKy Ha-
vanamu 3BonbeeHt (NM, =M M,).

4. ®opma 3BOJIbBEHTHI 3aBHCHUT TOJIBKO OT paJilyca OCHOBHOM OKpPYXk-
HOCTH. B nipenierie r, — o0 5BOJIbBEHTA IPEBPAILACTCS B IIPSIMYIO JIMHHUIO.

OCHOBHBIE T€OMETPUUECKUE MapaMETPhI HUIHMHIPHUUECKOTO 3y04aToro
KOJieca MOKa3aHbl Ha puc. 2.3.
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Puc. 2.3. OcHOBHBIE T€OMETPUUECKUE MAPAMETPHI
[WIMHIPHYECKOTO 3y0uaToro Kojeca

BricoTa 3yObeB orpaHnyeHa OKpY>KHOCTHIO BEPUIMH U OKPY>KHOCTBIO
BITAJIUH:

h=r, =1,

I7ie 7, — pauyC BEPLINH 3yObeB; 7, — pajiycC BIa/MH,
[Ipoduiu 3yObeB SBISIOTCA HBOJIBBEHTAMU OCHOBHON OKpY>KHOCTHU
panuyca 7, . OBOJIBBEHTHBIN IPOQUIb U OKPY’KHOCTb BIIAJAWH COECIUHSIOTCA

NEPEeXOIHOM KPUBOM, KOTOpas UMEET pa3Iu4yHOE O4YepTaHHE B 3aBUCUMO-
CTH OT crioco0a Hape3aHus 3yObeB.

PaccrosiHre MeXIy OJHOMMEHHBIMHU (JIEBBIMU WJIM TPAaBBIMU) TPOQH-
JSIMH COCETHUX 3YOBEB IO IyTe OKPYKHOCTH HA3bIBACTCS OKPYIHCHBIM Uid-
2om 3ybves. lllar ckmagpiBaeTcs M3 TONIIMHBI 3y0a M IIMPUHBI BIAIUHBI.
15t OKpY)KHOCTH IPOM3BOJILHOIO pajinyca 7,

py :Sy+€y,

re p, — OKPYKHOM miar; s, — OKpY)KHas TOJIIKMHA 3y0a; e, — OKpY»KHas

IIMpPYHA BIIAJUHBI.
OTtHoIIEHNE
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Ha3BIBACTCSL OKPYIICHLIM MOOYIeM 3y0bes Ha OKPYKHOCTH pajuyca 7, . Torna

m. z
ro=—,

)

IJIe Z — YUCIo 3yOheB KoJeca.
lar p, u Moaynb m, 3aBUCAT OT TOTO, IO KaKOW OKPY)XHOCTH OHH

3aMEPSAIOTCS WU PACCUUTBIBAIOTCS.

Ha xonece BbIaEnseTCsa pacuyeTHast OKPY>KHOCTb, OKPY>KHOU MOAYJIb HA
KOTOpPOW paBeH CTaHAAPTHOMY MOAYJIO 3yOOpPE3HOr0 MHCTPYMEHTa. JTa
OKPY’KHOCTb HAa3bIBACTCSl OequmenvHol, a OKPYKHOW MOJyJb 3yObeB Ha
NEJINTENBHON OKPY’KHOCTH HA3BIBACTCA pACYEMHbIM MOOYIeM 3y0daToro
KoJjeca:

m=—-—,
T

rac p —mar 1o HCHHTGHLHOﬁ OKPYKHOCTH.

PacueTHblif MOIynb — OCHOBHOM MapameTp 3yOuaTroro Kojieca, €ro
3HaueHust omnpenenensl 'OCT 9563—-60. CnepoBarenbHO, paguyc JIeid-
TETBLHON OKPY>KHOCTH (I€IUTENbHBIA PauyC) paBeH

r=—.
2
Jlnst mpsiMO3yOBIX KOJIEC, HAPE3aHHBIX CTAHAAPTHBIM HHCTPYMEHTOM,
yroia npo¢uis 3BOJIbBEHTHI Ha JEIUTEIbHON OKPYKHOCTH paBeH o = 20°.
Yacte 3y0a, 3aKII0ueHHAs MEXAY OKPYKHOCTHIO BEPIIUH U JEIUTEb-
HOW OKPY’KHOCTBIO, HA3BIBACTCS OeIUMENbHOU 20J106KOU 3Y0a WIN 20/106-
Kot 3y6a. BeicoTa TronoBku 3y0a

h,=r,—r.
Yactp 3y0a, 3aKiIr04eHHass MEXKIY JCIUTEIbHON OKPYKHOCTBIO U OK-

PYXHOCTBIO BIIAJHMH, Ha3bIBACTCS OeIUMENbHOU HONMCKOU 364 WA HOKKOM
3y0a. BoicoTa HOXKH 3y0a

hf:r—rf.

. 2n 360°
LleHTpanbHbId yTOA T=— WIUA T=

z z

Ha3bIBACTCA )2l106bIM Uld-

20M 3)0bes.
DBOJILBEHTHOE 3alleTICHUE 00eCIIeYnBaeT Nepeaady BpalleHus ¢ Io-
CTOSIHHBIM MepeAaTOYHBIM OTHOIIICHUEM.
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Tpaektopust 001Ieil TOUKHM KOHTAaKTa npoduiieid B HEMOABUKHONU CHC-
TeM€ KOOPAMHAT Ha3bIBACTCS JiuHUel 3ayenierusi. B DBOJILBEHTHOM 3allen-
JICHUU JIMHUEH 3aleruieHus sisercs npsamas N, N, (cM. puc. 2.1), oOmas

KacaTelbHasi K OCHOBHBIM OKPY’KHOCTSIM. DBOJIbBEHTHBIE IIPOPHIN MOTYT
OBITh CONpPSDKEHHBIMM TOJBKO B mpenenax N,N,, 3a npepenamu NN,

DBOJILBEHTHI IIEPECEKAIOTCA. YYacTOK F P, JIMHUM 3alEeIUIEHUs, 3aKI0YeH-

HBIA MEX]y OKPYKHOCTSMHU BEPILUH 3yObeB, HA3BIBACTCA AKMUBHOU JTUHU-
el 3ayenienus. IBOJIbBEHTHBIEC MPO(UIN KacaloTCs TOJBKO HAa 3TOM y4acT-
Ke, IPUYeM KOHTAaKTUPYIOT IPYT C APYTOM TOJIBKO YacTu MpoQuiieit, Ha3bl-
BAaE€MBbIE AKMUBHBIMU NPOPUAAMU.

Yron o, Mexay JIMHUEH 3alellIeHUs U NEPIEHAUKYIIIPOM K MEXKOCe-

BOM JIMHUM Ha3bIBaeTcsl yenom 3ayennenus. OH paBeH YIiy MOpoQuils
HBOJIbBEHT Ha HAYAJbHBIX OKPYKHOCTSIX.

Cy1iecTBYyIOT J1Ba MPUHIMIIUAIBHO OTIIMYAIOLIUXCA APYT OT Apyra Me-
TOJ1a U3TOTOBJICHUS IIMJIMHAPUYECKUX 3BOJIBBEHTHBIX KOJIEC — METOJ] KOIIH-
poBaHus U MeTo1 0OKaTku (orubanus). [Ipu U3roToBIEHUN KOJIEC METOIOM
KOIUPOBaHUS pabOYue YaCTH MHCTPYMEHTa UMEIOT (JOpMY BIAJUHBI MEXK-
ny 3yobsmu. K aToMy MeTOAy OTHOCHUTCA, Hampumep, (ppe3epoBaHHE MO-
TyJBHOW AMCKOBOW WM MaiblieBOil (ppe3oit. CyliecTBeHHbIE HEJOCTATKU
METOJa KONMUPOBAaHUS — HU3Kas MPOU3BOAMTEIHHOCTh, MOTPEOHOCTH B
OOJIBIIIOM KOMITJIEKTE MHCTPYMEHTA, HEBBICOKAs TOUHOCTb.

MeTton oOkaTku sBIsieTCS OCHOBHBIM. [lpy Hape3aHuW pexyImuid WH-
CTPYMEHT U 3arOTOBKa UMEIOT TaKOe )K€ OTHOCUTENIbHOE JBUKEHHE, KaK U
JIBa 3y04aThIX KoJieca B 3alleIUIeHUU (JBH>KeHue o0katku). [loatoMmy HHCT-
PYMEHT (J10J105IK) MpeICTaBIsIET CO00M KOJeco ¢ 3yObsiIMU IBOJILBEHTHOTO
npo¢uis, 3aTOYeHHBIMU AJ1s1 pe3anusd. Kpome BpamatenbHoro, A0i0sK co-
BEpILIAET BO3BPATHO-MOCTYMATENIbHOE IBM)KCHHE BAOJb OCH 3arOTOBKU
(mBuxeHue pesanus). BMecto non0sika B KauecTBe 3yOOpPE3HOTO MHCTPY-
MEHTa MOXeET ObITh MCIIOJIb30BaHa peiika (rpedeHKa) ¢ NpsAMOJIMHEHHBIMU
npouiasiMu 3yObeB MM MOJyJIbHAsl YepBsiuHas (pe3a, KOTopas B OCEBOM
CEYCHUHU UMEET MPO(HITb PEUKH.

[IpeumymiectBa MeToga OOKAaTKM — BBICOKAs MPOU3BOIAUTEIBHOCTD,
OosblIasi TOYHOCTh, BO3MOXKHOCTb Hape3aHHsl KOJEC C PAa3IUYHBIMU YHC-
JaMu 3yObeB OJTHUM MHCTPYMEHTOM JaHHOTO MOIYJIS.

[TapameTpsl 3y00pe3HOTO HHCTPYMEHTA, PabOTAIOIIEro o METoIy 00-
KaTKH, ONPECISIOTCS B COOTBETCTBUU CO CTAaHIAPTHBIM HCXOJHBIM KOHTY-
poM 3y0YaThIX KOJEC, MO KOTOPHIM MOHUMAETCS KOHTYp 3yObEeB pEHKH B
CEUYEHUHU IUIOCKOCThIO, MEPHEHAUKYJISIPHOH K HAIpaBlIEHUIO 3yObeB
(I'OCT 13755-68).
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3yObsl MHCTPYMEHTAJIbHOM pPEMKU OYEpUEHbI N0 BHAJAUHAM HUCXOJHOTO
KOHTypa. CeueHue MHCTPYMEHTAIbHOU PEKU HA3BIBACTCA UCXOOHBIM NpO-
uzsoosiuyum konmypom (UK) (puc. 2.4).

o =20° — yroa nmpoduis UCXOTHOTO KOHTYPa;

. =1 — ko3 PULMEHT BBICOTHI TOJIOBKH 3y0a;

¢ =0,25 — ko3(HUIMEHT paguanbHOro 3a30pa (B psje CIydaeB Jo-
myckaeTcs yBeauuenne 10 ¢ = 0,35);

p,=0,4 — paxnyc 3aKpyriIeHHUsL.

L2 d a
N X/—’
7 ' 7
« S |
=) JlenumenvHas
N | npamMas
=2
\7//4
= - pl2 p2
= B p=7m o

Puc. 2.4. UnctpyMeHTalIbHAs peiika

B mpenenax BbICOTBI 2/,m mpoduilb 3yObeB PEUKH — IPSIMOJIMHEN-

HBIA. DBOJILBEHTHAS YacTh 3y0a Koseca (GOpMHUPYETCs TOIBKO 3TUM Y4acT-
KOM, a IepexoJHasi KpUBasi MEXAY 3BOJbBEHTON M OKPY>KHOCTBIO BIAJUH
CO3/aeTcsl CKPYTJIEHHBIM YYaCTKOM 3yObEB PEHKHU.

HomuHanbpHOM cunTaeTCs Takas yCTaHOBKA MHCTPYMEHTAIBHON PENKH,
IpU KOTOpPOH ee AenuTenbHas (CpeAHsis) mpsiMas KacaeTcsl AEIUTEIbHON
OKpPY’KHOCTH Hape3aemMoro koisieca. B aTom ciydae Hapesaercs koiseco 0e3
cMenieHus (HyJIeBoe WM HopMaibHOE). Eciy ke B CTAHOYHOM 3aleIIIEHUN
JeNINTENbHON OKPYKHOCTHU KacaeTcs Jito0ast apyrasi npsiMasi, mapajienbHast
NeNUTENbHON (Takas mpsMas Ha3blBaeTCs HadajlbHOW), TO Hape3aercs Ko-
JIeCO CO cMelleHueM (KoppurupoBaHHoe). JlenuTenbHas OKPYKHOCTh KO-
jeca U HayalbHas MpsiMas peKH SBIIIOTCS LEHTPOUIAMH B OTHOCHTEIIb-
HOM JIBI)KEHUH, OHU MEPEeKaTBhIBAIOTCS APYT MO JAPYry Oe3 CKOJIBKEHHS.
[ToaToMy TOJBKO MO JENUTEIHHONW OKPYKHOCTH IIAr U MOAYJb 3yObeB KO-
Jleca paBHBI LIary 1 MOAYJIO0 3yO0pe3HON perKH.
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PaccrosiHne xm Mexnay AETUTEIbHOU MPAMON U AETUTEIBHOU OKPYXK-
HOCTBIO TPEJACTaBIAECT COOOW CMENIEHUWE HCXOAHOTO KOHTypa OT HOMHU-
HaJLHOTO MoJioKeHus (puc. 2.5). OTHOUIEHHE CMENIEHUsI UCXOJHOTO KOH-
Typa K pacue€THOMY MOJIYJII0 Ha3bIBaeTCsd KOIPPUIIMEHTOM CMEIIECHUS HC-
XOJTHOTO KOHTYypa (X).

S
=
| Llenumenvuda npamas
‘ k/,1’[ Hauanenas npsnas
N W
] *'QQ) "
. 7
. S
Q

Puc. 2.5. CmernieHne uCX0HOTO KOHTYpa

CMmerieHue CcYMTaeTCsl MOJNOXKUTENbHBIM (X >0), ecnu nenuTenbHas
npsiMasi He NIEPECEKAET ACIIUTEIbHON OKPYKHOCTH HApe3aeMoro Koiieca, u
orpunareiabHbiM (x <0), ecnu mepecekaer ee. s koiec 0€3 CMEIICHHS
(ayneBbx) x =0.

Ecnu rpanuunast npsimas /—/ y BepIIMH 3yOb€B MHCTPYMEHTAIBHOU
PENKM MEePECEKAET JIMHUIO 3aLeTUICHUS 3a MPEAEIbHON TOYKOM N, TO BO3-
HUKaeT SBJICHUE MOJApe3aHusi 3yObeB, KOTOPOE 3aKIIOYaeTCs B TOM, UTO
4acTh 3BOJIbBEHTHOrO MpOQuis Yy OCHOBaHUS 3y0a cpe3aercs, HoXKa 3y0a
ocnabnsercss B onacHoM ceueHuu. llogpe3anue oOOBSACHAETCA TEM, UTO
HBOJIbBEHTHBIE MPOQPMIN MOTYT KacaTbCs TOJBKO HA JJUHUU 3alEIJICHUs, a
3a ee MpeeslaMy YBOJIBBEHTHI IIEpeceKaroTcs. B ciiydae nmoape3anus Touka
G’ okasbiBaeTcs BHE oTpe3ka IIN .

Haumensiuee uncio 3yObeB, CBOOOIHBIX OT MOAPE3aHUs, OIPEAEIIIET-
cst o popmyiie

.
_ 20, —x)
sin“a

min
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B cnydae Hapesanus konec 0e3 cmemieHus (x =0) HHCTPYMEHTOM CO
CTaHIapTHBIMU TlapametpaMu /i, =1 u o= 20° noiyuum z,_ =17.

[Togpe3anue npu Hape3aHUM KoJeca C YUCIOM 3yObeB z <z . MOXKHO
YCTPaHUTH IyTEM COOTBETCTBYIOIIETO BhIOOpa KOA(PDUIIMEHTA CMEIICHUS X .

KoadduirieHT HauMeHbIIero CMEIEeH s, OTIPEIEISIeMbIil U3 YCIOBUS OTCYT-
CTBUS MMOJPE3AHUs, PABEH

x Z . 9
X =h ——sin"a

npu h, =1 u o=20°

17—z
17

Komneca co CMCHICHUCM IIPHUMCHAIOTCA HC TOJIBKO IJIs1 YCTPAHCHHA
noape3aHud 1pu z <z HO M AJId IIOBBIIICHUA KOHTAKTHON M M3TrHOHOM

X, =1—0,0585z, wm x_, ~

min ?
IIPOYHOCTH 3yObEB, Il YMEHBIICHNS UX U3HOCA U TOBBILIICHUS JOJITOBEY-
HOCTH, JUISl NTOJIy4E€HHs 33JaHHOTO MEXOCEBOT'0 PAaCCTOSHHUS Iapbl KOJEC U
B PsiZie APYTHUX CIIy4aes.

KoadunmenTs! cMenienrs BbIOMparoT UCXO0I U3 YCIOBUS MOTYUYEHUs
TpeOyeMbIX IOKa3aTejaedl 3aleIuIeHNs ¢ NOMOIIbI0 CIELHMAIbHO COCTAB-
JIEHHBIX TA0JIUL WIN IpapUKOB, HA3bIBAEMBIX OJOKUPYIOLIUMH KOHTYPAMH.

B 3aBucuMoctu ot coueranus K03(pPUIMEHTOB CMELIECHUS Pa3INyaroT
CJIEyIOIINE TUIIBI 3al€TUICHUI: 1) HyleBoe; 2) HyJIeBOE€ PaBHOCMEIIEHHOE;
3) nmonoxutensHoOe; 4) oTpuuarenabHoe. Hynessle 3anenieHus nepBoro u
BTOPOI'O THIIOB XapaKTEPU3YIOTCA TEM, YTO KO3(pPULIUEHT cyMMBI cMelie-
HHH Xy = X, + X, =0, IpuYeM B 3alleIUICHUH IIEPBOro Tuma x, =x, =0, T. €.

o0a kojeca 0e3 CMEIIEHUs, a B 3alEIUICHUH BTOPOro THMHA X, =—X,, T. €.

CMEIICHUS paBHBI M0 BEIMYWHE, HO MTPOTHUBOIIONIOKHBKI 1O 3HaKy. B 06omx
Cllydasix yroj 3aleIUIeHHs 0., PaBeH Iy NpoQuis UCXOJHOTO KOHTypa o,

ACIUTCIIBHBIC OKPYXHOCTH OAHOBPCMCHHO ABJIAIOTCA HA4YaJIbHBIMU OK-
PYXKHOCTAMU B 3alICIINIICHNUN, BBICOTA BY6L€B paBHa

h=QK +c)m=2,25m.

B nepBom ciiyyae, KpoMe TOTo, TONIINHA 3yObeB IO JIETUTEIbHBIM OK-
PYXHOCTSIM paBHa MOJIOBUHE I11ara.
B 107105KUTENBHOM 3alleIUICHHU X5 > 0, ClIe0BaTEeBbHO, O, > 0.; B OT-

pUOaTCIbHOM 3allCINICHUN X <0 , CJI€NOBATEIIbHO, O, <O. I[JIH 3ancCIlIC-

HHA 3THUX THUIIOB XapPaKTCPHO HCCOBIIAACHHC HA4YaJIbHBIX OKp}I)KHOCTeﬁ C
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JACIHUTCIIbHBIMU. Me>1<):[y ACIINTCIIbHBIMU OKPYKHOCTAMHA 000MX KOJIeC UME-
€TCA BOCIIPUHUMACMOC CMCIICHHUC

ym=a, —a,

rae y — Ko3(pQUUUEeHT BOCIPUHUMAEMOTO CMELIEHUS,

r7ie a, — MeXOCEBOe PAacCTOSIHUE Mepeiaun; a — JIeIUTEeIbHOE MEKOCEBOE
paccTosiHue, paBHOE CyMME JICTTUTEIILHBIX PaInyCOB.

JIis  MoNoXUTENbHOro 3aneruiehns ¥ >0, aId OTpUIATeIbHOTO —
y <0, st HyJeBbIX 3areruiennii y =0.

BocnpuaumaeMoe cMmerienne B nepenade (ym) HE paBHO CyMME CMe-
IEHMH HCXOIHOTO KOHTYpa Ui 000MX KOIEC (Xym) :

ym=xsm—Aym,
rae Ay — ko3hULIUEHT YpaBHUTEIbHOTO CMEICHUS:
Ay=xs—y,
rae Aym — ypaBHUTEIBHOE CMELIEHUE.

Bricora 3yObeB mpu xy # 0 OJHO3HAYHO HE BBIPAXKACTCH YEPE3 pac-
YEeTHBIA MOAYJIb KOJIeca U MOXET ObITh BBIYHCIIEHA 110 (GopMyJIe

h=Q2h +c —Ay)m.

W3 GpopMynbl BUTHO, UTO YPAaBHUTEIbHOE CMEIlIeHHE Aym TOKa3bIBaeT
YMEHBIIIEHUE BBICOTHI 3yObEB B 3aLEIUIEHUAX CO CMEILEHHEM (Korga xy # 0)
TI0 CPAaBHEHHIO C BBICOTOM 3yOb€B B HYJIEBBIX 3all€IUICHUAX (Koraa xy = 0).
Jlnst myneBbix 3areruieanii Ay =0.

[Tpouiecc u3roToBneHus: 3y04aToro Kosieca Mo3BOJSET MOJAEIUPOBATH
nabopatopHasi yctaHoBka TMM-42 (puc. 2.6), coctosimasi U3 aucka 4, Ha
KOTOPOM 3aKperuisieTcss OyMaXKHbIH KpPYyr HYKHOTro AuaMerpa (OH UMUTH-
pYET 3aroTOBKY), U PEUKH 2, IPEACTABISAIONICH UCXOIHBIA MTPOU3BO AN
KOHTYp PEXYILEro MHCTpyMEHTa. Pelika Kpenurcs K KapeTrke / 1ByMsl BUH-
Tamu 9 u 12, BXonauMu B na3el peiiku. C o0enx CTOPOH peWKH Ha IaT-
dbopmMe uMeroTcs aBe WKaibl 8 U 13, ciyxamye A QUKCalruy MOJ0KEHUS
PEVKHN B 3aBUCHMOCTH OT CMeIIeHUs xm. B mponecce nBuxkeHns perka 2
orubaer nuck 4, kak WIIK 3aroroBky. Ilpum mepemenienun As peviku
JMCK TIOBOpavMBaeTcs Ha yron ¢ =As/r. [IpepbIBUCTOE TIOCTYNATEIHLHOE
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IaroBO€ MEPEMEIIECHUE PEVKHA OCYLIECTBIISIETCS KJIaBUIIed // B TOM Ciy-
yae, ecnu ['-o0pa3Has pykostka /0 nexut Ha yrnopHoM mtudre. [loep-
HYB PYKOSTKY /() TPOTHB YacOBOHM CTpPENKH, MOJIYyYUM CBOOOJHOE Tie-
pemenienue peiiku. Ilepemelenue As peilku 2 U MOBOPOT JAHMCKa 4 Ha
yroja A¢ coriacyroTcsl MpU MOMOIIM HATSHKHOW CTpyHBI 7. UTOOBI moBep-
HYTh JMCK HE3aBUCHMO OT PEKH, HEOOXOAUMO OCIa0UTh CTPYHY, MOCTa-
BUB PYKOSTKY /4 (OBOpauMBasi IPOTUB YACOBOW CTPEJIKH) B IOJIOKEHUE
HYDKHEro ynopa. s HaTiara cTpyHbl PYKOSTKY /4 CTaBsAT B IOJIOKECHHE
BEPXHErO yIopa.

//// \\ \\
13 12 11 10 9 8
Puc. 2.6. Ycranoska TMM-42

[Ipu mocnenoBaTeILHOM OOBEACHUH 3yOhEB PEUKH KapaHIAIIOM MOX-
HO TOJYyYUTh Ha OyMaKHOM KpyTe Mpoduis 3yObeB, KOTOPhIE MOJCITUPYIOT
B MacmTabe 1:1 3yObsi Koseca, WM3roToBiseMoro Ha cranke. [Ipodwunu
3yObeB, MOJYYEHHBIE MPU Pa3HBIX CMEIICHUSIX X7/, JAIOT BO3MOKHOCTH
OLICHUTbH BJIMSIHUE CMEIICHUS Ha popMy 3y0a.

B nannoif paboTe BHavase BRIUEPUUBAIOTCS 3yObsl Kojieca Oe3 cMmerne-
HUsl (HYJIEBOTO), KOTOPbIE OKa3bIBAIOTCS MOAPE3aHHBIMU, TaK Kak z < 17.
3atem omnpenaensercs cmemenue WUIIK (3ybope3Hoit peiiku), Heo0X0aumMoe
JUTSI YCTpaHEHUS TIOJIPE3aHUs, U BEIYEPUUBAIOTCS 3yObsl KOJIeca CO CMeEIIIe-
HUEM (TTOJOKUTEIbHBIM).

Hpalcmuttecmm uacmo

[TocTpouTh 3BOJIBBEHTHBIE 3yObsl KOJIECA METOAOM OTMOAHUs IIPU ITOMO-
{1 UHCTPYMEHTAJILHON PEUKU U BBIIIOJIHUTH UX T€OMETPUUECKUI pacyerT.
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[TpunaasiexxHOCTH 17151 pabOTHI

1. YcranoBka TMM-42 nnist BeluepuMBaHUSL 3yObEB 3BOJIBBEHTHOTO
npodus.

2. BymaxxHbIi KpyT (3arOTOBKA).

3. Kapanpai, qupkyJsib, TUHEHKA.

4. KanbKynarop.

5. bnank npoTokoa.

Ilopaook npoeedenus pabomot

1. 3anucarp B OJaHK MPOTOKOJIA HOMEP YCTAaHOBKHM, 3a/IaHHBIC BEIIH-
YUHBI M, d; (OHU BRITPAaBUPOBAHBI HA peiike mpubdopa), a TaKkKe mapameTphbl
peiiku o = 20°, i, =1, ¢ = 0,25. Yuciio 3y6beB z, onpenensercs 1o ¢hop-
Mmyne z; = d, / m, a z, BeIOMpaeTcs mo tabnuie. BapuanT 3amaercs nperno-
JaBaTesieM.

Yucso 3y0beB KoJseca 2

Howmep Bapuant
YCTaHOBKH | A b B r | E XK 3 )4 K
19 10 11 12 13 14 15 16 17 18
18 20 10 11 12 13 14 15 16 17
17 19 20 10 11 12 13 14 15 16
16 18 19 20 10 11 12 13 14 15
15 17 18 19 20 10 11 12 13 14
14 16 17 18 19 20 10 11 12 13
13 15 16 17 18 19 20 10 11 12
12 14 15 16 17 18 19 20 10 11
11 13 14 15 16 17 18 19 20 10
10 12 13 14 15 16 17 18 19 20
20 11 12 13 14 15 16 17 18 19
11 20 19 18 17 16 15 14 13 12
12 10 20 19 18 17 16 15 14 13
13 11 10 20 19 18 17 16 15 14
14 12 11 10 20 19 18 17 16 15

T N I S e = D=l e BN I LV BN ST

2. C nmomomipi0 CheMHOW MIaObl 5 M BUHTA 6 YKPENUTh OyMakKHBIN
KpyT Ha IHCKe 4.

3. Ocnabutp BUHTHI 9 U /2 U YCTAaHOBUTH PEHKy 2 B HYJIEBOE MOJIOXKE-
Hue mx = 0, Ipu 3TOM PUCKA HA PEUKE JIOJKHA COBIIAJIATh C HYJEBOW OT-
METKOW Ha LIKaje, a JAejuTelabHas (CpenHss) npsMasi pekKu KOCHEeTCs Je-
JIUTEIIBHON OKPYKHOCTH 3.

4. Tlonw3ysick peiuarom cBoOogHOro xoxa (), mepeBecTH peuky 2 B
KpaiHee MpaBoe MOJI0KEHHUE.
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5. Haxxumas Ha knaBuiry // u oOBOAs KapaHAamoM npoduiu 3yOobeB
periKku 10 TeX Mop, MoKa OHA HE MPUJIET B KpalHee JIeBOE MOJIOKEHUE, T0-
JY4YUTh ABA-TpU Mpoduiisi 3yObeB Kojeca.

6. ITo popmyne (1. 2.2 Ha GiaHKe MPOTOKOJA) ONMPEACTUTh K03 du-
IIUCHT CMEIICHHS X|min ¥ CMEIICHUE A| = Xini/ (1. 3 Ha OJIaHKe TTPOTOKO-
na). OTOABUHYTH pelKy OT IIEHTpa 3aroTOBKU Ha BeJIMYMHY A; (IO IIKa-
JlaM) ¥ 3aKpenuTh BUHTaMu 9 u 12,

7. CHOBa OTBECTH PEHKY B KpailHee mpaBoe mnoJiokeHue. IloBepHyB
PYKOSITKY /4, 0cabuTh HATSXKEHUE CTPYHBI U MOBEPHYTH IUCK 4 TIpUMeEp-
HO Ha 180° Tak, 4TOOBI YKCTas YacTh 3arOTOBKM OKa3zayiach crpasa. Bep-
HYTb PYKOSITKY /4 B UCXOIHOE MOJI0KECHUE.

8. MeTo/10M, ONTUCAHHBIM B II. 5, BEIYEPTUTH 3yObsl KOJIeca CO CMellle-
HUEM, TIOCIIC YeTO CHATh OYMaKHBIN KPYT C JHCKA.

9. Ilo mpuBeneHHBIM B IpoTOKOJie popmyiam (4.1)—(4.14) paccuurath
napaMmeTpbl Kojieca 0e3 CMEIICHHUS U CO CMEIlleHUEeM (3HadeHUs! (PYHKIUU
WHBOJIIOTHI IPUBEJICHBI B TIPUIL. 2).

10. Hanect Ha OyMa)xHBIM KPYT MOITYOKPY>KHOCTU PATAUYCOB 71, 1,
b1, I'n YU ¥g (HA OZHOM MOJOBUHE — JUIA KoJleca 0e3 CMEIEHHs, a Ha Jpy-
oM — JJIs KOJIECa CO CMEILCHUEM.

11. U3mMepuTh TONIIUHBI 3YObEB 81, Sy1, Sp1 U Sq1 JISI 000UX KOJEC U
CONOCTaBUThH MOJYYEHHBIE 3HAUCHHUSI C PACUETHBIMU. Pe3ynbTaThl 3aHECTHU B
Ta0IUILy.

12. OdhopMUTH TPOTOKOIL.

Konmponwvnsie éonpocut

1. Kak pacnosioxkeHa AelUTENbHAS NpsiMasi pEMKU OTHOCUTEIBHO Je-
JIMTEIBHON OKPY>KHOCTH Koneca npu x = 0, x > 0, x < 0?

2. Kak onpenenutb kK03(pPUIUEHT CMENICHUs, PU KOTOPOM BO3HHUKA-
eT moipe3anue 3yoa?

3. Kak uzmeHstoTcs aenurenbHasi TONIMHA 3y0a W TONIMHA 3y0a Ha
OKPY>KHOCTH BEPIIIUH MPU YBEIMUYECHUU KOADPHUITMEHTA CMETICHHS ?

4. Yto Ha3pIBaeTCs 3y0OUaThIM 3aLEIUIEHUEM, CTAHOYHBIM 3alleIJICHHEM ?

5. Yto Takoe OKpy>XKHOH MOAYJb 3yObeB, pacUeTHbIN MOIyJb 3y0daTo-
ro KOJieca, IeUTeNbHasi OKPYKHOCTb?



JlabopaTopHas pa6ora N2 3
ONNPEAEJIEHUE MOMEHTA UHEPLIMH
TBEPAOI'O TEJIA METOA0M
OGU3INYECKOTO MAATHUKA

Obuwue nonorcenus

MOMEHTOM MHEpPUMHU TBEPAOrO Tela OTHOCUTEIBHO OCU HA3bIBACTCS
M€pa MHEPTHOCTH 3TOTO TEJIa MPU BPAIIATEIIbHOM JIBUXEHUHU BOKPYT JaH-
HOU OCcM. MOMEHT MHEpLIMH TeJla 3aBUCUT TOJIBKO OT MAcChl TeJla U €€ pac-
pEACICHUS.

Maremarnyeckru MOMEHT HHEPLIMM TeJIa OTHOCUTEIILHO OCH, IPOBEACHHON
B TEJIC WM BHE €TI0, BBIPAXKAETCS CyMMOM IPOU3BENECHUNM MAacChl 1, KaKIon
MaTepHaIbHON YaCTHILIBI TEIA HA KBAPaT PaCCTOSHUA P, €€ OT JaHHOU OCH:

k=n
J=> mp;. (3.1)
k=1

ToYHO BEIUUCIUTE MOMEHT HHCPIHHUU TCJIa MOXKHO, Hepeﬁm{ K HHTC-
rpany:
2
J = j p’dm. (3.2)
m

B cucrteme CH MOMEHT MHEPLIMH BBIPAXKAETCSA B KMJIOTPaMMax Ha METP
B KBAJIpare (KF-MZ).

Ecin n3BecTeH MOMEHT MHEpLUUU J¢ OTHOCUTEIBHO OCH, IIPOXOASAIIEN
Yyepe3 LEHTP Macc Telaa, TO MOMEHT MHEpUMH J_ OTHOCUTENBHO KaKOM-

100 APYroil ocu, mapaieIbHOM NEPBOM U OTCTOAIIECH OT HEe Ha PacCcTos-
HUU @, ONPENIENAETCS HA OCHOBAHUM TEOPEMBI O MOMEHTaX MHEPLUHU OTHO-
CUTEJILHO TIapasuIeNIbHBIX ocel (Teopema I'rolirenca — [lteitHepa):

J. =Jg+ma’, (3.3)

r7ie m — macca Tena.

MoOMEHTBI MHEPIMU OJHOPOJHBIX TEJl, UMEIOIINX MPaBUWIbHYIO TI'€O-
METPUYECKYIO (OpMY, ONPEACIAIOTCS aHATUTUYECKH 10 (hopMyiiam, KOTO-
pbI€ MOKHO HAUTH B TEXHUYECKUX CIIPABOYHHKAX.

B neransx mamwuH cioxHON (OpMBI MOMEHTHI MHEPIIUU MHOTIA BbI-
YUCUTh 3aTPYJHUTENIBHO. [103TOMY HX ONpenemnstoT dKCIEepUMEHTANIBHO,
BBIOMpasi MeTOJ, HauboJiee yI00HBIM /17151 Tea JaHHOU (OPMBI.
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PaccMmoTpum omnpesneneHrne MOMEHTa HHEPLUUU IO METOAY (PU3UYECKO-
ro MasTHUKA. OTOT METOJ MNPUMEHHMM JJid Tell YIJIMHEHHOU (OpMBI,
MMEIOIIUX OTBEPCTUS Ui IOJBEIIMBAHHS HA TOPU30HTAIBHYIO OCh, HE
IPOXOAILYIO Yepe3 HEeHTp TskecTH (puc. 3.1).

Puc. 3.1. ®usnueckuii MasiTHUK

Takoe Teno mnpencrabisieT coboi (U3NUECKUN MaATHUK, MOMEHT
WHEPIUU KOTOPOTO OIpeesieTcsl MpU Kojie0aHUU ero Mo AeHUCTBUEM CH-
Jbl TSOKECTH. 3anumeM auddepeHuaibHOoe ypaBHEHUE BpallleHHs Tela
BOKPYT JAHHOM HEIOJBUKHON TOPU30HTAIIBHON OCH:

d’¢
J, % =M, (3.4)
WIH
d’¢ :
J, o =—-Gasing, (3.5)

7€ @ — PacCTOSHUE OT OCH JIO IIEHTPA TSHKECTH S .
Jlnst Manbix kojebanuii, korma @ <5...10% sing =~ Q.

O603HaunB G=mg n k° = ?, ypaBHeHuHe (3.5) nepenuinemM B BUIE

A
d’o
dr’
DTO ecTh ypaBHEHHE TAPMOHUYECCKUX KOJICOAHUN C TIEPUOOM ITOTHO-
ro KoJieOaHus

+ K0 =0. (3.6)
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TA:7:27[ , (37)

rae k —dactora KauaHus GU3NYECKOTO MASITHUKA.
OTtkyna
2
_TI,mga
= >
4
MOMEHT MHEpIUHU Tella OTHOCUTEIIBHO OCH, TIPOXOIAIICH dyepe3 ICHTP
TSKECTH, ONPEIEseTCS Ha OCHOBaHUU BbIpaxeHus (3.3):

Jo=J,—ma’. (3.9)

Ecnu monokeHue 1eHTpa TSKECTH (PacCTOSIHUE d) HEU3BECTHO, TO
OTIBIT MTOBTOPSIOT ISl IBYX TOYEK IojJBeca 4 U B U HAXOJAT 3HAYCHHUS Tie-
puonoB 7, u T,. Ecau paccrossHue Mexay TOYKamu nojaseca AB =/, To
CHUCTEMY JIBYX YPAaBHEHHHU C IBYMsI HEU3BECTHBIMHA MOKHO 3aIIMCATh:

J, (3.8)

2
J,=Js+ma",

(3.10)
J,=J;+m(l—a)’.
Pemas ux, nmonyyum:
2
| 72 -4
a= g4 . (3.11)
T2+72 27"
g

Hpalcmuttecmm uacmo

OnpenenuTe ONBITHBIM IIyTEM OCEBOM MOMEHT MHEpPLUHU IIATyHa Me-
TOAOM (DPU3NYECKOT0 MasiTHUKA. Y cTaHOBKa (puc. 3.2, @) COCTOUT U3 BEp-
TUKAJIBHOM CTOMKM /, K KOTOPOU MPUKPEIJIEHA TOPU30HTAIbHAS TIpU3Ma 2.

[Tpunagnexxnoctu it paboTh

1. Crolika ¢ mpu3Moil.

2. CexyHaoMmep.

3. llITaHreHUMPKYJIb WU JTUHEHKA.

4. 3BeHO, JIJIs1 KOTOPOTO OMPEACIISIETCS MOMEHT UHEPIIUU (IIaTyH).

5. birask nmpoTokona.

Ilopaooxk nposedenus padomut

1. Onpenenuts nepuon kosnebdanuil 7, 3B€HA Ha NpU3ME Ul NEPBOU
TOYKH MojABeca A, COOTBETCTBYIOUIEH PACCTOSIHUIO @ OT LIEHTPa TKECTH.
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s 3TOro 3B€HO MOABECUTHh HA MPU3MY U OTKIOHUTH OT BEPTUKAIBHOTO
TIOJIO’KEHUS Ha yroi 5...7°, 3ateM oTnycTuTh. OHO COBEpIIAET CBOOOIHBIC
konebanus. Koria 3BeHO mpuieT B OJHO M3 KpallHUX MOJIOKEHUH (IIpaBoe
WJIM JIEBOE), BKIIOUUTh CEKYHIOMEDP U 3aMepUTh BpeMsi 20-TH MOJHBIX KO-
nebanuil (g OoJjiee TOYHOTO OIpejeieHus TNepuojaa). BeIMOIHUTE 1O
5...7 3amepoB I Ka)XXJI0M TOYKH ITOJBECA.

2 -

({

—A
N/ =
C—0©
Y
Puc. 3.2. JlabopaTtopHasi ycTaHOBKa

Ipumeuanue. Ilonoxxenne HeHTpa THKECTH MOYKHO NPUOIIKEHHO OIpPEAENUTb, MOJI0XKHB
3BEHO Ha peOpo MpHU3MBI 2 TAKUM 00Pa3oM, YTOOBI OHO HAXOAWIIOCH B paBHOBeCHH (pHc. 3.2, 0).
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2. JIns HaXOKJASHUS TOJIOKESHHS [IEHTpa TSHKECTH 3BeHa (BETUYHMHA @)
U3MEpPSETCs] IITAHTEHIIUPKYJIEM paccTOsSHUE [ MeXay TOYKamH MOJBeca
(puc. 3.2, 6) u o popmyiie (3.11) BeIUUCHSIETCS paCCTOSHUE A.

3. Beruncnuts Benuuuny J, o ¢popmyie (3.8).

4. Onpenenuts J¢ o popmyite (3.9).
5. AHQJIOTMYHO MPOM3BOAUTCS pacyeT g TOUKH IojiBeca B, T. €.
_ Tymg(l-a)
Am’ ’ (3.12)
Jo=J,—m(l-a)’.

JB

6. Pe3ynbpTaThl M3MEPEHU U BHIUUCICHUN 3aHECTU B TaOJHUIIBI MPOTO-
KoJ1a.
7. BBIUACAUTE OTHOCUTEILHYIO IOIPENIHOCTL PE3YJILTaTOB pacuera J

IIPU PA3JIUYHBIX TOYKAX MTOABECA:

JéA) _JéB)
A= —JéA) +J§B) ) (3.13)

Konmponwvnwie éonpocul

1. YTo Ha3bIBAIOT MOMEHTOM MHEPIIMHU TBEPAOIO Tesa?

2. Ot 4ero 3aBUCHUT BEJIMUYMHA MOMEHTA UHEPIIMH TBEPIOTO Tena?

3. Kak 3anmceiBaercst obmias ¢hopmysa A BHIYUCICHHUS] OCEBOTO MO-
MEHTa UHEPIIMU TBEPJOTO Tea’?

4. Kak dhopmynupyercs teopema [roitrenca — [l teiinepa?

5. Kak ompenensercss MOMEHT WHEPITUU TBEPOTO Tesa Mo METoy (hu-
3UYECKOT0 MasiTHUKA?



JlabopaTopHasi pa6oTa N2 4
ONNPEAEJIEHUE KO3®PHUIUEHTA
[IOJIE3HOT'O AEMCTBHUA BUHTOBOI'O
MEXAHHW3MA (BUHTOBOMU I1APDI)

Obwue ceeoenus

JUig npuOIMKEHHBIX PAacyeToB KO3(P@PUIMEHTa IOJNE3HOrO IEHCTBUS
(K.I..) BUHTOBOW Maphl MOJIb3YIOTCA (OPMYJION JUIsl ONPECIICHUs K.IIJ.
HAKJIOHHOU IIJIOCKOCTH

tga

n=—-———-,
tg(a+p’)

r7ie 0. — yroj mojabeMa cpelHeld BUHTOBOM JimHuu (puc. 4.1); p' — mpuBe-

(4.1)

JICHHBIN yroJl TpeHUsI pe3bObI.

=N

d,
d

Puc. 4.1. OcHoBHbIE TapaMeTpbl pe3bObI

VYron o onpenensiercs u3 GOpMyJIbI

H
o=arctg——,
na,

rae H — xop pe3bObl; d, — cpeaHuil [uaMeTp pe3bOsbl.
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XoJ pe3bObl
H=np,

TJI€ 71 — YUCJIO 3aXO0I0B; p — IIar pe3bOBbl.
Cpennuit nuameTp pe3bOsbl

_d +d
2

rae d, — BHyTpeHHUH, d — HapyXHbIH JUaMeTpbl BUHTA.

d,

b

IIpuBeneHHBIN Yol TPEHUs
p' =arctg [,

rae ' — npuBeneHHBIH KO3(DOUIIMEHT TPSHUSL.
Jlnst MmeTpruyeckoi (TpeyrojabHoil) pe3bObl

__f

-
cosf/2
rae f — KO3(PPUIMCHT TPEHUS CKOJIBKEHUS MEXKTy BUHTOM M Taiikoit; B —

yroia npoduis Hape3KH BUHTA.
Il MeTprueckoi pe3sobl o= 60°, f'=1,155f. ®opmyna st ompe-
JIENICHMsI K.11.JI. BAHTOBOTO MEXaHU3Ma TP ToIbeMe Tpy3a ¢ yueToMm (4.1)

UMEeT BU/T
tgo

S LA 42

rae 1, — Ko3QQUIMEHT, yYUTHIBAOUIMM IIOTEPU MOIIHOCTH HA TPEHHE B

oropax.
B 3aBUCHMOCTH OT BHJa MOAUIMITHUKOB, CMa3KH 1), MOXET U3MECHATh-

ca B mpeaenax ot 0,92 no 0,97.

s 3KCIIEpUMEHTAIBbHOTO ONPEACIICHUS K.II.J. BHUHTOBBIX MEXaHMU3-
MOB ucnonb3yercs ycranoBka TMM-33. Ona (puc. 4.2) MOHTUpPYETCS CTa-
LIMOHAPHO MO BEPTUKAJIN.

OcHoBaHrEM YCTaHOBKHM siBiIsieTca craHuHa /2. K BepxHel yactu cra-
HUHBI KPENUTCA KPOHIUTEWH C MOJAIIMIIHUKOBBIM Y3JIOM /5, B KOTOPBIi
BMOHTHPOBAH 3JIEKTPONpuBo ¢ peaykropom /. Kopmyc (ctatop) amexTpo-
JBUTATENSI KECTKO CBSI3aH C PENYKTOPOM, XBOCTOBUK KOTOPOTO B BHJE
BTYJIKM SIBJISIETCS BajJOM [0 OTHOWIEHUIO K IIAPUKOIMOAIIWITIHUKAM KPOH-
mreitHa. Ha kpblllike peayKTopa YKpeIuieH peiuar /8 ¢ TOUeYHBIMH YIIOpa-
MU, COMPUKACAIOIIMMHUCS C IUIOCKOM MPY>KUHOM /7, KOTOpasi MPEMSITCTBYET
IIOBOPOTY CUCTEMBI MIEKTPOJABUTATENb — PEAYKTOP OTHOCUTEIBHO CTAHUHBI.

35



Yepes BTYKYy B OpoH30rpauTOBBIX MOIIIUITHUKAX CKOJIBKEHHS BbIXO-
JIUT TIPUBOJHOM Ball /4 OT peayKTopa K BUHTY 2 UCCIEAYyeMONl BHHTOBOMU
napel. Bunt cooOmiaer raiike 3 mocTynaTelbHOE IBHKEHHE BBEpX-BHU3. OT
MIOBOPOTa TaKy MpeaoxXpaHseT MoysyH [/, 3aKperuieHHbId B o0oiiMe 9 ¢
raikod M BXOJSIIMN B HAIIPaBJISAIOIIMN a3 cTaHWHBI. OTIOpOil BUHTA SIBIIS-
€TCsl LIAPUKONOAIIMITHUKOBBIA IAIATHUK 5 HW)KHErO0 KPOHILUTEHHA C THE3-
JIOM JUIs 3aKperuieHust BuHTa. OceBast Harpys3ka Ha railky OCyIEeCTBIISETCS
MOJIBEIINBAHUEM TPY30B 7 K 000iMe 9 ¢ MOMOUIbIO MPUCIIOCOOIEHHUS, CO-
CTOSIIETO U3 ABYX TAT 4 C TpaBEPCOM 6 U MOJOUKOM 8 JIJIsi TPY30B.

18
17 |
19

ANNNNNN\NNY

Puc. 4.2. ODxcnepumMeHnTanbHas yctanoka TMM-33
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VYnpaieHre ycTaHOBKOM aBToMaTu3npoBaHo. [Ipu Haxkatuu kHOMKMU 21
«ITyCK» TPOUCXOIUT PadOuMil XOJ] TaKK BBEPX, PEBEPCUPOBAHHE DIIEKTPO-
JBUTATENS, XOJ TalKK BHU3 U BBIKIIOYEHHE JIBUTATEls MO JOCTUKEHUU HC-
XOJTHOTO TIOJOXKEHHUS.

KpyTsiuii MOMEHT JBMXKYLIHMX CUI M |, IPUIIOKEHHBIA K BUHTY, OII-

penensoT 3amepom peaktuBHOro Momenta M . Ilpu paGore porop mek-

TPOJABUTATENS Yepe3 PeAYKTOp / HaYyMHAET BpallaTh BUHT U NEPEMEIIATH
BBEPX TaliKy ¢ rpy3oM G. OTHOBPEMEHHO PEAKTUBHBI MOMEHT CTPEMUTCS
IOBEPHYTh CTaTOP ABUTATENsl BMECTE C PEAYKTOPOM B CTOPOHY, OOpaTHYO
BpalieHuo poropa. IloBopauuBasich, Kopmyc pemykropa perdarom /8 ne-
(GopMupyeT MIOCKYIO NPYKUHY [ 7.

[Tporu® 3Toii Npy>KUHBI MPONOPLHUOHAIEH BEITUUYUHE JBUXKYLIETO MO-
MeHTa M W ONpeNeNnseTcs M0 OTKJIOHEHHIO CTPEJIKUA WHIMKATOpa 4acoBO-

ro tuna /6:
M, =kv,

rae k — K03 PUIMEHT TPONOPIUOHATBLHOCTH (TaAPUPOBOYHBINA KOIPPHUITH-
€HT); V — YUCJIO JEJIEHUH MO IKaJe UHANKATOPA.

TapupoBka MmKambl MHAMKATOpA, T. €. ONpPEIEICHUE LEHBI JEICHUS
IIKaJIbI, IPOU3BOJIUTCS OIBITHBIM ITyTEM.

Jlnst onpenenieHns K.IJA. Tailky Harpy»karoT U3BECTHBIM Ipy3oM G.
[Tocne mycka yCTaHOBKM INPU YCTAaHOBHMBIIEMCS! JIBUKEHUHM 3alMCHIBAIOT
NOKa3aHMs V WMHAUKATopa /6 W 1Mo TapupOBOYHOMY Tpaduky (Miau Talbiau-
11€) ONPEENAOT BEIMYMHY MOMEHTA IBHKYIIUX CUIl M | Ha BUHTE.

Cpennee 3Hay€HUE K.I.J. BUHTOBOM mapbl (BUHTOBOTO MEXAaHH3MA)
OTpeAENAT KaK K.IL.J. Mapbl 3a BpeMs OJHOr0 000pOoTa BUHTA MpPU yCTa-
HOBHBILIEMCS JIBHKEHUH. Tak Kak 3a 0JJuH 00OpOT BUHTA raiika, a cieaoBa-
TENbHO, U Irpy3 G MOJHUMAIOTCS Ha BEJIMYMHY X0Ja pe3bObl H, To paboTa
A . cunbl G IOJIE3HOTO CONPOTUBIICHUS PaBHA

A =GH.

Pabora xe A, MomeHTa M, 3a OMH 00OOPOT BUHTA PaBHA
A =M 2n.

K.1.;1. BUHTOBOT0O MeXaHU3Ma ONPEIEISAETCS O BBIPAKEHUIO

A _ GH
A M2n

a

n= (4.3)
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Hpakmuuecmm yacmo

OnpenenuTh ONBITHBIM MYTEM K.I1.JI. BUHTOBOUM Mapbl MPHU Pa3iuyHbIX
Harpy3kax M CpaBHUTH C PE3YyJbTATAMU TEOPETUUECKOTO pacyeTa K.IL. 1.

Heob6xonumoe o6opyoBanue

1. YcranoBka TMM-33 nnst onpeneneHus KoddPuiimeHTa moyie3Horo
JeWCTBUSI BUHTOBBIX TIap.

2. Habop BUHTOBBIX Map.

3. TapupoBoYHOE MPUCTIOCOOIEHNE CO CMEHHBIMH TPY3aMH.

4. HITaHT€HUUPKYIIb.

Hopaook evinonnenusn padomaol

1. O3HaKOMHUTBCS C YCTAHOBKOW M TEOPETUYECKUM OOOCHOBAHUEM
OIIBITA.

2. OnpenenuTs reOMETpUYECKUE ITapaMeTpbl BUHTOBOM Iaphl, YKa3aH-
HOM IIPENOIABATEIIEM.

3. IIpousBecTy TapupOBKY IIKaJIbl MHAUKATOpPA. Y CTAHOBKA MPU TapH-
POBKE JI0JIKHA OBITh OTKJIFOUEHA OT 3JIEKTPUYECKON CeTH U 03 mapbl BUHT —
raiika. YCTaHOBHUTH CTPEJIKy MHAMKATopa /6 Ha Hyjb, IIOBOPAaYMBasi €ro
mKany. OXBaTUTh MIHYPOM TapUPOBOYHBIN IIKUB 22 MO PYYblO, 3aKPEIUTH
IIHYp NETJIEd B NPOTOYKE T'OJOBKM BUHTA 23 M MEPEKUHYTh €ro 4epe3 po-
muk /9. Harpysas cBHCarOIIMK KOHEL IIHypa [I00YEPETHO TAPUPOBOYHBIMHU
rpy3aMH 25, JUId KaXXI0T0 U3 HUX CHATH ITI0Ka3aHUs MHIUKATOpaA V, .

Pe3ynbTaThl M3MepeHM 3amucath B TapUPOBOUHYIO Tabnuiry. I[loj-
CUMTATh LIEHY OAHOIO ACJICHUS NHINKATOPA

oM
V.

1

rjae M — KpyTAIyiAi MOMEHT, CO31aBa€MbIi BECOM TapUPOBOYHOIO IPy3a Ha
IWKKBE 22; v, — YUCIIO0 AEJIEHUI nHanKaropa /6:

M=G
2
3nece G — Bec TapuUpOBOYHOrO Ipys3a; d  — JUaMerp LKuBa 22,
d, =60 MMm.
[TonyyeHHble 3Ha4YE€HUS TapUPOBOYHOTO KOA(PPHUUIMEHTa Kk, IOJIKHBI

ObITh OJTM3KK MeXy coOoi. HaliTu cpennee 3HaueHHe TapUPOBOYHOIO KO-
s duirerTa, KOTOpoe UCIIONIb3YETCs MPU JATBHEHIINX pacueTax.
[Tocne okoHYaHUS TAPUPOBKU CHATH TPYy3bI 25 U LIHYP.
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4. OnpenenuTh SKCIEPUMEHTAIBHO U3MEHEHUE K.II.Jl. BAHTOBOTO MeE-
XaHW3Ma B 3aBUCUMOCTH OT OCe€BOM Harpy3ku m=n(G). dnsg 310oro BbI-

OpaHHYIO TaiKy YKpenuTh B 00oiiMe 9 mpu nomoinu BuHTA /(). BUHT noi-
KEH yNHUpaThbcsl B yriyOiieHne Ha OOKOBOM TMOBEpXHOCTH Taiiku. Hapep-
HYTh 000MMY C TaiikOil Ha BUHT U BCTaBUTh €0 B YCTAHOBKY TakK, YTOOBI
NOJI3yH /] BOWIEIN B a3 HA CTAHWHE. 3aKPEIUTh BUHT, OIIYCTHUB U 3aCTOIO-
pUB NOJIBWKHYIO My(pTy /4. ["aliky OMyCTUTh B HUKHEE MOJOKEHHUE U MO-
BECUThH I €€ Harpy>KeHusl MpUcrocoOIeHne, BEC KOTOPOro (OH BKIIOYAET
BeC raiiku 3, 000MMbI 9, TAT 4, TpaBepChl 6 U MOJIOYKH 715l TPY30B §) paBeH
30 H. Ilepen pa3memeHneM BUHTA C TAMKOW B YCTAHOBKE MTPOBEPUTH, CTOUT
JIM CTpeJIKa MHIUKATOpa HA HYJIE.

TymbOnepom 20 BKIHOYUTH YCTAaHOBKY M Ha)XaTUeM KHONKH 2/
«IYCK» — IBUTaTelb. 3a BpEMsI JIBUKEHHUS TaliKU BBEPX CHATH OTCYETHI IO
nmiKane mHauMkaTopa. [Ipyu 3TomM nmokas3aHus WHIUKATOpPAa MOTYT MOJy4aThCs
pa3iauuHbIMU. [IpUUMHBEL TOrO0 — HEOIMHAKOBOE KAueCTBO Pe3bObl MO JJIHU-
HE BUHTA, U3MEHEHHUE 3a30pOB, Pa3IMYHOE KAauecTBO cMa3ku. B Tabmuiry
3aHOCAT CPEAHME 3HAYCHUS NTOKA3aHU HHIMKATOpa.

VYcranoButh nocnenoBatenbHo Harpy3ky 50, 80 u 100 H (mytem kom-
ounanuu no6aBounsiMu rpy3amu 20 H u 50 H) u cHATH moka3zanust uHAM-
Karopa C M3MEHEHHBIMU OCEBbIMU Harpy3kamu G. BbMuUCINTE MOMEHT
JBIKYIIHUX CUIT

M, =kv,,

rae k — cpeaHee 3HaYCHUE TAPUPOBOYHOTO KoddurreHTa.

Omnpenenuth K.II.J. BUHTOBOW mapel mo (opmyne (4.3). Pesynbrarsl
OTCUETOB M BBIYMCIICHUN 3aHECTU B MPOTOKOJ. BberuepTuth rpaduk 3aBu-
CUMOCTH K.II.J. OT Harpy3KH.

5. Onpenenutsb K.I.J. aHATUTHYECKUM IyTeM 1o popmyiie (4.2), cpas-
HUTh C KCNEPUMEHTAIBHBIMUA 3HAYEHUSIMUA U 00OCHOBATh BO3MOKHOE pac-
XOXJAECHHUE PE3YJIbTATOB.

6. OdopMHUTH TPOTOKOI.

Konmponwvnwie éonpocul

1. ITo kako# popMysie onpenensercs K.I1.Jl. BAHTOBOIO MexaHnu3ma?

2. Kak ompenensiercss yroi TpeHUs Y BUHTOB C TPEYroJIbHOW Ha-
pe3koii?

3. Ot xakux (aKkTOpOB 3aBUCHUT K.I1.]I. MAILIUHBI?

4. OT 4ero 3aBUCHUT BETUYUHA TAPUPOBOYHOTO KO3 uirenTa?

5. Hapucyiite cxeMy U OOBSICHUTE MPUHITUIT OMPEACIICHUS BEITHMYNHbI
JBIDKYIIETO MOMEHTA B JaHHOM padoTe.
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JlabopaTopHas pa6oTa Ne 5
UCCJIEAOBAHME
KYJJAYKOBOI'O MEXAHHU3MA

Obuwue nonorcenus

[[Iupokoe mMpUMEHEHUE B TEXHHUKE MMEIOT KYJIauKOBbIE€ MEXaHU3MBI.
Haubomnpiee pacnpocTpaHeHHe MOJYYHSIM MEXAHU3Mbl C BPAILAIOIIUMCS
KyJaukoM / Y MOCTYMATENbHO ABUXKYIIUMCS TOJKATENeM 2, CHaOMKEHHBIM
JUTSl YMEHBIIIEHUS TPEHUsI pojukoM 3 (puc. 5.1, a).

['11aBHBIM JOCTOMHCTBOM KYJIAUKOBBIX MEXAHU3MOB SIBJISIETCS TO, YTO C
UX TOMOIIBI0 MOKHO OCYIIECTBUTH TMOYTH JIFOOOW 3a/laHHBIN 3aKOH JBU-
YKEHHUSI TOJIKATEsI.

XapakTepHasi AMarpaMma MepeMeIleHus] TOJIKaTelsl S B 3aBUCUMOCTH
OT yIJIa MOBOPOTa Kyjauyka () WIM OT BpeMEHU [ TMpejicTaBieHa Ha

puc. 5.1, 6. B 1BU>KeHUU TOJIKATENSI MOXKHO Pa3JIMYUTh YEThIpe (a3bl:
— (aza 1 — aza ynanenus. 3a Bpems f, MOBOPOTA KyJla4ka Ha yrol @,

TOJIKATelb MepeMeNaeTcsa Ha BEIUYMHY /1 (XOJ TOJIKATeNsl) U3 OJIMKHEro

(HM>KHEr0) KpaHero MoJIOKEeHHUsI B JaJibHee (BEpXHEE) KpaliHee MOJI0KEHUE;
— (haza 2 — ¢aza nanpHero crosaHusa. Ha npotsoxkenuu sTo passl Kyma-
YOK 3a BpPeMs £, . TIOBOPAYMBAETCA HA yroyl ¢, , & TOJIKATEIb HAXOIUTCS B

MOKOE B IaJIbHEM (BEpXHEM) KpailHEM MOJI0KEHHH;
— (baza 3 — ¢a3za Bo3BpauieHus. B reuenue 3Toi (assl 3a Bpems f, 1o-

BOpOTa KyJIadyKa Ha yroa ¢, TOJIKATEIb BO3BPAIAETCA B UCXOAHOE IOJIO-
YKEHHE.

— (paza 4 — ¢aza 6mmxHero crosHus. Ha npoTspkenun toit (asbl, 3aHU-
MaroIeil OTPe30K BPEeMEHH [, , 32 KOTOPBIM KyJauyoK MOBOPAYMBAETCS Ha

0.c?

yroi @, ., TOJKATeIb HAXOJUTCsI B IIOKOE B OJIMKHEM (HMYKHEM) IIOJIOKEHUU.

[Tocne kaxxaoro 000poTa Kyjrauka JIBHKEHUE TOJIKATEIISI CHOBA ITOBTO-
pSAETCS B COOTBETCTBUM C IIPUBEACHHON TUATPAMMOM.
CymMa yTIIoB IOBOPOTa KyJIauka B TeueHue BceX (a3 paBHa 360°.

Ot @, T, t @5 =360°(2m). (5.1)

CyMmMa oTpe3KkoB BpeMeHH Bcex (a3 paBHa repuoay I ogHoro o60opo-
Ta KyJlauka:

o+t .+t +t.=T. (5.2)
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Puc. 5.1. OcHoBHBIE MapaMeTPhl KyJIaUKOBOTO MEXaHU3Ma: @ — KYJIAUYKOBBII MEXaHHU3M;
6 — yroJ IaBleHUs; 8 — AMarpaMMa MepeMeIeHuil; ¢ — quarpaMmma aHajJoroB CKopocTen

IIpu BpameHuy KyJiayka OCIEHUN JEHCTBYET HA TOJKATEIb CHIION P,
KOTOpasi, €Clii MpeHeOpeub TPEHUEM, HAapaBJieHa M0 O0UIel HOpMaH 1 — 1
B TOUKE KacaHus poduis KyJiayka ¥ poJivka Toyikarens (puc. 5.1, 0).

Pa3nnoxuM 3Ty CHiIy Ha JIB€ COCTaBIsIoNMe: P, HalpaBlIeHHYIO BIOJb
JIMHUM TBMOKEHUSI TOJIKATeNs, 1 P" | HanpaBJICHHYIO NEPICHIUKYIISIPHO Ha-
IPABJICHUIO JBUKEHUS TOJKATENs. DTH CHJIbI, KaK CIEAyeT U3 PUCYHKA,

PaBHEI:
P ' =Psind; P"=Pcoséd.
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Yron dmexay o0iield HoOpMaiblo K MPOPMII0 KyJauka U TOJKATEIIO
B TOYKE MX KacCaHWs M HAIIPABICHHEM €ro JIBM)KEHUS HA3bIBACTCS )2l10M
oasieHusl.

Cuna P" sBnsercs nonesnou cunoi. IMEHHO OHa HampaBiieHa Ha IIpe-
OJI0JIEHUE TEXHOJIOTUYECKUX COMPOTHUBIICHUM.

Cuna P’ sBasiercst speonou cunoti. ECin oHa BelHMKa, TO OHa MOXKET
3aKJIMHUTh, COTHYTh U JaX€ CIOMATh TOJIKATENb.

[ToaTOMY € TOYKM 3peHHUs HANPABICHUS YCUIIUN BBITOJIHO, YTOOBI YTOJI
JaBJIEHUS! OBLT KaK MOKHO MEHBIIIE.

VYron naeneHus mpu paboTe KyJIayKOBOI'O MEXaHHM3Ma BCE BPEMsl W3-
MeHnsieTcs. Ho ero MakcuMalibHOE 3HAUEHUE HE JTOJKHO MPEBOCXOAUTH He-
KOTOPOM ONTUMAJIBHOW JOMYCKA€MOMN BEJIMYHHBI:

O ax <00 - (5.3)

ma:

[TocMOTpHM, KaK ONPECIUTh yroJ AaBJICHUS, €CIIM 3aaHbl JHarpaM-
Ma TepemerneHus Toakatens S = f(¢) ¥ MOJ0KEHHEe OCH BpallleHUs Ky-

nayka. s 3TOoro mocTpouM i KyJIadukoOBOro mexaHusma (puc. 5.2, a)
IJIaH CKOPOCTEN MO BEKTOPHOMY YPAaBHEHHUIO:

VA = VAx + VAAx > (5.4)
riae A — HEHTP POJIMKA TOJKATeNs, Ax — TOYKa, MIpUHAAJIeKaIas TeOpETU-
yeckoMy MpoduiIo Kyjnadka, KOTopas B JaHHOM IOJIOKEHUH MEXaHHU3Ma
COBIIAJAET C TOYKOM A TOJIKATEs.

BekTopsl HampaBiieHbI CIEAYIOMIUM 00pa3oM:

VIAA, V, LOA, V,  IITT(Ln—-n).

Ha puc. 5.2, 6 o ypaBuenuio (5.4) moctpoeH miaH ckopocteit. U3 mo-
CTPOEHHUS CIIEAyeT, YTO TPEYroJbHUK IUIaHAa CKOPOCTeH paa, mNon00eH
TpeyroiibHUKy OBA (puc. 5.2, a), Kak TpeyrojJbHUKH C B3aHUMHO MEPIICH-
TUKYJISIPHBIMU CTOpOHaMu. M3 mogo0ust TpeyroJibHUKOB CIIETYET:

ds

Y Ve, a4 _ dS _dS
ro V, ro rodt rdo

nIn

y=—. (5.5)

42



Teopemuueckuu

npoghuns Kyniauka

8
S
C I -
)
(*}
5 as
do
, d
rmin = min +—
2
)Oz

Puc. 5.2. Yron naBneHus B KyJJaykKOBOM MEXaHU3ME: @ — KyJIAYKOBBII MEXAHU3M;
0 — IJIaH CKOPOCTEN; 8 — CXeMa JUIsl ONIPEIEICHNs yTIila 1aBIeHUS
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Bennunna y =— Ha3pIBaeTCs aHaoroM ckopoctu. IIpu paBHOMED-
do
HOM BpAIllCHUU KyJladyKa aHaJloI CKOPOCTH MPONOPLIMOHAJIIEH CKOPOCTH

ds dsS
(y=—, V =—). Benuuuny aHasiora CKOpOCTH JIETKO OMPEAEIUTh METO-
t

do
oM nuddepeHnupoBanus 3aBucumoctu S = f ().

OTnoXuM JIsI JAHHOTO TOJIOKEHU MexaHu3Ma (puc. 5.2, a) oTpe30oK

ds
yzd— BIpaBo OT TOYkU A (LAA|) n coenuHNM KOHEL 3TOr0 OTpe3Ka

(Touky K ) ¢ ocbto BpauieHust Kyjgauka O. M3 mocTpoeHust BUJHO, YTO yroJ
Mexay JiydoM OK W NTMHHUEHN, NapaJuIeIbHON JTUHUU ABUKECHHS TOJKATEIS,
paBeH yIuly 1aBieHus O (UIsl JaHHOTO MOJIOKEHUS MEXaHU3Ma).

Ha puc. 5.2, 6 uzoOpaxkeHa cxema JUisl ONPEICIICHUs YIJIa JaBJICHUS
JUIS IPOU3BOJILHOTO MTOJIOKEHMSI TOJIKATENs B (haze ylajaeHMUs..

ds
Ha pucyHke o0o3HadeHo: S — mepeMelieHre TOoJKaTens; y=— —

do
aHaJIoI' CKOPOCTHU TOJKATCIIA, COOTBeTCTBYIOHII/Iﬁ MNEPCMCIICHUIO S; e —
BKC]_IGHTpI/ICHTeT — OTKJIOHCHHUC JIMHUHU ABHUXCHHUA TOJIKATCIISI OT OCHU Bpa-
IIEHUsT KyJlauka; 7. — MUHHUMAJIBHBIA paJuyCc TEOPETUYECKOro MPOduiIs

KyJIayKa, KOTOPBIN paBeH

. d
Faoin = Vmin + E ’
¥ — MUHUMAQIBHBII pajnyC IEHCTBUTEIBHOIO Mpouis Kynauka, d —

IUaMeTp pojMKa, A4, — MOJ0XKEHNUE LIEHTpa PojKa B ONMKHEM (HHKHEM)
KpaiiHEeM TMOJIOKEHUH.
N3 pucynka cienyer

tg = 9 . (5.6)
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AHasioruyHo B (pa3ze BO3BpallleHUs TOJIKATEs YroJyl JaBJIEHUS OIpee-
asieTcs o popmysie (BIBO OITyCcKaeM)

'
dsS
do

= .
(me +d) —e* + S
2

N3 dhopmyn (5.6) u (5.7) BUAHO, YTO C yBEIMUYCHUEM Pa3MEPOB KyJjlad-
Ka (C yBeJIMUCHUEM ) yroi naBjieHusi yObIBaeT.

—e

ted' = (5.7)

P nin
MakcumallbHOE 3HaYeHUE YTOJI JaBJICHUS MPUHUMAET, KaK 3TO CIICTy-
eT u3 (popmy1, BOJM3H MOJIOKEHHUS, IPH KOTOPOM MaKCHUMAJIbHBIM SBJISET-
Cs M aHAJIOT CKOpocTH. Toraa:
Ha (aze yganeHus

ds
di +e
tgd =~ P s , (5.8)
(rmin + d] —e’+S
2
Ha (ha3e BO3BpaleHUs
ds’)
di +e
(gs =~ P max : (5.9)

2
(rmm +dj —e’ + S
2

, S — COOTBETCTBEHHO MAaKCHUMAaJILHBIH yIroJl JaBJICHUS,

ds

d(P max
MaKCHUMaJIbHasA BCJIMYMHA aHaJIora CKOPOCTHU M COOTBCTCTBYIOIICC ITOCIIC/I-
HEMY IICPCMCIICHUC TOJIKATCIIA B cba3e YAAJICHUA,

6;nax > ﬁ
do

rae o

max

, S’ — aHamOrMYHBIC BEJTMIUHBI B (Da3e BO3BPAIICHHUS.

max

!
. [ dS ds
OmnpeneneHne BEIUYMH aHAJOTOB CKOpocTew | — |

Ao ). \d9) .
U COOTBCTCTByIOIHI/IX UM BCJINYUH HepeMeHleHI/If/'I S u S' IIOHJATHO
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U3 JUarpaMmel d—: f (o), nzobpaxenHoil Ha puc. 5.1, e, u AMarpammel,
n300pakeHHOM Ha puc. 5.1, 6.

Onucanue ycmanoeKu

KynaukoBpiii mexanusM (puc. 5.3) cocToMT H3 Kyjnadka [, OCb
KOTOPOTO BpaIaeTcsi B MOJIIIMITHUKE CKOJIBKEHUS, M TOJKaTens 2, JABH-
XKYIIETOCs B HANPABJIAIONINX J.

6 9 8

Puc. 5.3. DkcnepuMeHTalIbHAs YCTAaHOBKA — KYJIAUKOBBIM MEXaHU3M

JInst yMEHbIIEHUS! TPEHUSI MEXIY KYJIauKOM U TOJIKATEJIEM MOCIeIHUM
CHA0XXEH POJMKOM 4, KOTOPBIN MPEACTaBICH paAUalbHbIM MOAMIUITHUKOM
KaueHHUs. 3aMbIKaHUE MEXAY KyJIauKOM U TOJKATEJIeM OCYIIECTBISAETCS
IpU MOMOLIM MPY’KKUHBI (OHA HA pUcyHKe He BUJHA). Ha ocu kymauka mo-
CakKeH TPAHCIOPTHUP 5, IO KOTOPOMY OTHOCHUTEIBHO CTPEJIKH-yKa3aTeins 6
BEJIETCA OTCYET YIVIOB IOBOpOTa KyJsiauka. [IoBOpOT Kyijlauka ocCyllecTB-
asieTcst pyKosTkor 7. COOTBETCTBYIOIIEE MEPEMELIEHUE TOJIKATENSA OTCUH-
TBIBAETCS 110 JIMHEHKE &, I 4ero Ha TOJIKATeJle YKpEIUIEHA CTpEJIKa-
yKaszaresb 9.

Hpakmuuecmm yacmo

O3HaKOMHUTBCS C KyJAYKOBBIM MEXAHW3MOM, ONIPEAEINUTH YIJIbI J1aBJIe-
HUs Ha (azax yAalieHus U BO3BPAILICHHUS.
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[Tpunaasie:xkHOCTH 17151 pabOTHI

1. DxcneprMeHTaIbHask YCTAHOBKA — KYJIAYKOBBI MEXAHU3M.
2. JIunelika, ITAaHT€HIUPKYJIb.

3. bnank nporoko:na.

Iopaook evinonnenusn padbomaol

1. IIpousBecT M3MEpPEHUsT OCHOBHBIX Pa3MEpPOB KYJAYKOBOI'O MeXa-
Hu3Ma. Pe3ysbraTel BHECTH B IPOTOKO.

2. IloBopauuBas Kynadok / (puc. 5.3) mo HampaBJICHUIO, YKa3aHHO-
My CTpEJIKOH, yepe3 Kaxzaplie 10° 3anmuchiBaTh COOTBETCTBYIOIIEE IEpe-
MellleHre Toskarens 2. Pe3ynbraTel U3MEpeHU BHECTH B TaOJUIly MpPO-
TOKOJIA.

[IpenBaputenbHO HEOOXOAMMO YCTAaHOBUTH TPAHCIOPTHUP J, MO KOTO-
pPOMY 3alIUCBIBAETCS YTOJ MOBOPOTA KyJIauka, TAKUM 00pa3oM, yTOObI B Ha-
yaine (a3bl yaaneHus orMetka «0» Ha TpaHCIIOPTUPE COBMajiajia C yKa3aTe-
aem 6. [Ipu 3TOM HE0OX0AMMO OOpaTUTh BHUMAaHUE Ha HaNpaBIICHHE Bpa-
nieHus KyJsadka. JIMHeHKy &, 1m0 KOTOpOM 3amMChIBAE€TCS NEPEMEIICHHE
TOJIKaTelNs 2, yCTAHOBUTh TaKUM 00pa3oM, YTOObI B KpailHeM (Ha4aJIbHOM)
NOJIOKEHUM TOJKaTedsl oTMeTKa «0» JMHEHKH COBIajana CO CTPEIKOM-
yKasareseM 9, yKpeIrIeHHOM Ha TOJIKaTee.

3. Ilo moiy4YeHHbIM pe3ynbTaTaM NOCTPOUTh JUAarpaMMy 3aBUCHMOCTH
nepeMeIleHus] ToJKaTesns S OT yria MmoBopoTa Kyiadka ¢ — S = f ((p)
(IToctpoenrie mpou3BOAUTCS HAa OOpAaTHON CTOPOHE MPOTOKOJA METOIOM
rpaduaeckoro auddepeHupoBanms, cM. pui. 3). Ha nuarpamme cnemyet
OTMETHUTh BCE MOJIy4eHHbIE (ha30BbI€ YIIIBI U XOJ ToykaTens. Bee aTu nan-
HbIE CIIEAYET 3aHECTH B MPOTOKOJI (PSIAOM C AUArpaMMoit ).

4. Merogom rpaduueckoro auddepeHIpoOBaHUS  TUATPAMMBI

S' = f(¢) mocTpouTh aUArpamMMmy aHAJIOTOB CKOpPOCTEH d—S: f (o) (Benu-
¢

YUHA TMOJIOCHOTO paccTosiHus / Ha KOOpJWHATHOU CETKE d——(p B MpO-

TOKOJIE TI0JI0OpaHa Tak, YTOOBI MacmTad aHaJIora CKOPOCTU MOTYUHUIICS Ta-

MM
KUM K€, KaK M Macmrald nepeMelenus, T. €. W, =g =1—). ITo nomy-
7o MM
¢
YEHHOM JuarpamMMe CJeIyeT W3MEPUTh BEJIMYMHBI MaKCUMAJIbHBIX 3Ha4e-

. . S
HHHU QaHAJOIoOB CKOPOCTCHU B (I)aBaX YOaJICHUA d_ U BO3BpalICHUA
(p max
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[
ds
do

S". Pe3ynbTaThl BHECTH B IIPOTOKOJL.

5. o ¢popmynam (5.8) u (5.9) BEIYUCIUTH 3HAYECHUS] TAHTC€HCOB YTJIOB
naBieHUs Ha (azax yjayieHus U Bo3Bpamenus (tgd, = wu tgd ), ompexe-

, @ TaAK)KC COOTBCTCTBYIOIIUC MM IMCPEMCIICHUA TOJIKATCIIA S u

max

max

JINTb 3TU YTIJIBI. Breruucnenus u PE3YIIbTATBI BHCCTH B IIPOTOKOJI.

Konmponwvnsie éonpocul

1. Kak Ha3pIBarOTCsS BXOJHOE U BBIXOJHOE 3BEHBS KyJIauKOBOI'O MeXa-
HU3Ma?

2. KakoBO Ha3HAaUY€HHE KYJIaYKOBOI'O MEXaHU3MA?

3. Yo Takoe yroJy JaBjaeHUsS B KyJa4uKOBOM MEXaHHU3ME?

4. Yemy paBeH NepHoOJI LMKJIA KyJa4YKOBOTO MEXaHU3Ma?

5. 1715t 4ero uuryT 3KCTPEMYM Ha JuarpaMMe aHaJIOrOB CKOPOCTEH?

6. KakoBO OCHOBHOE MOJIOKUTEIBHOE CBOMCTBO KYJIAUKOBOTO MEXa-
HU3Ma?



JlabopaTopHas pa6ora N2 6
YPABHOBEIINBAHHUE BPAILLIAIOIIETOCA
3BEHA C U3BECTHBIM PACITIOJIO(KEHUEM

HEYPABHOBEIIEHHBIX MACC

Obuwue nonorcenus

Paccmotpum Bpamatomieecst 38eHo [ (puc. 6.1) (Takoe 3B€HO B Jalib-
Helem OyZeM Ha3blBaTh POTOPOM), YCTAHOBJIIEHHOE HA CBOEHM OCH B MO/I-
munaukax I1; u I,.

[Ipu BpaleHny 3B€Ha BO3HUKAIOT CHJIbI MHEPLMU. DTH CUJIbI, U3MEHSACH
[0 BEJIMYMHE M HAINPABJIEHUIO, BO3ICHCTBYIOT HA MOJIIMITHUKY, YTO MPUBO-
JUT K BO3HMKHOBEHHMIO B HUX JONOJHHUTENbHBIX (IMHAMUYECKUX) YCHIIHM,
paciaThiBalOT ONOPbI U OCHOBAHUE U MPHU HEIOCTATOYHOU JKECTKOCTH BbI3bI-
BaloT ux BUOpanuto. [lociaenqHee 0coOEHHO OMacHO B T€X CiIyyasiX, KOrja yac-
TOTa BUOpAIMii, BbI3BaHHASI CHJIAMU MHEPLIMH, COBIIAIAET C YaCTOTOM COOCT-
BEHHBIX KOJI€0aHUI1 OCHOBaHUS, T. €. IPH HAJTMYUHU PE30HAHCA.

Puc. 6.1. Potop
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[TosToMy Bce Bpalarougecst 3B€Hbs — pOTOPbBI (POTOPHI AJIEKTPOIBU-
ratesiei, TypOuH, Bajbl U T. JI.) — MOJIEKAT YPaBHOBEIIMBAHUIO, 3aKIIIO-
YaloleMycsi B MOJ00pe TOMOJHUTENbHBIX Macc (MPOTHUBOBECOB), CHUJIBI
WHEPLUUHU KOTOPBIX YAaCTHYHO WJIM IOJHOCTBIO YPAaBHOBEIIMBAIOT CHIIbI
WHEPLUUHU POTOPOB, U CIIEIOBATEIBHO, YACTUYHO WM MOJHOCTBIO YHUYTO-
YKAKOTCS JOTNOJHUTENIbHBIE TMHAMUYECKHUE YCUIIUS B OTIOPAX OT 3TUX CHIL

IIpu BpaieHnn poTopa ¢ MOCTOSTHHOM YTJIOBOM CKOPOCTBIO (0 K KaXKIIOM
3IIEMEHTAPHOU Macce m, OyAeT MPUIIOKEHA LIEHTPOOEKHAs CUJIa NHEPLIU

P =mro’, (6.1)

rae r,=0,S, — paanychl-BEeKTOPBI, ONPEACIAIOIINE PACION0KEHUE DJie-
MEHTapHBIX MacC 7, OTHOCUTEIBHO OCH BPALICHUA Z.
Cucremy pacnpeleneHHbIx 1o odbeMy poropa cuii P, mpusenem B

T. O (LEeHTp MPUBEJEHUS), B TOUKY MEPECEUCHUs] OCH BpaIlICHUS poTOpa C
MIPOU3BOJILHO BBHIOPAHHOW IMJIOCKOCTHIO [/ (TUIOCKOCTHIO TPHUBENCHUS ), TIEp-
NEHIUKYISPHOU 3T0M och. st 3Toro B T. O NPUKIAIBIBAEM JIBE PABHBIE, HO
IPOTHBOIIOIOXKHO HanpasieHHsle cuiel P u —P,.. IIpu nepenoce kaxaon

cuibl P, monyyaem snemenrapuelii MomeHT M, ot mapsl et P, u —P .:
M, =R;xP_, (6.2)

rae R, — paguycel-BeKTOpBI, ONpEneNsIoIue pacionokKeHne Mace m; OT-
HOCHUTEJIbHO LIeHTpa npusenenus O.

U3 puc. 6.1 cunenyer, uro R, =1 +r, 1, =/k, r,=xi+y], roe [, —
paccTosHue MEXIy cuamMu P, ¥ INIOCKOCTEIO NpUBEIeHNUs /.

Cymmupyem Bee cuitbl P, iprtoxkenssie B T. O, M Bce MOMEHTBI ciil M.

PI/[ = ZPI/II = (’Ozzmir} ’ (63)
M, = sz‘ = Z(Ri xP )=Z(li +1,) X ml.rl.(o2 = (DZZII. xmpr,,(6.4)

rae P, — riiaBHBIN BEKTOP LIEHTPOOEIKHBIX CHJI MHEPLUU, IPHIOKECHHBIN B

T. O; M, , — INIaBHBIA MOMEHT CUJI MHEPLIMHA OTHOCUTENBHO T. O; Zml.rl. -

CTaTUYECKUN MOMEHT poTopa (3BEHA).

Jns npunanust ycioBuio (6.4) yaoOHOM Nt JalbHEUIIMX pacueToB
rpaduyeckoil popMbl, HAapUMEpP MJii BEKTOPHOTO CYMMHUPOBAHUS, YMHO-
*uM (6.4) cripaBa BEKTOpHO Ha K U, UCTIONIB3YS TOKIECTBO

axbxc=b(ac)—c(ab), (6.5)
MOJTYIHM
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M, xk=0") 1 xmr,xk=0) (mr(k)- mik(liri))zcozz mlr,, (6.6)
rie » mlr, — UeHTpOGEKHDIH MOMEHT HHEPLMH J,, POTOPA OTHOCHTENBHO

OCH €T0 BPAILEHUs Z U TIJIOCKOCTH 1.
Takum oOpazom, cucTeMy IIEHTPOOESKHBIX CUJI UHEPIIUH, EHCTBYIOIIIX
Ha BPALLAOLIUICS POTOP, BCErJa MOXKHO 3aMEHUTh SKBUBAJICHTHON CHCTEMOM
CWJI, COCTOSIIECH U3 TJIaBHOIO BEKTOpa cui mHepuuu P, mpuiokeHHOro B
MPOU3BOJILHO BBIOpaHHOUW T. O poTOpa, M OJHOM Tapbl, MOMEHT KOTOPOH
M, , paBeH IIIaBHOMY MOMEHTY CHJI HHEPLIUU OTHOCHUTEIILHO 3TOU 7K€ TOUKH.
CootHomieHue (6.6) MO3BOJISET BBECTH BEKTOP

* 32
Mm' - Mmki =0 mirili ’

rae M. — 9to Bektop M, ,, moBepHyThIi Ha 90° B IUIOCKOCTH, MEPIICHIH-

ui >

KYJIIPHOM OCH BpaILlCHUS.
Torna BMecTo rmaBHoro Bekropa M. MOXHO UCIIOJIb30BaTh BEKTOP

_ * 2
M, => M=o mrl, (6.7)
KOTOPBIN PaBEH IO BeIM4YUHE BEKTOpY M ,, U PACIOIO0XKEH MEepPHEeHIUKY-

JISIPHO €MY.
Potop cumTaercs cTaTUYECKH ypPaBHOBEIICHHBIM, €CJIU TJIaBHBIA BEK-
TOP UHEPLINHU
P =0. (6.8)

JIlMHaMU4eCKH ypaBHOBEIIEHHBIM CYMTAETCS POTOP, €CIU TJIABHBIM
MOMEHT CHJI UHEPLIUH

M =0
nJIn
M, =0, (6.9)
M, HAKOHCII, pOTOP CHHUTACTCA ITOJTHOCTBIO YPABHOBCIICHHBIM, CCJIN
P=0uM, =0. (6.10)

YcnoBue CTaTMuecKolW YpPaBHOBEIICHHOCTH IMOJYYUM U3 BBIpaXKe-
Hus (6.3). Tak kak P, =0,a 0 #0, T0O Zml.rl. =0.

Kak u3BecTHO M3 TEOPETUUYCCKON MEXaHUKH, CTATHUYECKU MOMEHT pa-
BEH mI, TA€ M — Macca BCero Tena (poTropa), a ¥y — pacCTOSHHUE OT LIEH-

Tpa Macc Tena S 10 ocu BpaueHus. CiaegoBaTeabHO,
mrg = mx, =0 (6.11)

H €CTb YCIIOBHUC CTATUYICCKOI'O YPABHOBCIINBAHUA pOTOpPA.

51



Ycnosue (6.11) Oynetr yaoBIETBOPEHO TOJIBKO B TOM cllydae, KOrja
7, =0, T. €. KOrJa LEHTP Macc 3BeHa (POTOpa) JIEKUT HA OCU €ro Bpallle-

HUs. YCIIOBHE JUHAMHUYECKOW ypaBHOBEIIEHHOCTH IOJYYHM U3 BBIpaKe-
Hus (6.7). Tak kak M, =0,a o #0, 10

D mrl =0. (6.12)

Kak 13BeCTHO U3 TEOPETUUECKON MEXaHUKHU, OCH, OTHOCUTEIHLHO KOTOPBIX
HEHTPOOSKHBIIT MOMEHT UHEPILIMU PABEH HYJIIO, HA3bIBAIOTCS TJIABHBIMU OCSIMU
WHEpIUU. 3HauuT, yciaoBue (6.12) OyaeT BBITOIHEHO TOJILKO B TOM ClTydae, KO-
IJIa OChb BPAIIEHUsI pOTOpa COBMAET C OJJHOM U3 €ro TJIaBHBIX OCEH MHEPIHH.

VYcaoBusiMU MOJNIHOM ypaBHOBEIIEHHOCTH POTOpPA SIBISIIOTCS BbIpaXke-

st (6.11) m (6.12): D mr, =0 u > mxl =0 wm
r,=0mnJ,=0. (6.13)

Ycnous (6.13) OyayT BBITIOJIHEHBI OJHOBPEMEHHO, €CJIM OCh Bpallle-
HUS POTOpA COBNANAET C OAHOW M3 TJIABHBIX LICHTPAJIBHBIX OCEH MHEPLUU
3BEHA, T. €. TAKOW IVIaBHOM OCBIO MHEPLMH, KOTOPas MPOXOIUT YEPE3 LIEHTP
Macc 3BEHA.

B o6wmem ciryuae rinaBublii Bektop P, u rmaBHbiil MoMeHT M, =M
HE PAaBHBI HYJIIO U 33/1a4a YPaBHOBEIIMBAHUS BPAIIAIOIIUXCS 3BEHBEB CBO-
JUTCS K TOAOOPY IOMOJHUTENBHBIX Macc (IPOTUBOBECOB), CHIIbI MHEPIIUU
KOTOPBIX YaCTUYHO WJIM ITOJIHOCTBIO YPABHOBEIIMBAIOT IJIABHBIA BEKTOP
cwi unepuuu P v rmasubiii MoMeHT M. .

Oobopyoosanue u onucanue ycmaHo6Ku

OOmuit BUJ YCTAaHOBKU TIPEACTaBIIeH Ha puc. 6.2. YcTaHOBKa UMEET
POTOP, KOTOPBI COCTOUT U3 Basla /() U IISITH JKECTKO 3aKPEIVICHHBIX HA HEM
JUCKOB /2. Tpu cpeaHuX OUCKa MPEAHA3HAYECHBI JUIsl YCTAHOBKM HAa HUX
rpy30B /1, KOTOpblE MOTYT CO3JaThb HEYpaBHOBEIIEHHOCTb JHOOOr0 BUIA.
JIBa KpalHHX IMCKa HCIOJIB3YKOTCSA JUIsl YCTAaHOBKM IPOTHUBOBECOB IIPU
YPaBHOBEIINBAHUM CHUJI HHEPLUUU. Bas CMOHTHpPOBaH Ha IBYX cTOMKax. Jle-
BbIIl KOHEIl Baja 3aKperieH B CepUueCcKOM MIAPUKOMOIIIUITHUKE, TO3BO-
JAIOIIEM Bajly, KPOME BPAILATENIBHOTO JABUKEHUS, OCYILIECTBIATH IOBOPOT
B TOPU3OHTAIIBHON TUIOCKOCTH. [IpaBblii KOHEI Bajla 3aKPEIUIEH B PaIHAIIb-
HOM ILIAPUKONOJAIINITHUKE, YCTAHOBJIEHHOM B KapeTke J. Kaperka mMoxker
IIEPEMEIATHCST HA POJIMKAX & II0 HAIpaBILAIOLIEH / B TOPU3OHTAIBHOU
IJIOCKOCTU M YJIEPKUBAECTCS B LEHTPAJIBbHOM MOJIOKEHUN MPHU HOMOIIH
NPYKUH pacTskeHHs: 6. OCHOBaHMEM CTaHKa CIIY>KUT IIMTa 3, HA KOTOPOM
YKECTKO 3aKpEIUICHbl CTOMKH Bajia ¢ JUCKaMH (poTopa).

52



BMEOHBLIA BRHABIHOWHAOLONE "7'9 "OH{

£l

/

D—

/

7

et

I

oS
I

-0-

-0

T
-0

al

I7 01 6

53



Bparenue poropa oCyIIeCTBIAETCA OT IEKTPOABUrarTess 4 moCpencT-
BOM (PUKIIMOHHOM Iepenadd. DJIEKTPOABUraTeslb CMOHTHPOBAH y JIEBOU
CTOMKM Ha Kadaromemcs peryare 2. [lox psl4aroM yCTaHOBIJIEH BBIKJIFOYA-
TeNb ABOWHOrO nedcTBus. [Ipy HaxaThM PyKOSTKH pblyara BHHU3 (DpUKIIH-
OHHBI JUCK MPWKUMAeTCcsd K IIKUBY 9, OAHOBPEMEHHO aBTOMATUYECKH
BKJIFOYAETCS AJIEKTPOABUraTeNlb U pasronsercs: potop. [Ipu ocBoOoxaeHnn
PYKOSITKM TOJI JEHCTBUEM CHJIBI TSDKECTH JIBUraTels MOCIEIHUN OTKIHOYaA-
€TCs OT CEeTU. B KOMIUIEKTE yCTaHOBKH HMEIOTCS I'Py3bl U IIPOTUBOBECHI
maccoit 40, 50, 60 u 70 r, xpassiuecs: B BRIIBM>KHOM sitiiuke /3. ['py3bl 3a-
KPEIUISAIOTCS B OJJTHOM W3 PaJMAIIbHBIX 1TA30B / JAMCKA, APYrov CKBO3HOM Ia3
CIIYKUT JIJIsl YPAaBHOBEIIMBAHMS aucKa. Ha nucke psaaom ¢ mazom st Kpen-
JICHWsI TPY30B IIPUBEPHYTA LIKaJA, MO3BOJISAIONIAs YCTAHOBUTD IPY3 Ha HYX-
HBI paznyc. B oceBOM HampaBlIEHWH AMCKU OIPAaHUYMBAIOTCS KOJIBLIAMH,
YKECTKO 3aKpEIUIEHHbIMHM Ha Baily. Kospla rpagynpoBaHbl 4epe3 OJMH Ipa-
IyC, a CTYNHIBI JTWCKOB MMEIOT PHUCKY, MO3BOJIIIOLIYK) YCTAaHOBUTBH JIHUCK
10J1 HEOOXOAUMBIN yroi. DUKcaIus IUCKOB OCYLIECTBIIAETCS BUHTAMU.

Ilopaook ypasnoseuwiueanus pomopa

N306pa3uM poTop ¢ U3BECTHBIM PACIIOJIOKEHUEM HEYPaBHOBEIIEHHBIX
Macc (puc. 6.3).

HeypaBHOBEIIEHHBIE MACChl m,, M, W M, PACIOJOKEHbl B ILIOCKO-
cTax (nuckax) 1, 2 u 3. [lonoxxeHust EeHTpa MacChl KaXJA0ro rpysa B IJI0C-
KOCTAX 3aJaHbl palyCaMH-BEKTOpaMH I, I,, I;, HAIPaBICHHE KOTOPBIX
OIIpeNeNAeTCs YIllaMu 0, O, , O;.

Benuuunbel Macc W mapameTpbl, ONpEAeIISIONIMe MX PAacHOJ0KEHUE,
BBIOMPAIOTCS 110 YKa3aHUIO MPENOo1aBaTelis U3 TaOIuIlbI.

ITonoxenue maockocTed /, 2 1 3 OTHOCUTENBHO TUIOCKOCTU A ompee-
JsIeTCs. COOTBETCTBEHHO KoopauHaTtamu [, /, u [,. IIpotuBoBecs! ycTaHaBs-
JHUBAIOTCA B IJIOCKOCTAX A M B, paccTosHue MexAy KoTopsimMu /. s
BceX BapuaHToB /, =80 mMm, /, =160 mm, /, =240 mm u [, =320 mm.

6.1. Cmamuueckoe ypagnoseuiusanue

BriOepemM B KauecTBE IUIOCKOCTH NPHUBEACHHUS IUIOCKOCTh (IUCK) A.
I'maBHBIN BEKTOp CHII MHEpLUU P, HEypaBHOBELIEHHBLIX Macc m,, m, U m,
OyJzieT paBeH

P=P +P, +P.. (6.14)

Jlns ypaBHOBeIIMBaHUs BekTopa P, HeoOXOQMMO yCTaHOBUTH B ILIOC-
%) A
KOCTU A TIPOTUBOBEC MACCOM m , CHJla UHEPLIMU KOTOPOTO OKaXXETCs PaB-
HOM U NIPOTUBOIOIOKHOU P :

P +P!=0. (6.15)
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Puc. 6.3. [Ipumep BITIOTHCHHS PaOOTHI:
@ — poTop ¢ AucOaNaHCaMu; O — TUarpaMMa Jijisi CTaTHYECKOTO YPaBHOBEIIIMBAHUS;
6 — AuarpamMma Jiisi TMHAMU9IeCKOT0 YPaBHOBEITUBAHUS; 2 — JUarpamMmma Jijisl TIOJTHOTO
YPaBHOBEIIMBAHUS POTOPA
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A
JUia onpeneneHus Macchl MPOTHBOBECA M. W IApaMeTpoOB, OMIpene-

JNSIONIMX €r0 MOJIOKEHHE B IUIockoctd A—7 n o

cr?

3amnuiieM ycio-
Bue (6.15) B Buje BoipakeHus (6.11):

A_A
myY, + myx, + mx; +m_r; =0. (6.16)

CT CT

Beruucnisiem 3Hadenuss myr, (rae i=1,2,3), BeiOupaem macmTaOHBIN
k03 uuueHt (manee mpocto Macmrtad) W, =... (I'MM/MM) U, COIJIaCHO
ypaBHeHUIO (6.16), CTpOoMM BEKTOPHBIM MHOTOYTOJBHUK (puC. 6.3, 0), U3
KOTOPOTrO OIpeseseM Benuuuny m’r! = ‘r? . a Taxxke

CcT' CT cT Ccr

abp, BexkTopa m

A
€ro HaIlIpaBJICHHUC — YT'OJI Q. .

HcxoaHble JaHHDBIE

Maccsl rpy30B Pangunycel Bpamenus Yribl
Bapuantel | m, m, m, I8 7 7, a, a, (/R

rpamMm MUJUTUMET]P rpauyc
1 40 50 70 90 80 70 30 120 210
2 50 40 60 70 90 80 20 100 200
3 60 70 50 80 70 85 10 110 210
4 70 60 40 70 80 90 60 150 240
5 40 60 70 85 70 65 40 140 220
6 50 40 60 80 90 75 50 170 260
7 60 70 50 80 75 90 45 135 230
8 70 50 40 70 80 90 90 180 270
9 40 50 70 90 85 80 100 190 280
10 50 40 60 85 90 75 110 190 270
11 60 70 50 80 75 85 130 170 280
12 70 60 40 70 85 90 140 220 310
13 40 60 70 90 80 70 120 210 300

) A
BeiOupas n3 nmeromerocss KOMILIEKTa IPOTUBOBEC Maccol m. (Mac-
Cbl IIPOTUBOBECOB M1, 37€Ch U Jlajee BbIOMPAIOTCS U3 YCIOBHUs, YTOOBI pa-
auycsl 7, Obuma B ipenenax 40-90 mm), onpenensem
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A_ A

’,.A — MV — ab“mr
A A :

cr B m

CT CT

(6.17)

A
B miockoctn 4 ycTaHaBlIMBaeM NPOTUBOBEC m:,’r Ha PacCTOSHUU 7,

TMOJl YIJIOM O M HpOBEpseM CTATHYECKYI0 YPABHOBEHMIEHHOCTh POTOpA:

Ipy TIOBOPOTE POTOpa Ha Jt0OOM yroj OH JOJKEH HaxXxOIUThbcs B Oe3pas-
JMYHOM TIOJIOKEHUH, T. €. HAXOIUTHCS B PABHOBECHUHU.

6.2. /lunamuuecxkoe ypasnoseuiuganue

['maBHBIM MOMEHT CHUJI HHEPLIMHM OTHOCUTENIBHO T. O (TOUKHU mepeceye-
HUSL OCH BPAILIEHUS POTOpA C INIOCKOCTHIO /) paBeH

M =M_,+M_,+M,. (6.18)

Ero MOXHO ypaBHOBECUTH PaBHBIM, HO IMPOTUBOIIOJI0XKHO HAIPABICHHBIM
MOMEHTOM. JIJisl 3TOro0 K 3aJjaHHOM cUcTeMe Macc (BKJIOYas U MPOTHBOBEC
JUIsl CTaTUYECKOTO ypaBHOBEIIMBAHUS) J00AaBUM JBE paBHBIE, PACIOO-
YKCHHBIE Ha MPOTHUBOIIOJI0KHBIX HAINPABJIEHUAX B INIOCKOCTAX A U B, Macchl

(IpOTHUBOBECHI) m; 151 mf , CWJIBI MHEPIIMU KOTOPBIX 00pa3yloT Mapy CHJI C

MOMEHTOM M  , ypaBHOBEIIUBAOIIMM M .
M, +M =0. (6.19)
3anuieM ycioBue (6.19) B Bune Boipaxenus (6.12)
myl, + myn,l, + myrl, + mirll =0. (6.20)

rje r; — pajiiyc-BeKTOp MPOTHBOBECA, YCTAHABIMBAEMOrO B ILIOCKOCTH B;
l, — paccTosiHME MEXY IIOCKOCTAMU 4 U B.

Beruncnsiem 3Hauenuss mrl, (roe i=1, 2, 3), BblOupaeM Macmrad
W, = (r-MM’*/MM) H, COrAacHO ypaBHEHHMIO (6.20), CTPOUM BEKTODPHBIIA
MHOT'OYTOJIbHUK (puc. 6.3, 8).

Benuunza Bexropa m.r.l, paBHa m.r’l =cdy,,,, a €ro HaIpasJcHHe

OLIPEENISCTCS YITIOM O .

BriGupast Maccy poTHBOBECA M. , ONPEEIIseM PaJnyC

B_B

B __ mIL rﬂ lO _ Cdl’lmrl

7o = =

a Bl mBl
m,ly )
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I[J'ISI AUHAMHWYCCKOTO YpPaBHOBCIIMBAHUA HCO6XOI[I/IMO YCTaHOBUTL B

B
oo

IUIOCKOCTH B NPOTHBOBEC m., HA PACCTOSHUM 1 MOJ YIIOM o, @ B

IUIOCKOCTH A YCTaHOBUTH NPOTUBOBEC m =m. HA PacCTOSHUU r. =r’

moJ yrioM o = o, +180°(a<360°).
Takum 00pazoM, MOJHOE YPABHOBEIIMBAHUE JIOCTUTAETCS YCTAHOBKOM
Tpex MpoTHBoBecoB. ONHAKO JBa M3 HUX (m.. u m;f) HaxXOJTCS B OJXHOU

IIJIOCKOCTHU XU MOT'YT OBITh 3aMEHEHBI OJHHM.

6.3. Ilonnoe ypasnosewueanue

B urore 3ajgaua ypaBHOBEIIUBAHUS LIEHTPOOESKHBIX CHIJI MHEPLUU MO-
XKeT ObITh pelleHa NOCTAHOBKOM JBYX MPOTHBOBECOB. B miockoctu B yc-
TaHABJIMBAEM IIPOTUBOBEC 7, = mf C KOOpAUHATAMU 7y = rﬂB Mo,=a,a
B IUIOCKOCTU A — NPOTUBOBEC M ,, BEIMYUHY U PACIIONIOKECHUE KOTOPOTO
ONPEIEINM U3 yCIOBHUSA

4.4 A4
mpyx, =m,x;, +mrx,. (6.21)

CT CT

Cornacno ypaBHenuto (6.21), ctpoum B Macmrade p, =... (F*MM/MM)

BEKTOPHBINA TPEYroJibHUK (puUc. 6.3, 2), U3 KOTOPOTO OMPEACIISIEM BEIIMUUHY
BEKTOpa m,r,=efll, W €ro HalpasieHue — yrosa o ,. BeiOupaem maccy

IPOTUBOBECA 11, U OMPEICTAEM 7',

r, = My _ efiL,, . (6.22)

m, m,

YcraHaBiIMBaeM B IUIOCKOCTH A IPOTUBOBEC 71, Ha PACCTOSHUU 7,
I0J] YIJIOM Ol , .

6.4. Ilposepka ypasnogeuwiennocmu pomopa

JInst mpoBEpKH MOJIYYEHHBIX Pe3ysbTartoB (moapasa. 6.2 m 6.3) omnpe-
JIETIIEM MACChI U TOJIOKEHUS TPOTUBOBECOB B IUIOCKOCTAX A U B BTOpPBIM
CIocoOOM, MCIOJIB3Ysl MPU ITOM aHAJIUTHUYecKoe pemieHue. [Ipu mnepBom
crioco0e pelleHHs cucTeMa paclpeleNeHHbIX cul uHepuuu P, Oblia 3a-
MEHEHA SKBUBAJICHTHOW CUCTEMOW CHJI, COCTOAIIEH W3 TJIABHOTO BEKTOpa
cun uHepuuu P m rimaBHOro MoMeHTa cun uHepuud M. .

N3 TeopeTndeckoil MEXaHUKN M3BECTHO, YTO, B CBOKO OYEPE]Ib, CUCTEMA
cun P, u M, MoOxeT ObITh BBIDAKECHA B BUJE JBYX CKPEIIMBAIOIIUXCS CUII
(KpecT-CriT), PacIoIOKEHHBIX B JIBYX IUIOCKOCTSIX, MEPHCHAUKYIISPHBIX OCU
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Bpaienus. B janHol nabopatopHoil pabote 310 OyayT cunsl P u PP, ko-

u

TOPBIE PACIOJIOKEHBI B INTIOCKOCTAX A U B U BPaIlIalOTCsI BMECTE C POTOPOM.
CrnepoBarenbHO, NMHAMHYECKYI0 HEYpPAaBHOBEIIEHHOCTh MOKHO YCT-
pPaHWUTH ABYMs IIPOTUBOBECAMM 71, U M,, YyCTAHOBICHHBIMU B IJIOCKOCTSIX

A v B, cUIIBl MHEPIMH KOTOPBIX ypaBHOBemmBaioT cuibl P u P’ . Bekrop
HeypaBHOBeleHHoi cuibl F, MoxHO 3amucate B Buge F,=w’mr wumm
F,= cozD, rae Bektop D =mr Ha3bIBaeTCs BEKTOpOM aucOaianca. AHaJO-
TMYHO MOMEHT CHJIbl HMHepuud M, MOXHO IIPEACTaBUTb B BHUJIE
M, = o’mrl =©°D/ = o’M 5, Tae M, — BekTop MoMeHTa qucOananca. Ta-
KUM 00pa3oM, HEYpPaBHOBELIEHHOCTb POTOpPAa MOXHO YCTPAaHUTh ABYMS
IIPOTUBOBECAMM 7, WU My, BEIUYAHY U MECTO PACIOJIOKEHUS KOTOPBIX
MOKHO OIIPEAENIUTh U3 MPOECKUNI BEKTOPHBIX YPaBHEHU MOMEHTOB JHC-
Oanancos otHOcuTenbHO T. O, 1 O, (puc. 6.3, a) Ha OCU KOOPJUHAT:

Y M) +M,, =0, (6.23)
D M), +My, =0, (6.24)
DMy +Mp, =0, (6.25)
Y My +Mp, =0, (6.26)

rje, Halpumep, ZM e :Zml.rl.li cosa,, (i=1,2,3) — cymma mpoekuuii

MOMEHTOB JIUCOAaHCOB HEYPABHOBELIEHHBIX TPY30B 71, OTHOCHUTEIILHO
T. O, Ha OCb X, @ [, — pacCTOSAHUE OT IUNIOCKOCTH A J10 IUIOCKOCTH (JIUCKa) i
M}, =myr,l cosa, — NpoeKius BeKTopa MoMeHTa M, nucbananca mpo-
THUBOBECa m,; OTHOCUTENbHO T. O, Ha OCb X; ZM giy = Zml.rl.ll.* sina,
(i=1,2,3) — cymma mpoeKinuii MOMEHTOB JTUCOAIAHCOB HEYpPaBHOBEIIICH-
HBIX TPY30B /71, OTHOCHUTENIBHO T. O, Ha 0Cb y, @ [, — PacCTOSIHUE OT JIHC-
xa B 1o mucka i; My, =m,r,l coso,, — IPOCKIMs BEKTOpa MOMEHTA JIHC-

Oananca M ,, mpoTUBOBECa 7, OTHOCUTEILHO T. O, Ha OCh ).

A

ChHauasia u3 ypaBHeHud (6.23)+6.26) onpenenstorcs 3HaueHus M), ,

4 B B
Mpg,, u My, ., M, , 3aTeM ONPEAEISIOTCS BENMYMHBI MOMEHTOB JiucOa-
JIAHCOB:

My, = \/(MgAx )2 +(MDBAy )2 ) (6.27)
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M, =AM}

DBx

2 2
) +(M5,,) (6.28)
Jlajiee onpenenstoTCs 3HaYCHUSA 7'y U 1.

— D4 —
Fy=—C U Ty = )

A
mAZO

rae MacCbel m, U mj, IPHHATH PABHBIMU MacCCaM, HCIIOJIB30BAHHBIM IIPpHU

rpaduUecKkoM perieHuu B mojapas. 6.3.
M, nHakoHel, ONpeNenstorcs YINIBIL O, W 0Oz W3 BBIPAKCHUU

ME M*
cosa.,, =D&y cos g =ﬂ, a TaK KakKk IIOJIYYCHHBLIM 3HAYCHUAM
DA DB

COSO, U COSO, COOTBETCTBYIOT JBa 3HAUEHUS yIJIOB O, U O, TO Ul BbI-
00opa HEOOXOIMMOTO 3HAYEHUS BOCIIONIb3YEMCSI 3HAKAMHU SINOL , U SINQ ;.

OueHnBaeM TOYHOCTh PE3yJIbTATOB, MOJYUYEHHBIX rpadudeckuM (moj-
pasa. 6.3) U aHAIMTHYECKUM MeToaaMu (Toapasa. 6.4) myTem onpeieseHusl
MOJIHOM YPaBHOBEIIEHHOCTH POTOpPA HA YCTAHOBKE.

VY CTaHOBUB NPOTUBOBECHI M, WU M,, Pa3rOHAEM POTOP 10 CKOPOCTHU
®>®,, e 0, — KpUTHYECKast CKOPOCTb, COOTBETCTBYIOIIAsI PE30HAHCHON
yactore Kosiebanui. [Ipu yciioBUM ypaBHOBEIIEHHOCTH MOIPYKUHEHHBIH
(mpaBbIit) KOHEI BaJia HE JTIOJDKEH UMETh KosieOaHUi Ha Pe30HAHCHBIX Yac-
TOTaX, HAOJIFOTAIOIINXCS B PEKUME BhIOETA.

Hpalcmuttecmm uacmo

O3HaKOMHUTBCS CO CHOCOOAMHU YypaBHOBEIIMBAHUS BpallarOIIETrocs
3B€Ha C IOMOILNBIO YCTAaHOBKM JIONOJIHUTEIBHBIX MacC (IPOTHUBOBECOB).
[IponsBecTH ypaBHOBELINBAHUE POTOPA IKCIIEPUMEHTAIBHON YCTaHOBKU.

[TpunaasiexxkHOCTH 17151 pabOTHI

1. DxcnepumenTanpHas ycranoBka TMM-35.

2. JIunelika, yrojibHUK, TPaHCIIOPTHUP.

3. bnank nporoko:na.

Iopaook evinonnenusn padbomaol

1. TTo yka3zanuto npenopasarens U3 TaOJIUIbl BBIOPAaTh MacChl /1, , KO-
OpPAMHATHI 7, U 0, HEYPaBHOBEIIECHHBIX I'PY30B.

2. Beruncnuts aucOanaHchl HEypaBHOBEUICHHBIX Ipy30B D, =m 7. Ilo
HaWJEHHBIM JucOalaHcaM MOCTPUTh BEKTOPHBIA MHOTOYTOJIbHUK (ypaBHE-
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uue (6.16), puc. 6.3, 6). 3agaBIIKCh Maccoil IPOTUBOBECA 771, , ONPEIEIUTh
1 v mo ueprexy o .

3. [lopcunTanHbId 1O 1. 2 TPOTUBOBEC YCTAHOBUTHh HA OJHOM W3 JIHC-
KOB A nnu B.

4. IIpoBepUTh CTATHUECKYIO YPABHOBEIIEHHOCTb: MPU TTIOBOPOTE BPYUHYIO
poTopa Ha JTIF000H YToJI OH JOJDKEH HaXOUThCS B TIOJIOKEHUH PABHOBECHS.

5. ITpoBepuTh AMHAMUYECKYIO HEYPAaBHOBEUICHHOCTh: IPU BKIIOYEHUU
JIBUTATEsl M Pa3rOHE pOTOpa IMpaBblii KOHEIl Bajla HAYMHAET COBEpPIIATh
KOJIe0aHUs B TOPU3OHTAIIBHON IIOCKOCTH.

6. BBIYuCIUT, MOMEHTHI JHCOAJaHCOB HEYPaBHOBEIICHHBIX T'PY30B
M, =mrl . 110 BBIYACIEHHBIM MOMEHTaM IOCTPOUTH BEKTOPHBIH MHOIO-

yroibHuK (ypaBHenue (6.20), puc. 6.3, 6). 3agaBmnch Maccoi MPOTUBOBE-

B B B
ca m, , ONPENETUTh 7, U IO YEPTEXKY O .

7. YCTaHOBUTH POTUBOBEC mf Ha [PaBOM JUCKE B.

8. IlocTpouTh BEKTOPHBIN TPEYTrOJIbHUK AucOanancoB (ypaBHeHue (6.21),
puc. 6.3, 2). 3aaBIIUCh MAaCCOM NIPOTUBOBECA M1, ONPENEIUTh 7, U TI0 YepTe-
Ky — o ,.

9. IIpotuBOBEC M, YCTAHOBUTH HA JICBbIIM KPAaMHUM IUCK A.

10. ITpoBepUTh CTaTUYECKYIO YPABHOBEIIEHHOCTS (I1. 4).

11. Pa3zorHats poTop U yOEAUTHCA B €r0 MOJHOW YPaBHOBEIICHHOCTH.
[Tpu BBINOJHEHUHU 3TOTO YCIOBUS MPaBbId KOHEI] pOTOpPa HE JIOJKEH UMETh
3HAYUTEIbHBIX KOJIEOAHUM.

12. Onpenenuts 3Ha4eHWs] KOOPAMHAT PACIOJIOKEHUS IPOTUBOBECOB
m, U m,; aHAIUTUYECKUM METOJOM (noxpasa. 6.4).

13. 3naueHus KOOpAMHAT YCTAHOBKU 7', U 7y, 0., U O, IPOTUBOBECOB
m, U My, MOJIy4eHHBbIE B 1. 6 U II. 8, CPAaBHUTH CO 3HAYEHHUAMH, OIpEJe-

jeHHbIMH B 1. 12. [Ipu CyiiecTBeHHON pa3HOCTH KOOPJIMHAT OKOHYATEIbHO
BBIOpATh T€ MX 3HAYCHMUS, IPU KOTOPHIX UMEET MECTO MEHBIIAs ITOTHAs He-
YPaBHOBEIICHHOCTh POTOpA, OIEHWBAaeMas aMIUTUTYJAOW €ro KoJjieOaHWi
(m. 11).

14. OpopMuThs IPOTOKOJI Ta00OPATOPHOIT pabOTHI.

Konmponwvnsie éonpocul

1. Ytro Takoe HeypaBHOBEIICHHOCTh? KakoBbI BpeIHbIC MOCIEACTBUA
HEYPaBHOBEIICHHOCTH BOOOIIE M KOTJ]Ja OHa OCOOCHHO omacHa?

2. Kakue 3aaun cTaBATCA MPU CTATUYECKOM M JUHAMUYECKOM YypaB-
HOBEIIIMBAHUY 3BEHBEB?
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3. Hanumwure B HECKONBKUX BUAAX YCIOBUE CTATHUYECKOW YpaBHOBE-
HIEHHOCTHU 3BEHA.

4. HanmumuTe B HECKOJBKUX BUJAX YCJIOBHE AMHAMUYECKON ypaBHO-
BEIIICHHOCTH 3BEHA.

5. CKoJIbKO ypaBHOBEHIMBAIOIIUX T'PYy30B HEOOXOAMMO ISl CTaTHue-
CKOT'O YpaBHOBEIIMBAHUs?

6. CKOJBbKO ypaBHOBEUIMBAIOUIMX I'Py30B HEOOXOAUMO JUIsl TOJHOM
YPaBHOBEIICHHOCTH 3BeHA?

7. Kak JOJKHBI pa3MenaThCsl YPaBHOBEIIMBAOIINE TPY3bl IIPU CTATH-
YECKOM U JUHAMUYECKOM YPaBHOBEIIMBAHUN?

8. MOXeT 1M MOJHOCTHIO YPAaBHOBEIICHHOE 3BEHO MCIIBITHIBATH IMPHU
BpallleHUU BHYTPEHHUE HAINPSOKCHHS U MOJIy4aTh Aedopmanuu oT JeHCT-
BUSI CUJT HIHEPITUU ?

9. Kakue ocu 3BeHa SBISIOTCS IVIABHBIMU, HEHTPAJIbHBIMUA?

10. Kak ocymecTBisieTcss MpoOBEpKa CTATHYECKOM W JTHUHAMUYECKOU
YPaBHOBEILICHHOCTH B TIPOJIeJIaHHON paboTe?



JlabopaTopHasa pa6ora N2 7
ONNPEAEJIEHUE KO3®PULIUEHTA
TPEHUA CKOJIbXKEHUA U IIOKOA

Obuwue ceeoenusn

B nannoit naboparopHoii pabore omnpeaeneHue kod3pUirmeHTa TpeHus
MPOU3BOJIUTCS C HMCIOJIB30BAHMEM YCTAaHOBKHU, TJ€ OOECIECYMBAETCS BO3-
MO>KHOCTb HEITOCPEICTBEHHOTO U3MEPEHUS CHITBI TPECHHSI.

OcHoBHOI1 yacThio ycTaHOBKM TMM-32 (puc. 7.1) sBisieTcst kapeTka 3,
COBEpIIAKoIas BO3BPATHO-NIOCTYIATEIBHOE JBMKEHUE Ha POJIMKaxX 2 IO
ocHoBaHMIO /3. J[BI>KEHHE KapETKHU OCYIIECTBISETCS MPH MOMOIIU OECKO-
HEYHOro Tpoca /7, HageToro Ha posuku /4 u 18. Ponuk /8 nonyvaer Bpa-
HIEHUE OT PEBEPCUBHOTO 3JekTpoasurarens /. Ha kaperke 3 kpenurcs
CMEHHas TUIMTa 4, Ha KOTOPYIO YKJIaJbIBACTCS KOJBIEBON MOBEPXHOCTHIO
obpaserr 5. [1nuTet 4 1 06pa3ipl 5 MOTYT OBITH BBITIOJHEHBI U3 PA3TUYHBIX
MaTepHUaJIOB.

] i 8 =
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Puc. 7.1. JlabopaTopnas ycranoBka TMM-32

P

13

Compukacaroiyecsi MOBEpXHOCTH oOpaslia M IJIUTHl 00pa3yrloT Hc-
CIeqyeEMYIO Tapy TpeHus. [ yBeauyeHHs HOPMAJIbHOM peakUHuH U, ec-
TECTBEHHO, CWJIbI TpeHUs, oOpa3el J JonojHseTcs rpy3oMm 6. I'py3 6 ¢
MOMOIIIBIO JKECTKOTO Tpoca / MPUKPEIUICH K M3MEPUTEIbHON Oanouke 9,
BBIIIOJIHEHHON M3 MPYXUHHOW 3aKaJCHHOM CTalld U 3aKpPEIUJICHHOM Ha
KkpoHuTelHe /0. Ha 3TOM e KpOHIITEHHE YCTaHOBJIEH UHANKATOP 4aco-
BOro THUMA [/, KOTOPHIA U3MEPUTEIHHBIM HAKOHEYHUKOM YMHpaeTcs B Oa-
J0YKYy 9.

[Ipu nBrxeHun kapetku 3 BiIEBO 0Opasel 5 ¢ rpy3oM 6, Jexanire Ha
IATE 4, CTPEMATCS CABUHYTHCSA (32 CUET CUJI TPEHHUS) BMECTE C KapeTKOM
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U 4yepe3 TPoC 7 BbI3BIBAIOT M3ruM0 Oanouku 9. Ycunue ynpyrou nedopma-
MU O0aJouku yJep>KUBaeT Ipy3 6 ¢ o0paslioM 5 Ha MECTe, B pe3yJibTare
MPOUCXONUT JBWIKEHUE TUIMTHI OTHOCUTENBHO oOpasma. Cuiia TpeHHs
CKOJIBKEHUS TIPU 3TOM paBHa

F=Nf, (7.1)

rae N — HopMalbHas peakiysi, paBHas Becy oOpasua 5 ¢ rpy3oM 6; f— Ko-
b OUIHEHT TPEHUS CKOTBKCHUSI.

Ota cuia TPeHUsl LENIUKOM, 0e3 BCIKUX MOTepb, BOCIPUHUMAETCS 0a-
aoukor 9. Jledbopmanus u3ruba Oamouyku uU3MepsieTcs: UHAUKATOpoM [ 1.
[Toxazanust ”HANKATOPA MPOTIOPIIMOHATBHBI CHIIE TPEHUS:

F=hv, (7.2)

rae k — kod(pPUIueHT MpomoOpPIMOHATIBHOCTH (TapUPOBOYHBINA KOd(DPuIu-
€HT); V — YKCJIO0 JIeJICHUH 10 MIKaJie MHANKATOPA.

Ha ycTaHoBke MOXHO TakKe ONpPENETUTh CUIy TPEHHUS MOKOs (mpu
TPOTaHUMU ¢ MecTa). [ 3TOro *KecTkuil Tpoc 7, COSAUHSAIONIUN Tpy3 6 C
Oankoi 9, 3amensiercs npyxxuHou 19 (puc. 7.2).

7

NS

19 7

10

Puc. 7.2. Cxema a5 onpeeneHus CUIbl TPEHUS TOKOS

XKectkocTh 3TOM MpyXUHBI HEOOJIbIIAS, TTO3TOMY HAapacTaHUE CHUJIBI,
NPWIOKEHHOW K 00pa3iy 5 ¢ rpy3oM 6, OyneT MpOUCXOIUTH IJIABHO.
I'py3 6 ¢ oOpa3uiom 5 BHayase OyJeT NIBHUraTbCs BMECTE C KapeTkoil 3.
JIBvxenue o0Opasiia OTHOCUTENHHO KapeTKH HAYHET MPOUCXOJUTH TOTIA,
KOrJa Mpy»KMHA Pa30BbET YCHUJIME, PABHOE CHJIE TPEHMs NOKos [}, . DTOT

MOMEHT HETPYJIHO YCTAHOBUTH MO MAaKCUMAaJIbHOMY MOKA3aHUIO MHIUKATO-
pa /I, Tak KaK CTpeiKa MHAUKATOPA IPHU MAJIOW KECTKOCTHU NPYKUHBI 9
JBIKETCS IUIaBHO W MEJJIEHHO.

Cuna TpeHHs MOKOs paBHA

F, = Nf,, (7.3)

rae f, — Ko3QGULHUEHT TPEHUs MOKOSI.
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3/1ech BENMYMHA CUJIbI TPEHHUS ONpEAeNsieTcs Mo MOKa3aHUI0 WHIUKA-
Topa /1:

F,=kv,, (7.4)

rae v, — MakKCHUMAJIbHOC IIOKa3aHUC HMHAUKATOpa, COOTBETCTBYIOIICC MO-

MEHTY TporaHus obpasia ¢ MecTa.

JIBr>keHue KapeTku (BJIEBO M BIPABO) OCYIIECTBISETCA MEepeKrovare-
jeM /2, OCTaHOBKA KapeTKN B KPaWHMUX ITOJIOKEHUSIX IPOUCXOJNUT aBTOMaA-
TUYECKH, JUIsl 4UeTro B KOopnyce /3 yCTAaHOBKM CMOHTHPOBAHBI J]BA KOHLIEBBIX
BBIKJTIIOUATENS (Ha CXEME OHM HE MOKa3aHbl).

HpaKmuuecmm uacmos

OrnpenenuTh ONBITHBIM MyTeM KOA(DPUIIUEHTHI TPEHUS CKOJIBKEHUS U
MOKOS JIJIS1 Pa3JINYHBIX MaTEPUAJIOB.

Heob6xonumoe o6opyoBaHue

1. Ycranoska TMM-32 nns ompeaeneHuss kodpdUIIMEHTa TPEHUS
CKOJIb>KEHHSI.

2. O0pa31ibl pa3IMYHbIX MATEPUATIOB.

3. YpoBeHb.

4. beH3uH 1 BETOIIb IS TPOTUPAHUS 00pa3IIoB.

Ilopaook evinoanenus padomul

1. O3HaKOMUTBCS C YCTAHOBKOM U TEOPETHYECKUM OOOCHOBAHUEM OIIBITA.

2. IIpousBecTy TapuUpPOBKY HU3MEPUTEIIBHOTO YCTPOWCTBA. Y CTAHOBKY
MOCTAaBUTh HA Kpail CTOJa C TaKUM pacyeToMm, 4ToObl Tpy3 /5 CBOOOAHO
IPOXOJUJI, HE 3aJeBas €ro, ¥ CMOHTUPOBATH MO YPOBHIO B FOPU3OHTAJIb-
HOM TnoyiokeHnH. Ha ocHoBaHuM /3 yCTaHOBUTH ChEMHBIA KPOHILUTEWH C
osokoM 8. K Ganouke 9 u3BMEpUTEIHLHOTO YCTPONUCTBA MPUKPETIUTh THOKYIO
HUTb /6, KOTOPYIO TIEpEeKUHYTh uepe3 Onok 8. Muaukarop // 3aKpenuThb
TakK, 4YTOObl €ro IITOK Kacaycsa Oanouku. Jlyig yaoOCTBa oTcuera yCTaHO-
BUTH CTPEJIKY HHANKATOPA Ha HYJIb, IOBOPAYMBAs €ro IIKaIYy.

K rubkoii HUTH, NepeKUHYTON Yepe3 OJIOK, CHavyalla MOABECUTh TapH-
poBOUHBIHN Tpy3 /5 maccoit 0,5 xr (Bec ~ 5 H) u 3adukcupoBarh nokasanue
WHJWKaTOpa. 3aTeM MOABECUTh Ipy3 maccoit 1,5 kr (Bec ~ 1,5 H) u cHoBa
3aUKCHpPOBATh OKA3aHUE UHIUKATOPA.

TapupoBounbIii K03h(GUIIMEHT, T. €. IIeHa JeJIEHUs LIKaJIbl UHIUKATO-
pa, ornpezensercs 1no hopmyie

k= G, -G ’

Vo, =V,
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rae G, u G, — BeC TapUPOBOUYHBIX I'Py30B; V, U V, — [IOKa3aHUs UHIMKA-
TOpa NP COOTBETCTBYIOIINX I'Py3ax B JICJICHUSIX.

3. I[loAroTOBUTh CMEHHBIE IUIUTHI U 00pa3libl K BHIIOJHEHUIO PaOOTHI
[0 ONPENENCHNUI0 KO3()(PUIMEHTOB TPEHUsl CKONbKeHus u nokos. [locne
OKOHYAaHMS TApUPOBKU KPOHILUTEIH ¢ OJIOKOM CHSTH ¢ ocHOBaHUs. [loBepx-
HOCTU TPEHUS CMEHHBIX IUIMT U 00paslioB MPOTEPETh 00E€3KUPUBAIOIIUM
COCTaBOM M JaTh UM NPOCOXHYTh. COIJIaCHO YKa3aHHBIM MPENOAaBaTEIEM
COYETAaHUSIM MaTEPHUAIOB AP TPEHUS, YCTAHOBUTH HA KAPETKY COOTBETCT-
BYIOILYIO TUIUTY.

4. OnpenenuTh CUIIBL AJISI CyXOro TPEHHSI CKOJIbKEHUS. BriroueHuem
AIEKTPOJBUIaTENd KapeTKy IIEPEMECTUTh B KpalHEE MPaBOE MOJIOKEHUE.
(do1s TOro 4To0BI HCKJIYUTH COCKAKUBAHUE Tpoca 17 ¢ poankoB 14
U I8 He mepeMemiaTh KapeTky 3 Bpy4Hymw!!!) YcraHoBuTh Ha HyJb
mKany uHaukaropa. Ha muury 4 monoxutb oOpazen 5 ¢ rpy3oM 6 u co-
€IMHUTh €r0 THOKUM TPOCUKOM 7 ¢ 0aIOUKOi 9 U3MEPUTENBHOIO YCTPOM-
cTBa. [l onpeneneHns Cuibl TPEHUS CKOJIBKEHMS BKirouareneM /2 3a-
nyctuth asurarens /. Kaperka ¢ muuTtoil 4 Oyner nepeaBUraTbes BIEBO.
Coycts 3...4 ¢ mocne Havana JIBWKEHHUS KapeTKu 3a(uKCUpOBaTh IMOKa-
3aHUs UHAMKATOPA.

Crpenka uHAMKATOpA BCIEACTBUE CKAYKOOOPa3HOTO MU3MEHEHMSI CUIIbI
TPEHUS ISl Pa3HbIX yYaCTKOB IUIMTHI OyJET MMETh KOJeOaHUs B HEKOTO-
poM nuamna3zoHe mkaibl. [loaTomy ukcupyroTcs KpaitHUe MOKa3aHus U O
HUM OIPENEIISAIOTCS CPEHUE 3HAYEHHUs V. , KOTOPbIC 3aHOCATCS B OJIaHK

nporokona. OneIT ciexyeT MPOU3BECTH C Pa3IU4YHBIMUA COYETAHUSIMU Ma-
TepuanoB. OmpeneiauTb CUIy TPEHHUs CKOJIbXeHus mo ¢dopmyne (7.2) —
F=kv,.

5. OnpenenuTs cuiabl TpeHUS MOKOs. [[ns 3TOro Mexnay rpysom 6 u
WU3MEPUTEIbHBIM YCTPOMCTBOM YCTaHABIMBAETCS MNpyXUHHas TiAra /9.
dukcanro MoKa3aHUN MHAUKATOpPA MPU ABUKEHUU KAPETKU BJIEBO MPOU3-
BOAUTH 0 MAaKCUMaJIbHOMY OTKJIIOHEHHIO CTpesikh. Kakaplii U3 ONbITOB
IIOBTOPUTH HE MeHee 3 pa3 (ycTaHaBIMBaTh 0Opaszel] C Ipy30M B OJHOM U
TOM )K€ MECTE IUIUTHI), CPEIHUE 3HAUCHUSL V,,, MOKa3aHUH MHAMKATOpA 3a-

HECTH B MPOTOKOJ M OMPEEIUTh CHIIy TpeHUs mokos no ¢opmyne (7.4) —
E) = kVOcp :

6. Onpenenuth KOI(PQPUIMEHTH TPEHUSI CKONBXEHUA f U MOKOS f.
C yueToM TOro 4to HopMaibHas peakuust N paBHa Becy obpasua 5 — G, C

n06aBouHbM Ipy3oM 5 -G, , T.e. N=G =G+ G, ¥ ¢ y4eTOM COOTHO-

meHuit (7.1)—~(7.4) koadPuimeHTs TpEeHUS PABHBI:
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— cxonbxkenus f =F/G;
—nokos f,=F,/G.
7. OpopMUTH TPOTOKO.

KOHmPOJleble 60NRPOCHL

1. Kakue (hakTophl BIUSIIOT HA BEIUYUHY CHUIIbI TPEHUS CKOJIbKECHHUS ?
2. Kakue cymecTByOT BUAbI TPEHHUS?

3. Kak usmensiercs cujia TpeHus MpH Iepexo/ie Tejia OT COCTOSHUS T10-
KOS K JIBUYKEHUIO?

4. YauTeiBaeT M 3aKOH TpeHUs AMOHTOHa — KynoHa Bce (axTopsl,
BIUSIIOIIME HA BETUYUHY CUJIbI TPEHUS?
5. Ot 4ero 3aBUCHUT BETMYMHA TAPUPOBOYHOTO KOdDPuimeHTa?



IMTPUJIO?KEHHME 1

YC/IOBHBIE ObO3HAYEHHUA
A1 KHHEMATHYECKHUX CXEM MEXAHU3MOB

OOBeKT n300paKeHUs

O0o3HaucHUA

1

2

Ppruar, crepxeHs, maryH, Baj, BaIUK,

OCb U T. I.

3BeH0, BXOJAIIICC B IBC BpalllaTCJILHBLIC

napsl

3BEHO, BXO/JISIIICE B TPU BpalaTeIbHBIC

napel

3BCHO, BXOJAIICC B IIATL BpallaTCILHLIX

nap

3BEHO, BXOJISI1IIEE B TPU BpalaTe/bHbIe
apsbl, MEHTPHI KOTOPBIX PACIIOIOKEHBI:
@ - HE HA OJHOU IPSIMOI;

6 - Ha OJTHOM TIPSIMOit

Croiika (HeNOABHUYKHOE 3BEHO), BXOIs-
masg B COCTAaB:
a - BpallaTejabHON naphbl;

6 - TIOCTYNAaTETHLHON TTaphl

3BeHO (KpuBOIHIIT), 0Opa3yroIee co
CTOMKOM BpalllaTeIbHYIO Iapy:

a - B IJIOCKOCTH JIBUKCHUS;

6 - B IJIOCKOCTH, NIEPICHINKYJISIPHOM

K IINIOCKOCTH ABHKCHHUA

3BEeHbLA

\
_
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IIponomxkenue npuil.
1 2
HOHB}/H B HCTIOABHIKHBIX HAIIPaBIIAIOMIHUX \@
7777,

[Topmiens B nunuHIpE:
a - HETIOIBUKHOM;

0 - TTOIBMKHOM

Kynauku miockue:
@ - JUIS TIOCTYMATEIBHOTO JBHKEHHS
6 - JUIs BpaIaTeIbHOTO JIBUKCHUS

(muckoBbBIE)

Kymauku 6apabannsre:
a - AAHIPAIECKHE;

6 - KOHUYECKHE

Tonkarenu st KyJa4KOBBIX MEXaHH3-
MOB:

a - MaNbIeBhIe (MTOTbYATHIC);

6 - TapebyYaThIC;

6 — POJIMKOBBIC

a

By =2s

a

Ii—l o
&

NI

7Y

%)

o P tho

KunemaTuueckue apbl

Bpamarensnas napa:
a - B IUIOCKOCTH JIBHKEHMUS;
6 - B IJIOCKOCTH, MEPHIECHINKYISIPHOM

K IINTIOCKOCTH JBHKCHHSA

[ToctynarenbHas napa

Q

7
4
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[Iponomxenune npui. 1

2

Bunrosas napa

[ITaporas napa

CoequHeHKE 3BEHA C BAJIOM:
a - TIyxoe (;KeCTKoe);
6 - cBOOOIHOE MPU BPALIICHUH;

6 - IOABIKHOE 03 BpaImeHus

PoiyaxHbIe MEXaHU3MBI

KpuBomunHo-KymMcHbIE MEXaHU3MBI:
a - € TMOCTYIATENbHO IBHXKYIIEHCS Ky-
JIACOM;

0 - C BpammaroImecs KyIncou

a
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OxoHuanue npuir. |

2

C napainensHbIMU OCSIMH (LIMJIMHIPU- | @

YEeCKHE KOJIeca):
@ - BHCIIHEE 3alCTIICHKC;
6 - BHyTpPCHHEE 3allCIIICHUC;

6 - PCCYHOC 3alICIIJICHUC

3ybuaTbie MEXaHU3MbI

C nepecekarouMMucs ocsiMi (KOHUYeC- - i
+

KHE KoJjieca)

Co CKpeUuIMBarOIIMMKCS OCSIMHU:

a - YepBAYHAad [Iepeaya;

6 - BUHTOBAs nepeaada

L]

>é
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IMPUJIOKEHME 3

METO/I XOP/I

MeTton xopa 3akirouyaeTcs B cieayromeM. PazOuBaemM KpUBYIO Ha pAJl
y4acTKOB (YYaCTKU MOTYT ObITh HEPaBHBIMU) M 3aMEHSEM Ha ITHX ydacT-
Kax KpHUBBIC XopAamu (PUCYHOK, @), T. €. HEpaBHOMEpPHOE IBHKCHHE Ha
KaXJIOM y4acTKe MPHUOIMKEHHO 3aMEHsieM IBM)KCHHEM pPaBHOMEPHBIM C
IIOCTOSIHHOM CKOPOCTBIO, PABHOW JECHCTBUTEIBHOM CPEIHEW CKOPOCTH Ha
JTAHHOM y4JacTKe.

Ha ocu ¢ Oymymieit quarpammel V' = f(f) BIEBO OT Havasa KOOPJMHAT Ha
IPOM3BOIILHOM paccTosHur H BeiOupaeM Touky O (pucyHok, 6). U3 sroii
touku tpoBoauM ayun 0'—1", 0'—=2", 0'—3" u 1. 1., mapajueabpHBIE COOTBET-
creytonmm xopaam 0—1, 1'=2', 2'=3" u 1. 1. DTH Nyun oTceKaroT Ha OCH
V orpeskun 0—1", 0—2", 0—3" u 1. 1., IponOPLUOHAILHEIE CPEJHUM CKOPO-
CTSIM Ha COOTBETCTBYIOIIMX ydacTkax. OTKIajpIBas paBHBIC dTHM OTPE3KaM
OpJMHATHI Z, HA COOTBETCTBYIOIMX yYaCTKaX, HOIyYUM CTYIIEHUYATYIO TMHHIO
1"1"2"2"3"3" wu 1. 0. rpaduka ckopoct. VICTHHHBIN rpaguK CKOPOCTH JIETKO
TIOJTYYHUTh, TIPOBEAS TUIABHYIO KPUBYIO Yepe3 yCTYIbI CTYIIEHYATOro rpaduka
TaKuM 00pa3oM, 4TOOBI 3aIITPUXOBAHHBIE TUIOIA/IM, PACTIONIOKEHHBIE C 00ErX
CTOPOH KPUBOM, Ha KKIOM y4acTKe ObLITH OJJMHAKOBEI.

a S|

n 7 "
(ZnN | ]
1 / NS g
0 0 7N 67 g !
T \
5” Sm . 5m /
7" 7" e willl
6” ‘ /
H

>4
6" 6"

['padpuaeckoe nuddepeHrupoBanme mo METoay Xopa

[Ipu mpoBenennu kpuBoW V = f(f) ¢ moCTaTOYHOW AJIA TPAKTUKA
TOYHOCTHIO MOKHO TIPUHSATH, YTO OHA MPOXOJUT Yepe3 CEPEANHBI YCTYIIOB
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1"—1", 2" =2" 3" -3" u 1. n. D10 obaerdaer mocrpoeHue kpusoi. Cire-
IyeT OTMETHTb, YTO TPU MPOBEACHUU XOpJ Ha rpaduke S = f(f) HyxXHO,
9TOOBI OHM OBLIH JIOCTaTOYHO ONM3KHU K KpuBO#. Ecnm aToro He morydaer-
csl, TO y4acTOK ClieayeT pa3OuTh Ha Ooyiee menkue yactu. Hanmpumep, Ha
ydactke 2—3 (pucyHok) xopaa 2'—3' najieka oT KpHBOM, ITO3TOMY JTaHHBIH
YYaCTOK MOYKHO Pa30WTh HA J[Ba MEHBIIHMX Y4YacTKa U Ha HUX K KPUBOU
IPOBECTHU JBE HOBBIC XOP/IbI.
OmnpenenuM MacmTad CKOPOCTH
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OTKYJ1a MacITad paBeH
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T. €. OIIpeNessieTCsl TOYHO MO TaKoil ke ¢opmyiie, Kak U npu nuddepeHiu-
POBAaHUU MO METO/Y KacaTelbHBIX.
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